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301pHUK MICTUTh TE€3H JIONIOB1/ICH HAyKOBIIIB BUIIIMX HABUAJILHUX 3aKJIaiB Y KpaiHH Ta
IHIIMX KpaiH, MiAMPUEMCTB TPAHCIOPTHOI Ta MAITMHOOY/IIBHOT rajiy3ed 3a 4oTUpbMa
HaOpsMKaMH:  PO3BUTOK  IHTEJIIEKTYAIbHMX  TEXHOJOTIH  OpH  YIpaBiIiHHI
TPAHCHOPTHUMH CUCTEMAMU; TPAHCIIOPTHI CUCTEMHU Ta JIOTICTHKA; 1HTEJIEKTYaJIbHE
IIPOEKTYBAHHS Ta CEPBIC HA TPAHCHOPTI; (PYHKIIOHAJIbHI MaTepiaiy Ta TEXHOJIOTI Npu
BUT'OTOBJICHHI Ta B1JIHOBJIEHHI J€TaJIE TPAHCIOPTHOTO IPU3HAYEHHSI.
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HEAT RELEASE ON A FRICTION SURFACE IN AN ABRASIVE
ENVIRONMENT
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[cHyroui B JaHui yac TEOPETUYHI YSBIEHHS Mpo (Hi3UKO-MEXaHIYH1 BIACTUBOCTI
METaJiB 1 CIJIaBIB, 10 BIITPAIOTh Ba}KJ'II/IBy poJIb y TIpolieci 3HOIITYBAHHS, HE MOXKYTh
JIOCTaTHHO TIOSICHUTH B3a€EMO3B'SI30K  MIDK 3HOCOCTIMKICTIO 1 OKpPEeMHUMH iX
BJIACTUBOCTSIMU. BHACHIIOK IIhbOTO BENMWKE 3HAYEHHS HAaOyBa€ BHUBYEHHS SIBUII Y
MOBEPXHEBUX IIapax, Mo MepeAyI0Th pyHHYBaHHIO.

[Ipu TepTi MeTamiB Ta CIUIaBiB PO aOpa3uWBHY MOBEPXHIO B 30HAX JIOKATBHHUX
KOHTAKTIB B1IOYBAE€ThCSl 3HAYHE TETUIOBUIUICHHS. [HTEHCUBHICTh TETTOBUJIJICHHS Ta
MOIIMPEHHS TeIJla B TMOBEPXHEBOMY Iapl 3alexkaTh Bia (PI3UKO-MEXaHIYHUX
BJIACTUBOCTEMN MaTepiaiiB, abpa3uBy Ta PEKUMIB TEPTS.

Jlo abpa3uBHOTO 3HOILIYBAHHS CXWJIbHA BEJIMKA KIIBKICTh AETajiell MalluH, II0
MPaIoTh B a0pa3uBHOMY CEPENIOBUIII (XOA0Ba YACTUHA TYCEHUYHUX TPAKTOPIB 1
JOPOKHBO-OYMIBETPHUX MAaIINH, POOOUYl OpraHW ClILCHKOTOCTIOJAPCHKUX MAIIWH,
BY371M OypuibHOrO oOnagHaHHS Ha(TOBOI Ta Tra30BOi MPOMHCIOBOCTI TOIIO).
[ToBepxHs neTani Moxke OyTH 3pyHHOBaHA SIK BHACIIIOK OJJHOAKTHOI Jii abpa3uBy, Tak
1 0aratoakTHOTO IIPOILIECY

nedbopmyBaHHS MIOBEPXHi P
aOpa3sWBHUMH YaCTUHKAMHU. i { d

3a XapakTepoM CHJIOBOTO BILUIUBY
aOpa3MBHUX YaCTHHOK Ha IOBEPXHI
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1l — BILIMB IMOTOKY a0pa3uBHUX YACTUHOK HA MOBEPXHIO JIETAJ; € — KOB3aHHS JI€Tall y
Maci a0pa3WBHUX YaCTHHOK; K — B3A€EMOJISl CHOJyYEHUX JeTajedl y KOHTaKTi 3
aOpa3MBHUMHU YACTUHKAMH.

TennoBuAIEHHS HAa OBEPXHI MIPU TEPTI CKYMUYEHHSI BU3HAYAETHCSI B OCHOBHOMY
PEXUMOM TepTH 1 (PI3UKO-MEXaHIYHUMU BIACTUBOCTSIMHU B3a€EMOJIIIOUMX MaTepiaiB.

[Tporec TeroBuaieHHS 0€3MOCEPEAHBO MOB'SI3aHMMN 3 PEKUMOM TePTS 10 (13UKO-
MEXaHIYHUX BJIACTUBOCTEW Map, 110 TPYThCA. Y CBOKO UEpry TeMmiiepaTypa 3Ha4uHO
BIUIMBAE HA MEXaHIYHI BJIACTMBOCTI TEPTHOBHUX Map 1 MEXaHI3M iX B3a€MO/Ili, TOMY
JOCIIKEHHSI BUIIJICHHS 1 PO3MOALUT TEIJIa MPU TEPTI J03BOJISIE BCTAHOBUTHU 3B'SI30K
MK (PI3MKO-MEXaHIYHUMU BJIIACTUBOCTSIMH 1 3HOCOCTIMKICTIO TEPTHOBHUX [1ap METAJIIB
1 CILJIaBIB.

BusnaueHHsT TEIJIOBUIUICHHS TIPU TEPTl SBIsS€ CO0OI CKIQJHE 3aBJaHHs
MaTeMaTuyHOi (i3UKH, TOMY WIO ii PIBHSHHA € CHHTE30M TeOopii MPYXKHOCTI 1
TETJIONMPOBITHOCTI. [[ys TonermenHss BUPIMICHHS UX 3aBJaHb JOCTITHUKA 32BN
NpUIiMalOTh TIEBHI TPaHWYHI YMOBHU. TemmepaTypHe Mmojieé B KOHTAKTI OMHCYETHCS

PIBHSIHHSAM TEIJIONPOBITHOCTI: OT(x, 1)
ot

2
- “Z Z . Ha npotiec abpa3uBHOro 3HOIITYBaHHS
X

BIUTMBAIOTh Pi3HI (hakTopu: Mpupoja abpa3sMBHUX YACTUHOK, iX ¢dopma i1 po3Mip,
arpecuBHICTh CEPE/IOBUIIA, BIIACTUBICTh IOBEPXOHb, IO 3HOUIYIOTHCS, YyAapHa
B3aeMOjis, Temmeparypa 1 T.J. Po3risHeMo BIUTMB  JIESIKUX  YWHHUKIB.
ExcnepuMeHTanbHo Oyso BCTAHOBJIEHO, IO SIKIIO PO3MIP YACTOK HE MEPEBUIIYE 5
MKM, TO BOHHM, MalOUl BEJIMKY PO3BHUHEHY MOBEPXHIO, a0COPOYIOTh Ha COO1 MPOYKTH
OKHCHEHHS OJIii, 10 MOYKE€ 3HU3UTH IHTEHCHUBHICTH 3HOIINYyBaHHsS jaeTam. barato
JOCTIPKeHb TMOKa3ylTh, II0 YaCTMHKU 3 PO3MIpaMH MEHIIE 5 MKM 3MEHUIYIOTh
3HOIIYBaHHSA, & YAaCTHHKH, PO3MIPOM OuIbIEe 5 MKM, 30UTBIIYIOTH 3HOC. MIITHICTh
a0pa3uMBHUX YACTUHOK 13 3MEHIICHHSM iX PO3MIPIB 3pOCTa€, 0COOIMBO 1HTEHCUBHO,
nounHatoun 31 100 Mkm. B yMoBax abpa3uBHOTO 3HOIIYBAaHHS TAKOX 3yCHIIISI MOXKYTh
CIpPUIIMATH JIMIIIE OKPEMI YaCTUHKH, BIPOBAJIKEH1 B KOHTP T1710, 200 10 3HAXOUTHCS
B TBepAuX mopojaax oOpoOmtoBaHuX T1pyHTIB. OTxe, B ymoBax poOOTH
rpyHT006p06H1/1x Ta JOPOKHIX MAalllMH, KOJIM THCK Ha OJHY YaCTUHKY CTaHOBHTb
KUJIbKa TpamiB, HMBUAKICT pyxy 1-3 M/c, mpoliec YTBOPEHHS MOAPANUH HOCUTH
BUTIAJKOBI XapakKTep 1 CKOJIOBAHHA CTPYKKM HE € BU3HAYAIBHUM (PaKTOPOM
3HONIYBaHHA. Y I[bOMY BHUIMAJIKy TPOBIAHY POJIb BiJirparoTh nedopmariitai i XiMiuHi
NpOIECH B JIOKATbHUX 00CSATax IOBEPXOHb, WO TPYThCA. BuBYEHHS 3MiHH
TEeMIIepaTypu TE€PTS BiJl HIBUIKOCTI B3AEMHOTO NIEPEMIIIIEHHS TTOKA3aJ10, 1110 XapaKTep
I1€1 3MIHM MPAKTHYHO OJHAKOBUH, MPOTE KIUIbKICHA 3MiHA TEMIIEpaTyp KOXKHOI 13
CTaJiel B JIOCHIJKYBaHOMY Jiama3oHl IIBUAKOCTeM mo-pizHomy. Ha Mammx
mBuAKocTAX TepTsa (0,7-2,1 M/c) crocTepiraeThCs MOETAIMHE 3HAYHE IIIABUIICHHS
TeMIepaTypu TepTs, ajie Ha OUIbII BHCOKUX IIBUIKOCTAX (2,4-3,3 M/c) 3pocTaHHsS
TEeMIIepaTyp CIOBUIbHIOEThCS. CIiiJibHE BUBYEHHS BIUIMBY 3MIHU 3yCHIIb B3a€MOJIIT Ta
TEeMIIepaTyp Ha JOKaJbHUX KOHTAKTaX MPH PI3HUX MIBUAKOCTIX TEPTs MOKa3ajo, 110
KOHTAKTH, 3 IKUX PO3BUBAJIKCS BUILL TEMIEPATYPU, PyHHYBAIUCS 32 MEHIIIUX 3yCUJIb.
V craneit onHi€el i Ti€l K Mapku, aje 10 MatTh OUIbII BUCOKY TBEPHAICTb, 3yCHILISA
pyWHYBaHHS JIOKQJIbHOTO KOHTaKTy IpH pIiBHIA TemmepaTypi Ouibin BHcoke. Lle
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HOSICHIOETBCSI 3MEHIIEHHSAM IPY>KHO-IUIACTUYHOIO Je(POpMYBaHHS KOHTAKTY JUIs
CTaJied MiABUIIEHOT TBEPAOCTI, OTXKE, 1 BUIIUMHU 3YCHIISIMU PyHHYBaHHS.
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Antifriction parts in the printing machines’ friction units operate at high rotation
speeds 1000 rpm and more, at loads of 1.5—7.0 MPa in air, which causes the working
surfaces heating up to 400—500°C. A wide range of cast and powder antifriction
materials based on iron, copper, etc. have been developed and are currently used for
severe working conditions [1—3]. In modern friction units, cast materials have
unsatisfactory performance properties (high coefficient of friction and wear). In
addition, they cannot contain different types of substances in their composition.
Modern powder materials are devoid of these disadvantages, but they are expensive,
due to the high cost of raw materials (powders) [1-3]. At the same time, there are
numerous potential sources of low-cost useful raw materials throughout the world. This
is the grinding waste from machine-building, metallurgical, and instrument-making
processing of different metals and alloys. The authors initiated research work on the
regeneration and subsequent use of some types of ferrous and non-ferrous metal-based
grinding waste to obtain new bearings, and promising results were obtained [1-3].

The aim of this research is to study the effect of manufacturing technology on the
structure and properties formation of new composite antifriction materials based on
R6MSKS high speed tool steel grinding waste (analogue of high-speed steel 1.3243,

DIN standard, Germany) with CaF, solid lubricant additives. This steel contains
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