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Abstract: The principles of constructing intelligent unmanned traffic control systems for off-street urban rail transport are
considered, while a block diagram and connections between subsystems are proposed. The features of the construction of upper-
level control algorithms are shown. Functional features of subsystems are defined, and links between subsystems are considered.
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INTRODUCTION

In the conditions of the current level of develop-
ment of computer technology, expansion and inte-
gration of various subsystems that ensure the oper-
ation of the transport complex, with the control sys-
tem (in the conditions of digitalization of off-street
transport), a synergistic effect is achieved from the
use of new automatic control systems [1].

From the point of view of operation, the Interna-
tional Union of Public Transport considers five levels
of automation of train traffic control (from GOAO to
GOA4), while the GOA4 level implements automatic
control of train traffic in the absence of operational
personnel on the rolling stock. This level is more
consistent with the term “unmanned control” [2].

The architecture of modern intelligent cyber-
physical systems for controlling the movement of
off-street transport is determined by the purpose of
their construction - the practical implementation of
methods and tools for optimizing the use and opera-
tion of production resources of off-street transport
(urban rail transport systems (GRTS)) [1].

GRTS is based on technologies with a wide range
of participants and technical solutions. Effective in-

tegrated management of GRTS is currently impos-
sible without the use of intelligent systems. At the
present level, it is possible to integrate various con-
trol tasks within a single intelligent system.

The basis for the development of intelligent cy-
ber-physical control systems for off-street transport
is the experience gained by scientists of the Russian
University of Transport - RUT (MIIT) when creating
the following automation tools that have found ap-
plication in the Moscow Metro [3]:

- automatic control system for the movement of

underground trains;

- the world’s first subway train dispatcher sim-
ulator, put into operation in 1999;

- automated system of energy-optimal traction
calculations, used since 1998;

- an automated system for constructing
planned schedules for the movement of pas-
senger trains, which has been in operation
since 2003;

- an automated system for evaluating the ef-
ficiency of using regenerative braking on the
electric rolling stock of the subway.
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The accumulated experience in creating separate
subsystems for train traffic control, automated sys-
tems for planning the transportation process, sys-
tems for training and advanced training of opera-
tional personnel involved in traffic control, makes
it possible to seamlessly combine these systems
within a single intelligent train traffic control sys-
tem (UIMS).

The block diagram and connections between the
elements of the EISUD are shown in Figure 1.

The structure of EISUD includes the subsystem
ASUDP - an automatic train traffic control system. In
conditions of heavy traffic, which is typical of urban
off-street transport of megacities, the construction
of autonomous unmanned vehicle control systems
in which automatic control of each train according
to a predetermined schedule (traffic schedule) is
implemented is not effective, since in this case the
position of other trains moving is not taken into ac-
count. along the line. Mutual “harmful” interaction
of trains takes place in the case when they begin to
influence the automatically selected modes of move-
ment of the safety system [4].

The system for ensuring the safety of train
traffic does not allow dangerous convergence of
trains on the line, while the automatic control
system deals directly with the control of train traf-
fic. In centralized train traffic control systems, the
upper functional level receives information about
the moments of arrival and departure of all trains
at all stations, compares this information with
a given planned schedule of movement and de-
velops control commands for each train - the re-
quired duration of parking and the travel time for
the ahead haul. These controls are implemented
by unmanned vehicles. This mode of operation of
centralized systems is called control under com-
pensated disturbances, when the deviation from
the planned traffic schedule can be parried by the
available resources of travel times and parking du-
rations. The compensated perturbations are called
“small glitches”.

In this case, when the resources of travel times
and parking times are not enough to parry distur-
bances, unscheduled turns of trains are made at
stations with track development, and, if necessary,
unscheduled removal of trains from the line to the
depot, which leads to a change in the pairing and or-

der of trains. Such situations are usually called “big
failures” [4,5,6].

The automatic train traffic planning subsys-
tem has been reassigned to create a traffic sched-
ule consistent with the passenger traffic parameters
and create an operational traffic schedule in the
conditions of “big” disruptions [6]. In this case, an
operational schedule is developed for the period of
failure and after the elimination of the causes of the
failure, an operational schedule is created, in accor-
dance with which the trains running on the line take
their threads of the planned schedule. The imple-
mentation of this function is dictated by the require-
ments of the night arrangement of trains.

The subsystem for constructing a schedule for
the turnover of trains plans the periods and places
of various types of technical inspection of the train,
their scheduled repairs. The turnover schedule
must necessarily be coordinated with the planned
traffic schedule. Various algorithms were used in
constructing the turnover schedule. The results of
the conducted studies showed the effectiveness of
the genetic algorithm [7,8].

An essential step in traffic planning is the cre-
ation of a work schedule for locomotive crews, con-
sistent with the planned traffic schedule. This func-
tion is implemented by the subsystem for plotting
the turnover schedule of locomotive crews.

The subsystem of the upper functional level
receives information from the automatic train traf-
fic planning subsystem (data of planned or opera-
tional schedules). From the lower functional level to
the upper one comes information about the time of
arrival and departure for all stations of the line of
all trains. After calculating the discrepancy between
the given traffic schedule and the data received from
the lower level, which determine the executed traffic
schedule, the control is developed for each train of
the line - the required travel times along the ahead
stage and the duration of stops at the station [9,10].

Features of the construction of upper-level con-
trol algorithms is the requirement to minimize the
“harmful” interaction between sequentially moving
trains through the safety system in the absence of
reliable information about the existing disturbanc-
es. In particular, the travel times and the moment
of departure of the train behind are related to the
allowable departure interval, which depends lin-
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early on the delay time of the train in front under
the influence of disturbances at the next station.
The development of control for heavy traffic is car-
ried out when the train in front has not yet arrived
at the station, so the algorithm uses an extrapolator
to calculate the duration of these disturbances from
the available data on the delays of previous trains.
The extrapolator works in real time. In addition, the
development of controls is determined not only by
the mismatch for a given train, but also by the imple-
mented controls in the previous cycle and depends
for a particular train on the given travel time and the
moment of departure of the ahead train [11].

The developed algorithms belong to the class
of graph-interval algorithms, in which the control
depends on the system states and predicted distur-
bances. Additionally, from the possible solutions,
a solution is selected that provides the minimum
power consumption for traction.

In the context of digitalization of the functioning
and management of urban off-street rail transport,
the work of the subsystem for collecting opera-
tional characteristics is essential, which receive
parameters from the upper functional level that
determine the quality of the line, as well as allow
recording the number of passengers transported,
ton-kilometer work, etc. Analysis of the received
data, formalization of reporting and its convenient
display is implemented in the operational infor-
mation analysis subsystem. The results obtained
are transmitted to the operational services by ap-
propriate means of transmission.

[t is critically important to manage transport sys-
tems to ensure the safety of vehicles and passengers.
To improve the quality of GRTS vehicle control, it is
necessary to test the skills of operational personnel
to make the right decisions in emergency situations,
as well as constantly check the qualifications of
GRTS employees, which is determined by the actions
taken both during normal operation of the line and
in the event of failure situations [12]. The procedure
under normal conditions is repeated, therefore, ba-
sically it does not cause difficulties. If an emergency
occurs, the controller must take steps to bring the
situation back to normal. It is also important to train
new employees to ensure a reserve of personnel.
Operational personnel performing the functions of
dispatch control must be highly qualified to meet the

requirements for the safety and convenience of pas-
sengers [13]. The qualifications of the operational
workers of the GRTS are determined by the work of
dispatchers in case of failure situations on the lines.
An operational employee must possess such quali-
ties as high qualification, professional competence,
desire for development and, of course, compliance
with the challenges of the time. The subsystem for
training and advanced training of operational
personnel is designed to provide the above func-
tionality. The training subsystem includes a train
dispatcher simulator, in which models of real met-
ro lines are used to improve the skills of operational
workers, while simulating all the technical means
and objects involved in the traffic control process
[12]. The composition of the training subsystem has
been expanded with a training subsystem for new
operational workers, aimed at studying the basics
of vehicle traffic control without being tied direct-
ly to an object, for example, a specific subway line.
Training and advanced training in such a subsystem
is possible in the form of scenarios with a certain
specified sequence of events. With the help of the
knowledge testing subsystem, an assessment of
the qualifications of operational personnel can be
obtained by evaluating the severity of the execution
of the sequence of commands of the developed sce-
nario when simulating a specific situation or after
passing the appropriate test [12].

The proposed block diagram of the UISUD covers
all the control loops of the GRTS vehicles, and the
considered principles for constructing the function-
ing of a single intelligent train control system have
shown their effectiveness, determined by the fol-
lowing:

- increasing the use of throughput and increas-
ing the carrying capacity of off-street urban
transport due to the exact implementation of
the planned train schedule;

- increasing the energy efficiency of planning
and managing train traffic by choosing energy-
efficient train control modes that are optimal
in terms of the minimum energy consump-
tion for traction, distributing train travel time
along the line by travel times over hauls, re-
placing the planned train schedule with “over-
mode” stops with a schedule with a change
planned times of train travel on hauls during
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the period of change of traffic pairing, im-
provement of centralized control algorithms,
taking into account the dependence of control
restrictions on the state of the system and the
forecast of possible disturbances, increasing
the travel time of trains along the haul to im-
plement the allowable inter-train interval of
movement according to traffic safety systems.
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Opnrnﬂam,ﬂaﬂ Hay4YHada CTaTbA

AHHOTauMﬂ: PaCCMOTpeHbI NPUHOUWIIBI IIOCTPOEHUA HHTEJJIEKTYaJIbHBIX OGECIUJIOTHBIX CUCTEM ynpaBJieHHUd [ABUXEHUEM

BHEYJIMYHOT'O TOPOACKOI'0O peJIbCOBOTO TPAHCIIOPTA, MPEAJIOKEHA CTPYKTYPHAA CXeMa U CBA3U MeX Ay IMoACUCTEeMaMHU. [TokazaHbl

0CO6EHHOCTH MOCTPOEHUA aJITOPUTMOB yIIpaBJIEHUA BEPXHETr'0 YPOBHA. Ol'[pe,[[e.)'[eHbI (l)yHKLU/IOHaIlebIe 0COGEHHOCTH noACUucCTeM,

pacCMOTpEHbI CBA3U MEXAy NOACUCTEMaMHU.

Kiw4yeBsie cyoBa:
0GeCcrnuI0THOE ynpaBJieHHe, UHTeJlJIEKTYaJIbHble CUCTEMBbI.

ropojickast pesjibcoBasi TpPaHCIOPTHAas CHUCTeMa, yNpaBjeHWe [BIKEHHeM, aJITOPUTM yIpaBJeHHs,

B yc/i0BUSIX COBpEMEHHOTO YpPOBHSI pPa3BUTHUSA
CPeJCTB BbIYHUCJAUTENbHON TEXHUKH, paclidpeHust
M UHTerpanuy pasjMYHbIX MOJCUCTEM, obecre-
YMBAWIMUX PaboTy TPAHCIOPTHOrO KOMILJIEKCA, C
CUCTEMOU ympaByeHUs (B ycaoBUsX LudpoBH3a-
MM paboThl BHEYJIMYHOTO TPAHCIIOPTA) JOCTHUra-
eTcsl CHHepreTuieckui 3G PeKT OT UCI0JIb30BaHUS
HOBBIX CHCTEM aBTOMATHUYECKOI0 ynpasJjeHus [1].

MexAyHapoJHBIN COI03 001eCTBEHHOI'O TPAHC-
[OpTa C TOYKHM 3PEHUs IKCIJIyaTal U paccMaTpHU-
BaeT MNsATh YPOBHEH aBTOMAaTH3allM{ YNpPaBJeHUs
IBWKeHHUeM noe31oB (0T GOAO no GOA4), npu 3TOM
ypoBeHb GOA4 peainsyeT aBTOMAaTH4YECKOe yIpa-
BJIEHHE JBW)XEHHEM I0€e3/I0B NPHU OTCYyTCTBUHU HaA
NOJBMXXHOM COCTaBe 3KCIJIyaTalMOHHOIO Iepco-
HaJsia. ITOMY YPOBHIO B 60JIbIlIel CTeNIEHU COOTBET-
CTBYET TEPMUH «BeCIUJI0THOE yIpaBeHue» [2].

ApxyTeKTypa COBpPeMEeHHBbIX HHTeJJIeKTya-
JIbHBIX KHOeppH3UUecKUX CHUCTeM yIpaBJeHUs
JBMDKEHUEM BHEYJIMYHOI0 TpPaHCIOPTa Olpefe-
JIIeTCA 1eJIbI0 UX IOCTPOEHUs - TPaKTUUEeCKOH pe-
aJMsalnyel MeTOoJl0B U CPeJCTB ONTUMU3ALUU UC-
II0JIb30BaHHUA U IKCIJIyaTallMi TPOU3BOCTBEHHBIX

pecypcoB BHEYJIMYHOTO TpaHcnopTa (ropofCKux
pesbCcoBBIX TpaHCNoOpTHBIX cucteM ('PTC)) [1].

B ocHoBe 'PTC sekaT TEXHOJIOTUU C LINPOKUM
KpPyroM V4YaCTHUKOB W TeXHUYECKUX pelleHUH.
JdpdexkTrBHOE KOMILIeKCHOe ymnpaBseHue ['PTC B
HacTosillee BpeMsi HEBO3MOXKHO 6e3 KCIO0JIb30Ba-
HUSl MHTEJJIEKTYaJbHbIX KOMIJIeKcoB. Ha coBpe-
MEHHOM ypOBHEe BO3MOXXHa HUHTerpanus pasJiiy-
HbIX 33Jlay yNpaBJIeHUsI B KaMKax eJJUHOW UHTeJI-
JIEKTYaJIbHOU CUCTEMBI.

OcHOBOH JJis1 pa3pabOTKHA HUHTEJJIEKTYalbHbIX
KHb6epdU3NYEeCKUX CUCTEM yIpaBJIEeHUS BHEYJIUY-
HbIM TPAHCIOPTOM SIBJISIETCS OMNbIT, HAKOTJIEHHBIH
y4eHbIMU Poccuiickoro yHUBepcUTeTa TpaHCIopTa
- PYT (MUHUT) npu co3gaHuu cielyroliux cpesiCTB
aBTOMaTH3alMHY, HAalleAKUX NpUuMeHeHue Ha Moc-
KOBCKOM MeTponoJiuTeHe [3]:

- aBTOMAaTHUYecKas CUCTeMa YIpaBJEeHUs JBU-

»KeHHeM M0e3/]0B MeTPOIOJUTEHa;

- IMepBbIM B MUpe TpPeHakep MOe3JHOro JAuc-
neT4yepa JUHUU METPOIOJUTEHA, CIAHHbBIHN B
3KcmayaTanuio B 1999 r;

- aBTOMAaTHU3UPOBAHHOW CUCTEME 3HEPrOONTH-
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MaJIbHBIX TATOBBIX Pac4eTOB, MPHUMeEHSAEMOH
c1998r;

- AaBTOMAaTHU3UPOBAaHHOM CHUCTeMe MOCTPOEHUS
IJIAHOBBIX I'PadUKOB JBUKEHUS MACCAKUP-
CKUX I10€3/10B, HaX0/IS1[eMCsl B 3KCIJIyaTaluu
c2003r;

- aBTOMaTHU3UPOBAHHOW CHUCTEME  OLIEHKHU
3pdeKTUBHOCTU UCNOJIb30BAHUA peKyIepa-
TUBHOTO TOPMOKEHHUsI Ha 3JIEKTPOINOJBUXK-
HOM COCTaBe METPOIOJIUTEHA.

HakonieHHBIN ONBIT CO3/JaHUS OT/AeJIbHBIX ITO/I-
CUCTEM yNpaBJeHUs ABUKeHUEM 10€e3/J0B, aBTOMa-
THU3UPOBAHHBIX CUCTEM IJITAHUPOBAHUS IEPEBO30Y-
HOI'0 MPOIecca, CUCTEM MOATOTOBKU U MOBBIIIEHUS
KBaIMQUKALMA 3KCIJIyaTallMOHHOTO MepCcoHasa,
33/IeCTBOBAHHOTO B yNpaBJIeHUU [ABUKEHUEM,
M03BOJISIET OPTAaHUYHO OO0'BbEJUHUTH 3TH CHCTEMBI
B paMKaxX eJWHOW HHTEJJIEKTYaJbHOM CHCTEMBI
ynpaBJieHUs JiBxxeHueM noesno (EMCY/).

CTpyKTypHasi cxeMa U CBSI3U MEX/JAY 3JeMeHTa-
mu EMCY/l npuBeneHbl Ha pucyHke 1.

B cocraB EMCY/l Bxogut noacuctema ACYAII
- aBTOMaTHUyecKasl CUCTeMa YIpaBJieHUs [BUKe-
HHEM TMO0e3/l0B. B ycj0BHSX UHTEHCUBHOIO /[|BU-
»KeHHUS, YTO CBOMCTBEHHO TOPOJCKOMY BHEYJIUY-
HOMY TpaHCIOPTY MeranoJiucoB, IIOCTPOeHHEe
ABTOHOMHBIX 6€CNHUJIOTHBIX CHUCTEM YIpaBJeHHUs
TPAHCHOPTHBIMU CPEICTBAMHU, B KOTOPBIX peaTu3y-
€TCsl aBTOMATUYEeCKOe YIIpaBJieHHue KaXK/bIM I10€e3-
JlOM T10 3apaHee 33/JaHHOMY pacnucaHuio (rpadpuky
JBIDKeHUs) He 3G PEeKTHBHO, TaK KaK B 3TOM CJiydyae
He YYUTBIBAETCS MOJIOKEHUE OCTATbHbBIX N0€3/10B,
JBIDKYLIMXCA 0 IMHUU. B3aMHOe «BpeZjHOe» B3a-
MMO/JIeliCTBUE TI0€e3/I0B UMEEeT MeCTO B TOM CJy-
yae, KOTZ|a HAYMHAIOT BJMUSATb Ha aBTOMAaTH4YeCKU
BbIOpaHHbIE PEXKUMBI IBMKEHUSI CUCTEMBI 0becre-
YyeHHUs 6e30MacHOCTH [4].

Cucrema o6ecrneyeH’s 6e30NMaCHOCTH JBUKe-
HUSA N0e340B He JI0NYyCKaeT OMacHOT0 COMMKEeHHUS
noe3/IoB Ha JIMHUM, B TO BpeMs KakK CHUCTeMa aB-
TOMAaTHU4Y€eCKOro ynpaBJ/ieHUsI 3aHMMAeTCs Hemo-
CpeJICTBEHHO yIpaBJIeHUEM JBUKEHUs M0e3/0B. B
[eHTPaJIM30BaHHBIX CUCTEMAaX yIpaBJeHUE JIBUXKe-
HUEM N0e3/10B BepXHUU PyHKLMOHAJIbHBINA YpOBe-
Hb NoJly4aeT MHPOPMaI U0 0 MOMEHTAX NPUOBITUS
Y OTIpaBJIeHUs] BCeX MOEe3/j0B [0 BCEM CTAHLMUSAM,
CpaBHHUBaeT 3Ty MHPOPMALMIO C 33JaHHBIM ILJa-
HOBBIM TIpaduKOM J[BUKEHUS U BbIpabaTbIBaeT

KOMaH/Ibl yIpaBJIeHUsl KaXJ,0My noesay — Tpeby-
eMasl JIINTEeJbHOCTh CTOSIHKM W BpeMs XoJia MO0
BIEpeUUYIIEMYy TleperoHy. JTU yIpaBJeHUs pe-
aJIU3YI0TCS 6eCUJIOTHBIMH TPAHCIIOPTHBIMU CpeJi-
cTtBaMu. Takoi pexkuM paboThI IIeHTPAJIU30BAHHBIX
CUCTEeM Ha3blBaeTCs yNpaBJeHWeM NpPU KOMIIEH-
CUpYeMbIX BO3MYIEHHUSX, KOI/ld OTKJIOHEHHE OT
MJIAHOBOTO TpadrKa JBUKEHUS MOXKET ObITh apHU-
pPOBaHO MMEIIIUMUCA PecypcaMu BpeMeH Xoja U
IJIUTEJNIbHOCTEN CTOSIHOK. KommeHcupyeMble BO3-
MYIIIeHUsI Ha3bIBAIOTCS «MaJIbIMU COOSIMU».

B 3TOM ciy4ae, Korjia pecypcoB BpeMeH XoJia U
JJIUTEJbHOCTEN CTOSIHOK HEAOCTAaTOYHO [JJs Ha-
pUpPOBaHUS BO3MYIIEHUH, TPOU3BOJASTCS BHeEMJIA-
HOBbIE 060POTHI COCTABOB Ha CTAHIMSAX C MYyTEBBIM
pa3BUTHEM, U, ECJIM 3TO HEOOXOIUMO, BHENJIAHOBOE
yJlaJieHe COCTAaBOB C JIMHUH B JIEI0, UTO NPUBOAUT
K W3MEHEHMIO MAapHOCTH W MOpsjKa CIeJJ0BaHUS
noe310B. Takve cCUTyallMy PUHSITO Ha3bIBATh «60-
JIbIIUMH coosiMu» [4,5,6 .

IloagcucreMa aBTOMATHYECKOTO TJIAHHUPOBA-
HUA JBW)KEHUEM MO0e3J0B IepeHa3HaueHa [Jisd
CO3/laHWs PaCHUCaHUs JIBMXKEHUS, COIVIACOBAHHO-
ro c napaMeTpaMy NaccaKUpPOINOTOKA, U CO34aHHUS
OMEPAaTUBHOTO rpaduKa [ABMKEHHUS B YCIOBHUAX
«bosbiIux» cboeB [6]. B aToM ciydyae paspabaTbl-
BaeTCsl ONEPATUBHBIN IrpaduK JBIXKEHUS Ha NepHU-
o 6041 U mocJie JUKBUAALUYU MPUUUH CO0S — CO3-
JlaeTcsl ONepaTUBHBIN I'padUK, B COOTBETCTBUU C
KOTOPbIM I10€3/1a, KypCUPYIoLyMe Ha JIMHUY, 3aHHU-
MarmT CBOM HUTKH IJIaHOBOTrO rpaduka. Peannsa-
U 9TOU QYHKIUU IUKTYeTCs TPe6OBaHUSIMU HOY-
HOM pacCTaHOBKH COCTABOB.

Iloacucrema nocrpoeHus rpaduka o6opora
COCTAaBOB IJIAHUPYET MepPHOoJIbl U MecTa pasJivy-
HbIX BHUJIOB TE€XHUYECKOI0 OCMOTpPa COCTaBa, MX
IJIaHOBble peMOHTHI. ['padpuk o6opora B o6sA3aTe-
JILHOM MOpsiJIKe JOJDKeH OBbITh COTJIACOBaH C IjIa-
HOBbIM rpadukoM ABWKeHHs. [Ipy mocTpoeHUH
rpa¢rka 060pOTa KCMNOJb30BAJIUCh PA3JUUYHBIE
IrOpUTMbI. Pe3ysibTaTbl MPOBeJEHHBIX HCCIE/0-
BaHUH mnokasaiu 3¢QPeKTUBHOCTb T€HETHYECKOTO
aaroputma [7,8].

CylriecTBEHHBIM 3TaNOM MJIAHUPOBAHUS JIBUKe-
HUS SBJSIETCS CO3JaHKue rpaduka pabOThl JIOKO-
MOTHUBHBIX OpPHUTraj, COTJIACOBAHHOTO C IJIAHOBBIM
rpadukoM ABMKeHUs. ITYy PYHKIHMIO peand3yeT
NMoACHUCTEeMA NMOCTpoeHusA rpaduka o60poTa Jio-
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KOMOTHBHBIX GpUraz,

INloacucrem BepxHero GYHKIUOHAJIBHOIO
YPOBHS MoJiydyaeT UHGOpPMALUI0 OT MOACUCTEMBI
aBTOMaTH4YeCKOTO IJIAHMPOBAHUA [BWKEHHUA IIO-
e3/10B (JaHHbIe IIJIaHOBOI'O JIMGO ONEepaTUBHOTO
rpa¢ukoB). C HIXKHEr0 PYHKIIMOHAJBbHOTO YPOBHS
Ha BEPXHHUHU NPUXOAUT MHPOPMALHUSA O BPEMEHH
NpUOBITHS U OTHPABJIEHUS 10 BCEM CTAHLUAM JIU-
HUM Bcex Moe3/oB. [locse BbIYMCIEHUS paccoria-
COBaHUS MEXAY 3aJaHHBbIM IpadUKOM JBUKEHUS
Y JAHHBIMH, [10JIyYeHHbIMU C HUXKHET0 YPOBHS, OI1-
pelle/IIIIUMHU UCIIOJIHEHHBIN rpaduK ABHKEHHS,
BbIpabaTbIBaeTCsl yNpaBJeHUsl KaXKAOMYy I0e3Ay
JIMHUU - TpebyeMble BpeMeHa X0/a 110 Bepeuu-
JylleMy TEepPeroHy WU AJIUTeJbHOCTU CTOSHOK Ha
ctaniuu [9,10].

OcobGeHHOCTH TOCTPOEHHUsI AJrOPUTMOB yIpa-
BJIEHUsI BEPXHET'0 YPOBHS SIBJISIETCS TPeOOBAHUS MU-
HHUMM3AIUK «BPEJHOTO» B3aUMOJIEUCTBUS MEXKAY
MOCJIel0BaTe/NbHO JABMXKYIIUMUCSA 10e3JaMU yepe3
cucTeMy obecliedeHus1 6e30MaCHOCTH B YCJIOBHUAX
OTCYTCTBUS JOCTOBEpHOW HMHOpMaIUU 006 UMelo-
LIUXCS BO3MYILeHUsX. B yacTHOCTH, BpeMeHa xo/a 1
MOMEHT OTHpaBJIeHusl €331 UAYLIEro Noe3ja CBs-
3aHbl C JONyCTUMBIM HHTEepBaJiOM OTIIpaBJIEHHUS,
KOTOPBIN JINHENHO 3aBUCHUT OT BPEMEHH 3a/lePKKU
BIlepeIMMAYILIEro Noe3/a Moz AeldcTBUeM BO3MYyIlle-
HUM Ha cileytollel cTaHud. BoeipaboTka ynpasJie-
HUS IPY UIHTEHCUBHOM /IBIXKEHUH OCYLLeCTBIISIETCS,
KOTZia BllepeJUUYyLIUI Noe3] elle He MPUObLI Ha
CTAHLMIO, IO3TOMY B aJITOPUTMeE HUCII0/b3YeTCsI 3KC-
TPANoJSATOP, MO3BOJISIOIUN BBIUUCAUTD AJUTENb-
HOCTH 3THUX BO3MYIIleHUH 110 MMEeIIUMCS JaHHBIM O
3aZiepiKKax MpefblAyLiuX [0e3/10B. JKCTPaNoasaTop
paboTaeT B peasibHOM MaciuTtabe BpeMeHH. Kpome
TOT0, BBIpabOTKa yIpaBJleHUH OlNlpe/iesisieTcsl He TO-
JIbKO paccorjlacoBaHMeM I10 JaHHOMY NOoe3/y, HO U
OT peaJin3yeMbIX YIIPaBJAeHUN Ha PebIAYLIEM TaK-
Te 1 3aBUCHT [JIs1 KOHKPETHOTO 110€e3/ja 0T 3aJJlaHHO-
ro BpeMeHHU X0Jla 1 MOMeHTa OTIpaBJIeHUs BIlepe-
auuayiero noesga [11].

Pa3paboTaHHble aJITOPUTMbI OTHOCATCS K KJac-
cy rpadUKOBO-UHTEPBAJbHbIX aJTOPUTMOB, B KO-
TOPBIX yNpaBJieHUEe 3aBUCUT OT COCTOSIHUH CHC-
TeMbl U IPOrHO3UpPYeMbIX BO3MyIlleHHH. /lonoHu-
TeJIbHO U3 BO3MOXHBIX pellleHUul BblbUpaeTcs pe-
lIeHHe, obecrneynBawliee MUHUMA/JbHBIA PacXof
3JIEKTPO3HEPIUU Ha TATY.

B yciaoBusx upudpoBusanuu  GyHKLHUOHHUPO-
BaHUS W yNpaBJIeHUS TOPOACKUMHU BHEYJIUYHBIM
pPesbCOBBIM TPAHCIOPTOM CylLecTBEHHA paboTa
MOACUCTEMbI C60pa IKCIIyaTallMOHHBIX XapaK-
TEePUCTHK, KOTOpbIE MOJYy4al0T C BEPXHEro QyHK-
[[MOHAJILHOTO YPOBHS MMapaMeTphbl, ONpeAesolie
KauecTBO paboOThl JIMHUM, a TaKKe IMO3BOJISIOIINE
$UKCHpOBaTh KOJIMUECTBO MepeBe3eHHbIX Macca-
>)KUPOB, TOHHO-KUJIOMETPOBYIO paboTy U T.J. AHa-
JIU3 MOJIYYEeHHBIX JaHHbIX, GopManu3alus OTyeT-
HOCTH U ee yJJo06HOe O0ToOpaXkeHue peaslu3yeTcs B
NOACHCTEME aHa/u3a 3KCIUVIyaTalUOHHOU WH-
dopmanum. [losyyeHHbIE Pe3yIbTAThI NepealoT-
€l 3KCIJIyaTallMOHHBIM CJIY»K06aM COOTBETCTBYIO-
MU CPpeACTBAMM Nepeaadm.

KpuTuiyecku BaXKHO OCYyIL[eCTBJISTh yIIpaBJeHHE
TPaHCIOPTHBIMU CUCTEMAMU C obecrieyeHueM 6e3-
OTIACHOCTH [IBMXKEHUSI TPAHCHOPTHBIX CPEACTB U
naccakupos. /lJis MOBBILIEHUSI Ka4ecTBa yIpaBJie-
HUs TpaHCIOPTHBIMU cpefcTBaMu 'PTC HeobxoaM-
MO MPOBOAUTL MPOBEPKY YMEHHUU ONepaTHUBHOrO
NepcoHasia MPUHUMATh NpPaBUJIbHbIE pPelleHUs B
YCIOBUSIX Ype3BbIUAaWHBIX CUTYallMH, a TakxXe Io-
CTOSIHHO NPOBEPSATh KBaJM(UKALHUIO pabOTHUKOB
['PTC, xoTopas onpefensieTcss AeHCTBUSAMU, NIpeJ-
NpUHUMaeMbIMH KaK MNpU HOPMasJbHOU paboTe
JIMHUH, TaK U NPU BO3HUKHOBEHUU COOMHBIX CU-
Tyanui [12]. [lopsiiok JedCcTBUH B HOPMaJIbHBIX
YCIOBUSIX TOBTOPSIETCS], IO3TOMY B OCHOBHOM He
BbI3bIBaeT 3aTpyfHeHUU. Ecau xe npoucxonut
ype3BblUaliHasA CUTYyalysd, TO JUCHETYEpP JOJKEH
NpeANpUHATb Mephl, YTOObl MPUBECTU CHUTYalUI0
B HOpMaJ/IbHOe COCTOsiHMe. BakHO Takke o6ydya-
Th HOBBIX COTPYJHUKOB [Jis1 06eclieueHHUs] pe3ep-
Ba KaJipoBoro cocraBa. OnmepaTUBHbBIN MepCcoOHaI,
BBIMOJIHAKIIUN QYHKIIUU JUCIETYEPCKOTro ympa-
BJIEHUS, J0/DKEH UMETh BBICOKYIO KBaJMPUKALIUIO
JIJ151 yA,0BJIETBOPEHUS TPeOGOBaHUM 6€30MacHOCTH U
yno6ctBa naccaxkupos [13]. KBanudukanuu onepa-
THUBHBIX paboTHUKOB ['PTC onpeaensercsa paboToi
JUCIeTYEPOB NPU COOMHBIX CUTYalUSIX HA JIMHUSX.
OnepaTHUBHBIN pabOTHUK J0JKEH 06/1aZaTh TaKU-
MU KauecTBaMU KaK BbICOKasl KBaMuUKaIs, Npo-
deccuoHasibHAasE KOMIIETEHTHOCTb, CTpPeEMJIEHUE
K Pa3BUTHI0O U, KOHEUYHO, COOTBETCTBUE BbI30BaM
BpeMeHU. [loacrcTeMa MOArOTOBKY M MOBBILIE-
HUSA KBa/IMpUKaLMM ONEepPaTUBHOrO MepcoHasia
npeJiHa3Ha4yeHa AJs1 obecrnedyeHHsl BBILIEONHCAH-
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Horo ¢yHKLIMOHa/la. B cocTaB mojgcucTeMbl MOA-
FOTOBKHU BXOJUT TPeHa)Kep MOe3JHOro AUCIET-
4epa, B KOTOPOM /JiJIsl NOBbILIEHUsI KBaIMPUKALIMU
onepaTHUBHBIX PAOOTHUKOB HCII0JIb3YIOTCS MOJEIN
peasibHbIX JIMHUK MeTPOIOJUTEHa, IPU 3TOM IPO-
BOAWTCS UMUTALUSI BCEX TEXHUYECKUX CPEJACTB U
00bEKTOB, YYaCTBYIOIIUX B IIpoLiecce ylnpaBJeHNs
JaBmxkeHreM [12]. CocTaB noAcuUCTEMbI TOATOTOBKHU
pacuiMpeH MOACHUCTEMOW 0Gy4YeHHUs1 HOBBIX OIle-
paTHBHBIX PAaGOTHUKOB, HalpaBJIeHHON Ha MU3y-
yeHHUe OCHOB yINpaBJieHUs JBUKEHUEM TPaHCIOPT-
HbIX CPeACTB 6e3 NPHUBSI3KU HENOCPEACTBEHHO K
00beKTY, HalpuMep, KOHKPETHOU JINHUU MeTPOIIO-
auteHa. O6ydyeHue U MOBbILIeHHE KBAaJTUPUKAILUU B
TAaKOH MO/CUCTEME BO3MOXKHO B BH/IE CLIEHAPHUEB C
onpejie/leHHOM 3aJlaHHOM I10C/1e[0BaTelbHOCTbIO
cobbiTui. C MOMOLIbI0 MOACUCTEMbI MPOBEPKU
3HAHMI MOXeT ObITh MOJIyYeHa OleHKa KBaaudu-
KalMY1 OllepaTUBHOIO NepcoHaja NyTeM OLleHHBa-
HUS CTPOTOCTHU BbINOJHEHUS 10CJI€L0BaTE/bHOCTH
KOMaH/i pa3paboTaHHOTO CLeHapHus NpPU MOJAesH-
pPOBaHMU KOHKPETHOM CUTyallMd WJU IOCJe Ipo-
XO0X/IeHUs COOTBETCTBYIOLEero Tecta [12].

[IpensioxkeHHaa cTpykTypHasa cxema EMCY] ox-
BaTblBAaeT BCe KOHTYpPbl yIpaBJeHUs] TPAHCIOPT-
HbIMU cpegcTtBaMu ['PTC, a paccMoTpeHHBIe NPUH-
LMObl MOCTPOeHUs] QYHKIMOHHWPOBAHUA €JJMHOU
WHTeJIJIEKTYaJIbHOW CUCTEeMBbI yIIPaBJEHUS JBUXKe-
HHUEM [0€3/0B IOKasalu CBOK 3$EeKTUBHOCT,
onpejessgeMylo CleyIIHM:

- TOBbILIEHUEe UCIO0Jb30BaHUSA MPOMYCKHOU U
yBeJMYEHUs] NPOBO3HOW CIHOCOOHOCTU BHe-
YJIMYHOTO TOPOJCKOTO TPaHCIOpTa 3a CYeT
TOYHOTI'O BBINOJIHEHUS] IJIAHOBOIO rpaduka
JIBMPKEHMUS TOE3/]0B;

- NOBbIlIeHHe 3HeproapPeKTUBHOCTU IJIAHU-
pOBaHUA U yIIpaBJIeHUs JBUKEHHUEM [10€3/10B
3a c4eT BbIOOpa 3HepProadpPeKTUBHBIX PEXKU-
MOB yIIpaBJIeHUsI 110e3/aMH, ONITHUMaJbHOTO
10 KPUTEPUI0 MHUHUMyMa 3HeprosaTpar Ha
TATY, pacnpeie/ieHUsI BpeMeHH X0/ia M0e3/10B
110 JIMHUM Ha BpeMeHa XoJa II0 IeperoHaw,
3aMeHbl [JIAHOBOTO rpaduka JBUKEeHHUS IO-
€3/10B CO «CBEPXPEKMMHBIMU» CTOSIHKaMH
Ha rpadUK c U3MeHeHHeM IIJIaHOBbIX BpeMeH
X0/la 0e3/10B 110 [IeperoHaM B IepUOo/; CMEHBI
IIApHOCTHU JBWXXEHMs, COBEpLIEHCTBOBAHUA
aJITOPUTMOB LIeHTPaJM30BaHHOrO yNpabJie-

HH{A, YHUTbIBAKOIIEro 3aBUCUMOCTb OrpaHU-
YeHWH Ha ymnpaBJeHHEe OT COCTOSIHMS CHC-
TeMbl U MPOTHO3 BO3MOXKHBIX BO3MYIIEHHUH,
YBeJIMYEHWA BpeMeHHU X0/4a 1oe3/J0B I10 Iepe-
TOHY JJIs1 peajii3aluy JOMyCTUMOI0 MEXKIIO0-
€3/IHOTO UHTepBaJa JIBUKEHHS 110 CUCTEMaM
obecrneyeHUs1 6€30MaCHOCTH JIBMKEHHS.
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