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Bukrop LUBETKOB

Victor Ya. TSVETKOV

Bbi60Op HOBOWV MoA e yripaBJieHUs
CKOPOCTHbIM TPaHCMNOPTOM Ha OCHOBE
ee onpenesieHns B NMPOCTPaHCTBe
napametpos. lMpumeHeHne wabsIoHOB
rpaguka aemxeHunsi. CpaBHeHue
WHTEepBaJibHbIX XapaKTepPUCTUK
peasibHOVi cuTyauumu TPaHCMOPTHOIO
o6beKTa c 3TasIOHHOW, 3a4aHHOM
rpagpukom. Ucnonb3oBaHue

Moaenu ass aHaan3a u ynpassieHnus
UHTEeJIIeKTYasIbHOM TPaHCMOPTHOMN
CUCTEMOIA.

Knto4yeBbie c10oBa: BbICOKOCKOPOCTHas
Xesie3Has Aopora, MHTeJIIeKTyaibHoe
yrpasJieHne, MHTepPBaslbHbIE MOAEIIN,
ungppoBeie Mmoaenu, rpapuk ABVXKEHNS,
MoAenn reogaHHbIX A1 yrpaBiaeHus
TPaHCrNopPTOM.
|
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BOTPOCHI TEOPWAV

UHTerpanbHoOe ynpaBJjieHue
BbICOKOCKOPOCTHOM
MarucTpanbio

1leemroé Buxmop 5lkos6aesuy — 00Kmop mexnu4ecKux
HayK, 00KmMop 9KOHOMUHEeCKUX HAyK, npogheccop Ka-
hedpol Hasueauuu u eeourgpopmamurxu Mockoscko2o
20cyoapcmeeHHoe0 yHueepcumema nymeii coooueHus
(MUUT), cosemnux dupexmopa HUH «Aspoxocmoc»,
Mocksa, Poccus.

PaHCIIOPTHBIE CETU SIBJISIIOTCSI OCHOBO-
moJjiaraloliiM 3JIeMEeHTOM uHbpa-
CTPYKTYPbl HAPOJHOTO XO3SMCTBA,

MaTepHraJbHble KOMMYHUKALIMU 0OeCIIeurBa-

eT UMeHHO TpaHcnopT [1]. s ynpaBlieHust

TPAHCIIOPTOM IIIMPOKO MCIOJIb3YIOT METOIbI

reonH(MOpPMaTUKU U LIU(PPOBBLIE MOJECIIN.

Knaccnueckue ungpoBbie MOASIU MO~

BUXKHBIX 00bEKTOB BBIUMCJISIIOT IO KOOPIM -

HaTaM B TOYKe UX HaxoxaeHus. DakTuue-

CKM 3TO 03HAYaeT, UTO MOJ00HbIE MOJCIIH,

NpUMeHsieMble B reomHdopMaTuke

M Ha TPAHCIOPTE, COIEePXKAaT TOJIbKO KOOP-

JUHATHYI0 MHOOPMAIIMIO U OIpeaesie HbI

B peaJlbHOM TPEXMEPHOM MPOCTPaHCTBE.

BpeMeHHast mpuBsi3Ka KOOPAMHAT B HUX

MIPUCYTCTBYET, HO JIMIIb KaK pukcanus

BpeMEHU U3MEPEHHUsI TOYKU IIPOCTPAHCTBA,

B KOTOPOI HaXOAUTCS O0BEKT.

YnpaBjieHre, OCHOBAHHOE Ha TaKOM

MPUHLMIIE, BKIIOYAET OLIEHKY XapaKTepu-

CTUK 00BbEKTa B HEKOTOPOI TOUKE M IPU-

HATHUE pelleHUi Ha 3Toi ocHoBe. [lpu

BBICOKOCKOPOCTHOM JIBUKEHUM ITO100HBII

MOJAXOJ 3aMeIJIsieT aHaJu3 CUTYalluu, YTO

MOBBILIAET YSI3BUMOCTb O0BEKTa U PUCK

HEeBEPHOTO MPUHITHUS pELISHU [2].

s ycTpaHeHMsI HA3BaHHOT'O HEAOCTaT-

Ka MpejiaracTcs CIoib30BaTh MHTErPalb-



HO€ yIpaBjieHHEe, OCHOBAaHHOE Ha HOBOM
Tune unupoBbIX Mmoaenei. [Ipu aTom HeoO-
XOAMMO ONpeaeasiTh HUu(poBbie MOICIN
HE TOJIbKO B IIPOCTPAHCTBE KOOPIUHAT, HO
1 B 00Jee eMKOM MPOCTPAaHCTBE Mapame-
TPOB, KOTOPOE, KpOoMe KOOPAMHATHBHIX,
BKJIFOYAET TaHHBIE O CKOPOCTH U YCKOPEHUU.

Bropoe ornuyue mMonmeneit COCTOUT
B TOM, UYTO OHU SIBJISIOTCSI UHTEPBaJIbHBIMHU,
OMpEeaeISIIOTCS HE B TOUKE, a XapaKTepu3y-
0T UHTEePBaIbl U3MEPSIEMBIX BEJIUYUH «OT
U 10». Takye MHTepBajbl BBIYMCISIOTCS I
PaCCTOSIHUM, CKOPOCTEM U YCKOPEHUIA.

TpeTbe oTIMYMeE TIpeaIiojaraet, YTo 3a-
paHee, B COOTBETCTBUU C I'papMKOM ABU-
XKEHMSI CKOPOCTHOTO 00beKTa, CO3maeTcs
9TaJJOHHASl UHTEePBaJIbHAS MOJEJb IBUXE -
HUsS, KOTOpas TpeacTaBlisieT co0oii Habop
MacoOK (IOMYCTUMBIX HHTEPBAJIOB PaCCTOSI -
HUI, IOIYCTUMBIX UTHTEPBAJIIOB CKOPOCTEMH,
IOTMYCTUMBIX MHTEPBAJIOB YCKOPEHUI).
YrpaBiieHHE OCYIIECTBISIETCS TOCPEACTBOM
CpaBHEHUS pealbHON MHTEPBAIBLHOMN LN} -
POBOM 1 3TAJIOHHO MHTEPBAJIbHOU MOJIE-
Jell JBUKEHUS.

Ha puc. 1 npuBeneH rpaduk ABUXKEHUS
B paccTosIHUSIX (L — pacCTOSTHUE;  — BpeMsl).

CrniolrHast TMHUS TTOKa3bIBaeT rpapuk
LITAaTHOT'O ABMXKEeHUSI. BepTuKaabHbIe TMHUN —
mab0Hb! WIM Macku. OHM MMOKa3bIBaIOT 10~
ITyCTUMBII MTHTEPBaJI OTKJIOHEHUS OT rpaduka.
[TyHKTUpHAS TUHMS — IPUMEP JIMHUM IBYKE-
HUS JOMYCTUMOIO OTKJIOHEHMS OT rpaduka.
Ecnu rpaduk nrskeHMs (MyHKTUPHAS JIMHUS)
BBIXOIMT 32 PaMKM I1a0JIOHOB — CUTYyalLlUs
KPUTUYHA U HAIO MPUHUMATh 3KCTPEHHBIC
MeEpBHI.

[Ipu mpuHATUU yIpaBIEHYECKOTO pe-
MIEeHUSI KpoMe MOJEJHU, OTpaxkeHHOM
Ha puc. |, y4UTHIBAIOT U ApyTUe (PaKTOPHI:
CKOpOCTHU M ycKopeHus. Ha puc. 2 npuse-
IeH TpaduK OBUXKEHUsS B cKopocTsx (V —
CKOpOCTB; t — BpeMsI).

Otauyue puc. 2 ot puc. 1 B TOM, 4TO
MacKu (11a0JIOHBI) A1 CKOPOCTEH CyIIecT-
BEHHO pa3jMyaroTcs.

Ha puc. 3 mokasaH rpaduk nOBUKEHUS
TOTO ke 00beKTa B ycKopeHMIX( (a) — YCKO-
peHue; t — BpeMms).

Jnst ycKopeHUsI BaXXHBIM ITapaMeTpOM
SIBJSETCSI HallpaBjeHUe, IT03TOMY OHO OT-
paXkeHO B MOJIEJIN.

Otauyue puc. 3 or puc. 2 B TOM, 4TO
MacKu (11abJIOHBI) IJIs1 yCKOpeHU I 0003Ha-

Puc. 1. padpuk ABMXEHUS B PAaCCTOSAHUSIX.

Puc. 2. Ipagpuk aBMKEHNS B CKOPOCTSIX.

yeHbl cTpenakaMu. CTpeJKM MoKa3blBaloT
OTPUILIATEIBHOE WJIU MOJOXKUTEIbHOE YCKO-
penue. JIBoiiHas1 cTpeaka COOTBETCTBYET
HYJIEBOMY YCKOPEHMIO UM U3MEHEHUIO €TI0
HampaBJICHUS.

st oriepaTUBHOTO OIpPeaeeHUS YCKO-
pPEHUM U CKOPOCTEM HEMOCPEIACTBEHHO
Ha 00bEKTE BO3MOXKXHO MPUMEHEHUE aBTO-
MaTHUYECKUX YCTpPOMcTB [3, 4].

Bce Tpu paccMOTpeHHBIX KOMITIOHEHTaA
(puc. 1—3) BXomsT B IMHAMMYECKYIO MOJEb
reoJaHHbIX [5, 6]. Paszauyue B TOM, 4TO OHU
XapaKTepU3yIOT UHTEPBAJbl, a HE OTACIbHbIC
TOUKHU TIpocTpaHcTBa. [y 00paboTKu Tpu
KOMITOHEHTa O0BbEIMHSIIOTCS B MOJIEJb, KO-
TOpasi Ha3bIBaeTCsl «MHTErPUPOBaHHAsT UH-
¢opmanmoHHast ocHoBa» [7].

ITo cyuiecTBy, Takoil Toaxond sSIBJAsIeTCS
pa3BUTHUEM MAEHl MHTETPUPOBAHHOTO
yIIpaBJIeHUS TPAHCIIOPTHBIMU OOBEKTaAMU
[8], HO ¢ BkIOUYEHMEM B JMHAMUYECKYIO
MOJeJb Fe0JaHHBIX UHTEePBAJIbHBIX Mepe-
MEHHBIX M CUCTEMBI 111a0JIOHOB.
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Puc. 3. paguk aBmxeHns
B YCKOPEHUSIX.

A

B MeTomonornyeckom IiaHe JEMOH-
CTPUPYEMBIN TTOJAXOJ pa3BUBACT UJICU CH-
TYallMOHHOTO YIIpaBJIeHUS TPAHCIIOPTHHI -
MU OOBEKTaMHU WJIMU, KaK €ro UMEHYIOT
3a py0exkoM, «IIKOJbI yIIpaBJIeHUs NpU
HeMpeaBUAEeHHBIX 00CTOSATEeIbCTBAX» [9].

B acnekTe nHpopMallMOHHON MTOoAAEP-
KKU 1 MHOOPMALIMOHHOTO o0ecredeHMs
peub IIPU TAKOM MOAXOMAE UIET O IIPUMEHE -
HUM OHATUM MHGOPMALIMOHHOM CUTYalluu
1 MHOOPMAIIMOHHOM TTO3ULIUK TIPU TTPUHS -
TUM peweHuii [10].

IIpoiecc yrpaBiaeHUsT OCYIIECTBISIETCS
B MH(GOPMAILIMOHHOM ITpocTpaHcTBe. CpaBHU-
BaeTCs TeKylas MH(GOpMaLIMOHHAasI CUTYaIus,
BKJIIOYAIOIIAsT MHTETPUPOBAHHYIO MOJE/b
C TpeMsI KOMITOHEHTaMU, 1 peajibHast uH(op-
MallMOHHasI CUTYyalIMsl, oripeessieMasi C TOMO-
IO ABTOMATUYECKMX CPEICTB M HABUTALIOH -
HBIX cucteM. [Ipornecc cpaBHEHUS MOXET
BBITIOJHATHCS TOJIBKO MHTEJUIEKTYaIbHOMI
TPaHCIIOPTHOM CUCTEMOI MJIU aBTOMATU3UPO-
BaHHOI CUCTEMOI /151 TOBBIIIICHUS OTIEPaTUB-
HOCTU KOHTPOJIS U ynpaBieHus. YenoBek
He B COCTOSTHMHM 3a TPeOYeMBbIiA IIEPHOJT OLICHUTh
3T TPY MHTEpBaJla [IapaMeTPOB U OIIePaTHBHO
MPUHSTH aICKBATHOE PEIlIECHNE.

OmnpeleleHUEe MECTOIIOJOXEHUS O~
BUIKHBIX €IMHUIL TIPOMCXOIUT ITOCPEACTBOM
cnytHukoBoit HaBurauuu [JIOHACC/GPS
WJIM MOOMJIBHBIX CUCTEM COOTBETCTBYIOIIIE-
ro Ha3HaYeHMSI.

CucremMa MHTETPaJIbHOIO yIpaBICHUS
BBICOKOCKOPOCTHBIMM 00bEKTaMU Ha OCHO-
B€ MCMOJIb30BAaHUS TPEXKOMITOHEHTHBIX
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WHTEPBAJbHBIX LHUGPOBBIX MOAEIEH Ha-
MpaBjicHa Ha yaydlieHue 3 GeKTUBHOCTH
paboThl KEJNEe3HOAOPOKHOTO TpaHCIIOpTa
3a CYET MOBBIIIEHUS MTPOIMYCKHOM CITOCO0-
HOCTH JIMHUIA, COKpAILeHUS SKCILTyaTalli-
OHHBIX PAaCXOJ0B M DHEPTOMOTPEOIEeHMS,
a TaKXKe M3HOCa MyTH U IMOABUKHOTO COCTa-
Ba
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INTEGRATED CONTROL OF HIGH SPEED RAILWAY

Tsvetkov, Victor Ya. — D. Sc. (Tech), D. Sc. (Economics), professor of the department of navigation and
geoinformatics of Moscow State University of Railway Engineering (MIIT), advisor to the director of Research

Institute Aerocosmos, Moscow, Russia.

The article is devoted to the choice of a new model
of control for high speed transport which is based on
its definition in the space of parameters. It studies
application of traffic schedule patterns and compares
interval parameters of a real positioning of a transport
object with a sample situation, set by schedule. The
author suggests the ways how to use the described
model to analyze and control intelligent transport
system.

Classical digital models of moving objects are
computed on the basis of the coordinates in the
point of their current situation. It means that such
models, once they are applied for geoinformatics
and transport, contain information on coordinates
only and are determined in real 3D space. Temporal
referencing of coordinates exists only as a form of
recording of the time of measuring of a spatial point
where the object is situated.

The control, based on such approach, includes
evaluation of the features of an object in a given
point and decision making referred to such a point.
While when high speed traffic is concerned, such
an approach delays analysis of a situation, causing
growing risks of object vulnerability and incorrect
decisions.

In order to overcome such a default the author
suggests using integrated control, based on a new
type of digital models. Such digital model should be
determined not only in the space of coordinates, but
in a more capacious space of parameters including
coordinate, speed and acceleration data.

The second feature of the new model consists in
the interval character, the models are determined
not for a point but for a certain interval of evaluated
values «from... till...» for distances, speeds, and
accelerations. The third feature supposes simulating
of reference sample interval model of traffic
according to traffic schedule of a rapidly moving
object, that represents a set of mask (allowable
intervals of distances, speeds, accelerations).
Control is accomplished via comparison of real
digital interval traffic model and of reference interval
traffic model.

Such an approach is a development of the ideas
of integrated control of transport objects but the
described dynamic model includes moreover
geoinformatics data of interval variables and a sample
system. Methodologically the suggested approach
develops ideas of situation control of transport objects
or of control under unforeseen circumstances.

Key words: high speed railway, intelligent control, interval models, digital models, traffic schedule, models of

geoinformatics data for transport control.
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