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[TpupaboTKa SBISETCS MPOLECCOM CIIOXKHBIX TPHOOJIOTHIECKHX MEPEXO0J0B MOBEPXHOCTEH TPEHMSI OT HOBOTO CO-
CTOSTHUS (IIOCIIe M3TOTOBJIEHUS WK PEMOHTa) K npupadoranHoMy. OKoHYaHKE IPUPaOOTKU HACTYIIAET IIOCIIe CTa0MIM3aIiN
OCHOBHBIX TPHOOTEXHHYIECKHIX XapaKTEPUCTHK ITOBEPXHOCTEH M ITapaMeTpoB Ipoliecca TPeHUs. 3aKOHOMEPHOCTH ITpupaboT-
KU CBUJICTENIECTBYET O TOM, YTO HCCIIE0BATH IPOTEKAHUE MPOIECCOB BO3ZMOXKHO TPEMSI OCHOBHBIMH CIIOCOOAMH: IO U3Mepe-
HHIO MOMEHTA TPEHUsI; 110 BPEMEHHU IIepexo/ia CONMPSKEHNS B CTAOMIBHOE COCTOSIHUE; 10 XapaKTEPUCTUKAM KPATKOCPOYHBIX
U3MEHEeHHUH cuibl TpeHust. OnpeneneHrne OCHOBHBIX 3aKOHOMEPHOCTEH MO3BOJIMT MOBLICHTE 3 (GEKTHBHOCTD TPHPAOOTKH O~
BEPXHOCTEH TPEHUsI JeTaNei MalliH.

KaioueBble cioBa: npupabOTKa, MOMEHT TPEHHS, MaKpOTEOMETpPHUS, KOHTAKT COMPSKEHHBIX IMOBEPXHOCTEH,
3¢ deKT 0e3bI3HOCHOCTH.

BBenenue

[TpupaboTka Tpymuxcst HIOBEPXHOCTEH SIBISIETCS] OHUM M3 METOJIOB ITOBBIMICHHUS TOJITOBEYHOCTH Y3JI0B
W arperatoB MailiH U IPUMEPOM TPHUOOJIOTHUECKHX MEPEXO0J0B, XapaKTEPH3YIOIINX M3MCHEHHS B XapaKTepe
MPOTEKAHUS MPOLIECCOB TPEHUS U M3HOCA B 3aBUCHMOCTU OT BPEMEHH, KOIMYECTBA LIUKJIOB WM IIyTH TPEHUS.
Tpubosornyeckne W3MEHEHUsI HAOMIOJAIOTCS TIPH CMa3Ke WM HEMOCPEICTBEHHO B JIOKaJbHOI obnactu [1, 2].
AHanu3 mpoTeKaHMs IPOIECCOB MPUPAOOTKU CBUAETENLCTBYET O TOM, YTO MX 3aKOHOMEPHOCTH MOXKHO HCCIIe-
JIOBaTh TPEMs OCHOBHBIMHU CITOCOOAMU: MO M3MEPEHHUIO MOMEHTA TPEHHUS; 110 BPEMEHH MePeXoa CONPSKECHUS B
CTaOMITBHOE COCTOSHHUE; TI0 XapPaKTEPUCTHKAM KPATKOCPOYHBIX M3MEHEHU# CHIIbl Tperust [3, 4, 5].

Pe3ynbTathl Hccae10BaHN MHOTHX aBTOPOB MOATBEPKAAIOT, YTO KOT/Ia B CONPSDKEHUH HACTyIAeT TH/I-
POAMHAMHUYECKHH PEXHUM CMa3KH, TO HEMOCPEJCTBEHHBIN KOHTAKT JAeTajiel MUHUMaJbHbIHA, a KoddduiueHt
TPEHUS NPHU TOM yMEHBINAETCS M CcTabMIM3Hpyercs. Bmecre ¢ TeM, B MHXECHEPHOH NpaKTHKE CYIIECTBYET
OTPOMHOE KOJIMYECTBO CIIydaeB, KOT/Ia HE MPOUCXOIUT CTAOMIM3allMd MOMEHTa TPEHHs, YTO 00YCIIOBJICHO Xa-
pakTepOM MPOUCXOAALINX MOMEHTAIBHBIX M3MEHEHHH B 30HE HENOCPEICTBEHHOr0 KOHTakTa. O4eBHIHO, 4TO
TPYIIHECS TOBEPXHOCTH HAXOATCS B HOCTOSHHO U3MEHSIOIUXCS YCIOBUSX.

OnuH 13 paHHUX NPHUMEPOB BIHMSHUS NPOIECCca MOJATOTOBKH MOBEPXHOCTEH Ha KOA(PQUIMEHT TpEeHUs
ommucan ®. Boynenom u JI. Teitbopom B pabote [4], B KOTOpOit mMpupabOTKa MOBEPXHOCTEH OCYIIECTBISCTCS C
OTCYTCTBUEM MOBEPXHOCTHBIX IJICHOK U B Ka4eCTBE HMCCIETyeMOro MaTepHana B3ATO 30J0TO. BbIsABIEHO, 4TO
croco0 OKOHYATEeNbHON MOATOTOBKH TPYIIEHCS MOBEPXHOCTH B 3HAUMTENBHOM CTENEHHU BIIMSET HA XapakTep
NPOTEKAIIMX MpPU NMpUpaboTKe mpoleccoB. bonee rpyOble conpspkeHHBIE MOBEPXHOCTH MPHUPAOATHIBAIOTCS
ciiokHee ¥ KOA(QQUIIMEHT TpeHus 1mocie NpupaboTKH 3HAYUTENIbHO BbIIIE, YeM y 0ojiee KaueCTBEHHO IOJIOTOB-
JICHHBIX HOBepXHOCTel [6]. Hawmydmime pe3ysibTaThl ObLIH MOJTYYEHBI Y BHIPOBHEHHBIX MIOBEPXHOCTEH 3JIEKTPO-
XUMHYECKIMH MeToAaMH. [I0BEpXHOCTHBIE MJICHKHM TaKXKe OKa3bIBAIOT 3HAYMTEIHHOE BIMSHHE HA U3MCHEHHE
Koa(duimenTa TpeHus npu npupabotke [7, 8]. XapakTep NMPOTEKAOIIUX MPOIECCOB MOXKET MEHSITHCS Kap.H-
HaJIbHO M 3TO JIETKO OOBSCHAETCS TEM, YTO MPOIECCH TPEHHUSI OKa3bIBAlOT MAaKCHMabHOE BO3JICHCTBHE HETO-
CPEICTBEHHO Ha MOBEPXHOCTH Aetanu [9 ... 12].

Jnst mprpabOTKU CONPSDKEHHUH AeTaleid [BUraTeneil IpUMEHSIOT pa3jinuHble MeTobl. CTpeMiieHue mo-
HU3UTh KO3 UIMEHT TpeHNsI B HAYAIBHBIM NepHo NPHPabOTKH 3aTPyIHIET MaKpOreOMETPHIECKYI0 MPHUCTIO-
cabnuBaeMocTh noBepxHocTeil. JlobaBineHne pa3MyHOro poaa abpasWBHBIX YacTHUI] B 30HY TPEHHS XOTb M pe-
IIaeT BOIPOCH! NPHUPAOOTKU CONPSDKEHUH C MaKPOT€OMETPHUYECKUMH OTKJIOHEHUSIMHU, HO TIPUBOJIUT K IIAP>KUPO-
BaHUIO TIOBEPXHOCTH C MOBHIIEHHBIMH 3KCIITYaTallMOHHBIMA W3HOcaMU. CHIDKEHHE BA3KOCTH CMA30YHBIX MaTe-
pHAaJIOB MOTYT NIPUBECTH K CONIDKEHHIO TPYIINXCS MOBEPXHOCTEH, MMOSIBICHUIO 30H HETIOCPEACTBEHHOI'O MeTa-
JIMYECKOTO KOHTAKTa, YTO, B CBOIO OYepe/ib, IPUBOINT K 3aAHPY.

Hamnbonee mporpecCHBHBIMHU SBISIFOTCS METOJIBI, B KOTOPBIX COBMEIICHBI HECKOJIBKO CIIOCOOOB MpHpa-
OOTKH, TO3BOJIAIONINE MOBBICHTH 3(P(PEKTUBHOCTH MPOIECCa MEXAHHYECKOTO B3aUMOICHUCTBUS TPYIIMXCS ITIO-
BEPXHOCTEH 3a CUET BO3JEHCTBUS NIEKTPUUECKON, XUMUUECKON U Apyrux 3Hepruil. OJHUM U3 TaKUX SIBIISETCS
METOZ MPUPAOOTKH C HATOKCHHEM IIEPEMEHHOTO 3JIEKTPHUYECKOr0 TOKa Ha conpsikenust neraneid [13]. Tlpeumy-
HIECTBA MMEKTPOXUMUKO-MEXaHUYECKOTO BO3JCHCTBUS I BBIPABHUBAHUS IMOBEPXHOCTEH CONMpPSKEHHBIX JeTa-
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ne#t mupoxo ucnons3yercs B CIIA u Kurae [14 ... 18]. IIpumeneHne cOBMEMEHHBIX MPOLIECCOB MO3BOJSAET MO-
JIy4aTh BHICOKOTOYHBIEC MPO(MIN NOBEPXHOCTEH Ha TBEPIOCIUIABHBIX JETAISIX WIHM TaM, ryie TpeOyeTcs BbICOKas
TOYHOCTh TEOMETPUYECKOil (opMBL. boibIioe BHIMaHHE BOIPOCaM MPHUPAOOTKH CONPSIKCHUHN NeTajel yaemns-
€TCs yIeHBIMHU BO BcéM Mupe, Tak [letep bmay [19] Beigenwn BoceMb pa3HOBHIHOCTEH 3aBHCHMOCTEH MOMEHTA
TPEHHUs B Havaje MpUpaboTKH TpudocompsnKeHUH. B ero paborax 3amoxeHbl GyHAaMEHTaIbHBIE OCHOBEI H3y4e-
HUS TIPOLIECCOB TPUPAOOTKH.

Haunbonee mepcneKTUBHBIM NMpH HpHPabOTKe pabOUYMX MOBEPXHOCTEH SBISETCS NMPUMEHEHHE COBME-
OIEHHBIX TPOIIECCOB B COMNPSDKEHHMAX JeTaneid y3moB u arperatoB MCXT. Hampumep, 37IeKTPOXUMEKO-
MEXaHWYeCKOe MOJIMPOBaHKE, KOTOPOE LIMPOKO MPUMEHSETCs Ul GOpMHUPOBaHMS IOBEPXHOCTEH C 3aJlaHHBIMU
CBOWCTBAMH Ha JIeTalsAX W3 KapOuma kpemuus [20], Tutana [21], Ha MeTHBIX MOBEepXHOCTAX [22, 23] B 37cK-
TPOHHOI MpOMBITIIIEHHOCTH [24]. OCHOBBI TEXHOJIOTUU 3TUX IpoleccoB onucanbl yu€HeiMu Kurtas, CIIA u
TaiiBans [25, 26, 27]. Mx npuMeHeHHe MO3BOIUIIO JOOUTHCS OTIMYHBIX PE3YJIbTaTOB IPH U3TOTOBJICHHH KECT-
KUX JUCKOB KOMIbIOTepoB [28]. [Ipu 3TOM OCHOBBHI ITOJIMPOBAHUS MEIM U cepedpa elle pa3 JoKa3bIBatoT AP Qek-
TUBHOCTh JaHHOTO BHJa NMPUPaOOTKH 3a CU€T Toro, 4ro GopMooOpazoBaHHE MOBEPXHOCTH MPOXOAUT MPH TH-
POIMHAMUYECKOM peXHME TPEHHS 3a CUET ANIEKTPOXUMHUYECKoTo daxropa mpormecca [29 ... 31]. Ilpumenenue
OpPTraHUYECKNX KHCIIOT 3HAYUTEIFHO YCHINBACT MOJIO0KUTEIBHBINA dPQEKT MPH XMMUKO-MEXaHHIECKOM IOJIHPO-
BaHWM ITTOBEPXHOCTEH IIPU M3TOTOBJIEHHHM COBPEMEHHBIX JeTalel MHUKPO3JIEKTPOHHOW HpPOMBINUIEHHOCTH [31,
32]. 3apyOexHBIMH y4EHBIMU pa3padaThIBAINCh MAaTEMAaTHYECKUE MOJENN HPOLECCOB MOJMPOBAHMSA C yIETOM
BHEJ[pEHHs aOpa3uBHBIX YAaCTHIl B 0OpabaTbiBaeMylo MOBEPXHOCTh. KpoMe 3TOr0, OBUIM pa3paboTaHbl MOIEIH
XMMHKO - MEXaHHYECKOTO TTOJIMPOBAHMA MEIH C IOMOMIBIO IIockoro nmputupa [33]. Ocoboe mecTo B mccieno-
BaHMAX yAenseTcs GOPMHPOBAHUIO Pa3JEIHUTENLHBIX CIIOEB CMa3KH MEXIY TPYLIHMMHUCS MOBEpXHOCTAMH [32].
CornacHo uccnenoBanusiM KemOpumkckoro u Maccauycerckoro HHCTHUTYTOB TexHodoruu J[. Oxymy Oyma u
Jpiony C. BonuHry 3()()eKTHBHBIM OKa3bIBAaETCSl Jake NMPHUMEHEHHE XWMHKO-MEXaHHYECKOTO BhIPABHUBAHUS
MOBEPXHOCTEH ¢ (POPMUPOBAHUEM BO BIAJUHAX ILIEPOXOBATOCTH OKCUAHBIX IIeHOK [31]. [TomoOHBIX pe3ynbra-
TOB Joctur U Jluk ne Pysep B cBoux uccnenosanusix [30].

HccnenoBanusi KOHTAaKTHOTO B3aMMOJEHCTBHUS CMa3aHHBIX MOBEepXHOCTEH, npoBeneHHble A.I'. Ky3b-
MeHKO U A.B. JIpIX0Hi, MO3BOJISIFOT pacCMOTPETh BOMPOCHI MPUPAOOTKH TPYLIUXCS TIOBEPXHOCTEH € YIETOM Me-
XaHMYECKOTO (paKTOpa M3HAMIMBAHUS JUIS CONPSDKEHUH, HE HMEIOIINX MaKPOI'€OMETPHUECKUX OTKJIOHEHHUH [34].
Merto/ OLeHKH TPHUOOTEXHHIECKUX CBOMCTB IUIS YCIOBHH peXHMMa paboThI, MPEACTaBICHHBIA B MOHOTpaduH
Jmutpuuenko H.®@. u Manakanosa P.I". [35], qan BO3MOXKXHOCTh MOCTPOUTH MAaTEMATHYECKYIO MOJIENb 3aBUCH-
MOCTH WHTEHCHBHOCTH M3HOCA OT COBOKYITHOCTH MCXOJAHBIX NAapaMeTPOB: TOJIIMHBI MACISTHOTO CJIOS, PaboOThI
TPEeHHUs, TMHAMUYIECKOH BSI3KOCTH Macia, MUKPOTBEPAOCTH, pekuMa paboThI.

Heab padoTsbl

AHaJiu3 MPOIECCOB MPUPAOOTKH TPYUIUXCS MOBEPXHOCTEH U CO3MAaHHE TEOPETHUYCCKUX MPEANOCHLUIOK
JUTISI IOCTPOEHUST MOJIENH TPUOOIOTHIECKUX MEPEXOI0B OT MEPBOHAYAIBHOTO JI0 MPUPAOOTaHHOTO KOHTAKTA.

H310:keHEe 0OCHOBHOTO MarTrepuaJia

B obmem cimygae mporecchl npupabOTKH IeTalleil CONpsHKEHU OyIyT 3aBHCETh OT HaYaIbHBIX YCIIO-
BUI: U3MEHEHUS CHII B HEMIOCPCACTBEHHOM KOHTAKTE, CKOPOCTHU W HANIPABJICHUSA B3aMMHOI'O IEPEMEIICHNA, BO3-
pacTaHus TeMIepaTypbl TPEHUS, B3aUMOJICHCTBHUS MMOBEPXHOCTEH C Pa3IMUHBIMU CMa3kaMu U T.1. OTMeuaroTcs
U ApyTHE U3MEHEHHs, IPOUCXOIAIINE TP CTAPEHHH CMa30K M CONPSKEHHBIX MoBepxHocTeil. Hanbounpinee 3Ha-
YCHUEC UMCIOT YCJIOBHUA KOHTAKTa COHpH)KeHI/Iﬁ neTaneﬁ, qucroTra HOBerHOCTeﬁ, MEpOX0oBaTOCTh, JJICKTPOXHU-
MHUYECKOE B3aUMOJCUCTBHE MOBEPXHOCTEH MEXIy COOOW B CMA304HOW Cpelle W pas3pylieHHe MOIMOBEPXHOCT-
HBIX CJIOEB MaTepuana aerainei (puc. 1).

DAKTOPBI, BJIMAKILIHE HA ITPOLIECC TIPUPABOTKH
COINPSDKEHHBIX TOBEPXHOCTEH JETAJIER

Hasnenne CKOpOCTb B3aHMHOTO
B KOHTAKTe nepeMeleHus
HznococroiikocTs Xapakrep B3aHMHOTO
MOBEPXHOCTER nepeMerenus

INEKTPOXMMHYECKOE B3aHMOJICHCTBHE

Kauectso nosepxHocrei .
COMNPSAZKCHHBIX MMOBEPXHOCTEIT CO CMA3KaMH

Bnusauue TCMIICPATYPbI

Puc. 1 — ®dakTopsl, BIMSIOUINE HA PO ECCHI MPHPAOOTKH
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Juis packphITHs TPUOOJOTHMYECKUX OCHOB IMOBBINICHUS 3PPEKTHBHOCTH IPHUPAOOTKH MMOBEPXHOCTEH
TPEHUs JeTajci MallMH HEOOXOMMO PAacCMOTPETh BIUSHHUE Pa3IHYHBIX (PAKTOPOB HA MPOTEKAHHUE MPOUCKO/IS-
mux npoueccoB. [lonyueHHbIe pe3ysbTaThl JSITYT B OCHOBY CO3/IaHHS TEOPETUYECKOW MOJIENH, ONUCHIBAIOIICH
M3MECHEHHE MOMEHTA TPSHUSI TIPU MPHPabOTKe.

Ha u3MeHeHHe MOMEHTa TPEHMS, XapaKTEPU3YIOLIET0 Pas3IMYHbIe MPOLECChl MPUPAOOTKH, BIUSET Iie-
a1 psig hakTopoB. K OCHOBHBIM M3 HUX MOXHO OTHECTH IMPOLIECCHI, MPOTEKAIONHE B 30HE KOHTAKTA, U OKa3bl-
BAlOI[Me BIMSHUE HA BO3HUKAMOIIMNA MOMEHT TPEHHUS MPH MPHUPAOOTKE TPYIIUXCS MOBEPXHOCTEW: 1| — MOMEHT
IpY W3MEHEHHWH IIEPOXOBAaTOCTH, KOTOpas Oputa chopMupoBaHa HpH (UHHUITHOH 0O0pabOTKE MOBEPXHOCTH
(M, wep); 2 — MOMEHT IpY N3MECHEHHMY [ABJICHHS HA IPHPA0ATHIBACMBIX [IOBEPXHOCTAX B IPOLIECCE IPUPAGOTKH
MaKporeoMeTpuueckux OTKIOHeHUH (M, 546); 3 — MOMEHT IPH M3MEHCHUN PEXMMOB TPCHHS BCIICACTBHE YBe-
NMYEHNUS TUIOWAAN TATHA KOHTAKTA (M), pesc); 4 — MOMEHT NPH M3MEHEHHH TOJIUMHbI PA3ACISIOLIEro CIIO0s
cmasky win paGoueit cpenst (M, x ¢); 5 — MOMEHT P H3MEHEHHH HHTCHCUBHOCTHU BIIHSIHHS YICKTPOXHMHYC-
ckuX (haKTOpPOB TpoIlecca IpPH HCIOIB30BAHWN COBMEIICHHBIX METOMOB MPHUPaOOTKH (Mm,, on xun); 6 — MOMEHT
PU U3MEHEHUH BIMSHHUS IIPHCAJIOK HA IpUpabatbiBaeMbie OBEPXHOCTH (M, ypuc); 7 — MOMEHT IPH H3MCHEHHH
XapaKkTepa M3HAIIMBAHMUsS [IOBEPXHOCTEH M yJaJeHHUs IPOAYKTOB m3HOca U3 30HBI Tperus (M, vip us); 8 — OT

cBoiicts Marepuana geraneit (M, e vam ); 9 — OT Temuepatypsl B 30He TPEHHS (M, mewn)-
MaremaTiyeckoe ONMCaHHE M3MEHEHHsS MOMEHTa TPEHUs 3a BpeMsi NPUpaOOTKH NODKHO YYUTHIBATH
BCE BhILICNIEpeUrCIeHHbIe (DaKTOPbI U UX codyeTanue. [IpeacTaBuTh 310 ypaBHeHHE MOXHO B Buze (1):

Mmp = Mmp wep + an dag + Mmp peoxc + Mmp crem + Mmp 271 XuM + Mmp npuc + Mmpxap u3 + Mmp c6 mam + Mmp memn (1)

Hanwune neBstu ciaraeMplX B ypaBHEHHH (1) 0OyCIABIMBAET CIOXKHOCTH HPOTEKAIOLIUX MPOLECCOB,
KOTOpBIE (POPMHUPYIOT pa3iiMuHble XapaKTephbl MPOTEKaHUsI PUPAOOTKH, O YEM CBHICTENILCTBYIOT Tpa()UKU HU3-
MEHEHHsI MOMEHTA TPEHUSI, [IPEACTAaBICHHbIE Ha PHC. 2.

Boubiioe KoMuecTBO BIUSIOMMX (PAaKTOPOB CIIOCOOCTBYET MPOTEKAHHIO TPUOOIOTHUECKHX TIEPEX0/I0B
IpHU MpUpaboOTKe TpUOOCONpPsDKEHNH. B nieanbHbIX YCIOBHSX, KOTJa MOTOTOBJICHHbIE OBEPXHOCTH, MUKPO- H
MaKpOreOMETPHsI KOHTaKTa COOTBETCTBYIOT IIPHPAOOTAHHBIM COIPSDKCHHSIM, BpeMsi Takoro mepexoxa {,,1 crpe-
mutes K 0 (puc. 2, 1). Hanmune cMa3ku MeXAy TPYLIIMMHUCS MOBEPXHOCTAMHU KapIUHAIBHO MCHSCT XapaKkTep U3-
MEHCHHS MOMEHTa TPEHHS MPH MPUpadoTKe (puc.2, 2 U puc.2, 3), HO KOIUYECTBO TPUOOJIOTHIECKUX MEPEX0I0B
pU 9TOM He MeHseTcs (B 00O0MX Cllydasix HabJrofaeTcst oauH nepexo 1,1 oT HadambHOro ypoBHsS MOMEHTa
TpeHust 10 yctaHoBuLIerocst M,.,).

HauGonee xapaktepHasi 3aBUCUMOCTb M3MEHEHHUsI MOMEHTa TPEHHMS MPU MPUPAOOTKE METAIUIMYECKUX
MOBEPXHOCTEH co cMa3koil (puc.2, 4) MPOUCXOIMT 3a JBa TPHOOJIOTrMUecKHX nepexozaa. Hamuuue mepBoro w3
HuX {1 OOBSCHSETCS BIMSHNEM IIIEPOXOBATOCTH MOBEPXHOCTEH Ha BO3PACTAHHE MOMEHTA TPEHHS, HHTCHCH(DH-

KAIL[MK [POLECCca H3HAIIMBAHKS W IIOCTEIICHHON ero cTabHiIn3alieil Ha BTOPOM Mepexoje TpruOo conpsukeHust 1,
K yCTaHOBUBIIEMYCS IPUPaOOTaHHOMY COCTOSIHUIO.

TpuboconpspkeHsl, BKIIIOYAOIINE HeMETAIUTMYECKIe MaTepuaisl, (puc.2, 5, 6, 9, 10) npupabarsiBarot-
cs 3a OoJbIIee KOJIMYECTBO TPHUOOJIOTHYECKUX MEPEXOA0B C PAa3IMYHBIM YepelOBaHMEM IHMKOB M BIAIWH Ha
rpaduke U3MEHEHHs1 MOMEHTa TPEHUsI MPH MPUPabOTKe. DTO CBSI3aHO C BIHMSHUEM TEMIIEpaTypHOro (axropa,
HaJIMYMEM HATIOJIHUTENEH U XapaKTepoM BBIBEJCHUS UX U3 30HBI TPEHHS IPH NTPHUPAOOTKE.

Pe3koe yBennueHne Harpy3kd B METAJUIMYECKOI Mape IpH CBapKe TPEHWEM M BO3PACTaHHE CKOPOCTH
B3aMHOTO IIEPEMEICHHS B Ha4aJIbHbII MOMEHT NPUBOJIUT K YMEHBIICHUIO MOMEHTA TPEHHS n3-3a Tpy0oii pu-
pabOTKH TPYIUXCs HOBepXHOCTEH (epexon 1,1, puc.2, 7). IToBbIIeHHE TEMIIEPATYPhI B 30HE TPSHHUS IPHBOIHT
K 00Pa30BaHMIO 30H CXBAThIBAHHS M BO3PACTAHHMIO MOMeHTa Tpenus (mepexox 1,2, puc. 2, 7). Harpes Tpymmxcs
OBEPXHOCTE}i NOBBIIACT MX [UIACTUYHOCTD M IPUBOJUT K CTAOHIM3ALUM MOMEHTA TpeHHs 10 ypoBHs M., B
JaHHBIX YCIOBUAX KcniepuMenTa (nepexon L3, puc. 2, 7).

MakporeoMeTpruuecKie OTKIOHEHHSI MOTYT YCJIOKHUTH MPUPaOOTKy TPYLIUXCS ITOBEPXHOCTEH JeTaneit
U TIOCITY)KUTh NPUYMHON YBEJIMUCHUSI KOJIMYECTBA TPUOOJIIOTHYECKHX IEPEXO0/J0B C BPEMEHHOH CTaOMIM3anuen
MOMEHTA TPEHMS Ha IPOMEXYTOYHOM ypoBHE (puc. 2, 8).

CwMma3ka Tpymuxcs MOBEpXHOCTEH OKa3bIBaeT CYIIECTBEHHOE BIISIHHAE Ha MPOTEKaHHE Mpolecca npupa-
6oTku. Tak, NpUMEHEHHUE KOHCHCTEHTHOM CMa3ku B TpuOoconpsbkeHue "cranb - cranb” (puc. 2, 11) npuBeno k
M3MEHEHHIO MOMEHTA TPEHHS, XapaKTepPHOT0, HallpuMep, Ul N3MEHEHNS MOMEHTA TPEHHU I TP PUPAOOTKE Me-
TAJUTMYECKUX MOBEPXHOCTEW ¢ 00bIYHON cMa3koit (puc. 2, 4). KonnuecTBo TpHOOIOTHUECKHUX TEPEXOI0B BO3-
POCIIO IO CeMH, YTO MOXKET OBITh CBA3aHO C YMEHBIICHHEM BSI3KOCTH CMa3K{ IPH MOBHIIICHUH TEMIIEPAaTypHl B
npupadaThIBAEMON 30HE.

Tpuboconpspkenus ¢ peanuzanueil ¢ Qpexra 6e3bI3HOCHOCTH XapaKTEepU3yIOTCsl IEPHOANIECKUM Hapa-
IIMBaHUEM Ha MOBEPXHOCTH CJIOSL MEAM M €r0 MOCTENEHHOI0 M3HAIIMBAHUSA. DTO NPUBOAUT K MEPUOIUUECKOMY
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BO3pPACTAaHMIO M YMEHBLIEHHUIO MOMEHTA TPEHHs C OoOmIed TeHIeHUMEeW ero cTabwin3alyu Ha ONpe/elICHHOM
yposte M,,,,. KomnuecTBo TpHGOIOrHYECKHX MEPEXON0B B TAKMX CHCTEMaX MOXET ObITh HEOrPAHWYCHO, YTO
OTBEYACT CYTH NPOXOAAINX MPOLECCOB HAPAIMBAHMUS U N3HAIINBAHUS TIOBEPXHOCTEH.
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Puc. 2 — XapakTep n3MeHeHHsI MOMEHTa TPeHHsI B poecce MPUPAGOTKHU:
1 — upeajibHbIE YCJIOBUS;
2 — npupatoTKa XPOMUPOBAHHOI'0 NAJIBLA K YYTYHHOMY JHCKY CO CMA3KO¥i;
3 — npupadoTKa MeTAININYECKNX MOBEPXHOCTEll 6e3 cMa3Ku;
4 — HauGoJiee XapaKTepHasi 3aBUCHMOCTb U3MEeHEHUs MOMEHTA TPEHHSI NPH NPUPA0OTKe MeTAJLIMYECKHX IIOBEPXHOCTEll O CMa3KOIii;
5, 6 — npupadoTKa TPUGOCONPSIIKEHU i, BKIIOYAIOMIHX HEMETATHYECKHE MATEPHAIBI;
7 — M3MeHeHHe MOMEHTAa TPeHHsI MPH KPUTHYECKHX HArpy3KaX B MEeTAUIHYECKOM CONMPSIZKEHNH TPeHMsI (CBapKa TpeHHeM);
8 — M3MeHeHne MOMEHTA TPEHHUsI B CONPSKEHUH ""OpoH3a - cTajib' §e3 CMa3KU NPU YBeIHYEHHH YIJIa MepeKoca;
9, 10 — u3MeHeHHE MOMEHTA TPEHHsI B THPOOCHCTEMAX, BKJIIOYAIOLIMX MOJIMMePHI ¢ HANOJIHHTEISAMH;
11 — n3MeHeHHe MOMEHTA TPEeHHUsI B CONMPSIKEHNH ''CTab - CTAJIb' MPH pa3aesIeHNH KOHCHCTEHTHOI cCMa3Koii;
12 — u3MeHeHHe MOMEHTA TPEHHsI B TPHOOCONPSIIKEHUAX € 00ecredeHneM PeskuMa 0e3bI3HOCHOCTH
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Ananusupys ypasHernue (1) HeOOXOAUMO MPOCICAUTH B3aUMOCBS3H NPOLECCOB, BIMsIOWUX HA M,
MO:KHO BBIAE/IHTD COCTABIISIONINE MOMEHTA TPSHHS, CBS3aHHBIC CO CBOMCTBaMU MOBEPXHOCTEH TPeHUS My, o
(2), Brewneit Harpy3koit My suew nazp (3), cBOMcTBaMu cMazounoro Matepuana M, cuqs (4) 1 NEKTpOXUMEYE-

ckoro Bo3aeicTBHst My, 51 v

Mmp nos Mmp wep + Mmp xap u3z + Mmp c6 mam + Mmp memny (2)
Mmp sHew Hazp = Mmp oas + Mmp peoics (3)
Mmp cnas M, mp cncem +M, mp npuc» (4)

C yuerom (2),(3) u (4), ypaBuenwue (1) npuanmaer Bu (5)
Mmp = Mmp nog + Mmp 6Heul Hazp + Mmp cmas + Mmp 9 XUM? (5)

[Tpumepom BIMSHMS 3IIEKTPOXMMHUYECKOIN COCTaBIISIOIIEH Mpoliecca TPEHUS ABYX NMPUpPadaTHIBAEMBIX
MIOBEPXHOCTEH MOTYT CIIY)KHTh Pe3yJIbTaThl, OJTyUYeHHbIE aBTOpaMu B MoHorpaduu [36]. [Tokasana npuHIMNu-
anpHas BO3MOXKHOCTh MPUPAOOTKU U HCIPABICHUS MAaKpOI'€OMETPUM TPYIIUXCA AeTanel MyTeM 3JIeKTPOXUMH-
Ko-MexaHndeckoil npunpabdorku (OXMII), koTopas xapakTepHa A AeTalell peMOHTUPYEMBIX IBUTATeNeH,
Pa3BUTHA IUIOIIAAU IISITHA KOHTAKTa MPU CPAaBHUTEIHHO HEOONBIIOM H3HOCE. BBIIO BBIABICHO, YTO HA U3MEHE-
HHE MaKpOI'€OMETPHH JeTajel OKa3blBalOT BIMSHUE DJIEKTPUYECKHE MapaMeTphl U PEKUM HArpyXeHHUs UX CO-
NpsLKEHUH.

Cuita TOKa B CONPSDKEHUH JIETANEH SIBIISIETCS 3HAYMMBIM (haKTOPOM ISl YCKOPEHHS Iporiecca mpupado-
TKU. [Ipudem, ¢ yBenMueHHEM MepeKoca MOPLIHA B THIIb3€ OT YETHIPEX [0 LIECTH pa3 MPEBBIMIAONIEM 3330,
3¢ PEKTUBHOCTh HAJOKEHHOTO 3JIEKTPUIECKOTO TOKa Bo3pacTana. Tak, IpH YeTBIPEXKPaTHOM IepeKoce crabu-
JM3aisi MOMEHTA TPEHHS TIPH CHJIe TOKa 5 U 8A, MpakTHYeCKH HacTylaaa Mocie 3-X MHHYT NPUPabOTKH, a C
YBEIMYCHHUEM CHJIBI TOKa 10 11A W BBIIIE MOMEHT TPEHHMS CTaOMJIM3HUPOBAJICS HA BTOPON MUHYTE IPOBEACHHS
aKcrepumenTa (puc. 3).
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Puc. 3 — XapakTep n3MeHeHHs! BeJIMUNHBI MOMEHTA TPEHHUSs
BO BpeMEHH IPH 4-X KPaTHOM IlepeKoce B CONPSIKeHHH ""MopIIeHb-THIb3a" NPH CHJle TOKA:
1-5A;
2-8A;
3-11A;
4-14A;
5-17A

BennunHa MOMeHTa TpeHUs 1ocie CTa0MIIN3AIMN TaK)Ke 3aBHCENIa OT CHJIBI 33IaHHOTO DJICKTPHYECKOTO
TOKa: 4YeM OOJIbIIe TOK, TEM MEHbIIe MOMEHT TpeHHs. OJHAKO MPH 3TOM BEIMYMHA CHWXKEHHUSI MOMEHTA TPEHHS
HE NMPONOPIMOHATIbHA YBEITUUEHHUIO CUIIBI TOKA.

MO>XHO BHUJIETh, YTO B JAHHBIX YCJIOBHSIX NPHPaOOTKH yBeIHdeHHE CHIIbl Toka oT 11 mo 14 n 17A mo
WCTEYCHNH AECATH MUHYT OIBITA HE BRI3BIBAJIO CYIIECTBEHHOTO M3MEHEHHSI MOMEHTA TPEHHS. DTO CBHICTEIHCT-
ByeT 0 ToM, uTo ipu DXMII yBenmuuBaTh CHITy IEpeMEHHOT0 TOKa CBEIIE 14A He UMeeT CMBICTA.

[Ipu mrecTUKpaTHOM TEpPEeKOCce B CONPSDKEHHHM jAeTaneil cria Toka B SA mpu OXMII He obecneunBana
CHIDKEHHE MOMEHTA TPEHUS, YTO CBHJIETEIHLCTBOBANIO 00 YCIOKHEHHH IIpoliecca MpupabOTKH CONPsKEeHUS ""To-
J3yH - rrib3a” (puc. 4).
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Puc. 4 — XapakTep n3MeHeHHs1 B THYHHbI MOMEHTA TPEHHUsI BO BpeMeHH
NPH IIECTUKPATHOM IepeKoce B CONMPSIKeHNH ""MOJI3YH - THJIb3a" MPH CHJIe TOKA:
1-5A;
2-8A;
3-11A;
4-14A;
5-17A

IIpumenenne Metoga DXMII umeer psa CymIEeCTBEHHBIX MPEUMYIIECTB Iepes APYTUMHU BUJAMH OKOH-
YyaTenpHOM 00paboTku 1Mo 3(Hh(HEKTUBHOCTH CHW)KCHUS MOMEHTa TPEHHs mpu mpupadotke. B oTinuuue ot abpa-
3uBHOM npuTHpkH 1pu IXMII mosHOCTEIO HcKiTFOYaeTcst 00pa3oBaHie aOpa3UBHBIX YaCTHIl B BUJIE NMPOIYKTOB
H3HOCAa U Ipyrux BUIOB. Kak M mpu 31IeKTpOXUMHUYECKOM mNonupoBaHuu, npu OXMII npoucxomuT cHATHE
BHYTPEHHUX HaNpsDKEHUH, Kak B MHKPO-, TaK M MakpooObeMe moBepxHocTH Martepuana. DXMII nmo3somser
MIPOU3BOIUTH JIOKAIBHBII ChEM METalIa, HO MPU 3TOM OTCYTCTBYIOT IMACCUBALMOHHBIE SBIICHHS, XapaKTepHbIE
IUTA DIIEKTpOXUMHIUYecKoi 00paboTku. Kpome toro merog DXMII obecrieunBaeT COBMECTHYIO 00pabOTKyY neTa-
nel 06e3 MPUMEHEHNs CEeNNAIbHBIX HHCTPYMEHTOB B OTIIMYHME OT a0pa3sMBHOW M 3JIEKTPOXUMHIECKOH 0Opabo-
TOK, O1arojaps 3TOMy IPOUCXOIMT OBICTpasi CTPYKTYpPHasl, MUKPO- U MakporeoMeTpHyecKas mpucrocabiBae-
MOCTh TPYIIHUXCS TOBEPXHOCTEH, CIIOCOOCTBYIOIIASI CTAOMIN3AI[MM MOMEHTA TPEHUS B MPUPaOaTHIBAEMOM CO-
MPSDKCHUH.

BoiBoabI

1. Ha usmenenne MomenTa Tpenust M,,,, XapakTepU3yOLIEro PasiiyHble IPOLEcChl IPUPAGOTKH BIIUSI-
eT uenbiil pan ¢pakropoB. K OCHOBHBIM M3 HUX MOXKHO OTHECTH clieAyronue: | — u3MeHeHHne MIepOXOBaTOCTH,
KoTopast Obu1a chopMupoBaHa npu HUHUIIHON 00pabOTKe MOBEPXHOCTH; 2 — U3MEHEHHE JaBJeHus Ha npupada-
THIBA€MBIX MOBEPXHOCTSAX B IpoIiecce NpupabOTKH MaKpOr€OMETPHUYECKIX OTKIOHEHUH; 3 — N3MEHEHHE PEXKHU-
MOB TPEHHS BCIIEACTBUE YBEIMUYCHHMS IIIOIMIAIH IIATHA KOHTAKTA; 4 — H3MEHEHHE TONIIMHBI Pa3eIAIONIero ciIos
CcMa3KH Win paboueid cpesibl; 5 — M3MEHEHUE HHTEHCUBHOCTH BIIMSHUS DJIEKTPOXMMHUUECKHUX (DakTOpoB mporecca
IIPU UCTIOJIb30BaHUM COBMEIIEHHBIX METOI0B IIPUPAOOTKH; 6 — U3MEHEHNE BIMSHUS MPHCAIOK HA IIpupadaTbiBa-
eMble TIOBEPXHOCTH; 7 — N3MEHEHHE XapaKTepa N3HAIIMBAHUS TOBEPXHOCTEH U yIaJIeHUs IPOAYKTOB U3HOCA M3
30HBI TPEHHS; 8 — OT CBOWCTB MaTepHalia JeTanei; 9 — oT TeMieparypsl B 30HE TPEHUSL.

2. Jlns npaBIIbHOM OLIEHKH COBMEIIEHHBIX IPOIECCOB B METO/I€ HEOOXOIMM CHUCTEMHBIH IO/IXO0/, KO-
TOPBIH CBA3BIBAET MPOLECCH MEXaHUYECKOI0 aKTUBUPOBAHUS TOBEPXHOCTEH C aHOAHBIM TPABJICHHUEM B YCIOBU-
X naccuBanuy. Takxke HEOOXOANMO YUMTHIBATH COITyTCTBYIOIIUE MPOLECCH, OAHUM M3 KOTOPBIX SBISIETCS Ta-
3000pa3oBaHue B 3eKkTponuTe. C ero moMoup0 MOKHO 3HAUNTEIBHO U3MEHATh HECYIIYIO CIIOCOOHOCTB pasje-
JUTETHHOTO CIIOS HIIEKTPOJIUTA B 3a30P€ PECYPCOONPEACIIIIOINX CONPSIKCHNH AeTanell U ero 3MeKTPOIpOBOAN-
MocTh. ['a3000pa3oBanme mpu NpUpadOTKE HANPSAMYIO 3aBHCHT OT HMOJAHHOTO pPaboyero HampspKEHHS Ha CO-
MpsDKeHHE AeTanel H KOTOPOe MOYKHO JIETKO KOHTPOJIMPOBATE.

3. OmpezeneHHo, Y4TO YIpaBlieHHEe TEXHOJIOTHYECKUMHE TapaMeTpaMu Mpoliecca MpUpadoTKU CONpsiKe-
HUIl arperaTtoB 0oJjiee JIETKO OCYIIECTBIIATH, U3MEHSSI OTHOCHTENIFHYIO CKOPOCTh M MPUJIATaeéMyl0 Harpysky, a
OTKJIMKOM IIpOIIecca SIBISIETCS IIEKTpHUYecKoe padouee HampspkeHHe. Ecim oHO HMKe HampspKeHHs! XOJIO0CTOro
X0/1a, TO CKOPOCTh B3aUMHOTO NEpEeMENICHUsI TPUpadaThiBaeMbIX MOBEPXHOCTEH CIIEIyeT IMOBBICUTD, ISl CO3/1a-
HUSI MUHAMAaJIbHOW Pa3/IeNIbHOM TUICHKH 3JICKTPOJINTA, IPU KOTOPOH 3P PEeKTHBHOCTH NMPUPAOOTKH MAaKCHMAJIbHA.
B ciydae noBblmeHnst pabovero HamnpspKeHUs 10 3HAYSHUH OJM3KHUX K HAIPSHKEHHIO XOJIOCTOTO XO/a, LEeNeco-
00pa3zHOo 00ecreuynTh MUHUMAJIBHYIO Pa3JIeNIbHYIO IUICHKY 3JIEKTPOJINTA MOBBIIIEHHEM Harpys3ku. Hampsbxenue
npouecca MaKCUMalbHO, YTO OO0ECIeYMBAEeT AaHOIHOE pacTBOPEHHE, IpPHU HCKIIOUCHHH JJIEKTPOIPO3UH
MTOBEPXHOCTH.
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Aulin V., Zamota T., Lysenko S., Hrynkiv A., Chernai A. Tribology transitions at running-in of friction
surfaces conjugate parts.

Running-in is the process of difficult tribology transitions of surfaces of friction from the new state (after making
or repair) to running-in one. Completion of running-in comes after stabilizing of basic tribotechnical descriptions of surfaces
and parameters of process of friction. Testifies conformity to law of running-in that investigating flowing of processes is
possible three basic methods: on measuring of moment of friction; at times passing of interface to the stable state; on
descriptions of short-term changes of force of friction. Determination of basic conformities to law will allow to promote
efficiency of running-in of friction surfaces of details of machines.

Key words: runoff, friction torque, macrogeometry, contact of conjugate surfaces, effect unerringness.
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