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< O oprvu4p oB aH ve kr cs o fi crB a H aH oKo MrIo 3TITHbIX MarepI{aJIoB

Ha ocHoBe oKcHAa rIr4HKa)), ilpeAcraBJreHHyro Ha concKaHHe yueHofi crerleHl4

AoKTopa $ rasuKo-MareMarlarrecKl4x HayK

11o cneu14€urbHocru 05.16.08 - HanorexHoJlorllu I,I HaHoMarepuuulbl

(vrarepl4uulbl Ans eneKTpoHLIKH ra $orouuru)

1, CoorBercrBlr e Auccepra rI kril gaflBJr eHHofi cneq [I a Jr bH ocrrl I{ orpa cJrlr

HayKH

O6rerroru uccneAoBaHlr{ npeAcrasreHHofi AI{cceprallrloHnofi pa6orst

tBrqrorcfl HaHoKoMfro3ltrHble Marepr,laJlbl B BI4Ae roHKI4x TIJI9HOK 14 o6teugrrx

crpyKTyp Ha ocHoBe oKcr4Aa rIr4HKa, BKrroqaroul4x ApyfI,Ie ilonyrpoBoAHLIKH'

MeraJrJrbr, oKcr,rAbr Mer€urJroB v anropSnufi yrnepoA. llpe4uer I4ccneAoBaHr4s'

$r,reuro-TexHoJrorr4rrecKr4e rrpuHur,rnbr 14 3aKoHoMepHocrH Soput'tpoBaHHf,

yKa3aHHbrX HaHOKOMTTO3IaToB MOTOAaMH XI4MHrIOCKoro rHApOTepManbHoro'

3neKTpoxlrMl4rrecKofo, 3oJlb-feJlb v rrHponHTHrrecKolo oca)I(AeHnfl' 14 I4X

vrop$oJrorr4rrecKr4e, oflrr{rrecKr4e, oneKTpo$rasvuecKLIe v SororararlffTuqecKrre

csoficrea. 3ra o6lacrb r4ccJreAoBaHlrq coorBercrByer npo$unro coBera rlo 3aIrILITe

Auccepraqufi L0Z.I5.07 vr racropry 3arBrreHnofi crelllaarlbHocrll 05.16.08

HasorexHoJror r4vr 14 HaHoMarepuanbr (rr,rarepuaJlbl Anfl 3neKTpoHrIKH u Soronrarr'r)

ilo orpacng Susur<o-MareMarr4rrecKpre HayKH rro rIyHKraM 1. ullpotteccbl,

3aKOHOMepHOCTH v MeroAbI SopvrupoBaHl{fl HaHocrpyKryp vr

HaHocrpyKryptrpoBaHHbrx MarepHaJIoB)) u 2. <CsoficrBa HaHocrpyKryp vr

HaHO CTpyKTypLIpoBaHHbIX MaTepuaJIoB))'

' 
2. ArcryaJrbHocrb TeMbI Alrccepralurn

B Hacroqrrlee BpeMrr pa3Blrrr{e HarrpaBlesufi rccneAoBaHllt B orpacnl4

HaHorexHoJror uit vt HaHoMarepuanoB B gneKTpoHI{Ke vr Qoronure uAer rro rlyrH

paspa6orKr4 rroAXoAoB K roiryqeH?rro Marepr4aJloB B HoBbIX crpyKTypHbIX Sopn'rax,

XapaKTepI43yIOqI4Xc{ HaHopa3MepHbIMI4 3JI0MOHTaMI4, vI IIO IIyTH co3Aallnfl'

HaHoMarepr4€uroB Hrru r4x correralnuit, ilpof,Bnf,rolqux HoBbIe csoficrea'

llonynpoBoAHgKoBbre oKcr,rAbr Mer€uuroB rlpeAcraBJlqror co6ofi o6urupsufi KJIacc

Marepr4aJroB, xapaKTepu3yrolrluxcfl pa3Hoo6pa:Hrrvrra csoficrBaMkL MHorI'Ie r43

Koropbrx HaxoArr rrpr4MeHeHLIe B [po3paquofi sneKTpoHI4Ke, cBeropl3nyrrarcu[x



cTpyKTypax, f€I3oBbrx ceHcopax, AaTrII,IKax BJIDKHOCTA, COJIHeTIHbIX 3JIeMeHTax,

TepMooneKTpoHHhrx u cnHHTpoHHbIX ycrpoficrBax. llpo6levra noJryqeHlafl.

uorpurufi vr HaHocrpyKTyp H3 rronyrpoBoAHlaKoBblx oKcHAoB MeTaIIJIoB c

3aAaHHbrMr4 Vl BOClpOr43BOAlrMbrML,I XapaKTepI'ICTI4KaMI4 IIpeACTaBnfleT co6ofi

BaxHyro HayqHyro 14 TexHr{rrecKyro 3aAarry. lIp.AcraBJIeHHafl, AldccepralluoHHafl,

pa6ora [ocBf,rrleHa perreHraro npo6leruu paspa6orKl4 rIpHHIII4rroB nonyqeHr4fl'

HaHoKoMrro3r4THbrx Marepr{aJroB Ha ocHoBe oAHoro H3 IrpeAcraslarerefi KJIacca

lonylpoBoAHr4KoBbrx oKcLrAoB Mer€urJIoB oKcLIAa IIVHKa. Sror Marepl4€ul

xapaKTepr43yercr na6opovr cnoficrn, rlpucylqux ApyrIaM noAo6nuvt

lonynpoBoAHlrKoBbrM oKcHAaM, Ho orrrlqaerct BblcoKofi rexsoJlorHtlHocrbro' TaK

KaK Mo)Ker 6urr noJryqeH rxzpoKt4M Ha6opou ra6oparopHblx u rpoMbIIrIJIeHHbIX

MeroAoB, JrerKo o6pa6arHsaercr [pLIeMaMI{ MI4KpogJIeKTpoHHofo npol43BoAcrBa,

o6lagan npu groM Aocraro.rHofi xr,rMurrecrcofi crofirocrbro u cra6uttbHocrbro.

floerouy oH paccMarpr{Baercfl KaK nepcleKTlrBHblfi uarepvan Anfl I43roroBJIeHHfl

pa3nurrHbrx npu6opon orrrogJreKTpoHvrKkr, SoronoJIbraI{KI{ 14 HaHogJIeKTpoHuKui

LrcrorrHI4KoB cBera cr4Hefo Lr ynbrpa$uoneroBofo At4arra3oHoB, ToHKorIreHoqHbIX

corHerrHbrx gJreMeHToB, frbe3ogJleKTp[qecKl4x ycrpoficrB, TepMooneKTpI4qecKLIx

npeo6pa3oBarenefi gHeprlru, a raKxre B $ororararrvrrutlecKllx cHcreMax 14

ycrpoficrBax. OAsaro AJrfl cos1lannfl. yKa3aHHbIX ycrpoficrn ueo6xoAl'IMo

pa:pa6orarb noAxoAbr K rvro4n$raKarlr4u oKcrrAa III4HKa nu6o nyreM nerrlpoBaH.vIfi,

ma6o co3AaHrrfl rerepocrpyKTyp vt KoMrro3HToB Ha efo ocHoBe, qro rro3BoJrLIT

H3MEHf,Tb EfO CBOI{CTBA

ArdccepralrrloHnofi pa6ore
rrpeAcraBJlf,er aKTy€ulbHyro

o6parovr. floeronry nu6PanHoe B

E.B. HaTIpaBJIeHHLI HccneAoBaHufl
TOIIKI'I 3PEHHf, PA3BI|ITVIfl' OTPACNPI

rpe6yeMbIM
tly6enro

upo6reuy c
HaHorexHo Jro r uit utHaHoMarep ra€trloB B sJIe KTpo HLIKe ra SoroHrIKe

3. CreneHb HoBrr3Hbr pe3yJrbraroB, HayqHblx tloJro)Kenufi, Koropble

BbrHocflTcfl Ha 3aIrIHTy 4HCCepraIIHH
OcHosHbre pe3ynbrarbr H 3arrlrruaeMbre rroJrolxe:nufl. Al4cceprarrvwl o6laAaror

HayrHofi sonusHofi.

B pa6ore ycraHoBJreHbr MexaHlr3Mbr v pa3pa6oranrr IpHHIIHTIbI co3AaHI4t

ToHKorrreHoqHbrx rroKpurufi r43 JrerlrpoBaHHofo u co6crseHHoro oKcHAa IILIHKa Ha

rroBepxHocrlr [onylpoBoAHr{KoBbrx u Ar4gneKrpI,FrecKI4X TIOAIOXeK MeroAoM

xr4Mr{qecKoro rprAporepM€urbHoro oca}KAeHvtfl, nropQoJlorlilf, Koropblx MorKer

Lr3MeHflTbcfl or Maccr4BaorAenbHbrx KpIacrtuIJII4ToB MrrKpoHHoro u cy6vu{KpoHHoro

pa3Mepa Ao CrrJrorrrHbrx OAHOpOAHbIX TIOJII,IKpI{cT€UIIHTIeCKLIX TIJIeHOK, cOCTOf,IIIHX

r{3 
'rrJrorHoy[aKoBaHHbrx Kpr,rcraJrJruToB c pa3MepoM ocHoBaHvrs' 50-300 HM, tITo

Aocrr{r aercfl.3a crrer r{crroJrb3oBaHl4rl 3apoAbIIIreBbIX cJIoeB co6crseHHoro oKc[Aa

rIr4HKa pa3nl4qnofi ronIIII4HbI.

Paspa6oraHbl rIPI4HuI4rIbI 14 3aKoHoMePHocrI,l o6PasoBalnnfl

HaHOKOMIIO3I{THIIx MaTepHaJIOB Ha OCHOB€ OKcI'{Aa IIUHKa' KOTOpbIe TaK)Ke

BKlroqar oKcHA HHKeJrfl, ro6amra vrJrr4 MeAH, c sHcorofi yAenrnofi IInoIIIaAblo

IIoBepXHocTIa [yTeM sneKTpoxlltMHrlecKoro ocaxAets'klfr' cTpyKTypt4poBaHHe

KOTOpbTX ocyqecrBJrflercfl rryreM H3MeHeHr4fi, cocraBa 3neKTpoJlrrra I4 BBeAeH.Idfl' B

Hero cynr$ar-I4oHoB.



llpe4loxeHa MoAenb ToKorrepeHoca B Marpl,Iqe iloprlcroro KpeMHpIfl'

yrrHTbrBaroqafl SneKTpOrrpoBoAHOCTb Hr43Korroprrcroro [oBepxHocrHofo cJIOfl'

cocroflHHe Koroporo oKa3brBaer BrprqHue Ha rlpoqecc SneKTpoxHMLIrIecKoro

ocaxAe 11vrfl. oKcr{Aa ur{HKa B rropucryro MarpI4IIy, trro rIo3BoJrHJIo 4o6uDcr

3anoJrH eHvrfl. ee o6teua Ao 60 % HaHorracrr4llaMl{ sToro rlonylpoBoAHl4KoBoro

oKcHAa pa3Mepol'r 20-70 nru.
p aspa6otu" Ho gHfi oA HO CT alluitHstfi cno c o 6 uonyrr eHl4fl HaHo KOMIIO3I4THO ro

Marepu araHa ocHoBe oKcv;iaql{HKa rr aMopQnoro yrnepoAa 3onb-reJlb MeroAoM I'I

rrpeAno11ceH MexaHr{3M ero o6pa:oBa]HiflA, r{HTbrBaroilInfi Bo3MoxHocrb

paclnaB ronrrfl xnopuAa LIr4HKa, BxoAflrrlero B cocraB HcxoAHoro 3oJlfl' vr

6no *"poBaHuf, rp oAyKroB p €t3n OXeHI'Ifl ylnepoAcoAepxalqux KoMfIo HeHTOB'

p aspa6oraH nosHfi OAHO CT apLuit:astfi cuo co6 nolyrreHut HaHoKoMfIO3pITHbIX

MareprlraJroB Ha ocHoBe oKcr,rAa rIr,rHKa, cynrS[4a III4HKa 14 rpa0nrouoAo6Horo

H'rrp'rAa yrnepoAo, MeroAoM rrr,rpoJrlrrr,rqecKoro pa3noxeHr4fl, TBepAo0a:nofi cMecl4

rpeKypcopoB c rrocneAyroruefi TepMr4rrecrofi rroJrprMepuzaguefi, 14

Kpr4crannrr3arlueit, 14 rrpeAnox(eH MexaHpr3M o6pasoBalF.ikrfl. TaKI4x MarepI4aJIoB'

fro3BoJrsrouufi ilonyrlaTb AByx- vr TpexKoMIIOHeHTHbIe HaHOKOM[Io3I4TbI

pa3nl4rlHoro cocTaBa.

florasano, rrTo soromoMI4HeCIIeHUI{t B o6lacru 6nuxuero

ynbrpasuoneroBofo r,r3nyqe .'vrfl, rrp' KOMHarnofi TeMrreparype uorpurrafi,

cocTo'IIII4X |43 HaHoIIacTI4u oKcLIAa III.IHKa' ilonyqeHHblx 3oJIb-|eJIb MeToAoM,

rrper4MyrrlecrBeHHo O[peAerrflercf, rroBepxHocrHo-cBfl3aHHblM SKCHTOHaMI',I' rrro

Aocr'rraercfl 3a cqer yBenuq elr4fl, orHorrre .'."fl, rrno'uaAla noBepxHocrll r o6teruy

rrpH yMeHbrrr eilr4vrpa3MepoB HaHorracrlrrl, rrro BrIepBbIe rIpoAeMoHCTpHpoBaHo Anfl

TaKOTO TI{[a MaTepI4€UIOB.

YcraHoBJIeHbI MexaHI43MbI, orlpeAentrcuue cneKTpalrnrrfi cocraB

SoromoMugecrleHrlr{ra HaHoKoMrIo3I4THbIX Marepl4arloB Ha ocHoBe oKcI'IAa UHHKa'

cynr$u4a rIr4HKa vr rpasuronoAo6Hofo Hr4Tpr,rAa yrJrepoAa' trro IO3BOJII4JIO

lonyqr,rrb JrroMr4Ho$opu, H3Jryqarcxlue 6en'fi cBer c pi*n'Iquofi uneronofi

reMrleparypofi' Koropafl KoHrponlapyercfl reMreparyPoft cLIHre3a

HaHoKOMTIO3I4THbIX Marepu aJIOB'
ycrasoBJreHbr 3aKoHoMepHocTL.I, orILIcbIBaIoUEe IIoBeAeHr4e yAenbHofo

corrporlrBJreHrrfl rroKpurnfi oKcHAa uI'HKa, $opvrupyeMblx MeroAoM xLIMI4qecKofo

rlrAporepM€urbHoro ocaxAe H.'s. Ha 3apoAbrrrreBblx cJloflx co6crneHHoro oKcHAa

rIr'HKa, B 3aBr4evlMocrlr or KoHrIeH Tpalrav HoHoB nerl4pyroulefi [pLIMecH rI

npoAonlr(r4TeJrbHocrra npouecca oca)KAeHr4fl', trro rIo3BoirHJIo [on}^rl{Tb AaHHbIM

MeroAoM ner[poBaHHble HI4KeJreM rIngHKLI. oKcLIAa III'IHKa c yAenbHbIM

corIporI,IBJIeHI'IeM, cHI4XeHHbIM AO 2,47 ' 10-2 ou'ctr,t' 14 TTyBCTBI'ITeJIbHbIM K

Bo3AeficrB'rrc r43nyqe .nr4fl, ynbrpaSuoneroBofo AvanasoHa B I4HTepBaJIe AnLIH BOJIH

3 10-400 uu.
paspa6oraHbr rroAxoAbr K co3AaHlrro Sororar arr4Tr4LrecKHX norpurnfi vs

HaHoKoMrro3prrHbrx Marepl4aJroB Ha ocHoBe oKcEAa IIIHKa' BKJlroqarouux oKcI'IA

MeAr{, anrop6Hrrfi yrnepoA vrrr4 rpa$rarono4o6nHfi HHrppIA yrnepo.qa,

o6laAarour4x rroBbrrrra""Ofi sororar a]fi4Tr0qecrofi aKTIIIBHOCTbTO flo orHorueHHro K

opraHrirrecKr{M BeIrIecrBaMLI 14 MI.KpoopruHI{3MaM rlo cpaBHeHHK) c
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AH€UIOfI'ItIHbIMH [OKPbITVIflMI4 6ecupuMecHoro oKcI4Aa III{HKa vrlrkr

rpa$raronoAo 6Horo HIarpHAa yrrlepoAa.

4. O6ocHoBaHHOCTb tr AOCTOBepHOCTb 3aKJrroqlrreJrbHblx BbIBOAOB

rr peKoMeHAaIIufi, cQopMyJIHpoBaHHbIx B Arlccepraryu

Bce BbrBoAbr r4 peKoMeHAarlvrr4, rtpr4BeAeHHble B AHcceprar\Hvr,6aaupytorcr

Ha 3Kcrrepl4MeHTaJrbHbrx AaHH'IX, rroJryrreHHblx coBpeMeHHbrMI. Susuro-

x'MlrqecKrMrr MeroAaMH HccJre4onaunfi: cKaHplpyroqefi sneKTpoHHofi

Mr,rKpocronuefi, gHeproALrcnepcr.ossofi peHTrenoncrofi crreKTpocronraefi,

peHTrenoecrofr Soroe'eKTpoH'ofi crreKTpocxonraeft, peHTrcHoncrofi

4usparroMerp ueir, orrrr4qecrofi crreKTpoSoro^,rerpraefi, cileKTpocronueft

rou6u'arlr4oHHoro pac cefl:n:ns, r4 JrroMr,rHecrleuruofi cneKTpocKorluefi. C,ueJIaHHbIe

BbrBoAbr apryMegTlrpoBaHbr r4 HerrporlrBopetl,HBbl, coorBercrByror o6[IelpI'IHflTbrM

SusrauecKlrM rrpeAcraBJreHr4flM Lr AaHHbrM Apyrl4x uccneAoBareJlefi, utuerculllMcfl B

n'repaType, arrpo6"poBaHbr sa pfrne MelKAyHapoAHbIX vr pecuy6JILIKaHcKI{x

*o"6.penqrafi, ouy6mKoBaHbr B perleH3r4pyeMbrx HayqHo-TexHHqecKLIx x(ypHanax

H rJIaBax MoHolpa$uu.

5. IlayrlHaflr IIpaKTIIrIeCKaflr COWIaJIbHafl \r 3KOHOMnqeCKaf

3Haq'Mocrb pe3yJrbraroB rr ocHoBHbIx HayqHblx noJroxennfi Alrcceprall[u

Hayunan 3HaquMocrb AucceprarluoHnofi pa6oru orlpeAeJlterct

perrreHueM KoMrrJrercuofi 3a$a,,v no [onyqeHlrro HoBbrx sHaHufi o Susuro-

TexHoJrorl4rrecKl.{x [pI,IHIIulax, 3aKoHoMepHocrflx 14 MexaHH3Max IlpoqeccoB

,,onyqe .'vrr, HaHoKoMrro3HTHbrx Marepr4€uroB B BLIA. roHKLrx rIneHoK u o6reMHblx

crpyKTyp HA OCriose oKcr,rAa uHHKa, BKrroqarcull4x Apyfl{e ronyrpoBoAHI{KI4'

MeraJrJrbr, oKcr'Abr MeraJrJroB 14 arvrop$nufi yrnepoA' MeroAaMLI xl4Ml4r{ecKoro

fr4AporepMaJrbHoro, ':IIeKTpoxIiMHqecKoro' 3oJIb-reJIb vr rll'pon,nTl,IqecKofo

ocaxAe Hr4fl, r4x nrop0ono."tacKr4x, orrr'rrecKl4x' gneKTpoSusuuecKl4x u

Qororar arvrrvr.lecKl4x cgoficrBax' ^y,n '-^n'r,rarr. v

ilparcrHqecKaf 3HaqlrMOCTb pa6orH cocrollT B sKCrrepLIMeHTalIbHOH

anpo6a \w cuoco6os sopnrrapoBaHufl, HaHOKOMrro3LITHbrx MarepuaJroB B BHAe

TOHKprx [neHoK U O6reMHbrx crpyKTyp Ha ocHoBe oKcI4Aa IILIHKa' BKrroqarouflx

Apyrr.{e [onylpoBoAHr{K'r, MeraJrJrbr, oKcr{AbI MeTaJIJIoB vr arr'rop0nHfi yrnepoA'

Hr43KoreMneparypHblMl{ MeroAaMlI xI{MI'IqecKoro rHAporepMarlbHoro'

grreKTpox'rMl,rrrecKofo, 3oJlb-feJrb 14 rII{poJII4TErrecKoro ocaxAeEl4fl')

loATBeplcA arouefi B o3MolKH o crb r4x Lrc[oJrb3oB al:afl' B KaqecrBe Jlror'uaH o S opHblx'

$ororar aril4TvtlrecKlrx lr cBeroqyBcrBHTeJIbHbIx 'IloKpblTlltx' v paooru
coquaJrbHafl n 3KOHOMIIqecKaf 3HaqIIMOCTb npeAcTaBJIeHHOI{

cocror4T B soprr,'apoBaHrdr' uay*rofi 6ag' [nfl coBepr[eHcrBoBa*r4fl' [poqecca

o6yue HVfl, B yrrpexAeHl'tflx Bblcruefo o6paeoBailI4fl IIO Clleuu€ilbHocTflM'

coorBercrByroqr,rM orpacnr4 HaHorexHoJrorufi Lr HaHoMarepuaJloB B sneKTpoHLIKe

14 Qoronure, a TaKXe co3AaHr{ra HayqHo-TexHlilrecrofi ocHoBbr Anfl BHeApeHvrfl

Hr,r3KoTeMleparypHbrx MeroAOB fionyqe iHr4fl, HaHOKOMIIO3LITHbIX MaTepI',IaJIOB HA

ocHoBe oKcLrAa rILrHKa, BKrroqaroqffi Apyrl{e [ony[poBoAHI4KH' Mer€urJrbl' oKcI4AbI

MeTaJIJIoB LI anaop$nufi yrlePoA'



6. Ony6.nnnonaHHocrb pe3yJrbraroB AncceprallHlr B Hayqnofi lleqaru
pesynrrarbr pa6oru ouy6ruaKoBaHbr B AByx rJIaBax MoHorpa$uu,

24 cratbrx B perleH3gpyeMbrx HayrrHbIX xypHiulax, B ToM rrplcJle' o6tagarculllx

BbrcoK1avr pefiu{HroM Me}K.qyHapoAHbrx H3A anvflx: Journal of Sol-Gel Science and

Technology, Crystal Research and Technology, Materials Science and

Engine.ring B, Journal of Luminescence, Advanced Photonics Research, rI

6 crarrqx B c6opnuKax MarepnaJroB rcou$epeuqufi. Perynrrarbr pa6oru raKx(e

6.",t,' rpeAcraBJreHbr Ha pflAe MexAyHapoAHbrx vr pecny6JrHKaHcKHX

ron$epenqrafi. o6qnfi o6reu uy6lzrauuir ilo reMe Alrcceprarryrr4,

coorBercrByrorrlgx rryHKTy Ig llorox enr4fl, o rpucylKAeHLIH yrIeHbIX creueHefi u

lpr4cBo e1vrr4 yqeHbrx ssaHrafi, cocraBJrfler I8,2 aBTopcKI'IX Irr4cra. Marepu€urbl'

ony6lnKoBaHHbre B flepequcJreHHbrx pa6orax, vr rrr.rHrlfi BKnaA B Hrrx col4cKareJlfl

oTpaxarcT HayqHbre r4 rrpaKTr4qecKlle pe3ynbTaTbl AI'ICCepTaIIHI4.

7. CoorBercrBne oQopMJreHHq Aucceprallnrl Tpe6osaHrqDr BAK

O6opvureHlre Ar,rcceprarryrv Lr aBTope$epara, BbIrIoJIHeHHoe c rpuMeHeHrIeM

coBpeMeHHbrx KoMrrbrorepHbrx cpeAcrB, HaxoAllTcf, B corJlacul4 c rpe6oeaHHtNdla

zncrpyrqHfi BAK Eenapy QrL 14 He Bbr3brBaer HapeKakruit. r{ncceprar\vrfl' BKJIrOqaer

B ce6n BBeAeHrae, odqyro xapaKTeplrcrrlKy pa6oru, AeBsrb rJIaB c orrl4caHHeM

pe3ynbraroB r4ccneAosaHlrfi c BbTBoAaMLI rlo raxAofi rJIaBe' 3aKrloqeHl{e H

rrpr4no)KeHprf,. O61qufi o6reu AucceprarluoHnofi pa6oru cocraBJl ser 249 crpaHl4u,

r4s Hrrx I37 crpaHprq ocHoBHoro reKcra, 99 pLIcyHKoB Ha 73 crpaHHrloX,

4 ta6nuubr Ha 2 crpaw{qax, cfrlrcoK r{CrrOJrb3OBaHHbIX I|ICTOTTHI{KOB' BKJIrOqaIoqufi

6u6,uorpa$r,rua.*"fi crrlrcoK- r4s 45I HaI{MeHoBaHrrt 14 crIHcoK ny6lura\uit

co'cKareJn yuenbfi crerreHr4 r43 32 HaI{MeHosaHI'Ifi , H4 3 5 crpaHHllax 14

1 npunoxeHl{e Ha 2 crPaHullax.
pa6ora :rtanr4eaHa rcHbrM vr qerKHM Hay{HbIM t3bIKoM. Heo6xoAI'IMo

orMerr4Tb, rrro B Alrccepraur,ru [poBeAeH AocrarorrHo rrry6orufi u rxl{poKufi o6sop

nr{TeparypHbrx prcrorrHrrKoB rro paccMarpr4BaeMbrM npo6neMaM' AaHbI

coorBercrByrouue ccbrJrKlr Ha orerrecrBeHHble kr aapy6extHble uy6nuralffr4'

floloxe1t4q, BbrHocHMbIe Ha 3aulrqt , BbIBoAbI flo fJIaBaMr vr TIyHKTbI 3aKJlroqeHvrfl'

noATBepxAarorcf, ccbrJrKaMrl na co6crBeHHble pa6orbl aBTopa ArIccepraIIHH'

Anropesepar [paBlrnbHo vr B froJrHoM O6rerue orpaxcaer coAepxcllMoe

Ar4ccep rar\r4r4. IrlgroxeHlre Marepra arra B AI,Iccep rali?ivr v\ B aBTopeSepare

ocyqecrBJrflercfl B coorBercrBlrrr c npnnrrofi TepMllHolornefi, JIofnqecKLI

crpofinoe rr rrocneAoBareJrbHoe B MeroAr{rrecKoM orHorueHr4vr. flpune4eHHble

LrJrJrrocr pa[|[{r4 B AOCTaro.rHofi cre[eHr4 OTpaxaror v rroflcHflror nonyqeHHble

pe3ynbrarbr. Taruvr o6pasor'r, oS_opMneHr4e AHcceprauHpr B rlenoM coorBercrByer

rpe6 on arH:nfl}y- B AK Pecuy6rII{KLI Belapycr.

g. CoorBercrBlre nayuHofi rcna.rrnQrrKarlnlr concKareJrr yueHofi

crerleH *\ Ha Koropyrc oH npereHAler

,,{uccepTarlr4oH "Afl. 
pu6otu IIy6eHro EsreHlaq EopucoBvrqa coAepxtl4T

6oluuoe KorurrecrBo BblrroirHeHHbrx PIM caMocrof,TeJlbHo SKcrIepI'IMeHTaJIbHbIX

r.CCneIOsaHr,Ifi , Hd OCHOB. KOTopbIX BbIpa6OraUU 3aKOHOM.pHOCTI4' MeXaHI'3MbI'



[peAno]KeHbr MoAenI{ vr BbTABHHyTbI HarrHbre IIOJIO)KeHVLfl) rrTO IIO3BOJIHJIO B

coBoKyrrHocrr4 perrruTb KoMrrJreKcrryro upo6nevry B orpacnu HaHorexnolorprfi vr

HaHOMaTepHarroB B sneKTpoHr.rKe ra soroHHKe, cocTof,ilIyrc B p€Bpa6offie Snsnro-
TexHr4rrecKlrx ilprdHrlr4rroB, 3aKoHoMepHocrefi u MexaHI,I3MoB rrpoqeccoB

rronyqeHufl. HaHoKoMrro3lrrHbrx MarepvalloB B BHAe roHKLIx TIJIeHoK u o6reMHblx

cTpyKTyp Ha ocHoBe oKcr4Aa rIr4HKa, BKnloqatoqux ApyfHe IIonyrpoBoAHI{KI4,

MeT€UrJrbr, oKcprAbr MeT€urJroB u anropsuufi yrnepoA, MeToAaMlI xI4MHrIecKoro

fr4ApoTepM€IJrbHofo, SneKTpoxHMIIqecKofo, 3oJIb-reJlb 14 IIkIponHTHTIeCKOfO

oca)KAelJvrfl., ycraHoBJIeHHH HX vropSoJIorI{rrecKI,IX, ONTVIICCKI,IX,

gneKTpoSnsuuecKr,rx rr SoroxaralrvrvlqecKl{x cnoficrn, AeMoHcrpaIII4}I HX

nplrMeHrrMocrra Ans lr3roroBJreHl{fl JIroMHHoSopuux, QororararvlTvrqecKlax kr

c B€TorryB c rB I,ITe JI bHbIX rlo Kp rlrnfi, .

Taruru o6pasou, aHaJrr{3 coAep)KaHnfl rlpeAcrasreHHofi Al4ccepraMr Lr

aBTope$epara, Bbrcorufi ypoBeHb uy6nura\uir B HayrrHo-TexHl,Iqecrofi

Jrr4Teparype v BaxrHoe 3HaqeHHe [onyqeHHbrx HayqHbIX 14 TIpaKTHTIeCKI4X

pe3ynbraroB flo3BoJrf,ror 3aKrroqvrrb) rrro HayrrHafl rnalu$uKa\vfl, collcKareJltr

rroJrHocrbro coorBercrByer yuenofi crerreHr4 AoKTopa Susuro-MareMarl4rlecKHx
HayK rro 3aflBleuuofi c[euu€L[bHocrl4.

9. 3arrerraHnfl
1) n fJraBe 7 Am HaHoKoMrro3r,rrHbIX MarepuiuloB, rIonyqeHHbIX MeroAaMI4

XLIMI{IIeCKOIO fI{ApOTepM€UIbHOfO 14 SI€KTpOXI{MI'Iq€CKO|O OCa}KAeHvIfl' He

rrpeAcraBJreHbr pe3ynbrarbr r,rccneAoBaHr{r SoronroMI{HecIIeHTHbIX ceoficrs [pLI

IIOHI'IXTEHHbIX TEMNEPATYPAX, . IITO, BO3MOXHO, HE NO3BOJII'IJIO BbI.gBI4Tb BCE

oco6euHocrr4 r4snynreJrbHbrx npoqeccoB r.r gHeprerl{qecxofi crpyKTypbl AaHHbIX

MaTepI{EuIoB;
Z) s BbrBoAax rro rJraBe 6 He yKa3aHbr oco6enHocrll rlpeAnorKeHHoro

MexaHr43Ma Sopvrrapoeariur HaHoKoMrro3rlTHbrx MarepuiuloB Ha ocHoBe oKcHAa

rIr4HKa, cy6Sn4a TIHHKa vr rpa$uronoAo6Horo HI4rpI4Aa yrnepoAa MeroAoM

rrr4ponuTl{rlecKoro pa3no)K e:nufl. TBepAo$asHofi cMecl4

rrocneAyroqefi TepMl4tlecrcofi lloJll4Mepuzaryuefi vI

orrl4qaroqero efo or rlpeAno)KeHHbIX paHee;

3) s rJIaBe 2 Al{ccepralll4oHnofi pa6oru He orILIcaHa

III,IToroKcL,IrrHo err4 Soroxararr4THLtecKI{x HaHoKoMrro3I4THbIx

npeKypcopoB c

KpI4craJI tuzaryvtei1

MeroAI4Ka oIIeHKpI

Marepua[oB Ha

ocHoBe oKcrrAa rIr{HKa, cyrlr$uAa rIraHRa v rpaSzronoAo6Horo HHTppIAa yrnepoAa;

4) B rJraBe 3 HccneAylorcr rrJreHKrr ZnO, nerl{poBaHHble HI{KOJIeM vr

ro6anrroM, rlpu STOM crerreHb nefllpoBaHlrf, ycraHoBJIeHa JIrIrrIb KarrecrBeHHO - Ha

ocHoBagfglu aFlalfi43a crreKTpoB KP, Anf, KoJIHqecrBeHHoro alg.a[rli.3a cneAoB€ulo

rrpoaH€rJrurupoilarr crpyKTypHbre rrapaMerpbr, nonyqeHHble MeroAoM xRD, TeM

6oree qro cor4cKareneM [onyqeHbr coorBercrBylouue peHTrcHorpaMMbr. B fnaee

7 TaKxe He rrpeAcraBJreHo y6egvtreJrbHbrx sKCrIepnMeHT€UIbHbIX AaHHbIX O

KoHueHTpa\vrv nerupyroqefi rpuMecr4 - HLIKeJI' u xo6alrra (n reKcre yKa3aHo,

rrro ((KoHrIeHTparIHs rco6albra... Hr4xe rryBcrBI{TeJIbHocrI'I ucrroJlb3yeMoro MeroAa

EDX)).



5) B rJraBe 4 rrpra o6cyxAeHnr4 MarHr.rrHbIX cBofrcrB HaHoKoMfIo3IaroB

ZnOA{iO orcyrcrByer aHaJrLr3 [pHrruH nOrBJIeIj'I1Ifl, HaMa|HLITTeHHOCTH B

oroxlKeHHoM MarepuaJre)rrpu oroM yKa3aHo qro (... TeMreparypa Kropu -98 oC,

I.ITO B IIEPBYIO OqEPCAb CBfl3AHO C IIPUCYTCTBI'IEM MCTAIIJII4IIECKHX IIACTIII

Hr4KeJrfl) (cne4yer orMernTb, rrro reMrlepurypa MarHI4THoro nepexoAa

MeruuIJII,IqecKo f o H I,IKeJIS co craBJIf, er -3 6 0 o C ).
6) rpu aHaJfi43e reKcaroualrsofi crpyKrypbl B reKcre 14 Ha pl{cyHKax

r4crroJrb3yercfl pasnufi THrr 3arrrrcu pIHAeKc a\uvr pe$nercoB (3 -* vr 4-x

KoMfloHenrsufi), uro 3aTpyAHfleT BocrIpH flTlae TeKcTa.

7) B TeKCTe AHCCep rarp4r4 HeCKOJTbKO pa3 yKa3aHO? t{To xllMHqecxufi

oJreMeHT Mg rpr{HaAJrexfl4T K [oArpy[re [epexoAHblx MeTEUIJIoB' xorf, Mg

f, BJrf, ercfl uIenorrHo3eMeJIbHbIM SIIeMeHTO M'

g) na pr4cyHKax 3.5 14 3 .6 He rrpHBeAeHbr rrI4CJIeHHbre 3HaqeHrfl Ha

BeprI{K€uIbHbIX ocf,x rPaQnrcon.

oAnaro cneAyeT oTMeTfiTb, rrTo yK€BaHHbIe

o6qyro roJloxl4renbHyIo oIIeHKy AlaccepTa\vrvr,

BbI 3bIB aer rlp I4HIII,IIu a[bHbIX B o 3p a]Ke sufi '

3AMETIAHI/rfl. HC BJILIflIOT HA

coAepxa:nue roroPofi He

1.0. 3an"nrcrreHl're
Ilpe4craBJreHHbre B Ar4ccepralrl4oHnofi pa6ore rly6enro E'B'

<ooprr,u4poBaHne v ceoficrBa HaHoKoMrro3r4THbIX Marepu€uloB Ha ocHoBe oKcvrl.a

rIr4HKa)) pe3ynbrarbr rro3BoJr vrrrrr pelrrnTb KoMnJIeKcHyro upo6neNny B orpacnl4

HaHorexHoJroruit u HaHoMarepn€uroB B gneKTpoHrrKe u SoroHI'IKe, cocroflIqylo B

paspa6orKe Sr,rararo-TexHktrreeKux [plrHrlr4rroB, 3aKoHoMepHocrefi LI MexaHut3MoB

[poqeccoB llonyq€ Hr4fl, HaHoKoMrro3r{THbrx MarepuaJloB B BHAe TOHKLIX TIJIeHOK I4

o6reunrrx crpyKTyp Ha ocHoBe oKcr,rAa uHHKa, BKJlroqaroq[x ApyrI'Ie

nonylpoBoAHr4Kq, Merq:rrnbr, oKcr{AbI MeruuIJIoB I{ arr,rop0nrtfi yruepoA, MeroAaMLI

xI4MI,IqecKofo rl4AporepMaJlbHofo, 3neKTpoxl,IMllalecKoro' 3oJIb-reJIb 14

[[pon6Tl,rqecKoro ocaxAe :n:afl.) 14 ycraHoBJIeHI4I'I vrx n'ropSoJIorI4rIecKLIX'

olrr{qecKprx, gneKTpo6ueuuecKLtx 14 $ororar aJfi4TvIqecKl/tx csoficrs'

llpaxlaqecKafl 3HarrrrMocrb rIonfreHHbIX pe3ynbraroB rloATBepxAaercfl

co3AaHHbrMr4 c IacIIoJIb3oBaHI'IeM ycTaHoBJIeHHbIX IIpI4HIII4IIOB

cBeroqyBcrBr{TeJrbHbrMr' crpyKTypaMr{, Jrrol,runosopaM'' soroxar€url'I3aropaM' I4

agru6aKTeplr€urbHbrMr4 troKpbrrr4flMkr. BrrsoAH Vr ocHoBHbre fIOJIOXeHr4fl',

BbrHocuMbre Ha 3arrluTbr, oluparorcfl. Ha aH€uIH3 u o6o6ueHl4e MHoroqLIcJIeHHbIX

gKcrrepprMeHT€urbHbrx 14 pacrrerHbrx AaHHrIX, flpeAcraBJlf,rorcfl o6ocsoBaHHbIMI{'

lbcrosepHbrMr4, apryMeHrHpoBaHHbrMlr, He . rlporllBoperrar cylqecrByroul4M

$uruuecK'M rlpeAcraBneHl{flM vI ocHoBaHbI Ha LIcrIoJIb3oBaHI4I'

B3a'MoAononHf,rorrlrax coBpeMeHHbrx MeroAoB LIccneAoBaHI'Ifl' rlpu I{3Jro}KeErrv

Marepr4 aJra pa6oru ucrroJrb3oBaH crporufi vr qcH'fi uayuuufi fl3blK c

PI C TI O JI b3 OB AHI'IC TT'T O 6 TTI E11P I,IHfl T6IX TEP MI{H O B'

14: yu e uu e c o A epl1aHprfl Ar4 c c ep r a:|lz lkr ) aBrop e S ep ata u uy6l urcawit'-aBr op a

I Io3BoJ I f l eT3aKI Ioq r [ {Tb , I IToA I4ccepTa I IHoHHaf l ' pa6o ragy6er r roEgreH laq

Bopuco B[{q{a (nuuorHeHHafl rroA pyKoBoAcrBoM Har{Horo KoHcynbraHTa AoKTopa

Qururo-MareMar'rrrecKax HayK, npoSeccopa BopuceHKo Burropa EsreHbeBl{qa -

7



rpo$eccopa ra$e4pbr MHKpo- r4 HaHooJIeKrpoHvIRH EfyI{P), trPeAcraBJlter co6ofi

3aBepruenHufi uayrHufi rpyA, orBeqaer BceM rpe6onaHu.f,M BAK Benapycu,

npeAbflBJrfleMbrM K AoKTopcKr4M AllccepralluflM B orpacnu $usuxo-
MareMarr{qecKr{x HayK r{ coorBercrByer nn. 20 u 2I iloloxenr4fl, o rIpI4cyxAeHI4H

yrIeHbIX CTerIeH efi u ilpIICBO eHr4I4 yrIeHbIX SeaHlafi.

Anrop Ar{cceprarluoHHofi pa6oru r{y6enro E.B. 3acny)KuBaer

rrpgcylKAeHrar yueHofi crerreHra AoKTopa Suruxo-MareMarvqecKktx HayK 3a HoBbIe

HayrrH o -o 6 o cuoB aHHbI e pe3ynbraTbl, BKrroqarcIrlue :
- ycraHoBJreHrre 3aKoHoMepHocrefi vr MexaHH3MoB SopuupoBaHplfl

ToHKolJreHoqHbrx norprrrufi u3 nerlrpoBaHHoro H HeJlerzpoBaHHoro oKcI4Aa

rIr{HKa x[Mr4rrecKlrM fHApoTepManbHbIM MeTOAOM C LIC[IOJIb3OBaHI4eM

3apoAbIIIIeBbIX cJIOeB Co6crneHHOfO OKCIAa ULIHKa;
- ycraHoBJreHr.re 3aKoHoMepHocrefi u IpLIHIII{IIOB llonyqelHr4fl. uorpurufi c

BbrcoKofi y4elrnofi flnoqaAbro rroBepxHocrrl LI3 HaHoKoMrIo3rITHbIx MarepI{€LIIoB

Ha ocHoBe oKcr{Aa Ur4HKa ,r4 oKcHAoB HI4KeJIf,, ro6arlbra r4lrvr MOAI'I

SIeKTpOXLIMLIqeCKLIM MeTOAO M ;
- pa3pa6orry MoAenu roKorrepeHoca B MarpI4IIe ropucrofo KpeMHHf, B

llpoqecce sneKTpoxHMr4rrecKofo ocaxAe ]Hufl, B Hee oKcHAa IITIHKa, rro3BOJItIOUefi

rroBbrclrrb roeSQurIHeHr 3anoJrH enr4fl, nop nopucrofi MarpI{IIbI oKcI4AHbIM

ronyilpoBoAHI{KOM;
- pa3pa6o6y H ycraHoBJreHr4e MexaHLI3Ma oAHocr a[uitHoro SopMupoBaHr4s'

3oJrb-feJrb MeroAoM HaHOKOMfrO3r{THbrx MarepI4aJIOB Ha OCHOBe OKCLTAa IILIHKa I4

arr,rop$noro yrnepoAa, o6laAaroulux BbrcoKHM xosSSuqrIeHToM rlorJlolqelJvrfl' Lr

SororaraJll{Tl,Iqecrofi eSS emIlBHo crbro ;
- p a3p a6 orry. u ycraH o BJr e Hr4e M exaHr43Ma oAHo cr aguiruoro $ op MHpo B aP'krfl

ru{ponurr{qecKr4M MeroAoM AByX- vr Tpex KoMTIOHeHTHbIX HaHOKOMTIO3pITHbIX

Marepr4turoB Ha ocgoBe oKcLrAa rII{HKa, cynr$u4a IIHHKa u rpa0nrouo4o6Hofo

Hr4rpr{Aa yfnepoAa;
- ycraHoBJreHrae orrpeAenf,rorqefi ponn rroBepxHocrHo-cB.f,3aHHblx gKcLIToHoB

B nporBn e1r4r4 $oronroMlrHecrleHrlr4r{ B o6racru 6luxnero ynbrpa$noneroBoro

r43nyqe ;glvrfl. rrpu KoMHarsofi TeMrreparype B rloKpblTvrflx) cocrotlrlHx vr3

HAHOIIACTI4II OKCI4AA III'THKA, IONYqEHHbIX 3OJIb-fEJIb METOAOM;

- ycraHoBJreHr{e MexaHr43MoB, orBerraroilIux 3a crleKTpalrnufi cocraB

$oronroMHHeCrIeHrIr4H HaHOKOMfrO3r4THbrx MarepI{aJIOB Ha OcHoBe oKcI4Aa uI4HKa'

cylrsuaa qr,rHKa vr rpa$nrouoAo6Horo :nr4Tp:ara yrnepoAa, o6ecnerrl4Baroulux

yrlpaBneHlle UBeToBOfi reunepaTypofi LIX cBerlelrvfl;

ycraHoBJreHr4e 3 aKoHoMepHocrefi Id3MeHe lar4s. yAenbHoro collporr4BlreHr4fl'

uorprrrufi oKcr4Aa rIr4HKa, $oprr,flapyeMbrx MeroAoM xl{Ml4qecKoro

rr.rAporepMurrrbsoro ocax(Ae Hvrs, Ha 3apoAbIIueBbIX cJloflx co6creeHHoro oKcLIAa

rIHHKa, B 3aB4cr4Mocrr4 or KoHrIeHTpaIIuu I{oHoB nerHpytoqefi [prIMecI4 14

rrp o A o DKI4Te JI bH o c rI4 tlp o q e c c a o c ax AeH.vrfl;
- pa3pa6orry rroAXoAoB K co3AaHr{ro SororcaralrvITr4tlecKl{x norpurufi r43

HAHOKOMIIO3I'ITHbIX MATEPI{AJIOB HA OCHOBE OKCI{AA III4HKA' BKJIIOqAIOUUX OKCI{A

MeALr, avrop$nufi yrnepoA r4rrvr rpa$uronoAo6nufi HLITpHA yrnepoAa'

o6naAarou[x rroBbrrrrennofi Sororar ail4Tr4qecrofi aKTI4BHocrbro IIo cpaBHeHLIro c



aH€urorr{rrHblMpr rroKpbrruflMvr vr3 6ecnpuMecHoro oKcHAa III,IHKa I/Jru

rpa$urono4o6Horo HLIrpI4Aa yrnepoA&,
qro B coBoKyrrHocrl,I no3BoJIHJIo peruplTb KoMrIJIeKcHyro npo6neN'ry B

orpacng HaHorexsororufi 14 HaHoMarepr4anoB B gneKTpoHI4Ke u SoroHuHe,
cocroflulyrc B pazpa6orKe Sueuro-TexHlrqecKrax rIpHHIIHrroB nonyqeHvrfl' H

llcfroJlb3oBaHl4tr HaHOKOMTTO3I4THbIX MaTepH€UIOB B BHAe TOHKLIX TIJIeHOK 14

o6leuuux crpyKTyp Ha ocHoBe oKcHAa III{HKa, BKJIroqaIoUI4x ApyrHe

lolynpoBoAHr4Kr4, MeruurJrbr, oKcr4Abr MeTzLIIJIoB pI avrop$Hrtfi yrlepoA, MeroAaMI4

XIIMHTIeCKOTO fHApOTepM€UIbHOfO, sneKTpOXHMHTIeCKOTO' 3OJIb-feJIb vI

luponr4Tl4r{ecKoro ocaxAeHlar, ycraHoBJIeHVvr r4x rraop$olofHrrecKllx, orITI4rIecKI4x,

oneKTpoSr,rsrauecKr{x ra $oroKariur[Tr,rqecKr4x cBofictn, a raK)I(e HX rIpaKTI'Ir{ecKoe

rroATBepxcAeHlre rryreM co3AaHr,rfl cBerorryBcrBLITeJIbHbIX crpyKTyp,

JrroMHHo S opo n, S oro x ar aJwr3urop oB u arrrvlaKrepnallbHblx no rcpurufi .

Orgrre orrrroHlrpyrouefi opraHr43ar\vrr4, rloAroroereHHsrfi sKcrleproM,

BeAyrrIr4M HayrrHbrM corpyAHI,rKoM, AoKTopoM Susnxo-MareMarl4rrecKl4x HayK

TpyxanoBbrM A.8., Ha3HaqeHHbrM rrpnKa3oM or 01.1 1.2023 roAa J\b3 1,

paccMorpeH pr yrBep)KAeH Ha HayrIHoM co6panrau |HIIO (HltrI HAH Eelapyclt

ilo Marepr{€uroBeAeHr4ro)) (nporoKoJl or 4 gera6pr 2023 roAa Nll), Ha KoropoM

cor{cKareJlb 9y6eHxo E.B. BbIcryrII'IJI c AoKnaAoM.

Ha sac e p.alnr4la rlplacyrcrBoBiuln :

Bcero 29 qeroBeK, H3 HHx - 6 lorropa u 17 KaHALIAaToB HayK.

Pesynrrarbr orKpbrroro foJrocoBalF'nfl, [pr4cyrcrBoBaBIIrI4X Ha 3ACeI.aHIdr4,

KOTOpbIe pIMeroT r{eHble cTeIreHLI:
((3a)) - 23, <<nporl4B) - 0, ((Bo3Aep)K€uII4cr> - 0.

Ilpe4ceAarenb HayqHoro c o6p anvrfl',

3aBeAyroulufi I a6 oparof u efi o Kc I4AHrIX M arepu€Lll oB

AoKTop Su:uro-MareMaruqecKl4x HayK .B. Kapnulncrcult

Srcnepr,
BeAyIrIHfi nayuurtfi coTPYAHI4K
ra6oparoputl Qusnxu MaTHHTHbIX fIJIeHoK,

AoKTop Susuro-MareMarnrrecKl4x HayK . TpyxaHoB

Cexperapb HayqHoro co6Pauut,

3aBeAyroulufi la6oParoPuefi

$usurua MaTHHTHbIX MarepI{aJIoB'

KaHA[IAar $urnKo-MareMarurlecKux Ha

./

A.JI. Xeny,uKeBI4rIYK

no 3AqaTe
,[Hccepta|lnf, IIPI|
o-C5-u lDClao /<2,4/eh Oe. /2. ) ?
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