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OMPEOENEHME OCTATOYHOIO PECYPCA OETAINIEU HABECHOIO
OBOPYOOBAHWSA CNELUAIIBbHBLIX ABTOMOBUIEN

PaccMOTpeHBI PUYMHBI MaJIO HapaOOTKU Ha OTKa3 IPY30BBIX aBTOMOOmIeH. [IpoBeneHO nccnenoBanue pacmpese-
JICHUsI OTKa30B MO CHCTEMaM aBTOMOOWJISI; YCTAHOBIICHO, YTO HAaHOOJbIICE KOJHUSCTBO MPUXOTUTCS HA THIAPABIAYCCKYIO
CHCTEMY HaBeCHOTO 00opyIoBaHHsA. B03MOXKHON MPUYMHON ITOTO aBTOP HA3BIBAET CIIOKHBIC YCIOBHS JKCIUTyaTalldH, TaK
KaK paccMarpuBaeMas TEXHHKAa HCIOJB3YeTCs AJsl CTPOUTENhCTBA Jopor. CaMbIMM 4acThIMU MPUYMHAMH BO3HUKHOBEHHS
OTKa30B THIPABIMYECKONH CHCTEMBI SIBISIFOTCS YTEUKH pabodeil )KUAKOCTH, CBS3aHHBIE C HETEPMETUYIHOCTHIO Maphl MOPIICHb —
OWIMHIP (BHYTPCHHUE) WK IWJIMHIP — KPBIIIKA, KPbIIIKa — INTOK (BHeUIHUe). J{J1sl ycTpaHeHHs yTeuek Hanbosiee BOCcTpeo-
BaHBl MaHXETHI, YIUIOTHUTEIbHBIE KOJbIIA U MOPIIHU THIPOIMIMHAPOB. [ Gonee onepaTuBHOTO YCTPaHEHHs OTKA30B H,
COOTBETCTBEHHO, CHIKEHHS IPOJOJDKUTEILHOCTU MIPOCTOEB TEXHUKH aBTOP IpeiJlaraeT MporHo3UpOBaTh OCTATOUHBINA pe-
CypC THAPABIMYECKUX LWIMHAPOB. brarogaps mMporHo3HbIM 3HAYEHUSIM IMOSIBUTCS BOSMOXKHOCTH 3apaHee 3aKyIUTh 3arac-
HBIC YaCTH U MaTepHAIIbI, IIPH 3TOM OHHU HE OyIyT MPOJIOJDKUTEIBHOE BpeMsl XpaHUThes Ha ckiane. [IpencraBieHa MeToanka
oIpeJieNIeHHs] OCTATOYHOI'0 pecypca, KOTopasi 3aK/II04aeTcss B MHOTOKPATHOM M3MEPEHHH AeTalei THIpOLMINHAPA B IpoLec-
ce ero o0CITy>KUBaHUS, C LEJBIO MMOMYYCHHUS SKCIIEPUMEHTAIBHON 3aBHCUMOCTH CKOPOCTH M3HOCca conpspkeHui. [lomydenue
aHAJIOTMYHBIX 3aBUCUMOCTEH aHAIMTUYECKH SIBJISIETCS JIOCTATOUHO CJIOKHOMW 3ajauell n3-3a Toro, 4YTo CKOPOCTh U3HOCA 3aBH-
cUT OT O0JIBIIOrO YKcia (pakTOPOB: TBEPAOCTU M YUCTOTHI 00OpabOTKM MOBEPXHOCTEH TPEHHS, KJIacca TOUHOCTH U BETHYHHBI
HAYaIFHOTO 3230pa, MaTEPUAIIOB, PEXKUMOB Pa0OTHl HABECHOTO 000pYI0BaHMs, KauecTBa paboueii )uakocty, kadectsa TO u
pemonTa. [IporHo3upoBaTh BAMSHUE KaXI0TO (pakTopa CIMIIKOM CIOXKHO U MPOoOIeMaTHYHO U3-3a CIyYalHOCTH UX MPOSB-
JICHHsI, TIOATOMY CKOPOCTh M3HOCA B Pa3IMYHbBIC IEPHOMBI SKCIUTyaTallnyd OyAeT HeoanHakoBoil. [1o ykazaHHOI mMeTomuke
MIPOBE/ICH pacueT Ha IpUMepe TUAPOLMIMHAPa caMocBaia Ha Oase maccu KamMA3, naH mporHo3 ero ocTaTOYHOTo pecypcea.

KiroueBble cjI0Ba: Ha/Ie)KHOCTh, IPOTHO3 OCTATOYHOTO pecypca, THAPABINIECKAst CHCTEMA, THAPOLFIIHHIP.
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DETERMINATION OF THE RESIDUAL LIFE OF THE PARTS
OF ATTACHMENTS TO SPECIAL VEHICLES

In the article the reasons for the small time between failures of trucks are examined. A study of the distribution of
failures in the vehicle systems has been carried out; it has been established that the largest number of failures is in the hydrau-
lic system of attachments. The author believes that the possible reasons for this are difficult operating conditions, because the
equipment in question is used for road construction. The most common causes of hydraulic system failures are leakage of
working fluid due to non-tightness of the pair of piston-cylinder (internal) or cylinder-cover, cover-rod (external). To elimi-
nate leaks, cuffs, sealing rings and pistons of hydraulic cylinders are most in demand. To more quickly eliminate failures and,
accordingly, reduce the downtime of equipment, the author suggests predicting the residual life of hydraulic cylinders.
Thanks to the forecast values, it will be possible to purchase spare parts and materials in advance, while they will not be
stored for a long time in the warehouse. A method for determining the residual life, which consists in the repeatedly measur-
ing the details of the hydraulic cylinder in the course of its maintenance, is presented in order to obtain an experimental de-
pendence of the wear rate of the joints. Obtaining similar dependencies is analytically quite challenging due to the fact that
the wear rate depends on a large number of factors: hardness and cleanliness of friction surfaces, accuracy class and initial
clearance, materials, operating modes of attachments, quality of working fluid, quality of maintenance and repair. It is too
difficult and problematic to predict the influence of each factor due to the randomness of their manifestation; therefore, the
rate of wear during different periods of operation will be unequal. With the use of this method, the calculation was carried out
by the example of a dump truck hydraulic cylinder based on the KAMAZ chassis; a forecast of its residual life was given.

Keywords: reliability, residual life forecast, hydraulic system, hydraulic cylinder.

B nacrosiee Bpemst B Poccun cTOMMOCTh TPaHCIIOPTHBIX YCIYT HEYKIOHHO pacreT. I[IpuunHoi
3TOTO SBJSETCS HE TOJBKO BBICOKAs CTOMMOCThH TOpIOYe-CMa304YHBIX MaTepuasioB, HO U OOJIbIINE 3a-
Tpathl Ha Texanueckoe oocmyxuBanne (TO) u pemont. [lo onenke skcnepToB, 3arpatel HAa TO u pe-
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MOHT OTe4ecTBeHHOro aBToMOoOMIsE cocTaBisaroT 300-500 % oT ero nepBoHAYALHOW CTOMMOCTH, YTO
B 3—4 pasa BbllLIE, YEM B pa3BUTHIX cTpaHax [1].

HacToipko orpoMHYIO pa3HUILy MOKHO OOBSICHATH HU3KUM KauecTBOM TO u peMoHTa, a Takxke
MPOJOKATENBHBIMHA TIPOCTOSIMU B PEMOHTE, MPEUMYIIIECTBEHHO M3-32 OTCYTCTBHS 3allaCHBIX YacTeH.
Bonbiioe koamdyecTBO aBTOTpaHCHOPTHBIX Npeanpusituii (ATII) B Poccuu, 3aHMMaromuxcs rpy30Bbl-
MU TIEPEBO3KaMH M CTPOUTEIHCTBOM, HCIONIB3YIOT aBTOMOOMIH Ha Oa3e maccu KamA3. Hecmotps Ha
CIIOKHYIO SKOHOMHUYECKYIO0 CHUTyalunio, mpon3BoAcTBo KaMA30B B mociemHue ToAbl YBETHINBASTCH:
Tak, B 2015 1. mpousseneHo 28 Teic., B 2017 r. — 36 ThIC., B 2018 1. mporno3upyercs He meHee 40 ThIC.
equaAI [2]. [Ipy BRIOTHEHUH CTPOUTENHHBIX PAOOT aBTOMOOWIN SKCILTYaTHPYIOTCA B TSKEINBIX YC-
JIOBHSIX, YTO 3aKOHOMEPHO MPUBOIUT K OOJIbIIIEMY KOJIHYECTBY OTKa30B [3]. YunThIBas CE30HHBIHN Xa-
paKkTep CTPOUTENBHBIX paboT, OTMETHM, YTO JIFOOBIE IPOCTOW TEXHUKH B PEMOHTE MPHUBOIAT K 3HAUH-
TEIbHON TOTepe NPUOBLIM MPEANPHUIATHA. YMEHBIINTHh MPOJODKUTEIBHOCTh NMPOCTOEB B PEMOHTE
MOJKHO 32 CYET CBOEBPEMEHHO! MOKYITKH HEOOXOAMMBIX 3aITaCHBIX YaCTEH.

Lenbio paboThl SBISETCS ONpe/iesieHHe MOTPEOHOCTH B 3allaCHBIX YacTsX 3a CYET MPOTHO3UPO-
BaHUS OCTATOYHOTO pecypca AeTaieil HABECHOTO 00OPYI0BaHHUS CIEIMATIHHBIX aBTOMOOMIIEH.

Hccnenopanus npooaminck Ha 6aze npeanpusitust OO0 «JIbICbBEHCKOE JTOPOIKHO-CTPOUTEIIb-
Hoe ynpasnenue» (JIACY). [Ipennpusitue oCymecTBISET CTPOUTEIBCTBO B COJIEPIKAHUE aBTOMOOWIIb-
HBIX JTOpor Ha Tepputopuu IlepMckoro kpas, a Takke 3aHUMAaeTCcsl TIepeBO3KOI CTPOUTENbHBIX MaTe-
puanos. Ilapk npeanpusTus cocTout U3 127 equHUIl MOABMKHOTO COCTaBa, B TOM YHCIE TPY30BBIX
(o01Iero Ha3zHAUEHUS, CIICIUATIM3UPOBAHHBIC W CICLUAIBHBIC), aBTOOYCOB, JISTKOBBIX aBTOMOOMJICH
u crienTexHuku. CaMoi OOJBIION IPYMITON SBISIFOTCS TPY30BBIE aBTOMOOMIIH, B TOM unciie 30 equHuIL
Ha Oaze maccu KaMA3. DTo OCHOBHOW BUJ TPaHCIOPTA Ha MPEANPUATHH, KOTOPBINA BBHITOTHSAET KOM-
TUIEKC JOPO’KHO-CTPOUTENBHBIX PadoT, TOATOMY B KaueCcTBE OOBEKTa MCCIEAOBAHHS BHIOPAHBI aBTO-
Mo6Ouau Ha 6a3e maccu KamA3 (65115 u 6520).

B pesynbraTe nccienoBanus 0TKa30B aBToMoOmieir KaMA3 ycraHOBJI€HO, UTO HanbobIIee Ko-
JIMYECTBO MPUXOIUTCS HA THIPABINYCCKHIA TPUBOJ] HABECHOTO 000pyA0BaHUs (PUCYHOK).
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Puc. [IlnarpamMma pacnpeaeneHusi OTKa3oB

OTKa3bl B THAPABINYECKON CHCTEME IPUBOJ/Ia HABECHOTO 000PYIOBAHHUS MPOSIBIISIOTCS TOPa3/Io
yaie, YeM B JIPYTHX CHCTEMaxX, 3TO CBS3aHO B MEPBYIO OYepellb ¢ HEOIArompUATHBIMH yCIOBUSIMH
JKCIUTyaTallud TIPU TMPOBEJICHUH CTPOHUTEIBHBIX PA0OT. ABTOMOOWIM 3KCILTyaTUPYIOTCS B CE30H
CTPOUTENBCTBA MO OE3I0POXKbI0, B YCIOBHSX BBICOKOW 3allbUIEHHOCTH, HEPEIKO Ieperpykarrcs,
WHOT/Ia B OTPHIBE OT IPOM3BOJICTBEHHOW 0a3bl. BiusHue npeBbilieH!s MAKCUMAIBHOM TPy30M0abEM-
HOCTHU HCIIOJIHUTEIIEHOTO MEXaHU3Ma CIEeHaIbHOTO aBTOMOOMIISI HA €r0 HaJIeKHOCTh MOAPOOHO pac-
cMotpeHo B pabore J[.B. Manbiesa [4].
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K OCHOBHEIM HEHCITPaBHOCTSIM THAPABIMYECKOTO O0OPYIOBaHUS OTHOCUTCS HapYIICHUE TepMe-
TAUYHOCTH THAPOIMIINHAPOB. PazniuaioT BHyTpeHHHE (Yepe3 MOpIIeHb) W BHENTHHUE (depe3 MaHKeThI)
yTeuku paboueit skunkoctd. COOTBETCTBEHHO, HanOoJIee BOCTPEOOBAaHHBIMH 3aITACHBIMU YaCTSIMH SIB-
JISTFOTCS] MAHKETHI, YIUIOTHUTEIbHBIE KOJBIIA M MTOPITHA THIPOIMIHHIPOB.

CymecTByeT 60JbII0E KOIMYECTBO PA3IMIHBIX METO/IOB ONpEENICHHUs MEPHOANIHOCTH 00CITy-
XKUBaHUs aBToMoOwmiel. Hampumep, B crathe [5] paccmarpuBaeTcs yCTaHOBJIEHHE ONTUMAIIBHON ITe-
PHUOIUYHOCTH OOCITY>KMBaHUSI aBTOOYCOB 3KOHOMHKO-BEPOSTHOCTHBIM METOJOM. B paMkax maHHOTO
WCCIIEJIOBAHUSI ONPEIENIUTh OCTaTOYHBIA pEecypc JAeTaneld MOXKHO METOJIOM II0 JOITyCTHMOMY 3Hade-
HUIO M 3aKOHOMEPHOCTH TIapaMeTpa TEXHUYECKOTO COCTOSHUSA. OCTaTOYHBIA pecypc OeTald MOKHO
HalTH 1o Gopmysie (6]

T, == (1)

rae W, — HauanbHeIi pasmep aetanu, mMm; My, — mpeaensusiii pasmep geranu, MMm; W, — cpeauss cKo-
pocTh u3HammBanus getand, Mm/1000 kM.

Ecau ¢ onmpeneneHueM HadadbHBIX U MPENEIBHO MOMYCTUMBIX Pa3MEpOB JAETaNeH CIOXKHOCTEU
HE BO3HUKAET (JIOCTATOYHO HAWTHU CIPABOYHBIC TAHHEIE), TO CKOPOCTh M3HAIIMBAHUS YCTaHABINBACT-
Cs TOJIBKO KCHEPUMEHTaIbHO. MOXKHO MPUHATH AOIMYIICHHE O TOM, YTO BEIMYMHA U3HOCA JIMHEHHO
3aBHCHT OT HapaOOTKH JieTasied, OTHAKO 3TO He Bceraa Tak. CKOpOCTh U3HOCA 3aBUCUT OT OOJIBIIOTO
gucia (akToOpoB: TBEPAOCTH M YHCTOTHI 00PabOTKM MOBEPXHOCTEH TPEHMSI, KJIacCa TOYHOCTU U BEIHU-
YUHBI HAYAJIBHOTO 3a30pa, MaTepHasoB, PEKUMOB pPabOTHl HABECHOTO O0OPYIOBaHUsS (TeMIEpaTyp-
HBIX, CHJIOBBIX, YHCJIA M JUIUTEIBHOCTH ITyCKOBBIX ITEPHOOB U XOJIOCTBIX PEKUMOB pabOTHI), KauecTBa
paboueii xuakocty, kadectsa TO u peMoOHTAa.

[Iporro3upoBath BIUSHHE KaXIOTO (aKTOpa CIMIIKOM CIIOKHO M MPOOIEMAaTHIHO H3-32 CITy-
YaHOCTH WX TPOSIBJICHUS, MMO3TOMY CKOPOCTh M3HOCA B Pa3iIUYHBIC TIEPUOJIBI IKCILTyaTalluu OyJeT
HEOJIMHAKOBOW. EMHCTBEHHBIH TOCTOBEPHBIA CIIOCOO OMpereNieHNs] 3aBHCHUMOCTH CKOPOCTH HM3HOCA
OT HapaOOTKH — HKCIIEPUMEHTAIILHBIN, T.€. U3MEPEHHE Yepe3 PaBHbIE IPOMEXYTKH BPEMEHHU Pa3MepOB
IeTallen.

[IpoGiieMam pacueTa ¥ MOBBIMIEHUS pecypca THAPOIMINHAPOB MOCBAIICHO JOCTATOYHO OOIh-
[II0€ KOJIMYECTBO HccienoBannii [7—15].

B Tabnuie npeacTaBieHbl TaHHBIE M3 TEXHHYECKUX YCIOBUH Ha MeeKTaluio THAPOIMINHAPA
II'-75.55%2700.22.

TexHuYeCcKHEe YCIOBUS Ha NePEKTALUIO

C Pasmeps! neraneii, Mm 3a30p B COMPSDKESHUH, MM
onpsraemMbie
JeTanu HavdaJIbHBIA JIOITyCTUMBIH HavyaJlbHBIA Sy, | OMyCTUMBIHI TpeebHBIN
JAaMeTp, MM JHAAMETP, MM MM S MM Sup, MM
3
T'nnpsa 7500 75,15 0.06
Z(T) 0.0 0,25 0,45

~0,03

[Mopuiens 75 506 74,9 ’

B xoze mccrnenoBannii mpOBOAMIMCE H3MEPEHHS MTAphl THIIb3a — MOPIIEHb THAPOIMIINHAPA aB-
ToMobmisi-camocBata KamA3. Ha moMeHT m3Mepenus: HapaboTka cocraBmia 80 000 kM, Mexpe-
MOHTHBIH pecypc — 150 000 kM, quameTp THIB3H — 75,13 MM, muamMeTp mopuras — 74,93 M.

CpenHsis CKOpOCTh N3HALINBAHMS COMPSKEHNUS COCTaBISET [6]:

S]/BM B SH

W, = e O

u3sM

85



TRANSPORT. TRANSPORT FACILITIES. ECOLOGY, NO. 3, 2019

rae S, — Ha4allbHBIHA 3a30p, MM; S, — U3MEPEHHBIN 3a30p, MM; H,,, — HapaOOTKa Ha MOMEHT H3Mepe-
Husg, MM/1000 kM, TorOa

W= (75,13-74,93)-0,075

f =1,56-10" mm/1000 KM,
80 000

Cpenuuii ocTaTOUHBIN pecype conpsikeHus [6]

S -8
T — p U3M , 3
co —WC (3
r1e Spp — IPEAENbHBIN 330D, MM;
o= &_0132 =32 THIC. KM.
1,56-10

Taxum 00pa3oM, MOXKHO CAEIATh BBIBOJ, YTO OCTATOYHOTO pecypca HEJOCTATOYHO A0 IIAHOBO-
T0 PeMOHTAa THIPOLMIHHIPA.
[Momusiii pecypce conpspkenust [6]

np ap
rae Sy, — IOIyCTUMBIH 3a30D, MM; 1, — MEKPEMOHTHBIN pECYPC, KM,

T o= (0,45-0,075)-150 000

. = 281250 km.
0,45-0,25

Cpennsist CKOpOCTh U3HAIIMBAHUS THIIB3bI M TOPIIHS [6]

D,
W - HU3M , 5
© ®)

A€ Dy, — UBMEPEHHBIN AUAMETP, MM.

~75,13-75,03

ccruimbza = 1, 25- 10_3 Mm/1000 KM,
80 000

W 74,97-74,93

enopmens = =0,5-10"° MM/1000 &M.
P 80 000

OnrtumanbsHas TEPUOAMYHOCTh PEMOHTA COMPSDKCHHUS THIIB3a — MOPIIEHb ONpeesieTcs 1o 00-
Jiee MHTEHCHBHOMY M3HOCY THJIB3BI U MOKET OBITh paccuuTaHa 1o gopmyie

Hl'l - HH
Lom‘ = p—’ (6)
Wﬂ
o = w =96 ThIC. KM.
1,25-10

B pesynbrare ucciaenoBaHus MOMyUYEHbI CIECAYIOMINE BBIBOIBL:

1. ITpu skcrutyaTauy crieliuaibHBIX aBTOMOOMIICH B YCIIOBHAX CTPOUTENLCTBA IOPOT OOJIbIIast
9acTh OTKA30B MPUXOAUTCS Ha THIPABIMYECKYIO CHCTEMY PUBOAA HABECHOTO 00OPYIOBaHHMS.

2. Haubonee yacTol MPUYMHOW OTKAa30B SIBJSIETCS HApYLIEHHE TEPMETHYHOCTH (BHYTpEeHHEH
WJIU Hapy>KHOW) THUIPOLUIUHAPOB.

3. It conmpspKeHUsl TWIIb3a — TOPIIEHb IMONIyYeHBl JaHHbIE O (DAKTHUECKOM pecypce, OH CO-
craBnser 112 Teic. KM, IpU MEKPEMOHTHOM HHTepBaie — 150 Thic. KM.
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4. OnTuManbHast NEPUOANUIHOCTE PEMOHTA COIMPAKCHUA COCTABJIACT 96 TEIC. KM, U IIPpEeaoT-
Bpall€HUs HACTYIUICHUSA OTKAa30B M CHMXXCHUSA BPEMEHH NPOCTOA B PEMOHTE HCO6XOI{I/IMO K HaHHOﬁ
Hapa60TI<e IOATOTOBUTH 3aITaCHBIC YAaCTH.
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