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Summary:

Possible loads on a multiple rocket launcher have been systemized and
analyzed. Based on the analysis of loads, a mathematical-mechanical
model has been made to describe the stability of a MLR hit by a high
explosive-fragmentation projectile (HE-FRAG) in a close range. The
results give the dependency of the launcher stability on explosion
proximity, its typeand the explosive charge mass. The stability limit is
determined by the force that can turn over the laucher and compromise
the stability of projectiles inside. To simplify the given model, the kinetic
energy is calculated for a projectile fragment that hits the launcher.

Key words: load, explosion effect, surface explosion, above ground
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Introduction

In order to meet stringent tactical-technical requirements regarding
mobility, efficiency, range, up-to-date targets and stiffness,a multiple laun-
ching rocket system construction needs to be specific in comparison to
other assets of support (Kari, 2007, p.9). Looking at it generally, a multiple
launching rocket system is under the following loads (Milinovi¢, 2002,

Static loads (mechanical):

— the effects of the vehicle weight and the launcher type.

Thermic loads:

— the effects from the combustion products during the launch on the
launcher box;
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— the detonation products effects when a projectile explodes in the
vicinity of the launcher.

Dynamic loads:

— dynamic loads during above ground and surface explosions in the
close proximity;

— dynamic loads from the gases during a rocket launch;

— transport loads;

— wind blasts.

From all these loads, the most critical are the dynamic loads during
above ground or surface explosions in the close proximity, so we will only
take this group for a further analysis.

Determining the maximum pressure of the
blast wave on the launcher

As a model for the blast wave pressure, we have accepted a
cylindrical coordinate system with independent variables ¢ and 6 as shown
in Figure1.

dy e

BN dsordy

Figure 1 — Physical model for the directional effect of the blast wave on the launcher
(Lazarevic, 2017, p.11)
Puc. 1 — ®u3suyeckoe so3delicmeue ydapHol eosnHbl Ha PC30 (Lazarevic, 2017, p.11)
Cnuka 1 — @u3auyku moden dejcmesa ydapHoe marnaca Ha naHcep (Lazarevic, 2017, p.11)
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Figure 2 represents the basis of the mechanical-mathematical model
of the stability of the launcher hit by the blast wave from an explosion. The
end result is the maximum pressure of the blast wave during which the
stability of the launcher will not be compromised.

Figure 2 — Balance force of the launcher (Lazarevi¢, 2017, p.20)
Puc. 2 — PasHosecune cun PC30 (Lazarevic, 2017, p.20)
Cniuka 2 — PasHomexxa cuna caMoxoOHoe naHcepa (Lazarevic, 2017, p.20)

D> F,=0,>F =0 >M,=0

P—(T,+T,=0)
fQ+G)=T,+T, (1)
where:
. 25-Ap,° |
P, =Apsingcosd-A =c, - ———————singcosf - A - the

g Ap, + 709205
resulting force caused by the explosion from the left side of the vehicle
onto the side surface of the launcher A;
P, =Ap, - A; - the force of overpressure from the blast wave from
the upper side of the vehicle on the upper surface of the launcher Ag;
f - adherence coefficient of the self propelled launcher when it is static

or when it is on the move.
The average values of the coefficient are given in Table 1.
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Based on the balance (equation 1), it follows (Kari & Milinovi¢, 2008, p.36):

c 25-4p, sinpcosf-A = f-(AP, - A, +G) (2)
“"Ap, +709205° N v

Table 1 — The average values for the adherence cofficient (Simic, 1988, p.104)
Tabnuya 1 — CpedHue 3Ha4YeHus1 KoaghghuyueHma cuyenneHus (Simic, 1988, p.104)
Tabena 1 — lNpoce4yHe spedHocmMu KoeguyujeHma rnpujarbarsa (Simié, 1988, p.104)

B Adherence coefficient
[Types and conditions of the road Dry Wet
Concrete 2 years old 0.74 0.71

5 years old, dirty 0.68 0.64
Asphalt new 0.7-0.8 0.5-0.6

old, dirty - 0.25-0.45
\Woodblocks 0.6-0.8 0.3-0.5
Fired bricks

sand filling 0.7-0.8 0.4-0.5

asphalt filling 0.82-0.89 0.60-0.65
Gravel or macadam 0.6-0.7 0.3-0.5
Slag 0.5-0.6 -
Dirt road 0.50-0.65 0.3-0.4
Lawn25—30%on the wet ground 0.20-0.30 -
Snow powder 0.20-0.40

packed 0.30-0.50
Ice, flat, glazed
(temperature below 0° C) 0.05-0.10

On the basis of the moment equation (2), we get the condition for the
overturning of the launcher onto its side surface during an above ground or
surface explosion (Kari & Milinovi¢, 2008, p.37):

c 25:Ap, sinpcos@- A |-H (AP AG+G)
“"Ap, +709205° s T\ e

B+b

=0 @
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The condition of a critical explosion distance that would impair the
stability of the rocket inside the launch tube from the side is:

25-Ap,’
Ap,, + 709205

The approximate surfaces for the silhouette of the launcher (Figures 3
and 4), are calculatedfor the BM-21 Grad launcher on the basis of the
dimensions given in the tactical-technical characteristics (Jovanci¢, 2014,
pp.80-81). Based on them, the surface on which the overpressure of the
blast wave acts has been determined.

sinpcos@-A —3gT =0 4)

Bl

Figure 3 — The left side surface of the rocket launcher (Lazarevi¢, 2017, p.22)
Puc. 3—- PC30 sud c boky (Lazarevic, 2017, p.22)
Cnuka 3 — lNospwuHa 6o4He cmpaHe naHcepa pakema (Lazarevié, 2017, p.22)

Figure 4 — The surface on the upper side of the rocket launcher (Lazarevic, 2017, p.22)
Puc. 4 — PC30 sud c eepxy (Lazarevic, 2017, p.22)
Cnuka 4 — lNospwuHa 2opH-e cmpaHe naHcepa pakema (Lazarevic, 2017, p.22)

The obtained input data are shown in Table 2.
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Table 2 — Dimensional characteristics of the vehicle (Lazarevic, 2017, p.23)
Tabnuua 2 — PasMmepHbie xapakmepucmuku mpaHcropmHoe2o cpedcmea (Lazarevic, 2017,

p.23
Tabena 2 — [JumeH3uoHe Kapakmepucmuke eo3urna (Lazarevic, 2017, p.23)
Weight of vehicle T 13700 kg
The explosion effect angle (0] 20°+90°
The explosion effect angle 0 -180°+180°

The side surface of the vehicle AL 13.6 m*
The upper surface of the vehicle Ag 16.8 m”
The rear surface of the vehicle A, 10.1 m?
The height of the action of the pressure center H, 1.58 m

Vehicle center height ht 1.2m

Vehicle width B 2m
Tire width b 0.3m

Since this is a squared equation, there are two solutions, out of which
one is negative, so during our calculations we will only use the positive va-
lues of the blast wave pressure acting on the rocket launcher.

Determining the explosion critical distance

Most of the equations for the calculation of the blast wave and the im-
pulse are based on the TNT equation. Thus, for explosives which are not
TNT, it is preferable to know their equivalent mass.

The equivalent mass is calculated with the following equation (Mihelic,
2013, p.18):

E
IVITNTe = e Meksp (5)

EdTNT

where:
Mt — equivalent TNT mass [kg];
Eqexsp — the energy from the explosive detonation [J/kg];
Eqrnr — the energy from the TNT detonation [J/kg];
Moexsp — explosive mass [kg].

The calculation of the TNT equivalent is commonly based on the
energy released during an explosion. The energy can be determined in
many ways. Commonly used methods are based on the hydrodynamic or
thermodynamic parameters.

In Table 3, the calculated TNT equivalents are shown for secondary
explosives. The results are precise enough to be used for the calculation
of the critical distance (Miheli¢, 2013, pp.18-19).
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Table 3 — TNT equivalent for secondary explosives (Miheli¢, 2013, p.20)
Tabnuua 3 — THT akeusaneHm 6pusaHmHbix cHapsidoe (Miheli¢, 2013, p.20)
Tabena 3 — TNT eksusaneHm 3a bpusaHmHe ekcrno3use (Miheli¢, 2013, p.20)

TNT equivalent For the range of
Pressure Impulse pressures(MPa)
CompositionB 1.11 0.98 0.035-0.350
Composition C3 1.08 1.01 0.035-0.350
Composition C4 1.37 1.19 0.070-0.700
Octol 72/25 1.06 1.06 -
PETN 1.27 - 0.035-0.700
RDX 1.14 1.09 -
RDX/TNT 60/40 1.14 1.09 0.035-0.350
Tetryl 1.07 - 0.021-0.140
TNT 1.00 1.00 Standard
Tritonal 1.07 0.96 0.035-0.700

In order to make the calculation of equivalent explosive mass in
ammunition easier, armies in the world maintain data bases with all
necessary data on the amounts of explosives. Such a book is usually
called "the yellow book”.

The necessary data for the explosive mass equivalent to a 155 mm
fragmentation shell is shown in Table 4.

Table 4 — Equivalent mass of explosive for the 1565 mm HE shell (Lazarevi¢, 2016, p.9)

Tabnuua 4 — OkeusaneHmMHasi Macca 83pblg4ambIx eeuiecms hysacHo20 cHapsioa,
kanubpa 155 mm (Lazarevic, 2016, p.9)

Tabena 4 — EkeusaneHmHa Maca ekcrisiosusa 3a T® epaHamy kanubpa 1556 mm
(Lazarevic, 2016, p.9)

TNT-RDX TX
Mass of explosive charge Meksp 8.25 kg
TNT Equivalent E geksp/ EaTnT 1.14
Equivalent mass of explosive MnTe 9.405 kg

The main characteristics of the blast wave are the overpressure on its
front and the time duration of the impulse whose value depends on the
type of explosive used, the mass of the explosive and the distance from
the explosion. On the basis of the experimental results for spherical blast
waves resulting from the detonation of a certain amount of TNT, Sadovsky
has suggested an empirical equation for the calculation of the blast wave
overpressure in the wave front in the following form (Jeremié, 2002,
p.369):
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1
3
me

2
3
M 4k, ™e [bar] (6)

ap =k, r r

+k,
where:

me— explosive charge mass in kg;

r— distance from the center of the explosion in m;

ki, ki, ks — empirical coefficients which depend on the explosive
chargetype.

For TNT explosive and other types of medium-strength explosives,
empirical coefficients for above ground explosions can be taken from
Table 5:

Table 5— Coefficients ki, k2, ks depending on the type of explosion (Lazarevic, 2017, p.13)
Tabrnuya 5— KoaghpuyueHmel ki, ko, ks, 8 3agucumocmu om muria B3pbiea (Lazarevic, 2017, p.13)

Tabena 5— KoegbuyujeHmu ki, ko, ks y 3agucHocmu 00 muna excriiosuje (Lazarevic, 2017, p.13)

Type Above ground explosion Surface explosion
kq 0.85 1.1
ko 3 4.3
ks 8 14

In the case of a surface explosion, the blast wave in the air spreads in
the form of a half sphere (the volume is cut in half), so the overpressure in
this case is bigger. That is when double mass (of the explosive charge
mass) is usually used in equation (6).

Since during a surface explosion there is also a deformation of the
ground, it is necessary to introduce the coefficient n which depends on the
type of ground, so the calculation of the explosive mass in equation (6) is
equal to (Kari & Milinovi¢, 2008, p.33):

m, = 2zm, (7)

By introducing the ks, k,, and ks coefficients of the equivalent
explosive mass, the overturn pressure limit and the pressure which can
compromise the stability of the launcher into equation 6, it is possible to
determine the critical distance for above ground explosions and surface
explosions.

The solution of equation (6) is obtained by transforming it into the
following form (http://forum.matemanija.com/viewtopic.php?f=2&t=186, 2017):

y'+py+cx+d=0 (8)
Where p and q have the following equality:
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2
3(k? +k,3
_m (1+ j Ap(p) (9)

p:

3Ap,
~ m(27k3mAp; +9k,k,Ap,, + Zkf) 0
= 27Ap? (10)
The calculation of the discriminant D is done with the following form:
D= i + p_3 (11)
4 27

With the help of the Cardan equation, we get the solutions which go by y:

ylzs\/—%+ D+3‘\/—%—«/B (12)

So we can get the solution for the third level equation with the
following form:

2
_ k;m?®
3Ap,

r=y (13)

Critical distance in the function of mass

Under the assumption of the launcher overturning onto its side with the
help of equation 3, we get the maximum pressure of Ap, = 314654 Pa. On the
basis of that pressure, the diagram which shows the dependence between the
critical distance and the explosive charge mass is made. The explosive mass is
from 1 to 25 kg. The obtained results are shown in Figure 5.

The influence of fragmentation effects on the
launcher

During an explosion of a fragmentation projectile, besides the blast
wave effect on the launcher, there is also the fragmentation effect. The
fragmentation effect can affect the operation of the launcher system. The
fragmentation effect is defined with the kinetic energy of a fragment,
because of which a short calculationwill be given further on in the text.

The following fragmentation effect factorsdepend on the HE projectile
construction (Stamatovi¢, 1995, p.152):
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— the number, individual weight and shape of fragments;
— the look and direction of the fragmentation dispersion form;
— the range and kinetic energy of fragments.

e Overground explosion == Surface explosion

150 2.00 2.50 3.00 350 4.00 4.50 5.00 550 6.00
Critical distance r [m]
re 5 — The correlaction between the critical distance and the explosive chargemass
for an above ground and surface explosion (Lazarevi¢, 2017, p.30)
5 — 3agucumocmb Kpumu4yecKko2o paccmosiHUS Om Macchl 83PbIBHO20 3apsida, rpu
8030yWHOM U HazeMHoM 83pbise (Lazarevic, 2017, p.30)

Cnuka 5 — 3asucHocm Kpumu4Ho2 pacmojarba 00 Mace eKCrio3ugHoe fyHerba, npu

Had3eMHoj U nospuUHCKoj ekcrinosuju (Lazarevic, 2017, p.30)

The number, individual mass and shape of fragments

It is usual to evaluate the effect of a projectile on the basis of the

following constructional parameters (Stamatovi¢, 1995, p.152):

— relative projectile mass given in the following form k, = m/db;

— relative mass of the explosive charge given in the following form
ke = me/d®,

— charge coefficient k = my/m-100 (%);

— projectile shell thickness & given in calibers.

If the parameters k., k and & change while caliber stays the same, we

will prove that there are optimal values for these parameters with which we
get the biggest number of fragments for the given explosive and projectile
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mass within the boundaries set beforehand (Table 6) (Stamatovi¢, 1995,
p.152).
Table 6 — The fragment mass for the 150 mm HE projectile
(Stamatovic, 1995, p.156)
Tabnuua 6 — Macca gppacmeHmMo8 0CKONOYHO-gby2acHo2o cHapsida 155 mm
(Stamatovic, 1995, p.156)
Tabena 6 — Maca napyadu mpeHymHogby2acHoe nipojekmuna 165 mm

(Stamatovic, 1995, p.156)

Number of fragments
Explosive
Case production and mass from
(kg) u5p ;0 1.5t0 108/(? 2; total
100 g
Warm forging TX/8.25 185 251 14 327
Casting TX/8.25 1969 1596 1 2263

The look and direction of the fragmentation dispersion
form

The usual shape of the inside of a projectile case (Figure 6)
produces three beams during an explosion and the case destruction
(Stamatovi¢, 1995, pp.159-161):

— the beam formed from the front, oval part (around 10%);

— the side beam of the case cylinder part (around 70%);

— the rear beam formed from the case bottom (20%).

2p
_/
™%

Figure 6 — The directions of fragment dispersion (Stamatovi¢, 1995, p.161)
Puc. 6 — HanpaeneHus pasnema ockornkoe cHapsida (Stamatovic, 1995, p.161)
Cnuka 6 — lNpasyu pasnemara nap4adu (Stamatovic, 1995, p.161)
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We can also adopt that with an explosion in the close proximity of
the launcher there are only side beams, i.e. only 70% of the total number
of fragments. Also, projectile fragments lighter than 5 grams donot have
a significant effect on the launcher, thus they will not be taken into
consideration.

The kinetic energy of fragments

The velocity of fragments on the path x decrease under the effect of
wind resistance, which can be shown with the following equation
(Stamatovi¢, 1995, pp.169-172):

F =%CXSpWV§ (14)

where:

C, — the coefficient of the aerodynamic resistance of the fragment of
a mass of my;

S — the biggest fragment cross section normal to the direction of
movement;

pw— air density;

V, — fragmentation velocityat the end of the pathx.

As m,V,pdV, = Fydx, it is obtained:

av, :ECX iVpdx (15)

2 "m,
By adopting that the aerodynamic resistance coefficientC, = constfor
supersonic speeds (for subsonic and transsonic speedsC,isnot constant)

and with the integration of the last equation, we get:

1C S PuX

V,=V,et ™ (16)
where:

Vo — resulting initial velocity of the fragment;

V,— the velocity of a fragment at the end of the pathx.

The fragment with the mass m, possesses kinetic energy, if, when
hitting the target, it has the velocity V,mi, obtained from the following
relation:
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2
M =E. (17)
2
The kinetic energy of the fragment with the mass m; is obtained if we
put equation (17) into equation (16):
o5 o)
2 'm
m,|Ve

E > . (18)

Taking into account the initial velocity, the mass, and the total
number of fragments from Table 6 as well as the critical distance from
equation (13), we get the total kinetic energy of the fragmentation effect
on the launcher.

This model is a rough approximation of the real system. For more
reliable models, we need to do experimental testing inside a ditch or
depression and to determine the initial velocities of fragments using a
radar, which is costly.

Overview of the results

The condition for the overturn of the launcher

Under the assumption that the equivalent explosive mass during an
above ground detonation is constant, i.e. 9.405 kg (equation 5), the
critical distances for overturning are calculated for the independent
variables ¢ and 6, which are between 20 — 90 and -180 to 180,
respectively. The obtained results are shown in Figure 7.
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Figure 7 — Critical distance of launcher overturn in the function of @ and 6 for an above
ground explosion (Lazarevi¢, 2017, p.37)

Puc. 7 — Kpumuyeckoe paccmosiHue onpokudsigaHus PC30 8 gpyHkyuu @ u 6 rnpu
8030yWHbIX 83pbieax (Lazarevic, 2017, p.37)
Cnuka 7 — Kpumu4Ho pacmojarbe npespmarba fiaHcepa y hyHkuuju ¢ u 6 npu
Had3eMHoj ekcrninosuju (Lazarevic, 2017, p.37)

Having in mind that the equivalent explosive mass during a surface
explosion is two times bigger because of the half spherical spread of the
blast wave, multiplied with the coefficient of the ground, we get an
explosive mass of 14.108 kg (equation 7). On the basis of the mass and
critical distance of overturn (equations 3 and 7), the critical distances of
overturn have been calculated for the independent variables ¢ and 6,
which are in the range between 90-20 and -70 to 70, respectively. The
obtained results are shown in Figure 8.
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e $=30° e 9=B0° e D=T0 e =50 e $=50" e =AD" e D=30" e =20°

-130
-120
110 -110
100 -100
0 -80
80 -80
70 -70
-60
-50

10 -10
0

Figure 8 — Critical distance of launcher overturn in the function of @
and 0 for a surface explosion (Lazarevi¢, 2017, p.38)
Puc. 8 — Kputnyeckoe paccrosHme onpokuabisaHua PC30 8 gyHKkuuu @
u 6 Npu Ha3eMHbIX B3pbiBax (Lazarevic, 2017, p.38)
Cnuka 8 — Kpumu4Ho pacmojarbe npespmarba naHcepa y hyHKuuju @
u 6 npu nospwuHckoj ekcrnnosuju (Lazarevic, 2017, p.38)

The condition for compromising the stability of the
projectile inside the launcher tube

With a process similar to the one for overturning during an above
ground explosion, we calculated the critical distance of compromising the
stability of a projectile inside the launcher. With equations (4) and (5), we
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get the critical distances for the independent variables ¢ and 6 which vary
between 90 to 20 and -80 to 80, respectively. The results are shown in Figure 9.

e =50 $=80° $=70° $=60° =50 =407 «§=30" e p=20"

130 -130

120 -120

110 -110

-100

-80

70 -70

50

Figure 9 — Critical distance of compromising the projectile stability in the function of @
and 6 for an above ground explosion (Lazarevic, 2017, p.39)
Puc. 9 — Kpumuyeckoe paccmosiHue HapyweHusi HalexxHo20 ydepxaHusi pakemal 8

yHKYuU @ u 6 npu 8030yWHbIX 83pbisax (Lazarevic, 2017, p.39)
Cnuka 9 — KpumuyHo pacmojar-e Hapyuwasar-a noysdaHoz dpxxarba pakeme y
yHKUUju @ u 6 npu Had3emHoj ekcrinoduju (Lazarevié, 2017, p.39)

Having in mind that the equivalent explosive mass during a suface
explosion is two times bigger because of the spread of the blast wave
multiplied with the ground coefficient, we get an explosive mass of 14.108 kg
(equation 7).
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For a surface explosion, the critical distances for compromising the
projectile stability inside the launcher are calculated. With equations (4)
and (7), we get the critical distances for the independent variables ¢ and 6,
which are in the range from 90-20 and -80 to 80, respectively. The
obtained results are shown in Figure 10.

— (=00 c——}=80" —(=70" ——(=60" ——G=50" —O=40" —=30" —=20"

130 -130

120 -120

110 -110

100 -100
80

-80

70 -70

50 -50

Figure 10 — Critical distance of compromising the projectile stability in the function of ¢
and 0 for a surface explosion (Lazarevi¢, 2017, p.40)
Puc. 10 — Kputudeckoe pacctosiHne HapyweHusi HalexxHo20 ydepxxaHusi pakemal 8
¢yHKYUU @ u 6 npu HaseMHbIx 83pbigax (Lazarevic, 2017, p.40)
Cnuka 10 — Kpumu4Ho pacmojare Hapywasara rnoysdaHoz Opxarba pakeme y
yHKYUju @ U 6 Npu nospwuHckoj ekcrinosuju (Lazarevic, 2017, p.40)
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Conclusion

This mathematical model is a rough approximation of the real
situation. To further develop the model, it is required to take into account
the launcher suspensionand the launcher oscillations.

The analysis of the results has shown that during an above ground
explosion the minimum distance to avoid the overturning of the BM21 Grad
launcher iz 3.6 meters and it is 4.71 meters for a surface explosion
(Figures 7 and 8).

As an addendum to the paper, the critical distance of the explosion
during which the projectile stability would be compromised inside the
launcher tube is also calculated. The stability of the projectile inside the
launcher tube is defined with a maximum force of 3g.

The analysis of the results has shown that, in an above ground
explosion, the minimum distance at which the projectile stability inside the
launch tube would not be compromised is 6.42 meters and it is 8.41
meters when an explosion is a surface one (Figures 9 and 10).

A rough approximation of the fragmentation effect of the projectile on
the launcher was done.

In order to get reliable data, it is necessary to carry out a series of
tests run on a testing field on the given launcher.
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BOEBAA YCTOMYMBOCTbL PC30

Munow C. Jlazapesuy
YHusepcuTteT B r.Kparyesau, PakynbTeT MHXEHepHbIX Hayk, r. Kparyesal,
Pecny6nuka Cepbus

OBNACTb: MalIMHOCTpOEHNe
BWO CTATbW: opuruHanbHas Hay4Has ctaTes
A3bIK CTATbW: aHrnuinckmn

Pe3some:

B daHHol pabome npugedeHbl cucmemamu3ayusi U aHanu3s rpedesibHou
Hazpy3Ku MHO20CMeOoIbHOU pakemHOoU rycKoeol ycmaHoeKu. Mcxods u3
aHarnusa Haepy3Kku, paspabomaHa MexaHUKO-Mamemamudeckas Mooerlb
ycmoudueocmu PC30, nopaxeHHol O® cHapsidoM. Ha ocHosaHuu
MOMYYEHHbIX Pe3yrbmamos 8bisiefieHa 3asUucuMOCmb  ycmouliyugocmu
fyckoeoli ycmaHoekUu om OuarnasoHa e3pbiea, mura 83pbiéa U MaccChl
83pbIBHO20 3apsida. [nasHbIM ycriosuem 6oeeol ycmotivugocmu PC30
sensemcsi pa3pabomka mep o npedomsepawieHuro OrnpoKudbI8aHUs
PC30 u HapyweHusi HalexH020 OepxxaHusi pakemsl 8 ryckogol mpybe.
B uensax ynpoweHuss OaHHOU MoOenu  rpoussedeH pacyem
KuHemuyeckol sHepauu 8030elicmeusi OCKOSIKO8 Ha paKemHY!o 1yCKO8YHo
yCMaHOoBKy.

Knrouessie criosa: Hagpy3Ka, delicmeue 83pblea, Hal3eMHble 83Pbl8bl,
603ayLLIHbIe 83PbI8bl, YyCII08UA, Kpumu4ecKoe OaerneHue, Kpumu4eckoe
paccmosHue, OI'IpOKUObISGHlJe, nyTlOl:I'-IUSOCI‘nb, KUHemu4ecKas 3Hepaeusl.

BEOPBEHA XXWUNABOCT NAHCUPHOIr CUCTEMA

Munow C. JlazapeBuh
YHuBepanTteT y KparyjeBuy, ®akynteT nHxewepckux Hayka, Kparyjesal,
Peny6nuka Cpbuja

OBNACT: malnHCTBO

BPCTA YJIAHKA: opurMHanHn Hay4YHu YnaHak
JESNK YJTAHKA: eHrnecku

922




Caxemak:

Y oksupy ogoe pada u3spluwieHa je cucmemamu3sayuja u aHanu3a moayhux
onmepehera euweuyesHUX JlaHcepa pakema. Ha ocHosy aHanuse
onmepehera  u3spaheH je  MameMamuyKko-MexaHU4Yyku  Moder
cmabunHocmu suwWeuesHoe fiaHcepa pakema ro2ofieHoe y HernocpeoHoj
61U3UHU  mpeHymHo-gbyeacHUM ripojekmusiom. [lobujeHu pesynmamu
yKasyjy Ha 3asucHocm cmabunHocmu raHcepa 00 ydarbeHocmu
eKcrio3uje, mura €eKcrso3uje U Mace €eKCro3usHoe ryrera. Kao
epaHuU4yHU ycrioe bopbeHe Xurasocmu JiaHcepa yceojeH je ycrios
royemHoe npespmarba JlaHcepa U Hapyuwaeara oy30aHoe Opxarba
pakeme y naHcupHoj uesu. Padu ynpowhagara npukazaHoe moderna
u3epluUeH je npopadyyH KUHemuyke eHepauje ecbukacHoe rapyema Koje
Oeryje Ha naHcep.

KbyuHe pedu: onmepeherme, dejcmeo ekcrno3uje, Mo8pWUHCKa
ekcrisio3uja, Had3eMmHa eKcro3uja, ycr08u, KpumuyaH fpumucak,
KpUMUYHO pacmojarbe, rpespmare, cmaburHocm, KuHemu4ka
eHepeauja.
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