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The purpose of improving a method is to devise a tool for resolving
contradictions in the practice of conflict events related to increasing the
survivability and effectiveness of participation in a conflict event. A meth-
od for forecasting the survivability indicators of a special-purpose system
based on the method of analytical-stochastic modeling of a conflict event
was chosen as the basis for improvement.

The improved method is intended to find a compromise between the
need to increase the duration of participation in the conflict and minimize
the time of being at risk of loss of ability to function.

The use of the improved method, unlike the existing ones, provides an
assessment of the impact of maneuver on the effectiveness of the implemen-
tation of tasks and the survivability of SPS. The method implies justifying
the techniques for the executive elements to maneuver in order to create
JSavorable conditions and effectively perform tasks in a conflict event.

The method involves the procedure for the formation of initial data;
determining the maneuvering intensity of executive elements; comparing
the parameters for expedient (rational) and implemented maneuvering
techniques; the generalization of the research results.

The accepted indicators of the effectiveness and survivability of a
special-purpose system in a conflict event are the mathematical expecta-
tions of the number of destructive influences and the number of preserved
executive elements as a function of the intensity of maneuvering. The
criteria defined for assessing the maneuvering techniques are the great-
est values of the increase in efficiency and survivability with the change
in the intensity of maneuvering and taking the favorable position by an
executive element in a conflict event.

The specified method has helped investigate the peculiarities of chang-
ing performance and survivability indicators dependent on the intensity
of maneuvering and determine the criteria signs for selecting maneuver-
ing techniques.

Based on the signs of informativeness and the nature of the mutu-
al influence of the relevant indicators, the advantage of the method is
30 % while the objectivity of taking into consideration significant factors
increases by 15 %.

Practice needs to predict the consequences of processes of conflict-
ing nature on the grounds of the effectiveness and survivability of its
participants

Keywords: forecasting method, maneuvering techniques, evacuation,
survivability indicators, conflict event
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The peculiarity of any modern conflict events is the de-
pendence of their results on the degree of provision with an
appropriate resource, as well as conditions, which provide for
a favorable position compared to the enemy [1].

Creating an aggressive environment against the enemy
is a prerequisite for the success of the modern conflict, a
characteristic feature of which is its transience and high
reactivity. A party to the conflict, which is not able to adapt
to changes in the situation and create more favorable condi-
tions compared to the enemy, is doomed to defeat [1-4].

One of the signs of adaptability is maneuverability,
which is essentially a characteristic of the ability of the ele-
ments of the opposing parties to occupy a favorable position
in space for destructive influence on the enemy [2].

At the same time, the duration of maneuvering, as part of
a conflict event, reduces the time to reproduce the destruc-

tive effect on the enemy, which is risky in terms of the loss of
the initiative and, as a result, the failure to perform the tasks
of the opposition [1, 2].

However, prolonged stay in position (frontier) increases
the risk of loss of ability to fail [2]. Thus, a contradiction
arises in the practice of conflict events, resolving which is
possible by determining such maneuvering techniques at
which the balance of effectiveness and survivability of the
executive elements of a special-purpose system in conflict
will be preserved.

Examples of such EEs are mobile communication, sur-
face-to-air missile, missile, artillery, radar, radio electronic,
radio engineering evacuation (transport) and other systems
and complexes. The specified systems and complexes can be
elements of the higher control system of air, ground, space,
underwater, information spaces, life safety systems, etc.

This fact is evidence of the relevance of this issue and the
need for a scientific approach to studying it.




2. Literature review and problem statement

Work [1] describes a methodical approach to determin-
ing the rational version of the maneuvering activities of the
executive elements (EEs) in a special-purpose system (SPS)
at the stages of preparation and participation in the conflict.
The general provisions of the approach to the forecast of
the consequences of maneuvering activities based on deter-
ministic models of conflict events are set out. The proposed
approach in [1] does not describe the functional relationship
between the maneuver and the consequences of a conflict
event. The criterion for selecting the maneuvering technique
is not sensitive to determining the increase in the values of
the corresponding indicators.

Paper [2] describes a scientific approach to predicting the
survivability of executive elements in conflict events. Their
consequences are assessed on the basis of the description of
the dynamics of changes in the performance indicators of
the implementation of EE tasks during the fight, taking into
consideration the stochastic characteristics of the success of
the maneuver. And the maneuver is assessed on the basis of
the ratio of the available and the required time to move EEs
within the conflict zone. However, in [2], the selection cri-
terion for the maneuvering technique is not described, and
changes in the corresponding indicators, depending on the
maneuver technique, are not determined.

In [3—6], attention is paid to the search for rational solu-
tions to the tasks of covering objects from the destructive
influence of the enemy and forcing it to lose the initiative.

In [3], the approach to assessing the loss of EE types in a
conflict is not sensitive enough to the specificity of deploy-
ing the SPS to participate in the conflict. Study [4], simi-
larly to [3], does not form the rules for the selection of EEs
for maneuver. In [5], the rule for assessing the maneuvering
capabilities of conflict participants has not been formed.
In [6], the system is considered as a set of elements deployed
in space to perform conflict tasks, without taking into con-
sideration the dynamics of changing the system structure
and the corresponding consequences.

Works [7, 8] describe methods and models to study the
destructive effects on objects in the EE area of interest.
The search for values of indicators of the consequences of a
conflict event in the area of interests of SPS is carried out
on the basis of models of spatial conflicts. At the same time,
the toolset for determining the corresponding performance
indicators in [7] does not provide a search for critical values
for their change. In addition, the nature of the change in the
ability of EE to perform tasks is not described by appropriate
dependences, which, in turn, does not make it possible to
study ways to create favorable conditions for participation
in the conflict. In [8], the redistribution (change) in EE
performance is not reflected in the efficiency and survivabil-
ity indicators of SPS. The conflict event forecasting proce-
dure [7, 8] requires additional restrictions to eliminate the
uncertainty of the forecast and devise appropriate recom-
mendations for creating appropriate conditions for winning
the conflict.

Paper [9] describes conflict events in the information
space. In particular, the architecture of stable systems is con-
sidered under the conditions of the danger of destructive in-
fluence on the object and ways to counteract them. The state
of SPS protection is diagnosed on the basis of the study of the
state of the EE information system. However, the procedures
for determining the consequences of destructive influence and

the need to create favorable conditions for the functioning of
SPS do not provide for the search for an appropriate resource
of activity. And this, in turn, cannot fully satisfy the need for
recommendations on how to protect the system.

The review of works [1-9] suggests that existing scientific
achievements are effective tools to study the effectiveness and
survivability of SPS EEs in conflicts. However, investigating
the peculiarities of the impact of maneuvering techniques in
the interests of creating favorable conditions for participation
in a conflict event requires deeper consideration.

Evidence of this is the lack of sensitivity of existing sci-
entific developments to describe the impact of maneuvering
techniques on the results of solving typical EE tasks in the
conflict.

The above research methods only partially describe the
impact on the survivability and effectiveness of the intensity
of position change and the creation of a favorable position for
participation in a conflict event. And this does not provide
an assessment of the relevant indicators and does not make
it possible to substantiate the appropriate maneuvering
techniques and justify the relevant recommendations to the
management bodies.

Thus, there is an unresolved issue in the theory of con-
flict studies related to the imperfection of existing methods
for determining the maneuvering intensity of the executive
element of a special-purpose system.

3. The aim and objectives of the study

The purpose of this study is to improve the method for
determining the maneuvering intensity of the executive
element of a special-purpose system. This will make it
possible to describe the pattern of influence exerted on the
effectiveness and survivability of SPS by the maneuvering
techniques when performing EE tasks and justify a rational
method in order to create favorable conditions for participa-
tion in a conflict event.

To accomplish the aim, the following tasks have been set:

— to determine the main stages in the method for deter-
mining the maneuvering intensity of the executive element
of a special-purpose system;

— to describe the procedure for investigating the effec-
tiveness and survivability of SPS in a conflict event;

— to examine the peculiarities of using the method in the
interests of justifying the maneuvering intensity of the exec-
utive element of a special-purpose system in a conflict event.

4. The study materials and methods

An integrated approach forms the basis for the study of
maneuvering techniques of the executive element of a spe-
cial-purpose system [2].

The following methods were used during our study.

In order to study the patterns of change in the effective-
ness and survivability indicators of SPS EEs in a conflict
event, the methods of analytical-stochastic modeling of
influence on the objects of destructive effects (ODE) [2]
were used.

The description of conflict events corresponds to the
stages of operational activities on the part of opposing sys-
tems. Characteristic are the military activities (air, ground,
sea, etc.), special, combat, cyber actions, fighting, etc.



A special-purpose system is considered as a set of exec-
utive elements covered by the management of the minimum
set of special and technical means necessary for performing
tasks in a conflict event [2, 10]. Examples of executive ele-
ments are radar stations for reconnaissance, fire systems and
complexes for defeating enemy means, electronic suppression
means, vehicles for transportation and evacuation, etc.

Numerical differentiation methods were used to evaluate
and determine rational SPS EE maneuvering techniques.

The hypotheses and assumptions taken for the study
are characteristic of the conflict event and are described in
detail in [2, 10].

An additional hypothesis of the method is the inability
of EE to perform tasks once the measures are not completed
to create favorable conditions. The beginning of destructive
influence on ODEs is possible only from the moment of
reaching the appropriate position (boundary).

The reliability of the study results is confirmed by the
use of the verified scientific and methodological approaches
and the procedure for proving the adequacy of the analyti-
cal-stochastic model given in works [2, 6, 10].

3. Results of the study on improving a method for
determining the maneuvering intensity of the executive
element of a special-purpose system

5. 1. The main stages of the method for determining
the maneuvering intensity of the executive element of a
special-purpose system

To determine the maneuvering intensity of the executive
element of a special-purpose system, a conflict event was
considered with the participation of the executive element of
a special-purpose system [2, 6, 10].

The executive element performs typical activities in
order to destructively influence the objects of the oppos-
ing party, which may result in the success of reproducing
destructive influence [2, 10]. The specified number of EEs
is consolidated into a special-purpose system (SPS). EE’s
readiness to perform tasks in the conflict is determined by
the degree of technical readiness Kyp the duration of the
march (movement) ¢, the time required to take the position
Trp the time of setting the readiness to perform typical tasks
tred are determined by TTC.

The objects of the opposing party for SPS are ODEs
whose number is Nopg. The probable nature of ODE activi-
ties is determined by the conditions for their detection with
the intensity of occurrence in the conflict zone (in the area of
EE interests) Iopg. Characteristics of the maneuvering tech-
niques in the activities of SPS EEs is the number of spare
positions of EEs (Np), the intervals between them (Ip) and
the length of the route to them (Sp), the average speed of
maneuver (movement) V.

The idea for improving the method [2] involves oper-
ations to take into consideration the peculiarities of the
impact of significant factors on the quality indicators of SPS
functioning.

In this case, the decisive ones for the improvement are:

— first, ensuring the assessment of the impact of EE ma-
neuvering capabilities on the effectiveness of tasks and the
survivability of SPS. In particular, determining the patterns

® where

of influence of the intensity of EE maneuver /, =

TP
TTP is the average frequency of change in a position, as well

KTR
Ly Flp i
mathematical expectations (ME) of the number of destruc-
tive influences on ODE MDE(¢) and preserved EEs Mpres.
EE(¢) in a conflict event;

—second, rendering a recommendation nature to the
method, that is, the possibility of determining the rational
(best in certain conditions) options for SPS EE maneuvering
according to the indications of the mathematical expectation
of the number of changes in EE positions M¢p(f) and the av-
erage intensity of maneuvering over a certain time Iy, This
will make it possible to substantiate the appropriate values
of the average frequency of change in the position Ttp and
the duration of the maneuver (movement) ¢,, for the occupa-
tion of the position, which will provide favorable conditions
for participation in a conflict event.

The basic procedures of the method are the formation
of initial data and modeling of the conflict event using the
method of analytical-stochastic modeling, as well as the
procedure for deciding on the option of building SPS and
calculating the intensity of the maneuver.

The new procedures are to determine the intensity of
SPS EE maneuver using the numerical differentiation meth-
od and to determine the necessary (appropriate) selection
criteria in terms of meeting them.

The method consists of four stages (Fig. 1):

1. Stage 1 “Formation of initial data” includes procedures
for determining the quantitative and qualitative composi-
tion, TTC, and the number of SPS EEs, the degree of EE
readiness to maneuver. As for ODE: the characteristics,
probable nature of counteraction to the destructive influence
on objects by SPS. Also, we determine the number of posi-
tions (frontiers), the occupation of which can provide favor-
able conditions for the implementation of destructive impact
on ODE, the intervals between positions (boundaries), the
length of the route to them.

Based on the results of the formation of the initial data, a
mock-up of the network of routes of SPS EE maneuver is built.
With the help of geo, navigation, and other information sys-
tems, we determine the peculiarities of the process of modeling
maneuvering techniques to perform EE tasks, as well as par-
tial indicators that are the initial data for modeling a conflict
event [2]. The patterns of a conflict event can be described on
the basis of an analytical-stochastic model that meets the re-
quirements of efficiency and reliability of simulation results [2].

2. Stage 2 “Determining the SPS EE maneuvering in-
tensity” includes procedures from the eponymous subunits
for the maneuvering intensity and the occupation of EE
favorable position, in particular:

— the subunits “Formation of the scale of changes in the in-
tensity of EE maneuver” and “Formation of the scale of change
in the intensity of the occupation of EE favorable position” de-
termine the permissible values for the intensity of the maneuver
and the occupation of a favorable position, respectively. In these
procedures, we perform the analysis of the nature of changes
in the performance indicators to create favorable conditions
for implementing SPS tasks. The number of calculation steps
for the intensity of EE maneuver is multiple of the ratio of the
duration of ODE response to the threat of destructive influence
and the average time required by SPS to perform typical tasks.
The number of steps to change the calculation of the intensity
of occupying EE favorable position is multiple of the ratio of the
average path, which can be traveled by EE to the minimum site
of the spare position (boundary);

as occupying a favorable position I, = on the



— the subunit “Calculation ME of the number of destroyed
number of destructive effects (DE) and preserved EEs on the
scale of maneuvering intensity” (Calculation ME of the number
of objects of destructive effects and preserved EEs on the scale
of the intensity of the maneuver (movement)) determines the
nature of changes in the effectiveness of SPS functioning with
a change in the intensity of maneuver;

— the subunit “Calculation ME of the number of destroyed
number of DE and preserved EEs on the scale of change in
the intensity of occupying EE favorable position” “Calcu-
lation ME of the number of objects of destructive influence
and preserved EEs on the scale of intensity of occupation of a
favorable position” determines the nature of changes in the ef-
fectiveness of SPS functioning with a change in the intensity
of occupying EE favorable position. The basis for deriving ap-
propriate dependences is the method of analytical-stochastic
modeling of conflict nature processes [2, 11];

— the subunits “Assessment ME of the increase in the
number of destructive influences (DIs) and preserved EEs
on the scale of intensity of maneuver” and “Assessment of the
ME increase in the number of DIs and preserved EEs on the
scale of intensity of occupying EE favorable position” employ
the method of numerical differentiation;

— the subunits “Determining the required values of the
intensity of the maneuver” and “Determining the required
values of the intensity of occupying a favorable position” de-
termine the rational values for the intensity of the maneuver
and for occupying a favorable position, respectively.

The adopted criterion of rationality is: for the intensity
of maneuver, the maximum value of the growth rate of the
ratio of numerical values of performance and survivability
of SPS; for the intensity of occupying a favorable posi-
tion, the minimum value of the growth rate of the ratio of
numerical values of SPS performance and survivability
indicators.

3. Stage 3 “Comparison of the required distances and
duration of stay in a favorable position and intervals be-
tween current (existing) positions according to the existing
options for building (deploying) a special-purpose system” is
implemented in the unit of the same name.

4. Stage 4 “Generalization of the study results” involves
assessing the acceptability of the calculation results and
choosing the option of constructing the SPS and EE ma-
neuvering calculation with acceptable intensity. Otherwise,
change the quantitative and qualitative composition of SPS
and perform the next cycle of research.

Stage I - FORMATION OF INPUT DATA:

1. Quantitative and qualitative composition
of SPS, TTC, the degree of readiness of the
EE for the march

2. Composition of objects (ODE) and
the nature of counteraction to
destructive influence

3. Determining the number and intervals
between positions, length of EE
maneuvering

- L

Stage I - DETERMINE THE INTENSITY OF SPS EE MANEUVER

4. Formation of a scale for changing the intensity of EE
maneuver

8. Formation of a scale of change in the intensity of
occupation of favorable position of EE

5. Calculation ME of the number of objects of
destructive effects and preserved EEs on the scale of the
intensity of the maneuver (movement)

9. Calculation ME of the number of objects of
destructive influence and preserved EEs on the scale of
intensity of occupation of a favorable position

6. Estimation of the increase ME of the number of EEs
and preserved EEs on the scale of intensity of the
intensity of the maneuver (displacement)

10. Estimation ME of the growth in EEs in the number of
preserved EEs on the scale of intensity of occupation of a
favorable position

7. Determining the required values of the intensity of the
maneuver

I _ I |AMpres.EE (Im1 )|
|AM e (1,,)

mo ~ “mi®

max
1

11. Determining the required values of the intensity of
the occupation of a favorable position

[ ce (o )|
|AMDE (IoFP.i )|

Lorp.o = Topis min

v

Stage III - COMPARISON OF THE REQUIRED VALUES OF LENGTH AND THE AVERAGE DURATION OF STAYING
IN A FAVORABLE POSITION AND INTERVALS BETWEEN THYE ACTUAL (CURRENT) POSITIONS BASED ON
EXISTING OPTIONS FOR CONSTRUCTION (DEPLOYMENT) OF A SPECIAL-PURPOSE SYSTEM

13. Changing the quantitative and
qualitative composition of the
SPS

12. Evaluation of the
acceptability of the calculation
results

Stage IV - DECISION-MAKING ON
THE OPTION OF SPS
CONSTRUCTION AND
CALCULATION OF MANEUVER
INTENSITY

Fig. 1. Structural-logical scheme of the method for determining the maneuvering intensity of the executive element of a
special-purpose system




5. 2. The procedure for studying the indicators of ef-
fectiveness and survivability of a special-purpose system
in a conflict event

The procedure to study the performance and survivabil-
ity indicators involves calculations in accordance with the
stages of the method (Fig. 1).

It is important to note that the average periodicity of
position change is essentially the time of performing typical
tasks during a conflict event — destructive influence and
preparation for maneuver (movement) ¢, Therefore, the
Trp values should be within the limits of the average cycle of
a destructive effect on ODE, and should not exceed the dif-
ference between the average time of effective counteraction
by ODE T¢, and ¢

Tpp <Tpp STCA_tprep' ®

Considering condition (1), the number of steps to in-
crease Trp within a certain interval should be chosen mul-
tiple of Tpg, and the number of steps to calculate I is deter-
mined from the following formula

T. —t
I= enr(“‘””). ()

DE

Considering (2), the calculation of possible values of the
frequency of change in the EE position is carried out and a
scale for changing the intensity of the EE maneuver with the
index i=1,1 is formed.

The description of the dependence of the SPS EE
effectiveness and survivability in a conflict event of a
certain duration =ty is carried out on the basis of the
results of calculations of the corresponding indicators at
I steps on the scale of the intensity of the maneuver from
Ly min t0 Iy max at a fixed minimum value Ipppmin. ME of
the EE quantity Mpr(Ii/Iorpmin) and preserved SPS EEs
Mypresee(Imi/Torpmin) are determined from analytical equa-
tions (3), (4) described in detail in [2, 11]

i= H; M, (Imi /IOFP.min) =g }\’1071)5)(1 - ei}w)’ 3)

i(?ui+a

Mpres.EE (Imx / IOFP.min) =

=n,, |:1+ A, (]ODE +[mi)+1mia +opgZ oM

B ,

where p is the productivity of SPS EEs.

The values of the intermediate values A;, a, B, z are
calculated taking into consideration the specified condi-
tions [2].

The task of assessing the increase ME in the num-
ber of EEs MDE(Imi/IOFP.min)  and preserved SPS
EEs MpresEE(Imi/IOFP.min.) is based on the proce-
dure for finding a partial derivative from oJIm at
constant values of other variables. Taking into con-
sideration the fact that the law of distribution of per-
formance and survivability indicators is known [2], the

d I /1,.,.
search for a partial derivative % and

oM I /1 . "
prevEE (a]'" ) can be replaced by a numerical dif-

ferentiation procedure for the corresponding number of
calculation steps (2):

)
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It is known [2, 11] that the maneuver leads to a potential
decrease in efficiency and EE increased survivability. The
reason for this is the decrease in the time of its stay in the
state Ttp and the growth in I,,, which, in turn, is character-
ized by a decrease in Mpg(¢) and the growth in M,,,.s gr(?).

Therefore, it is logical to find a rational (the best under
these conditions) value I,,;=I,,, at which the growth of the
indicator Mpese(Ini) in relation to the reduction in is the
largest. Thus, the modulo ratio [AM,ese(Lni/Iorpmin)| to
|[AMpg(Lyi/Iorpmin.)| should acquire the maximum value.

Based on the above, the next step is to calculate the ratio
of derivative modules (the rate of change in the numerical
values of indicators) [Apresee(lng) to [AMpg(Ly)|, and, ac-
cording to the criterion of its maximum, to determine the
rational value I,,,

|AMpre.s'.EE (Imi )|

1
|AMDE ([m[)

mo

1

L i=11. )

max
i

The approach to the formation of the scale of changes
in the intensity of occupying a favorable position by EE is
similar.

To this end, the limits of the permissible values for the
intensity of occupying EE favorable position Ippp are calcu-
lated, defining for which is the duration of the EE maneuver
(movement) ¢, to the spare position (milestone) [2, 11].

It is reasonable that the following condition should be a
restriction for ¢,,

S .
pa tm < tcorg/’ - tTP - tred’ (8)

av

where Sy, is the minimum allowable value of the reserve
position distance (boundary) (as a rule, the value of at least
the separate range of counter-party reconnaissance means is
selected);

V.o is the average speed of maneuver (movement) of EE;

teons — the duration of a conflict event;

trp — the time required for EE to take the position
(boundary);

treq — the time it takes to bring EE to readiness to per-
form typical tasks in a conflict event.

The number of calculation steps_J is determined from the
following formula (9)

%Stmﬁt

av

tTP - tred ’ (9)

conf

Based on the calculation results (9), we calculate ME of
the number of DIs and preserved EEs on the scale of the in-
tensity of occupying a favorable position. Based on the value
.0, the indicators M. ge(t) and Mpg(t)



are determined, by changing the intensity of occupying a
starting position in the range from I7pnin t0 ITpyax [11]

11

M, (I()FP/‘ /Im.o): Mg %(1—37A"'1), 10)
Mprcs,EE (IOFPj / Im.u) =
=n,, |1+ A, (]ODE t1,, E;’ al, , +zlopp = at)

In the interest of assessing the increase ME in the num-
ber of DIs and preserved EEs with an increase in the intensi-
ty of occupying a starting position, numerical differentiation
is carried out according to formulas (12), (13):

a]\4DE ([OFP / Im.o) . AMDE (IOFP./)

aIOF P - AI B

OFP
:MDE(IOFP(j+1)+AIOF )_MDE(IOFPJ') (12)
Alopp ’

aMiws.EE (IOFP /Im. ) ~ AMpre:-EE (IOH_’/')
aIOFP AI()FP
_ Mprc:.EE (IOFP(jH) + AIOF ) - Mprc’s.EE (IOFPj)

= . (13)
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The intensity of occupying a favorable position is in-
versely proportional to the duration of the EE maneuver,
with a decrease in which the first increases. In this case,
the value of the mathematical expectation of the time of EE
stay in a state of destructive influence for ODE, and, as a
result, Mpg(t) increases. At the same time, M), pz(¢) tends
to increase as, during the EE maneuver, the capabilities of
the enemy to detect it and, accordingly, the counteraction
decrease.

Consequently, there is a need to find such a value Ipp.
;=Iorp, at which the growth in the indicator M,,.s ge(Iorp;)
in relation to a decrease in Mpg(Iprp;) is minimal, that is, the
ratio of modulo |[AM,,yes ge(LoFpj)| to |AMpr(Iorp))| should be
at a minimum.

Therefore, during the assessment, the ratio of modulo
IA Myres eEU0Ep/ T )| to |AMpE(IoFp;/Im.o)| is compared and
determined, and, according to the criterion of its minimum,
the rational value Iggp, is determined.

1 =1

mjn |AMpre.v.EE (IOFPj / I, )|

J |AMDE([0FP/'/[,".U)| . j=1].

(14)
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According to criteria (7), (14), we choose the EE maneu-
vering techniques based on the existing SPS deployment op-
tions and determine the best one. During such selection, the
number of positions (frontiers) is determined, the distance to
which corresponds to the calculated values [11].

Once the calculation results are acceptable, we deter-
mine ME of the number of changes in positions (boundaries)
for intensities L, ,, Ioppand determine the average intensity
of EE maneuvering to spare positions (frontiers) in accor-
dance with the concept of the conflict event [11]

L o, (N, =1)
M = ZmorOFPo A" TP ) (1 pho!
)= S e ™),

00

(15)

I, = : (16)

In the case of inconsistencies, the quantitative composi-
tion of SPS is altered, and the calculation cycle is repeated.

3. 3. Investigating the peculiarities in substantiating
the maneuvering intensity of the executive element of a
special-purpose system

Conditions characteristic of an air operation [6] were
accepted for the study. During a conflict event, the process
of performing the task of reconnaissance of airspace in the
interests of radar provision of consumers [4] is considered.

It is believed that the success of sending information on
the air situation is equivalent to the success of destructive
influence.

The capabilities of radar support include a group of
mobile radar stations with automated means of data trans-
mission to destructive means. The destructive impact task
is similar to the presence of information about air objects.

The limitations of this study are:

— afull-capacity airspace reconnaissance system consist-
ing of 12 radar stations;

— the ordinality of the incoming flow of air objects as
objects of destructive influence;

— the effectiveness of mutual destructive influence is
taken equal to 1.

Calculations for the dependences of performance indica-
tors were carried out in Microsoft Excel 2016.

The scenario of the conflict event, according to which
SPS includes ngz=12 EEs has been adopted. DI is carried
out consistently with the performance of tasks u =1 D—F, in

min.
the conflict zone (in the SPS interests — air reconnaissance
systems), there are operate 25 ODEs (air objects), 25 % of
which are intended for direct counteraction to SSE EEs.
The accepted intensity of entering the zone of SPS EE ac-

DE . . .
=1——. The duration of the conflict event is
min.

teon/~200 min. [11].

EEs acquire the ability to perform destructive effects on
ODEs after the completion of measures to create favorable
conditions — maneuvering.

Based on the fully accessible analytical-stochastic mod-
el of a conflict event [2, 10], we derived the dependences
Mpr(ni/lorpmin) (3), (4), (10), (11), preserved SPS EEs
Mypres £E(Ini/Torpmin) (Fig. 2), and the ratio of growth mod-
ules of these indicators obtained on the basis of numerical
differentiation (5), (6), (12), (13) (Fig. 3).

The analysis of dependences (Fig.2) shows that as the
value of the intensity of the EE maneuver I,, increases, M.
re(Iy)increases. At the same time, this leads to a decrease in
the time of its stay in the state of DI, which leads to a decrease
in Mpg(teons). The equality of Mpg(L,) and Myyes g (1) is Vis-
ible in the I, value in the range from 0.11 to 0.12 (pos/min).

It is also characteristic that the long-term presence of
EE in the position leads to an increase in Mpg only to values
1,,=0.017 (pos/min), and, with a further decrease in intensi-
ty, the change of positions does not occur. This is explained
by the fact that with prolonged stay in the position ODEs
counteract SPS EEs, which leads to the loss of its ability to
perform tasks in a conflict event. The increase in the intensity
of changes in EE positions leads to the growth of M, gz and
the simultaneous decrease in Mpg. Thus, the largest increase

tivities 18 1,



in the survivability rate M, gz with the values of the perfor- M, g increases by 3.7 %, M¢cp — by 3.8 %, and Mpg — by
mance indicator Mpg occurs within the I, values from 0.044 1.8 %. This is due to the fact that the intensity of the change
to 0.09 and is 6.8 % with a relative decrease in Mpg to the  in the position Ipgp is inversely proportional to the time
maximum permissible by 6.9 %. required to take the position ¢7p, the readiness .4, and EE

With significant distances of spare positions from the = maneuver t,, and is the quantity by which the time of the ac-
real (main) one, the values of SPS EE performance indica-  tive phase of the conflict event decreases, that is, the time of
tors almost do not change (Fig. 4, 5). being in the state of implementation of typical tasks. Under

A significant impact on their change occurs within the  such conditions, an increase in the effectiveness of SPS in a
Iopp values from 0.045 to 0.09 (pos./min.). In this interval,  conflict event is achieved, by an average of 19 %.
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6. Discussion of results of studying the survivability of
the executive element of a special-purpose system

The improved method for determining the maneuver-
ing intensity of the executive element of a special-purpose
system differs from [1-10]. The difference of the method
is the ability to ensure the assessment of the impact of EE
maneuvering capabilities on the effectiveness of the imple-
mentation of tasks and the survivability of SPS, as well as
the determining the expedient (in certain conditions) EE
maneuvering techniques.

The stages of the method (Fig. 1) are the formation of
the initial data; determining the maneuvering intensity of
SPS EEs; the comparison (evaluation) of maneuvering tech-
niques; the generalization of the study results.

The study of performance and survivability indicators of
a special-purpose system in a conflict event involves compli-
ance with two conditions (1), (8).

The procedure of the study is based on the use of depen-
dences to determine the SPS effectiveness and survivability
indicators derived from the analytical-stochastic modeling
of a conflict event (3), (4), (10), (11). Changing the values of
the corresponding indicators of effectiveness and survivabil-
ity is described by dependences (5), (6), (12), (13), based on
the method of numerical differentiation.

The accepted criteria for choosing a maneuvering tech-
nique are (7), (14).

Under the conditions of acceptability of the calculation
results, the indicator of maneuvering capabilities (15) is
determined, and the average intensity of EE maneuvering to
the spare positions (frontiers) (16) is determined in accor-
dance with the concept of a conflict event.

Indicators (15) and (16) have practical value and provide
a prognostic basis for calculating the needs of SPS EEs in lo-
gistical tools for participation in a conflict. In addition, (15),
in its physical content, is a requirement for the number of
spare positions (frontiers) that must be prepared (provided)
to participate in the conflict.

The main peculiarity of substantiation of the intensity
of maneuvering of the executive element is the study of the
ratio of modules of increase in the performance and sur-

vivability indicators of a special-purpose system (Fig. 3, 5)
according to the method of numerical differentiation.

The nature of their change with the change in relevant
intensities describes the patterns of influence of the ways of
deploying SPS and EE maneuvering on the corresponding
consequences (Fig. 2, 4).

The main limitation of this method is the complexity of
the formation of initial data for research and the impossi-
bility of one-time conduct and preparation and destructive
influence. Note that obtaining the recommended values for
indicators (15), (16) is possible under conditions (1), (8).

Unlike [1, 3-7], this method additionally provides for in-
vestigating the impact on maneuver performance indicators.
And, compared to [8, 9], it makes it possible to taking into
consideration the impact of productivity on the performance
and survivability indicators and determining the appropri-
ate resource (technique) of activity.

Unlike [2], it reflects the speed of change in the effec-
tiveness of SPS depending on the maneuvering technique in
order to create favorable conditions in a conflict.

The informativeness of the method, according to the set
of indicators and the nature of their mutual influence (3), (4),
(10), (11), (15), compared to those indicated in [1-10], increas-
esby 30 %, and ensures an increase in the objectivity of taking
into consideration significant factors at the level of 15 %.

The method can be further advanced by adapting it to
study the patterns of change in the performance indicators
described by other methods of modeling the conflict event,
provided that additional hypotheses and assumptions are
substantiated.

The method was validated at scientific and practical
conferences and seminars; it was implemented during mili-
tary-strategic games in the form of simulated conflict events
at the Ivan Chernyakhovskyi National Defense University
of Ukraine.

7. Conclusions

1. The improved method for determining the maneuver-
ing intensity of the executive element of a special-purpose



system involves four main stages. The initial stage is the
formation of the source data. Next, the SPS EE maneuvering
intensity is determined, the required distance and duration
of being in a favorable position at intervals between actual
(existing) positions (frontiers) according to the existing op-
tions for building (deploying) the system are compared. At
the final stage, the results of the study are summarized. The
basic basis for the application of the method is the results of
modeling the pattern of change in the values of performance
and survivability indicators for SPS EEs, depending on the
EE maneuvering techniques. The main difference of the
method is the ability to determine the rational (expedient)
SPS EE maneuvering techniques in the interests of creating
favorable conditions for participation in a conflict event.
Practice needs to predict the required number of spare posi-
tions and boundaries, the early arrangement of which could
ensure success in a conflict event.

According to the signs of informativeness and the nature
of the mutual influence of the relevant indicators, the ad-
vantage of the method is 30 %; the objectivity of taking into
consideration significant factors increases by 15 %.

2. The procedure for investigating the SPS effectiveness
and survivability indicators in a conflict event involves the
construction of the distribution of values of the correspond-
ing indicators (mathematical expectations of the number of

destructive influences and the number of preserved EEs) on
the relevant scales.

Expedient maneuvering techniques are determined by
compliance with the criteria for changing the values of the
effectiveness and survivability of SPS EEs on the scales of
the intensity of maneuvering and taking a favorable position
by means of numerical differentiation.

3. Our study of the peculiarities of the method has shown
that in practical activities the procedure for justifying the
intensity of maneuvering of the executive element of a spe-
cial-purpose system in a conflict event is quite simple. The
given example demonstrated the ease of using graphical
models of changing the values of indicators based on the
results of calculations. And the possibility of finding simple
solutions based on analytical approaches emphasizes the im-
proved method’s clear recommendation nature that achieves
the goal of the study.
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