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Abstract:

Introduction/purpose: Rockets with high-explosive (HE) warheads are the
most numerous type used for multiple launch rocket systems (MLRS). They
are used for a wide range of combat tasks. Besides other design
characteristics, the effect on the target depends on the position where
detonation is initiated in their explosive charge. The study analyses the
fragmentation effects of steel balls from the 128 mm M77 HE warhead with
the standard point-detonating (PD) fuze and with a differently positioned
detonating assembly.

Methods: The study uses a simple numerical model for the assessment of
the fragmentation effect, which requires modest resources. A numerical
model of the fragmentation effect was used with Gurney’s model of
explosive propulsion and Taylor’s and Shapiro’s method for the direction of
the fragment velocity vector. The penetration ability of projected steel balls
through hard homogenous steel was analysed using the Project Thor
analytical model of kinetic energy projectile penetration.
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Results: The results indicate that a change in the position of the initiation
point can improve the fragmentation effect of steel balls. The most
significant improvement is increased fragment dispersion, causing much
larger fragment impact zones. A modest increase in the fragment velocity
is observed as well, mainly because the direction of the fragment velocity
vector is changed. Also, the penetration ability of both types of steel balls at
distances up to 50 m is sufficient for the anti-personnel role, while larger
steel balls have anti-material capabilities as well.

Conclusion: Changing the fuze on high-explosive warheads in order to
change the position of the initiation point can be used to improve the
fragmentation effect.

Key words: warhead, detonation, fragmentation, explosive propulsion.

Introduction

Rockets with high-explosive (HE) warheads are the most often used
for weapon systems that are used for combat support, such as multiple
launch rocket systems (MLRS) on land or air platforms. Their effectiveness
is based on a detonation of their explosive charge, where fragmentation
and blast effects are produced in accordance with specific design features
of a warhead. Such designs are considered to have characteristics that
provide nearly universal purposes. Thus, rockets with HE warheads can
be used in different combat situations and against different targets, usually
with appropriate fuze settings.

The fragmentation effect has been of interest in military research and
development activities, since it has proven to be very effective against soft
targets, like manpower and combat systems without or with light armour
protection, especially when concentrated in bases, on landing zones, etc.
Such targets require a small amount of kinetic energy or a large number
of small perforations (Carlucci & Jacobson, 2018, p.429). There are many
numerical models developed for reliable predictions of explosive
propulsion and fragmentation effects (Zukas & Walters, 1998; Orlenko,
2004; Gold, 2017). It depends on design features of an explosive
ordnance, whether during the fragmentation process, explosive propulsion
or fragment flight. Preformed fragments are used in many modern designs,
due to a complex nature of naturally fragmented parts of a warhead, where
a wide range of fragment dimensions is expected. The main advantage of
preformed fragments is a reliable prediction of fragmentation effects, since
shape and dimensions can be considered constant during the effect.

Most HE projectiles have a point-detonating (PD) fuze, so that a
detonation wave is traveling towards the base of a projectile. Such design
is often used mainly because that the position of a fuze offers the earliest
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possible and reliable interaction with a target. Additionally, that position is
easily accessible for preparation, removal or replacement of a fuze.
However, it is possible to use fuzes that are point-initiated and have the
detonating assembly positioned elsewhere in the projectile, providing
different detonation processes.

Numerical modelling of the fragmentation effect

A simple numerical model will be used to calculate the parameters
that are necessary to access the fragmentation effect of the 128 mm HE
M77 warhead, used on rockets for domestic multiple launch rocket
systems (MLRS), such as Oganj and Morava. The same numerical model
will be used to analyse the fragmentation effects of modified designs of the
warhead with different positions of the buster: at the base and in the central
part of the warhead. The model is not resource demanding and is
applicable for engineering purposes, especially in the preliminary analysis
of the HE explosive ordnance design.

Design characteristics of the 128 mm M77 HE warhead

The rockets with the 128 mm M77 HE warhead are primarily used
against manpower and materiel in open and in field fortifications. They are
used for intense and quick fire missions against important targets, such as
command posts, telecommunication centres, military bases, depots,
airfields, ports, etc.

The main parts of the warhead without a fuze are presented in Figure
1. The warhead is primarily used with the point-detonating fuze UTU M77
that is threaded to the fuze well after the closing plug (1) is removed. The
UTU M77 is an impact fuze that can be pre-set for super-quick or delay
action. The rocket motor is, during the production, permanently attached
to the base parts of the warhead.

1 2 3 4 5 6 4 7

Figure 1 — Main parts of the 128 mm M77 HE warhead:
(1) fuze well closing plug, (2) explosive charge, (3) warhead body, (4) smaller steel balls,
(5) liner, (6) larger steel balls and (7) warhead base
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The hollow steel warhead case (3) is filled with explosive charge (2)
made of 4.050 kg of explosive composition (45 % RDX, 40 % TNT and
15 % aluminium powder). Upon detonation of the explosive charge, the
main fragmentation effect is provided by the matrix of steel balls (4) and
(6), arranged between the warhead case (3) and the liner (5). Two types
of steel balls are used: 930 larger (diameter 10.32 mm, 30 rows with 31
balls each) and 2562 smaller steel balls (diameter 6.35 mm), which are
arranged in two layers (6 rows with 47 balls each, and 40 rows with 57
balls each). It should be mentioned that additional fragments are expected
to be formed from other metal parts of the warhead (case, liner, base and
fuze) and the rocket motor, which will be naturally fragmented.

Numerical model of the warhead fragmentation effect

The Gurney model of explosive propulsion was chosen due to its
simplicity. This model has some limitations, but in many similar research
studies (Carlucci & Jacobson, 2018; Catovic & Kljuno, 2021) the results
have shown an acceptable correlation with experimental results. The
following assumptions and approximations have been included in the
model:

— detonation process is stationary and in accordance with the
model of ideal detonation, so a detonation wave has a
spherical shape and all detonation parameters are constant;

— position of a fragments is equal to the position of its centre of
mass;

— points of initiation are considered to be on the central
longitudinal axis of the warhead; and

— gravitational force is neglected.

Meanwhile, significantly more complex numerical models have been
developed, based on the finite element method and hydrocodes
(Tanapornraweekit & Kulsirikasem, 2012; Ugrci¢ & IvaniSevi¢, 2015),
which require more resources.

Considering that the warhead is a cylindrical explosive propulsion
system with axial symmetry, the velocity of a fragment vie caused by the
explosive propulsion can be calculated using the following equation
(Gurney, 1943):

Vre

(1)
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where m is the mass of metal fragments, me is the mass of the explosive
charge and vg is the Gurney velocity in m/s, which is a function of the

Gurney energy Ec:
v = 2Eq (2)

The Gurney velocity and energy are expressing the propelling ability
of an explosive charge and have constant values for an explosive
composition. It can be determined experimentally or using an appropriate
numerical model. The Koch’s model (Koch, 2002) was used in this
research:

D
Y6 = 0.308 ®)
where D is the detonation velocity in m/s.

Since D = 7495 m/s (Kaye & Herman, 1980, p.328) for a very similar
explosive composition (a charge diameter of 51.8 mm and an initial density
of 1.81 kg/dm?®) as the warhead explosive charge, so vc = 2433 m/s for all
further calculations. Equation 1 and the data for the 128 mm M77 HE
warhead (me=4.050kg and my=15.480 kg) yield the velocity of
fragments of vie = 1170 m/s.

The initial velocity of a fragment depends on the movement of a
projectile in the moment of explosion as well. Thus, the initial fragment
velocity is a sum of the velocity vectors:

Vo = VetV + Uy (4)

where v, is the projectile flight velocity and v, is the tangential velocity as
a consequence of projectile rotation. Accordingly, the intensity and
direction of the initial fragment velocity during a flight are significantly
different from those involving static explosive ordnance. It must be noted
that static conditions are very usual in most of experimental warhead
effectiveness methods, i.e., “arena” tests. The rocket rotates very slowly
after leaving the launcher tube (380 rotations per minute), so the tangential
velocity v, is approximately 2.4 m/s and was neglected in this study.

The Gurney model assumes that fragments move in the direction
perpendicular to the layer of fragments. However, the fragment velocity
vector is deflected in the direction of the detonation velocity vector by an
angle O, that can be predicted using Taylor's method and Shapiro’s
formula (Lloyd, 1998, p.374):

6 =tan! (va—;) cos (g +a- ﬁ)) (5)
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where a is the angle between the detonation wave front and the free
surface of fragments and 8 is the angle between the warhead axis and the
line perpendicular to the free surface of fragments (Figure 2).

For known coordinates of characteristic points, all angles can be
calculated using trigonometric functions, for example:

a =tan?! (—yl YI) (6)
Xi —Xp
where xi and x; are the axial coordinates and y; and y, are the radial
coordinates of the " steel ball and the initiation point I, respectively.
During the flight, air drag constantly decreases the velocity of a
fragment. Since steel balls in the warhead are symmetrical and have
known dimensions, the velocity at the distance x can be written as
(Carlucci & Jacobson, 2018, pp.202-210):
PaAfCax
Uf’x = ‘Uf'o e ZImf (7)
where p, is the density of air, Ar is the surface area of the fragment
silhouette in a plane that is perpendicular to the velocity vector vix, ms is
the mass of the fragment and Cp is the drag coefficient. The following
values were adopted for further calculations: p, = 1.225-10 kg/dm?® and
Cp =0.95. In order to simplify the model, the constant value Cp was
adopted. This can be acceptable because its value does not change
significantly for short flight distances of spherical fragments at supersonic
velocities (Mach number M between 2 and 4) (Moxnes et al, 2017).

Figure 2 — Direction of the fragment velocity vector:
DW: detonation wave; F: position of a fragment; I: initiation point
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Penetration ability of the fragment depends on target and fragment
characteristics at impact conditions (mass and dimensions, velocity and
angle). It can be evaluated using the numerical model developed in the
Project Thor (Zook, 1977), which was used in similar studies (Wang et al,
2014; Rotariu & Trana, 2016). Evaluation can be done using the empirical
equation for the residual fragment velocity vires (ZOOk, 1977, p.9):

U res = U — 1061 (e - A7) *m (sec ) av e, (8)

where h; is the thickness of the target, ¢ is the angle of incidence at impact,
while Ci, C,, Cs, Csand Cs are the empirical coefficients. The empirical
coefficients are derived for parameters in the imperial units (dimensions in
inches, mass in grains and velocity in feet per second). The following
values for hard homogenous steel were used for further calculations:
C1=6.475, C>=0.889, C3=-0.945, C4=.1.262 and Cs=0.019. The
maximum penetration hmax is when the fragment impact is perpendicular
to the target surface (¢ = 0) and vires = O criterion is met.

Results and discussion

Numerical modelling of the fragmentation effect for the
128 mm M77 HE warhead

The axial coordinates x and the radial coordinates y; of all steel balls
were measured from the central point in the mouth of the fuze well, and
are listed in Tables 1 and 2.

Table 1 — Positions of larger steel balls

Coordinates of a Coordinates of a
Number of a fragment Number of a fragment
fragment, i fragment, i
Xi (mm) yi(mm) Xi (mm) yi(mm)
1 190.0 51.5 16 354.3 51.5
2 201.0 51.5 17 365.2 51.5
3 211.9 51.5 18 376.2 51.5
4 222.9 51.5 19 387.1 51.5
5 233.8 51.5 20 398.1 51.5
6 244.8 51.5 21 409.0 51.5
7 255.7 51.5 22 420.0 51.5
8 266.7 51.5 23 430.9 51.5
9 277.6 51.5 24 441.9 51.5
10 288.6 51.5 25 452.8 51.5
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Coordinates of a Coordinates of a
Number of a fragment Number of a fragment
fragment, i fragment, i
Xi (mm) yi(mm) Xi (mm) yi(mm)
11 299.5 51.5 26 463.8 51.5
12 310.5 51.5 27 4747 51.5
13 321.4 51.5 28 485.7 51.5
14 3324 51.5 29 496.6 51.5
15 343.3 51.5 30 507.6 51.5
Table 2 — Positions of smaller steel balls
Number of a Coofn;c;lgra:]t:ﬁtof a Number of a Coofn;c;lgra:]t:ﬁtof a
fragment, i fragment, i
Xi (mm) yi(mm) Xi (mm) yi(mm)
1 151.5 48.1 24 354.2 58.3
2 158.4 48.1 25 361.1 58.3
3 165.2 48.1 26 368.1 58.3
4 1721 48.1 27 375.0 58.3
5 178.9 48.1 28 382.0 58.3
6 185.8 481 29 388.9 58.3
7 236.0 58.3 30 395.9 58.3
8 243.0 58.3 31 402.8 58.3
9 249.9 58.3 32 409.8 58.3
10 256.9 58.3 33 416.7 58.3
11 263.8 58.3 34 423.7 58.3
12 270.8 58.3 35 430.6 58.3
13 277.7 58.3 36 437.6 58.3
14 284.7 58.3 37 4445 58.3
15 291.6 58.3 38 451.5 58.3
16 298.6 58.3 39 458.4 58.3
17 305.5 58.3 40 465.4 58.3
18 3125 58.3 41 472.3 58.3
19 319.4 58.3 42 479.3 58.3
20 326.4 58.3 43 486.2 58.3
21 333.3 58.3 44 493.2 58.3
22 340.3 58.3 45 500.1 58.3
23 347.2 58.3 46 507.1 58.3

Since all steel balls are embedded in the matrix that is parallel to the
longitudinal axis of the warhead, then 8= 1/2 and Equation 5 can be
written as:
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6 =tan™! (va—;) cos oc) 9)

The fuze well in the 128 mm M77 HE warhead is 43.2 mm deep, so it
is considered that the initiation point is positioned at the same axial
distance on the longitudinal axis (y: = 0). According to that and the data in
Tables 1 and 2, projection angles of steel balls ©; were calculated using
Equation 9 for the static warhead. Negative values indicate that a fragment
is projected “backwards”, i.e., towards the base of the warhead.

After that, projection angles of steel balls were calculated for flight
conditions according to Equation 4, where the value for the rocket velocity
after the end of rocket motor propulsion v, = 647 m/s was adopted.

The average fragment velocity and the maximum penetration of steel
balls himax at distances between 5 and 50 m from the point of warhead
explosion for both conditions were calculated using Equation 8 and
Vires = O criterion.

The results are listed in Table 3.

Table 3 — Results of the fragmentation effect for the 128 mm M77 HE warhead

Parameter Fragment type Conditions
gmentiyp static flight
Angle of fragment projection (%) smaller steel balls -41--44 25.7-255
g gment proJ larger steel balls 42--45 258255
Average fragment velocity at | smaller steel balls 1072 — 487 1186 — 539
distances 5-50 m, vix (M/s) | larger steel balls 1109 — 683 1226 —755
Maximal penetration at distances| smaller steel balls 43-1.8 48-2.0
5-50 m, hAtmax (Mm) larger steel balls 79-4.6 8.8 —5.1
Surface area of the fragment |m£)act zone at 16.3—217.3 16.3—214.8
distances 5-50 m (m?)
Areal density of fragments atzdlstances 5-50 m 214.1—16.1 214.4—-12.9
(fragment/m?)

Numerical modelling of the fragmentation effect for the
modified 128 mm HE warhead with a base detonating
assembly

The direction of a detonation wave in an explosive charge directly
depends on a position where the detonation is initiated. Change in the
position can significantly affect the fragmentation effect of a warhead.

A possible modification of the 128 mm M77 HE warhead is to position
the detonating assembly in the base of the explosive charge while the
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space in the fuze well for the detonation booster is filled with explosive.
Such a warhead can have a fuze that has two separate assemblies, like
modern electric point-initiated base-detonating (PIBD) fuzes. The main
parts of such a modified warhead without a fuze are presented in Figure
3.

The coordinates of the initiation point are: x; = 464 mm and y; = 0 mm.
Since no other design changes were made, the parameters of the
fragmentation effect were calculated using the coordinates x; and y; of all
steel balls in Tables 1 and 2, and the results are listed in Table 4.

0000’00000’00000’0000’0’0000’

To% ’0 eeee%
5 e RSO
000’0’0’0’0’ R SRRSI0Rs

Figure 3 — Main parts of the 128 mm HE warhead with a base detonating assembly:
(1) fuze well closing plug, (2) explosive charge, (3) warhead body, (4) smaller steel balls,
(5) liner, (6) larger steel balls and (7) warhead base

Table 4 — Results of the fragmentation effect for the 128 mm HE warhead with a base
detonating fuze assembly

Parameter Fragment type - Conditions -
static flight

Angle of fragment projection (%) smaller steel balls 44 --2.7 32.3-26.7
larger steel balls 4.4--29 32.3-26.9
Average fragment velocity at | smaller steel balls 1072 — 487 1251 — 569
distances 5-50 m, vix (M/s) | larger steel balls 1109 — 683 1294 - 797

Maximal penetration at distances| smaller steel balls 43-18 51-21

5-50 m, Amax (Mm) larger steel balls 7.9-46 9.4-55

Surface area of the fragment im;)act zone at 351-20956 |35.3—2111.9
distances 5-50 m (m?)
Areal density of fragments atzdistances 5-50 m 99.5 1.7 99.0-17
(fragment/m#)
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Numerical modelling of the fragmentation effect for the
modified 128 mm HE warhead with a central detonating
assembly

Another possible modification of the 128 mm M77 HE warhead is to
position the detonating assembly in the central part of the explosive
charge. As with the previous warhead, the fuze with two separate
assemblies can be used, so that the coordinates of the initiation point are:
xi =350 mm and y; = 0 mm. The main parts of such a modified warhead
without a fuze are presented in Figure 4.

The results of the numerical modelling are listed in Table 5.

7

T Ly S AT,
X OOROK LSRR

=7
Y <

RIS SO0 0 O L e e e
-»’0’0’0‘0’0’0"0’0“0’0’0’0’0’0’0’0‘0‘0‘0’0’0’0’0’0’0’1

Figure 4 — Main parts of the 128 mm HE warhead with a central detonating assembly:
(1) fuze well closing plug, (2) explosive charge, (3) warhead body, (4) smaller steel balls,
(5) liner, (6) larger steel balls and (7) warhead base

Table 5 — Results of the fragmentation effect for the 128 mm HE warhead with a central
detonating fuze assembly

Parameter Fragment type Conditions
9 yp static flight

Angle of fragment projection (%) smaller steel balls 44 —--42 32.2-256
9 gment proj larger steel balls 43--43 322-257
Average fragment velocity at | smaller steel balls 1072 — 487 1225 — 557
distances 5-50 m, vix (m/s) larger steel balls 1109 — 683 1267 — 780

Maximal penetration at distances| smaller steel balls 43-18 49-21

5-50 m, htmax (Mm) larger steel balls 79-46 92-53

Surface area of the fragment |m£)act zone at 30.0 24808 |39.0— 24815
distances 5-50 m (m?)
Areal density of fragments atzdlstances 5-50 m 89.7 — 14 89.6 — 1.4
(fragment/m?)
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Analysis of the results

The results in Tables 3, 4 and 5 show that, for all warheads in static
conditions, fragment sprays are directed nearly perpendicular to the
warhead longitudinal axis. Fragment sprays from warheads detonated
during flight are directed approximately 25-32 °towards the frontal part and
have greater velocities. Also, a warhead flight velocity has the most
significant influence on the direction of the fragment velocity vector. Thus,
the effect of fragments on the target is significantly better than in static
conditions. That fact must be taken into consideration when experimental
data on the fragmentation effect are analysed.

The fragment sprays for all considered warheads are graphically
represented in Figure 5.

The results of the numerical modelling also show that change in the
position of the initiation point can improve the fragmentation effect of steel
balls. A fragment spray from a warhead with a PD fuze is very narrow
because all the fragments have nearly parallel trajectories, resulting in a
small impact zone with an extremely large areal density of fragments.
Practically, steel balls will achieve 100 % hit probability in such an impact
zone, but 0 % outside of that zone.

y

Figure 5 — Graphical representation of fragment spray directions in static (left) and flight
conditions (right) for the 128 mm HE warhead with the point-detonating fuze (top), the
base (middle) and the central detonating assembly (bottom)
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If an explosive charge is detonated from the base or centrally, steel
balls will be projected with a slightly higher velocity and in significantly
wider sprays due to divergent trajectories of fragments. Both effects will
increase the efficiency of a fragmentation warhead. Fragment impact
zones are many times larger than those from a warhead with a PD fuze.
For both types, at distances up to 50 m, the areal density of fragments is
larger than 1 fragment per m? (1.7 and 1.4 fragments per m?, respectively),
which is a threshold for the lethal zone in many methods and standards.

Both types of steel balls show penetration abilities at distances up to
50 m which are much better than needed for the anti-personnel role.
Penetration abilities of larger steel balls are significantly better compared
to smaller ones. According to the results, it can be expected that larger
steel balls are effective in the anti-materiel role as well, even against lightly
armoured targets.

Conclusion

Changing the position of the initiation point can be used to improve
the fragmentation effect of high-explosive warheads. That can be done
using an appropriate fuze system which has the most appropriate position
of a detonating assembly for required capabilities. Such designs can
achieve a better fragment dispersion, so that fragment impact zones are
larger, and a slightly larger fragment velocity.
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Resumen:

Introduccién/objetivo: Los cohetes con ojivas de alto poder explosivo (HE)
son el tipo mas numeroso que se utiliza en los sistemas de lanzamiento
mdltiple de cohetes (MLRS). Se emplean para una amplia gama de tareas
de combate. Ademas de otras caracteristicas de disefio, el efecto sobre el
objetivo depende de la posicion en la que se inicia la detonacién en su
carga explosiva. El estudio analiza los efectos de fragmentacion de las
bolas de acero de la ojiva HE M77 de 128 mm con la espoleta de
detonacion puntual (PD) estandar y con un conjunto detonador ubicado en
una posicion diferente.

Meétodos: El estudio utiliza un modelo numeérico simple para la evaluacién
del efecto de fragmentacion, que requiere recursos modestos. Se utilizé un
modelo numérico del efecto de fragmentacion con el modelo de Gurney de
propulsion explosiva y el método de Taylor y Shapiro para la direccion del
vector de velocidad de los fragmentos. La capacidad de penetracion de las
bolas de acero proyectadas a través de acero duro homogéneo se analizé
utilizando el modelo analitico de penetraciéon de proyectiles de energia
cinética del Proyecto Thor.

Resultados: Los resultados indican que un cambio en la posicion del punto
de inicio puede mejorar el efecto de fragmentacion de las bolas de acero.
La mejora mas significativa es el aumento de la dispersion de los
fragmentos, lo que provoca zonas de impacto de fragmentos mucho mas
grandes. También se observa un aumento modesto en la velocidad de los
fragmentos, principalmente porque se cambia la direccion del vector de
velocidad de los fragmentos. Ademas, la capacidad de penetracion de
ambos tipos de bolas de acero a distancias de hasta 50 m es suficiente
para el papel antipersonal, mientras que las bolas de acero mas grandes
también tienen capacidades antimateriales.

Conclusién: Cambiar la espoleta de las ojivas de alto poder explosivo para
cambiar la posicion del punto de iniciacion puede servir para mejorar el
efecto de fragmentacion.

Palabras claves: ojiva, detonacién, fragmentacién, propulsion
explosiva.

WccnepoBaHme BAMSIHUS NONOXEHUSA TOYKM NHULUMNPOBaAHNA Ha OCKOJ104YHOE
[EeNCTBME rofIoBHOW YacTu peakTUBHOrO CHapsida C UCNOoSib30BaHMEM
YUCMEHHOW Mogenu

Nosuya Ox. EOfﬂaHOBa, KOPPECMNOHAEHT, Muxauno M. MapuHkoBm420,
Bparucnae M. NlosaHoBny@®, 3opan U. Banny?%®

2 YHuBepcuTeT 060poHkbl B . benrpaga, r. benrpag, Pecny6nvka Cepbus
6 BoeHHas akagemusi

& [lenapTamMeHT BOEHHOTO XMMUYECKOTO UHXUHUPUHTA

296



PYBPUKA TPHTW: 61.43.29 B3pbiByaTthle BelLecTBa,
78.25.16 BoopyXeHune n TexHnKa pakeTHbIX BOMCK
BWO CTATbW: opurmHanbHas HayyHas ctaTbsl

Peswome:

BeedeHue/uenb: PeakmueHblie CcHapsidbl C OCKOJSI04YHO-¢hyaacHoU
207108HOU Yacmbio Aensgomces Hauboree pacrnpocmpaHeHHbIM MuUrom
boernpunacos Onsi peakmueHbIX cucmem 3annogoeo o02Hsl. OHu
ucrnosnb3yrmcsi Ol 8bINOIHEHUS WUPOKO20 criekmpa 6oesbix 3adady.
Helicmeue  Ha  uenb, NOMUMO  Opyaux  KOHCMPYKMUBHbIX
ocobeHHocmel, 3a8uUcuUm om OI0XEHUST, 8 KOMOPOM UHUUUUPYemcsi
demoHauyus pa3pbleHo20 3apslda. B uccnedoeaHuu aHanusupyemcs
ocKoJsioyHoe Oelicmeue cmaribHbIX Wapukos 8 128-MM OCKOOYHO-
¢hyeacHux eornosHbix Yacmel M77 co cmaHOapmHbIM KOHMAaKMHbIM
83pbigamernieM u ¢ OpyauM pacrionoxeHuem 0emoHUpyoulezo y3na.

Memodsr: B 0QaHHOoM uccrnedosaHuu ucrnonb3yemcsi npocmasi
yucrneHHass mMoldenb Onsi onpedesieHUs OCKOIo4Ho20 Oelicmeusi, He
mpebyrowas bonbwux pecypcos. YucneHHas Modesnib codepxxum
modenb MemamernbHol criocobHocmu [epHu u memod Tednopa-
Lanupo 0nsa onpedeneHuUst HarpasieHUs 8eKmMopa CKOPOCMU OCKOJIKa.
lMpobusHas crnocobHOCMb cmalbHbIX WAapuKo8 CK803b maeepdyto
20MO2EHHYI0 cmarib aHa/u3uposasiacb C MOMOWbK aHanumu4eckol
modlenu KUuHemu4yeckoeo npobumusi OCKOIKos, paspabomaHHoU 8
pamkax «lpoekma Top».

Pesynbmamsbi:  Pe3ynbmambl  rokasblgalom, 4Ymo  U3MEeHEeHUe
MOJIOXKEHUS MOYKU UHUYUUPOBaAHUSI MOXem yiy4Yuumb OCKOI0OYHOe
Oelicmeue cmarlbHblX  Wapukos. Haubosee  3Ha4YUMeErIbHbIM
yryHweHUeM Sesemcs yeesudeHUe pacceusaHusi OCKOJIKO8, 4mo
npugodum K yeeriudeHuUt0 30H riopaxeHus. Takxe Habrwodaemcs
He3Ha4YumesibHoe yg8erludyeHuUe CKOpocmu OBUXEHUS  OCKOJIKOS,
251aeHbIM 06pa30oM U3-3a U3MEHEHUST HarpaessieHUs1 8eKmopa cKkopocmu
0suxeHUs1 ockornkos. Nomumo moeo, npobusHasi criocobHocmMb 0boux
muroe cmaribHbIX WapuKkos8 Ha paccmosiHuu 0o 50 m docmamoyHa 0nsi
60opbbbl ¢ nexomol, 8 Mo epeMsi Kak bosiee KpyrHble cmaribHble
wapuku makxe obniadarom aHmumMamepuarnbHbIMU ceolicmeamu.

Bbi80d: UsmeHeHue e3pbieamerisi Ha OCKOSIOYHO-Ghy2aCHbIX 20/108HbIX
yacmsix peakmueHo20 cHapsida C Uesibio U3MEHEHUST MOMIOXEHUSsT MOYKU
UHUYUUPOBaHUSI MOoxem  6bimb  UCMOSIb308aHO  Orist  YAyHWeHUsI
OCKOI104HO20 Oelicmeus.

Knioyesble crioga: 20/108Hasi Yacmb pPeakmueHo20 CHapsioa,
demoHauyusi, OCKoJio4Hoe Oelicmeue, MemamersibHasi criocobHocmpb
83phblea.
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UcTpaxunsare yTuLaja nonoxaja Mecta nHuumparwa Ha napyagHo
OejcTBo pasopHe 6ojHe rnase pakeTe nomohy HymepuyKkor moaena

Josuua B. BorgaHos?, aytop 3a npenucky, Muxauno M. MapuHkosuh?a0,
BpaHucnae M. JosaHoenh?®, 3opan J. Bajuhate

a3 YHuBepauteT onbpaHe y beorpaay, beorpaa, Peny6nuka Cpbuja
6 BojHa akagemuja
B KaTteapa BOjHOXEMMWjCKOI MHXeH-epcTBa

OBNACT: xemujcke TEXHOMOINje, MaLMHCTBO
KATEFOPWUJA (TWIM) YNAHKA: opuriHanHu Hay4Hu pag

Caxemak:

Yeod/yurb: Pakeme ca pa3opHomM 60JHOM 2/1a8oM HajzacmyrrbeHuja cy
8pcma ybojHuUx cpedcmaesa 3a suweyesHe naHcepe pakema. HamereHe
Cy 3a usepuwer-e Hajeehez dena bopbeHux 3adamaka. Hbuxoeo dejcmeo
Ha yurby 3asucu, noped odpeheHux Kapakmepucmuka KoHcmpykyuje, u
00 nornoxaja uHuUyUparsa rpoyeca demoHauyuje y eKCrisio3USHOM IyH-EHb).
AHarnu3supaHo je nap4yadHo Ogjcmeo YeruyHUX Kyanuya nabopucaHux y
mpeHymHo-ghyeacHe 6ojHe anase 128 mm M77 ca crnaHOapOHUM 20pHsUM
ynarbadyeM U ca yrnasbaduma 4uju ce ocuaypaHu demoHamop Hanasu y
Opyaum rosioxajuma.

Memode: Y ucmpaxusarsy je kopulwheH jedHocmagaH HyMepu4yKu modern
3a odpehusarse napyaGHo2 Oejcmea, Koju 3axmesa CKPOMHE pecypce.
Hymepudku moden cadpxu [ypHuje8 MoOes eKcrifio3usHe rporiynauje u
Tejnop-LLanupogy memody 3a odpefjusare cmepa eekmopa 6p3uHe
napyadu. CriocobHocm npoduparka YermuyHUX Kyenuua Kpo3 mepiu
XOMO2€eHU Yesnuk aHanuaupaHa je nomohy aHanumuykoe moderna
npodupara KUHeMUYKUX [pojekmurnia, Koju je pa3sujeH y OKaupy
L pojekma Top”.

Pesynmamu: Yka3aHo je Oa rpomeHa rofioxaja madyke UHUUUPaH-a
€KCr103uUsHoe ryHerHa Moxe Oa rnobosrbwia nap4yadHo dejcmeo YenudHux
Kyenuua. HajaHayvajHuje noborbwar-e yo4yeHo je y rnosehary Oucriep3uje
napyadu, 4ume ce ocmeapyjy MHo20 eehe 30He rnapyadHoe Oejcmea.
Takohe, 3anaxeHo je u marsno noeehare bp3uHe nap4yadu, WMo je, rpe
ceeea, nocneduya rnpomeHe cMmepa gekmopa bpsuHe napyadu. [Nloped
moeaa, npobojHocm obe epcme YesmuYHUX Kyanuya Ha darbuHama 0o 50 m
omozyhaea npomuernewadujcky HameHy, 0ok eehe 4denuyHe Kyanuue
umajy u criocobHocm dejcmea npomue MamepujasiHux cpedcmasa.

Sakrbyyak: lMpomeHa ynarbada Ha pa3opHumM 60jHUM 2rnasama, padu
rpoMeHe r1osioXxaja Mecma UHUUUpara eKCriyio3UsHOR MyH-eH-a, MOXe Ce
Kopucmumu 3a nobosbwarke napyadHoz dejcmea.

KbyuyHe peyu: 6ojHa eanasa, OemoHauuja, nap4yadHO Oejcmeo,
eKcrio3usHa nponynsuja.
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