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EXTENSION OF THE UNIQUE INTERVAL OF RECOVERY OF THE INITIAL PHASE OF A SIGNAL OF A 
THREE-CHANNEL TWO-FREQUENCY COHERENT RADAR 

Z. rabchak, Yu. Kosovtsov 

The article reveals the theoretical and practical provisions for ensuring the unambiguity of determining the initial phase of 
the radar signal, which, unlike the known ones, allows expanding the unambiguity interval of a multi-channel and multi-frequency 
coherent radar to tens of meters with radar sounding in the centimeter range with frequencies of the order of 10 GHz. 
Procedures have been developed to ensure the unambiguity of determining the initial phase of the radar signal by determining 
the phase difference behind different frequencies of the transmitting channels of a three-channel two-frequency station. A mathematical 
model is obtained for the formation of the phase difference behind different frequencies of the transmitting channels of a three-
channel two-frequency station. The mathematical model makes it possible to find the coordinates of the projectile for the phase 
difference data for different frequencies of the station's transmitting channels. The procedures for restoring the total phase 
difference behind the known quadrature components of the signal of a three-channel two-frequency station are disclosed. 
Analytical dependencies for calculating precision values of projectile flight coordinates based on phase difference data for 
different frequencies of the transmitting channels of a three-channel two-frequency station have been developed and studies of 
the accuracy of their calculation have been carried out. To assess the accuracy of determining the coordinates of the flight of the 
projectile, a numerical simulation of the calculation of their absolute error for different values of the projectile flight speed and 
angle of throw was carried out. As reference values of projectile flight coordinates, the data obtained by solving the 
mathematical model of the spatial motion of the OF-540Zh projectile of the 152-mm self-propelled howitzer 2S3M were used. It 
is shown that the potential accuracy of calculating the projectile flight coordinates is based on the data of measuring the 
quadrature of the phase difference of radar signals of a coherent radar with continuous monochromatic radiation for different 
values of the flight speed and angle of the projectile is within 106 1010  m. 

Keywords: projectile, radar signal, radar station, total phase, quadrature components, frequency, projectile flight coordinates, 
antenna, modeling. 

 

 

 

 623.546 DOI: https://doi.org/10.33577/2312-4458.26.2022.22-27 
 

. , . , . , .   
 

,  
 
Article history: Received 04 February 2022; Revised 08 February 2022; Accepted 2 May 2022 
 

 
 

 
 

, .  
, ,  

,  
. ,  

, ,  
.  



26 / 2022     23 
 

© . , . , . ,  .   
 

-462 ,  122- -30, . ,  
,  

,  0V ;  
, , ; -

 45o00’; ,  
, .  

 

: , , , 
 

 

 
 
 

.  
 ( , 

, , 
),  (  

, )  
.  

 
.  

 
. , , 

-
, -
.  

, -
 

,  
 

-
.  

 
-
 

, ,  
 [1-5].  [6-8] 

 
  

s
x V

VcidVR
42

22
,                    (1) 

 

 R  – , V  –  
,  – , sV  –  
, d – , i  –  

, 
s

x V
Vc  – . 

 
2

2V
,   (1), -

.  
 

,  
, 

, . 

-
,  

 
.  
,  

 0V  

0V , -
 [2] 

 

0
00 2sin2 V

g
Vxc , 

 

  
 

0
00

000
2sin2

)()( V
g

VVxVVx cc ,       (2) 
 

cx – , 0  –   
, 0V  – , 

)( 00 VVxc  – .  
-

,  
. -

, -
,   

 

0

0000

0 2
)()(

V
VVxVVx

V
x ccc , 

 

 )( 00 VVxc  )( 00 VVxc –  
,  

 0V ,  
 [2].  

-
 0V ,  

  
 

0
0

V
V
x

x c
c , 

 

  
 

0
0

000 )()( V
V
x

VxVVx c
cc .             (3)  

 
 

-
, , -
.  



24  -   26 / 2022 
 

© . , . , . ,  .   

 
-
-
-

, .  
 

. -
 

, -
 

. 
 
 

,  
. ,  

, 
, -

 
-

.  
,  

,  
. 

, -
 

-
 

. 

 
, -

 [4, 5],  
, ,  

,  
 –  

 
.  

,   
:  

- ;  
- ;  
-  

;  
-  

.  
,  

,  
 

,  
.  

 
 

.  
  

255,5

288000
5,61

006328,0
101325

)( zpz
zTKR

sc
tR

un

axx

 i

ii

zTK
Rk

tV

a

una
5,0

2

)006328,0

)(
;         (4) 

 

 xc  – ,  
,  

, ; a 96,28  – 

; xs  –  
 ;

Run 8314  – ,

TK  –   
, zp 537,111  –  

, -
 750 .,  4,1ak  –  

, )(tV  –   
; z –  

 z , i  i  – ,  
, , -

.  
 i  i  

 [9].  
 
 

-462 , 
 122- -30  

. 
 ,  

 V 4930 .   

 '1930  -
 200  2400 )  

.  
 0834,01  

1792,01 .  
 

 [10]  6,4 .   
 

'2815'423 0   
 2600  7000 )  

.  
,  – 

. -
 2226,02  1433,22 .  

 
 [10]  15,2 .  



26 / 2022     25 
 

© . , . , . ,  .  
 

 
'5736'0916 0  (  

 7200  11200 )  
.  

,  –  
,  – -

. -
 4637,03  6947,13 .  

 
 [10]  17,3 .  

 
'0070'4039 0  (  

 11400  7420,  
11540 )  

.   
,  – -

,   –   
,  –  

, -
.  

4626,04  0049,24 .  
 

 [10]  20,2 .  
:  –   

; kt  – ; kx  – 
-

; kx  – -

; kV  –  
. -

,  [10].  
 

, -
,  

.   
,  

, :  
-  

 
;  

-  
 

 10 -
 25o00’; 

-  
 
 

45o00’  16 ; 
- -

-
 
 

70o00’  7 ; 
- -

 0V .   
,  

, -
.  

 

-
)( ix ,  

,  
,  

. -
,  

 – 
, , -

.  
-
-
 

.  
 
 

.  
 

 ( ) 
 

, ,  
 

 

,  
)01,01(0V  V 4930  )01,01(0V  

xk ,  ctk ,  Vk ,  xk ,  ctk ,  Vk ,  xk ,  ctk ,  Vk ,  

0o00’ –3,91 
(–4) 

0,4034 
 

474,93 198,12 
(200) 

0,4075 
(0,4) 

479,50 
(479) 

3,90 
(4) 

0,4115 484,06 

1o19’ –21,58 
(–21) 

2,6138 
 

412,76 1193,62 
(1200) 

2,6389 
(2,6) 

415,81 
(413) 

21,73 
(21) 

2,6640 418,83 

2o16’ –31,05 
(–30) 

4,1450 377,67 1806,30 
(1800) 

4,1837 
(4,1) 

379,99 
(379) 

31,24 
(30) 

4,2224 382,29 



26  -   26 / 2022 
 

© . , . , . ,  .   

 

3o19’ –39,30 
(–38) 

5,7819 345,81 2403,22 
(2400) 

5,8343 
(5,8) 

347,57 
(347) 

39,48 
(38) 

5,8867 349,27 

3o42’ –41,89 
(–41) 

6,0850 338,31 2603,37 
(2600) 

6,4228 
(6,4) 

338,97 
(339) 

42,00 
(41) 

6,4801 339,62 

7o44’ –56,81 
(–59) 

11,9592 307,58 4384,83 
(4400) 

12,0567 
(12) 

307,91 
(294) 

56,96 
(59) 

12,1539 308,23 

11o05’ –63,28 
(–65) 

16,2421 292,92 5614,47 
(5600) 

16,3592 
(17) 

293,20 
(284) 

63,43 
(65) 

16,4762 293,47 

15o28’ –69,11 
(–73) 

21,5678 281,81 7005,05 
(7000) 

21,7049 
(22) 

282,11 
(273) 

69,83 
(73) 

21,8418 282,40 

16o09’ –69,89 
(–74) 

22,3751 280,70 7203,03 
(7200)  

22,5150 
(23) 

280,98 
(272) 

69,95 
(74) 

22.6546 281,36 

25o00’ –78,05 
(–88) 

32,2614 285,39 9382,72 
(9400) 

32,4310 
(33) 

286,05 
(267) 

78,03 
(88) 

32,6001 286,70 

36o57’ –85,91 
(–100) 

44,4847 296,04 11193,73 
(11200) 

44,6899 
(45) 

297,09 
(277) 

85,81 
(100) 

44,8950 298,12 

39o40’ –86,91 
(–102) 

47,1597 296,25 11379,82 
(11400) 

47,3729 
(48) 

300,10 
(281) 

86,83 
(102) 

47,5854 298,52 

45o00’ –88,00 
(–104) 

52,0880 301,98 11531,72 
(11540) 

52,3171 
(53) 

303,26 
(288) 

87,83 
(104) 

52,5451 304,54 

65o59’ –70,17 
(–79) 

67,9287 323,10 8618,90 
(8600) 

68,2122 
(68) 

324,78 
(308) 

70,07 
(79) 

68,4944 326,47 

70o00’ –61,73 
(–69) 

70,1532 326,01 7419,46 
(7420) 

70,4439 
(70) 

327,74 
(308) 

61,66 
(69) 

70,7332 329,47 

 

 
1. . ., . ., . ., 

. . . : . 
: , 

1954. 467 .  
2. . ., . ., . ., 

. . .  : . 
: -

, 1954. 501 .  
3. . ., . . -
: . – 4- ., .  

. – .: , 2005. 608 .; .  
4. McCoyR.L. (2012), Modern Exterior Ballistics. The 

Launch and Flight Dynamics of Symmetric Projectiles. 328 p. 
5. Carlucci Donald E. and Sidney S. Jacobson (2008), 

Ballictics: theory and design of guns and ammunition: 
Tutorial. 514 p.  

6.Lewtas Ian, Mcalister Rachael, Wallis Adam, Woodley 
Clive and Cullis Ian.(2015), The ballistic performance of the 
bombard Mons Meg. Defence Technology. 12. pp. 59-68. 
DOI: https://doi.org/10.1016/j.dt.2015.12.001   

7. 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, pp. 502-508, DOI: https://doi.org/10.14429/dsj.64.8110 

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

9. . ., . ., . ., 
. . ,  

. . , 2021.  24. 
. 13-20. DOI: https://doi.org/10.33577/2312-4458.24.2021.13-20 

10.  122- -30.  
, . : , 1988. 

225 .  

References 
1. Chernozubov A.D., Kirichenko V.D., Razin I.I. and 

Mikhailov K.V. (1954), "Vneshniaia ballistica. Chast I" [External 
ballistics. Part I]: Moscow: Typography of the Artillery 
Engineering Academy, 467 p.[in Russian] 

2. Chernozubov A.D., Kirichenko V.D., Razin I.I. and 
Mikhailov K.V. (1954), "Vneshniaia ballistica. Chast I" [External 
ballistics.  Part  II]:  Moscow:  Typography  of  the  Artillery  
Engineering Academy, 501 p. [in Russian]. 

3. Dmitrievskyi A.A. and Lysenko L.N. (2006), “Vneshniaia 
balistica”[External ballistics]:Textbook for students. 4-the 
ditionrevised and supplemented. Moscow, Mechanical engineering, 
608 p. [in Russian]. 

4. McCoy R.L. (2012), Modern Exterior Ballistics. The 
Launch and Flight Dynamics of Symmetric Projectiles. 328 p. 

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

6. Lewtas Ian, Mcalister Rachael, Wallis Adam, Woodley 
Clive and CullisIan. (2015), The ballistic performance of the 
bombard Mons Meg. Defence Technology. 12. Pp. 59-68. 
DOI: https://doi.org/10.1016/j.dt.2015.12.001 

7. Sahoo S. and Laha M.K. (2014), Coefficient of Drag 
and Trajectory Simulation of 130 mm Supersonic Artillery 



26 / 2022     27 
 

© . , . , . ,  .  
 

Shell with Recovery Plug or Fuze. Defence Science Journal. Vol. 
64, No. 6, pp. 502-508, DOI: https://doi.org/10.14429/dsj.64.8110 

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

9. Velychko L., Petruchenko O., Tereshchuk O. and 
Nanivskiy R. (2021), Zovnishnia balistica snariada, 

vipyschenogo z gaubici  [Exterior ballistics howitzer projectile]. 
Military Technical Collection. Lviv, 2021.  24. . 13-20. 
DOI: https://doi.org/10.33577/2312-4458.24.2021.13-20 [in 
Ukrainian] 

10. Shooting tables of 122-mm howitzer D-30. The fifth 
edition, stereotypical, (1988), Moscow, Military Publishing 
House, 225 p. [in Russian] 

 

INFLUENCE OF THE INITIAL VELOCITY OF THE PROJECTILE ON THE KINEMATICS OF THE PROJECTILE 

P. Tkachuk, L.Velychko, M. Voitovych, M. Sorokatyi 

The work uses a mathematical model for determining the frontal air resistance to the movement of the projectile, which 
based on solving the inverse problem of dynamics. Knowing the flight range at certain angles of aiming given in the firing tables, 
the functional dependence of the force of the frontal air resistance to the movement of the projectile on its speed and other 
factors is determined, taking into account the effect on the projectile of its weight and Coriolis force. 

It has been established that, depending on the aiming angle, the projectile speed during flight can combine stages of 
movement with supersonic,transonic, subsonic, decreasing or increasing speeds. Therefore, the functional dependence of the 
frontal drag force is determined for each stage separately. 

 The influence of the initial velocity and the deviation from the nominal value for the OF-462ZH projectile fired from a 
122-mm D-30 howitzer, charge is investigated. Depending on the aiming angle, the projectile speed during flight can combine 
stages of movement with supersonic,transonic, subsonic, decreasing or increasing speeds. 

It was found that the displacement values of the coordinates of the zeroing point of the trajectory of the projectile, 
determined on the basis of the proposed mathematical model, are almost the same in modulus when the initial velocity deviates 
by 0V ; the tabular values of the displacements of the trajectory zeroing point, in general, are large in magnitude from the 
theoretical; the greatest discrepancy between them is achieved at an aiming angle of 45o00’; determination of which of the 
displacement values, theoretical or tabular, are real, is possible during field tests. 

Keywords: Exterior ballistics, force of frontal air resistance, projectile muzzle velocity, ballistic corrections. 
 

 
 
 
 


