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OMNMEPATUBHOE YNPABJIEHUE ABUWXEHUEM
COCTABOB INMPW NMPOBEAEHUN PEMOHTHbIX
PABOT HA ABYXNYTHOWU XEJNIESHOU AOPOIE

Jazapes A.A.!, Xycaywiun H.®.?

(Yupeocoenue Poccutickotiakademuu nayk Mucmumym
npoonem ynpasnenus um. B.A. Tpanesnuxoea PAH, Mockesa)

B dannoii pabome paccmampusaemcs 3a0a4a HAXOIHCOEHUS, PACHUCAHUS HA
08YXKOJIEUHOU JHceNe3HOl 00po2e NPU YCI08UU, YO 00UH U3 YUACMKOS
medncoy cemaghopamu 3axpeim. Ilpednosicen mounwiii areopumm, oc-
HOBAHHBIU HA MemOoOde OUHAMUYECKO20 NPOSPAMMUPOBAHUSL.

KirroueBele ciioBa: Te€OpUs pacHUCAHUS, KEIC3HOAOPOKHBIN
TPAHCHOPT, IUHAMHUYECKOE TPOrpaMMHPOBAHUE.

BeedeHue

B skcmiryarannoHHOW paboTe KeNe3HBIX TOpOT Pa3indaroT
vopmatuBHEIH (HI'AIT) n BapuanTaeni (BI'IIT) rpaduku qBUKCHIS
noe3noB. [lepBrlii, pa3pabaThIBAETCsl H COCTABIISIETCS €KETOJHO TEX-
HOJIOTaMH OTJIeJIa pa3paboTKH TpaduKOB ABMKCHHSI TIOE3IOB CITYKOBI
nepeBo30ok kene3nbix nopor. BI'IIT pa3pabaTeiBatoTcsl Ha y4acTKax,
/I TIPEIOCTABISIIOTCA OKHA U1 PEMOHTHBIX U CTPOUTEIBHBIX paboT,
BIIUSIOIINE Ha YCIOBUS MPOITyCKa MOE3/I0B U pa3Mepbl ABUKEHUS T10-
e310B. OH omKeH o0ecreynBaTh MPOIMYCK YCTaHOBIEHHBIX CpeIHe-
CYTOUHBIX Pa3MEpOB JBI)KEHHUSA MOE3J0B Ha JKEIE3HOIOPOKHOM
y4acTKe; B IPOTUBHOM CIIydae COBMECTHO C AeMapTaMEHTOM II€PEBO30K
pemaercsi BONpoc 00 OTKJIOHEHHWH YacTH I0E3/10B Ha IapajulesibHbIC
ydacTku jfoporu. [1,2].
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1. MocmaHoeka 3adayu

PaccmarpuBaeTcs 3amada yHpaBleHHsS JBH)KEHHEM COCTAaBOB
Mexay myHkramu A u B (puc.la). CeTh Kene3HbIX IOpOT Ha pac-
CMaTpuBaeMOM y3Jie pa3OMBaeTCs Ha YYacTKU. | paHUIlaMH ydacT-
KOB SIBJISIFOTCS MyTeBbie cemadopsl. Ha KaxaoM W3 HUX B ONHOM
HaIpaBIICHUH MOXKET HaXOAWTHCS He 0oJiee OTHOTO JKEIe3HOIOPOXK-
HOTO COCTaBa. YYacTKU MPOHYMEPOBAHKI CJeBa HAIPaBO HOMEpamH
1,2,...,n, p = k1,...,k, -— MHOXECTBO yY4acTKOB. BepxHss koies
MpeHa3HaYeHa IS JBIDKEHHUS MOE3IO0B MIYIIMX ClIeBa HAIpPaBo, a
HWDKHSS T BCTPEYHOTO NBIDKEHUS. [loe3ma He MMEIoT BO3MOXKHOCTH
IBUTATbCA Ha3aJ U MOTYT COBEpIIATh MEpee3dbl Ha COCETHIOI BET-
Ky Ha cemadopax, €CiIH y9acTOK 3aKpBIT Ha peMOHT. /st oOmHOCTH
MOJIOXKHM, YTO P — BPEeMs JIBWXKCHHUS IO Y4YacTKy JJIsi BCEX MOE37I0B
paBHO.

a) 0)

Puc. 1. Jlgyxxonetinasn scenesnas 0opoaa, pazoeienHas cemapopamu

[TycTh CyIiecTByeT pacnucanue 7, IPeANUCHIBAIONIEE BCEM T10-
€3/aM, HIYIIUM [0 HAaIPaBJIEHUIO K CTAHIUKM Ha3HAYEHHUS ITPOE3IKATh
KaKJIbIi ceMaop COMIacHO paciucanuio. Beraucisiemoe B pamkax 3a-
Jlaud PaclUCaHue JBHKEHUsS COCTABOB YUMTBHIBAET H3HAYAJIbHO 3a-
JlaHHBIC MHTEPBAJIbl HEJOCTYTHOCTH OTACIBHBIX yYYaCTKOB, KOTOPbIE
3aJal0TCs B BUE Habopa MHOKecTB E = [t t/], [tiy, t}5], ..., 7 € p.

ITycte N — MHOXECTBO COCTaBOB, JUIsi KOTOPBIX HEOOXOIMMO CO-
CTaBHUTh ONEPATHBHOE PACIUCAHME JBMXKEHUS HA PACCMATPUBAEMOM
y371e. Kaxnomy us coctaBos j € [N Ha3Ha4aeTCs NPHOPHUTET (BEC) W,
KOTOPBIN YYHUTHIBAETCS B TMPOLIECCE MOCTPOESHHS PACTINCAHMS JIBUIKE-
HMs cocTaBoB. Ha mepBoM stame GymeM paccMaTpuBarh 3a1ady, KOrua
w; =1, Vj e N.

Peiicom B 3agaue OyneM Has3bIBaTh TPOWMKY (S,t,7), THe § — cer-
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MEHT Ha KOTOPOM HaxXOJUTCS j IOE3] B MOMEHT BpeMeHH t. [lomy-
CTUMBIM paclCaHueM 3aJ1a49u OyJeM Ha3bIBaTh MOCIIEI0BATEIHHOCTD
PEUCOB (Syy, tm, j), tae m = 1,..., M , tne M — 9ucno peiicoB Takux,
4TO

tm >=tm—1+p,m=2,.... M,
tn & Eij € p.

Bynem roBOopuTh, YTO CHCTEMa HAaXOAWTCS B COCTOSIHUU
S(t,50,..-,55) = S(t, 505+, 1, Si4+15 --+s Si+r ), €CITH B MOMEHT BpeMe-
HU ¢ Toe37a WAyIIHe ClieBa HallpaBo (110 BEpXHEH Kojiee) HaXOAsATcs
Ha y4acTKax Sq, ..., S , @ I0e3/1a UAyIIHe CIIpaBa HaJIEBO (110 HIKHEH
KOJIE€) HA Si41, .-y S|4y, TOC

e | -— KOJIMYECTBO MOE3J0B UAYIIUX U3 MyHKTa A B B;
® 7 -— KOJMYECTBO TOE30B WAYIHX U3 B B A;

o L ={0,...,l1},R=A0,...,r};

e 5;€{0,...,n},7€{0,....,l+r}.

B nmampmelimiem s, ..., s; OyleM Ha3pIBaTh JIGBOH TPYMIIOH, a
Si41s -++y Si4r IpaBoH rpynmnoi. IlycTs B HaYaIbHBIM MOMEHT BPEMEHU
3HAYEHME MEPEMEHHBIX BXOASIIUX B JEBYIO rpynmy pasHo 0, a 3Haue-
HUE NMEPEMEHHBIX NPaBOW IPYNIbI YCTAHOBUM PaBHBIM MaKCUMAJIbHO
BO3MOXXHOMY N+ 1, rie n -— KOJIM4eCcTBO y4acTKoB. KOHEUHBIM COCTO-
STHUEM CUUTAETCs COCTOSIHHE, B KOTOPOM 3HAUEHHE BCEX NMEPEMEHHBIX
JIEBOW TPYMIIBI PaBHO 7 + 1, a mpaBoi cOOTBETCTBEHHO (.

Iycts C(m) u C)(n') -~ 3HaYeHUA OKOHYAHHMS MPOXOKICHHS
yuactka AB (wm BA) moe3noM j A HOpMaTUBHOTO M BAPHAHTHOTO
rpauKoB ABMKEHHS I0€310B COOTBETCTBEHHO. Heobxomumo cdop-
MHPOBATh HOBOE PACIUCAHUE JIBUKEHUS 110€310B 7. MOKHO paccMoT-
pPETHh HECKOJIBKO BAPHAHTOB IIENIEBON (PYyHKITHH:

o MuHuMU3aIus CYMMApPHOTO 3ana3AbIBaHUs:

min Z wjmaz{0, Cj(r) — Ci(n") };
JEN
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e MuHMMM3aLMs CPEJHETO BPEMEHU HaXOKIEHHUs cOCTaBa B IIy-

TH:
min Z Cj(m);

JEN
[ ] MI/IHI/IMI/ISaHI/IH MAaKCHUMAJIBHOTI'O BpeMCHHOFO CMCIICHUA:

minmazjen{Cj(m) — Cj(n')}.

CTOUT OTMETHUTb, YTO YISl PEIICHHsS 3a7adyl MpeiaracMbIM Me-
TOZOM MOYXHO HCITOJIb30BaTh JIOOYI0 PETYISPHYIO IeleByro (yHK-
LIHIO.

2. OnucaHue anzopumma

[llarom OyzmeM Ha3bIBaTh 3Tall AITOPUTMA, B KOTOPOM IIPOUCXO-
UT TEHepamusl BO3MOXHBIX COCTOSHHUH ISl CIEMyIONIEr0o MOMEHTa
BPEMEHH OCHOBBIBAsICh Ha MH(POPMAIIUH U3 MTPEIBIAYIIETO COCTOSHUSI.
Jis perieHust MOCTaBICHHON 3a1adn cTpoutcs rpad cocrosuuii. Tak
KaK pa3pericHre CIIOPHON CHUTyallMd B Y3KOM MECTE MPOUCXOIUT C
ydacTheM He 0oJiee BYX MOE3MI0B, TO JEPEBO PEIICHUI B 00IIeM BU-
ne Oyner OMHApPHBIM.

Ilpumep 1. IlycTh B KaXJIOM HaANpaBICHUHU UAYT IO TPU IOE3aa
U TIPEATIONIOKUAM, YTO BTOPOHM YYaCTOK 3aKPBIT ISl IBYDKCHUS CIIEBa
HATPABO, Spreqr = 2. TOTNA Moe31a 000UX HATPABICHUH OYIyT Mpoes3-
JKaTh BTOPOH y9aCTOK IO HIDKHEH konee (puc.16). Ha omHoM yuacTke
HE MOXKET OBITh 0OJiee OIHOTO MOe3/a, €CIM Ha HEeM 3aKpbhiTa OJHa
W3 BETOK I ABMKeHuWs. ClemoBaTellbHO, TP (HOPMHUPOBAHHUH CO-
CTOSIHHS .S 3HAUEHUE Spreql = 2 MOXKET BCTPETUTHCS JIHIIB pa3. Ecin
B JIEBOW CTOPOHE BCTPEYAETCHA Spreqk = 2, TO B IPABOM CTOPOHE MBI
yYMEHbIIIaeM Ha 1 JIUIIb 10 TIepBOi IepeMeHHO’, KoTopasi OyzieT paBHa
Shreak » T.€. HE BOBMOXHO cliefyromiee cocrosinue: S(3,2,1,2,3,4).
CunTaercs, 4To Moe3 ] Npoexal y3Koe MeCTO, €CIIH:

® 51 > Spreqk -— VTSI TIOE370B MAYIIMX CJIEBA HAIIPABO;

® S, < Spreqk -— AJIA MOE30B UAYLIUX CIIpaBa HAJIEBO.
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AJNTOpPUTM TeHepalnuy COCTOSIHUM OyAeT CIeAyIOIUM:

e S(s1,82,53,84,85,8) = 5(0,0,0,5,5,5) — HauaigpHOE CO-
crosiHre (4TOOBI HE YCIOKHATH ONMMCAHHWE alTOPUTMA, Iepe-
MEHHYIO ¢ BPDEMEHHO OIyCTHM U3 PACCMOTPEHUS);

e 5(1,0,0,4,5,5) — 1 mar — Ha 1 yBenuumBaercs si, Ha 1
YMEHBIIAETCS Sy

e 5(2,1,0,3,4,5) -— 2 war — Ha | yBenuuuBaercs si, S2, Ha |
YMEHBIIACTCSA Sy, S5;

e B CICAYIOIUNA MOMEHT BPEMEHH BO3HHKHET CIIOpHAas CHUTYya-
IS B Y3KOM MECTE€, KTO-TO KOTO-TO JTOJDKEH IMpOITyCTHTh. Ha
3 miare (i = 3) reHepHupyeTcsi 2 COCTOSIHUS, MPUMEHSS Clie-
JIyIolllee MPaBWIO: €CJIM TMO€3]] BhIIEANNNA U3 MmyHKTa B mpo-
IyCKaeT BCTPEYHBIH 1moesl, Ha 1 yBeIMYMBAETCA 51, 52, ..., Sy
rne m; = main{i,l} v Ha 1 yMEHBIIACTCS Siy1, S|12, ---s Sm,.»
rme m, = min{i,r} U Sy, > Spreqk- B CBOI0O odepenb, ec-
JIM TIO€3J] BBIMICAIIMNA U3 MyHKTa A, 0XKHIAeT OCBOOOKICHHS
Y4YacTKa Spregk, TO Ha 1 yMEHBIIACTCS Sii1, S[+2, ---, Sm,., [IE
Sm, = man{i,r} u Ha 1 yBenuuMBaeTCs Si,S2, ..., Sm,, LAC
Smy = min{i, 1} 1 Spm, < Shreak;

Hoctmwxenue cocrosiaust S(5,5,5,0,0,0) sBIsIETCS YCIOBHEM OCTa-
HOBKH QJIITOPUTMA. ®

3. Anzopumm e2eHepayuu cocmosiHusi

1) Ilomaraem, 9To aprymMeHTamMH (YHKIIUH SBISIOTCS: COCTOSHEE
State, moayueHHOE Ha MpPENBIAYIIEM IIare W MepeMeHHas ¢ —
HOMep TeKyluero mara. Taxke nonaraem, 4yro S = State.

2) Dnementsl MaccuBa S ¢ j = 1 mo min{i,l}, tae | — xonnue-
CTBO MMOE3I0B UAYNIMX W3 MyHKTa A B B , yBenuumBaeM Ha 1;
aneMeHTsl ¢ j = [+ 1 no min{l+i,l+ 1}, rae r — KOTHMIECTBO
moe30B uAymux u3 B B A , yMeHbInaem Ha 1.
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3) Ecnu B noMy4eHHOM COCTOSIHUU S 3HAYCHUE Spyeqi BCTPEUALT-
cs He 0oJiee OJJHOTO pasa, TO BO3BpAIaeM COCTOSHUE S, M BbI-
X07MM 13 QYHKIHH. B MPOTHBHOM ClTydae mepexoiiM K MTyHKTY
4,

4) Tlomaraem,uto S1 = State u Sy = State.

5) Dnementsl MaccuBa S1 ¢ j = 1 10 min{i, !} yBennunBaem Ha
1; snementst ¢ j = [+ 1 mo min{l + 4,1 + r} ymeHpmaeMm Ha
1, npu ycnoBuw, uto 3HadeHue S1[j] + 1 > Spreqk-

6) DnemeHTsl MaccuBa Sy ¢ j = 1 1o min{i,l} yBennunBaem Ha
1, mpu ycnoBuw, 4to 3HaueHue Sofj] + 1 < Spreqk; JTEMEHTHI
cj=1+1ng0min{l +i,l+r} ymenburaem Ha 1.

7) TlonyueHHble MACCHBBI S, So ¥ HOMEP TEKyIIero mara ¢ = i+ 1
SIBJISIFOTCS Pe3y/bTataMu paboThl QYHKIHH.

4. 3aknrodyeHue

B nmanHO# paboTe yganoch MONYyYWUTh TOYHBIA aJTOPUTM peIIe-
HUS 33/1a41 PEMOHTA Y4acTKOB *keJe3Hoi. [Ipennaraemyro uneto, Tax-
K€ MOYKHO MCITOTIB30BAaTh JUIS PEIICHNUS 3a/1a9M IJIAHUPOBAHUS PEMOH-
Ta y4acTKOB Ha >KEJIE3HOW JIopore BBIOMpas OTPE30K BPEMEHHM, KOTJa
9TO BBITOJHO C SKOHOMUYECKOH TOYKH 3peHHs. CTOUT OTMETHTH, YTO
JAHHBIN MOOXOX MOXKET OBITh HMCIIOJIB30BAH JUIS JIIOOBIX PErYISpPHBIX
¢yukuuit. /g anpoGanyuy MOITYYEeHHBIX PE3YyNbTaToB HCIOIH30BaJ-
Csl BADMAHTHBIN TpauK ABMKEHUS ITOE3/10B IIPU IPOU3BOICTBE padoT
Ha CeBepHoit u OKTAOpBCKON kKene3HbIx goporax 3a 2009-2010 r.
Bt BeIOpaH ywyacTok noporu Mexay crannusmu Komra n babaeso,
cocrosmuii u3 9 cemadopos. CornacHO HEMY B CYTKH B KaXKIYIO CTO-
poHy otmpasisercsa nopsaaka 50 coctaBoB. Tekyas peanu3anus aj-
TOpUTMa Ha 8 A7EPHOM IEPCOHAIBHOM KOMIIBIOTEPE MO3BOJISAET HANTH
pemenue s 80 cocTaBoB B Kaxayro cropony (160 B cymme, coort-
BeTCTBEHHO) 3a 30 MuHyT. PaGoTa BhIoNIHEHa mpu noanepxke Poc-
cuiickoro goHma GpyHnameHTanbHbIX Hccaenoanuii (13-01-12108).
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OPERATIONAL MANAGEMENT OF THE REPAIR
WORK ON THE DOUBLE-TRACK RAILWAY
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Abstract: In this research it was considered the optimal scheduling
of the train operation by a double-track railroad when one of the
segments is closed (under repair works).

Keywords: theory of schedulling, railway, dynamic programming.
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