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MoenupoBanye B3auMOJICHCTBUS 30H1a aTOMHO-CHIOBOrO MUKpockorna (ACM) ¢ OBEPXHOCTBIO 00-
pasiia CyIECTBEHHO OCIIOKHAETCSA HAJMYUEM CHIT a[Ir€3UH, KOTOPBIE Ha 3TOM MacLITA0OHOM YPOBHE COU3MEPUMBI
C YIPYIrMMH HalpsOKEHMSAMU B KOHTaKTe. J[JI ONMMCAHMA aAre3ud YIpYTruxX Tell OOBIYHO HUCHOIb3YHOTCS KIACCH-
geckue mogenu Jlepsruaa-Myiuepa-Tomoposa (JIMT) [1] u Txouncona-Kennamra-PoGeprca (JIKP) [2]. TIpe-
UMYIIECTBOM 3TUX MOJIEJIEH SBJISIOTCS IPOCTHIE AHAIMTHYECKAE COOTHOIIEHHS, OJHAKO, OHU HE YYHMTHIBAKOT
HEKOTOpbIE TOHKUE SP(PEKTHI, CBA3AHHBIE C 3aBUCUMOCTBLIO CHJIbI aAr€3MOHHOIO B3aUMOIEHCTBHS OT BEIMUUHBI
3a30pa MeXIy ae(GOpMUPOBAHHBIMH TIOBEPXHOCTSIMH. B IanHO# paGoTe MOJETb B3aMMOAEHCTBHSA MEKIY 30H-
JaoM ACM 1 moBepXHOCTBIO 00pasia (puc. 1) CTpOUTCs Ha OCHOBE PEIICHUs KOHTAKTHOM 3a71aui ¢ UCIOJIb30Ba-
HHEM anmpOKCHMAIINK TIOTCHIIHATA aIre3HOHHOTO B3aUMO/ICHCTBHS KYCOYHO-MTOCTOSIHHOM (yHKIueH [3,4].
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Pucynok 1. Cxema B3aumoselicTust 30512 ACM ¢ oOpasiom.

Moens OCHOBaHa Ha PEUICHUH KOHTAaKTHOH 3a/1a4uM IS )KeCTKOTO OCECUMMETPUYHOTO 30H A 3aJaHHOI
dopmer T (I), B3aumoneiicTByIONIEr0 ¢ YIPYrHM MOTYPOCTPAHCTBOM TIPH HAJTHYHH CHJI aAT€3HOHHOTO TPH-
TSOKEHHA. Y CIIOBUS Ha TpaHulle zZ =0 ynpyroro mojymnpocTpaHCTBa HMEIOT BUJ
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rae u(r) — HOpMaJIbHOE CMEILEHNE TOBEPXHOCTH IMOJYIPOCTPAHCTBA CUET ero AehopMHUpOBaHUS, p(r) —
JaBIIeHUE Ha MOBEPXHOCTH 00pasna, 0 — paccTOSHHME MEX/Ly BEPIIMHON 30H/1a U HEBO3MYIIIEHHON MOBEPXHO-
CThIO 00pasiia. 3aBUCUMOCTh HOPMAJIBHOTO CMEIICHHS U(I’) OT JaBJICHUS p(r) OTIPENENSIeTCS U3BECTHBIM
BBIPQXCHUEM JUISl OCECHMMETPHYHOTO HArpy»XEHHs YIIPYTOro MOJIyNpocTpaHcTsa [2]
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rne E u v — ynpyrue momynu nomynpoctpancTsa, K(X) — MOJHBIN 3JUTMNTHYECKUH HHTETPa IIEPBOTO Po-
na. Kpome Toro, BHITIONHAETCS YCIOBHE PaBHOBECHS
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rme F — HopMmanbHast BHEITHSS CHIta, ICHCTBYOMIAS HA 30HI.
3aBucuMOCTb aJre3uoHHOro asieHust P, (M) oT BeanuuMHEI 3a30pa MeXAy IOBEPXHOCTAMM 30HIA U

MOJYIIPOCTPAHCTBA ONHUCHIBaeTcs B (hopme noreHnuana Jlennapna-/I)koHca, COOTBETCTBYIOIIETO CIY4al0 MEX-
MOJIEKyJIsIpHOTO Ban-nep-BaanbcoBckoro B3anmoeiicTBus moBepxHocteit [1]
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rae ZO - PaBHOBECHOC PAaCCTOAHNUE MEKIY IMTOBEPXHOCTAMU, Wa - yAcJbHag pa60Ta aArc3uu.
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Pemenne 3amaun (1)-(4) crpouTtcss HA OCHOBE MPEACTABIEHUS 3aBUCUMOCTH CHIIBI AJT€3MOHHOTO TPH-
TSDKCHUsI TTOBEPXHOCTEH OT 3a30pa Mexay HUMHU (4) KycodHO-TocTOsTHHON (yHKImei. [lonydeHsl aHanuTude-



CKHE BBIP@KEHHS /ISl BEJIMUMH BHEUTHEH CHIIBI M PAacCTOSHUS Mex1y Teiaamu. [locTpoeHHOe pelieHne UcIoib-
30BaHO JUIS pacdeTa 3aBUCMMOCTH CHIIBL, AelcTBYyromer Ha 3001 ACM, 0T pacCTOSTHHS MEXKAYy KOHYUKOM 30H/a
1 00pa3IomM.
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Pucynok 2. 3aBUCHMOCTHU CHITBI, JIEHCTBYIOIIEH Ha 30H, OT PACCTOSHUS MKy 30HI0OM H 00pa3LoM.

Ha puc. 2 nmpencTaBieHbl 3aBUCMMOCTH CHIIbI F 0T paccTosHus O Is 30HIa KOHHYECKOH (OPMBI ¢
yriiom pactBopa 40° (a) u mapabonmueckoit GopMsl ¢ paguycom 3akpyrienus BepumHbl 10 HM (D). [TapameTpsi
(YHKIIMM ~ aare3MOHHOTO  B3amMoOAEHCTBHSA (4) B3ATHl  CIEAYIOIIUMHK: yAedIbHas pabora aiare3uu

w, =0.008 Ix/m”, paBHOBecHoe paccTosHue Z, =0.5uM. IlpuBeseHHBIi MOMYTL yHpyrocTH obpasia

E" =E/(1-v?) pasen 1 MIla (xpusas 1), 100 MIIa (xpussre 2) u 50 I'Tla (xpuBas 3).

PesynbTaThl, IpeACTaBICHHBIC HA PUC. 2, TIO3BOJIIOT 3aKIIOYUTh, YTO ()OPMa 30HAA OKa3bIBACT CyIIe-
CTBEHHOC BIIMSHHC HA BHJ KPHBBIX NOJBOJA-OTBOJA M, CJICAOBATENBHO, NOJDKHA AKKypPAaTHO YYUTBIBATHCS MPHU
MOJICIUPOBAHUH B3aUMOJCHUCTBUS 30HAa ¢ 00pa3toM. KpoMe Toro, pe3yinpTaThl IIOKa3bIBAIOT, YTO CHJIA OTPHIBA
(MunuManbHas BenuuuHa F Ha rpadukax, mpencTaBieHHBIX HA PHC. 2) HE ABISETCS HE3ABUCUMOM OT YIPYTUX
CBOWCTB 00pasiia, Kak 3TO Ipernoaraetes B kiaccuyeckux mozensx JKP u JIMT.

Pabora BrimonHeHa nmpu GpuHaHcoBoi noaepxke PH®, npoekt Ne 18-19-00574.
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Modeling of the interaction between a deformable surface of a sample and a probe of the atomic force micro-
scope (AFM) is a complicated problem because of the adhesion forces whose magnitude is in this case compara-
ble with the magnitude of the elastic stresses at the interface. A model is suggested based on the solution of an
axisymmetric contact problem for an indenter of specified shape (spherical, conical, or spherical-conical) and an
elastic half-space in the presence of the adhesive stress whose dependence on the gap between the surfaces is
described by the Lennard-Jones potential of intermolecular interaction. The solution of the contact problem is
constructed by using a piecewise constant approximation of the adhesive potential. Analytic relations for the
normal force and distance between the interacting surfaces are obtained. The solution constructed is used to ana-
lyze the influence of the AFM probe shape, elastic and adhesive properties of a sample on the force-distance
diagrams.



