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IToBepxHOCTHASI JHEPIUA U MPOLECC CXBATHIBAHUS
KOHTAKTHPYOIIMX MOBEPXHOCTEN
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1KaJIy>I<CI<I/H7I ¢umman MI'TY um. H.3. baymana, Mocksa, Poccus

[Ipennaraercst paccMarpuBaTh HMOBEPXHOCTHYIO JHEPTHIO KaK JOMOIHUTENBHBIH HHCTPYMEHT IUIS
obecrieueHnst B MPOCTPAHCTBE MOCTOSHCTBA TIO3UIIMOHUPOBAHMS, T.€. HEMOABIKHOTO COCTOSHHS ABYX
KOHTAaKTHUPYIOIIUX JeTanei. JlaHHoe pacrojioxeHue peKOMEHIyeTcs MOJIydaTh C IMOMOIIBI0 TaKOTo
SIBJICHUS] Kak - 3¢ ¢exT cxBaTbhiBaHus. sl cO3aHMs ONPEAEICHHOTO YHEPreTHYECKOro COCTOSIHUS
KOHTAaKTHUPYIOIIMX JeTajel, Ipu KOTOPOM BO3HHKAIOT CBSI3M (MOCTHKH CXBAThIBaHMS), MIpeIaraeTcs
UCIIONIb30BaTh ~ TEXHOJIOTMUECKHH  mpouecc. Takum  0o0pa3oM, KOHTPOJIHMPYETCs  Ipolecc
(OPMUPOBAHUST PHEPTETUUECKOTO COCTOSHMS ITOBEPXHOCTHOTO ciIosi ABYX (M Ooisee) nmerameil ¢

3apaHee 3aJaHHbIMU q)HSHKO-MGX&HI/I‘IGCKI/IMI/I CBOMCTBaMH.

KiaoueBble ciioBa: pa60Ta BbIXO/Zla JJICKTPOHA, IMOBEPXHOCTHAS OSHEPrusA, KOHTAKTHASA PA3HOCTH

NOTEHIINAJIa, COIIPAKEHUE, TIOZULTUOHUPOBAHUC, TEXHOJOTHYSCKUI nponecc, MOCTUKH CXBAaTbIBaHU A

Bonpoc omnpeneneHus  COOTBETCTBYIOIIMX  KOI(M(UIMEHTOB TpPEeHHUS U1 HYXK]
MAIIMHOCTPOCHHUST B TPOIECCE KOHTAKTHPOBAHUS TOBEPXHOCTEH, TpeOyeT IOMOIHUTEIHHO
paccmoTperus. OCHOBaHMEM JUIS JTOTO CIy)KaT JdaHHBIE O «XUMHYECKOM CpOJICTBE»
MaTepHaloB, MX COBMECTHMOCTH, DHEpreTH4ecKkoM cpoicte u ap. [3,8]. DHeprermueckoe
COCTOSIHME, KOHTAKTHPYIOIUX MOBEPXHOCTEH, MOCTOSIHHO MEHSETCS M MEHSETCS KOA(PPUITHEHT
TPEHUs, HO JIBI)KEHUE HENPEMEHHO HAOJI0AAeTCsl, IPU ONpPEeSICHHBIX K€ YCIOBHUIX JBHKCHHE
MPEeKpaIaeTcs MOJTHOCTHIO M BOZHUKAET MPOIECC «CXBATHIBAHUS», «3a€IaHus» U TIp.

Ponp miepoxoBaTocTH B mpoOiieMe CXBaThIBAaHHUS IMO-TIPEKHEMY OCTAeTCsl BaKHEHIIei,
MHUKPOHEPOBHOCTH  HWTpalOT  pojb  CBOEOOpPAa3HOTO  3aMKa 1O  OTHOLICHHIO K
KOHTPMHUKPOHEPOBHOCTSIM. OnHAKO ecTh psia 3P(PEeKTOB MAIIMHOCTPOUTEIBHBIX COCIMHEHUH,
KOT/Ia SIBIICHUSI HEJb351 OOBSCHUTH TOJBKO C TIO3UIUH MEPOXOBATOCTH.

B cBere BhIIIE CKa3aHHOTO HEOOXOANMO PACITUPUTH TOHSATHE «HATPABIISIONINI JIEMEHT.
To ectp - 3T0 neranb, obecnednBarolias B IPOCTPAHCTBE OMNpeAeTIeHHOE (HEMOBMKHOE)
MIOJIOKEHHUE APYrod JeTaln ¢ COOJIOJACHHWEM BCEX TOYHOCTHBIX IMokazaTteneil. s Takux map
HEO0XOAUM BBICOKHH KOA(UIMEHT TPEHHS, U ero 00ecreyeHre MOXKET MPOU30MTH Ha OCHOBE

BbIOOpa HEOOXOMMOH MIEPOXOBATOCTH U SHEPTETUYECKHX TTOKa3aTeIel MTOBEPXHOCTHBIX CIIOEB.
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[Ipomiecc  cxBaThiBaHUSI JaeT €IHI€ OJHO BaXXHOE JOKAa3aTeIbCTBO  JCHCTBUSA
SHEPTreTUYECKOr0 COCTOSIHUS TOBEPXHOCTHBIX cJioeB. [lpu ompeneneHHBIX — yCIOBHUAX
KOHTaKTUPOBAHUS Maphl, KOTIa HAOII0JAaeTCsl TUIACTHYECKOe AeOPMUPOBAHNE MUKPOBBICTYIIOB,
a cMma3Ka dYaile BCEro OTCYTCTBYET, BO3HHMKAIOT OTACIbHBIE MOCTHUKH CBSI3M U OT/ACIIbHbBIC
MIPOTUBOCTOALIME MHUKPOBBICTYIIBI Kak Obl CBapuUBAaIOTCS W 00pa3yloT MOHOJMUT (puc.l).
OueBHIHO, YTO TakOH 3(PPEeKT BOZMOKEH NP HATMYUK B TTOBEPXHOCTHBIX CIIOSX JOCTATOYHOTO
KOJMYECTBA JHEpPruH, KOTopas, OOBEAMHSSCh C OSHEpPrueil BHENIHETr0 BO3ACUCTBUS TMpU

COCAMHCHHWH I1apBhI, crocoOHa CO31aThb MHOI'OYHUCJIICHHBIC MOCTHKHU CBA3H.

Puc.1. Cxema B3auMOJENCTBUSI MUKPOHEPOBHOCTEN

Takum oOpa3oM, ecTb MNOTPEOHOCTh BBECTH JIOMOJHUTENBHBIM MapaMerp KadecTBa
MIOBEPXHOCTHOTO  CJIOSI  HapsAay C  TBEPAOCTbIO, TOYHOCTbIO M  IIEPOXOBATOCTHIO
MTOBEPXHOCTHOCTH, C BO3MOXKHOCTBbIO OO€CHeunTh Oojee HaJaeKHOe MO3UIMOHUPOBAHNE
coIpsiraeMbIX JeTaneill. BeiOupast CoOTBETCTBYIOLINI METO/ MOJIy4YEHHUsI KauyecTBa MOBEPXHOCTH.

Jlnis TposiBJICHUS CXBaTbIBaHHWS HEOOXOAMMO, UYTOOBI 3alaceHHas SHEprust B TOYKax
KOHTAaKTOB IOJHSJIACH BBILIE ONPEAEIECHHOTO, Ul COOTBETCTBYIOIIEIO METAIa YPOBHS. OTOT
YPOBEHBb MOYKHO OIPEJEIINTH KaK SJHEPT€TUUECKHUI IOPOT CXBAThIBAHMS.

AHanu3 IOKa3bIBAET, YTO MOJIEKYJISIPHOE B3aMMOJEHCTBUE IMOBEPXHOCTEH B IPOLECCE
TPEHUs IPUBOJAUT K UX CXBATbIBaHUIO (BOZHMKHOBEHUE MOCTUKOB cBapku). [lomobHOe siBIeHME
MpHUCylle i1 MaTepuajoB C BBICOKUM YPOBHEM OHHEPruH, 4TO OyAET BBbI3bIBaTh pPE3KOE
BO3pAacTaHUE MOJIEKYJISIPHOM cocTaBisomeld KO3pPHUIMEeHTa TPEHUS, a B HEKOTOPBIX CIIydasx
MOJKET IPUBECTHU K 3a€JIaHUIO.

VYnopaBieHne  NOBEPXHOCTHOW  DHEPrHEH,  MO3BOJIIET  YNPaBISATh  CBOMCTBaAMHU
MIOBEPXHOCTHOTO CJIOSI, &, CJIEA0BATENbHO, M KOMIIEKCOM MEXAaHUYECKHX CBOMCTB Marepuasa B
nenoM. HecoMHeHHO, uTO (hopMupOBaHHE IOBEPXHOCTHOTO CIIOS C 3apaHee 3aJaHHBIMU
CBOWCTBAMM SKOHOMHYECKH Oosiee IenecooOpa3Ho, 4eM MOAM(UIMpPOBaHHE BCEro o0beMa
Marepuana. YTOpaBisisi TIIyOMHON TOBEPXHOCTHOTO CJIOS TIyTeM CO3JaHUsl OIpeAeICHHON
CTPYKTYphl, MOKHO 3a/1aBaTh JYHEPreTHMUECKUH YpOBEHb MaTepuaja B LEIOM, U 00ecreynBaTh
KOMILIEKC HEOOXOIUMBIX JIs SKCILTyaTallud MaTepralla MEXaHUYECKUX CBOMCTB.

JIoBOIbHO 4acTo HUTUPYETCS 3HepreTuudeckas Teopus [2, 3]. CorjmacHo 3TOW TeopuUH

pa3mepsl 1e(OPMHUPOBAHHBIX YYACTKOB, T. €. (JaKTHUECKas TUIONIA/Ib KacaHusl, ONPEIEISIOTCS He
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TOJIBKO ~ TPOIECCOM  IUIACTUYECKOro  AeQOpPMHUpPOBaHUS, HO M  MEXKIOBEPXHOCTHBIM

B3aHMOZ[€I>'ICTBPICM. 3Hepr1/151 aJArC3Mu Wab MCKITOBECPXHOCTHOI'O B33HMOH€IZCTBPISI HaxoauTcCs U3

dbopmyusl [3, 4]:
Wap =72+ 75 = Vb "

T€ Ya Vb, Yab - COOTBETCTBEHHO IIOBEPXHOCTHAsh dHEprus Teida a, Tena b u mexdasuas
MMOBEPXHOCTHAS SHEPTHSI.
DTa 3HEeprus HalpaBJIeHA B CTOPOHY YBEJIMUYEHHS peajbHOM IUIOMIAIM KOHTaKTa. Toraa 3Ty

ImIomaab MOXHO OIIPEACIINTE KaK:

L 1
p |1-2-W, -ctgf@/p-r

A2 =
)
rne L — HopmanbHas Harpyska; p — TBEpAOCTb 3yOIOB MHKPOHEPOBHOCTEW Ooiiee MATKON
neranu; Wap — SHeprust aaresuu; 6 — yron HakJIOHa BBICTYIIOB Oojiee TBEPJAOrO MeTajula K
MOBEPXHOCTH Ooyee MSTKoro; I — cpenHuil paauyc AeOpPMHUPOBAHHBIX BBICTYIIOB.
KoadduumenT Tpenus onpenensercs Kak:
S 2-W,_ -ctgd
f=—- |1+ ab +
P P @)

AHnanusupys Gopmyiny, BUIUM, YTO €CJIM BEJIMKA DHEPTUs aAre3ud KOHTAKTUPYIOIIHNX

METAJIJIOB, BTOPOU UJIEH B YpaBHEHHMU NMPUOOpETAET CyllecTBEeHHOE 3HaueHue. 1 31ecy cHoBa Ha
IIEPBBIN IUIAH BBIXOAUT TEXHOJIOTMYECKOE BO3IEUCTBUE HA IIOBEPXHOCTD.

Taxum o6pazom, kK03(hHUIIMEHT TPeHHUs MPH yUeTe aAre3MOHHOTO B3auMOJICHCTBUS BCeraa
BO3pacTaeT M 3aBUCHT OT cooTHomieHus Wab/p. B pabGote [5] ucmbiThiBaich 00pasipl ¢
pa3IMYHON TBEPJOCTHIO U HA pUC. 2 TOKa3aHbl 3aBUCHMOCTH MEXAY pabOTON TpeHus mnpu
nocTostHHOM cxxumartomiei Harpyske N=100 /H, narpy3koi, BbI3bIBaOILIei cXBaTbiBaHUE Py, U
MOBEPXHOCTHOM »sHeprueil y. M3 rpadukoB BHIHO, UYTO POCT IMOBEPXHOCTHOM 3SHEPrUU
yBenuuuBaeT Po U ymeHblaeT paboTy TpeHUs, HECMOTpPs Ha TO, YTO POCT MOBEPXHOCTHOMU
SHEPruM JIOJDKHO YBEIMYMBATh SHepruro amre3ud Wab U COOTBETCTBEHHO CHWXKATh Poy U
yBEIUYNBATh paboTy TpeHUs A.

OnHako cienyer yuecTb, YTO B Ipoliecce BbIOOpa MaTepuaa He0OXOAUM TaK K€ U ydeT
MEXaHUYECKHUX CBOMCTB MOBEPXHOCTU C MOCIECAYIOLIMM BIMSHUEM Ha HErO TEXHOJIOIMYECKOIO

npouecca — “Hakayku’ MOBEPXHOCTHOM IHEPTHH.
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Puc.2 I'padukn n3meHenne paboThl TPEHHS M HArPy3KH, BBI3BIBAIOIIEH CXBaTHIBAHNE OT HOBEPXHOCTHOM SHEPIHH

Nsmenstrores XAPaKTCPUCTHKU IIPOHECCa CXBATbIBAHUA MW IIPU HU3MCHCHHUH MaTcpualia
kouTprena. Ecmu Te ke cmiaBbl (cMm. puc. 3) [6] ucmbeitats B mape co crampto 1IX-15, To
YBCIIMYUBAOTCA MAKCHUMAJIBHBIC YCWIIHA Ppa3pylmiCcHUsA MOCTHUKOB CXBaTbIBAaHHA Pmax u
COOTBETCTBEHHO yBEIMUYUBAETCs paboTta TpeHus. [IpencTaBicHHas HA PUC. 3 3aBUCUMOCTD Prax
OT BEJIMYHMHBI TOBEPXHOCTHON HSHEPTrUM IOKA3bIBACT, YTO YBEIHUYCHHE TBEPJOCTH y OoJjee
MPOYHOI'0 MaTepUalia, BbI3BAJIO H3MEHEHUE COMPOTHUBIIAEMOCTH CXBaThiBaHHIO. B padote xe [3]
YYUTBIBACTCS TBEPAOCTH JIMIIh MSATKOTO METaslia, 4TO SIBHO HE JOCTATOYHO, U HEOOXOIMMO TaK
K€ YUHUTBIBaTh CBOWCTBA TBEPIOTr0 MaTepuana. Takum o0pa3oM, ¢ yBeTHUECHHEM [TOBEPXHOCTHOM

OHCPIYH YMCHBIIACTCA CUJIa Ha pa3pblB MOCTUKOB CXBAaTbIBaHUS.

Pmax, H
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MaKcHMaITbHOE YCWIME pa3pyLICHHs
MOCTHKOB CXBAThIBAHHS

IToBepxHOCTHAs 3Heprus Y. JUK/MM?

Puc. 3. 3aBHCHMMOCTh MaKCUMAaJIbHBIX YCI/IJ'II/Iﬁ pa3pyuieHud MOCTUKOB CXBaTbIBaHUSA OT HOBerHOCTHOﬁ OHEPrun

JJIA pa3iiIndHbIX craneit

Jns yBenuueHus kodduiieHTa TpeHus (BIUIOTH A0 CIETUIIEMOCTH), B XOJAE BBIOOpa
MaTepuaiga HEOOXOAMM TaK K€ W y4yeT MEXaHHYECKUX CBOWCTB IOBEPXHOCTHOIO CIJIOS, B
YaCTHOCTH CIIOCOOHOCTH MaTepualia ‘‘HaKayMBaThCs TIOBEPXHOCTHOHM »HEpruer B Tpoliecce

TEXHOJIOTHYECKON 00pabOTKH.
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Takum oOpa3om, B mpoliecce MEXaHWYeCKOH OOpabOTKM MaTepualia, W3MEHSs BHIbBI U
peKUMBI  00pabOTKM, MBI MOXXEM MEHATh XapakTep SHEPreTUYECKOrO  COCTOSHHS
IIOBEPXHOCTHOT'O CJIOSl HANpaBISAIOLIUX 3JEMEHTOB. A, KOHTPOJMpYsd Mpolecc ‘“‘HaKauyku’
SHEPIUU B IOBEPXHOCTHBIHN CJIOH, MBI CMOKEM YIPABISATH MPOLIECCOM TPEHUS — KO (PUITHEHTOM
TPEHUS.

JUis OpakTHYecKUX Iieflell MOXHO pPEKOMEHJI0BaTh KOHCTPYHWPOBaTh Hapy JeTajei,
KOTOpbIE HEIIPEMEHHO JOJKHBI OBITh 3aKPEIJICHbl HEMOJBUKHO OTHOCUTENIBHO JIpYr Apyra (Ha
HEOIPaHUYEHHO IPOJOJDKUTENBHOE BpEMs), PpErjaMeHTUpPYs, BO-IIEPBBIX ILIEPOXOBATOCTb
KOHTAKTUPYIOLIMX TOBEPXHOCTEH TPAJAMLMOHHBIM IyTeM. BO-BTOpPBIX, HEOOXOJMMO BBHIOpAThH
napy MaTepHalioB, Y KOTOPBIX Pa3HOCTh YHEPTETHUECKUX YPOBHEH OKa3bIBAETCSl HAHMOOJBIICH.
CooTBeTCTBYIOIINE KOPPEKTUBBI SHEPTETUYECKOTO YPOBHS 00ECIIEUMBAIOTCS TEXHOJIOTHYECKUM
BO3JICHCTBUEM.

Takum 00pa3oM, aHAJOrMYHO TOMY, KaK T€XHOJIOT 00ecleunBaeT Tpedyemble MmapameTphbl
IIIEPOXOBATOCTH IMOBEPXHOCTH, MPOEKTHUPYS TEXHOJOIMUECKHI mpolecc, oH OylneT co3/1aBaTh
yciaoBUA JUIsL TpeOyeMoro 3Ha4yeHHs IOBEPXHOCTHOM »SHEpPruu, ¢ LeNbl0 obecredeHus

MOCTOAHCTBA IMOJIOKCHUSA IBYX JeTanew.
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The paper deals with a challenge in terms of ensuring an accuracy of the relative position
of the conjugated surfaces that is to determine a coefficient of friction. To solve it, there is a pro-
posal to use the surface energy, as a tool that influences the contacting parts nature. Presently,
energy of the surface layers at best is only stated, but not used in practice.

Analysis of the conditions of interaction between two contacting surfaces, such as seizing
and setting cannot be explained only from the position of the roughness parameters. It is found
that these phenomena are explained by the appearing gripe (setting) bridges, which result from
the energy of interaction between two or more adjacent surfaces. The emerging phenomenon
such as micro welding, i.e. occurring bonds, is caused by the overflow of energy, according to
the theory of physics, from the surface with a high level of energy to the surface with the smaller
one to balance the system as a whole.

The paper shows that through the use of process, controlling the depth of the surface layer
and creating a certain structure, the energy level of the material as a whole can be specified. And
this will allow us to provide the necessary performance and mechanical properties. It means to
create as many gripe bridges as possible to ensure continuous positioning i.e. a fixed connection
of the contacting surfaces.

It was determined that to increase a value of the friction coefficient, the physical and me-
chanical properties of the surface layer of the parts material must be taken into account, namely,
in the part body accumulate the energy to be consumed for forming the surface.

The paper gives recommendations for including the parts of the surface energy in the quali-
tative indicators of characteristics. This will make a technologist, when routing a process, to
choose such operations and modes to provide the designer-specified parameters not only of the
accuracy and surface finish, but also of the surface energy, in particular, a value of the surface
energy. However, neither contacting surfaces nor their energy states can be treated separately
from each other.
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