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AKTYAJBHICTH TEMH JAHCEpPTALIT

Sk Bizomo, piBeHb MiKpoMiHiaTIOpH3allil Cy4acHOi EJIEKTPOHIKH, CTBOpPEHOI Ha Oasl
KJIACMUHUMX HAITIBIIPOBIJIHUKOBUX CTPYKTYp, JOCSAI PIBHS, KOJIM BIJIMB 30BHINIHIX (DAKTOPIB
BHOCHTH CYTTEBI KOPEKTHBH 1 BIJIMBAE HaA TEXHIYHI XapaKTEPUCTHKH HAHOCJICKTPHYHHX
npuiaiis. Ilojanbiuuit pyx B 1bOMY HalpsMKy BIPHTYJI HaOJIM3UTH JIOJACTBO  JI0
cyneprnapaMariTHOI MEXH, 3arpoKylodyd THM, 110 MaiOyTHI €JeKTPOHHI NPHIIAJHA 3MOXKYTh
[pallOBaTH JIMIIE NpPH KpiOreHHUX Temmneparypax. Konue HEOOX1HO 30CepeiuTH yBary Ha
MOLIYKY MaTepiaiB, sKi Majud O BHCOKI 3HAYEHHsI KOE(IUIEHTY aHI30TPOIIl 1 BEJIMYHHH
MarHiTHOrO MOMEHTY, KMl OM XaO0THYHO HE 3MIHIOBAB CBOTO HANPSAMKY I11J] BIUIMBOM TEIJIOBHX
diykryanii. [HIIMM BaKJIMBAM HaNpPSMKOM PO3BHUTKY (DI3MKM TBEPJIOrO TUIA € OTPUMAHHS
MarepiajiiB, 1110 MalOTh 3JIaTHICTh NPONYCKATH BHIIPOMIHIOBAHHS Y BH3HAYCHHUX CIICKTPAJILHUX
jianasonax i npu nboMy 0J0KyBaTH BHIIPOMIHIOBaHHS 3 BUCOKMM piBHEM (poHOBOTO 1iymy B 1Y
niana3zoHi, TOOTO BHKOHYBATH pOJIb CEJIEKTHBHOrO (iapTpa. BuplmenHs muxX OHTaHL OYIyTh
CIIPUSITH TEXHOJIOIIUHOMY MPOTPECy B rajly3i HAaHOEJIEKTPOHIKH 1 €JIEKTPOTEXHIKH.

Ha mnomyk TakuX MEpCIEKTHBHHX MaTepiaiB 1 copsiMoBaHa Jucepraiiiina pobora
[Tonouskoro JI. 1O., sxa mana Ha MeTi, MO-Nepile, OTPUMAHHS Ta JIOCHIIPKEHHS MarHiTHUX I
eNeKTpUYHUX BilacTuBocTed rerepocucreM TiN/Fe 3 HaHOCTPYKTYpOBaHMMH BYIJICLICBUMM
CTPYKTypaMH Ta 0e3 HMX, a IMO-Apyre CHHTE3 1 JOCIDKEHHS ONTHYHHX 1 CTPYKTYPHHX
0COOJIMBOCTEH HITPUAY ATIOMIHIIO Ha TEpPMOJAOUILHMX MMIJKJIAIUHKaxX, JUIs  [IPaKTHYHOrO
BUKOPHCTAHHS 1IMX MaTepialliB y NpUCTposiX 30epexkeHHs iHopMaii i CeleKTUBHUX (PUIbTpaX.
Pobotu, mo yBililu 1m0 aumcepraiii, BUKOHYyBaJUCh B I[HcTHTyTl Mertanodizuku im. [ B.
KymomoBa HAH Ykpainu i 6yiia 4acTHHOIO 6 HAyKOBO-AOCIIIHUIIBKUX POOIT.

3arajJibHa XapaKTepUCTHKA po0OTH

Jluceprallisi CKJIaJacThCsl 3 aHOTALlil, BCTYITY, OIJISIIOBOTO PO3Jily, TPhOX OPHIIHAJILHHX
PO3J1iJIiB 1 3araqpbHUX BUCHOBKIB. PoGoTa Bukianena Ha 202 cTropiHkax i MiCTUTh 16 Tabuuiil, 96
PHCYHKH 1 CIIMCOK JIITEpaTypH BITUU3HSIHUX 1 3aKOPJOHHKX aBTOPIB 31 158 HalMEHYBaHb.

Y Beryni OOIpyHTOBaHO aKTYaJIbHICTH TEMH JAMCEPTallii, BHMCBITICHO 11 3B'A30K 3
HAYKOBUMHM HporpaMami, c(p)OpMyJbOBaHO METY 1 OCHOBHI 3aBJaHHsS JOCII/DKCHHsI, 00 €KT 1
IpeIMET JOCIIIKEHHS, TI0Ka3aHO HAayKOBY HOBH3HY OTPUMaHMX pE3YJbTATIB Ta IX IPAKTHYHE

3HA4YEHHsI, ONMCAHO CTPYKTYPY 1 00'eM AucepTarii.
Po3ais 1 npucBsYeHO OrUIAAY HAYKOBHX IIpallb 3 I0HHO-TIIa3MOBHMX METO/IIB y TEXHOJIOT1]

OTPHUMAaHHS TOHKHUX ILJIIBOK.

Y posaini 2 posrisHyTo 6yA0BY Ta (i3HuHI NPUHIKIK POOOTH TiOPHIHOrO reiKOHHO-
nyrosoro ionno-rasmosoro peakrtopa (I'TJIIIIP). IlpencraBieHo pesynbTaTd OOCIHIIKEHHS
XapaKTEPUCTHK pO3poOJIEHOro0 TellKOHHOIO JDKepena IUla3Md  Ta  IJ1a3MOBO-AYrOBOIO
npuuBKANIIyBada. OOroBopeHo 2 peXxuMHM POOOTH TeNiKOHHOIO JUKEpesa — BIIOMHH PEeXHM
00'eMHOTO pPO3psily Ta BHUSIBIEHMH HOBHH pEXHM «IJIa3MOBa KOJOHA». BHUSBIEHO epexTH
KepyBaHHS B IPOCTOPI MIa3MOBHM MTOTOKOM I11a3MOBO-AyroBoro nprckoprosada (I1111).




Y posniai 3 npejicrasieno PC3YJILTATH CTBOPEHHSI TAa BUBYCHHS (DI3HUHMX BIACTHBOCTCI]
riopuanux Hanoctpykryp TiN/Fe i TiN/Fe/C. Hasejieno remneparypui it nosnoBi 3ajexnoct
MarHiTHOrO MOMEHTY Ta PO3PaxXyHKH II0JI0O [apaMETPiB  MarHiTHUX KracTepiB  3asiisa.
Beranosneno cynepnapamaruithuii Xapaktep crpyktyp TiN/Fe. 3anpononosano meron mno
HOJOJIAHHIO CynepriapaMariTHOT MEKM HUISIXOM CHHTE3y Ha BIIOPSIZIKOBAHMX HAaHOKJIACTEpaX
3aili3a BYIJICLICBHX HAHOCTPYKTYp. Onucanuii Busisyiecuuii na BAX rerepo crpykryp TiN/Fe/C
CTaH HE3BHYAWHOI IPOBIJHOCTI 1 HaBEJEHA HOro IHTEpIIpETallisi B pamKax TYHEJIbHOT MOJIE/II.
HaBezeni npukinaam  edekris CICKTPOHHOI HECTIHKOCTI, 1110 cnocrepiranucsi na BAX
3a3HAYCHUX CTPYKTYp, SIKI MPU3BOJSTL 110 MEPEMHKAHHS CTPYKTYPH ML JU€EI0 JIBONOJISPHOT
CTPYMOBOI PO3rOPTKH Mi’K BUCOKOOMHMM | HH3LKOOMHUM CTaHaAMH.

Pospin 4 onmcano meromuky cuuTesy 1nBok AIN Ha rHyukmx TEPMOJIAdIILHUX
NMOJIMEPHHUX [UIBKOBHX IMiAKIAAKAX i3 droponnacty i maitnapy Ta MOHOKPHCTAIITYHOIO
KPEMHIIO, HABEJIEHO PEe3yJIbTaTH BUBYCHHSI MOP()OJIOTIT MTOBEPXHI, PEHTIEeHIBCHKHX JIOCJJDKCHb.,
CIIEKTPaJIbHI XapaKTepucTUKU B [U-ianazoui (2-25 mkm).

HaykoBa nosusua

Ha ocHOBI pe3ynbraTiB, HaBeaeHux y po3ainax 3 i 4, MoxkHa chopMyIioBaTH [1OJIOKECHHS,
SIKI BU3HAYAIOTH HAYKOBY HOBU3HY qMcepTaiil. JIOUiIbHO pO3rIsTHYTH HAHBAXKIHBIII 3 HIX:

. Brnepuie BusiBieHo sisuie BHCOKOCHCPIETHYHOI'O PEXKUMY TIEeIIKOHHOIO pO3psijLy
«l1ma3moBa komonay, [IpH SIKOMY IU1a3Ma BHMCOKOI I'yCTHHH PO3NOBCIODKYETBCS 13 PO3PSIIHOT
KaMCpH B TEXHOJIOIIYHY 30HY. BukopucTranus Ha MPAKTHIIl LBOTO PEXHUMY HAIANIO0 3MOTI'y
MOIM(DIKYBaTH MOBEPXHIO KPEMHIIO 1 3aKIACTH OCHOBY POCTY pEryJjsipHUX BIOPSIJIKOBAHHX
HAHOCTPYKTYP, @ TaKOXX OTPUMATH OCTPOBKOBI CTPYKTYpY 3ai3a Ha [paHyJiaX HITPUJLY THTAHY.
[Ipu BizcyTHOCTI 1IBOTrO HOTYXXHOTO PEXUMY IJIa3MOBOIO IHCTPYMEHTA, SIKUM € IeliKOHHUI
PO3pal, OTpPUMaHHs TaKKX 3pa3KiB OyJI0 6 HEMOMKIIUBUM.

2. Buspnenwii cynepnapamarsitHeTHsm B rerepocuctemax TiN/Fe, sikuii 6esnepeuno
A0Ka3ye (aKT, 110 MOBEPXHS TUTiBKU [IpeAcTaBiIsiec coO0I0 OKpeMi HAHOPO3MIpH] OCTPOBKH, a He
CYUUIBHY IUTIBKY. JIOCSITHEHHS LbOTO PE3YJIbTaTy Halallo MOXIIUBICTE BIPHTYJI HAOIHU3UTUCD JI0
CyHeprnapaMartiTHOT MEXH, LbOI0 Mapa3uTHOro s CJIIEKTPOTEXHIKH edeKTy i 3aMnporoHyBaTH
METOZ HOro TMOJOJAHHA MLUIAXOM CHHTE3y Ha [IOBEPXHI 3ali3HUX OCTPOBKIB BYIJICIEBHX
HaHOCTPYKTYp. Briepiie BcranoBneno, mo HAHOCTPYKTYPOBAHMH BYTJIE€Ib, CHHTE30BAHMI HAa
Knmacrepax 3aisa (HaHocTpykTypa TiN/F e/C), crnpusie NiABUINEHHIO B NeKiibKa pasiB MarHiTHy
CIIPUHHATHICTE MOPIBHSIHO 13 3paskoM 0e3 BYTIIELIO (Hanoctpykrypa TiN/Fe) Ta MIJABUIIYE J10
KIMHAaTHHX TEMIIEpATYp TEMIICpATypy CyIrepriapaMarHiTHOl MeXi.

3. IlpoBeneni BumepH 3 BHKOPHUCTAHHAM YOTHPHOX30HIOBOI METOIUKH CJIEKTPUYHHX
XapakTepUCTHK rerepocucteM TiN/Fe/C npu kimuarhiii TEMIIEPaTypl BKa3yIOTh Ha MOKIUBICTE
peamisanii HHU3BKUX 3HAYECHD OHOPY UL BYIJICLEBO - 3ali3HMX HAHOCTPYKTYP, BHACIIIOK
(bOopMyBaHHS B HHMX CTaHy NePKANALIAHIA MPOBIAHOCTI, @ TAKOXK 1 HA MOYKIHBICTE peaiizarii
MEMPHCTOPHOI noBeninku BAX BHachigox ICPEMHUKAHHST MK BUCOKOOMHHMM (1,3-1072 OM) 1

HU3BKOOMHHM (3107 OM) cTanoM guHAMIYHOrO OIOpY .

4. BuxopucraHHs mnpamomuux B cuM6i03i [JIa3MOBO-JIyTOBOTO NMPHCKOpIOBaYa |
FEeIKOHHOTO JDKEpeNa Hajago MOXIMBICTE BIIEPIIC OTPUMATH IUIIBKH LIMPOKO30HHOIG
HamBnpoBinHuka AIN nHa MOJIMEPHUX THYYKUX ITiKIaIKax TeIoHa 1 Maitnapa, sKi, BHACITIIOK
miei Momubikanii, moyanu ACMOHCTPYBATH XapaKTEPUCTUKU CMYTH 3aTHIIKOBUX [IDOMEHIB B
aiamnaszoHi A ~ 10-20 MkM, 1110 [IPU3BOAUTE 10 €(DEKTHBHOTO OJIOKYBAHHS [Y-BunpominroBanHus,



TOJIl IK MOHOKPHCTAJIYHHI] HITPHUJL aJIIOMIHIIO Mae HOJIOCY 3aJIMIIKOBUX HPOMEHIB B Jlianazoni
A=~ 10- 16 MmkmM.

locToBipuicTs pesyianraTis Ta CTYHIHL 00IPYHTOBAHOCTI
HAYKOBHX IOJIOKCHL

Jlocrosipuicts  pesysnpraris, OJICPKAHUX Yy juceprauiiiii - po6orti  Ta CTYIIHE
OOIpyHTYBAHHS HAYKOBHMX HOJIOKEHE 3a0esneuyernes, y nepiy YEPry, BHUKOpPHCTAHHSIM
CYHaCHHX  METOMIB  €KCICPUMEHTANBHUX  JOCHUDKEHL i3 3AIYYCHHSIM ~ BUCOKOTOYHOI'O
obsiajiHaHHs 1y yac BUMIPIOBaHb Ta 00poOKH pesynbTaTis. Takosk JIOCTOBIPHICTH OTPUMAHMUX
pe3yJIbTaTiB 00IPyHTOBYETHCS HACTYITHHUM:

I. AnexBatno niniGpanumu YMOBaMH BHIOTOBJICHHSI Ta BHMIipIOBAHHS XapaKTCPpUCTHK
3pasKiB, MO JAOCII/KYBAIHCS B podoTI.

2. JloctatHiM piBHEM anpo0allii Ta BHCOKHM cTaTycom HAYKOBUX BMJaHb, Y SKHX
BHCBITIICHO PE3YJILTATH poOOTH.

IIpakTHune 3HaYeHNs Pe3yJbTaTIB podoTH i pekoMenaamii moxo ix BHKOPHCTANHS

Pesynbratu, orpumani B aMcepraniiniii po6oti Ilononbkoro . 10., mMoxyrs Gyru
BUKOPHUCTaHI Y [OJATBIINX [IPHKIIA/IHUX  JIOCII/DKEHHSIX Ta  po3pobKax QyHKIIOHANBHIX
CJIEMEHTIB JUIsl CHCTEM OGYHCIIeHHS, 30epiranHs ta nepemaui iH(popmaii. Bukopucrani B poOOTI
IOHHO-TIIA3MOBI  JKepeia Ta PO3pOOJICHI OpUriHANBHI migxomu | METOAM JUISl CHHTE3Y
HAHOCTPYKTYPOBAHMX IUIIBKOBHX CTPYKTYD Pi3HOIO CTYNEHS CKJTaJHOCTI MOKYTh OYTH Yo
BUKOPHMCTAH1 VIl OTPUMAHHS HACTYITHUX pe3ybTaTIB:

- rerepocucremu TiN/Fe - st crBopenns nociis IH(OpMAaIii 3 BHCOKOIO IMiTbHOCT]
3alliCy, 3NaTHUX NPALIOBATH B rajiy3i KpioreHHoj CJIIEKTPOHIKH:

- rerepocucremu TiN/Fe/C - s po3poGku HOBHX CHEPrOHE3aICIKHUX MPUCTPOIB JUIsi
3aITUCY TaHUX — MEMPUCTOPIB;

- AIN - ju1s cTBOpenns npunanip Ha PHYYKHX HOCIX. Kpim Toro orpumani pe3yJibTaTh
po  OoKyBaHHS IH(pauepBOHOro BUIIDOMIHIOBAHHS B IIIBKOBHX CTPYKTYpax HITpHy
IIOMIHIIO CHHTE30BaHUX Ha JUCTIEKTPUYHUX T10JIMEPHHX mikaagkax teduioHa | Maiiapa
AO3BOJIIIOTE TOBOPUTH HE TiILKM O CTBOPEHI TENIOBHX CKpaHIB JUIsl KpiocTaTiB, ane i o
MACKyBaJIbHUX ITOKPHUTTSX Ha iX OCHORBL.

3ayBakeHHs 10 poGoTH

Pobota, Ha Moro ymKy, mae neski Henomiku:

I. He wmae xommoro OOIpYHTYBAHHS YoMy  J{s [IONONIaHHS, SIK THILE aBTOp
CyneprapamardiTHoi mexi, 6yB BUOpaHuii came BYTJIEIIb;

2. 30BCIM He 3pO3yMinHM 3 TEKCTY IHCEpTalil YOMY BEIMYHHA MATHITHOLO MOMEHTY
reTepocTpykTyp TiN/Fe/C 3pocna 6inbut Hixk B cim Pa3iB MOPIBHSHO 3 OTPUMAHUMH [MPU THX Ke
BUMIpax st TiN/Fe?

3. BusuBae nurtanns, ska (h13MKa mporecy 36iMbIICHHS TEMIIEpaTypH CyneprnapaMartiTHoj

Mexu Bia 150 K g CTPYKTYp ©€3 BYIJIELIO 10 KiIMHATHMX TEMIICpaTyp AJs CTPYKTYp
TiN/Fe/C?

IIMIIC O KOJCKTUBHHUX €NIEKTPOHAX 3aiiza, o, [IPA  B3aEMOMIl 3 MiACHCTEMOIO BYTJICIIO,
30UIBLIYIOTh LIIBHICTh CTaHIB nodausy piBHs ®epmi. Ha moro AYMKY, aBTOpy ciia Oymao 6
BUKOHATH NETaNbHIMINK aHai3 IPUPOIH BKA3AHOLO SIBUIIIA.



5. 3alMIac  NUTAHHS  HOMY Ul J0CHLDKCHHS CIICKTPUUHHX  XapaKTCPUCTHK
rerepoctpykryp  TiN/Fe/C  Gyna BuGpana Toukosa HOTHPLOX30H/0BA METOJMKA, SKHIi
HEPEXIHKUIT KOHTAKTHHMIT ONip | HAacKiibKH JIOCTOBIPHI oTpuMani BAX 3i cTanoM rirantenkoi
POBIJIHOCTI.

6. He 3posyminum sanummiocs HOMY IIpH OTpUMaHHI HACTUILKH HETPUBIAILHUX JIAHHX
JUIS TIFAHTCHKOT TPOBIJIHOCTI He Oysin nposejieHi Bumiprosanns BAX rerepoctpykTyp TiN/Fe/C
B IHPOKOMY 1HTEpBai Temuepatyp. Lle ano 61 MOIUIHBICTE BCTAHOBUTH MEXaHI3M [POTIKAHHS]
CTYMY B JIOC/IJKYBaHHX 3pa3Kax.

3arajibHuH BHCHOBOK

3a marepianamu jucepraigi Onmy0JIKOBaHO 26 HAYKOBMX Ipalib, cepen sakux 13 crareii y
BITYH3HAHUX Ta 3aKOPIOHHHX HayKOBMX (paXxoBuX skypHamax, 1 po3uin Y KOJICKTUBHII
MoHorpapii ta 12 npaip i Te3 koudepeniiii. ABTOpedepar i onybiikoBaHi pOGOTH AOCTATHLO
IMOBHO B1J00PayKaroTh OCHOBHHIL 3MicCT JIMCEPTALIHHOT pOOOTH.

Hucepranist [Tonouskoro JI. 10. ¢ 3aBCPIICHOIO HAYKOBO-JIOCIIIHOIO pobOTOIO, B sKiii
OTPUMAHO HOBI pe3yjlbTaTH Yy pamKax HOBOIO HanpsiMmy  (I3UKM  TBEPAOro Tijma —
HaHOCTPYKTYpOBaHI MaTeplaid 3 YHIKaJbHHUMH MarHiTHUMH, CJICKTPHUHMMH | ONTHUHHMH
BIACTHBOCTAMM, 110 NMPUIATHI /11 BAKOPUCTAHHS Y MIKpO- i HAHOECJIEKTPOHHUIL].

Takum ymHOM, 32 akTyanbHICTIO TCMaTHKH, 32 HOBM3HOIO OTPHMAHHUX pe3yJIbTaTiB, IX
00csAroM, 0CTOBIPHICTIO Ta OOIPYHTOBAHICTIO, HAYKOBUM i PAKTHYHMM 3HAYECHHSIM pO3IrJIsIHYTA
jucepraniiiia pobora «EaekTponni, Maruirui i ONTHYHI BJIACTHBOCTI TA MIKPOCTPYKTYpa
riopuanux rerepocucrem TiN/Fe/C i AINy BIANOBIZa€ BuMoram BAK Ykpaiuu 110710
KaH/IMIATCBKUX IMCepTalllif, a if aBrop ITosoubkuii Jlenuc IOpiiioBuy 3aciyrosye npucyprenns
HOMY HAyKOBOTO CTYIICHS KaH /(H/1aTa (bI3MKO-MaTEeMATHYHHUX HAYK 3a creliaibHicTio 0] .04.07 -
(13uka TBep0ro TiNa.
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