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AHHOTAIIUA

KyMBICTBIH :KaJnbl cHIATTAMAacChl. JlUCCepTalUsIIBIK >KYMBICTA OKCHITI
majia OTKI3TIIITep HETI31HAC HAHOKYPBUIBIMJAIFAaH MaTepuajjap ajbIHAbl >KOHE
3eprTenal. JKyprizuireH 3epTreyiep HOTHKECIH/Ie HAaHOKPUCTAIIBIK II1ajia ©TKI3T1IITI
MaTepHraiapabl ra3aplk  (asanblK  KOHE  TUIPOTEPMAIBIK  OICTEPMEH
CUHTE3/CY/IIH a3 IIBIFBIHABIK omicTepl eHaenAl. CUHTE3 MPOIECCIHIH €H KOJanIbl
napaMeTpiaepl aHbIKTanAbl. [a3ablK (azayiblK CHUHTE3/I€ KOMIPTEK HET131HJer1
KaTAJIMTUKAIIBIK KaOaThIH XOHE THAPOTEPMAIBIK CHHTE3 Ke3iHae ZNO eHuenTeH
Ka0aThIH KOJAaHy apKbUIBI MOPQOJOTHICH OakpuTiaHATBIH Zn(O MHKpPO- KOHE
HAHOCTEPKEHEPIHIH PETTEIreH MACCUBIH ajdyFa MYMKIH €KEHJIIrl KepCeTuIl.
AJBIHFaH YJTIEP/IIH 3JEKTPIIK )KOHE ONTUKANIBIK KACUETTEP] 3€PTTEII].

3eprTey MaHBI3ABLIbIFbI. Ko yHKIIMOHAIIBI MaTepHaIaapabl alyaa TOMEH
IIBIFBIHIBI CUHTE3/ICY TEXHOJIOTHSCHIH OHJCY MACeNeCl KOINTEreH 3epTTeyIIiep i
Ha3apblH aydapajasl. MarepuanmapAblH KaCHETTEpiH JKOHE  KYPBUIBIMIIAPBIH
OackapyAblH KEH MYMKIHAITT HaHOKYPBUIBIMIAJIFaH MaTepuaagapAblH CHHTE31
Ke3iHJe, SFHM HaHOeNIIeMl alMakTa OalkaiaTelH emmeMal 3¢ deKTiiepaiy
apKachlH/Ia COHBIMEH KaTap Marepuaid KacueTiHe O€TTiHIH YJecl ocepiHeH
TYBIHJANTbI. MBIpBIII  OKCHJII JKOHE Cyiabdual, KaaMUH CyIbOHUIl CHSIKTHI
HAaHOKYPBUIBIMJIAJIFAH  MaTepHayijap KYH JKOHE CyTeri  SHEpPreTHKAChIHIA
AIEKTPOHIBIK, ONTHUKAIIBIK, MATHUTTIK JKOHE TEPMOSJIEKTPIIK KYPBUIFbUIAPIA, OTHIH
JIEMEHTTEPIH/IC, aKKYMYJIATOPJIap/a KoHe T.0. KOJJaHy YIIiH KOFaphl MOTEHIINAJIFa
ue.

bip epekmieniri, MpIpbIII OKCHII — pYKcaT eTuiMereH 3oHachl keH (3,373B),
OeJiMe TeMrepaTypachlHa SKCUTOHHBIH YJIKEH Oailanbic sHeprusickina ue (60 MaB),
b PEKTUBTI yIBTPAKYITIH JIOMUHECICHIIUAFa ue Oipered (QPyHKIIMOHAJIBI IIaja
OTKI3TITI MaTepuaid. MBIPBII OKCHAIHIH HAHOONIIEM/I  KYPBUIBIMIAPbIH
KOJJaHyABIH  TEPCHEKTUBTUIINIH  €CKepreHne  OepuireH  KacHueTTepiMeH
KYPBUIBIMIApABl KypyJda OakpUIaHATBIH CHHTE3/IEY OJIICIH JKacay epeKIe
KBI3YFBIIBIIBIK TAHBITAIBI.

Mpeipbimn  cynb@uai  MPaKTUKANBIK — TUIMIUITT  OOMBIHIIA  JKOFapbl
KBIBBIFYIIBUIBIKKA He, oiitkeni o1 A'BY' To6GbIHIaFs MaTepraszapra sKaTaThIH IIaJa
OTKI3TIII OOJIBIN TaOBLIANbI, OHE PYKCAT €TILIMEreH 30HACBHIHBIH €HI ©6Te KEeH —
mamMameH 3.6 3B, Oys1 crieKTp/iiH YJAbTPaKYJTiH aiMaFblHa COMKeC Kesedl, COHbIMEH
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KaTap KONTEreH SJCKTPOHMBI KYPBUIFBUIAP/BI JKacayaa MaHBI3IbI MaTepran OOJIbII
taObutaabl, MbIicanbl CIGS (kaamMuii-uHIUN-TaIMA-CEJIEH) KYH JJIEMEHTTEPIHJIC
Oydepm kabar periHge. ZNS ONTUKAIBIK a0COPOLMSAHBI apTTBIPY KOHE pYKCaT
CTIJIMEIeH 30HAa eHiH KeMiTy yinH ZnO/ZNS TUIIHACTI TeTepOKYPHUILIMIApaa
KOJaHbUTaAbl. ZNS aiy YIIH Ka3ipri Ke3/le CUHTE3ICYAIH THAPOTEepMAabl dJIici
KApKBIH/BI 1aMyaa. MpIcalibl, KEHIT KETIM/I )KOHE TOMEH TeMIlepaTypaibl JIICIICH
TOJIFaH, COHBIMEH KaTap >KapTbulail cdepa TypiHIeri BIOPLUMT TOpbIMEH ZNS TiH op
TYPJl KYPBUIBIMIIAPBI CUHTE3MICATEH. bipak Ta, CHHTE3iH THAPOTEPMANIbI JJICIHIH
aKTBIK HOTHKEC1 TEXHOJOTHSIIBIK MPOIIECCTIH KONTEreH OomiekTepine OalIaHbICTHI,
COHJIBIKTaH OHBI KOJIJIaHYy VIIiH JKOHE >KAHFBIPTBUIFAH HOTWDKEEPl aly VIIiH
MPEKYPCOPJIAPABIH TYpl MEH CaHIBIK KYpPaMbIH MYKHST TaHAay KEpeK >KOHE
TEXHOJIOTHSUTBIK PEANMJICPIH OHJICY KaKeT.

CoHrbl Ke3Zepl KYH JKapbIFbIHBIH OCEpPIHEH CyJIbl EpITIHAIIEH CYTeriHi
dorokaTamuTHKAIBIK any yinH «ZnO HaHoctepxkeHaepi/CuO HaHOOOIIIEKTEPI»
KOMITO3UTTEPIH KOJJIaHy efdyip mepcrekTuBTi 6onyaa. CUuO HaHoOemmiekTepi Oap
ZnO HaHOCTEepKeHJepl HeriziHaer: kommno3utrep ZNO MeH calbICThIpFaHia
dboTOoKaTAMUTUKAIBIK OENCeHIUTIr eadylp xofapbl. COHIIBIKTAaH KOMIO3UTTEP/IIH
YKOFaphl KATAIUTUKAIBIK OCJICEHAUIr op TYpPJ TUITErl XUMMSUIBIK YKOHE Ta3fbIK
CEHCOpJap/bl KYpy YIIIH KOJJAHBUTYbl MYMKIH, MBbICQJIbI, KYKIPTTI CYTEKTI,
KOMIPTETiHIH MOHOOKCHI JoHe Oacka Ja 3arrapabl Tipkey yuriH. CuO/ZnO
KOMITO3UTTI MaTepUaIapbIHAa HAHOCTEPXKCHICPAETI AJICKTPOHIAPABIH  IIBIFY
AKYMBICHI 3(P(HEKTUBTI KEMH/I1, XKOHE IMUCCHUS TOThI 3 ecere eceil, OYJ1 epiCTI SMUTTEP
YIIIH MaTepuaapAbl TEPCIEeKTHBTI  KbIJIAIbI. KBaHTTBIK HYKTEZETi KyH
AIIEMEHTTEpl YILUIH, KOJI JKETIMJI >KOHE ap3aH KYH JJIEMEHTTEpIH jKacayJa >KoHE
onrodnekTponnkana komganyaa ZnO/CuO weriziHzmeri sapo-KaObIKIIA KYPBIIBIMBI
YJIKEH KBI3BIFYIITBUTBIK TAHBITAIbI

Conrbl Ke37epl KapamnaibiM THAPOTEPMAIIIIBI JKOHE JICKTPTYHIBIPY 9ICTEPIMEH,
COHBIMEH KaTap 3JIEKTPOHIBIK-COYJIIIK TO3aHAaTy d/iciMeH anyra 6onateiH ZNO/AQ
HETI31HeTT HAaHOKYPbUIbIMIap KeHiHeH 3epTrenyae. ZNO/AQ KypbUIbIMbI KOITETCH
OpraHUKAaJbIK  KOCBUIBICTap/la  KOFaphl  (POTOKATAIMTUKAIBIK  JIerpajanus
MYMKIHJIITIHE #e, Oy 3HWSH KaJAbIKTapAbl 3ajajChI3AaHAbIPy YIIiH KopIlaraH
OpTaHbl KOpFay >KOHE OKOJIOTHS alMarblHIa >KOFapbl cypaHbicka wue. ZnO/Ag
KOMITO3UTTEpl KOFaphl OakTepusira Kapchl Oencenaitikke wie. ZNO/AQ HeriziHzmeri
dboroaHoaTap  KoFapbl  (OTORICKTPIIK  CE3IMTAJABIKKA M€  JKOHE  CYIBIH
(bOTOMHIYKIIUSUTAHFAH bIJbIpay KaOlJIeTiHe ue.

OkcuaTi 1Mmiana OTKI3TIITEPAl JKOHE OJIAPJbIH  HETI31HJErl KOMIO3HUTTI
MaTtepuangapAbl  KOJJIAHYJbIH  TMPaKTUKAJIBIK  MYMKIHAINT  KeH  OoJraHbIHA
OallyIaHBICTBI OJIAP/ABI Ay SICTEPIH >Kacay >MOHE aJlbIHFaH YJTIEpiH KaCHUETiH
3epTTEy aKTYyaJIJbl OOJIBIT TaOBIIAIbI.

3eprTey 00beKTiCi OKCHATI TMMajia OTKI3TIIITEP >KOHE OJapJblH HETi31HJETi
KOMITO3UTTEPIH HAHOKYPBUIBIMAIFaH KabaTTaphl OOJIBIT TaObLTA IbI.

3epTTey HBbICAHBI — DJEKTPOHUKANA KOJJAaHy VIIH IMaja ©TKI3TIITI
HAHOKYPBUIBIMIAPIbIH KACHETIH 3epTTEY KOHE ajly oMICI.
JuccepTanmusijblK  3epTTeyAiH MakcaTbl — MOPQOJIOTHICH  OepiireH,

AIIEKTPIIK JKOHE ONTUKAJBIK KACHETTEPIMEH MaTepHalgappl ajlyFa MYMKIHJIIK
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OepeTiH OKCH/ITI I1ajia ©TKI3TIITepIiH HAaHOKYPBUTBIM/IBIK Ka0aTTapblH CUHTE3CY/IIH
OMICIH >Kacay. OCyaiH op TYpJil TEXHHKaJapblHA CAIBICTRIPY KYPri3y, 9p KalChIChIHA
ONTUMAJIABl PEXKUM TaHJay. AJBIHFaH VATUIEPIIH KAaCHETTEPiHIH OCYIiH
TEXHOJIOTUSUIBIK IIAPTTapblHA TOYEIUIITIH TaNaay. AJbIHFAH YATUIEPAl 3JEKTPOH/IbI
CKaHepJeyllll MUKPOCKONHMS, pamMaH Mallblpaybl, PEHTI€HII KYPBUIBIMBIK Tajjay,
aTOMJIBIK-KYIITIK MUKPOCKOIHUS OICTEPIMEH 3€PTTEY, KYTHUTY CIEKTPJIEPIH >KOHE
(bOTOMOMHUHECIICHITS, JIEKTPIIIK CUMaTTaMallapblH 3epTren Ouny. HaHokpuctanasl
mrajga OTKI3TIIITI MBIPBIII OKCHUIIHIH KOHE OHBIH HETI31HJErT HAaHOKOMIIO3UTTEp/Il
CUHTE3/ICYIIH TOMEH IIBIFBIHIBI 2 (EKTUBTI OICIH OHIILY.

3epTTeyaiH MeTOA0JOTUsJIBIK 0a3achl HAHOKYPBUIBIMIAIFAH MaTepUaIaapIbl
Ty 9JIiC1 TUAPOTEPMANIBI CHHTE3, Ta3/IbIK (pa3aibIK XUMHUSIIBIK TYHIBIPY 9IIC1, 3071b-
TeNIb OMICi, DIEKTPOXUMHUSIIBIK TYHIBIPY, BaAKyYMIBIK TEPMUSIIBIK TO3aHIATY JKOHE
Oackasiapbl OOJBIN TaOBLIABI

Bepisiiren 3eprreyaiH FbUIBIMH KAHAJBIFBI OKCHUJITI Iajla OTKI3TITEPAiH
MHUKpO- >KOHE HAHO IIaja OTKI3TIIITI KPUCTAIAbl YATUIEPIHIH OarbITTalFaH CUHTE31
YIIIH ©CYA1H TEXHOJOTHSUIIBIK IAPTTapbIH aHBIKTAY OOJIBIT TaObLIAIBI.

3epTTeyliH FBUIBIMH NPAKTHKAJBIK MaHBI3ABLILIFBL. OKCHATI Iajna
OTKI3TIIITEP/IIH albIHFaH KabaTTapsl acnan >kacayaa (JiroMuHodopIap, JeTeKTopiap,
KAPBIK JTUOATAPBI, OCHCHI3BIK DJIEMEHTTEP *KOHE T.0.) MaHBI3bI MaTepuan OOJIbIM
TaOBLIAJBI, JKYMCAK KOHE KbIMOAT €MeC KyH JJIEMEHTTEpIH, Jiazepiil JUOATapIbI
KacayJa KoJaliabl  KOJIJaHbicKa ue Oona  amaabl.  MBIpeIl  OKCHAIHIH
HAHOCTEPXKEHJIEPIHIH OIPTEKTI MACCHUBI KOHE OJIapAbIH HET131HJEr1 KOMIIO3UTTEP
ra3abIK ceHcopJiap OHIIpICIH/IE, OTITORJICKTPOH/IBI, MbE303JICKTPOHIbI
HAaHOKYPBUIFBLIAP/A, OPICTIK SMMHUTTEPJIEPIC, COHBIMEH KaTap KBAaHTTHIK HYKTEJEp
MEH OOSIFBIIITApA KYH 3JIEMEHTTEPIH Kypy/Ja NEePCIEKTUBTI OOJIbIN KEIedi.

Kyprizinren 3eprreyJiepain ampodamusicbl. JluccepTanusiiblK 3epTTEYIiH
Heri3ri HoTwkenepi 18 Makamama skapusutangel, onapabiH 3 — SCOPUS (impact
factor: 0; 0.600) »xome Thomson Reuters (impact factor: 1.545) 0a3ackiHzarbI
XallbIKapalblK FRUIBIMHU KypHaIgapaa, 5 Makana (2 makama Kaz¥VY xabapiubiChiHaa
xoHe 3 wmakana Kas¥TVY xabapmsiceinma) JKAK yceiHbUIFaH OachulbIMAapia
KApBIKKA  IIBIKTHI, 10  makama  XaJbIKapadblK  FBUIBIMH-TIPAKTHKAIIBIK
KoH(epeHIUAapAblH, ~ MarepuaapblHaa  skapusiauisl.  basugamamap 17
XaJbIKapaidblK KOH(epeHImsIapaa YCeIHbULIBI, oapasiH 8 mer enmik. KP 26062
04.11 2011-men, T'oc. Ne 2011/1145.1 «MpbIpblll OKCHJII HAHOCTEP>KEHIIEPIHIH
MAaCCHBIH ally 9/iC1» OHEpPTANKbIIIbIHA WHHOBALMSUIBIK MMATEHT 0ap, aBTOPJIBIK KYaJIiri
No74881. Ne 2675/T®3 « KyH sHepreTukachl YILIIH MBIPbIII OKCHUAIHIH >KYKa
TJICHKAJIAPBIH ATy 9ICiH Kacay» T'PaHThl OOWBIHIIIA KOCBUIBIT OPBIHAAYIITHI.

JMuccepranus KYpbUIbIMbI MeH KeoJieMi. JKymbic kipicneneH, yur OesiMHEH,
KOPBITBIHIbIJIaH JKOHE KOJITaHBLUIFaH oneouerTep T13IMIHEH Typazpbl.
JluccepranusiHbIH Kbl kejemi 115 Ger.

AHHOTAIUA
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JUCCEepTAIlMi Ha COMCKaHWe YUIE€HOU crereHu jgokropa ¢uinocodpuu (PhD) mo
crennaibHOCcTH 6D074000 — «HanomaTepuaibl 1 HAHOTEXHOJIOT UM
(o oTpaciasaM MPUMEHEHUS )

IMoape3osoii Jlecu BiaaumupoBHbI

IHosnydyenne u uccier0BaHNEe HAHOCTPYKTYPUPOBAHHBIX CJIOEB HA OCHOBE
OKCH/IHBIX MOJIYIIPOBOJIHNUKOB

O0masi xapakrepucTtuka padorbl. B gucceprauvioHHod pabote ObUIM
NOJIy4EHbl W HWCCIEAOBAHBI HAHOCTPYKTYPUPOBAHHBIE MaTepHallbl Ha OCHOBE
OKCUJHBIX TMOJYNPOBOAHUKOB. B pe3ynbrare mnpoBeAEHHBIX HCCIIEIOBAaHUMN
OTpa0OTaHbl ~ HU3KO3aTPAaTHbIE  METOJAbl  CHUHTE3a  HAHOKPUCTAIMYECKOIO
HOJIyIPOBOJJHUKOBOTO MaTepuaja TUAPOTEpMalIbHBIM M Ta30(a3HbIM METOJaMHU.
[TonoOpanbl oONTUMaNbHBIE MapaMmeTphl IpoleccoB cuHTe3a.  IlokazaHo, uTO
UCIIOJIb30BaHUE KAaTaJIUTUYECKOTO CJIOSI Ha OCHOBE yriepoja Npu Tra3zodazHoM
CHUHTE3€ U 3aTpaBo4yHOro cios ZnO mpu ruapoTepMaibHOM CHHTE3€ MO3BOJIAET
[OJly4yaTh MAacCHUBBI  YNOPSIOYEHHBIX MHKpPO- U HaHocTepxkHed ZnO ¢
KOHTpoMpyeMoii Mopgonorueid. M3yueHbl ONTHYECKHE U AJIEKTPUYECKHE CBOWMCTBA
MOJIYYeHHBIX 00Pa3IIoB.

AKTyaJlbHOCTh HccJenoBaHusa. I[IpoGnembl pa3paOOTKUM HU3KO3aTPaTHBIX
TEXHOJIOTMA  CHHTE3a  MHOTOQYHKUMOHAIBHBIX  MATEPHAIIOB  IMPHUBJIEKAIOT
3HAUUTEIbHOE BHUMaHuE uccieaoBareneid. [npokne BO3MOKHOCTH YINpPaBIIECHUS
CTPYKTYpO W  CBOMCTBAaMH  MaTEpHAIOB  OTKPHIBAIOTCS  MpPU  CHUHTE3E
HAaHOCTPYKTYPHPOBAHHBIX MaTepHalioB Ojarojgaps Kak pa3sMepHbIM 3(deKTam,
MPOSIBIISIIOLIMMCS. B HAHOMETPOBOM 00J1acTH, TaK M OOJIBIIMM BKJIAJIOM IMOBEPXHOCTU
B CBOMCTBa Marepuayia. Takne HaHOCTPYKTYpPHPOBAaHHBIE MaTepHasbl, KAK OKCUJ U
CyiabGua UMHKA, CyIbPUI KaaMHs, UMEIOT BBICOKMN MOTEHLMAT MPUMEHEHUS B
AJIEKTPOHHBIX, OINTUYECKMX, MAarHUTHBIX U TEPMOIIEKTPUUECKUX MpuOopax s
COJIHEYHOM M BOJOPOJHOM 3HEPIreTHKH, TOIUIMBHBIX 3JIEMEHTOB, aKKyMYJSTOPOB U
Ap.

B dactHOCTH, OKCHA TIIMHKA — 93TO YHHKaJIbHBIM (YHKIIHMOHAJIBHBIN
MOJYyIPOBOJHUKOBBIM MaTepual C [MHUPOKOW 3ampeméHHoil 3oHoM (3.373B),
OonbIION 3Hepruei cBsizuw skcuToHa (60 MAB) mpu KomMHATHOW Temmeparype,
obOnamaronmii b dekTuBHON yabTpaduoneToBol sroMuHecueHuer. C  ydérom
NEPCHEKTUBHOCTA NPUMEHEHUSI HAHOPAa3MEPHBIX CTPYKTYp OKCHJA IMHKA
MPEICTABIISIET 3HAYUTENbHBIA MHTEpEC pa3pabOTKa METOJOB MX KOHTPOJIUPYEMOIO
CUHTE3a JUIsl CO3/IaHUsI CTPYKTYP € 3a/IaHHBIMUA CBOMCTBAMH.

Cynbuj 1MHKAa BbI3BIBAET TOBBIIMICHHBIA HMHTEpPEC C€ TOYKH 3pEHHUS
IIPaKTUYECKON 3HAYUMOCTH, TOCKOJIBKY OH SIBJIIETCS MOJYIPOBOJAHUKOM, OTHOCHUTCS
k Matepranam rpymmst A'BY', uMeer Gonbiryro mMpHHY 3anpemEHHO# 30HbI - OKOJIO
3.6 3B, 4TO COOTBETCTBYET yNIbTPapuOIECTOBON 00JACTH CIIEKTPA, U ABJISETCS BeChbMa
Ba)KHBIM MaTEPHAJIOM B CO3[JaHUU PA3IUYHbBIX 3JIEKTPOHHBIX YCTPONCTB, HAIIPUMED, B
KauecTBe OydepHbIX cno€B comHeuHbix 3neMeHToB CIGS (kamgMuii-wHIu-Tammii-

celieH). ZnS HCIONIBb3YeTCs B reTepocTpykTypax Tumna ZnO/ZnS mjis yMeHbIICHUS
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IMIMPUHBl 3alpelI€HHON 30HBI M YBEIUYEHHUS ONTHYEeCKoW abcopOumu. [lms
MOJIy4YeHUsI ZnS B HACTOSIIEE BPEMS MHTEHCUBHO Pa3BUBAECTCS TMIPOTEPMAIbHBIN
MEeTOJ cuHTe3a. Hampumep, 3TUM JETKOAOCTYIIHBIM W HU3KOTEMIIEPATYypPHBIM
METO/IOM CHUHTE3UPOBaHbl pa3HOOOPA3HbIE CTPYKTYPHI U3 ZnS ¢ penéTKoN BIOPIUTA,
BKJIIOYAIONINE KaK 3alOJHEHHBIC, TaK U Mojble c@epbl. OJHAKO KOHEUHBIN pe3ybTar
THAPOTEPMAIILHOTO METOJ]a CHHTE3a OYEHb CHJIBHO 3aBUCUT OT OOJIBIIMHCTBA
JeTajgel TEXHOJIOTUYECKOr0 MPOIECCa, TO3TOMY Il €r0 MPUMEHEHUS U MOJTYyYCHHUS
BOCIPOM3BOJAMMBIX  pPE3yJbTaTOB HEOOXOJWM TINATENbHBIM BBIOOp BHIA U
KOJIMYECTBEHHOIO COAEpPKaHUA NPEKypCOPOB U OTPAdOTKa TEXHOJOTMYECKHX
PEKHUMOB.

B nocimegHee BpeMs BecbMa MEPCIEKTUBHO MPUMEHEHHWE KOMIIO3UTOB
«Ha"HoctepxkHu ZnO/HanovacTuil CuO» st POTOKATAIUTUYECKOTO TMOJTYyYEHUs
BOJAOPOJAa M3 BOJHBIX pPACTBOPOB IMOJA JACHCTBUEM COJHEYHOIO OCBEIICHHMS.
Kommo3utel Ha ocHoBe HaHocTepkHer ZnO ¢ Hanouactunamu CuO o6Omamaror
3HAYUTENIbHO 00Jiee BBICOKOM (DOTOKATATIMTUUECKONW aKTHMBHOCTBIO IO CPaBHEHUIO C
Zn0O. TlosTOMy BBICOKas KaTaJUTHYECKas AKTUBHOCTb KOMIIO3UTOB MOKET OBITh
UCIIOJIB30BaHa JUIA CO3JIaHUs Pa3IMYHOIO THUIA XMMHUYECKHX M Ta30BbIX CEHCOPOB,
HaIlpUMeEp, I JAETEKTUPOBAHUS CEPOBOJOPOJA, MOHOOKCHAA YIJIEPOJa U JIPYrUX
BeriecTB. B koMmo3utHeix MaTepuaniax u3 CuO/ZnO wnanocTepkHed 3¢ (EKTUBHO
yMEHbIIaeTCsi paboTa BbIXOZA 3JEKTPOHOB, U TOK AMHUCCHM BO3pAcTaeT MOYTU B 3
pa3a, 4To JeJaeT TaKhe MaTepuajbl MEPCIEKTUBHBIMHU JIA TMOJEBBIX 3MHTTEPOB.
Bonbiiol nHTEpeC IPUBIEKAIOT CTPYKTYPHI SAp0-000104uka Ha ocHOBe ZnO/CuO s
ONTOANEKTPOHHBIX MPUMEHEHUH U CO3JaHMsI TUOKMX M HEJOPOTUX COJHEYHBIX
AIIEMEHTOB, JUIsl COJTHEYHBIX 3JIEMEHTOB Ha KBAHTOBBIX TOUKAX.

[[upoko uccaeayroTcss B MOCIEAHEE BpeMs TakKe€ HAHOCTPYKTYpPbl Ha OCHOBE
ZnO/Ag, KOTOpblE MOXHO MOJy4YaTh AOCTATOYHO MPOCTBIMU THUAPOTEPMATbHBIMU
METOJAMH M JJIEKTPOOCAXKICHHEM, a TaKK€ METOJOM 3JIEKTPOHHO-JIy4E€BOIO
HampuieHus.  Ctpyktypel  ZnO/Ag 001amar0T TOBBIIMIEHHONW  CIIOCOOHOCTBIO
(doTOKaTaIMTUYECKOM Jlerpajallii MHOTUX OPTaHUYECKUX COEIMHEHUH, UTO BBICOKO
BOCTpEOOBAaHO B 00JIaCTM DJKOJIOTMM M OXpaHbl OKpYy)KawoIlled cpeabl, s
o0e33apaxuBaHus BpeIHBIX 0TX0/0B. Kommo3utel ZnO/Ag NpOSBISIOT BBICOKYIO
aHTUOAKTEPUAIbHYIO AaKTUBHOCTh. DoToaHonbl Ha ocHoBe ZnO/Ag obmagaior
NOBBIIICHHONW  (POTORJEKTPUUECKONM UYBCTBUTEIBHOCTHIO M CIIOCOOHOCTBIO K
(GOTOUHTYIIUPOBAHHOMY PACIIEIIIICHUIO BOBI.

B cBi3M ¢ MMPOKMMH BO3MOXXHOCTSMM TPAKTHYECKOTO HCIOJIb30BAHUS
OKCUIHBIX TMOJYNPOBOAHUKOB M KOMIIO3UTHBIX MAaTEpHalOB HAa HMX OCHOBE
pa3paboTKa METOJIOB UX MOJYUYEHUS U UCCIEAOBAaHUE CBOMCTB MOJYUYEHHBIX 00pa3oB
SBJISIFOTCSL aKTYaJIbHBIMH.

O0bekTOM  HCCIEIOBAHMSA  SIBISIIOTCS  HAHOCTPYKTYPHUPOBAHHBIE  CIIOM
OKCUIHBIX MOJYIPOBOAHUKOB 1 HAHOKOMIIO3UTHI HA HX OCHOBE.

IIpeaMer wucciie0OBaHUsI - METOJBI IIOJIYYCHUS W MCCIECIOBAHUS CBOWCTB
MOJIYIPOBOJHUKOBBIX HAHOCTPYKTYP ISl IPUMEHEHHUS B JIEKTPOHUKE.

He.]'lb AUCCEPTANUOHHOI0 HMCCICAOBAHUA — pa3pa60TaTb MCTOAbI CHHTEC3a

HaHOCTPYKTYPUPOBAHHBIX CIIOEB OKCHUJIHBIX ITOJYIIPOBOAHHMKOB M HAHOKOMIIO3UTOB
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Ha MX OCHOBE, MO3BOJISIONIME MOJIy9aTh MaTepPHaIbl C 33JaHHBIMH MOPQOJIOTHEH,
ANEKTPUYECKUMHA W ONTHUYECKUMHM CBOMCTBaMH. IIpoBecTH CpaBHEHHE MEXKIY
Pa3IMYHBIMU TEXHUKAMU POCTa, MOJ00paTh ONTUMAIbHBIE PEKUMBI I KaXKIOU U3
HuX. JlaTb aHanmM3 CBOMCTB TMOJYYEHHBIX OOpa3lOB B 3aBUCUMOCTH  OT
TEXHOJIOTUYECKHUX YCJIOBUM pocTa. MccienoBarh mojiydeHHbIE 00pas3ibl METOAaMu
ANEKTPOHHOM  CKaHUPYIOWIEW  MHUKPOCKONMH,  pPaMaHOBCKOTO  pacCesHMUs,
PEHTTEHOCTPYKTYPHOTO aHalIn3a, aTOMHO-CUJIOBOM MUKPOCKOIIUH, U3YUUTh CIIEKTPbI
MOTJIONIEHUS U (POTOTFOMUHECIICHIIUH, AICKTPUUECKUE XaAPAKTEPUCTUKH.

MertonoJsiornyeckoit 0a30i HMCCIeJOBAHUS SBIIIIOTCS METOABI IOJYYECHHS
HAHOCTPYKTYPUPOBAHHBIX MAaTepUATIOB, TAKUE KaK THIPOTEPMATbHBIN CUHTE3, METO/
XUMHUUYECKOTO Ta30(a3HOro OCaXIEHUS, 30JIb-T€llb METO[, JJICKTPOXUMHUYECKOE
OCaXXJICHUE, BAKYYMHOE TEPMHUUECKOE HAIbUICHUE U .

Hayynasi HOBHM3HA JaHHOTO HCCJIEI0BAHMS 3aKJIIOYACTCS B OMNPEICICHUU
TEXHOJIOTUYECKUX YCIOBUM pOCTa JIsl HAIIPABJIEHHOTO CUHTE3a MOJIYITPOBOAHUKOBBIX
MHUKPO- ¥ HAHO- KPUCTAIUTMYECKUX 00Pa3Il0B OKCHUJIHBIX MOIYITPOBOIHUKOB.

Hay4Ho-nmpakTH4YecKkass 3HAYUMOCTh HcciaeaoBaHus. IlomydyeHHbIE clon
OKCUJIHBIX  TOJIyIPOBOAHUKOB SIBIIIIOTCA BEChbMa BaXHbBIM MAaTEpHAJIOM B
pUOOPOCTPOCHUH (JIFOMUHO(OPHI, TE€TEKTOPHI, CBETOINOIbI, HETMHEIHBIE JIEMEHTHI
U Tp.), MOTYT OBITh YCHEIIHO MPUMEHEHbI ISl CO3/IaHUs THOKUX W HEIOPOTuX
COJIHEUHBIX 3JIEMEHTOB, JIA3€PHBIX AMOA0B. OQHOPOJHBIE MAacCHUBBI HAHOCTEPKHEMN
OKCHJIa IIMHKA ¥ KOMIIO3UTHI Ha MX OCHOBE MEPCIEKTUBHBI JIJII MCIOJIb30BAHUS B
MPOU3BOJICTBE Ta30BBIX CEHCOPOB, OMNTOXJEKTPOHHBIX, MbE30JICKTPUUECKUX
HAHOYCTPOMCTB, MOJIEBBIX YMUTTEPOB, & TAKKE MPU CO3AAHUN COTHEYHBIX DJIEMEHTOB
Ha KPACUTENSIX U KBAHTOBBIX TOUKAX.

Anpobauus MPOBeIEHHBIX HCCJIe0BAHUM. OcHOBHBIE UTOT'U
JTUCCEPTAIIMOHHOTO UCCIIEIOBaHNs OBLIN OIMyOJIMKOBAHBI B 18 cTaThsx, u3 HUX 3 — B
MEXIyHApOJAHBIX Hay4yHBIX KypHamax 0a3sl SCOPUS (impact factor: 0; 0.600) u
Thomson Reuters (impact factor: 1.545), 5 crareit BBIIUIM B U3JAHHIX,
pexomengoBanHbix KKCOH (2 crarbm B Bectnuke KazsHY u 3 B BectHuxe
KasHTVY), 10 crareii B cOOpHHKaXx MEXIYHAPOJIHBIX HAYYHO-TIPAKTHUYECKUX
koHpepenuid. [IpeacraBnensl gokiIaasl Ha 17 MeXIyHApOIHBIX KOH(MEpECHIUAX, 8
U3 KOTOpBIX 3apyOexHbie. MIMeeTcs MHHOBAIIMOHHBIN MaTeHT Ha u3o0perenne PK
26062 ot 04.11 2011, T'oc. Ne 2011/1145.1 «Cnoco0 mosiy4eHHs MacCHUBOB
HAHOCTEPKHEW OKCHUJIA [IUHKA», aBTOPCKOE CBUIAETENHCTBO Ne74881. CoucnoaHuTeb
no rpanty Ne 2675/I'®3 «Pa3paboTka METOIOB MOJYyYEHUS TOHKUX MJIEHOK OKCHAA
IIWHKA JJ1s1 COJIHEUHON DHEPTETUKU.

O0béM u cTpykTypa amccepramum. PaGota cocTOUT W3 BBEAEHUS, TPEX
pa3iesioB, 3aKIIOUYEHUS M CHHCKA HCMOJb30BAHHBIX HMCTOYHHMKOB. OOmmi o0bEM
nuccepranuu 115 ctpanwuir.

ABSTRACT
The Thesis on competition degree Doctor of Philosophy (PhD) on the specialty
6D074000 - Nanomaterials and Nanotechnology (on branch of the using)



Podrezova Lesya Vladimirovna

Synthesis and characterization of nanostructured layers based on
oxide semiconductors

General characteristics of the work. In this thesis were obtained and
investigated nanostructured materials based on oxide semiconductors. The studies
worked low-cost methods for the synthesis of nanocrystalline semiconductor material
hydrothermal and gas-phase methods. The optimal process parameters of synthesis. It
has been shown that the use of a catalytic layer based on carbon and the gas-phase
synthesis of ZnO seed layer during hydrothermal synthesis allows to obtain micro
and nanoarrays of ZnO nanorods having controlled morphology. The optical and
electrical properties of the samples are studied.

Relevance of research. The Problems of development of low-cost synthesis
technologies for the multifunctional materials attract considerable attention of
researchers . Wide possibilities to control the structure and properties of materials are
opened during the synthesis of nanostructured materials due to both dimentional
effects, acted in the nanometer range, and a great surface contribution to the
properties of the material. Nanostructured materials such as zinc oxide, zinc sulfide
and cadmium sulfide have high potential applications in electronic, optical, magnetic
and thermoelectric devices for solar and hydrogen energy, fuel cells, batteries, etc.

In particular, zinc oxide is an unique function semiconductor material with
wider band gap (3.37 eV), and a large exciton binding energy (60 meV) at room
temperature, having an effective ultraviolet luminescence. The methods development
of controlled synthesis of nanodimentional zinc oxide structures with required
properties represent a big interest because of wide potential of their application.

Zinc sulfide causes an increased interest from the viewpoint of practical
significance, since it is a semiconductor material refers to a group A"BY. It has a
large band gap (3.6 eV), that corresponds to the ultraviolet region, and is a very
important material in the creation of the different electronic devices such as as a
buffer layer solar cells CIGS (cadmium- indium- gallium- selenium). ZnS is used into
heterostructures ZnO/ZnS to reduce the band gap and increase the optical absorption.
The hydrothermal synthesis is currently intensively developed method for ZnS
production. For example, various ZnS structures with wurtzite lattice, including both
filled and hollow spheres were synthesized by this easy low-temperature method.
However the final result of the hydrothermal synthesis depends on most parts of the
process. Therefore careful selection of the type and quantitative content of precursors
and development of technological regimes are necessary for its application and
results repeatability.

Recently application of the "ZnO nanorods/CuO nanoparticles» composites for
photocatalytic hydrogen production from water solutions under the influence of solar
lighting is very promising. Composites based on ZnO nanorods with CuO
nanoparticles possess much higher photocatalytic activity in comparison with ZnO.
Therefore high catalytic activity of composites can be used for creation of different

type of chemical and gas sensors, for example, for detection of hydrogen sulfide,
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monoxide of carbon and other substances. The work function effectively reduces, and
the emission current increases almost by tree times in CuO / ZnO composite
materials. Therefore such materials are perspective for field emitters. The core-shell
structures based on ZnO-CuO as application for optoelectronics and for the creation
of flexible and low-cost solar cells, for solar cells with quantum dots attract great
interest of scientists.

The nanostructures based on ZnO-Ag, which can be obtained by rather simple
hydrothermal route and electrodeposition, are widely researched last time also. ZnO-
Ag structures possess the increased ability of photocatalytic degradation of many
organic compounds that is highly demanded by ecology, environmental protection
and as decontamination agent of harmful waste. ZnO-Ag composites show high
antibacterial activity. Photoanodes, based on ZnO-Ag, possess the increased
photoelectric sensitivity, and the ability to photo-induced decomposition of water.

Because of large possibilities of practical application of oxide semiconductors
and composite materials based on it the development of methods of their production
and research of properties obtained samples are very actual.

The Object of the study is nanostructured layers of oxide semiconductors and
nanocomposites based on them.

Subject of research is production methods and research of the semiconductor
nanostructures properties for further applications in electronics.

The thesis purpose is to develop synthesis methods of the nanostructured oxide
semiconductor layers and nanocomposites based on it, allowing creating materials
with desired morphology, electrical and optical properties. To perform a comparison
between the different techniques of growth, to find the optimal mode for each of
them. To analyze the properties of the samples, depending on conditions of the
growth. To research synthesized samples using electron scanning microscopy, Raman
spectroscopy, X-ray diffraction, atomic force microscopy to study the absorption and
photoluminescence, electrical characteristics.

The methodological base of the work is methods for nanostructured materials,
such as hydrothermal synthesis, chemical vapor deposition method, sol- gel method,
electrochemical deposition, vacuum thermal evaporation, etc.

Scientific novelty of this study is to determine the technological growth
conditions for the directed synthesis of semiconductor micro-and nano - crystalline
samples of oxide semiconductors.

Scientific and practical significance of the work. The obtained oxide
semiconductor layers are very important material in the instrument (luminophors,
detectors, light-emitting diodes, non-linear elements, etc.) can be successfully applied
to create flexible and inexpensive solar cells, laser diodes. Homogeneous arrays of
zinc oxide nanorods and composites based on them are promising for the gas sensors,
optoelectronic, piezoelectric nanodevices, field emitters, as well as the creation of the
solar cell dye and quantum dots.

Approbation of the work. The main scientific results of the thesis were
published in 18 articles, 3 of them - in international scientific journals database
SCOPUS (impact factor: 0, 0.600) and Thomson Reuters (impact factor: 1.545), 5

articles were published in journals recommended by accredited organ (2 articles in
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Bulletin of the KazNU and 3 in the Bulletin of KazNTU), 10 articles in the
proceedings of the international scientific conferences. Presentations at 17
international conferences, 8 of them were foreign. There is an innovative patent for
the invention of the RK 26062 04.11 2011 State. Ne 2011/1145.1 «A method for
producing arrays of zinc oxide nanorods,” copyright certificate number 74881.
Scientific grant number 2675/GF3 "Development of methods for zinc oxide thin
films for solar energy."

The volume and structure of the thesis. The work consists on an introduction,
three chapters, conclusion and list of used sources. The total volume of the
dissertation consists of 115 pages.
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