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BU3HAYEHHA KJIbKOCTI ABPASUBHUX YACTUHOK HA NMOBEPXHI TEPTA
NPU BUNMPOBYBAHHAX METOAOM BEPUHEIA-XOBAPTA

Po3zensnymo mMo0entoganus 3HOULY8AHHA MeMAie npu 6UnpoOysantax memooom bpunenns-Xosapma 3 memoro
BU3HAYEHHA KiNTbKOCMI aOpasueHUX 4aCMUHOK Y 30Hi CMUKAHHA 2YMO06020 OUCKY Ma adpasusy 6 KOXCeH MOMEeHm
yacy 6 3aneiHCHOCmi 8i0 po3mMipie adpPA3UBHUX YACTNUHOK MA 2yM08020 Oucky. Ompumani pe3yrvmamu 003604710Mb
30TUCHUMU 3MEHUEeHHs KIIbKOCmi 6Unpodysans npu 30epexicenti HeobXionoi mounocmi 6unpodysams.

Kniwouosi cnosa: abpasus,cxema bpunennsi-Xosapma, mamemamuune mMooemnosanHs, 6unpooy6anis Ha 3H0CO-

cmitkicmeo.

BecTtyn

IMocranoBka mpod.emu. BrusHaueHHs 3HOCOCTIH-
KOCTI MeTalliB He3aKpiIUIeHUM aOpa3vBOM 3IHCHIOETHCS
3 BHUKOPHCTaHHSIM pi3HHX MeToniB. Haiiposmoscio-
JoKeHIUM (cepTudikoBaHUM) B OLTBIIOCTI TEXHOJIOTIY-
HO PO3BUHYTHX KpaiH € MeTton bpunenns-Xosapra. On-
HAaK MUTAHHS OILIHKA MOYJIMBOCTI 3MEHIIEHHS KIJIBKOCTI
BUIIPOOYBaHb NpH 30epexeHHI HeOoOXITHOT TOYHOCTI pa-
Hillle HE PO3IJIANAINCS Ta € JIOCTaTHBO aKTyaJbHUMH 3
ypaxyBaHHSIM PO3MOBCIO/PKEHHSIM [IbOTO METOJTY.

AHaJni3 ocTaHHIX gocaimKeHb i myOmikamiii. Bu-
npoOyBaHHs 3a cxemoro bpunemts-Xosapra. Y 1949
poui XoapT (CILA) po3poOuB MeTOn BUNPOOYBaHHS
M0 3HONIYBAHHIO, IO CXOXWHA 3 MeTonoM bpuHemns i
BiJIPI3HAETHCS BXKUBAHHAM TyMOBOTO IHMCKa 3aMiCTh
MeTaneBoro. JlocikeHHs IbOr0 METO/LY, MPOBEJICHE B
[HCTHTYTI MamIMHO3HABCTBA ITOKA3a1o0, IO CIOCiO To-
nadi abpa3uBy 10 MOBEPXHI TEpTSA MO XOBapTy € He3a-
JIOBUILHUM, TOMY OyJia po3po0ieHa HOBa cXeMa, B SIKii
MO€E/IHYBAJINCS] TYMOBHH JUCK 1o XO0BapTy i nojadi a0-
pasuBy o bpunerro (puc. 1).

Puc. 1. Cxema BuIipoOyBaHb Ha 3HOC IO TyMi 3 CYXUM
abpasuBoM: 1 — rymMoBe KoJeco; 2 — abpasus;
3 — BaXJIb; 4 — BaHTaX; 5 — 3pa30K
Jxeperno: po3po0IIeHO aBTOPOM.

3HOC BU3HAYAETHCA 110 BTPATi Baru 3paska IpH Ie-
BHIll KUIbKOCTI aOpa3uBy. Y Takux kK€ yMOBax BHUIIPO-

OOBY€ETHCSI CTAIOHHUI Martepial; BiTHOCHAa 3HOCOCTIH-
KICTh BU3HAYAETHCA SK BITHOLIEHHS 3HOCIB €TaJIOHHOTO
1 BUIIPOOOBYBAHOT'O MaTepiaiB.

B po0oTi po3risHyTO MOJEIIOBaHHS MpOLECY
3HOIIYBaHHS HA OCHOBI Teopil moAiOHOCTI i po3MipHOC-
Ti, aJi¢ HC BHUCBITJICHO TITIHOMHHHMIA MEXaHI3M IMPOIECY
aOpa3uBHOTO 3HOIIYBAaHHSL.

MeTto10 cTaTi € BU3HAYCHHS KUTBKOCTI abpa3uB-
HHUX YaCTHHOK Ha MOBEPXHi TePTs NPU BHIPOOYBAHHSIX
MetozoM bpunemns-XoBapra Uid MOAANBIIOL OI[IHKH
MOXJIUBOCTEH 3MEHILIECHHS KUIBKOCTI BUIIPOOYBaHb MPH
30epexeHHI He0OXiTHOT TOYHOCTI.

Buknag ocHOoBHOro marepiany

BusHaueHHS KiNBKOCTI aOpa3sMBHUX YaCTHHOK Yy
30HI CTUKaHHS POJIMKa Ta 3pa3Ka B JaHHH MOMEHT yacy
€ BHUpIIIAJILHAM TP NMOOYAOBI 3arajbHOI MoJeli abpa-
3MBHOTO 3HOIIYBaHHA. BU3HauHy poJib y MOZAENIOBaHHI
mpolecy aOpa3sMBHOTO 3HOCY BiJirpae 3ajie)KHICTh Be-
JIMYMHY 3HOCY BiJ JIIHIHHOTO 3HOCY abpa3vBOM ITOBEPX-
Hi Marepianmy. B MoMeHT uacy ¢ mepepi3 BUIIpOOyBaIb-
HOTO poNrKa, abpa3uBy Ta 3pa3ka Oyle MaTé BHIIIAL,
MOKa3aHui Ha puc. 2.

%

' .
ey
Puc. 2. I[lonepeunwnii nepepi3 BUIIPOOYBAIEHOTO
poinuKa, abpa3uBHUX YaCTHHOK Ta MOBEPXHI

JIOCTI/IKYBaJIFHOTO 3pa3Ka, Ae:
OP:R, A1P=r; AAIOAZ =a
Jxepeno: po3po0IeHO aBTOPOM.
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Bu3HAaYMMO KUTBKICTh aOpa3sMBHHMX YACTHHOK, SIKi
NpUIMalOTh Y4acTh y MPOLECi 3HOCY TIOBEPXHi 3pa3Ka B
MOMEHT, KOJIM JIiHIHUNA 3HOC JOPIBHIOE /. 3 piBHOOE-
peHoro AOA4 4, , B axomy OF € MezliaHO0, BUCOTOIO Ta
OiceKkTpuco, MaeMo

r

.o
sin— = . 1
2 R+r M
3 opmymnu (1) otpumaemo
o = 2arcsin 2)

+r

Bu3HaunMo 3aieXHICTh JTOBXHWHH IyTH Bil BEJH-
YHMHU JIIHIHHOTO 3HOCY /1.

M F

Puc. 3. CxemaTtn4He KpecICHHS YaCTHHU IFIIIHAPA
B IIPSIMOKYTHIi# CHCTEMi KOOpIUHAT
Jxepeno: po3po0JIeHO aBTOPOM.

MaxkcumanbHa TAHOUHA /i TYHKH Ha TTOBEPXHI 3pa-
3Ka, SKAN 3HOIIYETHCS, BINIMOBINAE€ IOBXKHHI Bifpi3Ka
DB. Slxmo npuitasata OD=z;, To 3 Toro, mo OB=R(R —
paniyc poimka), BUIUTUBAE, 1o DB=R—z;. lllupunHa po-
muka OP=b, tomy koopaunHatu touku P(b;0;0). ITomo-
BUHA 00’€My JIYHKH, sIKa 3HOLIYETHCS, BiANOBIAE Yac-
TUHI ponuka ABMNCD, a monoBrHa IUIONI TTOBEPXHIi
JMYHKA — YaCTHHI NWTiHApWIHOI moBepxHi ABMN. IIpo-
ekuito noBepxHi ABMN nHa mwromuny XOY Oyzme o6-
nactb D — npsMokyTHUK POM;N,;. PIBHSHHS HTiHIPU-
YHOI IOBepXHi ponnka (4ABMN) mae BUTTISA

2+y?=R%. (3)

3 ¢opmynu (3) onepkuMo Bupas 3MiHHOI z yepe3
3MIiHHY Y 1 KOHCTaHTy R.

z:\[Rz—yZ . 4)

BuxopucroByroun 3HaiiaeMo miomy ( NoaBOEHOI
MUTIHAPUIHOI ToBepxHiI ABMN

Q=”\H+p2+q2dxdy, ®)
D

oz . .
ne p=—; g =— ;o00macts D — pOeKIist HOBEPXHi
Ox Oy

CTHKaHHs POJIMKa 1 3pa3ka Ha miommny XOY, z=f(x,y) —
PIBHSHHS JaHOT IIOBEPXHI.
dopmya (5) exBiBaseHTHa HOpMyJTi

Qzﬂ\/l+z; (x;y)+z;, (x;p)dxdy, (6)
D

ne z(x;y)y R - y*

00J1acTh
D:OS)ch,—\/Rz—zl2 Sys\/Rz—zlz.

YacTuHHI MOXiHI 1O X 1 IO y PiBHI:

S S )

z) (x y)=6—Z:—
YA dy R -2

ne z (x,y)=0.
BpaxoByroun Te, 1[0 MPOEKIIE0 OJIOBHHHA KOHTA-
KTHOI MoBepxHi Ha miomuny XOY Oyzae obnacth

D :0<x<bh, 0<y<+R*-z.

Dopmyiry (6) MOXHA IEPENUCATH Y BUTIISIL

2
0 =2[[ [1+——dxdy (8)
D R -y
[icns anreOpaivHUX nepeTBOPEHb (8) NOBKHUHY

ayru MNX (1)) Busnaunmo 3a Gopmysoro:

2
j. 9)

KinbkicTh aOpa3uBHUX YaCTHHOK B JIy31 JOPIBHIOE
g= {ﬂ} +1. (10)
a

KinbkicTs psitiB abpa3uBHUX YaCTHHOK JJOPIBHIOE

b

3arajgbHa KUIBKICTh YACTUHOK B 30HI CTUKAHHA I10-

Iy =2(R+2r)arcsin, |2 [
R+2r \R+2r

BEPXOHb pPOJINKa, a0pa3uBy Ta 3pa3Ka IpH JiHIHHOMY
3HOCI /1 TOpiBHIOE

. h oV
arcsin, |2 -
R+2r R+2r

n=qm= +1 |x
arcsin

(12)

+r

)

Ilpu h=R+2r
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N=2 (14)

(13)
BucHoBKku

R+r
b | T | b [IpoBeneHe MoAeMOBaHHS BU3HAYCHHS KITBKOCTI
x[;} - 2 aresin " * [;} abpa3uBHUX YaCTHHOK HA MIOBEPXHI 3HOCY JJa€ MOXKIIH-
arcsmm BICTh IPOTHO3YBaTH BEJIMYMHY JIIHIHHOTO, MaCOBOTO Ta
00’emHOTO 3HOCY. OTpHMaHa MOXKJIMBICTH TIOOYIOBH
MoJenni abpa3uBHOTO 3HONTYBAaHHS MPH BUIIPOOYBaHHI
MeronoM bpuneist-Xosapra.

A B3arani mig gac o0epTy BHIPOOYBaJIbHOTO PO-
JIMKa B TPOLECi 3HOCY MpHUHiMA€e y4acTh N YaCTHHOK.
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ONPEQRENEHME KONMMYECTBA ABPA3UBHbIX YACTUL HA MOBEPXHOCTU TPEHUA
NPU NUCMNbITAHUN METOAOM BPUHENA-XOBAPTA

O.A. Bumnesckuii, A.C. JlaBb110B

B pabome paccmompen memoo ucnvimanuti na adpasugnsiii usHoc no cxeme bpunennsa-Xosapma c ykasanuem KoHcmpyx-
MUBHBIX DNIEMEHMOB YCMAHOBKU, KOMOpble MO2YN OMIUYAMbCs pasmepamu, ceomempueti hosepxnocmeil u mamepuanamu. Om-
MeueH KONUYeCMBEHHbI, d He Ka4eCMBEeHHblll XapaKmep pe3yibmanos Memood, 4mo He nO36011en NepeHOCUns pe3yibmamyl
UCNBIMAHUIL HA YCL08Us OmauuHble om cmanoapmuvix. Chopmynuposansvl 3a0aui, HANPAGIEHHble HA YCMPAHEHUEe OCHOBHOZ0
HeO0CMamxa UCcie008anull: OMcymcemeue mooeneti ucciedyemblx npoyeccos U Memooos onpeoeieHus napamempos Jmux mooe-
neu. Yempanenue smux HeOOCMAmKo8 no380AUNt pacnpoCmpanums pe3yibmamsl UCCIe008aHUN HA HAMYPATbHble YCI08Us ON-
auunble om modenvrulx. Ilocmpoena mamemamuyeckas Mooeab onpedeienis KoIuvecmea adpasueHbix Yacmuy 8 30He 83aumo-
Oelicmaus pesuHo8o20 OUCKA U abpasuea 6 3a0aHHbLIL MOMEHM 8DEMEHU 8 3ABUCUMOCTNU OM PA3MEPOS AOPA3UBHLIX YACUY U
pe3unosozo oucka. Baoicnvim komnonenmom O0anHoli pabomul A6NAEMCs PeanbHoe PacCMOmMpenue 83auMo0eltiCmeus Kaxicooll
chepuneckoil abpazusHol Yacmuybl ¢ MEMAIIUYeCKUM 00pasyom. Boioenensl epanuiHble YCio8us npumMenenuss OaHHbIX Mooeell
npu ucnvimanuax memooom bpunenns-Xosapma. [annoe modenuposariue paccMompeno 6 KOHmMeKcme ¢ nocieoylouum pasel-
muem OaHHOU MemoOUKU MoOenuposanus. B pabome paccmampusaiomces peanvhbie Npoyeccyl, C6A3aHHbIE C AOPAZUBHBIM USHA-
wuBaHUeM mamepuanos npu ucnvimanusx. Takoce 6 pabome paccmampusaemcs 0CHO8A OANbHeUe20 NOCMPOEHUs MAMEeMAamu-
Y4ecKko20 MOOeUPOsanus npoyecca abpasueHo20 USHAWUBAHUA MEMALI08 npu ucnsimanuu memooom bpunenns-Xosapma. Hszy-
uaemcsi He CPeOHeCmamucCmu4eckuli UsHOC MEemaiios, d U3HOC Kaxicoou chepuyeckoll abpasusHou yacmuysl ¢ OaLbHeUuuUM
CYMMUPOBAHUEM BENUYUH USHOCA NO MACCE.

Knroueswvie cnosa: abpasus, cxema Bpuneana-Xosapma, mamemamuueckoe MoOenuposanue, UCNbIMaHus Ha U3HOCOCMOTi-
KOCHIb.

DETERMINATION OF THE AMOUNT OF ABRASIVE PARTICLES ON THE FRICTION SURFACE
IN THE TEST BY THE BRINELL-HOWART METHOD

O. Vishnevsky, O. Davydov

The paper considers the method of testing for abrasive wear according to the Brinell-Howarth scheme with an indication
of the structural elements of the installation, which may differ in size, surface geometry and materials. The quantitative rather
than qualitative nature of the results of the method is noted, which does not allow the test results to be transferred to conditions
other than standard. The tasks are formulated aimed at eliminating the main drawback of research: the lack of models of the
studied processes and methods for determining the parameters of these models. Elimination of these disadvantages will allow to
extend the research results to natural conditions different from the model ones. In this regard, the task of developing a theory of
modeling abrasive wear of metals during tests by the Brinell-Howarth method was established. A mathematical model has been
built for determining the amount of abrasive particles in the zone of interaction of a rubber disk and an abrasive at a given time,
depending on the size of abrasive particles and a rubber disk. An important component of this work is the real consideration of
the interaction of each spherical abrasive particle with a metal sample. Boundary conditions for the application of these models
during testing by the Brinell-Howarth method are identified. This modeling is considered in the context with the subsequent de-
velopment of this modeling technique. The work considers real processes associated with abrasive wear of materials during test-
ing. The paper also considers the basis for the further construction of mathematical modeling of the process of abrasive wear of
metals when tested by the Brinell-Howarth method. It is not the average statistical wear of metals that is studied, but the wear of
each spherical abrasive particle with further summation of the wear values by weight.

Keywords: abrasive, Brinell-Howarth scheme, mathematical modeling, tests for wear resistance.
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