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Abstract. Moscow's surface transport is represented odern low-
trams of various capacities. In order to ensure comfo
the tram infrastructure is constantly being modernt
built, rails, sleepers and switches are renewed om the

created, slowing down tram movements
not take into account the actual presenc
paper develops a concept of tram traffi

to be reduced and for whic
"bottlenecks" in the Moscow

1
At the current de e of urban transport systems, the main global trend is the
creation, resto ion of streetcar systems [1, 2]. Streetcar is the only type

nstance, in St. Petersburg, Taganrog, Verkhnyaya Pyshma and 20 other
agreements for the modernization of transport infrastructure, purchase and
rolling stock have been created and are being implemented to provide transport
the population. In Moscow, the streetcar network is being developed by
ombining it with the metro into one rail system. This approach is justified by the possibility
sing advanced technologies of the subway for the repair and maintenance of streetcar
tracks [5]. Their length is about 400 km of single track, on which there are 855 stops [6].

In Moscow the streetcar is the most important element of the transportation system, as it
transports about 600 thousand passengers daily [7]. The rolling stock consists of modern low-
floor three- and one-section cars. For uninterrupted provision of traffic the tracks are isolated.
At the moment about 70% of lines are isolated from road traffic [8]. In addition, work is
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underway to develop transport infrastructure that provides a comfortable and safe
environment for waiting, boarding and disembarking passengers (safety islands, elevated
platforms or roadbed), modern technologies are used to replace the tracks to reduce the
negative impact on the environment (for instance, noise level), traffic patterns on specific
streets are changed to ensure the priority of streetcar travel, etc.

One of the priority areas for the development of the street streetcar network in Moscow
is the creation of diametral routes, making it possible to cross the city through the gre

capacity of the identified “bottlenecks”.
The object of research is the streetcar system of Mo
is the process of streetcar crossing the traffic flows,
Theoretical significance of the research lies i
of the transport system of the city, providing t
models and algorithms for optimizing its para
problems. The practical significance of

developing mathematical
ocial and environmental

2 Materials and |

For the accomplishme
conditionally dividedd

the occurrénce of random events: repair works of the street road network,
mber of lanes for traffic;, weather conditions; time of day; accidents, etc.

onditions (compliance with traffic rules, favorable weather conditions, permissible
load on the street road network and other infrastructural objects). In research related to the
odeling of transport or pedestrian processes, such methods are used to determine the input
parameters of the model and the rules of its operation [9-11].

The main objective of the second group of research methods is to formalize the obtained
results. Such methods include graphical and modeling methods. With their help, objects and
relations between them are visualized, making it possible to establish regularities of changes
in the states of both the system as a whole and its specific parts. As noted in research related
to the creation of models of complex systems, the use of graphical methods makes it possible
to establish regularities that are difficult to quantitatively describe and difficult to detect using
analytical procedures [12-14].
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3 Results

There are 35 active routes in Moscow (not counting three temporarily closed routes due to
major repair works). It should be noted that there are no self-contained routes, i.e. some
intersect with each other and parts of the traffic routes coincide.

There are points where streetcar tracks intersect with automobile flows, forming
regulated and unregulated intersections. In general, streetcar tracks are separated
automobile flows in a variety of ways that may vary in different parts of the route
places, streetcar tracks are located in a dedicated public transport lane in the cg
roadway (Figure 1).

https://maps.app.goo.gl/p5SLo Y K6)

There are sections (& vay) whelbthe streetcar lane is located to the left of the
road traffic lane. Thg ist few years is the physical separation of such
a curb is placed to prevent vehicles from driving onto the

Fig. 2. Separation of streetcar tracks by their elevation above the carriageway (Google Maps image
source: https://maps.app.goo.gl/VFQ34PhiJo2QwHZE6)
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In addition to the above options for separation, there are sections of routes where the
tracks are set back from the roadway (Figure 3).

https://maps.app.goo.gl/hboT7TFKguRLMihR59)

However, all this does not exclude the reduc
track crosses with automobile or pedestrian traffi

A specific problem is the crossing @
pattern has shown that from one to fi
Sections with only one route are minima
in the city. Traffic intervals can vary fro
and days of the week. This mg i

erent sections of the system.
aoe of three streetcar routes per section

, waiting either for a traffic light signal
ead. It should be noted that Moscow is just
at provides streetcar priority at an intersection

ossing or merging of streetcar routes. A reserve route is
sute when necessary (for instance, to reduce the waiting
a traffic disruption, when traveling to or from the depot, etc.).
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Fig. 5. Diagram of a dedicated streetcar flow making a right turn at a U-shaped intersection

Currently, the arrow is located directly at the location of the traffic light. Thus, in case of
heavy streetcar traffic on such a section, there is a problem of idling of cars that should be
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moving straight ahead due to waiting for a permissive traffic light signal for cars turning
right. Moving the arrow to the length of the car before the traffic light would make it possible
to provide space for streetcars making a right turn maneuver. At the same time, there was no
interference with streetcar traffic going straight ahead. The U-shaped intersection of
Budennogo Avenue and Semyonovsky Proyezd (55.778776, 37.720556) is the section of the
street road network where the relevant infrastructure could be upgraded to implement the
presented traffic scheme.

To organize traffic at the T-junction and cross-junction it is important to determig
direction is a priority. As a priority direction can be chosen those on which th
traffic of streetcars, the route passes on the main road, etc. Fig. 6 shows
modernization of a T-junction.

1

aya Krasnoselskaya Street and Krasnoprudnaya Street
ed. The specified section has a high density of streetcar

historic pait of the city, but the streetcar tracks are laid in the center of the
the side of which there are 2-3 lanes for motor transport (on the main road).

The research analyzed states that transportation system modeling is necessary for
ineering analysis, coordination and approval of the solution in terms of economic
efficiency, transport safety, capacity and other factors defined by the project objectives [3,
15-17]. Creating a modeling plan involved conceptualizing the changes of the research object
and setting its essential qualitative and quantitative characteristics. These are used as the
basis for the input parameters and rules of the simulation model, which is a digital twin of
the real research object. As noted in works related to simulation models of transportation
systems, with the help of a digital twin it is possible to conduct experiments of any
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complexity in order to assess changes in the states of the object at a given time interval and
to develop solutions for effective management of its states [10, 18, 19].

5 Conclusions

The analysis of transport systems makes it possible to solve a wide range of objectives
on traffic management when changing the transport and operational indicators of its gifje

requires the development and 1mplementat10n of smart city concepts
mobility of the population, reducmg the negative impact on the enyir

requirements and ways of implementation, corresponding to
City Hall in the field of public transport. The implemen
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