
OT3hiB 

ocpHIJ;IIaJihHoro onnoHeHTa Ha .n.HccepTai.J.HIO CasenheBa EsreHuSI 

AJieKCaH,ll.pOBHqa «KJiaCTepH3ai.J.H5.l HTTep6H5.l B OTITHqecKHX BOJIHOBO,ll.aX Ha 

OCHOBe aMopcpHoro ,ll.HOKCH,ll.a KpeMHHSI», npe,ll.CTaBJieHHYIO Ha COHCKaHHe yqeHOH 

CTerreHH KaH,ll.H,ll.aTa cpH3HKO-MaTeMaTHqecKHX HayK TIO CTiei.J.HaJibHOCTH 01.04.07-
<l>H3HKa KOH,ll.eHCHpOBaHHOrO COCT05.lHH5.l 

KaHJJ.HJJ.aTcKa5.l JJ.HccepTai.J.H5.l CasenheBa E.A. nocB5.liiJ,eHa 113yqeHHIO 

npHpO,ll.bl KJiaCTepHbiX I.J.eHTpOB, B03HHKaiOIIJ,HX B KBapi.J.eBhiX CTeKJiaX, 

nonyqeHHhiX SPCVD MeTOJJ.OM npH HX nerHpoBaHHH HOHaMH TPexsarreHTHoro 

HTTep6H5.l. ilpH 3TOM, aBTOp 3aTParHBaeT H pernaeT liiHpOKHH CTieKTp BOTipOCOB, 

CB5.l3aHHbiX C H,ll.eHTHcpHKai.J.HeH XHMH.qeCKOH npHpO,ll.bl KJiaCTepOB, H3MeHeHH.eM HX 

CTPYKTYPhi 11 pa3Mepos B Ka)l(JJ.OM oT.n.enhHOM cnyqae CHHTe3a. OH TaK)l(e 

rrpOBO,ll.HT TIO,ll.p06Hhlll aHaJIH3 CTieKTpaJibHbiX XapaKTepHCTHK TIOJiyqeHHbiX 

o6pa3I.J.OB H C TIOMOIIJ,biO pa3pa6oTaHHhiX KaqeCTBeHHbiX MO,ll.eJieH ycTaHaBJIHBaeT 

pOJib KOHKpeTHbiX HTTep6HH CO,ll.ep)l(aiiJ,HX KJiaCTepOB Ha MeXaHH3M ,ll.erpa,ll.ai.J.HH 

Jia3epHbiX CBOHCTB TIO,ll.06HbiX MaTepHaJIOB. 3aTPOHyTa5.l TeMaTHKa, TIOMHMO 

cpyH,ll.aMeHTaJihHOrO 3HaqeHH5.l, CB5.l3aHHOrO C HCCJie,ll.OBaHHeM npOI.J.eCCOB 

peJiaKCai.J.HH CBeTOBOrO B036y)l(,ll.eHHH B JJ.ByXcpa3HOH CHCTeMe C yqaCTHeM O,ll.HHX 

H TeX )l(e HOHOB-aKI.J.eTITOpOB (HOHOB Yb3+), HMeeT eiiJ,e H Ba)l(HOe npaKTH.qeCKOe 

3HaqeHHe, TIOCKOJibKY OTBeqaeT 3a,ll.aqaM pa3pa60TKH H ynyqrneHHH pa6oqHX 

xapaKTepHCTHK BbiCOKOJierHpoBaHHbiX Jia3epHbiX cpe,ll. Ha OCHOBe 

pe,ll.K03eMeJihHbiX HOHOB (p.3.H. ). 

AKmyaJlbHOCmb meMbl i>uccepmal(uu onpe.n.enHeTcH Heo6xo.n.HMOCThiO 

noHHMaHHH oco6eHHOCTeH. npoueccos KJiacTepoo6pa3oBaHH5.l TPexsarreHTHhiX 

p.3.H: . B aMopcpHOH' MaTpHI.J.e ,ll.HOKCH,ll.a KpeMHHH, a TaK)l(e BJIHHHH5.l cpH3HKO

XHMH.qecKHX cpaKTOpOB (BKJIIOqa5.l TepM006pa60TKY H BBe,ll.eHHe ,ll.OTIOJIHHTeJibHbiX 

npHMeCeH cpoccpopa H aJIIOMHHHH) Ha HX H3MeHeHH.e npH CHHTe3e Jia3epHbiX 

MaTepHaJIOB Ha OCHOBe KBapuesoro CTeKJia C HOHaMH Yb3
+ . TaKHe HCCJie,ll.OBaHHH 

TI03BOJIHIOT Bbipa6oTaTb npaKTHqecKH.e peKOMeH)l.ai.J.HH TIO TIOBbiliieHHIO 

3cpcpeKTHBHOCTH Jia3epHOH reHepai.J.HH B o6JiaCTH O,ll.HOrO MHKpOHa y TIO,ll.06HbiX 

cpe.n. C pOCTOM KOHI.J.eHTPai.J.HH JierHpyiOIIJ,eH )l.06aBKH. B KaqeCTBe OCHOBHOrO 

06'heKTa HCCJie,ll.OBaHHH B ,ll.HCCepTai.J.HH HCTIOJih30BaJIHCb o6pa3I.J.bl JierHpOBaHHOrO 

HOHaMH Yb3+ KBapuesoro cTeKJia, CHHTe3 KOToporo ocyiiJ,ecTBJI5.lJIC5.l SPCVD 

MeTO,ll.OM. )l,aHHblll MeTO,ll., OCTaiOIIJ,HHCH ,ll.O CHX nop BhlCOKO BOCTpe6oBaHHbiM, 

TI03BOJI5.leT npOBO,ll.HTb CHHTe3 CTeKJia qepe3 ra30BYIO cpa3y npH ,ll.OCTaTOqHO 

HH3KHX TeMnepaTypax, qTO ,ll.aeT B03MO)I(HOCTb TIOJiyqaTb O,ll.HOpO,ll.Hblll 

nerHposaHHhiH cnoH. Ha nosepxHocTH onopHoH. TPY6KH. 

)l,HCCepTai.J.H5.l COCTOHT 113 BBe,ll.eHHH, qeTbipex rJiaB, 3aKJIIOqeHHH, CITHCKa 

JIHTeparyphi H3 99 rry6nHKai.J.HH 11 co.n.ep)I(HT 1 01 CTPaHHI.J.Y. 

Bo BBe,ll.eHHH OTMeqaeTC5.l aKTYaJibHOCTb HCCJie,ll.OBaHHH, npoBe,ll.eHHbiX ITO 

.n.aHHOH pa6oTe, a TaK)l(e ccpopMynHpoBaHhi uenH, 3a.n.aqH JJ.HccepTai.J.HH, ee 

HayqHaH HOBH3Ha H rrpaKTHqecKaH 3HaqHMOCTb. 
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B nepB)'IO rnaay BiouoqeHbi o63op JIHTepaTypLI no cneKrpocKonHqecKHM 

caoncTBaM rpexaaneHTHbiX p.3.H., HaH6onee qacTo ynoTpe6mleMbiX .lUUl 

BOJIOKOHHbiX Jia3epOB, npe.D.CTaBJieHbi HanpaBJieHH.H npaKTHqecKOrO 

HCllOJib30BaHH.H Jia3epOB H YCHJIHTeJieH Ha OCHOBe KBapQeBoro CTeKJia, 

aKTHBHpOBaHHOro 3THMH HOHaMH. llo.n.po6HO paCCMOTpeHbl npo6JieMbi, C 

KOTOpbiMH CTaJIKHBaiOTC.H HCCJie.D.OBaTeJIH npH C03)1.aHHH H HCllOJib30BaHHH 

Jia3epHbiX ycTpOHCTB Ha HX OCHOBe, a HMeHHO: BOllpOCbi llJIOXOH paCTBOpHMOCTH 

aKTHBaTopa B MaTpHQe KBapQeBoro · CTeKJia, KOHQeHTpaQHOHHOrO TyiiieHH.H 

JIIOMHHeCQeHQHH, a TaKJKe 3aBHCHMOCTH ClleKTpaJibHbiX xapaKTepHCTHK HOHOB 

Yb3+ 
B CTeKJie OT HX KOHQeHTpa:QHH. . 

Bo BTOpOH rJiaBe .n.aeTC.H OllHCaHHe OllTHqeCKHX BOJIHOBO.li.OB, MeT0)1.0B HX 

npHrOTOBJieHH.H H HCCJie)1.0BaHH.H. llpHBe)1.eHbl pe3yJibTaTbl aHaJIH3a C 

HCllOJib30BaHHeM CKaHHp)'IOI.IJ;eH H npocaeqHBaiOI.IJ;eH 3JieKTpOHHOH MHKpOCKOllHH 

.li.Jl.H llOJiyqeHHbiX llOJIOCKOBbiX CBeTOBO.li.OB .D.Byx Q>opM-nporpeTbiX 

.li.OllOJIHHTeJibHO B llJiaMeHH KHCJIOp0)1.HO-BO.D.Op0)1.HOH ropeJIKH H HenporpeTbiX. 

0cHOBHOH BbiBO.ll., KOTOpbiH 6biJI C.D.eJiaH Ha OCHOBaHHH :noro aHaJIH3a, CB.H3aH 

06HapyJKeHHeM KpHCTaJIJIHqecKHX KJiacTepoB YbPQ4 B MaTpHQe KaK 

nponnaaneHHoro, TaK H HenponnaaneHHoro o6pa3Qa, r.n.e B KaqecTBe 

.li.OllOJIHHTeJibHOH npHMeCH llpHCYTCTBOBaJI Q>ocQ>op. 

TpeTb.H rnaaa nocB.HI.IJ;eHa aHaJIH3Y cneKTpOB noTepb Hccne.n.yeMbiX 

BOJIHOB0)1.0B C yqeTOM ClleKTpOB norJIOI.IJ;eHH.H HOHOB Yb3
+ H pacce.HHH.H, KOTOpOe 

B03HHKaeT 3a cqeT o6pa30BaHH.H KJiacTepoB c 3THMH HoHaMH. Enaro.n.ap.H TaKoMy 

aHaJIH3Y aBTopy y.n.anocb onpe.n.enHTb cpe.n.HHH pa3Mep .n.HaMeTpoa KJiacTepHbiX 

BKJIJOqeHHH H qHCJIO aKTHBHbiX IJ,eHTpOB B HHX .D.JI.H Ka)I()1.0rO H3 o6pa3QOB. EbiJIO 

llOKa3aHO, qTO B OTCYTCTBHe .li.OllOJIHHTellbHbiX npHMeCeH aJIIOMHHH.H H Q>ocQ>opa 

npH KOHIJ,eHTpaQH.HX HOHOB HTTep6H.H MeHbiiie 0.2aT.o/o cpe.D.HHH pa3Mep KJiaCTepa 

acer.n.a OKa3biBaeTC.H MeHLIIIe B nponnaBJieHHOM o6pa3u,e no cpaaHeHHIO c 

HenponnaaneHHbiM. CoaMeCTHoe npHcyTCTBHe 3THX npHMeceH. B cTeKJie 

llpHB0)1.HT K yMeHbiiieHHIO pa3MepOB KJiaCTepoB B nponJiaBJieHHbiX CTeKJiaX H KaK 

CJie.D.CTBHe -yMeHbiiieHHIO pacce.HHH.H B KOpOTKOBOJIHOBOH qaCTH cneKTpa. 

B qeTaepTou rnaae aHaJIH3HpyroTc.H cneKTpbi H HX KHHeTHKa .D.AA 

O.li.HOHOHHOH H KOOnepaTHBHOH JIIOMHHeCIJ,eHQHH TpeXBaJieHTHOrO HTTep6H.H B 

Hccne.n.yeMbiX o6pa3u,ax. B pe3yJILTaTe npoae.n.eHHoro aHaJIH3a ycTaHoBJieHbl 

OC06eHHOCTH CaMHX ClleKTpOB JIIOMHHeCIJ,eHQHH H KHHeTHqeCKHX KpHBbiX B 

Ka)I(.D.OM oT.n.enLHOM cnyqae. B qacTHOCTH, xoTenocb 6bi OTMeTHTb o6Hapy)l(eHHble 

pa3JIHqH.H B cneKTpaX JIIOMHHeCQeHQHH llpH HaKaqKe Ha pa3HbiX, HO 6JIH3KHX 

.D.JIHHaX BOJIH (903 H 964HM), qTo onpe.n.eJI.HeTC.H npHCYTCTBHeM HOHOB aKTHBaTopa 

B QeHTpax pa3HOH CHMMeTpHH. KpoMe TOrO, H3 KHHeTHqecKHX 3KCnepHMeHTOB 

llOJiyqeHa BaJKHa.H 3aKOHOMepHOCTb, CB.H3aHHa.H C yMeHbiiieHHeM Cpe.n.Hero 

BpeMeHH )I(H3HH HOHOB-.D.OHOpOB 3a cqeT pocTa qHcJia HOHOB -aKIJ,ellTOpOB npH 

yaenHqeHHH pa3Mepa KJiacTepoB. 

Ho6U3Ha npo6eOeHHblX ucCJJeOotJanuii u noJJylleHHblX peJyJJbmamotJ 
3aKJIJOqaeTC.H 3KCllepHMeHTaJibHOM 060CHOBaHHH llOJIO)I(eHHH, COrJiaCHO KOTOpbiM 

2 



OCHOBHbiMI1 cpaKTOpaMI1, Blll15llOlUI1M11 Ha CTieKTpanbHbiM11 CBOHCTBa 11 BpeMeHa 

)1(113HI1 lliOMI1HeCIJ,eHQ1111 110HOB TpexBaneHTHOrO 11TTep61151: B KBapiJ,eBOM CTeKne 

5l:Bll5l:IOTC51: cpe,IJ,HI1H pa3Mep, XI1MI1l.JeCKI1H COCTaB 11 CTpyKTypa KnaCTepoB, 

o6pa3yiOlU11XC51: C yt.JaCTI1eM 3TI1X 110HOB. 

Ha116onee cymecTBeHHbiM11 pe3ynnTaTaMI1 ,IJ,11ccepTau;1111 no MHeHI1IO 

OIIIIOHeHTa 5l:Bll5l:IOTC51: Clle,IJ,yiOIU11e: 

1. BIIepBble IIonyt.JeHbi pe3ynnTaTI>I IIO Blli151:HI1IO BbiCOKoTeMIIeparypHoii 

o6pa60TKI1 IIp111600oC nenipOBaHHbiX CTeKOll Ha pa3Mepbl KnaCTepOB 11 

niOMI1HecueHTHI>Ie xapaKTep11CTI1KI1 TaKI1X o6pa3IJ,OB. B l.JaCTHOCTI1, B 

IIpOIIllaBneHHbiX CTeKnaX C IIp11MeC5l:MI1 11TTep61151: 11 cpoccpopa 06Hapy)l(eHO 

,IJ,eC5l:T11KpaTHoe yBenl1t.JeHI1e cpe,IJ,Hero pa3Mepa KnacTepoB, a B ciieKTpax 

lliOMI1HeCQeHIJ,1111 II051:Bll51:IOTC51: u;eHTpbl C Cl1llbHO pa3lll1l.JaiOlUI1M11C51: IIapaMeTpaMI1. 

2. Y CTaHOBlleH 11 BIIepBbie Kal.JeCTBeHHO o6'b51:CHeH cpaKT Blll15lHH5£ pa3Mepa 

KnaCTepa Ha BpeM51: )1(113HI1 lliOMI1Hecu;eHQI111 110HOB 11TTep61151: B KBapu;eBbiX 

cTeKnax 6e3 ,IJ,OIIOllH11TennHbiX ,IJ,o6aBOK. IIoKa3aHo, l.JTO Hal16onnrnee BpeM51: 

)1(113HI1 B 3TOH Cl1ryaiJ;I111 ,IJ,OCTI1raeTC51: IIpM pa3Mepax KnaCTepa IIOp51:,IJ,Ka 1 OHM. 

3. Y CTaHOBlleHa Tip11pO,IJ,a OTKllOHeHI151: B MeHblllYIO CTOpOHY OTHOllleHI151: 

BpeMeH 3KCIIOHeHI.1;11allbHOrO 3aTyXaHI151: O)J,H0110HHOH 11 KOOnepaT11BHOH 

lliOM11Hecu;eHI.1;1111 ( OT TeopeTMl.JeCKOrO 3Hal.JeHI151:, paBHOrO ,IJ,BYM) 3a Cl.JeT Halll1l.JI151: 

B O)J,HOM KllaCTepe pa3HbiX TI1IIOB QeHTpOB. 

Cmeneub o6ocuoaauuocmu u iJocmoaepuocmu uay'IHbtx no;wmeuuu, 
6bl60006, pe«.o.weHOat(UU U 3QKlliO'IeHUU, IIOllyl.JeHHbiX B ,IJ,HCCepTaQHM, 

IIO)J,TBep)I(,IJ,aiOTC51: IIp11MeHeHHeM pa3lllll.JHblX Ha,IJ,e)I(HO o60CHOBaHHbiX 

3KCnepHMeHTallbHbiX MeTO)J,I1K 3lleKTpOHHOH MHKpOCKOTII111, pa3lllll.JHblX MeTO)J,OB 

OIITMl.JeCKOH CTieKTpOCKOIII1H 11 ,IJ,OIIOllHHTellbHbiM Kp11THl.JeCKI1M aHani130M BCeX 

IIonyqeHHbiX pe3ynnTaToB. OcHOBHbie BbiBO,IJ,bi ,IJ,HccepTaHTa He IIpoTHBopeqaT 

npHBe,IJ,eHHblM B COBpeMeHHOH llHTeparype ,IJ,aHHbiM. 

3Ha'IUMOCmb pe3yllbmamoa, nOJlylleHHbiX 6 ouccepmat(UU, OJlH uay«.u u 
npa«.mu«.u 3aKniOqaeTc51: KaK B pa3pa6oTKe oiipe,IJ,eneHHblX Mo,IJ,eneii, 

II03BOll51:10lUMX Ha MHKpoypOBHe paCCMaTpHBaTb IIpOIJ,eCCbl IIepe,IJ,al.JH 3Hepr1111 

Me)I(,IJ,y HOHaMI1 TpexBaneHTHOrO HTTep6H51:, HaXO)J,5[lUI1XC» B pa3HbiX IIOllO)I(eHH51:X 

B CeTKe CTeKna, TaK H B KOHKpeTHbiX IIpaKTHl.JeCKHX peKOMeH,IJ,all;H51:X, BbiiiOllHeHHe 

KOTOpbiX II03BOllHT IIpOBO)J,MTb HaiipaBneHHOe yMeHnllleHMe pa3MepOB KnaCTepOB 

B ,IJ,aHHbiX aKTHBHbiX Cpe,IJ,aX. 

Ou;eHHBa51: BCIO pa6oTy, Heo6xo,IJ,HMO OTMeTHTb cne,IJ,yiOmee. 

,Il,nccepTau;noHHa51: pa6oTa E.A. CaBenneBa BnmonHeHa Ha BbiCOKOM ypoBHe c 

TIO,Il,p06HbiM aHanM30M IIOllyl.JeHHbiX 3KCIIepHMeHTallbHbiX )J,aHHbiX. 

IIpe,IJ,cTaBneHHble pe3ynnTaTbi »Bn»IOTC» HOBbiMH ,IJ,ll51: cpM3HKM nMepHniX cpe,IJ,, 

o6ocHOBaHHbiMM H HMeiOT xopornee IIpaKTHl.JecKoe H 6onnrnoe Hayt.JHoe 

3Hal.JeHHe. Bee 3amnmaeMble IIono)l(eHH51: IIO,IJ,TBep)I(,Il,eHI>I KaK o6rnnpHniM 

3KCIIep11MeHTallbHblM MaTepHanOM, TaK M IIpe,IJ,llO)I(eHHbiMH aBTOpOM 

cpH3Hl.JeCKHMH MO,IJ,ell.HMH IIpOIJ,eCCOB. ,l],HCCepTall;H.H HaiiMCaHa )J,OXO)J,l.JHBO, 
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rpaMOTHo H, B QenoM, aKKypaTHo o<J>opMneHa. AaTope<J>epaT nonHOCThlO 

COOTBeTCTByeT CO.IJ.ep)l(aHHIO )1.HCCepTaQHH. 

B To )l(e apeMJI no .D.aHHOH .IJ.HccepTaQHOHHOH pa6oTe Heo6xo.IJ.HMO 

C)1.eJiaTh HeCKOJibKO 3aMeqaHHH. 

1. llo MOeMY MHeHHIO, B TeKCTe nepBOH fJiaBbi .IJ.HCCepTaQHH HY)I(HO 6biJIO, 

XOT.SI 6bl B KOHCIIeKTHBHOM IIOp.S1)1.Ke, y.D.eJIHTb BHHMaHHe paCCMOT.peHHIO IIpHpO.IJ.bl 

H3BeCTHbiX MeXaHH3MOB «pa3pbiXJieHHSI» CeTKH KBapQeBOfO CTeKJia 3a cqeT 

BBe)1,eHHSI B Hee HOHOB aJIIOMHHHSI HJIH <j>oc<j>opa, IIpHB0)1.SIIQHX K pocry 

paCTBOpHMOCTH HOHOB-aKTHBaTOpOB B MaT.pHQe. 

2. B O.D.HOM H3 rrocne.IJ.HHX pa3.IJ.enoa .D.HccepTaQHH ( cTp.80-86) roaopHTCSI o 

pOJIH TeiiJIOBbiX 3<j><j>eKTOB B MeXaHH3Me H3MeHeHHSI JIIOMHHeCQeHTHbiX 

XapaKTepHCTHK HOHOB Yb3+ B )1,aHHbiX o6pa3QaX IIpH BbiCOKHX ypOBHSIX HaKaqKH. 

XoTenoch 6bi, qTo6bi aaTop npHaen npH6JIH3HTeJibHhie oQeHKH 3HaqeHHH 

TeMneparypbi, )1.0 KOTOpbiX MO)I(eT HarpeBaTbC.SI aKTHBHbiH CJIOH B o6pa3Qe npH 

)1.aHHhiX crroco6ax ao36y)I(.IJ.eHHSI. 

3. liMeiOTC.SI TaK)I(e onpe.D.eneHHhie rrpeTeH3HH no o<J>opMneHHIO 

pe3yJibTaTOB pa60Tbl H HaiiHCaHHIO CaMOfO TeKCTa .IJ.HCCepTaQHH: a) TaK, 

IIpHBe)1,eHHaSI Ha CT.p. 73-7 4 Ta6JIHQa IIO BpeMeHaM JIIOMHHecQeHQHH BO BCeX 

o6pa3Qax OKa3hiBaeTc.SI qepecqyp rpoM03.IJ.KOH H TPY.IJ.HOH .IJ.JI.SI aocnpHSITHSI; ee He 

MeiiiaJIO 6bi pa36HTb Ha HeCKOJibi<O OT)1.eJibHbiX 6JIOKOB, 6) BCTpeqaJOTCSI oqeHb 

)1.JIHHHhie CO MHOfHMH IIpH.IJ.aToqHbiMH npe.D.JIO)I(eHHSI, CMbiCJI KOTOpbiX II0)1.qac 

TPY.D.HO cpa3y ynoBHTh (eM. HarrpHMep, crp.77), a) HaJIHqHe Koop.IJ.HHaTHhiX ceToK 

Ha acex rpa<j>HKax He acer.11.a orrpaB.D.aHo H B cnyqae aaTope<J>epaTa, r.11.e pHcyHKH 

)1.0CTaToqHO MaJibl, 3TO TOJibKO 3aTpy.IJ.HSieT BOCIIpHSITHe HH<j>OpMaQHH. 

TeM He MeHee, 3TH 3aMeqaHHSI He HOCSIT npHHQHIIHaJibHOfO xapaKTepa H He 

CHH)I(aJOT HayqHoH: 3HaqHMOCTH .IJ.HccepTaQHH. OcHoBHhie pe3yJILTaTbi 

.D.HCCepTaQHOHHOH pa60Tbl H3JIO)I(eHhl B 5 CTaTbSIX B peQeH3HpyeMhiX 

oTeqecTBeHHhiX H 3apy6e)I(HhiX H3.IJ.aHHSIX, onpe.D.erreHHhiX BAK. MaTepHaJihi 

pa60Tbl 6hiJIH TaK)I(e rrpe)1.CTaBJieHbi Ha IISITH Me)I(.IJ.yHapO.IJ.HbiX H BCepOCCHHCKHX 

KOH<j>epeHQHSIX H XOpOIIIO H3BeCTHbl HayqHOH 06IQeCTBeHHOCTH. 

TaKHM o6pa30M, .IJ.HCcepTaQHSI Caaenheaa EareHH.SI AneKcaH.D.poaHqa 

«KrraCTepH3aQHSI HTTep6HSI B OIITHqeCKHX BOJIHOB0)1.aX Ha OCHOBe aMop<j>HOfO 

)1.HOKCH)1.a KpeMHHSI» SIBJISieTCSI HayqHO-KBaJIH<j>HKaQHOHHOH pa60TOH, B KOTOpOH 

Ha OCHOBaHHH BbiiiOJIHeHHbiX aBTOpOM 3KCIIepHMeHTaJibHbiX HCCJie)1.0BaHHH 

pa3pa6oTaH CHCTeMHbiH II0)1.X0)1. )1.JI.SI H3yqeHHSI 3<j><j>eKTOB KJiaCTepH3aQHH Jil06hiX 

pe.IJ.K03eMeJibHhiX aKTHBaTopoa B KBapQeBhiX cTeKnax, rronyqeHHhiX SPCVD 

MeT0)1.0M. )l;aHHbiH II0)1.X0)1. BKJIJOqaeT KOMIIJieKCHhiH aHaJIH3 pe3yJibTaTOB IIO 

3JieKTp0HHOH MHKpOCKOIIHH caMHX 3afOTOBOK, HX CIIeKTpOB IIOTepb H 

JIIOMHHeCQeHTHbiX xapaKTepHCT.HK, Ha OCHOBaHHH KOTOpbiX MO)I(HO rrpe.IJ.JIO)I(HTb 

rrpaKTHqecKHe peiiieHHSI )1.JISI C03)1.aHH.SI Jia3epHbiX ycTpOHCTB C IIOBhiiiieHHbiMH 

KOHQeHT.paQHSIMH HOHOB Yb3
+. CO.IJ.ep)l(aHHe )1.HCCepTaQHH COOTBeTCTByeT 

rpe6oBaHHSIM II. 9 «llOJIO)I(eHHSI 0 IIOpSI.IJ.Ke IIpHC~)1.eHHSI yqeHhiX CTeiieHeH», 
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YTBep>K.n;eHHoro rrocTaHoBJieHMeM llpaBMTeJibCTBa PoccMHCKOH <I>e.n;epan:MM oT 
24.09.2013 r . .N"~ 842, rrpe.n;o»:BJI»:eMbiM K KaH.IJ:M.IJ:aTCKMM .IJ:MCCepTal{MXM, a ee 
aBTOp CaBeJibeB EBreHMH AneKcaH.n;poBMti HecoMHeHHO 3aCJIY>KMBaeT 
IIpMCy>K.IJ:eHMX ytieHOH CTeiieHM KaH.IJ:M.IJ:aTa Q:>M3MKO-MaTeMaTMtieCKMX HayK ITO 
CIIel{MaJibHOCTM 01.04.07- <I>M3MKa KOH.IJ:eHCMpOBaHHOrO COCTOXHMX. 

OQ:>MU:MaJibHbiH orrrroHeHT: 
KaH.n;M.n;aT Q:>M3MKO-MaTeMaTM'1eCKMX HayK, 
Be.IJ:Yil{MH HaYtJHbiH COTpY.IJ:HMK Jia6opaTOpMM CMHXpOTpOHHOrO M3JIYtieHM.SI II 
CIIeKTpOCKOIIMM TBep.n;oro TeJia OT.IJ:eJia Q:>M3M'1eCKMX rrpo6JieM 
KBaHTOBOH 3JieKTpOHMKM HaytiHO-MCcJie.n;oBaTeJibCKoro 
MHCTMTyTa »:.n;epHOH Q:>M3MKM MMeHM 
,ll;.B.CKo6eJibU:biHa <I>C60Y BO 
«MOCKOBCKMH rocy.n;apCTBeHHbiH 
yHMBepcMTeT MMeHM M.B.noMoHocoBa» 

~vP!l-OBHq Phl68JITOBCKHii 

~ r 05.02.2018 r. 

A.n;pec opraHM3aU:MM: 119991 MocKBa rcn-1' 
neHMHCKMe ropbi, .IJ:. 1, CTp. 2. 

TeJI. +7(495)939-43- 95 
3JieKTpOHHbiH a.n;pec: alex 19422008@rambler.ru 

llo.n;rrMcb A.O. Pb16aJITOBCKoro 3aBep»:10 

.IJ:MpeKTOp Hlll1JI<I> MrY 
rrpoQ:>eccop 
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