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AHAJIN3 HO[(ABATE.JIEI?I HAJEXHOCTH JJIA CUCTEMbI
KEJIE3HOAOPOXHBIN ITYTH

AHHOTaUUsL. B 0aHHOU cmambe aHanu3upyIomcs NOKA3amenu Ha0eHCHOCMU OJisi CUCHLEMbL JCENe3HOOOPOICHbIL
nymo. [Ipueedeno nonsmue Hcene3Ho00pONCHO20 NYMU U 3a0ayu mexyue2o cooepacanus. [anee paccmampugaromcst
npobnemvl Nymu, G03HUKAIOWUE U3-3d HEKAYECMEEHHbIX Oemalell 91eMeHmos 6epxneco cmpoenus. Ilocie uezo
NPOU3BOOUMCSI OYEHKA UX HAOEICHOCHU, 6 X00e KOMOpOU Obliu Npedcmdasienbl Pas3luyHble CXeMbl COCOUHEeHUs.
anemenmos. Kpome smozo paccmompenvt degpexmpi, KOMopvle MO2YH 603HUKAMb O UCHEYEHUI0 HEKOMOPO20 8PEMEHU
IKCRIyAmayuy U nponycka MOHHANCA HA meKywem yuacmke. Pewaemcsi 3a0aua noeviuienus s¢ghexmuenocmu u
cmabunvHocmu 8epxne2o cmpoenust. Paccmampueaemcs Hadesicnocms omoenbHbIX dNeMEHmMO8 JHCeNe3HOO0POICHO2O
nymu, KOmopas noKa3svieaem OUHAMUKY pabomvl cucmemsl 6 yeaom. A maxoice, 8U3yaibHO OMOOPAICEHA HAEICHOCTb
omoenvhwix 2nemenmos BCII u cucmemvl siceneznodoposichuiti nymo. Ilocie smozo, npouzsooumcs ananus epaghukos
“nadescnocmo snemenmos BCII” u “nadesicnocmo cucmemvl dncene3nodopodicHolil nyms . Ha nepsom epaghuxe suomo,
umo camvim 6bezomrasuvim snemenmom BCII sensiomes wnanwl. Tlo emopomy epaguxy deraemcs 6bi600, 4mo
HAOEINCHOCMb OAHHO20 KOHKPEMHO20 Y4ACmKA He 0becneyusaemcsi npu 3a0aHHOM RPOnyujeHHoM mounaice. Takum
00pa3soM, pe3yibmantvl AHALU3A RO3GOJIUIIU BbISGUNMb CAMBIL HAOEICHBIL JEeMEHM KaK 0MOeIbHO pabomaioue2o, max u
Oeticmayiowezo 6 cucmeme. Ilocpedcmeam ananuza ObLiU NPEONONCEHbL MEPORPUSIMUSL NO VIYYUEHUIO UX NPOYHOCHIL,
makue Kak: Y@eiuueHue HAOEHCHOCMU DIeMEHMO8 ¢ NOMOWbIO MAMEPUALd GblCOKOU NPOYHOCIMU; C8OEBPEMEHHOe
BbIsIGNICHUE OMKA308 U UX HE3aMeOIUmenbHOe YCMpPAHeHue.

KitloueBble CJI0OBA: J/Cee3HO00POICHBINL NYMb, HAOEICHOCMb, paciem, COeOUHeHue, penbCbl, CKPenieHus,
WNAbl, cucmema, OmKas, 6epxHee cmpoenue nymu, nyma.
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ANALYSIS OF RELIABILITY INDICATORS FOR THE RAILWAY TRACK
SYSTEM

Annotation. This article analyzes the reliability indicators for the railway track system. The concept of a
railway track and the tasks of the current content are given. Next, the problems of the path that arise due to the low
reliability of the VSP and low-quality parts are considered. After that, a reliability assessment is carried out, during
which various schemes for connecting elements were presented. In addition, defects that may occur after some time of
operation and tonnage skipping on the current section of the track are considered. The problem of increasing the
efficiency and stability of the upper structure of the path is solved. The reliability of individual elements of the railway
track is considered, which shows the dynamics of the system as a whole. And also, the reliability of individual elements
of the VSP and the railway track system is visually displayed. As a result, the graphs “reliability of VSP elements” and
“reliability of the railway track system” are analyzed. The first graph shows that the sleepers are the most reliable
element of the VSP. According to the second schedule, it is concluded that the reliability of the track is not provided for
a given missed tonnage. Thus, the results of the analysis made it possible to identify the most reliable element both
working separately and operating in the system. Through the analysis, measures were proposed to improve their
strength, such as: reducing the number of elements of the upper structure of the track; increasing the reliability of
elements using high-strength material; timely detection of failures and their immediate elimination.

Keywords: railway track, reliability, calculation, connection, rails, fasteners, sleepers, system, failure, the
upper structure of the path, the path.

BBeaenne

KenesHOMOpOXKHBIA IMyTh (Jajlee — TMyTh) — 3TO TOJACHCTEMa HHQPPACTPYKTYPHI
KEJIEe3HOAOPOKHOTO TPAHCIOPTa, BKIIOYAIONIAsl B ce0s BepXHEe CTpOoeHHUE (PEbChl, CTPEIOYHBIC
MepPeBOBI, IOAPEIHCOBOE OCHOBAaHHME CO CKPEIUICHHSIMH W OautacTHas IpU3Ma), 3EMIISTHOE
MMOJIOTHO, BOJOOTBOJIHBIC, TTPOTUBOIe(HOPMAIIMOHHBIC, 3aIMUTHBIC W YKPEIUTEIBHBIC COOPYKCHUS
3eMJISTHOTO TTOJIOTHA, PACIIOJI0XKEHHBIE B TIOJI0CE OTBOJIA, a TAKXKe UCKYCCTBEHHBIE coopyxeHus [1].



KenezHonopoXkHbI MyTh IOCTOSHHO HAaXOIUTCS IOJA BO3JACHCTBUEM IPOXOIALIMX IO HEMY
noe3noB. [loaTtomy nomkeH OBITh MOCTOSHHO B HCIPaBHOM COCTOSIHUM, YTOOBI IMO€37a MOTIIH
BIIOJIHE O€30MaCHO W IUIABHO JIBUTaThCsi IO HEMY C YCTAHOBJICHHBIMH ISl JAHHOTO YYacTKa
CKOPOCTSIMHM, a Ha CTAaHIIMOHHBIX MYTSAX MoOrja OecriepeO0ilHO BBIMOJIHATHCS paboTa Mo MpHUEMY,
OTIpaBICHUIO, (hopMupoBaHHIO H pacGopMupoBaHUI0 Toe3noB. [lis momaepkaHuss TyTH B
MOCTOSIHHOM ~ HCIIPaBHOCTH  OCYILECTBISIETCSl €ro TexXHU4eckoe oOciyxuBaHue. Tekyiee
COJIEp’KaHUE 3aKJIF0YAETCs], BO-TIEPBBIX, B CUCTEMAaTHYECKHUX U THIATEJIbHBIX OCMOTPAX U MPOBEPKAX
nyTtd. Takue ocMOTpPBI M MPOBEPKH MO3BOJSIOT CBOCBPEMEHHO OOHAPYXUTh HEUCHPABHOCTH, UX
NPUYUHBI U TPUHATH HEOOXOAMMBIE MEphl K YCTpPaHEHHIO HEUCHpaBHOCTeH. Eciam He mpuHATH
CBOEBPEMEHHBIX MEp, TO Ja)K€ HE3HAUMTEIbHbIE HEHCIIPABHOCTH MOTYT BbI3BaTh PAacCTPONCTBA
OyTd M CcOo3/1aTh yrpo3y Oe3omacHocTu aABkeHHs. Oco0oe BHUMaHUE YACISIOT TNPH 3TOM
COCTOSIHUIO PEJIbCOB, CTBHIKOB, IIMAJ, CTPEJIOYHBIX MEPEBOAOB, KPUBBIX YYaCTKOB, PEIbCOBBIX
LeTIeH, TUIABHOCTH OECCTHIKOBOTO MyTH [2].

IIpo6seMbl IpH 00CTy:KUBAHUE KEJIE3HOAOPOKHOIO IIYTH

OcHOBHOH 3a7aueil TEKYLIET0 COAEPIKAHUS KEJIE3HOJOPOKHOTO MYTH SIBJISIETCS BBIIIOJHEHUE
HEOOXOAMMBIX Mep M KOMIUIeKca padoT [uis CBOEBPEMEHHOTO YCTPAaHEHHs BO3HHUKHOBEHMS
nedopmanuu u otkazos [3-4]. CoxepkaHue MyTH TOJDKHO OCYIIECTBISITHCS HA TAKOM YPOBHE, IPH
KOTOpPOM He OyJeT CHHMXEHa CKOPOCTb JIBM)KEHHUS 1oe310B. OJHAKO, MPHU BBINOJHEHUH JaHHBIX
3aJa4d Ha KeJe3HOIOPOKHOM IYTH, BO3HUKAIOT CIIEIYIOIINE POOIEMBI:

® HU3Kas HAaJS)KHOCTh BEPXHETO CTPOCHHUS IIyTH;

® HEKAuYEeCTBEHHbIE JIETAJIH.

Bcenenctue yero BO3HUKAIOT Takue A€(EKThl KaK: pa3pylIeHHE CTPYKTYPhI kKele300€TOHHBIX
IINAJT; U3JI0M KJIEMMbI; BBIKpAIIMBaHHE METAJlIa Ha MOBEpXHOCTH Kartanus (Puc.1-3).
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Puc.1 Pa3pymieHue CTPpyKTYpPbI 2K/0 HINMAIBI Puc.2 U3n0m KkieMMbl

Puc.3 BelkpaminBaHue MeTA1/1a HA NOBEPXHOCTH KATAHUS



Onenka nokasareJjeil HaJeKHOCTH

Jlis OLIeHKM TOKa3aTejedl HaJeKHOCTH KEJIe3HOAOPOKHOTO MyTH ObLI MPOBENEH aHalu3,
OCHOBAHHBII HA TEOPUH HAZCKHOCTH [5]. AHamu3 ObUT IPOBEIEH B 3aBUCUMOCTHU OT IPOIMYIIEHHOTO
TOHHaXKa, KOTOpbli Obu1 B3aT 1400 muH. T. Opyrro. Teopus HaméKHOCTH (TakkKe HHOTIA
Ha3bIBAETCSl TEOpPUEH OTKA30B) — HAyyHOE HallpaBJICHUE, KOTOPOE 3aHUMAaeTcs HW3Y4YEHHUEM
MIPUHIIMIIOB, 3aKOHOMEPHOCTEH M COCTABIIEHUEM CTATUCTHUYECKUX MOJENeH OTKa30B TEeXHUYECKHX
yCTpOMCTB. B Teopuu HaIEKHOCTH HMCHOJIB3YETCS TPU CXEMbl COCIMHEHUS, MPEJICTABIICHHBIE B
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napajjICJIbHOTO COCTUHCHU .

B gactHOCTH, Ha XKene3HOW Aopore padoTaeT MOCieA0BaTeIbHO-APAIIIEIIEHOE COCTUHEHHUE.
OIHOTO pebCa CHUCTEMA IEPECTaéT IOJHOCTBHIO
(GyHKIMOHMPOBATh, @ TMPHU OTKa3e MMl M CKPEIJICHWH CHCTEMa CIOCOOHA BBIMOJNHATH CBOU
(GYHKLNHU, HO C HEKOTOPBIMU OTPaHUYEHUSIMH.

Ha ocHoBe BbllIeckazaHHOTO ObLIa IMPOBEJEHA OLIEHKA HAIEKHOCTH TPEX 3JIEMEHTOB ITyTH:
PeNbCoB, IIMNaN U CKPEIUIEeHUH, a Takke cucTeMsl B 1ienoM (Puc. 4).

HNuaue roBops,

1,20E+00

IIpu OTKa3€¢ XOTiA OBl

1,00E+00 h_-““Q

N

8,006-01

6,00E-01

4,006-01

BepoATHOCTE Ge3oTHasHoW paboTel (HaAeMHOCTh)

2,006-01

0,00E+00
0,00

-2,00E-01

TPONYLEHHBIA TOHHAK, MIH.T.6pyTTo/1 KM

—— HaaeHHOCTL PEnBCos

HaAeMHOCTE CKPENNEHHA

HapexHOCT: wnan
JlonycHaeMan HafIEHHOCTb

——peaensbHas HapenHoCTs

100,00 200,00 300,00 400,00 500,00 600,00 700,00 800,00 900,00 1000,00 1100,00 1200,00 1300,00 1400,00

Puc.4 HapexnocTs padoThl 31eMEHTOB BEPXHEIr0 CTPOCHHS MMYTH




W3 pucynka 4 BUAMM, YTO CaMbIMH HEHAJCKHBIMU JJICMEHTAMHU SIBJISIOTCS CKPEIUICHUS U
penscel. [Ipu nomycTMMONM HaAEKHOCTU CHCTEMBI, paBHOM 95%, OHM HAUYMHAIOT CHHMXKATH CBOKO
Ha/IeXKHOCTh Ha uHTepBajie oT 190 no 200 muH. T. OPYTTO, TEM CaMBIM IPUXOJUTHCS OTPAHUYHBATH
CKOPOCTh THOJIBUKHOTO cocTaBa. (CienoBaTeslbHO, YBEIMYUBACTCS BpPEeMsl Ha MPOCTOM IMOE3J0B U
BO3PACTAIOT 3aTpaThl, CBSI3aHHBIC C 3ajiepKKaMHu 1moe310B. [Ipu npenenpHoit HagexkHocT - 80% [3],
paccMaTrpuBaeMble 3JIEMEHThl HAUMHAIOT YTPAuMBaTh HAJIEKHOCTh, T.€. B MPOMEXYTKE OT 215 mo
220 miH .T. OPYTTO CKpPEIJICHUS Yalle BBIXOIAT U3 CTPOsl, a OTKA3 PEIbCOB HAYHET MPOMCXOIUT B
nepuoa ot 365 mo 375 muH. T. Opyrro. B cBOIO ouepenb, HAIEKHOCTH IIMNAT CHIXKACTCS 10
MpeIeIbHO JOMYCTUMOTO 3HaueHUs B peaenax ot 860 mo 875 muH. T. BpyrTo.

Takum oOpazom, Gojiee HaIEKHBIM AJIEMEHTOM BEPXHETrO CTPOCHHUS MYTH SBJISIOTCS IITANbI.
Jlanee npoBeeHa OLIEHKA Ha/IeXHOCTU padoThl 1 3BeHa U 1 KM CHCTEMBI JK€JI€3HOI0POKHbBIN MYTh B
nenom (Puc. 5).
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Puc.5 HagexHocTh padoThl CHCTEMBI KeJIe3HOAOPOKHBII MyTh

W3 naHHOTO pUCYHKA BHIHO, YTO 0€30TKa3HOCTH OJHOTO 3BeHa jmtcs oT 0 mo 195 muH. T.
OpyTTO, @ 0E30TKA3HOCTh OJHOTO KWJIOMETpa MyTH HE JOCTUTaeT JOIMyCTUMOW HaJIeKHOCTU MpHU
JTAHHBIX YCJIOBUSAX JKCIUTyaTallud. B CBS3HM C 9TUM /IS TPEAOTBPAICHUST CHIDKEHUS HAJIe)KHOCTH
OyTd B LeJIOM J0 mpenenbHoi BenuuumHbl B 80%, u mpemynpexeHHs MOSBICHUS OTKAa30B
DJIEMEHTOB BEPXHETO CTPOSHHS IIYTH, CIEAYeT NPEeAYyCMOTPETh pPabOTHI MO CBOEBPEMEHHOMY
JMAarHOCTUPOBAHUIO CHCTEMBI JKEJIE3HOJAO0POXKHBIA MyTh. I TaHHON CHUCTEMBI AMAarHOCTUYECKHE
OTIepalliu CIIEAyeT Ha3Ha4yaTh MpPH TMPOIYIICHHOM ToHHaxke B 10 muH. T. Opyrro. Kpome Toro,
HEOO0XO/MMO YK€ B 3TO BpeMsl NMPOBECTH pabOThl TEKyLIero xapakrepa. MHaue, nIpu JOCTHKEHUH
KPUTUYECKOW HAJIEKHOCTH B 65% B cHUCTEME KeIe3HOAOPOKHBIA IMyTh, MPOU30UIET TOJHBIN ee
0TKa3. DTO NMPUBEAET K YMEHBIIEHUIO CKOPOCTH 10 25 KM/4, a B KpuBbIX R < 650 M K yMeHbIIEHUIO
CKOpOCTH 110 15 KM/, WK K€ K 3aKPBITUIO Y9acTKa MyTH JIJIS IBUKECHUS TIO€3/I0B.

3akiioueHue

B xozxe ananmm3a jkeJIe3HOAOPOKHOTO MYTH BBISIBHIIHM, YTO JTO CIOXKHASI CHCTEMa, COCTOSIIIAS
U3 B3aUMOCBS3aHHBIX JJIEMEHTOB, KOTOPBIE MMEIOT Pa3IM4YHYl0 MPOYHOCTh. Mcxons u3 Teopuu
HA/IKHOCTH Kbl dJIEMEHT TpeOyeT MPUCTATbHOTO BHHMaHUs. Ha OCHOBaHWM MPOBEAEHHOTO



HCCIIEA0BAHUS MOXKHO CIIEJIaTh BBIBOJ, YTO OLICHKA HAIEKHOCTU CUCTEMBI KEIE3HOLOPOKHBIN ITyTh
IIOMOTacT CBOCBPEMEHHO Ha3HAYaTh IMArHOCTUYECKHUE ONEpAlUH, a TAKKE IPEIyNPEXKIaTh BBIXO
JJIEMEHTOB BEPXHEr0 CTPOCHMS IIyTHU B ONACHOE COCTOsAHME. [IpM IOCTOSHHO yBEIMYMBAIOLICHCS
IIPOIYCKHOW CIIOCOOHOCTM Ha JKEJIEe3HOM Jopore ImpeularaéM paccMOTpeTb paboThl IO
ontummsanuu sementoB BCII cnenyromumu criocobamu:

® YBEIMYUTh MX HAJEKHOCTh 3a cueT 00Jiee BEICOKOM MPOYHOCTH;

® CBOCBPEMEHHO BBIABIIATH OTKA3bl U HE3AMEUIMTEIIBHO UX YCTPAHSATb.
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