PEILEH3I
Ha QuCepTauliiHy poOoTy
Kpyraosa IBana OnekcanapoBuua na TeMY
«BrmB KOMIUIEKCHOI HOHHOT Ta TepMiuHOT 06po6KH Ha CTPYKTYpPHO-(ha30Bi
[MEPETBOPEHHS Y (DYHKLIOHATBHHUX IUTiBKOBUX KOMITO3ULIISX
13 HaHOPO3MipHUMH mapamu Ni, Cu, Cr, V»,
PEICTaBIIeHy Ha 3000y TTsI CTyneHs JOKTopa (hinocodii
B rayry3l 3HaHb 13 «MexaHiuHa iHxeHepis
3a crienianbHicTIo 132 «Marepiano3HascTBoy

AKTYyaJIbHICTh TeMH JAHCePTALil.

AKTYalbHICTh ~TEeMH JUCepTaLiiHOl podoTH  00yMOBIIEHA  IIHPOKUM
BUKOPHCTAaHHAM  TOHKOIUIIBKOBHUX  MaTepialiB Ha ocHoBi Cu Yy  SIKOCTI
(QYHKIIIOHAJIBHUX eJIEMEHTIR MIKPOEGIIEKTPOHIKA Ta (oTtoBoNBTATKH. J{OCHUTE
HEPCICKTHBHIM, BBAKAETBCS 3aCTOCYBAHHS HAHOPO3MIpHHUX wwapiB Cu y SKOCT]
CICKTPUYHUX KOHTAKTIB JJIS COHSYHHUX eJeMEHTIB Ha OCHOB] kpeMHI110. [Ipu mpomy
B&XJIMBOIO TEHICHIIEIO CY4YacHOTO MaTepiallo3HAaBCTBA I TEXHOJOLIH € [epexia B
00/IaCTh HAATOHKHX MarepianiB. OpHak Ha CHOrOIHI [IUPOKE NpaKTHYHE
BUKOPDUCTAHHS MIAHMX KOHTAaKTiB, Yy TOMY YHCII 1 B raaysl ¢OTOBOJBTAIKH,
OOMEIKY€ETBCSI HU3KOIO (DaKTOpiB, cepei SKHUX HU3bKa Kopo3iiiHa criiikicts Cu,
aKTHBHA JU(Y31HHA B3aEMOZIS 3 MiAKIAAKOI KPEMHIIO Ta He3aI0BLILHA aaresis 10
el miaknaaku. JIs mogonaHHs UUX HeraTHBHHX (akTopiB B AaHiil aucepTariiiniii
pOOOTI NPOMOHYIOTECS HOAATKOBI e(heKTHBHI 3aco6u 3aXHUCTy IpoBiaHOro mapy Cu
38 IONIOMOTOI0 0araToIapoBUX HAHOPO3MIPHHUX CHCTEM Cu/Cr, Ni/Cu/Cr, Ni/Cu/V,
Cr/Cu/NI 3a yMOB KOMILIEKCHOrO BIUTHBY i1OHHOTO ONPOMIHEHHSI Ta TEPMIYHOI
O0pOOKH, 110 € aKTyaJIbHUM 3aBIAHHSM, 5K 3 HAyKOBOI, TaK 1 3 IPAKTUYHOI TOYOK

30pYy.

Ouinka  o0rpyHTOBaHOCTI HAyKOBHX pe3yjabTarTiB  aucepramii, ix
JTOCTOBIPHOCTI TA HOBH3HH.
HaykoBa HOBM3HA pe3ynbraTiB AMcepTALINHOrO TOCITiIKEHHS CKJIaIa€ThCS 3 8
[TOJIOXKCHB Cepeal SIKUX MOKHA BUALTHTH HACTYIIHI:
1. Beranosneno, mo 3a gocnimkennx [IapaMeTpPIB HU3bKOEHEPreTUYHOT
I0HHO-TIPOMeHeBoi 06pobku (enepris 400-2000 eB, noza 1.4- 10"°~1,1-10" ion/cm?,

'YCTHHAa CTpymy 4 MKA/CMZ) Yy IUIIBKOBHX CHUCTeMax N1/Cu/Cr(V)/Si(100),
Cr/Cu/Ni/Sigo0) 3 TOBIMHOIO mapiB 25 HM BIICYTHI  CTPYKTYpHO-(ha30Bi
HEPCTBOPCHHA 33 BUKIIIOYCHHAM 3MEHILICHHS F€OMETPUYHHUX PO3MIpiB KPHCTAIITIB y
30BHILIHBOMY Iapi Ni.

2. 3’sicoBano, mo audysiline (HazoyTBOpeHHsS B HaHowmapax Ni/Cu B
remrepaTypHoMy iHTepBani 300—450 °C, y Tomy uwmcni i 3a YMOB J10JaTKOBOI'O
IOHHOTO OIPOMiHEHHS, BiAOYBa€THCS 3 (hopMyBaHHSIM Ge3nepepBHOro pSILY TBEPAUX
pO3YMHIB 3aMillleHHss Ha ocHoBi Cu, KOHUeHTpauls Ni B SKUX 3aJIeKHUTh Bin
KOH(Irypauii wapis. J{udy3iiiHa B3aeMois 3A1iCHIOETECS 32 PI3HUMH MEXaHi3MaMH:




At NI IoMiHYIOYHM € 00’eMHHIE MexXaHi3m nudysii, a mig aromiB Cu —
3¢pHOIPAHUYHUN MEXaHI3M.

3. Busnaueno, mo BHacigok Bianany B aTMOC(Eepl NPOTOYHOIr0 aprony (P =
200 ITa) nmopiBHsHO i3 Bignmanom y Bakyymi (P =107 I1a) ciocrepiraerbes HaCTyIHE:
a) TIPUCKOPIOETBCs Audy3is atomis Ni 1o mapy Cu 3a 06’eMHUM MeXaHi3MOM; 6)
30LIBLIYETbCSA KOHUEHTpalis Ni y TBepaoMy po3unHl Cu-Ni 1o ~4 pasis; B)
IHTEHCUQIKyeTbest nudysist atomis Cr 10 30BHIIHBOI MOBEPXHI; 301IbLIYETHCS
AeMEKTHICTb KPUCTATIYHOT CTPYKTYPH i KOHLIEHTpaLI1s JOMILIOK.

4. Ilokazano, mo 3miHa mMarepiany aaresiiiHoro mapy 3 Cr Ha V He BruIMBae
Ha: a) KoHueHTpauiro Ni ta Cu vy TBEPAOMY pPO34YKHI (BIAMIHHICTH He OijIblIe
HUDK 5 ar.%) Ta 6) TemmepaTypy romoreHnisamii Ta KIHUEBUU (a3oBUil CKiaj
(Cus3Niy7), ame rambemye: B) qudysito aTomis MaTeplaly aare3idiHoOro mapy o
30BHILIHBOI MOBEPXHi Ta I') 1e(heKTOYTBOPEHHS Ta HACHYEHHS JIOMIIIKaMH.

5. BcraHoBneHo, 1m0 sk i0HHO-IIPOMEHEBa, TaK i 1OHHO-IIA3MORA 00poOKH
[UIIBKOBUX KOMITO3HLIi# i3 HAHOPO3MipHUMH mapamu N1, Cu, Cr, V y pi3HUX ra30BuX
CEpeNoBHIIAX (BaKyyM, aproH) B iHTepBai Temmnepatyp 300-550 °C npusBoasTe 110:
a) raJbMyBaHHS 1U(y3il aTOMIB MaTepialiB HUKHBOTO aIre3iHHOro mapy (Cr, V) ta
BEPXHBOTrO wapy N1 no npomizkHoro mapy Cu; 6) 3MeHIIeHHS B TBEPLAOMY PO3YMHI
Ha ocHOBI Cu aromHOi KoHUeHTpauii Ni 10 ~ 2 pa3iB; B) 3MEHIIEHHS KiJIbKOCTI
JIOMIIIKOBUX aTOMiB KHCHIO Ta BYIVIELIIO y wmapl Cu; r) BiJHOBIEHHS OKCHIHUX
MPOIIAPKIB HA BHYTPIUIHIX Mekax po3midny; 1a) crabimizauii HaHOKPHUCTAIIYHOL
CTPYKTYPH BHACJIIIOK rajJbMyBaHHS MPOLECIB peKpHUCTal3aLil; Ta €) YHIOBLIbHEHHS
[TPOLIECIB OKCHAOYTBOPEeHHS B wmapi Cr.

IlpencraBneni HaykoBi pe3ysbpTaTH € JIOCTOBIPDHUMH, ILO MiATBEPIKYETHCS
SACTOCYBAHHAM  KOMIUICKCY HaACy4YacHHX (I3MYHUX METOMIB NOCTIIKEHHS, SKi
JIETAJILHO HaBEJIEH] y IPyTOMY PO3ZiJIi.

Ouinka smicty amceprauii, i 3aBepwenicts Ta AOTPUMAHHS TPHHIHUIIIB
aKaaeMIYHOI 100pPOYEeCHOCTI.

Jluceprauiiina poGora odopmieHa BiIMOBIZHO MO BUMOTL Hakazsy MOH
Ykpaluu Bix 12 ciuns 2017 p. No 40 «IIpo 3aTBepmKeHHsT BUMOT 0 O(OpPMIIEHHS
JUcepTaLi.

Hucepraniiina poGorta € 3aBepreHO0 HayKOBOIO IMpalel0 1 CBIAYUTHL IO
HAsBHICTH OCOOMCTOrO BHECKYy 37100yBaua Yy HaykoBUM Hampsm «HaHoposmiphe
MaTepiaJ03HaBCTBO IS MMOTPed CydacHHUX TeXHOJIOrIi.

AHaui3 3BITy MoAIGHOCTI 3a pe3yapTaTaMu IePEBIPKU NHUCepTaLiiiHOl po6OTH Ha
TEKCTOBI CIIBNAAIHHS, CBIIYMTH, WIO AHMCEpPTALiNHA pooora Kpyrimosa IBana
OnekcaHapoBHYa € pe3ysIbTaToOM CaMOCTIHHMX IOCLTKEHE 3100yBayva 1 He MiCTHUTB
CIEMEHTIB  (hanbeudikamii, xomminamii, dabpukanii, [UIariaty Ta 3arno3u4eHb.
Bukopucrani izei, pe3yapTaTd i TEKCTH IHIINX aBTOPIB MaIOTh HaJIEXkKHI MOCHIIaHHS
Ha BIAIIOBIJHE KEPEIIO.

MoBa Ta CTHJIb BUKJIAIEHHS Pe3yJIbTATIB.

Jucepramiiina  poGota HamMcaHa  YKpaiHCBKOIO — MOBOIO. Odopmiena
IMOCJIOBHO Ta CTPYKTYPOBAHO, 3TiIHO 110 ICHYIOYMX BUMOT. TeKCT aucepTariiHoi




poO0OTH BHMKJIAQJEHO JOCTYIHO, 3 AOTPUMAHHSIM HAayKOBO-TE€XHIYHOI'O CTHJIIO
MOBJICHHS, 3 BHKOPUCT@HHSAM 3araJbHONpPHUHHATOI HAyKOBOI TepMiHOMOrI Ta
BIATIOBIAHUMHU TOCHJIAHHSMUA Ha pPOOOTH IHIIUX BYEHUX BiIMOBIIHOrO HayKOBOTO
HaMpsIMKY. |

JlucepTamiss CknamaeTscss 3 BCTYMy, TPHOX PO3ILNIB, BHCHOBKIB, CITUCKY
TITepaTypy Ta AOAATKIB. 3araabHui 06CsT Auceprauil ckiazae 178 cTopiHOK.

Y écmyni no nucepraniitnoi po6oTH APryMEHTOBAaHO BHCBITJIEHO aKTYaJIbHICTE
poOOTH, CIHUPAIOYUCh HA aHAaJi3 JITEPaTypHUX JUKEpPEN 3a HayKOBHM HaIIPSIMKOM.
CdopmyiiboBaHa OCHOBHA MeTa JUCEPTaLIMHOI POOOTH, AN JOCATHEHHS SIKO
[OCTaBJIeHI BIAMOBIAHI 3agayi MOCTIIKEHHS. 3a3HAYEHO O6’eKT Ta IpeaMeT
nociKeHHs. [lepepaxoBaHo KOMITIEKC CYYaCHHMK (PI3UYHHUX METOMIB JOCIIIKEHHS.
BxazaHo 3B’30K 3 HH3KOI HAYKOBO-IOCIiTHHUX poOIT, a TakoX HaliOHATLHUX,
MDKHAPOAHMX Ta IIePCOHAJIBHUX rpadTiB. ONHCAaHO TMPaKTHYHY 3HAYUMICTE
OTPUMAHHX HayKOBMX pE3yJIbTaTIB, sKa IOJAra€ y BHKOPUCTAHHI KOMOiHAIi]
CHEPreTHYHUX BIUIMBIB DPI3HOI NPHPOAM 381 LiNEeCHPSIMOBAHOIO GopMyBaHHS
CTPYKTYpPHO-()a30BUX  CTaHiB, crabimizawii CTPYKTYPHHX  BJIACTHBOCTEM Ta
AOCATHCHHS — TNIOKPAIICHUX  eKCIUIyaTalllMHUX XapaKTepUCTUK TOHKOILTIBKOBUX
MateplaiiB Ul MiKpo- Ta HAHOEJIEKTPOHIKH | (OoTOBOIBTAIKH.

Y nepwiomy po30dini Ha OCHOBI KPHUTHYHOIO aHaJll3y JTepaTypd HaIaHO
XapaKTEePUCTUKY POJII HU3BKOEHEPreTUYHUX 30BHIIIHIX BIIIHBIR Y CTPYKTYPHO-
(a30BHX MepeTBOPEHHSX B TOHKOIUIIBKOBHX KOMIO3MIIsSX T4 BHSBICHO OCHOBHI
TCHACHLII  BIUIMBY  (hi3UKO-TEXHOJIOrIUHUX napamMeTpiB  BHPOOHHULTBA Ta
HU3bKOCHEPIeTUYHUX 00pOOOK BaKyyMHO-KOHIEHCOBAHUX METAIEeBUX MaTeplaiiB Ha
IXHIO CTPYKTYpY 1 BIACTHBOCTI. Ilpy npoMy posrisHyTO BIUIMB Ha nepeoir
NAQY3IMHOTO  (ha30yTBOPEHHS TaKHX TeXHOJIOTIYHMX nmapaMeTpiB SK: CKJaj
aTMOC(epH BIANaly, TOBINHWHA IIAPiB Ta JOJATKOBHX MPOMDKHUX IIAPiB 10
MCTAICBIX  BaKyyMHO KOHICHCOBaHMX IUTIBKOBMX KOMIIO3MLIH, iX Gap’epni Ta
CTadL113y 04l BIaCTHBOCTI. J[OBENEHO NepCreKTHBHICTE 3aCTOCYBaHHS KOMOIHOBAHOI
HU3bKOCHEPTETHYHOI HOHHOI Ta TepMiuHOI 0OpPOGOK TOHKOMTIBKOBHX METATIEBIX
MaTeplagiB Ul BHKOPHUCTAHHS B MIKpO- Ta HaHONpUIanoOy1yBaHHI, MIKpO- Ta
HaHOEJIEKTPOHIL1, (OTOBONBTAII Ta OKPECIeHO IIISIXH PO3BUTKY TEXHOJIOTIH
OTPUMAaHHS TeXHIYHO aKTyaJIbHUX MPUCTPOIB PI3HOMAHITHOTO [IPU3HAYEHHH.

Y Opy2omy po3nini po3rISHYTO METOAMYHI acrexTH poOOTHU: OOIPYHTOBAHO
BUOIp CKJIa1y HAHOPO3MiPHHUX IUTIBKOBHX KOMIIO3MIIIi: OXapaKTepPU30BaHO KOMILJIEKC
SHKOPHCTAHHX CKCTICPUMCHTANIbHAX METO/IB, 30KpeMa, JUIsi BUTOTOBIICHHS 3Da3KiB
METOAaMH MAarHeTpOHHOI'O Ta PE3UCTHBHOIO OCAKEHHS Ta JOCILDKEeHHS IXHLOI
CTPYKTYPH, ()a30BOro CKJIaay Ta BIACTHBOCTEH: HAaBEIEHO PEKUMHU TEePMIYHO]
OOpOOKM Ta IOHHMX BILIHBIB. OOIPYHTOBaHO  JOLINBHICTE BUKOPUCTAHHS
CHHXPOTPOHHOTO  BMIIPOMIHIOBAHHS IS CTPYKTYPHHX JOC/IIKEHD o0paHux
TOHKOITJIIBKOBUX 00’€KTIB. JI/I1 JOCIIIKEHHS 3MiH CTPYKTYpPH Ta (Da30BOr0 CKJIany
HAaHOPO3MIPHHMX IUIIBKOBHX 3DPa3KiB 3aCTOCOBAHO PEHTIC€HOCTPYKTYPHUU (ha3oBuli
aHams. Jlociimkennst XiMmiuHoro ckmany HAaHOPO3MIPHUX CHCTEM METOJOM Mac-
CIICKTPOMETPII BTOPUHHHUX i0HIB MpOBEOEHO i3 3aCTOCYBaHHAM IIpUCTporo lon Tof
[V. TlowapoBuii Ximiu"wuii agaiz [IPOBEIEHO MeToaoM  Oxe-eleKTPOHHOT
CTIEKTPOCKOMII 3 BUKOPUCTAHHSM NpUCTporo Jeol Jamp-9500F. J11s mpoBeneHHs in-




Situ~ eJIeKTpOHOrpaiyHOro  aHai3y TOHKOIMIIBKOBHX 3pa3KiB  3aCTOCOBAHO
enektpororpay EMP-100. JlocnimxeHHss Mopdosorii moBepxHi TOHKOMTIBKOBHX
3pa3KiB [IPOBENEHO METOIOM aTOMHO-CHJIOBOI MiKPOCKOMI] (ACM) 3 3acTocyBaHHSIM
CKaHyl04oro 30HA0Boro Mikpockomy SII Nano Technology. Jocmimkenus
3HOCOCTIHKOCTI ~Ta aAre3ifHUX BIACTHBOCTEH IPOBEAEHO 33  IOIOMOLOIO
HaHOIHICHTOPY Micron-gamma. TpuGonoriuHi BIACTHBOCTI  MOCITIDKEHO 3
BIUKOPHCTaHHAM JIBOX PI3HHUX THIIIB BUIIPOOYBaHb: METOMy CKIEpOMETpil Ta METOY
MIKPOKPYroBoro  teptTss  “pin-on-disk”.  JlochaimkeHHSs KOPO31MHOCTINKHUX
BJACTUBOCTEH IPOBEIEHO METOJOM [OTEHIIOMETPHYHOTO aHOIHO-KATOIHOIO
CKaHyBaHHS y BoAHOMY po3uuHI NaCl (3 mac. %) 3a craHIapTHOIO TpHETeKTPOIHOKO
CXEMOTIO.

Y mpemvomy po3oini mpencraBieHi eKkcrepuMeHTaJbHI pe3yJbTaTH Ta IX
OOrOBOPEHHsI WIOJAO BIUIMBY KOMIUIEKCHOI 10HHOI Ta TepMI4HOI 0OpOOKH Ha
CTPYKTYPHO-()a30BI NEPETBOPEHHSI Y HAHOPO3MIPHUX KOMITO3MINSX i3 mapamMu N1,
Cu, Cr, V. B nepury uepry, yBara npuaiaseTbcsi 1OCIiIKEHHIO CTPYKTYPHO-(ha30BUX
3MIH Ta (PI3MKO-XIMIYHHX B3aeMoziil B cuctemi Ni/Cu/Cr miciis HU3bKOEHEPreTHYHOT
IOHHO-IIPOMEHEBOI  0OpOOKM. 3a3HAuaeThCs, 11O BUOIp eKCIepUMEHTAIbHUX
apaMeTpiB 10HHO-NIPOMeHeBoi 00poOKU Ga3yBaBcs Ha IIOIIEPEHIX TEOPETUUYHHUX
poO3paxyHKax 3a KJIaCHYHOIO Teople€lo 3UrMyHIa. BHKOpPHCTaHHS CHHXPOTPOHHOTO
BHIIDOMIHIOBAHHS J03BOJIMJIO BCTAHOBHUTH, IO ITiCJIS IOHHO-IIPOMEHEeBOI 00poOKH 3a
OOpaHHX pEeKHMMIB He BiIOyBa€TbCSA CTPYKTYpHO-(ha30BHX [IEPETBOPEHDb, OJIHAK
smeHiuyeTbess po3mip OKP Ni. 3adikcoBano ¢opmyBaHHS OKCHIHHX da3 Ha
FPAHHLIAX PO3ALILY, IPUYOMY IHTEHCHBHICTH CMIHAY BTOPHHHHX 10HIB BiJl OKCHIHHX
a3 3HAYHO 3MEHUIYEThCSI 3a YMOB BHKOPHUCTAHHS I1€BHUX PEXKUMIB 10HHO-
[IPOMEHEBOI OOPOOKH.

[Ipencrasneno pesynpraTti 3i BcTaHOBIIEHHS 3aKOHOMIpHOCTEH OTADY31IMHOTO
CTPYKTYpPO- Ta (pa30yTBOPEHHs 3a YMOB HH3bKOTEMIIEPATYPHOI TEPMiYHOI 00poOKH
Ta KOMIIIEKCHUX HU3bKOCHEPreTHYHUX BIUIUBIB. TepmiuHy oOpo6Ky B iHTepBasi Bis
200 no 600 °C mpoBeneHO y BakyyMi Ta cepemOBHIL aprony. Ilokazano, 1o B
YCbOMY JOCIIIZPKEHOMY iHTepBaji Temreparyp (GopMyeTbCs P TBEPAUX PO3YHHIB
samimieHHs Cu-Ni, BMmict Ni B SKHX 3alI€KUTh BiI KOH(QIrypauii mapis Ta
cepenoBulla Bianany. Ilpu npomy, 3amiHa HUKHBOTO anresiiiHOro mapy 3 Cr Ha V
HE BIUIMBAE KIHLUEBMH (Da3oBUH CKman, ane [03BOJISE 3aralbMyBaTH [IPOLIECH
1e(DeKTOy TBOpEHHS Ta Audy3ii MaTepiany HMKHBOTO APy [0 30BHILIHBO] [TOBEPXHI,
TOOTO MOKPALIUTH TEPMIYHY CTaOIIBHICTS.

[IponemMoOHCTpOBaHO BMIMB ra3oBOro CepeloBHINA TEPMIYHOI 00poOKH Ha
TEPMIYHY CTaOLIBHICTD JOCIIKYBaHHX HAHOPO3MIPHHUX CHCTEM. Hanpuknan, Bigman
cucremMd N1I/Cu/Cr y BakyyMi MOpIiBHSHO i3 aproHoMm [I03BOJISE: 3arajibMyBaTH
andysiio atomiB Ni g0 wapy Cu ta atomi Cr 10 30BHIIIHBOT TOBEPXHI; 3MEHIIHTH
KOHUEHTpaullo Ni y TBepmomy posurHi Cu-Ni 10 ~4 pasis; 3ano6irtu
JIe(DEKTOYTBOPEHHIO Ta HACHYEHHIO JoMimkamu. CriBCTaBIeHHS JaHUX, OTPUMaHUX
PI3HUMH METOaMH, J03BOJMIIO BCTAHOBHUTH, L0 Ha MMOYATKOBUX €TaIax /Ul aTOMIB
NI Ta aTomiB Miai AOMIHYIOTH pIi3HI MeXaHi3MH IuQy3il — o0’emMHHI Ta
3epHOIrPAHUYHHUM, BIITIOBIIHO.




Ha nacrynnomy eramni poGotu 3acTocoByBanach koMruiekcHa IOHHO-TepPMIYHa
00poOka. OCHOBHHM IO3UTHBHHM PE3YJIBTATOM TaKol KOMILIEKCHO! 00po0OKH €
rallbMyBaHHs JU(Qy3il aTOMIB MaTepialiB HUKHBOTO Ta BEPXHBOI'O MIAPIB [0
npoBiaHoro mapy Cu. Tak KOHLEHTpalis HikeTio B TBEPAOMY PO34YHHI HAa OCHOBI
ML 3MEHLIY€eThCs BABIUi (3 32 mo 16%) [MOPIBHAHO i3 3BMYalHUM Bimmanom. He
MEHIII BOXXIMBUMH e()eKTaMH € BiJHOBJICHHS OKCHJIIB Ha BHYTPILIHIX MeKax po3auTy
Ta CyTTEBE 3MCHIICHHS IOMILIOK KHCHIO Ta BYIJIELIO Y IIApi Mii.

Y mpemvomy po3mini Takox mpencTaBIeHo pe3yJIbTaTU AOCJIIKEHHS
(DYHKLIOHATBHUX BJIACTHBOCTEH TOHKOILIIBKOBHX KOMITO3HMLIN MICJISI KOMILIEKCHUX
BIUIUBIB. B mepmy depry, nocnimkysanace Taka KPHTHYHO BaXJIUBa I
[MPAKTHYHOI'O 3aCTOCYBaHHsSI BJIACTHBICTb, SIK KOPO3iliHA CTiHKiCTb. JlocnimkyBaBcs
MaCHBHHH TOJIKPUCTANIYHUK Hikeap Ta cucrema Ni/Cu/Cr Y BUXIJHOMY CTaHi i
[ICJISE PI3HUX PEXUMIB 10HHO-IIPOMEHEBO] OOpOOKH. ABTOPOM BCTAHOBJIEHO, IO
rmiciist 00poOku 3 eHepriero 1o 1000 eB noTeHmian KOpO311 Ha MOYaTKOBUX eTarax
BUIIPOOYBAaHb Ma€ HaMBUILI 3HAYEHHS Cepen MOCIIIKeHUX 3pa3KiB, OIHAK Lei
O3UTUBHHMH €(PeKT HiBeNOeThCs 3a eHepriii Bume 1000 eB, KONH 3MEHIICHHS
TOBLUIMHH 3aXHCHOIO LIapy HIKEJO BHACIIIOK PO3MOPOLICHHS [TOYUHAE BIAIIpaBaTH
BUPILIAJIEHY POJIb.

He MeHII BakMuUBHMH (yHKIIOHATBHUMM BIIACTHBOCTSIMU € anresiss Ta
3HOCOCTIHKICTE HAHOPO3MIPHHX GaraToIapOBHX CHCTEM. [IpencraBneno pesynapraTu
MIKPOTPHUOOIOriYHUX BHIPOOYBaHb 3 BHKOPHCTAHHSAM JIBOX OPUTIHAJIBHUX METOJUK
— MIKpocKiIepoMeTpii Ta pin-on-disk. Halikpami pesynsratd 3a  MeTomom
MIKPOCKJIEPOMETPii OTPHMaHI TMiC/Is KOMILIEKCHOLO MOHHO-TEPMIYHOTO BILIHMBY.
JloCHTE yHIKaNBHUM pe3yabTaTOM € Te, 10 amresis 3pOoCTa€e MpPakTUYHO y 6 pasis,
TOII sK Micias HOHHOI aGo TepMivHO} 0OpoOKM He Oinblie, HiX y miBTOpa pa3u
MOPIBHSHO 13 BUXIAHMM cTaHOM. [IpH HbOMY 3a BCi€l0 TOBKHHOIO Tpacu CKaHYBaHHS
CITOCTEPIraeThCsl HaMMEHIa KiJbKiCTb MPOJYKTIB 3HOCY Ta BIJACYTHICTH GOKOBUX
TPILIKMH. AHAJOTIYHUI pe3yJbTaT OTpUMaHo a1 cuctemu Cr/Cu/Ni 3a METOIUKOIO
pin-on-disk. Came micnss KOMILIEKCHO] 00poOKkHM He BinOyBaeThCs pyHHYBaHHS
[UNIBKH, a IJIMOMHA TPacH TepTS CTAHOBHUTE yCpOro 27 Hwm, TOOTO € Maiike BTpUY]
MEHILUOI0, HDK /ISl BCIX IHIIMX JOCIHiIKyBaHHX 3paskiB. PeecTpyroTscsi Takox
HaUMEHIIl 3HAYEHHS CHIM TepTS Ta 00’€My 3HOLICHOTO MaTeplaily. 3100yBay
SA3HAYAE, [0 IIPUYHHOIO TaKOro e(eKTy € 3MillHEHHS II0BEPXHEBOTO mapy Cr
BHAC/IIOK 3MIHM JMHAMIKH IHCIOKALiH MM i€l0 IMIUIAHTOBAHMX aTOM|R Ar.
IMnnanToBaHMi Ar crae mepemkomown Ui PyXy Ta BlANATY AUCIOKAIN Ha CcTamii
TEpMIYHOI OOpOOKH, BHACIIZOK YOro BIIOYBA€ETLCST  3MILIHEHHS mareplajy Ta
[MOKPALIEHHS MIKPOTPUOOIOTIYHHX XapaKTePHUCTHK.

3po0iieHi B poOOTI BHCHOBKHM JIOTIYHO BHTIKAIOTH 3 YCbOI'O MacCHUBY.
CKCNICPUMEHTANbHUX Pe3yJIbTATIB, y3aralbHEHUX HA BUCOKOMY HayKOBOMY DiBHI.

Onpumonnenns pesyabraris AHCEPTAUINHOT POOOTH.

Hayxosl pesynbratu muceprauii onpuntoaHen] y 10 mepioguunux HayKOBUX
BHIaHHsX, NPOIHAeKCOBaHUX y 6a3ax nanux Web of Science Core Collection Ta/a6o
SCOpUS 1 BIJHECEHWX 10 MEePLIOro — TpeThoro kBapTuiiB (Q1-Q3) BiamosimHo 10
Knacudikauii SCImago Journal and Country Rank a6o Journal Citation Reports.




lakox pesynbratn nmuceprauii anpoOoBaHi Ha 7 HAayKoBUX (haxoBHX
KOH(epeHIisX.

XOTIIOCh OM  OCOOIMBO  BIA3HAYUTH BHCOKMUI PIBeHb MyOJiKauif, o
MIATBEPIKYETECS 3HAYHUMH HayKOMETPHYHHUMH MOKA3HUKAMH KYPHANIB, B SKHX
OmyOJIIKOBaHi eKCIIepUMEHTAIbHI pe3yibTaTh JCEepTaLIHOI po6GoTn. 3100yBauy
HAJIC)KUTh BarOMUH BHECOK JIO0 KOHOI 13 BKazaHux 10 myOmikaniif. Takum 4uHOM,
HayKOBI pe3yJIbTaTH, IIPeACTaBJIEH] B JUCepTaLIiHIA poOOTi, OBHICTIO BUCBITIEH] y
HayKOBHX ITyOJI1KaLisx 3100yBaya.

Henousiku Ta 3ayBaskenus 10 AHCEPTAUIIHHOT po0OTH.

. Huceprauis MICTHTB BEJIMKHI 00’ em PEHTreHOorpadiyHuX Ta
CJICKTPOHOTPAQIYHUX IOCHiIKeHb. [IpoTe BIZICYTHICTh KIABKICHHX JaHHX
po3uH@pyBaHHsa TUQpakTorpaM Ta CIIEKTPOHOTPaM, 30KpeMa MIKITIOILMHHUX
BIIICTaHEH JUISl Pi3HUX (a3, Iemo yeKIagHIoe OLIIHKY OTPHUMaHUX Pe3yJIbTaTIB.
JlonuteHO Oy0 6 HaBecTH naui PO3paxyHKIB y 1OJATKY.

2. Y BCTymi 3po0JIEHO aKLEHT Ha (bakTOpi HAHOPO3MIPHOCTI, ONHAK BILIHB
TOBIIMHU JOC/I)KYBaHUX IapiB Ha CTPYKTYPHO-(a30Bl IMepeTBOPeHHS B
JUCepTalliHIi poOOTi HE PO3KPHUTO B MOBHII MIpI.

3. TlompiGHeHHs i Ge3 TOro BeNMKOi KiTBKOCTI [TyHKTIB HOBHU3HHU Ha MiANyHKTH
AICIIO 3HMXKYE IX Bary sIK y3arajJbHEHHX, X04a i JIeTa13y€ BUSBIIEHI B paMKax
[IPOBEIEHOI POOOTH.

4. Binomo, wo npu ionHomy GoMGapayBaHHi 0MHOYACHO B1AOYBAETHCS Lij1a HU3KA
KOHKYpPYIOYMX NPOLECIB, HANPHUKIA/, PO3NOPOIIEHHS Ta pekomOiHanisg. OnHak
B POOOTI He TOSICHEHO, SIK eHeprisl 10HiB, iX LIUTBHICTb, 3apsifl, CTYMiHb 10Hi3aLi]
44 KyT OOpOOKH BHU3HAYAIOTh JOMIHYBAHHS TOTO YM iHILOO [IpOLIECY.

5. 3a3sHavaeThbesl, IO MEPEeBaKHO 3a PaXyHOK IMIUIaHTalii aproHy 30UIBLIYETHCS
KOpO3liiHa CTIHKICTP Ta NOKpallyloThes QI13uKO-XiMiyHI 1 MexaHiuHi
BJIACTUBOCTI JIOCNII/DKYBAaHMX CHCTEM, aje MPUYHHOI0 TAaKOro e(MeKkTy Moxke
OyTH 1 amopdizaLiss TOHKOro [IpUNOBEpXHEBOro mapy Ni B pe3yabTaTi 10HHOI
00pOOKH 32 paxyHOK pyHHYBaHHS 1a71bHBOTO [MOPSIAKY B PO3TaUIyBaHHI aTOMIB,
[MPOTe NaHUH acTIeKT B pOOOTI HE PO3IIISIAETHCS.

6. B poGoTi HeonHOPa30BO BKA3yEThCS, IO BAXKIHBOIO XapaKTEPUCTUKO JTAHUX
[TOKPHUTTIB € a[re3is 10 KpeMHieBOT MiKIaaKky, sKa Oe3nocepeIHbO OB’ I3aHa 3
ABHILEM  3SMOYYBaHHsA, ONHAK TaKl MOC/IIUKEHHS He MNPOBOMMINCH. LliKaBuMm
Oyno © 3HaTH NPUOIM3HMI TIOPSIOK 3HAYEHb aare3liHOl MIILHOCTI JaHHX
[OKPHTTIB, 10 1 MiClIsl iOHHO-IJIa3MOBOT Ta TePMiYHO] 00poOKH, aje Lie Moxe
OyTH 3aBHaHHAM JUISl [ONAJIBIION poOotH. Bsarami mnwurtaHHaMm  dizuko-
MEXaHIYHHX JOCHIIKEeHb MOKIHBO OYJIO MPUCBATUTA OKPEMHUH YeTBEPTUI
PO371L1, Ie TAKOXK HaIaTH PeKOMEeHIALll, 111010 BIIPOBAIKEHHSI Ta MPAKTUYHOTO
3aCTOCYBAHHSI OTPUMAaHUX Pe3YJIbTATIB.

B 1IJIOMy BHCJIOBIIEHI 3ayBakeHHS HE € BM3HAYAIBHUMMU | He 3MEHUIYIOTE
Sl ajIbHY HAyKOBY HOBH3HY Ta NPAKTHYHY 3HAYMMICTh OTPHMAHUX pe3yJIbTaTIB Ta HE
3MIHIOIOTb 3arajbHy [I03UTHBHY OLIHKY AMCepTaLiiiHOT poGOTH.




BucHoBok npo auceprauiiiny podorTy.

Baxaro, mo auceprauiiina poGora 3100yBaya CTyIeHsl JOKTOpa (p11ocodii
Kpyrinosa Ieana Ornekcanmposuua Ha TeMy «BrmumB komruiekcHO! ioHHOT Ta
TEpMIYHOI OOpPOOKH Ha CTPYKTYpPHO-()a30Bi IEepeTBOPEHHS Y (yHKIIOHAIBHUX
[UIIBKOBHUX KOMIIO3UIIISX i3 HaHOpo3MipHUMHU mapamu Ni, Cu, Cr, V» € 3akigueHm
HaYKOBUM  JIOCHI/DKEHHSIM, BHUKOHAHUM HAa BMCOKOMY  HAyKOBOMY  piBHi.
Juceprauiiina pobora 3a akTyanbHICTIO, MPAKTUYHOIO LIHHICTIO Ta HAayKOBOIO
HOBH3HOIO  BIJMOBIAAE BHMOraM YHHHOIO  3aKOHOIABCTBA YKpaiHu,  sKi
nependavaroTecs 1m. 6-9 «Ilopsaky mpHCymKeHHs CTYNEHs1 N0KTOopa (iocodil Ta
CKaCyBaHHS DIIIEHHS pa30BOi CIEliali30BaHOi BUEHO] paay 3aKjaaay BHIIOI OCBITH,
HayKOBOI ~ yCTAQHOBH TIPO  NPUCYIKEHHS CTyII€Hs  JOKTopa  (disocodiin,
3aTBepuKeHoro llocranosoro Kabirery MinicTpis Yxpainu Big 12 ciuns 2022 p. No
44,

3n00yBau Kpyrnos Iean OnekcanapoBHY 3acayroBye Ha IIPUCY IKEHHS
CTyHeHs HOKTopa ¢uiocodii B ramysi 3Hame 13 Mexaniyua IH)XKEeHepis 3a
crienianeHicTio 132 Matepiano3naseTso.
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