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ABSTRACT

Context. Within the framework of the accepted simplifying hypotheses, an approximate scheme of calculation of the parameters
of the active and passive sections of the trajectory is proposed, which allow to study the trajectory properties of the existing as well as
perspective samples of the reactive and rocket assisted projectiles. The object of the study is a model for the calculation of the trajec-
tories of the reactive and rocket assisted projectiles based on a nonlinear system of differential equations of motion of the center of
mass of the solid.

Purpose. The purpose of the work is to propose for practical apply a new system of corrections in the range and direction for de-
viation of the flight conditions of the projectiles from the table value, based on the calculations of elements of the trajectory of the
projectiles at the end of the active section of the trajectory, which greatly improves the accuracy of preparation of installations for
firing and as a result — the effectiveness of hitting the target.

Objective. The goal of the work is to propose a new system of corrections in the range and direction for deviation of the flight
conditions of the projectiles from the table value, based on the calculations of elements of the trajectory of the projectiles at the end
of the active section of the trajectory, which greatly improves the accuracy of preparation of installations for firing and as a result —
the effectiveness of hitting the target.

Method. The proposed analytical method allows to: determine the set of indicators characterizing the process of approaching the
rocket projectile from the guide and clarify the initial conditions necessary to solve the system of equations of motion on the active
section of the trajectory; which is regarded as a standalone trajectory that affects the course of the projectile's flight on the active
section of the trajectory. The calculation of the passive trajectory plot for rocket projectile and the second passive plot for active
rockets projectile is necessary to obtain the trajectory parameters at the point of fall (in the vicinity of the target) which is important
for the correction of fire in the subsequent defeat of the target by reactive (active-reactive) projectile's (mortar shells).

Results. The developed calculation method was tested in the estimation of the accuracy of the calculation of the elements of the tra-
jectory of projectile movement.

Conclusions. The calculations performed on the basis of the developed analytical method confirm the workability of the pro-
posed mathematical support and allow recommending it for practical use in solving problems of external ballistics with the prospect
of optimizing the trajectory of motion of controlled and unmanaged flying objects. Prospects for further research are to create consis-
tent methods for calculating tactical and technical indicators of new types of ammunition.

KEYWORDS: mathematical modeling of the ballistic solid motion, the movement of the center of masses of solids, which mod-
eling of reactive (active-reactive) shells and mines, engine thrust, fuel flow per second, rocket fuel weight, engine run time, powered
and passive trajectory sector.

ABBREVIATIONS HT(Y ) is a function of distribution of density of air
APT is an active powered trajectory of reactive along the altitude;
(rocket-assisted) shells;
PPT1 and PPT?2 is the first and the second passive sec-
tor for rocket-assisted projectiles;
PTS is a passive trajectory sectors for missiles. force;
N is a normal reaction of guiding line;

1, is a specific impulse of jet engine;
I;y is a tabular values of single impulse of tractive

NOMENCLATURE P is a thrust force;

C,(7,) is an aerodynamic coefficient of force of fron- . .
VT P, is a pressure of powder gas;
tal air resistance;

- ) P, is a pressure of air on flight altitude;

Fg is a reactive force; R is a universal gas constant;

F(V,) is a reference function of air drag; S, is a sectional area;

Fsg (V‘r) is a law of air resistance; S is a quantity of the complete path of the missile on
the guiding line;
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T is a frictional force;

V' is a speed of the missile;

Y’ is a height of trajectory on an area PPT1;

W,., W,. is alongitudinal and lateral components of
the ballistic wind within the active path of the trajectory;

a, is an acceleration of the frontal resistance force;

b, is a coefficient, which can be found with the help

of the table;

¢, is a ballistic coefficient of the shell on the passive

trajectory;
d is a caliber of the missile;
g 1is acceleration of gravity;

hon 1s a pressureby normal condition;

i is a coefficient of form of the shell on passive trajec-
tory;

i, is a coefficient of form of the shell on powered tra-
jectory;

ki, ky it’s a dimensional coefficients that take into
account the effect of jet charge temperature on a single
thrust pulse and jet engine operating time;

my is an initial mass of the missile;

mr is a mass of solid fuel;

q, 1is a actual weight of the missile;

t is a flight time of the shell;

to 1s a descent initial time of the missile from the
guiding line;

# is a descent final time of the missile from the guid-
ing line;

fwork 1S @ engine turn-on time;

vy is a descent speed of the missile from guiding line;

w is a acceleration of the is acceleration of the center
of mass of the missile;
w, is an efflux speed,

v is a wind coefficient;

Lo is a ratable part of powder charge;

0 is a bend touch angle to trajectory;

0 is a elevation angle;

T is a virtual temperature;

T, 1s a jet engine run time;

T,N 1s a tabular values of time of work of engine for
the tabular value of temperature of reactive fighting
load Tjp4q =15°C;;

ToN 1S a temperature by normal condition.

INTRODUCTION
The calculation of the parameters of powered and pas-
sive trajectory is important ballistic task [1-6]. Approxi-
mate scheme methods are needed to calculate the parame-
ters of powered and passive trajectory sectors, required to
get the sectors of trajectory in arbitrary point, also to
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search the characteristics of new model missile’s trajec-
tory.

The object of study is a model for the calculation of
the trajectories of the reactive and rocket assisted projec-
tiles based on a nonlinear system of differential equations
of motion of the center of mass of the solid.

The subject of study is the sampling methods used in
an approximate scheme of calculation of the parameters
of the active and passive sections of the trajectory in reac-
tive and rocket assisted projectiles.

The purpose of the work is a new system of correc-
tions in the range and direction for deviation of the flight
conditions of the projectiles from the table value, based
on the calculations of elements of the trajectory of the
projectiles at the end of the active section of the trajec-
tory, which greatly improves the accuracy of preparation
of installations for firing and as a result — the effective-
ness of hitting the target.

1 PROBLEM STATEMENT

In the first step we provide calculation of descent pa-
rameters of the missile from the guiding line. There is no
method of determination of descent parameters of the
missile from the guiding line in exterior ballistic literature
[1,2,4-6].

To solve the set of the system of differential equations
of movement of reactive (rocket-assisted) projectile on
trajectory it’s necessary to know the initial conditions:
descent speed of the missile from guiding line — v ; de-

scent time — ¢, ratable part of powder charge p, is

burnt till the descent moment.

Let’s consider the movement of the missile along the
guiding line with next suppositions.

1. The missile executes only a motion of translation

under the thrust force P, gravity G, =m,g and fric-

tional force T of master devices of the shell, along the
guiding line (Fig. 1).

2. With low movement speed of the missile along the
guiding line the drag force is very low, consequently it is
not taken into account.

The methodology, described in this chapter, allows
calculating descent parameters of the missile from the
guiding line, which are necessary to solve the system of
differential equations of movement of the missile on pow-
ered trajectory.

Further we make the calculation of powered trajectory
of reactive (rocket-assisted) shells.

Next step — the calculation of the passive trajectory
sector of the missiles and rocket-assisted projectiles.

Therefore, the calculation of the parameters of the ac-
tive section of the trajectory is carried out on the basis of
a mathematical model consisting of an appropriate system

of differential equations, which we denote as <S ; PT>,

and, respectively, given the initial conditions for reactive
and rocket-assisted projectiles. The main problem in find-
ing the parameters of the active section of the trajectory —
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the determination of the relative current leakage of gases,
with the initial conditions must be relevant data taken
from the firing tables, as well as values due to meteoro-
logical factors.

The calculation of the second passive section of the
trajectory of the projectile flight will be carried out on the
basis of a correspondingly adapted mathematical model

<S;,DPT2> and the assumption of speed constancy at the

beginning of the considered section of the trajectory. At
this stage, the task is to determine the horizontal compo-
nent and the motion time of the projectile in the final sec-
tion of the trajectory.

2 REVIEW OF THE LITERATURE

Nowadays, during the studying of flight of reactive
and rocket-assisted projectiles, very important task is
studying of powered and passive trajectory parameters. In
general, amount of mistakes in firing preparation on pow-
ered trajectory comes up to 60—70% of total amount of
mistakes [8].

There is no simple analytical dependences in modern
ballistic literature [1, 2, 6], which allow to calculate in the
first approximation parameters of powered and passive
trajectory and in cut-off engine point. These mathematical
dependences can be used for previous assessment of char-
acteristics of developed type of the shell.

In the paper [9] describes a new multidisciplinary
computational study undertaken to model the flight trajec-
tories and the free-flight aerodynamics of both a finned
projectile at supersonic velocities and a spinning projec-
tile at subsonic speeds with and without aerodynamic
flow-control. A method to efficiently generate a complete
aerodynamic description for projectile flight dynamic
modelling is described in work [10]. In a train aid [11]
basic information is expounded about motion of rockets in
space, resulted equalizations of motion of aircraft for the
active and passive areas of trajectory. In the works [3, 12]
is offered model of the moving, the flying machine on
solid fuels with account for rotation and curvatures of the
Earth, influences wind and other aerodynamically pa-
rameter’s; the research of the works parameters influence
of ramjet on distance and precisions of jet-projectiles is
conducted in paper [13].

A realistic non-linear flight dynamics model has been
developed to perform simulations to prove the accuracy of
the presented algorithms [14]. The work [15] address a
full six degrees of freedom projectiles flight dynamics
analysis. In the paper [16] introduces a novel approach for
controlling the exterior ballistic properties of spin-
stabilized bullets by optimizing their internal mass distri-
butions.

Currently, mathematical models to study external bal-
listics are cumbersome. This work aims to define and
expand upon the theoretical procedure of determination of
complex of indexes which accompany motion of different
flying objects.
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3 MATERIALS AND METHODS

To solve this problem, the basic relations and equa-
tions of the external ballistics, describing the movement
of the center of masses of reactive (active-reactive) shells
and mines, are taken into account, taking into account the
forces acting on the moving object of external forces and
moments. Analytical solutions are based on the use of the
small correction method and the linearization of the corre-
sponding aerodynamic and kinematics characteristics. To
determine the elements of the motion of the jet projectile
at the key moments of motion (climbing from the guide),
at the end of the active site and the passive section of the
trajectory, take the averaged values of the force of traction
and mass of the projectile during the movement on the
specified areas, and also used tables of external ballistics
or the classical method of Siacci.

Let’s make up an equation of translational motion of
the missile along the guiding line, with elevation angle 6,

(Fig. 1):

m0w=P—G0sin90—T. (1)

Figure 1 — The movement of the missile along the guiding line

The frictional force T= fN in formulae (1) is product
of the coefficient of frictional force f to normal reaction
of guiding line N, which we will determine from balance
of forces on perpendicular to guiding line:

N —GgycosBy =0 or N =Gcosb . 2)

Adding to equation (2) the amount of frictional force
T=/N=fGycos0;, Gy=myg, we will determine the
translator’s acceleration of the shell on the guiding line:

w="L"_ g(sin0y + / cosBy). 3)
mg

In general, with changeable quantities of mass of the
shell m and engine thrust force P we will determine the

speed v and the path S of the missile on the guiding
line using the method of tabular integration of the equa-
tion (3), using the ratio of acceleration w, speed v and
the path Sj:
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t
v:jwdt,S0=jvdt. (4)
0 0

For approximate calculation of the elements of
movement of the missile in the moment of descent from
the guiding line, permanent and averaged values of thrust
force P and mass of the shell are taken. In this case it’s
reasonable to consider that the movement of the missile
on the guiding line has permanent acceleration

Pav _ g(sinBy + fcosOy). (5)

mav

j:

. L o e
Consider with |m|:const:—0, where || is ex-
T
a

) ®

pense of fuel per second, that P, =U, (m) =U, —0 and
8%

mg, = mgy , we will get estimated expression of permanent

(average) acceleration of the missile on the guiding line:

UemO
81,

—g(sinBy + fcosBy). (6)

j:

Using the formulas of uniformly accelerated move-
ment, we will determine the speed v and time ¢, of the

descent of the missile from the guiding line:

; AY
Vo =4/2jS0 > 19 = TO. (7)

If ¢y is known, then we will determine a ratable part
of the powder fighting load 11, which had been burnt till
the descent moment:

o=l _owt ®)
m 9a%a

The quantity po is needed to calculate elements of

powered trajectory of the missile.
Consequently, the parameters of the descent of the
missile from the guiding line v, ¢y5, Ky can be used as

initial conditions to solve the set of equations of move-
ment of the missile along passive and powered trajectory
in account to data from Table 1.

Using dependences [3, 4, 6-8] have been determined
descent parameters of the missile from the guiding line:
vp =39.5 m/s, 1y =0.1748 s, ug =0.0157.
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Table 1 — The example of calculation of parameters of descent
of the missile from the guiding line

Initial data
Caliber of the missile d=0.182 m
Full initial weight of the missile qo =160 kg
Weight of reactive (powder) fighting load Wy =42.5 kg
Thruster-on time (total burning time of the T, =296s
powder fighting load)
Effective velocity of powder gas U, =2020 m/s
Form coefficient of the missile according to | ; n=14
reference function of air drag 1943rd year
Elevation angle 0 = 40°
Path length of the missile along the guiding Sy =2.66 m
line
Friction coefficient is accepted f=0.1

These findings correlate very accurately with calcula-
tions conducted by modeling of equation system of
movement of the missile along the guiding line [4].

Reactive (rocket-assisted) shell has a reactive engine,

it creates reactive force F » (Fig. 2).

—-
"
Pﬂ

Figure 2 — Acting of reactive force F R

Reactive force is a result of powder gas efflux through
a nozzle with efflux speed w,, which amount for solid

fuel reactive engine is about 2000 meters per second. The
second important characteristic of efflux process is a mas-

m.The

sive gas flow rate through the nozzle: m=

mass of the missile with running engine on powered tra-
jectory will be changeable because of gas efflux, i.e.
m :m(t). In nozzle exit section a—a, which sectional

area is S, , pressure of powder gas P, can run up to
1.0...1.5 MPa. Reactive force vector Fj is directed to the
side, which is reversed to flow speed vector U,. The
amount of reactive speed Fy is the product of second
flow and gas efflux speed U, :

Fp=|m|U,. )
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Naturally, reactive force is resultant of all the pressure
forces, which affect the interior surface of jet engine.
Thus, resultant pressure force to the direction of reactive
force §, (Pa —Pn) will affect the external surface of the

missile, including the area of nozzle exit section S, . The

sum of reactive force and that additional pressure force
makes up engine thrust P:

P=|mU, +S,(P,-P,). (10)

The first item in formula (10) is the main and known

as dynamic component of thrust; the second one for mis-

siles composes 10...15% of the first [4] and is known as

static component of thrust. If to factor out the main item
and bring to a close the designation:

U, :U{prw}

mU,
then, we will get a new clause for thrust force:

P=mU,. (11)
The engine power setting missile changes lowly, con-
sequently we can regard the flow speed U, as constant,

and the flow per second m and pressure P, are changing
pro rata to the pressure inside the engine chamber. There-
fore, thrust power of the missile is regarded as constant
and equal:

P =gy, (12)

where I; is value, which will be determined according to

formula [2].

So, the specific impulse of jet engine being the rela-
tion of complete impulse of tractive / force in times of
work of engine to weight of reactive charge force is im-
portant description of efficiency of gunpowder ramjet o

T(I
IPm
0

(13)

ol
()} ()

Making necessary transformations of dependence (13)
finally we come to the formula for the specific impulse of
jet engine

_ mU,t,

mrg

L (14)

If only one thrust force P influences on the shell, then
we will get a clause for deliberate speed of shell’s head-
way Viax -
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max =Ueln(l+mT/mP),

(15)

where mp =my —my — is passive mass of the shell on

passive part of trajectory.

Missile trajectory (Fig. 3) consists of powered trajec-
tory sector from take-off point O to the point K , where
burning of solid fuel ends, and two sectors of passive tra-
jectory: passive trajectory sector 1 from point K to point
C', it’s ordinate is equal to ordinate Y, , and passive tra-

jectory sector 2 from point C' to the incidence point C .
Rocket-assisted projectile trajectory has one more passive
trajectory sector from take-off point to engine ignition
point F where subsides inflammation of solid fuel and
powered trajectory sector starts from point F to engine
cut-off point K . The second passive trajectory sector for
rocket-assisted projectile includes passive trajectory sec-
tor 1 and passive trajectory sector 2 — for a missile.

¥ Dy

PPT,

0.
X \
J ®
APTf \, PP,
L
Ve
1/ C

0TX X; X X X

Figure 3 — The trajectory of the reactive (rocket-assisted)
projectile

To calculate powered trajectory sector we will use set
of equations for shell’s headway in the trajectory frame of
axis influenced

p-P=Rr_ o gine; o- 8509,
m 14
X =Vcos; Y =Vsin0, (16)
by three forces: gravitation G =mg; drag force

Ry =iad2103Ht(Y)F(VT)V and thrust force P=mU, [1,

2], V.=V ToN _ conventional table speed.
T
The coefficient of form of the shell i, on powered tra-

jectory will be minor than on passive: i, =0.75i.
Changeable mass of reactive (rocket-assisted) projectile m

is expressed by formula:
t
m=my —“rh|dt .
0

a7

According to exterior ballistic, reactive (rocket-
assisted) projectile trajectory is flat, but it’s azimuth de-
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viation during all the movement time amounts to zero:
z=0.
Let’s input a new variable p — it’s ratable gas flowing

(18)

it changes from 0 to p; =my/mg in the moment ¢ =¢;.
Then formula (17) will be:

mzmo(l—u). (19)
Let's derive the equation (18) to t@ = , whence
dt mo
dt
L0 f 2™ then dr=kdu.  (20)
du  m m

Using the last proportion we will pass from argument
¢t to argument p in equations (16) and considering infor-

mation in work [3] we will get the system of differential
equations of movement of reactive (rocket-assisted) pro-
jectile on trajectory:

X =V, cosBcosy;
Y =V, sin6;
Z =V, cosOsiny;
V =alt)-a, cosy—gsin6;

cos® a, W, sinbcosy

0=-g , 21
Vr Vrz ( )
V= aW,, cosy
V,2 cos 0
( )_ _ TC(Y)Y
Ri(Y)

where

~ oo Iy + k1ATﬂoad) .

a(t) = ’
m (T,JN + szTfload Xl - HY)

@9 (t —byork )

= 5 AT foaa = Thoaa —15°C
My g (TgN Tk ATﬂgad fload fload
1Y ay

I L
TE(Y ) = o ; h = hone Ryly) — pressure;

ON

2(Wax cosOcosy + W, sinycos 9) Wa2

V.=V 1- 7z + o

where Wa2 = Wazx + Wazz . All signs are well known in exte-
rior ballistics [1, 2, 5].
For aircrafts, stabilized by empennage:
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L2
a, :ilo%(Y)FSS(V”);
9a I-p,

for aircrafts, stabilized by rotation:

id? V —W,,. cosf
a, = 0474 2(Y W2, (v..); cosy = —
9a r
T
Vr‘c — Vr ON ,
T
(Dol

moreover in this case are L, = .
9074

Initial conditions, in which set of equations (21),
should be solved are p=0: for a missile X =0, Y =0,

V=0, 06=0,, t=0; for rocket-assisted projectile
X=X;Y=Y;V=0V;0=0p;t=t.

4 EXPERIMENTS
The system (21) consists of five equations, contains
five desired quantities X, Y, V, 0, ¢t and, conse-

quently it is complete. The first three equations are com-
bined, they should be solved in conjunction. The last
equations don’t allow to find the dependence between ¢
and p. If gas flow rate per second 7 is constant average

value m = my /t; , then values ¢, and k is constant also.
In this case, the dependence between ¢ and p will be
clear: for a missile 7= ku ; for rocket-assisted projectile
t= ku +1t 1-

Elements of a trajectory in the end of active sector
Xis Yiy Zy, Vi, 04 arm determined under the condi-
tion that 7 =1, (¢ =1, +#;) or p=py . So, it’s necessary to
integrate the set of equations (21) or to solve the system
of equations (16) with the help of exterior ballistic tables
(2,7].

If we calculate the trajectory parameters in cut-off en-

gine point according to table conditions: VkT , 9{, X kT ,
T ..
Y and real conditions: V7, 0, XP  Y?, ZF anew

deductions system con be offered, which lies in calcula-
tion of deductions for powered trajectory for divergences

from tabular firing conditions: range AX = Xf —Xz
speed AVszp —V/{T , angle of elevation AO= e,f —GZ,
altitude of trajectory AY :Y,f —YkT and side direction
AZ=7F -7} .

5 RESULTS
Thus:
1. The system of recording of deductions, described
in this chapter, which lies in calculation of deviation of
parameters of the trajectory in the end of powered sector
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from table, allows improving accuracy of determination
of purposes for reactive artillery firing.

2. The accuracy of determination of firing purposes
on the base of full artillery preparation by the present
method, according to the correction columns of The firing
tables is 1.5-2% in range and 5-10 points of a protractor
in direction [7], and by described method, as calculations
have shown, 0.9-1.2% in range and 3-5 points of a pro-
tractor in direction [3].

The first passive sector may be considered as inde-
pendent trajectory, which has initial speed ¥} and the
angle of departure 6, , therefore, the calculation of pas-
sive trajectory sector probably doesn’t differ from calcu-
lation of shell trajectory by the methods, described earlier
[1, 2, 5]. Besides it, we should take into account the next
peculiarities: the mass of the shell will be equal to passive
mass m, ; the crest factor i, of the missile with cut-off

jet engine after solid fuel is burnt, should be determined;
the density of air in departure point K and dispensing of
air along the height differ from normal. The next case we
can take into account using the next ballistic coefficient

¢ 2:

¢ =c, [bIH(Yk)Jr 0.53%} . (22)
,d?10?
cp=t——, (23)
p

by — is the coefficient, which can be found with the help
of the Table 2 account to [2]:

Table 2 — The fragment of found of the coefficient of the shell

Cp 0.20 0.30 0.40 0.60 0.80

b 0.435 0.450 0.465 0.475 0.480

In the first approximation, before we get the quan-
tityY’, we take the ballistic coefficient c* :cpH(Yk),
then we refine it according to the dependence (22) and,
eventually, we can determine the trajectory sectors in the
point C': X', T", V¢, B¢ according to the exterior bal-
listic tables [2, 6].

The second passive trajectory sector can be calculated
with different approximation extent. The first approxima-
tion can be considered as linear, which creates with axis
abscissa 0/, and the translational motion of the missile —
as equal to the speed V. In the first approximation we
will get clear clauses of the horizontal movement &, and
time of movement t, of the shell on the second passive
sector:
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Yy

VC' sin|6 c | (24)

Cel=—T7>Tcl =
teloc|
and the elements of the trajectory in the incidence point
C:

X:Xk +X’+§c,l’ T:tk +T'+TC,1,
0c =8¢, Ve =V (25)

The last two equations are acceptable for practice, but
for the first two it’s necessary to refine the quantities &,

and 7., using expansion of the ordinate Y in a row in

Cco
environs of the point C’ according to quantity degree
E=X-X and t=¢—1t, . Finally we will get:

2 3 2
&c = éc,l - AZ‘ic,l - A3E.>c,1 > Te =Tel — BTC,I , (26)

where
8 . cpH(Yk )F(VC’ )g
A2 = 2 2 > A3 = 3 3 5
2V cos” Bcrtgl0c| 3V cos” OcrtglOc|
_g—c, HY RV e sinlfe|
2VC' Sin|ecf| .

Consequently, by explaining and clarifying an ana-
lyzed method of calculating for the description of shells
and mines in motion and examining the important practi-
cal problems related to indexes, we clarify and indicate
that these concepts influence both the theoretical picture
for development of reliable analytical methods and sug-
gest important practical problems related to the calcula-
tion of tactical and technical indexes of jet-projectiles.

They form the theoretical basis of modern strategy for
creation of new types of live ammunitions.

6 DISCUSSION

The calculation of the passive trajectory sector (from
point O to point N) for rocket-assisted projectile is the
simple calculation of the elements of the trajectory in ran-
dom point; this calculation is made with the help of the
exterior ballistic tables [2, 6] or with Siacci method [6].
The system of equations (21) can be used for accurate
calculation of trajectory elements.

Thus, dependences of calculation of passive trajectory,
with the help of exterior ballistic tables, allow to assess
approximately parameters of trajectory in the missile im-
pact point, aimed to assess previously the quality of the
ammunition on development stage; mistakes in determi-
nation of parameters of passive trajectory, according to
tables of exterior ballistic [2, 6] and with the help of the
system of differential equations (21), as calculations have
shown, come to 7-10% [3].

CONCLUSIONS
1. In this article are offered analytic dependences for
calculation of the parameters of the descent of the missile
from the guiding line, which are the initial conditions to
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solve the set of equations of the movement on active and
passive trajectory sectors.

2. Here is offered the set of equations of the move-
ment of the reactive (rocket-assisted) shell, which allows
calculating it’s parameters in the end of the powered tra-
jectory, what underlies new way of the determination of
the devices for those type of shell. As calculations have
shown the accuracy of determination of purposes for fir-
ing by offered method comes to 0.9-1.2 % 0,9-1,2% in
range, and 3—5 points of a protractor in direction, by the
modern method — 1.5-1.2 % in range and 5—-10 points of
a protractor in direction.

3. The analytic methods of the calculation of active
and passive trajectory sectors of the aircrafts allow deter-
mining what factors and how influencing on the flight
parameters, what can be taken into account during the
development of the new, perspective models of reactive
(rocket-assisted) shells.

The scientific novelty. The analytical methods of de-
termination of parameters of descend reactive and rocket
assisted projectiles are developed from sending, that suit-
able for the use at establishment of closer definition of
initial conditions in the process of solution of the system
of nonlinear differential equations of motion on the active
and passive area of trajectory.

The practical significance of obtained results is: the
analytical methods of calculation of active and passive
areas of trajectory of motion of reactive and rocket as-
sisted projectiles offered in the article allow preliminary
to estimate, what factors and in what measure influence
on the kinematics parameters of their flight and also will
allow to take into account in technical calculations on the
stage of development of perspective standards of and jet-
projectiles.

Prospects for further research are: research of influ-
encing of passive area of trajectory of motion of reactive
projectiles and second passive area of motion of rocket
assisted projectiles enables to determine the parameters of
trajectory in the point of falling (neighborhoods of target)
that is important for a correction fire at firings and also at
the fire inflicting defeat of destroying target during the
next starting of shells.to study the proposed set of indica-
tors for a broad class of practical problems.
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IIpoxonenko B. B. — xanz. TexH. HayK, 3aCTyNTHUK HaYalbHUKA HAayKOBO-JOCIIIHOTO BiAmidy (paKeTHHX BIHCBHK Ta apTHIEpil)
Haykogoro neatpy CyxomnyTHuX Bilicbk HartioHanbHOT akajieMil cyXomyTHUX Bilicbk iMeHi reTbMana [letpa CaraiigauHoro, mojgKoB-
HUK, JIBBiB, YKpaiHa.

Makees B. I. — xaHa. TexH. HayK, [OLCHT, ZOLEHT BiiickkoBoro BimmineHHs CyMCbKOro JepxaBHOro yHiepcutery, Cymu,
VkpaiHa.

IBanuk €. I'. — kaua. ¢i3.-MaT. HayK, CTApIINii HAYKOBUH CHiBPOOITHHK, AOIEHT, CTAPIIUA HAYKOBHH CHIBPOOITHHK HAyKOBO-
JOCIITHOTO BiAAiMy (HaBYaJBHO-TPEHYBaIBHUX 3ac00iB Ta OoiioBoro ekimipyBanHs) HaykoBoro nentpy CyxomyTHuX Bikickk Hario-
HaJIbHOT aKaJieMil CyXOITyTHHX Bilickk iMeHi reTbMana [lerpa Caraiinaunoro, JIbBiB, Ykpaina.

AHOTAINIS

AKTyalnbHicTh. B pamkax NpuiHATHX TilOTe3 sIKi CIPOIIEH] 3apoOHOBAHO HAOIMKEHY CXeMy PO3pPaxyHKy IapaMeTpiB aKTH-
BHOI 1 MACUBHOI AIISTHOK TPAEKTOPI, SIKa 1a€ 3MOTY JOCTIPKYBaTH BIACTHBOCTI TPAEKTOPIi PyXy ICHYIOUHX, 8 TAKOXK MEPCIICKTUBHUX
3pa3KiB PEaKTUBHUX Ta aKTHBHO-PEAKTHUBHHUX CHapsdiB. O0’€KTOM NOCIIHKEHHS € MOJICb PO3PAXyHKY €JIIEMEHTIB TPA€eKTOpil pyxy
PCaKTHBHUX i aKTHBHO-PEAKTUBHHUX CHAPAIIB Ha OCHOBI HENIHIHHOI crcTeMr AudepeHIiadbHUX PIBHAHD PyXy IIEHTpa Mac TBEPAOTO
Tina.

MeTta po6oTH — 3aIPONIOHYBATH ISl IPAKTUYHOTO BUKOPUCTAHHS HOBY CHCTEMY ITONIPABOK B JAIBHOCTI 1 HANPSIMKY Ha BiIXU-
JICHHSI YMOB TIOJIbOTY CHAapsAiB BiJ TaONMYHHUX 3HAa4YeHb, 3aCHOBAHOI HAa PO3paXxyHKaX €JIEMEHTIB TPA€KTOpil pyXy CHapsAiB B KiHII
AKTHUBHOI IUITHKM TPAE€KTOPii, 0 J03BOJISIE 3HAYHO IiJBUIIUTU TOYHICTH MiATOTOBKHM YCTaHOBOK JUISl CTPLIBOM 1 SIK pe3ynbTat, —
e(eKTHBHICTb Ypa>keHHS L(iJIi.

MeToa. 3anponoOHOBaHUH aHATITUYHUI METOJ JI03BOJISE: BU3HAYATH KOMILIEKC MOKA3HMKIB, 110 XapaKTEPH3YIOTh IPOLEC CXO-
JDKEHHSI PEaKTHBHOTO CHapsiJa 3 HAIPSAMHOI, 1 YTOYHEHHS MOYAaTKOBUX YMOB HEOOXIZHMX IUIsL IHTErpyBaHHS CUCTEMH PIiBHSHb PyXY
HA aKTUBHIM INSHII TpPAeKTOpii; po3paxoBYyBaTH KiHEMAaTH4HI €IEMEHTH MNepIIoi MacWBHOI AUISHKH TPAEKTOpil Ui aKTHBHO-
PCaKTHBHUX CHapsAiB (MiH), sIKa PO3TIIAOAETHCS K CAMOCTiHA TPAEKTOPis, IO BIUIUBAE HA MEpedir MOJIbOTY CHapsAAa Ha aKTUBHIM
JUIHII TpaekTopii. Po3paxyHOK mMacuBHOI MUISTHKY TPaeKTOPii I PEaKTUBHUX CHAPSAMIB 1 APYToi MACHBHOI NIISHKY JUIS aKTUBHO-
PEaKTHBHUX CHapsAiB HEOOXIAHI /Ul OTPUMAHHS apaMeTpiB TPA€KTOPii B TOUI MaAiHHA (B OKOJMI L), IO € BaXKJIMBHUM I KOpe-
T'YBaHHs BOTHIO IIPU HACTYITHOMY yPa)XeHHI 111l peaKTHBHUMH (aKTHBHO-PEaKTHBHHMH) CHapsiiaMu (MiHAMH).

Pe3yabTaTn. Po3pobieHa MeToiMKa po3paxyHKy anmpoOoBaHa MPH OIiHFOBAHHI TOYHOCTI BU3HAUCHHS €JICMCHTIB TPAEKTOPIl py-
Xy PEaKTHBHHX CHAPSIIB.

BucHoBku. [IpoBeneHi po3paxyHKH Ha OCHOBI PO3po0JIeHOT aHAIITHYHOI METOMUKH MiATBEPAXKYIOTh Mpale3JaTHICTh 3aIIporio-
HOBAaHOTO MaTEMaTUYHOTO 3a0e3MEeUCHHS 1 JO3BOJSIOTh PEKOMEHIYBaTH HOTO HA MPAKTHII MIPY BUPILNICHH] 33/1a4 30BHIIIHBOI Oajric-
THKH 3 MOJJIMBICTIO ONTHMI3aLlil TPAEKTOPii pyXy KEPOBaHUX 1 HEKEPOBAaHUX JIITABHUX 00 €KTIB. [lepcrieKTHBH MOJANBIINX TOCITi-
JDKESHB TTOJISTaloTh Y CTBOPEHHI YTOYHEHUX METOJIIB PO3PaxXyHKY TaKTHKO-TEXHIYHHUX [TOKA3HUKIB HOBHX THIIB OOEIPHUIIACIB.

KJIIOYOBI CJIOBA: maTteMaTndHe MOZETIOBAHHS PyXy OalliCTHYHMX TiJ, TSra JBUTYHA, CEKyHIHA BUTpaTa I1alnBa, Bara pea-
KTHBHOTO NTAJINBA, Yac poOOTH JBUTYHA, aKTHBHA 1 TaCHBHA JUISTHKA TPAEKTOPII.

VJIK 629.072.19

AHAJIMTUYECKHUE METO/Ibl PACCUETA AKTUBHOI'OU TACCUBHOI'OYYACTKOB TPAEKTOPUU
PEAKTUBHBIX U AKTUBHO-PEAKTUBHBIX CHAPAOB

Maiictpenko O. B. — 1-p BOGHHBIX HayK, Ha4aJIbHUK KadeAphl pakeTHBIX BOHCK HanmoHanpHON akaeMuu CYyXOIyTHBIX BOMCK
umMenu rermana Ierpa Caraiijaunoro, nojikoBHUK, JIbBOB, Ykpauna.

IIpoxonenko B. B. — xanz. TexH. HayK, 3aMECTUTEIb HAYaIbHUKA HAyYIHO-HUCCIEI0BATEIILCKOIO OT/ENA (PAKETHBIX BOMCK U ap-
Tuepun) Hayunoro nentpa CyxomyTHbIX Boiick HanuoHanbHON akageMun CyXxOIyTHBIX BOMCK uMeHM rermana Ilerpa Caraiigau-
HOT0, IOJIKOBHUK, JIbBOB, YKpauna.

Makees B. 1. — xaHj. TexH. HayK, JOLEHT, AOLEHT BOCHHOro oraeineHus CyMCKOTo rocylapCTBEHHOro yHuBepcureTa, CyMsl,
VYkpauna.

IBanuk €.I'. — kaun. ¢us.-mar. Hayk, CTapudii Hay4YHBIH COTPYIHHK, IOLEHT, CTapIIMii HAy4YHbIH COTPYAHHUK HAaydHO-
HCCIIEIOBATENILCKOTO oTAea (yueOHO-TPEHUPOBOYHBIX CPEICTB M 00eBOro sKumupoBanus) HaydaHoro meHTpa CyXOIMyTHBIX BOWCK
HammonanbHOI akaneMun CyXOITyTHBHIX BOiick nMeHHu retMmaHa [letpa Caraiizaunoro, JIsBoB, YkpanHa.

AHHOTALUA

AKTyaJIbHOCTb. B paMkax NpUHATBHIX YHPOIIAIONIMX TUIIOTE3 NpeyIoKeHa MPUOIKEeHHas: cXeMa pacdyera napaMeTpoB aKTHB-
HOTO M IIACCUBHOT'O YYaCTKOB TPAacKTOPUH, IO3BOJISAIOIIAS UCCIIEN0BATh CBOMCTBA TPACKTOPUU JBIKEHUS CYLIECTBYIOIIMX, a TAKKe
MEPCTIEKTUBHBIX 00Pa3IOB PEAKTUBHBIX M AKTUBHO-PEAKTUBHBIX CHApAA0B. OOBEKTOM MCCIENOBAHUN SBISETCS MOJETb pacuera
3JIEMEHTOB TPAEKTOPUH JABMKCHUSI PEAKTUBHBIX U aKTHBHO-PEAKTHBHBIX CHAPSJIOB HA OCHOBE HEIMHEWHOH cuctemsbl auddepeniu-
QIIBHBIX yPaBHEHUH ABIHKEHHMS IIEHTPA Macc TBEPAOTO Tea.

Leap padoThl — MPEUIOKHUTH IS MPAKTHIECKOTO MCHOJIB30BAaHMS HOBYIO CHCTEMY IOMPABOK B AAITFHOCTH M HANIPABICHUU Ha
OTKJIOHEHHE YCJIOBHUI ITOJIeTa CHApsJOB OT TAOJIMYHBIX 3HAUCHUI, OCHOBAaHHOI Ha pacdyeTax 3JIEMEHTOB TPAGKTOPUH IBIDKEHHS CHa-
PSIOB B KOHIIE aKTUBHOT'O YYacTKa TPAEKTOPHH, YTO ITO3BOJISIET 3HAYUTENHHO ITOBBICUTH TOYHOCTH ITOJTOTOBKH YCTaHOBOK JUIS
cTpenbObl U B KOHEYHOM UTOTe, — (G (QEKTHBHOCTD IIOPAXKEHUS LEJIH.

Metoa. IlpennoxeHHblil aHanuTUYECKU METOJ MO3BOJISET: ONPEAEIITh KOMIUIEKC MoKa3aTeslel, XapaKTepu3yIoIUX Mpoiece
CXOJK/ICHUS] PEAKTUBHOTO CHapsa ¢ HANpaBIIsIOIel, 1 yTOYHEHUH HAualbHBIX PYCIIOBBI HEOOXOAMMBIX AJIsI HHTETPUPOBAHHS CHC-
TEMbl ypaBHEHUH JBIDKEHHUs Ha aKTUBHOM y4YacTKe TPAaeKTOPHHU; PACCUUTHIBATH KMHEMATHYECKHE BIEMEHTHI MEPBOTO MacCHBHOTO
ydJacTKa TPaeKTOPUH ISl aKTHBHO-PEaKTHBHBIX CHAapsIOB (MHUH), paccMaTpuBaeMas KaK CaMOCTOSTENbHAs TPACKTOPHS, BIUSIOMAS
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HA TIPOoIIecC TIO0JIeTa CHAPs/ia Ha aKTHBHOM Y4YacTKE TPACKTOPHHU. PacdeT macCHBHOTO y4acTKa TPACKTOPHU JUISl PEaKTUBHBIX CHAPSIOB
¥ BTOPOT'O MACCHMBHOTO yYacTKa JJisi aKTHBHO-PEAKTHBHBIX CHAPSIIOB HEOOXOMMBI [T TIOJTYUCHHS TapaMeTPOB TPACKTOPUH B TOUKE
najieHust (B OKPECTHOCTH LIEJIN), MIMEIOLIETr0 Ba)KHOE 3HAUCHHUE JUISl KOPPEKTUPOBKH OTHS B IOCIIEAYIOIEM YHHUITOXKESHHUH LIEN peak-
TUBHBIMHU (aKTUBHO-PEAKTHBHBIMH) CHApsAaMU (MUHAMHU).

PesyabTathl. PazpaboTannas meToanka pacdyera anpoOMpoBaHa IPHU OLIEHUBAHUHM TOYHOCTH OIPEIENICHUS SJIEMEHTOB TPAeKTO-
UM IBIDKCHUS PEAKTUBHBIX CHAPSIOB.

BeiBoasl. [IpoBeneHHbBIE pacyeTsl HA OCHOBE pa3pabOTaHHOW aHATMTHYECKOH METOAWKH MOATBEPKIAAIOT paboTOCIOCOOHOCTH
MPeNIaraéMoro MaTeMaTu4ecKoro 00eCreueH s 1 O3BOIISIIOT PEKOMEHIOBATh €ro IS MPaKTUYECKOTO MPUMEHEHUS MPU PEIICHUN
3a]a4 BHENTHEH OaUTCTUKN ¢ BO3MOKHOCTBIO ONTHMHU3AIMU TPACKTOPUH JIBIIKCHHS YIIPABISEMBIX M HEYTIPABISIEMBIX JICTATEIBHBIX
00beKTOB. [lepCrieKTHBBI JATBHEUIINX HCCIICIOBAHUN COCTOSAT B CO3JaHHH YTOYHCHHBIX METOJOB PAcueTa TAKTHKO-TEXHUYECKUX
NoKa3aTelieil HOBBIX THUIIOB OOENPUIIACOB.

KJ/IIOYEBBIE CJIOBA: marematuueckoe MOAEIHPOBAaHUE ABMKEHUS OAJUIMCTUYECKOrO Tela, Tsra JBUTATeNs, CeKYHIHBIH
pacxof TOIIMBA, BEC PEaKTHUBHOIO TOIUIMBA, BpeMsI paOOThI ABUTATENIs, aKTUBHBII U MTACCUBHBIA YYaCTOK TPACKTOPHH.
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