
OT3hiB 

oqnn.{MaJibHoro OITITOHeHTa Ha .[(MccepTau;mo qepHHKOBa AHTOHa EsreHbeBHqa 

«0co6eHHOCTI1 pa3Bl1Tl1.si .[(erpa.[(aiJ;l1l1 BHeiiiHeH KBaHTOBOH 3cpcpeKTI1BHOCTI1 MOII.lHbiX Cl1Hl1X 

CBeTO.[(l10.[(0B Ha OCHOBe KBaHTOBOpa3MepHbiX lnGaN/ GaN CTpyKryp», ITpe.[(CTaBneHHYIO Ha 

COMCKaHMe y"'leHOH CTeiTeHM KaH.[(M.[(aTa cpi13l1KO-MaTeMaTMqecKI1X HayK ITO CITeiJ;l1aJibHOCTI1 

01.04.10 - <l>l13l1Ka ITOnyiTpOBO.[(Hl1KOB. 

AKryaJihHOCTh TeMhl 

ITpo6neMa .[(erpa.[(aiJ;l1l1 BHeiiiHeH KBaHTOBOH 3cpcpeKTI1BHOCTI1 (BK3) MOII.lHbiX Cl1Hl1X 

lnGaN/ GaN CBeTO.[(l10.[(0B l13yqaeTC.si 6onee 20neT, HaqMHM C C03.[(aHM.si ITepBbiX CBeTO.[(l10.[(0B, l1 

B HaCTO.siii.lee BpeM.si ITp1106pena oco6y10 aKTYITbHOCTb B CB.si3l1 C pa3Bl1Tl1eM B pa3HbiX CTpaHaX 

MMpa ITporpaMM ITO co3.[(aHMIO TBep.D:oTenhHoro 3Heproc6eperaromero ocsemeHM.sr Ha 11x ocHose. 

YKa3aHHM ITpi1KITa.[(HM ITpo6neMa o6ycnosneHa OTCYTCTBMeM .[(OCTaTO"'IHO ITOITHOrO 

ITpaBMITbHOrO ITOHMMaHM.si ITpOIJ;eCCOB, OTBeTCTBeHHbiX 3a .[(erpa.[(aiJ;MIO, KaK CITe.[(CTBMe, 

OTCYTCTBYIOT o6meiTpi1H.siTbie MO.[(eneH:, a.[(eKBaTHO l1X OITI1CbiBaiOII.ll1X. TaKa.sr CMTyau;M.sr 

o6ycnosneHa, B qacTHOCTM, TeM, qTo B oTnMqMe OT .D:pyrMx MaTepMa.rros A3B5, B A3N MMeeTc.sr 

HeCKOITbKO ITOTeHIJ;l1aJibHbiX l1CTOqHI1KOB (KaHaJIOB) .[(erpa.[(aiJ;l1l1, cpe.[(M KOTOpbiX Bbl.[(eiT.siiOTC.si 

.[(Ba - 60ITbllla.si ITITOTHOCTb .[(l1CITOKaiJ;l1H l1 .D:pyrMX ITpOT.si)I(eHHbiX HeCOBeprneHCTB perneTKI1 , a 

TaK)Ke ITOKaJibHbie HeO.[(HOpO.[(HOCTI1 COCTaBa TBep.[(OrO paCTBOpa JnQaN ITO l1H.[(l110 l1 K Haqa.rry 

ITOCTaHOBKI1 peu;eH3MpyeMOH pa60Tbl He cymecTBOBaJIO ITpOCTbiX 060CHOBaHHbiX MeTO.[(OB .[(IT.sr 

Bbi.[(eneHM.si BKITa.[(a Ka)I(.[(OrO 113 YITOM.siHYTbiX KaHaJIOB .[(erpa.[(aiJ;l1l1 . Bbi6paHHM qepH.siKOBbiM 

A.E.. TeMa l1CCITe.[(OBaHMH, HaiTpasneHHM Ha ITOI1CKI1 l1 o60CHOBaHMe HOBbiX MeTO.[(OB 

.D:MarHOCTMKM MexaHM3MOB, OTBeTCTBeHHhiX 3a BK3 cseTO.[(MO.D:OB, 6e3ycnosHo, .srsn.sreTc.sr 

aKryaJibHbiM, l1 HaXO.[(l1TC.si B p ycne pa3Bl1Tl1.si COBpeMeHHOH cp113l1Kl1 ITOITyiTpOBO.[(HMKOBbiX 

HaHOMaTepMaJIOB l1 KBaHTOBOpa3MepHbiX CTpyKryp. 

OcHOBHhie HayqHhie peJyJihTaThi, nonyqeHHbie aBTopoM, II HX HOBHJHa 

Ha116onee cymecTBeHHhiMM, MMeiOII.lMMM MMposoH: ITpHopMTeT, .srsn.sriOTc.sr cne.D:YIOII.lMe 

pe3yni>TaTbi: 

1) BhrnsneHo .[(Ba KaHa.rra .[(ecpeKToo6pa3osaHM.sr ITO.[( .[(eH:cTBMeM MH)I(eKu;MOHHoro 

TOKa: O.[(MH ITOKaJII130BaH B CMCTeMe ITpOT.si)I(eHHbiX .[(ecpeKTOB, .D:pyroH B ITOKaJibHbiX 

o6naCT.siX C HepaBHOBeCHbiM COCTaBOM TBep.[(OrO paCTBOpa C ITOBbillleHHbiM 

CO.[(ep)l(aHMeM l1H.[(l1.si . 



2) I1oKa3aHo, qTo .ue<PeKToo6pa3oBaHHe B 3THX Kamurax pa3BHBaeTC51 B rrpouecce 

CTapeHH51 IIpH yqaCTHH MeXaHH3Ma forr.ua-Baftc6epra H COIIpOBO~,UaeTC51 

ITOKaiTbHbiMH rreperpeBaMH H peKOM6HHaUHOHHO - CTHMYITHpOBaHHOH MHrpauHeH 

HH,UH51 H rarriTH51, a TaK~e rrepepacrrpe.n:erreHHeM HH,UH51 Me~.UY ITOKaiTbHbiMH o6rraCT51MH 

TBep.n:oro paCTBOpa. 3TH rrpouecCbi yCHITHBaiOT IIpOBO,UHMOCTb KBa3HOMHqeCKHX 

IIIYHTOB, ITOKaiTH30BaHHbiX B CHCTeMe IIpOT51~eHHbiX .n:e<PeKTOB, H CHH~aiOT 

KOHUeHTpaUHIO HepaBHOBeCHbiX HOCHTerreft, yqacTBYIOIUHX B H3rryqaTeiTbHOH 

peKOM6HHaUHH, qTo H rrpHBO,UHT K .n:erpa.n:aUHH BHeiiiHeH KBaHTOBOH 3tPtPeKTHBHOCTH 

CBeTO,UHO,UOB. 

3) BbrncHeHo, qTo rrepepacrrpe.uerreHHe HH.UH51 B rroKarrhHbiX o6rracT51X c 

cyruecTBeHHO HepaBHOBeCHbiM COCTaBOM TBep.n:oro paCTBOpa, IIpHBO.U51IUee K 

MO.UYIT51UHH IIpOBO,UHMOCTH aKTHBHOH o6rraCTH, H IIpHCYTCTBHe IIIYHTOB OTBeTCTBeHHbi 

3a KaTaCTpOtPHqeCKHe OTKa3bi 

CBeTO,UHO,UOB. 

H HeMOHOTOHHOe pa3BHTHe .uerpa.uaUHH BK3 

4) YCTaHoBrreHo, qTQ MHoroo6pa3He BapHaHTOB pa3BHTH51 .uerpa.uaUHH BK3 CHHHX 

CBeTO,UHO,UOB Bbi3BaHO CITO~HOH KOM6HHaUHeH H qepe,UOBaHHeM, a TaK~e 

CTa6HITH3aUHeH IIpOUeCCOB .n:e<l>eKT006pa30BaHH51 B 3THX .UBYX KaHarrax BO BpeMeHH. 

Heo,UH03HaqHM CB513b Me~y H3rryqaTerrbHOH peKoM6HHauHeft H 

.n:e<l>eKT006pa30BaHHeM B rrepBbie 5000 qaCOB CTapeHH51 Bbi3BaHa TeM, qTQ o6rraCTH, B 

KOTOpbiX IIpOHCXO,U51T 3TH IIpOUeCCbi, IIpOCTpaHCTBeHHO pa3HeCeHbi. 

HayquaH 11 rrpaKTIIqecKaH JnaqiiMOCTh pa6oThi 

Pa3BHTbiH B .UHccepTaUHOHHOH pa6oTe rro.uxo.u K 3KcrrepHMeHTarrbHOMY HJyqeHHIO 

rrpoueccoB .uerpa.n:aUHH BK3 CHHHX cBeTO.UHO.UOB, ocHoBaHHbiH Ha Hcrrorrh30BaHHH 

rrpe.n:rro~eHHOrO Ha6opa 3KCIIepHMeHTaiTbHbiX MeTO,UOB H yqHTbiBaiOIUHH <l>paKTaiTbHYIO 

IIpHpO.UY HaHOMaTepHarra, OTKpbiBaeT HOBbie B03MO~HOCTH ,UIT51 Bbi51CHeHYI51 IIpHqHH HH3KOrO 

CpOKa crry~6bi CBeTO,UHO,UOB H ITa3epOB ,UpyrHX CIIeKTpaiTbHbiX ,UHaiia30HOB, C03,UaBaeMbiX Ha 

ocHoBe A3 N HaHoMaTepHarroB. 

CTerreHh )J,OCTOBepuocTII 

BhiBO)J,OB 

pe3yJihT3TOB II 060CHOB3HHOCTh HayqHhiX IIOJIOJKCHHH H 

.lJ:oCTOBepHOCTb 3KCIIepHMeHTaiTbHOH qaCTH pa60Tbi 060CHOBaHa BOCIIpOH3BO,UHMOCTbiO 

MHoroqHcrreHHbiX rrorryqeHHbiX pe3yrrhTaTOB, rrpHMeHeHHeM uerroro Ha6opa He3aBHCHMbiX 

MeTO,UOB HCCITe,UOBaHH51 Ha 60ITbiiiOM KOITHqeCTBe o6pa3UOB CBeTO,UHO,UOB pa3ITHqHbiX 

IIpOH3BO,UHTerreft, KaK pOCCHHCKHX OTeqecTBeHHbiX, TaK H Be,UyiUHX 3apy6e~HbiX tPHpM, Ha 
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pa3HbiX speMeHHbiX cTa,nmrx npouecca cTapemnr, a TaK)Ke H B3aHMHOH corrracosaHHOCTbiO 

,l(aHHbiX pa3JIWIHbiX MeTO.l(OB. ,Zl;OCTOBepHOCTb OCHOBHbiX nOJIO)KeHHH H BbiBO.l(OB .l(HCCepTaUHH, 

KaCaiOJ.UHXC~ HHTepnpeTaUHH MeXaHH3MOB ,l(erpa.n:aUHH OCHOBaHa Ha HCnOJib30BaHHH XOpOIIIO 

H3BeCTHbiX H 06I.UenpHH~TbiX TeopeTHqecKHX npe.l(CTaBJieHHH. 

3aMeqaHHH 

1) ,Zl;HCCepTaUH~ B UeJIOM XOpOIIIO OcpOpMrreHa H .l(OCTaToqHo HJIJIIOCTpHpOBaHa 

norryqeHHbiMH aBTOpOM 3KCnepHMeHTaJibHbiMH ,l(aHHbiMH, O,[(HaKO KaK ocpopMrreHHe, 

TaK H H3JIO:>KeHHe He CB060.l(HO OT He.l(OCTaTKOB. TaK HMeiOTC~ He COBCeM y.n:aqHbie 

cppa3bi, KaK TO «MarHHH HMeeT 60JiblliOH TeTpa3.l(pHqecKHll pa.l(Hyc, qTQ npHBO.l(HT K 

HeH36e:>KHOCTH HeO.l(HOpO.[(HOCTeH» , CO.l(ep)KHT HeKOTOpoe KOJIHqeCTBO oneqaTOK H 

OIIIH60K B no,nnHC~ K pHCYHKaM. 

2) B pa6oTe noKaJaHo, qTo BH.l( BOITbT-aMnepHbiX xapaKTepHCTHK ~Brr~eTc~ sa)l{HbiM 

KpHTepHeM onpe,nerreHH~ MexaHH3Ma .n:erpa.n:aUHH, o,nHaKo OTCYTCTBYIOT .n:aHHbre o6 HX 

o6paTHMOCTH HJIH BOCnpOH3BO.l(HMOCTH npH nOBTOpHOM H3MepeHHH B pe:>KHMaX 

BbiCOKHX TOKOB, qTO ~BJI~eTC~ Ba:>KHbiM .l(JI~ .l(aJibHeHIIIeH HHTepnpeTaUHH H 

npHMeHeHHH TaKOfO MeTO.l(a. 

3) Ha Haiii B3rAA.n:, crre.n:osarro 6hr 6orree no.n:po6Ho o6cy.l(HTb BKrra.n: B npouecc 

.n:erpa.naUHH BK3 cseTO.l(HO.l(OB 6e3bi3rryqaTerrbHOR peKoM6HHaUHH no MexaHH3MY 

illOKJIH-PH.l(a-Xorrrra qepe3 e.l(HHHqHbie UeHTpbi, C03.l(aiOI.UHe rrry60KHe ypOBHH B 

3anpei.UeHHOH 30He. 

4) K co:>KarreHHIO, B .l(HccepTaUHH npaKTHqecKH He npe.n:cTasrreHbi Hccrre.n:osaHH~ no 

H3MeHeHHIO nOCJie.l(OBaTeJibHOfO COnpOTHBJieHH~ CBeTO.l(HO.l(OB npH CTapeHHH, KOTOpoe 

~BIT~eTC~ HX Ba:>KHbiM pa6oqHM napaMeTpOM. 

C.n:erraHHbie 3aMeqaHH~ He CTaB~T nO.l( COMHeHHe OCHOBHbie pe3yiTbTaTbl H BbiBO.l(bl 

.l(HCCepTaUHH H He CHH:>KaiOT 06J.UyiO nOITO:>KHTeJibHYIO OUeHKY pa60Tbl B UeiTOM. ,Zl;HCCepTaU11~ 

LiepH~Kosa A.E. ~Brr~eTc~ 3asepiiieHHbiM HayqHbiM 11ccrre.n:osaH11eM, BbmorrHeHHbiM aBTopoM Ha 

BbiCOKOM 3KCnep11MeHTaJibHOM 11 HayqHOM ypOBHe. I._(err11 11 3a,naq11 , nOCTaBJieHHbie B pa6oTe 

nOJIHOCTbiO ocyi.UeCTBITeHbl. ABTOpecpepaT 11 rry6JII1KaU1111 nOJIHO H npaBI1JlbHO OTpa:>KaiOT 

CO.l(ep:>KaHHe .l(I1CCepTaUHH 11 ee OCHOBHbie nOJIO)KeHH~ 11 BbiBO.l(bl. 

TaKI1M o6paJOM, no o6neMy, HayqHo-npaKT11qecKoMy 3HaqeH11IO, .n:ocTosepHOCTI1 11 HOBI13He 

.l(I1CCepTaU110HHM pa6oTa LiepH~KOBa A.£. « 0co6eHHOCTI1 pa3BI1TI1~ ,nerpa.n:aU1111 BHeiiiHeR 

KBaHTOBOH 3cpcpeKT11BHOCTH MOIIIHbiX CI1HHX CBeTO.[(HO.l(OB Ha OCHOBe KBaHTOBOpa3MepHbiX 

3 



InGaN/GaN CTPYKTYP » IIOJIHOCTbiO oTBeqaeT Tpe6osaHHJIM «I10JIO)I(eHHJI o rrpHCY)K.[{eHIUf 

yqeHbiX CTerreHeih>, yTsep)l(.[{eHHoro rrocTaHOBJieHHeM ITpaBHTeJibCTBa PoccHifcKoif <De.[{epaiiHH 

OT 24 ceHUI6p51 2013 r. N!! 842, rrpe.[{'b51BJI51eMbiM K .[{HCCepTaiiHJIM Ha COHCKaHHe yqeHOM 

cTerreHH KaH.[{H.[{aTa <l>H3HKO-MaTeMaTHqecKHX HayK, a ee aBTop, qepHJIKOB AHTOH EsreHheBHq 

3aCJIY)KHBaeT IIpHCY)I(.[{eHHJI yqeHOM CTeiieHH KaH.[{H.[{aTa <l>H3HKO-MaTeMaTHqecKHX HayK IIO 

CIIeiiHaJibHOCTH 0 1. 04.1 0 - <'DH3HKa IIOJiyrrpOBO.[{HHKOB. 

O<jJJHIUaJlbHhlli onnoHeHT, ~- <jl. -~~op, 

BbiBeHKO Oner <De.[{oposHq 

rrpo<Peccop Ka<Pe.llpbi :meKTpOHHKH TBep.[{oro Tena <De.[{epaJibHoro rocy.[{apcTBeHHoro 

6IO.[{)KeTHOrO 06pa30BaTeJibHOrO yqpe)K.[{eHHJI BbiCIIIero rrpo<l>eCCMOHaJibHOrO o6pa30BaHH51 

«CaHKT-I1eTep6yprcKMM rocy.[{apcTBeHHbiM yHHBepcHTeT», 

KoHTaKTHaJI HH<l>opMaiiMJI: 

IJoqTOBbiH a.[{pec: CrapbiM ITeTepro<P, yn. Y JibJIHOBCKaJI .[{. 1, CaHKT-I1eTep6ypr, 198504 

Ten. (+7) 812-428-43 -96 

e-mail: vyvenko@ nano.spbu.ru 

OTJJEJlA K 
ILA.roP~ 

4 




