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BeAyulefi opra H rr3a rlrr H Ha A rrccepTa qrroH Hyro pa6ory

Hocnna Ba"neprrfl JIeoHuAoBrqa

<<Teoperrrrrecnlre acneKTbl B3alrMoAefi crnlrfl peHTreHoBcKoro [3ryqeHlrfl

c KplrcraJrJraMlr c HcKalKeHHofi pemernofi>>,

rrpeAcraBJreHHyro Ha cor4cKauue yrenofi crerreHr4

AOKTOp a $UZUKO-MareMarUrre c Krrx H ayK rr o c lleqlranbHo crr4

0 1 . 04. 0 7 - $uzvrKa KoHAeHcr,rpoBaHHoro cocror :nufl,

.{ucceprallvoHlnas, pa6ora Hocura B.JI. rocBruleHa r4ccneAoBaHkrro

AT4HAMV-IIIeCKOTO pacCeflIlnfl. peHTTeHOBCKOTO Ll3nrreHnfl. Ha peaflbHbrx Kpr,rcT€rJrJrax

c Ae$eKTaMu pa3nurrrrofi ilpl4poAbl I{ Ha Kprrcr€r.JrJrax c r{cKaxeHr.rrMr4 perrrerKu sa

crrer ynbrpa3ByKoBblx role6artuit. B [ocneAHeM cnfrae BHr.rMaHVe

AorIonHHTeJIbHo yAentercf, Bo3MolKHocrrr nos6yx Aelaufl BbrcoKoqacrorHbrx

ynbrpasByKoBblx rcole6auuit 3a ctler HcrroJrb3oBaHufl HaHoKoMrro3trrHbrx
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HA OCHOBe yfJrepOAHbrXrpeo6pa3oBareJrefi HaHorpy6ox u KpeMHr.reBbrx

rraHorpoBoJroK. Taxxe B pa6ore rpeAnaraercfr lrcnoJrb3oBaHue au$$ysuoHHo-

AuHaMlrqecKoro rroAxoAa K orrr4caHr{ro araQparqproHHbrx pe$nercoB c ueJrbro

IaccJIeAoBaHr{r H ananrvr3a xapaKTepr,rcrlrK 4e$erron Kpr{cr€urJroB u

paccMarpr{Barorcr B onpocbr rr oBbrru ennfl, TorrHo crr,r H efi rpouHo -Ar,r SparqnoHHbrx

r{3MepeHuir.

AnryaJrbnocrb reM br Arrcceprarlrrn

ArryairbHocrb reMbr Ar{cceprarlnu B. JI. Hocura orpeAerqerct

COBpeMeHHbIM ypOBHeM p€t3BHTI4fl LICToIIHIIKoB peHTreHOBCKorO u3JlyqeH.nfl.,

BKJIIoqar Jr€Bepbr na ceo6oAHbrx gJreKTpoHax, r4 rrMrryJrbcHbrx Mero,{oB rd3Mep enuir.

14 nepBble ) uI BTopbIe [o3BoJrflror cyrqecrBeHHo rroBbrcr4Tb KaqecrBo

4uSpaxIII4oHHbIX MeroAoB aHaJrr43a npu6opHhrx Kpr{cr€rJrJrr{rrecKr.rx crpyKTyp AIrfl

MHKpO- U OnTOSJTeKTpOHHKU) OAHaKO Ha rrpaKTr{Ke 3TO CAep)Kr{BaeTCf,

HeAocraro.IHofi pazpa6oraHHocrbro MeroAoB analfir3a [oryrraeMbrx [pr4 TaKr{x

LICCIeAOBaHLIflX AaHHbIX, OTCyTCTBI{eM aAeKBaTHbIx TeOpeTI{rIeCKI,tX IOAXOAOB U

orpaHl{rleHHocrbro Hayquofo o6ocuoBanufl, ptrqa cyulecrByroulr4x

gKcnep[MeHTEIJIbHbIX MeroAr4K. B cBs3u c gruM TeMarraKa rrpeAcraBJleHHoro

AI{CCepTaIIV OHHOTO UCCJIeAOBaHrlr.fl <<TeOperr{qecKr're acrreKTbr B3arrMoAefiCrsus

peHTreHoBcKoro r{3JryqeHr.rr c Kpr,rcr€LrrJraMr4 c r{cKax(eHHofi peulertrofi>>, Korop€ur

BHocLIT cylqecrneHurrfi BKJra,{ B pa3Brdrr,re coorBercrByroqero HayrrHoro

HarrpaB relala\ sBrrercr aKTyarlruofi .

Ocuonnble HayrlHbre pe3yJrbrarbr, rroryqenHbre aBTopoMr [r rrx HoBrr3Ha

B nrore BbInoJIHeHrdr Ar.rccepraur,roHHoro r{ccneAoBaHnr aBTopoM rronyqeHbr

cneAyroque pe3ynbTairbr :

1. BuepBble rlpoBeAeHbr pacqerbr ocHoBHhrx rapaMerpoB cQoxyclrpoBaHHoro

peHTreHoBcKoro nyqKa rrpu au$parrrkrkr Ha Kpracr€rJrJre c nos6yxAeHHbrMr'r

BbIcoKorIacrorHbIMI4 yJlbrpa3ByKoBbrMr,r rore6aHuflvlu H rrpoAeMoHcrpupoBaHa

eQQercrnBnafl, nepecrpofira oneKTpoMarHurHoro rroJrr rroA AeficrnrdeM TaKr{x
v

KOJTeOaIJI,{I"d.
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2. BnepBble crarr.IcrurrecKiur reopun gu$paKur{r4 r4crroJrb3oBaHa \rfl anaJrkr3a

BII.AIJnfl, LI3OTOIIUqeCKOrO 3aMeIIIeHUg. Ha I.I,/;HAI0i{VITIeCKOe pACCeflHLIe

Mecc 6aygpoB cKoro r.r3ryqe lakrfl, B TBepAbrx reJrax.

3. BuepBbre [3yrreHu oco6eHHocrr,r yrJroBoro Bbrxo.qa BTop[rrHbrx u3ryqeHnfi

lnpu 4u$pax\vtr rerrJroBbrx uefirpoHoB Lr peHTreHoBcKoro Lr3ryqenus, B

role6lrcquxcq Kpr.rcraJrJrax B paMKax Mero Aa croflqr{x BoJrH.

4. Ha ocHoBe reopnu xuMuqecrofi cBr3u B cpeAax c [oHr,rxessofi

pa3MepHocTbro TeopeTr4rrecKr4 r{ccJreAoBaHbr MexaHurrecKr4e xapaKTepprcTHKr,r

yrnepoAHbrx HaHorpy6or r,r KpeMHr{eBbrx HaHonpoBonoK.

5. flocrpoeHa o6o6rqeHHar Ar{Q$FHo-AraHaMr4rrecKar reopr4r guQparcr\krn,

rlpldMeHLrvras, npu mo6rrx coorHorueHr4rx MexAy KorepeurHofi kr auQ$yguofi

KoM[oHeHTaMr{ BoJrHoBoro noJrfl trIrfl rrrprpoKoro KJracca 4e$erron.

Crenenr o6ocnoBaHHocrrr HayqHbrx rroJro?KeHnfi, peyJrbraroB rr

BbrBoAoB

,,{ocronepHocrb Lr o6ocnoBaHHocrb loryrreHHbrx B pa6ore

gKCnepI{MeHT€ilrIbHbIX AaHHbrX OnpeAelrfleTgfr rrCrrOJrb3OBaHneM COBpeMeHHbrX

AI,IarHocrI,IqecKux MeroAoB. .{ocronepHocrb rrprdBeAeHHofo B pa6ore

TeopeTllrlecKofo aHaJIvI3a rroATBepx(AaeTcs coBrraAeHlreM [peAcTaBJreHHbrx B

AI'ICCepTA\ilu pe3ynbTaToB KaK C 9KCIepLIMeHTOM, IIpOBeAeHHbIM B paMKax

pa6oru, TaK rr c ony6ilnrosaHHbrMrlr B Jrr{Teparype AaHHbrMr{.

flparcrnqecKafl 3HarrlrMocrb [o"rtyqeHHbrx aBTopoM pe3yJrbraroB

IlparruqecK€ul 3Haql{Mocrb ronyqeHHbrx aBTopoM gKcrrepr{MeHT€rJrbHbrx

p*ynbraroB o6ycnoBJreHa cJreAyroulr4M :

1 . B p*ynbrare BbrrroJrH envrfl, AucceprarllroHHoro raccJreAoBaHr{t

IrpeAirolKeH HoerIfi MeroA yirbrpa3ByKoBoro yrpaBn enufl. rrapaMerpaMlr

c SorycupoBaHHbrx ryrrKoB peHTreHoB cKoro r43JryqeHlrr.

2. Anropona paspa6oraHhr HoBbre

nefirpoHHbrx vr peHTreHoBcKr{x BoJrH rrpu

Kpr,rcr€urnax.

uo4nQunar1vu MeroAoB crosqux

auQpar\un Ha xole6lrculuxct
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3. YcraHoBJreHa cBfl3b pflla csoficrn yrJrepoAHbrx HaHorpy6orc kr

KpeMHHeBbrx HanorrpoBoJroK c ux Qoplaofi u pirMepoM, rrro MolKer rrocJryxr4Tb

ocHosofi paspa6orKr.r HoBbrx HaHoKoMno3prroB u cBepxBbrcoKorracrorHbrx

rrbe3osneKTpnrrecKlrx upeo6pa3oBarenefi .

flpo4enaoHcrpupoBaH HosHfi rroAxoA K orrpeAeJreHlrro ynpyrlrx

4e$opna auuit rrbe3ooneKTpr.rqecKr{x upeo6p€BoBare teit, rpr{KJreuBaeMbrx K

Helbe3oaKTuBHbrM Kpr{cT€urJraM .

5. flpe4noxesnufi noAXoA K MoAenupoBaHuro 4z$parcqlroHHofo

pacceflHvrfl, Mecc6aygpoBcKoro r.r3ryqenvrfl, rro3BoJrrer BbrrroJrHr{Tb npoBepKy

ocHoBHbrx rroJro)Kesufi reopuv az$parc\Lrr B rrpuno)Kelnukr K 4eQerrau, He

BhI3bIBaIounM ynpyrprx Ha[psxennit, u BbrrroJrHrrb orIeHKy KarrecrBa

KpI,rcT€UIJIOB-M OHOXpOMaTOpOB C BbrCOKr4M pa3peueHr{ eM rr O 3H epr[r4.

6. VcrauoBJreHHble 3aKonoMepHocru paccernvrs, peHTreHoBcKHx nyuefi

Ha peanbHblx Kpr'rcr€IJrJrax no3BoJrrror iloryrrarb xapaKTepr.rcTr,rKr{ crpyKTypbr

Kpucr€urJroB rr pacrpeAeneHHbrx 4e$exron.

PenopreHAaulrlr no rcrroJrb3oBaHrrro pe3yJrbraroB tr BbrBoAoB

ArrccepTarln[I

flolyueHHble B Allccepra\w pe3yJrbrarbr npeAcraBJrrror r,rHTepec trIrfl

cneIIId€IJII{croB, pa6oratoIqux B o6racru Snsnru u Ar{arHocrrlKu Marepr,r€ilrroB,

rIoJIyrpoBoAHI,IKoBbIX TexHonornfi u Qusnrn HaHocrpyKTyp, uccneAoBaHrirt

B3auMoAeficrsu.f, peHTreHoBcKofo r.r3nyqeHnfl c BerrlecrBoM, HaHorexHoJrorr{r{ u

MLrKpogJreKTpoHHKI{. Pesynrrarhr Arlcceprarrutt Moryr 6uru ucnoJrb3oBaHbr Ha

npeAnpwflTnfl4 cBt3aHnbrx c Bbrparqr,rBaHr,reM, o6pa6orxofi u r4crroJrb3oBaHr,reM

KpllcrulJlrnqecKl4x Marepr4€LrroB, HayqHbrx la6oparopnrx coorBercrByroqero

npoSurr n yue6uux opraHr,r3arlzrx, ocyulecrBnrrculux rroAroroBKy

cneqrraJll{croB B o6nacru Qusnru KoHAeHcrrpoBaHHbrx cpeA, QusuuecKoro

MarepI{€lJIoBeAeHvIfl, noJrylpoBoAHr{KoBbrx rexnoJrorrafi. B qacrHocrvr, croAa

orHoctgrcfl AO <<HIrfuI <<flomoc>> r4M. M.O.CreJrbMaxaD, HIIil <BypenecrHr4K),

OAO <<AsaHrapA), @TVI nu. A.@.IrloSQe PAH, Mocr6scrcufi rocya6pcrsenHHfi

4.

yHnBepcr{rer r4MeHr,r M. B. JlouoH6cosa ra Ap.



OQoprureHrre Aucceprarlnn, ny6"rrnnaqrr n arpo6aqns

,{ucceprallnonnafl, pa6ora cocror{T r,r3 BBeAeHlafl.- firecrr,r fJraB, 3aKrloqenns,,

crltlcKa ql,ITrlpyeuofi Jrr.rreparypbr u npr{Jro)KeHufl.. Marepzzur r{3Jro)r(eH Ha 334

crpaHl{Ilax MalurHorucHoro reKcra, coAep)Kur 81 pucyHoK r{ 5 ra6ruq. Pa6ora

HAilHCAH a Jr O rU qH bIM, A O CTyrr H brM Anfl II O HI{ M aH nfl. fl3bIKOM .

,{ucceprarlus, o$opnaJreHa B coorBercrBr{u c rpe6oBaHprflMn BAK PO.

Matepu€ulbl Allccepralluu ony6nuKoBaHbr B 33 nerrarHbrx pa6orax, n roM

tILIcre s 24 crarbf,x n pe$epnpyeMbrx oreqecrBeHHbrx r,r 3apy6exHrrx H3AaHvrflx,

peKoMeHAoBaHHbIx BAK PO. Co4epxaHue Ar,rcceprarrupr aAeKBarHo orpa)r(eHo B

aBrope$epare.

OcnonHrte pe3yJlbrarbr Aprcceprarrun AoKJraAbrB€rrrlrcb aBTopoM Ha

MexAyHapoAHbrx r{ Bcepoc cuitcxux ron$epeHrlr.r flx u ceMprHapax.

3ame.ra la.ufl rro Anccepra rlnlr

Cnegyer orMerl{Tb, qro Ar{ccep rarrr4fl Hannc,ana KnaccrirqecKlrM

an$parcqllouHhlM t3brKoM c r4cnoJrb3oBaHrreM KJraccuqecrcofi TepMraHoJrorr.ru u

o6ogHa.rettuit, tITo oco6eHHo ueHHo B Harrre BpeMr. OAnaxo B HeKoropbrx cryrrurrx

aBTop He Ias6eraer BBeAeHus co6crBeHHbrx repMr,rHoB. Haupuruep, olpe.qeJreHrae

((uHrerp€ulbHaf, Akt 00pHo-Ar{HaMr{qecKaf, xona6usupoBaHnas, an$parroMerpvrfl>>

rrp eAcraBr.fl ercr H eyAo 6on apr{MbrM r,r HeqerKuM.

HenoHsrHo raK)I(e, qro raKoe (Au$QyeHufi raHTerpanruufi Sarrop

SKCTI{HKUI{I{), B TO BpeMr KaK B KnaCCr,rKe r{CrrOJrb3yrOTCr TepMprHbr (AnuHa

oKcTIIHKIII{u) u <rosSSuIII{eHT gKcrr,rHKrlr,rr), a cnoBo Saxrop B pyccrofi

nl,Ireparype rpuMeHterc.f, K crpyKrypHoMy Sarropy u Qarropy fiedan Bulepa.

B rlane 6 rosopr{Tct o 4eSeKTax HecKonbKrrx rrrnoB. HeuoHsrHo, o KaKrrx

I,IMeHHo 4eSerrax IdAer peqb, BeAb rro Kpunoura3y 4eQerru AeJrrrcr Ha

H ecKoJrbKo KJraccoB rr o xap aKTepy rroJrer{ cMerrleHr4r.r.

YrasaHHble 3aMerlaHr4fl, He cHrlxaror BbrcoKoro ypoBHr npeAcraBJreHnofi Ars

paccMorpeHr,rr Aprccepraur{oHuofi pa6orrr.



3anurcrIeHHe

BblqBIEHHhIE

.{ucceprallrloHnas, pa6ora Hocura B.JI. frBrflercfl 3aBeprreuuofi HayrrHo-

rcnatn$LlKaulaonuofi pa6orofi, co4eplKarrlefi Honue pe3ynbrarbr s o6racrn Snsr,rKu

auQpar\utt peHTreHoBcKr{x ly.refi ,& . Kplrcr€rJrJrax, [peAcrasrsroqefi

o6qze 3aKoHoMepHocrI,I BnrnflHr4fl, rrepproAurrecKrax ucK€DKenuir u

pacrpeAeneHHbrx 4e$erron Kplrcr€rJrru.recrofi peruerKra Ha auQparqproHHoe

peHTfeHoBcKoe [oJIe BHyTpr{ 14 BHe KpUCT€UrJra V HOBbre nOAXOAbT K CO3AaHr.rn

4uSparIIIaoHHbIx gJIeMeHToB, ocHoBaHHbrx Ha Ar{HaMr.rqecKoM yrrpaBJr e:nvtr

rIoJIo)KeHI{eM orp€DKaroqnx rrnocKocrefi KplrcraJrna B rrpocrpaHcrBe u Bo

BpeMeHI,I. Pa6ora LIMeer 6onruroe [paKTr4rrecKoe 3HarreHr{e [Irfr pagBvrrufl

HaHorexHoJrorufi u MraKpogJreKTpoHrlKu.

flony.reHHble B pa6ore pe3yJrbrarbr u BbrBoAbr rBJrrrorcs AocroBepHbrMr4 14

o6ocHoBaHHbIMn. Anrope$epar rroJrHocrbrc) orpaxaer coAep)KaHlre Alrcceprarluu.

Tenaarnra BbIrIoJrHeHHbrx Hocurou B.JI. HccireAoganr,rfi coorBercrByer

racropry creql{€ulbHocrr 01.04.07 - <<@wr,rKa KoHAeHcr{poBaHHoro cocrorHvrfl>>:

lI.6 Paspa6orKa gKcrrepl,rMeHT€rrrbHhrx MeroAoB u3yr{eHr,rr Suru.recKrrrx

ceoficrB I,I co3AaHue $usnuecKux ocHoB rrpoMbrrxJreHHofi rexHoJroru[ rronyrreHrat

M arepr4€IJroB c o[peAeJreHHhrMra cB ofi cre aNdra.

,{ucceprallploHnar pa6ora Hocura B.JI. ro Soprrae u coAepx(aHr{ro

cooTBeTcTByeT BceM KpuTepr4flM, [peAbrBJrreMbrM K Aucceprarlr,rf,M Ha coucKaHr4e

y.renofi creneHlI AoKTopa HayK, ycraHoBJreHHbrM floloxeHr{eM o rropflAKe

npucyx(paenufl, yrleHbrx crenenefi, yrBepx(AeHHbrM rrocraHoBJreHneM Ns842

flpanureJlbcrBa P@ or 24 ceurx6px 2013 r. Anrop Arlcceprarlnn Hocur B.JI.

3acJlylKplBaer rlprcyx( LeHlzfl, eMy racxonaofi yueuofi creneHr{ AoKTopa Susrarco-

MareMarl{qecKlrx HayK no clerlr4aJrbHocrr{ 0I.04.07 <<@usuKa

KOHA€HCI,IpOBaHHOTO COCTOtHIItfl D.

Orsrrs cocraBJleH Ha ocuoBanuv 3HaKoMcrBac TeKcToM Ar,rccepTawu u

aBropeQepatou u AoKJraAa Hocura B.JI. Ha 3acep1anr4u rca$e4pu Qusuru u

I4ncruryra Szsnxu,

BO (ClI6lIY).

TexHoJrofr{r{ HaHocTpyKTyp

reJreKoMMyHr{raqufi OfAOY

HAHOTEXHOJIOTI{I4
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cpl13l1Kl1 l1 TeXHOJIOrMM HaHocrpyKTYP I1HCTMTyTa cpl13l1Kl1, HaHOTeXHOJIOrMH l1 

TeneKOMMYHMKaU:MH CaHKT-ITeTep6yprcKoro rronMTeXHH:qecKoro YHMBepcMTeTa 

ITeTpa BenMKoro. ITpoTOKOJI M~3 OT 24 MapTa 2016 r. 

3aMeCTMTen:r, 3ase.nyroru:ero Kacpe,npo:H: 

<l>M3MKM l1 TeXHOJIOrMM HaHOCTPYKTYP 

I1HCTMTyTa cpl13l1Kl1, HaHOTeXHOJIOrMH 

M TeneKoMMYHMKaU:Mi1 <I>r AOY BO «CIT6ITY», 

,n.cp.-M.H. 

195251, r. CaHKT-ITeTep6ypr, yn. ITonMTeXHH:qecKaH, ,n.29 

<l>e.n:epa.JI:oHoe rocy.n:apcTBeHHoe aBTOHOMHoe o6pa3oBaTen:oHoe yqpe)l(.n:em:i:e 

Boicrnero o6pa3oBaHM51: «CaHKT-I1eTep6yprcKMH rroJIMTeXHH:qecKMH yHMBepcMTeT 

ITeTpa BeJIMKOrO>> (<I>rAOY BO «CIT6ITY»), 
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