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The change in geopolitical situation in the 
world, less probability of global military con-
flicts and, quite on the contrary, increased 

number of local and asymmetrical conflicts require 
complete revision of the armed forces structure, 
including the structure of the Armor, practically i n 
all world powers. These changes do not imply the 
use of large numbers of main battle tanks, but rely 
on a wide  range of types and a great number of 
light-armored vehicles (LAV). Recent military con-
flicts (Afghanistan, Iraq, Yugoslavia, Middle East) 
have clearly shown that light-armored vehicles 
are the most efficient solution for such situations , 
provided the vehicles feature sufficient all-round 

protection, high mobility and firepower. The world 
and European markets of weapons and military 
equipment have immediately responded to these 
changes. Thus, for the last decade the sales of 
tanks has dropped by more than 30%, and the 
forecast for the near future is unfavorable. At the 
same time, the sales of light-armored vehicles, 
and in the first turn of infantry fighting vehicles 
(IFV), self-propelled guns and other LAV has 
been growing steadily, and the highest growth 
(up to 40%) in the nearest future is expected in 
the sales of IFVs. 

One of the most critical requirements to LAV 
is the desired level of protection. It is actually 
the criterion which determines the final profile of 
the vehicle, and it is the focus of main efforts of 
LAV designers. It should be mentioned that high 
level of protection is required not only from IFV, 
but also from other LAV including APC, armored 
cars etc.

Nowadays requirements to protection of LAV 
abroad are defined by appropriate standards. 
One of them is STANAG 4569 ÇProtection Lev-
el for Occupants of Logistic and Light Armoured 
VehiclesÈ which defines 5 levels of protection for 
LAV. The highest one ÐLevel 5 Ðimplies protection 
against 25mm APDS rounds and HE-round frag-
ments. This standard was adopted in May 2004, 
but has already become obsolete, and many of 
LAV designers are pursuing much more challeng-
ing goals. The requirement of all-round protection 
of LAV against 30mm cannon projectiles, RPG 
and ATGM penetrating up to 400-450mm of RHA 
is becoming typical.

ˆ çìåíåíèå ãåîïîëèòè÷åñêîé îáñòàíîâêè 
â ìèðå, óìåíüøåíèå âåðîßòíîñòè âîç-
íèêíîâåíèß ãëîáàëüíûõ âîåííûõ êîí-

ôëèêòîâ è íàîáîðîò, óâåëè÷åíèå êîëè÷åñòâà 
ëîêàëüíûõ  èëè àñèììåòðè÷íûõ âîéí, ïðè-
âåëè ê íåîáõîäèìîñòè êîðåííîãî ïåðåñìî-
òðà ñòðóêòóðû âîîðóæåííûõ ñèë, è ñòðóêòóðû 
áðîíåòàíêîâûõ ñèë â òîì ÷èñëå, ïðàêòè÷åñêè 
âî âñåõ ìèðîâûõ äåðæàâàõ. •òè èçìåíåíèß 
óæå íå ïðåäïîëàãàþò ìàññîâîãî ïðèìåíåíèß 
òßæåëûõ òàíêîâ, çàòî òðåáóþò çíà÷èòåëüíî-
ãî ðàñøèðåíèß íîìåíêëàòóðû è êîëè÷åñòâà 
ëåãêîé áîåâîé òåõíèêè. ‚îåííûå êîíôëèêòû 
ïîñëåäíèõ ëåò (€ôãàíèñòàí, ˆðàê, žãîñëàâèß, 

•ëèæíèé ‚îñòîê) íàãëßäíî ïîêàçàëè, ÷òî íàè-
áîëåå ýôôåêòèâíûìè â íèõ ßâëßþòñß ëåãêèå 
áîåâûå ìàøèíû, îáëàäàþùèå äîñòàòî÷íîé 
êðóãîâîé çàùèòîé, âûñîêîé ìîáèëüíîñòüþ è 
îãíåâîé ìîùüþ. Œèðîâîé è åâðîïåéñêèé ðûíêè 
âîîðóæåíèß è âîåííîé òåõíèêè íåìåäëåííî 
îòðåàãèðîâàëè íà ýòè èçìåíåíèß. ’àê îáúåì 
ïðîäàæ òàíêîâ çà ïîñëåäíèå 10 ëåò ñîêðàòèëñß 
áîëåå, ÷åì íà 30%, è ïðîãíîç íà áëèæàéøèå 
ãîäû íåóòåøèòåëåí. ‡àòî îáúåì ïðîäàæ ëåãêîé 
áðîíåòåõíèêè, â ïåðâóþ î÷åðåäü, •Œ•,  ‘€“, 
äðóãèõ ëåãêîáðîíèðîâàííûõ ìàøèí (‹•Œ) çíà-
÷èòåëüíî óâåëè÷èâàåòñß, ïðè÷åì íàèáîëüøåå 
óâåëè÷åíèå (äî 40%) óæå â áëèæàéøèå ãîäû 
êîñíåòñß  òàêèõ ìàøèí êàê •Œ•.

‘ðåäè òðåáîâàíèé, êîòîðûå ïðåäúßâëßþò-
ñß ñåãîäíß ê ‹•Œ, âàæíåéøèìè ßâëßþòñß òðå-
áîâàíèß ïî íåîáõîäèìûì óðîâíßì çàùèòû. 
ˆìåííî îíè ñåãîäíß ôàêòè÷åñêè îïðåäåëßþò 
êîíå÷íûé îáëèê ìàøèíû è èìåííî èì óäåëßåò-
ñß îñíîâíîå âíèìàíèå ñî ñòîðîíû ðàçðàáîò÷è-
êîâ ‹•Œ. ‘ëåäóåò çàìåòèòü, ÷òî  òðåáîâàíèß ê 
ïîâûøåíèþ óðîâíß çàùèòû ïðåäúßâëßþòñß íå 
òîëüêî ê •Œ•, íî è äðóãèì ‹•Œ, â òîì ÷èñëå 
•’•, áðîíåàâòîìîáèëßì è ò.ä.

‘åãîäíß òðåáîâàíèß ïî çàùèòå ‹•Œ çà ðóáå-
æîì îïðåäåëåíû ñîîòâåòñòâóþùèìè ñòàíäàð-
òàìè. Žäèí èç íèõ Ð STANAG 4569 (‘òàíäàðò 
•€’Ž Ç“ðîâíè çàùèòû ‹•ŒÈ) - îïðåäåëßåò äëß 
‹•Œ 5 óðîâíåé çàùèòû. Œàêñèìàëüíûé - 5 óðî-
âåíü îáßçûâàåò îáåñïå÷èòü çàùèòó îò 25-ìì 
ñíàðßäîâ òèïà APDS è îñêîëêîâ Ž”-ñíàðßäîâ. 
•òîò ñòàíäàðò áûë ïðèíßò â ìàå 2004 ãîäà, 
îäíàêî óæå óñïåë óñòàðåòü, è ìíîãèå ðàçðà-

áîò÷èêè ‹•Œ ñòàâßò ïåðåä ñîáîé çíà÷èòåëüíî 
áîëåå ñëîæíûå çàäà÷è. ‚ êà÷åñòâå ñòàíäàðòíûõ 
çà ðóáåæîì óæå íà÷àëè ïîßâëßòüñß òðåáîâàíèß 
ïî êðóãîâîé çàùèòå ‹•Œ îò 30-ìì ñíàðßäîâ 
ìàëîêàëèáåðíûõ ïóøåê, îò ••ƒ è ëåãêèõ •’“• 
ñ óðîâíåì áðîíåïðîáèòèß äî 400-450 ìì.

‘ðåäè ïðî÷èõ ñèñòåì çàùèòû, ñïîñîáíûõ 
ïðîòèâîñòîßòü ýòèì óãðîçàì, íàèáîëåå ïðåä-
ïî÷òèòåëüíûìè ïî êðèòåðèþ Çñòîèìîñòü-
ýôôåêòèâíîñòüÈ íà ñåãîäíß ßâëßåòñß äèíàìè-
÷åñêàß çàùèòà („‡). ‘ïåöèôèêà ïðèíöèïà „‡ 
îñíîâàíà íà èñïîëüçîâàíèè ýíåðãèè âçðûâà, 
èäóùåé íà ðàçðóøåíèå êóìóëßòèâíîé ñòðóè ïðè 
íàêëîííîì ìåòàíèè ìåòàëëè÷åñêîé ïëàñòèíû 

êàê âäîãîí, òàê è íàâñòðå÷ó ïðè îïòèìàëüíîì 
óãëå íàêëîíà. •å ñëó÷àéíî âî ìíîãèõ ñòðàíàõ 
ýòîò âèä çàùèòû ïðèìåíèòåëüíî ê ‹•Œ ñòðå-
ìèòåëüíî ðàçâèâàåòñß è ìîæíî âûäåëèòü óæå 
íåñêîëüêî ïîêîëåíèé „‡, êîòîðûå ðåàëèçîâàíû 
èëè ðåàëèçóþòñß íà òåõ èëè èíûõ ‹•Œ.

•îññèß çäåñü íå èñêëþ÷åíèå. Žíà îäíîé èç 
ïåðâûõ ïðîäåìîíñòðèðîâàëà âîçìîæíîñòü ïðè-
ìåíåíèß „‡ íà òîíêîáðîííûõ áîåâûõ ìàøè-
íàõ. € ñåãîäíß ïðåäëàãàåò öåëûé ðßä ðåøå-
íèé, ïîçâîëßþùèõ îáåñïå÷èòü çàùèòó ‹•Œ íå 
òîëüêî îò ìîíîáëî÷íûõ ••ƒ è •’“• ñ óðîâíåì 
500É600 ìì, íî è òàíäåìíûõ áîåïðèïàñîâ.

…ùå â 1988 ãîäó •îññèåé áûëè ïðåäïðèíßòû 
ïîïûòêè àäàïòèðîâàòü ê ‹•Œ êîìïëåêñû „‡, 
êîòîðûå ê òîìó âðåìåíè óæå øèðîêî ïðèìåíß-
ëèñü â çàùèòå òàíêîâ. •à ðèñ. 1 ïîêàçàí ïåð-
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•èñ.1. Šîìïëåêñ „‡ áåëîðóññêîé ðàçðàáîòêè íà •Œ• ÇŠîáðà-CÈ (”îòî •ˆˆ ‘òàëè, 2001 ã.)
Fig.1. ERA kit for Cobra-S IFV designed in Belarus (photo by "NII Stali", 2001)

•èñ.2. •ðîëîì  áîðòà •Œ•-2 ïðè ïîäðûâå 
áëîêà „‡ è ãðàíàòû •ƒ-9‚ (”îòî •ˆˆ ‘òàëè, 
1988 ã.)
Fig.2. Breach in the hull side of BMP-2 IFV after  
detonation of ERA box and PG-9V grenade (photo 
by ÒNII StaliÓ, 1988)
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Among the up-to-date protection systems able 
to counter these threats, explosive reactive armor 
(ERA) is the most cost-effective solution. ERA 
effect is based on the use of explosion ener-
gy which destroys the shaped-charge jet when 
throwing of a metal plate obliquely either after or 
towards the jet at the optimum obliquity. In many 
countries this type of protection as applied to 
LAV is developing rapidly, and we can see sev-
eral generations of ERA, that have already been 
implemented or are in the process of implementa-
tion on different LAV.

Russia is no exception here. It was among the 
first to show the possibility of using ERA on LAV. 
And today Russia offers a variety of solutions that 
can provide LAV with protection not only against 
single-warhead RPG and ATGM penetrating up 
to 500É600mm of RHA, but also against tan-
dem rounds.

As long ago as in 1988 Russia made first 
attempts to fit LAV with ERA kits (that had been 
by that time widely used for tank protection).Fig. 1 
show the first ERA kits ÒContactÓ with 4S20 ERA 
elements on Cobra-S (upgraded BMP-1) IFV. 
However, live tests of those kits revealed their 
complete non-applicability to LAV. When an ERA 
box and a grenade detonated together, with the 
total amount of explosives about 1.1-1.2kg, the 
thin main armor of the vehicle was simply broken 
through that disabled the vehicle (Fig. 2). How-
ever, in 1999 the engineers of ÒNII StaliÓ compa-
ny in Russia succeeded in designing a function-
al  ERA kit for BMP-3 IFV on the basis of 4S20 
tank ERA element. The weight of that ERA kit was 
4 tons (Fig. 3). The kit offered protection of the 
main vehicle surfaces against PG-9VS grenades 
piercing up to 500mm of RHA, at course angles 
of ±180. At the same time protection of BMP-3 
IFV against small-arms and artillery ammunition 
also improved.  

The experience gained during the design of 
that ERA kit showed that a new ERA element 
specially adapted for LAV is required. In 2006  a 
new ERA element (4S24) for LAV was accepted 
for service of the Russian Army. 4S24 ERA ele-
ment contained twice less explosive than 4S20 
element, which resulted positively both for ERA 
survivability, and for the survivability of the main 
armor. The use of 4S24 ERA elements  togeth-
er with unconventional solutions that enhanced 
fire safety of ERA elements when perforated by 
7.62...14.5mm bullets, resulted in creation of 
ERA packages, adapted to such LAV as BMP-
2 IFV, BTR-90 APC etc., which by their multi-
hit ability, fire resistance and other parameters 
exceeded the first ERA kits for BMP-3 IFV by sev-
eral times. (Figs. 4, 5)

In the process of designing such protection 
systems a number of technical challenges was 
solved, such as non-transfer of detonation inside 
the ERA box, blast damping, increase of ERA sur-
vivability and fire safety. The plastic explosives 
used in the first generations of ERA featured high 
sluggishness. Detonation of the explosive com-
pound took place only 3É5µs after the impact 
of the shaped-charge jet. As a result the jet lead-
er managed to get through the ERA (Fig.6). With 
the velocity of 9É10km/s and weight of 5É10 
gram, the slipped leader could pierce 50É80mm 

âûé êîìïëåêñ „‡ òèïà ÇŠîíòàêòÈ ñ ýëåìåíòà-
ìè äèíàìè÷åñêîé çàùèòû (•„‡) 4‘20 íà •Œ• 
ÇŠîáðà-CÈ. •àòóðíûå èñïûòàíèß ýòîãî êîì-
ïëåêñà, îäíàêî, ïîêàçàëè åãî ïîëíóþ íåïðèãîä-
íîñòü äëß èñïîëüçîâàíèß â çàùèòå ‹•Œ. ’îíêàß 
áðîíß ïðè ñîâìåñòíîì âçðûâå áëîêà „‡ è ãðà-
íàòû, êîãäà ñóììàðíàß ìàññà ïîäðûâàåìîãî ‚‚ 
äîñòèãàëà 1,1-1,2 êã, ïðîñòî ïðîëàìûâàëàñü, 
âûâîäß èç ñòðîß ñàìó ìàøèíó (ðèñ.2.). ’åì íå 
ìåíåå, óñèëèßìè ðàçðàáîò÷èêîâ •ˆˆ ‘òàëè â 
•îññèè â 1999 ãîäó áûë ñîçäàí ðàáîòîñïîñîá-
íûé êîìïëåêñ „‡ íà áàçå òàíêîâîãî •„‡ 4‘20 
äëß •Œ•-3. Œàññà ýòîãî êîìïëåêñà ñîñòàâëß-
ëà 4 ò (ðèñ.3). Šîìïëåêñ îáåñïå÷èâàë çàùè-
òó îñíîâíûõ ïðîåêöèé •Œ• â êóðñîâûõ óãëàõ 
±180¡îò ãðàíàò òèïà •ƒ-9‚‘, ïðîáèâàþùèõ äî 
500 ìì ñòàëüíîé áðîíè. Žäíîâðåìåííî ïîâû-
øàëñß óðîâåíü çàùèòû •Œ•-3 è îò áîåïðèïà-
ñîâ ñòðåëêîâî-ïóøå÷íîãî îðóæèß.

•àáîòû íàä ýòèì êîìïëåêñîì ïîêàçàëè, ÷òî 
íåîáõîäèìî ñîçäàíèå ñïåöèàëüíîãî, àäàïòè-
ðîâàííîãî äëß ‹•Œ, íîâîãî ýëåìåíòà äèíà-
ìè÷åñêîé çàùèòû. ’àêèå ðàáîòû áûëè ïðî-
âåäåíû, è â 2006 ãîäó íîâûé •„‡ äëß ‹•Œ 
ïîä èíäåêñîì •„‡ 4‘24 áûë ïðèíßò íà âîî-
ðóæåíèå ðîññèéñêîé àðìèè. •„‡ 4‘24 ñîäåð-
æàë â 2 ðàçà ìåíüøå ‚‚, ÷åì 4‘20, ÷òî ïîëî-
æèòåëüíî ñêàçàëîñü êàê íà æèâó÷åñòè ñàìîé 
„‡, òàê è íà æèâó÷åñòè îñíîâíîé áðîíè. 
ˆñïîëüçóß •„‡ 4‘24 â ñîâîêóïíîñòè ñ îðèãè-
íàëüíûìè ðåøåíèßìè, ïîâûøàþùèìè ïîæà-
ðîáåçîïàñíîñòü •„‡ ïðè ïðîñòðåëå ïóëßìè 
êàëèáðà 7,62É14,5 ìì, óäàëîñü ñîçäàòü êîì-
ïëåêñû „‡, àäàïòèðîâàííûå ê òàêèì ‹•Œ, 
êàê •Œ• -2, •’•-90 è äð., êîòîðûå ïî æèâó÷å-
ñòè, ïîæàðîñòîéêîñòè è äðóãèì ïàðàìåòðàì â 
íåñêîëüêî ðàç ïðåâîñõîäèëè  ïåðâûå êîìïëåê-
ñû „‡ äëß •Œ•-3. (•èñ.4,5).

•èñ.3. „‡ ïåðâîãî ïîêîëåíèß íà •Œ•-3, ðàçðàáîòêà •ˆˆ ‘òàëè, 1999 ã.
Fig.3. First generation ERA on BMP-3 IFV, designed by ÒNII StaliÓ, 1999

•èñ.4. •åçóëüòàò ïîïàäàíèß ãðàíàòû •ƒ-9‚ â áëîê ëåâ îé ñåêöèè „‡ •Œ•-3ñ •„‡ 4‘20. •ðîáèòèß 
áðîíè íåò, íî âûâåäåíû èç ñòðîß 6 áëîêîâ „‡, âêëþ÷à ß 3 íèæíèõ (”îòî •ˆˆ ‘òàëè, 1999 ã.)
Fig.4. Result of impact of PG-9V grenade on the box in the left ERA section with 4S20 elements on BMP-3 
IFV. The main armor was not perforated, but 6 ERA boxes were destroyed, including 3 lower ones (photo by 
ÒNII StaliÓ, 1999)
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•ðè ðàçðàáîòêå òàêîé çàùèòû áûëè ðåøå-
íû íàó÷íî-òåõíè÷åñêèå çàäà÷è ïî îáåñïå÷åíèþ 
íåïåðåäà÷è äåòîíàöèè âíóòðè áëîêà äèíàìè÷å-
ñêîé çàùèòû (•„‡), ïî äåìïôèðîâàíèþ âçðû-
âà, îáåñïå÷åíèþ æèâó÷åñòè è ïîæàðîáåçîïàñ-
íîñòè çàùèòû. 

•àðàêòåðíîé îñîáåííîñòüþ ïëàñòè÷åñêèõ 
âçðûâ÷àòûõ âåùåñòâ, êîòîðûå èñïîëüçîâàëèñü 
â •„‡ ïåðâûõ ïîêîëåíèé, ßâëßëàñü èõ áîëü-
øàß èíåðöèîííîñòü. „åòîíàöèß âçðûâ÷àòîãî 
ñîñòàâà ïðîèñõîäèëà ñïóñòß 3É5 ìêñ ïîñëå 
âîçäåéñòâèß êóìóëßòèâíîé ñòðóè. •òî ïðèâî-
äèëî ê ïðîñêîêó ëèäèðóþùåé ÷àñòè ñòðóè çà 
„‡ (ðèñ.6). ˆìåß ñêîðîñòü 9É10 êì/ñ è ìàññó 
5É10 ã, ïðîñêî÷èâøèé ëèäåð ñïîñîáåí ïðîáèòü 
50É80 ìì ñòàëüíîé áðîíè, ÷òî âïîëíå äîñòà-
òî÷íî äëß ïîðàæåíèß ‹•Œ. Žáðàçóþùèåñß ïðè 
ïðîáèòèè îñêîëî÷íûé ïîòîê, èçáûòî÷íîå äàâ-
ëåíèå âíóòðè ìàøèíû 100É.150 àòì. è óðîâåíü 
øóìà ïîðßäêà 150É200 ä• ìîãóò âûâåñòè èç 
ñòðîß è ýêèïàæ, è âíóòðåííå îáîðóäîâàíèå. 

‘îêðàòèòü èëè âîîáùå ëèêâèäèðîâàòü ïðî-
ñêîê ëèäèðóþùåé ÷àñòè ñòðóè ìîæíî, ïðè-
ìåíèâ âûñîêî÷óâñòâèòåëüíûå ‚‚, îäíàêî ïðè 
ýòîì ðåçêî îáîñòðßþòñß ïðîáëåìû ñ âîçãîðà-
åìîñòüþ •„‡ ïðè ïðîñòðåëå ïóëßìè è äåòîíà-
öèåé èõ ïðè âîçäåéñòâèè áîåïðèïàñîâ êàëèáðà 
30 ìì è âûøå. ‚ êîìïëåêñå „‡ ñ •„‡ 4‘24 ýòó 
ïðîáëåìó óäàëîñü ðåøèòü (ðèñ.7).

•àáîòàìè •ˆˆ ‘òàëè ïîêàçàíî, ÷òî íà ðàç-
ðóøåíèå êóìóëßòèâíîé ñòðóè â òàêèõ •„‡, 
(ñåãîäíß èõ ïðèíßòî ñ÷èòàòü êëàññè÷åñêèìè), 
ðàñõîäóåòñß íå áîëåå 10É15% ýíåðãèè âçðû-
âà. Žñòàëüíàß ÷àñòü ýíåðãèè òðàòèòñß âïóñòóþ, 
îêàçûâàß íà çàùèùàåìûé îáúåêò è áëèæ-
íåå îêðóæåíèå ïàðàçèòíîå âîçäåéñòâèå. Šðî-
ìå òîãî, äàííûé òèï •„‡ ìàëîýôôåêòèâåí ïðî-
òèâ ñíàðßäîâ êàëèáðà 30 ìì è àáñîëþòíî íå 
ýôôåêòèâåí ïðîòèâ áîåïðèïàñîâ òèïà APFSDS 
ê ïóøêàì êàëèáðà 35É50 ìì. 

•î ìíåíèþ Ž€Ž Ç•ˆˆ ñòàëèÈ äàëüíåéøåå 
ðàçâèòèå çàùèòû ‹•Œ äîëæíî èäòè ïî ïóòè 
ñíèæåíèß ýíåðãèè, èäóùåé íà ïàðàçèòíîå âîç-

äåéñòâèå ïî çàùèùàåìîé áðîíå. “÷èòûâàß 
îïûò ïîñëåäíèõ ðàçðàáîòîê Ž€Ž Ç•ˆˆ ñòàëèÈ, 
îäèí èç âîçìîæíûõ ïóòåé çäåñü - ýòî ïåðåõîä 
îò êëàññè÷åñêîé „‡ ê ñîçäàíèþ ñïåöèàëüíîãî 
êëàññà „‡, íå èñïîëüçóþùåé ‚‚. 

•åàêòèâíàß áðîíß êàê çà ðóáåæîì, òàê è â 
•îññèè Ð ýòî çàùèòà, îñíîâàííàß íà èñïîëüçî-
âàíèè ìàòåðèàëîâ, ñïîñîáíûõ ïîãëîùàòü ÷àñòü 
ýíåðãèè êóìóëßòèâíîé ñòðóè è îòäàâàòü åå â 
âèäå äâèæóùåé âûïó÷èíû, âçàèìîäåéñòâóþ-
ùåé ñ êóìóëßòèâíîé ñòðóåé. ‡à ðóáåæîì òàêîé 
âèä çàùèòû îòíîñßò ê „‡ òèïà NERA (non-
energetic reactive armor). ‚ •îññèè ýòîò âèä 
çàùèòû èñïîëüçîâàëñß â áðîíèðîâàíèè òàí-
êîâ åùå â êîíöå 60-õ ãîäîâ è èçâåñòåí â ëèòå-
ðàòóðå êàê Çâñïó÷èâàþùèåñß èëè îòðàæàþ-
ùèå ëèñòûÈ. ˆñïîëüçîâàòü ýòîò âèä „‡ äëß 
‹•Œ â ÷èñòîì âèäå, îäíàêî, ïðîáëåìàòè÷-
íî, ò.ê. åãî èíåðöèîííîñòü ñîñòàâëßåò 10É20 
ìêñ è áîëåå, ÷òî, â ñâîþ î÷åðåäü, ïðèâîäèò ê 
ïðîñêîêó äîâîëüíî çíà÷èòåëüíîé ëèäèðóþùåé 
÷àñòè ñòðóè, ñïîñîáíîé ïðîáèòü äî 100...150 ìì 
ñòàëüíîé áðîíè (ðèñ.8).

•îïûòêà ïîäíßòü Š•„ äèíàìè÷åñêîé çàùè-
òû ïðèâåëà Ž€Ž Ç•ˆˆ ñòàëèÈ ê ñîçäàíèþ òàê 
íàçûâàåìûõ ýíåðãåòè÷åñêèõ ñîñòàâîâ. •íåðãå-
òè÷åñêèé ñîñòàâ Ð ýòî íîâûé êëàññ çàùèòíûõ 
ìàòåðèàëîâ, êîòîðûé ñòîèò ìåæäó êëàññè÷å-
ñêîé „‡ è ðåàêòèâíîé áðîíåé. ˆññëåäîâàíè-
ßìè, ïðîâåäåííûìè â •ˆˆ ‘òàëè, ïîêàçàíî, 
÷òî ïðè âîçäåéñòâèè êóìóëßòèâíîé ñòðóè íà 
ýíåðãåòè÷åñêèé ñîñòàâ, çàêëþ÷åííûé ìåæäó 
ìåòàëëè÷åñêèìè ïëàñòèíàìè, â çîíå âçàèìî-
äåéñòâèß, îãðàíè÷åííîé ðàçìåðàìè âñåãî â 
60É120 ìì ïðîèñõîäèò õèìè÷åñêàß ðåàêöèß ñ 
âûäåëåíèåì çíà÷èòåëüíîãî êîëè÷åñòâà ýíåð-
ãèè. ‘êîðîñòü âûäåëåíèß ýíåðãèè ñîèçìåðè-
ìà ñ ëó÷øèìè ñîñòàâàìè ïëàñòè÷åñêèõ ‚‚. 
‚ çîíå âçàèìîäåéñòâèß îíà ñîñòàâëßåò 5000 
ì/ñ è çàòóõàåò ïî ìåðå óäàëåíèß îò ýïèöåí-
òðà äî çâóêîâûõ ñêîðîñòåé. •òî íå äàåò ïðî-
öåññó ïåðåéòè â ñòàäèþ ñòàöèîíàðíîé äåòî-
íàöèè. Š•„ òàêèõ ñèñòåì íàìíîãî áîëüøå 

of steel armor that is sufficient to disable LAV.  
A flow of fragments formed during the pene-
tration process, overpressure inside the vehi-
cle (100É150atm) and the noise level of about 
150É200dB could disable both the occupants 
and the internal equipment.

It is possible to reduce or completely prevent 
the breakthrough of the jet leader by using high-
sensitive explosives, but in this case the problems 
of ERA element inflammation when perforated by 
small arms bullets and ERA element detonation 
under the impact of 30mm and heavier ammuni-
tion become more urgent. These problems have 
been solved in ERA with 4S24 elements (Fig.7). 

The engineers of ÒNII StaliÓ have shown, that 
in ERA elements (regarded as conventional) 
only 10É15% of the detonation energy is spent 
on destroying the shaped charge jet. The rest of 
the energy is spent uselessly and has a parasit-
ic effect on the protected object and close envi-
ronment. Besides, this type of ERA elements has 
little efficiency against 30mm ammunition and is 
completely ineffective against APDS rounds of 
35É50mm cannons. 

The experts of ÒNII StaliÓ think that further 
efforts in development of LAV protection should 
be focused on reducing the amount of energy 
released in the protection system that has a par-
asitic effect on the main armor. According to the 
latest research of ÒNII StaliÓ, one of the ways of 
further development is the shift from conventional 
ERA to so called energetic materials. 

Reactive armor, both abroad and in Russia, is 
seen as the protection system based on  mate-
rials able to absorb a part of the shaped-charge 
jet energy  and give it back in the form of moving 
bulge that interacts with the shaped charge jet. 
This type of protection is qualified abroad as reac -
tive armor of NERA type (non-energetic reactive 
armor). In Russia this type of protection  was used 
in tank armoring as long ago as in late 1960s 
and is known in literature as Òbulging or reflecting 
platesÓ. However, itÕs very difficult to use this type 
of reactive armor for LAV per se, because its slug-

•èñ.5. •åçóëüòàò ïîïàäàíèß ãðàíàòû •ƒ-9‚ â áîðò •Œ•-2, çàùèùåííîãî „‡ ñ •„‡ 4‘24. 
•ðîáèòèß íåò. ˆç ñòðîß âûøåë òîëüêî 1 áëîê (”îòî •ˆˆ ‘òàëè, 2004 ã.)
Fig.5. Result of impact of PG-9V grenade onto the hull side of BMP-2 IFV protected by ERA with 4S24 
elements. No armor perforation. Only 1 box was brought out of action (photo by ÒNII StaliÓ, 2004)

•èñ.6. ‹èäèðóþùàß ÷àñòü ñòðóè, ïðîøåäøàß 
„‡ ñ ýëåìåíòîì 4‘20 (”îòî •ˆˆ ‘òàëè, 1983 ã.)
Fig.6. The leading part of the shaped charge jet wh ich 
passed through ERA with 4S20 elements (photo by ÒNII 
StaliÓ, 1983)

•èñ.7. ‹èäèðóþùàß ÷àñòü ñòðóè ïîëíîñòüþ 
ðàçðóøåíà „‡ ñ ýëåìåíòîì 4‘24. (”îòî •ˆˆ 
‘òàëè, 2003 ã.)
Fig.7. The leading part of the jet was completely 
destroyed by ERA with 4S24 element (photo by ÒNII 
StaliÓ, 2003)

•èñ.8. ‚çàèìîäåéñòâèå êóìóëßòèâíîé ñòðóè ñ „‡ 
òèïà NERA.
Fig.8.Interaction between shaped-charge jet and NER A 
reactive armor
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âñåõ ðàññìîòðåííûõ âûøå êîìïëåêñîâ „‡, ò.ê. 
âñß ýíåðãèß, âûäåëßåìàß â ëîêàëüíîé çîíå, 
íàïðàâëßåòñß íà ðàçðóøåíèå êóìóëßòèâíîé 
ñòðóè. •à ðåíòãåíîãðàììàõ (ðèñ.9) õîðîøî 
âèäíî, ÷òî îáëàñòü, ãäå èäåò ïðîöåññ è èìå-
åò ìåñòî âñïó÷èâàíèå ïëàñòèí •„‡, âåñüìà 
îãðàíè÷åíà.

‡à ðóáåæîì ýòîò òèï „‡ ïîëó÷èë íàçâàíèå 
NxRA, ò.å. „‡, íå ñîäåðæàùàß ‚‚, è ðåàëèçóåò-
ñß â áîëüøîì êîëè÷åñòâå ðàçëè÷íûõ êîìïëåê-
ñîâ (SLERA, LRA, IRA è äð).

ˆñïîëüçîâàíèå ýòîãî ïðèíöèïà â êîíñòðóê-
öèßõ „‡ ñ ìíîãîðßäíûì êàññåòíûì ðàñïîëî-
æåíèåì ýíåðãåòè÷åñêèõ ýëåìåíòîâ ñ ðàçíûì 
óðîâíåì ýíåðãîâûäåëåíèß äàåò âîçìîæíîñòü 
óïðàâëßòü ïðîöåññîì âçàèìîäåéñòâèß è îïòè-
ìàëüíî ïîäñòðàèâàòüñß ê ïàðàìåòðàì êóìó-
ëßòèâíîé ñòðóè, ÷òî ïðèâîäèò ê ïîâûøåíèþ 
óðîâíß çàùèòû. •íåðãåòè÷åñêèå ñîñòàâû ìîãóò 
áàçèðîâàòüñß íà ðàçëè÷íûõ ðåöåïòóðàõ.

Žáëàäàß èçáèðàòåëüíîé ÷óâñòâèòåëüíîñòüþ 
ê êóìóëßòèâíûì ñòðóßì îïðåäåëåííîé ýíåð-
ãåòèêè, ýíåðãåòè÷åñêèå ìàòåðèàëû ðàáîòà-

þò ýôôåêòèâíî ïî òàíäåìíûì áîåïðèïàñàì è 
óäëèíåííûì ñåðäå÷íèêàì ••‘.

‡à ðóáåæîì èäåè ñîçäàíèß òàêèõ ãèáðèä-
íûõ „‡ ðåàëèçóþòñß ïîêà òîëüêî äëß çàùèòû 
îò ìîíîáëî÷íûõ êóìóëßòèâíûõ áîåïðèïàñîâ è 
êèíåòè÷åñêèõ ñíàðßäîâ ìàëîêàëèáåðíûõ ïóøåê. 
‚ •îññèè ðàçðàáîò÷èêè ñòàâßò ïåðåä ãèáðèäíû-
ìè „‡ áîëåå àìáèöèîçíûå öåëè è áëèçêè ê ñîç-
äàíèþ äåéñòâèòåëüíî óíèâåðñàëüíûõ êîìïëåê-
ñîâ, îáåñïå÷èâàþùèõ çàùèòó îò âñåãî ñïåêòðà 
óãðîç, âêëþ÷àß è òàíäåìíûå áîåïðèïàñû.

‡à 10 ëåò ðîññèéñêîìó ðàçðàáîò÷èêó óäà-
ëîñü â 4 ðàçà ñîêðàòèòü êîëè÷åñòâî ïîäðûâàå-
ìîãî ‚‚, à â ïåðñïåêòèâå âîîáùå îòêàçàòüñß îò 
íåãî, çà ñ÷åò ÷åãî ìíîãîêðàòíî ïîâûøåíà æèâó-
÷åñòü êîìïëåêñîâ. “ðîâåíü çàùèòû, îáåñïå÷è-
âàåìûé êîìïëåêñàìè „‡, ïðè ýòîì íå ñíèæàåò-
ñß, à èìååò òåíäåíöèþ ê ðîñòó. •îëüøîé îïûò 
â îáëàñòè çàùèòû ‹•Œ, ïîçâîëßåò Ž€Ž Ç•ˆˆ 
‘òàëèÈ óæå ñåãîäíß ñîçäàâàòü è ñ ìàêñèìàëü-
íîé ýôôåêòèâíîñòüþ àäàïòèðîâàòü èìåþùèå-
ñß òåõíè÷åñêèå ðåøåíèß ê ëþáîé ëåãêîáðîíè-
ðîâàííîé òåõíèêå.   

gishness is 10É20µs and more, which in its turn 
causes the breakthrough of a considerable part 
of the jet leader which is able to penetrate 100-
150mm of RHA (Fig.8). 

An attempt to raise the efficiency of the reac-
tive armor led ÒNII StaliÓ to creation of so called 
energetic materials. Energetic materials are a 
new class of protective materials, which stands 
between conventional ERA and reactive armor. 
R&D conducted in ÒNII StaliÓ has shown that 
when the shaped charge jet impacts the ener-
getic material enclosed between metal plates, 
in the interaction zone which is as small as 
60-120mm, a chemical reaction takes place with 
release of a considerable amount of energy. The 
energy release rate is comparable to that of the 
best plastic explosives. ItÕs about 5000m/s in the 
interaction zone, and decreases to sonic speeds 
with the distance from the epicenter. It pre-
vents the shift of the process to the stage of the 
steady-rate detonation. The efficiency of such 
systems is much higher than that of other reac-
tive armor systems discussed above, because all 
the energy released in the local zone is direct-
ed to destruction of the shaped charge jet. On 
X-ray photos it is clearly seen (Fig.9) that the 
area in which the process is going on and bulg-
ing of reactive armor elements is taking place is 
very limited.

This type of reactive armor is called NxRA 
abroad, which means it doesnÕt use any explo-
sives; itÕs used in a variety of different armor sys-
tems (SLERA, LRA, IRA etc.).

The use of this approach in reactive armor 
designs with multi-row cluster order of energetic 
elements with different levels of energy release 
allows control of the interaction process and 
adaptation to particular parameters of the shaped 
charge jet, which results in increased protection. 
Energetic materials can be based on different for-
mulations. 

Due to selective sensibility to the shaped 
charge jet energy, the energetic materials are 
effective against tandem-warhead rounds and  
long-rod penetrators of APFSDS.

The ideas of such hybrid reactive armor 
abroad are implemented only for protection 
against single-warhead chemical energy projec-
tiles and kinetic-energy projectiles of small-cali-
ber guns. Russian designers are pursuing more 
ambitious goals for hybrid reactive armor, and 
they are very close to creation of really multi-
purpose systems that provide protection against 
the complete range of threats, including tandem 
projectiles.

Table shows the evolution of the main charac-
teristics of reactive armor for LAV, that has been 
developed or is under development in ÒNII StaliÓ.

For the last decade the Russian company has 
managed to reduce the amount of detonating 
explosive by four times, and in the near future 
may give it up completely, which allows significant 
increase of multi-hit ability of reactive armor sys -
tems. Moreover, in such systems the level of pro-
tection does not go down, but tends to increase. 
The long experience of ÒNII StaliÓ in LAV protec-
tion enables the company to work out new tech-
nical solutions and to adapt those which already 
exist to all types of light-armored vehicles with 
maximum efficiency.   
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•àèìåíîâàíèå, 
ãîä ðàçðàáîòêè ’èï •„‡

•ðèðîñò 
ñòîéêîñòè, ìì 
(áîåïðèïàñ)

’èï ‹•Œ Œàññà ‚‚*

•Š„‡ 1999 ã 4‘20 500 •ƒ-9‚ •Œ•-3 100

•Š„‡ 2006 ã 4‘24 500 •ƒ-9‚ •Œ•-3, •Œ•-2, 50

•Š„‡ 2008 ã
•„‡ ñ ëîêàëüíîé 
äåòîíàöèåé ñ 
ñàìîçàòóõàíèåì

500 •ƒ-9‚ •Œ•-3 
îïûòíàß ðàáîòà 25

* •îêàçàíà îòíîñèòåëüíàß ìàññà ïîäðûâàåìîãî ‚‚ â ñð àâíåíèè ñ •„‡ 4‘20

MAIN CHARACTERISTICS OF REACTIVE ARMOR FOR LAV IN RUSSIA

Type, year of 
development

Type of ERA 
elements

Increase in 
resistance, mm
(Type of threat)

Type of LAV

Weight of 
explosive* 

in ERA 
elements, %

Add-on ERA, 1999 4S20 500 (PG-9V) BMP-3 100

Add-on ERA, 2006 4S24 500 (PG-9V) BMP-3, 
BMP-2 50

Add-on ERA, 2008
ERA element with 

local detonation with 
self-extinction

500 (PG-9V) BMP-3, R&D 25

 
*Relative weight of detonated explosive as compared to 4S20 ERA element 

•èñ.9. •åíòãåíîãðàììà âçàèìîäåéñòâèß êóìóëßòèâíîé ñ òðóè ñ •„‡ ñ ýíåðãåòè÷åñêèì ñîñòàâîì: 
à) 90 ìêñ, á) 200 ìêñ. •îðîøî âèäíî, ÷òî âûäåëåíèå ýíåðãèè ïðîèñõîäèò â ëîêàëüíîé îáëàñòè 
(”îòî •ˆˆ ‘òàëè, 2005 ã.)
Fig.9. X-ray photo of interaction between the shaped charge jet and reactive armor element with the 
energetic material. a) 90µs, b)  200µs. It is clearly seen that the energy is released in the local zone (photo 
by ÒNII StaliÓ, 2005)




