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BU3HAYEHHS IHTEPBAJIY HAITPAIIIOBAHHS 1O BI/THOBJIEHHA TEXHIYHOT'O
CTAHY CUCTEM 1 ATPET'ATIB 3ACOBIB TPAHCIHIOPTY, IO EKCIUIYATYIOTHCA B
CIJIBCBKOTOCIHOJAPCBKOMY BUPOBHUIITBI

AHaui3 HaAlHOCTI CKJIaJHUX CHCTeM 1 arperatiB 3acodiB Tpancnopty (3T), mo ekcruryaryoTbes y
JKOPCTKHX YMOBaxX Cijbcbkorocnogapcepkoro Bupobnunrsa (CI'B), mokaszas, mo OibInicTh BIIMOB MarOTh
noctynosui xapakrep. [lepenyciM - e Mo’ s13aHO 3 MOCTYIIOBUM iX CTAPIHHSIM 3 HAIPALFOBAHHSIM.

B tabnumi 1 HaBeneHi AaHi Mpo CIiBBIIHOMIEHHS! KIJIBKOCTI MMOCTYIIOBUX 1 PANITOBUX BIIMOB CUCTEM 1
arperartis 3T.

Ta6auus 1 - Binmosu cucrem i arperaris 3T (KamA3-43105 30-65Tuc. kM npobiry)

) Kinbkicth BigMoB, %
Cucremu 1 arperatu
MOCTYIOBHX pPanTOBUX
MacnsiHa cucrema 15-23 34-46
IlanuBHa cucrema 8-17 3-7
KopoOka nepexiroueHHs nmepenay 2-9 11-13
I'onoBHa nepenava 4-12 12-16

3 Tabmumi 1 mokHa Oa4yuTH, MO CTpaTerii TEXHIYHOrO OOCIYTrOBYBAaHHS 3a HANPALIOBAHHSIM HE B
NoBHIM Mipi 3abe3meuyroTh HaaiiHy podory 3T, MmO ekCruyaryroTbCsl Yy JKOPCTKHX —yMOBax
clibcbkorocnopapebkoro BupoOHHNTBA. IlinBumenns nHagifiHocTi 3T MOXIMBE MIIAXOM pPO3pPOOKH
METOUKH TePeXOoy Ha EKCIUIyaTalllo 3 1HauBiAyambHUM migxogoMm no pisamx 3T Ta ix cucrem i
arperariB. Jlyis peanizanii JAaHOTO MIIXOMY € MOTpeda B MOBHOMY OOCs31 BUKOPUCTATH MOMKIIMBI CTpaTeril
nepexony, pPo3poOUTH TEOPETHYHI OCHOBU BUKJIFOYEHHS PU3HMKY BIAMOB Ta BIAMOBIIHI METOIUYHI
peKoMeHnalii 13 3aJy4eHHSIM Cy4YaCHUX 3aco0iB MaTeMaTHYHOrO aHai3y Ta OOpOOKM pe3ysbTaTiB
koHTpomo. Omxke mpobnema migBuINeHHs ekcrutyarauiiiHoi Haaiirocti 3T y CI'B 3a momomororo
{HAMBIAYaJPHOIO MAXOAY MATPUMAHHS TEXHIYHOTO CTaHy € aKTyalbHOK 1 MOTpedye KOMILJIEKCHOTO
MOJANBLIOTO TOCII IPKEHHSI.

Iadopmaniro mpo 3MiHY TEXHIYHOrO CTaHy cucteM 1 arperatiB 3T MOXIMBO OTpUMATH 3 aHAJI3y
IUHAMIKH PECYpPCOBH3HAYAJIbHUX MApaMeTpiB, SKHUMHU MOXXYTb OYyTH KUJIbKICHA OILIHKAa 3HOIIYBAaHHS
eneMeHTiB cucteM 1 arperartiB 3T, mieneKTpUYHa MPOHUKHICTD OJHMBH, TEPMOOKHUCIIOBAJIbHA CTA01IbHICTD
OJIMBH, BUTPATA MaJINBA, BIOPCKYBAHHS MAJTNBA, XapPAKTEPUCTHUKH aKyCTUYHOI eMiCii pI3HUX BY3JiB CUCTEM
i arperatiB 3T Ta iHm. Jlns 3abe3meueHHs HOPMaJbHOI eKCIUTyaTalii cuctem i arperatiB 3T Ha mpoTssi
JKUTTEBOTO LHMKJIY TMOTPIOHO 3aBKAM TNPOBOAWTH TEXHIYHI [ii, U1 MiABUINEHHS 3HAYEHb
pecepCcoBU3HAYANILHUAX MapaMeTpiB A0 iX MOYATKOBHX 3HAa4YeHb. Taki TeXHiIYHI Ali B Teopil HamIHHOCTI
HA3UBAIOTHCS BITHOBJICHHSIM TEXHIYHOTO cTaHy [1,2].

JList KUTbKICHOI OIIHKHY TPOIECY BIAHOBJIEHHSI TEXHIYHOTO CTaHy cUCTeM 1 arperatiB 3T HeoOXimHO
MaTeMaTHYHe MOJEJIOBAHHS NHHAMIKM DeCypCOBHM3HAYaJbHHX mapamerpis. IlosHaummo wepes 1),
3HAY€HHsI A1arHOCTHYHOrO TapaMeTpy B MOMeHT ! . Y BIATIOBIAHOCTI A0 Teopli BIOHOBIEHHS B IMPOIEC

JiarHOCTYBaHHs HAKOTMYYETBCS CyKyNHICTb 3HaveHb {/[),},.,, WO € croxactmauum npouecom. Lleii
JiarHOCTHYHMI napameTp 3aaeTes y surmsini LD, = Dy +d,, ne {dt }t>0 - CTOXACTHUYHHUN MPOLEC 3MIHU

NiarHOCTUYHOrO Hapamerpy. Moro 3MiHa XapakTepusyeThes (YHKLISMM PO3MONLTY MPOLECY {D,} Ta
BiIMOBIAHOIO IILIBHICTIO PO3MOITY HOro 3HaU€Hb, O BUPAKAIOTHCS HACTYTHUMH (opMyIamu:

F(D)=P(D, <d), ey

i(d)=F(D). @

Honyctima 0o0iacTh, IO BH3HAYaEe O€3BIAMOBHY pOOOTY CHUCTEM 1 arperatiB 3a JiarHOCTUYHUMH

napameTpamu, 3a0aEThCS X MeKaMu DH,DK]. Mo:kJTMBl BUMAIKH 3 OJHOCTOPOHHIMH BIAXUJICHHIMHU, Y

BUNLIAL oOMexeHHs 3Hu3y [),  abo oOmexeHHs 3Bepxy [),. OCHOBHOK XapaKTEPUCTUKOIO

0€3BIAMOBHOCTI € BHIAQAKOBE HANPALFOBAHHS 1O IIOCTYNOBOi  BIAMOBH, TOOTO  BUXOAY
PEeCYpPCOBH3HAYAILHOTO MAPaMeTPy 3a MEKI AOMyCTUMOI 00J1acTi.

OcHOBHY yBary B Te€Opii BITHOBJIEHHs TEXHIYHOIO CTaHY HAJAE€THCS PO3PAXYHKY HANPALFOBAHHS MIPH
PI3HUX 3a/IaHUX MOZENAX AMHAMIKU PECypCOBH3HAYaJbHHUX napamMerpiB. [Hpopmamis mpo mapameTpu ix
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PO3MOALNB O3BOJISIE TUIAHYBATH 3aXOAHM IO BIJHOBJIEHHIO TEXHIYHOTO CTaHy IJIsl cepii 1MeHTHYHHX
cucreM, TOOTO IJIAHYBATH TEXHIYHE OOCIyrOBYBaHHS 32 JEIKUMH HOPMaTUBHUMHU napamerpamu [3,4]. Ane
OLIBIIICTh pecypcOBU3HAYANBHUX cucTeM 1 arperatiB 3T, mo ekcruryaryoTecs y sopcTkux ymosax CI'B
notpeOyroTh OlTbII 1HAMBIAYAJBHOrO AHANI3y CBOTO TEXHIYHOTO CTaHy. 3a TaKOro MIAXONY I1HTepec

BUKJIMKAIOTh He aHcamOmi Bumagkosux (ymkuiit {1, },.,, a oxpemi peanisauwii [, Takox BBaxkaemo
BiZJOMOIO MOZEJb TUHAMIKH PECYPCOBHU3HAYAIBHOTO 11arHOCTHYHOIO ApaMeTPy 3 TOUHICTIO IO MOCTIHHUX
HEBIJOMHUX KOE(IIIEHTIB, OLIHEHUX METONaMU MaTeMaTHYHOI OOpOOKM BHUMIPHOBaHb Dt B TIpOLECI

I1arHOCTYBaHHS TEXHIYHOTO CTaHy cucteM 1 arperatis 3T.
JluHaMIKy pecypCOBH3HAYAIBHOTO JIATHOCTUYHOTO TIApaMeTpy TOJaMO y BUTIISII:

D, =Dy +vit, 3)
ne D), - BigOMe NOYAaTKOBE 3HAUECHHS NiarHOCTHYHOIO Napamerpa, V - MIBHAKICTb PO3BHTKY

napamerpy, / — HalpamroBaHHA CUCTeMH Ta arperaty 37T.

IIpn iHOMBIAYaJbPHOMY MiIXOAlI OO MIATPUMAHHS TEXHIYHOTO CTaHy B Moneni (3) IMIBHIKICTb
po3BUTKY mapamerpy [), pO3paxoByeTbCS IO Pe3ysbTaTaM HOrO BHMIpIOBaHb. Byaemo BBaaTH, IO
cUCTeMaTH4YHa MOXUOKa BUMIpPIOBaHb (TIOXUOKA MPHIIAAY) PECYpPCOBU3HAYAILHOTO MapaMeTpy BIICYTHS, a

. . 2 . . .
BUITAAKOBA HOPMAJIBHO PO3MNOALICHA moxuoKa XaPaKTEPUBYETBCA AUCIICPCIEO (70 . B sxocTi HEB1AOMO1

BEJIMYMHH OyAeMO NMPUIMaTH ii OIIHKY, OTPUMaHy 32 METOIOM HAaHMEHIINX KBaIpaTiB:

7=—3(0,- D)) @

t j=1
ne D ;- BUMIPHOBAHHSI PECYPCOBH3HAYAIBHOTO apaMeTpy ), B MuCKpeTHHI MOMeHT 4acy JA ;i—

YHUCJIO BUMIPIOBAHb.
OwuiHka V, Mae HOPMaJbHUIl PO3MOAIN 3 MaTeMaTUYHUM OdikyBaHHsM N [\3]= V' Tta mucnepciero

Pl )=z Y

ITpu nocraHoBLI OLIHKK V; B MOfENb (3) OTPUMAEMO HOPMAJIbHO PO3MOIJIEHY OLIHKY MOTOYHOIO

3HAYEHHsl PeCyPCOBU3HAYAILHOTO mapamerpa L), :
D, =Dy +V,iA,. )
. A . ~ 2 .
3 MaTeMaTUYHUM O4iKyBaHHsIM M lDl- J= Dy +v,A, Ta nucnepciero DlDi J= o, (21 — 1).
Ouinka V, fo03Bonse MoOyAyBaTd MpPOTHO3HE 3HAYEHHs  BU3HAYANBHOIO — Mapamerpa
D, (m=012,.):
D, =D, +V, (l + m)At, (6)

9 (.
J i mucnepciero D ZA)Hm ]z M(Z + m)z.

3 MaTeMaTUYHUM OuikyBaHHsaM M lD >
/

i+m
Taxum yrMHOM, BUNAAKOBa BeWYHHA (QYHKIII Oe3BIAMOBHOI pOOOTH 1OP1BHIOBATUME
o, (i+m)A2i-1/i

Ta Ma€ HOPMAJIbHUI PO3MOALI, & JUIsl 3HAXOJKEHHs 1HTepBajly BiAHOBJIEHHS T, TEXHIYHOIO CTaHy

P

CUCTEM 1 arperariB po3paxOByBATHMETHCS 3 YMOBH:
P(Tg) = ])36167 (8)
ne P, - 3amaHe 3HaueHHs iiMoBipHOCTI Ge3BimmoBHOI poGotu. Tomi KBaHTHIBL ISl JaHOTO
posnoziny Oyae mopiBHIOBATH:
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U, _D, =Dy =% +mA,
“ g (i+m)AA2—-1/i

3BiACH 1 3HAXOAMMO HAINPALIOBAHHS [0 BiTHOBJIECHHS (i+m)At, TEXHIYHOTO CTaHy CHUCTEM 1

©)

arperatis 3T y CI'B:
Dg — DO

7, :(i+m)At :m. (10)
Poao v i

3 orpumadoro Bupasy (10) BummBae, MO 3aMiCTh MaTeMaTUYHOrO O4YIKYBAHHS 1
CEPETHBOKBAPATHYHOTO Bi IX MJIEHHS! BJACTHBOCTEH 1IEHTHYHIX CHCTEM, BAKOPHCTOBYEThCS OLIHKa V; 1 i

CepelIHbOKBAAPATUYHE BIAXUIIEHHs O, WO BifoOpaxarTh npouec imeHTudikauii Momeni CTapiHHA

KOHKpPETHOI cucteMu uu arperary 37.
3anporoHOBaHUN MiAXiA a€ MOXKJIHMBICTb IIBUIAKO BUSBHUTH JErpajalii0 pecypCOBH3HAYAIBHOTO
napamMerpa Ta 3HAlTH ONTHMAajNbHUH BapiaHT HAMpPALIOBAHHS U1 TNPOBEACHHS TEXHIYHOTO
obcnyropyBanHs cucteM 1 arperatiB 3T y CI'B mo BuMararoTh 1HOUBIAYaJbHOTO IUTAHY TEXHIYHHUX
0o0CcyroByBaHb IS i IBUIIIEHHS iX €KCILTyaTali iHOI HaaifHOCTI.
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IMPROVEMENT OF TRIBOTECHNICAL CHARACTERISTICS OF THE MAIN
MACHINE'S PAIRINGS AT RUNNING-IN

The macro-geometry of units of friction considerably differs from correct. In many cases space
tapering of surfaces is broken. A roughness after tooling frequently falls short of optimum values. It results
in higher specific pressures in the area of contact, to the direct contact of metal surfaces and, as a result of
it, to the teasers, grasping and enhanceable wear of the running-in surfaces. Defects have an effect of
increase of contact pressure on small area and further in more rapid tribological processes as compared to a
contact without a defect. For example, by the result of the unlubricated contact of surface on a ring, in
which warped steel on bronze, diminishing of the time of running-in with the increase of defect was
marked. It talks about complication of flowing processes and necessity of further study of influence of
defects on running-in of the sliding surfaces.

Therefore the details of connections of machines must not be exposed to abrasive grinding in. One
possible type of grinding in, there is the chemical-mechanical planarization (CMP) [1] and another one is
electrochemical— mechanical planarization (ECMP) [2,3]. ECMP found a wide use as method of clean
(final) grinding-in of details, workings in the conditions of friction, mechanical loadings, corrosions
because this process is related to the change of micro roughness and physical and chemical state of surface.
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