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OcTaTo4HbIii CPOK CAYXObI AeTann — oauH

M3 OCHOBHbIX roKa3aTtesieri HafEXHOCTH.
ABTOpamMu rnosiy4eHo aHanTu4eckKoe
BbIpa)keHue AJ1s1 OeHKN TaKoro cpoka Ha
npumMepe 60KOBOV paMbl TEJIEXKN BaroHa.
Ucnonb3ayemasi npu aTom MmeToanka onupaeTcs
Ha 9KcnyaTaunoHHyI0 MHGopMaLnio cucTemMbl
LEeHTpasn30BaHHOIro MOHOMEpPHOro y4éra
rpy3oBbix BaroHos. [MosyyeHbl 3aBUCUMOCTH

Y HOMOrpamMMbl, KacaloLymnecsi BO3MOXXHOCTU
6e30nacHo aKcrlyaTayum 60KOBUHbI
TeJ1IeXXKKU, BePOSITHOCTU OL€HUTb B YCJIOBUSIX
Aerno oCTaTo4YHbIi CPOK C/y>X0bl AeTanu

c y4ETOM TpebyemMoro (ynpasisieMoro) pucka
BO3HUKHOBEHUSI HanboJiee onacHbIX OTKa30B

B nepuoa Mexay riyeokumMv auarHoCcTUKaMmu
BaroHoB.

Knwoyesble croBa: xene3Hasi 4opora, BaroH,
6e30MacHOCTb, HaAEXHOCTb AeTas, OCTaTOYHbI
CPOK C/IyX06bl, 0OTKa3, PUCK, CTAaTUCTUKA, 3aKOH
pacrnpeaeneHns HapaboTku A0 0Tka3a, UCTbITaHUS
Ha HafgEXHOCTb, BEPOSITHOCTb COObITHS.
|
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aK M3BECTHO, MpPU MCIOJIb30BaHUU

KOHCTPYKLIMU TPeOYyeMBblil ypOBEHb €€

HaIEXHOCTU 1 0€30I1aCHOCTH 00ecTie-
YUBAETCSI CUCTEMOM TEXHUYECKOTO O0CITYKM -
BaHUS U peMOHTa. PEMOHTHI pa3IMYHOTO
BUIA MpeaHa3HAYCHBI JIJI1 BOCCTAHOBJICHMSI
HMCITPaBHOTO UJIK PaOOTOCTIOCOOHOTO COCTOSI -
HUST 00BbEKTA, YACTUYHOIO UJIX TIOJTHOI'O BO3-
BpallleHUsI €ro pecypca.

Ha xee3H010pOKHOM TPAaHCIIOPTE MPH-
MEHUTEJIBHO K TPY30BbIM BarOHAM UCITOJIb3Y -
IOT arperaTHbIi METOI PEMOHTa, KOT/Ia OTKa-
3aBIIYI0 ChEMHYIO JIeTajlb 3aMEHSIIOT HOBOM
WM paHee oTpeMOHTUpoBaHHO#. Hanbonee
4acTO 3TO KacaeTcs TeKyIlero peMoHra. [1pu
PEMOHTE KPYIHOTO 00bEMa B JeTNO WM Ha
BaroHOPEMOHTHBIX 3aBOJaxX CIIOCOO BOCTpeE-
0GOBaH P HEBO3MOXHOCTH BOCCTAHOBIICHMSI
pabOTOCTIOCOOHOCTH AeTanu (HalIpumep, u3-
3a BBISIBJICHUS N1e(MEKTOB HEAOMYCTUMBIX
pa3MepoB). DDhEeKTUBHOCTb METOIa COCTOUT
B TOM, YTO COKPAILIAeTCs ITPOAOJIKUTEIbHOCTh
HEeINpOU3BOAUTEIBHOIO IPOCTOsI BaroHa
U YMEHbIIIAETCSI CTOUMOCThb peMOHTa. OIHAKO
IpY 3TOM yCTaHaBJIMBaeMasl IeTallb JTOJIKHA



obecrneyuTh 0€30TKa3HYI0 paboOTy BaroHa
B MOCJIEAYIOLIUI rapaHTUIHBIN niepuo. dpy-
TUMU CJIOBAMM, UMETh JIOCTATOYHBIIN pecypc.

CTOUT OTMETUTH, UTO MPU arperaTHOM
METOJIe¢ PEMOHTA JIeTald HE 3aKpeTUieHbl 3a
OIpeieJIeHHBIM BATOHOM, a TOCTENIEHHO Me-
HSI0TCS B ero coctase. M3-3a yero B BaroHax
OJIHOTO TOJla BBHIITYCKA CO BPEMEHEM MOTYT
0Ka3aTbCs JeTaIM COBEPLIEHHO Pa3HOTO BO3-
pacrta. B pe3ynbrate HA MOMEHT OKOHYaHUS
Ha3HAYEHHOTO CPOKa CJIY>XObI BaroHa B HEM
OyAyT IeTajiu, HE TOJbKO HE McYepIiaBUIne
CBOI pecypc, HO U TaxKe OTHOCUTEIbHO HOBBIE.
OOBIYHO MPU CITMUCAHUY BaTOHOB UX MCITOJTb-
3YIOT B KAYeCTBE 3aITaCHBIX YaCTel IS IPYTUX
KOHCTPYKIIU (T. €. OHU MTOTOJIHSIOT 000POT-
HbI HOHI eno).

KoHeuHo, 3TO MpUBOIUT K TOMY, UTO Tpe-
OyeTcs1 coOpaTh M3 CTapOrOJHbBIX AeTasei
HaIEXHYI0O KOHCTPYKIIMIO, KOTOpasl JOJKHA
0e30TKa3HO MPOopPadOTaTh HEKOTOPbIA rapaH-
TUWHBINA CPOK.

He BbI3BIBa€T COMHEHUS, UTO NETalb,
HaJIe>KHO TPYIUBIIASICSI HEKOTOPOE BpeMsl ¢
W IPUTO/IHAs K paboTe Mo pe3ysTaTaM Hepas-
PYIIAIONIETO0 KOHTPOJISI, MOTEHIIMATbHO MO-
JKET UCIOJb30BaThC B cocTaBe BaroHa. On-
HaKO eclii e€ OCTAaTOYHBII pecypc MeHbIIe
YCTaHOBJIEHHOTO MepUo/Ia 10 PeMOHTA KPYII-
HOro 00bEMa (AEMOBCKOro WM KaluTaabHO-
ro), TO JOMYyCKaTh dKCIUTyaTallUlO TaKOM Jie-
Tanu Henab3d. [To KkpaiiHeil mepe, e€ ucnpas-
HOTO COCTOSTHUST HETOCTATOYHO, YTOOBI, KaK
Bcerjga aenaercs, 6€3 JOMOJHUTEIbHOTO
aHaJIM3a OCTaBUTh €€ B COCTABE OTPEMOHTU -
POBaHHOTO BaroHa.

EcTtecTBEHHO, TIpPY 3TOM BCTAaeT aKTyajlb-
HBII BOTIPOC: KaK OIpEeNeIUTh TOT CaMbIid
OCTaTOYHBIN CPOK CTyKObI feTanu? DTo mne-
pUOM OT TEKYLIEr0O MOMEHTa BPEMEHHU 10 TTe-
pexona u3neausl B MpeaebHOe COCTOSTHUE.
3HaHMWe TaKOro CpoKa MO3BOJISIET UCHOJIb30-
BaTh CJICAYIOIINIA TPUHIIAIL: TIPU BBITIOTHEHU T
PEMOHTOB Pa3JIMIHOTO BUAA He JOIYyCKaTh
SKCIUTyaTallMIoO AeTajeid, 1 KOTOPhIX OCTa-
TOYHBI CPOK CITY>KObI MEHBIIIE TAPAHTUITHOTO
nepuona (Hampumep, MeXay IIaHOBBIMU
pemoHTamu) [1]. OgHaKO OCTaTOUHBINA CPOK
CITy>KObl — BeauuuHa ciydaiiHasg. [Toatomy
JUTSI €TO OIIEHKH TPeOYIOTCS anmapar TeoOpun
HaJEXHOCTH, KOPPEKTHBIE METOMIBI MOJIEITH -
pOBaHUS OTKAa30B, COOP TOCTOBEPHON CTaTHU-
CTUYeCcKOI nH(popMaluu 00 oTKa3ax aeTaieit
U y3JI0B B 9KCIUTyaTalllu.
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* * *

PaccMoTpuM METOI0IOTMYECKYIO OCHOBY
3aa4yM OLIEHKM OCTaTOYHOI'O CPOKa CIIY>KObI
netanu. BBeaéM st 3Toro ciiyyaiiHyro BeJu-
YKHY &, — OCTATOYHBII CPOK CIIYKObI JeTaIn
3aIaHHOTO BUAa (HampuMmep, OOKOBUHBI Te-
JIEXXKHU TPY30BOrO BaroHa) Mpu yCIOBUU, YTO
OHa oTpaboTasa 6e30TKa3HO B TEUEHUE Bpe-
MEHU 1.
€,= & — 1, npu ycaosuu E>1, (D
rae & — ciydyaiiHag BeJIMYMHA, 101 KOTOPOM
MMOHMMaeTCsl HapaboTKa JIeTajIu 10 PECYPCHO-
ro oTKasa.

Boinuiem BeipaxkeHue ISl BEPOSITHOCTU
COOBITHSI {€ >X}, COCTOSIIIETO B TOM, 4TO OCTa-
TOUHBIN CPOK CIIY>KObI OOKOBUHBI OyJIET HE
MEHbIIIe BpEMEHHU X.

C yuétom (1) BbIpaxkeHHE BEPOSITHOCTHU
9TOrO COOBITUSI MOXKEM 3aMucaTh B BUE:
P(E2x} = P{(E—1>%)/(E>1)} = ...

Bocnosb3oBaBIIKCH TEOPEMOIT YMHOXe-
HUsI BEPOSITHOCTE B clTydae ABYX 3aBUCHUMbBIX
COOBITUI, MPOAOIKMM LIETIOUKY PAaBEHCTB:

_P{(e21+x)-(E>1))

P{&>1)
Ecnu umeer mecto coObitue {E>1+x}, TO
U TIOJJABHO CIIpaBeInBO coobiTue {&>1}. Tor-
Jla COTJIaCHO IpaBUJY IPOM3BEACHUS IBYX
COOBITHIT MOXKEM IPOIOJIKUTD LIEMOYKY pa-
BEHCTB CJICIYIOIIUM 00pa3oM:
P{é>1+x} F(r+x)

P{e>r)  F(1)

3nech F(t) — (yHKUMST HATEXHOCTH, Be-

POSITHOCTb 6€30TKa3HOW pPaboThl AeTalu
BTe4yeHue BpeMeHu f; F(f+X) — BepoITHOCTD

0e30TKa3HOI padOThI IeTalu B TEUCHUE Bpe-
MeHHU (7 +x). CTOUT OTMETUTD, YTO B KauecT-
BE OTKa3a MMEEeTCsI B BUIY PECYpCHBII OTKa3
JIeTaJIi, MOCJIe KOTOPOTO BOCCTAHOBJIEHUE €€
paboTOCTIOCOOHOTO COCTOSTHUST HEBO3MOXKHO
WY HEeleJaecoo0pa3Ho.

Takum obpazom, nmoaydyeHa popmyJa aisi
orpeieIeHUsT BEPOSITHOCTH COOBITHST, COCTO-
SIIIIETO B TOM, YTO OCTaTOYHBIN CPOK CITY>KOBI
JIeTaJIi TPU YCJIIOBUM, YTO OHA MCITOJIb30Ba-
J1ach 110 Ha3HAYEHMIO ¥ 6€30TKa3HO Mpopado-
Taja 10 MOMEHTa 7, OylIeT He MeHbIIe 3a1aH-
HOI HapabOTKU X:

F(t+x
Pl > x) - UFY)
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Yctnu M. A., UBaHoB A. A., Maxupaoe ®. A. OLieHKa OCTaTOYHOro CPOKa CyXObl fiIeTane Ha OCHOBe
AaHHbIX 00 OTKa3ax




OnHaKo NpakTUIeCKUit THTEepeC MpeICTaB-
JIsieT oOpaTHasl 3ajia4a — HalTh TOT OCTaTOY-
HBII CPOK CIIyKOBI (X), B TEUEHUE KOTOPOTO
JIETaJTb He JOCTUTHET MPEIETbHOTO COCTOSTHUSI
(He oTKaxeT) ¢ TpedyeMoii Harepé 1 3aAaHHOI
BEPOSITHOCTBIO y, HAIIpUMED, ¥ = 99%.

s mpuMeHeHUs] METOAUKU TpeOyeTcs
co0OpaTh CTaTUCTUIECKYIO0 MH(DOPMAIIUIO U Ha
OCHOBE IKCIUTyaTallMOHHBIX JaHHBIX OTIPEIe-
JIUTH BUA YHKIMU HAIEXKHOCTU, a TAKXKe €€
AHAJIMTUYECKOE BhIpaXKeHUE (IPyTrMMU CJIOBa-
MM, 3aKOH pacripeie/IeHus IJTMTeIbHOCTH UX
0e30TKa3HOI pabOThl WJIM HAPAOOTKU IO OT-
kaza). [1pu aToM aKcITyatTauroHHass UHQop-
MalIus TOJKHA COOTBETCTBOBATH OJHOMY M3
CTaHAAPTHBIX IJIAHOB UCTIBITAHW I Ha HATEX -
HOCTb, 0€3 4ero HeBO3MOXHa KOPpeKTHast e€
00paboTKa C UCIIOIb30BAaHUEM METOMIOB TEO-
pYU BEPOSITHOCTEN U MaTeMaTUIECKOM CTaTu -
cTuku. B Hacrosmiee BpeMmsi HeoOXxommumast
nH@OpMaIKs MOXKET ObITh TTOJIyYeHa C TOMO-
IIBIO CUCTEMBI IICHTPAJIM30BaHHOTO TIOHOMEP-
HOTO y4€Ta BaroHOB, coOUpalolleil TaHHbIe
0 TEXHUYECKOM COCTOSTHUU BaroHoB. Tak, 1o
HOMEPY BaroHa 1 ero OTBETCTBEHHBIX 2JIEMEH-
TOB BITOJTHE peajbHO MPOCIEINUTh MPOIIECcC
n3MeHeHui. B yacTHOCTH, OTIpeneTuTh 1aThl
M3TOTOBJIEHMSI M HauaJla KCIUTyaTalluK TeX JKe
OOKOBMH B COCTaBe BaroHa, a TakxKe MPOI0JI-
KUTEJIbHOCTh 6€30TKa3HOTO €€ (DYHKIIMOHU-
pOBaHUSI HA MOMEHT IMOCTAaHOBKM BaroHa
B PEMOHT (e€ 0003HauwIu Kax f) [2]. BHenpe-
HME B TIEPCIIEKTUBE 3JIEKTPOHHOTO PEMOHTHO-
9KCIUIyaTallMOHHOTO MacnopTa BaroHa Ha
0ase 1efCTBYIONIEN CUCTEMBbI TTO3BOJIUT MPO-
CJIeIUTh 32 CyAbOOM KaxKa0l OTBETCTBEHHOI
JIeTaJIi BaroHa 1o e€ YHUKaIbHOMY HOMEDY.

* % %
Crenytomiast 3aa4a — olleHKa (QyHKIIMU
Hagéxuoctn F(f) Ha ocHOBE DKCIUTyaTali-

OHHO MH(MOPMAIINH 71T OOKOBIHEI TEJICXKKH
Tpy30BOTO BaroHa.

Brauaire Hamo onpeneanuThCs ¢ IIOHSTHEM
pecypcHoOTo oTKa3za aetanu. [Tox Takum oTka-
30M B OTHOIIICHUY OOKOBHMHEI TEJICKKH OyIeM
TIOHMATh COOBITHE, COCTOSIIICE B TIOSIBJICHIH
B MaTepuaJie IepBoil M TOJIBKO MEePBOIt Tpe-
IIMHBI.

C MaTeMaTU4eCcKOl TOUYHOCTHIO TOKAa3aHO
[3], uTo HapaboTKa GOKOBUHEI 1O YKa3aHHOTO
COOBITHST MMEET 3aKOH pacIipeneieHust Beii-
Oynna—IHeneHKo:
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3)

T1ie a ¥ b — mapaMeTphl 3TOTO KJIACCUIECKOTO
3aKOHA.

OLieHKY TTapaMeTPOB TIOJTYYaloT, OMUPasiCh
Ha JaHHble HAOJIIOACHUIA 3a BKCILTyaTaluei
COBOKYITHOCTU OOKOBWH BaroHOB OJHOTO
TUTIA U TOAa WU3TOTOBJICHUS, YTO, BIIPOUYEM,
TMIOCTOSTHHO OCYILECTBIISIETCS CUCTEMON LIEH-
TPAIM30BAHHOTO TOHOMEPHOTO YYE€TA BATOHOB
B COOTBETCTBUM CO CTAHJAPTHBIM TLIAHOM
ucrbITaHuii Ha HaaexHocTb TUMa [NU 7). [Ton
HaOJIOICHEM B TeueHUe BpemeHu 7 Haxo-
nuTcss N OOKOBHMH, a TPU O0TKa3e OOKOBUHbBI
OHa 3aMeHsIeTCsI Ha HOBYIO, Ha UTO YKa3bIBACT
BTopoii cumBosa U. [TOCKOJTBKY OCHOBHBIE
HECYINe IeTaIi UMEIOT BBICOKYIO HaIEX-
HOCTb, HETIOCPEICTBEHHO OMPEESIOT YpO-
BEHb 0€30MTAaCHOCTU BaroHa, MO3TOMY B DKC-
TMEPUMEHTE TOPA3A0 MEHBIIIE CJTy4YaeB OTKAa30B
JeTanieid, 4eM cirydaeB 0e30TKa3HOl paboThI,
T. €. TIoJTyJyaeMasl cTaTucTUIeckast uHdopma-
11T — €CTh HETIOTHAsT BRIOOPKA.

B Teopuu Hag€XHOCTH UCIONB3YETCS
HECKOJIbKO METOIOB OTIPEICICHHUS TIO CTaTH -
CTUYECKUM JAHHBIM 3aKOHOB PacIpeeICHUST
¥ OILEHKW WX MapaMeTpOB: METOI MaKCH-
MaJIbHOTO TIPaBAOTION00MS, METOJ, MOMEH-
TOB; METOJ, Pa3Ae/ISIOUINX Pa30UEHUIL; Tpa-
¢dugeckuit Mmeton u ap. [4, 5]. Hamumyamreit
SIBJISIETCS OLIEHKA, O0Jagamiasi HauMeHb-
et gucriepcueit. Takast olieHKa Ha3bIBaeTCs
addexTuBHONM. E€ y1oOHO MOIYyYNUTH C TT0-
MOIIIbIO METO/Ia MAKCUMAJTLHOTO TTPaBIOTIO-
noous.

DOyHKIMS TPaBaOTION00USI 15T HETIOTHOMN
BBIOODPKY [6]:

L=Y [0+ Y In(1-F; @), @

[Je M — YUCJIO OTKA30B, 3a(UKCUPOBAHHBIX
B niepuon 7 3KCIepruMeHTa;

S — 4ucyio 6e30TKa3HbIX HapabOTOK B Ie-
puon T aKcIepuMeHTa;

f(t) — BEPOSATHOCTb O€30TKA3HOI pabOTHI
(3);
f(t) — nIoTHOCTH pacnpenesieHus Bepo-

SITHOCTE1 HapabOTKM 10 OTKa3a, KOTOpast AJIst
3akoHa Beiidymna—IHenerko (3) mMeeT BUM:

ro=21] A
a

a

&)
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Ta0imuna 1

HNudopmaius o HapaGOTKaX BaroHOB

Yei. [ara no- Jlara Bun Komwl HeucnipaBHocTeit, | Hapaborka | bezoTka3zHas

Ne Barona | cTpoiiku peMoHTa peMoHTa yKa3aHHbIE B COOOLLEHUH |10 OTKa3a, | HapaboTKa,
1353 Mec. Mec.

1 20.05.2005 20.10.2005 TEKYIII. - - 205 |5,0 -

2 22.05.2005 05.02.2006 TeKy1I. - - 219 |- 20,0

3 22.05.2005 17.11.2005 TEKyL. - - 540 |- 20,0

4 22.05.2005 29.06.2007 NIETIOBCKOM | - - - - 20,0

5 22.05.2005 10.04.2006 TEKYIL. 205 540 115 |10,6 -

6 22.05.2005 15.09.2006 TEKYIL. - 404 308 |- 20,0

Ta6mamua 2
Hapa6oTku 10 oTKa30B, Mec.

Ne /it 1 2 3 4 5 6 7 8 9

Hapa6otka mo | 5,0 7,16 9,64 10,62 15,1 15,84 18,67 18,84 19,7

oTKasza

TMoncrasnsst (3) u (5) B (4), TOJTyd9uM BbI-
paxeHue (PYHKIINY TTPABIOIIONO0US 1Tl He-
TTOJTHOM BEIOOPKY TIPU 3aKOHE pacTipeieIeHUST
Beiibynna—IHeneHko:

L=minb-—mblna+

Hb-1)> I, —a” {fyﬁ —jtj} ,
= = =

e f, i= I,m — j-g Hapa®OTKa 10 OTKa3a; L

(6)

J =15 — j-a 6e30oTKa3Has HapaboTKa.

M ckoMble ToueuHbIe OLIEHKM ITapaMeTPOB
a " b HaXoIUM M3 MaKCUMyMa (YHKIIUH ITpaB-

nornoaoous L. Beraucisist yacTHbIE MPOU3BO/I -
HbI€ U PUPABHSB UX HYJIIO, TTOJy4aeM BbIpa-
JKEHMSI JUIST OTIpeie/IeHUs OLEHOK:

1

Se-3|
- i=1 Jj=1 (7)

m b

. it}’ Inz, +Z::tf Inz,
= Int, +m= i

- m s
= Zl:ti” +Z;IJ’.’
=) =

* % %

TecToBBIl TPUMEP TPUMEHEHUS METOIM -
ku. Ha ocHOBe MH(MOpMAIUK CUCTEMBI 1IeH-
TPaJU30BaHHOTO MOHOMepHOro yuéTa [ias-
Horo BhrarcauTeibHOTO 1IeHTpa OAO «PK/T»
JUIST BaTOHOB, BBIMYIIEHHBIX B MEPUOJ
2005—2008 To10B OMTHUM M3 OTEYECTBEHHBIX
3aBOAOB, ObLJI MPOBEAEH DKCIIEPUMEHT, B CO-
OTBETCTBUU CO CTAHIAPTHBIM TIJTAHOM UCTIBI-
tanuit Tuna [NUT]. YuactBoBano 15852

m

®)

® MWP TPAHCIOPTA, Tom 13, N2 6, C. 196-205 (2015)

6okoBuH (3963 BaroHos). HabOnioneHue
JITUJIOCH B TeueHue TiepBbiX 20 MecsIeB To-
cne moctpoiiku BaroHa (7 = 20 mec.). @axr
OOHapyXXeHUsI OCMOTPIIMKOM TPEUIUHBbI
OOKOBUMHBI MPU TEKYIIEM KOHTPOJIE TEXHU-
YECKOT0 COCTOSTHUS (MJIA U3JIOM paMbl (DUK-
cUpyeTcsl, OTpakaeTcsl B BATOHHOM YYETHOI
dopme BY-23M u nepenaércs B BIYUCIIH-
TEJIbHBII LIEHTP B BUJIE COOOIIeHUS (POPMBI
1353 ¢ ykazaHueM KOIIOB OOHAPYXEeHHBIX
HeucnpaBHocTel. Tak, B COOTBETCTBUU
C JEWCTBYIOIIMM Ha CETU XKeJIEe3HBbIX TOpOT
KJ1accurKaTopoM HEMCIIPABHOCTEM TPEIIM -
HaM WU U3JIOMaM OOKOBWHBI TEIEXKKU OT-
BegaeT Ko 205 (cM. Tabamiy 1).

JIist y9acTBOBABIIIMX B OKCIIEPUMEHTE
BaroHoB ObUTO 3a(PUKCUPOBAHO NEBSTH CITY-
YaeB OTKA30B 10 TPelMHAM U U3JioMaM 00-
KOBUHBI (Tabnuua 2).

ToueuHbIe OIIEHKY MTApaMETPOB, TTOTyIeH-
HbIe ¢ oMmolibio dhopmya (7) u (8), b= 2,2,
a =303 mec.

IMonyyeHHas Moaesib OTKa3a OOKOBUHBI

TeJIEXKKM IPY30BOI0 BaroHa 3aBoa-1u3roToBU-
t

Tens 1- F(f)= F(f)=1—e ‘@ npusenena Ha

puc. 1.

Teriepb BCE TOTOBO K PELICHUIO TTOCTAB-
JIGHHO#1 3a/1a4u — OIPEAETUTh TOT OCTaTOY-
HBbIii CPOK CTY>KObI OOKOBUHBI TEJIEKKU, O€3-
OTKa3HoO mpopabdorasiueii 20 MecsleB, Mpu
KOTOPOM BEPOSITHOCTB OTKa3a (YpOBEHb pUCKa
0TKa3a 00KOBUHBI U3-3a M3JI0Ma WJIU TTOSIBJIE -
HUS YCTAJIOCTHOM TPEIMHBI) HE MPEBLICUT
TpedyeMoro ypoBHs (1—y), Hanpumep 0,01.
[Moxyuum obl1iiee aHATUTUYECKOE BBIPAXKEHUE,
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TYHELMA pacnpefsne HWA HapaboTkr g

0 ] 10 18 20 25 30
HapafoTka oo oTkasat, mec.

2 CTATWCTHAECKAA B YHELMA Pa CIpedene HA
— TeopeTvdeckan §iyHKLMA (MO0ens)

Puc. 1. dyHkuyns pacnpegenensns HapaboTku 4o
oTka3a.

T. €. C YYETOM (popMyJibl (3) peluM ypaBHEHE
(2) oTHOCHUTENBHO X:

Gl

&)

B pesynbrare hopMysia OCTaTOYHOTO CPO-
Ka CIy»0bl OOKOBUHBI TEIEXKU, 6€30TKa3HO
npopaboTaBlIeil Bpems f ¢ yYETOM TpedyeMo-
ro ypOBHSI pucKa e€ oTKa3za (1—y), uMeeT BUA:

(10)

rae y — Tpedyemast BepOsSITHOCTb OTCYTCTBUS
OITACHOTO OTKa3a B T€YEHUE OCTATOYHOTO
CpOKa CITy>KOBbI.

CortacHO MOJTyYeHHBIM 9KCTLTyaTallOH-
HBIM JaHHBIM, JUTSI 0O0KOBUH BbITycka 2005 ro-
Jla, oTpaboTraBmnX 6e30TKazHO 20 MecsIeB,
OCTAaTOYHBIN CPOK CITyKObI, B TeUeHUE KOTO-
pOro He BO3HMKHET OTKAa3 C BEPOSITHOCTHIO
v =99%, cocrasut 21,5 mecsra. ITo ucreue-
HUU 3TOTO CpOKa TOTPEOYeTCsI BHOBb TPUHM -
MaTh pelleHue O BeJIMUYMHE OCTATOUHOTO
CcpoKa Ci1yX0bl 00KOBHHBI, HO YK€ 0TpaboTaB-
meit 41,5 mecqua u T. 1. B Takom cirydae
TPOIIECC IKCIUTyaTallui OOKOBUHBI TEJIEKKHU
TIpEeNICTaeT B BUJIE ITOC/IEI0BATEIbHBIX MOMEH -
TOB BPEMEHU, B KKBII U3 KOTOPBIX ITPUXO-
JIUTCSI OLIEHUBATh €€ OCTATOYHBII CPOK CITYK-
ObI ¢ 3amaHHBIM YpoBHeM pucka (1—y). Eciu
JIOTTYCTUTb, YTO 3aKOH pacripe/ieieHus Hapa-
60TKM 10 0TKa3a OOKOBUHEI C TEUEHUEM Bpe-
MEHU HE UBMEHSIETCS, TO TIOCIe0BaTeTbHOCTh
KOHTPOJISI €€ TEXHUYECKOTO COCTOSTHUS Oy/IeT
COOTBETCTBOBATh pUC. 2.
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Puc. 2. UameHeHMne OCTaTOYHOro cpoKa C/yX0bi
60KOBUHbBI IO Mepe eé cTapeHus:
(npu 3HavyeHun 'y = 0,99).

AHaJIOTMYHBIC 3aBUCUMOCTH MOXHO TI0-
JIYIUTh TIPU JIIOOBIX TPeOYyeMBIX YPOBHSX
pucka (1—y) nznoma GOKOBUHBI UJIU TTOSIB-
JIEHWSI TPEITMHBI B TIEPUO MEXKITY TITYOOKUMM
JIMarHOCTUKAMU, BBITIOJTHSIEMBIMU B YCIIOBU -
sIX BATOHHBIX PEMOHTHBIX JieTo (puc. 3).

C nomoinbto nporpamMmbel MATLAB mno-
CTpOoeHa TpEXMepHasi MOJIEIb TS TIOAEPKKI
TIPUHSTHS PEIICHUS O BEJIMYMHE OCTATOYHO-
ro cpoka cjiyxk0nsl 60koBUHBI 2005 roaa BbI-
MycKa ¢ y4€TOM TpebdyeMOoro pucka e€ otTkasa
(puc. 4).

PaccMoOTpeHHBI aITOPUTM OIIEHKHU OCTa-
TOYHOTO CPOKa CIIYXObI MOXHO MCTIOJIb30-
BaTh JJIS JieTayieid JII0OOTO Toaa BBITTyCKa
" JTI000TO TIPOM3BOIUTEIS.

CTOUT OTMETUTD, UTO 3aJady OIeHKU
OCTAaTOYHOTO CPOKa CJIY>KOBI IETaJTH 11EeJIECO-
oOpasHee popMyaMpoBaTh U pelIaTh B €U~
HUIIaX TOHHO-KWJIOMETPOBOW HapabOTKM,
OJTHAKO OTpaciieBast THPOPMAIIMOHHAS CHC-
TeMa He T03BOJIsIeT TT0Ka coOpaTh TaKOTo
pola craTucTuyeckyro uHpopmauuio. [Mpu
3TOM, BIIPOYEM, yX€ CYIIECTBYET BO3MOXK-
HOCTB ITOJTyYUTh MHGOPMAITUIO 0 HapaboTKax
BaroHa J0 OTKa3a, U3MepPSIEMbIX B KUJIOME-
Tpax mpobera.

BbiBO4bl

TTpuBenE¢HHYIO METOAUKY JOCTATOYHO MPO-
CTO MTPUMEHSITh B BATOHHBIX JIETIO M HA BATOHO-
peMOHTHBIX 3aBofax. C e€ MoMoIIbi0 MOXHO
YIPAaBJISITh PeAIbHBIM TEXHUYECKUM COCTOSI-
HHEM KaXX[I0ro BaroHa ¢ y4€ToMm TpedyeMoro
YPOBHSI pucka. JIpyrumMu cjioBamMu, Ha OCHOBE
9KCIUIyaTallMOHHOW MH(pOopMaLuu o padbore
OTBETCTBEHHBIX 2JIEMEHTOB KOHCTPYKIINU
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Puc. 4. TpéxmepHas moaesb 4151 NoALEPXKKU MPUHSITUS peLLueHns1 06 0cTaToOYHOM cpoke cyx6bl (OCC)
60koBuHbI 2005 roga Bbinycka ¢ y4ETOM pUCKa e€ oTka3a.

C KCITOJIb30BAaHMEM METOIOB TEOPHH HAIEXKHO-
CTU €CThb BO3MOXKHOCTh B aBTOMATHYECKOM
peXuMe OLIEHUBATh OCTATOUHBIE CPOKH CITYK-
OBl JIeTajieii 3aIaHHOTO TUIIA U BO3pacTa.

IIpennaraeMbiii cmoco® MO3BOJKUT Ha
MPUHIIUITAAILHO HOBOM YPOBHE OPraHM30-
BaTh TEXHUYECKOE COAEPKAHKE TTOABUKHOTO
cocTaBa, Mepeias OT TUIAHOBOM CTpaTeruu
MPOBEAEHUST PEMOHTOB KPYITHOrO 00bEMa
K CTpaTeruy PEMOHTA M0 (PaKTUIECKOMY TeX-
HUUYeCcKoMy cocTostHuIo. Kpome Toro, B 3Ha-
YUTETBHOM CTEITEHU YBETMINTCS KO3(DDULIN-
€HT IOJIE3HOTO JAEHCTBUSI CUCTEMBI LIEHTpPa-
JIN30BaHHOTO TTOHOMEPHOTO y4ETa BaroHOB,
KOTOpast SIBJISICTCS BaXKHBIM 3BEHOM TIpoliecca
MHTEJJICKTYaIU3aliK yIIpaBIeHUs 1 obecTie-
YeHUsT 0E30MMaCHOCTH Ha KeJIE3HOTOPOKHOM
TpaHCIopTe.
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{{# & EVALUATION OF REMAINING SERVICE LIFE OF PARTS ON THE BASIS OF
4 FAILURE DATA

Ustich, Petr A., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.
Ivanov, Alexander A., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.
Mazhidov, Firuz A., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.

ABSTRACT

Remaining service life of parts is one of the main
indicators of reliability. The authors obtained an ana-
lytical expression for evaluation of such a service life
at the example of the side frame of the car’s bogie.
The technique, used in this regard, is based on ope-
rational information of system of centralized account-

ing of freight cars by their numbers. The dependences
and nomograms are obtained relating to possibility of
safe operation of bogie’s sidewall, the likelihood to
evaluate in a depot remaining service life of a part,
taking into account the details of required (managed)
risk of the most dangerous failures in the period bet-
ween scheduled deep diagnostics of cars.

Keywords: railway, car, safety, reliability of parts, remaining service life, failure, risk, statistics, law of
distribution of time to failure, reliability tests, probability of events.

Background. As it is known, when you use a
structure the required level of its reliability and safety
is provided by system of maintenance and repair.
Repairs of various types are designed to restore
serviceable or operating condition of the object,
partial or total return of its service life.

In rail transport in relation to freight cars the ag-
gregate method of repair is used when failed remov-
able part is replaced by a new or previously repaired.
Most often it comes to maintenance. When repairing
a large volume at depot or car-repair plants this way
is in demand in the inability to recover efficiency of
details (for example, due to detection of defects of
unacceptable size). The effectiveness of the method
is that unproductive downtime of car shortens and
repair costs reduce. However, the installed part
should ensure trouble-free operation of the car in the
subsequent warranty period. In other words, it should
have a sufficient resource.

It is worth noting that in the aggregate method of
repair parts are not assigned to a specific car, but
gradually change in its composition. Because of this
in the cars of the same production year in time may
be parts of completely different ages. As a result, at
the end of the designated lifetime of the car there are
details, not only exhausted their resources, but even
relatively new. They are usually used when writing off
cars as spare parts for other structures(i. e., they are
added to the depot revolving fund).

Of course, this leads to the fact that it is required
to assembly from used parts a reliable construction,
which needs to work for some reliably guarantee
period without failures.

There is no doubt that the part, securely operating
for a time t, and is suitable for operation as a result of
non-destructive testing, could potentially be used as
a part of the car. However, if its remaining service life
is less than the set period to repair of a large volume
(depot or capital), the exploitation of such a part
should be excluded. At least, its serviceable condition
is not enough that, as is always done, without further
analysis to leave it as a part of the repaired car.

Naturally, this raises the urgent question: how to
define the same remaining service life of parts? This is
the period from the current time to transition of product
in the limiting state. Knowledge of such a period en-
ables to use the following principle: when repairs of
various types of parts to prevent operation of details,
for which the residual life is less than the warranty
period (for example, between scheduled repairs) [1].
However, the remaining service life is a random vari-
able. Therefore for its evaluation the apparatus of reli-
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ability theory is required, correct failures modeling
techniques, collection of reliable statistical information
about failures of parts and units in operation.

Objective. The objective of the authors is to
consider issues of assessing remaining service life of
parts of rolling stock on the basis of data about failu-
res.

Methods. The authors use general scientific and
engineering methods, comparative analysis, simula-
tion, evaluation approach, mathematical computation
method, statistics.

Results.

* %k *

Let’s consider the methodological basis of the
problem of remaining service life of parts. We intro-
duce for this a random variable &,— remaining service
life of the detail of a given type (for example, sidewall
of freight car’s bogie), provided that it has worked
trouble-free for a time t:
€=€ — t, providing that >, (1)
where & is a random variable, which means service
hours of a part prior to the resource failure.

We write an expression for the probability of the
event {€ >x}, consisting in the fact that the remaining
service life of the sidewall is not less than the time x.

In view of (1) the expression for the probability of
this event can be written as:
P{EXXI=P{(E-t>X)/(E>1)}=...

Using the theorem of multiplication of probabilities
in case of two dependent events, we will continue the
chain of equations:

_P{(g2r+x)-(£>1)
P{& >t}

If there is an event {>t+x}, then certainly true is

event {£>t}. Then, according to the rule of the product

of two events we can continue the chain of equations
as follows:

=P{.§2t+x} _ F(t+x)
P{&>1} F(1)

Here F(I) is reliability function, probability of
failure-free operation of the part within the time t;
F(t+Xx) is probability of failure-free operation of the

part within the time (t+x). It is worth noting that a
failure means a life-limit failure of a part, followed by
restoration of its operating condition is impossible or
impractical.

Thus, a formula for determining the probability of
the event, consisting in the fact that the remaining
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service life of parts, provided that it is used as in-

tended and worked flawlessly until t, is not less than

the predetermined operating time x:
F(t+x)

> =—

PiE ==

However, the practical interest is the inverse
problem — to find the remaining service life (x) for
which the part will not reach the limit state (not fail) to
the required in advance given probability y, for
example, y = 99%.

To apply the techniques it is necessary to collect
statistical information and on the basis of perfor-
mance data to determine the kind of reliability func-
tions, as well as its analytical expression (in other
words, the law of distribution of the duration of their
failure-free operation, or service hours to failure).
The operational information must match one of the
standard reliability test plans, without which its cor-
rect processing using the methods of probability
theory and mathematical statistics is impossible. At
present, the necessary information can be obtained
using a system of centralized accounting of cars by
numbers, collecting data on the technical condition
of cars. Thus, according to the number of the car
and its critical elements it is quite possible to trace
the process of change. In particular, to determine
the date of manufacture and start of operation of the
same sides as part of the car, as well as the duration
of its failure-free functioning at the time of repair of
the car (it was designated as t) [2]. The introduction
of an electronic repair and maintenance passport of
the car on the basis of the current system will follow
the fate of every critical detail of the car using its
unique number.

(2)

* %k k
The next task is assessment of reliability function
F () on the basis of operational information for side-

wall of freight car’s bogie.

First, it is necessary to define the concept of re-
source failure of details. Under such a failure in re-
spect of the sidewall of bogie we understand the event
consisting in the appearance in the material of the first
and only the first crack.

With mathematical accuracy it is proved [3] that
service hours of sidewall prior to the specified event
has a distribution law Weibull-Gnedenko:

ol
F(r)=e, (3)
where a and b are parameters of this classical law.

The parameter estimates are obtained on the
basis of observational data for the operation of a set
of sidewalls of cars of the same type and year of
manufacture, which, however, are constantly exer-
cised by a system of centralized accounting of cars
by numbers in accordance with a standard test plan
on reliability of the type [N U T]]. Under observation
over time T is found N sidewalls, and in case of failure
of sidewall it is replaced with a new one, which is in-
dicated by the second symbol U. As the main bearing
parts have high reliability, directly determine the
level of safety of the car, so far in the experiment there
are fewer failures of details than cases of failure-free
operation, i. e., statistical information is an incomplete
sample.

In reliability theory are used multiple methods for
determining according to statistical data on the dis-
tribution laws and evaluation of their parameters:
method of maximum likelihood, method of moments;
method of separating partitions; graphical method et

al [4, 5]. The best estimation is the one having the
smallest variance. Such an assessment is called ef-
fective. It is conveniently obtained by the maximum
likelihood method.

The likelihood function for the incomplete sample
[6]:
L:Zlnﬁ(r)+21n(1—Fj(t)), (4)

i=l Jj=1
where mis a number of failures, recorded in the period
T of the experiment;

sisanumber of trouble-free operating time in the
period T of the experiment;

F(1) is probability of failure-free operation (3);
f(t) is density of distribution of probabilities of

operating hours to failure, which is for the law Weibull -
Gnedenko (3) has a form:

£0) J[ij " A (5)
a\a

Substituting (3) and (5) in (4), we obtain an ex-
pression of the likelihood function for the incomplete
sample under the distribution law Weibull-Gnedenko:

L=minb-mblna+(b-13 Ing,~a” [ir}' -jzf} (6)

i=1 i=1 J=1

where t, i=1,m is i-th operating hours to failure; t,

Jj= Ls is J-th failure-free operat ing time.
The desired point estimates of parameters g and
b we find out of the maximum of likelihood function

L. Calculating partial derivatives and equate them to
zero, we get the expression for determining the esti-
mates:

m

1
S b
b b
Z’i 2.5
J=l

i=1

a=

m , (7)
i PRALTES AL
= - Int, 4m=—— (8)

= DA

i1 =

* k *

Test example of technique application. Based on
the information system of centralized accounting by
numbers of Main Computing center of JSC Russian
Railways for cars, produced between 2005-2008 by
one of the domestic plants, an experiment was con-
ducted in accordance with the standard test plan type
[N U T]. The experiment involved 15852 sidewalls
(3963 cars). The observation lasted for the first 20
months after car construction (T = 20 months). Fact
of finding by car inspector crack in sidewalls at the
current technical state control(or frame break is fixed,
is reflected in the car accounting form VU-23M and is
transmitted to the computer center in the form of a
message form 1353 with an indication of detected
faults. Thus, in accordance with the existing on the
railway network classifier of faults by cracks or frac-
tures of bogie’s sidewall meets the code 205 (see
Table 1).

For cars, participating in the experiment, were
recorded nine cases of failure on sidewall cracks or
fractures (Table 2).
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‘ Z{ Table 1
{5’ i Information about service hours of cars
\ Con. Construction Repair date | Repair type Codes of faults Service hours to | Failure-free
Ne of date indicated in the failure, months | service hours,
car message 1353 months
1 20.05.2005 20.10.2005 | maintenance |- - 205 |5,0 -
2 22.05.2005 05.02.2006 | maintenance |- - 219 |- 20,0
3 22.05.2005 17.11.2005 | maintenance |- - 540 |- 20,0
4 22.05.2005 29.06.2007 | depot - - - - 20,0
5 22.05.2005 10.04.2006 | maintenance [205 |[540 | 115 |[10,6 -
6 22.05.2005 15.09.2006 | maintenance |- 404 |308 |- 20,0
Table 2
Service hours to failure, months.
No 1 2 4 5 6 7 8 9
Service hours to failure 5,0 7,16 19,64 10,62 |15,1 15,84 | 18,67 |[18,84 |19,7

0004

0,0035 4
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0,0035
0,002 4
0,0015 4
0,001 4

0,0005

0

Function of service time distribution to failure F(t),

months

Service time to failure t, months

@ Static distribution function
——  Theoretical function (model)

Pic. 1. Distribution function of service hours to failure.

Point estimates of parameters obtained by the
formulas (7) and (8), b = 2,2, a = 303 months.

The resulting model of failure of sidewall of

freight car’s bogie of manufacturer plant
t
1-F(t)=F(t)=1-e¢ ‘¥ is shown in Pic. 1.

Now everything is ready to solve this problem —
to determine the remaining service life of the bo-
gie’s sidewall operated without failures for 20
months in which the probability of failure (risk of
failure of sidewall due to fracture or appearance of
a fatigue crack) does not exceed the required
level (1-y), for example, 0,01. We obtain general
analytical expression, i. e., taking into account the
formula (3) we solve the equation (2) with respect
to x:

(9)

As aresult, the formula of the remaining service
life of the bogie’s sidewall, which operated without
failures for time t taking into account the desired
level of risk of its failure (1-y) has a form:

x:b{[gjb—my]aﬁ -t

where yis required probability of the lack of dangerous
failure for the remaining service life.

(10)
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Service time to technical state control t, months

Pic. 2. Change in remaining service life of the sidewall
service as its aging (at a value of y = 0,99).

According to obtained operational data, for
sidewalls produced in 2005, operated without
failures for 20 months, the remaining service life,
during which no failure occurs with the probability
of y = 99% is 21,5 months. After this period it is
required again to take the decision on the amount
of remaining service life of the sidewall, but oper-
ated for 41,5 months, etc. In this case, the process
of operation of bogie’s sidewall appears in suc-
cessive time points, at each of which it is necessary
to estimate the remaining service life with a given
level of risk (1-y). If we assume that the law of
distribution of service hours to failure from the
sidewall does not change over time, the sequence
of control over its technical condition corresponds
to Pic. 2.

Similar relationships can be obtained at any
desired risk levels (1-y) of sidewall fracture or
crack between deep diagnostics, performed at car
repair depots (Pic. 3).

With the help of MATLAB programs was con-
structed a three-dimensional model to support
decision-making about the size of remaining ser-
vice life of the sidewall 2005 year of manufacture,
taking into account the required risk of its failure
(Pic. 4).

The considered algorithm for estimating the
remaining service life can be used for details of
any manufacture year and any manufacturer.

It is worth noting that the task of assessing the
remaining service life of parts is more expedient
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Remaining service life x, months

Pic. 3. Change in remaining
service life of the sidewall
as its aging at different
risk levels (1-y) for the
model of failure Weibull—
GQedenkkoith parameters
b=2,2; a= 303 months.
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0 risk of its failure.

t, months. Service time of a

part to the moment of
technical state control

to be formulated and solved in terms of tonne-ki-
lometers service hours, but the sectoral informa-
tion system does not allow us to collect this kind
of statistical information. At the same time, how-
ever, itis possible already to get information about
service hours of car to failure measured in kilome-
ters run.

Conclusions. The above methods are quite
simple to be used at depots and car-repair facto-
ries. With it it is possible to control the real techni-
cal condition of each car, taking into account the
desired level of risk. In other words, on the basis
of operational information about responsible de-
sign elements using the methods of reliability
theory it is possible to automatically evaluate the
remaining service life of details of a given type and
age.
The proposed method allows at a fundamen-
tally new level to organize the technical mainte-
nance of rolling stock, moving from a planned
strategy for the repairs of the large volume to re-
pair strategies based mainly on the actual techni-
cal condition. In addition, it will substantially in-
crease the efficiency of the system of centralized
accounting of cars by numbers, which is an impor-
tant part of intellectualization of management and
safety control in rail transport sector.
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