BIATI'YK
odirnifiHOro ONoOHeHTa
Ha nucepTaniiiny pobory MonacTupebkoro I'ennania €Brenosnya
“3axoHoMipHOCTi Ppa30BHX CTPYKTYPHHX NepPeTBOPEHb B HEOAHOPIAHHX,
HepiBHOBAXKHHX i MPOCTOPOBO 00MeKeHHX cTaHaX (PYHKIIOHAILHHX MaTepiaiiB”,
IOJAHOI Ha 3H00YTTSA HAYKOBOTO CTYIEHS TOKTOpa (Pi3MKO-MaTeMaTHYHMX HAyK 3a

crerianpHicTio 01.04.13 — diznka MeTanis

B nmucepramiiinii  poboti Monactupcekoro I.€. mNpoBeIeHO KOMILIEKCHE
CHUCTEMATHYHE JOCITiKeHHSA ()a30BUX IEPETBOPEHb, B IEPUIy YEpPry MapTEHCUTHOIO
neperBoperus (MII), B HeroMOreHHHX, HEPIBHOBaXHHX 1 IPOCTOPOBO OOMEXEHHX
cTaHax, 0 GOPMYIOTECS MPH 3aCTOCYBaHHI TpaAWLIAHUX Ta IHHOBAIlfHMX METOIIB
BUT'OTOBJICHHA (YHKI[IOHAJIbHUX MaTepiajiB, ki JeMOHCTPYIOTh €(eKT aM’aTi GopMHU
(ETI®), Bucokotemmneparypuuii i MarHiTHUN EII®. Jocmimkeno takox cmias Zr-Cu-
Al-Ni-Ti 3 BHCOKOIO 3[IaTHICTIO X0 amopdisauii i HITpHI TUTaHy 3 YHiKaJIbHHUMH
MEXaHiYHMMH XapaKTEPHCTUKaMH. DbiIbIIOCTI MaTepiayiB 3 NaM ATTIO  (GOpMH
NpUTaMaHHi dYyTJIUBICTh (YHKUIIOHANPHHX BIACTHBOCTEH 10 XIMI4HOIo CKIany,
BufiineHHs (a3, mo He 3a3HaTh MII, BHCOKa BapTiCTh OKpPEMHX KOMIIOHEHTIB.
Cnnasu 3 EIN®, mo orpumadi Tpa,Z‘II/IHifIHI/IMI/I MeToAaMHu IyroBoi abo iHAYyKIiHHOT
IIaBKH, 32 OKPEMHMH BHHATKAaMH, JEeMOHCTPYIOTh IIOraHy 00po06IItoBaHiCTh, KPUXKICTh
B IIOJIIKPHCTAJIIYHOMY CTaHi. BUKOpPHCTaHHS HOBHUX METOJIB OJEpPXAaHHSA MaTepiais,
CIIPOMOXHHX MOJONATH i BUKIUKH (3arapTyBaHHsS 13 PIIKOro CTaHy, IOPOIIKOBa
METaJypris, METOJH «aIUTHBHOTO BUPOOHHIITBAY»), 3 METOIO padiHallii CyOCTpyKTypH
Ta MOJIIIIIEHHS MeXaHIYHHUX BJIACTHBOCTEH, 3MEHILIEHHsS PO3MIipiB IIPEeKypcopiB Ta ix
BUKOPHUCTAHHA B CBiXK€OTPHMaHOMY CTaHi (HallpHKJIaj, B aJUTUBHUX TEXHOJIOTLSX) €
CKJIaJIOBOIO JOCIIIKEHb i po3poOKH HoBHX cucTeM ciuiaBiB. IIpoTe, HeBia’ eMHOIO
BIACTHUBICTIO TOTOBHX ¢(opM MaTepialiB i3 padiHOBaHOIO MiKpOCTPYKTYpOIO,
OTPUMaHUX LUIAXOM 3aCTOCYBaHHSA METOHIB 3arapTyBaHHA i3 pigkoro Ta
ra3omofiOHOro CrTaHiB, ICKpO-IUIa3MOBOrO MeETOALY KOHcoOdijamii — CrnaBiB, €
HEroMOTeHHa, HepiBHOBaXkHa i ApiOHomucnepcHa cTpykTypa. Lle roctpo craBHTh
(byHIaMeHTalIbHe MUTAaHHS MPO BIUIMB PO3MipHOro ()akTopy Ha MapTEHCHTHI Ta iHIN
CTPYKTypHi (aszoBi mneperBopeHHs. Jlo Toro o, ¢GopMyBaHHA 1 €BOJIOLIA
MiKpOCprkTypH, ¢aszosoro ckiamny cimasiB 3 EII® y mpoueci ix aucnepryBaHHA 1
KOHCONiamii, mepeGir MapTEeHCHTHOTO Ta IHIIMX CTPYKTypHHMX NEpETBOPEHb B

JMCIEProBaHUX Ta KOHCOJIJJOBaHMX (opMax MaTepialliB € HEAOCTATHBO BUBYCHHMHU.
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Buxos4H i3 BHINEHABEAEHOTO Ta BPaxOBYIOUH HEOOXiHICTh PO3IMIUpPEHHS 00acTi
3aCTOCYBaHHS CIUIaBiB 3i 3BHYaiiHMM, MarHiTHMM Ta BHCOKoTemnepaTypHuM EIID,
aKTyaJbHICTh AHcepTaniiiHoi po6oT Monactupcskoro I'.€. He BHKJIMKa€ HiIKOTO
CyMHIiBY.

3asHadeHi BUINe HasBHI 0OpoGJIeMH Y JOCHI[KyBaHHX CHCTEMaX CILIaBiB

BH3HAYaIOTh 3MICT i OCHOBY iaero po6oru Monactupcekoro I'.€. — cucreMaTH3aiis
0co6JIMBOCTEN CTPYKTYpPHHX ()a30BHX MEPEXOMdiB, CTPYKTYpH Ta MiIKPOCTPYKTYpH B
Marepianax, OTpPUMaHUX B HETOMOT€HHHX, HEPIBHOBWKHHMX CTaHaX, C(OPMOBAHUX Y
(GYHKI[iOHAIBHUX CIUIaBaX B TIpOIeCi BUTOTOBJIEHHS TpaAMIiiHMMM (IHAYKUilMHa Ta
eJeKTpO-OyroBa IUIaBKa) Ta  IHHOBaliHHMMH  MeTojaMH  (€leKTpOiCKpOBeE
IMCIIEPTYBaHHS, iCKpO-IUTa3MOBH# cuHTe3). Takui MiaxiA A03BONsAE BUBYMTU BILIMB
po3MipHOro ¢akTopy B 00’€KTax pi3HOTO CTENEHIO HEPIBHOBAKHOCTI 1 T€TEPOreHHOCTI,
III0 MAIOTh PO3MIpPH Bij AEKIIBKOX NECATKIB MiKPOHIB 0 HAHOMETPIB.
KoMiuiexkcHe 3acTOCYBaHHA TPaJMLiIHHMX Ta IHHOBalllHHWX METOAIB BUTOTOBJICHHS
(GYHKIIIOHAIBEHHUX MaTepialliB caMe Mo cobl Ma€ MpaKTHYHY 3HAYHMMICTB, alie, 10 TOrO
X, BIIKpUBAa€ IDISAXU JUIS JOCTIHKEHHS 1 BUKOPHCTaHHS LiJOI HU3KM QyXe LiKaBHX i
NEPCIIEKTHBHUX JUIs OPaKTUYHOTO BHKOpHCTaHHA 00’¢kTiB. Cepen Takux - —
HaHoyacTHHKH Ti-Ni Tuny «sapo-oGoIoHKa», IOPOXKHHUCTI YAaCTHHKH B CIUIaBaxX Ha
HiKeNeBii OCHOBI, SKi MOXYTh CTaTH NMPEKyPCOPaMH IJIsi BUTOTOBJIEHHS METAJIEBHX IIiH
3 EII®, manmouactHkM Ni-Al ta Cu-Al-Ni, sxi 3a3Haote MII i MoxyTh OyTH
BHKODHUCTaHI JJI CTBOPEHHS KOMITO3UTHHX MaTepialiB B aAUTHUBHHX TEXHOJIOTIfX.
Kpim Toro, Mozeni opMyBaHHS 4acTHHOK i3 pifkoi Ta rasononibHoi ¢a3 y mpoueci
eIeKTPOICKpOBOi epo3ii B KpIOTeHHUX piJUHAX, 3alpOIIOHOBAaHI MEXaHi3MHU
VI[JIbHEHHS Ha Pi3HUX CTafisX KOHCOJiAamii 1CKpO-IIIa3MOBHM METOIOM 3HaHIyTh
CBOE 3aCTOCYBaHHA 1 JJI ONMCAaHHA MOAIOHMX I©poLECiB B IHINMX METOAax
IUCIIEPTyBaHHs Ta KOHCOJIIAAI] iHIIMX CUCTEM CILIaBiB.

Ha Moo aymKy, cepen HaiiGiiblll BATOMHX i HOBHX pe3yJIbTATIB AHcepTanmiiHOl
poGOTH CJTiJ 3a3HAYNTH HACTYIIHI:

e BCTAaHOBJIIEHO, IO [if KOHIEHTPAI[ifHMX HEOTHOPIAHOCTEH Ha MOMIUPEHHS
MapTEHCUTHOI (a3 noAibHa A0 Aii MeXaHIYHUX HalpyKeHb;
e poO3KpUTa IpupoAa i3oTepMiyHoi KkommoHeHTH MII y BHcoKoTeMmepaTypHHX

crnabax Ni-Al-Pt;
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e [I0Ka3aHO, 0 (OPMYBaHHsS HETOMOT€HHOT'O CTaHy MaTepialy B IpoLeci CIIiKaHHA 13
eJIEMEHTHUX IOPOIIKIB Pi3HOrO PO3Mipy HO3BOJIS€ KOHTPOMIOBaTH OararocrafiiiHe
BiATBOpEHHs (POPMH, 3HAK i BEIMYHHY ABOHANPABIEHOro ePeKTy MaM’aTi GOpMH;

® 3aIPOMOHOBAHO MeXaHi3MH (OpMyBaHHS CYLIBHUX Ta INOPOXHHMCTHX YaCTHHOK B
npolieci 06’€MHOrO eleKTpOiCKpOBOr0 JUCTIEPIyBaHHs B KpIOT€HHHX piIMHAX;

e BCTAHOBJIEHO, IO MOP(OIIOTiA MapTEeHCHUTy B OKpeMHX HaHodacTHHKax Ni-Al Ta
BOYIOBaHMX B KepaMiuHy MaTpHIfo HaHo9acTHHKaxX Cu-Al-Ni, 3 po3MipaMu MEHIIHUMH
IeSKUX KPUTHYHMX, BiAPi3HSETHCA BiJl TAaKOi B MACUBHHX MaTepiajlax — MapTE€HCUT He
YTBOPIOLTHCS SIK OKpeMi JOMeHH a0 KpUCTAIIH;

e OOIPpYHTOBaHO MeXaHi3MH KOHCONiJalii METOAOM ICKPO-TIIIa3MOBOIO CHHTE3Y
nopolukiB cruiaBiB 3 ET1O.

PoGoTra BHKOHaHa 3 BHKOPUCTAHHAM [JyK€ IIAPOKOIO CIEKTPY B3a€EMHO
JOIMOBHIOIOYHX CYYaCHHX METOMIB JOCTIIMKeHHSl MarepiajiB, cepell SKHUX: METOAM
JOCIIIKEHHS CTPYKTYPH, iIHTErpalbHOTO Ta JIOKAJBHOTO CKJIamy, (pyHKIiIOHAJIBHUX Ta
MEXaHIYHMX BIIACTMBOCTEH CIUIaBiB, METONW XapaKTepu3allii [OPOIIKIB, METOAH
MaTeMaTHYHOIO MOJIEJIIOBaHHS Ta 00poOKH eKcriepUMeHTaNbHUX AaHuX. Lle no3sonuno
aBTOPY HAJATH UIFOCTPATHBHHUI MaTepial BHCOKOI SKOCTi i 3abe3nednno HaAlHHICTb i
CTATUCTHYHY HOCTOBIPHICTh €KCIIEpHMEHTalbHUX pe3ynbTaTiB. B poboTi HasgBHI i
aKypaTHi TeopeTH4YHi OOpaxyHKH, IIO KiJIbKICHO OOIDYHTOBYIOTBH AEsSIKi BHCHOBKH 1
JI03BOJISIIOTH ABTOPY 3pOOHMTH HH3KY KOPHCHHX OLHOK (BIUIMB KOHIIEHTpaliHHUX
HEOJHOPIAHOCTEH Ha MapTeHCHTHY ¢a3y, OLIHKAa HIBUIKOCTI TapTyBaHHS in Situ
YaCTHHOK y IIPOIECi eJIeKTPOICKpOoBOi epo3ii B KpiOreHHMX piAMHAaX, OLIHKa
TEIUIOBIBOAY JJIA PIi3HHUX Mojellelf, BHUXOIIYM i3 IapaMeTpiB MiKpOCTPYKTYpH
YaCTHHOK, Ta30BH/IiIJIEHHS B MPOLIEC] iCKPO-ILIa3MOBOTO CUHTESY).

Juceprariifina poboTa CKiIagacTscs 31 BCTyNmy, 8 PpO3ALNIB 13 BHCHOBKaMH g0
KOXHOTO pO3Jily, 3arajbHHX BHCHOBKIB, CIINCKy BHMKOPHCTaHHX Kepen Ta 33
JOJATKIB.

VYV Berynmi oOIpyHTOBaHa aKTyalbHICTh TeMHM, CHOpPMYIBOBAHO METY 1 3aBJaHHA
JNOCIiIKEHHS, OIHMCaHi HAyKOoBa HOBH3HA 1 MNpaKTHUYHE 3HAYEHHS OJEp)KaHUX
pe3yNbTaTiB, MPOMO3HUIl]l 3 BUKOPHCTaHHS OTPUMaHUX pe3yJIbTaTiB, 3B'I30K poOOTH 3
HAYKOBHMH T€MaMH, IIpeAMeT i 06'€KT NOCIiMKEeHH, METOAM JOCIiIKEHHS, BKa3aHO
0cOOMCTHI BHECOK 3100yBada, HaBeIeHO iH(QOpMaIlilo 100 ampobalii oaep)kaHuX

pe3yJIbTaTiB.
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V mnepmomMy po3aiii mpoBefeHO KiacHQikalilo THIIIB HEOJHOpiAHOCTEeH 3a ix
BIuIMBOM Ha MII i 3po0ieHO OrNsih Cy4acHOTO CTaHy TEOPETHYHHX i
eKCIIEPUMEHTANIGHUX JOCIi/keHs, mnpucBsdeHux MII, niarpaMm craHy 006’ekTiB
NOCIIDKEHHd, OcobOmuMBOCcTEH IX ToMoreHizamii. Po3msHYyTO BIUIMB XiMiYHOL
HEOJHOPIAHOCTI Ha IOLIMPEHHS MapTeHCHUTy. 3po0JeHO BHCHOBOK, IO, pa3oM i3
TEPMOJHUHAMIYHUMH TTapaMeTpaMu, MoxIiBicTe MIT BU3HaYa€ThCA TAKMMHU XIMIYHUMH
Ta CTPYKTYPHHMH HEOJHOPITHOCTSMHM, SIK PO3IMOJLN JeTYIOUHMX €IEMEHTIB Ta (¢as3,
nedeKTH MaKyBaHHS, CTYIiHb BIIOPSAKOBAaHOCTI ayCTEHITY, He(EKTH KpHCTalli4HOi
OynoBm.

JIpyruii po3in MpUCBSIYEHO IOCIHi/KEHHIO BIUIMBY JIEIYBaHHS i30€JIEKTPOHHHMMH
enemenTamu ciiasiB 3 EII® Ha ¢dopmyBaHHSA XiMiYHMX HEOTHOPIOAHOCTEH Y BHITIALI
JCH/IPUTIB, €BTEKTHYHHX, MEPUTEKTHYHUX Ta iHTEpPMETATIUYHMX (a3, iX BIUIMBY Ha
nepebir MIT B cmnaBax i3 pekoHcTpykTHBHHMH neperBopeHHsaMH (Hf-Pd, Fe-Mn-
(Si,Ge,Sn)) Ta obepHEeHMMH HA aTOMHOMY DiBHI IIepE€TBOPEHHAMH Ha npukian Ni-Al-
X (X=Y,Ga,Pt) Ta Ni-Al-Re. [TokazaHo, 1110 BKIIOUEHHS 1HIINX (a3, po3MipH SKHX HE
TIEPEBUIIYIOTh XapaKTepHUX MacIuTabiB MapTEHCUTHOI ¢a3H, HE € MEPEHIKOAO AN
POCTy MAapTEHCHTY 32 YMOBH CXOXOCTI KpPUCTali4YHOI CTPYKTYpPH HEpEIIKOAH 13
MapTeHCHTHOIO ab0  ayCTeHiTHOIO. BcCTaHOBIeHO, 1O BIUIMB  JIETyBaHHs
i3oenexkTpoHHuMH aHajoraMd Ha MII Ta gudysiiiHO KOHTpPOIbOBaHI (a30Bi
neperBoperus (®IT) BuU3HAYAETBCA pI3HUIECI0 MiX pO3MIpaMH aTOMIB CIUIaBy -1
JIEryIouoro KOMIIOHEHTY, INO Horo 3amilllye, JUIaTallifHOIO Ta 3CyBHOIO
KOMIIOHEHTAMHM HAIPY>KeHb, 0 CTBOPIOIOTHCS BUALUICHHIMU. 3MiHA TapaMeTpy I'PaTKu
BHACII/IOK JIeTyBaHHS BIUIMBaE Ha audysiiiHo-koHTponboBaHi DIl depes reHepaiito
BakaHCii i iHTeHcH(ikamito mudysiiinux mnpoueciB. ITokazano, mo mis MII 6inbm
iCTOTHMM € TTOCHJIEHHS aHi30TPOIIii 3B’A3KiB MiXX aTOMaMH B CTPYKTYDI.
3acTocyBaHHsS METOIy CIiKaHHs SIK CIOco0y KOHTpoo 3a xapaxkrepuctukamu MII
PO3IIISHYTO B TpeTboMy po3aiii. JlocnimpkeHo nporec ¢GopMyBaHHS HETOMOT€HHHX
CTaHIiB i3 BEIMKHMH NPOCTOPOBHMH Tpafi€HTAMH KOHIIEHTpallili y mpoleci CHHTe3y
enemeHTHHX mnopowkiB Ti, Ni, Ta Zr MIKpOHHMX pO3MipiB IiJ Yac CHiKaHHs.
ITapaMeTpu CTPYKTYPH KOHTPOJIIOIOTBCS DPEXHUMaMHU CIiKaHH], IO BIUIMBAlOThH Ha
GaratocTajiiHicTe 3BHYaiiHoro EII®, 3Hak i BeJMYMHY JBOHANPABIEHOro €(eKTy
nmam’sTi popmu B crutaBax Ti-Ni-Zr. [TokazaHo, 10 CHHTE3 KOHTPOJIIOEThCS PO3MipaMu
YACTMHOK TMOPOIIKiB, TEMIIEPaTypoI0 i TPHUBANICTIO CIKAHHS, iHIUIFOETHCS
TBepAOGa3Ho Au(Y3i€cio i po3BUBAETHCS IIPU OLIBIIMX TeMIepaTypax 3a MEXaHi3MOM

IPOMIKHOI piKoi (a3u 3a y4acTi eBTeKTHIHUX Ta IEPUTEKTUYHMX PEaKIii.
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YerpepTHii PpO3AiJI NPUCBAYEHO NEPBHHHIM XapakTepH3allii AMCIEproBaHHX
cmnagiB Ti-Ni-Cu-Zr, Ti-Ni-Hf, Ni-Al, Cu-Al-Ni, Ni-Mn-Ga, Ni, Ti, Zr-Cu-Ti-Al-Ni,
OTPUMAaHHX METOAOM 00’eMHOro enekTpoickpoBoro gucmeprysaHas (OEILJ).
BCTaHOBIEHO IIiIBHOCTI pO3MOALTB 3a po3MipamMu 006°€MHOI [OJIi COEpHUYHUX
YaCTMHOK IIOPOIIKiB, C(HOPMOBaHHMX Yy pe3yJsibTaTl 3arapTyBaHHsi pO3IUIABIECHHX
Kpanenb 6 kpiozenHi piounu. OOIpyHTOBaHO 1 OOpaxoBaHO 3aJEXKHOCTI CKIamy
YaCTHHOK MIKpOHHOI ()paKIlii BiJI iX po3MipiB.

VYV m’sToMy po3aiji OMIHIOETECS BIUMB (PaKkTOpiB, 110 BH3HAYAIOTh (OPMYBaHHS
JaCTHHOK cIuiaBiB, mucneproBanux merogoM OEIJ] y kpiorenHux pigzunax. Ha ocHOBI
aHali3y BEJIHMKOI KUIBKOCTI JaHMX 3 MOpQOIOrii, CTPyKTYpH 1 MIKPOCTPYKTypH
4aCTHHOK Ta XapakTepy epo3il Ha MOBEpPXHi eIeKTPOJiB aBTOPOM MoOyHA0BaHO MOAEII
¢GopMyBaHHS HOPOLIKIB Ta CTPYKTypOYTBOPEHHsS 6araTOKOMIOHEHTHHMX CILIABiB, a
caMe TepBHHHMH i BTOPUHHHN MexaHi3MH (OpMyBaHHsS 4YacTHHOK i3 pigkoi ¢asm,
HAHOYACTHHOK, IIOPOXXHUCTUX YaCTUHOK.

IMlocTHii po3Ail TPUCBIYCHHUH CTPYKTYpHMM (Da30BHM HEPETBOPCHHSM - Y
yacTMHKax, jgucneproBanux MetogoM OEIJ] cmnasiB. JlocmifpkeHO MexaHI3MHU
TpancopMailii HaHO(PaKIii B MOPOIIKaxX IiJ 4ac TEPMiYHHX HABAHTAXKEHB Ta Mepedir
MapTEHCHTHHX Ta CYIyTHiX Iudy3iiiHo-koHTponboBaHux PII B mopomkax cmiasis 3
EIN® na ocHOBi Ti-Ni, Cu-Al-Ni, Ni-Al, Ni-Mn-Ga. OnicaHO eBOIOLII0 CTPYKTYPH i
NPOLIECH pO3Maay B MIKpOHHHMX dacTHHKax nopomkiB Cu-Al-Ni. JlocnifkeHo BILIMB
BifimaliB y BOAHI Ta B3a€MO3B’SI30K BiJHOBIIOBAJBHO-OKHCIIOBAJIBHUX peakLid i3
SBUIIAMM po3maay B dacTHHKax cruiaBy Cu-Al-Ni. JlocniikeHo afanTHBHY HPHPORY
MapTEHCUTY B MIKDOHHHX i HaHOUacTHHKax ciuaBiB Ni-Mn-Ga ta Ni-Al, BctaHoBI€HO
CTPYKTYpYy HAHOYACTHHOK THITy «siapo-obonoHka» cmiasiB Ti-Ni-Hf. TlokasaHso, mo B
HaHoYacTHHKAx Ni-Al, MEHIIMX TIEBHOTO KPUTHYHOI'O PO3MIpy, CTPYKTypOYTBOPEHHS
MapTEHCHTY € TNORIOHMM 10 (pa30BHX IepeXofiB APYroro pomay, BHACIIJOK 4YOro
MapTeHcHTHA (a3a OJHiel opi€HTalii 3aIIOBHIOE BeCh 00'€M YaCTHHKH, HE YTBOPIOIOYH
OKpeMHY. JOMEHiB ab0 KpHCTaJiB.

Coomuii  po3aiji  [PHUCBIYEHO  OCOONMBOCTAM  KOHCONIAaLii  MOPOIIKIB,
BUTOTOBJIEHUX i3 MONEPEAHHO BHUIUIABICHHX CIUIABIB TPaJUIiHHUMH MeToJaMH i
METOIOM iCKpO-IIIA3MOBOTO CHHTE3y. BCTaHOBIEHO, IO METOAH TPATULIHHOIO
CHIKaHHS TOPOIIKIB CIUIaBiB € Maloe(eKTUBHUMH, a METOJ iCKpO-IIa3MOBOIO
CIiKaHHS JO3BOJISE MIBHAKO OTPUMATH MEXaHIi4HO CTifiki 06’eMHi (opMH MaTepiany.
BCTaHOBIIEHO 3aKOHOMIPHOCTI YINIJIBHEHHS Ta TIa30BHUJUIEHHS B MpPOILECI 1CKpO-

IUIa3MOBOI'0 CHHTE3Y ejieKTpoickpoBux noporkiB cmasiB Ti-Ni-Hf, Ni-Al, Cu-Al-Ni,
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i Ni-Mn-Ga. IIpoananizoBaHo THIOBI 6e3p0O3MipHi IapaMeTpd KOHCOJijalii, IIo
peali3oEaHi B HOCHiI)KEeHHi, PO3BHHYTO i 0OIPyHTOBaHO MEXaHI3MH YIiTbHEHH.

BocbMuii  po3aisi  TpHCBSYEHO mpolecaM ()a30yTBOPEHHS, MAapTEHCHTHOMY
IIEPETBOPEHHIO, CTPYKTYpHi Ta MexaHi4Hill CTIHKOCTI MaTepialliB, BUIOTOBJIEHHX
METOIOM 1CKpO-ILIa3MOBOro CHHTe3y i3 mopoiukiB ciuiasiB 3 EII®. BeranosneHo, mo
CTPYKTYpY OTPHMaHHMX MaTepiajliB MOXHa pO3IIIsAAaTH K KoMno3uTHy. [lokasano, mo
apXiTeKTypa KOHCOJIiJOBaHHX MaTepialiB i3 eJIeKTPOICKPOBHX ITOPOIIKIB y BHIVIAAL
MIiKpOHHHMX YacTHHOK, BOYIOBaHHX B MeTajlOKepaMiuHy MaTpHIlo, 3abesnedye
MOJIIIIIEHH MEXaHIYHMX XapakTepucTuk ciuiaBiB Ni-Al ta Ni-Mn-Ga 3 edextom
nam’sti popmu. BeraHosieHo, mo nepebir i mapamerpu MII B cHHTe30BaHMX 3pa3Kax
Ti-Ni, Cu-Al-Ni, Ni-Al, i Ni-Mn-Ga BH3Ha4alOTbCA CTYIIEHEM pO3IIapyBaHHs 3a
CKJIaJIOM, SIBHIIIAMH PO3IIaay, 110 CYMPOBOKYIOTH MPOLEC iCKPO-TIJIA3MOBOTO CHHTE3Y
i3 BunineHHsM ¢as3, sKi He 3a3HaroTh MIL, Ta BiAXUIEHHAM CKJIaZy YaCTHHOK ITOPOIIKIB
B CHHTE30BaHHUX 3pa3Kax BiJl HOMIHAJIBHOTO.

V 3aK04HiM 9YaCTHHI MOJAHO 3arajibHi BUCHOBKH 110 JUcepTaliiiHii poborTi.
B fmomaTkax HaBeJE€HO JedKi JeTali oOpaxyHKiB, OOpOOKM eKCIepHMEHTaIbHHX
pe3yIbTaTiB, TAONHI JaHUX, JOIOMIXKHI MaTepialu JOBIIKOBOIO XapaKkTepy.

PoGoTa € 3aKiHUe€HHM, aKTyaJbHHM 1 HOBUM IOCIHiIDKEHHSM 1 IIpHCBSYEHA
BHBYEHHIO CTPYKTYpPH TEPCIEKTHBHUX 3 /AOYKH 30py NPAaKTUYHOIO 3aCTOCYBaHHSI
MarepiaiiB — CIUI1aBiB, mo 3a3HatoTh MII Tta nemoHcTpyrorh EII®, marnitHui EIID.
OtpuMaHi pe3yJbTaTH € HOBHMH, a BUCHOBKM i OCHOBHI IIOJOXEHHSI — BCEOI4HO
0OIpyHTOBaHUMH. J[OCTOBIpHICTh HAYKOBUX pe3yJbTaTiB 3a0e3neueHa BAKOPHCTaHHAM
aBTOpPOM HAWpPI3HOMAaHITHIIMX CyYaCHHX METOAIB JOCIHIIKEHHS CTPYKTYDH,
elIeMEHTHOro, )a30BOro CKJIajay, BIacTHBOCTEl MarepialiB. PesynsraTy, MO OTpHUMaHI
pI3HMMH METOJaMH, € B3a€MOJOIIOBHIOIOUMMH. Pe3ynpTraTh aucepraniiHoi poboTH
Oy/yTh KOPUCHHMH [UIs CIIEIlianicTiB B oOnacTi (i3Mky MeTaliB, sKi IpaliOlOTh HaJ
CTBOpEHHSM 1 JociikeHHsM MatepianiB 3 EII®, cmemiamictaM 3 MeToziB
JMCIEpIyBaHHA Ta MOPOIIKOBOI Mertamyprii. Pe3yinpraTd AucepTanii y IHOBHIH Mipi
ommy6IlikoBaHi y BITYM3HSAHUX Ta 1HO3eMHHMX (axOBUX BHIAHHAX, 0OrOBOpIOBAJIUCH Ha
HAyKOBHX KOH(EpEeHIisX, OTpUMaTH CXBaIbHy OIIHKY @axiBmiB. ABTopedepar
KOPEKTHO BiJJOOpa)kae OCHOBHUI 3MicT puceprailii. Jlucepraiis 1o6pe CTpykTypoBaHa,
Marepial BHKJIAQJEHO B JIOTiYHiIH i HOCIimoBHIM MaHepi. B minomy, muceprauiiiny
poboty BHKOHAHO HA BHCOKOMY Cy4aCHOMY HayKOBOMY piBHi.

€ neBHi 3ayBaKeHHS 10 poOOTH, 30KpeMa J10 ii 0(pOpMIIEHHS:
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1. V gpyromy posgini Bapto Oymo 6 i3 camoro mo4aTKy HaBECTH MOTHBALIiIO
NeryBaHHA 130€JIEKTPOHHUMH aHasioramu ciuiaBiB Ni-Al, moaibno 1o Toro, sk ne 6yio
3pobneno ans crasiB Hf-Pd.
2. Y Mojensx aBTOp BHKOPHCTOBYE HaOJIKEHHS ifjeallbHOrO TBEpJAOro po3uuHy. Ha
Miii mornsaa, Bapro Oyino 6 3poOHUTH OMIHKY, HAacKilbKM BOHO € IIPHUITyCTHMHM,
Hanpukian, s cucteMd Ti-Ni, i HacKkiibKM Ile MOXe BIUIMHYTH Ha OTpHMMaHi
pesyiasraTH. TuM Oinble, Mo Hajajli aBTOp NOCHIAETbCS Ha POOOTY, NPUCBIYEHY
BHBYEHHIO 3HaYeHb Koe(illieHTiB akTUBHOCTEH y Ll cuCTeMI.
3. V¥ 3pa3kax, KOHCOJIiTOBaHUX METO/IOM iCKpO-INIA3MOBOI0 CHHTE3Y, aBTOP BCTAHOBHB
icHyBaHHS [IEKITBKOX HETPHUBIAIBPHHMX SBHII, 30KpeMa, IpOpOoCcTaHHS (a3 BHIUICHDb
yepe3 KOMIIO3UTHI IIPOMIApKH, 0 PO3AUISIOTH IIEpBHHHI YaCTHHKH MOPOIIKY, a TAKOX
peKpHUCTaNIi3allifo, U0 3aXOILTF0E OJHOYACHO 6araTo YaCTHHOK, HiOHM «HE MOMIYaroum»
I'PaHUIlb YaCTHHOK. TpakTyBaHHS LIMX SBUIL, IPUHAKMHI SKiCHE, 3HAYHO ITPHKPACHIIO O
pobory.
4. Ha puc. 8.3, Ie HaBeleHi pe3ylbTaTd pEHTTEHOCTPYKTYPHHX AOCIiIKEHb 3pa3KiB
cucremu Ti-Ni-Hf (mpokaTraHoro cmjaBy Ta 3pa3KiB, KOMIIAKTOBaHHUX IIPH PI3HHX
TEMIIEpPATypax Ta TPUBAIOCTAX KOMIIAKTYBaHHS), Ha KPUBUX CIOCTEpIracThcs Gararo
HEINPOiHAEKCOBAaHUX pe(ieKciB, MPHpoJia YTBOPEHHS SIKHX B AUCEpTaNiifHiil poboTi He
00roBOPIOETHCH. )
5. Jlnsa cnemianicriB-MpaKTHKIB Ay)Xe KopucHO 6yno 6 sk6u aBTOp AaB OOIpyHTOBaHI
peKOMeHAallil IoA0 IiepeBar, HENOJNIKiB, OYiKyBaHHX pe3yJbTaTiB 3aCTOCYBaHH:]
METOIB 06’€MHOI0O €JIEKTPOICKPOBOIO JUCIEPIyBaHHS Ta 1CKPO-TJIa3MOBOTO CHHTE3Y
JUIs BATOTOBJICHHS MaTepialliB iIHIINX 6araTOKOMIIOHEHTHUX CHCTEM, 30kpema 3 EI1D.
6. Hespaxaroum Ha Te, 10, B LIJIOMY, AHCEpTalliiiHa poboTa opopMieHa Iyxe no6pe,
y TEKCTi 3yCTpiYaroThCs AesAKi TpaMaTHyHi i MyHKTyalilHI IMOMHJIKH, Ha KIOTAIT «B
Ta6muus 5.1 HaBeneHo...». 3aMicTh «och 30uHH [100]» Ta «ock 30Hm [010]» (Po3ain 2)
BapTO MACaTH «Bich 30HU [100]» Ta «Bich 30HU [010]», 3aMicTh TepMiHy «AECHIpITHA
CTPYKTYpa» BapTO BXXUBATH «IECHAPHTHA CTPYKTypa», 3aMiCTh «MeXaHIdYHEe MEJEHHS»
BapTO IMHCATH «MEXaHIYHUU MOMeN», 3aMiCTh TepMiHy «XIMIYHHMX 3’€IHAHb» BapToO
BUKOPHCTOBYBATH «XiMIYHHX CIIOIYK).

BapTo 3ayBaXuTH, IO BHCJIOBJIEHI 3ayBakeHHS Ta PEKOMEHJallii He BILIMBAIOTh Ha
3arajibHy BHCOKY OIIIHKY mucepTaunii MoHactupcebkoro I'.€., ii HayKoBy LIHHICTB Ta
NPaKTHYHY 3HAYMMiCTh. BOHM MalOTh XapaKTep MOGaXaHb i HE CTAaBIATh MiJ CyMHIB

OCHOBHi pe3yJIbTaTH poOOTH Ta X HOBU3HY.
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Ha Moe nmepekoHaHHs, quceprauiiina po6ora Monactupcbkoro I'ennanis €preHosuya
«3akoHOMIpHOCTI  ()a30BUX  CTPYKTypHHX II€peTBOPEHb B  HEOTHOPIJHHX,
HEpiBHOBOXHUX 1 MPOCTOPOBO OOMEXEHMX CTaHaX (PyHKIiOHAIbHMX MaTepialiB» €
3aBEpIIEHOI0 HAYKOBOK IMpaieio i 3a CBOIM 3MiCTOM, aKTyalbHICTIO, HOBH3HOIO
OTpHUMaHMX pe3yJbTaTiB BiANOBifla€ YCiM BUMOraM, 110 BUCYBAIOTHCA O JOKTOPCHKAX
nucepTaniit 3rigHo 3 «IlopsAaxoM NpHCYMXKEHHS HAyKOBMX CTYINEHIB i NPUCBOEHHS
HayKOBHX 3BaHb», 3aTBepIDKeHoro mnocraHoBoro Kabinery MinicTpiB Ykpainu Big 24
nmunes 2013 p. Ne 567 (3i 3minamu, BHeceHumHu IloctranoBoro Ka6Ginery MiHicTpis
Vkpainu Ne 656 Bix 19.08.2015 p. i Hakasom MOH Vxkpainu Ne 40 Big 12.01.2017 p.),
a ii aBTOp 3aCIyroBy€ NPHUCY/DKEHHS HOMYy HAyKOBOIO CTyINeHs JOKTOpa (i3HKo-

MaTeMaTHYHHUX Hayk 3a cremianbHicTio 01.04.13 — ¢izuka MeTaiB.

Odinilinuii onoHeHT:

3aBiJlyBa4 BiUIUTY CIIEKTPOCKOIIii
IIOBEPXHI HOBITHIX MaTepialliB
InctuTyTy mpoGieM mMaTepialo3HaBCTBa
iMm. .M. ®@pannesunya HAH Ykpainu,

JOKTOp (i3UKO-MaTeMaTHYHUX HAYyK,

CTapIHii HAayKOBHi CIiBpOGITHUK < [ﬂ ﬁq s /_// 0.10. Xuxyn

ITignuc 3aB. Bif., A.¢.-M.H., c.H.c. XmxyHa O.1O. 3acBindyio:

iMm. M. ®@pannesuya HAH Ykpainu,

KaHIuAAT Pi3UKO-MaTeMaTHYHUX HAYK B.B. Kapry3os




