PEIEH3151
Ha Jucepraliiiny poboTy
Jinesnua SIpocaasa OunexciioBHYa

Ha TeMy «HaHOpO3MipHi KpeMHi€Bi OHOBUMIPH1 CTPYKTYpH AJIA ceHcopiB QI3MYHHX
1 XIMIYHHAX BEJTHYUH,
TpeaCTaBiieHy Ha 3100yTTs CTyNMeHsA JOKTOpa dinocodii
B raiTy3i 3HaHb 15 — ABTOMaTH3alis Ta IpuIago0yTyBaHHA
2a crieriabHicTIo 153 — MiKpo- Ta HAHOCHCTEMHA TEXHIKa

AKTYaJbHICTb TeMH JHcepTalii.
AKTYalbHICTh IHCEPTALIHHOIO JOCIIIKEHHS 3yMOBJICHa TOCTPOIO noTpeboto

Cy4acHOT CEHCOPHKY y HOBHX MaTepianiax, 31aTHHX 320e3MequTH BEeJIMKHI CTpUOOK Y
XapaKTepUCTUKaX Npuiaiis. TpaauuiiHi CEHCOpHI MaTepiald 4acTo MaroTh
oGMeXEHHS IIOAO0 UYTIUBOCTI, IIBUAKOAII, CENEKTHBHOCTI Ta MO>KJIHBOCTEHU
MminiaTiopuzanii. BHKODHCTaHHA KPEMHIEBHX HAHOHHTOK BIIKpHBaE WLUIAX MO
[TOJIOJIAHHS LHX OOMEXeHb 3aB/SKH iX YHIKaNbHAM (i3HKO-XIMIHMM BIIaCTHBOCTSM,
3yMOBNEHUM = HAaHOPO3MIDHUMH ~e(eKTaMy, 30KpeMa, HaJ3BUYANHO BUCOKOMY
criBBizHOmeH O Twiomyi mosepxHi g0 of'emy. Lle mae 3Mory CyTTEBO MIABHILMTH
qyTIHBiCTs ceHcopiB. KpiM Toro, KpemHii € TEXHOJIOTIYHO CYMICHUM 3 ICHYFOYUMH

TeXHONOTIYHMMHU TIPOLECAMH MIKPOENEKTPOHIKY, IO CIpOIIye IHTErpauiio, a
CEHCOPH Ha OCHOBI KPEMHi€BHX HAHOHHTOK 4acTO MOXYTb MPALFOBATH 32 KIMHaTHHUX

TemrepaTyp, Ha BiAMiHy Bij aHanmori. TakuM UYMHOM, NOCII[DKEHHS TEXHOJOTI
CTBOpEHHS KPEMHIEBMX HAHOHHMTOK Ta iX MoAuiKauii A CEHCOPIB € HA3BHYAHHO
AKTyaJIbHHM HATPMOM PO3BHTKY MiKpO- Ta HAHOCHCTEMHOT TEXHIKH.

Ouinka OOrpyHTOBAHOCTI HAYKOBMX  pe3yJbTATIB  AHCepTauii, iX
JAOCTORIPHOCTI Ta HOBMIHA.

HaykoBa HOBH3HZ pe3yJbTAaTiB JMCEPTALIAHOrO MOCHIKEHHS ToOJirae B
HaCTYIIHOMY:

1. CHCTeMAaTHYHO JOCTiKEHO Ta BIiepille KilbKICHO ONMCAaHO BIUIWB MapaMeTpIB
NIpOLleCy METalo-CTUMY/IBOBAHOTO XIMIYHOTO TpABIEHHA (TUIY IIAKIALKY,
KOHLIEHTpaLil peareHTiB, yacy 00poOxHM) Ha CTaTH4HI (BIATYK, UYTJIUBICTH) Ta
AHHaMiyHi (Yac BiATYKy, 4ac BIIHOBIICHHS) XapaKTEpPUCTHKH CEHCOpIB Ha
OCHOBI KPEMHIERYUX HAHOHHUTOK.

2. 3amporioHOBaHO Ta peasi30BaHO HOBUM MIIXIA 0 MOKPAIEHHS XapaKTEPUCTHK
CEHCOPIB — CTPYKTYPHY MOAUQIKALIIO IIOBEPXHI MacCHBY KpPEMHIEBHX
HAHOHMTOK 3a JOMOMOIOI0 I30TPOIHOIO Ta aHI30TPONHOIO TPAaBJIEHHS, Ta
BCTAHORBJIEHO i1 BIIJIMB Ha MapaMeTpu CEHCOPIB.
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3. Bmepuie npoBenieHo MOPiBHsIBHE NOCTIIKEHHS BIUIMBY XIMIYHO1 MoaubiKalii
MOBEPXHI KPEMHI€BMX HAHOHHTOK Pi3HHMH ByIJIELIEBUMH HaHOMartepiajgaMu
(pynepenn, Byrieuesni HaHOTPYOKH, rpad)eH) Ha XapaKTepHUCTHUKH CEHCOPIB
GI3MYHUX Ta XiMIYHHMX BeNMYMH, BH3HAYEHO BILTHB [IPUPOJAM Ta KIJIBKOCTI
MoIM(IKaTopa.

4. Po3pobreHo Ta gmocmimkxeno Merton CTPYKTYPHO-XIMIYHOI Momudikarii
[IOBEPXHI MaCUBY KPEMHi€BMX HAHOHMTOK, 110 HAJIO 3MOTY JOCSITH CYTTEBOTO
HOKPAlICHHA  3HAY€HHA BIATYKY Ta LIBMAKOAIl CEHCOPiB IOPIiBHSAHO 3
HEMOIU(PIKOBAHNMM aHAJIOTAaMU Ta BIJOMUMH CBITOBUMH aHAJIOraMH.

OOIpyHTOBaHICTE  OTpHMaHMX pe3ynbTaTiB 1 BHUCHOBKIB MiATBEPIKYETHCS
BHKOPHCTAHHAM  Cy4aCHOr0  BHMIpIOBaJBbHOrO  OGIagHAHHS, KOPEKTHICTIO
3aCTOCOBAHMX METOMUK NOCHiMKEeHHS Mopdoorii Ta €NEKTPUYHUX XapaKTEPHCTHK.
J10CTOBIpHICTE pe3ynbTaTin MIAKPiIeHa IXHBOIO anpoballiero Ha HayKOBUX dbopymax
Ta myOrmikamissMu y (axoBMX BHAAHHAX, IO BXOJATH OO0 MIXKHApPOOHUX
HayKOMETPUYHHUX 043 NaHuX.

Haykosi  mocmimkenns 6ymu  Buxownami 3n00yBaueM Ha  Kadespi
MiKpoenekTpoHiku KITI im. Iropst Cixopcekoro B pamkax HIP Ne 2301/2-m
«Exonoriqno 6e3medni Texuonorii [IEPEPOOIICHHS HEAEPEBHOI POCIMHHOI CUPOBHHH
Y HaHOLEIIOI03H! KOMIO3ULiMHI MaTepiamy mis OPra”IYHOr0 MaKyBaHHS 1 3eJIeHO]
THY4KOl eNeKTpoHiku» (2020-2022 Pp) Ta iHimIaTMBHOI HayKOBOI Temu
Ne 01230105274 «Opraniv4no-Heoprasivgi riGpunmi CTPYKTYPH JIJIs €IeKTPOHHUX
ceHcopiBy (20232025 pp) nix kepiBHANTBOM moneHTa Kagenpu MiKpOEeNeKTPOHIKH,
KaHAUaaTa TEXHIYHUX HayK, fonenTa Kosais BixTopii Muxaiinisuu.,

Orxe, B nuceprauiifHiii po6oTi mocTasiexe HAayKOBE 3aBNAaHHS BCTAHOBJICHHS
BIUTUBY TEXHOJIOIIYHHMX MIAapaMeTPiB CTBOPEHHS HAHOHHTOK Ta iX MoIudIKallii Ha
XapaKTCPHCTHKU CEHCOPIB (i3MYHUX i XiMIYHHX BENMYUH BUKOHAHO IIOBHICTIO,
3100yBa¥ MOBHOKO MipOIO OBOJIOMIB METONOJIOTICIO HayKOBOI1 AISJIBHOCTI.

Ouinka 3micry auceprauii, i 3aBEPIICHICTL TAa NOTPHMAHHS NPHHIUNIB
aKazeMi4HoI 106podecHOCTI.

3a cBoiM 3MicToM AmMcepraniiina po6ora 3n00yBava Jlinesuua 5. O. nosHicTIo
BIANOBiflac CTaHAapTy BUIMOI OCBITH 3i cremanbHocti 153 — Mikpo- Ta
HaHOCHCTEMHa TexHiKa Ta HalpsAMKaM  IOCIIDKEHb BiAmoBimHO IO OCBITHBRO]
porpamu «MIKpo- Ta HAHOCHCTEMHA TEXHIKA.

Hucepratiiina poGora e 3aBCPLICHOI0 HAYKOBOK MpAaNEld i CBiIYUTE Ipo

HAasBHICTL OCOGUCTOrO BHECKY 3100yBaya y HayKOBUii HanpsM «HoBi peyoBuny j
MaTteplanmy.

Posrnsuysmm 3Bitr nonmi6HocTi 3a Pe3yIbTaTaMu MepeBipKu OUCEePTaIiiiHOL
po0OTH Ha TekcTOBI CNIBIIAAIHHSA, MOXHA 3poOHTH BHCHOBOK, IO AuceprTallifina
pobota Jlinesuaa Spocnasa Onexciitosnya PE3YILTATOM CaMOCTIHHUX NOCTIIKEHE



3100yBaya i He MiCTUTB eneMeHTiB danscudikauii, komminsauii, pabpukauii, muariary
Ta 3amo3uyeHb. BukopucTaHi igei, pe3yiapTaTv i TEKCTH IHIIMX aBTOPIB MAKOTh

HaJIe)XH1 [TOCUJIaHHA Ha BIATIOBiHE IKEPEO.
3a pe3yiabTaTaMH aHallisy mAucepraliiiHoi poboTH Ta myOmikaiiid aBTopa

TMIOPYLUEHHS aKaJeMIYHO1 J0OpOYECHOCTI HE BUSBIIEHO.

MoBa Ta CTHJIbL BUKJIA[ieHHA Pe3yJIbTATIB.

Jucepraniiia po6oTta HanKcaHa yKpaiHChKOX MOBOIO.

JlucepTallisi CKIanaeThest 3 BCTYIY, 5 pO3AijiB, BACHOBKIB, CIIUCKY JIITEpaTypH
Ta JOJATKIB. 3aranbHui obcar aucepranii 221 cTopiHka.

PesynbTaTd  mpoBefeHMX  NOCHMKEeHp  MpeAcTaBleHl  CTPYKTYpOBaHO,
MOC/IOBHO 13 BHUKOPHMCTAHHSM 3arajbHONPUAHATOI TepMiHOMOTI Ui HanpsIMKY
JUCEPTALIMHUX JOOCHLIKEHb Ta JOTPUMAaHHAM IIepEBaXKHO HAyKOBOIO CTHIIIO
HAIlUCaHHSL.

Y BCTyH1 YITKO OKPECJIEHO aKTyaJbHICTh TEMH HOCHTIIKEHHS, HaBeIEHO CTaH
MpobJieMy y BITUM3HSAHIN Ta 3apyODKHIN HayIli, BU3HAYEHO METY, 3aBJaHHd, 00 €KT,
NpeAMET, HAYKOBY HOBHU3HY, IPAKTHYHE 3HAUEHHS Ta 0COOUCTUH BHECOK 3100yBaya.

[epmnii po3ail MPUCBSYEHO OIJISAAY JIITEPATypd ILIOJO METOAIB CTBOPEHHS
KpPEMHIEBUX HAHOHHUTOK, a TAKOX 1X 3aCTOCYBaHHS y CeHcOpaxX (I3UYHMX 1 XIMIYHMX
BEeIMYMH. BHKIQX [OJAHO IIOCIIJOBHO: CIOYaTKy MOJAHO KJIACHQIKAIIo
HAaHOCTPYKTYp, HOaji PpO3IJISIHYTO METOAM OTPMMaHHs KPEMHIEBUX HAHOHHMTOK, a
MOTIM — aHali3 IXHHOIO BUKOPHCTaHHSA B ceHcopull. HaBeleHO BHCHOBKH [0
pO3ALIY.

YV npyromy po3Aiii NeTalbHO ONHMCaHO PO3POOJIEHO TEXHONOTII0 CTBOPEHHS
MacHBy KPEMHIEBMX HAHOHHTOK METOAOM METal0-CTHUMYJIBOBAHOIO XIMIYHOIO
TpaBJIeHHs Ta BMIOTOBJICHHS Ha X OCHOBI PE3UCTHBHUX CeHCOpiB. IlpencrasneHo
nociimkeHHs Mopdoorii HAHOHUTOK 1 BCTAHOBJIEHO BIUIMB IIapaMETPIB BHXIIHOL
IMiIKJIaIKH, XIMiYHOTO CKJIaay PO3YMHIB 1 TPUBAJIOCTI TPABJICHHS HA XapaKTEPUCTHKH
ceHcopiB. CTUIb BUKIAAY YiTKUH, TEXHIYH]I TEPMIHA BUKOPUCTAHO KOPEKTHO, BUKJIA]
MiAKPIiIUIEHKH pe3yIbTaTaMy BUMIPIOBAHb.

Tperiit po3ia MICTAUTE OIMUC TEXHOJOIL] BUTOTOBJIEHHS T10JHUX CEHCOPIB 3 p—n
IepexooM Ha OCHOBI KpEMHi€BMX HaHOHMTOK. IIpoaHasi3oBaHO BIUIMB MapaMeTpiB
iX CHHT€3y Ha XapaKTEpPUCTUKU NpPUIaliB. Y BHUCHOBKAaX HABENEHO IMOPIBHSIHHSI
OTPHMAaHMX JIOJHUX CEHCODIB 3 PE3UCTHBHUMH/EMHICHUMH aHATIOTaMH.

YeTBepTHil PO3ALN MPUCBAYEHO JOCIIIKEHHIO BILTUBY CTPYKTYPHOI, XIMIYHOI Ta
xoM6iHOBaHOT Moaudikallil TOBEPXHI MaCUBY KpPEMHIEBUX HAaHOHHUTOK Ha IapaMeTpu
CEHCOpIB Ha iX OCHOBi. Bu3HayeHO BIUIMB NPHPOIH Ta KUIBKOCTI MOIHGIKaTopa, a

TaKOX BUJY JOJATKOBOrO TpaBjIeHHS Ha apaMeTpu pO3po0iIeHUX IpHITalB.
YV 1m’stoMy po3hili  NOAAHO Pe3yNbTaTd INpPHKIAJHOTO BHKOPHCTaHHA

pO3pOBTIeHNX CeHCOpiB — y CEHCOpaxX AMXaHHJ, CEHCOpaX 3alaxy Ta CeHCOpax AUMY.




Martepian po3dily 4iTKO CTPYKTypoBaHMH, a TaKkoX MOAaHO IOPIBHAHHA
XapaKTePUCTHK NPUIIafiB IS pi3HUX BUIiB Moaubikaliil. 3poOseH0 BACHOBKH ILOJO
ONMTUMAJIbHUX KOH(MIrypalii CeHCOpiB A1l KOHKPETHUX 3aCTOCYBaHb.

Po3nin «OCHOBHI HayKOBi Ta NpakTWYHI pe3yJbTaTd 1 BUCHOBKM» CTHCIIO Ta
4iTKO y3aralbHIOE OCHOBHI pe3ynbTaTu aucepTauii. Y JloAaTKax HaBe[ACHO Tabuuul
NapamMeTpiB CEHCOPIB, CIIUCOK IyOiikawiil 3a TEMOXO JOCHIAXKEHHS, a TAKOX BKa3aHO
0COOMCTUI BHECOK 3000YyBaya.

JucepTauiiina po6orta odopmnena BinosigHo go uMor Hakasy MOH Ykpainu
Bix 12 ciuns 2017 p. Ne 40 «ITpo 3aTBepmKenHs BUMOT 10 0GOpMIEHHS JUCEPTALID».

OnpuionHeHHs pe3yabTaTiB AucepTaliiiHoi poooTH.

HayxoBi pesynbratd mucepranii BHcBiTIeHi y 16 HaykoBHX IyOmiKauifx
3n00yBaya, cepell SKuX: 7 cTaTeil y HAyKOBHX BHIAHHSX, BKJIIOYEHHX Ha JaTy
OomyOJiKyBaHHS OO Iepelliky HaykoBuX (axoBMX BHOAHb YKpalHM; 5 CTaTed y
NepioAMYHUX HAYKOBUX BUIAHHAX, IPOiHIeKcoBaHMX y Oazax maHux Web of Science
Core Collection Ta/abo Scopus, 3 9kuX 3 cTaTTi Y BUJAHHIX, BIAHECEHHX JO MNEPIIOro
— tpeThoro xBaptuiis (Q1—Q3) sianosinuo no knacudikanii SCImago Journal and
Country Rank a6o Journal Citation Reports. Taxox pe3synsTatu Aucepralii Oynu
anpo0OoBaHl Ha 3 HayKOBUX (PaXxOBUX KOH(EPEHIILSX.

HaykoBi myOuikarii aBTOopa 3a TeMOK JucepTalli MNpPOMIIK HaIeKHY

NpOLELYPY PEleH3yBaHHS Ta IEPEBIPKH Ha IIariaT y (paxoBUX BHIAHHAX Y KpalHH Ta
MIXHApOJHUX HAyKOBHX XXypHajax, WO CBIQYUTH PO BUCOKUH DIBEHb aKaJeMIYHOI
KyJBTYPH JOCHIIHUKA. [TyGnikallii OXOIUIIOIOTE OCHOBHI pe3ylbTaTH AMCEPTaLIHHOL
poGOTH, 8 OCOOUCTHIA BHECOK 3700yBadya y KOXHY 3 HUX € CYTTEBHM 1 JOCTOBIPHO

B1I0OpakEHUH.
TakuM YMHOM, HAYKOBI pe3yJbTaTH, ONHUCAHI B JHUCEPTalINHIA poOoT,

ITOBHICTIO BUCBIT/IEH] y HAyKOBUX ITyOiKaLiaxX 3100yBaya.

Hegosiky Ta 3ayBakeHHsI 10 AHCEPTALIHHOI po0oTH.

1. € 3ayBakeHHs IOAO fAKOCTI OGOPMIIEHHS UIIOCTPATUBHOIO MaTepialy y
muceprtanii (rpagikis, giarpam Tomio). 30KpeMa BHKOPHCTOBYIOTHCS DI3HI
TUIY Ta PO3MipH IprdTiB AU MiAMUCIB OCEH, JIETEH ] Ta BCTABOK Ha PI3HHUX
rpabikax (Hampukiaz, puc. 2.5, puc. 2.8, puc. 3.3, puc. 4.9 Toio). Takox
MPUCYTHI HemepekiajfeHi 3 aHIIIACBKOI MOBKM TEKCTOBI €IEMEHTH Ha

PUCYHKaX B JIiTEpaTypHOMY OLJIA/II T2 OCHOBHIH YacTHHI pOOOTH.

2. YV nucepranii HaBOAUTBHCS ONMHC BUIOTOBJICHHS METaleBAX KOHTAKTIB JO
po3pobnenux cencopuux cIpykryp (Ti/Ni Ta Al), omHak BimcyTHE
oOIpyHTYyBaHHS BubOpy caMe LMX METallB Ul DPI3HUX IIapIB [aHuX
CTPYKTYp Ta He 3a3HaueHO BHJ C(HOPMOBAHOTO KOHTaKTy (OMIMHHME 4YH
BUMPAMIISFOYUNH ). BifgcyTHICTb TaKOro OOI'PYHTYBaHHs 3aJIMIIAE BIIKPUTHM
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MUTaHHA [IOKO MOXJIMBOIO BIUIMBY BMKODHUCTAHMX KOHTakKTiB Ha
BUMIipPIOBaH1 XapaKTEPUCTUKU CEHCOPIB.

3. Ilpy omuci CeHCOpiB amiaky 3a3HaueHo: «IIpuHUMII Ail PE3UCTHBHOIO
natyuka 6asyeTbCs B 3MiHi omopy mpunadgy Mpu 3pOCTaHHI KOHLEHTpauif
aHamty.» A Takox, «[Ipunuun po6otd ... gartyuka (NMpUM. — Ha 0a3i
[OJNIEOBOTO TPAH3KMCTOPA) MOJArac B 3MiHi CTpyMy KaHaly IIPH 3pOCTaHHI
KoHLeHTpauii aHamity.» [IpoTe He BKasaHO, K caMme 3MiHIOETbCS OIIP
PE3NCTUBHOTO NaT4hKa Ta CTPYyM KaHaly IpH 30iMbLIEHHI KOHLEHTpauil
aMiakxy.

4. B ormsamoBid wacTHi (po3min 1) Hemae €muMHOI CHCTEMHM BH3HA4YCHHS
4yTIMBOCTI HaTyMKiB. s ceHcopis eTaHony ne Rg/Ra, s ceHCOpiB aMmiaKy
(pesuctuBHl gaTyuku Ha ocHoBi KHH) — (Rg-Ra)/Rax100%, a Takox s
nux xe ceHcopiB (Ha ocHoBi KHH momudikoBanux momimipomoMm) — (Rg—
Ra)/Ra, ne Rg — omip 3a HasBHOCTI ra3y, Ra — omip 3a BiicyTHOCTI rasy. [l
NIeSIKUX CEHCOpIB, HANpHKIAl, IepeKHcy BOJHIO, B3arajl HE HaBEIECHO
dbopMyIH I BU3HAYEHHS YyTIMBOCT] JaTYHKA.

5. ¥V BuUCHOBKax A0 3-ro po3gunry HanucaHo: «IlopiBHSHHA pe3UCTUBHHUX Ta
IIOOHUX CEHCOpPIB MDXK €000 mokasaio...». Y poOOTI He HaBEJEeHO
MOPIBHSAHHSA MMapaMeTpIB LUX TUIIIB ceHcopiB. CaMi IMapaMeTpy HaBeJIeHl, ajle
y pi3HHUX po3autax. BapTo 6yno 6 HaBeCTH MOPIBHAIBHY TaOIHIITO.

BBakaro, 1110 BHCJIOBJIEHI 3ayBa)KCHHS HE € BU3HAYAIBHUMH 1 HE 3MEHIIYIOTh
3arajibHy HAyKOBY HOBU3HY Ta NMPAKTUYHY 3HAYMMICTh PE3yNbTaTIiB Ta HE BIUIMBAIOTh

Ha IIO3UTHBHY OLIHKY AUCEPTaliiHOl poOOoTH.

BucHoBOK npo aucepTauiiny poooTy.

Braxaro, mo auceprauifina pobora 3m00ysava CTyneHs OokTopa dimocodii
Jlineenua Spocnasa OnexcifioBnya Ha TeMy «HaHOpPO3MIpHI KpeMHi€Bi OHOBUMIpHI
CTPYKTYpU U CEHCOpIiB (i3MYHMX 1 XIMIYHHMX BEJIMYHMH» BUKOHaHa Ha BHCOKOMY
HayKOBOMY DiBHI, HE IOpYIIye NPUHLHUIIB aKageMI4HOI I0OpOYECHOCTI Ta €
3aKIHYEHUM HAYKOBHM JOCTIIXKEHHAM, CYKYIHICTh TEOPETUYHHMX Ta IIPAKTHUYHMX
PE3yNbTATIB SKOrO pO3B'A3y€ HAYKOBE 3aBJaHHS, 10 MAa€ iCTOTHE 3HAYEHHS IJIs
rajy3i 3HaHb ABTOMAaTu3allis Ta MpuiaxoOynysaHHs. [lucepranifina poGora 3a
aKTYaJIbHICTIO, IPAaKTUYHOO I[IHHICTIO T4 HAYKOBOXO HOBH3HOKO ITOBHICTIO BIATIOBifac
BUMOraM YUHHOTO 3aKOHOJaBCTBa YKpalHH, L0 nepenadaveni B m. 6 — 9 «Ilopsanxy
MPUCYMKEHHS CTyIeHs JokTopa (UIOCO(Il Ta CKacyBaHHS pilleHHS pPa30BOi
CIemiani3oBaHoi BYeHOI pand 3aKiady BHINOI OCBITH, HAyKOBOI YCTaHOBH IIpO
MPUCY/KEHHA CTYIIeHs okTopa dinocodii», 3aTBepmxenoro I[loctanosoro Kabinery
MinictpiB Yxpainu Big 12 ciuns 2022 p. Ne 44,
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3nobysau JlineBuu JSlpocnas OmnekciiioBUY 3aciayroBy€ Ha IPHCYDKCHHA
CTymeHss JAOKTopa ¢imocodii B ramysi 3Hadp 15 — ABroMmaru3auis Ta
npunanobyayBaHHs 3a creliabhicTio 153 — Mikpo- Ta HAHOCHCTEMHA TEXHIKa.

PenieH3eHT:

JloueHT KadeapHu MIKPOENEKTPOHIKH,
(aKyIbpTETY EJIEKTPOHIKH,
HaumioHaJIbHOI0 TEXHIYHOTO
VHIBEPCUTETY Y KpaiHH

«KHIBCBKHI TOJITEXHIYHUM
IHCTUTYT M. [rops Cikopcekoroy,
KaHAUAAT TEXHIYHUX HAYK, TOLECHT




