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Abstract. The article analyzes the master plans and functional areas of 42 
cities from different federal districts of the Russian Federation. To identify 
the dependencies between the characteristics of localities and the allocation 
of functional zones in them, the data clustering method was applied. Also 
criteria for clustering were identified – these are quantitative characteristics 
that are universal for various localities: total area of a locality, population, 
population density and gross regional product. With these criteria 
clustering was carried out using the software package «Deductor», based 
on algorithms of neural network modeling. Self-organizing Kohonen maps 
(SOM) were used to visualize the obtained data. As a result of the 

clustering the connection between the characteristics of localities and the 
ratio of functional zones in them is revealed.  

1 Introduction  

Most of modern scientific research in the field of functional purpose of territories is focused 

on the study of territorial zoning in general [1-4]. With regard to questions of the optimal 

ratio of functional zones, it should be noted that attention is not almost paid to them. Some 
researchers consider only the theoretical aspects of zoning, in particular, the preparation of 

territory planning documentation, and do not provide methods by which it would be 

possible to assess the relative position of the functional zones in specific localities [5-8]. 

The data clustering method considered in this work was applied in a number of works 

and used to assess the transport infrastructure of the city, housing stock, investment and 

social attractiveness of urban areas, and to draw up a schedule of building repairs [9-13]. 

In urban planning correct area ratio and mutual arrangement of city's functional areas 

are very important. Proper functional zoning of territories has economic and social 
advantages over the free placement of elements. The economic advantages are the 

opportunity to save urban areas, to minimize the cost of building all types of 

communications and to carry out landscaping. Social advantages include reducing the 

burden on the natural environment of the city and improving the living conditions of the 

population. 

In conditions of urban population growth functional zoning significantly affects 

approaches to solving the problems of urban development, allows creating a balanced and 

comfortable living space. In this connection, the aim of the work is formation of functional 
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zones clusters and finding the connection between the characteristics of localities and the 

ratio of functional zones in them. 

2 Materials and methods 

For many decades the fundamental idea for city planning was clear differentiation between 

the main functions of human life: work, housing and leisure. This is reflected in 

methodology of functional zoning, which according to Russian SP 42.13330.2016 «Town-

planning. Planning and development of urban and rural settlements» implies a separation of 
the city into three main areas: residential, industrial, landscape-recreational and other 

territories. There are zones of various functional purposes within these territories.  

Functional zones defined by master plan of locality obey the certain patterns that reflect 

various aspects of locality's formation. This affects parameters, such as: number of zones, 

possible territorial ratio of zones, mutual location, etc. 

In this paper master plans of 42 large and largest cities of the Russian Federation from 

different federal districts were analyzed, where number of functional zones is mostly from 

7 (Voronezh) to 10 (Krasnodar, Novosibirsk). As a result, we can distinguish the main 
functional areas into which the territory of the Russian Federation cities is divided (table 1).  

Table 1. Functional zones of the Russian Federation cities. 

Functional zones Designation 

Housing zones H 

Public and business zones PB 

Industrial zones I 

Zones of transport and engineering infrastructure TE 

Recreational zones R 

Agricultural zones A 

Zones of special purpose S 

Other territories O 

 

The ratios of the functional zones in the Russian Federation cities (as a percentage of 

the city’s total area) are shown in Figures 1 and 2, the designations of the functional zones 

are given in accordance with Table 1. 

The most balanced in terms of the ratio of functional zones are St. Petersburg and 

Kaliningrad (figure 1). 
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Fig. 1. The ratio of functional zones in St. Petersburg and Kaliningrad.  

The recreational zone in Vladivostok and Voronezh is significantly superior to other 

zones (figure. 2). 

 
Fig. 2. The ratio of functional zones in Vladivostok and Voronezh. 

To determine the best option for the correlation and mutual placement of functional 

zones in a particular locality, first of all, it is necessary to identify the influence of the 

localities characteristics on the zones allocation in them. 

As these dependencies search method, data clustering method may be applied. An 

instrument realizing these goals is the software package «Deductor», based on algorithms 
of neural network modeling. One of the ways of data visualization and generalization used 

in this package is SOM (Kohonen self-organizing maps) [11, 14-15].  

To develop functional zones clustering method, criteria on which clustering will be 

implemented need to be specified.  Such criteria may be various characteristics of localities, 

for example: economic and geographical position, population size and density, total area, 

level of economic development, climate zone, city-forming function, etc. 
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Because quantitative characteristics are the most universal indicators, for emerging 

method based on analysis of functional zones in 42 cities the following criteria of localities 

were selected:    

– total area of the locality; 

– population; 

– population density; 

– gross regional product. 

3 Results and discussion 

Based on selected criteria data clustering of 42 localities carried out. The results are several 

options of functional zones clusters (figure 3).  

 

Fig. 3. Cluster options created in «Deductor». 

The most convenient for analysis is the option with the least number of clusters – option 
2 (figure 4). 

 

Fig. 4. Clusters of functional zones. 

The analysis of the obtained clusters revealed a connection between the selected criteria 

and functional zones in cities.  

So, for example, for the million-plus cities of the Volga, Ural, Siberian and Far Eastern 
Federal Districts the predominance of industrial and zones of special purpose is 

characteristic (table 2). 
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Table 2. Characteristics of the cluster 1. 

Characteristic Value 

Federal District Volga, Ural, Siberian, Far Eastern 

City classification The largest (over 1 million people) 

Total area  50-80 thousand ha 

Population   1053-1200 thousands of people 

Population density  12-24 persons per hectare 

Gross regional product  204-453 thousand rubles per person 

Prevailing functional zones  
Zones of special purpose (30-54% of 
the locality total area), industrial zones 
(5-23% of the locality total area)  

Examples of localities Chelyabinsk, Perm, Omsk 

For the large cities of the Central, North-Western and Southern districts the prevalence 

of recreational and housing zones is characteristic (table 3). 

Table 3. Characteristics of cluster 2. 

Characteristic Value 

Federal District Central, Northwest, South 

City classification Large (250-500 thousands of people) 

Total area  11-22 thousand ha 

Population   275-482 thousands of people 

Population density  20-32 persons per hectare 

Gross regional product  279- 951 thousand rubles per person 

Prevailing functional zones  
Housing zones (12-42% of the total 
locality area), recreational zones (5-
36% of the total locality area) 

Examples of localities Rostov-on-Don, Oryol 

4 Conclusions 

As a result, in this paper master plans of 42 Russian cities located in different federal 
districts were analyzed.  
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 1. The analysis of the Russian Federation cities revealed main functional zones, into 

which territories of the localities are divided. 

 2. The analysis of master plans revealed, that functional zoning in the cities has a 

similar structure, but there has been a difference of functional zones ratio by area. 

 3. Characteristics of localities affecting on the territorial balance and allocation of 

functional zones were defined – these are total area of the locality, population, population 

density and gross regional product. These characteristics served as criteria for clustering. 

4. In this paper data clustering method applied, that has made it possible to indicate 
connection between characteristics of localities and allocation of functional zones in them. 
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