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63QUM00eucmBUU C ZlUlOZellaMU», rrpe,ncTaBJieHHOH K 3al.Il;HTe Ha COIICKaHIIe yqeHOH 

CTerreHII ,llOKTOpa cpH3HKO-MaTeMaTIIqecKHX IIayK ITO CITell;IIaJibHOCTII 01.04.07 -
<l>II3IIKa KOH,lleHCHpOBaHHOfO COCT05!Hli.SI. 

CTPYKTypa rrepBoro aTOMHoro crro5I a,ncop6am 5IBAAeTC5I orrpe,neAAIOr.u;eii ,nAA MHOriix 

rrpou;ecCOB, rrpHBO,ll5II.Il;liX K B03HIIKHOBeHIIlO HaHOCTPYKTyp Ha MeTaJIJIIIqecKHX ITOBepXHOCT5IX 

( caMoopraHH3aU:II5I, 3ITIITaKCIIaJibHbiH poeT). KpaiiHe Ba:>KHbiM rrpe,ncTaBJI5IeTc5I pa3BIITIIe 

MeTo,niiK <)JopMI1pOBaHH5I MOHocrroeB c 3a,naHHOH aTOMHOH CTPYKTypoii II yrrpaBrreHII5I 

rrpeBpar.u;eHII5IMII Me)K)J;y pa3JIIIqHbiMII rroBepxHOCTHbiMII cpa3aMH Ha aTOMHOM ypoBHe. B 3TOH 

CB5!3II <PYH.naMeHTaJibHbie Ilccrre,noBaHI15I rrpou;eccoB, rrpHBO,n5Ir.u;IIx K cTpyKTypHbiM cpa30BbiM 

rrepexo,naM B a,ncop6HpOBaHHbiX CJI05IX Ha IIOBepXHOCTH, 5IBAAIOTC5I aKTYaJibHbiMII . 

,lJ;ByMepHbie CJIOII 6rraropO,llHbiX fa30B, rrpeiiMyr.u;eCTBeHHO cpi13COp6I1pOBaHHbiX Ha 

MeTaJIJIHqeCKIIX ITO,llJIO:>KKaX, ,llOBOJibHO IIHTeHCIIBHO IICCJie,llOBaJIIICb TeopeTIIqecKH B KOHil;e 

rrpoiiirroro BeKa. 3KcrrepHMeHTaJibHO rrpou;eccbr a,ncop6u;HH II cpa30Bbie rrepexo,nbi B TaKHx 2D 

CIICTeMaX paHee Il3yqaJIIICb IIpeiiMyr.u;eCTBeHHO ,lli1cppaKil;IIOHHbiMII MeTO,llaMH (,nHcppaKil;II5I 

Me,nrreHHbiX 3JieKTpoHOB, <)JoT03JieKTpOHHa5I ,ni1cppaKU:I15I). HecMOTP5l Ha 6orrhiiiOH ycrrex 3TIIX 

IICCJie,noBaHHH II 3HaqiiTeJibHOe IIpO,nBmKeHIIe B IIOHIIMaHIIH MeXaHII3MOB cpa30BbiX rrepeXO,llOB 

B a,ncop6HpOBaHHbiX HH3KOpa3MepHbiX 06'beKTaX Ha H,lleaJibHbiX HI13KOIIH,neKCHbiX 

MeTaJIJIIIqecKHX IIOBepXHOCT5IX, MHOriie BOIIpOCbi IIO IIX JIOKaJibHOH aTOMHOH CTpyKType 

ocTaBaJIHCb OTKpbiTbiMII. ,D;eTaJibHbie Ilccrre,noBaHH5I CTPYKTYPbi II CBOHCTB rroBepxHOCTHbiX 

cpa3 C aTOMHbiM pa3peiiieHIIeM CTaJIII B03MO:>KHbi TOJibKO IIOCJie pa3pa60TKH MeTO,llOB 

HI13KOTeMrrepaTypHOH CKaHIIpyror.u;eii TYHHeJibHOH MIIKpOCKOITIIH (CTM) II crreKTpOCKOITIIII 

(CTC). Heo6xo,niiMO o6paTIITb BHIIMaHIIe, qTo CTM/CTC-Hccrre,noBaHH5I TorrorpacpiiH II 

3JieKTpOHHOH cTpyKTYPbi cpi13Cop6I1poBaHHbiX crroeB c aTOMHbiM pa3peiiieHHeM B IIIIIpOKOM 

,lliiaiia30He TeMrrepaTyp (BKJIIOqa5J reJIIIeBbi e), B HeKOTOpOH CTerreHH, 5IBJI5IIOTC5I IICKYCCTBOM. 
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OcHOBHOe BHHMam1e B .n:HccepTaU:HOHHOH pa6oTe E. B. AH.n:piOIIIe"l!KHHa y.n:eneHo 

pa3pa6oTKe MeTO.UHKH <J>opMHpoBaHH51 yrrop51.n:oqeHHhiX o.n:Ho- H .UBYMepHbiX CTPYKTYP aTOMOB 

ranoreHOB Ha MeTaJIJIHqecKHX IIOBepXHOCT51X H H3yqeHHIO 06IUHX 3aKOHOMepHOCTeH <J>a30BbiX 

rrepeXO.lJ:OB B TaKHX HH3KOpa3MepHbiX CHCTeMaX. ,li;BYMepHbie CTpYKTYPI>I, 

CaMOOpraHH3yiOIUHeC51 IIpH a.n:cop6U:HH ranoreHOB Ha HH3KOHH.UeKCHbiX IIOBepXHOCT51X 

MOHOKpHCTaJIJIOB 30JIOTa, cepe6pa H Me.UH, 6biJIH Bbi6paHbl B KaqeCTBe MO.UeJib~biX. TaKOH 

Bbi60p 6hiJI o6yCJIOBJieH B03MO:>KHOCTbiO IIpOBe.UeHH51 60JibiiiOfO CIIeKTpa HCCJie.UOBaHHH .UJI51 

IIOBepXHOCTeH MeTaJIJIOB C pa3JIHqHbiMH CHMMeTpHeH H pa3MepOM 3JieMeHTapHOH ~eHKH, B 

TOM qlfcne H rrpH TeMrrepaType oKpy:>KaiOmeii cpe.n:I>I. Ha MOMeHT Haqana rrpe.n:cTaBJieHHOH 

pa60Tbl, CHCTeMbl «raJioreH-MeTaJIJI» y:>Ke H3yqaJIHCb HeKOTOpbiMH CTaH.n:apTHbiMH 

MeTO.lJ:HKaMH (HaiipHMep, .UM<J>paKU:HOHHbiMH), II03BOJIHBIIIHMH rrpe.UJIO:>KHTb MO.UeJIH 

HeKOTOpbiX Ha6JIIO.UaBIIIHXC51 B 3KCIIepHMeHTaX IIOBepXHOCTHbiX .UBYMepHbiX CTpYKTYP· TeM 

He MeHee, BCe 3TH MO.UeJIJI He MOfJIH cqHTaTbC51 IIO.UTBep)!(.lJ:eHHbiMH 6e3 IIOJiyqeHH51 IIp51MOH 

MH<J>OpMaU:HH 06 aTOMHOH CTpyKType IIOBepXHOCTH C IIOMOIUbiO JIOKaJibHbiX MeTO.lJ:HK 

CKaHHpyiOIUeH 30H.UOBOH MHKpOCKOIIHH. Tipo6JieMa CTpYKTYPHhiX <J>a30BbiX rrepeXO.lJ:OB B 

CHCTeMax «ranoreH::.MeTaJIJI» Ha MOMeHT Haqana HCCJie.UOBaHHH E. B. AH.UpiOIIIe"l!KHHbiM 

TaK:>Ke OCTaBaJiaCb rrpaKTHqecKH OTKpbiTOH. HeCOMHeHHO, Hap51.UY C IIpHMeHeHHeM 

pa3H006pa3HbiX COBpeMeHHbiX MeTO.lJ:OB aHaJIH3a IIOBepXHOCTH, peiiiaiOIUHM .UJI51 IIOJiyqeHH51 

YHHKaJibHbiX pe3yJII>TaTOB CTaJIO HHTeHCHBHOe HCIIOJib30BaHHe CKaHHpyiOIUeH TYHHeJibHOH 

MHKpOCKOIIHH aTOMHOrO pa3peiiieHH51. TaKOH HOBbiH IIO.UXO.U K rrpo6JieMe a.n:cop6U:HH 

ranoreHOB Ha HH3KOHH.UeKCHbiX MeTaJIJIHqecKHX IIOBepXHOCT51X H BbiCOKHH rrpo<J>ecCHOHaJIH3M 

E. B. AH.n:piOIIIeqKHHa B CTM-Hccne.n:oBaHH51X BhiCOKOro pa3peiiieHH51 rro3BOJIHJIH rronyqHTh 

60JibiiiOH 06neM BbiCOKOKJiaCCHbiX pe3yJII>TaTOB IIpH pa3JI1fqHbiX BeJIHqH:Hax KOHU:eHTpauHH 

aTOMOB raJIOreHOB Ha IIOBepXHOCTH H .1J:06HTbC51 IIOHHMaHH51 IIpHpO.lJ:bl <J>a30BbiX rrepeXO.lJ:OB B 

a.1J:COp6HpOBaHHbiX CJI051X. 

,li;HCCepTaU:H51 COCTOHT H3 BBe.UeHH51, IIIeCTH rJiaB, 3aKJIIOqeHH51 H CIIHCKa U:HTHpyeMOH 

JIHTepaTypbi. 06IUHH o6neM .lJ:HCCepTaU:HH COCTaBJI51eT 333 CTpaHHU:bl MaiiiHHOIIHCHOfO TeKCTa, 

BKJIIOqa51 141 pHCYHOK, 16 Ta6JIHU: H CIIHCOK U:HTHpyeMOH JIHTepaTypbi H3 328 HaHMeHOBaHHH, 

co.n:ep:>KaiUHH rry6JIHKaU:HH aBTOpa ITO TeMe .UHCCepTaU:HH. 

Bo BBeJJ:eHuu c<J>opMynHpoBaHI>I u:enH H 3a.n:aqH .n:HccepTaU:HH, o6ocHoBaHI>I 

aKTYaJibHOCTb, HayqHa51 HOBH3Ha H rrpaKTHqeCKa51 3HaqHMOCTb Bbi6paHHOH TeMbl, IIpHBe.UeHbl 

OCHOBHbie IIOJIO:>KeHH51, BbiHOCHMbie Ha 3aiUHTy, CBe.UeHH51 06 arrpo6auHH pa60Tbl, 

rry6JIHKauH51X H CTpyKType .lJ:HCCepTaU:HH. 

B nepsoii: r JiaBe rrpoBe.n:eH rro.n:po6HbiH o63op JIHTeparypni, B KOTOpoM paccMoTpeHI>I 

rrpo6neMbi <J>a3oBI>IX rrepexo.n:os B a.n:cop6HpoBaHHhiX CJI051X Ha yrrop51.n:oqeHHhiX 

IIOBepXHOCT51X. TipHBe.UeHO OIIHCaHHe CIIeU:H<J>HqecKHX OC06eHHOCTeH B3aHMO.UeHCTBH51 

a.n:cop6HpOBaHHbiX aTOMOB Ha IIOBepXHOCTH TBep.n:oro TeJia H paCCMOTpeHbl B03MO:>KHbie 

o6mHe 3aKOHOMepHOCTH <J>a3oBI>IX rrepexo.n:oB B .UBYMepHI>IX CHCTeMax. AHaJIH3 JIHTepaTypHI>IX 

.n:aHHhiX II03BOJIHJI c.n:enaTb BhiBO.U, qTo cHcTeMbi «ranoreH-MeTaJIJI» 51BJI51IOTC51 YHHKaJihHbiMH 

MO.UeJibHbiMH 06beKTaMH .1J:J151 H3yqeHH51 <J>a30BbiX rrpeBpaiUeHHH B MOHOCJI051X. 0IIHCaHbl 

rnaBHI>Ie 3aKoHoMepHOCTH <J>opMHpOBaHH51 CTPYKTYP H3 ranoreHOB H B03MO:>KHI>Ie rrpo6neMI>I, 
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KOTOpbie MOryT B03HlfKHYTb llpH: lf3ytieHlflf aTOMOB raJioreHOB, a,z:J;COp6HpOBaHHbiX Ha 

MeTaJIJmqecKHX noaepxHocTmc Ha ocHoBe aHaJIH:3a ony6rrHKOBaHHbiX pe3yrrhTaToB 6biJIH: 

c¢opMyrrH:pOBaHbl OCHOBHbie HanpaBJieHH:51 lfCCJie,ZJ;OBaHH:H ,[{lfCCepTai.J;H:OHHOH pa60Tbl. 

BTopaH rJiasa co.n;ep:>KHT onH:caHH:e 3KcnepH:MeHTaJibHbiX o6pa3U:OB If cnoco6oa H:X 

llO,[{fOTOBKlf K lf3MepeHH:51M, OllH:CaHH:e 3KCITepH:MeHTaJibHbiX If TeopeTH:qecKH:X MeTO,[{OB, 

npH:MeHeHHbiX ,[{JI51 lf3yt~eHH:51 OCHOBHbiX xapaKTepH:CTlfK HCCJie.n;yeMbiX 06'beKTOB. 0co6oe 

BHHMaHH:e y.n;erreHo onH:caHHIO cxeM 3KcnepHMeHTaJibHbiX ycTaHOBOK. ITo.n;roTOBKa 

MeTarrrrHqecKHX no.n:rro:>KeK, a.n;cop6u;H51 aTOMOB ranoreHoB Ha HHX, a TaK:>Ke ace 

3KcnepHMeHTaJibHbie Hccrre.n:oaaHH:51 aTOMHOii CTPYKTYPbi a,z:J;cop6H:pOBaHHbiX crroea 

ocymecTBJI51JIHCb in-situ B ycnoBH51X caepxBbiCOKoro aaKYYMa. H3MepeHH51 6biJIH BbiiTOJIHeHbi 

C HCITOJib30BaHHeM B3aHMO.D:OITOJIH5IIOII.J;HX COBpeMeHHbiX MeTO.D:HK, npe,n:Ha3HaqeHHbiX .l1:JI51 

FI3yt~eHH51 ITOBepXHOCTHbiX 51BJieHHH, - CKaHH:pYIQmeii TYHHeJibHOH MHKpOCKOITHH (CTM), 

,ZJ;H¢paKI.J;Hlf Me,n:JieHHbiX 3JieKTPOHOB (,[(M3), 3JieKTpOHHOH O:>Ke-cneKTPOCKOITHH (30C). ,1J;JI51 

Ha,ZJ;e:>KHOfO o6'b51CHeHH51 3KCnepHMeHTaJibHbiX ,ZJ;aHHbiX 6biJIH BblllOJIHeHbl pacqeTbl B paMKaX 

TeOpHH ¢YHKU:HOHaJI~ ITJIOTHOCTlf (T<DIJ) C HCITOJib30BaHHeM CTaH,ZJ;apTHOrO nporpaMMHOrO 

naKeTa V ASP ,n:JI51 6onbiiiH:HCTBa Ha6niO.n;aBIIIHXC51 B pa6oTe noaepxHOCTHbiX peKOHCTPYKU:Hii. 

B TpeTbeii: rnaae npHBO,ZJ;51TC51 pe3yJibTaTbi H3yqeHH51 nepaoii ( cy6MoHocnoiiHoii) 

CTa,ZJ;H:H a,n:cop6I.J;HH aTOMOB XJIOpa Ha ITJIOTHOynaKOBaHHbiX ITOBepXHOCT51X MeTaJIJIOB C 

rpaHeu;eHTpHpoBaHHoii Ky6HqecKoii perneTKoii (Au(111), Ag(111), Cu(111)). 

I1oKa3aHo, qTo a,z:J;cop6u;H51 aTOMOB Cl Ha noaepxHOCTH Au(111) H nocne.n:YIQmee 

OXJia:>K,n:eHHe o6pa30BaHHOH CHCTeMbl ,n:o 110 K npH: Hlf3KOH CTeneHH: ll0Kpb1Tlf51 Bbl3biBaeT 

cHaqana o6pa3oBaHHe u;enoqeqHbiX CTPYKTYP, a 3aTeM ynop51,n:oqeHHoii HaHonopH:cToii 

CTpyKTypbi H3 a,n:cop6HpoaaHHbiX aTOMOB. TeopeTHqecKH:e pacqeTbi H pe3yJibTaTbi 

3KcnepHMeHTOB no3BOJIHJIH BbrnCHH:Tb, ~o B 3Toii CHCTeMe ¢opMHpoaaHHe CTPYKTYP Ha 

noaepxHOCTH Au(lll) Bbi3BaHo Henp51MbiM ynpymM B3aHMo,n:eiicTBHeM qepe3 HCKa:>KeHHe 

perneTKlf aTOMOB llO,[{JIO:>KKlf. 3TO B3aHMO,[{eHCTBlfe npH:BO.D:HT K ¢opMHpOBaHH:lO u;enoqeK 

aTOMOB XJIOpa C He06biWO-MaJibiM Me:>KaTOMHbiM paCCT051HHeM H o6pa30BaHHIO 

ynop51.n;oqeHHoii HaHonopHcTOii 2D CTPYKTYPbi. 

Y CTaHOBJieHo, qTo cy6MoHocrroiiHbie noKpbiTH:51 xnopa Ha noBepxHOCTH Cu(111) TaK:>Ke 

npHB0.[{51T K ¢opMHpoBaHHIO u;enoqetffibiX CTPYKTYP c MaJibiMH Me:>KaTOMHbiMH: paccT051HH51Mlf 

Me:>K.n;y 6nH::>KaiirnHMH: a,n:cop6H:poBaHHbiMH aTOMaMH. T<DI1-Mo,n:enH:poaaHH:e noKa3aJIO, qm 

CJIHIIIKOM MaJioe Me:>KaTOMHoe paccT051HH:e Cl-Cl B u;enoqKax ,n:JI51 CH:CTeMbi Cl/Cu(lll) 

CB513aHO C Henp51MbiM B3aH:MO,[{eHCTBH:eM qepe3 3JieKTpOHHYIQ llO,[{CHCTeMy ITO.D:JIO)I(Klf. 

I10Ka3aHQ, qTQ OCa:>K,ZJ;eHH:e cy6MOHOCJIOHHbiX llOKpbiTHH aTOMOB XJIOpa Ha 

ITOBepXHOCTH Ag(111) COllpOBO:>K,ZJ;aeTC51 C03,[{aHH:eM KBa3HO.lJ:HOMepHbiX u;enoqeK H3 

a.n;cop6HpoaaHHbiX aToMoB. T<DI1-Mo.n;enH:poaaHH:e noKa3aJIO, qTo ¢opMHpoaaHH:e u;enoqeK Cl

Cl B 3TOM cnyqae Bbi3BaHO Henp51MbiM B3aHMO,[{eHCTBHeM Me:>K,n:y HlfMH qepe3 ITO,[{JIO:>KKY 

Ag(111). 

lJ:eTBepTaH rJiaBa nocB51II.J;eHa H3yqeHHIO ¢a30BbiX nepexo.n;oa TH:na «copa3MejmM

Hecopa3MepHM ¢a3bi» B aTOMHbiX CTPYKTypax ranoreHoB Ha rpaH51X (1 00), (111 ) , (11 0) 
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MOHOKpHCTa.JIJIOB Me,n:H H cepe6pa. 06Hapy:>KeHO, l.J:TO KapTHHa rrepeXO.D:OB MO:>KeT 6biTb 

pa3JIHl.J:HOH H orrpe,n:eJUITbC51 CHMMeTpHeH IIOBepXHOCTH. 

):(IDI rpaHeH (111) f.l.l.K. MeTa.JIJIOB YCTaHOBJieHO, l.J:TO ¢a30BbiH rrepexo,n: H3 

copa3MepHoii B Hecopa3MepH)'lO ¢a3y B CHCTeMax Cl/(Ag(111), Cl/Cu(111), I!Cu(111), 

I/Ag(111) ocymecTBJUieTc5I 3a ct.IeT o.n:HoocHoro c:>KaTH5I pemeTKH (.V3 x.V3)R30° H 

¢opMHpOBaHH5I JIHHeHHblX CBepXIIJIOTHbiX .ll:OMeHHblX CTeHOK. 

IJpH HCCJie,n:OBaHHH a,n:cop61.lHH rarroreHOB Ha rpaHH (1 00) f.l.l.K. MeTa.JIJIOB 

ycTaHOBJieHO, l.J:TO HaCbiii.leHHOe MOHOCJIOHHOe (MC) IIOKpbiTHe ii:o,n:a Ha rpaHH Ag(l 00) 

OIIHCbiBaeTC51 COpa3MepHOH pemeTKOH c(2 x2) C OTCYTCTBHeM ¢a30B0f0 rrepexo,n:a B 

HeCOpa3MepH)'lO ¢a3y, a xapaKTep CB513H aTOMOB HO,n:a C IIO.D:JIO:>KKOH Ag(l 00) 6JIH30K K 

KOBa.JieHTHOMY. C ,n:pyroif CTOpOHbl HO.ll: Ha IIOBepXHOCTH Cu(l 00) B 3aBHCHMOCTH OT 

BeJIHl.J:HHbl IIOKpblTH51 o6pa3yeT 5 pa3JIHl.J:HblX CTpyKTyp. 

IJpH HCCJie,n:oBaHHH a,n:cop61.lHH rarroreHOB Ha rpaHH (110) f.l.l.K. MeTa.JIJIOB IIOKa3aHO, 

l.J:TO .ll:IDI CHCTeMbl I/Cu(llO) rrpH e = 0.5 MC o6pa3yeTC5I copa3MepHa5I CTpyKTypa c(2 x2), a 

rrpH e = 0.63 MC - o,n:Hopo,n:HO C:>KaTa51 KBa3H-reKcarOHa.JibHa51 pemeTKa c(30 x2). IlpH 3TOM 

rrepexo.n: c(2 x2) ~ c(30 x2) 5IBJI5IeTc51 rrepex o,n:oM BTOporo po.n:a. ):(IDI cHcTeMbi I!Ag(llO) rrpH 

e = 0.5 MC o6pa3yeTC5I rrpoCTa51 copa3MepHa5I CTPYKTypa (2x2), a rrpH e = 0.69 MC 

¢opMHpyeTC5I HaCbiiiieHHOe MOHOCJIOHHOe IIOKpbiTHe, OIIHCbiBaeMOe O.D:HOpO,n:HO C:>KaTOH 

KBa3HfeKcaroHa.JibHOH pemeTKOH. 

B miToil rnaBe rroKa3aHo, l.J:TO a.n:cop61.lH5I aTOMOB rarroreHOB MO:>KeT HHHI.lHHpoaaTb 

peKOHCTpyKI.lHIO MeTa.JIJIHl.J:eCKOH IIOBepXHOCTH. B t.IaCTHOCTH, IIOKa3aHO, l.J:TO a,n:cop61.lH5I 

XJIOpa Ha IIOBepXHOCTH Ag( 111) IIpH IIOKpbiTH5IX 6JIH3KHX K HaCbiii.leHHIO MO:>KeT 

¢opMHpOBaTb MaCCHB aHTH¢a3HbiX OCTpOBKOB C peKOHCTPYKI.lHeii: (3 x3). nOJiee TOfO, 

06Hapy:>KeHO, l.J:TO IIpaKTHl.J:eCKH Ha BCeX CTa.D:H5IX a,n:cop61.lHH XJIOpa IIOBepXHOCTb Me,n:H 

Cu(ll 0) OKa3biBarracb peKOHCTpYJipOBaHHoii. B t.IaCTHOCTH, ycTaHOBJieHo cymecTBOBaHHe 

l.J:eTbipex pa311Hl.J:HbiX THIIOB peKOHCTPYKI.lHH, HH.D:YI.lHpOBaHHbiX IIpHCJTCTBHeM 

a,n:cop6HpOBaHHOfO XJIOpa. 

IllecTaB rJiaBa IIOCB5IIIIeHa H3yl.J:eHHIO ¢opMHp)'lOIIIHXC5I Ha IIOBepXHOCTH 

rarroreHH.D:HbiX ¢a3 CO CTpyKTypoif H CBOHCTBaMH, OTJIHl.J:aiOIIIHMHC5I OT TaKOBblX .ll:llii 

06neMHbiX rarroreHH.D:OB MeTa.JIJIOB. 06Hapy:>KeHO, l.J:TO IIOBepXHOCTHbie rarroreHH.D:Hbie ¢a3bl 

MoryT 6biTb KaK JIOKa.JibHbiMH (AuClz/Au(lll) H Ag3Cl7/Ag(lll)), TaK H .D:BYMepHbiMH 

(Agl/ Ag(l 00)). ABTOpOM rrpe,n:cTaBJieHbl ,n:eTa.JibHbie BbiBO.ll:bl ITO Ka:>K,n:OH H3 HCCJie,n:oBaHHbiX 

CHCTeM. 

B JaKJIIOIJeHHH ¢opMyJIHp)'lOTC5I HaH6oJiee Ba:>KHbie pe3yJibTaTbi H BbiBO.D:bi, 

IIO!I)'l.J:eHHbie aBTOpOM B xo,n:e IIpOBe,n:eHHblX HCCJie,n:oBaHHH. 

B Kal.J:eCTBe OCHOBHbiX pe3yJibTaTOB .D:HCCepTal.lHOHHOH pa60Tbl MO:>KHO Bbi,n:eJIHTb 

cJie,n:yromHe: 

1. Ha rrpHMepe a.n:cop61.lHH x11opa Ha rroaepxHOCTH Ag(111) ycTaHoarreHo, l.J:TO 

MeXaHH3M C:>KaTH5I COpa3MepHOH pemeTKH (.V3 x .V3)R30o (rrepexo,n: «COpa3MepHa5I

HeCOpa3MepHa5I» ¢a3a) BKJIIOl.J:aeT B ce65I ¢opMHpOBaHHe Kpay,n:HOHOB H HX KOH,n:eHCal.lHIO B 
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CBepXIIJIOTHbie mmeHHbie .lJ.OMeHHbie CTeHKH. I10Ka3aHO, qTO II0)1.06HbiH MeXaHH3M MO)I(eT 

6niTb o6mnM H orrpe.n.emrTh cpa30Bbie rrepexo.n.ni B cnoe ranoreHoB Ha rpamrx (Ill) r.11.K. 

MeTaJIJIOB. 

2. Mo.n.eJib JIHHeHHbiX )1.0MeHHbiX CTeHOK OIIHCbiBaeT IIpOIIeCC C)l(aTHH peiiieTKH 

faJIOfeHOB Ha rpaHH (110) f.II.K. MeTaJIJIOB B TOM CJiyqae, eCJIH rrpe)1.II0qTHTeJibHbiM MeCTOM 

a.n.cop611HH faJIOfeHa HBJUieTCH IIOJIO)I(eHHe Me)l(.ll.y qeTblpbMH aTOMaMH II0)1.JI0)1(KH 

(I!Cu(ll 0), II Ag(ll 0)). Ecnn Han6onee BbifO.li.HbiM MeCTOM a.n.cop611HH HBJUieTCH KopoTKoe 

MOCTHKOBOe IIOJIO)I(eHHe, TO C)l(aTHe peiiieTKH faJIOreHa IIpOHCX0)1.HT B pe3yJibTaTe 

peKOHCTPYKIIHOHHbiX rrepexo.n.os ( Cl/Cu( 11 0) ). 

3. Ha rpaHH (100) r.II.K. MeTaJIJIOB C)l(aTne copa;3MepHoif perneTKH ranoreHOB 

peaJIH3yeTCH TOJibKO IIpH 3HaqHTeJibHOM rrpeBbiiiieHHH paCCTOHHHH faJIOfeH-faJIOfeH B 

Hcxo.n.Hoif copa3MepHoif cTpyKType Ha.n. .li.HaMeTpOM BaH-.n.ep-Baanbca ranoreHa (cnyqaif 

I!Cu(IOO)). YcTaHOBJieHo, qm B 3TOM cnyqae C)l(aTne rrponcxo.n.nT 3a cqeT cepHH cpa30BbiX 

rrepexo.n.os rrepsoro H BToporo po.n.a, BKmoqaSJ: 2D rrnasneHHe. 

4. Y cTaHOBJieHo, qm Ha rpaHH Ag(lll) rrocne HaCbiiiieHHH rrpocmro 

XeMOCop6HpOBaHHOfO CJIOH XJIOpa IIpOHCXO.lJ.HT peKOHCTpYKIIHH H cpopMHpOBaHHe cpa3bl 

(3x3) B sn.n.e Maccnsa aHTHcpa3HbiX .n.oMeHOB pa3MepoM 15-30 A. IIpe.n.Jio)l(eHa H 

TeopeTHqecKH o60CHOBaHa M0)1.eJib peKOHCTPYKIIHH (3x3). 

5. YcTaHOBJieHo, qTo rrocne cpopMHposaHHH xeMocop6nposaHHoro CJIOH ranoreHOB, 

.n.mr pH.n.a CHCTeM (Cl/Au(lll), Cl/Ag(111), I/Cu(lll), I!Ag(lll), I/Ag(lOO)) rrponcXO.lJ.HT 

cpopMHpOBaHHe IIOBepXHOCTHbiX faJIOfeHH.lJ.OB, CTpYKTypa H CTeXHOMeTpHH KOTOpbiX 

OTJIHqaeTCH OT COOTBeTCTB}'IOmHX 06'beMHbiX COe)1.HHeHHH. 

6. Y cTaHOBJieHo, qm CTPYKTYPhi, cpopMnpyeMbie aTOMaMH ranoreHOB Ha 

IIOBepXHOCTH f.II.K. MeTaJIJIOB Ha cy6MOHOCJIOHHOH CTa)1.HH a.n.cop611HH, o6yCJIOBJieHbl 

HerrpHMbiMH B3aHMo.n.eifcTBHHMH Me)K.n.y aTOMaMH ranoreHOB qepe3 rro.n.JIO)I(Ky. B qacTHOCTH, 

Ha HaqaJibHOH CTa.lJ.HH a.n.cop611HH xnopa Ha rpaHHX (Ill) r.11.K. MeTaJIJIOB (Ag, Cu, Au) 

rrpOHCXO.lJ.HT cpopMHpOBaHHe KBa3H0)1.HOMepHbiX llerroqeqHbiX CTpyKTyp C paCCTOHHHHMH 

Me)l(.ll.y aTOMaMH XJIOpa MeHbiiiHMH, qeM B .li.BYMepHOH CTpyKType (~3x~3)R30·, HMeiOmeif 

60Jibiii}'IO IIJIOTHOCTb. 

CymecTBeHHbiX He.n.ocTaTKOB B pa6oTe HeT, OTMeTHM JIHIIIb cne.n.}'IOmHe 3aMeqaHHH, 

B03HHKIIIHe B X0)1.e 03HaKOMJieHHH C pa60TOH. 

1. B )1.HCCepTaiiHH OTCYTCTByeT HHcpOpMaiiHH 0 IIpOB0)1.HBIIIHXCH HCCJie)1.0BaHHHX 

3JieKTpOHHOH CTpyKTypbi HH3KOpa3MepHbiX CHCTeM ((faJIOreH-MeTaJIJI» C HCIIOJib30BaHHeM 

cKaHHp}'IOmeif TYHHeJihHOif crreKTpocKorrHH. BMecTe c TeM, rrpe.n.cTaBJUIJIO 6ni HecoMHeHHbiH 

HHTepec nccne.n.osaHHe oco6eHHOCTeif 3JieKTpOHHOH CTPYKTYPbi HeKOTOpbiX 

HH3KOpa3MepHbiX cpa3 MeTO.lJ.OM CTC (a qacTHOCTH, 11erroqeqHbiX cTpyKTyp aTOMOB 

faJIOfeHOB Ha MeTaJIJIHqeCKHX II0)1.JIO)I(Kax H ynopH)1.oqeHHbiX HaHOIIOpHCTbiX CHCTeM aTOMOB 

XJIOpa Ha IIOBepXHOCTH Au(lll ), B KOTOpbiX MO)I(HO 0)1(H)1.aTb Ha6JII0)1.eHHe KBaHTOBO

pa3MepHbiX 3cpcpeKTOB). 
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2. B pa3~ene 3.1.6 npHBe~eHbi pe3yJihTaThi T<l>TI-pacqemB ~JUI ynopSI~oqeHHOH 

HaHonopHcToM: cTpyi<TYPhi aTOMOB xnopa Ha noBepxHOCTH Au(111) npH BennqnHe noKpbiTHSI 

e = 0.09 MC. Cne~yeT OTMeTHTb, qTQ K npHBO~HMbiM aBTOpOM pacqeTHbiM 3HaqeHHSIM 

:meprHH CTOHT OTHOCHTbCSI C oqeHb 60JiblliOH OCTOpo:>KHOCTbiO, nOCKOJibKY HCnOJib30BaHHaSI 

aBTOpOM MO~eJib, CO~ep:>Karn;aSI 2 CJIOSI aTOMOB 30JIOTa no~JIO:>KKH, MO:>KeT 6biTb 

He~OCTaTOqHOH ~JUI TOqHOrO KOJJHqecTBeHHOrO BOCnpOH3Be~eHHSI nJIOTHOCTH :me~TpOHHbiX 

COCTOSIHHH nOBepXHOCTH MOHOKpHCTaJIJia 30JIOTa. 

3. ,[(JUI npocTOTbi BocnpHSITHSI ~aHHbiX CTM aBmpy CTOHJIO 61>1 npHBO~HTb 

pa3MepHbie JIHHeifKH Ha 3KcnepHMeHTaJibHbiX H pacqeTHbiX CTM-H3o6pa:>KeHHSIX, a He 

orpaHHqHBaThCSI JIHillb HHQ_>OpMaiiHeif o pa3Mepe Ka~pa B no~pHCYflOqHbiX no~nHcSix. B 3TOM 

CJiyqae xapaKTepHbie pa3Mepbl Ha6JIIO~aBillHXCSI B 3KCnepHMeHTaX OC06eHHOCTeif H 

o6cy~aeMhie B TeKcTe ~JIHHhi CBSI3eM: rarroreH-rarroreH H ranoreH-MeTann 6bmH 61>1 

HarJUI~Hbi ~JUI qlfTaTeJUI. 

4. B TeKcTe ~HccepTaiiHH H aBTope<l>epaTa BCTpeqaiOTCSI oneqaTKH. 0TMeTHM, 

HanpHMep, qTo 3-SI Me~Yflapo~HaSI KoH<l>epeHIIHSI no <l>H3HKe HH3KOpa3MepHbiX CTPYKTYP 

PLDS-3 npoBO~Hnacb B LfepHoronoBKe B 2001 ro~y, a He B 2003, KaK YKa3aHo B 

~HCCepTaiiHH H aBTOpe<l>epaTe. 

0TMeqeHHbie 3aMeqaHHSI He BJIHIDOT Ha 06IIIyiO BbiCOKyiO nOJIO:>KHTeJibHyiO OlleHKY 

pa60Tbi H He CHH)I(aiOT IleHHOCTb nonyqeHHbiX pe3yJibTaTOB. 

,[(OCTOBepHOCTb nonyqeHHbiX pe3yJibTaTOB, 060CHOBaHHOCTb HayqHbiX nOJIO:>KeHHH H 

BbiBO~OB o6ecneqHBaiOTCSI npHMeHeHHeM COBpeMeHHbiX MeTO~OB no~rOTOBKH H 

Hccne~oBaHHSI ~ByMepHbiX noBepxHOCTHhiX CTPYKTYP B KOHTponHpyeMbiX ycnoBHSIX 

CBepXBbiCOKOrO BaKyyMa; HCnOJib30BaHHeM CaMOrO COBpeMeHHOrO HayqHOrO o6opy~OBaHHSI, 

no3BOJUIJOIIIero H3yqan CTPYKTYPY noBepxHOCTH c aToMapHbiM pa3perneHHeM; 

COnOCTaBJieHHeM ~aHHbiX, nonyqeHHbiX pa3JilfqHbJMH B3aHMO~OnOJIHIDOIIIHMH MeTO~aMH 

aHaJIH3a noBepXHOCTH; COnOCTaBJieHHeM 3KCnepHMeHTaJibHbiX ~aHHbiX C pe3yJibTaTaMH 

pacqeTOB H3 nepBbiX npHHIIHnoB; IllHpOKHM o6cy~eHHeM nonyqeHHbiX pe3yJihTaTOB Ha 

OTeqecTBeHHbiX H Me:>K~yHapO~HbiX KOH<l>epeHIIHSIX H HX ny6JIHKaiiHeif B npeCTH:>KHbiX 

pelleH3HpyeMhiX HayqHhiX :>KypHanax. 

Pe3yn~>TaTbi, n _onyqeHHbie B ~HccepTaiiHH, MoryT 6hiTb HCnOJih30BaHhi ~AA 

npHJIO)I(eHHH B o6JiaCTH reTeporeHHOrO KaTaJIH3a, B qaCTHOCTH, ~ ycTaHOBJieHHSI 

MeXaHH3MOB npOMblliiJieHHOH peaKIIHH 3nOKCH~HpOBaHHSI 3THJieHa Ha cepe6pSIHOM H 

30JIOTOM KaTaJIH3aTopax, B KOTOpOH XJIOpCO~ep)KaiiiHe MOJieKyJibi SIBJISIIOTCSI npOMOYTepaMH. 

Pe3yJibTaTbi pa60Tbi MoryT 6hiTb BOCTpe6oBaHbl B JIH~HpyiOIIIHX HayqHbiX IleHTpax, 

3aHHMaiOIIIHXCSI <l>YH~aMeHTaJibHhiMH HCCJie~OBaHHSIMH noBepXHOCTH Ha aTOMHOM ypOBHe. 

MaTepnan ~HccepTaiiHH xoporno H noHSITHO H3JIO:>KeH H HarJUI~Ho 

npOHJIJilOCTpHpOBaH. IJorryqeHHbie pe3yJihTaThi ony6JIHKOBaHhi B 28 CTaTbSIX B pOCCHHCKHX H 

3apy6e)KHhiX HayqHhiX pelleH3HpyeMhiX H3~aHHSIX, 27 H3 KOTOphiX BXO~HT B nepeqeHh BAK 

P<l>.TaK:>Ke aBTopoM ~HccepTaiiHOHHoif pa6oThi ony6rrHKOBaHa 1 rnaBa B KonneKTHBHOH 

MOHOrpa<i>HH. Pe3yJinTaTbi pa60Thi HeO~HOKpaTHO ~OKJI~biBaJIHCh Ha Be~YIIIHX 

Me~YflapO~HbiX H pOCCHHCKHX HayqHhiX KOH<l>epeHIIHSIX no <l>H3HKe ~ByMepHbiX CHCTeM. 
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,[J:HccepTaU:HOHHrui pa6oTa AH,nprorneqKHHa E. B. «CTPYKTypHbie <l>a30Bbie nepexo,nbi 

Ha noBepXHOCTI:I MeTaJIJIOB npi:I B3ai:IMO,neMCTBHH C ranoreHaMH» SIBIDieTCSI 3aKOHqeHHbiM 

HayqHbiM HCCJie,noBaHHeM. Co,nep)l(aHHe ,nHccepTaU:HOHHOM pa6oTbi cooTBeTCTByeT 

yKa3aHHOM cneiJ;I:IaJibHOCTI:I. ABTOpe<!>epaT nOJIHO H npaBHJlbHO OTPa)l(aeT OCHOBHbie 

pe3yJibTaTbl If BbiBOJ1:bl pa60Tbl If COOTBeTCTByeT co_nep)l(aHI:IIO J1:1:ICCepTaiJ;HH. 

,[J:HccepTaU:HSI «CTp)'KTypHbie <l>a30Bbie nepeXOJ1:bl Ha noBepXHOCTH MeTaJIJIOB npi:I 

B3aHMo,neifcTBHH c ranoreHaMH» noJIHOCTbiO y,noBJieTBOp.sieT TPe6oBaHHSIM I1oJIO)I(eHHSI o 

nop.s~,nKe npHcy)l(_neHHSI yqeHbiX cTeneHe:H BAK P<l>, npe,n'b.siBIDieMbiM K ,noKTopcKHM 

,nHccepTaU:H.siM, a ee aBTOp, AH,nprorneqrum Eopi:Ic BJia,nHMHpOBHq, 3acJiy)I(HBaeT 

npHCy)l(,neHHSI yqeHOM CTeneHH J1:0KTOpa <l>H3HKO-MaTeMaTI:J:qecKI:IX HayK no cneiJ;HaJibHOCTH 

01.04.07 - <l>H3H:Ka KOH,neHCHpOBaHHOrO COCTOSIHHSI. 

0T3biB Ha ,nHccepTaU:HOHHYIO pa6oTy no.nroTOBJieH no HTOraM o6cy)l(_neHH.si ,noKJia,na 

E. B. AH,nprorneqKI:J:Ha Ha ceMHHape «<l>H3HKa .ne<l>eKTOB» 13 ceHTSI6p.si 2019 r. B l1HCTHTyTe 

<l>H3HKH TBep.noro TeJia P AH. 0T3biB paccMoTPeH H o.no6peH Ha 3ace,naHHH YqeHoro CoBeTa 

l1<l>TT PAH (ITpoTOKOJI N2 fg oT « ((; » ceHTSI6p.s~2019 r.). 
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