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Ha ocHOBi pe3ynbTaTiB MOJICTIOBAHHS MPOILIECY TEPTSA 3a CXEMOK “Maielb — JUCK” MDK 3pa3kaMu 3 Miji,
tutanoBoro (& + f )-cinasy BT 3-1, nypamominy i cramwimo 38X2HMA (KOHTPTLIO) Y MacTuii 3 XJIOPHUCTOIO)

NPHUCAAKOI0 IOKa3aHo, IO B Ipoleci (pukuidHol B3aeMoAii MK €JIEMEHTaMH CHCTEMH «IIOBEPXHI TepTs-
cepenoBHIIe (0JKBa)» BiIOYBAa€ThCSI IHTCHCHBHE MAaCONEPEHECEHHS XIMIUHHUX CJIEMEHTIB, SIKi BXOISThH [0 CKIIAdy SIK
MeTaliB, Tak i onuBH. JIs KOXKHOTO KOHKPETHOTO BHIIAJKy HOTO pe3yJbTaT IIOAO YTBOPEHHS 4M HE YTBOPEHHS
TOBEPXHEBHUX INAPiB, SAKICHUX Ta KOHLIEHTPAUIHHUX 3MiH 3a JIETYIOUUMH EJIEMEHTAaMH IOPiBHSHO 3 OCHOBHUM
MeTayioM Oyzie 3aJieXaT sIK Bifl 30BHINIHIX ITapaMeTpiB TepTs, TaK i BiJ CKJIAXy Ta IPHPOAN KOHKPETHUX EJIEMEHTIB

Tpibocucremu.
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Beryn

[Ipobnema JIOBFOBIYHOCTI, a BiAMOBIAHO,
3HOCOTPHUBKOCTI MAIllMH 1 MEXaHi3MiB, IO TPAIIOIOTh B
CKJIQJIHUX YMOBaX eKCILTyaralii Mae 0coOJIMBE 3HAUCHHSI.
[Ipote, Ha CHOTOAHI HENOCTATHHO BHUBYEHI SKICHI Ta
KUTBKICHI 3aJIe)KHOCTI, CYTHICTH 1 MEXaHI3MH pPO3BUTKY
MIPOLIECIB TEPTS 1 3HOLIYBaHHS. 3HOCOTPUBKICTD JieTanei
MalllUH B OCHOBHOMY IOB’SI3yIOTh 3 MIIHICTIO TEPThOBUX
MMOBEPXOHb. AJI€ BHACHIJOK TEpPTA 1 3HOIIYBAaHHA B
HIMPOKOMY Jlialia3oHi 3MiH YMOB TEpTsI B MOBEPXHEBHX
00’eMax MeTaliB BUHMKAIOTh Pi3HI MeXaHi4Hi, pi3u4Hi i
XIMi4YHI TponecH, siki OOyMOBJIIOIOTH IHTEHCHBHICTH 1
XapakTep — pyHHyBaHHS, 32 pi3HHMY, 4acTo
KOHKYPYIOUMMH 32 BIUIMBOM 200 JOIOBHIOIOUMMH OJMH
OJTHOTO BHUJIaMH 3HOIIYBaHHA. ICHye iX KiJIbka OCHOBHHX
BuniB. OcoOmuBo HeOe3meyHWH 1 pyHHIBHHUHA
aare3iitHUNA (CXOIUICHHS METAlliB), Ha SKUI MpUTIaIaE Bij
10 mo 40% [1-3]. Ilo6 3amo0irTi CXOIUICHHIO,
3aCTOCOBYIOTH PI3HOMAHITHI pigKi 1 TBEpAlI MacTHIA,
IUIiBKK 1 TOKPUBU 32 PI3HUMH  TEXHOJIOTISIMH,
MTOBEpXHEBE JIETYBAaHHSI, TEPMIUHY, MEXaHO-TEPMIUHY,
MexaHiqHy 00poOku Tomo. [Ipore, mpu ix po3poOui um
NpU3HAYCHH] HE BPaxOBYIOThCS pe3ynbTatu
TEPMOAMHAMIYHOTO aHaNi3y MpOLECY 3HOIIYBaHHS,
3riHO 3 SKUM TpiOOBY30J 1 HaBiTH OKpeMy Tpibomapy
CIIiA pO3MIISIATH K TEPMOAMHAMIYHY CHUCTEMY, B SIKii

BiIOYBA€TbCS TIEPEHOC PEUYOBHHH, ONOCEPEIKOBAHO
3YMOBJICHHH TYCTHHOK) TOTOKY  TEIUIOYTBOPEHHS,
IUCHMNALIE0 1 XIMIYHMM IIOTEHIAJIOM €JEMEHTIB
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CHUCTEMH, 1 SKa TMPAMY€E IO PIBHOBAXKHOTO CTaHy. ToOTO
IUHAMIYHE KOHTAKTyBaHHSA TBEPIUX Tin
CYNPOBOXKYETbCSI ~ HENIEPEPBHUM  IMIJBEJCHHSAM 10
TpiOOCHCTEMH MeXaHIYHOi eHeprii, ii po3cisHHAM i
MOTNIMHAHHAM. lle 3yMOBIIOE CKIIAQAHICTH TPOLECIB Y
TpibocucTeMi  ,MaTepiaJM CHpPSHKEHUX IOBEPXOHb —
30BHIIIHE Ta MACTHJIbHE CEPEOBUIIA”, PE3YJIbTAT IKUX —
MacOIEepPEeHECEHHs, YTBOPEHHS TMPOMDKHHX  IMIapiB,
€KpaHylOUMX BTOPUHHUX CIIONYK 3 IHIIMMH (i3uKO-
MEXaHIYHAMHU BJIACTUBOCTSMH, 3MiHAa 1HTEHCHBHOCTI
3HONIYBaHHSA, IHKOJNM WOro MexaHi3miB [4-6]. Ha
CBOTOIHI TpoOJieMa MPOTHO3YBaHHSA Ta MOJCITIOBAHHS
MOBEMIHKM  TaKMX  CHCTEM,  30KpeMa  CKIagy
HOBOYTBOPEHHX MIApiB Ta OKCHIHHX IDTBOK, fAKi ©
MiHiMI3yBaqu abo 3abe3nedyBaiu  OE33HOLIYBaHICTh
MmarepianiiB 3a iX QpUKLIHOrO KOHTaKTy, HE PO3B’si3aHa
[7,8]. Bona yckmamgHeHa 1ie W THM, IO BiJIOBIiTHI
JOCIII/DKEHHST TIpeuu3iiiHi, MmoTpeOyoTh 3aCTOCYBaHHS

Cy4yaCHOTO  EKCIHCPUMCHTAIBHOTO  OOJNIafHaHHS 1
NPOrpaMHUX 3aC00iB, MIKIUCIUILTIHAPHNX M1IXO/IB.
Tomy BimmoBimHiI IOCTOBIpHI J1aHi CTOCOBHO

B3a€EMOJIIi MIX MarepiasiaMH 3a TepTs MaloTh 0coOnnBe
3HAUYCHHS.

Merta po0OTH — BCTAaHOBHTH SIKiCHI Ta KIIBKiCHI
3MiHH XiIMI9HOTO CKJIa[Iy IMMOBEPXOHb TEPTS Ta MPHIETIINX
0 HUX [apiB micis (QpUKIiifHOI B3aeMonii B yMoOBax
0oOMEXEHOT0  MalleHHs Ha  eTalli  yCTaJeHOro
3HOIIYBaHHA  JESIKUX  MarepiaiiB, sKi  IIHPOKO
3aCTOCOBYIOTBCSL SIK KOHCTPYKIIiHHI a00 iXx ocHoOBa yis
€JIEMEHTIB TPiOOBY3IIIB.
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Taoaunsa 1
XiMIYHAHN CKJIAZ MaTepiaiiB Il BUIPOO TEPTIM
Cranp
Xim. Hypantomin Crunas BT3-1 38X2HMA
el. (KOHTPTILIO)
mass., at.,% mass.,% at.,% mass., at.,%
% %
Mg 1,511 1,731 - - - -
Al 92,656 95,645 5,168 8,919 - -
A% 0,251 0,014 - - 0,179 0,192
Cr 0,024 0,012 1,490 1,335 0,974 1,023
Mn 0,601 0,305 - - 0,719 0,715
Fe 0,349 0,174 0,521 0,434 95,679 93,603
Ni 0,034 0,016 - - 1,49 1,394
Cu 4,681 2,051 - - - -
Zn 0,120 0,051 - - - -
Si - - 0,187 0,310 0,26 0,499
Ti - - 90,478 87,955 - -
Mo - - 2,156 1,046 0,14 0,685
C - - - - 0,56 2,490
Taounsg 2

XiMiuHHMI CKJIaJl 30BHIIIHBOTO LIAPY MOBEPXOHb TEPTS 3pa3KiB Mifi, LypaiatoMiny , cruilaBy BT3-1 Ta koHTpTina 3i
crani 38X2HMA (%, at.) y BUXiJHOMY CTaHi

X. MiIb KOHT] Hypai. Kontp THUTaH KonTp

el TLJIO TLJIO TLJIO
Cl 9,581 10,2866 - 1,2023 2,164 1,6740
Cr 0,000 0,0114 0,0304 0,0260 1,485 1,8246
Mn 0,000 0,0729 0,2753 0,2468 0,061 0,7708
Fe 0,284 3,4888 0,3253 1,1150 10,683 24,833
Ni 0,021 0,000 0,0120 0,0276 0,201 1,3419
Cu 90,014 85,1402 2,2143 1,8676 - -
Mg - - 1,4076 1,384 - 0,689
Al - - 91,9000 94,0288 6,056 -
A% - - 3,8350 0,021 - 0,131
Zn - - - 0,016 - -
Mo - - 0,0652 1,149 0,8316
Si - - - - 0,342 0,4727
Ti - - - - 77,86 67,4321
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Taoaunsa 3

3MiHa XIMIYHOTO CKJIaIy 30BHINITHIX IIapiB MOBEPXOHb Mifi, AypailoMiny, ciaBy BT3-1 ta crami
38X2HMA (%,at) micust Tepts

X.em. Tpibomapu
3pa3oK KOHTPTLIIO 3pa3’oK KOHTPTLIIO 3pa3oK KOHTPTLIO
Migp 38X2HMA JTyPaJTFOMIH 38X2HMA THUTaH 38X2HMA
Cl +%*9,5813 +*10,2866 chiu +*1,2023 +*2,1640 +*1,6740
Cr - -1,0115 -0,018 —0,9969 +0,1507 +0,8017
Mn - —0,6418 —0,0293 -0,4679 +*0,0612 +0,0561
Fe +*0,2836 -90,1144 +0,1515 —92,4882 +10,2486 — 68,7702
Ni +*0,0210 -1,3937 —0,0043 -1,3661 +*0,2008 -0,5951
Cu -9,9759 +*85,1402 +0,1628 +*1,8676 - -
Mg - - -0,3233 +*1,3843 - +*0,6888
Al - - —3,7452 +*94,0288 —2,8636 -
A" - —0,1924- +3,8213 -0,1716 - -0,0610
Zn - - —0,0511 +*0,0155 - -
Mo - 0,6849 - -0,6197 +1,1026 +0,1467
Si - —0,4989- - —0,4989 +0,0313 —0,0262
Ti - - - - -10,0956 +*67,4321

“ "+ - 3MeHIICHHS, 301IbIIICHHS KOHIICHTpaIlii, *- HOBUIl IEPEHECCHUI CIIEMECHT

I. ExcnepumeHTaIbHA 4YaCTHHA

OOrpyHTyBaHHsI BHOOpPY MaTepiajiB Ta MeTOIH
aocyimkenb. B poOOTi MozenoBaBcs MpoLec TepTs 3a
CXEeMOI0 “majielb — JUCK”’ MK 3pa3kaMu 3 Miji (4ucrora
99,9%), TuTaHoBoro (o+f)-CriaBy MapTEHCUTHOTO THITY
BT3-1, nypantominy i koHTpTisIoM 3i cTam 38X2HMA y
MAaCTHJII 3 XJIOPHCTOK MPHUCAAKOK. XIMIYHUH CKIana
MaTepiaiiB HaBelleHO B TaOuI. 1.

XiopuaHa TpHcagka A0 MAacTWJIa 3aCTOCOBYETHCS
JUTSL TTIOM’ SIKLIICHHS PEXUMIB TEPTS B YMOBaX I'PaHHYHOT'O
MalleHHs, 3aXHUCTy  METaJeBUX  IIOBEPXOHb  BiX
pyHHYBaHHS IpH PO3PHBI ILTIBKA MacTHJIA, a TAKOX JUIs
PO3MIMpEHHs [ialma30HIB HaBaHTAXXEHb, TEMIIEPATypH i
HIBUAKOCTI KOB3aHHS.

CropinHeHi JICTOBaHI crai 38X2HMA,
30XH2M®A 3aBIAKU ONTUMAJIEHUM (hizuko-
MEXaHIYHHM BIIACTHBOCTSIM Ta 3IaTHOCTI IO XiMiKO-
TEepMiuHOI  OOpPOOKM IIMPOKO  3aCTOCOBYIOTBCS Y
TpiOOBY37aX BHPOOIB 3arajJbHOTO MAalIMHOOYAYyBaHHS Ta
cenrexuikn  [9]. Ix  3momyBamms  miHiMi3yroTH
MallleHHsIM. TWTaH 1 CIUIaBM HA HOro OCHOBI 3aBIAKHA
YHIKaJIbHIN CyKyIMHOCTI ()i3MKO- MEXaHIYHHMX 1 XIMIYHUX
BJIACTUBOCTEH, BCE LIMPIIIE 3aCTOCOBYIOTHCS SIK MaTepial
JUTSI eIEMEHTIB TPiOOCTIpsHKEHD B aBiapakeTHiH 1 XiMiuHiH
MIPOMHUCIIOBOCTSIX, KpiOTeHHIN TEXHIII, SIEPHIT
€HepreTulll, JUisi BUPOOHHIITBA Oi0IMIUIAHTAHTIB TOLIO |
10 ]. Ilpore TtuTaH Mae psg HEOOJNIKIB, 30KpeMa
CXWJIBHICTh JIO CXOIUTIOBAaHHS 3 0OararbMa MeTajaMH i
CIUIaBaMH Ta JI0 BOJHEBOI'O 3HOLIYBaHHSA. ToMy icHye
npobiema HAyKOBOTO OOIpyHTYBaHHS BUOOpY
MaTepiaiB, CIPsDKESHUX 3 TUTAHOM 1 CIUIaBaMH Ha HOTO
OCHOBI Ta MacTWJIFHUX pedoBHMH. Minp 1 crumaBu Ha ii
OCHOBi Ta aHTH(QPUKIiHI Kommno3umii 3 i goOaBkamm
LIMPOKO 3aCTOCOBYIOThCS B PEABHUX Iapax TepTd Ta

Oimpn  cxyagHUX Tpibocucremax. Bimomo, mo B
TPiOOCTIPSDKEHHSAX 3 MIAJI0 MOJIMBa OE33HOIIYBAHICTh
(epext Bcranosnenuit ['apkyHoBuMm [11]), ane ii nposiBu
HE I IIAa0THCS MPOTHO3YBAaHHIO, 2 MEXaHi3M J0 KiHIII He
PO3KPHUTHH 1 3anumaeTscs AucKycitanM [11]. Anmrominii
i #oro crulaBu MPOJOBKYIOTh YIOCKOHATIOBATHCH SIK
OCHOBa  MIAMIUIHWKIB  KOB3aHHS, CTPYyMO3’ €MHHUX
€JIEMEHTIB, 3aIlipHOI apMaTypH Totmo [12].

MiKpOpeHTIeHOCTIEKTPAIbHI JTOCITIKCHHS
MOBEPXHEBUX INApPiB  TMICIs TepTs MPOBOJMIM Ha
peHTreHiBcbkoMy Mikpo3oHni MS-46, CAMECA. VY
NpoLeci CKaHyBaHHS IIONIEPEYHMX A0 MOBEPXHI HuTihiB
3aMyCyBal PO3MOALT OCHOBHUX XIMIYHHX CJICMCHTIB Ta
ix KoHUeHTpamito. Takok MPOBOIMIN KUTEKICHUH aHai3
CKJIaJly HOBOYTBOPEHHUX ILAPIB - BTOPUHHUX CTPYKTYp 32
NPUHHATOI0 B Tpibojorii Tepminomoriero. s 1msoro
Oy BUTOTOBJIEHI KOCI MUTIhH i KyTOM 10 TIOBEPXOHb
TEPTS 3pa3KiB Ta BiIMOBIAHUX KOHTPTLI (Ha iX MOBEPXHi
TaKOXX BHABJICHO BTOPHHHI CTPYKTypH). lle mo3Bommiio
30UIBIIUTH JiHIIHI po3Mmipu mepepizy mapis go 30 pas.
AHaJi3 IpoBOJIMBCS MOTOYKOBO 3a pexkumy 3oHay 20 kB,
25 nA. 3 MeTor0 30epeKeHHs] TOBEPXHEBUX MPOJYKTIB 1X
¢ikcyBanm nepen BUTOTOBJICHHSAM untidis
CJIEKTPOJITUYHUM OCA/DKEHHSIM Mijli, IPHYOMY TTOBEPXHS
TEpTS Ha MITHOMY B3IpIi NONEPEIHBO AEKOpYBaln
TOHKMM MmapoMm cpibma [13-15]. Ha 3000paxeHHsX
MIKPOCTPYKTYp mmiap ocamkenoi wmimi - B (puc. 1).
[HTEHCHBHOCTI CHEKTpalbHUX IiHI B IOCIiIKyBaHUX
00’eKTax BUMIPIOBANHNCA BiTHOCHO iX IHTEHCHBHOCTEH
IUISL YUCTHUX €JIEMEHTIB — eTalioHiB. [HreHcuBHIcTh Ko -
minidi Cl BumiptoBanucsi BimHocHo NaCl. PozpaxyHok
KOHILIEHTpAL[IT IPOBOMBCS 32 MPOrPaMoIo, sika BPaxoBYeE
MONpPaBKM HAa aTOMHHMHA  HOMep, [OTJIMHAHHS 1
(hyopecueniito. OTpuMaHi KOHICHTpPAIlli HOPMYBAJIHCS
10 100%.
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I1. Pe3yabTaTu gociigKeHb Ta ix
00roBopeHHA

Bceranoeneno, mo B mporeci BuUOpoO Ol
MOBEPXOHb TEPTS 3pa3KiB 3 Mijli Ta TUTAHOBOTO CIUIABY
BiIOyBa€ThCS JIOKATi3allisl TUIacTHYHOI nedopmarii. Ha
puc. 1  HaBeneHO  300pakeHHS  MIKPOCTPYKTYpH
MIPUNOBEPXHEBUX 30H IHMX 3pa3KiB MiCis XIMIYHOTO
TpaBneHHs. Hax HemeopMOBaHMM OCHOBHHM METAlIOM
3paskiB (2) MicTHTBCA 30HA IIacTUYHOI Aedopmartii (A4),
CHPII:/i. qap (1) ToBIHOO

Fa

=ou Fa
cr

i
|
WW-L,J»”{“’“’"
Fa |

@om AR
ce
‘W‘,‘_,w’kwnw-‘,\ \

.,’_ e wonCRFT

20

d)

HOMIEEN,

e) X 400
Puc. 1. 306paxeHHst MIKPOCTPYKTYpH IPUITOBEPXHEBOT
oOumacti (monepeyHi nutium) micist TepTs 3pas3KiB i3 Mial
(a), cutay BT3-1(c), mypamomiHy(e) Ta BigmoBigHi
mpodimi posmoxpiny Aeskux eneMeHTiB(b,df): 1
MTOBEPXHEBI IIAPH, 2 — OCHOBHHI MeTall.

mpuomm3ao 30 MxM. Criixg BiAMITHTH, O mIap
YTBOPCHHH Ha TIOBEPXHI IypalIOMiHy, Bi3yaJbHO
HEOTHOPIIHHIA, 3 MPOIIapKaMH 1 3HAYHO OLIBIINK 3a
posmipamu: 200 =+ 300 MKM.

BusiBiieHo, 1m0 XiMIYHMH CKJIaJ 30HM JOKami3amil
TUIACTUYHOI Aedopmalii iIeHTUYHUH CKJIay OCHOBHOTO
MeTajly, a MOBEPXHEBUIl IIap YTBOPEHWH, SK MPaBUIIO,
IHTpeJieHTaMi MacTmia (XJIOpoM) Ta MeTally 3pasKiB:
MiJi — JUIS MIJTHOTO 3pa3Ka, THTaHy Ta alflOMIHII0 — JUIs
3pas3ka 31 cruraBy BT3-1. Kpim Toro, y Beix BHmagkax
(hikcyeThCS TPUCYTHICTh BIIHOCHO BENHKOi KiTBKOCTI
3aii3a, HKepesioM SKOTO MOXKEe OyTH JIMIIe KOHTPTLIO.
OcTaHHE CBIOYUTH TPO TE, MO B 30HAX (PAKTUIHOTO
KOHTaKTy MDK Marepiaiamu 3pa3KiB 1 KOHTPTLIOM
BiZIOYBA€ETHCSl IHTCHCHBHE MAaCOINEPEHECEHHS. 3 METOI0
BCTAQHOBJICHHA I{Or0 HAampaBJE€HOCTI Ta JETaJbHOIO
BUBYEHHSI KOHIIEHTPALIHHUX 3MIiH Ta XIMIYHOTO CKJIamy
MOBEPXHEBUX IIapiB aHAJI3yBAINCh JIaHi 3 KOCHX HUTi(iB
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He JIUIIe 3pa3KiB, a i KoHTpTina (crans 38X2HMA).
Ha puc. 2 HaBeeHO 3000payKeHHSI MIKPOCTPYKTYD 3
KOCHX ILTI(iB MOBEPXOHBb TEPTS 3pa3KiB 1 iX KOHTPTLT B

PEHITCHIBCBKMX  IPOMEHSAX  OCHOBHHX  XIMIYHHX
€JIEMEHTIB, SKi IPUCYTHI B JaHOMYy 3pa3ky 1 B
MOMJIMHYTUX eJIeKTpoHaX. B Tabn. 2 HaBemeHi XiMidHi
ckimagu 1apiB. JleranbHuii  aHami3  300paXkeHb 3

BiJIMIOBITHUX IUISHOK KOCHX Ta IX XIMIYHOTO CKJIaIy
CBIYUTH, IO MICNs TEPTS Ha MOBEPXHAX YTBOPIOKOTHCS
NPOXYKTH (i3HKO-XIMIYHHX peakliii Ta MOBEPXHEBOTO
pPYHHYBaHHSI KOHTAKTYIOUYHX T, SIK TIPABUJIO, Y BUTIISI
IepeKTHUX TPOMIAPKIB, SKi NPWIATAIOTh OO OCHOBH
(tabm. 2). OcraHHi 3a CKJIagOM 1 BMICTOM XIMIYHHX
€JIIEMEHTIB CYTTEBO BIJPI3HSIIOTBCS BiJl BHYTPILIHIX
o0’emiB Mertany. 3rigHo 3 Tabm. 3 Ta puc 23, y
MOBEPXHEBUX  LIapax  MIJHOTO  3pa3ka  CyTTEBO
301IBIIYETHCS KOHLGHTpALlis XJIOPY, 3aii3a 1 HIKeo Ta
3MCHIIYEThCS KOHIEHTpalis Mmini. Ha BimmoBimHOMY
KOHTPTUII (IKCYETBCS BHHUKHEHHS XJIOPY, MiIi Ta
3MEHIIICHHS KOHIICHTpAIii 3aji3a, XpoMy, HIKeIo
Maprai, ByIJIeL}O.

Ha nmypamomiHi€Biii mOBepXHI Imicis  TepTs
YTBOPIOIOTHCSL HIAPH, B SKUX MOPIBHAHO 3 MATPUIICIO
3pocTa€e KiNBKICTh 3alli3a, Mifdi, BaHANil0, BUHHUKAIOTH
CHIIM XJIOPY 1 3MEHIIYEThCS KOHIEHTpAIliS pPEeUITH
eleMeHTIB, 10 BXomsTh a0 Hel. IIpoTe Ha KOHTPTLMI,
KpiM XJIOpY, 3a(hiKCOBAHO MOSBY I(JIOT raMyd HOBUX IS
HBOTO EJIEMEHTIB - MiJli, MarHil0, aJTIOMIHIIO, I[MHKY Ta
JIedilMT XpoMy, MapraHillo, HIKeIr, 3ajli3a, BaHAIIlo,
MOJIIOICHY, KPEMHI0, BYTJICIIIO.

Jnsi THTaHOBOTO CIUIaBY B IOBEPXHEBHX IIapax
XapaKTepHa MOsBAa XJIOPY, MAPraHIlo, HIKEN, CYTTEBE
3pOCTaHHA KOHIIGHTpAIlii XpoMy, 3aimi3a, MomiOmeHy i
KPEMHIIO Ta 3MEHIICHHS BMICTY alIOMiHIiIO 1 THTaHy. Ha
CIPSHKEHOMY KOHTPTLTL 3a(iKCOBAaHO HOBI €IEMEHTH —
XJIOp, MapraHellb, THTaH. 30UIbIIYETHCS KOHIIGHTpALlis
XpOMYy, Maprasiio i MojiOAeHy Ta 3MEHIIYEThCSI BMICT
3aji3a, HIKeJII0, BaHaJi10, KPEMHII0, BYTJICLIO.

HaBenene cBimumTh, 10 B MpOLECi TEPTS MK
€JIEMEHTAMU CUCTEMH «IIOBEPXHI TEPTS - CEpPeIOBHILE
(onuBa)» BiNOYBA€ETHCS IHTCHCHBHE MAaCOMEPCHECCHHS
XIMIYHUX €JIEMEHTIB, SKi BXOJATH J0 CKJIaIy sIK METAiB,
tak 1 omuBH (puc.4). Just KOXHOTO KOHKPETHOTO
BUNaAKy ocoOmuBocTi (OpMyBaHHS Ta CTPYKTypa
MOBEPXHEBUX IMIApiB, KOHIICHTpAIiiiHi 3MiHH OyIyThH
3aJIeKaTH SK BiJ 30BHIIMIHIX IapaMeTpiB TepTs, Tak i Bix
CKJIay Ta  OPUPOAM  KOHKPETHHX  EJIIEMEHTIB
TpiOOCHUCTEMH.

CKIamoBI MEXaHI3MH MAaCOICPEHECCHHS HaBiTh B
paMKax OIHI€i CHCTeMH, aje s Pi3HUX 11 €IEMCHTIB
MOXYTh OyTH PpI3HMUMHU. 3TiJHO 3 OTPUMAaHUMH
pesynbraraMu, IpU TEpTi MDK MIAI0 1 CTaulio
BiIOYBA€ThCA TEPEHECEHHS MiJi Ha CTalb, 3amiza i
HIKEJI0 Ha Mixb (Ha MOpsIOK OUIbIIE) 1 aTOMIB XJIOPY 3
onuBM Ha obuiBa Mmarepianu. Kpim TOro, o4eBuaHoO,
BHIIAIAIOTh B ocal abo BCTYIAIOTh B XIMIUHY peakito 3
OIIMBOIO XPOM, MapraHels, BaHalii, MOJIOAeH, KpEeMHiH,
Byrienb. llepeBWICHHS HOMIHANBHOI KOHIICHTpALii
HIKEJI0 CBIAYUTH MPO OJHOYACHY M0 MPUHAKWMHI JBOX
(hakTOpiB - BHMBEOCHHS HOrO0 3 MATPHUIl B IOBEPXHEBI
HEpO3YMHHI CIOJYKH Ta BHUCXIJHY mudysiro 3
BHYTPIIHBOTO 00’e€My B 00J1aCTh 3 HiIBUILIEHOO



B.B. Illupokog, O. binoyc

Al Fe
¢)
Puc. 2. MikpoctpykTypa (Koci moridn) (1) Ta po3nomin aeskux eaeMeHTiB (X - mpoMeHi IOTIHHAHHS) [apiB MPUIETINX

IO TIOBEPXOHb TEPTS 3pa3KiB 3 @) Mifi, b) THUTaHOBOTO CIDIABY, ¢) TypaltoMiHy; TUITHKA po3Mmipamu 100 x 100 Mxm (a)
ta 200 % 200 MmxMm (b, ¢).

Cu ' Al o

<)
Puc. 3. Mikpoctpkrypa (1) Ta po3moin feskux eaeMeHTiB (X- MpoMeHi MOTJIMHAHHS) IIapiB, MPUIETINX 10
MIOBEPXOHb TEPTS CTAJIEBUX KOHTPTLN ITICISI KOHTAKTY 3 MiJUIIO @), TATAHOBHUM CIIABOM b) Ta AYPaIIOMIHOM C) 3
nistHOK po3mipamu 200 x 200 MxMm ( @, ¢) Ta 100 x 100 mxm- (b)( xoci nutidn).
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Oco0auBoCTI (i3UKO-XIMIYHHUX MPOLIECIB MK METAJIEBUMH ITOBEPXHIMU TEPTS

TEMIEpaTyporo, IO Mae wMicue mpu TepTi. Ponb

o BucnoBxu
-|cm ‘ apamenit '|cm 3rifHO 3 OTpPUMaHUMM  pe3yJbTaTaMu, IIpH
MIPU3HAYCHHI MaTepianiB i BUTOTOBJICHHS IETalei,
i Kl OyayTh eKcIUTyaTyBaTHCS B yMOBax TepTs,
0COONTMBO 3 OOMEXEHHM MAIeHHSIM, CIiJl OpaTH [0
= yBaru minui pan pismKo-XiMIYHHX MPOIECIB, SIKi HUM
el 2 ‘ HILIOIThCs. 30KpeMa, Au(y3iio JIEryIounuX eJIeMeHTIB
. IO TIOBEPXHI TepTH a00 PO3ILTY MK TBEPIOIO 1 PiIKOIO
(onmuBa) (azamu, OTHOCTOPOHHE ab0O JABOCTOPOHHE
o (opMyBaHHS TOBEPXHEBUX LIapiB, 00 €IHAHHS iX Y
(2] Cr V.t ¥ | | ot KBaSiB’ﬂ?.,Ke. TpeTe Tiﬂ?, BUBE/ICHHA  JIETyIouHX
SiC 4 Mo SiC €JIEMEHTIB i3 KOHTAaKTHOI 30HM B OCal y BHIJIAII
@ b) MIPOJYKTIB peakiiii Ta pyiHyBaHHS YM Ha aTOMapHOMY
Cl Puc. 4. Cxemu PiBHI, POJIb CKJIQJIOBHX OJIUBH, OCOOJIMBO pPEaKIiifHO
Taman o o p—— [IEpEHECCHH ) aKTHBHUX J0 OCHOBHOTO METally Ta JIeryrouux. To0To,
cniaa BT3-1 IHIPCIEHTIB B IPOLEC] HEOOXiHO PO3pOOMTH NPHHIMIIK BUOOPY JETYIOUHX
TEPTS. MK eIeMEeHTaMHU €IEMEHTIB 3 YpaxOBaHHAM iX poii y mporecax
£al cucTeMu «IIOBEpXHi 3HOIIYBaHHs Ta (POPMyBaHHI ONTUMAIBHUX 32 (Pi3UKO-
= o | -— TepTaA -  CepelOBHIIC MEXaHIYHHMH BIIACTHBOCTSAMH IIapiB  (BTOPHMHHUX
d (omuBa)» muis Tpibomap: CTPYKTYpP) Ha KOHTaKTHHX IIOBEPXHSAX CTOCOBHO
o e @)- Migp - cramb, b)- KOHKpETHOI TpibocucTeM Ta yMOB ii eKcruryarauii, sKi
o 22 JypalloMiHiH - CTalb, ¢) J03BONIMIIM O peanidyBaTd B TMOBHIM Mipi edekTu
TUTAHOBHi CILIaB-CTalb. 0€33HOCHOCTI, B HAaCNiZOK (OPMYyBaHHS CEPBOBITHUX
R 1-tino; 2-kowtprino; *1, wiiBok[11,16] 4Ym  CTPyKTYypHOrOo HPHUCTOCYBAaHHS
*2-IIOBEPXHEBI IIapH; 3- [17,18].
| A;#‘ c YMOBHA JIIHISI PO3JLILY,
<) 4-onuBa Ilupokos B.B. — NOKTOp TEXHIYHUX HAYK, 3aBiAyBad
Bi[UILITY,

binoyc O. — xkanauaaT TeXHIYHUX HAYK, JTOLICHT.

TEIJIOBU/ILIEHHS. B MacOIIEpPEeHEeCeHH] MiATBEPIUKY€EThCS 1

THM,

o0 y JeSKuX BHMAAKax (puc.4 6, ¢) KOHICHTpAIis

JIETYIOUHX y MOBEPXHEBUX LIAPAX MICJIsl TEPTs BUILA, HIK
B 00’ eMi.
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V. Shyrokov', O. Bilous®

Features of Physical and Chemical Processes are Between the Metallic Friction

! Physics and mechanical institute the name of G.V. Karpenko of NAN of Ukraine,
’Lvov National agrarian university of V.V. Velykogo

The modeling of friction process after a scheme “finger (copper, titanium (@ + £ ) alloy BT 3-1 and duralumin)

— disk (steel 38X2HMA)” in oil with additive chloride agent has been executed. It is shown that intensive mass
transfer of metal and lubrication components occurs. Result of mass transfer (formation of surface layers, change of
chemistry) depend on external friction parameters and nature of tribosystem elements.

220



