
24  -   25 / 2021 
 

© . , . , . , .   

 623.546 DOI: https://doi.org/10.33577/2312-4458.25.2021.24-29 
 

. 1, . 1, . 1, . 2  
 
1 ,  
2 -

, .  
 

 
 

 
 

, . ,  
:  

;  
;  Oz ;  

.  
; 

z  
, ; ,  

, .  
 

. , :  
; ;  

, .  
 

, 
.  

, ,  
. ,  

. 
 

: , , -81, .  
 

 
 

 [11, 12]  
 

 10 -81 

26. , 
 

. -
 

,  
 

. ,  
.  

.   
 

.  

 
 Oxyz  

,  
.  Ox  

,  Oz  – -
 Oy -

,  
.  

 [1,2]   
 

,   

00 cosV
xTWy y ,                  (1) 

 yW – , T  –  

, x  –  
,    0V  – , 0  – 

.  
: 

-   
 [2 – 8] 

VVCSF DD 5,0 ,                  (2) 

  –  ,  S  –  
, DC  –  

, V  – ; 

–  W  
  

WVVCSF DD
~ ,                 (3)  

 V~  
,   



25 / 2021    25 
 

© . , . , . , .   
 

WVV~ ;                            (4) 

-  
 ,  

  

xx VW , xy VW  xz VW ;           (5)  

-  
 Oz  

  

xy VV  xz VV ;                  (6) 

-  
  

constCD  constWy .                (7) 

:  
- -

;  
-  

-
  

 Oz  
 ; 

- DC –  
,  

. 
,   

. ,  
. -

 
 

.  

 
 (1)  

, , -
,   

 
-

. ,  
 
 

.  

 
: 

 – P ,  – R  
 – corF .  
.  mgP ,  m–  

 28,9g –  

.  corcor amF ,  

Va ecor 2  – , e  – 
.  

 
-

 [9, 10],  
i

i

s
xax V

tVtVsctR )()()( 2 ;             (8) 

 xc  – , -
,  

, -
; a  – ; xs  –  

; sV  –  

.  i  i )3,2,1(i  
 

(supersonic),  (transonic)  
(subsonic) . 

 
.  

wyF   

255,5

288000
5,61

)006328,0(
101325 zpz

zTKR
cs

F
un

yya
wy  

y
yy tVtW )()( ,                   (9) 

 a 96,28  –  

; ys  –  

; yc  – ,  

 
, , 

; Run 8314  – -

, TK  –  
, zp 537,111  – -

, z  –  
; y  – , )(tVy  – 

, )(tW y  –  

.  (9) ys , yc  y  

.  
 

 

wycor FFRPam ,              (10) 

 a  – .  
 (10)  

 
. -

 
.  

, , :  



26  -   25 / 2021 
 

© . , . , . , .   

0)0(x , 00cos)0( Vx , 0)0(y , 0)0(y , 
0)0(z  00sin)0( Vz ,                (11) 

 0V  – , 0  –   
. 

 

yV0 ,   

0)0(x , 00cos)0( Vx , 0)0(y , yVy 0)0( , 

0)0(z  00sin)0( Vz .                (12) 
-
 

.  
26,  

 125- -81.  
:  – m 0,23 , -

 –V 8500 ,  

 – 2066,0xs 2 ,  

 – ys =0,06226 2 ,  – 

15t C ,  – 750p  . .  
 

 009,01 631,01 .  

 0032,02  

7987,82 . , 

 – 53,03  8476,73 .   

 35,0xc , 28,36yc , 957,0y . 

 0i  

;  ìxik ,  –  
-

, -
,  
 [11, 12];  

 corik Fìy ;,  –  
; -

 Vy wyik 10;,  –  

 
 (  

 [11, 

12]);  Vy wyik 10;,  – 

 
;  

VVy wyyik 0;10;, 0  –  

, 
,  

;  VVy wyyik 10;10;, 0  – 

 
,  

;  VVy wyyik 10;10;, 0  – 

 
,  

.  
 

 
,  

,  [11, 12] ( ) 

i ,0  xik ,  
cor

ik

F

y ,
 

yik ,
 

Vwy 10  V

y

wy

ik

10

,
 

yik ,
 

V

V

wy

y

0

100
 

yik ,
 

V

V

wy

y

10

100
 

yik ,
 

V

V

wy

y

10

100
 

0o07’ 292,21 
(200) 

–0,01 0,06 
(0) 

–0,07 3,44 3,50 3,37 

0o27’ 1049,39 
(1000) 

–0,07 0,83 
(1,0) 

–0,98 12,30 13,20 11,41 

0o50’ 1800,80 
(1800) 

–0,23 2,65 
(3,6) 

–3,11 21,00 23,88 18,27 

1o19’ 2605,01 
(2600) 

–0,49 6,07 
(7,8) 

–7,07 30,14 36,72 23,90 

1o53’ 3391,23 
(3400) 

–0,85 11,30 
(10,2) 

–13,06 38,82 51,03 27,24 

2o35’ 4188,26 
(4200) 

–1,33 19,06 
(16,8) 

–21,86 47,27 67,79 27,76 

3o28’ 4995,30 
(5000) 

–1,94 30,24 
(30,0) 

–34,36 55,33 87,75 24,42 

4o37’ 5816,95 
(5800) 

–2,69 46,04 
(46,4) 

–51,80 62,81 111,91 15,83 



25 / 2021    27 
 

© . , . , . , .   
 

 
, ,  

:  
- ,  

,  
 [11, 12] -

, -
 1200 ,  

-
; 

-  
 

;  
-  

,  
 [11, 12],  

 6000 , -
,  

 
 [11, 12];  

- , -
,  

; 
-   

, -
 

;  
-  -

,  
,  

,  
 

.  

 
 
 

.  ,   
 

,  
.  

 
, -

,   
. ,  

-
 

.   
-
-

.  

 
1. ., ., ., 

. . I : . . 
, , 

1954. 501 . 
2. Robert L. McCoy. Modern Exterior Ballistics.The Launch 

and Flight Dynamics of Symmetric Projectiles. 2012. 328 p. 
3. Donald E. Carlucci and Sidney S. Jacobson. Ballictics: 

theory and design of guns and ammunition. 2008. 514 p.  
4. Lewtas Ian, Mcalister Rachael, Wallis Adam, Woodley 

Clive, CullisIan. The ballistic performance of the bombard Mons. 
Meg. Defence Technology.  12. 2016. . 59-68. DOI: 
https://doi.org/10.1016/j.dt.2015.12.001 

5.  Cech  V.,  Jedlicka  L.  and  Jevicky  J.  Problem  of  the  
reference height of the projectile trajectory asareduced meteo-
ballistic weight ingfactor, Defence Technology,  10. 2014. 
pp. 131-140. DOI: http://dx.doi.org/10.1016/j.dt.2014.06.002 

6. Sahoo S., Laha M.K. Coefficient of Drag and Trajectory 
Simulation of 130 mm Supersonic Artillery Shell with Recovery 
Plug or Fuze. Defence Science Journal, Vol. 64, No. 6, 
November 2014, pp. 502-508, DOI: 10.14429/dsj.64.8110 

7. Bo Zhang, Shushan Wang, Mengyu Cao,Yuxin Xu. 
Impacts of Deflection Nose on Ballistic Trajectory Control 
Law. Mathematical Problems in Engineering, Hindawi Publishing 
Corporation. Volume 2014, Article ID 984840, 6 p. 
DOI: http://dx.doi.org/10.1155/2014/984840 

8. Balon Rastislav, Komenda Jan (2006), Analysis of the 
155 mm ERFB/BB projectile trajectory. Advancesin MT, 

 10: pp. 91-114. 

6o00’ 6603,07 
(6600) 

–3,45 64,85 
(59,4) 

–72,31 68,73 137,57 2,62 

7o39’ 7391,15 
(7400) 

–4,24 86,49 
(74,0) 

–95,70 73,39 164,84 –14,71 

160 . 8203,21 
(8200) 

–5,04 111,19 
(90,2) 

–122,21 77,12 194,27 –36,09 

197 . 9022,88 
(9000) 

–5,92 139,88 
(117) 

–152,86 80,18 227,10 –62,22 

229 .  9634,41 
(9600) 

–6,67 166,41 
(134,4) 

–181,05 82,26 256,62 –87,15 

240 . 9825,75 
(9800) 

–6,91 175,34 
(147,0) 

–190,51 82,87 266,44 –95,63 

290 . 10603,6 
(10600) 

–7,89 214,36 
(169,6) 

–231,69 85,22 308,99 –132,96 

351 . 11401,8 
(11400) 

–8,95 259,22 
(205,2) 

–278,83 87,66 357,50 –176,14 

407 . 12027,2 
(12000) 

–9,84 298,72 
(228,0) 

–320,21 89,78 400,12 –214,17 
 



28  -   25 / 2021 
 

© . , . , . , .   

9. ., ., .  
, . 

.  19. : , 
2018. . 43-49. DOI: https://doi.org/10.33577/2312-
4458.19.2018.43-49. 

10. ., ., .  
-462 . -

.  22. : , 2020. . 
14-20. DOI: https://doi.org/10.33577/2312-4458.22.2020.14-20. 

11. ., ., . . 
: . 

: , 2015. 141 .  
12. ., ., . .  

: . : 
, 2020. 257 .  

References 
1. Chernozubov A.D., Kyrychenko A.D., Razin, I.I. and  

Mykhajlov K.V. (1954), “Vneschnaya balistica. Chast 1I” 
[External ballistics. Part II], Printing house of the Artillery 
Engineering Academy, 501 p. [in Ukrainian] 

2. Robert L. Mc Coy. Modern Exterior Ballistics. The Launch 
and Flight Dynamics of Symmetric Projectiles. 2012. 328 p. 

3. Donald E. Carlucci and Sidney S. Jacobson (2008), 
Ballictics: theory and design of guns and ammunition. 514 p. 

4. Lewtas Ian, Mcalister Rachael, Wallis Adam, Woodley 
Clive and CullisIan. (2016), The ballistic performance of the 
bombard Mons. Meg. Defence Technology.  12. . 59-68. 
DOI: https://doi.org/10.1016/j.dt.2015.12.001 

5. Cech,V, Jedlicka, L. and Jevicky, J. (2014) Problem of 
the reference height of the projectile trajectory asareduced 
meteo-ballistic weighting actor, Defence Technology,  10, 
pp.  131-140. DOI: http://dx.doi.org/10.1016/j.dt.2014.06.002 

6. Sahoo S. and Laha M.K. (2014), Coefficient of Drag 
and Trajectory Simulation of 130 mm Supersonic Artillery 
Shell with Recovery Plug or Fuze. Defence Science Journal, 
Vol. 64, No. 6, November, pp. 502-508, DOI: 10.14429/-
dsj.64.8110 

7. Bo Zhang, Shushan Wang, Mengyu Cao,Yuxin Xu. 
Impacts of Deflection Nose on Ballistic Trajectory Control 
Law. Hindawi Publishing Corporation, Mathematical Problems in 
Engineering, Volume 2014, Article ID 984840, 6 pages, DOI: 
http://dx.doi.org/10.1155/2014/984840 

8. Balon Rastislav, Komenda Jan (2006), Analysis of the 
155 mm ERFB/BB projectile trajectory. Advancesin MT, 10: 
pp. 91-114. 

9. Tkachuk, P.P.,Velychko, L.D. and Horchynskiy, I.V. 
(2018), “Vplyv vitru na zovnishnu balistyku kuli vypeshchenoi z 
SVD” [Wind influence on the exterior ballistics of the bullet 
movement released from SVD], Military Technical Collection, 
I. 19, pp. 43-49. DOI: https://doi.org/10.33577/2312-4458.19.-
2018.43-49. [in Ukrainian] 

10. Tkachuk, P.P.,Velychko, L.D. and Horchynskiy, I.V. 
(2020), “Zovnishnaya balistyka oscolcovo-fugasnogo snariadu 
OF-462J” [External ballistics of the high-explosive fragmentation 
projective], Military Technical Collection, I. 22, pp. 14-20. 
DOI: https://doi.org/10.33577/2312-4458.22.2020.14-20. [in 
Ukrainian] 

11. Doroshev O.I., Vasiliv J.I. and Bogachov O.I. (2015),  
Pravila strilbu na veliki vidstani. [The rools of the shooting on 
the large distance].  Lviv, 141 p. [in Ukrainian] 

12. Kamentcev S., Dzuba A. and Bogachov O. (2020), Strilba 
tankiv na veliki vidstani. [Tank shooting on the large distance]. 
Lviv, 257 p. [in Ukrainian] 
 

 

 

. . , . . , . , .  
 

 
, . ,  

:  
;  

;  Oz  
; . 

 
; z  

, ; ,  
, . 

 
. , :  

; ;  
, . 

, ,  
 

.  
, ,-  

. ,  
. 

: , , , -81, . 
 

SIDE WIND AND TANK SPEED INFLUENCE ON LATERAL DISPLACEMENT OF THE PROJECTILE 

M. Sorokatiy, M. Voytovych, L. Velychko, O. Moskalova 
 

This article indicates the scope of the formula for determining the magnitude of the lateral displacement of the projectile 
under the action of crosswind, which is used in the compilation of firing tables. 
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This formula is valid under the following conditions: the force of frontal air resistance to the motion of the projectile is 
proportional to the its velocity squared; wind speed components are much smaller than the horizontal component of projectile 
velocity; the projectile velocity projections on the Oy and Oz axes are much smaller than the projections on the Ox axis; the 
dimensionless coefficient of resistance and the magnitude of the crosswind are constant values. 

However, in reality, the force of frontal air resistance to the motion of the projectile is only sometimes proportional to the 
its velocity squared; the projectile velocity projections on the Oz axis may be are much smaller than the projections on the Ox 
axis and may even be greater than it; the coefficient of resistance is depends on the value of the Makh number, so it can be 
considered constant only when shooting at short distances. 

The authors propose a mathematical model for determining the magnitude of the lateral displacement of the projectile 
under the action of crosswinds. It is believed that the force of the crosswind on the projectile depends on the following factors: 
air density; the maximum area of the longitudinal section of the projectile; the difference between the value of the lateral 
component of the wind speed and the speed of the lateral displacement of the projectile, which is raised to a certain power. 

The magnitude of the values of the lateral displacement of the projectile under the action of the crosswind when shooting at 
short distances, determined based on the proposed mathematical model, slightly differ from the values of the lateral displacement 
specified in the firing tables. 

However, with increasing firing distance, the difference between these values is constantly increasing and the value of the 
lateral displacement of the projectile determined theoretically is much larger than indicated in the firing tables. In addition, in 
this research the influence of the tank velocity on the value of the projectile lateral displacement taking into account the action of 
the crosswind is studied. 

Keywords: external ballistics of the projectile, Makh number, crosswind,cannon D-81,  firing tables. 
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DYNAMIC FUSION OF IMAGES FROM THE VISIBLE AND INFRARED 

CHANNELS OF SIGHTSEEING SYSTEM BY COMPLEX MATRIX 
FORMALISM 

 
The employment of new mathematical and computer approaches for the fusion of target images from the 

visible and infrared channels of the sightseeing system (SSS) is one of the ways to increase the efficiency of the SSS 
of armored vehicles. Modern approaches to improving the efficiency of image fusion are aimed to increase the 
visibility of the target via improving the quality indices of fused images. This paper proposes a fundamentally new 
approach to image fusion, namely dynamic image fusion, at which the target is observed in the mode of a video clip 
composed of a sequence of stationary fused images obtained at different parameters of fusion, in contrast to 
traditional stationary image fusion, at which the decision is made from one fused image. Unlike stationary image 
fusion, aimed to increase the visibility of the target, the dynamic image fusion allows one to enhance the conspicuity 
of the target. The principle of dynamic image fusion proposed in this paper is based on matrix formalism, in which 
the fused image is constructed in the form of a complex vector function, which by its mathematical form is 
analogous to the Jones vector of elliptically polarized light wave, which in turn opens the possibility of matrix 
transformation of the complex vector of the fused image and consequently its parameterization by analogy with the 
Jones matrix formalism for the light wave. The article presents mathematical principles of matrix formalism, which 
is the basis for dynamic image fusion, gives examples of stationary and dynamic image fusion by the method of 
complex vector function and compares with the corresponding images, fused by algorithms of weight addition in the 
field of real and complex scalars. It is shown that by selecting weight coefficients, the general form of a complex 
amplitude vector image can be reduced to the algorithms of weight and averaged addition in the field of real 
scalars, weight amplitude and RMS-image in the field of complex scalar numbers, and geometric-mean image in the 
field of complex vectors, which, thereby, are partial cases of the general form of the complex amplitude image in the 
field of complex vectors. 

The animated images obtained by the method of complex vector function illustrate the increase of conspicuity 
of the object of observation due to the dynamic change of the fusion parameters. 

 

Key words: digital image processing, image fusion, infrared imaging, Jones matrix formalism, complex vector 
image fusion 


