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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

HepiBHOBa)kHa TepMoAuHaMiKa (pparMmeHTalii MeTasiB i TepTs IPOCTOPOBO-HEOJHOPIIHUX MEXKOBUX MaCTUJI MK

INIOBEPXHAMMU 3 HaHOpOBMipHI/IMI/I HepiBHOCTHMI/I

Ha3sBa po60oTH aHIJIiHCBHKOIO:

Nonequilibrium thermodynamics of metals fragmentation and friction of spatially nonhomogeneous boundary

lubricants between surfaces with nanodimensional irregularities

Pedepar yKpaiHCBKOIO:

MeTo10 NPOEKTY € NOAABIINY PO3BUTOK TEOPii MEKOBOTO TEPTH, IO ONUCYE 3CyBHE Ta TEPMOJIMHAMIYHE
IIJIaBJIEHHS YJIbTPATOHKO] IIJIIBKM MacTUIa, MoOy10Ba HEPIBHOBAXKHOI TEPMOANHAMIUHOI MoJeli ¢pparMeHTai
TBEpIUX Tis, mwo BinbyBaetbes npu IT1]1, 3 ypaxyBaHHSIM BIJIMBY aAUTUBHUX HEKOPEJIbOBAHUX LIYMIB Ta
BCTaHOBJIEHHSI 3aKOHOMIPHOCTE! CTPYKTYPHUX, TPUOOJIOTIYHYX Ta KIHETUYHUX SIBUIL Y TOHKI MJIiBLi TOBEpPXHIi
Jpomy mif yac TepTsl. O6'eKTOM JOCiIKeHHs € yIbTPaTOHKA IJ1iBKA PiAMHM, 10 3aTUCHYTa MK aTOMapHO-
IJIAJKAMU TBEPIUMU NOBepxHIMU, MeTon IT1]] i aBuIe HagNIacTUIHOCTI. MeTonu NOCiIKEHHS: MEeTOIU
HEPiBHOBAXXHOI €BOJIIOLiHOI TepMOAMHAMIKHY, TeoPii (a30BUX NEPEXOIIB Ta TEOPii MPY>KHOCTI, METOZ,
MyJIbTUQPAKTAJIbHOTO PIyKTyallilHOTro aHami3y, MeToq, (a30Boi IJIOMUHY, epnil MeTo, JIsimyHOBa, METOU
004K CII0BaIbHOI MaTEMATUKU. Y paMKax CUHEPreTU4YHOI MOJIeJli MEeKOBOr'O TEPT, 10 ONUCYe (Pa3oBi Iepexonu B
yJIBTPATOHKIN MBI MACTUJIA, BUBYAIOTHCS ITPOLLECH TEPTS IBOX aTOMAPHO-TJIAIKMX Ta LIOPCTKUX TOBEPXOHD IIPU
HasBHOCTI YJIbTPATOHKOTO LIapy MacTUjla MK HUMU. BpaxyBaHHSs MPOCTOPOBOI HEOOHOPIAHOCTI HANIPYKEHb,
nedopmarii i TemnepaTypyu MacTUIbHOTO APy 4O3BOJIMIIO OIIMCATH HETPUBiaJbHy HEHBIOTOHIBCHKY IIOBEiHKY
3CYBHOI B'SI3KOCTi MacTUa. Y paMKax CUHEPreTUYHOi MOZEJIi MEXKOBOTO TEPT4, 10 Onucye (pa3osi Iepexonu B
YIABTPATOHKIN IJIiBLi MACTUJIa, BUBYAIOTHCS TPOLECU TEPTS JBOX aTOMAapHO-TJIQAKUX Ta MOPCTKUX [TOBEPXOHD IIPU
HasBHOCTI YJIbTPATOHKOTO LIapy MacTUjla MK HUMU. BpaxyBaHHS MPOCTOPOBOI HEOOHOPIAHOCTI HANIPYKEHb,
nedopmaii i TemnepaTypu MaCTUIbHOIO MIAPY AO3BOJIMJIO OIIMCATH HETPUBiaJbHy HEHBIOTOHIBCHKY IIOBEiHKY
3CYBHOI B'I3KOCTi MacTmia. Y pamMKax HEPIBHOBaKHOI €BOJIIOLIMHOI TEPMOIMHAMIKY NOCIIIKYETbCS IIPOLEC
¢dparmeHnTauii MmeTamiB npy o6pob1i MeTonaMu iHTeHCUBHOI IacTudHoi fedopmauii (II11). Y HabmrkeHHi
IBoxHedeKTHOI MOJieli 3 ypaXxyBaHHSIM AUCIJIOKAllill Ta MeX 3epeH nobynoBaHa ¢a3osa Jliarpama, 10 BCTAHOBJIIOE
yMOBU (POPMYBaAHHS IPAaHUYHUX CTPYKTYP Pi3HUX TUIIIB. [JOCIiIHKEHO BIJIMB aIJUTUBHUX HEKOPEJIbOBAHUX HUIYMiB
TEIJIOBOTO 11 JedopMaliiiHOro MoJIiB Ha PO3M 'SKIIEHHS I0BEepPxHi Jibony rpu TepTi. [lo6ynoBaHo (azosy miarpamy 3
00J1aCTSIMU JIbOALY Ta BUSIBJIEHO, 110 00JIACTh TEPTSI JIbOAY OOMeXKeHa IIOPIBHSIHO HU3bKMMU 3HAUYEHHSIMU

TeMIIEpaTypH IOBEPXOHb TEPTs Ta iIHTEHCUBHOCTEN (PJIYKTyallill HAPy>KeHb i TeMIIepaTypy Ha IIOBEPXHi JIbOAY.

Pedepar aHIJIiHCBKOIO:

The purpose of project is to further construct the theory of boundary friction, which describes the shear and
thermodynamic melting of an ultrathin lubricant film, a nonequilibrium thermodynamic model of solid-state
fragmentation, which occurs during severe plastic deformation (SPD), taking into account the influence of additive
uncorrelated noise and the establishment of patterns of structural, tribological and kinetic phenomena in a thin
film of the ice surface during the friction. The object of research is the ultra-thin lubricant film squeezed between
atomic-smooth solid surfaces, the SPD method and the phenomenon of superplasticity. Methods: methods of
nonequilibrium thermodynamics, evolutionary theory of phase transitions and the theory of elasticity, multifractal
fluctuation analysis method, phase plane method, Lyapunov's first method and methods of computational
mathematics. In the framework of the synergetic model of boundary friction, which describes the phase
transitions in an ultrathin lubricant film, the friction processes of two atomically smooth and rough surfaces are
investigated in the presence of an ultrathin lubricant layer between them. Allowance of the spatial inhomogeneity
of the stress, strain, and temperature of the lubricant layers made it possible to describe the nontrivial non-



Newtonian behavior of the lubricant shear viscosity. In the framework of nonequilibrium evolutionary
thermodynamics, the process of metal fragmentation during the processing by SPD is investigated. In the
approximation of a two-defect model taking into account both dislocations and grain boundaries, a phase diagram
is constructed, which establishes the conditions for the formation of limiting structures of different types. The
effect of additive uncorrelated noise of thermal and deformation fields on the softening of the ice surface during
the friction is investigated. A phase diagram with ice regions is constructed and it is found that the friction region
of ice is limited by comparatively low values of the temperature of the friction surfaces and the intensity of
stresses and temperatures fluctuations on the ice surface.

Inpexc YIK: 538.97-405, 538.975:621.89.012:536.2(047.31)

Koau TemaTHYHHUX PYOPHK: 29.19.25
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VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)

Ha3zBa HTII ykpaiHCBKOIO: TepmoauHaMivHi MOZIEJII, IO OMMCYIOTH IIABJIEHHS yIIbTPATOHKOI ILIiBKHU
MacTtuia, pparmeHTanio Mmetaiis npu I, CTpyKTypHi Ta TPUOOJIOTi4HI IPOLIECH, SIKi BifjOyBalOTLCS HA MOBEPXHI

JIbOAY IIPY TEPTI.

Hassa HTII aHr/1ificbKO¥0: Thermodynamic models describing the melting of ultrathin lubricant film, the
fragmentation of metals during SPD, structural and tribological processes that occur on the ice surface at friction
process.

HTII, aKy nepenba4asiocss CTBOPHTH:
IIpuunnu, yepe3s saki HTII ne 6ysio cTBOpeHoO:
OTpumaHi pe3yJbTaTH:

l'anyss 3acTocyBaHHs: 73.10.1

PeectpanifiHuii HOMep KapTKH TEXHOJIOTIi:

Omnuc HTII: Ha ocHoBi cuHepreTnyHOi MOZIESTi MEXKOBOTO TEPTS, 1[0 ONKCYe (HazoBi MEPEXOAU B YIbTPATOHKIN
IJIiBLi MAaCTUJIa, BUBYAIOTHCS MTPOLECU TEPTSA JBOX aTOMAPHO-TJIAAKUX T NIOPCTKUX [TOBEPXOHB IIPU HAIBHOCTI
YJIbTPATOHKOrO APy MACTUJIA MK HUMU. Y paMKaxX HEPIBHOBa)KHOI €BOJIIOLITHOI TEPMOAMHAMIKY LOCIiIKYETBCS
npouec ¢dparmeHTalii MeTasliB Ipu 06pobLi MeToLaMu iHTeHCHMBHOI macTuyHoi fedopmarii (II11). Y HabnuskeHHi
IBoxnedeKTHOI MoJiesli 3 ypaxyBaHHSIM AMCJIOKAlliil Ta MeX 3epeH nodynoBaHa ¢a3oBa Jiarpama, 10 BCTAHOBIIIOE
yMOBU (OPMYBaHHS 'PAHUYHUX CTPYKTYP Pi3HUX THUIIIB. JJOCII)KEHO BIJIUB aIUTUBHUX HEKOPEJIbOBAHUX IIYMIB

TEIJIOBOTO 1 JeOopMaliliHOro MOJIiB Ha PO3M'SKIIE€HHS IOBEPXHi JIbOAY IIPU TEPTI.
ConiasibHO-eKOHOMIYHA cripsimoBaHicTs HTII:
Brnius HTII Ha moBKiJjs:
Bnposags>keHHst HTII: Briposamkeno
IIpakTHyHa peasnisanis HTII
IToyaTok eramy: 2017 pik
3aKiHYeHHS eTamy:
Cno>kuBayi IIpO,quI.li'l': CyMCBbKUH Jep>KaBHUN YHIBEPCUTET
IlepcneKTHBHI PHHKH: VKpaiHu
XapakTep cniBpoOiTHHIITBA 3 iHBECTOPOM
IloTpiOHMI 006CAT iHBECTHILiM, THC. TPH.:
IIpaBa, 0 HaAAIOTHCS iIHBECTOPY MiCJIsA 3aBEpPLIEHHs POOOTH:
HasaBHicTb Oi3Hec-IJIaHY:
TexHiKO-€eKOHOMiYHe OOrpyHTYBaHHSI:
IloTeH1iaIbHUE 0OCAT IIPOAAIKY, THUC. TPH..
OuiKkyBaHHI TepMiH OKYIHOCTI (POKiB):

HoparkoBa iHdopmamist:
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