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V. BimomocTi npo guceprariio
MoBga guceprarii:
Koau remaTHYHHX py6an: 55.21.15.15, 55.21.15.17, 55.09.03.19, 81.35.17.05, 81.35.27.05

Tema gucepranii:
1. KepyBaHH# BJIaCTMBOCTSIMU [IOBEPXOHb KOHCTPYKLIMHMX CTaJIeN 1 CIUIABiB CIIPSAMOBAHUM BILIMBOM Ha CKJIAZ0BI iX

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

Pedepar:

1. O6’eKT moCiI>)KeHHs — BHYTPIIlIHI Ta 30BHIIIHI IOBEPXHi [10Jilly KOHCTPYKLIMHUX CTasleH i CIJIaBiB Ta BUPOOIB.
[IpegMeT moCigKEHHS — OIlip YTBOPEHHIO MIK3€PEHHUX MOWKOIKEHD | IHTEPKPUCTAIITHOMY PYVHYBaHHIO
KOHCTPYKLiMHUX CTaJIeN i CIIJIaBIB Mif, i€l0 CUJI0BOTO HABAaHTAKEHHS B 3aJIEXKHOCTI Bifi CTPYKTYPHO-€HEPreTUYHOTO
CTaHy BHYTPIIIHIX [IOBEPXOHb IOAi/y; TEXHOJIOTIYHI PEKUMU KEPYBAaHHS CTPYKTYPOIO [1JIS YyCYHEHHS

iHTEPKPUCTAJIITHOTO CKOJIy; MiIBUIIEHHS €KCILTyaTaliliHOi HaZiliHOCTI BUPO6iB. MeTOI pOOOTH € CTBOPEHHS



HayKOBUX OCHOB, MOJI€JIell Ta METOMIB YIIPABJIiHHS CTPYKTYPHO-€HEPreTUYHUM CTaHOM IIOBEPXOHb MOAINY
CTPYKTYPHUX CKJIQIOBUX [IPY OTPUMAaHHi BUPOOGIB 3 MiABUIIEHMY ITapaMeTpaMy HaZiltHOCTi 3 BpaXyBaHHSIM YMOB X
eKcIulyaTanii. MeTogu nociifpkeHb: B poOOTi BUKOPUCTaHa 3arajlbHa CUCTeMHa METO/I0JIOTIs, 3TiAHO SIKOi
po3IJIsAaNach CKIaiHa iepapxiuHa 6y10Ba CIJIABIB, IO JOCIiIKYBAINCh. AHAJI3 CTPYKTYPHU IPOBOJUBCS HA OCHOBI
KOHIeN1ii iHBapiaHTHOTO MOJEJII0BaHHS. 3aCTOCOBYBAIM €HEPreTUYHUI Ta CTPYKTYPHO-(E€HOMEHOJIOTIYHUMN
MigX0OY MEXaHiKU, CyTh KX IOJIArae y po3riIsafi CTPYKTYPU Ha Pi3HUX PiBHSX iepapxii, BCTAHOBJIEHHI ii KepiBHUX
napaMeTpiB Ta o0y I0Bi Bi[IOBiAHOI y3arajibHEHOI MOZeJi. BIJIMB CTPYKTYyPHO-€HEPreTUYHMX XapaKTePUCTUK
BHYTPIIIHIX IOBEPXOHB MOAiJIy HA BJIACTUBOCTI CILJIABiB aHAJIi3yBald METOAMNU (Pi3MYHOrO MaTepialO3HaBCTBA.
BukopucroByBanu MetasiorpadiuHi fOCiIKeHHSs, CKAaHYBaJIbHY Ta €J1eKTPOHHY MIKPOCKOIIIIO,
PEHTI€HOCTPYKTYPHUI, MiKDOPEHTT€HOCIIEKTPalbHUM Ta PpakTorpadiuHmiil aHanizy, oxke-eJleKTPOHHY
MIKpOCKOIIi0. BUu3Havany Tako>xX MiKpoTBEpAiCTb, LM-TBepiCTh, IPOBOAMIIN MEXaHIYHi BUIPOOYBAHHS HA PO3TSIT i
yAApHUIi 3TUH I1pU Temrieparypax Bif, -196°C no +100°C. BukoHaHa OLliHKa CTPYKTYPHO-€HEPTreTUYHOIO CTaHy
[IOBEPXOHB IOJIiJly 3€PeH IicIsl iOHHO-I171a3MOBOI'O TPaBJIEHHS 3pa3KiB, 3[iICHEHO CUCTEMHE KOMITIOTEpHE
MOJIEJIIOBAHHS BJIACTUBOCTEN IMOJIIKPUCTAJIIYHUX CIJIaBiB. [IpOBeeHi TOCIiI>KEHHS MiILIHICTHUX MTapaMETPiB iX
[TIOBEPXOHb 32 JOTIOMOTOIO BiIKPUTOrO MakeTy CKiHueHo-esieMeHTHOro aHanizy FEniCS Ha moBi Python.
CTpyKTypOBaHi Ta CUCTEMATHU30BaHi PE3YyJIbTaTU MPOBEAEHOTO KOMIJIEKCY €EKCIIEPUMEHTAIBHUX | TEOPETUYHUX
IOCIIiIKEHb € HAYKOBMMM 3aCaZlaMy HOBOTO IiIX0y IO MiIBUILIEHHS €KCILIyaTaliliHOI HaiHOCTI
MOJIIKPUCTA/IIYHUX CUCTEM LIJISXOM BUOOPY ONTUMAJIBHUAX NAPAMETPiB €HEPreTUYHOTrO CTAaHy IOBEPXOHD MOy
CTPYKTYPHHUX CKJIQZIOBUX. 3aITPOIIOHOBAHI HAYKOBi OCHOBU i €KCIIEPUMEHTAJIbHO OO PYHTOBAHUI KOHLIENITYyaIbHUI
niaxin BUOGOpyY palioHasbHUX TEXHOJIOTIN 06pOOKY AeTaslell HIISIXOM BUKOPUCTaHHS CyKYITHOCTI CUCTEMHUX,
€HepPreTMYHUX Ta rPajlieHTHUX MoJesiell B IKOCTi LM(PPOBUX ABITHUKIB CTPYKTYPH IIOBEPXOHb MOLiNY 1151
OTPMMAaHHS BUPOOIB i3 33JaHUM )XUTTEBUM LIUKJIOM. 3 BUKOPUCTAHHSIM €HEPreTUYHOrO MifIXOly ONUCY
KOHTHHYaJIbHUX HEeJIOKaJIbHUX CEPeIOBUIL II00YI0BaHI MaTeMaTHyHi CIiBBiIHOLIEHHS MOZeJIi MOJMKPUCTATIYHUX
cucreM. [IokazaHo, 110 Ha CXUJIBHICTD 10 YTBOPEHHS MiXK3€PEHHUX IMOLIKOIKEHD 1 pYVHYBaHHS CILJIaBiB MAlOTh
BILJIMB HE TiJIbKYA aOCOJIIOTHI 3HAaYEHHS [TapaMeTpiB BJIACTUBOCTEN MIKpOOO'eMiB, ae i ix rpasieHT. HoBi
METOJIOJIOTIYHI MiXOAY 3€PHOTPAaHUYHOIO KOHCTPYIOBAHHS CTPYKTYPH JO3BOJIMJIA BUSHAYUTH IIJISIXU YIIPABJIiHHS
CTPYKTYPHO-€HEPreTUYHUM CTAHOM IIOBEPXOHB IIOJiNy ITPYM BUKOPUCTAHI TEXHOJIOTIH 3BapIOBAHHS, TEPMIYHOI
00pOOKY, JIETYBAHHS, MiKPOJIETYBaHHSI Ta IOBEPXHEBOTO 3MilIHEHHS, 110 3a6€3e4yI0Th MiJBUIIEHHS [1apaMeTpiB
IOBrOBIYHOCTI, pecypcy i 6€3BiIMOBHOCTI BUPOG6iB IIPYU 3MEHILIEHH] BAPTOCTI iX SKUTTEBOro LUKIy. OTpUMaHUil B
pobOTi KpuTepiit MDK3epEHHOI MIITHOCTI BUKOPUCTOBYETHCS [IPpY BU3HAYEHI IPUYUH PyIHYBaHHS KOHCTPYKLii, a
TaKOX IIPY ONTMMi3allii TEXHOJIOTi BUTOTOBJIEHHS BiAIIOBINANBHUX JeTaylel, IKi IPalo0Th B YMOBAaX iIHTEHCUBHUX
IVHAMiYHUX | KOHTAaKTHUX HaBaHTKE€Hb. Pe3ysIbTaTH, OTPUMAaHI B fucepTallii, MOXXyTb €(pEeKTUBHO
BUKOPUCTOBYBATUCh IIPY BUOOPI palliOHAIbHUX PEKUMIB 3BapIOBAaHHS, I0BEPXHEBOTO 3MillHEHHS, TEPMiYHOI
00pOOKY, JIeTYBaHHSI, MiKpOJIeTyBaHHSI [1JI1 HAYKOBOTO OOI'PYHTYBaHHS TEXHOJIOTTYHUX PillleHb 110 MiBULIEHHIO
OIIOpY 10 YTBOPEHHSI Mi’K3€PEHHUX MOIIKOPKEHD i TPIMIMH B AETAJX, 110 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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