BIAT'YK
odiuifiHOro onoHeHra Ha AUcepTaLiiiHy poboTy
€¢imoBa Mukoau OaekcanapoBuia
“@i3uyHi 3acaau 3MillHEHHS CIJIABiB aJIIOMiHil0 Ta MOKPHUTTIB,
o MicTaTh KBasikpucTaau cucrem Al-Fe-Cr i Al-Cu-Fe”,
nojaHy Ha 3400yTTs HAyKOBOrO CTyMeHs J0KTopa (pi3uKO-MaTeMaTUYHUX HAyK

3a cneuianbHicTio 01.04.07 — di3uka TBepaoro tina

1. 3araibHa XapaKTepHCTHKA AHCEPTALIHOr0 A0CTAiIXKEHHS

Pobota €dimoBa Mukonu OnekcaHapoBuya NpPUCBAYEHA aKTyasbHid i HAYKOBO CKJIaaHiH
npoGieMi CTBOPEHHS HOBITHIX MarepialiB 3 BHUCOKUMM (Hi3HMKO-MEXaHIUYHUMM BJIaCTUBOCTAMHU
LIAXOM 3MiLIHEHHs aJIOMiHIEBUX CIUIaBiB i MOKPHUTTIB 3 BUKOPHUCTAHHSAM KBa3ikpucTaniyHux ¢as.
AnoMiHI€BI claBy 3aiiMaloOTh MPOBiJHE Miclie cepel KOHCTPYKLIHHUX MaTepialliB 3aBISKH HU3bKIi
T'YCTHHI, TEXHOJIOMYHOCTI, BUCOKIH KOpO3iiHiii cTiiikocTi. OfaHaK Ui pO3LIMpPEHHs TX 3aCTOCYBaHHS
B aBialliiHil, KOCMIYHIl Ta eHepreTWyHii raay3sx HEoOXiqHe iCTOTHE MiABWILEHHS MeXaHiYHUX
xapakTepucTuk. Pobora aucepraHTa crnpsMoBaHa Ha pPO3KPUTTS (I3MYHUX MeEXaHI3MIB, 10
JI03BOJIAOTH peasizyBaTH Lel NoTeHLial.

3pocratoui NOTpeOU B HOBITHIX KOHCTPYKLIHHUX MaTepianax 3 BACOKUMU eKCIlyaTaliiHUMU
XapakTepUCTHKaMH, 0CcOoOJIMBO A OOOPOHHOI, aBiallifHOl, €HepreTMYHOi Ta MallWHOOYdiBHOT
rajgysei, 00yMOBIIOIOTh BaXJIMBICTb AOCHIIKEHb Y cdepi BUKOPUCTAHHS KBA3iKpUCTAiB B SIKOCTI
3MILHIOWYUX (a3 B CrIaBax ajtoMiHio.

JlocnixKeHHs1 OXOIUIIOE LIMPOKE KOO 3aBlaHb: Bill BUBUYEHHS CTPYKTYpH Ta BJIACTMBOCTEM
kBasikpucraniB cuctem Al-Fe-Cr i Al-Cu-Fe no po3poOku epekTHBHMX TEXHOJOriH (opMyBaHHs
3MILHEHHX CI/IaBiB Ta MOKPHUTTIB 3 BUKOPUCTAHHAM HAHOPO3MIpHUX KBa3iKpHCTaNiuHKUX (a3.

Pobora Mae MiKAMCUMIIIHApHUI MiAXid, pO3MAiTTS EKCEepUMEHTAIbHUX METO/iB Ta

rnubuHy Gi3uuHOro aHanisy.

2. AKTyaJIbHiCTb TEMH

Tema amceprauii € BKpai akTyanbHOM, OCKiNbKM BOHA CTOCYEThCS CTBOPEHHSI Marepiajis
HOBOINO TMOKOJIHHSA, $IKi 34aTHI NpauioBaTH B YMOBaX BHMCOKHX TeMIeEparyp, iHTEHCHMBHOIO
3HOLIYBAHHS Ta B arpecMBHOMY cepenoBulli. KBasikpucranu, 1o MaroTh YHikadbHi (i3uuHI

BJIACTMBOCTI (BMCOKAa TBEPAICTb, 3HOCOCTIMKICTb, HU3bKHUI KOEQiLIEHT TepTs) CTalud 00’ EKTOM



MiIBUILEHOr0 HAYKOBOrO iHTepecy mouuHaoud 3 1984 poky, konu Oy/o Brepiue BIAKPUTO iX
icHyBaHHs. BoaHouac, cK/IaHiCTh OTpUMaHHs 00’€MHHX 3pa3KiB KBa3iKpUCTaliB Ta 3abe3neueHHs
BUCOKOrO piBHA ajresii KBazikpucTamiyHMX (a3 y KOMMO3WTax i MOKPUTTAX CTBOPIOE HHU3KY
iHKEHePHUX BUKJIHMKIB, AiKi OTpeGyloTh rMOGOKOro aHanisy Ans BUpilieHHs Gi3MuHuX npodieM, 1o
BUHMKaIOTh Npu aedopmadii KBasikpucTalis.

Jlucepraliis BiAMOBia€ AepKaBHUM Ta CBITOBMM HAayKOBMM TNpiopuTeTam y raiysi ¢isuku
TBEpPAOrO TiNla, CMpUAE DPO3BUTKY KOHLEMLii «PO3yMHMX» MarepiaiiB Ta Mae MnoTeHuian Ao
NMPaKTHYHOTO BMKOPMCTaHHS B MPOMMCIOBOCTI, 30KpeMa B aBia- Ta MOTOpoOylyBaHHi, B

eHepreTuL.

3. MertonoJioriuna 6a3za aocaiaKeHHs

JlocnimkeHHs 6a3yeThcs Ha MOEAHAHHI €KCIIEpUMEHTaIbHUX i TEOPETHUHUX METOAIB. ABTOP
BMKOPMCTOBYE PEHTIEHOCTPYKTYPHHI aHaii3, ONTHYHY, CKaHyIOUy Ta TPAHCMICikiHy €JNeKTPOHHY
MiKpOCKOMi0, CTaHZAPTHI MeXaHiuHi BMUNpoOYBaHHA Ta METOAM iHAEHTyBaHHs. OKpemo BapTo
BiI3HAYNUTU 3aCTOCYBAHHS METOJY IHACHTYBAHHS 3 Pi3HUMU THUMAMK iHAEHTOPIB Yy LIMPOKOMY
TeMnepaTypHOMY Jiara3oHi, 1O 103BOJIMIO BH3HAYMTH Xapaktep Aeopmalii KBasikpucTanis Ta
cnocrepirath  ¢asosi nepexoau. Jluceprauis JAEMOHCTPYE Cy4aCHMH piBEHb BHUKOHAaHHA

CKCIMEPHUMEHTY Ta )IOCTOBipHiCTb OTPpUMAaHHUX peayanaTiB.

4. HoBH3HA HAYKOBHX I10JI0KEHb T2 BUCHOBKIB CpopMy.ILOBAHHX Yy AucepTalii

B muceprauii €dimosa M.O. 0Tp1MaHO psii HOBHX HAYKOBUX PE3YJIbTATIB, AKi BCTAHOBJIIOIOTh
¢i3MuHi 3aKOHOMIPHOCTI WOAO MexaHi3My AeopMauii KBa3iKpUCTaliuHUX MaTepiaiB cucteM Al-
Cu-Fe Ta Al-Fe-Cr, sk HayKOBOi OCHOBM [JIfi CTBOPEHHSI BUCOKOE(EKTUBHUX CILIaBiB, NIOKPUTTIB Ta
KOMMO3MTHUX MatepianiB. Cepesl HUX HaiOiIbLI 3HAUYLIMMH BBa)Kar0 HAaCTYIHi:

e Brepuwe 3a J0MOMOrol METOJA JIOKAJILHOrO HABAHTAXEHHS IHIGHTOpPAMH 3 Pi3HUMH
KyTaMM 3aroCTpeHHsl MNpu BepluivHi noGyaoBaHo kpuBi jaedopmauii  crabinbHMX
kBazikpucraniB cuctemu Al-Cu-Fe npu pisHMX TemnepaTypax, 10 J03BOJIMIO BUABUTH Ha
KPUBMX HAsIBHICTb CTAJlii 3MiLIHEHHS Ta pPO3MiLIHEHHS.

e Jlna ksasikpucranie Al-Cu-Fe Bnepine oTpuMaHa MaTeMaTWyHa 3aj€XHICThb BiJIHOCHOI
BEIMUMHK Moayns mpyxHocti (E/Ep) Bim romonoriyHoi Temneparypu (7/7,) y Buraani
MoJ1iHOMa IPYroro CTyNEHs Ta MOKa3aHo, 1[0 BOHA KOPEJIOE 3 aHAJIOTIUHOKO 3a/EXHICTIO i

KOBAJIEHTHHUX Ta I0HHO-KOBAJIEHTHUX KPHUCTaliB, GOpHIiB, KapOi/iB, KOMIO3MTIB i METAJIIB.



o Jlocnimkenus kBasikpuctaniB Al-Cu-Fe Meronom iHAEHTYBaHHs J03BOJIMIO HA OCHOBI
OTPUMaHOT TeMMEPaTYPHOT 3al1€XKHOCTI TBEPAOCTI PO3PaxoBaTH 3HAYEHHs €Heprii akTHBALLT
pyXy AMCIOKaLiif Ta aKTUBaLIIHHOTO 00°‘eMy.

e Bnepuie f0BeAEHO, IO TUIT KPUCTANIYHOI PELIiTKH 3MiLIHIOIOUMX YacTOK (a He XiMiYHMHA
cKial) BM3Hayae nuactvuHicth crnagiB cuctemn Al-Fe-Cr, saki mictars no 40 % 00.
3MiLHIOIOYHX YACTHHOK i 10 came KBa3iKpHCTaliuHa CTPYKTypa LMX YACTUHOK 3abe3neuye
MaacTHYHIiCTh 10 8% NpH icnuTax Ha PO3TAT 3a KIMHATHOIO TEMIIEPATYPOIO.

e Brepwe, 6a3ylounch Ha JOCII[KEHHI OCOOIMBOCTEH BMCOKOTeMIeparypHoi nedopmarii
crabinbHux  kBasikpuctani cucremn Al-Cu-Fe, 3anponoHoBaHo ¢i3u4Hi NpUHUMIH
OTPMMAHHS MOKPWUTTIB, WO MicTaTh 10 75% KBa3iKpuCTaniyHoi (asu, METoI0M
BUCOKOLLUBMAKICHOTO MOBITPSHO-NAJMBHOrO HanuaeHHs. B poboTi nokasaHo, 110 CTpyKTypa
TAKUX MOKPUTTIB, fKa 3abe3neuye BUCOKI MOKa3HUKM TBEPAOCTI Ta aare3idHoi MiLHOCTI,
QopMyeTbcs  3aBASKM  BHUCOKIH IIBMAKOCTI Ta BMCOKiM  MIaCTUYHOCTI  4aCTHHOK
kBasikpucraii cuctemu Al-Cu-Fe npu temnepatypi 600 °C.

e Brepme po3po6ieHO0 HAyKOBi MPUHIMIM CTBOPEHHS KOMIO3UTHHMX IAPiB, 3MiLHEHHX
cTabiNbHUMKM  KBa3iKpuUcTanamu, sKi JI€MOHCTPYIOTh MiABHMILEHY 3HOCOCTIHKICTb i

TBEPAICTb.

5. lIpakTHYHe 3HAYEHHS pe3y./1bTaTIiB

PesynbtaTn MaioTh Oe3nocepelHe NpUKIafHE 3HAYEHHS. 3anpoNoOHOBaHi CIUIABH  BXKE
JEMOHCTpPYIOTh Kpaii xapaktepuctiku npu 300 °C, HiX LWHPOKO BUKOpPHUCTOBYBaHi Al-crinasu
cepiii 2618, 7075, 6061. Kpasikpucraniuni nokpurtss Ha ocHoBi Al-Cu-Fe MaloTh nepcrnekTuBy
3aCTOCYBaHHA B rasoTYpOiHHMX [BHIYHaX, MOPLIHEBUX TIpynax, KOHCTPYKUiAX 3 MiJBHULIEHUMH
BUMOTaMH JI0 3HOLLYBaHHS Ta KOPO3iHHOT CTIHKOCTI.

Metonuku, anpo6oBani B po6OTi, MOXKYTh BHKOPHCTOBYBaTHCS AJs ONTHUMIi3alii NpoueciB

HalUJIEHHs, TEPMiUuHOT 0OpOOKH Ta NeryBaHHs CIJaBiB.

Iuceprauiiina po6ora €dimoBa Mukonn OnexcaHipoBuya JOriYHO MoOya0BaHA Ta Mae
CTPYKTYpy, WO BiamoBizae Bumoram 10 OQOpPMIIEHHS MOKTOPCHKMX aucepTauii. duceprauikina
po6oTa CKIaMa€eThes 3i BCTYMY, 6 3MICTOBHHMX DO3JiJiB, KOXEH 3 AKMX MOB’A3aHMM i3 3arajibHOIO
METOK JOCJI/DKEHHS Ta TMOC/i0OBHO PO3KPUBAE KJIOUOBI HAyKOBI TMOJIOXKEHHSA, 3arajlbHUX
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BUCHOBKIB, CMIMCKY BUKOPUCTAHHMX JIITEPAaTypHKX MOCHIaHb, 11O Haliuye 316 HaliMeHyBaHb Cy4acHOT
HayKOBOI NiTepaTypu YKpaiHCbKMX | 3apybikHMX aBTOpiB Ta aomatky. [loBHuii oOcsr aucepTaLii

CTaHOBHTb 372 CTOPiHOK Ta MicTHTb 188 pucyHKiB Ta 45 TabiuLb.

Y Berynmi 0GrpyHTOBaHO aKTyalbHICTh TE€MM JAucepTauii Ta 1i 3B'I30K 3 HayKOBMMH
nporpamamu, cOpMYJIbOBaHO METY Ta OCHOBHI 3ajadi JOCHi/UKeHHsl, 11 HayKOBY HOBH3HY Ta
NMpakTUUYHY LiHHICTb PE3yJbTaTiB, BiLOOpaXEHO MePCOHaNbHUI BHECOK 3100yBada, HaBeJEHO
BiZOMOCTI Mpo anpoGaLito pe3y/bTaTiB AOC/IIKEHHs, @ TAKoX PO HayKOBi mpaLi, onyGiikoBaHi 3a
TEMOIO JMcepTalil i3 3a3HaYEHHsIM 0COOMCTOrO BHECKY aBTOpA, HABENEHO J@Hi Mpo CTPYKTYpy Ta
obcsr aguceprauiiiHoi poboTu.

Mepmuii PO3AiN NPUCBSYEHO OINISIAY JiTEpaTypHMX JOKEPE] Ta [MOCTAHOBLU 3aBlaHb
JOCikeHHs. Y HbOMY aBTOp 3iHCHIOE [PYHTOBHMI aHajli3 Cy4acHOro CTaHy BHMBUYCHHsA
KBa3iKpHMCTaJi4HHX MaTepiaiiB, 30KpeMa 0co0IMBOCTEH iXHBLOT CTPYKTYpH, €lEKTPOHHOI Oyn0BH,
MeXaHIUHUX XapaKTepUCTHK i JedekTHOi miacucremn. OcobnuBa yBara MpUAiNfA€ETbCsS (isMUHUM
MeXaHi3MaM 3MILHEHHS Ta [MJIACTMYHOCTI TAaKMX CHMCTEM, a TaKOX IX MOTeHUiaqy B AKOCTI
3MmiLHIOOUOT (a3u y 6aratodyHKLIOHANBHUX CriaBax i MOKpUTTAX. Ha ocHoOBI aHanizy HaykoBoi
nitepatypu copMyIbOBAHO METy JOCHI/UKEHHs Ta BW3HAYEHO KOMILIEKC B33aEMOMOB’A3aHMX
3aBJaHb.

Jlpyruii  posain  MicTMT  OMMC  MaTepianiB, METOMIB  JOC/IDKEHHS Ta  METON
eKCIIepUMEHTabHUX BUIpo6yBaHb. 30Kpema, I0JaHO TEXHOJOTil OTPUMaHHsA KBa3iKpUCTaliYHHX
MOPOILKiB METOJO0M BOJHOIO PO3MUIEHHS PO3IIaBy, METOAH (OpMyBaHHs CIIABIB LUISXOM rapsioi
EKCTpY3il, a TaKOX HaHECEHHS MOKPHUTTIB i3 BMKOPHCTaHHAM BHCOKOLIBHMJKICHOTO TMOBITPSHO-
nanusHoro (HVAF) HanuieHHs Ta HM3KM iHIIMX METOJiB ra3oTepMiYHOr0 HanujeHHs. 3HauHy
yBary MpHIIIEHO OMKCY 3aCTOCOBAHHX METOJIB KOHTPOJIO CTPYKTYpH (ONMTHYHA, CKaHyrouya Ta
TpaHcMiciliHa €NeKTPOHHA MIKPOCKOMis, PEHTreHOCTPYKTYpHMH aHaniz) i BunpoOyBaHb Ha
MeXaHiuHi BJIACTMBOCTI (pO3TAr, TBEPIICTb, MIKPOTBEpAiCTb TOWIO). OKpEMO pO3rjsaaroThCs
METOAMKH OLIHIOBAHHA MJACTHYHOCTI 3a JAaHUMM IHASHTYBaHHS Ta BU3HAYEHHS 3aMLIKOBUX
Hanpy>xeHb Y MOAM(IKOBaHUX LIApax.

Y TperboMy po3aili  BHCBIT/IIEHO pe3ynbTaTH JOCHIKEHb MEXaHi4HOi MOBEAiHKH
ikocaeapuuHux KBasikpuctanis cucreMd Al-Cu-Fe. B 1pomy nocnijukeHHi aBTOpOM BAailo
3aCTOCOBAHO METOAMKM JOCHI/DKEHHS MeXaHiYHMX BIACTUBOCTEH KPMXKMX MartepiajiB MpH
NOKaNbHOMY HaBaHTaXeHHi inaenTopom. Lli nociimkeHHA NpoBejeHi AK NPU KiMHATHIM, TaK i npu

MiaBULIEHUX TemmnepaTypax. Tak, B poGOTi M0Ka3aHo, 1o B KBa3iKpUcTalax Ha KpMBMX Aedopmallii,
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OTPUMAHMX METOJIOM iHAEHTYBaHHs, Micis AiNsHKM JepopMauifHOro 3MiLHEeHHs CrocTepiraeTbes
NiNSHKA IHTEHCHBHOrO PO3MILIHEHHS, SKa 3a3BMuaii BIACYTHS B MeTajax Ta CIJaBaX 3 KPUCTAIIYHOIO
CTPYKTYpOlO. ABTOp MOsiCHIOE €(peKT pO3MillHEHHs KBa3iKpMCTaliB B MpOLECI MIaCTHYHOL
nedopmalii 36ibIIeHHIM WinbHOCTI (pasoHHMX AedeKTiB, AKi BUHMKAIOTh y KBa3ikpucTanax npu
nebopmallii, 10 i IPU3BOANTH O 3MEHLICHHA KBa3iKpUCTali4HOro nopsiaky. B KpUCTaiYHUX Tilax
dasoHHi nedexTH BincyTHi, ToMy micis AinsHKM AedopMalliiiHOro 3MilHEHHs CrIOCTepiraeThes Miaro,
a60 nojaiblie 3pOCTaHH HaMpPyKEHHS.

ABTOp TOJAa€ pe3yibTaTd po3paxyHkiB Moayns IOwra, koediuienty Ilyaccona Ta
eKCMEPUMEHTANILHOTO J10CHIi[DKEHHS 3MiHM PiBHS MiKPOTBEPIOCTi B LUMPOKOMY TeMMEpaTypHOMY
nianazoHi. Ha OCHOBi aHani3y 3MiHM XapakTepUCTHKM MIACTHYHOCTI Oy (WO BM3HAYAETBCA AK
yacTka nuacTHuHO! AedopMmallii B 3aranbHiil npyxHO-ruIacTHYHiINR aedopmauii mia iHAEHTOPOM)
BCTAHOBJEHO TeMrepaTypy, BHUlE AKOi Taki KBasikpucranmu HabyBaloThb 3[aTHOCTI 10
MakporiacTuuHoi aedopmatii.

B poGoTi Brieplue MOKa3aHo, IO 3aJ€XKHICTh BiIHOCHOI BENMUMHH MOMYJS MPYXKHOCTI Bil
rOMOJIOTIYHOT TemnepaTypu s crabinbHuX ikocaeapuuHux KBasikpuctaniB Al-Cu-Fe nyxe cxoxa
Ha TaKy Ais KOBAJEHTHHX KPUCTAIiB, WO € MiATBEPMKEHHAM TOTO, IIO MIXKATOMHi 3B'S3KH Y
KBa3iKpHUCTalax MaroTh NEPeBaXKHO KOBAJIEHTHUH XapaKTep.

ABTOpOM HaBelleHO KpuBi neopMmallil, OTpMMaHi METOJOM iHACHTYBaHHS, NpH KiMHaTHIH
Temnepatypi Ta Temneparypax 200, 400, 550 ta 720 °C. B inrtepsani 20-400 °C Ha KpuBHMX
nedopmaliii cnoctepiraeTbes cranis nedopmauiifHoro 3MillHeHHs Matepiajy, NOTiM HACTa€e CTafis
nedopmaLiitHoro posmilHenHs. 3a Temneparypu BunpoGysanb 550 Ta 720 °C npedpopmauiiHoro
PO3MILIHEHHS HE COCTepiracThCs, i XapakTep 3alexHOCTI G(g,) HabyBae BUIIIsAY THUMOBOrO A
MeTaneBUX Marepianis. B pobori moBeaeHo, wo AedopmalliiiHe pPO3MiLHEHHA KBa3iKpUCTaliB
cuctemu Al-Cu-Fe 3mMeHyeThes npy nigsuuieHHi aedopmauii Bia KiMHaTHOT Temneparypu 10 720
°C. [lpu KimHaTHil TemnepaTypi ueit edpext MakcumansHuid. Jlocaimkenus kpasikpuctanis Al-Cu-
Fe MeToIOM iHAEHTYBAaHHsS TAaKOX JO3BOJIMIO Ha OCHOBI 3aiexHocti HV(T) 3 BUKOpPHUCTaHHSM
METOIMKH TEPMOAKTHBALIHHOrO aHajisy TEMIMepaTypHOi 3aekHOCTi HampyXeHHs MIMHHOCTI,
po3po6nenoi B.1.Tpedinosum ta K0.B.MinbmaHom, po3paxyBaTH 3HAQY€HHs €HEprii akTHBaUil pyxy
mucnokauii U= 1,68—1,83 eB Tta akrusailiiinoro o6‘emy V= 128-132-10%* cm’®, ki Gauseki 3a
BEJIMYMHOIO 10 3HaueHb Ui V ans TyroruiaBkux cnoiyk (kap6inis, 60puaiB).

YerpepTuil PpO3iJ TPUCBAYEHWH aHali3y CTPYKTYPM Ta MEXaHIYHMX BJIaCTUBOCTEH

KapoMiUHMX  amtomidieBnx  cnnaBiB  cuctemu  Al-Fe-Cr, neroaHuMx — KBasikpuCTaliyHUMH
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HaHOYaCTHHKaMu. Y poOOTi MoKa3aHo, WO Ui CMUIaBM MalOTh XapaKTepHy 1BOGasHy CTPYKTYpY 3
piBHOMIpHMM PO3MOINOM HaHOKBasikpuctanie posmipom 40-200 um, siki e(eKTUBHO 3MILHIOKOTh
a-Al matpuuo. OnucaHo BIUIMB MapameTpiB TepMOMEXaHiuyHOi 0OpOOKH, 30KpeMa TemIepaTypu
eKcTpy3ii, Ha cTabiNbHICTb MeTacTabiNbHUX iKOCAeAPUUHNX KBA3iKPUCTAIYHHUX ¢a3. BcranosneHo,
WO came KBa3iKpUCTAliuHa CTPYKTypa 3MILHIOIOYMX YaCTHHOK 3ae3neuye BMCOKi MeXaHiuHi
XapaKTepUCTUKU TPH 30€pexeHHi M1aCTHYHOCTI CniaBy Ha piBHi 5—-8% npu 40 % 00. 3MiLHIOYMX
yacTMHOK. B poboti Brepuie 3anponoxoBaHo (i3MuHUi MexaHi3m 3abe3reuyeHHs Takol BHUCOKOI
MJAaCTUYHOCTI.

Y n’sToMy Ppo3didi pO3rIsSHYTO CTPYKTYpY, BJIaCTHBOCTI Ta MeXaHisM (OpMyBaHHs
KBA3iKpHCTATIYHNX TMOKPUTTIB, OTPUMAHMX HHM3KOIO METOMIB Ta30TepPMiYHOrO HAIMIICHHS, |
KOMIMO3UTHUX IIApiB HA OCHOBi aNlOMiHil0, OTPMMAaHHMX I3 BHUKOPHUCTaHHSM BOJOPO3MNHMIIEHUX
nopoukis kpasikpuctanis cucremu Al-Cu-Fe. OcoGnuBy yBary NpUAiJICHO BILIMBY TEMIEpaTypH
HaMWIEHHs Ha 36epeKeHHs KBa3iKpUCTANiuHOT CTPYKTYpH, aaresii Ta (pa3oBoro ckiany MoKpUTTIB.
IMokasano, wo nig yac HVAF HanunexHs ¢opMyBaHHsS MOKPUTTIB BifIOYBa€ThCs 32 HACTYMHHUM
MeXaHi3MOM: KBa3iKpHcTasliuHi 4aCTHHKH, IO MepecyBaloThes i3 MBHMAKICTIO He MeHwe 3a 700 m/c,
y MpOLECi yAapHOTr0 HABAHTAXKEHHS 3a3HAIOTh 3HAYHOI MIACTHYHOT Aedopmauii | 3aKpIrIoIThHCA Ha
migknaaui abo y wapax TMOKPUTT 3 YTBOPEHHSM METajypriiHMX 3B’A3KiB 3a MeXaHi3MOM
3BapIOBaHHA TMCKOM. HarpiBaHHs 4YacTMHOK ra3oBMM NOTOKoM [0 Temneparyp 670+ 50°C
NepeBOANTH iX Yy MIACTH4HMI CTaH, TOMY MOKPUTTA GopMyeThes 6e3 pyHHYBaHHs i pO3MiaBieHHs
KBA3iKpMCTANIYHUX YACTHHOK. J[JIsl TAKMX MOKPMTTIB XapaKTEPHA MIKPOCTPYKTYpa, sika CK1a1acThes
3 IiIPHO YMAaKOBAaHMX YACTMHOK. PeHTreHorpamu 3 [OBEpXHi TMOKPMTTIB  BiJMOBIJAIN
PEHTreHorpamMam 3 MOpPOLIKIB, KiIbKICTb KBa3ikpucTaniuHoi $asu B MOKpUTTI ckiafana 75 % mac.
TlopysaricTb MOKpUTTiB cknajana S —7 %.

B poGoti 6y10 MokasaHo, WO MiA 4Yac BHKOPUCTAHHSA IHIIMX Ta3oTEPMiYHMX METOAIB
HanuIeHHd (JeToHaLiifHOro, MjIa3MOBOro), 1€ HarpiBaHHS YacTHHOK Y BHMCOKOTEMIEPATYpPHOMY
noTtoui rasy, IO MICTHUTh BiNbHWI KHUCEHb, BiIOYyBAa€ThCA BHLIE 3a TEMIMeparypy IJIaBJleHHA
(~ 1088 °C), BHacnigok QopMyBaHHs BHCOKOTeMmmeparypHoro crabinbHoro okcupy AlOs
BiOyBaeThes 3MiHa XimiuHoro cknany cnnaBy Als3CuasFer, 3a BMicToM aJIFOMIHIIO 1 BUXIJ 32 MEXI
icHyBaHHs KBasikpucTaniuHoi (asu 3a aiarpamoto ctaHy. Tomy BMICT KBasiKpucTaniyHoi (asu B
MOKPUTTI € HIXKUMM, HIXK Y BUXIAHOMY MOPOLIKY.

PiBenb MikpoTBepmocti kBasikpuctaniunux nokputtiB  Al-Cu-Fe(Sc) 3a  kimHarHOT

TeMMepaTypu 3aleXMThb Bijl CHiBBiJHOIWIEHHS Oinbll TBEPAOi iKOCaeApUYHOI KBa3iKpPUCTANYHOI
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dasu (9 I'Tla) Ta Ginbw M’skoi kpuctamiuHoi B-dasu (5,5 [Tla). V Bunaaky 20 % wmac.
kBasikpucraniunoi pasu B nokpurti HV = 6 I'Tla, npu 55 % mac. — HV =7 I'Tla, npu 75 % mac. —
HV =725 I'Ta.

Jlisi OUiHKHM aaresii MOKpuTTiB OyJ10 BUKOPHCTaHO 2 TNy BUNpoOyBaHb: BUNPOOYBaHHs Ha
3rMH Ta BMMPOOYBAaHHA Ha BiApMB KiIeHOBUM MeTofoM. BuMiptoanus aaresiiHoi MILIHOCTI Ha
BigpuB Gymu nposeieni Ha nokpurrax Al-Cu-Fe(Sc), HameceHMX Ha MiKIajKu 3i cTani Ta
anoMiHieBoro crnay. IIpy BUNpoOyBaHHIX MOKPUTTIB, WO MicTATh 50 % mac. KBa3iKpUcTaniyHOT
¢asu, pyiiHyBaHHA Majio 3MillaHWi Xapakrep -— crioctepiranich Micud, ne Biabysajoch
Bi/IlIapyBaHHA MOKPHUTTA Bifl MiAKIAJAKU Ta MiCLld, e pyHHYBaHHS MPOXOJMIIO IIAPOM MapasebHIM
MIOLMHI NOKPUTTS. Taki MOKPUTTS Many HalOiNbILYy aare3iiHy MiLHICTb.

Y wocToMy po3aiii aBTOp po3risnaEe oCOOJIMBOCTI CTPYKTYpH MPHUNOBEPXHEBUX LIAPIB,
cOpMOBAHUX BHACJIIOK YNbTPa3BykoBoi 0OpOoOKM, B AKMX KBa3iKpUCTajiiHi HaCTHHKM €
JoKepeaMu IMCIOKaLiH i cnpusitoTh GOPMyBaHHIO 3a/TMLIKOBUX CTUCKYIOUMX HAMpykeHb. 3aBlsKHu
TAKOMY MiAXOAY AOCATHYTO BMCOKi €KCIUTyaTalliiiHi BIaCTHBOCTi — 3HOCOCTIHKICTb, MiKpOTBEPAICTD
i cTabiNbHICTh BiJ TeMMepaTypHHMX BIUIMBIB. 3ampONOHOBAaHO MOJENb AMC/IOKaLiiHOi B3aeMouil B
KOMIO3UTHHX CTPYKTYpax, IO MiCTATh KBa3iKpUCTAlM, siKa MOACHIOE MEXaHi3M 3MILHEHHsS Ta
(GopMyBaHHS 3aTMLIKOBUX HAMPYXKEHb y TAKMX CHCTEMaX.

CTBOpEHHS MpPUMOBEPXHEBUX KOMIMO3UTHUX IIAPiB, B SKMX 3MILHIOWOYAMH YaCTUHKaMH €
crabinbHi KkBasikpuctanu  Al-Cu-Fe, moxkHa po3risiaté sK HOBMH B Moaudikauii moBepxHi
aTtoMiHilo Ta #oro crutasiB. [TOBepXHEBO 3a/leXHi BIACTUBOCTI (3HOLLYBAHHS, BTOMA Ta iH.) MOXKYTb
6yTH MOJIMIIEHAMH BiAMOBIIHOO MOAMGIKALIEK MOBEPXHEBOI MIKPOCTPYKTYPH 3aMiCTb 3MiLIHEHHS
BCOrO Marepiany. bBy1o nokasaHo, WO TBEPAICT MOBEPXHi  alIOMiHitO, 3MILHEHOro
KBa3iKpUCTANiYHMMHM YACTHHKaMM, MiABULLYIOThCA B 2,6 pasu, a crnasy AMr6 — B 1,5. 3Hoc
MOBEPXHi MOAU(IKOBAHOIO ANHOMIHIKO 3MEHLIYETCA Maifxke B 2 pa3u, A1a Oijibll TBEPAOTO CIUIaBY
AMr6 — Ha 20%.

Yci po3minu mucepTauiiiHoi poGOTH JIOMYHO B3a€EMOINOB’A3aHi, IPYHTYIOTbCA Ha €AMHIN
METOJOJIOriYHiii nnaTdopMi Ta MOCHIJOBHO PO3KPUBAIOTH XiJ |1 pe3ylbTaTd HayKOBOTO

IlOCJ'IiII)KeHHﬂ, 10 Mac€ aK (I)yHIlaMCHTaHbHe, TaK i NpyKJIagHE 3HAYCHHS.



7. Cryninb OGIPYHTOBAaHOCTi Ta [OCTOBIPHOCTI HAyKOBHX [OJIOKEHDb i BHCHOBKIB,
copMyIbOBaHHX Y AHcepTauii

Cjig BiA3HAUWTH, WO BMCHOBKM TIPYHTYIOTbCA Ha BEJMKiil eKcrepuMeHTanbHii 6asi,
LIMPOKOMY TOPiBHSILHOMY aHai3i Ta cydacHoMy (i3U4HOMY PO3yMiHHI MeXaHi4HOi MOBEIHKH
ikocaeIpUYHMX KBa3iKpucTaniB. EKcrepMMeHTalbHi PE3y/NbTaTW € JOCTOBIPHMMH, a BHMCHOBKH,
3poGieHi Ha TX OCHOBI, 106pe 0OIPyHTOBAaHKMHU. ABTOP HE JIMLlIE iHTEPNIPETYE JaHi, a i MOPiBHIOE X
3 niTepaTypHUMH pe3yJbTaTaMu, BUKOPHCTOBYIOUM aHANiTHUHI Mojei, 30kpema mozaeni bpayHa-
EMGtopi 1151 IMCTIEPCHO 3MiLHEHMX CHCTEM. MOJKHa MiKPECIUTH SKiCHE METOANYHE 3a0e3neyeHHs
eKCrIepUMEHTANLHOT YaCTHHH A0CIDKEHHS. [HTeprpeTallis OTpUMaHKX pe3yJIbTaTiB 31iHCHIOBANAch
aBTOPOM KOMIIEKCHO i3 3ally4eHHSM [MOBHOro o0cAry iHpopmauii Npo METOAMKH Ta PEXHMH
dopMyBaHHS KBa3iKpHCTaNiuHMX MOKPHUTTIB, (i3HKO-MEXaHiuHi XapakTEPUCTHKU JAOCIIMKYBaHNX
CHMCTeM, a TAaKoX TMOPIBHAHHAM i3 pe3ynbTaTaMu iHWMX AociiaHukiB. Takui migxin po3sonus
YHUKHYTH BHYTPILUHIX CyrepeyHOCTeH, 3abe3neunB UiliCHICTh pobOTH Ta B3aEMHY Y3rODKEHICTh

BUCHOBKIB MiJK OKDEMHMHU pO3JinaMu AucepTaLlii.

8. IToBHOTa BinoGpaskeHHs pe3y bTATIB JHcepTaNii B omy0J1iKOBAHHX HAYKOBHX NpPausx
Marepiany auceprallii MOBHOIO MipoOi0 BUKIIAJEHO y 68 HayKOBHX Mpailsix, 3 skux 21 crarrs (3
HUX 6 cTaTeii y pedpepoBaHMX KypHasax, BinHeceHux 10 1-ro i 2-ro keaprunis (Q1 i Q2), 13 crateii B
KypHanax, BiiHeceHux 10 3-ro ta 4-ro ksaprtunis (Q3 i Q4) Bianosiano no knacudikauii SClmago, 9
cTaTeil y XKypHanax, BKJIHOUEHHX [0 Nepeliky HaykoBUX (axoBuX BUAaHb YKpainu (kareropis «b»)),
32 Tesu mOMOBiZell Ha MDKHAPOJHMX | YKPAiHCHKUX HAyKOBMX KOHQepeHUisx, 2 CTaTTi B
Enwuknonenii  Cywachoi Ykpainu Tta 36ipHuky «Hayka mnpo martepiaiu: [OCSTHEHHs Ta

NEPCNIEKTUBUN.

9. Iuckyciiini mosioxeHHs Ta 3ayBaXeHHs WIO/10 3MicTy Ta oOpMIIeHHs 1HcepTaLii
[Tonpu BUCOKMI HAYKOBHi1 piB€Hb POOOTH, 10 HET MOXKHA BUCJIOBUTH HU3KY 3ayBa)KeHb:
I. B poGoTi He HaBeaeHO YITKOro KpuTepito BUGOpY kBasikpuctanis: came cuctem Al-Cu-Fe
Ta Al-Fe-Cr Ta ix nepeBaru mopiBHAHO 3 iHLUUMH.
2. Moxua Oyno 6 npuainutu Oinblue yBard MOPIBHAHHIO OTPMMAHMX pE3YJbTATIB i3
3aKOPJOHHMMH aHANoraMu (30Kpema, AMOHCHKOT LKOIM 3 BUBUEHHS KBA3iKPUCTANlIB CUCTEM

Al-Cu-Fe ta Al-Fe-Cr).



3. Byio 6 KOPMCHO HABECTM AiarpaMu 3aleXKHOCTI MEXaHIYHMX XapaKTEpUCTHK BiX THITY
3MILIHIOIOYMX YaCTHHOK y BUIJIsiAL rpadikiB, a He ulle TablHLb.

4. He pocnimkeHo NoBeAiHKY MaTepianiB Mpy UMKJIiYHOMY HaBaHTaXKE€HHi (BTOMA, MOB3Y4ICTh);

5. He BpaxoBaHO BI/IMB pi3HULI Koe(iLlieHTIB Ter10Boro posmpenHs keasikpucranis Al-Cu-
Fe i maTepiany nifiknak1 Ha aare3ifiHy MilHiCTb MIOKPHTTIB.

6. ABTOp CTBEpIKYE, LIO IHTEPMETANiAM Ta KBa3iKpHMCTaNliuHi YaCTMHKHM MaloTh Maiike
O/IHAKOBHMIi CKJIafl, ajle pi3Hy KPUCTaliuHy CTPyKTYypy Ta BJacTHBOCTi. B poboTi He uiTko
BMKJIaJI€HO, YOMY TMpH OJHAKOBOMY cKiaii (popmyeTbcs came onHa abo iHwa ¢asa. Yu
00yMOBJIEHO Lie KiIHETUKOIO KpUCTai3auii?

7. TeepaicTb i NIACTMYHICTh PO3PAXOBAHO 33 METOJAMM iHACHTYBaHHs, OHAK HE 3rajyeThCs,
Ui BPaxoBaHO PO3MipHUI eeKT Npu iHAeHTyBaHHi. Y1 NPOBOAMNIACH NMEPEBIPKA 3aJI€KHOCTI
TBEp/OCTi BiJ HapaHTaxeHHs? Lle KPUTHUHO 1151 HAHOCTPYKTYPOBAHHMX MaTepialis.

8. B TabauusiX MeXaHiYHMX XapaKTEPMCTHK, Ha jkajb He BKa3aHi MOXMOKM BMUMIpIOBaHb, LIO
N0 YCKIAJHIOE CTIPUHHATTS OTPUMAHUX PE3YJIbTaTIB.

9. B nuceprauiiiHiii poGoTi € mMeBHa KilbKiCTh MOMHMIOK opgorpadiyHoro xapakrepy, Ha
JeSKUX PUCYHKAX HEYiTKO BKa3aHi MaclITabHi MiTKH.

[IpoTe HaBel€eHi 3ayBaXKeHHs HE € MPUHLMIIOBUMH, HE BIUIMBAIOTH Ha 3arajibHy MO3UTHUBHY

OLIHKY AMcepTaLifiHOT poGOTH B LINOMY | MOXYTb OyTH BpaxoBaHi y MOJaNbILUX JOCIIIKEHHAX

11. BucHOBOK

Jluceprauiitna po6ora €dimosa M.O. Ha Temy «®Di3uuHi 3acafy 3MillHEHHs CIUIaBiB
aTIOMiHil0 Ta MOKPHUTTIB, 10 MicTaTh KBasikpuctanu cucrem Al-Fe-Cr i Al-Cu-Fe» € 3aBepiueHnm
CaMOCTIHHMM JOCJTiDKEHHSM, B AKOMY BUpILIEHO BOX/JIUBY HAYKOBY MpobieMy po3pobku (isHuHUX
3acajl CTBOPEHHA BHCOKOMILHMX CTaHiB y CIUIaBax | MOKPUTTAX HAa OCHOBi allOMiHilO 3
BHUKOPUCTAHHAM CTabi/bHUX Ta MeTacTabilbHUX HAHOPO3MIPHUX KBa3iKpUCTANiYHUX (as.

OCHOBHi HayKOBi pe3ynbTaTv, chopMy/ibOBaHi B AMCEpTaUiiiHii pobOTi, MaroThb ICTOTHY
HOBMW3HY, MiJATBEpPIKEHI EKCIIEPUMEHTAJIBHO, € IOCTOBIPHUMH Ta MAlOThb MPAKTUYHY 3HAYYILICTb.
Marepianu auceprauii MOBHICTIO BifoOpakeHi B CTaTTAX, fAKi BiANOBIAAIOTH BHUMOraM JIo
nmy6iKaLliif, O NPe3eHTYIOTh pe3yIbTaTH A0CiIKeHb, @ TAKOXK NPOHLIIM HANEXHY anpobauiio Ha
MIXKHApOJHHX HAYKOBUX KOH(epeHLIsX.

3a cBOIM 3MiCTOM, OOCArOM BMKOHAHUX JOCIHi/KEHb, HAYKOBUM pIBHEM 1 CTYNEHEM

0GIpyHTOBAHOCTI BMCHOBKIB auceprauiiiia po6ora €pimosa M.O. «®DisnuHi 3acaau 3MiLHEHH:
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CMJIABIB ANFOMIHIIO Ta MOKPUTTIB, 10 MicTaTh kBasikpuctanu cuctem Al-Fe-Cr i Al-Cu-Fe» nonana
Ha 31006yTTS HayKOBOTO CTYyMeHI0 J0KTOpa (i3vKko-MaTeMaTHYHUX Hayk 3a cnewianbricTio 01.04.07
— ¢isuka TBepmoro Tina. Bianosigae Bumoram «ITopsaiky MiAroToBku 3100yBadiB BHLIOT OCBITH
crynens AokTop dinocodii Ta HOKTOpa HayK y 3aKjiajax BHILOI OCBITH (HayKOBHX YCTaHOBAaX)»,
saTBepIKeHOI0 nocTaHoBoto KaGinery Miuictpis Vkpainu Bin 23 Gepesus 2016 p. Ne26l (3i
3MiHAMHM | JOMOBHEHHAMM, BHECEHMMH nocTtaHoBamMu Kabinery MinicTpiB YkpaiHu Bia 3 KBiTHs
2019 poky Ne 283 Tta Bim 19 TpaBus 2023 poky Ne502), a ii asrop — €dimos Mukona
OJieKcaHPOBHY 3aC/YTOBYE Ha MPHUCY/DKEHHS HAYKOBOTO CTyMeHs JOKTopa (i3uKO-MaTeMaTHYHHX

Hayk 3a cneuianbHicTio 01.04.07 — disuka TBepAOrO TiNa.

OdiuiiiHuii onoHeHT

JlokTop (i3MKO-MaTeMaTHYHUX HayK, Mpodecop, ueH-
kopecnonaeHT HAH Vkpainu,

3acny)KeHUi Aisiu HAyKH | TEXHIKM YKpaiHu,

npogecop kadeapu Bi3HUHOro MaTepiano3HaBCTBA Ta
TepMiuHOi 06po6KK HaBuanbHO-HAYKOBOTO iHCTUTYTY
marepiano3HaBcTBa Ta 3BaptoBanHs iM. €.0. [larona
HauiioHa/IbHOro TEXHIYHOTO YHIBEPCUTETY Y KpaiHU
«KHiBCbKMit mONiTEXHIYHMIA IHCTUTYT iMeHi Irops L e
CikopcbKOro» oA g

Cepriii CHIIOPEHKO

77/0 AQ/ZUZ?(/:M?




