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Okipniak D.A., PhD (Ed.), Assoc. Prof 

Farbota A.I. 
Hetman Petro Sahaidachnyi National Army Academy 

 
WEAPONS AND MILITARY TECHNOLOGY OF GREAT BRITAIN 

DURING THE VICTORIAN ERA. DEVELOPMENT AND PROSPECTS 
 

The Victorian era of the United Kingdom of Great Britain (1837-1901), 
coinciding  with  the  reign  of  Queen  Victoria,  was  a  period  of  profound  
transformation in all spheres of life in the British Empire. Industrialization, 
scientific and technological progress, and the expansion of colonial possessions 
made the need to modernize the army and navy particularly urgent. It was at this 
time that  the English army made the transition from old forms of weaponry to 
fundamentally new models that defined the face of future wars. 

At the beginning of Queen Victoria's reign, British soldiers still used 
flintlock rifles. They were unreliable, slow, and inferior in effectiveness to the 
latest systems. By the 1840s, they had been replaced by cap guns and later by 
rifled rifles. Among them, the Enfield Pattern 1853 was particularly popular, 
distinguishing itself during the Crimean War and the Sepoy Rebellion in India, 
giving the British an advantage in accuracy and range of fire. 

Officers and cavalrymen actively used Colt and Adams revolvers, which 
provided a significant advantage in close combat. And at the end of the 19th 
century, an invention appeared that changed the nature of warfare. The biggest 
breakthrough was the Gatling gun (1860s), followed by the Maxim gun (1884) – 
the first true automatic machine gun, which changed the tactics of warfare. Its rapid 
fire and reliability made the British Empire virtually invincible in colonial wars. 

Artillery developed in parallel. The transition from bronze to steel 
cannons increased the range and accuracy of fire. Armstrong field guns became 
widespread in the army and became an important tool for combat. New 
explosives, including dynamite, began to be used in engineering troops, which 
significantly expanded the possibilities during assaults on fortresses and defense. 

Flamethrowers and tanks did not yet exist, but new types of ammunition 
(fragmentation and armor-piercing) were already being actively developed. 

The English navy, traditionally the most powerful in the world, also 
underwent radical changes. Wooden sailing ships gave way to steam ships with 
metal  hulls.  The  symbol  of  the  new era  was  HMS Warrior  (1860),  the  world's  
first battleship with an iron hull and powerful rifled guns. It set the direction for 
the development of naval power for decades to come. 

Large-caliber guns, located in turrets and casemates, allowed ships to 
fire with unprecedented efficiency, and new armor systems made ships resistant 
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to artillery strikes. It was thanks to its fleet that Great Britain was able to 
maintain its status as “ruler of the seas” in the second half of the 19th century. 
Torpedo weapons (Whitehead torpedo, 1866) developed in parallel, increasing 
the firepower of the fleet. 

Colonial wars became a testing ground for new weapons. The Anglo-
Zulu War (1879) showed that even the numerical superiority of local troops 
could not match the organized firepower of the British. And during the Battle of 
Ondurman in Sudan (1898), Maxim machine guns and modern artillery virtually 
destroyed the Mahdist army, which outnumbered the British several times over. 
Finally, in the Anglo-Boer War (1899-1902), Great Britain sought to expand and 
consolidate its colonial possessions in Africa. The latest means of warfare were 
tested against the Boer republics, which ended in their annexation and 
demonstrated the future scale of armed conflicts. 

The military campaigns of the Victorian era demonstrated the strengths 
and weaknesses of the British army. The Crimean War (1853-1856) was the 
bloodiest catastrophe of the 19th century. It claimed at least 500,000 lives and 
became a clash of rifled weapons, which provided more accurate and long-range 
fire against the Russians' outdated smoothbore muskets.  

The war revealed problems in logistics, management, and medical care. 
More  soldiers  died  from  diseases  such  as  typhus,  dysentery,  and  cholera  than  
from combat wounds. In medical care, Florence Nightingale revolutionized 
nursing, saving the lives of soldiers in the chaos of battle.  

The Crimean War initiated important reforms, the most significant of 
which were the Cardwell reforms of the 1870s: the abolition of the purchase of 
officer ranks, the creation of territorial military districts, and improvements to 
the military training system. 

The Victorian era saw the birth of the United Kingdom's modern military 
machine. From muskets to rifled rifles, from revolvers to machine guns, from 
wooden frigates to battleships.  

It was during this period that Great Britain laid the foundation for the 
wars of the 20th century: machine guns, rapid-fire artillery and large-caliber 
guns, armored ships, and a reorganized army became symbols of a new era. 
Colonial wars confirmed the power of these weapons, but at the same time 
warned of the destructive nature of future global conflicts. 

Thus, the Victorian era was a complex and multifaceted period in the 
history of the United Kingdom, marked by both progress and conservatism. The 
military technology and weaponry of the Victorian era became a bridge between 
the past and the future. They combined the centuries-old traditions of the British 
army with the innovative solutions of the industrial era and secured Great 
Britain's leading role in world history. 
  



 

7 

., . . . 
 
 
 

 « » :  
 

 
 

,  
, . 

: , 
, ,  

. ,  
 

« », -
,  

. 
, -

, , , 
,  

. ,  
-

. 
 

»  ( , , ),  
( , ), ,  

. 
: : , 

, , , ; : , ; : 
, , , ; : .  

,  
: : , , , ; -

:  ( ):  ( . 
. hjálmr),  ( );  

):  ( . sably), -
 ( ):  ( . ),  (  

). 
: 

1.  –  
.  

2.  –  
. 

3.  – , , 
. 



 

8 

 
:  (  –  

), , ,   –  
). 

 
. ,  

.  
, ,  ( , , ),  
 , ,  

; , -
; .  

, , -
: ,  

, , , . -
,  

. 
:  

: , , , , ; : , 
, , ; : , ,  

; : , , ,  (  
); : , 

,  . 
: : , 

, , ;  (  
):  (sably), ,  ( ); 

 ( ):  ( . musket), 
 ( . pistole),  ( . czekan); -

 ( ):  ( . cannone 
), a ( . mortarium);  

): , . 
. 

1.  –  
. 

2.  –  
. 

3.  –  
. 

4.  – . 
: pistole – 

, sably – . :  – 
,  

, : -
 . 



 

9 

, ,  
,  

. 
-

.  
, .  

 
, .  

, -
.  

-
, , , ,  

.  
,  

.  
, ,  

-
. 

 

. 

. 
 
 

 
 

 
 

 
. ,  

,  
.  

, -
, . 

, 
, . :  

,  
. ,  

, .  
. , 

, ,  
.  

: ,  
 « »,  « »  

 « ».  
, , , . 



 

10 

 
.  

. , 
, .  

, .  
: , , 

.  
. 

.  
, -

, . -
,  

.  
: ,  

.  
, ,  

. 
 

. -
. 

, ,  
. : 

, . -
, . 

, 
. 

,  
 

, -
.  

, , . 
,  

. 
 

.,  
 
 

  
 « ,  

» 1743  
 

-
 
 

.  



 

11 

, , ,  
.  

 – « , 
» 1743 ,  – « »  

   
.  

, , , 
, , , 

.  
 « » ,  

 
.  , ,  

»  
 

. « »  
, – , ,  

, ,  
, . « »  

 
,  

.  
 « » .  

 XVIII  
, , , 

. 
 « » ,  

, ,  
, , , 

. , 
 « » 

.  
» -

, . 
, , . , -

, .  
, . 

, « » , 
 

, . -
 

, .  
,  

,  
.  



 

12 

,  
. -

. 
 

.  
, , , -

 « »  
.  – -

 
» -

. 
, ,  

, ,  
,  

. 
 

., .,  
. 

. . .   
 

 –  
 

 
 – ,  

 
. 

, ,  
-

,  
, – .  

 
.  

 VIII .,  
 ( , )  

,  « »,  
, , -

. 
-

, ,  
,  

.  
, -

,  
, . ,  

,  



 

13 

.  
, -

. 
, -

, , ,  
. ,  XVI  

, .  
,  

,  
,  

. 
 XVI  

.  
 10  15 ,  

,  – . 
 1,5 . -

 300 .  
 – « », 

.  
 Granatus,  « » 

. 
 

,  
. 

 –   
, , – ,  

 1680- .  
 1850- . 

,  
.  « -

» – .  
 XVI  –  ,   

 1796 – 1815 . 
 

,  
:  1836 .  

 – ; -
 1853 – 1856 .;  

 1861 – 1865 .;  
 1884 – 1885 .  

 1899 – 1902 . 
, -

,  
 

. 



 

14 

., .,  
. 

. . .   
 

:  
  

 

, . , 
, , .  –  

, . , 
 

.  
  

1600   1650  1850- . -
,  

.   
, .  

, , , «  
». , -

.  
, .  

-
, -

. . 
, :  

, .  35-  ( -
),  –  27-  

. 
,  60 

. ,  
: Jesus of Lübeck  Minion. . 

, :  
, .  

 500 . 
,  

.  
:  

.  « » ,  
 

. . 
, . 

Jesus of Lübeck,  1540 ,  
: 700  760  80 . Minion  

 – 300 ,  30  40 , .  
,  Jesus of Lübeck.  



 

15 

 200 .  
Minion,  

. 
, .  

,  
. , .  

 1580-  
, -

.  race-built 
 

.  
 « » ( - ), . 

,  
. ,  

.  «  
» . 

, ,  «Foresight» 
(1570, 295 ), .  

,  «Dreadnought» (1573)  «Revenge» (1577).  
,  

, . 
.  

: ,  
 ( ) .  

.  
,  

,  
. 

,  
,  

. , 
,  

. ,  
, . 

, .  
,  

, . 
, 

.  
, .  

, -
.  1582 ,  

.  



 

16 

 1588 -
, , 

. 
 1588 .  

.  
. , , 

.  
. ,  

. ,  
.  

, . 
 « » . 

,  
. ,  

, . 
 

. 
 

) 
 

  
 

 XV  
 

-
, . -

.  
,  

.  –  
, .  

 –  
. 1441 ., , ).  1441 . 

, , 
, ,  

, -
,  – . 

, , -
  ( . 1492 ., , ), 

,  
).  ( ), 

 ( , ),  
, , -

. .  
. 

,  
, .  

,  ( . 1425 ., 
, ).  



 

17 

,  
.  

. .  
 II , , 

 ( . 1485 ., , ), 
.  

,  
 ( . 1475 ., , ).  

: ,  – ,  
 – . , ,  

.  
. -

. ,  
. .  

.  
-

, . « ».  
, -

 ( . 1488 ., , ). 
, ,  

.  
, .  

 ( ).  
. .  

– , . 
,  

 ( ), .  
), .  (  

), .  (  
). 

, -
 « »,  

. ,  
, , . , 

,  
 XV . ,  

. 
 

. 
 
 

 

 
 

 –  
, -

, . 
 II . . .  

, . 



 

18 

, , -
 

, ,  
, ,  

. 
, -

, ,  
.  

,  
 (  

 
 (1333 – 1323 . .). 

 
, .  

 « » ,  
,  

,  
. 

,  
. , -

,  
(procurator cynogie).  

 –  -
. 

 
, ,  

,  
 

.  
,  « »  

, ,  
 – -

, .  
,  

.  
.  

 (  « »  
: ,  

),  
. 

: 
,  

)  (  ( , ) -
, ); 

; 



 

19 

; 
. 

,  
, ,  

. , ,  
, -

. 
,  

 
, . ,  

: . 
,  « -

» , .  
, ,  

. , ,  
 « ». 

 

., . 
. 

 « . » 
 

  
 

 

 
.  

.  
,  

, .  
. , ,  – . -

,  
. ,  1836 . -

.  
, , , ,  

 1853 . .  
 

.  
, -

.  – 
,  

, .  
,   

, .  
,  

.  
,  



 

20 

 – . -
,  – , , -

, . 
. 
 

.  
,  

, . . 
. ,  ( ), 

. , , 
 1847  1854 ., -

, . 
.- .  

.  1844, 1849  1855 .  
.  

 1856 . ,  
. , , , 

,  
.  

, .- . -
, . , , 

,  
. ,  

, .  
,  

. 
 1860- ,  

. , , .- .  
 1865 . .  

 
. 
 (  – )  

,  1122,   
 6853, -114.   

2  1946 .  10-  
. . ,  

. ,  
,  – «  1914 .».  

,  
.  

 – , 
. -

,  
. ,  



 

21 

 « »  « »,  
, , , 

 
.  

. ,  
. . , 

,  1944 .  6-  
,  

, , -
, . , , 

, -
.  (  – ),  

.  
. ,  

. , ,  
, , , ,  

 « ». 
, ,  

 1940- . 
,  

 9 .  15,4 . 
 27 .  

: LORON BREVETE ( ).  
 –  E L G  ( -

 1846  1893 )  G,  
.    (G) .  

. ,  
 1865  1893 . ,  

 
.  

. , ,  
.  

. ,  « »,  
. , , 

. , -
. ,  

,  « », . -
, , .- .  

, . ,  
,  

 9 . 999 .  
,  
, ,  

.  



 

22 

: ,  
; , -

. 
, -

 ( , 
). ,  

 
.  

. -
,   

.  
. 

, , ,  
, 

. –  
, -

. . 
,  1946 .  

. , -
,  

, . 
 

. 
 
 

 

 
 

 – ,  ( ) 
,  

 ( ).  
 

, , -
, , , -

. 
 

  . 
.  ( . sapeur – 

, )  
. ,  
. ,  

.  
,  

, . 
.  

 
.  



 

23 

, , .  
, -

, .  1914  
, -

. 
 

. 
 20-  

.  –  
. , ,  

 
. .  

: , ,  
 ( , , ),  

 
.  

.  
.  

, . 
.  

.  
, ,  

. -
 – , , ,  

: -
 (  – ,  

;  
;  

 ( , ). 
 

. ,  
, .  

.  1950-  
, -

. ,  1970-  
, . 

, , . 
, , -

. 
: 

 ( , 
); 

,  
; 



 

24 

,  
. 

, , 
,  

, -
. 

 – -
. -

, .  
 

. 

. 

. 
  
 

 

  
 

 

 
. -

, -
.  

 
, . 

,  
.  

,  
.  (IV–III . . .)  

, . -
: ,  

, . 
 

.  
, ,  

.  
,  

, ,  
.  

, , 
, . 

,  
.  

. ,  
, , . 

,  XII–XIII .  – , -
. 



 

25 

 « », 
,  

.  
. 

,  
.  

,  
, ,  

. 
 XIV–XV .  

. ,  
.  

. , 
. , -

, , . 
 XV–XVI .,  

, ,  
.  

, . 
 XVII . -

. , 
,  

.  
 XIX . 

 XVIII .  
.  

, , .  
, ,  

. 
 XIX ., ,  

.  
, ,  

.  (1853–1856)  
, , 

.  
. 

 
,  

.  
. ,  

XIX . – ,  
. 



 

26 

. ., . . .,  
. 
 

. .  
 

  
 

 

 
,  

 
.  XVII  

, , 
, , ,  

.  XVIII 
, .  
 1767-1768 .  

 ( ),  
,  

. ,  
. ,  

,  
.  (1803-1815 .) -

, , ,  
,  

, .  XIX  
:  

,  
, , 

 1800  1860 .  
 (1853-1856 .), ,  
,  

 
.  

 
 (134  7  610 ), 

: , -
,  ( , , , 

, )  7  
.  ( , , , 

),  170 .  1340 , -
 (  

 – 800 ), ,  
 1855 .  

,  24  1855 . (150 . 
), ,  27 ,  



 

27 

. ,  200 . 
,  

. 
 (1861-1865 .)  

.  
 (12-13  1861 .)  (4000  34 ) 

 
.  30 ,  

 36 ,  5283 , 
.  

 3000 , -
. 

 (1870-1871 .)  
 (  4000 ),  

, ,  
, ,  

 (1874-1880 .),  
.  

 (1899-1902 .) ,  
,  

.  
:  

 (  40 000 ), -
, .  

 
 (  «  

»  420 ),  600 -
,  1,5 . 

, -
. , 

, , ,  
,  

,  
. 

 

. . 
. . 

 
.   

 

 
 (XIV-XVII ) 

 

,  
. ,  

,  – ,  
. ,  



 

28 

, -
.  

 
. ,  X .,  

 XIII . ,  
, : ,  

.   
.  

 1346 . ( ),  
. 

 XVI . -
.  

 – .  
,  

. 
. , 

 (1453 .),  
,  

.  
. 

 –  
. ,  

)  ( ).  
, . 

, ,  
. 

 XVII . : 
 ( ,  

) ,  
. -

. 
,  

 II  
(1618 – 1648 .).  2-3 , -

: , ,  
. ,    

 (1631 .),  
. 

. -
-

. , ,  
, .  

.  
. , 



 

29 

, .  
,  

. 
, .  

, , 
, . 

 XVI-XVII . , 
,  – -

, ,  
.  

, . 
 

. 

. 

. 
 
 

 

 
 XV – XVIII  

 

-
.  XV–XVIII .  

,  
.  

, , .  
, .  

, , , , ,  
. ,  

. ,  
. 

 XV –XVIII . -
, ,  

  .  
 

, . , 
, , .  

.  
.  

, , ,  
.  

, . 
 

), .  
,  

.  
 

.  



 

30 

 (  « »), .  
 – 

, . 
. 

,  
. , 

. ,  
 

. , 
. 

,  
. ,  

, .  
. ,  

 
. 

,  
. ,  1570-    

 
,  

. 
 (1648–1657 .) 

. -
 III  

, , . ,  
 1649 .  

. 
 
 

. ,  1657–1658 .  
:  

.  
.  

 
.  1657–1658 . -

 – , . -
. 

: 
1.  XV–XVIII .  

. , , 
, -

. -
. 

2. -
-

. 



 

31 

. 
., . 
., . 

4983 
 

 
 

 
 

, , -
. 

 
,  

-
. , , ,  

,  
, , 

, , ,  
.  

. 
-

.  
, , . 

,  
 

,  
. 

 – ,  
, ,  

, , ; 
, , -

,  
. 

 
,  ( ).  

 
. 

-
, .  

-
, . 

, ,  
1224 . ,  

 «... ». 
 

 1915 . . 



 

32 

 ( . focus – , ) – , 
,  

,  
. 

. 
,  

 – . 
 1916 .  

,  
-

.  – « ». 
 1917 . -

.  362 .  
. 

 (1914 – 1918 .) 
 

.  1920 .  
,  51- ,  

 25 . 
. 

 1930- -
-

 – , , , .  
, .  

 XX -
:  – 

, , . 
,  

, ,  
.  – -

 –  
, ,  

 , . 
 

. 
  
 

 

 
 

 

,  
, ,  

.  
 

. 



 

33 

 
, -

. ,  
.  

 
.  

.  
, ,  

 
.  

 
. 

 
. ,  

. , 
, .  

 
.  

,  
 

. , 
. 
.  

.  
, -

. , -
 

. -
, . 

, 
, . 

 
. ,  

: , -
 

. ,  
, .  

, -
. 

, -
,  

.  
, , .  

 –  –  
. 



 

34 

, ,  
 

, .  
,  

, .  
 – ,  

 –  
. 

,  
. 

, ,  
. ,  

,  
.  

, ,  
, ,  

, . 
 

. 

. 
 
 

 
  

 
 

 – ,  
 

, -
 XVIII .  

 
, .  

,  
;  

, ,  
.   

,  
: ,  

, . 
 XIX  

 XX ,  
. : 

. 
 –  

 
. ,  



 

35 

HMS Devastation (1871), , 
. ,  

. 
.  

 
.  (1884)  

.  
.  

,    
.   

 –    
 1871 -

.  Krupp ,  
,  

.  
, . 

 1898  98 . 
 

, . 
 

. . 
,  

. 
 –  

.  1884  
,  

 poudre-B, .  
,  

,  
.   

 1897  75-  – 
.  

,  
. -

 
.   

, , 
 « »,  

, . 
 –  

 XIX .  
, : 

 
,  

; 



 

36 

-
,  

; 
, -

 75- ; 
,  

. 
 

. ,  XIX , 
,  

. 
 

. 

. 
 
 
 

 –  
 

 
, ,  

, 
. -

,  
. -

, , ,  
.  

 
,  

 13 . 
,  ( )  

.  
-

, .  
.  

-
 

 1346 . 
 

, , ,  
,  
 1346-1353 ,  « ». 

 1340  
.  1785  

 
 ( ),  
, . 



 

37 

-
 1837 ,  

-
 100000  400000 . 

,  1846  
,  

,  
,  

.  
 

,  
.  12  30  

80% .  
-

. , -
  . 

 B. anthacis  
,  

,  1987  1980 ,  
 10000 .  

, -
, ,  1817  

,  18000  
 13000 .  

 1733 – 1865   
8 , ,  1,5 , 

 – 6,5 .  
, ,  

, -
, … , -

,  
 « »  

,  
.   

-
.  

,  
. -

 17  1925  «  
 

»,  «  
 ( )  

». -
. ,  

,  
.  

  



 

38 

 2 
 

:  
 –  

 

. ., .,  
. .,  

 
.  

. .,  
 

 

  
 – :  

 
 

 « ».  
,  

. -
,  

, . 
 

. ,  
, , -

, . : 
, 

.  
. 

-
. -

, ,  
.  

. 
 (1914 – 1918) .  

, -
. : , 

.  
, , .  

 – ,  
, . 

 « »: ,  
, . 

 
.  

 
.  

: ,  
. : 



 

39 

, ,  
. 

 (1939 – 1945) -
. ,  

:  
.  « -1»  « -2» -

.  
 ( , StG-44), , -

 Messerschmitt Me-262,  B-17  
B-29. ,  «U-Boot» 

.  
,  

. 
 (1947–1991)  

.  
.  

,  
. :  

,  
B-52 -95  « »,  

 « », -
.  

,  
. 

. -
, , ,  

 
. -

, . 
,  – -

.  
,  

, .  
 – -

. 
 

., 
. 
 
 

 

 
 

 
, , 

.  
 XIX . -

, 
 1861 . 



 

40 

, 
 

, .  
 XX  

.  1899 . . 
 1873 .  

.  
 10 .  1880-  

,  
.  

. 
,  6000 .  

,  
, . 

 
.  

 – ,  
.  

 – . 
 « »,  

 1911 . ,  
1913 . . 

, -
 47  97 

, , 
, 

. 
 1914 .  

, .  
 « » ,  

.  
, . 

-
,  

. ,  
 

. 
 «MG 18 

TuF»,  1918 .,  
.  

.  
 50 .  4000. 

 «Browning» 
M1921. ,  



 

41 

.  1932 . ,  
,  

. ,  
, .  

Browning M2HB . 
 

. , -
 

, -
.  

-
,  

. 
 

,  
. 

 XXI  
,  

. 
 

. -
,  

1000 . ,  
, 

. 
 

. 

. 
 
 

 
 

 
-

, -
, . -

 XVIII ,  
 «British Baker»  

«German Jaeger». ,  
. 

,  XIX ,  
. ,  

, .  
 “Whitworth”,  

,  
. 



 

42 

-
. -

,  
, .  

-
.  

, -
24.  

. 
 

,  
. ,  

,  
. ,  

,   
.  

,  «Lee-Enfield»  «Mauser», -
,  

.  
,  

. -
 

, -
. 

 
,  

.  
,  M1903 

«Springfield», .  
,  

. 
 

. , 
.  

 
. , -

,  
. 

 
, .  

, -
. -

,  
.  



 

43 

, -
,  

. ,  
. 

,  
.  

, ,  
. -

 
, . 
  ,  

. -
,  «300 Winchester Magnum»  

«338 Lapua Magnum», .  
 

, -
. 

-
. , , 

 
.  

. , -
, -

. 
 

., . . ., . 
. 
 
 

 

 
 

 
.  

 XX , : , , 
,  

, . 
,  

,  
 22  

1915 .,  
 ( )  180 , -

 15000 ,  
.  

, ,  
 1914 .,  

.  



 

44 

 
. 

 
.  

 1 ,  
. 

 
.  

. -
, .  1938 .  

 - .  
, ,  1944 . 

 
.  (  

 – ) . 
 

, ,  
,  

, -
 (  

, , 
), -

. ,  
 1925  1972 ,  

. 
»  16  1945 ., 

 «Gadget»,  
. , , 

,  6 ,  
 

, . 
 

,  ( . , . , . 
, . .).  16 

 1945 .,  
 (6  1945 .)  (9  1945 .)  

-29,  250 .  
 1949 . . .  

.  1953 .  
.  1952 .  

,  1964 . .  1974 .  
.  1979 .  

. -
.  ( )  



 

45 

: , , , 
, . 

,  
,  

 (  – « » , , 
) .  

.  
,  

 ( , , , , -
) . 

 

., .,  
. 
  
 

 

 
 

 

 
, , -

,  
. -

,  
 

,  – . 
, 

.  
, : -1, -1 1, -2, -3, -4, « », 
».  

-1  
 50- .  

 
 1500-1650 ,  5-6 ,  

 100 .   
5 .  300 . -

 1,7 . -1 1 -
 1500  6-8 . 

 350 . 
 

, . 
 50-  

-2. . 
-1 -2  6  

  .  
 300  900  

 6 .  50 . 



 

46 

-3  80- .  
-1 ,  

 1600 ,  200 .  
 5 .  

 1,7 . , 
, -

,  
,  

,  
 

,  
,  

. ,  
, ,  

. 
-4  

 70- .   
 400  

.  5 ., 
,  2 . . -

 
. 

 « »  « -
»  2000 .  50 . -

 4 . . 
 650 .  

, -
 200 . .  

 « ».  
4 .  25 .  

 250 .  
, , 

,  
.  

,   
. 

,  
,  

.  
. 

 



 

47 

. 
 
 

 
 

 
 – -

.  
, ,  

, -
. -

, ,  
. 

, 
. ,  

,  
.  

.  
 – , ,  –  

,  
. 

.  
 

, ,  
.  1920- , -

,  
. :  

,  
. 

.  
, ,  

. ,  
 – , -

. 
 

. ,  
,  

, .  
, , ,  

.   
Weather Station Kurt ,  
1943 .  1944 .  21 ,  

. 
-

.  
 1944 . -

,  



 

48 

, .  
, . 

. 1  1960 . 
 

TIROS-1,  
.  

 
.  

, ,  
,  

. 
 1980- ,  

,  
. ,  

AMeDAS ,  
, . 

 
. -

, ; , 
, .  

,  
, -

. ,  
,  

,  
,  
. 

,  
 

, . -
, . 

 – 
, . 

 

. 
 
 

 

 
:  

 1942  
 

 
,  

, .  
1942 . :  



 

49 

 1941–1942 . . 
-

,  
. , 

, , ,  
 1942 . –  

. 
.  

1942 .  Panzer III  Panzer IV,  
 50  75 ,  

-34 -1.  
 

,  1942 . .  
 

.  
,  

.  
, . 

 
 1942 .  

, , -
,  

.  
 “ ” -

 
. 

 
, . 

,  
-34,  

, -
. 

 
.  1942 .  

105  150  (  LG 42,  sIG 33),  
 StuG III,  88-  Flak 88.  

88-  
, . 

, , 
-

.  76- -3  
.  



 

50 

 
. 

 
, . -

 1942 .  
,  

, . 
, ,  

.  
. 

  1942 .  
. , 

.  Heinkel  He 111,  
 Junkers Ju 87  Henschel Hs 129  

.  
Messerschmitt Bf 109G  

. , 
-5 ( -5), -7 , -7 ,  

-2, -2 ( ),  1941 .  
.  

 
, -

. 
,  

1942 . , -
. -

,  
,  

. 
 1942 . 

 
, ,  
,  

. 
,  1942 . ,  

. -
, 
-

.  
. 

 
 



 

51 

., .,  
 
 

 

 
 

 

XXI  
 

. , 
.  

,  « » (2001 – 2014 .) 
 

.  
 

. -
,  

,  
.  

, , -
,  

.  
. 

,  " "  
 

.  
, ,  

,  
.  

,  
. ,  

. 
.  2011 . 

, 
. ,  

, ,  
, . 

 
,  

.  2016 .  
 ( ), 

, -
. , , 

 « », -
. 



 

52 

 
,  

,  
.  ( ), 

.  
 2019 . -

. , 
-

. -
, 

. 
, « »  

,  
.  

: , , 
; ;  

. ,  
.  

,  
. 

 2016 .  
,  

, .  
 " ",  
. ,  

,  
, . ,  

 2023 .,  
, .  

-
, -

 ( ) .  
, , -

. ,  – 
.  

 2024 .  
, , ,  

, ,  
. -

, ,  
, .  

, ,  
 

. 



 

53 

,  
, :  

 
, , ,  

.  
,  

 – . 
 

. ., . 
. . 

  
 

 
 

 
 2016 .  

,  
. , 

. ,  
  ( )  

,  
. , ,  

 (SCADA),  (PLC),  
,  

 (ICS)  (OT).  
 (IoT) .  

2009 .  ICS-CERT  
, -

 US-CERT, .  
 2023 .  Cybersecurity and 

Infrastructure Security Agency (CISA). 
,  

-
.  (Advanced Persistent Threat)  

-
. 

APT-  – ,  
. 

«Stuxnet» ,  
 SCADA- . ,  Stuxnet  

.  
2010 ,  PLC- , -

.  
 («zero-day») -

 Windows  USB- , 



 

54 

.  
 Stuxnet  PLC,  

, -
.  

 200 . 
«Havex» – ,  Energetic Bear 

 Dragonfly),  2013 .  
, , ,  

, 
.  

Dragonfly  Havex  2000  
,  

,  
. 

 «BlackEnergy»,  2007 .,  
,  

Cr4sh.  
 (DDoS).   2010  .   BlackEnergy,   

,  2014 . , -
.  Sandworm, ,  

BlackEnergy .  
 Word  PowerPoint,  

. 
23  2015 . ,  

 BlackEnergy 3,  
 

. ,  
.  

,  30 ,  
 230  1  6 

.  
, . 

 IP- , -
,  

, -
 SCADA, , -

 
.  

 
,  

. 
«Industroyer»  «Crashoverride»)  

, ,  
. Industroyer  



 

55 

 17  2016 .,  
.  2022 . 

 Sandworm  Industroyer2  
. 

 «Triton»,  
 2017 .,  

, .  
 

 Triconex  Schneider 
Electric.  2018 .  FireEye ,  Triton, 

,  
 ( ) . 

«Pipedream» (  «Incontroller») –  
 PLC  ICS.  2022 .,  

» . ,  APT-  
.  

,  
, ,  

 Schneider Electric  OMRON,  OPC UA (Open 
Platform Communications Unified Architecture). 

 2024 .,  «FrostyGoop»  
 ICS  Modbus,  

. , 
 FrostyGoop,  2024 ., . 

 600  
.  

 Modbus  ENCO,  
. . 

«IOCONTROL» – ,  
 IoT  OT- .  

,  IP- , , , PLC  
 (HMI)  Baicells, D-Link, 

Hikvision, Red Lion, Orpak, Phoenix Contact, Teltonika, Unitronics . 
IOCONTROL  

,  
 Orpak  Gasboy  

.  2023 . 
 CyberAv3ngers, ,  

 Telegram. 
 « » , 

.  
, -

, . 
 



 

56 

., . 
., ., . 

., 
. 
  
 

., . 
 

 
  

  
 

 1945 . -
 ( ) -

,  
.  

. 
 «  105» ( -100 )  

 100 .  «  108»  «  116» 
 152- .  

,  
 105». -3  

, , 
.  

. 
,  

,  
 152- . 

 15 .  
,  –  

. . 
 

-105-  ( -2).  
 400 . , . -

. 
.  

 
.  

, ,  
. 

.  
 

. -
.  

.  
. 



 

57 

 100-  
-50/ -10 -10 .  

 59  
.  

.  
.  

-1-7,  
 – -3. 

-10.  
 48 .  

 
. . 

. 
, ,  

. . 
.  

, . 
 
 

. -100  
 6,5 ,  – 7,66 .  

3,1 ,  –  2,5 .  22,86 . , 
 18,5 .  

 60 .  300 . 
 «  105»  1949 ., 

.  
 100-  

.  1949 .  «  105»  «  108»  
.  

 2910  93 .  
, . 

 «  105» .  
 1950 .  

. -100  
 «  105 »  1951 . 

-100 ,  
. -100  

. 
 
 
 



 

58 

., 

., 

., 
., .,  

 
 

 

 
 

,  
,  30-  

. -
,  

.  
, ,  

.  
 1930- . 

 1940 .  45- .  
,  

. ,  
 

. 
 88-  

 « »  « ».  
 TZF-12a. 

,  
 ( )  – .  

-
 1,5-2,0 . 

 1943 . . .  
 ( ).  

 
.  

. 
-2  

 1943 . -34 .  
 1950-  

 – ) , 
 (  – ). 

, . 
 1964 . ,  

.  
 

. 
 1960- -

-3 . 
-3  

 ( , , ). 



 

59 

 1960-  
 

.  
 
 

-64 . ,  
, . -

 1 7 .  
 1 3 « », 

.  1967 . ,  
. 

,  
 1 20  

 « ».  
, ,  1 20 

,  
 1 10.  

.  1 10  
. -

. ,  
 

.  
. -

, -
.  

.  1970 .  
 1 20. 

,  
 ( ),  1 33 

.  1 73,  (  
) 1 517,  1 211,  2 26 ,  

 1 43.  1 73, 1 517, 1 211  
 –  1 34,  1 33.  

 1 42 ,  
 1 34. 

 

., ., 
. ., 

., 
4983 

 

 
 

 

-
, ,  

.  
, ,  



 

60 

. -
.  

: , 
, , , , .  

 « » – -
,  

, -
,  ( , 

) . 
, 

,  
,  

, , .  
.  

, . 
 

, .  
, ,  

,  
.  

, , , , .  
 
 

.  
, . 

 (1964 – 1975 .)  
,  

. -
 

. -
.  

 
, ,  

.  
 500 . .  

,  
,  

,  
 

 (1979 – 1989 .). , , -
,  

.  

.  « »,  
 1975 ., .  « »  

-1  4 , -
. 



 

61 

 (  190 , 
 400 ), . 

 
. ,  (  

600 )  
.  

. ,  
, . -

-
-1 « »  

-72,  30  
 3000  (  –  4500 ). -1 

, ,  
 

, ,  
. 

-1 -
-8 -13,  

: .  
-8 , -8 , -13 -13 , -

. ,  
 

 FIM-92 Stinger,  
-8 -13,  

, -
,  

. 
, .  

. 
 

., PhD 
. 
. 
. 
  
 

 

  
:   

 
 

-
.  

,  
.  

, .  
, , 



 

62 

, . 
, -

-
. . 

: . 
-

. ,  
, .  

, 
.  

. 
: . 

 – 
, .  

, ,  
. 

: . 
 

,  
.  
. -

, -
. 

: . 
-

. ,  
.  

-
.  

, . 
. 

 
.  

, ,  
.  

 « »,  
.  

, 
 

. 
. 

-
: 

-
; 



 

63 

 
; 

 
; 

,  
. 

-
.  

-
, . -

, ,  
.  

,  
 

. 
 

. 
 
 

 
 

 
 

 
   

,  
.  

.  
 
 

, -
 –  

, -
.  

 
,  

.  
., ,  «Abrams»  «Bradley» ( ),   

, .  
 ( . ), 

,  
. ,  
, ,  

.  
,  

,  ( )  



 

64 

 ( ). , , 
,  

,  (APS)  
.  

 APS «TROPHY»,  «Rafael Advanced 
Defense Systems»  «Elta Systems» (  «Israel 
Aerospace Industries»)    APS «Sentinel»  «Artis». 

 APS «TROPHY»  
«Rafael Advanced Defense Systems»  

.  
,  

.  
«TROPHY»  ( ) 

,  360- -
. ,  

, . 
,  

, , :  
, . 

 «TROPHY»  
,  

. , 
 

. ,  
-

.  
2011  «Merkava Mk4» .  2020-  

,  
.  «TROPHY»  

 «M1 Abrams» ,   
 «Leopard 2 5-2 8»,  

. 
-

, . ,  
 2023  

 «TROPHY»,  
,  

.  
 (C-UAS),  

. ,  
 fpv-  

, :  
, . 

, 
. 



 

65 

,  
,   APS «TROPHY»  

.  
,  

, . 
 

, APS «TROPHY» .  
,  

,  
, . 

 

. 
 

 ( , ) 
 

 « »:  
 

 
. ,  

.  
 1912  

.  1912  
 

,  
.  

 1913  79 ,  
 16»  « »  80  

.  1913  
 

,  
. -

 Anatra Anade. 
 Anatra Anasal  25  1916 , 

 
 1916 . .  

 –  
, -
, , 

 
 

. 
 1917  

.  32793  49  Anatra Anade  
, .  

 10  80  
Anatra Anade. ,  



 

66 

45  
,  35 .  

 150  Anatra Anade, 50  
,  45 , 

,  
, . 

.  
20346, 18917  4995/1785  100  

,  44 ,  56 -
, , . 

 
 4  1917 . 

, .  6 
 1918  « » ,  

 « »  
. , , 

 8  10  400 ,  
.  

.  
 

 1918 . 
 

1918 ,  111  Anatra Anasal, 63  Anatra Anade 
 68  Farman 30 .  

 
.  

 
Farman 30  Anatra Anade.  Anatra 
Anasal, . 

 (No863)  10  
1918 .  

,  12  1918  
 

 Anatra C.I. , 
.   

5  1918  250 -
 Salmson, .  
,  28  

1918  « », 
.  

, , 
, , -

, . 
,  

 66  Anatra Anasal.  



 

67 

 134  
 25  1918 .  

 1918 ,  
 123  Anatra Anasal.  

.  Anatra C.I 
 010. , -

,  
. ,  840  871  

. 
 

.  1920  
1921  23  Anatra Anasal, -

,  –  
.  

1923 , .  
.  

 – . 
 

.  
 
 

 

 
:  

  
 

 
,  

.  
,  

, , 
 

. 
 1945 ., ?  

. ,  
.  

:  – ,  – . 
 

.  
,  

 – ,  
,  

: . 
 

.  – 
 1962 . ,  



 

68 

.  
,  

 
.  

, 
. 

-
, . -

,  1949 ., 
.  

 
, . 

,  
, , . 

 « »  
, : , ,  

, ,  
. , ,  

. 
,  

. 
 – ,  

.  1986 . , -
,  

. , 
 

, -
. 

 
, ,  

,  
-

. , , 
. ,  

, -
.  24  2022 . -

,  
, . 

.  
 « », ,  

. ,  
:  « », -

, . 
, . -

 



 

69 

. ,  
.  

,  – . , 
 – . :  – ,  

, . 
 

. 
 
 
 

 
 –  

 

 – .  
, .  

, , -
,  

. 
 (1955 – 1975 .)  

.  
7000  UH-1 « »,  

. :  
 5000 ,  

. 
 (1979 – 1989 .)  

. -8 -
24, .  

»  1986 . :  
,  200  
. ,  

. 
 (1991 .)  «  

».  43  « »  
 2000  « »  

.  90%  
.  GPS 

. 
.  

. ,  2015 – 2019 . 
 3000 ,  

, . -
. 

,  2014 . 
 24  2022 .   
,  

. 



 

70 

: 
Bayraktar TB2 ( ) – ,  

2022 .  
. 

DJI Mavic  Autel EVO – ,  
: , , 

. ,  70% -
 2022-2023 . . 

»  «  Punisher» –  
,  40 . 

 –  2023 . -
, 

 « » . 
FPV  – , , 

 « »  2023-2024 . 
,  2023 .  

. 
, -

 – . 
,  – . -

-
.  

:  –  
 – .  

, ,  
. 

 
., . 

.  

. 
  
 

 
:  

 VR-  
 

 
,  

, ,  
.   

.  
 (VR)  VR-  

, , 
 

.  



 

71 

, ,  
 1900-  

. ,  1909 .  
Antoinette ,  

,  – Antoinette Trainer (  
, ). 

, ,  ( )  
, , , 

. ,  
,  

, .  
,  

. ,  
,  

, ,  
, ,  

. 
-

 Link Trainer («Blue Box»),  
(Edwin Albert Link)  1929 .,  

. 
, 

, -
. , ,  

 
 « » ( -

),  1934 .  6 Link Trainer, -
,  

.  1937 . American Airlines , 
 Link Trainer ,  

. 
 

, , . -
 Link  

, -
,  

 ( , ). ,  
 500 000 , ,  

, . 
 

. ,  Curtiss-Wright  Pan American Airways  
 Boeing 377 Stratocruiser –  

Boeing 377, .  1960-  



 

72 

-
, ,  1970-  

,  
. -

, .  
 Link  ( )  

, , -
,  Full 

Flight Simulators, CAE Simulators, FlightSafety International, X-Plane, Microsoft 
Flight Simulator, Prepar3D . , ,  

,  Longbow  Hornet 3.0, 
 

 AH-64 Apache,  F/A-18 
Hornet.  

,  
. 

, ,  
,  

, -
,  

. 
 

.  

.  
 
 

 

 
 

 
. , -

, .  
, ,  

.  
-

, , , 
.  

.  
, , 

 1863  
 32-  Army Torpedo Bureau.  

 
,  

, ,  
. 



 

73 

. 
 

.  
 

 Mark I. -
,  

,  1917 -
,  

.  
,  

.  
,  « », , 

.  
,  

.  
. ,  

.  
 7 – 14  1917 , -

 26  
5964  24 – 37  454 ,  

.  
 

. -
 Tellermine 29, Tellermine 35  Tellermine 43 -

. ,  
 – ,  

.  
   SMI-35  SMI-44,  

-72, -16, PROM-1  
 « » . 

-
, . 

 
. , ,  

. -
,  

,  
 

.  
 60-80-  

.  
, ,  

,  



 

74 

.  
,  

, .  
, ,  

, ,  
, .  

, 
, .  

 
, -

, ,  
.  

, ,  
,  

, , 
, . 

,  
. -

,  
, -

.  



 

75 

 3 
 

:   
 2014 – 2025 . 

 

Wloch J., 
Bachelor’s Degree 

 

AI-ENHANCED DRONE SURVEILLANCE: REAL-TIME TARGET 
DETECTION FOR MODERN BATTLEFIELDS 

 

Unmanned aerial vehicles (UAVs) have become integrated onto today’s 
battlefields, generating continuous video streams that overwhelm human 
operators. This thesis analyzes an AI-driven video recognition pipeline that 
processes live drone footage to detect, classify, and track battlefield targets in 
real time. The work is situated within the context of recent conflicts, including 
the Russian–Ukrainian war (2014–2025), where small reconnaissance and FPV 
drones created a persistent need for fast and reliable situational awareness at the 
tactical edge. The research objective consists of two main components: (1) 
achieve high-precision, low-latency detection of priority objects (e.g., armored 
vehicles, artillery systems, soft-skinned vehicles, personnel formations) from 
moving aerial platforms; and (2) demonstrate a cutting-edge prototype suitable 
for bandwidth-constrained and EW-contested environments. The central 
hypothesis is that modern one-stage detectors, combined with lightweight 
tracking and temporal smoothing, can deliver operationally useful performance 
on embedded hardware without cloud reliance. 

Methodologically, the project assembles a representative UAV dataset 
by combining open-source aerial clips, synthetically augmented scenes, and 
domain-specific annotations. The pipeline employs transfer learning with a real-
time detector (e.g., a YOLO-family backbone) for per-frame proposals, followed 
by (optional) class refinement to separate coarse classes (vehicle/personnel) into 
finer categories (tank/IFV/truck, etc.). Multi-object tracking (e.g., Byte/OC-SORT) 
fuses frame-wise detections into stable tracks, enabling temporal filtering, velocity 
estimation, and basic behavior cues. To meet strict latency targets, the model needs 
to be quantized and compiled for common accelerators/GPU and CPU (e.g., 
NVIDIA Jetson/Orin or Google Coral). The system ingests RTSP/USB video, 
processes 20 FPS at 720p (target), overlays detections with confidence and 
track IDs, and exports georeferenced events when telemetry is available. 

Evaluation emphasizes three aspects. Accuracy was measured with 
mAP/mAR at relevant IoU thresholds and per-class precision/recall, with ablations 
on altitude, camera angle, motion blur, smoke/occlusion, and low-light conditions. 
Latency was profiled on an end-to-end basis (camera  on-screen/output), 
reporting frame time distributions under different hardware and quantization 
settings. Robustness was tested via stress scenarios (rapid maneuvers, partial 
occlusions, small-object regimes), and failure modes were analyzed (e.g., civilian–
military look-alikes, camouflage). A small operator-in-the-loop study contrasts 
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manual monitoring versus AI-assisted alerts to quantify attention benefits and 
missed-event reduction. The expected contributions were: (1) a validated, open, 
modular reference pipeline for real-time UAV target recognition that others can 
reproduce and adapt; (2) empirical guidance on the accuracy–latency trade-offs 
required for edge deployment in contested environments; (3) an operator-centric 
overlay and event interface that integrates with simple C2/geo tools (e.g., 
KML/GeoJSON export), demonstrating how AI outputs become actionable within 
minutes; and (4) a documented set of risk mitigations, including conservative 
confidence thresholds, temporal confirmation, and “human-on-the-loop” controls to 
reduce false positives and support rules-of-engagement compliance. 

Relevance to the conference theme («Zbroiarnia: history of the 
development of weapons and military equipment») is twofold. First, it documents a 
current evolutionary step in reconnaissance systems: from manual aerial 
observation to AI-assisted perception embedded directly on the platform. Second, it 
links technical design choices to concrete battlefield constraints—limited 
bandwidth, electronic warfare, the need for rapid, localized decisions—showing 
how software (models, tracking, compression) co-evolves with hardware 
(lightweight airframes, edge accelerators) to form an integrated weapon-system 
capability. Limitations and ethics are addressed explicitly. The system is designed 
for assistive use, not autonomous engagement; all outputs are advisory and 
require human verification. Dataset curation avoids sensitive content by relying 
on public or synthetic sources; domain gaps are acknowledged, and procedures 
for controlled on-site fine-tuning are outlined. Future work includes integrating 
SAR/thermal modalities, learning-based deblurring for high-G maneuvers, and 
semi-supervised adaptation to new terrains and camouflage patterns. 
 

Mroczkowski K., d-r hab., prof. 
Bonusiak A., d-r hab., prof. 

University of Rzeszow, Poland 
 

THE TECHNICAL CULTURE OF WAR: IMPROVISATION, 
ADAPTATION, AND THE MODIFICATION OF MILITARY 
EQUIPMENT IN THE RUSSO-UKRAINIAN WAR, 2014–2025 

 

The Russo-Ukrainian war exemplifies the clash between advanced 
military technologies and the practice of improvisation and adaptation of 
equipment under frontline conditions. Alongside state-of-the-art weapon systems 
supplied by NATO countries or employed by Russia, grassroots solutions created 
by soldiers, amateur engineers, volunteers, and small technology companies have 
played a crucial role. 

This article examines the phenomenon of the technical culture of war in 
several dimensions: 

1. Improvisation – ranging from the conversion of civilian quad bikes 
and off-road vehicles for weapons transport and casualty evacuation, to the 
construction of improvised explosive devices from available materials. 
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2. Adaptation – upgrading legacy equipment (e.g. T-64 tanks, BMP-1 
vehicles, D-30 howitzers) to meet the requirements of modern warfare by 
enhancing optics, communications, or reactive armour. 

3. Modification and innovation – the development of improvised 
launchers, the use of 3D printers for producing spare parts, and the systematic 
employment of commercial DJI drones for reconnaissance and strike missions. 

4. Civil-military collaboration – the contribution of workshops, small 
enterprises, and maker communities in designing technical solutions for the armed 
forces, such as thermal camouflage systems or ballistic protection. 

5. Cultural and symbolic aspect – how technical ingenuity became a 
marker of Ukraine’s resistance, a symbol of defiance against Russia’s 
technological superiority, and a tool of wartime propaganda. 

The analysis demonstrates that the technical culture of war is not merely 
the outcome of limited access to modern technology, but also a testimony to the 
flexibility and adaptive capacity of society in the face of a protracted conflict. 
This phenomenon may become one of the key insights for further research into 
the role of technology in 21st-century warfare. 

The Russo-Ukrainian war has highlighted not only the role of modern 
weaponry but also the significance of improvisation and technical creativity on 
the battlefield. Alongside NATO-supplied systems and advanced Russian 
equipment, soldiers, volunteers, and small technology firms in Ukraine have 
developed a wide range of grassroots solutions that shaped the conduct of the war. 

This paper explores the phenomenon of the “technical culture of war” 
through three main dimensions. First, improvisation, which includes the 
conversion of civilian vehicles into combat and logistical platforms and the 
construction of improvised explosive devices. Second, adaptation, reflected in the 
upgrading of legacy Soviet-era equipment such as T-64 tanks and BMP-1 infantry 
fighting vehicles, often through enhancements to optics, armour and 
communications systems. Third, innovation, visible in the development of 
improvised launchers, the use of 3D printing for spare parts, and the widespread 
deployment of commercial drones for reconnaissance and precision strikes. 

Particular attention is also given to civil-military collaboration, including 
the contribution of workshops, volunteer groups and the broader maker 
community in delivering technological solutions ranging from thermal 
camouflage to ballistic protection. Finally, the paper addresses the cultural and 
symbolic dimension, demonstrating how technical ingenuity has become a marker 
of Ukrainian resilience and a narrative tool in the information war against Russia. 

The analysis argues that the technical culture of war is not merely a 
response to material shortages, but a manifestation of societal adaptability and 
creativity under conditions of prolonged conflict. It provides valuable insights 
into the evolving role of technology in contemporary warfare. 
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