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Jis  abpasuBy Ha Metasl npu aOpa3HBHOMY
3HOIIYBaHHI 3MIHCHIOETHCS yepes TIOBEPXHIO
OCTaHHBOTO. B pesymbraTti Takoi nii yTBOPIOIOTHCA
YaCTHHKU 3HOCY, SKi MalOTh Jy>K€ BEIUKY ITOBEPXHIO Y
MOpIBHAHHI 3 BHUXIOHOIO TIOBEpXHEIO MeTamy. Tomy
MOBEPXHS BIJIrpae ayxe BEJIMKY pPOJb Yy BYEHHI PO
abpa3uBHE 3HOIIYBAHHS.

B Cy4JacHUX KOHIIETITisX [1] TTOBEPXHS
PO3MIISAAETHCS HE SIK Pi3Ka MEpepBHICTh KOHTHHYYMY, a
SK 0COOJNMBUII MepexiHUi map Ha MeXi HOALTY JBOX
(a3 (TBepae TiNo-ra3, TBepAe TiNo-pinuHa ToIo). Pizuko
—XIMiYHI ~ BJACTUBOCTI  [BOTO APy  CYTTEBO
BIJIPI3HSIOTBCS BiJl BIACTUBOCTEH B 00’€Mi MeTaiy, IO
MOSICHIOETBCS  [2]  HAAJIHUINKOBOIO  MOTEHIIAJBLHOIO
EHepriero 30BHIMIHIX aTOMIB. OCHOBHOIO
XapaKTEPUCTHKOIO TIOBEPXHI € TOBEpXHEBAa CHEPTria —
BIJJHOILICHHS HAIUTUIIKY E€HEprii MOBEPXHEBOTO IIapy 10
OJMHUII IOl moBepxHi. [loBepxHeBa eHepris Merany
MPOTIOPIIIfHA HWOTO TOBEpXHi. YTBOPEHHS YaCTHHOK
3HOCY, SIKE MPHU3BOJAUTH 10 30UIbIIEHHS TOBEpXHi 0e3
3MiHM 00’€My MeTally, NOBHHHO CYIPOBOKYBaTHCh
3pOCTaHH]IM TOBEPXHEBOi eHeprii 1 Ha el mporec
noBuHHa OyTH BHTpadeHa pobora Tepts. Pobora Teprs
TOBHICTIO ~ BHTPAYa€eThCsl HAa  yTBOPEHHS  HOBHUX
MOBEPXOHb JIMIIE B TOMY BHIAAKYy KOJH IIPOIEC
PO3KPHTTS HOBUX IOBEPXOHBb BiIOYBAa€ThCS aOCONFOTHO
mpyxHOo [3]. BoHa ckimamae He3HAYHY YaCTHHY Bif BCi€i
eHeprii, mo BHTpayeHa, i ToMy ii BUMipIOBaHHSA 0e3
YCKIIa[HEHb MOJKJIMBE JIMIIE AJIS 1€aNbHO KPUXKHUX TUII,
AKMX B TpHUpPOXi HE icHye. Bci TBepmi Tima MoXxHA
YMOBHO MOJUIATH HAa /Bl TPyNH: KPHUXKi Ta IUIACTHYHI.
[Ipu abpa3uBHOMY 3HOLIYBaHHI KPUXKHX T poboTa
TEpTsl BUTpAyaeThCsl Ha NpykHI Aedopmauii Ha
YTBOPEHHS TEIUIOTH 1 HA YTBOPEHHsS HOBUX I[OBEPXOHb.
[Ipn abpa3uBHOMY 3HOIIYBaHHI IUIACTHYHHUX TN (IO
SIKMX HaJIe)KaTh METalIn) poOOTa TepTs BUTpaydaeThes Ha
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NpyXKHI Ta TulacTuuHi fgedopmanii, Ha TEmWIOTY 1 Ha
YTBOPEHHSI HOBHX ITOBEPXOHb.

Binmpmra wactmHa pOOOTH TEpTS IUIACTHYHHUX TiI
BUTPAYa€ThCS Ha IUIACTHYHI AedopMariii i poias podboTH
PO3KPHUTTS HOBUX ITOBEPXOHB BiICTYNA€ HA NPYTHil IUIAH.
ITpu nepexoi BiJ MIACTUYHUX TUT 0 KPUXKUX 3HAUSHHS

poOOTH  PO3KPUTTS  HOBHX  IIOBEPXOHb  CYTTEBO
301y €THCSL. Came TOMY MTUTaHHSA
E€KCIIEPUMEHTAIBHOTO BUMIpIOBaHHS IIOBEPXHEBOI

eHepril Al KPUXKHX T po3poOneHi Habarato kpaiue
HDK JUTS TUTACTHYHUX [4].

Psn JOCITi THUKIB HaMaraiuuch OB’ 3aTH
MOBEPXHEBY EHEPril0 METAJiB 3 IUTOMOIO pOOOTOIO
TEpTs. TpH abpa3sMBHOMY 3HOIIYBaHHI. AHali3 LBOTO
MUTaHHA [5] mMoKa3aB, M0 MiXK HMOBEPXHEBOIO EHEPTi€i0
Ta poOOTOIO TEPTS iICHYE 3B'SI30K

U

, (D
const
Iie -y — nmoBepxHesa eHepris; U — muTomMa podoTa TepTs.

Bupa3 (1) Bka3dye Ha MOXJIHBICTH BHKOPHUCTAHHS
a0pa3UBHOTO 3HOLIYBAaHHA B SKOCTI METOAY BH3HAUCHHS

MoBepxHEBOI eHeprii meraniB. OmHak 1€ TUTAHHSI
notpedye MOJANBIIOr0 BHBYEHHS 1 BIAMOBIAHOTO
OOIPYHTYBaHHS.

Bigomo [6], mo a0pa3uBHa 3HOCOCTIHKICTH — L€
XapaKTepUCTUKA pyHHYBaHHd MeTaly. PyliHyBaHHIO
MeTaly, 3a3BM4Yal, Iepeaye  NpYXHO-IUITACTUYHA
nedopmaniss. ToMy  BHXIZHOIO  XapaKTepHCTHKOIO
abpa3uBHOI 3HOCOCTIHKOCTI, SIK 1 Oyab-sikoi iHIIOT
MEXaHIYHOI XapaKTEePUCTUKH, € AiarpaMa aegopMyBaHHS
(puc.), axa noB’s13y€e HanpyTH () Ta gedopmartii (€), mo
JOCATAFOTHCS i Ai€F0 IIUX HAIIPYT.
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Pucynok. [liarpama paedopMyBaHHS MeTaly NpU
abpa3suBHOMY 3HOINYBAHHI!  Gpeqp TEOpeTHYHa
MIIHICTh; G, — TPAHMI MIIHOCTI; &, — MPYXKHA
nehopMallis; &, — KpUTHIHA AehopMallis.

Peakuis MeTamy Ha HaBaHTaXEHHSA TEPTSIM IIpU
abpa3sWBHOMY 3HOIIYBAaHHI, K II€ 3a3HAYaJOCs BHIIE,
BiziOyBaeThcs y popMi npyxHoi nedopmarii, miacTuyHol
nedopmauii Ta pyiinyBanss. [Ipudomy peakuis y dpopmi
npyxkHoi gaedopmauii € oOoporHoro, a y dopmi
TUIACTUYHOI AedopMallii Ta pyiiHyBaHHS HEOOOPOTHOIO.

Hdns  igeanbHOro Meraly peakiiss Ha TepTs
BimOyBaeTecss y <¢opmi mpyxkHOi agedopmarii Ta
pyiryBanHs. KpruBoto nedopMyBaHHS B IbOMY BHUIAIKY
e miHis OA (puc.). 3a nanumu [4] mumie 10-7 eneprii, mo
MiABOANTHCSA 330BHI BUTPAuYaEeThCs Ha pyHHyBaHHA. B
MeKax MPUIYCTUMOi MOXMOKM MOKHAa BBaKaTd, MIO
MaKCHMaJlbHE HAaBAHTAXKEHHS, SIKE BHUTPUMYE MeTall
BIJINIOBiJJa€ HOTO TEOPETUYHIN MIIIHOCTI GTEOP.

Teopernyna eneprist Urteop, 110 BTpavyaeTbcsi Ha
abpa3uBHE 3HOIIYBaHHs A0piBHIOE oI OA/J] T06TO

2
2

— O-meop V ,
meop 2E

ne E — HepenmakcoBaHM MOIYJh MPYXHOCTI, V — 00’eM

3pyitHOBaHOrO Ta e)OPMOBAHOTO IIAPY.

JUis  OIIHKM TEOpeTHMYHOi MIIHOCTi, fKa €
(hyHITAMEHTAIBHOI0 ~ MEXaHIYHOI  XapaKTEPHUCTHKOIO
MeTany, Bigomo [7,8 Tomo] Oarato Qopmyn. Onpnak
HaMOLIBII TOYHOIO 1 BUTBHOIO BiJ OYb-SIKHX MPUITYIICHb
Npo XapakTep MDKaTOMHOIO B3aeMofii € ¢opmyia, 1o

oTpuMaHa B po0ori [8]:
1
2yE /2
a

Iie Y — TOBEpXHEBA CHEPTis; @ — MKaTOMHA Bi/ICTaHb.

Axmo dopmyny (3) miacrasutu y dopmymny (2), To
TICJIS BiAIOBITHUX TEPETBOPEHb OTPUMAEMO HACTYITHHHA
BHpa3 I TEOPETUIHO1 eHepril

U =01252r,
a

meop

; 3)

“

3a abpa3uBHOTO 3HOIIYBaHHA Ae(opMariii 3a3HAIOTh
HeE JIMILE YaCTUHKH 3HOCY, ajie TaKOXK HPHUIIOBEPXHEBUI
map MeTajay, IO SKOro BOHHM OyjiM 3akpiljieHi 1o
pyiHyBaHHs. Po0oTy, 110 BHTpadaeThcsi Ha aOpa3uBHE
3HOLIYBaHHS, MOXHa PO3AUIMTH Ha JBi yactuHu. OpaHa
YacTHHA BUTPAYAETHCS HA Te 00 MpYKHO aedopMyBaTu
0 pYHHYBaHHS YAaCTHHKH METaldy, a IHIIAa 4YacTUHA
BUTpPaYaeThCs Ha Ne(OpMAIii0 MPHUIIOBEPXHEBOTO MIAPY
MeTany. B MOMEHT pyiHYBaHHsS YaCTHHKH HAMPYTH 110
obuaBa OOKHM TUIOIIMHU pyHHYBaHHS OXHAaKoOBi. Ha
MmicTaBi IBOTO MOXKHA NPUIYCTHTH, IO podorta
abpaszuBHOro 3HomyBaHHS U po3AisfeTbcs Ha JIBi
MPUOIU3HO PiBHI YACTHHU:

meop

Umeop = Ur) + Up > (5)
ne U, - pobora nedopmysanns; U o pobora
pyHHYBaHHS.

Ha mincrasi popmynu (4) maemo:
U,=0125Lv,: U, =0125LV,, (6
a a
ne V, — ob’em nepopmosanoro mapy; V,— o6’em
3HOIICHOTO IIapy.
[To3znaunmo gepe3 k BimHOMICHHS eHepriid
U
— =k, (7)
Up
Y
a60 3a popmynoro (6): — =k

P
Baminusim V), uepes V, k, na nincrasi popmya (5)

Ta (6) MOXKHA 3aITUCaTH:

Y Y 4 4
U eop = 0,12551/0 + 0’125;Vp = 0,1255(1/0 +V,)= 0,1255(kVp +V,)=0,125V (k+1) (®)

Koedimient k y mnepmomy HaOMMKEHHI MOXHA

NPUIHATH TakuM, 110 JOPIBHIOE OJHMHULI, TOOTO
BBakaTd, IO o0’eM V), Meramy mix 3HOWICHOR

MOBEPXHEI0, SKUH OXOIUICHUH TPYXHOK jaedhopMariiero

meop

npu  abpa3MBHOMY 3HOIIYBaHHI JIOPIBHIOE 00’€My
V, snomenoro mapy. Toxi
AG
Upy = 02571, 025222, 9)
a

a p
Jae AG — Maca 3HOILEHOIr0 MeTaly; p — TyCTHHA METaly.
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[H1Ie moNoXKeHHs U PeabHOro METaly, KU Mae
pi3Hi  gedextn KpuctaimiuyHoi OyznoBu. IlpucyTtHicTh
JedeKTiB NPOSBISIETHCS B TOMY, 1110 PEAKLIis METaIly MU
HaBaHTXXECHHI  TepTsAM B  yMOoBax  aOpa3uBHOTO
3HOIYBaHHS  BiOYBaeTbcs vy GopMi  NPYKHOL
nedopmaunii, mractuyHoi nedopmanii Ta pyiiHyBaHHs. Ha
BiIMIHY BiJ pyHHYBaHHS, Ha NpPOLEC IUIACTHYHOI
nedopmarii BUTpavaeThCs 3HAYHA YaCTHHA 30BHIIIHBOL
eneprii [4]. Tomy mmactuyra nedopmaiis MPH3BOIUTH
0  penakcamii BHYTpIimHIX  Hampyr. BHacmigok



B.I. IBopyk, M.B. Kinapauyk, O.B. I'epacumoBa

penakcauii gedpopMyBaHHA MeTaly BigOyBaeTbCs 3a ne U — enepris penakcauii.
kpuBoto OB (puc.), a MakcUMallbHE HaBaHTAKCHHS, SIKE bet
BUTPUMYE METall 3HMIKYETHCS JIO TEXHIYHOI MIIIHOCTI
(rpanumi MiHOCTI). U - (T eop — c,)’ ” (an
@aktuuHa eHeprii U, 110 BHUTpayaeTbCs Ha per = yp 7
abpasuBHe 3HOIIYBaHHs jaopiBHIoe mionmuai OCBJI, sika

B CBOIO uepry € piznuueto mwiomua OAJl — ACB To6To

u,=U,, -U (10)

meop pen?

3 pHCyHKa Ma€EMO:

BpaxoByroun (2) ta (11) dopmymy (10) moxna
3aIHCcaTH TaK

2 o o
Cmeo meop ~ 6 4 o O
L:;: 2EpV_( ;E )ZszEo-jwop_( meop @)2] (12)

TeopernuHa Ta TeXHIYHAa MIIHICTD MeETaliB
3HAXOATHCA Y TICBHOMY CITIBBITHOIICHHI OJfHA 10 OHOI,
SKe 3aJeXUTh Big mpupomun Metamy. B Tabmmmi 1
MpeACTaBIeH] BiJHOMIEHHS [3 TEOPETUYHOI MIIIHOCTI JI0 ToMy 11 TeXHIYHOT MIITHOCTI MOKHA 3aITHCaTH:
TEXHIYHOI Py METaiB. o
meop
Taoanus 1 o, = ﬂ 5 (13)

[Micns migcranosku (13) B (12) Mmaemo:

BigHOIICHHS TEOPETHYHOT IO TEXHIYHOT MII[HOCTI

MeTaiiB [7]
Monyns Teopernuna | TexHiuHa Binmouterrs
Meran MPY>KHOCTI, | MilHICTb, MIIHICTE B= O eop
E,10"Ma | Guop 107Ma | o, 107 ITa o
Amowminiii | 6000 600 9,0 65
Cpibio 8000 800 18,0 45
Mins 12000 1200 23 50
3aiizo 21000 2100 30 70
2 2 2
UB _ L 02 - _ O-meop — O-meop V1= ﬂ -1 s (14)
2E meop meop ﬂ 2E ﬂ
Bpaxosyroun (2) i (9) octaTo4HO OTpUMAEMO
p-1Y AG|, (p-1Y
UszUmeap 1_( j :05251 1_( J ’ (15)
B a p B
3 iHmoro OOKy BioMO, 1O (aKTUYHA EHepris uutidpysanns, B.Jl. Ky3nenosum [4] orpuMana HacTymnHa
a0pa3uBHOTO 3HONTYBaHHS JOPIBHIOE (hopMyna IS TOBEPXHEBOI EHEPTii KPUXKHUX KPUCTATIB
Ue = Fmp' .me’ (16) _ Fmp~ 'mep'a
y=——" (19)
ae F,,, — cuna tept; L,,, — UIIAX TEPTSL. 2AG
Tomy npasi wactunu Qopmyn (15) i (16) moxna Iopisusauna popmyn (18) i (19) mokasye, mo BoHH
MPUPIBHATH OJHE JJO OJTHOTO Jy’e ONM3bKi OJHA 1O OJHOI 1 BIAPI3HAIOTHCS JIHIIC
AG 1Y YUCIIOBUM Koe(illieHTOM B 3HaMeHHUKY. OTxke, came
0252861 (A1) |_p (17) o oediient i :
, - mpe " L el KoeimieHT i BPaxOBYe €HEPTito, IO BHUTPAYAETHCS
ap B Ha TUIacTHYHY nedopmarito. Po3paxyHOK BiIHOIICHHS
3BigKM [ TIOBEPXHEBOI EHEPrii IUIACTHYHHX MOBEPXHEBUX  CHEpridi  3ajiza, poO3paxoBaHMX 3a
METaJliB OTPUMAEMO: tdopmynamu (18) 1 (19), mokasye, mo BOHO OPIBHIOE
F, -L,p-a , (18) 2,6:102, ToOTO poboTa IuTacTH4YHOI medopmarii OLIbII
V= 2 HDK Ha JiBa MOPSAKHU IMEPEBHUIINYE MOBEPXHEBY CHEPTIIO.
0.25AG| 1— p-1 Take 4YHCIIOBE 3HAUYCHHS, 3HAXOIWTHCS Yy IIOBHIM
BiINOBigHOCTI 3 KputepieM ['puddirca-Oposana [9] mis

Pamimie, i3 3actocyBamHsm Mertony aGpasupHoro — PYMHYBAHHA IIACTHIHUX MCTAILB.
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Jus  OimpIn  IMPOKOIT
3alIPOIMIOHOBAHOTO  METOza
CIIBCTABUTH pPe3yJbTaTH BHU3HAYEHHS IIOBEPXHEBOI
eHepril, 110 OTpUMaHi 3a WOro JONOMOrow, 3
pe3yJibTaTaMu, 1o BiZioMi 3 JliTepaTypHux mxepen [10].

Jst 1poro NMpoBOMIIN BUIIPOOYBaHHS Ha abpa3vBHE
3HOILLIYBaHHS ps/ly TEXHIYHUX MarepialliB 32 METOJUKOIO
[11]. Pesynbrarm cCHiBCTaBIEHHS IPEICTaBJICHI B
Tabnumi 2.

OWIHKH TMPane3JaTHOCTi
Npe/ICTaBIsiE  IHTEpec

Taéauns 2

CriBcTaBiIeHHS IOBEPXHEBOI €HEPTrii TEXHIYHUX METaTiB.

Mertan [ToBepxHeBa enepris, [ToBepxHeBa enepris,
Jox/m® |, [10] Jix/m” | EKCIIepHMeHT
Minp 1,7 53
Cpibno 1,14 2,78
3aiizo 2 28,17

3BiIKM BUJHO, IO EKCHEPUMEHTAIbHI 3HAYCHHS
noBepxHeBoi eHeprii y 2,4-14 pa3iB nHepeBHIIYIOTH
mirepatrypHi  pmanHi. Haxames y  jpkepenmi, 1o
BuKopucToByBasiock [10], BimcyTHs iH(pOpMaris mpo
METOJ] BHU3HAUCHHS TIOBEpXHEBOI eHeprii. Tomy

MOSICHUTH PO30KHICTH pe3yibTaTiB HEMOXIHNBO. OmHaK
CIII BiaMiTHTH, J11(0) 3HayHa PO30IKHICTH
EKCIIePUMEHTAIbHUX 3HaueHb MPUTAMAaHHE JUIs PI3HUX
METONIB  BH3HAuYeHHs MOBepxHeBoi eHeprii [12].
BpaxoByrouw, 110 MOBEpXHEBa €HEpris He € (i3NYHOI0
KOHCTAHTOI0 METaJly, MOXHA BBa)KaTH, IO PO30DKHICTH
JITEpaTypHUX Ta CKCICPUMEHTAIbHUX 3HAYCHB, sKa
BIUIMBA€E 3 TAONMIN 2 HE MAa€ MPUHIUIIOBOTO 3HAYCHHS.
BBaxxmBuM € TO#H (akT, MO MOPSIOK PO3TAIIYBaHHS
METaJliB 3a 3pOCTaHHSIM IIOBEPXHEBOi €Heprii B 000X
Bumaakax 30iraersca. Lle cmim posrmsgatd, SK OOKas
Mpare3aTHOCTI  3alpONOHOBAHOTO  MeToAa. Takum

YMHOM, B JIaHiii poOOTi 3alpONOHOBaHUI Tpale3JaTHHA
METOJl BU3HAYEHHS IOBEPXHEBOI €Heprii MeTaliB, SKUi
BIZITHOCUTBCS IO TPYIH (PPAKTOMETPUIHHUX.
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Definition of Superficial Energy of Metals at Abrasive Wear Process
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The method of definition of superficial energy of metals Is developed at abrasive wear process on the basis of on
the basis of the power approach. The estimation of working capacity of the offered method is lead.



