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PE®EPAT

OO61uit 06bem paboTsl: 45 cTpanul, 18 pucynkos, 4 Ta0nuIIbl, 28 HCTOYHUKOB.

KJIOYEBBIE CJIOBA: DJIEKTPUUYECKUU PA3PAJ], DJIEKTPOJIUT,
CIIEKTPOCKOIINA, OCAXJIEHUE HAHOCTPYKTYVP, OKCHUIHBIE
HAHOYACTULIBL.

OO0beKT ucciie0BaHusl - HAHOYACTUIIBI METAIIJIOB U UX OKCUIOB, (HOPMUPYEMBIE
MIPU AJIEKTPUUYECKOM Pa3psii€ C XKUAKUM JIEKTPOIOM.

Heab ucciaegoBaHusA: CUHTE3 HAHOYACTHUII OKCUJOB LIMHKA U MEIU METOJIOM
ANEKTPUUYECKOTO pa3psjia B KOHTAKTE C KUJIKOCThIO, & TAKKE CO3/IaHUE TOHKUX TIJICHOK
Ha WX OCHOBE, YCTAaHOBJICHUE MEXaHU3MOB (DOPMUPOBAHUS HAHOPA3MEPHBIX YACTHI] B
YCIOBUSIX pa3psifia, BBIACHEHHE OCHOBHBIX (DaKTOPOB, BIMAIONIMX Ha CBOMCTBa
00pa3yIoIUXCsl HAHOYACTHUIL

Metoast UcciienoBanus: a0COpOIIMOHHAS CTIEKTPOCKOIIHSI,

CHEKTPOCKONMSI ~ KOMOMHAIIMOHHOTO  pacCesHus  CBETa,  CKaHUPYIOIIas
ANIEKTPOHHAS MUKPOCKOIIHUSI, BOJIbT-aMIIEpHAsl XapaKTePUCTHKA.

IHonyyeHHble pe3yJbTaThl U WX HOBH3HA. HaHOYacTUIIBI OKCHUJIOB MEIU U
[IMHKA TOJTYYEHBbI B BUJIE KOJUIOMIHBIX PACTBOPOB METOJOM JICKTPUUECKOTO pa3psiia B
KOHTakTe ¢ JKUIKocThio. C  momomiplo  abCOpPOIMOHHON  CHNEKTPOCKONUU U
CHEKTPOCKONMN KOMOWHAIIMOHHOTO PAaCCEesTHUSI CBETa M3YYCHBI ONTUYECKUE CBOMCTBA
KOJUIOMJHBIX pPAacTBOPOB YKa3aHHBIX HaHoYacThll. M3 TMOJIyYEeHHBIX CIEKTPOB
MOTJIONIEHUS OLICHEHA IIMPUHA 3alPENICHHON 30HbI MOTYMPOBOJHUKOBBIX YACTHII, U3
CIIEKTPOB KOMOMHAIIMOHHOTO PAaCcCEsHUS YCTAaHOBJICH UX (Pa30BbIN COCTaB.

MeTo0M CKaHUPYIOIEH AIEKTPOHHON MUKPOCKOIIUU UCCE0BaHa MOP(OIOTUs
CUHTE3UPOBAHHBIX HAHOYACTHUI[. YCTAHOBJIEHO, uTO (opmMa wyactull OJM3KA K
chepruUuecKoM, CpeTHUI JUaMeTp OCaXKISHHBIX HaHOYAaCTHUIl cocTaBisgeT 50-80 HM, mpu
ATOM YaCTHUIbl UMEIOT IOCTAaTOYHO Y3KO€ pacrpeeieHue Mo pa3Mepam.

Metomom anekTposm3a cos3maHa rerepoctpykrypa ITO/mn-ZnO/p-CuO wu
U3MEPEHbl €€ DIIeKTpodu3nvecKkue xapakrepuctuku. OmpeneneHo, 4YTO JaHHas
reTEPOCTPYKTYpa UMEET (POTOUYBCTBUTEIBHYIO IPUPOY.

PexomMenaanum mno BHeAPeHUIO: Pe3ynbTaThl M3MEPEHHS BOJBT-aMIIEPHBIX
XapaKTepUCTHK ToKa3anmd, 4to rerepoctpykrypa ITO/n-ZnO/p-CuO obnamaer
(GOTOUYBCTBUTEILHON TPUPOJAOH W MOXKET HAWTH TNPUMEHEHHE B W3TOTOBJICHUHU
(OTONPUEMHHUKOB, Ta30BBIX JATYMKOB U COTHEYHBIX JIeMEHTOB. OJIHAKO B HACTOSIIICE
BpeMs Mpolielypa MNOJyYEHUS CTPYKTYp HA OCHOBE CHUHTE3UPOBAHHBIX OKCHJIHBIX
HAHOYACTHUI[ HEJOCTaTOYHO ONTUMHU3UPOBAHA, U TMOITOMY TpeOyeTcs AanbHeuinas
paboTa Mo ajanTaluyu pa3IMyHbIX ATArOB MU3TOTOBJIEHUS YCTPONUCTBA U ONTHUMHU3ALUU
COCTaBa KOMIIOHEHTOB.



PODEPAT

ArynbHbI a0'€éM paboTsl 45 cTapoHak, 18 mamonkay, 4 TabIsl, 28 KPBIHII.

KJIIOUABBISI C JIOBbI: JJIEKTPBIYHBI PA3PAJl, DJIEKTP AJIT,
CIIEKTPACKAIIIA, ACAJIDXKOHHE HAHOCTPYKTYVP, AKC1HbBIA
HAHAYACII1HKI.

AO0’eKT HacjieaBaHHs - HaHAYaCIIIM MeTaay 1 1x akJlnay, sk!s dapm!pyrora
IPBI DJIEKTPBIYHBIM pa3pajse 3 Baa Ki M anexktpogam.

Mbra aaciegaBaHHsI: CIITI3 HaHAYaCLIIAK akIIay PHIHKY 1 Men3! Meragam
AIIEKTpbIYHATA pa3paay y KaHTaKLEe 3 BaJKacllo, a TaKcama CTBAPIHHE TOHK X MiuéHak
Ha 1X acHOBE, yCTaJsIBaHHE Mexammay (apm!paBaHHs HaHOpa3MEpHBIX YacIIl Ba
yMOBaxX pa3pajy, BHICBSITJICHHE aCHOYHBIX (haKkTapay, st0sl YILIbIBAIOIb Ha yJIAaCIIBACII
yTBaparolilia HaHayacIl.

Meraasl gaciaegaBanHsi: aOcapOibliiHa  CIIEKTpacKalls, CIEKTpacKaIls
KaMmOIIapbliiHara pacceBaHHs CBSTJIA, CKAIIPYIOYas 2JIEKTPOHHAST MyKpacKalisi, BOJIbT-
amIepHasl XapaKTapbICThIKA.

ATpbIMaHBIA BBIIIKJ i iX HaB!3Ha. Hanauacumpbl akcumay mens! 1 pbIHKY
aTpbIMaHbl y BBIIAA3€ KOJUIOIIHBIX PAacTBOpay MeTaZaM JJIEKTphIUHAra paspainy y
KaHTaKpe 3 BajJKacpro. 3 mamnaMoraii abcapOpbliiHail CHEKTpacKarl 1 CIEeKTpacKaril
KaMmOIarplitHara pacceiiBaHHs CBSTJIa BIBYYaHbI allTBIYHBIS ynacpisacpi KOJUTOUTHBIX
pacTBOpay Ha3BaHBIX HaHayacl!ll. 3 aTpbIMaHBIX CIEKTpay TMarjibIHAHHS apdHEHas
HIBIPBIHS 3a0apoHeHal 30HBI MayMPaBaIIKOBBIX Nacpip, 3 CIEKTpay KamOIapblifHara
pacceiiBaHHA yCTalsiBaHbI 1X (pa3aBbl CKIAI.

Metagam ckaHaBajibHAll 3JIEKTPOHHAW MILpacKanm JacienaBaHa Mapdanorns
CIITI3aBaHbIX HAaHAUaCIIl. Y CTaHOBJEHA, MTO (popMa nacpip OJ!3kas 1a cepbiuHaii,
CSIPAII NIBIIMETP absiokaHbIX HaHavacp!p ckiamae 50- 80 HM, mpbl rITBIM Yactl!ibl
Maropb JACTATKOBA By3Kae pa3MepKaBaHHE I1a MaMepax.

Mertanam ssektpoi!3y crtBopaHa rerapactpykrypa ITO/Mn-ZnO / p-CuO i
BbIMEpaHbl sie  dnekTpad!3!uHBISI  XapaKTapbICTHIIO. 3HOWA3€HA, INTO Jaa3eHas
reTIpacTPyKTypy Mae oTaa uyBalbHYIO MPLIPOIY.

PykaMeHaanbn ma ykapaHeHIn: Sk Tmakas3ai} BBIIIIO BBIMSPIHHS BOJIBT-
aMIIEpPHBIX XapaKTapbICThIK, TreTdpacTpykrypa ITO / n-ZnO / p-CnO Banonae
doTaamuyBambHAl  TpBIpOJMAd 1 MOXa 3HAWCUYIl TNPBIMSHEHHE y  BhIpade
dboTanpeIEMITIKAy, Ta3aBbIX JaTYbIKAY 1 COHECUHBIX DJIEMEHTAY.

AnHak y UAmepaiiHi Yac Mpaipaypa aTrpbiMaHHA CTPYKTYp Ha acHOBE
CIHT?P3aBaHbBIX aKCi/HAW HaHA4YaCIIIIl HeJJACTATKOBA aNThIMi3aBaHa, 1 TaMy maTpadyerina
nanemias pabora ma ajanTaibli pO3HBIX 3Tamay BbIpaldy MpbUTAAbl 1 anThIMi3allbll
CKJIaJly KaMIIaHEHTay .



ABSTRACT

The total volume of the work is 45 pages, 18 figures, 4 tables, 28 references.

KEY WORDS: ELECTRIC DISCHARGE, ELECTROLYTE,
SPECTROSCOPY, NANOSTRUCTURE DEPOSITION, OXIDE
NANOPARTICLES.

The object of research is nanoparticles of metals and their oxides formed by an
electric discharge with a liquid electrode.

The purpose of the study: synthesis of zinc and copper oxide nanoparticles by
electric discharge in contact with liquid, as well as the creation of thin films based on
them, the establishment of mechanisms for the formation of nanoscale particles under
discharge conditions, and the identification of the main factors affecting the properties
of the resulting nanoparticles.

Research methods: absorption spectroscopy, Raman spectroscopy, scanning
electron microscopy, volt-ampere characteristics.

The results obtained and their novelty. Nanoparticles of copper and zinc oxides
were obtained as colloidal solutions by the method of electric discharge with a liquid
electrode. The optical properties of colloidal solutions of these nanoparticles were
studied using absorption spectroscopy and Raman spectroscopy. The band gap of
semiconductor particles is estimated from the absorption spectra. Their phase
composition is determined from the Raman spectra.

The morphology of synthesized nanoparticles was studied by scanning electron
microscopy. In particular, it was found that the shape of the particles is close to spherical,
the average diameter of the deposited nanoparticles is 50-80 nm, while the particles have
a fairly narrow size distribution.

The ITO/n-ZnO/p-CuO heterostructure was created by electrolysis technique and
its electrophysical characteristics were measured. It was found that this heterostructure
has a photosensitive nature.

Recommendations for implementation: As shown by the results of
measurement of volt-ampere characteristics, the ITO/n-ZnO/p-CuQ heterostructure has
a photosensitive nature and can be used in the manufacture of photodetectors, solar cells
and gas sensors. However, at present, the procedure for obtaining structures based on
synthesized oxide nanoparticles is not fully optimized, and further work is required to
adapt the various stages of the device fabrication and to optimize the composition of the
components.



