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CYUACHI YABJIEHHA ITPO MEXAHI3MU TEPTSI

Haykose nosimomnenss Ha 3acigansi Ilpe3unii HAH Ykpainn
24 >xoBTH: 2012 poKy

Tepms ¢ o0niero 3 navcmapiwux Qisuunux npodiem. Bono mae eenuxe npaxmuuie snauenms, 00Hax, He38aNCAIOUU Ha ue,
1061020 POYMIHHA NPoOIeMU NOKU Wo Hemac. /[onosidb npucesueno oCmaniim meopemuunum 0oCroNCeHIm 3 Qisuxu
mepmsi. Buxnadeno pesyivmamu MOLeKYAAPHO-OUHAMIUH020 MOOETI0BAHHS MEPMSL, KL 3 ACOBYIOMb MIKPOCKONIUHT MeXa-
nizmu pyxy moukoi naiexu macmuia. O62060peno nioxio 0o mepmsi Ha Me30CKONUUHOMY PIBHI, Y3azaivHenHst 1K020 00360~
JISOMb YPaxyeamu 63aeMo0i0 Mis KOHmaxmamu (HepieHocmsamiL), ONUCAMU NOWUPEHHS CAMOBIOHOGHUX MPIUUN Y PpuK-
yitinomy inmepepetici ma poav depopmaiil nioKAAOKU HA NOUAMKY KOB3AMMNSL, 4 MAKOIC Nepeddauumu nossy nPosiCHUKIG

3emuempycis.

Kuniouoegi croea: mexanismu mepms, MOICKYLAPHO-OUHAMIUIE MOOCIIOBANMNSL, CAMOBIONOBHT MPIuguHU, (puKiitinuil

inmepaeiic.

J{oTIOBiIb TIPUCBAYEHO POITIISALY TEPTH 3 T10-
rigny ¢isuku. lepemyciMm HaragjaeMmo OCHOBHI
BusHaudeHHs1. CJIiji po3pi3HsITH TEPTS KOB3aHHSI,
TepTs KOUeHHsI 1 TepTs 3Hocy. MU posrisijiaTu-
MeMO JIUIIe TepTs KOB3aHHS. binbmr Toro, Mu
PO3TJISTHEMO BUIAJIOK TPUMEKOBOTO  TEPTS,
KOJIN MIi’K TOBEPXHSMU, M0 TPYThCS, 3HAXO-
TUTBCS JIy’Ke TOHKA — BCHOTO KiJIbKA MOJIEKY-
JISPHUX MTApiB — TJIiBKa MacTuIa. Takuii peskum
MaiisKe 3aBKAM BiIOYBAE€ThCS Ha MOYATKY KOB-
3aHHS TiCJd 3YNUHKHW, KOJW MACTUJIO BUIAB-
JIIOETHCS 13 30HU KOHTAKTY.

3 apyroro OOKY, CJIijl pO3PI3HATH CTAaTUYHE i
KinetnuHe teptsd. Cuyia KiIHETUIHOTO TEPTI —
e CuJja, SIKy HOTPiGHO MpHKIACTH, mo6 mij-
TPUMYBATH TJaJKe KoB3aHHS. [Ipm mpomy B
CUCTEMY HAKAUyEThCS €Hepris, sika B KiHIEBO-
MYy HiZICYMKY Iijie Ha HarpiBaHHS aTMocdepH.

Jlami OILIHIOBAHHS CBI4aTh, II[0 B €KOHOMIY-
HO PO3BUHEHUX KpalHax BTpPATH Ha TEPTs CTa-
HOBJISITH TIPUOJIN3HO 6% BaJOBOTO HAlliOHAIb-
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HOTO JIOXO/Y, TOMY 3HI)KEHHS TepTs HaBiTh HA
1% 3abe3leynTh BEJIMYE3HUH EKOHOMIYHMIA
edexT.

Cuna cTaTUYHOTO TEPTS — 1€ CUJIa, IKY TI0-
TPiGHO TIPUKJIACTH JIst TIodaTKy pyxy. Crarny-
He TePTs TAaKOXK JiysKe BaxkauBe. CaMe BOHO JIa€
HaM MOKJIMBICTb XOJUTH, a aBTOMOOLJISIM — 13-
IUTU. 3aBASKU CTATUYHOMY TEPTIO yTPUMY-
IOTbCS Pa3oOM HUTKM B 0715131, KOHCTPYKIII Ha
60JITax TOIIO.

Teprst Bcrogucyine, ToMy Ipobiema TepTs
aKTyasbHa JIJIsI YMCJIEHHUX Tajly3ell Hayku i
TEXHIKH, TAKUX SJK MaTePiaJ03HABCTBO, MaIlH-
HOOyyBaHHs (0COOJUBO PO3POOJIEHHS HAaHO-
MaIIKH ), KOCMiYHa rajy3b, /ie TPaAUIiiHi Mac-
THJIa He TIPaIfoioTh, 6GioJIOris, MeauirHa (Ha-
NpUKIag, TepTst y cyriaobax), reodisuka
(30KpeMa, rpobJieMa Tiepe6aueH s 3eMIIeTPY-
CiB), €HEPro3a0Ia/iKeHHS, €KOJIOTis Ta iH.

[Tpobema Teprsi crapa, sik cBirt. Tomy He
JINBHO, 1110 BUBUEHHSIM TEPTSI 3AIlIKAaBUITUCS TI1€
B CepefHi BiKH, KO movasia (popMyBaTUCS Cy-
yacHa Hayka. JlociipkeHHaM TepTs 3aiimanncs
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Taki BuUaaTHi BuYeHi, Ak Jleomapmo ma Bimui,
Awmonronc, Eitnep, Kyson. ¥ pesysabrari 6yiio
c(opMyJIbOBAHO /[BAa OCHOBHUX 3aKOHH, Bi/l0-
MUX gK 3aKkoHM AMonToHca. [lepmnii 3 HEUX
CTBEPJUKYE, 110 KOeDITIEHT TepTs, IKUH BU3HA-
YAETHCS SIK BIHOMIEHHS CUJIU TEPTS 10 CUJIN
HaBaHTaxXeHHd, \ = F fmmn/ F, .» € CTAJION BeJIM-
YUHOTO JIJIST TIeBHOI TTapyu MaTtepiamiB. 3TigHO 3
JIPYTUM 3aKOHOM, KiHETUYHE TEPTs MEHIe 3a
CTaTUYHE 1 He 3aJI€KUTh BiJ[ IIIBUIKOCTI KOB3aH-
He. Y TaKOMy BUTJISJ 11l 3aKOHU BBIMIILIN /10
CyYaCHUX MiJ[PDYYHUKIB, Y TOMY YUCJI JIJIsT BU-
1101 mkosn. OHak 061/ Ba 3aKOHK eMITIPUYHI i
He MaJli TeOPEeTUYHOTO TIOSCHEHHS aXK /10 ce-
peHA MUHYJIOTO CTOJITTSI.

TpaxkTyBaHHs mepuIOro 3aKoHY AMOHTOHCA
3’sieutocst Jitre B 1950 p. (kosm OymoBy siipa
GyJI0 BJKe BUBYEHO, a aTOMHY O0OMOY BUITPOOyBa-
HO) 3aBasku po6ori D. Boynena i [[. Tabopa
(F. Bowden, D. Tabor). Bouu 3Beprysn yBary
Ha Te, MO CIIPaBKHI MOBEPXHI KOHTAKTY Malike
3aBXK/U € TPyOUMHE, TOMY 3arajbHa TIOIIa KOH-
TaKTy Ma€ 3pOCTAaTH 3 HAaBAaHTAKEHHSIM. 32 HU3b-
KOTO TUCKY (TIPYKHUM PEXKUM ) UM CJIO KOHTAKTiB
301JIBIITYE€THCST 3 HABAHTAKEHHSIM, 2 32 BUCOKOTO
TUCKY (IJIACTUYHUI PeKMM) 3 HaBaHTaKEHHSIM
3POCTA€E TJIOIA OKPEMUX KOHTAKTIB. OCKIJIbKU
CUJIa TePTs MPOMOPITiiHA PeasbHiil M0 KOH-
TaKTY, BIIHOIIIEHHS CUJIM TEPTsI /10 CUJTU HaBaH-
TaKEHHS 3a/TUTITATUMETBCS CTAJIM.

Bapro Takox BigzHAUWUTW ¥ IHIII MOJeEJI,
[0 MOSICHIOBAJIM IEBHI acleKTH MpodIeMu
TepTs, 30Kkpema Mojziesi Tomuincona i Open-
kesist — KonTopoBoi. OjiHak 3arajioM cuTya-
mist Ha movyatky 90-x pokiB XX ct. Oysa Ta-
KOIO: Bci 3aKoHM HabusKeHi, Bci Teopii geno-
MEHOJIOTIUHi.

Hosuii eran posBuTKy TpmOOJIOTii po3Io-
yaBcst B cepenuti 1990-x poxkiB 3aBasiku 1BOM
YMHHUKAM: TIO-TIepIie, OYPXIUBOMY PO3BUTKY
KOMIT'IOTEPHOTO MOJIeJIIOBaHHS, a TO-7pyre —
3HAYHOMY TIpOTpecy B rajysi i3zuku Ta Ximii
noBepxHi. /Ipyruii ¢akTop BUSBUBCS BU3HA-
JAJILHUM JIJIsT PO3BUTKY TpubosIorii B [HCTHTY-
Ti ¢disukn HAH ¥Ykpainu, ne chopmyBanacs
Bijoma 1mKoJia (hi3UUHOI eJIEKTPOHIKH, 3aCHO-
BaHa Haymom JlaBumoBuuem MopryJicom,
TpuBasnii yac kepoBana Ilerpom Ipuroposu-
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yem Bopsgkom, a notim AaToHoMm Ipuroposu-
yeM HayMoBIleM — BCECBITHBO BiJIOMUM Yyue-
HUM Y Tanysi dhisuku noBepxHi. OT:ke, mocrana
npobsiema 1o0ynoBU (HisudHOI Teopii TepTs.
OpHak mepir Hixk meperT 10 TEOPETUIHUX Pe-
3yJIbTaTiB, OoTpuMaHux B IlHCTUTYTI Dizukn
HAH VYkpainu, BapTo KOPOTKO OTIMCATH OCHOB-
Hi eKCTIIepUMEHTATbHI METOIUKH, SIKi 3aCTOCO-
BYIOTh Y TPUOOJIOTII.

Y TpamuiiiitHoMy TPHOOJIOTIIHOMY eKCITepH-
MEHTI BUMIPIOIOTb CHJIY TEPTS, 2 KOHTPOJIOIOTh
HIBUJIKICTh KOB3aHHS, KOPCTKICTb ITOB3YHKQ,
CUJIy HaBaHTakeHHs 1 TemrepaTypy. OcHoBHA
pobJieMa TaKuX JIOCiKEHb KPUETHCS B TOMY,
[0 TPAKTUYHO HEBIJOMO, 1[0 BiAOyBA€ThCS B
inTepdeiici Teprs, 3aTUCHYTOMY 3 000X OOKiB
HETTPO30PUMHU TBEPAUMHU TiJITAMHU.

Y MeToni BUMIpIOBaHHSI MOBEPXHEBUX CUJI
(Surface Force Apparatus, SFA), samrporonoBa-
Homy /I. Tabopowm i P. Biuteprorom (D. Tabor,
R. Winterton, 1969) i 3romoMm po3BUHEHOMY
Jlx. Ispaimemsini (J. Israelaschvili), Bukopuc-
TOBYIOTb aTOMHO-IIJIOCKI CJIIO/ISIHI TIJIACTUHKH,
HaKJICEH] Ha {Ba I HAPUKH JiaMeTPOM OJIN3b-
ko 1 cm, gKi cTukaoTbes HaBxpecT. [lo 3oHM
KOHTaKTy BHOCSTH Kpamejabky mactumia. [leit
MIPUJIA/L TO3BOJISIE OIIHUTH TIJIONTY KOHTAKTY, a
TOBIIUHY IIapy MacTujIa MOKHA KOHTPOJIIOBA-
TH 32 JIONMOMOTOI0 ONTWUYHOI iHTepdepentlii 3
Tounictio ~ 1 A.

3HaYHOro mporpecy B TpuboJorii 6yno mo-
CSATHYTO 3aB/ISIKY BiCTPSTHUM METOIUKAM — CKa-
nvytouiii TyHesbHin (CTM), aTomMHO-CUIOBIN
(ACM) i dbpuKIiifHii MiKPOCKOTIil, O /1al0Th
3MOTY Ha aTOMHOMY PiBHi JOCJi/KyBaTh TI0-
BepxHi Ta cuiu B koHTakTi. [Ipore Taku meto-
JIMKW JI03BOJIAIOTb BUBYATU JIUIE OKPEeMUI
KOHTaKT.

Cuispobitnuku Tucruryry disukn HAH Yk-
painu O.A. Mapuenko, B.C. Kymuxk i /I.B. Ctpu-
JKeyc po3poOWIM  JIeBITYIOUnil  TprubOMETP.
OcHoBHA HOTO i/1es TTOJISATAE Y BUKOPUCTAHHI
IMUJIIHAPUKA 1 TiICTaBKU 3 MarHiTUKaMU, PO3-
MINIEHUMHU TaK, 10 MUJTIHAPUK JIeBiTy€E Ha
Ii/ICTaBKOIO B Mar"iTHoMy 1moJii. Ha kinuuky
IUJIIHJPUKA PO3TallloBaHA 30JI0TAa KYJbKa,
sdKa BIUPAETHCS Y IEeBHY IOBEPXHIO. SAKIO
IUJITH/APUK XUTHYTH, 3a 3aTraCaHHSM KOJIMBaHb
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Jlesitytounii puGomeTp, po3pobieHuii
B [HCeTuTyTi ik HAH Yxpainn

MOXHA 3HaiiTH KoedimieHT TepTtd. lomoBHa
repeBara I[i€i METOJMKU B TOMY, 1110 TTPUJIAL
MOJKHA JIETKO <«po3ibpat» i HoCiTimKyBaTh
noBepxHi Teprst 3a jgomnomororo CTM a6o
ACM ¢xk 110, Tak i MicJss BUMipIOBAaHHS TEPTS.

HapemTi, caig 3ragaTu eKCIIePUMEHTHU
Jlx. Daiinbepra Ta in. 3 €pycaamMCbKOTO yHi-
BEPCUTETY, Y SIKUX BOHU Opajiv [Ba MPO30PUX
IJIEKCUTJIACOBUX OJIOKM 1 BUMipioBaiu B pe-
aJbHOMY 4Yaci peasbHy IJIOILY KOHTAaKTY, BU-
KOPHCTOBYI0YM e(heKT OBHOTO BHYTPIIIIHBOTO
BiZIOUTTSI JIa3€PHOIO IIPOMEHSI — CBITJIO IIPO-
XOJIUTD JiKIle KPi3b KOHTakTH. IIpu ibomy Bu-
MiPIOIOTh 3MiHY IIOIII PeajbHUX KOHTAKTIB
6e3mocepeHbO B TIpoTleci KoB3auHs [ 1].

B ekcnepumenTax GyJ0 OTPUMAHO BasKJIMBI
pe3yJbTaTu:

* 30HA CIPaBKHBOTO ATOMHOTO KOHTAKTy €
MaJIo0; TUTIOBUM Po3Mip KOHTaKTy ~ 1—10 MKM;

* 3HAYEHHS CWUJI, XapaKTePHi /I CUJI aTOM-
HOro Maciitaby — GJIM3bKi 0 TIOPOTY TIACTHY-
HocTi, f ~ 1079 N, i Tomy BizOyBa€eThCs TPy KHA
Ta,/ab0 1mactuyHa geopmallisi KOHTaKTiB;

e tonka miiBka (< 10 MoJsekyJspHUX ia-
MeTpiB) MaliKe 3aBK/IM OPraHi3oBaHa y mapu;

* JKIMO TOBIMHA MeHIa, HiXX ~ 3 IapH,
OiBIICTD TLTIBOK IMOBOAUTHCS SIK TBEPIE
TiJ10.

3BepHIMOCH TeTep 70 TEOPETUIHUX Pe3yTh-
TariB, orpuManux B [ncturyrti dizukn HAH
Ykpaiau. ¥ nporieci MO TIOBaHHS TEPTSI METO-
oM MosiekyJigpHoi auHamiku (M/l) BunuKae
cepitosHa rpobsiema. Teptst — mporiec HepiBHO-
BaskHMiTL. OCKiTbKY /10 6JIOKA, 10 KOB3AE 10 110~
BEPXHi, TPUKJIA/IAI0Th 30BHIIITHIO CUJTY, B CUCTe-

MY 3aKauy€EThCS €HEPTIs, 1 SKITO 11 He BUIAJISTH,
TeMIleparypa CUCTEeMH IOCTIIiHO 3pocTaTuMe.
3HaunTh, OTPi6GHO BBOAMTH 3aracanus. OxHaK
BOHO, B CBOIO Uepry, BU3HayaTUMe i cuy KiHe-
TUYHOTO TEPTS, TOMY Koedilli€HT 3aracants He
MOKHa oGupatu goBiabHO. Ha mmacrs, koedi-
IIEHT 3aracaHHsd /JIs aTOMIB, MO PyXalOTbCs
mo06JIN3y TOBEPXHI TBEPAOTO Tija, BioMuii i3
HaIWX TOTIEPEHIX IOCTiKEHb KOJTUBAHbD 1 J1-
dysii agcopboBanux atomis [2]. Ile mo3Bosmio
pospobutn M/l-anroput™ st po3paxyHKy
koeditfieHTa TepTs, B IKOMY KoedIillieHT 3ara-
CaHH$ 3JIeKUTD Bi/l KOOPAMHAT 1 MIBUAKOCTE
aTOMiB MacTUJIA.

Pesynsratu MozenioBaHHS —CBil4aTh, 1110
OCHOBHUM (haKTOP, KU BU3HAYAE TTOBEJ[IHKY
TpUOOJIOTIYHOT CUCTEMU, — T[€ CITiBBITHOIIEHHSI
MK aMILIITYZI0I0 B3a€MOJIil aTOMIB (MOJIEKYJI)
MacTHIa MisK CO000 i aMILIITY/I010 B3a€MOJIIT
aTOMiB MacTuJa 3 moBepxuamu [3]. Akio B3a-
€MOZIi1 aTOMIB MacTmIa MixK cOOOK0 CHJIBHIIIA,
HIK 3 TOBEPXHEI0, TO MAaCTHUJIO TBEP/IHE, a KOB-
3aHHs BiIOYBAa€THCS HAa MEXKI MACTHJIO — TI0-
BepxHs. lle Bumamok sxopctkoro macruia, i
caMme BiH MOsKe 320e31eYnTH HAlHIIKYEe TEPTSL.
[Tow’s13aH0 11€ 3 Tak 3BaHUM e(EeKTOM HecyMip-
HOCTI, BIIKPUTUM 1 aKTUBHO JOCJI/KEHUM Y
70-x pokax XX ct., Bigomum sk mepexin O6pi
(Aubry). Crpora Teopis 1[boro ehexTy J0CUTH
ckJaHa [4], ajle Ha AKICHOMY PiBHI CyTHICTb
MOJISITAE B TOMY, 10 Y Pa3i pyxy HECYMipHOTO
JIAHIIOKKA aTOMIB Y I1epioIMYHOMY ITOTEeHIial
MTOBEPXHi, KOJU OJHI aTOMH IMiAifiMaioTbCs Ha
MaKCUMYMH MTOTEHITIJy, a 1HIII CITyCKAIThCS B
MIHIMYMH, 111 /IBa IPOTIECH TOUHO KOMIIEHCYIOTh
OJINH OJTHOTO, TaK 10 CyMapHi BTpaTH eHepril
JIOPIBHIOIOTH HYJO. Binbir cTporo, Koo ABi
Mepio/InyHi CTPYKTYPU HECYMIpHI 1 JOCTAaTHBO
JKOPCTKI, TO CTaTUYHE TePTS JOPIBHIOE HYJIIO, a
KiHeTUuHe — HaazBuuanino Maje. OTxe, 3a 10-
MOMOTOIO JKOPCTKOTO MACTHUJIa MOKHA JTOCSTTH
JTOCKOHAJIOTO KOB3aHHS, ab0 <«Ha3MalllyBaH-
Hs1» (superlubricity).

[TpoTe Taka cuTyalliga MOKJIUBA JuIle y pasi
i/1leaTbHOT KPUCTAJIIYHOI CTPYKTYPU TMOBEPXHIi
Ta TJIBKA MacTua. Y PeaibHOCTI CTPYKTYPH
3aBJK/IM HeiJlealbHi, a TIJIiBKA MacThUia Mae€ Jie-
dextn. Ognak 116 MOKHA BMIIPABUTH, SKIIO

ISSN 0372-6436. Bicn. HAH Ykpainu, 2012, Ne 12



3 KA®EAPU MPE3VAI HAH YKPATHI

CIIEIiabHO JOOMpATH TIapaMeTpu MaCTHJIA.
Came Koy TITIBKa KOB3a€, il TemIepaTypa
3pocra€. SIKIo BoHa HabJIM3UTHCS 10 TEMITepa-
TYPH TIJIABJIEHHS TUIiBKY (aJie HUsKYe 1i), TO Jie-
ek BiAmaIATHCH, TJIIBKA CAMOBITOPSI/IKYETh-
cs («camoBianuIihy€eTHCS» ), 1 cCUCTEMa Teperie
JI0 PEKUMY cyTiep3MalieHss [5].

[IpoTunexxkHUI BUTIAZIOK — 11€ KOJIU B3a€EMO-
JlisT aTOMIB MacTWJja 3 TOBEPXHEIO0 CUJIBbHIIIA,
HiJK 1X B3aeMojist Mik coboto. Y Takomy pasi
omwH (abo KiJbKa) MapiB MacTu/Ia IPUKPITLITO-
I0ThCS IO TIOBEPXOHb, 3aXUINA0UN 1X Bijl pyu-
HyBaHHsI, a KOB3aHHS Bifl0yBaeThcsi B 00’eMi
MacTuia. [Ipu iboMy 1iriBka MacTuIIa MJ1IaBUTh-
cd mij vyac koB3aHHS 1 crae pigkoio (M/I-
MOJIE/TIOBAHHST Tiepebadae, 1o 4acTo IUIiBKa
3QJIMIIAETHCSA 1IAPYyBaTOI0, TaK IO KOB3aHHS
BiZIOYBAETHCS 32 MEXAHI3MOM <IIaP-TIO-IIapy» ).
[le Bumasiok M’ sIKOTO (TPAAUIIIITHOTO) MaCTHUIA.
Y pasi M'gKoro MacTuIa KiHeTUIHE TEePTS BU-
3HAYAETHCH B'SI3KICTIO TIJTIBKM MAacTUJIA — UMM
MeHITIa B’SI3KicTb, TMM MeHIe Tepts. OTike,
HaiiKkpartie 3MaiieHHs 3abe31euye BaKyyMHUN
3a30p — IIPU LILOMY KiHeTUYHe TePTs € Ha/I3BU-
YyailHO MaJuM, Xoua i HeHyJIbOBUM. UyJ0BUMU
MaCTHJIAMU MOKYTh OYTH TOBITPs i BOjsHA
miiBka [6, 7] (ocTanHiii (hakT BijloMUi KOKHO-
MY, XTO BUXO/IMB Ha BYJUIIIO B oxeJelb). [Jo
pedi, mpupojia obpasia came BOIHI PO3UUHE SIK
MacTuja B cyriobax.

Brim npobsieMa piIkoro MacTuja ToJsiTac B
TOMY, III0 BOHO MO’K€ BWIABJIOBATHUCS i3 30HU
KOHTAKTY. A SIKITIO MacTIIO Oyie BUIABJIEHE, TO
MPSIMUIT KOHTAKT PyXOMUX MTOBEPXOHb CIIPUYH-
HUTH IX pyiHYBaHH: (1110 Bi/IIIOBI/IA€ TEPTIO 3HO-
cy). 1106 yHMKHYTH BH/IABJIIOBAHHS MaCTUJIA
abo MpUHANMHI YIIOBIIBHUTH 1I€ii TIPOIIEC, CJIi/T
iZIBUIILYBATH B'SI3KICTh MAcTUJIA, TIPOTE BOHO-
vac 30ubThCs W TepTs. Tomy m06ip onTu-
MaJBbHOTO MACTUJIa — 1€ TIONIYK KOMITPOMICY:
B'A3KICTh Ma€ OyTH JOCTATHBO BEJUKOIO, 1100
YHUKHYTH BU/IaBJIIOBaHHS, ajie He 3aHa/TO, 100
3MeHITH TepTs. OCKiTbKI B'I3KiCTh 3aJIE;KUTh
BiJl TeMIIepaTypH, JJid Pi3HUX TeMIIepaTyp Io-
TPiGHO BUKOPUCTOBYBATH Pi3HI MAaCTHJIA.

¥ pasi piikoro MacTuIa MOCTA€ MUTAHHS PO
dopmy iioro Mosnekysau. Ak mpaBuiio, Tpaau-
IIITHI MACTUIIA CKJIAJIAI0THCS 3 JIAHITFOTOBUX MO-
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JIEKYJI, K1 MIIIHO 3B’SI3YIOTbCS 3 TIOBEPXHSIMU.
Sxe s MacTuiIo Oyzie e(eKTUBHIIINM: T€, B SIKO-
MY BCi aTOMM MOJIEKYJIM MAaCTUJIa TPUKPITIIIO-
IOTBCS /10 TIOBEPXHi, YU Te, B AKOMY BOHU TIPU-
KPITJTIOIOThCS JTUIIe OJIHUM (KiHIIEBUM) arTo-
MOM, YTBOPIOIOYHU IIITKOMOMAIOHY CTPYKTYpPY?
M/I-MozenfoBaHHS TIOKA3as0, MO [PYTAN BU-
malok eQeKTUBHINIMI; Xoua BiH CIPUYNHIOE
6iJsibIlle TEPTsl, MPOTE MIITKOMOAIOHE MACTHUIIO
MIPOJIOBIKYE MPAIIOBATH, HABITh SKIO MIX T0-
BEPXHSMHU 3AJUIIAETHCS 3HAYHO MeEHIIe HixX
JIBa 1ioro MoHoImapu [8].

OcranHiit pesysbrat 0yJo MiATBEPIKEHO
exkcriepuMeHTanbHO B [HeTuTyTI hisukm HAH
VKpainu 3a J0MOMOTOIO JIEBITYIOUOTO TPHOO-
Metrpa. JlocaijkyBanu 1Bi pe4OBUHU — N-OK-
taution (C.H SH) i n-okranoBy kuciory
(C,H,,O,). Ixni mMonekynnm MaoTh OAHAKOBY
JIOBXKUHY 1 BiJIPI3HAIOTHCSA JIUIIIE TOJOBKOIO:
—SH i —-OC-OH signosigno. Ha moBepx#i 30-
JIOTa BOHU YTBOPIOIOTH aOCOJIIOTHO OHAKOBI
miTKomoAiOHI cTpykTypu. OMHAK, He3BAKA0-
ui Ha 30ir CcTPYKTYpP, KOeilieHTH TepTs st
MOHOINAPIB 7-OKTAHTIONY 1 7-OKTAaHOBOI KHC-
JIOTU Ha peKOHCTpyHoBaHii moBepxHi Au(111)
BiZIpi3HsOTHCS puban3HO B 3 pasu. [losicHu-
TH 116 MOKHA CUJIBHINIUM 3B’S3KOM N-OKTaH-
TiOJIy 3 TIOBEPXHEIO 30J10Ta.

3 BiAKpUTTSM (byJiepeHiB — KyJIenoaioHux
mosekyn Co ) — BUHMKJIA iiess BAKOPUCTATH 1X
gk Mactuio. Bizomo, 1o Tepts kouenns B 100—
1000 pagziB memnre, Hixx TepTs koB3aHHd. [lo-
CTAJI0 TTUTAHHS, YU MOJKE TepTsS KOYeHHS Tpa-
IIOBATH Ha MiKPOCKOIYHOMY piBHi, TOOTO 4u
MOJKYTb (DyJIEPEHU CIIYTYBAaTU «MOJIEKYJISIPHU-
MU TigmunHukamu»? OAHaK eKclepUMeHTH
Jla7ii HeTaTUBHUI pe3ysbraT — MoHolap ¢y-
JIEPEHIB CIPUYMHUB 3HAYHO OiJIbIlle TePTs, HizK
TpaJUIliiiHI MacTumIA.

M/I-MoziemtoBaHHS  JIOTIOMOTJIO  3'CyBaTH
npuanHy HeBaayi [9]. Kosm mosiekyin KOTATh-
s TI0 TIOBEPXHI, CTOPOHU CYCiTHIX MOJIEKYJI PY-
XaloTbCs B MPOTUJIEKHUX HanpsaMax. Tomy 1if
Yyac 3iTKHEHHS MOJIEKYJIH MOBHICTIO OJIOKYIOTH
obepranns ozxna oxuol. Ileil edekr anasoriu-
HUI BUHUKHEHHIO aBTOMOGLIbHIX 3aTopiB. 111006
YHUKHYTU 3aTOPIB, KOHIIEHTpaIlisi (yJrepeHiB
Mae OyTH 3HAYHO MEHIIOI0 BiJl MOHOIIApY,
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T06TO (DysIepeHn MOKyTh OyTH e(EeKTUBHI SIK
JIOMIIIIKKA /10 TPAJUIIIAHOTO PIKOTO MacTHUJA.
Kpim Toro, kouenHs (ynepeny 1mo mepiouaHo-
My TIOTEHI[ialy MOBepXHi moAibHe 10 poboTH
3y64acToro KoJsieca, TOMY it e(HEeKTUBHOTO
obepranHs (yJiepeHy crajy MiAKIaAKu Tpeda
Y3TO/KYBATH 3 Bi/ICTAHHIO Misk aToMaMu (yJie-
peny [10]. ¥V pasi foTpumaHHS X TBOX YMOB
(dysiepenu cripaBii MOKYTh 3a0€3MeYUTH HaJl-
3BUYAITHO HU3bKE TEPTSI.

Hapemri, M/I-mMojientoBanHS 110Ka3aJ10, 110
KOeDII[iEHT CTATUYHOTO TEPTS He € OIHO3HAYHO
BU3HAYEHOIO BesnyuHol. Hampukiaza, gkio
O/IHY 3 TIOBEPXOHb KOB3aHHS [TOBEPHYTH Ha He-
BEJIUKUH KYT, CTaTUYHE TePTSI MOKe 3MIHUTUCS
Gibir Hixk Ha mopsitok Besmumnu [11]. OTike,
i/l YaC KOHTAKTY JIBOX aTOMHO-TJIQIKUX TOJIi-
KPUCTATIYHUX TTOBEPXOHD Pi3Hi AIJISTHKA MaTH-
MyTb Pi3HI MOPOTH JJIsI MOYATKY KOB3AHHSI.
OueBuaHO, IO Te caMme BimOYBa€ThCS IIiJ dac
KOHTAKTY IIOPCTKUX MOBEPXOHb. O/HAK HABITh
i 9ac KOHTaKTy MOHOKPHUCTAJTIYHUX aTOMHO-
[JIaJIKUX [I0BEPXOHb, PO3/IIJIEHUX IIJIIBKOIO Mac-
TWJIA, Y pasi NPUIIMHEHHS KOB3aHHS MaCTUJIO
3aMmep3ae 3a Mexatizmom Jlipmmis — Caboso-
Ba yepe3 BUHUKHEHHS 3aPOJIKiB PI3HUX PO3Mi-
PiB, SKi YTBOPIOIOTh KOHTAKTU MiX ITOBEPXHSI-
mu [12].

Taxum yuHOM, B yCiX BHUIAJKaX IMOBEPXHi
3B’s13aHI KOHTAKTaMU, IO XapaKTepU3yTbCs
HEelepepPBHUM PO3IIO/IIJIOM TIOPOTIB JIJIsT TI0YaT-
Ky PYXY.

[luis onicy TepTs Ha ME30CKOIIYHOMY PiBHI
B/IaJTUM BUSBUJIOCSI BUKOPUCTAHHS TaK 3BaHOI
semsierpycHoi mojeni (Earthquakelike Model,
EQ model), zamporonoBanoi crodatky st
OTIMCY 3eMJIETPYCiB. ¥ 11ill MOjiei /IBi TOBEpX-
Hi 3B’3aHI CHCTeMOIO KOHTakTiB. Kosu Tijo
PYXa€ThCH, HAIIPYKEHHST B KOHTAKTaxX 3POCTAE,
f(t) = kx(t). Oxpemuii KOHTAKT € 3aKpirlie-
HuM, f10kn f(t) < f.. Sxmo cua nepesurye
TOpir f,, Bi0yBaeThCs MBUIKE KOB3AHHS IO~
ro KOHTaKTYy i Hanpy:KeHH4 criagae. [Totim koH-
TaKT BiJ[HOBJIIOETHCS, 1 TPOIIEC TOBTOPIOETHCSI.
Taka Moziesib HAJIEKUTD /10 KJACy KIITUHHUX
asromaris (cellular automaton) i, ssk ipaBuIO,
Mi/IJIAETHCS JIUTIE YNCETBHOMY MOJIETTIOBAHHIO.
Ham Bpasnocs BuBecTM KiHeTHMYHe PiBHSHHS

(master equation) asst 1i€l Mojesi, 10 /A€
3MOTY OTPUMATH YHUCEJbHIIT PO3B’SI30K 3 Oy/Ib-
SIKOIO Hallepe/ 3a/1aH0I0 TOUHICTIO, a B JIESIKUX
BUTIQ/IKaX — 1 aHaJMiTU4YHI po3s’sasku [12, 13].
Kpim Toro, ockinbku B iHTepdeiici TepTs pisHi
KOHTAaKTH XapaKTepPU3YIOTbCS PISHUMH TIOPO-
ramu, HaMu OyJI0 BBEJIEHO HellepepBHUIA PO3-
nozis oporis P_(x ).

[3 mpakTUKM Bi/IOMO, IO € /IBA TUTIA KOB3aH-
HST — TJIAJ[Ke KOB3aHHsI, sSIKe BiZIOYBa€THCS TIiJT
Jac pyxy sKOPCTKOI cucTeMu Ta/abo 3a BUCOKOI
MIBU/IKOCTI, i CTpUOKOIOMIOHIIT PyX Ha 3pa3oK
3MTIAHHS-TIPOKOB3yBaHHs (stick-slip), mobpe
BCiM 3HAIOMUIi 32 CKPUIIOM JIBEpeli Y1 3ByYaH-
HSAM CKPUTIKHU 1 CIOCTEpeXyBaHUM 3a Majanx
MIBUIKOCTEH Ta/abo y M'sIKiit cucTeMmi.

3a JI01OMOrot0 KiHETUYHOTO PiBHSAHHS OYJI0
MOKA3aHOo, 0 PEKUM 3TUTIAHHSI-TIPOKOB3YBaH-
HS1 BUHUKAE 4yepe3 TPYKHY HecTabiTbHICTB, i
3HAWJIEHO BIAIOBIZIHY BEJIMYMHY KOPCTKOCTI
cucremu K*, tax mo npu K < K* peasnizyerbcs
PEKUM 3JIUTIAHHS-TTPOKOB3YBaHHs, a ipu K >
K* — pesxum rnagkoro koB3anHd [12]. Bisgbim
TOTO, TSI PEKUMY TJIAIKOTO KOB3aHHsS 0OYJIO
3HA/ICHO aHAJITUYHY 3aJEKHICTh CUJIN KiHe-
TUYHOTO TePTs [, Bijl MBUIKOCTI KOB3AHHS U y
3arajbHOMY BunajKy f,(v) Jiniiino spocrae 3a
MaJliX © 3aBIAKN TeMmilepaTypi, ae f,(v) cha-
JIa€ 32 BEJIMKUX 0 BHACJIZIOK CTapiHHS KOHTAK-
TiB [14]. OTxRe, npyruii 3axkon AMoHTOHCA (Bi-
JIOMUIT TaKOK K 3aK0oH KyJsioHa) y 3arajbHOMY
BUIIAJIKy € HEBIPHMM; Ha IPaKTHUIll 3a3BUYAl
CIIOCTEPITAETHCST PEKUM TTOOIU3Y MAKCUMyMY
3anexHocTi f,(0), ie TepTs 3a1eKNTh BiJ| IBH/L-
KOCTI JIOTapupMidHO.

Opnnak B onucaHoOMYy BUIIE TiXO/i irHOPY-
BaJMcs NPYXKHI fedopMmaltii y TBEpOMY TiJIi.
Axio oguH i3 KOHTaKTIiB pyHHY€ETHCS, TO Ha-
IPY/KEeHHs, sKe BiH IATPUMYyBaB, Mac OyTH
posnoijieHe Mixk cycifiHiMu koHTakTamu. s
3HaXOJ/IKEHHsI 3aKOHY, 32 SIKMM Bi/0yBa€ThCS
el po3mo/IiJ, Ha Kaactepi [HCTUTYTY bisukn
HAH VYkpainu 064ucieHO PO3NOMIIL CHT Y
IpaTili KOHTAKTIB, KOJIM OJUH ab0 KiJbKa KOH-
TakTiB pylHyOThCs [15]. Busgsumiocs, 1o ic-
HY€E TIPYy;KHA KOPeJIAIliifHa TOBKUHA, KA BU-
sHavaeTbea dopmynoo A = a(Ea/k), ne a —
cepe/iHs Bi/ICTaHb MisK KOHTaKTaMu, E — Moy Jib

ISSN 0372-6436. Bicn. HAH Ykpainu, 2012, Ne 12



3 KA®EAPU MPE3VAI HAH YKPATHI

IOnra, & — npysKHicTh KOHTAKTIB. Y OJIVIKHIN
30HI1 Ha BIACTaHAX 7 < A_HaIPYKEHHS CIIa/Iac 3
BijicTanHIo sk 8f(7) ~ ' i cucTeMy MosKHa BBa-
KaT )KOpcTKOoi0. Ha 3HauHuX BiACTaHAX 7> A,
Jle HATIPY>KEHHST CIIajiae 3a 3aKOHOM df (1) ~ 73,
HeoOXiZIHO BpaxoByBaTH Npy:KHi medopmariii
/I yac KOB3aHHS TBEPAOTO Tija, a Pi3Hi fi-
JITHKW iHTepdelicy TepTss MOXYTh 3a3HaBATH
Pi3HUX 3MIIIEHb.

OTxe, Ha MaKpOpPiBHI TpoIleC KOB3aHHSI
MOXKHA PO3TJISIATH K MePEeMIlleHHsT CaMOBi/l-
HoBHOI Tpimuuu (self-healing crack). ¥V pasi
MOJIEJIIOBAHHSL TEPTSl 3a JIOIOMOTOI0 3eMmJie-
TPYCHOI MOJIeJli 1ieil mpoiiec MOKHA 3BECTH /10
TAKOTO CIIeHapilo: PO3PUB OJHOTO KOHTAKTY
[PU3BOAUTH 10 30ibIIEHHST HAPY/KEHHS Ha
CYCiTHIX KOHTaKTaX, 4epe3 M0 BOHU TaKOXK
pO3puBaIOThes, i T.1. BigbyBaeThes aHIorosa
peaxKilis Po3pUBiB, aHAJIOTiUHA e(heKTy JIOMiHO.
BukopucroBytoun KiHeTW4YHE PIBHAHHS, el
MPOIeC MOKHA OTTMCATH 34 JIOTIOMOT0I0 MOJIEJII,
noi6Ho1 10 Mozeni Mpenkesns — KoHToposoi,
i oTpUMaTH aHAJITHIHUI PO3B’SI30K /IS TIepe-
MIIIEHHST CAMOBITHOBHOI TPIIIMHU SIK COJIITOH-
Hoi xBuJIi [16].

Omnucani pe3yJsbraTi ajy 3MOTY HOSICHUTH
excriepumenTu Ik, Maiinbepra Ta iH., y SKUX
JIOCJI/IKYBaJIM 110YAaTOK PyXy KoB3aHHs. Busi-
BUJIOCSI, TIIO /IO TTOYATKY KOB3aHHSI BChOTO OJI0-
Ka 1o iHrepdeiicy mpodirae Kijbka XBUIb, 10
[PU3BOJATH 0 CTPUOKOMOAIOHOTO 3HUKEHHS
HAIpysKeHHs B OJIOI Ta 3MEHIIEHHs peaibHOI
mtonti koHTakTiB [ 1, 17]. Byso 3amporionoBano
MOJIEJIb, 0 CKJIAJIAETHCS 3 JIAHIIOJKKA 3eMJie-
TPYCHUX MojieJiell, 3B'd3aHUX [PYKMHKAMU
[18], pesysbratu sikoi 100pe Y3romKyIOThCs 3
excriepuMenToM. Ojiepskati JaHi 103BOJISIOTH
CIIOJ[IBATUCS HA MOJKJIUBICTD Tiepei0adeHHst pe-
AJbHUX 3eMJIETPYCIB: SIKIIO KOB3aHHS BCHOTO
6JIOKa IHTEPIPeTYBaTH SIK 3€MJIETPYC, TO OIIH-
CaHi BUIIE XBUJI € IPOBICHUKAMHU BEJUKOTO
3eMJIETPYCY.

Bucnosku [19, 20]:

* po3pobsieHo M/[-aaroputM Moze/IIoBaHHS
TepTsl, 3aCHOBaHUM Ha PiBHAHHSX Jlam:keBeHa
i3 Koe(dIIiEHTOM 3aracaHHs, SIKUM 3aJIeKUTh
BiJl KOOPIMHAT 1 MBU/IKOCTEN aTOMIB MaCTUJIA;
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* pe3yJIbTaTh MOJIeJIOBAaHHS TOKA3aJH, 110
3aJIeKHO B/l CITIBBIZIHONIEHHS MiXK aMILTITY/1a-
MM B3aEMO/III aTOMIB MacTujIa Mixk coOoI0 Ta 3
MOBEPXHIMHU MACTUJIO MOXKe OyTH M'SIKUM YU
JKOPCTKUM;

* y pasi M'gKkoro (TpajnIiiHOTO) MacTuJa
BOHO TITABUTHCS TiJ] YaC KOB3aHHS, a Koeilli-
€HT TEPTSI BUBHAYAETHCS B I3KICTIO MACTUIIA;

* JKOPCTKE MACTHJIO 3QJINIIAETHCS TBEPIAUM
ITi/] Yac KOB3aHHS, a 32 ONTUMaJbHUX Tapame-
TPiB BOHO MOJKe CaMOBIIOPSIJIKOBYBATHUCS, 3a-
6e311euyi04r JOCKOHAIE KOB3aHHSI;

* JIOCTI/IKEHO POJIb (HOPMU MOJIEKYJT MaCTH-
Jia i oKasaHo, 1o MiTKOnoAiOHI abo chepryHi
MOJIEKYJI MOKHA BUKOPHCTOBYBATHU SIK ehek-
TUBHI JJOMIIIKA 710 TPAAAIIHHUX MACTHUT;

* 00OY/I0BAHO TEOPito TEPTSI HA ME30CKOITIY-
HOMY pIiBHi 3a JIONIOMOTOIO KIHETMYHOTO PiB-
HSHHS, 110 /Ia€ 3MOTY PO3JIJUTU CKJIAJHY TIPO-
6JieMy MOBEIIHKU TPUOOJIOriYHOI CUCTEMH Ha
JIBa OKpeMux Imijzasaanus: (1) mocijpkenns
IUHaMiKu puKILitHOTO iHTepdeiicy, KO Bi-
JIOMUH PO3TO/IiN CTATUYHNX TTOPOTiB, Ta (2) BU-
3HAUYEHHS IHOTO PO3MOIIY /IJIs TIEBHOI CUCTe-
MH, [0 € OKpeMoio mpobiemoro aas M/I-
MO/IEJTIOBAHHSI;

* T10Ka3aHO, 1[0 B3AEMO/IisI KOHTAKTIB CIIPHU-
YUHIOE TIOSIBY MPYKHOI KOPEJSIiNHOI J10B-
JKUHU,

* ypaxyBaHHg jedopmMallii oB3yHKa MPHU-
3BOJIUTB /10 TTOSTBU KOJEKTUBHUX MOJL (COJIITOH-
HUX XBUJIb) B iHTepderici TepTs.
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WncturyT pusuku
HarnuonanbHoit akajieMuy HayK YKpanHbl
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COBPEMEHHBIE ITPE/ICTABJIEHNA
O MEXAHN3ME TPEHUA

Tpenue sBiIsIeTCS OAHON M3 CTapelinux (GU3MIECKUX
npo6aeM. OHO uMeeT GOJIbIIoe MPAKTHYECKOe 3HAUEHUE,
HECMOTPSI Ha 3TO, TI0JHOE IOHUMaHUe TIPOOJIEMbI [IOKA OT-
cyrcrByer. JIoKJIaj OCBSIIEH HOCTEIHUM TEOPETHYECKUM
UCCIIEOBAHUSM (DUBUKY TPeHUst. Bo-T1epBbIX, U3JI0KEHbI
PE3yJIbTaThl MOJIEKYJISIPHO-INHAMUYECKOTO MOJIETNPOBA-
HUsI TPEHUSI, KOTOPBIE TPOSICHSIIOT MUKPOCKOIINYECKHE Me-
XaHU3MbI [[BIZKEHUE TOHKOI MJIEHKN CMa3Ki. Bo-BTOPBIX,
00CYKIAeTCsT TIOAXO[ K TPEHUIO HA ME30CKOMMYECKOM
yposre. OGo6IIEHNsT 9TOrO TOAXO/AA TO3BOJSIOT YIeCTh
B3aMMO/IEHCTBAE MKy KOHTAKTaMu (HEPOBHOCTSIMIT),
OIMCATh PACIIPOCTPAHEHNE CAMOBOCCTAHABJIMBAIOIEHCST
TpelinHbl Bo (hpuKIMoHHOM nHTepdeiice u posib gedopma-
I TIO/IVIOKKH TTPH HAYAJIe CKOJTBKEHHS], @ TAKJKE PEICKa-
3aTh MOSIBIEHHUE PEABECTHIKOB 3eMJIETPSICEHNUIL.

Knwueegvie cnosa: mexanusm mpenus, MOIeKYIAPHO-
Qunamuueckoe MoOCIUPosanue, Camo8oCCManasIuBaIOusL-
ecsi mpewjuml, PpUKUUOHHbIL unmepdgeric.

O.M. Braun

Institute of Physics
of National Academy of Sciences of Ukraine
46 Nauky Ave., Kyiv, 03028, Ukraine

MODERN UNDERSTANDING
OF THE FRICTIONAL MECHANISMS

Friction is one of the oldest physical problems of great
practical importance; despite of this, a full understanding
of the problem is still lacking. The talk is devoted to re-
cent theoretical studies of the physics of friction. First, the
results of molecular dynamics simulations are considered,
which clarify microscopic mechanisms of motion of a thin
lubricant film. Then, the master equation approach to fric-
tion on the mesoscopic scale is discussed. Generalizations
of this approach in order to incorporate the interaction
between the contacts (asperities), the soliton-like propa-
gation of self-healing cracks in the frictional interface, and
the role of substrate deformations at the onset of sliding
which leads to appearance of precursors, are considered

Keywords: friction mechanism, molecular dynamics
simulation, self-healing cracks, frictional interface.
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