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XaipeTiopog Aloiknt ZX0ARS NauTiKwyv AoKipwyv

KaAwaoopiloupe 10 4° TeUx0¢ TNG «NauaiBiou Xwpac» TTou avadelkvUel To £pyo TTou
emreAeital otn ZNA 6oov a@opd TiIG NauTikEG ETTIOTrAUEG.

2AMEPQ, OE MIO ETTOXI OIKOVOMIKWY KOl KOIVWVIKWY TTPORANUATWY n €kdoon Tng
«NauaoiBiou Xwpag» onuatodoTei TNV TpooTrddeia Twv Kadnyntwy g ZNA kal GAAwv
EKTTAIOEUTIKWY 10pUMATWY va dNPIOUPYROOUV UE TO £pYO TOUG BETIKEG TTPOCDOKIES Kal
EUTTAOUTIONO YVWOEWV TOOO OTOUG POITOUVTEG OTA AvVWTATA 2TPATIWTIKA EKTTAIdEUTIKG
IdpupaTa 600 Kal o€ OAeG TIG MNAVETTIOTNUIAKESG ZXOAEC TTOU QOXOAOUVTAl PE TOV KAGDO
Twv NauTikwv EmoTtnuwy. X10X0G TOUG €ival va EVNUEPWOOUV Kal va TTPOBAAAOUV VEEG
MEBOBOUG Kal €CENIYUEVES TEXVIKEG PBACIOUEVEG OE TTPOCWTTIKEG EPEUVES KAl AVOAUOEIG,
ME aTTOTEAEOPA TNV KOAUTEPN EKTTAIOEUOT) KAl ETTIHOPPWOTN TWV VEWV ETTIOTNHNOVWV.

Q¢ €k TOUTOU, XaIPETICW TNV TETAPTN €kdoon TnG «NauoiBiou Xwpag» PE TNV €UXN
va atroTeAéael éva VEO KivnTpo yia TAv €¢EAIEN Kal TNV TTpdodo TG NauTikng EmoTAuNG
1600 0TV EAAGSQ 600 Kal OTO £EWTEPIKO.

Ymrovauapyog I. Maiotpog N, Aioikntng 2NA

Welcome Address by the Commandant of
the Hellenic Naval Academy

We welcome the 4™ edition of the “Nausivios Chora” which illustrates the work of
the Hellenic Naval Academy concerning the Naval Sciences.

Nowadays, at a time of economic and social problems, the edition of the “Nausivios
Chora” underlines the effort of the staff of the Hellenic Navy Academy and other
Institutes to create with their work positive expectations and knowledge enrichment both
to the students of the Higher Military Educational Institutions and to other Universities
that are engaged with Naval Sciences. They are targeting to inform and display new
methods and sophisticated techniques based on personal research and analysis, in
order to educate and train the new scientists.

Therefore, | wellcome the fourth edition of the “Nausivios Chora” with the wish for it
to be a motive for the development and progress of the Naval Science not only in
Greece but also abroad.

Rear-Admiral I. Maistros HN, Commandant of the Hellenic Naval Academy
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Editor’s Note

"Nausivios Chora" is a scientific journal published since 2006 by the Hellenic Naval
Academy, the Institution that provides academic and professional training to the future
officers of the Hellenic Navy. The faculty members of the Hellenic Naval Academy are
devoted to the promotion of research and education on a broad range of scientific
disciplines.

"Nausivios Chora" is a biannual, peer-reviewed, open access journal that publishes
original articles in areas of scientific research and applications directly or indirectly
related to the naval sciences and technology. The scope of the Journal is to provide a
basis for the communication and dissemination of scientific results obtained in Hellenic
or International academic and research institutions that may present a relevance to the
sea element.

"Nausivios Chora" hosts articles belonging to various scientific disciplines and is divided
in five parts, namely Mechanical and Marine Engineering, Electrical Engineering and
Computer Science, Natural Sciences and Mathematics, Humanities and Political
Sciences and Naval Operations. The present 2012 Edition Issue contains 24 articles.

The International Advisory Committee members and the Body of Reviewers, all
acknowledged experts in their field of interests, cover a wide range of scientific
disciplines ensuring the integrity of the peer-review process and the academic
excellence of the published articles in a way that best represents the aims and scope of
the Journal.

Prof Dr Elias Ar Yfantis
Editor in chief
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A Comparative Study on the Seakeeping Operability
Performance of Naval Combatants

Gregory J.Grigoropoulos® and George P.Petropoulos®

@National Technical University of Athens, School of Naval Architecture and Marine Engineering,
9 Heroon Polytechniou str.,15773 Zografou, Greece
b ijeutenant Cdr., Hellenic Navy, Salamis Naval Base, gpetrop71@gmail.com

Abstract. In this paper the seakeeping operability of three naval combatants, including a
well documented design available in the literature, are compared. In order to accomplish
this task, a new realistic operability index is proposed. The actual vessels under
investigation are of different design philosophy. The designs were compared scaled down
at the same length taking into account their original design condition. Their operability is
examined at selected areas of the Eastern Mediterranean Sea for four missions, two
speeds and three heading angles, taking into account given seakeeping criteria. Wind and
Wave Atlas provides the necessary sea statistics. Plots were produced to quantify the
operability of each hull form in a specified area at constant heading and speed. On the
basis of the most probable ship’s course in each area a component of the operability index
is calculated. These indices are summed up to derive the overall seakeeping operability of
each candidate. The derived results are discussed and conclusions are drawn.

Keywords: Seakeeping, operability, naval vessel, mission, criteria.
PACS: 47.35.Lf, 47.85.Gh, 02.30.Nw, 02.50.Fz, 02.70.Hm

INTRODUCTION

During the last century a lot of computational methods to evaluate the seakeeping
performance of ships in confused seas have been developed. Furthermore, criteria were
established for the affordable dynamic responses that affect the ship integrity, the cargo
(merchant ships), the crew and the passengers. As a reasonable consequence the capability of
a ship to operate and accomplish her mission in a given sea environment could be quantified.
Operability or operational effectiveness associates this capability with the percentage of time in
which a ship does not violate any of imposed criteria (NATO, STANAG 4154, 2000).

To restrict ourselves in naval vessels, this capability is assessed by considering the various
dynamic responses that affect the ship, the crew and its mission. The responses encompass
both the basic ones (mainly heave, pitch and roll) and the derived ones, i.e. vertical and lateral
velocities and accelerations along the vessel, as well as random events (slamming, deck
wetness, propeller racing etc) at specific positions.

The seakeeping performance of a vessel is mainly affected by its size and its hull form
geometrical parameters (main dimensions, block coefficient, prismatic coefficient, waterplane
area coefficient, longitudinal and vertical location of the centre of buoyancy, longitudinal position
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of the center of waterplane area). It is essential to consider the same size when we compare
alternative designs, that are expected to operate in the same areas. In this work the length of
the vessel was considered as a size indicator. On the other hand, it is clear that the seakeeping
operability should be examined in the preliminary ship design stage (Grigoropoulos, 2004), in
order the designer to be able to take any necessary measures to improve it, in case some
targets or specifications are not fulfilled. In general, the smaller the vessel is, the more sensitive
it is in a specific sea environment. Nowadays, the trend is to build versatile, sophisticated and
difficult to detect platforms, keeping their size small to reduce the building and maintenance
cost, while innovations are also incorporated to improve specific capabilities, such as STEALTH
property (VISBY Corvette, LAFAYETTE Frigate, DDG-1000 ZUMWALT Destroyer). In this paper
we compare the seakeeping operability of the three candidate hull forms at the frigate size.

OPERABILITY PERFORMANCE ASSESSMENT

Following NATO STANAG 4154 (2000) the seakeeping operability performance of naval
ships is assessed in two ways:

e by comparison of the seakeeping performance of a specific design to another reference
design with known (good) performance (Figure 1) or to a database of similar ships (Bales,
1980). This method is known as comparative and it is used extensively for hull form
optimization for seakeeping (Grigoropoulos and Loukakis, 1990). This method uses
quantitative as well as qualitative criteria.
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FIGURE 1. Comparative Method of Roll Evaluation. Three vessels sailing at a speed of 15 Kn, encounter
beam seas with significant wave height Hs = 3 m. Vessel A has the best performance.

e by direct calculation of the seakeeping performance and implementation of specific criteria.
The latter are acceptable limits that are set to ship’s responses based on crew and systems
degradation. The vessel is evaluated according to these criteria (Figure 2) to derive the sea
conditions where the ships is operable. Then, on the basis of the statistical percentage of
time these conditions prevail, an operability index is derived (absolute method). This method
uses only qualitative criteria.
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FIGURE 2. Absolute Method of Roll Evaluation. Three vessels sailing at a speed of 15 Kn, encounter
beam seas with significant wave height Hs = 3 m. Vessels B and C violate the roll limiting criterion for
RMS roll (3 deg) for waves with Modal Period in the 6 to 15 sec range. Vessel A has the best
performance, since its roll response exceeds the criterion for Modal Periods in the 8 to 10 sec range.

In the case of direct calculation belong also the polar plots proposed by Comstock and Keane
(1980) which are used to derive the operability index of a naval vessel in a specific sea
condition. Such a plot extracted from the PNA (1989) is shown in Figure 3. On this plot, which is
based on the seakeeping criteria of Table 1, the operating (non-shaded) and non-operating
(shaded) areas are depicted. The shaded area is defined by one or more responses that exceed
the limiting values (criteria). The operability index in a specified Sea State, assuming that all
headings are equally probable and the higher speeds are more probable than the lower ones, is
the ratio of the non-shaded area to the whole circular area. In other words, the bigger the non-
shaded area the better the seakeeping performance of the vessel. Thus, these plots don't take
into account the effect of speed and heading profiles of the vessel in a rational way.
Furthermore, they should be derived for all possible sea conditions encountered by a vessel
throughout its mission or life to come up with a mission or a through-life operability index.

To be more specific, warships operate in various sea areas performing multiple tasks.
Following STANAG (2000) there is long list of mission scenarios, such as Anti-Aircraft Warfare
(AAW), Anti-Submarine Warfare (ASW) etc. Thus, in order to derive a realistic overall operability
index the following components should be considered:

1. Definition of missions (AAW, ASW etc).

2. Sea environment description (Wind and Wave Atlas).

3. Responses calculation (computer or/ and model simulation).

4. Criteria application (STANAG 4154, NORDIC Project).

5. Data collection and evaluation in order to calculate the operability indices.

These components can only be combined within an absolute method of seakeeping
performance evaluation, as the one proposed in this paper, which is also quite robust. Among
the data to be collected under (5) in the above list of components is the operational profile of the
vessel in accomplishing each of the assigned missions and the probability of encountering a
restrictive sea condition with given heading, significant wave height and modal period. This
information is not provided in either of Figures 1 or 2.
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TABLE 1. Mission criteria sets.
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FIGURE 3. Polar Diagram for calculating the operability for TRANSIT and ASW operations at sea state 6
for all speeds and headings. The bigger the non-shaded area the better the seakeeping performance.

MISSION AND SEAKEEPING BEHAVIOUR OF THE HULL FORMS

Derivation of the Hull Forms

The prime scope of this paper is to present a rational comparison of three hull forms to be
used as frigates serving Hellenic Navy and operating in the East Mediterranean sea region. Two
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of the selected hull forms, the ONR 5415M and the ONR 5613 hull forms were scaled down
from the destroyer to the frigate size (Figure 4). The former one is a well documented design
available in the literature. The third hull form (HULL C) was manipulated in its real dimensions
and was considered as a guide for scaling the other two.

VLR L IR 3

X

FIGURE 4. The investigated hull forms (HULL A, HULL B and HULL C)

TABLE 2. Main Particulars.

MAIN PARTICULARS HUL,'S'G’:‘;)ONR HULL B (5415 M) HULL C
Length Between Perpendiculars, Lpp [m] 109 109 109
Beam Amidships, B [m] 13.29 14.62 13.96
Draft Amidships, T [m] 3.89 4.72 4.32
Displacement in S.W. A [mt] 3087.6 3898.4 34411
Design Speed, V [kn] 30 30 30
Length/Beam Ratio L/B 8.199 7.456 7.806
Beam/Draft Ratio B/T 3.418 3.099 3.233
Draft/Beam Ratio T/B 0.293 0.323 0.309
Volume of Displ. / (0.1Lpp)° 2.325 2.934 2.59
Froude Number (Fn) 0.472 0.472 0.472
Vert. Centre of Gravity (KG) [m] 5.44 5.76 5.99
Metacentric Height (GM) [m] 1.41 1.46 1.41
Wetted Surface, WS 1590.2 17374 1619
Block Coefficient Cg 0.534 0.506 0.51
Prismatic Coefficient Cp 0.638 0.618 0.625

As reference for the scaling the length between perpendicular Lpp was used, while the ratios
of the main dimensions were kept constant. Thus, the resulting hulls possess the same length
Lep but different displacement. Furthermore, the rest of the main dimensions are not the same
(TABLE 2). The decision to compare the hull forms at their respective design conditions is
based on the fact that the design condition is the most representative of each hull form, while
the down-scaling of two of them was too mild to lead to un-realistic loading condition. In order to
achieve greater accuracy, especially with roll response, the three hulls are examined with their
appendages (Petropoulos, 2012).

10
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Mission Definition

Naval vessels are generally built as multi-tasking platforms. Their sensors and arsenal is
oriented to one mission, but the platform has the ability to perform successfully a variety of
different missions by fitting and / or replacing devices, sensors or systems while the platform
remains the same (modular concept). In this work four missions are depicted: Transit And Patrol
(TAP), Anti-Air Warfare (AAW), Anti-Submarine Warfare (ASW) and Naval-Air Operations
(NAO).

The seakeeping operability of the three competitors is examined in four areas of the Eastern
Mediterranean Sea assuming four missions specified in NATO STANAG 4154 (2000) along with
their respective platform criteria. Two ship speeds and three wave heading angles are
accounted for in the presented test case out of the five headings that could cover all instances.
The Western European Armament Organization (WEAQO) Wind and Wave Atlas (2004) provides
the necessary sea statistics. Plots have been produced to quantify the operability of each hull
form in a specified area at constant heading and speed.

Sea Environment Description

In order to acquire reliable data for the sea environment, we use an Atlas. It is an edition
where statistical data concerning wind speed, significant wave height, wave modal period, wind
and wave directionality in various areas are gathered. The objective is to provide long term wind
and wave statistics at specified points of a sea area (e.g. North Atlantic Ocean, Mediterranean
Sea). For the purposes of this paper, the area of interest is focused on four points of the Eastern
Mediterranean Sea (Figure 5). Statistical data related to the sea environment (wave direction,
probability of occurrence, significant wave height and modal wave period) are derived from the
WEAO Wind and Wave Atlas (2004).
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FIGURE 5. Areas of interest in the East Mediterranean sea region.
Calculation of the Dynamic Responses

In order to estimate the ship responses, the Standard Ship Motion Program of US Navy SMP
93-PC (Smith and Meyers, 1994) is used. This code is a frequency domain, strip theory based
program, able to calculate responses in all six degrees of freedom (surge, sway, heave, roll,
pitch, yaw) as well as random events in irregular seas (long-crested and short-crested). Frank
close-fit method is used to estimate the two-dimensional hydrodynamic characteristics (Frank,
1967). Up to ten sources are distributed on each half-section. A two-parameter Bretschneider
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spectrum is used. Roll response calculations make use of Tanaka’s roll damping coefficients.
Rigid body motions as well as derived responses and random events were calculated in various
locations onboard the three vessels.

TABLE 3. Locations onboard ship. Station number starts at Forward Perpendicular. Y is the transverse distance
from the vertical symmetry axis. Z is the vertical distance from the keel.

NUMBER NAME STATION NR Y [m] Z[m]

HULL A

1 Helicopter Deck 17.4711 0 10.325

2 Bridge (Helmsman) 6.6249 0 19.18

3 FWD GMVLS Outer Corner 6 4.399 11.738

4 FWD Gun Barrel Tip 5 0 11.738

5 Slamming @ 3/20 Lpp 3 0 1.489

6 Deck Wetness @ 1/10 Lpp 2 0.748 11.739

7 Propeller Emergence 18.44 2.898 3.38

8 Sonar Dome Emergence -0.0149 0 29
HULL B

1 Helicopter Deck 18.227 0 10.736

2 Bridge (Helmsman) 6.2 0 21.3014

3 5/54 Gun Barrel Tip 1.8822 0 14.9687

4 FWD GMVLS Outer Corner 5 5.682 12.0457

5 Slamming @ 3/20 Lpp 3 0 2.3186

6 Deck Wetness @ 1/10 Lpp 2 5.7444 13.5076

7 Propeller Emergence 19 3.5668 4

8 Sonar Dome Emergence 0.5 0 3.7913
HULL C

1 Helicopter Deck 18.4954 0 10

2 Bridge (Helmsman) 5.5046 0 15.6

3 5/54 GUN Barrel Tip 1.3211 0 10.3

4 GMVLS Outer Corner 12.6606 2.2 15.8

5 Slamming @ 3/20 Lpp 3 0 0.6666

6 Deck Wetness @ 1/10 Lpp 2 5.047 10.736

7 Propeller Emergence 18.935 3.25 2.8

8 Sonar Dome Emergence 3.5963 0 0.675

For the analysis described herein, the operating speeds are assumed to be 15 kn and 25 kn.
Short-crested seas are considered. Calculations are made for eight locations onboard each ship
(TABLE 3). The angles of wave encounter are 0° (head seas), 45° (bow seas) and 90° (beam
seas). These three headings have been selected as the worst cases out of the five headings to
keep the number of plots to a minimum. The two additional headings refer to 135° (stern waves)
and 180° (purely following waves). The body plans are derived as described by Petropoulos
(2012) and fed to the code. For the purposes of the study, the appendages that affect roll
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response (skeg, non-retractable fins, rudders and bilge keels) are fed to the code. HULL A and
HULL C are described by 25 stations, while HULL B is defined by 23 stations.

Application of Seakeeping Criteria

The criteria are taken from NATO STANAG 4154 (2000) and concern the four
aforementioned operations. Human Performance Degradation Criteria such as Motion Induced
Interruptions as well as wind speed (for NAO operations) are omitted. Roll criterion used for
NAO mission is the generic one, described in STANAG 4154. The decision to study
simultaneously criteria referring to four missions arises from the fact that a naval ship is a
multitasking platform. Thus, it is more realistic to use “multi-mission criteria sets” instead of
single-mission criteria (Smith and Thomas, 1989), as depicted in TABLE 1 for the four missions
under consideration. In case a response is used as criterion in more than one missions, only the
stricter is taken under consideration. For instance, both TAP and NAO missions include roll
RMS value as a criterion. But the RMS value for a NAO operation has a lower value than that of
a TAP mission. Thus, the limiting criterion is considered to be the stricter one (Roll RMS value
for NAO operations).

A NEW METHOD TO ASSESS SEAKEEPING OPERABILITY

Following the discussion in the proceeding sections, the seakeeping operability of a naval
vessel is directly related to a mission profile that actually constitutes its overall mission or at
least the major part of it. The currently available methods either evaluate this property for a
given sea condition (polar diagrams) or evaluate the upper limiting values of one or more
responses for which the vessel is operable, disregarding the probability of encountering sea
conditions for which the criteria are violated. Even the overall operability index derived by
repetitive implementation of the polar diagrams for the long list of the sea conditions that the
vessel may encounter during a year or through life is based on the statistics of the waves in one
or more sea areas, without taking into account the mission profile and the associated speed and
heading profiles for the specific naval ship.

In the present study, a different approach is used, based on the method recommended by
Andrew, Loader and Penn (1984) in its simplified version as described by Lloyd (1989). The
Operability Index for each ship sailing at a chosen area location, speed and angle of encounter
over a year is graphically presented. The Modal Period Tp, and the Significant Wave Height Hs
are the abscissa and the ordinate of the plot, respectively. The wave probability of occurrence,
taken from the WEAO Atlas is inserted and criteria of the four missions are plotted. The shaded
area under the stricter criterion curve specifies the operable area for the ship at the specific pair
of speed and heading angle. The operability index is the ratio of the shaded area to the area
where there is a wave probability of occurrence. The probability of occurrence of each
combination of Hs and Tp can be directly taken into account in whole or partly (if the respective
parallelogram is crossed) as weighting in the evaluation of the operability index. Both the overall
operability for all set criteria as well as the respective one for any single criterion or combination
of criteria can be evaluated using the same plot.

In order to calculate the final operability of the vessel in the specific area, the course of the
vessel to its mission in Cartesian Coordinates is combined with the directional wave statistics in
the area to derive the probability of encountering specific headings. Then at each heading for
which a plot like the one in Figure 6 is built, a weighting factor corresponding to the probability of
encountering that heading is derived. The weighting factors are derived on the basis of TABLES
4 and 5. The former table presents the course of the vessel in the selected sea areas, while the
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latter one provides the probability of encountering waves with heading 0°, 45° and 90° in these
areas.
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FIGURE 6. Operability calculation at a specific ship speed and wave heading and is based on the wave
statistics of a specific area.. All criteria are plotted on a Cartesian coordinate system. Ship responses are
calculated for a specific heading to derive the limiting (Tp, Hs) pairs. The shaded area represents the
operability index for the specific area, ship, speed and heading.

TABLE 4. Ship’s Course definition.
Area Ship Course (°) Relative to North
1 (35N,22E) 45
2 (36N,21E) 90
3 (36N,27E) 135
4 (38N,25.5E) 0

TABLE 5. Wave Probability of Occurrence/ Directionality.

0 Wave Probability of Occurrence/ Directionality (°)
Area Course (') 0 5 %
1 45 0.1519/30°+60° 0.0835/345%+15° 0.3854/300°+330°
2 90 0.1013/75°+105° 0.0355/30°+60° 0.0578/345%+15°
3 135 0.0284/120%+150° 0.0396/165%+195° 0.0588/210%+240°
4 0 0,541/345%+15° 0.1074/300%+330° 0.0294/255°+285"

Finally, the operability indices for every speed, area and course are as follows (TABLE 6).

The overall operability performance assessment is calculated as the sum of the operability
indices in all speeds, areas and courses. For simplicity reasons we may consider all ship
speeds and areas as equally probable, otherwise we would have to make an assumption about
their probabilities, thus we should insert weighting factors for each probability.

DISCUSSION AND CONCLUSIONS

In this paper a different approach for assessing the operability of three naval ships is briefly
described. The method makes use of Cartesian Coordinates, in which a mission criteria set for
four missions is graphically represented. The curves are drawn for each vessel, traveling in four
areas, at two speeds and three angles of wave encounter (five angles are needed to take into
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account the following seas as well). These plots have the advantage of giving information about
the seakeeping operability performance in all probable waves encountered in that area. The use
of mission criteria sets gives the opportunity to choose which area and which ship is more
suitable for each mission or combination of missions. In that way mission performance can be
optimized. In addition, if consequential locations are selected, plotted and the results combined,
it is possible to optimize ship’s route, thus saving time and budget. Moreover, ship owners or
Navy can compare different designs and arrive at safe conclusions about what vessel suits best
their needs.
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FIGURE 7. Altered 5415M plot for Area 1, at 15 kn in Head Seas. Criterion for gun barrel tip vertical
velocity is the stricter of all.

TABLE 6. Final Operability Indices.

Final Operability Indices
Area1 35N,22E
Speed Course (") VESSEL A VESSEL B VESSEL C
15 45 80.72% 75.42% 70.04%
25 45 78.91% 76.45% 70.94%
Area2 36N,21E
Speed Course (") VESSEL A VESSEL B VESSEL C
15 90 82.30% 77.78% 73,67%
25 90 81.30% 79.18% 7417%
Area3 36N,27E
Speed Course (") VESSEL A VESSEL B VESSEL C
15 135 86.34% 81.79% 77.86%
25 135 85.43% 83.11% 78.25%
Area4 38N, 255E
Speed Course (") VESSEL A VESSEL B VESSEL C
15 0 88.53% 86.11% 83.99%
25 0 89.54% 89.05% 84.97%
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FIGURE 8. Sonar Emergence Criterion comparison for Area 1, at 25 kn in Head Seas. VESSEL C has a
keel mounted sonar. The other two vessels have hull mounted sonars.

Following the results provided in graphical form, it is revealed that the gun barrel tip vertical
velocity is the most limiting criterion (Figure 7). That was anticipated because the gun’s location
is close to the bow and thus exposed to large responses. On the other hand, keel mounted
sonars suffer much less from sonar emergence than the hull mounted ones (Figure 8). Thus the
designing trend to place keel mounted sonars in ships of that size is proved to be correct.

HULL A has the highest operability indices in every case. This may be due to:

1. The fact that the exact location of gun barrel tip wasn’t known, thus an assumption had to be
made. This is very important because the related criterion (gun barrel tip vertical velocity) is
the stricter in every case examined.

2. The fact that this hull has an unconventional, wave piercing bow that moves through and not
above waves.

It must be emphasized that all operability performance assessment methods use a large
amount of data and require a high degree of automation, especially in the plotting process. The
method described is more convenient in case we are interested in a few missions in a specific
area. If we intend to investigate the performance for a long list of missions, at many speeds, sea
areas and courses the results may give a more precise insight, but in that case the amount of
data would be of considerable amount. Thus, the development of a code able to use all
information in an automated way and plot the diagrams is of crucial importance to take full
advance of the method.

REFERENCES

1. Bales, N.K., "Optimizing the Seakeeping Performance of Destroyer-Type Hulls", Office of Naval
Research, 13" Symposium on Naval Hydrodynamics, Tokyo, Oct. 1980.

2. Frank, W., 'Oscillation of Cylinders in or Below the Free Surface of Deep Fluids', NSRDC, Rep. No.
2375, Washington, D.C., 1967.

3. Grigoropoulos, G.J and Loukakis, T.A., "On the Optimization of Hull Forms with Respect to
Seakeeping", 5" IMAEM Congress, Athens, May 1990.

4. Grigoropoulos, G.J., “Hull Form Optimization for Hydrodynamic Performance”, Marine Technology,
Vol. 41, No. 4, October 2004

16



ISSN: 1791-4469 Copyright © 2012 Hellenic Naval Academy

No

11.

12.

13.

14.

Grigoropoulos, G.J. and Petropoulos, G.P., “A New Methodology for the Operability Performance
Assessment of Naval Ships”, 2012, to appear.

Comstock, E.N. and Keane, R.G., "Seakeeping by Design", Naval Engineers Journal, April 1980.
Lewis, E.V., “Principles of Naval Architecture 2nd Revision Vol 3, Motions in Waves and
Controllability”, SNAME, 1989.

Lloyd, A.R.J.M., "Seakeeping: Ship Behavior in Rough Weather”, Ellis Horwood Ltd,1989.

NATO, “STANAG 4154 Edition 3”, 2000.

. NORDIC Project Board, "Assessment of Ship Performance in a Seaway", NORDFORSK, NORDIC

Co-operative Project : Seakeeping Performance of Ships, Copenhagen, Denmark, 1987.

Petropoulos, G.P., “Seakeeping Operability of Large Naval Vessels in the Aegean Sea Environment”,
MSc Thesis, NTUA, 2012.

Smith, T. C. and Meyers, W. G., “SMP 93-PC User Manual’, Carderock Division, Naval Surface
Warfare Center, 1994.

Smith, T. C. and Thomas, W. L., “A Survey and Comparison of Criteria for Naval Missions», DTRC /
SHD -1312-01, 1989.

WEAO, “Wind and Wave Atlas of the Mediterranean Sea”, Western European Armaments
Organization Research Cell, ISBN 2-11-095674-7, 2004.

17



NAUSIVIOS CHORA

Comparative Evaluation of the Effects of Intake Air
Nitrogen-Enrichment and EGR on the Operational and
Environmental Behavior of a S| Heavy Duty Natural
Gas Engine

Roussos G. Papagiannakis® and Theodoros C. Zannis®

@Thermodynamic & Propulsion Systems Section, Hellenic Air Force Academy,
Dekelia Air Force Base, MP 1010 Dekelia, Attiki, Greece, r.papagiannakis@gmail.com

®Laboratory of Marine Internal Combustion Engines, Naval Architecture & Marine Engineering
Section, Hellenic Naval Academy, Hatzikiriakio, 185 39 Piraeus, Greece, thzannis@snd.edu.gr

Abstract. In natural gas spark-ignited engines operating under lean conditions, low
temperature combustion is identified as one of the pathways to meet the mandatory ultra
low NOx emissions levels set by the regulatory agencies. Exhaust gas recirculation (EGR)
has proved to be an effective methodology to reduce in-cylinder combustion temperature
and hence NO, emissions. Nitrogen enrichment of the inducted air is an effective,
alternative to EGR, methodology to reduce NOx emissions, since the introduction of inert
diluents, such as nitrogen, into a fuel-air mixture results in reduction of the in-cylinder
combustion temperature. Since nitrogen-enrichment of intake-air and exhaust gas
recirculation (EGR) are two important methods that mostly affect the combustion process
occurring within the combustion chamber of natural gas spark-ignited engines, the present
work studies their effect on the performance and exhaust emissions of a multi-cylinder,
four-stroke, turbocharged, spark-ignited engine fuelled with natural gas. Hence, a
theoretical investigation is conducted by wusing a comprehensive, two-zone,
phenomenological model. The model has been properly modified and substantially
improved to describe, in a detailed way, the combustion process of the gaseous fuel
taking into account the aforementioned techniques. The results concerning engine
performance characteristics, NO and CO emissions, with : (i) normal oxygen mass fraction
of the inducted air (i.e. normal engine operation NEO), (ii) nitrogen-enriched inducted air
(NEIA) and (iii) EGR operating modes, for various engine operating conditions, come from
the application of the model. The main objectives are to record and also to comparatively
evaluate the relative impact that each one of the above mentioned methods has on the
engine performance characteristics and emitted pollutants. Thus, comparing the
theoretical results when engine operates with (i) NEIA or (ii) EGR mode, as against with
NEO mode, a considerable effect on engine performance and emission characteristics are
revealed. Another objective of this assessment is to quantify NO reduction benefit
achieved with each of the two strategies examined. The conclusions of the specific
investigation will be extremely valuable for the application of the examined technologies
on an existing spark-ignited natural gas engine.

Keywords: natural gas, spark ignition, nitrogen enrichment, exhaust gas recirculation.
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INTRODUCTION

For meeting stringent imposed emissions regulations, engineers working in the automotive
industry or belonging to the research community have focused their interest either on the
domain of engine- or fuel-related techniques, such as alternative gaseous fuels or oxygenated
fuels that can mitigate emissions, used either in diesel or spark ignition engines that are well
established as dominating power-train solution in the world market [1-9]. For the majority of
heavy-duty spark-ignited engines, natural gas is most usually introduced with the air during the
induction stroke. The majority of this type of engines features a homogeneous natural gas—air
mixture compressed rapidly below its auto-ignition condition and ignited around top dead center
(TDC) position by the existence of a spark plug. Under constant engine speed, the power output
of the specific type of engine is controlled by changing the total amount of the inducted mixture
(i.e. air and gaseous fuel). Substantial improvements of these engines in terms of brake specific
fuel consumption and reduction of pollutant emissions has been achieved, over the last years,
by adopting various engine-related techniques, such as the homogeneous charge compression
ignition (HCCI), the micro pilot combustion, the exhaust gas recirculation (EGR), the nitrogen
enrichment of the inducted air with the use of air separation membrane (ASM) [10-13] etc.
While, each concept has its advantages and disadvantages, exhaust gas recirculation (EGR)
has proved to be a very effective tool to reduce the nitrogen oxide emissions. However, exhaust
gas recirculation has some significant demerits, such as increased CO emissions, decreased
brake thermal efficiency, combustion contamination, greater control system complexity,
application variability, material durability, lubricant contamination and increased PM emissions.
On the other hand nitrogen enrichment of the inducted air (NEIA) could be an effective strategy,
alternative to EGR, without the undesired consequences [10-13]. This strategy could be
achieved using a mature technology which involves selective permeation of gases using an air
separation membrane [10-13]. Introduction of inert diluents such as nitrogen, into a fuel-air
mixture, slow down the reaction rates of participating chemical species, which eventually leads
to lower combustion temperatures and hence lower nitrogen oxides. This process gives an
added control parameter to reduce combustion temperature in advanced engines.

It is true that experimental work concerning fuel economy and low pollutant emissions from
internal combustion engines includes successive changes of each of the many parameters
involved, which is very demanding in terms of money and time. Today, the development of
powerful digital computers leads to the obvious alternative of simulating the engine performance
by mathematical modeling, where the effect of various design and operation changes can be
estimated in a fast and inexpensive way. The need for accurate predictions of emitted pollutants
has forced researchers to develop two-zone combustion models, accompanied with studies of
the significant process of heat transfer in engines, many aspects of which are still unexplored.
Eventually, some multi-zone combustion models have appeared where the detailed analysis of
fuel-air distribution permits the calculation of exhaust gas composition with reasonable
accuracy, but under the rising of computing time cost when compared to lower zones
combustion models. At this point it is mentioned that multi-dimensional models have proved
useful in examining problems characterized by the need for detailed spatial information and
complex interactions of many phenomena simultaneously, but they are limited by the relative
inadequacy of sub-models for turbulence, combustion chemistry and by computer size and cost
of operation, to crude approximations to the real flow and combustion processes. Thus, it is felt
that a good choice for the present study is a two-zone model, which includes the effect of
changes in engine design and operation on the details of the combustion process, via a
phenomenological model where the geometric details are fairly well approximated by detailed
modeling of the various mechanisms involved. This is to have the advantage of relative
simplicity and reasonable computer time cost. Numerous experimental and theoretical
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investigations concerning the effect of (i) nitrogen-enrichment of intake-air [10-16] and (ii)
exhaust gas recirculation (EGR) [17-23] on performance and exhaust emissions of an engine
have been reported in the international literature.

The primary objective of the present work is to examine, using a theoretical model, the effect
of nitrogen-enrichment of intake-air (NEIA) and exhaust gas recirculation (EGR) on the
performance and exhaust emissions of an existing stationary, spark-ignited, engine fuelled with
natural gas. The theoretical results are generated using a two-zone phenomenological
combustion model, which predicts in-cylinder pressure and heat release rate histories, as well
as NO and CO concentration profiles. Several of the model predictions on performance and
emissions characteristics of the examined engine, have been presented already in the past [14-
16]. For the current investigation, the simulation model has been properly modified and
improved substantially to describe more accurately the complicated natural gas combustion
process in a spark ignition engine environment, taking into account the details of the processes
concerning the nitrogen-enrichment of intake-air (NEIA) and exhaust gas recirculation (EGR)
and hence, their effects on the combustion process.

The theoretical results corresponding to engine operation without EGR and nitrogen-enriched
inlet air (i.e. normal engine operation — NEO operating mode), are validated against respective
experimental values obtained from a a multi-cylinder, turbocharged, water-cooled, spark-ignited
engine operating under NEO mode at various engine operating points (i.e., load and engine
speed) with natural gas. From the comparison of computed and experimental findings, it is
revealed that the simulation model developed predicts adequately the engine performance and
pollutant emissions trends with engine load under natural gas operation. Furthermore, taking
into account data from the international literature, it is shown that the developed model could be
used to examine the effect each one of the examined engine parameters on engine
performance and pollutant emissions. In any case, it can be used safely in the present work,
which performs a comparative assessment by using the simulation results concerning the
relative impacts of the examined parameters on engine performance characteristics and emitted
pollutants. The results reported herein concern the calculated maximum combustion pressure,
ignition delay, duration of combustion, total brake specific fuel consumption, and the calculated
brake specific NO and CO emissions, for intermediate and high engine loading conditions at
1500 rpm engine speed. The comparative assessment is accomplished through the comparison
of results corresponding to engine operation with EGR or air inlet nitrogen-enrichment, with the
corresponding ones corresponding to normal engine operation. From the theoretical findings,
important information is derived revealing both the applicability each one of the examined
techniques on an existing spark-ignition engine operating with natural gas and also the effect of
each technique on engine performance and pollutant emissions.

Consequently, the information derived from the present work is extremely valuable regarding
the implementation one of the two strategies examined in the present work for improving the
environmental behavior of an existing heavy-duty spark-ignited engine fuelled with natural gas,
without deteriorating seriously its performance.

BRIEF DESCRIPTION OF THE MODEL

In the present work only an outline of the model is given since its details have been
presented in previous publications [14,16]. The simulation model used is a phenomenological
two-zone one, examining the closed part of the engine cycle. At the start of the compression
stroke, the cylinder charge is assumed to be a homogeneous mixture of air and gaseous fuel,
which has been properly premixed during the induction stroke. During the compression stroke,
the entire charge of the mixture is treated as a single zone up to the initiation of combustion.
Here, at each instant of time, the perfect gas law describes the state of the mixture inside the
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cylinder, while there is uniformity in space of pressure, temperature and composition. As is well
known, the combustion process of a Sl engine is divided into two processes, that is, the ignition
process and the stable flame propagation process [24-28]. The former one is made of the flame
kernel, which is formed by a spark electric discharge and the unstable flame propagation of the
kernel. This is, however, treated as a Sl delay period. In the proposed model, the initiation of
combustion is assumed to take place when a finite volume of the burned mixture (i.e. the
volume of the flame kernel formed by the spark discharge) exceeds 0.001 times the total
cylinder volume, that is, displacement plus clearance volume (see Figure 1).

Burning Zone

Sight A-A"

FIGURE 1. Schematic diagram of the flame kernel = FIGURE 2. Two-zone thermodynamic model of
formation. combustion process.

When combustion is initiated, a two-zone phenomenological model is considered to exist for
the rest of the closed part of the engine cycle. The first zone consists of air—gaseous fuel
mixture (unburned zone), while the second one (burning zone) consists of combustion products
and excess air depending on the AFR (air to fuel ratio) (see Figure 2). In each zone, there is
uniformity in space of pressure, temperature and composition, at each instant of time, neglecting
heat exchange between the zones. After the spark plug ignition, the two zones are separated by
a thin flame front that has the shape of a sphere. During the combustion process, the
instantaneous cylinder volume and its derivative with respect to crank angle, the flame front
area, and the area of the combustion chamber in contact with the unburned and burning zones,
are computed through the respective geometric sub-models. Assuming that the geometry of the
flame front formed inside the chamber of a spark-ignited engine has a spherical form [2-3], the
determination of the instantaneous flame geometry after spark discharge is achieved in the
present work by applying a model developed by Annand [28]. The flame front spreads towards
the unburned zone, having a flame speed that is calculated by taking into account both the
turbulent flame propagation mechanism and the percentage of the nitrogen-enriched inducted-
air [27]. After the initiation of combustion, the volume of the burning zone changes due to the
existence of the flame front which spreads towards the unburned zone having a turbulent flame
speed. The volume change of the burning zone leads to the computation of the quantity of the
gaseous fuel and air entrained into the zone. Since the laminar flame thickness under engine
conditions is infinitesimal [2-3], in the present model the flame is treated as negligibly thin. The
present model assumes that a flame front of negligible thickness propagates into the unburned
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zone, having a direction perpendicular to the outer spherical surface of the burning zone formed
after the initiation of combustion. The gaseous fuel entrained inside the burning zone, due to the
flame front spread, is transformed into products. Thus, the combustion rate depends actually on
the turbulent flame speed. Heat exchange rate for each zone is calculated by employing the
Annand formula [29]. After the initiation of combustion, each zone possesses its own
temperature and composition, while the pressure is uniform inside the cylinder. Dissociation of
combustion products is taken into account by using the Vickland et al. [30-31] method,
incorporating 11 chemical species. For the formation of NO, the extended Zeldovich chain
reaction mechanism is considered [30-31].

Model Modifications - Improvements

Below, is given an analysis of the most important modifications performed to the engine
simulation model regarding the definition of the calculation of the laminar flame speed and the
definition of the charge mixture composition at inlet valve closure (IVC) corresponding to air inlet
nitrogen-enrichment and EGR operating modes.

Laminar Flame Velocity

The laminar flame velocity is defined as the relative velocity, with which the unburned gas
moves inside the flame front and is transformed to products [2-4]. It is an important intrinsic
property of a combustible mixture. The laminar flame velocity developed inside a combustion
chamber depends mainly on the equivalence ratio, the temperature of the unburned gas and the
pressure [2-4]. Since methane is the main constituent of natural gas, the laminar flame velocity
in the present model is obtained by applying a correlation proposed by Karim [32], which
simulates adequately the burning velocity of Methane — Air mixtures. The mathematical formula
has as follows:

S, = A+(F, ~F2)~(F3 +F,(p,~1.036)+ F, (p, ~1.036)’) (1)

where A, F4, F5, F3, F4 and Fs are correlations given in [32] that take into account the gaseous
fuel equivalence ratio of unburned zone (¢,), the cylinder pressure and the temperature of the
unburned zone. The main advantage of the proposed correlation is that it can predict adequately
the laminar burning velocity for non-stoichiometric region.

Definition of the Actual Mass Flow Rate of the Inducted Air at Inlet Valve
Closure (IVC)

Under EGR operating mode, the percentage of the exhaust gas re-circulated (xggr) is defined
via the formula:

Xpon (%) = —ESE_.100% 2)
mmix,[VC

where (m,;,) represents the mass flow rate of exhaust gas re-circulated, and (m,, ;)

represents the total mass flow rate of gaseous mixture inside the cylinder at inlet valve closure.
The latter is calculated by taking into account the pressure, temperature and concentration of
the mixture at inlet valve closure. The pressure is assumed to be the one after the air-
compressor as this is a turbocharged spark ignited heavy duty engine. It is well known that re-
circulated exhaust gas displaces some of the air entering the combustion chamber. Thus, the
actual mass flow rate of the inducted air at inlet valve closure is calculated as:

M, e = (1 ~XEGR ) "M v 3)
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Then, for specific total air excess ratio, the actual mass flow rate of natural gas is calculated
by taking into account the actual mass flow rate of the inducted air as follows:

. My 1ve

v AFR, -2 )
where AFRst corresponds to the stoichiometric air to fuel ratio (by mass) for natural gas. It must
be stated here that the mixture at inlet valve closure is assumed to be an ideal homogeneous
mixture with uniform composition and thermodynamic properties. It consists of fresh air,
gaseous fuel, and re-circulated exhaust gas. The re-circulated exhaust gas is assumed to
consist of CO, and H,0, the concentrations of which are obtained from the composition of the
cylinder charge at exhaust valve opening event. Moreover, the temperature of the re-circulated
exhaust gas is calculated at the exhaust valve opening condition by running the in-house made
software for the baseline Normal Engine Operation (NEO). Under nitrogen-enriched air inlet
(NEIA) operating mode, nitrogen enrichment alters the chemical composition of the inducted air
because N, displaces a portion of the inducted air that would otherwise be utilized during
combustion, resulting in lowering of the total air excess ratio. In the proposed model, for each
load examined (i.e. air excess ratio value), the actual mass flow rate of the air at inlet valve

closure (m,, ;) is calculated taking into account the percentage of nitrogen enrichment in the

inducted mixture combined with the air mass flow rate corresponding to NEO operating mode.
The percentage of nitrogen enrichment in the inducted mixture (AyN2 ) is defined as :
NEIA NEO
Ayy, (%) - NEca/N2 -100 (®)
IN,
where (y;jf“*) represents nitrogen concentration (by volume) in the inducted mixture under

NEIA operating mode while (yEZEO) represents nitrogen concentration (by volume) in the

inducted mixture under NEO operating mode. Furthermore, the gaseous fuel consumption
(m,) is calculated by EQ(4).

TEST CASES EXAMINED

In the present work, the simulation model is used to investigate the relative impact of air inlet
nitrogen enrichment and exhaust gas recirculation on the performance characteristics and
exhaust emissions of a heavy duty, spark-ignited natural gas engine fuelled with natural gas.
Thus, at partial (i.e. 65% of full load) and high (i.e. 100% of full load) load conditions, the
percentage of nitrogen concentration in the inducted air was increased by 2, 4 and 6 per cent
(Aynz = 2%, 4% and 6%) relative to the convectional operating case (i.e. 79% by volume in air).
Thus, for each loading point examined, besides the oxygen mass fraction of the inducted

mixture corresponding to the conventional operating case (xO2 =23,2%), three different oxygen

mass fractions were estimated. Specifically, oxygen mass fraction of the inducted mixture was
decreased from x, =23,2% to x, =18%, at both engine loading conditions examined.

Moreover, for each loading point examined, three different EGR percentages were examined
herein. Specifically, for each engine load condition, the appropriate EGR percentage was
estimated in order that the inducted mixture oxygen mass fraction resulting from the EGR
application becomes equal to the respective oxygen mass fraction derived from the application
of nitrogen-enrichment operating mode. Thus, under EGR operating mode, EGR percentage

was increased from x,., =0% to x,,, =15% at partial load conditions, while at high load
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conditions it was increased up to x,;, =10%. It must be stated here that the test case
corresponding to x, =23,2% (by mass) nitrogen concentration in the inducted air and

Xzor = 0% is referred as ‘normal engine operating point’ (NEO point). Moreover, for each test

case examined, the injection advance was kept constant. In Table 1 more details are given
about the test cases examined in the present work.

Table 1. Test Cases Examine

65% Load & A, = 1,66 & 1500 rpm 100% Load & A, = 1,85 & 1500 rpm
%o, (%) 7, A (% % P Ave (% %

0, yNz( 0) xEGR( 0) 0, J’Nz( 0) xEGR( 0)
23,2 1,73 0 0 1,92 0 0
21,5 1,60 2 5 1,78 2 6
19,8 1,47 4 10 1,63 4 12
18 1,34 6 18 1,49 6 20

MODEL VALIDATION

Results obtained from an extended experimental investigation conducted in the past on a ‘GE
Jenbacher 320°, multi-cylinder, spark-ignited engine [15] are used to experimentally validate the
predictions of the simulation model. The basic data related to the simulated engine are
presented in Table 2 [15].

Table 2. Basic data of the Test Engine.

Engine Type V-70°, 20 Cyl., 4-Stroke, SI, T/C
Bore 135 mm

Stroke 170 mm

Connecting Rod 320 mm
Compression Ratio 11:1

Engine Displacement Volume 48,7 It

Normal SOI (at 100% load) 23 °CA before TDC

This is a four-stroke, turbocharged, water-cooled, spark-ignited engine fuelled with natural
gas. Since the specific engine is used as an electric power generator (actually in a co-
generation mode), the normal speed of the engine is fixed at 1500 rpm and it is kept constant for
the entire range of loads examined. A comparison between experimental and calculated
pressure traces under NEO operating mode is given in Figure 3. Also, in figure 4 are compared
experimental and calculated values of (i) engine power, (ii) engine efficiency and (iii) NO
emissions. All experimental data were taken at four different engine loads corresponding to 40,
65, 85 and 100% of full engine load and at 1500 rpm engine speed. Examining these figures, it
is observed that there is a good coincidence between calculated and experimental values at all
test cases examined. This proves the ability of the specific model to predict adequately
performance characteristics and the exhaust emissions of a spark ignition engine operating
under natural gas fuel mode with normal chemical composition of the inducted air.

Furthermore, taking into account experimental data it is shown that the simulation model
manages to predict with adequate accuracy the trend of the engine performance characteristics
with the change each one of the examined techniques. Thus, the specific model can be used to
look into the effect each one of the examined parameters on performance and pollutant
emissions of the specific engine. It is emphasized here that the values of the present model’s
constants are held constant for all strategies examined in the present work (i.e. NEIA and EGR).
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RESULTS AND DISCUSSION

Comparative Evaluation of the Effects of Intake-Air Nitrogen-Enrichment
and EGR on Sl Natural Gas Engine Performance Characteristics

In this section, the predictive capabilities of the phenomenological model are explored. The
predicted effects of the two strategies examined herein on some basic performance
characteristics and pollutant emissions of a heavy-duty spark-ignited natural gas engine are
examined, for two engine operating points corresponding to 65% and 100% of full engine load at
1500 rpm engine speed.

Figures 5-6 provide the predicted cylinder pressure and total heat release traces for xgo, =
19,75 (%) oxygen mass fraction of the cylinder charge at inlet valve closure event, at 100% of
full engine load at 1500 rpm engine speed, using the two methodologies examined herein i.e.
nitrogen enrichment of the inducted air (NEIA) and exhaust gas recirculation (EGR),
respectively. In these figures the predicted cylinder pressure and total heat release traces are
also given corresponding to normal engine operating (NEQO) mode. Observing figure 5 it can be
seen that the air inlet nitrogen-enrichment affects the cylinder pressure history. Thus, by raising
the nitrogen mass fraction of the inducted mixture, the rate of cylinder pressure rise during the
initial stage of the combustion process becomes lower, while the peak cylinder pressure occurs
slightly later compared to the respective values observed under NEO condition. This is the result
of both the later initiation of combustion and the lower combustion rate of the gaseous fuel,
especially during the initial stages of combustion process, which occurred due to the lower
cylinder charge temperatures. As far as the heat release rate curves are concerned (Figure 6), it
is observed that the nitrogen enrichment affects also the burning rate. It is shown that the
initiation of combustion observed with increased nitrogen mass fraction at IVC starts later
compared to the respective one under NEO mode. This is attributed to the increase of ignition
delay and also due to the fact that the combustion of the gaseous fuel has not yet progressed
enough, since the cylinder charge conditions (i.e. cylinder charge temperature, etc.) do not favor
the propagation of the flame front.

Observing figures 5-6, it is obvious that the presence of the exhaust gas re-circulated in the
cylinder charge, affects both cylinder pressure and total burning rate. Thus, for high engine
loading point, the increase of EGR affects the values of the cylinder pressure compared to the
respective one observed under normal engine operating mode. The difference observed during
the last stages of the compression stroke is the result of the higher specific heat capacity of the
cylinder charge mixture (i.e. air-natural gas-EGR), compared to that of the air-natural gas in the
case of NEO mode. Moreover, for all engine operating points examined, as EGR increases the
rate of cylinder pressure rise during the first stage of the combustion process becomes lower,
while the peak cylinder pressure occurs slightly later compared to the respective values
observed without EGR. As far as the heat release rate curve is concerned (Figure 6), it is
revealed that for the same oxygen mass fraction at IVC the initiation of combustion observed
with EGR operating mode starts later compared to the respective one observed with air inlet
nitrogen enrichment (NEIA mode). This is due to the fact that the cylinder charge with EGR (i.e.
gaseous fuel — air — EGR mixture) has higher overall specific heat capacity compared to the
respective one without EGR. Furthermore, as EGR increases the burning rate observed during
the first stage of combustion decreases. This is due to the lower cylinder charge temperature
that affects negatively the combustion process of the gaseous fuel, which has not yet
progressed enough since the cylinder charge conditions during the specific phase do not favor
the existence of the flame front.
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FIGURE 5. Calculated cylinder pressure FIGURE 6. Calculated heat release rate
traces at 1500 rpm and 100% load, for 19.75  traces at 1500 rpm and 100% load, for 19.75
(%) oxygen mass fraction in the inducted (%) oxygen mass fraction in the inducted
mixture using (i) air inlet nitrogen enrichment mixture using (i) air inlet nitrogen enrichment
and (ii) EGR. and (ii) EGR.

Figures 7A-B and 8A-B illustrate the variation of the calculated peak cylinder pressure and
maximum cylinder temperature as a function of the oxygen mass fraction of the inducted
mixture. The results correspond to 65% and 100% of full engine load conditions, for two
strategies examined i.e. nitrogen enrichment and EGR, at 1500 rpm engine speed. In the same
figures the normal engine operating point is also given, that corresponds to 23.2 (%) oxygen
mass fraction (NEO mode). Since both maximum cylinder pressure and temperature are critical
parameters affecting the mechanical and the thermal strength of engine structure, the study of
the effect of the examined strategies on maximum cylinder pressure and temperature is of
particular interest. By examining these figures, it is revealed that the maximum cylinder pressure
decreases with the increase of the percentage of air nitrogen-enrichment resulting thus in lower
cylinder charge temperatures. This is attributed to the decrease of the gaseous fuel combustion
rate, due to the retardation of the flame front. The effect becomes more evident at full engine
load conditions, where the decrease of the maximum cylinder temperature is up to 10%. For
both loads examined, the decrease of the maximum cylinder pressure is not so severe (up to
10% at part load, and up to 8% at high load). Regarding the effect of EGR on both maximum
cylinder pressure and temperature, it is observed that for all test cases examined, the increase
of EGR leads also to the decrease of the maximum cylinder pressure and temperature. Despite
the smooth decrease of the maximum temperature, the maximum cylinder pressure starts to
decrease slightly with an increase of EGR until a certain limit, where a further increase of EGR
leads to a more intense decrease of the maximum combustion pressure. The effect becomes
more evident at high load. Eventually, it should be mentioned, that under EGR operating mode,
the lower heat release rate and the higher specific heat capacity of the cylinder charge are the
main reasons for the lower and delayed appearance of the maximum combustion pressure,
compared to the respective values observed under NEO and air inlet nitrogen enrichment
operating modes.

Figures 9A-B depict the variation of the calculated duration of combustion as a function of the
oxygen mass fraction of the inducted mixture. The results correspond to 65% and 100% of full
engine load conditions, for two strategies examined i.e. intake-air nitrogen-enrichment and EGR,
at 1500 rpm engine speed. In the same figures the normal engine operating point is also given,
that corresponds to 23.2 (%) oxygen mass fraction (NEO mode). Examining these figures, it is
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observed that for both engine loads examined, both strategies examined herein lead to a longer

duration of combustion as compared to the respective one
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FIGURE 7A. Maximum pressure as a function of
oxygen mass fraction of the inducted mixture, at
1500 rpm and 65% load, for (i) NEIM and (ii) EGR

operating modes.

2400 1 Load : 65% - 1500 rpm
—@— Nitrogen Enrichment
—O—— Exhaust Gas Recirculation
— 2300 4
e
(O]
3 2200
I
g
§
2 2100 A
3
S
2000 4
1900 T T T T T |
24 23 22 21 20 19 18

Oxygen mass fraction at IVC (on%)
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operating modes.

Specifically, nitrogen enrichment prolongs the duration of combustion and the specific effect
becomes more intense at high load and high nitrogen percentages in the inducted mixture. This
may be attributed, primarily, to the fact that nitrogen enrichment delays slightly the initiation of
combustion. This emanates from the higher specific heat capacity of the mixture accompanied
by the lower cylinder charge conditions occurring at the spark timing, compared to the

respective values under NEO operating mode.

According to Figures 9A-B, it is observed that, despite the fact that the lower total air excess

ratios, caused by the presence of EGR, is

a critical factor favoring the flame propagation

mechanism contributing, thus, to an improvement of the natural gas combustion quality, as EGR
percentage increases the duration of combustion also increases. This specific effect is ascribed
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primarily to the low cylinder charge temperature, due to the higher specific heat capacity of the
cylinder charge and also to the slower combustion rate of the natural gas.
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FIGURE 9A. Duration of Combustion as a function =~ FIGURE 9B. Duration of Combustion as a function
of oxygen mass fraction of the inducted mixture, at  of oxygen mass fraction of the inducted mixture, at
1500 rpm and 65% load, for (i) NEIM and (ii) EGR 1500 rpm and 100% load, for (i) NEIM and (ii) EGR
operating modes. operating modes.

Figures 10A-B illustrate the variation of the calculated brake specific fuel consumption (bsfc)
as a function of the oxygen mass fraction of the inducted mixture. The results correspond to
65% and 100% of full engine load conditions, for two strategies examined i.e. nitrogen
enrichment and EGR, at 1500 rpm engine speed. In the same figures the normal engine
operating point is also given (NEO mode). It must be noted here that the computed bsfc is
estimated from the calculated brake power output and the calculated mass flow rate of the
natural gas. Moreover, brake power output is estimated from the calculated indicated power
output (i.e. calculated from cylinder pressure diagram) and the mechanical efficiency that is
predicted through a simple simulation sub-model. Observing these figures, it is revealed that for
both loads examined, the increase of the nitrogen percentage in the inducted mixture results to
an increase of bsfc since the combustion of the fuel becomes more ineffective. As far as the
effect of EGR percentage on bsfc is concerned, it is revealed that the presence of EGR affects
also the brake engine efficiency. Specifically, for both loads examined, the increase of the EGR
percentage leads initially to a slight increase of the total brake specific fuel consumption, while a
further increase of the EGR beyond a critical percentage results to a more intense deterioration
of engine efficiency. This specific deterioration is ascribed primarily to the longer ignition delay
period, which affects negatively the heat release rate, especially during the initial stages of
combustion process. At the same time, the improvement of the gaseous fuel combustion quality,
which is caused by the reduction of the total air excess ratio (i.e. lower total air excess ratio
leads to faster flame speed), does not contribute considerably to the improvement of engine
efficiency.

Comparative Evaluation of the Effects of Intake-Air Nitrogen-Enrichment
and EGR on Sl Natural Gas NO and CO Emissions

Figures 11A-B illustrate the variation of the calculated specific NO emissions as a function of
the oxygen mass fraction of the inducted mixture. Theoretical results are presented at65% and
100% of full engine load conditions, for the two strategies examined herein i.e. nitrogen
enrichment and EGR, at 1500 rpm engine speed. In the same figures predictions for the normal
engine operating point are also given. It is well known [2-4] that the formation of NO is favored in
general by high gas temperatures and near stoichiometric mixture conditions towards the lean.
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Observing figures 11A-B, it is revealed that, for both loads examined, specific NO concentration
under nitrogen enriched inducted mixture (NEIM) operating mode is lower compared to the one
observed under NEO mode. For the same load, the burning temperature observed under NEIA
mode is lower compared to the respective one under NEO mode. Moreover, nitrogen
enrichment depletes effectively oxygen concentration in the cylinder charge. Thus, the lower
oxygen concentration in combination with the lower burning temperatures provides a possible
explanation about the lower NO concentrations observed under NEIM operating modes
compared to the respective ones under NEO operating mode.
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FIGURE 10A. Brake specific fuel consumption asa FIGURE 10B. Brake specific fuel consumption as a
function of oxygen mass fraction of the inducted function of oxygen mass fraction of the inducted
mixture, at 1500 rpm and 65% load, for (i) NEIM mixture, at 1500 rpm and 100% load, for (i) NEIM
and (ii) EGR operating modes. and (ii) EGR operating modes.

As far as the effect of EGR on specific NO emissions is concerned, it is revealed that the
increase of EGR percentage results also in a decrease of specific NO emissions. This may be
attributed to the delayed, relative to TDC, initiation of combustion due to the increase of the
ignition delay period. Furthermore, the increase of EGR percentage results to lower charge
temperature caused by the higher specific heat capacity of the cylinder charge and, moreover, it
leads to a reduction of the oxygen availability in the cylinder charge. The aforementioned
parameters restrain the NO formation mechanism. By examining figures 11A-B it is revealed
that for high load examined, NO emissions seems to be more sensitive to EGR rather than to
nitrogen enrichment of the inducted air. Inferentially, by comparing the results obtained from
both strategies examined, it is revealed that for an existent Sl engine, running at high load, the
curtailment of the emitted NO without serious deterioration of engine efficiency may be achieved
with nitrogen enrichment of the inducted air instead of using EGR.

Figures 12A-B show the variation of the calculated specific CO emissions as a function of the
oxygen mass fraction of the inducted mixture. The results correspond to 65% and 100% of full
engine load conditions, for two strategies examined i.e. nitrogen enrichment and EGR, at 1500
rom engine speed. In the same figures predictions for the normal engine operating point are
also given. As known [2-4], CO formation rate depends on the relative air/fuel ratio, the
unburned gaseous fuel availability and the cylinder charge temperature. The latter two
parameters control the rate of fuel decomposition and oxidation [2-4].

Observing figures 12A-B, it is revealed that the decrease of oxygen mass fraction of the
inducted mixture using nitrogen enrichment results in a negligible variation of CO emissions.
Specifically, the increase of nitrogen concentration in the charge mixture causes a slight
reduction of the total air/fuel ratio. This leads to a negligible effect on both CO formation and
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oxidation rates, due to the decreased charge temperature. Thus, the emitted CO concentrations
observed under NEIA operating mode seem to be almost the same with the respective ones
observed under normal engine operating mode. On the other hand, the increase of EGR
percentage results to an increase of CO emissions. Specifically, the increase of EGR
percentage causes an increase of the ignition delay period, which suppresses the progress of
the gaseous fuel combustion process, a situation that affects negatively (i.e. increase) the
emitted carbon monoxide. On the other hand, the increase of EGR percentage promotes slightly
CO oxidation rate, due to the lower total air-fuel excess ratio, which leads to a slight acceleration
of the flame front and, thus, to a slight improvement of the gaseous fuel combustion rate.
Nonetheless, the aforementioned improvement contributes insignificantly to the reduction of the
emitted CO, since it occurs late. Observing the results, it is revealed that for high engine
operating point the effect of EGR on CO emissions is more intense compared to the respective
effect caused by the nitrogen enrichment of the inducted air.
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FIGURE 11A. Specific NO concentration as a FIGURE 11B. Specific NO concentration as a
function of oxygen mass fraction of the inducted function of oxygen mass fraction of the inducted
mixture, at 1500 rpm and 65% load, for (i) NEIM mixture, at 1500 rpm and 100% load, for (i) NEIM
and (ii) EGR operating modes. and (ii) EGR operating modes.

CONCLUSIONS

In the present work, an existing two-zone phenomenological model has been used to
examine the effect of (i) nitrogen enrichment of the inducted air and (ii) EGR, on performance
characteristics and pollutant emissions of a natural gas spark ignited engine. A good
coincidence between calculated and measured values under normal composition of the inducted
air (NIA) operation was observed for performance characteristics, NO and CO emissions.
Specifically, the model predicts with reasonable accuracy the absolute values but most
important it predicts the trends of the combustion and pollutants formation mechanisms with
various engine operating parameters.

Acknowledging the predictive ability of the two-zone combustion model, it was used to
examine the effect of the aforementioned strategies on engine performance parameters, NO
and CO emissions. From the evaluation of the theoretical findings, the following conclusions can
be summarized as below:
¢ the increase of nitrogen mass fraction in the inducted mixture, results to:

0 deterioration of engine efficiency. The effect is more evident at intermediate load and
high N, mass fractions in the inducted mixture.
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0 decrease of the maximum cylinder pressure, which at high N, mass fractions in the
inducted mixture is up to 8%.

o0 decrease of the specific NO concentration. The effect is more evident at high N, mass
fractions in the inducted mixture for both loads examined.

0 an almost negligible variation of the specific CO concentration.

¢ the increase of EGR percentage, results to:

o0 deterioration of engine efficiency. The effect is more evident at high load and high EGR

percentages.

0 decrease of the maximum cylinder pressure, which at high EGR percentage is up to
12%.

0 decrease of the specific NO concentration. The effect is more evident at high load and
high EGR percentages.

0 increase of the specific CO concentration. At high load and high EGR percentage the
specific increase is up to 30%.
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and (ii) EGR operating modes. and (ii) EGR operating modes.

In general, the increase of nitrogen percentage in the inducted mixture could be a promising
solution for reducing NO emissions as compared to EGR. At low percentages, the specific
strategy does not bring serious problems to engine performance characteristics. However, at
high engine loads, the excessive increase of the nitrogen enrichment percentage beyond a
certain limit may be proven to be harmful to engine performance characteristics (i.e. brake
efficiency, engine power output). At the same time, the simultaneous increase of both
parameters, at both low and high engine load conditions, does not bring any serious problem to
engine operational lifetime, since the maximum cylinder pressure is lower compared to the
respective one observed under normal engine operation. The results of this preliminary
investigation are encouraging and urge us to prolong our theoretical investigation to examine
the combined effect of other engine parameters (i.e. ignition timing, etc) on performance
characteristics of an existing spark-ignited engine fuelled with natural gas. This is currently
under progress and results will be given in the near future. Even though it is difficult to
generalize the findings of the current preliminary investigation, we believe that they are

important since the reduction of NO emissions on existing S| natural gas engines is extremely
important.
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Abstract. The design concept of some special purpose naval vessels requires the usage
of gas turbines as prime mover engines, which offer high power density and high flexibility
on the variation of the engine load. However, one of the disadvantages of the gas turbines
compared to their main competitors, the diesel engines, is their lower fuel efficiency. The
comparison becomes ever worse when referring to the part load engine conditions,
especially for the legacy gas turbines installed in some vessels of the Hellenic Navy. The
part load operation is of paramount importance for the case of marine propulsion, since
the engines operate most of the time at part load. Apart from the economic impact of the
relatively high fuel consumption of the installed gas turbines, there are also operational
issues that arise and have to be considered. The engine’s fuel consumption affects the
planning of the required fuel supply chain and the operational range of the vessel. In the
present study, a preliminary feasibility analysis of installing a waste heat recovery
bottoming Rankine cycle with steam as a working medium is conducted, in order to
estimate the improvement of the fuel consumption over the entire operating range for a
gas turbine used as a base prime mover at the Hellenic Navy. For this purpose, a gas
turbine performance model is used to calculate the flue gas properties (temperature and
mass flow rate) during the engine off-design operation and is coupled with a
thermodynamic model that simulates the Rankine cycle and predicts the thermodynamic
properties of water/steam at all operating conditions. The analysis takes into account
constraints regarding the available space for installing the various components and
especially the exhaust gas heat exchanger (HRSG), as well as the lower limit of the
exhaust gas temperature to avoid condensation. From this preliminary investigation it has
been confirmed that with the proposed configuration, a significant improvement on the
overall (combined) efficiency can be obtained ranging from 33% at full power to 53% at
25% of the gas turbine load, providing a technically feasible solution to the problem of low
gas turbine engine efficiency, especially at part load operation. Moreover, at the same
time, this technique provides tactical benefits, since it lowers the exhaust gas temperature
which consequently affects the infrared “signature” of the ship, making its tracking by the
enemy harder.

Keywords: Gas Turbines, Waste heat recovery, Steam Rankine cycle, COGAS.
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INTRODUCTION

The classical heat engine cycles for power generation in steam and gas turbine plants are
those associated with the names of Rankine and Joule-Brayton [1]. The temperature-entropy
diagrams for these cycles are shown in Figs. 1A and 1B respectively. The Rankine cycle is the
basis of steam power plant, with steady flow through a boiler, a turbine driving a generator
delivering electrical or mechanical power, a condenser and a feed-pump. The Joule-Brayton
constant pressure cycle is the basis of the gas turbine power plant, with steady flow of air (or
gas) through a compressor, the heater, the turbine, and the cooler within a closed circuit. The
turbine drives both the compressor and the generator delivering electrical power or provides
mechanical power on a power shaft.
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FIGURE 2A. Rankine cyclic heat engine [1] FIGURE 1B. Joule — Brayton cyclic heat
engine [1]

One particularly important field of study for conventional power plant design is that of the
"combined plant". A broad definition of the conventional "combined cycles" is the cycles that are
coupled to work together, in such a way that the heat rejected from the one power cycle (as
dictated by the 2nd Law of thermodynamics) which is called upper or topping cycle, becomes
the heat source for the other which is called lower or bottoming cycle, in order to produce more
useful power. In practice the "upper" plant is often open circuit, not cyclic. In this way it becomes
feasible to produce greater work output for a given heat (or fuel energy) supply, i.e. improved
energy efficiency. Using the second Law of Thermodynamics it is proved that the maximum
efficiency of a heat engine is achieved when it is operated according to the reversible Carnot
cycle between a given (maximum) constant temperature (Tg) of heat supply (Qg) and a given
(minimum) temperature (Ta) of heat rejection (Qa) (according to the temperature —entropy
diagram shown in Fig. 2). Its thermal efficiency is given by the following expression:

Qp—Qa _TpdS—Tyds Ty =Ty
Qe ~ TpdS T Tq

(1)

&=

fire =
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Increasing the high temperature (Tg) or reducing the low temperature of the cycle (T,) leads
to higher energy efficiency. Although in practice it is not feasible to develop an engine working
based on the Carnot cycle, this thermodynamic cycle is treated as the measure of excellence
when studying power producing cycles under given boundary conditions (i.e. given
temperatures of the “hot” source and the “cold” sink) .

T4 loa
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|
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s

FIGURE 2. Typical Temperature-entropy diagram for a Carnot power plant

There are two features of the Carnot power plant which are responsible for its maximum
thermal efficiency [1]:
e all process involved are reversible;
o all heat is supplied at the maximum (specified) temperature (Tg) and all heat is
rejected at the lowest (specified) temperature (Ta).

In an attempt to achieve high thermal efficiency, the designer of a conventional power plant
investigates alternative ways to raise Tg and lower Ta. In Fig. 3 it is shown how this affects the
(Rankine) steam power plant. Firstly, lower rejection temperature (T,) is achieved by lowering
condenser pressure, and it is an important feature of the cycle that all heat is rejected at the
lowest temperature.

Secondly, efforts are made to raise the mean temperature of heat supply Tg temperature, by

e raising the boiler pressure;

o reheating between turbine blades

o feed heating (bleeding steam from the turbine to heat the condensate before it is fed
to the boiler plant

Whether such modifications to achieve increased thermal efficiency justify the extra capital
required is a matter for economic study; thermodynamics is not always the sole criterion. In this
search for higher efficiency, the designer of the conventional power plant is maximizing the work
output (W) for a given heat supply (Qg).
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FIGURE 3. Common Modifications of the basic Rankine cycle to increase thermal efficiency

In the design process of a combined cycle power plant, the objective is to optimize the overall
system performance, which sometimes does not directly mean that each of the system’s
components (upper and lower cycle) operate at their most effective operating conditions [2, 3, 4].
To make this clearer, consider a combined power plant, consisted by two separate power plants
(H and L) combined as shown in Fig. 4. Heat rejected (Qu.) from the “higher” (topping) plant
(H), with a thermal efficiency ny, is used to the lower (bottoming) plant L (as a heat source),
which operate with a thermal efficiency n.. The two plants may use different working mediums.
The work output from the lower cycle is

W =M Qne (2)
But
Qrr = sl =15} (3)

where Qg is the heat supplied to the upper plant, which delivers work

Wy =1x0s (4)
Thus the total work output is

W =W+ W =050 + 7l — N}l = Qatlly + 0 — Balic) ()
The thermal efficiency of the combined plant is therefore

1‘!

Bry = g =g + M — Bl = Ng + Pkl =15 (6)

38



ISSN: 1791-4469 Copyright © 2012 Hellenic Naval Academy

DL LI L

Qg

WH
Q.

W
Qn

VL
FIGURE 4. Combined power plant

The advantages are clear. The basic efficiency of the upper cycle has been increased by:

M8l =M=}, using its rejected heat to generate power in the lower cycle.
Reactants
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FIGURE 5. Gas turbine/steam turbine combined power plant

39



NAUSIVIOS CHORA

When the upper cycle is consisted by a gas turbine, one of the most familiar ways to further
exploit the energy of the exhaust gases is to combine the upper cycle with a bottom Rankine
cycle equipped with a steam turbine. A typical configuration is the one shown in figure 5. The
combination of an open cycle gas turbine with a water/steam cycle, commonly known as the
combined cycle, offers several advantages [4, 5]:

e Air/Exhaust gas is a straightforward medium that can be used in modern gas turbines
at high turbine inlet temperature levels (above 1200°C), providing the optimum
prerequisites for a good topping cycle.

o Steam/water is inexpensive, widely available, non-hazardous, and suitable for
medium and low temperature ranges, being ideal for the bottoming cycle.

In this case the combined efficiency of the plant can be expressed by the following equation:

+ 1-
Hee = fet Qer rlggﬂi llg) =ngr +Nsrfl —ngrl} (7)

Differentiation makes it possible to estimate how the overall combined plant efficiency is
affected by a change in the efficiency of the gas turbine:

Bicc 8157
=1 -+ - 8
Bncr BMerld —ngr) 5T ®)

Thus, increasing the gas turbine efficiency improves the overall efficiency only if:

Bcc
Bngr

=0 (9)

which leads to:

st 1 -=Tst
_ - 10
Ohgr 1 =ner (10)

The last equation shows that improving the gas turbine efficiency is helpful only if it does not
cause a high drop in the efficiency of the bottoming cycle (nsrt). Table 1 indicates that when the
efficiency of the gas turbine is raised, there is a limit on the allowable decrease of the bottom
rankine cycle efficiency, in order this to have a positive effect on the overall combined cycle
efficiency. For example, steam process efficiency can be reduced from 30% to 27.8% (
sy 27.8-30

Bnegr  85-30  in case the gas turbine efficiency is raised from 30% to 35% to keep the
overall combined-cycle efficiency.

TABLE 1. Example of the allowable reduction in the bottoming cycle efficiency nst when the gas turbine efficiency
ngr increases from 30% to 35% or 40%, in order to keep the overall combined-cycle efficiency.

Tt 0.3 0.35 0.4

_Gnst 1.0 1.08 1.17
et
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IMPLEMENTATION OF A COMBINED CYCLE FOR MARINE
APPLICATIONS

The recent changes in the emission legislation with the burdens on the maximum content of
sulfur in the marine fuels, as well as, the inherent advantages of the gas turbines as prime
movers, together with the development of advanced systems with high overall efficiency, have
grown the interest regarding the usage of gas turbines as prime movers for vessels instead of
using diesel engines [4, 6, 7, 8, 9]. Especially for the navy, gas turbines offer high flexibility on
the operating conditions, low demand in maintenance and high power density, which make them
ideal for specific types of vessels (i.e. combatants) [10]. However, the operational demands and
the growing fuel prices have raised skepticism regarding the relatively low overall engine
efficiency of the gas turbines used in the Hellenic Navy, as well as in the foreign Navies
worldwide. One of the solutions proposed is the modification of the existing gas turbine power
plants, by adding a bottoming cycle (Rankine) working with steam/water in order to recover a
portion of the heat rejected to the environment with the exhaust gases. This excess power could
be offered to cover a portion of the electric loads of the ship (reducing the fuel consumption of
the auxiliary engines), or could be provided as propulsion power through an appropriate gear
box. The US Navy has studied such alternatives since the 80s and the conclusions derived are
positives [10].

In the present work a preliminary investigation is conducted in order to explore the feasibility
of adding a bottom cycle (i.e. Rankine with steam as the working medium) to the existing gas
turbine configuration which is used as the basic propulsive power unit on a combatant vessel of
the Hellenic Navy. In this first part of our research work, the investigation is limited to the
determination of the possible power increment and the corresponding improvement of the
overall system efficiency taking into account specific limitations which exist, regarding the
allowable lower exhaust gas temperature and the dimensions of the heat exchanger used for
the exhaust gas heat recovery (Heat Recovery Steam Generator, i.e. HRSG).

Gas Turbine Model

In order to model the off — design operation of the gas turbine a generic, zero-dimensional
non-linear adaptive performance model is used [12]. The model is based on the logic that a gas
turbine is an assembly of different components (modules). Each component is identified and
modelled according to the kind of aero-thermodynamic process it materializes. For each
component, if Y,y is the vector of the independent variables at its inlet and Your the
corresponding vector at its outlet, then in order to find the values at the component exit an
equation of the following form must be solved.

&Y Your ) =0 (11)

This equation usually derives from conservation laws, as well as from existing experience in
components operation. It may consist of analytical relations, possibly including empirical
constants (e.g. duct pressure loss), or a set of curves (e.g. turbo-machinery component maps).
Additional equations express the compatibility of operation between the different components,
imposing “matching” conditions, as for example, power balance between the high pressure
turbine and compressor. In this way a set of equations, which have to be simultaneously
satisfied by the fluid parameters, is formed. The solution of this system of equations, non-linear
in nature, is achieved numerically. Different types of numerical techniques can be employed, as
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for example described by Stamatis et al. [13]. The solution of this system of equations, for an
operating point as specified by the ambient conditions and the selected engine control variable
(e.g. engine load, Turbine Entry Temperature etc.), gives the full cycle details, and the
performance parameters are uniquely defined for off-design operation.

The model is capable of simulating all existing gas turbine configurations from single shaft
engines, up to a three spool engines with power turbine with intercooling, reheating,
recuperation and water injection at various positions along the engine. The model layout and the
system of equations to be solved are modified in accordance with the engine configuration
under consideration. Also, as the control variable of different engines may be different, or even
change throughout their operation, the model is capable to acknowledge several parameters as
control variables like Turbine Entry Temperature (TET), Compressor Discharge Pressure (CDP),
load etc. depending on the engine configuration.

In order to be capable to simulate a specific engine the model can be adapted to available,
engine specific data by employing the adaptive modelling technique, introduced by Stamatis et
al. [14]. The basic idea behind adaptive modelling is that component characteristics (e.g
compressor map) are allowed to change through appropriate modification factors. The values of
these factors are determined by requiring that available engine performance data are matched
by the engine model. In this way, at the end of the adaptation procedure, a set of components
characteristics is produced which are capable to reproduce the specified engine operation with
great accuracy (e.g Tsalavoutas et al. [15]).

The gas turbine selected as a test case in the present study, is a twin spool — three shaft
engine of 4MW nominal power and a corresponding thermal efficiency of 29.4%. This engine
type is used as the cruising engine (two engines of this type) of a specific marine vessel type of
the Hellenic Navy, in a COGOG configuration. Due to the fact that the majority of the vessel’s
operational duty is covered by the cruising gas turbines, this engine type is used for the
investigation of the exhaust gas heat recovery technique.
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FIGURE 6. Predicted and published values [15] of the gas turbine versus load.

In order to build a reliable model capable to predict the engine’s off-design operation, the
model has been adapted to available data. The results presented by Tsalavoutas et al. [15]
indicate that the model can simulate the off-design operation of the engine with good accuracy.
The calculated by the model specific fuel consumption (sfc) compared with published values [15]
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versus the operating load is presented in Figure 6. The adapted model is used for calculating
the exhaust flow properties (mass flow, temperature and composition) at specific operating
points.

Heat Recovery Steam Generator Design

One of the most important parts of the Rankine cycle is the heat recovery steam generator
(HRSG) since it is the component of the cycle which is responsible for the exhaust heat
recovery (and the production of steam, with adequate thermodynamic properties). This
component of the bottoming cycle contributes considerably to the system’s weight and volume.
These two parameters are crucial for marine applications in general and even more crucial
when the application concerns a naval vessel. In general there are two types of Heat recovery
steam generators (HRSG): The once-through type and the drum-type.

In drum-type HRSGs the water/steam separation and water retention is conducted in a steam
drum. A HRSG of drum-type can be built in two basic constructions, based on the direction of
the gas turbine exhaust flow through the boiler: vertical HRSG and horizontal HRSG [2] as
shown in Figure 7. In vertical designs, the heat transfer tubes are horizontal, suspended from
uncooled tube supports located in the gas path. Often this design requires circulating pumps in
order to assure constant circulation within the evaporator (that's why often they are called
forced-circulation HRSGs). In a horizontal design, the circulation through the evaporator takes
place entirely by gravity, based on the density difference of water and boiling water mixtures
(often called natural-circulation HRSG). The heat transfer tubes are vertical, and essentially self-
supporting. Earlier the vertical designs had several advantages compared with horizontal
designs, with respect to space requirement and start-up performance. However, the natural-
circulation HRSGs have been improved, and current designs offer performance comparable with
the forced-circulation designs [2].

T To the funnel T To the funnel

Evaporator -G
section \,‘

Evaporator "; =
section c > 7\
S

T Exhaust from GT
Exhaust from GT

FIGURE 7. Schematic figures of vertical (left) and horizontal (right) HRSGs [2].

Another feature that needs to be considered when selecting HRSG arrangement is whether a
by-pass stack which permits the operation of the gas turbine without the HRSG (and steam
turbine) in service is desirable. Such feature would increase the cost and occupy space. An
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important drawback with the drum-type HRSG is that for high live-steam pressures the
operational flexibility is restricted. Combined cycles used for marine applications are often
operated in cycling duties with frequent load changes and start-up cycles. Such operation
causes high thermal stresses on parts within the HRSG, especially on the drum. Thus, the
loading rate, for example during start-up, is primarily constrained by the drum.

On the other hand a once-through HRSG is basically one tube, featuring the economizer, the
evaporator and the super-heater. Water enters at one end and steam leaves at the other,
eliminating the drum and circulation pumps. Since it contains no drum, it provides the desired
high thermal flexibility. However, as all the water mass flow should evaporate when flowing
through the HRSG, the area requirement of the evaporator section is large. In a HRSG of drum-
type, the water is re-circulated and only a portion of the flow is evaporated at the time, thereby
requiring less heat transferring area.

Previous work on the use of combined cycles for marine applications does not provide a
coherent picture on the optimum choice of the HRSG type. Taking into account the space
limitations which apply on a naval vessel, in this study a once-through heat exchanger is
considered with vertical gas flow mounted directly over the gas turbine, as shown in figure 8.
Such a design would minimize ground-floor and space requirements. Additionally, a vertical
arrangement is associated with a low cost and it provides a good exhaust gas distribution
across the boiler heating surfaces. On the other hand, this configuration may set some
obstacles to the maintenance of the gas turbine, but taking into account the very limited
available space this configuration seems to be the optimum solution.

In this HRSG, the feed water is introduced at the gas outlet and is moved through the core
until it leaves the other end at the desired condition (superheated). The steam exit conditions
are controlled by the feed-water flow rate. A low water flow rate produces high superheat, high
minimum wall temperatures of the heat exchanger tubes and low heat recovery. This control
feature is utilized in this study since focus has been given to maintain a minimum exhaust gas
temperature at the exit of the boiler (economizer) above the sulfur-acid dew point. Specifically,
this limit value was assumed equal to 135°C, which is slightly above the dew point of the
specific gas turbine exhaust gas. It is noticed that in the Greek Navy the standard fuel used in
the gas-turbine-powered combatants has a maximum sulfur content equal to 1% [16].

HRSG Design

To simplify the simulation procedure, the dimensions of the HRSG are calculated based on
relevant studies which have already been conducted by the US Navy. Specifically the case
study examined in [10] has been taken as a reference for the present work, where the bottom
steam Rankine cycle has been applied on a LM2500 gas turbine which is used for propulsion of
a combatant ship. Therefore the main design parameters of the HRSG used in the present study
have been determined by appropriately scaling the corresponding data of this reference work.
The HRSG has tubes with a nominal 3/4 inch diameter and nine fins per inch. These tubes are
arranged in a staggered tube bank, while, no feed-water heating is considered, which means
that the condenser water is fed directly to the economizer inlet. As far as the HRSG’s
dimensions, these are assumed to be proportional to the ones of the reference HRSG.
Specifically, the height of the HRSG is set equal to 2.40m (which corresponds to the ship’s
deck-height), while the cross sectional area is determined so that the mean exhaust gas velocity
at full engine load (4 MW), is identical to the one used in the aforementioned reference study. In
this way, similar flow conditions are expected to exist, which makes the assumption of similar
exhaust gas pressure losses and overall heat transfer conditions to be trustworthy. In the
reference study the design exhaust gas flow rate is equal to 45.4 kg/s (corresponding to a power
of 8.95 MW), and the dimensions of the boiler are: Length=2.7m, Width=2.7, Height=2.40m, with
a total heat transfer area equal to 1230 m?. Taking into account that at the present study, the
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gas turbine’s exhaust gas mass flow rate at full power is equal to 18.3 kg/h, it can be concluded
that the corresponding dimensions of the assumed HRSG are: Length=1.71m, Width=1.71,
Height=2.40m, with a total heat transfer area equal to 495,79 m?.
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FIGURE 8. Schematic diagram of the once-through HRSG [10]

To further simplify the simulation procedure, the overall heat transfer coefficient Umean from
the gas side to water / steam, is assumed to be constant at the whole HRSG length and equal to
the mean value of the one which has been calculated in the reference study [10] since the flow
conditions of the two streams of working mediums and especially the ones corresponding to the
gas-side, which possesses the higher resistance to the heat transfer are similar with the ones
which apply to the present study. Thus, the overall heat transfer coefficient Unean is assumed to
be equal to 0.060 W/m2C [8, 10, 17].

Rankine Cycle Simulation Procedure
For this preliminary feasibility study a simple configuration of the combined power plant is

examined, which comprises by: a Gas turbine power plant (following the Bryton cycle) and a
simple Rankine cycle (bottom cycle), as shown in fig. 9.
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FIGURE 9. Configuration of the Combined Cycle examined (Gas-Turbine / Water-Steam Rankine Cycle)
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FIGURE 10. Thermodynamic processes of the Rankine cycle examined

This bottoming cycle is composed by four main components: a pump, a heat exchanger
(HRSG), a steam turbine / generator and a condenser. As shown in fig. 10 the thermodynamic
cycle for the steam/water working fluid considered, includes the following processes: a
compression process in the pump (process 1-2), with an isentropic coefficient equal to
Nisp=0.90, an isobaric heat transfer process in the heat exchanger (processes 2-3-4-5), an
expansion process through the steam turbine with an isentropic coefficient n;s;=0.80 (process 5-
6), and an isobaric heat transfer process in the condenser (process 6-1). The HRSG is assumed
to be consisted by three parts: the economizer, the boiler and the super-heater (while these
parts are considered to have “moving” boundaries depending on the operating conditions). The
process (2-3) takes place in the economizer, the process (3-4) takes place in the boiler and the
process (4-5) takes place in the super-heater. In the analysis conducted, it has been assumed
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that the steam quality at point 6 is equal to x;mt=0.82 [10], which ensures that problems
associated with steam condensation at the late stages of the steam turbine are avoided.

The pump supplies the working fluid to the heat exchanger, where the working fluid is heated
and vaporized removing heat from the exhaust gases. The working fluid leaves the heat
exchanger in saturated or superheated state (in order to fulfill the criterion which has been set
for the steam quality after the expansion in the steam turbine). The high enthalpy steam is then
expanded in the expander (turbine), which provides additional power to the vessel (electric or
propulsion). After the expander, the working fluid enters the condenser where it condensates
(using another heat exchanger, utilizing the sea water as the medium to absorb the latent heat
of water/steam condensation). Having this in mind, the condenser pressure has been set
constant and equal to P.ng=10,1 kPa for all cases examined, so that a safe temperature
difference between the working medium (water/steam) and the sea-water is ensured.

The mathematical model of the simple Rankine Cycle uses the thermodynamic energy
conservation equations. The model considers a steady state operation with negligible kinetic
and potential energy effects.

The pump power is given by the following equation:

Wp =, *(h,—h) (12)

The heat absorbed by the working fluid (steam) from the exhaust gases in the HRSG is given
by:

Qurse =M. * (hs =h2) (13)
The turbine power is calculated using the following equation:
Vi/turbine = me *(hS _hé) (14)

while the isentropic coefficient of the steam turbine is assumed to be equal to n;s=0.80 and is
defined as:

nt,is = (15)

The total heat transfer rate from the exhaust gases to the Rankine working medium (water /
steam), inside the HRSG is evaluated using the following equation:

QGT,gas = mh * cp,gas *(Th,in - Th,out) (16)

Assuming that no heat losses occur at the HRSG, all the heat absorbed by the hot exhaust gas,
is transferred to the water/steam, thus:
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QHRSG = QGT,gas (17)

Analogous expressions can be written for each part of the HRSG i.e. economizer, boiler and
super-heater, through which the exhaust gas temperature at each part of the HRSG can be
derived:

QECON = mc * (hS - h2 ) = mh * cp,gas * (]—;1,3 - Th,out) (18)
QBO]LER = mc * (h4 - h3) = mh *cp,gas * (]—;12 _7—;1,3) (19)
QSUPERHTR =1m, * (hs - h4) =1, * Cpooas ™ (Th,m - Th,z) (20)

The temperature (Th;n) of the exhaust gas at the inlet of the HRSG, is an input parameter at
each operating point examined, and is obtained using the adapted gas turbine performance
model. In the following table 3, the properties of the exhaust gas at the HRSG’s inlet are shown
at the examined engine loads.

TEMPERATURE

Thin

WATER-SIDE

Superheater Boiler | Economizer |
|

L

WATER-S!DE F:OW LENGTH
FIGURE 11. Temperature profile of the exhaust gas and water/steam inside the HRSG

As far as the outlet temperature (T, out) Of the exhaust gas from the HRSG, a lower limit has
been set to avoid gas condensation and the relevant problems due to the sulfur content of the
fuel. In the present study the lowest acceptable temperature for the Ty, . is set equal to 135 °C
[10, 18] and is determined by solving the system of the equations already presented.
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Finally, a minimum temperature difference has been assumed between the inlet gas
temperature and the outlet steam temperature, which is equal to (Thi-Tc5)=20 °C [9], for all the

operating conditions examined. Therefore the temperatures of the exhaust gas and water/steam
at each part of the HRSG are predicted and the temperature profile of both streams is shown in
fig.11. The last criterion used in the present study in order to solve the system of the
aforementioned equations is related to the mass flow rate which passes through the steam
turbine. It is known from the gas dynamics that a steam turbine behaves in a manner similar to a
nozzle, which means that for a pressure ratio across the nozzle greater than approximately two
(which is the case in the present study), the mass flow rate maximizes, the turbine is assumed
chocked and the corrected mass flow —————takes a constant value, as shown in Fig.12 [19].
0

More specifically the turbine’s mass flow rate is also influenced by the wheel-speed Mach
number which is presented by: %F thus a similar flow rate / pressure ratio relationship is
0

experienced as shown in fig. 13, where, 9:% and 5:% . Since the effect of the
ref ref

corrected rotational speed is relatively small and there are no extractions it can be assumed that
the steam turbine operates at a specific corrected mass flow for the whole operation envelope.

TABLE 3. Exhaust gas properties at the inlet of the HRSG

Exhaust gas Exhaust gas Gas Turbine
Gas Turbine Power (kW) mass flow Temperature Efficiency (%)
rate (kg/s) (0C)
1000,00 12,00 346,90 18,50
1333,33 13,06 360,80 21,08
1666,67 14,03 374,40 22,97
2000,00 14,80 390,00 24,40
2333,33 15,57 405,40 25,60
2666,67 16,24 419,70 26,63
3000,00 16,80 435,60 27,50
3333,33 17,33 451,10 28,17
3666,67 17,87 465,70 28,84
4000,00 18,30 479,80 29,40
m LUE
Po M Po
i P
To
1
1.0 20
P,/P

FIGURE 12. Variation of the mass flow rate through a nozzle as a function of the pressure ratio [19]
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FIGURE 13. Variation of the mass flow rate through a steam turbine as a function of the pressure ratio
and the wheel speed N [19].

In this study it has been assumed that the steam turbine used in the Rankine cycle would
operate with a similar corrected mass flow as the one used in the reference study [10]. This
assumption is required to justify that the predicted values of the steam/water mass flow rates
and the pressure ratios are valid and correspond to the ones used in real-life applications.

Results and Discussion

As already mentioned, the purpose of the present work is to investigate in which extend it
would be possible to recover the heat from the exhaust gases produced by a gas turbine used
for the propulsion (at low and cruising speeds) of a combatant ship of the Hellenic Navy. To this
scope the simulated exhaust gas temperatures and mass flow rates are used as input data
(Table 3) into the simulation model developed for the Rankine cycle and the potential of heat
recovery is examined over the whole operating range of the specific engine (i.e. from 1000 kW
to 4000 kW). Following the same computational procedure for each engine load examined, the
following parameters are determined:

e Mass flow rate of the Rankine cycle working medium: 1,
e The saturation pressure of the water / steam in the HRSG: P,=P3=P,=P5

The temperature of the water / steam at the entrance and exit of the HRSG: T, and Ts
o The outlet temperature of the exhaust gas from the HRSG: Ty, oyt

e The power produced by the steam turbine:

turbine
o The power absorbed by the pump which circulates the water/steam: Wp
e The efficiency of the Rankine cycle defined as:
=W
nst _ turb‘me D (21)
QHRSG

e The overall efficiency of the combined cycle (Gas turbine ./ Rankine Cycle) defined as:
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(W 14 )+ P,

turbine P

Nee real = P G/ (22)
Rer

where F..is the power produced by the gas turbine and n,, is the gas turbine efficiency, both

given as input to the model developed. It should be noticed that the combined efficiency ncc real
calculated from the equation above differs from the theoretical one ncc as defined in equation
(7). This is attributed to the fact that in the definition of the n; (theoretical efficiency) it has been
assumed that all the heat rejected by the gas turbine, is absorbed by the bottoming cycle, which
is not the case in real life applications due to the space limitations as far as the HRSG is
concerned and the low temperature limit imposed to avoid condensation of the exhaust gas.

550

so0p O Thn= 4798
= Thii

Th4=463,9

450
400}
350}
300} Ths=269,6

250F /
3

200} -
Thour=207,0

T[°C]

150F
100
50r

1

0,2 O\,4 0,6 O,\8
O L L L L L L L h
-10 01 12 23 34 45 56 67 78 89 100

s [kJ/kg-K]
FIGURE 14. T-s process diagram of the Rankine Cycle — Temperature profile of the exhaust gas inside
the HRSG, for the case of high gas turbine load (4000 kW)

By solving the above system of equations, the thermodynamic properties of the working
medium (steam/water) and the corresponding temperature of the exhaust gas at each stage of
the HRSG is estimated, as shown in fig 14. This case corresponds to a gas turbine power equal
to 4000 kW (max. engine power). As observed, the main portion of the exhaust gas heat is
absorbed in the HRSG to heat up the water (in the economizer) and evaporate it (in the boiler),
while a small amount is absorbed for superheating. At the exit of the steam turbine, the steam
quality is assumed to be higher than x=0,82, which ensures that the operation of the steam
turbine (late stages) is not affected by the condensed steam. In fig. 15 is shown schematically,
the corresponding temperature profile of the exhaust gas stream as it passes through the HRSG
and the thermodynamic properties of the water/steam following the bottom Rankine cycle, when
the gas turbine power is equal to 1000 kW (low load case). In this case it is obvious that the
temperature difference between the two fluids (gas and water/steam) in the HRSG is
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significantly lower compared with the full engine load case, and the portion of the heat
recovered from the exhaust gases which is used for steam superheating is negligible. However,
even in these cases the temperature of the exhaust gas at the exit of the HRSG is higher than
the limit value which in this study has been set equal to 135 °C.
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FIGURE 15. T-s process diagram of the Rankine Cycle — Temperature profile of the exhaust gas inside
the HRSG, for the case of low gas turbine load (1000 kW)

Effect of Gas Turbine Engine Load on the Combined Cycle Parameters

In fig.16 is shown how the exhaust gas temperature varies as it enters and exits from the
HRSG (Thin and Tyt respectively). At the same figure, the superheated steam temperature
before entering the steam turbine is shown (Ts). It is observed, that as the gas turbine load
increases that exhaust gas temperature increases and the corresponding steam temperature
increases too. Moreover, the exhaust gas temperature at the exit of the HRSG at all cases
examined is kept higher than 135 °C which is the limit set to avoid gas condensation.

The heat recovered by the exhaust gas is used to raise the temperature and pressure of the
working fluid, keeping the flow number of the steam turbine constant. The mass flow rate of the
water/steam used as the working medium in the Rankine cycle, together with the saturated
steam pressure are shown in fig. 17, as a function of the gas turbine power. It is observed, that
both these parameters increase as the gas turbine power increases, as expected, since the
available heat in the exhaust gases increases. Moreover, the saturated steam pressure is
limited to relative low values (max. 14 bar), which makes the requirements regarding the
strength of the materials used for the installation to be moderate. The power produced in the
steam turbine also increases as the gas turbine power increases, as shown in fig. 18. At the
same figure the power consumed by the circulating pump is plotted and as observed, this is only
a small portion of the available steam turbine power (due to the high density of the pumped
saturated water).
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FIGURE 16. Effect of gas turbine power on the exhaust gas temperature before and after the HRSG and
on the super-heated steam temperature before the steam turbine (T5).
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In fig. 19 it is shown a comparison between the initial gas turbine efficiency ngr and the one
obtained using the proposed combined cycle configuration ccrea at all the range of operating
conditions examined (Gas turbine power from 1000 kW to 4000 kW). As observed, the
combined cycle efficiency is significantly higher than the one of the simple gas turbine, ranging
from 28%+39%, while being higher at high engine loads. At the same figure, the theoretical
efficiency of the combined cycle ncc,meor iS Shown, as being calculated using equation (7). It is
observed that if there were no restrictions regarding the size of the heat exchangers and the
outlet temperature of the exhaust gases, it would be (theoretically) possible to further increase
the benefit obtained using the combined cycle, and the combined cycle efficiency could range
from 34%+46%. However, even with the conservative configuration of the combined cycle which
has been examined, the relative improvement on the gas turbine thermal efficiency ranges from
53% at low load to 33% at high load (as shown in fig. 19), which is very challenging. It is noticed
that the greater improvement is observed at low load conditions where the thermal efficiency of
the gas turbine is lower. This is very important for the marine applications since a significant
portion of the vessel’s duty is spent at low load conditions.

CONLUSIONS

In the present work, a parametric investigation has been conducted, to investigate the
possible improvement on the combined cycle efficiency and the corresponding net power
production, which can be obtained by adding a bottoming Rankine cycle with a steam turbine on
an existing gas turbine engine which is used for propulsion on a combatant vessel of the
Hellenic Navy. To this scope a simple model has been developed based on the conservation of
energy, for the Rankine cycle simulation and the HRSG. From this preliminary study, it has been
concluded that such a combined cycle configuration, could offer significant improvement on the
combined cycle engine efficiency, while at the same time, it is accompanied with a significant
increase on the net available power and a corresponding decrease on the exhaust gas
temperature. These findings are challenging and indicative of the potential benefit (economic
and tactical) which could be obtained for the Hellenic Navy by adopting such techniques.
However, a more detailed investigation should be conducted, regarding mainly the heat transfer
processes at the HRSG and the condenser, to ensure that the required volume and weight of
this installation is affordable based on the specific needs of the vessel.
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Abstract. The paper describes the process of designing and developing a mechanical
faults simulation test rig to support courses on gas turbine diagnostic methods. In this
context the test rig is designed to reinforce students understanding in rotor dynamics,
instrumentation and measurements analysis, acquiring at the same time experience on
mechanical faults symptoms and diagnosis. The design was undertaken by a student, as
part of fulfiling the requirements for obtaining a Mechanical Engineering Degree. The
design requirements for fulfilling the defined educational objectives are discussed, as are
the construction details of the test rig. The instrumentation and the data acquisition system
characteristics are also presented, along with sample results of simulated representative
faults that have significant value for educational purposes. Finally the benefits accruing
from the use of the test rig as part of an educational procedure are discussed, as are the
educational benefits for the student that has undertaken the project.

Keywords: Educational experimental apparatus, Vibration measurements, Gas turbine
diagnosis
PACS: 0.1.50.My, 46.40.-f

INTRODUCTION

Vibration measurements are a vital part of the gas turbine condition monitoring systems and
of the preventive maintenance technique. Vibration level is representative of the engine
mechanical condition and each system has a specific healthy vibration range, depending on the
manufacturing tolerances. Mechanical faults or engine degradation are usually connected to
increased vibration level, thus diagnostic information can be acquired by proper analysis of
vibration measurements. According to Boyce [1] vibration analysis coupled with engine
performance analysis is an unbeatable tool as a total diagnostic system leading to maximum
power plant utilization and significant cost savings.

In order to fully exploit the diagnostic data available in vibration measurements the engineers
should have a clear understanding of rotor dynamics, instrumentation characteristics, statistical
techniques used in vibration analysis and if possible some hands on experience of the typical
faults that occur in rotating turbomachinery components. A method to convey to students the
needed knowledge and experience is by using a suitable experimental test rig to support the
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theory of vibration analysis and fault identification. Although such test rigs can be found in the
market [2], an approach that can be followed is to build such a facility.

The decision of designing and building the test rig was based on a number of benefits that
this approach offers. An obvious benefit is that the construction can be tailored made, to suit the
educational vision of the teacher and the courses objectives. This approach also allows the cost
to be kept well below the market price of similar commercial test rigs. The main drive however is
the fact that the design and development process can itself contribute to the education. The first
aspect is that the student responsible for the design of the test rig is involved on an integrated
project that deals with many disciplined of his studies, while at the same time it provides the
satisfaction of seeing something calculated and drawn on “paper” to be actually materialized. A
second very important aspect is that having the outcome of a student project on display and
usage to future generations give them confidence on their knowledge and motivate them to
pursue similar integrated projects. Based on this reasoning the work was offered as a student
diploma project and materialized by a final year student in cooperation with the Laboratory of
Thermal Turbomachines of National Technical University of Athens (LTT/NTUA) staff [3].

The present paper describes the design and development of the test rig, which is capable to
simulate mechanical failures that occur in turbomachines, in a controlled environment and is
fitted with typical instrumentation found in the field. The instrumentation and the data acquisition
system characteristics are presented, along with sample results of simulated representative
faults that have significant value for educational purposes. Finally the benefits accruing from the
use of the test rig as part of an educational procedure are discussed, as are the educational
benefits for the student that has undertaken the project.

DESIGN OF THE TEST RIG

Malfunctions in turbomachines are categorized both by their causes and their effects in
operation. Two of the most common and most frequently appeared malfunctions in
turbomachines are unbalance and misalignment.

Unbalance is a situation in which some asymmetry exists in the geometry of a rotating part of
a machine with respect to the axis of rotation which has the result that the axis of inertia of the
rotating part is different from its axis of rotation. There are four different types of unbalance, as
seen in Figure 1.

b .

static unbalance couple unbalance quasi-static unbalance  dynamic unbalance

FIGURE 3. Types of Unbalance

Static unbalance appears when the centre of gravity lies off the rotation axis, while the axis of
inertia is parallel to the axis of rotation. In this case the vibrations of both shaft ends will be in
phase. Couple unbalance is defined as the condition of unbalance where the inertia axis
crosses the axis of rotation on the gravity centre. Even though the shaft is statically balanced, it
tends to vibrate about its center when it is rotated, while the vibrations of the shaft ends are in
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opposite phase (180 deg difference). Quasi-static unbalance is made up of a static unbalance
and a couple unbalance. Quasi-static unbalance is the condition of unbalance where the inertia
axis crosses the axis of rotation at a point different from gravity centre. The vibrations of shaft
ends have unequal amplitudes but in phase. The fourth type of unbalance is dynamic unbalance
and it is the most common type encountered in machinery. Dynamic unbalance is defined as
unbalance where the axis of inertia and the axis of rotation do not intersect and they are not
parallel. Dynamic unbalance often exhibits different amplitudes of vibration at each end of the
shaft. In addition most often it exhibits phase angles that are neither in phase nor directly
opposite from one another. Couple unbalance, quasi-static unbalance and dynamic unbalance
cannot be corrected in a single plane but require corrections to be made in two or more planes.

Misalignment in couplings can appear in three basic types, as seen in Figure 2. The firstis a
parallel offset. In this type of misalignment, the two shafts can be offset vertically, horizontally or
in a combination of both. The second type is angular misalignment. In this type of alignment, the
angularity again can be in the vertical plane, the horizontal plane or in both planes. In most
cases misalignment in couplings occur as a combination of both types.

o=

parallel offset angular misalignment

combination of parallel offset
and angular misalignment

FIGURE 4. Types of Misalignment

Since misalignment and unbalance are the most common faults encountered in practice it
was decided to design the test rig in order to simulate these two faults. An unbalanced shaft can
easily be simulated by placing additional masses to specific positions to a properly balanced
shaft. In order to simulate misalignment a coupling is needed in order to have the ability to move
the shaft relative to the coupling. According to these rough guidelines the test rig should consist
of a shaft with drilled holes at specific positions (unbalance), two bearing houses for the shaft, a
motor, a suitable coupling, and a mechanism that will allow the movement of the shaft ends
relative to the coupling (misalignment).

The test rig is tailored for supporting courses on gas turbine diagnosis, thus the shaft
selected should be relevant to the topic, but also of relatively small dimensions.

Concerning the needed measurements the vibrations, in the form of velocity, or acceleration
should be measured at the bearing positions. The use of proximity sensors could be problematic
since the sensor must be close to the shaft, thus it wouldn’'t be possible to simulate cases of
extreme misalignment without risking the probe integrity. Also rotational speed should be
measured with good accuracy in order to characterize vibration frequency components.

Finally in order to increase the impact and the interactivity of the laboratory exercise, the
results, in the form of faults signatures should be promptly available to the students. For this
purpose a program that can analyze the vibration measurements in real time and produce
power spectra in a graphical environment should be used.
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DEVELOPMENT OF THE TEST RIG

The main part of the test rig is the rotating shaft. As discussed it should be relevant to the
topic of turbomachinery. A small turbocharger shaft including the compressor and the turbine is
ideal for this purpose, since it contains the turbomachinery components, giving a “real life”
experience to the students. The selected shaft, which is a small turbocharger shaft, can be seen
in Figure 3. The turbine rotor consists of 50 vanes and the compressor rotor consists of 20
blades. The total length of the shaft is 486 mm and its total weight is 6.9kg.

FIGURE 3. The selected shaft, its dimensions and seating positions (A, B)

The shaft was decided to be seated at two points (points A and B, Figure 3). The bearings
used are deep groove ball bearings with an inner diameter of 15mm. The bearings can accept
strong radial forces but can also accept axial forces. For their adaption to the shaft a ring was
used.

In order to have the ability to balance the shaft, but also to simulate unbalance the addition or
removal of masses from specific places around the rotating axis should be possible. In order to
achieve this holes are drilled at the turbine and the compressor planes. At each plane 8 holes
are drilled. Their radial position is 53.75mm for the turbine plane and 46mm for the compressor
plane. The angle between two holes is constant and equal to 45 degrees for both planes. Added
masses are small screws of different length.

FIGURE 4. Places for balancing masses at turbine and compressor plane

In order to simulate misalignment the two shaft seatings should be capable of vertical
movement. An appropriate mechanism identical for the two seatings has been constructed and
can be seen in Figure 5. The main seating part is L shaped (item 1) which is also part of the
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bearing house. Side to side holes have been drilled in order to allow the pins (items 2) to slide
inside item 1. Item 1 is risen by a screw rod (item 3). A clockwise turn of the rod results to the
tightening of item 1 to the seating assembly. A counterclockwise turn of the rod results to the
vertical rise of item 1. Since both shaft ends should be capable of vertical movement for the
purpose of misalignment simulation the coupling of the shaft to the motor couldn’'t be a
commercial one. This is due to the fact that commercial couplings use elastic rings in order to
minimize misalignment effects. A non elastic coupling was designed and constructed. The
coupling consists of two separate parts, one fitted to the shaft and one fitted to the motor. The
electromotor shaft and the rotating shaft have been properly formed in order to make possible
the conjunction of coupling parts to them with screws. Conjunction of coupling parts to each
other uses M6 screws placed in side to side drilled @6 holes (6 holes drilled symmetrically to
rotating axis). The constructed coupling can be seen in Figure 6.
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FIGURE 6. Coupling parts

The motor selected is a 3-phase induction electromotor. The electromotor has a rated power
value of 0.18kW, it is connected with a 220V supply power, and the value of the field current is
0.9A with a frequency of 50Hz. Power factor value is cos®=0.8. The rated speed is 2890rpm
and the slide value is about s=5%. The electromotor is driven by an inverter, allowing the control
of the shaft’'s angular velocity. The inverter has a frequency width of 5 to 50 Hz. An inductive
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sensor is used for the angular velocity measurement and is placed close to the coupling as seen
Figure 7. The sensor signal is led to a frequency voltage converter and the angular velocity is
presented in a LED display either in rpm or Hz units.

FIGURE 7. uIng and inductive sensor

In order to measure vibration level, two accelerometers are used, one for each bearing. The
accelerometer placed at A position (Figure 3) measures the vibrations for the turbine plane and
the accelerometer placed at B position measures the vibrations for the compressor plane. Each
accelerometer is mounted on top of the bearing housing using an appropriate magnetic disk,
while it is insulated in order to prevent the current's frequency value to pass through the
accelerometers and to the vibration signals. Accelerometers’ sensitivity is 0.313 pC/ms™. Each
accelerometer is connected with a charge amplifier. The amplifier use low-pass filters in order to
cut off high frequencies and consequently to avoid “aliasing” frequencies appearance during the
signal processing. Upper and lower frequency cut off limits, as well as the accelerometers’
sensitivities are the basic amplifier parameters and can easily be determined by the operator via
switches at amplifier’s front side. Signal output uses a BNC port at amplifier's back side.

FIGURE 8. Test Rig Measuring Chain and Signals flow diagram
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Measurements signals are led to the processing unit. The unit consists of a laptop, equipped
with a data acquisition card having maximum total sampling frequency of 500 kHz and 12-bit
accuracy. BNC ports are used as the card’s interface with the signals. The signals acquired and
analyzed are the angular velocity, inductive sensor pulse signal and the amplified vibration
signals of the two accelerometers. The data processing is materialized using in-house software,
which allows the analysis of acquired vibration signals using Fast Fourier Transformation (FFT)
while the results in the form of power spectra and of power spectra differences from a reference
condition are presented through a graphic interface environment. The parameters of the
measurements analysis, such as the number of samples for FFT are set by the user, as is the
range, gain and slope values for each channel. The measuring chain and the flow diagram of
the measurements are presented in Figure 8.

Rotating parts of the test rig can be dangerous both for the operator and the students. So it
was decided to place a plexiglas-made cover over the rotating parts. The cover is properly
designed to allow the observation of the rotating shaft during operation, while a switch
guarantees that the test rig wouldn’t operate when the hood is open. The cover consists of an
aluminum frame which upholds three 5mm plexiglas sheets. The finished test rig can be seen in
Figure 9.

FIGURE 9. The test rig

PROCEDURE AND RESULTS OF THE LABORATORY EXERCISE

A typical laboratory exercise routine, along with sample results is presented in order to
verify that the test rig operates as expected and to highlight some of the educational objectives
that can be accomplished. The primary objective of the laboratory exercise is for the students to
understand the basic principles of diagnosis and to acquire knowledge and experience on the
instrumentation, the measuring chain needed to perform vibration measurements and the
analysis needed in order to gain diagnostic information. Also the importance of faults signatures
should be clear, as should be the actual pattern of the simulated faults signatures. At the same
time the students should understand the concept of balancing and its importance.
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Prior to starting the laboratory exercise the measuring chain is presented and analyzed, while
elements of rotor dynamics theory and vibration measurements, already covered during
lectures, are discussed. Following, the “healthy” power spectra at the two planes (compressor
and turbine) for a specific rotational speed are established. These power spectra are set as the
reference condition in order to calculate power spectra differences when the faults will be
implanted. This step highlights the basic principle of diagnosis: “A change on the condition of a
mechanical system changes the physical quantities and parameters that describe the system’s
operation. Measuring the physical quantities change relative to their reference (healthy) values
can lead to the finding of the root causes of the system’s condition change”. During the data
acquisition the adjustments of the amplifier are examined, the students can directly see the
effect of changing the settings to the power spectra and understand the logic and experience
behind the selected setting.

Having established the reference power spectra, the next step is the simulation of unbalance.
Prior to fault simulation the teacher discusses with the students elements of rotor dynamics
theory and describes mechanical and turbomachinery components faults that may result to
unbalance. Such kinds of faults are fouling or erode during operation, foreign object damage
and thermal effects, shaft sag, and rotor stator rubs [4].

Following the theoretical discussion, unbalance of the turbine and of the compressor is
simulated. Firstly a mass of 24 gr is added at the compressor plane, at the position of 135°
counterclockwise and the power spectra difference from the reference ones for the two
accelerometers are acquired. The power spectra differences, as seen in the GUI of the data
acquisition program are presented in Figure 10.
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FIGURE 10. Power spectra differences (fault signature) for compressor unbalance calculated from (a)
the compressor plane accelerometer and (b) the turbine plane accelerometer
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The same routine (addition of a 24 gr mass at the position of 135° counterclockwise) is
repeated for simulating turbine unbalance and the corresponding power spectra differences are
acquired (Figure 11).

From the results presented it is evident that the expected signature of unbalance is produced
by the test rig. Specifically according to the literature [1,5] unbalance produce an increase of the
vibration level at 1x of the shaft rotational speed frequency. In this way the students verify the
theoretical knowledge through observation.

The test rig is stopped and the simulation of misalignment starts. Using the test rig as an
example the teacher discuss about real word cases of misalignment and the operational
problems that may arise such as excessive vibrations which will trip the engine and bearing
failures. Also the most probable causes for misalignment such as improper mounting and
expansion of the gear housing in case of power production gas turbines [1] are discussed, along
with the parameters that define the misalignment tolerance, such as coupling length and type of
bearings.

In order to simulate misalignment the shaft end connected to the motor via the coupling is
moved vertically via the seating’s mechanism described. The power spectra and the faults
signatures are acquired and promptly analyzed. The results can be seen in Figure 12.
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FIGURE 12. Power spectra differences (fault signature) for misalignment calculated from (a) the
compressor plane accelerometer and (b) the turbine plane accelerometer

From the results presented it is evident that the expected signature of misalignment is
produced by the test rig. Specifically according to the literature [1,5] misalignment produce an
increase of the vibration level at 2x of the shaft rotational speed frequency. In this way the
students verify the theoretical knowledge through observation.

In order to further increase the insight of the students, homework is assigned based on the
measurements taken during the unbalance simulation. The objective of the homework is to find
the balancing masses and their radial position that should to be added at the compressor and
turbine plane in order to balance the shaft. The method that has to be implemented is the
standard two-plane influence coefficient method [6].

EDUCATIONAL ASPECTS

The test rig developed during a diploma thesis by an Engineering student is currently used
for supporting courses on gas turbine diagnostic methods. In this context it has educational
value for both the student that designed and constructed the test rig and for the students that
use it.

As a laboratory exercise, as discussed above, it teaches in an experiential way the basic
principle of diagnosis. It enhances the understanding of concepts, such as vibration level, power
spectrum and faults signature, which are of paramount importance for applying diagnostic
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methods. At the same time the students learn how to set up a measuring chain for monitoring
vibrations of a rotating system and they use the knowledge gained to answer to a real life
problem (shaft balancing). Another important aspect of the exercise is the verification of the
theoretical knowledge through observation in real time and in a controllable environment.

Concerning the student that designed and participated in the construction of the test rig, the
procedure has several educational aspects. Execution of a project of this type requires the
continual avocation with the subject and the student works within the Laboratory facilities
cooperating with technicians and with the supervisor, thus emulating real working environment
conditions. The student worked in the workshop and used the lab infrastructure, including tools,
materials, electronic equipment and instrumentation, thus gaining experience in many
engineering disciplines. The student was encouraged to take initiatives for solving the
engineering problems that arose during the project, while he was responsible for contacting
vendors and manufacturers, gaining experience to the field of project planning and enhancing
his decision making abilities.

The fact that the test rig has been developed by a diploma thesis project has its unique merit
in the educational process. Specifically it gives students confidence for their knowledge and
motivate them to pursuit similar multidisciplinary projects, as for example the building of a
contra-rotating compressor facility that has been assigned to two students the years following
this project and was concluded by them [7,8] .

SUMMARY

The process for designing and setting up a mechanical fault simulation test rig has been
described. The design process has been described, starting with the initial requirements and
going through specific choices for the final layout. The way choices were made was presented,
on the basis of serving in the best way the educational purpose that the test rig is mainly
destined for. The test procedure and sample results have been presented, verifying the
successful operation of the test rig and confirming the effectiveness of the design choices. The
education aspects and expected benefits, for either students involved projects for setting up an
installation, or students using the test rig as a support to the diagnostic related courses were
highlighted.
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Abstract. Investigation was carried out on a set of cooling plates obtained from a gas generator
turbine (GGT). The need for the assessment of the durability and remaining operational life of
the gas generator turbine component was identified, following a recommendation by the
manufacturer for the early replacement of the cooling plates. The current study applied a
forensic engineering and failure analysis methodology to assess the Maintenance, Repair and
Overhaul (MRO) procedures of high reliability components. From the results of the current
investigation it was finally deduced that, in spite the fact that the plates seemed to be
macroscopically in good condition, certain metallurgical observations sustained the claim for
early component replacement.

Keywords: Gas generator turbine, cooling plate, coated nickel superalloy, failure analysis,
forensic engineering methodology.

INTRODUCTION

A set of eight cooling plates from a gas generator turbine were delivered to the Marine
Materials Laboratory following a recommendation by the manufacturer for earlier replacement
due to changes to the specifications. The eight cooling plates were obtained from an engine that
is depicted schematically in figure 1.

FIGURE 1. General view of the engine (left) and part of the gas generator turbine (right).

The engine consists of the compressor (cold section), the gas generator turbine (hot section)
and the power turbine (power turbine section). The gas generator turbine contains the stage 1
gas generator turbine rotor (item 1 in figure 1), the stage 2 gas generator turbine rotor (item 2 in
figure 1) and the gas generator stator (shown between the items 1 and 2 in figure 1). The gas
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generator turbine rotors are bolted to the compression section of the engine and as the exhaust
gases turn the gas generator turbine rotor, the compressor also turns. This makes the system
self-sustaining. The gas turbine and the compressor rotate at 44700 RPM whereas the power
turbine rotates at 20900 RPM. The items 1 and 2 that are presented in figure 1 consist of the
cooling plates, the disk and the blades. These are depicted in large scale in figure 2.

FIGURE 2. Gas generator turbine rotor parts. From left to right: stage 1 forward cooling plate, stage 1
disk (blades not shown), stage 1 aft cooling plate, stage 2 forward cooling plate, stage 2 disk (blades not
shown), stage 2 aft cooling plate.

As seen from figure 2, these thin machined cooling plates are mounted on both sides of each
disc in order to constrain cooling air to follow the most effective path. The plates consist of a
short cylindrical body of 20 mm height and a circular flange of 148 mm diameter. The stage 1
forward cooling plate contains continuous circumferential projections along the short cylindrical
body similar to a thread. The full stage 1 gas generator turbine is depicted in figure 3 (item 1 in
figure 1).
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FIGURE 3. The gas generator turbine rotor with the blades positioned around the rotor disk. The cooling
plates are fixed with five bolts on the rotor disk. Notice the sand-color of the blades.

The aim of the current paper is to investigate whether the manufacturer recommendation for
early replacement of the cooling plates was an apt advice. This will be carried out by
investigating the potential existence of wear, cracking or any other evidence of structural
degradation of the plates. Thus the validity of the manufacturer recommendation will be
assessed and the owner of the gas generator will be consulted accordingly. In addition to the
above the current study seeks to establish a set of failure analysis tools and criteria as an
assessment methodology for the usability of non-failed critical engine components.

EXPERIMENTAL PROCEDURE

Macroscopic investigation was realized optically, by naked eye and by using a SSM
stereomicroscope. Microstructural analysis was realized in mounted cross-sections of the
material obtained from the flange of the disk. Manual grinding was performed using MetaServ
grinding devices and successive abrasive papers up to #2400 grid followed by fine polishing
using diamond and silica suspensions. Cleaning was performed using ethanol followed by hot
air stream drying. Etching was performed using 7.5 mL HF, 2.5 mL HNO3;, 200 mL CH3;0H
etchant. Etching time was 5 minutes. Metallographic observation was carried out using an
AusJena metallurgical microscope. Hardness testing was performed employing a calibrated
Indentec Rockwell A Hardness tester applying 60 kg of force. Fractographic observation was
conducted to cleaned specimens employing a JEOL Scanning Electron Microscope. Locations
for optical and electronic observation were also assisted by Finite Element Analysis results.
Energy Dispersive X-ray Spectroscopy was used for local chemical analysis whereas X-ray
Fluorescence was employed for global chemical analysis of the coating using Seiko SllI, SEA
1200 VX analyzers. Non-destructive fluorescent penetrant inspection (Type |, Method B,
Level 4) was also carried out on the cooling plates.

INVESTIGATION

Data Relevant to Cooling Plates History

The engine manufacturer recommendation for early replacement of the cooling plates was
provided on the basis of advanced life-estimation numerical models results that have been
recently developed by the manufacturer, as a part of its Maintenance, Repair and Overhaul
(MRO) procedures. It is well understood that any premature replacement strongly influences the
overall cost of the engine maintenance, whereas disregarding of the recommendation may
influence the reliability of the rotor parts, the safety of the engine and crew.

Macroscopic observation

All delivered plates were in visually good condition, a fact that made the manufacturer
recommendation to look excessive. Macroscopic observation carried out by naked eye on the
delivered eight cooling plates did not reveal any signs of global plastic deformation or
permanent global distortion. The three most strained plates (with respect to total hours in
operation) had some sand deposited on their surface which is attributed to the coastal
environment where the specific gas generator was operating (see the color of the whole set in
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figure 3). After cleaning of the specimens it was revealed that they were deposited with a
protective coating. As depicted in figure 4, in four out of the eight plates, the protective coating
was worn (lost) or fractured exposing the substrate of the plate to the surrounding combustion
gasses.
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FIGURE 4. (a) Observation of the thread. (b)-(d) Existence of worn coating (lost) in three different plates.
(e) In one plate the coating has been fractured.

Fracture and local plastic deformation of a structural element contained in one cooling plate
was also identified as depicted in figure 5. Further detailed observation of the surface of the
eight plates did not reveal any cracked areas. The latter was also confirmed by the non-
destructive fluorescent penetrant inspection.
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SEM Microfractography, SEM/EDS and XRF analysis

In order to further examine the plates for potential cracks and wear, Scanning Electron
Microscopy was used. For this reason specimens from the most strained plate (stage 1 forward
cooling plate) were prepared. Chemical analysis of a cross section of the flange (coating
excluded) using SEM/EDS presented the chemical composition shown in table 1 and figure 6b.

(b) ()
FIGURE 5. (a) Observation of the flange of one plate. (b) Fractured structural element. (c) Plastically
deformed structural element.

o 1 2 3 4
Full Scale 2052 cts Cursor: 3.903 (45 cis)
(b)
FIGURE 6. (a) Specimen location for the SEM/EDS chemical analysis. (b) Results of SEM/EDS
chemical analysis

TABLE 1. Chemical composition of a cross section of the flange (coating excluded)
Element Al Ti Cr Co Ni Nb Mo W
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Detailed examination of the specimens revealed the existence of worn surfaces on the plate’s
coating. More specifically, three different zones of non-uniform wear of the coating were
identified on the flange of the plate as shown in figure 7.

Electron lImage 1

(a) (b)
FIGURE 7. (a) Observation of the flange. (b) Existence of three different zones of non-uniform
wear of the coating.

Qualitative local chemical analysis of the worn coated surface using both SEM/EDS and XRF
revealed the existence of the elements shown in Table 1 plus some small amounts of Fe as
shown in figure 8.
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FIGURE 8. Local qualitative chemical analysis of worn coating (a) SEM/EDS results. (b) XRF results

Non uniform wear and extensive cracking was identified on the thread of the plate. More
specifically, at the bottom of the thread, which is less exposed to the gasses, good coherence
between the coating’s matrix and the reinforcing grains was identified. Furthermore no signs of
wear or cracking were existent on the coated surface. On the other hand, at the tip of the thread
that is more exposed to the surrounding environment, extensive cracking, erosive wear and
grain removal from the coating’s matrix were identified. The results are depicted in figure 9.

The SEM/EDS chemical analysis results of the coating at the worn tip of the thread are
presented in Table 2 and figure 10. No cracking was identified at any other location of the plate.
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(c)
FIGURE 9. (a) Almost intact coating at the bottom of the thread. (b) The intermediate area of the
thread presenting erosive wear, partial cracking and partial grain removal. (c) Tip of the thread presenting
extensive cracking, erosive wear and grain removal from the coating’s matrix.

TABLE 2. Chemical composition of the worn coating at the tip of the thread
Element Al W Si Fe Ni
Yow/w 11 7 23 2 bal
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FIGURE 10. Local chemical analysis results by SEM/EDS of the worn coating at the tip of the thread

Microstructural Analysis

Specimens for microstructural analysis were prepared from a cross section of the thread of
the plate in order to investigate whether the identified cracks of the coating (depicted in figure 9)
have penetrated the substrate material. The investigation did not identify any cracks propagating
through the substrate nickel superalloy. Strongly eroded coating and removal of the reinforcing
grains from the coating’s matrix were identified. The maximum thickness of the coating was
measured equal to 110 ym whereas the minimum thickness was 20 ym at some locations. The
analysis also revealed that the microstructure of the nickel matrix contained resolved
precipitates. No blocky carbides were identified. The hardness of the plate was measured equal
to 73 HRA (450 HV). The microstructural analysis results are depicted in figure 11.

Calculations and Finite Element Analysis

In order to identify the critical locations with respect to maximum stress a three dimensional
linear thermo-mechanical finite element model of the most strained plate (stage 1 forward
cooling plate) was set up using ALGOR® commercial code. The model contained in total 3163
flat shells (plates) and beam elements that were used to model the thread. The model was
assigned with the mechanical properties of a typical Ni annealed alloy (density 8.22 gr/cm?,
modulus of elasticity 207 GPa, Poisson ratio 0.31, thermal coefficient of expansion 13.1x10° K™
and shear modulus of elasticity 76 GPa). Coating, gas pressure, friction, rabbet loads, bolt
clamp loads and manufacturing process were not included in the analysis. The nodes of the
model at the holes of the flange where fixation with the disk takes place were totally fixed. The
stress free reference temperature of the model was set equal to 298 K (25 °C). Two different
load cases were analyzed. In load case 1 (LC1), the centrifugal loads due to rotation at nominal
speed of 44700 RPM were taken into account whereas thermal strains were totally ignored. In
load case 2 (LC2), the uniform temperature of the plate was set equal +100 K above the stress
free reference temperature in order to let the thermal strains develop on the model, whereas the
centrifugal loads were not accounted for in the analysis. The results of the FE analysis are
shown in figure 12. The common 10-color contour legend refers to maximum and minimum
displacement or stress: the maximum displacement of the legend refers to 0.2 mm whereas the
minimum to 0 mm. The maximum stress of the legend refers to 1158 MPa whereas the
minimum to -1158 MPa.
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FIGURE 11. (a) Part of the thread with the worn coating. (b) Almost intact coating. (c)-(d) Coating
showing grain removal and erosive wear. No cracks penetrating the substrate material were identified. (e)
Microstructure of the substrate containing resolved precipitates (x250).

Here it has to be emphasized, that in real world the forward cooling plate, the rotor disk and
the aft cooling plate although being fixed together, are allowed to expand due to temperature
increase at bigger degree compared to the case simulated previously (total fixation); thus the
thermal stress results presented in figure 12 represent a conservative solution. From the FEA
results it is deduced that the critical sites for optical observation are located at the vicinity of
holes of the flange where the fixations with the bolts exist, at the intersection of the flange and
the thread and the thread as well. Notice, that the FEA results presented herein provide only a
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global indication of some of the critical areas with respect to failure and are presented as
supplementary information to the laboratory investigation results.

FIGURE 12. (a) LC1: Magnitude of displacements due to rotation. (b) LC1: Von Mises centrifugal

stress on flat shells. (¢) LC1: Worst centrifugal stress on beams. (d) LC2: Magnitude of displacements due
to temperature increase. (e) LC2: Von Mises thermal stress on flat shells. (f) LC1: Worst thermal stress on

beams.

DISCUSSION, CONCLUSION AND RECOMMENDED ACTIONS

From the findings of the current investigation the following are deduced:

The plates are made from a coated high strength nickel superalloy [1, 2].

The microstructure of the nickel matrix contained resolved precipitates.

On the coating of the plates, nickel as long as aluminum, tungsten, silicon and iron were
detected.

Four out of eight plates exhibited worn coating at the thread (eroded or lost coating).

One out of eight plates presented fractured coating at the thread (coating loss).

One out of eight plates exhibited local plastic deformation and fracture of its structural
elements.

None of the eight cooling plates presented any cracking in macro scale that could be
identified by naked eye or by using a typical laboratory stereo-microscope.
Nondestructive testing did not reveal the existence of any crack in macro scale in any of
the plates.
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g. Localized observation at all locations of the most strained plate using Scanning Electron
Microscopy did not reveal any micro crack propagating through the substrate material of
the plates.

h. The most strained plate (stage 1 forward cooling plate) presented non-uniform wear of
the coating on its flange. The latter is probably attributed to the contact with the joining
machinery (see also figure 1). Erosive wear of its coating at the thread was identified.
Extensive cracking of the eroded coating and coating loss was also observed.

i. Microstructural analysis from a sample of the most strained plate (stage 1 forward cooling
plate) confirmed the existence of severely worn, eroded, cracked and lost coating but did
not identify any cracks penetrating through the substrate material. The thickness
decrease of the coating at some areas was equal to 80%.

Nickel alloys are used for a wide variety of applications, the majority of which are designed to
take advantage of the corrosion resistance and/or heat resistance properties of these alloys.
Nickel superalloys are used in turbine compressor blades and discs, shafts, spacers, fasteners,
miscellaneous jet engine hardware; space shuttle turbo pump seals, afterburner components,
combustion chamber liners, nozzles, vanes, rings, turbine exhaust weldments, structural parts,
etc [1, 2, 3]. Nickel is a versatile element and will alloy with most metals. Complete solid
solubility exists between nickel and copper; wide solubility ranges between iron, chromium, and
nickel make possible many alloy combinations. The face centered cubic structure of the nickel
matrix (y) can be strengthened by solid-solution hardening, carbide precipitation, or precipitation
hardening. Cobalt, chromium, molybdenum, tungsten, titanium, and aluminum are all solid-
solution hardeners in nickel. Aluminum, titanium and niobium are strong y'-Niz(Al,Ti) and y’-
N3sNb precipitate formers, which when present in a high nickel matrix provide significant
strengthening of the material. Tungsten, titanium, niobium, molybdenum and chromium act as
carbide formers. Aluminum and chromium provide oxidation resistance [1-3]. Because high
temperature failures normally initiate at the grain-boundary interfaces, it is a common practice to
reduce the grain boundary interfaces or completely eliminate them [4].

The temperature at the entrance of the turbine can be considerably high. Therefore to keep
the structural parts from degradation, both complex cooling schemes and coatings are often
used. High temperature coatings are designed to increase the life of the underlying alloy during
service. In general, nickel-based alloy coatings show good high-temperature wear and corrosion
resistance. They have good wear resistance after adding tungsten and molybdenum elements
to the alloy. Nickel based coatings are used in applications when wear resistance combined with
oxidation or hot corrosion resistance is required [5-13]. Two generic coating types are used for
similar applications: diffusion coatings and overlay coatings. Both types of coatings result in a
surface layer enriched in oxide-forming elements to promote formation of a protective oxide
layer. In general, the use of protective coatings can greatly increase the lives of nickel base
superalloys for operating conditions in which the oxidation or hot corrosion resistance of the
base material is unacceptable. However, the protective coatings themselves are subject to
degradation under engine operating conditions and thus have limited lives. Degradation of the
protective coating can affect the integrity of the substrate material leading to its failure [4-13].

From the results presented above it is finally deduced that the protective coating of the plates
was degraded, eroded and lost in several areas, exposing the substrate material to the
aggressive gas environment. It is thus concluded that, in spite of the fact that the plates seemed
to be macroscopically in good condition, the identified wear may substantially contribute to onset
of failure, as literature indicates [1,4-13].
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The test protocol that was applied in current expert report has included Macroscopic
investigation in combination with Non-destructive Inspection for identification of global distortion
or defects, Microstructural analysis combined with Metallographic observation, Hardness testing
and global Chemical Analysis for material characterization, Fractographic observation and local
Chemical Analysis for identification of fractographic mechanisms realized in micro scale and
finally Finite Element Analysis for better understanding of operational response. The results of
the aforementioned tests and analyses that have been often employed in failure analyses can
be used in order to assess the maintenance, repair and overhaul procedure of high reliability
components.
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Abstract. The terrestrial free space optical (FSO) communication systems, are attaining
license free, high bandwidth access and security with low installation and operation cost.
On the other hand, their main disadvantage is the continuous variations of the
characteristics of the electromagnetic beam's propagation path, which is the atmosphere,
causing performance mitigation on system's availability and performance. A very
important phenomenon which induces these variations is the atmospheric turbulence. In
order to minimize its influence on the characteristics of the FSO links, many techniques
have been investigated and among them, the diversity techniques have attracted
significant research interest. In this work, we investigate the availability, by means of their
outage probability estimation, of FSO communication links which are using the time
diversity configuration, over strong atmospheric turbulence channels modelled with the K-
distribution. For this setup, we derive closed form mathematical expressions for the
estimation of outage probability for various atmospheric turbulence strengths. Finally, we
present numerical results for many cases with various turbulence strengths and time
diversity characteristics.

Keywords: K-distribution, Diversity Techniques, Atmospheric Turbulence, Outage
Probability, Wireless Optical Communication Systems.
PACS: 42.79.Sz, 92.60.hk.

INTRODUCTION

The terrestrial outdoor wireless communication systems which are using the optical
frequencies, i.e. the free space optical (FSO) communication systems, are combining many
advantages such as, license free, high bandwidth access and security with low installation and
operation cost, [1]-[4]. Obviously, the propagation path for the electromagnetic beam is the
atmosphere. Thus, any change of its characteristics causes performance variations. One of
them, is the atmospheric turbulence which represents a very significant availability and
performance mitigation factor [1], [2], [4]-[10], affecting both, intensity and phase of the optical
signal [11]. This phenomenon, for the case of a typical outdoor line-of-sight, point-to-point
optical link causes even rapid fluctuations at the irradiance of the signal at the receiver’s end. As
a result, the optical channel is showing randomly time-varying characteristics due to the so-
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called scintillation effect, [1], [2], [5]-[8], which are decreasing the FSO system’s availability and
performance.

In order to counterbalance the influence of the turbulence effect on the availability and
performance of FSO links, the diversity techniques have attracted significant attention by many
research groups [11]-[18]. This technique is used in RF communication systems and most of the
times is realized in space, in time or in wavelength. For the spatial diversity, [12]-[16], the optical
communication system uses multiple transmitters and/or receivers at different places which are
transmitting and receiving copies of the same part of the information signal. For the links with
time diversity [17]-[19], there is only one trans—receiver pair, but the information signal is
retransmitted more than once at different time slots. Finally, the systems which are using the
wavelength diversity, [11], [19]-[21], use a composite transmitter and the signal is transmitted at
the same time at different wavelengths towards a number of wavelength-selected receivers.

In this work we investigate the availability of FSO communication systems which are using
the time diversity schemes over strong atmospheric turbulence channels modelled with the K-
distribution [22]-[24]. For this point-to-point configuration, which consists of one transmitter and
one receiver, in each side of the link [18], [19], we study its availability by means of the outage
probability estimation for various atmospheric turbulence conditions. For the estimation of this
metric we derive closed form mathematical expressions.

The rest of this paper is organized as follows: in section Il we analyze the basic characteristic
of the FSO link with time diversity and we present the channel model. In section lll, we derive
the mathematical expression for the estimation of the outage probability while, in section IV we
present the corresponding numerical results and in section V we outline the conclusions.

SYSTEM AND CHANNEL MODEL

In an FSO link that uses time diversity schemes, the signal is transmitted in multiple copies,
M, in different time slots. Thus, every copy is transmitted through the same spatial channel but
with different turbulence characteristics each time due to the fact that it is a very rapidly varying
phenomenon. As mentioned above, this system is using only one transmitter and one receiver in
each side of the optical link. Hence, this procedure can be emulated as to send each copy in
different receivers at the same time, i.e. similar as a system with one transmitter (single input)
and multiple receivers (multiple outputs) - SIMO).

This link with time diversity can be described by using a binary input and continuous output
with intensity modulation — direct detection (IM/DD) and the modulation we use is on-off keying
(OOK). The channel is assumed to be memoryless, stationary with independent and identically
distributed intensity (i.i.d) fast fading statistics with additive Gaussian noise (AWGN). Thus, as it
is mentioned above, in order to model the FSO link with time diversity which is sending M times
each part of the signal, we assume that the FSO link can be studied as a communication system
with one transmitter and M receivers. Thus, the statistical channel model is given as [15], [18],
[19]:

y,=sx+n=nxI +n, m=L...M (1)

where y,, represents the signal arriving at the receiver, s,, is the instantaneous gain and is equal
to nl, where n is the effective photo-current conversion ratio of the receiver while I, is the
instantaneous normalized irradiance at the receiver, x is the modulated signal that is transmitted
and takes the values “0” or “1” and finally, n is the AWGN with zero mean and variance Ny/2.
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For the cases of strong turbulence conditions, the induced fading can be assumed as a
random process that follows the K-distribution [15], [22]-[24]. The corresponding probability
density function (pdf) is given as [23]:

1+b,,
)= P K 5.1, 2)

where K,(.) stands for the modified Bessel function of the second kind of order v, I(.) is the
gamma function while the parameter b,, is related to the effective number of discrete scatterers
[22]-[24].

The corresponding cumulative distribution function (cdf) for the K-distribution is calculated by
integrating (2) and concludes to the following expression [15], [23]:

. 1-b,
(bl )+T 21 2
F (I )=>mm) — G2 p | 3
() re,) 7| ""i=b, b,-1 1+b ©)
2 2 7 2

where G;”’[-] stands for the Meijer G-function, [25].

.q
Next, we define the instantaneous electrical signal-to-noise ratio (SNR) as
&, :(771,")2/NO :s;j/N , [10], [18], and the average electrical SNR as ,u:(nE[Im])z/N :
[10], [18], [26], where E[.] stands for the expected value of the normalized irradiance /,,. Using

the expressions of &, and u, in (2) and after a power transformation of /,, the pdf of K
distribution for &, is obtained in the following form [15], [23]:

()2 N 16b
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while the corresponding cdf of K-distribution has the following form [15], [23]:
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OUTAGE PROBABILITY OF THE FSO LINK WITH TIME DIVERSITY

The above cdf can conclude to a mathematical expression for the estimation of the outage
probability of the FSO communication systems with time diversity, over turbulent channels
modeled with the K distribution. This metric, represents the probability that the instantaneous
electrical SNR falls below a critical threshold, &, which represents the receiver’s sensitivity limit
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and thus, it is a particularly important parameter for systems’ designing [10], [18], [19]. The
outage probability for each one of the M copies of the signal is given as [10], [18], [19], [27]:

P, =Pr(&, <&,)=F. (&,), (6)

In this section we will derive the expression for the outage probability of an FSO link when
the turbulence channel is modeled by K-distribution and the system uses time diversity. Due to
the independence of outage probability of each copy of the M copies of the signal that will be
transmitted, the outage probability of the FSO link can be estimated as [12], [18], [19]:

Pout,M = HZ[:I Pr(S, <&,) = Hf\;{:ng (&) (7)

Thus, from (5) and (7) we conclude the following finite product for the estimation of the
probability of error for the FSO time diversity scheme over strong turbulence conditions:

1+b,, 1+b,, 1 — bm
Mlp2 (£ )4 Su| 2
P = m_f 2 GH b 2 8
out(gth) ],;;Il: F(bm)(ﬂm] 13 i l_bm bm_l _1+bm ( )
2 27 2

The above expression, i.e. Eq. (8), can be further simplified by taking into account that the
FSO link is using time diversity. Thus, in this scheme, as mentioned above, is using only one
pair of trans-receiver in each side of the optical link and as a result, the spatial propagation path,
for all the copies of the information signal, is the same. Thus, we can assume accurately, that
the value of b, of Egs (4) and (5), as well the average electrical SNR, u,, remain, practically,
invariable for all the M transmitted copies [18], [19]. Hence, in (8) we can assume
b=b1=b2=...=bM and H=H=U2=...= Uy, AS We”, [1 8], [19]

Using the above assumptions the expression of Eq. (8) results to the following closed form
mathematical expression for the estimation of FSO system's availability through the estimation
of its outage probability for strong atmospheric turbulence channels modeled with the K-
distribution:

M
b 1+b 1-b
2 4 S
P =| Lo | Gl p |on 2 ©)
r)\ u ’ pll=b b=1 1+b
2727 2

It is important to mention here that the expression (8) can be used for many types of diversity,
such as spatial, wavelength, etc, while the expression (9) stands for the time diversity scheme.
Additionally, this expression, i.e. Eq. (9), estimates the total probability of outage of an FSO link
with time diversity over strong turbulence conditions. It is worth mentioning here that this result,
i.e. Eq. (9), generalizes the expression of the outage probability of the single FSO point-to-point
link without diversity, obtained in [23].
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NUMERICAL RESULTS

Using the mathematical expressions obtained in Egs (8) and (9), the outage probability
estimation of an FSO link with time diversity under strong atmospheric turbulence conditions
modelled with the K distribution, is feasible. By studying quantitatively these expressions it is
clear that this technique improves the system's availability without need of extra trans-receivers,
in each side of the FSO links. On the other hand, due to the finite bandwidth of the channel and
the one and only spatial propagation path, the performance of the link is decreasing, as shown
in [18], [19], [28]. Thus, in order to design an FSO link with time diversity, in practice, we should
choose the correct diversity strength, i.e. the value of M, according to the requirements of each
FSO link.

10'1_ iK*a\‘E‘ Tl ——— i
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Normalized average electrical SNR (dB)

FIGURE 5. Outage probability, P,,;, of an FSO link with time diversity, modeled with the K-distribution,
versus the normalized average electrical SNR, u/&,, with b=1 and various values of time diversity
parameter M.

In this section, we present the availability results for the FSO links with time diversity, using
the extracted mathematical expressions of Eq. (9). The important parameters of the FSO link
which are modelled with the K distribution, are the number of repetitions of the information
signal, M, the normalized average electrical SNR at the receiver, u/éy,, and the parameter b. For
the parameter b we choose three values, i.e. 1, 7 and 15, where the smaller values correspond
to stronger turbulence conditions. On the other hand, for the time diversity parameter, M, we
consider the values 1, which corresponds to an FSO link without diversity, 3, 5 and 10.

In Figure (1) we present the results for the case of very strong turbulence conditions, i.e b=1.
It is obvious that for the case without diversity, even the smaller value of outage probability, i.e
for large value of the normalized average electrical SNR, is giving a very large value which is
not acceptable for FSO communication links. Thus, the same link with strong, M=5, or stronger,
M=10, time diversity achieves much better values for this probability metric. It is obvious that for
larger values of M, the availability improvement would be better, but, as mentioned above,
further increase of M, will result in significant decrease of the effective (practical) bit rate of the
system [18], [19], [28].
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FIGURE 2. Outage probability, P, of an FSO link with time diversity, modeled with the K-distribution,
versus the normalized average electrical SNR, u/&,, with b=7 and various values of time diversity
parameter M.
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FIGURE 3. Outage probability, P, of an FSO link with time diversity, modeled with the K-distribution,
versus the normalized average electrical SNR, u/,, with b=15 and various values of time diversity

parameter M.

The above conclusion, is clear for larger values of b, i.e. for weaker atmospheric turbulence

conditions than those of Figure (1). Thus, in Figures (2) and (3) we present the corresponding
results for b=7 and 15. In both cases, it is obvious that the values of outage probability, without
time diversity, i.e. M=1, are smaller than those of the previous case with b=1, but they are still
large and not acceptable for practical FSO links, even for large values of normalized average
electrical SNR. This situation is much better when the time diversity scheme is used. As we can
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observe in Figures (2) and (3), for time diversity values, M=5 and M=10, the link can easily
achieve very small values of this probability and thus the system can be easily characterized as
one with very high availability.

CONCLUSIONS

In this work we investigated an FSO system which is using a time diversity scheme in order
to increase its availability against atmospheric turbulence effect. More specifically, we
investigate the capabilities of a terrestrial, outdoor, FSO link with time diversity, which is working
under strong turbulence conditions modeled with the K-distribution. For this case we extract
both, general and more specific, closed form mathematical expressions for the estimation of the
link's availability through the estimation of outage probability. We prove that this technique can
decrease significantly the system's probability of outage without need of extra trans-receivers in
each side of the link. Moreover, in the section with the numerical results, using the above
derived mathematical expressions, we show that the achieved improvement of the link's
availability characteristics are significant and consequently, the whole system can be described
as one with very high availability.
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Abstract. The free space optical communication systems exhibit significant research and
commercial interest in the last few years due to their capability of achieving optical
wireless communications with high and secure data rate transmission and low installation
and operational cost, without need of licensing. On the other hand, the unstable conditions
of the atmosphere, which is the propagation path of the laser beam that carries the
information signal, and especially the atmospheric turbulence effect, affects mainly its
intensity and causes random irradiance fluctuations at the receiver's end. This
phenomenon causes a significant reduction in the system’s availability and performance
(BER). In order to overcome this reduction, many methods have been studied, from which
the diversity techniques are a very efficient solution. In this work, we investigate a time-
diversity scheme for free space optical channels under strong turbulence conditions
modeled with the K distribution. We concentrate on the estimation of the maximum
effective bit rate of the link, which is limited by the finite capacity of the optical channel, as
well as on the multiple transmission of the same part of the information signal in order to
achieve much better performance characteristics using the time diversity scheme. Thus,
we extract closed form mathematical expressions for the estimation of the maximum
effective bit rate, for both, fast and slow, fading statistics. Finally, we present numerical
results for many practical cases.

Keywords: K-distribution, Time diversity, Free Space Optical Communication Systems,
Atmospheric Turbulence, Maximum Effective Bit Rate, Channel Capacity.
PACS: 42.79.Sz, 92.60.hk.

INTRODUCTION

Free space optical (FSO) communication systems enable the communication between two
points with a laser beam using the atmosphere as a channel. This kind of wireless
communication has many advantages compared to other methods, such as high speed of data
transfer (bit-rate), no need of license to transmit in this band of frequencies, low installation and
operation cost. On the other hand, the unstable conditions of the atmosphere and especially the
atmospheric turbulence effect, affects the intensity of the laser beam causing random irradiance
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fluctuations at the receiver's end. So, the atmosphere is a channel with randomly time varying
characteristics [1]-[8].

Thus, it is obvious that the atmospheric turbulence is a mitigation factor for the performance
and reliability of the FSO link, due to the induced scintillation effect [4]-[10]. In order to overcome
this influence, many techniques have been investigated. The diversity schemes represent one of
them [11]-[19]. In this technique, the information signal is sent more than once, using different
spatial paths, i.e. spatial diversity, different wavelengths, i.e. wavelength diversity, different
polarizations, i.e. polarization diversity, or different time slots, i.e. time diversity [16], [19]. Thus,
each copy of the information signal propagates through a channel with different characteristics
and obviously the probability of error is decreasing as well as the probability of outage of the
FSO system.

In this work, we are studying an FSO communication link over atmospheric turbulence
channel by assuming strong turbulence conditions modeled with the K-distribution [20]-[22], with
a time diversity scheme. In this configuration, the main advantage is the requirement of one and
only trans-receiver pair which is sending the same information signal more than once in different
time slots. On the other hand, taking into account that the channel’s capacity is finite, this
technique reduces the actual effective maximum bit rate of the link. Thus, we present
mathematical expressions for the estimation of this limit for both, slow and fast, fading statistics
of the wireless connection.

The rest of this work is organized as follows: in Section Il, we introduce the considered FSO
system and channel model for the time diversity scheme. In Section lll, we derive closed-form
mathematical expressions for the estimation of the maximum effective bit rate of the FSO link for
slow and fast fading statistics, while in Section IV, we present numerical results for the system’s
reliability and performance for various link’s parameters. Final conclusions are presented in
Section V.

THE FSO CHANNEL MODEL WITH TIME DIVERSITY

As mentioned above, for the FSO links with time diversity, only a single pair of transmitter
and receiver is needed and the information signal is sent more than once using different time
slots. Thus, this diversity scheme can be emulated with an FSO communication system which is
using one transmitter that transmits M copies of the signal at M different time-slots and one
receiver for these M copies. Hence, this operation is equivalent to the combined operation of
one transmitter transmitting through M channel/branches and M receivers at the receiving end,
similar with the Single Input Multiple Output (SIMO) communication systems [19].

The system’s input is binary and the output continuous intensity modulation/direct detection
(IM/DD), with On-Off keying (OOK) modulation. Moreover, the channel is characterized as
stationary and memoryless with independent and identically distributed intensity (i.i.d) fading
statistics, with additive white Gaussian noise (AWGN). In this case, the statistical channel model
can be expressed as in [14], [15], [23]:

r.=s x+n=nxI +n, m=1,..M (10)

where y,, is the signal at the receiver for each one of the M copies of the information signal,
Sm=Nmlm is the instantaneous intensity gain, n is the effective photo-current conversion ratio of
the receiver, I, is the normalized irradiance arrived in each receiver, x is the modulated signal
(taking the binary values “0” or “1”), and n represents the additive white Gaussian noise
(AWGN) with zero mean and variance equal to Ny/2, [24], [25].
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For strong atmospheric turbulence conditions modeled with the K distribution, the probability
density function (pdf) of this model is given in [21], as:

I+a,,

_2(a,) 2w
fi )= = - 1,5 K, (2ya,l,) (1)

where K(.) is the modified Bessel function of the second kind of order v and /{.) is the gamma
function. In addition, a,, represents a parameter that is generally associated with the number of
scatterers forming the random component of the optical field [20]-[22]. By integrating (2), we
conclude the corresponding cumulative distribution function (cdf), which has the following
expression [21]:

l—a
1+a m
(a[)zm 2.1 2
F )=~ G|bl
() F(am) b3 "N-a, a,-1 _l+a, (12)
2 2 7 2

Next, we define the instantaneous electrical signal-to-noise ratio (SNR) as
& = (nlm )2/N0 =sfl/N , [25], and the average electrical SNR as x, =(77E[Im])2/N , [25], [26],
with E[.] being the expected value of the normalized irradiance of the my, copy of the information
signal /,,. Thus, the pdf and the cdf of &, for the K distribution, are given as [21]:

1+a,,

1+a,, oy
4 164’
-t K{ —“’"QJ (13)
(am) yT Mo
and
1+a, Ita, l_am
(a )T 5 KR 21 azf 2
F —~m/ ~_ | 2m G| |22 14
2 2 7 2

where G"[] is the Meijer G-function, [27].

.q
For a time diversity scheme, due to the fact that we use one pair of transmitter and receiver
and consequently the spatial propagation path is the same, we can assume that the value of a,
of Egs (4) and (5), as well the average electrical SNR, un,, remain invariable for all the M copies
of the transmitted signal [19]. Hence, the pdf and the cdf for &, is obtained from (4) and (5) by
assuming that a=a;=a.=...=ay and y=u,=u,=...=uy, [19] and we have the following mathematical
forms, [21]:
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MAXIMUM EFFECTIVE BIT RATE OF THE LINK WITH TIME DIVERSITY

It is well known that the time diversity schemes decrease the outage probability of the FSO
links, as well as their probability of error, and as a result, increase their availability, reliability and
performance [16], [19]. On the other hand, due to the fact that the time diversity schemes are
using one trans-receiver pair and the capacity of the channel is finite, the main disadvantage of
this technique is that the multiple transmissions of the same parts of the information signal,
decrease the maximum practical rate of data transmission. In this section, we will use significant
mathematical expressions for FSO links without diversity, in order to investigate the maximum
effective bit rate of the link with time diversity, R’ Obviously, this quantity is lower than the
maximum bit rate of the link, R, due to the fact that it represents the practical rate of bit
transmission, taking into account that with this technique, the same bit, occupies the trans-
receiver M different time slots. The maximum bit rate, R, that can be transmitted through a
single channel with fast fading statistics is determined by its average capacity, C.,, [19], [28]-
[31], which represents the practically achievable error-free bit-rate transmission. While, for the
case of slow fading statistics [19], [22], [32], [33], the value of R is estimated by its outage
capacity, Cou, Which stands for a metric that equals to the guaranteed capacity for channel
realizations with a probability of (1-r), i.e. Pr[C < C,,|=r, [19], [22], [32], [33]. Thus, taking into

account that the time diversity scheme uses only one FSO channel, the average (outage)
channel capacity of the whole scheme, coincides with R for the case of fast (slow) fading
statistics [19].

Hence, we can derive a new mathematical expression for R, using the expressions obtained
in [21], [22]. Thus, for M copies of the same bits of the information signal, the maximum effective
bit rate of the time diversity FSO link, could be defined as [12], [19]:

R _C (17)

M M
where C equals either to C,, or to C,,, according to the channel's fading statistics. Thus, by
substituting in Eq. (8) the results obtained in Refs [21] and [22] for average and outage
channel's capacity, respectively, we conclude to the following closed form mathematical
expressions for the estimation of the maximum effective bit rate, R/, and R/ ,, that are derived

out ?
for both types of fading statistics, respectively:
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with B being the channel's bandwidth, while the quantity (1-r) represents the probability of
channel realizations where the capacity, C,., is guaranteed.

NUMERICAL RESULTS

Using the expressions (9) and (10), we are able to present the maximum effective bit rate and
the outage capacity as a function of the average electrical SNR, for the FSO link that uses time
diversity scheme, for different parameter values. More specifically, we have the case without
time diversity, M=1 and two cases with diversity, i.e. M=3 and M=5, for two values of parameter
a,i.e. 1and 3.
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FIGURE 1. Normalized maximum effective bit rate, R,/B, of an FSO link with time diversity versus the
average electrical SNR, y, for various values of M and a.
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FIGURE 2. Maximum effective bit rate, R,,#/B, of an FSO link with time diversity versus the average
electrical SNR, , for various values of M and a.

In Fig. (1), we present the results for the maximum effective bit rate. We can see that as the
parameter a increases, the bit-rate of the channel increases too, as it was expected. Moreover,
in Fig. (1) it is clear that the use of time diversity technique decreases the maximum effective bit
rate of the channel of the FSO link. This result in the time diversity scheme is due to the fact that
the same information signal must be sent multiple times at different time slots.

In Fig. (2), we present the corresponding results for the maximum effective bit — rate,
obtained from the outage capacity with r=0.01 (i.e. percentage rate 1%) which is a typical value
in order to estimate the outage capacity.

CONCLUSIONS

In this work we estimated the maximum effective bit rate that an FSO communication link with
time diversity, can achieve, under strong atmospheric turbulence conditions, modeled with the K
distribution. This bit rate represents the practical maximum bit rate that such a system can attain
due the fact that these systems are using one and only trans-receiver pair and the channel’s
capacity is finite. We derive closed form mathematical expressions for the estimation of this
metric for both cases of fading statistics, i.e. fast and slow. Through the obtained expressions,
we presented various numerical results for the maximum effective bit rate, for different values of
SNR arriving at the receiver and the time diversity parameter. These results clearly demonstrate
that although time diversity techniques, achieve improved availability and performance (BER) of
an FSO link, they lead to a decrease of the maximum bit rate.
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2UyKkpion AtrAoTtroinuévng MeBodou lNMpayuaTtikng
2uyxvorntag pe Me@ddoug Karavepnuévng Evioxuong
otn Zxediaon Evioxutil XapnAou Oopufou yia
Epapupoyég Eupeiag Zwvng 3.1-10.6 GHz

NikdAaog Xar{nabavaaiou® kal EuayyeAia Kapayidvvn®

“EBvIk6 Metadio lMoAuteyveio, Tunua HAekTpoAdywv Mnyavikwv, Touéag Zuatnudrwyv
Meradoaong NMAnpogopiag kai TexvoAoyiac YAIKwv
FsxoAr Nautikwv Aokiuwv, Topéac Suotnudrwv Méxng, Nautikwv Emixeiprioswy, @aiaoaiwy
Emornuwv, Nauridiag, HAekTpovikwyv Kai ThAETIKOIVWVIWY

Abstract. A Simplified Real Frequency Technique (SRFT) is being implemented with
MATLAB in order to design a Low Noise Amplifier (LNA) for UWB (Ulta Wide Band)
applications, working in the 3.1-10.6 GHz frequency zone. Additionally two other designs
are being examined based on the distributed amplification method, in order to compare
the techniques and highlight the advantages of the new SRFT technique.

Keywords: Low Noise Amplifier, Ultra-Wide Band, Simplified Real Frequency Technique,
Distributed Systems, Microwave Integrated Circuits, Design, Optimization.

PACS: 85.40.Qx, 84.30.Le, 06.20.fb, 06.30.Ft, 84.40.Xb, 84.30.Vn, 84.40.Dc, 89.20.Ff,
02.50.Ng

TO NMPOTYNO ULTRA WIDE BAND

O evioxutic Tmou oxedlaletal oTnv TTapoUoa epyacia TTPOOoPICETal yIO CUOKEUEG TTOU
utrooTtnpifouv Tnv TexvoAoyia Eupciag Zwvng Ultra-Wide Band (UWB). Tlpokeital yia pia
aoUppaTn TexvoAoyia TTou €xel oav 0TOXO va UTTOOTNPICEl UTTNPETIEG ETAPOPAG dedoPévwy o€
TApa TTOAU uwnAoug puBpoulg. '’ autd kKal 1o dIATIBEPEVO QACHO CUXVOTATWY €ival TTOAU
MeyaAo.

ZUpowva pe Tnv OpooTtrovdiakr EmTpot) ETkoivwviwy Twv Hvwpévwy MoAireiwy APepPIKAG
(FCC) To UWB avagépetal og KABe Texvoloyia pe eupog wvng TTou eite uttepPaivel Ta 500 MHz
I 10 20% TnG KeVTPIKAG ouxvoTnTag Aeiroupyiag. To PeBpoudpio 2002 n FCC katoxupwvel yia
TNV TEXvoAoyia UWB T10 didotnua cuyxvothtwy 3.1 -10.6 GHz kai 1o Noéuppio 2005 n ‘Evwon
EBvikwv TnAemkoivwviwy Apepikng (ITU) ekdidel €kBeon cuoTdoewy yI' autrv Tnv TEXvoAoyia. H
FCC 6pi10g wg PEYIOTO OPIO EKTTOUTTAG 10XU0G aTTd Toug TTouTToug UWB Tnv Tiun -41.3 dBm/MHz
[1]. NpodkerTal yia TTOAU XapnAR TiuA TToU gival TG TdENg Tou BopUBou TTou TTPOKAAOUV DIAPOPES
OIKIOKEG OUOKEUEG.

To UWB egu@avietal oc duo ekdoxég [2]: To mmaAuikd (pulsed UWB) kai To UWB pe xprion
OFDM (OpBoywvik TMoAUTTAEEn pe Alaipeon ZuxvoTntag) 1 GAAEC OuvVaQEiC TEXVOAOYiES
TTAPAAANAWY @epovTwyY. H TTpwtn ekdoXNA €ival n TTAEov dladedopévn. ESwW, TO eKTTEUTTOMEVO
onua atroTeAeiTal atd TTOAU OTEVOUG TTOAROUG. Mepik& eAKUOTIKG XapakTnpioTiké Tou pulsed
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UWB civail Ta €€n1¢: Avoxr oe @aivopeva multipath, 81611 n didpkeia Tou TaApolu UWB eival TToAU
MIKPOTEPN OTTO TNV EEATTAWOTN XpovokaBuaoTépnong. AUTO onuaivel 6Tl Ta AvTiypa@a ToOU OAUATOG
AOyw TTOAUBIadpOopIKAG d1adoong Ba eTAcouv OTO BEKTN TTOAU PETA TNV A@IEN TOU KavOVIKoU
onuarog [3]. Opwg, akpiBwg yI' autdé 10 Adyo, Ba utrdpEouv TTpofAnuaTa SIaCcUPBOAIKAG
TTapePPBOANG. 'Eva GAAO TTAEOVEKTNUA €ival OTI OTNV TTEPITITWON TWV TTAPAOOCIAKWY TEXVIKWY
METABOONG, ATTAITOUVTAI TOTTIKOI TAAQVTWTEG KAl MIKTEG yIa T SIapOpPWaon TOU QEPOVTOG YA ThV
EKTTOUTIA Kal yia TNV ammodiauéppwaon otn AfRwn, kdt tou d¢ cupPaivel oto UWB. ETriong,
UTTapxel n duvatoTnTa TTOAU uwnAoU puBpol petadoong Kai TEAOG AOyw TNG XAapNnAnRg 1ox00g
EKTTOPTTAG, OEV aTTaITEITAI EVIOXUTAG 10XU0G Yia Tn peETddoon OTTwg oupBaivel he AANEG TEXVIKEG
peTAdooNG.

evikd@, TTPOKEITAI YIO TEXVOAOYIQ TTOU TTPOOPICETAI YIA ETTIKOIVWVIEG KAl TTPOCWTTIKA dikTud
KAEIOTOU XWPOU. XAPAKTNPIOTIKA £QAPUOYN TNG TeEXVOAoyiag auTAg gival N acUpPaTn PETAPOPA
0edopévwy Video PETAEU OUOKEUWY TTOU UTTOOTNPICOUV TO €V AOYW TTPOTUTTO. AANAEG EQAPUOYEG
Tou UWB eivai n arreikévion pgéow pavtdp, ocuhdoyn dedouévwv atrd aiodnTripeg, EPAPUOYES
EVTOTTIOMOU Kal TTapakoAouBnong akpifeiag K.a.

MEOOAOZ KATANEMHMENHZ ENIZXYZHZ

2TOUG CUMBATIKOUG evioxuTég Tou Bacifovial o€ Tpavliotop (aAAAG Kal TTOAIOTEPA OTOUG
EVIOXUTEG AUXVIWV KeVOU) UTTAPXE! EVOG EYYEVHG TTEPIOPICUOG OTO YIVOUEVO KEPDOG £TTi £UPOG
OUXVOTHTWY TTOU UTTOPEI va €TMITEUXBEi. AUTO onuaivel 0TI dev PTTOPE Kaveic va oxedidoel éva
EVIOXUTN TTOU va AgIToupyei Kal o€ TTOAU uPnAéG ouxvOTNTEG Kal o€ TTOAU uwnAd képdog. 'ETol
KAvVoUE TTAVTOTE €va CUPBIBACPO OTIG ATTAITACEIS JOG. AvAAoya PE TNV EQAPPOYA JTTOPOUUE va
oxedldooupe €va evIOXUTH PeyYGAoU KEPOOUG OE OXETIKA MIKPO €UPOG CWvng N Eva evIOXUTH TTOU
EMTUYXAVEl PETPIO KEPOOG OE WEYAAUTEPO €UPOG ouxvoTATWY. O gyyevAg auTdg TTEPIOPICHOG
EYKEITAI OTIG TTAPACITIKEG XWPENTIKOTNTEG TTOU €XOUV Ta TpavlioTop oTnv €icodo Kal Ty €000
Toug [4]. 'ETO1 av BAAoupe oTn oclpd U0 eVIOXUTIKEG BaBuides, pye Tn deUTeEPN va evioXUEl TO
onua atd TV £€0d0 TNG TTPWTNG, TOTE QUOIKA TO KEPDOG Ba aufnBei oTIC XaPNAEG CUXVOTNTEG,
OAAG Ba pelvetal oTIG UWPNAEG Adyw TNG OUVOAIKAG augnuévng XwpnTiKOTNTAG.

O Tropatmdvw TTEPIOPIOUOGS AipETAl PE TNV €QAPUOYH TNG KATAVEUNPEVNG evioxuong. ZToug
KATAVEUNUEVOUC €EVIOXUTEC Ol XWPENTIKOTNTEC €10000U Kal €E6O0U TTou TTEpIopifouv TO €UPOG
{wvng Twv TpaviioTop, aTTOPPOPOUVTAl CE YPOAUUEG METAPOPAG TTOU OUVOEOUV Ta TpaviioTop
METAEU TOUug. H ypapun PeTagopdg (16avikr) dev TTAPAUOPPWIVEI UE KaVEVA TPOTTO £va Orjua Kal
EXEl aATTEPIOPIOTO €Upog Cwvng. Mia own autou eival To yeyovog OTI n avriotaon Z TTou
TTapouaciadel N yPapun (N XapakTNEIoTIKA avTioTaon TNG YPAMMNG) €XEl Hia oTaBepn (BETIKA) TIUNA
o€ OAeg TIG ouxVOTNTEG. ETTOPéVWG OUPQWVA e TN oxéon

Ay ()= \@:‘ ~g-Z(f) 1)

o6tou g n dlaywyiuétnTa (lyyt =g-Vin), T0 KEPDOG TOU EVIOXUTA €ival €1miong otaBepd pe TN
ouxvotnTa. Twpa n oxéon (1) Jag Aéel OTI PTTOPOUUE VA AUEACOUNE TO KEPOOG TOU EVIOXUTH Qv
augrijooupe 10 g. AUTO UTTOPEl va yivel yia TTapddelyua av odnyAoouue To OAuUa €100d0U O€
TTOAAG idia TpavioTop Kal PeTd “CUAAECOUNE” TO peUpa TTOU divel TO KABEva Kal TO 0dNyROOUE
oT0 @opTio pog. Me autév Tov TPOTTO 1N 10000vaAUn  SlayWwYINOTNTA  TOU  €VIOXUTH
TToANaTTAacIddeTal Katd 1o TTARBOG Twv TpavdioTop. AUt n 0drynon Tou orpaTtog elc6dou oTa
Tpav{ioTop, KABwWG Kal n 0drfynan Tou pelpaTog €€600U Twv OTO QOPTIO yivovTal PE Tn XpPrnon
TWV YPAUHWY PETAPOPAG TTOU aTTOPPOPOUV TIG XWPNTIKOTNTEG TWV TpaviioTop. To Tiunua TTou
TIANPWVEI KAVEIG yIa TNV ETTEKTAON TNG AEITOUPYIAG TOU EVIOXUTH O€ PEYAANEG OUXVOTNTEG €ival N
XPOVIKA KaBuoTépnan TTou u@ioTartal To ofua e€6dou katd Tn SIEAEUar) Tou atmmd TNV YPAMMN
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METOQOPAG MEXPI va @BAcEl OTO QOPTIo. Z& E€QPOAPUOYEC TTOU aQuTA n KabBuoTépnon Oev
o1adpauaricel oroudaio pOAo, n XPNOIKOTTOINGN TOU KATAVEUNUEVOU EVIOXUTH €ival €QIKTA. To
KUKAWHATIKO SIAYPOUHPA EVOG KATAVEUNKEVOU EVIOXUTH QAIVETAI TTAPAKATW.

Zy, ly Output

“BERE

ZXHMA 6. Kartaveunuévog Evioxutig

Input

BAétToupe OTI uTTdpXouV BUO YPAPUEG PeTaPOPdS. H pia atmd auTég XpnoIUoTToIEiTal yia va
METOQEPEI TO ONUA TTPOG €vioxuon oOTov OKPOOEKTN Tng TTUANG Gate Twv Tpavdiotop Kai n
0eUTePN TTapaAauBavel To evioXUuEVo aTTd KABe TpavlioTop oAua oTov akpodEkTn €€60ou Drain
Kal TO odnyei TTPOg To YopTio. ATTO TIG OVONAOIEG TwV SUO AUTWYV AKPOBEKTWY N YPAUUR €106d0U
ovopadletal Gate line kai n ypaupr e€6dou Drain line. H Gate line €xel xapakTnpioTIKA avTioTaon
Zg xai n Drain line Zg.

H evioxuon éykeimal oTo unNXaviopo Asitoupyiag Tou TpavEioTop Kal PJOVTEAOTTOIEITAI WG Mia
TNYR PEUMATOG €EAPTWHEVN ATTO TNV TAON €10000u. To peupa TTou divel To KABe TpavlioTop
TTPOCTIOETAI JE TO PEUPA TWV UTTOAOITTIWY HPE ATTOTEAECHO VA €XOUME OTO QPOPTIO PEYAAO peUa.
2Tnv oucia TrpokeITal yia pia didragn mapdAAnAwyv povoTraTiwy  peUUATOG, Ta  OTToia
ouvavtoUvTal yia va dWoouV TO €MBOUNNTO PeydAo peupa oTnv €60do. MNpokeiuévou Ta peupaTa
QuUTA va TTPOCTIBETAI Vv QAo Ba TTPETTEI TO XPOVIKO dIAOTNUA TTOU ATTAITETAI yia va diavUuoel TO
onua TNV amréoTacn avaueoa o€ dUo TpavdioTop OTIC OUO YPAUUES METAPOPAS va eival To idlo.
AuTO emTuyavetal Je KOTOAANAN €mTIAOY TV PNKWV g, lg Kal Twv TTapayoviwy d1adoong
paong (phase propagation factor) B4, B4 OTIG dUO YPAUMEG HETAPOPAG, WOTE VA IOXUE! Bgrlg=By-lg.
TepuatiCoupe TIC dUO YPAUUESG METAPOPAS OTO €va GKPO TOUG ME QVTIOTACEIS i0EC WE TNV
XOPOKTNEIOTIKI avTioTaon Twv U0 YPANUWY, TTPOKEIMEVOU VO PNV €XOUNE avakAdoelg. ETriong
TEPMATICOUPE TN YPOUUA €€000U e éva QopTio TTou €Xel avTioTaon ion PE TN XAPAKTNPIOTIKN
avTioTaon Zg TNG YPOUMAG YIO va €XOUME WEYIOTH METAQOPA 10XUOG. ATTO Tnv TTapaTTdvw
TTEPIYPAPT) CUUTTEPAiIVOUNE OTI TO KEPDOG evioxuong cival avaloyo e 7o TTARBOG Twv TpavlioTop.
2¢ éva karaveunuévo evioXutr) ge N 1o TTARBOG TpavdioTop TToU £Xouv dIaywyIudTNTA gm, TO
KEPDOG TAONG A, OTO QopTio Zy ival A, _N-gm-Zq gr; 24 o TTapAyovTag Y2 OQEiAETal OTO YEYOVOG
o1l TOo pevpa oTn BUpa €€6Oou oe KABe TpavlioTop €xel dUO cuvioTwoeg. H pia kateuBuveTtal
TPOG TO POPTIO Kal N GAAN ammoppo@dtal Xwpeic avakAdoelig otnv AdAAn dkpn NG YPOUUAS
€€6d0U. H TTapatrdvw oxéon Pag deixvel 0TI UTTOPOUNE VA PHEYOAWVOUUE TO KEPDOG ATTEPIOPIOTA
ME TN XPNOIMOTToINON oAoéva Kal TTEPIcCOTEPWY TpavlioTop. Ettiong amd tnv avaAuon autr
TTPOKUTITEI OTI KEPDOG €ival OPOIOUOPYPO.

AvTi Twv ypOUPWY PETAQOPAG TTou oTnv emmitTredn (planar) TexvoAoyia eival cuvhBwg
MIKPOTQIVIEG UTTOPOUME VO XPNOIUOTIOINCOUNE KOl TEXVNTEC YPOAUMES METAPOPASC ATTOTEAOUNEVES
a1é cuykevipwiéva (lumped) oToixeia, OTTWG TTUKVWTEG Kal Trnvia. AuTd yIvoTav G€ TTEPOACHEVES
OekaeTie¢ Otav 01 dUvVATOTNTEG TNG ETTTEdONG TEXVOAOYIOG NTAV TTEPIOPIOPEVEG KOl OEV HOG
EMETPETTAV VA €XOUME KUKAWHATO PE Ta evepyd oToixeia (Tpavliotop) aAAd kal Ta TTadnTIKG
(YPOUMEG METOQOPAG, TIMVia, TTUKVWTEG) OAOKANpwuéva Tavw oTo idlo ummoécTpwua. Mia
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TEXVNTA YPOUMN METAQOPAG yia Tn gate line kai T drain line ptropei va €xer T Pop®r Tou
oxAMaTog 2.

e 2
e T T e T
* - - . B
c1 L c2 Lin © 3 L

L
4m
mC T
_|_
B)

EIXHMA 2. (a) Texvnthi ypauun peta@opds (B) m-mapaywuevo @iAtpo (m-derived filter) wg TepuaTionog
NG YPAUMAG

*

Mia TTapaAAayr TOu KaTtaveunuéVOU eVIOXUTH €ival 0 eVIOXUTAG UATPag (matrix amplifier) otov
OTT0I0 XPNOIMOTTOIOUVTAl TTEPICCOTEPA TOU £VOG TpavlioTop avd Babuida woTe kGbe Babuida va
Oivel peyaAuTEPO KEPDOG N va £XEI KAAUTEPN CUMPTTEPIPOPA OTIG UWNAOTEPEG ouXVOTNTES. 'ETOI yIa
TTaPAdEIyPa UTTOPEI va XpNOIKOTTOINGE oav VIOXUTIKO KUTTAPO N O€IpIakn TotToAoyia (cascode)
[5].

Mia ouvABng TAkTIKA yia TNV alénon Tou eUpoug CWVNG TOU KATAVEUNUEVOU EVIOYXUTH MEOW
TNG MEiwoNg TNG avd PETPO XwpNTIKOTNTAG TG YPAPKAS HETAPOPAS OTNV TTUAN Kal TNV augnon
TNG 10XU0G €EOB0U, cival N ouvdeon evOG TTUKVWTH KATAAANANG XwpnTIKOTATOG q-CgS oTnv

TTUAN Twv TpavdiocTop [6], [7], [8], [9].

Ooov agopd Tnv €mid0O0N TWV KOATAVEUNHUEVWY EVIOXUTWY WG TTPog To B6pufo, oto [10]
TEPIYPAPETAI TO YEYOVOG OTI yIa OXETIKA peY&Ao apiBuéd TpavlioTtop n eikéva Bopuou PeIwvETal.
>TOoV B0pUBO TWV KATAVEUNMUEVWY EVIOXUTWY CUPPBAAAOUV oI avTIOTACEIG TEPPATIONOU Kal O
E0WTEPIKOG BOpUBOG Twv FETS.

1" Zxediaon: Katavepunuévog Evioxutiig XaunAou OopUpou

To Tpav{iocTop TTOU XPNOIMOTIOINCAUE VIO TOV KATAVEUNUEVO evioxuTh gival To PHEMT ATF-
36077 amd tnv AVAGO TECHNOLOGIES. Eival éva weudoupop@ikd High Electron Mobility
Transistor 1mou Bacietal o GaAs kal AsiToupyei pe eEaipeTikG pIKpO B6puPBo. OTtav eival
KATaAANAQ TTPOGAPUOCHEVO OTNV €i6000 Tou eTITUYXAVE! ElIkOva BopUBoU TTOU KUPAIvETAl JETAEU
0.3 dB o10 1GHz péxpr 0.65 dB ota 18GHz. To d¢ képdog 1oxU0g TEQPTEI atd Ta 25 dB oe DC
AeiToupyia ota 15 dB o€ ouxvotnTa 16 GHz.

210 oxAua 5, ammod TIG ypaIkES TTapacTdoels (a), (B) kal (y), TTapatnpoupe OTI To KEPDOG eival
METPIO, N €IKOva BopuBou e@AUIAAN Pe auTrv TTou TTapouaciadetal oto [10] Kal 0 CuvTeEAEDTNG
avakAaong €1l06dou gival PETPIOG.
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Cr -
C=373830 ¢ fe}

..... oo - EEEEHE . . oL
..... g 52547 pFf} - o o o o

2XHMA 3. H oxediaon tou LNA

2" Txediaon: Matrix Amplifier
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MT1ropouUue va BEATILWOOUUE TO TTAPATIAVW PTWXO KEPOOG TOU EVIOXUTH XPNOIUOTIOIWVTAG £va

matrix amplifier, 6TTw¢ Tapoucidleral oto [11].
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ZXHMA 5. H emidoon Twv evioxutwy 6agov agopd 1o kEpdog (a), (8), Tnv eikéva BopuBou (B), (€) kai
TO OUVTEAEDTH avdkAaong elc6dou (y), (oT). H mpwTn oTAAN (), (B) Kai (y) gival Ta aTToTEAECPOTA THG
TTPOCOUOIWONG TOU KATAVEUNUEVOU EVIOXUTH TOU OXAMATOG 1, evwd n deUTepn OTAAN (B), (€) Kai (OT) gival Ta
atmoTeAéopATa TNG TTPOCOoUoiwoNG Tou matrix amplifier Tou oxfuarog 2.

101



NAUSIVIOS CHORA

KdaB¢e evioxuTiké KUTTAPO OTOV TTAPATTAVW KATAVEUNUEVO EVIOXUTH atroTeAeital atrd duo FETs
ouvdedepéva oe oelpd og ouvdeapoloyia KoIvAg TTNyAS. Me To KUKAWPA auTd au&dveTal KaTd
TTOAU n 10080vaun dlIaywyluéTNTA TOU EVIOXUTIKOU KUTTAPOU O€ OXEon ME TN diaywyihoTnTa TOUu
kaBevog TpavlioTop EexwpioTd. To Tnvio L (peaking inductor) xpnoigoTroigital yia mn BeAtiwon
TNG ATTOKPIONG CUXVOTNTOG OTIC UPNAEG OUXVOTNTEG.

XpNOIYOTTOIWVTAG KATAAANAEG TIMEG yia TRV avTioTaon R kal Tov TTukvwTr] C, KaBwg Kal yia T0
Tnvio L ptmopoUue va KAVOUME TNV 10000vaun OlaywyINoTnTa TTEPITTOU 0TaBEPr oTO dIACTNUA
OUXVOTATWYV TTou pag evola@épel. MNa To okoTmd autd XpnoiYoTToIfocape Tn BeATIoTOTTOINGN TOU
ADS amé tnv otroia @Avnke OTI 0 eVIOXUTAG €XEl TTOAU KOAA €Tmidoon Xwpig Tn Xprion Twv
TTUKVWTWV g - Cgg Kal Twv m-derived filter Teppatiopwy.

To oxnuatikd ato ADS trapoucidletal oto oxXAua 4.

Mapartnpoupe o011 TO KEPDOG cival TTepiTTou 20-21 dB, dnAadr oxeddv dITTAGCIO OE oxEon ME
TOV TTPONYOUUEVO KATAVEUNKEVO €VIOXUTH. ETTiIONG TOGO 0 ouvTeAEOTHG avakAaong €106dou 60
Kal n €ikéva Bopuou gival caPuws KAAUTEPOL.

AMNAOIMOIHMENH MEGOAOZ NPAIrMATIKHZ ZYXNOTHTAZ

H amAomroinuévn péBodog TrpaypaTikig ouxvotntag (Simplified Real Frequency Technique -
SRFT)[12] atroTeAei pia TapaAiayn 1nG pebBodou trou eioriyaye 1o 1979 o Carlin [13]. MNpokeiTal
yla dia apiBuntik néBodo BEATIOTOTTOINONG TTOU XPNOIMOTIOIEITAlI KATA KOPO yia Tn oxedioon
KUKAWUATWY TTPOCApPOYAS evog TpavlioTop O €QAPUOYEG HEYAAOU gUpoug auyvoThTwy. Ol
TEPIOOOTEPEG aAPIOUNTIKEG PEBODBOI TTOU XPNOIPOTIoIoUVTAl OTa JIAPOopPa OXESIOOTIKA TTAKETA
CAD 1rpoUTToBEToUuV KaTapxfyv atd To XpNoThn va eTTIAEEEl Hia AOYIKA KUKAWUATIKA TOTTOAOYia e
KATTOIEG APXIKEG TIMEG. ZTn OUVEXEIA N €TTIOOCN TOU KUKAWMATOG PeATIOTOTTOIEITAI PE TNV
KAaTaGAANAN aAAayn Twv TIHWV Twv TTaBNTIKWV OTOIXEIWwV TToU CuvBéTouv TOo KUKAwpa. H
BeATioTotroinON auth yiveral BAcel hiag avTIKEIPMEVIKAG ouvapTnong (objective function) Trou Bétel
0 XPNOTNG KAl OTNV OTTOia ATTOTUTTWVETAI N TTOUPNTY aTTOKPION TOU KUKAWMATOG TTou BEAEI va
oxedldaoel. Mpodkermal yia yia guvapTnon Twv TIMWY Twv TTadnTikwy otoixeiwv X {Xi, Xo, ..., X}
TOU KUKAWMOTOG TIPOCAPHOYAG, KaBwg kai Twv Oegdouévwy avtiotaong Z =R/ +jX. (A
AYWYINOTNTAG i TTOPAUETPWY 0KEDAONG) Tou opTiou (Load) kepaidag ) evioxuTr] TTou BEAoupE va
TTPOCOPPOCOUNE O€ Mia {wvn ouxvoTATWY w. 'Eva TTapddelyua avTIKEIMEVIKAG CUVAPTNONG TTPOG
BeATioTotroinon cival 1o Képdog loxuog Metagopdg (Transducer Power Gain) TPG 1Tou opileTal
WG 0 AOYOG TNG I0XUOG OTO POPTiO TTPOG TN dlaBéaiun 10XV TTou divel pia yevvATpia oTnv €i00d0.
EmOBupolpe va eival 600 yivetal o peydAo kal otaBepd oTn (v CUXVOTHATWY TTOU HOG
evolaQépel. Ze pabnuatikoug 6poug, BéAoupe 170 T=T(w, Z., X4, Xy, ..., X,) va TTpoceyyilel Tnv
Tyl To Tou emAéyel o xpnotng. ‘Etol, oxnuatiCoupe pia  ouvaptnon  o@AAPATOg
g(w) = T(w,R (W), X (w),X1,X5,..X,)— Ty, TNV OTT0i0 BEAOUPE VA EAAXIOTOTTOINCOUUE. ZTNV TEXVIKA
BiBAIoypagia uttdpyxouv TTOAAG  apiBunTikd TTaKETa  €AaXIOTOTIOINONG TNG  TTAPATIAVW
ouvapTtnong, aAAa eivar ouvABwg KaTdAANAa povo yia KUKAWWPOTa oTevou e€Upoug {wvng HE
ouvrnBwg dUo Povo depya oTolxEia (TTUKVWTES/TTNVIa).

EmmAéov, 10 TPORANUa eAaxioToTToinONG TNG OUVAPTNONG OPAAPATOG £(W) KabBioTatal
éviova N ypaupiké. H atrAotroinuévn péEBOOOC TTpAyUATIKAG CUXVOTNTOG TTAPAKAMTITEI TNV
TTapaTTadvw BUCKOAIQ JE TO va eKPPAEl TOUG OUVTEAEOTEG OKESAONG TOU OTN HOPYN:

Sij = h(p) _ hyp" +hn_p" 4. +hp+hg
a(p) 9P +...+ 9P+

(2)

2TN OUVEXEId KATOOKEUALOUME Tn ouvdpTnon O@AAUATOG OUVOPTACEl TWV CUVTEAECTWV
okédaong Tng TrapaTTdvw POPEPAG Kal n ehaxiototroinon yivetal TAEOV wg TTPOG TOUG
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OUVTEAEOTES h; Tou TTOAUWVUNOU h(p) TTpAyHa TTou OTTWG atTodeIkvUETal KABIoTA To TTPORANUa
MN YPOUUIKG, OAAG PE PN YPOUMIKOTNTA TAENG dUO, aveEdpTnTa atmd TO TTANBOG Twv OTOIXEIWV
TOU KUKAWWPATOG. TN Bewpia TnG PeATIOTOTTOINONG €ival yvwaoTd OTI, v n Pn YPOUMIKOTATA TNG
QVTIKEIYEVIKAG ouvapTNONG €ival TAENG PeyaAUTePNG Tou OUO, TOTE KATTOIOG UTTOPEI va TTAYIOEUTEI
o€ TommKé& eAGYIOTa Kal n idla N oUykAIon TNG apiBunTIKAG PeBOdou cival apgifoAn. ETimTAéoy, o€
QUTEG TIG TTEPITITWOEIG TO TEANIKO ATTOTEAECUA €ival TTOAU €6APTWHEVO ATTO TIG APXIKEG AUOAIPETEG
TIWEG TwV METABANTWY TTOU UTTEICEPYOVTal OTn BeATIoTOTroinoN. ATTé TNV GAAN pepid otnv SRFT
N HN YPOMMIKOTNTA €ival TAENG OUO - Kal n oUykAion civar oxedov PERain. H KUKAWMPOTIKA
TotToAoyia gival auTr] evog BabutrepaTtou L-C @iATpou 6TTwG @aivetal 0To oxrua 6.
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2XHMA 6. lMpooopoiwon ypapunig HETAPOPAs

To av @iATpo auTd Ba Eekiva e Eva TTapAaAANAO TTUKVWTA A JE éva €v O€IPA TINVio, TTPOKUTITEI
aTTd TN oUVBEoN TNG AVTIOTAONG £I00B0U TOU, OTTWG Ba dOUUE TTAPAKATW.

2tnv SRFT, cival duvatdév 10 KUKAWMPO TTPOCAPUOYAS VO ATTOTEAEITAl Kal aTTO YPANPEG
METAQOPAGC. Z& QUTAV TNV TTEPITITWAON BewpoUPe OTI OAEG O YPAUUES £XOUV TO 010 NAEKTPIKO
MAKOG Kal n BeATioToTroinon yivetal wg TTPOG TN XAPOKTNPIOTIKA avTioTaon Toug. YTTApXEl N
duUVaTOTNTA TO KUKAWMPO VA TTEPIEXEI KOI HETAOXNUATIOTEG TTOU WG YVWOTOV PTTOpOoUV 16aVIKA va
MeETaoXNUATiCoOuv Kal avTIOTAOEIC Ot ATTEIPO €Upog Cwvng. H xprion HeTaoXnUaATIOTWV Oivel
TePIOTOTEPOUG PBaBuoug eAeubepiag, aAAd oTnv TTPAEn cival dUOKOAO va Xpnolpotroinbouv o€
£va KUKAwA.

EmmAéov, o XpAoTng €xel Tn duvatdtnTa va XpnolyoTroinoel otnv Trapatrdvw Baoikr L-C
ToTToOAOYia Kal €v oe€lpd TUKVWTEG R TInvia €v TTApaAARAw TToU KAvouv Tn SIATagn Hag
{wvoTTEPQTH.

Ta Baoikd BAMaTa oTnv uAotToinon evog alyopiBuou Baciopévou otnv SRFT eival Ta €€AG:

1) ApPXIKOTIOINGN TWV CUVTEAEOTWV h; Tou TTOAUWVUHOU h(p) =h,p" +h, " +...+hg TTOU

eP@aviceTal oTov apIBUNTA Tou CUVTEAEDTH avAkKAaong (KavovIKOTTOINUEVO WG TTPOG Tn Movadiaia
avtiotaon) S=h(p)/g(p) ™M¢ oxéong (2) Tou KUKAWMPATOG TIpocappoyns (equalizer). H
apyIkoTToinon autr gival auBaipeTn av Kal TTOPEIG KAvEig va KAVEI Jia apXIKOTTOINoN TToU va €XEl
vonua yia 1o TPoRANud uag [14].

2) Me Bdaon tnv emAoyry Tou apiBuol k Tng oxéong (2) civar duvatd va Ppebouv ol
OUVTEAEOTEG @ TOU TTOAUWVUMOU g(p) TTOU €P@AvifeTal OTOV TTOPAVOUOOTH TOU OUVTEAECTH
avakAaong (KavoviKOTToINUEVO WG  TIpog  Tn  povadiaia  avrtiotacn) S=h(p)/g(p) TOU
TTPOCAPPOCTIKOU KUKAWwPaTog (equalizer). Ta BAuaTta yia TNV KATACKEUT TOU TTOAUWVUOU auToU
meplypdgovtal oto [16] kai Bacifovtal 0To yeyovog 0TI TO TTPOCAPHOCTIKG KUKAWMA gival Xwpig
OTTWAEIEG.

3) ‘ExovTtag TTAéov KaTaoKeUudoel (apXIKOTTOINOEI) TO OUVTEAEDTH avakAaong S ekppaloupe
TN ouvapTNON CPAAPOTOG CUVAPTACEI TOU S Kal TwV TTAPAUETPWY oKESAONG TOU POPTIOU TTOU
BéAoupe va TTPOCAPHUOCOUNE (01 TTOPAPETPOI OKEDAONG YIO TO QOPTIO TTPETTEI VA €ival QUOIKA
YVWOTOI €K TwV TTPOTEPWYV). To QopTio AUTO YTTOPEI Va gival €iTe TTABNTIKG, OTTWG Mia Kepaia, €iTe
evepyo omtwg éva FET.

4) EAaxioToTroIoUE TN ouvdApPTNON OQEAAUATOG HE TOV aAYOPIBUO EAAXIOTWY TETPAYWVWV.
‘ET0o1 Bpiokoupe To BeATIoTOTTOINWEVO TTOAUWVUNO h(p).
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5) EmavaAapBavoupe 1o BAua 2) yia va Bpoulue 10 BEATIOTO TTOAUWVURO g(p).
6) Kataokeudloupe 10 ouvteAeoTr) avakAaong S=h(p)/g(p) kalr amdé autdv Tnv avtiotaon
eloddou Z;, = 1-S _ 9(p)—h(p) TToU €ival éva pnTd TTOAUWVUHO WG TTPOG P.

1+S  g(p)+h(p)
7) H &iadikagia 1TOU 00rynoe oTa TTOAUWVUPO g atrd To TToAuwvupo h oTto BAua 5)
£€ao@aAilel 0TI n avtioTaon €106dou Z;, = 125 _9P)=hP) ¢y ouvBéoiun [15] pe éva dikTuo L-

1+S  g(p)+h(p)
C. & paBnuaTikh opoloyia To TTOAUWVUHO g(p) = gyp* +gx_p* T+...+gg €ivar Hurwitz, dnAadA
ME pifeg POVO OTO TPITO Kal TETOPTO TETAPTNMOPIO TOU MIyadikou emmimTédou Kal BeTIKoUg
TIPAYHATIKOUG OUVTEAEOTEG. EKQPALOVTAG TO Zin OTNV HOPPHA PEPIKWY KAACUATWYV gival duvaTthi n
eCaywyn TWV TIMWYV TWV XWPENTIKOTATWY KAl TWV GUTETTAywywv Tou BIKTUou L-C TepuaTtiopévou
o€ povadiaia avtioTaon.

3" Ixediaon: Mééodog SRFT

AkoAouBwvTag 1o [16] uhoTroifoaue poutiveg oto Matlab yia Tn oxediaon TTPOCAPUOCTIKWY
KUKAWPATWY oTnv gicodo kal €¢odo kal tou P-HEMT ATF-36007 tng AVAGO otn Cwvn 3-11
GHz. H guyxvétnta kavovikotroinong Atav fom=11 GHz. H uAotroinon auth dev meplAauBavel
METAOXNUATIOTEG, OUTE €V OEIPA TTUKVWTEG 1 ev TTapaAAiAw Tmvia. H oxediaon £yive o€ duo
Bripara. 1o TPWTO Bripa OXeSIAOTNKE TO TTPOCAPHOOTIKO KUKAwUa €i06dou £xovtag 1o FET
TEPMATIOPEVO aTTO T HEPIA £§0DOU € XapakTnPIoTIKA avTioTaocn 50 Ohm.

O o16x0¢ TOoV OToio Bécape OTn ouvdpTNon CQAAUATOC TTPOEKUWE HWETA aTTd €UPECT TOU
MéyioTou Képdoug IoxUog petagopds TPG (Transducer Power Gain) TTou ptmopei va dwaoel éva
HovOedpouo TpavioTop, OTav gival BEATIOTA TTPOCAPHOCHUEVO OTNV €i0000 ATTO KATTOIO 106€ATO
KUKAwA, oTo OIA0TNUa CUXVOTATWY TTou hag evolapépel. To TPG auTtd divetal atrd Tnv oxEon

(3).

Maximum Gain of the First Part in dB
23 T T T T T T T 13.2

221+ g 13.15
21+ g 1311

20+ B 13.051

T01 (dB)
»
equalizer 1 gain)
]

& &

N
©

16 - B 12.85-

15 q 1281

14+ q 12.751

13 Il Il L L L L L 127 L L L 1 L L L
3 4 5 6 7 8 9 10 11 3 4 5 6 7 8 9 10 11
Actual Frequency x 10° Actual Frequency x10°

(@) (®B)

ZXHMA 7. (a) MéyioTo képdog pe TTpocapuoauévn TNV €icodo Kal (B) BeATioToTroinuévo KEPDOG e
KUKAWPQ TTPOCapUOYHS €10600U.

_ |321(00)|2

T 3)
T )
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H oxéon autr 1ox0el cav yia TTPWTN €KTIKNON yIa To Tpav{ioTop Pag, agou autd dev gival
MovOedpouo. H ypagiki Tapdotacn Tng OXEONG QUTAG WG TTPOG T ouxvoeTNTA @AiveTal OTO
oxfAua 7(a).

To TPG éxovTtag éva TTpocapuoaTIKO KUKAwHa oTnv €icodo Tou FET divetal ammd Tn oxéon:

)= |SZ1F|2|821|2

Ty (
|1—322F311|2

(4)

OTTOU Sa¢F Kal Soof €ival o1 TTAPAPETPOI OKEDACNG TTOU AVAPEPOVTAI OTO KUKAWNA TTPOCGAPHOYAG.
To Sy QVO@EPETAI OTN PETOPOPA I0XUOG aTTO ApPIOTEPA TTPOG TA BEEIA KAl TO Spp OTO CUVTEAEDTH
avakAaong Tng 10XUog TTou TTPooTriTTTel amd 10 FET TTpog T ApIioTeEPd OTO TTPOCAPHOCTIKG
KUKAwpa. Eival Soor=hi/gr kail S»1e=1/ge . O o16x0¢ TTou Bécape eival To TPG va €ival ico e 13
dB, dnAadr 1o eEAdXIOTO OTNV TTAPATTAVW YPAPIKN TTApACTACH TOU GXAMATog 7(a).

‘ET01 N ouvdptnon o@dAuartog error1 gival n €EAG :

2
‘821F‘ '|321|2
g PN S ——— —

error1=10lo 5
11— SorSy|

13 (5)

XpnoIYoTIoINCaUE Hia Tuxaia apxikotroinon yia 1o didvuopa h, ye h=[-11-11-1]. Toh €xe1 5
oToixeia he ammoTéAeoua To TEAIKO KUKAwPA va €xel 5 TTadnTikG oToixeia. H BeATioTotroinon eixe
w¢ amotéAeopa 1o TPG TT0U Qaivetal 1o oxnua 7(B). OTTwg TapatnEoUPe TTPOKEITAI YIa Mia
TTOAU KaAR TTpoCéyyion.

2710 &eUTEPO OTADIO TTPOCOETOUNE KAl TO KUKAWPA TTPOCAPUOYNG £€600U Tou TpavdioTop Kal
BeATioToTrolOUME TO OAIKO TPG. Emeidfy dpwg 10 Tpav{ioTop TTOU XPENOIYOTTOIOUWE Eival €K
KATOOKEUNG KAAG TTPOCAPHOCHEVO oTnV avTioTaon Twv 50 Ohms, To TTPOCAPHOCTIKG KUKAWUG
€EOO0U PTTOPET VA TTPOCPEPEI Hia hIKPH POvVOo BeATiwon. Ag TTpooTraBricoue AoitTtév To KUKAwUaA
auTé va TTpoc@épel pia oTabepn evioxuon 0.7 dB. OméTe BEToupe wg oTdX0 TO TEAIKO TPG va
givar 13 + 0.7 =13.7 dB (ta 13 dB mpokuTTouv a1d 10 TPG Tou TTponyouuevou oTtadiou).

To KUKAwMG pag Ba éxel Tn Joper [17] Tou oxAuaTtog 9.

500
[ KUkAwpa KUkAwpa '
MPOCAPUOYAS <-| Mpooappoyng 50Q
Eio6dou E¢6dou

SoF

2XHMA 9. EvioxuTtAg pE KUKAWPATA TTPOCAPUOYAG TNV €i0000 Kal TNV ££000
To 1eAIkG TPG TT0U BeATIoTOTTOIEITAI OTO BAMA aUTS diveTal atrd TNV €ENG oXEon :
2
‘3215‘

— (6)
[1-S2rS11|

Ta(w) = Ty(w)-

omou Tqi(w) eivar o TPG TTOU €mMITEUXONKE OTO TIponyoupevo OTAdIO, Sy1=1/gs €ival n
TTAPAPETPOG UETAPOPAS I0XUOC OTO BEUTEPO KUKAWMA TTPOCAPUOYNS — KUKAWMNA TTPOCAPHOYASG
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€€odou (back end matching network) atd apiotepd Tpog Oe€id, Kal Sy gival n TAPAPETPOG
OKEQOONG TTOU PAiVETAI OTO TTAPATTAVW OXNUA Kal IcoUTal PE

S12S21S22F
Sop =Sy, + — 5=
2F =922 1-S1,Soor (7)

To S oTnv TTapattdvw oxéon looutal pe he/ge 6ToU hg ,gr €ival Ta TTOAUWVUPG TTOU
TEPIYPAPOUV  TO  TIPWTO  KUKAWMA TTPOCAPHOYAS  (€10000U) Kol  TTpoékuyav atrd TN
BeATioTOTTOINON TOU TTPWTOU OTAdIOU.

H ouvdptnon o@dAuarog (error function) autol Tou otadiou divetal atrd Tn oxéon:

error, =10-log(Ty(w))-13.7

XpnolgotrolwvTtag Kal TTaAl pia auBaipetn apxikotroinon h=[-1 1 -1 1 -1 1] (To KUKAwua
TTpocapuoyAg Ba TepiExel 6 oToixeia) To TPG TTou €mTUYXAVETAlI TTAPOUCIAZETAlI OTO OXMMaA
10(a).

Autl n ypagikf TrapdoTacn Oev TIPOéKUWE ammd TTpogopoiwon oto ADS aAAG amd
uttoAoyiouo Tou TPG (oto MATLAB) cuvapTAoEl Twy TTOGPANETPWY 0KEDAONG TOU TpaviioTop Kal
TWV OUVTEAECOTWY QVAKAAONG TWV KUKAWPATWY TTPOCAPHOYNG €10000U Kal £§6dou (equalizers)
TTOU TTpoéKkuav YETd atd Tn BeATioTotroinon. BAEroupe 6t oto didoTnua 3-11 GHz €xouue pia
atrOKAIon atrd 10 0TOX0 TwV 13.7 dB TnG TéENG Tou —0.22dB < AT < 0.07dB . O 0TOX0G £TTETEUXON
ME ApIOTN TTPOCEYYION.
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13.45
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Actual Frequency 9
IXHMA 10. (a) TeAiko k€pdog pe TN SRFT (B) Képdog 10x00G NETAPOPAG JETA TNV TTPOCOHOIWON
Ta TToOAUWVUHG TTOU TTPOEKUWAVY aTTo Tn BEATIOTOTTOINON €ival Ta £EAG :
Na To KUKAwPa TTPOCAPUOYRS €l00d0U gival:
he=[0.7706 1.2850 0.7948 0.6418 -0.1236 0]
gr =[0.7706 2.6921 4.4258 4.7448 3.0830 1.0000]
Na 1o dEUTEPO TTPOCAPUOCTIKO KUKAWWMA €ival :

hg=[4.4353 2.8273 6.5209 2.8844 2.0559 0.4783 0]
gs =[4.4353 8.6576 14.0695 13.9405 9.9071 4.4769 1.0000]

106



ISSN: 1791-4469 Copyright © 2012 Hellenic Naval Academy

MNa T olvBeon Twv KUKAWUATWY XPNOIKOTTOIoUME dia pouTiva synthesis.m n otroia déxetal
oTnv €icod6 TnG Ta avreoTpaupéva diavuopata h,g kai divel oTnv €600 TIG TIMEG TWV TTUKVWTWV
Kal TTNViwyv TToU Ba TTPETTEI VO XPNOIUOTTOINCOUNE. 'ETOI €X0UME TIG €EAG TIUEG:

L1=0.7924 nH C,=0.561 pF L3=1.0682 nH C4=0.367 pF Ls=0.2803 nH
MNa 1o KUKAWPa TTpocapuoyns €€60ou, n pouTiva synthesis.m pag divel :
L+=1.1007 nH C,=0.4477 pF L3;=1.3901 nH C4= 0.4859 pF Ls= 1.0939nH C¢= 0.2235 pF.

Av XpPnOIYOTIOINCOUNE TWPA TO KUKAwMPG autd oto ADS Ba mrpokuwel n oxediaon, OTTwg
TTapoucialetal oto oxnua 11.

KdavovTtag Trpooopoiwon 010 KUKAWPa autd oto didotnua 3.1-10.6 GHz, TpokUTITEl TO
KEPDOOG 10YXU0G HETAPOPAG TTou @aiveTal oTo axAua 10(B).

H 1rpocopoiwon aut pue 10 ADS cupowvei atmoAlTwg pe 1o TPG  Tou oxrpatog 10(a) TTou
uttoAoyicapue BewpnTIKA HEOW TWV PEATIOTOTTOINUEVWY TTAPOUETPWY OKEdAONG Twv OUO
KUKAWHATWY TTpocapuoyrs. Auté onuaivel 0TI n oUvBeon Twv KUKAWUATWY €ival ETTITUXAG.

Oa TTpéTTel OPWG va eEETACOUNE Kal TNV €UOTABEIO TOU evioxuTr]. Oa Bewprjooupe OTI TNV
€icodo Kkal £6066 Tou ouvdéovTal @opTia 50Q. H ouvenkn yia va gival EuoTaBAG 0 eVIOXUTAG OTNV
€i00d0 Kal £€000 gival ol cuVTEAEOTEG avAKAAONG €10600U Kal £5ODOU va €XOUV PETPO HIKPOTEPO
Tou éva. BAETTOUNE OTI KOl Ta OUO PETPA €ival MIKPOTEPA TOU £va g€ OAO TO BIACTNO CUXVOTATWY
(oxAua 12). ETTopévwg 0 eVvIOXUTAG gival EuoTABAG GTNV TUTTIKN TTEPITTITWON TTOU TNV €i0000 Kal
£€0006 Tou ouvdéovTtal gopTia Twv 50 Q.

TéNog TTpéTTel va doUpE Kal TNV €lkova Bopufou oTnv £€000 Tou evioXUTA. BAétToupe OTI n
MEyIoTn €ikdva BopuBou gival 1.04 dB (oxnpa 13) 1Tou gival pia atrodekTA TiUA.

- .

TR
=108 o

=50 Ohm B o
SO TTR - - L C=E AR5 pF

S o 13 pF

ZXHMA 11. KukAwpua Evioxut utté Tnv SRFT

Oa TTPETTEl va ONPEIWOOUME OTI CUPPWVA HE TO QUAAO OedOUEVWV TOU KATAOKEUQOTH TOU
PHEMT T1rou xpnoiyoTroloUeE, To TpavlioTop TTAPOUCIAdel TO QAIVOUEVO TNG OXETIKA PIKPAG HOVO
emodeivwong TnG eIkdvag BopuBou étav aTnv €i0od6 Tou TTapouaialeTal aUVBETN avTioTaon Aiyo
1 TTOAU S10QOPETIKA atrd Tn oUvOeTn avTioTaon TTou KaBioTd Tnv €iIkdva Bopufou Tn PIKPOTEEN
ouvartr. To gaivouevo autd kabioTd duvaTth Tn AsiToupyia Tou TPavZioTop WG EVIOXUTH HIKPOU
BopuBou oe peydro eupog Cwvng (broadband LNA). H ouvBetn avtiotaon otnv €icodo PtTopei
va €xel JeYAAEC DIaKUMAVOEIC O €va TOOO HEYAAO €UPOC CUXVOTATWY, aAAG autd etTnpeddel
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eNdyioTa 10 B6puBo oTtnv £€€0d0 Tou evioXuTh]. 'ETol TTapdAo TTou n TTapatmavw BeATiIoToTTOINON
pe Tnv SRFT Ttrou mrpayugatotroifjoaue dev éAaBe utéwn Tnv atmaitnon yia pikpd 66pufo n
eIkdva BopuBou £€d6dou cival avekTh. MapoAa autd o Gunes kai Bilgin evowpdTwoav eTTITUXWG
otnv AmAotroinuévn MéBodo lMpayuaTikrg ZuxvoTnTag Kal TNV atraitnan yia hikpd 86pufo, aAAd
Kal JIKPO Adyo oTacipwyv kupdTtwy [18]. Ettiong, omwg trepiypdeeral oo [12], n SRFT utropei
eUKOAO va €TTeKTABEI KAl yIa TNV OUVOEON O€ OEIPA EVIOXUTIKWY Babuidwyv ue evepyd oToixeia.

L
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ZXHMA 12. Amokpion Twv (a) Sq4 kai (B) Sy,

(2)
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freq, GHz

2XHMA 13. Eikéva Bopupou

2YMNEPAZMATA

levikd n atmAotroinuévn péEBOdOG TTpayHaTIKiG ouxvotntag (SRFT) eival n 1o TTOAAG
utTooXOHEVN PEBOBOG, OTTWG AAAWOTE TTEPIYpa@eTal oTo [18]. ZTNV epyacia Toug auTh, ol Gunes
kar Bilgin katdgepav pe cuoTnuaTmikd TPOTTO Xpnoidotroiwvtag T SRFT va emTuxouv T1a
KaAUTEpa duvaTd aTTOTEAECUOTA WG TTPOG TO oTABEPOTTOINUEVO KEPDOG, TNV €IKGva Bopufou, Kal
TO AOYO OTACINWY KUMATWY. ZUYKEKPIUEVA XpnoldoTroinoav Ta dedopéva atrd 1o datasheet Tou
EVEPYOU OTOIXEIOU YIa va Bpouv Tov KAAUTEPO duvaTd cuvOUaoHO YIa Ta TTAPATIAVW HEYEBN o€
Mia o€lpd atrd ouXVvOTNTEG YIA TIG OTTOIEG Ol KATAOKEUAOTPIEG £TAIPiEG £0Ivav DEDOMEVA YIA T
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Tpavliotop. O1 ocuvduaouoi auTtoi aTTOTEAECAV KOl TOUG OTOXOUG TTPOG €TTITEUEN MEOW TNG
oUvBeonG TWV TTPOCAPHOCTIKWY KUKAWHATWY €10000U Kal e€6dou pe TN SRFT.

21N OIKN pag epyacia deigape éva povo PEPog Twv duvatoTATwy NG SRFT uAlotroiwvrag
KataAAnAeg poutiveg ato MATLAB. lMpaypaTikd, pe Tnv SRFT 1reTUxaue TNV KaAUTEPN duvarTh
oTaBgpoTroinon Tou kEPBOUG Tou evioxuTr (otnv TR 14 dB) oe 6Ao 1o UWB @doua, mTpdyua
TTou €ival Baoikr] ataitnon oTig Texvoloyieg UWB. H gikéva BopuBou ettiong ftav mdpa 1ToAU
kaAn (0.7 db), 6TTwg kalr o ouvteAeoTAG avakAaong €€6dou (0.3 oe amoéAutoug apiBuoug). To
MOVO MEIOVEKTAMO OTAV UAOTTOINCH POg ATAV O CUVTEAECTNG avAKAAoNG OTnv €icod0 JE HEON
TiuR 0.75.

2Tn oxediaon Tou avatmTuxbnke oOTnv TTapoUca €pyacia, XPNOIYOTTOINONKE MOVO dia
EVIOXUTIKN BaBuida, pe atmotéAecpa 10 KEPOOG va gival PIKPO, OUWG AVEKTO yia £va EVIOXUTA
XaunAoU BopuUBou. MeyaAltepo KEPOOG emMITUYXAVOUUE OTAV XPNOIUOTTOIOUNE TTEQICOOTEPA
EVIOXUTIKA KUTTapa o€ oelpd. MNpdypaT, otn H€BodOo TNG Kataveunuévng evioxuong, Kai aAioTa
OoTnNV TIEPITITWON TOU KATAVEUNUEVOU €evIOXUTH MATpag (matrix distributed amplifier) éxouv
emTeUXOei TTOAU KOAG amroteAéopata, dedopévng IBIAITEPWS TNG XAMNAAG eikévag Bopufou,
TTPAYHa OXI ouvnBIoPEVO YIa €va KATAVEUNUEVO evioXUTr. Mo ouykekpipéva, TTETUXAPE KEPOOG
yUpw oTo 20.4 dB, eikdva Bopufou 2 dB kal Yérplo ouvteAeaTr) avakAaong €ic6dou Je Tiun 0.4.

H amAotroinuévn pEBOBOG TTPAYMATIKAG OouxXvoTnTag £dwaoe €EAIPETIKG ATTOTEAECUATA OGOV
agopd 010 KEPDOG Kal aTo BOPURO, CUYKPIVOUEVN WE TIG HEBOBOUG KaTavEUNUEVNG evioxuong.
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Abstract. Crucial power quality problems in ship electric power systems, known as
“voltage/frequency modulation”, are usually caused by specific type of loads known as
“‘pulsed loads”. Pulsed loads require regularly or randomly repeated high power
consumption in short time intervals. NATO standard, STANAG 1008, imposes two design
inequalities involving the power factor of the pulsed load and the ratio between the
apparent power of the pulsed load and the full rated apparent power of the supply at the
occurrence of the pulse. If these two inequalities are satisfied for a low voltage ship
service power supply system, the voltage and frequency modulation will not exceed 2%
and 0,5%, respectively. However, no well-based theoretical analysis of the phenomenon
is used. The mathematical analysis of voltage/frequency phenomenon was presented in a
series of two companion past papers proving that the phenomenon is depends on several
parameters such as pulsed load period and duty cycle, the technical characteristics of the
generators and their frequency and voltage controllers, the technical characteristics of the
cable between the pulsed load and the generator etc. In this paper, the impact of the
aforementioned parameters to STANAG 1008 design constraints for voltage and
frequency modulation will be examined based on the theoretical analysis already
developed by the authors. The effects of the respective parameters on STANAG 1008
pulsed load limit curves are presented and commented highlighting some of the issues to
be addressed by future standards.

Keywords: Ship electric power system, STANAG 1008, pulsed loads, voltage and
frequency modulation, modeling.
PACS: 84.70.+p

INTRODUCTION

In recent years Power Supply Quality (PSQ) for ship power systems has become a significant
issue as the equipment installed on board is increasingly electrified. One of the most critical
PSQ problems is “voltage and frequency modulation”. Generally, “modulation” is defined as
“voltage and frequency periodic or quasi-periodic variations such as might be caused by
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regularly or randomly repeated loading with frequency less than nominal’ [1-3]. Pulsed loads
provoke modulation, as they require high power for a very short time interval (in the order of a
few seconds or even up to some milliseconds). This operation is often repeated on a regular or
almost regular basis introducing a periodicity on the entire phenomenon.

The primary effects of pulse loading have been already studied in the context of voltage
flicker, dynamic and transient stability, excitation of torsional frequencies in generators etc
according to previous experience from continental power systems [4]. Pulse loading may also
affect the operation of several subsystems of the ship such as radarscopes, communication and
navigation equipment etc.

Voltage and frequency modulations are calculated as the difference between maximum and
minimum values expressed as a percentage of the double of the nominal value as shown in (1)
and (2):

v V

My = (1)
_fmax _fmin
My==37"2 (2)

Voltages in (1) may be used in rms, peak or mean values.
In Fig. 1, voltage and frequency modulation caused by a rectangular pulsed load is shown.
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FIGURE 1. Frequency and voltage modulation caused by a rectangular pulsed load.

Up to now, few standards have dealt with this issue and have released relevant rules.
Especially, in IEEE-45 the respective parameters have not been quantified [1], while USA-MIL-
1399 [3] is overlapped with STANAG-1008 [2]. The following analysis will be based on STANAG
1008 (edition 9) [2], which is the NATO naval standard dealing with PSQ issues. It sets the limits
of voltage and frequency modulation for the low voltage shipboard electrical power systems
(440 V, 115V, 60 Hz, 400 Hz) to 2% and 0.5%, respectively. STANAG 1008 deals only with the
Ship Service Power Supply System excluding ship electric propulsion systems.

According to the design constraints of STANAG 1008 [8: Annex B § 9.d], in order voltage and
frequency modulation not to exceed the aforementioned limits, reactive and active power of the
pulsed load should satisfy the following inequalities:

woltage

]

Voltage modulation: AQ <0.065-S (3)
Frequency modulation: AP <0.25-§ (4)

where AP and AQ are the active and the reactive power of the pulsed load respectively, Ss is
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the full rated apparent power of the supply at the occurrence of the pulsed load. Considering the
apparent power of the pulsed load AS and the power factor of the pulsed load cos¢, the

inequalities (3) and (4) can be written as:

2
Voltage modulation: cos¢ > 1—[a-ALS] . a=0.065 (5)

Frequency modulation: AS-cos¢g<f : S=0.25 (6)

where a and B are the two parameters affecting the dimension of acceptable and unacceptable
areas of operation. STANAG a, B parameters are fixed at 0.25 and 0.065, respectively. The
respective graphical representation of inequalities (5), (6) is shown in Fig.2.

T T T T -~ T
[ [

Power Factor

04h ____________ R UNACCEPTABLE : |
' RANGE ;

02b- R (S L fomsemsomcsat b ]
1 I 1 1 I

0 5 10 15 20 25 30

Pulsed load apparent power (%)

FIGURE 2. Limit curves for pulsed load operation according inequalities (5) and (6), where the
acceptable and unacceptable range of pulsed load installed capacity is highlighted.

In previous papers of the authors [5-7], the electric power system of conventional ship and of
All-Electric Ship has been examined proving that STANAG 1008 guideline seems to be a
method leading to a rather rough estimation of pulsed loads limits, as it considers only the
pulsed load relative apparent power AS and the power factor of the pulsed load cos¢. However,

additional parameters such as the pulse load period and duty cycle, the time-profile and the
point of the connection of the pulsed load, the technical characteristics of the generators (like
sub-transient reactance, intertia) and their associated frequency and voltage controllers (like
governor and automatic voltage regulator (AVR) gains etc), the loading factor of the generator at
the time of the pulsed load occurrence, the equivalent length of the cable between the pulsed
load and the generator etc, should be taken into account

Later, in a series of two companion papers [8-9] the theoretical analysis of the frequency and
voltage modulation has been presented for a simplified ship power system respectively leading
to more complex inequalities including all the above mentioned affecting parameters.
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In this paper, the STANAG 1008 design constraints for voltage and frequency modulation will
be examined based on the respective theoretical analysis of ship’s simplified power system [8-
9]. Emphasis will be placed on the effects of the respective parameters on the pulsed load limit
curves of STANAG 1008 and the respective deviations caused by the variation of the
parameters affecting voltage/frequency modulation will be demonstrated.

THEORETICAL ANALYSIS OF FREQUENCY & VOLTAGE
MODULATION IN A SIMPLIFIED SHIP’S ELECTRIC POWER SYSTEM

Simplified Electrical Circuit of Ship Power System

The electric power system of a ship is considered as simplified as possible, as shown in Fig.
3 and proposed in [5]. The proposed simplified configuration can lead to the equivalent model of
a conventional ship or an All Electric Ship. According to this approach, the bulk power produced
by the equivalent synchronous generator is transferred to the load via a major electrical path
with complex impedance R+j-Xc. Automatic voltage and frequency regulators control the AC
voltage and its frequency, respectively.

Pu Se=Ps+j- Qs S=P+j-Q, S1o=Prot QL

—>

Generator

Diesel engine N
_ 9 I' ) — I Base
. v  — Load

turbine I I N1 R+ j-Xc I

[ 1

[ [
v : I Pulsed
Governor AVR i I Load

2 |

ettt - AS =AP o+ AQLo

FIGURE 3. Equivalent topology of a ship electric power system.

For the following analysis the electric and mechanical parameters with the respective
measurement units used, are listed next:

o FEris the generator excitation voltage (V [volts] or p.u. [per unit]),
Vs is the voltage at the generator ends (V or p.u.),
V_ is the voltage at the load connection point (V or p.u.),
Ero is the generator excitation voltage (p.u.) before the occurrence of the pulsed load,
Vo is the voltage at the generator ends (p.u.) before the occurrence of the pulsed load,
Vio is the voltage at the load connection point (p.u.) before the occurrence of the pulsed
load,
Tu is the accelerating mechanical torque on generator shaft (Nm),
Ts is the electromechanical torque on generator gap (Nm),
e Py is the accelerating mechanical power on generator shaft (W or p.u.),
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Se, Ps, Qs are the apparent, the active and the reactive power produced by the
generator respectively (VA or p.u., W or p.u., var or p.u.),

Ss is the full rated apparent power of the supply at the occurrence of the pulsed load,
which is the nominal base apparent power of the electric power system (VA),

X is the equivalent sub-transient reactance of the generator (Q or p.u.),

R, Xc are the equivalent resistance and the equivalent reactance of the cables between
generator output and load bus respectively (Q or p.u., Q or p.u.),

Si, P, Q. are the apparent, the active and the reactive power of the system load
respectively (VA or p.u., W or p.u., var or p.u.),

Si0, PLo, QLo are the apparent, the active and the reactive power of the system base load
(without the pulsed load) respectively (VA or p.u., W or p.u., var or p.u.),

AS, AP, AQ are the apparent, the active and the reactive power of the system pulsed
load respectively (VA or p.u., W or p.u., var or p.u.),

w, f are the ship electric power system cyclic frequency and the respective frequency
(rad/s or p.u., Hz or p.u.),

wy, Ty is the ship electric power system base cyclic frequency and the respective base
frequency (rad/s or p.u., Hz or p.u.),

Afis the frequency deviation from its nominal value and is equal to 1-f (p.u.),

J is the generator rotor inertia constant (kg:m?),

J is the generator rotor inertia constant (s), which is equal to J-w,%/Ss,

T is the pulsed load period (s),

dc is the pulsed load duty cycle (-),

cos is the pulsed load power factor (-),

I, IL4, ILq are the system load current and the respective d-axis, g-axis components (A or
p.u.),

Ry, Krare the frequency droop and the integral gain of the frequency regulator,

K, Ky are the proportional and the integral gain of automatic voltage regulator
respectively,

M}i-m is the frequency modulation limit (-),

M;™ is the voltage modulation limit (-).

The supplied load consists of a base load (including electric propulsion in the case of All
Electric Ship) and a pulsed load. A typical pulsed load profile as that shown in Fig. 4a is used for
the analysis that follows. System pulsed load is modeled by the following expressions:

AS(1) =AS-i[u(r—n-T)—u(r—(n+dc)-T)} 7)
n=0
= AP(t):AS-cosgp-i[u(f—n-T)—u(t—(n+dc)-T)] (8)
n=0

where u(t) is the unit step-function.

Constant power load modeling approach is fairly accurate for the examined range of
frequency and voltage deviation, provided that that loads in modern ship configurations are
often interfaced with the grid via power electronic converters, which provide fast dynamic
reactions. So the respective profile of the total load demand is presented in Fig. 4b.
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FIGURE 4. a) Pulsed load typical profile, b) total load typical profile.

Frequency Modulation Estimation

Here, the mathematical base of frequency modulation in the presence of pulsed load is

presented. The detailed mathematical nalysis can be found in [8].
If friction losses are neglected, then the motion equation of the generator rotor is:

do _p _p )

dt M G

Taking into consideration that Py, is the accelerating mechanical power, Pg the active power
produced by the generator, w is the rotor rotating speed, which is equal to frequency fin p.u.,

and Af=1-f, equation (8) can be rewritten:

, o dAf

(10)

If both primary and secondary frequency adjustment is taken into account, the frequency
droop equation of the generator is:

t
APM=Rf-Af+Kf~J'Af~a’r (11)

Where, Ryis the frequency droop of the combination of the generator and its associated

speed governor, Ky the integral gain of the speed controller.
Assuming that frequency is close to its nominal value (f ~1 p.u.) and taking into consideration

the set of equations (8), (10) and (11) the following equation is obtained:
J'- 12
y (12)

If
2 /
Ry >4-J K,

dAtf=AS-cosgo-;[u(t—n.T)—u(t—(n+dc)-T)}—Rf'Af—Kf'j:Af'dT

(13)

then by applying Laplace and inverse Laplace transformation to equation (12) frequency in time

domain is equal to:
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—p(t-nT) _ —p,(t-nT) | _
AS-cosp <& (e ¢ )u(t nT)

14
J'(p,—p) = _(e—pl(tf(n+dc)-T) _e7p2(t7(n+dc)-T)).u(t_(n_'_dc).T) (14)

A1) =

Where

2 ’ 2 ’
R, - [RE-4.JK, R+ [RE-4J K, (15

P 27 P2 = 2T

According to (2) and taking into account the frequency function of eq. (14), frequency
modulation becomes:

Smax = i _ AS-cos@-c (16)

M. =
! 2/, 2-f, - JR2—4-J"K,

with the parameter c calculated as follows:

c=c (pl,dc T\t max2) (pz,dc Tt max2) (17)
where,

t . =max ‘In &~(ep2dﬂ _1) : (eplT _1) 0 (18)

max PP b (ep'dcr —1) (epZT —1) ’
¢ —min I &-(epﬂ pZdCT)-( ") de-T (19)

max2 Py~ P 4] (eplT —epldCT) (epzT —1) ’

c Tax T\, ~Plhoaxs _ c

(p,dC r tmaxl’ max2): (epd T 1) l +(epTePTeid1T) g . epT +epd T (20)

Taking into consideration STANAG-1008 constraint for frequency modulation, (M; should be
smaller than M}im = 0.5%), then the following inequality is obtained:

2 M]lm 'J’ . _
AS -cosg < I (P>~ p1) (21)
¢

Inequality (21) defines a parabolic curve on the S-cos@ plane, as it is also foreseen by
STANAG-1008 (as shown in Fig. 2 and defined by inequality (4)) involving several parameters
of ship electric power system model such as dc, T, Ry, J’, Kr which must be taken into account
during the design of the electric power system. Moreover, it appears that the S-cosg limitation
curve for frequency deviation is not unique as assumed in standards like STANAG-1008, but it
depends on the system model parameters mentioned above. Inequality (21) has been
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developed within time interval t€[0,), while standards, like STANAG-1008, do not define the
respective study time period of the frequency modulation.

R should not lie into the region defined by Rf2=4-J-Kf and Rf2<4-J-Kf as it might provoke
significant frequency oscillations.

In general the respective upper limit for frequency modulation can be expressed by a general
function of the following form for this simplified ship power system:

F/(T,dc,J",K,R;,AS,cosq) < M ™ (22)

Voltage Modulation Estimation

Here, the mathematical basis for the estimation of voltage modulation caused by pulsed
loads is presented. The detailed mathematical analysis can be found in [9].

More specifically the electric behavior of the system shown in Fig. 3 is similar to the behavior
of an RL circuit, where the RL circuit consists of the equivalent sub-transient reactance of the
generator X/, the equivalent reactance X¢ of the cables between generator output and load bus
and the equivalent resistance R. The voltages at the ends of the RL branch, namely, the
electromagnetic force Er of synchronous generator and the load voltage V|, are related with the
current flowing through it by the following set of differential equations (all AC quantities are
expressed to a rotating reference frame attached to voltage, V).

X' +Xo dl
Erg =V +R-Ipg=(X'+ X ) 1y, + ¢ L (23)
@, dt
X' +Xx. dl
_ . / . c . lq
Epy =V +R-I +( X'+ X ) Dy + o (24)

0

It is noted that the generator saturation has been ignored in this study.
The respective vector diagram is presented in Fig. 5, where phase angle 6 is the load current

phase angle with respect to load voltage vector V,.
A

q E-

2

li- ()("'Xn)

S v/f) ’Ild T

1N O
ligv a R "af

FIGURE 5. Vector diagram of simplified electrical circuit of ship power system.

For the operating conditions of the ship electric system studied in this paper, the so-called
induction voltage terms (including current derivatives) in equations (23) and (24) can be
neglected without affecting significantly the accuracy of the results [10, 11] and the following set
of equations is formed:
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Epg =Vig+Relpy (X' + X0 )1, (25)

Ep,

=Rl +( X'+ Xc) 1y (26)

The electromagnetic force Eg of synchronous generator is adjusted by the Automatic Voltage
Regulator (AVR). For simplification purposes and without loss of generalization, a simple
proportional — integral (PIl) controller is assumed, while the generator bus is considered as the
voltage control point. Thus, AVR can be modeled as following:

t
E; =E;+K-AVy+K, - [AV-dr (27)

0

with
While

AV, =V, -V, (29)
AS, =S, -S,, (30)
S; =V, -1, (root mean values) (31)

Where Ery, Vo, V0o, Sio are the synchronous generator electromagnetic force, the generator
bus voltage, the load bus voltage and the system base load apparent power before the
occurrence of the pulsed load, respectively.

Applying Laplace transformation, Taylor series expansion of Er with respect to V, and S;
approximated by 1% order terms and inverse Laplace transformation, load bus voltage variance
is given by:

0

T,-AS-Y (u(t-n-T)-(u(t-n-T-de-T)))

AV, (1) = ) =0 (32)
+T, -AS-Z(e'V'(t'"'T) u(t-n-T)-e” "D (u(t -n-T—dc-T)))
n=0
where
R*+ X _
Voo =1=V+——5-<-S} +2-(R-cosp+ X, -sing)-S,, (33)

LO

172
1-2-(R-cosp+ X -singp)-S,, +((2-(R-cosgo+XC -singp)-SLO—l)2 —4.(R? +Xé)-SfO

Vie= (34)

2

, 5 1/2
Ep, ={Vfo +RV;2X'SL20 +2-(R-COS¢+X'Sin¢)'SLoj

L0

(39)
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2 2
R'COS¢+X'Sin(o+¥'Sw
A - i (36)
1 Efo
R*+X?
Vio 3 'SZO
A, = = (37)
E,,
2 2
R-cosp+ X -singp+ +2XC S0
B, = Lo (38)
VGO
R*+X]
Vio _TC ) SL20
B, = - (39)
VGO
I = B >0 (40)
B2
r,= 2 ABiA, (41)
B, (A, +B,-K)
yo_Doky (42)
A, +B,-K

According to (1) and taking into account the voltage variance function of eq. (32), voltage
modulation becomes:
2.erT _orT(-de) _q
oy Vs Vg _max AV, —minay, Dt
4 2V, 2V, 2V,

-AS

(43)

Taking into consideration STANAG-1008 constraint for voltage modulation, (M, should be
smaller than M,l,im = 2%), the following inequality is obtained:
M, <M" (44)

If it is assumed that R =0, V,, »1 p.u., Er =1 p.u., XaX¢, X+Xc=2-X and 1-X?-S,¢*> ~ 1-Xc*S.°,
then (43) turns into,

AS .
M, =7~[z1 +Z,sing] (45)
with
2, ' . v T Ly T (l=de) _
Z - X2SL02+ 2-X Xfwz 2‘2e :; 1 (46)
1-X°-5, (K+D-(1-X"-S;,) e —1
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_X XRAXTS) 2T e )
P1-X2-87 (K+1)-(1-X2-57,) e’ -1
Then the following inequality is obtained:
2 agplim 4.(M"m ?
cosp > ,[1— 2] .4 MVZ 4 1 ( - ) : 12 (48)
Z, 73 AS 7> AS

Considering that the products X*S,0?, Xc*S.e> and X-Xc-S,o are negligible, then (48)
becomes,

2
cosp > |1— (AiSj (49)
with
2-M;"
o e X 27T =T (50)
(K+1) e -1

that is of the same form with the inequality proposed in STANAG 1008 (see eq. (5)).

Inequalities (44), (48) and (49) define limitation curves on the S-cos@ plane similar to the one
foreseen by STANAG-1008, ehich however, include several parameters of ship electric power
system model such as dc, T, K, K, X¢, X', Sip. Therefore, it can be concluded that S-cos
limitation curve for voltage deviation is not unique as assumed in standards like STANAG-1008,
but it depends on the system model parameters mentioned above which must be taken into
account during the design of the ship electric power system. Inequalities (48) and (49) have
been also developed within time interval te[0,»), while standards, like STANAG-1008, do not
define the respective study time period of the voltage modulation.

In general the respective upper limit for voltage modulation can be expressed by a general
function of the following form:

F,(T,de, X, R, X' ,K,K;,S,,AS,cosp) < M;™ (51)

NUMERICAL ANALYSIS OF FREQUENCY & VOLTAGE MODULATION
IN A SIMPLIFIED SHIP’S ELECTRIC POWER SYSTEM

Simplified Electrical Circuit of a S Frigate Power System

The electric power system of a Hellenic Naval's S frigate consists of 4 generators
Smit/Slikkerver DG 77/48/60 with nominal line to line voltage 450 V, nominal frequency 60 Hz,
nominal apparent power 937,5 kVA, nominal active power 750 kW, nominal power factor 0,80
(ind.) and direct axis transient reactance 0,225 p.u. (for base power equal to the nominal power
of one generator). The load demand of the frigate is usually between 500 to 1500 kVA with a
typical average load of 750 kVA approximately, which is equal to 80% of the nominal apparent
power of one generator. For reliability reasons two generators operate in parallel, while the other

120



ISSN: 1791-4469 Copyright © 2012 Hellenic Naval Academy

two can be started in few seconds, if any of the two main generators is shut down or the
demand load exceed a predifened limit.

For the rest of the analysis, the base voltage of the power system is 450 V and the system
base apparent power is 1875 kVA (=2-937,5 kVA/generator). The respective direct axis transient
reactance of the equivalent generator is obtained as 0,225 p.u. according to Millman’s theorem.
If the electromagnetic force, Ef, of each generator are of the same value then the equivalent Er
is also the same. The typical average load of 750 kVA corresponds to 0,4 p.u. of the system
base apparent power. The generator rotor inertia constant (s) J’ of the equivalent generator is
the same with that of a single generator, with a typical value of 4 s.

Taking into consideration that the maximum voltage drop is 6% then the respective
equivalent impedance of the cable can not exceed 0,15 p.u. for a typical average load of 750
kVA, and 0,075 p.u. for a maximum load of 1500 kVA. A typical value of impedance is
considered of 0,0375 p.u.. It is noted that the ratio of impedance / resistance of a E1VV cable
varies from 9,5 for cross-section of 1,5mm? to 1232 for cross-section of 300 mm?. In this
analysis, this ratio is assumed 50 corresponding to the cross-section of 10 mm? and the
respective resistance 50 times smaller of the respective impedance, that is 0,00075 p.u..

Based on the respective theoretical analysis pulsed load period, T, can take any value with
usual values between 1 ms to 10 s, while the duty cycle, d.c., varies between 0% to 100%. The
respective typical values of pulsed period and duty cycle are 1 s and 50%.

The parameters of the frequency regulator (frequency drop R and integral gain Ky and
automatic voltage regulator (proportional K and integral gain K\) can be selected properly so
that no operation problems occur. Respective typical values are: R; =20, K= 10, K=5, K\, = 5.

Modulation Limitations for the Simplified Electrical Circuit of a S Frigate
Power System: Basic Scenario

Based on the theoretical analysis the frequency modulation limit is estimated by ineq. (21)
with M}im = 0.5% (the STANAG-1008 limit) and the respective curve is presented together with

the respective curves of STANAG 1008 for frequency and voltage modulation in Fig. 6. It is
obvious that the unacceptable operating area due to frequency modulation increases, but large
part of it is cancelled by the operating area determined by the STANAG 1008 voltage
modulation (green dotted line). This means that there is an area of S-cos¢ which is allowed by
the STANAG-1008 curves, while it is not allowed by the theoretically obtained frequency
modulation limit curve.

According to the analytical theoretical analysis the voltage modulation limit is estimated by

ineq. (44) with M,Em= 2.0% (the STANAG-1008 limit) and the respective curve is presented

together with the curves of STANAG 1008 for frequency and voltage modulation in Fig. 7. The
respective unacceptable operating area due voltage modulation limit violation decreases
significantly for big values of power factor (cos¢>0,4). While for small values of power factor
(cosp<0,4) the opposite behaviour occurs. This means that there is an area of S-cos¢ which is
allowed by the STANAG-1008 curves, while it is not allowed by the theoretically obtained
voltage modulation limit curve.

If inequality (49) is used with M,l/im = 2.0% (the STANAG-1008 limit), then Fig. 8 is obtained,

where the unacceptable operating area due to voltage modulation limit violation has decreased
more than the previous one for small values of power factor. However, in this case study it can
not be used, as the equivalent impedance of the cables X; is smaller than the equivalent direct
axis transient reactance of the equivalent generator X/, while in inequality (49) Xc>>X' is
assumed .
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FIGURE 8. Power factor vs pulse load apparent power of the approximated voltage modulation for the

basic scenario of the simplified power system of an S frigate.
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FIGURE 9. Power factor vs pulse load apparent power of the frequency modulation and the voltage
modulation of the theoretical analysis for the basic scenario of the simplified power system of an S frigate.

In Fig. 9 the limit curves for the voltage and the frequency modulation are presented together
with the respective ones of STANAG 1008, where the difference between the unacceptable
operating areas between the theoretical analysis and STANAG 1008 becomes aparent.
STANAG 1008 happens to be stricter than the theretically obtained model in case of voltage
modulation, especially for power factor larger than 0.4 in case of frequency modulation is more

optimistic.
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FIGURE 10. Power factor vs pulse load apparent power of the frequency modulation and the voltage
modulation of the theoretical analysis for different values of the time period for the pulsed load of the

simplified power system of an S frigate.
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Modulation Limitations for the Simplified Electrical Circuit of a S Frigate
Power System: Time Period of Pulsed Load

Pulsed load period affects both frequency and voltage modulation. The respective analysis
has been developed for a range of values from 1 ms up to 10 s as following: from 1 ms up to 20
ms with a time step of 1 ms,fro 20 ms up to 100 ms with a time step of 10 ms, from 200 ms up
to 2 s with a step of 100 ms, from 2 s up to 10 s with a step of 1 s.

In Fig. 10 the respective results are presented. The unacceptable operating area due to
frequency modulation limit violation increases for pulsed load period less than 1,5 s, while it
decreases for larger values. The theoretical curve coincides to STANAG curve for T7=0,32s,
approximately. The unacceptable operating area of the theoretical analysis for pulsed load
period greater than 0,32s is larger than the respective one of STANAG 1008.

The unacceptable operating area due to voltage modulation increases for pulsed load period
ranging from 1 ms to 10 s. However, the impact is not significant while the unacceptable
operating area obtained by the theoretical analysis is smaller than the respective one of
STANAG 1008; especially for power factor values greater than 0,5.

Modulation Limitations for the Simplified Electrical Circuit of a S Frigate
Power System: Duty Cycle of Pulsed Load

Pulsed load duty cycle d.c. of affects both frequency and voltage modulation. The respective
analysis has been developed for a range of values from 1% up to 99% with a step of 1%.

In Fig. 11 the respective results for pulsed load duty cycle are presented. The unacceptable
operating area due to frequency modulation limit violation increases until pulsed load duty cycle
becomes equal to 65% ~ 70%; while it decreases for larger values. The theoretical curve
coincides to STANAG’s one for d.c.= 20%, approximately. The unacceptable operating area as
obtained by the theoretical analysis for pulsed load duty cycle greater than 20% is larger than
the respective one as obtained by STANAG 1008.

The unacceptable operating area due to voltage modulation limit violation increases with
pulsed load duty cycle, but the observed increse is small while the unacceptable operating area
obtained by the theoretical analysis is smaller than STANAG’s respective one for power factor
larger than 0,5.

Modulation Limitations for the Simplified Electrical Circuit of a S Frigate
Power System: Generation Rotor Inertia

Generator rotor inertia constant J affects only frequency modulation. The values of this
parameter should satisfy the following inequality according to the respective theoretical analysis
(see inequality (13)):

R2
R2>4-JK,=J < (52)

4'Kf

Taking into consideration that in the basic scenario, R; =20, K; = 10 Hz, then J should be
smaller than 10 s. The respective analysis has been developed for /' values ranging from 0 s
up to 10 s as following: from 0 ms up to 30 ms with a step of 1 ms, from 30 ms up to 200 ms
with a step of 10 ms, from 200 ms up to 9,9 s with a step of 100 ms, from 9,9 s up to 9,99 s with
a step of 10 ms.
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FIGURE 11. Power factor vs pulse load apparent power of the frequency modulation and the voltage
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simplified power system of an S frigate (0<J’<10 s).
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In Fig. 12, the respective results considering different values of generator rotor inertia
constant are presented. The unacceptable operating area due frequency modulation violation
decreases in a non-linear fashion, as generator rotor inertia increases. For extremely small
values (not met in practice) the respective curve becomes horizontal. The theoretically obtained
limit curve tends to coincide wirth STANAG's one for large values of J/ . Values larger than 10 s
lead to frequency oscillations and they should be avoided [8]. The unacceptable operating area
as obtained by the theoretical analysis is larger than the respective one obtained by STANAG
1008. The effect of J/ is limited practically, as J/ can be calculated easily and it has not
significant variations throughout generator life.

Modulation Limitations for the Simplified Electrical Circuit of a S Frigate
Power System: Frequency Drop of Frequency Regulator

Frequency droop R; applied to the generator frequency regulator affects only frequency
modulation. The values of this parameter should satisfy the following inequality according to the
respective theoretical analysis (see inequality (13)):

2 l '
R:>4-J-K, =R, > 14-J K, (53)

Taking into consideration that in the basic scenario, J'=4 s, K;= 10 Hz , then the R should
be larger than 12,649. The usual values of R; lie between 20 and 100. The respective analysis
has been developed for R ranging from 12,65 up to 150 as following: from 12,65 up to 13 with a
a step of 0,05, from 13 up to 20 with a step of 1, from 20 up to 150 with a step of 5.

In Fig. 13, the respective results are presented. The unacceptable operating area due
frequency modulation limit violation decreases in a nonlinear fashion as Ry increases. The
theoretically obtained curve coincides to STANAG’s one for Ry = 36, approximately. R
practically should be large enough so that the respective unacceptable operation area due to
frequency modulation limit violation be suppressed. However, large values of R can lead to
significant active power generation variations even for small variations of frequency, which is not
desirable for system stability reasons.

Modulation Limitations for the Simplified Electrical Circuit of a S Frigate
Power System: Integral Gain of Frequency Regulator

The integral gain of generator frequency regulator affects only frequency modulation. K
should satisfy the following inequality according to the respective theoretical analysis (see
inequality (13)):

2

2 ' S
Ry >4-J -Kf:>Kf<4'J, (54)

Taking into consideration that, R;=20 and J’ = 4 s for the the basic scenario then K; should be
smaller than 25 Hz. It should also be positive, because, if K=0 then no secondary frequency is
possible leading to a permanent, “steady-state”, frequency error [8]. The folowing analysis has
been developed for Kf ranging from 1 mHz up to 25 Hz as following: from 1 mHz up to 20 mHz
with a step of 1 mHz, from 20 mHz up to 100 mHz with a step of 10 mHz, from 100 mHz up to 1
Hz with a step of 100 mHz, from 1 Hz up up to 24 Hz with a step of 1 Hz, from 24,1 Hz up to
24,9 Hz with a step of 100 mHz.
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FIGURE 13. Power factor vs pulse load apparent power of the frequency modulation and the voltage
modulation of the theoretical analysis for different values of the frequency drop of the frequency regulator
of the simplified power system of an S frigate (Rf>12,65).
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In Fig. 14, the respective results are presented. The unacceptable operating area due to
frequency modulation limit violation decreases extremely slightly, as K; increases. Practically,
the effect of K;is very limited.

Modulation Limitations for the Simplified Electrical Circuit of a S Frigate
Power System: Equivalent Reactance of Cables

The equivalent reactance of the cables X affects only voltage modulation. Taking into
consideration maximum allowable voltage drop the following analysis has been developed for X,
ranging from 0 up to 0,075 p.u. with a step of 0,005 p.u..

In Fig. 15, the respective results are presented. The unacceptable operating area due to
voltage modulation limit violation increases significantly as X increases. The unacceptable
operating area as obtained by the theoretical analysis is smaller than the respective one of
STANAG 1008 for all power factor values if X¢ is smaller than 0,035 p.u.. However, if X; is
larger than 0,0385 p.u. then voltage modulation limit would not be satisfied for small pulsed load
power factor, as it is obtained by the respective curves.

1,0 Xc= 0,075 p.u.

Power factor

0,00 0,10 0,20 0,30 0,40 0,50 0,60 0,70 0,80 0,90 1,00
Pulsed load apparent power

—— STANAG frequency modulation limit —— STANAG wltage modulation limit

— Estimated frequency modulation Xc — Estimated woltage mod. Xc=0,0375 p.u.
—a— Estimated voltage modulation Xc=0,00 p.u. —— Estimated wltage modulation Xc=0,01 p.u.
—x— Estimated voltage modulation Xc=0,02 p.u. —— Estimated wltage modulation Xc=0,03 p.u.
—o— Estimated wltage modulation Xc=0,04 p.u. —— Estimated woltage modulation Xc=0,05 p.u.

—— Estimated woltage modulation Xc=0,06 p.u. —a— Estimated woltage modulation Xc=0,075 p.u.

FIGURE 15. Power factor vs pulse load apparent power of the frequency modulation and the voltage
modulation of the theoretical analysis for different values of the equivalent reactance of cables of the
simplified power system of an S frigate (0< Xc < 0,075 p.u.).

Modulation Limitations for the Simplified Electrical Circuit of a S Frigate
Power System: Equivalent Resistance of Cables

The equivalent resistance of the cables, R, affects only voltage modulation. Taking into
consideration the maximum allowable voltage drop and the proportion between cable reactance
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and resistance the resistance can be 5 to 1500 times smaller than the respective reactance of
usual cable types. Next, the effet of ratio r is investigated, where:

X,
<=£ 55
r<—p (55)
In Fig. 16, the respective results for different values of r are presented. The unacceptable
operating area due to voltage modulation limit violation decreases slightly as r increases (cable
resistance decreases). However, it should be noted that the critical affecting factor is the cable
reactance.

Modulation Limitations for the Simplified Electrical Circuit of a S Frigate
Power System: Equivalent Sub-transient Reactance of Generator

The equivalent sub-transient reactance of the generator, X, affects only voltage modulation.
Taking into consideration the practical limitations for the reactance of a synchronous machine it
should vary from 9% up to 22% p.u. for turbo-generators, from 12% up to 30% for salient-pole
generators with damper winding and from 20% up to 40% for salient-pole generators without
damper winding [12]. The respective analysis has been developed for a range of values from
0,09 p.u. up to 0,040 p.u. with a step of 0,01 p.u..

In Fig. 17 the respective results are presented for variable X’. The unacceptable operating
area due to voltage modulation limit violation increases slightly as X’ increases. The effects of X’
are practically limited as it can be calculated and it constitutes a technical characteristic
throughout generator lifetime.

Modulation Limitations for the Simplified Electrical Circuit of a S Frigate
Power System: Apparent Power of System Base Load without Pulsed Load

The apparent power of system base load S, affects voltage modulation only. S, varies from
0 p.u. up to 1 p.u. theoretically, although in a power system of two generators S; is limited to
0,5 p.u., so that, if one generator is shut down the other generator can take over all the
remaining load. Here, the respective analysis has been developed for S,, ranging from 0,00
p.u. up to 1,00 p.u. with a step of 0,01 p.u.. In Fig. 18, the respective results for different values
of system base load apparent power are presented.

The unacceptable operating area due to voltage modulation limit violation increases slightly
as S;p increases. This is expected under the assumption the system remains stable and
reliable. S;p becomes a crucial affecting factor as it varies during ship power system operation. If
Sio is larger than 0,7 p.u. then voltage modulation limitation criterion would not be satisfied for
small pulsed load power factor values according to the obtained limitation curves.

Modulation Limitations for the Simplified Electrical Circuit of a S Frigate
Power System: Proportional Gain of Automatic Voltage Regulator of
Generator

The proportional gain of generator automatic voltage regulator, K, affects only voltage
modulation. Theoretically, K could take any positive value; however it can not be arbitrarily large
as the ratio K/IKy should be small enough to ensure fast response of the Proportional-Integral
Controller (PID).
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FIGURE 16. Power factor vs pulse load apparent power of the frequency modulation and the voltage
modulation of the theoretical analysis for different values of the respective ratio between equivalent
reactance to equivalent resistance of cables of the simplified power system of an S frigate (5 <r< 1500 ).
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FIGURE 17. Power factor vs pulse load apparent power of the frequency modulation and the voltage
modulation of the theoretical analysis for different values of the equivalent sub-transient reactance of
generator of the simplified power system of an S frigate (0,09 p.u. < X’< 0,40 p.u. ).
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FIGURE 18. Power factor vs pulse load apparent power of the frequency modulation and the voltage
modulation of the theoretical analysis for different values of the apparent power of the system base load
of the simplified power system of an S frigate (0,00 p.u. <S,< 1,00 p.u.).
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FIGURE 19. Power factor vs pulse load apparent power of the frequency modulation and the voltage
modulation of the theoretical analysis for different values of the proportional gain of the automatic voltage
regulator of the simplified power system of an S frigate.

131



NAUSIVIOS CHORA

S

©

S

] 1

S |

o |

o 1

000 o010 020 030 040 050 060 o070 0,80 09 1,00
Pulsed load apparent power

—— STANAG frequency modulation limit —— STANAG woltage modulation limit
— Estimated frequency modulation Kv —— Estimated wltage modulation Kv=5
—x— Estimated voltage modulation Kv=1 —o— Estimated woltage modulation Kv=10

—s— Estimated voltage modulation Kv=100

FIGURE 20. Power factor vs pulse load apparent power of the frequency modulation and the voltage
modulation of the theoretical analysis for different values of the integral gain of the automatic voltage
regulator of the simplified power system of an S frigate.

Here, the following analysis has been developed for K ranging from 0 up to 100 with a step
of 1. In Fig. 19, the results for different values of K are presented. The unacceptable operating
area due to voltage modulation decreases fast and in a nonlinear fashion as K increases. If K is
larger than 16 then STANAG’s voltage modulation constraint is satisfied for any pulsed load.

Modulation Limitations for the Simplified Electrical Circuit of a S Frigate
Power System: Integral Gain of Automatic Voltage Regulator of Generator

The integral gain Ky of generator automatic voltage regulator affects only voltage modulation.
Theoretically, Ky could take any positive value; however as noted above the response time of
the PID Controller depends on the ratio K/K,. Here, the following analysis has been developed
for Ky ranging from 0 up to 100, as following: from 0,01 up to 2 with a step of 0,01 and from 2 up
to 100 with a step of 1.

In Fig. 20, the respective results for different values of K\, are presented. The unacceptable
operating area due to voltage modulation limit violation increases slightly and in a nonlinear
fashion as Ky increases. K, should be positive as for zero value a non-zero voltage “steady-
state” error would occur. It should also be large enough in order to obtain large K/Ky ratio,
ensuring, in this way, fast response of PID controller.

The proper selection of the values of the PID controller parameters is a complex issue higly

related with the dynamics of the of the power system and the generator itself.
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CONCLUSIONS

In this paper, STANAG 1008 design constraints for frequency and voltage modulation have
been examined applying the proper theoretical analysis in a simplified ship power system. The
effects of several parameters such as pulsed load period and duty cycle, the technical
characteristics of the generators and their frequency and voltage controllers, the technical
characteristics of the cables connecting the pulsed load and generator etc, were examined. The
conclusions drawn by the above analysis regarding the significance of the consequent effects
are synoptically presented in Table 1.

TABLE (1). Significance of the effects of various parameters and STANAG shortcomings in the

frequency/voltage modulation for the simplified ship power system.

Modulation Frequency Voltage
A STANAG L STANAG
Parameter Significance - Significance :
shortcoming shortcoming
Pulsed load period Very significant Yes Average Yes (cos@<0,5)
Pulsed load duty cycle Very significant Yes Significant Yes (cos@<0,5)
Generator rotor inertia
Average ~ No -
constant
Frequency drop of frequency Very significant Yes (R<36) No -
regulator
Integral gain of frequency Extremely Yes, special N
= o -
regulator small cases (K0, etc.)
Equivalent reactance of N Extremely
o] - A Yes
cables significant
Equivalent resistance of N
o] - Average ~
cables
Equivalent sub-transient No ) Significant Yes
reactance of the generator
Apparent power of system
base load without pulsed No - Significant Yes
load
Propor_’tlonal gain of the No - Very significant Yes
automatic voltage regulator
Integral gain of the No ) Small 5

automatic voltage regulator

In more detail, the effect of each studied parameter is analyzed next:

Pulsed load period, T: It affects significantly frequency modulation, as the unacceptable
operating area varies non-monotonically within the region of values studied, [1 ms, 10 s],
with a critical value of T being being equal to 1,5s for the case studied (see Fig. 10).
Voltage modulation practicaly is not affected.

Pulsed load duty cycle, d.c.: It affects significantly frequency modulation, as the
unacceptable operating area varies non-monotonically within the region of values
studied, [0%, 100%], with a critical value of d.c. lying between 65%~70% (see Fig. 11).
It also affects voltage modulation but not to the extent in case of frequency modulation.
Generator rotor inertia constant, J’: It affects frequency modulation to a limited extent
for practical values. This parameter could not be a design variable as it is a technical
characteristic of generators.

Freqgeuncy drop of frequency regulator, Rg It affects frequency modulation.
Especially, for small values of R; the effect becomes very significant as the
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unacceptable operating area increases considerably. Large values can be chosen for R
while power system stability issues should be taken into consideration.

¢ Integral gain of frequency regulator, K;: It affects frequency modulation to a limited
extent as this parameter is determined mainly by the other parameters of the generator:
rotor inertia J” and frequency droop, Ry.

o Equivalent reactance of cables, X.: It affects only voltage modulation. The respective
effect becomes extremely significant, as the increase of this parameter enlarges the
unacceptable operating area. X, could vary into a wide range of values, as it depends on
the connection point of the different electric consumers and the equivalent reactance of
each consumer which varies with time.

o Equivalent resistance of cables, R: It affects voltage modulation to a limited extent, as
it is usually equal to 1/100 up to 1/50 of the respective cable reactance. Its effect is
rather degraded by cable reactance effect.

o Sub-transient reactance of generators, X’: It affects voltage modulation to a significant
extent as the increase of X’ enlarges the unacceptable operating area. This parameter
could not be a design variable as it is a technical characteristic of the generators.

o System base load apparent power, S,,: It affects voltage modulation to a significant
extent as the increase of S,y enlarges the unacceptable operating area in a nonlinear
and monotonical fashion. It varies significantly with time as it depends on the variation of
the demand of the electric consumers.

o Proportional gain of equivalent generator automatic voltage regulator, K: It affects
voltage modulation to a significant extent as the increase of K reduces considerably the
unacceptable operating area. This parameter is a technical characteristic of generator
controller.

o Integral gain of generator automatic voltage regulator, K,: It affects voltage
modulation to a rather limited extent. This parameter is a technical characteristic of
generator controller and its value is selected taking into consideration the technical
characteristics of the generators, voltage variation limit and the controller response.

The above analysis has proved that the S-cosf limitation curve proposed in STANAG 1008 is
not unique. Furthermore, it is observed that the examined parameters of the power system
model display in a non-linear fashion the S-cosf limitation curve. Under these circumstances it
seems necessary that the aforementioned parameters (Table 1) affecting voltage and frequency
modulation should be taken into consideration in future standards dealing with power quality
issues in ship electric power systems.

The theoretical analysis which has been synoptically presented above aims to provide an
answer to this problem. Alternatively, the whole power system should be simulated for different
operation conditions so that the respective limits for frequency/voltage modulation be obtained.
The presented work aims to be the motivation for further research on the topic and to provide
general directions to follow for ship electric systems design issues dealing with pulse load
integration.

REFERENCES

1. |IEEE Std 45-1998, “IEEE Recommended Practice for Electrical Installations on Shipboard”.
STANAG 1008, “Characteristics of Shipboard Electrical Power Systems in Warships of the NATO
Navies”, NATO, Edition 9, 24 Aug. 2004.

3. USA MIL-STD-1399(NAVY), “Interface standard for Shipboard systems — Section 300A — Electric
Power, Alternating Current”.

134



ISSN: 1791-4469 Copyright © 2012 Hellenic Naval Academy

10.
11.

12.

Howard A., Smolleck Satish J., Ranade Nadipuram R., Prasad Rudolph, O. Velasco, “Effects of
Pulsed — Power Loads upon an Electric Power Grid”, IEEE/PSS 1990 Sumner meeting, Minneapolis,
Minnesota, July 15-19, 1990.

F.D. Kanellos, |.K. Hatzilau, J. Prousalidis, E. Styvaktakis, “Simulation of a Shipboard Electrical
Network (AES) comprising Pulsed Loads”, Engine as a Weapon Il, IMarEST, Dec. 2006, London.
F.D. Kanellos, I.K. Hatzilau, J. Prousalidis, “Investigation of voltage/frequency modulation in ship
electric networks with pulsed loads according to STANAG 1008 design constraints”, All Electric Ship
Conference 2007, London.

G. J. Tsekouras, F.D.Kanellos, J.M. Prousalidis, I.K. Hatzilau, “STANAG 1008 design constraints for
pulsed loads in the frame of the All Electrical Ships”, Nausivios Chora, A journal in Naval Sciences
and Technology, vol. 3, 2010, pp. 115-154.

F.D.Kanellos, G. J. Tsekouras, J. Prousalidis, |.K. Hatzilau, “An effort to formulate frequency
modulation constraints in Ship-Electrical Systems with Pulsed Loads”, IET Electrical Systems in
Transportation, vol. 1, issue 1, 2011, pp. 11-23.

F.D.Kanellos, G. J. Tsekouras, J. Prousalidis, |.K. Hatzilau, “Effort to formulate voltage modulation
constraints in ship-electrical systems with pulsed loads”, IET Electrical Systems in Transportation, vol.
2, issue 1, 2012, pp. 18-28.

P. Krause, “Analysis of Electric Machinery”, McGraw-Hill, 1986.

Chee-Mun Ong, “Dynamic Simulation of Electric Machinery using Matlab/Simulink”, Prentice Hall
PTR, 1998.

H. Gremmel, G. Kopatsch. “Switchgear Manual”, ABB AG Germany, 11" edition, 2008.

135



NAUSIVIOS CHORA

PART C:

NATURAL SCIENCES AND MATHEMATICS

136



ISSN: 1791-4469 Copyright © 2012 Hellenic Naval Academy

Mé£Bodo1 MetaoxnuaTiopoU Tou EAAsipog1doug
&K MepioTpo@ng oe Z@aipikn Emipaveia
ABavaaoiog NaAAnkapng

2x0An Nautikwv Aokiuwyv, Epyaatripio Naurtidiag kai O@aAdaciwv EmoTtnuwy, New@opog
Xarlnkupiakou, Xarlnkupidakelo, lNeipaidg, TK 18539, palikaris@snd.edu.gr

MepiAnwn. Z1nv TTapoloa PeAETN TTapouciddovTal kal agloAoyouvTtal péBodol JeTaoxnua-
TIOMOU TOU eAAEIYOEIBOUG €K TTEPIOTPOYPNG O OQAIPIKA €TTiQaveia. [NapouaidlovTail
OUVOPTAOEIG YIa TOV €UBU PETAOXNUATIONO «EAAEIYOEIDEG OE O@Aipa» Kal yid Tov
QvTIOTPOPO METAOXNMATIONO «O@Aipa Ot €ANEIYPOEIDECH YIA TIG ETTOUEVEG TEOOEPIG
TTEPITITWOEIG: PETAOXNUATIOPNOG O «OPAipa CUPHOPQPIAC» XWPIG YWVIAKEG TTAPAUOPP-
O€IG, 0¢ «I00dUVaUN OPaipa» XWPIG ETTIPAVEIAKEG TTAPAUOPPWOEIS, OE «ICATTEXOUCA OTN
OleuBuvan Twv hJECNUBPIVWY G@aipa» Kal € «IoaTTéxouaa oTn OlEUBuvon evog TTAPaAAn-
Aou TAdTOoUG o@aipa». H afioAdynon Twv peBOdwv peTaoynuatiopol BacioTnke oTov
UTTOAOYIOUO KAl OTnV avAAucn TNG KATAVOPNAG TWV YPOUUIKWY, ETTIQAVEIOKWY KAl
YWVIOKWY  TTOPAPOpQWOoEwyY. Ta ammoTeAéopara  Tng  a&loAdéynong MITopouv  va
aglotroinBouv oTnv €AoYy TNG KOTAAANAGTEPNG MPEBOSOU yia TNV XOAPTOYPAQIKA
ameikévion OAOKANPNG, A TUAMOTOG TNG €mMQAvEIAG TNG YNG OUMQWVA WE TIG KATA
TEPITITWON €mMOUUNTEG 1810TATEG, OTTWG PNOEVIOUOG TWV YWVIAKWY ] TV ETTIPAVEIOKWYV
TTOPAUOPPUWOEWY, avAaAoyd HPE TOV OKOTTO yid TOV OTTOI0 TTPOOPIETAl N XOPTOYPAPIKN
ATTEIKOVION.

AéGei1g-KAe1d14: xapToypaPIKEG TTPOBOAEG, TTAPANOPPWOEIS, DITTAA ATTEIKOVION
eAeIpoEeIdoUg

Methods of Transforming the Ellipsoid of Revolution
onto the Surface of a Sphere

Athanasios Pallikaris

Hellenic Naval Academy, Sea Sciences and Navigation Laboratory, Terma Hatzikyriakou Ave,
Pireas Greece, TK 18539, palikaris@snd.edu.gr

Abstract. Methods of transformation of the surface of the ellipsoid of revolution onto the
surface of a sphere are presented and evaluated. The methods can be used for the
double projection of the ellipsoid onto a plane (ellipsoid to sphere, then sphere to plane)
by the employment of map projections for which map transformation functions exist only
for the sphere. Direct and inverse map transformation functions are presented and
evaluated for four cases: transformation onto a “conformal sphere” without angle
distortion, onto an “equivalent sphere” without area distortion, onto an “equidistant along
the meridians sphere” and onto an “equidistant along a certain parallel sphere”. The
assessment of the transformations has been conducted by numerical tests based on the
calculation and analysis of the linear, angular and area distortions for each transformation.

Keywords: map projections, map distortion, double projection, ellipsoid
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EIZANQrH - ME©OOAOI AMNEIKONIZHZ THZ EMI®PANEIAZ
TOY EAAEIYOEIAOYZ EK MNMEPIZTPO®HZ ZE EMINEAO

H ameikdvion Tng emi@aveiag Tou EAAeipoeidolc ek MNepioTpons (EEM) oe etmimedo Tpayua-
TOTToIEiTAl OUVABWG ME xprion Twv cuvaptioewv f; kai f; Twv (1) kai (2), PE TIG OTTOiEg
TTPOYHATOTTOIEITAI O PETATYXNMUATIOHNOG TWV EAAEITITIKWV YEWDAITIKWY CUVTETAYHEVWY (@i, A) Twv
onueiwv TG em@dveiag Tou EEM oOTIC KaPTEDIOVEG CUVTETAYUEVES (X, Y;) Tou €mmITTESOU
atmeikoviong (Zx. 1). O YeTaoxnuaTIonog autodg [(@;,A;) = (X;,y,;)] atroTeAei To €UBU TTPORANUA
TNG AVvaAUTIKAG XOPTOypa®iag, TO OTToio atroTeAEl BACIKO epyaleio TNG ETMIOTNUOVIKAG £PEUVAG
1600 yIa TNV avdAuon Kal agioAdynon TwV yVWOTWV XAPTOYPAPIKWY ATTEIKOVIoEWY OC0 yia TN
onuioupyia VvEwV XAPTOYPOQIKWY ATTEIKOVIoEWY (XapToypa@ikwy TTpoBoAwv) oAdkAnpns, A
MEPOUG TNG ETTIPAVEIAG TNG YNG.

X; = fi (¢;54) (1)
Yi =1 (@;,1) (2)

O avTioTPOoQYOG PETAOXNMATIONOS TWV CUVTETAYMEVWY (X, Vi), TWV CNUEIWY Tou €TITTESOU ATTEI-
KOVIONG OTIG EAAEITITIKEG YEWDAITIKEG CUVTETAYUEVES (@i, A)) TWV QVTIOTOIXWYV ONUEIWV TNG £TIPA-
veiag tou EEMNM [(x;,y;) > (9,,X;,)] amoteAei 1O avTioTpo@o TIPOBANUA TG AVOAUTIKAG
XOPTOYPOQPIag, OTO OTT0I0 XPNOIKOTTOIOUVTAl Ol CUVAPTHOEIS TOU QVTIOTPOPOU PETAOXNUATIONOU
g+ Kai g> Twv (3) kai (4).

¢, =4, (xiayi) ©)
}\’i:gz(xi’yi) 4)
[((Pi’)\’i)(_\)(XDYi)]

f
———

v

ZxAua 1. MetaoxnuaTioyog Tng m@aveiag Tou EEN og emitredo

2€ OPIOUEVEG XAPTOYPAPIKEG ATTEIKOVIOEIS ouvnBileTal va XpnoIUOoTToloUvVTal Ol aTTAOUCTEPES
OUVOPTACEIC XOPTOYPOAQIKOU HETAOXNMATIOMOU TnG o@aipag. H atrAotroinon auth €xel
XPNOIYOTTOINBEl  €KTEVWG 0O TTAPAdOOCIAKOUG €EVTIUTIOUG YEWYPOQPIKOUG ATAAVTEG yia TNV
ATTEIKOVION YEWYPOPIKWYV TTEPIOXWYV TTOAU PEYAANG €KTAONG, Ol OTTOIEG KAAUTTTOUV £va NUICQAipIO
N Kal OAOKANPN TNV UdPOYEIO O€ TTOAU MIKPEG KAIMOKEG, yia TIG OTToieg Oev TTapaATNPOUVTAI
agldAoyeg BIaPOPES PE TIG avTioToixeg atreikovioelig Tou EET. MNa 1I¢ oUyxpoveg eQapuoyEg o€
mepIBAAov Zuothpatog Mewypagikwy MNMAnpogopiwyv (GIS), 0TI otToieg AOyw NG duvaTodTNTAG
OuUVaNIKAS aAAaynS TNG KAIMaKag aTrelkéviong atraiteital HeyaAlTepn akpifela atmeikéviong, o
MeTaoxnuaTiopudg g emedvelag tou EEM oe emimedo eival duvatd va uhotroindei pe tnv
eKTEAEON €VOG vOIAPECOU PETOOXNMATIOPOU TNG €mipaveiag Tou EEN oe pia BondnTikr c@aipa
KAl GTN CUVEXEIQ PE TNV ATTEIKOVION TNG o@aipag o€ emmiredo (ZX. 2) [MaAAnkdpng 2010].
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ZxAMa 2. MetaoxnuaTioudg Tng em@aveiag tou EENM og emitredo
ME evllauean atreikévion o€ BondnTikA ogaipa

Katd Tov evlIGueco peTaoxnuaTiopo tng migaveiag tou EEN oe oeaipa kar avdAoya e TIG
ATTAITAOEIG TNG £€ETAlOUEVNG EQAPHOYAG, gival duvaTd va ¢ac@alioTei n dlatApnon k&molag Ba-
OIKAG 1010TNTAG, OTTWG: MNOEVIOUOG TWV YWVIOKWY TTAPANOPPWOEWY, MNNOEVIOUOS TwV
ETTIPAVEIAKWY (EUPRASIKWV) TTAPAPOPPUOEWY, UNOEVICHOG TWV YPAUMIKWY TTAPAHOPPWOEWY OF
Mia kaBopiopévn SielBuvon. Me Tov TpoOTTO aQUTO €ival duvatd va TTPOKUWOUV dIAPOPES
eVOIANEDEG OPAIPES UE DIAPOPETIKA XAPAKTNPIOTIKA EKAOTH, OTTWG:

= 2@aipa CUPPopPYiag, n otroia TTPOKUTITEl ATTO TO PETACYXNMUATIONOG TNG ETTIQPAVEIQG TOU
eANEIYOEIBOUG XWPIG YWVIAKES TTAPAUOPPWOEIG.

= |oodUvaun o@aipa, n oTToia TTPOKUTITElI ATTO TO PETACYXNUATIONOG TNG ETTIQAVEIAG TOU
eAEIYPOEIBOUC XWwpPic £T@AVEIAKES (EMPABIKES) TTAPANOPPUWOEIS, ONAAdN To €URAdOV
NG e€m@Aveiag atreikoviong (1Icoduvaung o@aipag) civalr ‘ico pye 10 €ufaddv NG
EMQPAVEIAG avapopds (eANEIYOEIBOUG)

= |oatréxouca oTn dielBuvon Twv PECHUPBPIVIOY 0@aipa, N OTToia TTPOKUTITEI ATTO TO
METAOXNMOTIOPOG TNG ETTIQAVEING TOU EAAEIPOEIBOUG XWPIG YPANUIKESG TTAPAUOPPWOEIG
oTn d1evBuvaon Twv PHEcNUBPIVWOV

= |oaméxouoa oTn dieubuvan Twv TTaPaAARAWY c@aipa, n oTroia TTPOKUTITEI ATTO TO
METAOYXNMOTIONOG TNG ETTIPAVEIAG TOU EAAEIPOEIDOUG XWPIG YPANMIKES TTAPAUOPPWOEIG
oTn d1evBuvaon Twv TTapaAAfAwv

211G TTpoavagepBeioeg PeBOdOUG PeTaoxNPaATIoHOU TNG eTTIYAvelag Tou EENM oe ogaipa, n avTi-
oToIxia Twv €AAEITITIKWY YEWDAITIKWY CUVTETAYMEVWY (P, A) evOg onueiou TNG €mM@AvEIAS TOU
EET kai Twv o@aipikwyv cuvteTaypévwy (¢, A) Tou anuegiou autol oTn o@aipa, divetal atrd TIg
(4) kai (5). O avTioTPOYOG PETATYXNUATIOHOG TWV YEWYPOAPIKWY CUVTETAYUEVWVY (@7, A7) evog
onueiou TG emM@Aveiag Tng BondNTIKAG 0QAipAG OTIG AVTIOTOIXEG YEWDAITIKEG CUVTETAYUEVEG (O,
A) otnv emigdveia Tou EEN mpayuarotroicitan pe T1ig (5) kai (6).

o' =¢—A,sin2¢ — A sindp — A sin6¢ — A,sin8¢ (4)
A=A (5)
¢ = '+ B,sin2¢’ + B,sin4¢’ + Bsin6¢’ + B,sin8¢’ (6)

OTTOU:
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@, A: €ival TO YEWDAITIKO TTAGTOG KAl TO YEWDAITIKO PNKOG EVOG ONUEIOU OTNV ETTIPAVEIQ TOU
EEN

@, \": gival T0 (OQAIPIKO) YEWYPAPIKO TTAATOG Kal TO (OQAIPIKO) yewypa@ikd PAKOG evog
Onueiou aTnV EMQAVEID TNG OPAipAG

O1 miyég Twv ouvreAeoTwv Az, As, As, As, Bo, By, Bs kai Bg eCaptwvtal amd Tnv

Xpnoigotrolouyevn  BonbnTik  o@aipa (o@aipa cuppopiag, 10odUvaun  oeaipa,

I0QTTEXOUCA aPaipa).

NMAPAMOP®QZEIZ METAZXHMATIZMOY EMI®ANEIQN

Baoikég évvoieg Kal opiopoi

ZUuQwva Pe TIG BACIKES apXEC TNG Bewpiag Twv TTAPAPOPPWOEWY TWV ETTIPAVEIWY TNS dlAPO-
PIKAC VEWMETPIOG, OTTWG OUTEC €QAPUOOVTA OTNV QVOAUTIK xopToypagia', Katd Tov
MeTaoXNUATIONS piag €m@Aveiag ava@opdg (1.X., Tou EEN) oe pia emedveia ameikdviong
OnuIoupyoUVTal YPAUMIKEG, ETTIQAVEIAKEG KAl YWVIOKESG TTAPAPOPPWOEIS. [Na TRV agloAdynon Twv
TTOPAMOPPWOEWY QUTWY XPNOIUOTTOIOUVTAl KOATAPXNV Ol €TTOUEVEG TTAPAMNETPOI, Ol OTIOIEG
TTapouciadovTal o€ GAa Ta KAAOGIKG CUYYPAUHATA TNG AVAAUTIKAG XaPTOYPaPiac?.

H TomKA KAipaka ypappikAg rapaudpewong Y (local linear scale), A ammAd ypauuikg 1Ta-
PauOPPWON KATA PAKOG MIOG dleUBuvong Oc éva onueio TNG €QAvEIag aTTEIKOVIONG €ival TO
KAGOHA TOU PHAKOUG MIOG OTOIXEIDOOUG YPAPUAG ds OTo €TTiTTEdO ATTEIKOVIONG TTPOG TO UKoG ds'
TNG AVTIOTOIXNG OTOIXEIWOOUG YPAUUAG oTnv em@advela avagopds (EEM n oeaipa). MNa tnv
TTOOOTIKA METPNON TNG YPOUUIKAG TTOPANOPPWONG OUVABWS XPNOIUOTTOIEITAl O OUVTEAEOTAG
YPOUMIKAG KAipakag. O ouvTeAeoThAS YPAMMIKAGS KAiJakag (linear scale factor) katd prikog piag
O1evBuvong oe €va onueio TNG €MEAVEIAG ATTEIKOVIONG €ival TO KAAOUA TNG TOTTIKAG KAIJAKag
YPOUUIKAG TTapaudép@wong TTPpog TNV Kupla KAipaka. H kopla kKAipaka H, (principal scale),
YVWOTA Kal WG CUVTEAEOTAG aTTelkOviong (representation factor) gival n kKAipaka Tou ouIKpupévou
YEWWETPIKOU povTédou NG yng (EENM | oaipag) kal opietal wg 10 KAGOHA TwV QVTICTOIXWY
OKTIVWV TOU IGNKEPIVOU (VIO TO OUIKPUHEVO KAl YIA TO aPXIKO HOVTEAO).

MNa TRV atroTeEAEOUATIKOTEPN AVAAUCT TWV TTAPAUOPPUWOEWY, O CUVTEAECTNG YPAUUIKAG KAipa-
Kag TTpoadiopifeTal Bewpwvtag OTI N TIMA TNG KUpIag KAipakag cival ion pe éva. Me Tov TpoTTO
QauTé N TIMA TOU OUVTEAEOTA YPAUMIKAG KAIHaKag gival ion e TNV TOTTIKA KAIMAKA YPOUMIKAG TTa-
pauépowong. O ouvreAsoTAS ypauuikng kAipakag¢ orn dSisubuvon Tou ueonufpivou
oupBoAileTal e h Kal 0 CUVTEAEOTAC ypauuIKAG KAipakag orn disuBuvan tou mapaiinAou
Me K. TTOANEG @Opég oI CUVTEAEOTEG AUTOI XPNOIKOTTOIOUVTAl PE TN HOP®N TOU CQAAUATOG
YPOUUIKAG KAipakag, To oTroio uttoAoyicetal atréd Tig diagopés: (h-1) kar (k-1).

H Tomikn KAigaka emi@avelokng Trapapopewaong (local area scale), 1 ammAd em@aveiakn
TTapauOpPWan o€ €va anueio Tou emITTEOOU aTTeEIKOVIONG gival To KAGoua Tou eufadol dE evog
OTOIXEIWOOUG TETPATTAEUPOU OTO TTITTEDO ATTEIKOVIONG TTPOG TO £UPadO dE' Tou avTtioToixou oTOI-
XEIWdoug TeTpatTAcUpou oTtnv em@daveia avagopds (EEM A oeaipa). MNa Tnv TTOCOTIKA PETPNON
TNG EM@AVEIAKNG TTAPAPOPPWONG CUVABWG XPNOIYOTTOIEITAI O OUVTEAEOTAG ETTIPAVEIOKNG
KAIJOKOG.

O ouvTteAeoThg emipaveIaKig KAipakag p (area scale factor) gival To KAGOPa NG TOTTIKAG
KAiJOKAG €TTIQAVEIOKAG TTOPANOPPWONG TTPOG TNV KAIMOKA ETTIPAVEIAKAS TTAPANOPPWONG OTn
KEVTPIKN YPOMHA, Il TO KEVTPIKO onuegio TnNG atreikéviong. Mia ypauuh/éva onueio ovouddleTal

' (Richardus and Adler 1972), (Pearson 1990), (Bugayevskiy and Snyder 1995), (Yang. Snyder and Tobler 2000), (Grafarend and
Krumm 2006).
% (Maling, 1973), (Snyder 1987), (Ndkog 2006).
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KEVTPIKA/O, OTAV Ol YPOUMIKEG, Ol ETTIPAVEIOKEG KOl Ol YWVIOKEG TTAPANOPQPUWCEIS OTN YPAMMKA
auTh/(oTo onueio auTd) EXouv TIG EAGXIOTEG TIMEG.

IMOAANEG @OpPEG O OUVTEAEOTAG ETTIPAVEIOKAG KAIUAKOG XPNOIYOTIOIEITAI PE TN HOP®H Tou
OQAALATOG ETTIPAVEIOKAG KAIJOKAG TO 0TToio uTtoAoyileTal atrd Tn diagopd: (p-1).

H ywviakn TTapapopewaon, opifeTal atmoTEAECUATIKOTEPA WE TNV ava@opd OTIS BACIKES ApXES
Tou BewpApaTog Tou Tissot Kal o€ TTAPAPETPOUG TNG EAAEIYNG TTAPAUOPPWONG. ZUPNPWVA HE TO
Bewpnua Tou Tissot (Richardus and Adler 1973):

— KdaBg oToixeindng KUKAOG oTnv emm@aveia NG oeaipag () Tou EEN) atreikovifetal oTo €TTi-
Ted0 WG EAAEIYN YVWOTH WG EAAEIPN TTapapdpewaong, f deikTpia Tissot (Zx. 3).

— 2€ KABe onueio Tng ogaipag (1 Tou EEM) utrdpyouv duo d1cubUvoEIg TTOU TEUVOVTAI JE YW-
via 90° ol otroie¢ atreikoviovTal OTO €TTITTEO0 PE YPAWMES TTOU TEUVOVTAI ETTIONG ME ywvia
90°. O1 dieuBUveIg auTég AéyovTal KUpleg SieuBivoelg.

— O kUpieg dleuBuvoElg, avAloya e T XPENOILOTTOIOUUEVN XAPTOYPOAQIKY aTTEIKOVION, Oev
QavTIOTOIXOUV aTTapaitnTa OTIg 1EUBUVAOEIG TOU PHECUBPIVOU Kal TOU TTapaAAfAou.

— H péyiotn kai n eAdxioTn TOTTIKA KAJAKA YPARPIKAG TTOpAudp@wong o€ £va OnuEio, ENea-
viCovTal oTIG KUpPIEG BIEUBUVOEIG TOU PWEYAAOU Kal MIKPOU nuIGEova TnG EAAEIWNG TTapaudp-
PWonNG avTioTOIXWG.

— Ortav o1 yeanuppivoi kai o1 TTapdAAnAol oTnv em@dvia atrelkéviong axnuatifouv ywvia 90°,
N TOTTIKA KAiJoKa ypauuIKAG TTapaudép@wong oTn dieuBuveon Tou peonuppivou givai ion pe
TN MEYIOTN TOTTIKA KAIJOKO YPAUUIKAG TTAPAPOPPWONG a Kal n TOTTIKr KAIJoKA YPAPUIKAG
TTapauépewaong oTn dietBuvon Tou TTapaAAfAou gival ion Pe TNV EAAXIOTN TOTTIKA KAIJOKO
YPAUMIKAG TTapapdpewang b.

FwviakA Tapapép@won w, Katd PNKog Jiag dielBuvong oe £va onueio Tou eTTITTEOOU OTTEI-

KOvIong gival n dlagopd PETALU TWV YWVIWV U Kal U', [w = u - u'] ol otroieg opifovTal wg £EAG:

a.) H ywvia u (Zx. 3.a), avTioToixei 0Tn ywvia petagu piag tuxaiag dieuBuvong X Kal Tng KU-
piag dietBuvong | TNG HEYIOTNG YPOAUMIKAG TTOPANOPPWONG OTNV £M@AvEIA ava@opds
(EEM, A ogaipa).

B.) H ywvia u' (Zx. 3.B), avTioToIxei 0Tn ywvia Petagl Tng ameikdviong X' NG Tuxaiag disu-
Buvong (ypauuAg) Kal TnNG aTTelkoviong TnG Kuplag dieubuvong TG MEYIOTNG YPOUMIKAG
TTapaudpewaong I" atnv emeaveia ateikéviong (oTo eTmiTTedo).

ESilowoeig TTapapoppwoswyv

Katd Tnv atmeikovion JIag Tuxaiag em@AveIag ava@opdg, Ta onueia TG otroiag TTpoodiopifo-
VTQl JE TIG TTOPANETPOUG (P, A), Ol OTTOIEG BEV AvAPEPOVTAI ATTAPAITATA OTO YEWYPAPIKO TTAATOG
KAl OTO YEWYPAPIKO WNKOG, O€ Mia eTTIQPAVEIQ ATTEIKOVIONG (OXI KAT avaykn g€ TTTTed0), N YEVIKNA
ox€an uttoAoyiopoU TNG YPAUMIKAG TTapaudp@waong U o€ oTroladnTroTte dieuBuvon evoag onpeiou
oTnNV €M@AVEIQ ATTEIKOVIONG Eival:

_ [E'd* +2F dpd\+G'd\
Edg’ +2Fdpdh + GdA

(7)

OTrou:

— ol TTapdauerpol EY, F', G” gival Ta Baoikd BepeAiodn peyEdn pwTng 1G¢ng Tou Gauss yia
KABe onueio TNG €mM@AveIag ateikoviong Tou divovral ammd TIG oxéoelg (8) éwg (10)
[MoAupdkng 2008].

— ol mapduetpol E, F, G cival Ta avrioToixa Bacikd OsueAiadn peyEBn TpwTng TEENG yia TNV
em@aveia ava@opdg (datum surface).
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‘Evag oToIXe1wdng KUKAOG 0NV ETTIQPAVEIX H atreikévion Tou 0T0|xs|w66ug KUKAOU OTnVv €TTI-
avagopag, Bewpeital 6T gival eTiTTEdO OXAUA QAveIa OTTEIKOVIONG €ival EAAEIWN
a. Emeaveia avagopdg (ogaipa 3 EEM) B. Eme@dveia atreikéviong

(Zoaipa, ) emiTTEdO XAPTOYPAPIKIG ATTEIKOVIONG)

ZxAMa 3: ‘EAAeiyn TTapapopewong

2TNV KAAOOIKN TTEPITITWON XPNOIKOTIOINONG TWV XOPTOYPAPIKWY ATTEIKOVIOEWY YIO TNV ATTEU-
Beiag ameikdvion NG emedveiag Tou EENM og emimedo (Xx. 1), n em@dveia avagopdg ival n
emoeaveia tou EEM, n emedveia ammeikoviong eival 1o emimedo. Katd 10 peTaoxnuatioud mng
em@aveiag Tou EEMN og o@aipiki em@aveia (Zx. 2), N em@aveia ava@opdg gival n mQAVEIR TOU
EEM kai n emedveia atmeikéviong eival n €m@Aveld TNG XPNOIMOTTOIoUUEVNG BondnTIKAG

oQaipag.
MNa tnv em@dveia Tou EEN o1 Tiyég Twv peyebwy E, F, G divovtal atmé 1ig (11), (12) kan 13).
2 252
a (1-¢7)
E=R,’ =—1Ho -1
M (1-e*sin’g)’ (11)
F=0 (12)
2.2 a’ 2
G=R,cos’p= cos 1
N i 1-e’sin’@ i (13)
OTrou:

Rwm kai Ry €ival ol akTiveg KAUTTUAOTATOG £vOG onueiou oTtn emi@dveia Tou EENM oTig diuBuvoeig
TOU PEONUBPIVOU Kal TG TTPWTNG KABETOU AVTIOTOIXWG.
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ATIO Tn yeviki oxéon (7) Je avTIKaTaoTaon Twv TIHWV Twy Peyebwyv E, F kar G cUppwva Je TIg
(11), (12) kau (13), TTpokUTITEI N (14) YIA TOV UTTOAOYIGHO TNG TOTTIKAG YPOAUUIKAG TTAPANOPPWONG
M o€ éva onueio Tou eTTITTEQOU ATTEIKOVIONG OTTOI0CONTIOTE XAPTOYPAPIKAG ATTEIKOVIONG O€ dia
Tuxaia digvBuvon a .

,  E'de’ +2F dpdA+G'dA*

R} do’ +R;d)\’

E' F. " 14

u’ =—-cos’a+ sm2a+%sm2a (14)
M RMRP P

ATI6 Tn (14) TTOU Bivel TNV TIUA TNG YPAUMIKAG TTapaudppwong Y o€ pia dislBuvon o, TTPoKU-
TrTouv ol (15) kai (16) yia Tov uTToAOYIOUO TNG YPOUUIKAG TTapaudpewaong h atn dielBuvon Tou
pMeonuppivou (o =0°) kal yia Tov UTTOAOYIONO TNG TOTTIKAG YPOUMIKAG TTapaudpewong k oTtn
d1euBuvaon Tou TTapaAAnAou (o =90°).

h= (15)
RM

G (16)
R,

Ma Tov uttoAOyIouS TNG PEYIOTNG TOTTIKAG KAIHAKOG YPAUMIKAG TTAPAPOPPWONG a Kal TNG eAdxI-
OTNG TOTTIKAG KAIJOKOG YPAUUIKAG TTApapdppwaong b, xpnoiygotrolouvtal ol (17) kai (18).

azé(\/h2 +2hk cose + k? +\/h2 —2hkcose +k*

(17)

18
b:%(\/h2+2hkcoss+k2—\/h2—2hkcoss+k2 (18)

Ortrou:
€ €ival n CUPTTANPWHATIKA Ywvia TG ywviag TOPAS Tou PeonuBpivou kKal TTapaAAfAou i
(e=90° —i), TTou divetal atoé 1 (19).
' 19
€ = arctan(— 5,) (19)
H

OTrou:
H givai n diakpivouoa Tng ETTIQAVEIAG AvAPOPAG OE £va ONUEIO TOU ETTITTEOOU ATTEIKOVIONG TTOU

divetal ato Tnv (20).
H: 'EVGV_FVZ (20)

O uTtroAoyIou6g TNG TOTTIKAG KAIUAKAG ETTIPAVEIAKNG TTAPANOPPWONG p, TTPAYUATOTIOIEITAI HE
™ (21).
p=hkcose =ab (21)
H péyiotn ywviakr TTapaudp@won w o€ KGBe anueio Tou emmmédou aTTeEIKOVIONG diveTal atrd
TNV (22).
|h-k] (22)
~ h+k
ATI6 TNV avWTEPW CUVOTITIKA TTapouaiacn TTPOKUTITEI OTI YA TOV UTTOAOYIOHO TWV YPOUMIKWY,
TWV ETTIPAVEIOKWY KAl TWV YWVIAKWY TTAPAUOPPWaEwWY HE TIG (14) €wg (22) atraiteital o TTpocdi-
OPICHOG TWV UEYEBWV:
— E, F, Gkal H yia nv emedveia avapopdg.
- E’,F, G kal H o¢ éva onpeio TnG €MIQAVEIOG ATTEIKOVIONG.
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lMNa Tov TTpoadiopioud Twv PeyebBwy E, F, H kai G oTa onueia NG em@aveiag Tng o@aipag Xpn-
oigotroiouvTtal ol (11) €éwg (13) Pe TIPA TNG TTPWTNG eKKEVTPAOTNTOG € ion Pe pndév (e=0) kal
QVTIKATAOTAON TNG TTAPANETPOU a PE TNV TIPA TNG akTivag R TG ogaipag (cuvhBwg XpnoihoTTol-
eitar opaipa povadiaiag aktivag, R=1). 21t auvéxeia rpoodiopiovTal Ta peyédn E°, F', H ka1 G~
ME TIG (8) €éwg (10) amd Ta oTroia TTPOKUTITOUV TUTTOI TTPOCOIOPICHOU TWV YPAMMIKWY, ETTIQO-
VEIOKWY KOl YWVIOKWVY TTOPANOPPUOEWV.

METAZXHMATIZMOZ THZ EMI®PANEIAZ TOY EAAEIYOEIAOYZ
2E ZYMMOP®H ZQAIPA

O1 ouvapTAOEIG TOU PJETAOXNMATIOPOU TNG £TTIQAvelag Tou EENM og cuupopen ogaipa, TTpokU-
TITOUV aTtrd TNV EQApPHOYN TNG ouvenkng auppopeiag (h = k) pe Tnv otroia e§ac@alileTal OTI KATA
TOoV peTaoxnuUaTiopd dev dnuioupyolvTal YwVIaKEG TTapapopewocls (Bugayevskiy and Snyder
1995). AvdAloya pe Ta €mOUPNTA XAPOKTNPIOTIKA TNG XPNOIUOTIOIOUUEVNG CUUNOP®NG c@aipag,
ol (4) kar (6) AauPdavouv dIa@OPETIKEG TINEG. O1 KuploTEPEG MEBOSOI PETAOXNMATIOMOU TNG
emeaveiag Tou EEN og ogaipa cuppopiag ivai:
- O JeTaoXNUATIOPOS ME INOEVIOUO TWV YPOUMIKWY TTAPAUOPPWTEWY GTOV ITNUEPIVO TTOU
TTPOTAONKE apxikd atmd Tov Mollweide 1o é1og 1807,

- O METAOXNMATIONOG HE MNOEVICHO TWV YPANMIKWY TTOPANOPPUOEWY OTO BACIKO TTAPAA-
AnAo TTou TTPOTABNKE apxiké atrd Tov Gauss T0 £€10¢ 1822 Kal

- 0 METAOXNMATIOPOG UE UNOEVIONO TWV YPANUIKWY TTOPANOPPWOEWY OTOV KEVTPIKO
MeonuBpIvé TTou TTPOTABNKE apxIKa atrd Tov Gauss 1o £10G 1844,

210 YETAOXNMATIONS TNG eTpaveiag Tou EEN og ouppopen o@aipa e undeviopd Twv ypauul-
KWV TTAPAPOPPWOEWV OTOV IGNKEPIVO, N aKTiva R, TNG GUPPOpYNG o@aipag £xel oTaBepn TIUA
ion pe TNV TIuA Tou peyaAou nuidgova tou EENM (R.=a).

210 METOOXNUATIOUO Tng €m@avelag Tou EENM og olUppopen o@aipa Pe PNdeviopd Twv
YPOUMIKWY TTAPANOPPUWOEWY OTOV KEVTPIKO HECNUPBPIVO N akTiva R, TNG GUPPOPYNS a@aipag
Oev gival oTaBepr] aAAG eCapTdTal ammd TO Yewypa@ikd TTAATOG Kal TO YEWYPAPIKO WNAKOG TOu
KEVTPIKOU onueiou.

2TO HETAOXNMATIONO TTOU €EQC@AAIleEl PNOEVIONO TWV YPOUMIKWY TTAPANOPPUWOEWY OTO
Baoikd TapdAAnAo n akTiva R, TG cUupopeng agaipag dev eival otabepr] aAld e¢apTtdaral amod
TO YEWYPAQIKO TTAATOG TOU BacikoU TTapaAAnAou.

lNa 10 OKOTTO TNG ekTEAECBEITAG £peuvag €TTIAEXTNKE yIA AEIOAOYNON O PETAOXNHATIONSG TTOU
e€a0@AAiCel UNOEVIOUO TWV YPAUMIKWY TTOPAHNOPPUOEWY CTOV ICNUEPIVO €TTEION: i) OTO
MeTaOXNUATIONG QUuTO  XpnoldoTrolEiTal  oUPPopYn o@aipa  oTaBepng  akTtivag, i) ol
ONUIOUPYOUUEVEG YPAPUIKEG TTOPANOPPUWOEIS KATA HAKOG TWV HECNUPBPIVWV Egival TTPAKTIKA
OUEANTEEC VIO TIC EPOPHUOYEC XAPTOYPAQIKNG aTTelkoviong o€ TrepIfdAhov 2ITT ( GIS)
[MaAAnkapng 2010].

Me Tnv g@apuoyh TG ocuvbAknG cuppopeiag (h=k), oTo YETAOXNMATIONO TNG ETTIPAVEIAG TOU
EEN oe¢ oUuyuopen oaipa pe PNOEVIKN YPOMMIKN TTAPANOPPWAN OTOV ICNUEPIVO, TTPOKUTITOUV
o1 (23) €wg (30), o1 otmroieg divouv TouG OUVTEAEOTEG Az, A4, As, As, Ba, By, Bs kKai Bg Twv
OUVapPTACEWV PETAoXNUATIOPOU (4) kai (6) [Yang, Snyder and Tobler 2000].

A, =lez+ie4+ieé+&e8 (23)
2 24 32 53760

A= et Lo 889 s (24)
48 80 17920
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A, = 13 o, 1363 (25)
480 17920
677
Ay=- ¢’ (26)
107520
B,=A,-A,A, -A,A, —%A; -ALA; +%A§ A, -183A3A, (27)
B,=A, +A} 24,4, -4A5 A, —13A] (28)
B, = A, +3A,A, -3A,A, +%A§ —%AzAi —9AZ A, -12,5A3A, (29)
B, =A, +2Al +44,A +8AIA, +2,7A} (30)

Me tnv e@appoyn Twv (15), (16) kai (21), TrpokuTITouv (31) Kai (32), o1 oTToiEg diVOuV TIG TINEG
TNG YPAUMIKAG KAl TNG ETTIPAVEIAKAS TTAPANOPPWONG.

(31)

h=k= E(l +lezsin2(pj
a 2

2 2
p=h’= %[l + %ezsinzwj (32)

6mou: R =a =6378137m (yia o EET WGS-84).

METAZXHMATIZMOZ THZ ENMIPANEIAZ TOY EAAEIYOEIAOYZ
2E IZOAYNAMH ZODAIPA

O1 ouvapTAOEIG TOU PETOOXNMATIOPOU TNG emTiQaveiag Tou EENM og cuupopen oeaipa, TTpokU-
TITOUV aTrd TNV €Qappoyn NG ouvBAknG cuppopiag (m=1) he Tnv otroia eEao@aAifeTal 6T KaTd
TOV HETAOXNMOTIONO Oev dNUIOUPYOUVTaAl ETTIPAVEIAKES (EUPBABIKES) TTapAPOPPWOEIg, dNAAdA TO
eUPBadov TnG em@aveiag TNG 1I00dUvaung o@aipag eival ico pe 170 eUPadOV TNG EMIQAVEIAG TOU
eMelyoe1doug. AT TV avaAuon Kal TTegepyaaia TNG ouvlrikng auThg), TTpoadlopideTal, TO00 N
akTiva R, TNG 10000vapng o@aipag, 600 Kal 0 OUVTEAEOTEG Ay, As, As, As, Bo, B4, B Kal Bg Twv
OuUVapPTAOEWV PETAoXNUATIOPoU (4) kai (6) [Pearson 1990].

H akTiva R, TNG 1c00duvaung oeaipag diveral ato Tnv (33). O1 ouvTeAeoTéQ Ay, Ay, As , As, TNG
ouvdapTtnong JeTaoxnuaTiopou (4), divovtal atrd TI¢ (34) éwg (37). O1 ouvTeAeoTéS By, By, Bs kai
Bg divovTal atmé Tig (27) £éwg (30) oTIg 0TT0iEG, OPWG XPNOILOTTOIOUVTAI Ol TIMEG TWV OUVTEAECTWV
Az, A4, As Kal Ag TV (34) £wg (37).

2 3 4 5
R*=a’(l-¢’ [1+—e2 +>e* +—¢° +—e8j
1<) 30 750 775 T (33)
Katd 1o petaoxnuationd tng emedveiag tou EEN o€ 1c00d0vapn o@aipa 0TI CUVAPTHOEIS TWV
(4) ka1 (6) o1 ouvTeAeaTEG Ag, As, As , 1| Ag, By, By, Bs kai Bg gival icol e :
1, N 31 , 59 o6 126853

A,=—e¢ e’ + + e
3 180 560 518400

(34)
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17 , 61 , 3622447
4= e + e + e (35)
360 1260 94089600
A, = 383 o4 6688039 o 36)
45360 658627200
_ 27787 o .
S 23522400 (37)

Me tnv epapuoyr Twv (15), (16) kai (22), rpokuTtiTouv (38), (39) kai (40), o1 otToieg divouv TIg
TIWEG TNG YPOAMUMIKAG KAl TNG YWVIOKAG TTAPAPOPPWONG.

2

h =1+%Cosz(p (38)
&
k :l—zcoszq) (39)
.o e,
sin—=--cos’¢ (40)

METAZXHMATIZMOZ THZ EMIPANEIAZ TOY EAAEIYOEIAOYZ
2E IZAMNEXOYZA ZTH AIEYOYNZH TQN MEZHMBPINQN ZO®AIPA

O1 ouvapTtoeIg Tou peTaoynuaTiopou NG emipavelag Tou EENM o icaméxouca otn diclbuvon
TWV MeEONUBPIVWV OQaipd, TTPOKUTITOUV ATTO TNV €QAPUOYR TNG OUVOAKNG WNOEVIOUOU Twv
YPOUUIKWY TTAPAUOPPWOEWY aTn dieuBuvon Tou peonuBpivou (m=1). Amé tTnv avdAuon kai
emegepyaaia Tng ouvlnkng autAg TIpoodiopifeTal, TOCO N akTiva Ry TNG BondnTIKNAS opaipag,
600 Kal 01 OUVTEAEDTEG Ay, A4, As , | Ag, By, Bs, Be Kal Bg Twv ouvapTOEWyY PETAOXNUATIOUOU
(4) xai (6) [Yang, Snyder and Tobler 2000].

H akTtiva R, TG 10atTéxoucag atn dieuBuvaon Twy peonuppivwv o@aipag divetal atmd tnv (41).
O1 ouvteheoTéQ Ay, A4, As , As, TNG OUVAPTNONG PETAOXNUATIOKOU (4), divovtal atro TIG (42) éwg
(51). O1 ouvteAeoTég B,, By, Be kai Bg divovral amod 1ig (27) éwg (30) oTig otroieg, Ouwg
XPNOIUOTTOIOUVTAI OI TINEG TWV OUVTEAECTWV Ay, A4, As KaI Ag TV (42) Ewg (45).

4 64 256 16384

(41)

B!
A, = 42
2= (42)
CV
A, =- 43
Yoaa (43)
Dl
o= (44)
64
E!
8 = (45)
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A’=1+§ez+£e4+175 e6+11025e8 (46)
4 256 16 384

B’ =ie2 +1—Se4 Jrﬁe6 +—2205 e (47)
4 16 512 2048

C' 21—564 +£e6 +—2205 e’ (48)
16 256 4096

C’ =1—Se4 +£e6 +—2205 e’ (49)
16 256 4096

D' =£e6 L e’ (50)
512 2048

E' EICE e (51)
16384

Me tnv epappoyn Twv (15), (16) kai (22), TrpokuTrTouv ol (52) kair (53), ol oTToieg divouv TIg
TIUEG TNG YPOMMIKAG TTapaudpewong oTtn Olelbuvon Twv TTapaAAfAwy, TNG ETTIQAVEIOKAS
TTAPAPOPPWONG KAl TG YWVIOKAG TTAPANOPPWOnG.

¢! (52)
k=p=1—?cos2(p

o = 8482 e’*cos2¢ (53)

METAZXHMATIZMOZ THZ EMI®PANEIAZ TOY EAAEIYOEIAOYZ
2E ZQAIPA IZANEXOYZA 2TH AIEYOYNZH ENOZ NMAPAAAHAOY

O1 ouvapTtoeIg Tou peTaoynuaTiopou TnG emigavelag Tou EENM og 1caméxouca otn diclbuvon
Twv TTAPaANAAWY o@aipa, TTPOKUTITOUV ATTO TNV €QAPUOYN TNG CGUVONKNG WNOEvIOUOU Twv
YPOUUIKWY TTAPANOP@WOEwY oTn dieubuvon Twv TapaAAfAwyv (k=1). Améd tnv avaiuon kai
eTTECEPYATia TNG ouvlnkng auTtrg TrpoodiopileTal, TO00 N akTiva R, TNG BonénTiKAg o@aipag,
600 Kal O CUVTEAEDTEG Ay, Ay, As , Ag, By, By, Bs Kal Bg Twv ouvapTAcEwyY PJeTaoXNUATIOPOU (4)
kal (6) [Yang, Snyder and Tobler 2000]. Ev ToUTOIS n uAoTIOiNON TNG OUVBAKNG QUTAG €ival
ouvatd va Tpayuartotroin®ei ue did@opoug TPOTTOUG, ATTO TOUG OTToioug eival duvatd va
TTPOKUWOUV BIAPOPES 1I0aTTEXOUCEG 0T Ol1EUBUvVON TwV TTAPOAANAWY OQaipeg PE BIOPOPETIKA
XOpaKTNEIoTIKG ekdoTn. lMNa mmapddeiyua, Ta armeikovi(oueva aTn BondnTikr o@aipa anueia Tou
EE €ival duvatd va €xouv 1o idI0 YEWYPAPIKO UAKOG KAl OIAPOPETIKO YEWYPAPIKO TTAATOG UE TA
avTioToixa onueia Tou EET, f va €xouv 10 id10 TTAATOG Kai dIa@opeTikd prikog. O ouvnBéoTepog
TPOTTOG MeETAOXNUATIOUOU TnG em@dveiag Tou EENM ot 1oaméxouca otn dielbuvon Twv
TTapaAAAAWY OQaipa IKAVOTTOIET TIG ETTONEVEG GUVONKEG:

= To yewdaimikd TTAATOC @ KAl TO OQAIPIKO YEWYPAPIKO TTAATOC @ €XOUuV TIG idIEC TIUEG OTOV

IoNUEPIVO [@, = @, = 0] kal OTOUG TTOAOUG [y, = @y, = 90].

*  To yewdaITIKO PAKOG A €ival iCO PE TO OQPAIPIKO YEWYPAPIKO HAKOG [A= A].

H nipi TN aktivag R, g 10atréxoucag otn d1e0Buvon Twv TTapaAAfjAwy o@aipag divetal arrd
TNV (54). O1 OouvTeEAEOTEG Ag, Ay, As , Ag, TNG OUVAPTNONG WETAOXNMATIOWOU (4), divovTtal aTrd TIg
(55) €wg (59). O1 ouvteAeaTég By, By, Bg kal Bg divovTtal a1réd 11 (27) €wg (30) OTIG 0TT0iEG, OHWG
XPNOIUOTTOIOUVTAI OI TINEG TWV OUVTEAECTWV Ay, A4, As KaI Ag TwV (55) éwg (58).
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To o@aipiké TTAGTOG @ 0TV Ioatréxouca oTn dielBuvaon evog TTapaAAnAou BondnTIkR o@aipa,
gival ioo Ye 10 XpNOIKOTIOIOUEVO OTN YEWUETPIKA yewdaioia avnyuévo TTAGTog u (60) [Bugayev-
skiy and Snyder 1995].

R, =a (54)

A2 = no (55)

o (56)
A==

n’ (57)
A, =
3

4 (58)
A=
4

1-+1-¢2 (59)

n =——————
*ol441-¢?

O1 ouvTteAeoTég By, By, Bg Kal Bg divovTal atrd 1ig (27) éwg (30) oTIg oT10iEg, OPWG
XPNOIUOTTOIOUVTAI OI TINEG TWV OUVTEAECTWV Ay, A4, As Kal Ag TwV oxéacwv (55) £wg (58).

Me tnv epappoyn Twv (15), (16) kai (22), TrpokuTrTouv ol (60) kal (61), o1 otToieg divouv TIg
TIUEG TNG YPOUMIKAG TTapaudép@waong oTn dIeuBuvon Twv PECNUBPIVWY, TNG ETTIPAVEIOKAG
TTAPAPOPPWONG Kal TG YWVIOKAS TTAPAPOPPWOonG.

e ~ (60)
h=p=1 +700s2(p +§(3 -2sin’@ - 4sin” )

o' =16965 e*cos’¢ (61)

AZIOAOIM'HzZH MEOOAQN METAZXHMATIZMOY THZ EMI®ANEIAZ
TOY EAAEIYOEIAOYZ ZE ZQAIPA

H agloAdéynon Twv peBOdwWY peTAOXNUATIOMOU TnG €ME@AvVEIAS TOUu €AAEIYPOEIDOUG €K
TEPIOTPOYPNG OPaipa £yive o€ BUO 0TAdIO. KaTd TO TTPWTO OTABIO £YIVE ALIOAGYNON TWV OXECEWV
METOTPOTING TOU YEWDAITIKOU TTAATOUG O€ OQAIPIKO YEWYPOQPIKO TIAATOG, KOBWG Kal TNG
QVTIOTPOPNG METATPOTING TOU OQAIPIKOU YEWYPAPIKOU TTAATOUG 0€ YEWDAITIKO TTAGTOC HE TIG (4)
Kal (6) yia Tn o@aipa cuppop®iag, TNV Ic0dUvVaun oeaipa, TNV ICATTEXOUCA GTOUG HECNUBPIVOUG
o@aipa kal TNV 10améxouca oToug TTapaAAfAoug o@aipa. Katd 1o deUTepo OTAdIO EyIve
UTTOAOYIOMOG Kal avAAuon TwWV YPOUMIKWY, TWV ETTIPAVEIAKWY KOl TWV YWVIOKWY TTapapop-
PWOEWV, Ol OTTOIEG dNUIoUPYOUVTAl KATA TOUG PETAOYXNMUOTIONOUG O CUUPOPYPN oaipd, O€ 100-
ouvaun o@aipa, ot 10aTTEXOUCO OTOUG HECNUPBPIVOUG O@aipa Kal O€ I0QTTEXOUCA OTOUG
TTapaAAfAoug opaipa.

AZI0OAGYNON TWV OXECEWV METATPOTTHG YEWDAITIKOU TTAATOUG O O@QAIPIKO

Ta Baoikd atroteAéopaTa TNG AIOAGYNONG TwV TUTTWV TWV OXECEWV PETATPOTTAG TOU yewddal-
TIKOU TTAATOUG O€ OQAIPIKO YEWYPAPIKO TTAATOG TTApOoUCIafovTal 0TO OIAYPANUa TOU OXuaTog 4.
ATIO Tn PEAETN KAl avAAuoh TwV ATTOTEAEOUATWY QUTWY TTPOKUTITOUV Ol ETTOUEVEG BIATTIOTWOEIG:
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NAUSIVIOS CHORA

O1 péyioteg atmokAioelg peTagl Tou YewdaITIKOU TTAGTOUG KAl TOU OQAIPIKOU YEWYPAPIKOU
TTAGTOUG dnuIoupyoUvTal o€ TTAAGTOG TTEPITTOU 45° Kal cival TTepitrou 117,54 yia Tn c@aipa
Ouppopeiag, 77,7 yia Tnv 100d0vaun o@aipa, 87,8 yia Tnv 10améXouca OTOUG PECN-
BpivoUg a@aipa kal 57,77 yia TNV I0ATTEXOUCGA GTOUG TTapaAAnAoug ogaipa.

O1 eAaxI0TEG ATTOKAICEIG TOU YeWwdAITIKOU TTAATOUG Kal TOU O@AIPIKOU YEWYPAPIKOU TTAG-
TOUG TTAPATNPEOUVTAI O€ PIKPG Kal ¢ PeydAa yewypa@ikd TTAATN. O1 atrokAioelg pndevico-
VTal OTOV ICNUEPIVO Kal OTOUG TTOAOUG.

O peTtaoxnuUaTIon6G Tou YewdAITIKOU TTAATOUG @ 0€ OQAIPIKO YEWYPAPIKO TTAATOS @y (P
— @) KOBWG Kal 0 avTiOTPOQOG HETACXNUATIONOS (@ — @) Pe TIG (4) Kkai (6),
TIPOCAPPOCHEVEG VIO TIG TEOOEPIG ££TAOBEICEG OQPaipeg, TTAPEXEl aTTOAUTN TAUTION TWV
QATTOTEAECPATWY YIa TOV €UBU Kal yIa TOV AVTIOTPO®O HETATXNMATIONO. O1 TINEG TOU @y
TTOU TTPOCdIopIovTal e TOUG TUTTOUG (4), 6Tav XpnoldoTroinBoulv otn (5) divouv akpIBwg
TIG i0IEC TINEG TOU apyIKOU yewdaITIkoU TTAGTOUG TTOU XPNOIYOTIOINONKE oTov €uBu
METAOYXNMOTIONO.

1.007 ——rr
"""" Tlppopyn Tgaipo L]

— - — gaméyouaa atry BiedBuvan Tey TTapaAAfAey Tpaipo
1.006 :

igaeyouTa ot dis0Buvan Ty peanpBprdy ogaipo

1.005

1.004

1.003

1.002

1.001

ZUYTEMETTIC ETTIPOVEIOKTC TTORALORPUICT ¢

0.993

AN UL FUUE DUUEE DU FUUTE DUUE DU FUUTE DO
0 10 20 30 40 50 60 70 80 a0

[EWAUMKS TTAGTOC

IyxAua 6: ETM@aveIakEG TTAPAPOPPWOEIS HETAOXNMATIOPOU emigaveliag EENM og ogaipa

Y1roAoyiopdg Kal avaAuon TTapapopPuOEWYV

Ta atmmoTeAéoPATA TWV UTTOAOYIOHWY AUTWY TTapoucidlovTal CUVOTITIKG oTa diaypauuata Twv
oxXNUAaTwyv 5 kai 6. ATTO TNV avaAuon Twy OTOIXEIWY AQUTWY, TTPOKUTTTEL:

Katd 1o petaoxnuartiopd tng emeadveiag tou EENM oe ommoiadntrote amo TI¢ avwTépw TEO-
oEpIG PoNdONTIKEG OPaipeS (OPaipa cuppop@iag, I00dUVAPN 0Paipa, ICATTEXOUCO OTOUG E-
onuBPIvoUg oeaipa Kal 10aTTEXOUCA OTOUG TTAPAAAAOUG o@aipa), oI SNUIOUPYOUNEVEG
YPOUMIKEG, YWVIOKEG KAl ETTIPAVEIOKES TTAPAPOPPUICEIS €ival TTPAKTIKA aPeEANTEEG yia TO
OKOTTO TnG eKTEAEOBEioAg £peuvag (XapTOYPAPIKN aTTEIKOVION OAOKANPENG, N THAMATOG TNG
ETMIPAVEIAG TNG YNG).

H péyiotn ypappik mapapdpewon eivar mepitrou 0.33%. H Tapapdpewaon autr Trapartn-
peiTal oToug TTOAOUG TNG CUPPOPYNS O@Aipag Kal TNG I0ATTEXOUCAG OTOUG TTaPAAAfAOUG
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o@aipag. H eAdxioTn ypauuikn TTapapoépewaon (TTAnv TNg cUPPop@nG o@aipag) eival repi-
Tou 0.12%. H TTapaudp@waon auTr] TTapaTnpEiTal oTov ICNPEPIVO TNG 1I000UVANNG 0Qaipag.

— H péyiotn ywviakA TTapapopewaon eival Tepitrou 11°.5. H TTapapdp@waon auth mapaTtnpei-
Tal OTOV 1IONUEPIVO TNG 10ATTEXOUCAS OTOUG TTAPAAARAoug o@aipag. H eAdxIoTn ywvioKA
TTapapdpewon (TTANV TNg oUPPopeNns oeaipag) sival repitrou 3°.8. H TTapaudpewon auth
TTOPATNPEITAI OTOV ICNUEPIVO KAl TOUG TTOAOUG TNG 1000UVAUNG O@aipag.

— H péyiotn emavelakh Tapaudpewaon civail epitrou 0.69%. H mapaudppwaon auTh Tapa-
TNPEITal 0TOUG TTOAOUG TNG CUUMOPEPNG OYaipag. H eAAXIOTN €TIQAVEIOK TTAPANOPPWON
givar Trepimou 0.57%. H TTapapdpewon auTh TTopaTnpEiTal oTovV  10NUEPIVO  TNG
I0QTTEXOUCAG OTOUG TTAPAAAAAOUG O@aipag.

— H 1oamméxouoca oToug peonuUBPIVOUG o@aipa dev eu@aviCel PEYAAEG TIMEG YPOUMIKWY N
YWVIOKWV TTAPAUOPPWOEWY, OTTWG N cUPPop®n Kal n 100dUvaAun o@aipa avTioToiXwG.
Emiong n 1oaméxouca oToug peonuBpIvoug o@aipa eu@avifel PIKPOTEPES YWVIAKES Kal
ETTIPAVEIAKES TTAPAPMOPPWOEIG ATTO TNV ICATTEXOUCQ OTOUG TTapaAAAAOUG opaipa.

2YNOWH - 2YMMNEPAZMATA

2710 TTapdV ApBpo TTapouCIAcTNKAV Kal agloAoyABnkav Téooepig HEBOSOI HETAOXNUATIOPOU TG
ETMQPAVEIAG TOU EAAEIYPOEIDOUG O OPAIPIKI| ETTIPAVEIN JE OKOTTO TOV TTEPAITEPW PETACXNMOTIONS
TNG OQAIPIKAG QUTAG ETTIPAVEIOG O€ €TTITTEO0 WE TN XPAON XOAPTOYPAPIKWY TTPOBOAWV yia TIG
oTroieg Ogv UTTAPYXOUV €EICWOEIC METAOXNMATIONOU TOU eAAEIPoeldols. o cuykekpiyéva
TTAPOUCIOCTAKAY Kal aglohoynBrikav ouvapTrioelig yia Tov €uBU Kal yia Tov avTioTpo®o
METAOXNUATIONO TWV YEWOAITIKWY OUVTETAYUEVWY (@, A) Twv onueiwv Tou eAAEIYPOEIBOUG
(em@avelag ava@opdsg) OTIC OQPAIPIKEG OUVTETAyPEVES (@7, A) Twv onueiwv TNG oQaipag
(emIQAveEIOg ATTEIKOVIONG) YIA TIG ETTOUEVES TTEPITITWOEIG:

= UETAOXNMOTIONOG TNG ETTIPAVEIOG TOU €EAAEIYPOEIDOUG O OQaAipd XWPEIGC YWVIAKES
TTAPAPOPPWOEIS (OPaipa CUUPOPPIaG)

" PETAOXNUATIOWOG TNG ETTIQPAVEING TOU €AAEIYOEIBOUG O O@Aipa XWPIG ETTIPAVEIAKES
(epBadikég) TTapapopPwaoels (Icoduvaun oeaipa)

" PETAOYXNMATIONOG TNG ETIQAVEIAG TOU EAAEIYOEIBOUG O€ OQPAipa XWPIG YPAUMIKES
TTAPAPOPPWOEIG OTN BIEUBUVON TWV HECNKBPIVWYV (oPaipa IcatTéxouca oTr dlsUBuvon
TWV PECNUBPIVWIV)

= UETAOXNMOTIONOG TNG ETTIPAVEIAG TOU EAAEIPOEIBOUG OE CPAIPA XWPIS YPAMMIKES
TTapaPoOPPWaeI§ aTn dielBuvon evog TTapaAAfAou TTAGTOUG (O@aipa I0ATTEXOUCA OTN
d1evBuvan evég TTapaAAfAou TTAGTOUG)

MNa tv adloAdéynon Twv TTAPOTTAVW PEBODdWY PETACKXNMATIONOU TnNG ETMIQPAVEIOG TOU
eMeIPoEIdOUG O OQAIPIKA €TTIQAVEIQ €yIVE UTTOAOYIOUMOG Kal avAdAuon TnG KATAVOPNAS Twv
TTOPAUOPPWOEWY (YPAHHIKWY, ETTIQAVEIAKWY KAl YWVIAKWY) TTou dnuioupyolvTal KaTd TOug
METOOXNMUATIOPOUG aUTOUG. Ta atroTeAéopaTa AUTAG TNG agloAdéynong Ptropouv va aglotroinbouv
oTnVv €mMAoyA TNG KATAAANAGTEPNG PEBODOU PETAOXNUATIOHOU YIA TNV XOPTOYPOAQIKI) OTTEIKOVION
OAOKANPNG, A TUAMATOG TNG €mME@AVEIAS TNG yNG ME PAcn TIC KATA TEPITITWON €mMOUUNTES
1I010TNTEG (TT.X. MNOEVIOUOG TWV YWVIOKWY TIAPOUOPPWOEWY, HNOEVIOUOS TWV YPAUMIKWY
TTOPAPOPPWOEWY O€ Wia kKaBopiopévn dielBuvon KATT.), avaAoya PE TOV OKOTTO YId TOV OTTOIO
TTpoopifeTal KABE XapTOYPAPIKA ATTEIKOVION.
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Foundations of Newtonian Dynamics:
An Axiomatic Approach for the Thinking Student

C. J. Papachristou®

Department of Physical Sciences, Naval Academy of Greece, Piraeus 18539, Greece

Abstract. Despite its apparent simplicity, Newtonian Mechanics contains conceptual
subtleties that may cause some confusion to the deep-thinking student. These subtleties
concern fundamental issues such as, e.g., the number of independent laws needed to
formulate the theory, or, the distinction between genuine physical laws and derivative
theorems. This article attempts to clarify these issues for the benefit of the student by
revisiting the foundations of Newtonian Dynamics and by proposing a rigorous axiomatic
approach to the subject. This theoretical scheme is built upon two fundamental
postulates, namely, conservation of momentum and superposition property for
interactions. Newton’s Laws, as well as all familiar theorems of Mechanics, are shown to

follow from these basic principles.

1. Introduction

Teaching introductory Mechanics can be a major challenge, especially in a class of students
that are not willing to take anything for granted! The problem is that, even some of the most
prestigious textbooks on the subject may leave the student with some degree of confusion,
which manifests itself in questions like the following:

1.

2.

Is Newton’s First Law a law of motion (of free bodies) or is it a statement of existence (of
inertial reference frames)?

Are the first two Newton’s Laws independent of each other? It seems that the First Law
is but a special case of the Second!

Is the Second Law a true law or just a definition (of force)?

Is the Third Law more fundamental than conservation of momentum, or is it the other
way around?

And, finally, how many independent laws are really needed in order to build a complete
theoretical basis for Mechanics?

3 papachristou@snd.edu.gr
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In this article we describe an axiomatic approach to introductory Mechanics that is both
rigorous and pedagogical. It purports to clarify issues like the ones mentioned above, at an early
stage of the learning process, thus aiding the student to acquire a deep understanding of the
basic ideas of the theory. It is not the purpose of this article, of course, to present an outline of a
complete course of Mechanics! Rather, we will focus on the most fundamental concepts and
principles, those that are taught at the early chapters of Dynamics (we will not be concerned
with Kinematics, since this subject confines itself to a description of motion rather than
investigating the physical laws governing this motion).

The axiomatic basis of our approach consists of two fundamental postulates, presented in
Section 2. The first postulate (P1) embodies both the existence of inertial reference frames and
the conservation of momentum, while the second one (P2) expresses a superposition principle
for interactions. The Law of Inertia is deduced from P1.

In Sec.3, the concept of force on a particle subject to interactions is defined (as in Newton’s
Second Law) and P2 is used to show that a composite interaction of a particle with others is
represented by a vector sum of forces. Then, P1 and P2 are used to derive the Law of Action
and Reaction. Finally, a generalization to systems of particles subject to external interactions is
made.

For completeness of presentation, certain derivative concepts such as angular momentum
and work are discussed in Sec.4. To make the article self-contained, proofs of all theorems are
included.

2. The Fundamental Postulates
We begin with some basic definitions.

Definition 1. A frame of reference (or reference frame) is a coordinate system (or set of axes)
used by an observer to measure the position, orientation, etc., of objects in space. The position
of the observer him/herself is assumed fixed relative to his/her own frame.

Definition 2. An isolated system of particles is a system of particles subject only to their
mutual interactions, i.e., subject to no external interactions. Any system of particles subject to
external interactions that somehow cancel one another in order to make the system’s motion
identical to that of an isolated system will also be considered an “isolated” system. An isolated
system consisting of a single particle is called a free patrticle.

Ouir first fundamental postulate of Mechanics is stated as follows:

Postulate 1. A class of frames of reference (inertial frames) exists such that, for any isolated
system of particles, a vector equation of the following form is valid:

z m,V, = constant in time (1)

1

where v, is the velocity of the particle indexed by i (i =1,2,---) and m, is a constant quantity

associated with this particle, which quantity is independent of the number or nature of
interactions the particle is subject to.

We call m; the mass and p; =m;V, the momentum of this particle. Also, we call
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f’zZm,ﬂ :Zﬁ" )]

the total momentum of the system, relative to the considered reference frame. Postulate 1, then,
expresses the principle of conservation of momentum: the total momentum of an isolated
system of particles, relative to an inertial reference frame, is constant in time. (The same is true,
in particular, for a free particle.)

Corollary 1. A free particle moves with constant velocity (i.e., with no acceleration) relative to
any inertial reference frame.

Corollary 2. Any two free particles move with constant velocities relative to each other.

Corollary 3. The position of a free particle may define the origin of an inertial frame of
reference.

We note that Corollaries 1 and 2 constitute alternate expressions of the Law of Inertia
(Newton’s First Law).

Consider now an isolated system of two particles of masses m,and m,. Assume that the
particles are allowed to interact for some time interval At. By conservation of momentum,

A(py+Py)=0 = Apy=—4p, = m AV =—m, 4V, .

We note that the changes in the velocities of the two particles within the (arbitrary) time interval
At must be in opposite directions, a fact that is verified experimentally. Moreover,

4w _my
|A” | = —— = constant €))
V2 m,

regardless of the kind of interaction or the time At (which also is an experimentally verified fact).
These demonstrate, in practice, the validity of the first postulate. Moreover, Eq.(3) allows us to
specify the mass of a particle numerically, relative to the mass of any other particle, by letting
the two particles interact for some time.

So far we have examined the case of isolated systems and, in particular, free particles.
Consider now a particle subject to interactions with the rest of the world. Then, in general
(unless these interactions somehow cancel one another), the particle’s momentum will not
remain constant relative to an inertial reference frame, i.e., will be a function of time. Our second
postulate, which expresses the superposition principle for interactions, asserts that external
interactions act on a particle independently of one another and their effects are superimposed:

Postulate 2. If a particle of mass m is subject to interactions with particles m,, m,,---, then, at
each instant ¢, the rate of change of its momentum is equal to

dp dp
L - — 4
232 @
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where (dp/dt). is the rate of change of the particle’s momentum due solely to its interaction

i

with particle m; (i.e., the rate of change of p if the particle m interacted only with m, ).
3. The Concept of Force

We now define the concept of force, in a manner similar to Newton’s Second Law:

Definition 3. Consider a particle of mass m that is subject to interactions. Let p(¢) be the

particle’s momentum as a function of time, as measured relative to an inertial reference frame.
The vector quantity

F = (5)

S

is called the total force acting on the particle at time ¢.

Taking into account that, for a single particle, p =mv with fixed m, we may rewrite Eq.(5) in
the equivalent form,

v

F=md=m
dt

(6)

where a is the particle’s acceleration at time t.

Corollary 4. Consider a particle of mass m subject to interactions with particles m,, m,,---

Let F be the total force on m at time t, and let 17“1 be the force on m due solely to its interaction

with m,. Then, by the superposition principle for interactions (Postulate 2) as expressed by
Eq.(4), we have:

F=YF @

Theorem 1. Consider two particles 7 and 2. Let 17“12 be the force on particle 7 due to its

interaction with particle 2 at time t, and let }7“21 be the force on particle 2 due to its interaction
with particle 7 at the same instant. Then,

Flz =—1 ®)

Proof. By the superposition principle, the forces F,, and F,, are independent of the

presence or not of other particles in interaction with particles 7 and 2. Thus, without loss of
generality, we may assume that the system of the two particles is isolated. Then, by
conservation of momentum and by using Eq. (5),
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d . .
E(pl+p2):() =

dp, __dp, = =
A__TH o B =-F, .
dt dt 12 21

Equation (8) expresses the Law of Action and Reaction (Newton’s Third Law).

Theorem 2. The rate of change of the total momentum 13(t) of a system of particles, relative
to an inertial frame of reference, equals the total external force acting on the system at time ¢.

Proof. Consider a system of particles of masses m, (i=1,2,---). Let F; be the total external
force on m; (due to its interactions with particles not belonging to the system) and let F be the

internal force on m, due to its interaction with m; (by convention, Fl.j =0 when i=j). Then, by

Eq.(5) and by taking into account Eq. (7),
dp Z e
_L1 — F;
J

By using Eq.(2) for the total momentum, we have:

But,

where the action-reaction law (8) has been taken into account. So, finally,
dP _
—=>)F =F 9
dt IZ i ext ( )

where Fm represents the total external force on the system.

4. Derivative Concepts and Theorems

Having presented the most fundamental concepts of Mechanics, we now turn to some useful
derivative concepts and related theorems, such as those of angular momentum and its relation
to torque, work and its relation to kinetic energy, and conservative force fields and their
association with mechanical-energy conservation.

Definition 4. Let O be the origin of an inertial reference frame, and let ¥ be the position
vector of a particle of mass m, relative to O. The vector quantity

]:=;7><[7=m(r><\7) (10)
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(where p=mvV is the particle’s momentum in the considered frame) is called the angular
momentum of the particle relative to O.

Theorem 3. The rate of change of the angular momentum of a particle, relative to O, is given
by

Z—FxF=T (11)

where F is the total force on the particle at time ¢, and T is the forque of this force relative to O,
at this instant.

Proof. Equation (11) is easily proven by differentiating Eq.(10) with respect to time, and by
using Eq.(5).

Corollary 5. If the torque of the total force on a particle, relative to some point O, vanishes,
then the angular momentum of the particle relative to O is constant in time (principle of
conservation of angular momentum).

Under appropriate conditions, the above conservation principle can be extended to the more
general case of a system of particles (see, e.g., [1-5]).

Definition 5. Consider a particle of mass m in a force field F(7), where 7 is the particle’s

position vector relative to the origin O of an inertial reference frame. Let C be a curve
representing the trajectory of the particle from point A to point B in this field. Then, the line
integral

B -
W, = j F(7)-dF (12)
A
represents the work done by the force field on m along the path C. (Note: This definition is valid
independently of whether or not additional forces, not related to the field, are acting on the

particle; i.e., regardless of whether or not F’(F) represents the total force on m.)

Theorem 4. Let ﬁ(?) represent the fotal force on a particle of mass m in a force field. Then,
the work done on the particle along a path C from A to B is equal to

B - — —
Wip = F(F)-dF = E, y—E, 4 = AE (13)
where
1 2 Pz
E =—mv =-"— 14
) 2m @9

is the kinetic energy of the particle.
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Proof. By using Eq.(6), we have:

ﬁ-d?zmd—v-dfzmﬁ-dﬁ:lmd(\?\?):lmd(vz):mvdv,
dt 2 2

from which Eq.(13) follows immediately.

Definition 6. A force field F(7) is said to be conservative if a scalar function E,(F)

(potential energy) exists, such that the work on a particle along any path from A to B can be
written as

B T = —_
W= FG)-dF =E, ,~E (15)

5= —AE

p

Theorem 5. If the total force F(7) acting on a particle m is conservative, with an associated
potential energy E,(7), then the quantity

E:Ek+Ep:%mv2+Ep(F) (16)

(total mechanical energy of the particle) remains constant along any path traced by the particle
(conservation of mechanical energy).

Proof. By combining Eq.(13) (which is generally valid for any kind of force) with Eq.(15)
(which is valid for conservative force fields) we find:

AE, =-AE, = A(E,+E,)=0 = E +E,=const.

Theorems 4 and 5 are readily extended to the case of a system of particles [1-5].

5. Summary and Concluding Remarks

Newtonian Mechanics is the first subject in Physics an undergraduate student is exposed to. It
continues to be important even at the intermediate and advanced levels, despite the
predominant role played there by the more general formulations of Lagrangian and Hamiltonian
dynamics.

It is this author's experience as a teacher that, despite its apparent simplicity, Newtonian
Mechanics contains certain conceptual subtleties that may leave the deep-thinking student with
some degree of confusion. The average student, of course, is happy with the idea that the whole
theory is built upon three rather simple laws attributed to Newton’s genius. In the mind of the
more demanding student, however, puzzling questions often arise, such as, e.g., how many
independent laws we really need to fully formulate the theory, or, which ones should be
regarded as truly fundamental laws of Nature, as opposed to others that can be derived as
theorems.

This article suggested an axiomatic approach to introductory Mechanics based on two
fundamental, empirically verifiable laws, namely, the principle of conservation of momentum and
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the principle of superposition for interactions. We showed that all standard ideas of Mechanics
(including, of course, Newton’s Laws) naturally follow from these basic principles. To make our
formulation as economical as possible, we expressed the first principle in terms of a system of
particles and treated the single-particle situation as a special case. To make the article self-
contained for the benefit of the student, explicit proofs of all theorems were given.

By no means do we assert, of course, that this particular approach is unique or pedagogically
superior to other established methods that adopt different viewpoints regarding the axiomatic
basis of Classical Mechanics (see, e.g., a historical overview of these viewpoints in the first
chapter of [6]). Moreover, this approach suffers from the usual theoretical problems inherent in
Newtonian Mechanics (see, e.g., [7,8]), most serious of which is the following: To test whether a
given reference frame is inertial or not, one needs to check the constancy or not of the velocity
of a free particle, relative to this frame. However, an absolutely “free” particle is only a
theoretical conception, for the following reasons: (1) Every particle is subject to the long-range
gravitational interaction with the rest of the world. (2) To observe a particle, one necessarily has
to somehow interact with it. Thus, no matter how weak this interaction may be, the particle can
no longer be considered free during the observation process.

In any case, it looks like Classical Mechanics remains a subject open to discussion and re-
interpretation, and more can always be said about things that are usually taken for granted by
most students (this is not exclusively their fault, of course!). Happily, some of my own students
do not fall into this category. | honestly appreciate the hard time they enjoy giving me in class!
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Abstract. We present simulation studies on the ability of a proposed portable radiation
detecting instrument to reconstruct images of radioactive sources. The instrument is a
stack of ten CdTe layers placed 2 cm apart, consisting of 10000 pixels in a two-
dimensional arrangement, occupying an area of 4cmx4cm. The image reconstruction is
performed using LM-MELM, an imaging algorithm based on the Compton imaging
technique. Point-like radioactive sources emitting gamma-rays in a broad energy range,
located at various distances and orientations with respect to the detector's symmetry axis
have been simulated in order to estimate the ability of the instrument to reconstruct the
source images. Results on the reconstructed image resolution are presented.

Keywords: Monte Carlo simulations, Semiconductor detectors, Gamma-ray
spectroscopy, Compton camera.
PACS: 24.10.Lx, 29.40.Wk, 29.30.Kv, 42.79.Pw

INTRODUCTION

Radiation detectors that use gamma-ray imaging technologies in order to identify radioactive
sources are of great scientific interest because of their wide range of applications, including
nuclear medicine, astrophysics, waste monitoring and counter terrorism. One of the best known
such imaging technologies is the Compton imaging [1], based on the interactions of the emitted
gamma-rays with the detector’s sensitive elements via the Compton scattering process Although
research in the Compton imaging technique’s applications have begun in the 1990s, the growing
global interest for accurate detection of radioactive sources combined with the rapid advances in
detector technologies (both in terms of material fabrication and electronics), have nowadays
given great impetus to the research and development of Compton imaging detectors with
enhanced detection capability.

In this framework, the main objective of the current research paper is to evaluate the imaging
performance of a Compton imaging instrument under development (COCAE) [2].
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COCAE consists of ten parallel planar layers made of pixelated Cadmium Telluride (CdTe)
crystals occupying an area of 4cmx4cm, placed 2cm apart from each other. Each detector’s
layer has 10,000 pixels arranged in two dimensions (100x100) bump-bonded on a two-
dimensional array of silicon readout CMOS circuits. Both pixels and readout arrays are on top of
an Al,O; supporting printed circuit board layer.

The most important parameters in the design of a Compton imaging detector such as
COCAE are the efficiency in detecting gamma-rays and the energy resolution, which affects the
evaluation of the Compton scattering angle. COCAE is made of CdTe semiconductor crystals,
thus it is expected to achieve an enhanced detection efficiency compared to Germanium (Ge)
and Sodium lodide (Nal) detectors, due to the higher atomic humber of Cd and Te, resulting into
a higher absorption of gamma-rays via the photoelectric effect. In order to achieve even better
efficiency, a thick CdTe detector of several mm would be needed but such an increase of the
crystal’'s thickness would deteriorate the detector energy resolution (due to the effect of
incomplete charge collection of CdTe semiconductors). To bypass this restriction, COCAE
instrument has been designed as a system of many thin stacked CdTe crystals instead of one
thick mono-crystal. As to the energy resolution parameter, the challenge for COCAE is to
achieve a high energy resolution without the need of cryogenics (CdTe semiconductors can be
operated at room temperature due to their high energy bandwidth), which is important when
considering a portable instrument.

In order to study its performance, the COCAE instrument is modelled (Figure 1) by an open-
source object-oriented software library (MEGAIib [3] which provides an interface to Geant4 [4], a
toolkit that simulates the passage of particles through matter. The radioactive sources are
modelled as point-like mono-energetic gamma sources located at various distances and
orientations with respect to the detector, emitting gamma-rays having energies in the range from
100keV to 2000keV. The simulated energy depositions are blurred according to Gaussian
distributions with a FWHM that varies from 3.5% at energies around 100keV down to 1% at
energies above 662keV, assumed to be in accordance with realistic energy measurements. At
least one billion of gamma rays are emitted from the radioactive sources for each simulation

condition.
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FIGURE 1. A simulated gamma-ray interacts with the COCAE detector. Three energy depositions are
recorded.
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Important performance parameters of the COCAE instrument such as its detecting efficiency
and angular resolution have been studied by Monte Carlo in our previous work [5] as well as
various techniques for the determination of the correct sequence of multiple Compton scattering
interactions of the gamma rays with the detector’'s sensitive materials, in a wide range of
incident gamma-ray energies [6], [7], [8].

The current research work aims to study the ability of the COCAE instrument to reconstruct
the image of point-like radioactive sources located at different orientations and source-to-
detector distances, emitting gamma-rays in a wide range of energies. Described in the following
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sections is the image reconstruction algorithm used as well as the resolution of the
reconstructed images.

SOURCE IMAGE RECONSTRUCTION

The process of Compton imaging refers to the generation of the image of a radioactive
source by using the recorded information of the energy depositions and the positions of the
interactions of many incident gamma rays with the sensitive materials of the detector. There are
several algorithms that yield Compton images. For the current research work the selected
imaging algorithm is the List Mode Maximum Likelihood Expectation Maximization (LM-MLEM).
This technique has been originally developed for medical imaging [9] and has been wide-spread
in the field of Compton imaging [6].

LM-MLEM is an iterative algorithm that converges to the source image with the highest
likelihood of having produced the recorded data. It is a list mode based algorithm (LM); the data
fed to the algorithm is a mere list of events (energy depositions and positions of interactions of
the incident gamma rays via the Compton scattering). The list mode methods are appealing in
image reconstruction because the total number of data in the list is significantly smaller than the
number of possible combination of position and energy measurements.

The imaging algorithm starts the reconstruction of the image for each event at a time by using
the back projection method illustrated in Figure 2, which is an algorithm that projects the
Compton cone of each event onto an imaging plane. The Compton cone refers to the well
known Compton scattering process: When an emitted gamma-ray interacts with the detecting
materials via the Compton scattering effect, a recoil electron and a scattered photon are created
in a such way so both the energy and the momentum of the scattering is conserved. The energy
(Ee) and the position (7) of the recoil electron can be quickly measured while the scattered

photon ideally deposits all its energy (Eg) in the detecting materials in a series of one or more
interactions before it is finally absorbed via a photoelectric interaction. (The position of an
interaction is assumed to be the center of a CdTe pixel). The scattering angle (8) is related to
the energy depositions both of the recoil electron and of the scattered photon via the well known
Compton formula:

cosé =1—m0c2{i— ! J (56)
E, E,+E,

where m002 is the rest energy of the electron.

Moreover, the scattering angle is geometrically related to the direction (7,) of the incident

gamma-ray via the formula:
cosf=ry-u (57)
where ¢ = 1211

7 7]
Thus, by recording the positions of the interactions (7,7 ) and the energy depositions (Ee,

E;), the incident direction (r,) of the primary gamma-ray is constrained to lie on a cone
(Compton cone). The Compton cone’s central axis is defined by the vector u given by equation
(2) connecting the two interactions whereas the cone’s opening angle is equal to the Compton
scattering angle defined by equation (1). The apex of the Compton cone is located at the CdTe
crystal pixel in which the gamma-ray have scattered.

Since the incident gamma ray could have originated from any point on the surface of the
Compton cone, during the image reconstruction, the back projection algorithm samples
randomly the azimuthal angle (¢) over the full range [0,2m]. Then, each of the vectors
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corresponding to a specific value of ¢ directed towards to the apex of the cone is projected onto
multiple planes at different source-to-detector distances (z). For any given projection imaging
plane, the pixels intersected by the cone form a circle scribed onto the projection plane.

source
Projection
imaging plane

FIGURE 2. The Back projection imaging algorithm

All back projected Compton circles (each one corresponding to a different incident gamma-
ray emitted by the radioactive source) intersect at a common point that determines the source
location. In principle three Compton cones should be enough to reconstruct the image of a
point-like radioactive source but in practice (due to measurement errors and to incomplete
absorption of the scattered photon) a large number of reconstructed Compton cones are needed

to derive the source location accurately (Figure 3).
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FIGURE 3. The back projected image process: as the number of events and the number of iterations
increase (from top to bottom), the source image converges.
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The back projected image serves as the initial estimation of the image to start the iteration
procedure of the LM-MLEM algorithm. For each pixel in the image all the events having a
Compton cone that touched that pixel are recorded and the pixel’s sensitivity is calculated,
representing the probability that a gamma ray originated by the pixel is detected anywhere in the
detector. This information is fed to the LM-MLEM algorithm that uses an iterative reconstruction
equation for calculating the amplitude of each pixel of the image in order to find the
reconstructed image distribution with the highest likelihood of having produced the recorded
data.

Figure 4 depicts the reconstructed image for the case of an 800keV point-like radioactive
source using 50 iterations of the LM-MLEM imaging algorithm. The simulated source is located
50 cm from the detector’s center at inclination angle 6=26.56° and azimuth angle ¢=0° (where
0=0° corresponds to the detector's symmetry axis), in spherical coordinates.
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FIGURE 4. Reconstructed image using 50 iterations of LM-MLEM imaging algorithm, for the case of z
simulated point-like radioactive source (800 keV) located at (6=26.56°, ¢=0°).

RECONSTRUCTED IMAGE RESOLUTION

The ability of the COCAE instrument to estimate the orientation of radioactive sources
depends largely on its resolution of reconstructing radioactive sources’ images. The
reconstructed image resolution is defined as the combined FWHM of the azimuth (¢) and
inclination (0) profiles of the source’s reconstructed image measured in steradian (sr).

We have studied the reconstructed image resolution of the COCAE instrument by considering
two case conditions: point-like radioactive sources located a) on the detector's symmetry axis
(z) and b) off the detector's symmetry axis.

For the evaluation of the reconstructed image resolution for various gamma-ray energies,
source-to-detector distances and orientations, the same number of interactions of incident
gamma rays with the detector has been assumed. This assumption can be achieved
experimentally by increasing the acquisition time as a function of the source-to-detector
distance.

Shown in Figure 5a and 5b are the azimuth and inclination distributions respectively
(measured in degrees), for the case of an 800keV point-like radioactive source located 50 cm
from the detector’s center at azimuth angle 6=26.56° and inclination angle ¢=0° .
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FIGURE 5. a) azimuth and b) inclination profiles of the reconstructed image of an 800keV point-like
source located at (6=26.56°, =0°), in spherical coordinates.

Radioactive sources located on the detector’s symmetry axis

For the case of on-axis radioactive sources, our studies have been performed by simulating
radioactive sources emitting gamma rays in an energy range from 100keV to 2MeV located at
distances up to 2m from the detector’s centre.

Presented in Figure 6 is the reconstructed image resolution (measured in steradian (sr) as a
function of the source-to-detector distance for three cases of point-like radioactive sources
emitting 400keV, 1000keV and 2000keV gamma rays. It can be noticed that the reconstructed
image resolution increases as the source-to-detector distance is reduced; it varies from less
than 2.5x10 sr (for source-to-detector distances ~50cm) down to about 0.5x107 sr (for point-
like sources located at distances greater than ~1m).
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FIGURE 6. Reconstructed image resolution for point-like 400 keV, 1000 keV and 2000 keV radioactive
sources located on the detector's symmetry axis, as a function of source-to-detector distance.

Furthermore, it can be seen from Figure 7 that for an arbitrary source-to-detector distance
(z=80cm) and for point-like radioactive sources emitting gamma rays with energies in the range
from 400keV to 2000keV, the reconstructed image resolution is less than 1x103sr.
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FIGURE 7. Reconstructed image resolution for point like radioactive sources located on the detector’s

symmetry axis as a function of the incident gamma ray energy, for an arbitrary source-to-detector
distance (z=80cm).

Moreover, we have studied the dependence of the COCAE’s image resolution on the number
of the reconstructed events. (It has to be noticed that for the reconstruction of the source’s
image only a fraction of the reconstructed events is used, corresponding only to those events
that interact with the COCAE’s detecting elements via the Compton scattering process). Figure
8a and 8b show the azimuth (¢) and the inclination (8) coordinate respectively of the
reconstructed image, as a function of the number of reconstructed events. The simulated point-
like radioactive sources emit gamma rays in the energy range from 400keV to 1250keV and
they are located at an arbitrary source-to-detector distance (z=120cm), on the detector’s
symmetry axis (¢=180° 6=90°). The solid line in Figure 8a and 8b represents the real azimuth
and inclination coordinate of the simulated sources respectively, whereas the error bars
correspond to the estimated FWHM of the image distributions, measured in degrees (deg). It
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FIGURE 8: The azimuth (top) and inclination (bottom) image coordinate of point-like radioactive sources
located on the detector’'s symmetry axis (solid line), as a function of the number of reconstructed events.

Radioactive sources located off the detector’'s symmetry axis

For the case of point-like radioactive sources located off the detector's symmetry axis
(defined at @=0°0=0°) we have performed Monte Carlo studies, by simulating radioactive
sources emitting gamma rays in the energy range from 100keV to 2MeV. The sources are
located at 50 cm from the detector’s center at azimuth angle ¢=0° and inclination angles up to

90°.

Figure 9 illustrates the evaluated reconstructed image resolution as a function of the incident
gamma ray energy, for the case of point-like radioactive sources located at various inclination
angles whereas Figure 10 shows the reconstructed imaging resolution versus the inclination

angle, for 600keV, 1000keV and 2000keV radioactive sources.

It can be noticed that the reconstructed image resolution is worse compared to the case of
on-axis sources being less than ~4x107sr, for point-like radioactive sources emitting gamma
rays with energies from 600keV to 2000keV.
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FIGURE 9. Reconstructed image resolution for point-like radioactive sources located off the detector’'s
symmetry axis (¢=0°, 8=0°), as a function of the incident gamma-ray energy.
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FIGURE 10. Reconstructed image resolution for point-like radioactive sources located off the detector’s
symmetry axis (¢=0°, 8=0°), as a function of the inclination angle (8).

CONCLUDING REMARKS

The reconstructed image resolution of a portable pixelated CdTe detector (COCAE) has been
studied by applying the LM-MLEM imaging algorithm on a large number of simulated gamma
rays. The radioactive sources are modelled as point-like mono-energetic gamma sources
located at various distances and orientations with respect to the detector's symmetry axis,
emitting gamma-rays having energies in a broad energy range from 100keV to 2000keV.

Our studies have shown that for radioactive sources placed on the detector's symmetry axis
at least five thousand reconstructed events are needed for a successful reconstruction of the
source’s image. Using fifty iterations of the LM-MLEM imaging algorithm, the reconstructed
image resolution has been estimated to be less than ~2.5x10° sr (for source-to-detector
distances ~50cm) down to ~0.5x10° sr (for point-like sources located at distances greater than
~1m).
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Moreover, simulation studies performed for radioactive sources placed off the detector’s

symmetry axis have showed that the ability of the instrument to reconstruct the image is worse
than in the case of on-axis sources, being less than about 4x1073 sr.
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Abstract. We present the development of a stacked gamma radiation detecting system,
consisting of three layers of pixelated Cadmium Telluride detectors (PID350). A high
speed (120 frames/s) data acquisition system has been developed in order the system
being able to compete with high flux of gamma rays. The PID350 detector's photo-peak
energy resolution ranges from 1.73 keV to 2.15 keV (FWHM) at 59.5 KeV. Spectroscopic
measurements performed have shown that the stacked detecting system is able to
accurately evaluate the position of a 140.5 keV radioactive source located at distances in
the range from 30 cm to 1 m.

Keywords: Semiconductor detectors, Gamma-ray spectroscopy, CdTe diode detector
PACS: 29.40.WKk, 29.30.Kv

INTRODUCTION

The last decades, the world's growing interest in homeland security has given new impetus to
the efforts of the scientific community to improve gamma radiation detection technologies.
Within this research field, the current work aims to explore the ability of a radiation detecting
system under development to identify both the energy and the source-to-detector distance of
gamma radioactive sources. The system consists of three planar pixelated Cadmium Telluride
(CdTe) semiconductor detectors (PID350) stacked together.

Pixelated detectors have the advantage of providing accurate information on both the energy
deposition and the position of each interaction of gamma radiation with the detecting materials.
Moreover, by choosing the geometry of a stacked detector (in which thin layers are stacked
together), the efficiency of detecting the gamma rays is increased and more information about
the original gamma radiation can be extracted (since successive interactions with the detecting
layers are recorded).

Described in the following sections is the general structure of a PID350 radiation detector, its
calibration procedure as well as the high speed readout system developed so that the detector
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being able to compete with high flux of gamma rays. A prototype stacked system consisting of
three PID350 detectors is presented as well as results on its ability of estimating the position of
point-like gamma sources.

THE PID350 DETECTOR

For the development of the gamma radiation stacked system, PID350 detectors provided by
AJAT [1] have been used. PID350 is a pixelated detector based on CdTe-CMOS technology,
suitable for gamma and X-ray detection (Figure 1). Its active area is 4.5 cm x 4.5 cm and
consists of eight CdTe-CMOS hybrid elements. Each hybrid element has 2048 radiation sensing
pixels of 350um size, thus a PID350 detector consists of 16384 pixels. Each pixel is capable of
recording the energy deposited of every detected interaction. The maximum energy deposited in
each detector pixel during two successive readout cycles is stored into a specific address in a
local memory.

FIGURE 7. The PID350 pixelated detector.

The eight CdTe-CMOS hybrid elements of a PID350 detector are grouped into two modules
each one connected to a digital control board having individual power supply and data readout
(Figure 2). During one readout cycle, the contents of all the 8192 pixels of one PID350 module
are read and stored in the computer forming a frame. The data are transferred from the control
board of each module directly to a PC station through a Serial Peripheral Interface (SPI) bus.

In the present work three PID350 detectors have been used for spectroscopic measurements
and their performance has been evaluated in order to be used in a stacked prototype system
under development. The detectors are labeled as PID350#1, PID350#2 and PID350#3. The two
modules of each detector are labeled with a subscript (e.g. the PID350#1 detector consists of
the PID350#1_1 and PID350#1_2 modules).

FIGURE 2. The PID350 system.
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CALIBRATION

The hardware calibration procedure of a PID350 detector concerns the adjustment of both
the offset and the gain parameters of each pixel. The calibration has been performed by using
the PID350 standard data acquisition system provided by AJAT, having a maximum data rate
transfer of 2 frames/s and a graphical user interface based on LabView.

For the offset adjustment, noise data have been collected in order to locate the noise peak of
each pixel. Several iterations are needed in order to reduce the width of the noise peak to no
more than two channels.

For the gain adjustment, data have been collected for each PID350 detector using a *'Am
radioactive source. The gain adjustment procedure searches for the gamma peak location and
corrects the gain parameters in order to align the gamma peaks of all pixels. Several iterations
have been performed in order to squeeze the distribution width of the gamma peak positions
(centroids) of each pixel to no more than two channels.

Since the offset and gain adjustments are not completely independent, they have been
repeated iteratively several times, in order to reduce the FWHM of the cumulative gamma ray
spectrum.

The cumulative spectrum of 2*'Am radioactive source calibration is shown in Figure 3 before
and after the hardware calibration, for the case of the detector PID350#3. Similar spectra have
been obtained for PID350#1 and PID350#2 detectors.
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FIGURE 3. Cumulative spectrum of a **'Am radioactive source recorded by the PID350#3 detector,
before (up) and after (down) the adjustment of the offset and gain parameters of all its pixels.

A HIGH SPEED READOUT SYSTEM

The read out of the PID350 detector, provided by AJAT is slow compared to the internal
memory writing speed resulting to data loss during the collection of data. In order to reduce the
data loss we have developed a new high speed readout system (Figure 4) consisting of an
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FPGA SPI, a High Speed USB and a user interface software written in VHDL and C languages.
This system manages to increase the data transfer speed to the PC from 2 frames/s, which was
the data transfer speed of the standard PID350 readout system to 120 frames/s.

Figure 4. The high speed PID350 readout system.

The user interface software of the high speed readout system checks the PID350 status,
uploads the offset and gain parameters derived by the hardware calibration procedure described
in the previous section and starts the data gathering.

The raw data recorded are stored in binary data files in a stream of bytes which are grouped
in 8-byte packets. Each packet stores the content of a single pixel from every PID350 module.
This leads to a high data rate of 112.5 Mbytes/min. In order to manipulate the raw data with
greater flexibility a software package has been developed under the ROOT framework [2]. The
software transforms the raw data packets into usable frames and stores them in ROOT format.
A frame holds an identification number for the frame (ID), the signal amplitude collected by each
pixel, the spatial coordinates of each pixel and a sequence number which carries an estimation
of the time when the interaction occurs. Furthermore, the software checks the energy resolution,
the number of bad pixels and the upper channel limit of the noise peak.

ENERGY RESOLUTION

Although the width of the distribution of the photo-peak centroids has been adjusted to be no
more than two bins during the hardware calibration of the PID350 by using a **'Am source (as
described previously), it becomes much wider when the detector is irradiated by a different
mono-energetic gamma source. This is evident in Figures 5a and 5b illustrating the photo-peak
centroid distributions of all pixels of the PID350#3 detector, when irradiated by an ?*’Am and
'%Cd radioactive source respectively (the bad pixels are excluded). The broad distribution of the
photo-peak centroids results to a broad energy peak in the energy spectrum, since the energy
peak is the convolution of the width of each pixel’s photo-peak with the distribution of the photo-
peak centroids.

In order to improve the energy resolution of the cumulative spectra, the PID350 detectors
have been irradiated by two known energy sources and a software energy calibration procedure
has been developed. According to this procedure, a total of 8192 histograms (one per each
pixel) are created dynamically and are filled with the content of the corresponding pixel, creating
in this way the spectrum of each pixel. Then, the peaks of every single pixel spectrum above the
dc level are searched and two calibration constants are determined for each pixel based on the
position of the two peaks.
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FIGURE 5.. The PID350#3 centroid channel distribution for (a) 'Am and (b) "°Cd sources.

To improve further the energy resolution, the software does not use in the energy calculation
process the “bad” pixels. The bad pixels are defined as those pixels for which the energy
calibration procedure either fails (the calibration algorithm can’t find two peaks in order to
calibrate the pixel), or the pixel is noisy (it has noisy channels above the upper edge of the dc
level).

The energy calibration has been performed for each PID350 detector, using two low energy
gamma ray standard isotopes: **'Am (59.5keV) and '%°Cd (88keV). Figure 6 illustrates the
spectrum of the PID350#3 detector before and after the software energy calibration.
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FIGURE 6. a) The un-calibrated spectrum of the PID350#3 detector (b) The calibrated spectrum after a
pixel by pixel adjustment.

Moreover, the calibrated 2*'Am photo-peak of each PID350 detector after the software
calibration is shown in Figure 7. The archived energy resolution at 59.5 KeV ranges 1.73 keV to
2.15 keV (FWHM)

175



NAUSIVIOS CHORA

12 r o =
L FIDG50#1_1 L 3
Foa o008, FID3504]1_2
E‘"lu_ 1 = L]
= = P Tip
3% M
8 E__— S o0 —
E ey
L | & I
2 | Y 2001~ Il |
it S
T —l--h,.,._ i § | & i s e i
h 45 E - [ - E -} o i ] | I ] kol w0 48 &0 a5 2] [+] T T8 B0 L L
Energy (keV) Energy (ke¥)
F -
E e} FID35042 1 12 d) ] PIL35042 2
12}
B | 290l = 1|
= s
1-E o F
® b ped
R B
i = b
B L o
A= "' ]' 1
:zr 2 I |
] |_ I
| Liopdl i L ek al I = I i T P I
B %5 S 65 B0 65 ™o 75 B0 BE W W 45 S0 S5 60 65 TO 75 B BS 90
Energy (keV) Energy (keV)
~18E g 1 PID3S043_1 e | PRI 2
L o -~
2 ¢ L F
E 'IZ:_; E “,1:_
fus g o
E 1) =
a- LlE
EE- B
2 - |
:—_ o L | : i ,_..—_'; £ H"h--.._.
Ilu lE s:l} _lslsl 'su 65 _1"0 :rls 0 ; -n ?lﬂ 4 S 55 80 85 T 1'.5 BB B W
Enern'{in‘r’! Energy (ke

FIGURE 7. Calibrated photo-peaks of 'Am radioactive source acquired with a) PID350#1_1, b)
PID350#1_2, c) PID350#2_1, d) PID350#2_2 e) PID350#3_1 and f) PID350#3_2 detector modules.

THE STACKED PROTOTYPE SYSTEM

The Structure of the System

We have assembled a prototype system as a stack of three PID350 detectors. The ordering
of the PID350 layers in the stacked system reflects the performance of each layer, i.e. the
PID350s are stacked from the top to bottom with decreasing quality. The quality is defined by
three parameters: the energy resolution, the number of bad pixels and the upper channel limit of
the noise peak. The experimental setup used to test the performance of the prototype system is
shown in Figure 8. For the data acquisition the system described in the previous section has
been used.
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FIGURE 8. Experimental setup with the PID350 stacked prototype.

Simulation Studies

The response of both the PID350 detector and of the stacked system has been modeled
using an open-source object oriented software library (MEGAIib [3]) providing interface to the
GEant4 [4] toolkit that simulates the passage of particles through matter.

A large number of gamma rays (~10°) emitted from point-like isotropic sources placed on the
detector's axis of symmetry and at different distances interact with the PID350 detector model
and the deposited energy is smeared using a Gaussian distribution of 7keV FWHM [1]. Shown
in Figure 9 is the case of a simulated event of a 10keV gamma ray that interacts with the model
of the stacked system creating two energy depositions (hits).

FIGURE 9. An 140 keV gamma ray interacts with the stacked system creating two hits (energy
depositions).

Shown in Figure 10 is the simulated energy deposition of all hits for the case of 60 keV
incident gamma rays. The peak (59.5 keV) due to interactions of the gamma rays with the
detecting materials via the photoelectric effect process, the Ka x-ray from Cadmium (23 keV)
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and the escape peak (26.5 keV), broadened due to the smearing, are visible.
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FIGURE 10. Simulated spectrum of the energy deposited in each PID350 detector pixel, for 60 keV
incident gamma rays

Source-to-detector distance Estimation

The ability of the stacked detector to estimate the distance of a radioactive source has been
tested by using a *™Tc (140.5 keV) source placed at various distances from the system’s upper
detecting layer. The estimation of the source-to-detector distance is based on the distribution of
the fully absorbed photons (via a photoelectric effect) in each detecting layer [5].

The distance (d) of a radioactive source from the first detecting layer of the stacked system is
evaluated by fitting the following function on the distribution of the photo-peak counts (N;) of
each PID350 detector layer (i):

N, o exp(— (i 1)(; y_,.th + a] . Sinl([d +(i —];;g]2 + K J (58)

l Sin71 L
d’+k*

where t; is the thickness of a material of each detecting PID350 layer with corresponding total
absorption coefficient p;, g is the distance between the layers, k is half the length of the
rectangular layer side and a is a parameter evaluated experimentally. The sum runs over all
materials of the i layer.

The first term of the above equation reflects the absorption by the front layers of the detector.
The second term is the ratio of the solid angle subtended by the i" rectangular detecting layer
over the solid angle subtended by the first one. Experimental results for the determination of the
distance (d) by using a *™Tc radioactive source are presented in Figure 11. It can be noticed
that the 3-layer PID350 stacked prototype system is capable of evaluating the distance of a
gamma ray source with good accuracy in the distance range from 30 cm up to 100 cm.

Additionally, the complete geometry of the stacked PID350 detecting system has been
simulated using the GEANT4 package and the estimated distance using the simulated data is
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depicted in Figure 11 for the case of a 140.4KeV radioactive point-like source (*"Tc). The solid
line represents the case of the ideal source-to-detector distance estimation.
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Figure 11. Estimated distance vs. real distance of a **"Tc radioactive source using both real and
simulated data.

SUMMARY

We have developed a prototype stacked system consisting of three PID350 pixelated
detectors.

In order to reduce the data loss in case of a high flux of photons, we have developed a data
acquisition system with data transfer speed of 120 frames/s.

Furthermore, we have developed a data analysis framework that transforms the raw data
collected by the PID350 detectors into useable frames and performs a software energy
calibration for each pixel of the detector independently. The achieved energy resolution ranges
from 1.73 keV to 2.15 keV (FWHM) at 59.5keV.

Spectroscopic measurements show that the stacked system is able to accurately evaluate
the distance of a ®™Tc radioactive source from its first detecting layer, in a broad range of
source-to-detector distances from 30cm to 1m.
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Abstract. Carbon nanotubes are in the forefront of nanomaterials research since their
discovery last decade. These carbon molecules are tiny tubes with diameters down to 0.4
nm, while their lengths can grow up to a million times their diameter. In this paper the most
common fabrication methods for Carbon Nanotubes are explained and their remarkable
properties are portrayed, namely mechanical, electrical and electronic properties. Finally,
some applications of Carbon Nanotubes based on the aforementioned properties are
discussed.

Keywords: Nanotubes, Electric arc discharge, Laser ablation, Chemical vapour deposition,
phonons.
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1. INTRODUCTION

In the past few years nanostructured materials, with dimensions of grain size, layer thickness
or shapes, below 100 nm, are of special interest. This wide group of materials enables access to
new ranges of electronic, magnetic, mechanical or optical properties. Polycrystalline materials
with grain sizes less than a few nanometres possess properties different from classic materials,
because they are relatively highly affected by the grain boundaries. For example they appear to
be very strong and highly wear resistant coatings are being developed out of these materials.
Furthermore, researchers at IBM used magnetic nanoparticles within several ultra-thin layers to
develop advanced data storage devices. Sensors for disk-drives have been developed with
many times the sensitivity of previous devices, allowing more bits to be packed on the surface of
each disk. Nanoscale structures can potentially store trillions of bits of data per square inch,
giving them a capacity 10 to 100 times greater than that of present memory devices.

Nanotubes belong to the promising group of nanostructured materials. Although nanotubes
based on boron nitride and molybdenum are reported, Carbon Nanotubes (CNTs) are by far the
most important group. These tubes contain one or several concentric graphite layers with
diameters in the range of 0.4 nm up to tens of nanometres.
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The discovery of the “buckyball”, i.e. a football shaped C60 molecule, reported by Kroto et al.
in 1985 [1], had a strong impact and marked the beginning of a new era in carbon material
science. In 1991, lijima discovered the carbon nanotube [2]. In the soot at the negative electrode
of an arc discharge little tubes mixed with a large amount of other forms of carbon were found.
Such multi-walled carbon nanotube (MWNT) contained 2 to 50 concentric cylindrical graphite
sheets with a diameter of 3-10 nm and a length of up to 1 ym. This initial work led many groups
throughout the world to produce and purify nanotubes. Soon it became clear that nanotubes
have unique electronic and mechanical properties that are expected to lead to breaking
industrial applications. Later on, single-walled carbon nanotubes (SWNT) were developed.
Because of adhesive forces nanotubes often bunch to form ropes. The tubes can either be
open-ended or have caps formed from half a C60 molecule at either end, see Fig. 1.

FIGURE 1. High resolution TEM image of the end of a typical nanotube showing several concentric layers
with caps at the end.
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FIGURE 2. Ball-stick model of a nanotube; the balls represent the carbon atoms and the sticks their
bonds [3].
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To explain the carbon structure in nanotubes, the difference between diamond structure and
that of graphite may be considered, see Figs. 2 and 3. In diamond, each carbon atom is
attached with four others in a three dimensional lattice, which gives diamond its strength. On the
other hand, in graphite, each carbon atom is attached to three others in a plane and form a
hexagonal lattice, whilst the remaining bond is used to hold the planes above and below. The
bonds in the plane are stronger than in diamond, but the interplanar bonds are relatively weak,
and provide to the planes the possibility to slide. Therefore, whereas diamond is isotropic,
graphite is anisotropic.

FIGURE 4. (a) The carbon lattice and the ways it can be rolled up to form a zigzag, an armchair or a chiral
tube, depicted with its chiral angle; the atom at position (11,7) is projected on (0,0) like all the other atoms
on the dotted line to form a tube. (b) STM image of the (11,7) chiral tube [5].
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The structure of a nanotube is similar to that of graphite, with the difference that the sheets
are closed to form a tube. In the ideal case, a CNT consists of either one cylindrical graphite
sheet (single-walled nanotube) or several nested cylinders (multi-walled nanotube) with an
interlayer spacing of 0.34-0.36 nm that is close to the typical spacing of graphite. The C-C
bonds have a length of 0.14 nm, which is indeed shorter than the bonds in diamond, indicating
that the material is even stronger than diamond [4]. Assuming that the a CNT is produced by the
rolling of the hexagonal lattice, a few options exist. The sheet can be rolled-up along one of the
symmetry axis, subsequently, either a zigzag tube or an armchair tube can be fabricated, see
Fig. 4. It is also possible to roll-up the sheet in a direction that differs from a symmetry axis,
therefore a chiral nanotube can be obtained. Besides the chiral angle, the circumference of the
cylinder can also vary. By considering the rolling-up of the sheet as the “placement” of the atom
at (0,0) on the atom at (n,m), tubes can be classified using this pair of integers, see Fig. 4; the
roll-up vector (n,m) specifies the oriented width, recording the number of steps along the a and b
directions.

2. CNTS FABRICATION

When heated, carbon atoms recombine in soot, some in amorphous blobs, but others in
football-shaped spheres or in long cylindrical capsules. A notable progress has been made in
the synthesis of these carbon nanotubes. In general, there are three ways to make soot that
contains a reasonably high yield of nanotubes: electric arc discharge (EAD), laser ablation (LA)
and chemical vapour deposition (CVD).

2.1 Electric arc discharge

The first identified nanotubes were fabricated by a direct current electric arc discharge (EAD)
between carbon electrodes within a noble gas, like argon or helium [1, 6]. In this process, the
carbon electrodes are placed a few millimetres apart and the current of approximately 100 A
vaporises the carbon into hot plasma, some of which recondenses in the form of CNTs. Note
that, the nanotubes form only where the current flows, i.e. on the larger negative electrode. The
voltage of about 20 V, maintains a high temperature of 2000-3000 °C [7].

The typical yield of nanotubes is up to 30% by weight. The tubes have diameters between 2
and 20 nm and tend to be short, i.e. 50 ym or less, deposited in random sizes and directions;
the typical rate of deposit is about 1 mm/min. It is to be noted that, an addition of a small amount
of transition-metal powder, like cobalt, nickel or iron to the rods, favours the growth of single-
walled nanotubes. The metal serves as a catalyst, preventing the growing tubular structures
from wrapping around and closing into a smaller fullerene cage. The presence of a catalyst also
allows for reducing the temperature. Without such cooling, the arc is too hot, and the nanotubes
coalesce and merge rapidly into disorder; to minimise this effect a water-cooled cathode may be
used [8].

2.2 Laser ablation

Single walled nanotubes (SWNT) can be efficiently produced by laser ablation (LA) of a
graphite rod. These highly uniform tubes have a greater tendency to form aligned bundles than
those prepared using arc-evaporation. With this method, SWNTs were generated consisting of
CNTs, mostly of the armchair type, over 70% of the volume of material, bundled together into
crystalline ropes of metallic character [9]. These ordered nanotubes are prepared by the laser
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vaporisation of a carbon target in a furnace at 1100-1200 °C, a much lower temperature than
was previously necessary for fabricating CNTs. A cobalt-nickel catalyst assists the growth of the
CNTs, presumably because it prevents the ends from being “capped” during synthesis. By using
two laser pulses, growth conditions can be maintained over a larger volume and for a longer
time. This scheme provides more uniform vaporisation and better control of the growth
conditions. The diameter range of the tubes can be controlled by varying the reaction
temperature. Flowing argon or nitrogen gas sweeps the nanotubes from the furnace to a water-
cooled copper collector placed just outside of the furnace. A disadvantage of this method is that
it requires expensive lasers.

2.3 Chemical vapour deposition

Despite the described progress of synthetic techniques for nanotubes, there still remained
two major problems in their synthesis, i.e. large scale and ordered synthesis. But, in 1996 a
chemical vapour deposition (CVD) method emerged as a new candidate for nanotube synthesis
[10]. The method was used to produce a 50 um thick film of CNTs that were highly aligned
perpendicular to the surface. This method is capable of controlling growth direction on a
substrate and synthesising a large quantity of nanotubes. In this process a mixture of
hydrocarbon gas, acetylene, methane or ethylene and nitrogen is introduced into the reaction
chamber. During the reaction, nanotubes are formed on the substrate by the decomposition of
hydrocarbon at temperatures 700-900°C at atmospheric pressure [11]. The process has two
main advantages: the nanotubes are obtained at much lower temperature, although this is at the
cost of lower quality, and the catalyst can be grown on a substrate, which allows for the
formation of novel structures.

2.4 Purification of CNTs

The three different methods of the production of nanotubes suffer some serious limitations;
all produce mixtures of nanotubes and nanoparticles sticking together in larger lumps. The tubes
have a wide range of lengths, many defects and a variety of twists to them. Therefore, the main
concern is how to separate them of the worthless soot and how to purify the tubes. Various
post-growth treatments have been developed to purify the tubes and also to eliminate the
defects in the tubes. The material can be treated in an ultrasonic bath to free many tubes from
the particles that are originally stuck together [6]. The larger contaminants can be easily
removed due to their relatively high weight, for example by dispersing the powder in a solvent
and subsequent centrifugation. The smaller particles are more difficult to eliminate. One
possibility for MWNTSs is to perform an oxidative treatment, either by heating the powder in air at
650 °C or by a liquid phase treatment in acidic environment. For SWNTs, standard methods to
eliminate catalyst particles and amorphous carbon involve re-fluxing the raw material in acid
followed by centrifugation or cross-flow filtration.

Another possibility for purification is to employ physical methods that do not damage the
tubes, but separate the objects as a function of their size. For MWNTSs, a purification method
that uses the properties of colloidal suspensions has been developed. Smaller objects remain
dispersed while larger particles form aggregates that are deposited as sediment after a few
hours. A related method, the size-exclusion chromatography, was successfully used for the
purification and size selection for MWNTSs. Purification procedures for SWNTs without any acidic
treatment have also been reported and involve microfiltration or size-exclusion chromatography
[4].

A method to eliminate the defects in CNTs is by annealing at high temperatures, up to 3000
K; during this process, impurities and defects in the tubes are eliminated.
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3. CNTS PROPERTIES

CNTs exhibit properties that can find several uses and applications. Their mechanical,
electrical and electronic properties will be hereafter discussed.

3.1 Mechanical properties

The mechanical properties of CNTs are difficult to be measured due to their small
dimensions. However, different methods have been used. The Young’s modulus of elasticity
was estimated after measuring the thermal vibrations of nanotubes; a very high average value
of 1.8 TPa was found [12]. Wong et al. [13] used a scanning force microscope to bend
nanotubes that were mechanically fixed at one end. By measuring vibrations of nanotubes in an
electrical field, Poncharal et al. [14] found a value below 1 TPa. This is true both for multi-walled
and single-wall nanotubes because the modulus is mainly determined by the carbon-carbon
bonds within the individual layers.

' -

ey o
(®)
FIGURE 5. (a) An AFM microscope of a multi-walled nanotube across a pore to measure its Young’s
modulus by bending it with an AFM tip (b) and (c) SEM images of a multi-walled nanotube held between
two AFM tips to measure its tensile strength.

Salvetat et al. [15] found that multi-walled nanotubes grown by arc discharge had a modulus
of about 1 TPa, whereas those grown by the catalytic decomposition of hydrocarbons had a
modulus that was smaller by one to two orders of magnitude. The nanotubes were placed
across "nanopores" and an atomic force microscope was used to bend them in the middle.
These results demonstrate that only highly ordered and well-graphitised nanotubes have a
stiffness comparable to graphite, whereas those grown by catalytic decomposition are weaker
because of their defects, see Fig. 5 (a) [15]. Further insights into the mechanical properties of
multi-walled nanotubes are reported in Ref. [16]. The ends of a multi-walled nanotube were
attached to a pair of AFM tips and stretched it until it broke, see Fig. 5 (b) and (c). The tips of the
tubes were attached on the AFM tips by electron beam deposition of carbonaceous material. A
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tensile strength of the nanotubes, ranged from 11 to 63 GPa was obtained; for comparison, high
strength steel alloys break at about 2 GPa. The Young’s modulus ranged from 270 to 950 GPa
[16]. In this process, the AFM tips only make contact with the outside of the CNTs, so the
outermost layer carries most of the load. The outermost tube ruptures at the tensile limit and
slides over the inner tubes in the so-called “sword-in-sheath” failure. There are relatively weak
Van der Waals interactions between the layers whilst the shear strength between the layers is
small. This property is very interesting for applications like nano-bearings.

When nanotubes are compressed, they show remarkable properties. They bend over to
surprisingly large angles, before they start to ripple and buckle, and then, finally kinks are
developed. Note that all these deformations of the carbon nanotubes are elastic, all
disappearing completely when the load is removed [16]. Note that the density of bundled CNTs
is 1.333 to 1.40 gr/cm3; a very low value as compared to aluminium, possessing a density of 2.7
g/cm” [8].

3.2 Electrical properties

Graphite is one of the rare materials known as a semimetal and CNTs emerge as interesting
conductors. Because electron waves can reinforce or cancel one another, an electron spreading
around the circumference of a nanotube can completely cancel itself out; therefore, only
electrons with the right wavelength remain. From all the possible electron wavelengths, or
quantum states, available in a flat graphite sheet, only a tiny subset is allowed when that sheet
is rolled into a nanotube. That subset depends on the circumference of the nanotube, as well as
on the chirality (twist) of the nanotube.

In a graphite sheet, one particular electron state, designated as the Fermi point, provides to
the graphite almost its whole conductivity; none of the electrons in other states are free to move
about. All armchair tubes and one out of three zigzag and chiral tubes combine the right
diameter and degree of twist to include this special Fermi point in their subset of allowed states.
These nanotubes are truly conducting metallic nanowires. The remaining two thirds of
nanotubes are semiconductors. For example, if n-m the roll-up factor, see Fig. 4, is three times
an integer, the carbon nanotube has an extremely small gap, and at room temperature, it shows
a metallic behaviour. For n=m, the tubes are metallic whilst for other values of n-m, the tubes
behave as semiconductors with a band gap [5], indicating that, like silicon, they do not pass
current easily without an additional amount of energy.

CNTs do not possess the same band gap, because for every circumference there is a unique
set of allowed valences and conducting states; band gaps of 0.4-1 eV can be expected for
SWNTs, corresponding to diameters between 0.6 and 1.6 nm [4]. As nanotube diameters
increase, more and more states are allowed and the spacing between them reduces. In this
way, different-size nanotubes can have band gaps as low as zero (like metal), as high as the
band gap of silicon, and almost anywhere in between. No other known material can be so easily
tuned. Note, however that, the growth of nanotubes currently provides a wide range of different
geometries, and researchers are seeking improvements so that the specific types of nanotubes
can be guaranteed.

Thick multi-walled nanotubes may display complex behaviour, because each layer of the
tube has a slightly different geometry. By tailoring their composition individually, multi-walled
tubes that are self-insulating or carry multiple signals at once, like nanoscopic coaxial cables,
may be fabricated. However, the understanding and control of nanotube growth still falls short of
these goals.

The fact that metallic nanowires are really good conductors is underlined by comparing them
with copper. A bundle of nanotubes, could conduct about one billion A/cm2 whilst copper wires
about one million A/cm? [8].
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3.3 Electronic properties

The electronic properties of single-walled carbon nanotubes are shown to be extremely
sensitive to the chemical environment [17]. Exposure to air or oxygen dramatically affects the
nanotubes resistance and other electronic properties. These parameters can be reversibly
“tuned” by surprisingly small concentrations of adsorbed gases, and an apparently
semiconducting CNT can be converted into an apparent metal through such exposure. Hence,
the electronic properties of a given nanotube are not specified only by the diameter and chirality
of the nanotube, but also depend critically on the gas exposure history.

Another very interesting electronic property of CNTs, is their field emission; they emit
electrons from their tips, when they are placed in an electrical field, see Fig. 6 [18]. Because
they are sharp, the nanotubes emit electrons at lower voltages than electrodes made from most
other materials, and their strong carbon bonds allow nanotubes to operate for longer periods
without damage.

a-

FIGURE 6. A schematic diagram of field emission of a nanotube.

3.4 Phonons and carriers in carbon nanotubes

The decoherence effects in low dimensional structures (e.g. CNTS) can be studied using the
decoherence channels due to the Coulomb interaction to the background charge fluctuation and
due to electron-phonon interaction [19]. The description of phonon modes are of special
importance for estimating the relaxation and dephasing rates. Several models have been
employed to calculate the phonon modes within CNTS like simple tight-binding model and the
density-functional-based non-orthogonal tight-binding model among others [20]. On the other
hand, the calculation of the carrier wavefunctions and the energy levels is subject of the
numerical solution of Dirac equation.

Here, we briefly describe a semiclassical model of the dephasing mechanism. Neglecting the
inhomogeneous broadening [21], the dephasing time (T,) in terms of the excited-state lifetime

T, and the pure-dephasing time T, can be given by
1 1 1

+
T, T T,
The time T, is related to the fluctuations in the carrier energy levels due to the interactions

between the carriers and the phonons among others [19]. The corresponding dephasing and
pure-dephasing time are a few tens of fs, while the relaxation time is a few tens of ps [21].
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These kinds of calculations are very important for the quantum computer architecture and
quantum optics research.

4 CNTS APPLICATIONS

The fact that nanotubes are very good conductors and that they also can appear as
semiconductors or even insulators, makes them very useful for minuscule electronic devices like
logic circuits built up out of several transistors. The making of tiny circuits might be promising for
the semiconductor industry. This industry is focussed to make computer chips smaller every
year, but also has to make them as cheap as possible.

Essential devices like field-effect transistors (FET) have been developed. They use a single
semiconducting nanotube between two metal electrodes as the channel through which electrons
flow. The current in this channel can be switched on or off by applying voltages to a nearby third
“gate” electrode. It is found that this electrode can change the conductivity of the nanotube
channel by a factor of one million or more, compared to silicon FETs. Because of its tiny size,
however, the CNT-FET should switch reliably using much less power than a silicon-based
device. It is predicted that, such a nanoscale device could run at clock speeds of one THz or
more.

The fabrication of a CNT-FET starts with placing a tube on the insulating SiO2 layer, by
spincoating of a suspension, with pre-arranged conducting pads. These pads are connected
with the tube by metal leads, lithographically deposited across the tube. This technique is
designated as the four-probe technique [22]. The silicon layer below the silicon dioxide is used
as the back gate. The first nanotube-based devices operated at very low temperatures, but in
1998 the first transistor was reported that worked at room temperature, with electrical
characteristics remarkably similar to silicon devices, see Fig. 7 [23].

drain
electrode

source
electrode

FIGURE 7. A single-molecule transistor that operates at room temperature, consisting of an individual
semiconducting nanotube on two metal nanoelectrodes with the substrate as a gate electrode.

Metal-metal junctions lead to an improved version of a single electron transistor (SET). It has
been proposed even as the future alternative to conventional silicon electronic components, but
their practical use has been limited by the fact that they only operate at very low temperatures.
However, recently the first single electron transistor operating at room temperature was reported
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[24]. The device is similar to the FET described above, but with a short nanotube section of
about 20 nm, that was manipulated by an atomic force microscope to create a Coulomb island.
SETs consist of such a conducting island connected by tunnel barriers to two metallic leads.
Strong bends (“buckles”) within the metallic carbon nanotubes are constructed using an AFM
tip, and act as nanometre sized tunnel barriers for electron transport. The created resistance is
in the order of 0.5 MQ. For temperatures and bias voltages, that are low, relative to a
characteristic energy required to add an electron to the island, electric transport through the
device is blocked. Conduction or “Coulomb charging” is observed at room temperature, with an
additional energy of 120 meV, by tuning a voltage on a close-by gate.

The next step in assessing the suitability of these devices for computer electronics involves
the integration of individual CNT-FETs to form logic gates. To build such logic circuits, nanotube
devices, that use electrons (n-type FET) and holes (p-type) as the carriers of electricity, are
needed. The problem was that all CNT-FETs showed p-type characteristics, meaning that they
were ON for negative gate bias [23]. Therefore, the first n-type CNT-FET had a great impact; it
was made by direct doping of the tube with an electropositive element such as potassium.
Potassium atoms (K atoms evaporated from an alkaline metal dispenser) are adsorbed onto the
surface of the nanotube, donating electrons to convert the nanotube from p- to n-type. By
covering half of the nanotube with PMMA, p-n junctions were produced [25]. Note, however,
that, not only by doping, but also by annealing in a vacuum, their electrical character can be
changed from p-type into n-type. Using vacuum annealing or doping to make n-type CNT-FETSs,
p- and n-CNT-FETs on the same substrate can be fabricated. These complementary CNT-FETs
are assembled to form the first intermolecular logic gates. At first, a "NOT" gate or voltage
inverter was demonstrated, see Fig. 8.

gate

FIGURE 8. An AFM showing the design of an intramolecular logic gate consisting of a single nanotube
bundle, positioned over the gold electrodes to produce two p-type CNT-FETs in series. The device is
covered by PMMA, a window is opened by electron-beam lithography to expose part of the nanotube, and
subsequently, potassium is evaporated through this window to produce an n-CNT-FET, while the other
CNT-FET remains p-type [26].

Carbon fibre is already used to strengthen a wide range of materials, and the special
properties of CNTS mean that they could be the ultimate high-strength fibre, which has a tensile
strength 20 times, and a strength-to-weight ratio of 100 times that of steel. Nanotubes have
already been used for reinforcement of nanostructural composite materials, polymers and
concrete.
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Incorporation of conducting carbon nanotubes in construction materials, such as concrete or
structural plastics, provides opportunities for real time monitoring of material integrity and
quality.

Open-ended nanostraws could penetrate into a cellular structure for chemical probing or
could be used as ultrasmall pipettes to inject molecules into living cells. With the aid of computer
simulations it was shown that water molecules will quickly enter and flow through a CNT of 8 nm
in diameter. A separate set of simulations shows that certain organic molecules also will course
through such nanotubes. The nanotubes conduct water at a rate similar to that of certain
channels in the kidneys. These unusual transport properties of CNTs might be used in
biomedical applications, such as highly targeted drug delivery.

The small size and sensitivity of nanotubes make the assembly of extremely powerful
sensors possible. Semiconducting nanotubes change their electrical resistance dramatically
when exposed to alkalis, halogens and other gasses at room temperature. For example,
semiconducting CNTs have been used to detect gas molecules [27], whilst semiconductor
nanowires have been used as detectors for a wide range of biological compounds. Also,
nanowired field-effect transistors have been converted into sensors by modifying their surfaces
with molecular receptors.

Kim and Lieber fabricated nanotube nanotweezers, by depositing free-standing electrically
independent electrodes onto tapered glass micropipettes, which can be routinely made with end
diameters of 100 nm [28]. The arms of the tweezers were about 4 ym long. The size of the
nanotweezers was limited only by the optical microscope resolution used to monitor the
attachment process.

5 CONCLUSIONS

In order to synthesise nanotubes there are three different methods, namely arc discharge,
laser ablation, and CVD. For large-scale synthesis, the CVD method is most promising. The
substrates can be recycled and the process works at lower temperatures (500—-1000° C), which
makes the process suitable for direct growth on several devices. Nanoparticles of a metal
catalyst are applied to create nanotubes of better quality. Also the structure of the substrate is
very important. It is shown that aligned pores in silicon and alumina are most suitable to create
neatly aligned nanotubes. The deposition of the metal catalyst on the substrate deserves special
attention, because it enables manipulated growth.

The strength (around 40 GPa) and stiffness (elastic modulus around 1 TPa) of nanotubes
makes them suitable for reinforcing materials and ropes, which can bear high deformations, and
extremely high tensile forces. The theoretical understanding of the electronic structure and
related properties of nanotubes and their outstanding field emission properties have made them
preferable for use in electronics.

Several applications of nanotubes have been proposed such as scanning probe tips,
nanotweezers and even nanobearings and nanosprings. Nanotubes are commonly found in
laboratories today, and research is stimulated by large amounts of money invested in it. Some
companies are already specializing in the production of carbon nanotubes, and give research a
boost.
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Abstract. This paper investigates the deviations from exponential decay law for quantum
resonant states which can be approximately described by Lorentzian line shape spectral
distributions. We point the significance of the Lorentzian distribution in both classical and
quantum theory of resonances and its close relevance to the exponential decay law. Using
quite general physical arguments, such as the finite expectation value of the energy and
the kinematical dependence of the distribution, we investigate the appearance of these
deviations for short and long times respectively. We construct an analogous to the
continuity equation describing the correlation between exponential and non exponential
decay. When a measuring perturbation cancelling the terms in the second part of the
equation is possible, interesting questions arise as is for example whether the quantum
Zeno effect, in the limit of very short times, does really appear. It is found that besides the
homogeneity of the proposed continuity equation, other factors, such as the energy
dependence of the resonance’s complex energy shift, play an important role in the
observability of the non exponential decay.

Keywords: resonance, decay width, energy shift, survival amplitude,non exponential
decay, spectral distribution, continuity equation, exponential source term, Langevin
equation, observability, quantum measurement, quantum Zeno effect.
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1. INTRODUCTION

Resonances in quantum mechanics correspond to the unstable quantum states, and acquire
a complex energy spectrum. The latter seems to contradict with the structure of quantum
mechanics which is built in terms of eigenvectors in Hilbert space supporting a real energy
spectrum. However the unstable quantum state is an important example of irreversible
phenomena in nature and has a distinct role in quantum mechanics, ranging from excited atomic
states to short-lived elementary particles.

The resonant states interact and finally decay into continuum spectra. Their spectrum turns
to be complex since the imaginary part of each pole, equal to /2, is directly related to the mean
lifetime of the corresponding state via the 7 =h/I", and expresses half the energy width of the
resonance. The real part is constituted by both the energy value of the unperturbed state and
the energy shift due to the interaction with the continuum, giving the energy position of the
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resonance E,, (or resonance mass in the relativistic case).The study of the decay of an

unstable quantum state began with Gamow’s theory [1] of alpha decay of atomic nuclei and
Dirac’s theory [2] of spontaneous emission of radiation by excited atoms, while a general
treatment of decaying systems was given by Weisskopf and Wigner [3] and by Breit and Wigner
[4]. Siegert [5] was the first to associate the complex poles in the S-matrix of Wheeler [6] to
quantum resonances.

The signature of a resonant state is its spectral distribution. During the ages many models
have been proposed for the choice of the spectral distribution, see for example [7-12] and
references therein. Real and complex spectral distributions construct propagator functions with
substantially different properties and conseque-nces on the system’s time evolution. One of
them seems to be the different type of non exponential decay for both regions of short and long
times. The term non exponential decay is used for the description of the deviation from the
exponential decay law, related to the evolution of the survival probability during an irreversible
process. Although the exponential decay law is the universal hallmark of unstable states,
deviations from it often prove to be more consistent with quantum mechanics. The
dimensionless ratio

2ET = f3 (1)

which is defined as twice the ratio of the energy position to the energy width of the resonance, is
proved to be a very crucial and important quantity related to the appearance of such deviations,
[13]. Deviations from the exponential law are present at times very close to the initial preparation
time t = 0 and at very late times, while at “intermediate” times the exponential law represents a
very good approximation. The intermediate — time region alone satisfies the simple composition

law of probabi-lities P(¢,)P(t,) = P(¢,+t,) . In this domain, therefore, a classical probability law

operates, and the results for the two — step measurement are the same as for the one step
measurement. At late times the decay law follows a power-law, which is however very difficult to
observe experimentally because it occurs at times for which the survival probability is already
vanishingly small. On the other hand, the deviations at small times occur within a very short time
scale, for instance 10™'°s for the electromagnetic decays of an excited hydrogen atom [14] and
even shorter for hadronic decays [15]. Beyond the theoretical prediction of such deviations there
is much clear evidence for their experimental observation as well. The above may take place in
many different branches of natural sciences, such as Nuclear Physics and Radioactivity, [16,17],
Quantum field theory, [18], Atomic and Molecular Physics, [19,20], Charge transport, [21], Fluid
dynamics, [22], Magnetism and spin dynamics, [16,23,24], Optics, [25], Chemical reactivity,
[26], Biology, [27], Acoustics, [28], Geophysics, [24],Stochastic differential equations, [29], and
may correspond to the presence of an unusual property in the system’s dynamics, [30,31]. The
above appear to be only a part of the extensive literature related to this subject.

This work studies the deviations from exponential decay law, in the framework of Lorentzian
line shape spectral distributions. For this we first show the way the Lorentzian distribution
appears in both quantum and classical mechanics. In quantum theory it is the work of Breit and
Wigner [4], who studied the behavior of unstable particles, that revealed the Lorentzian
distribution as the expression of the averaged phase shift of a wave in a scattering process. In
classical mechanics the Lorentzian distribution describes the mean amount of energy absorbed
per unit time, which is twice the mean value of the dissipative function, of a harmonically driven,
harmonic oscillator with friction. It corresponds to a kind of dependence which is called
dispersion-type frequency dependence of the absorption, [32]. We distinguish two types of
spectral distributions, the Lorentzian with a semibounded spectrum, which we call truncated
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Lorentzian distribution, and the generated complex Lorentzian distribution which occurs when
keeping only the physical appropriate energy pole.

Next, we explore the appearance of the deviations from exponential decay in the limit of
both short and long times. We use general arguments to show, that at short times the non decay
probability falls off less rapidly than would be expected on the basis of the exponential decay
law. The central point is that the time derivative of the survival amplitude at =0 is both finite and
purely imaginary. In the limit of long times we use kinematical arguments to show that the decay
has a time power law.

In the last part of the paper, we study the observability of the non exponential decay in the
limit of very short times. For this we develop a model for the study of the correlation between
exponential and non exponential decay, by constructing an analogous to the continuity equation.
The homogeneity of this equation is achieved through the process of a measuring perturbation
and is related to the observability of the non exponential decay. We discuss the possibility of the
appearance of the quantum Zeno effect, in terms of a measuring process. Since the energy
dependence of the resonance complex energy shift turns to be quite important, we explore
these topics for various strengths of the above mentioned dependence.

2. LORENTZ LINE SHAPE DISTRIBUTION IN CLASSICAL AND QUANTUM
MECHANICS

The fingerprints of a resonance reflect on its spectral distribution. The latter depends on the
background and kinematical factors, and so we can only recover the centre of the resonance
peak, which is the energy position of the resonance, and its width, defined as the energy
distance between the points of half maximum of the distribution. However it is desirable to
extract naturally the above mentioned quantities, as some kind of spectral information. This is
done in absolute degree by the Lorentzian distribution, based on the Breit Wigner
approximation,[4]. Breit and Wigner put the origins of the theory of quantum resonances by
studying the behavior of unstable particles. They postulated that if an ustable particle at energy
E, decays according to the exponential decay law then the energy density should be
approximately distributed according to the Breit-Wigner distribution which is Lorentzian line
shape. This was done in the mathematical content of a scattering experiment which is captured
by the scattering matrix and expressions derived from it. One of them, the scattering phase,
measures the averaged phase shift which a wave experiences while passing through the
scatterer, and according to the Breit-Wigner theory, should have an expression similar to the
Lorentzian distribution. The Lorentzian spectral distribution is mathematically given by the
following expression

1 r/2
fE) == (2)
T(E-EY +T2/4

where £ =FE +A is the energy position of the resonance and " is the width. In this formalism

E, corresponds to the energy of the unperturbed state in which the system is initially prepared at
t=0 and A is the energy shift due to interaction with the continuum. It is easy to see that the
Lorenzian distribution is the Fourier transform of the exponential factor of the form e 1?2
where we have used the atomic system of units 7z = 1,with contributions from both the negative

and positive time. Indeed we obtain for —o < £ <o
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_ 17 g2 gL 1 1 1
E) =— | dte™ =— 4+
1 2%[0 ¢ ¢ 27 T/2+i(E-E,) 2xT/2-i(E-E,)

1 T2
T(E-E) +T2/4

(3)
We recognize two isolated poles at £ =E +i['/2, that dominate the two pieces of the analytic

Fourier transform. The one piece varies as e '"'* for positive time and zero for negative time,

while the other piece varies as e'"/> for negative time and zero for positive time. However
neither piece corresponds to a compact autonomous state, since the state appears to be either
created at =0, or destroyed at t=0.

In classical mechanics the Lorentz line shape arises in the problem of a harmonically driven,
harmonic oscillator with friction. The differential equation describing its motion is the following
it+yx+o’x =ie"i”” (4)
m
where y stands for the damping constant, w, is the frequency of the unperturbed problem, fis
the amplitude of the force, m is the mass of the system, and w is the driving frequency. It is to
be understood that we take in account only the real part of the right-hand side. It is easy to see
that a particular solution of the above equation has the form

/m »
X(t): > f > - e it
0" -0 —ioy

()

It is then interesting to calculate the two point correlation function coming as

f Im fim ion
2 _ 4 T 3 ¢
o’ -0'+ioy o’ -0’ —ioy

(x"(0)x(r)) = dem (6)

The correlation function may be evaluated by complex contour integration yielding
for positive and negative times,

i 2 o 12U . o 712

m 297(29—1'7) 2Q)/(2Q+i}/)
2{ o120 o2

ZQ}/(ZQ + i7) " ZQ)/(ZQ —i}/)

} fort>0

(x"(O)x(r)) = (7)
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m
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where we have defined the frequency Q = Ja)oz —y* /4 . If the approximation

w, >>y is used then the above formulae take the much simpler form
f 2 2

m

(x"(0)x(¢)) =

- COS @, t (9)

We see that the temporal behavior of the correlation function is exponentially damped for both
positive and negative time and thus directly related to the Lorentzian spectral distribution as we
have seen earlier.

_ Sim i9

We can attack to the problem in a different way. Let us write —; ———=p¢” and find
W, -0 —ioy

f 1 @y

— - and tan 4= . In this way a particular integral of
m\/(a)oz_a)z) +a)272 W, —o

i(9-ar)

pla,y) =

equation (4) is given by x(¢) = pe
side is given by

. The general solution of (4) with zero on the right —hand

x(t)=ce e +de"?e™ =ae"""? cos(Qt + @) (10)

In this way the solution of (4) is the sum

—yt/2

x(t)=ae"'" cos(Qt + @)+ p(w, y)cos(wt —F) (11)

Since the first term decreases exponentially with time, after a sufficient time only the second
term survives. In fact the first term describes the transient behavior of the system. In contrast
with a resonance without damping, the amplitude of oscillation, quantity p(w,y), depends on

the frequency of the driving force, and acquires its maximum value when a):«/a)o2 —y*/2

However this maximum is not infinite as for the case of the resonance without friction. If the
damping constant is small enough then the range of resonance is very close to ®,. Let us again

assume that @, >> y, and write @ = @, + 0w , with 6w very small. We will then find that

f 1
plo,y) == (12)
M 2@ \|o& +y* /4

During the oscillation the system continuously absorbs energy from the source of the external
force, which in turn dissipates to the environment. The mean amount of energy absorbed per
unit time is given as twice the mean value of the dissipative function, [33]. The latter is in

generally a quadratic function of the x, for a system with many degrees of freedom, and in our

1
case is given by F = Eym)'cz . Itis easy to see that
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F :%ym,o2 (@,y)sin* (ot - 9o = Fz%}/ma)z [i l

2
mj 4o (5&)2 +y’ /4) -

(13)
f_2 y/4

d 4m (5602 +y° /4)

1

Clearly we have reached to the Lorentzian line shape for the energy absorption, and this kind of
dependence is called dispersion-type frequency dependence of the absorption, [32]. Thus,
classical and quantum physics include phenomena that they are supported by the Lorentzian
line shape distribution.

3. DEVIATIONS FROM EXPONENTIAL DECAY LAW IN THE LIMIT OF SHORT AND
LONG TIMES.

In the previous section we used the correlation function discussing resonances in classical
mechanics. The quantum analogous of the two point correlation function is the survival
amplitude, defined as

att) = (@, e, )= (0, |00) (14)

Here |(DO> represents the initial state of the system, meaning the state in which it has been

—iHt

prepared at ¢t =0 and H is the system’s Hamiltonian. The latter is assumed to be exactly known
and usually corresponding to the unperturbed problem where no interaction to the continuum is
possible. It can be described by a localized wave packet whose energy FE, is inside the

continuous spectrum. In this way |CD(t)> represents the time evolution of the initial state at

arbitrary times. We can now insert the unit operatorf constructed by the complete set of states
of the Hamiltonian

1=[dE|E)E| (15)
which obviously satisfy the Schrédinger equation %‘E> = E‘E> , and get

at)={®, || ®,) = a) = (@, | [dE| E)E|e ™ | @) =

. _ (16)
a(t)= (@, | [dE| E)(E|e ! |@,) = [aE T (@ | E)f
where again we use the atomic system of units where 7 =1. The last term of the above
equation defines the spectral distribution in terms of the Hamiltonian states and the initial state

2
as well, through the p(E) = ‘<(DO ‘E>‘ . It demonstrates the physical meaning of the spectral

distribution as the weight function for contribution of each of the energy states of the

Hamiltonian to the construction of the survival amplitude. In other words the following quantity
E+dE

j p(e)de (17)

E

is the probability that the energy of the state lies in the interval [E,E+dE]. It is clear from (16) that
the Fourier transform of the spectral distribution is equal to the survival amplitude.The survival
probability is given by
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Pt =¥, | 0@ =|a(r)]’ (18)

and must satisfy the following two conditions: P(0) =1, and P(») =0, due to preparation and
non stationarity respectively. In order to compute the survival amplitude a(z) ,we must

know|cD(t)>, which is the solution of the time dependent Schrodinger equation. This is not trivial

at all since it demands the knowledge of all of the interactions in a generally complicated
problem. Alternatively we can assume a specific form for the spectral distribution of the system,
based on certain properties and conditions that have to be fulfilled, and then calculate the
survival amplitude through Fourier or Laplace transforms, [7-10,13], (and references therein).
Among the various types of spectral distributions the Lorentzian, although still an approxima-tion
is rather the most popular since not only occurs in many branches of physics and different
phenomena: deexcitation of atomic levels, alpha decay, resonant scattering, but also because it
constitutes the generator of many other types of distributions or extensions thereof, [13,35-43].
More than this it has been seen that the Lorentzian spectral distribution can be directly related to
Gamow vectors and exponential time evolution without violating causality, [35]. However an
issue to be discussed has to do with the violation of its spectrum boundedness. In other words
the Lorentzian spectral distribution violates the spectral condition to obtain a strict exponential
decay. This happens because we admit states with arbitrarily large negative energies. This
violation would also violate the second law of thermodynamics, [34] and the uncertainty principle
as well. For the first case we can imagine suitable interactions to take arbitrarily large amounts
of energy from the system. The first law of thermodynamics can be satisfied and yet the
available energy from the system is arbitrarily large. This must not be possible and so the
unbounded spectrum by itself should not occur. For the second case we have to think that the
infinite negative potential energy, would confine a particle in a very small area, for example an
electron near the nucleus. In this way both éx and dp tend to zero which is a contradiction to the
uncertainty principle. So, since the distribution should actually be truncated to positive E,
corresponding to the threshold of the continuum spectrum, we equivalently set p(E)=0 for

E <0.The p(E) is called Truncated Lorentzian Distribution TLD, and its general form is the:

F(E)/22 for £ >0
(E—E,~A(E)) +T(E)*/4 : (19)
= 0forE<O

pTLD(E) — N

where A(E)is the energy shift, T'(E) is the energy width of the resonance and Nis a

normalization factor different from 1/t since the distribution is now semibounded. For the same
reason both the energy shift and the energy width are now energy dependent. The distribution

pTLD(E) is a real function of energy and must satisfy the following condition of normalization,

since probability is conserved:

P HP(EYdE =1 (20)

O 8

%
which is equivalent to write a(0) =a (0)=1. This equation determines the value of quantity N
and gives:
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N(B(E),8(E)) ={[8(E) + tan”’ ,B(E)]}_l (21)

where quantity 6(E) represents an angle close but not equal to 7/2 as a consequence of the
energy dependence of both quantities A(E)and I'(E), analytically shown in [13]. In fact the

energy dependence of the angle & makes the Lorentzian a better approximation. It is quite
obvious from eq. (19) that the truncated Lorentzian distribution reveals two complex energy
poles that come as the complex conjugates of each other:

z=E,(E)+il(E)/2 , z =E.(E)-il'(E)/2 (22)
However since the propagator function must properly describe the irreversible time evolution of

the system, only the z pole should be chosen in order to give the correct exponential decay

law of the form P(¢)[] e T Having this in mind some-one can propose instead a complex

function of energy that intrinsically carries irreversibility and causality, and arises from

pTLD(E) by keeping only the z" pole, meaning the Complex Lorentzian Distribution CLD:

N(B(E)) i
2 E-E(E)+iT(E)/2

pCHP (E) = (23)

| | | ~iE,1—(1/2)t
leading to a time evolution of the form |®(¢)) = O(t)e ‘CDO>.

The Paley-Wiener theorem [44] states that if the spectrum is bounded from below, then the
survival amplitude and hence the survival probability decreases to zero as time passes less
rapidly than any exponential function, and thus deviates from expo-nential decay. In fact we can
show that deviations from exponential decay in the limit of long times, arise from clearly
kinematical arguments. As we have already pointed, the spectral distribution depends on the
background and kinematical factors. For example we can separate the phase space factor o(E)
in the spectral distribution and write the latter as

p(e) = f(&)-o(e) (24)

where the form factor f(g) expresses the energy distribution of the decay products, to whom the
unstable state is finally distributed. As time grows the wave packet of the initial state spreads so
that the decay products separate sufficiently far to be outside each other’s influence, and the
distribution becomes clearly kinematic. This means that the form factor is smoothly varying after
some large but finite time, since the corresponding interactions between the decay products
become negligible. The remaining phase space factor has the form

d (4 dk
o(E)=—| "2k’ |=dnk* & (25)
dE\ 3 dE
2
where k is the wave number associated to the remaining kinetic energy via the E = om In this
m

way we have

o(E)=8mrE- | " =a2xm’ *VE (26)
2F
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Thus, the survival amplitude for large times behaves as

e 0] 0 ©
a(t)= [ dEe ™ p(E) = [ dEe P o(B) = 42an® [ dEe I E
0 0 0
11 % 27)
= ;—4\/§ﬂm3/2 j dze 2z 1732
! 0

N

where we have reached the same result as in [13] but in a different way.

We may now examine the behavior of the survival amplitude, in the limit of very short times.
The spectrum of the Hamiltonian is semibounded and in addition we assume that the
expectation value of the energy at t=0 is finite. The expectation value of the energy may be

taken as <q)0 ‘ﬁ‘d)o> or alternatively via the use of the spectral distribution,

<E> = Igp(g)dg (28)

It is interesting to notice that the time derivative of the survival amplitude at =0 is connected to
the expectation value of the energy since it is true that

&) = [ dE(=iE)e ™ p(E) = |o&0)| = [ Ep(E)dE = (E) (29)
0 0

Writing down the survival probability we can actually write
dP(t)
dt

The time derivative of the survival amplitude is continuous since we have

P =a(t)-a (t)= =d&t)-a (t)+a(t)-o&(1) (30)

e 0] o0
|a$(t)| = jdE(—iE)e_’Etp(E) < j|E||p(E)|dE <o and <E> is finite. It is easy to see that quantity
0 0
a¥0) is a purely imaginary quantity equal to
a%0) =—i(E) (31)
If this is the case then the time derivate of the survival probability at t=0, is equal to
dP(t) R
7t_()=08(0)~a (0)+a(0)-c&(0)=08(0)-1+1-(—c8(0))=0 (32)
The last result shows that the decay can not be exponential at very short times since then we
P
should actually have, ar() , Oz—F. So at sufficient small time, the non decay probability

falls off less rapidly than would be expected on the basis of the exponential decay law.

For each case of distribution, TLD or CLD, it was shown in [13] that the time evolution of an
unstable system is constituted by two parts: the exponential decay part and the non exponential
decay part. The exponential decay parts were exactly the same for the two distributions, while
the non exponential decay parts had substantial in between differences. These differences had
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mainly to do with the form of the non exponential survival amplitude. The real spectral
distribution gave the following amplitude:

tan™! yij
"2 (B,a)= N(B,5) [ explia(f-tan6)] dO (33)
o
while the complex distribution gave:
Ell’l_1
1P () = MUE2) P d0expliattan 6 B)—0]) fcosd (34)
o

In the above relations we have used the following dimensionless quantities, « EZ/2Td where

7, is the mean lifetime of the resonant state and P =2E, /" as twice the ratio of the energy

position to the decay width of the resonant state. In addition the non exponential amplitudes
satisfy a different differential equation. Both of them come as a classical Langevin type of
equation, [45], with quantity w(f,0)=(f—tan o) (35)

corresponding to the frequency of the rapidly oscillating stochastic terms, and carrying
information from the limits of the spectrum, [13,46].

4. CORRELATION BETWEEN EXPONENTIAL AND NON EXPONENTIAL
AMPLITUDE.

The exponential part of the decay is totally determined by the width function T'(E) since the
latter describes the rate of exponential decay of the system’s survival probability. This quantity is
produced through the interaction of the system with the continuum, and there exist many
different methods for its calculation. For example it can be constructed through Fermi’s golden
rule, [47], where it is produced from the contribution of the matrix elements of the interaction
potential, or alternatively through path integral methods, [48], and contributions of the classical
action inside the potential barrier. The energy shift A(E) is also produced by the interaction terms
and according to [48] is given as a function of the derivative of the classical action inside the
potential barrier with respect to energy. It is clear from the above that both quantities I'(£)and

E,.(E) are similarly constructed and depend on the type and strength of the interaction with the
continuum, and so does their ratio 5.

Following Dirac’s formalism we can define a vector whose energy wave function is a
Lorentzian distribution, meaning the

)= Jae|e) el ~Jael ) o - = @

If we choose the boundaries of integration to be —oo < E < oo ,the length of this vector is given by

)= | dE(VY°|E)E|Y°)= | dE— =1 (37)
< | > _,!; < ‘ >< ‘ > 7 27T(E—Er)2+1“24

However if we choose the boundaries according to the rules of standard quantum mechanics,
0< E <o, we get
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(1) = (v ) )= a5

1% 1 1 _ ﬂ’3
— | dz =1-— 2 4
7r_'|.ﬂ z2+1 ﬂ{ﬂ 3 }

The first length equals 1, and corresponds to the pure exponential decay law as we have
already seen in eq. (3). The second length is less than 1, and corresponds to the mixed
propagation, exponential and non exponential, given as a function of the ratio B. It was shown in
[13] and can be established once more from the above relations, that in the limit where g tends

to infinity the exponential decay becomes the only contribution in the system’s time evolution,
(the results of equations 37 and 38 coincide). On the contrary when g takes values close to 1

the exponential decay part becomes much less significant. For intermediate values of the ratio 8
we get an interplay between exponential and non exponential decay and this is reflected on the
values of the length of eq. (38). It is easily seen that equation (38) describes an increasing
function of B. So there is an one by one correspondence between the strength of the
exponential decay and the values of the ratios. In this way the correlation between the

exponential and the non exponential decay generates translations in the g parameter and we
may think of it as the generator of the one dimensional space introduced by 3. Inside this

generalized space, the non exponential part of the decay will classically flow, while the space
points may act as secondary either destructive or constructive sources. The study of this kind of
behaviour is expected to extract information about the correlation between the two types of
evolution.

(38)

The continuity equation expresses the fact that inside a finite volume “mass” or “charge” is
conserved in the absence of external sources and this makes the equation homogeneous. As a
first step in the mathematical analysis that follows a generalized density and current must be
properly introduced. Classical intuition is related to probabilities which are the directly observed
quantities. But probabilities do not propagate. Propagation is for the amplitude. Thinking so, the
generalized density is defined by the non exponential amplitude itself, meaning

A= ITLD(ﬂ,a) or ICLD(,B,a) and depends on both space, (meaning f#=2E,/I') and time,
(meaning a = t/2z'd ). The corresponding current comes then naturally as

J = poia) (39)
o
The continuity equation comes as [49],
%—f +divJ =0 (40)
and takes the following form for the case of the non exponential amplitudes:
oA(p,2) 0 [ ,0A(S,2)
— = + —| pf——"—=1|=0 41
oa op P o “1)

In the following paragraphs the specific form of eq. (41) is investigated for the cases of real and
complex spectral distributions that were previously mentioned. It is easy to see after a little piece
of algebra, that the conservation law takes the following form:
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ortP o b (g ) N 0 3 aI”D(ﬁ,a)) 1 sech(Ing)

1]x
oa op oa 4N(p,0)

. an'1
zN(r,g,cS) t I B [(B or 0.5)—(1 or 0.5i) tan O]exp[icz(tan & — B)] dO
5

(42)

It is obvious that the continuity equation is inhomogeneous since an additional term in the right
hand of the equation appears and which we define as the exponential source term, (est).
However the lack of homogeneity has important consequences in terms of physics. Due to the
first term of the left hand side of eq. (42), the est corresponds to a first time derivative of an
amplitude and can be cancelled if a suitable measuring perturbation is applied. In the limit of
short times this cancellation would make the non exponential decay uncorrelated to the
exponential one, and consequently observable. So the question is whether these terms can be
cancelled at this regime of time. This can be achieved only if the est takes finite values which in
turn ensures that we can actually follow the system through its evolution. We are interested in
the limit of short times not only because it is the regime of time where the non exponential decay
becomes important but also because we may want to discuss some interesting and peculiar
phenomena such as the quantum Zeno effect.

The est term comes as a function of quantities a and g, and of the resonance’s lifetime 14

and corresponds to the correlation between exponential and non-exponential decay during the
system’s time evolution. The first thing to notice is the fact that the continuity equation becomes
homogeneous when the following condition is satisfied:

4N(pB,.~/2) =sech(Inf,) (43)

0,4 -

0,2 1

c®)

00 - -

_0’2 -
0,4 -
0,6 4

-0,8

T T T T T T T T T T 1
0 B, 2B, 4 6 8 10
ratio 8

FIGURE 1. The variation of quantity C(B) with 8. Its Lorentzian shape shows a maximum at 8=1.25, and
approaches -1 for both — 0,00.

203



NAUSIVIOS CHORA

For a given system, the different possible values of quantity 8 correspond to different kind and
strength of interactions with the continuum.By solving numerically the

transcendental equation (43) we find two solutions namely g, =0.67 and 8, = 2.29. These answer

directly to the question of how close to unit must ratio 8 be in order for the non-exponential
decay to dominate the evolution. On the other hand and since B also appears in the limit of
integration in the right term of (42), as g — « the flow disappears and the same of course
happens with the correlation between the two kinds of evolution. In fact we can draw in Figure 1
that follows quantity C(B) as a function of 8 defined by

sech(Inf)
AN(p,7/2)

For both regions of f#— 0 and S — «,C(B) approaches -1. It is interesting to notice that C(B)
has itself a Lorentzian-like shape. When condition (43) is satisfied, the non exponential part of
the decay is conserved and the interaction between the two different types of propagation is
negligible.

CB= —1] (44)

However we are interested for other values of the ratio  as well. For this we exa-mine in
more details the behavior of the est term, in the lines that follow. Concernig the real spectral
distribution, we first treat the case where the interaction with the continuum, through a potential
barrier for example, changes both 6(E) and B(E)in a way that the following relation holds

B(E) = tan 5(E) (45)

This would correspond to the situation where the complex energy shift is strongly energy
dependent. This makes 6(E) also strongly energy dependent and reflects on the magnitude of
its derivative. We can then approximate est ® and after a little piece of algebra find that

~j N(B,5) { sech(Inf3)

N 1+,32 IN(A.S) —1}(tan5—ﬂ) (46)

It is interesting to notice that there is no time dependence of the est®, to be discussed in the
next section. For all the other types of smooth dependent complex energy shifts we can
approximate est ~ as follows

est”, 2Td {N(ﬂ 5)—%}(
i 1 1
_ S S _
(B 5)exp(i(f.0) ; "H [(itané‘+1)"+1 (itané‘—l)"“]+
£ (n+1)! 1 1 )
5 —

=P 10)(,3 ¥ ; t/z'd) ((itané‘—l)'Hl (itan5+1)"+lJ+

© n+1 1 1

HZ(; t/Td n+2 [(Z,B+l)n+l _(lﬂ_l)nH]

where the above formula stands for times beyond the short time regime. In the region of very
short times it is easy to approximate est ® according to the following formula
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R
est

L [ sech(Inp3)

t<<:z-d 4

—N(,B,é')}x

(48)

{ﬂ(tanl f—&)+In tan } -

coso

costan” 3

%{(tanlﬂ—ﬁ)(l—ﬂz)—Zﬂln +tan5—ﬂ}
Tq

coso

In the case of the complex spectral distribution a different type of est € is revealed, where ¢
stands for the complex distribution. It is not difficult to find the following operator that connects
the est for the two different types of spectral distribution

est’ =615 R est® :l l—iﬂ—i est” (49)
2 o

We may now focus on the short time regime and discuss the observability of the non
exponential part of the decay. The case of long times can easily be handled, at least in a
theoretical base, since the polynomial form of the non exponential propagation always
dominates the exponential part after a certain number of lifetimes [13]. In the latter case the only
problem to be solved experimentally has mostly to do with the very small magnitude of the
propagation at these limits of time, while in the former case there exist other difficulties as well,
related to the quantum nature of the resonant states, and the tunneling process, [13,46,48]. The
angle o that enters the calculations as the second limit of integration in the propagator integral
equations, carries information from the limits of the energy spectrum at very short times and
contributes significantly to the non exponential propagation. An earlier study of these
contributions, [46], concerned the question of observability “of early time departures from
Fermi’s golden rule” where the issue of the non exponential propagation at 1 =0 was discussed
at length.

As we have already said est terms correspond to the first time derivative of a quantity with
the same dimensions as those of the amplitude meaning a matrix element of the form

(@,

stands for the initial state of the system at {=0 with energy Eo as has been already mentioned.
The evolution of the system is described by

Q(t)‘d%), where Q(t) stands for the perturbation effected by a measurement, and ©,

ih%kb(t)) = H|®@)) (50)

where H is the Hamiltonian operator and |CD(0)>=(D0. We assume that the measurement

process at the limit of very short times permits interaction with the continuum. For example we
may have a time dependent potential barrier that alters both the classical allowed and classical
forbidden region of motion, and eventually quantities 6 and 8. This also changes the state of the

system from @, to |CD(t)>, and makes quantity <CDO|<I)(t)>:<CDO Q(t)‘d)O)Ea(t) the survival

amplitude. It follows directly from (50) that ifici(r) = (®, |ﬁ|®(r)> and for t=0 we have

ina(0)=(®, |H|®,)=E, (51)
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The above relation expresses the fact that in the limit of very short times quantity «(0) must be

purely imaginary. This is true for the real Lorentzian distribution, as can be easily proved from
(48) where we get

sech(Inp)

a(O);ié{ .

-1

—N(ﬂ)}{b’(tan‘l ﬁ—5)+1nw} (52)
coso

This is not true however for the complex distribution due to relation (49) which makes «(0)a

complex and not purely imaginary quantity. This means that the complex spectral distribution
does not provide a complete theory for the observability of the non exponential decay in the limit
of very short times. Let us focus on the purely imaginary character of quantity @(0). Following

the steps that lead to exponential decay, we assume that the system is prepared in state ‘<D0> at
a time t and that the probability of decay in a time interval is I'dt . Thus if the probability that the
system was in state ‘<D0> is P(t) then the probability that the system will be in state ‘<D0> ata

time t+dt will be P(¢t +dt) = P(¢)(1-T'dt) and this of course leads to exponential decay. If we

now work with the survival amplitude we will take
2 2

1490 4 at) 4
()

a(t)

Pt +dt) = |a(t+dD)|* =|a()+a()dt) =|a(t) = P(1)|1+ (53)

a

Since a(0)=1and a(0) =iy we have for t=0, P(dt) =1+ 72d12. The latter is greater than unit

however this inconsistency is removed if we take in account all the remaining derivatives of the
amplitude in the expansion of a(¢ + dt) . The case of exponential decay gives P(dt) =1—-Tdt . If

we look at P(dt) as a polynomial of dt we note the absence of dt in the amplitude method. This

is due to our mistake assumption in constructing the exponential dependence,that the survival
probability changes entirely due to transitions out of the initial state where we have not taken in
account transitions back to the initial state. The latter would cancel the —I'dt term.

On the other hand eq. (52) together with (31) serve as a tool for the calculation of the angle 6(E)
that enters the Lorentzian distribution and takes in account the energy dependence of the
complex energy shift. Indeed we get the transcendental equation

—<E> fa | Ftan”' f+1n (cos tan ™' ,B) = Bo +Incoso (54)
&Z)

We can now discuss the finiteness of the time derivative of the survival amplitude. In fact we can
divide the physical systems in two categories: these where the expecta-tion value of the energy
is finite and these where it tends to infinite. Concerning the first case, we have already shown
that when the expectation value of the energy is finite then the decay rate approaches zero
ast — 0.The time derivative of the amplitude expresses the rate with which the measuring
perturbation should change in time in order for the non exponential decay to be observed.
Combining the above we are left with the conclusion that in this case we can follow the system
at sufficie-ntly small time and observe deviations from exponential propagation. But deviations
from exponential decay are equivalent to say that at =0 the decay rate tends to zero and not
equal to —I". Thus, if the unstable system is monitored for its existence at sufficiently small
intervals of time, it would appear to be longer lived than if it were monitored at intermediate
intervals, where the decay law is exponential. These are the conditions for the quantum Zeno’s
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paradox to appear, which states that in the limit of continuous monitoring the system does not
decay at all. The quantum Zeno effect was first understood by von Neumann, [50]. While
analyzing the thermodyna-mic features of quantum ensembles von Neumann proved that any
given state @, of a quantum mechanical system can be “steered” into other state ¥ of the
same Hilbert space, by performing a series of very frequent measurements. If &, and ¥
coincide, the evolution is frozen, meaning that a quantum Zeno effect takes place. The classi-cal
allusion to the sophist philosopher Zeno of Elea is due to Misra and Sudarshan [30], who were
also the first to provide a consistent and rigorous mathematical framework. We can easily see

that if the system is initially prepared in the unstable state |(Do> and is monitored on its survival
at the instants 0, t/n, 2t/n,....,(n-1)t/n, t the probability for its survival is given by P(t/n)" . In
addition since the survival amplitude is differentiable and 1‘960)=0, we can actually write for
n— 0.

{P(t/m)}" ={P(0)+ BO)t/n)} =1 (55)

independent of t. It is thus evident that the survival probability under discrete but frequent
monitoring will be close to 1 provided that t/n is sufficiently small to observe departures from
exponential decay law. The quantum Zeno effect is a direct consequence of general features of
the Schrodinger equation that yield quadratic behavior of the survival probability at short times.
Let H be the total Hamiltonian of a quantum system and @ its initial state. The short time
expansion of the survival probability yields a quadratic behavior of the form

P(t): 1-£*/7>  where 172 ={®,|H?|®,)~(D,|H|D,) (56)

and 7, is the Zeno time, [51]. It is easy to see that {P(t/n)}" = exp(—t2 /nrf) —1 (as n — o).

If the Hamiltonian is divided into the unperturbed Hp and the interaction part H, , the Zeno time
reads

1/z.zz = <(DO |I_Iint2 (DO> = e‘&<< (O) (57)
which in accordance to eq. (48) gives
2= 12{ sech(lnﬂ)_N(ﬂ’é,)}(
27} 4
can”! (58)
{(tanl ﬁ—é)(l—ﬂz)—ZﬂlnM+tan§—ﬁ}
cosd

In this way we can estimate the Zeno time as

. 2\/§rd
© Jsech(Ing)—4N(p,5)

Since the finiteness of the time derivative of the survival amplitude at {=0 turns to be very
important for the process of measurement, we may want to investigate its limits of accuracy as
these are determined from eq. (52). Due to the structure of the C(B) coefficient @(0) is expected
to have at least two roots, meaning the values of 8; and 8, that were previously revealed. This is
important because these roots correspond to regions of quantity 8 where a(0)remains finite.

We remind ourselves that these regions include resonant states where the non exponential

costan™'

[(tan'lﬂ—5)(1—ﬂ2)—2ﬂln +tan5—ﬁ} (59)
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decay dominates over the exponential, and according to the above quantum Zeno’s paradox
may appear. On the other hand eq. (52) describes the rate with which the measurement matrix
element should change in the limit of very short times in order for the non exponential decay to
be observed, as a function of the angle 6(E). When the latter is close to 11/2 then the complex
energy shift does not significantly depend on the energy and the spectral distribution is almost
Lorentzian line shape. For this reason we examine a(0) for different values of (E) close and

distant from /2, from 11/1.985 to 11/1.500. The figures that follow describe a(0)with B, for the
previously mentioned values of the angle &, covering each time two different regions of values of

B.

da(0)/ dt

160

140 5=1/1.985

120 4

5=1/1985
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FIGURE 2. The variation of @(0) with B for an angle & = 7/1.985. a) For small values of 8 we have the
two minima generated by C(8), b) a third minimum appears for a value of 8 equal to 80x10°. For greater

da(0) / dt

values of B, a(0) approaches .
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FIGURE 3. The variation of @(0) with B for an angle & = 7/1.9. a) For small values of 8 we have three

minima, b) a fourth minimum appears for a value of g equal to 10°. For greater values of B8, d(0)
approaches 0.
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The existence of minima in the above figures, ensures the finiteness of the time derivative of the
survival amplitude, and enables the observation of the non exponential decay and generally the
delay of propagation out of the initial state. We can see that when the angle d is close to 11/2
minima appear not only due to the structure of C(B) for small values of 3, but for other values of
B as well. This corresponds to the case where the Lorentzian line shape distribution provides a
good approximation for the description of the unstable state. When & further changes, there is
no more space for other minima and a(0) approaches infinite as 8 grows. Thus the rate with
which the measuring process varies tends to infinite even if the matrix element of the process is

itself finite. In this way the variation of the measuring perturbation is discontinuous and we can
not follow the system in this limit although the measurement might be in principle realizable.

da(0) / dt

ratio B

(a)

da(0) / dt

T T T T T T T T T 1
-200 0 200 400 600 800 1000 1200 1400 1600 1800

ratio B

(b)

FIGURE 4. The variation of @(0) with B for an angle 6 = 17/1.8. a) For small values of 8 we have tho
minima, since the third is getting absorbed b) a third minimum appears for a value of 8 equal to 180. For
greater values of B8, a(0) approaches .
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FIGURE 5. The variation of @(0) with B for an angle & = 7/1.5. a) For small values of 8 we have again
the two minima generated by C(B), b) no other minimum appears for greater va-lues of @ since the
previous corresponding minimum is absorbed, and @(0) linearly approaches .

When we treat the case of a strongly energy dependent energy shift, we can see from (46)
that the rate with which the measuring perturbation changes, remains very small in magnitude
for all the moments in time and also purely imaginary. The small magnitude has to do with the
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fact that in this case the non exponential decay domi-nates the propagation in the limits of very
short times, due to the strong contribution of the angle 6(E), [13,46], and so it is possible for the
detector to follow the system and observe it. We have already seen that the est acquires a

purely imaginary struc-ture for two reasons: g(t) is the part of the Hamiltonian that causes the
measuring perturbation of the system at =0 and in addition we can assume that the system can
indeed be prepared in the state |CD0> at that instant. Since the est =da(¢) conserves this

imaginary structure at later times also, it is clear that this is equivalent to say that we can
repeatedly reset the system to its initial state. In this way we can in principle observe the non

exponential decay and at the same time prevent decay by resetting the system back to @,

through repetitive observations, with a rate of change of the measuring process given by (46).
Thinking so, (46) could serve as a definition for the frequency of observation needed, where for
a wide class of systems, tests of nonde-cay repeated at arbitrarily small times would prevent the
decay of an unstable state. Again this is not true for the complex spectral distribution for the
same reasons explained in the previous paragraph.

Finally we may discuss the limit of very long times. As we have already mentioned the
Paley-Wiener theorem [44], states that if the spectrum of the Hamiltonian is bounded below, so
that p(E£) =0 for £ <0, then the survival amplitude decreases to 0 as ¢ — oo less rapidly than

any exponential function. This is essentially Khalfin’'s argument [8] proving the necessity of
deviation from the exponential decay law at large time. Looking at eq. (47) it is easy to

understand that all stochastic terms containing exp(ia)(ﬁ, 5)1) produce cancellations and so the
dominant term for n=0 takes the following form for the two distributions

' 1
T HANEB2)A] f (56)

Both terms rapidly go to zero as time grows, which makes it quite easy for the non exponential
decay to be observed in this region of time. However and as we have already mentioned at the
beginning of this section, a serious problem to be solved experimentally has mostly to do with
the very small magnitude of the propagation at this region of time.

5. CONCLUDING REMARKS

In this work we discussed the origin and some of the properties of the deviations from
exponential decay law, related to quantum resonances that can be described by Lorentzian line
shape distributions. For this reason we first demonstrated the appearance of the Lorentzian
distribution in both classical and quantum theory of resonances, as the mean amount of energy
absorbed per unit time and the scattering phase respectively. In our study we distinguished two
types of distributions both generated by the Lorentzian, namely the real truncated Lorentzian
which is the semibounded Lorentzian, and the complex Lorentzian distribution which emerges
when keeping only the appropriate >0 energy pole of the Lorentzian.

Following very general principles arising from kinematical effects, we showed that for large
times and due to the fact that the decay products to whom the initial unstable state is finally
distributed become uncorrelated, the kinematical factors dominate the distribution, giving a non
exponential time dependence of the form t¥2 In the limit of very short times it is important to
notice that the magnitude of the survival amplitude approaches the energy expectation value
and the amplitude itself is purely imaginary. Then both the semiboundness of the spectrum and
the finiteness of the expectation value of the energy, ensure that the time derivative of the
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survival probability approaches zero. Thus, at sufficient small time, the non decay probability
falls off less rapidly than would be expected on the basis of the exponential decay law.

We constructed an analogous to the continuity equation in order to investigate the
correlation between exponential and non exponential decay. We defined a spatial variable £, as

twice the ratio of the energy position to the width function of the reso-nance and showed that
there is an one by one correspondence between the strength of the exponential decay and this
ratio. We can achieve the homogeneity of this equ-ation by applying a suitable measuring
perturbation cancelling its second part, where the latter is defined as the exponential source
term, est. The est expresses the corre-lation between exponential and non exponential decay
and comes as the first time derivative of the previously mentioned measuring perturbation. For
both types of distributions we found the same values of 8 close to 1 that zero the est, correspo-
nding to the situation where the non exponential decay dominates the evolution. In the limit of
short times we proved that the complex spectral distribution does not provide a complete theory
for the observability of the non exponential decay, since it does not construct a purely imaginary
survival amplitude as it should. Concerning the real distribution in the above limit, we produced
the transcendental eq. (54) for the angle & that describes the energy dependence of the
complex energy shift as a function of the expectation value of the energy of the initial state. We
also produced eq. (59) that gives the Zeno time as a function of the ratio . We explored the
finite-ness of the est term for other values of B8 as well, beyond those close to 1, since this
permits someone to follow the system and observe the non exponential propagation, at least in
principle. We showed that the finiteness is achieved only for specific valu-es of the angle & close
10 T1/2. For the case of a strongly energy dependent energy shift we found that the rate with
which the measuring perturbation should change, is very small in magnitude for all the moments
in time and also purely imaginary, conce-rning the real spectral distribution. The first
characteristic was connected to the strong contribution of the non exponential decay while the
second was connected to the potentiality to repeatedly reset the system to its initial state. In this
way equation (46) provides information for the frequency needed for the repetition of the
observa-tions. However this is not true for the complex spectral distribution, for the same
reasons appeared in the short time regime.

In the limit of very long times both distributions produce ests whose dominant terms,
meaning those beyond the stochastic terms that cancel each other, rapidly go to zero with time
as 1/ . This fact makes it quite easy for the non exponential decay to be observed. However
the difficulty in this case has mostly to do with the very small magnitude of the propagation at
this region of time.
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H NauTikj Znpacia Tou EAAnVIKOU Mewypa@ikou
Xwpou Kal ZT6Aou yia TV AC@AAgIa Kal TN ZUVEXEIQ
Tou EAAnviopoU, 1000 1r.X.—2011 p.X.

Znong ®wtdkng

2x0An Naurtikwv Aokiuwyv, Touéa¢ AvBpwrrioTikwv kai MNoAimikwv Emmiotnuwyv

MNepiAnyn. To dpBpo autd TmpaydateveTal TNV €GENIEN TNG VOUTIKAG onuaciog Tou
EAANVIKOU XWPOU Kal OTOAOU avd TOUG QIWVES KAl TIG ETTITITWOEIC TTOU QUTH EiXE yia TNV
ao@AAEIa Kal TN OUVEXEIa Tou eAAnviIouou. EmonuaiveTar OTI TO €VTOVO YEWYPAQPIKO
avAayAu@o TnNG eAANVIKAG XEpPOoovAoouU, TO dyovo Tou £8AYOUG TNG Kal n TToAuvnaia TTou Tnv
TePIBAAAEI €¢nyei TOOO TNV TTPWIPN OTPOPK Tou EAAnVIoPOU TTpog TNV BGAacoa 600 Kai Th
OuoKOAia aTToTeEAEOUATIKNAG £XBPIKNAG EIGBOAAG Kal €TTI JOKPOV KATOXNAS EAANVIKWY £8aQWV
XWPIG TNV €TTIKOUPIa ONPAVTIKWY, VOUTIKWV duvdauswy. Aidovtal €mmiong trapadsiypata
QTTOTEAEOMPATIKAG €AANVIKAG VAUTIKAG 10XU0G atrd TNV apxadtnta €wg Oruepa (TT.X.
ZaAauiva, Bulavtio, ETravdoTtacn 1821, BaAkavikoi MéAgpol), vauTIKAG 10XU0G TTOU GUXVA
BonBnoe Toug ‘EAANvEG va atmmo@Uyouv Tnv uttodoUAwaon Kal Ty e€agdvion. ivetal TEAOG
karavontd OTm 6mote ol Opdpol Tou OlEBvoUg euTTopiou (KAACOIKN KAl €EAANVIOTIKA
apxaiotnTa, Bulavmio, TEAn 18% aiwva PéXpl Kal OAPEPA) [ Ta 0PI QVTITIOAWV
OUVOOTTIOPWYV TTEpvoUcay aTrd TIG EAANVIKEG BAAacoeg (T1.X. Maykdopiol MNoAguol, Wuxpodg
MéAepog) N yewTroAITIk) onuacia Tng EAANVIKAG xepoovioou, KaTd KUpIo AGyo, aAAG kal
TWV TTOAEPIKWY TNG OTOAWV UTTAPEE onuavTikr). To avTiBeTo ouvéPRn OTTOTE TO EUTTOPIO
OTPAPNKE KUpiwg o€ Xepoaieg odou¢ (Pwpalokpartia) i o€ GAAec BdAaocaoeg (amd TNV
eTTOXN TWV AvaKaAUWewv TTou &ekivd 10 1492 €wg Tnv KAtdAnwn Tng Ivdiag ammd Toug
Ayyhoug aTta TéAn Tou 18% aiwva).

Abstract. This article focuses on the geographic importance of the country from the naval
perspective, the capabilities of its navy and the implications they had for the security and
continuity of Hellenism. It is shown that the difficult terrain of the Greek peninsula, its
barren soil and the polynesia that surrounds it, account for the early orientation of
Hellenism to the sea and the difficulty of effective hostile invasion and long occupation of
Greek territories without the assistance of major, naval forces. Examples are also given of
effective Greek sea power from ancient times to the present (e.g. Salamis, Byzantium, the
Greek Revolution of 1821, the Balkan Wars), sea power that often helped the Greeks to
avoid enslavement and extinction. It is finally shown that the geopolitical importance of the
Greek peninsula and its war-fleets was significant, whenever the roads of international
trade (classical and Hellenistic antiquity, Byzantium, late 18th century till today) or the
spheres of influence of rival coalitions (e.g. World Wars, the Cold War) went through the
Greek seas The opposite was valid whenever trade routes centered on overland highways
(Roman period) or the oceans (from the age of discovery that started in 1492 to the British
conquest of India at the end of the 18th century).

Aégeig kAe1d1d. EANGSa, EAAnvIKA TTOMITIKA aoc@aAeiag, EAANvIKA vauTikh 100G, Ooun
duvdapews EAAnvIKou MoAgpikou NauTikou
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Aedopévng TNG MOKPOXPOVNG VAUTIKNG 10TOPIag Tou €AANVIOPMOU aAAG Kal Tou dIapKoug
evOIAQEPOVTOG TNG KOIVAG YVWHNG N TTOPOUCa PEAETN KATAYPAPEI CUVOTTITIKA TIG YEWTTOANITIKEG
TTPAYHMATIKOTNTEG TTOU QVTIUETWTTIOE 0 EAANVIONOG atrd TV apXaidTnTa £WG KAl CHPEPA UE OTOXO
va KaTtadelxbei N vauTikr onuacia Tou €AANVIKOU yewypa@ikoU Xwpeou Kal oTOAou aAAd Kai n
OUMBOAA Toug oTnv ac@dAcia kal oTn cuvéxeia Tou EAAnviopod. 18iaitepn onuacia atrodideTal
OTIG €€&eAielg Twv dUO TeAeuTaiwY alwvwy, KaBwg 1600 N EANGda 600 Kkal n avBpwTtréTnTa
BpéBnkav utrpooTd o€ TTPWTOYVWPES TTPOKAACEIG.

H oxéon tou EAAnviopoU pe Tn BaAacoa givalr oxeddv ouyXpovn ME TNV TTapouadia Tou oTn
voTIa attéAngn NG Xepoovrioou Tou Aiuou. Ki autd yiati n 8€on kai n pop@oAoyia Tou EAANVIKOU
XWPOU TTapoUaIdfouv XapakTnPIoTIKA TTou o€ PJeydAo BaBPso €gnyouv TO0 onuavTikd poAo TTou
diadpaudrioe Kai cuveyiel va dladpaparifel n 8GAaccoa otnv IoTopia Twv EAAAvwy. O1 kaBapoi
oupavoi TG Meooyeiou, Ta Aiya 1oxupd Tng pelPaTa Kal O WETPIOI OXETIKA Aveuoi TNG
TPOCEEPOVTAl YId TNV QVATITUEN TNG VAUTIAIQG aKOUn Kal TTPWTOYOVWY I0TIOPOPWY 1)
KWTTAAATWY TTAOIOpiwV OTTWGS auTd TG apXaioTNTAG aAAG KAl TWV JECAIWVIKWY XPOVWY. ZUVAua
TO TOAUCXIDEG TwV €AANVIKWY TTOPAAiwyY, O PeEYAAOG apiBUOG TwV QUOCIKWY AIUEVWVY Kal N
TToAuvnoia Tou EAANVIKOU Xwpou TTpog Thv KatelBuvaon Tng Aciag, Tng AuTikAg EupwTng Kai Tng
Appiknc avédeiav amd vwpic Tov €AANVIKO Yewypa@ikd Xwpo ot kOuBo BaAdooiwv
ETMKOIVWVIWY. To dayovog TENOG Kal TO OPEIVO TOU €AAnVIKOU €0A@QOuUg OANG Kal o
KATOKEPUATIOUOG TOU O€ MIKPEG KOINGDEG SUOKOAO TTPooBdoipeg atrd Enpdg aAAG Pe PETWTTO
oTn BadAacoa evBAppuvav TIG HETAVAOTEUTIKEG TAOEIG TWV EANAVWYV KAl CUVETEIVAY OTNV avadeign
NG EAAGDOG o€ dieBVEC VAUTIAIOKO KEVTPO.

Ta yewypa@IKd autd XAapoKTNPIOTIKA CUvEéBOAAav €TTIONG OTNV AOQAAEIO KAl OTR OUVEXEIQ
Tou EAANviopou. Ki autd yiati oe avriBeon pe tnv IBNpIk Kai TV ITAAIKAR XeEpodvnoo TTou
Xwpifovtal atroTeAeCUATIKA aTTd TNV UTTOAOITTN EupwTn HEow Twv Mupnvaiwy Kai Twv AATTEWY,
n BaAkavikr xepodvnoog eival eUkoAa TTpoofaciun atmd Enpdg uéow Tou Aolvapn. To yeyovog
auTé o€ CUVOUOCWO PE TN OTPATNYIKA TNG BEon PYETAgU TPIWV NTTEIpWY evBAppUVE Kal BIEUKOAUVE
TARB0G emdpouwyv 0Tn BaAkaviki pe amoTéAeopa n TAsloyneia Twy apxaiwv Aawv Tng va
UTTOKUWOUV Kal va agavigTouv [1]. To 611 n poipa Twv EAAAVWwVY uTTApEe SIOQOPETIKN OPEIAETAI
MGAAOV OTO yeyovog OTI TO €VIOVO YEWYPAPIKO avAyAu@o aAAd kal To Gyovo £0a@gog Tng
EANGBOG kaBioToUuoe péEXPI TTPOCOATA TTPOBANUATIKY) TNV ATTOTEAEOUATIKA €I0BOAN Kal €TTi
MaKpOV KaToxr Tou €AANVIKOU Xwpou, av ol €ICBOAEIC Tou &€ GUVETTIKOUPOUVTAV aTTO VAUTIKEG
ouvdpelg. Me Tn ouxvh Opwg avamTuén atrd Toug EAANVES OTTOTEAEOUATIKNG VAUTIKAG 1I0XUOG,
onAadr 10xUog TTOU OTOXEUE OTNV TTPOCAPUOYH TwV EAANVIKWV VAUTIKWY OUVAUEWY OTIG
IOIAITEPOTNTEG TWV EKACTOTE AVAUETPAOEWYV Kal BeATpwyY ETTIXEIPATEWY Kal Ol GTnV AKPITN KAl
UTTEPUETPN 10XUPOTTOINCN TOUG, KaTOpBwONKE N ammoodBnon TTOAAWY KIVOUVWY Kal ETTITEUXONKE
n empiwaon kai n Tpdodog Tou eEAANVIKoU £€6voug.

I8laitepng onuaciag, katd tnv apxadtnTa, UTIPEE TO OLUDEPKEG vauTIKG TTPOYPOUPa Tou
OcuIcTOKAR, TTou TTPORAETTOVTAG TNV TIEPOIKN TTPOOTIABEIR yia «ekdIKnon» TNG NATTAG CTO
MapaBwva (490 1. X.) €Toipace Tov AmmapaitnTo OTOAO TPINPWVY TTOU ATTEIANCE va dIaKOWEl Tn
Bahdooia 0d0 Twv Mepowv e TIG TTNYEG AvePODIAOUOU Toug aTnv Acia Kal arrooéfnoe €101 TNV
Mepoikn katdktnon TG EAAGSag. Kal dev ATav Jovo n aTpaTtnyikr okEWn Tou OgUIOTOKAN TTOU
TTPETTEI VA €TIONUAVOEi aAAG Kal n emTUXNUEVN TOKTIKA aflotroinon Tou eéAANVIKoU oTéAou oTov
1I0eWdn XWPO TWV OTEVWV TNG ZaAauivag. Eivalr akdpa kal n IKavoTtroinTikA atrédoon Twv
TTANPWHATWY Tou ABnvaikoU oTéAou TTou atrapTI{OTaV atrd eAeUBEPOUC TTOAITEG, Ol OTTOIOI TAV
KAAG TTPOETOINACHEVOI VI TV TTPOACTTION TNG 181aiTEPNG TTaTpidag Toug, TNG ABRvag, aAAd Kai
TWV AAWYV, eAAnVIKwv TTOAswv. Xprdel &€ emoAuavong o1 étav ol ABnvaiol vauuayxoluoav oTn
>alapiva 1o 480 .X. n ABRva cixe AdN aAwBei amd Toug Mépoeg. Ki dpwe Ta ABnvaikd
TTANPWUATA CUVEXICAV TOV aywvd, OTTWG ol attoyovoi Toug otn Méon AvaTtoAn Katd 1o AeUTepo
Maykéouio MéAepo [2].

H 1ToNITIK aoc@alciag Tou OeuioTokAR ouvexiotTnke atrd Tov Kipwva kal Tov TMepikAn kai
EYKEITO OTNV TTEPAITEPW aVATITUEN Tou ABnvaikoU oTtéAou aAAd kal oTnv OAOKARpwaon Twv
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Makpwv Teixwv 1Tou katéotnoav Tnv ABriva ampdéoBAntn amd ¢npdg, TpaypaTiké vnoi ue
Xepoaia ouvopa [3]. AGloTToiwvTag Tn OTPATNYIKA 181I1TEPOTNTA TG B€0ng Toug o1 ABnvaiol,
TouAdxioTov yia 600 didoTnua KuBepvouvtav atmmo Tov Kipwva, Tov MNePIKAR Kal TOUG CUVEXIOTEG
NG TTONITIKAG TOUG, dnuioupynoav pia ekTeTapévn BaAacookpartopia atropeUyovTag TIG KATd
&npa avapeTpnoelg pe exBpols apiBunTiké Kal TAKTIKA I0XUPOTEPOUG. AvTiBETa, TTapEVOXAoUuoav
TO €UTTOPIO TOU QVTITTAAOU KOl PE OUQIPIEG ETTIXEIPACEIS ATTEIAnCAV AUECA Tn OUVOXN TNG
MeAoTTOVVNCIOKAG CUPMAXiag Kal TNV €dA@IKr akepaIdTNTA AUTHS TNG idlag TG ZTTAPTNG KATA TN
o1dpkeia Tou lMeAotrovvnaiakoU MNoAéuou [4]. E@dppocav dnAadn oi ABnvaiol TnNG €TOXNG Tou
MepikKAA Tnv idla TTepiTTOU OTPATNYIKA WE TRV OTToia n AyyAia Ba KaTtooTel Kupiapxog Twv
BaAaCOWV Kal KOOPOKPATEIPA YIa éva YEYAAO Kal onpavTikd dIGoTNPA TNG TTAYKOOMIAG 10TOPIAG
[5].

Katd Toug EAANVIOTIKOUG XpOVOoug N onpacia NG VAUTIKAG 1I0XU0G CUVEXIOE va eKTIMATAI OTTO
Toug 'EAANveG kai va atrodidel. O 1mAoug Tou Nedpyou Katd Tn SIAPKEID TNG EKOTPATEIAG TOU
Meyahou AAeCavopou oTtnv Acia Kail n TrpoTepaldTnTa TTou 0 AAEEavOpog amrédwaoe OTnV
KATAOTPO®I TWV VOUTIKWY BAcewv Tou €xBpou eival evOEIKTIKEG TNG TTPOCEyyiong auTtng [6].
2uvdaua, n onuavTik cupBoAl Twv oTéAwv TG MaooaAiag kal Twv EAANVIKWY TTOAEWV TNG
Kdtw ITaAiag otnv emkpdrtnon tng Pwung évavt Tng Kapxndovag KatéoTnoe oagEg ToO IDIAITEPO
Bapog TG €AANVIKAG, VAUTIKAG 10XU0G, KaBWG £yIve apwyog oTn BepeAiwon NG AauTTpoTEPNS
iCWG auToKPATOPIAG TTOU YVWPICE TTOTE 0 KOOWOG, TG Pwuaiking Autokpatopiag [7].

H Autokpatopia Taviwg autr] éUeANe va odnyAocel Tov eAANVIKO XWPOo Kal TNV €AANVIKA
VOUTIANIO 0€ TTApaKur, a@ou n Kataokeun TG Eyvartiag kar GAAWV aUTOKPATOPIKWY 0dWV OThV
Eyyug kai otn Méon AvatoAr Trapékapyay, v ToAAoig, TV EANGSa kal odriynoav otadiakd o€
ONUAVTIKA MEIWON TNG OIKOVOMIKAG KAl TNG YEWTTONITIKAG TNG onuaoiag [8]. ZuvéRn dnAadn,
TNPOUMEVWY TWV avaAoyiwy, 0TI Ba guuBei HETAEU TNG avakAAuywng TG Auepikng (1492) kai Tng
AyYAIKAG etTékTaong Tpog TIG Ivdieg (1763), omdTe n avakGAuwn VvEwv NTTEpwY Kal n
TTapakauyn NG atrelAnTIkAG OBwuavikAg AvaToAng oTnv eTTIKOIVWVia TNG Eupwtrng ue TG Ivdieg
Kal TNV AtTw AvaTtoAr gixav apvnTikd avTiKTUTTO OTN VAUTIKN onuacia Tou yewypa@ikoU Xwpou
™NG EAAGDQG Kal TOu vauTikoU Tng KOouou [9].

H duopevrg autrh ouykupia difpkeoe KaB’ OAn Tnv UoTepn apxaidoTnTa aAAd n petagopd g
TTpwTeUouoag Tou Pwpaikol kpdtoug atmmd Tn Pwun otnv KwvoTavTivoUTtoAn Kal rn oTadIaKr)
METATOTION TOU KEVIpou Pdpouc NG AvatoAikAg Pwpaikng AUTOKPATOPIOG OTO XWPEO TOU
Alyaiou kal Tng AvatoAikAg Meooyeiou, armmdéppola TG OTAdIAKAG ATTWAEING AUTOKPATOPIKWYV
edagwyv oe véoug €loPoAcig, [10] emmavépepav OTO TIPOCKAVIO TN Onuacia, aAAd kal Tnv
ETMKAIPOTNTA TNG AVATITUENG OTTOTEAECHATIKNG VAUTIKAG 1o0xU0¢ a1rd Toug Bulavtivoug. Ta
TpwTa BAMATA TTPOG TNV KATeUBuvon auTh £yivav Pe Tnv idpuon Kal avamTuén vauoTaBuwy Kal
VOUTIKWY 0pUNTNPIWV 0€ oTPATNYIKA ONUEia TWV EKTETAUEVWV TTAPAAIWY TG QUTOKPATOPIOG OTIG
apxé¢ Tou Oydoou aiwva P.X. AKoAouBnoe n ouykpoTnon agidopayxou TTOAEPIKOU oTOAOU, N
avamTuén véwv OTTAWYV VAUTIKOU TTOAEPOU OTTWGS 0 dPOHWVAG Kal TO UYPOV TTUP KAl N EQapHoyn
QUOTNPEAS VAUTIAIOKNG VOUO0BEeaiag TTou, JETAGU GAAWY, UTTOXPEWVE TOUG ZUPOUG Kal AIYUTTTIOUG
VO PETOPOPTWVOUV TA EPTTOPEUPATA TOUG OTNV KwvoTavTivoUTIOAN TIPIV CUVEXIOOUV YId TOUG
EUPWTTAIKOUC AIJEVES TTPOOPITHOU Toug. KavovTag XpAon auTrg TNG VOUOoBETiag TTou atroTéAETE
TTPOOPONO TWV AVTIOTOIXWV AYYAIKWY VOUOBETNUATWY Tou 17°° aiwva, aAAd Kal agioTrolwvTag Tn
oaQn UTTEPOXN TNG O€ TTPWTEG UAEG UWIOTNG VAUTIKNAG onuaciag 0TTwe o aidnpog Kai n EUAcia n
BulavTivii auTokpatopia yvwpioe éva OUop@Oo Hecoupdvnua yia dUo TrepiTTou alwveg. H
OTPATNYIKA OMWG OKOTTIKN vauTIAlokh TTOAITIK Tou Bulavtiou dev gixe Tn otaBepdtnta Tng
MeTayEVEDTEPNG AYYAIKNG HE aTTOTEAECA N vauTooUvn Tou OTAdIAKA va PEIWOED, TO EUTTOPIO TOU
va TTePIEABEl oTa XEpIa TWV ITAAIKWY TTOAEWV Kal N ouvakoAouBn oTpoer Twv BulavTiviov oTnv
QyPOTIK) OIKOVOUIO VA CUVOOEUTEI E CUYKEVTPWON TNG YNG OTA XEPIA TwV OAiYWYV, KOIVWVIKN
avatapax Kal KEKOAUPPEVO €UQUAIO TTOAEPO WETALU Twv OUVAPEWV TOU KPATOUG KAl TWV
BulavTivwv yaloktnuovwy. O g€eAitelg autég OTTwG ATAV QUOIKO £6acBévnoav OnNUAVTIKA TNV
auTtokpaTopia [11]. H gpdavion T€Aog Kai avatrTugn tou Bapéog TTUpoBOAIKOU GTa TEAN TTEPITTOU

216



ISSN: 1791-4469 Copyright © 2012 Hellenic Naval Academy

TWV HECAIWVIKWY XpOvwy €pige, HETaU AAAwv, Kal TIG IOXUPOTATEG OXUPWOEIS TNG
KwvaoTavTivouTttoAng (1453), [12] 6€tovtag €101 Tov EAANVIOPS uttd Tnv OBwpavikh Kuplapxia
yI0 TEOOEPIG TTEPITTOU AIWIVEG.

To mpwivé TNg 25" Maprtiou 1821 ekivnoe 0 aywvag TG avefapTtnaiag Tou vedTePOU
EAMNnviopou [13]. ‘Evag aywvag 1Tou KGBe AAAO TTapd €UKOAOG TTPOOIWVICOTAV. ZTA TETPAKOTIO
TePITTOU Xpdvia Tng ToupkokpaTiag TTOAAG €TTavaoTaTiKA KIvAPaTa EAapav Xwpa atov EAANVIKO
KOOWO apkeTd &€ atTd auTd £TuXAV Kal TTEPIOPIOHEVNG UTTOOTAPIENG ATTO XPIOTIAVIKEG OUVAMEIG
™G Eupwtng. Map’ 6An 6pwg autr) Tnv uttooTAPIEN, aAAd Kal Tn yevvaidTnTa TTOoU £TTEDEICAV
apKeTOi atmd Toug UTTOdOoUAOUG ‘EAANveg Ta atroteAéouara uttApéav atuxn [14]. Zta 1821 ol
O1eBveic ouvlnkeg dev ATaV evBAPPUVTIKEG yIa TIG EAANVIKEG BIEKOIKAOEIS. TO «ZUVvEDPIO TNG
Eupwtrng», 10 AlcuBuvtipio autd Twv Auvauewv Tou status quo OTO OTTOIO CUMMETEIXQV N
AyyAia, n TaAAia, n AuoTtpia, n lMpwoia kai n Pwoia, avriotekdétav oBevapd o€ KABe
atreAeUBepWTIKG Kivnua. Map’ 6Aa autd Opwg, TTap’ OAEG TIG £PIBEG KAl TOUG EUPUAIOUG TTOoU
avékuyav JETatu Twv emravaoTatnuévwy EANAvwy n ETravacTtacn avrege, kpdtnoe £€1 OAOKANpa
Xpovia Kal oTo TEAOG avaykaoe TIG MeydAeg Auvdauelg va emEUBoOUV yia va OTAPOTACOUV TN
MOKPA QUTH QINATOXUCIA, JE TNV KATOOTPOYr Tou TOUupKOaIYUTITIOKOU GTOAOU OTn vauuaxia Tou
Nauapivou aTig 20 OkTwRpiou Tou 1827 Kal, KUpiwg, Ye TNV ATTa Tou OBwHavIKoU oTpaToU KaTd
T0 Pwoo-Toupkikd 1ToAepo Tou 1828-1829.

Aev ATav PIKPG autd TO KATOPBwua. AvTIféTwg, amd 10 1800 Kol HETA TTOAAG
€BVIKOATTEAEUBEPWTIKA KIVARATA £AaBav xwpa oTn Eupwtrn kavéva dpwg dev KpATnoe Kal dev
atmmaoxoAnoe 1600 TIG MeydAeg Auvaueig 60o n EAAnvikA ETravdoTtaon tou 1821 [15]. H peydAn
auTA eAANVIKA eiTuxia o@eileTal o€ onuUAvTIKO BaBud OTn yevvaidTNTa Kal TNV autoBuacia Twv
eAAVWYV eTTavaoTaTwy. AAAG av Kal n yevvaidotnTa ouvhiowg dev éAelye atmd Toug ‘EAANveG, ev
TOUTOIG, QUTH KaB’ auTr dev UTTOPECE va €ITUXEI TNV OTTEAEUBEPWON TOUG O TTAAAIOTEPOUCS
aywveg Katd Tn didpkeia NG Toupkokpatiag. Av atréktnoav ol ‘EAAnveg tnv Ave€aptnaia Toug
ogpeiloviav Katd KUpIoO AOYyo OTO yeyovog OTl diEBeTav, yia TTpwtn @opd otoug Nedtepoug
Xpbvoug, évav eudpiBuo euTTopIKO OTOAO TTOU HPETATPATINKE OE TTOAEUIKO YIO TIG QVAYKEG TNG
Emavaotaong. Aedopévou 6T n ammd Bahdoong emmKoIvwyvia ATav n 4évn ammoTEAEOHATIKA TTNYNA
ave@odlaopou yia eioBoAeic otn NoTia EANGSa katd Toug TTpofiounxavikolsg Xpoévoug, To
€EANVIKO VOUTIKO TTPOCEPEPE PEYAAEG UTTNPEDiIEG OTOV AyWwva HUE TO va TTAPEVOXAEI cUOTNUATIKA
Kal va OIaKOTITEl ATTOTEAECHATIKA TIGC TOUPKIKES ETTIKOIVWVIEG UTTO TNV EUTIVEUCUEVN NYECia Tou
Avdpéa MiaoUAn kai Tnv avavTikardoTatn ocuuBoAr) Tou Kavdpn, Tou Zaxtoupn kai TTAEIGdag
AWV vaupdyxwyv. Otwg aAAwoTe atrédelge N aduvapia Tou eAANVIKOU vauTikoU va aTToooRHOEl
Kal va e€apBpuwoel To TTpoyepUPwWUa TTou eykatéoTnoe o lumpanu otnv MeAommdvvnoo oTig
apxég Tou 1825, xwpig Tn dpdon Tou eAANVIKOU vauTikoU n eTTavacTtarnuévn EAAGDa Ba eixe atrd
vwpig KatakAuoBei atmd Toupko-alyuTtTiokd oTpateupata kal n Eavactaon Ba gixe pdAAov Tnv
TUXN TWV EAANVIKWY ETTOVACTATIKWY KIVUATWY TTOU TTponyrnénkav autig [16].

To T€Aog 6uwWG TNG ETTavacTaong dev £pepe TNV EKTTAAPWAN TwV €BVIKWYV OTOXWV. MTTOopEi N
MeAotrévvnoog, n Z1eped EANGDO Kal o1 KukAddeg va atreAeuBepwBnkav Ta U0 TPITa SPwWG Tou
EAnviopoU mapépevav umd OBwpavik kKuplapyia. duoikd Atav 10 veooUuoTato EAANviké
KpAtog va evdlagepBei ammd vwpic yia Tnv TUXN autwyv Twv TTANBucuwy. Ta TTpwTa TTEVAVTA
XPOvia OuwG META TNV aTTeAeuBépwan n €AANVIKN, AAUTPWTIKA TTOANITIKA OUVAVTNOE WEYAAN
avTidpaon amd Tn BaAaccokpdreipa AyyAia TTou uttooThpife Tn OlI0TAPNON TNG €0APIKAG
akepaidTnTag TNG Toupkiag. Ki autd yiati or AyyAol Bewpoloav Tnv OBwavikr) AuTokpaTtopia
w¢ aoc@aMIoTIKr SIKAEida TTou Ba cuvéBaAAe oTnv aTmoTPOT) TNG KaBddou Tng Pwaoiag otn
Meodyelo. Mia kdBodog, mou av TéTe OuvéBaive, atrelloloe va OlokOWel TN YPauunA
ETTIKOIVWVIWV TNG AyyAiag he TNV auTokpaTopia TnG oTIg lvdieg [17].

Metd Tn doAoovia Tou KatrodioTtpia (1831) kai Tnv ekAoyr) Tou OBwva aTov eAAnvIKG Bpovo
(1832) o véog BaciAidg, wBouuevog Kal aTréd TIG Kpioelig Tou AvaToAikou ZnTtrpaTtog Tou 1833 Kkai
Tou 1839-1841, uI0BéTnOE TIONITIKA VAUTIKAG PeYEBUVONG HE TNV  KATOOKEUR dwdeka
Kavovio@opwv kal piag kopRétag otov Mépo. H dekaeTia Tou 1840 Opwg onuatodoéTnoe TNV
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avaoToAR TNG EAANVIKNAG, VAUTIKAG MEyEBUvVONG PETA KAl TNV EPQAVTIKN EUPOVI TNG TTAEIOWN®IOg
TwV MeydAwv Auvapewy otnv akepaidTnTa TG OBwuavikng AuToKpATOpiag KAt TIG TTPOCPATEG
Kpioeig Tou AvaTtoAikou Zntiuartog [18]. Tnv emaupio Ttou Kpiydikou TMoAéyou kair og pia
TTPOCTTABEIa va avatTAnpwBoUv ol aTTWAEIEC TTOU TTPOKAAECE GTO €AANVIKO vVAUTIKO N pwOOPIAN
otaon Tng EAANVIKAG KuBépvnong katd Tn Oidpkeia Tou TTOAEPOU autoU, ayopdaoTnkav £E
QTHONMIOAIEG, TTOU ATaV Kal Ta TTPWTA OIDEPEVIO ENIKOKIVNTA TTAoia TTou evtdxbnkav oTov
eAANVIKO GTOAO [19]. MeTd TNV avdppnaon Tou Mewpyiou A ato Bpdvo Tng EAAGdag To 1862 kai
MEXPI Kal Tov Pwoo-Toupkikd MéAeuo tou 1877-1878 10 EAANVIKO NauTiKé QTTEKTNOE PEPIKA
akOpa TTAoia pe KupldTepa Ta BaoiAeu¢ ewpyiog, Baocidiooa OAya, Mmouumroudiva kai €€
TopTAOBOAa [20]. Meyovog TTavTwg ival 6T N EAANVIKN MNoAiTeia dev avETTTugE I0XUPS TTOAEPIKO
VOUTIKO TNV TTPWTN TTEVTNKOVTAETIa TOU aveEdpTnTou Biou Tng, TTpooapudlovTtag TNV TTONITIKA TNG
oTnv avri¢on &1eBv cuyKupia.

To duopevég dIEBVEG TTAQICIO TNG TTPWTNG TTEVINKOVTAETIOG TNG €AANVIKAG aveEapTnoiag
avaTpATnKe Pe T0 Pwoo-Toupkikd MNoAepo Tou 1877-1878, tnv atmmoudkpuvon Twy AUTIKWV
MeydAwv Auvdapewy atrd 10 dOyUa Tou oeBacpoU TnG £da@IKAG akepaidTNTAg TNG OBWHAVIKAG
AuToKpaTtopiag Kal TNV TTApeTTodevn avegapTnTotroinon kal GAAwv, Tépav TG EAAGSaG,
BaAkavikwv kpaTtwv. ‘Exovrac utméwn 10 agiduaxo Twv OTPATEUHATWY TwV VEOCOUOTOATWV
BaAkavikKwv Xwpwv Kal Ta acBevy oTpatnyikwg véa ouvopa TnG Toupkiag ota BaAkdvia [21] ol
KuBepvroelig TpikoUTtn ouvéAaBav éva amAd 600 Kal €UOTOXO OXESIO TTOU EVETTVEUCE TNV
eAANVIKN oTpaTnyIKn PéXP! Toug BaAkavikoUg MoAépoug. To oxédlo autd, o€ YeVIKEG YPOAUMEG,
TTPOERAETTE TNV AVATITUEN IKAVOU TTOAEUIKOU GTOAOU TTou Ba SIEKOTITE TIG TOUPKIKES, BAAACTIEC
ETTIKOIVWVIEG evd TauTOxpova Ba KAAUTITE Kal Ba emTAXUVE TNV OAOKANPwWON TNG €AANVIKAG
emoTpdaTeuong. Me Tnv emmiTeugn Twv dU0 AUTWV OTOXWV N KUBEpvnon TpPIKoUTInN avéueve OTI O€
eVOEXOMEVO EAANVO-TOUPKIKO TTOAEPO O APXIKA UTTEPTEPOG QPIBUNTIKA €AANVIKOG GTpaTdC Ba
mponAauve otnv Hmeipo kair T Makedovia ki 0TI Ba PTTopouce va avtioTadbei ammoTeAeouaTIKG
OTIG TOUPKIKEG QVTETTIBECEIC YIO OXETIKA HEYAAO Xpovikd didoTnua. Av autd ouvéBaive n
mlavotnTa ZepBo-BouAyapikr¢ eéupaong Ba kabioTato mmOavoeTaTn KAl N TTPOOTITIKA ATTAG
NG Toupkiag BePaia [22]. MNa TNV €@appoy Tou vauTikoU OKEAOUG QUTAG TNG OTPATNYIKAG O
EAANVIKOG vauoTaBuog peTapépdnke atrd Tov Moépo otn Zalauiva 10 1878 [23] kal HETAKAABONKE
otnv EAAGSa TaAAikip Nautikry AtrootoArl (1884-1890) 10 avopop@WTIKG €pyo TNG OTToiag
uTTAPEE YeVIKNG atmodoxng. ETmimmAéov, 0 eAANVIKOG GTOAOG evioxUBnke Pe TTANBWpPa eAa@pwv
Movadwv apxikd, Kabwg eAn@On uttéwn n auavOouevn QTTOTEAECUATIKOTNTA TNG TOPTTIANG, N
OTOOINOTNTA TWV TTUPOPBOAIKWV TEXVIKWY Kal n TTpoTiunon tou BaoiAéwg Mewpyiou TTpog Tig
eAa@pég povades. O1 ehappég Povadeg TTou ayopdoTnkav TOTE ATav To TopTAOBOAO Kavdpng,
TO TTEPIPNMO KaTadpouikd MiaouAng, ol atuopapideg AuBpakia kai AKTiov, TPEIG TOPTTIAODETIOEG,
OEKAETTTA aKOUA TOPTTIAOBOAQ, £E1 KOVOVIOPOPOI, TECOEPIG ATUONUOOPOPOVEG, TPEIG ATHONUIOAIEG
Kal éva uttoBpuxio. ATro Ta péoa OpwG TNG dekaeTiag Tou 1880 Kal PETA N AvATITUEN TAXUTEPWV
TEXVIKWYV TTUPOPBOAIKNG, n €loaywyr Twv TaxuBoAwv peTpiou OIOPETPANOTOS Kal  Twv
avTITOPTTIAIKWY €dwoav véa wr 0To BwpnKTé OTTOTE KAl TTPOKPIONKE N TTpounBeIa BwpenNKTWY
HOVAdWYV KAl CUYKEKPIPEVA TPIWV BwpPNKTWVY TPITNG TAENG, TwV Yopa, 2Zmérosc kal Yapd [24].

O artuxnis EAAnvo-Toupkikdg MoéAepog Tou 1897 kal n un aflotroinon, yia TTOAITIKOUG Adyoug,
TNG OuvaTOTNTAG TOU €AANVIKOU OTOAOU va TTOPEVOXAACEl TNV ETMIOTPATEUCN TOU TOUPKIKOU
oTpaToU KOTA TOV TTOAEUO QUTO pEiwoav TNV agia Tou TTOAEPIKOU VAUTIKOU OTA PATIO TTOAAWV
EAAvwY TG eToxNS. Tn dwdeKaeTia TTou akoAoUuBnaoe eviadnke n TOAwGN OTOV KOGUO KAl GTNV
Eyyuc AvatoAr], 10 Toupkiké NauTIKO €TTEKTAONKE onuUavTika, evw To EAAnviKé NauTiké
OTTOTENEDE YIO KAIPO «onueio avtiAeyduevo» oTov eAAnvikd TUTTO Kal oTa Troikida fora Tng
emmoxng. O1 ‘EAAnveg, Aoyw NG acBevolg SITTAWUATIKAG KAl OIKOVOMIKAG Toug B€0nG PETA Tnv
mTwyeuon Tou 1893, TpoPAnuartifoviav TOGO MPETALU TNG TTPOTEPAIOTNTAG AVATITUENG TOU
OoTPATOU ] TOU OTOAOU 60O Kal PETAgU TNG UI0BETNONG VAUTIKOU CUYKPOTNHEVOU aTTd eAAPPEG
Hovadeg 1 GAAou Baoifouevou o€ poipa BwpnkTwv. H AleBvAg gutrelpia (MUOTIKOI TTPpG0d0I TWV
UpaAwv OTTAwv oTnv AyyAia kai otn FaAAia), n yewoTpatnyikn 1011TeEPOTNTA TG €AANVIKAG
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TepITTTwong (Baon TG eAANVIKNAG €mIOTPATEUONG ATAV N BaAdcaia 006¢, n TTapauubia aAAd kai
N ocwTnpia Twv UTTOSOUAWY OUOYEVWYV ATAV £QIKTA JOVO JECW TNG VAUTIKNAG 1I0XUOG), TO I0TOPIKG
TTPONYOUUEVO TNG ETTITUXOUG XPNONG TTAPWXNMEVWY VAUTIKWY OTTAWV (TTUPTTOAIKWV) KaTd TOV
Aywva Tng EAANVIKNAG Ave€apTnaiag aAAd Kal o1 PETPIEG ETTIOOCEIG TwWV TOUPKWY OE TOPTTIAIKEG
ETMIXEIPNOEIS TNV TTPoNyouuevn eikoalrevTaeTia (1877-1910) cuvékAivav GTo ouuTTépacua Tl TO
BwpnkTd dlaTnpouce TNV AGIOTTIOTIO TOU OTIG €AANVIKEG BANACOEC TTAPA TNV adIau@IoRATNTN
TEXVIKA KAl TAKTIKA TTpO0d0 TToU €ixe OuvTeAEOBEl oTn Xpron Tng TopTriAng. EmoTéyaoua twv
dlEpyaaiwy autwy UTTApEE n idpuan Tou Tauegiou EBvikou Z1d6Aou 10 1900, Tou Aayeiou EBvikoU
216Aou 10 1904, Tou N.E.N. 10 1907 Ka1 n evioxuon Tou eAANVIKOU OTOAOU E OKTW AVTITOPTTIAIKA
[25].

To Kivnua oto loudi Tov AUyouoTto Tou 1909 OnpatoddTnoe TNV OAOKANPWON TNG
TIPOETOINACIAC TOU EAANVIKOU, TTOAENIKOU VAUTIKOU OTIC apxEG Tou 20°° aiwva Kal TNV TPIETI TToU
akoAouBnoe ayopdobnkav 10 BwPaKIoUEVO KATadPOUIKS Mewpyiog ABEpwe Kal IKAVOG aplBuog
eAappwv povadwyv (€61 avTiToptAIKG, OUo utofpuxia Kal HeEPIKA udpotmrAdva). H doun
OUVANEWG Tou €AANVIKOU vauTikou Trou diapoppwBnke avrtavakAoloe Tnv TrEipa  Tng
TponynBeicag dwdeKkaeTiag Kal TNV TAON Tou TOTE TTpwOuTToUpyoU TNG Xwpasg EAsuBépiou
BeviCéhou kal Tou Apxnyou Tng TrpookAnBeicag AyyAikng NauTikrig ATTooTOARG oTnv EAAGOa
avTivaudpxou TweVeA, yia e€oikovounon TTOpwY Kal yia Eviagn oTov eAANVIKG oTOAO eAappwv,
KUpiwg, povadwy [26].

H empuAkuvon Tou Itaho-ToupkikoU TMoAépou tou 1911 -Adyw TnG dpdong Tou ITAAIKOU
VOUTIKOU Kal Tng oBevapng avriotaocng Twv oBwuavikwy OUVAHEWV OTO XEPOQIo PETWTTO
emyeipriocwy otn AIfun- Kal 0 €€’ auTAg, Kupiwg, TTPokANBeig MpwTtog BaAkavikag MéAepog Tou
1912-1913 emBefaiwoav TNV opBATNTA TOUu CTPATNYIKOU Oxediou TNG KuPBépvnong TpikouTrn.
Katédelfav, etmiong, e Tov TTAéov ca@ry TPOTTO TN onuacia Tng dIaKOTTAG Twv BaAacoiwv
ETTIKOIVWVIWV TWV Toupkwv atrd Ttov ITaAIKO Kal Katdtiv Tov EAANVIKO oTOAO yia Tnv €uTuxn
EKBAoN TWV TTOAEPIKWV ETTIXEIPAOEWYV YIa Ta EAANVIKA OTTAa [27]. Me 6on emiTuxia Opwg Kal av
TTOAEUNCE TO €AANVIKO VAUTIKO UTTO TNV eUTTVEUOHEVN nyeoia Tou lMauAou KouvtouplwTn Katd
Toug BaAkavikoug MoAéuoug, 6an SITTAWUATIKA EUCTPOYIa Kal av €TTEDEIEE O TOTE KUPBEPVATNG TNG
xwpag EAeuBépiog BeviZéAog Ta da@iké KEPDN TOU TTOAEUOU ICWG VA PNV KATAKUPWVOVTAV OTNV
EAGSa av 1600 n AyyAia 600 kail n Meppavia dev €mBupoucav Tn XPHRON TOU YEWYPAPIKOU
Xwpou TG EAANGdag yia Tnv €€ac@AAion TNG KUpIapxiag Tng KEVTPIKAG Kal TNG AvATOAIKNG
Meooyeiou. Ze pia €O TTOU O VAUTIKOG avTaywviouog petalu AyyAiag kai Meppaviag eixe
Kopupwbei, oe pia Tepiodo TTou n Kuplapyia Tng Meooyeiou atrd Tov AyyAo-yoAAikd oTOAO
atrelholvtay atrd Toug ouppaxikoug otn lepuavia otdéAoug Tng ITaAiag kar TnG AuoTpiag n
XPAon Twv eAANVIKWY AlUEVWYV O KAIpO TTOAENOU, 10IAiTEPA auTwy Twv loviwv NAowv, ATav
elAoya emluunt) Kal a1rd Toug dUO cuvaoTIopoug [28]. Q¢ atroTéAeopa n TTAEloWn@ia Twv
MeydAwv Auvdpewyv TApnoe BETIKA OTACN EvavTl TWV TTEPICCOTEPWY EAANVIKWYV BIEKBIKAOEWY
kal €101 N EAAGOa diTAacidoTtnke ota 1913 kal €va onuavTiko Brpa TTPOg TV TTPAYNATWON TNG
MeydaAng 16éag ouvTeAéoBnKe [29].

Tnv emmaupio Twv BaAkavikwv MoAépwy o Toupkikdg avaBewpnTiIopos eTTéRale oTnv EAAGSa
TNV ayopd OUO AMEPIKAVIKWY TTPOVTPEVIVWT, Tou KIAKIC Kal TnG Anuvou, evog eudpoduou
KaTtadpouikou, TNG EAANG, kai TV TTapayyeAia dUo vIpEVTVWT Kal TTOAWY GAAwV pJovAadwy TTou
TEAIK& Oev TTapadoBnkav oTov eAAnVIKO oTOAO, AOyw Tng €kpnéng Tou [lpwTou lNaykoouiou
MoAépuou kal TNG emMBupiag Twv EAAVWYV 1IBUVOVTWY va agloTToINCoUV TNV EUTTEIPIA TOU TTOAEUOU
TpIv ayopdoouv véo vauTtiko [30]. Mapd opwg Tov EBvIKG Aixaoud TTou akoAouBnoe kal Tnv
KATaAnwn Tou eAANVikoU vauoTtdBuou kal atoAou atmd Toug NdANoug ota 1916-1917, o oTdX0G
TNG atmeAeuBEépwong Tou cuvolou Twv EAAAvwY TTAnciace otnv etiteuéh Tou [31]. H onuavTikn
WEEAEIO TV ZUPPaXwy atroé TN XpAon Twv eAANVIKWY Alpévwy katd Ttov MpwTto Maykoéouio
MoAeyo kalr n TravBouoAoyolpevn AGpioTn €TTidoon Tou €AANVIKOU oTOAou OTn ouvodeia
vnotrouTtwy, [32] 1Tpoidv, wg éva Babud, NG opyavwrTiKAG Kal eKTTAIOEUTIKAG dpacTnpIOTNTAG
O1ad0XIKWV AYYAIKWV VAUTIKWY aTTO0TOAWY 0To EAANVIKG NauTikd, ouvéBaAe atnv amédoaon Tng
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Opdkng kai TNG lwviag otnv EAAGOA pe TN ZuvBnkn Twyv ZeBpwv. Ki av v TéAel Adyol TTOAITIKOI
KAl 100ppOoTTiag duvApewy akUpwoav Tnv €Bvik auth emtuxia [33] To EAANVIKO ToAguikd
NauTikd TTOAAG TTpocEPepe KATA T didpKeIa TNG MIKPACIATIKAG EKOTPATEIOG PE TO VO AVEPODIALEI
TOV eAANVIKO OTpaTd KOl VO ACTUVOMEUEI TA TOUPKIKA TTapdAia. AkOPa O HEYOAUTEPO KOKA
atmmoaoéfnoe Tnv wpa NG MikpaoiatikAg KataoTpo@ng [34].

To mépag NG MikpaoiaTiking EkoTpareiag Bprke Tnv EAAGda e€acBevnpévn KAl AVOYKOOPEVN
va OWaoEl TTPOTEPAIOTNTA OTNV ECWTEPIKI avacUVTagn Kal gTNV ATTOKATAGTACN TWV TTPOCQUYWV.
H 6Cuvon Twv €AANVOTOUPKIKWY BIa@OpwY, OUWG, OXETIKA WE TNV €QAPUOYA TNG ZuvBAKNG TNG
AwCavng (1923) eutrddife TNV €OWTEPIKA avaouvtagn kal €méBale otnv EAAGda augnuévoug
VauTIKOUG £EOTTAIOPOUG. Agdopévng TNG adla@opiag Pe TNV oTToia avTINETWITI(aV Ta TTPORARHATA
NG Xwpag pag n AyyAia kal n FaAAia, Adyw Tng OXETIKNAG 1I0XUPOTTOINCHG Toug oTn Meodyelo
pMeTd Tov [pwto [lMaykoéopio TMoAepo, o1 kuBepvAoelg Mixahakdtmoulou kal BeviZéAou
Tpocéyyloav TNV ITaAia Tou MoucoAivi (1928-1932) tTou evdiagpepdTav va avaBabpuioel Tn B€on
NG otnv AvatoAikl Meodyelo ekeivn Tnv emmoxr. H mpooéyyion auth £ByaAe Tn xwpa ammo Tn
01eBvr) atmmoudvwaon Kai Tn Povopepr €€aptnon NG atrd Toug AyyAoydAAoug, CUVETEAECE OTNV
emmiAuon TTOAwWV TTPoBANUdATWY Tng e Tnv ITaAia, Tn TMouykooAaBia kai Tnv Toupkia Kai
OTTOPAKPUVE TOV KivOUvo eAANVIKNG EUTTAOKAG O€ TTBavh TTaykoauia ouppagn.

Mpiv 6pwg eTTEANBEI N e€opdAUVON TwV EAANVOTOUPKIKWY OXECEWYV PE TNV UTTOYPAQPI) OXETIKOU
OiuepoUls NauTikoU MpwTtokdAAou Kal Zupewvou PiAiag, OudetepdTnTag kai Alaitnaiag 1o 1930
KAaTtaBAABNKe QIAOTIUN TTpooTTABEIa yia TV avaTrTuén Tou EAAnvikoU NauTikoU [35]. H vauTtiki
eKTTaidEUaN BEATILVONKE oNUAVTIKA PE TNV avadliopydvwon TwV TECOGPWY ZXO0AWV €IOIKOTATWY
Tou [MoAepikoU NauTikoU, evw TTPOCTTABEIO E£YIVE KAl VIO TOV EKOUYXPOVIOUO KOl TNV ETTEKTAON
OPKETWV EYKATOOTACEWY TOU. 2T0 {NTNUA TNG OOMAG BUVANEWS OUveEXIOTNKE N dlapdyn METAEU
Twv oTTadwv Tou BwpenKToU Kal Twv OTTadwyv Twv eAa@pwyv Povadwv. TeAIK& €mKPATNoE n
vauTikf) TTOAITIKA BeviZéAou, TTou, akoAouBwvTag OXETIKEG OUUPBOUAEG AyyAwv kal EAAAvVwv
TEXVOKPOATWY, ATAV TTPOCAVATOMICHEVN OTIC EAAPPEG POVADEG Kal TN VAUTIKA agpoTTopia Tapd
TNV aTTEIAR TTOU aTTOTEAOUOE YIa TV EAANVIKN KuplapXia 0To Alyaio TO ETTITUXWGS HETAOKEUAOUEVO
Toupkiké BwpnkTd KaTadpopikd MaBoul, 1o TTpwnv Mepuavikd Mkaiumev. TNV EMTAETIA TTOU
akoAouBnoe Tnv uttoypa@r TNG Zuvenkng g Awldvvng o eAANVIKOG 0TOANOG evIOXUONKE e €€
utToBpUxIa, dUOo TOPTTIAOKATOUG, OUO VOPKOBETIOEG, £va eKTTAIBEUTIKO TTAOIO KI éva TTAoiO
ouvepyeio. EmmTAéov, Ta avTITOpTIAIKG AeTO¢, Iépaé, avlnp kai Aéwv aTtaABnkav oTnv AyyAia
YIO VO EKOUYXPOVIOTOUV evw) Ta ABEpwe kal EAAR aT1dABnkav yia Tov idlo Adyo oTtn MaAAia [36].

Tnv TeAeuTaia TTPOTTOAEUIKE deKaETia N TTOAwON oTnv EupwTrn Kal 6Tov KOGHO KOPUPWONKE.
H Maykéouia Oikovouikr "Y@eon Tou 1929 odAynoe otnv dvodo OAOKANPWTIKWY KABESTWTWV
otn MNepuavia kar aAAou. Ta kaBeoTwTa AUTd, TTAIPVOVTAG QPOPHN OTTO TNV OIKOVOWIKN Kpion Kal
TN OeauaTIK aUgnon Tou TIPOCTATEUTIOWOU, ETTIXEIPNMOTOAOYNOCAV UTTEP TNG KATAKTNONG
«CWTIKWV XWPWV» yia Toug AaoUg Twv otroiwv nyouvtav. H katdktnon tng Mavrooupiag atréd
v lamwvia 10 1931 evBdppuve Tov XiTAep va ammodeocueldoel Tn [eppavia amd Toug
TTEPIOPIOUOUG TWV ZuvBnkwyv NG EipAvng (1933-35), va avakataAdBer 1n Pnvavia (1936), va
Tpooaptioel Tnv AucoTpia (1938) kai 0Tn ouvéxeld va TTPOXWPNOEl OTNV KATAANWN Tng
ToexoohoBakiag (1938), tng MoAwviag (1939), ng MaAAiag (1940) k.A.1T. AvtioToixn Tropeia
dlEypaye Kal To KaBeoTwg MougoAivl ye Tnv kaTtdktnon tng AiBiotiag (1936) kai Tng AABaviag
(1939), Tmopeia mou 10 £pepe 0 cuppaxia pe T Meppavia kal Tnv lamwvia. Zuvdua, n €dagIkni
ETTEKTAON TNG BpeTavikig autokpartopiag otnv AvatoAik) Meadyelo, n OXETIKI TG OIKOVOUIKA Kal
VOUTIKA TTOPAKUr, aAAG Kal n lammwvik atrelAr] Katd Twyv Bpetavikwy IvOiwv Kal Twv AVTITTOdwWV
mpooédwaoav ota udma Twv AyyAwv 18uvovTwy 181aiTepn PaputnTa OTOV  Kivduvo TTou
QVTITTPOCWTTEUAV YIA Ta BpeTAVIKA CUP@QEPOVTA O IOXUPEG, ITAANIKEG, aEPOVAUTIKEG DUVAEIS [37].

Méoa ato apvnTiké autd TTAdioIo To EAANVIKG TMoAeuikd NAUTIKO €iXe va QVTIMETWTTIOEI KAl TV
TTAYKOOMIO OIKOVOUIKN) Kpion To XTUTINPO Tng oTtroiag utmpée 18iaitepa Bapu, KabBwg To
utTEPXPEWHEVO EAANVIKG KpdTtog TTwyxeuoe 1o 1932 [38] kal n €@apuoyry TOU VAUTIKOU
Tpoypdupatog Tou 1931, 6TTwWG autd TpoTtroTroINenke To 1934, TTapEUEIvVE, UTTOXPEWTIKA,
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NUITEANG. Movo €€ avTITOPTTIAIKG, TECOEPA VOPKOAIEUTIKA Kal éva TTETPEAAIOPOPO ATTOKTHBNKAV
atmd 10 EAANVIKG NauTikd Tnv TeAeutaia TTPOTTOAEUIKA OEKAETIA, WIa UCTEPNON TTOU ETTioNG
ogeilovrav oTnV TTONITIKA aoTdBeia, aAAd Kal TV avatro@acioTIKOTNTA TNG TOTE €AANVIKNAG,
VOUTIKNG NYETIOG OXETIKG PE TNV avaykaidTNTA A Jn TNG evioxuong Tou aToAou pe Bwpnktd [39].
EmmmAfov, onuavTikd aplBuNTIKG Kal TTOIOTIKA TUAMG Twv oTeAeXwv Tou [MoAgpikol NauTikou
aTroTaXOnKe AOYW TNG OUMPMETOXNAG Tou oTo BevileAkd Kivnua g 1" Maptiou 1935
onuIoupywvTag peydAa kKevd oTn OTEAEXwON TwWV VAUTIKWY MHovadwv Kal utrhpeciwyv. H
utToAEITOUpYia Twv NAUTIKWV ZXOAWV, N ammopdkpuvon Twv BpeTavikwy ATTOCTOAWV Kal n
OTTAVIG VAUTIKWY YUPVACIWV TTNpéacay €TTiong apvnTiKA Tn HaxnTIKA IKavoTnTa Tou 0TOAOU Ta
xpovia ekeiva [40]. Maviwg, n OWOTH TIPOETOINACIA TOU VAUTIKOU OKEAOUG TNG €AANVIKAG
ETMOTPATEUONG KOl N E€MTUXAG E€YKATAOTACH OUCTNUATWY TTAPAKTIAS APUVAG, VAUTIKWV
TTAPATNPNTNEIWY KAl AVTIAEPOTTOPIKNG APUVag cixav ayaBd atroteAéopaTta katd tov EAAnvo-
ITAAIKO MOAgpo [41]. TaxutaTa Kal ge TN HeEYAAN ouvdpour ToU VOUTIKOU OAEG OXEDOV OI JAXIUES
Movadeg Tou eAANVIKOU OTpatoUu PBpEéOnkav OTO PETWTTO, ETTITEUYMA PeEYAANG onuaciag yia tnv
eAANVIKN vikn oTov TTOAepo autd [42]. Me Tnv €€aipeon pdAioTa Tng BuUBiong Tou utToRpuyiou
MpwTtéa &¢ xABnke oUTe €va ypapudpio UAIKOU oUTE HIo Wuxh atrd Tnv eKaTovTada Kal TTAEov
XINGdwy, TTou o1 €AANVIKEG Povadeg emmipaveiag ouvodeuocav TOOO KAtd T OIApKEId TNG
eEAANVIKNAG €TTIOTPATEUCONG 600 Kal KaB’ 6An Tn didpkeia Tou EAAnvo-ITaAikoU TToAéuou. Ki autd
EYIVE €QIKTO TTOPd TO yeyovog OTIl, OTav €TTPOKEITO TTEPI ayyAIKWYV Ouvodeiwv Ta ITAAIKA
uTTORPUXIa E€TITIBEVTO €VAVTIOV TWV HETAYWYIKWY TNG VNOTTIOUTING, QVTIOETWG OTIG €AANVIKEG
VNOTTOUTTEC TTPOCERaAAaY TTAVTa Ta guvodd avTiTopTAIKG [43].

H ouufoAf Tou TTOAEUIKOU VAUTIKOU OTn Vikn Twv €AANVIKWY OTTAWV KaTd TOV TTOAEUO TOU
1940-1941 [44] dev e€avTAcital oTnV €UTOKTN ETIOTPATEUCH KAl TPOPOBOGia TWV EAANVIKWYV
XEPOaiwyv OUVAUEWY TTOU TTOAEPoUCAV evavTiov TTOAAATTAGGIOU apIiBuoU ITAAIKWY GTPATEUUATWY
OUYKPITIKA W' autov TTou avTiueTwTidav ol Bpetavoi atnv Aiyuttto Tnv idla emmoxnA [45]. EkTog
a1rd ouvodEieG VNOTTOUTTWY OI €AANVIKEG HOVADEG ETTIPAVEIOG TTPAYMATOTIOINCAV KOl TPEIG
ETTIKIVOUVEG KATODPOMIKEG ETTIXEIPNOEIG OTA XTevd Tou OTPAVTO TIG OTTOIEG AVTIMETWITTIOQV,
apXIKA, JE eMQUAAEN o1 AyyAol cUpuayol. O eTTIXEIPOEIG auTéG dev €ixav TEAIKA KATTOIO OTITO
aTToTéEAEOHa AOYW TNG AVAYKAOTIKA TTEPIOPICHEVNG XPOVIKAG BIAPKEIAG TNG EAANVIKAG, VAUTIKAG
TTAPOUCIiag OoTa ZTeVA, TNG OXETIKA QPAING VOUTIKAG CUYKOIVWVIag PeTagu Tng ITaliag kal Tng
AABaviag OTO OUYKEKPINEVO UWoG Kal TNG EAAEIYPNG MEAETNG atrd Toug 'EAANvES avAaAoywv
emyeipriocwyv Tou AucTpiakoU oTOAou oTo idlo emmixeipnolokd Béatpo katd Tov [lpwTo
Maykéopio MoAgpo. Map’ 6Aa autd, o NBIKOG AVTIKTUTTOG TNG TTPAYHOTOTIOINCNG TOUG UTTAPEE
ONUAvVTIKOG EEUYPWVOVTAG To KUpog Tou 'EAANva vaudTn [46].

0,11 dev KATAPEPQAV VA ETTITUXOUV Ol EAANVIKES povadeg em@aveiag ota oTevd Tou OTpdvTo TO
mTéTUXaV T EAANVIKG uttoBpuxia. H BUBion evog éu@opTou ITAAIKOU TTETPEAAIOPOPOU aTTd TOV
Karowvn, TTOANU ¢ TTepIoTdTEPO N BUBION £vOG ITONIKOU TTETPEAAIOKIVNTOU KAl VOGS PETAYWYIKOU
atro Tov llamravikoAn Tnv TTapapovr) Twv XpIoTouyEvvwy Tou 1940, atroTéEAecav XOpaKTNPIOTIKG
Tapadeiygata TG avacTATwong TTou TEQEPE N Opdcon Twv UTTORPUXIWY HAG OTIG ITAAIKES
Baldooleg ouykolvwvieg. AvtioTolxa dlakekpIyévn, av Kal AiyoTepo spgavr] ammdédoon katd Tn
Oldpkela Tou EAANvo-ITaAikoU TToAéuou, €ixe n utnpecia NapkaAigiog [47], kal n uTnpecia
agpANUVaG, OTNV OTToia TTIICTWVETAI N Katappiywn 60 TTepiTrou £XxBpIKWY agpooka@wy [48].

To &ekivnua Tou ATTpiAiou Tou 1941 £pepe pia véa, atTd Kaipd avapevouevn €EENIEN yia TV
EAAGOa. EmBupwvTag apxikd ol Meppavoi va ekdiwfouv Toug AyyAdoug amd 1t Meodyeio Kai
apyoTepa @ofouuevol Tn dnuioupyia cuppaxikoUu peTwtou otn Makedovia Tnv wpa TTou o
KUpIOG OYKOG Twv [epuavikwy oTpateupdTwy Ba pdaxoviav otn Pwaoia, 0TTwg akpIifwg eixe
oupBei kar otov MpwTo Maykéouio MNoAepo, eiloéBarrav atrd Ta Bopeia, eAANVIKA cuvopa OTIG 6
AtrpiAiou 1941 [49]. Z1a TéAn Tou idlou pAva OAOKANPWONKE n KATAANWN TNG NTTEIPWTIKNG
EANGSaG kal éva piva apydTtepa €TTe0e TO TEAEUTAIO, EAeUBEPO, eAANVIKS £Ddagog, n KpriTn [50].
Mpiv 6pwg oupPBoulv OAa autd n kaBuoTtépnon TngG ammodnuiag Tou eAAnvikou oTtdéAou oTnv
Aiyutrto T0 Mdio Tou 1941 kai n eykataAeipn otnv EANGDA TTOAAWY OEKAdWY EUTTOPIKWYV TTAOIWV
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0AAG kal GAAoU XpACIPou UAIKOU édwaav Tn duvatdtnTa otov Afova va Bubioel To piod eAANVIKO
TTOAEUIKO OTOAO [51] Kal va atTokTHOEl TTOAUTIUO TTAWTS Kal TTOAEUIKO UAIKO yIa TNV UTTOOTHPIEN
TWV dIATTOVTIWV ETTIXEIPAOEWY TOU [52].

O1 TTAnyég mou dnuioUpynoe n vadioTIK) agpoTropia TG0 oTo EAANVIKO 0G0 Kal GTO
Bpetavikd NauTiké Atav peydAeg [53] kal o1 avaykaieg XpovoBOpeg ETMIOKEUES TWV EAANVIKWY,
TTOAEPIKWV TTAOIWV Kal UTTORpuXiwv €yivav, wg €va PaBud, €K TwWV evoviwv AOYywW TG
VOUTTNYOETTIOKEUAOTIKAG aveTTépkelag TG Alyutrtou [54]. 'HONn épwg atmd 10 deUTEPO UICO TOU
1941 1a €AAnVvIK& avTITOPTTIAIKGA, OUVETTIKOUpoUueEva atmd TIG AiyeG ayyAIKEG KOPPETEG TTou
MTTOpoUCE va 81ab€cel o atmodekaTiopévog Bpetavikdg 2T10Aog TnG Meooyeiou, avéAafav T
ouvodeia vnotrouttwy oTnv AvatoAikr) Meodyelo, diatipnoav &€ To onuaivovia poAo Toug oTn
OUYKEKPIUEVN ATTOOTOAR MEXPI TEAOUG TOU TTOAEPOU TTaPA Tn METAYEVECTEPN QvAKaUWn TnG
BpetavikAg vauTikAG 1ox00¢ [55]. EmmTTAéov, oI €AANVIKEG, €AA@QPEC HOVADEG ETTIPAVEING
ouvoedeucav vNOTTOPTTEG oTnV UTTOAoITTn Meodyeio kal otov ATAQVTIKO atrd 10 1943 Kai peTd,
[56] evw Ta eAAnvIKG uTToBpPUXIa CNuEiwoav GNUAVTIKEG ETTITUXIEG [57] aAAG Kal TTARpwoav Bapu
@Opo aipatog [58] o€ mMBETIKEG TTEPITIONIEG Kai €10IKEG ATTOOTOAEG TTOU avéAaBav oTo Alyaio Kal
otnv AvatoAikp Meodyeio tnv mepiodo 1942-1944. To EAANVIKG NauTiké €ixe €mmiong evepyod
OUMUETOXN OTIG atroRaTikES €TTIXEIPNOEIG, Tou AvT(io, TNG ZikeAiag kal TnG NoTiag ITahiag [59],
NG Noppavdiag kal TnG NoTIag MaAAiag, oTnv atmoTTelpa KAataAnwngs Twy Awdekavriowy KTA. [60].
To ammoTéAeopa TNG agidAoyng autrig EAANVIKAG TTPOCPOPAG OTO CUUMAXIKG VAUTIKG aywva fTav
va evioxuBei oTtadlakd 1o EAANVIKG TToAepikd NauTiké pe 40 véeg HovAdEeG aTTd TOUG CUPPAX0UG
kataypd@ovTag £Tal TN JeyaAuTtepn peyéBuvan atmmd 6Aa Ta aTTOdNUA CUUMAXIKE VOUTIKA KaTd TO
AeUTepo Maykdapio MoAguo [61].

Metd Tnv ameAeubépwon Twv ABnvwv Tn 18" OkTwBpiou 1944 kai Tnv emdvodo Tou
EAANVIKOU TToAegpikou NauTikoU oTnv Trartpida ol Jovadeg emmipaveiag Tou dIECTTApnoav OTa
vnold Kai Ta Aigdavia Tou Alyaiou, WOoTE va €KBIWEOUV KAl TOUG TEAEUTAIOUG TTUPKVEG TOU £xBpoU,
va OuvodeUOOUV VNOTIOUTTEG ME TPOGIUA Kal €@6dIa yia TOov Auaxo TAnBuopd kai va
avacuoTAoouV TIG TTPOTTOAEPIKEG NauTIKEG Aloiknoelg [62]. To MNMoAeuikd NauTikG BpIiokoTav o€
KaAUTEPN KatdoTaon oTrd Tov EAANvIKG ZTpatd kal Tnv AgpoTropia Tnv €TToxA €Keivn, KaBwg
01€0eTE €UpPU TTUPAVA EPTTEIPOTTOAEPWY QEIWMATIKWY KAl VOUTWV Kal Wi BPETAVIKN VAUTIKN
atrooToAr oTnv ABriva yia Tnv KaAUTEpn eKTTaideuct) Tou. EmTTAéov, BI1EBeTE apKETA TTAOIO Kal
Tou 066nkav KiI GAAQ, Kupiwg au@ifiou TUTTOU, WS Odvelo OTa TTAQioIa TOUu AMEPIKAVIKOU
doyuaTog Tpouuav Kal TNG YEVIKOTEPNG PonBelag TNG AUONG O€ XWPEG TTOU ATTEIAOUVTAV ATTO TNV
€EATTAWON TOU KOoppouviopou. Ta tTAoia dpwg autd dev Bpiokovrav o€ KAAR KATAOTACT Kal N
ouvTPNON TOUG aTTAITOUCE OUVEXEIG ETTIOKEUEG, KATI TO dUOXEPES, dedopévou OTI ol [epuavoi
KATOKTNTEG €iXav KATAOTPEWEI TO OUVOAO OXEDOV TWV VAUTTNYOETTIOKEUACTIKWY UTTOOOUWY TNG
XWPAG Aiyo TTpIV TNV aTTOXWPENOT TOUG aTTO QUTHV.

H ocofapdtepn TTPOKANCN TTOU  QVTIMETWTTIOE O €AANVIKOG OTONOG Tnv €TTaUpIO TNG
atreAeuBépwaong ATav o EAANVIKOG Eu@uUAiog TMoAepog (AekeuBpiava 1944 kar 1946-1949). H
KuplapXia Tng BaAaccag amd Tov eAANVIKO OTOAO ATTOTEAECE €va ATTO TG OUCIOOTIKOTEPO
TTAEOVEKTHHOTA TWV KUBEPVNTIKWV dUVANEWY OTOV TTOAEUO auTd, KaBWg OTAPIEAV TTAVW TNG TIG
METAQOPEG TOUG. AvTiBeTa 0 AnPoKPATIKOG ZTPATOG ATAV UTTOXPEWMEVOS VA XPNOIUOTIOIEI JOVOo
TO Xepoaio SIKTUO TNG XWPAG, TTOU €ixe, OPWG, £€apBpwBei Adyw TNG oNUAVTIKAG KATACTPOPNS
Tou 00IKOU KaI Tpoxaiou UAIKOU Tou katd Tnv Katoxr. To amoTtéAeoua Atav va avaykdlovrtal ol
GvOpeC Tou AnUOKPATIKOU ZTpaToU va 0d0ITTopoUV €TTi BOOUAdES yia va YeETABoUV aTTd TN dia
TePIOX oTnv AAAN Kal va Kata@Bdvouv KaTatmovnuévol Kal apyoTropnuévol, ouxvd, oTa Tedia
Twv paxwv [63]. Emypappatikd onueiwvetal 611 To EAANVIKG TMoAegpikd NauTiké avéAaBe TIg
aKOAOUBEG eTTIXEIPNOIAKEG BPaOTNPIGTNTEG KATA TN didpKela Tou EpguAiou MNMoAépou: peTagopég
a1rd BaAdoong, TTapeUTTOdIoN PETOKIVACEWY KAl ave@odIacuoUu atrd BaAdoong Tou avTiTraAou,
TTPOCTACIA TOPEWY AMPEVWY Kal TNG TTAPAKTIAS wvng, VAUTIKOUG BopBapdiououg, ouvOUAOUEVES
ETTIXEIPNOEIG, KATADPOUEG Kal EIBIKEG ATTOOTOAEG [64].
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210 Eekivnua Tou Wuxpou lMoAéuou n yewoTpaTtnyikrp onuacia Tou €AAnVIKOU xwpou ATav
TTEPIOPIOUEVN OTA PATIO TwV AUTIKWY ZUudpdxwv NG EANGSag. H Bopeia peBopidg TnG exTeiveTal
oe 1200 yiNbueTpa Kal OTEPOUVTAV OUUVTIKOU BABoug oe TTOAAG Tng onpeia yr autd Kal
BewpolvTav WG MPN UTTEPAOTTIOINN atmd Auepikavoug eTmiTeAeic. To atroTéAeoua ATav va
TepIkoTTEl onuavTiké, To 1950, n Auepikavikr) oTmAIKAy BonrBeia mou TTapéxovrav otnv EAAGSa
katd 1n didpkeia Tou Ep@uAiou MoAépou [65]. H €€éNign autr ATav, GAAWOTE, CUPQWVN PE TNV
TTOANITIKA New Look Kal pye To déyua Twv «Madikwv AVTITIoiVWVY» TTou £DIVE TTPOTEPAIOTATA OTOUG
TTUPNVIKOUG €EOTTAICHOUG AOYyw TNG CUVTPITITIKAG UTTEPOXAG TwV CUMBATIKWY OUVAHMEWY TOU
20BIeTIKOU ZuvaoTriopou otnv EupwTtn [66]. O moOAgpog Opwg Tng Kopéag, n mlavétnta
ETTIOETIKWV KIVIIOEWV TOU CORBIETIKOU OUVACTIIOPOU Kal 0€ AAAEG «EuaioBnTeG TTEPIOXEG», OTTWG
Ta BaAkévia, Ta ouxva peboplakd e1Teiocddia Kal 0 TTOAEUOG Twv AéEEwv OTOV OTToIO £TIdIdOVTAV
o1 dopudpol NG ZoPleTikAG ‘Evwong katd Tng EAAGdAg odriynoav oe avaBdaduion tou péAou
TNG OTOV AUEPIKAVIKO OXEDIAONO yia TNV Apuva Thg eupulTeEPNG TTEPIOXNAG. ZUPPwva O PE TNV
ékBean NSC 73/4 tou AuepikavikoU ZupBouliou EBvikAG Ao@aAeiac n EAAGDa, padi pe tnv
Toupkia kal 170 Ipdv pmmopoucav va eutTodiocouv evdexouevn ooBIETIKA dicioduon otn Méon
AvartoAn. Mpog Tnv kateuBuvon auth n EAAGSa kai n Toupkia evidxBnkav oto NATO 10 1952
kal avatédnke otov ‘ExkTo Apepikaviké Z16Ao n oTAPIEN TNGS Guuvag TNG NoTiavaToAIKrG TITEPUYaG
Tou NATO évavt Tng ZoPIETIKAG atrelAAg [67]. H diathpnon paAiota Tou Trupriva Ttou 'EkTou
2T0A0OU 0¢ U0, TOUAAXIOTOV, aEPOTTAOVOPOPa BewphBnke wg PETPO TTpoonAwong Twv H.MLA.
OoTNnV TTPOAOTTIoN TNG TTEPIOXNG £wg TN dekaeTia Tou 1980, wg caen £vdeign NG duvaTtdTnTag Tou
va TTANEEl oTOX0UG O€ ZOBIETIKG £€0a®OC Kal, atrd Ta yéoa Tng dekaeTiag Tou 1960 kI wg To TEAOG
Tou WuxpoU [MoAépou, wg ammddeign TG IKAvOTNTAG TOU VA KOTAVOUUAXAOEl Tn ZOBIETIKN
«Eokadpa» 1ToU vaulouyxouoe otn Meodyelio [68]. ETTTAéov, ammo@acioTnke n emavaAnyn Tng
Xoprynong onuavtikou Uyoug AMPEPIKAVIKAG aPUVTIKAG BonBeia 1Tpo¢ Tnv EAAGda, kabwg ol
€Bvikoi NG TOpoI POAIG apKoUuoayv yia T CuvTAPNoN Tou TTOAEMIKOU TNG UAIKOU TNG TTPWTNG
oekaeTiag petd 10 Agutepo Maykdopio MoAepo. H TTpooTITIKA JAAICTA TNG XOPriynong OTTAIKAG
BonBeiag ammdé 1o NATO 1pog Tnv EAAGSA cuvéBaAe oTn OTAPIEN TNG EVTAENG TNG XWPOAG HOG
OTOV QMUVTIKO auTd opyaviouo ATt ToV AaTIKO, TTOMITIKO TN KOOUO [69].

H apuvTikn BorBeia tou NATO TTpog Tnv EAAGDa auénBnke ota TéAn TG dekaetiag Tou 1950
otav 10 86yua Twv «Madikwv AvTITToivwv» ApXIoE va eyKaTaAsireTal divovtag Tn Béon Tou, TO
1961, oto 0d6ypa NG diaBabuiopévng | EUKAUTITNG I0OPPOTTNG ATTAVTNONG TTOU €uvooUaE TNV
evioxuon Twv cupBatikwy duvapewy Twv auppdxwy Tou NATO, kabuwg n ZofieTikA ‘Evwan ixe
A OTTOKTACEl T duvaTOTNTA TTUPNVIKOU TTANYHATOG TNG AMEPIKAVIKNG ETTIKPATEING. TNV
KAIUAKwON TNG AJEPIKAVIKAG AMUVTIKAG BonBeiag oTa TéEAN Tng dekaeTiag Tou 1950 cuvTéAeoe Kal
n avapdaduion TNG YeEWoTPATNYIKAG OnNUAciag TnG XWpag Pag KabBwg Bewpndnke TOTE OTI N
EAMGSa ptropouce va atmoteAéoel Baon NaToikou avTITTEPIOTTAOUOU O€ TTEPITITWON ZOPIETIKAG
emmiBeong otnv Kevipik) Eupwtn oTta TTAdiola evog cupfatikol TToAépou. Avayvwpifovtav
eTTiong OTI N Xwpa atmmotedovoe CWTIKO KPIiKo yia To oUaTnua €yKaipng TTPoE€IdoTToinong Tng
2UJMaxiag kal cuvéBale oTnV Guuva Twv ZTevwV. EKTINATO TEAOG N onuacia Tng Kprtng Kai Twv
vNolwv Tou Alyaiou yia TNV acQAAEID TOV BAAACOIWY KAl EVAEPIWY YPANPWY ETTIKOIVWVIWY TTPOG
N Bopeia Agpikn kal Tnv AvatoAikr] Meadyeio Kai yia Tn SIEVEPYEIQ AU@iBIwV ETTIXEIPACEWVY KATA
NG evdoxwpag [70].

210 TTAQiolo autd Tapaxwprnenkav ammd Ti¢ HIMA otnv EAAGSa katd TO TTPWTO WICO NG
oekaeTiag Tou 1950 Ta avritopmAikd «AO=A» kai «NIKH», o1 vapkoBéTideg «AKTION» kai
«AMBPAKIA», 10 dtcgapevommhoio «NAYKPATOYZA» kai 1a utroBpuxia «MOZEIAQN» kai
«AMOITPITH» evd) wg PEPOG TWV ITOAIKWY €TTAVOPBWOEwWY, TTapaxwpndnke To KATAdPOMIKO
«EAAH» 10 1950 [71]. To 1956, Opwg, 10 EAANVIKO TMoAepikd Nautikd ouvéxiCe va eivai
000evEéG, KOABWG ETTEKEITO N €MIOTPOPN O0To Bpetavikd vauTikd peydAou aplBuol GKagWy TTou
Tou gixav 600l wg ddvelo, evwy éva POVO avTITOPTTIAIKO Kal €va OKAPOG TTAPAKTIAG OUVOdEiag
BewpolvTav IKAvoTToINTIKA aTTO ETTIXEIPNOIAKA AtToyn o€ oUvoAo 71 TTAciwv Tou €AAnvikou,
TTOAEMIKOU oTOAOU. To atrotéAeopa Atav OTI To EAANVIKG TMoAguikd NauTiké «dev KpIvoTav IKAVO
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Va QVTATTOKPIOE OTNV aTTOOTOAN TOU, TOV ave@OdIOCPO dnAadr Tou oTpaToU Kal TNG AEpOTTopiag
KAl TNV TTPOCTACIA TwV EAANVIKWV OKTWV Kal viiowv». Me agetnpia T diatmiotwon auTr}, aAAd
KAl TO YEYOVOG OTI PEXPI TOTE gixe dlaTEOE OTO TTOAEUIKO VAUTIKO Povo 10 10% Twv TTOpwV Tou
TTPoypPANPaTOS TNG AUEPIKAVIKAG OTTAIKNG BonBeiag mpog Tnv EANGSa TTpoTdBnke va diatebei ¢’
auTé TO AMPICU Twv KOVOUAiwv Tng avTioToixng Ponbeiag yia 1o olkovouikd €1og 1956-1957. H
epapuoyn Tng TTPdTAoNS AuThg, aAAd Kal o diITAaciaocudg oTo TéAoG TNG dekaeTiag Tou 1950 Tng
QuUVTIKNAG BonBeiag TTou AduBave n EAAGda atrd Ti¢ HIMA 0drjynoe otnv gvioxuon Tou eAAnvikou
OTOAOU pE ONPOVTIKO OPIBPO HETAXEIPICMEVWY OKAQWY N BIA0eon Twv OTIoiwv yIvOTaV ME
OUMBOAIKOUG, cuvnBwg, dpoug atd Tig HIMA [72] TTou diatipnoav ¢’ auTtd Tov Topéa oTaBepd
TpoBadiopa Traykoopiwg évavtl TG ZoPieTikAg 'Evwong kai TG Bpetaviag katd tov Wuxpd
MéAepo [73]. EvdeikTikd avagépetal 0TI Katd tnv TTepiodo 1958-1960 mTapaxwpendnkav atrd Tig
HMNA €€ oxnuataywyd, Téooepa avmitopmAikd TOtTou Fletcher, 1a «AZlMIX», «BEAOZZ»,
«N\OIMXH» «kai «X®ENAONH», 800 amofaTtikig utooTnpiewg, Ta «BAAXABAZ» Kal
«MAPIAAKHZ», ka1 Tpia apuataywyd, ta «IKAPIA», « AEZBOZ» kai «POAOZ». Etriong, 10
1964 TrapeAqeBnoav 10 uttoBpuxio «TPIAINA», kKaBwg kai €€ vapkaMieuTikd («AHAQNY,
«AIFCAH», «AADONH», «AQPIZ», «KIXAH» kai «KIZZA») [74]. Méxpl T0 1964 TO auepPIKAVIKO
Tpoéypappa BonBeiag cixe kaAuwel 10 80% Twv avaykwyv Tou EAAnVIkoU MoAepikoU NauTikou o€
TTAoia eTmiQaveiog Kal To 50% Twv avTioToIXWwV avaykwv o€ utroBpuxia o 8 AGyog PETALU TOou
eAANVIKOU Kal TOU TOUPKIKOU OTOAOU G€ avTITOPTTIAIKG Kal TTEPITTOAIKG okden Atav 12/18 kai 5/20
UTTEP TOU TOUPKIKOU, O¢ ia €Tox TTou To Kutrplokd ZAtnua gixe AGBel onuavTikég dl00TACEIG,
eV avaduovTtayv oTadiakd Kal dIapopég e Tn yeiTova xwpa aTo Alyaio kal Tn AuTikr) ©pdkn.

To 1964 n EAGda C{ATnoe ammd Tn Zupdayxia tn Xopnynon evog véou TTPOYPAPUATOS
QUUVTIKNAG BorBeiag To otmoio duwg dev eykpiOnKe yia TTOMITIKOUG KAl OIKOVOMIKOUG AOGYOUG.
‘EkToTE, O dwpeEg TTOAEUIKOU UAIKOU atrd Ti¢ HIMA kai To NATO, 1Tou uéxpl 10T AdpBave n
EAANGDQ peTaTPATTNKAY, KATA KAVOVA, 0€ TTWAACEIG ETTI TTICTWOEI, AKOUA OPWG KI auTEG Bev ATAV
Tavta eQIkTéG [75]. O1 mpootrdBeieg NG KuBépvnong tng Evwong Kévipou (1964-1965) va
evioxUoel Ye eAAPPEG HOVADEG TOoV EAANVIKO OTOAO dev euodwbnkav, kabwg 1éoo ol HIMA 6co
kal n Bpetavia dev BeAav 10TE va evioxuBei Tepaitépw 10 vauTikd duvapiké NG EAAGSag kai
NG Toupkiag, PIag kal uttipxe @OBog Ot KAt TéTolo Ba dlEUKOAUVE TNV TTPOCPUYH Twv dU0
XwWpwv oTa 61TAa Adyw Tou Kutrplakou [76].

H Oekaetia 1965-1974 utApfe TAAPNG onUavTIKwy dIeBvwyv e€eAiCewv TTOU eTTnpPéacav,
avatmmédpacTa, Tn VAUTIKF onuacia tou €AANVIKOU, yewypa@ikoU xwpou Kal oTéAou. O1 HIMA
€IONABAV O€ PIa TTAPATETAPEVN TTEPIODO TTONITIKNG AOTABEIAG KAl Ayovng EUTTAOKNG 0TO BieTvdy,
evw n ZoPieTikn ‘Evwon, éxovTtag di1dayxBei amd Tnv uttoxwpenon Tng oTIg kpioeig Tou AIfdvou To
1958 ka1 Tng KouBag 10 1962 -Adyw TnG EAAEIYNG, KUPiwg, HOVAdWY ETTIQAvEIag- amodubnke o€
QPEVAPEIG VOUTIKOUG €EOTTAIOOUG atrd Tov lolvio Tou 1964 wg 10 TEAOG oXedov Tou Wuxpou
MoAépou. To yeyovog autd o€ CUVOUACHO PE TO JOVOUEPH, VAUTIKO «a@OTTAICUO» Twv HIA katd
N Oekactia Tou 1970 édwoe otn ZoPleTikh ‘Evwon Tnv ovouacTiKh, TOUAAXIOTOV, VOAUTIKN
utrepoxn évavtl Twv HIMA oTig apxég Tng dekaeTiag Tou 1980 [77]. H cuykévipwon eTmiong oTo
XWpo TNG Meooyegiou oNPAIVOVTWY AUEPIKAVIKWV OIKOVOUIKWY CUPQEPOVTWY HE TN Hopen,
KUPiwG, Twv APEPIKAVIKWY TTETPEAAIKWY ETAIPEIWYV TTOU £@odialav 1o AuTikO KOouo pe Toug
OTTAITOUEVOUG EVEPYEIOKOUG TTOPOUG, KaBWG Kal n diEAeucn atd 1 6GAacoa auTtr Tou PIooU,
oxedbv, oofleTiIKOU digBvoug euTTropiou odrAynoav T ZoPleTik ‘Evwon o1o va tTpowBnioel
ONMAVTIKEG VAUTIKEG duvauelig atnv Trepioxr. O1 duVAUEIS auTéG ATAV, CUVHBWG, UTTODEEOTEPES
Tou 'Ektou ZT16Aou. Mrropolcav Opwg va Tov KaBuoTeprioouv, O€ TIEPITITWON  YEVIKAG
avageAeéng, ammdé tn otipign ¢ duuvag TnG NotioavaToAikAg TITépuyag Tou NATO évavtl Twyv
UTTEPTEPWYV XEPOQIWV KAl AEPOTTOPIKWY CUPBATIKWY dUVAPEWY TOU ZUPpwvou Tng Bapoofiag
oTa BfaTpa €MIXEIPAOEWY TNG TITépuyag authc. H mBavétnta d¢ autr evioxUuovtav amd To
yeyovog o1l Kata Tn oekaeTia 1964-1974 o ‘Ektog Z16A0G OTEPNBNKE TWV AYKUPORBOAiwv TTou
pEXPI TOTE B1€BeTE 0T Bopeia Appikr, Adyw TG CUPTTAPATAENG TWV XWPWV TNG TTEPIOXNG ME TNV
EZZA [78].
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H diapgioBATnon g Kuplapxiag Tng Meooyeiou atrd 10 ZoBIeTik MNMoAeuikd NauTikd €ixe wg
éUpeco atmoTéAeopa TNV avaBdduion TnG VAuTIKAG onuaciag Tou €AANVIKOU, Yewypagikou
Xwpou. H peiwon TG oTpatnyiKAg onuaciag Twv ZTeVwV AOYW TNG ETTAPPOTEPICOUCAG TTONITIKAG
NG Toupkiag Tnv €TTOXN €KEivn, aAAG Kal n PHOvIN aykKupoBOAnan Tou CoBIETIKOU GTOAOU o€ EE
onueia Twyv diIEBvv udATWY Tou Alyaiou kal Tng Kpntng ouvetéAecav oTtnv algnon Tng
oTpartnyikng onuaciag Twv 3000 vnoiwv Tou. Ta vnold autd dnuioupyouv Tpia @pdyPata
eAéyxovTag 6Aoug Toug dIaUuAoUG VAUGITTACIOG KI ETTEKTEIVOVTAC £TAI TOV OTPATNYIKO KOUBO Twv
TOUPKIKWYV OTEVWV WEPIKEG EKATOVTADEG XIANIOPETPAO VOTIA, OTa vnoid Tng Kpntng, Twv Kubnpwy,
NG KapmdBou kai Tng Podou. EmimmAéov, AOyw Tng OTTAIKAG, TEXVOAOYIKNG TTPoOdou (TT.X.
TTUpauAol £dapoug BaAdoong, PIKPG UTTORPUXIA, EUENIKTEG KOI TAXEIEG TTUPAUAGKATOI, KTA.) TAV
EQIKTO TO KAgioiuo Tou Alyaiou ato ZofIeTikO MoAepikd NauTiké yia TTapaTeTapéveG TTEPIGDOUG
[79]. H otépnon 1éAog Tou ‘EkTOU ZTOAOU aTTO VAUTIKEG BIEUKOAUVOEIG OTn Bopeloa@pikavikni
OKTOYPAMMN Kal n avriotoixn dieUpuvon autwv otnv EANGSa emréteivav Tnv avaBdabuion tng
VOUTIKAG onuaciag Tou eAANvikoU, yewypagikou Ywpou [80]. H avaBaBuion Opwg auth
TTeplopiodnke, wg éva Babud, atmod Tnv ammoxwpenon Tng MNouykooAaBiag kai Tng AABaviag atréd 1o
2OBIETIKO ZuvaoTTioud aAAd kal Tnv TTepiopiopévn autovopunon Tng Poupaviag atm’ autov [81].

H ad&non Tng vauTIKAG onuaaciag Tou eAANVIKoU, YewypagikoU xwpou Tn dekaeTia 1964-1974,
N KANIJAKWON TNG €viaong Twv EAANVO-TOUPKIKWY OXETEwV AOyw Tou KuTrpiakou ZnTAPATOG, TO
ENeINa dpuvag TTou ugioTato TOTE 0TO Alyaio Kal N onUAVTIKA, OVOUAOTIKA TOUAAXIOTOV, Avodog
TNG €AANVIKAG OIKOvouiag, ouvodelTnKav atrd TNV TTPWTH HETATTOAEUIKA cofaph TTpooTrdBsia
VOUTIKOU €EOTTAIGHOU TNG XWPOG TTOU BacioTnKke o€ €BvIKOUG, Kupiwg, TTopous. H TTpootrdbeia
auTA utmpée etmiong agidAoyn, yioTi peiwoe T Jovouepn €6ApTnoN TNG XWPAG HAG aTTd Tnv
ApEPIKAVIKR AuUVTIKA Blounxavia kal gebddeuce Tnv évragn oTov EAANVIKO OTOAO VEWV VAUTIKWV
Movadwyv, Kal Oxl METAXEIPIOHEVWY, OTTWG ouvéRalve, ouvABwg, TNV TTponynBeica eIKooacETia.
AtiCel 0¢ va onueiwBei 6T n TTpoTiunon Tou EAAnviKou lMoAepikoU NauTikoU oTnv EupwTraiki,
VAUTTNYIKA, TTOAEMIKY Blodnxavia, Pia TTPOTiUNGN TTOU CUVEXICETAI MEXPI TIG MEPEG HAG, OPEIAETAI
OTO yeyovog 6T ol avtioTolxeG Blopnxavieg g MaAAiag, Tng MNepuaviag, Tng ITaAiag kar Tng
OAAavdiag TTpwToTTopoUV OTNV KABEAKUCHN VOUTIKWY HOVAdWY Twy OTToiwv To PéyeBog Kal To
OXAMQ gival EAKUOTIKO O€ XWPEG HE TTEPIOPICPEVA OIKOVOMIKA péoa, OTTwg n EAAGSa [82]. H
EMOUNIa TNG PEYIOTOTTOINONG TNG ATTOBOCNG TWV TTEPIOPICUEVWY TTOPWV TTOU PTTOPEI va dlaBéoel
10 EAANVIKG KpdTog e vauTikéS €COTTAIOTIKEG daTtTdveg £€nyei, o€ PeydAo BaBud, Kai Tnv ouxvr)
TOU TAON VO TTPWTOTTOPEI TTAYKOOUIWG GTNV UI0BETNGN VEWVY VAUTIKWY OTTAWY OTTwg Ba @avei
TTAPAKATW.

To 1966 ayopdaaoTtnkav £€1 vopPRnyIkES TOPTTIAAGKATOI Kal éva XpOvo apyoTepa TTapayyEABnkav
oTo XepPoupyo Tng MNaAdiag T€écoepig TTupauAdkaTol kKAdoswg Combattante Il pe KUpIo oTTAIGUO
Ta TTpwroeupavifoueva BAuata EXOCETT MM-38, B£TovTag TO VOUTIKO PAg OTnV TTayKOoUIa
TTpwTOTTOPIa UI0BETNONG VEWV OTTAWY, OTTWG gixe dN cuuBei otnv ETTavdcTtaon Tou 21 pe TNV
KopBéTa Kaprepia -1o deUTEPO ATUAAATO TTOU TTOAEUNCE OTNV TTAYKOOHIA VAUTIKI IGTOPIa- KAl TO
1913 pe 10 peTaokeuaopévo udpoTrAdvo TUTTou Maurice Farman trou die€iyaye, Tnv TpWTN,
TTAYKOOHiwG, ETTIXEIpPNON agpovauTiKAG ouvepyaciag kal PouBapdiopol exOpikwy BEécewv.
Etriong, 10 EAANVIKSG TToAgpikd NaUTIKO, TTPWTOTTOPWVTAG Kal TTAAI, TTapryyelAe otn epuavia
Té0oepa uttoBpuxIa TUTTOU 209 e véo OTTAO TIG TOPTTIAAEG SST-4. Méxpl Ta p€oa TNG OEKAETIAG
Tou 1970 TO EAANVIKO TMoAepikd NauTikG evioxUBnKe €TTioNG YE TECOEPA AEPOOKAPN VAUTIKAG
ouvepyaoiag TUTTou ALBATROS Tmou mrapayxwpndnkav amd 1 Nopfnyia, ge avTiTopmAIKG
FRAM, pe Téooepig akéua Trupaulakdatoug kAGoewg Combattante [l kar pe eAikOTITEPO
ALOUTTE Il [83].

H Toupkikn €i6BoAf otnv KUTTpo To KaAokaipl Tou 1974 kai n ouyxpovn oXedov Eyepon atrd
TNV Toupkia ¢NTNUATWY UPAAOKPNTTIOOG Kal ETTIXEIPNCIOKOU €Aéyxou Tou Alyaiou, KaBwg Kal
EAANVIKOU, €VAEPIOU XWPEOU Kal XWPIKWY uddtwyv odAynoav o€ onUAvTIK METABOAA TNng
€eANVIKAG, TTONITIKAG ac@aAgiag. H TTONITIK auTh TTPOTage Tov €€ avaToAwv Kivouvo évavTi autou
Tou €K Boppd Kal eTTediwee, péoa atd Tnv TTPpdaKaipn €000 TNG XWPEAG MAG aTTd TO OTPATIWTIKO
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okéhog Tou NATO, Tnv €uaioBNTOTTOINGN TWV CUPMAXWY WOG OXETIKA ME TOV KivOuvo TTou
QVTIHETWTTICE N XWwpa atro Tov ToupkikS eTTekTaTIONS. H £€000G OPwG auTr eAAXIOTA ATTéEdWOE,
KaBwg¢ n Upeon OTIG OXEOEIG TwY dU0 CUVACTIIOPWY To deUTEPO HIoG TnG dekaeTiag Tou 1970
MEiwoe anuavTIKa TNV EAANVIKN dIaTTPayUATEUTIKA 10XU [84]. To AuepIKaVIKG EUTTAPYKO TTAPOXNG
OTTAwV TTPOog TNV Toupkia ekeiva Ta xpdvia UTTAPEE N HOvN, BETIKA eEENIEN yia TNV EAAGDQ, KaBWG
aTrodUVAPWOE OTTAIKA TIG TOUPKIKEG EVOTTAEG DUVANEIG O€ €V KPIOINO XPOVIKA onueio, KaBuwg
OUVETTEDE PE PAOT OIKOVOUIKAG OTEVOTNTAG OTN YEiTOVa XWpa [85].

H ouciaoTikr, av OxI Kal TUTTIKA, TTPOTAEN Tou €€ avatoAwyv KivoUvou CAMaveE €TTioNng, METALU
GAWv, Kal Tov TEPUATIONO TNG TPIAKOVTAETOUG WETATTOAEUIKNAG TTEPIOdOU KAT& TV OTToia Ol
avaykeg Tou EAAnvikou TMoAgpikoU NauTikouU, €utraivav, Kard kavova, oe deUTepn Hoipa o€
OX€ON ME TIG QVTIOTOIXEG TOU OTPATOU ENPAG Kal TNG agpoTtropiag. MeTagu Tou 1976 kal Tou 1981
o1 TrTapayyeAieg vEwv, VaUTIKWV Povadwy diadéxovtav n pia TNV dAAN Je oKOTTO wg TO TEAOG TOU
1982 o eAnvikdég oT1éAog va d1aBétel pia 1oxupry dUvaun Kpouong TTou Ba Asitoupyouoe
ATTOTPETITIKA. BaAoIK TOMN TOU vAUTIKOU TTpoypduuatog tou 1976 o oxéon pe OAa oxedov Ta
Tponyouueva ATav n emyovry NG EAANvIkAG KuBépvnong va ekteAeoBei 600 1O duvatod
MEYOAUTEPO TUNAMO TOU €VTOG TNG XWEAG, WOTE va yivel éva akoua PBrpa atregdptnong g
€AANVIKAG, VAUTIKAG AuUvag atrd TNV Kupiapxn TNy Twv VAUTIKWY TNG TTpounBeiwy TTou ATav
akopa ol HIMA. T'a 1o okoTrd autd evepyoTroinOnkav Ta vauTinyEia Zkapauaykd mou avélapBav
TNV Kataokeurp Tupaulakdtwy Combattante Ill. Méxpr 10 TéAog Tng &ekaetiag Tou 1970
evrayxOnkav oto EAANVIKS MoAepikd NauTiké 33 véa TTAoia (avTITOPTTIAIKG OTOAOU Kal ouvodEiag,
ypriyopa apuaraywyd, uttoppuxia, TopmAdkatol TUTToUu Jaguar, TTapdkTia  TTEPITTOAIKA,
TETPEAQIOPOPA,  TTAOIO  PETAQPOPAG  TTUPOMAXIKWY, PUMOUAKA, udpopodpes), 8 véa
avlutroBpuxiakd eAIkOTTITEPpa Augusta Bell 212 kal ekouyxpovioTnkav apkeTd TTAoia. To vauTikd
Tpoypappa Tou 1976 oAokAnpwBnke 1o 1982, pe TNV €AEucn OTN XWPEA HAG TNG QPEYATAC
NRuvog, €va Xpovo JeTd, TNy éviaén Tng epeyatag EAAn otov eAAnvikd oTéAo [86].

Tnv 0@eon o1 oxéoelg Twv OU0 CUvVACTIIOPWY Tou TéAoug Tng oOekaetiag Tou 1970
OI1adEXTNKE TO TTPWTO MICO TNG dekaeTiag Tou 1980 KAIpakoUpevn TTOAWON yia HIa O€Ipd aTTd
AOYOUG e KUPIOTEPO TNV EVTUTTWON TToU €ixe dnuioupynBei oTig HIMA, 611 n O@ean eguttnpeToUoE
TNv EZZA. H TTONITIKA auTh) YETa@PACTNKE, OTO XWPO TNG Meooyeiou, o TTpowdNPEVN VAUTIK
TTapoucia Tou ‘Exktou Z1éAou. H mmpocéyyion TG EANGDAG OTIG OXEOEIG Twv dUO CUVACTTIOHWYV
TTOPEMUEIVE, OUWG, UQPECIOKH HE aATTOTEAEOPA ol OegMoi TNG ME TN AUTIKA utTEPOUVANN VO
xohapwoouv. O1 dUo xwpeg nNEBav pev oe cupewvia 1o 1983 yia Tnv TTapapovhl Twv
Apepikavikwv Bdaoswv otnv EAAGSA, pia cup@wvia TTou UTTOOXOVTAV ONUAVTIKA APEPIKAVIKI
QUUVTIKN PonBeia otn xwpa pag. H dpvnon opwg Tng EAANVIKAC KuBépvnong va dexOei
AUEPIKAVIKEG TTPOCQYOPEG yIa TNV KOTAOKEUR TrAoiwv Tou [MoAgpikou NauTikou Kail n
adpavotroinon TG €AANVIKAG OUpMeETOXAG OTo OTPaTiwTIKG okéAOG Tou NATO, Adyw Tou
QATTOKAEIONOU TNG viioou Afjuvou atrd 1o NaToikd oXedlaops, KaBwg £TTiong Kal N avavéwon Tng
TAPOXNG VAUTINYIKWY OIEUKOAUVOEWY O€ ZOBIETIKA TTAoia, ouvTéAecav oTn deiwan Tnv
OUMMOXIKAG agiag Tou eAAnvVIKOU TTapdyovta ota PaTmia TG AuTiknig uttepduvapng [87]. Tnv idia
TTEPITTOU £TTOXN QUENBNKE onuavTikKd n avtioToixn agia NG Toupkiag AGyw TNG aTTWAEING TOU
Ipav yia Tn Avon perd tnv loAauiky Emavactacn tou 1979, Tng ZoBIETIKAG €I0BOANG OTO
A@yavioTav Kal Tou {EOTTACPATOG TOU TTOAEUOoU Ipdv-IpdK. Autd PeTa@PAOTNKE, HETAU GAAWY,
otov OiITAaciaopd (1983) Tng Auegpikavikng aupuvTikig BonBeiag mpog tv Toupkia kai Thv
TTPOAYWYN TNG TN XPOVIA eKEivN GTNV TPITN BEaN TTAYKOOWIWG AVAUETT GTIG XWPES TTOU DEXOVTAV
QUEPIKAVIKA auUVTIKA BorBecia (uetd 1o lopanA kai Tnv Aiyutrto) [88]. H Tapetrduevn augnon tng
TOUPKIKNG €TTIOETIKOTATAG, OTTWG QUTA €KQPACONKE, HETALU AAAWYV, PE TNV avaKApugn Tou
weudokpdtoug NG ToupkikAg Bopeiag Kumrpou 10 1983, wlnoav tnv EAAGDa oT10 VO
TPOTTOTIOINTEl ETTICNUA TOV AUUVTIKG TNG oXedlaoud TTou ouvéxiCe va diEmeTal atrd Tn NaToikn)
Aoyikr] Tou atréd Boppd KivoUvou péxpl Ta péoa Tng Oekaetiag Tou 1980. To véo €AANVIKO,
QUUVTIKO O6yua TTEPINGUPBAVE TN UETAKIVAON OTPATIWTIKWY SUVAPEWVY OTA XEpoaia ouvopa He
Tnv Toupkia kal oTa vnoid Tou Alyaiou, Pia PeTakivnon TTou dev UTpée AOKOTIN KATA TNV
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EAANvo-Toupkikn kpion Tou MapTiou Tou 1987 [89]. 210 TTAQiCIO TNG ATTOTPOTTAG TOU TOUPKIKOU
KIVOUVOU TO VvaUTIKO €COTTAIOTIKO Trpdypaupa Tou 1983 eoTiooe oTnv ammokTnon Vvéwv
QPHATAYWYWYV, TTEPITTOAIKWY KAl BondnTiKWwY oKagwyv atrd Ta AANVIKA vauTrnyEia KabBwg Kal
OTOV EKOUYXPOVIOPO TTOAWY VAUTIKWY HOVAdwYV. EVOEIKTIKA avagépeTal n eykataoTaon
kateuBuvopevwy BAnuatwvy HARPOON o¢ téooepa  avTitoptmAikd TUtTTou FRAM, kail ol
METOOKEUEG TTOU €yivav 0€ OUO QVTITOPTTIAIKA yia TNV UTTodox €EAIKOTITEPWY, YIO TNV
eykaraotacn TupofoAou OTO-MELARA «kai yia Tn BeATiwon Tou nNAEKTPOVIKOU TOUG
ecommAiIopoU. MapayyéABnkav emmiong T€écoepa avTimupaulikd cucoTrpaTta (CIWS) PHALANX yia
va ToTTo0eTNBOUV OTIG PpeydTeg ‘EAAN kai Afpvog [90].

O1 T1eleutaieg dUO OekaeTieg ONUAdEUTNKAV ATTO TNV KOTAPPEUCN TOU ZUPQPWVOU TNG
BapooBiag kai To Té€Aog Tou Wuypou MNMoAEuou TTou avatTOQEUKTA WEiwaav TN VAUTIKA onuogia
TOU YEWYPAQIKOU xwpou TnG EAANGOaG. H avaykaidtnta TG CUMMOXIKAG €vOTnTag METAgU
EANGSaG kal Toupkiag TTou ugioTato katd Tov Wuxpd MoéAspo peiwdnke kai n avafdaduion tou
TOUPKIKOU YEWTTOAITIKOU dUVAMIKOU, AOyw TnG aoTabeliag TTou xapakTtnpicel Tn Méon AvaToAn kai
TNV Kevtpikn Acia, aAAd Kal TnNG dnUoypa@IKAG KAl OIKOVOUIKAG avatTuéng tng Toupkiag augnoe
TNV TOUPKIKA €MOETIKOTATA TTOU KAIJaKkwONnKe pe tnv Kpion Twv Ihiwv Tov lavoudpio Tou 1996
[91]. 'Eykaipa 1TpovowvTtag n EAAnviKR TMoAiteia evioxuoe TO TTOAEUIKO VAUTIKO HE QPEYATEG
TUTTou MEKO-200 HN MOD 3 ka1 Standard, TTupauAakdToug, XOBEPKPOPT, AEPOTTAGVA VAUTIKAG
ouvepyaaoiag kal avluttoBpuxiakd eAIkOTITEPA. To 1991-1992 n EAAGSa £AaBe atrd Tig HIMA kai
Téooepa avTiToptnAikd TUTTOU ADAMS 1O OoTToia dpwg TTapoTTAicBnkav Péoa OE pia TTEPITTOU
OekacTia, KaBwg 0 NAEKTPOVIKOS €EOTTAIONOC Kal TO TTUPOPBOAIKO TOUG ATAV OTTNPXAIWMEVA, EVW
atraIroucav Kal geyadAa TAnpwuata [92]. Me Tnv aAAayr Tou eAANVIKOU, auUVTIKOU dOYHATOG Kal
TOV eviaio apuvTIKO Xwpo EAAGdag kal Kutrpou TTou Beotriotnke 10 1997, 0 eAANVIKOG OTOAOG
OTTEKTNOE EVIOXUMEVO QTTOTPETITIKO pPOAo. T[poBAEQTNKE, €TTiONG, Kal TTPAYMOATOTIOIEITAI N
OUMMETOXI TOU O€ €IPNVEUTIKEG Kal AAAEG, oUVAPOUG XOPAKTHPO ATTOOTOAEG UTTO TNV alyida Tou
OHE A ota mAdiola Tng EupwTraikn¢ 'Evwong kai Tng véag doung Tou NATO [93].

Ta 6ca avwTépw aveTrTiXBnoav TTPETTEl va KATEOTNOAV OO@EG OTI N yewMop@poAloyia NG
€EAANVIKNG XEPOOVAOOU KOl N KATA KaIpOoUg ETTIKAIPOTNTA TWV EAANVIKWY BaAACOWY OE OXEOn ME
TIG eKAOTOTE AeW@OPOUG Tou BlEBVOUG euTTopiou N TIG aVTITTAAEG cuppaxieg ouvéBalav oTnv
emBiwon kar otnv avadeign Tou EAAnNvioPoU.  XTnv idla KaTeUBuvon KIVABNKE KAl N Ouxvh
avAaTTugn atroTeAEOUATIKAG VAUTIKAG 10XU0G atmd Toug ‘EAANveG, vauTikig 10XU0C TTOU TOUG
avédelte emmipofoug avTITTdAoug Kal aglioTTIoTOUG OUPMAXOoUG Katd BAGAacoa OTo PEYOAUTEPO
KOUMATI TNG 10TOPIaG TOUG. A Jeivel, AoITTOV, auTh n dIATTIOTWON WS EI00YWYIKO £vauoud yid Tnv
evrpuenon TGS eAANVIKAG, VAUTIKAG 10Topiag atrd Tnv apXaidétnTa £wg Kal onuepa. Miag 1oTopiag
TTOU OKOUA Kal Ol AeTTTOPEPEIEG TNG OIDACKOUV KAl TTOU PE TOV TPOTTO TOUG AVAQEPOVTAl OTO
MEYAAa Kal €v TTOAAOIG avoixTd ¢nTAPaTa TTOU aQOpPOoUV TNV ETIRIWoN Kal TNV TTPOKOTTA Tou
ouyxpovou EAAnviouoU.
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H NauTtikij loxug otn Z1parnyikr Tou Bevi{éAou,
1910-1932

ZAong Pwtdkng
2x0An Nautikwv Aokiuwyv, Touéac AvBpwrrioTikwy kai MNoAimikwv Emmiotnuwyv

MepiAnyn. H vauTtikn 10x0¢ w¢g ouvapBpwon TNG VAUTIKAG onuagiag Tou eAAnvikou,
YEWYPAPIKOU Xwpou Kal oTéAou oTo TTAaiolo Tng diakuBépvnong Tng EAAGSag ammd Tov
EAeuBépio BeviCého atroteAei To avTikeigevo Tou TTapdvtog dpBpou. ApxIKA HeAETATAI N
TTOIKINOTPOTIN aglotroinon amd Tov KpnTikd TTONITIKO TWV OTPATNYIKWY TTAEOVEKTNHATWY
TTOU €TTEQUAACOE N XPron Twv eAANVIKWY BaAacowv Kal Tou €AANVIKOU, eAa@pou oTéAou
atmd TIG MeydAeg Auvdpelg. ZTn ouvéxela atmmoTigaTal n BewpnTik 0pBoTNTA TNG SOMNG
duvdapews Tou EAANVIKoU MoAepikoU NauTikoU e1Ti BeviZENou Kal TTEPIYPAPETAI N EQAPHUOYN
TNG AAAQ Kal Ol DITTAWMATIKOI KOl OIKOVOWMIKOI TTEPIOPICHOI TTOU PETpiacav TAV TToIOTNTA TNG.
H uotépnon auth, kataAfyel To GpBpo, avrioTabuioTnke atmd Tn onuavTikh BeATiwon TNg
VOUTIKAG opyavwong, TTaIdeiag Kal TG €KyUPvaong Twv oOTeAeXwv Tou EAAnviKou
MoAepikou NauTIkoU, TToUu OUVTEAEOTNKE, O ONUAVTIKO BaBus, Péow TNG OXETIKAG dpdong
TwV AyyAIkwv NauTikwv ATTooToAwy oTnv EAAGSa petagl Tou 1911 kai Tou 1932.

Abstract. Sea power, defined as the articulation of the geographic importance of Greece
from the naval perspective and the capabilities of her navy during the Venizelos
Administrations between 1911 and 1932, constitutes the subject of this article. It starts
with an examination of the way by which the Cretan statesman utilized for Greece the
strategic advantages that the Greek seas and light fleet could confer to the Great Powers.
The theoretical validity of the force structure of the Greek Navy during his Administrations
is examined then and the financial and political constraints that compromised the material
quality of the Greek war-fleet are also shown. It is finally pointed out that the considerable
development of Greek naval organization, education and training made up for the
contemporary, suboptimal force structure of the Greek Navy. This development was
largely due to the work of the British naval missions to Greece between 1911 and 1932.

NEgeig KAe1d1d: EAANVIKO MoAepikd NauTikd, EAcuBépiog Bevi(éAog, Bahkavikoi MNoAepol, A’
Maykoopiog MNoAepog, MeootroAepog, Meydheg Auvauelg, AyyAia.

H OiokuBépvnon tou EAeuBepiou BeviCéAou TrioTwveTal PE TNV TTpowBnon Tng €6vIKAG
OAOKAAPWONG KAl TOU EKOUYXPOVIOHUOU ToU VEOEAANVIKOU KpAToug peTagl Tou 1910 kal Tou 1932
[1]. ‘Eva onpavTikd gpyaAeio Tng dlakuBEpvNong auTthg AatToTEAECE Kal N EAANVIKE, VOUTIKN 10XUG
TTou agifel va €€eTaoBei eucUvoTITa. ZTOX0G AOITTOV TOU TTAPAVTOG KEIPEVOU €ival va SIEUKPIVICOET
0 TPOTTOG aglotroinong amd To BeviéAo TNG vauTIKAG onuaciag Tou €AANVIKOU, YEWYPOPIKOU
XWPOU Kal oTOAOU yIa TNV £EUTTNPETNON TWV EBVIKWY CTOXWV.
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H Kpnmiki kataywyrg tou EAeuBepiou BeviCéAou kal o onuaivwv poAog Tng MeydAng
Bpetaviag oto KpnTmikd ZATNUa oAAG Kal oTn MeodyeIo YEVIKOTEPA ETTNPEEACAV CHPAVTIKA TO
oUvolo, oxeddv, TNG KUBEPVNTIKAG B108POUAG TOU. ATTO TIG TTPWTEG KIGAAG PEPES TNG avodou Tou
otov TTpwButroupyikd Bwko o0 EAeuBépioc BeviféAog oTpdgnke TTPOg TNV KaTeUBuvon Tng
MeydAng Bpetaviag rpookaAwvtag AyyAik) NauTikiy ATTooToA} 0TV EAAGDO TTapd TO yeyovog
OTI KATI TETOI0 CUVETTAYOVTAV QUENPEVO OIKOVOWIKO KOOTOG yia To YOAAIKG opyavwpévo EAANVIKS
MoAepikd Nautikéd. ‘Eva kKb6oTOg, TO oTroio Ba ptropouce va cixe ammopeuxBei dedouévou OTI N
aMAia eixe Tpoo@epOei va oTeilel FaAAIKA vauTikr) ammooToAl otnv EAAGSa Tov lavoudpio Tou
1911 [2].

H e€aoc@dAhion AyyAIKnG vauTiKAg atmmooToAng yia Tnv EAAGda atrd Tov BeviZéAo, Tpia poAig
XPOvia PETA TNV atroTuyia avTioToixng TpooTrddeiag TNG KuBépvnong @eotdkn [3], ammoTéAEoE TO
EQOATAPIO TNG KAIWAKWONG TNG ayyAOQ@IANG TTOMITIKAG Tou. Mia TTONITIKA TTOU  CAQWg
evBappuvlnke atmmd 1o yeyovog 6T n AyyAIKr KuBépvnon dev TIPORaAe avTippACEIG OTav TNG
YVWOTOTTOINBNKE TTapaocKnviakd oTta TéEAN ZemTeufpiou Tou 1912 n pdBeon Tng EAAGdag va
kataAdpel To Moudpo aTo Eekivnua Tou A" BaAkavikoU MoAépou [4]. H Bpetaviki autr eupéveia
évavtl TNG EAAGBOG o@elddTav oTnv avaykn xpenong amoé 1o Bpetavikd OTOANO, VAUTIKWV
opuNTNPiwv yia eAa@péc povades otn Autiki EAAGSa (apxikd otnv Képkupa, apyotepa oTnv
Kegpalovid kai, TEAOG, oTOov KOATTO Tou ApBpakikol), woTe va eficoppotndei n mlavA
apIBUNTIKA UTTEPOXN TWV Meooyelakwv OTOAWY Twv KevTpikwy AuTOKpATOPIWY OTO dIGOTNUA
1912-1915 [5]. H avdykn auTh, TTOU yVWOoTOTTOIRONKE GTnNV €AANVIKN TTAEUPd TO POIVOTTWPO TOU
1912, kataueaic Tou MpwTtou BaAkavikoU MoAéuou, Bprike aueon avtatmokpion atd To BeviZého
mou dlaBeBaiwoe Tov Churchill 611 «pia peydAn EAAGSa pe éva atmOTEAECUATIKO VAUTIKO Ba
MTTOpOUCE va KOTAOTEN évag TTOAU Xproiuog @iAog yia tnv AyyAia otnv Eyyug AvatoAi» [6]. Ze
ouvéxela Tng dlaBepaiwong autrig o ‘EAANvag mpwButroupydg Tagidewe o1o Aovoivo To XeElpwva
Tou 1912-1913, é1TOU PETA ATTO IO OEIPA TTAPACKNVIAKWY ETTAPWYV PE KOPUPAiIOUG UTTOUPYOUG
NG KuBépvnong Asquith kar ouykekpipyéva toug Lloyd George, Winston Churchill kai Edward
Grey, CUPJQWVNABNKE N TTapAxwWPENON VOUTIKWY OIEUKOAUVOEWY 0To BpeTavikd oTOAO OTO vnoi
NG Kegpalovidg, n mpdoktnon atmd 10 EAANVIKG MoAepikd NauTiké eAa@pwy povadwy tTou Ba
MTTOpOUCav va BonBAcouv eTTIXEIPNOIOKG TO BpeTavikd 0TOAO TNG Meooyeiou Kal n TTapaxwpnon
NG Kutrpou otnv EANGSa [7].

H d&tutn autr] cupgwvia dev epapudoTnKe TTAAPWG, KaBWS BeATILWONKE N vauTiKA Béon TNG
Bpetaviag 1o TeAeutaio €1og TTpiv aTrd TNV évapgn tou A" Maykoopiou MoAéuou Adyw, Kupiwg,
TNG ONUAVTIKAG £TIRPAdUVONG TWV AUCTPOYEPHAVIKWY, VAUTIKWY eEO0TTAICHWY. MNapd, duwg Tnv
TTAPETTOUEVN WEIWON TNG VAUTIKAG agiag Tou €AANVIKOU, YEWYPAQPIKOU XWPOU Kal OTOAOU oTa
MaTIa TwV AyyAwv 1BuvovTwy, N Bpetavia uttootrpige TIG eAANVIKES BiekDIKATEIG O0TO Alyaio [8] ue
atmrotéAeopa oétav ¢Eotmace o A” Maykdéouiog MoAepog n KuBépvnon BeviCéAou va emTpEéWer TN
Xpron eAANVIKWY, VAUTIKWY opunTnpiwv atmoé 1o Bpetavikd oTOAO Kal va TTPOCQPEPEI TN CUMMaYia
™G oTnv Avtavt Tov AuyouoTto Tou 1914. H trpoo@opd auth) dev £yive TOTE OEKTA YIA VA [N
TTPoKANOei duouevg Toupkikr avtidpacon [9]. Mia TTpoo@opd TToU €TTAVOANYONKE HE TNV
gukalpia TnNG ekoTparteiag Twv AapdaveAdiwy 1o 1915 kal TTou TeAIKE TeEAeo@OPNOE TO KAAOKAipI
Tou 1917 ue Tnv emmionun €icodo TnG EANGdag oTov IMpwTo Maykdouio MNMoAeuo oto TTAEUPd TNG
Avrtavr [10].

H EA\nvikn, oTpaTiwTiK) oupuetox otov lMpwTto lMaykéouio MOAEPO Kal n ONUAVTIKN
TTPOOYOoPd TwV AIJEVWY KAl TOU TTOAEUIKOU VAUTIKOU TnG EAAGdAG oTo Zuppaxikd Aywva
evioxuoav TIG EAANVIKES O1EKDIKAOEIG €TTi TNG MIKpdg Aciag [11], DIEKDIKATEIG TTOU £TTEVOUOVTAV
atrd TNV emmavaAaupBavépevn diaBeBaiwan Tou BeviZéhou 0TI «kdBe vauTiki Bdon | Aigavi TTou
Bpioketal eviog TNG eAANVIKAG ETTIKPATEIAG 1} TTOU TTPOKEITaI va TTEPIEABEI 07 auTh Ba BpiokeTal
mavra otnv amoAutn O&1aBeon TG MeydAng Bpetaviag» [12].  Otav TeAIKG o1 €AANVIKEG
01ekdIKAOEIG euodwBbnkav PeTd atrd Bpetavikh, Kupiwg, ettiveuon pe Tnv atréfacn eAAnvikou
EKOTPATEUTIKOU OWHATOG 0TN Zpopvn 10 Mdio tou 1919 kal pge Tnv Zuvlnkn Twv ZeBpwv Tov
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loUAI0 TG emOuevng Xpovidg [13] TadAI vauTiki ATav n Bdon NG OaAUTPWTIKAG TTOAITIKAG
BeviZéAou. OTTwG XapaKkTnpPIOTIKA onueiwoe 0 Kpng TTONITIKOG

...0l TToOAAoi ayvooUv o1l n TTapaxwpnBcica €ig TNV EAAGda TTepipépeia TNG Zpupvng
KeiTal eyyuTepov TPOG TOo KEvTpov Tng EupwTtraikAg EAAGDOG TTap’ 6cov Keivral ai
Bopeior eTapyxial Tng, ATOI N ‘Hiteipog, n Makedovia, n Opdkn, Kal OTI ETTOYEVWGS N
UTTEPAOTTIONG TWV OPiwV TNG TTEPIPEPEIAC TAUTNG gival TTOAU euKoAwTEPQ, ATav Aneon
UTT OWEl al €UKOAIQI Twv HETAPOPWY TAG OTTOIAG TNG TTAPEXEI O OXETIKA HEYAANOG
EUTTOPIKOG OTOAOG TNG Kal TO yeyovog o1l dia Tng ouvenkn Tou Neuilly kai Tng ZuvBnikng
TwWv ZeBpwv Kal N BouAyapia kai n Toupkia €0TEPOUVTO TOU OIKAIDPATOG VA £XOUV
TTOAEMIKOV OTOAOV... [14]

2uvéxioe de 0 EAeuBépiog BeviCéAogG dIATPAVWVOVTAG TNV TTOTN TOU OTO €QIKTO TNG
Mikpago1aTIKAG TTONITIKIG TOU

...0TI €¢ GANAou eTTi TG AUTIKNG MiKpdg Aciag emékTaolg Tou EAANVIKOU KpdaToug dev
uttepéPaive Tag OuvAUEIC auToU aTTédEICe TO yeyovog OTI epOaov Oev OIEAUETO N
CuUPMaxia NUWYV TTPOG Tag dUO BUTIKAG duVAEIS AToI €TTi 18 pvag o TOUPKIKOG OTPATOG
NTO avikavog Kal va TTapevoxAfoel Kav coBapwg Tov EAANvIKOV, kal OTI PETA TNV
OIdAuCIvV TNG CupPPayiag TauTNG, TNV UTTO TWV TEWG ZUPPAXWY KATACXECIV TWV €IS TV
EBvikniv Tpdamelav Tng EAAGOOC avnkOvTwy XpnUATWY Kal TNV evieUBev AIJOKTOVNOIV
Tou EAA. oTpartou, Tnv uttd Tou MaAAIkoU kal ITaAikou oTtéAou Blaiav atreAeuBEépwalv
TWV TTAOIWV 60a 0 EAANVIKOG 0TOAOG ouveAdUBaveY wg TTAPABIACOVTA TOV ATTOKAEITUOV
TwV TOUPKIKWY TTAPOAiwY UTTO TWV TEWG CUMMAXwV TNG EANGdOG, TNV UTTO Twv TEWG
ouppaxwyv TNG EAANAdog eEao@dAiolv TG ToupkiKAG TTpwTeuolong amd EAANVIKAG
emMBEécewg, TTAAIV 0 EAANVIKOG oTpaTtdg KaTépbwaoe va diatnendn ig Mikpdv Aciav eTTi
22 uiRvag PEXPIC OTOU €K TV OTEPACEWY KATAOTH avikavog TTpog TTepaITépw dpdolv...
[19]

Metd Tn Slamrpaypdreuon TG Zuvlnikng TG Awdldvvng oTnv oTToia TEPUATIOTNKE TO
6papa TG MeyadAng 16éag (louAiog 1923) o EAcuBépiog BeviCEAOG IDIWTEUCE ETTI MIO TETPAETIA
MEXPI TNV ETTAVEKAOYI TOU OTOV TTpWBUTTOUPYIKG BwKO To 1928. ZTnV KUBEPVNTIKI TETPAETIO TTOU
akoAouBnoe Kupiapxog oTdxog TNG dlakuBEépvnorg Tou ATav o oeBaopdg Tou status quo, n TioTn
TOU OTO PUBMIOTIKG pOAo TnG Kolvwviag Twv EBvwv Kail n €miTeuén g avacuvtagng Tng Xwpeag
MEOW TNG TAPNONG iowv atrooTdocwy Evavtl Twv MeydAwv EupwTtraikwv Auvauewv Kal Jéow
NG €EopdAuvong Twv oxéoewv TG EAANGDAG pe Toug yeiTovég Tng [16]. Z10 TAdiolo autd, n
VOUTIKI] TTONITIKI] TOU €OTIAOTNKE, KUPiwg, oTn BeATIOTOTTOINON TNG OOMNAG OUVAPEWS Tou
EAANVIKoU MoAegpikoU NauTikou, Tn ouvBean dnAadr Tou eAANVIKOU GTOAOU ATTO OUYKEKPIPMEVOUG
TUTTOUG POVAdWY, KATA TPOTTO TTOU va unv TTPokANBei n ¢nAoTutria Twv MeydAwyv Auvdpewv N
TWV YEITOVWV TNG EANGBAG [17]. Mpiv Opwg T diatrpayddTeucn auTthg TNG TTAPAPETPOU KpiveTal
OKOTTIUN Mg, adpr] avaoKoTinon TnG €LEAIKTIKAG TTOPEIOG TwV VOUTIKWY OVTINAWEWY TOou
BeviZéAou atmé Tnv TTPWTN TTpWOUTTOUpPYIa TOU.

Otav o Bevigéhog avéhafe tnv mpwbuttoupyia Tng xwpag Tov OkTwppio Tou 1910
EMQPOPTIOTNKE, METALU AAAWV, HPE TO XAPTOQUAAKIO Tou YTroupyeiou Twv NauTikwyv. Qg
uTTEUBUVOG UTTOUPYOG TTIOTEUE WEXPI Kal TNV OeUTEPN OTTOTTOUTTH TOU ATTO TO TTPWBOUTTOUPYIKO
agiwpa 10 BIVOTTWPO Tou 1915 611 To EAANVIKOG MoAguikd NauTikd ATav OTTATAAO CUYKPITIKA JE
TO €AANVIKO EPTTOPIKO VOUTIKO Kal QIANODOLOUCE VA TO avaPop@waoel e BACN TO OIKOVOMIKA pd
A€IToupyIKd, okavoIvaBIKG TTPOTUTIa TTou ATav PBaciouéva ot eAapPEG, Kupiwg, HOVADES Kal
vauTikf agpotropia. H tdon autr) tou BeviCéhou evioxubnke ki atmd TIG OXETIKEG BpeTavikég
uTTOdEIgEIG TTOU cuvioToUoavV, AAAWOTE, TTPOATTAITOUMEVO YIO TNV ETTIXEIPNCIAKI CUVEPYOOTIa TWV
oUo oTéAwv, 6TTwG RoN avapépdnke [18]. O TpooavaTtoAioudg Tou BeviléAou TTpog TIG EAAPPES
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Movadeg Kal TN vauTIkh agpotropia &ev GAAage oTn OIGPKEID TNG KUPBEPVNTIKAG TOU TETPOETIOG
1928-1932, 6mmwg etmiong dev AGAAAEE KI O TPOTTOG AIOTTOINONG TWV VAUTIKWY EEOTTAICTIKWV
TTPOYPAMPATWY YIa TNV €6A0QANICT TTOANITIKO-OIKOVOUIKWY avTaAAaypdTwy [19]. Otrwg dnAadn
TO GUVOAO, OXEDOV, TWV VAUTIKWY TTapayyeAiwv Tng dieTiag 1912-1914 860nke oTn Meppavia kai
TN FaAAia yia 1n dilac@daAion TG dIMMTAWPATIKAG oTAPIENS TNG Mepuaviag Kal MaAAIKWY TTIOTWOEWY
[20] 1o iB10 OUVERN Kal PeE TIG VAUTIKEG TTapayyeAies Tng dieTiag 1929-1930 1Tou 666nKav, oxedov,
atrokAeIoTIKG oTnV ITaAia. H xwpa auTh TTPpocE@EePE VAUTIKEG HOVADEG 0€ CUNPEPOUOCEG TIMEG Kal
6poug atToTTAnpwpng. Mpooépepe etmiong T duvaTtodTNTA ATTOPACIOTIKAG MECOAAPBNONG yia TNV
€EOPAAUVON TWV EAANVO-TOUPKIKWY OXECEWYV TTOU ETTIOQPPAYIOTNKE WE TN ouvopoAdynon EAAnvo-
TOUPKIKOU Zup@wvou DiAiag kar [pwTokOAAOU €AEYXOU TWV VOUTIKWVY €EOTTAICUWY  TOV
OkTwppio Tou 1930 [21].

Mtropei n TTpoTiunon Tou BeviéAou yia TIG eAAPPEC VAUTIKEG POVADEG Kal TN VAUTIKN
QEPOTTOPIa, KABWG Kal 0 TPOTTOG AGIOTTOINONG TWV VAUTIKWY £COTTAIOTIKWYV TTPOYPAUNATWY va
Tapépeivav atabepoi otnv Trepiodo 1910-1932 dAAaav Ouwg o1 TTPOoCodOoKiEC TOu yia TNV
Kuplapxia oTn BdaAacoa, akoAhouBwvtag Kai TNV €EENIEN TNG vauTikKAG oTpatnyikng. [lio
OUYKeKpIYEva, O BeviCéhog emmediwge TN OuykpoTNon €vOg vauTikoUu TTou Ba ptropolce va
Kuplapxnoel otn BGAacca otoug BaAkavikoUg MoAéuoug, kKAgivovTag Tov avTitaAo aTta Alavia
Tou Kai KataAauBdavovTtag Ta ToupKokpaToupeva vnold kal Tnv Eupwtraikn TAeupd Tou Alyaiou.
MNa autd kalr cuvnydpnoe oTnv ayopd BwWPOKIOUEVWY KOTAOPOUIKWY YIa ToV €AANVIKO OTOAO,
EMTTALOV TWV eAa@pwV Povadwy. 'E@Trace pdAioTa va atmmodexBei, €0Tw kal ammpdbuua, TNV
avaykn ayopdg dreadnought amd tnv EAAGDa yia Tn dilac@daAion o€ SITTAWMPATIKO Kal, €V PEPEI,
Kal o€ oTTAIKO TTiTTEd0 TNG EAANVIKAG Kuplapxiag oTo Alyaio auéowg PETa Toug dUo BaAkavikoug
MoAépoug [22]. Tnv TeTpacTia 1928-1932, Opwg, 6tav dev akoAouBouce Tria o BeviéAog
OAUTPWTIKA TTOAITIKF Kal ATAV £TTNPEACUEVOS aTTd TO [AAAO BewpnTIKO TNG VAUTIKAG OTPATNYIKAG,
vavapxo Castex, apkouvtav oTnv £TiTeUEN PEPIKOTEPNG/TOTTIKAG Kuplapxiag atn BGAacca aTo
BaBud Tou eCaoaAifovrav TaxUTEPn ETIOTPATEUCON TOu €AANVIKOU OTpatoU amrd QUTH TOU
ToupkikoU, HEOW TNG TTAPEVOXANCNG TWV VAUTIKWY PETAPOPWY TOU avTITTaAou. INa 1o Adyo auTo,
TITTOTO PEYAAUTEPO TOU QVTITOPTTIAIKOU Ogv ATAV AVAYKAIO YyIAd TO PECOTTOAEMIKO, EAANVIKO,
MoAepikd Nautikd kaTd 1o BeviZéo [23].

Ki evwd o1 vauTIkéG avTIAfelg Tou BeviZéhou katd 1o didotnua 1910-1932 spgavidovTal wg

evOedEIYMEVEG, ETTI TNG APXNG, N EPApUOYN Toug Oev UTTAPEE TTavTa emTuxnuévn. MeTagl Tou
1912 kai Tou 1914 a@iepwbnKe TO peyaAo TTood Twv 13 ekaTtoppupiwv Aipwv AyyAiag oe
vauTikoug e¢otrAiopoug. Me 10 11000 QuTO Ba atmokTouoe n EAAGDO VAUTIKEG HOVADEG
KATOOKEUQOMEVEG O€E TTEVTE XWPES TTOU Ba £pepav VAUTIKA TTUPOBOAA EIKOTIOKTW SIAUETPNHATWV
TTou Ba gixav TTapaxBei ammd okTw OIOPOPETIKEG eTapeieg. MNapryyelAe €miong UAIKG acupudTtou
aTTd TPEIG ETAIPEIEG, WIA KATATTANKTIKA TTOIKIAIO NAEKTPOAOYIKOU UAIKOU KaI TOPTTIAEG Kal aTTd TIG
TTEVTE, OXETIKEG ETAIPEIEG TTOU UTTHpXAV TOTE OTOV KOOUO. @a atroktouoe dnAadr n EAAGda -av
O¢ev €ixe peocoAapnoel o A MNaykdopiog MNOAEPOG Kal Oev gixe MATAIWOEI TO ONUAVTIKOTEPO TUAMA
TOU VOUTIKOU TTpoypdupaTog BeviZéAou- éva pouoeio vauTikhg TExvoAoyiag TTou 8a Atav OUCKOAO
1600 va aglotroinBei TTAfpwg 600 Kal va ouvtnpnBei [24]. Avaloyn TTOIOTIKA UTTEIpiIA, av KAl O€
TTOAU HIKpOTEPO BaBud, cuviaTouoav ol EAANVIKEG, VAUTIKEG TTapayyeAiec atrd Tnyv ITaAia Tn dieTia
1929-1930 [25].
To avopoIoyeVEG Kal KATTOIEG POPES UTTOBEECTEPO TTOIOTIKA VAUTIKO UAIKO TTOU TTapayyEABNKE TTi
Twv KuBepvoewv BeviCéAou avtioTaBuiotnke atmmd Tn onuavtiky PBeAtiwon TG €AANVIKAS
VOUTIKAG TTaIdEIaG Kal opyavwong AOyw TnG OXETIKA, veoouoTatng ZxoAAs NauTikwy AoKipwyv
oTtov Meipaid Kal Tou eKTTAISEUTIKOU KAl OpyavwTIKOU £pyou Twv AyYAIKWVY NauTIKwv ATTOOTOAWY
otnv EANGSa [26]. Eival TTavTwg agloonueiwTto 0TI 0 BeviZEAOG Kal @ilol TOU agIWPATIKOI, OTTWG O
vauapxog KouvtoupiwTng, dia@wvnoav EVIova OPICUEVEG POPEC, av Kal oUVABWG OxI Xwpic
AOYO, HE TO PEAN TWV OTTOOTOAWV AUTWV EMIRPAdUVOVTAG TV TTPOCPOPd Toug oTo EAANVIKS
NauTiké [27].
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Zuvoyidovtag, n VvauTIKA 10XUG, wg OUCeuén TNG VOUTIKAG onuagiag Tou €AAnvikou,

YEWYPAPIKOU XWPOU Kal OTOAOU, UTTAPEE éva, KATA Kavova, ATTOTEAECUATIKO €PYAAEi0 OTn
olakuBépvnon NG EANGBag atmd Tov EAsuBépio Bevi¢ého. H dopr) duvapewg Ttou EAAnviKoU
MoAgpikoU NauTikoU uTroAeiméTav €Tt BeviZéAou, TTapd Tn BewpnTikr apTiétnTd TnNG. H BeATiwaon
NG ekTmaideuong Kai TnG opydvwong Tou EAAnvikoU [MoAepikoUu NauTtikoU pe Tn BonBeia
AyYAIKWV VOUTIKWY ATTOCTOAWY QVTIOTABUICE TNV UCTEPNON QUTH.

13.

14.
15.
16.
17.
18.
19.
20.
21.
22.
23.

24.

25.
26.

27.

ANAOOPEZ

SYETIKA UE TO MPETAPPUBUIOTIKG £€pyo Tou EAcuBepiou Bevidéhou PAETTE, petagl GAwv, A. Bepéung
(emp.), MeAetnuara yopw amé 10 BeviféAo kai nv Emoxry tou, ®INTTTTOTNG, ABrva, 1980 kai A.
Alapavtotroulog, O BevideAiouog tng avopbwong, akkouhag, ABriva-Osocalovikn, 1985.

Z. Fotakis, Greek Naval Strategy and Policy, 1910-1919, London & New York Routledge, 2005, ceA.
24, 26.

0.1, o¢€A. 27.

0.1, o¢A. 48.

O.1., oeA. 51-55.

0.1, o¢eA. 58.

O.1., oeA. 59-65.

0.1, oeA. 81-82.

O.11., 0gA. 105-108.

. 0.1, ogh. 112, 135.
. 0.1, oeh. 137-142.
. Z. Fotakis, “The Kelly Naval Mission to Greece, 1919-1921”, Byzantine and Modern Greek Studies,

TOp0oG 30, TeUXOG 2, oeA. 185 (2006).

EkdoTikr) ABnvwy, latopia tou EAAnvikoU EBvoug. Newrepog EAAnvioudc amé 1o 1913 wg 10 1941,
ABnva, 1978, oeA. 113-144.

Mrevakeio, Apxeio BeviZéhou, dakehog 274, ‘Eyypago 62° 1927, oeA. 4.

O.1m., o¢eA. 6.

Z. Fotakis, “Greek Naval Policy and Strategy, 1923-1932”, Nausivios Chora, oeA. 20-21 (2010).

0.1, oeA. 21-26.

Fotakis, Greek Naval Strategy and Policy, 1910-1919, o¢A. 35, 61-65.

Fotakis, “Greek Naval Policy and Strategy, 1923-1932", oeA. 21-26.

Fotakis, Greek Naval Strategy and Policy, 1910-1919, oe\. 36-41, 87-97.

Fotakis, “Greek Naval Policy and Strategy, 1923-1932", oeA. 24-25.

Fotakis, Greek Naval Strategy and Policy, 1910-1919, ceA. 35-41, 80, 84-85, 87-97.

Fotakis, “Greek Naval Policy and Strategy, 1923-1932", o€A. 23, 26. E@nuepig Twv ZunTACGEWV TNG
BouAng, Asutepn Mepiodog, AcUtepn ZUvodog, 34" Zuvedpiaan, Ouihia BeviZéhou ael. 555-559.
Fotakis, Greek Naval Strategy and Policy, 1910-1919, oeA. 96-97.

Fotakis, “Greek Naval Policy and Strategy, 1923-1932", geA. 25.

O.11., oA, 6-9, 16-20. Z. Fotakis, “Greek naval policy and the Great Powers, 1931-1940”, Journal for
Maritime Research, T6pog 13, teUxog 1, oel. 62-63 (Mdiog 2011). Fotakis, Greek Naval Strategy and
Policy, 1910-1919, oeA. 30-35, 73-79, 140-145.

Fotakis, Greek Naval Strategy and Policy, 1910-1919, o¢A. 67-68, 84-85, 108, 112-113, 121-122,
145-147. Fotakis, “Greek Naval Policy and Strategy, 1923-1932", oeA. 26. Fotakis, “The Kelly Naval
Mission to Greece, 1919-1921”, oeA. 193-194.

237



NAUSIVIOS CHORA

Alopydvwon EmioTnpovikwyv Zuvedpiwv otnv EAAGOa:
2UppeETOXA ETTIOTNMOVWY OTTO TN
Meppavikn AaokpaTikil AnpokpaTia

Aiuihia Pogoudou

2x0An Naurtikwv Aokiuwyv, Touéa¢ AvBpwrrioTikwv kai MNoAimikwv Emmiotnuwyv
erofouzou@snd.edu.gr

MepiAnwn. To GpBpo autd emikevipwveTal oTo Beoud Twv Reisekader, Twv oTeAexwv
onAadn Tng Mepuavikng AaokpaTiKAG AnUOKPATIOG TTOU HE TNV ETTIOTNMOVIKI TOUG 1810TNTA
gixav 10 dIKAiWPA va TagIdeUoUV 0 KATTITAAMOTIKA KPATN - KATI TTOU QTTAYOPEUOTAV YId
TOuG AAAOUG TTOAITEG - TTpoKelyévou va AauBdvouv uépog o€ eupwTraika Kal d1EBvA
ouvédpia. AvoAUOVTaG TO QAIVOPEVO, N WEAETN TTAPEXEl TTANPOYOPIES yia Tn dpdcn Twv
oTeAexwv TTOoU €TMOKETITOVTAV TNV EANGDQ, oTeAexwv TTou O@elAav va TTpoRdAlouv Tn
XWPA TOUG Kal va TTpowBouv Ta CUUPEPOVTA TNG.

To GpBpo TTapouacidlel onUAavTIKA CTOIXEIO TTOU TTPOKUTITOUV aTTO TIG YPOTITEG AVOPOPES
TTOU OQEINAV VA CUVTAOOOUV Kal VO aTTOOTEAAOUV Ta £V AOYW OTEAEXN, AVAPOPES OI OTTOIEG
KolvoTrolouvTav o€ Ola@oépoug @opeic NG AVaTOAIKAG [epuaviag. ZTa Keiyeva autd
ATTOTUTTWVOTAV KABE AETTTOUEPEIA TNG TTAPANOVAG Toug oTnv EAAGOa, Sivovtav OAeg ol
aTTaPaiTnNTEG TTANPOYOPIES Kal yivovTav agloAoyoeig 1600 yia Tn dlopydvwaon oTnv oTroia
OUMUETEIXaV, 600 Kal YIO TA TTI0 ONPAVTIKA KOIVWVIKA Kal TTONITIKG ¢nThpaTa Tng EAAGSAG.
H peAETN evog TTOAU onuavTIKoU aplBuoU auTwy Twv avagopwyv (oxeddv 1.000 ogelidwv) -
ol otroieg QuAdoocovTtal otnv Berliner Brandenburgische Akademie der Wissenschaften -
atroteAei TN Baon dedopévwyv Tou GPBPOoU, To OTToI0 BETEI OTO ETTIKEVTPO KOl AVOAUEL TIG
Kpio€Ig Kal a§IOAOYATEIG TWV OTEAEXWYV YIA TO ETTIOTAMOVIKO KOUMATI TWV CUVAVTACEWV.

Organization of Scientific Conferences Greece:
Participation of Scientists from the
German Democratic Republic

Abstract. This article focuses on the institution of Reisekader, namely the executives of
the German Democratic Republic who because of their scientific status were allowed to
travel to capitalist states -something that was forbidden for other citizens- just to take part
in European and international conferences. Analyzing this issue, the study provides
information about the action of these scientists who visited Greece, an action which had to
promote their country and its interests.

The article presents significant information obtained from written reports, which the
scientists were required to prepare and send and which were reported on various
government agency in Eastern Germany. These documents contained every detail of their
stay in Greece and all the necessary information about the organization and the most
important social and political issues of Greece. The study of a very large number of such
reports (nearly 1,000 pages) -which are being kept at the Berliner Brandenburgische
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Akademie der Wissenschaften- is the database of this article, which focuses and analyze
the evaluations of these visitors for the scientific part of the meetings.

Négeig-kAa1d1a: EAAGOa, TAA, ouvédpia, €TIOTHUOVIKEC OXEOEIS, €EWTEPIKN TTOAITIOTIKN
TTOAITIKN

EIZArQrH

MpwTapxIKOG OTOX0G TNG €EWTEPIKNAG TTOAITIOTIKAG TTONITIKAG TNG MeppavikAg AaoKpaTikhg
Anpokpartiag Atav n 81Bv¢ avayvwpion (1) Kal HECO yia Tnv €TTITEUEN Tou N atTéppiyn Tou
KoIvoU YyepUaVIKOU TTapeABOVTOG (2). Ze 6An Tnv Trepiodo Tou WuyxpoU MoAéuou n FAA emTediwke
va atmoauvdebei atrd T XITAepikh Meppavia, d1Iddoxo TngG otoiag £xPICE TO AVTITIAAO YEPUAVIKO
KpdTog (3).

210 TAQiold QuTAG TNG TIOMITIKAG KOl  €AAsipel  €TTiONUWY  TTONITIKWY OXECEWV Ol
AvaTOAIKOYEPUAVOI ETTIKEVTPWVAV TNV TTPOCOXN TOUG OTN CUVEPYATIA TOUG ME TIG AAAEG XWPEG OE
ETMOTAMOVIKO KOl TTOMITIOTIKO €TTiTTed0, TTPOCTIABEIN N OTToid WOTOCO CuvavToUuoe TTOAAG
EUTTODIA.

Z1nv EAAGOQ, n atixnon Tng FAA, piv TRV avamtuén SITTAWUATIKWY oxEGewV To 1973, ATav
meplopiopévn. lMapd TmIg OToIEGg OdUOKOoAieg, n TAA wWOTOGCO KIivnTOTTOIOUCE OAOUG TOUG
MNXAVIOPOUG WOTE VA €XEl ETTICTNPOVIKA KAl TTONITIOTIKA TTapousia aTtov €AANVIKO XWwPOo, HE
OTTOTEAEGHUA ATTO TA TTPWTA XPOVIA VA Onueiwbolv cagn Bripata ouvepyaaiag, n oTroia OPwg
OUCIAoTIKA £TTaye va u@ioTartal JETA TNV €TMIROAN TNG XoUVTAG KAl CUVEXIOTNKE KAl TTAAI UE TNV
atrokatdoTtaon NG Anuokpariag kai 1I8iaTépwg atod 1o 1981 kai €mreita (4).

ANATOAIKOINEPMANOI ENMIZTHMONEZ ZTHN EAAAAA

O 1Mo avTITTPOCWTTEUTIKOG TPOTTOG ETTIOTNMOVIKNG CUVEPYOOiag avaueoa otnv EANGDa kal Tn
'AA ATav o1 apoiBaieg eTOKEWPEIS AOYW ETTICTNHUOVIKWY CUVEDPIWV.

2TnNV TTapouca PEAETN Ba €0TIAOOUUE OTN CUMMETOXN AVATOAIKOYEPMAVWY ETTIOTANOVWY OE
ouvédpia Tou dlopyavwenkav eviog eAAnvikoU e€dd@oug (5). O1I TIPWTEG OCUMMETOXEG
TTapatnenonkav non amo Tn dekaetia Tou 1950. Méxpl TNV €MPROAR TNG xoUvVTAG ONUEIWBNKaY
mepittou 10 OUPMETOXEG, O OTToieG pelwdnkav oTIg 2 KAatd Tn OIdpKEIa TNG OTPATIWTIKAG
OIKTaTopiag -Kal HANIOTA KOTA Ta TEAEUTAIQ £€TN KAl yId CUVEDPIA TWV AVWOUVWVY KAAdWYV TNG
IATPIKAG KAl YEWPUOIKNG- EVW PETA TNV TITWON TNG XouvTag emépacav Tig 80.

To ev AOyw B€ua €xel PeAeTnBei kal oTo TTAPEABOY, WOTGCO aTTd GAAN OTITIKY ywvia (6). To
evOlaQépov gixe TOTE €0TIOOTEI OTIG OUOKOAIEG TTOU ETTPETTE VA UTTEPVIKAOOUV 01 &V Adyw
ETTIOTAPOVEG TTPOKEINEVOU VA QEPOUV EIG TTEPAG TNV ATTOOTOAR TOUG KAl KUPIWG OTO TTOAITIKO
KTTEPITUAIYUO» TWV CUMPPETOXWY, EVW €V TTPOKEINEVW Oa aoyoAnBoUue Pe TO ETTIOTNUOVIKO
OKEAOG QUTAG TNG OUVEPYATIag.

2T0 onueio autd o@eiloupe, woTdCO, va avapepBoUue €v ouvTodia oTnv €IdIK aAuTh
Katnyopia Twv AVATOAIKOYEPUAVWYV ETTIOKETTTWY. MPOKEITAl oUCIAoTIKA yia pia €TTiCNAN MIKPA
Katnyopia oTeAexwy, Ta otroia gixav dikaiwpa va Tagideuouv Kal OTa KAmTAAIOTIKA KPATN Kal
ETTOMEVWG ETTIAEyOVTAV HE QuOoTNPEd KPITAPIO KAl KUPIWG WE yvwHova TNV IKaveTnTa KAl TNV
TTPoBuia Toug va TTPowWBOoUV Ta CUPPEPOVTA TNG XWPAG TOUG KAl VA evioXUouV TNV €IKévVa TG
OTO €EWTEPIKO, OnuIoupywvTag TTapAAANAa TIG KATAAANAEG TTPOUTTOBECEIS yia TNV KAAAIEpyEIa
TEPAITEPW ouvepyaciag. Ta oTeAéxn autd ovoudloviav Reisekader, 6pog 1Tou OTa €AANVIKA
pTTOpEl va atmodoBei Katd AEEn, aAAd KATTWG Akopwd, wg oTeAéxn tadididpika, TadIdIWTIKG,
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amrodnuntikd i diafardpika - Kai AOyw Tou AEKTIKOU Cuvelpuou pe Tnv adeia didpaong Twv
OuUVOPWY TNG XWPAG Kal TNV aTTéKTNoN Tou TToAUTIHOU diaBaTtnpiou.

KaBnkov Twv oTeAexwv autwy ATav va diagnuifouv Tn NAA kai Ta emTelyuatd g, 1000 O€
ETMOTNMOVIKO, 600 Kal g€ eupUTEPO TTOAITIKO-IO£0AOYIKO €TTiTred0. O@eIAav va GUVATITOUV TIG
KATAAANAEG eTTOQEG, va ammo@eUyouv va ‘ekTiBevial Onuoaiwg O0ovV a@opd KOMUMATIKEG
eKONAWOEIG, TTopEieg KATT. (7), va un cuvavaoTpépovTal AuTIKoyepPavoug (8), evw evrog 48wpou
META TNV €maTpo@r Toug atn FAA 6@elhav va ocuvtagouv kal va atroaTeilouv ‘Auean €kBeon’ ue
TIG ATTAPAITNTEG TTANPOPOPIES YIA T TEKTAIVOUEVA KAl £V CUVEXEIQ IO TTEPIEKTIKOTEPN AVAPOPA.
2TIG AVOQOPEG QUTEG, Ol OTTOIEG KOIVOTTOIOUVTAV OE SlapOpoug Ppopeig, ouuTTepIAapBavopévou
eMPEowG HAANoV Kal Tou YTroupyeiou yia Tnv Ac@AAgia Tou KpdToug (ZTad1), yivotav Adyog yia
KABe €idoug AetrTopépela TNG dIopyAvwoNng: XWPES Kal 1I9pUPATA TTOU CGUMMETEIXaV, apIBUOG Kal
TTOIOV TWV OUPHETEXOVTWY, ETTOQEG ME ETIOTAMOVEG Kal PE AAAEG TTPOOWTTIKOTNTEG TG
dIopYyavWTPIOG XWPOG, EevOdoXeio PE avAAUTIKEG TTAnNpo®opicg, OTTWG Katnyopia, ToTToBeaia,
KOOTOG Kal OUVABWG aKOPN Kal apiBuog dwpaTiou(!), atmoAoyiopog e€60wv, Kal afloAoyrnaElg
TWV TTPOETOINACIWY TOU TAEIBIOU - PE KEVTPIKO BEpa TNV atTékTnon Biag (9) - kabwg e1Tiong Kai
TNG TTOIOTNTAG TNG OPYAVWONG KAl TOU ETTIOTNUOVIKOU €TTITTEDOU TNG CUVAVTNONG, OUVEBETAV TO
TTEPIEXOMUEVO TWV £V AOYW avagopwv. H TTpoooxri, wotdoo, dev eoTialoTav udvo ekei. EvOiEpepe
ETTIONG TO YEVIKOTEPO TTAQICIO, “TTPOOJEUTIKO’ 1| W, KABWG Kal N TTONITIKA €TMIKAIPOTATA Kal N
oTdoN TWV eKTTpoowWTWY TNG OAT (10).

21NV TTapouca PEAETN, OTTwg £xel AdN avagepBei, Ba e0TIGOOUYE OTO ETTICTNHOVIKO OKEAOG
TWV CUVAVTACEWYV, AVTAWVTAG OTOIXEIO aTTd TIC OXETIKEC AVAPOPEG.

MeAETWVTAG TO OPXEIOKO UAIKO TTPOKUTITEI OTI O AVATOAIKOYEPUAVOI ETTIOTAMOVEG OAWV
oxXedov Twv KAGdwv emokémToviav TNV EAANGDQ, TTPOKEINEVOU VO CUUMETEXOUV EVEPYA OEF
TTaveAANVIa, eupwTTAiKG Kal d1EBvR €TIOTNUOVIKA oUVEDPIa TTOU dlopyavwyvovTay oTn Xwpea Hag.
H mpotiynon Toug Atav woTéco @avepr). ETmediwkav kal KAtépBwvav va CUUUETEXOUV OE€
onuavTiko apiBud dieBvwyv ouvedpiwy, vy auxva TOTTOBeTOUVTAV BETIKA YIO TOV XOPOKTNPIOUO
TWV OUVEDPIWV WG dIEBVWV, BIKAIOAOYWVTAG KAl avayovTag Tnv ToTro8£TNoT TOUG OTNV TRPNON
TWV OXETIKWY TTPOUTTOBECEWY KaI KUPIWG OE OXEON UE TOUG TTPOCKEKANUEVOUG OMIANTEGS. 'ETOl,
ouvedpog TT.X. €&€ppace oTnv avagopd Tou Tnv Armmown OTI n €AANVIKA TTAEupd TTiOTEUE
TPAYHATIKA 0T dlopydvwon evog dieBvoug ouvedpiou, apol e€ixe QPOVTIOE! yIa TH CUPPETOXN
ouveESpwWY atrd OAOKANPO TOV KOOWO, evw OXI POvo Oev atrouciale n eKTTPOCWITNON TWV
OOOCIOAICTIKWY XWPWY, aAAG dev TTapatnpendnke Kal Kavevog €idoug dIAKpIoN atmévavTi Toug o€
OX€0N MUE TO TIPOYPAPMPA TNG ETTIOTNMOVIKAG dlopydvwaong (11).

Ooov agopd oTn BepaTiKA Twv cuvedpiwv UTTOPEI Kaveig va Trel he BeBaidTnTa OTI KAAUTITAV
TANBWPA  ETMIOTNUOVIKWY  KATEUBUVOEWYV: PIoTEXVOAOYia, @QUOIKNA, YEewAoyia, YEWQUOIKN,
BioAoyia, veoeAAnvikn YAwooa, AaTivikr) YAwooa, yYAwoaoAoyia, eAANVIKA puBoloyia, Aaoypaegia,
IoTOpia, apyaloloyia, KolvwvioAoyia, 10TPIKA, TTEPIBAANOVTIKI], OIKOAOYIO KOl OPXITEKTOVIKI ATAV
OPICHUEVEC MOVO OTTd TIG ETIOTNMOVIKEG KaTeuBUvoels. QoTdco, TNV TIMNTIK TOUg €ixav Ta
OouvEéDpIa TOou €upUTEPOU 1ATPIKOU KAAOOU, OTA OTToid Kal ONPEIONKavV Ol TTEPICCOTEPEG
OUMPUETOXEG, EVW IBIAITEPWG BNUOPIAN ATAV KAl TO CUVEDPIA TWV AVOPWTTICTIKWY ETTIOTNUWY - HE
QuTA YUpw a1td YAWOOEG, TTOMITIONOUG Kal apxaloAoyia va Kepdifouv Tn PEPIdA TOU AEOVTOG.

Ag douue OTO Onueio autd TTola OTOIXEia OuvéBETav TNV €IKOVA TwV avo@opwy Twv
AVATOAIKOYEPUAVWV OTTECTOAPEVWYV O€ OXEON UE TO ETTIOTNHUOVIKG OKEAOG TWV BIOPYAVWOEWV.

O1mrwg éxel A0N avaepBei, o1 ev Adyw €emOTAPOVEG €BIvav OTIC YPATITEG AVOAPOPES TOUG
TTANBWPA AETTTOUEPEIWVY VIO TIG ETTICTNHOVIKEG OUVAVTACEIG, OTIG OTTOIEG gixav AGRel puépoG. 2€
KABe avagopd dev TTAPEAEITTAV VA KAVOUV AGYO YIO TO GUVOAIKO apIOUO CUPUETEXOVTWY, KABWG
Kal Y1 TOV apIBPO TWV ATTOOTOAWV KABEWIAG aTTd TIG XWPES TTOoU £DIVE TO TTAPOV. Na CUPPETOXEG
EKTTPOCWTTWY TWV COCIAAICTIKWY XWPWV YIVOTAV, WOTOCO, €I0IKI MVEIQ, EVW YIA TIC CUMUETOXEG
TNG idIag TOUG TNG XWPAG CUXVA ava@époviav Ot TTEPICOOTEPEG AeTTTouépeies. ‘Edivav, yia
TTapAdeIyPa, TTANPOPOPIES YIA TOUG CUVEDPOUG KAl OUVEPYATEG TOUG, KaBWG Kal yia Ta Béuata
TwV OIOAECEWY - OTIC TTEPITTTWOEIG BEPRala TTou N TAA CUUMETEIXE PE TTEPICOOTEPOUG aTTO évav
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OUVEDPOUG Kal ME TTEPIOOOTEPEG aTTO MIa OIaAégels. ‘ETol, 0 yvwaoTtdg ouvedpog lpuoep pe
QQOPHA TN CUMPKETOXH TOU OTO TTPWTO ETTICTNHOVIKO oUVEDSPIO yia Tnv TTEPiodo TnNG KaTtoxng (kai
TN Aiktatopia NG 4ng AuyouoTou) o€ eAAnvikd €da@og, TTou dlopyavwenke to 1984 ammd Toug
Xaykev OAaioep kal Niko ZBopwvo, divel oTnV ava@opd TOU AETTTOPEPEIEG TNG AVOKOIVWONG Tou,
Kabwg Kai TNG opIAiag Tou auvadéA@ou Tou AIXOATS - etriong amod Tn MF'AA -, 0 oTroiog paAioTa
METOEU AAAWV «EEAPE TN CUPPETOXN YEPHAVWV QVTIQACIOTWY OTOV aywva Tou EAAX». H @pdon
QUTH Kal TTOAU TTEPICCOTEPO N €V YEVEI CUMMPETOXN TWV ETTIOCTNUOVWY QUTWY OTO CUYKEKPIPMEVO
ouvEdplo, gixav TTOAITIKY onuacia yia Tn TAA. O1 amecTaApévol TNG 0T XWPaA Hog @povTiIfav
TTAVTOTE ETTINEAWG Va deixvouv 0TI dev gixav Anopovhoel To KaToxIKO TTapeABOv otnv EANGSa, TO
oT1T0i0 BeBaiwg xpéwvav oTo avTitraho yepuavikd KpdTog (12).

2TIG YEVIKOTEPEG TTANPOPOPIEG TTOU TTEPIEIXAV Ol aAva@OPEG CUYKATOAEyovTal €TTioONG Ol
KATeEUBUVOEIG KAl O BePaTiKEG Tou ekAOTOTE Ouvedpiou, KABWG Kal ol ekKBEoEIG Kal AAAEG
dpaoTNPIOTNTEG TTOU ouvddeuav TNV KABe dlopydvwon (13).

To TT0 oNUAVTIKG, WOTOCO0, OTOIXEIO TTOU TTPOKUTTITEI ATTO TN MEAETN TWV avapopwyv gival OTI Ta
ev. AOyw oOTeAéxn Oéxoviav VTIPEKTIBEG aAKOUN Kal ylo TO ETTICTNMOVIKO OKEAOG Twv
dlopyavwoewv. O@eidav va cUAAEYouv TTANPOo@opieg YUpw aTtd TIG €EENIEEIC OTOV ETTIOTNUOVIKG
TOUG KAGDO, WOTE va PTTOPECOUV UEAAOVTIKA VA TIG XPNOIMOTIOINOOUV YIA TO KOAG TNG XWPAG
Toug. ‘ET01, oUvedPOG yia TTapAdElyUa, ava@Eépel OTI CUPQWVA WE TN VTIPEKTIRa TTou €ixe Adpel,
emediwWEe TNV AVTANCON TTANPOPOPIWV VIO CUYKEKPIYEVA BEPaTa TnG €MOTAPNG Tou (14), evw
GANOG Kavel AGyo yia TNV €TTITUXA €KBOCN TNG CUPQWVA PE TN OXETIKA VTIPEKTIBA OUUUETOXNG TOU
o€ ouvédplo, Oedopévou OTI gixav €Cac@aAIOTel OAEC Ol ATTAPAITNTEG ETMIOTNUOVIKAG UPAC
TAnpogopieg (15). MNa 10 Adyo autd eEGAAOU, OI avaQopés Twy ETTIOTANOVWY TNG TAA TTepigixav
TAVTOTE €va ETMIOTNUOVIKO PEPOG, OTO OTTOI0 YIVOTAV QVOAUTIKA TTEQIYPA@H TWV O0WV Egixav
OKOUOTEI OTIG OIOAEEEIC KAI ATTOTUTTWVOVTAV Ol AMIYWG ETTIOTNMOVIKEC TOUG eKTIMACEIS (16), evw
oxedOV TTAvVTa KAl PE «KaBNOouXaoTIKO» UPOG ek@paldTav n TTETToIBNoN OTI g€ €UAOYO XPOVIKO
didoTnua Ba ytTopoucav va €xouv oTn dIABeor Toug TNV €KOOCT TWV TTPAKTIKWY TWV OUVEDPIWV
(17). Ze oxéon Pe TO TTPOAVOQPEPBEVTA, OI ETTIOTNUOVIKEG EKTIMAOEIG TwWV AVATOANIKOYEPHAVWV
TTPOVOUIOUXWVY OTEAEXWV TTapoucialav TTEPAITEPW KOl T ETTIOTNUOVIKOU ETTITTEOOU OQEAN TTOU
gixav katopBwaoel va atrokodioouv ol idlol o1 cuvedpol ammd Tn Olopydvwaon oTnv oToid
OUMETEIXAV, KOBWG €TTIONG Kal Ta EANOVTIKA OQEAN yia TNV avATITUgn TNG EKACTOTE ETTIOTAUNG
otnv AvatoAikr eppavia. Mveia yivoTav Kai yia Ta JETpa TTou ETTPETTE va An@Bouv, OTTwg £1TioNng
Kal yia TIG HEBOdoUG TTou deIAav va akoAouBnBolv cUpgwva e TIG vEeg eEeAiCelg Kal Ta BIEBVNA
TTPOTUTTA OTOV ETTIOTAMOVIKO Topéa (18).

ZnUAvTIKG CUCTATIKO TWwV avagopwy atroteAoloav ol BeTIKEG TTAvVTa afloAOYNOEIC TwV
AvaTOAIKOYEPUAVWV CUVESPWY TOCO YIA TIG BIAAEEEIG EKTTPOCWTTWY TWV TOCIAAICTIKWY XWPWV
600 Kal yia TIG OIKEG TOUG TTPOCWTTIKEG TTOPOUCIACEIG. ZXEOOV TTAVTIOTE YIVOTAV QAVOAUTIKN
TEPIYPAPL TNG AVOKOIVWOAG TOUG Kal TovICATaV 1 avayvwpion Tou egéppadav oTo TTPOoWTTo
TOUG oI UTTOAOITTOI GUVEDPOI - KATI TO OTT0I0 OPEIAaV va KEPOITOUV CUUPWVA HE TIG VTIPEKTIREG - Ol
otroiol €dgixvav ouyxvda «lwnpd» evOIaQEPOV YIA TIG AVOAKOIVWOEIG TOUG, TTpoXwpouoav o€
01e0BIKEG oulnNTAOEIG KAl €BeTav TTANB0G EpWTNUATWY YIa Ta 60Q €iXav aKOUOTEl OTIG DIOAEEEIG.
MapoAa autd, eviote ekpaldTav Kal To XaunAo emitredo NG N\A WG Xwpag o oxéon HeE Ta
010V TeEKTAIVOUEVA OE KATTOIOUG ETTIOTNUOVIKOUG ToUEiG (19), K&TI TTou 61 Jovo TTpocTraboucav
KATA ThV TTOPAUOVI] TOUG O€ KATTOIA XWPO ETTIPHEAWS VA ATTOCIWTTAOOUY, aAAd KaTéBaAlav Kal
KaBe duvarn TTpooTrddeia va To avTirapéABouv TTpoBAaAAovTag, wg OPeIAav, Ta ETTICTNHOVIKG
ETTITEUYPATA TG XWPOAG TOUG.

Mepaimépw onpeia agloAdynong ammoreAoucav n olvayn Twyv KATAAANAWY €TTOQPUWYV Kal TO
ETTTTEDO TWV ETTICTNHOVIKWY OUVAVTAOEWV. ATTO KABe ouvedpo yIvOTav AOYOG a@evOg yia TIG
ETTAPEG TTOU €iXe KaATopBwoel va ouvdAwel Kal Ol OTroieg ATav TETTEIOPEVOC OTI Ba Tou
€€Q0@ANICav HEAAOVTIKA ETTIOTNHOVIKA CUVERPYATIa Kal TTEPAITEPW TTPOOKANCEIG GE ETTIOTNHOVIKEG
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olopyavwoelg (20) kal agetépou yia To €miTedo TnG KABe dlopydvwaong, TO OTI0I0 OTIG
TEPIOCOTEPEG TWV TTEPITITWOEWV XAPAKTNPICOTAV apKETA UYNAS. XapakTnpioTIKG Ta Adyla Tou
ouvedpou AIXOATG, 0 oTroiog cixe AGBel pEpog oTo TTpoava@epBEV ouvéDPIO yia Tnv TTEPIodo
1936-1944 otnv EAAGOa TO 1984, 6TI «TO GUVEDPIO CUVEROAE e Hia TTOAUTIUN dielpuvon Kal
O1Gd0o0N TNG TEKUNPIWMPEVNG ETTIOTNUOVIKAG yvwong». Evdiépepav €mmiong o1 oulnTACEIS Kal N
avaTTugn avoiktou dIoAOYouU wg QUOIKO eTTOKOAOUBO TwV dIaAégewy (21). Katd Tig agloAoynoeig
Twv AvaToAIKoyepHavwy ouvédpwyv, o1 dIAAoyol TTou avaTmrtuocoovTav T600 APEowS META TO
méPag Twv OIaAéEEwWV 600 Kal KOTd Ta OloAsiypata  xapaktnpifoviav ammd  €TMOTNUOVIKN
avtaAAayn 10wy attaAAayuévn atmo Kabe idoug TTpokatdAnwn (22).

TéNog, eviote ek@pdlovrav Kal KATTOIA TTApATTOvVA yid Th dlopydvwaon, av Kal TO KUpIo
MEIOVEKTAMO eVTOTTICOTAV OTOV [N KATAAANAO TTpoypapuaTtioyd Tou XPOVou OMIAIaG Twv
OUVEDBPWY, YEYOVOG TO OTTOIO PTTopoUcE va dnuioupyroel coBapés kabuoTepioeig (23).

EMIAOIoz

O pohog Twv AVOTONKOYEPHOVWY ETTIOTAPOVWY Yiad ThV TTPOBOAN TNG XWPAG TOUG OTO
eEWTEPIKO NTAV avau@IoRATNTA TTOAU anPavTiKOg. AuTo gavepwvouv T600 Ta auoTnpd KpIthpia
EMMAOYAG TOUG, OO0 KAl Ol OXETIKEG VTIPEKTIRES, TIG OTTOiEG, WG OPeIAav, akoAouBoluoav KaTd
YPAppa.

H peAéTn TWV ava@opwy Toug, HapTupd OTI Kal oTnV TTEPITITwon TNG EAANGSaG akoAouBriBnke
n idia orparnyikr. To evdia@épov TG MN'A yia Ta eMOTNPOVIKA ouvEDPIa TTou dlopyavwbnkay o€
EANVIKO €00a@OG ATAV AUENUEVO Kal Ol ATTECTOAPEVOI TNG ETTIOTHHOVES KaTéEBaAAav KGBe duvaTh
TPOCTTABEIN WOTE VA QEPOUV EIG TTEPAG TNV ATTOOTOAR Toug. QoTdoO, amopiag dglo civalr av
auToi o1 avBpwrTrol TrioTeuav o€ BaBog oTIg idieg TIC TOTTOBETACEIS Toug uTrép TG TAA A av
opelhav €10l va  OIKAIOAOYOOUV TNV TIAPOUGIa TOUG Kal va €EQ0@OAITOUV  PEAAOVTIKEG
OUMMETOXEG.

TENOG, TTPETTEI va TOVIOTEN OTI UTTAPEQV Kal TTEPITITWOEIC TTOU OTEAEXN EKUETAAAEUOVTAV TNV
gukaipia Tétoiwv TagIdIWV OTO EEWTEPIKO Kal auTtopoAoucav. ATé 10 1975 wg 10 1987 cixav
QUTOMOANOEI OUVOAIKG 70 emmioTriuoveg. Na Adyoug TTou €ixav va KAvouv e TN YAWooa, TTpwTn
TPOTIUNON TwV EMOTANOVWY QUTWV ATav Ta yepMavopwva Kpdrtn. [Mapoucidotnkav 13
TTEPITTTWOEIS auToudAnong otnv AuoTtpia kal 10 otn AuTikn epuavia, evw otnv EAAGDa eixape
MOVO éva KpoUoua o€ OA0 auTd TO PHAKPOXPOVIO SIACTNUA cuvepyaoiag. Ta oTaTIoTIKG oToIXEi
OXETIKA PE TIG £V AOYW QUTOUOANOEIG KATABEIKVUOUV HIO JEPIDA KATAGIWUEVWY ETIOTNUOVWY, UE
emmayyeApaTikn Tmopeia 20 €wg 25 xpdvwv otnv AvatoAiki eppavia, pye 10 54% va TTpoépyeTal
atroé TOV TTEPICATNTO TTAYKOOMIWG KAGDO TNG IATPIKAG ETTIOTAMNG. TO yeyovog autd dev gival
TUX@io BIOTI yIa TOUG €v AOyWw ETTIOTAMOVEG, O€ avTiBeon Pe Toug TTOAU TTIO TTOMITIKOTTOINUEVOUG
TWV avOPWTTIOTIKWY ETTICTNUWY, OLV TTAPOUCIAlOVTAV EEAIPETIKEG DUOKOAIEG VA QOKACOUV TO
ETTAYYEANG TOUG OTN - yIa auTOUG OTNV KUPIOAEEia - ‘xpuch Auon’ (24).

Metd ™ O1dAuon TG TAA kai Tnv évwor Tng pe Tnv OAlN dpopoAoyAbnkav, wotdoo,
d1adIKaoieg AUEONS ATTOAUCONG ONUAVTIKOU apiBpou emoTuovwy. O Adyog fTav n ouvoear) Toug
ME TO TTOAITIKO cuoTnua TG AvatoAikig Mepuaviag, n otroia katayyéABNke atrd TTaAaiolg Kai
Oyihoug avTITTAAoug €vBev Kal €vBev Twv TTAAAI TTOTE YEPUAVOYEPUAVIKWY OUVOPWY WG
KataokoTreia utrép TG 2TAdl. MNa 6Aoug autolg, Ta ev AOyw OTEAEXN aoKouoav KaBrkovta
TTPAKTOPWYV (25).
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kaBnynTn Tpuoep, -0 o1Toiog avapepdTaV OTO TTPOCWTTO TOU PJOVO PE TO apXIKO ‘I.’- OTI ‘cixe eytTodioel i
akoun kair BAdyer ouvepydateg otn otadlodpopia Toug’. Bernd Sésemann, Anndherungen an Hellas,
Berlin 1994, oeA. 362 k.€€. H ypdgouaa, katd Tn PEAETN TNG, Ot Bprke Kapia €vdeign, n otroia Ba
JTTOpOUCE va aTnpigel auTr) TN Bapid katnyopia.

244



ISSN: 1791-4469 Copyright © 2012 Hellenic Naval Academy

Avakipuin Kutrpiakig ATTOKA£IOTIKG OIKOVOMIKAG
Zwvng (AOZ) kai To Aikaio Tng OaAacoag

YTrxog Newpyiog Xpuooxou INM.N. kai Avrxog AnunTpiog AaAakAng MN.N.

2x0An Nautikwv Aokiuwyv, Touéag Zuatnudrwv Maxng, Nautikwv Emixeipnoswy, @aiacoiwv Emornuwv,
Nauridiag, HAekTpovikwv & ThAETTIKOIVWVIWY

MepiAnyn. AKoAOUBWG, CUVEKTIMWVTAI TA YEWTTONTIKA dedopéva 0TV AvaTOAIKA Aekdvn
™G Meooyeiou, OTTwG AuTd dIAUOPPUWVOVTAI ATTO TIG TTPOCPATEG AVAKOAUWEIG ONUAVTIKWY
evepyelokwy aTTroBepdtwy oTIG BaAdooieg TTepIoxéG PeETAEU Twv KotTpou, AlyUTITOU Kal
lopaiA, kKaBwg kal voTiwg Twv vAocwv KpAtng, Pdédou kai Kutmpou. MapdAAnAa,
oudntouvtal ol TTPoRAfwels TNG ZUuPacng Tou Alkaiou Tng @dAacoag (ZUuBacn AO)
ava@opika pe TNV oploBeétnon AtrokAcioTikKAG Oikovopikng Zwvng (AOZ) kai 1diaitepa ol
avaloyeg trpooTrdBeieg Tng KuBépvnong tng Kutrplakng AnuokpaTiag, TToU oa@éoTata
ETTNPEACOUV KAl TIG €ANNVIKEG €eVEPYEIEG OTO OUYKEKPIMévOo Bepatiké  Tedio. Ta
CUUTTEPACHATO  AQOPOUV TN OTPATNYIKI KPATIKWY JPpWVTWV TNG TIEPIOXNG, OTTWG N
KUtrpog, n EAAGDa, n Toupkia kal To lopanA, KaBwg Kai TIG HETAEU TOUG AVTAYWVIOTIKEG 1) /
Kal ouvepyaTikég oxéoelg. livetal, emmiong, TpooTrddela va diapuop@wBlolv ol TTPWTEG
EKTIUAOEIG VIO TIC €VOEXOMUEVEG ETTITITWOEIS OTOV KABE €éva ammd TOug TTapaATTavw
TTEPIPEPEIOKOUG TTAPAYOVTEG, OE€ CUVAPTNON TTAVTA PE TNV AAANAETTIOPACN CUUQEPOVTWV
TWV peydAwv Kpatikwv duvduewv (Pwoio— HIMA), aAAd kol oTpaTIWTIKWV A TTOAITIKO-
olkovouikwy cuvacTiopwy (NATO — EE).

Abstract. The 1982 United Nations' Convention of the Law of the Sea (UNCLOS) is the
main document of international law, which regulates the various issues concerning the
establishment of an Exclusive Economic Zone (EEZ). The recent developments in the
energy resources' sector in the eastern part of the Mediterranean Sea are changing the
geopolitical environment and creating a pressure need for high policy actions for both the
Cypriot and the Greek government. The analysis that follows summarizes the decisions
made from the Republic of Cyprus and their conformity with international law provisions.
Now, it is the turn of the Greek government to take decisive action upon the question of
the EEZ, since there are many interested parts meeting in the region, as well as other
important protagonist of the international arena with NATO and EU standing out.

Keywords: AOZ, ®uoikd Aéplo, Kutrpog, EAAGBa, AlgBvEg Aikaio.
PACS: 89.30.an

ANATOAIKH MEZOTI'EIOZ:
ENA NMOAYINOOHTO NrEQMOAITIKO TPOMAIO

Katd tn didpkeia tou trepiBontou Wuxpou MoAépou, ol cuykpouoelg Twy dU0 UTTEPOUVANEWY
NG emoxngs (BA. Hvwpéveg MoAiteieg Tng Apepikng (HIMA) kai ‘Evwong ZoBIETIKWY Z00IaAICTIKWY
Anpokpaniwv (EZZA)) mépig Tng AvatoAikrg Meooyeiou oxeTioviav TTPWTIOTWG PE OTPATNYIKEG
okomuéTtnTeG. EIdIKOTEPA, TN PBACIKA OTOXEUON Twv Ol0POpwWY TTPOCTTaBEIV Toug (BA. TT.X.
olvayn ouphaxiwy, A/Kal TIG OCUYKEKAAUPUEVEG OUYKPOUGEIG/TTOAENIKEG OUPPALEIG HECW
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QVTITTPOCWTIWYV (proxy wars)) TTEPIE TNG OUYKEKPIKMEVNG TTEPIPEPEING ATTOTEAOUCE N TTEPIPNUN
KOUMOUVIOTIKA TTpocBacn oe Beppéc BAGAacoeg, A e TmolIov TPOTTO Ba aTtroTPeTOTAV TO
evdexdpevo autd avrtioToixa atrd Tov KUPIO YEWTTONITIKO avraywviot tng EXZXA. Me v
KATdppeUCN TOU COCIOAIOTIKOU PTTAOK, O pOAOG TNG eupuTEPNG Aekdvng Tng AvaTt. Meooyeiou oTo
YEVIKOTEPO TTAQICIO TWV dIEBVWV oxéoewyv €yive TTI0 TToAudIdoTaTog. EIBIkOTEPQ, TNV TpEXouoa
XPOVIKA TTEPiIOdO, TTEPA ATTO AVANOYEG YEWOTPATNYIKEG OKOTTINOTNTEG, TTOU ATTOTUTTWVOVTAI TTOAU
éviova o€ yeyovoTa OTTwg N aAAayn kaBeaTwTog atn AIBUn - TTou JAAIOTO oNUATodoTABNKE OTTd
TNV €KTEAEON XWpPig Oikn TOU TTpWNV NYETN TNG Xwpeag Kavtae! - kal Tnv Aiyutrto, oTa TTAgioia
TOU KOIVWVIKOU @aivopévou Trou eival €Tmiong yvwoTd kal wg Apafiky Avoign [1] A Tov
ouVEXIOUEVO PEXPI KOI OAPEPA EPPUAIO TIOAEHO OTn Supia, n dieupupévn Tepipépeia’ TG Avar.
Meooyeiou kal Tng Méong AvaToArg £xel aTToKTAOEI TTapdAANAa Kail pia augavopevn BapltnTa o€
{NTAMOTG TTOU GTITOVTal TNG YEWTIONTIKAG TNG evépyelag® [2]. Eival evdekTikd 6Tl oTn
METOWUXPOTTOAEUIKN) TTEPiOdO Kai €1dIkOTEPA oTnv Kevipik Acia, o €AeyXog Twv TINywv
EVEPYEIAKWY TTOPWY TTOU ATTOdECUEUTNKAY ATTO TNV Kuplapxia Tng Mooxag PETA TNV KATadppeuon
NG ZoBIETIKAG 'Evwong, Tupoddtnoe uia uttopdakoucd, aAAd évrovn diapdxn uetau Pwaoiag
kal HIMA, tTou ekiveito o€ dUo emmireda: To TpwTo £TTITTESO AUTAG TNG BIANAXNG OXETICOTAV LE TOV
EAEYXO TWV TTNYWV TTETPEAAIOU KOl QUOIKOU AgPioOU TTOU EVTOTTICOVTAl OTNV TTEPIPEPEIA QUTH. To
OeUTEPO ATTO AUTA aPOPOUCE TOV TPOTTO TNG dIAKIVNONG TWV EVEPYEIOKWY TTOPWYV - KUPIWG TNG
KaoTriag kai Tou Kaukdoou - TTpog TNV eVeEPYEIAKA EAAEINUATIKT) EupwTrn, KaBWg TPEIS atmo TIg
TTAOUOIEG EVEPYEIOKA XWPES TNG TTEPIOXNAS (AlepuTTaiT¢dV, KalakoTdyv, TOUPKUEVIOTAV) BEV EXOUV
01£€000 0Tn BAAacoa Kal avayKaoTIKA Ol EVEPYEIOKOI TTOPOI TOUG Ba TTPETTEI va dlaoxioouv AAAES
Xwpeg Tpiv kKataAnouv otnv Eupwtrdik ‘Evwon (EE). Asdouévou Aoimmov 611 o1 xwpeg TTou Ba
dlaoyifovtal ammd Toug aywyoug Ba efac@aAicouv pia oiyoupn TTPOCPOCH O EVEPYEIOKOUG
TOPOUG, DIAPOPA OIKOVOUIKA OQEAN Kal alénon TNG TTOAITIKAG ETTIPPONS TOUG, 0 KABOPIOHOG Twv
OIadPOMWY YIa TN METAPOPA TTETPEAQIOU KAl QUOIKOU agpiou TTPOG TN AUCHN METATPATINKE O€
QVTIKEINEVO OKANPOU avTaywviouoU, JE ApPKETA evdlapepOueva YEépn Kal aAAnAoouykpoudueva
oupépovTta [3].

AUTEG 01 YEWTTOMNITIKEG DIEPYATIEG TTEPITTAEKOVTAI AKOUN TTEPICTOTEPO AdYW TWV TTPOCOATWYV
eCehitewv otn BaAdooia Aekdvn Tng Avar. Meooyegiou, Pe TIG AVOKAAUWEIG VEWV EVEPYEIOKWY
KOITOOPATWY udpoyovavlpdkwy oTnv euputepn BaAdooia Trepiox PeTagl Kotrpou Kal lopanA,
0AAG kal oTnyv TTEpIoXA Tou BaAacaiou Tpiywvou Notiwg Kprtng — KaoTteAAdpiou — Kutrpou. Ol
aVWTEPW avAKAAUWEIG dNPIOUPYOUV VEEC CUVIOTWOEG OTA DEQOMEVA TNG EUPUTEPNG TTEPIOXNG,
KaBW¢ Kal OoTa Poviga Kal  @AéyovTa CnTAMOTA TWV  €AANVOTOUPKIKWY  SloQopwy, TNG
apapoiopanAivig dIEveEnG, Tou KUTTPIOKOU Kal Tou kKoupdikoU {ntriuaTtog. Emaonuaivetal 6T pia
ETTIOTNUOVIKA avakoivwon, ota péoca Tou 2010, Tou Kévipou [ewAoyikwv MEeAETWY Twv
Hvwpuévwy MoAiteiv (USGS) eixe wg atmmotéAeopa mn pIgIkA aAAayr] TOU evePYEIAKOU TOTTIOU TNG
NotioavaToAikAg (NA) Meooyeiou. ZUpgpwva pe Ta dedopéva TG MEAETNG QUTAG, OTOV BuBd TNG
Aekavng Tng AeBavTivng (TTou TepIBaAAeTal atrd Tnv KdTrpo, 1o lopanA, tn Mada, tov Aifavo kai
TN Zupia) evroTtifovTal JeEyAAQ KOITAOPOTA QUOIKOU OEPIOU Kal TTETPEAQIOU, TTOU EKTIMWVTAI OTA
etritreda Twv 1,7 d10. Bapehiwv TTeTpeAdiou kal 122 Tpio. KUBIKWY TTodIwv agpiou. H mlavotnTa
UTTapENG EVEPYEIOKWY TTOPWV eKTEIVETAI PAAIOTA PEXP! TO AéATa Tou Neidou (AiyutrTog) Kal TIg
OKTEG TNG voTioavaToAikng Toupkiag. ‘Hon, etaipeieg apepikavoiopanAiviov Kal vopRnyikwy
OUPQEPOVTWYV €xouv TTapel ddeleg épeuvag TnG BaAdoaiag TreploXhg HeTagu Kutrpou Kai lopanA
Kal OPICHEVEG ATTO QUTEC £XOUV AVAKOIVWOEI TNV €UPECN KOITAOHATWY agpiou. Ta peyaAuTepa
KOITGOMOTA @aiveTal TTWG €ival oTa oUvopa TTOU CUVAVTWVTAI 01 ATTOKAEIOTIKEG OIKOVOMIKEG

4 Me Tov 6po autd oTnv TTapouaa avaAucon TTEPIYPAQPETAl TO YEWYPAPIKO UTTOGUVOAO TnG peifovog Méong AvaTtoAng,
TToU TrEPIAaUBAvel ekTdG atTé TNV Avar. Meadyelo kab' auth, Tig xwpeg TEPIE Tou Mepaikou KOATToU, KaBWG Kal auTég
mépIE NG KaoTriag @dAaooag.

® H mpoavagepBeioa yewypagikr| TTEPIPEPEIR DIABETEI Ta TTAOUCIOTEPD KOITAOUATA TIETPEAQIOU KAl PUOIKOU
agpiou TTayKOOWiwg, evw TTapdAANAa To KOGTOG TTAPAYWYAS QUTWV Eival TO GOBNVOTEPO GTOV KOGO.
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Zwveg (AOZ) Twv U0 auTtwv Xwpwyv [4]. Opwg, akoun dev éxouv oploBeTndei OAeg oI AOZ Twv
YEITOVIKWV KpaTwv oTtnv Trepioxn (TTAnv Kutrpou - lopanA, Kutrpou - Aiyutrtou kai Kotrpou -
NAiIBdavou) kal TTapoAo TTou yI' auTdv Tov AOYO €XOuv apxioel TTUPETWOEIS dIaBOUAEUTEIG PETAEU
TWV EUTTAEKOUEVWY TTAEUPWYV, HETAEU TWV OTTOIWV CGNUEIWTEOV UTTAPYXOUV CGNMPAVTIKEG OIEVEEEIQ
yia To Béua Twv opiwv Twv Xwpikwy uddtwyv kai AOZ (1r.X. AiBavog - lopadA kai lopanA -
MaAaioTiviol oTn IF'dda) aAAG kai €Tepa BEpaTa éviovng avTirapdBeong, OTTwG yia TTAPAdEIyUa TO
TaAaIoTIVIOKO. EmTTpocBéTwg, civar mlavh n Umapén onuUavtikwy KoITAoHATWY QUOIKOU
agpiou, OXI MOvo PeTaEU Kutrpou - lopanA kai Kutrpou - Aiyutrtou, aAAd kai duTikd Tng Kutrpou,
peTagu Kutrpou - KpAtng. Eivar evdeikTikh n dnpoaciotroinon Twv peAetwyv Tou USGS avagopikd
ME TNV UTTOPEN aVOKTAOIMWY aTTOBEUATWY QUOIKOU agpiou oTov uttoBaAdoolo xwpo Tng KuTtrpou
(BA. oxAua 1). «Or ueAérec odbnynoav o€ pia ouvoAikhy miBavh Omapén umobaAdociwv
amoAfwiuwy amoBeudTwy QuUOIKoU asgpiou TS TGéNS Twv 345 TpICEKATOLLUPIWY KUBIKWY TTOOWYV
Kal 8 o1 BapeAiwv uypoTToINUEVOU QUOIKOU dEpiou Kal TTETPEAQiou», avaKoivwoe O OUVEDPIO
otnv EAAGSa, o Ap. HAiag Kovogdyog, €181k o€ BEuaTta épeuvag udpoyovavBpakwy Kal TEwG
levikdg AieuBuvtic ‘Epeuvag & TMapaywyrg YdpoyovavBpdkwyv Tng etaipeiag EAANVIKG
MeTpéAaia, TTAPABETOVTAG TA OXETIKA ETTIOTNMOVIKA O£OOUEVA ATTO TIG €PEUVEG OTNV TTEPIOXT.
‘ETo1, avakUTITel EUTTAOKNA OTIC €AANVOTOUPKIKEG OXEOEIG, KABwG Kal OTIC oxéoelg Kutrpou -
Toupkiag - lopanA, pe Toug 1I0PANAIVOUG va £XOUV TTPOTEIVEI ETTICANWGS OTNV EAANVIKI KAl OTNV
KUTTPIOKY TTAEUPd va AEITOUPYAOOUV WG KOUPBOG PETaPopds TTpog TNV EupwTrn Tou agpiou TTou
Ba Bpebei otnv AOZ TOUG, TOCO ETTEIBN EKTIHOUV OTI N KATAOKEUN TWV AVTIOTOIXWV UTTOdoUWY Ba
MTTOpoUCE va AdBel eupwTraikh xpnuatodotnon [5], 600 ki €TTeId N eVOAAAKTIK 000¢ PEOW
Toupkiag @aiveTal wg KATI AvEPIKTO, UE TO TEA-ABIB va ekTING (Kal opBd& aUpewva pe 6oa EXouv
nén karaypagei) 61 N Kpion oTIG OXEO0EIG TOU Pe TNV Aykupa &gV gival KATI TO CUYKUPIAKO.

OPIOOETHZH OAAAZZIQN ZONQN

H avaAuon 1Tou akoAouBei Ba avadeifel To ocuvexws auéavOoueEVOo YEWOIKOVOUIKO £vOIQQEPOV
TTOU aTTOKTA N TTEPIOXA TNG AvaTt. Meooyeiou TV TPEXOUCQ XPOVIKN TTEPI0dO, ava@opIKA PE TO
NTAMATO  KOTOXNG Kol €KUETAAAEUONG evepyelokwy TTOpwV. TMMapdAAnAa, Ba e&etdoel TIg
TToAudIdoTaTeG TITUXEG Tou AleBvoug Aikaiou uTrd TO YEVIKOTEPO TTAQICIO TWV YEWTTONTIKWV
avTaywvIiohwy oTnv ev Adyw Trepioxn. EIdIKOTEPa, oTnv TTapouca Trapdypago oulnTeital
TTEPIOPIOUEVA N 10TOPIKA €EEAMIEN Tou Aikaiou TnG O@dAacoag, TTpoodlopilovTag wG ToV TTAEOV
Baoikd otaBud Tng diapkoug authg diadikacoiag To €1o¢ 1982. Kai Touto 8I0TI 0To dedOoPéVo
XPOVIKO onueio UTTAPEE KATAANKTIKA Cup@wvia, atrd évav TTOAU peyGAo apiBud xwpwv, yia Tnv
2UuBaon Tou Movtéyko MTTéu yia 1o Aikaio Tng ©@dhacoag (e@e€ng ZuuBaon AO). ‘Epgacn Ba
000¢i oTov TPoTTO 0p10BETNONG BaAdooiwy (wvwy, oTn Bdon Twv TTPORAEWewy TNG ZUUBaoNg
AO, kabwg¢ n cuPBaon auTtr] oucIaoTIKA OTTOTEAEI TO KUPIO €pYOAEio yia Tnv €TTEKTOON TNG
Kuplapxiag evog Kpdtoug TTpog Tn BdAaccoa. Ze TAcIdda, OPwG, TTEPITITWOEWY OTIG OIEBveig
OXE0€EIG ONUIOUPYOUVTAI EVTACEIG KAl QVTEKDIKNOEIG - KAINOKOUUEVNG QUOIKA £vTaong - KATd TNV
EQOpUOYN auTwyv Twv TTPoBAEWewy TG cuuBaong, otav yia Tapddelyua 1o €0vikdé cup@épov
Miag 0edopévng xwpag TiBeTan utrepdvw Tou d1EBvoUg dikaiou. Eival xapakTnpIoTIKO OTI HETA TO
olapedioyd tng Mpwnv TouykooAaBiag, n diaudxn PeTagu 2ZAofeviag kai Kpoartiag Oev
TTEPIOPIOTNKE POVO OTA XEpoaia oUvopa Toug, aAAG e€TTeKTABNKE Kal OTnV TEAIKK) OploBETNON
BaAdooiwv (wvwv. Evw, éva 101aiTepa yvwaTd TTapddelyua TNG KATNyopiag auThg €ival Kal ol
TOUPKIKEG OIEKOIKAOEIS OTO XWpPo Tou Alyaiou [MeAdyoug, tou TmepIAauBdvouv TNV atreiAn
TTOAEJOU O€ TTEPITITWON TToU N EAAGDQ aoKoel éva KaBOAa VOUIPO BIKAIWWA TNG: TNV ETTEKTAON
TWV XWPIKWV UBATWV TNG atTd Ta £€1 (6) oTa dwdeka (12) v.u., 6TTwg pNTd TTPORAETTEI N ZUPPBaoN
AO [7]. Znv idla KATNyopia evTACCOVTAl QUOIKA Kal oI TTPOCQATEC XPOVIKA TTPOCTIABEIEG TNG
Aykupag va «gutrodioel» tnv avakipug¢n AOZ atd tnv Kutrpiakr] AnPokpatia Kal ETTOREVWG va
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OTAMATACEl PE TOV TPOTTO AUTO TNV eKPETAAAEUon atrd Tnv KUTTpo Twv udpoyovavopdKkwy TTou
£€xouv Ndn evrotmioTei oTo BuB6 TNG Avar. Meooyeiou.

nean
mentUni

e " AV
S i 3 i

ZXHMA 1. Atreikévion Twv PeAeTWV Tou Kévtpou MewAoyikwv MeAETWV Twv H (U.S.G.S)) yia ta
KoITdopaTta udpoyovavlpdkwy aTtnv TrepIoxr TnG AeBavTivng kai Tou AéAta Tou Neidou [6].

Avarpéxovtag oTo TTapeABov, diakpivovtal dUo Bacikoi TpdTTol €6ENIENG yia TO Aikalo Tng
©dalacoag, ammé TNV apxaidtnra péxpl Kal onuepa. O TPWTog amd autoug, TTOU UTTOPE va
BewpnOci OTI DINPKETE ATTO TNV ATTWTEPN apXaIdTNTA PEXPI TIC apXES Tou 20° aiwva, BacioTnke
OTO £61h0. YTTAPXEl YEVIKI CUM@QWVIA PETASU TWV AKAdNUAIKWY OTI N TTPWTN KAl ONPAvVTIKOTEPN
apxr 6oov agopd To XapaKTAPa TOU UYpouU OToIxEiou, gival auTth TNG eAeuBepiag Twv BaAlaoowy.
AelTepn, emmiong, otmroudaia apxn avagopikd pe 1o Aikaio Tng @dAacoag, cival n apxn NG
KPOTIKNG Kuplapyiag atnv alylaAimda {wvn (A xwpikd 0data-XO) Twv TTapakTiwy Kpatwv [8]. H
apxn autr, TTou KaBlepwbnKe Ye OKOTTO va evioXUoel TNV dPuva Kal aoc@AAEIa TOU TTOPAKTIOU
KpAToug, atroTeAei UTTO pia €vvold To «avTiTrTaho O€0g» OTNV TTPWTN UTTG oulnTnon apxn, authv
NG e€AeuBepiag Twv Bahacowyv [9]. O CUPTTANPWHATIKOG XAPAKTAPAG TWV dU0 QUTWY OPXWY,
dlakpiveTal TTOAU €UKOAQ Kal oTov OpIoPS TNG avolkT ¢ BGAacoag: n avoiktr) BdAacoa apyidel
€KEl TTOU TeAEiwveEl N alyloAimida {wvn. AnAadr, To TTedio eQapuoyns TNG apxXAg TNG eAeuBepiag
Twv BaAhaccwv apxifel oTo onueio autd akpIBwg TTou TTEpaToUTal TO TTESIO EQAPUOYNG TNS ApXAS
TNG Kuplapxiag. To £BIu0 TTapEUEIVE yIa TO HPEYOAUTEPO WPEPOG TNG AVBPWTTIVAG 10TOpIag O
BaoIKOG pnxaviopog dnuioupyiag Kavovwy dikaiou. Evw, oTadiakd éxoupe PETATOTTION TTPOG TN
Onuioupyia Kavovwy He TN HOPPNA ETTICNHWY CUPQWVIWY Kal ouvenkwyv. ‘ETol, To deUTEPO OTADIO
e€ENIENG Tou dikaiou TNG BAAacoag, TauTiCeTal Pe TNV TTPooTTddela TG d1EBvoUlg KolvoTnTag va
KWOIKOTTOINOEI OAOUG TOUG KAVOVEG Kal TIG apXEG Tou dleBvoug dikaiou TTou ATAV PEXPI EKEIVN TN
XPOVIKI) OTIyUp OIaoKOPTTIOPEVOL. TO ATTOTEAEOUO TNG OUYKEKPIMEVNG TTPOOTIABEING, TTOU
TTpaydatoTToienke apxikd oto TTAaiolo NG Koivwviag Twv EBvwv (KTE) 10 1930, éAnge xwpig
BeTIKO atmoTéAeopa, Adyw TnNG aduvapiag Twv KPATwy VO CUPQWVACOUV OTO €UPOG TNG
aiyioAimdag ¢wvng. Eivalr autdég akpiBwg o AGyog, TTOU wg XPOVIKA a@eTnpia Tou deUTEPOU
oTadiou €£ENIENG Tou AO, ouvhBwg Bewpeital To £Tog 1947.

To £€10G auTd, TEBNKE O £QAPUOYN N EvEPYOTTOINON Wiag KWAIKOTTOINTIKAG d1adIKaoiag, TTou
oTéQPONKe, OTnN Ouvéxela, Pe emTuyxia. To €pyo avéhaBe n EmTpot) AligBvoug Aikaiou Twv
Hvwuévwy EBvwyv (HE), n omoia petd amd emraet emeEepyaoia (1951-1958), uttéBaAe 1o
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KWOIKOTTOINUEVO KEIUEVO O€ popeny cupBatikou oxediou, otnv MpwTtn Zuvdidokewn Twv HE yia
10 Aikaio Tng ©dAacocag [10]. H Zuvdidokewn autr], otnv otroia éAafav pépog 86 Kpdrn,
uioBétnoe otn Meveln, oTig 29 Atrpihiou 1958, Téooepig oupBdaoelg. Autég ol ouuBdoclg, OTIg
oTT0iEG KWAIKOTTOINONKE yIa TTPWTN @opd 1o Aikaio Tng ©dAaooag, cival ol €§AG: a) H ZuuBaon
yia Tnv Xwpikf Odhacoa kai TN Zuvopeuouca Zwvn (Territorial Sea and Contiguous Zone). H
ouuBacon auth, 0TTwg €§aAAou Kal n Aeutepn Zuvdidokewn Twv HE yia 1o Aikaio Tng ©dAacoag
(1960), atréTuxe OPWG va KaBopioel To EUPOG TWV XWPIKWY UdATWYV. ETTIKUpwONKE, woTdoO0, aTTO
46 kpdatn. B) H ZuuBacn yia Tnv AvoikTtr) @dhacoa (High Sea), emkupwpévn ammd 57 kpdmn. y) H
2upBaon yia v Yeahokpnmida (Continental Shelf). H ev Adyw oupfacn pe TNV oTToia
KaBiepwBnke TTPWTN Qopd o Beouds TNG u@alokpnTridag, emmKUpwOnke amd 54 kpdatn. &) H
2UuBaon yia Tnv AAligia kar Tnv MNpooTtacia Twv Zwvtavwy nywv otnv Avoiktp ©@dlacoa
(Fishing and Conservation of the Living Resources of the High Seas), Tou emikupw8nke amoé 34
KpdTn. TéAog, evdlagépov TTapouaiddel To yeyovog OTI ol pubpioelg TG 2uppaong Tng MNeveung
uloBetABnKkav TTARpwG Kal ammd tnv Tpitn Zuvdidokewn Twv HE yia 1o Aikaio Tng ©dAaocoag
(yvwoThA emriong kai wg UNCLOS lll), o1 epyacieg Tng otroiag dvoifav 10 dpouo yia Tnv TEAIKA
uttoypa@n Tng Zuufacong yia 1o Aikalo g ©dAacocag (Zuppacn A®), yia Thv oTroia Adn
MvnUOveUTNKE OTI atroTeAei onuepa To PBacikd gpyaAcio yia Tnv opioBETnon Twv BaAdooiwv
Cwvwv Kal ol 0TToiEG avaAUovTal AETITOPEPEDTEPA OTN ouvéxeia [11].

Exclusive economic zone
Sovereign rights for exploring, exploiting,
conserving and managing living and non-living
resources of the water, seabed and subsoil

Give access to surplus allowable catch
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EXHMA 2. Tp6T0C 0ploBTnanc BaAaasiwv Jwviv [12].

Qg ypauunf Baong (territorial sea baseline) opiCetal N agetnpia PéTpnong Twv BaAdooiwv
Cwvwv (BA. oxnua 2). H ypauun Baong éxel onpavTiké poAo otn ZupPaon AO, agou atroTteAei To
OIaXWPICTIKO 6pIo HETALU XWPIKWVY Kal €0WTEPIKWY UddTwy. MdaAioTa, Ta eowTepikd UdaTa
(internal waters) atroteAoUv cuvakdAouBo BeCUO TWV yPaUPwWY BAoNG, UTTO TNV £EAG Eévvola: WG
EOWTEPIKA UdATA OpifovTal T UBATA TTOU PPICKOVTAI ECWTEPIKA TWV Ypauuwyv Bdong, dnAadn,
METAEU TNG QUOIKAG OKTOYPAMMNAG KAl TwV Ypauuwy Bdong. H évvola Twv e0WTEPIKWY UBATWV
TepINaPPBavel, €miong, TIG Aipveg, Ta TOTAPIA Kal TIG €KBOAEG TOUG, TOUG AIMEVEG KAl TOUG
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KOATTOUG. AlyiaAimida Cwvn ) Xwpika udata f xwpikA 8ahacoa (territorial sea), gival n BaAdoaia
(wvn TTOoU OTToTeEAEl, o€ VOMIKO emmiTredo, TNV TTPOEKTACN TNG ¢npdc oTtn BAAacoa. e pia
d1a@opPETIK dIaTUTTWOT, N alyloAimda ¢wvn gival n Baldooia ¢wvn TTou aKOAOUBE TIG YPAUUEG
BAong kal KaT' ETTEKTAON TA €OWTEPIKA UdATA, €VTOG TNG OTIOIAC TO TTAPAKTIO KPATOG QOKEI
TAAPN (Kal aTTOKAEIOTIKA) Kuplapyia (EKTEAECTIKN - VOUOBETIKA - dikaoTikh) [13]. ZnueiwveTal,
€TTiong, OTI KABE onueio TNG alyIaAITIdAG {wvng ATTEXEl ATTO TO TTANCIECTEPO ONUEIO TNG YPAPUAG
Baong amoécTaon ion pe 10 TAATOC (| €UPOC) auTAG. ZUPQwva Pe Tn ZUuBacn AO: «[K]abe
Kpdtog €xel To OIKaiwpa va kabopioel To €Upog TNG XWPIKAG Tou BAAacoag, [To oTtroio] dev
[uTTOopEi] va utrepBaivel Ta 12 vauTikd  pikia, peTpolueva atrd TIG ypaupés Bdoewg...». H
alyIaAiTIda wvn aTTOTEAEI AVATTOCTIOOTN CUVEXEIQ TOU XEPOAIOU (NTTEIPWTIKOU) £BAPOUG KAl TWV
VNOIWV Kal Bpdxwyv TToUu avhAKouv o€ éva KPATog. Evw, kavéva KpdTog dev PTTopEi va Tnv apvnOei
I va otrotroinfei Ta OCUYKEKPIPMEVA DIKAIWPATA KOl UTTOXPEWOEIG, TTou To Ol1eBvég dikaio
(oupBartikd i €BIYIKG) Tou £xel avabéoel yI' auTh. Oa Tpétrel va d0B¢ti BaplTnTa OTO yeyovog OTI
TO TTAPAKTIO KPATOG AOKE( TTANPN Kal atrOAUTn «Kuplapyia» atnv utté oulntnon Baidaooia {wvn.
AnAadn, Ta KpdTtn diatnpolv TTARPES TO dIKaiwKa va vOUoBEeTOUY yia Tn alylaAiTida {wvn Toug, va
EMPRANAOUV TOUG VOUOUG KAl TOUG KAVOVIOUOUG TOUG, TTAVTA CUPQWVA OUWG HE TIC apXEG TOU
01eBvouc dikaiou Kail TIS TUXOV dieBveic GUUPBATEIG TTOU €xouv Kupwoaoel. TEAOG, N Kuplapxia Tou
TTAPAKTIOU KPATOUG OTAV AIYIOAITIOO Jwvn EKTEIVETAI, TTEPAITEPW, KAl OTOV EVAEPIO XWPEO TTOU
gUpioKeTAl AvwBev auThg, KaBwG £TTiong 0To BUBSG AAAG Kal TO UTTEDAPSG TG [14].

Me Tnv kaBiépwon NG ATToKAeIOTIKAG OikovouikAg Zwvng (AOZ) [15] ikavoTroiénke pia ammo
TIG ONUAVTIKOTEPEG DIEKDIKNTEIC TWV TTAPAKTIWY KpaTwv. O DIEKDIKNTEIC QUTEG apopolaav oTnv
KaBiépwon Cwvwyv - TTépav TNG alyIONITIdOOG - evTOG TWV OTToIWV T TTAPAKTIA KPATR Ba gixav
OIKOIWPATA KAT apPXNAV OIKOVOMIKAG @uong (TT.X. Cwvng atrokAEIOTIKAG aAigiag). AgiCel va
onueiwBei oTi péxpl Tnv MpwTtn Zuvdidokewn Twv HE yia 1o Aikaio Tng ©dAacoag (1958) 10
OIKaiwpa aAigiag Twv TTAOPAKTIWY KPATWY HUTTOPOUCE va OGOoKNBei PoOvo evidg TNG alyIaAiTIdog
Cwvng [16], n omoia o¢ Kappia TTePITTTWON dev  PTTOPOUCE va €TTeKTABEl TTEPAV Twv 12 V.. -
TTaPd TN YEVIKOTEPN TAOT YIA ETTEKTAON ATTO TA TTApadooiakd opla Twv 3 Kal 6 v.u. Adyw autou
TOU YEYOVOTOG, TTPOEKUWE N avAykn dnuioupyiag uiag sui generis {wvng, €VTOg TG OTToIOG TA
TTapPAakTIa KPATN Ba gixav Tn duvatoTnTa eKUETAANEUONG TWV TTAYWV TNG, EVW TA TPITa KPATN Ogv
Ba artrokAgiovtav armrd Tnv Aoknon Twy BACIKWY SIKAIWPATWY TTOU ATTOppEOUV atrd Tov Beoud
NG €AeuBepiag Twv Bahacowv. Emopévwg, n AOZ eicdyetal wg €vvola TTPOKEINEVOU va
QVTIOTABUIOEI TIG OIKOVOMIKEG QVAYKEG TWV TTAPAKTIWY KPATWY XWwpig, attd TNV dAAN TTAEupd, va
augnoel 1o €0pog TWV XWPIKWYV UdATwv (TOo oTtroio, oTnv €g¢éMIEN Tou xpovou, ETeElve va
otaBepotroinBei ota 12 v.u.) [17]. Me Bdon Tta mmapamavw, n AOZ amotéAece TTPAyuaT Hia
emavaoTaTiK €EEAIEN O0TO Xwpo Tou Aikaiou Tng @AAacoag, €MTUYXAVOVTAG TTEPAITEPW TNV
avaTpoTr «PIQIKA TTAéOV TOU BITTOAIKOU OXNMATOG TWV aPXWY TNG Kuplapxiag kai Tng eAeubepiag
TTOU ETTI QIWVEG KUPIAPYXNOE oTov BaAdoacio xwpo» [18]. Zupeowva pe Tn Zouupaocn AG, n AOZ
£xel e0pog 200 v.u. (BA. oxAua 2) kal evidg auTAG TO TTAPAKTIO KPATOC UTTOPEI VO AOKACEl : a) Ta
KUPIOPXIKG SIKaIWUOTA TTOU aokKouoe oTnv u@aAlokpnTtridoa péxpl tTa 200 v.u. Me autv Tnv
évvola, 0TTwg euoToxa avagépetal : «... [n] AOZ amoppdPnoe To KABEOTWS TNG UPYAANOKPNTTIOAG,
eKTOC BEPBaIa aTTd TIC TTEPITITWAOEIG TTOU...N UPaAokpnTTida ekTeiveTal TEpa atrd 1a 200 v.u.» [19]
B) KuplapxIkG SIKAIWMPATA TTOU aPOpPOUV OTNnV £PEUva, EKUETAAAEUDN, DIATAPNON TWV QUOIKWY
TOpWV TWV UdATWV TNG AOZ, KaBWG €TTioNg Kal o€ AAANEG OIKOVOUIKEG SpaoTnNEIOTNTES, OTTWG
givar n TTapaywyn evépyelag amd Ta UdaTa, TG PEUMOTA KAl TOUG avéuoug, y) Olkalodoaia A
OTTOKAEIOTIKA appodIdTNTA: i) OTnNV TOTTOBETNGN KAl XPNOIKMOTTIoINON TEXVNTWY VACWY Kal GAAWV
EYKaTaoTAoEWY, ii) 0Tn dlECaywyr) EMOTNUOVIKAG £PEUVAG Kal iii) oTnV TTpooTacia Tou BaAdoaolou
TEPIBAAAOVTOG ATTO TN PUTTAVOTN.

AkOun, civar aAnBeia 6T n ZuuPacn AO Ikavotroince éva PEYAAO HEPOG TwV OIEKOIKATEWV
TWV TTAPAKTIWY KPATWY, aPoU autd disipuvav Tnv €BVIKr Toug Kuplapxia ota 12 v.u. (GpBpo 3)
Kal akéun €6socav Ta BepéNIa yIa TRV OIKOVOUIKI) TOUG avaTITuén Pe TNV KaBiépwaon Tou Beouou
g AOZ (GpBpo 58), evidg TnNg otoiag Trapaxwpernénkav ¢’ autd aTTOKAEIOTIKA KuplapXIKa

250



ISSN: 1791-4469 Copyright © 2012 Hellenic Naval Academy

dikalwpaTa. MNpokeipgévou, OUWG, va yivel auTtd €QIKTO, «aTTAANOTPIWONKE» Eva PEYAAO HEPOG TNG
avoikT i BdAacoag. Ag onueiwBei 61 ¢’ auty Tnv  TTPAEEN (atmmaAAoTpiwon TNG AVOIKTAG
BaAacoag) ouvéEBaAEe Kal TO OKETITIKO TNG «KOIVAG KAnpovouidgy», Trapd T1a otoia GAAa
mAcovekTApaTa TNS [20]. Evw, civar evdeikTIKG Ta 6ca ava@épel o KaBnynthc Brown, oxeTIKA e
TOV apvnTIKO TTPOadIopICUO TNG avoixTrg B8dhacoag: «[EJjvw n 2ouBaocn tou 1958 dpile 1€
avoIKTEC BdAaooec oav Ta «Tunuara tne 8aAaocoag mou oev mepIAauBavovral oTa XwPIKA Kai
EOWTEPIKA 0OaTa &vo¢ KPAroug o1o dpbBpo 1», n ZUuBacn A® TTpOXwpPnoe OTOV OXETIKO
TTEPIOPIOHG TOUG, aPoU To ApBpo 86 OpIcE TIG avoIKTEG BANACOEG WG «Ta TUAMATA TNG BGAacoag
mou Oev TrepIAapBavovtal otnv AOZ, Ta Ywpikd udata i oTa apxITeAayikd 0data evog
Kpdtoug». Av Kal OPKETEG ATTO TIG TTAPAdOCIOKEG €AeUBEpieC Twv aVOIKTWY BaAaocowv
dlatnpnénkav evtog tng AOZ, eviouToig €ival XapaKTNPIOTIKN N METATOTION ATmod TNV ApXA TNG
eAeuBepiag Twv Bahacowyv TTPOG TNV apxn TNG Kuplapxiag» [21]. AvdAoyn dmoyn dIATUTTWVEI Kal
o0 KaBnyntrg K. Oikovopidng katd tov otroio: «[H] avoikty 6dAacoa sivai ... n peydAn adiknuévn
arré tnv avabewpnon Tou dikaiou TG 8dAacoag. Evw pe 10 1ox00v dikalo auéCwS UETA THYV
aryiaAinda {wvn éxouue TNV avoikty 6dAacoa, Twpa ue 1o véo dikaio n avoikti 6dAacoa, oav
autoreAéc KabBeoTwe, apyiler perd ta 200 v.u., O6nA. ueta 10 1éAog The AOZ». Evdiagépov, TEAOG,
TTapouaiadel To yeyovog Ot n avoixtr 6dAacca opildtav avékabev apvnTikd. ZUPQWVaA PE TO
GpBpo 86 Tng ZUuPaong AO® wg avoikT) BGAacca — TTou, ag onuelwBEi, gival eAelBepn yia OAa
Ta KPATN TTAPAKTIO Kol TTEPIKAEIOTA - opifeTal ekeivo TO TUAMA TG BdAacocag, To oTroio dev
mepIAapBaveral otnv AOZ, tnv aiylaAimida ¢wvn Kal Ta ECWTEPIKA UdaTta evdg KPATOUG, 1 OTA
apxITreAayIk& Udata evog apXITreAayikou KpaToug [22].

Eivar cagég o1 n Béommion tng AOZ disukdAuve Katd TTOAU TO TTAPAKTIO KPATN OTIG
TTOAUETTITTEDEG TTPOOTIABEIEG TOUG YIa PEYAAUTEPN TTPOCPBACN OTov «TTAOUTO» TnG BAAacoag.
Eivar evdeikTiké o611 n eméktaon tng dikaiodoaoiag Toug otnv AOZ, tepiopioe Katd 36% tnv
TTEPIOXN TTOU KAAUTITE N AvoIKT BGAacOoa, CUCOWPEUOVTAG UTTEP TOUG TTO00OTO 95% TrepiTrou
NG TTaykéouiag aligiag. MaAioTa, eviog authg TnG Cwvng, TO TTAPAKTIO KPATOG WTTOPEl va
QOKAOEI TO KUPIAPXIKA SIKAIWMPATA TTOU doKoUoEe oTnV upahokpntTida péxpl Ta 200 v.u. (€peuva,
eKUETAANEUON) Kal ETTITTPOOBETO PTTOPEI va AOKNOEl OEIPd ATTOKAEIOTIKWY OIKAIWHATWY, OTTWG
gival, 1.X., N aAigia Kal n dIATAPENON TWV QUOIKWY TTOpWV Twv udaTwyv NG AOZ, il n TTapaywyn
evépyelag atrd Ta UdATA, TA PEUPATA KAl TOUG avEPOUG. Ag onpelwBei, TTavTwg, 6T TTapd Ta 6oa
wEeANUATA aTTéKTNOAV Ta TTAPAKTIa KPATn £viog Tng AOZ Trapéueivay, yia OAa Ta Tpita KPATn,
TTaPAKTIa Kal TTEPIKAEIOTA, oUMQWVa Pe Ta apBpa 58(1) kai 87 o1 eAeuBepieg NG vauaITTAoiag,
UTTEPTTTNONG, TOTTOBETNONG UTTORPUXiWY KaAWDdiwY, aAgiag Kal TTIOTNUOVIKAG épeuvas. Me Thv
uioBétnon Aoimmov Tng AOZ avékuwe 1o CATNPO TNG OpIoBETNONAC TNG. Kal To €pwTnua TTou
avékuye ATav TTwg AapBdavel otnv TTPAEN n opioBETnon emkaAuTITouEvwY AOZ, dedouévng TnNG
oTevAG ouvdeong ugalokpnmidag kar AOZ. Zopewva, kat  apxAv, pe 10 dpBpo 74(1) Tng
2UuBaong AG, TTou éxel TiTAO «[0]p10BETNON TNG ATTOKAEIOTIKAG OIKOVOUIKAG ZWVNG UETALU TWV
KpaTtwv Pe évavTi ) TTPOOKEIMEVEG AKTEG», N 0pIoBETNON TNG «ATTOKAEIOTIKAG OIKOVOUIKAG ZWvng
METOEU Twv Kpatwv pe €vavil aAAAAWV 1 TTOPAKEIPUEVEG OKTEG TTPAYUATOTTOIEITAI KATOTTIV
oupowviag he Baon 1o AigBvég Aikalo 6Twg opifetal oto dpBpo 38 Tou KaraoTtaTikoU Tou
AieBvoug Aikaotnpiou (AA), pye okomd Tnv emiteuén Oikaing AUong». Evw, katd Tn dedTtepn
TTapaypa@o Tou 1diou dpBpou, oTnNV TTEPITITWON TTOU KATAOTEI adlvaTn n cup@wvia TG TTPWTNG
TapPAYPAPoU Ta evOIAPEPOUEVA PEPN, MECT O €UAOYO XPOVIKO SIACTNUA, TTPOCPEUYOUV OTIG
o1adikaaieg TTou TrpofBAEéTTovTal oto Mépog XV. Ag anueiwBei dw 6T evw ato Mépog XV Tng
ZUuBaong A® TrpoBAétTeTal n dieuBéTnon TNG dIaopds WEow cuvdiaAAayrg, eviouTolg dev
uQioTaTal UTTOXPEWGCN CUPKOPQWONG TN OXETIKN atmogacn. ATTé Tnv AAAN TTAEUPd, OXETIKA JE
TNV 0pIoBETNON TNG UPAAOKPNTTIdOG, OTTWG opBd avagépeTal «oTn VopoAoyia kail Tn d1ebvh
TIPOKTIKA, N OPIOBETIKN YPAUMN TNG UQPAAOKPENTTIOOG CUMTIITITEI TTAVTOTE WE TNV OPIOBETIKN
ypauu NG ATTOKAEIOTIKAG OIKOVOMIKAG Zwvng Kal avTIoTPOPWS» Kal «EEUTTaKoUueTal 0TI TA
TTAPAKTIA KPATN TTou €xouv Rdn TTpofei oe oploBéTnon TnG u@alokpnidag Toug, KAtd TNV
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oploBétnon NG AOZ Ba TTpéTTel va @appolouv TIG idIEG apXEG Kal KAVOVEG WAOTE va UTTAPXE! N
AVWTEPW TAUTIOT TWV OPIOBETIKWYV YPAUNWVY» [23].

FTEQOIKONOMIKH AIAZTAZH THX ANATOAIKHZ MEZOrEIOY

O1 udpiteg peBaviou, 1 alig evudatwpuévol udpoyovavBpakes (gas hydrates), [cwpuartidia
OTEPEAG MOPPNGS aTTd popIa VEPOU Kal PUOIKOU agpiou udpoyovavBpaka], armroteAoUv pia véa
MOP®NA EVEPYEIOKWY TTOPWY TTOU £XOUV CNUAVTIKO YEWTTOAMITIKO Kal TEXVOAOYIKO evDlapEpov. Kal
TOUTO BIOTI Ol EKTIMAOCEIC TWV aTTOBePdTWY TOUG EeTTEPVOUV OAWY TWV AOITTWYV CUUBATIKWY
evepyelokwy atroBepdtwy. Me Tnv uttdpxouoa TEXVOyvVwOid, N eKUETAAAEUCT] TOUG AVOUEVETAI
ota eméueva 10-15 xpdvia va KuplapxAoel aTnv TTaykoouia ayopd, evw Ba atmmoTeAéoouv Tov
TTPWTAYWVIOTIKO EVEPYEIOKO TIOPO TOU TIAQVATN TV €TTOPEVN EIKOOOETia. ‘Exouv  TUXEI
TTAYKOOMIOG TTPOCOXNG, YIATI aTTOTEAOUV iICWG PEANOVTIKA pia avegAvTAnTn TNy QUOIKOU agpiou
[24]. MdaAhioTa, n EE €xer avamtiger gpeuvnmikd TTpoypduuaTa yia ToV eVIOTOHS TBavwyv
KOITaOPATWY udpItwyv. Méxpr oAuepa, udpiteg uebaviou £xouv Bpebei otn NopPnyikr OdAacoa,
TN @dhacoa Mtrépevig kal Tnv Avat. Meoodyelo. To Kévipo MewAoyikwv MeAetwv Twv HIMA
(USGS) exkmiyd 61 n Avar. Meodyeiog ptropei va d1aétel mepioodTepa ammd 300 Tpio. KUBIKA
modia (Tcf) ekpetaAAevoipou Quaoikou agpiou [25]. Ooov agopd T NA Meodyelo koiTdopaTa
éxouv Bpebei votiwg NG KpATtng, otnv mepioxn voTia Tou KaoTteAAdpidou kal petagy Podou —
Kutrpou (uttoBaAdoaia opooeipd «Avagipavopogy) [26] kal o TTpéa@aTta aTn Aekavn Tou AéATa
Tou Neidou (Niger Delta Basin) kai otn Aekdvn 1ng AeBavtivng (Levant Basin) ota koitdopata
«Tamar», «Dalit» kai «Leviathan» petalu Twv ATTOKA€IOTIKWY Olkovopikwy Zwvwyv (AOZ)
Kutrpou, lopaniA, Aifdvou kai Aiyutrtou (UTToBaAdooia opoocipd «EpatooBévng») [27].

Mépav TNG KpioIuNg onuaaciag TTou adliau@IoBATNTA £XEI N TTAPOUCIA EVEPYEIOKWY TTOPWYV OTO
BuBs6 TG Avar. Meooyeiou, n yewoikovouik atmoudaidtnta NG Meooyeiou ©@GAaocoag guvoAika
eVIOXUETAI TTEPAITEPW KAl ATTO TO YEYOVOG OTI QUTA ATTOTEAEI TOV KOIVO TOTTO TPIWV NTTEIPWV:
EupwTtng, Aciag kai Agpikng. Emonuaiveral 611 otnv TTapouca avaAuon n Meoodyelog kal o
Mepoikdg KOATTOG evidooovTal YEWTTONITIKG aTnv idla TTEpIPEPEIR, vy N Toupkia kal n Aiyutrtog
(ZouéQ) pTTOpPOUV VO QVTIUETWTTIOTOUV WG XEPOoaieg Kal BAAAOOIEG YEQUPES aAvAPECT OTNV
Eupwtn kai 1 Méon AvatoAl — NA Agcia. 210 TTAciolo autd, n EAAGDa katéxel Béon
OTPATNYIKAG onuaciag yia TiIC BaAdooIeC PETAPOPEG TTOU KivouvTal oTov Géova Alopwv —
MepoikoU KoOAtTou [28]. AvékaBev n Meodyelog ammotehouoe Cwvn TTOMITIOTIKNG oUvBeong aAA&
Kal avTITTapdBeong 1 ouykpouong, KaBWg éva HeyAAo PEPOG TNG IOTOPIKNG KANPOVOUIAG AaWV pE
TTavVTEAWS  OIAPOPETIKI] KOUATOUpa  (apafIKOG, HOUGOUAWAVIKOG, €UPWTTAIKOG TTOMITIONOG)
ouvdéetal pe TN BaAacoa auth (ApaBeg, OBwuavoi, 'EAAnveg, Bulavtivoi, Eupwtraior). To
YyEYovOg OTI PEPOG QUTWYV TWV BIAQOPETIKOTATWY £EAKOAOUBEI Kal Orfjuepa va ouvavidral, va
OUVOIaAEYETAl Kal va avTITTapaTiBeTal otn voTia TTAeupd NG Meooyeiou ogeileTal, Tépav Twv
GAAWV, Kal OTN YEWTTOAITIKA KaI YEWOTPATNYIKA ONUOCIA AuTAS TNG TTEPIOXNG, 10iwg TNG Avar.
Meooyeiou. Ag onuelwBel OTI TO avaTOAIKOTEPO TUAMA TNG ATTOTEAEI TO ONUAVTIKOTEPO aATTO
OIKOVOWIKA, YEWTTONITIKA Kal oTPATNYIKA dmmoywn [29].

EidIka yia Tnv Avar. Meodyelo, TO evOIa@EPOV ETTIKEVTPWVETAI OTIC OU0 BaAAoOIES TTUAES TNG,
MEOW Twv oOTToiwv ouvdéeTal e AAAeg BAAacoeg Kal wkeavoug. Tnv TTpwTn atmd auTég
atToTeEAOUV Ta 2Tevd Twv AapdaveAdiwy, pe Ta otroia n Meodyelog (kai To Ayaio MéEAayog) £xouv
emkoivwvia pe Ttov EUEeivo Tlovio kai mig MNapeugeivieg Xwpeg, evd aKOAOUBWG yI' QuTég
eCao@alifeTal n €£000¢ OTIC aVOIKTES (Bepuég) BAAaooeg. H delTepn TTUAN TNG Avar. Meooyeiou,
TTou atroTeAei KOUPIKG onueio yia TRV odaAn dieEaywyrn Tou TTayKOOUIOU eUTTOpiou, €ival n
Alpuya Tou Zouég, n OTToid CUVIOTA TOV OUVOETIKO Kpiko HeTaEU ATAavTikoU Kai IvaIkou
Qkeavou, KaBwg ol péow Meooyeiou BAAACOIEG UETAPOPEG €XOUV T OUVTONOTEPN Oladpoun
avaueoa oe autoug (BA. oxAua 3). Me Tn ouykekpigévn KATaoKeUr, N MeoOyEIog ETTIKOIVWVEI
ammpOoKoTITa hE TNV EpuBpd ©OdAlacca kal atmoktd mTpoécfacn oTtov lMepaikd KOATTO Kai Tov
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Ivoikd Qkeavd, aTTOTEAWVTAG PE TOV TPOTTO AUTO £vav AVAVTIKATACTOTO KPIKO OTn METOPOPIKNA
aAucida kal oTov avepodiaouo Tng Eupwtng (aAAG Kal 6Aou Tou Aeyouevou AuTikoU K6opou) e
Ta TTETPEAQIA TNG TTEPIOXNG TOU [epaikou KOATTOU Kal Ta euTTopIkd TTpoidvTa NG Aciag kai Tng
avaTtoAikic A@pikn¢ [30]. Emouévwg, n Ttrepioxny tTng Avar. Meooyeiou avayvwpiletal wg
ONUAvVTIKOG Xwpog Olebvwv BaAdooiwy PeTaPopwyY HE KOPPBoUG Ta HeyaGAng euPeAciag
EUPWTTATKA AlYdvia OTO VOTIO TUAUA TNG nireipou. Xdpn otn Aiwpuya Tou 20u€d Kkal Tn
ouvakoAouBn ouvtéueuon oTtn ouvdeon petafu IvoikoU kair ATAavTikou Qkeavou, n Avar.
Meodyelog e€uttnpetei évav TepAoTio apIBUG ouykAIvOUCWwYV (TTAYKOOMIWY) BaAdooiwv (elgewv
Kal TTANBwpa dpopoloyiwv. ATTO TNV AAAN TTAcUpd, n AuTik Meodyelog KaTtaAAyel oTa ZTevd TOU
MNBpaATdp péow Twv OTToIWV cuvdésTal e Tov ATAAVTIKO QKeavd. Aldpop@uvovTal, ETTOUEVWG,
O0Uo PBaocikoi Gfoveg, pe 1IDIaiTEPN onuacia yia TIG BaAdooleg PETAPOPEG: a) ATAQVTIKOG -
Meodyelog - EpuBpd ©dAacoa - Ivaikog kai B) Maupn @dAacoa - Alyaio — Meodyeiog - IvOIKAG.

= LoTEPN S1adpopn

= Aladpopn METd THY
KATAOKEVA TNS SIwpuyag

IXHMA 3. H emippor| Twv AlwpUywv Zouég kai Mavaud omig BaAdooieg petapopég [31].

MdAioTa, n Alwpuya Tou 2Zouél diatnpei OonUAVTIKOTATO POAO OTnV €EUTTNPEETNON Tou
guTTOpiou peTagl Aciag kal Eupwting, kAT TTou Asitoupyei 18iaitepa uttép TNG EAAGDAG, epdoov
ONUAVTIKEG ETTIXEIPNUATIKEG €UKAIPiEG BlEUKOAUvovTal Adyw auTAg. MAAIOTA, pe TN PETATOTTION
apIBuoU TTAciwv TTPOg To Alpdvi Tou [leipaid A TNG Ococalovikng KAl OTn CUVEXEIQ WE TN
o10NPOJPOUIKA TTPOWBNCN TWV EUTTOPEUMATWY (Kal €IOIKOTEPA TOU TTETPEAQiIOU PECW AywyWY)
TTPOG TIG BAAKAVIKEG XWPES Kal TIG XWPES TG Keviplkng kal AvatoAikng Eupwtrng, uttdpxel n
duvartotnTa va armrooupeopnBei n Baldoola kukAhogopia otn Meodyeio (BA. oxnua 4) kai va
MEIWOOUV Ta auénuéva PETAPOPIKA KOOTN TTOU TTPOKAAEI N €TTIAOY WG TEPUATIKOU OTABUOU TWwV
TTAOiWV o1To1081TTOTE onueiou dUTIKOTEPA TG EAAASOG. 18iwg, To Aiudvi Tng @eooalovikng Kai n
ETTEKTAON TNG O10NPOJPOUIKAG TOU oUVDEDNG e TN Bapva i akdpa kai 1o Aigdvi Tng KwoTtavt{ag
otn Poupavia, 010 TTAQICIO TWV CUVOUACUEVWY PETAPOPWY, WTTOPEI va KATAOTAOEl dUVATH TN
OIEKTTEPAIWAN TOU EUTTOPIOU MPE TIG XWpPEG TTou BpéxovTal ammd Tn Maupn @dAacoa, xwpig va
armaitnBei N dIEAEUON Twv Kopeopévwy XTevwyv Tou Boomodpou [32]. Aedopévng kai Tng
TeEpaITEPW OleUpuvaong TN EE oTov yewypa@ikd xwpo NG BaAkavikhg, avaAoyeg euKalpieg
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EVTOTTICOVTQI O€ UTTOWNAPIEG TTPOG £VTAEN XWPES, AAAA Kal € O0EG YEITVIAJOUV E TNV TTEPIPEPEIQ
NG EE. O1 oUyxpoveg UTTOBOUEG e TIG OTToieg TTAaICIWVETAI (1] Oa TTAQICIWOE 0TO OpaTd PEAAOV)
TO AIpdvi TNG @eooalovikng PTTOPE va To avadeicouv o€ TTUAN EUTTNPEETNONG TWV PETAPOPIKWV
QVAyKWV TTou EETTEPVA TNV TrEpIPePEIakn epBEAcia. Kal TouTo 816TI TO Aidvi TG @eaoalovikng,
EKTOG aTTd TIG YEITOVIKEG XWPES TNG NA EupwTng, YTTOPEI va aTTOQOPTIOEI TOV OYKO QOPTiWV TTOU
olakiveitTal péow 2Ztevwv Boomdpou - AapdaveAdiwv, KaBwg eTmiong kal Tov OyKO TwV
OIaKIVOUPEVWY eUTTOPEUNATWY HETAlU TG Eupwting kai Tng Pwaiag, Tng Oukpaviag kal Twv
GAAWV XWPWV 0TN YeVIKOTEPN TTEPIOXN TOU Kaukdoou.

Ooov agopd Tov TOPED TNG EKPMETAAAEUONG evEPYEIAKWY TTOPWYV, N KUTTpog Kail To lopanA katd
TNV TPEXOUOA XPOVIKK TTEPIODO €XOUV EVTATIKOTTOINCEI TNV CUVEPYAOIA TOUG CNPAVTIKA, KABWG TO
KoiTaopa «AePiaBavy» TTou oploBeTeital PMETAEU Twv OUO XWPWV EKTINATAI OTI BIABETEI QUOIKO
aéplo TNG TA¢NG Twyv 300 &10. KUBIKWY PETPWY (bcm). TMapdAAnAa, Oev atTokAgieTal TO
«\eB1dBav» va tepiExel Kal Ikavd atroBéuara TeTpéAaiou. To koitaopua «Cyprus A», 1 aANIwg
«OIkoTTedO 12» (BA. oxnua 5), oto 6pio NG Kutrpiakng ATTOKAEIOTIKNG OIKOVOMIKAG ZWvng
(AOZ), atroteAei ouciaoTIKG Mo evoTnTa pe TOo «AegBidBavy». Tig épeuveg kal TIG AdeIES
EKMETAANEUONG TWV KOITOOPATWY Tou lopanA éxel avaAdBel n apepikavikr etaipeia Noble Energy
Ltd TTou €dpelioel aTo XioUOToV 0€ KOIVOTTpagia Pe 1I0panAIvEG eTalpeieg. ZTnv idla eTaipia €xeEl
avateBei n ddeia yia TNV €peuva TOU TTOPOKEINEVOU KUTTPIAKOU «OIKotTédou 12». Ta KoitdopaTa
PUOIKOU agpiou Kal TreTpeAaiou TTou €Xouv evrommioTei otnv Avar. Meodyelo kal n didxuTn
TETT0iBeon OTI N upUTEPN TTEPIOXA TTOAU TTAOUCIO O€ EVEPYEIOKOUG TTOPOUG TTPOKAAOUV TPIPREG,
non amé 1o 2008. Emonuaiveral, woTdoo, OTI N £KPUOUN KATAOTAOTN TOU apafIiKoU KOOHOoU
OTTWG ATTOTUTTWVETAI PE TOUG TPIYHOUG Kal Tn dIGAUCN TwV KPATIKWY OOPWY TTOAAWV atmd Ta
XPOVIO TTayIwUEVA aUTAPXIKA KOBeoTWTA TNG TTEPIOXAG, KABWG £1Tiong Kail didgopa ¢nThuaTa
TTou €mdpoUv 0€ KAIJakoUupevo BeBaiwg BaBuod oTig diebveic oxéoelg, 6TTwg 10 Koupdikd, TO
MaAaioTiviokd, 10 Kutrpiakd Kal ol EAANVOTOUPKIKESG SIOPOPES, KABIOTOUV TIG XWPEES TTEPIE TNG
Avar. Meooyeiou aTTOOEKTEG ONUAVTIKWY YEWOTPATNYIKWY ETTITTTWOELWY. Ta TTAPATTAVW, OE
OUVOUOOUO pE TNV TTPOKANCN TWV VEWV EVEPYEIOKWY KOITAOPATWY Tng Avar. Meooyeiou,
onuioupyolv éva oAoéva Kail TTIo TTEPITTAOKO YEWTTOAITIKO TTepIBAAAOV. MAAIOTA, O TTPOCPATEG
eCeyépoelg KaTd Twy KabeoTwTwyv TNG Méong AvatoAng kal NG Bopeiag AQpIKAg ptmopolv va
AEITOUpPYAOOUV ATTOOTABEPOTTOINTIKA Kal YIa Tov UTTOAOITTO apafIKG KOOPO Kal Téavotara va
ETTNPEACOUYV apvNTIKA Kal TIC GAAEC VEITOVIKEG TOUG TTEPIOXEC. Alagaivetal AoITTOV  OTI
OnuIoUpYEITal WIa OUYKPOUGIOKH KaTdoTacn aufoueiouuevng évracong oe Pdabog xpdvou, n
OTTOia, €KTOG aTTd TNV EMOLIVWON TNG E0WTEPIKAG KATAOTAONG ACPAAEING OTIG iBIEG TIG XWPEG
OTTOU TTPAYUATOTTOIOUVTAI Ol EEEYEPTEIG, Ba £XEl WG ATTOTEAECUA KAl TRV avAduan VEWV ATTEIAWY
Kal Kivouvwy, KaBwg: a) Ameleital n oTtaBepdTnTa OTnV €UPUTEPN TTIEPIOXH TOU apafIKou
k6opou. B) Emnpedlovral o1 oxéoeig ouvepyaoiag / oUyKpouong MHETALU Twv XWPWV TToU
EUTTAéKOVTOI OTIG €CeYEPOEIC. Yy) AnuioupyouvTtal TTpoUTtoBécelg yia véa padikd pelpoata
METAVAOTWY Kal TTPooQUywV TTpoG TIG XWpes TNG Eupwting. 8) H evepyelak ac@daAsia Tou
OuTIKOU KOOpou TiBeTal o€ au@IBoAia, kal €) AUuEAveTal N TIUA TWV EVEPYEIOKWY TTOPWV Kal
dlakuBeveTal MOAvVWG N idia N avakapyn TNG TTAYKOOHIAG OIKOVOIaG.
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Anoarace [epmd
and yerovika hipdvia

OPTANIZMOE AIMENOZ MEIPAIQE AE.

IXHMA 4. EAAnvIKOi Aiéveg wg aUvOeTHOG yia BaAdooieg peTa@opEg [33].

IXHMA 5. To Kutrpiaké «OI1ko1Tedo 12» [34].
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H KYTIPIAKH MNMPOZIMAOEIA ZTON TOMEA THZ ENEPIEIAZ

O1wg KatéoTn TTPOPavEG aTTd TO QVWTEPW, TA €upnuaTta otn BaAdoola Treploxn MeTagu
Kutrpou, Alyotrtou kail lopafA TTpooédwaoav 1I81aiTepn evepyelakn agia otnv Treplox vOTIa TNG
KuTtrpou [35]. Z& eUAoyo Xpdvo, n Kutrpog (e1Ti Mpoedpiag Tadooou Matraddtroulou) TTpoxwpnoe
oTn d1adIKagia Tou TTPWTOU YUPOU TTOPAXWPNOEWY AdEIWV VIO £PEUVEG, OTTWG TTPOBAETTEI N
avaioyn Eupwtraik Odnyia kai o1 vopor 1ng Kutrpiakrg Anpokpartiag. Or KIVAOEIG auTég ATaV
eKOAAWON ATTOPACIOTIKOTNTAG YIa TAV AOKNON TWV KUPIAPXIKWVY SIKAIWPATWY TG KUTTpou otnv
AOZ 1ng. H Toupkia, Ouwg, dev TTapEPeive atmaBng. XpnolUoTToIWVTAG TN YVWOTH TOAKTIKN
auBaipeTwyv OIEKBIKACEWY, €EEOWOE ABEIEG €PEUVWV OTNV TOUPKIKN KPaTIKA eTaipeia TPAO,
duTIKG TNG KUTTpou Kal PE PEPIKR ETMKAAUWN KATToIwY PTTAOK TNG KutrpiokAg Anuokpariog. H
OnuoCicuon TWV OXETIKWY XAPTWV €iXe OKOTTO va dnuioupynoel TTpoBARuaTa otnv ekdNAwaon
eVOIOPEPOVTOG aTTO EEVEG ETAIPEIEG TTOU NBEAQV VO CUPPETAOXOUV OTOV YUPO TTAPOXWPNOEWY
NG KutrpiakAg AnuokpaTiag, agou, oToug XapTeg auToug TTou e€€dwaoe n Toupkia, gival cagAg n
aAAnAoemmikKGAUYN Twy TTapaxwpAocewv TG Toupkiag kal ¢ Kutmpou oto BA pépog Twv
Tapaxwpnoewy. EmimAéov, Adn ammd 1o 2008 n Toupkia ekivnoe TN - yvwaTr AdN atréd 10 1973
ava@opIKa ME TO AIyaio - TOKTIK) TwWV TIPOKANTIKWY EVEPYEIWV OTIC BAAGOOIEG TTEPIOXES
KUPIOPXIKWVY OIKAIWPATWY TnG Kutrplakng Anpokpartiag. Ektég ammd 1o mpoBAfuara Trou
TTpokdAeoav oTnv KUTIPO, O OUYKEKPIPMEVOI TOUPKIKOI XAPTEG dnNUIOUPYOUV TAUTOXPOVA Kal
ooBapd EPWTNUATIKA avo@QopIKa ME Ta €AANVIKA OCUP@EPOVTA. AyVOWwVTag ETTIOEIKTIKA TNV
EANGOa, n Toupkia egagavicel Tnv u@alokpnTrida - AOZ tou KaoTeAAdpiou (BA. oxrpa 6) kai
TapeuBaivel évrova oTtnv (TTpog BIaKNPUEN, €pdoov auTd KpiBei okOTIPo) eAAnviky AOZ.
E@apudlovtag Tn yvwoTA TTPAKTIKA TNG avakoAouBiag pe 1o AigBvég Aikaio Tng @dlacoag [36],
WOoTe OTTOU aUTO €EUTINPETEI TIG EMIBIWEEIC TNG VA TO £QAPPOLEl KOTA YPAUPa Kal OTTou &gV TN
OuUp@épel, €mMOEIKTIKG ayvoei TOUuG avTiOTOIXOUG OIKAIKOUG KavOVveG, €VIAOOOVTOG OTnv
eTMYEIPNPATOAOYia TNG TNV acUpPBaTn e 1o diEBVEG dikalo Evvoia Tou «{wTIKOU Xwpouy [37].

Mediterran=an sea

ZXHMA 6. Alaxwpiopdg Bahacaiwv {wvwv NA Meooyeiou, katé Tnv ToUupkikr arroywn [38].
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IXHMA 7. AttokA€IoTIKEG OIKOVOUIKEG ZWVEG TwV KpaTwV TNG EE otnv Av. Meadyeio CUP@QWVA PE TNV €V
10XU AieBvoug ZupBaong yia 1o Aikaio TG @dAacoag [40].

270 oxAMa 6 TTou TTPONYABNKE, €ival €UPAvVRG N TOUPKIKN TTPooTTrdbela va BewpnBei 6T n
KUtrpog arroteAeital ammé duo KpAaTtn, pE TNV atmmokaAoupevn «NoOTio» KOtrpo va d1aBETel pia
apkeTd Treplopiopévn AOZ. EmimTAéov, Pe autlOv Tov TPOTTO oI ToUPKO! KAVOUV TTPOQAVA Tnv
dpvnonf Toug va dwoouv dikaliwuara AOZ otnv KpAtn kai ota Awdekdvnoa, evw, PE TNV
amoTUTTWoN TNG OUYKEKPIYEVNG oploBETnong, dlagaivetal va dnAwvouv Ot £xouv BaAdooia
ouvopa e Tnv Aiyuttto. H ooBapdtnta Tng uttdBeong £yKelmal oTo yeyovog OTI £Xouv ndn
TTpooeyyioel TIG AIYUTITIOKEG APXEG IO TNV ATTodoXr Pia TETolaG oploBETnong TTou dev Ba divel
Oikaiwpata AOZ ata eAAnviké vnoid KaoTeAAGpIfo kal ZTpoyyUAn Kal €101 va €MTUXOUV TO OTI N
AOZ 1ng Alyutrtou cuvopelel pe Tnv AOZ 1ng Toupkiag. Auté BéBaia cuvettayetal OTI KaTé TNV
OIKNn Toug TTpooéyyion dev uttdpxouv BaAldooia cuvopa avaueoa otnv EAAGSa kai Tnv KuTrpo. H
OAn kartdoTtacn emodeivwlnke 1o 2009 pe TNV TPOOECNn TNG KUTTPIAGKAS KuPBépvnong va
TTpoxwproel o€ OtUTEPO YUPO TTOPAXWPNOEWY, AYVOWVTAG TIG TOUPKIKEG avTidpdoelg. Ol
TTPOBECEIG TNG KUTTPIOKNG KUPBEPVNONG €ixav wg attoTéAeoa Tnv dueon avtidpaon Tng Toupkiag
pE €kdoon VEWV OdEIWV PE QVTIOTOIXOUG XAPTEG, OTNV KPATIKA eTaipeia TreTpeAaiou TPAO. Ol
JovouepEic KIVAOEIG TG ToupkKiag, o vEOG XAPTNG TTapaXwWPEAOEWY KAl N TOUPKIKA €UPOVA O€
TeEpAITEPW OIEKOIKACEIS TTPOKAAEI TTepaITEPpW TTPOoPARUaTa otnv EAAGSa, n otroia emmi Tou
TTaPOVTOG €xel avTidpdoel egalpeTikd NATa. O1 BaAdooieg olkovoulkéG Cwveg KOtrpou Kal
EAAGDSaG, Ba ATav evwuéveg av epapuoloTtav To O1eBvEC dikalo. Me TIG TOUPKIKEG ETTIOIWEEIG
auTég dixoTouoUuvTal Kal atrokéTTovTal [39]. To Tmwg Ba opioBeTouvtav o AOZ Twv Xwpwv TnG
voTIoavaToAIK G Meooyeiou av epapudlovtav pnTd Kal atmapEyKAITa ol TTpoBAEWEIG Tou dieBvoug
Aikaiou NG ©dAacoag TTapoucidoTnke oto oXAua 7. Eival ep@avég o1 n eAAnvikr) AOZ Ba gixe
KOIVA onueia emaQAG PE TNV avTioToiXn KUTrpiakr, evw, n AOZ tng Alyuttou &ev £Xel KOIva
ouvopa Je autrv Tng Toupkiag, Ta otroia Kal CAPEPA N TEAeuTaia @EépeTal va dIATTPAYHATEUETAI
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oploBétnon Toug. Emmiong, emonuaiveral 10iaitepa n €mBETIK TTOMITIKA TNG Toupkiag Kal n
XPNOIYOTTOINON TWV £PEUVWIV TTETPEAAioU Kal TNG KpaTiKAg etaipeiag Tng (TPAO) otnv Goknon
ETTEKTATIKAG TTONITIKAG. YTT6 TNV €vvola auTh, yia Tnv EAAGDaA, n uéxpl Toude avaBAnTIKOTNTA (O€
BéuaTta opioBétnong AOZ) dlvartal va Tnv odnyroel GTn CUPPIKVWAON Twv KUPIaPXIKWV
OIKAIWMPATWY TNG.

Mépav Twv TTpoavA@PEPBEVTWY  YUPpWV  TTapaxwpAoewy Tou £toug 2009 yia €peuveg
udpoyovavBpdkwy, Togo ammd KutrpiakAg 600 Kal atrd ToupkIKAG TTAeUpAg oTnv TrepIBAAAouca
BaAdoola epioxn TG Kutrpou, N avakdAuwn Twv EVEPYEIAKWY KOITAOUATWY oTa 6pia Twv AOZ
Kutrpou kai lopanA, PeTEBaAe apdnv Tnv KUTTPIAKA oTpaTtnyikr). TouTto &IOTI OTn CUYKEKPIMEVN
TTEPIOXH TWV KOITaOPATWYV (Levant Basin) n Toupkia dev €Xel TN YEWAOYIKK, YEWQPUOIKA aAAG Kal
01eBvodikarikr) duvatoTnTa va SIEKDIKACElI KOITAoHATA udpoyovavopdakwy, aAlAd olTe Kal hE Tnv
TTapouoa TTONITIKA TNG £vavTl Tou lopafA utropei va avaueixBei o€ emixeipnuatikéd emimedo. ‘ETol,
n KOmmpog ekpeTaAAEUSPEVN QUTA TH YEWTTONITIKA Oouykupia, ApBs 10 2010 o¢ ocuvepyaoia pe 1O
IopanA  €MITUYXAVOVTOG CUMQWVIA YId OCUVEKUETAAAEUON TWV YEITVIAZOVIWY KOITAOUATWY
«N\eP1dBav» kal «OIkOTEdO 12» NG Aekdvng NG «AegBavtivng» wg pia eviaia TePIOXA
evOIaQEPOVTOG Kal yia Ta dUo Kpdrtn. O1 1Mo Tpoc@aTeg O PEANETEG EKTIUNOAV HE I0XUPES
evOeifelc O To KoiTaopa «AeBidBavy, d1aBéTel aépio 453 d10. KUBIKWVY PETpwy. H yewTpnon otov
«\eBidBavy» Eekivnoe evidg Tou 2011 amd Tnv eTaipeia Noble Energy Ltd kai, cUpgwva pe TIg
EKTIMAOEIG TWV ETAIPEIWV TTOU EUTTAEKOVTAI TTPOPRAETTETAI va €xel JeyadAn emiTuxia. Madi pe T0
OUPTTAEYHO TWV KOITAOUATWY « Tapdp», Ba utropolce va atmoTeAETEl PIa ATTO TIG TTIO ONUAVTIKEG
AVOKOAUWEIG EVEPYEIOKWY TTOPWYV TWV TEAEUTAIWY ETWV KI ATTO TIG HEYOAAUTEPES OTOV KOOUO, EVW,
oUPQWVa PE TNV ePnuepida Economist, Ta 600 KoITAoUATa Ba YTTopoUcayv va TTAPACXOUV aEPIO
agiag 4 d10. doAapiwv eTnoiwg. Tautdypova, To KoitTaopa «Cyprus A» 1| aAMIWG «OIKOTTEDO 12»
™N¢ KumrplokAg Anuokpartiag eikaletar o1 €xel mBava atrobéuara agpiou 300 di10. KUBIKWY
METPwV [41]. QoTO0O0, cival TTOAU TTPOWPO va HWIAG KAVEIG e atrOAuTn aiolododia, Kabwg aTd Tn
MIa akéun dev gival oiyoupo TI AKPIBWG Kal O€ TI TTOOOTNTA TTEPIEXEI TO KOITaoPa «/AefidBavy,
EVW VIO VO TTPOXWPNOEI £va TETOIO £€PYO ATTAITEITAI CEIPA DIAKPATIKWY CUNPWVIWY TTOU A@opouV
TIG BaAdooieg {wveg. H TpwTn, TTOU agopolae pia cup@wyvia yia Tnv opioBétnon AOZ Kutrpou -
lopanA, emTelxbnke pe TNV uttoypa®n ¢ oTic 17 AekepBpiou 2010. H Zupowvia atroTeAei
TepaITéEpw BAMa katoxupwong Tng AOZ tng Kutrpou, «yepifovrag» 1o Kevo peTagu AlyUTITOU Kal
NIBAGvou, VYEITOVIKEG XWPES ME TIC oTroieg nNOn Ppiokovralr avdAoyes ouppwvieg o€ 10XU.
Anpioupyei, 0g, TIC TTPOUTTOBETEIC Kal yia OUVeEKUETAAAEuon Tou BaAdcaiou TTAOUTOU, ME Hia
1B1aiTEPA 10¥XUPN XWwpa, OTTwg 10 lopanA, oTéAvovtag cagég unRvupa otnv Toupkia yia Ta
Kuplapxiké Oikaiwpata Tng Kutrplokng Anuokpartiag, Ta oTtroid pe autd Tov  TPOTIO
emavaBeBaiwoe o GANOG 1I0XUPOGS TTEPIPEPEIaKOS TTapdyovTag (lopanA) [42].

QoT1600, aykddi yia TNV TIANPN €KUETAAAEUCN TWV EVEPYEIOKWY TIOPWV TNG TTEPIOXNG
TTaPaUEVEL JId ocup@wvia petagu AiBavou kai lopafA, kabwe 10 pev lopanA Bewpei 611 TO
TTOAUTIMO KoiTaopa BpiokeTal og OIKA Tou TTEPIoXn, evw o Aifavog diekdikei To OIKG Tou pepidio.
O AiBavog, o oTtroiog €xel TTpaydaToTroioel OIKEG TOU €PEUVEG OTNV UQaAOKPNTTida TOu,
avNouxwvTag o1l To lopanA Ba TTPoAGREl va KAVEl Xprion TwV KOITAOUATWY 0T ouvopeUovTa
udarta, éxel emTaxUvel €dWw Kal KaIpd TNV TTPOCTTABEIO va ETTIKUPWOEI OXETIKO VOUO yia Thv
evépyela. To lopanA utrooTnpidel OTI Ta «OIKOTTEDO», OTA OTTOI0 TTPAYHOTOTIOIEI €PEUVEG, DEV
emmekTeivovtal oe NiBavédika UdaTa, I0XUPICKO Tov oTToiol oI €18IKOi QaiveTal va Bpiokouv owaoTo,
Kabwg Ta Koirdopata «Taudp» - «AeBidBav» Bpiokovral VvOTIOTEPA TNG UTTOTIBEUEVNG
«Bla@IAovikouuevneg» ypaupng. Ouwg Ta BaAdooia ouvopa avaueoa oTiG dUO0 XWPES OEV £XOUV
opIoTEl AKPIBWG. ZUPQWVA PAAICTA PeE ONUOCIOYPAPIKEG TTNYEG, TO lopaAA oKoTrelel PETA TNV
oploBétnon pe Tnv Kutrpo va 1rpooeyyioel dITTAWMPATIKG Tov Aifavo eAttiCovTag 611 Ba ptropéocel
va £pBel og aupwvia padi Tou o KaBeoTwg diaitnoiag uttd Tov OHE [43]. MNépav Twv avwTépw,
TTPIV HEPIKA XPpOVIa N KUTTPIaKK TTAEUpd TTpooéyyioe TNV EAANVIKA KuB€épvnon Kal TG {AThoE va
TTpoXwprioouv oTnv oploBétnon Tng AOZ petagl Twv dUo KpaTwyv, aAAd n EAANVIKR KuBépvnon
EMQPUAAXBNKE va avTaTtokplBei BeTIKG. TEAOG, anuavTIKO evBIagEpoV TTAPOoUaIdlel Kal TO Yeyovog
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6T mAnv Toupkiag, lopanA, Zupiag, AIBUNG kai Mapodkou, 6Aa Ta umoAoita Kpdtn Tng
Meodyeiou kai Malpng ©aldooag, éxouv Kupwaoel Tn Zuupaocn A@ (yvwoTh €TTiong Kal wg
>UupBaon Tou Montego Bay Tou 1982 rj UNCLOS lll). ETriong, Tnv utté oufAtnon cuupaon €xel
Kupwoel kal N M. Bpetavia TTou otn Meodyelo €xel TrTapouaia Adyw TnG KTang Tou MNBpaATdp Kai
Twv dUOo TTapaxwpenuévng Kuplapxiog Baocswv otnv Kutrpo [44].

2YNOWH KAI ZYMMNEPAZMATA

‘Evag amd Toug Adyoug Tou n Toupkia kaTaywneloe Tn ZuuBacn AG® (to 1982) Artav
OKPIBWG TO yeyovog OTI n oUPPBacn dev UIOBETNOE TIG TOUPKIKEG TTPOTACEIG OXETIKA ME TIG
op10BeTNOEIG ETIKOAUTITONEVWY U@alokpnTTidwv A AOZ oTig nuiKAEIoTEG BANACOEG, TTPOTACEIS Ol
OTTOIEG ATTOOKOTTOUCQV OUCIOOTIKA Ot dia dixotéunon tou Alyaiou MeAdyoug. Mpétel, dPwg,
€W va onuelwBei To €€N¢: N ZUPPaocn AO dev gival oTToI00ATTOTE CUUPATIKG Keipevo. Eival éva
KeieEVO, TO OTToI0 €yIve aTTOOEKTO aTTO TO OUVOAO TnG d1EBVOUG KOIVOTNTAG HE EAAXIOTEC TTAEOV
eCAIPEDEIG, EVW TO PEYOAUTEPO PEPOG TOU KEIMEVOU TOU €xel AON KATOOTEI PEPOG TOU €BIPIKOU
olkaiou. Emopévwg, n dpvnon tng Toupkiag va ammodexBei T puBuioelg Tou 100duVapEi
OUCIOOTIKA ME Apvnon TG va atmodexdei 1oxUov dieBvég dikaio. OpBa avagépeTal o1 «[n] 6An
Bewpnon TG Toupkiag avagopikd pe To Alyaio gival apiywg TTOMITIKA, ouvodeuduevn aTrd
atrelNég TUTTOU «casus belli». Mpokpivel, TTpWTAPXIKA, TIG TTONITIKEG peBOdOUG eTTiAuONG (TT.X.
OIATTPAYUATEUOEIG) TWV OTTOIWV dIAQOpWwY QUTAH opifel, yI' autd Kal n eTTiKapn YeVIKOAoyN
emmikAnon Tou apBpou 33(1) Xdaptn HE, mmou kartaypd@el, evOEIKTIKA, TIG VOMIKEG / TTOMITIKEG
HEBGSOUG BIeuBETNONG Twy dlagopwy. EEGANou, dev avayvwpilel Tn dikaiodoacia Tou AlgeBvolg
AikaoTtnpiou. Or1 TONITIKEG pEBODOI eTTiAucng dlagopwy  (dlaTTpayudTeucn, HECOAAGRNON,
ouvdlaAAayr], KaOAEG UTTNPETIES) ETTITPETTOUV OXETIKA EUKOAQ TNV aTTOPAKPUVON aTrd TNV auoTnpn
EQapuoyn Kal epuNnvelel To 1Io0xUov — cupBaTikd kal €01pIkd — d1EBvEG Sikalo, akOun Ki 6Tav ol
0148IKOI TOU UTTOOEIKVUOUV -lE GUVUTTOOXETIKO- «dikaleg AUOEIG»- euBUBIKia» [45].

H Toupkia €£xer uloBetrioel aryioAimda Zwvn 12 v.y. otn Malpn ©@dAacoa kai Tnv Av.
Meodyelo, Eva yeyovog o€ TTANPN Cup@wyvia Pe TIG TIPoRAEWEIS Tou dpBpou 3 TG ZUupaong AG.
QoTooo0, TV idia oTiyu ateiei pe TOAepo TV EANGSQ, spdoov ekeivn TTPAgEl akpIfwg To idIo
oto Awyaio. ETmtiong, n xdpaén tng alyiaAimdag Cwvng avaueoca ota dUo Opopa KPAtn, Tnv
Toupkia kal TN ZofieTikA ‘Evwon, éAae Xxwpa -0To OXETIKA TTPOC@ATO TTApeABOV- ue Bdaon Tnv
apxn Twv icwv amootdocwy (equidistance). Katl 1o otroio apveital n Toupkia yia 1o Alyaio
MéAayog, emikaloluevn TNV apxni Tng €uBudikiag, TTou oudepia oxEon E€Xel PE TNV AlyloAiTIda
Cwvn [46]. Eival oxedov BERaio 6TI n oTtdon Tng Toupkiag dev gival TTapdvoun he 6poug dieBvoug
oikaiou. ATTO TNV AAAn, Ouwg, TTAeupd cival atméAuta BEBalo OTI TETOIEG TTOMITIKEG Ol OTTOIEG
ouvioTavTal o€ €uKaIpIOK epunveia Kal epapuoyn diatdéewy piag oupBaocng TTaykoouiou
XOopakTApa, 6mwg eival n Zo0uBacn AO® kdBe AGAAoO TTapd PTTOPOUV va CUPBAAAouvV OTnv
0IKOOOMNON VOGS €lpnVIKOU TTEPIBAAAOVTOG Kal evOG TTEPIBAAAOVTOG GuveEPYaOiag Kal ac@AAEIag
otnv TTEPIoXA. MOoAU TTEPICOOTEPO TTOU 01 TTEPICCOTEPEG puBuioelg TNG ZUuuBaong AO €xouv
BeommoBei oe poper package deal, dnAadh oe Bdaon «douval kal Aafeiv», TTou onuaivel OTI A
atrodéxeaal OAEC TIG pubuicelg TNG oUUPBAONG WG «TTAKETO» ] GUVOAIKG TIG aTTOpPPITITEIS [47].
AuTO pTTOpEl va yivel eUkoAa avTIANTITO €dv uTroTeBEl OTI évag apiBudg Kpatwy TTou Oev Eixe
TTPooXwWPNoel oTn ZUPPacn AO ékave €TTIAEKTIKA XPAON TWV €UVOIKWV dloTAEwVY ThG, dnAadh
TWV ONUAVTIKOTEPWY KAPTTWY AUTAG, QYVOWVTAG TIG UTTOXPEWOEIC TTOU aKOAOUBOUV auToUg Toug
KaptmmoUg. Oa ETMKPATOUCE QUTOMATA MIA XOOTIK KATAoTaon, OXI ot OIhEPEG, aANd o€
TTayKOoHI0, TTAEov, eTTiTTedo. Kal ToUTO cival dkpwg eiKivouvo yia Tn d1€Bvi aoc@daAsia TTou padi
ME TNV €BVIKA agloTrpétreia TTou €ival kKal Ta ¢ntoupeva. Ooco yia Tnv EAAGOa Ba Trpétrel va
TOTEWElI OTOV €aUTO TNG VIa va OIEKDIKACEI auTd TToU BIKaloUTal va €xel, Ta OTToia €Av Ogv
O1ekdIKACEl 0TO TEAOG Ba xdoel e@doov Kaveig GAAOG Ogv Ba TNG Ta TTAPAXWPACEI PE BIKF TOU
TTpwToRouAia. O xpdvog dev gival 0 KAAUTEPOG CUPUAXOG OE QUTEG TIG TTEPITITWOEIG.
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H trapouca peAETn KIVABNKE OTnNV KATEUBUVON TOU OXOAIAOHOU TWwV VEWV YEWTTOAITIKWY
oedopévwy otn Meodyeio Odhaooa Kal IDIITEPA TA TEKTAIVOUEVA OTNV AVOTOAIKA Aekdvn Tng,
OTTWG auTd dlapgopPwvovTal atrd TIG TIPOCPATEG XPOVIKA aVOKAAUWEIG ONUAVTIKWY EVEPYEIAKWV
OTTOOEUATWY OTNV €V AOyw TIEPIOXN. YTIApxel TTANBwpa evdia@epopévwy, Ol OTToiol Kal
ouvavtwvTtal oTnv Avart. Meodyeio, pe TiIg eEEAIEEIS TTou KaTaypd@ovTal va gival cuvexeig. Xwpig
N Kataypa@r] TTou akoAouBei va gival atroAUTwg TTARPNG, emonuaivovtal n Kutrpog, n EAAGSQ, n
Toupkia kal 10 lopanA. MapdAAnAa, uTTdpxouv Kal GUXETIOMOI PE AAAOUG KpaTikoUg r/kal
UTTEPEBVIKOUG TTOPAYOVTEG TTOU TTAPAKOAOUBOUV €K TOU GUVEYYUG TO EVEPYEIAKA (Kal OXI HOVO)
Opwpeva oTnv gupulTtepn TrepIoxn (6TTws n Pwaoia kai o HIMA), kabwg kai To NATO kai n EE.
Yoiotavrtal TToAAOi aoTdBunTol TTapdyovTeg oTnv OAn e€iowon kal dev Ba TTPETTEl va BIAQEUYEL
TNG TTPOCOXNAG Mag OTI Oev UTTAPXOUV MOVIPOI CUUMaXOl, aAA& poviua ocuu@épovta, yiI' autd
TIPETTEl TTAVTO VA UTTAPXEl Kal BeUTEPO TTAAVO OTPATNYIKAG OE TTEPITITWON TTOU O CUMMAXiES
aAAGgouv. YTTO autd TO TTpioa, N egpovh TNG EAAGBAG yia Thv evTagiakh TTopeia Tng Toupkiag
otnv EE Ba mpétrel va petpiacTtei A va diapgop@wBei katdAAnAa avadAoya Pe Tnv TTopeEia Twv
METAEU TOUG OXETEWY, TTPOKEIMEVOU va PNV emIRefaiwBouv o1 @oBol Tou peydAou oTpaTnyIKou
BewpnTikou MavayiwTtn KovduAn, étav diayiyvwoke TTwg «n EE, un umopwvrac va dwaoel otnv
Toupkia 6Aa 6oa emBuuci, Ba mIOIWKEI va TNV KATeUVAoel Ue eAAnvikd aéova, méfovrag dnAadn
Tnv EAAGOa va dex6ei Tic ToupkikéS aélwaeis aTo Aiyaio kai tnv Kumrpo. Av autd mpdyuar ouuBei,
ommw¢ @ofouuai gvrovorara, 101€ Ba OOUUE A AKOUQ ATTO TIC TPAYIKEC EKEIVEC EIPWVEIES, TIC
orroie¢ 1600 ouvnbiCel n loTopia. Evw, dnAadn, n EAAGda mpooavaroAioTnke wuxn 1€ Kai CWUATI
ornv Eupwrn yia va oiacpadioBei ammd Tov TOUPKIKO KivOuvo, aKpIBwS O gUpwITaikog
mpooavaroAiouos 1S Ba ueraBAnbei o€ dpyavo de facto usrarporng g o€ dopuPOPOo NS
Toupkiag» [48].

Meparépw, TTapaTiOevTal ol KATWO! TTPOTACEIG O€ ETTITTEO0 OTPATNYIKAG, TOGO yia TNV EAAGSa
0600 Kal yia TNV KUTTpo, JE aTTWTEPO OTOXO TNV £EUTTNPETNON KOIVWV CUNQEPOVTWV:

o EvepyoTtroinon €k vEOU TwV JITTAWMATIKWY - VOUIKWY 00WV TTIECNG YIA TO KUPIAPXIKO Kal
vopipo dikaiwpa  emméktaong NG EAANvIkAG Xwpikg Odhacoca¢ ota 12 v.y., ME
TapGAANAO kaBopioud e Paon Ta €BVIKA OUPQEPOVTA TNG ZTevwyv yia Tn AlebvA
NauaimmAoia kai uttofoArn Toug atov lMaykéopio Opyaviopud NauTiAiag kal 1o apuéddio
TuAua Tou OHE.

e [IAqpng oAokAfRpwon Twv O1adIKaCIWV eQapUOyAg Tou vouou Trepi 10puong dPopéa
YdpoyovavBpdKkwy Kal TTapoXr IKAVWYV KIVIATPWYV O€ eTaipeieg pe €dpa 160 oTnv EAAGOQ
600 Kal OTO €EWTEPIKO TIPOKEIUEVOU VA  EEKIVIIOOUV KAl  TTPAYPATOTToInOouv  TO
OUVTONOTEPO dUVATOV O épeuveg OTIG AON yVWOTEG Kal AlyOTEPO OUYKPOUOIaKOU
XOPOKTAPa JE T yeiTova Toupkia treploxEg Tou loviou, aAAd Kal o€ TUAMATA Tou Alyaiou
ME TNV TTEPITTTWON voTiwg TNG KpATNG va Eexwpilel.

o [lpowBnon Tng ouo@iyéng TWV Oxéoewv O OAa Ta emmiTeda - CUPTTEPIAAUBAVOUEVOU
QUOIKA Kal TOU OTPOTIWTIKOU - e To lopanA kal €mdiwén TG UTTOYypPAQnG ETTIONUNG
OUPQWVIOG YIa PMETAQPOPA TOU AEPIOU TWV I0PANAIVWY KAl KUTTPIAKWY KOITACUATWY TTPOG
TNV Eupwtn péow tng EANGSOG Kal Tng KuTrpou.

o AlatTApNoN TNG €UPWTTAIKAG TTPOOTITIKNAG TNG Toupkiag, aAAd pe emavaoxedlaoud Tng
MEXPI Twpa MAAAOV UTTOXWPENTIKAS TTOMITIKAG TTPOG TN YEITOVA XWwpda, UTTO TV ¢pouda
€ATTIOO TOU KATEUVAOHUOU TwV avaBewpnTIKWY PAEWEWV TNG.

o [lio evepynl OUMPMPETOXN OTIC TTPOCTTIABEIEG €TTIAUCNG TOU KUTTPIOKOU (¢nTAuaTtog. Mia
TTPOTAON YIA TTIO E€TTIOETIKA OTACON OTN YEVIKOTEPN TTAPEAKUCTIKY TAKTIKA TNG Toupkiag Ba
MTTOpOUCE va aTToTEAETEI, VIa TTAPABEIYHA, N El0aywyr PATPAG DIAKOTIAG TWV EVTAEIAKWY
diammpayuatevoewv TG otnv EE, epdoov apveital va ocupopewBei amdAuta pe Ta
EUPWTTATKA KEKTNPEVA.

TéNog, Ba ptTopoUce akoun Kal va TeBei TTpog culATnon n €mdiwen dnuioupyiag TTAaiciou yia

MeANOVTIKEG evTalokéG dlatTpayuarteuoelg Tou lopanA otnv EE, avaAauBdvovrag dueca n
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EAAGSa kai n KUtrpog atrd Koivou TTio evepyd diauecoAapnTiko poAo oTnv TTpooTrddeia TTiAuong
Tou MaAaioTIVIOKOU, hE yVwHova TIG apx£EG OIKAiou Kal appoVIKNG ouuBiwong Twyv dUo Aawv utrd
TTONITIKA 100TNTA. ZTOV OTTOI0 TTPOTEIVOUEVO aTTO TNV EANGDA 00IkO X&pThn Ba TrpéTrel va doBei
1I01aiTEPN TTPOCTIABEIa va un BiyovTal Ta cup@épovTa Tou lopanA, aAAd oUTe Kal va KaTaTTviyovTal
Ta dikaiwpata Tou MNaAaioTiviakoU Aaou. ETiong, Ba TTpétrel o1 TTpotdoeig TTou Ba T1eBolv va
0aKoAouBoUV TO TIVEUUA TOU, WG TTPOG TO EAANVOKUTTIPIAKA CUN@EPOVTA, €TTIBUPNTOU TPOTTOU
etTiAuong Tou Kutrpiakou ZntAiuatog. Kail touto d10TI evw otnv KUmmpo n AUon TG dICWVIKAG
OIKOIVOTIKN G OJOOTIOVSIag e TTONITIKA 100TNTA, UTTO TIS atTo®dceig Tou ZuufouAiou AogaAeiog
Tou OHE yia SIGKOTT TwV TOUPKIKWY ETTOIKIOPWY, KABWS KAl ATTOXWPENoN TWV TOUPKIKWY
OTPATEUPATWY KATOXNG eUPavifeTal wg N KATaAAnAdTEPN AUon, oTo MaAaioTiviokd n AUon Twv
«dU0 KpaTwv» dlagaivetal KEpdICel IO TTOAU £00QOG. ZTO CUYKEKPIUEVO GnEio Ba TTPETTEN Kal Ol
EMNVIKEG KOl Ol KUTTPIOKEG KUBEPVAOEIG va TTPOCEEOUV IDIAITEPWS KAl VO BIANOPPUOOUV TO
KATAAANAO piyha TTOMITIKAG Kal oTpaTnyIKAG. OAOKANpwvOVTaG, £MICNUAIVETAl OTI TTPWTIOTWS N
EAAGDA kal N KUTTpog, TTPETTEI VA KATAPEPOUV Va TTEicouV TO AUTIKO KOGHO OTI 0 TTIo dIaUyRS Kal
EINKPIVAG, BACIOUEVOG O€ EUPWTTAIKEG KOIVWVIKO-TTONITIKEG agieg, OpONOG €EUTTNPETNONG TWV
OTPATNYIKWY KAl EVEPYEIOKWY CUUQPEPOVTWY TNG otnv Avar. Meodyelo kai Tn Méon AvaToAn,
eCuTINpETEITAI TTPWTIOCTWGS aTTOd AUTES. MAAIOTA, TO OAO eyxeipnua PTTOPEl va BacioTei kal oTo
yeyovog o1l 1IDiwg TNV TPEXOUOO XPOVIKA TTEPI0dO TToU N avaBewpnTikr TTOAITIKA TG AyKupag
QaiveTal va £xel KataoTel Tapdyoviag aocTadbeiag oto {NTnua TG Zupiag, aAAG Kal va Tnv €XEl
TTapacuUpEl 0TV KATEUBUVON TNG ouvepyaoiag Pe GANEG DUVANEIG TNG TTEPIOXNG TTOU BswpouvTal
WG ETMIKIVOUVEG yIa Ta OUTIKA CUM@EPOVTA, OTTWG TI.X. TO TIPOONAWMEVO OTNV aATTOKTNON
TTUPNVIKWYV OTTAWV [pdv.
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Abstract. The prolonged recession entangling the Greek economy has finally convinced
the authorities that the emphasis of the fiscal policy must shift away from revenues and on
to the expenditures side. As it is usually the case, defence is a popular target when it
comes to expenditure reduction for a wide variety of reasons, discussing which lies
beyond the scope of the present paper. This paper focuses on an updated assessment of
the net economic benefit derived when expenditure cuts aim at the long — run defence
procurement programmes in an economic crisis environment. It will be shown, in fact, that
defence spending on procurement can not contribute to the long — run growth rate of the
Greek economy as its impact on the country’'s GDP has been found to be steadily
adverse. This finding can be explained by the fact that the overwhelming percentage of
the Hellenic Armed Forces defence equipment is imported thus leaving just leftovers to
the domestic defence industrial base as regards contributing to the country’s defence
needs.

Keywords: Defence Expenditure, Economic Growth, Debt.
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INTRODUCTION

In the context of the on-going crisis the Greek authorities have been finally convinced
that the stabilization policy followed would have been more fruitful if emphasis were placed on
the expenditure instead of the revenue side which has been the case until now. Thus the new
package of fiscal measures adopted by the policy makers early this year focuses exclusively on
spending cuts concerning all public goods and primarily defence. Regarding the latter, this
paper aims at contributing an update to the relevant literature by showing that the impact of
procurement defence expenditure on the growth rate of the Greek economy tends to be
negative in the long run. This is a conclusion which deserves serious consideration by the
authorities and triggers a number of questions which this paper aims at answering, in terms of a
long — run reconsideration of the country’s defence- procurement policy in an environment of
profound recession.

The paper first takes a look at the literature on this issue followed by an outline of the
Greek defence industry profile as this has been shaping up until only very recently. The
empirical section that follows involves the data description and the estimation results while the
next section deals with the application of these results in terms of policy considerations. Finally,
the closing section of the paper consists of the conclusions offered on the subject.
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LITERATURE REVIEW

Starting with the seminal research by Benoit (1978) who tackled the issue of the
defence-growth nexus and until only recently when Hartley (2010) approached the subject by
asking whether “defence is a worthwhile investment” there is a vast amount of contributions in
the literature covering a wide selection of its aspects. Indeed one can consider the case in which
defence expenditure contributes to growth under a variety of perspectives like e. g. the extent to
which it refers to developed (e. g. Kollias and Paleologou, 2010), or developing (e. g. Galvin,
2003) countries, or both (e. g. Wilkins, 2004), the possibility of involving private or public firms or
even forms of partnership between the two (e. g. Parker and Hartley 2003), or, finally, the option
of resorting to procurement from domestic sources rather than imports (e. g. Dunne et al, 2007).

Following Benoit’'s conclusion that defence expenditure can promote growth in more
ways than one, it seems that the subject concerning the extent to which defence spending
triggers macroeconomic imbalances has assumed increasing interest since Looney and
Frederiksen (1986) studied the relationship between economic growth and defence expenditure
in a number of developing countries depending on their resources availability. However,
contributions like Brzoska (1983), Deger and Smith (1983), Faini et al. (1984) and Lim (1983)
who challenge Benoit’s findings always in the framework of developing economies. After the end
of the Cold War, the ensuing defence spending reduction accompanied by rising costs has
attracted increasing attention on the subject. Thus, in a rather technical approach Seiglie (1998)
considered the effect of defence spending on growth via its effect of fiscal variables like deficits
and debts, focusing, however, on developed rather developing economies. Emphasis on
technical matters is also given in a very interesting paper by Dunne et, al. (2005), who conclude
that the impact of defence spending on growth is related to the threat facing each country and
consequently its economy. Thus, military expenditure has a positive effect on output when the
threat is high and a negative effect when threat is low. Concerning more recent contributions it
appears that interest in the Looney and Frederiksen research has revived in the form of case
studies by papers like Karagol (2006) and Yemane (2009) who focus on examining the
relationship between external debt, defence spending and growth in the case of Turkey and
Ethiopia respectively. Regarding the former, there can always be a pending question concerning
the minus sign of the defence expenditure coefficient when affecting the country’s GNP, given
that, unlike the Greek case, the Turkish defence industry is thriving supporting a considerable
fraction of the country’s armed forces procurement requirements and consequently contributing
to growth with no clear evidence of defence-debt relationships (Sezgin, 2004).

It seems, in fact, that Sezgin has invested a great deal of input in looking into the specific
matter, as he has been concentrating on the impact of defence expenditure on the Turkish
economic growth in several of his publications. It appears, concerning the Turkish case, that
defence spending no matter whether it may be used as an aggregate item or just as the military
equipment bill, exercises a positive influence on the country’s economic growth (Sezgin, 2001).
The corresponding evidence for Greece, by contrast, is more or less contradicting, with Kollias
(1995) and Balfousias & Stavrinos (1996) tracing a positive influence of defence spending on
growth, unlike Antonakis (1996 and 1997).

There are also two recent and at the same time very interesting contributions by Abu-
Qarn (2010) and McDonald and Eger (2010) which deal with the defence — growth relationship
in the context of a case study. The findings of both these papers add to the conclusion that
defence spending reinforces economic activity despite the adverse political, social and strategic
environment outlining the two studies. In fact Abu-Qarn (2010) finds that in the context of the
Israeli — Arab conflict there is no adverse repercussion on the rate of growth of the sides
involved as a result of defence spending while McDonald and Eger (2010) use a nonlinear
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production function to show that the defence sector of the post — Soviet states has favoured
their economic growth.

Finally, in terms of an overall assessment, Yang et al. (2011) approach the relationship
between defence spending and growth with reference to both income level and threat intensity
for a large number of countries.

Focusing on the scope of the present paper which aims at assessing the extent to which
defence expenditure can be held responsible for impeding the growth of the Greek economy
while adding to the country’s external debt, it is interesting to note that Kollias et al. (2004)
conclude that defence spending brings about an adverse effect on external debt, a finding which
appears reasonable bearing in mind that the bulk of the armed forces procurement requirements
comes from external sources. It can not be taken as a simple coincidence that Sezgin (2003)
seems to support this conclusion by finding that unlike the Turkish case, equipment defence
spending entails adverse repercussions on the economic growth of Greece.

In terms of a more technical approach, Refenes et. al (1995) use neural network
methodology to study the determinants of Greek defence spending, a tool of analysis that
allows for smaller forecasting errors compared to those attained by using traditional regression
methods. Avramides (1997), by contrast, employs the Stone-Geary welfare function to assess
the extent to which Greek defence expenditure in level terms depends on the corresponding
Turkish variable. The findings are then compared with those derived when using the Deaton-
Muellbauer functional form to determine Greek defence expenditure expressed in GDP - share
terms. Finally, concentrating on the causality issue, there seems to be no clear-cut answer on
the interaction of military spending with the economy, given that, for example, Dunne et al.
(2001) find that defence spending Granger - causes economic growth in Greece unlike Kollias
and Makrydakis (2000) who trace no Granger causality between growth and defence
expenditure. Following Brauer (2003), part of the disagreement in such cases may be attributed
to the data selection and specification e. g. to choices between levels and GDP shares. Decisive
steps towards resolving the causality issue seem to be taken by Dunne and Smith (2010) who
address a number of econometric and methodological issues that affect the causality tests.
Thus they argue that one must distinguish between Granger causality and economic causality
and try to determine the relationship between the two using an identified structural model. The
authors also point to specification as well as intertemporal stability problems reflected in the
various causality- tests derived which are taken to account for the variety of results encountered
in the literature.

THE GREEK DEFENCE INDUSTRY

Before turning to the technical section of the paper it is necessary to outline the
particularities of the Hellenic defence industry and the procurement policies followed since their
role is decisive in determining defence expenditure in the country and consequently the
specification of the function itself. To begin with the GDP shares denoting defence expenditure
in Greece include a wide selection of expenditure categories, the leading ones being the payroll
of the Hellenic Armed Forces personnel, including a large number of civilians as well as the cost
of the participation of Greece in assignments of international interest like peace — keeping
forces. As a result the figure devoted to equipment procurement is on the average only about
one fourth of the total defence expenditure figure®.

® National Accounts Statistics of Greece and SIPRI (2009 and 2010). It seems however, that the situation
is even tighter according to the Defence Minister's statement in the Parliament, at the end of 2009, who
declared a reduction of the equipment procurement payments to reach 0.8% of the GDP for 2010, 0.3%
of the GDP for 2011 and a bare 0.098% of the GDP for 2012!

266



ISSN: 1791-4469 Copyright © 2012 Hellenic Naval Academy

Turning to the Hellenic defence industry, this has been created mainly as a result of
exogenous pressure applied after the 1974 Greek — Turkish clash rather than following a long
term planning procedure. As a result the main focus of the authorities was to relieve the Hellenic
Armed Forces from constraints like dependence on foreign suppliers, substantial delivery
delays, spare part shortage and considerable foreign exchange outflows. The government
encouraged both public and private funds to promote defence industry and as a result a number
of essential production units have begun to form the defence infrastructure of the country. Since
then, however, the performance of these firms has left a lot to be desired as regards efficiency
and support of the armed forces requirements This is mainly due to serious weaknesses like
mismanagement, strong political involvement, absence of coordination with the Hellenic Armed
Forces Programme Requirements, the so — called EMPAE (Procurement Programmes) and the
country’s academic institutions to profit from research and development (R & D) programmes as
well as technology transfer. It is easy to see that such weaknesses introduce market distortions
and lead to the disorientation of these industries from leading targets like profit — maximisation.
Despite recent efforts to privatisation aiming at improving the efficiency of a certain number of
firms, the fact remains that the Hellenic defence industrial base as it stands can only meet a
small percentage, possibly around 10% of the country’s procurement needs in value terms as
these are expressed in the medium and long term EMPAE while the rest is imported (ELIAMEP,
2007)’. This means that the defence of the country continues to rely heavily on foreign
suppliers whose local agents are most happy to collect generous commission fees by promoting
business mainly via the so called “military offsets”, the value of which in some cases may even
exceed 100% of that representing the initial agreement. It appears, however, that the use of
such offsets is far from being fruitful for the Greek side, given that the legal framework
underlying their application is full of “gray areas” leaving ample room for personal interpretation
(ELIAMEP, 2007).

Such tactics, however, tend to threaten the country’s balance-of-payments
sustainability®, a largely technical issue that has been considered most useful in order to
evaluate the extent to which placing emphasis on domestic production rather than imports of
defence equipment is expected to contribute to the benefit of the Greek economy in more ways
than one: Indeed, the more the government opts for promoting procurement from domestic
sources at the expense of imports, the more it relieves the balance of payments from its
sustainability constraint, given that in such a case the payments involved are not recorded in the
external trade flows of the country according to the resident — non resident criterion (IMF 1993).
Last but not least, such a policy is expected to contribute to the integration of the Greek
industrial complex to the European industry with all the benefits that the resulting technology
transfer may entail in such cases®.

" According to Frost and Sullivan Defence and Security Reports for Greece (Frost and Sullivan, 2009) the
percentage of contribution of local contractors to the armament programs appears to be higher than what
it actually is because it reflects the value of contracts undertaken by Greek firms and not their exact
production i. e. their value added in each of those contracts. Once this dimension is taken into account
the real contribution of the Greek defence industry is not estimated to exceed 10% of real productive
contribution.

® The predominantly fiscal nature of the current Greek crisis pointing to its excessive twin deficits has
inevitably raised the question of its balance-of-payments sustainability as treated among others by
Zombanakis et al. (2009) and Brissimis et al. (2010).

® Sandler T. and K. Hartley (eds) (2007) Handbook of Defence Economics, Vol. 2, North Holland
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THE EMPIRICAL INVESTIGATION FRAMEWORK

The variables used are expressed in terms of GDP shares while the estimation period
ranges from 1971 to 2011. The source of all variables is the Hellenic National Accounts
statistics with the exception of the external debt which uses Bank-of-Greece figures and the
SIPRI Yearbook (SIPRI 2009 & 2010) for the defence expenditure breakdown.

The Long - Run Structure

Our analysis is set to distinguish the long run, equilibrium, relationships from the short-
run interactions among the variables examined. This is a necessary step when examining non-
stationary variables as pointed out in various papers explaining the setting of the cointegration
analysis framework (see e. g. Engle and Granger 1987, Johansen 1988). To this end, we follow
the formulation of the underlying relationships used by Looney and Frederiksen (1986) and
applied in its logarithmic version by Karagol (2006), thus forming (1) to capture the long-run
structure of the examined relationship as follows:

GDP = f ( DEBT, INV ) (1)

GDP is the level of the Greek GDP, DEBT is the stock of the total external debt of the country
and INV is total investment spending, all expressed in logarithmic form. Both explanatory
variables are expected to be related to the GDP, because both investment activity and foreign
borrowing aim at raising output; as a result, we expect that there may be a long — run direct
relationship of the GDP growth of Greece with the country’s external debt and the total
investment expenditure. Note that, following Benoit’'s reasoning (Benoit, 1978), defence
spending is used only in the short-run structure of the empirical investigation, bearing in mind
that due to the inefficiency of the domestic defence industrial base its contribution to the EMPAE
requirements is negligible.

Initially, we test the series for stationarity and Table 1 suggests that they all have a unit
root. We, therefore, use the first differences of these series (the prefix D denoting first
differences of the corresponding variables) to form the short-run relationship (Table 5).

TABLE (1). Unit Root Test Results*

Variable ADF DF-GLS PP PP-GLS
GDP -0.74 1.04 -0.74 1.49
DEBT 0.18 0.40 0.04 0.52

INV -1.50 -1.30 -1.19 -1.15
EDEF -1.596 -1.538 -1.642 -1.368
DGDP -5.44** -0.98 -5.43** -0.09

DDEBT -4.40** -4.45** -4.43** -2.90**
DINV -5.74** -4.35** -6.14** -2.76**

DEDEF -6.485** -6.473** -6.486** -3.083**

Critical values
5% -2.94 -1.95 -2.94 -1.98
10% -2.61 -1.61 -2.61 -1.62

*Rejection of the unit root null is indicated by ** at a 5% and by * at a 10% confidence interval, respectively
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The results of the unit root tests, reported in Table 1, indicate that our data, in terms of
levels are non-stationary. We proceed, therefore, to the examination of the existence of
cointegration effects among the series of debt, GDP and investment using the well-known
Johansen (Johansen, 1988 and Johansen and Juselius, 1990) cointegration analysis, suitable
for multivariate systems. The results presented in Table 2 report both the trace and the
maximum eigenvalue statistics and indicate that there exists a single stationary linear
combination among the three variables at a 1% confidence interval.

TABLE (2). Johansen Cointegration Analysis

Test of the Ho: Trace stat. Max. Eigenvalue-test
no coint. Vec. =0 53.35** 37.04**
no coint. vec. = 1 16.31* 16.19*
no coint. Vec. = 2 0.11 0.11

* rejection of the null at a 5% level of significance, ** rejection of the null at a 1% level of significance

Furthermore, we need to test for the composition of the cointegration vector (Johansen
and Juselius, 1992) with the respective results reported in Table 3, below indicating that only the
GDP series is exogenous in the long-run structure; thus reflecting causality patterns among the
GDP and the other two variables. This result indicates that the GDP variable should be used for
normalization of the cointegration vector. Aiming at an accurate estimation of the long-run
coefficients, we rely on OLS regressions, as suggested by Engle and Granger (1987). Recall,
that we have already found that there exists a stationary linear combination among the three
variables we examine; as a result, the OLS estimates will serve for the proper identification of
the long-run relationship between GDP (as the normalization variable), debt and investment.
These results are reported in Table 4, below.

TABLE (3). Structure of the Cointegration Space

Test of exclusion ($=0): LR-statistic P-value

DEBT 8.31 0.06

INV 0.35 0.55

GDP 18.98 0.00

TABLE (4). Estimation Results of the Long—Run Function
DEPENDENT VARIABLE: GDP COEFFICIENT t- STATISTIC

CONSTANT 8.6471 16.2656
DEBT 0.2927 13.7829
INV 0.4706 3.3301

which means that the long-run relationship can be shown as a cointegrating vector of the
following form:

RES, = GDP; - 0.2927*DEBT, - 0.4706*INV; - 8.6471 (2)
(13.7829) (3.3301) (16.2656)
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According to the results of the unit root tests of Table 1, relationship (2) constitutes a
stationary linear combination of the series of GDP, investment and debt and represents,
therefore, a long-run equilibrium relationship. In plain terms there exist significant co-movements
among the three series in the long run, indicating that the Greek GDP is significantly interlinked
with debt and investment. This result, however, requires further investigation of the short-run
dynamics of the three series and especially their adjustment towards this long-run equilibrium.
Specifically, the residuals of relationship (2) represent an error correction term (which we note
by the acronym RES) which may exercise significant adjustment effects on the short-run
dynamics of the three series.

The Short - Run Structure

This section describes the dynamics of the relationships analyzed above. In particular,
we examine the interlinkages of the variables that we have used to formulate the cointegration
relationship, introducing, an additional variable that captures the effects of the Greek defence
expenditure on equipment (EDEF) as provided by SIPRI sources. Finally, given the length of the
time series used, the specification is completed by the introduction of variables capturing the
political cycle, the drachma devaluations, as well as incidents like the invasion to Cyprus, the
Imia crisis and the war in Iraq. Thus, this short-run specification aims at describing the impact of
the Greek defence procurement spending on the economic activity of the country, its fiscal
position and the total investment flows taking into account several specific features of the Greek
defense procurement policy, as these were described in section 3.

To do so we use a vector error correction model (VECM), which consists of a VAR in
which the GDP, the debt, the total investment flows and the defence expenditure appear in their
first differences together with an error correction term that captures adjustment dynamics
towards the long-run cointegrating relationship specified by equation (2).

This formulation relieves the analysis of any co-variance effects that may influence the
dynamics of the variables involved, thus enabling us to focus on the direction of the causality of
the underlying relationships. In fact, the VAR framework aims at treating co-linearity issues by
capturing simultaneous effects among the underlying variables in the variance-covariance
matrix. For the purposes of the present analysis, we have chosen to insert four lags in the VAR
system, in order to approximate the duration of the EMPAE programs. Table 5 reports the
results of the VAR.

The results of Table 5 provide a complete picture of the interlinkages between the
dependent variables of our system, as well as the effects of the dummy variables on them. It is
interesting to point out that disturbances like the uncertainty prevailing during pre-election
periods, the various crisis incidents and the drachma devaluations had a negative effect on
growth. The defence expenditure effects exercised on the GDP variable are shown to be
marginally significant and negative with a lag of four years while the rest of the dependent
variables are shown not to be significantly affected. Based on these results we also estimated
the impulse response functions, the results of which are illustrated in Figure 1.

POLICY CONSIDERATIONS

Figure 1 summarises the adverse repercussions of the defence procurement policy
exercised in Greece with the help of the impulse response analysis. In fact, it is only natural that
the long run effect of military procurement on the country’s GDP turns out to be negative and
certainly negligible given that the overwhelming majority of the defence equipment is imported.
The same reasoning applies in the case of investment activity, in which the accumulated
response of defence procurement expenditure barely reaches non-negative rates. And recalling
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that the military debt has rarely exceeded 1% of the GDP, as we have already pointed out
earlier on in this paper, it is easy to justify the negative impact of the equipment defence
spending on the country’s external debt.

TABLE (5). The Results of the VECM

DEDEF DGDP DDEBT DINV
DEDEF(-1) 0.058903 0.000897 -0.069128 0.048374
(0.23243) (0.11361) (-1.58407) (1.48560)
DEDEF(-2) -0.146467 -0.006713 -0.074189 0.019658
(-0.54932) (-0.80789) (-1.61582) (0.57380)
DEDEF(-3) -0.033162 -0.010589 -0.068197 -0.003004
(-0.14221) (-1.45700) (-1.69832) (-0.10024)
DEDEF(-4) -0.108525 -0.014703 -0.033254 -0.041932
(-0.45002) (-1.95640) (-0.80079) (-1.35329)
DGDP(-1) 0.729955 0.457660 -3.836873 2.144330
(0.11626) (2.33888) (-3.54875) (2.65803)
DGDP(-2) 3.001201 -0.143042 -2.580027 0.487321
(0.40991) (-0.62689) (-2.04636) (0.51802)
DGDP(-3) -1.452000 0.224448 -0.106228 0.731953
(-0.26461) (1.31247) (-0.11242) (1.03815)
DGDP(-4) 4741419 -0.064533 -1.995154 -0.559222
(1.02830) (-0.44909) (-2.51279) (-0.94392)
DDEBT(-1) 0.052974 -0.014699 0.158672 -0.245038
(0.05317) (-0.47336) (0.92479) (-1.91402)
DDEBT(-2) -0.733205 -0.064114 0.580541 0.062873
(-0.63258) (-1.77492) (2.90865) (0.42217)
DDEBT(-3) 0.149401 0.014278 0.071178 0.042123
(0.12650) (0.38792) (0.34997) (0.27757)
DDEBT(-4) -0.690880 -0.039226 0.125722 0.056974
(-0.69290) (-1.26236) (0.73224) (0.44472)
DINV(-1) -2.318013 -0.025693 1.040649 -0.509546
(-1.17551) (-0.41808) (3.06466) (-2.01109)
DINV(-2) 1.531975 -0.049802 1.100163 -0.193557
(0.83365) (-0.86958) (3.47662) (-0.81975)
DINV(-3) -0.206389 -0.094051 0.293089 -0.362535
(-0.11886) (-1.73801) (0.98021) (-1.62495)
DINV(-4) 2.674215 -0.053401 0.708964 -0.029615
(-1.51297) (-0.96943) (2.32932) (-0.13040)
Constant -0.169002 0.023804 0.213665 -0.077101
(-0.44801) (2.02482) (3.28925) (-1.59073)
DELEC 0.076900 -0.034502 0.071796 -0.004014
(0.14179) (-2.04123) (0.76875) (-0.05759)
DDEV 0.237159 -0.021567 0.051848 0.078703
(0.74902) (-2.18560) (0.95094) (1.93457)
DCRISIS 0.479446 -0.050453 -0.263154 -0.101424
(0.93153) (-3.14542) (-2.96918) (-1.53369)
RES(-1) -0.913299 -0.174020 1.322725 -0.169559
(-0.44998) (-2.75113) (3.78456) (-0.65018)

Note: Parentheses report values of t-statistics.

A number of additional points seem to be worth considering: First, the negative
accumulated impulse response of investment on procurement spending in the long run reflects
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the fact that there have been practically no FDI flows directed to the domestic defence industrial
base during the period under consideration. By contrast, the long run GDP rise may give some
room for a slight increase of the funds devoted to defence procurement. Second, the
pronounced long run negative accumulated response of the GDP to investment flows verifies
the fact that for, at least the last decade, the growth of the Greek economy relied exclusively on
consumption.

It appears, therefore, that spending on defence procurement does very little to contribute
to growth, a target of particular importance especially during austerity times. One can not help
pointing out, however, that the ineffectiveness of any form of policy relying on defence
procurement spending to influence fundamental variables of the economy must be a source of
concern to the policy makers, in the context of the on going crisis, on one hand and the arms
race against Turkey, on another (Andreou and Zombanakis, 2006), a country in which the
defence industrial base picture is considerably different. In fact, a literature review on the subject
shows that the maijority of contributions agree that the effect of defence spending either in
aggregate terms or just its procurement component on the Turkish GDP is positive (Sezgin,
2001, Yildirim and Sezgin, 2002). To the extent that defence procurement does not refer to
importables, in which case it may be expected to bring about an adverse impact on the country’s
GDP via the income identity, any long run positive link between defence procurement and
growth is more likely to rely on the country’s domestic defence industrial base. And in such a
case Greece faces a very serious disadvantage because, as Brauer (2003) puts it, “Greece’s
arms industry still is primarily state — owned, highly inefficient and underutilises its capacity; only
very recently are a number of these firms being privatised. In contrast, the Turkish arms industry
began privatisation and foreign joint — venture participation in 1983 ( rather than mere licence
production)” “both countries’ arms industries are diversified into air, land and sea transportation
systems, ordnance and information technology and associated electronics, but Turkey’s arms
industry appears substantially more diverse than that of Greece;”

CONCLUSIONS

The defence procurement policy of Greece faces a number of binding constraints, the
main one being the dramatic reduction of the defence budget during an economic crisis period.
To make the constraint even tighter, the overwhelming fraction in value terms of the equipment
required is purchased from external sources, something which heavily burdens the import bill of
a current account, the deficit sustainability of which has been repeatedly questioned, as pointed
out earlier on in this paper. As a result, focusing on any form of defence expenditure cuts
concerning equipment procurement seems to be ineffective in terms of adding to the country’s
GDP in the peace — dividend sense, a finding that agrees with earlier work on the topic (e. g.
Kollias et al. 2004). A possible remedy to the problem would be a gradual shift towards domestic
sources procurement, a long — run import — substitution strategy by means of technology
transfer, at least for a certain number of items required by the EMPAE programmes. Such a
strategy can aim at compromising between an austerity programme that calls for budget cuts
and the pressing defence needs of an arms race against Turkey (Andreou and Zombanakis
2011), the defence industry of which contributes to the Turkish growth through its substantial
support to the local defence procurement programmes. As Sezgin (1997) puts it, “the defence

industry ......... will be an important part of the Turkish industrial sector and productivity and
export potential will increase in the future. .......... empirical evidence showed that Turkish
defence spending ........ helps economic growth. There is a positive and significant relation

between military size and economic growth”.
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It appears, therefore, that the Turkish recipe may be considered as applicable to
contribute to both growth and security in Greece at a time of austerity. After all, quoting Dunne
et al. (2005), “Security of persons and property from domestic or foreign threats is essential to
the operation of markets and the incentives to invest and innovate. To the extent that military
expenditure increases security it may increase output. Adam Smith noted that the first two
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duties of the state were ‘that of protecting the society from the violence and invasion of other
independent societies ... that of protecting, as far as possible, every member of society from the

injustice or oppression of every member of it”.
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MepiAnwn. H petagopd, KevipikOg PNXaviouog avriAnwng TnG TTPAyUATIKOTNTOS KAl TOU
Aoyou, dueoca ouvdedepévog e TN yvwaon KATa Tov ApPIOTOTEAN, XOPAKTNEICETAl atrd Tov
Umberto Eco wg «To o @ewTeivd amd 0Aa 1a pnropikd oxrjpata». O Roman Jakobson
oTIG apx€G Tou 2000 alwva dnAWVEI TTWG N METAPOPA €ival UTTAPKTH Kal 0€ AAAQ onuEIaKG
OUCOTAMOTA OTTWG N €IkOva, BEon TTou cuppepiovTal, HeTalu GAAwv, ol Roland Barthes,
Jean Francgois Lyotard, Umberto Eco «kai Martine Joly. Meta@opd kai uTTEPBOAN
atroTeAoUV Ta TTIO AEITOUPYIKG oxruata Adyou oTn yeloloypagia kai otn diagruion, duo
€idn TTou cupewva ue Tn Bewpia Tou R. Jakobson ptmopouv va katataxBolv oTa moInTIKG
pnvopaTta he TNV eupeia évvola. 2tov yeholoypdeo K. MnTpdtTOoUAO, YiVETAI GUCTNUATIKI
XPAON TNG OTITIKAG METAPOPAS HE HOPPHA TTPOCWTTOTTOINCNG-(WOUOPYIoHOU, CUNPWVA WE
N yeAhoioypa@ikry Trapddoon. Me don pia yeholoypagia Tou TTputavn TNG €AANVIKNAG
yeholoypa@iag, Ba TTpooTTaBricoupe va aTrodeiEoupE TOV YVWOTIKO POAO TNG HETAPOPIKNAG
€IKOVOG WG OTITIKG PNXaviopd Trapaywyrg Tou XloUpop. Zav povTého avdAuong Ba
XPNOIUOTTOINCOUME TN ONUEIOAOYIKA dNAWTIKA-OUVONAWTIKA TTpooéyyion Twv B.Cocula —
C. Peyroutet, pe yvwpova TG Asimoupyieg emkoivwviag Tou  R. Jakobson. Katémiv
onpeioAoyikng avdAuong Tng yeAoloypaiag dIATTIOTWVETAlI OTI N OTITIKA PETAPOPd OTNV
oTroia  Bagifetal Oev gival TTpayuaTtoAoyik& atTodekT ] Kal N YVWOTIKA avTiBeon TTou
TIPOKUTITEI TNV KABIOTA KWHIKA. ZUP@wva pe Tov Henri Bergson : «Otav n TTpocoxn Hog
ETTIKEVTPWVETAI OTNV UAIK OIA0TOON MIAG PETAPOPAG N 1060 TTOU EKQPACETAlI ATTOKTA
KWHIKO XApaKTAPA».

The Use of Visual Metaphor in the
Cartoon/Cartoon Drawing: A semiotic approach

Abstract. Metaphor, a central mechanism in perceiving speech and reality and, according
to Aristotle, closely related to knowledge, is characterized by Umberto Eco as “the most
bright of all rhetoric schemata”. At the beginning of the 20" century, Roman Jacobson
claimed that metaphor exists in other semiotic systems as well, like that of images and his
views were shared, amongst others, by Roland Barthes, Jean Francgois Lyotard, Umberto
Eco and Martine Joly. Metaphor and hyperbole are the most popular figures of speech
used in cartoon-drawing and advertising and both of them according to Jacobson can be
regarded as poetic messages in a wider sense. K. Mitropoulos, a patriarch of Greek
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cartoonists, makes extensive use of visual metaphor, in the form of zoomorphism. The
present paper will attempt to highlight the cognitive role of metaphorical image as a visual,
humor-invoking mechanism. The analysis model adopted is a synthesis of the B. Cocula-
C. Peyroutet semiotic approach, who suggest a denotative-connotative approach
according to Jacobson’s six communication functions.

The semiotic analysis of a cartoon by Mitropoulos suggests that the visual metaphor on
which it is based cannot be realistically acceptable and the arising cognitive antithesis
makes it comical. Moreover, according to Bergson, ‘When our attention focuses on the
materialized dimension of a metaphor, the idea expressed acquires a comic character’.

NEEeIG-KAEIBIG: ZnueioAoyia, OTITIKA HETAPOPA, YEAOIOYpaQia, XIOUHOp.

EIZArQrH

H peTa@opd, KEVTIPIKOG PNXAVICPOG avTiAnwng TnG TTPAYMATIKOTNTAG Kal Tou Adyou, dueca
ouvOedePévog PE TN yvwon katd Tov ApioToTéAn (PntopikA) (1), Xapaktnpiletar amd Tov
Umberto Eco (2) wg «To 1o pwTeIvo a1rd OAa Ta pNTOPIKG OXMATA».

Mpog Tnv idla katelBuvon, o Pierre Fontanier (3) Bewpei TTwg n mapadofdTnTa TTOU
XOPAKTNEICEl TN YETAPOPA  TTPOKOAEI ETTIKOIVWVIAKKR €vTaOon, KIvnTOTIoIEl TNV euuia (« frapper
l'intelligence ») dnuioupywvTag «To vénua 1o 1o aAnBivé aAAd Tautdéyxpova TO TTIo BaBU Kal TO
M0 QUVONIKO».

O Roman Jakobson (4) o1ig apxég Tou 200U aiwva dnAWVEI TTWG N HETAPOPA gival UTTAPKTA
Kal o€ AANa onuelokd CUoTAPOTA OTTWG N IkOva. Tn B€on auTh cuppepifovTal PeTagy GAAwv, ol
Roland Barthes (5), Jean Francois Lyotard (6) Umberto Eco (7) (oTov oTroio o@eiAeTal o 6pog
oTmikoTtroinon) kai n Martine Joly (8).

MeTagopd Kal uTTEPBOAN atroTEAOUV Ta TTIO AEITOUPYIKA OoXriuaTa Adyou oTn yeAoloypagia Kal
otn dlagnuion, dUo €idn Tou oUpewva e Tn Bewpia Tou R. Jakobson pjtropolv va
KatatayxBoUuv oTa ToINTIKG unvUuaTa YE TNV eupeia évvola.

210 épyo Tou Kwaota Mntpdtroulou (9) yiveTal cuoTnUaTiKA XpAon TNG OTITIKAG HETAPOPAG UE
TN HOPPN TNG TTPOCWTTOTTOINCNG 1 Tou {wopop@iouou (10) (BA. yeAoloypa@ikr) TTapddoon).

Me Bdon pia yeAoloypagia Tou TTpUTAVN TNG EAANVIKNG YEAoIoypagiag, Ba TTpooTrabriooupe va
aTTOOEIEOUNE TOV YVWOTIKO POAO TNG HETAPOPIKAG EIKOVOG WG OTITIKO INXAVIOUO TTapaywyng Tou
XloUpop.

Zav hJovTéNo avaAuong Ba xpnoIUOTIOINCOUNE, TN onueloAoyikr TTpooéyyion Twv B.Cocula —
C. Peyroutet (11) o1 otroiol TTpoTEivouV: Mia QVTIKEIMEVIKA KAl Hia oUVONAWTIKA TTPOCEYYION €K
TwV oTroiwv n OeUTePn TTEPIAAUPBAVEI dia epunveUTIKr] OladiKaoia TTou CUVOEETAI PE KOIVWVIO-
TTOMITIOPIKOUG, WUXO-KPITIKOUG KAl a1oBNnTIKOUG KwdIKeG. O1 TeAeuTaiol ePTTEPIEXOUV, METAEU
GAAwv, TN PNTOPIKA Twv atmokAioewv. TEANog, TTpoTeiveTal pia olvBeon TTou TrepIAQPBAvEr TIG
A€ITOUPYiEG TNG ETTIKOIVWVIAG.

O1 Agitoupyieg NG eTmKoIVWViag atroppéouv atrd To oxAua emmKoivwviag Tou Jakobson (12),
dlaxpoVvIKG avayvwpIouEVo wg HOVTEAD TTPOCEYYIONG TNG PNTOPIKNG TExVNG (Martine Joly (13)).
MapaBéToupe TO OXAMO €TTIKOIVWYiag Tou Jakobson.

Avagepduevo

KavaAi
A Kwdikag

€ KGBe éva TTapdyovia TOU OXNMATOC ETTIKOIVWVIOG QvTIOTOIXEI hia YAWOOIKR  AsiToupyia: n
QVAQOPIOTIKA OTO avoQePOUevo (] OTO TTAQICIO ava@opds), N CUYKIVNOIAKN 1 EKQPACTIKA
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eKQPAlel Ta ocuvaiodPaTa TOU TTOPTTOU, N BOUANTIKA a@Oopd TNV CUUMETOXA TOU OEKTN, N QATIKA
TO KavAAl TNG emKoIvwviag (Qwvh, XopTi, K.4.), N HETAYAWOOIKN TOV YAWOOIKO KWOIKA
(eTTeCAYNON) KAl N TTOINTIKA AgITOUpyia TO PAVUPA auTd KOBeauTo (PNTOPIKA TEXVN).

*HMEIOAOTIKH NPOZEITIZH MIAZ FTEAOIOrPA®IAZ TOY
MHTPOIMOYAOY (14)

e ea00000000mY

A5 UUDDuuDﬂuuang

e
nad

Zoead000 g nnn oo0d%

YTINPEETWVTAG TNV TEXVN TOU UTTAIVIYUOU (Kai éxI TnG TreIBoug TTou avhkel atn dia@hpion), n
yeholoypa@ia €xel euyeviy OKOTTO: va WUXAywyroel Kal iow¢ Kal va TTPOKAAECEl TV KPITIKK
okéwn. To KwHIKG aToIXEIO TToU guTTEPIEXEI DIABETEl Hia KPUTTTOAOYIKA A€iToupyia dnAadh « ...
Baciletal og éva unxavioud amokpuwng-dlaAeukavong. ETmmKoivwvoUue  PE TOUG PUNPEVOUG
eCalpwvTag Toug utTéAoITToug. AITTAN €UXaPIOTNON TTOU TTPOKUTITEI ATTO TNV IKAVOTTOINON TNG
EUQUIOG POG Kal TV ETTIKUPWON TNG CUMHETOXNA MOG O€ £va KOIVWVIO-TTOMITIGUIKO TTEPIBAAAOV»
(Jean-Marc Defays (15).

H ouykekpipévn yeholoypagia gival xwpig Adyia, KATI TTOU TV KABIOTA a priori TTIo A&ITOUPYIKA
o€ BouAnTik eTTiTTed0 KABOCOV N €IKOVA, CNUEIOAOYIKA, €£XEI TOV TTPWTO PONO OE OXECN MUE TOV
AGYO OIOTI TTOPATTEUTTEI TTIO AUECT OTO AVOPEPOUEVO.

AvdaAuon oUppwva pe Toug B.Cocula - C. Peyroutet

Mepiypa@ik kol SNAWTIKA mpooéyyion: H ekdéva eupaviel pia tepdoTmia Awpida o€
OTTEIPOEION TPOXIA TTOU TTOPATTEUTTEI O @idl, OIACTIKTN  ATTO CUMMPETPIKA avoiyuata TTou
MIKpaivouv oTnV oupd Kal 0TO KEQPAAIL. To KEQAAI, UE TO OTOUA aVOIXTO, a1Td OTTOU TTPORAAAOUY 3
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KOQTEPG BOVTIO, €€l avappixnBei oTo WnAdTEPO anueio kal BpiokeTal akpIBwg TTAvVwW atmd éva
apyaio vao, dpaye Tov MapBevwyva (;), ETOINO VA TOV KATAOTTAPAEEL.

EppnveuTIKA Kal cuvONAWTIKA TTpooyyion : MeAETN TV KwdIKwV
KoivwVIo-TroAITIONIKS eTTiTrEdO0

OvopaoTIKOG Kal TOTTOAOYIKOG KWOIKAG : Adyw oUufacng, epocov n yeholoypagia atroTeAEi, €€
OpIoHOU, éva OXOAIoO yIa TNV €TTIKAIPOTNTA, N AVOYVWPICIYOTNTA TNG €IKOVAG gival OedopEvn.
YTTaIVIKTIKG €TTiONG AEITOUPYEI Kal N UTTOypa®r Tou YeAOIOypA@Pou TOU OTToiou TO UQOG cival
e€ioou avayvwpioiyo : €dw AoImmév 0 MnTpdTToUAOG KAvel avagopd oTnv TTOAN Tng ABrvag.

KWwdIkag avayvwpiong TwV aVvTIKEIMEVWY KAl KIVAOIOAOYIKOG KWOIKAG @ avayvwpion Tng
OTUNICapIoPéVNG TTapouadiag Tou @IdIoU, Kal oTTEIpoeId®AG Kivnon NG TTOANG-@idl Ye OKOTTO TOV
UTTAIVIYUO TOU TTVIYHOU - KATaoTTapagng.

Kwdikag Tng amdéoTaong : N TOAN-oupofépog 6@Ig KaTaAauBAavel TTIBETIKA OAO TOV XWPOo (KApE).
Kwdikag Twv puBwv: MapatTrouTrr) 0To apyXETUTTO TOU TTOAMITIOUOU.

Aegv €xoupe xprAon Tou BouAnTikoU KwOIKa o€ YAwOGIKO emiTredo (YeAoloypagia Xwpic Adyia)
oAAG TO £0€ig (2° TTPAOWTTO) KAl N TIPOCTAKTIKI, MEPIKA aTrd Ta BaATIKG epyaleia TNG BOUANTIKAS
AgIToupyiag, ouvuttdpyouv, UTTAIVIKTIKA : H idla n eikéva, pe Tnv €mBETIKOTNTA TNG, aTTEUBUVEI
OTOV avayvwoTn Kpauyn Bonbeiag.

YuxavaAuTIKA-KPITIKA TTPOCEYYICT TNG EIKOVAG

H ékkAnon Tou yeAoloypd@ou, ek@pacuévn Péoa atmd ia JIKTA yKEapa ouvaiodBnudtwy (opyn,
atraioiodogia - TpuPePOTNTA, ouvevoxr, €ATTida) atreuBuvetal oTOo OUAAOYIKG QouvEIdNTO,
atreikovidovtag Tnv TTAAN avauecsa otnv TTapoépunon TG (wrg Kail TNV TTapdépunaon Tou BavaTou
N aAAIWg, TNV avdaykn va uttoTdgoupe TNV apxh Tng ndovr¢ (Kovwvia Tng agboviag) otnv apxn
TNG TTPAYUATIKOTNTAG (KATAOTPOYI] TTEPIBAAAOVTOC).

A100nTIKO £TiTredo

Zapng, NIt kal dlaxPoviK aTTelkOvIon o€ Jaupo - AoTrpo : TTapdAo TTou o lMapBevwvag Exel
MEyEBOG HIviaToUpag O€ axéon PeE Tov TepaTwdn oupofopo, N eikdva gival EUANTITN.

Pnropik6g KWdIKag

AuTO TO OTITIKG PAVUMA TTEPIEXEl TIC €CAG  ATTOKAIOEIS : peTwvupia (o MapBevwvag yia Tnv
ABnva), avtiBean (KaAG-Kakd, HEYAAO-MIKPO), HETAPOPG-TTPOCWITOTTIOINCN-(WOHOPPIGHOS (N
TOAN- @idl), uTTEPPBOAN - elpwvia (avTiIoTPOPR Twv HeyeBWVY : o yIyavTiog oupofdpog Ba
KataoTrapdéel To AMANITTOUTEIO PvnuEio).

ATTO TNV avaAoyia avaueoa o€ «To Qidl TPWEI TNV oupd Tou» (EVTUTTWON TToU divel 0 OUPOBOPOG
6Ig 6tav  aAAAClel dépua) Kal o€ «n amdvBpwTtTn TTOAN TIviyel Tov MNapBevwvay, CUTKXETIONOG
TTOU 0 iB10G 0 yeAoloypd@og eTTIVoel HEOW TNG OTTEIPOEIOOUG Kivnong TTou divel oTnv TTOAN-@idl,
ME TO aTTEIANTIKO KEPAAI TOU TEAEUTAIOU TTAVW ATTO TO MPVNUEIO, KATAOKEUAZETAI N METAPOPA N
oTroia €ival capwg acUPPBaTn PE TNV TTPAYMATIKOTNTA, TTapddofn Kal dpa KwHIKR. AAwWOTE
oupewva Pe Tov Bergson (16): «Otav n TTPOCOXA HOG ETTIKEVTPWVETAI OTNV UAIKN didoTaon Hiog
METOQOPAG N 10£a TTOU EKPPACETAI ATTOKTA KWHIKO XAPAKTAPO».

EMIAOIoz

Katémv avdAuong, n yeloloypagia atrodeikvUeTal ws dia  eviuTtwaolakn gestalt (17) oe
TTARPN PAEN ME TNV AVOHOVH] TOU OTTOOEKTN, MECQ ATTO Wi OUVOETN OTITIKOTTOINGN TWVY PNTOPIKWY
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OXNUATWY  TTOU UTTNPETOUV TNV TTOINTIKA A&ITOUpyia n oTroid, o€ ouvOouaoud HE TIG AAAEG
(eaTikn: avayvwoIoTNTA, EKPPACTIKA : CUVAICOAUATA TOU TTOUTTOU) OTOXEUEI OTN BOUANTIKA, Kal
auTd, O€ ouvAPTNON KE TOV TTPAYHATOAOYIKO OTOXO TOU PNvUpatog dnA. 1o yéAlo. To yéAio TTou
olpyewva pe Tov Freud, atmmookoTrei otn didweuon TNG TTPAYMATIKOTNTAG KAl ATTOTEAEI HECOV
TTpPooTaciag amd Tov TTOVOo, €EOIKOVOUWYTAG TNV EVEPYEIA TTOU QTTAITEITAI ATTO TO GuvaioBnua
(18).
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H Evioxuon tng AiatroAITiogikag Mabnong pe Tn
2uvépyela TnG BiwpaTtikng MeB6dou oto Madbnua tng
MeppavikAg weg =évng Nwooag

EvayyeAia TolapBou

2x0An Naurtikwv Aokiuwyv, Touéa¢ AvBpwrrioTikwv kai MNoAimikwv Emmiotnuwyv
Kar EAAnviké Avoiktd lNavemoTiuio

MepiAnwn. H diatmoAimiopikdTTa €ival TTAéov eTTITayr TO00 TNG KABnuepIvoTNTAag 600 KAl
NG exkmaideuong. EIBIkA oTo £evOyAwooo pabnua eival atrapaitnto OToIXEIO yia TNV
ETTAQPN ME TNV AAAOTPIA KOUATOUPA. ZUXVA OUWG N DIQTTONITIOUIKA TTPOCEYYIOT KATOAAYEI
BewpnTikd KoTAOKEUAOUA AOYW €ANITTOUG eTTIKaipoTToinong Tou OI6aKTIKOU UAIKoU. H
Biwpatiky  péBOdOg  evéxel apeocOTNTA  TTOU  OUUBAAAEl  OTnv  €@apuoyr  Kal
ATTOTEAECHATIKOTNTA TNG SIATTOMITIOMIKAG AAANAETTIOpaONG.

Aégeig-kAa1d1a: AlmONITIOUIKY) pdonon, Biwuarikd pddnua, Néa Méoa, Meppavikd wg
&évn yAwoaoa

Abstract. Interculturality has become essential both for the education and everyday life.
Especially in the teaching of Foreign Languages it is necessary for the contact with the
foreign culture. Very often, intercultural learning remains a theoretical construction
because of the lack of update concerning the teaching material. Active Learning
contributes to the realization and the effectiveness of intercultural interaction.

Keywords: Intercultural Learning, German as a Foreign Language, Active Learning, ICT

21N onuepivl) Eupwtrn TNG KIvATIKOTNTAS Kal TNG dIATTOMITIOUIKAG avTaAAayrg OAo Kail TTIo
ouxvd TiBeTal OTO TTPOCKAVIO N ATTaiTNON yia TToAuyAwoaia. MapoAn Tnv egdmAwon Twv TIME
OTNV KaBNUEPIVOTNTA POG, TTOU KAVEI TNV £TTAQPN POG PE TRV &Evn YAWood TTOAU TTIO €UKOAN,
GUECN Kal ATTOTEAEOMATIKA Kal KaBIoTd duvarh Tnv EPTTEIPIKA eKPAGBNON HIag yAwooag, O
TTPOTINWHEVOG TPOTTOG ATTOKTNONG YAWOOIKWY YVWOEWV TTAPAPEVEI TO «TTAPAdOCIaKO» Uadnua.
H olyxpovn ¢evoyAwaoon didackaAia kal Ta avaloya OI0aKTIKA eyXelpidlia TTpocavaToAifovTal
MEV  OTIG  MovTépveg  HEBOBIKEG — TTpOOEYYIoEIG  (ETTIKOIVWVIOKK KAl SIATTOMITIOUIKN
mpocéyyion)(Hackl et al 1998), diamoTwveral Opwg OTI TTEpIopiovTal OTnNV aTTAr TTapaBeon
TATPISOYVWOIKWY oToIXEiwv. EIdik& oT1o pédnua twv Mepuavikwv wg &évng yAwooag, étrou
uUTTapxEl TTPOCPOPO Kal TTAOUGCIO UAIKO aTTd TIG YEPUAVOPWVEG XWPEG, BEPATOTTOIOUVTAI QUTA TA
oToixeia a1md TTOANEG TTAEUpEC (I0TOpia, yewypagia, TTOMITIKA KTA.). Mtopei va TTapéxovral
TTOAANEG TTANPOQPOPIES YIa TV KaBNUEPIVOTNTA Kal TNV opydvwaon TnG (wng o€ MNepuavia, EABeTia,
AuoTpia Kupiwg, aAAd kel TTeplopiCeTal Kal n SIATTONITIOUIKA ETTA@H.

QoT1600, n TPOCANWN GAWV AUTWY TWV TTANPOPOPIWYV EV CUVETTAYETAI KOl TNV KIVATOTTOINGN
Tou BupikoU Twv BIdACKOUEVWY aTTd SIOTTOMITIOMIKY] OKOTTId. H Trapouciaon TTANpo@opIwyV
Tarpidoyvwoiag dev  eTmapkei  yia TN dlapgecoAaBnTikh  Asitoupyia TG SIATTONITIONIKAG
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TTIPOOTITIKAG. ZUXVA OEv ATTOTEAEI AQOPUN YyIa TTEPAITEPW YOVIUN avTITTapdBeon Pe TNV EEvn
TTPAYHATIKOTNTA, YEYOVOG TTOU O£TEl OTO ETTIKEVTPO TOU evOIOPEPOVTOG TNG N OIOTTONITIOMIKN
Tarpidoyvwoia. ETiTAéov, n olyxpovn EAANVIKA TTPAYUATIKOTNTA TNG CUPBiwong Ye avBpwIiToug
OIAPOPETIKWV €BVIKOTATWYV, €I0IKA OTnVv TTPpwToRAGOUIa Kal deuTepofBabula ekTTaideuan, KaBIoTa
ETMTOAKTIKA TNV avAykn XEIPIOKOU TG OIOQOPETIKOTNTAG. ZKOTTOG gival va TeBouv BACEIS yia Tnv
evioyuon Tng emKolvwviag, Tng atrodoxng kKai tng Olammpayudreuong Pe TO =€vo, TTOU
OTTAITOUVTAI € OAG TO TIPOCWTTIKA £EEAIKTIKA Kal €TTAYYEAUATIKA OTADIA.

O1 aitieg TmapapéAnong Tng SIATTOMITIOUIKNG avTaAAQyNG EYKEIVTAI KUPIWG oTnv €AAEIYn
ETTIHOPPWONG TWV EKTTAIBEUTIKWYV OAAG Kal £TTIKAIPOU KATAAANAOU UAIKOU. AUTEG 01 BUO eAAEiYEIg
MTTOpPOUV va apBoulv pe TN olvoyn BACIKWY apxwy TnG SIATTONITIOMIKAG HEABNoNG OTTWG Kal JE TN
BorBeia TTPAKTIKWY 0dNYIWY EQAPUOYNG. ZUYKEKPIYEVA, PE TNV apwynA TNG BiwuaTikAg neBddou
MTTOPE va evioXuBei n dIATTONITIOUIKOTNTA Kal va TTPOAdBEl 1 va atroocoBACEl evIAoEI HECT OTO
TTOAUEBVIKO TTEPIBAAAOVY BIa@OpwV EKTTAIBEUTIKWY Oodwy, TIPéTacn Tavw oTnv oTroia Ba
€0TIAOEI N TTAPOUCA EPYaTia.

BAZIKEZ APXEZ AIAMOAITIZMIKHZ MAOHZHZ 2THN ZENOIAQzzH
EKNAIAEYZH

Xwpig va utreloéABoupe O¢ 10TOPIKEG HEBODOAOYIKEG avaQopEég, XPAOIMO KpiveTal va
UTTEVOUUICOUNE ETTIYPAUMOTIKA TIC BACIKEG CUVTETAYMEVES TNG OIGTTOMITIGHIKAS udBnaong, TTou Ba
ATTOTEAECOUV TTPAKTIKA ava@opd Kal YVWHoVaA yia TV TTEPAITEPW avaAuan.

Mrtropei o€ OAeg TIG HEBODOAOYIKEG TTPOCEYYIOEIS (YVWOTIKA, ETTIKOIVWVIAKE, OIOTTOMITIOMIKN
Tpocéyyion) va Beupartotroicital n TTaTpidoyvwaoia kal va atmmoTeAei Bdon Tou SIATTOAITIOUIKOU
HaBruaTtog, woTtdéoo KaAd Ba ATav va ToVIoTOUV OPICHEVES DIOPOPEG HETAEU BIATTOMITIOUIKOTNTAG
Kal TTaTpidoyvwaoiag, yiati cuxvda ol dUo opol/ Ta U0 TTepIEXOMEVA GuyXEéovTal METAEU Toug. Nal
Mev Oev aAAnAoavaipouvTal, Opwg dev avTikaBioTouv ouTe 1coduvapolv aAAfhoig (Zeuner
online). H diagopd Tng TTaTpidoyvwaoiag atrd Tn SIATTONITIOUIKA JABnon €ykeiTal oTo yeyovog OTl
n TTEWTN @POVTICEl TNV €TTAPA Kal n deUTEPN TNV AvTITTAPABeon TG AAASTPIAG TTPAYHATIKOTATOG
ME TNV TTPOOWTTIKA/EBVIKA. ETTITTAéOV, onuavTikd poAo Trailel n ouveldNToTToinan TNG ETEPOTNTAG
Kal N atrodoxr TNG, TTOU WG KUPIOG OTOXOG TNG SIATTONITIOMIKAG HABNong BETEl OTO ETTIKEVTPO TNV
KOIVWVIKA Kal TTONITIOTIKA eUaioBnTOTT0IiNoN a@evos Kal TNV KOANEPYEIQ OTPATNYIKWY QUTOVOUNG
aTTOKTNONG yvwong agetépou (Pauldrach 1992:4). Mpog autrv Tnv KatelBuvon yiveral Bacikd
epyaAcio yia Tn SIATTOMITIOUIK PABNoN n oUyKpIon OTOIXEiwvV KaBnuepIvoTnTag, €0VIKWV
XOPAKTNPIOTIKWY 1 dnuoypagikwy TTAnpogopiwv (Geistmann 2002:13). ZkoTmdg eivalr n
KaAAIEpyela TNG evouvaioBbnaong, n OXETIKOTTOINGN OTEPEOTUTTWY Kal TIPOKATAAAWEWYV, N aAAayn
EVIUTTWOEWY KOl OTACEWV QVTIMETWTTIONG TIPOCWTIWV Kol  Kataotdoewv (Mueller oT1o
Kast/Neuner 1994:94-96) 611w Kal N avdamTugn kpiTikig avoxns (ABCD Thesen), cUpgwva pe
TIG apxég TnG diatmoMmiopiking &18akTikAG (Mueller oto Kast/Neuner 1994:96-99). ZnuavTikn
eTriong €ival n avamTugn oTpaTNYIKWY Kal OeEIOTATWY TToU Ba KATaoTACOUV TNV TTAPN HE EEVES
KOUATOUpPEG Kal Kolvwvieg Mo yoviun (Pauldrach 1992:8). H ouUykpion atmoTeAei uoviun
dladikaoia Karavénong Pe BACIKEG TTAPAPETPOUG TO TTPOCWTTIKG Kal €BVIKS TTEPIBAANOV apevog
Kal TIC EUTTEIPiEG Yadi hE TIC TTANPOYOPIES yia TNV aAAGTpIa KoUuAToUpa ageTépou (Picht 1989:57).

Znuaivouca IBIAITEPATNTA TNG €QAPHOYAS TNG BIATTONITIOUIKAG TTPOOTITIKNG OTO §EVOYAWOTO
MGBNnua eival n atevh, daueon oxéon KABe yAwooag Pe TNV avTIGTOIXN KOUATOUPA, TTOU EEKIVAEI
amd TO TPWTO MPaBnua kidAag. lMpolméBeon cival n ouveldnrotmoinon NG TTPOCWTTIKAG
TTONITIOTIKAG TTPOEAEUCNG VIO VO Yivouv duvaTtd O CUOXETIONOG, N avAKAAon TTOMITIOTIKWV
0edopévv Kal n avayvwplon TG OXeTIKOTNTAG Toug (House 1994:85). Etriong, o pabntrig
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KOAEITAlI va KATOVONOEl TIPOCWTTIKEG/EBVIKEG ETTIKOIVWVIOKES TAKTIKEG, VA TIG XPNOIUOTTIOINCEl UE
oTOX0 TNV avdmTuén &eClotnTwy SlauecoAdpnong HETalU Twv U0 KOUATOUpwY. ATTapaitntn
gival n KaAAiépyela TNG 1IKAvVOTNTAG XEIPIOPOU avTITTOPABECEWY KAl OUyKpoUuoeswv TTou Ba
OUVTEAEDEI OTNV KATAVONGOHN KAl aTTOKATACTACT EVIACEWYV, APXNAS YEVOUEVNG aTTd TNV TAEN.

Mépav ToUTWV, ONUAVTIKA yia To §evoyAwooo pdbnua cival n otdon amodoxAg Twv AaBwv,
TTou Ba odnynoel 1o OI0aCKOUEVO va OOKIUNAoEl EVOAAQKTIKOUG TPOTIOUG £KQPACNG Kal HOVTEAQ
OUMTTEPIPOPAG Kal Va eVTALEl EEWYAWOCIKEG OTPATNYIKES BIAdPACNG HE TTAPATTAEUPO KEPOOG TNV
QVATITUEN METOETTIKOIVWVIOKWY IKAVOTATWY KaTtavonong (Luchtenberg 1999:209). Z1oug otd)x0Ug
TOu ¢&evOyAwooou PABAPOTOG aVAKOUV Kal O YVWOTIKOG, O ouvalodnuaTikdg Kal o
OIEKTTEPAIWTIKOG TTapdAyovTag. ZUugwva e Tov House (1996:3), n dIQTTOANTIONIKA IKavoTnTa
QVTIHETWTTICETAI KABaPA ouvaloBnuaTiKG KAl CUUTTEPIPOPIOTIKA, €I PAPOG Twv GAAwv U0
TTapaydvTwy, Kal TTapouciadetal TTOAU PHOVOTTAEUpd, 1I0€ANICTIKA Kal QopTIoPEVN 1soAoyIkd. T
auTo Kal O¢ Ba ETTPETTE VA TTEPIOPIOTEI € ETTITTEDO £KPPACNG ATTOWEWY, OAAG va GUUTTEPIAGREI
Kal Toug GAAoug OIBAKTIKOUG OTOXOUG Kal va OnuIoupyrnael TIG TTPoUTTOBECEIG TTANPWONG TOUG
(Geistmann 2002:38). Tlpo¢ auTriv TNV KATeUBuvon OuvAdOUV 1 KOIVWVIKOTTONITIOTIKA
€UQIOONTOTTOINGN KaI N €KUAONON OTPATNYIKWY QUTOVOUNG aTTOKTNONG TG yvwong (Hackl et al
1998:5). Ta KOIVWVIK& Kal TTOMITIOTIKG QaIivOPEVO TTOU aTTaiTouv evouvaiodbnon kal katavonaon
apXWV ETTIKOIVWVIAG Kal aAANAeTTiOpaong pe Meppavé@wvous, agopolv e YAWOOIKA OToIXEIq,
OuVNBEIEG/TEAETOUPYIKA Kal KOIVWVIKEG dopEG (Neuner 2005:170-171).

TéNog, KaAd Ba ATav va yivel ouveldnNTd OToug OIBAOKOUEVOUG OTI TG ONUAIVOUEVA O€ Mid
yAWooa egival TTOMTIOUIKA KaBopiouéva Kal avTIKATOTITPICoOUV HIa 10TOpIKG dnpioupynBeica
avaykn (wnAg piag Koivwviag. Bdoel cuykekpiyévwy mTapadelyudtwy 8a diatmoTwoouy Ot padi
ME TNV &évn yAwooa KaAouvTal va Jabouv pia véa TTPAYMATIKOTNTA, éva VEO oUoTNUa agiwy,
EVVOIWV KAl CUOXETIOPWYV. H atrdékTnon autou Tou vEOU CUCTAPATOG YiveTal OTAdIOKA OE Mid
olapkn diadikagia dnuioupyiag uttoBécewyv Kai emBeRaiwang f amoéppiwns Tous. EEGANou, ol
d10aokopevol ogeilouv va divouv BapuTnta o€ €KEIVOUG TOug TTapdyovTeg TTou KaBopilouv Tn
onpooia Twv AECEWV O OUYKEKPIUEVEG KATOOTAOEIG, ONAad avAAoyda HE TO CUYKEKPIUEVO
OUYKEIPEVO Kal ava@opikd e TIG AsiToupyieg TG YAwooag (Bachmann 1995:12). MeBodoAoyikd,
or ABCD-Thesen (1990/3, 60-61. Znueia 9-18) kal n péBOdOG TNG CGUYKPIONG WTTOPOUV va
atroTeAéCOUV €pyaAgio yia Tn SIATTOMITIOUIKR NABNOoN, vl XPHOIKEG OdNnYieg eUTTEPIEXOVTAI KAl
oTo AlZ (online) 6TTwg kai oto AENMX (online).

BIQMATIKO MAOGHMA: MIA MNMPAKTIKH KAl AMEZH NMPOTAZH

QoT1600, n emiteuln NG SIATTOMITIOMIKOTNTAG TTAPAMEVEI BewPNTIKA €TiTayn av n diadikaagia
MGBnong apkeotei oe Tapadooiokd ueBodoloyikd povtéda A emdiwxBei Bdoel kdTTOIOU
OI10aKTIKOU eyXelpidiou. Ta atroteAéoparta Ba cival ca@wg 1o Aiya, KaBwg Ba TTepIopIoTOUV OTN
ouvdavinon Tng KOuAToUupag Tou OIOAOKOPEVOU HE TNV KOUATOUPA TnG YAWGOOAG-OTOXOU (gv
TIPOKEINEVW TNG YEPHAVIKAG). MapdAo TTou auTdg gival o oKOTTOG TNG SIATTONITIONIKAS NdBnong,
TTAPAUEVEI KATTWG OTTOPOKPOG WG TTPOG TV APECOTNTA TOU {nTOUNEVOU, KOBWG OI DI00CKOUEVOI
KaAouvTal 6x1 MOVO va UTTEPKEPAOOUV ThV atrdéoTacn avapesa oTn YAwood Kal Tov TTOMITIONO
TTPoéAeUONG Kal 0TOXOU OAAG Kal va XPNOIPOTIOINCOoUV TNV TTPOKUTITOUCA EUaIoBnTOTTOINCoN KAl
evouvaiobnon otnv KabnuepivéTNTA TOUG, OTNV ETTA@H TOUG P aAAoEBVEiIG OTO iB10 eKTTAISEUTIKG
Kal KOIVWVIKG TrepIBaAAov. Mpog auTtrv TNV KatelBuvon cuuBAAAEl aTTOQACIOTIKA N €Qapuoyn
NG PIWMOTIKAG HEBGDOU, TTOU €ival TTIO TTPAKTIKA Kal AUECN O€ OXEON ME TO TTAPAdOCIOKO
MGONUa, KaBWg dnuIoupyEl PIa OTEVA €TTAQP AVAPECA OTOUG DIOACKONEVOUG, HETABIOEI YVWOTIKA
Kal ouvaloOnuaTIKG TTeEPIEXOUEVD, OlauecOAaBEi OTN PETASOCN TTPOCWITTIKWY OXETIKWY EUTTEIPIWV
YIO VO TTPOKOAETEI CUYKEKPIUEVEG (avTI)OPAOEIS OTOUG ETTIKOIVWVOUVTEG (Stoytcheva 2004:1).
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2N PBaon NG PlwpaTiking PeBOdou  PpickovTial  TTAPAPETPOI  KOIVWVIKOTTOINONG,
avOpwTTOAOYIKEG-WuUXOAOYIKES (Bewpia TNG pABnong) kai dISAKTIKEG-UeBodoAoyikEG (Gudjons
2008: 67). To BlwuaTiké yabnua eival n avaykaia TTPOoTTaleia UTTOOTHPIENS TG EVEPYNTIKAG
ATTOKTNONG KOUATOUPAG O HOoPPN TTaIdaywyikd opyavwuévwy dladikaciwy dpdong. Méow Tng
(ava)TTapacTaTIKAG  ammOKTNONG YVWOEWV Kal YVWOTIKWY oxnuatwy divetal n duvatétnra
onuioupyiag dopwyv okéWng Kal TTpdofacng otov KOOPOo OxI he TN BorBeia atreikovioewv aAAd
ME TN oUPBOAN aiIoONTNPIaKWY eUTTEIPILOV. QG €K TOUTOU, N IKAVOTNTAG OPACTNPIOTTOINCNG ME TN
BiwpaTikA évvola opieTal WG evePYNTIKOG XEIPIOUOG AVTIKEIMEVWY Kal wG Opdaon a€ KOIVWVIKOUG
pOAouG o€ GUNPBOAIKO/BIavonTIkO eTTiTTedo (Gudjons 2008:68 kal Raasch 1983:24-27).

AvoQOopIKA JE TIG avOPWTTOAOYIKEG-WUXOAOYIKEG TTAPAPETPOUG, TTPOUTTOTIOETAI OTI N OKEWN
TIPOKUTITEI ATTO TNV EVEPYEIQ KAl ETTAVETTIOPA O AUTHV WG PUBUIOTAG dpdong. ZTnV aTTdKTNON
KOUATOUPOG QVAKEI KAl N IKAVOTNTA ETTIKOIVWVIAG KAl AEKTIKAG éK@PpAonG. AKPIBWG eTTeidf N
yAwooa eivalr TTAololia o€ OOHES TTPAYMATIKOTNTAG KOl aTTOTEAEI BACIKO PECO ETTIKOIVWVIOG O€
diadikaoieg dpacTnpIoTToinaNgG, N YAWOOIKN PABNon KaBioTatal amapEyKAITO ouoTaTIKO PEPOG
ToU BliwpaTikoU pabriuartog (Gudjons 2008:70).

ATTO dIDaKTIKr/ueBodoAoyIKA dtmown, TO BlwHaTIKG p&Bnua Ot @IAodotei va OlIEKBIKATEI
TTANPOTNTA, €ival HAAAOV OTTOCTTACUATIKI KAl ETTIKOUPIKN N aTTOKTNON YVWOEWYV. ZTOX0G OV gival
n amopvnuoveuon 6pwv oAAG n dnuioupyik avakdAuyr Toug Kal O VEOG OUVOUOOHOG
UTTapPXOVTWY dedopévwy. MNpOoKeITal yia YEVETIKA Kal avakaAuTITIKA padnon. H autodiaxeipnon, n
CUPQWVIa/OpIoPOG OTOXWYV, N €uBuvn, n dlIaBeuaTik pddnon atmoTeAoUV KUPIO XOPAKTNPIOTIKA
Tou BiwpaTikou pabriuartog. Qotdéoo, dUo cival Ta TTIo KABOoPIoTIKA OToIXEid TOU: 0 BIBOCKOUEVOG
kaBopilel auTOBouAa TNV ETTIKEIUEVN OPAAN, CUMMETEXEI OTO OXeDIAOMO, TAUTICETAl JE TO VONUa
TOU eyxXEIPAMATOG. TNV apxn kdBe dpdaong Ppioketar pia  avakoAouBia, dnA. éva {ATnua
atrokAIong TNG d108£01ung atmd TNV €TMBUPNTA IKAVOTNTA, JE AAAa  AdyIa, éva TTPORANUA TTPOG
emmiAuon (Gudjons 2008:69). EmmAéov, TO BIWMATIKO PABNUA €ival TTPOCAVATOAIOUEVO OTO
Tapayopevo atotéAeopa aAAd kai otn diadikacia (learning by doing) (Leonardo-Projekt
2004:202). Apeoeg OUVETTEIEG €ival N TTAPOXA KIVATPWY, N autovouia, N autotremoionon, n xapd
TEIPAPATIONOU, N KOIVWVIKA IKavoTnTa Kal n ueBodoloyikh epTreipia (Leonardo-Projekt
2004:203).

Odnyieg d1ATTOMITIONIKAG BIWHATIKNAG EKPHAONONG HIAG EEvng YAWo oG

Q¢ Tpog Ta Bfparta Twv BIWUATIKWY dPACTNPIOTATWY PTTOPOUV va aviAnBolv amd tnv
eUTTEIPIA TWV OIBOCKOUEVWY [ TOU dIBACKOVTA, OTTO T £vOIAQEPOVTA Kl TIG AVAYKEG TOUG Kal
a1ré {NTAMATA KOIVWVIKOU TTPORANUaTIopoU dueca guvapTwieva pe 1o B€ua Tou Olkeiou/=évou.
210 TTAQiola Tou evoyAwooou PabAPaTog, eMOIKETAI N £EA0KNCN YAWOOIKWY OPACEWY TTOU
gival ouvOEDEUEVEG E OUYKEKPIPEVEG “eEWOXOMKEG” ETTITAYEG Kal dPACTNPIOTNTEG. ZNUAVTIKA
gival n xpron NG €£vng YAWooag weg auBeVTIKO PECO KATtavonong, YEyovog TTOU ETTITUYXAVETAI
Me (E-mail-) project kai TEAOG, N p&BNON TEXVIKWY €KPAEAONONG YAWOOIKWY OOUWYV (OTPATNYIKEG
avayvwong, OnuIoupyIKAG ypagns K.0.) (Leonardo-Projekt 2004:208). Miag kai n UAn Twv
OIOAKTIKWYV eyXEIPIDiWV ouxva dev €TTOPKEI, 0 eKTTAIBEUTIKOG UTTOpEl va Kdvel Xprion Twv TIE
ETTIKAIPOTTOIWVTAG £TO1 TO OIOAKTIKO UAIKO TOU. 2& auTtd TO onueio TTPETTEl va ava@epBei OT1 0
pPOAOG Tou diIddokovTa Bev gival KAvoVIOTIKOG AAAG GUPBOUAEUTIKOG Kal €TTIKOUPIKOG (AedOUAN
online:152), tapoAo TOU OTO &EVOYAwOoO pPABNUa, Tou Eival TTPocAavaTOAMIOUEVO  OTn
OIOTTONITIOUIKOTNTA EVOEXETAI VO ETTIPOPTIOTEI PE DIATTPAYUATEUTIKEG IKAVOTNTEG TTPOG ETTIAUCH
EVTAOEWV KAl CUYKPOUTEWV.
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Ta o1ddia TG BiwuaTikng pddnong cupewva e Tov Kolb (1984: 42 otn AedouAn online:151)
gival Ta akéAouba: 1. CUYKEKPIPEVN EUTTEIpIA 2. AVOOTOXOOTIKN TTapatipenon 3. aenpenuévn
evvoloTroinon 4. evepyog TIPOYPOUMATIONOGS. Avag@epOuevn OTO  &evOyAwooo pPAdnua, n
Stoytcheva (2004:3) rpocapudlel Ta aTddia oTnV €I0aywyIk @don (oXedlacuog), aTn ¢Aacn TG
emegepyaaiag (die€aywyn) Kai o€ Keivn TNG atroTiunong (EAeyxog, agloAdynaon, kararagn). v
TPWTN QACN Ol PaBnTéG £pXovTal QVTIMETWTTOI PE HIA TTPOBANUATIKY) KOl €VEPYOTTOIOUV TIG
UTTAPXOUCEG YVWOEIG KAl IKAVOTNTEC TOUG, TTpoypapuartiCouv Tn AUcn Kal dIATUTTWVOUV TO OTOXO
(m.x. Na va emAuBei éva TTpORAnua utTopEi va cival amapaitntn n cuvragn evog E-mail). ‘Evol
XPNOIYOTTOIOUV KAl €§A0KOUV UTTAPXOUOEG KAl VEOOTTOKTNOEIOEG YVWOTIKEG IKAVOTNTEG KAl
YAwooikéG yvwoels. MapdAAnAa, €épxovTal o€ TTPWTN TTAQPN PE NTAPATA SIOTTOMITIONIKOTNTAG,
YEYOVOG TTOU QQUTTVICEl OTEPEOTUTTA, TTPOKATAAAWEIG, KOIVWVIKA Kal TTOMITIKG ETTIKPATOUOEG
aTToYeIg Kal eMOPA& 0TO BUMIKO TOUG.

21N deuTepn @daon avalntouvTal TTANPOPOPIES, EAEYXOVTAI, KATNYOPIOTTOIOUVTAI, OXEOIACETAI N
eTTIAUON Kal TTPOETOINACETAI TO ATTOTEAEONA. Me auTtdv Tov TPOTTO ETTITUYXAVETAI N ATTOKTNON
YAWOOIKWV YyVWoewv KaBwg ol didackouevol epyalovTal e Tn BorBeia TwV YAWOOIKWY PHECWV
yld va €TTITUXOUV TO OTOXO TOUG. 2€ AUTO TO OTADIO €VOEXETAI VA TTPOKUWOUV EVTACEIC WG TTPOG
TNV TTAyIWMEVN avTiAnwn Kal armown Twv dI0ACKOUEVWY ava@opIKa Pe TNV aAASTpIa KOUATOUPQ.
XpAolho epyaleio atroteAei N oUyKpIon TTONITIOPWY KAl ATTapaitnTn €ival n KaAAIEpyeia/evioxuon
TNG evouvaiobnong pe BpaxuttpdBecuo oKOTIO TNV aToodBNon eVIACEWV KAl JOKPOTTPOBECTHO
TN OXETIKOTIOINON TIPOKATOAAWEWY. ZTnv Tpitn  @d&on, Trapouciddetal To  TTPoidv/ TO
atmotéAeopal/n  Auon, aimiohoyoUvTal oI TTapdueTpol, yivetalr oulAtnon, TrapaTiBeTal N
ETMIXEIPNPATOAOYIA, KPIVETAI KAI CUYKPIVETAI PE T 0TOX0BEaia TNG TTPWTNG pdons. Edw ptropouv
va gvepyoTroinBolv A va KaAAlEpynBoUv PETAyVWOTIKEG OOMEC agloAdynong TNG EPTTEIPIAC Kal
YEVIKEUONG TWV ATTOTEAECUATWY OE TTAVAVOPWTTIVO £TTITTEDO.

Mop@ég BiwMATIKAG NadBnong

H AedouAn (online:153-5) tTmapouciddel ekTeVWG TIG BIWUATIKEG TTPOKTIKEG: TTPOCOUOIWON,
TTaiyvidl poAwv, a@nynUaTiki avacuvOeon, Tagidia KaTeubuvouevng QavTaciag, oUyYKPOUGTIaKN)
10e0B0UeANa 1 avTITIBEuEveEG ammowelg, OpacTnpIdTNTEG APEONG euTTEIpiag, Opauartotroinon,
opydvwon oulATnong oTpoyyuAhoU Tpatedioly, OpacTtnpidTNTEG ONUIOUPYIKAG £KGPAONG,
HuBoTtTAacia, dnuioupyia ekTTAIBEUTIKOU UAIKOU, ETTIOKEWEIG OE XWPEOUG TTONITIOUIKAG avagopdg.
MoAAéG atrd auTég ival 1IDIaiTEpa KATAAANAEG yia TN SIGTTONITIOMIKY JABNoN, Yiag Kal JTTopolv va
atroteAéoouv Tn Bdaon yia yoviun avTirapdBeon Kal avaBswpnon agiwv.

Epooov Ouwg TTapdAAnAa eTIOIKETAI KAl N ATTOKTNON YAWOOIKWY YVWOEWY, UTTAPXOUV
OI1AQOPEG TEXVIKEG TTOU WTTOPOUV va XPNOIMOTTOINBoUV OTIG €KAOTOTE OISAKTIKEG QACEIS Kal va
UTTOOTNPICOUV TO OKOTTO Kal TIG AEITOUPYIEG TOUG:

e MEBodoI Pe OKOTTO TOV TTPOCWTTIKG KAl OUGCIOOTIKO TTpocavaTtoAiond. Epwrtnon: “lMoiol
gipaoTe gpeic;” [Maividia yvwpIdiag/TEXVIKEG warming-up, TTapoucioon TTPOCWTTIKA Kal
NG opddag, oKiaypaPnon TTPOCWTTIKOU TTPOQIA, CUVOTITIKY TTapoUciacn, KaBpépTng TnNG
ouddag].

10 O1 Hoffmann/Langefeld (1998 otn Stoytcheva 2004:5-7) Ti¢ ovopdfouv pebddoug, Katd Tnv
ammoywny pou TIPOKeITal PAAAOV  yia TEXVIKEG, woTdoo €dw Ba xpnoiyotroinbei n opoloyia TTOU

XPNOILOTIOIOUV EKEIVOI.
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e MéEBodol pe okoTTO TNV €Upecn TTPOPRAAUATOG: E€I0AYWYH, EVEPYOTTOINOT, OXEDIAOUOGC.
Epwtnon: “Ti 6éAoupe va emtoxoupe;” “NMwg prropoupe va 1o emtuxouue;” [Aiota ABC,
Aquarium, Brainstorming, Mind Map, Maixvidl poAwv, YTép kai katd, Mapouaciaon,
MeTa-ox€dio].

e MéEBodol pe okomd Tnv emiAuon Tou TTpoPAAuaTtog. lNpoocavatoAiouds oTo  UAIKO,
emegepyaoia BepaTikwyv TTEdiWY, aglotroinon OISAKTIKWY TTEPIEXOUEVWY, E€TTECEPYATia
TTANpoYopIwy, yevikeuon. [ETTepwtnon €1diIkwy, case study, oTddia ekuddnong/ekuddnon
otadiwv, MeTa-ox£010, kaBodnynTikO Keipevo, Project].

e MéBodol pe okomrd TNV €dpaiwan yvwoewv, Tnv avdakAacn kai Tn ueTaBifaon.

EpwtAoeig: “Tr kavape;”, “Ti pdBape;”, “EmTuxaue autd tmou emdiwéaue;” [Aiota ABC,
Mind Map, traixvidl POAwv, YTTép Kal KaTtd, TTaixvidla, TTapouaiaon atmoTeAECUATOC].

AéloonpeiwTto civar o1 yiag kar n BlwpaTikr YéBodog tival apkeTd avoixTr, €UEAIKTN Kal
TIPOCOPPOCIUN OTOV EKAOTOTE OTOXO KAl OTNV EKAOCTOTE OMAdA CUMMETAOXOVTWY, N dlaxeEipion
NG OUVANIKAG TWV ETTIHEPOUG CTOIXEIWY TOU POBAUATOG (KOIVWVIKEG HOPYEG, HECA KAl HOPPEG
TOU PABANOTOG) aTToTeEAEl emITAYA Kal TTPOUTTO0ECN ATTOTEAECUATIKNAG €QPAPUOYHS TNG HEBOSOoU
(Stoytcheva 2004:7).

H Linthout (2004:123-141) Bewpei 611 oTa TTAGiCIA TOU BIWHATIKOU EEVOYAWOOOU PaBAPaTog N
pEBOBOG project ptropei va €xel BEATIOTA ATTOTEAEOUATA KAl TTPOTEIVEI BIAPOPOUG TPAOTTOUG
EQAPUOYNG, ETonUaivovTag Tautéxpova Kal Tn OlatmmoMNTIoMIK didoTaon Toug. Katd Tn
yvwpldia/rapouciaon Tou atdouou A TG opadag e oKoTro Tn JIETTAPR ME HIa avTioToixn oudda,
ONUAvTIKA €ival N €pwTnon av uttdpxouv SIoPopES Kal KOIVA e Keivn, vy KaAd Ba ATav va
avalntnBoulv ol aitiec. Me TN Xprion OTITIKOAKOUGTIKOU UAIKOU, TTOU AEITOUPYEI UTTOGTNPIKTIKA YIa
1O dIaTTONITIONIKG OToIXEio, PTTopEl va dlaTmioTwOei n eikéva Tou Oikeiou Kal Tou =€vou Kal va
BpeBouv Koiva anueia ava@opdg K.6. ZnTHPaTa TTou TTPETTEN va An@BoUv uttTdWwn KAl TToOU YTTOPE(
va TTpokaAéoouv evidoelg Kal TTPOBAAPOTA  €ival T.X. O XEIPIOKOG KAl N AVTIMETWITION
TIPOKATAAAWEWY KOl OTEPEOTUTTWY, EVOEXOMEVEG PATOIOTIKEG AVTIOPACEIG KAl OXOAIa, BéuaTa
etouaiag/eAéyxou 1 aioBnua katwTepdTNTAG MIOG OopGdag K.6. (Linthout 2004:139). Mpiv Tn
dlegaywyry Tou project KaAd Ba ATAvV O eKTTAIOEUTIKOG VA TTPOETOINACTEI yIA EVOEXOUEVEG
OUUTTEPIPOPEG TTOU UTTOPOUV VA TTPOKOAAECOUV EVTACEIC QVAPWTWHPEVOS YIa Ta KivnTpa TNG
CUUTTEPIPOPAG TwV DIDACKOMEVWY KAl TOU IDioU, TNV €TTIOPACH AUTWY TWV OTACEWV 0€ AAAOUG,
TOUG AOYOUG EKVEUPIOHUOU TTOU TTPOEPXOVTAl OTTO apvnTIKA OTEPEOTUTTA KAl T AEITOUpYia Twv
TeAeuTaiwv. TENOG, TiBeTal TO BEPa KaTG TTOOO BEAEI Kal TTPETTEI va DIOPBWOEI KAVEIG JIa apvnTIKN
€IKOVA, EVW KaAipIO €ival TO €pwTNUA, TI EKPPACEl auTrh TToU €XEl 0 AANOG yIa Pag Toug idloug
(Linthout 2004:139).

ZnUAavTIKA €ival n avaykn va gival ETMKAIPOTIOINKEVA Ta £pYaAgia Tou BiwuaTikoU padnuaTog,
yiO VO PNV UTTAPXEl N aioBnon eTepoxpoviouou Kal dpa amoéoTacn avaueoa oTo Biwua Kai To
OI0A0KOPEVO avTIKEIHEVO. AUuTO TO yeyovog emmituyXdavetalr pye tn xprion twv TIME, 1ToU éxouv
KaBodnynTikr aAAd Kal TTAnpo@oplakn Asitoupyia. ALIONVNUOVEUTO WATOGO €ival OTI ATTOKTOUV
epyaAeiakd poAo ae pia diagopoTroinuévn oxéon O1daokouevou Kal TTePIBAAAOVTOG, akpIBWG
emeIdf) pévo 10 BlwpaTikd Padnua civar oe Béon va OOUACEl YVWOTIKEG OOMEG MEOCW TNG
aloOnNTNPIOKOTNTAG, TNG EPTTEIpiag, TNG evépyelag/dpdong/Biwpatog  (Gudjons 2008:69).
EvoeikTika va avagépoupe 0TI OAa Ta Néa Méoa (iviepvet, diadpaaTikoU TTivaka, TTAATPOPUAG,
TAIVIWYV, EKTTAIDEUTIKWY TTOAUMECIKWY epyaAegiwv kai CD-ROM) utropolv va ouuBdAouv  oTo
BiwpaTikG dIATTOMITIOYIKA TTPOCavVATOMOUEVO EevOyAwooo pddnua. Eidika T1o internet-project
Das Bild der Anderen (Goethe-Institut: online) TTpooc@épel TN duvatdTNTA ETTAPNG KAl YVWPIMIOG
ME TN YEPMAVIKN 10TOpia KABWG TTapoudidlel onUavTIKEG I0TOPIKEG OTIVHEG OTTWG TIS Biwoav
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atrAoi avBpwTtrol. Méoa amd autd 1o TTapddelyua, ol diIdackOuevol Ba GuveIdNTOTTOINGOUV OTI
6ol o1 GvBpwTTol o€ GAOV TOV KOGHO XaipovTal Kal gofouvTal e ToV idio Tp(’)Tro.11

2YMNEPAZMATA

YTTakoUuovTag OTIG OUYXPOVEG KOIVWVIKEG E€TTITAYEG ME OKOTTO va TTpoAn@Bolv Kkai va
armooofnOouv  evTACEIS KAl OUYKPOUCIOKEG KATOOTACEIG MECA OTO HABNUa  KoAgitar ©
EKTTAIDEUTIKOG TNG MeEPUAVIKAG WG &€vng yAwooag va avoakaAlywel A va e@eupel OIOOKTIKEG
TTPOKTIKEG TTOU Ba dleUKOAUVOUV TO £pyo Tou. Egdoov oTtn Bdon k&Be {evoyAwooou padbrnuaTog
Bpioketal n ema@nR pe TNV “@AAN” KOUuATOUpPQ, KaAS eival va agloTtroinBei autd 1o dedOUEVO TTPOG
6pelog NG dielpuvong TwV TTPOCWTTIKWY 0pIfOVTWY. Mia TTPOKTIKA PE Gueca atroTeAéouaTa
givalr To Blwpatikd padnua, Tou eival oe Béon va evioxUoel TN dIATTOANITIOMIKOTNTA Kal va
eMonuAvel TNV TTAYKOOHIOTNTA TOU TTAVAVOPWTTIVOU GTOIXEIOU.
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2x0Asgia rou Ppaxrn: ATTOTUTTWOEIG KAl ZUVAPEIEG
Extraidguong, oto Oeatpikd 'Epyo - Translations Tou
IpAavdoU Zuyypapéa Brian Friel

AvaoTtaoia Kapavtlni

2x0An Nautikwv Aokiuwy, Touéac AvBpwrioTIKwv Kai MNoAiTikwv ETTioThuwyv

MepiAnwn. H TTapouoa epyacia avtAei To TTAaicIo ava@opdg TG amd To Beatpikd £pyo
Translations Tou IpAavdoUu cuyypagéa Brian Friel, To omoio diadpapaTieTal oTnv
IpAavdiky emmapxia T1O0 1833. Tlpwrtoavéfnke TO0 1980, oTnv Bopeia IpAavdia,
onuaTodoTWVTAG TNV idpuon Tng eTaipiag Field Company, cuviOpuTAG TNG OTToiag ATav o
ouYYypa®Eéag Tou £pyou. ETTIKEVTPWVETAI OTNV TTAPOUCIACcN TOU ATUTTOU EKTTAIOEUTIKOU
Beopol Twv ZxoAciwv Tou Ppdxtn, O OTIOIOG €ixe eupegia aTTAXNON OTO OUVOAO TNG
aTrolkiokpaTtoUpevng IpAavdiag, 6Ao Tov 18° kal peyaAo pépog Tou 19% aiwva. EmimAéoy,
ammoTrelpdTal  Jia dlEPEUVNON TWV  EVVOIWYV YAWOOO KAl TautoTnTd, OTTWG QUTEG
UTTOVOOUVTAI KAl KATadEIKVUOVTAl OTO BeaTPIKG KEIUEVO.

AEgeig kKA&1dia: 2xoAcia Tou ®pdxtn, Brian Friel, Translations, Nwooa kai TautétnTa

Abstract. The present paper draws its frame of reference from the play Translations of
the Irish playwright Brian Friel, which takes place in the Irish countryside in 1833 and was
originally staged in 1980 in North Ireland, celebrating the establishment of the Field
Company, which was co-founded by the writer. It focuses on the presentation of the
informal educational institution of Hedge Schools, which was very popular in colonized
Ireland during the eighteenth and a large part of the nineteenth century. Additionally it
attempts to examine the issues of language and identity, based on the way they are
insinuated and signified in the theatrical text.

Key words: Hedge Schools, Brian Friel, Translations, Language and Identity

EIZANQrH

H aAAorporia tn¢ avBpwmivng wuxris dnuiolpynoe Tov AvBpwiro- OknvoBETn TTOAU mpiv amrd Tov
OUAAEKTN, TOV TEXVITN 1} TOV voRjova GvBpwiro, 8I0TI n ‘Oknvh’ TTou KGOBs @opd €1iBeTo, ATav 10 aUuBoAo
¢ ‘GAANS OKNVAS’, TOU QOUVEIONTOU TTEPIEXOUEVOU TNG, TTOU oUVAVvToUOE Ta OpIa TNS eUONS Kai NG
ioTopiag. [1]

O1 Bperavoi, amdé TOAU ToAId, TTPOCTIGBnCav, TOIKIAOTPOTIWG, VO ATTOTPEWYOUV TNV
agopoiwon Twv AyyAwv atrd tnv vidma KeATIK TTapddoaor, yeyovog TTou TTOTE OEV KATEOTN
atmoAUTWG €@IKTS. 'HON atmd 1o 1800, £€10G TNG emmionung évragng g IpAavdiag otnv MeydAn
Bpetavia, dev éTawe va ammoTeAei éva TpoPAnuatikd ¢itnua. O Robert Winder, aTto BiAio Tou
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Bloody Foreigners [2], ava@épel OTI N PJeEYAAUTEPN TOVWTIKA £VECON WETAVACTWY OTNV Bpetavia
Tou 19%° aiva éyive amd IpAavdouc. Av Kal ol SUOKOAIEG JeTaKivnoNng gixav apBei pe Tnv évwaon,
ol IpAavdoi epydreg dev fpBav pe OTOXO TNV EYKATACTACN KAl TRV OIKOVOWIKI) TOUG avaBdduion
Kar avayuyxn o€ éva TePIBAANOV e TTEPIOOOTEPEG e€ukalpiec. Avalntoucav TpOTIO va
xpnuatodotioouv TIG eEaBAIwPEVES oIKoyéveleg TTou éueivav TTiow. O AINdg Tng TTaTdTag Tou
1840 édwoe TNV XapIoTIK PoAR kal ol AvBpwTrol dpxicav va oTtolfdlovtal oTa TTAoIa ME
TTPOOPICKO Ta OUTIKA Alyavia TnG AyyAiag. Ogol eixav Tnv duvartétnta, Epuyav oTnv APEPIKN.
Toug TTapaKIvOUCE n ATTEATTIOIO KOl OI OpyR, YyIaTi OTnV Kopu®waon Tou AlyoU £RAetTav Ta
KOAUTEPO TTPOIOVTA TOUG va @eUyouv aATTO TNV Xwpd, PE OTPATIWTIKA ouvodecia. EAaxioTol
peTavdoTeg ATav Alyotepo KahodexoUpevol atmd Toug Bpetavoug, 6o ol IpAavdoi. Zouoav o€
YKETO, TOU OTTOioU €BewpPOUVTO dnuioupyoi Kai Oxl Buuata, KATw amd ABAIEG GUVBNKES UYIEIVAG
Kal avTIHETWTTICOVTAV oav dypia wa, YePdTa appwoTieg. Evag Adyog eTITTAéov ATav OTI £pepvav
TNV aTTeIAf Tou KaBoAikiopou. To dvoua Toug £yIVE CUVWVUNO TG QTWYXEIAS KAl TNG ATTOgiwong.

H eikéva Tng IpAavdiag TapouaidleTal KaTakePUATIOPEVN Kal YeUATn avTiBéoelis. O Greene [3]
avagépel 0TI ol dPAPATOUPYOi, 0TO GUVOAS TOUG, IoXUpifovTav, 0 KaBévag yia Tov €auTd Tou, OTI
ATav IKavog va atmodwaoel KAl va aTTOKOTAOTACEN TNV TTPayHaTIKh IpAavdia, o XapakThpag Tng
oTroiag Bewpouvtav OTI €ixe TTAAPWS aAroiwBei. Avayvwpilel, woTdoo, 6Tl Tpia £pya BewpouvTal
Ta TTAEOV XOPAKTNPIOTIKA, ava@opIKA Pe Tov TTPORANUATIONS yia TNV aTTOTUTTWOTN TG QUBEVTIKAG
IpAavdikAg TautoTnTag: To Shaughroun Tou Boucicault (1894), to John Bull’s other island tou
Shaw (1904) kai 1o Translations Tou Friel (1980). O Friel ot0 £€pyo Tou digpeuvd, péoa ato TO
TOTKG IDiWMPG KAl TV XEIpovopia, To pOAo TTou WPTTOPEl va diadpapaTtiosl N yAwooa otnv
SIaPOPYWON TNG TTOMITIOUIKAG TautoTNTAG [4]. O Cuyypa@Eéag cuvdéel TO CWHA, TNV YEwypagia
Kal TNV YAwooa pe 1I0e0AoyIKG {nNTAPATA, TToU oXeTiCovTal e TNV €BVIKN TautéTnTa [5].

TO EPI'O TRANSLATIONS

H utmréBeon éxel wg €€nc: O Hugh, ddokaAog kai d1euBuvTrg Tou TTAAIOU OX0AEgioU, £XEl yIO TOV
Manus, Tou Tov fonBdel oTo o)0oAcio Kal Tov Owen 1Tou £puye 010 AouBAivo yia va acxoAnBei
ME AAAEG DOUAEIEG, eTTIKEPDEIG. MeTG atTd Xpovia, o Owen eTTICTPEPEI OTO XWPIO WG OUVEPYATNG-
dlepunvéag Twv AyyAwv Kal avakoIVWVEI OTOUG KATOIKOUG 0TI 0 BpeTavikdg ZT1patdg TpoKeITal va
KAvel véa xapToypaenaon Tng IpAavaIkhig uttaiBpou Kal OAa Ta TOTTWVUHIO VO PHETAPPACTOUV aTTd
Ta Gaelic otnv AyyAikr} yYAwooa. 210 peTagl, évag Bpetavdg aglwpaTikdg yonteleTal atmd 1o
Totrio Kal O€Ael va {noel padi ye Toug IpAavdoulg, evw, TAuTOXpPOVa, EPWTEUETAl MIO VEAPN
IpAavdéCa kal emBupei va gival padi Tng. QoToéco, kataAapaivel, 0TI Ba TTapaueivel Evag EEvog
Kal Ogv JTTOPEl va evOWUATWOEI OTNV TOTTIKA KoIvwvia. 2To TEAOG efagavileTal, Xwpic va
yvwpifoupe €av atmopdaoioe va TrepItthavnBei, ) doAogovrnke atrd KAToloug. To KoIvo pével va
QVaPWTIETAI VIO TNV €KBACN TWV YEYOVOTWV.

H mrpepiépa Tou épyou Translations €yive oTig 23 Zemteufpiou Tou 1980, eykaividlovtag Tnv
Beatpikn eTaipeia Field Company, n omoia cuoTABnke atrd £€1 SlaVOOUPEVOUG KOANITEXVEG TNG
Bopeiag IpAavdiag, TrpoeEdpxoviog Tou ouyypagéa. ‘Exovrag eEao@alicel pia Baciki
XPNHaATodoTNan atrd TIG APPOdIES ETTITPOTTEG TTOMITIOTIKWY BepdTwy, T600 Tou Boppd 600 Kal Tou
NéTou, €ixe wg KUPIO OTOXO TO AVERACHA BEATPIKWY £PYWV Kal TNV TTEPIOBEIA TOUG KAl OTIG dUO
mAcupéc. O1 16puTéc TG ETtaipeiag diatuTrwoav Tnv avaykn TOug va QvVTOTTOKPIBoUuv oTnv
TapPAaxXwon TTOAITIKF) KAl KOIVWVIKA KATACTACN, YE TOV TPOTTO TTOU Ol idlol éKpivav OTI evOeikvuTal:
aPevOg KOIVWVIKA Kal NOIKE, ageTépou dnuioupyikd. Ae Ba Tav AoToxo va Trel Kaveig o1 n Field
Company 16pUBnke, akpIBwg, w¢ avTidpaon amévavtl oTnv Bia kal oe OAa ekeiva Ta akpaia
Qaivépeva TTou gixav arrd kaipd apxioel va TTAATTOUV, Kupiwg, TRV IpAavdikr TrepipEpela [6].

H évapén twv mapactdocwyv ToUu épyou oto Derry, otnv Bépeia IpAavdia, Bewprbnke
eCAIPETIKA TOVWON TOUu XaunAou nBikoU piog TOANG, TTou Ayyide Ta Opla Tou KATABMNITITIKOU.
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TolouToTpOTWG, BaBIG cuyvwPoveG OTABNKAV ATTO KOIVOU, €BVIKIOTEG, EVWTIKOI, TTPOTECTAVTEG
oAAG Kal KaBoAIkoi, atrévavTi o€ Pia TETola TTOMITIOTIKY TTpwToRouAia [7]. To épyo, Adn amd tnv
Bpadid TNG TTPEMIEPAG, AVTIMETWTTIOTNKE HE 1IB1aiTEPN BepudTnTa, AT TOUG KPITIKOUG. MVWwpioe
TTOAU PeyaAn emituxia, oe 6An Tnv IpAavdia Kal 6To eEWTEPIKO, divovTag aTov dnuioupyd Tou [ia
gtéxouoa 0OEon, avAueoa OTOUG ONUAVTIKOTEPOUG KOl AVTITIPOOWTTEUTIKOTEPOUG |pAavdoug
OuyypoQeic Tou onuepa. OTToU TTAIXTNKE, KATEKTNOE TTANBWPEA SIQPOPETIKWV KOIVWV, VW) OKOUN
Kal 00Ol KATEKPIVAV OPICHEVEG IOTOPIKEG TOU avaKkpifeleg, Oev TTapEAEITTAY va Tovioouv Tnv
Opauatoupyiki Tou agia. EUAoya yevvaral 1o epwTnua, Aoimmév, Ti €idoug xopdég ddévnaoe; Ti ATav
auTd TTou cuykivnoe TOooug TTOAAOUG, O€ €va €pyo TTOU MIAGEL YIO YAWOOEG, aTTd TIG OTTOIEG
GA\eG €xouv ekAgiyel, TTavTEAWS Kal AANeg, oxeddv, dev opihouvtal, TTAéov, evw €xel yid
TTPWTAYWVIOTA évav dACKOAO TTOU TOU apECEl va TTivel Kal dIdAOKEI AXpnoTa, KATA TTOAAOUG,
TPdyuaTa, yéoa ae évav axupwva; [8]

O 16110¢6 €ival pia IpAavdikr koivotnTa Tou Donegal, To 1833, o€ éva ZxoAegio Tou PpdyTn o€
Mia pikpr) TTOAN 10 Ballybeg. Mpdkeital yia TRV ayatrnuévn @avtaoTIKA TTOAN Tou Friel, To 6voua
NG oTtroiag TTPoépxeTal atmmd 10 KeATikd baile beag, 1TTou onuaivel uikpn moAn [9]. H yevikn
aTHOo@AIpa gival €KEivn TNG ATTEIAAG, TTPWTIOTWG, yIaTi 0 OAOKAAOG eTTIPEVEl va OIOAOKEI OTOUG
MaBnTéG Tou Apxaia EAANvIKG kal AaTIvVIKE, odnywvTag Toug, TauTOxXpova, aTnV GUVOUIAIa Toug
ME TTOMITIOMOUG, TTou Ogv u@ioTavTal, TTAéov. Tautoxpova, n idia n IpAavdiki yAwooa gival utro
atrelAf, 0107 0 AyYAIKOG OTPOTOG €XEI EEKIVAOEI TNV XapTOypA®@non TNG TTEPIOXNAS, ME OKOTTO va
avTIKataoTAoEl KABe [pAavdikd TotTTwvuuio pe éva AyyAiké. H avaoTtdatwon eival peydAn: T1o
2xoAgio Tou PpaxTn TTPOKEITAI va avTikataoTabei amd éva kaivoupio EBvikS, atraiteital TAEov
amd OAoug va paBouv Tnv kKaivoupla yAwood, Tnv AyYAIKA, 1n appwoTia OTIG TTATATEG
ETTAVEUPAVIOTNKE, N TTOAN Ba ATTOKTACEI KavoUupylo Ovoua Kal OAa 6ca Roav oIKeia PEXPI Twpa,
Eagvikd Ba yivouv &éva. To aToixeio Tou {Evou Kal Tou avoikelou diaTpéxel, utTodopla, To £pYO,
o€ OAn Tou Tnv ékTaon. O TTpwTaywVIOTES dlakpivovTal o€ BUO KATNYOPIES: APeVOG, O€ auToug
TTOU TTPOTIMOUV TO OIKEIO KAl ag punv odnyei TTouBevd, Kal, aQeTéPou, o€ auToUg TTOU £TTIAEYOUV TO
Kalvoupylo kai avoikelo, OTTwg n Maire, Tou eival amrogaciopévn va mTapadobei oe auto, pe
OTTOIECONATIOTE ETMITITWOEIG, yiaTi emOBuuei va TTpoxwproel otnv {wn Tng. O oT1dxog TG gival va
METavaOoTEUOEl TNV APEPIKNA, Yia éva KAAUTEPO auplo.

«...Mpémer 6Aor pag va uaBoupe va piAdue ora eyyAélika. Eivar n 6eurepn emionun yAwooa tou €6vouc.
AuTO Aéel n udva pou, autd Aéw Ki eyw. Autd €itre kai 0 apxnyos Tou Kouuaro¢ KaBoAikwv . ..0pioTe 11 €iTTe:
n maAia pag yAwaooa givai urédio yia Tov EKouyxpoviouod. Tnv ayyAorroinon. Eyw dev xpeidlouai oute
apxaia eAAnvika, oure apyaia Aativik@. AyyAika xpeialoual. OéAw va ummopw va wAdw 1a eyyAEQIKa eTTeIdn
QeUyw yia Auepikn uoAic armroowaooupue 10 Bepioud...» [10]

O1 ava@opéc eAANVIKWY Kal AQTIVIKWV TOTTWV Kal N TTPORANMATIKA OXETIKA HE TIGC YAWOOES
QUTEG, KaTEXouv KOUBIKG pdAo, oe oAdkAnpo 1o £pyo. EEGANoU, n didackalia Toug oTa ZXOAcia
Tou Ppdaxtn, padi ye Ta AAAa KUpla pabAuata, Atav évag emmAéov AGYOG yia va yivouv autd
yvwoTd kai va diatnendouv, 1600 Xpdvia. Or IpAavdoi pabntég Twv AypOoTIKWV ZXOAgiwv
d16dokovTav Toug KAAOIKoUG, atrd TTOAU JIKPR NAIKiA, avatrTuooovTag, JE auToUg, OIKEIOTNTA KAl
1I01aiTEpoug deapolg. Téoo Ta Aativikd 6oo kal Ta Apyxaia EAANvIK& xapakTtnpiovTal, cuvhowg,
WG VEKPEG YAWOOEG. TNV TTPAYMOTIKOTNTA, Ta XxOAgia Tou Ppdytn katéopbwoav va TIig
CwvTtavéwouv, KaBwg ol pabntég Toug TIG pIAouoav [11]. Z10 épyo o Hugh, o ddokaAlog kai
d1eUBUVTHG Tou ZxoAgiou Tou OpdxTn dBIBACKEI TOUG KAAOIKOUG, 6w Kal TplavTatrévre xpovia. Ol
AaTivikég Kal o1 Apyaieg EAANVIKES AEEEIC TTOU UTTAPXOUV OTO KEIPEVO, AEyovTal QUTOUCDIEG, XWPIg
peTagpacn. OAol ol cuppeTéXovteg OTO Beatpikd yiyveoBal, MIKPOI Kal PeyoAUTeEPOL, TIG
kataAapaivouv. O1 pyévor TTou dev TIG KaTaAaBaivouy, gival ol duo AyyAol oTPaATIWTEG, BIOTI dev
OMIAOUV Kapia AAAN YAwooa, ekTOG TNG AyYAIKAG. TpokelTal yia Eva eOYAWTTO, CIWTTNPO OXOAI0
TOU ouyypa@éa, 0 oTToiog OeixVel va OUVTACOETAI e TOUG PeydAoug IpAavdolg TToinTEG, OTTWG O
Yeats kal o Joyce, Tou opupnAdTnoav Tnv yYAwooa Toug TTavw oTa BepéAia Tng EAANVIKAG Kal
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™G AaTIVIKAG, TwV idIwv YAwoowyV TTou PIAoUV ol Apweg Tou Friel. 'ETol, utmevBupiletal oToug
AyyAoug 611, 6TTwG 0 EAANVIKOG TTOMITIONOG UTTHPEE TO BeeMwdeg TTPOTUTTO, OTTWG, apPYdTEPQ, Ol
Pwuyaiol kupidpxnoav otnv AyyAia, €101 Kal Twpa évag IpAavdog xpnoigotrolei TV AyyAIKA JE
TETOIO TPOTTO, WOTE va emmavaemBaAel Tnv Pwudik Kuplapyxia otny yYAWoOoa Tou KATAKTNTH TOu,
XWpIig o idlog va éxel kupiapynBei, TToté atd Toug Pwpaioug [12]. I1diaiTepa e00TOXOG AKOUYETA,
OTO Onueio autd, o Xapaktnpiopog Tou Martink McDonagh  6T1 TO XQpPOKTNPEIOTIKO TG
IpAavdIKOTNTOG €ival OTI, TTAVTA, TTOAEUOUCE TOUG ATTOIKIOKPATES HE TOUG KAQOIKOUG, VW) avTiBETa
o1 AyyAol £BAeTTav, avékaBev, To KAAOIKO oav ETTAVACTATIKO [13].

Katé tnv didpkeia TnG ouyypa®nig Tou £pyou, 0 ouyypa@éas KpaTouoe NUEPOASGYIO, OTO OTTOI0
KATéypae TIG OKEWEIG, AAAG KAl TIC AywVIiEG TOU, OXETIKA pe TNV TTopeia TG doUAsldg. Ekei
AVOQEPEL TIG TTEVTE TINYEG TTOU TOV €iXav €TTNPEAcel 101AITEPA, OTNV CUAANWN KAl EKTEAECN TOU
Beatpikou: Ta Mpduuara, Tou T¢wv O NT1évoBav (1834), o1 Avauvioeic Tou KoAutu (1837), 10
Xaprivo Torrio Tou TCwv Avtpioug (1975), Ta Ayporikd ZxoAcia tn¢ IpAavdiac Tou NTOOUAIVYK
(1935) kar 10 Mera ™ BaBéA tou Ztduvep (1975) [14]. O Friel, oto nuepoAdyid Tou, Oivel
ETMYPAMMOTIKA TO OTiyda Twv TIpoBEécewyv Tou,  KaTaBétovrag OTI TO €pyo  OXeTiCeTal,
QTTOKAEIOTIKA, hE TNV YAWOoOQ, uttooTnpifovTag OTI, av To TTONITIKO OToIXEio €ixe 1o Bapuvouoa
B¢éon, Ba ATav kataoTpo@ikd. EcTidlel oTto KAipa TTou uttdpxel oto Ballybeg, ekeivn tnv emmoxn,
TTAPATNPWVTAG OTI TTPOKEITAI £€va KAia TTou apxifel va eKAeiTTel, PJe BUpata TIG PETARATIKEG
NAIKiEG, TTOU YAvovTal TTEPITTAAVWHEVEG Kal avéoTieg o€ &&vn yn [15]. H mepimmAdvnon Twv
MECNHAIKWVY O€ €va TTPAYMATIKO, 600 Kal 0€ éva OUMPBOAIKS eTTiTredo, @aiveTal va eival KOPPBIKO
onueio Twv TpoBéaswv Tou. EEGAAOU, OTTWCS avagépeTal, ouxvd, oTnv IpAavdia, o 160G, TTaVTA,
£X€l eydAn onuacia. To idlo kal ato épyo Tou Friel: Ta Opia Kal oI TTEPIOPICHOI gival TTAPOVTEG
Kal SUOETTIAUTOI KAl 0 KOOPOG To yvwpilel. Opia 1600 yewypa@ikd, 600 kal TTpoowTtikd. Ol
KOIVOTNTEG €ival JOIPACUEVEG, Ol ATTOWEIC BIiICTAVTAI, O AVOUVACEIG Eival TTOAEG Kal OIAQPOPETIKES
yla Tov KaBéva, Ta dtoua TTaAeUouV e ECWTEPIKES DIOUAXEG. XAPAKTNPIOTIKA €ival n atroyn o1l
TO £€pyo XapToypa@ei Tov diapoipacuévo eautd Tng idlag Tng IpAavdiag [16].

2XOAEIA TOY ®PAXTH:
ENA ATYINO EKIMAIAEYTIKO ZYZTHMA ME AIAPKEIA

Ta AypoTikad ZxoAeia 3 ZxoAeia Tou OpdyTn UTTAPEAV N aTTAVTINON TWV TOTTIKWYV IPAAVOIKWY
KOIVOTATWY, OTTEVAVTI OTOUG IBIAITEPA OKANPOUG VOUOoUS Twy AyyAwv atroikwy, cUP@wva JE
Toug oTroioug atrayopeudTav oToug IpAavdoug KaBoAikoug kal ATTOOTATEG va Jop@uvovTal. To
OVOUA TOUG TTPOEPXETAI OTTO TOV TOTTO OTOV OTToio AduBave xwpa n didackaAia, TTou dgv ATAV
GANOG aTTo TO TEAOG VOGS OTTOUAKPUCHEVOU PPAXTN, OTO UTTAIBPO, OTAV O KAIPOG TO ETTETPETTE, UE
KATTOI0 Yadnth va TTapa@uAdel yia va €I00TTOINCEI, EYKAipwG, O€ TTEPITITWON TToU ugavifovTay,
Cagpvikd, AyyAol oTtpatmiwTtes. O @pdaxtng kai n PAdoTnon OITAa o€ autdv, TTPOPAVWIG,
AeIToupyouoav wg QUOIKO KAPOUPAGL. AAAQ IpAaVOIKA ovopaTa yia Ta TOTTIKA OXOAEid, TTou
onAwvayv 1o QUOIKO TTEPIBAAAOV, OTO OTTOIO UTTAyovTav, NTAV GYX0Agi0 OTOV TOiXO, ) OXOAgiO OTO
XAVTAKI, OX0Agi0 THS TAQPOU 1) ox0Agio aTO ypacidl. To TEAEUTAIO KOTABEIKVUEI TO PIKPO KOPMPATI
yng Tou KaAAigpyouoe, TTOAAEG @opég, o ddakalog, yia Tnv emifiwor Tou. To 1829, 6tav
vopipotroitnke o KaBoAKIopudg kal 1a TOTKA OxoAgia £maywav va eivalr mmapdvoua, autd
dpxioav va Asitoupyolv O€ OTEYAOUEVOUG XWPEOUG, TTOPATTHYUATA, JavTpid kal oTdBAoug. ‘ETol,
OVOMAOTNKAV OxoAgia NG KaAUBag, KaBWC TTAPETTEUTIAV CGE MEPN TTOPOMOIO HE EKEivVa TTOU
Couaav ol Bookoi [17].

Ta pyabAuaTta oTa TTEPICOOTEPA AYPOTIKA OXOAgia yivovrav oTtnv IpAavdik yAwooa Kal Ta
Taidia d1ddokovTav Ta Tpia R (reading, writing, arithmetic: avayvwaon, ypaer kai apiBuntikn). Z€
TTOAMEG TTEPITTTWOEIG, OUwG, dIdACKovVTAY, €TTiIONG, AATIVIKA, €AANVIKA, padnuatikd kar dAAa
MaBnuata, kupiwg otnv NoTioduTikr IpAavdia. MoAAéG ava@opég AyyAwv TTEPINYNTWY KAVOUV
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AGYO yia TNV UTTapgn KAAOIKWY PEAETNTWY, O€ ATTOUAKPUOUEVESG AYPOTIKEG KOIVWVIEG, OTTWG €ival
oT1o épyo o Hugh kai o Jimmy Jack. Z1a TepioooTepa BEPaTa, OTTWG I0TOPIA, KAAOIKEG YAWOOEG
Kal AoyoTexvieg, MaABNUATIKA, ayyAIkrl Kol IpAavOIK yAwooa, Oi10etav TTOAAR KAl KOAR
evnUéPWaON, ME KATTOIOUG va OIBACKOUV akoun o e€eIdIkeupéva Padnuata, 6TTwe €TTIOTATIq,
aoTpovopia i kalr vauoitTAoia. Aev e€ivar ommdvio 10 Qaivouevo TTapoxng oidackaAiag atrd
yvwoToug KEATEG TTOINTEG, Ol OTToI0I, UE AUTOV Tov TPOTTO, £€a0@AANIfav T TTPOG TO {nV KAl TNV
ouvaTdéTnTa Va ypagouv. H TAnpwun Twv daoKAAWVY avTIoTOIXOUCE €iTE O€ MIA PIKPN XPNMOTIKH
auoIBn, €ite, TTOAU ouyvd, og KapTToUg Kal TTPOMNBEIEG, OTTWG, A.X., YAAQ OTnV TTEPITITWON TNG
Maire Tou £pyou. MoAAG aypoTikG oXoAcia diEBeTav KaAG eEOTTAICUO o€ BIBAIa kal eyxeipidla. 210
épyo, o Hugh avagépel 1o ox€dlo Tou va ouyypdayel éva eyxelpidlo OXETIKO PE TIG YAWOOEG, TOV
lMevradyAwoaoo Aékrn. Mpokeirral yia BiBAio TTou, TpAypaTl, €kdOONKe To 1796 atrd évav ddokalo
ovopaT Mérpik Aivig, oto AouBAivo [18].

Ta ZxoAgia Tou PpdxTn yevvAdOnkav, avarmtuxdnkav, eCamAwbnkav kai diatnprRdnkav yia
TTOAAG xpovia Baciopéva oTnv BaBid emBuyia Twy VIOTTIWY VA JOP@PWOOoUV Ta TTaidId TOUG Kal
va dlaTNPRooUV TNV YAWOCOA Kal TNV KOUATOUPA Toug. H ayyAikr) atdon atrévavt oto (ATNUA TNG
ektTaideuong, atmd apxiki adia@opia, PeTaTPATNKE O oTréTEIpa €TMBOAAG TNG AYYAIKAG
yAwoaoag kal TG AyyAIKAG MpoTeoTavTIKAG KOUATOUPAG WG OVNG VOUIUNG Kal £éykupng. H TpwTn
avagopd Tou 1825 TnG emTPOTING TwV AYYAWV ETITETPAUUEVWY YIA TO IPAAVOIKO EKTTAIDEUTIKS
¢NTNUA, TTOPOUCIAEl TIG KUBEPVNTIKEG TTPOCTTABEIEG XEIPAYWYNONG TNG EKTTAIdEUONG WG PACIKS
EPYAAEIO KOIVWVIKOU eAEyxou, akaptreg. H xpnuatodoTtnon MpoTeoTavTiKwy ouddwy, WoTe va
TTapéXouv Bacikn ektmaideuon oTIS XapunAGTepeS Tagelc Twv KaBoAikwyv, atmépn avemtuxnig. H
EMTPOTTA KATEANYE OTNV AvTioTOIXN TTPOTACN IS TTPONYOUNEVNG €TITPOTIAG Tou 1812: O poévog
TPOTTOG yId va PopewOei O TANBUOPOG, e TNV TAUTOXPOVN IKOVOTTOINON OAwWV Twv
BpPNOKEUTIKWY PepWV, gival n edpaiwon evog oudéTepou, TTOAUMEPOUG, €BVIKOU EKTTAIOEUTIKOU
ouoTAMaTOG. AuTé 0dnynoe Kal oTnv ouoTtacn Tou EBvikoUu ZXoAIkoU GUOTAPATOG TO OTTOIO,
eKTOG ammd TNV Baoikr ekTTaideuon yia TIG XAPNAEG TALEIG, TTPOEBAETTE KAl TNV TTPOCEYYION Kal
EVOWMATWON TWV £€WG TOTE BIOPEPOVTWY TTAEUPWY, KOBWG KAl TNV €l00ywyrl BpnOKEUTIKAG
ekTTaidEUONG, ME TETOIO TPOTTO WOTE va Wnv TTPOKANBouv €xBpa kai evidoelg. QoT0C0, OTNV
TPAEN, €EaITiag Twv eKATEPWOEV €EKKANCIAOTIKWY TTECEWV, KATEANEE, XWpPiG BpNOKeUTIKO
TTPOCAVATOAIOUO, O¢ avTiBeon We TIG dlaKNPUEEIG ToOU VOUIKOU Tou TTAalciou [19].

Ta EOvikd ZxoAcia Aeimroupynoav 1o 1831, O6tav kai 1o XxoAgia Tou PpdyTtn cixav va
avTIuETWTTIoOUV  €évav okANpd aviaywvioud pe €éva OxoAIkO couoTnua, TTou OI€BeTe Tnv
UTTOOTHPIEN TNG KUBEPVNONG, Kal £T01 SIAPNUICOTAV WG ATTOTEAEOUATIKOTEPO, TOUAAXIOTOV, ATTO
EKTTAIOEUTIKIG ATTOWYNG. ZTNV TTPAYHMATIKOTNTA, TO KUPIOTEPO TTAEOVEKTNHA Twv EBVIKWY ZxoAgiwv
ATav 1a oxXedo6v pundapiva SidaKTPa TTOU aTTAITOUVTO aTTd TOUG PaBNnTEG, ETIXEipnUa TTou BApuve
UTTEP TNG ETTIAOYNG TOUG, OTNV EKTIUNON TWV YOVEWV, IDIWG PETA TNV TTEPIOOO Tou peydAou Aipou,
OTTOU Ol OIKOVOMIKA  uTTtodeéaTepol Ayyicav T1a Opla TnG £gaBAiwong. 10 peTAlU, €iXe Yivel
EVTEAWG adUVATOV YIa TOUG VTOTTIOUG VA KAVOUV OTIONTTOTE, £Av dev yvwpilav AyyAikd, Ta oTroia
w¢ emionun, TAov, YAWOOO TOug ATaV ATTOPAiTNTA, GKOWN KAl yia va egivar oe Béon va
eEaoc@alioouv Gdela, WOTE va TTOUAoUV, o€ TTAYKO, TIG TTATATEG TOug, OTO TTaddpl. To EBvikS
Zuotnua Ektraideuong oTtadiakd TTePIBWPIOTTOINCE Kal apydTEPA axpAOTEUCE TO AypPOTIKG
2XOAgia, TTPWTIOTWG, OUWG, KATAPEPE KaAiplo TTAAYUA OTNV KEATIKN YAWOOoA Kal TV TTapadoon
TNG 10TOPIKNAG KAl KAAOOIKAG 1pAavdIKnG TTaideiag [20]. ApXIKA, Ol YOVEIG QVTIMETWTTIOAV PE TTOAU
oioTayuo 1a EBvika ZxoAcia, d16TI apevig oI GUVBNKES GTEYAOTG TOUG TAV AVTIOTOIXO KOKEG HE
EKEIVEG TWV AYPOTIKWYV, APETEPOU YIOTI N KOIVOTNTA OTO OUVOAOS TNG £TPEPE PEYOAUTEPO aEfacud
yIO TOUG €KTTAIOEUTIKOUG Twv OeuTepwy. EmmmmAéov, evw oTta EBviIKA oxoAcia e@appoldTav,
Kupiwg, n aAAnAodidakTiky péBodog, n didackaAia oTa ZxoAcia Tou PpdyTn €ixe MO
eCaTOMIKEUPEVO xapakTApa. QoTdoo, apyd aAAd oTabepd, n PeTATONON TWV OACKAAWY TWV
AypOTIKWV ZXOAciwv o010 EBVIKO ZUuoTnua &yive avatmd@eukTn, kKabwg, oétav diaAudTtav £va
Zx0Agio Tou ®pdxTn, dev utpxav AAAES eTTIAOYEG. Aiyol ddokalol, Ouwg, diathpnaoav Tig BECEIS
TOUG, VyIa ONUAvTIKG XPoviKO OIA0TnuUa, € auTd, KaBwg o TTAAPNG KPATIKOG £AEyXOG Kal N
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OOQUKTIKA TTapeuBaTikdéTNTa 0 ¢NTAPOTA aKOUN Kal TTAEOV Twv akadnuaikwy, Toug ékave va
TTapaitolvTal Kal va avadntolv Tnv TOXN Toug aAAOU wg PETAVAOTEG N va ETTIOTPEPOUV OTO
ouoTnua Twv AypoTiIKwy ZXoAgiwv. MNpoatraBoloav va avacuoTAooUV KATTOIO aTTO auTd, WOTE
va e€akoAouBouv va gival aveEdpTtnTol, autodUVaUOI Kal KUpPIOol TOU EauToU TOUG.

> KGBe TePITITWON, Ta ZXOAgia Tou OpdxTn, diEweuoav TIG APXIKEG TTPOBAEWEIG OXETIKA YE
TNV TTPOCOOKWHEVN Taxeia £§apavior Toug. 'Hon 1o 1841, déka xpdvia PETA TNV EPPAVION TwV
EBvikwv ZxoAciwv, NOAIC TO éva TPITO TWV PABNTWY Ta TTapakoAouBoucav. H TTAsiovoTnTa TWV
QU0 TPITWV TTApPEPEVE OTTADOG TWV AYPOTIKWY ZXOAgiwv, YEyovdg TTOU OPEIAOTAV, KUPIWG, aTNV
oTa0gpn TTPOTIUNON TTOU TOUG £DgIXvav ol yoveig. H TTapoucia Twv AypoTiKwy ZX0Agiwv, KaBOAN
TNV didpkeia Tou 18% kail TIG apxég Tou 19 auiwva, utripEe oTabepr Kal duvapikh, o€ OAn Tnv
IpAavdia. Fivetal katavonTtr, OPwg, N 1SIGITEPA PEIOVEKTIKN Kal €ANITIG Béon Tng extTaideuong
€KEiVNG TNG €TTOXNG, av uTtoAoyioel kaveig o1 To 1841, otnv TepIox Tou NTOVEYKAA OTTOU
dladpapariceTal Kal To £pyo, T0 62% TOU TTANBUCHOU ATaV TTAVTEAWS avaApdapnTo [21].

FAQZzA KAl TAYTOTHTA: Ol AYO KENTPIKOI A=ONEZ TOY EPIrOY

O1 évvoieg yAwaooa kal TautdtnTa €ival oTtevd ouvdedepéveg. O Anderson, oto BIfAio Tou
@avraoiakéc Koivornteg [22], 1oxupideTal 0TI ye TNV eU@AvIon Tou KammTaAIohoU o1 €VTUTTEG
yAwooeg TTou TTponRABav atmé Th cuvapBpwaon Twv cuvaewy KaBopIAoupévwy YAwoowy €Bsoav
Kal Ta BepéNia TNG €BVIKAG Guveidnong Ye Toug EAC TPOTTOUG: AnuioUpynoay TTedio ETTIKOIVWVIOG
o€ €va eTTiITTedo XARNAGTEPO TwV AGTIVIKWV Kal uynAdTePOo TNG KaBouihoupévng. H gupeia xprion
EVTUTTWV TTPOCEDWOE PIa 0TABEPATNTA OTN YAWood TTou dIsUKOAUVE Th ouykKpdTNON TNG £IKAVOG
NG apXadTNTAG WG KEVTPIKOU GEova oTnv avTiAnwn Tepi €Bvoug ki €mmITTAéoV KaBiepwBnkav
yAWooeg e¢ouaiag dIapopeTIKOU TUTTOU ATTO TIG TTPONYOUNEVEG YAWOTES TTOU XPNOIKOTTOIOUCE N
oloiknon. ZupmAnpwvel 6Tl n xaptoypdenon Ki n armmoypaern UTTAPSav TTPAKTIKEG TTANPWG
EVAPMOVIOUEVEG UE TNV Kupiapxn e€ouaia. Etriong, dicukpiviCel, 611 To 'EBvog cuAAauBaveTal wg
KUpiapxo €@OCOV n €vvola YEVVIETAI PE TNV KAtaoTpo®n TG eAéw Ocol Movapyxiag atrd 10
AlapwTiopdé kai Tnv Emmavactacn kol ekKAauBdveral w¢g Mia opIifovTia ox€on ME KUPIO
XOPAKTNEIOTIKG TO BABOG KAl T CUVTPOPIKOTNTA.

O Hobsbawm [23] Toviel apevdg 6TI 0TV ONUEPIVH, KUPIWGS TTOMITIKA TNG évvola, n 19éa Tou
‘EBvoug eival TTOAU vEQ 1I0TOPIKA, a@ETEPOU OTI AvEKABEV UTTPXAV DIANAXEG OXETIKA HE TO AV N
évvola TNG YAwoodag Kal AANEC TTAPOWOIEG EVVOIEG HTTOPOUV I OEV UTTOPOUV VA ATTOTEAECOUV
KOIVO yVWwpIoua Tou €Bvoud.

QoT1600, eKTOG aTTO TIG KABe €idoug diaudxeg, n SlatrioTwon 6T oI OTACEIG ATTévavTl O€
yAwooeg eival aglohoynoelg atrévavtl o OAOKANpeg opddeg ki OTI TTpooeyyifovTag TG,
OIEUPUVOUE TIG DUVAUIKEG TOUG AVATTOPAOTACEIG HOIAlEl va gival atTodekTh [24].

2U0howva  he  Tov  Bourdieu, ekmpdébowtto  Tou  pevpatog TG AladPACTIKAG
KolvwvioyhAwoooAoyiag, ol YAWOOIKOi oXnUaTIoOPoi €ival ‘TTavrore OUOXETIOUOI OUUBOAIKNAS
ouvauns Kai ol YAWOOIKES TTPAKTIKEG WG KaTe€oxnv OXEOEIS EMMIKoIvwvIag eival OxEOEIS
ouuBoAikng eéouaiag’ [25]. O Bourdieu [26], avagépBnke oe éva €BVIKO POVTEAO yAWOOIKAC
ayopd¢ HECQ OTO OTIOI0 UTTAyovVTal KOl ouoxeTiCovial o1 €vvoleg TNG YAWOOoAG Kal Tng
KOIVWVIKOTTOAITIKAG £Gouaiag [27].

ATO Tn OIKA TOU OKOTIIA, TO B£aTpOo, WG MIA UAIKHA, KOIVWVIKA Kal TTONTIOMIKA TTPAKTIKA,
TPoo@EPel TNV duvaTdTNTA Yia TNV diEpelivnon TNG €BVIKNAG 10TOPIOG KAl CUUTTEPIPOPJG,
YEYOVOTWV KOl 1IBEWV, avoiyovTag To TTEdI0 yIa avaoToXAoNO Kal avTITTapaBéoelg. XpnoIUOTToIEi
TO TTEPIEXOMEVO KAl TNV AIGONTIKA a1TOAQUCT, TTPOKEIMEVOU va TTPOoAyel éva dnuioupyikd dIGAoyo
ME TIG evTAOEIG, aTov €0vIKO 10T6. Kavel xprion evog dnuioupyikol TéTTOU OTTOoU digpeuvdral TO
Tapadogo, n ouveeTdTNTA KAl N au@ionuia yopw amd nTApaTa TTapddoong, TautdTnTag,
auBevTIKOTNTAG KAl alIoBNTIKNAG O€ oxéon UE To £€Bvog [28].
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To épyo Translations, PeTaly AAAWvV, TTPAYMOTEUETOI KAl TNV ETTAPKEIN TNG YAWOOAS WG
ETTIKOIVWVIOKOU gpyaAgiou. H aAAayr] gival avatté@euKkTn Kal auTd TO OTOIXEIO TNG TTAPOUCIAdeTal
WG TTAQICIO IKAVO va eUTTEPIEEEl Y1 DUVANEI TTOMITIONIKA ouvavTnon. Z0pewva pe Tov Knowles
[29], kouATOUpa evog TOTTOU Bewpeital N KABNUEPIVA BIWPEVN TTPAYUATIKOTNTA CUYKEKPIYEVWV
avOPWITTWY, O OUYKEKPIPEVO PEPOG KAl OUYKEKPIPEVO Xpovo. Alvatal va uttapgel pévo epdoov
Biwvetal péoa ammd KABNUEPIVEG dPACEIG KOl TEAETOUPYIKA OTOPWY KAl KOIVOTATWY, £TO1 OTTWG
diatrpaypartevovTal TNV B8€an Toug GToV KOOO.

O Thomas Davies, IpAavd6g, eTTavaoTATIKOG OUYYPAPEQS Kal IBPUTAG TNG opydvwaong Young
Ireland, petagl GAAwv, éxel dnAwaoel 611 AvBpwTTol XWPIG BIKN Toug YAWOOA, aTToTEAOUV HICO
€0Bvog. To €Bvog mpétrel va dIaQuAdgel TNV YAWOOO Tou TTEPICOOTEPO ATTO TA CUVOPA TOU.
ZUP@wva Pe TTOAAOUG PEAETNTEG, AUTOG O OPIoHOG BpiokeTal oTnv Kapdid Tou £pyou [30].

H TautétnTa oTO €pyo cival dueca cuvupacopévn he TNV YAwooa. ©a utropouce va TrEl
Kaveig 611 n KevtpikA aAABeia Tou €pyou cival 6TI N Maire xpeldletal va udBel AyyAikd. Auth n
aAnBela eival TTou evepyoTrolei kal TNV aAAayry Tng TautoTnTag. O KOOUOG Oeixvel va TO €XEl
KataAdpel, kaBwg £xel XwpioTei oTa duo: ATTO Tnv HIa, €Keivol TTou PNy BéAovTag Ta AyyAKd,
d1atnEoUV Pia TauTOTNTA TTOU QAIVETAI VA PNV TOUG 0dnyEi TTouBevd Kal OTEPEITAI TTPAKTIKOTNTOG.
ATI6 TNV AAAN, ekeivol TTou €mOOKIYAlouy, Pe KABe TPOTTO TNV aAAayr], XWPEIG akOun va £Xouv Jia
OpPKETA EekABapn eikéva Tou TI auTh cuvettayeTal. O TiTAog Translations (ueTapEAceic) IcoUTal PE
MeTauopowon. H idia n yn, TTAéov, yivetal n amapxrn TNG METauopwaong. H codeid civai
QTTOTUXNMEVN KOl €XEl APPWOTIA, TTPOOIWVICeTal O PEYAAOG AIudG, n €10BoAf eival, TTAéov,
TTPAYMATIKOTATA KA, JE TH OEIPA TNG, QPEPVEI TNV EKKEVWON. H idla n eKKEVWON AQRVEl XWPOo aToV
EPXOMO TNG PETAPPAONG, TNG METABAONG TwV AvBPWTTWY Kal ThS Kiviong, HEOwW Tou XpOvou Kal
Tou ToTTOU [31].

‘Exel uttooTtnpixTei 0TI 0 POAOG TNG OMIAOUCAG YAWOOAG WG Kupiapxog Oe€iktng IpAavOIKAg
TAUTOTNTAG, UTTHPEE avEKABEV au@IAeyOuEVOG. YTTooTnpICeTal OTI, JE TNV ATTOKTNON YAWOOAG, TO
avOpwWTTIVO ov atToKTé TautoTnTa. O AvBPWTTOG UE TO VO CUHMETEXEI OTO CUHPBOAalo, dia Abyou,
Oev ammodéxetal pévo 1o cUCTAPA TNG YPAMMOTIKAG, AAAG KAl TOUG KAVOVEG PIOG OUYKEKPIYNEVNG
KOUATOUpaG. H yAwooa £xel TauTioTel pe Tnv 10€oAoyia kal Bewpeital éva péco diathpnong tg
lepapyiag. Emouévwg, gival e0Aoyo, Otav éva €0vog TTou ATAV TTPWNV ATTOIKIO aTTOKTA dUvaun
dlakuBépvnong, va avaknpuooel TV VIOTIA YAWood wg eTTionun. Auté ouvéRn OoTnv TTEPITITWON
Tou ouvtaydatog TnG IpAavdiag 1o 1922, pe 1a IpAavdikd. Qotdéco, o 1972 o1 Gaeltacht, o
TTANBUGPOG, dnAadr, TTou opiAouce Ta IpAavdikd, peiwdnke otoug 32.000, evw 10 1973 n
YAwooa ETTaye va €ival UTTOXPEWTIKN, TOOO yia TO atTOAUTAPIO 600 Kal TNV €i0000 OTOV OTPATO
[32].

O Yolland, o AyyAog agiwpaTikdg Tou €pyou, OTNV KEVTPIKK oKnvr] TTou deixvel To {euydpl va
TpooTraBei va ek@pdoel Tov €pwTA Tou, XWPIiS va WIAG o évag Tnv yAwooda Tou AAAou,
atrayopevel otnv Maire va Tov oTToKaAEl oTPaTIOTN. Z€pel OTI N Aégn dnuioupyei TauTdTNTA KOl
QUTOG BEAEI va aTTOXWPIOTE TNV OTPATIWTIKF Tou TautoTnTa [33]. Ovouddel éva TTpog éva Ta PEpN
Tou TOTTOU TNG OTA IpAavdIKd, O¢ pia ammoTTEIpa va TV KOaAéoel Kovta Tou. Kai n Maire T10
kataAaBaivel, éAkeTal atrd autd kal TTANCIAgel. Ekeivn Tou pIAGEl oTa AQTIVIKA, TTOU TOU €ival
ayvwoTa. YTTApXEl por) avaueoa aTa aiobnuaTa Kai TIg OKEWEIG Toug. H eTmKoIvwvia Toug Xwpig
AOYIQ, KOpUQWVETAI OE £va @IAi. H €pwTIKr] oKnvn €ival n Yovn OKNnvA TTou EKTUANICOETAlI OTNV
UTTaIBpo KAl cuvdéeTal Pe Evav AANO XWPO EKTOG OKNVAG, TO TTAPTI TTOU YiveTal 0TO XWwpIo [34].
To éva oxAPa, EKEIVO TNG EPWTIKAG OUVAVTNONG, EMTTEPIEXEI KAI TAUTOXPOVA EUTTEPIEXETAI OE £VQ
0eUTEPO, eKeivo TNG HETAPpacng. MpokeiTal yia TV Kopugaia oknvr] Tng deUTeEPNG TTPAENG, Kal
TNV KEVTPIKI OKNVA TOU £pyou.

To €épyo BpiBel cupBoAiopwy TTOU KATABEIKVUOUV ATTOTUTTWOEIG TauToTnTag. H XpAon
AaTivikwv Kal EAAnvikwy Aé€ewv gival ekTeTapévn. H paBniTtpia Sarah mou dev utropei va PIARoEl,
otnv évapén Tou £pyou Kata@épvel va apBpwoel To GVoPd TNG, WG HIO TTPWTN ATTOTTEIpA
QaTTOKTNONG TAUTOTNTOG, WOTOOO OTO TEAOG TOU £pyou ETTICTPEPEI OTAV ATTOAUTH OCIWTTA TNG.
EvOeikTIKA €ival n arrown TTOAAWY PEAETNTWYV 01 OTToI0I UTTOCTNPICOUV OTI N CIWTTA 0€ OUVONKEG
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amoTEIpag €TMPOAAG dUvauNG, EAEYXOU Kal KATAOTOANG, aTTOTEAEI TO TeEAeuTaio PHECO EKPPAOCNG
TTOU QTTOPEVEI OTOUG KuplapXouuevoug. Katr autdév Tov TPOTIO N CIWTT OuvIOTd Hop®n
avTiotaong [25]. H pikpA padbntpia pe TRV olwTrh TG avadeikvUeTal o€ CUPPBOAO avTioTaong
QTTEVAVTI OTOV EIGBOAEQ, TTOU, GTNV TTPOKEIYEVN TTEPITITWAN, UTTOONAWVETAI PE TNV UTTOXPEWTIKA
METOVOUATIQ TWV TOTTWV OTNV YAWOoOoA Tou, TNV AyYAIK.

lowg, OUWG, 0 XAPOKTNPIOTIKOTEPOG CUPBOANIOPOS va diveTal Ye 1o TéEXvaopa Tou Friel va
Xpnaoigotroioel Tnv dITTAR oupBacn atnv yAwooa Tou €pyou. To €pyo ekTUAicoeTal 6Ao oTa
AyYAIKG, vy uttoTiBeTal OTI GAOI 01 XapaKTAPESG WIAAVE OTA KEATIKA, £€aipoupévwyv Twv AyyAwv
oTpatiwTwy. O1 Beatég kataAaBaivouv, atrd TNV apxXh HEXP! TO TEAOG, TI AéyeTal €TTi OKNVNG, Kal Ol
AaTIVIKEG KI EAANVIKEG AEEEIG TTOU akouyovTal, TTapagpdadovTal, auéows, PETA TN XPAON Toug,
oTToTE e€punvelovTal Kal autég. Autd To TTapdadofo, TTpoPavwg, €CutTnpeTEl TNV Atmown TTou
ekpépel 0 IpAavddg ddokahog Hugh oto €pyo, 611, TeAIKd, yia va uttapgel avakAnon Tng
IpAavdIkKAG TauTtdTNTOG, Ta AyYyAIKG TTpétel va yivouv n Ok Toug yAwooa. O Friel, oTo
Translations, TrpaypaTeleTal To BEUa TNG YAwooag Pe auTdv, akpIfwg, Tov TPOTTo: YTIAPXE!
MeEYaAn avdykn va avapoppwoouv TNV AyyAiKA yAwooa, va Tnv uloBetrioouv, Kabwg d¢ev eival
MOvo N YAwooa Tou TTapeABOVTOG aAAd Kal auTr TTou aTevidel oto PéAAov [36]. O Wheaton [37],
ava@éper OTI N eATTIOA yia JEAAOVTIKI) CUUQWVIa EVATTOKEITAI TNV YAWOTA ToUu TTapeABOVTOC Kal
Tou PEANOVTOG padi. 210 €pyo, o dAaokaAog Hugh emonuaivel Tov Kivdbuvo OTOV yIO TOU va
BuudTal kaveig Ta TTAvTa, Kal To TTapopoldlel Ye €idog TpéNag. H eikdva, n YvAun, 10 vonua,
Tpoadivouv 1 dev TTpoadivouv Tnv TautéTnTa. O Hugh, Bappaléa, @aivetal va £pXETal TIPOOWTTO
ME TTPOCWTTO PE TO TEAOGC TNG TTOAQIAG E€TTOXNG Kal TNV dApXn Tng véag, dnAwvovTag Tnv
ouykatdBeor) Tou va d164&el AyyAikd. H &@ign twv &évwv oTtov T6TTO, TTOU KOUPBOAOUV, OTIG
QTTOOKEUEG TOUG, TNV VEQ KOUATOUPA, DEV QVTIUETWTTICETAI HOVOV WG N €TTIBOAN TOU 1I0XUpOU OTOV
o aduvapo, aAAd TTpocAauBaveTal Kal wg évag evOIANESOG XWPEOCS TTOU TTPETTEI VO TTANPWOET ue
TNV avakdAuyn kai Tnv dnuioupyia véwv vonuaTtwy [38]. O daokaAog poidlel va Katavoei Tnv
emmeiyouca avaykn yia 1n diapUAAgn Tou KOIVWVIKOU 10ToU Kal TNV eueAigia ekeivn TTou Ba
EMTPEYEI OTA PEAN TNG KOIVOTNTAG VA ETTAVATIPOCOIOPIOOUV TNV TAUTOTNTA TOUG CUAAOYIKA O€
oxéon HE TIGC VEEGC OUVONAKEG Xwpic woTOCO va a@opolwbouv atd Tn véa dleupupévn
KOIVWVIKOTTOAITIKA TTPAYMATIKOTNTA. Moidlel va aotradetal Tnv dmmown Twv €18IKWV TS WUXIKAG
UYEIag TTOU ETTICNHPAIVOUV TO YEYOVOG OTI N QUOAEITOUPYia HIOG KoIVwViag KAoviCel TN BIwaiun
ICOPPOTTIa TWV ATOPWYV  KI OTI éva oTaBepd aUoTnUa aglv Kal Kavovwy Péoa oTnv Kolvwvia
OIEUKOAUVEI TIG UYIEIG TAUTIOEIG, Ta KUpIa BepéAia TG avBpwTTivng TauTtétnTag [39].

H KPITIKH

O1 amoyelg Twv KPITIKWVY yia To £€pyo dlioTavTtal. APKETOI KPITIKOI €0Tiooav OTnV aTToudia
TOAITIKAG Tou €pyou. Kpitikoi otnv NéTia IpAavdia eoTicoav oTnv KevTpikr 16éa Tou £pyou yia
Tov Biacud TNG TOTTIKAG Kovwviag. AyyAol KPITIKOI iAnoav yia €AAEIWn TTONITIKAG TTOAEMIKAG Kal
yia dpauatikr) TTapouciacn Twv AYpoTIKWY Zx0oAgiwv, €EaipovTag To avoiXTd TEAOG ToU £pyou,
yeyovog trou KEPOIoE Tov d1EBvr) Baupaoud Tou Kolvou. QoTOoOo, Autd KAUuTNPIAoTNKE OTTd
akadnuaikoug Kal 10Topikoug KUKAouG [40]. Tivetal eUkoAa avTIAnNTITé OTI TO £pyo AEITOupyEi o€
TTOAAG Kal SIaQOpPETIKA €TTiTreda Kal, yia Tov Adyo auTto, pia povodidoTatn TTpoctyyion 6a 1o
adikouoe kardgopa. EEGANou éxel utrooTnpIxBei OTI GAPEPA TTIO PEYAAO CATAPO ATTOTEAOUV Ol
QVTITTAAEG EpUNVEIEC EVOG €pyou TTAPA Ol TTOAAATTAEG avayvwOoEIS WG TTAOUTOC TNG Miag Kal Jovo
epunveiag [41]. O I'. Mdpkou , O0TO €I0aywyIKO CNUEIWHA, TTOU CUVODEUE TO TTPOYPAUMG TNG
mapdoTtaong Tou €pyou, TTou avéPnke atd Tov KaAAitexviké Opyavioué ddopa 10 2002,
IoXupigeTal, OTI akOua KI av dev BEXETAI KAVEIG TIG atmoyelg Tou Friel, oTto €pyo Translations:
‘AiBvorroiouvral Téooepa 1IIaiTEPA onuavTika mpoPAnuara Tou 1éAoug Tou 20° aiiva: o EpIlwuds Twv
QYPOTIKWYV TTEPIOXWY, N METAVATTEUDN, N évvola TNG €OVIKNG UTEPNQAVEIQS Kal 1 OuvauikotnTa Tng
yAwooag¢ wg¢ péoou emikovwviag Kai éEkppaons moAmouikwv adiwv” [42].

296



ISSN: 1791-4469 Copyright © 2012 Hellenic Naval Academy

H idia n yerdgpaaon civalr xwpotaikn. Karadeikvuel Tnv PeTdBacn ammd évav TOTTO VOARUATOG
o¢ évav aAov. To épyo Translations TTPOC@EPEI PIA ATTEIKOVIOTN TNG OXE0NG TOTTOU KAl PVIUNG.
O Friel, Trpooeyyifovtag Ta Bacikd TTOMITIKG ¢NTAPATA, YE BIOKPITIKOTNTA, ETTIAEYEl va €0TIACEI O€
éva Béatpo Tou @aivetal va TrAaylodpouei. QOTOCO, OTNV 0oudia, ETTIKEVIPWVETAI OTNV
WuyxoAoyikr] ouadia Tng TOAITIKAG TPAa¢ng [43]. O1 TTO0 ATTOCTACIOTTIOINKEVOI CUVAICONUATIKA
TTapaTNPENTEG CUYKAIVOUV OTNV AtTown OTI To épyo dOUEITal TTAVW O€ éva TTOAUQWVIKS XTIOIUO TNG
oxéong WeTafu yAwooag Kal TTOMTIONIKAG TaUTOTNTAG, TTPOTEIVOVTAG, OUCIAOTIKA, TNV avaKwXH.
H yAwooa dlapop@uwvel TNV KOUATOUPA €VOG TOTTOU KAl QUTH, ME TNV CEIPA TNG, TNV TAUTOTNTA.
Kavéva oToixeio amd pdévo tou dev ammoTeAei kal Tnv govadikh oucia TG TautétnTag. H idia n
yAwooa, e¢dAlou, cival TOOO pPeUCTH TTOU CuvoTTavTdTtal, dIapKWG, HE VEEG duvaATOTNTEG
avavéwongs. H Aerrtr) TToAuetriredn Kelpevikrp ouvBeon evioxUel, akpIfwg, Tnv aiobnon Tng
peuoTOTNTOG, €vOG OToIXEiou TTou divel TRV duvatdTnTa oTnV IPAAVDIKI) KOUATOUPA Kal ToV
IPAOVOIKO XOapakTApA va &eTepAoouv TG00 TNV OTTOIKIOKPATIKA 000 Kal TNV aKpaia €BVIKIOTIKA
TTpoodokia [44]. H TTapouciaon Tou Beopol Twv ZXoAeiwv Twv PpdKTn, TEPA ATTO TIG OTTOIEG
IOTOPIKEG QVTIPPAOEIS YyIa TOV TPOTTIO TTOU QUTA TTapoucidalovtal oTo €pyo, €KTOG atrd Tnv
avaBiwon Tou TTapeABOVTOG, oxnuaTiel Kal TO TTAQICIO HECA OTO OTTOI0 EEBITTALVOVTAI Ol OKEWEIG
Kal ol TTPoBANUATIOHOI TOU GuyypagEéa, To OTToi0 dev gival GAAO ATTO TO EKTTAIOEUTIKO.

EMIAOIoz

H drmown 611 To BéaTpo TTPOC@EPEl TTOAU TTEPICOOTEPA TTPAYHATA ATTO TO va KABPeTilel uévo
TNV TTiEON TWV KAIPWY, Kal, OTNV TTPAYHATIKOTNTA, VA SIANOPQWVEI TIG (WEG PaG POoIAlel eupiéwg
atrodekTr [45]. Mtopei To B€aTpo va Kpatd €vav KaBpéetn oT1o €6vog, wWoTdoO aAuTO dev
onuaivel 6Tl kaBpe@TiCel kal TNV okpIB €kOva. AuTH utTopei va eivalr diaoTpefAwpévn,
MeyeBuauévn ) ouToTTIKr. TO ONUAVTIKOTEPO, OUWG, QaiveTal va gival OTI dev KaBpe@TiCel pdvov
600 cupBaivouv OTO £€BvOG, TNV OUYKEKPIUEVN XPOVIKA OTIYURA, GAAd UTTOPE KOl VO CUVEICQEPEI
Kal otnv idla Tnv dnuioupyia Tou €Bvoug péoa atrd TIC AVOTTAPACTACEIS TTOU TTAPEXEN Kal TIG
I0TOpieg TTOU ETTIAEYEI VO apnynOei [46].

MapakoAouBwvtag 10 €pyo Translations ofuepa, Kal OuveIdNTOTTIOIWVTAG TO €UPUTEPO
YEWTTOMITIKO TTAQICIO OTO OTI0i0 avTioTolXa yeyovota AapBdvouv xwpd, OTTwG n TTAyKOOoUIA
Kivnon kegaAaiou, ayabwv kal avBpwttwy, Ta {ntruaTta d1eBvolg XpEoug, 0 avTaywVIGHOG YIa
TIG TTNYEG EVEPYEIAG KAl TOUG TPOTTOUG UE TOUG OTTOIOUG N CUYKEVTPWHEVN EUNAPEIN OE €Va HEPOG
TOU KOOWOU uTTopei va e€apTdtal atrd Tnv évdeia evog dAAou, TOavov, va pn BewpAoouPE auTEéG
TIG OKNVEG TOGO PaKpPIG atrd eudag. EEGAAOU, N TTOANITIKA TTOI0TNTA TOUu BedTpou TTEPIAAUBAvVEl TNV
CWVTAvIa Kal TNV KOIVWVIKOTATA Tou [47]. EKTOG Ouwg atmrd auth T didoTaon, UTTAPXEl Kal N
atroyn OTI N HEYAAN €TTITUXIO TOU €pyou O€ PeYAAN TTOIKIAIG TTANBUCUWY OQEIAETAI KUPIWG OTO OTI
EXEI VA TTEI KOl KATI DIOPOPETIKO aToV KaBéva [48].

‘Exel dlaTuttwBEi n dmown o1 T0 B€aTpo OTTWG Kal N YAWooa, JTTopEi va AsItoupyfioouv wg OTTAa
KAaTaoToARG aAAd kal wg OTTAa atreAeuBépwong [49].

O Friel poidZel va uloBetei TNV dmoywn o1 N YAwooa dev gival oTabepn Kal akivnTn 600 n mérpa
Kal n ummoyid, wg AAAa KaAMITexVIKG epyaheia. O yAwooeg Bpiokovtal e KaTdoTaon ouvexoug
€CENIENG Kal poOvo @aivopevika dev aAAdfouv [50]. YmooTtnpiler 611 n yAwooa eivar avagia
EUTTIOTOOUVNG, KOBWG dev KAvel TiTToTE AANO aTTO TO VA KABPePTIEl TIC ATOUIKES EKAOYIKEUTEIS
Twv Baocaviouévwyv ouveldnoswy. QoT1déoo, TaUuTOXpPOova, IoXupieTal OTI OOUAEId Tou
dpauatoupyou egival va eufabuvel kal va QwTifel Ta yEYyovoTa Kal TOUG XOAPAKTAPES Tou, va
OOUAEUEl Pe TNV TEAETOUpPyia, TNV XeElpovopia kal Tnv BepatreuTikn SIAOTAON TOU OPANATIKOU
yeyovoTtog. Méoa atrd autr] Tnv TTPOOTITIKY, 0 Friel amotreipdral va eravagépel To B€aTpo OTIg
KaBapTIKEG Kal JETAOXNMATIOTIKEG Tou pileg [51]. To épyo Translations KAvel XwpEO yia Pia véa
yAwooa, ekeivn TnG €ipvng. Kai yia auté oTo TECIMO TNG auAdiag, o dAOKAAOG Tou ZxOAegiou
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Tou ®pdaxtn Hugh, apxilel, Adn, va &exvdel TIG TTPWTEG YPAPMES TNG Alvelddag TG TTaAidg
IOTOPIOG TOU TTOAEPOU

“ ... Ma 1 d160lo Ea waber; Apod 1o keiuevo avto 1o yw amootnbicer. Zovopyilw. Urbs antiqua fuit - Hrav o
wadid woliteio, Jéel, wov ayannoe 1 Hpa o mold amo kabe ywpa. (ta parta opyilovy va youniovoov). Xtoyog kai

eAmioa tpovy ¢ Bedg, avth va. yivel fooilicoo Twv Taviwv- av Edvay Ty adelo, o1 Moipeg.... " [52]
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Small Arms and Light Weapons (SALWs) lllegal
Trafficking: Another Challenge for Global Security

Dalaklis Dimitrios, Cdr. H.N. and Chrysochou Georgios, Lt. H.N.,

Hellenic Naval Academy, Department of Combat Systems, Naval Operations, Sciences of
the Sea, Navigation, Electronics and Communication Systems

Abstract: The end of the Cold War brought about new security challenges for the
conventional arms control field. Many conflicts, interstate and intrastate ones, started to
emerge (or better re-emerge) around the globe. Especially in countries of the developing
world, numerous armed clashes occurred based on ethnic and religious divisions. These
conflicts benefited from a deregulated arms market, which made the nature of the
conventional arms trade more vigorous than ever before, thus created new security
challenges for the agenda of conventional arms control field. Taking into account that
human life and dignity are being threatened worldwide by the circulation and accumulation
of Small Arms and Light Weapons (SALWSs), new tasks for the Military and particularly the
Naval Operations Doctrines started to take effect and be implemented through the Naval
Blockade and Maritime Interdiction Operations (MIO) during the recent interstate and
intrastate conflicts. Therefore, the old-fashioned arms control agenda must be expanded
under a comprehensive and holistic approach to include issues like the effective control of
arms transfers at a global level and combating illicit arms trafficking and arms brokering,
especially in the category of SALWSs.

Keywords: Maritime Transport, Small Arms Stockpiles, Arms Trade, Light Weapons
Proliferation, Disarmament, EU Code of Conduct on Arms Exports.

PACS: 89.40.Cc

INTRODUCTION

With the end of the cold-war era, the international system has changed significantly and
patterns within the international arms trade domain moved towards a different direction. [1]
Quite often, it has been argued that: “the bulk of the trades in major weapons become banal,
posing no clear threat to security’. [2] The specific market is now characterized as smaller and
looser when compared with the recent past, but clearly there is still a very large volume of
transactions involved; it also remains extremely complicated and with rather limited potential for
effective control. Of course, numerous initiatives for the regulation of the various aspects of
arms trade -both globally and regionally, or even at the national level- are already in place. Well
known examples are the United Nations (UN) Register for Conventional Arms, the European
Union (EU) Code of Conduct on Arms Trade and many others. [3] However, a large number of
on-going (low-intensity, or intra-state conflicts) round the globe turned the international
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community's attention towards the Small Arms and Light Weapons (SALWSs) issue, revealing the
disproportionate impact of SALWs. While accounting for only one-fifth of the global arms trade,
they are responsible for heavy injures and killings of far more people world-wide than any other
conventional weapon. Small arms were the most commonly used weapons in the more than a
hundred conflicts fought worldwide between 1989 and 1996. A study commissioned by the
United Nations World Health Organization and the World Bank found that by 2020, the number
of deaths and injuries resulting from war and violence would overtake the number of deaths
caused by diseases.[4] Conceived as a serious threat for global security, the aforementioned
issue started to be considered and endorsed under the agenda of the traditional conventional
arms control context, constituted before merely of the Conventional Forces in Europe (CFE)
Treaty and the Certain Conventional Weapons (CCW) Convention.[5] It is widely accepted that
the conclusion of the super-powers' confrontation resulted in the supply of SALWs to exceed
demand, thus becoming cheap and relatively easy to obtain. In its turn, this might lead to the
arming of the local criminal groups and eventually the circulation of weaponry abroad,
perpetuating the opportunities for rioting and violent armed insurrection elsewhere. [6] Needless
to mention, there is an obvious connection between the recent increase of piracy activity in
Africa (Somalia and Gulf of Guinea) because of the easy access to various types of weapons for
the local population. [7] And, of course, during the last years a large number of naval operations
(i.e. coalition forces during the 1% Gulf War, or NATO in the recent Balkan Wars and the Libyan
Civil Conflict) had as major task of their mission the disruption of the weapons supply routes to
the warring factions and/or opponents. There is a simple reason behind this action: oceans and
seas of the planet are by far the most frequently used medium of transport (see Figure 1).

FIGURE 1. Core and Secondary maritime routes [8]
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lllegal weapons trafficking, although an old product of the cold-war period, has been
considered with much greater seriousness only during the last few years. The primary sources
of this plague, have been the states of the Former Soviet Union (FSU) being at that time under
economic dislocation; the Afghan Pipeline, a distribution system established by the Central
Intelligence Agency (CIA) in the 1980s for the supply of the Mujahedeen; some African countries
under past interstate and intrastate conflicts, like Angola and Mozambique; and some South-
eastern Asian countries through the oddments of their past wars, namely Cambodia and
Vietnam. A relatively recent United Nations' Conference on SALWSs revealed that eight million
guns are made every year and 25 per cent of the four billion US$ small arms trade is illicit. [9]
Inconsistent policies of export controls and embargoes have played a major role, assisting many
of the significant transfers of weapons and related technology that have taken place covertly,
including those which are illegal, when international embargoes and national licensing
procedures are circumvented.

Moreover, even when these "grey market" transactions have been difficult to be kept out
of the public eye due to regional and international transparency regimes, the "black market" of
the uncontrolled and unobserved movement of vast quantities of small weapons and
ammunition has posed the most serious impediments for an effective control and has inflicted
the worst consequences. The problem has received extremely large dimensions, so that one
estimate suggests that the size of the illegal arms market could range from US$1 billion to
US$10 billion, about half of the "legal" arms trade when the demand is high. [10] Small arms are
widely accepted as the most widely used tools of violence; the comment of a human rights
campaigner of Amnesty International is characteristic: “As a human rights campaigner, I've
visited countless countries where people suffer terrible abuses...Behind so many of these
atrocities is one common factor: the gun...and behind that gun are the arms dealers, profiting
from a trade that’s barely regulated and spiraling out of control”. [11]

The reverberation of the above issue has started to compel the global community to
minimize all small arms transfers. In that context, under a conference held in New York in 2001,
the international community started to work on this task, establishing a UN Program of Action to
Prevent, Combat and Eradicate the lllicit Trade in Small Arms and Light Weapons, in All Its
Aspects (PoA). Additionally, there was a signing of an international Protocol against the lllicit
Manufacturing of and Trafficking in Firearms, Their Parts and Components and Ammunition, as
a supplementation of the UN Convention against Transnational Organized Crime. [12] These
initiatives continued in a similar UN conference under the auspices of the Group of
Governmental Experts for the purpose of tracing illicit arms trade and of addressing the issue of
Man-Portable Air Defense Systems (MANPADS). [13] However, the arms trade and especially
the illicit and covert arms trade in SALWs poses itself as one of the most controversial
international issues of our actuality. Moreover, the inter-linkages with the conventional arms
control agenda and the peace-management processes complicate further its character,
revealing different problematic areas and approaches in several regions of the globe and a long-
term confrontation between unilateralism and multilateralism in every initiative or discussion
concerning its effective management and control.

ILLICIT AND COVERT ARMS TRADE: THE "GREY" AND "BLACK"
MARKET

The illicit and covert arms trade, divided into the grey market and the black market,
involves a range of state and non-state actors. As it was stated in Jane’s Intelligence Review,
“although often considered to work independently of one another, one of the most important
traits of the illicit arms trade is the extent to which the licit and illicit world are complicit in their
actions”. [14] The grey market is associated with the diversion of legal stockpiles and refers to
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state supplies of arms to non-state actors or to embargoed states. It has started during the Cold
War, allowing the superpowers to arm insurgent groups involved in conflicts throughout satellite
states and continued in the Post-Cold War era, where NATO members supplied the Kosovo
Liberation Army during the Balkan conflict and private military companies -with the knowledge of
western states- have supplied weapons to Sierra Leone and Liberia, in spite of the UN's
sanctions.

On the other hand, apart from direct government supplies, legal stockpiles are eventually
diverted to the black market in other ways, like violations of arms embargoes by private arms
brokers, theft from military arsenals, and theft of stockpiles in collapsed states. In that context,
the involvement of organized crime in the illicit arms trade is almost entirely limited to the black
market. [15] The criminal groups involved in the black market have their own dynamics in
structure and function. Retailers and middlemen operate based on the principle of demand and
supply, looking for new routes for transporting weapons should a new demand occur in any
given part of the world. These dynamics made some experts in several conferences related to
the subject in question to argue that what started as an enterprise spawned by a political
revolution, soon became an enterprise operated for financial gain, which under the threat of
crossing international borders, makes the internal security of all nations vulnerable. [16] This
was obvious in the case of the uprisings in Albania in 1991 and 1997, where one million small
arms were stolen from the Albanian arsenals and first used in Kosovo, while soon a network of
gangs emerged, developing routes for arms sales that extended to the rest of Europe, the
Middle East, the US and Turkey.

In general, the operation dynamics of the illicit arms trade are concentrated on
transportation, mainly in the maritime domain where opportunity is always present. Shipments of
illicit arms often virtually disappear while moving from source to final destination; on the
documentation, where appropriate documentation is obtained in several ways, including through
the corruption of authorized officials, or through the use of forged or counterfeit papers, or even
through documentation fraud; on corruption, where, used by all actors involved in arms
smuggling, it is sometimes needed to access state-controlled stockpiles or to circumvent export
licensing and customs regulations; and finally, on the financing and banking, where payments
can take the form of commercial payments to avoid bank involvement, or shipments can be paid
in the form of letters of credit and direct transfers of hard-currency funds under the process of
money laundering in order to disguise the final destination. [17]

Taking into account the overarching lack of transparency within the legal arms trade, be
it state-controlled or by private manufacturers, the generally accepted fact by the majority of
international authorities that the demand for weapons is high and unlikely to diminish in the
immediate future, and the downward trend in prices (for example, the AK-47 Kalashnikov
automatic rifle used to cost about 125 dollars straight from the factory in the FSU and now it can
be purchased for 30 dollars at Russian flea markets) [18], the whole situation has started to be
very worrying. Armed conflicts, or authoritarian and unrecognized "de facto" states, which
appear after these conflicts serve as a source of terrorist activities and illegal arms trade,
destabilizing even further the particular regions, as well as the border security of the neighboring
states. It is not possible to install viable export regulatory regimes in territories, like Nagornyy
Karabakh or the Kurdish populated territory of Eastern Turkey and Northern Iraq. [19] Another
case study, the one of Slovakia, reveals more complicated dimensions of the problem,
particularly in the Slovak-Ukrainian border, where poorly-paid and poorly-trained conscripts who
guard the weapon stores and the borders are susceptible to brides and intimidation, easing the
possible transit of illegal weapons. [20] On the other hand, the situation of the illicit arms trade,
especially that concerning the SALWs, in other selected regions of the world, like Southern
Africa, Northwestern South Asia and Central America, seems to be much more complicated and
unscrupulous, involving many of the superpowers and modern European states that claim to
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fight this scourge. The routes of this kind of proliferation are presented on Figures 2 and 3
respectively.
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Sources: Smith, 1993 and 1996; Singh, 1995
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FIGURE 2. Light weapons proliferation and circulation in selected regions (1) [21].
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FIGURE 3. Light weapons proliferation and circulation in selected regions (2) [22].

SALWSs: SECURITY CHALLENGES AND IMPLICATIONS

Security challenges of the SALWs arise from their distinctive features, being their low
cost, their portability, their minimum training requirements and their concealability. Light
arms cost a tiny fraction of the price of major conventional weapon systems. They can be
carried by an individual soldier or by light vehicles and they require very little of a repair and
maintenance infrastructure. In addition, an individual combatant is able to receive the necessary
training to fire a gun or a light weapon in only a few hours or days, and finally, SALWs can be
concealed in the clothing or hand luggage of a single individual, making them the perfect tools
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for assassinations, terrorism and banditry. [23] An example of their concealability is the case
study of Slovenia, where the relevant authorities have identified various methods of hiding
weapons and their components, as inside televisions, radios, books, dog food, or even inside a
loaf of bread, a chocolate bar or a coffee pack. [24]

On the other hand, the above distinctive characteristics are in accordance with the
dynamics of this sort of weapons, being their increased lethality, especially after the end of the
cold war, and the proliferation of their making technology. For instance, modern assault guns
can fire a burst of 30-35 bullets, inflicting the death of many people at once, particularly in
crowded environments, as the February 1994 Hebron massacre committed with a 35-round
Galil assault gun. Moreover, while the production of major conventional weapon systems is
confined to a dozen of industrial powers, the production of SALWs is spread to a much larger
group of countries. It is a fact that by 1999, approximately 45 nations were producing light
weapons of one sort or another, 22 of them being in the developing world. [25] According to the
survey of 2005 made by the World Policy Institute of New York, small arms are responsible for
two million casualties each year. Almost 300,000 — mostly civilians — are killed in wars and other
armed conflicts and insurgencies; another 200,000 people are killed in homicides, suicides and
unintentional shootings, while small arms fires wound one and a half million people around the
world annually. [26] Totally aware of this terrible reality, The former UN Secretary General, Kofi
Annan, stated in the UN's SALWs Conference of New York in June-July 2006 that the
proliferation of light weapons, such as machine guns, has spawned a “culture of violence”. [27]
This is evident from the data in Table 1.

TABLE 1. Small Arms Stockpiles and ratio of population per arms [28]

Small Arms Stockpiles Ratio: Population per Arms

Country Population Armed Police Civilian Total Num.

Forces Weapons Weapons Weapons* Of .

Weapons Citi-

zens

per

Wea-

pon

Egypt 74,035,000 1,935,000 257,000 N/A Egypt 74,033,000 2,192,000 33.7

Jordan 5,703,000 313,000 20,000 600,000 Jordan 6,900,000 933,000 7.3

Turkey 68,234,000 3,947,000 199,000 8,000,000 Kuwait 2,687,000 147,000 18.2

Yemen 20,975,000 340,000 73,000 7,000,000 Lebanon 3,600,000 674,000 5.3

Israel 5,374,000 1,363,000 22,000 503,000 Morocco 29,231,000 939,000 31.1

us 293,027,000 15,000,000 1,000,000 240,000,000 Saudi 24,573,000 638,000 38.5
Arabia

Tunisia 9,563,000 201,000 47.5

Turkey 68,234,000 12,146,000 5.6

UAE 4,496,000 207,000 21.7

Yemen 20,975,000 7,500,000 27

Israel 5,374,000 1,888,000 28

us 293,027,000 256,000,000 1.1

*Minimum small arms total stockpiles, including
armed forces, police and privately-owned
weapons.
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Trying to identify how this vast accumulation of light weapons occurs, the Bonn
International Centre Conversion Survey argues that three models of the global spread of
SALWs have been put forward. The first one is the proliferation model, which, following the
familiar pattern of the conventional arms trade, supports that there are a handful of major
producers exporting weapons to a large number of recipients, so policies must focus on
detaining the flow on the supply and recipient side. The second one is the circulation model,
which, maintaining that the number of small arms already transferred to volatile areas cannot be
controlled with supply-oriented approaches due to the illicit trade basically with government
involvement, supports that disarmament policies must be devised and focus not only on
lowering the domestic availability, but also on lowering the relevant demand for them. Finally,
the last model, known as the diffusion model combines the aforementioned ones, by giving a
typology of the ways by which these weapons are acquired by parties to a conflict. These
include [29]:

. Indigenous production.
- Purely domestic.
- Imported technology and licensed production.
o Legitimate import.
- Government grants.
- Government sales.
- Commercial sales.
. lllicit import.
- Covert arms transfer from foreign governments.
- Foreign government gifts to paramilitary groups.
- Black market arms imports.
- Imports from allied foreign insurgent groups.
. In-country circulation.
- Theft from government arsenals.
- Seizure of equipment from opponents.
- Exchanges between domestic insurgent organizations.
- Exchanges between domestic insurgent and criminal organizations.

While the first model is usually related to a multilateral approach in conventional arms
trade control, preferred by supporters of the traditional arms trade regimes like the Wassenaar
Arrangement (WA), the EU Code of Conduct on Arms Exports, the UN's Protocol on Firearms
and few more, it lacks of the ability to embrace the regional and domestic problematic folds and
it is driven in majority by politically binding directives. The second model is often based on a
unilateralist approach in the field in question, so lacking of the universality of norms and
principles. The third model, in a policy perspective of course, can drive through thorough and in-
depth integrated approaches in the issue of SALWs control, but it requires the willingness of all
the actors under a common reference point and a legally binding regime, such as a possible
international arms trade treaty, including the issue of SALWs and their ammunition.

International level

The three major international regimes in the field of conventional arms trade control
are the UN's Register of Conventional Arms, merely limited on the field of transparency and
information exchange; the UN's Firearms Protocol as a supplementation of the UN's Convention
against Transnational Organized Crime, which excludes of its agenda the state-to-state or state-
to-non-state actors transactions of the particular weapons; and the UN's Program of Action to
Prevent, Combat and Eradicate the lllicit Trade in SALWs in All Its Aspects, which does not
include the "legal' trade of these weapons and does not provide any enforcement mechanisms,
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being only politically binding. The UN Register of Conventional Arms, established on 9
December 1991 by the UN General Assembly, called upon all the UN states to provide annually
information on the previous years’ imports and exports of seven types of weapons: tanks; ACVs,
large-caliber artillery, combat aircraft, attack helicopters, missiles and missiles launchers. [32]
Recently, two amendments have been included concerning the lowering of artillery threshold
reporting down to 75mm and the inclusion of MANPADS. [33] Although the Register calls upon
member-states to exercise restraint in exports and imports of conventional arms by placing
adequate laws and administrative procedures, it is not a legally binding convention and contains
many qualitative and quantitative shortcomings. For example most of Russia’s declared arms
exports, including those to China and Taiwan, could not be verified, because many of the
recipients do not participate in the Register, like China, most Arab states and African countries.
[34] The main reason for that participation unwillingness is the non-inclusion of SALW in the
Register and its discriminatory character, since it includes only transfers and not weapon
inventories. This, results in a fairly accurate notion about the arms inventories of the importing
countries not possessing a significant indigenous defense industry, whereas the major arms
producers, not importing much have got considerably less to report, keeping the actual state of
their inventories undisclosed. [35] Consequently, the Register does not provide so much
transparent assessment for the military potential of many countries, having additionally a lot of
discrepancies on the type and model of weapons, both in qualitative and quantitative terms. [36]

The only legally binding document concerning global measures to regulate international
transfers of weapons, but limited itself in the category of small arms, has been the UN Protocol
against the lllicit Manufacturing of and Trafficking in Firearms, Their Parts and Components and
Ammunition, which has been established in June 2001 by a relevant General Assembly
resolution as a supplementation of the UN Convention against Transnational Organized Crime.
[37] The parties to the Protocol have undertaken the legal commitments to combat the illicit
trade in firearms by criminalizing the trafficking-related activities in their domestic laws; seizing
and destroying confiscated weapons; keeping records and providing for an exchange
information, experience and technical assistance; marking weapons at the manufacturing point
and at import; complementing the import and transit licensing requirements under a common
content; and finally establishing security measures for the prevention of theft, loss or diversion of
weapons. [38] However, despite its global, legally binding applicability, the Protocol comprises
imperfections and weaknesses. To begin with, it applies merely to the illicit manufacturing and
trafficking of firearms and their components and to the investigation and prosecution of offences
established under Article 5 of the Protocol, where those offences are transnational in nature,
involving organized criminal groups as well. [39] This means that it does not apply to state-to-
state transactions or to state-to-non-state actors transactions and moreover it does not enable
itself to the regulation of the legal trade in arms, which under the globalized and innovating
market networks of rogue states and relevant non-state actors, may sounds legal formally but it
is illegal by nature. Additionally, it merely encourages state-parties that have established a
system of licensing or authorization of manufacturing or a system of licensing and authorization
of brokering, to include the relevant information in their exchanges of information. In addition, it
only suggests for national registration and licensing systems of arms brokers, without any
obligatory mandate on that field. [40]

Eventually, a modest (but significant) step towards the development of international
norms and practices for restrictions on SALWSs has been the UN Program of Action to Prevent,
Combat and Eradicate the lllicit Trade in Small Arms and Light Weapons in All Its Aspects,
known as UN PoA, which contains measures to be undertaken at the national, regional and
global levels. [41] At the national level, the UN PoA agreed, inter alia, to put in place adequate
laws and administrative procedures to exercise effective control over the production, exports,
imports and retransfers of SALWSs, criminalizing the relevant illicit activities; to establish national
coordination agencies for policy guidance and monitoring as well as national point of contacts as
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a liaison between states; to ensure the reliable and licensed marking procedures as well as the
accurate record-keeping; to assess applications for export authorizations according to strict
national regulations; to use authenticated end-user certificates and effective legal and
enforcement measures; to make notifications to the original exporting states about re-exports; to
develop laws and procedures regulating the activities of those engaged in SALWSs brokering; to
take all the appropriate legal and administrative issues against any activity violating the UN
arms embargoes; to ensure that confiscated small arms are destroyed or disposed under
officially authorized processes; to destroy surplus SALWSs; and to develop effective DDR
programs where possible. At the regional level the UN PoA agreed, inter alia, to strengthen the
moratoria in the affected regions; to establish sub-regional and regional mechanisms for
combating the illicit trade in SALWs across borders; to encourage the promotion of safe
stockpile management under the regional mechanisms; to encourage negotiations, where
appropriate, with the aim of concluding relevant legally binding instruments; to establish a point
of contact within sub-regional and regional organizations acting as liaison on matters relating to
the implementation of PoA; and to encourage regions to develop, where appropriate and on a
voluntary basis, measures to enhance transparency.

At the global level the UN PoA agreed, inter alia, to request the UN Secretary General to
collate data provided by states on a voluntary basis on the implementation of the program; to
encourage co-operation with the World Customs Organization and the International Criminal
Police Organization (Interpol) in order to identify groups and individuals engaged in the illicit
trade of SALWSs; to encourage states to consider ratifying or acceding to international legal
instruments against terrorism and transnational organized crime; and finally to co-operate with
the UN system for the effective implementation of the UN arms embargoes. [42] Although
through a general assessment of the UN PoA it is noticeable that it has provided general
guidance for governments, regional and international organizations as well as the civil society in
combating the illicit trade on SALWs, yet it is not legally binding, it does not offer compulsory
transparency mechanisms and in addition, owing to the opposition of the USA, it has never
reached consensus on the need to establish effective controls over the private ownership of
SALWs or on the need to halt sales of such weapons to non-state actors. [43] However, this
program of action has been the incentive for other similar regional and sub-regional initiatives.

Regional and sub-regional level

In a regional or sub-regional level there’s been a number of initiatives and strategies on
the field of arms trade control, like the Economic Community Of West African States (ECOWAS)
Moratorium on the Importation, Exportation and Manufacture of SALWs in West Africa,
projecting West Africa as the first region globally to announce a halt to the procurement of
SALWSs, yet not legally binding, and promoting the moratorium as a possible Convention in the
future. [44] Some other examples can be pin-pointed in America, like the Inter-American
Convention against the lllicit Manufacturing of and Trafficking in Firearms, Ammunition,
Explosives and Other Related Materials (CIFTA) [45] or in South-Eastern Europe, like the
Stability Pact for SEE Regional Implementation Plan (SCSP RIP) and the South-Eastern
European Clearinghouse SALW Control (SEESAC), [46] the latter working under the OSCE
principles and the efforts of the participating states to accede in the EU. In contrast, in Asia, the
efforts of ASEAN Regional Forum (ARF) and the Shanghai Cooperation Organization (SCO) are
of a very limited scope and effectiveness. [47]

At the inter-European level the major initiatives for conventional arms trade regulations,
including the categories of SALWs and MANPADS can be observed on the Wassenaar
Arrangement, the relevant principles and documents of OSCE and the relevant codes of
conduct and joint actions of the EU. Wassenaar Arrangement, formally established in 1996 has
been the first multilateral export control regime covering both armaments and sensitive dual-use
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goods and technology. Actually, it is a voluntary export control regime whose 39 members
exchange information on transfers of conventional weapons and dual-use technologies. Its
purpose is to promote "greater responsibility" among its members in arms exports and to
prevent ‘destabilizing accumulations’. It targets at ‘states of concern’ to member-states. [48]
During the recent years it has been expanded in scope to include best practices and guidelines
for the control of SALWs [49] and MANPADS [50] as well as to provide elements for effective
legislation on arms brokering among its state-parties. [51] However, member-states continue to
be divided over Wassenaar’s scope, primarily whether the arrangement should become more
than just a body for exchanging and collecting information. In addition there is no consensus
among members over the definitions ‘states of concern’ and ‘destabilizing transfers’ and
because the arrangement operates by consensus, a single country can block any proposal. This
lack of legally binding provisions renders it difficult to achieve uniformity in arms exports policies
and more importantly, some major arms exporters, such as Belarus, China, Israel and South
Africa, are not members of the arrangement. [52]

One of the first ethical approaches concerning the regulation of the arms trade started
under the agenda of OSCE principles in 1993 when its members, by reaffirming the principles
governing the conventional arms transfers, they further broadened the aim of a cooperative and
common approach to security. This has been achieved by considering among the others for
their export policies, the respect for human rights in the recipient country; its record of
compliance with its international commitments; the legitimate security needs of the recipient
country; and its proportionate response to the security treats confronting it. [53] Under the
Document of 2003 on SALWs, driven by the UN PoA, member-states agreed to ensure effective
national control over manufacturing and licensing authorizations as well as to prosecute under
appropriate penal codes those engaged in illegal production of SALWSs. Each participating state
should ensure its efficacy in enforcing its international commitments on SALWs through its
national authorities and judicial system. The document provided for information exchange on
SALWSs exports and imports as well as of surplus, seized or destroyed small arms on an annual
basis. [54] The additional decisions of OSCE on end-user certificates, [55] on stockpiles of
conventional ammunition, [54] on control of SALWs brokering [56] as well as control of
MANPADS [57] exports, broadened its scope of application. However, the OSCE principles on
arms exports and the relevant supplementary documents on SALWs and MANPADs produce
the same shortcomings as the UN PoA, yet in a lesser degree since OSCE has got an
integrated, cooperative and common approach to security.

However, the most comprehensive efforts on the control of arms transfers and SALWs
have been undertaken by the EU: through the EU Code of Conduct On Arms Exports, [58] the
EU Council Common Position of 2003 on the Control of Arms Brokering [59] and the EU
Strategy to Combat lllicit Accumulation and Trafficking of SALWs and their Ammunition, [60], the
latter supplementing the relevant EU Council Joint Action of July 2002. [61] The EU Code of
Conduct On Arms Exports is based on standard ethical criteria, including the respect for human
rights in the recipient country; the preservation of regional peace and stability; the national
security of state-parties as well as the security of friendly and allied countries; the behavior of
the recipient with regard to terrorism and international law; and the compatibility of arms exports
with the technical and economic capacity of the recipient country. The operative provisions of
the Code of Conduct obliges member-states to circulate through diplomatic channels details of
licenses refused accompanied by the relevant explanation and in depth consultation among the
members for any transaction, pursuing in that way a uniformity in the arms exports policies. [62]
The only shortcoming of the code is that the final decision to transfer or deny the transfer of any
item remains at the national discretion of each state since the code is only politically binding.
However, all the members under the Common Security and Foreign Policy follow more or less a
similar comprehensive approach to their national policies incorporating the commitments. A
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characteristic example is the Consolidated EU and National Arms Export Licensing Criteria of
the UK’s policy. [63]

Moreover, the EU Strategy against the illicit accumulation and trafficking of SALWs and
their ammunition has developed a comprehensive and coherent approach which harnesses all
forms of leverage at the European’s Union disposal and in addition, it has developed a
multifaceted action to cover all the dimensions of the illicit accumulation and trafficking of
SALWSs, both preventive and reactive. Finally it supports effective multilateralism and all the
relevant international and regional initiatives under diplomatic channels, field missions,
partnership and cooperation, assistance programs and generally a promotion of the relevant
successful European Union’s national and regional control systems for adaptation all around the
world. The most significant objectives of the EU Strategy are the support of the adoption of a
legally binding international instrument on the tracing and marking of SALWs and ammunition
and the establishment of a consensus within exporting countries to only supplying SALWs to
governments, in accordance with restrictive and appropriate regional and international criteria
on arms exports. [64] Nevertheless, in the quest of these objectives, the best template would be
an international, legally binding arms trade treaty and the step-up of the institutional capacity
and scope of all the other regional organizations. Nevertheless, the whole policy of EU in the
domain of arms transfers and SALWSs regulation thrusts itself forward as the most
comprehensive and integrated regime on the entire field of conventional arms control.

THE LINK OF DISARMAMENT AND SALWSs ISSUES WITH THE PEACE-
MANAGEMENT PROCESS

A major issue within the post-conflict agenda has been the exclusion of the prominent
issue of SALWSs from the formal post-conflict arms control arrangements, since the opposing
parties and the peacekeeping forces treat it as a distinct security issue. For example, the Dayton
process for the disarmament, following the war in ex-Yugoslavia, has not included weapon
categories such as small arms and mines, being a “proxy” of the classical CFE Treaty process.
[65] Having in mind the flow of such weapons to neighboring countries or other volatile regions
in the aftermath of the conflicts through the organized crime nets, the negative consequences of
this omission can be significant. One possible but not fully credible justification for the above
omission is that the acknowledgment that often the process of disarmament is rendered more
complicated by the inward role that weapons have come to play in some societies is missing
from the existing literature on disarmament and conventional arms control. In many post-civil
war societies, gun culture is well developed, reflecting a symbol of manhood rather than a
weapon of violence and posing resistance in every effort to curb private ownership. This
mannerism entails the necessity for disarmament strategies to bear in mind the “normal” role of
guns in the society should they seek a greater chance of success. Based on this home truth, a
certain number of academics supports that what is required are a mixture of limited
disarmament and rigorous arms control with the preference to strengthen existing tribal
structures and norms as restricting sources, rather than attempt to impose greenhorn and
outlandish norms from without. [66] However, this complexity is not the only incompatibility of
classical conventional arms control and disarmament when attempted to apply in several
regions and societies of the world with different social, political, religious and security cultures.
For example, Peter Jones, a Research Associate at the Munk Centre for International Relations
in Toronto University, has argued for the relevant situation in Middle East: “Arms control is not
achieved in a vacuum. Without an effort to establish a new regional political and security order it
is highly unlikely that the most serious matters of arms control can be addressed. Of course, this
is not to say that discussions over arms control issues should wait for the day when a regional
system is fully established”. [67]

312



ISSN: 1791-4469 Copyright © 2012 Hellenic Naval Academy

Such a system, as it was mentioned above, similar to the OSCE or the Stability Pact for
South Eastern Europe (SEE), could establish political and security bonds in the opposing parties
and therefore, address issues like far-reaching arms control arrangements and arms transfers’
policies. If it is linked as well with the major international or other multifold regional initiatives,
like the UN PoA in SALWSs, the WA and EU Code on Arms Exports, it can provide solid
foundations for the eve of a new, more secure and more promising for development era of the
Middle East or the North Africa. [68] Inspired, mainly by the situation in Middle East and the
remorseless global trade in arms, especially in unstable regions of the world, two contradictious
approaches on conventional arms trade management and particularly on SALWs management
have started to emerge. For convenience reasons one could define that as the controversy
between unilateralism and multilateralism in the specific field. The controversy arguably defined
as unilateralism against multilateralism on the domain of small arms trade regulatory efforts, is
based actually on the two main policy attitudes concerning the field in question.

The first approach proceeds from the assumption that international efforts must focus on
combating the illegal trade in all its aspects, including the illegal production, storage and transfer
of SALWs. The related legal trade, under this approach, should be considered as a state’s
sovereign right by the international community and be out of the field of major international and
legally binding agreements. The advocates of this view, including US, China, India and
Pakistan, are in favor of concentrating on formation of national practices and regulations under
international exchange of information and collaboration and oppose against possible
introductions of international transparency measures in SALWs production, stocks and
transfers. [69] The statement of US Under-Secretary of State John Bolton during the
Preparatory Committee process of the UN Conference on the lllicit Trade in Small Arms and
Light Weapons in All its Aspects — held in New York from 9-20 July 2001, is representative of
such an approach: “The United States will not join consensus on a final document that contains
measures contrary to our constitutional right to keep and bear arms”. [70] The second approach,
often called "comprehensive approach", is typical of the European Countries, inspired in many
respects by the EU Code of Conduct on Arms Exports, and it presumes that legal and illegal
trade should not be rigidly separated. Moreover the advocates of this approach support that the
uncontrolled proliferation of small arms should be prevented through the elimination of their
destabilizing accumulation and legal binding transparency measures of their legal transfers and
stocks. The justification given is that illegally traded arms had been operated in on legal basis
and coverage under the operational networks of the black market. Many of the supporters of this
approach stand not only for eliminating illegal trade under global, legally binding measures of
transparency and national accountability, but also for establishing international control regimes
over the production, stocks, storage and supply of arms. [71]

CONCLUSIVE REMARKS

Conventional arms control is currently in a transitional phase, both in its conceptual
framework and field of application. After the end of the Cold War it started to include in its
agenda the issues of conventional arms trade and the SALWSs transfers, although these
domains have never been considered as components of the classical conventional arms control
content. The post-cold war era has also revealed that reducing access to armaments will not
significantly reduce the scale of ethnic conflicts in certain cases. The main reason is that too
often these wars are not fought for political and strategic objectives -that are amenable to
outside diplomacy- but for the perceived notion of survival being at stake between the warring
factions. In that case, lack of proper weapons cannot often guarantee compromise, but only an
invitation to improvise. The on-going civil conflict in Syria is a very strong example that illegal
weapons will somehow find a way to enter a region in unrest. So, what is the objective of all the
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recently established controls on conventional arms trade? Is it to end conflicts? The answer of
course is no. However, avoiding thinking so narrowly, it is easy to understand that the more
comprehensive and legally binding agreements and initiatives the international community is
willing to establish, the less blood will be lost in conflicts. Moreover, it would be much more cost-
effective to agree and implement internationally binding treaties than to spend assets and
resources in Naval Operations and other similar military operations, such as MIO, to cope with
the problem in the second phase. Additionally, the fact that these arms, especially SALWs,
circulate in the aftermath of conflicts all around the globe, affecting significantly the peaceful
societies under the networks of organized crime, highlights the importance of a holistic approach
to the specific field.
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