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AHann3vpyeTtcsi 3aBUCUMOCTb 0JIFOBEYHOCTU M M3HOCOCTOMKOCTM fAeTaneri oT pOpCUpoBaHNS U TEX-
HUYECKVX BO3MOXHOCTeV npow3soacTea [BC. Pa3sutne aBuratenieCTpoeHus xapaktepu3yet ¢opcu-
poBaHue [BC. lorpeluHoCTy BKIIOHAT 32300 U COOTBETCTBUE MUKPO- Y MAaKpOreoMeTpum TPYLLNXCS
rMOBEPXHOCTEN fetaneii CBOMM ONTUMasbHbIM, rpupaboTaHHbIM rnapameTpam. [ns obecrniedyeHus pa-
60TOCMOCOBHOCTH, COXPAHEHUST 1 YITy4LLIEHUST [O/IrOBEYHOCTN U M3HOCOCTOMKOCTY AeTane rnpu pop-
CUPOBaHW MOrPELLUHOCTY YMEHbLLAIOTCS. Llenbio nccnenoBaHusl IBASIETCS OUEHKa [0JIrOBEYHOCTU U
M3HOCOCTOMKOCTY fAeTaneri OT TEXHUYECKNX BO3MOXHOCTEN IBUraTeIeCTpoeHus, 00yC0B/1MBaAEMbIX M0~
rPEeLLUHOCTSIMU NPOEKTUPOBAHWUSI U MPOV3BOACTBA U ypoBHeM ¢opcuposaHus [BC. B3anmocssasb pop-
CUPOBaHWs, NMPOU3BOACTBA M HAAEXHOCTY aHaIn3upyeTcs rno avHamvke passutus [BC aBTomobuned,
SMIAVNPUYECKUX U MPOrHO3UPYEMbIX AAHHbIX AOIrOBEYHOCTU Y MIBHOCOCTONKOCTY KPUBOLLIMITHO-LUATYHHO-
ro MexaHvu3ama v UWnHAPOMNOPLUIHEBOM rpynnbl. Begetcs pacyet koappuumeHTa rnpornopLmoHarbHOCTU
Y TEOPETMHECKON NMOrpeLLIHOCT nNpoekTupoBaHus n npoudsoacTtea ABC ans asurateneii FA3 n 3M3. C
MoZepHu3aumner Npon3BoaACTBa U YMEHbLUEHNEM MOrPeLIHOCTEN, TEXHUYeCKasl XxapakTepucTika v aBu-
raressi v MaLLmHbl yny4qiiaetcs. [lpuBoanTcsl cBsI3b ABUratesisi C aBToMobunemM. BoiBeneHbl 3aBUCUMOCTY
rorpeLLHOCTEeN NMPOEKTUPOBaHUS U MPOU3BOACTBA Y UHTEHCUBHOCTY U3HOCA AeTanei KPpUBOLLUNIMHO-LLA-
TYHHOIO MexaHu3ma v LUNanHAPONoOpPLLUHEBOV rpynrnbi oT popcuposaHus [ABC. OnpeneneHo, 4To C noBbi-
LUEHNEM CTEerNeH CXXaTusi N 4HaCcTOTbl BPALLEHUS] KOJIeHYaToro Basia MUHTEHCUBHOCTb M3HOCA YMEHbLLIAEeTCs
ObICTPEE NOrpeLIHOCTEN. 3TO 0OBbSICHIETCS BIMSHUEM MOrPELUHOCTel Ha CBOVCTBA TPMOOCOMPSIXEHUS,
ZBuvratessi u aBTOMOOUIIS, COrlacoBaHHOE Pa3BUTHE KOTOPbIX 06eCcrneynBaeT NnoBbILLIEHHbIV POCT A0Jro-
BEYHOCTU U MBHOCOCTOMKOCTU AeTasien.

KnioyeBble cnoBa: rnorpeLHoOCTy rNMPOeKTnpoBaHusa v npon3eBoacrtsa, MHTEHCUBHOCTb M3HOCA, CTerleHb
cXXartvid, 4acTtoTa BpallleHVs KoJieH4YaToro Basia.

BBegeHune

PasBuTue nBUratesiecCTpoeHUs XapaKTepusyeT
dopcupopanue JIBC — crenenb cxatvs € U 4a-
CTOTa BpalllcHUs KOJICHYAaTOro BaJla Ha pPEKUME
MaKCHUMaJIbHOTO KpYyTAIIEr0o MOMEHTa n,,, IO-
IPEIIHOCTH TPOCKTUPOBAHUS M IIPOU3BOACTBA
11 . TlorpemHocTH BKJIIOYAIOT 3a30p U COOTBET-
CTBHE MHUKPO- U MAaKPOI€OMETPUM TPYIIUXCSA IO-
BEPXHOCTEH JeTajieii CBOMM ONTHUMAaJIbHBIM, MPH-
paboTaHHBEIM mapaMmeTpaM. /[l oOecnedeHus
paboTOCIOCOOHOCTH, COXPAHEHHUA U YJIyUIICHUS
JIOJITOBEYHOCTHU U U3HOCOCTOMKOCTHU AETajIel mpu
(hopcrupoBaHNM MOTPENTHOCTH yMeHbIaTes. Te-
opeTHYecKasi IMOrPEIIHOCTb IMPOCKTUPOBAHUSA M
MPOU3BOCTBA ONPEACIIUTCS:

1, =Kn
T gnMB

rae K, — ko3 durnmeHT nponopuiuoHaJbHOCTH.
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Lenb nccnegoBaHns

Lenbio nccienoBanus sIBIAETCSA OLIEHKA J0JI-
TOBEYHOCTH Y U3HOCOCTOMKOCTH JeTaJlell OT TeX-
HUYECKUX BO3MOJKHOCTEU BUTATEJICCTPOCHUS,
00yCJIOBJTUBAEMBIX TIOI'PEITHOCTAMH TPOSKTHPO-
BaHUs ¥ IIPOM3BOACTBA U YPOBHEM (POPCUPOBAHUS
HBC. BsammocBsa3b ¢GopcupoBaHHs, TPOU3BOI-
CTBa M HAJIC)KHOCTH aHAJIM3UPYETCS 10 TUHAMUKE
passutus JIBC aBTomoOmeit [1], sMIIupruvecKux
[2, 3] u mporHo3upyeMbIX [4] TaHHBIX TOJITOBEYHO-
CTH ¥ M3HOCOCTOMKOCTH KPHUBOIIUITHO-IIIATYHHO-
ro MEXaHu3Ma 1 IIJIHHPOIIOPITHEBON T'PYIIIHL

Pe3ynbTarel aHanusa

Ucnonp3yss TeXHWYECKHe XapaKTEPUCTUKU
ABUTATENICH, IMIIMPUUCCKHAE TaHHBIC MOTPENTHO-
CTeil IMPOEKTUPOBAHUSA U IPOM3BOACTBA 1., , pac-
CYUTBIBaeM KOA(DOHUITMEHT MPONOPIIMOHATBHOCTH
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K, =11, gn,; TeOPETHUYECKYIO IOIPEIIHOCThL
IIPOEKTUPOBAHUA U TpousBoacTea [7, (Tabdi. 1).

Cunrtaem, 4TO Il WMCCJICIOBAHUSA aHAJUTU-
YECKOr0 THUIA IOJYYEHO BBICOKOE COOTBETCTBHUE
TCOPETUUYCCKUX U SMIUPUUYCCKUX, SKCILTyaTalu-
OHHBIX JIAHHBIX.

IlorpemHOCTH MPOEKTUPOBAHUA U MPOU3BOA-
CTBa TPYLIMXCA IOBEPXHOCTEN AETATIEN OTPAKAIOT
CBOICTBa TPHOOCONPSKEHHH, HEIOCPEACTBEHHO
BJIMSAS HA UX JOJTOBEYHOCTh U H3HOCOCTOMKOCTD.
Kpowme aToro, BiiusgHIE MOrpenrHoCcTei Ha N3HAIIIN-
BAHHUE BBIPAYXKACTCH YEpPE3 TEXHUUYECKHUE BO3MOK-
HOCTH jaBuraresiga U MamuHsl. C MomaepHH3auei
[POU3BOACTBA M YMECHBIICHUEM IOTPEIIHOCTEM
TEXHUYECKAasd XapaKTCPUCTHKA W [BUTATEJISA U
MAIlIMHBL yjry4dmaercs. [Ipumep cBA3u nBuraresis

cI)O]Z)CI/IpOBEIHI/IE! " IIOBBIMICHHUEC MOIIHOCTHU OBHU-
rarejisd, YBCJIUYHUBACT SHEPIrOBOOPYKCHHOCTL U
nepeaaToyHoc OTHOLICHUC TpPaHCMUCCUU aBTO-
MO6I/IJ'IH, YMCHBIIACT BEPOATHOCTD €31bl HA ITOHU-
JKCHHBIX NEpcaavax, yMCHbIIACT IIYTb TPCHUA OC-
TaJjiei geuraresis Ha 1 KM IIyTH, 4YTO YBCJIMYUBACT
JIOJITOBEYHOCTh M U3HOCOCTOUKOCTb.

Ha ocHoBaHMM paHHBIX IMPOrHO3UPYEMOI'O

K
npenesibHoro u3Hoca M,, =""# . W becypea
M

1, = K, & n,, neraneii [4] onpenes M HHTEHCHB-
HOCTb U3HOCA:

L M,/ _K,
T T 2.2
2T € Ny,

e K, :K%( — ko3 dunment mnponopimo-

¥ aBTOMOOMJIA IPUBOAUTCS B TaOJI. 2. HaJIbHOCTH.
Tabauya 1
IIporno3upoBanne npeaeabHOro H3HOCA H pecypca aAetajeii nBurarenei
eraap;j}m TA3-51 | TA3-69 | 3M3-21 | 3M3-53 | 3M3-24 | 3M3-402 3}1\33' g{‘:{iﬁ;‘z
Hpoﬂg’fmm 1945 1947 1960 | 1963 1970 1982 1996
€ 6,2 6,7 7,15 7,6 8,2 8,2 9
n,, , MAH ! 1500 2000 2100 2200 2400 2600 4000
KopeHHnsie meiikn KoJeH4aToro Baja
11, , vxm 20 45,7 55 32 28,8 12,5 18,8
K, 19 104 61104 83 104 54 104 57 104 27 10* 68 10* 52 104
1T, , vxm 56 39 35 31 26 24 14
[MTaTyHHBIE MEHKN KOJIEHIATOro Bajia
11,  vixm 46,7 46,7 0 21,7 7,25 3,33 5
K, 43 10¢ 63 10* 0 36 10* 14 10* 7 10* 18 10* 26 10*
I, , viem 28 19 17 16 13 12 7
umaagpsr
I, , Mxm 55 60 42 80 58 64 67
K, 51-10% 80-10* 63-10* 133-10* 114-10* 136-10* 241-10* 117-10*
1T,  vixm 126 87 78 70 59 55 33
TenmoBoii 3a30pP B 3aMKE MEPBOIro KOMIIPECCUOHHOI'O KOJIbIla
11, , v 0,25 0,06 0,15 0,11 0,05 0,04
K, 3350 901 2508 2164 1066 1440 1905
I, v 0,14 0,127 0,11 0,10 0,09 0,05
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Tabauya 2

Be.]]l/l‘ll/ll-lbl, XapakTepusyloiue CBfA3b ABUraTe.s ¢ aBTOMOOHIEM

Momesb aBTOMOOWIIS

TI'A3 -51A I'A3-53A I'A3-66
Tun geurarens P-6 V-8 V-8
XoJ MOpLIHS, MM 110 80 80
Pajuyc KayeHus Kojieca, MM 440 463 507
[epemaTouHoe OTHOIIEHUE 3aJHETO MOCTA 6,67 6,83 6,83
Yucsio 060poTOB Kojieca Ha 1 KM Iy Tu 362 344 314
Yuciio 060poToB ABUraTesis Ha 1 kM myTu 2415 2350 2145
ITyTh mopuiHA Ha 1 KM Iy T aBTOMOOMJIA Ha IPAMON Iepeave, M 531 376 343
MoHocTs Ha 1 T oJIHOM Macchl aBToMOOMIA, KBT/4 9,9 11,7 15,4

MaTyHHOI'0O ME€XaHUu3Ma U HHHI/IHI[pOHOpHIHCBOﬁ

Ha puc. 1 u 2 npencraBiieHbl 3aBUCUMOCTH TIO-
rpynmsl oT ¢popcuposanus JIBC.

FpeHIHOCTCﬁ IMPOCKTUPOBAHUA U IIPOU3BOACTBA U
WHTECHCUBHOCTH HM3HOCA JCTaJIeh KPUBOLIUITHO-
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Puc. 2. 3aBucumocTs norpemniHocTeii MpoeKTHPOBaHHs, HPOM3BOACTBA H HHTEHCHBHOCTH H3HOCA
IMIHHAPOB @ M MOPIIHEBBIX Kojel 6
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3aknoyeHne

C [OOBBILIEHUEM CTENEHHU CXKATUA U YaCTOTHI
BpaIllCHUS KOJICHYATOrO Bajla WHTEHCHUBHOCTH
M3HOCA YMEHBIIACTCS OBICTpEE MOrPEeIIHOCTEH.
DTO 00BACHACTCA BIMAHUEM IOTPEITHOCTEH Ha
CBOICTBa TPHUOOCOIPSKEHUS, IBUTATENIsA M aBTO-
MOOMJISI, COIVIaCOBaHHOE Pa3BUTHE KOTOPBIX 00e-
CIICUMBACT MOBBIIICHHBIA POCT TOJTOBEYHOCTH M
M3HOCOCTOMKOCTH JICTAJICH.
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DEPENDENCE OF DURABILITY AND WEAR RESISTANCE ON FORCING AND
INACCURACIES IN ICE PRODUCTION
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In this paper, the dependence of durability and wear resistance of parts on forcing and technical capabilities
of the ICE production is analyzed. The development of engine building characterizes acceleration of ICE.
Errors include a gap and correspondence of micro- and macrogeometry of the friction surfaces of the
parts to their optimal, attained parameters. To ensure the operability, preservation and improvement of
durability and wear resistance of parts, when forcing, the errors decrease. The purpose of the study is
to evaluate the durability and wear resistance of parts from the technical capabilities of engine building,
caused by design and production errors and the level of ICE forcing. The relationship between forcing,
production and reliability is analyzed by the dynamics of development of automotive ICEs, empirical
and predicted durability data and wear resistance of the crank mechanism and cylinder-piston group.
The proportionality coefficient and the theoretical error of design and production of internal combustion
engine for GAZ and ZMZ engines are being calculated. With modernization of production and reduction
of errors, the technical characteristics of both an engine and a vehicle are improving. The connection
between the engine and the car is given. Dependences of design and production errors and wear rates
of the details of the crank mechanism and the cylinder-piston group on the forced internal combustion
engine are derived. It is determined that with increase in compression ratio and the speed of a crankshaft,
the wear rate decreases faster than the errors. This is due to the influence of errors on the properties
of tribo-coupling, motor and car, the coordinated development of which provides increased growth of
durability and wear resistance of parts.

Keywords: design and production errors, wear rate, compression ratio, crankshaft speed.
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