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,:}?>)'""''"'""}'P'""~_....,e:H opraHH3al(HH o .ZJ:HccepTal(HOHHOH pa6oTe 5IKoBrreBa ArreKce.H 

~atml'l~· rn· .n:peeBH"tfa «CTPYKTYPA H CBOHCTBA ITOBEPXHOCTHbiX 
PEKOHCTPYKQHH Si(lll)-l3x·,h-Bi H Si(lll)-l3 x-l3-Au, 
MO,[(H <I> HQHPOBAHHbiX A TOMAMH METAJIJIOB», 
rrpe.ZJ:CTaBJieHHOH Ha COHCKaHHe y"tfeHOH CTerreHH KaH.ZJ:H.ZJ:aTa cp11311KO-

MaTeMaTH"lfeCKHX HayK ITO CITel(HaJibHOCTH 01.04.10 <iJH3HKa 

rrorryrrpOBO.ZJ:HHKOB 

ITpe.n:cTaBrreHHa.H .ZJ:HccepTal(HOHHa.H pa6oTa 5IKoBrreBa A.A .HBJI.HeTC.H 

HHTepeCHbiM :mcrrepHMeHTaJibHbiM HCCJie.ZJ:OBaHHeM, HarrpaBJieHHbiM Ha C03.ZJ:aHHe 

.ZJ:ByMepHbiX CHCTeM CO CITHHOBbiM paci.I.J;errrreHHeM Ha ITOBepXHOCTH KpeMHH.H. 

Y"lfHTbiBa.H, "tfTO rrrraHapHbie TexHorrorHH coBpeMeHHOH MHKpo3rreKTpoHHKH 

rrpaKTH"tfeCKH .ZJ:OCTHfJIH CBOero I1pOCTpaHCTBeHHOfO rrpe.n:erra (20 HM), a 

xapaKTepHa.H TOJII.I.J;HHa CJIOeB, KOTOpbie 06bi"4:HO OTHOC.HT K ITOBepXHOCTH, 1 +4 HM, 

TO YCHJIH.H MHOfHX Hay"tfHbiX rpyrrrr HarrpaBJieHbi Ha pa3pa60TKY HOBbiX 

.ZJ:ByMepHbiX MaTepHaJIOB C 3a.ZJ:aHHbiMH CBOHCTBaMH: TpaHCITOpTHbiMH, 

MarHHTHbiMH, CTPYKTYPHbiMH 11 T.rr. - Ha ocHoBe KOTOpbiX MoryT 6biTb C03.ZJ:aHbi 11 

HOBbie ITpH60pbi, 11 HOBbie TeXHOJIOfHH. HeCMOTp.H Ha rrporpecc B C03.ZJ:aHHH 

yrrrepO.ZJ:HbiX MaTepHaJIOB (rpa<iJeHbi) 11 .ZJ:pyrHX CJIOHCTbiX CHCTeM C 

BaH.n:epBaaJibCOBCKHMH CB.H3.HMH Me)l(.ZJ:Y CJIO.HMH, ITOBepXHOCTb KpeMHH.H .HBJI.HeTC.H 

HMeHHO TeM ITJial(.ZJ:apMOM, Ha KOTOpOM MOryT 11 .ZJ:OJI)l(Hbi pa3pa6aThiBaTbC.H HOBbie 

TeXHOJIOfHH CHHTeTH"tfeCKHX .ZJ:ByMepHbiX MaTepHaJIOB rryTeM a.n:cop6l(HH 11 

Koa,n;cop6u;HH aKTHBHhiX ra30B (rarroreHbl, KHCJIOpO.U), KOM6HHHpOBaHHOfO 

HaHeCeHH.H MeTaJIJIOB 11 rrorryrrpOBO.ZJ:HHKOB, I1pH"4:eM )l(eJiaTeJibHO C03.ZJ:aBaTb 



,n:ByMepHbie CHCTeMbi, COCT05III.J,He H3 OLJ:HOrO-,n:Byx MOHOaTOMHbiX CJIOeB. 

Ee3yCJIOBHO, TaKHe HCCJie,n:oBaHH5I rrpe,n:cTaBJI5IIOT co6oi1: HCKJIIO"liHTeJibHO Ba)KHbiH 

H Heo6xo,n:HMbiH :nan pa3BHTH5I TeXHOJIOrHH aTOMHOrO MaCIIJTa6a. 

,[(aHHa5I LJ:HCCepTa~H5I IIOCB5III.J,eHa pa3pa60TKe TeXHOJIOrH"l!eCKHX IIpHeMOB H 

H3y"lleHHIO IIOJiy-qaeMbiX aTOMHbiX CTpYKTyp IIpH KOM6HHHpOBaHHOM OCa:>K,n:eHHH 

MeTannoB c pa3JIH"l!HbiMH CBOHCTBaMH, TaKHX Ag, Au c o,n:Hoi1 cTopoHhi H Na, Cs, 

Bi, Tl - c ,n:pyroM:, Ha rroBepxHOCTH Si(l11 ). I1cxo,n:Ha5I H,n:e5I pa6oThi - co3,n:aTb 

OLJ:HOpO,n:Hble yrrop5ILJ:O"l!eHHbie CJIOH (1-2 MOHOCJI05I) C 60JiblliHM CIIHHOBbiM 

pacmerrneHHeM, LJ:JI5I "l!ero HCIIOJib30BaJIHCb MaTepHaJibl C 60JibliiHM aTOMHbiM 

HOMepoM (Bi, Tl, Au), H rrpoBeCTH Hccne,n:oBaHHe aTOMHOH, .JJieKTpoHHOH H 

CIIHHOBOH CTpyKTypbi CHHTe3HpOBaHHOrO MaTepHana. 

Pa6oTa COCTOHT H3 BBe,n:eHH5I, "l!eTbipex rnaB, 3aKJIIO"l!eHH5I H CIIHCKa 

muepaTyphi H3 116-TH HaHMeHoBaHHH. Bo BBe,n:eHHH o6ocHoBaHa aKTYaJihHOCTb 

TeMbl, c<PopMynHpOBaHbi ~eJIH H 3a,n:a1IH HCCJie,n:oBaHH5I, IIOKa3aHa Hay-qHa5I 

HOBH3Ha H rrpaKTH"l!eCKa5I 3Ha"l!HMOCTb OCHOBHbiX pe3yJibTaTOB H BbiBOLJ:OB, 

rrpe,n:CTaBJieHbi OCHOBHbie Ha)'1IHbie IIOJIO:>KeHH5I, BbiHOCHMbie Ha 3aii.I,HTy. B 

I1epBoi1 rnaBe c,n:enaH o63op aTOMHbiX rroBepxHOCTHhiX peKOHCTpyK~HH Ha 

rroBepxHOCTH Si( 111 ), BKJIIO"lla5I peKOHCTPYK~HIO (7x7) "l!HCTOH rroBepxHOCTH, a 

TaK:>Ke peKOHCTpyK~HH, HH,n:y~«poBaHHhiX oT,n:enbHbiM a,n:cop6aToM (Au HJIH Ag 

HJIH Bi). TaK:>Ke o6cy:>K,n:aeTC5I TpexKOMIIOHeHTHa5I cMcTeMa Si(lll)h-~3x~3-(Au, 

In), rrpe,n:cTaBJI5IIOII.I,a5I rrpHMep <PopMHpoBaHH5I 6HHapHoi1 a,n:cop6~HOHHOH 

,n:ByMepHOH CTpyKTypbi, B35ITOH B Ka"l!eCTBe 6a30BOH .D:JI5I C03,n:aHH5I HOBbiX 

aHanorH"l!HbiX cHcTeM. TaK:>Ke 3,n:ecb paccMoTpeH .J<P<PeKT Paiii6bi H o6cy:>K,n:eHbi 

B03MO:>KHbie IIYTH C03,n:aHH5I ,n:ByMepHOH CHCTeMbi C 60JibiiiHM CIIHHOBbiM 

pacmerrneHHeM. 

BTopa5I rJiaBa IIOCB5III.I,eHa OIIHCaHHIO MeTOLJ:HK C03,n:aHH5I IIOBepXHOCTHbiX 

06oeKTOB H HX HCCJie,n:oBaHH5I, a TaK:>Ke OCHOBHbiX 3KCIIepHMeHTaJibHbiX MeTOLJ:OB 

aHaJIH3a, TaKHX KaK CKaHHpyiOII.I,a5I TYHHeJibHa5I MHKpOCKOIIH5I/crreKTpOCKOIIH5I, 

LJ:H<PpaK~H5I 3JieKTpOHOB, <PoT03MHCCH5I C yrJIOBbiM H CIIHHOBbiM pa3peiiieHHeM H 

rrpe,n:cTaBneHo 3KcrrepHMeHTanbHoe o6opy,n:oBaHHe, HCIIOJib30BaHHoe B pa6oTe. B 



Kat.IeCTBe ocHOBHoro MeTo,n:a aHaJIM3a 3JieKTpOHHoif CTPYKTyp:oi aBTop Mcrrorr:o3yeT 

yn:oTpaqnwneTOBYIO cpOT03JieKTpOHHyiO CIIeKTpOCKOIIMIO C yrnOBbiM 11 CIII1HOBbiM 

pa3perueHMeM ,I(JI51 3aiii1CI1 ,I(I1CIIepCI10HHbiX KpHBbiX B BaJieHTHOH 30He, 

peHTreHOBCKYIO 

( CKaHHpyiOIUYIO) 

<f>oT03JieKTpOHHYIO CIIeKTpOCKOIIHIO 

TYHHerr:oHyiO CIIeKTpOCKOIIHIO. 

I1 

~JI51 

JIOKaJibHyiO 

CTPYKTYPHOH 

H,I(eHTI1cp11KaU:I111 IIOBepXHOCTHbiX COe,I(HHeHHH B ,I(I1CCepTaU:1111 11CIIOJib3YeTC51 

,I(11cppaKU:I151 Me,IJ;JieHHbiX 3JieKTpOHOB 11 CKaH11pyiOIUa51 TYHHeJibHa51 MI1KpOCKOIII151 C 

aTOMH:OIM pa3perneHHeM. Crre,n;yeT rrp113HaT:o, t.ITO aBTop 3a,n;e:HcTBOBan ot.IeH:o 

MOIUH:OIH 3Kcnep11MeHTan:oHbiH apceHarr. YHI1KaJibHbiM 51BJI51eTc51 np11MeHeHI1e 

cpOT03MI1CCI111 CO CTII1HOB:OIM pa3perneHI1eM COBMeCTHO C xapaKTep113aU:11eH 

TIOBepXHOCTHOfO o6beKTa Ha aTOMHOM ypOBHe, l.J:TO 11 onpe,n:eJII1JIO Ol.J:eH:O BbiCOKOe 

Kat.IeCTBO TIOJiyt.IeHHbiX 3KCIIepHMeHTaJibHbiX pe3yJI:oTaTOB. 

B TpeT:oe:H rnaBe rrpe,n;cTaBneH:oi op11ri1HaJibHbie pe3yn:oTaT:oi 11Ccne,n;oBaHI151 

rroBepXHOCTHbiX cnnaBOB Ha ocHOBe MeTarrnoB Ag 11 Bi. ABTopoM rro,n;o6paHbi 

ycJIOBI151 C03,I(aHI151 HOB:OIX ynop51,I(Ol.J:eHHbiX 6HHapHbiX CI1CTeM ~19x~19, 4x4, 

2~3x2~3 11 ,n;pyr11x Ha noBepxHOCTH Si(111) 11 rrpoBe,n;eHo TIUaTen:oHoe H3yt.IeHI1e 

aTOMHOH CTPYKTyp:oi B rrp51MOM rrpocTpaHCTBe c 11Cnon:o3oBaHHeM CTM 11 

OC06eHHOCTeif 3JieKTpOHHOfO CIIeKTpa B6JII1311 ypoBH51 <l>epM11 C 11CTIOJib30BaHI1eM 

CTC. I1oKa3aHo, t.ITO rroBepxHOCTHbiH crrnaB Si/ Ag/Bi co CTPYKTypo:H 2~3x2~3 

o6na,n;aeT rronynpoBO,I(HI1KOB:OIMI1 CBOHCTBaMI1, a cnnaBbi co CTPYKTypaMI1 

~19x~19 H 4x4 - MeTannl1t.IeCKHMI1. ConocTaBJI5151 3Kcnep11MeHTaJI:OHbie ,n;aHHbie c 

pe3yJioTaTaMI1 MO,I(eiii1pOBaHI151 Ha OCHOBe TeOp1111 <f>yHKU:I10HaJia IIJIOTHOCTI1 

(T<l>I1), aBTOp BbiCKa3:0IBaeT o60CHOBaHHOe npe,IJ;IIOJIO)KeHI1e 0 TOM, l.J:TO ,I(aHHbie 

cTpyKTyp:oi (~19x~19 11 4x4) rrpe,n;cTaBJI51IOT co6o:H MOHocno:H Ag(111 ), 

pa3BepHyTbiH OTHOCI1TeJibHO TIO,I(JI0)KKI1 Si(111 ), B KOTOpOM t.IaCTb aTOMOB cepe6pa 

3aMeHeHa Ha aTOMbl BI1CMyTa. 

B lleTBepToif rnaBe paccMaTpHBaeTC51 MO,n;11cp11KaU:1151 aTOMHOH 11 

3JieKTpOHHOH CTPYKTyp:oi B Hcxo,n;HoH: CI1CTeMe Si( 111 )/Au nyTeM ,n;o6aBKI1 

MeTaJIJIOB (Me) Na, Cs, Tl, In rrp11 cooTBeTCTByiOllleM TepMonporpaMM11pyeMoM 

pe)KHMe CI1HTe3a CTPYKTYP· B pe3yn:oTaTe y,n;aeTc51 co3,n;aT:o HecKon:oKo HOBbiX 



rroBepxHoeTHhiX peKoHeTpyKI.JJIH nma Si(lll)h--/3x-/3(Au, Me). B 3aBHeHMOeTH 

oT THrra a.II.eop6aTa (Me) rrpoHeXO.IJ.HT H3MeHeHHe KaK aTOMHoli eTpyKTypoi 

(HeLJ:e3aiOT Hexo,n:Hhie ,n:oMeHHhie eTeHKH), TaK H 3neKTpOHHoli eTpyKTypoi -

Ha6niO)J.aeTe.H paemerrneHHe IIOBepXHOeTHbiX eoeTO.HHHll S !· 

Ou;eHHBa.H ,n:HeeepTaU:HIO B u:enoM, ene.II.yeT OTMeTHTh, B nepByiO oLiepe.IJ.h, 

LJ:eTKOeTb IIOeTaHOBKH 3a)J.aLJ:, 3KerrepHMeHTanbHYIO aKKypaTHOeTb B peanH3aQHH 

H3MepeHHH, xopornee Bna)J.eHHe HeiiOflh3yeMhiMH 3KerrepHMeHTaflbHbiMH 

MeTO)J.aMH, IIOHHMaHHe HX B03MO)KHOeTeH H orpaHHLJ:eHHll. Bee BbiBO)J.bl pa60Tbl 

HMeiOT eepoe3Hoe o6oeHoBaHHe. ITpHMeHeHHe TaKHX MOIUHhiX MeTO.IJ.OB KaK 

ynoTpaqmoneTOBa.H cpOT03fleKTpOHHa.H erreKTpOeKOTIH.H e yrnOBbiM H errHHOBbiM 

pa3perneHHeM, eKaHHpyiOru:a.H TYHHenoHa.H MHKpoeKOIIH.H/erreKTpoeKoiiH.H e 

aTOMHhiM pa3perneHHeM Hap.H.IJ.Y e TeopeTHLJ:eeKHM MO)J.enHpOBaHHeM Ha OeHOBe 

TeOpi1I1 cpyHKU:HOHana IIflOTHOeTH II03BOflHflO e)J.enaTb TOHKHe Ha6niO)J.eHH.H H 

)J.OeTaTOLJ:HO o6oeHOBaHHbie BbiBO)J.bl )J.fl.H OLJ:eHh enO)!(HbiX Heene)J.yeMbiX eHeTeM. 

Bee 3aru:HmaeMbie rrono)KeHH.H .IJ.HeeepTaU:HH )J.OeTaTOLJ:Ho Ha)J.e)KHO 

apryMeHTHpOBaHbl. 

TeM He MeHee, K pa6oTe HMeiOTe.H 3aMeLJ:aHH.H H BOIIpOebi: 

1. Eonee KoppeKTHhiM .HBn.HeTe.H Herronh30BaHHe TepMHHa «eTerreHh 

IIOKpbiTH.H», a He «IIOKpbiTHe», IIOeKOflbKY peLih H)J.eT 0 KOflHLJ:eeTBeHHOll 

xapaKTepHeTHKe oea)K,n:eHHOrO ( a)J.eop6HpOBaHHOrO) MaTepHana. 

2. B rnaBe 4 Ha6niO)J.aeTe.H )J.OeTaTOLJ:HO eHnhHOe eiiHHOBOe paemerrneHHe B 

eTpyKTypax Si(lll)h--/3x-/3(Au, Me), Ho He o6ey)K.IJ.aiOTe.H BKna.IJ.hi B 

paemerrneHHe oT aTOMOB 3onoTa H .IJ.OrronHHTenhHhiX aTOMOB Na, Tl, In HnH 

Cs, XOT.H eaMH 3TH aTOMbl o6na)J.aiOT eHnhHO pa3nHLJ:aiOIUHMe.H eiiHH­

op6HTaflbHbiM B3aHMO)J.eHeTBHeM. 

3aKJIJOqeuue. ITonyLJ:eHHhie A.A. 5IKoBneBhiM pe3ynoTaThi MoryT 6oiTh 

Herronh30BaHhi B TaKHX opraHH3aU:H.HX KaK <DH3Ut:IeeKHli HHeTHTYT HM. IT.H. 

Jie6e,n:eBa P AH, HHeTHTYT o6meli cpH3HKH HM. A.M. ITpoxopoBa P AH, <DH3HKo­

TeXHHLJ:eeKHli HHeTHTYT HM. A.<D. Hocpcpe, HHeTHTYT npo6neM TexHonorHH 

MaTepHanoB PAH, MrY HM. M.B. JioMoHoeoBa, I1HeTHTYT cpH3HKH 



MHKpocTpyKTYP P AH, I1HCTHTYT aBToMaTHKH II rrpo6neM yrrpaBneHH5I ,[.(BO P AH, 

KBaHTOBbiH l(eHTp B CKOJIKOBe, I1HCTHTYT cpH3HKH TBep,n;oro Tena P AH, 

I1HCTHTYT pa,n;HoTeXHHKH II 3JieKTpoHHKH HM. B.A. KoTeJibHHKOBa P AH, 

l1HCTHTYT cpH3HKH rrorryrrpoBO,ll;HHKOB CO P AH. 

ABTopecpepaT II orry6rrHKOBaHHbre pa6oTbi rrpaBHJibHO oTpa)l(aiOT 

co,n;ep)KaHHe ,n;HccepTaU:HH. OcHOBHbre pe3yJihTaTbi orry6nHKOBaHbi B Tpex 

)l(ypHaJibHbiX cTaTb5IX B BbrcoKopeilTHHrOBbiX )l(ypHarrax (Scientific Reports, 

Journal of Physics: Condesed Matter, Surface Science) H3 rrepeLIH5I BAK II 6a3bi 

,n;aHHbiX Web of Science II rrpe,n;cTaBrreHbi Ha MHOrHx Hau;HoHaJibHbiX II 

Me)K,ll;yHapO,ll;HbiX KOHcpepeHIJ;H5IX. ITo CBOeH HOBH3He II rrpaKTHLfeCKOH 

3HaLJ:HMOCTH ,n;HccepTaU:HOHHa5I pa6oTa A.A. 5IKOBJieBa rrpe,n;cTaBJI5IeT co6oll: 

3aBeprneHHYIO HayLJ:HO-KBaJIHcpHKaiJ;HOHHYIO pa6oTy, B KOTOpOH co,n;ep)I(HTC5! 

perneHHe aKTyaJibHOH II Ba)I(HOH 3a,z::J;aLJ:H cpH3HKH rrorryrrpOBO,ll;HHKOB: 6blJU3JleJ-tbl U 

3KCnepUMeHmGJlbHO U3yt.teJ-tbl oco6eHHOCmU amOMHOU, 3fleKmpOHHOU U CnUH060U 

cmpyKmypbz 6uHapHbZX aocop671UOHHbZX cucmeM Ha noeepxHocmu KpeMHUR. 

CLIHTaiO, LITO co,n;ep)l(aHHe pa6oTbi II <l_lopMa ero rrpe,n;cTaBJieHH5! 

COOTBeTCTByeT Tpe6oBaHH5IM IIYHKTOB 9-14 «I10JIO)I(eHH5I 0 IIOp5I,ll;Ke 

rrpHcy)l<,z::J;eHH5I yLieHbiX cTerreHell:» BAK MHHo6pHayKH PoccHH B pe,n;aKU:HH 

ITocTaHoBrreHH5I ITpaBHTeJibCTBa P<!> oT 24 ceHT5!6p5I 2013 r. 3a N2842, 

rrpe,n;o5IBJI5IeMbiM K KaH,n;H,n;aTCKHM ,n;HccepTaU:H5IM, a ee aBTop, ArreKceH: 

AH,n;peeBHLf 5IKoBrreB 3acrry)I(HBaeT rrpHcy)l(,n;eHH5I yLieHoll: cTerreHH KaH,n;H,n;aTa 

<j:>H3YIKO-MaTeMaTII"<IeCKYIX HayK ITO CIIei.:(HaJibHOCTH 01.04.10 <j:>M3MKa 

rrorryrrpOBO,ll;HHKOB. 

)J;OKJia,z::J; ITO pe3yJibTaTaM ,ll;HCCepTaiJ;HOHHOH pa60Tbl 3acrryrnaH Ha CeMHHape 

OT,z::J;eJia TeXHOJIOfHH II H3MepeHHH aTOMHOfO MaCWTa6a l1HCTHTyTa o6mefi cpH3HKH 

HM. A.M. ITpoxopoBa PAH 28.10.2016 r. 

0T3biB COCTaBHJI: 

3aB. OT,z::J;eJIOM TeXHOJIOfHH II H3MepeHHH aTOM 

,ll;.cp.-M.H. K.H. Em~u:oB 
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