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JOCIIIDKEHHS 3HOIIYBAHOCTI JIBUI'YHIB BHYTPIIIHBOI'O 3I'OPSAHHA
METO/IOM IMOBHOI KBAJIPATUKHA

1. Beryn

B ekcrutyaTaniifHuX yMOBaX JOBIOBIYHICTh MOPITHEBUX JBUTYHIB BHYTPIITHBOTO 3TOPSTHHS
(IBC) OCHOBHMM YMHOM BH3HAYA€THCSI 3HOCOM TiJIb3 IIUIHJPIB, MOPITHEBUX KIJICIh, BKJIAINIIIIB
MIIIAITHAKIB  KOJIIHYACTOr0 1 Ta30pO3MOJUIHPHOTO BajdiB, Il JETali MPAIfOl0Th B CKIATHHX
HaNpyXCHUX yMOBaX ,i B arPECUBHUX CEPEIOBUIIAX.

HanpyxeHicTb MOBEpPXOHb JeTajied 3yMOBIEHA pexuMamMu poOOTH [BUTYHA, SIKI B
eKCIUTyaTalllfHUX yMOBax MalOTh OUHAMIYHI XapaKTePUCTHKH, BU3HAYAIOTHCS CTAJUMH 1 HE
CTAJIMMU IBUIKICHUMHY, HABaHTA)XYBaJTLHUMH 1 TEMIIEPATYPHUMH MTapaMeTpaMHu.

CucrematnuHuii Bigdip Ta aHai3 TEPMiHY CIY>KOM JBHUTYHIB €KCIUTyaTOBaHMX B PI3HHX
ymoBax [1], 103BOJIUB 3pOOMTH BHCHOBOK, IO TEPMiH CIIy)KOM JABHT'YHIB aBTOMOOUTbHUX KpaHIiB B

1,6 — 2,4 pa3u MeHIIIe HiX MTPU SKCILIyaTallii B CTaux ymMoBax (tabi. 1).

Taomuus 1 — Tepmin cimyOu ABUTYHIB IIPH Pi3HUX YMOBAX eKCILTyaTalii O KaIlliTaTbHOTO PEMOHTY

CepenHiii TepMiH CIIy>KOHM TBUTYHIB Y MOTO-TOIMHAX

Yo exemyataiil 3y T30 T AM3 236 | KAMA3 - 740 | 3M3 53
ABTOMaricTpaii 3a MiCTOM 5250 5400 5600 5350
[ pyHTOBI 10pOTH 3750 3600 3950 3566
Miceki Joporu 3050 2750 2947 2675
ABTOMOOLTIbHI KpaHH 2287 2455 2434 2326

2. Mera pobotn
BcranoBuTtn 3akoHOoMipHOCTI 3HomryBaHHs aeraneil J[BC, mo BpaxoByIOTh HE TIJIbKH
PO3IUIBHUN aJie 1 CIUIBHUM BIJIMB Koe(illieHTa JMHAMIYHOCTI, HaBaHTaXyBaJIbHUX, IBUJIKICHUX Ta

TEMIIEPATYPHUX PEXKUMIB POOOTH.

3. [InanyBaHHS eKCIIEPUMEHTY

JlocmipkeHHsT MOZIeNi 3HOCY JBMTYHA MPUBOIY aBTOMOOUTBHOTO KpaHa YCKJIQJHEHO BEIHUKOIO
KUIbKICTIO (DaKTOpiB, 10 BIUIMBAIOTh HA HHOTrO. TOMy TeopeTu4Huil onuc B 111 006JacTi HOCUTh JIMIIE
SKICHUM XapakTep 1 JI03BOJIsIE HAYKOBO OOIPYHTOBAHO CIUIAHYBATH €Tamu JociimkeHHs. KiabkicHuit
OITMC MOJIEJI MOYKHA OTPUMATH €KCIIEPUMEHTAILHO BEJTMKOIO KUIbKICTIO TPYAOMICTKUX JIOCIi/IiB.

JlocBig 3acTocyBaHHS MaTEeMAaTWUYHMX METOJIB IUIAHYBAHHS 3HOCHUX JUHAMIYHHMX
BUTIPOOYBaHb MMOKA3ye, 1[0 BUKOPHCTOBYBAHA METOJIOJIOTIS 1X MPOBEICHHS MaTeMAaTHYHO CTPOTO i
(h13UIHO KOPEKTHO J03BOJISIE IOCTABUTH CYYaCHHUH €KCIIEPUMEHT B PaH0Mi30BaHii (hopmi.

Jliss BCTAaHOBJIEHHS 3aKOHOMIPHOCTEH I1HTEHCHMBHOCTI 3HOCY JBHMIYHAa HEOOXiTHO MaTH

BIJJOMOCTI IIPO 3HAUEHHSI TApaMETPiB, 1110 BXOJATh Y HACTYIIHY OaraToBUMIpHY (PyHKIIiIO:



dd—(;:f(Pe;Wp;a);g;kﬂ), (1)
e Pe — edexTBHE HAaBaHTAXKCHHS;
W, — IHT€HCUBHICTb 3MiHU HaBaHTaKEHHS,
@ — KyTOBa IIBHJKICTh KOJIIHYACTOTO BaIy;
& — IPUCKOPEHHS KOJIIHYacTOTO Baiy,
Ky — xoedilieHT TUHAMIYHOCTI.
VY 3B’53Ky 31 CKJIaQHICTIO pilieHHs piBHAHHSA (1) MPOMOHYETHCS CIPOUICHUN METOH MOBHOI

KBaJPAaTHUKH, IKMA OyB PO3TISIHYTHH y po0oTi [2].

4. locaiizkeHHs Mo/iesli METO0M MOBHOI KBaAPaTHKH.

PosrnsHemo mmisx peamizamii ¢ynkmii (1) 3a Z0MOMOror0 MeToxy MOBHOI KBaIpaTHKU.
OTtpumMaHi piBHSHHS OUIBII MOBHO OXOIUTIOIOTH SIK JIHIMHICTH, TaK 1 HENIHIMHICTH MPOLECIB, 110
BiJI0YBaIOTHCS 1 JO3BOJIAIOTH BpaxyBaTH CyMiCHUMN BILUTUB (DaKTOPIB.

basyrounce Ha TEOPETUYHHX IOJIOKEHHSIX BUBUYCHHS IPOIIECIB 32 JOMOMOTOI0 KBaJpaTHK,

OararoBumipHy ¢yHkIiro (1) mpeacraBuMo y BUTIISAII
Y = 8g + 8 + Xy + BgXg + 8 Xy + BsXg + 81X + ByyXE +BggXa + g X2 + B X 2

+ a.lz X]_Xz + a13X1X3 + a14 X1X4 + a15X1X5 + a23X2 X3 + a24 X2 X4 + 8.34 X3X4 + 8.35X3X5,

du

Ac y p
[pYHTYIOUMCh HA TEXHIYHMX [OKA3HMKAX JBHUTYHIB CYYaCHHUX aBTOMOOUIBHMX KpaHiB,

X3 =@; X4 =&, X5 = KJ.

MoTepeIHFO BUOMPAEMO MEXKi 3MiH mapamerpis (Tadu. 2).

Taduuus 2 — Mexi 3MiH mapameTpiB piBHSIHHS (2)

ABTOMOOUTEHUM KpaH
ITapamertp KC-2571A | KC-4561A MKA-10M
(31J1 —130) | (sIM3 —236) | (KAMA3 — 740)
X1 Pe, Mu/M> | 0,02-0,86 0,07 -0,8 0,06 -0,8
X2 | Wp, Mu/m%¢c | 0,01-29 0,01-2,9 0,01-2,9
X3 | @,06/mun | 1000 —3000 | 1000 — 2500 650 — 3000
X4 J,1/c 2—-46 2-40 2-40
X5 Ky 13-3 13-3 16-4,6

JIna Bu3HaueHHs KoeilieHTIB pIBHAHHS (2) 3a JOIOMOTOO JIIHIMHOI arpoKCHMALTil Oy BUKOPHUCTaHI
MaTpHL [U1aHy ekcriepuMeHTy. KoeditieHTn piBHAHHS (2) MOXyTh OyTH BU3HAUeHi 3a (hOpMYIIOr0

. X
e 8=y y;‘-rg'); aj = ;- )(;a” , Xj — BEKTOP-CTOBOII.

SkicTh anmpokcuMallii OIIHIOETHCSI 0OUMCICHHSIM KoedilieHTa Bapiamii
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AcC Yep = 8o,
N — Yucmo gocaimis;
k — gucio xoedimienTis niniiiHoi anpokcumarii, K =5.
[Tpu pikcoBaHMX 3HAYSHHSX MapaMeTpiB X KoedilieHT Bapialii KOJMBAETHCS B MEXAX
6-8% |v—100 <o |
M

VY Bunagky V<V MPUAHATO BBAXKATH, 10 PIBHIHHA (4) A€ IITKOM 3a10BIIbHE HAOIMKCHHS
70 TOCITiiB.

[Tpu 3piiicHenHi ¢izuuHoro monentoBaHHs ¢yHkiis (1) mocmiKyBanacs HaCTyIIHUM
yuHoM [3]. IIporpamua ycTaHOBKA Ha MiJICTaBi BBEJICHUX B HEl aJITOPUTMIB 3a/1aBajia Pi3HI PSKUMHU
po6oTH BUIPOOYBAaHOMY IBHUTYHY, IIIO BUKOHYE Ha KOKHOMY PEKHMi OJUHHIIO YMOBHOI pOOOTH.
3a3HaueHa OJWHMI BiAINOBITA€ CEpeAHbOMY 3HAUYEHHIO 4acy, NPH SKOMY 3HOC Ma€ CTaOuIbHI
3HAYEHHS 3 MiHIMAIBHUM BiJIXUJICHHSIM.

CratuctuuHa o0OpoOKa ocIIOrpaM 3 3alucaMu pPeXHMIB poOOTH IBUTYHIB B YyMOBax
eKCIUTyaTaIlii JO3BOJWIIA 3 JOCTOBIpHIiCTIO 110 0,85 BUOpATH THUIOBI OCIMIIOrPaMHU 1 3 X JJOTIOMOTOXO
CKJIACTH ITOPUTMHU MPOrpaM BUIPOOYBaHHS IJIsi KOXKHOTO JBUTYHA 3 YpaxyBaHHSIM TEMIIEPaTyp
BOAM B CHUCTEMi OXOJO/)KEHHS 1 Macia, BEIWYMHH HaBaHTKEHHS, UIBUAKOCTI OOepTaHHs
KOJIIHYacTOro Bajlly 1 3MIHM Yy 4Yacl 3a3Ha4eHHUX pexumiB poOotu. Lli ocruiorpamu micis
PO3MHU(PPOBKY a TAKOXK PE3YIBTATH YHCIOBOTO EKCIIEPUMEHTY JalU MiJICTaBY ISl POTPaMyBaHHs
MPOrpaMHOI yCTaHOBKM 1 OylIM CTOXAaCTUYHOIO MOJEIUII0 KOXHOTO €Taly BUIPOOyBaHb. 3
ypaxyBaHHAM iX Bapialii (0 MaKCUMyMy) Ha KOXXHOMY €Talll 3aJaBajiocsi JOJAaTKOBO MO YOTHPHU
PEXUMH, SIKI BUOMpPAJIMCH 3a JOIIOMOTO0 METOLy paHroBoi kopesiii. [IpoBeneHi BunpoOyBaHHs B
MEBHIA Mipl JO3BOJMJIM BIATBOPUTU E€KCILTyaTallliHI YMOBU 1 MaKCHUMaJbHO HAOJIM3UTH 3MIHU

napameTpiB /10 pealbHUX YMOB €KCIlTyaTallii aBTOMOOUTBHOTO KpaHa.

4. O0roBopeHHs1 pe3yJbTaTiB

OO6pobka pe3ynbTaTiB 3HOCHUX BUIPOOYBaHb ABUTYHIB MOKa3aa, 110 IHTEHCUBHICTh 3HOCY
MPUBOAY aBTOMOOLIBHOIO KpaHa B 3HAYHIM Mipi 3aleXHUTh BiJl 3Ha4eHHs Koe]ilieHTa JUHAMIKU
(puc. 1), IHTEHCUBHOCTI 3MiHM HaBaHTaXXCHHs (pUC. 2) 1 BEIMYMHU TPUCKOPEHB (pHC. 3).

Tak poboTa nBUrYyHAa NpU HECTAIMX HaBaHTaXyBalbHUX pexumax (0,4-0,8 MH/MZ)
MPU3BOANTH JI0 30UIbIIEHHS 3HOCY 2,8 pa3u, poboTa MpUBOAY MPH 3MiHI TIPUCKOpeHHS Bia S 10 20
1/c* 3a 1 x 10" ox. yM. po6OTH) IIPU3BOANTH 10 3GLIBLICHHS 3HOCY jAeTaieil ABUryHiB SIM3-236 i
KAMA3-740 — B cepeanbomy B 2,2 pasu, 31JI-130 — B 2,3 pazu. OpgHak HalOUIBIINK BIUIMB Ha
3HOIIIYBAaHICTh JBHUI'YHAa OKa3ye 3Ha4yeHHs KoedilieHTa auHamikd. KpuBi, 10 XapakTepH3yrOTbh
IHTEHCHUBHICTb 3HOCY IIPU PI3HUX 3Ha4deHHsX K7 B Aiana3oHi BiA 1,5 10 4, HOCTIHHO 3pOCTar0Th, IPH

MaJliX HaBaHTAXEHHSIX KpuBa 3HOCY 4 Ha puc. |, 3MiHIOETbCA Mai)ke MPONMOPLIHHO BUKOHAHIN



po0OTi, TP 3pOCTaHHI Koedilli€eHTa TUHAMIYHOCTI 11 KpyTH3HA 30UIbIIyEThCs, a (QYHKIIS HaOyBae
dhopmy mapabonu. AHaMI3YIOUHM €KCTICPUMEHTAIbHI JIOCHIKEHHSI MOYKHA TIPUUTH 10 BUCHOBKY, IO
HE3aJISKHO BiJl THITIB JBUTYHIB IIPU HECTAIHUX JAUHAMIYHUAX PEKUMaxX poOOTH aBTOMOOUIFHUX KpaHiB

B TMIOPIBHSHHI 3 €KBIBAJICHTHUMH CTAIUMH PEKUMAMHU 3HOC IIPUBOJTY 3pOCTAE OUIBII HIXK B 3 pa3H.
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Puc. 1 — BruiB koedimieHTa TMHAMIYHOCTI Ha Puc. 2 — Brumms mBrIKoCTi 3MIHI
3HOoC aBuryHa KAMA3-740 npu cTeH10BUX HABaHTA)KEHHS HA IHTEHCUBHICTh 3HOCY JIBUTYHA
BunpodyBannsax 1 —K;=4,5;.2-K,;=3,5;3-K, 3WJI-130 npu 3miHi pexxumy Bix 0,7-0,8 MH/m
=25 4-K,=15 (1), Bix 0,6-0,7 MH/M* (2), Bix 0,5-0,6 MH/M?

(3), 0,4-0,5 MH/M’ (4) 3a 10° oz1. yM. po6.

Fe 10° 1 OTtpumaHi 3aJIeXKHOCTI TAKOXK BKa3yIOTh Ha
s ® — . ,
e 5 - ,/ .| 2 T€, IO MPH CTAJIOMY PEXHUMI POOOTH 1 peKuMax 3
s S 6 //_ ..... o — = i MaJIMM MPUCKOPESHHSIM KOJIIHYAcTOro Baja (110 4 ¢
g z 5 /,/ , P A RaTE Jaman %) MiHIMaNBHHI 3HOC CIIOCTEPIracThCS B MEKAX
_f_: g :/ , -1.--1 ‘ CKBIBAJICHTHOI MIBUIKOCTI KOJIHYAacTOro Baja,
g E 2 ;‘ T piBHoi  1250-1600 06/xB. Ilpu  Bemukux
i::;r % 1 HAaBaHTAXXEHHSX 1 NPUCKOPEHHSIX 3HOC JeTayel
é §- 0 5 10 15 20 25 j 1/& JIBUTYHA 30UIbIIYETHCA MPOMOPLIMHO 3POCTAHHIO

MIBAAKOCTI KOJIIHYAcTOro Bany (puc. 3).
Puc. 3 — BruuB npuckopeHHst Ha y @ )

IHTEHCUBHICTb 3HOCY ABuryHa 311 - 130 mpu
3miHi pexumy Big 2000 - 3000 06 / xB (1), Bix BucHoBku
1400 - 2200 06 / xB (2), Bix 1000 - 1800 06 / xB B xomi JOCITDKEHb BUSIBIICHI

3 , 800 - 1400 06/ xB (4) 3a 105 Oond. yM. 00. . . o .
p
3aKOHOMIPHOCT1 3HOIIIYBAHHA JACTAJICH ABUI'YHIB

aBTOMOOUIbHUX KpaHiB 1 BCTAHOBJIEHI HaOLIbII Baromi ekcrulyaTauiiHi (akTopH, sKi MPUBOIATH

J10 TIPUCKOPEHOTO PYHHYBaHHSI [IOBEPXOHb TEPTH.
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Ilooonak O.C. «JlocmiKeHHSI 3HOIIYBAHOCTI JBUTYHIB BHYTPILIHBOT'O 3TOPSIHHS METOJIOM
IIOBHOI KBaJIPaTUKU.

[TpoBeneHi nOCHiAKEHHsI 3HOIIYBAHOCTI JeTajeid ABUIYHA BHYTPILIHBOI'O 3TOPSHHS NpHU
HEeCTAIMX pEeXHUMax PoOOTH 3 3aCTOCYBaHHSAM METOJYy IOBHOi KBaJIpaTHUKHU, peai3aiis sKoro
311 CHIOBAJIaCh Ha IPOTPAMOBAHOMY CTEH]I].

Knwuoei cnoea: 300c, IBUTYH, peKUM pOOOTH, CTEH, KPUBOLIMITHO-IIATYHHUNA MEXaHi3M,

MaT€MaTu4dHa MOACIb.

Ilooonax O.C. «VccnenoBaHue U3HAILIMBAEMOCTH JIBUTaTeNIel BHYTPEHHETO CTOPaHUs
METOJOM ITIOJTHOW KBaJIPaTUKN.

[TpoBeneHbl McciIeOBaHUS M3HAIIMBAEMOCTH J€Tallel JABUraTelsi BHYTPEHHErO CropaHus
IIPY HEYCTAaHOBMBILUXCA peXHUMax padOThl C MOMOLIbIO METOJa IUIAHUPOBAHMS HKCIEPUMEHTA,
peanu3aiysi KOTOPOro OCYyIIECTBIISIACH HAa IPOrPaMMUPOBAaHHOM CTEHJIE.

Knwouesvie cnosa: w3HOC, ABUTaTeNb, PEXHM pabOTHI, CTCHJ, KPHBOIIMITHO-IIATYHHBIH

MCXaHHU3M, MaTEMaTHYCCKas1 MOACIIb.

Podolyak O.S. “Research of internal combustion engine wear with method of complete
quadric”.

Internal combustion engine wear by transient condition with method of experimental design
are researched. The method at programmed test bench was realized.

Key words: wear, engine, condition, test bench, crank mechanism, mathematical model.
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