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3ACTOCYBAHHSI METOY BAHECA TP OLIHIOBAHHI HA JIMHOCTI
HECYYHUX KOHCTPYKIIHU TEIIJIOBO3IB

“THCTHTYT Mpo6aeM MaTeMaTHuHKX MamyH i cucteM HAH Ykpainu, M. Kuis, Ykpaina

Anomauia. Tennososu cepii YME3 € ocnogow napky manedposux 1okomomusie Ykpainu. Ha cbo200mi
cepeonill mepMiH eKChayamayii yux Mawus cmanosums 35—38 pokie npu 6cmano61eHoOMy HOPMAMUEHO-
My 25 poxie. BionogioHo, wjo npu 00820mpueaniii excniyamayii nocmaioms npoodniemu, nos s3ani He
MINLKU 3 6iOMOBAMU YCMAMKYBANHA, ane Ul 3 8IOMOGAMU HECYUUX KOHCMPYKYit yux mawuH. OCHOGHUMU
cepeo 8i0MO08, AKI CNPUYUHEHT GIMOMOI0 MEMANY, € GUHUKHEHHS MPIWUH N0 KOHMYPY 8EPIMUKATLHO20 TUC-
ma pamu 6i3Ka no 36apHUX 3 EOHAHMAX MA SUHUKHEHHS MPIWUH Y 30HI KDINIeHHA KPOHWUMENHI8 MA208UX
eNeKmpoOBUSYHI8. BusHauenHs makux nowKoOdCeHb GUMA2AE 3HAYHUX 3aMPam ma npocmois pyxomozo
CcKaody, addice 30TUCHUMU AKICHUU KOHMPOLb 00 EKMUBHO20 CIAHY MA NPUOAMHOCTI MONCIUBO BUKOHA-
mu quwie npu NIOHSAMMI Ky308a Meni0603d, 8i0 €OHAHHI 6I3KI6 Ma NOGHOMY ouuweHHI ix 610 Opydy. Taxuil
KOHMPOb 30MUCHIOEMBCSA pa3 y 3 poKU, He 38axcaiouu Ha oOcmagunu. ¥ ybomy naani UmMosipricnuil nioxio
w000 OYIHIOBAHHA CIMAHY HeCy4ux KOHCMPYKYILL Ma NPpOcHO3YBAHHA AK Nepiody KOHMPONIO CIMAHY, MakK i
mepMminy eKkcniyamayii, ompumye ceoi nepesacu. Bin eumacae 3nauno menwiux eumpam i moogxce Oymu
3ACMOCOBanUll 0151 OMPUMAHHI PEKOMEHOAYili w000 8i000pY 3paA3Kie came 015l C8OEYACHO20 KOHMPOIIO,
8PAX0BYIOYU UMOGIPHICb GIOMO8, WO 0A3YEMbCA HA BPAXYBAHHI PI3HO20 pody NOKA3HUKie. Y cmammi
NPONOHYEMbCA BUKOpUcmosygamu memoo batieca, axuti 3natiuios wupoxe 3acmocy8ants 8 meopii Haoiu-
Hocmi. [Ipodemoncmpo8ano, wo GiH 00380J5€ BPAX08Y8AMU UMOBIPHICHI XAPAKMEPUCMUKU Npoyecie ma
VMO8 eKcniyamayii, Ha OCHOBI Y020 MOJICIUBO HAOINbW OOCMOGIPHO CYOUmU npo HAOIHICMb HeCYUUx
KOHCMPYKYill meniogo3ie. 3acmocysasuiu CyMICHO 3 OAUECIBCOKUM IMOBIPHICHO-Di3udHUll MemOo0, ) KO-
MY BUKOPUCTNOBYEMbCA OUPY3IUHO-MOHOMOHHUU PO3NOOLN, 3 ABNAEMbCA MONCIUBICIE OOUUCTIOBAMU Ce-
PeOHill HapobIMOK A0 BIOMOBU MA NPOSHO3YEAMU YaC De3NeyHoi eKChIyamayii 00CHiONCYBaAHOT MeXHIKU.
Kntouosi cnosa: memoo baiieca, iimogipuicms 8i0M06u Hecyuoi KOHCMPYKYIi.

Abstract. Diesel locomotives of the CKD CME3 class are the basis of the fleet of shunting locomotives of
Ukraine. Today, the average service life of these machines is 35-38 years, while the established standard
is 25 years. Accordingly, if the operation is too long, there arise some problems which are associated not
only with equipment failures, but also with failures of the supporting structures of the corresponding
machines. The main failures caused by metal fatigue are the occurrence of cracks along the contour of the
vertical sheet of the bogie frame along the welded joints and the occurrence of cracks in the area of
fastening of the traction motor brackets. Determination of such damages requires significant costs and
downtime of the rolling stock, because quality control of the objective condition and suitability is possible
only when lifting the locomotive body, disconnecting the bogies and completely cleaning them from dirt.
Now such control is carried out every 3 years, regardless of the circumstances. In this regard, the
probabilistic approach to assessing the state of supporting structures and predicting both the period of
condition monitoring and the service life have its advantages. It requires much lower costs and can be
used to obtain recommendations for the selection of samples specifically for timely control, including the
probability of failure, which is based on taking into account various kinds of indicators. The article
proposes to use the Bayesian method which has found wide application in the theory of reliability. It has
been demonstrated that it allows one to take into account the probabilistic characteristics of processes
and operating conditions, on the basis of which it is possible to judge the reliability of load-bearing
structures of diesel locomotives most reliably. Applying the Bayesian method together with the
probabilistic-physical one, which uses a diffusion-monotonic distribution, it becomes possible to calculate
the average operating time before failure and predict the time of safe operation of the equipment under
study.
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1. Beryn

ManeBposi temioBo3u cepii UME3 (YexocoBalbkuii TEIJIOBO3 3 CJIESKTPUYHOIO IEpeaavcio,
MaHEBPOBH, 3-i THI) € OCHOBOIO TIAPKy PyXOMOTO CKJIaay YKp3anizHuill. HopMaTtuBaMil cTpOK
CITyOM X MAaIIMH CTAaHOBUTH 25 POKiB. 3Ba)KaIOUU HA iX 3HAYHUI 3arac MIIIHOCTI Ta HaAIiHO-
CTi, HA CHOTOJIHIIIHIN Yac YNHHUMHU JJOKYMEHTAaMU PErjaMeHTOBaHO Oe3MeuHy eKCILTyaTalliio Te-
IUIOBO3IB JaHoi cepii cTpokoM ciryk0u 10 50 pokiB. 3riiHO 31 CTATUCTUYHUMHM JTAHUMH, 110 MicC-
TATHCS y 3BITI [1], cepeaniii yac excrutyararitii TerioBo3iB Ha 2018 pik craHoBHUTH 38 POKiB, y TOM
JKE€ Jac TMeBHA iX KUTBKICTh Y HalOmmk4i 2—5 poKiB mepeTHe MEXy 4acy ekcruryararii S0 pokis.
OCHOBHOIO Ta HaBa)XJIMBILIOK MPUYUHOIO, Yepe3 sIKy BiJOYBAa€ThCS CIUCAHHS II€1 TEXHIKH, €
HEMOJKJIMBICTh BiATHOBIICHHS BHACIIJOK 3HAYHHUX MOUIKOIKEHb KOHCTPYKIIiT PaMH.

V manuii yac MOCHIIKEHHS PE3EPBHOTO 3aracy eKCIuTyartallii OCHOBHUM YHHOM 0a3yrOTh-
Csl Ha JOCHIJDKEHHSAX MILHOCTI, 11O NMPOBOAATHCS 32 PaXyHOK BHMIpPIOBaHHS Koe(illleHTa Omopy
BTOMHU HECy4HX KOHCTPYKIii. Tomy memoro cmammi € 3aXOIKCHHS aJIbTEPHATHBHHUX IUIAXIB
BU3HAYEHHS pealbHOI'0 PE3ePBHOTO 3aIacy eKCIUIyaTallii, a came OLIbIll JOCTYTHUMHU PO3paxyH-
KOBHUMH Ta MIMOBIPHICHUMH METOAAMH.

2. BuznayenHnsi HMOBipHOCTI BigM0OBH 3a MeToa0M baiieca

VY pasi, KoM € BIIOMUMU YKCJIOBI 3HAYEHHS MapaMeTpiB, [0 BU3HAYAIOTh TEXHIYHHUI CTaH CHC-
TEMH, a TAKOX Ma€ MICLIe HEBEJIMKA KIJIbKICTh BIIMOB (HEJOCTATHS JUIsl TOYHOI OLIIHKHU MTOKA3HU-
KiB HaJIHHOCTI TUIBKM HA MiACTaBi 3a()iKCOBAHUX BIIMOB), MOULIBHUM € CIIJTbHE BUKOPUCTAHHS
CTaTUCTUYHUX 1 HMOBIPHICHO-(P13UYHUX MOJIETICH.

O06’enHaBuM i MOzeNi (BiIMOB Ta 3MiHM MapaMeTpiB) 3a paXyHOK BUKOPHUCTaHHS Oaiie-
CIBCHKOTO METOJY, CTAa€ MOXJIMBUM JOCTOBIpHE OIIHIOBAHHS MOKA3HUKIB HATIHHOCTI TOCTIIKY-
BaHUX cucTeM. AniocTepiopHa (pe3ylbTyro4a) HMOBIPHICTh BU3HAYAETHCS 32 33J]aHOI0 allPiOPHOIO
(BMX1IHOIO) HMOBIPHICTIO BiIMOBH (OIIIHEHOT 32 MOJIEJUTIO 3MIiHHU MapaMeTpiB) i QYHKINE Bipo-
T1iJIHOCTI (BpaXxOBY€ JI0/IaTKOBI BiiMOBH) [2].

®opmyna baiieca 3anucyeTbes K

P(K,/D,)

P(D,/K})=PD) =5

1)

260 P(D,/K;)=P(D))— PK, 7D ,

2. P(D)P(K; /D)

ne | — naHa rimoresa;
S — IOBIIbHA TINIOTE3A;
M — gucio rinores;

D, — niarsos;

P(D, /K J-) — WUMOBIPHICTB JiarHO3y Di MICIIsL TOTO, SIK CTajo0 BiJOMO MPO HAsSBHICTh O3HAKH
Ki (armoctepiopHa HMOBIPHICTB JiarHO3Y);

K j — O3HaKa, IO 3yCTPiYaeThCs MPH TiarHo3i D.;

P(D,) - anpiopHa iiMoBipHicTh miarro3y D, orpumana 3a cratuctnurnmu nasumu (iiMOBi-
pHicTh BuRMKHeHHs o3Haku K; y Bupo6i 3i cranom D ;

P(K j) — MOBHA HMOBIpHiCTH, TO6TO HIMOBipHiCTh BUHMKHEHHS o3Haku K, 1oBiTbHOT 3 Timo-

TEC3.
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Ilpuknao 1. OGunucaIMMO WMOBIPHICTh BIZIMOBH HECY4YOi KOHCTPYKIIIi TEIJIOBO3a 3a TaKUX
yMOB: Npo0ir ckiagae 160 THC. KM, KOPO3ist KOHCTPYKLIi 7 MM, 3pa30K HEe MPOXOIUB MOJIEPHI3a-
11i10, @ HA TOPU3OHTAJILHOMY JIUCTI € O3HAKU TPiluH. HampaiopaHHs TEMI0BO3a HA MOMEHT PO3-
paxyHKy cranoBuTh 10000 roz.

Ha ocHoBi cTtatucTryHO1 iH(GOpMAIIiT 00 BIIMOB HECYUYHUX KOHCTPYKIIIH pamMu JIOKOMO-
TUBIB OTpUMaHa JiarHocTH4Ha Matpuild 3a osHakamu P(K;/D;). 3nauenns P(K;/D,) npen-

crasieHi B Taou. 1, 2.

Tabmuist 1 — JliarHocTH4Ha MaTpULs

Hiarno3 O3Haka
[Tpobir, Tuc. KM Kopo3sist KOHCTpYKLi
Ku K12 Kis K21 K22 K23
0-750 750-150 150-250 1-3 Mm 3-6 MM >6 MM
D1 0,441 0,352 0,207 0,352 0,346 0,302
D2 0,286 0,333 0,382 0,312 0,316 0,372
Tabmuus 2 — [liarnoctuuna Matpuus (IPOIOBKEHHS)
JiarHo3 O3Haka
TpilliuHU Ha KOHCTPYKLIT pamMu MonepHi3zalis
Ka1 Kaz Kss K1 K42 K43
lNopuzonrtansuuii | Kpimienas Tammi bes T3. 248 T3.247
JIUCT JIBUTYHA MoOJIepHi3allii
D1 0,361 0,321 0,318 0,349 0,288 0,363
D2 0,384 0,365 0,251 0,357 0,332 0,311

Po3paxyHOK IMOBIPHOCTI BIIMOBH IPH PO3TJISHYTUX yMOBax OyJeMO MPOBOJUTHU B TaKii
MOCITiTOBHOCTI:

— BU3HAYeHHsI WMOBIPHOCTI O€3BIIMOBHOI pOOOTH B pe3ynbTaTi 0OpOOKH CTAaTHUCTUYHOI
iHopMarrii 3a JIOKOMOTHBAMH, IO BiIMOBHIIH,

— BH3HAYCHHS WMOBIPHOCTI HacTaHHs moaii D (BigMoBH uM 0€3BiIMOBHOT pOOOTH) 32 pi3-
uux o3Hak K. — P(D,/K.).

Ilpuxnao 2. 3aranpHa KiTbKiCTh TetuioBo3iB cepii UME3 cranoButh 1246 ox., cepen Kux
762 3HaxoaaThCs B poOouoMy ctaHi, 484 of1. B Hepobouomy. 3riIHO 3 JOJATKOBOIO CTaTUCTUKOIO,
y HEEKCILUTyaTOBaHOMY MapKy 257 oJl. TEXHIKH BUKIILIN 3 Ja/ly Yepe3 HECTPABHOCTI.

Busnauunsim Bxigai gani N =1246, n(t) =257 Ta 3Bakarouu Ha Te, MO MpPaIE3IaTHICTh
KOHCTPYKIIIi paMu B piBHIH Mip 3aJIGKUTh BiJl TIOIIKO/KEHb SK MMOMEPEYHHX JIUCTIB, TaK 1 MiCIlh
KPITUICHD JIBUTYHA, MOYJIMBO CTBEPKYBATH, 110 WMOBIPHOCTI BUHHUKHEHHS IMX MO/ TTOBUHHI
BHpaxoByBaTHUCs 3a (popmyiioro 2:

(@)
(3)

Ry =10,

Q) =1-R(t),
R(t) =(1246-257)/1246=0,79; Q(t) = 1-0,79=0,21.

BBenemo Taki mepeo3HaueHHs. BiamoBigHO WMOBIpHICTE O€3BIAMOBHOI pOOOTH TO3HAYH-
Mo, sik D, =0,79, a iimoBipHicTs BinmoBy, sk D, =0,21.

3a ¢popmynoro] 3HAXO0IUMO
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P(D, /K,) =021 0,382-0,372-0,384-0,357 | @)
0,79-0,207-0,302-0,361-0,349+0,21-0,382-0,372-0,384 - 0,357

P(D, /K;) =0,409.

Matoun WMOBIPHICTh BiJIMOBH, CTa€ MOXJIMBHM OOYHCIICEHHS CEpEIHHOTO HAPOOITKY 10
BigMOBH (Ha BiMOBY). JIJIsl IBOTO CKOPUCTAEMOCS HMOBIPHICHO-(DI3HYHUM METOJOM, OIHCAHUM
y [3].

OCKUTBKH TIPUPOJYy TAKOTO POAY TOIIKOPKEHb MOXKIUBO ONMUCYBATH AU(Y3IHHIM MOHO-
TOHHHM IPOIIECOM JeTpajiallii i BOHO HE MOXE MAaTH 3BOPOTHOTO XapaKTepy, TOOTO 3HAUYCHHS I1a-
paMmeTpiB, 10 BU3HAYAIOTh TEXHIYHUH CTaH KOHCTPYKIIil, HE MOKPAIIYIOTHCS 1 HAOIMKAIOTHCS 10
IPaHUYHO JIOMMYyCTHUMOI MeXi, 00epeMo 3a 0CHOBY po3paxyHKy DM-po3nonin (nudy3iiauii MOHO-
ToHHU#A posmnoxin) [4]. IpuiiMatoun rimoresy npo DM-posmomin, iHTerpoBaHa (YHKINSI SKOTO
Mae€ BUJI

F(t) = DM (; ,v) = ®

> \/— (5)

2
ne d(z)= ~ T .[exp( v jdu — HOPMOBaHUN HOPMAJIbHUM PO3IIOJILT,;

[ — napamMeTp macmTaly, cepeaHiid HapoOiTOK 10 BiIMOBH;
v — mapameTp ¢hopmu, Koe]illeHT Bapiallli y3araapHEHOTO TPOIeCy JAerpaaarii;
t — cymapHe HampaltoBaHHS.

Omuinka koedimienTa Bapialilii HapamrOBaHHs JOCTIHKYBaHUX KOHCTPYKIIIH paM BU3HAYa-
€TbCA 3TIHO 3 PEKOMEH/IAIIIMU CTaHAAPTY [5]. AHai3 BiAIMOB BUPOOIB MMOKa3aB, 1110 TOJIOBHUMHU
iX IpUYMHAMH € BTOMa METay, TOMY, BIJTIOBITHO IO METOAWKH CTAHAAPTy, OYIKyBaHE 3HAYCHHS
koedimienrta Bapiarii npuiimaerbes piauM vV =0,5. Busnaunmo X (F;v) — BiTHOCHY Benu4yuHy
HarpaIfoBaHHs 3aJ€)KHO BijJ 3HaUY€Hb IMOBIPHOCTI BiMOBH (iHTEerpoBaHO! (DYHKIIT PO3MIOILTY)
F 1 3navens koedimienTa Bapiamii v i3 tabmaune QyHkiiin DM -posnoxiny [4]. ¥V Hamomy Bu-
naaky aas P =0,409 (4) x=0,7879.

Hami, npuiimatoun, mo X=t / Tcp, e TCp — cepeHiil HapoOITOK 10 BiIMOBHU (HA BiMO-
BY), Bu3Hadaemo T, =t /x=38/0,7879=48,22 pokis.

Takum 4MHOM, 32 OTPUMAHUMH JaHUMHU MOKHA 3pOOMTH BUCHOBOK, 1110 TEPMiH €KCILTya-
TaIlil JOCHIHKyBAaHOTO THITY JOKOMOTHBIB HE TOBHHEH NepeBUIITyBaTH 48 pOKiB, MICIIS YOTO CIiJ
BUKOHYBAaTH HOT0 peMOHT a00 MOJEpHI3allil0 IIJISIXOM 3aMiHU BY3JIiB Ha HOBI.

3. BucHoBku

Buxopucranas merony baiieca mpu OIiHIN TEXHIYHOTO CTaHy €KCILUTyaTOBaHOTO (DOHIY MaHEB-
POBHUX TEIJIOBO31B HAJla€ MOXKJIMBICTh aHAJI3yBaTH HAJIMHICTh iX HECYYHX KOHCTPYKLIH, Bpaxo-
BYIOUM pi3HI YMOBH €KCIUTyaTalii. Bu3HauuBIIM MOTOYHUHN CTaH 00JaAHAHHS, MOXKIIMBO CIIPOT-
HO3YBaTH BYacHI pEeMOHTHI 3axoju. /liarHOCTHYHA MaTpHI J03BOJISIE BUSBUTH BIUTUB PI3HUX
YUHHUKIB Ha HAMIMHICTH JOCIIIKYBaHUX 3pa3KiB TEXHIKM 1 BH3HAYUTH HAIMpsSMUA poOIT mIOA0
MiJBUIICHHS 1X Mpare3gaTHocTi. [ miABUIEeHHST JOCKOHAIOCTI aHali3y CTaTUCTUYHI JIaHi, Ha
SAKUX 0a3yeThCs AIarHOCTHYHA MATPHIL, HEOOXITHO aKTyasi3yBaTH y BiOIOBITHOCTI 3 Pi3HUMHU
YMOBaMH €KCILTyaTallii.
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