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USE OF LOTKA-VOLTERRA DIFFERENTIAL EQUATIONS FOR THE CREATION
OF THE MODEL OF COMBAT USE OF MILITARY FORMATION IN THE MUTUAL
FIRE CONDITIONS

The analysis of armed conflicts of recent decades suggests that the quantitative advantage in forces and
means does not always ensure the successful completion of combat missions. Quite often, the organization of
military formations combat use and enemy fire demage comes to the fore from the whole set of factors.

The article considers the possibility of using Lotka-Voltair differential equations in creating a model of
combat use of military formations in terms of fire interaction.

These equations are widely used in the study of population growth dynamics of biological species under
conditions of competition (when both parties are predators). The main hypotheses when using the above equations
include the following: the supplies needed for growth are either available in unlimited quantities, or their income is
strictly regulated over time; species harm each other, and per unit time the number of losses is always proportional
to the probability of encountering individuals of these two species.

The application of the Lotka-Voltair equations allows to determine the dynamics of changes in the level of
military formation capabilities in the conditions of mutual fire influence of the parties and to determine the critical
level of capabilities, and further, on the basis of this information to provide recommendations for changing certain

constants.

Key words: military formation capabilities, fire for effect of the enemy, differential equations of Lotka-

Volterra.
Introduction

The rapid development of military skills has
recently led to the search for more detailed and precise
ways of describing the processes that take place during
the combat conflicts. The results of multifactorial
analysis of recent armed conflicts [1-2] indicate that
quantitative superiority in forces and means does not
guarantee the successful realization of combat missions.
At the forefront of the whole set of factors is the
organization of military use of military formations and
fire for effect of the enemy [2]. The essential basis of
the organization of combat use is to determine the
totality of capabilities of military formation and ways of
their maximum realization [3]. However, existing
approaches to determining the capabilities of military
formations are based on the static determination of the
quantitaty of forces and means, taking into account
through the appropriate coefficients of their qualitative
characteristics. However, qualitative characteristics of
the same military formation will change during combat
use and will vary depending on conditions. In other
words, existing approaches do not take into account the
dynamics of changing the capabilities of military
formation in the process of combat use.

Thus, in practice, the organization of the military
use of military formations and the fire for effect of the
enemy, there was an urgent need to find such ways to
determine the military formation capabilities that would
take into account the dynamics (intensity) of their
changes in the process of combat use and fire for effect
of the enemy.

Analysis of recent researches and publications

The results of research analysis on the determination
of the capabilities of military formation in combat use
and fire for effect of the enemy [4-6] indicate some
directions for the development of these research.

First, it is the search for universal coefficients that
characterize the qualitative component of a specific
model of armaments and military equipment as part of
the capabilities of military formation [4-5]. However,
with the appearance of a relatively large number of
types of armaments and military equipment and military
formations, as well as new methods of their use, the
number of combinations of their unification in
formation has increased significantly, which has led to a
significant increase in the range of conditions for the
military use of military formations and fire for effect of
the enemy. In this case, the definition of sustainable
coefficient that characterizes a qualitative characteristic
will lead to significant mistakes.
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Secondly, it is the searching of certain functional
correlations in military formation and their reaction to
changing conditions [6]. These approaches, in the authors
opinion, are more perspective in view of need to take into
account the dynamics of changes in the capabilities of
military formation under conditions of fire interference.
However, these approaches are not sufficiently worked
out for their practical use. The main problem issues ia
non-availability of such model of military formations use
under conditions of fire interference, which will allow
practically to determine the dynamics of change of
capabilities with given accuracy (considering the
interference).

Of course, there is a certain set of models that are
based on the intensity of changing certain characteristics
of military formation. These models include those based
on Osipov-Lanchester equation [7], Kolmogorov
equations for fixed states [8], (medium dynamics),
approaches of Queueing theory [9]. However, these
models do not fully allow to take into account the
dynamics of the mutual change in the capabilities of
military formation under conditions of fire interaction
and to determine the critical level of these capabilities
(bifurcation point).

Thus, in determining the dynamics of the change
of level of military formation capabilities under the
conditions of fire interference, it became necessary to
create such a model that would take into account the
mutual change of indicated capabilities and would allow
to determine their critical level (the point of
bifurcation).

Of course, in other branches of science there are
approaches to solving problems similar in terms of
conditions. So, in the study of the dynamics of population
growth of biological species, a model based on the
system of differential equations of Lotka-Volterra [10] is
widely used. These equations allow us to determine the
dynamics of changes in the population of biological
species, provided that they compete (when both sides are
predators), as well as to determine the critical level of
growth rates. Thus, in the opinion of the author, it is
expedient to consider the possibility of using the above
equations for conditions of combat use of military
formations under mutual fire, as biological species with
certain parameters of mutual influence.

Main purpose of the article

Thus, the purpose of the article is to justify the
possibility of using the differential equations of Lotka-
Volterra to create a model of military formation military
use under mutual fire conditions.

Results and discussions

The essence of the approaches of the Lotka-Voltaire
is to describe the dynamics of the change of interacting

populations of biological species by differential equations
of the first order [10]. The main hypotheses when using
the equations are as follows: supplies required for growth
or are in an unlimited number, or their receipt is tightly
regulated over time; biological species damage each
other, and in unit time, the amount of losses is always
proportional to the probability of meeting the individuals
of these two species, that is, multiplying the number of
one species by the number of another [10].

These hypotheses can be applied to the process of
military use of military formation under the mutual fire
conditions. Thus, supplies, for conditions of military use
of military formation, it is possible understand as
ammunition, as their presence directly influences the
quantitative change of the enemy, but as a consequence
of the intensity of its tasks. Concerning the hypothesis
that biological species inflicts damage to each other, and
in unit time, the amount of losses is always proportional
to the probability of meeting the individuals of these two
species, it can be noted that the intensity of the loss in
relation to the military use of military formations is
always proportional to the probability (intensity) of
detecting enemy objects. The term corresponds fully to
the "principle of collisions" [10], when the rate of
interaction is proportional to the multiplication of the
density of the interacting components.

In general terms and in accordance with Volterra's
hypothesis, the dynamics of interaction between two
sides can be described by the equations [10]:

dN 2
d—t1=a1N1—b12N1N2 —CN{;

1)
dN N E
d_t2= a2N2 —b21N1N2 —C2N2.

where Nj, No — parameters of interacting species
(sides) to be investigated,;

dq, as - constants of the own parameter growth
rate;

¢,, €, — constants of self-limitation parameter
(intraspecific competition);

b5, D1 —the constants of species interaction.

This model, at first sight, would be appropriate to
use to determine the dynamics of change in the number
of parties. In this case, the rate constants of growth
d;, a, will degenerate or characterize the rate of
replenishment of the number. Concerning the constants
of self-restraint ¢;, C,, it can be noted that they

characterize a certain inconsistency in actions that will
be expressed due to lower level of implementation of
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the capabilities of the party. The interaction constants

blz, b21 can be indirectly determined by the intensity

of the tasks, but it will not always be directly dependent
on the number of the parties. Therefore, the adequacy of
such a constant is questionable.

Thus, considering the significant heterogeneity of
the components of military formations, and the specifics
of the interaction of the parties, it is more appropriate, in
the author's opinion, to use the parameter for research -

the number of means that perform tasks (Nl, Nz)

[11]. Under the tasks in the study it is proposed to
understand - the typical tasks inherent in a certain
functional component of the military formation, which
directly affect the enemy functioning. Taking into
account the above, it can be noted that the constants of

the own growth rate of the parameter (81, a5 ) will be
characterized by the intensity of the tasks.

a4 = 7\.(1\/) X
: @
ar = 7\.(2\/) .
where k(lv) ,k(; )_ intensity of performing tasks by one

and other side.

Constants of self-restraint ¢;, C, are proposed

to be accepted as characterizing the work of the internal
elements of the parties regarding the transfer of
intelligence information to means of fire influence [12].
The constants of self-restraint are proposed to express
due to the intensity of the intelligence and the intensity
of the transmission of the data received.

kg_p)
Cl =1— W’
1 if  2(P) >N 3
X(p) '
C2 =1— 2 .
7\‘(2")

where k(lp),k(zp) — intensity decision-making by one
and other side;

k(lr) ,k(zr ) _ intensity of detecting enemy objects
by one and other side.

Regarding the intensity of the intelligence, it is
possible to assume that the acquisition of this indicator
of zero value indicates a complete lack of opportunity to
obtain information about the enemy. In this case, the
intensity of the tasks will also be zero and, accordingly,
there will be no need to further explore such a military
formation. After all, the speed of its destruction will

depend on the characteristics of the military formation
of the enemy.

In the accepted conditions, the interaction constant
D12, Doq can be determined by the intensity of the

tasks performed by the opponent given to the indicator
of the stability of the functioning of our military
formation.

NONE @)

where k(lv) , k(;) ,— intensity of performing tasks by one
and other side.
Under the indicator of the stability of the

functioning of the military formation is proposed to take
the inverse of the intensity of failure to perform tasks

k(v) . Under the failures within this research, it is
proposed to understand the impossibility of performing
a task under the influence of internal and external
factors [13]. It should be noted that the intensity of
failures during the performance of tasks, as an indicator
that characterizes the stability of the functioning of the
military formation, can not take zero significance, just
as military formation with an absolute index of stability
can exist only under ideal conditions. Of course, the
intensity of failures when performing tasks, for the
study may reach the value close to zero, however, can
not degenerate.

Thus, taking into account expressions (2), (3), (4)
the system of equations (1) will look like

}L(’f’S’) }\‘(")
le:}‘*g_“)lNl_ 1 N]_Nz—(l— 1 )N]-Z’
dt s6) 3p)

(2) (1) ®
dNZ _ 2 (83) _}“263 e Zn 2
_dt —7\.2 N, }\‘(16) NiN, - (1 }\‘(zp))Nz.

Using a differential approach to the solution of
differential equations (5) can be written in the following
form

x(gg) N, —(1 X(ln))N INY):
6) 2 1/N1)»

NG = NO 4 a4

}\‘(33) }\‘(”) (6)

1 : 2

NG = ND 4 ar(0?
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For further research it is suggested to accept
certain input data and to analyze the results of modeling.
So for the input dataN1 =3, N, =1, a;=4, a,=2,

6

0 0,5 1 1,5

Relative number of tasks, that are done

=01, cp= 01, bp=25 by =1 At=01 the

schedule of the proceeding of the function will have the
following form (Figure 1)

one side

other side!

----------

2 2,5 3 3,5 4

Relative time of combat use of a military formation

Fig. 1.The schedule of the proceeding of the function

The analysis of Proceeding of the indicators
functions of capabilities implementation of military
formations of the sides indicates that, given the "principle
of collisions", it will have a wave-like form. It is clear
that the more one side performs the tasks, the more the
other side detects the firearms and, accordingly,
implements a large number of tasks and vice versa. This
is possible in the case when the parties have enough
intelligence strength. In addition, it should be noted that
indicators of the implementation of the capabilities of the
military formations of the sides in the identified model
may acquire negative meanings that can not be explained
in the physical sense. However, in view of the
mathematical interpretation, it can be argued that the
interaction rates are strongly influenced by the sign.
Indeed, the results of interaction in the first place is the
intensity of failures is reduced to the intensity of the task
of the enemy, in the case when the failure is caused only
by the task of the opposing side. In this case, the
interaction constants will be in the range from 0 to 1.

In addition, the number of tasks performed by the
sides (N1, N»o) is a rather ambiguous parameter,

which, in the case of not being related to the executor
(tasks), can acquire values from + oo to -oo, which is
physically incorrect. Therefore, it is proposed to accept
for the parameter N;, N5, within the limits of the

research, the ratio of uniform types of military elements
that are ready to perform tasks to the total number of
such elements.

Also, it is necessary to note several stationary
solutions of a given system of differential equations
[10]. So, N; =0, N, =0 with all the parameters, the

solution of the system can be described as an unstable

node, that is, it is impossible to predict the further
functions proceeding. If Ny =0, N, =ay/c, if
a; > by, /c, that solution of the system of equations is

a saddle if a; <bjp/c, — a stable node. These

conditions mean that one of the sides will be destroyed
if its own intensity of the tasks is less than a certain
critical value. This decision takes place and at N, =0,

a1Cy —aphyy

N; = a;/c; . The next decision N1 = :
C1C2 —byobyg

N, = C1P12 — 31Dy
C1C2 —byobyy
levels of the parties and is a stable node when the
b1y _ a <2%2
Co bay
Of course, this model can not be without the
appropriate “calibration” taking into account the actual
processes that affect the execution of tasks. However,
when using the model, even in this form, one can predict
the general proceeding of the functions of indicators of
the implementation of the capabilities of the military
formations of the sides for the given conditions, and
provide the necessary recommendations for increasing
the degree of implementation of capabilities.

characterizes roughly the ability

condition is fulfilled

Conclusions and further researches directions

Thus, the use of differential Lotka-\/olterra equations
in creating a model of military use of military formation
under mutual fire conditions will determine the dynamics
of changes in the level of capabilities of military
formation in the conditions of mutual fire impact of the
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sides and accordingly determine the critical level of
abilities (the point of bifurcation). In the future, based
on the information on the dynamics of changes in the
level of capabilities of the military formation and their
critical level, it is possible to provide recommendations
for changing these or other constants or, if possible, the
initial value of the parameter being studied.

Further research is proposed to be devoted to
refining the components of the identified model, in
particular, the constants and parameters under research.

References

1. Repilo YU.YE. (2001), "Vohneve urazhennya protyvnyka
i boyove zabezpechennya pry boyovykh diyakh u lokal nymu
konflikti v umovakh hirs’ko-lisystoyi mistsevosti.” [Enemy fire
defeat and combat support during fighting in local conflict
under mountainous and forest terrain conditions]: Tutorial,
NAOU, Kyiv, 56 p. [in Ukrainian].

2. Maystrenko O.V. (2016), "Udoskonalennya zmistu
pryntsypiv zastosuvannya raketnykh viysk i artylerii pid chas
vohnevoho urazhennya protyvnyka." [The content of principles
improving of missile troops and artillery using during enemy
fire] Collection of scientific works of the Center for Military and
Strategic Studies of the Ivan Chernoyakhovsky National
University of Defense of Ukraine. Kyiv, 2016. Issue MNe 3 (58).
pp. 75-80. DOI: https://doi.org/10.33099/2304-2745/2016-3-
58/75-80. (Accessed 29 May 2020). [in Ukrainian].

3. Adamchuk M.M, Norchuk YU.V., Luhovskyy LS. and
Mynko O.V. (2019), " Analiz sposobiv zastosuvannya artyleriyi
v zbroynykh konfliktakh." [Ways analysis of artillery use in
armed conflicts] Collection of scientific works. Odessa, 2019.
Issue Mo 1 (11). pp. 155-163. DOI: https://doi.org/ 10.37129/
2313-7509.2019.11.155-163 (Accessed 16 June 2020).
[in Ukrainian].

4. Shulgin V.E., and Fesenko Yu.N. (1997), " O kriteriyakh
ognevogo porazheniya ob’yektov i gruppirovok voysk v
operatsii." [On the criteria for fire destruction of objects and
groupings of troops in operations]. Military thought. Moscow,
1997. Issue No 6. pp. 58-64.

URL: http://militaryarticle.ru/voennaya-mysl/1997-
vm/9656-0-kriterijah-ognevogo-porazhenija-obektov-i.
(Accessed 26 May 2020). [in Ukrainian].

5. Kalinovskiy O.N. (1996), "Ob otsenke ognevykh
vozmozhnostey voysk v operatsii.” [On the assessment of fire
capabilities of troops in operations]. Military thought. Moscow,
1996. Issue No 5. pp. 52-56. URL: http://militaryarticle.ru/
voennaya-mysl/1996-vm/8805-ob-ocenke-ognevyh-vozmozhnostej-
vojsk-v-operacii . (Accessed 26 May 2020). [in Ukrainian].

6. Trotsenko KA. (2008), "O realizatsii boyevykh
vozmozhnostey takticheskoy gruppirovki voysk." [On the
implementation of combat capabilities of the tactical grouping
of troops]. Military Thought. Moscow, 2008. Issue No 6. pp.
70-75. URL:http://militaryarticle.ru/voennaya-mysl/2008-
vm/10159-o0-realizacii-boevyh-vozmozhnostej-takticheskoj.
(Accessed 27 May 2020). [in Ukrainian].

7. Buyanov B.B., Lubkov N.V. and Polyak G.L. (2007),
"Matematicheskaya model' dlitel'nogo vooruzhennogo konflikta"
[Mathematical model of long-term armed conflict]. Management

problems. Moscow, 2007. Issue No 5. pp. 48-51. URL:
https://cyberleninka.ru/article/n/matematicheskaya-model-
dlitelnogo-vooruzhennogo-konflikta/viewer. (Accessed 26 May
2020). [in Ukrainian].

8. Polyak G.L. (2011), "Matematicheskaya model'
ekonomicheskikh posledstviy vooruzhennogo protivostoyaniya
neravnykh po sile protivnikov." [A mathematical model of the
economic consequences of armed confrontation with unequal
opponents]. Mathematical and instrumental methods of
economics. Tambov, 2011. Issue No 12 (85). pp. 381-386.
URL: http://ecsocman.hse.ru/data/2012/10/03/1251351717/
81.pdf. (Accessed 27 May 2020). [in Ukrainian].

9. Polenin V.I. (2004), " Primeneniye veroyatnostnykh
modeley pri planirovanii  operatsiy [Application  of
probabilistic models in operations planning]. Military Thought.
Moscow. 2004. Issue No 3. pp. 54-55. URL: http://
militaryarticle.ru/voennaya-mysl/2004-vm/9430-primenenie-
verojatnostnyh-modelej-pri-planirovanii. (Accessed 28 May
2020). [in Ukrainian].

10. Bondarchuk S.S. and Perevozkin V.P. (2014),
"Matematicheskoye modelirovaniye v populyatsionnoy ekologii”
[Mathematical modeling in population ecology]: Tutorial,
TGPU, Tomsk 224 p. [in Ukrainian].

11. Maistrenko O.V., Karavanov O.A., Stegura S.l.,
Davidovsky L.S., and Spasun V.I.(2020) "Doslidzhennya
funktsionuvannya rozviduval 'no-vohnevoyi systemy shlyakhom
stvorennya modeli  vohnevoho urazhennya protyvnyka."
[Reconnaissance fire system functioning research by creating a
model of enemy fire destruction.]. Weapons and military
equipment. Kyiv, 2020.. Issue Ne 2 (26). pp. 50-58. [in
Ukrainian]. DOI: https://doi.org/10.34169/2414-0651. 2020.2
(26).50-58.

12 Uhm, H., Lee, Y..(2019) , "A Heuristic Algorithm for
Weapon Target Assignment and Scheduling.” [ A Heuristic
Algorithm for Weapon Target Assignment and Scheduling].
Military Operations Research. 2019. Issue Ne 24(4). pp. 53-
62. DOI:http://doi.org/10.5711/1082598324453. (Accessed 28
May 2020). [in Ukrainian].

13. Maistrenko O.V., Repilo YU.YE. and Demidko D.L.
(2015), "Vyznachennya oblasti dotsil'nykh znachen’ dlya
pokaznykiv tochnosti ta raptovosti vohnyu artylerii (udariv
raket)." [Determination of appropriate values range for
indicators of accuracy and suddenness of artillery fire (missile
strikes)]. Modern information technologies in the field of
security and defense. Kyiv, 2015. Issue Ne 1 (22). pp. 79-83.
URL: http://nbuv.gov.ua/UJRN/sitsbo_2015 1 15. (Accessed
28 May 2020). [in Ukrainian].

Cnucox giteparypu

1. Penino FO. €. Bocnese ypasicenns npomushuxa i 6otioge
3a6e3neuents npu Oolosux OiX y JOKATbHOMY KOHDIIKMI 6
VYMOBAX ZIPCHKO-TICUCMOT MiCYe80CMI - HABUANbHUL NOCIOHUK.
Kuis: HAOY, 2001. 56 c.

2. Maiicmpenxo O. B. Yoockonanenns smicmy npuryunie
3ACOCYBAHHS PAKEMHUX BIlICbK | apmunepii ni0 uac eoeHe-
8020 YPadCeHHs: NPOMUSHUKA. 30IpHUK Haykoeux npays Llenmpy
BOCHHO-cMpame2iyHux 00cniodxceny HayionaneHozo yHieepcu-
memy oboponu Ykpainu imeni leana Yepuaxoecvroeo. Kuis.
2016. Ne 3(58). C. 75-80. DOI: https://doi.org/ 10.33099/ 2304-
2745/2016-3-58/75-80. (0ama 3seprnenns: 29.05.2020).

© 0O.B. Maiictpenko, A.A. Illep6a, B.A. IOnna, O.A. KapaBanos



32 BiticbkoBo-TexHIUHMH 301 pHIK

2312020

3. Aoamuyk M. M, Hopuyx FO. B., Jlyzoscexuii I. C.,
Munvko O. B. Ananiz cnocobie 3acmocyeanms apmunepii 6
30pounux Kougnixmax. 30ipnux Haykosux npays. Odeca.
2019. M 1 (11). C. 155-163. DOI: https://doi.org/ 10.37129/
2313-7509.2019.11.155-163 . (dama 3eeprnenns: 16.06.2020).

4. Hlynveun B. E., @ecenxo 10. H. O kpumepusx ocnesozo
nopasicenusi 06vLeKMo8 U 2PYNNUPOBOK GOUCK 6 onepayuil.
Boennas mvicis. Mockea1997. Ne 6. C. 58 — 64. URL: http:/
militaryarticle.ru/voennaya-mysl/1997-vm/9656-o-kriterijah-
ognevogo-porazhenija-obektov-i. (dama 3eeprenns: 26.05.2020).

5. Kanunosckuii O.H. O6 oyenxe ocHesblx 603MOdMC-
Hocmell 6otick 6 onepayuu. Boennas mviciv. Mocksa. 1996.
MNe 5. C. 52-56. URL: http://militaryarticle.ru/voennaya-mysl/
1996-vm/8805-0b-ocenke-ognevyh-vozmozhnostej-vojsk-v-
operacii. (0ama 3eepnenns: 26.05.2020).

6. Tpoyenro K. A. O peanuzayuu 60e6bix 603MOHCHOCHIEN
MAaKmu4eckoll epynnuposku 8olick. Boennas mvicne. Mocksa.
2008. M2 6. C. 70— 75. URL: http://militaryarticle.ru/ voennaya-
mysl/2008-vm/10159-o-realizacii-boevyh-vozmozhnostej-
takticheskoj. (0ama seepuenns: 27.05.2020).

7. byamnos B. b., JIyoxoe H.B., llonax I'.JI. Mamema-
mu4eckas Mooens ONUMeNbHO20 80OPYIHCEHHO20 KOHDIUKMA.
Ipobnemwvr  ynpasnenus. Mocksa. 2007. Neb. C.48-51.
URL: https://cyberleninka.ru/article/n/matematicheskaya-model-
dlitelnogo-vooruzhennogo-konflikta/viewer. (dama 3eepnenns:
26.05.2020).

8. Honsax I'.JI. Mamemamuueckas mooenb 3KOHOMUYEC-
KUX NOCIe0Cmeuti 600PYICEHHO20 NPOMUBOCOAHUA HEPABHBIX

no cune npomusHukog. Mamemamuyeckue u UHCmpymeHmansbHole
memoovt sxoHomuxu. Tambos. 2011. Ne12(85). C.381 — 386.
URL: http://ecsocman.hse.ru/data/2012/10/03/1251351717/
81.pdf. (0ama 3seprenns: 27.05.2020).

9. Monenun B. H. [lpumenenue 6eposimHOCMHbIX MOOerell
npu naanupoganuu onepayuil. Boennas mvicis. Mockea. 2004.
Me 3. C.54-55. URL: http://militaryarticle.ru/voennaya-mysl/
2004-vm/9430-primenenie-verojatnostnyh-modelej-pri-
planirovanii. (0ama seepnenna: 28.05.2020).

10. bonoapuyx C. C., Ilepesoskun B. I1. Mamemamuueckoe
MOOETUPOBaHUe 8 NONYIAYUOHHOU IKONOSUU: YyueOHOoe nocodue.
Tomck: TI'TTY, 2014. 224 c.

11. Maiicmpenxo O. B., Kapasanog O. A., Cmezypa C. 1.,
Hasuooscexuii JI. C., Cnacyn B. 1. Hocnioscenna gynxyio-
HYBAHHS PO36I0YBANLHO-602HEB0I CUCTNEMU ULTIAXOM CINBOPEHHS
MoOeni 6ocneso20 ypadicenns npomugnuka. O36poenns ma
siticbkosa mexnixa. Kuig. 2020. Ne 2(26). C.50-58. DOI:
https://doi.org/10.34169/2414-0651.2020. 2(26).50-58.

12. Uhm, H., Lee, Y. A Heuristic Algorithm for Weapon
Target Assignment and Scheduling. Military Operations
Research. 2019. MNe 24(4), C.53-62. DOI: http://doi.org/-
10.5711/1082598324453. (0ama 36eprenns: 28.05.2020).

13. Maiicmpenxo O. B., Penino FO. €., Hemuoxo J.JI.
Busnauenns obnacmi OoyinbHux 3HaueHv Osl NOKA3ZHUKIG
mounocmi ma panmosocnii 6o2nio apmunepii (yoapie paxem).
Cyuachi ingpopmayitini mexnonoeii' y cgpepi 6esnexu ma 00opoHu.
Kuis. 2015. Ne 1(22). C.79-83. URL: http://nbuv.gov.ua/-
UJRN/sitsbo_2015 1 _15. (0ama 3eepnenna: 28.05.2020).

Buxopucranus qudepenniiinnx pisusanb Jlorku-BosibTepa 1151 cTBOpeHHsI MojieJTi 60H0BOro 3acTOCyBaHHS BilicbKOBOI0

¢opmyBaHHsI B yMOBaX BOTHEBOI0 B32€MOBILIUBY

0O.B. Maiictpenko, A.A. Illep6a, B.A. IOnma, O.A. KapaBanos

TIposedenuii ananiz 30poliHUX KOHPIKMIE OCMAHHIX 0eCAMUPIY 00380/I8€ CIMBEPOICYBAMU, WO KINbKICHA nepesasa 8 Cunax

i 3acobax He 3a62c0uU 3a6e3neyye YeniuHe UKOHAHHs O0U08UX 3a60aHb. Jlocums 4acmo 3 yCiei CyKynHOCmI YuHHUKI@ HA nepuiull

naan 8UCIMYNAE Opeanizayis 60106020 3ACMOCYBAHHSA GILICLKOBUX (POPMYBAHL MA BO2HEBO20 YPAIICEHHA NPOMUBHUKA.

Pezynomamu ananizy 0ocniodxcets, sSKi npoGOOUNUCH WOOO0 GUIHAYEHHS CHPOMONCHOCHEN BIUCbKOB020 (DOPMYBAHHS &

npoyeci 60106020 3aCMOCY8anHs Ma 602Hee020 ypaicenns npomushuxa (BYII), nokaszyioms, wo 3a3naueni cnpoMojICHOCHI
06a3yI0OmvbCsa HA CIMAMUYHOMY BUSHAYEHHT KITbKICHO20 CKIAdY CUT i 3ac00i8 CIMOPIH 3 YPAXY8aHHAM iX AKICHUX XAPAKMEPUCMUK
yepes 8i0N0GIOHI koegiyicumu. Takuil nioxio He 6PAX08YE OUHAMIKY 3MIHU CHPOMONCHOCHIEL BIICK0B020 (hOPMYBAHHS 8 Npoyeci
601108020 3acmocysanns. Ha oymky asmopis, Oinbiu nepcneKmugHUMU € NOULYK (DYHKYIOHATbHUX 83AEMO38 A3KI8 Y BIlICbKOBOMY
Gopmyeanni ma ix peaxyia na 3miny ymog. OOHax, 3a3HaUeHi NUMAHHA € HeOOCMAMHLO O0CTIONCEHUMU, WO He NOBHOI MIPOI0
00360J1A€ 8PAXY8amMuU OUHAMIKY B3AEMHOI 3MIHU CNPOMOICHOCHEN BilICbKOBO2O (YOPMYBANHSA 8 YMOBAX BOSHEB020 B3AEMOBNIUBY
Ma GUIHAMUMU KPUMUYHUL PIGEHb 03HAYEHUX cnpomodchocmetl (mouky bigyyprayii).

Y emammi posenadacmoca modcnugicmo suxopucmanus ougepenyitinux pisuans Jlomxu-Bonemepa npu cmeopenni mooeni
6011068020 3ACMOCYBAHHS BilICLKOBO20 (YOPMYBANHS 8 YMOBAX BOZHEBO20 B3AEMOBNIUBY.

Jlani piHAHHA WUPOKO 3ACTNOCOBYIOMbCA NPU OOCTIONHCEHHT OUHAMIKU pocmy Nonyaayii Oi0N02iYHUX 6UdI8 3a YMOSU ix
KoHKypenyii (Konu 06udei cmoponu € xusxcakamu). Jo 0CHOGHUX 2inome3 npu GUKOPUCAHHT UIYE3A3HAYECHUX PIBHANb GIOHOCAMbCA
Hacmynui: npunacu, HeoOXiOHi 01 pocmy, abo € 6 HeoOMedCeHill KitbKocmi, abo iX HAOXOOMCEHHS 3 YACOM JHCOPCMKO
peanamenmosane; 0I0I02IYHI 8UOU 3a80al0Mb 30UMKIE 0OUH OOHOMY, NPUYOMY 6 OOUHUYIO YACY KINbKICMb 8Mpam 3aicou
nponopyitiHa 6ipocioHocmi 3ycmpiui 0COOUH Yux 080X 8U0i8.

3acmocyeanns pienane Jlomku-Bonemepa 0036015€ @u3HAUUMU OUHAMIKY 3MIHU DIGHA CHPOMOJICHOCEN BIliICbKOBO2O
Gopmyeants 8 ymosax 63acMHO20 BO2HEB020 6NAUBY CIOPIH MA 8iON0GIOHO BUSHAYUMU KPUMUYHULL DIBeHb CHPOMOJICHOCEN, d 8
nooanvuiomy, Ha niocmasi yiei ingpopmayii, Haoamu pexomerHoayii Wooo 3IMIHU MUX YU THUUX KOHCINAH.

Knrouosi cnosa: cnpomodicnocmi GiticbKo8020 (PopMyBaHHs, BO2HE8e YPAXNCEHHS NPOMUBHUKA, Oughepenyilini pieHAHHA
Jlomku-Boremepa.
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Hcnonb3oBanne nuddepennnaibHbIX ypaBHeHuii JIorku-BoabTepa 175 co3nanus monaesn 60eBOro npuMeHeHust
BOEHHBbIX ()OPMHUPOBaAHMII B YCJI0BMAX OTHEBOr0 B3aUMOBJIMSIHUS

A.B. Maiicrpenxo, A.A. Illep6a, B.A. FOnma, A.A. KapaBanos

TIposedennvlil ananu3s 600PYHCEHHBIX KOHGPDIUKINOE NOCIEOHUX 0ecAmuiemutl NO360Jem YMEepi coams, 4mo npeodiadanue 8
CUNax u cpedcmeax He éce20a obecneuusaem yCneuiHoe 6blnoaHeHue 60esblx 3a0au. JJ0BOIbHO YACMO U3 6Cell COBOKYNHOCU
haxmopos Ha nepeviil NIAH BbLIXOOUM OP2AHU3AYUSL 6OEB020 NPUMEHEHUS BOUHCKUX (POPMUPOBAHUL U OZHEBO20 NOPAIICEHUsS
NPOMUBHUKA.

Pesynvmamovl ananuza ucciedo8anutl, NPOBOOUMbIX 1O ONPEOETIEHUIO BO3MONCHOCMEN BOUHCKO20 (HOPMUPOBAHUS 8 npoyecce
60e6020 NPUMEHEHUS U 02HE8020 NOPAJICEHUs NPOMUSHUKA, NOKA3BIBAION, YMO YKA3AHHbIE BO3MOJICHOCMU OA3UPYIOMCA HA
CMAMU4ecKom onpedeienuu KOMUYeCmeeHH020 COCMasa Cuil U CpeoCcms CMOPOH ¢ YYemOM UX KAYeCMBEHHbIX XapaKmepucmux
yepes coomgemcmeyrouue kodgguyuenmol. Takoil n00x00 He yuumvléaem OUHAMUKY USMEHEHUS 803MOICHOCTEU 80UHCKO20
@opmuposanus 6 npoyecce 60e6020 npumenenus. I1o MHeHUrO aemopos, boiee NEPCNEeKMUBHBIMU AGNAIOMCSA NOUCK QYHK-
YUOHATILHBIX 83AUMOCEA3Ell 8 BOUHCKOM (POPMUPOBAHUU U UX Pearyusi HA usmeHenue yciaosui. OOHAKO, YKA3AHHbIE BONPOCHL
AGNAIOMBCA HEOOCAMOYHO UCCIE008AHHBIMU, YMO He 8 NONHOU Mepe NO360J5em YYecnb OUHAMUKY 83AUMHO20 USMEHEHUs
B03MONCHOCTEL BOUHCKO20 (YOPMUPOBAHUS 8 YCIIOBUAX OSHEB020 G3AUMOBTUSHUA U ONPEOSTUMb KPUMUYECKULL YPOBEHb YKA3AHHBIX
so3modicnocmet (mouxy ougyprayuu).

B 0annoii cmamve paccmampugaemcs 603MOMCHOCHIb UCHOTb3068aHUs QU deperyuanvhblx ypasrenui Jlomxku-Bonomepa
npu co30aHUU MOOETU 608020 NPUMEHEHUS. BOUHCKO20 (POPMUPOBAHUS 8 YCILOBUAX OSHEBO20 B3AUMOBTUAHUA.

Jannvie ypasHeHus wupoxko NPUMEHAIOMCA NPpU UCCILe008aHUU OUHAMUKY POCMA NONYIAYUU OUONOSUECKUX BUA08 NpU
yeaoguu ux Konkypenyuu (kozda obe cmoponvt agasiomes xuwynukamu). K ocnognbiv cunomesam npu ucnoiv306anuu vlule-
VKA3GHHBIX YPAGHEHUI OMHOCAMCS Cledyrouue’. nPUnacsl, Heobxooumvle OJisk pOCMa, Wil eCimb 8 HeO2PAHUYEHHOM KOudecmse,
WU UX NOCMYNJIEHUE CO 8PEMEHEM HCECHKO PelAMEHMUPOBAHO; OUON02UYECKUe BUObL HAHOCAM Yuepd Opye Opyay, npuiem 6
COUHUYY 8PEeMEHU KOTUUECBO NOMEPb 8Ce20d NPONOPYUOHATLHO 8EPOAMHOCHIU 6CIPeYU 0CODell Smux 08X 8U008.

Tpumenenue ypasrenuii Jlomxu-Boromepa noseonsem onpedenums OUHAMUKY USMEHEHUS. YPOBHA BO3MOICHOCIEN BOUHCKO2O
DOpMUPOBAHUA 8 YCIIOBUSX 83AUMHO20 OZHEBO20 BO30€UCMBUS CHOPOH U, COOMBEMCMEEHHO, ONPEOeumb KPUMUYECKUll yPOBEHb
603MOJICHOCEl, a 8 OanbHeluweM, HA OCHOBAHUU IMOU UHpopMayuu, 0ams PeKOMeHOAyuu NO USMEHEeHUI0 mex UlU UHbIX
KOHCMAHM.

Kniwouegvie cnosa: 603modcHOCmU 80UHCKO20 (OPMUPOBAHUS, O2HeBOe nopadiceHue NPOMusHUKA, oup@epenyuanshvle
ypasnenus Jlomxu-Bonvmepa.
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