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Esrenuii KPYIJINKOB

Evgeny P. KRUGLIKOV

Ansa nnaHnpoBaHus mep, CBA3aHHbIX
C rnoBbiLLeHueM 6e30nacHoOCTH,
Haf[e>XHOCTU U IKCIJTyaTaLuOHHON
roTOBHOCTU BaroHOB, HY)XHO
pacrionaratb MOo4esblo, KOTOpasl
Morna 6b1 6bITb UCMOJIb30BaHa NPU
pacyere napaMmeTpoB CUCTEMbI

TOP (TexHu4eckoro oocayxvuBaHus
v peMoHTa). CBOIO pOJib B TAKOM
Mozaesm crnocobeH BbIMOJIHATD
crneynasbHbIi NOKa3areJsb
HageXXHOCTU, XapaKTepU3yIoLwnun
BEepOoSITHOCTb 6€30TKa3HOW paboThl.
B npegcraBneHHoOV cTaTtbe gaercs
aHann3 nNpuYnH oTKa3oB GYKCOBbIX
Y3J10B rpy30BbiX BaroHOB, MoKa3aHbl
asiropuTm rnocTpoeHns aepesa
npeALecTBYIOLLNX UM COObITUIA,
nepexon OT 4PEeBOBUAHON CTPYKTYPbI
onucaHus coobITNIi K MaTPUYHOMA.

C nomoLybio meToga nyrei n ce4eHui
nosly4YeHbl MaTeMaTn4ecku
BbIpa)KeHHble 000CHOBaHUSA AN
onpepaesieHnss 6e30TKa3HoN paboTbl
6ykcoBoro y3na.

KnwouyeBnbie cnoBa: xene3Hasi 4opora,
rpy3oBovi BaroH, bykca, oTkas,
HafeXHOCTb, eEPEBO COOLITUNI, METOL
nyTev u CEYEeHWA.
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AHanu3 HapEeXHoCTHn
OyKCbl: NOCTPOEHNe
aepeBa coObITUM

Kpyeauxoe Eeeenuii Ilasroeuy — acnupanm (kom-
naekcHoe omoenenue «Baeonvl u 6a2onHoe xo3sucm-
60») OAO «BHUUKT>, Mockea, Poccus.

TOOBI 10OUThCS 3PHEKTUBHOI Opra-

HU3ALMU TeXHUYECKOro O0CITyK1Ba-

Hus u peMoHTta (TOP) BaroHos, Tpe-
OyeTcsl MOAEIb HaAEXKHOCTU, KOTOpasi MO-
r71a ObI TOMOYb OOOCHOBAThH MapaMeTphbl CU-
CTEMBI U OLICHUTh BEPOSTHOCTh 0€30TKa3HOM
pab6otsl. OmHAKO MOJyYeHUe TaKOil MOACIN
SIBJISIETCSI HEITPOCTOM TEXHUYECKOU 3amayueid,
IMOCKOJIbKY OYKCOBBIH y3€J1 Ipy30BOrO BaroHa
OTJIMYAETCS HAJIMIMEM XKECTKO 3aBUCUMBIX
JIPYT OT Apyra 3eMeHToB. Heobxonumo uneH-
TUOULMPOBATH UX CBI3M, IPUYEM B CCTEME
JIBYX TUIIOB: 2JIEMEHT-3JIEMEHT U 2JIEMEHT-
cucrtema. Metoj nepeBa COOBITHIA B coueTa-
HUU C METOAOM MUHUMAJIbHBIX CEYCHUI T10-
3BOJISIET PEIIUTh MMOCTABICHHYIO 3a1a4y.

HOPMbI, ONMYCKU, MPUYUHDI
OTKA30B

CorjacHO CTaTUCTUYECKUM JaHHBIM Cpe-
I BCEX OTKA30B IPy30BbIX BATOHOB, TPEOYIO-
IIMX BHETUIAHOBOTO (aBapMIHOT0) TEKYILEero
OTIICIIOYHOT'0 peMoHTa, 33% MpuxomuTcs
Ha OykcoBbie y37bl (puc. 1). OCHOBHBIMU
MpUYMHAMU TIPU 3TOM CTAaHOBSTCS (puc. 2):

e (QOcnabyieHne TOPLIEBOTO KPETICHUS —
22%;

e JleeKThbl MOOIIMITHUKOB (PAaKOBUHHBI,
LIeTyIICHIE, Haquphl TUTIA «eJIouKa») — 18%;



AsToCLEMHOEe
YCTpOWCTBO
183; 3%

KonecHble napbl
142; 2%

KysoB
204; 3%

BykcoBbi y3en

Tenexka
51; 1%

Puc. 1. Pacnpegenexne otka3os
0 3/1eMeHTaM KOHCTPYKLNN
BaroHa.

Pic. 1. Distribution of failures by
cars’ structural elements.

2339; 33% ABTOTOpPMO3a
4208; 58%
OcHOBHble NMPUYNHBI OTKa30B Henpasumb-
OYKCOBbIX y3M0B HbIn noabop
noawmn-
HUKOB
Vianom T no pagnanb
ynopHoro peuwmha pHOD'M
konbua; 4% nomammua- Y o Puc. 2. PacnpeaeneHne
HOro cenapa- 3a3opy; 4% HeucnpasHoCTeli 6yKCOBbIX y3/108
OcnabneHve Topa; 4% 1o npu4YnHam.
TOPLIEBOTO OedekTbl

KpenneHus;
22%

OedekTbl
noawmn-
HUKOB;
18%
Mospexae-

3aavpsbl Hue
nabupuHT- pes3nHoBomn
HbIX KOneLl; npoknagku;

18% 18%

e [loBpexneHune pe3MHOBO MPOKJIAI-
Ku — 18%:;

e 3agupsl JJAOMPUHTHBIX Kojel — 18%

e  HemnpaBuibHblil MOAOOP POJIUKOB
T10 JUTMHE U fuameTpy — 8%:;

e JledekThl cMa3ku (0OBOAHEHUE, 3a-
rpsisHenue) — 4%;

e Us3nom ynopHoro KoJjblia — 4%

e HenpaBuibHbIN TOAOOP MOAIITUITHUKOB
10 paguanabHOMY 3a30py — 4%;

e TpemuHa MoJIMaMUIHOTO CeIapaTo-
pa—4%.

M3 Bcex CylecTBYIONINX KOHCTPYKIIMI
OYKCOBBIX Y3JIOB OyJIeM pacCMaTpUBaTh Bapy-
aHT C POJIMKOBBIMU TIOIITUITHUKAMMU.

DOyHKIUSIMU OYKCOBOTO y3Ja SIBISIIOTCS
repenaya BepTUKAIBHOM 1 TIOTIepeYHOI Ha-
TPY3KHM OT paMbl BarOHa WM TeJIEXKKHW Ha TIeii-
Ky OCH, TIpeo0pa3oBaHKe 3a CYET UCITOIb30-

cmasku; 4%

Pic. 2. Axle equipment failures
according to causes

Henpa-

BUNbHbIN

nonbop

POIIMKOB Mo
ONuHe n
onameTpy; 8%

BaHMSI MMOIIIUITHUKOB BpaIllaTeJIbHOTO JIBU-
JKEHUST OCY KOJICCHOM TTaphbl B ITOCTYITATETEHOE
IBVKEHE OOKOBWHBI.

TTon Hadexcrocmoio 06sekma TTOHUMAETCST
ero CITOCOOHOCTh COXPAaHSITh BO BPEMEHU
B YCTaHOBJICHHBIX MpeIeiax 3HaUeHUS BCeX
apaMeTpoOB, XapaKTepU3YIOIINX TOTOBHOCTh
BBITIOJTHATH TpeOyeMble (DYHKIINH B 3aJaHHBIX
peXMMaXx 1 YCITOBUSIX IPUMEHEHMSI, TEXHIYE-
CKOTO OOCIIY>KMBaHWsSI, PEMOHTA, XpaHEHUS
¥ TPAaHCTIOPTUPOBAHHUS.

HanexxHOCTh BBICTYITaeT KOMIUIEKCHBIM
CBOMCTBOM, KOTOPOE BKITIOUAET B ce0st 0e30T-
Ka3HOCTb, TOJITOBEYHOCTh, PEMOHTOITPUTOI-
HOCTb M COXPAHSIEMOCTb.

TTon oTka3zoM 00beKTa MOHUMAIOT CJTy4aii-
HOE COOBITHE, KOTOPOE 3aKJTI0YaeTCsT B TIepe-
X0Jie 00beKTa U3 PaOOTOCITIOCOOHOIO COCTOS -
HUS B HEPaObOTOCIIOCOOHOE.
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ITapamMeTpbl 3J1eMEHTOB OYKCBI
Parameters of the elements of the box

Ta6mmua 1/Table 1

HanmeHoBaHne namepeHuin u Hopm/
Description of measurements and norms

Jonycku/Allowances

npw N3roToBs-
neHuuv/ during
manufacturing

npu pemoHTe / during
repaius

Kopnyc 6ykcbl / Body of the box

LOrameTp BHYTPEHHEN LMNMHAPUYECKOM YacTn ByKCbl/
diameter of internal cylindrical part, mm

250+O,1

+0,015

2502055

OBaslbHOCTb BHYTPEHHEN LMAMHAPUYECKon Yyactu / out-of-
roundness of internal cylindrical part, mm

He 6onee/ not
more than 0,024

He 6onee / not more
than 0,2

KOHYCHOCTb BHYTPEHHEW LMIMHAPUYECKOM YacTu / conicity of
internal cylindrical part, mm

He 6onee/ not
more than 0,024

He 6onee / not more
than 0,1

Ha nocano4HoM BHYTPEHHEN NOBEPXHOCTU B BEPXHEWN YacTu:
npoaonbHbIe 3aampbl pucku / lengthwise scuffing of the
scratch on the internal top part of mounting surface

He JonyckaloTes
/ not allowable

rnybviHa He 6onee 1/
depth not more than 1

3ayceHubl, 3a60uHbI 1 Apyrve AedekTbl Ha NabUPUHTHON
yacTu / burrs, dents, other defects on the labyrinth part

He J0nycKaloTes
/ not allowable

He pornyckatoTes / not
allowable

Koppo3wus / corrosion

He JonycKaloTecs
/ not allowable

He pornyckatoTes / not
allowable

MopwwvnHukn / bearing

Pa,D,I/IaﬂbeIVI 3a30pP, C KOTOPbIM NOALLNMHUKN O0MNYCKalTCA
B 9KcnnyaTaumio (npw ropsiyer nocaake) / radial clearance
when bearing can be admitted for exploitation (shrinkage fit),
mm

0,09-0,145

0,09-0,250

JedexTbl geTanen noawmnnHUKa (LLUenyLweHne; pakoBUHbI;
KOPPO3US; TPELLMHBI; 3ayceHLbl cenapatopos) / defaults of
the bearing’s parts (flaking, pockets, corrosion, cracks, burrs
of cages or retainers)

He JonyckaloTes
/ not allowable

He gonyckatoTcs / not
allowable

JNabupuHTHOE KonbLo / labyrinth packing ring

TpeluHbl, BMSATUHbI, 3a60U1HbI, 3ayCEHLLbl HA MOCaA04YHbIX
NOBEPXHOCTAX 1 B NabupuHTe / cracks, compression marks,
dents, burrs on mounting surfaces and in the labyrinth

He JoMnycKaloTecs
/ not allowable

He pornyckatoTes / not
allowable

OBanbHOCTb 0TBepCTUs/ out-of-roundness of the aperture,
mm

He 6onee / not
more than 0,06

He 6onee / not more
than 0,1

BreHne nabupUHTHbIX MPOTOYEK OTHOCUTENIBHO NOCaA04HOr0
anameTpa d / jumping of labyrinth turns regarding mounting
diameter d, mm

He JonyckaloTes
/ not allowable

He 6onee / not more
than 0,3

TopuoBas raika / cup nut

3ayceHusbl / burrs

He JonyckaloTes
/ not allowable

He gonyckatoTcs / not
allowable

Hel'lepI'IeH,El,I/IKyJ'IﬂpHOCTb I'IpI/IBa,HO'-IHOVI MOCKOCTN K OCU
pe3bbbl rankn / misalignment of halt plain face to the axis of
nut thread

He 6onee / not
more than 0,2 mm

He 6onee / not more
than 0,3 mm

CronopHas nnaHka / locking plate

TpeLwmHbl, 3ayceHubl n apyrue gedextsl / cracks, burrs, other
defaults

He gonyckaroTtcs/
not allowable

He gonyckatoTcs / not
allowable

PesnHosas npoknazaka / rubber packing

TpelwmHbl, 3ayceHubl n apyrue gedextsl / cracks, burrs, other
defaults

He JoMnycKaloTecs
/ not allowable

He pornyckatoTes / not
allowable

BonTbl / bolts

TpeLwmHbl, 3ayceHubl n apyrue gedextsl / cracks, burrs, other
defaults

He JonyckaloTes
/ not allowable

He gonyckatoTcs / not
allowable

Mpy>XuHHbIE Waribbl / spring washers

TpewwmHsbl, 3ayceHubl, aedopmaums n gpyrmue nedektbl /
cracks, burrs, deformation, other defaults

He J0MnycKaloTecs
/ not allowable

He pornyckatoTes / not
allowable

KpenutenbHas kpbiwka / cleat cover

TpeLwmHbl, 3ayceHupl, aedopmaumsa n gpyrue gedextsl /
cracks, burrs, deformation, other defaults

He JonyckaloTes
/ not allowable

He gonyckatoTcs / not
allowable
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A B C D E F G

Puc.3. Pa3noxeHue BepLUINHHOIO cOObITUS:
cob6biTne A — 3aK/IMHNBaHNe POJINKOB; cobGbITUEe B — nepekoc posmkoB; cobbiTue C — HECOOTBETCTBUE CMa3KN
TpeboBannam HT/A; cobbitne D — ocnabneHune TopuyeBoro kpeniexuus; cobbiTne E — obpa3oBanme gedekros
Ha NOBEePXHOCTU KaTaHUs KoJieca (HepaBHOMEPHbIV NMPOKAaT, MoN3yH, HaBap, BePTUKasbHbIV Noape3 rpebHs);
cob6biTne F — HencnpaBHOCTb Tenexku; cobbiTne G — NoBbILLIeHNe Harpy3ku Ha Gykcy.

Pic. 3. Top event dissolution: event A — rollers jamming; event B — roller skew; event C — lubricants incompliance
with requirements of technical documentation; event D — weakening of the mechanical fastening; event E — the
formation of defects on the surface of wheel roll (uneven rolling, slide, fat, vertical flange worn sharp); event F —
failure of cart; event G — axle box load increase.
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Hcnpasnoe cocmosnue odbekTa o3HayaeT CKOM 00CIy>KMBAHUM U PEMOHTE BATOHOB.
TIPU 3TOM eTo cooTBeTcTBHe BceM Tpebopann- Ha I1TO npu o6HapyXeHUN BUIMMBIX
SM HOPMATMBHO-TEXHWYECKOi m(nam) KoH- HEUCIPaBHOCTEH MO HarpeBy (BBIOpPOC
CTPYKTOPCKOM (IIPOEKTHOI) TOKyMeHTalmy. CMAa3KW Ha JUCK KoJjeca, Halu4ue UCKp,
B tabauue 1 oHu npuBeaeHbI 10 OTHOLIEHUIO XapaKTEPHBIA 3BYK) ONpENENAETC Hau-
K dJIeMEeHTaM 6YKCI>I []] Y€ BHYTPECHHUX Z[e(l)CKTOB neTajgel uiau

OOHapyXeHue HeucCIpaBHOCTe 1 Boc- HapyHIEeHNWE CMa30YHOTO peXHUMa B XOINC
CTaHOBJIeHUE paboTocrocoOHOro 6ykco- PEMOHTa B JCIIO M Ha BaTOHOPCMOHTHBIX
BOTO y3J1a OCYIIECTBIISIIOTCS [IPU TeXHUUe- 3aBOJAX MPUCYTCTBUE BHYTPEHHUX Jleek -
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Puc.4. flepeBo cobbiTuii:

a, — 3HaYeHve paananbHoro 3asopa npesbiluaeT ycTaHosneHHoe HT/A; a, — 3Ha4yeHne 0CeBoro 3a3opa MeHbLue
ycraHoeneHnHoro HTA; a, — 3Ha4yeHne A/IMHbI POJINKOB MOALUMIHNKA NMPEeBbILIaeT ycTaHosneHHoe HTA; a, — 3HayeHne
AnameTpa po/IMKOB B MNOALUMNITHMKE NPeBbILIaeT ycTaHosnenHoe HT; b, — 3Ha4yeHne paanasnbHOro 3a3opa MeHbLUue
ycraHossieHHoro HT/[; b, — 3Ha4eHne oceBoro 3asopa 6osbLue yctaHoBneHHoro HTA; b, — 3Ha4enne anuHbi
POIMIKOB MOALUNITHNKA MeHbLLUEe yCTaHOoBAeHHOro HT/; b, — 3Ha4yeHne AnameTpa PO/IMKOB B MOALUNITHNKE MEeHbLUIE
ycraHosneHHoro HT/l; ¢, — o6BoAHeHne cMa3ku; C, — HEAOCTaTOK CMasku; C, — U3BbITOK CMasku; C, — 3arpsisHeHne
CMasku; C,— HEOAHOPORHOCTb CMa3Ku; C,— Pa3pbIB YrI/IOTHUTEIbHOM NPOKNAAKYU; C, — Pa3pPbIB Y/IOTHUTESIbHOro
KO/IbLa; Cy — o6Gpa3oBaHue [epeKTOB KPenuTesIbHOM KPbILLKY (BedopMaunst, TPELUNHbI U T. I1.); d, —usHoc pe3bbbl
M12 npu koHTakTe «6onT-wevika»; d, — n3Hoc peasbbi M20 npu KoHTaKTe «6onT-wwevika»; d,— naHoc peasbsl M110 npu
KOHTaKTe «KOpOH4atasi ravika-uevika»; d, — TpelymHa waiibbl; d, — Tpewumna ravikv; d, — TpeLymHa CToropHow NaHKm;
€, — HeNCrNPaBHOCTb BO3AYyXOPACNPeRennTess; e, — HeMCNPaBHOCTb TOPMOSHOIO LNINHAPA; e, — HeUCIPaBHOCTb
aBTopexuma; e, — HeCrpPasHOCTb aBTOPEryJIATOPa; e, — Pery/IMpoBKa TOPMO3HOM PbIHaXHOM nepeaayn
He cooTBeTcTByeT Tpebosanusm HT/; f, — 3aberaHne 6OKOBbIX pam OTHOCUTEJIbHO ApYr Apyra; f,— 3aBbilueHne
PpukymoHHoro kmHa; f, — 3aHmKeHne GPUKLNOHHOro KnHa; f, — HenpasubHbIV MOAGOP NPYXuH no eeicore; f, —
r1y6uHa noAnsTHMKa He COOTBEeTCTBYeT Tpebosanmsm HT/; T, — 3a3op mexay HarpasasoLmMmy Kopyca 6yKCb!

Y 4esII0CTBI0 GOKOBOWI pambl He COOTBETCTBYeT Tpe6osaHnam HTL; g, — n3HOC OrOpHOW MOBEPXHOCTY KOPIyca ByKCbi;
g, — MOBbILLEHUE 3arpPy3Ku BaroHa; g, — HepasHOMepHasi 3arpy3Kka Baro1a.

Pic.4. Event tree
a1 - the radial clearance exceeds technical requirements; a2 — the axial clearance is smaller than technical
requirements; a3 — the length of bearing rollers exceeds technical requirements; a4 — the diameter of the bearing
rollers exceeds technical requirements; b1 — the radial clearance is smaller than technical requirements; b2 — the
axial clearance is more than technical requirements; b3 — the length of the bearing rollers is smaller than technical
requirements; b4 -the rollers diameter in the bearing is smaller than technical requirements; c1 — watering of
lubricants; c2 — lack of lubricants; c3 — excess of lubricants; c4 — lubricants pollution; c5 — heterogeneity of lubricants;
c6 — breaking of sealing; c7 — breaking of the seal ring; c8 — main cover defect formation (deformation, cracks, etc.);
d1 - wear of M12 screw in contact «bolt — neck”; d2 — wear of M20 screw in contact «bolt — neck”; d3 — wear of M110
screw in contact «castle nut — neck”; d4 — crack in washers; d5 — crack in nuts; d6 — crack in the locking plate; e1 — air
distributor fault; e2 — breaking service fault; e3 — automatic performance fault; e4 — automatic regulator fault; e5 —
adjustment of brake rigging does not meet the technical documentation requirements; f1 — lozenging of side frames;
f2 — overestatement of the friction wedge; f3 — understatement of the friction wedge; f4 — wrong selection of springs;
f5 — the depth of the axle bearing does not meet technical documentation requirements; f6 — the gap between the
slideways of axle box body and horn plate of side frame does not meet the technical documentation requirements; g1 —
wear of bearing surface of axle box body; g2 — increase in car load; g3 — uneven car load.

MTOMIITUITHUKOB ITPUBOJIAT K OBICTPOMY OTBAITY
LIEKX OCH M CXOIY BaroHa C PeJIbCOB.

TOB (QUKCHUPYETCS IPU JeMOHTaXe OyKCO-
BOTO y31a [2].
OCHOBHOI1 TIpoOJIEeMO# 1151 OYKCOBBIX

y3JI0B CYMTAETCS TO, YTO OOJIBIIMHCTBO 3Jie-
MEHTOB HaXOAMUTCS BHYTPU KOpIlyca, M3-3a
YEero UMEIOT HyJIEBYIO KOHTPOJIEIIPUTOIHOCTh
Bo BpeMmst I1TO 1 1OoCTYITHBI 1UIs1 AUAaTHOCTH-
POBAHMS JIMIIb B YCIAOBUAX nero. OTKa3sl
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YNMPOLWEHHASA OLLEHKA
HAOEXHOCTU

[Mpu ympoineHHO# OlLieHKe HAAEKHOCTU
OyKkca paccMaTpUBaeTCsl Kak CUCTEMa, COCTO-
guas U3 ABaILAaTA OJHOTO MOC/eI0BaTE b~
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Puc.5. MocnenoBatenbHas CTPYKTYpHasi cxema 6ykcoBoOro y3a.

Pic. 5. Sequential structural scheme of axle equipment

HO-MapajuieIbHO COEIUHEHHOTO DJIEMEHTA:
Kopryca OyKChbl, JTaOMPUHTHOTO KOJblIA,
MOJIIUITHUKOB 3aIHETO, IEPETHETO0, KPEIu-
TEJIbHOU KPBIIIKHU, 1IECTU OOJITOB, LIECTU
maid, CMOTPOBOW KPBIMIKU, PE3UHOBOM
NpPOKJIAAKW, TOPLIEBOW TallKy, CTOMOPHOM
TUTAaHKH.

OmHako MoI0OHOE TIPEICTaBIICHUE IOITY -
CTUMO JIMIIb TSI CUCTEM C pACWIeHSIEMOM
CTPYKTYPOM, TOT/1a KaK U3BECTHO, YTO BarOH-
Hble KOHCTPYKIIUU, B TOM 4uCJie OYKCOBBIE
Y3JIbI, OTHOCATCS K CUCTEMaM C KOMOUHUPO-
BaHHOW CTPYKTYpPOM, TO €CTh B UX COCTaBE
CYLIECTBYIOT MTOJCUCTEMBI U CO CBSI3aHHOM
CTPYKTYPOM.

ITpenmnosoxum, HaaeXHOCTh BCEX 3Je-
MEHTOB obecriedeHa. OOBITYHO CYUTAIOT, YTO
cucTeMa B 3TOM ciiydyae o0s3aTebHO OyAeT
paborocnocobHa. TeM He MeHee 3TO BEpHO
TOJBKO AJISI MOJHOCThIO PacUJIeHSIEeMBbIX
ctpykryp. Kak mpaBuio, 6e30Tka3Has pado-
Ta 3JIEMEHTOB CUCTEMBI SIBJISIETCS JIUIIb HE-
00XOIUMBIM, HO HE IOCTATOYHBIM YCIIOBUEM.
JJ1s1 cucTeM € XeCTKO CBSI3aHHOM CTPYKTYpOit
Jlaxe He3HAUYUTEeJIbHbIe BapUalluu CBOWCTB
OTAEJBHBIX 3JIEMEHTOB OLIYTUMO CKa3bIBa-
IOTCSI HA UX BBIXOJHBIX TapaMmeTpax. Masbie
W3MEHEHUS B ITpeieiax HOpMaTUBHBIX Mapa-
METPOB 3JIEMEHTOB MOTYT IaTh TAKOE UX CO-
YeTaHUe, KOTOPOe HEOJIArOMpPUSATHO OTPA3UT-
cs1 Ha pabOTOCIIOCOOHOCTY CUCTEMBI B 1LIEJIOM.

JInst BBITIOJIHEHUS OoJiee TIIyO0OKOoro aHa-
JIN3a CTPYKTYPBI peaibHOW TEXHUYECKOW
CUCTEMBI UCITOJB3YIOT METOJ AePeBa COObI-
TUMN.

PaccMoTpuM NpUHUMIT HOCTPOSHUS Je-
peBa COOBITUI MPU ONTUCAHUU OTKA30B OYKCHI

[3], 9TOOBI TTOKA3aTh B SIBHOM BUIE CIa0bIc
MEeCTa CUCTEMBbI, a BMECTE C TEM U CPEJCTBa
00OCHOBaHUSI MPUHUMAEMBIX PEIICHUN,
HUCCIeI0BAaHUS KOMITIPOMUCCHBIX COOTHOIIIE-
HU.

B xauecTBe BepumimHHOTO coObITUSA T
BO3bMEM MOMEHT Iepexoa IBUKEHUS POJIU-
KOB M3 pexXrMa TPeHUST KaYeHUs B PEXUM
TPEHUST CKOJBbXEHUsI, COTTPOBOXKIACMBINA
HarpeBOM, CIBUTOM OYKCBHI, XapaKTepHbBIM
3BYKOM, 3allaxOM BBITOpPEBIIEH CMa3Ku,
o0Opa3oBaHUEM CJIeJOB Harpena (Haaupb
TUIA «EJIOYKa», YCTAJTOCTHBIE U KOPPO3UIi-
HBIC PaKOBUHBI), BIOPOCOM MCKp, CMa3Ku
Ha 000/ Kojieca U T. 11.).

ITpoBenem paszyioxeHWE BEPIIMHHOTO
cobbITHS (puc.3):

CoObiTieM T HEMOCPeACTBEHHO yIpaB-
JsieT onepatop «HMJIH», cxema coBragaet
c onepauueii v . [Ipu nmocnenyroiiem pasio-
KeHUU coobITusiMU A u B — onepatop «M»,
cxema coBIanaeT ¢ onepauueid n [3]. AHa-
JIOTUYHO pacCMaTpPUBast KaXKI0e U3 COOBITUI
A-G, monyuyuM cxemy, IPUBEIECHHYIO
Ha puc.4.

Criucok HepasiaraeMbIX (3JIeMeHTapHbBIX)
COOBITUI UMEET MaTPUYHYIO CTPYKTYpY. Bep-
IMMHHBIMUA U TIPOMEKYTOUHBIMU COOBITUSIMU
ypasisieT oneparop «MJIN»; otobpazum ux
B MaTpUIIE B BUIE CTOJIOIIOB, IIPOMEXKYTOUHEIC
COOBITUS, yIpaBisieMble onepaTopoM «M»,
0TOOpa3MM B MaTpHUIle B BUIE CTPOK, IIPOHY-
MepOBaB dJIeMEHTapHBIC COOBITHS BETBEit
TIPOMEXKYTOUHBIX COOBITHI (1).

ITonyyaem Matpuily ¢ 36 CTpoKaMu, Ka-
KIasi U3 KOTOPBIX €CTh MUHUMAaJIBHOE ceue-
Hue. Torma cMoxkeM IIpeICTaBUTh IePEBO
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B BHUIE IOCJEAOBAaTEIbHON CTPYKTYPHI
(puc.5):

Omnupasich Ha MeToJ TyTeil U CeYeHUi,
mojiydyaeM BbIpaXkKeHMe IS ONpeaceHuUs
0e30TKa3HOoi1 paboThl OYKCOBOTO y3/1a B Hay-
raj B3SIThIi MOMEHT BpeMeHU [3]:

Wp=ITn=

[1_(1_p)l(l_pz)(l_pz)(l_p4)]
(== p)A=py)
(1= p; (1= g )Py 1o Pr1 P3a P35 Psg-

SAKJTIOMEHUE

TTokazaH MeToa MOAETUPOBAHUS HATEXK-
HOCTU (ITOCTPOEHMUS AepeBa COOBITUIT), TTO-
3BOJIIONIUI OMIPEAEIUTh XapaKTep OTKa30B
OYKCOBOTO y371a IPy30BOTO BaroHa — UX He-
3aBUCUMOCTb U OTHOBPEMEHHAasI B3aUMOCBSI-
3aHHOCTb.

DTOT crnocobd peanusyeT AeAyKTUBHBIA
MeTOo[ (MpUYUHA — CJIEICTBUE), YTO HAJEesI-
€T €ro CaMbIMU CEPbE3HBIMU BO3MOXHOCTSI-
MM TIPY MTOUCKE KOPHEBBIX TPUIMH COOBITU I
IUISE CTATUYHBIX CUCTEM, MOCKOJbKY AaeT
HarJIHYIO U TOAPOOHYIO CXeMY B3aMOCBSI -
3€il 2JIEMEHTOB KOHCTPYKIMIA U COOBITUIA,
BJIMSIIOIIMX HA UX HAEXKHOCTD.

PaccMoTpeHHBIN aArOpUTM KOJMYECT-
BEHHOM OILIEHKM HaIeXXHOCTH OYKCOBOTO
y3J1a SIBASETCS JOCTYITHBIM CPEICTBOM M3-
YYE€HMS BaxKHele npo0ieMbl — KOJIUYE-
CTBEHHOTO U KaYeCTBEHHOTO aHa/In3a CU-
cTeMbl. BhiBeqeHHOE COOTHOIIEHME IS
onpeaesieHus 0€30TKa3HOM pabOTHI OYKCO-
BOTI'0 y3Jia ITO3BOJISIET YBSI3aTh (DaKTOPHI €¢
BIMSHUS Ha MOKAa3aTeId KauecTBa IKCILITY-
atauuu BaroHa. [IpogoskeHue ucciienoBa-
HUH TIpearoJiaraeT ONTUMU3UPOBATH MEX-
PEMOHTHBIC TIPOOETU B Ipeaeiax olpene-
JIECHHOTO 1LIMKJa; YTOYHUTh MOTPEOHOCTH
B PEMOHTE B TeUCHUE MHTEPECYIOIIETro
CpOKa C yYeTOM KpUTepueB 0€30IMacHOCTH,
KOTOpBbIE 3aBUCST, B YaCTHOCTH, OT BEJI-
YUHBI Tpo0Oera MexXay r’y0OOKMMU TUarHo-
CTUKaAMU
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ABSTRACT

To work out measures related to improving
safety, reliability and operating availability of cars,
it is necessary to have a model that could be used
in calculating the parameters of the MaR system
(maintenance and repair). Special reliability
index characterizing the probability of failure-free
operation will be able to play its role in such a model.
In the present article the author analyzes the causes
of failures of freight cars axle equipment, shows an
algorithm for constructing the tree of events that
precede them, the transition from the tree-type
structure of events description to the matrix one.
Mathematically expressed rationale for determining
failure-free operation of axle equipment was
obtained with the help of paths and cross- sections
method.

ENGLISH SUMMARY

Background and methods. To achieve
effective organization of maintenance and repair
(MaR) of cars, reliability model, which could prove
the system parameters and estimate the probability
of failure-free operation, is required. However,
obtaining such a model is a technical challenge,
as the freight car axle equipment has rigidly
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interdependent elements. It is necessary to identify
their connections, wherein in the system of two
types: element-element and element-system. Event
tree method in combination with the method of
minimum cross-sections allows solving the problem.

Objective. The author’s goal is to offer a model
that can be used for calculating of parameters of
maintenance and repair system concerning axle-
related failures of rail cars.

Results. The author gives the data on causes
of freight cars failures. 33% of failures occur in axle
equipment (Pic.1). The main reasons are: (Pic. 2):

« weakening of the mechanical fastening — 22%;

+ defects of bearings— 18%;

« damage to the rubber cushion — 18%;

+ scoring of labyrinth rings — 18%

« wrong rollers in length and diameter — 8%;

+ defects of lubricants (watering, polluting) —
4%;

+ breaking of spacing ring — 4%

- wrong selection of bearings with radial
clearance — 4%;

« crack in nylon separator — 4%.

In the article the author focuses on the axle
equipment with roller bearings.



