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INTRODUCTION

This article discusses the stages of development
of an automated system for constructing planned
schedules for the movement of metro passenger
trains, based on the work performed at the Russian
University of Transport (RUT).
The first work on planning the transportation
process on the subway dates back to 1975 [1, 2]. In
the future, with the development of technical means
of automation, computer technology and modern
information technologies (IT), the conducted re-
search in the field of automation of the planning of
the transportation process on the subway made it
possible to combine in one control system the areas
associated with the construction of:
- planned schedules for the movement of pas-
senger trains of the subway (PGD PPM) [3],

- graphs of the turnover of electric rolling stock
(GO EPS) on metro lines [4, 5],

- work schedules of locomotive crews (GRB)
[6, 7].

When solving the problems of automating the
preparation of these regulatory documents, the
need to integrate algorithms into the Unified Sys-

tem for coordinating various parameters used in
planning the movement of trains along metro lines
is taken into account. Such an automated building
system (ASP) was introduced into commercial op-
eration at the Moscow Metro in 2004 [3].

The experience of implementing and maintaining
the ASP PGD RPM made it possible to enrich its con-
tent with the knowledge available to the employees
of the interacting Services: traffic and rolling stock
of the subway.

Taking into account the multivariance of each
of the problems being solved, various optimiza-
tion methods were used: the Hungarian algorithm
(Mankres-Kuhn algorithm) [5], the recursive Bell-
man dynamic programming algorithm [5], the gradi-
ent method [8], the Euclid integer division algorithm
[9], the algorithm for finding uniform arrangements
[9], genetic algorithms (GA) [10], artificial immune
system algorithm (IIS) and others, allowing to obtain
a set of solutions that satisfy the formulated technical
conditions of the real operation of the subway line.

To improve the GA, a rich statistical material
available at the Moscow Metro was used - the expe-
rience of graphic engineers.
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Taking into account the complexity of the task of
controlling the movement of urban rail vehicles, the
problem of “fitting” the ASP PGD PPM into the Uni-
fied Intelligent System for Automated Traffic Control
of Vehicles on Urban Rail Transport Systems (GRTS)
was simultaneously solved.

Next, the stages of solving the tasks of automat-
ing the planning of the transportation process on
the subway, the results of the implementation of the
ASP PGD PPM on the subway will be considered, and
the prospects for its development are outlined.

Stage of development of automation
technology for the construction of PGD
PPM

In the first works, the problem of constructing
“threads” is formalized using recursive equations,
the methodology for constructing “threads” of PGD
RPM is carried out, the features of the ring model
of the metro line are described: the movement of
trains along the reverse dead ends during the sta-
tion turn is considered as movement along an ad-
ditional stage [1, 2]. The ring model allows you to
work with radial lines based on the principles for-
mulated for ring lines. In [2], the model was imple-
mented on the ES-1033 computer for the Koltsevaya
and Zhdanovsko-Krasnopresnenskaya (now: Tagan-
sko-Krasnopresnenskaya) lines.

The model for the Zhdanovsko-Krasnopresnens-
kaya line was implemented on an ES-1030 comput-
er and supplemented with a driver for printing out
the PGD PPM on a BENSON graph plotter [11].

At this time, a heuristic matching of PGD PPM
with GO EPS was performed without taking into ac-
count the actual breakdown of shifts of GRLB [12].
The work was done on the example of the Kalinin
line. The experience of using the “BENSON” graph
plotter to print out the results of constructing the
PGD PPM is described in [11, 12].

Stage of trial use of ASP PGD PPM

The provision of the Moscow Metro with more
powerful computer facilities made it possible to con-
tinue experimentally research in the field of automa-
tion of the planning of the transportation process with
the participation of technologists - graphic engineers.

At the stage under consideration, in parallel with
the PGD PPM, algorithmic and software are devel-

oped for constructing a schedule of the executed
movement (GTS) according to the data coming
through the dispatcher control channels.

This experience has shown the need to develop
serious tools for manual adjustment of PGD PPM,
their coordination with the GO EPS and the need to
take into account the GRLB. In addition, the avail-
ability of software tools for building PGD PPM on a
personal computer (PC) made it possible to use the
rich knowledge base available to graph engineers
to take into account the features of specific metro
lines and the capabilities of the electric depot serv-
ing these lines [13].

Already at this stage, as restrictions imposed on
the adoption of managerial decisions during plan-
ning, when changing the pairing of train traffic, the
fact that the drivers can correctly implement no
more than 2-3 control modes with the times of the
non-parallel schedule [14] is taken into account,
which makes it necessary to achieve more accurate
alignment intervals of train movement, additionally
introduce super-mode exposures (SRV) [14].

When constructing a PGD PPM under conditions
of limited control resources [7, 15], qualitative re-
sults were achieved using a technique related to the
use of a scenario approach to solving the problem of
automated construction of a PGD PPM [16].

The limitation of control resources is determined
by train movement intervals close to the minimum
possible, restrictions on electric depots and inspec-
tion points for electric rolling stock.

Scenarios are understood as a set of phase states
of an object and the environment, called expertly
significant events (ESEs) and the expected condi-
tions for the functioning of the system, contained
in the quasi-informational hypotheses of the deci-
sion maker (KIG DMP). To develop control actions,
logic-transformational rules (LTP) are used, which
include imperatives, united by logic, to describe the
movement of metro trains.

LTPs contain cause-and-effect relationships be-
tween events that are convenient for describing
technological processes of PGD RPM based on the
apparatus of Petri nets. With their help, imperatives
and inverse imperatives are described, which are
necessary for recursive enumeration of options in
the automated construction of a PGD PPM on a PC
[13].
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The recursive enumeration of options for con-
structing a PGD PPM [13] required a thorough study
of the issues of organizing an ergonomic graphical
user interface of the software for visualizing a PGD
PPM [17]. The experience of using the mathemati-
cal apparatus of Petri nets became the basis for its
use in describing the man-machine procedure for
constructing a PGD RPM. This made it possible to in-
crease the speed of the calculations performed when
using single-core microprocessor architectures.

In [8], a multi-level semantic model for con-
structing a PGD PPM is formalized, a method for
finding the optimal distribution of train intervals is
presented, which works on the principle of gradient
descent. The ideas presented in [8] are implement-
ed in the implemented ASP PGD MRP (compiled in
Visual Basic 6.0).

Stage of organization of information

interaction of Metro Services

At the stage under consideration, the achieve-

ments of the second stage were used. The tasks of us-
ing the communication channels of the metro line for
the correct operation of telecontrol and telesignal-
ing devices during the construction of the GID were
solved, and the quality of the construction of the GID
was analyzed [17]. Separately, work began on the
scheduling of locomotive crews. At the same stage, it
became clear that the calculated values obtained as
a result of the work of the ASP PGD RPM can be used
as input data by other systems, which required the
development of software add-ons for fragmentary
uploading of information agreed by other Metro Ser-
vices, as well as with other organizations, monitoring
the quality of the work of the subway:.

In different years of industrial operation of ASP

PGD RPM, the following was implemented:

- transfer of data on the compiler of the PGD
PPM, the date of commencement of work ac-
cording to the PGD PPM, the type of arrange-
ment, days of work, “threads”, GO EPS, electric
depot, routes, types of repairs / inspections
and metro line stations in XML format for
scheduling locomotive crews;

- transmission of data on the departure times
of passenger trains from stations according
to the “threads” for estimating the occupancy
of cars, with the current values of passenger

flows (the task of the Information and Com-
puting Center (ICC) of the Moscow Metro and
the Department of Transport of the City of
Moscow);

- transfer of the PGD PPM in text format for its
restoration by the staff of the metro’s infor-
mation and computing center in the AutoCAD
computer-aided design system and the subse-
quent formation of a text adapted for place-
ment on forms of timetable cards issued to
machinists;

- transmission of data on the “threads” for pre-
dicting the arrival times of trains at the station
in order to inform passengers about this by
displaying it on the boards placed at the ends
of the platforms from the side of the “tails” of
arriving trains;

- transfer of data about the “threads” for their
restoration in one of the systems created by
the Macomnet company, for the implementa-
tion of a set of hardware and software tools
necessary to launch the Unified Dispatch Cen-
ter of the Moscow Metro into operation [18].

The stage of replication of methods

for automating the planning of the

transportation process for various lines

of the Moscow Metro

During this period, ASP PGD PPM was put into
commercial operation at the Moscow Metro.

Manual construction of a PGD PPM, correspond-
ing to the given dimensions of movement and GO
EPS, takes from 1.5 to 3 months, depending on the
complexity of the line and the qualifications of the
graphic engineer. In this regard, the availability of an
automated system that simplifies the performance
of these works by replicating control actions, lead-
ing to a quick result of constructing a PDM PPM, is
an economically justified step.

At this stage, the features of the subway lines
that affect the type of PGD PPM were revealed [13].
These features are listed below.

The ring line (ring) of the Moscow Metro belongs
to a special type of lines. It consists of two indepen-
dent paths, each of which is a closed loop [13].

Radial lines are lines on which the main paths are
not closed contours. Trains serving the line during
the working day make transitions between the main
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tracks, turning around at the end or intermediate
stations with track development.

Among the many radial lines, a special place is
occupied by lines with “fork” movement. “Forklift”
movement is such an organization of the work of the
line, in which the movement of trains is carried out
in various sections after passing through the branch-
ing station. A junction station is a station, the path to
which is the same for all line trains, and after it is dif-
ferent for some of the line trains. This organization
of movement affects the type of PGD PPM [19].

A special case of the “fork” movement is the PGD
zone-type PPM (GZT). In [19], the automation of
compiling a fragment of the PGD PPM with a “fork”
movement is considered on the example of the Fily-
ovskaya line, and the GZT is considered on the ex-
ample of the Lyublinsko-Dmitrovskaya line [15].

At this stage, the issue of ASP PGD PPM mainte-
nance was especially acute, which included such ac-
tivities as: personnel training, adjustment of the set
of service functions with the ever-increasing require-
ments of graphic engineers [17], as well as setting up
peripheral devices associated with the system.

This period includes the formalization of the
tasks of machine construction of the GRLB, “layouts”
(template tables) for issuing train schedules, as well
as printing train schedule cards issued to train driv-
ers on flights [20].

The stage is associated with the use of energy-
saving technologies [21, 22], with the transfer of sev-
eral lines to the service of the new (at that time) Ru-
sich electric rolling stock (81-740/741; production:
2003-2013) with asynchronous motors that provide
opportunities performing regenerative braking [22].

The same period includes the implementation
of automated calculation of performance indica-
tors using ASP PGD PPM [17]. When calculating
performance indicators manually in the Traffic
Service, it is customary to use section travel times,
in the ASP PGD RPM, the calculation problem was
solved when considering each stage for each con-
structed “thread”. A different scheme was required
for outputting the results of the calculation with the
grouping of hauls into sections along which trains
move along the “threads” according to the PGD PPM.
Changes in the calculation scheme have significantly
affected the graphical user interface of the ASP PGD
PPM. From the point of view of the development of

service functions, the ability to export calculated
data to Microsoft Office Excel spreadsheets was add-
ed, which made it possible to print on a printer or
plotter, bypassing programming direct interaction
with the printer driver through ASP PGD PPM.

The completion of this stage was the develop-
ment of principles for the inclusion of ASP PGD PPM
in the general digital space of the metro line, as well
as the applicability of the automated system to the
construction of PGD PPM for other types of GRTS.

The stage of applying new IT,
digitalization and intellectualization of
passenger traffic planning processes,
operational and shunting work

At this stage, mainly, the issues of automating the
compilation of GO EPS were solved. The main object
of management of the HE EPS is repair (inspection).
Let’s introduce the definition of the term “repair”
in the context of considering GO EPS and PGD PPM.
Repair is a tuple whose components determine the
type, time and place of technical inspection (TO) or
current repair (TR) assigned to the route.

In [5], a flow diagram for constructing a PGD
PPM, coupled with the EPS GO using the Event-driv-
en Process Chain (EPC) concept, was drawn up; an
algorithm for the automated appointment of tech-
nical inspections of the first scope of work (TO-1)
was compiled, taking into account the limitations
and factors affecting the type of PPM PGD [13]. To
solve the problem of automated compilation of GO
EPS, the “Hungarian algorithm” (Mankres-Kun algo-
rithm) is proposed, which works well only “in stat-
ics”. To obtain a solution to the problem “in dynam-
ics”, a recursive method of dynamic programming
(planning) by Bellman is proposed.

The problem of efficient use of parking space is
solved on the example of the subway using graph
theory. Visualization of the resulting trees and den-
sified graphs is performed by the Graphviz utility
package [4].

Greater efficiency in solving the problem of au-
tomated compilation of GO EPS made it possible to
achieve GA [10]. Later, the automated subsystem for
compiling GO EPS, developed on the basis of GA, was
contextually considered as IIS.

An analysis was made of the applicability of arti-
ficial intelligence and, in particular, machine learn-
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ing [6] to the tasks of automating the planning of the
transportation process on the subway [7, 10].

Along with the search for a solution to the prob-
lem of automating the compilation of GO EPS, the
idea expressed in [13] about the possibility of ap-
plying the apparatus of parallel computing to the
recursive procedure for the automated construction
of PGD PPM processes has been developed and put
into practice. A multi-threaded model (Threading)
based on design patterns is implemented in the Mi-
crosoft Visual Studio environment in the Visual C#
language in the new generation ASP PGD PPM (“Gra-
phist’s Workstation 2.0”) [23].

In the process of digitalization, the intensive de-
velopment of intelligent transport control systems
of the GRTS has been outlined [24].

The stage of taking into account the
peculiarities of compiling PGD PPM in
the presence of automatic train guidance
systems on metro lines

The stage is characterized by the possibility of
performing a given number of travel times along the
haul, implemented by the automatic control system,
which made it possible to abandon the RTS when
aligning the inter-train intervals during the plan-
ning of transients of the DGD PPM. When imple-
menting travel times along the subway line without
RTS, a reduction in the energy consumption spent
on traction is achieved.

The existing knowledge base is sufficient for to-
day to predict the quality of the work of the Moscow
Metro in the conditions of train traffic without drivers
according to the fourth degree of automation of the
railway infrastructure according to the IEC 62290-1:
Grades of Automation 4 (GoA 4) standard. The work
is carried out taking into account the possibility of
implementing energy-efficient PGD PPM [14].

A significant amount of work is associated with
the satisfaction of requests from graphic engineers
for the elimination of RTS. Algorithms have been cre-
ated for redistributing the RTS for travel times along
the hauls. It is shown in [14] that this provides an op-
portunity to save energy at the planning stage of the
transportation process, but only if it works according
to the automatic guidance system compiled by the
PGD PPM, since no experienced driver is able to fulfill
that many different travel times of the non-parallel
schedule obtained in as a result of the redistribution
of the RTS by the travel times along the hauls.

CONCLUSION

1. The analysis of the development of an auto-
mated system for constructing planned schedules
for the movement of metro passenger trains proves
the relevance of introducing this system to work in
metro conditions.

2. The development of an automated system for
constructing planned schedules for the movement of
metro passenger trains is aimed at “fitting” it into the
Unified Intelligent System for Automated Control of
Vehicle Traffic on Urban Rail Transport Systems.

3. The use of intelligent algorithms in an auto-
mated system for constructing planned schedules
for the movement of metro passenger trains makes
it possible to effectively solve the problems of plan-
ning the transportation process.
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3TANbI PA3BUTUA, METOAbI U UHTENNEKTYANU3ALUA
ABTOMATU3UPOBAHHOIO COCTABNEHUA NNAHOBbIX TPAGUKOB
ABUXEHUA NACCAXXUPCKUX NOE3AOB METPOMNO/IUTEHA

Bbapanos Jleoung ABpamoBuy, CappoHoB AHTOH Uropesuy, CuagopeHko BaseHTrHa
IeHHaAbEeBHA

Poccutickutl yHueepcumem mpaHcnopma (MHHT), Mocksa, baranov.miit@gmail.com

OpI/Il"I/IHaJILHaH Hay4YHada CTaTbsA

AHHOTauMﬂ: B CTaTb€ PACCMOTPEHbI 3Tallbl PA3BUTHA aBTOMaTHSHpOBaHHOI;lI CHUCTEMbI NOCTPOEHHA IJIAaHOBBIX Fpa(l)l/IKOB
ABUXEHHUA MACCAKHUPCKUX NMTOE3A0B METPOIIOJIMTEHA. OnucaHbl TeEXHUYECKUE CpeacTBa, OCHOBHbBIE METO/J bl U I/IHCI)OpMaLlI/IOHHbIe
TEXHOJIOT'UH, HpHMeHéHHbIe Ha 3TallaX pa3BUTUA CUCTEMbI, HAllpaBJIEHHbIE HaA eé HWHTEeJIJIEKTYaJIu3alulo, NyTHu eé HHTEerpanuu B
E,E[I/IHy}O HUHTEJIJIEKTYAaJIbHYH0 CUCTEMY aBTOMATH3HPOBAHHOTO YyIIpaBJIE€HUA ABUXEHUEM TPAHCIOPTHBIX CPEeACTB Ha 'OPOACKHUX
PEeJbCOBBIX TPAHCIIOPTHBIX CUCTEMAX.

KiiodeBble c10Ba: njaHUpOBaHUeE NIePeBO30YHOT0 Npollecca, aBTOMaTH3allusl, aBTOBe/leHHe, pacllo3HaBaHUe pPeyr, MallluHHOe
00y4yeHUs], UCKYCCTBEHHBIN UHTEeJJIEKT, pPABHOMEPHOCTb, UHPOPMALIMOHHbIEe TEXHOJIOTUH, UHTeJIJIEKTYa/lbHble TPAHCIIOPTHbIE

CHUCTEeMBbI, eJUHAAd UHTeJIJIEKTYaJIbHaA CUCTEeMa aBTOMATU3UPOBAHHOI'O YIIpaBJIEeHUA ABUXXEHHUEM TPAHCIIOPTHBIX CPEACTB.

BBEAEHME

B faHHOU cTaThe pacCMOTpPEHbI 3TANbl Pa3BU-
THSI aBTOMaTU3WPOBAHHOW CUCTEMbI MOCTPOEHHS
IJIAHOBBIX TPaPUKOB [BMIKEHHUSI MACCAKUPCKUX
10e3/I0B MeTPOIOJINTEeHa, OCHOBAHHBIX Ha pabo-
Tax, BbINIOJHEHHBIX B POCCUHACKOM yHUBEPCHUTETE
TpaHcnopta (PYT).

[lepBble paGOTHI MO MJIAHUPOBAHUIO TEPEBO3-
OYHOTO INpolLiecca Ha METPOMOJIUTEHE OTHOCATCS K
1975 roay [1, 2]. B nanbHeiliemM ¢ pa3BUTHEM TeX-
HUYECKUX CPEeJICTB aBTOMATHU3AI[UH, BBIYUCTUTEb-
HOW TE€XHUKH U COBPEMEHHBIX MHPOPMAIMOHHBIX
TexHosioTu¥ (UT) npoBeéHHble MCCIeJ0BaHUS B
06J1aCTH aBTOMAaTHU3alMU MJIAHUPOBAHUS TEPEBO-
304YHOTO0 MpolLiecca Ha METPOMOJUTEHE TO3BOJIUIN
00beIMHUTh B OJHOU CUCTEeMe YIpaBJeHHs Ha-
MpaBJIeHUs], CBI3aHHbIE C TOCTPOEHUEM:

- IUIAaHOBBIX T'PadUKOB ABHKEHHS IMaCCAKHUP-

cKkux noe3zioB MeTponosauTteHa (1171 IIIM) [3],

- rpaduKoB 060pOTa 3/IEKTPONOABUKHOIO COCTA-

Ba (I'0 3I1C) Ha MMHUSAX MeTporonTeHa [4, 5],

- rpaduKoB pabOThl JIOKOMOTUBHBIX OpUTraj
(TPJIB) [6, 7].

[Ipy pelrenuu 3a/ja4 aBTOMaTU3aLUHU COCTaBJIe-
HHUS 3THUX HOPMATUBHBIX JOKYMEHTOB YYMUTbIBA-
eTcsl He06XO0AUMOCTh UHTErpanyu airopuTMOB B
EnuHyo cucteMy AJ COIVIACOBAHMS PA3JIMYHBIX
napaMeTpoB, UCMOJb3yeMbIX NPU IJIAHWUPOBAHUU
JBIKEHUS NO0e3J0B [0 JIMHUAM MeTPONOJMTEeHa.
Takaa aBTOMaTHU3WpPOBaHHAsA CUCTEMA NOCTPOEHHUSA
(ACII) BHeapeHa B IPOMBIIIJIEHHY0 3KCILJIyaTal U0
Ha MockoBckoM MeTponosiuteHe B 2004 roay [3].

OnbiT BHeapeHusa U conpoBoxkaeHuss ACIT IIT/
[I[IM mo3BoJiM/ 0GOTaTUTh €€ COAEPKHUMOE 3Ha-
HUSAAMH, UMEKLHUMHUCA Y COTPYJHUKOB B3auMO-
JercTByromnx Ciay6: JBMXKEHHUS U IOJABHXKHOIO
cocTaBa MeTpONOJIMTEHA.

Y4uThIBasg MHOTOBapUaHTHOCTb KaXK/I0U U3 pe-
IIaeMbIX 3aJja4 MCIOJIb30BAaJUCh pa3/M4yHble Me-
TO/Ibl ONTUMU3ANMU: BeHrepckuii aropuTMm (aaro-
putM Mankpeca-KyHa) [5], peKypcuBHBIN airopu-
TM JMHAMHUYeCcKOro NporpaMMupoBaHusa besnimMa-
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Ha [5], MeTox rpasueHTOB [8], aIrOPUTM LieJI0YHC-
JieHHoTO JeneHust EBknuga [9], airoputM noucka
paBHOMEPHBIX pacrnoJsokeHU [9], reHeTHyeckue
asiroputmbl ([A) [10], aaropuT™M HCKYyCCTBEHHOH
uMMyHHOU cuctembl (MUC) u gpyrue, mo3BoJsiio-
IMe MoJy4aThb MHOMKeCTBA pelleHUH, Y/ 0BJIETBO-
psAIKUX cGOPMYJIUPOBAHHBIM TEXHUYECKUM yCJI0-
BUSIM peasibHOM PabOThl IMHUK METPOMOJIUTEHA.

Jnis coBepiieHcTBoBaHusI ['A mMcnosb30BaH 60-
raThli CTaTUCTUYECKUN MaTepHraJl, UMeIoLUICcs Ha
MOCKOBCKOM METPOMNOJIUTEHE — ONbIT PA6OThI UH-
»KeHepOoB-TpadUCTOB.

YuuThiBass KOMILJIEKCHOCTb 33/layd YIpaBJIEHHUS
JIBUKEHHEM TOPOJCKHUX PEJbCOBBIX TPAHCIOPTHBIX
Cpe/ICTB NapaJlyieJIbHO pellajack NpobJieMa «BIHChI-
BaHus» ACII IIIZI IIIIM B ExuHyro uHTe/UIEeKTYya-
JIbHYIO CUCTEMY aBTOMATU3UPOBAHHOIO YIIPABJIEHUS
JIBIDKEHHEM TPAHCIOPTHBIX CPEJCTB HA TOPOJCKHX
peJibcoBbIX TpaHCcopTHBIX cucTeMax (['PTC).

[anee OyayT pacCMOTpPeHbI 3Talbl pelIeHHUs
3a/la4 aBTOMaTH3al U NJIaHUPOBaHUS [1epeB030Y-
HOrO Mpollecca Ha MEeTPOIOJUTEHE, Pe3y/bTaThl
BHezapenud ACII [T [1TIM Ha MeTpono/iMTeHe, Ha-
MeueHbl IepCIeKTUBHI €€ Pa3BUTHUS.

JdTan pa3pabOTKH TEXHOJIOTUH

asToMaTu3sauuu nocrpoenus III'J] IIIM

B nepBbIxX paboTax MpoBoAUTCS GopMasin3anus
3aJla4d MOCTPOEHUs KHUTOK» C HCIOJb30BaHUEM
peKyppPeHTHBIX ypaBHEHUH, METO/I0JIOTUSI IOCTPO-
eHusi «HuTok» [T/l TIIIM, onmuchbiBalOTCS OCOOEH-
HOCTH KOJIbI[€BOU MO/IeJI JIMHUU MEeTPOIOJIUTEHA:
JIBMPKEHHE T0e3/10B M0 0OGOpPOTHBIM TyIHMKaM BO
BpeMs CTAHIMOHHOIO 060pOTa paccMaTpUBaeTCs
KaK /[ABU)XKEHHE MO0 JIONOJIHUTEJbHOMY MeperoHy
[1, 2]. KosbeBass Mofesib M03BOJISIET paboTaTh C
pafvasbHbIMU JIMHUSMU Ha OCHOBE NPUHLMIOB,
cbOpMyIMPOBAHHBIX JJIS1 KOJIbIEBbIX JUHUU. B [2]
Mo/Jiesib peasr3oBaHa Ha IBM EC-1033 gua Koub-
neBoil u KaaHoBcko-KpacHomnpecHeHCKOH (HbIHE:
Tarancko-KpacHonpecHeHCKOM) JIMHUH.

Mopenb pas XKpgaHoBcko-KpacHomnpecHeHCKO#M
JIMHUU peasin3doBaHa Ha IBM EC-1030 u gonoJsiHe-
Ha ApauBepoM i pacnedatku [1I/] [IIIM Ha rpa-
¢donocrpoutene «kBEHCOH» [11].

B 3To BpeMs BbINOJIHEHO 3BPUCTHYECKOE COTJIa-
coanue [I[/] TIIIM c I'O 3IIC 6e3 yyéTa peasbHON
pas36uBku cMeH ['PJIB [12]. PaGoTa caesiaHa Ha puU-

Mepe KannHuHCKOUN JMHUU. ONBIT UCIOJIb30BaHUS
rpadonoctpoutenss «BEHCOH» pns pacneyaTku
MOJIy4eHHBIX pe3ysbTaToB noctpoenus I/ MM
onucaH B [11, 12].

JTan onbITHOrO Ucnoib3oBaHus ACII

MInrA 1M

O6ecneyeHue MoCKOBCKOI'0 METPOMNOJIUTEHA 6O-
Jiee MOIIHBIMU CPEICTBAMH BbIYUCIUTEIBHON TEX-
HUKU TO03BOJIUJIO B ONBITHOM NOPSAKE MPOJOJIKHU-
Th MCCJIeIOBAaHUS B 06J1aCTU aBTOMAaTHU3aLUH IlJ1a-
HUPOBAHUS IEPEBO30YHOI0 Mpolecca Npy y4acTUH
TEXHOJIOTOB — UHXXeHepOB-IrpaduCTOB.

Ha paccmaTtpuBaemMom aTane napasuiesnbHo c [II/]
[II[IM pa3pabaThIBalOTCs aJrOPUTMUYECKOE U MPO-
rpaMMHOe obecredyeHue AJs1 OCTPoeHus rpadprka
vcrnosiHeHHoro ABwxkeHus ([M/1) no AaHHBIM, TOCTY-
MALIMM 10 KaHa/IaM JJUCIeTYePCKOro KOHTPOJISI.

JTOT ONBIT MOKa3ajJ He06XOJAUMOCTb paspa-
O0TKH CepbE3HOTO0 UHCTPYMEHTAPUS AJIS PYYHOU
koppekTupoBkHu [T/l IIIIM, ux corsnacoBanusa c 'O
3IIC u HeobxoguMOCTBIO yuéTa ['PJ/IB. Kpome Toro,
Ha/lM4yhe NPOrpaMMHOr0 HWHCTPYMEeHTapus MAJis
nocrpoenusa IIT/[ TIIIM Ha nepcoHa/bHOM KOM-
nbioTepe ([1K) mo3Bosmio ucnosb3oBaTh 6G0raTyro
6a3y 3HaHUH, UMEWILYIOCS Y UHXXeHepoB-rpadu-
CTOB /1J1s1 y4€Ta 0COGEHHOCTEeN KOHKPETHBIX TMHUH
MEeTpOMNOJIMTEHA U BO3MOXKHOCTEHW 3JIEKTPOJIENO,
06C/Iy’KUBAKOIIUX 3TH JTMHUM [13].

Yke Ha 3TOM 3Talle B KaueCTBe OTpaHUYEHUH,
HaKJ/Ia/IbIBaeMbIX Ha MPUHATHE YyIpaBJieHYECKUX
pelleHUH MNpU MJIAHUPOBAHUH, NPU H3MEHEHUH
NAapHOCTH JBWXKEeHHUS M0e3/j0B yUUTbiBaeTcs pakT
BO3MOXHOCTH 6e301IMO604YHON peann3alii Mallu-
HHUCTaMU He GoJsiee 2-3 PEXUMOB yIpaBJIEHUS CO
BpeMeHaMHU X0/ia HelapaJijieJbHoro rpadpuka [14],
YTO 3aCTaBJsIET [Jisl AOCTHXKeHUsl 6oJjiee TOYHOTO
BbIpAaBHMBAHUSI MUHTEPBAJIOB [BMXKEHUSI I0€3/0B
JIOTIOJIHUTENbHO BBOJAUTbL CBEPXPEKUMHBIE BbI-
nepxku (CPB) [14].

[Tpu noctpoennu III/] TIIIM B yciioBUAX OrpaHu-
YeHHbIX pecypcoB ympaJjieHus [7, 15] kauecTBeH-
HbIX Pe3yJIbTaTOB MO3BOJIMJIA OOUTHCS METOJUKA,
CBsI3aHHAsl C IPYMEHEHHEM CLieHAapHOr0 MOAX0a K
pellleHNI0 3a/laul aBTOMAaTU3UPOBAHHOTO MOCTPO-
enus [1I7/] TIIM [16].

OrpaHuyeHHe pecypcoB YIpaBJieHHs Olpeje-
JIieTCs UHTepBalaMU JIBIXKEHUS 0e3/10B, 6JIM3KU-

December 2022

Journal of Information Technology and Applications

83



JITA 12(2022) 2:77-88

BaparoB J1.A., ET AL.

MU K MUHUMaJbHO BO3MOXXHbIM, OTPAaHUYEHUSMHU
10 3JIEKTPO/IENO U MYHKTaM O0CMOTPa 3JIEKTPOIO/-
BUXKHOT'O COCTaBa.

[log cueHapusiMM MOHUMAETC COBOKYMHOCTb
$a30BbIX COCTOSIHUM 0O0'bEKTA U BHEIIHEH cpenbl,
Ha3bIBaeMbIX 3KCIEPTHO 3HAYUMBIMU COOBITUSMH
(33C) u mpejamnoJsiaraeMbIX YCJOBUM GYHKIIMOHH-
pOBaHUs CHUCTEMbI, 3aK/IIOYEHHBIX B KBa3UUH)OP-
MallMOHHBIX TUNOTe3ax JIMLA, IPUHUMAIOLIEr0 pe-
menuda (KWUT JITIP). [las BIpaboTKU yIpaBJsSIOIIUX
BO3/JIEUCTBUUM MCIOJIb3YIOTCS JIOTUKO-TpaHcdop-
ManuoHHble npaBuia (JITII), Bkatovarouiye B cebst
MMIepaTUBb], 00beIUHEHHBIE JIOTUKOH, JJisl ONU-
CaHUs ABUKEHUS N10€3/]0B METPOIOJUTEHA.

JITII comep»aT NMPUYUHHO-CIEeACTBEHHBIE CBSI3U
MeX/ly COOBITUSIMHU, Y0O0HBIE /11 ONTMCAHUS TEXHO-
Joruyeckux npoieccos [17/] [1[IM Ha 6a3e annapaTa
ceteii [leTpu. C MX MOMOLIBIO OMKMCAHbI UMIIEPATUBLI
Y 00paTHbIE MMIIEPATUBBI, HEOOXOAUMbBIE [/l pe-
KypPCUBHOI'0 Iepe6opa BApUaHTOB IIPU aBTOMATU3U-
poBaHHOM noctpoenuw [T/ [TIIM Ha 1K [13].

PekypcuBHbIN Iepe6op BapuaHTOB NOCTPOEHUS
[ICZ] TIIIM [13] nmoTpe6oBan TilaTeJbHOH Mpopa-
GOTKM BOIIPOCOB OPTraHU3AIMU 3SPTOHOMHUYHOTO
rpaduyecKkoro MoJib30BaTeJbCKOTO HHTepdeiica
IpOrpaMMHOro ob6ecrneyeHusi NMPU BU3yaTU3aLUHU
[T/ TIIIM [17]. OnbIT NpUMeHEeHUsI MaTeMaTHYe-
ckoro anmnapata cetei I[leTpu cTanm ocHOBOU AJist
HCII0JIb30BaHUS €ro Mpu ONMCAHUHK 4Yes0BEKO-Ma-
IIMHHOM mpoueaypbl noctpoenus I/ IIIM. 3to
MI03BOJIMJIO MOBBICUTh ObICTPOAENUCTBHE MPOU3BO-
JUMBIX BbIYUCJEHUHN NMPU UCIOJb30BAHHUU OJHO-
AJ/lepHbIX MUKPOIPOLIECCOPBIX apPXUTEKTYP.

B [8] dopmannzoBaHa MHOTOYpOBHEBAsl CEMaH-
TU4Yeckad mogesb nocrpoenud I/ IIIIM, npen-
CTaBJIEH MeTOo/, MOKMCKa ONTHUMAaJbHOI'O pacnpeje-
JIEHUS1 UHTEPBAJIOB /IBMXKEHUS M10€3/10B, paboTaro-
MK MO NMPUHLMIY TPajiMEHTHOro chnycka. Uuew,
M3J10’KeHHbIe B [8], peasiu30BaHbl BO BHEJPEHHOU
ACIT IICA, MMM (coctaBieHHOUM Ha s3bike Visual
Basic 6.0).

JdTan opraHM3an vy HUHPOPMAILMOHHOI'O

B3aumMogenctBusa Ci1y»K6 MeTpONOJIMTEHA

Ha paccMaTpuBaeMoM 3Tare UCNOIb30BaHbI J0-
CTHXKeHUsI BTOpOro aTana. Pemannch 3a/jauu 3aieii-
CTBOBAHUsI KaHAJIOB CBSI3U JIMHUM METPOIOJIUTEHA
JlJIs KOPPEKTHOM paboThl yCTPOMCTB TeJieynpaBJie-

HUS U TeJIeCUTHa/IM3alluUu npu nocrpoenuu '/,
BBINOJIHAJIC aHa/IU3 KadecTBa noctpoenus ['HU/]
[17]. OTnenpHO HavYaIMCh PAGOTHI 11O COCTABJIEHHUIO
pacnucaHvs JOKOMOTHUBHBIX 6puraj. Ha aTtom xe
3Talle CTaJio MOHSATHO, UYTO pacyéTHble 3HAUYEHMUS],
noJiydaeMble B pe3ysbTaTe pa6oTsr ACII I/ [TTIM,
MOTYT OBITh MCII0JIb30BaHbl B KaueCTBE MCXOJHbIX
JaHHBIX JPYTMMHU CHCTeMaMH, YTO MOTpeboBaJio
pa3paboOTKHU NMPOrpaMMHBIX HaACTPOeK AJs ¢par-
MEHTapHOUN BBITPY3KU CBEJ€HUM, COTJIaCOBAaHHbIX
Apyrumu Cinyx6aMu MeTPONOJIMTEeHa, a TaKXKe C
JAPYTUMH OpPTaHXU3aLUAMHU, BbITIOJHSIOIIMMA MOHU-
TOPUHT KayecTBa paboThbl METPOIOJIUTEHA.

B pa3Hble ro/ibl NPOMBILLJIEHHON 3KCIJTyaTaluH
ACIT IIC IITIM peanur3oBaHoO:

- 1nepenada AaHHbIX 0 cocraButesie [T/ TIIIM,
JlaTe Hadasia pabotel corsacHo [T/ MM,
THUIy PAaCCTAaHOBKH, JHAM PabOThl, KHUTKAX,
['0 3IIC, anekTpogeno, MaplIpyTax, TUIIAX pe-
MOHTOB/OCMOTPOB U CTAHIUSX IUHUU METPO-
nosvMTeHa B ¢opmaTte XML sl coCTaBJIeHUSA
pacnucaHui IOKOMOTHUBHBIX OPUTa/l;

- mnepejaya JJaHHbIX O BpeMeHax OTIpaBJIeHUs
NacCaXKUPCKUX M0Ee3/[0B CO CTAHI[UH COTJIACHO
HUTKaM» [Jisl OLleHUBaHUS 3a0JHSIEeMOCTHU
BaroHOB, MPH JIEWCTBYIOLIUX 3HAYEHUSX Mac-
CaXUPOTIOTOKOB  (3azaya MHpopmanuoH-
HO-BbhIUMcAUTebHOTO LeHTpa (MBL) Moc-
KOBCKOTO MeTpormnoJsiuTeHa U [lemapTamMeHTa
TpaHcrnopTa ropoga MockBbl);

- mnepegaya I/l IIIM B TekcTroBOM dopmaTe
JIJIsT BOCCTAHOBJIEHUS €ro COTPyJAHUKAMU
MBI meTpomo/siuTeHa B CHUCTeMe aBTOMa-
TU3UPOBAHHOI0 NpoeKTUpoBaHusg AutoCAD
U mnocjaeaywiiero GopMHPOBAHHUs TEKCTa,
alalITUPOBAHHOIO K pa3MelleHuI0 Ha GJiaH-
Kax KapTOo4yeK pacnucaHus, BbllaBaeMbIX Ma-
UIMHUCTaM;

- Iepejaya JAHHbIX O «HUTKax» JIJIs1 IPOTHO-
3UPOBAHUS BpPEMEH MPUOLITHUSA MOE3/[0B Ha
CTaHIUY C I[eJIbI0 THYOPMHUPOBAHUSA 06 3TOM
NacCa)XKUpPOB TMOCPeACTBOM €€ BbIBOJIAa Ha
TabJio, pa3MeliaeMble B TOpIax MmiaaTdopm
CO CTOPOHBI «XBOCTOB» MPHUOBIBAIOIIUX IT0€E-
3/10B;

- Iepejladya JAaHHBIX O «HUTKax» JJis BOCCTa-
HOBJIEHHS UX B OJHOU U3 CUCTEM, CO3/JaHHBIX
KoMIaHued «MakoMHeT», [Jisi BHeJpeHUsI
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KOMILJIEKCA TEeXHUYEeCKHX W TMPOrpaMMHBIX
Cpe/CcTB, HEOOXOJUMBIX JJis 3amycka Ejqu-
HOT'0 JIUCIIEeTYEpPCKOro neHTpa MoCKOBCKOTO
MeTponoJiuTeHa B paboTy [18].

JdTan TUpAXKMPOBaHMS CIOCOOGOB
dBTOMATHU3AIUU IJIAHUPOBAHUA
NnmepeBo30YHOro nmpouecca ajada
pa3/JIMYHbIX IMHUUA MOCKOBCKOTO
METPOIIOJIUTEHA

B sTOoT nepuog Ha MOCKOBCKOM MeTPONIOJIUTEHE
NpUHATA B NPOMBILLJIEHHYI0 3Kcmayatapuio ACII
[T TIIM.

[loctpoenune Bpyunyro I/ IV,
CTBYIOLIEro 3aJlaHHbIM pa3MepaM JBuxeHud u ['0
3IIC, 3anuMaet ot 1.5 10 3 Mecs11eB B 3aBUCUMOCTH
OT CJIO)KHOCTH JIMHUM U KBaJMPUKALUU UHKEHE-
pa-rpaducTa. B cBA3M ¢ 3TUM Ha/M4YHMe aBTOMATHU-
3MPOBAHHOU CHUCTEMBI, YIPOLIAOLel BBIOJTHEHHE
3TUX paboT MOCPeJCTBOM THUPAKUPOBaHUsS yIIpa-
BJISIIOLMX BO3JEHUCTBUH, NPUBOASILIUX K ObICTPOMY
noJsiyyeHuIo pesyabrara nocrpoenus [T/ IIIM, aB-
JIsleTCcsl 93KOHOMUYECKU ONpaBJaHHBIM LIAroM.

Ha sTom aTane BbIsAiBJIeHbl 0CO6EHHOCTU JITMHUI
MeTpOIOJIUTEeHA, OKa3blBawIlUe BJIWSAHUE HA BUJ,
[IC/ TIIM [13]. Janee nepeducieHbl 3TU 0COGEH-
HOCTH.

KosbneBass JsinHHA (KoJbLo) MOCKOBCKOTO
MEeTpPOINOJIMTEHA OTHOCUTCS K 0COO6OMYy TUINY JIU-
HUU. B eé cocTaB BXOAAT ABa He3aBUCUMBIX NyTH,
KaXXJbl U3 KOTOPBIX SIBJISIETCS 3aMKHYTBIM KOH-
TypomM [13].

K paguanpHbIM TMHHUAM OTHOCAT JIMHUMY, HA KO-
TOPBIX [JIaBHble MIyTHU He fBJISIOTCS 3aMKHYTBIMU
koHTypaMmu. [loe3sa, o6CayKUBaWILUe JUHUIO, B
TedyeHHe paboyero JHA COBEPILAIOT epexXo/bl MeX-
[y TJIaBHBIMU [Ty TSIMH, 060payMBasiCb Ha KOHEYHBIX
WJIM IPOMEXKYTOUYHBIX CTAaHIUAX C MyTEeBbIM pa3BH-
THEM.

Cpeny MHOXeCcTBa pajya/bHbIX JUHUN ocoboe
MeCTO 3aHMMAIOT JIMHUU C KBUJIOYHBIM» JBUKEHU-
eM. «BUJI0YHBIM» JBUKEHHEM Has3blBAeTCs TaKas
opraHusanusi paboThl JUHUM, IPU KOTOPOU [ABHU-
»KeHHe COCTaBOB OCYLIECTBJSAETCA MO pa3IuYHBbIM
ydacTKaM IocJie IPoc/ieloBaHUs CTaHLIUU pa3BeT-
BjeHUs. CTaHLMSA pa3BeTBJEHUS — 3TO CTAHLUSA,
NyThb [0 KOTOPOMU /11 BCEX COCTaBOB JIMHUM He pas-
JINYAETCs], a IoCJie — [1/11 YaCTH COCTABOB pas/IMYeH.

COOTBeEeT-

Takasi opraHusalnus JBUKeHHS OKa3blBAaeT BJIHSA-
Hue Ha Bug [1I/] ITTIM [19].

YacTHBIM c/ly4aeM «BUJIOUYHOTO» IBUXKEHUS SB-
nsietcs [T IIIIM 3onHoro Ttuna (I'3T). B [19] aB-
ToMaTHU3anus coctaBieHuss ¢pparmenta [T/ [IIM
C «BWJIOYHBIM» JBUKEHHMEM paccMaTpUBaeTCs Ha
npruMepe Punésckoit 1uHuy, a I'3T - Ha npuMepe
JIt06JIMHCKO-/IMUTPOBCKOM inHMHU [15].

HaaToMm sTane oco6eHHO 0CTPO BCTaJI BONIPOC CO-
npoBoxgenust ACIT I/ II1M, 3ak/1r04uBILNUE B cebe
Takue MEPONPHUSATHUS KaK: oOydeHHe IMepCcoHaJa,
KOPPEKTHUPOBKY Habopa cepBUCHBIX QYHKIUUN NpU
BCEBO3paCTaKIIUX TPebOBaHUAX UHKEHEPOB-rpa-
¢éucrtoB [17], a TakKe HACTPOUKY CONMPSKEHHBIX C
cucteMol nepupepunHbIX YCTPOUCTB.

K aTtomy nepuojy oTHocuTCcs ¢popManiu3sanus 3a-
Jady MammHHoro noctpoenus I'PJIB, «packyiagok»
(11a6/I0HHBIX TabJUL) [AJS BBIMUCKU MOE3AHBIX
pacrucaHui, a TakxKe MevyaTd KapToueK Moe3 HbIX
pacnucaHvi, BblJlaBaeMbIX MalIMHUCTaM, 3acTy-
narmouum B pelicol [20].

JTan compsk€H C HCNOJb30BaHUEM 3HEproc-
6eperamouux TexHosoruil [21, 22], ¢ nepeBojOM
HECKOJIbKUX JIMHUWA Ha 06C/AyXMBaHHe HOBbIM
(Ha TOT MOMEHT) 3JIEKTPOMOABUKHBIM COCTABOM
«Pycuu» (81-740/741; Bbinyck: 2003-2013 rr.) ¢
ACUHXPOHHBIMU JIBUTATEJISIMH, MPEJ0CTABISIONIN-
MU BO3MOXHOCTH BBINIOJIHEHUSI PEKYTIEPATUBHOTO
TOpMOXKeHus [22].

K aTomy ke meprosy OTHOCUTCS peasu3alus aB-
TOMAaTU3UPOBAHHOI'O PacyéTa 3KCIIyaTalMOHHBIX
nokasartesei c ucnosb3oBanueM ACII IT[ TIIM
[17]. lIpu 06CcUéTe 3KCIIyaTAllMOHHBIX MOKa3aTe-
Jielt BpyuHyto B Ciiy»k6e JBUKEHUS IPUHSTO UCIIO-
JIb30BaThb y4acTKOBble BpeMeHa xozga, B ACII I/
[I1IM 3amava pacuyéTta 6blaa pelieHa TPA PaccMo-
TPEeHUHU KaXK/I0T0 NeperoHa /s KaXK101 MoCTPOeH-
HOU «HUTKU». [loTpeboBasach MHas CxeMa BbIBOJla
pe3yJbTaTOB pacyéTa C PyHInUpPOBKOM NEPETOHOB
B YYaCTKH, MO KOTOPbIM NPOUCXOJUT JIBHXKEHUE
1oe3/IoB Mo «HUTKam» coryacHo IIT/] ITIIIM. U3ame-
HeHUs B pacC4€THOU cxeMe CyllleCTBEHHO CKa3a/lUCh
Ha rpadrUyecKoM MOJb30BATENbCKOM HHTepelice
ACII TITZ IIIIM. C To4ku 3peHus pa3BUTHUS CEPBU-
CHBbIX QYHKIUH 106aBUIach BO3MOXKHOCTb 3KCIOP-
Ta PacyéTHBIX JJAHHBIX B 3JIEKTPOHHbIE TaGJIULbI
Microsoft Office Excel, 4yTo ob6ecneyunsio BO3MOX-
HOCTb [leYaTH Ha NPUHTEPE WM MJIOTTEepe, MUHYS
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IIpOrpaMMHpOBaHHe NPSAMOro B3aUMOJAENCTBHUA C
JlpaliBepoM MeuaTaroliero ycrpoicrpa yepe3 ACII
[IC/1 TITIM.

3aBeplleHHeM 3TOro 3Tana sBUJIACh pa3paboT-
Ka npuHUUNoB BkJatouyeHus ACII [T/ [TT1IM B ob1iee
nuppoBOe MPOCTPAHCTBO JUHHUU METPOINOJUTEHA,
a TakXe IPUMEHHMOCTH aBTOMAaTH3UPOBAHHOH
cucteMbl K noctpoenuto [1T/] [TIIM pasa gpyrux Bu-
noB I'PTC.

JTan npuMeHeHUA HOBBIX UT,
nudpoBU3an MM U MHTE/UIEKTYaIN3al U
nponeccoB INJIAHUPOBAHUA
NacCa’KUupPCKUX NepeBoO30K,
3KCIUIyaTallMOHHOM U MaHEeBPOBOH
pa6oThI

Ha aTom 3Tane, npenMyleCTBEHHO, peLIaItCh
BOIIPOChl aBTOMaTu3auuu cocrtaBieHus ['0 IIIC.
OcHOBHBIM 06'beKTOM yrpaBsieHus 'O IIIC aBiseT-
cs peMoHT (ocMoTp). BBeiéM onpeiesieHHe TEpMU-
Ha «peMOHT» B KOHTeKcTe paccMoTpenusa ['0 3IIC
u [IT/] TIIIM. PeMOHT — 3TO KOpPTeX, KOMIIOHEHTBI
KOTOPOTO OMNpe/ieisIIoT TUII, BpeMsl U MECTO MpPOBe-
JleHus: TexHudeckoro ocmoTpa (TO) uiu Tekyuiero
pemonTa (TP), npunucanHoro Kk MapupyTy.

B [5] cocTaBsieHa cxeMa TEXHOJOTUYECKOTO MPO-
yecca nocrpoenus I/ IIIM, conpsixénHoro ¢ ['O
3I1C npu Mcnosib30BaHUM KoHUeNnuuu Event-driven
Process Chain (EPC); cocTaBJieH aJropuTM aBTOMa-
THU3WPOBAHHOTO HAa3HAUYEeHHs] TEXHUYECKHUX OCMOT-
poB nepBoro o6béma pa6ot (TO-1) c yuétom orpa-
HUYeHUH U GpaKTopoB, Baustouux Ha By 1171 [TTIM
[13]. K peweHuto 3a/ja4d aBTOMAaTU3UPOBAHHOTO
coctaBsienus 'O 3IIC npeasioxken «Benrepckuit aj-
roputMm» (aaroputM ManHkpeca - Kyna), koTopbiit
XOpOILO paboTaeT TOJbKO «B CTaTHKe». Jljis mosy-
YeHHs pelleHus 3aJja4t «B JMHaAMUKe» IPeIJI0KeH
peKypCUBHbBIN MeTO/| JUHAMHUY€eCKOT0 IPOrpaMMHU-
poBaHus (maHupoBanusi) besMana.

PemaeTrcsa 3asjaya 3QPeKTHUBHOTO UCIO0JIb30-
BaHMWs NAapKOBOYHOIO NMPOCTPAHCTBA Ha NpUMepe
MEeTPONOJIMTEHA C IPUMEHEHHEM Teopuu rpados.
Busyasuszanus NoJy4YeHHbIX JepeBbeB U YIJIOT-
HEHHbIX TpadoB BBINOJHAETCS MAKETOM YTHJUT
Graphviz [4].

Bosbiielt 3dpGeKTUBHOCTU NPU pellleHUH 3a/ia-
YW aBTOMaTHU3UpOBaHHOro coctaBjeHud ['0O 3IIC
no3Bosin Ao6uthbes A [10]. [To3xe paspaboTaH-

Has Ha 6a3e ['A aBTOMaTU3MpOBaHHas NOACUCTEMA
coctaByeHnsa 'O 3IIC KOHTeEKCTHO cTajla paccMma-
TpuBaeTcs kak MUC.

[IpoBeiéH aHa/IM3 NPUMEHHUMOCTHU UCKYCCTBEH-
HOT'0 MHTEJIJIEKTA U, B YaCTHOCTH, MAaLIMHHOTO 06Yy-
yeHUs [6] K 3alayaM aBTOMaTH3alL MU [IJIAHUPOBa-
HUS [epeBO30YHOr0 Ipolecca Ha MeTPOINOJIUTeHe
[7,10].

Hapsgy c nmovckoMm pelieHus 3aJja4yy aBTOMaTH-
3ayuu coctaBaenus ['0 II1C pa3BuTHe U pakTUYe-
CKyI0 pea/M3all{I0 MOJIy4Yu/a ujes, BbICKa3aHHas
B [13], 0 BO3MOXXHOCTH NPUMEHEHU annapara na-
palsieJIbHBIX BBIYMCIEHUN K PEeKypPCUBHOU Mpole-
Jype aBTOMaTU3MPOBAHHOIO IIOCTPOEHUs IIpoLec-
cos [IT/] [ITIM. MHoronoTo4uHas Mozeb (Threading)
Ha 6a3e NaTTepHOB NPOEKTUPOBAHUS peasiu30BaHa
B cpene Microsoft Visual Studio na si3bike Visual C# B
ACII IIT[, TIIM HoBoro nokoJsieHust («APM I'padwuc-
Ta 2.0») [23].

B nmponecce nudppoBusanuu 0603HAYUIOCh HUH-
TEHCHBHOE pa3BUTHE HHTeJJIEKTYalbHbIX TPaHC-
HNOPTHBIX cucTeM ynpassaeHusi [PTC [24].

Jdtan y4éTa 0CO6EHHOCTEN COCTABIE€HUS
I’ IIIIM npv HaJIMYUHU CUCTEM
aBTOBe/leHUs N10€e3/0B Ha JINHUAX
MeTpomnoJIMTeHa

JTan xapakKTepeH BO3MOXHOCTBbIO BBINOJIHE-
HUSA 3alaHHOT0 4YMCJ/a BpeMéH XoJa 0 IeperoHy,
pean3yeMbIX CUCTEMOW aBTOMAaTHU4YeCKOro ympa-
BJIEHHUS, YTO MO3BOJIMJIO OTKaszaTbcsa oT CPB npu
BbIpaBHMBAHUU MeXII0€3/JHbIX UHTEPBAJIOB B X0/ie
IJIAaHUPOBaHUA nepexogHbix nponeccos [T/ ITIIM.
[Ipy peannsanyu BpeMéH xXo/a 10 INHUKA MeTPOIIO-
auteHa 6e3 CPB fjocturaercs yMmeHbllleHHE pacxo-
Jla 3HePTUH, 3aTPauruBaEMOM Ha TATY.

HWmMeromielica 6a3bl 3HAaHWM Ha CErojHs JoCTa-
TOYHO /[JIs1 NPOTHO3UPOBAaHUSA KadyecTBa paboThbl
MOCKOBCKOTO METPOIOJIMTEHA B YCJOBHUSX [BHU-
>KeHUsl Noe3/|0B 6e3 MalIMHUCTOB COIJIACHO YeT-
BEPTOM CTelleHU aBTOMaTH3allMH KeJIe3HOLOPOXK-
HOW MHPPACTPYKTYphl 1o cTangapty [EC 62290-1:
Grades of Automation 4 (GoA 4). PaboTbl npoBoO-
JATCA C YYETOM BO3MOXKHOCTH peasid3aliiy 3Hep-
roapoextuBHbIx [T/ [IIIM [14].

3HauUTe/bHbIM 00BEM pabOT CBsI3aH C Y/J0-
BJIETBOPEHHEM 3alPOCOB, MOCTYNAKIIUX OT UHXe-
HepoB-rpaducToB Ha ycrpaHeHue CPB. Co3zaHbl
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aJITOPUTMBI JiJ1d nepepacnpegenenusa CPB Ha Bpe-
MeHa xoJla o neperoHaM. B [14] mokasaHoO, 4To
3TO NpeAOoCTaBJgeT BO3MOXXHOCTb JJI1 IKOHOMUH
3JIEKTPO3SHEPruyu Ha 3Tane IJIaHWUPOBAHUS Iepe-
BO30YHOTO MPOLECCca, HO TOJBbKO IPH YCJIOBHUU pa-
60ThI corsacHo coctaBaeHHomy III/] IIIIM cucre-
MOH aBTOBeJeHMs, IOCKOJbKY HU OJUH OIBITHBIN
MallWHUCT He B COCTOSIHUU BBIIOJIHUTb TOTO MHO-
»KeCTBa pa3/IMYHbIX BPEMEH X0/ja HellapaJslJleJbHO-
ro rpaduka, NoJy4aeMoro B pesysbTaTe nepepac-
npegenenus CPB Ha BpeMeHa Xo/ja 10 neperoHam.

3AKNIOYEHUE

1. [IpoBeIEHHBINA aHAJIU3 PAa3BUTHUSI aBTOMATH-
3MPOBAHHOM CHCTEMbI TOCTPOEHUS MJIAHOBBIX Ipa-
$UKOB ABIKEHHUS MACCAKUPCKUX MOE3/10B METPO-
MOJIMTEHA JI0KA3bIBAET AKTYaJbHOCTb BHE/PEeHUs
3TOM CUCTEMBI AJI1 pabOThl B YCIOBUSAX METPOIO-
JIUTEHOB.

2.Pa3BuTHE aBTOMAaTU3MPOBAHHOW CUCTEMBI [10-
CTPOEHHSs IJIAaHOBbIX rpadUKOB ABMKEHUS IMacca-
YKUPCKHUX M0€3/]0B METPOIOJINTEeHa HAallpaBJIeHo Ha
«BIHCbIBaHUE» €é B EJMHYI0 UHTEe/JIEKTYaJIbHYI0
CUCTEMY aBTOMATHU3UPOBAHHOIO yIIPABJEHUS JIBU-
’KEHHEM TPAHCIOPTHBIX CPEeICTB HA TOPOJCKUX pe-
JIbCOBBIX TPAHCIIOPTHBIX CUCTEMAX.

3. Hcnosb3oBaHWE HHTEJIEKTYa/lbHBIX aJIro-
PHUTMOB B aBTOMaTH3UPOBAHHOU CHCTEMe MOCTPO-
€HMS TJIaHOBBIX TPAPUKOB JIBUKEHUST MACCAKUP-
CKHUX TM0€3/I0B MeTPOIOJIMTEHA MO3BOoJIsseT 3dPek-
THUBHO pellaTh 33/1a4M MJIAHUPOBAHUS EPEBO30Y-
HOTO Ipoliecca.

BNATOJAPHOCTH

HUccnenoBaHue BbINOJHEHO NpU (GUHAHCOBOU
noaaepxkke POOU, HTY «Cupuyc», OAO «PXK/» u
O6paszoBaTesbHOr0 poHAa «TaJIaHT U ycriex» B paM-
Kax Hay4yHoro npoekrta Ne 20-37-51001 (3asBka
2020 roza): «PazpaboTka Mozesiell 1 METO/OB OII-
TUMHU3ALHUU NPOU3BOJACTBEHHBIX PECYPCOB IOpOJ-
CKUX pesibCOBbIX TpaHCcnopTHbIX cucTeM ([PTC) Ha
OCHOBE TEXHOJIOTUU 60JIbLIKX JaHHBIX (bigdata)».
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