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1. EBommowiig iepapxiuHux fedeKTHUX CTPYKTYP i (a3oBoro Ckuany B ymoBax HecTalioHapHoi gedopmauii K
MEeTaJIeBUX MarepiaiiB
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fcc metal materials

Pedepar:

1. luceprauis nprucBga4eHa JOCIiIKEHHIO MEXaHi3My 1 JMHaMIK/ peJlakCaliiHOTO i CHHEPTETUYHOTO
CTPYKTYpOYTBOPEHHS B poueci nnactuyHoi gedopmanii I'LIK meTasis i 6ararodaszHux cIiiaBiB Ha OCHOBI
asnoMiHito. KisibKiCHI XapaKTepUCTUKKM CTPYKTYPH BU3Ha4asM 32 JOIIOMOTOI0 CTaTUCTUYHOI OOPOOKU aHUX
TPaHCMIiCiHOI eJIeKTPOHHOI MIKpOCKOIIii, a [ MaClITaOHMUX KOMIT'FOTEPHUX 004YMCIIEHD AedOpMallifiHOro
CTPYKTYPOYTBOPEHHS 3 BUKOPHUCTaHHSM METOy MOJIEKYJIIPHOI IUHAMIKU Oy BUKOPUCTaHI METONU
KOMIT'IOTEPHOT'O MOZeJII0BaHH4 i3 3acTocyBaHHAM ['Pl]l-TexHosoriit. O6uncieHHs IpOBOAMKCS Ha 6a3i Kiactepy
IM® HAHY. Bci pe3ynbTarty, sIK eKCIIepMMEHTasIbHI, TaK i po3paxyHKOBi, ofiepsKaHi nisixom MII-MozieJItoBaHHS, €
BKJIMBUMU | aKTyaJIbHUMU $K 3 TEOPETUYHOI, TaK i 3 IPAKTUYHOI TOYKM 30py. Ha OCHOBI pe3ysbTaTiB CTaTUCTUYHOL
06po6ku TEM-306paskeHb 1e(OPMOBaHUX i 3pyHOBaHUX 3pa3KiB criaBy 2024-T3 i nopiBHSAHHA iX 3 pe3yJbTaTaMu

TEM-gocigKeHHs CTPYKTypOYTBOPEHHS IIPU BaJIbLIOBAHHI [TOJIIKPUCTAJIIYHOTO HIKEJII0 NTOKa3aHo, 110



3HEMILHEHHS MaTepiany B mpoueci gedopmaliii i pyliHyBaHHS 00yMOBJIEHO PO3BUTKOM PEKPUCTANi3allitHUX
NpoleciB. AHaJI3 KiHETUKY PEKPUCTai3allii N0oKa3as, 0 MOXKJIMBYAM MEXaHI3MOM POCTY 3apOJKiB peKpUCTai3alii -
MiKpO3epeH, yTBOPEHHUX LUIJIIXOM KpUCTalidallii aMopdHOi CTPYyKTypH KaHaiB rifpoaunamiyHoi teuii (IK), € ix
371UTTs. He3paxkaodu Ha Te, 10 MiKpO3epHa MalOTh Pi3Hy KpucTanorpadiyHy opieHTaliio, B 006J1aCTi TpaHULb
MIKpPO3€peH MOXYTb BiIOyBaTHUCS MIPOLIECH, aHAJIOTI4HI TUM, SIKi BiIOyBalOThCS B 1e(POPMOBAHOMY KPUCTATIIYHOMY
Mmarepiasi faseko Bin piBHOBaru i npusBonaTh 1o yreopeHHs ['K. PinuHononioHa CTpyKTypa rpaHUYHUX IIPOLIAPKiB
TI0JIETIIY€E [TOBOPOT CYCiZiHIX MIKPO3€PEH B IOTPiIOHOMY HAIIPSIMKY i 3a6e3edye eIMHy OpieHTallil0 06/1aCTi ix
CKYITYEeHHSI, [0 TPU3BOAUTS 10 NMOLAJBUIOr0 PO3BUTKY peKpUCTasizaliiiHoro npouecy. B nuceprauiiiHiii po6oTi
BUPILIYETHCS BAXKJIMBE JJ151 aBialliHoro cnnapy 2024-T3 nuTaHHs, CYTh SIKOTO IIOJIATa€e y MOMYKY TaKOi MEXaHIYHO]
00pOo06KHY, sIKa CIIpUsie 3061IbLIEHHIO 10r0 BTOMHOI JOBroBiuHOCTi. Ha OCHOBI cTaTUCTUYHOrO aHami3y ¢pazoBoro
cxiany cnsnany 2024-T3 micss pisHUX PEXXUMIB MEXaHIYHOI 0OPOOKH BIEpILE [TOKa3aHO, 0 BTOMHA JOBrOBIYHICTb
3pOCTae Micys nonepenHpoi negopmariii 3 iMIysIbCHAM MigBaHTAXKEHHSM, 10 € HACJIiIKOM YTBOPEHHS HaN0iIbII
OTITMMAaJIbHOI KOHIIEHTpAIlii 4acTOK 3MilHIOI0YMX (Pa3. EkciepruMeHTanbHO JOBEIEHO, IO B CIJIaBi, IKUI
PYMHY€ETbCSI B yMOBaX BTOMHOI'O HAaBaHTaKE€HHS, CyMapHa KOHLEHTPallis 4aCTOK iCTOTHO MEHIIA, HDK B CIJIaBi, SIKA
PYMHYETBCS IIPU CTATUYHOMY 200 IMHAMIYHOMY PO3Tsi3i. MOJEMI0BaHHS METOIOM MOJIEKYJIIPHOI AnHamiku (M]I) 3
3actocyBaHHSM ['PI]] - TexHOIOTiN i 06paHUM IOTEHIiaJIoM MDKaTOMHOI B3aeMOJIii 32 METOIOM 3aHYPEHOTO aTOMY -
M3A-notenuian (EAM) - 103BosniIO BUPIMINATY PyHOAMEHTalbHe NMUTAaHHS [1po yrBopeHHs 'K i Bnepiue nokasaru
MOXJIMBICTb YTBOPEHHS B 6e3auciokauiiHux 11K HaHOKpuCTanax aToM-BaKaHCIHUX CTaHiB, SIKi MOXXYTb

posriagatuce K 3apoaxku I'K.

2. The dissertation is devoted to the analysis of the mechanism and the dynamics of relaxation and synergetic
structure formation during plastic deformation of fcc metals and multiphase aluminum-based alloys. The
quantitative characteristics of the structure were determined by statistical analysis of the transmission electron
microscopy data. The methods of computer simulation with application of GRID technologies were used for large-
scale computing of deformation formation with application of the molecular dynamics method. The calculations
were made on the basis of the cluster IMP NASU. The experimental and computational results obtained by MD
simulations are important and relevant from theoretical and practical point of view. On the basis of statistical
analysis of the TEM-images of deformed and destroyed 2024-T3 alloy samples and comparison with the results of
the TEM investigation of structure formation by rolling the polycrystalline nickel samples shows that the softening
of the material during deformation and fracture is caused by the evolution of recrystallization processes. The
analysis of the kinetics of recrystallization shown that the possible mechanism of the growth of recrystallization
nuclei, i.e. micrograins formed by crystallization of the amorphous structure of the hydrodynamic flow channels
(HC), is their merging. Ignoring the fact that micrograins have different crystallographic orientation, in the area of
the micrograins boundaries some processes can occur, which are similar to those occurring in the deformed
crystalline material far from the balance and they can lead to the formation of the HC. The liquid-like structure of
boundary layers makes it easier to turn the neighboring micrograins in the right direction and provides the single
orientation of the area of their accumulation, which lead to further evolution of the recrystallization process. The
important issue of aviation 2024-T3 alloy is realted with a search of machining, which can contribute to an
increase of its fatigue life. Until recently, experimental researches of various authors were ambiguous and did not
solve this issue. It was shown for the first time in the thesis on the basis of the statistical analysis of the phase
composition of 2024-T3 alloy after various machining conditions, that the fatigue life increases after preliminary
deformation with impulse load. It is the result of the formation of the optimal concentration of the strengthening
phase particles. In the alloy, which is fractured during fatigue loading, the total concentration of particles is
substantially smaller than in the alloy, which is fractured under static or dynamic tension. From the fundamental
point of view, the issue of formation HC remains to be unresolved. The molecular dynamics (MD) simulations with
application of GRID technologies and the interatomic interaction potentials by embedded atom method (EAM) -
allowed for the first time to show the possibility of formation of atom-vacancy states in dislocation-free fcc
nanocrystals that may be considered as the nucleus of HC
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