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INFLUENCE OF BARREL EROSION ON THE BALLISTIC
PARAMETERS AT ARTILLERY FIRING

¥omoiag Pamfil

Mi Il itary Technical Academy #dFe
3949 Av. George Cosbuc, Bucharest, Romania
Fax: +32(0)2 7376352
E-mail: somoiag.pamfil@mta.ro

¢ b s t :rThecdrosion of barrels ends up in reduced gun performance. The damage spreads
forwards toward the muzzle because the gun is unemployed ceaselessly. Worn barrels area un
objectionable because of they permit gasfle® past the shot therefore reducing speed, vary and
accuracy. Because the muzzle begins to wear the shot loses directional stability. Its worth depends o
the scale of the gun, the specified accuracy and the issue of safety that must be maintaiséd again
harmful fatigue failure. on the average barrels area unit condemned once the bore diameter will
increase by concerning fivg@tter. Wear depends not solely on the thermal load however additionally on
the surface scientific discipline of the bore anddhemical interactions between the propellant gas and
also the bore surface. The erosivity of {various} propellants are investigated over the years mistreatmen
various numerical ways and a few works have tested propellants or propellant gases in serog styl
simulated gun.

1. Introduction

The capacity of the barrel walls to resist a certain pressure of the gases that form inside it is calle
the barrel resistance. In order not to increase the weight of the barrel, they are built to withstand ¢
pressure 1.5 2 times higher than that to which they are normally subjected. Since gas pressure is not
uniform over the length of the barrel channel during drawing, then the thickness of the barrel walls is not
uniform but thicker at the back and thinner at the front

If for various reasons the gas pressure inside the barrel has walabshigher than those for which
its resistance has been calculated, then swelling or even explosion may occur. In most cases, swelling
the tube occurs due to the presence of gorédodies inside it. The projectile moving on the barrel
channel, when meeting these foreign bodies, decreases its speed. The gas that follows the projectil
when it suddenly decreases its speed, is rejected backwards. The influx of gas flowing iro#ite opp
direction produces an instantaneous increase in pressure, which leads to swelling or sometimes even
the explosion of the barrel.

Under the influence of all these factors, the channel of the barrel is widened and the surface of th
barrel changesyhich is why it increases the possibility of gas leakage through the projectile and the
wall of the pipe channel, the initial projectile speed decreases and the scattering surface is increased.

Erosion of the gun barrel leads to poor performance and bNigyland increases the cost of barrel
replacement over the life of an armament system. The wear of the gun barrels usually leads to a
increase in the diameter of the pipe interior at the beginning of the riveting part. Wear progressively
extends to thenouth of the barrel when firing continuously. The maximum wear point remains close to
the beginning of the ribbed portion.

As the wear advances to the mouth of the barrel, the kick loses its steadiness in the direction. Tote

wear that can be tolerateglgalled usage limit. Its value depends on the size of the weapon, the precision
required and the safety factor to be maintained due to the fatigue resistance of the material. On averag
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the barrels are compromised when the inside diameter of the pipases by about 5%. Wear depends

not only on the thermal variation but also on the type of material at the surface of the pipe interior and
on the chemical interferences between the loading charge and the surface of the barrel interior. Th
bar r el @ erosionmdteda various drilling loads has been investigated over the years using various
numerical methods, and in the course of some research, simulation load tests have been tested.

2. Theoretical and experimental study on the mechanical causes of wear

The mechanical contribution of wear comes from the action of gas jet and projectiles. Unwashed
powder and small solid particles in the primary explosive and other sources are entrained in the rapid gz
leakage and have an abrasive effect on the insidbeopipe. For a riveting pipe, mechanical wear
occurs from the moment when the forcing grip is engaged. This process leads to considerable pressu
on the pipe. The movement of rotation of the projectile as it progresses into the pipe causes addition:
medianical wear. For the ribbed pressed pipes, the radial pressure between the guide rail and the interi
of the pipe produces abrasive action.

The most important part of the wear occurs at the beginning of the barrel portion. However, a
significant part ofthe wear can also occur at the mouth of the barrel due to the movement of the
projectile, but also to the abrasive particles.

In order to increase the resistance of the barrel interior to wear caused by rubbing of the projectile
gas corrosion and erosiomnd consequently the durability of the inner surface, it is coated
electrochemically with a layer of hard chromium that adheres quite strongly to the metal.

Suprafata

exterioard a tevii

TEMPERATURA ll |||

Descresterea temperaturii cu raza tevii

Figure 1 Decreasing temperature at the barrel level

Under ordinary atmospheric conditions, amium theoretically does not corrode. Therefore, if the
surface of the interior of the pipe could be covered with a continuous chrome layer, and if this layer
would not be destroyed during drawing, the surface of the pipe interior would be perfectlyegrotec
against corrosion. However, it is not possible to deposit a hardifreerehrome layer on the steel.
During the deposition of chrome, small cracks can occur, which in some places reach to the basit
material of the pipe, through which gases and hugnadin penetrate the steel, causing its corrosion.

At the time of firing, the maximum barrel temperature rises to almost 1800K at about the same time
as the gas reaches the maximum pressure. The temperature rise is highest at the beginning of the ribk
part and corresponds to the maximum wear point. itrease in temperature at the surface of the barrel
al so produces a decrease in surface hardness.
and 100em per shot, depending on the Kkinetic
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hardness. It is assumed that the erosion area extends as the projectile advances toward the mouth of
barrel.

Calculation of the layer friction from the surface of the barrel interior and the heat flow inside the
barrel begins with the following slightiypodified equations (the case without the material erosion of the
barrel).

1
Twozg'cfo'poo'uoo ‘U 1)

1 p Ty ud
Gwo =75 Cro " Poo * Ueo ° €+ 1_E + (2)

where:
7,0 - friction at the surface of the barrel interior;
¢, - the coefficient ofriction on the surface of the inner wall of the barrel;
. - the average density of the material of the inner wall of the barrel;
u,, - the average velocity inside the barrel;
awo - the heat flow inside the barrel;
e, - the average energy insitiee barrel;
p - the average pressure inside the barrel;
T, - temperature at the surface of the barrel;
T, - the temperature inside the barrel.
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Figure 2 Temperature at the barrel level
3. Conclusions

Understanding all of the above mentiomedchanisms can lead to the development of various means
of reducing the wear of the pipe. The most commonly used tools for erosion eradication are: the
development of less erosive tailings, the use of protective coatings, improved pipe treatment materials
additives and lubricants to reduce erosion.

The following recommendations can be made to reduce the wear of armor systems barrel: the use «
low-temperature firing loads; avoiding the use of lubricants that help reduce the amount of hydrogen;
use ofviable materials for the surface protective layer, such as chromenetatiic coatings such as
foam, special powders that reduce wear; the use of nitlogeled sanding loads.
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APPLICATION OF LASER TECHNOLOGY IN THE ARMY

Lyubomir Lazov, Edmunds Teirumnieks

Rezekne Academy of Technologies, Faculty of Engineering
Address: Atbrivosanas aleja 115, Rezekne4bV1, Latvia

¢ b s t :rEmecytyear, the use of lasers for military purposes continues to grow. Many armies from
different countries use different types of laser systems for their specific combat tasks ansl acti
Traditional troops of land forces, artillery, air defence, and aviation forces today recognize the laser as
a major operational element in increasing the accuracy and effectiveness of combat operations. Laser
are also part of various training sess®m the educational process of military servicemen in military
schools and universities.

The purpose of this document is to provide the necessary and adequate information about lasers an
their application to the army. An additional purpose of this repotd minimize the dangers associated
with laser radiation when using lasers in military operations.

tdLredidsg oamMWGO JHBRZO dL BJdZOZO SHJAZO EZftlstej BOISO
tcOMmlsj . [ desets Oted3ddd tsls ttOL dzd ydzd figOe Q dedflzd d Lintd thdzLj et
My jydWdyded Bs2ded LOHOUYd d Hj2Mlsadw. uvtcOHJH tsdzd
sddzj sdvlisO, 9l LHEM 20O lsBtcOdzO d OoadOydtdzdzdIlsj
sf jtcOlsdo jdz Jdzj g dzls L O ko j dzd g®mPBOKHz) dzO@ BYAZPE [ Is €
Litedlsjy Mmi s MO yoOfmls ls ttOL dssBOL dd B LEyjfdedv,
zzy jhdlsjy o1 o etjdzdedlsy Byddzdh O d Ekdzde jtmdlsjisd.

1 OHOYOISsO d&O IsLd HBSEGJ s §J HO ftjHEMISOs g- dzj ©
tcdlsysvd deslsts ftoddztsy jdzdy o OtedzddwlIlsO. 1 tsfi dzdzed Isj dzdzO
s OmdesmMisdIlsj, Mol oL Odzd M dzOL j edzOISO twWOHJOYdYy -  tec
ttOydd.

Keywords: laser, combat lasers, technology, beam divergence, reflectivitgraction, continuous
and pulsed lasing, laser safety

1. Introduction

The idea of using light as a weapon can be traced back to Archimedes. In the second century AL
the author Lucian wrote that during the siege of SyracuseZ228CArchimedes destroyedetenemy
ships with fire. He may have used mirrors acting collectively as a parabolic reflector to burn the Roman
ships attacking Syracuse.

At the dawn of | aser technology, French phyc:c
future. It is difficult to predict where and how it will find its application, however, | think that it is a
whol e new age of technology. o

The | aser has moved in 58 years from fAa solu
contributes to major sectors of the Waoeconomy. Laser devices are the core technology in instruments
performing vital functions in many industries including transportation, healthcare, and
telecommunications.

The first laser was developed in the 1960s and it was the beginning of a drastie @h the way
the military sees war. During the Cold War, the US government relied on military strength through
technol ogi cal advances and, i n the 1960s, mu | t
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and Space Technol oDRgfence alohelpemoaobed thealaser spendinhg also@it 1.5 million
US dollars.

The late 1970s and 1980s were difficult in terms of laser development in different types of weapon
systems and their application. All branches of the military and industry havet sougaster high levels
of laser output power, beam management and creation of appropriate optics.

In 1999, the Department of Defence (US) officially recognized the lasers as future weapons anc
started research and development.

In 2000, the Joint Techmady Bureau for HigkEnergy Lasers was created to bring all laser
technologies together to develop a comprehensive laser weapon system that could be used by the /
Force. With continued advances in laser development in recent years, modern laser wdapm sys
have become a reality and an important part of the weaponry [1].

Types of military lasers

Today, several decades after the demonstration of the first laser in 1968bym&an, advances in a
wide range of scientific disciplines have allowed lasehrtetogy to evolve and improve not only for
civilian but also for military purposes. Higdnergy lasers cast intensively focused energy rays on the
subject, typically powered by chemical fuel, electricity, or a stream of electrons. [2] Over the last 20
yeass, their application has accelerated rapidly in the commercial sector where they are routinely use
for tasks such as cutting, welding, marking, engraving and drilling holes. Lasers are also used by
military and law enforcement agencies to define targetssfer information, maintain target, determine
distances.

What types of laser sources exist in the military arseHaé¢?type of laser is determined by the lasing
medium. The three categories in which lasers are usually classified are chemical, gadidastdte.

Laser can also be continuous wave (CW) or pulEedh laser type produces a specific wavelength of
radiation. It is important to note that different wavelengths of radiation interact with the atmosphere
differently. A laser beam is either $steaed or absorbed by air molecules, water vapour, or dust.

Longer wavelengths scatter less and are absorbed more than shorter ones; the sky is blue because
shorter blue wavelengths of light are scattered more than the longer ones. Gamma raysghtg so h
absorbed that they cannot propagate more than a few feet in the air. Thus, some laser wavelengths ¢
scattered or absorbed more than the others. This makes laser wavelengths with minimum absorptic
better for use as directahergy weapons since th@ropagate through the atmosphere better. For
example, the carbedioxide (CQ) laser is strongly absorbed by water vapour, therefore any use of such
a laser near the ocean would be negatively affected.-iNkeared and infrared lasers have shorter
wavekngths with negligible absorbance. The optimal laser choice, therefore, would be a wavelength
tunable laser that could vary depending on the atmospheric conditions, such as-¢hecfree laser
(FEL).

Chemical laser

The first chemical laser, hydrogemudiride (HF), was built in 1965, producing an output &MWL
Since then, th®epartment of DefencDoD) has been interested in the research and development of
more powerful chemical lasers for weapon applications. Subsequently, in 1968, the base demnonstra
laser of the Agency for Advanced Research Projects (DARPA) produced 100 kW, and in 1975 the
navatARPA chemical laser (NACL) produced 250 kW.

Solid state lasers

Solid state lasers (SSLs) use a solid laser medium, such as glass or crystal, or gemstone (ruby, etc
Rareearth impurities such as Cr (chromium), Nd (neodymium), Er (erbium), Ho (cholemium) or Ti
(titanium) are placed in the crystal (active medium)ta@iium is the material used in ruby crystals. Nd
(neodymium) is used in the most commonly used lasers, namely the Nd: YAG lasers. For pumping the
active medium (crystal), a flash lamp, an arc lamp, or another laser is used. This typesiasolasers
operate at 1064.5m and can operate both in pulse mode and CW mode. A great advantage of these
lasers is the wide range of wavelength and pulse duration. The power level can reach megawatt whe
using Qswitching to achieve short pulse lengths. Differenénactions with laser and other crystalline
materials can double the electromagnetic frequency, which will reduce the wavelength by half, resulting
in the laser beam in the visible range of B82 (green). The wavelength can be further divided into
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threeor four, making this laser from the near infrared to ultraviolet wavelength. These lasers are usually
used to indicate targets, measure distances, and so on. Other advantages of these lasers are that they
be made very small, usétrendly, cheap and biry-powered. The characteristics of SSL are shown in
Table 1.

Modernfiber laser is a variety of solid SSL lasers. It is powered by electricity that excites diode
lasers pumping the active medium (glass fibers). This makes such lasers extremely mobile and subject
support on the battlefield. In most cases, the active medium israrated with rarearth ions such as
Er*, Nd™, Ytterbium (YB™), Tyllium (Tm®") or Praseodymium (P%. The principle scheme of a fiber
laser is shown in Figure 1.

Doped Core
Signal waveguide

Low Brightness Coiling suppresses
High Power higher order modes
Pump Source

Partial Mirror

Inner Cladding
Pump waveguide

Mirror Small Numeric

Fiber Bragg Aperture
Grating Outer Cladding ) .
] . Lowest Refractive High Brightness
Large Numeric Index High Power Signal

Aperture

Fig. 1. Fiber laseii principle schema [3]

Fiber lasers have proven to have muehnddit over traditional SSLs. They are resistant and do not
require a clean room to operate or to be maintained, as most other laser systems do.

They are also extremely efficient; however, they cannot operate well in all weather conditions. One
example ighe IPG CW fiber laser that produces high quality laser beams causing damage to materials
and components by thermal heating and dhrough. The Naval Surface Warfare Centre, Dahlgren
Division (NSWCDD) purchased eight commercially availablekbIPG lagrs, where two multimode
(seven fibers) lasers are housed per cabinet. This type of laser is easy to mount due to the flexible fibers

Table 1. Effects of a laser beam on the €frem UCELA Laser Safety Line 2009)

Laser Type Wavelength, Power Output Purpose
Om
Deuterium Fluoride 364.2 0.01610 CW and weapon
(DF) Pulsed
Hidrogen Fluoride 2. 603 Uptol50MW | CW /Pulsed weapon
(HF)
Krypton Fluoride 0.249 100 W Pulsed weapon
(eximer)
Nd:YAG 1.06/0.532 0. 50100 CW/Pulsed Atmospheric
Q switched Communication
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Nd:YAG 1.06 0.586100 Pulsed LFT/LTD
Nd:YAG 1.06 0.56100 Pulsed LIDAR
Q switched

Raman shifted 1.54061 >10 W Pulsed LIDAR
Nd:YAG
Nd:YAG 1.06 1J=10s *1W CW/Pulsed Sensor
Nd:YAG 1.06 1J=10s *1W CW/Pulsed llluminator
TunableLaser 0.6601 1J=10s*1W Cw Atmospheric
(Titanium:Sapphire) Communication
Fiber Laser Variable 10kJ=10s*1kW CW weapon
GaAs (Gallium- 0.85 >10 W CW/Pulsed LIDAR
Arsenide)
GaAs (Gallium- 0.83 Upto5W Pulsed llluminator
Arsenide)
InGaAs(Indium- 1.55 Upto5W Pulsed llluminator
Gallium-Arsenide)
Vertical-cavity surface 1.06 5 mWO0J 15 ( Cw llluminator
emitting laser
He-Cd (Helium 0.4416 1mJ=10s*1mW CwW Underwater
Cadmium Laser) Communication
Ar (Argon Laser) 0.514 green 0. 1065 Cw Underwater

0.488 blu Communication
CO2 9-12 >100 kW CW/Pulsed weapon
CO2 10.59/11.17 4 kW35 CW/Pulsed Long range

peak LIDAR

Gas lasers

AiDef ¢

Gas lasers are also widespread in the industry. They use a pure gas or gaseous mixture for an acous

environment inthe optic resonator. A typical gas laser contains a tube filled with the working gas and
there is a pair of mirrors at the edges of this tube. At one end of the tube the radiation leaves th
resonator. Most gas lasers use electric current to cause ghargesin the active substance. Helium
Neon (HeNe) laser is a very wddhown gas laser. It produces a bright red, continuous beam of low
power. It is used for many applications, such as scanning, alignment, measurement and stabilizatio
devices. Universitgtudents use them in optical training laboratories. Larger lasers contain HeNe inside
the beam path, as well as checking beam alignment. HeNe lasers are relatively inexpensive and ve
userfriendly. They can work continuously for thousands of hours.

CO; lasers are also classified as gas lasers. These lasers were the earliest tpoybiglsers and
have been among the most crucial lasers used in the research and developmentmdrpigtaser
(HEL) weapons. In the industry, the more powerful ,G&rs are used for welding, drilling, and
cutting. There are many different types of 8&sers that vary in pumping design.

CO;, lasers work by burning hydrocarbon fuel (like kerosene or methane) in oxygen or nitrous oxide.
The hot gas flows through a combrwzzles, expands quickly, and achieves population inversion. The
gas then flows through an optical resonator at supersonic speeds, resulting in stimulated emission and
laser beam. Cgasers have been researched for use as non

-lethal weapons. The walemgth produced by a Gaser is also absorbed by glass. For example, the
beam does not penetrate a windshield. Thus, shootingh @ er at a vehicl eds \
threat by damaging the windshield or by causing a dazzling effect to rddueesibility of the driver,
while not reaching the driver at all.

Laser characteristics

The output power of modern lasers ranges from mW to MW (when delivering constant output
power), or even patawatts (f0W) for short pulsed lasers, and the wavelengths emitting from the
ultraviolet waves (UVC) to the far infrared (IRC) waves of the electromagnetic spectrum (see Table 1).

ISSN 23677902 13



Proceedingse f I nternational Scientiésoa, Conference nDef
Faculty of Artillery, Air Defense and Communication and Information Systems

In military terms, lasers with continuous output powers greater than 20 kW ardetibasiHigh Energy
Lasers (HEL). Output powers in the range of kW or even MW allow the creation of laser beams with
potential harmful intensity over distances of up to several hundred kilometres. These beams can be ust
to heat up targets, which then mawd to structural failure of the target object. Besides, falling into the
eyes of the opposing army can lead to irreparable damage and blindness.

Advantages of laser weapons

Why are lasers so attractive for military purposes? The answer to this questionthe advantages

they offer to conventional weapons. The advantages of using laser weapons in military operations

depending on the tasks to be solved (the objectives set) and the tests that have been carried out, he

shown the following:

U Very fastand can strike at targets with the speed of light (300,000 km/s);

U Targeting without waiting (both in height and in the side directions);

U Quick targeting opportunities, agile and in a short time span can intercept several targets or a on
single targemultiple times (compared, for example, with missiles or projectiles already launched to
reach the goal);

U Absence of the possibility to shoot down a striking beam (as a projectile or a rocket) can not be
distracted by a heat trap, is resistant to jammirsgesys (resistant to electromagnetic interference),
etc.;

U0 Low price in comparison with some classical means of destruction (exceptionally cost effective
when compared to conventional ammunition, with each laser shot costing as little as one US dollar);

U Ability to control the shot power that allows you to hit different targets at different distances;

U High localisation of destruction, which makes it possible to use such systems, for example, in urbar

conditions without incidental losses;

Relative silence of #hshot and invisibility for the eyes (for IR, UV ranges, especially pulsed lasers);

U Logistic support of the combat use of laser weapons (especially on the basis-efatelidsers) is
much simpler than for a number of classical systems of defeat.

Lasertechnology is introduced in military affairs according to specific guidelines that have been
developed in the following areas:

Figure 1. Laser location (ground, air, underwater);

Figure 2. Laser communication (see FRj,

Figure 3. Laser navigation systems;

Figure 4. Laser weapons;

Figure 5. Laser systens for missile defence and asttelliteprotection.

Due to the limitations of the volume of the report, we are discussing only a few specific laser
applications for military purposes.

r

Satellite

'S
F\“ A _
pact 0 Mini UAV
mum t0-UAV Link m

h Air-to
Fixed \:,r‘rw““’ ISO 1p Ground 1
“emof Slup Link
Link
(T)eptga J;*—H- e ~p Ground to-Ground Link
Fiber “‘\ *" :*K
@ Ship-to o‘b -
M0b|le Share R o
Command Link Command Post
Vehicle

Fig. 2. Military laser communication: illustration of spatial disgy
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Applications and discussions

According to their purpose, laser weapons can be classified as strategic and tactical. Strategic or higl
power laser weapon systems are space or grbaseld that intercept enemy intercontinental ballistic
missiles and aellites. Tactical or lowower laser weapons are generally used for shode air
defence or selflefence for individual warfighter or weapon platforms.

Laser Weapons

.

Low Energy Laser Medium Energy Laser High Energy Laser
(<1 kW) 10 kW to 100 kW (> 100 kW)

Fig. 3. Classification of laser weapons on the basis of energy/power levels

Laser weapons are classified on the basis of their energy/power levels: high, medium or low energy
weapons (Fig. 3). They are distinguished into three broad areas ranging from jamming of sensors to th
destruction of optoelectronic devices and ultimategtadiction of the complete mechanical structure.

Low energy lasersusually give less than kW of power and are used in weapon simulation systems
for training or for jamming the sensors in communication systems, or can be useepersorial mode
againg the human eye. The use of these laser weapons for future military tactical operations will
radically change the situation on the battlefield. These lasers are more silent and less detectable by ti
enemy.

Medium energy lasersproduce 10 kW to 100 kW ofower and are used for the destruction of
optical or optoelectronic devices on ground or sgaased targets.

High-energy lasers (HEL)generate more than 100 kW of power and are used foraiotaft or
antimissile systems. The main components and meduben which one HEL is constructed are shown
in Fig.4. Having the speed of light, these lasers provide short engagement time for the target, dependir

on the terrain and speed of the target.
Beam Beam Target
Control Propogation Lethality

Beam

Engagement Laser
Director

Scenario Devices

Platform Device Type Atmosphere Power on Target
Payload Strehl
Wavelength Aperture Beam Spot Size
Damage Diameter Transmission
Threshold Power Efficiency Fluence
Beam Jitter Range
Min Target Area Device Wight Damage
Optics Weigth Treshold
Dwell Time Fuel Weight
System Strehl
Magazine Depth Beam Quality

Environment

Fig. 4. Components of the HEL weapons system
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Today many counmies, such as USA, Russia, China, India and Germany, are carrying out extensive
research on HEL for navy or air defence purposes [4, 5, 6].-éhghgy lasers, due to high costs and
bulkier structure, will probably be limited to the protection of costghtiechnology targets such as air
and navy bases, highvel command posts and aircraft carriers.

As previously discussed, when capable of generating higher power levels, ranging from kW to MW,
any laser can be used as a laser weapon. However, theséntagespecial needs to operate efficiently,

i.e. cooling requirements, laser fuel storage requirements, environment and personal safety requirement
pointing and tracking requirements. For these lasers, the cooling requirement is essential to compensa
for the enormous amount of heat generated by generating the laser beam in the resonator. If the coolil
devices are not properly made, the heat will weaken the power of the laser beam, which will affect the
interaction of laser radiation with the target staimce. These weapons require adequate supply of fuel or
electricity to allow the simultaneous impact of multiple target commitments.

Space Surveillance
System

Target Relay Attach

wvia Ground Space-Based Laser Weapon

Enemy Missile Weapon

Ground-Based Laser Weapon

Fig. 5. Demonstration of grourithased and spaiceased laser weapon

Laser weapons can be either grodrased or spadeased as depicted in Fig. Groundbased laser
weapons utilize multiple relay mirrors in space to destroy an-awetinental ballistic missile. These
relay mirrors are used to extend the range of -Bigérgy laser weapons, as it compensates for the
limiting factors caused due to atmospheric absorption, turbulence and curvature of the Earth. A high
energy laser beam from a ground station is relayed to a missile with the help of these mirrors. Since th
beam has to pass through the atmosphere to reachrbktellation of relay mirrors in space, the energy
requirement of grounBlased lasers is substantially higher than spased lasers, leading to greater
losses due to atmospheric transmission, thermal blooming and larger distances. The use of aifocal rel
mirrors effectively puts the laser source at the mirror. This increases the intensity on the target at :
specific range or extends the range of the laser while retaining the original brightness or intensity. Thes
lasers have evolved during the stratedefence initiative (SDI) era but have not received significant
emphasis due to the variety of technical challenges involved relating to its design and development [7].

ISSN 23677902 16



Proceedingse f I nternational Scientiésoa, Conference nDef
Faculty of Artillery, Air Defense and Communication and Information Systems

The main types of lasers that are good candidates for laser weapons include: clasericablid
state lasers, free electron laser (FEL), fiber laser, and liquid laser [8,9,10]. Each of these lasers has i
own unique characteristics that make it suitable for certain operational applications.

Chemical lasers are the most mature laser aeapchnology that generates high power from
exothermic chemical reactions to strong laser IR radiation. Characteristics of some of the most popula
lasers, e.g. Hydrogen Flouride (HF) laser, deuterium fluoride (DF) and chemical oxygenated iodine lase
(COIL), have been described earlier in this article (see THblEollowing the success of the firskilv
HF laser in 1965, diverse military organisations have been interested in producing more powerful laser:
(> 100kW) for tactical missions. These lasers aomewhat bulky because they require a large amount
of chemical fuel and a good cooling of the resonator for their proper functioning. Variousnagiy
chemical laser weapons have been demonstrated over the past 45 years including MIRACL [11]
ALPHA and NavyARPA chemical laser (NACL). ALPHA HF laser is a smsilted MW power laser
for space applications. Tactical highergy laser (THELDF chemical laser), Mobile THEL (MTHEL
DF chemical laser) and advanced tactical laser G8IAIL with beam control) @& compact fieldeady
weapons that have successfully demonstrated their capabilities of shooting down short and mediun
range targets. With some modifications to THEL, a deployable grbased directed energy weapon,
known as higkenergy laser for rocketsrtillery and mortars (HELRAM), is used for short range
military threats.

Laser equipped aircraft like airborne laser (ABL) [12] is equipped with multiple laser systems:
primary laser (COIL) with MW power for target destruction, illuminating laser for ¥ high
precision laser for target tracking beam control systems. ABL is capable of detecting the missiles shortly
after the cloud break and provides rale warning about its launch and location to the rest of the
forces. It also provides trajectonyformation and impact point predictions shortly after burning out.

Collimating

- Optics
Fiber Laserl —| |
W

Independently
Controlled Beam
Steering Mirror

Y

Overlapped

Fiber

Laser ( Fiber Laser2 <j.

Array

 —

A\
Fiber Laser3 —| |

Beams Hitting
Target

/j/'s

Target Missile

Fig. 6 Simultaneous impact of 3 Fiber lasers on the target

Solid state lasers: fiber laser architecture for high power and long range directed energy weapon. Thi
type of laser offers a very good ratio of size, weight and power (SWaP) and is therefore considered
portable laser weapon. Boeing's HEID is a 10kW solid state fiber laser with around one micron
wavelength designed to destroy rockets, artillery, mortars and drones (RAMD) from -tpasedil
vehicles [13]. Fiber lasers are more compact and require less power to maintain the beam quality tha
any other HE design. Its beam control system comprises mirrors, -gjpgied optical sensors,
processors and adaptive optics system to precisely align the beam onto the target in real time. A singl
mode fiber laser is capable of producingk¥® of power sufficient teshoot down any missile at an
approximated distance of 1kn. In order to further achieve the required power levels, multiple fiber
lasers can be combined so that a high power overlapped beam, from an individual laser, strikes th
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target. The Figé showsthe incoherent combining of fiber lasers, which is individually controlled by a
beam steering mirror, to direct each beam onto the target. Such fiber lasers are highly efficient, robus
compact and require low maintenance, which makes them suitabletioatt&nergydirected military
applications.

The Laser Weapon System (LaWS) is a navy defence system that has successfully demonstrated t
shootdown of an UAV from a HEL weapon deployed on a small ship. The system consists of an array o
solid state lags, generating IR beams at a varying output power, in the range from 1&Wé, 50 as to
warn or damage the designated target. The Office of Naval Research (ONR) will now extend the
experimentation by performing a shipboard test with aki@0aser weapo system in the near future
[14]

Aircraft Laser Beam/Fire Ctrl Integration & Test ~

1996 1999 [AAC
Design

. Manufactu]mg and fab]lcatmn process quallﬂcatmn

* First production article
2000-2002 Build & * Coating processes
Test systems + Test facilities and procedures

* Complete parts fabrication and delivery
Install * BCFCinstalls and end to end testing
Integrate & Test * Six (6) laser modules, plumbing install, and integration

* BCFC and BMC4I integration

* High energy laser integration and testing (ground)
* Battle management and beam control flight test (acquisition, tracking, pointing)

2004 2005 Test

*  Complete Low Power Active Ground Test
* First In- Flight Atmospheric Compensation with TILL tracking and BILL beacon
* Complete Laser Optics Subsystem TEST

*  Full system ground & flight testing
*  Envelope expansion

*  BMDS integration

* Second aircraft, capability upgrades

Objective: Demonstrate missile shoot- down capability with a prototype

Airborne Laser weapon system

Fig. 7. The long way we have to go to create an ABL. Program Progression

Chemical oxygefiodine lasers (COIL) used in Airborne Laser (ABL) to attack ICBM and Advanced
Tactile Laser (ATL) to defeatrmoured vehicles.

What is the future trend for the development of laser weapons?

Laser weapons are efficient and powerful countermeasure utilities against any form of external threat
including grounebased or spaeeased military menaces. They offer saeeadvantages over
conventional weapon systems. Since laser beams travel at the speed of light, they provetdtmear
transfer of information to the soldiers immediately after the target detection. The coherence of lasel
beams provides a highly foes energy which causes physical destruction to the structures, by
converting laser energy into thermal energy.

Nowadays, chemical lasers are replaced by sttt laser systems with semiconductor (diode)
pumping. A huge advantage of chemical lasers @sf#lct that the laser power does not require any
cumbersome and heavy power plant because the chemical reaction is the source of energy. The me
disadvantage of these systems is environmental hazard and bulkiness of the structure.

Since these devices are constantly powered or reloaded by chemical/electricity energy storage, the
have the capacity to engage multiple targets with fewer moving mechanical parts. Lasers weapon
provide promising and cosfffective solutions for tacticamissions, unlike conventional ballistic
missiles. The incremental cost per shot for ballistic missiles is essentially the cost of the ammunition
expended, whereas, on the other hand, laser weapons expend only energy. Hence, the cost per s
equals the caf the chemical fuel or the fuel required to generate the electricity, which is much less as
compared to conventional weapons. Besides, these directed energy weapons provide exceptional strikit
accuracy, which results in little collateral damage anowallithe use of lasers for lethal or HAethal
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applications. The Fig8 demonstrates the applications of laser weapons for ground, space and maritime
environments.

HEL engagments range
imncreases w/elevation

HEL side shot
stand alone kill

Wery-high g ASCM

HEL —
eleminates
maneuver Helo & fixed wing
advantage
Bl i - Robust unfazed fiber
_ . i ;oaﬁng - laser ship board
HEL provides op_mon tf’ ' . Rk 4 system for
reduce use of expensive missiles UAVs . %
against low-cost threats ek asymmetric threat
engagement

Fig. 8. Directed energy weapons for force protection anddsfiénce

Wavelength Area of Damage Pathological Effect
180 - 315 nm CORNEA; Deep-ultraviolet light Photokeratitis; Inflammation of the
(Ultraviolet UV-B, UV() causes accumulating damage, even | cornea, similar to sunburn
at very low power
315 - 400 nm CORNEA and LENS Photochemical cataract; Clouding
(Ultraviolet UV-A) of the lens
400 - 780 nm RETINA; Visible light is focused Photochemical damage; Damage to
(Visible) on the retina retina and retinal burns
0.78 - 14 pm RETINA; Near IR light is not Thermal damage to cataract and
(Near Infrared) absorbed by iris and is focused on | retinal burns
the retina
1.4 - 3.0 pm CORNEA and LENS; IR light is | Aqueous flare; Protein in
(Infrared) absorbed by transparent parts of | aqueous humor, cataract, corneal
eve before reaching the retina burn
3000 - 10000 nm CORNEA Corneal burn
(Far Infrared)

Table 2. Effectsof a laser beam on the eyeofn UCELA Laser Safety Line 2009

To use laser beams as weapons, a significant amount of laser power is necessary. The required outj
power is determined and strongly depends on the type and distance to the target. Oarthanoth
researchers of the new laser weapon have to adhere to the international protocol on dazzling las
weapons that prohibits the use of dazzlers to blind the enemy. This is a great paradox because tt
minimum power that causes eye damage can beloeryDazzler lasers, for example, are designed to
temporarily or permanently affect the human eye [15]. Since the eye is a very sensitive human orgar
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these weapons need only a small amount of output power. Within a few meters, even an output power
seveal miles may damage the eye because the eyes focus the beam on the retina FIG. Blinding lase
were used in the Falklands conflict and in the war between Iran and Iraq in the 1980s [16].

Blindness can also occur when working with powerful and moderpteterful lasers at occasional
reflections or deviations of the laser beam. The laser effect on the eye in this case may be multifacetet
besides the burning of the retina, the laser pulse can also destroy the blood vessels in the eye or cause
procesf slow retinal decay and others (see Bignd Tab2).

Fig. 9. Schematic diagram of the eymnetration and possible damage to the eye from laser radiation
of different wavelength [17], mesh defects due to dazzler effects [18].

In 1995, these weapongere officially banned according to the International Humanitarian Law.
However, if the aim is to destroy hard targets rather than to blind the enemy, the laser requires an outpt
power which is many orders of magnitude higher than that of blinding |&sensentioned above in this
article,many countries and research institutes develop and test lasers with continuous output power ove
20 kW or impulse energy over 1 kJ [19]. As stated above, the use of blinding laser weapons is illega
under InternationaHumanitarian Law. In particular, these weapons violate the Fourth Protocol (1995)
to the Convention on Prohibitions or Restriction on the Use of Certain Conventional Weapons Which
May be Deemed to be Excessively Injurious or to Have Indiscriminate Efféussprotocol outlaws the
use and transfer of laser weapons which are intended to cause blindness. Additionally, the signatories a
obliged to take the necessary steps to prevent blindness caused by other laser weapon engagements [.
However, the protool is not applicable if collateral blinding occurs as a result of military laser
applications that are otherwise considered legitimate. As a consequence, the protocol might b
applicable to High Energy Lasers (HEL) weapons only, if they are especialyndésfor blinding
purposes. Nevertheless, the protocol S eeigtbe t 0
first step towards a comprehensive ban of all laser weapons. This would be the first step toward:
preventive arms control, a concephich was developed to ban the introduction of new destabilising
weapon systems [21].

Whether and to what extent a complete ban is realistically achievable is obviously another question.
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Conclusion

Laser weapon systems have seen rapid developmeetent years. Dedicated R&D has advanced
the state of the art considerably. What was unimaginable only a few years ago, has become a reali
today. Accordingly, if appropriate research and development strategies are applied, warfighters, in the
near future will have additional weapon options to choose for dealing with a spectrum of threats and
contingencies.

In this paper, we have discussed various prospects of laser technology for tactical military
applications. Laser technology addresses the need of<dutztlefield that requires ability to detect the
target at longer distances and exchange massive amount of information in a secure and timely manner.

Lasers have revolutionized the warfare as accessories teehgggy weapons. This technology
serves as power tool of warfighters when used as battle field illumination elements,-fiadges,
target designators, LIDARS, communication systems, power beamers or active remote sensors. Becau
of the high frequency of the laser system, these devices proredelband capacity links with SWaP
benefit and have a remarkable angular resolution, which is very crucial for tactical laser device
deployment. Besides higher bandwidth, laser device is used whejanamsi required or RF spectrum is
not available. Theise of laser, as a directed highergy weapon, requires sufficient amount of power in
MW to cause substantial damage to a distant target. Even though laser weapons are used to destr
targets, they can also cause damage to the user if handled imprdpedg. weapons require sufficient
cooling between firing, therefore they cause certain problems for ground vehicles, especially for hand
held laser weapons. Also, during highly turbulent weather conditions including heavy smoke, dust or
humidity, these wgaons may be deflected from the actual path and can miss the target.

The military is still working on many engineering problems, in order to compensate for the beam
wander due to bad weather conditions, movement of the target or motion of the platform.

Further, these HEL poses a significant threat to sensors and military equipments on the battlefield
These sensors may require a protection mechanism such as laser jamming feature built into the sens
platform to ensure reliability and integrity of these desgi in a hostile electromagnetic warfare
environment. Also, quantum computing and cryptography are a-ghamging technologies in cyber
warfare, possibly safeguarding tactical communication against eavesdroppers. With all of this ongoing
development anducrent capacities, laser technologies will dominate the battlespace in the near future.

Obviously, when working with all the new developments and applications of laser weapons, we have
to stick to the global protocol on laser dazzling, which prohibitsiieeof lasers specially designed for
dazzling personnel but also by accidental deviations of the radiation to the unintended directions, thu:
creating a risk of damaging health of unrelated people and other objects.
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¢ b s t: Develdping air traffic and introducintarge aircrafts in use in the group of transport
aircrafts has led to the necessity to optimize separation distances between aircrafts, especially nea
airports. These distances are imposed by airport safety and security conditions, related to thefaction
the wake turbulence generated by an aircraft on another. At the edge of the aircraft wings, longitudinal
vortices are created by pressure differences inside the boundary layers and rotated in opposite senses.
can constitute a danger to another airfiréhat flies in this wake, especially during takeoff and landing.
This study presents the modelling methods of the turbulence using Large Eddy Simulation and som
applications in the case of wake vortex.

1. Introduction

Any object moving in the air leavdsehind it a more or less organized wake. In the case of an
aircraft, wake turbulence is composed of persistent vortices, which constitute a danger for the following
aircraft. These vortices are due to the flow of air at the end of the wing. Indeed, fénendg in
pressure between the bottom and the top tends to cancel at the extremity of the wings. It is this pressu
difference that generates lift on each wing and the generated vortex will be even more intense if this lif
will be great. As the lift iglirectly proportional to the weight of the aircraft, the intensity of wake vortex
is bound also [3].

Typically, a pair of contrarotatifs vortices is very persistent. It descends into the atmosphere with a
vertical speed of approximately 5 m/s (20 km/h)smAall aircraft that is experiencing these vortices can
be influenced by a violent rolling motion of the air. In the presence of the wind, the atmosphere is
generally turbulent. If this turbulence is sufficiently intense, it is capable of destroying wdér by
causing their misalignment and by promoting their interaction (if two opposed direction of rotation
vortices are touching, they will decay). In most cases, the presence of atmospheric disturbance
eliminates the danger: aircraft often encountersehphenomenon residues without being able to
distinguish them from the ambient atmospheric turbulence. But in a calm atmosphere, wake vortice:
persist long time. This makes them dangerous [2].

2. Large Eddy Simulation of Turbulent Flow

There is a large nuneb of mathematical methods for the resolution of disturbed flows equations
which here are the main three:

- the statistical method, designated under symbol RANSe y no |l ds Av-&tralgeso Na:
NavierStokes equations by passing at the averageethst is therefore a loss of information;

- Large Eddy Simulation (LES)t hi s si mul ati onds major idea i S
large scales of flow while modelling is reserved for structures whose size is less than a characteristi
dimension calculation mesh.

- Direct Numerical Simulation (DNS) exclude any modelling of turbulent agitation. We operate
numerically at the resolution of Navi&tokes equations. Thus, obtaining statistical data on the flow is
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reported after the resoloti. This method requires more memory space and calculation time than large
scales simulation method and is therefore more expensive. It still belongs to the domain of research ar
is useful to analyze phenomena associated with small scales and in pastitrzeshes schemas. It
can be said that this method allows some real
complete knowledge drawn from traditional physical experiments or provide support for developing
models for other categories.

The ph@omenon of turbulence, although chaotic, does not occur outside the laws and the known
equations for fluids flow. The general framework where we model fluid flow is given by a set of
equations: the continuity equation, equation of quantity of movemeratiequwf energy and perfect gas
law. The unknown of the system are: velocity, with its three components u, v and w, the pressure p, thi
fluid density } and temperature T. AlIl these p

The continuity egation is expressed by the relation:

B_p a pu a pv adpw
6t+ 6x+6y+ 3z =0, (1)

wherep is the fluid density and, » andw are the components of the fluid velocity.

The continuity equation may be written in the vector form:

Z—’: + pdivV + Vgradp = 0. (2)

In the case of a constant fluid volume, density is independent of time and space variables. Equation
of quantity of movement are the equations of the balance between forces of inertia, mass forces
pressures and constraints duefriotion. The vector form of the quantity of movement equation is
expressed by:

pz—: = pf — gradp + iugrad divV + pudv, (3)
wherey is the external mass force acting on the unit of masg antthhe dynamic viscosity.
Momentum equations cabe projected in the Cartesian coordinates for an incompressible fluid
neglecting the external mass forces:

ou ou u du _ 19p , p d*u , d*u , d*u

6t+uax+vay+waz_ p6x+p ax2 = dy* ' 9z2 ! (4)
v v v v _ 1dp , p d*v  3*v , 3%v

at + ax tv ay tw 9z pdy p 9x2  dyr 9z ' (5)
ow ow ow aw _ 1dp , p 3w | Pw  I*w

6t+u6x+v6y+waz_ paz+p ax2+ay2+622 ! (6)

wherey is the dynamic viscosity.
Large Eddy Simulation aim is to solve the complete NaStekes equations while reducing the number
of node of the mesh necessary to resolve a fully turbulent flow. Reynolds numbers encountered ir
natural turbulent flow prohibit current computers perf@mumerical simulation of all scales involved.
The idea of LES is to practice a cut to a wavelength, (figure 1). We simulate directly large scales
corresponding tae < k. and we model small scales correspondingsta. [1].
B o
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k k
The spectrum of total energy ¢ The calculated spectrum of energy  © The modelled spectrum of energy ¢

Figure 1 Decomposition of the energy spectrum of the solution associated to the LES simulation

Large scales (see figure 3) are less universal and are more dependent on the geometry of the flo\
Small scales are less affected by the geometryedfidhv, so it should be easier to find universal models
to represent their effects. Velocity field is in this case divided into the sum of a velocity field
corresponding to the large scales and amabh velocity field that represents the wavelengths not
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picked up by the mesh. It should be noted that this separation between different scales is not related to
average operation statistics [7].

The formalization in mathematical terms of this separation of scales is to express the passag
through a low pasBiter in frequency and in number of wave. The application of this filter to the Navier
Stokes equations allows obtaining the constituent mathematical model for the simulation of the large
scales. Part of the resulting terms can be calculated directty fesolved scales, the other must be
modelled.

The separation of scales is performed by the application of a high pass filter in spatial scale and lov
pass in frequency to the exact solution. Thus, for any quantity assogiatedwith the turbulent
movement it sets the quantity resolved, ¢ by:

pxt = G x—x" ¢x,tdx, (7)

where the convolution kernel x —x' is characteristic to the used filter that is associated witloftut
in space scales(bandwidth filter) [1].

This paragraph is realised to bypass the constituent equations of simulation techniques of the larg
scales, i.e. filtered Naviedtokes equations. Navi&tokes system variables are written as follows:

u X,y zt =u; x,y,z,t +u'; x,y,7t, (8)
P XVv,zt =p x,y,zt +p xy,Z¢t . (9)

This modelling must not only have a role of dissipation of the surplus energy not absorbed by the
small structures which are not resolved by the code, but also takenaoddhe energy return that
exists in some parts of a turbulent flow of these small structiioethe resolved scales of the field.

The system of Navier Stokes equations for thefiltared field is:

%4~ 9, (10)

Qui gy O 19 5ROy
tyo= paxi+2paxj. (11)

Assuming that the filter characteristics allow the use of commutative property between operator
filtering and operator derivative, after we apply the filter to the equations of Na@takes, we btain
the following equations [1]:

ou;

u s, (10
K sm

du; | dwuj _ 1dp 9 21~y

at + axj paxi+ ax; ! (11)

where:rf" = w; —u;u; IS the constraints tensor of the sulesh;

Sij== %+% is the tensor of the filtered deformations rate.

2 Ox;j
We can write the constraints tensor of snéshes if we introduce decomposition in the first term:
(12)

sm
Tij

= u —wu; = Lij + Gy + Ry,
where
L = wu —wuy; , the Leonard term;
¢, = wu'; — v , the term of the crossed constraints;
R, =w ' , the term of Reynolds constraints.

The nonlinear term is now fully deconstructed depending oratheunt.;and the fluctuation’;.

Large scales simulation is a technique for reducing the number of degrees of freedom for the
solution. This reduction operates separate scales that conduct to obtaining the exact solution into tw
categories: large ates and sulmeshes scales.

Decreasing of the solution complexity is obtained by retaining only the large scales for the numerical
resolution. Information related to small scales is obtained after an implementation of a specific model.
Subsequently, alterms that make them appear, i.e. the term/iim physical space, may not be
calculated directly. These terms are grouped together in theasib tensor. However, to ensure that the
dynamics of the scales resolved remains correct, the term-ofissifimust be taken into account.

The submesh scale modelling consists in expression of this term function of the resolved scales. In
this case we have to use additional hypothesis, derived from knowledge on mechanics of the fluid the

permit to link the exience of submesh modes to certain propert#sesolved scales.
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3. Simulation of aircraft wake vortex

During the evolution of a pair of contratating longitudinal vortex in the presence of an external
turbulence, we observe the generation ofitiséability at large wavelength, named Crow instability. We
have to study the behaviour of a pair of vortices in the presence of such disturbance.

In the aim to achieve this disturbance, we disturb the vortices centre position. As parameters to thi
distubance we use: the magnitude of the disturbangethe angle of the disturbance plan¢he phase
difference¢ and the longitudinal wave number(figure 2). In the transverse plane, disturbed vortex
centre coordinates are [7]:

Yeper = Yenepen T Amp sin kx + ¢ cos9, (13)
Zeps = Zeppen T AMP COS KX+ @ (14)

Vortex with disturbances

Wortex without disturbances

Figure 2 Crow type disturbance

To initiate the calculations, we use a vortex dipole model, whereas two longitudinal vortices with
circulationsr,, = -I,, I, =T,, I, = 1with the same radiug =0.2-», located at a distance=1 to each
other,» being the distance between the edges of the wings. Basis positions for vortices cores are give
by the coordinatesy, ,z., = 2525 -band y.,z, = 3525 -b, Iin the transversal plang:. This position
is disturbed by the explicitly introduction of the Crow instability. The Crow disturbance parameters used
are the maximum amplitudenp = 0.2, the longtudinal wavelength = 7.5 and the phase differenge- o.
Disturbance plan is rotated as 45 degrees.

The computation field, with a regular mesh, is a rectangular box with dimensjenss-» with
n, = 95 POINts, L, = 6 - b With n,, = 95 points,z, = 5- » with n, = 64 points (577,600 calculation meshes). The
centre of the vortex is represented by 7 points in the diregtaord by 6 points in the direction. The
used boundary conditions are periodicxiifthe longitudinal axis of the vortex) anddirections (the
vortex pair descent direction) and symmetry.irThe characteristic time for the evolution of a pair of
the vortex is based on the movement of descent of the two vortices,

to = 22 = 6.28ss. (14)
The flow parameters evolutionéxpressed using the dimensionless time,
T=2". (15)

tl)

Figures 3 and 4 present the-marfaces of vorticity function of the characteristic time. A pair of
longitudinal vortex, influenced explicitly by a Crow disturbance, will generate the varigg. We
observe that in absence of other external disturbances, vortex rings deform and after 20 secands (
the computation field will not be large enough to process correctly the evolution of these vortex rings.
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Figure 3Iso-surfaceofvortict y v after T= 0.31 and T

Figure4ylsosurface of v'orticity ¥y after T=

4. Conclusions

This paper contains studies regarding the mathematical modelling of turbulent aerodynamic
phenomena. As physical phenomena that take plaeé&rdraft wakes can be assimilated to turbulent
flows, it was necessary to realize a study of the main theoretical methods and models that can be used
numerical simulation of turbulent phenomena. The choice of the most appropriate method is based o
the analysis of the turbulent energy spectre. These methods are based on finding a solution through tt
method of finite volume of fundamental equations of turbulent fluid flow, the N&t@kes equations.

The Large Eddy Simulation (LES) method of modellingbtlent flow consists of directly
simulating large turbulent structures, the small ones being modelled by specific methods. The reasonin
of this method is based on the fact that large turbulent structures are directly influenced by the
geometrical charaeristics of the studied situation, while small structures have a universal character, and
the errors introduced by modelling them are insignificant. The advantage of this method is that it offers
results as precise as those obtained through the direericahsimulation method, but using a smaller
amount of calculus numbers, therefore a smaller calculus power. The study shows the receptivity of :
pair of longitudinal vortices contrarotatifs against the Crow disturbance. Through the perturbation of
vortices filaments with a Crow disturbance, unsteadiness is inducted with big wavelength, that leads tc
the destruction of linear vortices and the formation of vortices rings
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Abstract This report aims to familiarize readers with two very serious problems of our time,
namely organized crime and corruption, which are one of the greatest threatsstectiréy and stable
economic development of the countries of the European Union. The phenomena of organized crime ar
corruption usually have a crossorder dimension which requires close cooperation from national
competent authorities supported by EU instents and a European action plan to eradicate these
phenomena. The fight against corruption in the EU is becoming more and more of a Community nature
largely because of the proven criminal symbiosis between it and organized crime, and its destructive
impact on measures relating to the area of freedom, security and justice. Action programs and action
plans adopted by the EU to combat organized crime, terrorism, fraud, money laundering and other
serious crimes also include a special azdrruption section

Keywords corruption, organized crime
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sls 9 9 iHOd] d&O ftejH]djdd ftcOodd dJqdkmisdlskzlsd o
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COMBATING CONTRABAND A AND THE UNLAWFUL
TRADE WITH WEAPONS I N THE EUROPEAN UNION

Veliko P. Petrov

National Military University "Vasil Levski", Faculty of Artillery, Air Defensed Communications
and Information Systems, Department of Information Security; town of Shumen.

Abstract: This report aims to familiarize readers with the challenge #iggcts not only Europe
but also undoubtedly affects the whole world, namely the problem of illicit proliferation of weapons. In
the age of globalization, it is irrational for EU countries to have so many different laws that allow the
development of suchadgerous criminal activity. The proliferation of small arms and light weapons is
through a well organized network that reaches all over the world. In addressing this important issue of
EU security, it is necessary to fight effectively this extremely dangeariminal activity. These illegal
activities are fueling insecurity in Europe and its neighboring regions, as well as in many other regions
of the world, exacerbating conflicts and undermining the-posflict reconstruction and thus posing a
serious hreat to peace and security in Europe. Increasing effectiveness in combating illicit arms
trafficking requires EU Member States and supranational organizations in Europe to take effective
measures in the short and longer term. It is important to improyedoperation between states and
organizations that fight organized crime and illicit arms trafficking.

Keywords: illicit proliferation of weapons, illicit proliferation of weapons, illicit arms trafficking.
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INTERACTION BETWEEN THE ARMED FORCES AND THE
INSTITUTIONS FOR THE PROTECTION O F SECURITY IN
THE LITTORAL AREA

Zhivko St. Yordanov

Abstract Security environment analysis present the increasing numlminods, migratory pressure

to the border as well as the worldwide terrorism increased threat for internal security. That is why it
requires interaction between different institutions for the protection of internal security, including the
Armed Forces of # country. National Maritime Spaces and Littoral zone are border areas through
which various threats can penetrate. It is therefore necessary to impose national sovereignty anc
protect the law order in these areas.

Keywords: National security, Interior security, Defense, Interaction, Military operation, Police
operation, Joint operations, Law Enforcement, Guard, Protectidittoral, Maritime operations,
Security environmen;
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MANAGEMENT OF NATION AL SECURITY BASED ON
CAPABILITIES

Maxim M. Alashki

Address: 3, Dyakon Ignatii Str., 1092 Sofia, Ministry of Defence, Defence Acquisition Directorate

Abstract There is brief information (includindefinitions) on what is national security capability,
the need to build a System for managing the development of national security structures in order tc
achieve management based on these capabilities, as well as the component parts of the system, w
thar definitions, characteristics and basic principles. The process of managing the development of
structures is illustrated in a schematic and figurative principle.

Keywords National Security Strategy, National Security Capability, Defense Acquis8istem
of Required Capabilities, Defense Acquisition System, Budgeting System, Development.
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Abstract The collapse of the bipolar model in the World has led to new forms of use of military
force. Efforts to resolve conflicts using military meansehagsulted in changes in the way and
methodology of using military force. That is why in NATO, the models of Comprehensive approach in
the planning and conducting of military operations are established and approved. A keystone for
efficiency and quality irthe conduct of a military operation is the decisioaking process by the
Combined Joint Task Force.

Keywords:comprehensive approach, decisimaking process, joint planning, mission command,
commander, guidance.

Changes in the security environmentl dar new guidelines in the Alliance's policy and the
implementation of new methods to prevent and resolve conflicts. This inevitably leads to change,
reconfiguration and overall transformation of the organization of forces, the organization of the system
of management and interaction and the planning of the methodology in the Alliance. This process lead
to a change in procedures and mechanisms for information exchange in intelligence and-decision
making procedures. It is clear that the rapidity of th@oase in the early stages of tackling the crisis
situation and in the context of the rapidly changing environment, with much more flexible and adapted
procedures, is of great importance. This necessitates a rapid and close interaction between tt
hierarchcal levels of the command structure and the constant interaction with external organizations anc
structures in the governmental and fwgmvernmental sector. As a result of these reasons, NATO has
adopted and enforced the comprehensive approach to jomtipdaof operations, demonstrating the
necessity, importance, and commitment of the largest military organization to change the mechanism
and structures for the adequate use of military force in the modern security environment.

COMPREHENSIVE APPROACH

According toCOPD® NATO currently recognizes six (6) domains within engagement space. They
are:

Political. Any grouping of primarily civil actors, organisations and institutions, both formal and
informal, that exercises authority or rule within a specificggaphic boundary or organisation through
the application of various forms of political power and influence. It includes the political system, parties
and main actors. It must be representative of the cultural, historical, demographic and sometime:
religious factors that form the identity of a society.

Military. The armed forces, and supporting infrastructure, acquired, trained, developed and
sustained to accomplish and protect national or organisational security objectives. This also covers th
internal €curity aspects of a country.

= Comprehensive Operations Planning Directive 04 October 2013
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Economic. Composed of the sum total of production, distribution and consumption of all goods
and services for a country or organisation. It includes not only economic development of a country, bu
also the distribution of wéh.

Social. The interdependent network of social institutions that support, enable and acculturate
individuals and provide participatory opportunities to achieve personal expectations agoalée
within hereditary and nonhereditary groups, in eithablst or unstable environments. It covers the
soci al aspects such as religion, a societyods
supporting infrastructure, humanitarian, etc.

Infrastructure. The basic facilities, services, and installatimeesded for the functioning of a
community, organisation, or society. Includes logistics, communications and transport infrastructures,
schools, hospitals, water and power distribution, sewage, irrigation, geography, etc.

Information. The entire infrastcture, organisationpersonnel, and components that collect,
process, store, transmit, display, disseminate, and act on information. Encompasses the information ar
communication media.

Through an analysis of the goals, strength, weaknesses and intelelepes of the main actors
within these six domains, knowledge is developed about the behaviour of the main actors within the
engagement space. That knowledge is then used by decision makers at all levels to determine how the
actors might be influencedi ways t hat achieve the Allianceos
contributing to the international community aims.

Conditions in each of the six system domains of the engagement space can be influenced by th
application of one, or a combiman of, the four instruments of power:

Military. The military instrument refers to the application of military power, including the threat or
use of lethal and nelethal force, to coerce, deter, contain or defeat an adversary, including the
disruption anddestruction of its critical military and nemilitary capabilities. It can also refer to the
constructive use of military forces to secure and/or support stabilization and reconstruction or as a tool i
helping solve complex humanitarian disasters andc engenci e s. The mi | it e
instrument.

Political. The political instrument refers to the use of political power, in particular in the
diplomatic arena cooperating with various actors, to influence an adversary or to establish advantageot
condtions®.. NATO member nations employ NATO and oth
influence on the international scene, speaking and acting with the same purpose, to create greater effec

Economic. The economic instrument generally refers toaiives, incentives and sanctions
designed to affect the flow of goods and services, as well as financial support to state -atadenon
actors involved in a crisis. The aggregation of the economic instruments of NATO nations could act as ¢
significant kver, provided that nations would use their economic instruments in a way that supports the
achievement of the NATO end state and also other stated international community goals.

Civil. The civil instrument refers to the use of powers contained wéteas such as the judiciary,
constabulary, education, public information and civilian administration and support infrastructure, which
can lead to access to medical care, food, power and water. It also includes the administrative capacitie
of internatioral, governmental and negovernmental organizations. The civil instrument is controlled
and exercised by sovereign nations, 10s and NGOs. Nonetheless, through interaction and enhance
mutual understanding, NATO can work with those that have access torithiestrument of power in
order to coordinate with them, and possibly adjust our own activities to create synergies with theirs.

®rhe NCRSM (2011) refers to Adiplomatico options for dealing with a c¢
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DECISION-MAKING PROCESS

According to ADRP 80*" the military decisionmaking process is an iterative planning
methodologyto understand the situation and mission, develop a course of action, and produce an
operation plan or order (ADP-®. The military decisionmaking process (MDMP) integrates the
activities of the commander, staff, subordinate headquarters, and unified @atioers to understand
the situation and mission; develop and compare courses of action; decide on a course of action that be
accomplishes the mission; and produce an operation plan or order for execution. The MDMP helps
leaders apply thoroughness,ritlg sound judgment, logic, and professional knowledge to understand
situations, develop options to solve problems, and reach decisions. This process helps commandet
staffs, and others think critically and creatively while planning. The MDMP resulés irmproved
understanding of the situation and a plan or order that guides the force through preparation ant
execution.

The MDMP consists of seven stegdgyre 1) Each step of the MDMP has various inputs, a
method (step) to conduct, and outputs. The wstpead to an increased understanding of the situation
and to facilitating the next step of the MDMP. Commanders and staffs generally perform these step:
sequentially; however, they may revisit several steps in an iterative fashion, as they learn oidiesabo
situation before producing the plan or order.

Commanders initiate the MDMP upon receipt of or in anticipation of a mission. Commanders and
staffs often begin planning in the absence of
plan (OPLAN) or operation order (OPORD). In these instances, the headquarters begins a new planning
effort based on a warning order (WARNO) and other directives, such as a planning order or an aler
order from their higher headquarters. This requires active codtabo with the higher headquarters and
parallel planning among echelons as the plan or order is developed.

The MDMP facilitates collaboration and parallel planning. The higher headquarters solicits input
and continuously shares information concerningiriitoperations through planning meetings, warning
orders, and other means. It shares information with subordinate and adjacent units, supporting an
supported units, and other military and civilian partners. Commanders encourage active collaboratior
amongall organizations affected by the pending operations to build a shared understanding of the
situation, participate in course of action development and decisionmaking, and resolve conflicts before
publishing the plan or order.

The MDMP also drives preparati. Since time is a factor in all operations, commanders and staffs
conduct a time analysis early in the planning process. This analysis helps them determine what actior
they need and when to begin those actions to ensure forces are ready and in hEfsiteorxecution.

This may require the commander to direct subordinates to start necessary movements, conduct ta:
organization changes, begin surveillance and reconnaissance operations, and execute other preparat
activities before completing the plafAis the commander and staff conduct the MDMP, they direct the
tasks in a series of WARNOSs.

The commander is the most important participant in the MDMP. More than simply decisionmakers
in this process, commanders use their experience, knowledge, and judgngemde staff planning
efforts. While unable to devote all their time to the MDMP, commanders follow the status of the
planning effort, participate during critical periods of the process, and make decisions based on the
detailed work of the staff. Durgnthe MDMP, commanders focus their activities on understanding,
visualizing, and describing.

The MDMP stipulates several formal meetings and briefings between the commander and staff tc
discuss, assess, and approve or disapprove planning efforts asdpmse. However, experience has
shown that optimal planning results when the commander meets informally at frequent intervals with the
staff throughout the MDMP. Such informal interaction between the commander and staff can improve

27AArmy Doctrine Refe®ence Publicationfi No. 5
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the staffoag ohdehet andiuati on and ensure the s
commander 6s visualization of the operation.

The chief of staff (COS) is a key participant in the MDMP. The COS manages and coordinates the
staffds wor k yacordrol guring the MDM®. Tq effectivelyt supervise the entire process,
this officer clearly understands the commander
staff, establishes briefing times and locations, and provides any instrucéioessary to complete the
plan.

The staffdos effort during the MDMP focuses
make decisions, and synchronize those decisions into a fully developed plan or order. Staff activities
during planning initially bcus on mission analysis. The products that the staff develops during mission
anal ysis help commanders wunderstand the situat
course of action (COA) development and COA comparison, the staff provideasmeoalations to
support the commander in selecting a COA. After the commander makes a decision, the staff prepare
the plan or order that reflects the commander 0

Step 1 - Receipt of Mission — WARNORD 1

Step 2 - Mission Analysis — WARNORD 2

Step 3 - Course of Action Development

Step 4 - Course of Action Analysis and War-Gaming

Step 5 - Course of Action Comparison

Step 6 - Course of Action Approval

Step 7 - Orders Production, Dissemination, and Transition — WARNORD 3

Figure 1. Steps in the MDMP

STEPS IN THE DECIB®ON-MAKING PROCESS
The main activities in the decisignaking process are as follows:

STEP IRECEIPT OF MISSION

- Alert the Staff and Other Key Participants

- Gather the Tools

- Update Running Estimates

- Conduct Initial Assessment

-l ssue the Conomdancder 6s | niti al
- Issue the Initial Warning Order

STEP 2MISSION ANALYSIS

Analyze the Higher Headquarterso6 Plan or Or
- Perform Initial Intelligence Preparation of the Battlefield

- Determine Specified, Implied, and Essential Tasks

- Review Available Assets and ldeiytResource Shortfalls

- Determine Constraints

- ldentify Critical Facts and Develop Assumptions

- Begin Risk Management
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- Develop Initial Commander 6s Critical | nf orr
Friendly Information

- Develop the Initial Informatio©ollection Plan

- Update Plan for the Use of Available Time

- Develop Initial Themes and Messages

- Develop a Proposed Problem Statement

- Develop a Proposed Mission Statement

- Present the Mission Analysis Briefing

- Devel op and I ssue Initial Commander 6s I nter

- Develop and Issue Initial Planning Guidance
- Develop Course of Action Evaluation Criteria
- Issue a Warning Order

STEP 3COURSE OF ACTION DEVELOPMEN

- Assess Relative Combat Power

- Generate Options

- Array Forces

- Develop a Broad Concept

- Assign Headquarters

- DevelopCourse of Action Statements and Sketches

- Conduct a Course of Action Briefing

- Select or Modify Courses of Action for Continued Analysis

STEP 4 COURSE OF ACTION ANALYSIS AND WARGAMING

- Gather the Tools

- List All Friendly Forces

- List Assumptions

- List Known Critical Events and Decision Points

- Select the WaGaming Method

- Select a Technique to Record and Display Results
- War-Game the Operation and Assess the Results
- Conduct a WafGame Briefing (Optional)

STEP 3 COURSE OF ACTION COMPARISON

- Conduct Advantages amisadvantages Analysis
- Compare Courses of Action
- Conduct a Course of Action Decision Briefing

STEP 6 COURSE OF ACTION APPROVAL

After approving a COA, the commander issues the final planning guidance. The final planning
guidance includes a refined commandes i ntent (i f necessary) and
also includes any additional guidance on priorities for the warfighting functions, orders preparation,
rehearsal, and preparation. This guidance includes priorities for resources needsdrigegreedom of
action and ensure continuous sustainment.

Based on the commander 6s decision and final
subordinate headquarters. This WARNORD contains the information subordinate units need to refine
their plans. It confirms guidance issued in person or by video teleconference and expands on details n
covered by the commander personally. The WARNORD issued after COA approval normally contains:
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The area of operations.
Mission.
Commander 6s intent
UpdatedCCIRs and EEFIs.
Concept of operations.
Principal tasks assigned to subordinate units.
Preparation and rehearsal instructions not included in the SOPs.
A final timeline for the operations.
STEP 7TORDERS PRODUCTION, DISSEMINATION, AND TRANSITION
- Plans and @lers Reconciliation
- Plans and Orders Crosswalk
- Approving the Plan or Order

Step 7 bridges the transition between planning and preparations. Thé¢optguesations transition
IS a preparation activity that occurs within the headquarters. It ensures rmentyer current operations
cell fully understand the plan before execution. During preparation, the responsibility for developing and
maintaining the plan shifts from the plans (or future operations) cell to the current operations cell. This
transition isthe point at which the current operations cell becomes responsible for controlling execution
of the operation order. This responsibility includes answering requests for information concerning the
order and maintaining the order through fragmentary orddns. transition enables the plans cell to
focus its planning efforts on sequels, branches, and other planning requirements directed by th
commander.

In conclusion, this decisiemaking process is sufficiently flexible, detailed and gives the
commander th freedom to choose the best way to accomplish the mission. This is extremely important
in mission command and join planning when we have decentralized exertion. The main figure in this
process is the figure of the commander, assisted by his headqueotess®nalization and training of
staff from the headquarters are of great importance because it greatly facilitates the commander's woi
and improves the efficiency of the whole process.

v v D > D> D

Abbreviations:
NATO - North Atlantic Treaty Organization
CCIR-Commander 6s Critical I nformation Requir eme

EEFI- Essential Elements of Friendly Information
COA - Course Of Action

SOP- Standing Operating Procedure
WARNORD - Warning Order

MDMP - Military Decisionmaking Process

COS- Chief of Staff

OPORD- OperationOrder

OPLAN - Operation Plan

IO - International Organisation

NGO - Non-Governmental Organisation

Literary sources:
1. Comprehensive Operations Planning Directive, 2013
2. Army Doctrine Reference Publication N6052012

3. Army Techniques Publication No:-1,2014
4. Army Tactics, Techniques, and Procedures N0.15 2011
5. Field Manual No. €, 2014
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OBJECTIVES OF PROTECTION OF INTELLECTUAL
PROPERTY IN THE CONT EXT OF INFORMATION
SECURITY

Hristo A. Desev

Abstract Encouraging of innovation activitgnd the rightholders protection against cyber threats
are the forjfront of state (national) strate

particularly wvaluable intangibl&@aowsseompygdat al
e c.) are the subject of new threats in cybel
(including modern technical means) creates the

Keywords intellectual property, intellectual propertyr ot jcti on against cyb
results of intell jctual activity
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COORDINATION DECISIO NS FORIMPLEMENTING
CIVIL PROTECTION IN THE EUROPEAN UNION

Hristo A. Desev

Abstract The significant increase in the number, nature and severity of natural disasters
occurring in recent years, as well as the evareasing costs of coping with them, have lethe®oneed
to analyze a Civil Protection Disaster Response System. EU solutions facilitate the exchange of goo
practices and identify recommendations for improving the policy and practice of disaster management
operations. Programs encourage the mutualr@ay and understanding process and facilitate the
internal policy dialogue between states and experts.

Keywords disaster, management operations, good practices.

SJITtIrRUOARJVLIR Tt LZIU1URC 19 [ u3zrtupurlicoh dsid v odd
1ERUG [l JIBESRC #39)

micd ips.s 1 4 MJ o

1 Oy d 5 dzGsdy jdegde jide ) d Is

il A 1. [jemtdo ct. 1]
AOSEddsjls Aotlsddzj egw 1 1 d sRr ;

40 Gfls.

stsdzd yd Msoslsts d MjtdL dshMislsO dzO ftedtetsHdzdisy
zij HdzdIsj etHddzd fC0OL 90O L dzO0U@dsQ,dzdasi drO teOiffiscplDidziB j |
fHteOmisdydd d ¢ BdaPddshdfizd fd s dze sMmtetsyded f sfdzj H
RO ftosdigi ddls]y d@O CdzdiBZzOlO0 d O §lsjdydodddlss- oL C
Gjdeded B OfmdesMmisd, dL @A E BB §H gdelz ff tlzl® 9 dzfp et P zts  dzO

1 0h dls0Ols 0O fipfzj z®@Bsu® § tc dSBIEPIO|N Izt tafj HHHO o i Y& 5 d
s5C sdzdzOls O Mtej HO cfd3 Zh j Mmls az®lEz| Hdndsdrssy d l4f jicdfdzte fifdld€lsz
Utedudldzlgidzt[tsajqw,tsadﬁsumw aOls 2O LkjtedlststedwIsO dzg© o W

lted ofmdySd IkjLd L ZzOrd Mj dBBOEZOGCO dL Gt@xH Odg
HOdzMC O L ONdkO d HEok '

G fr]l]'JhdzO fsdiBsh o HEY I Gzdzj dac
sObDtcy 0o 0. Iy EEOdg" sd@ls ftodyddsj ded Bls Isjtested ilsdu
Oyddzdzd Oo Otedd, RjtesftedWisdwlsO MdzjHos O HO BRO ON
sB zOMIsIsO dz20 Oy HOME OO L OMdlkO.

oty j2mMEdwis i &L ( ) M ) e slf3sly3 /HA0el X /lIsidee)d

[ ¢
Msdzd H OtedzsMisls© d YSHYSBOCO, HBfI dzo©® d kdzj mMdzw o © ¢
5B dzOMIsIsO dzO CtcOY HOEME OO L OMdlsO. [Mmdetse dzOIsOj -y dz
oddzydvy, ctlstsoditsils dd ted OF G Qdzglzj detbd Slf oyl 2O B j H
ol Ldssyded toj "N jdedw L O tsfdeckztewe Odzgj dO jHAEZOSCod EkMmd
COIsts:
V Ml cdzOmMEzo O f jtcOlsdodedlsy ftesyjHEkted L O tj OCyd
dzj G 5
V f sHEsBteW 9 @zOf st O L OydwW Is©O dzO@ tsB d3j dzO@ dzO d daW t
V Hicked Mftsmsedsmisd L O tj OcdteOdzj d JjSMmYfjtlsd;
V yjddlsj tt5 Blsdetsh jdzdy dzO© COfOydilsjls, dL ¢ e Od
wdy
C

07

Bsfls, $OCkts d fesyjHEZEOO L0 fMjtklsd Odzj d toj

J
d e
V Ekfls Odzts o 0o CIlsHIzteRddf tc OF Ofdef j td®dzd Is§  j S d§ d;

ISSN 23677902 71



Proceedingse f I nternational Scientiésoa, Conference nDef
Faculty of Artillery, Air Defense and Communication and Information Systems

V stf jtcOlsdoe dzifsg Odzedwy L O W EkdzS yd sdzd s@dijslints diz0ts kst (

V St Odzd L d f Bdzf Is® d3dzO L O tSBIZl{J dzdj, ©OdBZOOIB ydB Ok
dqroedzjuddedisd ftsz2¢d;

(8 fMdzj Ho O ff BECYONTESE OO RE O, d&OMyYJ 0 WROog mdzl §
fJdelsO dzO G lstso desmis dz@ oD MO ARG O] L PN fdzOy B O jIsij @ dz
dzd JdsBstcOBE dIsjy dz0 wi 8 L O. B @&dY ¢ dzif @ LPEIOC te BQA LLo@
fese tolOBdsB zyjdedj d Bej 3O LO BlRZYjddj dz2O0O tcOodedh j
O ftoj 0 J dea'is®,0 CsEF O dtcOdzj ss fted BJjHMIsadw.

i ey Ooadlsy Bl Mi s L O &OBjd&vL OOl ftj Ho Oted I8 f dzdzts
dzsfmisd o tORCIHJ L @zOC ek @dEMSC O L O dlsO v lydlol
ddzd dz0 Htekzedljy MfsmMsedtsmisd L O i OcedOdz L Oodfmd

RLGCGWGOYHOdz] sts dz0 dBsHEzdzd § Od@tsi | #O0gd ZOH®Is ®@E-&O o
hdlsO, "y s Miztemdlsj dzO jHdO dided L{Ow9 peg@s uiPlo O O
d §tsmisdctd] 4O lahie@z0 Mminle W3t I ls dzdstf fiply izefiaglisty. fmdzj H o0 H O
tcOls dz@ tOodedh jIsts dz® H I thetsHOQ dfdzjj dzdy dxip@zC s/ G dzitzIsE tsi1d8)

[ sHEdIs] tBjHddYeOls tjmMikztemMdlsi dO jH&O daéd (¢t
tedlsj dzdets tsftcjHjdzjded LOHOYd o BB AEZOMISISO d2O W@Qh-0cd
tetsHdzd dzOMBsSd d MO o Ml Mistswdad | :

V. HO B HOIs dLftcOh Odzd dzg HZ3dEERE O g tc OO § sTigisE ¢ M tsH

V HO tOBtlswl MOBsmistswisj ddts d dzjL Oo dfd &gts § tej L

V HO MO f jttOlsdodess Mi adidi Misddzdd M Htkzed ddBsHEAE]

V ftetso jHO sBEYjdd] d EyYyjddw, L O HO dL i dzdagw

V HO fifidistczH dzd yOls §ts yj dzj mMi sBtcOL desfls M Htekzed
ddmisd s dud Qads [ [ .

(S jtelsdlsy SCtdlts BdrO dscdzd HO dJLitOlwIig-COls
Isj dzdzts HBBWBO Bdzj dz fteddzydty, i tej H jtafw IsdzjfisiB ~ds H of id3tsd3
My s desMmisd L O tBJO d tc O dzj
CytjL Mmetdlsj tjh jdadw rmdzJﬂﬁuacBWSS%OQG@tstedetd@d@JBdt
HI Y Oodlsy wydzjdeSd fted dL il dzdzj ded jIsts dzO fydzj Hded s

V fseadh O 0dzgj dzO0 Mmisj ff j dzals O dzQ Hefrddsotfowdztsdzds ta @p dizxfjh (
odlsy ydzj d&z€d d dzO wi v L O;

V kdzj mMdev 9 Odzy dz20 B teL 5 d J W d¢ @A dets Misi @dndsts Q dgO i

sOCdoe O; & jOkRdsusOadOdzj dzO BN j Miso j dzOs PH fge g M sd3j datsMmls

V fsMmisdeOdzgj dzO o d mMisCls edgdrefipls edgdy L1 jdLis Of tdnjterj ®ls o tc C
dzj dzO0 f slsj dayifiOaiafize s j ywj L HFg@Mi tcyOoe Odzj z@H &k tzis & © ]
Mi stczHdzed yj Miso slsts  d3j Pl ¢ Pdzlz OB s jO O fd sy j Isdzd H te

RLYtsdzL 8 Odzgj sts dz0 & ts Popdzd ddp s Hfiglo €@ CfCdsHs ¢ tc O2 dzts  f
ftej HMsOodzZw o O 90O jdz fteddetsfy ¢ BYf ted P&Y d W B Ok dijehfls dzty
90l otsjdzgj dz HY BWPdysjdls LfGcde tc O HOdzMC O 18 BN dddz@ )s j Misls
Mdzj Ho O HE MY EBHB AN BOJ kMdE®Odatss jdedlsj ftetsyjHEZted ¢

[ jrOdedL dBdIsj dzO (& tslsHjdzvils M j yd Odzdets fsls dats-h j da
¥Oodlsy LO tMmihjmsoweOdzjIsts dzO GO} HOdZMNE OOOL O C
ydlsy o e @znkisdPyIsO MO dzOB j dzv L Odzd SIsH j dzdzed ctelzf d

V ftejHtftcdj &30Ols iy Hj2Mlsedw L O ftsHBKGY 9 Odzj dzO
Fdzj mMdegw 9 © tsB 3] dz@H sde@ d L dzg@RE s, C OY JdeW stcdzOydw, 9 ¢
ydzj dz¢ d f tBhd tedmitej;

V fse§tfw fmj d dzOfMmi e y©e O Hj2detsMmisdlsy dzO HI te) O¢
2O ttdMmMEsojlsy yYytwjL ttBdjd dO HtsBd fttOSIsdedO- ¢ O
dzdv d jSMfjtlsjd sfdls s ol ftesid Bl BN dd2lsj toj f

V sfmi h jiMlsew o O d tj Hso fasls ©€ jsdzOtfiad | o dzPH d3gz® H iz dh &
ftejHdLoa S Odzed tsIs yse j SO BjHMIsOa W, COlsts Mmj o Ly
d 3Ol lstcOy jdedj o1 erlz ftojojdydwvisO dO BjHMIssadwWIsO

ISSN 23677902 72



Proceedingse f I nternational Scientiésoa, Conference nDef
Faculty of Artillery, Air Defense and Communication and Information Systems

V dzOfi tyOeo O tBd3jdz dzO0 HBBtod f dOUdad &g mMEHG Fe3d
HOdMECO LOhNdIsO M yddz MftcCovwdzyy M fmdzjHmlsodwilsO ts

ltesyjmils dzO ftsoadh Oo0Odzy dO jWjSCIlsdodesmislsOs-tsls ¢
v BO Misjfjdz L Ooadmd s Mi Misswdzd jIsts dzO@ MdMmilsj BOIS O

l MmMotsjlsts tojn j digfijL H Qo Aedfjtdsitsi jdd® C tststeH d dzOyd t5dzj dz
ol detej Hdzed MdlskzOydd (ERCC), Cs2lsts HO cOOdlsdtcO
Mi cdzOMkzo © d Mi Hj2Mso-AcBBPSIEOL @B FEBPEPEE E&Of kicC
sls tsBh 5] otolisfftg RPMMCJO qEedsC tcd o Odzj , tcOdzdets ftoj Hiztfzte j Y H
tod ol L3y desfls L O Bi toL s toj OcdtcOdzj diBjYHE dzOBd tsdzC
o jMmMwoeOdzgy d oti LSCdlkj ddg i ERCC d CECI S.

vsiLd MdMmlsjdkd IstcwBo O HO GlsydlgOls B i Hgtd Ausgfd-efQ lds
sjdsd LO ddit 5eBOydY, ki ondds dd fkdondiy @das Y
LJteOdzj d dLYitwOhMOdzj dzO My jtelsdd JSdfd. wdmisj &3d

V kdzj mMdzw 9 Odzjy dzO CtsBteH ddzOydw Is © @izQe j fOSsogtd Q) - IsdsO
sodw d MmihjMmMlsoweOdzy dzO otel LSO M SCtdi3f Jlsd dzlsdzd s j

V {SHY sBOC0Odzj &O HI 6y 0000, §sdmMSOkO §sdsh,
ftejojdydw, ctltseodtsMmls dqdzd tj OcdtcOdz ;

V HO Mi LHO8 Ols d { tsH HiOte @l§ HipisiPe & didg ) dz0 dds< d Mk
lsded sy 4 Sdqd;

\% tBOLtBO BtslsoOdzgj d fHHEKI ¥CO dzgO e ¥ O s B EZY,
BScO HO B HOIs dsBddzdL JteOdzed o CttOlsi ¢ MesCs- L O
tc d dze dzO d dz¥ bsdejddipdg'do' Bd3j ddzO® ¢ steH d dzOydv s O;

V EBdzj Mdgw 9 Odzj StststeHd dzOydwisO ftod ftej Ho Oted O] dzdzts
odly ydzjdzCd LO tejOcdteOdzj fted BjHMIsadw o ORI

V {sHf B30 0dzj bkfmMddzdwlsO L O fsHtBteW e Odzgj dzO s
Hicze doenditssfiflsd L O tj O dteOdzj , GHOsEsts hla ji d3ote G Ssisid Coddzddd
Hi 63 Oodlsj wdzj dzCd ¢ dzO d3j Y HEdzOtetsSH dzls 6 Oo dzd h j ;

V ftejHfted ] i30dzj dzO dgj sBrtsHdBIIsj Hj2Msoadwise toC
90dzj d OSlkzOdzdL dttOdzj dzOB lsizOfmitsd jd d3 NS@ESE datsl 8 s@BE s | o
sdeodzdw i dls;

Il sy MO dO (tedzOcOdzy dzO tjh jddwIlsO dz0 [ u,
Hi ey 090 fCOLO0O dgjHBMISOLI yd d fteseBdzj &3d o OMY j
Wz dz€ yd tsdzd e Odzj .

ltod fipwgi@psj sts dzO0 Hj2desMisd o tOL dzdydedlsjy fmJ Cls
mMi hdlsji o e jyibts Mdzeyod dzj SCttejMitsdHdeOIlsdy tsdd
LdJteOdzy d2O0 BijtwSCdlsy LO LOMNdKO ftcd BjHMIsSa dW.

10 fteOQoddzdetsilsts W lzdeC yd tsdaftef@dd] fde@ fmpd]fmldnilsdz@iiw® tg O @k
CessteHddzOydwY d tOLftejHjdzidd] dO tletostedzsmMBdls
o jdydqwis0, ctltsodtsmislsO, tj OcdicOdzj s®CEJd o dzs )k Q @y
ofmdyuysd L Oddzsj tejdE@spdasiddO dipiste O dimfj cdgAs dzO dzdzts 3 fls dats
OHjdedIlsj ©® IsOLd oti LSO ftcOoded dBBj -~ Oded L B ¢
' LOlstclzH dzj dzedw fted tsfmi h jMmisewe Oz dzC
Isj dOMRPE@&dEHP L O B0 figd B j HMIS:
ddlsj o tjfkeddC0O 11 dzeOtedw dzj ¢ ted
Y sls 10CtsdZ2Z0 LO LOMNdIO ftd BJHMIsBW,
i M fstzdyd Odzded L O

J 0z tcsBdzj &3 9 Htosyj MO dO LkftcOo dzj dzad j  dal
kO ydedw jShfjtelsjdz SOfOYdljls, fdo
s@Mise ©. v 0O otsHd HB dijst fiisdsaldstd vj adfd
tcdMC O BlIs BJHMIsoadw.
] OLo0O, ud fYtjHodH]jdd d3j~OdedL Bq
O ftcd BjHMIsoadwo d AtsBWoawoOdzj

ISSN 23677902 73

s ¢
LOhdIs



Proceedingse f I nternational Scientiésoa, Conference nDef
Faculty of Artillery, Air Defense and Communication and Information Systems

L HO MmJ tOLdeRf tc @ dij HhtsdatOfplgls@zts | dzi sBrSHd B f to]
jJCtOlswo Odzgj dzO tojydds ABjHMmlse jdets ftsdztsy j ded j A,
dzj tsls MistcOdzO dzO S B jIsj dzlsdedIlsj e Odzd .
] theétsotte &0 kjLd ©OLddydY {GHE s j BEy @GO-L O |
Mddzj dzed j Iss MO CtstededteOded SIsSH j dzdzed Mt Odzd SlIs & stste
Ckztowo Odzgj dzO Mmd dzdes ddzMmisdlskzyd tsdzOdzdets dZzOyYyodzs dz0 Ik
sjls dz20 dzOYydtsdzOdzdets, toj cdtsdzOdzdets d d3j Misdets dzd o ts.

diL HOHIguwZdVj Is L O dzOBBOdzvw 9 Odzj dz0O tdmMEC O BIs BJ HMIS
Hj2detsmisdlsy dz2O0 [ ddedflsjtemMCdw i oajls s WtstodidtcOdzj Is
9 tBdZOMISEO dO L OO0 fttd BjHMIsadw. uvBR2OPBPFOL
ZOdzdzOIs© MisteOlsjecd™w L O dzOBOdY o Odzy dzO tdMSE-HBOHEE OB
sls 10 esHddzed. l1tjHOdYHO Mj Mi LHO8OdzjIsts dzOB Mi 9§
zOMmisdedlsy EZftcOodlsjdzd d S diBjlstso jlsfzv 2O O  dzQPW &St6d
zv 9 Odzy dz20 ttdMC O tslIs BjHMlsadwy dzO fMmi slse j-sdafts§ Czgio
sls Mk jClsd, &3O OdcOyddijdsd €I &5 L O dlsOO f ted
2O IsiLd Ml oajlsd dzO BB dZOMIsds d BBh Jdhtts ddo .

tOLh dqtew o Ols Mj ol L BEsy desMisdIlsy L O ttOdedets 1 tog
ftesMistcOdzw 9 Odzgj dzO ddeW steBOYdw €7 &3 sBh j Mise j dats
tedw, YtejL dLYBd o0dj dzO Ml satcj d3j dzdzdIsj ¢ i5H6 :uf
fsHsBtY o Odzgj O ddeW stedzdtcOdetsMmisls© dzO0 BN j Mise

t OdgdesIsts ftejHEZftcjyHjded] dLdmME e O:
sfmi hjMlsowe Odzgy d2O dzOB dz#E Hjdzedj L O dzOdzqd
OdzOdzdL dzO HOdzdzdIsj tsIs dzOBdz¥ H j dgd j Ists
oL Jj BOd] dz2O0 toj h j dedigs daslds | M lsste@@OzddzO € s d
tcOL ftesistcOdzj dzgdj RO HtejHEftcjHdI] dzdzO d dz
©

= 72
Q-

Bt
ftojHftodj B3Odzj dO Y wSHASHWHhd Hj2Msodw.
[ detsy j Mlsotslsts BjHMsadw d ddzyduj dzlsd ¢ ¢ 0OL Or O,
fsHEsIstse € O, Qtsd3|zddeOuc§-|WIzlsGstrack,‘Gﬁd2$1’ H qiz@0 i “ls Qizdedjlsyj
dzq .
z fls

gorwnr

tg H

tcj O dtcOdzj, HBBttso tsdzded Is j tcd3d tcso O d dzOlhj dzj
W o Odzj lsdsts d2ORA sMis j § j dz dzO LOth q 52 yd o ©fls
dej sts dzO Istej dedcppaYdz) dz Eupy e, 6 y syd o qd f
tej] OcdqtcOdzj. [BEYyJddjlkts L O LthLso d BJanlsaq’W
LOMN OO dO Y dotlsO d LHtOo jlsts dz0 dzOfj dzj dzd j Ists.
ftcd BJHMRMIOo d s OH d2OIs, Mo jdz BtecOdzdIlsy dzO L 1 dzdzd L
Hi to) OQoaded tstecOded. [BRZYjddilkts LO LOMNdIO ftod BJ HI
sMdelzew e Odzy d2O JWJjSIlsdeaded d QtststeHcfdchtGOdzc{ Hy2Mlse

ltejHodHjddls] f tculEbjedRf] of fdtedo dafifjded j st dzO0 6] {
stsRBIdMdwWIsO dzO (v, Mj BYOLC9aO HO HBHtddz MOIs L O yw
BjHMladY dz20 dOydtsdzOdzdets, tj ¢ dtsdzOdzdets d d3j fls dzts  da
Cwists M shddhbfdgaptc® | tcr k2 tej OCyYydwilso, ¢Ci d3 yw dztstdipls dzO
tcdlsjlsdes d tMisOdOddlsj ¥Y¥OoLd d&O yds¢i &z0 L O kf tOs dzj
ovweOdzl) fted BJHMIsadW.

(
d
L
4 dz t

tc

References

1. 1O0Stsdz LO LOMPdIsO fted BjHMKE®E Y, dLd3. rrl1. Bts.
2. 1 Oyddzida? § &zOdz L © L OO fted BJHfI’]lSSdW.

. rdquejSlsde©® 1313/ 2013/ 4

1
4, wlstcOljecdw LO LOhNdIO dz20 Bl SkHted &list 20K kzd Q@
2020.
5. | OatcOddztseo . 1]

L s Ofdzsfls d LONdkO &0 dzOfj
| Otedzj GaEEsH jdz dedo jemdlsjils Ay

JtodestedL J Yy mteOBI tei

ISSN 23677902 74



Proceedingse f I nternational Scientiésoa, Conference nDef
Faculty of Artillery, Air Defense and Communication and Information Systems

STATISTICAL MODEL OF SURFACE-TO-AIR MISSILE
SYSTEM

Stoyan N. Chanev
AvVasi | Levski o National JMefdndetarel Commuhicationer si t y

and I nformation Systemso Faculty, @AAir De

Abstract Presenting ofurfaceto-air missile system like statistical mod#imass service systeny
simulation modeling by MS Excallows determining mean of the number of destroying enemy aircrafts
and estimating its combat effectiveness.

Keywords statistical modelsimulation modelingsurfaceto-air missile system, mass service system.
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sdzjH WttdzdzdOdzj sts 2@ fipg] dBd2OsHdtklEdzdHYO  dfsiH jtfifis S o |
Bjdalsd d fodkzyjddks] tjiLbkzdkisOkd kb Mddaz&oyddlsj HC
Hicke ftscdzijH ftod OdzOdzdL O dzgO MlsOlsdmisdui MSd BBH | &

[Mdeso dzd s HOdzdzd, SCStdlsts MO dzgj sBRtSH A deCO LitferEls t
sOo jdz COIts wf [ (MdBzdzOydsdedets BsHj dzdtceOdzj ) M@
fdzi sdzslslsO dz0 § slssC 8 ,l€ OEashpdziay jdddes j Le@"QedEOdpYdj 3 H I

1 dz sdesflsls© dzO $Gsilsds COf tsjsH jL dDviceogtispy dzts L He®@ fjj otstf to j H
ted yo dz0 vyj dzj wOL ftejHjdzjdedjlsts (fAt), dBBHJZJOMNO
Cezf Jcsoa COBO LO 11 [.
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1 &z sdesisls© dz0 fslstsC O tsls tsepmdzzy j ded L ©Op SHY td e J
sls dqLOL O:

(1) u=f,

Cil Hilgts BBOIsj B3Oy MEslsts YOS o0 Odzgy dzO Mmtej HdzdW yYd ¢
lted JHdslsdfdd Stsdf dzj ¢ md:

(2) = mi;,

sSts6 09 O:

(3) ::::r_v'._::;

CiHilkts m jJ BtesWwW dzO jHdtskdfddlsy L t¢.

l JHdOGEO MdzjH LOftyesaOdzy O ttOBBIO ftesyjMmils o
ftcjrtHjdz ftesyjm d JHOO MdzjH dzjectsoatslss L Olsdnro O
ftcOCIsdyudi MSd dw"dBO HO LOsadmwlis B®ls ote] ddgzp fls | ¢zdz® BIs (
Codzv RBO s d0B8P My dqLyitdl ol LOsdMmMddisMmisdisy, 6
(4) Lo=(2 =300,

10 HO fdzzydds ttj OdzdMmisd ydzed MmMists2 desmisd L © ddzlsg te
Btets? MddkzdzdteOdd o t§ hjbty isEigy @vagd [ § Gy &t M isz- dzO
dzd ftcd OdOEZJL O d MksOdmMisdyi M OO BBKLOBIE O dO
MdBzdZdtcOdzdIsj ddzlsjtco Odzd hj | BOCMd BZOdzdets o L gy o
Rdzls jtco OdzO i3jyHE LOWeCdlssOELO, MdzjjH 81 ©® 1lz) fm;ts%sl;[tdsct

ks dd5 §sMmisi §o0d o-lsghodw [ BEdEEOERGE BORA to] H] -dz0
ki oL Od®dd slhlstwddw dOptdzj & O6(J fzdzl Bjn O] BQ @ &t ¥ §

st © kMmdztse dj .

14S0 tOLCdAp HIOMRS Oa jedz, CHFlsts [ [ M tsctcOded yj des o toj
HO O COdOdZO dzO tsBMdzEZy 9 Odzj (yjdzj od € OdzOdzO) .

AdCi dzO dz0 Milstcj dzB Ols©, 0O tslsls Odg; die, df@zlsH alzD I§f @ dztp jndz jf &
(As) Mj tw©WOL dzd yoOoe Ols u’tstGOHc{J V@D CHlstXs W Isy j dz& | Bdts jdBQHO=ptS
¢Cd COdOdz j tOLddyjd d jJ ®byjljds stjdkilsts L O
Htclzce d szndztsacfw 1A fnj tGOL[I[tGJHJdZW Zz0 dzj ¢ 5.

4l ¢ dzOMmdz [ 1] dz© W da. i fsC0OLOd Okzetsted Isi dgd dzO
Ks d ASUOhQOB@%BHg&B&@&@q@QD@O¢@O i M [lvy &
BOdzE d tc OrundstiswWidid W( H Odzj Y dz8b km)ie Odzad yO© dzO@ 1
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. TeficTBHE
CheTosiHEE A
B TIK B (mocTHOBA Ha, Boavokmi ceroannd na IIK
OTKA3 0T H ,,0namKaTa®
+OIamKaTa® "
00cTpe1BaHe)
CpoGomen | ' ' | CB0f0; GOK; 6 '
| — | 1 C JIeH, 33¢T, 0CBOGOAIABA Ce, 00CTpemBA |
1 | | ]'EK ! | | “ |
[IK | | | HoBaBII, o6ctpersaBL] ot omamKata |
| :
N Jommmeeeed :. _______________________ JI |.l
| |
JaeT I | : | CBoOozieH. 3aeT, 0CBOOOAKIARA ce, 00CTpEMBA |
LS L .|
| | | | goa BLI, o6ctpensaBLI ot ,omamkara |
R —— { . S—— i AR R
! ! ! ' ! JaeTa, 0cBOGO:KIABA C& MACTO, '
! 3aeTH | — | ommxt €| I
| 1K | | i | TI0CTHIBA HOBA BI{ |
L [ b | Lemmmmmmsmmmcm s aemesansa e sanennnn e aeneaned) I
l 3 | I |
3aeTa l I 0TKa3 0T I
> | —> |
! OmAmKa‘“ ‘r : ofcTperBane |
l " \ | Tpel [

Adce. 1. ¢dzestedlsi @3 dzZO dBsHjdz d2O L t6¢ (wf ) d ¢

v OB d&ZdYyoO 1
C D E

A B G H J K
1
2 BepoatHocr 3a otras ot obctpenzane Ha BL (Potk ): 0,07692308 3pK - o 11
3 3aetn LK (cpemuo): 1,2477109 (mapametpir)
4 Bpoit Bl & "onamekara’ (cpenno): 0,27273837 At= | 0,005
5 =1 11
f pl=1]12 | .I
7 w=103
8 Lom=| 2
9
10 T enepupasie Ha Bn3gymHa uen (BID) 0,69044842 | 0,998646 0,93312] 0,87255 0,78736] 0,19427
11 Hauano T enepupane ua obctpeneade Ha BIJ ot neneen kaman (1K) 1 | 0,04192333 | 0817336 0.31701]0,71229 0.12697| 0.55928
12 t=0) Tenrepupase Ha obctpeneane Ha Bl o1 ITK 2 054266237 | 0,637689 0,84888| 0,54565 0,34781] 036325
13 NeHa cTBOEATA 1 2 312 313 16381 | 16382
14 0 Bpeme (f), m 0,005 0,01 1,56 1,565 81905 | 8191
15 [ocTeneane Ha 1en 0 0 0 0 0 0
16 Obcrpeneane Ha Bl ot [JK 1 0 0 0 0 0 0
17 Obcrpeneane va Bl ot [[K 2 0 0 0 0 0 0
18 1K 1 ce oceoboxnasa 0 ] 0 ] 0 0
19 UK I ce oceobompasa 0 0 0 0 0 0
20 1K 1 obctpenza Hora BL] 0 0 0 0 0 0
21 IIK 2 obctpensa Hopa BL 0 0 0 0 0 0
22 1K 1 obbctpenea Bl ot "onamsara’ 0 0 0 0 0 0
23 [IK 2 obctpensa Bl o1 "onamxara’ 0 0 0 0 0 0
24 B "onameara’ ce oceoboxaapa MACTO 0 0 0 0 0 0
25 B "onameara" noctenea Hoea BI[ 0 0 0 0 0 0
26 0 1K 1 e zaet c obcrpeneane Ha B 0 0 1 1 1 1
27 0 [IK 2 e 3aet c obcrpeneane Ha BI] 0 0 1 1 1 1
28 0 3aetn mecta ot Bll B "onmamkara” 0 0 0 i] 2 2
29 0 Otkas ot obecrpeneare Ha BI] 0 0 0 0 0 0
30 0 Berruxo BI 0 0 3 3 91 91
31 0 Beuuko otkazn 0 0 0 0 7 7
32 0 Saetn LK 0 0 2 2 2 2
33 Cpegna opmsaiHa Ha "onamyara’ 0 0 0 ] 0.0 0.01
34 3aetoct Ha LTK 0 0 0.01 0.01 0.01 0.01

Kt dzts dzg@OQ O dzdets i Mistsw dzfg). dzO@ MdMmilsj B3OSO (
E2.F8i 9o n sHdzed HOdzdzed L O d3tsH j dzO.
B2C4idL~BBHd HOddk LO Wd@tsHj O fttd JHBEZO tj OdzdL Oy
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Il Hsdg® tsfdmoOded Jj dzj 34 delsd sy dzO dBsH j 20, dtsedyd M¢
MS Excel oH:fMdzj HdzedW o

@O t6jHO (SdzjlsS0O) /| jdzjidgidals / deseduimsSd otei L

10, 11, 12 / | JdejtedqtcOdey dz2O0 § sMmisi §f 9 Odzj sts dzO |
yddzjodlsy €0O0dzOdzd As 1 d As 2 |/ drLel ehoO Micd
&6 (0,1) / €10, 11, 12=RAND( ).

13 / 1 s3] to dzO fr]lsll]’QOIsO /| s 1 Hts n (ftsmdzj HB9 (
cCi13=1, D13=Cl13+1, ¢

14 |/ Htjddmi(n] [/ 0 L O dzOyOdztsls wptdd dfigdEz@z Ofnyds v HseOC
/ Cl14=%F$%$4, D14=%$F$4+Cl4, é

15 [/ 1 tsfmls thaOdzJ &zZO0 yJdz / 0O0¢C Mk yO? dEvists Byrfsfisdzt
o MdMmilsj 3OO Y sMmlsi o ©®© yjdz / C1l15=1F(C10<$F5*3$F3$14

16 / [BMistej dzo Odzj qia® IsAs thisisAfORAME dzs OCGs, 1) fsted ¢
tcj dzo Odzgj d2O 1 A s As 1 Ists 1 A Mmj teBMistcjdzo © I As

17 | [BMistej dzo Odzj qdz@ IsAs thiszzAO?2 22tsls sO Qg Mdzs -0, 1)
tcj dzo Odzgj dzO 1 A s As 2 2lstt ICA 6fFjl Ff 6bfifl$Std j* BF @B 751 1Rs

18 / As 1 Mmj tMotsBBYHOO / O COdZOEZO dzj j B
sts As 1 M tMotBtsyHOO8O / C18=1F(AND(A26=1; C16-=

19 / As 2 Mmj MmMotejsysddOL O OCEdzd OUOd®@dz@z]j j B d C
kts As 2 fj tMotBtsyHOsO® / C19=1F(AND(A21=1; C17=

20 / As 1 BBMbstejdzo O detsoa © J A |/ OSB As 1 j B
MdMmlsj BOO (kMmisi ff dso Q@ wBfistcj dzo © dzB1BM;CU5)1,0)/ C:
D20=IF(AND(C26D18=0; D15) ; 1; 0), ¢

21 /| AKs 2 wBMtcjdzo O dsoa © 1 A / O¢t As 2 j BJdz
1 (MlsOthd COdOdz) dzgi BBMiIste] dzo @ AleloAQ sjtlz, A s 20 tfipc
1 A | C21 =1 £(9A0NRA=G213);1:0), D21=IF(AND(CZI1 9=0; D20=0; D15) ; :

22 |/ As 1 tBMbtcjdzo O 1 A tls AsfOh COlsOi / OB Asps
Hddz, d As 1 dzgj tBMdzzy o Otsfifdsio Pd d&z@ s o O dMk) B3O Od d
Asf Oh C OO, Is As 1 tBMistcj dzo O ICAS=s0R0=BA28§>0)"10)PIs OF
D22=IF(AND(C26D18=0; D20=0; C28>0) ;1;0), é

23 |/ s 2 tBMbtcjdzo O 1 A tls AsfOh COlsOi | ©OBESHKS
Hddz, d As 2 dzj tBMdZEY 90O dteO® I A (9 MmMdMmisj B3OSO c
Asf O C OO MdzjH jojdzszOdzdets tsBMdzzy 9 Odgj dz® As 1
Asf Oh ¢ Ol Of / GQ19=6;CH £0MRBC2R>D)A;0), D23=IF&AND(C27-
D19=0;D21=0;C2D22>0) 1; 0) , &

24 | 1] AsfoOhCOlOid fj tMotsBYHO O dBYWMmists / OCTts
Asf Oh COlsOA M) BMotsBBYHOO dmWMmists / C24=C22+C23,

25 /| fOhCOOA fsMisi {90 dtse © 1 A Als Qifjtsytses fiigin
9 Ols dztse9 O A tcOL

A s
A, d
s Oh ¢ OIlsdgd di¢ Of s Is
fsmisi f 90 dzts ©
D25=IF(AND(D15=1;D20=0;D2
26 | As 1 |
J

Zd S OISO BiyHE BtesWw dO 1A o A
BOC fd BOdzdzts H Y 2Mis PO Ils @ sH I odzyAdtlfGe
0] 1 A / C25—I F (CRNI23<EFHHE;0)1 ; C2
1=0;C2822D23<$F$8) 1; 0), &

LOjls ) sefMistjdoOdyy dO@ 1A /| OSH £
sBMistej dzo O 1 A sl A I0C20+@R200P6=C20A B6+DRDG+ D22, &
27 | s 2 LjOjdED f] At B )l jsdzokGdz 2 dzj fj J Metss
sBMistej dzo O 1 A sl AIOC2e+@R3COR7=C2DADADRA# D23, &
28 |/ 10jlsd &BimsO ©®k 1A o AsfOhCOkLOA /| BtosY d
Asf Oh COlsOA tsB fijdsAs j Adzo Offates fiis Isf mifgkd dzd s j dzetso-§22) £ o
C23+C25, D28=C2822-D2 3 + D2 5, e
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9 / [lCOL Bl weBMistj do Odzj dz® vyj dkzsO® / OF tstz-o )1
s d&seo0O 1A, d o AsfOhSCOLOA daj qsmbuyq@msém
9=1 F(AND(C15=1; C20=0;C21=0, C25=0);1;0), &

0 / Ifmduss 1A / Bttw &0 1A fehsi §ddd o GrdMhls,
wis®@ / C30=A30+C15, D30=C30+D15, ¢

1 / Ifmdust SOLd / Btesw d&O 1A ) deck of
j®Bj dz0 mdkzdOYydwksoO / C31=C29, D31=C31+D29, &
2 |/ 10jkd As | BEBW dO jHdsotj d&j dedes L OJ Isdl
2-=C26+C27, é

3 /| uvtjHAGO Hi dydd® &O AsfOhSOkLOA / LOjRBdIs]
flsleg@CILOC28* $F$ 4, &

4 1 0jlssfls d©® As |/ LOjIsdlsj As pt & d3dzts
4 F$4, 6

2
3

C32*$%
I 1 jtesWisdtsMls L O s5Isk,)PC2=B31XBDABs tc j dzo Odzj dzO0 1 A
C3 /| 10jlsd As (fMwjHdt) / C3=SUM(C34: XFD34)/ XF
C4 /| 1?2 | A(DcABREO) COSOF=SUM(C33: XFD33)/ XFD1
I mMweO toj OdzdL Oydw dzO@ dBsHjdZzO M esHd L O jHdd
2O fsdkzzyj ddlsi tjLEzdlsOkd | djsBrtHd®Bs ftetso j ) H O
MS Excel j o Mmimtswdedj HO dMmtflisizdz®@ y@glstsBzOIs d ydats
10 yYyJdzsoO jJ dzgisBraHd®BBE HO M M LHOH] IOBdd-yO ¢
odw tjJH Mj HBBOoW d CtdztdzO f dbkyddw Bttt?2 Mddkzd
ytejL dLYtsdzL 9 Odzj dzO o ¢ teDaaMiaf-AdgjadzsylssO / st/ DHadg jadzst IsaCh
MijckdzlsOolksdlsj Mj ¢jdjtedtcObOdizgr@saddizdy Btos2 i dls
s OB d&ZdyoO 2
1l tets?2]| 1 j oW ilsdesmis] L O) O&SGL A s 1 tets?2 1A
Md Bz FqOBEd B Mistcj dqzo O dAj M tdgOH dzth ) : o " tf Oh¢
( PtslsC |) : (Mt H dzts)
1 0,101851852 1,532352582 0,492186546
2 0,178217822 1,506714687 0,497802466
é é é é
583 0,10989011 1,414418264 0,394213161
é é é é
1000 0,091954023 1,237577829 0,300451715

10 ftejHjdzvdz] dz2O o jtesWilsdatsMmisse), L @ tslsl6 @dz dlsdz® B 4
LO tBMistcj dzo Odzj dzO0 1 A :

(5) Poge=1— By
fdzj Ho © HO fj dL o®deddid inls®@® dintsdity n&d{ls ] t©j L ZdlsOls
ytejL dLybd o 0Odsj &0 ocicOmjded Ddkj dzs AD/af ty s s dz*Die @

Dat a/ Data Analysis/ Histogram MO {tdkzyjdd: Mol
~ndMissctcOBO O tsf dlgdedilsy HOdzded (W JekzteO 2
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v OB dzd yo 3

0,045760145

Column 1

Mean

0,111753146

Standard Error

0,00157961

M edian

0,106382979

Mode

0,166666667

Standard Deviation

0,049951641

Sample Variance

0,002495166

Kurtosis -0,427420683
Skewness 0,270502466
Range 0,263464652
Minimum 0,011764706
Maximum 0,275229358
Sum 111,7531457
Count 1000
B33 F IR LOYETIEIITSERIEEIRE
y ] e ] s ) ~ @O = o T 0
SREEREILNCDSEERIRAIRTIZIZTERZR
[ T N T BT R O o R o T i G o o L~ L~ S [ M o [ SO o T o' |
IR EEREENNRIRITREIREZZSS SN
cocoe 229 oA d dd A A A A A A S oo o ™0
o O O O o o0 O O O O O O o o o O o o

===l ONM1THa

>

qde.

PoTk

——TeOPpeTUYHa

80

0,241233919

0,249732779
0,258231638
0,266730498

More

MmdMssEteOBO &0 i dlsdedls j

AiDef ¢

H O dzd
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lteso JioC O dz20O PHEHEP ] L O @wOL ftcj Hj dzj dzd J

stedlsjtcddlsi LO fteso jtelO dZ2O SOCdo O MlsOIsdmlsPyi ME
fdd . vi MO sMmdsedd L O tOL dbd §Jsdsi di3g diwded s | I3BEY tSdf
dzj dag(x), fHtsMmistetsj dz YytejL 6 dIlsdfly)p zu® dzgdgef Is O U2® te10dz@ t
ftej Hf sdZOEOj BdWY LOCtsdz, bt ndflsjLOlO, SCtwlsts dMme

(6)  EuF(x) =F(x)

{Is fd uS d dz@ teffls § z@Hdzy RGOY tod dztsy j ded j | OB ddz ¢
qub wd2) [ 3]:

(7) X =E- _—",

ClHjlaBBEtEBY dO CdzOmtse jIsy (ddzlsj tco Odzdlsj) MmdzijH J o
FisfdlsdzO yj MistslsO;
i lsd sted Isd UdzO Ud s sl ®j dzdzPo Wi . 2
stedlsjtedwls &OLdinEd®ndindatd sjtt]lsd udd BYd gbs5d
v ¢ sd CdzOmMse ] btsoe O bkfmdkztcedj J dOtkzh j dts, -tsgzd ung
cOLfsdzsy Jdzd HB dBsSHOKO d2O Jj i3 dlc  dz@zs® dz0 fipDea -5 H ) d
CiHjbs o J BtsWlils dzO fftedmi jHdzj dzdIlsj € dzOfmtse j .
1 otsw zO ¢ dzOMmtse jIsg d ctOdzdydlsy d d3 -mData/Datats j H
Analysis/Histogram.
vy BtejlsdydzOlsO yj mMsslsO oi o oMmj Cd ¢ dgGi i OIsOf & jzwigk
® MS Excel A= NORM. DI ST (x; mean; standart _dev; c
HYW dzOIsO cteOdzd yo dz0 <€ d&zOmoO, O MlsOdkOdkdlsj Mists? dzts
f sz y0eo O (CBdzZcdzO 6 9 ISOBEZIJYO 4) :

(8) Vip= By

Cl Hjkbbo jioWisdesislsO L O s OnOdz] tdddd fifydzlz yO2 dzOls O

nistesY dz20 sfdlsdlsy.

dlsdz0ls O3 jfnlsisBO] &0 o CtdzsdzO 7 dO OB ddyO 4.

Codzsdz® 8) fj BftjHjdv o M skesjkfsadj M Wstkd
} seOHd W OCIsOzMOJciry] gdydus d5 4 dL el toh j dzs fsted )
i, O BteWl d&O Cdkamtse jlsj J tiHEYydteOdz HT

1 © ftodj BOdzj / slsmer toiyj dzj L z8dzL 9 O MlsOlsdmlsdyd
=CHI SQ. DI ST(x; deg_freedom; cumul, atCii we))lsds (xtfstygfm dnjt
O 8 d eighld jrfejedddo mMiz@ 4 Mo sif ey @ j dzwIs fmj COIlsts tcOL dzd €
m)  BiW dO Mmdzkz yioRaans,j 9tjaaddafjdat PBw OaOi @y, @&
(5B ¢ dzso | dets 5@ ,dAsH)s.ls O Tz fipls Ols d M) se BEMEO s Ots f dz lsatzd) e
feslsdo st YOls d&z0 Ml ®E 6@l @ d fnedy Yoo .
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v OB d&Zdyo 4
Toom - oom L teOded yd d4 Ft(x 3 3 G
1 1 0,0117647] 0,0226582 22,65824% 2 18,83478
2 2 0,0117647 0,0202639 0,0335083 10,850028% 16 2,444436
3 3 0,020263¢9 0,0287624] 0,0483144] 14,806159 20 1,8219436
4 4 0,0287624 0,0372613 0,0679441] 19,629627 25 1,4692539
) 5 0,0372613 0,0457601) 0,0932277] 25,283653 30 0,8797749
6 6 0,0457601 0,054259] 0,1248669 31,63922 34 0,176151
7 7 0,054259] 0,0627579 0,1633323 38,465369 44 0,7963564
8 8 0,0627579 0,0712567] 0,2087654] 45,433085 51 0,682114
9 9 0,0712567] 0,079755¢9 0,2609008 52,135407 60 1,1863689
10 10 0,079755¢ 0,0882544) 0,3190243 58,12347 66 1,0673783
11 11 0,0882544 0,0967533 0,381979] 62,954754 74 1,9378593
12 12 0,0967533 0,10525221 0,4482256¢ 66,246627 61 0,4155245
13 13 0,1052522 0,113751] 0,5159519 67,726286 65 0,1097452
14 14 0,113751] 0,1222499 0,58322 | 67,268075 53 3,0263681
15 15 0,1222499 0,1307487] 0,6481311 64,911102 50 3,4253149
16 16 0,1307487] 0,139247q9 0,7089848 60,853731 53 1,0135959
17 17 0,139247¢ 0,1477469 0,7644109 55,426018 42 3,2522265
18 18 0,147746H 0,1562453 0,8134563 49,045411 57 1,2901408
19 19 0,1562453 0,1647442] 0,8556202 42,16395]] 37 0,6324452
20 20 0,1647442 0,173243 0,8908364| 35,216194 36 0,0174451
21 21 0,173243] 0,1817419 0,9194124| 28,57602 33 0,6848959
22 22 0,1817419 0,1902408 0,9419403 22,527823 25 0,2712938
23 23 0,1902408 0,198739¢ 0,9591945 17,254202 19 0,1766417
24 24 0,198739¢ 0,2072385 0,9720334 12,838924] 11 0,2633899
25 25 0,207238H 0,2157373 0,9813149 9,2815501 14 2,3987124
26 26 0,2157373 0,2242362 0,9878338 6,5188421] 5 0,353879
27 0,2242362 0,2327351) 0,9922819
28 0,2327351 0,2412339 0,9952307]
29 0,2412339 0,2497328§ 0,9971299
30 2! 0,249732¢ 0,2582316 0,9983183 1aioozeq SR
31 0,258231¢ 0,2667309 0,9990407]
32 0,2667305
SUM | 50,5485
0,998791
RBO2Cd fwjHodH MisOldmMisdyj Msdv Ddgbded L H@O (Eseaizia

Isj BBOIsd yd M slsts syYyOSs 9 Odzj
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(9) Mx] = NyeoBy
Ci nikits oY g0 tefistj dw dzdlsj yj dzd:
(10) Nage = AlpFags

Cil Hj iW:dzl sdasmislsO dz0@ dzgOdzj s O;

T tosHI dzy dlsj dzdetslsls © dz0 dzgOdzj IsO;

p..lo jtiosWisdetsmislsO L O tsfisph gzazOdzij dz) ¢ jerly s W tstc
o jtosWilsdatsls L O kZdzedh sy Qo 0Odgj d2O yjdzsO© f; nd-tcOC
Bsmls s e dwIisO dO fistcj dzB Ols©O, o dH O adgQiztsy jjdzILQ

(11) E=1-0-2",

CiHpEB oW Isdzetsfls L O bkdzedh sy O Odzj dzO yJj dzs© fp 1
tcdJ BO tOL dzd ydgd Mlss2 desisd o L O dMmddBrsils ls EMd
tetslsdotsH j2MlsoadjIsts.
1 dzded e P Q@ ftedj Bj o dHO:

(12) M@ = 1-B Il - (1- A"

1 4 Si911; to=11min; B, =011 ( M ¢ dzO M dztw. = s H JOZ@ROdzj] o o te ON OL - G tol
90N O OCIsdodzs fteslsdoassHj2Mlsoadj d dzjlswh O ff tukz fted
4l ¢ dzO fdzts W stc dzlz dzO
Mxl=004x5] A .

l COoOyjfmeats dz2O0 SCtwdlsjted? L O BS2dOO jWjCIsdoe desf
dZOH j Y Hdesle, . J20 1 1 [ (

(13)  Heeo =,

Ci HjNBtodzd h 5y j dzgd vy j dzd tOsdzjoliRfiarSisd jyj dzd o  dz
NiBlesY g0 yj deellsj o dzOdzj kO (

i ¢ &ZOMdzs f sz Yhdrd B ior4 O ks O EdY 11, ftod tslstOL
Y dedlsy § OO Isted .

RLOBHC(:

1. RLGBojdd¥ MsOldmisdud M d dsssinjd ted2@zj L @MSY wstek)s
Excel ftsLotsdzVea0O dO BOLO fteseo jHjdzdlsj JSMijtod dzj &
slsCOL s teMistej dzo Odzj &O 1A L O Lt Bl Isdf 11 (1L
dzO wtBMdzzy 9 Odzj Ists L Q@zOCeddigfj. S d fsls u;dz;scflscj (SN0)

2. RLGBISo jdzd" BSHJd j l]’tsd Ndd3 d fted LS4 O F
Y022 Bswls dO 1A o Astf Oh OO J tcOo j dz dzO dzlz dzO.

3. & ItsLd d@HjdZz d@Bsyi HO Mj HtwjHMmMisOed d HJ 2 dts

YyjdzsO | daj sB AoGmg dpd wE®C cq’d3 1;’:12 qw Btets?2 1A 9o A O
5] LO ftmlsOowdz @ LOHOU] S 8 yjdzjodlsj S OdzOdd .
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MATRIX OF TARGETING FOR AIR DEFENCE FORCE

Stoyan N. Chanev

AvVasi | Levski o National JMefdndetarel Commuhicationeamds i t vy
I nformation Systemso Faculty, AAir Defen

Abstract: Formation of matrixof targeting for air defence force allows distribution of incoming
target stream with certain density toward different surfaeair missile systems presented as mass
service systems. This distribution is able to estimate the effectiveness of partartdaofpthe whole
system.

Keywords:matrix of targeting, surfaceo-air missile systefrmass service system, effectiveness

fouvtrRAG 1o ArJrtdryIndruftovewrg f1sd 10 31 [
glsswdz . Y Odz o

lted ftoiHMisOoawdzgi dzO ctokzf dqetseo € O Qs o tdig IsodCoAfgdzts fildz
Hiso Olsj dzdets ddzd ff OtcOdzj dzdets H j 2 fplse Of d/ itddlsy @d bsdzePL @
odd M HOdMZJ ydzO cCcteOdzdyoO dzO L tsdzOISO L O §stcOy Jjdedd H
fwtsdz] &dd o L d3tsy dats fifilLdo Istfistf i) O usfg lst@vatkd)jj dets o tej d3gj L O

HO M 6itjHjdvls esntsHddlsj HOddd LO oaMwCO jaH-dz2O0
Cd/ ol LHEMNd yYyjdzd HO Mmj ©WOLHJdd dO fd Iksdshls do
2O ftsdzj sO dz®j mdedls Of BlsthHS sIs571 O OLd yYyjdz Mdzj Hea © H O
Cil a3 L.

10 dLBdtc@idsiB talf® @2+ At dodBHSPc Pz] ¢ Qo deBRls,
-fesf EMC Olsj dzdzOIs© MY sMmtse dztsMmils dzB8dzO® sSeRZO® fize A s g d If Jz
dzd s L sy dzesmisd L O Edzedh sy O Odzi dzO yJ dzd;

-n Ot OCls jflesistetsj dzd JIsts d ftetsHi dzy dlsj dzdzsisls © dzO  da
-sldesdlils j dzdzOIs © 9 Oy detsfyls dz@ yj dzd Isj ;

-d SMstcOf sdzdteOdzd sy Cktefmtseaj dO yjddlsy d Sktthmte d
LG ;

-ftcOoddzOIsO L O dzOL dzOdg@ o OEA] j IstaPls L 6l O dif Btc@LWWse O dzj

dzj 2dzdv f OtcORj Isi te6, EMzseadwisO dzO Mmistej &zB OO d L Of
StseOls Lt J ftjHMsSOsjdz COIts uwf [ M tSlydlsOdz Ist
fOttO®Rilsi 6 d tiMm§fjClsdodats togHBGQr@ddlp u@@lsdij dzg e §bsip
H EHOt &0 ftesksdoddSO fO0LORjlki 60 dzO® | A sy
fMdetse jdz o dH yYjdzjteOLftejHjdzjdad] o ctkzf Jtosatf-OlsO
jHjdzjdedj (AAt). AAt Mmj dL sdzL o @zOf tdzf s € figls tf ajsts d
d d ftd dzj csdzv 3O f dzi Isdetsfls dzO dzOdzj SO, S HeEeOIsts
LOHOY]d. Ytd AAt Mdddlsj d -dcdudglss ©ts® yPdzd,) [
dh O Odzj 2O BtsW dzO I dzdfiftasiyHideddvls jtc Oy jrdisdH  ddzCizQaigEdg
s

oT ==
&
O
=

3@

soddls] MlswOljcdd ftod vyjdzj wOL e Hjdiddj M
fejHjdvls sl ol L Bsydshsdsj L0 &Okj kOl oy  fi¢

S wo =g
e g N
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Isd o detsls dzO Mistcj dzB Ol O ff tod da®) "yQ e dBjO L dp@s | Htg dEIafiflgslz @
MO ftsMisOejdd ftojH CGtokzfdiese C OlO.

AAt 5 &BOlj BOIdYj MSsts sYOSoOdzj O Btetsw f stcO
Mz yodlsj, CtcOlts o jtesWisddlsj LOckzed dzOdzj Mj dzd dzC
dzd Yo dzd € dzOdzdIsj Ht dzjets o LHEMNdad yj dzd, € Oldts fpj
ffteso SO j MO jdz® LOHOYO HO bkdzdhtsyd ROS fipd B3O
Stej dzv CdS slste o BLesEzsylfdkd. 10 yjds® ft ddsfsg &
90N 5 BOCHdBOddts ftejBdoOo0Odzy d&zO 1 A o Ltsdzdlsy- L O
dzd sy dd& ol L i3ty Wit tfls & 6 difiifsEzfjddd MO §tej HMIsOo j ded o
ftoj HZOGO [ OldkzOB d |jJ EZHOYyds HO fj dL{ftd. o0l ftd

»
>

D

A, 1. JjtkdSOdds Mjujddj & 1} d

10 %¥de. 1 j fcCOLOds o jtlsdSOdds fMjujddj &p-L tsd
BjftcjBdoOoOdzgjlsts dz2O 1 A o 11 dzO L ¢ | W deStsygwdzOs
Msjfjd d sl Mttt

14C0jwwidg fsdewIsdVwIsO:

" 5C 0L Ol j &z dzOI*F ey GAEE B RO L ¢ ) ;

g 5C OL Ols | dz dz@° °fy§ teic ts fig HASH faz@ L o€ ) .

[ftejnj dvhj s0@S s jtedL JteOh HisfjcO] BsMissO d&zO o
wsm@zmoso.

Ci H jHsdso d s yd dzO dzéelfﬂisdz%(ls@tslzn{oso Q) ;

Hma 3O ¢ M d 30 dzdz® o d fts y q dgd’B&q F(Efﬂlscl‘iG) J i3sfMls dzO

[ftojH] dzvgla] sBOEMDC IsjtedL JtcOn HEsMjcOj ddsMislsO dz0 u{
O dzO dzts etz y § dz:

(@) ot =471 )

Ci njVisdmS stesmls dO°°fFd) OchpPss O) ;

VinaxiT BOE fnd BO dzdz® M€ tstets MjiS *&FO[ H(sUng ©)O.j Bssfls  dz0

1dtBraBHd®BS jJ HO Mj drLejHj BBetsBN jdz f8C0L O6F dz,
mMsyd dzOIls © E"ﬁr?n:'ai?mj. (L) .

(3) Gy = _E“ + -:‘-':E;Eii',
Cil HjKstBk -Isjecdzsoad SBjJWdydjdzsd O MEBtesMmMislsO d 9

+t=1d MJ dLedLOk KOSCO, yYj HO fji fedstdksdL-deol
kdo dzsfisls® dzO Mistcj &zB OkO. wui 2 §Oks yOfmls s 11 j
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5C OL stON jfLtO] Bs oW dzdj 2@ otoj c5jftejBds Oo Demjslefts  dzl
ko, = 0.4
[Otd YOO LO At j s sadHO:

Gyg o Gy Gy
(4) G = || G I5:'_:"' Gin
Gy Gy G

HlsB2 dzsMisls O dzOj g G sistetsliStey d S dzO cdzdz® 20 j % jCIsd e
HOH jdz dzgsdBjtc Bl IStydts BitejHjdjd LS.

} ted d3g to:
Il sOBdZdyod 1 j TCOLOd d@BSHJd& O EHOt dO 11,
ctozf dlsji M tcOL dzd izt i ffrids GiodzGoL dEEOY jddgdyided H d Of OL tsdzd t
v OB d&ZdyoO 1

10dzjIs &z 11 - eodH, vyjdz/ ftejHdze , Mmi MlsOe,
B Il dH Ajdz/ Vtej HdzOL q ¢ H|T ©]Y J 4H; [km]NM; [Km/min]
1 | EnOdzO | - 8O 11 1| o35] 12,38
2 | EHOtdzO | - BO 1] [ 1 0,71 16,33
3| zHOtdzO | - 5O 11 { 1| 042] 12,29
4 | Hj dBsdzmld M- BO 1] [ 1 1,65 16,89
5 | Hj Bsdzimld M- 5O 11 | 1| 159 | 1984
6 | tOL L dz.| i dtO; 13 1 1 5,53 36,00
7 | 2HOtdzO [B- dzd s 1-90 |fs. 1| 046 | 13,79
8 | HOtdzO | d&2Z0O Ey. L O ftspdo 1 0,31 12,72
9 | EHOtdzO | OHdz dzO M- Ists 9 1 0,98 13,95
10| HOtcdzO | cOHdz 2O ctolzf Jetsel S O)s @ |ddEb7 ¢ | 15,79
11t 1 (EWmM- O 11| 1 304 | 2315
12| § Olsto bz dzdts| Lfipitetf. tc.f tod € tod Is|d J 1 2,52 28,68
13| 4 Otz dzhts] Lfipitef. 6. ted Sted sldj | 1 9,88 | 36,00
14| HStcOL ZL|dEOadB)dzjo to- dzO k[H Ot dlis|j 7,25 36,00
vitej Hdzjdzd § O | 4 | 10| 2,52 20,99

l sOBd&JYOd 2 MO dqrLeojHjdzd SBdzduyd Mlsejddlisy T BC0OLC
v OB dZd yoO 2

(hjdzsdz L O { tc ANtctsdzls dzO EZH OO dz
1 ez df s . §o 0.5 1 ezt d o Ly
6 = 3
tdzt;'a‘rs 3 2 5
tq dzis .= n 3
VHOtejdz Jjbhj Jf jtcOlsdo dets f sfistetsj dzd
L telzt] dty g =z n 1 Niod 1 1Y de luzy stisly azrs Fjtawe <tz
6 tz, =4 5 48 14 11 4,28

tyas keulzls j o Odz [ min] &iyHbEZ ctkzfdisjy o Jjhjdasdkd LO
tr. glotktotsHI dzy dIsj dzdetsfls dzO EZH OO [ mi n] dzO Jh j dztsdzO
tyas .1 dzls j to Odz [ mi n] BjYHE j"MjsdO L O fttssBdo dzO
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tys Tfidzls j o Odz [ min] BiIYHE Stz dlsy o BEZHOtdzdw N j
te. b tsH] dzy dIsj dzdzsls dzZO EZH OO [ min] dO EHOtdzdWw |
tid f esHI dzy s dzdztsyls dzO EZH OO [ min] dzO 11 ;

ad f dzi sdesfls 20 entsHwWhdw kst tsls LOveCd (J1A) €

Lef Jeso S OO L O
qLdMC o Odzdw kO € B
By dzsMlsd &0 tlsHj d

11y 4 Ysmistesj dzO dzO BOL O dzO Ist

fMdMmlsj 3O &1 @Qu@ sljJ [L,0 Qf L4 O Wtz j-fad 7y

dzdlsy GGt tsdzj dzlsd ( sOBdZJYO 3) .
v OB d&zd yoO 3

l]’ Hmax Vmax
sdf SO [km] [kmVm]
w Isdf 5 21
ww Isqty 42
w w w d{ 18 48
] sOB dzd yd 4, d 6 MO dLuydmdzj dzd f§tsCOL Olsj dzd Is §
dZz0 &BOIttd yoOlso dzO At (BB jdz2 | sSCOHOBJdZD HiAks ¢gzOdd
MicOj BsMIsIsO dzO Lt M §tsdzzyOe Ol lsted yoOlsj dzded Mmls
v OB d&Zd yoO 4
RLYdmdzv o Ozj dzO - g
gjh= 4= ( HG tJiHmaxj) * [1 = ( HG tt!iHmaxj)]
dz,.“‘ﬁ I sd{ Il sd{ L1 sdf
1 0,2598 0,0973 0,0761
2 0,4849 0,1915 0,1507
3 0,3101 0,1173 0,0919
4 0,8842 0,4157 0,3329
5 0,8689 0,4037 0,3230
6 -0,4678 0,9558 0,8512
7 0,3310 0,1258 0,0986
8 0,2322 0,0864 0,0676
9 0,6298 0,2602 0,2057
10 0,4049 0,1566 0,1230
11 0,9526 0,6806 0,5621
12 1,0000 0,5899 0,4811
13 -7,7169 0,8306 0,9904
14 -2,6040 0,9988 0,9620
RLUJMdzY & Oglsj GO - g
g'=4* (Ve tJiVmaxj) *[1- (Vg t:!ivmaxj)]
- o Y | Isd{ 1l Isq{ 11 Isdf
1 0,9680 0,8315 0,7656
2 0,6913 0,9506 0,8980
3 0,9708 0,8281 0,7621
4 0,6291 0,9618 0,9123
5 0,2095 0,9969 0,9699
6 -4,8980 0,4898 0,7500
7 0,9019 0,8821 0,8190
8 0,9552 0,8446 0,7792
9 0,8921 0,8873 0,8246
10 0,7462 0,9384 0,8830
IS| 11 -0,4520 0,9895 0,9988
12 -1,9987 0,8662 0,9619
13 -4,8980 0,4898 0,7500
14 -4,8980 0,4898 0,7500
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v OB d&ZdYyoO 5

v OB d&ZdYyO 6

RLUGMdzw 0 Odzj 20 J dzj d3j delsdlsj dz0 BOJsted Y
Gj=(k*g)+(k*g")
5

e | sdf 1 Isdf 11 Isdf

1 0,6847 0,5378 0,4898

2 0,6087 0,6470 0,5991

3 0,7065 0,5438 0,4940

4 0,7312 0,7434 0,6806

5 0,4733 0,759 0,7111

6 -3,1259 0,6762 0,7905

7 0,6736 0,5796 0,5308

8 0,6660 0,5413 0,4945

9 0,7872 0,6364 0,5771

10 0,6097 0,6257 0,5790

11 0,1099 0,8659 0,8241

12 -0,7992 0,7556 0,7696

13 -6,0255 0,6261 0,8462

14 -3,9804 0,6934 0,8348

[ BB FafPOL Olsjdz ] BOCMd BOZzAZO Mists2 detsMmis L © Os iy ¢
sO 1 A M ©OL Gt nij)zr © Ot fiinGdz® gkl v dzz &z0 ( s OB dzd y O
yiejL BOtedyOlsO dzO0 At oatHWHhdwl st ls A €I

ssCO Ci &3 Itedlsy bdfO L tt, sMdekzewe ©2¢d &BOSC Md BO
otcl BiftcjBdoOoOdzgj @O $OwW a Gdgd.Isjuv duig L slstsyds-d 3O
dgdsts My ©OL d&ZdyOe Ols slIs My ddilsy o IIsOBEA)y, O ¢t dls
fcLotsdz"9 O HO fj tyJded BB2dOIO ddiz jWjSiksde dasmls (
dLydmdzv iy eftst® dadilse dstsy detsfls d Mftew i3 JjIsOdztsdzdzd s OC «
sBiBN jdzd tyjdeSd d2O0 i jtcOlsdodzdlsy Mftsmse dsmisd dz
MdskzOydd BscOls HO fMj lsdzdy®es Ol L dZOydlsj dzds s to

s OB d&ZdYyoO 7

[ Olted y® dzO@ vyJj dzj cOL  tg
dthé%s | Is d | 1 sqdg I I 1 Is
1 1 0 0
2 0 1 0
3 1 0 0
4 0 1 0
5 0 1 0
6 0 0 1
7 1 0 0
8 1 0 0
9 1 0 0
10 0 1 0
11 0 1 0
12 0 0 1
13 0 0 1
14 0 0 1
SN o g 20 18 10
< 2z 1 1,78 1,60 0,89
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s OB dzd yo 8

gtcj Hdz2d Y S OL Olsj dzd dz0O

Lo T <, Hydkm]l | Vg dkm/min]
| Isdy 1,78 0,50 13,03
| | Is|d § 1,60 1,51 18,40
I 1 1 |s d 40,89 6,29 34,17

agi  dzi Is dztyffilds sB@® ©ls L GRESH (LIek) SCi

RLOBHC(:

1. [ObttdyOlO dzO0 Af Lo dzw"e O tOLH  dzv dzj Is sO-dzO
hdlsy ctozf Jcsa C OISO L O 11 [ tOL destetsHUIOIS e O, s Mflks)j Hstds
dzd ddzd  OteOdzj dzdgts fm;mp;fmlts O jodZgah jd8CGs deotxi2tizHls O Ctdsw Is ts
otsMmisj f j dzdzO s Y j tOIlsdo cfls; M st desMisd dz2O0 ctolzf
2. tOLHjdvdjIss dO0 kO ls LOYeCd dzO0 lsH-j dzdac
desfmisd dz@ eodMmtsyddedisy d MEtetsmMisdlsy dzO yJjdzdlsji L
sls ctokzf qiocso C OBOW U sz eds@RfiEOIsdd HO MJi oL j BOL B SM
d BB2dedWw toj H.
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DETERMINATION OF POTENTIA L POTENTIAL
OF PERSPECTIVES OF THE MODELS INSTALLATI ON
AND POWER TECHNIQUES

Kaloyan A. lliev

fVasil Levskd National Military University fiArtillery, Air-defence and Communication and Info
mation SystendsFaculty, Oigjanization and management of the Field Artillery tactical formations
Department; town of Shumen.

Abstract When conducting military engineering to determine combat potentials, and to assess the
degree of adaptation of a given model of weapor combat equipment to accomplish the assigned
tasks and achieve the desired end result, mathematical models of military action of varying sizes are
widely usedThe proposed model for calculating the combat potentials of the armaments and armament
mockls is a hierarchical set of specific analytical methods and formulas, consistent with the intended use
of indicators and criteria, input and output parameters and a system of limitations and assumptions.

Keywords combat potentialanodel of weaponrcombat equipmenpanalytical methods

JYtercefcecve 2fBlyRrRe P Jurp1 ARGl UBBJLBUrgnNRRY
R J[B1® uv[rmlRSO®

sOdzswdz ¢. RdAzd 4 o

sOlts amMWC O dzOEZC O, LOCO d bjtttdwlsO dO BtH2dzdls
9 Ols dzj 2dzOIs©O i " dztsfls dyfs d3ff idals IOt Ye@dzde O.B SISt f Bij d3fifp-I toL
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d jJHJddzO BijtedzO jHJddyO L O dzj 6.

g sty H JHdzd o ts5jelstdedly o tPleizid dauppifGos jizizdz0O Is @O QisHts h
HjdzO HI ey 00O, MitstejH Hkzed Itse O | Mmi ofiAdfdatfipkvidC
i Mswdad jIsts dz20 OtedBBdWIsO d WktslsO d M tshmse datsfylsls O
sd bsoaO j Ctedlkjted?2 L O Bt2dzdlsj ol L di3gtsy detsfilsd dzO B
HO Mj ftejHjdd M tslsdetsh j dzd j Istso Wzl y[HIS5 [f.teslsd o smilstsw

Il HtsClstcd d&zZOdzdzd sy HtsC Ed3j dzlB @ 2 dz0O tf B jdztfitd GOLydfdfj dmOO 1 €
Ckf desils tslIs oL OddssMoe il oL Odzed, L OadMmddad d dzj fded €1 f
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1l Oy jdz fteddzydy ftod WhtcdzzdzdtceOdzj Ists dzO G tcj HJ dzj «
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Isjdz lsjdydod O tBteOL jfdbi s tcOazizGd 7 O Of-f5 ¢tz
odlsj HtjHjdzdzgd Bts2ded o1 L sy desmisd, dL tOL j dzO0 { sy
IsO¢C lgfiSAsdzd i MS sy HOdzdzd dgO 1 wOH 1w BBtOLjY | da

ANBted3zdzdtcOdzd 5 IssLd dOyddz sftciHjdjddv WO Bf
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4
R = 1[ a a/RZ
i=1 1)

CiHilb:
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LoV dudtslsts L cEGCOEERdP dO BGEESHO L O tftjH]j d
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7. JftejHjdvdy d&O BS2ddvils ftlsjdydodz &0 dLaipdzj H:
dzd € ©

IMweC O jJHABBO Bls dL dzsy j dad Isiji Hijlste YA 4 jo:¢ dzt¢ yeo © Mmdzj H

ISSN 23677902 93



Proceedingse f I nternational Scientiésoa, Conference nDef
Faculty of Artillery, Air Defense and Communication and Information Systems

1. (1 OLtcOBBIo Odzgj dzO f ZOdzgdte O My dzOted@ls ( dsdzjcH da
ksYyS O &0 & jwcOlsdo dzOlsO sBMisSOREs S0 ddd % 0©0Cl] o
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METHOD FOR DETERMINI NG THE WATER
FORMULATION POTENTIA L POTENTIAL

Kaloyan A. lliev

fiVasil Levskd National Military University fArtillery, Air-defence and Communication and info
mation SystendsFaculty, Orfjanization and management of the Field Artillery tactical formations
Department; town of Shumen.

Abstract The concept of integratembmbat system in the theory of combat effectiveness means a
set of interconnected and interacting component components that function over time to achieve unifie
goals and uniform task#&t the present moment, the additive factor model is used to detahainai-
tary potentials of the military formation3he integrated combat potential determined on the basis of
this model is a sum of the factorial (private) combat potentials of the individual armament and combat
equipment (tanks, artillery systenag;planes) with which the individual army formations are completed
and serves to form prognostic assessments of the opportunities of formations.

Keywords integrated combat systegombat effectivenessilitary potentials combat potentials
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HOdzd ls ttOL d&zd yded MmEke j CIsd.
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Yd Mo slsts dz0 d dzls j ¢ tdfCxipdedo Qflsts CCm d@vslsj ddrdls Gn ji Bdtej dz LY-s s j
Bsy detsmisdo (11 ) .
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sjidBBdlsd LO CtsdBBOdHOo Odzi d EftcOQodzjdedj, dztse dMmlsthydzts
ssoC 0O O CtsBOdBHJtedlsj, POBBmoOjlsj d HSHEOL HJ dzj dad W
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Mg d ddiszh jMse ©, ©lk SOyjMmlsotslkts dO oi St 3 j dethd Ists
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lted StejHjdzvdsy O o) zfy@czOtE®d ZBOB Bz I8 j ff 585 j
HOdzdzd fj oL j i3OI §tej Hj dzdzlf 5 g de OB M BPO tzPBs) tc YL ¢
ol Stol yjdedjlsts d fMj GtjHjdvls d2O jHddzj dz 6OL Yj s
B2 dzdls] Gl dzud Odstsy desitsd dzdd®) O dzj o toj dzdlsj Wit d3d t
toj Hy dzZvWdzgj dzO Mi tslsdesh jdzgd jIsts 3 ¥HE MtsBMmlse jdd d f to

[fjH]dvdilsts ojddyuddOsO &0 BB2ddls ol L disy dats
jdzv LO yv kOO ©fjtoydylsdo du Gh O, dzd  tc dzOls € wEdks
d s0SkduimMSd Emdsedy ftd slydlsOds tdj detigeess &
Odzgj d kEftwOodzjdedj, dscedmlsdydes d Bfs?2 dzts tshdpc ztcv
tedlsj, hOBBo jddsfjvIsdd. f sHtOL H j dzj

[ Odzj otcj dzd sy Wsttdddtotso OdzdWw BSEOI HO otsHWIS kMY
¢ ydesddtecOdzy dz0 oMmdyusdlsy dd3 § sufmdmilsj &i3d ( B 52 dat
tcQodzjdzadj d MtejHMSa OISO L O B2 dets d dcddth Iswflryddssy
dqeOdzgj d2O0 jHABO ls ftsHMdMmlsj iB3d s j-dedfffighfts WtizlelzC dg i ts BiZd
¥ HO HBOo jHj] HBS dzj L i dzdgj dadj dzO dBBdmdw s OS -d dzd

[JftejHjdzwdzjsts dzO BG2dzdlsj o1 L Zdedym iz dea@ ORZGiIdD)] ¢
d LO Ctdftcjlsdedlsy EfmMdzseadw dO f jtcOlsde dzOsO (¢
O otsHjdgj dzO Bts2dedlsy Hj2Mlsoadw (Hjdaj o5, datsh j
Isdodets dadzd bOSbdupmEtsdtz@f f GOAzfdzd, - By fHE B d &
mMzsodw (tej dzj W, C dzd 30 1Is, f sye d, ~JHiEBEtOW dV
j BOCO, LOMNGkt, tjOddL dtOdzjIsts dzO i dzdad W ¢
ho O M tslsdy diis@Xdlgts tafd-udep@ Isldsj jLd dE®R sisted yOls j daolats o i
jIsts ddzd dgj dz2O Mmi h jMlsekze O dw Btsjdz ff tslsj da
JIs0Ols dzOBBOdzW 9 Odzj Ists dzO@ BB2dedlsj o9 L ddsy detsfyls
jdzgbtptsd ®A2dY hj LOadMmd s ftsL dzOo Odzj Ists- dzO
s, IjrddtOO0 d fBSHKCOLHjdjddYisO HO otHWIS
sOts BOLO LO dLol ehoOdzy dzO dL ydmdzj dzdw IsO© fn;
2O Isj 3 jCisidéddisyid j delsd L O jWjiSClsdoedesls ( WEI) L O o fyj
sjrdzd SO, SCtdzdyjmlsotlsts ol stei 3 jdedj ls afnc;chtGIscftj
BJteso Odzgdj (ot2MEtse O Hddedyo) d bjcecdtsod CtjiWdy
of§id jHdz sBteOL jY (Isdf) ol tstei yjdedj [27] .
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el ¥ § ded § .

RLYUGSdL afpg@8e®@ sy hMdeckztewo O f sdzkyOoe Odzj lsis dzO
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ON THE DEVELOPMENT OF AN INTERIOR BALLISTIC
MODEL FOR SMALL CALIBER ARMOR PIERCING
AMMUNITION

Rotariu Adrian -Nicolae, Trana Eugen

Military Technical Academ#pv. George Cosbuc 389, Bucharest, Romania
Fax: +32(0)2 7376352
E-mail: adrian.rotariu@mta.ro

Abstract A new analytic continuous function for nonlinear deterred/undeterred propellant
transition is proposed. Using CEA software, variable ballistic characteristics are determined for a given
propellant composition. Several modifications of the interior badlisipecific equations should be
operated in order to deal withariability of mean values of burned propellant characteristics:
impetus, specific heat at constant pressure, adiabatic coefficient, gas constant, covolume.

Keywords interior ballistics; OD nodel; deterred/undeterred transition;

1. Introduction
A permanent goal of ballistics community is to develop mathematical models able to represent
accurately the interior ballistic phenomena. Currently, there are used several types of such models. Mo
intensively used and also the first developed models alien@nsional (lumped) models, like those
attributed to Corner [1] or Drozdov [2] or other more recently developed like STANAG 4367 model [3]
or IHGBV2 code [4]. For a more detailed analysis of therimtéallistic phenomena, multidimensional
models can be used [5].
The using of grains of variable composition like deterred grains imposes supplementary hypothesis
on 0D models. Usually approach is to admit a very sharp transition of the propellantigsoglich
allows treating the propellant charge as being made of two distinct compositions, each one with its owr
set of characteristics, that burn in a successive way. As long as the sharp transition is in fact only a
hypothesis, the alternative apprbas of gradual transition, as linear or mstep transitions, were
proposed for deterred grains B},
The present work deals with the necessary adjustments of a lumped model for small caliber groove:
barrel to implement the true deterred/undeterreafilprtransition of grains.
2. Deterrent concentration profile function
Deterring along the complex geometry represent the most used ways to assure a progressive burnit
of propellant grains. The impregnation of grains exterior surface with substances lTker@NBP will
reduce the characteristic burning rate of propellant on the affected volume with significant consequenct
on the pressure time gradient recorded during ballistic cycle. As both deterrent concentration anc
impregnation depth are of importanag ballistic calculations, as work of Mann has already shows [7],
the interest of researches on determination of such deterring characteristics is understandable. Alor
time several techniques, alone or in conjunction, like Fourier transform infrared )(FTIR
microspectroscopy and laser Raman microspectroscopy [8] were used to measure the above mention
characteristics. Depending on the type of deterrent diffusion mechanism, Fickcianickman and
the composition and manufacturing process of graingraktypes of deterred/undeterred profile were
calculated or identified:
- a thick layer of constant or nearly constant deterrent concentration followed by a relatively
thin region were the concentration fall to zero value (case |) [7,9]
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- athin layer of costant or nearly constant deterrent concentration followed by a thick region
were the concentration fall to zero value (case Il) [10]

- a continuous variation of deterrent concentration from the highest value at the exterior
surface till the zero somewhérsside of the grain (case HIFickian diffusion) [8]

A

concentration

depth

Fig. 1 The observed categories of deterrent concentration profiles

As can be seen in fig. 1, except the case |, none of the deterring profiles rmpgroeimated in a
satisfactory way with a sharp transition. As regarding the continuous functions able to describe suct
transitions, the following exponential analytical expression representing the solutiondiframsional
diffusion in anisotropic mediahen the diffusion is initiated by an instantaneous plane source was found
to be well suited to several deterrent concentration profiles of case Il [8].

2

r

S L
cr,t _ﬁe 4Dt (1)

wherec is the deterrent concentratianthe diffusion time D the constant diffusion coefficiers,is
the surface concentration of deterrent artie space coordinate.

As long as the function (1) is not able to model cases | and Il, we identified another analytical
function derived from the coulative distribution function of Gumbel distribution, that admit an
constant plateau followed by a decrease of similar shape to function (1):

cr =c¢, 1—e”¢ (2)

where ¢ is the concentration of deterrent in the layer afistant concentration plateaw ,is the
coefficient that controls the thickness of above mentioned layef &the coefficient that controls the
thickness of layer of variable concentration. It is obvious that this formulation allow us to modedall t
identified cases from Fig.1 by variation of thendpg values. In Fig. 2 we exemplify the ability of such
function to approximate the concentration profile of a spherical single base deterred propellant measure
by infrared (IR) microscopy which stws a thin layer of constant deterrent concentration followed by a
thick region with variable concentration [10]. For extreme high valueg tiie proposed function
became a step function of very sharp transition.
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8- . + Boulkadid (2017)
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Penetration depth (Lm)

Fig. 2 The profile of function (2) fac, = 9; f = 10; u = 32 against the experimental data provided
by Boulkadid [10] for DBP concentration in a spherical single base propellant

3. Influence of deterrent concentration on the propellant properties

As is wide know, the deterrent presence has amenfie on all relevant propellant ballistic
characteristics, each characteristic varying frgm the value specific to maximum concentration of
deterrent toy,, the value specific to undeterred propellant. Establishing the deterrent concentration
profile lawc r , and assuming an known variation of the characterig(ic), allow us to find the/(r)
relationship between an characteristic and the burning surface pasitibit assumes that the(c)
relationship is monotonic one, e. g thepetus decreases as the concentration of deterrent increases, we
may use the polynomial function

1
cr) ™ Aat

YT =V— Yu—Ya — =Yu— Yu—Ya 1—¢€7°

- 3)
where the index allows the description on nonlinear relationship.
In the development of our ballistic model we have considered the relation (3) in order to describe the
variation of flame temperatuf@, impetusf, covolumen, adiabatic coefficient and propellant density

p . Beside those above mentioned char#gties the modification of the burning rate coefficieatand

v from the Saint Robert's relationshj%)z ap” is expected too. The Saint Robert's expression became
% =arp'® (4)
wherea r andv r functions can expresséy (3) or another relationship type.

For the present case study we considered the spherical propellant analyBedlkadid [10],
with the deterred/undeterred transition profile given in Fig.1, used in experimental shooting tests with
5.56 mm EPVAT bael. In order to establish thpropellant characteristics variation, namely
isochoric flametemperaturel’;, impetusf, covolumea and adiabatic coefficient we have utilized
NASA CEA thermochemical equilibrium [12].

In the absence of any other relevanformation about the distribution of all others propellant
ingredients along the radius of the propellant grain in question we consider that relative ratio of sucr
ingredients remain unchanged. By doing so, having the propellant ingredients globaitretiores
given by Boulkadid [10], we were able to calculate the propellant ingredients local concentrations for
different DPB concentrations. The results for six different DBP concentrations are listed in Tabel 1.
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Tabel 1. Concentrations values of iadients as function of DBP concentration

Concentrations (%)

Substance Global | for 9% | for 7%/| for 5% | for 3%/ for 1%| for 0%

value DBP DBP DBP DBP DBP DBP
NC 81.52| 77.92| 79.64| 81.35| 83.06/ 84.77| 85.63
H20 0.66 0.63 0.64 0.66 0.67 0.69 0.69
KNO3 1.2 1.15 1.17 1.20 1.22 1.25 1.26
NGL 10.7 10.23 10.45 10.68 10.90 11.13 11.24
DBP 4.8 9.00 7.00 5.00 3.00 1.00 0.00
DPA 0.59 0.56 0.58 0.59 0.60 0.61 0.62
NDPA 0.53 0.51 0.52 0.53 0.54 0.55 0.56
Total 100| 100.00, 100.00| 100.00| 100.00{ 100.00| 100.00

For each such compositions the isochadili@me temperatureT;, impetus f, and adiabatic
coefficienty were directly calculated with CEA software for an initial temperature o€24a load
density of 0.2 g/cc and a NC nitration of 13.16%. The covolumeas determined with the
approximation formula

a = 0.001w, (5)

where specific volumer; was determined with CEA software in the same conditions. The calculated
values for each compositions of Tabel 1 are listed in Tabel 2. The influence of deterrentratinoeon
characteristics values are shown in a normalized way in Fig 3. The index pai€B) formula for

each characteristic is given in the last line of Table 2.

1.1

0.9

0.3

0.7

woe —  Covolume
H¥x —— Temperature
ooo — Impetus

0

%

Fig. 3 Relative variations of propellant characteristics as functions of DBRentmation
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Tabel2. Characteristics values for different DBP concentrations

Impetus| Isochoric | Adiabati | Covolume
[MJ/kg] flame c [m¥kg]
temperature| coefficie
[ K] nt
0%DBP | 1.151 3368 1.200 | 0.000931
1%DBP | 1.126 3290 1.206 | 0.000932
3%DBP | 1.081 3127 1.216 | 0.000942
5%DBP | 1.038 2960 1.226 | 0.000956
7%DBP | 0.998 2791 1.234 | 0.000974
9%DBP | 0.961 2622 1.242 | 0.000999
Index 0.9 1.03 0.85 1.7
coeff.

4. Development of OD model for small caliber grooved barrel with continuous nonlinear
deterrent/undeterred transition
Other several modifications are necessary in the equations where the variable propellan
characteristics are present. Firstly, the expression of mean prgssi@m@ved from energy conservation
principle, used to calculate the burning ratk be

d ry(r)—dwbdr 2

r @p .. O dr pqv”

o () I dr @p 1 5t

p dwp ’ (6)

W0+sx—% 1-yY - ora(r)Wdr
wherew is total mass of propellandy, burned mass of propellanpvolume fraction of burned
propellant, g projectile mass,v projectile velocity, ¢ supraunitary coefficient used to taking

2
account the secondary losses proportional to projectile kinetic er%ﬁgy E secondary losses

not proportional to projectile kinetic energy/, initial volume of cartrdge, s barrel cross section
area, x space traveled by projectile inside of barrel af) mean solid propellant density.

Denominator expressionW0+sx—5i 1-¢y — Ora(r)%dr represent the volume behind

projectile available for propellant gaesV/'.
Secondly, using propellant variable ballistic characteristics imposes an amendment of mean
temperature equation, which became in the absence of terms related to igniter contribution

—__w
Ty = =7y (7)

0T (r)dr

1 r f@) Wp .
Wherewb 0 oty ar dr is the gas constant for th&, burned propellant.

Also, the variablepropellant characteristics affettte heat transferred to the barrel from the hot
gasses. This secondary loss is calculated based on the heat transéguedien used in STANAG
4367, which became

aQ v fMy@) dwp 1 v '
E= A 0W7d7‘m5+a0 S(X) Tg—Tp (8)

whereL T_J@OY@® oy

wp 0Ty (M) yr -1 dr

The heat loss rate depends on the difference between gas temp&jancewall temperature
T,, the dimension of exposed surfager) and the thermal transfer coefficient, lastmiebeing the
first parenthesis of the (7) equation right member. The Nordheim friction féactmr thermal
transfer coefficient depends on the barrel calibeanday is the natural convection coefficient.

Finally, the link betweenw, burned mass ofrppellant and thepvolume fraction of burned
propellant is given by

dr is specific heat at constant pressure ofdigeburned propellant.
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2
W, =2 s p(r)Ldr = 2 TpME 142043 T odr (9)

where r; correspond to a complete burning of propellant charge gmtdand u. are shape

coefficients used by Serebriakov [11].
5. Conclusions

Based on previous considerations, the following conclusions can be drawn:

1 analytical function derived from the cumulative distribution function of Gumbel distribution
can model successfullyladlentified types of deterred/undeterred profiles trough variation of the specific
u andf parameters

1 except the burning rate coefficierasand v from the Saint Robert's relationship and local
density the others specific propellant characteristias lba calculated based on thermochemical
equilibrium algorithms like those used in NASA CEA software

1 the adaptation of an lumped interior ballistic model to an continuous nonlinear
deterred/undeterred profile consists in  modifying several equatiorsccount variability of mean
values of burned propellant impetus, specific heat at constant pressure, adiabatic coefficient, ga
constant, covolume, density and Saint Robert's law parameters.
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SMART VIDEO SURVEILLANCE FOR
BACKGROUND ANALYSIS

Andrada Cirneanu

Phd, Military Technical Academy AFERDI NAN

Abstract: This paper presents method for motion detection and form recognition from a video
stream generated by\dadeo surveillance system. The purpose of this paper is to propose an algorithm
that differentiate a persoform from other types of forms. Motion detection is realizeckdbam the
comparison of 2 consecutive framedracted at a specific time interval from the r&ale video stream
and based on the resulted comparisorhimarization algorithm and a region growing algorithm are
used to extract all independent regionsase of

Keywords person detection, motion detection, surveillance.

1. Introduction

Nowadays computer vision is an ultramodern field that has been fully developed in recent years.
Applications developed in this domain are based on atirealanalysis of images provided by one or
more video camera. The possibilities of this technologykmest unlimited and reach different areas of
the industry. The variety of applications in which images are used on the computer is expanding
gradually as users discover unquestionable advantages of this technology. The main areas whe
computerized imagig can be used are control application, automation, recognition or accurate
measurement.

Before analyzing the images, the most important thing is to capture the image. This process is
called the acquisition of the image..

The image acquisition process darried out in several stages. Initially, the subject of interest
reflects an energy. Then an optical system concentrates that reflected energy and finally a sensc
measures that amount of energy (Fig.1).

Light source

Object .

s --"'-.__ Camisra

1 .
Reflected surface Radiation

=

Cptical axis

Sensor

Fig. Image acquisition
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The field of motion detdmn cameras is monopolized by two different types of technologies
depending on the type of image sensor used. These two types are CCD-¢on@igd device) and
CMOS (complementary metakide semiconductor). Inside both types of cameras, motion detestio
realized by comparing each captured image with the previous one and the cameras will interpret an
noticeable changes between consecutive images as motion. Two important settings characterize almc
all surveillance cameras: sensitivity and percentdgensitivity represents a contrast setting that
determines when a change between consecutive images represents motion in the monitored area. On-
other hand, percentage is set in the case of detecting motion iragesutsf the monitored area.

Even thaigh these motion detection cameras are an affordable option for a regular security
system, there is a potential need for security systems that are also based on surveillance cameras, but
motion detection is based on an auxiliary image processing syktEnctan also accomplish other
processing stages if required. The reason for implementing such systems is represented by the scope
this paper which is motion detection in a monitored area and forms differentiation like humans from
animals.

Despite thdact that great progress has been made in recent years, people detection continues t
be a challenging task in the field of computer vision.

To this purpose, the authors from [1] propose a methodology which is focused on people
detection and recognition.h€ study consists in an efficient image descriptor that is inspired from the
mathematical statistics of the Brownian motion. The obtained results proved to be promising for
pedestrian classification and person identification tasks. In [2], the authoentpees approach for
pedestrian detection based on a combination of Haar and LBP features in conjunction with AdaBoos
machine learning algorithm for the learning process and Meanshift algorithm for performance
improvement.

Authors in [3] present a methodrf human detection using a cascadi@ejectors approach
integrated with Histogram of Oriented Gradients (HoG) features. First, the detection system identifies
the most appropriate set of blocks and then uses a rejection cascade to speed up the compatation
algorithm proves to have a high accuracy level. In [4], the authors came up with a solution of people
detection based on RGB sensor. The algorithm browses through two steps: at the beginning twoRGB
and depth feature fusing strategies are proposddcampared and then an improved moaximum
suppression algorithm is proposed to further boost the performance of detection without increasing the
time consumption.

Paper [5] comes with an approach of people detection from depth maps produced by sensor
mounted in a zenithal position. The algorithm finds the object of interest in the scene by adopting a
dynamic background modelling strategy after which the noise from the foreground image is filtered out
in order to determine the position of persons. Theearmental results proved the efficiency of the
algorithm.

The authors in [6] follow an approach based on machine learning features. This video person
tracking algorithm computes a simple motion detection framework through motion blobs and has an
advantag of detecting people who are stationary for a period of time.

Our methodology for people detection and differentiation from other types of forms from a video
stream generated by a video surveillance system considers the development of an algorithitecthat de
motion by comparing two consecutive frames extracted at a specific time intervalfrortimeealdeo
stream. Further, on the resulted comparison,a binarization is applied and a region growing algorithm i
used to extract all independent regionsrfrime resulted comparison. Over the extracted regions, a series
of features like area of the detected region, dimensions of a box that would include the detected regio
or the Euler number of the detected region are computed to differentiate peopleofarother detected
forms.
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2. Methodology

The video surveillance system performs {tgale monitoring of a perimeter and generates an
alarm only when persons are detected in the supervised area.The system must trigger the alarm to not
the supervisors ahe monitored area. Thus, when the alarm is triggered, the proposed algorithm must
present in a clearly way the scene in which a person was detected.

The proposed methodology for motion detection and people recognition in a specific area
supervised by aurveillance camera is based on frames extraction at specific time interval from the real
time video stream and a series of processing steps that are applied over the extracted frames.

The proposed system goes through two stages.In the first stage, tdma dgsects motion in a
certain scene and identifies the form of that object (whether person or something else).In the secon
stage, the system triggers an alarm if the identified form is a person form based on proposec
characteristics.

Motion detection fom the video stream is realized by making a subtraction on grayscale level
between two consecutive frames extracted at a specific time interval (one second interval was used in tt
current algorithm). Assuming frame; k5 extracted atittimestamp andrame F, is extracted at
to=t;+1timestamp, a difference frame is obtained, like in (1):

F,=F, —F, (1)
in which the absolute value of each pixel subtraction is memorized.

Even though this subtraction of consecutive frames will expose all pixels foh hece is a
difference in value from one frame to the other and thus, a potential motion in these pixels, a series ©
processing tasks for the difference frafgare required to eliminate the pixels that do not belong to a
significant region from the sepvised area.

First processing task is represented by the global binarization of the differenceFsarme
compensate the illumination variations caused by weather conditions that can change instantaneous a
a possible inadequate contrast between backgt and the detected moving regions and due to the fact
that a fast binarization algorithm is required, the Otsu binarization method [8] is used in the proposec
algorithm.

Otsu binarization method performs histogram fdrased image thresholding to redwcgray
level image to a binary image. This method takes into consideration two classes of pixels (e.g.,
foreground and background) and it calculates an optimum threstialde that would separate those 2
classes in order to obtain a minimal combineaagr(intraclass variance). Thus, the required threshold
t is the one that minimizes the intthass variance defined in (2) as the weighted sum of variances of the
two classes [7].

g2t =qto’t +qtait 2)

In (2), g1 and gzrepresent the class probabilities of different geel pixels and they are

computed based on image histogiamas it follows:
t 255

gt = P Q@ t = P (i) (3)
i=0 i=t+1
Further, ; and o, represent the individual class variances for the 2 defined classes (e.g.,
foreground and background) [9] and they are computed as in (4).
t

P(i P(i
ot = i—p t 2 (t) o, t = i—u, t 2 (t) 4)
i=0 1 i=t+1 1
whereu; andu, represent the class means for each class (5).
t 255
i-P(i) i-P(i)
U t = : U, t = n (5)
i=o Tt i=t1 12

After computing the optimum threshotdbased on Otsu technique, the difference frdnes
binarized at pixel level based on the threshiddd the binary difference frankgy, is obtained, as in
(6) where each pixel dfp is compared with the Otsu threshold.
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o 0Fy i) <t
FDbin L] = 1FZ l] >t (6)

The second processing task is the labelling of all independent regionEgg@mwith the aid of a
region growing algorithm[9] [10]. The input parameter of the region growing algorithm is represented
by Fppinimage and the output is a similar imdgs,with the same dimension in which each white pixel
from Fppin has a value correspangd to the number of the independent region to which it belongs.

In order to computdppi, image, the region growing algorithm starts from the top left corner
pixel of Fppin and it iterates on line and column each pixeFgfi,until it finds the first whie pixel
P;;positioned at row and columrj. This means that the first element of the first independent region was
found and the value of this element is set to Rjgnimage.

After setting the first pixeP;; of the first independent region, the algom must check for other
pixels that might belong to this region. Thus, it checks each white neighbdey dfit is set in
Ropinimage and if not, the algorithm sets that the value of those specific neighbours Rppikinage.

This process afieighbours check is done repeatedly until there are no white neighbours available.

Further, after labelling the elements of the first reBQrthe region growing algorithm will
iterate all the other pixels &ppinand it applies the same steps as forae&.

Finally, a set of independent regidRss obtained as in (7).
R = Rll Rz, ...,Rn (7)
where R,k=1,...,nrepresents a collection of white pixels frégpnimage that are labelled witk
value in Rppin image andn represents the number of independent regions labelldbgn image.
Consequently, all gk=1,...,n regions are disjoint as in (8) meaning that any pixel fggpimage is
found in only regioR ,k=1,...,nextracted by the region growing algorithm.

Rk sz = ¢Wlthk1 * kz, k1 = 1, e, n k2 = 1, e, n (8)

After identifying all independent regions frofppin, the proposed algorithm calculates the
following characteristics for each region:
1 the dimensions of the smallest rectangle that contains the region

1 area of the region
1 the Euler number of the region.

1

These geometric features create an identity card of each region in order to uniquely differentiate
the regions.

The smallest rectangle that contains rediis defined as a rectangle type satage ofFppin
image that includes all pixels of regi&a. For this characteristic, 2 properties are of interest: the width
Wiec and the heighitl.ec of the rectangle.

The area of a regioRy is computed as in (10) wheperepresents the number of pixels that
belong b R« region.

p

Ap, = 1 (9)

k

On the other hand, the Euie; number [11] which establishes the homogeneity of the image is
computed as below since there is one compact object pres&negion.
Eg, =1 — Hg, (10)
whereHp, represents the number of holes fromRaeegion.
The decision part of the proposed algorithm is based on the 3geometric characteristics and i
establishes that a regiéf is a person if:
V HFEC>VVI'EC

VA, > 4000
V. Eg, >—40
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The alert module is the procest alerting the operator that the system detects a person who
enters the perimeter which is surveillance with the camera. Practically, the alarm should be triggered i
the form that was detected by the proposed algorithm is classified as being a peesalerifTprocess
can be replayed as a warning message or by marking the region of the detected form.

3. Experimental results

The proposed paper for the person detection that enter in a specific perimeter is based on

TCP/IP type network with specifiteatures for acquiring, viewing and storing images obtained with a
surveillance camera.

The equipment includes as it is shown in Figure 2:

f 1IP camera
1 SwitchPoE
T PC
9 Power source 24 V
1 Ethernetcable
Q]ntcrnct
real time processing
Router
. = o caon G ma '| l
| e pEREES HEREE S Q
IPCamera i )
PoE Switch Alarm system
/ B
oo W)
: Legend
Power source Data transmission and power supply

Data transmission

— Power supply

Fig. 2. Proposed System Architecture

The proposedlgorithm was tested on a series of monitored areas.

In Figure 3, there are 2 frames extracted from an area where no person is present, but motion |
still detected because of the weather conditions. However, after achieving the difference between th
two frames extracted at some random timestamps from the video stream, motion was detected, anditt
proposed algorithm computed 14 regions suitable for analysis. By computing and applying the 3
proposed characteristics for each region, all the regions are a&i@djnrmeaning that none of regions
contains a person form and in this case, the alarm is not triggered.
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Fy

¢ |y

. i
Motion detected Ik

o |
Fig. 3. Motion detection in a neperson area

Several results of the proposed methodology for the people detection in 2 different areas are
presentedn figures 4 and 5. In both cases, 2 frames were extracted at consecutive timestamps from th:
video stream of the 2 areas in which a person generates the detection of motion.

Region detected enhanced

Fig. 4. Motion Detection in a person area(1)
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Fig. 5. Motion Detection in gerson area(2)

6. Conclusions
The algorithm developed in this paper demonstrated reliable results in people detection using e

video surveillance system and it also provided a satisfactory delimitation in form recognition (if is a
person who entered in thaérimeter or not). The algorithm was used on different environments (areas
with a lot of vegetation or parking zones) and every time the results were correctly classified.
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ENGINE
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Abstract Presentation of detailed quasi stationary thermodynamic model of the internal ballistics
process running in a relevant solid fuel engidenew equation and methodology for its solution is
presented as well as a comparison with experimental data proving the auteoftitie learned results.

Keywords internal ballistics, rocket engine with solid fuel.
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SUPPLY AS A BASIC LOGISTIC FUNCTION
IN CONTEMPORARY MILI TARY CONFLICTS

Georgi I. Dzhurkov

Nati onal Defense College AG.S.Rakovskio,
AEvI ogi i Hristo Georgievio Blvd
georgidzhurkov@abv.bg

Abstract The paper reveals contemporary challenges in front of supply systemss. Supply is
considered as a function of solving certain tasks. The article discusses the essence, parameters ar
characteristics of providers. An exemplary algorithm for deciding on the type anblenwf providers
is published. A structural diagram of the logistic support through outsourcing is presented. The
advantages of using contractors are analyzed.

Keywords Logistics, supply system, supply chain, type and number of providers, outsourcing,
contractors.

1. Introduction

The constant evolution of the challenges facing the security system, both national and international, i
unconditionally a major driving force for the development of military capabilities. Modern security
threats are a complex ngle of variable dangers. Increasingly important in our times, we find
unfavorable phenomena and processes such as: international terrorism, local and regional conflict:
fragile or disintegrating states, cykéreats, illicit trafficking in human beingand weapons, threats to
energy supplies and their asymmetrical relations, forming an unfavorable environment for development
Additional factors with negative impacts are: continuous climate change, environmental degradation anc
consequent hazards, natudhbasters and mamade accidents, pandemics, etc. While conventional
military conflicts are more of a history, the flexible sharing of "hard" and "soft" tools (diplomacy; socio
economic and cultural attractiveness) is becoming an important factor irvinghstrategic goals in
modern reality.

2. The supply system in contemporary military conflicts

2.1. Strategy and logistics

Undoubtedly, there is a close link between the strategy of conducting the military operation ("hard"
force) and its logistics, whictetermines the development of the logistic system as a process based on
military strategic and logistic solutions. In it the logistic system depends mainly on two strategic
decisions:

- Military formations readiness.
- Supposed requirements for the impletation of comprehensive logistics.

The first strategic decision determines the logistical challenges in function of the available of
formations6é reaction ti me. It is fundament al [
retention inreadiness for military use, the deadlines for triggeringcprecluded contracts, etc. The
second solution is fundamental to the requirements of the logistic system during the operation (Figure 1)

The built logistic system must ensure certain levelsutdraomy, stability and mobility of the battle
formations. [4].
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Figure -~ 1. I nfluence of |l ogistic syste

A major challenge in front of logistic systems in modern military operations are supply and services.
It is a basic functional logisticahrea which covers: organizing, conducting, coordinating and
implementation of events in order to meet the needs of military materials and resources.

The procurement system is built to timely and fully meet the material needs of the formations. Its
optimal construction ensures reliable information on the available resources, their qualitative and
guantitative status, the available stocks and the needs for the operation.

Established supply chains are a collection of at least three elements: source ofsesoppter and
user. Their continuous interaction securing the continuous movement of products, services, financia
resources and information flows from and to consumers. They are considered to be internal (exist onl
for the needs of the military comparteof the operation), external (based on a comprehensive
interaction between the military and civilian components) and mixed. In practice, it is virtually
impossible to use any of the listed forms in pure form. The continuous interaction between thém leads
the construction of a network of supply chains, which is characterized by numerous working links
between physical and information flows, competences and abilities of the staff, as well as persona
relationships. Their operation is based on common iptes; taking into account the specific
requirements of distributed material. The purely military supply chains aim to minimize distance
between resources and their customers. This undoubtedly defines the requirements for reliability
flexibility and secuity. [6]
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Supplying as a functional arealofistics in military operations is the solution of the four main tasks,
which have been presented in Figure 2.

Decision” 1
Basic procurement
approaches (deliveries

in/out zoneof
operations, deliveries
from
"external" sourcés

\4

Decision” 2

Decision~ 4 Stocks (creation and
Sources of supply maintenance, time
limits)
Decision~ 3
Balance .
"efficiency- N
effectiveness
Figure -~ 2. Key solutions for suj

Making a decision on the deliveries, their receipt in the operation area and the use of "external”
sources is justified by the likely duration of the operation and the transport capabilities of the logistic
formations. Part of the total amount of matergis in the formations (battles and logistics) during their
deployment. Another part is obtained in the mission area, through local suppliers or through the
mechanisms of multinational logistics. The third method is delivery with a source outside the®opera
area. In modern military conflicts the processes of supply are mix of alternatives. The likelihood that the
ratio of preferences is reciprocal is minimal. Always one of the approaches will have a leading role.
Applying variance in the choice of altatives as well as their skillful combination contributes to the
high sustainability, reliability and flexibility of the supply system and increases the logistic autonomy of
the formations.

The decision on stockpiling and echeloning of material meansrestlgi related to the time of
preparation of the formation and its upcoming tasks. Those with a high degree of readiness are pre
stocked with the necessary material resources. For the rest, certain postponements are acceptak
However, there is a full sghronization in the provision of material and services within the-time
honored framework. There are two stock planning methodologies in NATO. The Level of Efforts
methodology, based on the expected daily norms and the Target Oriented Methodology, wiivied req
a minimum of 95% targeting and is independent of time. Applying the second method makes it possible
to calculate stocks of material means decisive for the outcome of combat operations. The Sustainin
Planning Module (SPM) module from the LogisticsEtional Services (LOGFAS) software module is
used to identify the minimal initial inventory of material resources. The same module is used to calculate
the inventory needed for a loigrm logistical supply of material resources.

These two solutions coilege with the operational requirements. The "efficierffectiveness”
balance solution is actually a way of balancing the needs and budgetary frameworks that are set in tr
planning of the operation.

2.2.Types of suppliers and their role

The decision for suply sources is hampered by the large number of suppliers in the field, quality and
guantity requirements, deadlines and financial parameters. It is possible to use different types (nationa
local and multinational) and number (one, only two, many) seppliTheir characteristics are presented
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in Table 1 and the main parameters influencing their choice are presented in Table 2. Combinations c

suppliers are available for use (complete or partial) of the supply chains. The choice of suppliers is «

function of a high degree of uncertainty and unpredictability in the military operations and possible
negative consequences in case of breach of commitments.

Tabl e -
Main features of type of suppliers
National supplier Local supplier Multinational supplier
Conduct national requiremen They support peace building  Existence of cultural and
for the goods and services . . T T
) on their own territory linguistic differences
provided
. Provide shortened delivery| Need for interdependence,
Competitiveness and N - A
" time intervals, but lower | compatibility and coordinatiof
competition . : .
quality may occur in the operation area
High degree of influence of They fulfill specific _Strong d_ependence on
. : information exchange
national resources requirements :
technologies
EX|_st<_-:-_nce of compe_mllty, They work in hostile Lifecycle maintenance of
flexibility and coordination . ” i
: . environments specific national defense
requirements with other
i . : products
providers in the operation are
Tabl e -~

Basic parameters of suppliers according to their number

One The only one Two Multiple
supplier supplier supplier supplier
. Supply of tangible
The_r_1eed for h'g.h The only possible Ability to use local assets and services
reliability and quality : . ; .
supplier (monopolist) suppliers under established
of supply
standards
Low supply chain | Implementation of higlf Capacity to create Performance
flexibility specificity deliveries inventory requirements
Vulqerablllty of , Deliver high Opportunity to Alternate choice of
supply in the operatiol f deliverie: h d i
area performance deliveriey choose a vendor supplier

An exemplary decisioimaking algorithm for planning and building the logistic system, type and
number of suppliers is presented in Figure 3.
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Needs for
resources
Inner
A
\ 4
Manufacturing > Supplier > Multi-national | |
or Purchasing

\4

Local+ Innefmultinational

Multiple Number || One
Two The only one
Figure °~ 3 Example algorithm for decision

In modern military operations and the constant expansion of the need for a variety of material assets
the role of outsourcing on the plaing and implementation of the "supply” functional area is inevitably
increasing. Its indisputable advantages can be grouped into several areas: providing specialized servic
in the operation area, providing higiuality delivery and service delivery ava long period of time,
low cost and opportunity to realize a wide range of services. [5]

2.3. Contractors- an important element of supply chains

Contractors are part of the complete logistic system for implementing outsourcing solutions. They
minimize risks to the recovery of certain deficits but can not fully realize them. The ability to use them
quickly requires resources to be stored and maintained in the required characteristics (qualitative an
quantitative). This inevitably impedes their operasgiobeing one of the prerequisites for building larger
and cumbersome supply chains, creating and storing buffer stocks. The cletarfongsion of their
use provides an appropriate timeframe and opportunities for smooth provision of resources agsl servic
that would facilitate and optimize the operational planning process. Their use leads to a reduction o
"military” logistic personnel in the mission area, but on the other hand creates prerequisites to reduce th
flexibility and sustainability of supplghains in unforeseen situations. An exemplary structural diagram
of the logistic outsourcing process is presented in Figure 4.

Despite the benefits this form of logistic provides, it hides its risks. Lessons learned from the EUFOR
RD Congo operation showadt, due to inefficient logistic intelligence, gaps in planning and practically
missing controls, it has made it impossible to meet agreed deadlines and quality standards.
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Plan for logistic

support
Requirements 4
Data base contractor:
Data base perforetns Y
- Plan for logistic Out sour d
i< support through |« »| current situation
- outsourcing
Compare
\4 v
Significantly Full compliance
mismatch
Minor
\ mismatch
Review and
revision ofthe
logistic plan Me_as_,ur_es to
through ot minimize
sourcing discrepancies
v
Performance of Plafor logistic support through outsaur
Figure °~ 4. Structural scheme for | ogi si

Possible earlyand accurate planning of contractors' activities as part of the overall logistic
procurement system ensures a low logistical footprint on the overall planning and conduct of the
operation. It takes into account all factors of strategic and operationatimaand includes the
following minimum requirements:

- Existence of difficulties in securing combat and/or logistic support in short or medium term;
- Opportunities for material shortages in the areaparation when increasing the duration of

theoperation;
Opportunities to ensure the shortcomings in the short, medium and long term by using

contractors;
- Ability to activate contractors and financial security of the process;
Creating a reliable mechanism and procedures for controlling the acfiontractors;
- Plan for the withdrawal of contractors from the operational area and an alternative option

for supplying resources and providing services to change the security environment.
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Proper preplanning of contractors' operations by phases obferation would have the following

advantages:

- Consistency and economy in the planning and financing of contractors' activities;

- Early identification of the financial parameters associated with the contractor's activity as a
function of the duration oht operation;

- Define appropriate requirements for contractors' activity and financial parameters for this;

- Strict differentiation of the responsibilities of contractors and those of "military logistics”,
rights to use common techniques, procedures andhamésms, order of interaction and mutual
assistance;

- Defining a longterm vision for using contractors, defining requirements for them and ways
to implement them.

3. Conclusion

The specificity of modern military operations places high requirements affdative operation of
the logistic system in all phases of the operation. The close interaction between the civilian and military
logistic structures, as well as the use of contractors contributes to the realization of logistic support.
Building sustainale supply chains would reduce the logistic footprint on operations.
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GUIDELINES FOR IMPRO VING AMMUNITIONS SUPPLY
IN OPERATIONS

Georgi I. Dzhurkov
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Abstract The paperreveals proposals to optimize ammunitions supply in the operations. Suggested
are the following options: use of pallets and containers, harmonization and modern systems for tracking
deliveries. Types of contaireeare presented. The harmonization program of European Defense Agency
is being considered. Projects for tracking cargo have been examined.

Keywords Ammunitionssupply, pallets and containers, harmonization program of European
Defense Agency, projects foacking cargo.
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FACTORS INFLUENCE ON FIRE SUPPORT
IN OPERATIONS

Radoslav B. Chalakov, Dilyan K. Markov

Annotation: The planning and conduct of operations required a "new reading” opithielem of
increasing the firepower and the processes of improving the means and forms for the management of tt
forces and means of fire maintenance. This in turn has led to the need for a timely process of identifyin
factors that will affect fire maintence.

Keywords artillery, factors, fire support.
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Abstract: The reportscrutinizesthe possibility of applying the systematic approach for designing
the barrel of an artillery system.

Key words:logistics; modernization; combat vehicle.

The changing of the character of combat action necessitates a constant searching for new qualitativ
opportunities for the creation of complexes of weapons having higher performance indicators. To
achieve this, a detailed analysis of the conditions of theration, optimization of the composition and
characteristics of all subsystems is required based on an objectively chosen, physically measurabl
criterion. Performing a detailed analysis of the weapons complex of-prepHlled artillery or towed
artillery system is inconceivable without a systemic approach. [2]

In the designing of artillery systems, it is particularly important to be justified the structure of the
armament complex on the basis of new technical solutions for its elements and the sgsiémlas Of
particular importance is the determination of a rational combination of the complex parameters, which
ensures the joint fulfilment of three requirements: sufficiency of the striking action of the ammunitions,
easy exploitation and high effemncy of the armament.

When it is applied the system approach to solving the problem, the properties of the combat machin
can be represented as a structural scheme. At the top level of the structure, there are four bas
properties: firepower, security,ahility and the totality of operational and technical capabilities. In each
of the abovementioned properties there are internal properties that can also have their own structur
Depending on the goals pursued, the division of the structure of propeatiesecat several levels
(usually a maximum of 6 6 7) [8].

The barrel is part of the artillery system designed to guide the projectile’'s motion when shot and tc
deliver his necessary speed. The construction of the barrel largely determines the comieest ofuidlé
weapon complex as a whole. The barrel is designed based on a chosen ballistic solution and of i
construction in a large extent depends the structures of the other elements of the weapon system.

The design of the cannon barrel is a logicallyreected set of constructive methods, ensuring the
obtaining of a working structure that satisfies the specific requirements imposed on the barrels. It is
necessary that the design to be preceded by an analysis of the requirements imposed on its npnstructit
the study of existing structures of artillery barrels and their peculiarities.

The general requirements that must be met by the construction of the cannon barrel derive from th
analysis of several subsystems of a different type in which the barmlae@ent. The type of these
subsystems depends on the type of the designed artillery complex. Performing a system analysi
provides the opportunity to formulate a private technical assignment (PTA) required for the design of a
weapon barrel. The same shibgontain all the necessary requirements and output data for the cannon
barrel structure.

It is advisable to perform the system analysis in the following order:

1. The barrel is considered as an element of the ballistic system “tt@argkprojectile” which
provides the required initial velocity of a projectile with a given caliber and mass. Completing the
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ballistic design of the cannon barrel gives clarity for the barrel channel construction data, charging
conditions, and ballistic characteristics o# ghot.

Because the internal ballistic process is characterized by particularly high power and thermal stresse
of the barrel and with high dynamics and cyclic repeatability, the first requirement in the design of
cannon barrel is to provide the necessdrgngth. This can be done using design techniques that take
i nto account the actual barrehHargep uojce ¢ oinli @@ €Y
requirements for strength of the cannon barrel can largely be satisfied by using of spelcidlhste
provide barrel resistance against the effects of chemical products from the incineration of the charge an
combine both hardness and elasticity.

2. The rear barrel portion is viewed as a part of the channel closure node, whereby requirement
relaied to the reliability of the closure node may be set. The rear part of the barrel must have increase
strength, especially at the spot where is connected with channel closure node, in order to be ensure
reliable obturation of the gunpowder gasses andrntaideg the strength effort of the shot.

3. The barrel is presented as the primary element of the cannon. In this case, the barrel must have
mass that provides acceptable dynamic characteristics. In the early stages of design, this can
determined byhte speed of free recoil of the prototype guns. Additionally, the barrel must have a certain
length according with the accepted length of the recoil. Additionally, barrel expansion caused by
pressure and temperature should not result in its wedging imétiie .c

4. Consider the barrel as an element of the rising and rotating parts of the artillery system. In this
case, the barrel must have an acceptable mass and rational positioning of the center of the mass relat
to the axes. This will provide acceptabinertial characteristics of the movable parts and optimal
characteristics of the directing mechanisms and the balancing and stabilizing mechanisms.

5. The barrel is regarded as the primary functional element of the artillery system, which it is the
elemant of the weaponry system, which includes the artillery system, the ammunition, the vehicle, the
fire control devices, etc. The barrel as part of the complex is assigned a great deal of tasks related to tl
accuracy of the shooting. Keeping the accuracthefshooting when it is given a specified number of
shots set in the Technical Specification depends largely on the barrel design and its resistance to wes
Taking account of these considerations, the construction of the barrel's leading barrel pantentise
requirements for reliable stabilization of the projectile and good resistance to wear.

6. The barrel is considered considering its affiliation to a specific production system. Because the
cannon barrel is a very complex detail, the early stageheo design must take into account the
possibilities for its manufacturing. The manufacturing system should incorporate the most economical
technological means for the production, taking into account the existing equipment, technologies anc
production prepects.

After performing the system analysis of the subsystems to which the barrel belongs, the technica
specification can be formulated. In this specification, besides the mandatory internal ballistic
characteristics are included also requirements ferstinength, dimensions, center of the masses and
inertial characteristics, requirements for the materials used, wear and performance characteristics ar
other input information are included.

The general concepts of the design of cannon barrels refer Igdbamnbarrelmonoblock but also to
barrels of other types.

The construction of the barrel must be made on the basis of the private technical assignment and tt
requirements for modern guns. The solving of the task for designing of a cannon barreWitbgine
design of the simplest barrel construction, namely: banaioblock.

In the early stages of the design (conceptual design) of the -baynelblock the following main
activities must be carried out:

1. Justification of choosing the chargingethod, constructing its corresponding charging chamber
and carrying out the design calculations.

2. Designing the leading portion of the barrel channel including: selecting the method for guidance of
the projectile in the channel; choosing the shape ettlis and calculating the number and size of the
cuts, etc.
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3. Preselection of the external shape of the barrel and selection of material for its manufacture. Here
must be noted the joining of the barrel with the closure node, the presence of addéwced, the way
of guiding the barrel in the cradle when recoiling, etc.

4. Calculations of the transverse strength of the barrel and specification of its structural dimensions
Calculating the actual mass of the barrel and the position of its center ofass. Correcting the outer
contour of the barrel to obtain the optimum mass and position of the center of the mass.

The mass of the barrel must satisfy the required free recoil $fmedhich for the different types of
turret is as follows:

- for powerful system¥mi s i n the range 8 6 12 m [/ s;
-fortankguns/mi s i n the range 10 6 15 m [/ s;
-forgauntlets&Yymi s in the range of 14 & 20 m [/ s.

The resulting factual value of the barrel mass as a result of the calculations must correspend to
desired free recoil speed. This is not strictly determined, and if the actual mass of the barrel is diverte
within N 20%, it is assumed that the barrel de
mass adjustment is made by chandghegconstruction, dimensions or material.

5. Final determination of the dimensions of the barrel and verification of the transversal strength after
correction of the dimensions.

The calculations for barrel warop, the wear estimate and the duration obpsration are usually
performed at the design stage.

The specified design tasks are logically arranged, each previous task having a multivariate solution
and the end result impose some limitations on the next solution if a system approach is apmied. Thu
the options for solving each subsequent task are limited. Because it is a long process it is logically tc
look for a way to reduce and facilitate it. This necessitates the use of databases obtained experimental
or borrowed from the design processesloéady existing artillery systems. The acquisition or creation
of such types of databases allows a high degree of automation of the design process, which wil
inevitably lead for reducing design time and the process efficiency.

The creating a Cannon BalrDesign Automatized System (CBDAS) will greatly facilitate the
designer to review multiple variants and accept a technically grounded barrel design solution. Such :
system, having a rich database and working in dialogue with the designer, will ensyceitivauld get
a quality project on a contemporary level. The question of the efficiency of the project and the
correctness of the decisions taken will be decided in the course of the artillery system testing.

If a Cannon Barrel Design Automatized Systeas been created, it could allow automated execution
only of a part of the process such as a project solution for the artillery barrel. A project solution means ¢
barrel construction that is needed in the early stages of design. Essentially, this isletecegtpof
structural parameters of the barrel (shape characteristics, dimensions, kind of steel, tolerances, etc.) a
its functional parameters (massnter characteristics, strength indicators, etc.).

This set of parameters allows you to move on ® ithplementation of the working technical
documentation of the barrel (development of a working draft).

The above describes the concept of "project procedure”. This is a set of user actions in the
automatized design system, the completion of which ends avitannon barrel design solution. The
design process can be presented as a set of such project operations whose algorithm remains unchanc
Separation of the project design procedure is conditional because to it reflects current standards ar
designing echniques. In principle, the design procedure should include a list of operations and the
sequence of their execution, the possibility for the user to participate in its work, the availability of a
design assignment and a description of the design object.

The above mentioned specificity of the task for cannon barrel design as a procedure confirms the
need necessity in the center of the process to be placed the designer, actively interacting with th
automated design program. Only the dialogue mode forabigml process can provide the user with:

A introducing a variety of input information
project operations;
A obtaining instructions during the system op
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A possibility t gromssforcaacildryiactvites at ehseitablediree; g n

A the ability to switch from one design oper a

A the ability of the designer to respond ade
assistance under its operating rules;

A the possibility of completing the dialogue

The information providing for the design of a cannon barrel is a set of knowledge needed to perform
an automated barrel design (ABD)datneir presentation in a given structure. The information need is a
set of requests for information necessary for the design of the cannon barrel. The same is the basis f
providing information on automated barrel design. The following data bases airedeqg perform the
information support required for the design of a artillery barrel:

a private technical assignment for the barr
the weapon system;

A data obtained f rorother procedurésonihe autbemated design syistenp (s this
case ballistic design);

A reference da

A data about t

A user dat a

The listed data variants and their interaction with the software for the automated design of the barre
and the users are indicated in the structural diagram of Fig. 1.
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t u
h components o

Technical
Assignment
(TA)

Analysis of TA of the artillery

cannon and formulation of the :
PTA for the artillery barrel <: Da';'aasf:;nm;:ﬂrzuélsuus

v

Private Technical [
Data from other

Assignment (PTA]

subsystems of
CEDAS

User Request

User of
Information
and
Reporting
System

(IRS) IRS reply G
Project
Correction IRS fillinig
ﬁ Barrel Project

Filling of the
applied programs
suite (APS)

Barrel Information
Model

Information and
Reporting System
(IRS)

Dialogue

Fig. 1. Structure diagram of the information and pramiraing providing of theystem
for the automated design of the artillery barrel.
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The information system consists of information that enables the user to fully intervene in the proces:s
of automated design, to correct and direct it in the required direction. The scope andyefatata in
the information system extends the user's capabilities, positively influences the quality of design
solutions and reduces design time for the design.

The information system of the barrel design process includes the following informatides:bl

A state standards, standards of the design ol
regulating the construction, materials, tolerances, assemblies, etc .;

A informati on Jallistic and ®inctionalnceatactaristi¢sibarrels from existing
weapon systems;

A information for the strength, hardness, hez:
SO on;

A information for the aggregates and objects
(ammunitions, bolts, muzzle brakes, etc.);

A information of a technol ogical nature ref]l
technologies;

A information of a technical and economic na

price refeences for materials, etc.

The final product resulting from the user's work with the database can be presented in the form o
tables with data for the barrel and drafts.

An important feature of any InformatieiComputing System (ICS) is the degree ofnfermational
commitment to the environment. The InformatidBomputing System must be dynamic and continually
use information about the changing the environment beyond the design system. In this sense, the cann
barrel design subsystem must be openfarior improvement.

Sectoral software is presented in the automated barrel design through an applied programs sui
(APS) (Fig. 1). For convenience, two types of modules (programs) must be designed in the applicatior
packages package: for designing andcfantrol.

The modules for designing use input information at their entrance and give on their output the needex
constructive parameters: type of construction, shape characteristics, dimensions, required characteristic
brand of materials, etc. In order be solved the question of the composition of the designing module
package, it is necessary to be modeled the process and to be constructed the sequence of operations.

The modules for control receive on their entrance initial information as well as atfomobtained
in the design modules and give on their output the functional performance characteristics of the
structure: strengths reserves, deformations, heating temperatures, wear indicators, frequency tr
oscillations, etc. For the determination oé ttomposition of the modules for control, it is necessary to
consider the conditions for the creatability of the guns.

The analysis of the processes occurring in the cannon barrel allows to be separated on several grou
of parameters necessary to formaghkage checking programs. The main sets of parameters needed for
this are:

- parameters characterizing the total transverse and longitudinal strength of the barrel and its details;

- parameters characterizing the shape, dimensions, and conditiorsaffde of the barrel channel;

- parameters characterizing the barrel as a mechanical oscillating system;

- parameters characterizing the barrel as an integral part of the weapon system.

The heretofore was demonstrated that the theory of cannon bargei destinues to develop on the
basis of the deeper understanding of the physical processes taking place in the barrel during shooting a
the more accurate modeling.

Applying a systemic approach to the complex process of barrel design, as a weapon comple>
subsystem, allows the continuous improvement of the process, shortening the design time and th
realization of artillery models with high combat qualities.
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ANALYSIS OF THE FACTORS AFFECTING THE
STABILITY OF THE BULLET WHEN I T MOVES IN
ENVIRONMENT SWITH DIFFERENT DENSI TY

Rosen N. Lazarov

Nati onal Military University nVasil Levski o,

Abstract After being shot, the bullet has to pass through environnvatiisdifferent density and the
ricochet phenomenon is often observed. It changes the energy of the bullet, its trajectory, and its
integrity. By limiting the ricochet, both shooting efficiency and shooter safety are improved.

Keywords ballistics, bulletricochet.
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In many cases, the ricochgtenomenoiis used and controlled to achieve the expected results, but in
certain situations it may be dangerous and even deadly. The bullet loses some of its energy, its trajecto
is changed, and its integrity is eventually impaired. For these reasons, it iabdg\vis limit the
occurrence of unwanted ricochets. To do this, it is necessary to study the ricochet conditions from
different types of surfaces and the emergence of dependencies that determine the conditions of i
occurrence, the way the ricochet is wohed or its exclusion.

In the artilleryshooting, ricochet shooting is used to achieve air explosion after the projectile has
reached the ground (water) barrier. The ricochet explosions on people and outdoor ricochet in opel
trenches are much more effiee than the ground, as the area, affected by the splinters, is bigger.

Ricochet shooting is used in combat aviation to cause significant damage to surface ships in ricoche
bombardment.

Despite the longtanding practice of using ricochet, its use inogimg on water is not weltudied
and there are no mathematical models that clarify the process. Partial research and experimental resu
have been published in some specialized publications.

The problem that should be analyzed is the factors that #ffectability of the bullet when moving
in different environments. Factor analysis can be used to definedo@ements of the bullet shape,
which would improve its movement in different density environments and minimize ricochets.
Obtaining a bullet wh an optimal shape that meets the requirements for the necessary striking action in
environments of different density is a problem of exceptional theoretical complexity. It requires
simultaneous solving of three tasksthe task of the external ballisticthe movement in the air
environment, the task of the strike of the bullet with water, which determines its shape for limiting the
ricochet and the task of its stable movement in the water in the conditions of cavitation.

Conditions for bullet resistancein the air
Stability means the bullet's ability to resist the external forces that divert its longitudinal geometric
axis from the tangent to the trajectory. If the angle formed by the longitudinal axis of the bullet and the
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tangent to the trajectory oi¢ center of gravity (c.g.)increases as a result of the action of the external
forces, the bullet is considered to be unstable when flying. If the specified angle which is due to these
reasons is reduced, the bullet is considered to be steady.

Fig. 1. Forces affecting the bullet when flying in the air.

The force of the air resistanéeand the force of the bullet gravity(Figure 1) refer to the external
forces acting on the bullet in the air. The point of application of the force of air resistance is equal to
surface forces, and it is called the center of resistance (c.r.).

The force of the air resistance is directed at@r t ai n angle U relative t
The effect of this force becomes clearer if it is brought to the center of gravity of the bullet. By applying
to the center of gravity two forces equal in value to the f&ta@nd directed to oppite sides and
decomposing one of them into two components, we get a system of Ryrd@sandq, applied to the
center of gravity, and also a pair of RR forces turning the bullet into the plane of the figure.

The forceq causes the bullet to drop wheirig, resulting in a distortion of the trajectory in the
firing plane. TheRy force, called drag, causes delays in the bullet flight, resulting in descending branch
of the trajectory being shorter than the ascending. The Rycealled normal (laterafprce, causes the
center of gravity to shift from the tangent to the trajectory. As the scheme of forces, which are shown in
Fig. 1, revolves around the tangent to the trajectory (except the force q which retains its direction anc
magnitude), so the centef gravity resulting from the action of foré® makes a helical line around the
same tangent line. The torqakthepair of forces is:

Q) M=Rhz. si nfy. ab R

As it was pointed out, these forces try to rotate the bullet in the plane of thedigured the center
of gravity, to divert its geometric axis from
impede the stability of the flying bullet. This torque is called reverse.

Two methods have been used in practice to ensurethélmit s6 stabi |l ity durin

The first method is to force a strong displacement of the center of the resistance back behind th
center of gravity. In this case, the torque M, defined in formula (1), ceases to be reverse and become
stablizing. It occurs every time the projectile's axis deviates from the tangent to the trajectory. The
strong displacement of the center of gravity is possible with the help of stabilizers. This ensures stability
of mines, aviation bombs and rowstating reative projectiles.

The second method of providing stability is to render a great angular velocity of rotation to the bullet
(projectile) around the longitudinal geometric axis. In this case, the effect of the turning torque does nof
cause an increase ineth angl e of the nutation b and rotat:i
precession, i.e. the rotation of the bullet axis around the tangent to the trajectory.

The rotating movement of the bullet (projectile) is achieved by imparting the necdgsary
(curvature) to the rifling of the barrel.

The tilt angle of the rifling may be constant along the barrel (constant curvature rifling) and variable,
increasing depending on the channel travel of the barrel from the breechblock to the muzzle (progressiv
curvature rifling).

Progressive rifling is made to reduce the pressure from the casing on the barrel and thus reduce tt
wear of the groove part of the barrel. [3]
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Interaction of the bullet with water barrier

It is necessary to consider the cases tdraction of the bullet with the water barrier. Water has a
significantly higher density than air (800 times). Practically at a bullet speed of 100 m/s, water is to the
bullet like a solid barrier.

|

o f

%

2
|

Q

Fig. 2 Types of bullets and thetements
a) a bullet with longrangeform; (b) a bullet with shortange form.
171 shell (steel, brass, tompac)l@ad; 31 hard-alloy core.

Long-distance form bullets have a pointed front (Figure 2, b), and these witkrahget form have a
rounded frat part (Figure 2, b). Bullets are produced also with a flat cut at the front.

In Russia, the Center for Independent Expertise on Automotive Transport has conducted ar
experiment on the interaction of a bullet with an aquatic environment. For the exgieanneount was
used to allow a firm fixation of the weapon, firing the bullet into a small pool with fresh water, and
measuring the angle U with accuracy of one mi
trigger with prelaunch of highspeedcamera that fixes the results of the experiment: the bullet's entry
into the water, the movement, and the exit.

/{;\ | =

Fig. 3 Scheme for conducting an experiment on the interaction of a bullet with water barrier.
1-bullet catcher. Aight barrier for stopping gunpowder gasses

The shooting was carrieaut with various ammunition and kinds of weapons. The experiment used
both ordinary for the system cartridges and also cartridges with a flat cut, made with a file, resembling
the expanding bullets of the hunting cartridges. About 100 shots have beeocegrodls a result of the
experiment, it has been found that the angle of the bullet ricochet with water barrier with a pointed anc
rounded front has practically the same value and does not depend on the shape of the front part of tl
bullet.
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Angl e Unas andhdoes hot have a 50/50 ricochet is for example 11 degrees and 40 iminutes
the transition angle.

100% ricochet is absent at an angle U equal t

100% there is a ricochet at an angle U equal

Expanding bullets (with a flattened front) often broke down when they encountered the water surface
and ricochet could not be seen. Also, the flat front of the bullet forms a cavitation cavity that prevents
the bullet from exiting the water at an angleajer than 12 degrees. The experiment conducted allows
us to conclude that a separate case study should be carried out with bullets with a flat front to determin
the angle of the ricochet's occurrence.

It is also necessary to consider the case when tbe fetm the weapon is produced in close
proximity to the water surface. In this case, there is an effect of breaking the water surface from the
gunpowder gases, which overtake the bullet in the-afteon phase, forming a cavity in which the
bullet fallsand a ricochet is not observed.

In the course of the experiment, it was found that the depth at which the bullet penetrates at the
ricochet from a water surface is aboutZ@®cm, and largely depends on the angle of encounter with the
water surface. [2]

Combat tasks which are performed by the crew of the battleships include shooting at mines on the
surface, higkspeed small surface ships and boats, boarding operations, shooting at underwater enem
divers, etc. The position of the weapon against the warace determines "advantageous" ricochet
conditions (Figure 4). I

Fig. 4. Graph of ricochet conditions depending on the position of the weapon against the water
surface.

h - shooting height (board and shooter height);dritical distance which has 100% ricochet; | /
h - tan 300.

It can be seen from the figure that at height of the board h = 6 m, the critical distance for the ricoche
is 3.46 m, i.e. when firing at distances greater than the one described above, thiditgroba ricochet
is 100%. The situation is even more complex in wave conditions, because the angle of incidence will be
determined by the directrix of the shooting and the tangent at the point of encounter with the water
surface, and they are unpredigle. Theoretically, there may be a shot from the deck of the ship towards
an approaching wave that causes ricochet and return of the bullet to its own ship or a neighboring one |
the group of ships. This presents a new perspective on the type of aramuséd in our navy. [1]

Principle of bullet movement in water

Water contains dissolved air, which is released from it when heated and the pressure increases. Tl
effect of separating air from the water can be observed with the phenomenon "Cavitat®effel is
also used in this case. The APS machinegun bullet is a steel rod 120 mm long and 5,6 mm in diamete
which becomes thinner towards the front and ends with a flat cut with a diameter of about 2 mm. The
bullet has considerable mass and with gfeece, coming from the kinetic energy, effects the water on
the area othe flat cut (with a diameter of about 2 mm). Under the pressure from the water, air is
released which forms an elongated cavity (cavern) and the air pressure in it is in thef @0ge 0.1
atmospheres.
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Fig. 5. The principle of bullet movement in an aquatic environment.
(a) the movement of a normal bullet; (b) the movement of a bullet designed
for shooting in an aquatic environment.

Stabilization in thedirection of the bullet movement (preservation of the direction) occurs at the
expense of the constant oscillation in the back side of the bullet in the walls of the cavity. After the
bullet passes, the cavity collapses, leaving behind small air bubbkefullet will continue to maintain
enough speed until the speed drops below the critical value. Then the cavity decreases its size at the re
where friction on the bullet in the water increases greatly, resulting in slowing and stopping. The
reduction @ the range of fire with the depth of immersion is due to different water pressure at different
depths and the consequent changes in the conditions for the formation of cavities.

The stability of the bullet and its movement are controlled by the lawsdobthynamics (cavitation,
etc.), which differ significantly from the principles of bullet flight stability in the air. In this connection,
it is practically impossible to create a universal bullet for air and water. A rotating bullet or bullet with
stabilizers will break the cavern, etc. All versions of the bullet for smoothbore weapons can only be
simplified versions of projectiles for smoothbore artillery and hunting rifles. One of the versions may be
the one, shown on Fig. 5 or its modificatipmdthough developers are limited in the versions the
cartridges.

o L

iy

Fig. 6. A bullet variant for a smoothbore weapon, including a 12 and 16 caliber hunting weapon.

N

CONCLUSIONS:

1. The analysis of the stability requirements a single bullet has to meet whenirfirthierent
environments indicates that they are completely opposite when the bullet moves in air and water.

2. On the basis of this analysis, it can be concluded that it is more efficient to develop a model of the
bullet shape in which its ballistic prefies are preserved in air motion without ricochets from the water
surface.
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TRENDS IN COMPUTER DESIGN OF REDUCTION GEAR

Stamen |. Antonov

Nati onal Military University AVasi l Levs|
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Abstract: The article explores contemporary computer tdols design of reduction geaiThe
article is fully adapted to the need for knowledge and skills in the future work of enginessishime
engineering.

Key words:reduction gear, CAD software, geometricsigm, computer modeling.
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Works ddi30 BdBdzdtslsjCO f; dzOH 700, 09 P fnlidst® dzsk P s iz
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# | Produds | Senices | Industries & Applications | Resources | Bearings Catalog Life & Safety Factor Caloulztor

ve = 6205
6205 Single Row Deep Groove
Maodel: 6205

-
s (1

._
|y &
(=}
ks
L=
-

L] L
| 2 } Download CAD [ Chosse a CAD format v 1
Choose a CAD format -
View 30 Model Creo Parametric 3.0/2.0 { prt)
r ProlENGINEER Wildfires2001 {.nau)
View Spec Sheet || Pro/ENGINEER Meutral {nau)
|| Autodask Inventer { stp)
| Scidworks 20162017 (pt)
Solidworks 2014 or earlier { igs)
Parasalid (x_{)
AutoCAD 30 ( sat)
CATIAVE {igs)
CATIA VY (igs)
IGES {igs)
STEP ([ .stp)
ANVIL { stp)
CADKey 30 (stp)
IranCAD { stp)

L. ABEC Grades 1, 3, 5, 7, and 9 are available.

Product Details

Mechanical Deskiop [.stp)

POF |
Spedifications i%ﬁnr E.;I.I;dn

Eearing Type Open SDRC I-DEAS (s1p)
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o ddzOcd IttwBoO® HO fMj ftdHtky OOl ls i slso jIsded
SIsHj dzdzad WO2dzse j MmMi M Mi slse jlsdetslsts tOLh o] ded j )
cOBBISO. Y jtobtsydadWls WO2dz dksyj HO fMmi HI Gly® g HE
Bsdzj dzls MOBs jHddz BIs Isvwn j 0OCIdej da

4/ LHO9 Odzj Ists dzO yjtelsjy o¢dzt yo O:

A dLeitc dzO WistedsOls dz0 yjtelstsydedw dzdmls, t©OHREO

A dzOMmistcts?2 9 Odzj dz0 osd s BW  ARO 1Y G SHE jsHf @ Odzy ( j 9 LS
fsedydw [ 4O tfgHted@IMOB, Mddkeotsdzd L O L dOyOs Odzj
BOL J, ZOyddzed L O ftwjHMISOawdzg dzO tMmdztse dzd J dzj dzd
G steduded HsfbkmSd, dOHfdMd d Ht. ) ;

A CoiftsL JieOQdzy dzO yJtelsjy 0 Ytojsic Ofidz w® a Odzjj , dz@z0
H tc. (Wde. 6) ;

A sl dzo Odzj d&zO kOB YOO f tMdase jdz dzOHY d f;

A sl jyOleOdzj dz0 YjteksjiN0O dO §jted¥ jtedsts kflstets
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MNOTES:
75 TEETH, MODULE 9 SPUR GEAR

ANd&. stiftsLdeOd dO yYyjwlsjy o ctOW dyc

V. uvinszsedw dO dL OB BIss Odzd

1 OteW L 90dzj Ists dzO LI Bdedfbpi ] d® dggpzs®j Mjh O
ftosWddzdtcOdz toj y4h ddzhmlstczdzi dz 5 dBIISBHO dO ¢ c
OftesCMj BqdzdtcOdzO® SCtcdo O, HBBAEZIY O OMO Mj HB SCStdbsk

11 Bdedlsy Ctsdzj d&zO dzO BtsH £ ddsteO degty'c Ods w O dBO HHAO Ists
sBtcOBBIso OF yjdalsi 6 dqdzd dedh Cts9 O JjtesL d2 dzO d&Oh d dzO
Gjdzj edtcOdZO ftosctceOBO Bls fSHASHWNIES dJqLBteOdRO CAM f
CAM Mmdfmlsj 80, f§ted M) Ml Aoteinjtc Odgd Ut tc CoLdfVtdA odAsly
MdMmilsj dddIlsj dBsHjdzd dO BBteOBBlso Odzdlsj &sHjdzd. [Is I
tcOL dzd ydzdIlsy ¢6JtsdijIsteduyded Jdzj a3 dzlsd. R deW stedzZOydwis o,
dzj sBrtsHd B Isj d dzfnldekiz@izj dalstd O jLSAs steadte/@gjts dzO  d dzfls e iz d3
MdMmlsj BO MO o OMBYdOlsdoedzO oti LCO f ttd e d dzOdzdzd W
stcOj Clststed dIsj mJ ftesdzj dgW Is Qo lstsd3OIs d ydzts. CAM Mo
ddzmistczdzi dzls © d itz G| sts dgBH GFE&O, ¢Olt ddzMmlistelz d3.
ftoedmMf sisBdzj dzgd W Is©O L O BOLJdwOdzj d LORoOhOdzg MO o¢
ftesyd MO d&zO tBtOBBISC O.

VI . 10¢Cdz¢ yj dad j

] HBCdEZOHO | ftjHMisOs j dzO { tsMmazjtedp Otsd daiis Migts ©]
LiBded ftejHO0Cd f¢tMmtcjHuHMmlseatsds CAD fmdfmisjdd d MmO
dLtcOB IS Odzj .

1 Of tcOo j dz0 sBtsMdso CO L O dL ftsdzL o Odzj z0 C
ftoj HdBMsSo OO dd3 fted HtosjClsdteOdaj dO LI Bdad ftojHO

References

1. 1 sdStse 1., CAD/ CAM MmdMmisjdid o &BOh Jdshistetsj
2001.

2. 1. Mmtedfpstsea, 4. 1 jlCteo, 1. vYOQakhwdzg uw. 1 C
dzO0 oBOh ddedzd J dzj o3j delsd, wsWdw, 1980.

3.http://www.academia.edu/36663133/DESIGN_AND_ANALYSIS_OF _A_TWO_STAGE_RE
DUCTION_GEARBOX

4. https://www.solidworks.com

5. https://store.topsolid.com/cad.htm

ISSN 23677902 163


https://www.solidworks.com/
https://store.topsolid.com/cad.htm

Proceedingse f I nternational Scientiésoa, Conference nDef
Faculty of Artillery, Air Defense and Communication and Information Systems

COMMUNICATION AND
COMPUTING TECHNOLOGI ES

ISSN 23677902 164



Proceedingse f I nternational Scientiésoa, Conference nDef
Faculty of Artillery, Air Defense and Communication and Information Systems

A COMPARATIVE ANALYS IS OF HARDWARE
PLATFORMS FOR DEVELO PMENT AND REALIZATIO N
OF SOFTWARE DEFINED RADIO SYSTEMS

Rosen A. Bogdanov, Zhaneta N. Savova, Dyaniso Hubenov

Nati onal Military University AV. Levski o, Ve
department ACommuni cat,ion Networ ks a
rab61l@abv.bgzh.savova@mail.hgl_hubenov@abv.bg

Abstract: The paper discusses tpessibilities of building SDR systems through some of the widely
available hardware platforms. A survey of some of the most commonly used SDR hardware platforms i
done. A comparative analysis of the technical characteristics of the SDR platforms @ahsdaade.

Keywords:Software Defined Radio (SDR), Cognitive Radio (CR), ADAILMTO, USRP, WARP,
BEE3, KUAR, SDRplay, FPGA.

gt ol v RS 1 61O/ RY 1O motrPRtI® T HOOCHASLuUusd
R t(oJRYOAREAVBOLITILSL TTARLRIOGLIR tOTRIBRBU S

it smidze ¢. 0 BdHIOGS)., 0ot O, [ wWdlt 1. mk

1Oudtsvob®jzjm1a1zacjtsfnd1’ls;[s‘jéfn§qﬁ, cte. 1 jddets ul
ANOCEkZdzsjls Adtelsddzjtedw, 11 [ d srRuefl, GCOIjHIEEO Ast
rab61@abv.bgzh.savova@mail.hg_hubenov@abv.bg

Lol [

1 sfydzj HHAedN§ s ddzj sdw o tw©wOLoadlsdjts dz0@ Ctsdlzded C Oydd
ZOtcOMmilso Odzj dzO dz2Oyddzedlsy d Mmted HMise OO s dgiteded ¢ Eysdd
HOdzdzd, cdzOMtsed SCSoBzddSOydd, odHjit CtizddSPydd,
tcQodzj dzdd d Ctdzstesdz, SCodBBzdzed S Oydd fHted M Jhded toyg
toj Odzdzsmls My dLdmMGo O dzjmdes d JWJSIsdodes dBsHdWdyd
sObts jrndtsdkzsedd LO ©OLadlsd] dzO S tdikzded ¢ O d bz,
JLyftsdzL o Odzj dO d&Bsh dtshislsO  SflksdikddL dtecOdzy dzO tOL
f sdzL o, toj OdzdL JteOdzed tsls HBsMsOoaydydlsy dO ¢ tsdiizdzd ¢
HsMisdeOhd HB CtO2ddlsy §olstejBdlsj dzd, thOtspHd tsdzOIN
(Software Defined Radio), OHOfflsdodeslsts tcOHdB, ¢
10 fO0LOtO® Mmj HtojHZOGOIs tOL dzd yded =~ OtcH Iz todzad 1 «
ftosetcORBJtcOdzy, Stdlsts My dqLisdzLoOls LO tOLtOBSISEO
]l lEsHtsCdZzOH e ftoj HiIsOo j dats -yffj hsiisy e Q diits daiz® Odizef Ist$ d d
nOtcHEjtoded  &zOW stedzd. 1 Oftc@o jdz j MtcOodzedlsj dzj ez Oc
Odzdlsy bjrdtsdzsecdd d o90ttdOdzsdlsy L O Hftoddtsy Jdedj Ists

o
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H.métrovrt1rR 1[/oduvanltfRrR 17¢ SDR

1. Universal Software Radio Peripheral

vdzdo jteMOdzdzOIs O  jtedW jtedw L O MeWilskzjtedzsts wOH@PHE Un
BO sl MeWilskzjtedzd tOHdMISOdydd, sy SIsdteOded d
BO2CHOt iNbnal I nstruments [ 4]. 4] BB AMlsotslsts § toisSH|
f dzOW stedzO L O MWilskzjtedzsts ttOHdB d yd Mists Md dy §f sdzL
sd d dz¢ Bdlsgj dzd .

[ sHj &l USRP dJLitdl o0l OttandliClskz€B@dIlstsC Yy Yo Oft
LO BBttOBBISCO d&O MdedzOdzd o tMmdztseo dzOISO yJ Mistsls dzO
yd Mssls O, FPR®A r @mmalbd e Gate Arrays), ADC, DAC,
tcjckdzdtcOdzy dz2O0 dBsh dsfMisls©. [ t5HOz dededhwvj tafdi(d dfydd@ls CdfO fr
tcj OdzdL JtcOdzad O OROIsSetsodlsy Y jteOydd COdstvett @
DUC (DigitalUpConverter), WddazkttdtcOdzi d Httkzed tBttOBBISE
2O USRP HO tsBMdzlzy o Oc Ofptésdsdztisy jHs[ W6 Glbzlsts) toj HdzOG O
USRP: Btejytsed, hddeded d o9cteOHjdzd. [ty Bodlss- f dzC
JWiClsdoadzd USRP EfMmlstes? fiifisd ®ts ¢ € s df dz® d3df Y af s DO @)y thds
dzj dzls © tsls h ddzded Is jg.a bd t{ tEdgthhels G edzO dGiEls j oW j 2 ) KHfiplstots:
GOl HO ftojrol tedz¥WIls HBs 50 MS/ s Ctdffdzj CMmded s d
ZzOc O d {ftstls L a@npianMQultiplédw it tpiugl) e tOL h dtcj dedj, C 52 Ist
LO Mmddiftad@d=idgd LdzO HoJ EkfMmMttts2MmlseoO® tlIs IsOLd Mmjtedw. |
dqdzsjteWW j2fm USB 2.0 ddzd USB 3.0 LO ftjnrol todzf dzj d
SO O WEdSydsdOdzdshnissO dO0 Hkzedlsj USRP [ fijskzous? figis
f OLOttO® © CtOw 201 . d drLitsdzLosO  &ZzOLW SttdBZPsO Z
LJtcOdzy dz20 dBdesets S tsd3f OCIsj dz, 9GctOHjdz USRP sH Ezdz
Mol tcLo Ol M o dgh jdz CsBfelsi 6 d MBsY ) @O &Byn@ds
ttOBBISO [ 7, 8].

MOtcHEZ jtedzgdWIls HEO29 jte dO USRP UHD (USRP Har dwa
ftcjHsMIsOe jdz tsIs Ettus Research LO dLitd.oeoOd] o
Li nux, MacOS d Windows tcPpBOHY stodizs ydsv§ dedz& GNU
MATLAB d Simulink, dLftdLeoOls HEO29 jtc®O UHD.
ANzdzC yd sdzOdzdzts s ls O, smMdektej &z ©ls UHD, BBsy Jd HO
(Application Programming Interface), CB2 st sMd
Bsyd HO dBfstlsdtcO® ¥WkdSyddlsy dzo0 C ++, Mmihts By

)
4
[

2. Wireless OpenAccess Research Platform

1JLyduyudzOls0 dL mMdzj Hs9 Olsj &ZMC O  dzO ¥ stc 3O HAd@essmo S E
Research Platform) J d&OhOBJtk pddayde 1 @QzOIsd tdstejdzRO
HS feslstsilsdy dzO Ml satej o dzdzd B 4 L Y dyded dstcj yd. d-WART
tckjd3 mnOtcHEZjte M etz BO BOLO s BGleotstcjdz StSHEd 1t
stsoed MdcdzOdzd, OdzOdzsetsod. MazOduso @BmmY B salztj ilzgf g s W
J e, dgdzls j ctcd tcON F-B GARZO d3tE Hsjdsif Oz ¥ s@©x Xi | i nx, Ho O
Frequency) ddasjteWj2mMO0 d twOLddydsd §jtedWjteded Ekfis
WARP Lab | t©ORCO LO BitLB c¢jdzj tedqtcOdzj dz& Wfidcsls
HgdzdtcOdzy dO fHttsdL otsdzded S tsdiB d dzOydd wsils J HJ dzd ydzd
zd. tOLhdtew j BOISO ORECO HODO dO YtlstejBdlsj dzdilsj

Btejyd tls ol Ldzd, LO HO wlsdctsatteWls dzO® HGW Cits) Wi jtda]jde
HJLO2dz Mi YyjlsOeaO® odzjHICW O Odzj ss dzO MATLAB d FPGA
dzj Mdets tOL M dewo Odzy d §JjtemMsdzOdzdL qtcOdzj. | 5C0BB 6]
dzj dzgdj dzO o1 Ldzd d ®©BKOBBISCO dO HEd sz dzd bis@ i
dLdmMSoOdzdw L O dzOIsj dzlsdzsfls HO tj OdzdL qeOls CtodIsd yd
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3. Berkeley Emulation Engine

1 Ozs9 OIsO MdMmMisj BO j Bz dzOIstste dzO 1 OGS dzd Ber kel ey
M ol L i3y wasliptzdzts Otlc @@L f sdzOc Odzj dzO0 FPGA MmdMmisj &3, o M
Vitex-5 LX110T, LX155T ddzd SX95T. vsWo ] sy ®isdto O
si tdzOIs© Otern dif jj YlgOtdAzsq PBEE3 | § ZOLW stedzO, WISt
LO Bdesy j Mlsets ftetsyy Msted RAMP ( Research Accel era
&ZzO hjMmls Edde jttmMdlsjlsO (Berkeley, Stanford, Uni ve
d dewCtsdits qdHizmisted Odzded  Otclsdz' sKdlL i Mtedj HSEMsJ Kisc |
| B M. BEE3 | ®&OhMOBdtkz] 3O ff dzOW stcdzkO tsIs 1 HBO64
dzdwIsO o dWitdkits B d&OMIsd: Cos3f 6 Isi edzO Otendlsj CIskz
2j.0Otead™ d Ml nteOdzj dzdJ dzQ dfdO ddgOls l9f @ cfiztstel Q Lozt | dBcfize s
| SHE&ZzEZOIsO, &OMNoBdikz] B3O f ZOIsW¥ Sted3®, B OL JicO&O dzC
Isdtc ©dzl , BEE3 &Yy j HO Mi dLyitsdLesO® LO ©OLiOBTEISE
[ 3], CObt:

CsedzdIsdodzed twOHdEMdMIs] d&3d ;

fd &3z azOyd OB dePh ag®dd IsteOH dyd tsdeded Bte] 3 d
sSBtcOBBISCO dzO tOHdtsMdec dzOdzd o toj Odzdzets o toj d3d
fd Bz dzOydw dz0 MI MO fMdflsj &Bd

J BzdzOydqw dz20 CtsBfslsi tedzO Otrndlsj SIskztcO
sBtcOBBISCO dzO mndf jtemtf jSClstcOdzdzd L sBt.OY j ded W
ZOkzyded dLydmdzj dzgdw d Hte.

T> T T To T To To

4. Kansas University Agile Radio

11 9C 0o tsls tskz dedan s O] skOa s gssOdl mifver si ty Agidl-e R
BO, BshdzO d ci 8¢ 00 ff ZOWsSted3® L O ©OLaoadIsdj dzO -
KUAR J HO i LHOH] 9 LBy dtsMmls L O d&zOftej HdzOdg - dL f
Nd, Oogffdgdzedwy HEtsMisi § Hts M jSki 6O  CededIsdodgdlsj
LJteOdz Jutgglry Hiso Olsj &z € d Is ftetsjCIsd © BEOMKISO dO
ResearctProjectAgency) G Olsts { tots Gfteidiodzjtsdsd jf dXjGi o (OT esXst® -G e n
SO | ©OLtOBtlsjdzO o Simulink d eodzgjHtej d2O o Xi l i
I mMduéd WkdSydd APl (application programming in
9 kftcOo dzwdada@dIs)) SO B( Cont r ol Libraryd iftthdtc@dsdf i alzdz
dzdw tjH. 1tjHdZOCO Mi d-bdtc@W Qg BUY sEtESr mPplhj dzfad d
fsLotsdzweo O IsjLd APl WYEdSydd HO M kEftcOs dzv o Ol tslis
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vOBdzd y®Od dzdIsj dzj dz OdzOdzd L

AiDefense

dz0 tfdatse dzd Is §

Technol og

nOEOCI] e

MOteH Iz j tcdzd|
f &0l ¥ 15 to dgq USRP B210 WARP v3 BEE3 KUAR ADALM -PLUTO SDRPlay-RSP2
[ fdzse dzd o 4 Xilinx ~ Spartan Xilinx Virtex-6 | 4 Xilinx Virtex-5 | XilinxVirtex11 Xilinx Zynq Z-7010 MSi001
o o] XCBSLX150 LX240T LX110T MSi2500

ded d d2J B & rpo3er

70 MHz1 6 GHz 2.4/5GHz 1 ©odMmd tey 2.4/5GHz 325 MHz i 3.8 GHz| 10 kHzi 2 GHz
Y i fMmslsj d?- LOdzd Is§ R (7TOMHzi 6 GHz
L tsdz dzd MW ilskzj tedzd -

$oydqdw)

Y J Milstsls dzO | 56 MHz 40MHz 100 MHz 30 MHz 20 MHz 10 MHz
RF § OdzOdzd| 2 4 16 16 2 1
Rx ADC 12 bits 12 bits 8 bits 14 12 bits 12 bits
Tx DAC 12 bits 12 bits 12 bits 16 12 bits -

Windows Windows Windows Windows Windows Windows
Ju Linux Linux Linux Linux

Mac Mac Mac

USB 3.0 USB-UART RS232 USB 2.0 USB 2.0, Ethernet & USB2.0
Rdzlsj teW j 2 uUsB Gig Ethemet WL AN M -OUG

Gig Ethemet OHOfIs] to
£ j dzo 1220 6900 $ (4200008% 4000 $ 149 $ (99 $ L O kz& 169 %
sBlzyj ded j ) ud deqd )

ISSN 23677902

168



Proceedingse f I nternational Scientiésoa, Conference nDef
Faculty of Artillery, Air Defense and Communication and Information Systems

5. ADALM -PLUTO
[SHEd s -RDANDCR (

Pl u
Devices I nc. Mji¢wEALYtsdizte)] LHOO dL Mdzjy
q :

O]
tcOHdB ( SDR), BJLYyduydzedlsy d t©OHdt S tsdkzdzed ¢ Oytsqd !
tedw, Cowiss d@dsyd HO M dqLisdzLeO M EfttOse dzvwe O -
sts?2 ftopdOEDIdGOZ L0 fted BOdzj d JjHddz ftcj HO9 Olsj dz
HEzfdzg ¢, MfsmMtssBjd HO GjdjtedtcO ddzd dL d3j coa © RF C
MSPS fp 20 MHz vyjmbtlsdO dzj dzls© Pl ut oSDR j ddz@f i
Md LORLOR O dqLywdkzts tls USB f Wi tdzij O s fSHGOL
Windows E d Linux E tffjtwOydtsdzdsd fdmlsj d3q LMo j
dzv 9 O tsOLtsOBtslqu’ Yytej L MsWilskzj tcdz f OC jlstdw & @Udsdsef ddtd\ol
odJdz dqdzszdIsd o § CteOWdud dz I slstejBdlsj dzmMSd ddzlsj oW j 2

dL mMdzj Ho Odzj [ 1 ].

6. SDRplay

SDRRSP2 | dsh jdz hdetsCtsdzi delstseo 1 dzdetsW 2 dz€ y d s dzO dzj
My jCIsi .o tslIs 10 kHz H&EHzO2 {GHzzOIsPO W = flzf o A t5z® @rdzff inls d
JBBdzd ¢ Mji dkyHO] Bl EfttOosdveoOh Cifslsi o d Odals,jc
ftocj HtsMIsOQo jdz tsIs SDRpl ay, &y HO fMmj dzOBdz®* HOO O H
slsotstej dz AP ZOH PRy dydls] HO Mi LHOo Ol datse
sCtsdzs SDR ff dzOW sted3sOIsO [ 5] .

et ol RSl 106/ RYT 106 MOt dSU[ I RHBURSRU(
usWlskzjtodsts HjWdddeOddlsj ©WOHdB fMdMmisj B MO tasB j |
fsteOlsdodzd d kdzdo jlsfndtdsg IsE dils td 6 dnfzj of 5o @OB stcOlslts o d
Lo Ol LO def]dZJHtSE)OISJdeI]Qd Yyjdzd edkzv 3 Btos2 f &zOLY &
MeWilskzj cdeslsts ©OHdts. stwO2ddlsy fsHkzSCIld, §H Wiskd
o hdiesS Vf@cstdz HEsjlss ftOod dwStsd tls IsWAR IstelkzHcC
kOB ddYyO 1. j ftjHMlsOs jdets MteOodzj dzdj dzO© s o i Odad L
COlsts:

A sfdeseodzd cteOHdo dzd J dzj d3j dzls d ;

A yjmlstslsj dz sBR 9 Ols;

A yjmtslsdO dzj dlsO;

A Btets? RF ¢ OdzOdz ;

A ssuymss z0 Rx ADC d Tx DAC;

A fsHni ey O0ded B jteOydddd Mmdflsj d [ &;

A ddzlsj e j 2fd;

A yj dzO.

bdrnddyj MSdlsj rOttOCIjtedMmMisdSd ftsLodzvweOls j#iClsd
kjdz HJOY OLsdz, SOt Ghdsodts M) dL§td o Ol Ujohlktsls
sls ftsteWH CO &0 dWCtdkSts HjMjlkSd MHz, Ctjlsts j H
1ts MSi fdlsj § zOWtstedsd S Obts KUAR fsLotdw o Ol tOBE
1 sHI 6y Ol M dw Stz ttOHdtYJ Mistsilsdzd j & Bdz@zR0 , iy dc @O
Hojlsj ftsmsCd fj thedlkisyd Of tsinezast Gaskz sBGls ldd . t-tso j
Hizjteded  zOWtstedsd L O SDR tOBtskwl f§tsH EiftcOs dzj dac
Linux, CObt fi slke jldts d&O tcOLdefosldsiisSjdizdts lsf iftdad] datst
MCi fdisj f zOkW stedkd tcOBIWI d §YH bLfttOody dedj dzO
(BN O tiMtsejdtsils dO oMduysSd § OYWtstedsd L O SDR{-j dI
HOdzj 2O o9l Istejh dzO O fls tokz SolsClz tedf dfCle TGt HjkzHj dEtstaCds et j i
COod LO ©OL©GOBBISCO 2O desod ftoddztsy jdzgdw o flsb j ot
odJ .
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VA és/ oY1 RY

{ls OdzOdzdL © dz20 HtjHMisOe jdzdlsy R OOSIjtedMmisdscd dz
mMd dz20f cOo fF OdeliH &zt Ho,dzOg H f dzEASLYUSTIARROdzQA DALaM og Devi c ¢
Yyj dz0 | MtcOodzed 30 f SDR ftedj dgded S, Htoj HdZzOEO ol L d3t
cOHd S sdRBzdzd C OydtsdzdzO SDR MmdMmlsj 3G, MmMi Misswh O Mmj ¢
20 MHZAtassSts dLsdzt 9 Odedwy yJ Msslsj dz HdOY OL sdz s5Is 3 2

PLUTO tcLoatdz"W9o O t©OLtcOBBIe Odzj , Isj Mlse ©dzy d dL Maz
COss MATLAB d Simulink, COs BMdekztewo © ddzlskzd s
sBts IsO¢ 09 O, f ZOPLBTFTROIFO fASBAISMWI O COCIts L Oz-dztso
ud dzd J .
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RADAR WITH INVERSE SYNTHESI ZED ANTENNA
APERTURE T EVALUATION OF PARAME TERS
OF MOVING TARGET

Todor G. Peshev

AvVasi | Levski o National J{deéfdndetara Commuhicationeamds i t y
I nf ormati on SyisDekemeé oD&Epawutl mgnt A t own of

Abstract: In the paper a method of synthesizing of an optimal receiver in radaimwignse synté-
sized aperture is considered, in order to evaluate the parameters of a moving target. The method used
the so called method of maximum probability.

Keywords:radar with inverse synthesized apertutiee parameters of a moving target, hwd of
maximum probability
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ANALYZ E SCANNED AREA BY METR IC RADARS

Vencislav M. Vasilev
Nati onal Mi |l itary Uni yerf intcye, afmac WLClotmynuiA rci

Abstract: In this issue is analyzed scannacka by metric radars. A mechanism for forminglmu
tilobed beam is represented and factors which work on this progesgy tochangedirectivity dia-
gram position in endlong plane by alterationsfimdamental frequenays r epr esent ed t
on which values of the wavelength the directigiggram is moving up or down in definite limits.

Kewwords: directivity diagram metric radar, mirrorreflection factor, diffuseeflection factor, ante-
n a beght
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SMART EDUCATIONAL CL USTER
CONCEPTIALIZATION

Valentin T. Atanasov

National Military University Vasil Levsky
FacultyAArtillery, AD and CIl So

Abstract This paper examines the conceptualization of a realtponent, logically composed stru
ture that provides the ability for sedirganizing of distributed learning process based on information
and communication technologies. The theoretical Hasithe conceptual model is the synthetizedapar
digm of the educational process and the integration of intelligent agent, realized by final technological
solutions.

Keywords Smart education, smart labs, smart environment, smart virtual scdroalt eduational
cluster
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ANALYSIS OF THE CAPABILITIES OF GRAPHIC TABLETS
AS A MEANS OF EDUCATION IN COMPUTER GRAPHICS

Veselka T. Stoyanova, Nikolai Kulev

National Military UniversityoV a s i | Levskio

Abstract: A graphic tablet is a computénput deviceghat enables a user to hardtaw images,
animations and graphics, with a special dike stylus, similar to the way a person draws images with a
pencil and paper. This article analyzes the types of graphical tablets classified by several criteria.
Attention is drawn to the importance of stylus.Characteristics, applications, advantages and
disadvantages of graphical tablets are analyzed.

Key words graphic tabletscomputer graphic, CAD, CAM

IR1¢J31IJ 1{8UROLT OARY L ROUPI [ [ UR
t YL ROAUEBIITSu3tuddARS D

1 jj &S o u.,| §&6eaEspd®) o

1 Oy d t5 dz0 dzjzddzdonty jtedjfdB f oz [ j o M C o
ANOCbkdsAdptolsddzj edw, 1J1[ d s
16, zZbkdjd bkd AsOjd z§

J o jHJdd ]

i otcj 34 dzgdzed v Isjrndesdzsecdyd dz MEwOW ¢8 @ y i dedhislOB
Cd dqLdmMCeoOdedw. 14 4 HBMLOII ydes HO Mmj dL f sd
fj dLEZyOes O ddmMbtkdj dottdzB0 dd, O | dzjts
SO, COCIt dzO ftojtf sHBDOIB PdzO, HMOYBERE" O dgOL
dzd jolsgalzy DO yYOfMmls s oW jdsdoOddmisdlsj f 1
A, yud 2Ol O j MtsWlskzjteils, Ct2lsts fftcj HZOCO dBdetsa t

tod o sdzé ydtsdzd L d tc OtzO dzpoy ¢ HAQIs edk®O. il QSHID o Pdzi U d

Ld2O CObts yseo jhCOLO i O d j dezydes HO fpj
nOtlsdwY Hdtej Slsdets dzO jCtcOdzO 20 S tskf e lsi to, C
L

d s
0]
s d3ts h
Blzuj
OB tldc
sdlIsts
te ud
d
0

0] dzOts;u,; dedOBlaiz j dste @Qdeldy jfds L dzOls tsh j COlts IsOBdzj Is
cOWdydzdvwils IsOBdzjls | ~OtcHEZzjtodzst o rntSHzsS EMmMistets?
Letslsoaw o ydzts L BsBteOY Jddw, OdddBBOydd d ctOWdsd.
tc HsCtsfMeo Odzj d @OlsaPmCls Osiddg O sg@PdzH O d&Otedmize
LsBtOy jdzdj. vjLd IsOBdzjlsd d@BsecOls HO M dL i dw e
ZzOowdzgg dO HOdzdzd ddzd d2O i Csf dMmded T sHTdMI[ 5]
dqdzlsj teHdmMydy dga© tefp dzf EPWPLIsL O fteddzsy jdedjlsts d §to
tslsB te[@drAizls j 6 j Mdzs Bd BddZE HO My fsdzL o ©O B Sls,
B
" g

J
]
|
H
a3
i
B
d
j
s
¢
1
G
q
[

9
q
g
s
tc
¢
)
dz
Is
q
)
qd C
2

dL
MejHO LO flotettOdddicOdzj ¢ Olsts Ols dzO
4 dOmisswh dw HBCdZOH My &zd HO d OdzOdzq’

J

Y L dtecC
ftcjHdBMsa OISO d dzgj HBMIsOII yd d as, Csdlkts B(

{
d
Is

ISSN 23677902 191



Proceedingse f I nternational Scientiésoa, Conference nDef
Faculty of Artillery, Air Defense and Communication and Information Systems

stBf s sl dz® cwOWJdCO o WOCEkdzIsjls Adptelsddzjedw, 11 [
vl teds e

gl hdzsmls

liwodwls ctO¥Wdyujdz IsOBdzjls L O tsbtejBdlsj dzlmCd €t
chnol ogies fftejL 1984 ¢¢., GOt fi tco sdzOyOdzdzets |
, -Udshdets j Htsfbs) §d2O0 d L O I[BWB.PC Ml odsj Misdd3 ¢ 53
JtOWdyded sOBdzjIsd L tsdzL 9 Ols M j ydoOdzded f dmOdz< ¢
L&Bjted d Msddzse j. 1 Oy dzO sMmtseJj desMmis J, yd dad&Ols
dlss ®BsEeOls HO B HOI ®&@OIsdteOdzd ddzd cGjdsOH Caf. Yy o
ted3Ols d ®BSEOIs HO Bl HOIs Mol teL ©Odzd €1 &3 PC / Ma
Bjdz[ 5]. IMdusét btsoaO ftojHOLf sdZOCO dzj Mdeslsts 1 t
B Cdfslsi te, Yyted L fHtesmdzi HW o Odzy dzQ o ustiseEnted) >y Jd dzd
O]
{

—
- D

O]
s
s
O

@ 400 =0 g

cOW d ydedw  Odzj oz.

tcOWduydzdIlsj IsOBdzj Isgfj figj H®L dz)®dzPlsj dAPRc O3] Istcd :
t OB tslsdzO f dztsh ;

t OLHJj dzd Isj dzdzO M sMtse dzts s ;

4Cstesmls dzO ftoj HO9 Odzj dzO H Odzded Isj ;
StssteH d dzOlsdzO0 Md MmisJ BBO;
1d90 LO ykzemlseadlsj dzdetsfls dz® dzOIlsdm¢ ;

l dmMsyd dz0 dzO L sdzOIls O;

sWiskzj ts;

1 kzls tsdzd ;

LPI (lines per inch)
ltrso[ s fdisy dBsHjdd M lydkO d dOS dzsdzd do Mt
sOBdzjIsd, ftojHMIsOoadzwo O d tcj Odzdzd j S tcOded, ftced ¢ sd
zd mls, L OMtslsts dqLBtOy jddjlsts Mmj G tswowadd duizfte jHStdIzdEL
Emstes2Msots j HSBEG] HO Mj L &zOos Ols tOL dzd ydedlsj ¢
HOdzd Isj BdrO Bddzd Y BdzjLdzd LO JHARZO dqdzd Htlkzc O F
sBtstclzHO Odzj ss dzO dzOB stc O RlfsfBldi @l O dzd O d t2 Q gz ezth M Iy O dzeh B f
sso ®© COCod MO odHBoO jIsj cteOWdydzed IsOBdzj Isd.

sOIts yYyvdzts ctwcOWdqudedlsjy IsOBdzjlsd BSEOIs HO M wOL
Ofmde dzd IO Endzjfidcf® o dzd Is j dzdzts HtsMisi § d&zO yj dzO, dzjy d
il temj d fesHizCIls. 1 filndsuweddde Ofyd dnd2@zted tsfis] J € jledddizO, € Ols
okC Ofzodiafzdizy Is M §tsdkzzyOe O s Mj daL stedlsj L O
Oh O Ci 3 SsdiBf ¢ Isi t60O;
odzd -HOH tkfizs g Ols Mmisddzem M BOLjtedw. 1 dmMOdzS OL
GO (B HE M | |
Ydzd bOBhEdZEMNO | o96t6OH ] dO &d S tets iyl thfsdsy dap
fted ydWtwseodL JteOdzj sts dzO0 ddz¢ MistcOyd d,
dzO-dzig ff) flpls dzf g Is e O 5L dzOo Ols ;
lsq’udzq’ Islg O Bz @d=lzO G OW d ydedw IsOBdzj Is, CWISt
9 LBBROKO LO tdmikze Odzj . |
m&BSOa@ 20 Mmlsddkzfm, Ct2kts dLd ys® LokS (
U joEtrh judsfty fds0 Misd dzz O distsy 4 HO M dLudf
LOY dMmMOdzedw L okz¢;
disdoe ded Clc@miatfjsls d d d3 SCdzH Yo Ol dLtsdkzOydtsdzj dz o
Hdg BBt d&3j IsOdzdes M j Hd dzj dzd J . U ndetsdztsd d Wals O
tcdyj MCOlsO ftosotsHddiisMls ftojL IstsLd Mmdzts?2. U
| ded W sls ftwsosHwhd dListsyded yd, CoOfOydisde
trao[lufr]gc{ dL sdzOydtsdgdzd tsBj SIsd, L OtcOHJd dBsfseo O
sBJ ClIs

Tas

N &
SI_
o o
(2NO)
Q.

FNQSn =0
Lo <
w a
@
w
§ O<
- ©
&
©
=
o
oN
&
N
=)
©

=0 7L

)
Is
d
q
¢
q
d
q
s
¢
g
fnd
L
9
s
g
J
fn
d
H

aﬁ&ﬁaoﬁokwnqugnr
QN TPOOGFAITH F O
o

N& N& @S N

ISSN 23677902 192



Proceedingse f I nternational Scientiésoa, Conference nDef
Faculty of Artillery, Air Defense and Communication and Information Systems

I ddzsjtedzjls BscEOl HO Mtejh dzOls ddesets  ©OL IS8 &
Csdlts j M ©OL ddyudd vyj dd, ol L &y dshisd d §tkfdsyj

A
Add. lteddijite LO cteOW duj dAOIqBB dzj s OC Is 2 O dzj

tOLGdziNHOl d HijfGddeOBY dkdzd sz §OB Pl ,
per inch (LPI), Csjlsts | BtswWls M EMmf sty
4 MO dzd dzdaddsfijts € As ts5jdz€ 5 p 10t dfstsy fizOls @. [ [4ld Hijglz gt W
f OtcOdjIsi to: dzdo O 2O dzZOdzv 6 Odzj C Ol L O 59
18¢. sOBdzjIsdIlsj HBMIsdeOls 8192 dde0O d dOc
dlsj dzdetsls dzO0 MOz GOc OB dp OlsH ] deftc O dzw g Ols
Bsdzde © ddzd §Otyj StjHO {td ) Asdz®M dew jzfySndsd c
ZE S50 BEOB-HIBf&O J ddddwIisO, ykemlssedlsj dzdztsmls
j dzts o PW Wa®o dLl) F EZH sy dzad yd, Ctsdlsts IstewB9®9 O HO
Oydetsmisls© d MmMd3d Mo Odzd Ists dz0 dzd dzd d Is § .

sd IsOB dzj Isds Sttt ooCidgw off DI to1 Mis ,dzOffilshtstlf , IS O I isy
dimMze © M Yt Mls, OCB | da =B ndsdad]lagsdzdzdd hgd dha] .
js 4 MleagiMmisdd M eMmdusd fjttOydsddd MmMdhls]
J Sbktedzd ddzd Htekzed fHftwtsjSCIlsd oi crnlz AHI MEC OO
o0dzf dzO dL sBOy J dedids RRtdg®dzd o1 Od Mg Ot ksdyts.y Olste &
jIsd, ykHjifmdts | dqLiBdkLoOdjlkts dd&3 d 1 Ezdzj mdzj
d.

=
=
q—.

.0

S O(qu—ﬁnﬁq—@'-GWNﬁ-,Cm

0
)

FIF-N " O0F —
~FARHOGX OS>

T30S S@accinos—
sT P FNI

w O_'E’ o+

Cts sy HO My tBMI YHOL dj HBMISOLI yd &0 ctcOW C
dev Ctsd BtsH | dzdff. flets[ta|@rdad @ 1 tco sdzOyOdzdets s & Iy g dad .
BsHjdz, LO HO oadHd C€0O¢C Mmj wOBslsd -9 difnt=f] cCisdzO fiff. to jtHIS
BOjtedw ftcOoad fdMOdzE OO tBjBIdMISO d j ol L d3dtsy dzts
odMmMtsS CdzOMm st d ftosBdzjdd jJ tjh jdz. wkBjSClsdoedad dz
Emistets?2 s sls@, L OMNtslsts sOBdzjIsdlsj ) WisttdOl ¢3 dzOf tc
dets L OJ i30ls  ff 5o j Wstc Zagidiyls of tod dztyf o dfds-o3® dz§) (6 B § dagla@rd o d .
JteoWdydedlsy IsOBdzilsd MO dzj Mdes f teddesmd dizd, des L O Is
LO odLEZOddL Oydw. stso O Mmi hts | -dgtzssqI€js d & jo &Y f wedsp
tcOL f sdzOEOIs M ddzlsjctedtcOdz LCD j Ctipl® dh s Bfsx2 dsitste .L O dzd M
vdLd o) HadMsOG) djddej H HfeEgjH ondGi , ) J¢ HoELQjsdsOly  dalz ¥
Yyw dz0 kyjsdzO LOdzO. wfttejdz j o ftesMmi Is H Qdzdzd H®O My
oL j BOI cteOWdqyded I=sOBdzilsd M tOL ddqyded § OtcOdiJ Istcd
LOf 5L dzOo Ogap fifs tehPewizfflsy shse jdsiisd ROLHEZjt. 4 ol
tcj OdzdL dtceO® By HEftLjHB]IsdzO otcl L €O M RsdpWztayg ddAYlg dsQsO .
g4 dLYtsdzLoOdjlss dO ctOWdyded IIsOBdzjIlsd f§ts5 st
Bslsdo OydwilsO L O EMmMotweOdzgy dgO desod L dzOded W, HO
MOBsMistswIsj &zdz® tcOBKSISO  dzjHsBtesh o j Misdaslstsls dLt
sBEYOj &sdlj, Ctdkt yjMmists Mj Hi &30k d dO §esfkzmng
1 O€ dzf ud ded d . o o
| OV dydedIlsy IsOBdzjIlsd 2O tcTlasd cethy j dafg o J N JH
ftesW jMdsdOkdMisdlsj, kOCO d d&a teBdCdssejddy it
Mtej HMiso 5 LD tsBLsatefugdniS slsts d Ctej Olsdo dats B Mdzj dzgj o

ISSN 23677902 193



Proceedingse f I nternational Scientiésoa, Conference nDef
Faculty of Artillery, Air Defense and Communication and Information Systems

ftoj ded BtoJ 1 d o3d, o fHtwjHoadH HwjHddBMIse OISO dd EkEHBBM
P tcOy dzj ded™ M) ROOCBy@HdiEOizOon cOERPHdElsj, St
91 L d3tsy detsfififsils Of tHd@A 0 © M j y PWtafjugjddg H R BtocHdzQ tco | L d3tsy dzts
fjtemf jSIsdad L O odzj HtoW o Odzj 20 GlrtRy ¢ IS5 QdairCz | © tc W
dBsH jtedzd L qteOdzj dzO Isj deH j dzyddis g .

References

1. http://lwww.picotux.com/differencelsetweenregulartabletsandgrphicst ab |l et s/ ( tc
dzO 10.08.2018)

2. https://www.oldcomputr.com/koal@chnologieskoalapadtouchtablet/

3. https://www.computerhope.com/jargon/g/graptabl.htm

4. https://design.tutsplus.com/articles/gou-needa-graphicstabletfind-outwhatyou-needto-
know--vector13586

5. https://en.wikipedia.org/wiki/Graphics_tablet#Uses

6. https://www.onlinesciences.com/computer/graphiebletfeaturesadvantagesnd
disadvantages/

7. https://ardes.bg/news/2017/04/kakergrafichentablet

8. http://www.10brutes.com/

9. YOdzj 9, Oletsd YyoO [ dzO yjdzjteOLftejHjdzjded] dzO ctolzf dte
stsdeW jtoj dzydw A IsB tcOdpdzlshj dizlz 0l Bhidets dzts 6  d

10.1 R sBtedIsj GieOW dydzd IetEse/axywidifgwire cam/bedidviirgrtablets
4141661 f tcj cdzj HOdzs dzO 15. 08. 2018)

11. https://www.amazon.com/MonopriddP1060HAG60-GraphicDrawing
Tablet/dp/B004C4ZT0G ( ftej e dzj HOBS d&zO 15. 08. 20

12. Nikolov L., Slavyanov Kr., On the contemporary cybersecurity threats, International Scientific
Journal Security & Future, Vol. 1 (2017), Issue 3, p.-113, ISSN 253%668, Avaible from
https://stumejournals.com/journals/confsec/2017/3/111

ISSN 23677902 194


https://www.lifewire.com/best-drawing-tablets-4141661
https://www.lifewire.com/best-drawing-tablets-4141661
https://www.amazon.com/Monoprice-MP1060-HA60-Graphic-Drawing-Tablet/dp/B004C4ZT0G
https://www.amazon.com/Monoprice-MP1060-HA60-Graphic-Drawing-Tablet/dp/B004C4ZT0G

Proceedingse f I nternational Scientiésoa, Conference nDef
Faculty of Artillery, Air Defense and Communication and Information Systems

BINARY PHAZE MANIPULATED SIGNAL

Zhivko V. Zhivkov

National Military UniversityAVasi | , Levski 0
Faculty AArtillery, air defence and comr
J.v.j@abv.bg
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NETWORK INFRASTRUCTU RE FOR CYBERSECURITY
ANALYSIS

Linko G. Nikolov, PhD; Vasil O. Slavyanov
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Abstract Applications and protocols, serving trillions of devices worldwide, have weak points and
vulnerabilities. Malicious intends of hackers exploit those vulnerabilities, which can lead to
information leakage, network and systems malfunction and even serimey loss. Before giving

birth to an app, service or network resource facing internet, serious tests and analysis should be
performed. In this paper, a proposed basic network infrastructure for applications and systems
vulnerability analysis is shown.

Keywords CYBERSECURITY, VULNERABILITY ANALYSIS, NETWORK PENTESTING,
NETWORK SECURITY, COMPUTER SECURITY

1. Why cybersecurity analysis?

Cybersecurity becomes even popular with the extreme evolution of intenme¢cted devices such
as smartphones, laptop workstations and Intesfi@hings (IoT). The vast amount of network protocols
and applications, with their functionality, become arsewf weak points in the IT infrastructure. Such
vulnerabilities may be exploited by hackers or attackers whose aim is to acquire benefits form the acces
granted [1]. The benefits are various including wreaking havoc, money for ransom, administratege acc
to sensitive data [10] and so on. If the developed applications were to be examined for security flaws
the chance of hackerds success minimizes. Fur
security provision, penetration would be extrgmdifficult. With some ordinary security measures in
networks and systems being implemented, companies and enterprises believe their infrastructure
shielded enough. This is neither true, nor does a hacker thinks so. Networks and systems on the glob
range are being under attack al most constantly
about institutions dealing with classified information? Sooner or later, if precautions are not enough,
breakage can occur.

With proper security testinggdministrators of IT infrastructures become more aware of the real
world ethreads. Security engineers have developed software platforms and penetration testing
environments which are very helpful concerning cybersecurity. The goal of this paper isabamod
typical network infrastructure, capable of exploring possible threads and previously unknown
vulnerabilities.

2. Network topology with devices, systems and security test platforms

Simulation software is available on the market to perform netffovk imitation. But having real
hardware devices, the cybersecurity analysis results can be more realistic. This is the place to stress ¢
that complex large scale SCADA, ICS (Industrial Control System) and DCS (Distributed Corsrol Sy
tems) systems are possible to testify [9] with the proposed small scale network. Application, web and
LAN network security are successfully tested instead.

The network topology includes three routers, two cable switches and cfie atftess point for
wireless LAN accessiff. 1). Two servers and three hosts are deployed as end devices. One computel
with open source operating system KALI LINUX plays the role of attacking system.

ISSN 23677902 200



Proceedingse f I nternational Scientiésoa, Conference nDef
Faculty of Artillery, Air Defense and Communication and Information Systems

~<7

~7z P \
gt S
—ry T w oo EW T T IHIIIHIIIIH'/
e 60-24TT 1941 1941 AccgbsPoint-PT
PCPT Switch CNS Router CNS Students Jlobby SMARTPHONE-PT
Windows 10 \\\ Android
S
N
N
p 2
N
T : S
N
4 x
S
% \\\
—— . N
Windows Server I
Laptop-PT

Attack system

Figure 17 Sample hardware network infrastructure for cybersecurity analysis

The law concernare explicitly followed and the applications will be internal for the network only.
Connection to Internet will have occasional manner. The more diverse the applications, the more
efficient will be the analysis. A firewall appliance is predicted, but balfor further protocols flaw
explorations. The proposed network infrastructure does not pretend to be innovative, but somewha
educational and moreoverthe first line starting cybersecurity investigation in a real hardware manner.
Servers can be eithermail, web, or other widespread services. Depending on the target, the tested

services may vary. In table 1 an example of useful instruments is shown:
Table 1: Testbeds for cybersecurity [8]:

Testbed Focus area

Anubis Malware analysis

Connected Vehicl@estbed Connected vehicles

DETER Cybersecurity  experimentation  al
testing

DRAKVUF Virtualized, desktop dynamic malwa
analysis

EDURange Training and exercises

Emulab Network testbed

Future Internet of Things (FIT) Lab Wireless sensors and IntermétThings

Future Internet Research European federation of testbeds

Experimentation (FIRE)
GENI (Global Environment for Networ
Innovations)
NITOS (Network Implementatiol Wireless
Testbed using Open Source)
OFELIA (Operrlow in Europe: Linking
Infrastructure and Applications)
ORBIT (OpenAccess Research Testb| Wireless
for NextGeneration Wireless Networks
PlanetLab
Starbed

Network and distributed systems

OpenFlow softwargefined networking

Globalscale network research
Internet simulations

DETER, Emulab and DRAKVUF are network testbeds that apply resourcesiiangng among

many users. It means users acquire physical resources from the testbed and abandon them when decid
it is out of need for a couple of hours. Testbeds skip experiménitid@ consisting of node names and

topology, OS and node type choices, etc. so that a user can rebuild the experiment later. Testbeds bring
set of OS images that can be loaded on analyzed machines. An OS image is a block level image of tt
filesystemon a node. Base images usually involve several Linux flavors, such as Ubuntu, Red Hat anc
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some Windows platforms, such as Windows Server 2016. While the attacking system performs networl
Penetration testing, application vulnerability scanning or fuzzy lmgplementation for test randoraiz

tion [9], the end computers may have installed software monitoring services, antivirus and fipewall a
plications.

3. Short example cybersecurity tests and analysis

For adequate results, systems should be limited of outsteorks and the operation systemienv
ronment should be as real as possible (in a cu
as ANmapo [ 2], AOpenVaso [3], the Metasplait F
security aalysis can be copied from the ethical hacking [7] steps, which are:

Footprinting and reconnaissance.

Network scanning and enumeration.
Sniffing and evasion.

Privilege escalation and persistent access.
Presence diminishing.

For example, the first task ofmaalicious hacker is to sniff around the network and draw a gesture of
the topology. The tool, trying to connectxto
ample syntax in Kali Linux is as shown below:

root@kali:~# nmapi AT1T4 192.168.1.115

whe e finmapod i s a command in the shell, and 19z
device. The results after hitting this command are shown in fig. 2.
:~# nmap -A -T4 192.168.1.115

aorwnhE

Starting Nmap 7.40 ( https://nmap.org ) at 2017-06-06 18:10 EDT

Nmap scan report for 192.168.1.115

Host is up (0.00054s latency).

Not shown: 997 filtered ports

PORT STATE SERVICE VERSION

135/tcp open msrpc Microsoft Windows RPC

139/tcp open netbios-ssn Microsoft Windows netbios-ssn

445/tcp open microsoft-ds?

MAC Address: 9E:B6:4C:0C:7D:87 (Unknown)

Warning: 0SScan results may be unreliable because we could not find at least 1 open and 1 closed po
rt

Aggressive 0S guesses: Microsoft Windows Server 2008 SP1 (90%), Microsoft Windows 10 build 10586 -
14393 (88%), Microsoft Windows Phone 7.5 or 8.0 (88%), Microsoft Windows 10 build 10586 (87%), Micr
osoft Windows Server 2008 R2 or Windows 8.1 (87%), Microsoft Windows 7 Professional or Windows 8 (8
7%), Microsoft Windows Vista SPO or SP1, Windows Server 2008 SP1, or Windows 7 (87%), FreeBSD 6.2-R
ELEASE (87%), Microsoft Windows Embedded Standard 7 (86%), Microsoft Windows Vista SP2, Windows 7 S
P1, or Windows Server 2008 (86%)

No exact 0S matches for host (test conditions non-ideal).

Network Distance: 1 hop

Service Info: 0S: Windows; CPE: cpe:/o:microsoft:windows

Host script results:

| nbstat: NetBIOS name: DESKTOP-A3ECJHB, NetBIOS user: <unknown>, NetBIOS MAC: 9e:b6:4c:0c:7d:87 (u
nknown)

| smbv2-enabled: Server supports SMBv2 protocol

TRACEROUTE
HOP RTT ADDRESS
1 0.54 ms 192.168.1.115

0S and Service detection performed. Please report any incorrect results at https://nmap.org/submit/

Nﬁao done: 1 IP address (1 host up) scanned in 61.91 seconds

Figure 27 Example of network reconnaissance with nmap

For scanning and enumeration, althynis in Kali (fig. 3) finds its way for exploration whereme
puter operation system is the target object. Which in turn can give the attacker useful information abou
breaking points, backdoors or possible system vulnerabilities.
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root@kali: ~ @ ® &

Fite Edit View Search Terminal Help
:~# lynis audit system

[ Lynis 2.5.0 ]

RAHHHHRRRARRHH R R R R R R RRRHBR AR R R AR HH R AR R R AR R R R B BB R R R AR BB BB ARBRBHH R RBRRR RS
Lynis comes with ABSOLUTELY NO WARRANTY. This is free software, and you are
welcome to redistribute it under the terms of the GNU General Public License.
See the LICENSE file for details about using this software.

2007-2017, CISOfy - https://cisofy.com/lynis/

Enterprise support available (compliance, plugins, interface and tools)
RRRBHHB BB AR R RHHH R R BB R AR R H R B R R AR R RH R R R R R AR R H R R R BB AR BB BB AR RHHH R AR R B

[+] Initializing program

- Detecting OS... [ DONE ]
- Checking profiles... [ DONE ]

Program version:

Operating system:

Operating system name:

Operating system version: kali-rolling
Kernel version: 4.13.0
Hardware platform: i686
Hostname:

Profiles: /etc/lynis/default.prf
Log file: /var/log/lynis.log

Report file: /var/log/lynis-report.dat
Report version: 1.0

Plugin directory: /etc/lynis/plugins

Auditor: [Not Specified]
Test category: all

Figure 37 Lynis Audt result
Further step in the cybersecurity test can be the critical vulnerability exploration. The résults o

tained can be in the sense of a CWEommon Vulnerabilities and Exposures [3]. Fig. 4 shows ¢he r
sults of analyzing with OpenVas:
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Secinfo Dashboard

- NVTs by severity (Total: 47376) A NVTs by severity (Total: 47376)
www.aadcf.nvu.bg M High
12,000 1855 2280 ] ¢
11,000 | | Medium
10,000 Low
9,000 Log

8,000
7.000
6,000
5,000
4,000
3,000

’l

N/A

2,000
1,000
0

T T T T T T T T
N/A 0 1 2 3 4 5 6 7 8 IELl

NVTs by Severity Class v_

- CVEs by severity (Total: 76987) - CVEs by severity (Total: 76987)
www.aadcf.nvu.bg M High
26,000 5543 85| = "
24,000 | | Medium
22,000 Low
20,000
18,000 Log

16,000
14,000+
12,000
10,0004 39592
8,000
6,000
4,000
2,000

N/A

~

T T T T T T T T
NJAZ <07 1 22s - 3F 4 U5 6k =7 B

9 10

r ecurty Assistant (G

CVEs by Severity Class v_

Sreenbone Networks GmbH, www.greant

Figuré 47 Example of OpenVas eipplri”céﬁ(;)rirVu‘ihérabilities analyé‘ijrs?

Backend operation: 0.0

The research area in cybersecurity seems as vast as the world ocean, but the good news
cyberawareness has already been woken. Terms for future development are cyberhygiene, cybercrin
forensicsas wel | as cyber resilience. Edayeattagkdpatghéss v
hel p i mprove systemsd cybersecurity. The test
weak points and avoid deep impacts from information losses wbssible.

4. Conclusion

Subject of review in this paper was network building and cybersecurity testbed preparatidn for ne
work protocols and applications exploration in a manner of computer security. The Proposed framewort
seems to be a helpful toolforonsi deri ng good practices fon cyb
sure secure systems planning and operation, r e
investigations from detection systems, impact of an incident understandiegsiésr performed, and
incidents categorized with response plans.

Cybersecurity analysis is an important aspect of the understanding, development, and practice c
network, computer and cloud security. Cybersecurity is a broad category, covering the ft@chaica
es for computer networks, computers, and data protection from harm and destroy. Scientists, industr
workers and government clerks use formal and informal science to create and expand cybersecurit
knowledge. As a testbed, the field of cybersdguequires authentic knowledge to explore and reason
about the fihow and whyo security controls to b
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FORMING OF RADAR IMA GE OF TARGET, CONSISTING
OF BRIGHT POINTS IN ULTRA WIDEBAND RADAR

Dimitar I. Sumulyov
AAD and CI'S Faculty, fAVassil Levski o N

Abstract: An algorithm with timdrequency transformation faignal processing and image forming

of target is studied. Research on different cores of-treguency transformation, different signal to
noise ratios and different orientation of target are made. Results showed that the certain cores are
better for lowe signal to noise ratio.

Keywords:UWB radar, Time&requency transforming, Radar image
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SOFTWARE DEFINED RAD IO AS PART
OF COGNITIVE RADIO

Dyanko s .Hubenov, RosenAtanasovBogdanov

Abstract This paper shows the advantages of software defined radios (SDR) over conventional
radios. Also a quick overview of different types of SDR was made. The architecture of cognitive radio
concept is presented with SDR beingasic component, along with other cognitive components for
dynamic radio spectrum management.

KeywordsSDR,cognitive radio, radio spectrum management
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RE/ P & ftesc O k| dzo ”‘“J:sdzsm

Biny | dBS mdmisj djfz i sBh
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It It St S# s Tfndcdzo

zddz© L O dsdedlststeddee d €1 1 @

<4p|0 dzls §

[ Hmlst A fiudod dz d dals
. ux: gt jy )
¢ 5 dzls o' o 5 ke odHie ) Ods] dd, Csdistt kz fiyls t
fn o (dgj L OHT dy diIsj dzdets) d Hte
Rz StedzOYdts R: RAWBEEOYqW JJodgh
Bt onds Wkd §: sbdbstsd atel

duhk: ¢olbtdkOldydd I

ANGclid@dldsj tej dz dssH j dz dzO S DR

sOCIts jJ ¢ OLISORs tdg@ jWHG gzv zOB st tsls - OtcH 2z tod
CiHjbt dwitsd ddzd emMduyusd WEkdtydd dO ©LOHJBMIsOdYy
mMzs?2) My 6Mih jmMseavwe Ol yYtejL BosHIWdydeOdz MW dsz | t
sdzsedd L O SgtclRiseEDMsa@PlsO oC dz¢ yo Ols §fsdzjod ¢ tof
Programmabl e Gate Arrays), yqwWwtetsed Mmdc dzOdzized 1 t
mMsted M BBhts ftoj HdZOL dzZOyd dzdjy GPP ( Gener al Pur p
SoC(Sygm on Chip) ddzd Httkzecd fttectcORRJtckzj di3d By
o0dziIss O IsjLd bjrdtsdtedd foLotsdzvWo O HBBOO WAz
fpi " jMmisetlze O disj ©wWOHdBMdMIsj B3d, BJL HO Mmj dLdMmCe

1. 1 toj HdodgMIszO MsWiskzjtodzes HJW JdzdtcOdzslsts tcOHJ S

UjndesdzsedWlsO Mj dLYitdzlLoO dj LOMBIs j ddetso Olsd ¢
sw EMmf jhdets tojh Oo0O fHtesBdzj BBlsj dzO SCtdeStejlsjdz ff OL
CObts MOt o B dZOMIsIsPts HzOS Isds e ®BRGUEOJs Om kil g ) tdalzd tOH

10 ftesdLotsHdIsj dzdlsj dzO tOHdBtsBBiczZHO Odzgj SDR ff 51

T JdzjHtewW o Odzy O Mj Bj 2Mlsets tsls dsHJ dzd ttcOHdtsB
dLitsdkzLo O tsBh O f &zZOWsted3O L O toj OdzdL JteOdzgj dzO O

T otsWiskzjOciffy H LY tsdzL o O fsolststodes 9 tWwWOHSf tesHEZC Isc
mMtej HMiIse O.

T 1dLryduydets EZftcOodzj dzgdj ddzd Htekzets HJMIs Odzyd ©ezdzts
dz2v 0 Odzj 20 fesctOdBdzd ctejhCd, Stsdbkts Mj §Oswew
ygw.

1T 10B0Od&zY 9o Odzy d2O otej Bilsts d tOLAatsHdIsj, Mol ki Odac
o BIsts.

10 HtsMisOoaydydlsy dz0 twOHdBkMdzEed SDR ftsL o tsdve O:

T 1tad WEdSydd d o L Bsydesisd, SCtsdlsts HO fj HIESE
BJL HO MO dzj sB - SH JOFEE ocds dig @zd- tdesdp,d SCOifldds f 5L 9
ZO kfmMdzzed HO HBwOLO o Ols Moassdls] wWOHdBRL] 3 J.

T RLYBSdZL o Odzj O BN O w©WOHdE f dzOlW tstcd3s® L O d3datsy
dZtedMmlsd ydzOls©® f sHHteli ¥CO d Y jteOlsdodzdlsj] tOL nts

T RLIsjecdzwdzgy dzO tslsH OUAG juls iz MBPF BB J I Isiylds jadstsy - HO
tes2Cd LO desed Mmoo dtsisd BSEOls HO BI HOI O
ydd, cjdjtedteoOhd ftedrntsH(.

10 CtO2dzdlsj ttslstcjBdlsjdzd SDR IsjrndasdzsedWIsO f tsL ¢
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