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Abstract: In the paper some examples of applied problems fire protection of national 
economy objects, which reduced in their statements to the class optimal geometric design, 
are considered. This class includes optimal placement, covering and cutting set of objects, 
the construction of optimal routes and connecting networks, some scheduling problems, etc. 
The basic restrictions of the optimal geometric design problems are analyzed. Also results 
of investigation problem-oriented models are given.
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1. Problem statement. A number of 
problems requiring to process and transform 
geometric data emerge in different areas of 
national economy. These tasks are classified as 
the problems of optimal geometric design [1]. The 
development of methods to solve such problems 
is an important task. These are the following 
problems: the problem of optimal material cutting 
(regular and nonregular), the problem of making 
optimal routes and connecting networks, the 
problems of covering, placement, partition, some 
tasks of the theory of schedules etc. [1-2].

2. Reference study. The problem of 
placement of geometric objects was initially 
stated by academic Vladimir Rvachev back in 
1963 [3]. Main restrictions of the defined problem 
of placement were the conditions of objects not 
crossing the borders of one another and condition 
of placement of these objects onto a certain plane. 
The classical example of the placement problem 
is a problem of material cutting. The solution of 
the placement problem in this case requires the 
length of the material piece holding all of the 
placed objects to be minimal (or maximized 
coefficient of population) (Fig. 1).

Fig. 1 An example of a solution for the material cutting 
problem

The main difficulty in determining the 
solution for a given problem is in building

analytical description of two conditions. The 
condition, which constitutes that the borders of 
objects should not be crossing one another and 
the condition demanding objects to be placed in a 
certain area. The first step in building analytical 
description of these conditions was a method 
based on /^-functions, which were introduced in 
the works of Vladimir Rvachev [3,4]. Established 
approach was further developed in the works on 
Yuri Stoyan. In order to formalize non-crossing 
relationships between objects and quantitative 
measures to define the degree of fulfillment of 
these relationships, he established the concept of 
Ф-functions [5]. Ф- surface of а Ф- function is a 
hodograph of a vector function of objects dense 
placement (hereafter referred to as hodograph). 
Defined hodograph allows transforming 
geometric data about objects into information 
about their possible dense placement. The 
strategy of finding a solution for the problems of 
nonregular placement of object in [6-7] is based 
on the optimization method by groups of variable 
using the hodograph to define approximations to 
local and global extremums. There have been a 
number of approaches created to determine local 
and global extremums for cases with nonregular 
placement of objects with unconditioned shapes 
[8-9]. A few problems of regular placement of 
objects were solved. A number of works were 
dedicated to a problem of objects placement [10- 
14].

The second important class of geometric 
design problems consists of tasks to cover an area 
with geometry objects [15]. In coverage problems 
the obligatory condition is to have all points in the 
area covered with geometric objects. The 
condition of non-crossing borders and the 
condition of having objects placed on the area can 
be violated (Fig. 2). Cases with regular and 
nonregular coverage are considered.



Fig. 2 The solution of a problem to cover Kharkov with 
3 kilometer radius circles

The third class of geometric design 
problems is represented with partition tasks. The 
tasks of continuous partition of area into 
geometric objects have been covered in the work
[16], and as for the task of discrete problem of 
partition it has been analyzed in the work [17]. 
The main requirements of tasks of continuous 
partition of area to geometric objects (the same as 
for the coverage tasks) are conditions that the 
objects should not to be crossing and the 
condition of having objects placed on the area, 
but with the additional requirement of being equal 
to a coefficient unit of the area coverage (picture 
3). Methods of regular and nonregular partition 
are considered. In the work [18] one of the 
methods of some area regular partition with the 
help of mutually orthogonal lines based on the 
example of partition of the cultivated area has 
been suggested (Fig. 3).

Fig. 3 Partition of cultivated area

Tasks of making optimal routes and 
connecting nets in non-simply-connected regions 
(which can be found in works [2,19]) can be 
considered as the forth class of geometric design 
tasks. A real process of geometric object 
placement (coverage, partition of area to objects)

is modeled in the geometric design tasks. The 
modeling is known for various ways of 
transformation of geometric information, as the 
result of which the search of an optimal geometric 
object placement (coverage, partition) is done. 
The tasks are connected with processing of big 
volumes of geometric information and 
considering a big number of various requirements 
and are beyond the scope of classical theory of 
operations research. There’s the need of grouping 
the tasks in the separate class of so-called 
geometric design as the methods of their 
modeling and solution are non-standard.

3. Main results. The aim of the article is 
dedicated to the following tasks. There’s a need 
for general principles of object placement, 
partition and coverage modeling as well as 
development and research of problem-oriented 
models, methods, algorithms and software for 
successful solution of scientific and practical 
tasks in the industry. Development of problem- 
oriented models for various subject fields leads to 
additional technological restrictions changing the 
main model that results in the necessity of new 
methods and modification of the existing ones to 
solve the tasks.

Currently the following tasks have been 
decided.

3.1. Placement of fire stations in big cities 
task [21]. The task is defined the following way. 
Having the given resource, the minimum 
specified amount of fire stations in order to 
protect the modeled area of the city (or the whole 
city) should be defined, as well as the parameters 
of their placement which enable to reduce the 
time of arrival of fire department to the possible 
hot spots.

Decomposition of the task is considered in 
work [21]. As the result of the decomposition, 
two main stages of the solution have been 
defined.

The first stage of the solution is defining 
the minimum quantity of fire stations, which 
cover the whole city with circular zones together 
with the zones of the existing fire stations 
(Fig. 2), that is the task of arbitrary-shaped area 
coverage with circles.

The task of rational placement of fire 
stations is solved for each circular zone of 
protection during the stage of building design of 
the area when the main architecture and planning 
solutions have been defined, and that is the 
second stage of the solution. The task is reduced 
to placement of geometric object of the constant



size considering standardized maximal and 
minimal distances between fire station and 
buildings.

Paper [17] shows us the solution of 
placement of fire stations as the task of non­
regular partition of arbitrary area on geometric 
objects, which metric characterization are defined 
with the object diameter that is calculated based 
on standardized time of arrival to fire area 
(Fig. 4).

Fig. 4 Partition of Kharkov territory to protection areas

3.2. Task of placement of fire stations for 
country-side [22]. Rural districts have a range of 
peculiarities that disable the approaches listed 
above [17,21]. The peculiarities are: 1) 
settlements are placed as a rule unevenly; 2) the 
number of habitats of separate settlements varies 
essentially; 3) district center where as a rule the 
fire stations are placed are not usually in the 
geographical center of the district; 4) existing 
road network is good regarding connection 
between settlements and the district center, 
meanwhile the roads among the settlements are 
not good enough.

The following task comes from the points
above.

Basing on economic feasibility, the 
parameters of fire protection of the area (the 
quantity of fire stations and parameters of their 
placement in the settlements) should be defined; 
these parameters should minimize the time to get 
to the possible hot spot. The following restrictions 
should be taken into account: uneven density of 
the habitats, density of the housing, special risk 
objects, the quality of road network that connect 
settlements within the district; conditions of fire 
stations in the district of the corresponding 
settlement. The example of the task solution is 
shown on Fig. 5.

Fig. 5 Optimal placement of five fire stations on the 
plurality consisting of 62 settlements in 

Kyurdyamirskiy district, the Republic of Azerbaijan, 
with the defense area highlighted

3.3. The task of fire hydrant placement 
[23]. Let’s consider an area of a city where every 
building should be provided with fire hydrants 
(FH), which are the source of water supply along 
the hose lines of the limited length.

Then we have a task to find minimal 
quantity of FH, placed on the networks routing 
the water supply in the way so the network that 
consists of verges going from FH and enveloping 
each building of the area should satisfy another 
condition: not to exceed the maximum allowed 
length along the network from every boundary 
point of the building to the closest hydrant.

Stated another way, a network with 
minimum quantity of apexes on some broken 
curve and with restriction on the length of its 
verge should be built on the multiply-connected 
domain.

The task has been solved in placement of 
FH for protection of buildings in 
Ordzhonikidzevskiy area of Kharkov (Fig. 6).

Fig. 6. Placement of fire hydrants (dots on the water 
supply network) in Ordzhonikidzevskiy area of 

Kharkov, Ukraine



3.4. The task of cooperation between 
subdivisions of paramilitary security services of 
the railroad and rescue fire departments [24]. The 
problem is important today because emergency 
situations on the railroad that are accompanied 
with fires (explosions) of tank-cars containing 
highly-flammable liquid, liquefied gases and also 
spread (discharge) of flammable liquid and highly 
toxic substance, are of a high risk status. What is 
important to notice is that the main harm in the 
like cases depends on the reaction time of the 
rescue teams to emergency situations which 
happen on the railroad.

The next task is closely connected to the 
previous one. The minimum quantity of 
subdivisions of paramilitary security services of 
the railroad and rescue fire departments that can 
provide proper reaction to the emergency 
situations on the railroad should be defined. 
Whereby all of the following points should be 
taken into account: the protected railroad areas 
should be completely covered with areas of 
existing rescue teams, the overlapping territory 
should be minimal, the existing service areas, 
road network, lay of the land, population in the 
proper settlements, and also restricted area of 
rescue team placement, and considering
attendance time of rescue teams that shouldn’t 
exceed the given one.

Fig. 7. The result of coverage of the areas of the 
railroad Krasnograd -Lozovaya -  Pervomayskiy, 
Ukraine, with the areas of rescue team locations

The given task has been reduced to the 
class of tasks describing optimal coverage of the 
given areas with geometric objects with variable 
metric characterization, as shapes and sizes of 
areas where the rescue teams are located are 
defined with possible places of allocation and 
existing road network.

The example of the given tasks solved is 
shown on Fig. 7.

Conclusions. The examples of the tasks 
solved in the subject area of fire safety have been 
provided in this work. As said above, the tasks are 
grouped into various classes of geometric design 
tasks, which require taking into account the range 
of additional conditions and as a result there’s a 
need for development of new methods and 
modification of the existing ones.

Further researches will be dedicated to the 
following issues:

- development of placement methods of 
geometric objects with changing metric 
characterizations;

- development of placement methods of 
objects with sectionally non-lineal borders;

- ongoing research of ^-function properties 
in the class of partition tasks for development of 
effective modeling methods;

- class of 3D partition, coverage etc.
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