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O6rpynmoeana 00uiibHiCMs CUCMeMHOi distabHOCMi mpan-
CKOPOOHHUX ONepamueto-pamy6aivHux niopo30inie 3a60aKu
CMEOpeHnI0 0YanvHUX CUCHeM MPAaHCKOPOOHHOZO NONHCENCO-
eacinns. Jlyanohi cucmemu nojceico2acinns — ue mum1acoeo
cmeoprosani cucmemu (na nepiod nixeidauii noxcedxc na Kop-
donax) iz pecypcie 060x cycionix depicas 0 obmedcenns
PozeumKy ma niKeiodauii nojcexnc, a maKojic 3axucmy 6io Hux
Jodell ma mamepiansnux yinnocmeii. 00’cxmamu xondiey-
Pauii makux cucmem € KitoKicmo ma CKaa0 MexHiuHUxX 3aco-
0i6 Oaa nixeidauii noscesc, uuceabHicmo ma Pax noxycexnc-
HUKIG-PAMYBANLHUKIG, A MAKO}NC 6UMPaAmMHi mamepianu 0ns
aixeidauii nooscesc. Buxonano ananiz 63aemos3e’sasxie Misc
00’ekmamu Kondizypauii oyanronux cucmem mpancKopoo-
HO020 NOJHCEIHCOACIHHA Ma 00TPYHMOBAHA OUITLHICMb PO3PO-
Onenns incmpymenmapiio 013 6UHAUEHHA Pe3YAbMAMUEHOC-
mi npoexmié cmeopeHHs 0YanbHUX CUCEM.

3anpononoeano mpu 6apianmu 6uUHAUEHHS pe3yabma-
MUHOCMI NPoeKmié CMEOPeHHS OYANbHUX CUCMEM MpPaH-
CKOpOOHH020 nodicedcozacinmns. Bonu nexcamv 6 0ocnosi pospo-
onenoi eeomempuunoi modeni o0TpyHmyeanna xKondisypauii
npoexmie cmeopenHs OYaivHUX CUCHEM MPAHCKOPOOHHO0Z20
nosicescozacinns. Bemanosneno, wo dianazon 3minu napa-
Mempie NONCeNHCHO-PAMYBANbHUX NiOp0o30inie 060x depicas
aminroemocs 610 0 0o 1, wo enausae na pe3yomamueHicmoy
npoexmie cmeopenHs OYaivHUX CUCHEM MPAHCKOPOOHHO0Z20
noJICeI’C02acinusl.

Bcmanosaeno sidcymuicmo excmpemymy 3anezncHocmi
Pe3yabmamueHoCmi npoexmié CmeopeHHs OYaavHUX Cuc-
mem mpancKopooHH020 NONCEHCOACIHHIA 610 KibKOCmi 3anY-
yenux cua i 3acodie 08ox cycionix depicas. Oo6rpynmosana
3AeIHCHICMd MAKCUMATLHOZ0 3HAYEHHS Pe3YNbmamueHocmi
npoexmié CMmeopeHHs OYAnNbHUX CUCMeM MPAHCKOPOOHHOZ20
nosicescozacinmna 6io ii napamempis éxasye na nompeody epa-
XYBAHHS XAPAKMEPUCIIUK MIHIUB020 NPOEKMHOZ0 CEPeOOsU-
wa, a maxosic OP2ani3auitinux CKaa006uUX yUxX npoexmis.

3a pesyrvmamamu zeomempurHo20 Mo0eN0EAHH 00TPYH-
MO6aAHO 63AEMHUL GNIAUG N’AMU NOKAZHUKIE HA pPe3yioma-
MUGHICMb> NPOEKMi6 CMEOPEHHS OYATbHUX CUCMEM MpPaH-
CKOPOOHH020 NOICENCOACTHNS

Kniouosi cnosa: npoexm, pesynvmamugnicmo, 0yaavha
cucmema noNCeHCO2acints, MpaHcKopOOHHUU PAMYEANbHUN
niopo3oin
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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-



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-



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

cross-border fire suppression is their effectiveness (R). It is
determined by the duration of suppression of a fire (¢), which
causes the need for resources (R.1, R.2) 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 At 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 ¢ 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).

Project product

occur during the operation of cross-border fire-
fighting-rescue units [5]. They consist of three

1 (liqui?ted fire)

interrelated subsystems “project management”, ¥
“project” and “project environment”. There are 1>
informational and material relationships among
them. Specifically, information (I,) about the
fire on the border enters the subsystem “proj-
ect management”. After that project managers
analyze information ([, I3) about the state of
firefighting-rescue units of the one and the

Firefighting
rescue unit 1

Firefighting
rescue unit 2

other state and on this basis take managerial
decisions regarding the initiation of the project
and involvement of resources (R,1, Re2) of these
two units for the implementation of the project.
In addition, managerial decisions (Uy) cone
cerning actions in the project, as well as man-
agement decisions (Uj, Uy) 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

Fig. 1. The structure of projects of creation of dual systems of cross-border
fire-suppression: R.1, Rey are respectively the resources of firefighting-rescue
units of one and the other country; /;, s are respectively the information
about the site of fire-rescue units of one and the other country; /, /,, are,
respectively, the information about the cross-border fire and the results of
project implementation; U;, U, are respectively managerial decisions about
involvement of fire-rescue units of one and the other country; U, is the
managerial decisions on the actions in the project; Ris project effectiveness



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

It is possible to decrease the dimensionality of space by
projecting manifold w onto subspace Oxyuo in the direction
parallel to axis Ot. We obtain the phase space Oxyuo of the
system, each point A; of manifold R of which is determined
for five studied parameters at the same time (Fig. 3).

X

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

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 i?=—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).
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Fig. 4. Relationships between the parameters of the creation of
the dual system of cross-border fire suppression

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 M,

R=utiv=Z=x+iy; @D
— medium-scale fires C,

R=utiv=(Z)*=(x+iy)%; 2
— large-scale fires B,

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

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

Large-scale fires

Medium-scale fires

Small-scale fires

»

tm te t t

Fig. 5. Character of processes of fires development

Depending on the values for parameters of scalability M
and time 7 of the development of fires, the character of the
processes of their development can be conditionally divided
into three zones: small M), medium C, and large B,,. 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



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.

AX R
1 3
te > < >
y=u < >y
v v
y=v v
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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

3. 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 At 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, £1=0.2 and ¢,=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, At1=0.2 and At,=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 ¢; and ¢5.

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

R=u+ivo=x2—y>+2ixy=0.92-0.32+2i-0.9-0.3=
~0.72+0.54i. %)

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

|R|=\/u2+02= (xz—y2)2+4x2 ? =

=yt —2xy haty = (x2+y2)2 =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 #; or ¢, due to uniting its both
components.

Thus, it is very important that time A¢ and time
constant time ¢, 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 At 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 x=0.9. Dependence x=f(y) is
represented by the set of points belonging to straight line 3
of complex plane Oxy. 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 y, for example, y=0.5, y=0.7, y=0.9, y=1 (Fig. 7),
at the constant value x, specifically, x=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 x=y=0.9,
component #=0, and at the same time, component v=0 at
value y=0. At values x<y, component #<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 ¥=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
a>y: for each value of x, corresponding values of y are limited



by straight line y=x (the cross hatched area
of plane Oxy). A decrease in x, the amount TP YT OS TO MO EO 10 Yp

of forces and facilities of firefighting-rescue
unit, is the reason to argue about a decrease 1
in effectiveness R of the cross-border opera-  /~ - - - -
tional-rescue unit at any values of y: module BIE: || It ECC ‘ 1, ‘ Ti, ’ ‘ 1i, LCI_]
- . . , || TL D D | [K(D)
of vector |R| decreases, and its transition to C, 7
the negative region occurs at smaller values Tn, M’, 2
of x. At an increase in the amount of addi- Mp|| Y
tional forces y and constant x, for example,
x=0.7, vector R moves clockwise from the
highest value of u to the highest value of v

3
(arrows in Fig. 7) Q @ @
The conducted numerical analyses us- @ @ ¢ AN : : &

ing a geometrical model gives grounds to

substantiate the following principles of the Fig. 8. Reference structure of the processes of projects of creation of dual

influence of project management of forces cross-border fire suppression systems (1), basic functional components (2),

and facilities x, y, of both firefighting-res- which ensure corresponding processes and their results (3): TP, YT, OS are,

cue units on effectiveness R of the projects respectively, the technological processes, processes of their management,

of creation of dual systems of cross-border processes of provision with executors (firefighters-rescuers); TO, MO, EO,

fire suppression: 10, Yp are, respectively, the processes of provision with equipment, material,

power, financial and information resources, as well as the processes of

R=u+iv=7%=x—y*+2xyi=(x—y)x management of corresponding project (projects); Bc, Pd, C, Tn are, respectively,
x(x+y)+2xyi. 6) project environment, project products, executors (firefighters-rescuers) and

technical facilities; Mp, E, | are, respectively, material, power and information
Involvement of additional forces and  resources; Kt, Kp are the orders to implement technological processes and the
facilities y has dual influence on the efe  project (projects); It, Ip are, respectively, the information about the course of
fectiveness u=(x—y)(x+y) of an operation-  technological processes and project (projects) implementation; Tl, YC, Z, M, Y
al-rescue unit, their involvement both de- are, respectively, technologies, standards on project management, management
creases (x—y), and enhances the value of u:  tasks, methods for their solution and managers; Cc, Ci, Ti are, respectively, the
u gains the highest value at y=0, u=x? and  systems of provision with executors and information, as well as the transport
the least at x=y. infrastructure; D, K are the roads and communications

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

6. Discussion of results of substantiation of
> effectiveness of the projects for construction of
y=u 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=x? or v=y?, and the other variant, obviously, is not
cost-effective, given time At of the delay of additional ca-
pabilities. Analysis of Fig. 7 and dependence (6) shows

y=v that it is better to involve additional forces and facilities

Fig. 7. Graphic dependences of configuration of dual systems of y at maximum values of completeness of the first fire-
cross-border fire suppression fighting-rescue unit with forces and facilities x. Thus,

design-oriented management should, above all, ensure

Additional capabilities in has a twofold impact on the  coordination of resources in the projects of creation of dual sys-
effectiveness of u=(x—y) (x+y) operational fire units: their  tems of cross-border fire-fighting, provided by separate states,
involvement as worsens (x—y), and (x+y) values of u: top  with predictable characteristics of the project environment.

value u gets when in=0, u=x2, and the lowest at x=y: In order to predict the characteristics of the proj-
ect-based environment, first of all, it is necessary to carry
u=(x—x)(x+x)=2x-0=0. (7)  out the project analysis of probable fire situations in border



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 x=y=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 x and y in working range [0...1] of changes in
these parameters or within the norms of their provision.

00
b

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

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 K, depends on the configurations of firefight-
ing-rescue units of one K and the other Kj state:

Kprzf(Kh KZ) (8)

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

K1:f(K2, Kps)~ €)]

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

u(@)=f(Ky, Ky, Ky t, AL), (10)
where t is the duration of fire suppression.

At the same time, the duration of fire suppression de-
pends on:

t=f(K1, Ky, Ky, AL), 1)
where At 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 K, of the project of creation of a dual system
of cross-border fire-suppression with the involvement of
two firefighting-rescue units with amount x, y of forces and
facilities. Hence, coherence of configurations of projects Kj
and K, influences directly time components (11) of fire sup-
pression, according to the tuple:

t1=R=f(u, 0)=f(u(x, K1, K,, A), 0(y, Ko, K,y AD)).  (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



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 # 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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