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'Hauuonanvuoiii mexnuuecxuii ynusepcumem Ykpaunwt «KIIH», Ykpauna
2 o~ -
“Hayuonanvuviit aguayuonnsiii ynugepcumemn, Ykpauna

OCOBEHHOCTH BJIUSIHUSI METAJIJIOCOJAEPKAIIEN CMA3KH
HA KOHTAKTHOE B3AMMO/JIEUCTBUE HHCTPYMEHTA
C IOBEPXHOCTBIO JETAJIU ITPU YJIbTPA3BYKOBOM
BbII'JIA’KUBAHUU TUTAHOBBIX CIIJIABOB

Buinoaneno uccaedosanue napavempos kauecmea NOBEPXHOCMHO20 CNOst (Wepoxo-
6amocmu nOSEPXHOCMU, MUKPOCIMPYKMYPbl, XUMUYECKO20 COCMABA) NOCae yabmpa-
36YK06020 6blenadicuéanus mumanoso2o cnaaéa BT22 ¢ ucnonvzosanuem memanio-
codepacawei cmasku. Heenedosanvl peonozudeckue ceoticmea cmasku Ha ocnoge
Mmacna H20 ¢ dobaskamu mMukponopowkos medu u amomunus. Yemanosneno, umo
npu obpabomke medncdy uncmpymenmom u noeepxnocmolo demanu opmupyemcs
NPOMEdICYMOUHBbIU CI0U MEMANN0Co0epAuCcauyeli CMasKu, Ymo noomeepoicoaemcsi yee-
AUYeHUeM 00U NIACTMUYHO20 MEMAIIUYECKO20 HANOTHUMEN 8 XUMUYECKOM COCMa-
6e nosepxrnocmu demanu. Paccmompena mooens KOHMAakmHoz0 63aumodeiicmeus
UHCMPYMEHMa ¢ NOBEPXHOCMbIO Oemaiu Npu 6bleANCUBAHUL C Memannocooepaica-
ujetl cMasKoll, Komopasi yuumsléaem Hanuyue nIACMUYHOZ0 HNPOMEICYMOYHO20 CIOS.

I(F.TI()’lL’(fblL’ cuosa: YAbmpaseyKoeoe 8bleiaxdcusarie, 4\I(’Hl(l.'L'I{)L'()()(’[l)l('(lll{(b‘l cMdaska,
Mmumanosvle Cniaaesl, Mooeb KOHMAKMHO20 63auMo0etucmeus.

Beeaenue. IloBbiicHue HaaeKHOCTH M pecypca M3NeMil SBISETCH BakHOHIICH
3a/1a4eH COBPEMEHHOrO MAIIMHOCTPOCHUS. DTH HKCILTYaTALMOHHBIC XapaKTePUCTUKH
ONPEAC/ISIOT B LEIOM IPPEKTUBHOCTh TAKHX M3AENHH MAUTHHOCTPOCHMS, KK JICTa-
TCILHBIC anmapaTel, aBHALMOHHBIC NABHIAaTeNM, aBTOMOOWIM M Apyrue. PaGorocmo-
COOHOCTb M HAaICKHOCTh MALIMHBI B 3HAYHTE/IBHON CTEMEHH 3aBHCAT OT KAUCCTRA MO~
BEPXHOCTH ACTANICH, MOCKONIBKY, OTKa3 M3JCIHH POUCXO/IUT, KAK MIPABHMIIO, BCICACT-
BHC MOBPEKACHHH yCTAIOCTHOrO XapaKTepa. Y4uThIBas TO, UTO 3apOKACHHE ycrao-
CTHOH TPELUMHBI HAYHHACTCS C MOBEPXHOCTH 3arOTOBKHM MM B IPUITOBEPXHOCTHOM
croe [1, 2], Ha GUHMIIHBIX OMEpaLMAX M3TOTOBICHUS OTBETCTBEHHBIX ACTANCH u3Je-
JIHii TIPOU3BOMAT OTACNOYHO-YIPOUHSIONIYIO 00paboTKy METOaamMu IMOBEPXHOCTHOIO
mactuyeckoro aedopmuposanus (II1/1). Dra obpaborka mo3soaser YJIy4IlIUTh Ma-
PaMCTpPhI Ka4ecTBa MOBEPXHOCTHOTO CIIOS J€Taslel, YMEHBLINTh BEPOATHOCTD MOSIBIIC-
HHUsl yCTaJOCTHOH TPECLUMHBI NPH IKCIUTyaTallMH AETAjlel, MOBBICHB TEM CaMbIM Ha-
ASKHOCTh H pecypc u3eui B uenom. OnuuM u3 HauGonee dG¢eKTHBHBIX METOI0B
[ITT/1 siBsisieTcst BbITIa)KUBaHMUE.,

Obecneuenne sdpdextuBHOCTH dKCMTyaTauu KOHCTPYKIMH TAaKXKE CBS3aHO C
TPUMCHEHUCM MAaTCPHAJIOB C HU3KOH MJIOTHOCTBIO, BHICOKOH Y/AEIbHON MPOYHOCTBIO H
KCCTKOCTBIO, TAKMX KaK THTAHOBbIC CIIaBbl. OHAKO NPH MCHOIB30BAHUM BBITJIAMKH-
BaHUsA U1 0OPabOTKH TUTAHOBBIX CIUIABOB BO3HMKACT Psijl TPYAHOCTEH, CBSI3aHHBIX C
HX BBICOKHMH aAr€3HOHHBIMH CBOHCTBaMH, MaJOH TEILIONPOBOJHOCTBIO, CKIOHHO-
CTBIO HX K XOJIOHOMY CBapHBaHHIO C HHCTpymMeHTOM [3, 4]. TlosTomy pemenue Ha-
YYHO-TIPHKJIAZIHOM 3a/Ia4M BbITJIQ)KMBAHUsI THTAHOBBIX CIUIABOB SBJISCTCS aKTyaJIbHOM
JUISL COBPEMEHHOI0 MalIMHOCTPOECHHUSI.

AHAJIM3 JINTEPATYPHBIX HCTOYHHKOB. ObecreyeHue 3 bekTHBHOCTH mporecca
BBITJIAKHBAHUA MOKET OBITh JOCTHTHYTO NYTEM CHHKEHHS KOd(QHUMEeHTa TPEHHS
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MEKIY HHCTPYMEHTOM H JAETaNnblo. ITO0 MOKET ObITb T0CTHIHYTO pH CO3JaHHH yC-
JIOBHH KOHTAaKTHOro B3aUMO/ICHCTBUS, COOTBETCTBYOLIEMY THAPOTHHAMMYECKOMY
Tpenuto. CornacHo Teopun PHAPOIHHAMUYECKOrO TPEHUS [6, 7], OCHOBHBIMH BJIUSO-
LLIMMH napamMeTpamMH MpoLecca B3aUMOICHCTBHS ABJISIIOTCSL — BA3KOCTh CMA3KH M CKO-
POCTb B3aHMHOIO ABMIKCHHS TPYILMXCS Te (MHCTpyMeHTa U metann).
OKCIEePUMEHTAILHO MTOKa3aHo, uTO yBean4eHne Koo umenTa BSI3KOCTH CMa30K
BILIOTb 10 MCMOJIb30BAHMSI TBEPIBIX CMA3OK AACT NOIOKMTEIbHBIH pe3ynbTaT [3-5]. B
Ka4CCTBE TBEPIbIX CMA30K MOIYT GbiTh HCIIOJIb30BaHbl M
HCCKHE U KOMOMHHUPOBAHHBIC HIOKPBITHS, B TOM YHCJIE HOHHO-BaKYyMHbIE MHOTOCJIOi-
HBIC MOKPLITHS. OnHAKO HEOOXOAUMOCTE IIOCJICAYIOIIECTO yIaleHUsI TAKHX TBEP/IbIX

TMOKPBLITHH, Hanpumep, myrem HarpeBa J€Tanu NpHBOAMT K HM3MCHEHHIO busuko-
MEXaHUYCCKHX CBOKMCTB CIuUTaBa, yTo B pane cn

TaKKe aejaer TEXHOJIOTHYECKU I ITPOLIECC U3roTOB

CTallinyeckue, HEeMEeTaJlIu-

Y1acB SIBJISACTCS HEIONYCTUMBIM, a
JICHHS Oos1ee 10pPOroCTOSIHM.
[TepcriekTuBHBIM HANpaBICHUEM WHTEHCH(HKALMHU npoueccos IIIT/1, B Tom ypc-
/I TIpouecca BbITIaKMBaHKS, ICTaNCH U3 THTAHOBEIX CILUIaBOB ABISiCTCS MoaMpHKa-
HH5T CMA304YHBIX MATEPHAIOB aHTH(DPUKIIMOHHBIMK A00aBKaMH, B TOM umcJie Mo pu-
Kalusi CMa3oK HaHO- U YABTPAIHCIIEPCHBIMU MOPOIIKAMH MSTKMX METaiIoR (menp,
OJIOBO, AJIIOMUHHI U T.A.). JIONONHUTEIbHOE BBCICHUE MOPOIIKOB METAJIOB MO3BOIs-
€T CHH3HTb KOO ULHEHT TpeHus, YBEIMYHUTD YNENbHOE yCHIIHE 06PaGOTKH, BeTHYj-
Ha KOTOporo obecneunBaer yBenuucHue LyOHHBI 06PaGOTKH M OCTATOUHBIX Harmps-
KeHHH cxatus [8-11]. B Gonpmmucrae pabor BiusiHue noGaBICHMS YIbTpaaucnepc-
HBIX TOPOLIKOB B CMa304HbIE MaTepuaibl HCCIICI0BANIOCh HA MOTOPHBIX Maciax s
nap Tpenus. B paGorax [8, 9, 11] uccnenopaup IIPOLICCCRI UTUTENILHOIO KOHTAKTA
ACTaJICH JBUTaTeNs, MO3TOMy 06BbeMHOE COACPAKAHHE METAIUIHYECKOrO MOPOLIKA KO-
nebiercs B npenenax 0,5-3,0 %. Ilpu Takom COICPKAHMH MOPOIIKA PEOIOrHYECKHE
CBOHCTBA CMa3KH H3MEHSIOTCS He sHaquTenbHo. B nponeccax ITI1/] YACIbHBIC YCHIIHS
KOHTAKTHOrO B3aUMOACHCTBHS HHCTPYMeHTa ¢ [TOBCPXHOCTBIO JIETAIM UMEIOT 3HAYK-

TCIIBHY1O BCIIMYHUHY, [IO3TOMY BOITPOC YBEJIMYECHU S O6’bCMHOFO COACpIKAaHUS
ITOPOIIIKOB B CMa3ke SIBIIICTCHA AKTYaJIbHEIM,

McETasio-

OddexTnBHBEIM criocoGom HHTCHCH(UKALMK npolecca anMasHoro BBITJIAKHBA-

HHUs prnuoo6pa6arbmacmmx MaTCpuaJsioB, B YaCTHOCTH THTaHa U €ro CruIaBo

B, ABJIA-
CTCsl IOMOIHUTEIIBHOE

Harpy’eHue padboyero HHCTpyMmeHTa YIABTPa3BYKOBBIMH KOJIe-
Ganuamu [12-15]. Oanaxo B BHITy BLICOKOH a[Are3HH TMTaHA M €ro CILIaBOR o oT
WICHHIO K oOpabatkiBaeMomy HHCTPYMEHT
NIPOHCXOIUT CXBATHIBAHHE THTAHA C marep
ABJISICTCA MOBBIILIECHHBIN U3HOC UHCT
BaeMoii geranu [16].

uCIIblO paGOTbl ABJISIETCSI  OLICHKA BIIUSIHUSA HCIIOJIb30BAHUS Ml/leOl'[OpO[IJKOB
MATKHX METAlJIOB B CMa3Ke Ha COCTOSIHHE ITOBCPXHOCTH U IMPHIIOBEPXHOCTHOI'O CJIOs

THTaHOBOro o0pasia npu YAbTPa3BYKOBOM (VY3) BBIrNaKMBaHUM Ha OCHOBE MOJIeIH
KOHTAKTHOTO B3aMMOACHCTBHSI HHCTPYMEHTA M 1eTaTH.

HO-
Y MpH 00paboTke Ha BBICOKHX CKOPOCTSIX
HaJIOM BBITTIAXKHBATEIS, PE3YIBTATOM Yero
PYMCHTA M yXyIlUEHHE MOBEPXHOCTH obpabatsi-

Metoawr neeaenoBanus. B nannoii pabore B KauecTBe OCHOBbI METaILIoCoIepKa-
LICH CMa3Kku GbLIO BRIGPaHO HHIyCTpHanbHOe Macino M20. B kauecrse MOPOLIKOB ObLTH
BbIOpaHBI nopomku memqu-Cu u amOMUHKA-Al co cpesHuM pasmepom wacthy 10 MKM.

O6bemHOE conepkanme NopolKa cocraBiisuio 12, 25 u 32 %,

[Ipu conepxannu nopouka 30-32 % npoucxomuT M3MeHenme peonoruyeckux
'O COACpKaHHs MOPOIIKA B CMa3Ke Ha ee
POTAaLHOHHOM  BHCKO3UMeTpe

CBOMCTB cMasku. Ouenka BIIMSTHHUSL O0BEMHOI
peonornueckue CBOMCTBA ObL1a [TPOBECICHa Ha
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«Rheotest 2.1», KoTopbIii npeaHasHaueH wis H3MCPCHHS PEOJIOTHYECKUX CBOMCTB «HEHB-

TOTOHOBCKHX KUAKOCTEH». HccnenoBanms cMazok TNPOBOMJIMCE TPH Temriepatype 20 °C
1 TMana3soHe rpaIMEHTOB CKOPOCTe# Teuenus 16-1320 ¢

Jlns poBesiennst HecnenoBatus BAMAHKS MeTa
PbI Ka4uecTBa MOBEPXHOCTH MPH
BbIITIa)KMBAHUS (

JI0COAEPIKALLCH CMa3KH Ha rapamer-
Y3 BBINMaXUBaHUM MCTIONB30BATACK YCTaHOBKa uist V3
puc. 1), koTopasi cocTouT u3 YJIBTPa3BYKOBOI'O reHepaTopa /, mbe300J1eK-
TPHYECKOro MOTYBOIHOBOrO BOJHOBOZA YIILTPAa3BYKOBBIX KOJIeGaHMil 3, BbITJIa)KMBATEIIs
2, KOTOpBIii KPEnuTcs Ha Topiie KOHLCHTPATOpa y/lbTPa3BYKOBBIX KoneGaHHii, a Taioke
HHMKATOpa YacoBoro Tuna 4. BomHoBox B kopryce ycranasmBaics ua TOKapHBIH CTa-
HOK. JUyisl BBITNI)KMBAHHS HCIIOMB30BAIIHCE MHIHHAPHYECKHE 00pasilbl M3 TUTAHOBOrO
craBa BT22 B otoxokéHHOM cocTosmmm. Hnamerp o6pasuos coctapmsit 22 mm. B kaue-
CTBE HHCTpyMeHTa ObL1 BBIOpaH TBepablii crutap BKS ¢ paboueii MoBEpXHOCTBIO paauy-

com =3 mm. Yacrora u ammutyaa Y3 konebanuii cocrapmsum 21 kI u 86 Miwm COOT-
BETCTBEHHO.

Prc. 1. Veranoska anst V3 sbirmasupanms
Texnonornueckue pexumer nporecca 00paboTku n
BBITIKHBAHUEM 00pas3Libl 00pabaThIBAICH YHCTOBBIM TOYCHUEM.

peacrasnensl B Tabn. 1. Ilepen

Tabnuya 1
Pexknmbl V3 BoirnamkuBanus

[ Vowme-P.H 200
[Tonaua - 5, MM/06 0,05
JIunelinas CKOpOCTh 0Opa3ua - ¥, m/mun 44;10.4;21.8

3amep IIepOXOBaTOCTH MPOBOAMIICS ¢ [IOMOIBIO MPO(HIOMETPA 1IEXOBOro
296 TY-034-4-83 ¢ ABTOMaTH3MPOBAHHOH CHCTEMOM H3MEPEeHHSL.

DakTypa MOBEpXHOCTH, MHUKPOCTPYKTYpa B HCXOIHOM COCTOSIHMH M 1ocie Y3 Bbi-

ITIaYKUBaHUs, XUMHUYECKUM COCTaB ITOBEPXHOCTH U ITPHUITOBEPXHOCTHOI'O CJIOS HUCCIIe10Ba-
JIUCh C MOMOIIIBIO JJIEKTPOHHOI'O MH

na MEIJI Techno cepun RZ.

MOICIH

kpockona PEM-106H u ynusepcansroro MHKDPOCKO-

PesyabTarel uccaenosanus u HX o0cyxaenue. ViccaenoBanus cmasku Ha Oc-

HoBe M20 ¢ 06beMHBIM comepkanneM MeaHOro nopowka 12, 25 u 32 % npoBoauiuce

o -1
lipu Temnepatype 20 °C u uanasoHe rpagueHTOB CKOpoCTeH TeyeHus: 16-1320 ¢,
Peomoruueckue kpusbie crponnuce B IOrapH(pMUYECKOli CHCTEMe KOOpAMHAT, uTo

TIO3BOJIIO OMPEACNUTH PEOSOTHYECKHE KOHCTAHTBI B CTENEHHOM 3aKOHE OcBanbaa-
ae-Buns [17, 18]:

T=K7",
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FAC T — HanpsbkeHue casura, Ila; K — Mepa koHcHucTeHIMH KHMJIKOCTH; ¥ — TPaJUECHT
CKOPOCTH TEUYEHHs XMAKOCTH, C ' n — MoKa3aTeisb CTCIEHHU, XapaKTEPU3HPYIOLIHIA
HCHBIOTOHOBCKHE CBOHCTBA MaTEPHAJIOB.

JlanHbIH 3aKOH XOPOIIO OMHCHIBAET KPUBbIC TCUCHHMS HEHBIOTOHOBCKHMX (IMja-
TAHTHBIX M MCEBIOMIACTHYCCKUX ) JKMAKOCTECH.

[Tapamerp n XapakTepu3upyeT HEHBIOTOHOBCKHE CBOHCTRA matepuana. M3 tadi. 2
BUJIHO, 4TO napamerp » maciaa M20 HemHoro orauunsiii ot 1, a 3HAYHUT, HCCICAYEMOE
Maciao UMeeT caabo BbIPAKEHHBIC CBOWCTBA HEHBIOTOHOBCKOIA JKHIKOCTH, @ UMEHHO
IICEB/IOMJIACTUYHON YKUIKOCTH.

Tabruya 2
Pe3y1bTaThl peosornyecknx HecIe10BaHuii napamMeTpoB k U n

NMichs Tennenzrpa) °C Pcc;?ornqccmc ﬂapilMC”l;pbl
120 20 0,1307 0,9608
120+12%Cu 20 0,2801 0,9056
120+25%Cu 20 0,6253 0,824
1N20+32%Cu 20 0,6374 0,8485

C yBenndenneM 0GbEMHOrO COJEpKaHHS MOPOLIKA MEAH MOKA3aTe/lb CTENCHH
YMCHBLIACTCA M NMPHHUMACT MHHHMAIBHOC 3HAYECHHE NPH OOBEMHOM COMEP/KAHHH
meau 25-32 %.

Ha puc. 2 u puc. 3 npeacrasnens: rpadukn peonornyecknx KPHUBBIX M rpaduku
3aBHCHMOCTH IMHAMHYECKOH BA3KOCTH 1) CMA3KH OT TPAJMEHTA CKOPOCTH TCUCHHUS ¥

[TpH pa3InYHOM 00BEMHOM COACP)KAaHUH MOPOLIKA MEAU COOTBETCTBEHHO.

1000.00 8 a0
T, Ia 120 _ e )
=+ =H20+12%Cu H - =H20412%Cu
6 4
Y. eee H20+25%Cu
100.00 s o e e R H20+32%Cu
4
3
10.00 2
N
1
A >
. ¥, 1/c
¥, 1/¢ 0
1.00 0 500 1000 1500
10 100 1000
Puc. 2. Peonoruyeckue kpusbie Macia 120 Puc. 3. 3aBHCHMOCTD AMHAMMYECKOI Bsi3-
C Pa3IHYHBIM OOBEMHBIM COZEPKAHHEM TTOpPOIIKA KoctH p Macna 120 ¢ pasnuassim
Meu 0OBEMHBIM COZIEP)KAHHEM TTOPOIIKA Me/IH

OT rpaAU€HTa CKOpPOCTH TC€YCHUs

[lpu rpammentax ckopocreii 16-500 ¢’ BA3KOCTb CMa30K MeEHSIETCS He JIMHEHHO.
MakcumanbHOE YBEIMYEHHE BS3KOCTH CMA3KH C Pa3IHYHbIM CoziepKaHUEM TOPOIIKA 110
CPaBHEHHIO € YMCThIM Maciiom M20 cootBercTByeT rpaauenty ckopoct 16-20 ¢ u ume-
CT CICAYIOIIME 3HAUCHUA: PH 12% CozlepykaHiy TOPOLIKA BSA3KOCTh YBE/IHYHBACTCS B 2
pasa, o CpaBHEHHIO C BsI3KOCThIO Macna W20, ¢ 1,543 ITa-c o 3,148 Ia-c, npu 25 % 4,3
pasa (c 1,543 Ila-c no 6,481 Ila-c), a npu 32 % B 4,5 pa3a (c 1,543 ITa-c no 6,790 I1a-c).

[Ipn nuanasonax rpamuentos ckopocreii 500-1312 ¢! Ba3KkoCTh CMa30K M3MEHS-
€TCsl HE3HAYMTENbHO. JIHHAMUYeCKas BA3KOCTh cMa3ok ¢ 12 % coaepkanuem MOpOILI-
Ka 110 CPaBHCHHIO € YMCThIM Maciiom U20 ysennunBaercs B 1,42 pasa (c 1,543 ITa-c no
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2,3 Ia-c), npu 25 % B 1,94 pasa (c 1,543 Ila-c 10 3 [Ta-c) u mpm 32 % B 2,26 pa3sa (c
1,543 Ia-c no 3,5 I1a-c).

Tak kax npu HemocpeacTBeHHOM npoBeneHUH Y3 BHITIAKUBAHUS IPU UCIOJIB30-
BaHWHM CMA3KH C IOPOLIKOM €€ PEOIOrHYECKHE CBOHCTBA OyayT MEHATLCS NMPH H3Me-
HCHHH CKOPOCTH 00paboTKK 00pasia, Kak CIEACTBHE, GYIyT MEHSTHCS U napaMeTphl
KayecTBa 00pabOTaHHBIX MOBEPXHOCTEH U MOBEPXHOCTHBIX CJIOCH 00pasioB.

[Ipu mposesennn Y3 BhirakuBaHUs HCTIONB30BAINCH CMA3KM HA OCHOBE Macia
W20 ¢ nopoumkamMu aniOMUHHS M MEAH € 06bEMHBIM cozepkanuem 32 %.

AHanu3 npodumorpamMm moepxHocteit (puc. 4-6) nociae Y3 BhINIAKUBAHUS C pas-
JITHBIMH CMa3KaMH 110Ka3aJ1 YMCHbIICHHE BbICOTbI HEPOBHOCTCH OBEPXHOCTH B 5-6 pa3
110 CPaBHCHHIO C YHCTOBBIM ToueHHeM. Haunyumas kapruna naGmonaercs npu Y3 Bbi-
rnaxusaHun ¢ macnom M20. Ilpu cmaske M20+Cu M CKOPOCTH BBIMIAKHBAHHS
V'=10,4 M/Mmun HaOMOZACTCS YEPETYIOMMECS [THKH, YTO CBUICTEILCTBYET O HAJIMYHUHU
OCTaTOYHBIX CIIC0B OT pe3lia mociae yucroBoro ToueHus. Co cmaskoit M20+Al ocrarou-
HbIX [IMKOB HE HaO/IIO1aeTcsl.

21.8 s/ un 104w 44 sy

f 7 i

218 s/ 104 s/ sum 44 swiovmm

NA : f ARV}
I LA TO PR L, VO 35 4
o WNWMMMW\MM
W,
o,
e '\M

{2 MM 2 MKM

Puc. 4. TIpodyrmorpammel moBepxHocTeit B
3aBHCHMOCTH OT CKOPOCTH 00pabOTKH
¢ Maciom 120

Puc. 5. IlpodrnorpamMmel moBepxHocTeit B
3aBUCHMOCTH OT CKOPOCTH 00paboTKu co
cmaskon M20+Cu

21.8 wann 104 v/ vum 4.4 v vnm
/

—20

P AREENEEEERE ERGT s s S B S H20+Cu
Mymrart T M W 005 e i
/ ekl S Ra umcToro toueHns = 1.58 MM
reln o, 0 V, M/Mmun
| % Mk 0 10 20 30
Puc. 6. IIpoduiorpammel moBepxHocTeid B 3aBU- Puc. 7. ITapamerp mepoxoBaTocTu
CHMOCTH OT CKOPOCTH 00pabOTKH CO CMAa3KOii TIOBEPXHOCTH R, MPH pa3IMYHBIX CMA3KaX B
N20+Al 3aBHCHMOCTH OT CKOPOCTH 00paboTku ¥

[1lepoxoBaTOCTh OBEPXHOCTH MOCIIE YMCTOBOTO TOYCHUS COCTABHIA R, = 1,58 MiM.
MaxkcumanbHOE yMEHbIIIEHHE 1IEPOXOBATOCTH HAGIIONACTCS IIPY BCEX TUIAX CMa3K{ Ha
MHHHMAaJILHOH CKOpOCTH 06pabotku V= 4,4 m/mus (puc. 7). Ha stoi CKOpOCTH 00pador-
K npu cMaske 20 mepoxoBaTocTs oBepXHOCTH cocTaBia R, = 0,125 M.

[Ipu cma3ske, Kak ¢ MOPOLIKOM MEIH, TAK H C ATFOMUHHEM IIIEPOXOBATOCTh MaJIO OT-
JIM4aercs U coctaBisier R, = 0,15 mxM. VBenmuuenue LIEPOXOBATOCTH MOYKET OOBSICHSITCS
YBUIHICHHEM BA3KOCTH CMa3kH 3a CueT nobasienus nopoinkos. [Ipu manbueiiniem yse-
JIMYCHHH CKOPOCTH 00pabOTKH XapaKTep H3MEHEHHUS KPHBBIX napaMeTpa HIepoXoBaTOCTH
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R, BO Bcex Tpex ciyt
BACTCs, a B JMAMa3oH
cs. Ipu atrx ckopoc:
cmasku M20+Cu 6on
1 cMaskon M20+AL 7
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BUIH R, = 0,17 Mxm,
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o6paborku 4,4 M/MuH




)

—_—

'6 pasa (c

[CIIOJIB30-
pH u3Me-
IpaMeTpEI

B€ Macia

Hsl C pas-
B 5-6 pa3
1 Y3 BbI-
JKUBaHHS
HAJTHYHH
0CTaToy-

MR

R

MM
4
MV A

“mw

CTei B
KH CO

MKM

IHH
30

H
IKax B

mV

8 MKM.
3KH Ha
pabor-

JI0 OT-
SHATCS
M yBe-
ITOCTH

ISSN 03702197 Problems of friction and wear, 2014, 3 (64) 4

n

R, BO BCeX Tpex cilyyasix oHHAKOB, Ho ckopoctu 10,4
BacTCs, a B iManasoHe ckopocreii ot 10,4
ci. Ipu s1uX ckopocTsx mepoxos
cmasku M20+Cu Gombure mepox

M/MHH IIEPOXOBaTOCTh YBEIUYH-
M/MUH 110 21,8 M/MuH [IPAKTUYECKH HE MEHSICT-
ATOCTb MOBEPXHOCTH 0OPabOTAHHOI ¢ HCTIOMb30BaAHMEM
OBATOCTH MOBEPXHOCTEH, 06paboTanHbIX ¢ Macaom 20
1 cMmaskoi M20+Al. Tak LIEPOXOBATOCTH MOBEPXHOCTH I1OTYYEHHO IIPH UCIIOJIB30BAHUH
macna M20 u cmasku M20+Al MpH CKOPocTH 21,8 M/MHMH NPAKTHYECKH COBIAN H C
BUIM R, = 0,17 MKM, Torna kak npu cMaske M20+Cu— R, = 0,22 mxm.

Hpobnenne 3epen CTPYKTYPbI METaJlIa MOBEPXHOCTHOIO CJIOS (puc. 8, a) Habmoza-
CTCst Ha rmydune 10 100 MM (puc. 8, 6). Ha rny6une 10 2-6 Mim IIPOUCXOAUT HHTCHCUB-
HOE IpoG/IeHHe CTPYKTYphI MeTaia, 3aBUCALICE OT CKOpOCTH oOpaborku. Tak, npu Y3
BBITTIAKMBAHUU C IMOCTOSIHHBIM CTATHYECKHM YCHUIIHEM ¢
Apobnenue Habmogaercs TpH BCEX CKOPOCTAX 00paGoTK
emaskax M20+Cu u U20+Al Ha CKOpocTsiX 06paborku 4,4
JICHUS CTPYKTYPBI B IIOBEPXHOCTHOM cJioe 1-10
HATBCS MMOBBIILIEHHOM BA3KOCTBIO C

ocCTa-

macinom HM20 makcumanbhoe
H. B ommumnu or sroro npu
M/MHH MaKCHMAaJIbHOrO JIpo0-
MKM He HabJIIoaeTcs, 4To MokeT o0bsic-
Masok (pHuc. 8, 6) B TOHKOM crioe,

N

%A
3

120

M20+Cu TR

N20+Al1

Puc. 8. Muxpoctpyxrypa TIOBEPXHOCTHOT'O CJI051 MeTaJLIa 06PasIoB: a
0 — cTpyKTypa nocie V3 BBITTIKUBAHUS, 6, 2, O —

Pa3IMYHBIMU CMa3KaMHU U ITIPH CKOPOCTSIX 06[)(16

— HCXO/IHast CTPYKTYpa;
TMOBEPXHOCTHEIi CII0H 110cI1e 06paboTky ¢

oTkH 4,4 M/MuH, 10,4 M/MUH 1 21,8 M/MunH
COOTBETCTBEHHO

ITpu ckopoctsix 10,4 M/mun u 21.8 wm/sun ryOMHAa MakCHMAJIbHOro JIpodeHuUs

CTPYKTYpBI IIPH BCEX 3 TUIAX CMa3KK COCTABIISET 5-7 MKM (puc. 8, 2, 0).
B Tabn. 3 nokazana (axrypa nosepxu
o0paborku 4,4 M/MuH 1 21,8 M/Mun IpH p

OCTH 00pA3IIOB BBIMIAXKEHHBIX IIPH CKOPOCTSIX
A3IMYHBIX CMA3Kax, a TAKKe MX XHMHYCCKHI
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COCTaB IIPH CKOPOCTH 00paboTku 21,8 M/MuH.

Tabnuya 3
DaxTypa n10BePXHOCTH M €e XHMHYECKHIi COCTAB B 3aBHCHMOCTH OT CMa3KH

I//
’ n20 N20+Cu N20+Al
M/MHH
4,4
=§
i
o
o iy
21,8 o
4
{
s
Th
PR W ; 3
@ =loix|| i =10 I || j =101 x|
ful@| 8| Dfiser BIR| a[Yx|| N 6] Bfle DR 2[Yx]||%E 8] B VR| oY
Harpamene (x8). 2000 Hanpsuxenue 8] 20 00 Harpsoxerae (K8} 20.00
Cyreaa %:10000 Cypmea %:100.00 G % 100.00
Jnement Wt Cx l Inewent U CX% Inemert Uiy CX
XuM. TR (T 166 Ay ' 376 Al x J®5 5
cocTaB| .5+ |46 105 Tk |ma3 9068 T v 2013 9203
Yi K 22059 3R (o 0.00 . {10 0.00
IpH 14 0.00 [T b 058 T ] 070
218 | O ¥ |83 050 L1198 0.00 19 000
3 15 0on Fe k|25 nz22 Fe ¥ |9 003
M/MUH| [ fe_¢ |50 045 i 000 1 0o
? 0.00 Cu ¥ 1206 288 Ly ¥ |15 0.00
Ky 5 0.00 Aoy 5 000
Mo L |33 188 Mo a3 206
£ M_|'S 0.00 > M 15 0.00

IIpu cxopoctn 06paGorku 4,4 M/mMuH ¢ mMaciom M20 (bakTypa MoBepxHOCTH MMeeT
OZHOPOIHbIH XapaKTep, OTCYTCTBYIOT CJIEBI OT YHCTOBOrO ToueHus. IIpn cmaske ¢ mo-
POUIKaMH HaOIIOZAIOTCS CIIE/Tbl OT YHCTOBOIO TOYEHHS, MPHYEM Ha MIOBEPXHOCTH, 00Opa-
GoranHO# ¢ ucnonb3oBanueM cMaski M20+Cu 2t crebr BHUJIHBI 00JIEEC OTYETIMBO, YEM
npu odpaborke co cmaskoii M20+Al IlosepxHocTh, 0OGpaGoTaHHas IPU  CKOPOCTH
21,8 M/Mun co cmaskoit 20, umeer Gonee rpyGyio (axrypy, crneapl or BHeApeHHUS BbI-
TIKHBATEIIA B [IOBEPXHOCTH 00pasiia BUHBI Gollee OTYETIMBO B CPABHEHHHU C 00paGoT-
KO €O cMa3Koii, conepskareil nopouku. I[Tpu ckopocTsix 00pabotku 21,8 M/MUH paBHO-
MepHasi (paKTypa NOBEPXHOCTH, C MOIHBIM 1e)OPMUPOBAHHEM CIIEI0B 00paboTKH OT YmC-
TOBOIO TOYCHHS U 0€3 BUAMMBIX CJICJIOB BHEIPEHMS BBITJIAKUBATENS B IIOBEPXHOCTH, CO-
OTBETCTBYET 00paboTke co cmaskoit M20+Al Ilpu xuMiyeckoM aHamse MIOBEPXHOCTEH
ObL10 ycTaHoBIICHO, uTO fom1st Cu yBenmumBaercs ¢ 0 % 10 2,88 %. uto CBUJIETEIILCTBYET
0 pasrpaHHCHUH PabOYCH MOBEPXHOCTH BBIMIIIKMBATENS M OBEPXHOCTH obpasua croem
METAJLUIOCOAEPKAIIICH CMA3KH.

[Tpu XUMHYECKOM aHAJIM3e TOHKOIO NOBEPXHOCTHOro cnos (1-10 mxm), coorBer-
CTBYIOLIEIO MaKCHMAJlbHOMY JPOOICHHIO CTPYKTYPhI MpPH CKOPOCTH 00paGoTKH
21,8 m/c (puc. 9), ycranosneHo, uyto yBenumuenue nomu Cu npoucxomut ¢ 0 % no
0,65 % (mocne 06paGoTkn).

M3MeHeHHe XMMMYECKOro COCTaBa TOHKOTO MPHIIOBEPXHOCTHOIO CIIOS IIPH CKOPO-
cti 00paboTku 4,4 M/MHH He poucxomuT. Yeemudenus 1014 Al u Cu B XHMHYECKOM

Puc. 9. Xuvuyecku

COCTaBE TOHKOTO 11
YCHUHU KOHTAKTHPY
coaepiKaLied cmas
CYET CHJI TPCHHUS
CJIOM TOJILUMHOMH 110
HauGonee nep
YCJIOBHH THAPOIUH
HHSI MEXKJly HHCTP)
TPEHUS MOXKET OBIT
TH/IPOIMHAMHYECK(
penbeda moBepxHo
(bakTopoM mOCTHK!
CKOpOCTH 00paboTt
HHE cMa3ku Oyxer
TaKTHOH IOBEPXHO
00pabaTbIBaeMOoi 3i
B peanbHbIxX y
BEPXHOCTEH C yyac
KonraktHoe B3
METaJLI0COEpIKALLIe

Puc. 10. (
I — paznenurensHb

B 30H¢ KoHTaK
BO BMaJUHAaX — 3aK
TUAPOCTAaTHYECKOE ,
JIUCh. YUKThIBas HA

KOMITOHEHTBI BBIKH
JIMTCIIbHBIN CIIOH Mt
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Puc. 9. X¥MHYECKHI COCTaB TOHKOI'O ITOBEPXHOCTHOI'O CJIOs JeTrajiy 1pu V3 BhIrIa)KMBAHUHU
co cmaskoit 120 +Cu, x7850
COCTaBE TOHKOTO MPUIIOBEPXHOCTHOIO C/IOSi MOKET CBHICTEIbCTBOBATh O pasrpaHH-
YeHHH KOHTAKTHUPYIOIIMX MOBEPXHOCTEH BBIMIAXKHUBATE/IS H JICTAIM CJI0EM METaLIO0-
coxepxaiieii cMaskd. [Ipu JOCTH/KEHHH ONPEENCHHBIX CKOPOCTEH 00paboTku 3a
CYeT CHJI TPEHMs MPOUCXOAUT BHCAPCHHE YAaCTHIl METALia B IPHUIIOBEPXHOCTHbIH
CIIOM TOJIIMHOM 10 1-2 MKM.

Haunbosee mepcrneKTHBHBIM TPH 00pabOTKE BBITIAKUBAHUEM SABJIACTCA CO31aHHC
YCIIOBHil TMIPOJMHAMUYECKOr0 MM PyOEKHOr0 penMa rMApOAMHAMUYECKOro Tpe-
HHS MEKIy MHCTPYMEHTOM M 3aroToBKOil mpu obpabotke. IIpu stom KodduimeHT
TpeHus MoskeT ObITh JocTHrHYT B mpenenax 0,01...0,05. B cayyae pyOeXKHOr0 pexuMa
IMIPOJMHAMHYECKOTO TPEHHS TPOMCXOAMT CIUIAXKHBAHHE MICPOXOBATOCTH MHKPO-
penbeda MOBEPXHOCTH MPH HAIMYHH TOHKOTO CJI0s XKUKOH cmasku. Onpenensionum
(GaKTOPOM IOCTHKEHHSI DTHX YCIOBHI TPEHHS SBISCTCS 3HAUUTEILHOC YBCIHYCHHC
CKOpOCTH 00pabOTKH MpPH BBITIAKUBAHMH, IPH KOTOPOH IMAPOMHAMHYECKOE AaBe-
HHE CMa3Ku OyaeT ypaBHOBELIMBATh AeQOPMHpYIOLIHE YACIbHBIC YCHJIMs HA KOH-
TAKTHOH TOBEPXHOCTH, B Psie CIy4acB MPEBbIIAOMINE MPEE/ TEKY4eCTH MeTalla
00pabaThIBaE€MO# 3arOTOBKH.

B peanbHBIX YCIOBUSIX PEANM3yeTcs, BUAMMO CXEMa CMEIIAHHOIO KOHTAaKTa I0-
BEPXHOCTEH C y4acTHEM KaK )KHKOCTHOrO, TaK U FPAHHYHOIO TPEHHS.

KOHTAKTHOE B3aUMOCHCTBHE HHCTPYMEHTA C MOBEPXHOCTHIO NCTaIH MPH HAJIMYHH
METAILIOCOIEpKAILICH CMa3KH MOYKHO NPEICTABUTH B BUJIE CXEMBI, [OKa3aHHOM Ha puc. 10.

Fml 1774 M 7

g S g

~ / v 4P ; / ~ o
) e NG

ya

Puc. 10. CxeMa 30HBI KOHTAKTa MOBEPXHOCTEH HHCTPYMEHTA U JeTAJIH:
1 — pa3enuTeNbHbI MOACIOH MUKPONOPOIIKA MeTall1a; 2 — META/IOCoepKallas cMa3ka

B 30HE KOHTAKTa MOBEPXHOCTH MOT'YT CONPHKACATLCs MO BEPLIMHAM BBICTYIIOB, a
BO BMNAJMHAX — 3aKJIIOYAThCA CMAa3Ka IOJ JaBJICHHEM OONbLIMM, YeM MaKCHMaJIbHOE
TMIPOCTATHYECKOE JABJICHHE B MOMEHT BPEMEHH, KOT/Ia BBICTYTIBI €IIC HE COMpHKaca-
JMCh. YUMTHIBAS HAJTUYHE MUIACTHYHON METAIHYECKOH COCTABIAIONICH B CMa3Ke, 9TH
KOMITOHEHTbI BHDKMMAIOTCS M3 CMa3KM Ha MOBEPXHOCTSX BBICTYNOB, 00pasys pasie-
JMTEIBHBIN CJI0M MEXK/Iy TTOBEPXHOCTAMU HHCTPYMEHTA U I€TAJIH.
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Takum 06p83OM, ABHI)KCHUE MHCTPYMEHTA B/10J1b I[TOBEPXHOCTH JETaIu peainsy-
€TCA 110 pasaCIuTEIIbHOMY MOACIIO MHKPOYaCTHIl ME€TaJyla CMa3KH Ha ydacTKax F‘”

H I10 KUJIKOCTHOM MMOAYIIKE C THAPOCTATUHYECKHUM IIOAIMOPOM Ha y4yacTKe F)«'/' B sTom

Cllydae MOXCT ObITh pEanM30BaH CAMHBIN TEOPETHYECKMil MOAXOM K OIPECICHUIO
CABHUIAIOUICTO HATIPS/KCHUs HA KOHTAKTHOH MOBEPXHOCTH, KOTOPOE ONpeeNsier CHITY
TPCHHUS U COOTBETCTBEHHO, KOO DUILIHEHT TpeHHus.

Hcxoas u3 OCHOBHBIX ypaBHEHMiT MEXaHMKH CIUIOLIHOI CpC/ibl BEJIMYHHA HAMPsi-
KEHHS CABUTA 7, OyAeT MpONOpUHOHAIBHA CKOPOCTH CIBUIA &; MaTepHaIbHBIX Yac-

THIL IPOMEKYTOYHOM Cpeibl ((KUIAKOCTH MIIH MeTasuia)
T,; = A'g,/(d),
rae k — xkodpdHLHMEHT, ycTaHABIMBAIOWMIA CBS3b MEX/y KOMIIOHEHTaMH TEH30pa
HANpsKEHUH U nepopmanmii cpespl, KoTopas nedopmupyercs; i, j — MHACKCHI CHCTe-
Mbl KOOPJMHAT;, & — TOJIIHHA Pa3leTHTEIbHOIrO IIPOMEKYTOYHOTO CII0S MeTalla.
KOTOpast ABJIACTCA COKHOM QyHKIMeH MUKpOpenbeha MOBEPXHOCTH.
IIpu 5TOM MakcuManbHAs BeIMYHHA 3a30pa ONPEACISICTCS COOTHOIIEHUEM:

Ouar =0y TRt Ry

rac 5‘\, — TOJILIHHA pa3eJIMTEIbHOrO MOACI0s Mcraia, RZII y R/J — COOTBETCTBEHHO

LICPOXOBATOCTh MOBEPXHOCTH HHCTPYMEHTA U JICTAJIH.

Tak s yqacTKOB, B KOTOpBIX B3auMOCiHCTBHE OCYILECTBJISETCSA O CJIOK CMa3-
KH, KOO(Q(QHUHEHT NPONOPLUHOHATBLHOCTH PABEH AMHAMHYCCKOM BS3KOCTH N, KoTopas
ONPENCIACTCA MO METOAMKE PaboThl. Bo3HHMKalOIIME MPH 3TOM MOrPEIIHOCTH aHAH-
THHECKOrO OMpCACICHHS HANPSUKCHHS CIBUIA 38 CUET CIOKHOTO MPohuIIs MHKDPOOOb-
CMa JKHUIKOCTH (CMa3Ku), mbe30dddekTa BAKOCTH cMa3KH, TEILIOBOIO ApyTux 3¢-
¢ekToB no onexkam He npesbimaT 20-35 %.

JUist y4acTkoB, B KOTOPBIX B3aHMOIEHCTBHE OCYIICCTBIISETCS [0 pa3AeIUTeNbHO-
MYy MOACIOI0 MHKPOYAaCTHIl MeTaiuia cMasku (F,; ), koodduiment IPOIOPLHOHAIb-
HOCTH ONPEACIACTCS U3 TEOPHH MIACTHYCCKOTO TCYCHHS METAILIOB M PABEH:

k

_loy
gy

A€ &, — UHTCHCHUBHOCThH CKOpOCTCﬁ IIC(I)OpMaLIMﬁ METaJuia Mmoacios, O, — HHTCH-

CUBHOCTH Harlpﬂ)KCHHLvl, KOTOpYHO C JAOCTAaTOYHOMH CTCIICHBIO TOYHOCTH MOKHO [pH-

HATH pasﬂoﬁ MpEeACIy TEKYYCCTH METaJlia MOACION — Og. Torna Hanps>KeHHUs1 CABUTra

Ha 3THX y4aCTKaX OIHCHIBAETCS 3aBUCUMOCTBIO:

l og <
k= g;ig(-]- (()“/ )
H

B cootBercTBHu ¢ 5THM pacueTHas Mozens B3amMonCHCTBUS HA KOHTaKTHOM 110-
BEPXHOCTH HHCTPYMEHT-ACTAIlb MOXKET ObITh NMpe/CcTaBiIeHa rpadHyecKy (puc. 11).

Jlnarpamma nokassiBaer Tpu clyuasi B3aUMOJCHCTBHS HHCTPYMEHTA C AETajblo,
KOTOPBIE MOryT BOSHHKATbh B 3aBUCHMOCTH OT PaHEe PacCMOTPEHHBIX PEKHMOB BbI-
rnaxusanus. Hapsiny ¢ onicanubiv panee I u 111 Cydaem B3aMMOJICHCTBUS Hauboliee
BCPOATHBIM SBJIACTCS MEPEXOAHOH Clydyall B3aUMOMEHCTBHUS C ydactkoMm F,; u F,..
Hanpsokenue cBura aist atoro ciyuas moker 6bith YCTaHOBJICHO C HCIOJIb30BAHUEM
NPUHIIKIA AU THBHOCTH 1O opmye:

o

- 8((5)-

T, =|an+b p

V)

H
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Puc. 11. Inarpamm

[TpennoskenHas v
MOKA3bIBAET, YTO HAIf
BHJI0, OOJIBIIIE IO BEIK
A cienoBaTenbHO yep!
BBIILIE, YEM IMIPU THIPO,

CHWKEHHUE BeIHYl
B KAQ4E€CTBE MUKPOIOP
MEXaHUYECKHMH Xapa
TUBHBIM SIBJIACTCS, HAl
MEHEHHSI KOTOPOro 1o

BoiBoabIL:

1. B pesynbral
3aBHCHMOCTE JIHHAMI
COJIEP/KaHUEM HAIOIH
teyenus. [lokasaHo,
KOTOPBI COOTBETCTBY
CMa3KH YBEIHYHBAETC,

2. YcraHoBIIcHa
BBITIA)KMBAHHU C M€
obpabotku. [lokasal
BBITJIAKMBaHHEM 0071
CMa3K{ M HE 3aBHCHT
noBepxHoctu R, = 0,1
N20+Al, a mepoxosa1
(bakTypsl MOBEPXHOC
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TaJu peanausy-
ydactkax F,
e F,;. Batom

OIPECIICHHIO
DE/IeNIAET CUIly

IMYHHA Hanps-
JHAJIBHBIX Yac-

TaMH TEH30pa
HACKChI CHCTE-
2104 MEraJuia,

[CHUEM:

JOTBETCTBECHHO

10 CJI0K0 CMa3-
TH 1), KOTOpas
IHOCTH aHaJIH-
151 MUKPOOOB-
H IpYrux 2¢-

1I31CTTUTECIIBHO-
OMOpHHOHAJIb-
BCH:

O, — WHTEH-

[ MOJKHO TpH-
JKEHHS CIIBUTra

JHTAKTHOM I10-
(puc. 11).

ra ¢ JIeTalbio,
PEKUMOB BBI-
BUSI HauOosee
M F,; u F,..
10J1b30BaAHUEM
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Puc. 11. )lnarpa.\ma 3aBHCUMOCTH HAIllpsA’KEHHUA CABUTA HaA KOHTaKTHOM IMMOBEPXHOCTH
«HHCTPYMEHT-ACTAJIb»

[IperyiokeHHass MoJenb KOHTAKTHOTO B3aUMOICHCTBUS MHCTPYMEHTA W JETaJlM
MOKA3bIBAET, YTO HATPSDKEHHS CIBHIa HA KOHTAKTHOH MOBEPXHOCTH OyayT, Kak Ipa-
BUJIO, OOJIBbIIIC 10 BEIMYMHE, YEM IIPH YUCTOM THIAPOJIMHAMUYECKOM B3aUMO/ICHCTBHH.
A creqoBaTenbHO YCPEIHEHHBIH KOO(PGUIMEHT TPEHUS TaK)KE OyIeT UMETh 3HA4YCHUS
BBILLIE, YEM [PH THAPOJMHAMUYECKOM PEKUME TPEHHS.

CHIWKEHHE BETUIMHBI KOOPHUIIUEHTA TPEHUS MOYKET TOCTUTAThCS IPUMEHEHHEM
B KQYeCTBE MHMKPOIOPOIIKOB Ul METAJIOCOAEPKAICH CMAa3KH METAIOB C HU3KUMHU
MEXaHMYECKHMMH XapaKTEepUCTHKAMH Ipelaena TeKydecTh. B aToM ciydae mepcriek-
THBHBIM SIBJISICTCS, HAIPUMEDP, TEXHUYECKH YUCTBIH aIFIOMUHUI, 3 (HEKTHBHOCTD MpH-
MEHEHHsI KOTOPOro MoKa3aHa B JaHHOU pabore.

BbiBoabI:

1. B pesynbrare HCCICIOBAHHMS PCOJIOTMYECKUX CBOMCTB  YCTaHOBJICHA
3aBUCUMOCTh JUHAMHYECKOW BsiskocTH Macna HM20 ¢ pasauyHbiM  00bEMHBIM
coAep KaHUEM HAroJIHMTENS (MOpOIIKAa MEAM U aJIOMMHMSA) OT I'PaJUMEHTa CKOPOCTH
teueHus. [lokazano, yTo B Quama3zoHe CKOpocTeid 00paboTku Y3 BBIMIaKHBaHHEM,
KOTOPBIH COOTBETCTBYET JHMANa3oHy IpaaueHToB ckopocteit 500-1312 ¢, Bsaskocts
CMa3KH{ yBEIHYMBACTCS NPOMOPILIMOHAIBHO OOBEMHOMY COIEP/KAHHIO HAITOTHHTEIIS.

2. YCcTaHOBJICHa 3aBMCHMOCTh I[apamerpa I[epoxoBaTocTH R, mnpu VY3
BBIMVIAXKUBAHMM C META/UIOCOACP)KALMMHU CMa3KaMH B 3aBHCHMOCTH OT CKOPOCTH :
obpaborku. IlokazaHo, uYTO mnOpU yBEIMYEHHH CKOpocTH 0OpaboTku VY3
BBIIVIAXKUBaHHEeM Oonee 10 M/MUH, BeIMYMHA ILEPOXOBATOCTH 3aBUCUT OT BHIA
CMa3KHd U HE 3aBHCUT OT BEJIHYMHBI CKOPOCTH 00paboTku. [Ipu 3TOM mIepoxoBaTOCTh
noepxHoctd R, =0,17-0,18 MkmM gocTuraercs nmpu Mcnonb3oBaHuM cma3zok M20 u
M20+Al, a nmiepoxoBatocts R, = 0,22-0,23 mxm npu ucnons3oBanuu M20+Cu. Ananus
| GbaKkTypbl NOBEPXHOCTH TIIOKa3ajJ, 4YTO NPH HCHONb30BaHMM cMazku M20+Al Ha
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AepOopMUPOBaHHOI MOBEPXHOCTH OTCYTCTBYIOT CJI€Ibl NPEABAPUTEIBHON 0OpPabOTKH
YHCTOBBIM TOYEHHEM.

3. B pesynbrare XumHuyeckoro aHammsa MOBEPXHOCTH BBIITIAKEHHBIX 00pas3IoB
yCTaHoBlIeHO cozaepxanue Cu yBenmumpaercs ¢ 0 % no 3 % IPH UCIOJb30BAHUU
COOTBETCTBYIOIEH CMa3Ku. TO CBHACTCABCTBYCT O pasrpaHU4eHUH paboucii
HOBEPXHOCTH BBITIQXKMBATE/ISl M MOBEPXHOCTH 00pa3la IUIACTHYHBIMH J1EMEHTAMH
METaJIOCOEPIKALLCH CMa3KH.

4. Merannorpapuueckue uccienoBaHus OKa3alH, 4YTO MPH CKOPOCTSX
00paboTku B amanazone 10,4-21.8 m/mun rIyOHHA MAaKCHMAlbHOTO ApOOJICHHUS
CTPYKTYPBbI MPH BCEX THIAX CMa3KU COCTABIIAET OKOJIO 5-7 MKM.

5. Paccmotpena monens BaumoseiicTBus KOHTAKTHPYIOLIMX ITOBEPXHOCTEH
HHCTPYMCHTA (BBITJIQKHBATENA) M [CTANM TNPH BHIFAKHBAHHH B IPUCYTCTBHH
MeTannocoaepkaiei cmasku. [TokasaHo, 4To HanpsvKeHUs cABHra B CMa304HOM ClI0€
METAJIOCOAEPIKALICH CMA3KH MPH KOHTAKTE CKOJIbKCHMUS ABYX Ten Oynmer cymmoii
HaNpsUKCHWH cABATa B JKHAKOH (hase PasACISIONICH IMOBEPXHOCTH KOHTAKTA U
HaNpPsKEHHH  CIBMIa IUJIACTHYHOH —MeTaIHYecKoii ¢aser B Mecrax konTakTa
HCPOBHOCTEH MOBEPXHOCTEH.

6. YCTaHOBJEHO, 4YTO ympaBlIeHHE KOHTAKTHBIM B3aHMOJCHCTBHEM  Ha
[IOBEPXHOCTH MHCTPYMEHTA MU JETAJIM MO3BOJISET BIMSTH HAa KOO HIHEHT TpeHus 3a
CHCT U3MCHCHUS BA3KOCTH H CKOPOCTH MX B3aHMOICHCTBHS.
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B. A. TITOB, A. ]1. JABPHHEHKOB, O. B. TEPACHMOBA

OCOBJIMBOCTI BILUIUBY METAJOBMICHOI'O 3MAIIEHS HA KOHTAKTHY
B3AEMO/IIO THCTPYMEHTY 3 MOBEPXHEIO JJETAJII ITPH
VJIbTPA3BYKOBOMY BUTI'JIAUKYBAHHAM TUTAHOBHUX CILJIABIB

BUKOHAHO MOC/i[UKEHHs MapaMeTpiB SKOCTi IMOBEPXHEBOrO IUIapy (MIOPCTKOCTI TIOBEPXHI,
MIKPOCTPYKTYPH, XiMi4HOTO CKIazy) micas yIbTPa3BYKOBOTO BHIUIAUKYBaHHs THTAaHOBOTO
crulapy  BT22 3 BUKOPHUCTaHHSAM MeranoBMicHOro Mactmia. JlocmikeHo peosIoTiuHi
BTACTMBOCTI MacTiIa Ha ocHoBi mMacna 120 3 nobaBkamu MiKPOIOPOMIKIB Mili Ta amOMiHIO.
BeTaHOB/IEHO, O TpH 00poOIi MK IHCTPYMEHTOM i mosepxHew nmeraini GopMyeThCA
0 MiATBEpPUKYETbCA 30UIBIICHHAM 4YaCTKH
juHOMY CKJIaji MoBepXHi jeraji. Po3risHyTo
mpu  BUIVIA/DKYBAHHI 3

MPOMIKHMM LIap METAJIOBMICHOIO0 MacTHIa,
[IACTUYHOrO METajJeBOro HaroBHIOBa4Ya B XiM
MOIeTh KOHTAKTHOI B3a€MOJii IHCTPYMEHTY 3 IOBEPXHEIO aeranl
METaJOBMICHUM MAacTUJIOM, siKa BpaxoBY€E HasBHICTb IUIACTUYHOrO MIPOMIXHOTO 1Iapy.

METaJIOBMICHMX MAacCTHJIO, THUTAHOBI

KiaiouoBi c¢j10Ba: YIbTPa3ByKOBE BHITIA/DKYBAHHA,
CILTAaBH, MOJETb KOHTAKTHOI B3a€MOIII.
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V.A. TITOV, A. D. LAVRINENKOV, O. V. GERASYMOVA

FEATURES OF THE INFLUENCE OF A METAL-CONTAINIING LUBRICANT ON
THE CONTACT BETWEEN THE SURFACE OF THE TOOL AND THE SURFACE
OF A DETAIL DURING ULTRASONIC BURNISHING OF TITANIUM ALLOYS

The research of quality parameters of the surface layer (surface roughness, microstructure,
chemical composition) after ultrasonic burnishing of titanium alloy VT22 using metal-
containing lubrication was carried out. The rheological properties of oil based at the lubricant
120 with addition of copper and aluminum micropowders were studied. It was established that
during treatment between the tool and the surface of detail the intermediate layer of metal-
containing lubrication is formed, it is confirmed by increasing of lubricant’s plastic metal at the
chemical composition of the surface of detail. We considered a model of contact interaction
between the surface of the instrument and the surface of detail during burnishing with the pres-
ence of metal-containing lubricant which implies the presence of plastic interlayer. It is shown
that the use of metal-containing lubricants expands technological modes of ultrasonic burnish-
ing of titanium alloys by increasing the speed of processing and the specific forces of deforma-
tion in which there will not be the adhesive seizure between indenter and detail’s surface.

Keywords: ultrasound burnishing, metal-containing lubricant, titanium alloys, contact interac-
tion model.
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