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AKTyaJlhHOCTh 

B HacTo51mee BpeM51 Ha6niOnaeTC51 6yM Hccne.n:oBaHHH B o6nacTH 

.ll:ByMepHbiX (2D) MaTepHaJIOB, HaLJaJIO KOTOpOMY 6biJIO IIOJIO)I(eHO C03.2J:aHHeM 

rpa<PeHa H 3KcrrepnMeHTaJihHhiM o6Hapy)l(eHHeM HOBoro Knacca o6oeKTOB -

TOIIOJIOrHLJeCKHX I130J151TOpOB. l1HTepec K Q:>I13I1Ke B YKa3aHHOH o6JiaCTI1 

.lJ:ByMepHbiX CHCTeM CTHMYJIHpyeT .lJ:BH)I(eHHe B o6JiaCTh CBepXMaJihiX JiaTepaJibHhiX 

pa3MepoB, T.e. K o6oeKTaM pa3MepHOCTH 1 D H OD, .2J:JI51 KOTOphiX ocHOBHhiM 

MeTO.lJ:OM I1CCJie.lJ:OBaHH51 51BJI51eTC51 CKaHHpyiOIIJ:a51 30H.2J:OBa51 MI1Kp0CKOIII151 C ee 

rrpaKTHLJeCKI1 6e3rpaHHLJHhiM ITOTeHU:HaJIOM (eCJIH peLih ll.lJ:eT 06 I1CCJie.lJ:OBaHHI1 

e.n:HHHLJHoro o6oeKTa). B HacTo51mei1 pa6oTe rrpe.n:cTaBneHhi rro.n:xo.n:hi H 

pe3yJihTaTbi HCCJie.lJ:OBaHHH KBaHTOBO-pa3MepHbiX 3Q:>Q:>eKTOB, Ha6JII0.2J:aeMbiX B 

cBepxrrpoBO.lJ:51IIJ:HX, MeTaJIJIHLJeCKHX H MarHHTHhiX aTOMHhiX CTPYKTypax Ha 

rroBepxHOCTH. B 3TOM CMhicne · aKTYaJihHOCTh H Heo6xo.n:HMOCTh rro.n:o6HhiX 

HCCJie.lJ:OBaHHH He Bhi3biBaeT COMHeHHH I1 BeCb BOITpOC 3aKJIIOLJaeTC51 B KaLJeCTBe 



TaKI1X 11eeJie.n:oBaHI1H. B .IJ:I1eeepTaL(I10HHOH pa6oTe 6biJII1 rrp11MeHeHbi 

rrpO.IJ:BI1HYTbie MeTO.IJ:bi eKaH11pyiOIJJ,eH TYHHeJibHOH M11KpOeKOIII111 

erreK~poeKOIII111: HI13KI1e TeMrrepaTypbi, MafHI1THbie IIOJI51 11 eBepXBbieOKI1H 

BaKyyM, - l.JTO ei1JibHO yeJIO)KH51eT IIpOBe.IJ:eHI1e 11eeJie.IJ:OBaHI1H, HO B TO )Ke ei1JibHO 

IIO.IJ:HI1MaeT ypoBeHb .IJ:eTaJII13aL(I111 11 11HcpOpMaTI1BHOeTI1 IIOJiyl.JaeMbiX 

pe3yJibTaTOB. 

HayquaH u rrpaKTuqecKaH 3uaquMOCTh 

Bee pe3yJibTaTbi, rroJiylfeHHbie B .n:11eeepTaL(I10HHOH pa6oTe, 51BJI51IOTe51 

HOBbiMI1 11 op11ri1HaJibHbiMI1. KaK rrpaBI1JIO, 3Kerrep11MeHTaJibHbie .n:aHHbie 

IIO.IJ:KperrJieHbi TeopeTI1l.JeeKI1MI1 pael.JeTaMI1 11 .IJ:aHO <PI1311l.JeeKI1 o6oeHOBaHHOe 

o6o51eHeHI1e Ha6JIIO.IJ:aeMbiX 51BJieHI1H. B 3TOM eMbieJie Bee pe3yJibTaTbi Ha.n:e)l(Hbi 11 

.n:oeToBepHbi 11 MoryT 6biTb 11erroJib30BaHbi rrp11 .n:aJibHei1nmx 11eeJie.n:oBaHI151X. B 

Kal.JeeTBe Hal16oJiee 51pKoro pe3yJibTaTa eJie.n:yeT OTMeTI1Tb o6Hapy)KeHI1e 

aHI130Tporrl111 eTpyKTYPbi B11Xp51 B MaTep11aJie FeSe 11 ee poeT e yBeJII1l.JeHI1eM 

MarHI1THoro IIOJI51. IToMI1MO 3Toro 113yl.JeHo rrorrepeliHOe KBaHTOBaHI1e 

3JieKTpOHHbiX eoeT051HI1H B TOHKI1X OeTpOBKaX eBI1HL(a Ha IIOBepXHOeTI1 Si( 111 )-

7x7 11 Bbl51BJieHa 3aBI1ei1MOeTb OT IIOBepXHOeTHbiX Haiip51)KeHI1H Ha Me)K.IJ:OMeHHbiX 

11HTepcpefieax, 11eeJie.IJ:OBaHbi Hal.JaJibHbie eTa.IJ:I111 poeTa repMaHI151 Ha IIOBepXHOeTI1 

Au(111 ), Bbl51BJieHbi oeo6eHHOeTI1 IIOBe.IJ:eHI151 IIJieHOK Hl1061151 Ha KpeMHI111 11 .IJ:p. 

ITpaKTI1l.JeeKa51 3Halfi1MOeTb pa6oTbi, T.e. rroJib3a .IJ:JI51 rroeJie.n:yiOIJJ,11X rrp11MeHeHI1H 

11JII1 11eeJie.IJ:OBaHI1H, 3aKJIIOl.JaeTe51 B eJie.IJ:yiOIJJ,eM: 

pa3BI1Tbl MeTO.lJ:bl cpopM11pOBaHI151 TOHKOIIJieHOl.JHbiX HaHOeTpyKTyp Ha OeHOBe 

Ge, Nb, Pb B yeJIOBI151X eBepxBbreoKoro BaKyyMa; 

pa3BI1Tbl MeTO.lJ:bl .IJ:I1afHOeTI1KI1 ypoBHeH pa3MepHOfO KBaHTOBaHI151 11 eKpbiTbiX 

.n:ecpeKTOB B TOHKI1X IIJieHKaX Ha OeHOBe aHaJII13a KapT .IJ:11cpcpepeHL(I1aJibHOH 

IIpOBO.IJ:I1MOeT11; 

pa3BI1Tbl MeTO.IJ:bl OIIpe.n:eJieHI151 pa3MepOB eep.IJ:L(eBI1Hbl B11Xp51 11 rrapaMeTpOB 

B11XpeBOH perneTKI1 B 3aBI1ei1MOeTI1 OT MafHI1THOf0 IIOJI51. 

CTpyKTypa AHCcepTa.Quu 
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,[(HccepTaU,H51 l13JIO:>KeHa Ha 121 CTpaHHIJ,e l1 COCTOHT l13 BBe.~J:eHH51, Tpex fJiaB, 

3aKJ1lOl!eHH51, CITHCKa QHTHpyeMOH JIHTepaTyphi l13 190 HaHMeHOBaHHH, CITHCKa 

OITy6mfKOBaHHhiX pa60T aBTOpa l13 7 HaHMeHOBaHHH l1 co.n:ep:>KHT 48 pHCYHKOB l1 2 

Ta6JIHQhi. 

Bo BBe.ueuuu o6ocHOBhiBaeTC51 aKTYaJJhHOCTh TeMhi, KpaTKO OITHChiBaiOTC51 

06beKThi l1 MeTO.lJ:hl l1CCJie.D:OBaHH51, <PopMyJIHpyiOTC51 QeJih, 3a.D:al!H l1 Hayl!Hhie 

ITOJIO:>KeHH51, BhiHOCHMhie Ha 3aW:HTy, YKa3hiBaiOTC51 HaYl!Ha51 HOBI13Ha l1 

ITpaKTHl!eCKa51 3Hal!HMOCTh pe3yJihTaTOB pa60Thi, CTeiTeHh .!J:OCTOBepHOCTH l1 

aiTpo6aQH51 pe3yJihTaTOB, ITpHBO.ll:51TC51 CBe.~J:eHH51 0 ITy6JIHKaQH51X aBTOpa, 

OTMel!aeTC51 ero JIHl!HhiH BKJia.D: B pa3pa60TKY ITpo6JieMhi. 

B nepBOH rJJaBe BHal!aJie .D:aH KpaTKHH 063op OCHOBHOfO MeTO.D:a 

HCCJie.!J:OBaHHH - CKaHHpyiOW:eH TYHHeJihHOH MHKpOCKOITHH l1 CITeKTpOCKOITHH 

BMeCTe C aiTITapaTypo.ii, l1CITOJ1h30BaHHOH aBTOpOM B l1HCTHTyTe <PH3l1Kl1 

MHKpOCTpyKTyp (pa3.D:eJI 1.1. ), .n:anee .n:aH KpaTKHH o63op ITpo_u:ecCOB pocTa TOHKHX 

ITJieHOK Ha ITOBepXHOCTH TBep.n:oro TeJia l1 HeKOTOphiX ITOJIO:>KeHHH <PH3l1Kl1 

ITOBepxHOCTH, KacaiOW:HXC51 peKOHCTPYKU:HH ITOBepxHOCTH. B ::noii :>Ke rnaBe 

ITpe.~J:CTaBJieH aHaJIH3 JIHTepaTyphi ITO HCCJie.~J:OBaHHIO KBaHTOBhiX pa3MepHhiX 

3<P<PeKTOB B CBHHQe l1 .n:pyrHX MeTaJJJiaX l1 OITHCaHhi MeXaHH3Mhi pa3MepHOf0 

KBaHTOBaHH51 (pa3.~J:eJI1.2). f1ocne 3TOfO ITpHBe.D:eHhi H 06Cy:>K.~J:aiOTC51 

OpHrHHaJJhHhie pe3yJihTaThi pa60Thi ITO cpopMHpOBaHHIO l1 H3yl!eHHIO TOHKHX 

ITJieHOK CBHHQa Ha KpeMHHH. B pa3.D:eJie 1.3. ITpe.D:CTaBJieHO HCCJie.D:OBaHHe 

Hal!aJihHOH cTa.D:HH pocTa HH06Hii-co.n:ep:>KaW:HX CTPYKTYP Ha ITOBepxHOCTH 

Si( 111) 7 x 7 ITO TOM :>Ke cxeMe - aHaJIH3 JIHTepaTyphi, OITHCaHHe MexaHH3MOB, 

ITpe.n:cTaBJieHHe H o6cy:>K.n:eHHe opHrHHaJJhHhiX pe3yJihTaToB .!J:HCcepTaU:HH. B 

pa3.n:ene 1.4. aHanorHl!HhiM o6pa3oM o6cy:>K.n:aiOTC51 pe3yJihTaThi oca:>K.n:eHH51 

repMaHH51 Ha ITOBepXHOCTh Au( 111 ). 0CHOBHa51 MOTHBaQH51 .n:aHHOfO KOHKpeTHOfO 

l1CCJie.D:OBaHH51 - ITOHCK ITyTeH C03.1J:aHH51 HOBOfO .!J:ByMepHOfO MaTepHaJia 

repMaHeHa. BhiBO.ll:hi ITO ITepBoii rnaBe ITpHBe.n:eHhi B KOHU:e rnaBhi. 

BTopaH r JJaBa ITOCB51W:eHa o6cy:>K.n:eHHIO pe3yJihTaToB, ITonyl!eHHhiX rrpH 

HCCJie.!J:OBaHHH ITpOCTpaHCTBeHHO HeO.!J:HOpO.!J:HhiX KBa3Hl!aCTI1l!HhiX COCT051HHH B 
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CBepxrrpOBO)J,HHKaX l1 HOpMaJihHhiX MeTaJIJiaX. CTpyKTypHO fJiaBa 2 IIOCTpOeHa 

CXO)J,HM o6pa30M C fJiaBOll 1 : aHaJII13 l1MeiOIIJ:eHC5I JIHTepaTyphi I1 COBpeMeHHOrO 

COCTO;IHI15I HCCJie)J,OBaHHll B )J,aHHOll 06JiaCTI1, BKJIIOqa5I pa3Bl1Thle TeopeTHqecKHe 

rrpe,l1,CTaBJieHH5I, 3aTeM rrpe)J,cTaBJieHHe 11 o6cy)K,lJ,eHHe opHrHHaJihHhiX 

pe3yJihTaTOB. OcHOBHhiM HCcJie,lJ,yeMhiM MaTepHaJioM 6hm FeSe. AsTopoM 

IIO,l1,p06HO paCCMOTpeHhl BCe Bhi5IBJieHHhie 3¢¢eKThl l1 IIpOBe)J,eHO IIO,l1,p06Hoe 

cpaBHeHHe C TeOpHeH, C)J,eJiaHhl COOTBeTCTBYIOIIJ:He YM03aKJIIOqeHI15I. 

TpeTbH r JJasa rrocB5IIIJ:eHa HCCJie)J,oBaHHIO rrosepxHOCTHoli 

CBepxrrpOBO)J,l1MOCTI1 B MI1KpOMOCTI1KaX C l1CIIOJih30BaHHeM 30H,l1,HpyiOll.l,ero 

Jia3epHoro l13JiyqeHH5I. ,[(ocTaToqHo cephe3Hoe BHHMaHHe y,lJ,eJieHo TeopeTHqecKoli 

rrpopa6oTKe rrpo6JieMhi, BKJIIOqa5I o6cy)K,lJ,eHHe TeopHH J1aH)J,ay-fHHc6ypra 11 ee 

IIpHMeHeHHIO y IIOJiyqeHHhiM 3KCIIepHMeHTaJihHhiM pe3yJihTaTaM. 

B 33KJ1IOqeHHH c¢opMyJIHpOBaHhl OCHOBHhie pe3yJihTaThl, IIOJiyqeHHhie B 

pa6oTe. 

,[(ocTosepHOCTh ocHOBHhiX pe3yJihTaToB )J,HccepTaU:HH flyTHJIOBa AJieKce5I 

BJia)J,HMHposHqa IIO)J,TBep)K)J,aeTC5I rrpHMeHeHHeM xoporno arrpo611posaHHhiX 

3KcrrepHMeHTaJihHhiX MeTO)J,OB HCCJie)J,oBaHH5I cTpyKTYPhi Bell.l,eCTBa, 

HCIIOJih30BaHHeM cospeMeHHoro rrosepeHHoro H3MepHTeJihHoro o6opy,l1,oBaHH5I, a 

TaK)Ke COrJiaCHeM IIOJiyqeHHhiX OCHOBHhiX 3KCIIepHMeHTaJihHhiX pe3yJihTaTOB 

pa60Thl C pacqeTaMH l1 ¢yH,lJ,aMeHTaJihHhiMI1 rrpe,l1,CTaBJieHI15IMI1 <Pl13l1Kl1 

KOH)J,eHCI1pOBaHHOrO COCT05IHI15I. 

B TO )Ke speM5I rro ,lJ,HccepTaU:HH HMeiOTC5I 3aMeqaHH5I: 

1. flp11 aHaJIH3e aTOMHoli cTpyKTYPhi B cHcTeMe Gel Au( 111) cpasHeHHe 

3KcrrepHMeHTaJihHhiX CTM-,lJ,aHHhiX rrpoBO,lJ,HTC5I c pacqeTaMH Ha ocHoBe 

TeOpi1I1 <l>YHKU:HOHaJia IIJIOTHOCTI1 l1 )J,eJiaeTC5I BhiBO)J, 0 BHe)J,peHI1l1 aTOMOB 

repMaHI15I B BepXHI1ll CJIOH 30JIOTa. 0,1J,H03HaqHOCTh TaKOrO BhiBO)J,a Bhl3hiBaeT 

orrpe)J,eJieHHhie COMHeHI15I, IIOCKOJihKY He rrpoBe)J,eHO cpaBHeHHe pacqeTHhiX l1 

3KcrrepHMeHTaJihHhiX CTM -H3o6pa)KeHHH rrp11 pa3HhiX TYHHeJihHhiX 

Haiip5I)KeHI15IX l1 TOKaX, qTo B HaCT05Ill.l,ee BpeM5I cql1TaeTC5I CTaH)J,apTOM 

rro)J,o6Horo aHaJIH3a. 
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2. B rrpou:ecce )JJ1CKyccHH Ha ceMHHape oT.n:ena TexHoJiorH:H 11 H3MepeHHH 

aTOMHO!O MaCUITa6a 6biJIO BbiCKa3aHO ITO)KeJiaHHe HeCKOJlbKO ITOMeH51Tb 

ITOp51.[(0K rrpe.[(CTaBJieHH51 MaTepHaJia, ITOCTaBHB Ha l..(eHTpaJibHOe MeCTO 

CBepxrrpOB0.[(51lliHe CHCTeMbl, B KOTOpbiX ITOJiy"lfeHbl HaH60Jiee 3Ha"LJHMbie 

pe3yJII>TaTbi. 

3. Eo nee rro.n:po6Ho cne.n:osano 6bi rrpe.n:cTaBHTb o6opy.n:osaHHe, Ha KOTopoM 

rrpoBO.[(HJIHCb 3KcrrepHMeHTbi rro csepxrrposo.n:HMOCTH KaK CTM/ C, TaK 11 

Jia3epHbie. B pa6oTe rrpe.[(CTaBJieHO OITHCaHHe TOJibKO O.[(HOH 

3KcrrepHMeHTaJibHOi1 ycTaHOBKH UHV L T SPM O micron Nanotechnology B 

H<I>M PAH. 

4. B pa6oTe o6Hapy)KeHo HHTepecHoe 51BJieHHe, .n:ocTaTO"lfHO -qacTo 

BCTpe"LJaiOllleeC51 Ha Ha"LJaJibHbiX CTa.[(H51X cpopMHpOBaHH51 MOHOCJ1051 

HHOpO.[(HO!O MaTepHaJia Ha ITOJIHOCHMMeTpH"lfHbiX rpaH51X: pOCT O.[(HOMepHbiX 

CTPYKTYP· B .n:aHHOM cny-qae HMeeTc51 B BH.D:Y poeT HH06H51 Ha rrosepxHOCTH 

Si( 111 )-7x7. Cne.n:osano 6I>I .n:aTb IT051CHeHH51, rro"LJeMy TaK rrpoHCXO.D:HT .[(JI51 

.[(aHHOH CHCTeMbl 11 B "LJeM B03MO)l(Ha51 rrpH"lfHHa 51BJieHH51. 

CcpopMyJIHposaHHbie Bbillle 3aMe"LJaHH51 He 3aTparHBaiOT ocHOBHbiX BbiBO.D:OB 

.[(HCCepTal..(HH 11, TeM CaMbiM, He BJ11151IOT Ha Ba)KHOCTb H .[(OCTOBepHOCTb 

rrpose.n:eHHbiX HCCJie.[(OBaHHH. 3TH 3aMe"lfaHH51 MoryT 6biTb B 3Ha"LJHTeJibHOH Mepe 

Y"LJTeHbl KaK ITO)KeJiaHH51 .[(J151 rrpoBe.[(eHH51 ITOCJie.[(yiOlliHX Hay"lfHbiX HCCJie.[(OBaHHH. 

ABTOpe<t>epaT ITOJIHOCTblO OTpa)KaeT OCHOBHbie pe3yJibTaTbl .[(HCCepTal..(HI1 , 

KOTOpbie orry6JIHKOBaHbl B JlY"lflliHX pOCCHHCKHX 11 Me)K.[(yHapO.[(HbiX )KypHaJiaX. 

Pe3yJII>TaTbi .n:HccepTaU:HH TiyTHJiosa AneKce51 Bna.n:HMHpOBH"lfa MoryT 6biTb 

peKoMeH.n:osaHbi .[(JI51 HCITOJib30BaHH51 B BY3ax, Hay"lfHO-Hccne.n:osaTeJibCKHX 

y-qpe)K,[(eHH51X, 3aHHMaiOlliHXC51 HCCJie.[(OBaHH51MH B 06JiaCTH cp113HKH 

KOH.[(eHCHpOBaHHO!O COCT051HH51, B "LJaCTHOCTH, B I1HCTHTyTe 06lllell cpH3HKH HM. 

A.M. Tipoxoposa P AH, Hl1l...l, "Kyp"lfaTOBCKHH HHCTHTYT", MocKOBCKOM 

rocy.n:apcTBeHHOM yHHBepcHTeTe HM. M. JloMoHocosa, CaHKT-ITeTep6yprcKOM 

rocy.n:apcTBeHHOM YHHBepcHTeTe, I1HcTHTyTe asToMaTHKH 11 rrpo6neM yrrpasneHH51 
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,[(BO PAH, 11HcnnyTe pa.n:MoTeXHMKM M 3neKTpOHMKM MM. B.A. KoTenoHMKOBa 

PAH M ,n:pyrMx o6pa3oBaTenoHbiX M Haytmo-Mccne.n:oBaTenr,cKMX yqpe)K,n:eHM51X. 

3aKJiroqeuue o LJ.HccepTau.uu 

,[(MccepTaiJ;M51 IlyTMnoBa AneKce5I Bna,n:MMMpoBMqa cooTBeTCTByeT 

rracrropTy HayqHOH CITeiJ;ManbHOCTM 01.04.07 - <l>M3MKa KOH)l,eHCMpOBaHHOI'O 

COCT051HM51 M Tpe6oBaHM51M rryHKTOB 9 - 14 «IlOflO)KeHM51 0 rrpMCY)K)l,eHMM yqeHbiX 

cTerreHefi B pe,n:aKIJ;MM rrocTaHoBneHM51 ITpaBMTenoCTBa P<D NQ 842 OT 24.09.2013, 

rrpe,ll;b51Bn51eMbiX K KaH,ll;M,ll;aTCKMM ,ll;MCcepTaiJ;M51M, a ee aBTOp, IlyTMnOB AneKcefi 

Bna,n:MMMpOBMq, 6e3ycnoBHO, 3acny)KMBaeT ITpMcy)K)l.eHM51 MCKOMofi cTeiTeHM 

KaH)l,M,ll;aTa <PM3MKO-MaTeMaTMqecKMX HayK ITO CITeUManbHOCTM 01.04.07 - <l>M3MKa 

KOH,ll;eHCMpOBaHHOI'O COCT051HM51. 

,[(oKna,n: ITO pe3ynoTaTaM ,ll;MCCepTaUMOHHOH pa60Tbl 6oin ITpe,n:cTaBneH 20 

H0516p51 2020 r. Ha CeMMHape OT)l,ena TeXHOflOI'MH M M3MepeHMH aTOMHOI'O 

MaCIIITa6a I.J:eHTpa ecTeCTBeHHO-HayqHbiX MCCne)l,OBaHMH 11HCTMTyTa o6ru:efi 

<PM3MKM MM. A.M. ITpoxopoBa PAH (OTI1AM IJ;EH11 110<1> PAH). 0T3hiB o 

,n:MccepTaUMM IlyTMnoBa A. B. o6cy)K,n:eH M yTBep)K,n:eH Ha YqeHoM coBeTe 

OTI1AM UEHI1 110<1> P AH, ITpoToKon NQ2 oT 23 H0516p51 2020 ro.n:a. 

IlpMCYTCTBOBano 3 qenoBeKa. Pe3ynoTaToi: «3a» - 3, «ITpOTMB» - HeT, 

«B03,ll;ep)KaflMCb» - HeT. 

0T3biB COCTaBMn: 

3aB. OT,n:enoM TeXHOflOI'MH M M3MepeHMH aTOMHOI'O MaCIIITa6a 

IJ;EHI1 110<1> PAH 

.IJ:.<P.-M.H. K.H. EnoUOB 

<l>fEYH <l>e,n:epanhHbiH Mccne,n:oBaTenhCKMH UeHTP «11HCTMTYT o6ru:ei1 <l>M3MKM 

MM. A.M. ITpoxopoBa PoccMficKofi aKa)l,eMMM HayK» (110<1> P AH). 

119991 MocKBa, yn. BaBMnoBa, )],.38. Ten. +7 499 5038769. 

3JZ.nol.{ma: eltsov@kapella.gpi.ru 

6 


