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MPOJAYKTUBHICTD ®IHIIIHOI OFPOEKA HEMETAJIEBUX MATEPIAJIIB

Haseoeno pesyromamu 0ocniodxcens 3akoHoMipHOCmel npoyecy Qiniunoi 06poOKu Hememanesux
Mamepianié Ha OCHOBI DI3UKO-CMAMUCIUYHOT MOOeNi 3HOCY NOBEPXOHb, WO B3AEMHO NPUMUPAIOTBCAL.
Tokazano, wo Ha pisHux onepayisx Qiniwnol 06poOKU PO3PAXOBAHI 3HAUEHH NPOOYKMUBHOCTI 8U0A-
JIeHHs1 0OPOOII0BAN020 MAMEPIATY Y3200CYIOMbCSL 3 eKCNePUMEHMATbHUMU OAHUMU.

1. ITocTanoBka npodsaemu. [Iponecu QiHinHOI MexaHiYHOT 0OPOOKHM JeTaell 3 KpUXKUX HEMETAIEBUX Ma-
tepianis (HM) (ckia, kepaMiku, IPUPOTHOTO Ta INITYYHOrO KaMEHIO, KPUCTAIB TOIIO), SKi XapaKTepU3YIOThCS
MaJIMMH BEJIMYMHAMU MPUMYCKiB Ha 00poOKy (10 300 MKM) Ta TapaMeTpiB IOPCTKOCTI 00pOOIIIOBAHOT MTOBEPXHI
(manpuknax Ra =0,01 — 0,5 MKM), CYNIPOBOKYIOTHCSI B3AEMHHUM IIEPEHECEHHSIM MacH MaTepiaiB 3 B3a€EMO/IiI0-
YHUX MOBEPXOHb 00pOOIIIOBAHOI feTali Ta iHcTpyMeHTa. He3Bakaloun Ha HEYUCIIEHHI cripoOHM PO3TIISIHYTH 3HO-
LIYBaHHS IIMX TIOBEPXOHB SIK siBUINE nepeHocy [1]- [3], Tinbku Tenep po3pobiieHo (i3UKO-CTaTUCTHYHY MOAENTb
[4], [5], sxa mo3BOMsAE aHAMI3yBaTH MpoliecH (iHimHOi 00podkr HM 3 Touku 30py TepMOAMHAMIKHA 1 CTATUCTHY-
HOI ¢i3uku. Bigoma kiactepHa Moenb 3HOIIYBaHHS KPEMHE3EMBMIIIYIOUHX Ta aFOMOCHITIKATHUX MaTepiajiB
npu nonipyBanHi [6], [7] He € yHiBepcanpHO0. CTaTUCTUYHUIA 3MICT XapaKTEpUCTHYHOI IIBUIKOCTI, 1[0 BXO-
JIITH Y PIBHSIHHS 3HOCY 3@ KJIACTEPHOIO MOJEILIIO, 1 BiZIoMi MeTomH ii po3paxyHKy W eKCepUMEHTaIbHOIO BH-
3HAYEHHs HE JI03BOJISIOTH BUKOPUCTOBYBATU KJIaCTEPHY MOJIEINb ISl aHAIli3y MPOIECiB MOJipyBaHHsS BKa3aHOTO
knacy HM i, tum Oinbie, a1st notidyBaHHS Ta aMa3HOTO MiKPOTOUiHHSI.

[pouec mucniepryBanHs YaCTHHOK 3HOCY IIPH MEXaHIYHOMY BIUIMBI Ha MOBEPXHIO OOPOOIIIOBAHOTO MaTepia-
JIy € CTOXaCTUYHUM, a (YHKLIi IXHBOrO PO3IMOJTY 3a PO3MipaMH i1 IUIOMIAMH MTOBEPXHI BUBYEHI Il 0araThbox
MaTepiaiiB i pi3HHX onepariil iHinHoi 00poOKHu. Y TOM ke Yac, He3Ba)KalouH Ha CPOOHM BUKOPHCTATH CTATHC-
TUYHUHN TiAXIA A0 aHaNi3y MPOIeCY BHUAAJICHHS 0OpOOIIOBAHOIO MaTepiaiy, A0 TEHEpillHLOr0 Yacy BiJCYTHI
3arajbHi 3aKOHOMIPHOCTI TakMX (iHIIIHUX MPOIEeciB Npenn3iiHoi 00podku HM, sik ToHKe anma3He nutiyBaHHS
(TAILI), nanronke anmasne nnripysanns (HTAILL), nomipyBanHs i anMasHe MikporodinHs (AM) Ha BepcraTax
0COOJIMBO BUCOKOI TOUHOCTI.

3Ha4yHa KiJIbKICTh JOCIIKEHb MPUCBSYEHA BUBUCHHIO BIUIMBY TEXHOJOTIYHUX 1 KOHCTPYKTHBHHUX Iapamer-
piB, ¢i3uko-XiMiuHMX BiacTHBOCTeW nerani, iHcTpyMeHTa it MOTC Ha edekTuBHICTB 1 sIKiCTh 00poOku HM,
OJTHAaK HasiBHI B HUX TEOPETHYHI 1 €KCIIepMMEHTaJbHI JaHi MalOTh (pparMeHTapHHUN XapakTep i CIpsIMOBaHI Ha
pilieHHs1 okpeMux 3aad. [IuTaHHs Mpo BiAMIHHICTG i MOAIOHICTH MpoIeciB NLTiIQyBaHHS i momipyBaHHs 3 (i3u-
YHOT TOUKH 3aJIUINAETHCH, SIK 1 paHime, quckycidaum [8]-[10].

MexaHi3MH B3aeMOIii TOBEPXOHb IHCTpyMEHTa i 00poOIrOBaHOl eTaii y mporecax (iHimHOI 00poOKy He-
MeTaJeBUX MaTepiajiB BHBYAIOTHCA O€3 ypaxyBaHHs KiHETHUKH (OpMYyBaHHS iXHIX MOBEPXHEBHX IIApiB, yTBO-
peHHs ¥ mepeMillleHHs YaCTUHOK 3HOCY (MPOAYKTIB AWMCHEPIYBaHHs), MOCTIHHOI 3MIHM CTaHy KOHTAKTYIOUHX
TIOBEPXOHb, TJIMOMHHU 3pYHHOBAHOI'O IIApY, MIOPCTKOCTI i fedeKTHOCTI. [cCHyroul MeToaun po3paxyHKy iHTEHCHB-
HOCTI BUIAJICHHS 00pOOIFOBAHOTO MaTepiaay i 3HOUIYBaHHs poOOYOro MIapy iHCTPyMEHTa a00 aJIMa3HOrO Pi3ild
HE NPUHHATHI JJIs1  JTOCIiDKEHHS 3a3Ha4eHuX (iHIMHUX mpoueciB 00pookrn HM, ockisibku 0a3yroThecsl HA MpH-
MyIIEHHSX 1 HAONM)KEHHSIX, IPAaBOYMHHUX TUIBKU B KOHKPETHHX YMOBaX 0OpOOKM MEBHHUX MaTepialis.

2. MeTonuKka MpoBedeHHSsI T0OCTiIKeHb. J[J11 TOCTiHKEHHS 3aKOHOMIPHOCTEH BUIAJICHHS 00pOOIIIOBAHOTO
MaTepiaiy npu QiHinHiA 00poOIli BUKOPHCTOBYBAINCS 3pa3KH JeTalei 3 IUIOCKMMHU MOBEPXHSMH JiaMeTpOM
40-100 MM i BucoTor0 2—12 MM i3 pi3HHX HEMETAJIEBUX MaTepialliB: MPUPOJHOro KaMeHto (TpaHiTy, radpo, 1ao-
pPazopuTy, POJOHITY, YapoiTy Ta iH.), ICKOPATHBHOI'O CHTAIy, IUIABJICHOTO 0a3alibTy, KEPaMiyHOTrO TPaHiTy,
CKJIa, ONTUYHHUX KPUCTAIIIB Ta KEPaAMIKH.

BukopucroByBaiucs Kpyra AJisl TOHKOTO i CYHNEpPTOHKOrO aJiMa3HOro HUTiIYBaHHS 13 CHHTETHYHUX aMas-
Hux 1untigropomkiB Mapku AC6, 3eprucTtictio 80/63, mikporopoikiB Mapku ACM 3epuucrictio 40/28-7/5. Sk
MONIPYBaJIbHI B TONIPYBAJBHUX 1HCTPYMEHTaX BUKOPHCTOBYBAJHCS IOPOLIKM OKCHIIB ANIOMiHIIO, LEpilo Ta
yabTpagucnepcanx anmasiB (YA). [Ipu MikpoTodiHHI anmasHi pi3li BUTOTOBJUTHCS 3 MPUPOJHUX aiMasiB 3a
crieniaibHOIO TexHoorieo [11] 13 HACTYITHUMU OCHOBHUMH I'€OMETPUYHUMHU NapaMeTpaMu:

paziyc pi3ajgbHOI KPOMKH B TUTaHI —2-10 mm;
TIEPEAHEh &N, 10,11, dinatos, 2005 — 0°—(—10°);
3aHIN KyT —2°-10°.

ExcriepumenTanbHi JOCIiIKEHHS 3aKOHOMIpHOCTEN (DiHIIIHOT 0OpOOKH IJIOCKMX TOBEPXOHB JieTaleil BUKO-
nyBanmch npu ix TAILL, CTAIII i nonipyBanHi Ha uutidyBansHO-nONipyBasbHOMY Bepcrati 31I1-320 i npu
aJMa3HOMY MIiKpOTOYiHHI Ha BepcTaTi 0co0IMBO BHCOKOI ToyHOCTI Moa. MK 6502 y nepion, Koy NpUBijA IINH-
Hyiens Oya0 BUMKHEHO 3 METOIO 3aro0iraHHs BiOpamism.
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[IponykTHUBHICTH TONIPYBaHHS MOBEPXOHb J€Talell BU3HAYANIaCsl BEJIMYMHOI BHIAJICHHS 0OpOOIIOBAHOTO

Matepiaiy Ak , BigHeceHOIO 10 yacy nomipyBanus 7y (Q = AT—h ). Bennnunna BuaaneHHs MaTepiany BU3Ha4aacs
0

BaroBUM METOJIOM 3a JOIIOMOTO0 aHamITHYHKMX Bar Mox. AJIB—200. [Tpu BU3HAUEHHI MPOIYKTUBHOCTI MOJIPY-
BaHHS TTPOCKOMIYHHUX MatepianiB (TpaHiT, radbpo i iH.) 3aroTOBKY Hepe] KOXXKHUM 3Ba)KYBaHHSIM HPOCYIITYBaJIH
y repmomadi CHOJI — 3,5.3,5.3,5/3 npu temmniepatypi 110 °C mpotsarom 30 xB. OuiHka skocTi 00po0OiIeHoi mo-
BEPXHI ITPOBOAMIACS KOMIUIEKCHO 3a JIOITOMOI'0I0 METO/IIB ONTHYHOI Ta EJIEKTPOHHOI MiKpocKomii, nmpodisomer-
pii, enincomerpii Ta ciekTpodoToMeTpii.

3. 3akoHoMipHOCTi BHIajieHHs] 00podII0BaHOro MaTepiany npu ¢inimnii 0dpodui Buxonsuu 3 ¢izu-
KO-CTAaTHCTUYHOI MOJIENI 3HOCY MaTepiany Ipy MeXaHidnii oOpoOi, Benuunda 06’emy V', BUIydeHOro 3 00-
pobiroBaHOi MOBEPXHI 3a Yac f, BU3HAYAETHCS BiNOBIAHO 10 piBHSHHS [4]:

erf (—r—)
n; -t
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Je: z, = Rmax — KoOopJHHaTa, IO BiJNOBifae TPaHUL TiNa, IO 3HOIIYEThCS (3 ypaxyBaHHSIM MapaMeTpiB IIOp-

V)= ny Vol 1- -, (1)

CTKOCTI),

n,; — KOHIIEHTpallisl KIacTepiB Ha MOBEpXHi 00poOIIOBaHOi AeTami, ¥, — 00’eéM / -THX JaCTHHOK 3HOCY,
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o, — KoedillieHT, M, — KoedilieHT 00'eMHOro 3HOCY, erf(x) = T je " .dt — inrerpan nommiok [12].
T o

[l Bu3HaueHHs KoedimieHTa 00'eMHOT0 3HOCY, 10 BXOAUTH y ¢hopmyiy (1), HeoOXimHO po3B’sI3aTH TPaHC-
LIEHJICHTHE PiBHSHHS, IPEACTABIICHE Y BUTIISI

o(B;) =D(@), ()
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D(i) = ”o,—[S, e o) = m , B = ﬁ — JomoMikHi QyHKIT, 3)

Jf — TmoBepxHeBi cuiH, L, — IUIAX TepTs, S,— IJIOMma MOBEPXHi i -TOl YaCTMHKHM 3HOCY, A — KoedillieHT Temio-
nposignocti, I — Temmeparypa.

Po3B’s130K piBHAHHS (2) Ja€ 3MOI'Y BU3HAUUTH BENHUMHU [, 1, BiAmoBinHO, koedimieHTH 1), 3a hopMysI0r0
(d;— po3mip i -TOi YaCTUHKHU 3HOCY, f, — 4ac KOHTAKTY €JIeMEHTApHOI AiUISTHKH 0OpOoOI0BaHOi MOBEPXHI 3 TOBE-
PXHEI0 IHCTpYMEHTa):
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Benuuuna KOeq)iLliCHTa 00'eMHOr0 3HOCY BU3HAYa€THCA CYMapHUM BHECKOM BCIX YaCTHHOK 3HOCY ¥ 30HUTOK

n;

00’eMy Tija, 110 3HOIIYETHC: 1) = Zn[ .
i

HlrigpyBanns HemeTaneBuX mMartepiamiB. KoHIeHTpallis YacCTHHOK 3HOCY Ta iX 00’€M MOXYTh OyTH BH-
3Ha4eHi 3 (i3UKO-CTATUCTUYHOI MOJIEN 010 Tpolecy HutidyBaHHs. BiamosinHo 1o [6] cepeaniit po3mip wc-
MeproBaHux y mporteci nutipyBanHs ckia Mapku K8 yacTrHOK 3HOCY BU3HA4ae IUIONY iX MOBEPXHI MPH BiANO-
BiJTHUX TPHUITYIICHHSX, 10 [l YaCTHHKA MOXXYTh OyTH NpejcTaBlieHi TitaMu obeptanHs (emincoinamu). [Tmomri
TIOBEPXOHb YaCTHHOK 3HOCY € KPaTHUMH HAaMEHIIIUM 3 HHX 1 TiANOPSIKOBaHI JUCKPETHOMY psy, a IMOBIPHICTb
3HAXOJPKCHHS YaCTUHKY 3 BU3HAUCHOIO IUIOIICIO MOBEPXHI BiaNoBigae posmoainy Ilyaccona.

PosrisiHeMo B3aemoIito anMasHoro enemenTa (ATO 6x5) miamerpoMm d = 6 MM Ha MeTaJIeBil 3B'S3111 3 MOBe-
pXHero feraii 3i ckiia Mapku K8 y mporieci HaATOHKOro anMa3Horo uutigyBaHHs. [Ipy NIBHAKOCTI MepeMillieHHs
eJIeMEeHTa BiJTHOCHO 00po0ItoBaHOi MoBepxHi 2,55 M/c, BenmmunHax cun P, =160 H u P, = 18,9 H, HoMiHambHO-
My THCKY p, = 5,66 MIla 1 uaci nutidyBanns 60 c, niHiiiHAa BeIMYMHA BUIAJICHHS CKJla, BU3HAUCHA EKCIIEpUMEH-
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TaJBHO, CTAHOBHINIA 35,8 MKM, IO BiANOBizae mpoaykTuBHOCTI 06pobKH 3,9'107'% M/c. TIpn 1mpOMY IOPCTKICTH
00po0IieHOT MoBepXHi omiHOBanacs napamerpamu Ra = 0,16 mxm i Rmax = 1,16 mxm [9]-[10].

KoHIeHTpartisi 4acTHHOK 3HOCY BH3HAYa€THCS POOOTONO ILTi(yBaHH, IUIOMIEI0 O0OpOOIIOBAHOI ITOBEPXHI,
IUTOMOIO TTOBEPXHEBOIO eHepriclo ¢ = 0,358 Jk/M’. BpaxoByroun, mo koedillieHT TeruonpoBigHoCcTi cKia
Mmapku K8 A = 0,952 Bt/(MmK), TemniepaTypa B 30Hi KOHTaKTy iHCTpyMeHTa i 00pobroBanoi aerani 7 =293 K, a
HIIAX TEPTA eleMeHTapHOi TUISTHKM oOpoONoBaHOi MOBEPXHi MO MOBEPXHI alMa3HOro enemeHTa L, =d i dac

KOHTaKTy ¢,= 55107 c, 32 JIOMOMOTOI0 YHCETHHUX METOJIiB BU3HAYANNCS BEMYMHH B, i PO3PaXOBYBATHCS 3HA-
. . 2 100 12

4yeHHs KoeoillieHTa 00'eMHOro 3HOCY ANIA i-THX 4acToK 1), (M7/c). CymapHe 3HaueHHA 1M = 3,76 10” m*/c. 3a

3Ha4YeHHSIMH KoedillieHTiB o, MOXHA PO3paxyBaTH NPOTYKTUBHICTh BUJATIECHHS 00pPOOIIOBAHOIO MaTepialy mpu

: : X X - o~ :
midyBanHi: V, = 4,03 10" M'/c. Ils Benmumna Mmaibke 36iraeThcs 3 BKA3aHUMH eKCIGPHMEHTALHIM 3Ha-

gennsaM (60+1 Mr/xB. a60 35,8 + 0,6 MKM/xB., a60 (3,9£0,1)10™'% m’/c). Kpim Toro, pospaxoBaHo MacoBmii Koe-

dinient 3H0CY &=1-p= 7,25 10° kr/(Mc) i 6e3po3MipHy BeMUMHY iHTEHCHBHOCTI 3HOCY [ = nS—t =438 10°

c

(p — rycrtunHa oOpoOIIOBAHOTO MaTepianmy, S, — muoma oOpoOIroBaHOI MOBEPXHi), SIKi TEX XapaKTepU3yHOTh

IIBUIKICTh BUNAJICHHS MaTepialy B Ipoleci nutidyBaHHs.

PosrisiHeMo Tenep B3aeMoil0 aIMa3zHOro eleMeHTa 3 MOBEPXHEo AeTali 31 ckia mapku K8 y mpomeci ToH-
KOro ajaMasHoro nnrigysanHs. [Ipy ekcriepiMeHTaNbHIX 3HAaYeHHSX IIBUIKOCTI MEpEMIlleHHs eJeMeHTa BiJHOC-
HO 00po0mroBaHoi MoBepxHi 1,55 M/c, Bemmuuau cun P, = 28 H ta P. = 4,6 H, HOMiHaJIbHOTO THCKY NPUTHUCKAHHS
aJIMa3HOro eJeMeHTa J10 00pobroBanoi moBepxHi p, = 1,0 MIla it yacy nutidpyBanns 180 ¢ mopcTkicts 00po0-
JIEHOT MTOBEPXHI OLliHIOBAJIACS rapameTpamu
Ra = 0,68 Mxm i Rmax = 4,76 mxm [9]-[10].

00’eM i-THX YaCTHHOK 3HOCY Y BUMAJKY, KOJIH (DYHKIISI pO3TOMLTY 32 IUIOIAMHU 1X TIOBEpXHI HEBiJoMa, MO-

o - N S . Rmax .
ke OyTH BU3HAUSHWH, BUXOJSIUM i3 X HalOiIbII iMOBipHOTO po3Mipy [6], [8] a, = 029 =16,4 mxMm. CepenHi
b
. . . PRIV _ 2 _ _ a0 2 IS 2 1S 3
3Ha4YeHHs XHBOI IUIOMIi MOBEPXHi i 00’eMy cTaHOBIATE Sy =m-a, ==846107" M i v=|—| =4410" ™
T

BiznoBiHO. Benuunna eneproemuocti TAIII y 3a3Hauennx ymosax 3riguo 3 [13] cranoButs ¢ = 510° JIx/M’, a
€HEepTis, 1[0 BUTPAYAETHCS HA BUOAICHHSA | YaCTHMHKY 3HOCY, BiamoBimHo W =gq-v= 22,1 mx]Jx. Pobora muii-
(yBaHHs 3a yac ¢ = | ¢ BU3HAYAETHCS 3aJIEKHO BiJl BENIMYMHH BiJTHOCHOI IIBUIKOCTI IIEpEMillleHHs IHCTpYMEHTa
it oOpobmroBanoi gerami u sk A(u) = P, -u-t . KoHIeHTpallid 4aCTUHOK 3HOCY MOke OyTH BH3HAU€HA SIK Bif-

HOIIEHHS i€l poOOTH JI0 €Heprii, 1[0 BUTPAYaEThCS HA BUIAICHHS OJJHI€] YACTHHKY, 1 BUPa)KEHA BIAIIOBIHO 110

A
dopmynu N, (u) = V(;) .

BpaxoByrouu, 110 Yac KOHTaKTy f, = 3,9107 ¢ B piBrsnnsx (1—4), 32 TONOMOrOK0 YHCETHHUX METOJIIB BH-
3HayeHa  BenmumHa  B,= 1,8 1  pos3paxoBaHi  3HaueHHs  KoedilieHTa  00'eMHOro  3HOCY
N =5,38-10” M*/c i koedirieHT o, =2,64- 10* m-c™. 3a UMK 3HAYEHHAME MOKHA PO3PAXyBATH MPOLYKTHB-
HiCTh BHIANICHHsS 0OPOOITIOBAHOTO MaTepialy TpH TOHKOMY anMasHoMy untidysanni ¥ = 1,38 -10° M’/c, sika
MaifKe 36iraeThcs 3 eKCepUMeHTAIbHIM 3HadeHHM 1,23 107 M’/c (BiIXHICHHS pe3yIbTaTiB PO3PAXyHKY Bil
excriepuMentTy — 11,4 %.). PospaxoBano MacoBuii koedirmient 3uocy & = 4,1-107 kr/(m-c) i 6e3po3mipHy Bemu-
unHy iHTeHcHBHOCTI 3Hocy / =2,21-10” mpu TAIII cka K8.

MonipyBannsi HeMeTaNeBUX MaTepiadiB. Y mporieci NomipyBaHHS HEMETaJeBHX MaTepialliB MpU 3MiHax
neopMOBaHOro CTaHy MOBEPXHI TBEPAOro Tijla KIACTEpPH MEPEXOAsATh i3 3B’S3aHOI0 CTaHy Y BUIBHHH 3 yTBO-
PEHHSIM YACTUHOK 3HOCY. B Mipy BUIaJIEHHS 4aCTMHOK 3HOCY MOBEPXHs, IO 3HOIIYETHCS, 3MIIIYETHCS B Ha-
NPSIMKY, MIPOTUIICKHOMY PYXY YacTHHOK. [IpH 1[bOMY YacTHHA MEXaHI4YHOI eHeprii BUTpayaeThCsl Ha AUCTIEPry-
BaHHS Marepiay 1 CTBOpEHHs HOBOI moBepxHi. KoHIeHTpalis kiacTepiB i iX 00’€MH MOXYTh OyTH BU3HAYeHi,
BUXOJISIYM 13 (PI3UKO-CTATUCTUYHOI MOJIENI 3HOCY, IIPU BpaxyBaHHI 0araToMomoBOro (Ha BCiX XapaKTepHHUX Yac-
TOTax) pSKUMY B3a€MOIii MMOBEPXOHb IHCTpYMEHTa 1 Jetaii. EHepris kiacTepa BU3HAYA€ThCS CYMOIO CHEpTii
KOJIMBaHb (hparMeHTiB Ha BKa3aHUX 4yactorax. KoHcranra Jlidmmigt [7] po3paxoByeTbes uisi KOKHOI ITapy B3a-
€MOJIII0YHMX KOJNMBAHb IIUIIXOM IHTErpyBaHHS IO BCill 00JacTi 4acTOT, XapaKTepHUX Ul 3aJlaHUX MaTepiajiB
(Bix MiHIMaJILHOT YaCTOTH 1O MakcuMaiibHOI). TOBIIMHA MPOIIAPKY MAaCTHIBHO-0X0JIO/PKYIOUOTr0 TEXHOJIOTYHO-
ro cepenosuma (MOTC) Bu3HaYa€eTHCS U1l BUNAAKY HEBPiBHOBaXKEHOT0 Tpoliecy mnoinipyBanus [ 14]-[15]. Kon-
LEHTpaIlisl KIacTepiB BU3HAYAETHCS 3 ypaxyBaHHSIM iX MyacCOHIBCHKOIO PO3MOALTY 32 PO3MipamMH, Hapamerp
SIKOTO BU3HAYAETHCS BIIHOIIEHHSIM BEJIMUMHU €HEpril 3B’s13Ky 00pOOIIIOBAHOTO MaTepialy JI0 eHeprii Ki1acTepis.
[Tpu upoMy BpaxoByeThCs Ioma oOpoOIIoBaHOI MOBEpXHi, eekTuBHA ToBIIMHA nporiapky MOTC. Po3mipu,

3
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IUTOINA MTOBEPXHI i 00’ €MH KJIACTEPiB BU3HAYAIOTHCS Yepe3 MOBEPXHEBY CHEPTil0 0OpOOIIIOBAHOTO MaTepialy Ta
1XHIO CHEPTIIO.
PosristHeMo mpoliec momipyBaHHSA KpEeMHE3eMY IHCTPYMEHTOM Ha OCHOBI JIiOKcH Ty 1iepiro [16]. Jdiamerp me-

Tani 60 MM, TycTHHA 06poGIIOBaHOr0 MaTepiany p = 2,65-10° kr/m’, MiHiMaIbHa i MAKCHMaJTbHA BIIACHI 4acTo-

wn =7.9:10% ¢ @ =22,2-10" ¢ Bimo-

BigHo. CTaTH4Hi JieNeKTpPHUYHI NPOHUKHOCTI MaTepiaiiB oOpoOiroBaHoi nerani, iHctpymenTa i MOTC nopis-
HIo0Th 2,27, 21,2 1 81,0 BianosigHo. Po3paxoBaHi 3HaueHHs KOHLEHTpalii 7, i 06’emiB V, kmactepiB mpu

TH, XapaKTepHi JJIs1 BKa3aHOTO KJIacy MaTepialliB, CKIaJaloTh M

MOBXKUHI IUIIXy Tepts 0,628 M 3 oraay Ha Te, 10 KOCQII[iEHT TEeIIONPOBIAHOCTI kpeMHesemy A = 1,33
Br/(m-K), Temneparypa T =293 K, napamerp po3noainy I[lyaccona v = 0,247, TUCK IPUTHCKAaHHS IHCTPYMEH-
Ta o obpobmoBaHoi netami p, = 0,08 MIla, cepenHs BigHOCHa MIBUAKICTh TepeMillieHHs iHCTpymMeHTa 0,6 M/c,

103BONWIM BU3HAYMTH DYHKUii D(/) , pO3B’3aTH TPAHCUCHNCHTHI piBHsHHS (2) i Bu3HaunTh Benuunan [3; .
o . . -11 2 . .
3HaliieHo 3HaueHHs KoedilienTa o0'emuoro 3Hocy n = 1,37'107" M“/c i MPOAYKTUBHICTh BHIAJIEHHS! 00pO0IIIO-
BAHOTO Matepiany IpH monipyBaHHi V,=8,29 1072 MP/c, sika Maiike 36iracThes 3 EKCIIEPUMEHTANBHIM 3HAUYCH-
HaM 8,1810™% M/c (BiXMIeHHs pe3ynbTaTiB PO3PaxyHKy Bin ekcrepuMenty — 1,4 %.). Po3paxoBaHO MacoBHi
xoedimient 3Hocy & = 3,6:10™ kr/(mc) Ta inTencusHicts 3H0cy I =4,8-107.
AJIMa3He MIKpOTOUYiHHSA HeMeTajieBHX MaTepiajiiB. Benmuunna 06’emy maTepiany V', BHOaJeHOro 3 o0-
pobiroBaHOi MOBEPXHI 32 4ac 0OpPOOKH T, IIPH MIKPOTOUiHHI BU3HAYA€THCS B 3aralIbHOMY BUTJISII 32 ()OPMYIIOI0
(1), sixa Ipu KOOpAUHATI Z, 10 AOPIBHIOE ITHOUHI MiKpOTOYiHHSA f,, HAOyBa€ BUTIIALY:

V(@)= 3V - erfe] —— |. 5)

2ym; -t

VY mporieci MiIKpOTOYiHHS TTOBEPXOHB JeTallel 3 HEMETAlIeBIX MaTepialliB, y 3aJIeKHOCTI BiJ XapakTepy pyH-
HYBaHHS MaTtepialy 1 yMOB yTBOPEHHsI CTPY)KKH, BHJAJICHHs] MaTepialy MOXKe BiIOYBaTUCS B PE3YNIbTAaTi KPUX-
KOro pyHHYBaHHS IIISIXOM CKOJIOBaHHS ab0 B pe3ysbTaTi TEPMOIUIACTHYHOrO Je(OpMYyBaHHS MUIIXOM YTBO-
PEHHSI 3IIMBHOI CTPY)KKH. Y TepIIoMy BUIAIKy HEOOXimHO, siK i mpu untipyBanHi HM, BHU3HaYaTH KiJIbKICTS i
00’eMH BHIAJICHUX 3 MOBEPXHI YaCTHHOK 3HOCY, OIIIHIOBATH IX PO3MO/LT 32 pO3MipaMH i €HepreTuyHi napamer-
pu nporiecy oopodku. B mpyromy Bumanky B ¢opmyai (5) n = consti 3HaXOKEHHS CYMH IO BCIM YacTKaM

V(To)
L (ty)-7,

JIO3BOJISIE OOUUCITUTH 00’€M CTPYXKKH. 32 BHU3HAYeHHsIM KoeQilieHTa 00’€MHOro 3HOCY M = Horo

v
MOYKHA BMPA3UTH Yepe3 00°€M CTPYXKKHU v(t) =¢,-S-u-t (A€ t, — TOBIIMHA CTPYXKH, S =—- — mojgaya Ha 1
n

0bepT, n — uKciIo 00epTiB 06POOIIIOBAHOI AeTalli 32 ONUHHUINO Yacy; V, — MBUIKICTh Mofadi, ¥ — JiHilHA IIBU-
JKIiCTh MepeMillleHHs Pi3ls BiJHOCHO 0OpoOIIIoBaHOI MOBEPXHI) 1 JOBXKHHY HIIAXY TepTs pisud L, (1)=u-1T 3a
qgac 1,= 1 c. O6’em BuzaneHoro 3 00po06IOBaHOI MOBEPXHI MaTepialy B 3aJIeKHOCTI BiJl yacy oOpoOku T 3Ha-
XOIMUTKCS Y BiAMOBIAHOCTI 10 (5):

V(r)=§s-t0~8~u~r~erfc% , (6)

t ..
ne: &, = t—s — koedinieHT ycaaku crpyxku [117], [17].
0

INponec anMa3HOro MiKpOTOUiHHS HEMETATIEBUX MaTepialiB 34iHCHIOETbCSA MpH TIIHOMHI pizaHHA £, = 10 —

60 MkM, gacToTi oOepranHs getani n = 2000 — 2800 o6/xs. i mBuAKocTi mogaui V¥, = 10 — 50 mm/xB. [11]. 3a

. 1 T
TaKUX YMOB apryMEHT iHTerpaia moxuook B (6) 3 ﬁ << 1, y 3B’S3Ky 3 IIUIM MOXHa CKOPHUCTATUCS PO3-
s

X3

2
ki1ajoM ¢yHkuii erf (x) st mamux 3Havens aprymenty (x ) [12]: erf(x) = —=(x — — +...) . O6Mexy04uChH

Jr
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. 2x .
PO3IIIAIOM TiJIBKH MEPIIOro YiieHa po3KiIady, oaepkumo erfc(x) =1—erf(x) =1- T, 1, BUXOS9H 3 (hOpMY-
P/

7 (6), 3HAXOIUMO 3AICKHICT 00’€MY BHIAJICHOIO 00pOOTIOBAHOIO MaTepialy Bia 4acy oOpOOKH MpH aaMmas-
HOMY MIKpOTOYiHHI:

V() =& t,-Su-t-|1- (7

3 orysiy Ha PUAHATI TPHUITYIIECHHS BETHYUHA 00’ €My BUAAIECHOr0 MaTepialy MoXKe OYTH TaKOXX BH3HAUYCHA
3 HabmmwkeHoi popmymn: V(1) =& -1, - S U - 7, axa Mae 3po3yminuii Gi3sH4HMI 3MICT 1 € 3araIbHOBIIOMOIO.
VY pe3ynbTati po3paxyHKy 00’ €My, 3HATOI'0 B MPOIIECI aJIMa3HOT'0 MIKPOTOYIHHS MaTepiany 3pa3ka ONTHIHO-

ro kpucrany CaF, niamerpom 100 MM (rnubuna pizanus [, = 10 Mkm, 4acrora obepranus geraini n = 2800
0

00/XB. i HIBHIKICTH noaadi V. = 10 MM/XB., Koe(iIlieHT yCaIKu CTPYXKKH

&, = 1,5) 3a popmynamu (6) i (7), mokasaHo, mo V = 7,610® M, 1110 BiAMOBIAHO TiHIHHOMY PO3Mipy BHIAICHOrO
mapy, sSKuii gopiBHIoe 9,6 MKM. 3HaiineHo 3HayeHHs KoedimienTa 06'emuoro 3uocy 1 = 3,610 M%/c, koediri-
enTa MacoBoro 3Hocy & = 1,1'107 xr/(mc) it inTencuBHicTb 3H0Cy [ = 4,5-10°.

TakuM yrHOM, JUIA BCiX omepaniii QiHinHOI 00poOKM HEMeTaleBUX MaTepialiB PO3paxOBaHO IMPOILYKTUB-
HICTh BHIAJICHHS MaTepiany 3 00poOIIOBaHOI TOBEPXHI, BUXOAIYH 3 €JUHUX TMO3HIIH (hi3HMKO-CTaTHCTUYHOI MO-
neni. JlaHi po3paxyHKiB y3ro/DKYIOThCs 3 pe3ynbrataMu ekcriepumenTiB. [l TAIL, HTAIII, nonipyBanss i AM
HEMETAaJIeBUX MaTepialliB po3paxoBaHO MapaMeTpH, [0 XapaKTePU3YIOTh TPOAYKTUBHICTh BUIAJIEHHS! 00p00IIIO-
BaHOr0 MaTepiary — Koe]illieHTH 00'€MHOr0 1 MacOBOI'0 3HOCY, a TAKOXK IHTCHCHBHICTh 3HOCY [ (Tadi. 1).

Tabnuys 1
Hapamempu, wo xapaxmepusyioms npoOyKmMueHICmy UOANEHH 06POOII06aH020 Mamepiany i
wopcmkicms 00pobieHol NO8epXHI Ha PI3HUX onepayisx QiniuHol 06pobKu

Onepanis (irimmoi O%?g;ﬁf;? Koedimient [HTEeHCUBHICTD HlopcrkicTs 06po0-
polé oBKI 3HOCY, MacoBOI'0 3HOCY, 3HOCY, JIEHOI TIOBEPXHI,
P n Mz/’c &, kr/(Mc) 1 Ra, MKM
TAI 5,38-107 4,10107 2,21-107 0,68
HTAIII 3,76107 7,2510°° 4,3810° 0,16
HonipyBaHHs 1,37:10™" 3,6010°® 4,80-107 0,01
AM 3,6010™" 1,10107 4,50-107 0,012

AHaJti3 BEIMYMH IHTCHCUBHOCTI / 3HOCY 3a KiacuQiKalliero KOHTaKTy IMOBEPXOHb, IO B3a€MOIIIOTH [18]
NIpY 3a3HAYEHUX TEXHOJOTIYHUX Ollepalisx, mokaszye, mo npu TAIIl HemeraneBux MmarepianiB BigOyBaeThCs
MIKpOpi3aHHs ajJMa3HUMHU 3epHaMu, 3aKkpiruieHnMu y 3B’s31i, 1pu HTAILl KOHTaKkT MoBepXOHb IHCTPYMEHTA i
JieTani — IUTAaCTUYHUM, a MpH mojipyBaHHi i1 AM — KOHTaKT XapaKTepHU3yeThCsl K NpYyXHO-TuacTuuHui. e nae
3MOTy CTBEPIUKYBATH, 110, HE3BXKAIOUM HA BIJMIHHICTh B MEXaHi3Max YTBOPEHHsS YaCTHHOK 3HOCY 1 BUIaJICHHS
00pOOITIOBaHOIO MaTepiany Ha Pi3HHUX omneparlisx (iHinHoI 00poOKH HeMETalIeBUX MaTepiaiiB, MPOIEC Macore-
peHocy mix yac 00poOKH KOPEKTHO OMHUCYETHCS B paMKax (pizuko-craTUCTHYHO Mojei [4].

Kpim Toro, HaBenmeHi B Tabs. 1 maHi Mo MIOPCTKOCTI 0OpOOJICHOT MOBEPXHI HA Pi3HHUX Omeparlisax (hiHilmHoi
00pOOKH 3HAXOMAThCS y BIAIIOBITHOCTI 10 MPOMYKTUBHOCTI BUAATIEHHS 00poOioBaHoro marepiaity. Ha puc. 1
HaBeJIeHI JiarpaMu, siKi HAOYHO JIEMOHCTPYIOTh, IO IHTEHCHUBHICTh BHAAJCHHS 0OpOOIIOBaHOrO MaTepiaiy i
IIOPCTKICTh 00pOOJIeHOT MOBEpPXHi y mporieci (iHIITHOT 00POOKH 3MiHIOIOTHCS OXHOYACHO. 3OUIBIICHHS IIBUI-
KOCTI IEpPEeHOCY MacH MaTepialy, 110 BUAAISIEThCS 3 00POOIIOBAHOI MOBEPXHI, MPU3BOJUTH A0 MOTipIIEHHS CTa-
HY 00pO0JIeHOT ITOBEpPXHi.
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|§ - 108, kr/ (M-C)| /- 108 Ra, MKM
o 22 0.68
0,16
4,38 i
1/ 0,012

[C]-71AW  [Z]- HTAW - ronipysanns [ |- AM

Puc. 1. liazpama 6i0noeionocmi nokasHuKie npooyKmueHOCMi 6UOANEHHsL MAmMepiany i
napamempie wopcmkocmi 00pobienol nogepxti Ha onepayisx QiniwrHoi 0opooku HM
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4. BucHoBKH. TakuM YHMHOM, BUXOISUH 3 (Pi3UKO-CTATUCTUYHOI MOJIEI 3HOCY ITOBEPXOHb JIeTalield 3 HeMe-
TAJIEBUX MaTepiatiB [P MEXaHiYHid 00poO1li, MOXKHA PO3paxyBaTH MPOAYKTHBHICTh BUAAJIEHHS 0OpOOIIOBaHO-
ro MaTepiaiy mpu ioro QiHinmHIA 00poOui (TOHKOMY i HaATOHKOMY ajlMa3HOMY HuTiyBaHHi, TOJNipyBaHHI iH-
CTPYMEHTOM 31 3B'I3aHUM IOTiPYBAJILHUM MTOPOIIKOM 1 aTMa3HOMY MiKPOTOYiHHI), sIka 3HAXOAUTHCS Y Bi/MOBI-
JTHOCTI 10 eKCIIEpUMEHTANIbHUX AaHuX. He3Bakaioun Ha BIIMIHHICTH B MeXaHi3Max yTBOPEHHs 4aCTOK 3HOCY i
BUaJIeHHS 0OpOOIIOBAHOrO MaTepiany Ha pi3HUX orepamisx (iHinHoi 00poOKHM HeMeTalleBIX MaTepialiB, Ipo-
IIeC MacOIEPEHOCY i Yac 0OPOOKU KOPEKTHO OIHMCYETHCSA B paMKax (Di3MKO-CTATHCTUUHOI MOJIEITI.
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Sidorke V.1, Filatov Y.D. The productivity of finishing non-metallic materials

YK 621.9

IMponyxruBHicTh dinimHoi 06podku HemeraneBux marepiaiis / B.1. Cinopko, }0./1. ®iiaToB

HaBezneHo pe3ynbTati 10CiikeHb 3aKOHOMIpHOCTEH Tpotiecy (iHinHoi 00poOKH HeMeTalneBuX MaTepiaiB
Ha OCHOBI ()I3UKO-CTATUCTUYHOI MOJIENI 3HOCY ITOBEPXOHb, II0 B3aEMHO NpUTHparoThes. [TokazaHo, mo Ha pis-
HUX onepauisx QiHinHoi 00poOKU po3paxoBaHi 3HAYEHHsI MPOILYKTUBHOCTI BUAAJICHHS 00pOOIIOBaHOTO MaTepi-
aJy y3rO/DKYIOTBCS 3 €KCIIEPUMEHTAILHUMH JAHUMH.
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IIpousBoauTebHOCTH (GUHUIIHON 00paboTKM HeMeTauIMYecKuX MaTtepuanos / B.A. Cunopxo, FO. 1.
®dunaros

[IpuBeneHsl pe3yabTaThl UCCIIENOBAaHNI 3aKOHOMEPHOCTEN IMpolecca GUHUITHON 00pabOTKM HeMeTauInye-
CKUX MaTepuajioB Ha OCHOBE (PU3UKO-CTATUCTUYECKOW MOJIEIH U3HOCA B3aUMHOIPUTUPAIOIINXCS TIOBEPXHOCTEH.
[TokazaHo, 4TO Ha pa3IMYHBIX onepanusx (UHHUIIHOW 0OpabOTKH pacueTHbIE 3HAUSHHUS MPOU3BOAUTEIBHOCTH
cheMa 00pabaThIBAEMOro MaTepualia CorjacoBbIBAIOTCS C SKCIEPUMEHTAIBHBIMH JAHHBIMH.

YK 621.9

The productivity of finishing non-metallic materials / V.1. Sidorko, Y.D. Filatov

The results of researches on regularities of finishing non-metallic materials on the basis of physical and sta-
tistical model of wear of surfaces that are in friction contact are presented. It is shown that on different opera-
tions of mechanical processing the calculated values of speed of removal of processed material are in good cor-
respondence with experimental results.



