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ANNOTATION 

 

Shevchenko O.M. Development and utilization of incendiary weapons in 

the XX – XXI centuries.  –  Qualifying  scientific  work  on  the  rights  of  the  

manuscript. Thesis for the degree of Candidate of Historical Sciences, specialty 

20.02.22 – military history. – Ivan Chernyakhovsky National Defense University of 

Ukraine, Kyiv, 2021. 
The dissertation is based on a wide range of reputable resources  in foreign, Soviet 

and Ukrainian historiography, part of which is firstly introduced into scientific 

circulation, presenting the results of research on the development and utilization of the 

incendiary weapons in armed conflicts throughout XX–XXI centuries. 

The experience of military conflicts of the XX–XXI centuries highlighted that 

development of scientific and technological progress had triggered significant changes in 

warfare art. Fundamentally new types of weapons and equipment have appeared, among 

which the incendiary weapons occupy not the least place in the current armed conflicts. 

Therefore, the experience gained by mankind in development of the incendiary weapons 

as well as their employment in armed conflicts is not only theoretical but also practical 

from the perspective of reinforcement combat capabilities of the Armed Forces of 

Ukraine, equipping them with efficient weapons and equipment and enhancing the 

professional level of military specialists. 

The analysis of historiography revealed that an issue of  development of the 

incendiary weapons, including their utilization  in military conflicts throughout the 

XX–XXI centuries, despite the relevance, is still not entirely exposed. So far, a number 

of scientific papers have been published, however they consider only certain aspects of 

descriptive character. Additionally, the theme is fragmentary covered in popular 

literature, is the subject of lively amateur discussions on Internet resources, which 

highlights the necessity for research. The available source base is representative and 

meaningful, it has ensured the implementation of research objectives, goal 

achievement, validity and reliability of conclusions. 
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These days the definition of "incendiary weapons" is to be clarified according to 

the progress that had been achieved in development of this  type of weapons in the 

XXth century. The fact is that such factors of impact as high temperature and toxic 

substances were supplemented by the shock wave and high pressure caused by the use 

of large-scale explosive munitions haven't been not taken into account. The author 

proposes to consider the incendiary weapons as weapons and ammunition designed to 

destroy  enemy  manpower  and  objects,  the  action  of  which  is  based  on  the  use  of  

incendiary substances that emit high heat energy, toxic substances, or can form a shock 

wave and high pressure.  The definition fully discloses a gist of the incendiary weapons. 

The genesis of incendiary weapons is exposed as well as the experience of their 

utilization in the period  from antiquity to the beginning of the XX century is generalized. 

It has been shown that fire is a universal factor of destruction, as a great destructive power, 

which  can cause large-scale fires due to high temperatures, destroy objectives and 

undermine the moral and psychological state of the enemy. It has been widely applied by a 

human being since ancient times. The role of the incendiary weapons gradually 

diminished with the development of firearms, but by the end of the nineteenth and early 

twentieth centuries it had not lost its actuality in the confrontation both on land and at sea. 

Ignition devices of that period were represented by incendiary nuclei and shells designed 

to cause fires and destruction of objectives by exposure to high temperatures. Mixtures of 

diverse combustible materials were exploited. Under the influence of the scientific and 

technological revolution, new incendiary devices (bullets, shells, hand grenades) 

altogether with incendiary substances and mixtures (white phosphorus, termites) were 

quickly invented. The achievements of the period from antiquity to the XXth century were 

implemented as the scientific, technological and tactical foundation for the further 

development of  land, aviation and naval incendiary weapons. 

During the First World War, owing to the achievements of science and the nature 

of hostilities induced origination of liquid incendiary mixtures and means of delivery - 

hand grenades, jet knapsack infantry and stationary flamethrowers land and sea-based, 

incendiary bombs, shells, sabotage, etc., the concept to design mobile flamethrower 

(flamethrower tank) was to be implemented. The experience of the warfare 
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demonstrated that flamethrowers proved to be an effective auxiliary weapon of close 

combat against tanks and fortifications, which could not be destroyed or suppressed by 

artillery and small arms fire, as well as in specific combat conditions in urban areas. 

Between the two world wars, the global leading countries had accumulated 

various samples of the incendiary devices: liquid incendiary mixtures, portable 

(knapsack) and flamethrowers, flamethrower tanks, aircraft incendiary bombs, grenades 

etc. The fact they became more maneuverable and light led to their further development 

as offensive weapons. There was initiated the construction of powder tank and infantry 

flamethrowers, in which the emission of the incendiary mixture was carried out by 

powder gases formed during the combustion of certain charges. Increasing the range of 

flamethrowers and guaranteeing the safety of flamethrower's crews remained unsolved. 

The development of incendiary aircraft (aircraft bombs, bomb cartridges and tanks) was 

to extend the area of impact. The manufacturing and employment in the armed conflicts 

of the so-called “Molotov cocktails” – incendiary bottles as  simple, cheap and effective 

means of destruction, especially against tanks. In the interwar period, incendiary 

weapons, along with other types of weapons, occupied an important place in the general 

weapons system, and new tactics for their utilization was elaborated. 

While the Second World War, the incendiary weapons were being intensively 

elaborated. The principles of their application and the organization of the relevant forces 

were being tested. In 1942, napalm was created in the United States, a flammable 

viscous mixture based on gasoline with a thickener, which caused a qualitative leap in 

development of the incendiary weapons. Pneumatic and high-explosive flamethrowers 

were being further developed. The issues that had arisen in the interwar period were 

solved: vulnerable protection of flamethrower tanks – the mounting of flamethrowers on 

tanks with powerful armored protection; weak firepower – the preservation of the main 

armament of a linear tank (cannon and machine gun), which combined flamethrowing 

with artillery and machine gun fire. Tactics of flamethrower infantry and tank units, 

subunits evolved. The interaction of tank and infantry flamethrowers was an innovative 

method: the combination of flamethrower tanks that suppressed and blinded enemy 

firing positions with portable smoke and knapsack flamethrowers operating from short 

distances gave a tangible effect during combat in urban areas and reduced losses. 
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In World War II, rocket-propelled grenade launchers, having been developed since 

the second half of the 1920s in the USSR and Germany, were first widely implemented to 

destroy objectives. Throughout 1940–1941, there were attempts in Germany and Great 

Britain to utilize flamethrowers for air defense and to mount them on aircraft, which did 

not yield positive results. Incendiary phosphorus and termite aviation bombs were being 

developed so that aviation of conflict sides were armed with them. The war faced up the 

largest and most tragic massive air strikes of strategic aviation of Great Britain and the 

United States on the cities of Germany and Japan, in particular: Hamburg (July 1943), 

Dresden (February 1945), Kobe and Tokyo (March 1945). They aimed to destroy the 

economics of those states, break the morale of the German and Japanese peoples and force 

them to surrender in short terms. During the war, methods of utilizing the incendiary 

aircraft weapons were being constantly developed. The greatest effect was achieved by the 

combined employment of high-explosive and incendiary aircraft bombs, which caused the 

so-called fire tornadoes (fire storms) leading to great destruction, rapid spread of fires that 

complicated their elimination. A number of countries around the world launched 

production of glass bottles with an incendiary mixture on a large scale in order to arm 

regular troops and irregular military formations. A new tactic to apply them as  means of 

obstruction named "fire explosives", "bottle fields" in strategic areas was implemented. 

By the second half of the 1970s, the evolution of the incendiary weapons, 

based on the emission of an incendiary mixture by the pressure of powder gases, had 

caused  halt  due  to  the  progress  of  long-range  weapons.  With  the  advent  of  

thermobaric mixtures at the turn of the 1970s and 1980s, a revolutionary transition 

took place from the pneumatic method of flamethrowing to the capsule method. The 

new  method  turned  out  to  be  much  more  efficient  as  far  as  the  placement  of  the  

incendiary mixture in the shell (capsule) the firing distance increased to 750-1000 m, 

and more economical due to the minimising waste of the incendiary mixture during 

combustion on the trajectory. In the 1970s, the USSR developed a heavy 

flamethrower system (original name TOC-1) “Buratino” – MLRS, designed to 

destroy light armored vehicles, set up fires on the ground, destroy buildings, 

constructions and enemy manpower. The efficient range of fire  was from 400–600 to 
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3500 m by the complex influence of fragments, shock wave, heat field and excess 

pressure, evoked by the massive utilization of the incendiary and thermobaric 

ammunition. In 2001, TOC-1 was upgraded to TOC-1A “Solntsepek”, capable of 

hitting targets at a distance of up to 6000 m. The lesson learned related to 

employment of TOC-1 and TOC-1A in Afghanistan, Chechnya, Iraq, Syria, Nahornyi 

Karabakh and in Ukraine proved their high efficiency.  

Throughout the wars of that period, particularly in Vietnam (1965–1975), 

incendiary napalm air bombs were intensively applied, and in 1966 they acquired new 

qualities: spontaneous combustion from contact with air and flammability on wet surfaces. 

In that war, which was fought in dense juggles, in mountainous, swampy and river areas, 

"scorched earth tactics" were implemented – the task of air strikes by large groups of 

aircraft from low altitudes in order to completely destroy troops and vegetation in vast 

areas, industrial facilities, transport, civil infrastructure, crops, civilians. 

The Ukrainian contribution to evolution of the incendiary weapons and prospects 

for its further development in Ukraine have been established. It is displayed that after the 

restoration of independence in 1991 and until 2012, the Armed Forces of Ukraine did 

not pay much attention to the development of the incendiary weapons. During that 

period, the existing igniters were not upgraded, new models were not originated. 

Insufficient forces and outdated flamethrowers did not ensure the quality of engaging the 

enemy while the repulse of armed aggression in 2014, especially in close combat and in 

urban areas. Since 2012, in order to increase the combat capabilities of the Armed Forces 

of Ukraine, the following measures have been taken: airborne and mechanized brigades 

have been supplemented with CBRN protection companies (they included a flamethrower 

platoon) as well as flamethrower companies have been introduced in the operational 

support regiment; there have been restored and modernized  flamethrowers O-A 

“Shmel”, consequently flamethrower units have been rearmed with it; developed and 

adjusted a jet infantry flamethrower -16 (2017), hand-held thermobaric grenades 

-27C and -27C2, for which a national thermobaric mixture has been elaborated 

(2019). These achievements have expanded the combat capabilities of Ukrainian infantry 

units to defeat enemy equipment and manpower. Today, research and development 
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process is underway to construct a small assault jet infantry flamethrower -18, 

guided aircraft bombs as well as to develop a light mobile flamethrower system “Speka” 

(2021), which combines high mobility, invisibility, ability to fire and quickly change 

position, as well as avoid enemy attacks. The above  mentioned facts proves that Ukraine 

has its own achievements in the field of the incendiary weapons, which has taken their 

rightful  place in the armament system of the Armed Forces of  Ukraine and in terms of 

tactical characteristics are not inferior to foreign counterparts’ ones. 

According to the results of the study, the periodization of the development of the 

incendiary weapons in the XX–XXI centuries has been proposed. Qualitative changes 

of the incendiary weapons have been determined as the criterion of periodization. The 

tendencies that occurred in the process of evolution of the incendiary weapons in the 

XX–XXI centuries have been exposed. 

The novelty of the investigation is as follows: for the first time, the experience of 

the development of the incendiary weapons and their utilization in armed conflicts of a 

certain historical period is generalized and systematized; the periodization of the 

development of the incendiary weapons according to the criterion of qualitative changes 

is proposed, ; tendencies in the evolution of the incendiary weapons are identified; the 

Ukrainian contribution to the development of the incendiary weapons is singled out and 

disclosed. The definition of the concept of "incendiary weapon" and information on its 

genesis from antiquity to the twentieth century, position in the weapons system and 

peculiarities of exploitation in combat have been clarified and supplemented. 

Historiography in the field of research has been further developed. 

The practical significance of the obtained results is to promote further military-

historical research on this issue, expand the knowledge of military specialists in military 

history, find priority and effective ways to train military specialists, increase the combat 

capabilities of the Armed Forces of Ukraine, equip them with promising weapons and 

equipment. 

Keywords: incendiary weapons, incendiary devices, incendiary mixtures, 

incendiary aviation, napalm, thermobaric ammunition, flamethrower, flamethrower 

tank. 
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.  

 [83].  1942–1943 .  
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 1944 .  

. 

, ,  

,  8             

3  [124, . 1–3]. 1827-  

 

-152. 108-  

 152  

203  [49, . 120]. -

,  [123, . 187]. -

-152  

. ,  
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-1, -3, -34 -50  

. ,  “  
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-3”  20 …  “ -34”  32  
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 “ -50”  64  

” [80; 315].  1941 .  

-41 (  – . 3.5) 

[63, . 81].  
 3.5 
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 -1 -2 
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 : 60%  + 40% . 
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-34-85 – -34-85 (  – . 3. 6). 

-42  –2  

+10°,  – ±15°.  

-16 [337]. 

, -34 -34-85  

,  

.  

,  

. ,  

 

. , -
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200 
 

20 

 
88 

3402 
 

960 
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Pz.Kpfw.II Ausf.D/Pz.Kpfw.II (F),  PzKpfw (Flammpanzer) II/Flamingo/-
Sd.Kfz.122/Ausf D/E (“ ”,  flamme – ),  

 Pz.Kpfw. II (Panzerkampfwagen II,  Sd.Kfz. 121 -II). 
 

 7,92-  MG.34 ,  
 – . -

,  
 180°.  

 ( , )  180  –  
,  –  
, .  

 35–40 ,  –  80  2-3  3–5 . 
 155  (  – . 3.7, .41  [219; 241], 

.42 [245]) [166]. 
 

.  
, . , 

 Sd.Kfz.251/16,  
 Sd.Kfz.251 Ausf.C.  1943 . (  

 347 ,  – . 3.7,  
.43 [223], .44 [237]). 
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,  12 8,6 13.5 23 23 
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2 –  
Flamm-40  

 
7,92-   
MG-34 

 
– 
 

2 – 7  / 
14  
Flamm 

7,92-   
MG 34 / MG 

42 

 
– 
 

1 – 1,4  
Flamm-41  

 
7,92-   

MG 34 / MG 
42 

 
– 
 

1 – 1,4  
Flamm-41  

 
2 – 7,92-   
MG 34 / MG 

42 

 
– 
 

14  
Flamm 

 
7,92-   
MG 34 

: 
 
 
 
 

 
– 

1800 
 

80 (2-3 ) 

 
– 

2010 
 

80 (1-2 ) 

 
– 

1200 
 

60  

 
– 

3750 
 

125 

 
– 

600 
 

– 
. 

,  
320 700 700 1020 1000 

 
,  

35 1 – 50–55 
2 – 30–35 

50–60 50–60 50–55 

: [29; 32; 58; 74, . 47; 121; 197; 279; 317].  
 

 7-  Flammenwerfer 

 14-  Flammenwerfer. -

,  

 ( .45 [166]).  

 90°, 

 -10°  +40°.  ( .46 

[247])  50–55  

)  30–35  ( ) [32; 134]. 
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, :  1943 .  

 “StuG” – StuG-III Fl Flamm (StuG (Fl), 10 . (  

10° ,  

 -6°  +20° [162], .48 [135]);  1944 .  

 “Hetzer” – Flammpanzer 38 (t) Hetzer, 20 . ( .47 [251]);  

1943 .  PzKpfw III Ausf.M  

 30  50  – PzKpftv-III (Fl) Sd.Kfz.141/3 (Flammpanzer III  

Panzerflammwagen-III, .49, .50, .51 [132], .52 [340]) [28; 193; 197; 

340].  

. 3.7.  

 

161  “Char B-1” ,  

 Pz/Kpfw. B2 740(f).  60 . “Char B-1 Bis”  1941 .,  – 

 36,  Flammwagen PzKpfw 

B-2(f)s  Pz.Kpfw.B2 (Flamm) (  – . 3.8, .53, .54 [125]). 
 

 3.8 

  
Flammwagen PzKpfw B-2(f) 

 
,  

, 
 

 
 
 

 
, 

 

 
 

) 
 

 
 

) 

32 4 
47-  
SA 35 
(50) 

Flammenwerfer-
Spritzkopf / 
Flamm-40 

7,92  
MG-34 
(5100) 

200 
(2–3 ) 45–50 

: [21; 333]. 
 

 75- .  

 Flammwagen PzKpfw B-2(f) 

 –  47-  SA 35, . 

, , -

 1941  1944 . ,  

 (1941 .),  
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).  

.  
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, . -
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. ,  

 

.  

,  

.  

.  

-

:  

, .  

 1944 . -

 [28; 133].  

 

 1940–1941 .  Mk.III “Valentine” -

, .  

,  

 Mk.IV “Churchill-crocodile”,  Churchill 

Mark-IV (A22)  1943 .  

 (  Churchill Mk-VII5 [200], -

 250 ., . 3.10, .55, .56 [122], .57 [169]).  

.  
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)  

 – 6,6 ,  – 14 ) ,  

. -

.  

, -

. ,  

, .  

,  

,  [95; 165; 

199; 200; 284]. 

 

“Universal Carrier” ( -

). 

: Wasp k-I  Wasp k-II (  

, . 3.9, .60, .61 

[165]). ,  

. , , -

,  

 [165].  

 

Ronson flamethrower ( .64 [239]),  

 [31]. 
 3.9 

  
Wasp k-I / Wasp k-II  

 
, 

 

, 
   

 
 

. 
, 

 

 

, 
      

3,7 3 
Ronson 
8-  
Breda 

7,71-  
“Bren” 10–12 2000 360  75 

: [165]. 
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 1943 .  

 Universal Carrier Wasp ,  

 “Willys” (Willys MB, .62, .63 [216; 227])  

.  

 [216; 227]. 

 

.  
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 (USMC) -
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, ,  37-  

3)  75-  ( 4) .  

,  M1A1. -

,  

.  M1A1 ,  

.  

1 “General Stuart”  37- -

 “Ronson F.U.L Mk.IV”  ( .58 [128]), -

 35–40  (  – 

170 ;  –  7,62-  

Browning M-1919a4).  1943 .  24 ,  

 “ ” (M3A1 Satan,  – . 3.10, . .3 [128]). 

 M3A1 Satan  15  1944 .  

 ( .59 [128]). ,  

 ( -

1).  

, 

: , 

 M3A1 Satan ,  

, .  
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, , 
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, . M3A1 Satan  

, -

. ,  

, ,  

, ,  

 [21; 40; 128].  

,  POA-CWS-H1 ( . . 

Pacific Area Operations, Chemical Warfare Service, Hawaii-1 [128])  E12-7R1, 

-4 “General Sherman”  

 ( . .4 [267]): ; 

 

. -

. -

 

.  176 ,  

 ( .68 [127]),  

.  

 (90 ),  

 1100  

.  

, 

 60  (  115 ). 

. 

-4 “General Sherman”  

 ( . 3.10),  

 ( .69 [231] .70 [240]). 

, 1 3, 

 E12-7R1, , 

 75- , 42 1  [191; 285]. 
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.  1944 .  

 LVT (A)-1 ( . Landing Vehicle Tracked, LVT, 

.71, .72 [188])  37-  

 E7R2 (  E14-7R2 14). 

 240°.  

 95–114  ( ).  

 [167; 188]. 

 1944 . 25  “Matilda” 

Mk.IV  Mk.V -

,  “Matilda Frog” ( . 3.10, .73, 

.74 [220]).  

-

,  

364  

. 

 455 ,  

. , 234  

.  90 .  

 37 .  20–30 ,  

. . .  

 “Matilda Frog”, 

 1945 .  “Matilda Murray”, 

, . 

 591 ,  

19 .  

 – 78 ) -

.  

 [126; 164]. 
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2 –  
Flamm-40  

 
8-  Breda 
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75-  Mk V 
Churchhill V

II  
 

“Crocodile”  
 
 

7,92-  
“Besa” 

7,72-  
“Bren” 
50,8  

) 

 
– 
 
 

Ronson 
F.U.L Mk.IV  

 
7,62-   

Browning  
M-1919A4 

 
– 

 
– / 75- 3 

 
 

POA-CWS-
H1; 

E12-7R1; 
5-4 
 

7,62-   
Browning  
M-1919A4 

 
– 

 
– 
 
 

. 
 

 
2 – 7,7   

Vickers 
 
 

– 

: 
 
 
 
 

 
 

   
 

 
– 

1560 
 

80  
(2-3 ) 

 
– 
 

 
84 

6975 / 600  
84 

(1–2 . / 12–
15 ) 

 
30 

 
– 
? 
 
?  
 
 

– 
 

 
– 
? 
 
? 
 
 

– 
 

 
– 
? 
 

45  
,  

2  
– 
 

. 
,  200 1818 170 90 1100 

 
,  35 120–135 35–55  60  91 

: [21; 40; 41; 90; 122; 165].  
 

 1944 .  “Ram” Mk.II 

 “Ram Badger” ( ,  

“Ram Wasp”, RAM Kangaroo, .65 [21]),  
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 Ronson 

“Wasp II”. , .  

,  [117].  Ronson “Wasp II” 

, ,  

 Universal 

Carrier MkI.  “Wasp” ( . – , 

.66 [228], .67 [283]), , -

,  

 [21; 172]. 
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 –  L6/40 L.F,  

Fiat L6/40  (  – . 3.10) [152].  

,  

 “  98”. :  

,  –  

.  

, .  1944 . 

.  ( ) [137]. -

,  

, , , -

. 3.10. 

 

8 , , , , , , , 

 ( .  3.11).  ,   

, ,  

.  
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 3.11  

,  
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. )* 
 

  
  /  

 25 1 / 2 
 875 5 / 6 

 405 2 / 2 
 10 1 / 1 

 692 6 / 6 
 2808 9 / 10 
 137 3 / 3 

 8 1 / 1 
 4960 28 / 31 

* , ,  
. 

: [170]. 
 

 

 [221, . 134] 

 ( ),  

1920- . 

 1930-  150-  

 (  – 1,3 ) , 

 150-  “ ”.  1941 . -

 150-  Nb.W 41 (Nebelwerfer – . ),  “150-  

. 1941 .” ( .82 [118],  – . 3.12).  

 “ ”  

-13 “ ”.  1940–1945 .  

5769 . 150-  Nb.W 41 [185].  

 150-  Nb.W 41 :  

, ,  

 (  

 – “Panzerwerfer”,  Opel Maultier  

 Opel);  
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;  

, ,  

 [118].  

 1941 .  

: 28/32 cm Nebelwerfer 41 (28/32 m Nb.W. 41).  

, .  

 280-              

(28- m.WK.),  320-  (30- m.WK.)  

 ( . 3.13).  320-  

 50  ( )  

 1 .  

 200 2  2-3 .  

.  

 

 (  

).  

 –  2000 .  1943 .  

,  210-  – 

Nebelwerfer 42,  (  

 113 ).  150-  

NB.W 41  

 1950–1953 . [118]. 

-13 (“  

132- ”,  “ ”, .83 [99],  

1941 . [81; 84] –  

-8 – 82 , -13 – 132 -31 – 310 ),  

. , ,  

 (  – . 3.12), -

 

.  
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 3.12 

 
,  

 

   
 150-  Nb.W 41 -13 “ ” 

 /  6 – 
 – 8 

,  150 132 
 (  / ),  770 / 515 7200 

 6 8 
 6  10 , 

 – 
1,5  

8–10 

,   4000–6000 8470 
,   6100 3000  

 
 – 51,  

 – 257) 
  -100  +800  +4...+45 

 ±210 -10...+10 
 ( ),  4 5–7 

: [104; 118; 143; 185; 309]. 
 

 5 , -
:  (  

);  (  
);  (  

);  ( );  (  
). ,  

,  
,  

, .  
,  – . -

:  
,  –  [320; 

38; 299].  
 

,  
. 3.12.  

. 3.13. 



218 
 

 3.13  

,  
 

   
 30-cm.WK. -13 

 320 132 
,  1300  
,  1,0 4,9 

 ( ),  79 42,3 
,   700–2200  8470 

, : 
 

 

 
60 
90 

 
257 
51 

: [38; 104; 299; 309]. 
 

 1940–1941 .  

, 

 ( ) .  

 –  ( ) 

 ( ).  

 “La Patrie”  “  

” ( . Naval pattern vertical 

firing flame thrower, .85, .86 [136]).  30  

,  

,  

 [136].  

 

. -

. 

:  

, , , -

;  30–50-  

 100- ,  

,  

 ( .84 [156]) [156].  

. 
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,  

.  

. -

,  

 – , , , ,  

.  

 ( . 3.14).  

 

,  (  

, ).  

 ( ) 

,  

. 
 

 3.14 

  
 

 /  ,   
 / ,  ,  , 

 
B-1E 0,9/1,0 0,7 347/345 50 

B-1E ZA 0,94 0,7 347 50 
B-1,3 E 1,3 0,68 350 50 

B-2 EZ/B 2,2 EZ 2 0,78 525 50 
B-4 4,5 1,2 700 80 

B-10 11 
, ,  

 ( -
),  / 3,5 

1070 115 

Brand C-50 A 41 
, ,  

 ( -
),  / 12 

1100 200 

Spreng-Brand C-50 50  / 6,5 1100 200 

Brand C-250 A 185 
, ,  

 ( -
),  / 65 

1654 368 

Flam C-250 125 , , 
 / 74 1642 368 

Flam C-500 225 , , 
 / 157 1765 470 

: [155]. 
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, , 

 “ ”,  

.  

. -

.  

,  

: .  

 

 B-1E Elektronbrandbombe  

 (  – . 3.14, .87 [155], .88 [242]).  

, ,  

.  0,7 . , 

 B-1E ,  700 . [155].  

 

,  – . 

, 26  1939 . 400  

 486  72 .  

, ,  

. ,  

 [20, . 39–40].  

1939–1941 . ,  

, .  

,  

.  1-  2-  

”  Bl, B2EZ  B2.2EZ , 

 

.  1942 .  

: Brand C50  – 41 , Spreng Brand 50  – 50 ; FLAM 

KC250 – 110 ; Brand C250A – 185 , FLAM C250 – 125  FLAM500 – 225 . 

 Brand , , 

 ( ) ,  Brand 50b,  
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.  FLAM  

, , , 

 15–20 , 

. -

 Spreng Brand 50A, , 

 30  

. -

. , , 

, . -

.  

, ,  

.  

, , , , . 

 ( . .5 [265], .89 [236]).  

 

 – -1 , -2,5 , -10  ( .90 [26; 189])  

-50  ( . .6 [266]).  1941–1944 .  

, -100 

, -100-65 , . .7 [266]) -500,  

.  

,  

, .  5,8  

 (  

. 3.15) [141]. 

-1 -2,5  –  

, -

.  1,5–2,5  

.  10  

 –  

, -

 [141]. 
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-500 -

 ( , , ),  

,  1000 – 

1200 °  (  

2000 – 2500 ° ). 
 

 3.15  

  
 

 

 /  
 ,   

 

 
, °  /  

,  

 
 

-1  1,0 ,  
 

2000–2500 / 0,5  

-2,5  / 
-2,5  1,0  

3000 / –  / 
 

-100  
-2,5-1  1,0  2000-2500 / –  

-10  10  /  
 

2000–2500 / 2  

-50  50  /  
 

2000-2500 / 5  / 
 
 

-50  50 

 ( , 
 

),  
 

2000 / 1,5–2,5  
 

-100-
65  100 65  

 
65  

 40  
 

-500-
30  500 300  

 
300  

 40   

: [26; 141; 147; 119; 189; 190]. 
 

 

. ,  

.  

, . 

-500 , , 

, .  

 – 750 .  3,5 . . [141]. 
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-100 ,  

-100  (  18.07.1941 .  

 193 [82]). , 

,  

 300 ,  

 50 ,  18–20 .  

 4000  0,7–0,8  

 2,8 . ,  

.  

, ,  

, , .  

 

.  

.  

, ,  

.  

, .  

, , -

.  ( ), . ,  

92  11 425 . -

 75,3  [35, . 337]. -100  

:  1944 .  70%  

,  1948 . 

. 

,  ( )  

-2 (  – 125 , -

 – 1,5 .,  – 1,9 ,  – 0,9 , -

), -1.  

 1936 .,  
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 0,35 ,  1937 . –  

0,2–0,3 .  1941 . -2  

 0,5- ,  1943 . -

. -

, , ,  

.  800 ° . 

-2  – 2-  

-4  260 ,  

 ( ) .  6  

 [141]. 

 1941 .  

: AN-M-50, AN-M-52, AN-M-54  

AN-M-74 (  – . 3.16).  
 

 3.16 
 

  
 

 

 /  
 ,   

,  ,  ,  

AN-M-50 1,6 (1,81) 0,3 542 41 
AN-M-52 0,9 0,2 361 43 
AN-M-54 1,8 0,8 542 43 
AN-M-74 3,9 (4,54) 1,2 488 51 
AN-M-69 2,7 (2,81)  / 1,18 495 79 (73) 
AN-M-76 214,6 -1 / 79 (81,6) 1500 355,6 

: [5, . 692; 142]. 
 

. -

.  

 1945 .  AN-M-69 ( .91 

[140])  AN-M-76, -

.  ( ,  

,  

),  14, 36  60 . 

.  
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, : 220-  (99,9 ) – M19 – 

 36 AN-M-69; 500-  (227 ) – M17 –  110  

AN-M-50 [140].  M47A1, 

 39 . -

,  

. , : LA-60 (  

, ; , 

), CR, LA-100, SR (  

 100% ) . -

 0,45  

 [196]. 

 

:  50-  “  100”  12-  

 97”.  [140].  

 32  “  99” 

Kai3  3 ( .92, .93) [262]. ,  

,  

. -

. 

-

. 17  

1944 .  

 “Lockheed P-38 Lightning”  

.  ( ) [154].  

,  

, 1 [295] -

 1943–1945 .  
                                                

1  (“ ”) – , ,  
, , , -

, . 
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. -

,  

. -

 (  1943 .)  

 1945 .),  

 1945 .). ,  24/25  – 3  1943 .  

 “ ” ( . Gomorrah)  

,  

 – . , -

, ,  

. ,  

 27/28  787 : 353 “Avro 683 

Lancaster”, 244 Handley Page “Halifax”, 116 “Short Stirling”  74 “Vickers 

Wellington”.  2312  (  

)  (  

). , , 

 2-3 ,  

 3,5  5 .  

800 .  240 .  

, ,  

,  

. ,  40  45 . 

,  21 2 , 74% ,  

 [20, . 312–315; 291]. 

13–15  1945 .  “ ” ( . Thunderclap) 

 – 

. .  13  796  “Avro Lancaster”  9 “De 

Havilland Mosquito”,  

, ,  1478  
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 1182 .  ( . .8 [235]): 

; -

, -

;  

,  “ ”,  

,  –  

 (  100 . . 2),  –  

. 14  311  “Boeing B-17 Flying 

Fortress”  771 , . 

15  210  466 .  

, , ,  

 3900 .  

 12 2  ( . – ),  

 200–250 .,  1500°C [302; 311; 312]. 

, ,  

. , 

,  

,  “ ” ( .94 [232], .95 [224]).  

 40 .  

. ,  

 25 . .  –  35, 50, 100 . 

 [20, . 445, 460–462; 45; 217]. 

 23  1945 .  

. ,  379  – 367 “Avro Lancaster”  13 “De 

Havilland Mosquito”.  

 1825 . ,  

,  3  1,5  

.  17,6 .  [292]. 

 9  10  

.  – .  
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 334  “Boeing B-29 

Superfortress” ( .96 [293]),  

 11 280  AN-M69,     

38  (451 200 ,  1665  

[293]). ,  

, ,  

 1000° .  41 2 , 

330 . ,  40%  ( . .9 [278], 

.97 [258]). , ,  80  

100 .  [293; 140].  

,  

 

.  

. ,  

5000 ,  35% , 

,  

,  

-

) ,  2000  

 [140]. ,  

 (  

, ) 

. ,  2,6  

 7,3 . .  

, -

 (  1500–3000 ).  1500 . 

,  

, .  

 – , -

 15 , .  
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, ,  

.  66  [290; 

293], .  – ,  

 ( .98 [218]).  17  1945 . 331 

 “Boeing B-29 Superfortress”  

, , , 

 8841  21%  [24; 293].  10  

 10 110  ( .99 [230]) [140].  

 1939–

1940 . ,  

, , , 

 ( , , )  

 

 ( .100 [229], .101 [254], .102 [233], .104 [244]).  

 

 0,5–0,7–1,0 ,  

. : , 

, , , , , , , , , , 

, , , , .  

,  

 –  

. ,  

1940 .  “ ”,  

,  

,  

1,5–3 ,  800–1000 ° .  

, ,  

, “ ” , .  

, ,  [105, . 4–6; 

305]. ,  
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. ,  

, 

 

.  

, ,  

)  ( ),  

 [105, . 12–16; 148]. 

 

 ( . .10 [264]).  

1941–1945 . ,  

 ( .103 [87]) [294]. ,  1  

 7  1941 .  

 10  

 120 .  [78, . 469]. ,  

 

, , , .  

 110 . [276].  

 (1942 .),  

, , , 

 ( ), , ,  

…  

, ” [103, 

. 221]. ,  

 2429 , 

, 1189 , 2547 

, 739  65  [274]. 

, -

, : -

,  15 – 20  (  – 9  [108, . 3-4]),  

: , ,  
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 [108, . 3-4].  

 “ ” . “ ” -

 –  

,  – . 

 “ ”  

,  

 [108, . 4; 105, . 16–23].  

2-3 .  

.  

 – , .  

 [331]. 

 

,  –  

 ( ),  1942 .  

 –  75 ,  

 7,62-  

 ( .105, .106 [157]).  0,5  

,  “ ” [324]. 

 

 40–80  (  –  180 ,  – 6–8  

), . , 

 1942 .  

 [157].  

 “ ”: 

 20  

.  

, .  

:  

,  –  

. ,  
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, ,  

, . 

 

50–70 .  “  

”: -

,  

.  

 ( -

) , , ,  

 [59]. 

,  

 

.  

,  

,  

.  

 1952 . -2 -3,  

 –  

-50, .17, .18, .19, .20 [92; 158], .3 [124],  – . 3.2)  

-50 ( -

, .21 [330], .22 [91],  – . 3.2).  

. 

,  

, ,  

, -

, , , ,  

. , -50,  

, -

. ,  

 ( ,  
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,  

)  ( -

),  

, . 

,  

 

.  

, -54 -55 

-54 -55).  

-34 .  

 

. .  

-0 ( -15, -30) 

.  

, ,  – ,  

-2. , -7 

-2 ),  

 [168].  

-54 (“  481”, .75 [318],  – . 3.17) 

 1952 .,  1954 . -

 75  1955–1959 .  

-1 

).  

 

160 .  

 20  (  

20 ).  900 – 1000 º .  

 460 .  

,  

, ,  
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. -54  19 , 20  

, 1500  200  

. -54 -55 

(“  482”,  

. .  1957 .,  1960 ., -

 1968 ., .76, .77, .78 [47; 52; 174; 248; 256; 272],  –  

. 3.17). -

-

-200 ( .81 [318]),  

. , -54,  

,  8  

.  

 200  (  

 35 ,  – 7  

). . -

 460  

. -55  25 , 

12  750 . 

, , -

:  

, -

.  – , 

 [144, . 52]. -54 -55  

 1990- . : -54 – 110, 

-55 – 830 [168]. ,  1959 . -1 (  62) -

. .  [46; 76; 272]  

-54  “  483”,  

-250,  

 100- -10  ( .79, .80 [94],  – . 3.17). 
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 1600 , 

 14 .  270  

 30 .  

 100 .  

 100 . -

, .  

, . 

 1962 . .  “  483”  

. ,  

, -

.  

 200 – 300 ,  

,  

 [46; 144, . 55; 94].  

 

-54, -55  “  483” . 3.17. 

,  

, ,  

 [58; 168]. -55  

,  [269].  

 

 

,  

(1950–1953 .). , ,  1953 .,  

 100 , ,  

,  ( ) ,  

. -

 

, :  ( 3, 5);  (M4A3R3 “Sherman” Zippo) . 
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, .  80–200  

[5, . 669–670; 192; 153]. 

 3.17 

  
-54, -55  “  483” 

  
-54 -55  483” 

 1954 1960 1959 
,  36,45 36,5+ 1,5% 35 

,  4 4 3 

, , ;  100;  
-10  

100;  
-10  – 

,  19 25 – 
,  10 7 – 

,  
 

,  
-1 -200 -250 

 20 12 14 

   
   

 
,  8°,  160±5 200±10 250–270 

,  20 35 100 
,  15–20 8 5 

,  460–470 460 1500 

 – 
-2;  
-1;  
-1 

– 

; , ,  1 – 7,62;  
1 – 12,7 1 – 7,62 1 – 7,62 

,  7,62 – 1500;  
12,7 – 200 750 1500 

, .: 
:  

  
 

 
 

 
 

100/60  
100/55  

80/0 
200/45 

 
 

100/60  
100/55  

80/0 
200/45 

 
 

100/60 
100/55 

80/0 
200/45 

 -5 -5 – 

: [34]. 

 
, ,  

,  
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, . , 
-4 ( )  

2-2.  
,  60  

;  30 – 35 .  
,  

. 2-2,  
 (32 ) .  

,  
, . 

1  18 ,  
 7,5   

[5, . 700 – 701]. , 
, -

3-4-3,  30  
.  

 250 ,  – 40–45 . -
 

,  
. ,  

,  
 0,5- , . 

,  
3-4-3, -

 [5, . 700–701]. , ,  
,  

, -
.  ( ) , , -

, ,  
 [5, . 704–705]. 

, ,  

. 
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,  1970- ,  

 

, ,  

,  

.  

,  

. 
 

3.2.   

70-  – . 
 

, ,  

 1970 – 1980- ,  

, -

. -

,  ( ), 

. , -

 

.  

. ,  

 

.  1960- -

-

.  1978 .  “66-mm M202 multishot 

rocket launcher” 202 (M202A1 

(Flash),  4-  XM191 

. .1 [129], .1 [286],  – . 3.18). -

 1960-  

 66- , .  

74 ( , 
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 0,6  “ ” –  

,  

).  

 20  [36, . 71; 130; 201]. 

 

1970-  

. .  

. .  ( . ) -

 “ ” 

.2 [187],  – . 3.18,  1975 .).  

,  

-50 :  

10 ;  

,  

;  

,  

. ,  

 (“ ”- )  (“ ”- )  

).  

, , , 

 30 – 40  

. . 

 “ ”  

.  

, ,  

,  

.  

 [177, . 704–705]. 

 “ ”  

 “ ” (  1988 ., .5 [159],  –  
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. 3.18).  1984 .  

 

 ( .8, .9 [253]). -

, , ,  
1  “ ”. : 

 “ ” –  ( ), -

,  5 , 

” , , ;  “ ” – , 

 80 – 120 , 

;  “ ” – 

,  20 -

, ,  5–7 .  

,  

,  ( , ,  

, , , ),  

, ,  

 ( , , .),  

 600 .  

,  

,  (  800 ) , 

.  

 

, .  

; 

, -

 “ ” ( .3 [175]),  
                                                

1  – , -
 

 1979–1989 .  (  
, ;  – ). -

. 
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 ( ),  

 “ ” / -2 “ ”, .4 

[160]).  “ ”  

,  [159; 160; 211; 

296].  

. 3.18.  
 

 3.18 

  
,  

 

 20
2

2 
“F

L
SH

” 
(

) 

 “
” 

(
) 

-
 

“
” 

(
) 

 
-

 
“

-
” 

(
) -
 

“
” 

(
) 

 1978 1975 1988 2004 2012 
,  66 93 93 90 72,5 

,  750 400 1000 1700 450 
,  200/350  190 600 800 300 

 
, 2  30 –  50  50  30 

 
, 2  50 –  80  80  50 

,  – 4 – – – 
,   1 – 2,1 3,2 1,8 
 

,  12,07 12,6 
(11) 11 8,8 + 

1,5  4,7 

 
,  30 60 30 30 30 

: [6; 36, .71; 130; 211]. 
 

 

; , ,  

,  

. 

,  1979–1989 .  

 

.  
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, 1, , 
2 . -

 

.  

, .  

,  

. . 

,  

 

, . , -

, ,  

. , , 

.  

, .  

.  

.  

 [116; 86, . 2-3; 75, . 29; 110; 111]. 

-

 ( -

,  

 ( , ).  

, . ,  

 

                                                
1  – , ; -

, , . 
, , ,  – , 

.  
2 , ,    –  

, , . 
 ( ), -

. , , , -
, .  

, . 
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-70 ( .6 [184], .7 [234]), -

:  (4  “ ”),  

, . -

 [184]. 

 

 

, .  

 

, . 

,  

.  800 – 1000  

,  

.  

,  – ,  

300 .  

 

 300–400 ,  

. ,  

 

,  [184]. 

 (1999–2000 .) [115]  

 

.  

, . , , 

,  

, .  

-

, ,  ( -

)  

,  
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,  ( ), 

, , .  

 “ ”,  

 

,  

. 

-

,  

 ( , ) , -

, . -

,  

.  

.  

 “ ”. -

, ,  

.  

 “ ”. ,  

 

 ( ) [110; 111; 115]. 

 1970- -1 

” ( . – , , .10 [226],  –  

. 3.19 [25, . 240–241]) –  ( ), -

, -

, ,  

,  

. -

, , 

 [25, . 240–241].  

-1 “ ”  –  

 30 ,  
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-72, 220-  ( )  

-255  ( .14 [310]),  

, . -

, ,  

.  

 10 . -

,  

. 0.1.01.04 

 ( -

), . -

 ( .20 [303], .21 [208])  400 – 600  

3500 , ,  

, -

 ( -

:  – 1000 2,  – 2000 2).  

 3000 . ,  

 “ ” .  

-1 “ ” , -

 7 ,  30  

 220  7,5 .  

 

, , ,  

 [30]. 

-1 “ ”  

1979–1989 . ( .11 [163], .12 [310], .13 [329]),  1988 . – 

 1989 .  

 “ ”, -

 

, .  

, , .  
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.  

-1 – “  – ” –  

 

, ,  

,  

.  

,  

 [30]. 

-1 “ ”  

 (1999 – 2009 .)1 [114],  

 2000 . .  2000 . – . . 

, . ,  

 1999 – 2000 .,  152-  

 2C19 “ -C” -

. ,  

:  

, , 

,  

.  

 6 ,  32 ,      

200  [23, . 285, 289–290].  

-1 “ ”  

,  13  2015 .  

. ,  “ ” 

. .  2015 .  93-  

 “ ” -1 “ ” 

 [149].  
                                                

1  (1999–2009 .), . –  
,    

 – -
. 
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 2001 .  

-1  “ ” ( .16 [252], .17 [225],  – . 3.19 

[146, . 572]), -1 “ ” : 

 30  24;  

; -72  

.15 [310]);  MO.1.01.04  MO.1.01.04M  

 400  6000  [339].  

-1 “ ” 

-1  “ ” . 3.19. 
 3.19 

  
-1 “ ” -1  “ ” 

 -1 
” 

-1  
” 

 -72 -72  
 1988 2001 

: 
,  
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,  

 
, °  

0.1.01.04 
220 
3300 
173 

 -30  +50 
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220 
3723 
217 

 -40  +50 

 30 24 
,  400 400–600 

,   3000–3500 6000 
, ²: 

 
 

 
1000 
2000 

4000 

,  3 3 

: [339; 328; 195].  
 

-1 -1 , 

,  (  2014 ., .18, .19 [300]), ,  
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-1  “ ”  ( .22 [327]) ,  

,  

 [327]. ,  

, , ,  
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,  

 [339; 328; 195].  

,  
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.  

, , . .  

, -

,  (  10–15 ) ,  

. , -

.  

 

-2 “ ”  18 ,  6  6  

.23 [227]).  

-2 ,  

 

-2020”.  2025 . 

[339; 227]. 
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 (1950–1953 .), -

 (1965–1975 .).  1966 .  
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” , ,  

. -
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.  “ ” 

 1200 – 1500 °C.  
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 ( , .)  

, ,  

. ,  
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, .  

,  [22; 120].  
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, , 

, , , ,  
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[44; 42].  “ ” – 
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, . -
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”.  115 2 ,  
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,  3500 .  
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 “ ” ( . 
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,  2  1965 .  31  

1968 . [44; 42]). 

,  1963  1973 .  

 304 .  ( ),  2380 

(0,8%)  Boeing B-52 Stratofortress,  – 

.  864 .  
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, , 
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 (  2014 .1 [113; 186; 112]).  
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,  
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1916 .  18  

 ( . 3.20 [325]) [306; 313; 314]. 
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