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THE MANAGEMENT OF THE RAILCAR ROLLING STOCK, PROVIDED BEHIND THE
SCHEDULE OF MOVEMENT

Cand. of Science D.O. Kulagin

B cmammi Ha ocHosi 3a2anbHOI Memoouku 6apiayitiHo20 YUCNeHHA BUKOHAHO MamMeMAamuyHy
NOCMAHOBKY 6 3a2ANbHOMY GUAOI Npoyecy KepyeawHs MOMOPEACOHHUM PYXOMUM CKIAOOM 3aNi3HUYb )
8UNnaoKy eiocmasanus 6i0 epagixa pyxy. I[lob6yoosa cucmemu asmosedeHHs pyxXomoco CKIAdy HA OCHOSI
3aNPONOHOBAHOT MAMEMAMUYHOI MOOeNl 0a€ 3M02Y PAYIOHALHO MIHIMIZygamu 8i0cmaganus 6i0 epaghika
DYXY 3 ONMUMATbHUMU GUMPAMAMU NePEUHHO20 eHeP2OHOCIA.

Kniouosi cnoea: cpagix pyxy, KepysamHus, MOMOPEAZOHHUN DPYXOMUL CKIAO, MAPWPYmMHA Kapma,
cucmema asmosedeHHs, ONMUMANbHI eHep2o8UMPAmi.

B cmamve na ocrose obujeli MemoOouKu 8apUAyUOHHO20 UCHUCTICHUS BbINOJIHEHA MAmeMamuyecKkas
NOCMAHOBKA 6 00Wem 68ude npoyecca YNpasieHusi MOMOPEALOHHBIM NOOBUNCHBIM COCMABOM HCENe3HbIX
dopoe 6 cayuae omcmaganus om epagura 0gudcernus. Ilocmpoenue cucmemvl a8mMosedeHUsi NOOBUNICHO2O0
COCMABA HA OCHOBe NPeOIONHCEHHOU MAMEMAMUYECKol MoOenu no380Jiem PayuoOHAIbHbIM 00PA30M MUHUMU-
3UpPOBaMb OMCMABAHUE OM 2PADPUKA OBUNCEHUS C ONMUMATLHBIMU 3aMPAMAMU NEPBUYHO20 IHEPLOHOCUME.

Knwouesvie cnosa: cpagux 0sudicenus, ynpasienue, MOMOPEAZOHHBIL NOOGUIICHOU COCMAS,
MApUIpymHas Kapma, CUCHeMa aemogeoeHuss, ONMUMANbHbLE IHEP203ampPambl.

The task execution schedule is one of the priority, since the quality of its decisions ensure the safety of
movement, more efficient use of rolling stock, freight and road capacity, enhancing customer service and has
important economic and social importance. Therefore, the question of overcoming deviations from the
schedule of movement with optimal energy consumption during this requires a precise mathematical
definition. Depending on the circumstances - the variance of the true weights of the rolling stock of
settlement, presence of a strong counter or side winds, road condition, failure running time outstrip,
infringement of the schedule of suburban trains for boarding and disembarkation of passengers through the
overcrowded trains by the issuance depo trains not full line and off-schedule cancellation of suburban trains,
delay trains passed by the place of repair work on the stretch, and other factors, the possible deviation from
the planned schedule. In consequence of this, it is necessary to carry out the adjustment values of the
average velocity EMU-train to execute a defined timetable. In article on the basis of common methods of
variational calculus, mathematical formulation of the General management process railcar rolling stock of
Railways in the case backlog from the schedule. The build avtodriving system rolling stock on the basis of
the proposed mathematical model allows rational way to minimize delays in the schedule of movement with
optimal costs primary source of energy.

Keywords: schedule management, railcar rolling stock, route map, avtodriving system, optimal energy
consumption.

Beryn. YV 3anexxHOCTI Biff IEBHUX 00CTaBUH PO3paxyHKOBOTO, HAsBHOCTI CHIIBHOTO
— BIAXWJEHHS ICTUHHOTO 3HAa4YeHHsS  Baru 3ycTpiuHoro abo OOKOBOro BiTpy, cTaHy KoJii,
MOTOPBaroHHOT0  PYXOMOT'O CKIagy  Big HEJIOTPUMAaHHS 4acy XOAy MePErOHOM, NOPYLICHHS
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pO3KJIagy TPHUMICBKHX TIOI3MIB TPH ITOCAMIITi-
BUCA/Illi ACAXKHPIB Yepe3 MepeHaceIeHiCTh Noi3aa
BHACIIJOK BHAA4l 3 JE€m0 IOi3[lB HEMOBHUM
CKJIaZIOM Ta IT03aIUIaHOBOI BIAMIHHM TPHUMICHKUX
MOI3MMiB, 3aTPUMKH TIPOXO/DKCHHS TIOI3IiB  3a
MICIIeM PEMOHTHHX pOOIT Ha TEeperoHi Ta IHIIMX
(hakTopiB, MOXJINBE BIIXWJICHHSI BIJI
3armmaHoBaHoro rpadika pyxy. BHacmimok mporo
HEOOXiZJHO TMPOBOJUTH KOPETYBaHHS BETUYHUHH
CepefiHbOi IIBUAKOCTI PyXy MOTOPBaroHHOTO
rmoi3ma Uil BHKOHAHHS BCTAaHOBJICHOTO Trpadika
pyxy [1-5], mo € axkTyanbHUM 3aBIaHHIM IS
3aJTiI3HUYHOI Tamys3i.

IlocTanoBka mnpodieMu Yy 3arajbHOMY
BUINIsIAI Ta 1i 3B'A30K i3 BamkIMBUMH
HAYKOBHMH Ta TPAKTHUYHUMH 3aBJAHHIMHU.
OHOBIIEHHS Ta MOJEPHI3aIig 3aTi3HUYHOTO TapKy
Ha OCHOBI CydYaCHMX HAyKOBHX TIiJXOIIB €
OCHOBOIO  BHKOHaHHsS  3aBlaHb  «/lep:kaBHOI
LTBOBOI MpOrpaMu pedOpMYBaHHS 3aTI3HUYHOTO
tparcoptry Ha 2010-2015 poxwm» (IlocTanosa
KaGinery MiunictpiB VYkpainu Binm 16 rpyaHs
2009 p. Ne 1390). Ilpu 1poMy B Hili Ba)JIUBY
yBary MpUIICHO IHTAHHIO TIJABHINCHHS piBHI
peamizamii TEeXHOJOTIi IepeBIi3HOr0 MpoIecy Ta
SIKOCTI POOOTH, OCHOBHHM IIOKa3HHKOM SIKOTO €

0 1

BUKOHAHHS HOPMAaTUBHHUX IIE€PEBI3HUX BUMOI Ta
rpagika pyxy.

AHaJji3 OCTaHHIX JOCTiIKeHb i
nyouaikanii. J{ocmipKeHHI0 TpoIiecy OnTHMI3arii
MmapaMeTpiB pyxy Ta YNpPaBIIHHS MPOIECOM TSTH
IpHU LBOMY IpHUCBSYEHO Oarato podit [6-10], mo
MIATBEP/DKYE  aKTYyalbHICTh JAHOI TEMAaTHKH.
[Ipore Ha chOromHI BiACYTHS YiTKa MaTeMaTHYHA
MTOCITiJIOBHICTh BU3HAYCHHS palioHaIbHOTO
croco0y TMojAoNaHHA BiAcTaBaHHS Bix rpadika
PYXy 3 ONTHMalbHUMHM BHUTPaTaMH €HEPIrOHOCIiB
IUISL IIbOTO TIPOLIECY.

BusnayenHss MeTM Ta  3aBIAaHHSA
HOCJHiUKeHHsl. 3aBIaHHSAM  JaHOI CTaTTi €
moOymoBa parioHaTbHOTO AITOPUTMY BHU3HAYEHHS
croco0y KepyBaHHS TATOIO [uisd 3a0e3redeHHs
MOIOJIAaHHS BIOXWICHHA Big Tpadika pyxy 3
ONTUMAaJIbHUMH BUTPAaTaMH HaJNBa.

MeToro € MaremMaTUYHUHA OMNHUC MPOLECY
KEpyBaHHsA MOTOPBArOHHHUM PYXOMHUM CKJIaZOM Y
BHITIAJIKy BiIXWJIEHHS Bix rpadika pyxy.

OcHoBHa 4YacTMHA JocaigkeHHA. Pos-
[NITHEMO JOUISHKY MapIIpyTHOI KapTH  pPyXy
MOTOPBaroHHOTO PYXOMOI'O CKJIaZy BiA TOYKH 3

xoopmuuatamn  (1,,S,) 10  TouKM (t; , S; )
(puc. 1).

S =@(1)

Puc. 1. l'eomerpuyHe Miclie I TIepexo.ly MiXk MEKOBUMH YMOBaMH TIPH 3MiHI BEpXHBOT
MEX0BOI YMOBU MapILIPYTHOI KapTH pyXy Hoizaa

PosrnmsaeMo BHIIaZoOK, 3a SKOrO CHCTEMa
aBTOBeJICHHS Toi3na (ikcye e B MpoOIeci pyxy
BiICTaBaHHs BiJi MapLIPyTHOI KapTH pyxy Ta

3MIHOK KEpYBaHHS TATOBOIO EJIEKTpOIlepeaadycto
3IACHIOETRCA  JTIKBifaIlis BiJcTaBaHHS, TOOTO
noi3n  mpubKmKae B NOTPIOHMM — IYyHKT
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MpU3HAYCHHS  HAa  MapmpyTHIH  KapTi 3

*
-t,.
[Tpuyomy Oynemo BBakaTH, IO 3MiHA KepyBaHHS
TATOBOIO €JIeKTpoIiepenadeto Oyna onTUMAaIbHOIO 3
orsily Ha OO0 €KTUBHI YMOBH pyXy, TOOTO
Mmojajblia KOPEKIlisl KepyBaHHS HE 3HAA00MIIACh 1
3a JAHOTO KepyBaHHS TATOBOIO
eIeKTpoIIepeaaueto, TOOTO IIPH MiATPUMIII HOTO 10
MOMEHTY JIOCATHEHHS TOYKH 3 KOOPJIUHATOO

Bi,I[XI/IJ'IeHHSIM 3a 4aCoM y Mexax Atz = t2

* * *
(t2 , 82 ), BAKOHAJIOCH CITiBBiJHOILICHHS 82 = 52 .

[Mepiue piBusiHus Efinepa-Jlarpamxa [11-15]
ISl TAHOTO BHIIAJKY MOJKHA 3allMCATH TaKUM
YHHOM:

f't _-D, 1)
(t) +(s)
e D - 3HAYCHHA HapaMeTpa, 3a SIKOTO

BUKOHYIOTBbCS YMOBH IIPOXOIKEHHS EKCTpeMali Ta
TEOMETPHUYHOTO MiCIsl MEKOBUX YMOB PyXy Moi3aa

4yepe3 TOUKY 3 KOOPIUHATOIO ('[2 , 52 ).
Tomi npyre piBusHHS Efinepa-Jlarpamxka

[11-15] mis nmaHoro BUIAAKYy 3allMCaHE TaKUM
YHUHOM:

d_ss
TE) +(s)

nokasye, mo npsmi tumy S = CONSt He MoxyTh
OyTH EKCTpEMAIISIMH.

_—J(t) +(s) =0, @

Il{o crocyerbea mpsmux Tumy £ = CONSt,
TO BOHHU, BOYCBHJIb, MOXKYTh OYTH €KCTPEMAJISIMH.

BukoHaeMo TiICTaHOBKY

ot _

— =0, 3
L 3)

ac L - JOBXXHWHA AYyTrnu Bi,Z[ TOYKH 3 KOOpAWUHATAMHA

(t2 , 82 ) 10 TOUKH (t; , S;)

IaTerpansHIMu KPHUBUMHU, 110
BiApisHsitoThCs Big mpsmux Buxy t{=CONSt, e
JIAHLIFOT OB JIiHIT

S:D-ch(ﬂj,
D

ne B - xoncranra interpypanns.

(4)

[Mepmr 3a Bce mepeBipuMoO, YW MOXHA depe3

TOYKM 3 KOOpAHWHATaMH (t2 , 82 ) Ta (t2 , 82 )

MpoBECTH KpuBY cimelicTBa (4). DakTHUHO AaHe
MUTAHHS 3BOJUTHCS 10 BUPIMICHHS MHUTAaHHSA PO
MO>KJIMBICTb PO3B’I3aHHS PIBHSIHHS

1
Bimocuo D .
I BUPIIIEHHS  OCTAHHBOTO  MHTAHHS
no0yayemo rpadik BUILY
1
go(D):D-ch(Bj ©

st 3oum D > 0, 10 BiJIMOBiJae yMOBaM HalIoi
3a7a4i.

BpaxoBytouu, 110

go'(D):ch(ij—%-s

D

1 BIATIOBITHO

. 1 1
D)=—-ch| = |, 8)
JIe CTIPaBEIINBOIO € HEPIBHICTh
La()o o
D D

TO TpadiK HANPSIMIIEHO BIHYTOIO YaCTHHOIO Bropy
(puc. 2).
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3aJi3HUID

o

] DI

Puc. 2. 'eomeTpuuHe Miclie TOYOK, 10 BiJOBIaIOTh PiBHIHHIO gp( D) =D-ch ( )

[MpunyctiMo, 1m0  (QYHKIIisA go(D) Mae

MIHIMYM Y TOYIIi DO. Tomi D0 BU3HAYAETHCS SIK

KOpiHb piBHsHHS [16]

KOJIn

N S, <¢(D,),

eKCTpGMaﬂeﬁ, 1o MnpoxodaTb 4Yepe3 TOYKHU 3

BUITAJIKY,

* *

KOOpJMHATAMHU (t2 , SZ ) Ta (tz , SZ ), HEMaE.

Ipu S, = (p(DO) ICHY€ OJIHA EKCTpEeMallb,
0 3’€JHy€E TOYKH 3 KOOpAUHATAMHU (t2 ,Sz) Ta
(t,.S,).

Ipu S, > gp(DO) TaKMX EKCTpeMajiel Oyze
IBi. Y 1IbOMY BUNAJIKY OTPUMAEMO JIBa 3HAYCHHS
napamerpa D : menmomy 3 HEX — D1 — Oyne
BifgmoBigaTk OIMBIN HU3bKA JIAHIIOrOBA JIiHIA, a

OlmpIIOMY 3 HHX D2 — OlmpIl  BHCOKA

JIQHITFOTOBA JIIHISL.

BucHOBKH 3 10CTiIKeHHS i MepCNeKTUBH,
NMoAAbIIMI PO3BUTOK Y JaHOMY HANPSIMKY.

1. Takum 4uYMHOM, Yy XOA1 TNPOBEACHOTO
JOCIIIDKEHHS BUKOHAHO MaTeEMaTHYHE BU3HAUYECHHS
FEOMETPUYHOIO MiCIsSl TOYOK, IO BiJIOBIAIOTh

[)( } .

D

D,
1

1
y=th| = |. (10)
X
3a (10) mativenmo, mo D, =0,83355.
IIpu upomy
0 =1.5127. (11)
1-D?

EKCTpeMalli TPOoIleCy KepyBaHHS MOTOPBATOHHOIO
OJIMHUIICI0 PYXOMOTO CKJIaAy JUIsl BHUIAJKY
BiJIcTaBaHHA Bix rpadika pyxy.

2. BukopucTaHHS MAaTEeMaTHYHOTO amapary
Teopii BapialiiHOTrO YUCIIEHHS JUIsl TATOBHUX 3a/1a4
Jae 3MOTY BHW3HAUaTH palioHaJbHI CHOCOOH
KEepyBaHHs 3 ONTHMAJIbHUMH CHEPrOBUTPATAMHU 3
OMNIAly Ha ONTHUMAaJbHUU po3nofin  (yHKii
KepyBaHHS TATOBUM IIPOLIECOM BIIOBIIHO J0
OCHOBHHX 33Ja4 BapiaiiiHOrO YHUCIICHHS.

3.Ha ocHOBI 3amponoHOBaHMX MaTeMa-
TUYHUX CIHIBBIIHONIEH, MOXJIMBA ITOJAJbIIa
moOyoBa CHUCTEMH aBTOBEJCHHS JJIsi BKa3aHOI
CUTyallil TOJONaHHS BIAXWIEHHS Bix rpadika
pyXy.

4. Okpemo
cuTyanii SZZQ(DO) Ta SZ>(0(DO), 1110
CTaHOBUThH I1HTEpEC I JOCTIDKEHHS TpOIeCy
ONTHMI3allii KepyBaHHA PYXOM MOTOPBAarOHHOTO
noizzaa.

OTPEOyIOThH BUPIIIEHHS
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