WHJIEHTAPOBAHUE BSI3KOYIIPYT'OI'O CJIOSI C YYETOM AJTE3MOHHOI'O
B3AUMOJIEMCTBUSA MOBEPXHOCTEN

A.H. JIioonuena'

'UIIMex PAH, Mocxkea, Poccus.
E-mail: lyubicheva@mail.ru

B pabote npoBeieHO MOJIETMPOBAHHE BHEIPEHUS M MOCJIEAYIOMIETO OTBO/A JKECTKOTO MHAEGHTOpA OT I10-
BEPXHOCTH BS3KOYIPYTOT'O CIOS C YYETOM BIMAHHUS CHII MEXKMOJIEKYIITIPHOTO NPUTSIKEHH S, KOTOPBIE NEHCTBYIOT
Mexay Tenamu. KoHTakTHas 3afada pacCMOTpPEHa B OCECUMMETPHYHOM IOCTAHOBKE, CKOPOCTh MEPEMEIEHHS
MHACHTOPA IOCTOsSIHHA. MOJEKYIsIpHOE B3aMMOJEHUCTBUE IIOBEPXHOCTEH ompenensercss cuiamu Ban-nep-
Baanbca u onmceiBaercss Moaenso Mosxku-/laraeiina, koTopas, B OTIMYUE OT KIACCHYECKHX YIPOIIEHHBIX TEO-
pHii YyIUTHIBAET afre3MOHHBIC HANPSDKEHHS BHE 00JIACTH KOHTAaKTa M MX BIMSHHWE HA KOHTAKTHBIC AaBICHUI. B
mojaenn Moxku-/larzeitia moTeHuyan aare3nOHHOTO B3aMMOJICHCTBHS alIPOKCUMUPYETCSI CTYNEHYaTol (yHK-
nuei. MccnenoBanue BeleTCs B paMKax JIMHEWHOM TEOPUM BSI3KOYIPYTOCTH, CBOKMCTBA BSI3KOYNPYIOI'O CJIOS
OIIMCBIBAKOTCA MOJCIBIO Kennpuna-®oiirra. B PEIYIbTATE PCHICHUS IMOJYYEHbI COOTHOIICHUA JJI 3aBUCUMOCTU
Harpy3Kd Ha UHJCHTOP OT BPEMEHH, JaHbl BBIPAXKEHHS JUIS ONPE/IEICHHS HEN3BECTHON I'PAaHMIBI 00JIaCTH KOH-
TaKTa B MPOLECCEe HATPYKEHUS U pasrpy3KH UHIEHTOPA, aHAIM3UPYETCs IUIONAlb TN TUCTepe3Hca IpHu pas-
HBIX 3HAaUYCHHUAX BPEMCHU pEJIaKCallun MaTepurajia. BLIGpaHHaﬂ IIOCTaHOBKaA ITO3BOJIACT OLUCHUTH B3AMMHOC BJIMA-
HHE HECOBEPLIEHHOW YNMPYroCTH MaTepHaaa U MOJIEKYJSIPHON aAre3ud KOHTAKTHPYIOIIMX TEN HAa POCT BEIHYH-
HBI 00J1aCTH KOHTAKTa M HArpy3KH Ha MITAMIT IPH WHACHTUPOBAHUH B 3aBHCUMOCTH OT BPEMEHH.

KonTakTHOE B3aUMOAEHCTBHE OCECUMMETPUYHOTO HHAECHTOPA C YIPYTUM HOIYIPOCTPAHCTBOM MPH HaIH-
YMH QATE3UN PA3IMYHOM NPUPOIBI paccMOTpeHs! B pabdoTax [1, 2]. Hacrosimias paboTta nmpomoinkaeT uccienona-
HUe [3], rae He yUUTBIBAeTCA aAT€3MOHHOE NPUTSHKEHUE HA TIOBEPXHOCTH KOHTAKTUPYIOIIMX TEL.

Iocmanoska 3a0auu. Ha pucynke 1(a) nmpeacraBiieHa cxeMa KOHTaKTa WHAEHTOpa paanyca R ¥ TOHKOTO
BA3KOYNPYTOro CJ0S TOJIIUHBI /1, JIEKAIIEero Ha ’KEeCTKOM OCHOBaHHHM. [lomanaka KOHTaKTa SBISETCS KPYroM
HEeM3BeCTHOTro panuyca a(f). [IpuHaTOo, 4TO B HA4aJIHHBII MOMEHT BPEMEHH BEpIINHA IITaMIIa HAXOIUTCS Ha pac-
CTOSIHUH &) OT MOBEPXHOCTHU CIJIOSI, HA KOTOPOH PACIHOJI0KEHO HAdal0 KOOPAWHAT LIIHHIPUYECKON CHCTEMBI
Orgz, och z HanIpaBiIeHa BHU3. VIHICHTOp KBa3UCTATUYECKH TIEPEMEIACTCS] BHU3 C MOCTOSTHHOW CKOPOCTBIO V), a
3aTeM C TOH K€ CKOPOCTHIO ABMKETCSI BBEPX, OCA/IKa HHACHTOPA O (f) KyCOUYHO-TMHEHHO 3aBUCHUT OT BPEMEHH.
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Pucynoxk 1. Cxema KOHTaKTa HHIEHTOPA U 04 (a); MeXaHH4YecKas MoJeb MaTepuana cios (0).

I[Hﬂ ydye€Ta aAre3MOHHOI0 MPUTSIIKCHUS HOBerHOCTeﬁ BHE 00JIaCTH KOHTAaKTa Cl(t), HO BHYTpHU obmactu
MEKMOJICKYJISIPHOTO BSaHMOHeﬁCTBHﬂ C I‘paHHHeﬁ b(t), 3a4a€TCsA OTpHULIATCIIbHOC JaBJICHUC —P:

—pys 028(1)<3,
p,@)=1 " o 5(’)

rie d) pacCCTOSIHUE MEKAY MIOBEPXHOCTSIMH, IIPH KOTOPOM OHH HAYHHAIOT HCIIBITHIBATH B3AUMHOC MPUTIKCHHE.

Mooenvy mamepuana. Matepuain cios SIBISICTCS M30TPOIMHBIM OJJHOPOJHBIM JINHEWHO BSI3KOYIPYTUM, JJIsI
€ro MOJICTMPOBAHMUS MCIIONIb30BaHbl Mojenu Bunkiepa n Kenppuna-®oiirta (Puc. 1(6)). KontaktHoe naBneHue
p(r, ) W BepTUKaJbHBIC TIEPEMEIICHHS TPAHUIIBI CIIOS (7, ) CBSI3aHBI MEXIy co0oi nuddepeHaNIbHBIM CO-
OTHOIIICHHUEM CIICIYIOIIETO BHJIA!

T, aprh) p(r,0)= £ 5 du. (1) (r’t)j,
dt h(1—v?) dt

3nech v - koaddunuent Ilyaccona, Moayns ynpyroctu £, u BpeMeHa nocieneicTsus 7, u penakcanuu 7.
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Pucynok 2. 3aBUCHMOCTB Harpy3Kk Ha HHAEGHTOP OT BpEeMEHH (B O0e3pa3MepHBIX IIePEeMEHHEIX).
Ha pucynke 2 npuBeneH rpaduk 3aBHCUMOCTH HArpy3KH Ha MHICHTOP OT BPEMEHU B IHKJIC €¢ BO3pacTa-
HUS W YOBIBaHWS JJIs CICAYIOIIMX HapaMeTpOB pacyera: h/R:10'6, (I-Vz)pg/EZIO, T/T=10, VT G/R:10'4,
SWR=10".
Pabora BeIIONHEHa 1O TeMme rocymapcTBeHHOro 3amaHust (Ne rocpermctpammu  AAAA-A17-
117021310379-5), a Taxxe npu puHaHCOBOH moepxkke PODU, mpoekt Ne 17-01-00352.
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The simulation of the indentation and subsequent removal of a rigid indenter from the surface of a viscoe-
lastic layer was carried out, taking into account the influence of intermolecular attraction that act between the
bodies. The contact problem is considered in an axisymmetric 2D formulation, the velocity of the indenter is
constant. The molecular interaction between the surfaces is determined by the Van der Waals forces and is de-
scribed by the Maugis-Dugdale model, which, in contrast to the classical simplified theories, takes into account
the adhesive stresses outside the contact region and their influence on contact pressure. In the Maugis-Dugdale
model, the potential of the adhesion interaction is approximated by a step function. The investigation is carried
out within the framework of the linear theory of viscoelasticity; the properties of the viscoelastic layer are de-
scribed by the Kelvin-Voigt model. As results of the problem solution the curve of a load depending on time in
the process of loading and unloading the indenter is obtained, the boundary of the contact area evaluated, the
area of the hysteresis loop is analyzed for different values of the material relaxation time. The chosen setting
allows one to assess the mutual influence of underage material and molecular adhesion as a function of time.



