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1. Introduction

Enhancement of the activity of cross-border coop-
eration is accompanied by an increase in the risk of oc-
currence of emergency situations. This is especially true 
of fires of both natural and anthropogenic origin. At the 
same time, growth and complications of potential threats 
of occurrence of emergency situations at the borders 
requires the solution of the problem of ensuring the life 
security on both sides of the border. This is possible due 
to the interaction between mobile cross-border fire-rescue 
units of two countries.

Each of the two neighboring countries tries to solve in-
dependently the problems associated both with prevention, 
with the localization and liquidation of fires in their border 
area. Border areas and their sites are under the supervision of 
fire-rescue units that guard the nearby settlements and tech-
nical facilities. During the emergence of large-scale fires, their 
liquidation is complicated and becomes impossible due to the 
lack of forces and facilities of a fire rescue unit of a separate 
country. To ensure timely elimination of fires and saving lives 
and wealth, it is necessary to implement the projects of cre-
ation of temporary dual systems of cross-border fire suppres-
sion. By a dual system of cross-border fire suppression, we im-
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Обґрунтована доцiльнiсть системної дiяльностi тран-
скордонних оперативно-рятувальних пiдроздiлiв завдяки 
створенню дуальних систем транскордонного пожежо-
гасiння. Дуальнi системи пожежогасiння – це тимчасово 
створюванi системи (на перiод лiквiдацiї пожеж на кор-
донах) iз ресурсiв двох сусiднiх держав для обмеження 
розвитку та лiквiдацiї пожеж, а також захисту вiд них 
людей та матерiальних цiнностей. Об’єктами конфiгу-
рацiї таких систем є кiлькiсть та склад технiчних засо-
бiв для лiквiдацiї пожеж, чисельнiсть та фах пожеж-
никiв-рятувальникiв, а також витратнi матерiали для 
лiквiдацiї пожеж. Виконано аналiз взаємозв’язкiв мiж 
об’єктами конфiгурацiї дуальних систем транскордон-
ного пожежогасiння та обґрунтована доцiльнiсть розро-
блення iнструментарiю для визначення результативнос-
тi проектiв створення дуальних систем.

Запропоновано три варiанти визначення результа-
тивностi проектiв створення дуальних систем тран-
скордонного пожежогасiння. Вони лежать в основi розро-
бленої геометричної моделi обґрунтування конфiгурацiї 
проектiв створення дуальних систем транскордонного 
пожежогасiння. Встановлено, що дiапазон змiни пара-
метрiв пожежно-рятувальних пiдроздiлiв двох держав 
змiнюється вiд 0 до 1, що впливає на результативнiсть 
проектiв створення дуальних систем транскордонного 
пожежогасiння. 

Встановлено вiдсутнiсть екстремуму залежностi 
результативностi проектiв створення дуальних сис-
тем транскордонного пожежогасiння вiд кiлькостi залу-
чених сил i засобiв двох сусiднiх держав. Обґрунтована 
залежнiсть максимального значення результативностi 
проектiв створення дуальних систем транскордонного 
пожежогасiння вiд її параметрiв вказує на потребу вра-
хування характеристик мiнливого проектного середови-
ща, а також органiзацiйних складових цих проектiв.

За результатами геометричного моделювання обґрун-
товано взаємний вплив п’яти показникiв на результа-
тивнiсть проектiв створення дуальних систем тран-
скордонного пожежогасiння

Ключовi слова: проект, результативнiсть, дуальна 
система пожежогасiння, транскордонний рятувальний 
пiдроздiл
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ply temporarily created systems (for the period of liquidation 
of fires at the borders) from the resources of two neighboring 
states to restrict the development and elimination of fires, as 
well as to protect people and wealth from them.

The projects of creation of dual systems of cross-border 
fire suppression are implemented using the resources of 
fire-rescue units of two countries that border on each other. 
Completeness of fire-rescue units with forces and facilities 
is carried out taking into consideration the current require-
ments of the EU regulations. However, the resources avail-
able in each of the cross-border fire-rescue unit are different 
by their parameters. At the same time, both the duration of 
fire liquidation at the borders and its effectiveness depend on 
the parameters of the resources involved for implementing 
the projects of creation of dual systems of cross-border fire 
suppression. There occurs the managerial problem of sub-
stantiation of the effectiveness of the projects of creation of 
dual systems of cross-border fire suppression, which is solved 
at the stage of initiation of such projects. The characteristics 
of the obtained product of each project of creation of dual 
systems of cross-border fire suppression largely depend on 
the quality of its solution.

Toolset for the solution of the problem concerning sub-
stantiation of efficiency of the projects of creation of dual 
systems of cross-border fire suppression, unlike other kinds 
of projects, require consideration of a series of specific fea-
tures. In particular, one should take into account the com-
pleteness of cross-border firefighting-rescue units, which 
are the main suppliers of resources for the implementation of 
the projects for creation of the dual systems of cross-border 
fire-fighting. The time and scale of projects of creation of 
dual systems of cross-border fire suppression depends on 
changing characteristics of the project environment, which 
for each cross-border territory is specific and predictable. 
The effectiveness of the projects of creation of dual systems 
of cross-border fire suppression largely depends on the du-
ration and the quality of implementation of the processes of 
initiation of such projects.

Today, a series of projects relating to prevention and 
elimination of fires in border areas, as well as organization 
of training of representatives of fire-rescue units of stake-
holders of the neighboring states in the region, have been 
implemented. At the same time, during the implementation 
of these projects, the above defined features of the projects of 
creation of dual systems of cross-border fire suppression were 
not taken into account. In addition, during their initiation, 
their effectiveness was not substantiated and the probable 
course of liquidation of an emergency (fire) of varying scale 
was not evaluated. All this points out the lack of a practical 
toolkit to support the effectiveness of projects of creating 
dual systems of cross-border fire suppression.

2. Literature review and problem statement

Today, in many countries of the world a considerable 
attention is paid to the problems of security of their popula-
tion and territories thanks to the implementation of relevant 
projects. To do this, a series of regulations and standards 
were adopted. At the same time, scientists pay due attention 
to developing the toolkit (methods, models, algorithms, and 
computer programs) for design-oriented management. In 
particular, the well-known scientific papers deal with the 

projects of protection of timber [1] and the woodlands [2, 3]. 
Scientific papers highlight new approaches to creating 
fire-rescue units that take into consideration specific fea-
tures of their activity. However, it is impossible to use them 
during the implementation of the projects of creation of dual 
systems of cross-border fire suppression, since they do not 
take into account the features of resourcing, as well as the 
peculiarities of the project environment.

There are the known methods and models of substantiation 
of configuration of the projects and their project environment, 
which are the basis for making effective managerial decisions 
in the projects of creating fire-rescue units. Paper [4] examined 
the conditions of creation of fire-rescue departments of certain 
regions that carry out preventative supervision and liquidation 
of fires by available forces and facilities. However, they do not 
imply the involvement of additional forces and capabilities to 
enhance the effectiveness of the process of fire suppression. 

Papers [5, 6] contain the results of solving the task of en-
hancing the quality of management of the processes of proj-
ects of creation of fire-fighting systems of separate regions. 
Thanks to the formulation of the system-value principles, 
models, methods and information media, a new toolkit of 
project management was proposed, however, it was only for 
the conditions of the regional development.

Paper [7], which presents the toolkit to support the 
portfolios of the projects of reengineering of the system of 
rural settlements, is worth paying attention. In this work, 
it is proposed to evaluate the characteristics of products for 
performing modeling of the projects of creation of fire-fight-
ing units in rural settlements. However, the models and 
methods developed in this work cannot be used during the 
implementation of the projects of creation of dual systems of 
cross-border fire suppression, due to the fact that they do not 
take into account the features of cross-border cooperation 
and the formation of appropriate fire-rescue units.

There are known studies related to the development of 
models and information systems for management of the proj-
ects [8] and multi-parameter technical systems in the field of 
civil defense [9]. They partially consider the issues of project 
initiating and allocate the time for performing separate 
works as the main indicator of evaluation of performance 
of certain processes. However, these studies do not address 
the specifics of determining the duration of the execution of 
separate works in the projects of creation of dual systems of 
cross-border fire suppression.

In the projects of creation of dual systems of cross-border 
fire suppression, the quality of the substantiation of their 
configuration is quite important. The issue of substantiation 
of configuration of fire suppression systems for effective 
operation of the system is tackled in a series of scientific pa-
pers [10, 11]. The analysis indicates that the existing methods 
and models of substantiation of configuration of firefighting 
systems, including those in the border areas, are character-
ized by many shortcomings. In particular, they do not take 
into account the peculiarities of the changing project envi-
ronment, which is specific for each administrative-territorial 
unit. These issues are also widely explored in the studies of the 
issues of proper organization of the population evacuation in 
the event of emergencies and disasters [12–14].

In general, it should be noted that the conducted analysis 
did not reveal any papers relating to the substantiation of 
the toolkit of management of the projects of creating dual 
systems of cross-border fire suppression. No studies focus-
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ing on the substantiation of productivity of the projects of 
creation of cross-border firefighting units were found either. 
This suggests the need to develop the toolkit to substantiate 
the effectiveness of the projects of creation of dual systems of 
cross-border firefighting, since they differ from other types 
of projects both in content and resource support, and are 
characterized by the changing project environment.

3. The aim and objectives of the study

The aim of this study is to substantiate the effectiveness 
of the projects of the creation of dual systems of cross-border 
fire suppression, taking into account the peculiarities of re-
alization based on modeling the operation of their products.

To accomplish the aim, the following tasks have been set: 
– to represent the structure of the projects of creation of 

dual systems of cross-border fire suppression and to develop 
the model of substantiation of their effectiveness;

– to substantiate the tendencies of a change in the pro-
ductivity of projects of creation of dual systems of cross-bor-
der fire suppression.

4. The structure of projects for construction of dual 
systems of cross-border fire suppression and the model of 

substantiation of their effectiveness

To ensure the elimination of separate fires on cross-bor-
der territories, temporary dual systems of cross-border fire 
suppression based on the implementation of relevant projects 
are created. These projects have the features of non-repeat-
ability, restriction in resources and time. Their scope and 
life cycle are determined by the type and scope of fires on 
cross-border territories. The structural model and features 
of resourcing of the projects of creation of dual systems of 
cross-border fire suppression are shown in Fig. 1.

In order to ensure the elimination of a cross-border fire, it 
is necessary to realize the project of creation of a dual system 
of cross-border fire suppression, which is treated as an orga-
nizational and technical system. Such projects 
include hybrid projects, i.e. the projects that 
occur during the operation of cross-border fire-
fighting-rescue units [5]. They consist of three 
interrelated subsystems “project management”, 
“project” and “project environment”. There are 
informational and material relationships among 
them. Specifically, information (Iп) about the 
fire on the border enters the subsystem “proj-
ect management”. After that project managers 
analyze information (I1, I2) about the state of 
firefighting-rescue units of the one and the 
other state and on this basis take managerial 
decisions regarding the initiation of the project 
and involvement of resources (Rе1, Rе2) of these 
two units for the implementation of the project. 
In addition, managerial decisions (Ud) cono-
cerning actions in the project, as well as man-
agement decisions (U1, U2) on the involvement 
of firefighting-rescue units of the one and the 
other state are substantiated in the subsystem 
“project management”.

The generalizing indicator for the estima-
tion of projects to construct dual systems of 

cross-border fire suppression is their effectiveness (R). It is 
determined by the duration of suppression of a fire (t), which 
causes the need for resources (Rе1, Rе2) and the loss of human 
lives and wealth. The time of fire suppression is formed from 
its two components: the time of free combustion from the 
ignition moment to the beginning of its elimination by a fire-
fighting-rescue unit, as well as the time of the fire suppres-
sion. In general, the first component is objective in nature 
and, to great extent, is determined by the information and 
the organizational component of getting ready (readiness) 
to the liquidation of emergencies. The time of being informed 
about a fire, the time of preparation of a firefighting-rescue 
unit and the time of being on the way are substantiated by 
the regulating documents that are aimed at its reduction.

The second component is fully determined by the readi-
ness of a firefighting-rescue unit to extinguish a fire, that is, 
sufficient forces and facilities taking into account the scale of 
a fire. During the fire on the bordering territory on the sites 
for special purposes, a fire-rescue unit often lacks forces and 
facilities: the process of fire suppression can be completed 
with the involvement of additional forces and means of the 
neighboring state. Their involvement can result into time of 
delay ∆t when eliminating a fire. Additional facilities may be 
given according to the project implementation immediately 
and to the full, or gradually, by a specific law, in the order 
determined by the situation. A joint organized cross-border 
operational-rescue unit appears during the time of the shared 
interaction of a fire-rescue department of neighboring states. 
It is obvious that the effectiveness of u and v of each unit is a 
component of effectiveness R of the elimination of a fire by a 
cross-border operational-rescue unit. The conducted analysis 
indicates the existence of five parameters of a cross-border 
operational-rescue unit that determine the result of its ac-
tivity: time t of the elimination of a fire, forces and facilities 
of firefighting-rescue units of one x and the other y state. Ac-
cordingly, components u and v describe effectiveness R of its 
activity. In general, such parameters, like those for technical 
systems [9], are related by the visual dependences, manifold 
w of five-dimensional space of the state of the created dual 
system of cross-border fire suppression (Fig. 2).
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Fig.	1.	The	structure	of	projects	of	creation	of	dual	systems	of	cross-border	
fire-suppression:	Rе1,	Rе2	are	respectively	the	resources	of	firefighting-rescue	

units	of	one	and	the	other	country;	I1,	I2 are	respectively	the	information	
about	the	site	of	fire-rescue	units	of	one	and	the	other	country;	Ip, Iрr	are,	

respectively,	the	information	about	the	cross-border	fire	and	the	results	of	
project	implementation;	U1,	U2	are	respectively	managerial	decisions	about	

involvement	of	fire-rescue	units	of	one	and	the	other	country;	Ud	is	the	
managerial	decisions	on	the	actions	in	the	project;	R	is	project	effectiveness
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It is possible to decrease the dimensionality of space by 
projecting manifold w onto subspace Охуuv in the direction 
parallel to axis Оt. We obtain the phase space Охуuv of the 
system, each point Аj of manifold R of which is determined 
for five studied parameters at the same time (Fig. 3). 

Four-dimensionality of the phase space of the parameters 
of the created dual system of cross-border fire suppression 
allows using the geometry of two-dimensional complex 
space taking into account the characteristics of the system 
to study their effectiveness. Then the relationships x and 
y of forces and facilities will be represented by complex 
number Z=x+iy of extended complex plane, where i2=–1 is 
the imagined unit. Temporal dependences of effectiveness 
R and numbers x or y of a firefighting-rescue unit provide 
an opportunity to construct and establish the relationships 
of effectiveness of a dual system of fire-suppression and the 
amount of forces and facilities (Fig. 4).

The dependence of effectiveness R on the amount of 
forces and facilities is the geometric place of the points 
of the plane of parameters, each of which determines the 
numeric value of effectiveness at the corresponding level 
of provision of units with amount x or y of forces and 
facilities. 

We will write down the dependences of effectiveness R 
of the created dual system of cross-border fire suppression 
on the amount of forces and facilities Z=x+iy, and approx-
imate them with parabolas of higher orders, taking into 
account the scale of fires, based on analysis (Fig. 4):

– small-scale fires Мp

R=u+iv=Z=x+iy;    (1)

– medium-scale fires Сp

R=u+iv=(Z)2=(x+iy)2;    (2)

– large-scale fires Вp

R=u+iv=(Z)3=(x+iy)3.    (3)

Note that time t of fire increasing to the normal level is 
different and depends on their scale M (Fig. 5).

Depending on the values for parameters of scalability M 
and time t of the development of fires, the character of the 
processes of their development can be conditionally divided 
into three zones: small Мp, medium Сp and large Вp. Taking 
into account these three zones is a prerequisite for the ade-
quate display of the model of the course of the processes of 
interaction of a dual system of fire suppression. 

Plot a graphical model of the effectiveness of the 
projects of creation of a dual system of cross-border fire 
suppression based of the structure of the phase space of the 
parameters of a dual system (Fig. 6).

The graphic model contains the relationships of the main 
parameters of the created dual systems of cross-border fire 
suppression considering the duration of the implementation 
of projects in zones 1–4, shown in Fig. 6, a. The means of geo-
metric modeling provide wider opportunities for studying the 
correlations between the parameters of the created dual sys-
tems of cross-border fire-suppression (Fig. 6, b) in zones 5–8.

In particular, dependences of the duration of the action 
of forces and facilities of firefighting-rescue units of one x 
and the other y state are formed in planes 1, 2. Plane 3 gives 
the phase trajectories of the relationships x, y of the action 
of force and facilities of both firefighting-rescue units at 
the same time. Geometric images of plane 3 are the basis for 
the formation of reciprocal dependency of components u, v 

W
vu

x
y

t

O

Fig.	2.	Graphic	interpretation	of	the	dependence	of	parameters	
of	the	created	dual	system	of	cross-border	fire	suppression

u v
Aj R

O

x

y

Fig.	3.	Phase	space	of	parameters	of	the	created	dual	system	
of	cross-border	fire-suppression

t

x, y

O

R
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Fig.	4.	Relationships	between	the	parameters	of	the	creation	of	
the	dual	system	of	cross-border	fire	suppression
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Fig.	5.	Character	of	processes	of	fires	development
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in plane 4 of integrated variables Ouiv. The geometric toolset 
of the multidimensional space gives the opportunity to cre-
ate additional dependences in planes 7, 8 by the previously 
constructed dependences in planes 5, 6.

5. Results of substantiation of the tendency of a change 
in effectiveness of the projects for construction of dual 

systems of cross-border fire-suppression

Effectiveness R of the projects of creation of dual systems of 
cross-border fire-suppression is determined by the duration of 
their implementation, which creates the need for resources and 
losses from fires. At the same time, we accept nominal values of 
parameters x, y as equal to unity according to the requirements 
of the regulatory documents. Then, for dependences (1) to (3), 
the values of effectiveness R for one firefighting-rescue unit at 
the standard amount of forces and facilities in the given project 
environment are also equal to unity. During the studies, we ac-
cept the working range of a change in parameters x, y in relation 
to the amount of forces and facilities, as well as effectiveness R 
as non-negative magnitudes that are within 0…1.

Consider the influence of time ∆t of the delay in the 
arrival of the additional forces and facilities of the other 
firefighting-rescue unit on the process of suppression of a 
large-scale fire and effectiveness R of a cross-border opera-
tional-rescue unit. Accept, for example, the provision of the 
first operational-rescue unit with forces and facilities x=0.9 
of the standard, and the other – in the amount of 0.3 of the 
required amount (Fig. 6). The times of the delay of the other 
are equal to, respectively, t1=0.2 and t2=0.6 for two cases of 
liquidation of medium-scale fires (lines 1, 2).

In the absence of the delay of forces and facilities of the 
first operational-rescue subunit, time components of the de-
lay in arrival of additional forces and facilities for both cases 
make up, respectively, ∆t1=0.2 and ∆t2=0.6. 

We have (Fig. 7) the fact that the dependence of two pa-
rameters x, y of forces and facilities belonging to the compo-
nents of a cross-border operational-rescue unit is represented 
by one point A for both values of time t1 and t2.

Effectiveness R of the projects of creation of dual systems 
of cross-border fire suppression can be written down as:

R=u+iv=х2–у2+2iху=0.92–0.32+2i·0.9·0.3=
=0.72+0.54i.      (4)

The above is represented by point B of plane Ouv. In this 
case, the largest value is determined from expression:

( )
( )

22 2 2 2 2 2

24 4 2 2 2 2 2 2 2 2

4

2 4 .

R u v x y x y

x y x y x y x y x y

= + = - + =

= + - + = + = +  (5)

Thus, the highest value of effectiveness R of the projects 
of creation of dual systems of cross-border fire suppression 
does not depend on the time of delay of the arrival of addi-
tional forces and facilities. 

The absence of the influence of the time of arrival of ad-
ditional forces and facilities on effectiveness R of a cross-bor-
der operational-rescue unit can be explained by the fact that 
its activity starts from moment t1 or t2 due to uniting its both 
components.

Thus, it is very important that time ∆t and time 
constant time tc of combustion should be at least co-di-
mensional for a medium-scale fire. This can be achieved 
through the improvement of the relationships of separate 
phases of the implementation of corresponding projects. 
The important element of decrease ∆t is the implemen-
tation of organizational and technical measures. Among 
them, it is necessary to separate the problem of agreement 
of the configuration of the created cross-border opera-
tional-rescue units of different states. The first operation-
al-rescue unit is equipped with such amount of forces and 
facilities that ensure the elimination of fires in the border 
area serviced by it. A possible lack of necessary forces 
and facilities for elimination of fires on separate sites and 
transport cargo that move across the border requires the 
implementation of organizational measures at the interna-
tional level. In this case, it is necessary to harmonize the 
available forces and facilities, which are involved in im-
plementing the projects of fire suppression. Implementa-
tion of the main components of a project configuration is 
effective on condition of strengthening and development 
of the information component. Under conditions of the 
project implementation, it is necessary to predict the state 
of the transport infrastructure, in particular, the state of 
cross-border routes, as well as to take into account the 
technical equipment with firefighting facilities of separate 
sites and cargoes that moved across the border (Fig. 8).

Consider the character of the change of effectiveness R 
of the projects of creation of dual systems of cross-border fire 
suppression at the change of the amount of additional forces 
and facilities within 0…1 for х=0.9. Dependence х=ƒ(у) is 
represented by the set of points belonging to straight line 3 
of complex plane Оху. It corresponds to the character of a 
change in effectiveness R of curve 4 in complex plane Ouv.

An increase in the amount of the additional forces and 
facilities у, for example, у=0.5, у=0.7, у=0.9, у=1 (Fig. 7), 
at the constant value х, specifically, х=0.9, is the cause of 
a decrease in effectiveness of u and an increase in effec-
tiveness of v. Emphasize that at the equal values х=у=0.9, 
component u=0, and at the same time, component v=0 at 
value у=0. At values х<у, component u<0, and component 
v increases.

A decrease in the amount x of forces and facilities, which 
are involved for the realization of projects of creating dual 
systems of cross-border fire suppression, for example, x=0.7 
at y=0.3, 0.5, 0.7, 0.9, 1, does not affect the nature of changes 
in effectiveness (curve 5). However, both components of the 
efficiency decrease, and the transition of u to the negative area 
takes place at corresponding smaller values (x=0.7). To en-
sure the positive values of u, it is necessary to satisfy the ratio 
x>y: for each value of x, corresponding values of y are limited 

Fig.	6.	Graphic	model	of	effectiveness	of	the	projects	of	
creation	of	a	dual	system	of	cross-border	fire	suppression:	

a –	important	dependences	of	parameters	of	dual	fire	
suppression	systems;	b –	additional	dependences	of	the	

parameters	of	a	dual	fire	suppression	system
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by straight line y=x (the cross hatched area 
of plane Оху). A decrease in x, the amount 
of forces and facilities of firefighting-rescue 
unit, is the reason to argue about a decrease 
in effectiveness R of the cross-border opera-
tional-rescue unit at any values of y: module 
of vector |R̅| decreases, and its transition to 
the negative region occurs at smaller values 
of x. At an increase in the amount of addi-
tional forces y and constant x, for example, 
x=0.7, vector R̅ moves clockwise from the 
highest value of u to the highest value of v 
(arrows in Fig. 7)

The conducted numerical analyses us-
ing a geometrical model gives grounds to 
substantiate the following principles of the 
influence of project management of forces 
and facilities x, y, of both firefighting-res-
cue units on effectiveness R of the projects 
of creation of dual systems of cross-border 
fire suppression:

R=u+iv=Z2=x2–y2+2xyi=(x–y)×
×(x+y)+2xyi. (6)

Involvement of additional forces and 
facilities у has dual influence on the efc-
fectiveness u=(x–y)(x+y) of an operation-
al-rescue unit, their involvement both de-
creases (х–у), and enhances the value of u: 
u gains the highest value at у=0, u=х2, and 
the least at х=у.

Additional capabilities in has a twofold impact on the 
effectiveness of u=(x–y) (x+y) operational fire units: their 
involvement as worsens (x–y), and (x+y) values of u: top 
value u gets when in=0, u=x2, and the lowest at x=у: 

u=(х–х)(х+х)=2х·0=0.    (7)

In turn, effectiveness v=2xy of the involved addi-
tional forces and facilities y has a reverse property: it 
acquires maximum value at х=у, v=2ху=2у2, and the 
minimum value at x=0.

6. Discussion of results of substantiation of 
effectiveness of the projects for construction of 
dual systems of cross-border fire-suppression

The obtained results indicate that the effectiveness 
of the projects of creation of dual systems of cross-border 
fire suppression largely depends on the proper training 
of a firefighting-rescue unit, avai lability of relevant 
regulatory documents on the formation of forces and fa-
cilities, as well as the opportunity to involve additional 
forces and facilities. Thus, the proper level of effective-
ness can be obtained in the absence of one of the units 
of: u=x2 or v=у2, and the other variant, obviously, is not 
cost-effective, given time ∆t of the delay of additional ca-
pabilities. Analysis of Fig. 7 and dependence (6) shows 
that it is better to involve additional forces and facilities 
y at maximum values of completeness of the first fire-
fighting-rescue unit with forces and facilities x. Thus, 
design-oriented management should, above all, ensure 

coordination of resources in the projects of creation of dual sys-
tems of cross-border fire-fighting, provided by separate states, 
with predictable characteristics of the project environment.

In order to predict the characteristics of the proj-
ect-based environment, first of all, it is necessary to carry 
out the project analysis of probable fire situations in border 

Fig.	7.	Graphic	dependences	of	configuration	of	dual	systems	of	
cross-border	fire	suppression
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Fig.	8.	Reference	structure	of	the	processes	of	projects	of	creation	of	dual	
cross-border	fire	suppression	systems	(1),	basic	functional	components	(2),	
which	ensure	corresponding	processes	and	their	results	(3):	TP,	YT,	OS	are,	
respectively,	the	technological	processes,	processes	of	their	management,	
processes	of	provision	with	executors	(firefighters-rescuers);	TO,	MO,	EO,	

IO,	Yp	are,	respectively,	the	processes	of	provision	with	equipment,	material,	
power,	financial	and	information	resources,	as	well	as	the	processes	of	

management	of	corresponding	project	(projects);	Bc,	Pd,	C,	Tn	are,	respectively,	
project	environment,	project	products,	executors	(firefighters-rescuers)	and	
technical	facilities;	Mp,	E,	I	are,	respectively,	material,	power	and	information	

resources;	Kt,	Kp	are	the	orders	to	implement	technological	processes	and	the	
project	(projects);	It,	Ip	are,	respectively,	the	information	about	the	course	of	
technological	processes	and	project	(projects)	implementation;	Tl,	YC,	Z,	M,	Y	

are,	respectively,	technologies,	standards	on	project	management,	management	
tasks,	methods	for	their	solution	and	managers;	Cc,	Ci,	Ti	are,	respectively,	the	
systems	of	provision	with	executors	and	information,	as	well	as	the	transport	

infrastructure;	D,	K	are	the	roads	and	communications	
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areas. To do this, it is necessary to identify unusual dan-
gerous sites, loads, structures that require fire protection of 
the firefighting-rescue units that serve the border region. 
Considering fire safety, it is essential to implement addition-
al projects of the creation of dual systems of cross-border 
fire-suppression. In this case, special attention should be 
paid to the relocation across the border of fire-hazardous 
substances or objects. Firefighting-rescue units have to be 
notified in advance and should have reliable information on 
the way of their moving across the border. These specified 
projects with the involvement of additional forces and facil-
ities, if necessary, are implemented on their basis. Given the 
dangerous lack of influence of delay time (Fig. 6), involve-
ment of the own additional capabilities without crossing the 
border, as well as the coherence of the project configurations 
with two components (firefighting-rescue units of two 
states) should be considered the best option.

Effectiveness of the project of creation of the dual system 
of cross-border firefighting acquires its maximum value 
|R |=2 at norm values х=у=1. At the same time, for func-
tion (7), extremum is absent both in its three-dimensional 
projections u=f(x, y) (Fig. 9, a), v=f(x, y) (Fig. 9, b), and in 
the four-dimensional space. This, in turn, indicates the ab-
sence of the opportunity to find the optimal values of forces 
and facilities х and у in working range [0…1] of changes in 
these parameters or within the norms of their provision.

Analyzing the relationships between the components 
of effectiveness of the projects of creation of a dual system 
of cross-border fire suppression, it is evident that project 
configuration Kpr depends on the configurations of firefight-
ing-rescue units of one K1 and the other K2 state:

Kpr=f(K1, K2).     (8)

At the same time, configuration K1 of a separate firefight-
ing-rescue unit of the separate state is conditioned by the 
configuration of project environment Kps and configuration 
K2 of the other firefighting-rescue unit of the neighboring 
state:

K1=f(K2, Kps).     (9)

These configurations influence the effectiveness u and v 
of the activity of each firefighting-rescue unit:

u(v)=f(K1, K2, Kpr, t, ∆t),    (10)

where t is the duration of fire suppression.
At the same time, the duration of fire suppression de-

pends on:

t=f(K1, K2, Kpr, ∆t),      (11)

where ∆t is the duration of arrival of additional forces and 
facilities of the other firefighting-rescue unit. The con-
ducted model analysis proves the coherence of component 
configurations Kpr of the project of creation of a dual system 
of cross-border fire-suppression with the involvement of 
two firefighting-rescue units with amount х, у of forces and 
facilities. Hence, coherence of configurations of projects K1 
and K2 influences directly time components (11) of fire sup-
pression, according to the tuple:

 
t–1=R=f(u, v)=f(u(x, K1, Kpr, ∆t), v(у, K2, Kpr, ∆t)). (12)

The research was conducted by idealization that fire-
fighting-rescue units of two countries have the same regula-
tory requirements for the duration of response and the time 
of delivery of firefighting units to fire sites. In addition, the 
performed studies are limited to the number of states (two 
neighboring states) involved in the implementation of proj-
ects of creation of dual systems of cross-border fire suppres-
sion. However, the identified relationships (8) to (12), as well 
as dependence (6) are the basis for subsequent development 
of the scientific-methodological fundamentals of the man-
agement of projects of creation of dual systems of cross-bor-
der fire suppression. In particular, in practice there are 
cross-border territories, which determine bordering of three 
states. This requires further theoretical studies, which will 
give the opportunity to develop the toolkit and substantiate 
the tendencies of a change in the effectiveness of the projects 
of creation of systems of cross-border fire suppression from 
the resources of three states.

7. Conclusions 

1. The developed geometrical model of substantiation 
of the effectiveness of the projects of creation of dual sys-
tems of cross-border fire suppression takes into account the 

Fig.	9.	Projections	of	effectiveness	R	of	the	projects	of	
creating	dual	systems	of	cross-border	fire-suppression:		

a	–	effectiveness	of	firefighting-rescue	unit	1;	
b –	effectiveness	of	firefighting-rescue	unit	2
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variables of amount x and y of involved forces and facilities 
of cross-border operational-rescue units of both states, 
duration of project implementation and is the basis of their 
planning at the stage of initiation. To take into account the 
reciprocal influence on each of the components u and v of 
the effectiveness of the projects of creation of dual systems 
of cross-border fire suppression, we used the design-oriented 
approach and geometric modeling of their operation using 
the tools of multi-dimensional applied geometry.

2. The tendencies of a change in the components of 
effectiveness of the projects of creation of dual systems of 
cross-border fire suppression were substantiated based on 

geometric modeling. They indicate that resource provision 
with cross-border operational-rescue units depends on the 
type of a fire and characteristics of the project environment. 
In addition, they have a reciprocal influence on five indica-
tors of the effectiveness of the projects of creation of dual 
systems of cross-border fire suppression and result in limited 
use of additional capabilities. A decrease in the duration of 
the projects of creation of dual systems of cross-border fire 
suppression is possible at acquiring maximum values x of 
provision of a firefighting-rescue unit with the resources 
belonging to separate components of the cross-border oper-
ational-rescue unit.
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