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ABSTRACT

Context. As part of the automation of the fire control system of rocket artillery combat vehicles, in relation to the preparation of
data for firing and fire control, the information and computing process of this system has been improved, namely, the mathematical
model of the method of fully preparing the determination of installations for firing projectiles used in rocket salvo fire systems has
been improved. In the system of differential equations of the mathematical model of the information and computing process of the
component of the automated fire control system of combat vehicles of jet artillery, weighting functions for air temperature, wind
influence for the active and passive sections of the projectile flight trajectory and the section of the opening of combat elements have
been introduced, which allows determining the weighting coefficients for them for each projectile type.

Objective. To improve the information and calculation component of the automated fire control system of combat vehicles of
reactive artillery, by improving the mathematical model of the method of full preparation of the determination of installations for
firing on damage. Having proposed a system of differential equations that will take into account the weighting functions of air
temperature, wind influence for active and passive sections of the projectile flight path and the section of the opening of combat
elements, and will also give the opportunity to determine weighting coefficients for each type of projectile based on them, which in
turn will lead to an increase the accuracy of determining firing settings.

Method. The proposed analytical method allows: to calculate the weighting coefficients for each type of rocket, characterizing
the process of the approach of the rocket flight to the tabular trajectory and to set the initial conditions necessary for solving the
differential equations of the mathematical model of the information-computing process of the component of the automated fire
control system of combat vehicles of rocket artillery; to increase the accuracy of determining firing positions when performing firing
tasks, which makes it possible to quickly respond to a change in the combat situation by means of changes in the software-
mathematical process of the automated fire control system; effectively and efficiently ensure the development or clarification of
textual and graphic administrative and combat documents based on the results obtained using differential equations of the
mathematical model of the information-computational process of the component of the automated fire control system.

Results. The improved information and calculation component of the automated fire control system of combat vehicles of jet
artillery was tested during the conduct of hostilities. The system of differential equations of the mathematical model of the
information-computing process of the component of the automated fire control system of combat vehicles of reactive artillery ensures
a timely response to a change in the situation in the information-computational process of the component of the automated fire
control system of combat vehicles of reactive artillery during firing and fire control. Provides an opportunity to efficiently and
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quickly ensure the development or clarification of textual and graphic administrative and combat documents based on the

information received during the execution of fire missions.

Conclusions. The calculations based on the proposed system of differential equations confirm the improvement of the
information-calculation component of the automated fire control system of jet artillery combat vehicles and allow timely response to
changes in tasks in the information-calculation process during firing and fire control, as well as effectively and quickly ensure the
formation of formalized messages and documents based on the information received during the execution of a fire mission by units of
reactive artillery. Prospects for further research are the creation of agreed mathematical methods, models, algorithms and programs
for the implementation of the goals and tasks of firing and fire control when compiling Firing Tables for prospective or received

combat vehicles of reactive artillery from partners.

KEYWORDS: automated control system, information and calculation component, mathematical model, system of differential
equations, approximation of the functions of the real distribution law, weight functions for air temperature, wind influence.

ABBREVIATIONS

AFCSRSEFS is an automated fire control system of
reactive salvo fire systems;

AMS is an automated management system;

ICC is an information and calculation component;

M is a mathematical model;

TAS is a trajectory active section;

TPS is a trajectory passive section;

WFTS is a warhead flight trajectory section;

FP is a full preparation.

NOMENCLATURE

a, is arocket projectile jet acceleration;

p

a,. is an azimuth of the rocket projectile launch;

7

a,. is an acceleration of the air drag force of a rocket

X
projectile by TAS;
B is a width of the starting position;

v, . . .
C, (ﬂj is an aerodynamic coefficient of the
a

respective projectile;

Cx,, (%} is an aerodynamic coefficient of the
reference projectile;
d is a charge caliber;
E X, is a total errors of full preparation by range for
t
the existing method without taking into account the
geophysical conditions of firing, combined influence of
air temperature, ground atmospheric pressure, wind
influence, with entered wind coefficients of direct and
cross wind for 9M2I1HE rockets separately for the
indicated sections of the trajectory;
E X2 is a total errors of full preparation by range for
t
the existing method without taking into account the
geophysical conditions of firing, combined influence of
air temperature, ground atmospheric pressure, wind
influence, with entered wind coefficients of direct and
cross wind for 9M27HE rockets separately for the
indicated sections of the trajectory;
E X3 is a total errors of full preparation by range for
t
the existing method without taking into account the
geophysical conditions of firing, combined influence of
air temperature, ground atmospheric pressure, wind
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influence, with entered wind coefficients of direct and
cross wind for 9M55C rockets separately for the indicated
sections of the trajectory;

E;('/, is a total errors of full preparation by range for
the existing method, taking into account the geophysical
conditions of firing, the combined effect of air
temperature and ground atmospheric pressure, the effect
of wind, with the entered wind coefficients of direct and
cross wind effect on 9M21HE rockets separately for the
indicated sections of the trajectory;

E;(Z is a total errors of full preparation by range for
J

the existing method, taking into account the geophysical
conditions of firing, the combined effect of air
temperature and ground atmospheric pressure, the effect
of wind, with the entered wind coefficients of direct and
cross wind effect on 9M27HE rockets separately for the
indicated sections of the trajectory;

E;(3 is a total errors of full preparation by range for
J

the existing method, taking into account the geophysical
conditions of firing, the combined effect of air
temperature and ground atmospheric pressure, the effect
of wind, with the entered wind coefficients of direct and
cross wind effect on 9M55C rockets separately for the
indicated sections of the trajectory;

E 7 is a total errors of full preparation by direction
for the existing method without taking into account the
geophysical conditions of firing, the combined influence
of air temperature and ground atmospheric pressure, wind
influence, with the entered wind coefficients of direct and
cross wind influence on 9M21HE rockets separately for
the indicated sections of the trajectory;

E z is a total errors of full preparation by direction
for the existing method without taking into account the
geophysical conditions of firing, the combined influence
of air temperature and ground atmospheric pressure, wind
influence, with the entered wind coefficients of direct and
cross wind influence on 9M27HE rockets separately for
the indicated sections of the trajectory;

E is a total errors of full preparation by direction
Y

for the existing method without taking into account the
geophysical conditions of firing, the combined influence
of air temperature and ground atmospheric pressure, wind
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influence, with the entered wind coefficients of direct and
cross wind influence on 9MS5C rockets separately for the
indicated sections of the trajectory;

E é1 is a total errors of full preparation by direction
1

for the existing method, taking into account the
geophysical conditions of firing, the combined influence
of air temperature and ground atmospheric pressure, wind
influence, with the entered wind coefficients of direct and
cross wind influence on 9M21HE rockets separately for
the indicated sections of the trajectory;

E éz is a total errors of full preparation by direction
I

for the existing method, taking into account the
geophysical conditions of firing, the combined influence
of air temperature and ground atmospheric pressure, wind
influence, with the entered wind coefficients of direct and
cross wind influence on 9M27HE rockets separately for
the indicated sections of the trajectory;

E é}; is a total errors of full preparation by direction
for the existing method, taking into account the
geophysical conditions of firing, the combined influence
of air temperature and ground atmospheric pressure, wind
influence, with the entered wind coefficients of direct and
cross wind influence on 9MS5C rockets separately for the
indicated sections of the trajectory;

F(t,X) is a right part of the system;

Oe
direction of fire of the respective firing range, considering
meteorological firing conditions;

0; 1s a turn to the

is an estimated turn on the target from the main

target not considering
meteorological conditions;

Fyg (VT ) 1 an air resistance law;

go 1s an acceleration of gravity;

AH is a deviation of ground pressure from the table
value at the height of the starting position;

AH 1is a ground air pressure at the height of the
firing position;
i, is arocket projectile shape coefficient by TAS;
i, is a coefficient of the shape of the rocket projectile
by the TPS;

I}y is a table value of a single traction pulse;
icy 1s a coefficient of the rocket projectile shape by

the WFTS;
K is a coefficient that takes into account the effect of

the temperature of the reactive charge on a single thrust
pulse;

K, is a coefficient that takes into account the effect of
the jet engine’s operating time;

my 1is a mass of the rocket projectile;

qo 1s a total weight of the projectile;

q, 1s arocket projectile weight by the TAS;
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qcy 1s a rocket projectile weight by TPS;

q, 1s arocket projectile weight by the TPS;

Aqg is a deviation of the projectile weight from the
table value;

Ry is an Earth’s radius;

S is a sight of the appropriate firing range taken from
the firing tables;

S, is an estimated sight of the appropriate range of

firing rocket projectiles considering meteorological firing
conditions;
AS,, is a correction factors of the sight for deviations

of geophysical conditions from the table value;

ASy is a sight correction coefficient for the deviation
of the ground atmospheric pressure from the table value at
the height of the firing position;

ASy, is a sight correction coefficient for the

deviation of the ground atmospheric pressure from the
table value at the height of the target;
AS;, is a sight correction factors for the target

exceeding the starting position;
ASy is a sight correction factors for ballistic

deviation of air temperature from the table value;
ASt . is a sight correction factors for the combined

effect of deviations of air temperature and ground air
pressure from the table value;

ASr is a sight correction
pe

coefficient for the temperature deviation of powder
charges of the main engine;
ASy  is a sight correction coefficient of the sight for
Plq

sight correction

the deviation of the temperature of the powder charges of
the engine, which corrects the projectile on the trajectory,
from the table value;

ASy, is a correction coefficient of the sight

according to the longitudinal component of the ballistic
wind within the TAS;
ASy  is a correction coefficient of the sight

according to the longitudinal component of the ballistic
wind within the TPS;
ASy  is a correction coefficient of the sight

according to the longitudinal component of the ballistic
wind within the WFTS;
t' is a rocket projectile flight time;

t, 1is an estimated time of opening of the projectile

warhead of the respective firing range, considering the
meteorological conditions of firing;

ty 1is ajet engine start-up time;

Aty is a projectile warhead opening time correction
factors for deviation of the ground atmospheric pressure
from the table value at the height of the starting position;
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Aty is a projectile warhead opening time correction

factors for geophysical conditions deviation from the
table value;

At;, is a projectile warhead opening time correction
factors for for exceeding the target over the starting
position;

Aty is a projectile warhead opening time correction

a
factors for ballistic deviation of air temperature from the
table value within the entire trajectory of the projectile;

Atr is a projectile warhead opening time correction

factors for the combined effect in air temperature and
ground air pressure deviations;
Aty is a projectile warhead opening time correction
pc

factors for deviation of the temperature of main engine
powder charges;
Aty 1s a correction coefficient of the opening time

of the main part of the projectile according to the
longitudinal component of the ballistic wind within the
limits TAS;

Aty is a correction coefficient of the opening time

of the main part of the projectile according to the
longitudinal component of the ballistic wind within the
limits TPS;

Aty is a correction coefficient of the opening time

of the main part of the projectile according to the
longitudinal component of the ballistic wind within the
limits WFTS;

AT is a ballistic air temperature deviation within the
full trajectory;

AT, is a ballistic air temperature deviation;

AT, is a ballistic deviation of air temperature from
the table value within the entire trajectory of the
projectile;

AT, is a deviation of the temperature of the main

engine charges from the table value;

AT, is a deviation of the temperature of the engine

charges, which corrects the projectile on the trajectory,
from the table value;

T is a charge temperature;
V' is a rocket projectile flight speed;

V is a rocket projectile acceleration;

V. is a relative speed of rotation of the rocket
projectile;
V.. is a relative velocity of the projectile, considering

the air temperature;
W, is an average wind speed value by TAS;

W,

ax

by TAS;
Waz

TAS;

is a longitudinal component of the ballistic wind

is a lateral component of the ballistic wind by
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Wey 1s an average wind speed by WFTS;
Weu, is a longitudinal component of the ballistic

wind by WFTS;
Wey . is a lateral component of the ballistic wind by

WEFTS;
W, is a wind speed average value by TPS;
an

TPS;
W, is a longitudinal component of the ballistic wind;

is a longitudinal and lateral wind components by

W, is a lateral component of the ballistic wind;
W,

. 18 a longitudinal component of the ballistic wind

by WFTS;

X, 1is a rocket active section projectile flight
trajectory length;

X, 1is a rocket projectile passive section flight

trajectory length;
X, 1s a rocket projectile warhead flight trajectory
length;

X, ¥, Z is a current value of the velocity changes of
the projectile coordinates;

Y, is a rocket projectile active section flight

trajectory final point;

Y, is a rocket projectile passive section flight
trajectory final point;
Y, is a height of the rocket projectile flight trajectory;
y is a geometrical height;

AZ,. is a correction in the direction of deviation of

geophysical conditions from the table value;

AZy is a correction factor in the direction of the
lateral component of the ballistic wind within the limits
TAS;

AZy,  is a correction factor in the direction of the
lateral component of the ballistic wind within the limits
TPS;

AZy is a correction factor in the direction of the
lateral component of the ballistic wind within the limits
WEFTS;

oW, is an average value of the wind directional angle
by TAS;

oW 1s an average value of the wind directional
angle by WFTS;

oW, is an average value of the directional wind angle
by TPS;

C, (V) is an aerodynamic coefficient of force of
frontal air resistance;

0 is a projectile throwing;

0 is arate of change of the throwing angle;

v is a speed of change of direction of the projectile;
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Yaw 1s @ wind coefficient of direct effect of wind on

TAS;

Yaur 1s @ wind coefficients of the cross effect of the
wind on TAS;

Ycu,, is a wind coefficient of direct effect of wind on
WEFTS;

Ycu,, is a wind coefficients of the cross effect of the
wind on WFTS;

u, is a jet engine of a rocket projectile fuel
consumption coefficient;

Tc( y) is an atmospheric pressure with height
distribution function;

o; is an interval on the abscissa axis, on which is
defined TAS;

o, is an interval on the abscissa axis, on which is
defined TPS;

o3 is an interval on the abscissa axis, on which is
defined WFTS;

T,y 1s a table operating time of the rocket projectile
jet engine;

At is a deviation of the virtual air temperature by
TAS, TPS, WFTS from table value;

T,, is a distribution of virtual temperature with change

of height;

Toy 1s a table value of the virtual air temperature on
Earth;

Y is a rocket projectile angle of penetration;

Qp is an angular velocity of the Earth’s rotation;

oy 1s a rocket projectile weight.

INTRODUCTION

The analysis of the liberation struggle in Ukraine from
the muscovites points to the imperfection of the existing
MM of the method of fully preparing the determination of
firing units of the ICC of the automated fire control
system of combat vehicles of reactive artillery. In real
conditions, the calculation using the existing MM of the
method of fully preparing the determination of firing units
of the ICC of the automated control system will be
accompanied by a large number of stages of calculation of
weighting factors taking into account ballistic deviations
of air temperature and ballistic wind, which will increase
the time for the formation of formalized reports and
documents on the basis of the received information and
will lead to the non-fulfillment of the combat mission due
to the irrelevance of the goal. And will also cause a
decrease in the accuracy of the projectile falling from the
target to 1.6-1.9% in the range and 0-05 — 0—13 divisions
of the protractor in the direction [15].

The existing MM of the method of complete
preparation of the determination of firing settings of the
ICC of the automated control system shows that
corrections for the deviation of meteorological, ballistic
and geophysical conditions from tabular values are taken
into account separately for each section of the projectile
flight path, and when calculating corrections for range
and direction approximately, correction coefficients are
taken into account that characterize the deviation of the
projectile in terms of range and direction from the tabular
point of fall at all heights of the trajectories (Table 1).

Table 1 — Correction coefficients for calculating corrections in sight and direction

Correction factors for calculating deviations in
sight direction
Rion | ASye m AS . M AS\yr. m AS,,m AS, . m AZ,yge. m AZy . m AZ,p m
lm/s lm/s Im/s 1 mm.m. c 10° C lm/s lm/s lm/s
30 76 22 70 49 60 15 11 56
40 46 16 41 45 34 22 26 42
50 49 48 35 62 14 30 36 37
60 59 56 42 78 16 39 42 40
70 68 55 52 90 53 47 43 45

Analyzing the data presented in Table 1, it can be
concluded that the effect of the longitudinal wind on the
movement of the projectile in the active section of the
trajectory (TAS), the passive section of the trajectory
(TPS) and the section of the flight trajectory of combat
elements (WFTS) is approximately the same, with the
exception of distances from 30 up to 40 km, where the
influence of the bucket on the PDT is 2-2.5 times less
compared to its influence within the ADT and on the
DTPBE, and the effect of the side wind within the ADT
and PDT is identical at all firing ranges, except for the
DTPBE in 2-3 times higher than the impact on ADT and
PDT at distances of 30—40 km.
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1 PROBLEM STATEMENT

The main shortcomings of the MM of the method for
the complete preparation of determination of settings for
firing the ICC of the automated control system during the
calculation of the values of the settings for defeating
individual and lightly armored targets are: the accuracy of
determining the median deviations in range and direction;
failure to take into account the weighting factors for
accounting for ballistic deviations of air temperature and
ballistic wind on the active and passive sections of the
trajectory, as well as on the flight section of combat
elements. And also the imperfection of: mathematical
(numerical) methods of solving problems in the ICC of
the automated control system regarding the approximation
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of the functions of the real law of distribution [2, 7, 12];
differential equations of the MM of the method of full
preparation for determining the installations for shooting,
the information-calculating component of the automated
control system for determining the meteorological,
ballistic, topographic and geophysical conditions of
shooting [1, 6]. An important direction of the accuracy of
the calculation of the correction values for the deviation
of the meteorological conditions of shooting from the
tabular values, using a MM of the method of full
preparation of the determination of the settings for
shooting information-calculation component of the
automated system management, there is an approach
based on the approximation of the functions of the real
distribution law of the deviations of meteorological
factors from tabular values, which can be described by the
corresponding distribution ratios expressed by the algebra
of intervals [18, 20].

The existing approaches to the approximation of the
functions of the real law of the distribution of deviations
of meteorological factors from tabular values in the
system of differential equations of the MM of the
information-computing process of the component of the
automated fire control system of combat vehicles of
reactive artillery have a number of significant
shortcomings.

The main ones are: replacing real distribution laws
with linear ones, which leads to significant errors in the

calculation of meteorological corrections and is
approximate; increased efficiency of calculating the
values of corrections for the deviation of meteorological

shooting conditions from tabular values, which
significantly —affects the calculation time, and,
accordingly, the efficiency and speed of forming

formalized messages and documents based on the
received  information;  separate  accounting  of
meteorological conditions on the sections of the
trajectory, which significantly complicates and reduces
the accuracy of calculations of weighting factors to take
into account ballistic deviations of air temperature and
ballistic wind [6, 9, 10].

The existing MM of the method for the complete
preparation of the determination of firing positions of the
ICC of the automated fire control system of jet artillery
combat vehicles, namely, the system of differential
equations does not take into account the weighting factors
on the active, passive sections of the trajectory and the
section of the flight of combat elements, which leads to
errors during calculation of firing settings and, as a result,
affects the deviation of the projectile from the target in
terms of range and direction by up to 5-7%. And this
significantly reduces the efficiency and speed of forming
formalized messages and documents on the basis of the
received information and, accordingly, defeating the
target (Table 2).

Table 2 — Deviation of projectiles by range and direction at the values of the determined meteorological conditions

ka in sight, m in direction, m
Wy =15mfs | W, =20m/s | W, =15m/s | AHy =20 mmm.c|T, =20°C | W, =15 mfs | W, =20m/s| W, =15m/s
30 1140 440 1050 980 1200 225 220 840
40 690 320 615 900 680 330 520 630
50 735 960 525 1240 280 450 720 555
60 885 1120 630 1560 320 585 840 500
70 1020 1100 780 1800 1060 705 860 675

Let’s consider one of the components of the
information and calculation process of the AMS. The
component is related to the determination of the settings
for shooting, the calculation of the values of corrections
for the deviation of meteorological conditions from the
tabular conditions by evaluating the proposed method of
their determination.

Calculation of settings for firing is carried out using
mathematical dependencies, taking into account the
tabular deviation values: ground atmospheric pressure at

the height of the firing position (AHO), ballistic air
temperature deviation within the full trajectory (AT),
ballistic air temperature deviation (AT, ), longitudinal

and lateral components of the ballistic wind (W, 7, ).

In the MM of the method of complete preparation of
the determination of firing units for hitting the ICC of the
automated fire control system of combat vehicles of jet
artillery, during the calculation of the values of
corrections for the deviation of meteorological conditions
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from the tabular ones, the flight path of the jet projectile is
divided into three sections: trajectory active section;
trajectory passive section; warhead flight trajectory
section (Fig. 1).

Therefore, it is necessary to calculate the values of the
calculated corrections, by range and direction, for the
deviation of meteorological conditions from tabular
values, taking into account geophysical conditions: the
deviation of the temperature of charges on the trajectory,
the combined effect of air temperature and ground
atmospheric pressure, as well as the effect of wind to be
determined by dependences (1, 2, 3), for each section of
the trajectory [2, 12, 15].

2 REVIEW OF THE LITERATURE
At present, during the experiments of projectile flight
research using a MM of the method of fully preparing the
determination of firing units of the ICC of the automated
fire control system of jet artillery combat vehicles, it is
very relevant to study the consideration of corrections for
the deviation of meteorological, ballistic and geophysical
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firing conditions from the tabular values separately for
each section of the flight path of this projectile. In
general, during calculations, with the help of a MM of the
method of full preparation of the determination of firing
units of the ICC of the automated fire control system of
combat vehicles of jet artillery, the values of corrections
for range and direction, taking into account the correction

coefficients characterizing the deviation of the projectile
in terms of range and direction from the table the drop
points at all heights of the projectile flight path are
approximate, which affects the accuracy of hitting targets
and is 1.6-1.9% in range and 0-05 — 0-13 protractor
divisions in direction [3, 11, 19].

Sy =S+ASy Wy +ASyy Wy +ASyy W +ASy AH +ASy AH? +AS; +

+AT, + AST,,C Tye + AST,?CE ATy, +ASg. +AST + ATa2 +AS), +ASy, AT'AH ’

(M

gy =t+ Ay Woo + Aty Wy + Aty Wor + Aty AH +ASp AT, + AszL_ Tpe +Atge + Aty + Aty AT, AH ,  (2)

8o =0, +AZy Wy, +AZy W, +AZy W, +AZg, 3)

YA TPS

WFTS

-
AJ

A

X,

n

A
A\

Figure 1 — Rocket projectile flight trajectory

In modern ballistics literature, there are no MM of the
method of fully preparing the determination of firing
settings of the ICC of the automated fire control system of
combat vehicles of reactive artillery [1-3, 16—18] which
would make it possible to calculate firing installations
taking into account corrections for the deviation of
meteorological firing conditions from tabular conditions
separately for each section of the missile flight path.

The paper [8] describes a new multidisciplinary
computational study conducted to simulate the flight
trajectories and free-flight aerodynamics of both a finned
projectile at supersonic speeds and a rotating projectile at
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subsonic speeds with and without aerodynamic flow
control. The method of effective formation of a complete
aerodynamic description for dynamic simulation of
projectile flight is described in [16].

The textbook [13] contains basic information about
the motion of an aerodynamic body, and gives the
equations of motion of aircraft for the active and passive
sections of the trajectory. In works [16, 17], a model of a
mobile solid-fueled aircraft is proposed, taking into
account the rotation and curvature of the Earth, the
influence of wind and other aerodynamic parameters; the
study of the impact of ramjet operation parameters on the
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range and accuracy of rockets was carried out in [14]. A
realistic nonlinear model of flight dynamics was
developed to perform simulations to confirm the accuracy
of the presented algorithms [4, 5]. The analysis of
projectile flight dynamics with full six degrees of freedom
is considered in [1, 17]. The article [14] presents a new
approach to controlling the external ballistic properties of
spin-stabilized bullets by optimizing their internal mass
distribution. Currently, MM for the study of external
ballistics are cumbersome. This work aims to define and
expand the theoretical procedure for determining the
complex of indicators that accompany the movement of
the projectile, as well as the MM of the method of fully
preparing the determination of firing units for the ICC of
the automated fire control system of combat vehicles of
reactive artillery, which is presented in the work and can
be used for calculating the values of corrections for the
deviation of the meteorological conditions of firing from
the tabular conditions in the firing units separately for
each section of the missile flight path.

3 MATERIALS AND METHODS

To determine the correction factors for TAS, TPS and
WFTS considering the geophysical conditions of firing,
the combined effect of air temperature and ground
pressure of the atmosphere, as well as the wind effect, we
will use the known system of differential equations of the
MM of the method of complete preparation of the
determination of firing units of the ICC of the automated
fire control system of combat vehicles of reactive artillery
[5], but when calculating the relative velocity of the
projectile and the acceleration of the air drag force, we
will introduce wind coefficients of range and cross wind
effects on projectiles separately for the specified sections
of the trajectory (4).

X =V cosBcosy 1—2—y ;
Rg

y=Vsinb;
z =V cosOsin y;
V:ap —a, cosy— g sin 9(1—;)/];
y .4
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- v Vv, Rp +y
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Accordingly, in the system of differential equations
(4), the acceleration of the air drag force by the TPS will
be determined by the formula

.d2
a, =04741% 103 OV

qn T, +AT

FSS (Vrr)’ (5)

where ¢, =q, —®,, and the acceleration of the air drag
force by the WFTS will be determined by equation

. dZ
a, =0474° U103 TN _ (). (6)
qcu T, + At

4 EXPERIMENTS
We will give the system (4) in a kind

dx _
%zF(I,x). 7

We consider that system of nonlinear differential
equalizations of external ballistics of kind (5) relatively
variables xeR", rel=[0,), thus
f(x, v,z V,0,y, n( y)) is vector-line of wvariables

(n=6), fulfills conditions of existence, uniqueness and
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continuous dependence on the initial conditions of
decisions in a region [20] (&)cGy =IBy;

By =% ew" :|7|(H}.

Then taking into consideration essence of the use of
procedure, which consists in that in the process of
calculation of relative speed of reactive to the shell and
we will enter acceleration of force of head-resistance of
air winds coefficients of the direct and cross influencing
of force wind on jet-projectiles separately for the
indicated areas of trajectory as a result providing of
exactness of implementation of this procedure is possible
by bringing in of principle of Borel-Lebeg [20], in
obedience to which it is possible with a confidence to
consider that in the case of reserved to the segment on an
axis OX it is always possible to select a complete
subsystem which fully will cover this segment; hereupon
complete trajectory of flight to the shell, certain on some
complete interval, will be covered by the complete set of
intervals, each of which will answer the separate areas of
complete trajectory of motion of shell.

Consequently, reserved interval LO; Xo+X,+X feJ’

which a curve, that is associated with flight to shell, is
certain on, always will be covered by some system of

segments » ={c} of the opened intervals which a

complete subsystem is selected from

2*2{01702»03}7 @)
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of line on abscises axis, on which certainly active, passive
and opening of battle elements accordingly.
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5 RESULTS

The results of calculations of the values of the total
average errors by range and direction using a system of
differential equations (4) of the MM of the method of
complete preparation of the determination of firing units
of the information-calculation component of the
automated fire control system of combat vehicles of jet
artillery, considering the geophysical conditions of firing,
the combined effect of air temperature and ground
pressure, as well as the effect of wind, with the
introduction of wind coefficients of direct and cross wind
effects on rockets separately for the specified trajectory
sections for 122-mm combat vehicle BM-21 -9M21HE
projectile, 220-mm combat vehicle 9P140 — 9M27HE
projectile and 300-mm 9A52 9MS5C fragmentation
projectile are given in Table 3.

From the data presented in the table, it can be
concluded that the calculations of the total average errors
by range and direction when determining firing settings
by the FP method, using the proposed system of
differential equations for 122-mm combat vehicle FM-21
— 9M21HE projectile, 220-mm combat vehicle 9P140 —
OM27HE nprojectile and 300-mm 9A52 9MS5C
fragmentation projectile are reduced by half during
firing.by range and direction when determining firing.
Calculations of the total FP errors according to the system
(4) in the range for 122-mm combat vehicle FM-21 —
OM21HE projectile, 220-mm combat vehicle 9P140 —
OM27HE projectile and 300-mm 9A52 9MS55C
fragmentation projectile are given on the Fig. 2.

The following conclusions can be drawn from the
given data: direction when determining the firing settings
by FP method for accuracy depends on the firing range
and the multiple launch rocket system; when firing at
medium and long ranges, the value of the total average
range errors is reduced by 1.5 times, taking into account
the geophysical conditions of firing, the combined effect
of air temperature and ground pressure, as well as the

effect of wind, with the wind coefficients of direct and
cross wind effects on rockets separately introduced for the
specified trajectory sections; taking into account the
geophysical conditions of firing, the combined effect of
air temperature and ground pressure, as well as the effect
of wind, with the introduced wind coefficients of direct
and cross wind effects on rocket projectiles separately for
the specified trajectory sections, the total average
directional errors at the minimum firing ranges almost do
not change and make up a difference of 0-01 for 122-mm
combat vehicle BM-21 — 9M21HE projectile, 220-mm
combat vehicle 9P140 — 9M27HE projectile, and for 300-
mm 9A52 projectile 9MS55C is halved; taking into account
the geophysical conditions of firing, the combined effect
of air temperature and ground pressure, as well as the
effect of wind, with the introduced wind coefficients of
direct and cross wind effects on rockets separately for the
specified trajectory sections, the total average errors in the
direction at maximum firing ranges for 122-mm combat
vehicle BM-21 — 9M21HE projectile, 220-mm combat
vehicle 9P140 — 9M27HE projectile, and for 300-mm
9A52 projectile 9MS5C is halved.

6 DISCUSSION

Determination of correction coefficients on the active
and passive sections of the trajectory and on the section of
the flight trajectory of combat elements, taking into
account the geophysical conditions of firing, the
combined effect of air temperature and ground
atmospheric pressure, as well as the effect of wind, is
carried out using a system of differential equations of the
mathematical model of the method of complete
preparation of the determination of firing installations of
the information and calculation component of the
automated fire control system of combat vehicles of
reactive artillery [2, 13, 17], or by the Dmitrievsky
method [21].

Table 3 — Total average errors in range and direction when determining the firing settings by the full preparation method, using a
system of differential equations with and without coefficients

Median errors, M
Artillery system Range, km - with coefficients - - without coefficients -

Xpp Zp Xy Zp

5 73 0-05 43 004

10 141 0-06 85 0-04

122-mm BM-21 15 215 008 121 005
20 283 0-10 165 005

10 81 0-04 67 0-04

20 262 0-07 167 0-05

220-mm 9P140 30 425 0-11 251 0-06
36 505 0-13 308 0-06

20 276 007 158 004

30 433 008 249 004

40 564 0-09 335 005

300-mm 9A52 50 717 0-10 425 005
60 904 011 500 006

70 980 0-13 595 0-06
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Figure 2 — Total errors of the full preparation
a — by range for: 122-mm combat vehicle FM-21 -9M21HE projectile, 220-mm combat vehicle 9P140 — OM27HE projectile and
300-mm 9AS52 9IMS55C fragmentation projectile
b — by direction for: 122-mm combat vehicle FM-21 -9M21HE projectile, 220-mm combat vehicle 9P140 — 9M27HE projectile and
300-mm 9AS52 9IMS55C fragmentation projectile
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The system of equations (4) can be used for accurate
calculation of the trajectory elements taking into account
the wind coefficients of direct and cross wind effects on
rockets separately for the active and passive sections of
the trajectory and for the section of the flight trajectory of
combat eclements in the mathematical model of the
method of complete preparation of the determination of
firing units of the information-calculating component of
the automated fire control system of combat vehicles of
reactive artillery.

The dependencies of the calculation of the trajectory
elements using a system of differential equations of the
mathematical model of the method of full preparation of
the determination of firing units of the information-
calculation component of the automated fire control
system of combat vehicles of jet artillery allow solving
the problems of external ballistics with a perspective
optimization of the trajectory of the projectile, which is
used in reactive systems of salvo fire, as well as to
determine a set of indicators that characterize the process
of projectile flight approaching the tabular trajectory [5]
and specify the initial conditions that are necessary to
solve the system of equations of motion of the projectile
on the active and passive sections of the trajectory and on
the section of the flight trajectory of combat elements,
which are considered as independent trajectories.

As the calculations showed, with the help of
differential equations of the mathematical model of the
method of complete preparation of the determination of
firing installations of the information and calculation
component of the automated fire control system of
combat vehicles of reactive artillery (4), the accuracy of
firing and the overall effectiveness of artillery fire depend
on how successfully the task of ensuring the calculated
movement of projectiles will be solved under the
conditions of the influence of direct and cross, constant
and variable wind on the trajectory.

CONCLUSIONS

The improved mathematical model of the method of
complete preparation of the determination of firing units
of the information-calculation component of the
automated fire control system of combat vehicles of
reactive artillery allows to significantly speed up the
process of preparing information for firing, and as a result
ensures the promptness of response to changes in — a
tribute to the software-mathematical complex of shooting
and fire control.

It also increases the accuracy of their calculation at the
same time.

The results of the calculated values show that the
influence of various sources of error on the accuracy of
the full training depended on the firing range, the artillery
system, and the charge number.

The proposed system of differential equations of the
mathematical model of the method of complete
preparation of the determination of firing units of the
information and calculation component of the automated
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system allows to take into account the weight functions of
the air temperature, the influence of the wind for the
active and passive sections of the trajectory of the
projectile and the section of the detection of combat
elements, to determine according to them, the weighting
coefficients for each type of projectile, which makes it
possible to quickly respond to changes in the tasks in the
information-calculation process.

The system of differential equations of the
mathematical model of the method for the complete
preparation of the determination of firing units of the
information and calculation component of the automated
fire control system of combat vehicles of jet artillery can
be used to calculate the values of corrections for the
deviation of meteorological conditions of firing from the
tabular conditions in fire divisions separately for each
section of the missile’s flight path, both existing and
prospective.

Information of numerical calculations
ground to assert:

1. Compared with the existing mathematical model of
the method of full preparation for determining the settings
for firing, the information-calculation component of the
automated fire control system of combat vehicles of jet
artillery will allow to shorten the equation when
calculating the weighting coefficients for accounting for
ballistic deviations of the subjects — air and ballistic wind
conditions on active and passive sections of the trajectory
and flight section of combat elements.

2. It will also ensure that when approximating the
functions of the real distribution law, it is not replaced by
a linear law, which will significantly increase efficiency
and reduce the errors of calculating meteorological
corrections by range and direction to 1.5-2%, will allow
timely response to changing tasks in the information-
calculation process during shooting and fire control, as
well as effectively and quickly ensure the formation of
formalized messages and documents based on the
received information.

3. The improved mathematical model of the method of
complete preparation of the determination of firing units
of the information and calculation component of the
automated fire control system of combat vehicles of jet
artillery by solving the system of differential equations of
motion of IM21XE, OM27XE and IMS5C projectiles
allows hitting the specified targets with an accuracy of 0.5
— 0.9% in distance and 0-02 — 0-05 divisions of the
protractor in direction and reduce the time for the
preparation of installations.

is resulted
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VJIK 629.072.19

VIOCKOHAJIEHA MATEMATHYHA MOJIEJIb CIIOCOBY MMOBHOI NIJITOTOBKA BU3HAUEHHA YCTAHOBOK
JJISI CTPLIIBBM HA YPAJKEHHSI IHOOPMAIIAHO-PO3PAXYHKOBOI CKJIAJIOBOi ABTOMATH30OBAHOI
CHUCTEMM YIIPABJTHHSI BOTHEM BOMOBHUX MAIIIMH PEAKTHBHOI APTHAJIEPI{
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AHOTAIIA

AKTyanbHicTb. Y paMKaxX aBTOMATH3allii CHCTEMH YIPaBJIiHHS BOIHEM OOHOBHMX MAaIIMH PEAKTHBHOI apTHiiepil, M[0/10
MiJIFOTOBKU JaHUX JJIsl CTPibOM Ta YIPAaBIiHHS BOTHEM, YJIOCKOHAJICHO iH(OPMAIiHO-00YHCITIOBATIBHUI MPOIIeC 1€l CUCTeMH, a
caMe YJOCKOHAJIEHO MaTeMaTH4Hy MOJE]b CIOCO0y MOBHOI IiJJTOTOBKM BU3HAYCHHS YCTAHOBOK JUIS CTPUILOM CHapsaaMH sKi
3aCTOCOBYIOTbCS B PEAKTHBHHMX CHCTEMaxX 3ajlOBOrO BOTHIO. B cucremy audepeHLiHHMX pPIBHSHb MaTeMaTH4HOI MoJei
iH(pOPMaLiiTHO-00YHCITIOBAILHOTO MPOLECY CKIAI0BOI aBTOMATH30BAaHOT CHCTEMH YIPABIiHHs BOrHEM 0OHOBHMX MAIMH PeaKTHBHOT
apTuiepii, BBEICHO Barosi (GyHKIII M0 TeMmepaTrypi MOBITPs, BIUIUBY BITPY IJISl aKTHBHOI, MACHBHOI AUISHOK TPAEKTOPii MOIBOTY
CHapsAy Ta AUITHKH PO3KPHUTTS OOMOBHX €JIEMEHTIB, IIO JO3BOJISAE€ BHU3HAYATH IO HUM BaroBi KOCQII€HTH IJI KOKHOTO THUILY
CHapsiy.

MeTta po6oTH. Y I0CKOHAIUTH iHGOPMAIIHHO-PO3pPaXyHKOBY CKJIAJ0BY aBTOMAaTH30BAaHOI CUCTEMH YIPABIiHHSI BOTHEM 00HOBHX
MalIiH PeaKTHBHOI apTHIIEpil, IUIIXOM ITOKPAIICHHS MaTeMAaTHYHOI MOJEi ClIOCO0Y MOBHOI MiATOTOBKH BH3HAYCHHS yCTAHOBOK IS
CTPUILOM Ha ypaXKeHHs. 3alporoHyBaBIIK CHCTeMY Au(epeHLiHHNX PIBHIHB sika OyJie BpaxoByBaTH Baroi (yHKILIi 10 TemIieparypi
TIOBITPS, BIUIUBY BITPY U1l aKTUBHOI, HACHBHOI JIITHOK TPAEKTOPIT TOJIBOTY CHApsILy Ta AUISHKH PO3KPUTTSI OOHOBHX €IEMEHTIB, a
TaKOX JIaCTh MOXJIMBICTh BH3HAYaTH IO HUM BaroBi KOe(iLi€HTH Ui KOXKHOTO THUIy CHapsdy, 1[0 B CBOIO 4Yepry HpH3BEAC 10
ITiIBUICHHS TOYHOCTI BU3HAYCHHSI YCTAHOBOK ISl CTPLJIbOH.

Mertoa. 3anponoHOBaHWK aHATITHYHUNA METOA JO3BOJISIE: MPOBECTH PO3PAXYHOK BArOBUX KOCQIIIE€HTIB A KOXKHOTO THITY
PEaKTUBHOTO CHapsay, L0 XapaKTepU3YIOTh MPOLEC HAOIMKEHHS MOJbOTY PEaKTHBHOTO CHApsdy N0 TAaOIMYHOI TpaekTopii Ta
3a1aTH IOYaTKOBI yMOBM HEOOXigHI M BUpIMEHHS IU(pEpeHIianbHUX pPIBHIHB MaTeMaTWdHOI Mojeni iHdopMariiHo-
00YHCITIOBANEHOTO TPOLECY CKIIAJOBOI aBTOMAaTH30BAaHOI CHCTEMH YIPABIiHHSA BOTHEM OOHOBHX MAIH PEaKTUBHOI apTHiIepii;
MJABUIIUTH TOYHOCTI BM3HAYECHHsS YCTAHOBOK JUIS CTPiIBOM IPH BHKOHAHHI BOTHEBMX 3aBIaHb, L0 HAJa€ 3MOTY OIEPATHBHO
pearyBaTH Ha 3MiHy OOHOBOi OOCTaHOBKM NDIIXOM 3MiH y IpOrpaMHO-MaTeMaTHYHOMY IIpOIleCi aBTOMAaTH30BaHOI CHUCTEMHU
yIpaBiliHHS BOTHEM; e()eKTUBHO Ta ONEPATUBHO 3a0e3MeUnTH pO3pOOKy a00 yTOYHEHHS TEKCTyalbHHX 1 rpadidHUX pO3MOPSAYHX Ta
00ifOBHX JIOKYMEHTIB Ha OCHOBI OTPHUMAaHHMX pe3yJbTaTiB 3a JOMOMOroi Iu(epeHIialbHUX DPIBHSHb MAaTeMaTHYHOI MoJei
1H(POPMAaLifHO-00YHCITIOBATBHOTO TIPOLIECY CKIIAI0BOT aBTOMATH30BaHOT CUCTEMH YIPABIIiHHS BOTHEM.

PesyabTaTn. Crucrema qudepeHiaTbHIX piBHAHD MaTEMaTHYHOI Mozl iH(QOopMaLifHO-00YHCIIOBAIBHOTO MPOIIECY CKIIAJ0BOT
ABTOMATH30BaHOI CUCTEMH YIPaBJIiHHS BOTHEM OOMOBHX MalllMH PEaKTHBHOI apTHIIepii 3a0e3Meuye CBOEYacHe pearyBaHHs Ha 3MiHy
o0cTaHOBKH B iH(OpMAaliHHO-00UNCIIOBAIFHOMY IIPOLEC CKJIQJOBOI AaBTOMATH30BAaHOI CHUCTEMU YIPABIiHHS BOTHEM OOHOBHX
MaIllMH PeaKTUBHOI apTHiepii miJ yac cTpinb0Ou Ta ynpasiiHHA BorHeM. Hajae MOXKIIHBICT €()EKTHBHO Ta ONEPATUBHO 3a0€3MCUNTH
po3po0IieHHsT a00 YTOYHEHHS TeKCTYaIbHHX 1 rpadidyHUX pO3NOpSAYMX Ta OOMOBHX JOKYMEHTIB 3a iH(opMalii€lo, OTpUMaHOIO Iij
Yac BUKOHAHHs BOTHEBHX 3aBJaHb.

BucHoBku. [IpoBesieHi po3paxyHKH Ha OCHOBI 3alIPOIIOHOBAHOI CUCTEMH AU(EPEHUIHHNX PIBHIHB MiATBEPKYIOTh TOKPAIICHHS
iH(pOpPMaLITHO-PO3PaxXyHKOBOI CKIIaZ0BOi aBTOMaTH30BaHOI CHCTEMH YTIPABIIHHSA BOTHEM OOHOBHX MAIllMH PEAKTHBHOI apTuiepii Ta
JIO3BOJISIIOTH CBOEYACHO PearyBaTH Ha 3MiHY 3aBIOaHb B iH(OpMamiiHO-pO3paXyHKOBOMY MPOLECI MiJ 4ac CTPLIBOM 1 yNpaBIiHHA
BOTHEM, a TaKOX €(QEKTHBHO 1 MBHIKO 3a0e3medyioTh (OpMyBaHHS (OPMATi30BAHUX IOBIIOMIIEHb i JOKYMEHTIB Ha OCHOBI
oTpuMaHoi iHopMarii mia yac BUKOHAHHS BOTHEBOTO 3aBJaHHS IMiJPO3/iNaMU peakTHBHOI apTmiepil. [lepcrekTBaMu MoAaIbIInX
JIOCTIJDKEHb € CTBOPCHHS Y3rOJKCHHUX MaTeMaTHYHHUX METOJIB, MOJEJICH, aIfOPUTMIB 1 mporpam sl peatizaiii Iiieil i 3aBaaHb
CTPLIBOU 1 yIIpaBIiHHS BOTHEM NPH CKiIanaHHi Tabiauip cTpiIbOH IS MepCIeKTHBHUX a00 OTPUMaHNX OOHOBUX MAIlINH PeaKTHBHOT
apTuIIepii Bix mapTHEIB.

KJIIOYOBI CJIOBA: aBTOoMaTH30BaHa CHCTeMa yNpaBliHH, iHGOPMaLiiiHO-pO3paxyHKOBa CKJIaJ0Ba, MaTeMaTHYHA MOJCIIb,
cucreMa auepeHIiiHIX PIBHAHB, alpoKcuMais (GpyHKIINA peaJbHOro 3aKOHY PO3IOALTY, BaroBi (GYHKUIT MO0 TeMIeparypi MoBiTps,
BIUIMBY BITpY.

Onofriychuk A. Y., 2024
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