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Anexcen JEPXABUH
Alexey N. DERZHAVIN

Modeling of Track Technical State when
Operating Time in terms of Tonnage is
Higher than Normative

(TekcT cTatby Ha aHr1. 3. —

English text of the article — p. 175)

B geiicTByrowem rnosioxxeHnu o cucteme
BeneHus nytesBoro xo3arictea OAO
«P)X[» cywjecTByrowe kputepun
Ha3Ha4YeHWUst OCHOBHbIX BULOB PEMOHTa
nyTv He NO3BOJISIOT MPUHUMAaTb
OA4HO3Ha4YHble pPeLueHNs O CPOKax
npeacrosiLmMx peMoHToB. B ctatbe
paccmMmaTpuBaloTCsl MeToauka

v Moaesib, nomMoraioLyme o60CHoOBaTh
BpeMs KarnntasibHOro peMoHTa

C Lesibi0 aKTyanu3aynm npumMeHeHns
npeaycMoTpeHHbIX KpUTepueB

v npoasneHns nepuoaa aKcriyaraymm
nyTu B 30He C HapabOTKOV TOHHaXa
BbILLIE HOPMAaTUBHOIO Ha OCHOBE
NMPOrHo3npoBaHNsI OTKa30B €ro
3JIeMEeHTOB C UCI0JIb30BaHNEeM
pa3paboTaHHOV Mogenu.

KnroueBbie crioBa: xene3Has nopora, rnyTb,
HapaboTka TOHHaxXa, OCTaTO4YHbIN pecypc,
KanuTasibHbIi PEMOHT, YpPaBieHYecKoe
peLueHve, MmateMaTuyeckasi Moaesb.
|
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NPOBJIEMBbI YIIPABJIEEIA

MoaenumpoBaHue TeXHN4eCcKoro
COCTOSIHUA NYTU Npn HapaboTke
TOHHAaXa BbiLLe HOPMaTUBHOIO

Hukonaii KOBAJIEHKO
Nikolay I. KOVALENKO

Jlepycasun Anexceii
Huxoaaeeun — acnupanm
Kageopsl nymu u nymegoeo
xozaiicmea Poccutickoeo
VHUBepCUmema mpaHc-
nopma (MHHT), Mocksa,
Poccus.

Jloicenxo Hukoaaii
Huxoaaeeuu — kanoudam
MEXHUMECKUX HAYK, QOUEeHM
PYT (MUHT), Mocksa,
Poccus.

Koeanenxo Huxoaaii Hea-
HOBUY — OOKMOp MexHuHe-
cKkux Hayk, npogeccop PYT
(MUHT), Mockesa, Poccus.

CcTpaTerMyd Hay4YHO-TEXHUYECKOTO
passutus OAO «Poccuiickue xe-
JIE3HBIE OPOTU» OIpEeIeSIEHbl OpU-

€HTUPbI THHOBALIMOHHOTO pa3BuTus 10 2030

roga. M3 aToii ctpaTerun aBTopaMu BhIOpa-

HBI IBa MoKa3aTeJsl: YBEJIMUCHUE CPOKa

MEXIy KaluTalbHBIMU PEMOHTAMU y4acT-

KOB IIyTHU I10 TE€XHOJOIMU 3aKPBITBIX Mepe-

roHoB 1o 1500 MaH ToHH OpyTTO B 2015

roay u n1o 2500 maH ToHH O6pyTTO B 2030

roay; CHuxeHue K ypoBHio 2012 roma npu-

BEeIEHHOM K OJHOMY IOy CTOMMOCTH XKU3-

HEHHOTrO LIMKJa BEPXHEro CTPOCHUS IyTHU

B 1,3 paza [1]. Ucxons u3 3TOro, B CTaThe

OTBOJMTCSI 0COO0E MECTO MpobJeMe yIpaB-

JIEHUsI TEXHUYECKUM COCTOSIHUEM KeJIe3HO-

JIOPOXKHOIO IyTU B 30HE €ro 3KCIUIyaTallu1

¢ HapabOTKOI TOHHAXa BbIIlIE HOPMATUBHO-

ro 3HAYECHMSI.

HecBoeBpeMeHHOE MpoOBeAcHUE TaKUX
TPYIOEMKMX pabOT, KaK KalTMTaIbHBIN U Cpe/I-
HUI PEMOHTbI, IPUBOIUT K JIOMOJHUTEIbHBIM
3aTpaTaM Ha TeKylllee cojepKaHue IyTh, 100
HEU3MEHHOI OCTa&TCsI 3amaya MoAaepKaHus
€r0 B COCTOSIHMU, TTIO3BOJISIIOLIIMM 00ECIIEYUTh
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Ta0imuna 1

Kpurepuu BbIOOpa YYACTKOB MY TH, MOJIEKAMUX PEKOHCTPYKIMH,
KaNUTAJIbHOMY PEMOHTY HA HOBbIX MaTepuaiax [5]

Kiacc | OcHOBHBIE KpUTEpUM JlononHUTeIbHBIE KPUTEPUU Kputepun YPPAH
nyTh (He MeHee)
Hapa6otka nytu | Onu- KonnyecTBo HETOMHBIX U Ae(DEKTHBIX 3Jie- Yacrora 3arpaThl Ha
B % OT HOp- HOYHBIN | MEHTOB Ha | KM BEPXHETO CTPOEHUS ITyTH, % oTKa- TeKyliee
MaTHUBHOTO BBIXO[ (OT ¥ BbILLE) 30B, LIT. cojiepxa-
pecypca (cpoka | peJibcoB Heroxrbie HeroxHble Yucio BTOI/KM | HUE MyTH,
CITYOBI) ITyTH JepeB. IMabl, | CKPEIUICHUSI, | LA C Bbl- AonA
% % ieckamu, % LBV st
3alUU
1 He menee 100 % |4 u 6onee |15 15 4 0,2 0,5
2 He menee 100 % | 6 1 Gosee | 18 20 5 0,2 0,5
Taomuna 2
Kpurepun BbiOOpa yyacTkoB myTu, nomiexamux [TTTP
Kitacc OCHOBHBIE KPUTEPUU JlomoTHUTEIbHBIE KPUTEPUH
LY KomunuecTBo otcTy- | 3arpsisHéHHOCTH | Heronnbie nepeBsiH- | Llnmans Heronnbie
mienunit TPK 2 ¢, | me6Hs, % mo HbIe IImajbl, % v He | ¢ BBITUIECKA- ckperuteHust, %
IT./KM 1 6oniee macce Oonee mu, % U He boee
U He bosee
1u2 25 10 30 10 3 10
3 30 10 30 15 5 15
4 40 10 30 20 10 20
5 ITo ycMoTpeHMI0 HauaIbHUKA TUCTAHIIUU ITyTH

OecrnepeboiiHOe U Oe30MacHOe ABUXKEHUE
TO0E3I0B C YCTAaHOBJIEHHBIMHA CKOPOCTSIMH.

B cozmaBmimxcst ycinoBusix BocTpeboBaHa
M aKTUBHO TIPUMEHSIETCS CTpAaTeTUs] KOMII-
JIEKCHOTO yITpaBJieHUs HaJIEXKHOCTBIO, Ge30rac-
HOCTBIO, PUCKAaMU 1 PecypcaMi Ha 3KeJIe3HOI0-
poxxroM TpaHcriopte (YPPAH) [1-3]. Haubonee
PacTpoOCTPaHEHHBIN TTOIXOM TPU ITOM 3aKJTIO-
YaeTcsl B COXpaHEHWU HaNEXKHOCTH B TIPOLIecCe
JKCIDTyaTallui TEXHUIECKHUX CUCTEM.

UCCNEOOBAHUE HA OCHOBE
MOAEN

B pamxkax konuenuuu YPPAH Ha puc.1
TIpECTaBIEHa CXeMa YIIPABJICHNS TUTAHNPOBA-
HMEM PEMOHTA ITyTH B 30He C HapaOOTKOMN TOH-
Haka BbIIlIe HOPMaTUBHOIO 3HAYEHUS — YITPaB-
JIEHUS C YYETOM OLIEHKW U MPOTHO3UPOBAHUS
OCTAaTOYHOTO Pecypca IyTEBbIX SJIEMEHTOB.

ITpn MonmenmpoBaHWM TIpoliecca SKCIUTY-
aTallMy TIYTH B UCCIIEAYEMON 30HE PEIIAtoTCs
CJIEIYIOLIVE OCHOBHBIC 33a4M:

1. ITpoayieHue cpoka SKCIUIyaTalluu MmyTH
C YYETOM MPOTHO3UPOBAHUS OCTATOYHOIO

pecypca ero 3JeMeHTOB U Ha3zHauyeHue mpe-
JIEJTbHOTO CPOKa BHITIOJTHEHUSI KAITUTAIbHOTO
pEMOHTa.

2. O60oCcHOBaHUE MPUHSTUS PELLIEHUS TPU
Ha3HAYEHWU PEMOHTOB ITyTH.

B cooTBeTCTBUY C TTOJIOKEHUEM O CUCTEME
BeaeHus nyreBoro xossiiictBa OAO «PAKII»
MIpU Ha3HAYEHUM KaITMTaJIbHOIO peMOHTa
IyTU PYKOBOJCTBYIOTCS KPUTECPUSIMHU, TTPU-
BeIEHHBIMU B Tabuie 1.

Kak BUIHO 13 3TOi TaGINIIBI, HEKOTOPHIE
rmapamMeTpsl (Takue, KaK OJWHOYHBINA BBIXOL
penbcoB, neeKTHBIE CKPETUIEHUS, YUCIIO
IITTAJT C BBITUIECKAMM ) SIBJISTFOTCS CITyJaifHBIMU
BEJIMYMHAMU W HaJIM4KWe OJHOBPEMEHHO MX
BCEX CTAHOBUTCS YCJIOBHMEM BechMa ITpoodJie-
MaTHYHBIM. B pe3ysbrare v osiBisieTcst ocTa-
TOYHBIN pecypc HapaOOTKM TOHHaXa IO OT-
IIeTbHBIM ITapaMeTpaM (3JIeMeHTaM ), KOTOPBIiA
HEO0OXOINMO OLICHUTh M CIIPOTHO3MPOBATh
MpY Ha3HAYCHWHW PEMOHTA ITyTH.

Jlns Gonee LIMPOKOTO MCIOJIb30BaHUS
MOJIENIU T00aBJIsIeTCsI e11€ OAMH MapaMeTp, 3TO
OTCTYIIJICHUE TEOMETPUU PEJIbCOBOU KOJIEU

WUccnepye-
Mble
napameTpbl.
3aKoHbI
pacnpege-
NeHuna

PesynbTat
Moaenmnpo-
BaHMA.
CocToanne
nyt

Mepgoavka
HasHaueHuA
cpoKa
pemoHTa

Mogenb

Puc. 1. Cxema ynpaBneHus
naaHnpoBaHWeM peMoOHTa nyTn
Ha OCHOBe pa3paboTaHHbIX METOANKMN
n moaenu.

Cpok
HasHayeHuA
pemoHTa
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(O003HaY€eHHe U ONUCAHUE MOJIEJIUPYEMBIX COOBITHI

Tabamna 3

Ne

0O6o03Ha-
yeHue
COOBITUI

OrnucaHue coObITUI

OnVHOYHBIN BBIXOJI PEJIbCOB

1 A — OTKa3 peJibCOB He MTPOMU30IIIET

2 A0 — OTKa3 PeJIbCOB IIpou3oLIes, n, < 6 WIT. Ha KM

3 A — OTKA3 PeJIbCOB IPOM30LIE, N, > 6 LIT. HAa KM

OTKa3 3JIEMEHTOB CKPETUIEHU I

4 b — OTKa3 CKPEeIUICHU He TTPOU301LeT

5 B0 — OTKa3 CKpeIieHuii mpousomelt, n; < 736 WIT. Ha KM
6 b — OTKa3 CKPEIIEHUI TPoM301Ie, N > 736 WIT. Ha KM

Yuco mnain ¢ BblTuiecKaMu

7 © — BBIIUIECK TOJ ILTAJION HE MTPOU30LIENT
8 Co — BBITUIECK MOJ IUMATON npousomuies, n, < 92 mit. Ha KM
9 © — BBITUIECK MOJI IIMAJION IPOU30LIES, N, > 92 WIT. Ha KM

Konuuectso orcryruienuit 'PK 2 cr.

10 Ji| — orcrymiieHue 'PK 2 cr. He npousoliiio
11 110 — orcrymieHue 'PK 2 cr. npousouuio, n < 25 1IT. HA KM
12 I — orcryrienue 'PK 2 ct. mpousonio, n, > 25 1IT. Ha KM

(I'PK) 2-i1 crerieHu, T03BOJIsTIONIEE HA3HAYATD
BBIITPABKY ITyTH 10 Ha3HAYEHUST KAIIUTAIbHO-
IO PEMOHTA.

B cooTBeTCTBMM C ITOJIOKEHUEM O CUCTEME
BeJIeHUs ITyTEBOro X03sicTBa [ 5] KputepusiMu
JUIS1 Ha3HAYEHUSI TIaHOBO-IIPEAyIPeaNTe b~
Hoii BeimpaBku (I1I1P) sBistoTcs mapaMeTpsl,
MpUBeNEHHBIC B TAOIMLIE 2.

B pe3sysbrare conocranieHYs: BAPMAHTOB ISk
MOJIEIMPOBAHUS IIPUHST IIEpeYEeHb IIApaMETPOB
IIYTH, XapaKTePU3YIOIIUX €r0 COCTOSIHUE
B OIpeAe/I€HHbIIT MOMEHT BpeMeHU. DTO OIN-
HOYHBIIA BBIXOJI PEJIbCOB, KOJIMYECTBO HETOTHBIX
CKPEIUICHUIA, YUCIIO 1Al C BHIILUIECKAMU, KO-
JymuectBo otctyruienuit 'PK 2-ii crenenu.

151 IpUHATHS PellieHUs] 0 Ha3HAYeHUM
PEMOHTA IyTH MOJAEIUPYETCS CUCTEMA, B KO-
TOpOIi coueTatoTcs 12 COOBITHIA, OTIpeeIsTIo-
LIMX TEXHUYECKOE COCTOSIHME IYTEeBBIX 3JIe-
MEHTOB. MojenpyeMbie COOBITUS U UX 000-
3HA4YeHUs IIPUBEICHBI B TabuLe 3.

[Ipu MoaeIMPOBAaHUM COCTOSIHUI XKeJie3-
HOIOPOKHOTI'O ITyTH IIPUHUMAETCSI, YTO ITOSIB-
JIEHWE COOBITHIT — IeeKT pesibca, BBITIJIECK,
0TKa3 cKperyieHuii, orkiioHnenue I'PK 2-i
CTEIeHN — OJHOBPEMEHHO BO3MOXKHO, I10-
PP

1 z
Puc. 2. Cxema pa6oTsbi f 1

3TOMY CYMTAEM, YTO 3TU IPOCThIC COOBITUSI
COBMECTHBI M HE3aBUCUMBI.

Teneps omnpeneiseM IOJHYIO TPYIITY
CJIOXKHBIX HECOBMECTHBIX COOBITUI TUIIA
A+B+C-]l, Bo BpeMsI KOTOPBIX IIYTh NMPU
9KCIUTyaTalliy [IEPEXOIUT U3 OTHOTO COCTOSI -
HUSI B IpyTOeE.

ITonHag rpyrimna BcexX CIOXHBIX COOBITUM
paBHa N = n* = 3% = 81 u npuBeneHa B Tab-
e 4.

IMpumeuanue: Cymma BceX MPUBEAEHHBIX
CJIOXHBIX COOBITUII paBHA €IMHULIE, TO €CTh
n=81

" Ai+ Bj+Ck+ Am=1.
n=1

ITyTh B mporecce KCIUIyaTallliy YXY/IIIa-
eTCs U MEPEXOMUT U3 OJHOIO0 COCTOSIHUS
B npyroe. OuepénHOoCTh MOSIBJIEHUS COOBITUIA
3aBUCUT OT UHTEHCUBHOCTHU OTKA30B 2JIEMEH -
TOB IYTH.

Ha ocHOBaHUYM KpUTEPUEB, IPUBEAEHHBIX
B Tabnuue 4, KanuTaJlbHbI PEMOHT IOJIKEH
HA3HA4YaThCs MPU IMOSIBIEHUU CIAEAYIOLINX
COOBITUIA:

40. (A B+ C -+ 10) c KOMMIEeCTBOM OTCTYII-
snennit 'PK 2-if crenenn n, < 25 IT. HAa KM.

P,

m
1 1 1

|
anroputma. ! ' i

0
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41. (A*Bb+C-+]I) c KOIUUYECTBOM OTCTYII-
sneHuii I'PK 2-ii crenenu n, > 25 IIT. Ha KM.

42.(A* b+ C - ]l) KonuecTBO OTKJIOHEHU I
I'PK 2-ii crenenn He npousowutio n; =0

BeposiTHOCTH TOSIBICHUSI 3TUX COOBITUI
COOTBETCTBEHHO OYIyT paBHBI:

P,,=P(A)*P(b) + P(C) « P(10);

P, =P(A)*P(b)+P(C)+ P(1);

P, = P(A)+P(b)-P(C)-P(A) =
P(A) * P(B) « P(C) « [1— P([)].

AJITOPUTM MOZAETMPOBAHMS UCCIIETYyEMbIX
rmapaMeTpoB OCHOBaH Ha TeopeMme, KoTopast
TPaKTYeTCsI CJEAYIOIIMM 00pa3oM.

B nos1HoOI rpyrirne HeCOBMECTHBIX CJIOXKHBIX
COOBITHI (COCTOSTHUI ITYyTH ) MOJENbIO CBEPILIC-
HUS COOBITUS A, TIPOUCXO/ISALIETO C BEPOAT-
HocThIo P, aiBjisIeTcs nonananue 3HaueHus X,
Ha oTpe3oK [0, 1] paBHOMepHO pacrpeaeneéH-
HOTrO MHOXECTBa Y M paBHbI P_ uncnosoit
IIKAJTbI,

> Pm=l,
m=1

[JIe N — O0ILIee YMCIIO CJIOKHBIX HECOBMECTHBIX
COOBITHIA; A — CIOXHBIE COOBITHSA TUIA
(A0 = BO « CO « 10); P — BepoATHOCTb
peanu3alnm CIOXHOTO coObITus; X, = (1, T,,
r,, T,) — BEKTOP, COCTOAILMIA U3 Habopa Ciy-
YalHbIX YUCE (T, T, T,, T,), BHIIAHHbBIX TEHe-
paTopoM CIIy4alHbIX YMCEJI U MPUHAIeKA-
mux uaTepsainy [0,1].

Ipacduuecku peanusaruist OHOTO U3 CIOXK-
HBIX COOBITUI BBINJISIIUT, KaK IOKA3aHO Ha
puc. 2.

ITpuHLMI MOIEIMPOBAHUSI TIPEACTaBICH
Ha TIPOCTOM COOBITUM A (HedeKT pesibca),
KOTOPBIM CXeMaTUYECKM IPEACTaBIeH Ha
puc. 3:

* CoObiTre AQ mpou3onaAET ecam Koauue-
cTBO nedekToB Oyzmer n,; < 6.

* CoObITHE A — IPU KOJIMYECTBE 1e(heKTOB
n, >6.

* CoObITHE A, KOTAA HE MPOUCXOIUT HU-
KaKOTO COOBITHSI.

3amnucbiBaeM 0011iee TOKIECTBO, KOTOPOE
XapaKTepHU3YyeT, YTO COOBITHE 00s13aTeIbHO
TTPOUBOMIET.

P(A0) + P(A) + P(A) = 1 wm n, /N +
n,/N+n/N=1

Ipaduyecku 3TO BBIIJISIAUT, KaK ITOKa3aHO
Ha puc. 4.

B nipoiiecce MoaepoBaHUs ITOJTy4atoTCs
3HaUYeHUs BeposATHOCTei coowiTuii: P(AQ) =
n, /N; P(A) =n,/N; P(A) =n,/N.

® MWP TPAHCIMOPTA, Tom 16, N2 1, C. 164—183 (2018)

Puc. 3. MpuHunn mogennpoBaHmus cobbiTusi A.

M

A1 - 1
Fal

M

Flad)

Puc. 4. BeposTHOCTb nosiBeHnsi coobiTus A.

O1ieHKa BEpOSITHOCTH MOSIBIEHUS COOBI-
THSI B MOJIEJIM OLIEHMBAETCSI Yepe3 YaCTOTy —
CTaTUYECKYIO OLICHKY BEPOSITHOCTH:
P(r<R)=n/N,

Ie N — YUCJIO MPOU3OLIEAIINX COOBITHI;
N — 4uKC/I0O TIOBTOPEHUI OIbITa (B MOIENN
npuHsaTo N = 1000).

Ilo pesyabrataM MOIEIMPOBAHUS MOXHO
OMpene/INThb, KAKOe U3 COOBITUI MPOU30MIET
paHblie, a Kakoe mo3xe. [losiBiseTcs: Bo3-
MOXHOCTb Pa3bIrPbIBAaTh CLICHAPUU Ha3HAYe-
HUSI PEMOHTOB IIYTH, TO €CTh UX IIPOTHO3MPO-
Bath [6—8].

3A0A4YU C YYACTUEM MOAEIN

1. [Ipsimas 3amava, orpeneaecHue BEPOsIT-
HOCTU BO3HUKHOBEHUSI OTACJIbHBIX IIPOCTHIX
ucciaenyeMbix coobituii (A, b, C, /1) Ha BbI-
OpaHHOM y4JacTKe ITyTU IIpY 3aJaHHOI Hapa-
00TKe TOHHaxXa (Ie(eKT peabca, 0TKa3 cKpe-
IUICHMIA, TIOSIBJICHUE BBIILJICCKOB, YKCJIO OT-
knoHeHnuii ['PK 2-ii ctenenn) u Kak cieacT-
BME — HaXOXJEeHHME KOJMYECTBA ITUX
OT/IEJIbHBIX COOBITHIA.

2. O6paTHas 3amaya, ornpeaejeHue Hapa-
OOTKM TOHHaXa 110 3aJaHHOM BEJIMYMHE OT-
KAa30B OJTHOT'O 13 COOBITHIA.

HepxaevH A. H., JlbiceHko H. H., KoeaneHko H. U. MogenupoBaHUe TEXHNYECKOro COCTOSIHUS NyTH

npmn Hapaﬁorke TOHHaXa Bbillle HOPMAaTUBHOIo




Zgg'i Ta6mua 4
: IToaHas rpynma cJI0KHBIX COObITHIA
No | O6o3HaueHUE CobbiTHe CobbiTe b CoObiTHe CoobiTre [1
CIIOXHOTO A pou301I0 MPOU30LILIO C npou30muuIo MPOU3OIILIO
cobbiTust na HeT na HeT na HeT na HeT
A0 A A B0 b b C0 C C 10 Jis pil
=}

\\? % =) § i’l'n o % %Iu o lc,\7}| %!:( =
e = I N I S5 I g I
< N S I 2 S I R S &Q =

1 2 3 4 5 6 7 8 9 10 11 12 13 14

1 A0+-B0O-CO-10 |+ + + +

2 A0+<BO-CO-1 |+ + + +

3 AO0*BOCO- |+ + + +

4 A0+BO-C-J10 |+ + + +

5 AOBO-C-O |+ + + +

6 |A0-BO-C-m |+ + + +

7 AO+BO-C-10 |+ + + +

8 AO-BO-C-]1 + + + +

9 AO0<BO-C-1 + + + +

10 |AO<B-CO-10 |+ + + +

11 [A0O<B-CO-11 + + + +

12 |A0<B-CO0-1 + + + +

13 |A0<B-C-0 + + + +

14 |A0<B-C-[ + + + +

15 |A0+B-Ceq |+ + + +

16 |AO<B-C-110 + + + +

17 |A0+B-C-q |+ + + +

18 |A0O-B-C-l |+ + + +

19 |AO<B-CO-d0 |+ + + +

20 |AO<B+CO-J + + + +

21 |AO<B-CO-1 + + + +

22 |AO0<B+C-10 + + + +

23 |A0-B-C-q |+ I n "

24 |A0-B-C-D |+ I n "

25 [A0-B-c-m0 [+ + + [+

26 [A0-B-C-n |+ + + +

27 [A0-B-con [+ + + +

28 |[A+B0+C0+J10 + + + |+ +

29 |A<B0-CO-JT + + + + +

30 [A*B0-CO- + + + + +

31 [A+B0-C-]10 + + + +

32 [A-B0-C-21 + + + +

33 [A-BO-C-I + + + +

34 [A-B0-C-110 + + + |+

35 |ABO-C-]I + n " T

36 [A-B0-C-I + + + "

37 |A*b+C0-10 + + + +

38 |A*b-CO-[ + + + +

39 |A*b-CO-1 + + + +

40 |A<b-C- 10 + + + +

41 |A+B-C+]l + + + +

42 |A+B-C-L + + + +

43 |A<b+C-/10 + + + +
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3. OnpeneneHue BepOSITHOCTH TTOSIBICHUS
COCTOSIHUM TTyTH (CJIOXHBIX COOBITUI THUITA
A*b, A*b+C, A*b+C-]l, cocTogmux u3
TPOCTHIX).

4. Bo3MOXXHOCTb OIpeIe/INTD MOC/IeI0Ba-
TEJIbHOCTD (0YEPEMHOCTD) ITOSIBJICHUS COCTO-
SIHUU TTyTH (IIPOCTHIX M CIOKHBIX COOBITHIA).

5. OnpeneneHne CKOPOCTHU TIepexoaa oji-
HOTO COCTOSIHUSI TIYTU B Apyroe (OJHOTO
CJIOKHOTO COOBITHSI B APYTOE).

6. OmnpezesieHre ONTUMAJIBHOTO CPpOKa
Ha3HAYeHMsI PEMOHTHBIX pabOT Ha BbIOpaH-
HOM y4yacTKe IyTH.

® MWP TPAHCIMOPTA, Tom 16, N2 1, C. 164—183 (2018)

JI1st OLIEHKY COCTOSTHMIA TTyTH B 6a3y uc-
XOIHBIX JaHHBIX BBOASITCS 3aKOHBI pacIpe/e-
JIEHUSI UCCIIEAYeMbIX ITapaMeTPOB.

B paspaborannHoii Ha Kadenpe «IlyTb
1 MyTEBOE XO3SICTBO» MOJIEJH TSI UCCIIEN0-
BaHMS 3aJaHHBIX I1ApaMETPOB MOTYT OBITh
KCIIOJIb30BaHbl HOPMaJIbHBII, SKCIIOHEHLIM-
aJIbHBI M 00OOIIEHHBIN 3aKOHBI pacrpee-
JIeHus1, 3aKoH Beiibymna.

s moslydeHusl 3TUX 3aKOHOB OpailcCh
yce4€HHbIE BEIOOPKM IapaMeTPOB Ha UCCIe-
JIyeMbIil KMJIOMETP U3 IacropTa AUCTaHLIUU
IIyTU Y IyTeU3MEPUTEIbHBIX BATOHOB, 4 TAKXKE

HepxaevH A. H., JlbiceHko H. H., KoeaneHko H. U. MogenupoBaHUe TEXHNYECKOro COCTOSIHUS NyTH

npmn Hapaﬁorke TOHHaXa Bbillle HOPMAaTUBHOIo
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Ta0amna 5

3aKOHbI pacnpeneaeHus HCCIeAYEMbIX MApaAaMETPOB B 3aJAHHOM JUANa30He

Co6bitre | [TapameTpsr Juana3oH nporHo3upoBanus | OyHKIMS pacrpeneaeHust
A Penbebt 782,9 <t<817,1 | (11197
PO
22227
b CkperieHust 782,9 <t<817,1 l[ﬂ)
f t e 211005
( ) 100,5+ /2
C Boiruiecku 782,9 <t<793,224 ] _L[,_m,gjz
f(1)=0,005+ ————e ** !
( ) 15127
793,224 <t<817,1 1( 8189
f(t)=0,01+—e 2[ = )
15,1-~2
I Otkinonenust TPK | 782,9 <t<798,096 118065
2-ii CT. f(t)=0 05+; AT
7T 11,0627
798,096 < t<817,1 1 R
1)=0,075+————e 2 1106
7(0) "11,06V27
0,7
0,675 / /
0,65 ff 3 \1/
0,625 /
0.6 30Ha 4 ‘T
0,575 Nporko3upoeaHua i L
0,55 y 7 o
0,525
0,5 ! ,J’
“oss L=
0,425 s /j’! 822,08
04 7] [
0,375 2 y’__,-—' 7
0,35
0,325 e
03 il 792 096! | / 837,376
: 798, I/ 7
0,275 1
0,25 * // -
0,225
0,2 /{ //
o ot/
’ W
0,1023 793,22 = 1
0,075 Ll _Zo
0,05 /——
0,025 4, ]
4] e T
02 & 3 R 8 § 88 8 & g 8 8 F & 3
2 f R R & & F 8 5 § & 5 8 o 8§ 3

HapaboTka, MAH T

Puc. 5. Pacnpenenenus nccnenyemsix napameTpoB B Anana3oHe nporHo3umpoBaHuns: 1— pacnpeaenexHne
OTKa30B pesibCoB; 2 — pacnpenesieHne oTka3oB ckpenneHnii Tuna Kb; 3 — pacnpeaeneHune BbiniecKoB;

4 — pacnpege.

i FPK 2-ii cteneHun.

nHbOpMaIUs U3 HAyYHBIX TTeYaTHBIX UCTOY-
HUKOB.

[Tpu MonmeMpoBaHUM MCCIIETyeMbIX TTapa-
METPOB B 3alaHHOM Juara3oHe HapabOoTKu
TIOJTyYeHbI 3aKOHBI pacIipe/ie/IeHn i, KOTopble
MPUBEACHBI B TAOIULIE 5.

® MWP TPAHCIMOPTA, Tom 16, N2 1, C. 164-183 (2018)

OTKIJIC

Ha puc. 5 mokazanbl rpadvku 3aKOHOB
pacripeneieHust BRIOpaHHBIX TApaMeTPOB IS
131 xmromeTpa HampaBieHuss MockBa—Ps-
3aHb.

ITporHo3upoBaHue OTKAa30B MPUBENEHHBIX
B TabJMIle 5 TTapaMeTPOB OCYIIECTBISIeTCS

AepxaeuvH A. H., JleiceHko H. H., KoeaneHko H. U. MoaenupoeaHue TEXHNYECKOro COCTOSHUSA NyTHU

npmn Hapa60'n(e TOHHaXa BbiLllle HOPMAaTUBHOIo



Tabauna 6
Pe3ynbsraT Mo MpoBaHMs MPOCTHIX OAMHOYHBIX COObITHI THNA A, B, C, /I

CobGbiTHE Bepost- CobbiTHE Bepost- CobbiTHE Bepost- CobObITHE Bepost-
HOCTb HOCTh HOCTh HOCTh
A 0,9280 B 0,6440 © 1,0000 Jill 0,9860
A0 0,072 BO 0,2000 CO0 0 110 0,0140
A 0 B 0,3560 © 0 Jill 0
Ta6mauma 7

Pe3yabraT MoaemMpoBaHus BceX CIOKHBIX coObITHIl TmAa Ai® bie Cie [Ti
(BEPOSATHOCTD MOSIBJIEHHS CJI0ZKHOTO COOBITHS)

Ne | CobbiTue 3HaueHue | Ne CobbITHE 3HaueHue | Ne CoObITHE 3HaueHue
Pi Pi Pi
1 AebeCe]l 0,4828 28 AQebeCe]] 0,0314 55 A*b-C-1 0
2 AebeCe]Jl0 0,0721 29 AOebeCeJ10 |0,0047 56 A*b-C-J10 0
3 A*b-C-J1 0 30 AQ0+B-C-J1 0 57 A*b+C-]] 0
4 A*b-C0-1 0 31 A0+B-CO-A |0 58 A*b-CO-1 0
5 A+*b-CO-00 (O 32 AO+B-C0-10 |0 59 A+b+CO0-J0 0
6 A*B5-CO-[1 0 33 A0+B-CO-a |0 60 A*B+CO-J1 0
7 |A+B-C-I 0 34 |[A0+B-C- |0 61 |A*B-C+] 0
8 A*b-C-]10 0 35 AQ<B-C-J10 |0 62 A*b-C-J10 0
9 A*b-C- 1 0 36 AQ0+B-C- 1 0 63 A*b+C-]] 0
10 |Aeb0eCe]l 0,1634 37 AOeB0eCeJ] |0,0106 64 A*B0-C-] 0
11 |Aeb0eCeJI0 |[0,0244 38 AOeB0eCe/I0 |0,0016 65 A+B0-C-J10 0
12 |A*B0-C-J1 0 39 A0+BO-C-1 |0 66 A*B0-C-]J1 0
13 |A*B0-CO-4A |0 40 A0+B0-CO-4 |0 67 A*B0-CO- 11 0
14 |A-B0-CO-10 |0 41 A0-B0-CO0-/10|0 68 A<B0-CO-J10 |0
15 |A+<BO-CO-[d |0 42 A0<B0-CO-J] |0 69 A<B0-CO-[] 0
16 [A-B0-C- 0 43 A0+BO-C-A |0 70 A*B0-C-] 0
17 |A+*B0-C-10 |0 44 A0+B0-C-210 |0 71 A+B0-C-J10 0
18 |A+*BO0-C-[1 0 45 A0+BO-C-1 |0 72 A*B0-C- 11 0
19 |AebeCe]l 0,3341 46 AQeBeCeJl 0,0217 73 A*Bb-C 1 0
20 |[AebeCe]/I0 0,0499 47 AQebeCeJ10 |0,0032 74 A+B-C-J10 0
21 [A<Bb-C-] 0 48 AO0+Bb-C-J1 0 75 A*b-C-]] 0
22 [A*b-CO-J 0 49 A0B+CO-d |0 76 A*b-C0-1 0
23 |A*b-CO-JJ0 |0 50 AO+B-CO0-10 |0 77 A+b+CO0-J10 0
24 |A*b-CO0-[ 0 51 AO0+B-CO-1 |0 78 A*B-CO-[1 0
25 [(A*b-C 1 0 52 A0+B-C-J 0 79 A*b-C-1 0
26 |A<b-C-J10 0 53 AO0+B-C-10 |0 80 A+*B-C-J10 0
27 |A*B:C+J 0 54 |A0-B-C-Od |0 81 |A*B+C+J 0
Tabumna 8
B JIMara3oHe HapaGoTKu TOHHaxa 782,9 <t IIpenebHble 3HAYEHUS BEPOATHOCTH
<817,1 (MH T). TOSIBJIEHHS! IPOCTOTO COOBITHSI
Toukamu Ha puc. 5 TOKa3aHbl IPEAEIbHBIC
3HAYEeHMS HApabOTKM TOHHAXa OTAETbHBIX Colermit i%%“;::gi?ge S
MapaMeTpoB, MPH KOTOPBIX MO0 HOPMATHBaM
JOJDKEH HA3HAYAThCSI PEMOHT ITyTH. A P,,=0,075
Kak BuaHO U3 puc. 6, mosBieHNE BCEX |p P =02
OIHOBPEMEHHO (ITPY OAMHAKOBOM HapaboT- o
Ke) TpeleNbHBIX 3HaYeHuit mapameTpoB |C Pe = 0,05
MaJIoBEPOSATHO, MO3TOMY aBTOPaMM Mpejuia- | i P, =025

racTcd METOO ONPEACICHNA Ha3HAYCHUA

® MWP TPAHCIMOPTA, Tom 16, N2 1, C. 164—183 (2018)

HepxaevH A. H., JlbiceHko H. H., KoeaneHko H. U. MogenupoBaHUe TEXHNYECKOro COCTOSIHUS NyTH
npu HapaboTKe TOHHaXa BbilLle HOPMAaTUBHOIO




Ta0anma 9

IIpenenbHbie 3HAYEHNS AUATOHAJIEH N-MEPHOTO MPOCTPAHCTBA (KPUTEPHH)

OnHoOMepHOe JIByxmepHoe mpocTpaHcTBO | TpéxMepHOe MpoCTPaHCTBO YeTbIpEXMEepHOE TPOCTPAHCTBO
TIPOCTPAHCTBO
P=P/Py=1 |p —JPP+P2? =2 |p,= VPP +P2+P3 =3 |p = PP +PP+P3+P4 =2
P,=Py/Py=1 |p —JPP+P3® =2 |p =P’ +PP+P4 =3
P,=Pc/Py=1 |p = JPP+P4 =\2 |p_ =~P2+P3+P4 =3
P=Pi/Pu=1 |p =NP2+P3 =\2 |p,=JPE+PP+P# =3

p,= VP2 +P4 =2

P, = VP¥ +P4 =2

Tabmmma 10
3Hauenus: IMaroHaieii BEKTOPHOTO MPOCTPAHCTBA
Ne CobbiTHe 3HaueHue Ne Co0ObITHE 3HaueHue
28 A0+<B-C-11 1

2 A*b-C-J10 1 29 AO+<B-C-J10 1,41
10 A+<B0-C-11 1 37 A0+<BO-C-11 1,41
11 A+B0-C-J10 1,41 38 A0+BO-C- 110 1,73
19 Ab-C-11 1,78 46 AO0<B-C-11 2,04
20 A+*B-C-J10 2,04 47 A0+<B-C-J10 2,27

KaIlMTaJIbHOTO PEMOHTA ITyTH TP HapabOoTKe
TOHHAaXXa BBIIIIE MPEeTbHOIO HOPMAaTUBHOTO
3HAYECHMSI.

B rabnuiax 6 1 7 mpuBeaeHbI PE3YJIBTAThI
MOJICJIMPOBAHUS UCCIIENYeMbIX ITapaMeTPOB
Mpu HapaboTKe TOHHaxa 782,9 MJIH T s
131 xm HanpaBiaeHust MockBa—Psi3aHb.

W3 tabuniibl 6 BUAHO, YTO COOBITHE A TIPU
3alaHHOM HapabOTKe TOHHaXa He JOCTUIJIO
CBOETO IPeNebHOIO0 HOPMAaTUBHOTO 3HAYe-
Hua P, =0,075.

CoOwiTue b mepelmarnyno npeneabHoOe
3HayeHHe BepOSTHOCTH BeJInmuKHoii P, = 0,356
>0,2.

CoObiTue C He MPOU30IILI0, MTO3TOMY
P.=0.

CoO6pbiTre I He JOCTUTIO CBOETO Mpeeib-
HOT0 HOPMATHBHOTO 3HAUYEHMUS Pn = 0,25
U paBHO P210 =0,014.

[Ipu nccienoBaHUM HEOOXOAMMO ITOHSITh,
B KaKOM COCTOSIHUM OYIEeT HaXOAMThCS ITyTh
TIpY 3aIJaHHOI HapabOTKe TOHHAXa, ISl 3TO-
IO MPOU3BOIUTCSI MOACINPOBAHUE CIIOXHBIX
cooprtuit Tuna A, * b, C, » I (cM. Tabnuity 7).

Hanee mpeacTOUT ONpeaeanuTb, KakKue U3
3TUX COOBITUI (COCTOSTHUI TTyTH) SIBISIIOTCS
npeneJbHbIMU, TO €CTh HauboJiee MOaX0/s-
UMY TIpU Ha3HAYEHUU PEMOHTA MyTU, U
clenaTh 3TO CIAeAyeT, BbIOpaB OTBevyarolne
LIEJISIM OLICHOYHBIE KPUTEPUH.

51 OMTMHOYHBIX COOBITUI TMpenebHbIe
HOpPMAaTUBHbIE 3HAYEHUS BEPOSITHOCTU TO-
SIBJICHUST KaXKI0T0 U3 HUX MIPUBEACHBI B Ta0-
e 8.

s HOpMUPOBaHUS U TTOTYYEHUS KpUTe-
pUEB OLIEHKY BBEJAEM MOHSATUE HOPMUPOBAH-
HOI BEPOSITHOCTU, KOTOpasl BbIpaxkaeTcs st
KaXJI0ro MPOCTOr0 COOBITUS CIEAYIOIIUM
obpaszoMm:

PI = PA / PAO; Pz = PB / Pso; P3 - Pc / Pco;
P,=P, / e

CyuTtaeMm, 4YTO U3 MEPEUYMNCICHHBIX BEKTO-
POB MOXXHO MOCTPOUTH YETHIPEXMEPHOE
MPOCTPAHCTBO (B OOIIEM ciyyae n — Ipo-
CTPAHCTBO CO CBOECH MEPOI MO KaxKA0M OCH),
B KOTOPOM 3a KPUTEPUU MPUHUMAIOTCS
npenejbHble 3HAYEHUS JUaroHanaeir n-mep-
HOTO MPOCTPAHCTRA.

® MWP TPAHCIMOPTA, Tom 16, N2 1, C. 164-183 (2018)

AepxaeuvH A. H., JleiceHko H. H., KoeaneHko H. U. MoaenupoeaHue TEXHNYECKOro COCTOSHUSA NyTHU

npu HapaboTKe TOHHaXa BbILLIE HOPMATUBHOIO



3HaYeHns: MATEMATHYECKHX OXKMIAHMI

Ta6imna 11

No Co0biTHE Mar. oxunganue Ne Co0ObITHE Mar. oxunanue
Mi Mi
28 A0*b-C-]1 0,1
2 A<b-C-J10 0,0721 29 AQ-b-C-J10 0,007
10 A*B0-C-1 0,163 37 A0-B0-C- 1 0,015
11 A+B0-C-J10 0,034 38 A0-B0-C-J10 0,003
19 Ab-C-]J1 1,78 46 A0*B-C-]1 0,04
20 A*b-C-J10 0,07 47 A0+B+C-J10 0,007
Ta0umuna 12
Hpe,[le.]'lbﬂble 3HAYCHUSA HapaﬁOTKI/l TOHHA2KA /I UCCJICAYEMBIX IIAPAMETPOB
CobbITHst [penenvHas HOpMaTUBHAas IpenenpHas pacuéTHas HapaboTKa
BEPOATHOCTb, P, ToHHaxa, T, (MIH T)
A (OTKa3 peJibCoB) P, =0,075 T,,=799,32
o cenpbmoro nedekra P,,,=0,0875 T,, = 817,10
b (oTKa3 ckperieHuit) Py, =0,2 Ty, =731,58
P.,,=04 Ty, = 790,87
C (KOJI. BBITIJIECKOB) P,,=0,05 T, =793,32
I (kon. otkin. TPK 2 c1.) P, =0,025 1= 798,096

J1s1 paccMaTprBaeMOro Ctydast Ipeie/IbHbIe
3HAYEHUSI AMaroHasei MpuBeaeHbI B Ta0uLe 9.

OrnpenensieM BeJIMYMHY UaroHajeil BeK-
TOPHOTO TPOCTPAHCTBA JUISI UX CPAaBHUTE/Ib-
HOM olleHKU. BeruuciaenHsie as 131 kv He-
HyJIEBble 3HAYCHUS TUaroHajieil TPUBEICHbBI
B Tabauue 10.

B kauecTBe KpuTepus 1is1 BIOOpa COOBI-
TUSI TIPUHUMAETCSI MaKCUMaJIbHOE 3HaYeHUe
MaTeMaTUIeCKOTO OXKUIaHMS, KOTOPOE OIpe-
nensercd 1o popmyie [6]:

m
Mi = ZPi * Xi,
n=1
rae Xi — 3HaueHue BeKTopa, Pi — BeposTHOCTD
€ro MOSIBJICHUSI.

BbrunciieHHbIe MaTeMaTUYECKUE OXKUIa-
HUS COOBITUIA CBeJeHBI B Ta0MIy 11.

W3 nosrydeHHbBIX pe3yJIbTaToOB CJICIYET, YTO
npu Hapa®OOTKe TOHHAaXa BEIMYUHOU
782,9 MITH T IOJIZKHO TTPOU30iTH coObIThE No 19
(A*b+C-]l), HAa KOTOPOE CTOUT OOPATUTH
0co00e BHMMaHUE, ITOCKOJIbKY MaTeMaThye-
CKOE OXXMIaHKE 3TOTO COOBITHS UMEET MAKCH -
MaJsibHOe 3HaueHre M, = 1,78. BeposiTHOCTb
€ro IosiBJIeHus cocrasiser P = 35,6 %.

® MWP TPAHCIMOPTA, Tom 16, N2 1, C. 164—183 (2018)

Jlajee MOXHO OTMETHUTb, YTO TTPOU3OIILIO
TOJBKO OJHO MpocToe codbiTue b (oTKas
CKPETUIEHHUS), BEPOATHOCTL KoTOporo P, =
0,356 1 KOoTOpOE MPEBBICUIIO TIpeAeIbHOE
HopMaTHBHOe 3HayeHue Py = 0,2.

W3 c10KHBIX COOBITHI MMeJIo MecTo Ne 20
(A*b+C-J10), y KoTOpOro MmareMaTHUueCKoe
oxunanue cocrapisier M ; = 0,07, a Beposr-
HOCTb ero nosiBjieHust P =5 %.

[Tocne ompenesieHUsT U OLIEHKU COCTOSI-
HUSI, B KOTOPOE ITyTh ITOMaJl MpU 3adaHHOI
HapabOTKe TOHHaXa, Ha BEIOpAHHOM KHJIO-
MeTpe HEOOXOIMMO Ha3HAYUTh CPOK BBITOJI-
HEeHUs peMoHTa. JIJIs1 9Toro aBTopaMu mpe-
JIOXKeHa METOJMKa Ha3HAYeHUsT KalTuTaJIbHO-
ro peMOHTa MyTHU IpU HapabOTKe TOHHAaXa
BBIIIIE HOPMATUBHOTO 3HAYCHMUSI.

METOAUKA HASHAYEHUA PEMOHTA

Jl1s1 Havana cliefiyeT BbIOpaTh QUana3oH
MPOTHO3MPOBAHUST U OTPEACTUTh 3aKOHbI
pacripeeieHusT UCCAeIyeMbIX MapaMeTpoB,
JUTSI TOTO BOCIIOJIb3yeMCS pUC. 6, rae moKa-
3aHbl pacrpenejeHus: mapaMeTpoB B 3aaH-
HOM Juara3oHe HapabOTKU M yKa3aHbI Mpe-
JIENTIbHBIE TOYKHU, B KOTOPBIX TPEOYETCS ITPOU3-

HepxaevH A. H., JlbiceHko H. H., KoeaneHko H. U. MogenupoBaHUe TEXHNYECKOro COCTOSIHUS NyTH
npu HapaboTKe TOHHaXa BbilLle HOPMAaTUBHOIO




@ Pa= 0,085
ts = 26,23
Ps=04
3
tc=2378
Pc=0,05
ta=19,0
Pa = 0,025
tp=7915
256
817,1

Puc. 6. Cxema pacyéra.

BOAUThH PEMOHT 3JIEMEHTOB IYTH IS TIUKBU-
JALMY BO3HUKAIOIIUX OTKA30B.

B kauyecTBe 6a30BOro pacrnpeaeieHus
MpUHUMAaETCs paclpeaelieHue 0TKa30B
penbcoB (TTosiBIeHNE N1e(PEKTOB), 1 IIpeaeIb-
HYIO BEPOSITHOCTb (IIpU KOTOPOU IOJIKEH
3aMEHSIThCS BECh KUJIOMETP IIJIETH ) OTpaXka-
er BenimunHa P, = 0,075.

B cooTBeTCTBMM ¢ HOPMATHBHBIM 3HAYe-
HUEM KUJIOMETP IUIETU 3aMEHSIETCS IIPU BO3-
HUKHOBEHMU B HEM OoJiee mecTn neeKTOB.
HapaboTka ToHHaXa JJI 3TOTO KOJIW4YeCcTBa
nedekToB cocranisieT 799,32 MuTH T.

OmnpenensieM HapabOOTKY TOHHAXKa J0 O~
SIBJICHUSI CJIEAYIOILETro ceabMoro aedexra.
BennunHa HapaOOTKM TOHHaXKa AJsl HETO
OyneT coctaBiITh 817,1 MITH T.

HaznaueHue KanmuTajabHOrO PEMOHTa Ha
5TOM KUJIOMETPE CJIeAYeT IIPOBECTHU [0 MOSIB-
JIEHMSI CeIbMOTO Ae(heKTa, [I03TOMY 3a IMHUIO
oTcuéra 0epéTcs rpaHnIIa HapaOOTKM TOHHA-
xa 817,1 muiH 1. Jlanee HaxoasATCs TIpeIe/ibHbIe
3HA4YeHUsI HapabOTOK IJIsI OCTAJbHBIX Iapa-
MeTpoB. OHU TIpUBeIEHBI B TadMie 12.

CpoK Ha3HAYEHUSI PEMOHTA IyTH OIIpe/ie-
JiseTcst 1o popmyite [6]:

o ZPi -'n"

>
rae Pi — mpenenbHas HopMaTUBHAS BEPOSIT-

HocTb; Ti — npeaeabHasa pacu€THass HapaboT-
Ka TOHHAaXa.

Takum obpa3om, 3a 6a3y OTCUETA TIPUHU -
MaeTcst 001ast HapaboTKa TOHHAaXa:
T,,=817,1 MiHT.

tAA= 0; t, = 817,1-790,87 = 26,23 (MaH T);
t.=817,1-793,32 = 23,78 (MJIH T);
t, = 817, 1-798,096 = 19 (MaH T);
>Pi=0,4+0,05+0,025 = 0,475.

OTHOCHUTEbHBIA CPOK Ha3HAYCHUSI pe-
MOHTA:

T, =(0,4+26,23+0,05+23,78+0,025+ 19)
/0,457 = 25,6 (MJIH T).

Cpok Ha3zHayeHUd 110 0o0IIeil HapaboTKe
TOHHAaXa COCTABUT:

T, = 817,1-25,6 = 791,5 (MiH T).

Ipaduuecku cxema pacuéra rmokasaHa Ha
puc. 6.

BbIBO,

ITpu axcrnyaTaluy BBIOpaHHOTO KMJIOME-
Tpa B Auana3oHe HapaOOTKM TOHHaxa 782,9 <
t <817,1 (MJIH T) B COOTBETCTBUM C PacCMO-
TPEHHON METOAMKOM CJIEAYET HAa3HAYMUTh Ka-

MMUTATBHBINA PEMOHT IPU HapabOTKe TOHHAXA
t,= 791,5 (MaH T).

JINTEPATYPA

1. KoHuenius KOMIUIEKCHOTO YIPaBJIEHUS HalEX-
HOCTBIO, PUCKaMU, CTOMMOCTBIO XMU3HEHHOTO LIMKJIa Ha
XKelle3HoZopoXHOM TpaHcropte. YPPAH. YtB. OAO
«PX» 31.07.2010 n..— M., 2010.— 132 c.

2. 3ambinisieB A. M. ABToMaTH3alus MpoLecCcoB
KOMILIIEKCHOTO YITPaBJICHUsI TEXHUYECKUM COfIEpXKaHIEM
MHOPACTPYKTYPHI KeJIe3HOMOPOKHOTO TpaHCIopTa /
[uc... noK. TexH. HayK.— M., 2013.— 328 c.

3. Patra A. Maintenance Decision Support Models for
Railway Infrastructure using RAMS & LCC Analyses,
Division of Operation and Maintenance Engineering, Lule
University of Technology, 2007.

4. PatraA. RAMS and LCC in Rail Track Maintenance,
Division of Operation and Maintenance Engineering, Lule
University of Technology, 2009.

5. [MonoxeHue o cucteMe BeIeHHUsI IyTEeBOTO XO3sTii-
ctBa OAO «Poccuiickue Xeje3Hbie 1oporu». YT8. OAO
«PXK» 31.12.2015..— M., 2015.— 93 c.

6. Moncuk B. B., CkpbIHHHKOB A. A. BeposiTHOCTB
M CTaTUCTHKA: Yueb. mocodbue.— M.: BUHOM. JlaGopa-
Topus 3HaHmii, 2011.— 381 c.

7.Kan O. C., Ku6syn A. M. 3agaun croxacTuyecko-
TO TIPOTPaMMUPOBAHUS C BEPOSITHOCTHBIMU KPUTEPUSI-
mu.— M.: ®usmariur, 2009.— 372 c.

8. bycnenko H. 1. MonenupoBaHue CIOXKHBIX CHC-
TeM.— M.: Hayka, 1978.— 399 c. [ ]

KooppaunHatel aBTopoB: AepxaBuH A. H.- +7 (499) 972-14-96,
JibiceHko H. H.- lysenko-pph@rambler.ru, Koanenko H. U.—- kni50@mail.ru.

Crtatbsa noctynuna B pegakumio 02.10.2017, npuHaTa k nyénvkauum 25.12.2017.

KonnekTtue aBTOpOB GnarogapvuT 4OKTOpPa TEXHUYECKUX HayK, npodeccopa kadenpbi BaroHOB U
BaroHHoro xo3gaiictea Poccuiickoro yHmeepcurteTta Tpaicnopta C. B. Becnanbko 3a oka3aHHYI0
nomoLub B pa3paboTke NporpamMmbl K MOAENU AJIF OLLEHKN COCTOSIHUS XKeJIe3SHOAO0POXHOro NyTH.

® MUP TPAHCMNOPTA, Tom 16, N2 1, C. 164-183 (2018)

AepxaeuvH A. H., JleiceHko H. H., KoeaneHko H. U. MoaenupoeaHue TEXHNYECKOro COCTOSHUSA NyTHU

NP1 HapaboTKe TOHHaXa Bbillie HOPMaTUBHOIO



MODELING OF TRACK TECHNICAL STATE WHEN OPERATING TIME IN TERMS
OF TONNAGE IS HIGHER THAN NORMATIVE
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Lysenko, Nikolay N., Russian University of Transport, Moscow, Russia.
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ABSTRACT

In the current provision on the system of track
management of JSC Russian Railways, the existing
criteria for assignment of main types of repair of the track
do not allow making unequivocal decisions on timing of
future repairs. The article discusses a methodology and
model that helps to justify the time of overhaul in order

to actualize the application of the specified criteria and
extend the period of operation of the track in the zone of
track sections where tonnage of transported goods has
exceeded the standard cumulated value, requiring thus
maintenece works (called operating time in terms of
tonnage). This methodology is based on forecasting of
failures of its elements using the developed model.

Keywords: railway, track, mean tonnage value, mean time between overhauls, residual resource, overhaul,

management decision, mathematical model.

Background. In the strategy of scientific and
technological development of JSC Russian Railways
the guidelines for innovative development have
been defined until 2030. From this strategy, the
authors selected two indicators: an increase in the
time between capital repairs of sections of the track
using closed-haul technology to 1500 million gross
tons in 2015 and 2500 million tons gross in 2030;
reduction (as compared to 2012 basic year) one
year cost of life cycle of the track superstructure by
1,3 times [1]. Proceeding from this, in the article a
special place is given to a problem of management
of a technical condition of a railway track in a zone
of its operation with operating time in terms of
tonnage (or simply operating time of tonnage)
above normative value.

The untimely carrying out of such labor-intensive
works as overhaul and average repairs leads to
additional costs for current maintenance of the track,
because the problem remains to maintain it in a state
that allows uninterrupted and safe movement of trains
with established speeds.

Under the existing conditions, the strategy of
integrated management of reliability, safety, risks and
resources in rail transport (URRAN) is in demand and
is actively applied [1-3]. The most common approach

is to maintain reliability in the operation of technical
systems.

Objective. The objective of the authors is to
consider modeling of track technical state if operating
time of tonnage is higher than normative.

Methods. The authors use general scientific and
engineering methods, comparative analysis, evaluation
approach, mathematical apparatus.

Results.

Model-based research

Within the framework of the URRAN concept in
Pic. 1a control scheme for planning the repair of a track
in a zone with operating time of tonnage above the
normative value is presented, taking into account
estimation and forecasting of the residual life of track
elements.

In modeling the process of operating the track in the
zone under study, the following main tasks are solved:

1. Extension of the track lifetime, taking into account
forecasting of the residual life of its elements and
designation of a deadline for completion of overhaul.

2. Justification of decision-making when assigning
track repairs.

In accordance with the Regulations on the
Track Maintenance System of JSC Russian
Railways when assigning overhaul of the track it is

Table 1
Criteria for selecting track sections to be reconstructed, overhauled on new materials [5]
Track | Main criteria Additional criteria URRAN criteria
class (not less than)
Operating time of track | Single Number of unsuitable and defective Frequency | Costs for
in % of the normative output of | elements per 1 km of the track of failures, |current
resource (lifetime) of rails superstructure, % (from and above) number maintenance
the track Defective | Defective Number per year/ | of the track,
wooden fastenings, % | of sleepers | KM share of
sleepers, % with depreciation
splashes, %
1 Not less than 100 % 4 and 15 15 4 0,2 0,5
more
2 Not less than 100 % 6 and 18 20 5 0,2 0,5
more
Explored Result of Methods of
. . . Term of
parameters. modeling. designating -
Model ) assignment
Laws of Track the repair of repair
distribution condition period p

Pic. 1. The scheme for managing the planning of track repair based on the developed methodology and model.
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Table 2

Criteria for choosing the track sections subject to RPC

Class Main criteria Additional criteria
ofatrack | Number of Pollution of rubble, | Unsuitable wooden | Sleepers with Unsuitable
deviations of GRT % by weight sleepers, % splashes, % and fastenings, %
2 degree, pcs/km and no more than | no more than and no more
and more than
land?2 25 up to 30 10 3 10
3 30 up to 30 15 5 15
4 40 up to 30 20 10 20
5 At the discretion of the head of track maintenance department
Table 3
Designation and description of modeled events
No. Designation of | Description of events
events
Single output of rails
1 A — rail failure did not occur
2 A0 — rail failure occurred, n, <6 pcs per km
3 A — rail failure occurred, n, > 6 pcs per km
Failure of fastenings elements
4 B — failure of fastenings did not occur
5 BO — failure of fastenings occurred, n, < 736 pcs per km
6 B — failure of fastenings occurred, n, > 736 pcs per km
Number of sleepers with splashes
7 (& — splash under the sleeper did not occur
8 CO0 — splash under the sleeper occurred, n. <92 pcs per km
9 @ — splash under the sleeper occurred, n,. > 92 pcs per km
Number of deviations of GRT 2" degree
lo D — deviation of GRT 2" degree did not occur
11 DO — deviation of GRT 2" degree occurred, n, < 25 pes per km
12 D — deviation of GRT 2 degree occurred, n;, > 25 pcs per km

necessary to be guided by the criteria given in
Table 1.

As can be seen from Table 1, some parameters
(such as a single output of rails, defective fastenings,
number of sleepers with splashes) are random
variables and fulfillment of all of them simultaneously
is a very problematic condition. As a result, there is a
residual resource of operating time of tonnage by
separate parameters (elements), which must be
estimated and predicted when assigning track repair.

For a wider use of the model, one more parameter
is added, this is a deviation of the geometry of the rail
track (GRT) of the 2™ degree, which allows assigning
the track alignment to the assignment of overhaul.

In accordance with the provision on the system of
track maintenance [5], the criteria for assigning a
regular preventive correction (RPC) are the
parameters given in Table 2

As a result of comparison of options for modeling,
a list of track parameters characterizing its state at a
certain point in time was adopted. This is a single
output of rails, the number of unsuitable fastenings,
the number of sleepers with splashes, the number of
deviations of GRT 2" degree.

Forthe decision to assign repair of the track, a system
is simulated, in which 12 events that determine the
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technical state of the track elements are combined. The
modeled events and their notation are shown in Table 3.

When modeling railway track conditions, it is
assumed that the occurrence of events — rail defect,
splash, failure of fastenings, deviation of GRT 2™
degree — is simultaneously possible, therefore we
believe that these simple events are joint and
independent.

Now we define a complete group of complex
incompatible events of the type A+-B-C-D, during
which the track passes from one state to another
during operation.

The total group of all complex events is N = n* =
34=81 and is shown in Table 4.

The track in the process of operation deteriorates
and passes from one state to another. The order of
occurrence of events depends on the failure rate of
the track elements.

Based on the criteria in Table 4, overhaul should
be scheduled when the following events occur:

40. (A-B-C-D0) with the number of deviations of
GRT 2" degree n, < 25 pcs per km.

41. (A-B-C-D) with the number of deviations of
GRT 2" degree n, > 25 pcs per km.

42.(A-B-C-D), the number of deviations of GRT
2 degree did not occurn, =0
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Pic. 2. Scheme of the algorithm.

N =1000

no

A
Pic. 3. The principle of modeling the event A.

The probability of occurrence of these events will
accordingly be equal to:

P,,=P(A)+P(B)+-P(C)-P(DO);

P, =P(A):P(B)-P(C)-P(D);

P,=P(A)-P(B)-P(C)-A(D)=P(A)-F(B)-P(C)-[1-
P(D)].
The algorithm for modeling the parameters under
study is based on a theorem, which is interpreted as
follows.

In the complete group of incompatible complex
events (track states), the model of occurrence of the
event A occurring with the probability P is the hit of
the value of X, on the interval [0, 1] of the uniformly
distributed setyand equalto P, of the numerical scale,

Zn:Pm =ik
m=1

oF 1
0,675 |
0,65 +
0,625 +

6575 -
055 4

Forecasting zone

)

B = 1
R4

[

Flag)

Pic. 4. The probability of occurrence of the event A.

where n is the total number of complex incompatible
events; A are complex events of the type
(A0-B0-CO0-DO0); P is the probability of a complex
event; X,=(r, r, r, r,)— is a vector consisting of a
set of random numbers (r, r,, r, r,), issued by the
random number generator and belonging to the
interval [0, 1].

Graphically, implementation of one of the complex
events looks as shown in Pic. 2.

The principle of modeling is shown on a simple
event A (rail defect), which is schematically
represented in Pic. 3:

+ Event AO occurs if the number of defects is
n,,<6.

+ Event A - if the number of defects is n, > 6.

« Event A, when no event occurs.

We write down the general identity that
characterizes that the event will necessarily occur.

a4

0,525 -

04Ty <
045 +
0425 -

BATS
035 4
0325

0275 |
= 025

273
—>

Sons 4

© o475 +
815
Qo !
o o014
oa7s

0025 -

-_—-"

s = 2 z &% & g &
‘SRR EEEE TR RS

3

8163

BILATE
334
8412

Operating time, min tons

Pic. 5. Distributions of the parameters under study in the forecasting range:
1- distribution of rail failure; 2 — distribution of failures of fastenings of KB type; 3 — distribution of splashes;
4 - distribution of deviations of GRT 2nd degree.
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Zg;i Table 4
it Complete group of complex events
“ Neo | Designation ofa | Event A occurred Event B occurred Event C occurred Event D occurred
complex event yes no yes no yes no yes no
A0 A A BO B B C0 C C DO |D D
© P4 E %L: N % & %
V< V|< =] Vcn \ﬁ =] vu :o =] V!:\ C:Q =]
S olg % g g (% & |4 |% & (¥ |
(=) O (=} S ©~ a S (=)} =] S N =]
1 2 3 4 5 6 7 8 9 10 11 12 13 14
1 |A0<B0O-CO-D0O |+ + + +
2 [A0<BO0-COD |+ S + +
3 |[A0*B0-COD |+ o + +
4 |A0+<BO-C-DO |+ + + +
5 |A0<BO0+<C+D + + + +
6 |[A0<BO-C+D + + + +
7 |A0<BO0-C+D0 |+ + + +
8 |[A0<BO-C-D + + + +
9 |A0-BO-C-+D + + + +
10 [AO*B-CO-D0O |+ + + +
11 [A0OB-CO0-D + + + +
12 [A0O<B-CO-D + + + +
13 |A0+<B-C-D0 + + + +
14 |[AO*B-C-D + + + +
15 |[A0O+*B-C+D + o + +
16 |A0+<B-C+D0 + + + +
17 |[AO*B+C+D + + + +
18 |AO*B+C+D + + + +
19 [A0O<B-CO-D0O |+ + + +
20 [AO<B-CO+D + + + +
21 [A0<B-CO0-D + + + +
22 [A0+B-C-D0 + + + +
23 [A0*B-C-+D + + + +
24 |A0*B-C-+D + + + +
25 [A0*B-C-D0 + + + +
26 [A0*B-C-+D + + + +
27 |A0*B+C-+D + + + +
28 [A+B0-C0-D0O + S + + +
29 [A*B0-CO+D + + + + +
30 [A*B0-CO+D + + + + +
31 [A*B0-C-D0 + + + +
32 |A*B0+C+D + + + +
33 [A*B0-C-D + + + +
34 [A+B0-C-DO + + + +
35 [A*B0-C+D + + + +
36 [A*B0-C+D + + + +
37 |A*B-C0-DO0 + + + +
38 [A*B-CO0-D + + + +
39 [A*B-CO0-D + + + +
40 |A+<B-C-D0 + + + +
41 |A+*B<C+D + o + +
42 |A*B*C+D + + + +
43 |A+*B-C-D0 + + + +
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44 [(AB-C-D + + + +

45 [A*B-C-D + + + +
46 |A<B-C0-DO + + E +

47 |A*B+C0<D + + + +

48 |A*B+CO0*D + + + +
49 [A*B-C-DO + + + +

50 |A*B+<C-+D + + + +

51 |A*B+<C+D + + + +
52 |A*B+<C-+D0O + + + +

53 |A*B+C-+D + + + +

54 |A*B+C-+D + + + +
55 |A<B0-C0-DO0 + + + +

56 [A*B0<CO-D + + + +

57 |A*B0-CO0-D + + + +
58 |A*B0-C-DO0O + + + +

59 |A*B0-C-D + + + +

60 [A*B0O-C-+D + + + +
61 |A+B0-C+D0 + + + +

62 |A*B0-C-+D + + + +

63 |A*B0<C+D + + + +
64 |A*B+C0+DO + + + +

65 |A*B<CO0+D + + + +

66 |A*B<CO0+D + + + +
67 |A*B+C+DO0O + + + +

68 |A*B<C+D + + + +

69 |A*B-C+D + + + +
70 |A*B+C-+D0 + + + +

71 |A*B+C+D + + + +

72 [A*B+C+D + + + +
73 |A+<B+C0+DO0 + + + +

74 |A*B+<C0*D + + + +

75 |A*B+<C0D + + + +
76 [A*B-C-+D0 + + + +

77 |A*B+<C-+D + + + +

78 |A*B+<C-+D + + + +
79 |A*B+C-+D0O + + + +

80 |A*B+C-+D + + + +

81 |A*B+<C-+D + + + +

n=81

Note: The sum of all the complex events given is equal to one, that is ) Ai*Bj*Ck+Dm = 1.

P(A0) +P(A)+P(A)=1orn, /N+n,/N+n,/N=1.

It looks graphically, as shown in Pic. 4.

During the modeling, the probability values of the
events are obtained: P(AO) = n, /N; P(A) =n,/N;
P(A)=n/N.

Estimating the probability of occurrence of an
event in a model is estimated through frequency — a
static probability estimate:

P(r<R)=n/N,

where n—number of events that occurred; N —number
of repetitions of the experiment (in the model it is
assumed that N = 1000).

Based on the modeling results, it is possible to
determine which of the events will occur earlier, and
which later. There is an opportunity to play scenarios
for assigning track repairs, that is, to predict them
[6-8].

n=l

Tasks engaging the model

1. Direct task, determination of the probability of
occurrence of individual simple events under study (A,
B, C, D) on a selected track section at a predetermined
operating time of tonnage (rail defect fastening failure,
occurrence of splash, the number of deviations of GRT
2 degree) and as a consequence - finding the number
of these individual events.

2. The inverse problem, the determination of
operating time of tonnage by the given value of failure
of one of the events.

3. Determination of the probability of occurrence
of track states (complex events of the type A-B,
A-B-C, A-B-C-D, consisting of simple ones).

4. The ability to determine the sequence of
emergence of track states (simple and complex
events).
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Table 5
The laws of distribution of the parameters under study in a given range
Event | Parameters Forecasting range Distribution function
A Rails 782,9 <t<817,1 - 1 %{172121219)2
f(1)= 22002
B Fastenings 782,9 <t<817,1 1 71.[@]2
f(t) — 2 1005
100,527
C Splashes 782,9 <t<793,224 0005 | 7%‘[,‘13513;,9)2
f(1)=0, +715’1.me
793,224 < t<817,1 ool | %{,ﬁjpf
f(1)=0, +15,1.\/Ze
D gel:{\/}agirgrés of 782,9 <t<798,096 1 _% "iﬁ?&s »
egree f(t)=0,05+m
798,096 <t<817,1 1 _%_(1—1:1?56.7 2
) =005+ e o
Table 6
The result of modeling of simple single events of type A, B, C, D
Event Probability | Event Probability | Event Probability | Event Probability
A 0,9280 B 0,6440 C 1,0000 D 0,9860
A0 0,072 BO 0,2000 C0 0 DO 0,0140
A 0 B 0,3560 C 0 D 0

5. Determination of speed of transition of one
track state to another (one complex event to another).

6. Determination of the optimal time for assignment
of repair work on the selected track section.

To estimate track conditions, the laws of
distribution of the investigated parameters are
introduced into the database of initial data.

Inthe model developed at the department of Track
and Track Facilities, normal, exponential and general
distribution laws, the Weibull law, can be used to study
the specified parameters.

To obtain these laws, we took truncated samples
of parameters for the kilometer under study from the
passport of the track maintenance section and track-
measuring cars, as well as information from scientific
printed sources.

When modeling the parameters under study in a
given range of operating time, the distribution laws
are obtained, which are given in Table 5.

Pic. 5 shows the graphs of the distribution laws of
the selected parameters for 131 kilometers of the
Moscow-Ryazan direction.

Forecasting of failures of the parameters given in
Table 5 is carried out in the range of operating time of
tonnage 782,9<t<817,1 (million tons).

The points in Pic. 5 shows the limiting values of
operating time of tonnage of individual parameters,
under which the repair of track should be assigned
according to the regulations.

As can be seen from Pic. 6, the emergence of
the same (with the same operating time) limiting
values of the parameters is unlikely, therefore, the
authors propose a method for determining the
assignment of overhaul of the track when operating
time of tonnage is above the limiting normative
value.

Tables 6 and 7 show the results of modeling the
parameters under study with operating time of
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tonnage of 782,9 million tons for 131 km of the
Moscow-Ryazan direction.

From Table 6 it can be seen that event A for a given
operating time of tonnage has not reached its limiting
normative value P,= 0,075.

Event B overstepped the limiting value of
probability with the value P,= 0,356 > 0,2.

Event C did not occur, so P, = 0.

Event D did not reach its limiting normative value
P,=0,25and is equal to P,,=0,014.

During the research, itis necessary to understand
the state in which the track will be for a given operating
time of tonnage, for this, modeling of complex events
ofthe type A,*B,-C,* D, (see Table 7) is made.

Next, it is necessary to determine which of these
events (track states) are the limiting ones, thatis, the
most appropriate ones for the purpose of repairing
the track, for which criteria should be chosen for their
evaluation.

For single events, the limiting normative values of
the probability of occurrence of each of them are
given in Table 8.

To normalize and obtain evaluation criteria, we
introduce the concept of a normalized probability,
which is expressed for each simple event as follows:

P =P,/ Py P,=Py/ Py Py=Pc/ Py
P4 = PD/ PDO'

We consider that it is possible to construct four-
dimensional space from these vectors(in the general
case, nis a space with its own measure on each axis),
in which the limiting values of the diagonals of the
n-dimensional space are taken as criteria.

For the case under consideration, the limiting
values of the diagonals are given in Table 9.

We determine the value of diagonals of a vector
space for their comparative estimation. The non-zero
values of the diagonals calculated for 131 km are
given in Table 10.

0"
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Table 7
The result of modeling all complex events of the type Ai® Bie Cie Di
(probability of occurrence of a complex event)

No Event Value of Pi | No. | Event Value of Pi | No. |Event })/glue of
i
1 AeBeCeD 0,4828 28 |A0eBeCeD 0,0314 55 |A+*B+C+D 0
2 AeBeCeD0 0,0721 29 |AOeBeCeD0 0,0047 56 |A+*B<C-+D0 0
3 A+*B+C+D 0 30 |AO<B+C+D 0 57 |A+*B<C+D 0
4 A*B-C0<D |0 31 |A0<B+C0+D 0 58 |A+*B+C0+D 0
5 A+*B-C0-DO |0 32 |A0<B+C0<D0O |0 59 |A+B+C0+D0 0
6 A+*B+C0*D 0 33 |A0<B+C0*D 0 60 |A+*B<CO0<D 0
7 A*B-C+D 0 34 |A0-B-C+D 0 61 A+*B+C+D 0
8 A+*B-C+D0 0 35 |A0<B+C-+D0 0 62 |A+*B+C-D0 0
9 A*B+C+D 0 36 |A0O<B+C+D 0 63 |A*B-C+D 0
10 AeBOeCeD 0,1634 37 |AOeBO0eCeD 0,0106 64 |A*B0-C+D 0
11 AeBOeCeD0 |0,0244 38 |AOeBO0eCeDO |0,0016 65 |A+*B0-C-D0 0
12 A+*B0<C+*D 0 39 |A0-B0<C-D 0 66 |A*B0<C+D 0
13 A+*B0-CO-D |0 40 |A0<BO-CO+D |0 67 |A+*B0<CO0<D 0
14 A+*B0-CO-DO |0 41 |A0<B0-CO0+-DO |0 68 |A+*B0<CO0-DO |0
15 A+*B0-CO-D |0 42 |A0<B0-CO+D |0 69 |A+*B0<CO-D 0
16 A+*B0-C+D 0 43 |A0<BO-C-D 0 70 |A+B0<C+D 0
17 A+*B0-C-DO0 |0 44 |A0<BO-C-DO |0 71 A+B0-C+D0 0
18 A+*B0-C+D 0 45 |A0<BO-C-D 0 72 |A+*B0<C+D 0
19 AeBeCeD 0,3341 46 |AOeBeCeD 0,0217 73 |A*B+C+-D 0
20 AeBeCeD0 0,0499 47 |AOeBeCeD0 0,0032 74 |A+*B<C+D0 0
21 A+*B+C+D 0 48 |A0*B-C-D 0 75 |A+*B+C+D 0
22 A*B-C0<D |0 49 |A0<B-CO-D 0 76 |A*B+C0*D 0
23 A+*B<C0-DO |0 50 |A0<B<C0+<DO |0 77  |A+B+C0+D0 0
24 A+*B+C0*D 0 51 |A0<B+C0+D 0 78 |A*B<C0*D 0
25 A*B-C+D 0 52 |A0<B+C+D 0 79 |A+*B+C+D 0
26 A+*B+C+D0 0 53 |A0<B-C-+D0 0 80 |A+*B<C-+D0 0
27 A+*B+C+D 0 54 |A0<B+C+D 0 81 A*B+C+D 0
As a criterion for choosing an event, the Table 8

maximum value of the mathematical expectation is 1 jmiting values for probability of occurrence
taken, which is determined by the formula [6]:

. of a simple event
Mi = ZIP i Xi, Events Normative limiting value of probability
where Xi  value of the vector, Pi — probability of its | > P, =0,075
emergence. B P, =02
The calculated mathematical expectations of | P =0,05
events are summarized in Table 11. N PC“ SovE
From the results obtained, it follows that when Do >

operating time of tonnage is 782,9 million tons, event
Ne 19 (A-B-C-D)should occur, which should be
noted, since the mathematical expectation of this
event has a maximum value of M ;= 1,78. The
probability of its occurrence is P = 35,6 %.

Further, it can be noted that there was only one
simple event B (failure of fastening), the probability
of which was P, = 0,356 and which exceeded the
limiting normative value P, = 0,2.

Of complex events, the event N 20 (A-B+C-+D0)
took place, in which the mathematical expectation is
M., = 0,07, and the probability of its occurrence is
P=5%.

After determining and assessing the track state
in which it fell at a given operating time of tonnage, it
is necessary to designate the period for performing
the repair at the selected kilometer. For this purpose,
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Table 9

Limiting values of diagonals of n-dimensional space (criteria)

One-dimensional | Two-dimensional space | Three-dimensional space Four-dimensional space
space
P =P,/P,=1 |P,=VPP+P2 =V2 [P =VPP+P2+P3 =\3 |P  =VPP+P2+PF+P¥=2
P,=P /P, =1 |p =VPI’+P3 =\2 P>+ P3?+ P4 =3
P.=P./P,=1 |P,=VPP+P4 =\2 [P =\P2+P3¥+P4 =3
P,=P,/P,=1 [P =VP2+P¥=\2 |P, =VPP+P2+P4 =3
P, =VP2 +P4 =2
P, =VP3 +P4 =\2
Table 10

Values of diagonals of a vector space

No Event Value No. Event Value
28 A0+-B-C*D 1
2 A*B+-C-+DO 1 29 A0-B-C-D0 1,41
10 A*B0-C*D 1 37 A0+B0<C+D 1,41
11 A*B0-C*D0 1,41 38 A0+B0+C-D0 1,73
19 A*B+C+D 1,78 46 A0+*B+C+D 2,04
20 A*B-C-D0O 2,04 47 A0+B-C-D0 2,27
Table 11

Values of mathematical expectations
No Event Mathematical No. Event Mathematical

expectation Mi expectation Mi

28 A0+B-C+D 0,1

2 A*B+-C-D0 0,0721 29 A0+B-C+D0 0,007
10 A*B0-C+D 0,163 37 A0+BO-C+D 0,015
11 A*B0-C-+DO0 0,034 38 A0+B0-C-D0 0,003
19 A*B:C-D 1,78 46 A0+B-C+D 0,04
20 A*B+C-D0O 0,07 47 A0+B-C+D0 0,007

the authors propose a technique for assigning
overhaul of the track when operating time of tonnage
is in excess of the normative value.

Method of assignment of repair

First it is necessary to choose the forecasting
range and determine the distribution laws of the
parameters under study, for this we use Pic. 6, which
shows the distribution of parameters in a given range
of operating time and indicates the limiting points in
which it is required to repair the track elements to
eliminate the resulting failures.

The distribution of rail failure (the appearance of
defects) is accepted as the basic distribution, and the
value of P,, = 0,075 reflects the limiting probability

(at which the entire kilometer of the strings is to be
replaced).

In accordance with the normative value, the
kilometer of the strings is replaced when more than
six defects appear init. The operating time of tonnage
for this number of defects is 799,32 million tons.

We determine the operating time of tonnage
before the appearance of the next seventh defect.
The value of tonnage for it will be 817, 1 million tons.

The assignment of overhaul at this kilometer long
section should be made before the appearance of
the seventh defect, therefore the boundary of
operating time of tonnage 817, 1 million tons is taken
for the reference line. Further limiting values for the
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Table 12

Limiting values of operating time of tonnage for the parameters under study

Event Limiting normative probability, P. | Limiting estimated operating time
of tonnage, T, (mIn tons)
A (rail failure) P,,=0,075 a0 =799,32
Up to the seventh defect P,,,= 0,0875 T,, =817,10
B (failure of fastenings) P, =0,2 Ty, =731,58
P,,=04 T, =790,87
C (number of splashes) P.,=0,05 T, =793,32
D (number of deviations P,,=0,025 Ty, =798,096
of GRT 2" degree)

remaining parameters are found. They are listed in
Table 12.

The term of assignment of repair of the track is
determined by the formula [6]:

ZP: ti
SPi’
where Pi — limiting normative probability; Ti — limiting
estimated operating time of tonnage.

Thus, for the reference frame, the total operating

time oftonnage T,,,=817,1 min tons is taken.
=0, t,=817,1-790,87 = 26,23 (min tons); t, =
817 1 793 32 =23,78 (min tons);
=817,1-798,096 =19 (min tons); XPi =
0, 4+O 05+0,025 = 0,475.

Relative period of assignment of repair:

T,=(0,4-26,23+0,05-23,78+0,025:19) / 0,457 =
25,6 (min tons).

The term of assignment for total operating time
of tonnage will be:

T,.=817,1-25,6 =791,5(min tons).

Graphically the calculation scheme is shown in
Pic. 6.

Conclusion. When operating the selected
kilometer long section in the range of operating time
oftonnage 782,9<t<817,1(min tons), in accordance
with the considered methodology, overhaul should be
assigned for operating time of tonnage t = 791,5
(min tons).

The team of authors thanks D.Sc. (Eng), professor
of the department of Cars and Cars Facilities of
Russian University of Transport S. B. Bespalko for the
assistance in developing the software of the model
for assessing the state of the railway track.
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