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ALGORITHM FOR COMPARATIVE SPECTRAL ASSESSMENT OF VIBRATION LOADS ON WHEELED 

MILITARY VEHICLES UNDER OFF-ROAD CONDITIONS 

M. Hrubel, O. Kuznyetsov, M. Manziak, Ya. Shumansky, T. Kraynyk 

The urgent need to equip defense forces with highly mobile wheeled military vehicles (WMVs) has become a critical 
national priority amid the ongoing Russo-Ukrainian war. This requirement necessitates the enhancement of key operational 
characteristics that define the performance of WMVs. This study analyzes the ride smoothness and ergonomic properties of such 
vehicles, with a particular focus on ensuring that a given WMV provides a comfortable ride within a specified speed range 
without excessive vibration exposure. 

A review of scientific literature on vibration load thresholds has highlighted the necessity of developing methodological 
tools that enable the assessment of vibration impacts on the human body at the vehicle design stage, particularly for off-road 
operations. 

Using the well-known mathematical modeling tool MATLAB, a spectral assessment algorithm for evaluating the vibration 
loads of WMVs in off-road conditions has been developed. This algorithm allows for an assessment of suspension system 
efficiency both at the design stage and during vehicle restoration or modernization. 

Based on the developed algorithm, a comparative evaluation of the suspension systems of two WMV models was conducted. 
The results indicate that the suspension system of the Mamai WMV enables its driver and crew to operate off-road with 
acceptable comfort levels for up to four hours, whereas the UAZ-3151 provides a comfort threshold of only one hour. 

Keywords: evaluation algorithm, vibration load, operational characteristics, sample of wheeled military vehicles, road 
surface, suspension system, spectral analysis. 

 
 

 
: 656 DOI: https://doi.org/10.33577/2312-4458.32.2025.87-95 

 
. , . , .  

 

,  
 
Article history: Received 21 February 2025; Revised 03 March 2025; Accepted 04 March 2025 

 
 

 
 

 
 

-
 

.  
, -

. 
 

.  
.   



88  -   32 / 2025 
 

© . , . , .  
  

 
 

. .  
 

. 
 

: , , , , -
, , .. 
 

 
, -

 
.  

, , -
 

, , 
, -

. -
 

. 
 

,  
 

.  
,  ,   

 
.  

 
-

.  
-
 

. 
 
 

,  
.  

 
, -

 
. 

: -
 

-
 

-
. 

 

 
 
 

-
.  

 
[1– 6]  

 
.  

 [7–11]  
 

-
,  

.  
,  

,  
 

.  
-

, -
 
 

.  
 

,  
. [12], . [13] -

,  
-

, -
 

,  
.  

, 
 

. 
 [14] ,  

-
 

.  
 

, . 
-

,  
 

, -
 

. 
 [15] -

-
.  



32 / 2025    89 
 

© . , . , .  

, 
 

. 
 [16]  

-
 
 
 

-
. -

 
, -

-
 

. 

 
 [1],  

 –  
,  

, -
, -

-
, , 

 
. 

 
-

. -
 

,  
.   

, , 
, 

 [6]: 
- -

,  
-

;  
- -

 
. 

 
 
 

,  
,  

-
,  

) . -
 

 ( , )  
, ,  

-
.  

-
-

.   
 

-
,  

. -
, -

,  
.  

, -
 

 [17]. 
, 

,  
 

. -
-

,  
, -

. 
 [17],  

-
:  

, , , -
.  

,  
,   

. 
-
 

.  
, . 

-
.  

 
,   

,  
. -

,  
.  

 
 

, -
.  

. 
, 

,  
. 

-
-

, :  



90  -   32 / 2025 
 

© . , . , .  
  

1)  ( -
);  

2) -
;  

3)  
 

, ;  
4)  

, , 
,  

,  
;  

5)  
, . 4, . . 

 
:  m  1 2, ,.... mA A A  

, , 1 2, ,.... ma a a -
,  n -

 1 2, , .... nB B B  x  1 2, ,.... nb b b  
.  i jc -

 o i y   y pa  
j . pi o c  

, o ,  o y 
pi o pa  y pa  j  

, -
 

. 
-

: 

              
1 1

min
m n

ij ij
i j

F c x ;                  (1) 

  
 

1

1

( 1... )

( 1... )

0 ( 1... ), ( 1... )

m
ij ij

i
n

ij ij
j

ij

x a i m

x b j n

x i m j n

 

 
 
 
 
 
 
, 

(2) 

 
 i jx ,  -

 j ; i jc  

 i -
 j ; ija  i  

; i jb  j -

. 
-

 ( )ijX x ,  

-
. 

 
  

 

        
1 1

( 1... ),( 1... )
m n

ij ij
i j

a b i m j n .         (3) 

( )ijX x ,  

 iu jv  

 ( 1... ), ( 1... )i m j n : 
 

, 0

, 0
i j ij ij

i j ij ij

u v c x

u v c x

 
 
. 

(4) 

-
-

.  
 ( omposition 1, 

omposition 2 omposition 3),  
 ( ),  

. -
, ,  

UnitA, UnitB, UnitC, UnitD,  
. , -

,  
, -

.  
:  

- omposition 1  
1a  – 1500 ; 

- omposition 2  
2a  – 600 ; 

- omposition 3  
3a   – 800 ; 

-  Unit 1b – 1100  
; 

-  Unit B  2b – 400  
; 

-  Unit C  3b – 600  
; 

-  Unit D  4b  – 800  
. 

 i jc : 

omposition 1  Unit  40 -
,  Unit  40  

,  Unit  20 , 
 Unit D  50 ; 

omposition 2  Unit  50 -
,  Unit  30  

,  Unit  10 , 
 Unit D  20 ; 

omposition 3  Unit  20 -
,  Unit  10  



32 / 2025    91 
 

© . , . , .  

,  Unit  40 , 
 Unit D  20 . 

 
.  

 (3) . 

29008006001500
3

1i
ija  ; 

29008006004001100
4

1i
ija . 

,  
,  2900  

, . 

 
,  (1). 

11 12 13 14 21 22

23 24 31 32 33 34

40 40 20 50 50 30
10 20 20 10 40 20 min

F x x x x x x
x x x x x x

 

,  (2): 
 

11 12 13 14

21 22 23 24

31 32 33 34

11 21 31

12 22 32

13 23 33

14 24 34

1500
600
800

1100
400
600
800

0 ( 1... ), ( 1... )ij

x x x x
x x x x
x x x x
x x x
x x x
x x x
x x x

x i m j n
 

 
 
 
 
 
 
 
 
 
. 

, 
. 

 1  
 

 Unit A Unit  Unit  Unit D  

omposition 1      11
11

40c
x  12

12
40c

x     13
13

20c
x  14

14
50c

x  1 1500a  

omposition 2 21
21

50c
x  22

22
30c

x  23
23

10c
x  24

24
20c

x  2 600a  

omposition 3 31
31

20c
x  32

32

10c
x  33

33

40c
x  34

34

20c
x  3 800a  

 1 1100b  2 400b  3 600b  4 800b   
 
 

-
. 

 (1;1): 
 

11 1 1

11 1

min ( , ) min (1500,1100) 110
;

0,x
 Unit 

b
x b

a
 

 

12 1 11 2

12 2

min ( , ) min (400, 400) 40
;

0,x
 Unit B 

a x b
x b

 

23 2 3

23 3

min ( , ) min (600,600) 600,
; 

x
Unit C 

a
x b

b
 

34 3 4

34 4

min ( , ) min (800,800) 800,
. 

x
Unit D 

a
x b

b
 

 
 

 2  
 

 Unit A Unit  Unit  Unit D  
omposition 1 1100 400   1500 
omposition 2  0 600 0 600 
omposition 3    800 800 

 1100 400 600 800  
 

, 
,  

.8200020800
2001060030040400401100F

 

 
. 

,  
,  minijc  

32 3 2

32 2

min ( , ) min (800, 400) 400,
; 

x
Unit B 

a
x b

b
 

23 2 3

23 3

min ( , ) min (600,600) 600,
; 

x
Unit C 

a
x b

b
 



92  -   32 / 2025 
 

© . , . , .  
  

11 1 1

11 1

min ( , ) min (1500,1100) 110
;

0,x
 Unit A 

b
x b

a
 34 3 32 4

14 1 11 4 34

14 34 4 .

min ( , ) min (400,800) 400,
min ( , ) min (400,400) 400,

 Unit D 

x a x b
x a x

b
b

x x
x  

 

 3  
 

 Unit A Unit  Unit  Unit D  
omposition 1 1100   400 1500 
omposition 2   600 0 600 
omposition 3  400  400 800 

 1100 400 600 800  
 

, 
,  

.8200020400
200504001060010400401100F

 

 (4) . 

 (  
 3): 

                       

1 1

1 4

2 3

2 4

3 2

3 4

40
50
10
20
10
20

u v
u v
u v
u v
u v
u v

 

. ,   
,  

.  3, ,   4 0v .  
: 

1 2 3 1 2 250, 20, 20, 0, 0, 0u u u v v v . 
 (  

 3): 

1 2

1 3

2 1

2 2

3 1

1 2

50 ( 10) 40 40
50 ( 10) 40 20
20 ( 10) 10 0
20 ( 10) 10 0
20 ( 10) 10 0
20 ( 10) 10 0

u v
u v
u v
u v
u v
u v

 

,  
 2 . 

,  
, -

. -
. 4. 

 4 
 

 Unit A Unit  Unit  Unit D  
omposition 1 1100  400  1500 
omposition 2   200 400 600 
omposition 3  400  400 800 

 1100 400 600 800  
 

, 
,  

.740002040020
400204001020010400401100F

 

 (4) . 
 ( -

 4): 

1 1

1 3

2 3

2 4

3 2

3 4

40
20
10
20
10
20

u v
u v
u v
u v
u v
u v

 

. , 
,  1 0u .  

: 
2 3 1 2 3 40, 0, 40, 0, 20, 30u u v v v v . 

 (  
 4): 

1 2

1 4

2 1

2 2

3 1

3 3

0 40 40 40
0 30 30 0
( 10) 40 30 0
( 10) ( 0) ( 0) 0
( 10) 40 30 0
( 10) 20 10 0

u v
u v
u v
u v
u v
u v

 

,  
 5 . 



32 / 2025    93 
 

© . , . , .  

-
.  

. -
. 5. 

 
 5 

 

 Unit A Unit  Unit  Unit D  
omposition 1 900  600  1500 
omposition 2    600 600 
omposition 3 200 400  200 800 

 1100 400 600 800  
 

, 
,  

.720002020020
60020600104002020040900F

 

 (4)  
. 

 ( -
. 5): 

1 1

1 3

2 4

3 1

3 2

3 4

40
20
20
20
10
20

u v
u v
u v
u v
u v
u v

 

. , 
,  1 0u . -

: 
2 3 1 2 3 40, 0, 40, 30, 20, 40u u v v v v . 

 ( -
. 5): 

 

1 2

1 4

2 1

2 2

3 1

3 3

0 30 30 40
0 40 40 0
( 0) 40 20 0
( 0) 30 10 0
( 0) 20 0 0
( 0) 20 0 0

u v
u v
u v
u v
u v
u v

 

 
,  

. 

,
900 0 600 0

0 0 0 600
200 0 0 200

X . 

-
: 

 Unit A  900 
omposition 1  

200 omposition 3; 

 Unit  B   
400 omposition 3; 

 Unit C  600 -
omposition 1; 

 Unit D  
600 omposition 2 

 200   
omposition 3. 

 
 72 000  

. 

 
-
 

,  
 

.  
 
 

-
. 

,  
 
 

. -
 

.  
-
 
 

,  
, . 

-
 

,  
. -

 
.  

,  
,  

. 
,  

 



94  -   32 / 2025 
 

© . , . , .  
  

 
. 

: -
 

-
 

-
,  

. 

 
1. : -

 24.09.2020  2861. 37 .  
2.  

) : -
 20.08.2020  

 2464.  
3.  

, :  
 21.01.2021  225.  

4. : -
 08.02.2021 .  

5. :  
 04.02.2021 .  

6.  
.  

 11.10.2016  522.  
7. ., .  

 
. Social development & Security. 2018. 

. 2(4). . 49–58.  
8. ., . -

.  
. : 

. 2019.  2(35). . 87–92.  
9. : . . . / 

. , . , . , 
. , . , 2018. 204 .  

10. ., . -
 ( )  

. 
Information and analytical activities in the field of security 
and defense. 2022.  1(43). . 59 64. 

11. ., ., ., 
., .  

-
.  

. ).  2 (14). . . 2020. . 2 (14). 178 . 
12. .  

-
. 
-

. :  
. 2017. . 11. . 28 32.  

13. ., .  
 

. . 2015.  1. 
. 3 9. 

14. .,  
: . 

2011. 256 . 
15. . -

-
. .  

. : . 2019. 
. 2. 222 . 

16. . -
-

.  
 ( . ).  2 (14). . . : . 

2020. . 2 (14). 164 . 
17.  M. .,  I. ., .C., C po-

 B.M. : . . 
: «Ho  C -2000», 2005. 216 . 

References 
1. (2020), "Doktryna obiednana lohistyka: nakaz 

Holovnokomanduvacha Zbroinykh Syl Ukrainy vid 
24.09.2020  2861" [Joint Logistics Doctrine: Order of the 
Commander-in-Chief of the Armed Forces of Ukraine dated 
24.09.2020  2861]. 37 p. [in Ukrainian]. 

2. (2020), "Doktryna z orhanizatsii peremishchen ta 
perevezen (transportuvan) u Zbroinykh Sylakh Ukrainy: 
Nakaz Heneralnoho shtabu Zbroinykh Syl Ukrainy vid 
20.08.2020  2464" [Doctrine on the Organization of 
Movements and Transportation (Transportation) in the Armed 
Forces  of  Ukraine:  Order  of  the  General  Staff  of  the  Armed  
Forces of Ukraine dated 08/20/2020 No. 2464]. [in Ukrainian]. 

3. (2021), "Doktryna zabezpechennia materialno-
tekhnichnymy zasobamy, robotamy ta posluhamy: Nakaz 
Heneralnoho shtabu Zbroinykh Syl Ukrainy vid 21.01.2021. 

 225" [Doctrine of Provision of Material and Technical 
Means, Works and Services: Order of the General Staff of the 
Armed Forces of Ukraine dated 01/21/2021 No. 225]. [in 
Ukrainian]. 

4. (2021), "Doktryna Syl lohistyky: zatverdzhena 
Holovnokomanduvachem ZS Ukrainy 08.02.2021" [Doctrine 
of Logistics Forces: approved by the Commander-in-Chief of 
the Armed Forces of Ukraine on 02/08/2021]. [in Ukrainian]. 

5. (2021), "Doktryna Zastosuvannia syl lohistyky: 
zatverdzhena nachalnykom HSh ZS Ukrainy 04.02.2021" 
[Doctrine of the Use of Logistics Forces: approved by the 
Chief of the General Staff of the Armed Forces of Ukraine on 
02/04/2021]. [in Ukrainian]. 

6. (2016), "Osnovni polozhennia lohistychnoho 
zabezpechennia Zbroinykh Syl Ukrainy. Nakaz Ministerstva 
oborony Ukrainy vid 11.10.2016  522" [Basic provisions of 
logistical support of the Armed Forces of Ukraine. Order of 
the Ministry of Defense of Ukraine dated 11.10.2016 
No. 522]. [in Ukrainian]. 

7. Kyvliuk V.S. and Hannenko Yu.O. (2018), 
''Udoskonalennia systemy zabezpechennia materialnymy 
resursamy Zbroinykh Syl Ukrainy" [Improving the system of 
providing material resources to the Armed Forces of Ukraine]. 
Social development & Security. 2018. Issue 2(4). pp. 49–58. 
[in Ukrainian]. 



32 / 2025    95 
 

© . , . , .  

8. Dachkovskyi V.O. and Sampir O.M. (2019), "Alhorytm 
funktsionuvannia systemy lohistychnoho zabezpechennia" 
[Algorithm of the functioning of the logistical support 
system]. Modern information technologies in the field of 
security and defense.  Kyiv:  NUDU.  2 (35).  pp.  87–92. [in 
Ukrainian]. 

9. Dachkovskyi V.O., Ovcharenko I.V., Vorobiov O.M., 
Yaroshenko O.V. and Melnyk B.O. (2018), "Osnovy 
lohistyky" [Fundamentals of logistics] : tutorial. NUDU. 204 
p. [in Ukrainian]. 

10. Kyvliuk V.S. and Hannenko Yu.O. (2022), "Analiz 
funktsionuvannia systemy zabezpechennia viisk (syl) 
Zbroinykh Syl Ukrainy pid chas shyrokomasshtabnoi zbroinoi 
ahresii" [Analysis of the functioning of the system of support 
of the troops (forces) of the Armed Forces of Ukraine during 
large-scale armed aggression]. Information and analytical 
activities in the field of security and defense.  1(43). pp. 59
64. [in Ukrainian]. 

11. Maslii O.M., Vlasov A.P., Poliashov S.V., 
Chebotarov O.S. and Lytvynovskyi S.A. (2020), "Shchodo 
osoblyvostei lohistychnoho zabezpechennia Zbroinykh Syl 
Ukrainy v suchasnykh umovakh" [On the peculiarities of the 
logistical support of the Armed Forces of Ukraine in modern 
conditions]. Collection of scientific works of the Military 
Academy (Odessa). Part II. Issue 2 (14). 178 p. [in Ukrainian]. 

12. Hurzhii N.H. (2017), "Intehratsiina vzaiemodiia 
marketynhu ta lohistyky yak pidgruntia stratehichnoho 
upravlinnia zbutovoiu diialnistiu pidpryiemstv na mizhnarodnomu 
rynku" [Integration interaction of marketing and logistics as a 
basis for strategic management of sales activities of 

enterprises in the international market]. Scientific Bulletin of 
Uzhgorod National University. Series: International Economic 
Relations and World Economy. Issue 11. pp. 28 32.               
[in Ukrainian]. 

13. Azarenkov H.F. and Dzobko I.P. (2015), "Metodychni 
pidkhody do upravlinnia promyslovym pidpryiemstvom na 
zasadakh lohistyky" [Methodological approaches to managing 
an industrial enterprise based on logistics]. Nobel Prize in 
Economics Bulletin.  1. pp. 3–9. [in Ukrainian]. 

14. Samoilenko M.I. and Kobets A.O. (2011), 
"Informatsiini tekhnolohii v rozviazanni transportnykh zadach: 
monohrafiia" [Information technologies in solving transport 
problems] : monograph. 256 p. [in Ukrainian]. 

15. Zhytar S.A. (2019), "Zastosuvannia metodu liniinoho 
prohramuvannia dlia optymizatsii transportnykh potokiv 
viiskovoi lohistyky" [Application of the linear programming 
method to optimize transport flows of military logistics]. 
National Security of Ukraine, Collection of scientific works of 
cadets and students. Odesa: MA. Issue 2. 222 p. [in Ukrainian]. 

16. Melnyk V.V. (2020), "Udoskonalennia yakosti 
lohistychnoho zabezpechennia na osnovi prohnoznykh modelei 
i zastosuvannia kompiuternykh prohram" [Improving the quality 
of logistical support based on predictive models and the use of 
computer programs]. Collection of scientific works of the 
Military Academy (Odessa).  2  (14).  Part  II.  Odesa:  MA.  
Issue 2 (14). 164 p. [in Ukrainian]. 

17. Hlyshyk M.M., Kopych I.M., Pentsak O.C. and 
Copokivskyi B.M. (2005), "Matematychne prohramuvannia" 
[Mathematical programming] : tutorial. Lviv: «Novyi Svit-
2000». 216 p. [in Ukrainian]. 

 
LINEAR PROGRAMMING METHOD FOR SOLVING THE PROBLEM OF TRANSPORTING MATERIAL 

AND TECHNICAL RESOURCES IN TACTICAL UNITS TO INCREASE THE EFFICIENCY OF LOGISTICS 
SUPPORT 

E. Shynkar, O.Lavrut, T. Lavrut 

The work is devoted to the development of new approaches in the organization of logistical support of tactical units with 
material and technical means using the mathematical apparatus of linear programming.  

It is shown that one of the methods of linear programming is used to solve the problems of cost management during the 
organization of transportation of material and technical means - the transport problem. 

A mathematical formulation of the problem of organizing transportation as a component of logistical support is proposed. 
A specific example of solving the problem of organizing transportation of conditional cargo from warehouses of supply bodies to 
tactical units is given. 

The paper also proposes a method for solving the problem of transportation of material and technical resources, taking 
into account the optimization of the reference transportation plan by iteratively improving the calculation result using the 
transportation problem. The economic efficiency of the proposed method is shown. 

Directions for further research are formulated regarding the improvement of the system of logistical support with material 
and technical means in tactical units. 

Keywords: transport problem, method, linear programming, logistical support, transportation, material and technical 
means, optimization.

 
 

 


