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XMenpHUIBKHI HAYKOBO-IOCIIAHHI eKcriepTHO-KpuMiHanicTHuauii nentp MBC Ykpainu

OCOBJIMBOCTI PYHHYBAHHSI KOHTAKTHUX IOBEPXOHb, OFYMOBJIEHI
XBHJIBOBUMMU IMTPOLONECAMMU ITIPU TEPTI

B cmammi posaasiHymo npoyecu, wjo gid6ysaromucsi npu po6omi mpu6oa102iuHoi cucmemu 6e3 po36aHMANCEHHS
KOHMakmHoi napu e pexcumi peasbHoz2o uacy. IlokazaHo, wo pyliHy8aHHs1 mamepiaay npu mepmi HakonuuvyeHi He 8
JIOKA/IbHUX MOYKAX HA NOBEpXHi 8 30HaX KOHMAKMHOI 83aEmodii, a cnocmepizarombcsi Ha documb 8eAuKill 2AUGUHI.
JocaidxceHo enaue Ha mu60102ivyHUll 8Y30/1 XBUALOBUX NPOYECi8 3HOWYBAHHS, SKI N08’A3AHI 3 yMBOPEHHAM 38YKOBUX
Xeu/b. 3anponoHo8aHo Memod, W0 PO3WUPIOE MOXCAUBICMb AOCAIOHCEHHA MPUGON02iHHUX cUCmeM 051 8U3HAYEHHS
Xapakmepucmuk pyUiHy8aHHs N0O8EPXOHb.

Katouosi cnoea: mpu6o.102isi, 3HOUWY8AHHS, AKYCMUYHA eMiCisl, pyUHY8AHHS, mepmsi.
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FEATURES OF DESTRUCTION CONTACT SURFACES CREATED BY WAVE PROCESSES BY FRICTION

This article presented process occurring at work of tribological system without unloading of contact pairs in real time. Purpose of
the work is to study the process of surface destruction at low normal loads, describe dynamics of destruction process without interfering with
work of loaded node. Prove nonlocal nature of contact interaction in process of friction and take into account existing feedback in system.
Analyze phenomenon in which in process of contact interaction there are vibration fields that bind together all the components of system,
changing nature of contact reactions from kinematics to dynamic ones. It is shown that destruction of material at friction is not accumulated
in local points on surface in contact interaction zones, but observed at a fairly large depth. The influence on the tribological node of wave
processes of wear, which are connected with the formation of sound waves, what is investigated. Method is proposed that expands the
possibility of studying tribological systems for determining the characteristics of surface destruction. From the analysis of well-known
research results, one can draw the following conclusion, that at maxima of coefficient of friction tribological connection of the shaft-sleeve
works on the edge of jamming. This is wave process that has no explanation within the framework of tribokinematics. The presence of not
rigid (belting) create an illusion of wear. In fact, they result in occurrence of low frequency infrasonic waves that affect wear. The method of
acoustic emission can supplement traditional methods of determining characteristics of surface damage, as it gives an opportunity to
observe as a global destruction of contact surfaces at a high infrasonic cluster, and local surface fracture with an increase in the high-
frequency (ultrasonic) cluster.

Keywords: tribology, wear, acoustic emission, destruction, friction.

Beryn

[pouec Tepts 3aBKAM CKIAAAEThCS 3 OaraTbox eramiB. Ha moyarky BinOyBaeThbcsi B3a€MOJIisl CHPSHKEHUX
MOBEPXOHb Ha MEXI HIOPCTKOCTI, L0 B MPOLIEC] €BOMIOLIT TPU3BOIUTD 10 PYHHYBaHHs MOBEPXHEBUX 1 TIIMOMHHHUX
mapiB marepiany [1].

BBaxaeTbcs, 10 HANPYXKEHHsI JIOKANII3yIOThCS B IUISIMAaXx KOHTakTy. HaBiTh, Konm matepian He Jocsirae
MEXi TeKyd4ocTi, Oararopa3oBe MOBTOPIOBAHE HABAHTAKCHHS MOXKE MPH3BECTH 10 HAKONHYCHHS HANPYXKEHb B
MIMOMHHUX Iapax MaTepiajiy 1 IPU3BECTH O YTBOPESHHS TPILIMH, CKOJIB, BIIPUBIB YaCTHHOK (YTBOPEHHS TPETHOTO
Tina) [2].

Merta i nocranoBka 3axayi

Mertoo pobOTH € JOCHIKeHHsSI MpOLECY pyWHYBaHHS TOBEPXOHb MPU HU3BKUX HOPMAIbHUX
HABaHTAKEHHSX, OMKC AMHAMIKK TPOLECY pyHHYyBaHHs 0e3 BTpy4YaHHS B poOOTY HaBaHTa)XEHOro By3na. JloBectn
HEJOKAIbHUH XapaKTep KOHTAKTHOI B3a€EMOIIi B MPOIIECi TEPTS Ta BpaXyBaTH AiF04i 3BOPOTHI 3B 3K B cucTeMi [3].
[IpoananizyBartu siBuIlle, IPU SKOMY B IPOLECI KOHTAKTHOI B3a€MO/IiT BUHUKAIOTh BiOpalliiiHi 1moJis, siki 3B s3yI0Th
BOEIMHO BCI CKJIAJI0BI CHCTEMH, 3MIHIOIOYH XapaKTep KOHTAKTHUX PEaKIlii 3 KIHEeMaTHYHHUX HA JMHAMIYHI.

AHaJni3 BiloMHX pe3yJbTaTiB

AKTyalbHICTh JOCHIJDKCHHS JaHOI TEMAaTHKH MiATBEPKYEThCS 3HAYHMM JOPOOKOM HAYKOBHX IIPallb,
NPE/ICTaBJICHUX B CIIEIai30BaHUX HAYKOBHMX BHMIAaHHIX: (i3MYHAa Me30MEXaHiKa, JIMCTH B JKypHAJl TEXHIYHOI
¢izuku [4, 5].

Sk BuzHO 3 puc. 1, pyiiHyBaHHs, HAKOIIMYEHI HE B JIOKAJIbHUX TOYKaX Ha IMOBEPXHI, & CIIOCTEPIraloThCs Ha
JIOCUTh BENIUKiH rimOuHi, mo jgocsrae 2-3 mM. [osicHroroThCst Taki yTBOpeHHs nedopmariil 3 mo3uuii 30ymKeHHs
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NPYKHUX XBWJIb. IX MeXaHi3M TOB’A3aHMH 3 PEXMMAaMH CXOIUIEHHS B IUIAMAX JOTHKY, SIKMH TPH3BOJUTH JIO
reHeparii 3Byky [4].

Ha puc. 2 npencrasieHi 3HaueHHs KoedillieHTa TepTs MPU JOCHIIIPKEeHHI HAaBAaHTKEHOTo By3Jia B MPOLIECi
pobotu Tpudocucremu [5].
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Puc. 2. KoediunieHTn TepTsi: a — npu gocjigax npoctuii; 6 — i3 3acTocyBaHHSAM NPHJIANY, IO FACHTh 3BYKOBi KoJIMBaHHA (Aemmndep)

Sx BumgHO 3 Tpadika, raciHHA 3ByKOBHX KOJIMBAHHS HE 3aBXKAX MPU3BOIAUTH IO MOKPALICHHS PEKUMIB POOOTH

KOHTAKTHHX TIOBEPXOHb. PerymspHe KsasilepiogudyHe IiJBHUILICHHS =
KoeilieHTy TepTs bi (o) 3HAa4Y€Hb "‘
l4

0,9-1,35, 3 mHamoi TOYKHM 30py, NOSCHIOETHCA YIBTPa3BYKOBHMHU
KOJIMBaHHAMH BCi€i YCTAaHOBKH, IIOB’S3aHUMH y TOMY YHCIi 3 HHU3BKOIO
YKOPCTKICTIO PUBOJIA — PEMIHHOIO NIepeavueto Bijl eIEKTPUYHOTO JIBUTYHA
Ta BaJl yCTAaHOBKH (pHC 3).

IIpoBenenns gocaigin

BinmoBimHO 10 MaTepialiB, IpeACTAaBICHUX BUIIE, JOCIIKCHHS
npoBonwincs Ha ycraHoBmi YMT 2168 B pexumi cyxoro teprs 3a
CXEMOIO BaJI-BTYJIKAa IPX HU3BKOMY Aiana3oHi THCKy Bix 1 mo 4 MIla.

CneuniamizoBaHa yctaHoBka TepTs 2168 YMT (puc. 4),
MpU3HA4YeHa IS BHUNPOOYBaHb (PUKIMIMHMX, aHTHQPUKIIHHUX i
3MalllyBaJbHUX MaTepiajiB Ha TepTs Ta 3HOIIYBaHHS B IIMPOKOMY
Jiarna3oHi peKUMIB.

Texuiuni Oani:

[lpuBix MamMHM — €NEKTPUYHMM, OCHALIEHWH IJIAaBHUM Puc. 3. 3oBHimHiii Burisa peminnoi
peryjsTopoM  IBHAKOCTI.  BumiproBay = MOMeHTYy  TepTss  — nepenayi ycranosku YMT 2168
eNeKTPOMEXaHIYHHIA. [Mputuckauus 3pasKiB 3IIHCHIOETHCS

MMHEBMATHYHO, BU3HAYCHHS MPUTUCKHOT CHITH 3/1IHCHIOETHCS 3@ PaXyHOK BCTAHOBJICHOTO MaHOMeTpa. OXOJ0IKEHHS
CUCTEMU — BOJSTHE (B BOJOIPOBONY).

Ipunyun pobomu.

B mporeci BUMpoOyBaHHS BH3HAYAIOTHECS MOMEHT TEpPTs, CHIIA, sIKa 3/iHCHIOE TIPUTHCKAHHS, 4acToTa
obepTaHHsl, IIUIAX TEPTS Ta TEMIIEPATypa.

3aranbHuii BUIIA] cneniaaizoBaHoi ycranoBkH tepts 2168 YMT Cxema TepTsi 3pa3Ka i KOHTPTL/IA, 32 SIKOI0 NPOBOIMIHCS
OCTiKEHHS
Puc. 4. Cneunianizopana ycranoka teptsi 2168 YMT Ta cxema HaBaHTa:KeHHs By3J1a TPHOOCHCTEMH

VY TpuboNOTiYHOMY HOCIHIKEHHI 32 CXEMOIO «Ialellb — JAUCK» KOHTPTLIO BUTOTOBIEHO 31 Craib 45, a
nociimkysati 3pasku — 3i Crans 30XT'CA, Anrominiit AJ/1.

[MapanesnbHO TPUOOJIOTIYHOMY JOCIIIKEHHIO MPOBOJMBCS 3amuc 3BYKY Mikpodonom Media-tech SFX
microphone MT 383. O6po6ka nanux 3ailicHOBaIack nporpamoro Audacity 2.0.5 (puc. 5).

AHaNI3yI0YH CIIEKTPOTPaMy XOJIOCTOTO X0y YCTAaHOBKH MOXKHA CTBEPXKYBATH NPO KIACTEPHUI XapakTep,
Ha HbOMY YITKO BHJHO 1 HHM3bKOYacTOTHY (iH(pa3ByK) i BHCOKOYACTOTHY (yJIbTpa3ByK) CKiIanoBi. PesymbraTtu
MPOBE/ICHOTO TOCITIKEHHS MPEACTABNICHI Ha puc. 6—8.
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O nporpanme

{ Audacity | Vngopraw o ciopre  Mauerzns GPL

D Audacity

X

Audacity 2.0.5

free. open source, cross-platform software for recording and editing sounds
http://audacity sourceforge net/

Audacity is a free program written by a worldwide team of volunteer
developers We thank Google Code and SaurceForge for hosting our project.
Audacity is available for Windows, Mac, and GNU/Linux (and other Unix-like

systems).

If you find a bug or have a suggestion for us, please write to our feedback
address. For help, view the tips and tricks on our wiki or visit our forum .

06 aBTOpax

Pycckan nokanuaayns — Anekcanap MNpokyawnH, Pycnad Kabayaes
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Puc. 5. 3oBHimHii BUrIs] 3ByK03HiMa4a Ta nporpama 3amucy 1a 00podKH 3BYKOBHUX JaHHX

AN Mw e e Wwdls My #w SuSry By M Vs W SOru MW 40N SNy Mia fGNm DeNs  JOOTW  3SSMY 400G BAOTL Mo tmeny
A [y <] — =1 — el

it e o [

Puc. 6. Cnexktporpama po6oru creuiajizoBanoi ycraHoBku Tepts 2168 YMT 0e3 HaBaHTaKeHHS

Mpu gocnimxenni Crani 30XI'CA cnocrepiraerbcsi 30UIbIIEHHST HU3bKOYACTOTHOTO 1 BUCOKOYACTOTHOTO
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Puc. 7. CnekTporpama gociizkeHHs 3pa3ka 3i Craas 30XI'CA
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Puc. 8. CnexkTporpama aoc/izkeHHs 3pa3ka 3 Amwominiii AJI1

KJlacTepy, SKi BiACYTHI mpu xosnoctoMy pexuMi (puc. 7). Taxi sk pe3ysbTaTH CIIOCTEPIraroThesi MPH TOCHIIPKEHHI
Amrominiro A1 (puc. 8).
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BucHoBku

3 aHaumizy BiJOMHX pe3yJIbTaTiB JOCIIIKEHb MOXKHA 3pOOMTH BHCHOBOK, II0 B MakCHMyMax KoedilieHTta
TepTsl TpUOOJOriYHe 3’€JHAHHS BaJl-BTYJIKA TNpPALIOE Ha Mexi 3ainanus. Lle XBWIbOBHI mpoliec, SKUil HE Mae
MOSICHEHHSI B paMKax TPUOOKIHEMaTHKH.

HasBHicTh He )KOPCTKHX (PEMIHHHUX) Iepeaad CTBOPIOE LII03110 3HOIYBaHHs. HacnpaBii BOHU NPU3BOASTH
JI0 BUHUKHEHHS iH(Pa3ByKOBUX XBUJIb 3 HU3bKUMHU YaCTOTAMH, SIKi BIUIMBAIOTH HA 3HOIIYBAaHHS.

Meron akycTHYHOI emicii MOXe JIONOBHUTH TPAAWILIHHI CIOCOONM BH3HAUYCHHS XapaKTEPUCTHUKU
pyHHYBaHHS TIOBEpXOHb, a/DKE JIa€ MOXIIUBICTH CIIOCTEPIraTH SIK IJ00ajibHE pyHHYBaHHS KOHTaKTHHX IOBEPXOHB
IpU BHCOKOMY iH(]pa3ByKOBOMY KJlacTepi, Tak 1 JIOKaJIbHI IIOBEpXHEBI pyHHyBaHHS IIpu 30iJbIICHH]
BHCOKOYACTOTHOTO (YIBTPa3ByKOBOTO) KIIacTepy.
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