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OCKOBCKHI1 METPOIIOJIMTEH OCTaeT-
Cs1 OTHMM 13 CaMbIX BBICOKO-Harpy-
JKEHHBIX TPAHCIIOPTHBIX MPEAIPH -
artuii mupa. [TocTogHHO pactyiiue moTpeo-
HOCTHU B MepPEeBO3Kax MOATAJKMBAIOT K paLy-

PaccmoTpeHbl BOnpochl
aBToMarmnsaunu coctasnieHns rpa¢puka OHAJIBHOMY HMCIIOJIB30BAHNIO PECYPCOB
060pOoTa 3NeKTPONoABMKHOro coctasa (B YaCTHOCTH, SHEPTOMOIIHOCTEH MapKa

MeTponosinTeHa, opraHn3aumy  TOIBIXHOTO COCTaBa), COBEPLICHCTBOBAHUIO
OTAEeJIbHbIX ero 3Tanos. ONUcaH  opranu3auny MIAHUPOBAHUS IBUXEHUS
anropuTM aBTOMaT3NPOBAHHOIO 116 1OTIOE3IOB.

HasHa4eHus TeXHn1eCckoro CoriacHO npaBuiaM TeXHUYECKOM DKCILTY-
o6cnyxnBaHus MNOABMKHOIO COCTaBa "

nepeoro 06béma. Onpegenenpr  ATAUMH OCHOBOI OPraHU3AIMY IBUXEHMS 110-

aTpubyTsl IMHUM, OKa3biBaioWwme  C3LOB SIBISICTCS [UIAHOBBIN rpadyK ABIKCHIS

B/usiHMe Ha peanun3saumio anroputma, (I1T]1), o6benunstommii paboty Beex noapase-

Ha npumepe MockoBsckoro nenuii metponioautera [1]. dns cozpanms [T,

MEeTpPOornoJINTeHa.  HeoOXOAMMO OIPEISIUTh €T0 COCTABHBIEC BJie-

MEHTbI, B UMCJIO KOTOPBIX BXOAUT Ipaduk 000-

pota (I'O) monBrzxHOTrO cocTapa. I[pacduk 060-

poTa — 3TO IUIaH pabOThI AIEKTPOIOABIKHOIO

Kmiouesbie cnosa: metporonuter, —cocTasa (3I1C), To ectb rpaduk mposeneHus

3/1eKTPONOABUXHON cOocTas, OCMOTPOB U PEMOHTOB, a TAKXe HOUHOM pac-

TEeXHOJIorn4eckuii npouecc, craHoBku MapuipyToB [5]. CocraBnenue 'O

aBTomMatn3aums, niaHoBbIvi rpaduk i T Tpedyet 06pabOTKM GOJBILION0 00beMa

ABUXEHNS, rpapnk 000pOTa.  yydopMaliu, MOCTYMAIONIEH U3 PA3TUIHBIX
S C/YKO MCTDOTIONMTEHA.

® MWP TPAHCIOPTA, Tom N2 4, C. 154-165 (2015)
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Tporiece noxroTosKH
HCXOTBIX TaHHBIX U1
cocrapnerms TTTJL

Buibop

pexinon
BEICHIIA TI0€310B 110

‘neperomam

Puc. 1. Cxema TexHOIOrn4eckoro npouyecca.

ITpennaraemasi cTaTbsl KacaeTcsl TOJBHKO
YaCTH CTOSIIIIUX 32 BCEM 3TUM 3a/1ay — aBTO-
MaTHU3alMU COCTaBJeHUs rpaduka obopoTa
MOABMKHOTO cocTaBa. [Ipoliecc MoaroToBKM
TaKoro rpaduKa BKJIOYaeT B ce0sl HECKOJIbKO
9TaroB;

— cOOp M aHaM3 JaHHBIX, SBISIOMIAXCS
ncxomHbMU 11 moctpoeHust IO u T

— COCTaBJIEHUE MPEABAPUTETLHOTO Bapy-
aHTa (3cKM3a, MakeTa, mporotumna) I'O;

— moauduxkaumio I'O B ipoliecce cocTaB-
nenwms TTT.

® MWP TPAHCIOPTA, Tom 13, N2 4, C. 154165 (2015)

PaCCMOTpI/IM KaXAbliA U3 3TUX 2TAIOB
JC€TaJIbHO.

1.

HauHeM ¢ TexHOJIOrMYecKOro 3Tara coopa
M aHaJlu3a UCXOMHBIX TaHHBIX. Jlnarpamma
3TOTO MPOoliecca, BRIOTHEHHAST C UCTIOJIh30Ba-
HueM Hotauun EPC (Event-driven Process
Chain — coObITHITHAS TIETIOUKA ITPOIIECCOB) [2],
ObLTa TIOCTpOEHA B 3JIEKTPOHHOM BHIe. OHa
(hopmanmzyer npotiecc, onrchiBaeT MHOOpMa-
LIMOHHBIE TTOTOKH, MO3BOJISIET ONPEACIUTD

Cupopenko B.T., CadppoHor A. U., Pununyerko K. M. ABToMmaTn3auns nnaHUpoBaHusa pa6otbl AMC
MEeTpPOonoNIuTEHA




Puc. 2. Mpumep
nosiHoro rpagpu4eckoro
onucaHusl.

A
ApTOomMaTH3H-
POBaHHOM CHCTEMbI
SHEPrOOMNTH-
MaJlbHBIX pacyeToB
(ACDP)

MHOXECTBA 33/1eiCTBOBAHHBIX B IIPOLIECCE JIUIT
1 HEOOXOIMMBIX M TSI pEIIICHUST ITOCTaBJICH-
HBIX 3a1a4 MHCTpYyMeHTOB. C hopMann3oBaH-
HOI OCHOBOI YTOOHO paboTaTh, paccMaTpuBast
e€ Ha pa3HbIX YPOBHSIX JAeTalU3AIUU. YKPYII-
HEeHHas auarpaMma (cxema) IpeacTaBiieHa
Ha puc. 1. B BeIOpaHHOI1 HOTaUUX ABa TUMAa
5JIEMEHTOB: COOBITHS 1 (DYHKIIWM.

DyHKIMU — aKTUBHBIE 2JIEMEHTBI, 000-
3HAYaIoIINe JEHCTBYS, BHITIOJHSIEMbIC B Te-
YeHUe HEKOTOPOro MPOMEXYTKa BPEMEHHU.
O0pa3oM (pYyHKUMM Ha AUarpaMme siBJISIETCS
MPSIMOYTOJIBHUK C 3aKPYTJIEHHBIMU YIJIaMU.
DyHKIMS MOXKET OBITh JEKOMITO3MPOBAHa.

CoOBbITHEM BBICTYIIAET COCTOSTHUE, KOTO-
poe BCTpevaeTcs Iepe Uiu rmocie hyHKIUH,
OHO (DUKCHPYET 3HAUYCHUST OMpPEaeIEHHBIX
IapaMeTpoOB B OIpeleIeHHbIII MOMEHT Bpe-
MeHu. OO0pa3oM COOBITUS Ha AUarpaMme
0003HaveH 1IecTUyroibHuK. [TogooHbIe Tua-
rpaMMBbl BCera TOJKHBI HAYMHATBCST C COOBI-
THSI ¥ 3aKaHUYMBAThCSI COOBITHUEM.

DyHKIMY U COOBITUST COSAMHSIIOTCS B TI0-
TOK YITpaBJIeHUsI, 3a1al0IINI1 UM XPOHOJIOTH -
YECKYIO TTOC/IeI0BATEIbHOCTh U JIOTUYECKYIO
B3aMOCBSI3b.

[Iporiecc, peann3yoiinii TOTOK yIpaBiie-
HUSI, MOXET OBITh HE TOJbKO JIMHEWHBIM,
HO M coliepXaTbh BETBJIEHUs pa3HOTO Poja.
B TakoMm ciiyyae (pyHKLIMU 1 COOBITUS CBSI3bI-
BalOTCS HE TIPU TTOMOIIM PEOEp, a MOCPEaCT-
BOM JIOTUYECKOTO COCAMHUTENST — JIEMEHTa
yIIpaBJIeHUS, OMPEAeIIONnIero BeTBICHUE
TTOTOKA YIIPaBJIEHUsI B 3aBUCUMOCTH OT 3aBep-
LIEHUS BBINOJHEHU QYHKLMN UM BOSHUK-
HoBeHUs1 coobiTuii. Ha puc. 1 ucrojib3oBaHbI
CJeIyIoNIre JOTUIeCKe COeAMHUTETH (B3a-
UMOCBSI3N):

— ctporag au3bloHK1IMs (XOR) o3Hayvaer,
YTO MOCJIE 3aBepPIIEHMS BBITOTHEHUS (PYHK-
LIMU IPOU30MIET TOJBKO OTHO U3 COOBITHIA;

— KOHBIOHKUMS (A) MOXET UMETh OJHO
M3 IBYX 3HaUYEHUIi: a) BETBJIEHUE O3HAYaeT,

® MUP TPAHCIOPTA, Tom

,N24,C.

Hnxenep
TEXHHYECKOTO OT/e/a

Jlannbie THHEHT
METPONOHTEHA 1
9JICKTPOIIOABHKHOTO
cocTapa, BpeMeHa XoJ1a

110 [IEPEroHaMm 2

Pekumbl BeeHust
TI0E3/10B 110 TIEPEroHaM

YTO MOTOK yMPaBJIEHMS IETUTCS Ha IIOATIOTO-
KM, KOTOpBIE 3aITyCKaIOTCs OJHOBPEMEHHO
U TIapajiesibHO; 0) 00beIMHEHNEe O3HAYaerT,
YTO MOAITOTOKY YIIPABJIEHUSI CHHXPOHU3UPY -
FOTCST, YTOOBI CIIUTHCS B €IMHBII TTOTOK yIIpaB-
JIEHMS.

VYcioBHBIE 0003HAYEHUST «BETBJICHUE»
U «O00BEIMHEHHUE» COBITAAl0OT C YCIOBHBIM
o0o3HaueHreM KOHbIOHKLUU (A). Ipaduka,
MPUMBIKAIOIIasl K 3HAKY, TO3BOJISIET pa3inyaTh
9TH JIOTUYECKNE COCTUHUTEH.

Iudpoii 1 B Kpyre 00603HaYaeTcsl pa3pbiB
MOTOKa yripasieHus1. JlaHHas purypa mpume-
HeHa U1 KOMITAaKTHOTO pa3MelleHUs Tura-
rpaMMBbI Ha JIMCTE.

C 11eJ1b10 OTIpee/IeHUSI MHOXKECTBa 3a/Ieii-
CTBOBaHHBIX B ITPOIIECCE JTUIL M HEOOXOTMMBIX
JUTSL pEeIIeHUsT TIOCTaBJIEHHBIX 3a/1a4 UHCTPY-
MEHTOB, a TAKXKe MH(OPMAITMOHHBIX TOTOKOB
MOJTHOE oIKrcaHne QYHKIN JOJDKHO Coep-
JKaTh CJIEMYyIOIINe aTpUOYTHI:

— BJIaJiesiel] Ipoliecca — JIMIO, BBITTOTHS-
o1ee PyHKIUN;

— JaHHbIe — BXOMHAasI MHGbOPMAIUs IS
BBITIOTHEHUS (DYHKITUU;

— MCTOYHUK JaHHBIX — JOKYMEHT WJIHN
0a3a TaHHBIX, U3 KOTOPHIX MOJYyYaeTCsT BXOMI-
Hasl JUTs BBITIOJIHEHUST (DYHKIIMKU MHGbOpMa-
us;

— Cpe/ICTBa aBTOMAaTU3aIU1 — TIPOTrpPaMM-
Hoe obecrieyeHue, Py MOMOIIM KOTOPOTO
WCTIONHSIETCS NaHHask (hyHKITUS;

— UCXOISIIINMN TOKYMEHT — IOKYMEHT W1
0a3a JaHHBIX, cojepXKallre WHMOPMaIIo,
MOJTYYEHHYIO TTOCJIe BHITIOJHEHUST (DYHKIIUM.

Ha puc. 2 nzobpaxeH nmpumMep IMOJHOIO
rpaguueckoro onucaHusl GpyHKIUM BbIOOpa
PEXVMMOB BEIEHUs TOE3I0B IO TeperoHaM.
Touku A 1 b cOOTBETCTBYIOT OMHOUMEHHBIM
ToukaM Ha puc. 1. OBajgom 0003HaYEH 61a0e-
Aey npoyecca, WWIAHIPOM — UCHOYHUK OQH-
HbIX, TEMHBIM TIPSIMOYTOJIbHUKOM — OaHHble,
CEPBIM MPSIMOYTOJIbBHUKOM — Cpedcmed asmo-

—165 (2015)
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Tun
anroputma

Moctpoenne
06beKToB, caAzei
MEXAY HAMM 1 X

Toaroroska
AaHHbIX AnA
BbINONHEHWA

HasHauena TO-1

Mposepka ycrosmit
peanuayemocru
Ha3HayeHna TO-1

L

mamuzayuu, burypoit (2) — ucxodsuuii oky-
MeHm.

B Tabmmue 1 mpeacraBiaeHbI aTpUOYTHI BCEX
(byHKLIMIT paccMaTpUBAEMOTO IIpoliecca.

Ha MocKOBCKOM METpOTIOIMTEHE BHEAPE-
HO HECKOJIbKO LIEJIEBbIX aBTOMAaTU3UPOBAH-
HBIX CUCTEM:

— aBTOMATU3MPOBAaHHAs CUCTEMa KOHT-
PpOJIsl OILIAThI IIPOE3/a;

— aBTOMATU3UPOBAaHHAsI CUCTEMA ITOCTPO-
€HMS IIJIaHOBOTO TpacuKa ABMXKEHUs macca-
XKUPCKUX TTOE3I0B METPOIIoJnTeHa [3];

— aBTOMATU3MPOBaHHAs CUCTEMA SHEPIO-
ONTUMaTBHBIX pacueToB (ACDOP) [4];

— CUCTeMa MHTePAKTUBHOI'O COCTABJICHMS
pacipoBOK CMEH JIOKOMOTUBHBIX OpUTal.

2.

3apaueii cocraBneHus 'O aBisgeTcsa pea-
JIN3aLUs] CUCTEMbI IJIAHOBBIX TEXHUYECKMX
OCMOTPOB U Pa3JIMYHBIX BUIOB TEXHUYECKOIO
00C/Iy>XKMBaHUSI U PEMOHTOB, IIPOBOIUMBIX
MepUOINYECKH B COOTBETCTBUU C HApAOOTKOM
(r1poGeromM) BaroHOB.

Texuuueckoe oocmyxuBaHue 1-ro oobEMa
(TO-1) mpoBOAUTCS IO MPUOBITUM TTOE31a
B Jero (TapK) IS MPOBEPKM TEXHUUIECKOTO
COCTOSIHUSI 000pYyIOBaHUSI U MOATOTOBKU
BaroHOB K IOCJIeAYIOLIei paboTre, a Takxke
Moiep>KaHusl CAaHUTAPHO-TUTMEHUYECKOIO
COCTOSIHUSI TTOABUXHOro coctaBa. OTKa3bl
000pyIOBaHMS M CHUCTEM BaroHOB, a TakxKe
HEMCIPAaBHOCTHU, BJIMSIOLIME Ha 0€30I1aCHOCTh
JIBIDKEHMS, YCTPAHSIIOTCS HeMeaieHHO. Heu-
CIIPAaBHOCTH, HE BJIMSIONIME Ha 0€30I1aCHOCTD
JIBIDKEHMSI, HE CBSI3aHHBIE C yI0OCTBOM Iepe-
BO3KM IaCCAKUPOB U TPEOYIOLIME 3HAYNUTEIIb-

® MUP TPAHCMOPTA, Tom 13, N2 4, C. 154—165 (2015)

Yenosua
BbINO/HEHbI?.

HET-

BA

8.

3 Peavayembiit 1. v

Puc. 3.Cxema 3arpyska UL Mpeo6pasosane
anropurma nHGopmaLi 13 pesynLTaTos K
3apaHHOMY BUAY
9.
aBToMaTU3npoBaHHOIro l P " l
HasHa4YeHus TO-1. " amropurm | [ 7| o

Ananus
pesynbTaTos

n 147
MaTpHLe! Secos
14.

Busyanusauma
pesynbTaTos

Benrepckwit l

HOTO BpeMEHM Ha UX yCTpaHeHUe, GUKCUPY-
FOTCS B CTICLIMAIBHOM KypHaJie U yCTPaHSIIOT-
csl TIpU TIPOBEACHUM MOCCIYIONINX BUIOB
TEXHUYIECKOTO OOCTYXKMBAHUS OOJBIICTO
00beMa WM B TIPOIIECCE peaTn3alliy TeKyIIe-
TO PEMOHTA.

WubopMauiyst o mpoBeAeHUN TEXHUYE-
CKOTO OOCTy>KMBaHUS OOJIbIIETO 00bEMa,
yeM TO-1, nam TeKyIliero peMoHTa B COOT-
BETCTBUU C OTIMCAHHBIM TEXHOJIOTUYECKUM
npolieccoM cbopa M aHaAM3a JaHHBIX T0-
CTymaeT B TPYIITYy WHXEHEPOB-TpapuCTOB
u3 1erno. PaGoThl yITOMSHYTBIX BBIIIIE pa3HO-
BUIHOCTE OOCIY:XKMBAHUS BBITIOJHSIIOTCS
B IETIO CTICLIMATN3MPOBAHHBIMU PEMOHTHBI -
mu OpuragamMu. OCMOTpPHI CTapIINX 00BEMOB
(TO-2, TO-3, TO-4) Ha3HAYAIOTCS COTPYI-
HUKaMU IeTo. Y MHXEHEepOB-TpaducToB
€CTh BO3MOXXHOCTb BEIOOpA BpEMEHM Havala
MPOBEIEHUS TAKNX OCMOTPOB C YIETOM 13-
MEHEHMS MapHOCTU IBUXKCHUS B TCUCHUE
IHS.

st Bcex MapIIpyToB (COCTaB ¢ TIPUCBO-
€HHBIM €My Ha CYyTKM HOMEPOM ), HOUYIOIITHX
B Aemno, taM mnpoBoautcsa TO-1. JIng map-
IIPYTOB, OCTABIIMXCS HOYEBATh HA JIMHUU
B JIMHEMHBIX ITYHKTaX OTCTOS MOIBMXKHOTO
cocTaBa, BCTa€T 3amavya HazHayeHus TO-1
B mpoliecce pabOThl COCTAaBOB Ha JMHUU
C 3aJaHHON MepuoANYHOCThIO. TakMm oOpa-
30M, MMPU COCTaBJICHUU WHXEHEpaMU-Tpa-
ducTamu npeaBapuTebHOro Bapuanta 'O
OCHOBHOI 3ajjaueii CTAaHOBUTCSI Ha3HaAUYeHUE
TO-1.

B xauecTBe KpuTepHUs OIIEHKNA KayecTBa
noctpoeHus 'O BbIOpaH cpemHMiIT KBagpaT
paccoriacoBaHUS XeJIaeMOTro U peaJbHOTO

CupopeHko B.T., CadppoHor A. U., PununyeHko K. M. ABToMmaTn3aung nnaHUpoBaHusa pa6otbl IMC
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Mecra nposenenns
OCMOTPOB H
pemonton IIC
T

Mecta

MecTa npoBeeHITs

l TO-1

Jlmmedingii 11TO

OCMOTPOR H PEMOHTOR (KpoMe
KalH T TLHEIX )

l

TITO & aeno

<S>

MecTa jaxona/
BLIxana HIC

KomiuecTra
JETI0 Ha THAH?

Ha roil we imxun, 1o
KOTOPOH TPOHCKOAHT
JIRMKEHHE ©
HACCAKHPAME

IpHeyTeTnyer OrcyTeTRyer

Ha gpyrod ey QuHo Hecroasko

CKOMLKD THHH
obenykHeaeT?

Cnocol
oTobpakenns

OQany Heckolbro

JE110 COOTBEICTRY ST Aeno coOTBEICTRY ST
oank rpadmueckni HECKOIILED
obpaz rpadiHecknx o6paion

Puc. 4. Ha6op atpubyToB NNHUI METPOMOJINTEHA.

BpeMEH Havajia ocmoTpa. [lox xemaeMbim
BpeMeHeM OyeM MOHUMATh BpeMsl, 1OCTaB-
JisTIolee paBHOMEpPHOCTh Ha3HayeHust TO-1.
Torpa kputepuii Npru3BaH yKa3bIBaTh BEJIU-
YUHY OTKJIOHEHUS OT PABHOMEPHOTO Ha3Ha-
yeHus 0e3 yu€Ta 3HaKa.

Penras 3amayy aBTOMaTU3MPOBAHHOTO
noctpoeHus 'O, 1erecoobpa3HO MCIOTb-
30BaTh «BEHTEPCKUN AITOPUTM» (QJITOPUTM
Mankpeca—KyHa) [5], koTopslii obecrieun-
BaeT ONTUMAJIbHOE IO BHIOPAHHOMY KPUTE-
puio Ha3HadyeHue. Bmecrte ¢ TeM nipu corna-
coBaHuu [1I'Jl ¢ onTuManbHBIM peLIEHUEM
3amauu HazHayeHus TO-1 MOXeT BO3HUK-
HYTbh NOTPEOHOCTh B 3HAYUTEIILHOM HU3ME-
Hennu IIT'M1, gyTto HexemaTenpHOo. OTCIOMA
AKTyaJlbHO UMETh BCE MHOXECTBO BO3MOX-
HBIX Ha3HAYe€HWIi, MO3BOJSIONIEE BBIOPATh
TO, KOTOPOE, C OMHOU CTOPOHBI, OYAET CO-
OTBEeTCTBOBaTh nmoctpoeHHomy IIT/,
a ¢ Ipyroi — MUHUMAJIbHO OTJIUYATHCSA
OT ONTUMAJbHOTO, MOJTYYEHHOTO B PE3YJib-
TaTe MPUMEHEHUS BEHT€PCKOTO aITOPUTMA.

[nd permieHus 3a1a4M B TAKOM MOCTAHOB-
Ke 11eJIecO00pa3HO MCTOJIb30BaTh METO/,
peanu3yloluil peKypCuBHOE MTOCTPOEHUE
Ha3HauyeHUs. PEKypCcUBHBIN METOI OCHOBBI-
BaeTCs Ha allnapare TMCKPEeTHOTO BapuaHTa
JTUHAMUYECKOTO MporpamMmupoBaHus bei-
JnMaHa [6].

B 3aBucumocTu OT 3Tama mpoiecca aB-
TOMaTU3UpoOBaHHOTO cocTaBieHus ['O
MOJIb30BaTEb MOXET BBIOPATh OUH U3 ABYX
CHOCOOOB pEUICHUS.
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Cxema, yuyuThIBaloIiasl MpuBeaeHHOE
TOJIBKO YTO CYXIEeHUuEe, MpeiacTaBieHa
Ha puc. 3.

AJNTOpUTM HauvHaeT paboTy B Ojoke 1.
B 61oxe 2 ocytiecTBsieTcst BBOI BHIOPAHHOTO
TUTIA aJITOpUTMA (BEHTePCKU I MU PEKYPCUB-
Hb1il) HazHaueHust TO-1. B 61oke 3 BbImon-
HSIETCS 3arpy3Ka MHGOPMAIUHY JIJIST AITOPUT-
Ma. B 6rmoke 4 ¢popMupyrOTCS MHOXECTBA
(KOJUTEeKIINM ) OOBEKTOB, OIIPEICIISIIOTCS CBSI3H
Mexay HuMu. B 6yoke 5 mpeaycMOTpeHbl
JIeVCTBUS 1O TIPE0OPa30BAHUIO0 MCXOIHBIX
JTAHHBIX, HEOOXOIMMBIE JJTST aHATN3a BO3MOX-
HOCTH peanu3ainu Bcex motpeoHbix TO-1 mpu
3aJaHHBIX YCJIOBUSIX. B 610Ke 6 aHamm3upyeT-
CsI caMa 3Ta BO3MOXKHOCTh peain3alnu (pea-
mm3yemocthb) TO-1. Ecnu ycnoBust peanusye-
MOCTH BBITIOTTHSIIOTCS, TO YIIpaBJIeHUE Tepe-
naetcst u3 6s1oka 7 B 010K 8§, TIe OCYIIeCTBIsI-
eTcs BBIOOp alNropuTMa, B MHOM ciydyae
yrpaBlieHUe TiepenaeTcs B 0ok 14.

B ciydae BbIOOpa peKypCUBHOTO AJITOPUT-
Ma yripaBjieHue 13 0JIoKa § repenaeTcs B 6J10K
9, BKOTOPOM 3TOT aJITOpUTM peannsosaH. [1pu
BBIOOPE BEHT€PCKOTO aJITOPUTMA yIIpaBJieHNEe
epexoauT B 0ok 10, TaM MAeT ITOATOTOBKA
MaTpUIIbl BeCOBBIX KOadduimeHToB. B 61oxe
11 HemocpenCTBEHHO peanu3yeTcsl BEHTep-
CKHWU aJITOPUTM.

ITocne peuieHus 3amayu Ha3HAYEHUS
TO-1 omHMM BBEIOpaHHBIM CITOCOOOM YIIpaB-
JieHue mepenaeTcs B 0ok 12, B KOTopom
TMOJIy4YeHHBIE PE3yJIbTaThl MPeoOpa3yoTCs
B BUI, YIOOHBIH IJIsT X aHATU3a U BU3yaJIn-
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3auuu. B 6710ke 13 BbIMOJHSETCS aHAIU3
ITOJIy9eHHBIX pe3yJIBTaTOB, a 0J10K 14 peam-
3yeT ACUCTBUS IO BU3yaIU3allMU 3TUX pe-
3yJILTATOB. AJITOPUTM 3aKaHUYMBACT CBOIO
muccuio B 6joke 15.

3.

YcranaBnvBaeMble B 0J10Ke 4 paCCMOTPEH -
HOTO aJITOPUTMa CBSI3M MEXIY OOBbeKTaMU
3a[1al0TCsI, B YaCTHOCTH, aTpUOyTaMu JINHUU.
OmHoli u3 3aa4, pelracMbIX B 0JI0Ke 5, SIBJISI-
€TCsI oTpeie/ieHUE PECYPCOB, MMEIOTIIAXCS JIJIST
noarorosku HasHaueHuii TO-1. Hamuuue
9TUX PECYPCOB TaKXkKe 3aBUCUT OT aTpUOyTOB
guHuu. EcTh cBOii X HabGoOp, BIAMSIOIIMUIA
Ha mocTpoeHue 'O (cM. puc. 4).

Ha6op arpubyTtoB, nmpuBeIEHHBIX
Ha puc. 4, MOTUBHPOBAH CICOYIOIIUMU
coobpaxxeHuaMU. TexHuueckoe 00CITyKrBa-
HUue 1-ro 00bEMa MOXET MPOBOAUTHCS
HE TOJIBKO B JEIT0, HO M JMHEHHBIX ITYHKTaX
texamueckoro ocmorpa (ITTO). I'O ompene-
JIsieTcs aTpuOyTaMu 00CTY>KMBAIOLIMX JIMHUIO
nerro u TuHeHHBIX [TTO. Ha muHnm meTpormo-
JmTeHa orcyrcTByeT auHelHb [1TO, Korma
€MKOCTb JIeTIO JOCTaTOUHA ISl TIPOBEICHUS
BCEX BUIOB TEXHUYECKOTO OOCITYXKMBAHMUSI.
B 3aBUCHMMOCTH OT YCIIOBUMIA 9KCIUTyaTalllH,
TIpY U3MEHEHUH TOTIOJIOTUU JTUHUHU (e€ Ipo-
IJICHUH, 3aKPBITUM YIACTKOB, COCAUHECHUN
¢ npyrumu TuHuSIMA ) [TTO MOTYT OTKpBIBATh-
CsI TV 3aKPBIBATHCSI.

Hexoropsle TMHUM OOCTYXXUBAIOTCS CO-
cTaBaMU, TIPUMMCAHHBIMY TOJIBKO K OTHOMY
nmero. JIMHUA, I 00CIy>KMBaHUS KOTOPBIX
€MKOCTHU OJHOTO JIETI0 HEeJOCTaTOYHO, MC-
TOJTB3YIOTCSI HECKOJILKUMM (Ha MOCKOBCKOM
METPOIIOJIUTEHE — He 00Jiee TPEX).

Kax mpaBuio, mapKoBbIe MYyTH OEIIO
MOAXOOSAT K CTAHIIMOHHBIM MYTSIM TOU JIN-
HUM, KOTOPYI0O OHO 00ciyxuBaeT. OmHaKo
€CTb cJTyyau, KOTa BBIXO/ COCTaBOB M3 JIETIO
OCYIIECTBSIETCS Ha MyTH OPYTroil TUHUN
C TIOCJIeIyIONIe MMepPeTOHKOM (Jale BCeTro
B PEXMMeE PE3ePBHOTO TT0€3/1a) Ha O0CITY XU -
BaeMYyI0 JIMHUIO. DTOT aTpuOyT MoancrKa-
UM YYUTHIBACTCS Ha 3Talle COTIaCOBaHUS
ronIlrn.

HmeroT MecTo ciydan, Korna AeTo 00cCiTy-
JKUBaeT 0ojiee YeM OJHY JIMHUIO. DTOT (hakT

BaXKeH IIPU MOATOTOBKE MCXOOHBIX JaHHBIX
11t ioctpoeHnst 'O B paMKax TeXHOJIOTMIe-
CKOro mpoliecca coopa U aHaau3a JaHHBIX,
0a3oBbIX npu cozganuu u 'O, u I (cMm.
puc. 1). Jnsa kaxaoit u3 o0CIy>KMBaeMbIX
JmHU rpaduk obopora DIIC cTpouTcst oT-
JIEJBbHO.

Ha srtane cornacoBanus 'O u IIT[ cy-
1IECTBEHHOE 3HaYyeHUe MpuodpeTaeT MH-
¢dopMalmsg 0 TOM, Ha KaKo# TJIaBHbIA MyTh
BBIXOIST COCTaBBI U3 netto. Ha panmaibHBIX
JIMHUSX OTOOpakeHue Bcex IMepeMeleHUin
COCTaBOB MEXKIY €TI0 1 INIAaBHBIMU ITyTSIMU
BBITMOJIHSIETCSI COBMeCTHO. OCOOBbIM CiyyaemM
SIBJISIETCSI OpraHu3alns IBKeHUS Ha KoJb-
1eBoil TuHUU. B ee cocTaB BXOIST ABa He-
3aBUCHUMBIX ITYTH, KaXXIbI U3 KOTOPHIX
OCTaeTcs 3aMKHYTHIM KOHTypoM. B c¢Bs3m
C 3TUM OoTOOpaXeHue MepeMelleHU I cocTa-
BOB MEXIy JeIO0 M KaXKIbIM M3 IBYX ITyTei
palMoHaAbHO pa3AesiuTh, BBEIsl MOHSTUE
«BUPTYaJIbHOTO» JEIO0, NOMOJHSIOIIETro
dusmueckoe. [Ip1 3TOM CTPOUTCS eOIUHBII
To[3].

Paspaboman npoepammuulii npooykm, pea-
AUBYIOWULL NPeOCMABAeHHYI0 8 CIMambe npoue-
dypy aemomamu3upoganroeo Haznaverus TO- 1.
Hoem eco anpobayus npumeHumenvho K pas-
AUMHBIM AUHUAM Mockoeckoeo memponoaumena.

IIpogedennvie pacuémol nokazaiu npuemae-
MOCMb npoyedyp U CpOK08 NOAYHeHUsl pe3yabma-
moe u coomeemcmaue umoeosvix 10 s3xcnaya-
MayuoHHbIM Mpebo8aHUsM.
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ABSTRACT

The authors consider issues of automation ap-
plicable to scheduling turnaround of metro electric
rolling stock, organization of its individual stages.
Complementing theoretical analysis of interaction of
processes, data exchange organization, optimal al-

gorithm searching, an algorithm for automated ap-
pointment of rolling stock maintenance of the first
volume as well as supporting software are developed
and proposed which are now tested. Attributes of the
line are determined, affecting algorithm implementa-
tion, at the example of the Moscow Metro.

Keywords: metro, electric rolling stock, process, automation, planned traffic schedule, turnaround sche-

dule.

Background. The Moscow Metro is one of the
most highly-loaded transport companies in the world.
Constantly growing demand for transportation push
to the rational use of resources (in particular, power
capacity of rolling stock), improvement of planning
organization for electric trains movement.

According to the rules of technical operation, the
foundation of trains movement organization is planned
via traffic schedule (hereinafter — PTS), which unites
the work of all departments of metro [1]. To create a
PTS, it is necessary to define its components, which
include turnaround schedule (hereinafter — TS) of
rolling stock. Turnaround schedule is a plan of opera-
tions for electric rolling stock (hereinafter — ERS), i.e.
timetable for inspection of ERS and for repair of tracks,
as well as night route scheduling [5]. Drawing up TS
and PTS requires processing of large amounts of in-
formation from a variety of metro departments.

This article concerns only a part of those tasks
which is automation of drawing up electric rolling stock
turnaround schedule.

The process of preparing this schedule includes
several steps:

— Collection and analysis of data, which serve as
a starting point for drawing up TS and PTS;

— Drafting a preliminary version (sketch, layout,
prototype) of TS;

— Modification of TS in preparing PTS.

Objective. The objective of the authors is to
consider different issues concerning automation of
work planning of metro electric rolling stock.

Methods. The authors use general scientific and
engineering methods, comparative analysis, simula-
tion, graph construction.

Results.

1.

While considering developing of PTS, let’s start
with a technological stage of collection and analysis
ofinput data. The diagram of the process, performed
by using the notation EPC (Event-driven Process
Chain) [2], was built in electronic form. It formalizes
the process, describes information flows, allows
determining a set of individuals involved in the pro-
cess, and tools they need to achieve the objectives.
Itis easy to work with a formalized basis, considering
it at different levels of specification. The enlarged
diagram (scheme) is shown in Pic. 1. In the chosen
notation, there are two types of elements: functions
and events.

Functions are active elements for actions per-
formed within a certain period of time. Function image
in the diagram is a rectangle with rounded corners.
The function can be decomposed.

Event is a state that occurs before or after the
function, it records the values of certain parameters
at a certain time. Event image in the diagram is a
hexagon. These diagrams should always begin with
an event and end with an event.

Functions and events are connected to a control
flow, giving them chronological sequence and logical
interrelation.

The process, implementing the control flow, may
be not only linear but may also contain different kinds
of branching. In this case, functions and events are
linked not by edges, but through a logical connector
that is a control element, which determines branching
of control flow depending on function completion or
occurrence of events. In Pic. 1 there are following
logical connectors (interrelations):

— strict disjunction (XOR) means that after the
completion of functions only one of the events will
occur;

— conjunction (~) can have one of two values:
a) branching means that control flow is divided in
sub-flows, that run simultaneously and in parallel;
b) combination means that control sub-flows are
synchronized to merge into a single control flow.

Symbols «branching» and «combination» match
with the symbol of conjunction ( ). Graphics, adjacent
to sign, allows us to distinguish logical connectors.

Numeral 1 in the circle denotes a gap of control
flow. This figure is used for compact placement of the
diagram on a worksheet.

In order to determine a plurality of persons in-
volved in the process and tools necessary for solution
of tasks and information flows, complete description
of functions must contain following attributes:

— Process owner is a person, performing func-
tions;

— Data is input information to perform the func-
tion;

— Data source is a document or a database from
which input information to perform functions is re-
ceived;

— Automation tools is software with which this
function is performed;

— Outgoing document is a document or a data-
base, containing information received after the func-
tion is performed.

Pic. 2 shows an example of a full graphical de-
scription of the function of selection of mode for dri-
ving trains on hauls. Points A and B correspond to the
same name points in Pic. 1. Oval designates process
owner, cylinder is data source, dark rectangle is for
data, gray rectangle is automation means, figure (2)
is for outgoing document.
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Preparation of initial data
to draw up PTS

Pic. 1. Process Flow Diagram.

Table 1 shows the attributes of all functions of the
process.

In the Moscow metro several targeted automated
systems are introduced:

— automated fare payment control system;

— automated system of construction of planned
traffic schedule of metro passenger trains (ASC PTS
MPT) [3];

— automated system of energy-optimal calcula-
tions (ASEC) [4];

— system of interactive drawing up transcripts of
shifts of locomotive crews.

2.

A task to draw up TS is implementation of the
system of planned technical inspection and different
kinds of maintenance and repairs, carried out peri-
odically in accordance with operating time (mileage)
of cars.

Maintenance of the 1s'volume (M-1) is carried out
upon arrival of the train at the depot («park») to check
technical condition of equipment and preparation of
cars for subsequent work, as well as maintenance of
sanitary conditions of rolling stock. Failures of equip-
ment and systems of cars, as well as faults, affecting
traffic safety, are eliminated immediately. Faults that
do not affect safety and are not associated with con-
venience of passenger transportation and require
considerable time to eliminate them, are recorded in
a special register and are eliminated during subse-
quent maintenance of a larger volume or during run-
ning repairs.

Information on maintenance of a larger volume
than M-1, or running repairs in accordance with the
described process of collecting and analyzing data
from the depot is received by a group of engineers
responsible for developing schedules. The works of
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Engineer of technical A
department i

Selection of modes for
driving trains on hauls

DB of automated
system for energy-
optimal calculations

Pic. 2. Example of a full
graphical description.

Modes for driving trains
on hauls

the above types of services are performed at the depot
by specialized maintenance crews. Inspections of
older volumes (M-2, M-3, M-4) are assigned by depot
employees. Engineers responsible for scheduling can
choose start time of such inspections, taking into ac-
count changes in pairing of movement during the day.

For all routes (train with the assigned number for
a day), staying at night at the depot, M-1 is carried
out. For routes, staying at night on the line at field
stations of rolling stock layover, the task arises to ap-
point M-1 in the process of train operations on the line
at specified intervals. Thus, in the preparation of
preliminary version of TS by engineers responsible
for scheduling, the main task is to appoint M-1.

As a criterion for assessing the quality of TS con-
struction mean square error of desired and actual time
of inspection start is selected. The desired time is
time, delivering uniformity of M-1 appointment. Then
the criterion is intended to indicate magnitude of
deviation from uniform appointment without regard
to sign.

Solving a problem of automated building of TS, it
is advisable to use «Hungarian algorithm» (algorithm
Munkres-Kuhn) [5], which provides for optimal ap-
pointment on the selected criterion. However, in adjust-
ment of PTS with optimal solution of the task of M-1
assignment, a need may arise for significant change in
PTS, which is undesirable. Hence, itis important to have
a whole set of possible appointments, allowing you to
select the one that, on the one hand, will correspond
to the built PTS, on the other hand, will differ mini-
mally possible from the optimum, resulting in the ap-
plication of Hungarian algorithm.

To solve the problem in this wording, it is advisable
to use a method that implements a recursive building
of appointment. A recursive method is based on the
unit of digital version of Bellman dynamic program-
ming [6].

Depending on the stage of the process of auto-
mated drawing up TS the user can choose one of two
ways of solution.

The scheme, taking into account the above state-
ment, is shown in Pic. 3.

The algorithm starts in block 1. In block 2 input of
selected algorithm type (Hungarian or recursive) to
appoint M-1 is performed. In block 3 occurs loading
of information for the algorithm. In block 4 sets of
(collection) of objects are formed, involved in the
algorithms that determine links between them. Block
5 assumes actions to convert raw data needed to
analyze feasibility of all required M-1 under given
conditions. In block 6 the very realization of this pos-
sibility (feasibility) of M-1 is analyzed. If feasibility
conditions are met, then control is transferred from
block 7 to block 8, where the algorithm to appoint M- 1
is selected, otherwise control is passed to block 14.

In case of selection of a recursive algorithm cont-
rol from block 8 is transmitted to block 9, in which the

algorithm is implemented. In case of selection of
Hungarian algorithm, control passes to block 10,
where matrix of weighting coefficients for the algo-
rithm is prepared. In block 11 Hungarian algorithm is
directly implemented.

After solving a task of appointing M-1 by one
selected method, control is passed to block 12 where
the results obtained are converted into a form conve-
nient for their analysis and visualization. In block 13
analysis of the results is performed, and block 14
implements the actions on visualization of results. The
algorithm completes its mission in block 15.

3.

Installed in block 4 of the considered algorithm
links between objects are defined, in particular, by the
attributes of the line. One of the tasks, solved in block
5, is to determine resources available for preparation
of M-1 appointment. The availability of these re-
sources also depends on the line attributes. There is
a set of them, affecting TS construction (see Pic. 4).

A set of attributes, given in Pic. 4, is motivated by
the following considerations. Maintenance of the 1¢
volume can be carried out not only at the depot, but
in linear maintenance points (hereinafter - MP). TS is
determined by the attributes of depot and linear MP,
serving the line. On the metro line linear MP is absent,
when the depot capacity is sufficient for all types of
maintenance. Depending on operating conditions,
when the topology of the line changes (its extension,
closure of areas, joining to other lines), MP can be
opened or closed.

Some lines are served by trains assigned to only
one depot. The lines for which service depot capacity
is not enough, are used by several depots (in the
Moscow metro — no more than three).

As a rule, depot body tracks approach station
tracks of the line, which it serves. However, there are
occasions when the trains after the depot get on
tracks of the other line, followed by ferrying (often as
a reserve train) to the serving line. This attribute of
modification is taken into account at the stage of
harmonization of TS and PTS.

There are cases when the depot serves more than
one line. This fact is important in preparing raw data
for construction of TS as a part of the process of col-
lecting and analyzing data, basic in TS and PTS (see
Pic. 1). Foreach ofthe lines served by ERS turnaround
schedule is constructed separately.

At the stage of harmonization of TS and PTS,
information becomes essential concerning a main
route, to which a train get after the depot. On ra-
dial lines display of all movements of trains be-
tween depots and main tracks is performed to-
gether. A special case is organization of traffic on
the Circle Line'. It consists of two independent

! Moscow metro consists of a circle line and several lines
that cross that circle line. New circle line of a bigger
diameter is under construction. — Ed.note.
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Scheduling of Metro Electric Rolling Stock
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tracks, each of which is a closed contour. In this
regard, it is advisable to divide displaying move-
ments of trains between the depot and each of two
tracks, introducing a concept of «virtual» depot,
supplementing the physical one. On this basis a
single TS is constructed [3].

Conclusion. Calculations that were done, have
shown the acceptability of procedures and timing of
results and compliance of final TS with operation re-
quirements. A software product is developed that
implements automated M- 1 appointment, described
in the article. Its approbation and testing are now in
progress regarding various lines of the Moscow
Metro.
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