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1. KepyBaHH4 BJIaCTMBOCTSIMU [IOBEPXOHb KOHCTPYKLIMHMX CTaJIeH i CIUIABiB CIIPSIMOBAHUM BILUIMBOM Ha CKJIALOBI iX

CTPYKTYPU.
2. Control of surface properties of structural steels and alloys by directed action on their constituent structures.

Pedepar:

1. O6’eKT mocCiIKeHHs — BHYTPIllIHi Ta 30BHIIIHI IOBEPXHi [107ily KOHCTPYKLiHUX cTaslell i cIijIaBiB Ta BUPOOIB.
[IpegMeT DOCIiIKEHHS — OIlip YTBOPEHHIO MK3€PEHHUX IIOKOIKEHD | IHTEPKPUCTAIITHOMY PYVHYBaHHIO
KOHCTPYKLIMHUX CTAJIEN i CILIABIB Iif| [i€l0 CUJIOBOIO HABAHTAKEHHS B 3QJIEXKHOCTI BiJl CTPYKTYPHO-€HEPre€TUYHOTO
CTaHy BHYTPIIIHIX IOBEPXOHb MOJi/y; TEXHOJIOTIYHI PEKUMU KEPYBAaHHS CTPYKTYPOIO [171 YyCYHEHHS
iHTEPKPUCTaJITHOTO CKOJIy; MiIBUILIIEHHS eKCIIIyaTaliliHoi HafiliHOCTi BUpO6iB. MeTO0 pOo6GOTH € CTBOPEHHS
HayKOBUX OCHOB, MOJI€JIell Ta METOAIB YIIPaBJliHHS CTPYKTYPHO-€HEPTreTUYHUM CTaHOM IIOBEPXOHb MOAINY
CTPYKTYPHHUX CKJIQZOBUX IIPU OTPUMAHHI BUPOOIB 3 MiIBULIEHMMU ITapaMeTpaMu HaJlifHOCTi 3 BpaxyBaHHSM YMOB iX

eKcIulyaTanii. MeTogu mociifpkeHb: B poOOTi BUKOPUCTaHa 3arajibHa CUCTeMHa METO/I0JIOTis, 3TiIHO SIKOi



po3risifanach CKIaiHa iepapxiyHa O0y[o0Ba CIIaBiB, M0 AOCTIIKyBaIUCh. AHAJII3 CTPYKTYpy IPOBOJMBCS HA OCHOBI
KOHLIeM1ii iHBapiaHTHOrO MOZEI0OBaHHS. 3aCTOCOBYBAJIM €HEPTeTUYHUI Ta CTPYKTYPHO-(PEHOMEHOJIOTYHUI
MigX0OY MEXaHIKU, CyTh SKUX IOJIArae y po3risifi CTPYKTyPU Ha Pi3HUX PiBHAX iepapXii, BCTAHOBJIEHHI ii KepiBHUX
napaMeTpiB Ta OOy I0Bi Bi[IOBiIHOI y3arajibHEHOI MOZeJi. BIIMB CTPYKTYyPHO-€HEPreTUYHMX XapaKTePUCTUK
BHYTPIIIHIX IOBEPXOHb MOy HA BIACTUBOCTI CIJIaBiB aHali3yBald MeTOAaMU (Pi3UYHOTO MaTEPialO3HABCTBA.
BukopucroBysanu MetasiorpadiuHi LoCiIKeHHs, CKaHyBaJIbHY Ta €JIeKTPOHHY MIKPOCKOIIiIO,
PEHTI€HOCTPYKTYPHUI, MiKDOPEHTT€HOCIIEKTPaIbHUN Ta ppakTorpadiuHmii aHani3y, oKe-eJleKTPOHHY
MiIKpPOCKOIIiI0. BU3Havanu Tako>xX MiKpOTBEPAiCTb, LM-TBepiCTh, IPOBOAMIIM MEXAHIYHI BUIPOOYBAHHS HA PO3TSIT i
yAAPHUI 3TUH IIpU Temnepartypax Bif, -196°C no +100°C. BukoHaHa OLliHKa CTPYKTYPHO-€HEPTreTUYHOTO CTaHy
[IOBEPXOHB I0JIiJly 3€PeH MicJIsl iOHHO-I17Ia3MOBOI'O TPaBJIEHHS 3pa3KiB, 3[1iICHEHO CUCTEMHE KOMITIOTEpHE
MOJI,EJIIOBAHHS BJIACTUBOCTEN TMOJIIKPUCTAIIYHUX CIJIABIB. [IpOBeeHi TOCIiIPKEHHS MILIHICTHUX MTapaMeTPiB ixX
IIOBEPXOHb 32 JIOIIOMOTIOI0 BiIKDUTOTO MaKeTy CKiHueHO-esiemeHTHoro aHanidy FEniCS na moBi Python.
CTpyKTypOBaHi Ta CUCTEMATHU30BaHi PE3YyJIbTaTU IPOBELEHOIO KOMIIJIEKCY €KCIIEPUMEHTAJIBHUX | TEOPETUYHUX
IOCJIiIKEHb € HAYKOBMMM 3acaZlaMy HOBOTO IiIX04y [0 NiIBUILEHHS €KCILIyaTalifiHOI HaiHOCTI
MOJIIKPUCTAIIYHUX CUCTEM LIJISXOM BUOOPY ONTUMAJIBHUX APAMETPiB €HEPreTUYHOTO CTaHy NOBEPXOHD MOy
CTPYKTYPHUX CKJIQIOBUX. 3alIpOIIOHOBaHI HAyKOBi OCHOBU i eKCIIepUMEHTaIbHO OOIPYHTOBAaHUM KOHLIEITYaIbHUI
niaxin BUOOpY palioHaJbHUX TEXHOJIOTIN 06pOOKY AeTaslell HIISIXOM BUKOPMCTaHHS CYKYITHOCTi CUCTEMHUX,
€HepPreTUYHMX Ta FPajlieHTHUX MOJesiell B IKOCTi LM(POBUX ABITHUKIB CTPYKTYPH IIOBEPXOHb MOLINY 1151
OTPMMAaHHS BUPOOIB i3 3aJaHNM )KUTTEBUM LIUKJIOM. 3 BUKOPHUCTAHHSIM €HEPreTUYHOrO MifIXOly ONUCY
KOHTHHYaJIbHUX HEeJIOKaJIbHUX CEPeJOBUIL I00YI0BaHI MaTeMaTHyHi CIiBBiAHOLIEHHS MOZeJIi MOJiKpUCTATIYHUX
cucreMm. [1okasaHo, 0 Ha CXWJIBbHICTb [0 YTBOPEHHS MiXK3€pPEHHUX IIOIIKOAKEHb i pyHYBaHHS CILJIaBiB MAlOTh
BIUIUB He TiJIbKM a0COJIIOTHI 3HaY€HHS IapaMeTpiB BIaCTUBOCTEN MiKpoo©'eMiB, aie i ix rpazgieHT. HOBi
METOM0JIOTIYHI MiAX0AYN 3€PHOTPAaHUYHOTO KOHCTPYIOBAHHS CTPYKTYPHU JO3BOJIUJIM BU3HAYUTH LJISIXU YIIPABIIiHHS
CTPYKTYPHO-€HEPreTUYHUM CTAHOM IIOBEPXOHb IIOJIiTy ITPYM BUKOPUCTAaHI TEXHOJIOTIH 3BapIOBAHHS, TEPMIYHOI
00pOOKY, JIETYBAHHS, MIKPOJIETYBaHHSI Ta IOBEPXHEBOTO 3MiLIHEHHS, 10 3a6€3e4yIOTh MiBUIIEHHS [1apaMeTpiB
IOBrOBIYHOCTI, pecypcy i 6e3BiIMOBHOCTI BUPOO6iB IIPU 3MEHILEHHI BAPTOCTI iX )KUTTEBOrO HUKIy. OTpUMaHUil B
pOOOTi KpUTepiit M>K3epeHHOI MilITHOCTI BUKOPUCTOBYETHCS [1pY BU3HAUEHI IPUYUH PYIIHYBaHHS KOHCTPYKILIiii, a
TaKOX IIPY ONTMMIi3allii TEXHOJIOTi BUTOTOBJIEHHS BiAIIOBINANIbHUX JeTayeH, IKi IPaLo0Th B YMOBAX iIHTEHCUBHUX
IMHAMIYHUX | KOHTAKTHUX HaBaHTaXXeHb. Pe3ynbTaTH, OTpMMaHi B TucepTallii, MOKyTb €(PEKTUBHO
BHKOPHCTOBYBaTHCh [IpY BUOOPI paLlioHaIbHUX PEXKUMIB 3BapIOBaHHS, [IOBEPXHEBOI0 3MillHEHHSI, TEPMIYHO]
00pOOKY, JIETYBAHHS, MiKpOJIETYBaHHSI [1J11 HAYKOBOTO OOI'PYHTYBaHHSI TEXHOJIOTIYHUX PillleHb 110 MifBUILIEHHIO
OIIOpY 10 YTBOPEHHS MiXK3€PEHHUX MOIIKOPKEHb i TPIMIMH B AETAJX, 0 IPALIOI0Th B YMOBAX iHTEHCUBHUX

30BHIIIHIX BILJIUBIB.

2. The object of study is the internal and external interfaces of structural steels and alloys and products. The
subject of research is the resistance to the formation of intergranular damage and intercrystallite destruction of
structural steels and alloys under the action of a force load, depending on the structural and energy state of the
internal interfaces; technological modes of structure control to eliminate intercrystallite cleavage; increasing the
operational reliability of products. The aim of the work is to create scientific foundations, models and methods for
controlling the structural and energy state of the interfaces of structural components when obtaining products
with increased reliability parameters, taking into account the conditions of their operation. Research methods: the
general system methodology was used in the work, according to which the complex hierarchical structure of alloys
was considered and investigated. The structure analysis was carried out on the basis of the concept of invariant
modeling. Were used the energetic and structural-phenomenological approaches of mechanics, the essence of
which is to consider the structure at various levels of the hierarchy, establish its guiding parameters and build an
appropriate generalized model. The influence of the structural and energy characteristics of the internal interfaces
on the properties of alloys was analyzed by methods of physical materials science. Used metallographic studies,
scanning and electron microscopy, X-ray diffraction, micro-X-ray spectral and fractographic analyzes, Auger
electron microscopy. Microhardness, LM-hardness were also determined, mechanical tests for tensile and impact



bending were carried out at temperatures from -196 ° C to + 100 ° C. The structural-energy state of grain
interfaces after ion-plasma etching of samples was assessed, system computer modeling of properties was carried
out. polycrystalline alloys. Conducted research of the strength parameters of their surfaces using the open
package of finite element analysis FEniCS in Python. The structured and systematized results of the complex of
experimental and theoretical studies are the scientific principles of a new approach to increasing the operational
reliability of polycrystalline systems by choosing the optimal parameters of the energy state of the interfaces of the
structural components. The proposed scientific foundations and experimentally substantiated a conceptual
approach to the choice of rational technologies for processing parts by using a set of system, energy and gradient
models as digital twins of the interface structure to obtain products with a given life cycle. Using the energy
approach for describing continuous nonlocal media, mathematical relations are constructed for the model of
polycrystalline systems. It is shown that the tendency to the formation of intergranular damage and destruction of
alloys is influenced not only by the absolute values of the parameters of the properties of microvolumes, but also
by their gradient. New methodological approaches to grain-boundary design of the structure made it possible to
determine the ways of controlling the structural and energy state of the interface surfaces when using the
technologies of welding, heat treatment, alloying, microalloying and surface hardening, which provide an increase
in the parameters of durability, resource and reliability of products while reducing the cost of their life cycle. The
criterion of intergranular strength obtained in this work is used to determine the causes of destruction of
structures, as well as to optimize technologies for the manufacture of critical parts operating under conditions of
intense dynamic and contact loads. The results obtained in the dissertation can be effectively used in the selection
of rational modes of welding, surface hardening, heat treatment, alloying, microalloying for the scientific
substantiation of technological solutions to increase the resistance to the formation of intergranular damage and

cracks in parts operating under intense external influences.
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