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oO14uflanbHoro onrroHeHTa

Ha lliccepraur-roHHylo pa6ory Encra$ueeofi Mapr.ln Baculseausr

<flepcrerru nH [,te Marepuanbr Ha ocHoBe HaHocrepxHei.r orcu4a quuxa:

ra:oQasHrri.r czHTe3, nerlipoBaHue u V@ ceHcopubre cBofrcr a)), npeAcraBneHHylo

Ha coucKaHue yrreHofi creneHr4 KaHAr.rAara $rasuro-lrarevarrlqecKllx HayK no

cnerrr4 a!'rbHocru 05 .27 .01 - TBepAorenbHa;r 3neKTpoHxKa, paAr4 o3JreKTpoHHbre

KoMrroHeHTbr, MHKpo- 14 HaHo3neKTponuxa, nplr6opbr Ha KBaHTomrx :Q$errax

luccepraquoHHar pa6ora EecraSreeoii Mapuu Bacu:rteeHrr nocBruleHa

lonylreHHrc u HccIeAoBaHHlo HoBbtx MaTepuaJroB Ha ocHoBe HaHocTepxHefi

oKcuAa rlrzHKa, B ToM r.ruc;re KoMno3nqnoHHbtx crpyKTyp ZnOlMgO runa ((qApo-

o6ono.{Ka)). Marepualst Ha ocHoBe HaHocrep)r(Hefi orccIz4a qr4HKa crll4Talorct

oAHr4M!r r.rg sau6o,tee nepc[eKTHBHr,rx nonynpoBoaHltKoBbrx Marepua-r'IoB B cBr3lr

c rxHpoKI4Mr4 BO3MOXHOCT'MII npI,IMeHeHXt B OITO3.,'IeKTpOHUKe,

nbe3o3JleKTpuqecKo Il ceHcopHofi TexHIzKe. lnx cos4anraq HoBbIX noro,reHui

ycrporicrn Ha ocHoBe ZnO Hy)nHbr BbrcoKoKar{ecrBeHHbre HaHocrpyKTyp;r

onpe4e.neHuofi Qopvsr c HH3KtlM ypoBHeM ge$erron. llo:rol.ry peqeH3HpyeMat

pa6ora npelcraBJrrrerca coepeuennotZ n

[uccepraqz.r M.B.EecraQreaofi

3aKJ'IIoLIeHH.rr H crrucKa ncnols:yevofr nr4Teparypbr uz 1 14 Haul,renoeaHzfi.

O6ruuil o6t,eu gzcceprauurl I l8 crpaHzu, BKnroqar 62 pucyuxa.

Bo eeeAenun o6ocnoeaHa aKTyalrbHocrb reMbr LIccJIeAoBaHI4.q, r{erKo

cQopuynrzporaHbr ueJ'rr4 v 3a!.a9.u pa6orbi, MeroAbr u o6:sexrr,r [ccreAoBaHru,

I,l3J]O)+(eHO ee CoAepxaHl4e, nor(a3aHLI Hayr{Hat HoBr43Ha I4 npaKTl4r-tecKat

TIeHHOCTb, npl4BeAeHbr noJIoxeHut, BbrHocLlMbIe Ha 3aIIItTy.

B nepeofi rJraBe [peAcraBreH o6aop uayvnux pa6or, nocequeuHr,rx

cBor.rcrBaM, Me1'oAaM noryqeHut t1 JrefrpoBaHufl oKcvra uzuxa. OrAe,rluo

paccMorpeHo BIruAHue Y(D o6nyueunr Ha 3neKTponpoBoAHocrb ZnO u onucaur,t

axrya,rrHofr.

cocToI4T 143 BBeAeHI4q, rrf'rn fJraB,



npHMepbr npuMeHeHr.rr HaHocTepxHer oKclrAa rlHHKa

rryBcrBurerbHoro 3reMeHTa YtD ceucopoe.

Bo eropofi r,raBe AaHo ontrcaHue 3Kcnepr4MeHTanbHbrx MeroAoB

nonyqeHur, rerupoBaHr4q rr anarlz.3a vccneAyeMbrx a pa6ore uaHocrepxuefr z

nneHoK oKct4.4a unHKa. [,u cnure:a 14 J]erHpoBaHI4l e pa6ore ncnojrb3oBaJTrl

ycraHoBKy xuMtzlrecKofo ra:oQa:uoro ocaxneHur c aByx3oHHbtM KBapueBbrM

peaKTopoM npo roqHofo 'L'una. Cnegyer orMerhrb, r-rro Anr xapaKTepr.i3arlr4r4 t4

zccneAoBaHr4r nonyr{eHHblx MarepI4aJToB trp}rBJleqeHo 6oltrrroe qt{cno

coBpeMeHHr,rx MeroAoB, Taxrlx KaK 3neKTpoHHar MuKpocKonr{r, Soro_ u

KaroAolrloMuHecrleHrlur, KP cnexrpocxonr4r, peHTfeHocrpyKTypHbl h aaanuz u gp.

Onltcaua MeroAr{Ka I,I3MepeH}It ceHcopHbrx xapaKTepl4crtrK MaccvBoB

nauocrepxHefi ZnO.

B rperseil r.,raBe npuBeAeHr,r pe3ynbrarr,r t4 ccJleAoBaHuh srusuns yc,roeuii

cuHre3a ua Qopvy HaHocrep)KHeir o cuga uHHKa npu caMoKarantirr.rqecKoM

raodra:Hov o{HTe3e v3 ?reMeHToB. B Hacrolqef pa6ore BnepBbre

lpoleMoHcrpHpoBaHr,t Bo3Mo)i(HocrH ueneHanpaBneHHoro ynpaBneur,rr $opvofi
pacryrrll4x HaHoKpr4cra,{Jros. VcraHoereHo, rrro cKopocrr, pocra HaHocrepxuefi

ZnO onpege:rqercr coorHorrreHr4eM pacxoAoB urzHKa rr Kr4cnopo.qa. Llccnegoaauut

[o;ryqeHHbrx HaHonpoBonox ZnO c noMou]bro MeroAoB :lexrponuofi

B KAI{CCTBC

MrzxpocKonur4, Qoro- ri KaroloJlroMr-iHecrleHrlr.rr4, peHTfeHoBcKoit guspax\uu u

xHMliqecKofo aHalu3a rloKa3a-[u, rITo oHI.i

MOHOKpHCTaIIaMH C MaIrr,IM COAepXaHUeM

cTexlioMeTpHq ec KfiM cocTaBoM.

3acnyxvBaer r4HTepeca sosui cnoco6 no,ryveHul reKcrypnpoBaHHr,rx

n,rdHox :a cqdr nareparrbHofo pocra HaHocrepNueii Znc) e oguu aran. Eonluau
npeL'r MyulecrBoM Merora tBnrerct ro, qro nJleHKIt UOryr 6rrrr Bbrpa IeHLI Ha

pa3JrlIqHbrx noAnoxKax, B ToM rrl4cne, Ha creK,rltHHbtx. VcraHoueHo, rlro nlenxu,

nonyqeHHr,re AaHHbtM MeTOIOM, IeMOHCTpupyroT BbrcoKr4e 3HarreHH.q

3neKTponpoBoAHocrr4, xapaKTepHbre Inr nervpoBaHur,tx n,rduor ZnO. Auatuz

coBoKyflHocrl'i 3KcnepI4MeHTanbHLIX pe3ynbraroB Aaer ocHoBaHue noJlararb, qro

qBI'IOTC-f,

ACQCKToB

BbICOKOLIUCTbIM14

u xopolxr.rM



ocuoBHbrM Saxroporra, nprzBoArulr.rM K

z:6lrro.rHrrii LIr{HK, qro noATBepxAaerct

pocTy 3JreKTponpoBoAHocTr.i, flBnfleTcfl

cooTHorrreHr4eM 3neKTponpoBo.qHocTH r4

HopMI{poBaHHoil nonocLr 1I") npu 1 50.5 cnr-l n KP cuer<'r'pe.

peurreHoecrol

flqrarr

xapaKTepr-icTrlr(

ceHcopHbre xapaKTepr.icTr4KH HccnelyeMbrx cTpyKTyp.

pa3Aena rBttrterct y6egzrelluoe Aor{a3arenbcrBo

uauocrepNuefi ZnO AJrr co3laHr4r HaAexHbrx,

r.r3roroBreH H ceHcopoB V(D urny ueurzl.

B uereiproii r,rane 6ulu fipoBeAeHbr t4ccre oBaHr4q no noryqeHuro

rz6pugirslx MareppiaJloB Ha ocHoBe ZnO u MgO, n pe3yJl[,Tare Koropbrx

lonyqeHbr r4HTepecHr,re u npaKTr4qecxu BaxHbre pe3yJrbrarbt. lll lerupoaauun

oxcHila uuHKa Mat'H eM ucnoltb3oBarx nBa Mel'ora. fleper,rii MeroA 3aKIIoLIae'fct

e o6pa6orxe paHee cr4 HTe3HpoBaHH[,tx MaccHBoB HaHocrepxHeit napatm MarHuq.

IloraraHo. qro flocneayrcLuufi orxl.l r Macc BoB HauocrepNHefi Ha Bo3nyxe lph

550"C npunogzr x o6pa:oeaHHro r.iepapxr4r{ecKr.tx HaHonpoBollorrHbrx crpyKTyp

MgOlZnO. Bo BTopoM cJryrrae o6pa:qu nolyLrajrlt c r4cnoJrr,3oBaHr4eM

paspa6orauuoro MeroAa ra:o$a:Horo cr4HTe3a rrpu coBMecrHoM r4crrapeHltrl

Merannnr{ecKl4x rlHHKa H MarHvs,. B pe:yltrare 6tt,rz lonyveHbt KoMno3r4THr,Ie

crpyKrypbr rnna agpo-o6oroqKa ZnO-MgO, rlro noArBep)+(Aaercr AaHHbrMr.t

gzQparurzz, KP cnexrpocr< orrLltl Lr KaroAotrloMr.iHecueHu1414.

rJra Ba nocBtuleHa r{ccJ'IeAoBaHHIO OCHOBHLIX CeHCOpHr,rx

rraljocrepxHeii oxcuAa uNHr(a. flpoAeMoHcrpr.rpoBaHbt ceHcopHbre

crpynrypl,] Kar( Ha olr.lHoqHbrx HaHocrepxHqx, TaK r4 Ha Maccr4Bax ZnO. Vlzyueust

ocHoBH;re napaMerpbr HaHocrpyKTyp ZnO p.ns, r4cno,ub3oBaHlrq ux B KaqecrBe

r.ryBcrBr4Te,[bHofo 3JleMeHTa V@ ceHcopa. flpone4euo cpaBHeHr4e ceHcopHbrx

xapaKTeprzcrr'Ix nn€nox u MacchBoB HaHocrepxHefi ZnO. flora:aHo, rtro Maccu Br,r

uauocrepxHefi ZnO o6la4aror cyulecrBeHHbrMn nper4MyqecrBaMr4 (6olrrlral
r.ryBcrBuTerbHocrb, Mtutoe BpeMr orKnlzKa H BoccraHoBJleHut) no cpaBHeHLIlo c

flJ'lerrKaMr.i trpH r.lc noitb3oBaH u t4 B KaqecrBe VO ceucopoe.

I4cclegoeaHo BJ'uirHr4e orxufa ri eo:Aeficreuq eraxHofi arl,locdeorr sa Y(D

f,ragHrrNa I.rrof oM AaHHof o

npHMeHuMocTr.r MaccLIBoB

AeIIIeBbIX U npOCTbIX B



14, saxoHeu, B pa3rene BbrBoabr cyMMHpoBaHbr pe3ynbrarbr npoBeAeHHbrx

uccre.aoeaHzfr.

llo rercry Ar4ccepraur,rn r4Meerc-fl HecKoJr;Ko gaMe.raHr4ft :

1. flpu paccMorpeHlrv MexaHIz3Ma pocra HaHocrepNHeft ZnO awop

epeqacr.ser 6oluuoe uuc-rro SaxropoB, Bnu.sloulux Ha xapaKTep pocra. B cBr3H c

3TtlM Bo3Hv Kaer Bonpoc, HacKoJIbKo Bocnpolt3BoAl4vofr serqercs [peAcraBneHHat

MeTO_[V Ka.

2. L4z :et<cra ruccepl'arlnri He coBceM noHrleH MexaHu3M BToprzr.rHofo

o6pasoeanlln roHKr4x HaHo[poBo,'loK Ha noBepxHocru HaHocrepxueir ZnO npLt ux

o6pa6orxe B flapax MarHur.

3. B uacroqqee BpeMr pa:pa6orauo 6orruoe qucro V@ ceHcopoB. Arropy

cneAoBaJro obr ooJree noApooHo oocy,ur.rTb, nper.rMyrlecTBa 14 HeAocTaTKH

nperroxeHHoro V(D uyncrsureJrbHofo MarepHaJra.

B uerov, Aaccepraur.roHqaq pa6o'ra Eecradseeofi M.B. ouu.{aercq

ooJrbrrJHM o06eMoM HccIe.AoBaHHofo MaTepHana, HanI4caHa noHTTHLIM r3btKoM,

TeKcr conpoBoxAaercr 6olrruvn Ko;ruqecrBoM ra6rurl u pucyHKoB, r4

rro3BoJrneT c.{eJIaTb BbIBoa o ToM, r'ITo frocTaBJleHHble Ilenu a 3a4a'ql4 pelxeHbl Ha

BbrcoKoM ypoBHe c r{crroJr b3oBaH14 eM coBpeMeHHoFo 06opyAoBaHar. a

no,'lyLleHHbre pe3ynr,TaTbr .sBr.sloTc_fl HoBbrMH H npeacTaBnt]oT tlHTepec, KaK B

HayqHoM, TaK r,r B npaKTI,IqecKoM [IaHe.

AeropeQepar Arrcceprarll4r4 noJrHocrbro coorBercrByer ocHoBHbrM

noroxeHI4qM, x3JroxeHHbrM B ArrccepraUuu. Marepua,rr,t zccreAoeauufi

ocBelrleHbr n pe$eprzpyeMbrx xypHaJrax rr AoJroxeu;r Ha KoHQepeHrlurx, qro

noATBepxaaeT rrx locToBepHocTr,.

Hecnorpl Ha 3aMeqar-rnq, Moxrlo aarL BbrcoKylo oLIeHKy .quccepraurzn no

aKTyanr,Hocrr4 elr6pauHoh reuu, o6levy npoBeAeHHbrx r.iccreAoB auuit, ux

HoBH3He 14 ypoBHro frocraBJreHHblx 14 peIIteHHlIX Hayr{HbIX sagau. Pe:ylr,rarr,l

.qt4cceprar lr{r4 rrpeAcraBJlt}or uecolrgeuHr,ti l4HTepec AJlt MHofIlx cnelll4arl4croB,

pa6orarorunx e srofi o6,'racru.



.{uccepraqn.a r.r aeropeQepar EecraQreeoil M. B. <llepcnexrunuue

MarepHan6r Ha ocHoBe uaHocrepNnefi oKcrrAa quuxa: ra:o$a:uui cuure:,

nerupoBaHu e rz Y@ cescopHue cnoicrBa) yroBnerBoprlor rpe6oeaHuxu,

npeAt.sBnreMulr BAK K KaHrr4rarcKnM Ar,rcceprarrr{rM, a raKxe nacflopry

cneuuanbHocru 05.27 .01 - TBep,qorenrHar gneKTpoH Ka, paAr4ogJreKTpoHHbre

KoMrroHeHT;r, MHKpo- u HaHogneKTpoHl,rra, npu6opbr Ha KBaHTonux eQQexrax, no

EncraQreea Mapur Bacumeeua, 6eayc,roeuo,

yueHoi creneHr4 KaHArrAara Qraszr<o-

cneuaa-nbHocrr4 no cneuuarbHocru 05.27 .01

paAHo3neKTpoHHbre KoMnoHeHTbr, Mr.rKpo- u

KoceHrosa T. B.

32, r. HepnoroJroBKa, npocneKr

1^fryHKTy l. a ee aBTop.

3acnyx14 BaeT flpucBoeHuq

MaTeMaTU qecKr.rx HayK |lo

TBepIOTenLFrar 3ner('rpoH14Ka,

HaHo3neKTpoHr,rxa, npn6opu Ha KBaHToBETx :$Qerrax.

OSnur.ranrusrfi onnosesr

Bopogan Aner<cefi Blaguuzpoeuu,

AoKrop rexH. HayK,3aM. AzpeKropa no nayuHofi pa6ore,

Harra!'r b H14K oTAeIa Tex HoJIof urr pocTa KpHcTaJr JloB r.r

HoBr,rx Marepua-noe (DfYfl 3rcnepuueHra.,rrHuil rano4

HayrrHoro npu6opocrpoeuur co CnequarrHLrM

KoHcrpyKropcxuv 6rcpo PAH

floAnircr Eopo4rana Alexces B

Haqa:rr,nnx or.4e;ra xa4poe (D

27 .03.2017 '?
''.?4Arpec: @fYlI 33AH Mocxo

Araaeuura CeN.reHoea, a. 9

TereQoH: 8 (49652) 7 -35-92

e-mai I : borodi n@ezan.ac.ru


