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Basic Mathematical Properties of Trees
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Abstract

Is natural to ask at this point whether Kirchhoff’s law is the strongest possible set of
equations that can be given for the case of program flow charts, Any execution of a
computer program that goes from "start" to "stop" gives us a set of values E|, E,, ..., E,,
Because Kirchhoff himself applied it to electrical circuits instead of program flow charts.

And the emphasis iw done, If there are solutions which meet Kirchhoff’s conditions
but do not correspond to actual program execution.

IMegiinyn

Ebvor guowrd vo eowtBet naveig edv o vouog Kirchhoff etvor to toyxvodtego mibao-
v 0VUVOLO EELOMOEWMV TTOV WITOQEL VoL O0BEL YLaL TNV TTEQIITTMOT TMV OLOLYQUUUATWY QONG
TQOYQAUUATOC, dedouévou O0tL o Kirchhoff o (dvog v epdouooe oto. HAextouxd ®vo-
UAOUOTO, OVTE TV SLOYQOUUATOV QONG TTEOYQAUUATOS. OTOLOONTOTE EXTELEON £VOC
TTQOYQAUUATOS Y TTOAOYLOTMV JTOV TTNyoivel ato [Star to Stop] pag divel éva ovolo TL-
wov E, E,, ..., E,; nau 1 éugoon didetar edv virdoyovv AMIELS TOV LXAVOTTOL0UY TOVG
0povg Kirchhoff alAd dev avTLOTOLYOVV OTNV TTQAYUATIXY EXTEAECT) TTQOYQEUUOTOC.

Emotnuovix Exetnoioa E@aouoouévng EQevvag
Vol. XI, No 1, 2006, pp. 5-16
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Tree structures have been the object of extensive mathematical investigations for
many years, long before the advent of computers, and many interesting facts have been
discovered about them. In this section we will survey the mathematical theory of trees,
which not only gives us more insight into the nature of tree structures but also has
important applications to computer algorithms.

The material which follows comes mostly from a larger area of mathematics known as
the theory of graphs.

Free trees. A graph is generally defined to be a set of points (called vertices) together
with a set of lines (called edges) joining certain pairs of distinct Vertices. There is at most
one edge joining any pair of vertices. Two vertices are called adjacent if there is an edge
joining them. If V and V’ are vertices and if n>0, we say that (V,, V,, ..., V) is a path of
length n from V to V* if V=V, V  is adjacent to V, , for 0@k<n, and V_=V’. The path is
simple if V, V,, ...,V are distinct and if V , ..., Vn.1, V, are distinct. A graph is
connected if there is a path between any two vertices of the graph. A cycle is a simple path
of length three or more from a vertex to itself.

These definitions are illustrated in Fig. 1 which shows a connected graph with five
vertices and six edges. Vertex C is adjacent to A but not to B; there are two paths of
length two from B to C, namely (B, A, C) and (B, D, C). There are several cycles,
including (B, D, E, B).

n-1

A B

oA
B C D I
o‘]—oK—oL IM
C D *N
Fig. 1. A graph Fig. 2. A free tree

A free tree or “unrooted tree” (Fig. 2) is defined to be a connected graph with no
cycles. This definition applies to infinite graphs as well as finite ones, although for
computer applications we naturally are most concerned with finite trees. There are many
equivalent ways to define a free tree; some of these appear in the following well-known
theorem:

Theorem A. If G is a graph, the following statements are equivalent :

a) G is a free tree ;

b) G is connected, but if any edge is deleted, the resulting graph is no longer
connected.

c¢) If V and V’ are distinct vertices of G, there is exactly one simple path from V
to V°.
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Furthermore, if G is finite, containing exactly n>0 vertices, the following
properties are also equivalent to (a), (b), and (c):

d) G contains no cycles and has n-1 edges.

e) G is connected and has n-1 edges.

Proof: (a) implies (b), for if the edge V V’ is deleted but G is still connected, there must
be a simple path (V, V,, ..., V’)-and then (V, V ,..., V’, V) would be a cycle in G.
(b) implies (c), for there is at least one simple path from V to V’. And if there
were two such paths (V, V,..., V'), and (V, V|, ..., V"), we could find the
smallest k for which V| # V’,; deleting the edge V, |V, would not disconnect the
graph, since there would still be a path (V,_,...,V, V’|,-~9 V',V fromV, _ to
V, which does not use the deleted edge.
(¢) implies (a), for if G contains a cycle (V, V,,..., V), there are two simple paths
fromVitoV,.

To show that (d) and (e) are also equivalent to (a), (b), and (c), let us first prove an
auxiliary result: If G is any finite graph which has no cycles and at least one edge, then
there is at least one vertex which is adjacent to exactly one other vertex. For we take an
arbitrary vertex V, and an adjacent vertex V,; for k>2 either V, is adjacent to V,  and no
other, or it is adjacent to a vertex which we may call V, , #V, . Since there are no
cycles,V,,V,, ..., V,  must be distinct vertices, so this process must ultimately terminate.

Now assume G is a tree with n > 1 vertices, and let V_ be a vertex which is adjacent to
only one other vertex, namely V_,. If we delete V_ and the edge V_V , the remaining
graph G’ is a tree, since V_ appears in no simple path of G except as the first or the last
element. This argument proves (by induction on n) that G has n-1 edges, i.e., (a) implies (d).

Assume that G satisfies (d) and let V_, V, G’ be as in the preceding paragraph. Then
the graph G is connected, since V, is connected to V_, which (by induction on n) is
connected to all other vertices of G’. Thus (d) implies (e).

Finally assume that G satisfies (e). If G contains a cycle, we can delete any edge
appearing in that cycle and G would still be connected. We can therefore continue
deleting edges in this way until we obtain a connected graph G’ with n - 1- k edges and
no cycles.

But since (a) implies (d), we must have k = 0, that is, G = G’.

The idea of a free tree can be applied directly to the analysis of computer algorithms.
We discussed the application of Kirchhoff’s law to the problem of counting the number
of times each step of an algorithm is performed; we found that Kirchhoff’s law does not
completely determine the number of times each step is executed, but it reduces the
number of unknowns that must be specially interpreted. The theory of trees tells us how
many independent unknowns will remain, and it gives us a systematic way to find them.
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Fig. 3. Abstracted flow chart of Program A

Algorithm A (Mulitiply permutations in cycle form).

This algorithm takes a product of cycles, such as {(acfg){bcd)(aed)fade)bgfa
e)}, and Computes the resulting permutation in the form of a product of disjoint cycles.
‘We do not describe the removal of singleton cycles, which is a fairly simple extension of
the algorithm. As this algorithm is performed, we successively “tag” the elements of the
input formula, i.e., mark somehow those symbols of the input formula which have
essentially been processed.

Al. [First pass.] Tag all left parentheses, and replace all right parentheses by a tagged
copy of the element following their matching left parentheses. (See the example in
Table 1.)

A2. [Open.] Searching from left to right, find the first untagged element of the input. (If
all elements are tagged, the algorithm terminates.) Set START equal to it; output a
left parenthesis; output the element; and tag it.

A3. [Set CURRENT.] Set CURRENT equal to the next element of the formula.

Ad4. [Scan formula.} Proceed to the right until either reaching the end of the formula, or
finding an element equal to CURRENT; in the latter case, tag it and go to step A3

AS. [CURRENT == START?] If CURRENT = START, output CURRENT and go back to
step A4 starting again at the left of the formula (thereby continuing the development
of a cycle in the output).

A6. [Close.] (A complete cycle in the output has been found.) Output a right parenthesis,
and go back to step A2
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Table 1.
ALGORITHM A APPLIED TO (6)
An'"x" Indicates a tagget element.

sté;f)tiro.STARTCURRENT(acfga(bcdb(deda(fadef(bgfaebOutput

Al X X X X X X X X X X
A2 a x xT X X X X X X X X X (a

A3 a c X xT X X X X X X X X X

A4 a c X X x x  xt xx X X X X X

A4 a d X X XX X XX xTx x X X X

A4 a a X X X X X XX x x x xt X X X
AS a d X X XX X XX XXX X X X xt d
AS a g X X XX X XXX X X X X X X X xI e

AS a a X X XXX XXXXX XXX X XXXX X xt
A6 a a X X XXX XXXXX XXX X XXXX X xt )
A2 c a XX xI XXX XXXXX XXX X XXXX X X (c
AS c e XXX XXX XXXXX XXXXxx xxxx xx xt e
AS c b XXX XXX XXXXXXXXXXXXXXXX Xxxxxt b
A6 c c XXX XXXXXXXXXXXXXXXXXXXX XXxxxt )
A6 f f XXXXXXXXXXXXXXXXXXXXXXXXXXXXxXx (@
Current
l Matched
A3. Set Current A4. Scan Formula

A A

Al. First Pass » A2. Open No End
_ Reached

Done v
A6. Close 4—(A5. Current = Start?j

Yes

Fig. Algorithm A for multiplying permutations
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Program A (Multiply perrmttations in cycle form)

This program implements Algorithm A, and it also includes provision for input,
output, and the removing of singleton cycles

01 CARDS
02 PRINTER
03 ANS
04 OUTBUF
05 PERM
06 BEGIN
07

08

09 IH
10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

19

30 1H
31

32

33

34

35

36 *

37

38

39 OPEN
40 1h

EQU
EQU
ORIG
ORIG
ORIG
IN
ENT2
LDA
JBUS
CMPA
JE

IN
ENT1
JBUS
MOVE
OUT
INC2
INE

DEC2
ST2
ENT3
2H
CMPA
INE
STA
INC3
LDXN
IXZ
CMPA
INE
STX
INC3
CMP3
JL

LDA
ENTI
ENT3
LDXN

16

18

*+1000

*+24

*+1000

FERM (CARDYS)

0

EQUALS

*(CARDYS)
PERM+15,2

47
PERM+16,2(CARDS)
OUTBUF
*(PRINTER)
PERM,2(16)
OUTBUF (PRINTER)
16

1B

1

SIZE

0

LDAN PERM,3
LPREN(1:5)

IF

PERM,3

PERM,3

*)
RPREN(1:5)
*+)
PERM,3

1

SIZE

2B

LPREN
ANS

PERM,3

AT mwmwmEE B —— —

- m - —

Unit number for card reader
Unit number for pinder
Place for answer

For copies of input

The input permulation
Read first card

Wait for cycle computer.

is it the last card?
No,read another.

Print input card.

Repeat unit input complete.
At this poimt (r12) words
of input are in PERM,PERM+,...

Al. first pass.
Get next element of input.
is it “(?

Tag it.
Put next nonblankelement
in Rx.

Replace “)” by tagged Rx.

Have all elementsbeen processed?

Prepare for main program.
rL1=place to storenext answer
A2. open.

Look for untagged element.
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41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
63
64
65
66
67
68
69
70
71
7
73
74
75
76
77
78
79
80
81
82
83
84
85
86

DONE

LPREN

RPREN
EQUALS

*

SuCC

4H

1H

CLOSE

JXN
INC3
CMP3
JL

CMP1
INE
MOVE
MOVE
MOVE
ENT3
ouT
INC3
LDX
IXNZ
HLT
ALF
ALF
ALF
ALF

MOVE
STX
STX
INC3
LDXN
JXN
JMP
CMPX
JE
INC3
CMP3
JL
CMPX
JE
STX
INC1
ENT3
JMP
MOVE
CMPA
INE
INC1
JMP
END

GO

1
SIZE
1B

=ANS=
*+2
LPREN(3)
=0=
-1,1(22)

0

ANS,3(PRINTER).

24
ANS 3
%3

|~ —

PERM,3
START
PERM,3

1
PERM,3(1:5)
IF

*-3
PERM,3(1:5)
SucC

1

SIZE

4B
START(1:5)
CLOSE

0.1

1

0

4B

RPREN

-3,1

OPEN

-3

OPEN
BEGIN

aaa™

LI ITIOLOOTNIICNCOARROS S === T

All are tagged. Now comes the output

Is answer the identity permulation?
If so, change to “(1) ™.
Put 23 words of blanks after answer.

Print as many lines as necessary.

Constants used in program.

Tag an element.

Move one step to right.

As. Set CURRENT (namely rX).
skip past blanks.

A4. Sean formula.
element = CURRENT ?
move to right.

End of formula?

AS5. CURRENT = START?
No , output CURRENT.
Scan formula again.

Go back to A4.

Ab. close.

Note :TA="(".

Suppress sinleton cycles.
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It is easier to understand the method which follows if an example is studied, so we will
work an example as the theory is being developed. Figure 3 shows an abstracted flow chart
for Program 1.3.3A, which was subjected to a “Kirchhoff’s law”. Each box in Fig. 3.
represents part of the computation, and the letter or number inside the box denotes the
number of times that computation will be performed during one run of the program. An
arrow between boxes represents a possible jump in the program. The arrows have been
labeled e, €,, ....e,,. Our goal is to find all relations between the quantities A, B, C, D, E,
F,G, H, J,K, L, P, Q R, and S that are implied by Kirchhoff’s law, and at the same
time we hope to gain some insight in to the general problem.

Let Ej denote the number of times branch e; is taken during the execution of the
program being studied; Kirchhoff’s law is

“sum of E’s into box = value in box=sum of E’s leaving box”’; 1)

e.g., in the case of the box marked K we have

“Ey+E,)=K=E  ,+E,,. 2)

In the discussion which follows, we will regard E|, E,, ... E,; as the unknowns, instead
of A, B, ... S.

The flow chart in Fig. 3. may be further abstracted so that it becomes a graph G as in
Fig. 32. The boxes have shrunk to vertices, and the arrows e, €,,... now represent edges
of the graph. (A graph, strictly speaking, has no implied direction in its edges, and when
we refer to graph-theoretical properties of G, the direction of the arrows should be
ignored. The application to Kirchhoff’s law, however, makes use of the arrows, as we will
see later). For convenience an extra edge €, has been drawn from the “stop” vertex to the
“start” vertex, so that Krchhoff’s law applies uniformly to all parts of the graph. Figure 4
also includes some other minor changes from Fig.3 an extra vertex and edge have been
added to divide €, into two parts €’); S0 that the basic definition of a graph (no two edges
join the same two vertices) is valid; e, has also been split up in this way. A similar
modification would have been made if we had any vertex with an arrow leading back to
itself.

[ " €5

N
Start A4 1Bl A C % D &

Fig. 4. Graph corresponding to Fig. 3 including a free subtree
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Some of the edges in Fig. 4 have been drawn much heavier than the others. These edges
from a free subtree of the graph, connecting all the vertices. It is always possible to find a
free subtree of the graphs arising from flow charts, because the graphs must be connected
and, by part (b) of Theorem A, if G is connected and not a free tree, we can delete some
edge and still have the resulting graph connected; this process can be iterated until we reach
a subtree. We can in fact always discard the edge e, (which went from the “stop” to the
“start” vertex) first, so that we may assume ¢ does not appear in the subtree chosen.

Let G’ be a free subtree of the graph G found in this way, and consider any edge V V’
of G that is not in G’. We may now note an important consequence of Theorem A: G’
plus this new edge V V’ contains a cycle, and in fact there is exactly one cycle having the
form (V, V’,...,V), since there is a unique simple path from V’ to V in G’. For example,
if G’ is the free subtree shown in Fig. 4, and if we add the edge e,, we obtain a cycle which
goes along e, and then (in the direction opposite to the arrows) along €, and e,. This cycle
may be written algebraically as “e, - €, - €,”, using plus signs and minus signs to indicate
whether the cycle goes in the direction of the arrows or not.

If we carry out this process for each edge not in the free subtree, we obtain the so-
called fundamental cycles, which in the case of Fig. 4 are
D€, € TEHE HEFEAEHE, HE| FE e,

D €,-€,€,.

D €s-€p-€,

D egte te, e e,

C7 e e e, 3)
C17: e]7-'_622-'_624-'_627-'_6I 1+el5+el()’

C7 g €7 gte g€y

Copt €xpte 57€5 e,

C21: ©17€167€157€117€277€24 7€ C g

27" 247v22
CZS: €51€567Co7

Obviously an edge e which is not in the free subtree will appear in only one of the
fundamental cycles, namely G,

We are now approaching the climax of this construction. Each fundamental cycle
represents a solution to Kirchhoff’s equations; for example, the solution corresponding
to C,istolet E,=+1. E;=-1, E,=-1, and all other E’s=0. It is clear that flow around a cycle
in a graph always satisfies the condition (1) of Kirchhoff’s law. Moreover, Kirchhoff’s
equations are “homogeneous,” so the sum of difference of solutions to (1) yields another
solution. Therefore we may conclude that the values of E, E, Es, ..., E,; are independent
in the following sense:

If Xg» X ves Xos

are any read numbers (one X for each e, not in the free subtree G’), there is a solution to
Kirchhoff’s equations
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(1). Such that

E(): X
E2= XZ’ (4)
E,.=x

Such a solution is found by going X, times around cycle C, X, times around cycle C,,
etc. Furthermore, we find that the values of the remaining variables E. E,, E,, ... are

completely dependent on the values E, E,..., E:

The solution mentionedin statement (4) is unique. (5)

For if there are two solutions to Kirchhoff’s equations such that E=x,,..., E,.=X,, we
can subtract one from the other and we thereby obtain a solution in which
EO=E2=E5=...=E25=O. But now all Ej must be zero, for it is easy to see that a nonzero
solution to Kirchhoff’s equations is impossible when the graph is a free tree (see exercise
4). Therefore the two assumed solutions must be identical. We have now proved that all
solutions of Kirchhoff’s equations may be obtained as sums of multiples of the
fundamental cycles.

When these remarks are applied to the graph in Fig. 4 we obtain the following general
solution of Kirchhoff’s equations in terms of the independent variables E, E,,...,E.:

E =E, E,=E,

E;=E-E,+Ey, Es=E;;-Ey

E,=E - E+ K E;=E;;- E,;

Eg=E,-Es+ K, Eg=E" g+ Ey- K, (6)
E;=E,- Es+ Eq, E'y=E"}

E,=E,, E,,=E 7+ Ey- Ey,

Ep=E, E;;=Eyp

E =E+E;-E,), E,=E;-Ey

E,=E+E"; Ex=E - E;

E'y=E", E,,=E;;-E; - By,

To obtain these equations, we merely list, for each edge e, in the subtree, all E, for
which e, appears in cycle C,, with the appropriate sign.

Strictly speaking, C; should not be called a fundamental cycle, since it involves the
special edge €. We may call C) minus the edge e, a fundamental path from “start” to
“stop”. Our boundary condition, that the “start” and “stop” boxes in the flow chart are
performed exactly once, is equivalent to the relation

E,1. (7)
The preceding discussion shows how to obtain all solutions to Kirchhoff’s law; the
same method may be applied (as Kirchhoff himself applied it) to electrical circuits instead
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of program flow charts. It is natural to ask at this point whether Kirchhoff’s law is the
strongest possible set of equations that can be given for the case of program flow charts,
or whether more can be said: Any execution of a computer program that goes from
“start” to “stop” gives us a set of values E , E,, ..., E,, for the number of times each edge
is traversed, and these values obey Kirchhoff’s law; but are there solutions to Kirchhoff’s
equations which do not correspond to any computer program execution? (In this
question, we do not assume any information about the computer program as given to us,
except its flow chart.) If there are solutions which meet Kirchhoff’s conditions but do not
correspond to actual program execution, we can give stronger conditions than
Kirchhoff’s law. For the case of electrical circuits Kirchhoff himself gave a second law: the
sum of the voltage drops around a fundamental cycle must be zero. This second law does
not apply to our problem.

There is indeed an obvious further condition that the E’s must satisfy, if they are to
correspond to some actual path in the flow chart from “start” of “stop”; they must be
integers, and in fact they must to nonnegative integers. This is not a trivial condition, for
we may not simply assign arbitrary nonnegative integer values to the independent
variables E, E., ..., E,.; for example, if we take E,=2 and E=0,we find from (6), (7), that
E,=-1. (Thus, no execution of the flow chart in Fig. 31 will take branch e, twice without
taking branch e at least once). The condition that all the E’s be nonnegative integers is
not enough either; for example, consider the solution in which E*’ =1,
E,=E;=...=E,=E,=E, =E,.=0; there is no way to get to e 4 except via e.. The following
condition is a necessary and sufficient condition which answers the problem raised in the
previous paragraph: Let E, E,, ..., E,; be any given values, and determine E, E;, ..., E,,
according to (6), (7). Assume that all the E’s are nonnegative integers, and assume that
the graph whose edges are those e for which E>0, and whose vertices are those which
touch such e, is connected. Then there is a path from “start” to “stop” in which edge e, is
traversed exactly E, times. This fact is proved in the next section

Let us now summarize the preceding discussion:

Theorem K. If a flow chart (such as Fig. 3) contains n boxes (including “start” and
“stop”) and m arrows, it is possible to find m-n+1 fundamental cycles and a fundamental
path from “start” to “stop”, such that any pant from “start” to “stop” is equivalent (in
terms of the number of times each edge is traversed) to one traversal of the fundamental
path plus a uniquely determined number of traversals of each of these fundamental cycles.
(The fundamental path and fundamental cycles may include some edges which are to be
traversed in a direction opposite that shown by the arrow on the edge; we conventionally
say that such edges are being traversed-1 times).

Conversely, for any traversal of the fundamental path and the fundamental cycles in
which the total number of times each edge is traversed is nonnegative, and in which the
vertices and edges corresponding to a positive number of traversals form a connected
graph, there is at least one equivalent path from “start” to “stop”.
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The fundamental cycles are found by picking a free subtree as in Fig. 4; if we choose
a different subtree we get, in general, a different set of fundamental cycles. The fact that
there are m-n+1 fundamental cycles follows from Theorem A. The modifications we made
to get from Fig. 3 to Fig. 4 do not change the value of m-n+1, although they may increase
both m and n; the construction could have been generalized so as to avoid these trivial
modifications entirely.

Theorem K is encouraging because it says that Kirchhoff’s law (which consists of n
equations in the m unknowns E,, E,,...E ) has just one “redundancy”, i.e., these n
equations allow us to eliminate n-1 unknowns. Note however that throughout this
discussion the unknown variables have been the number of times the edges have been
traversed, not the number of times each box of the flow chart has been entered.
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Abstract

RFM (Recency, Frequency, Monetary) analysis is a method to identify high-response
customers in marketing promotions, and to improve overall response rates, which is well
known and is widely applied today. Less widely understood is the value of applying RFM
scoring to a customer database and measuring customer profitability. RFM analysis is
considered significant also for the banks and their specific units like e-banking. A
customer who has visited an e-banking site Recently (R) and Frequently (F) and created
a lot of Monetary Value (M) through payment and standing orders is very likely to visit
and make payments again. After evaluation of the customer’s behaviour using specific
RFM criteria the RFM score is correlated to the bank interest, with a high RFM score
being more beneficial to the bank currently as well as in the future. Data mining methods
can be considered as tools enhancing the bank RFM analysis of the customers in total as
well as specific groups like the users of e-banking.

IMegiinyn

H RFM avdivon elvor po iéBodog mov YQNoLUOTTOLELTAL YLO TNV CVOyVIQLON TTENOL-
TOV UE UEYAAN TLOOVOTNTA OVTOTTORQLONG O€ SLAPNULOTIXES HOUTTAVLES KOL YL TNV PEA-
Tiwon ™G ovTaToxrQLong Tovs. H uéfodog elval evéms YVmoTy) ®ol EQOQUOOUEVY ONULE-
Qa. AtydteQo ratavonty etvar n oEia g REM fabuoroynong oe eAaTohd YL HOL 0TV
UETONOM TS ®eQdooiag twv mehatwv. H RFM avdlvon Beweltal onuaviikyg yua Tig
Todimeleg noL ELOUOTEQES UOVAIES TOVC, OIS N NAEXTEOVIXY TEATTECL®Y. Evag mehdtng
TTOV €yel eMLOAREPOEL L0 NAEXTQOVLXY VIINQETLOL TTQOCPATA KOL CUY VA KOl EXEL ONULOVQ-
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YNOEL ULOL TTLOTY] OEOT LECWM TWV EVIOMDYV TTANQMUNG KOL TV TTOYLWV EVIOADY TTOV X0l
TAWQEEL, ELvaL 0 TTAEOV TTLOAVOS VO ETTLOXEPOEL KOl TTAAL TNV VITNQECLA XOL VO KAVEL OIYO-
0€c. Metd artd TOV VITOAOYLOUO NS CUUITEQLPOQAS TOV TTEAGTN YONOLUOTTOLMVTOG EOLXA
RFM »outvoua, 1 fabuoroyio Tov swehdtn oxeTiCeTol Ue To eVOLOpEQOY TTOV Sely Vel 1 TQA-
meCa yo wehditeg e vy fabuoroyia. Ou uébodol data mining pwroQouv va Bewonotv
g eQyaAeia Yo TV RFM avdivon twv mehatdv wag ToAmelog ovvornd, ®admg ®at
YLOL TNV AVOAVON OUGOWY TTEAATMV OTTMWS 0LVTOL TNG NAEXTQOVIXNG TQOITECIUNG.

Keywords:

Data Mining, e-Banking, RFM analysis, Clustering.

Introduction

RFM analysis [DataPlus Millenium (2001)] is a three-dimensional way of classifying,
or ranking, customers to determine the top 20%, or best, customers. It is based on the
80/20 principle that 20% of customers bring in 80% of revenue.

In order to group customers and perform analysis, a customer segmentation model
known as the pyramid model [Curry J. and Curry A. (2000)] is used. The pyramid model
groups customers by the revenue they generate, into the categories shown in Figure 1.
These categories or value segments are then used in a variety of analytics. The advantage
of this approach is that it focuses the analytics on categories and terminology that are
immediately meaningful to the business.

The pyramid model has been proven extremely useful to companies, financial
organisations and banks. Indicatively some issues that can be improved by the use of the
model follow:

Decision making.

Future revenue forecast.

Customer profitability.

Predictions concerning the alteration of customers’ position in the pyramid.
Understanding the reasons of these alterations.

Conservation of the most important customers.

Stimulation of inactive customers.

L IR IR R R R R 4
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Figure 1

Essentially RFM analysis suggests that the customer exhibiting high RFM score should
normally conduct more transactions and result in higher profit for the bank.

RFM analysis [SPSS (2001), Madeira S.A. (2002), COMPAQ (2001), Im K. and Park
S. (1999)] nowadays can be conducted by the use of Data Mining methods like clustering.
These methods contribute to the more efficient determination and exploitation of RFM
analysis results.

In the present paper, the RFM scoring of active e-banking users is studied along with
the ranking of these users according to the pyramid model. The software used is SPSS
Clementine 7.0. Description of various clustering techniques and algorithms follow in
section 2 while in section 3 the calculation of the RFM scoring of active e-banking users
is described. Section 4 contains experimental results derived from the data set of section
3 and conclusions and future work is stated in section 5.

1. Clustering basics

Clustering techniques [Hand D., Mannila H., Smyth P. (2001), Collier K., Carey B.,
Grusy E., Marjaniemi C., and Sautter D. (1998)] fall into a group of undirected data
mining tools. The goal of undirected data mining is to discover structure in the data as a
whole. There is no target variable to be predicted, thus no distinction is being made
between independent and dependent variables.

Clustering techniques are used for combining observed examples into clusters
(groups) that satisfy two main criteria:
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« each group or cluster is homogeneous; examples that belong to the same group are
similar to each other.

« each group or cluster should be different from other clusters, that is, examples that
belong to one cluster should be different from the examples of other clusters.

Depending on the clustering technique, clusters can be expressed in different ways:

« identified clusters may be exclusive, so that any example belongs to only one cluster.

« they may be overlapping; an example may belong to several clusters.

« they may be probabilistic, whereby an example belongs to each cluster with a certain
probability.

« clusters might have hierarchical structure, having crude division of examples at highest
level of hierarchy, which is then refined to sub-clusters at lower levels.

1.1 K-means algorithm

K-means [Hand D., Mannila H., Smyth P. (2001), Collier K., Carey B., Grusy E.,
Marjaniemi C., and Sautter D. (1998), Bradley P., and Fayyad U. (1998), Zha H., Ding C.,
Gu M., He X., and Simon H.(2001)] is the simplest clustering algorithm. This algorithm
uses as input a predefined number of clusters that is the k from its name. Mean stands for
an average, an average location of all the members of a particular cluster. When dealing
with clustering techniques, a notion of a high dimensional space must be adopted, or space
in which orthogonal dimensions are all attributes from the table of analysed data. The
value of each attribute of an example represents a distance of the example from the origin
along the attribute axes. Of course, in order to use this geometry efficiently, the values in
the data set must all be numeric and should be normalized in order to allow fair
computation of the overall distances in a multi-attribute space.

K-means algorithm is a simple, iterative procedure, in which a crucial concept is the
one of centroid. Centroid is an artificial point in the space of records that represents an
average location of the particular cluster. The coordinates of this point are averages of
attribute values of all examples that belong to the cluster. The steps of the K-means
algorithm are given in Figure 2.

1. Select randomly k points (it can be also examples) to be the seeds for the centroids of k
clusters.

2. Assign each example to the centroid closest to the example, forming in this way k exclusive
clusters of examples.

3. Calculate new centroids of the clusters. For that purpose average all attribute values of the
examples belonging to the same cluster (centroid).

4. Check if the cluster centroids have changed their “coordinates”. If yes, start again form the
step 2). If not, cluster detection is finished and all examples have their cluster memberships
defined.

Figure 2
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Usually this iterative procedure of redefining centroids and reassigning the examples
to clusters needs only a few iterations to converge.

1.2 Two Step Cluster

The Two Step cluster analysis [SPSS (2002)] can be used to cluster the data set into
distinct groups in case these groups are initially unknown. Similar to K-Means algorithm,
Two Step Cluster models do not use a target field. Instead of trying to predict an outcome,
Two Step Cluster tries to uncover patterns in the set of input fields. Records are grouped
so that records within a group or cluster tend to be similar to each other, being dissimilar
to records in other groups.

Two Step Cluster is a two-step clustering method. The first step makes a single pass
through the data, during which it compresses the raw input data into a manageable set of
subclusters. The second step uses a hierarchical clustering method to progressively merge
the subclusters into larger and larger clusters, without requiring another pass through the
data. Hierarchical clustering has the advantage of not requiring the number of clusters to
be selected ahead of time. Many hierarchical clustering methods start with individual
records as starting clusters, and merge them recursively to produce ever larger clusters.
Though such approaches often break down with large amounts of data, Two Step’s initial
pre-clustering makes hierarchical clustering fast even for large data sets.

2. RFM scoring of active e-banking users

The data sample used concern the period between January 1% and December 12 of
the year 2002.

The term «active e-banking user» describes the user who has conducted at least one
financial transaction during this period. In order RFM scoring to express customer
profitability, all values concerning financial transactions are taken into consideration.

The following variables are calculated for this specific time period.

Recency (R)

R is the date of the user’s last transaction. Since the R value contributes to the RFM
scoring determination, a numeric value is necessary. Therefore, a new variable, RneW is
defined as the number of days between the first date concerned (1/1/2002) and the date of
the last active user’s transaction. For example a user who has conducted his last
transaction on 29/11/2002 is characterized by R =332, while one who has conducted his

last transaction on 4/4/2002 will have Rnew=93.
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Frequency (F)
R is defined as the count of financial transactions the user conducted within the period of
interest (1/1/2002 to 12/12/2002).

Monetary (M)
M is the total value of financial transactions the user made within the above stated period.

RFM Score (RFM Factor) is calculated using the formula:
RFM_Factor = RneW+F +M.

A sample of the data set on which data mining methods are applied lies in Table 1.

Table 1
User R, .. F M RFM_Factor
User522 330 20  €20.856,39 21.206,39
User523 216 6 €16.932,15 17.154,15
User524 304 8 €12.860,25 13.178,25
User525 92 1 €27.245,42 27.338,42

The sample includes 1904 active users in total.
Customer classification is performed using the K-means and Two Step Clustering
methods.

3. Experimental results

As seen in the histogram of Figure 3, RFM distribution is high over values less than
1.000.000.This is a natural trend since, as concluded in paragraph 1, 80% of the customer
exhibits low RFM Factor.

Application of the K-means algorithm results in the 4 clusters of Figure 4. Next to each
cluster one can see the number of appearances as well as the average value of each
variable.
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The above clustering results in the distribution of Figure 5. The similarity of this
distribution to the pyramid model is apparent:

Cluster 1 (81,93%) = Small 80%
Cluster 3 (15,65%) = Medium 15%
Cluster 4 (2,26%) = Big 4%
Cluster 2 (0,16%) = Top 1%
[ Distribution of $KM-K-Means O] x|
Bl File ~ Edit ¥ Generate @ @
value Froportion [ % [count |
cluster-1 I 81,93 1560
cluster-2 T 15,65 298
cluster-4 1 2,26 43
cluster-2| 0,16 3
l Table I Annotations
Figure 5

Additionally as another way of certifying the existence of different customer clusters,
the Two Step Cluster method was used. This method yielded the four clusters of Figure 6.
The number of appearances is also supplied in this case accompanied with the average
value and standard deviation of the variables of each class.

€ TwoStep

y R @

| £ Collapse Al || o Expand Al |

Q cluster 1: 1548 recards
@ & RFM_factor ( 21.683,682)
Standard deviation: 26,196 838
@GP cluster 2: 277 records
§ & RFN_factor (164,557,887 )
Standard deviation: 48,758,392
Q- 4B cluster 3: 87 records
@ && RFM_factor { 496.274,756)
Standard deviation; 157,400,359
@20 cluster 412 records
@ & RFM_factor (2.732.276,157 )
Standard deviation: 2.087 977 727

]\Mudel LSummary Lnnnutatiuns |

| [0]38 || cancel | | Apply || Reset

Figure 6
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The distribution derived from the above clustering procedure is seen in Figure 7. The
similarity to the pyramid model is even greater. Specifically:

Cluster 1 (81,3%) = Small 80%
Cluster 2 (14,55%) = Medium 15%
Cluster 3 (3,52%) = Big 4%
Cluster 4 (0,63%) = Top 1%
[ Distribution of $T-TwoStep #1 =] E3
Bl File ~ Edit ¥) Generate @ @
alue Froportion [ % [ count |
cluster-1 I | 81,3 1548
cluster-2 14,55 277
cluster-32 0] 3,62 67
cluster-4] 0,63 12
l Table l Annotations
Figure 7

Finally, cross-tabulation of the fields of the two different clustering procedure results
in the Matrix of Figure 8.

[i&] Matrix of $KM-K-Means by $T-TwoStep M =]E3
Brie - con @ e (ol &
$T-TwoStep
SKM-K-Means | cluster-1 | cluster2 | cluster3 | cluster-d |
cluster-1 1260 243 8 ]
cluster-2 a a 0 3
cluster-3 283 13 2 1]
cluster-4 ] 2 17 0

Cells contain: cross-tabulation of fields

LMatrix anpearance Lnnnotations |

Figure 8

The lines are interpreted like this:

From the total of 1560 records of Cluster 1 as derived from the K-means algorithm
1260 (80.76%) are included in Cluster 1, 243 (15,57%) records in Cluster 2, 48 (3.07%) in
Cluster 3 and 9 (0.6%) in Cluster 4 derived from the Two Step method. Next lines are
interpreted the same way.
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The most important observations concerning the matrix are the following:

« 1260 users belong to the category of «small» customers, 13 in the «medium» category,
17 in the «big» and 3 in the top category as a result of the application of the two
models combined.

» 9 users of the «top» class as derived from the Two Step method belong to the «small»
category of K-means method.

« 5 users that belong to the «small» class according to the Two Step method belong to
the «big» category according to the K-means.

» Despite some differences in the classification of customers in the various categories of
the pyramid, the two models are certified from the majority of the records.

4. Conclusions and Future Work

In the present paper it is shown that the knowledge of RFM scoring of active e-
banking users can rank them according to the pyramid model. This result was highlighted
by the use of 2 clustering methods. Therefore, the e-banking unit of a bank may easily
identify the most important users-customers. The model continuously trained reveals also
the way customers are transposed between different pyramid levels so that the bank
administration has the opportunity to diminish customer leakage.

At the same time customer approach and new services and products promotion is
improved since it is the bank’s knowledge that it is more likely a customer to respond to
a promotion campaign if this customer belongs to the 20% of more beneficial ones.

Correct recognition and analysis of the clustering results offers an advantage to the e-
banking unit of a bank over the competition. Users-customers clustering could be
subjected to further exploitation and research.

Crucial hints of future work are the payment types preferred in each category, e-
banking use, user profiles and other general characteristics of each customer category.

The use of other clustering algorithms as well as other data mining methods is a
promising and challenging issue for future work. The application of RFM analysis can also
be used in larger data sets, in order to produce completed results that will be updated
continuously by training of the models.
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Kowvwvixés ouvonues vmo 1o xabeotwg
g 4" Avyovotov 1936

Kwvotavrivog Tevexetlrig
ALOAXTWO Anuociov Atxoiov
xat IloMtixav Exiotnuav

Meidnyn

OL VEEC HOLVVIXOOLLOVOKRES OOUEG, TTOV dNULoVQYNONxav To 1922, eltnoéaoay v
WETETELTA TTOMTIXY HOTAOTAOY. Ol UeTAPOAES, TTOV VITNOEAY OTNV TOEWMN OLd.oBowon,
TTQOOOLOQLOOY KOUOOQLOTIXA TLG WOQMES KOLVIWVLXNS 0QYAVMONS, TNV XLVNTLXOTNTO, TNV
HOLVOVIXY OLOUOQTVQLOL, TO XKOLVWVIXE XLVAUOTO KOL TNV TTOALTIXT.

H ®owvovixn ToayuatidmnTo. emneed.otnxe oe TOAD ueydio Pabud amd tnv éhevon
TV TQOOPUYMV. O £QYO0UOS TOVS ONUaLVE (o Blown NEN 0TOV OLKOVOULKO %AL TOV KOL-
VOVIXO L0TO ™S Y®oS. H owrovouxry ®xolom, n omota. ouvodee TOV ROLVIWVIXO LOG
OYMUATLOUO KOTA TOV MeCOTOLENO, ETANEE ®VQIMS TOVS eEQOALOUEVOUS AYQOTIXOVS
TTANOVOUOVS KAl TOVG €QYOLOUEVOVS. O eEMTEQLXAC OOVELOUOS TNG YWQOGS, OL TTTWYEV-
OELG, M AVEQYLQ, M UETOVAOTEVON, O OVAAQAPNTIOUOC, O VITOOLTLIOUOS, 1 PREpLXn Bvnol-
uoTTO, M EMAELPT VYELOVOULKNC TTEQLBOAYMG, VITNQENV EUTTOOLA YL TNV OUOAT] TTOQELX.
TOV EAMNVLXOV XQATOVS KO OCUVETELVOV OTY ONULOVQYIO TOV OLXTATOQLXOV RABECTMTOG
™mg 4" AvyovoTov.

Abstract

The new social and financial points that have been created in 1922 influenced the af-
terwards political situation. The modifications that have been existed in the articulation of
the classes defined the shapes of the social organization, the mobility, the social complain,
the movements and the politics.

The social reality has been affected in a remarkable point, by the arrival of the immi-
grants. That arrival mends to be a violent rapture to the financial and social web of the
coun-try. The financial crisis that followed the social formation during the middle-war

Emotnuovix Exetnoioa E@aouoouévng EQevvag
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(1920-1940) hit mainly the miserable farm population and the workers. The external
lending of the country, the bankruptcies, the unemployment, the immigration, the
illiteracy, the nourishment, the in-fantile mortality and the deficiency of the sanitary care,
prevent the normal process of the Greek state and contribute to the creations of the
dictatorship of the 4™ August 1936.

A€Eerg - Khewdua:

Awtotogia 4" Avyootov, MecoTOAEUOC, TTEQUPEQELONOS HATILTOALOUOS, TTQOOPUYEC,
OUVOLHOMOTLXRG KEVIUQL, (PEULVLOTLXRO KIVIULOL, XKOLVWVIXES TAEELS, WKQOMOTIXY TAEN, €0-
YATLAT TAEN, 0rYQOTIUG OTQMUOTA, «TEAATED - TATQWVIO», LOEOAOYXN ®QLOM, OVTLXO-
UOUVLOUAGS, OLXOVOULKY) ®QLOT, aveQY (o, avalofNTIONOS, KOLVWVIXY AopALon, (dQUoN
tov L.LK.A.

Ewayoyn

H xowvovixn eEEAMEN 0TOV xMEO dQAoNg Tov EAANVLOUOV TOQOVC(0.0e ®oBVOTEQNON
UEQLXV CLOVWYV, € OVYXQLON UE TNV TTOQELD TMWV HOLVOVIXMWV OYNUOTIOWDV TG AVTL-
¥Ng Evommng. 210 UeGOTOAEULKO KOLVOVIXO OYNUATLOWS TNG XM OV EUPAVIOTNAAY
TOL EITOVOOTOTLHG POLVOUEVA TTOV GUYRAOVILAY exelvn TNV TEQL0do TV Evowmm.! Edm,
N TOALTIXY 0LPOQOVOE KVQIWG OVO GVTLUOXOUEVOVS AOTLXOVG TTOALTIXOVG ®OoUovS. H
OVUTTOQE LD LATLLMV HKIVNUATWV KOLVOVIXNG OULPLOPNTNONG el)E VA HAVEL HOL UE ULCL GA-
A 0eLRd 0Ttd AOGYOVS, OTImS NTOY, O JLAVTOS CUVINONTIOUOS TTOV ENXQATOVOE OTOV
HOLVOVIXO UOS OYNUOTIOUO, 1] AVIOTOQNTY TAUTLON CLOTLOUOV KO EBVIOUOV, 1 ddUVOILLO
HOTOYVQMONG TNS ONUOXQATIOS WS TEOTOV CwNg, 1 EALELYPN TAELKMDV OQYOVIOOEMY XL M
TOOTLON TOV RQATOVS UE TNV EXAOTOTE KVPEQVNOT.2

To yioti emnQaTovoe ouTy N ®oTdoToon givol OVoroho vo ostavindet. Kdabe amod-
TTELQOL ATTAVTNONG QTTOLTEL TTQOTEYYLON, OVAAVON AL KOTOVONON TOV TQOTTOV SLOUOQPM-
ONg TV PACLROV SOULLMV YOQOUATNOLOTIXMY TOU ROLVWVIXOV OGS OYNUOTLOUOV OTO 0V-
VOAO TOV. ITAVTMWG OEV UTOQOVUE VO, OVOPEQOUAOTE YEVIXA HOL APNONUEVO O€ RATOLOV
eEMNVLRG A0O, ATTOOIO0VTAC TOV OLAPOQES PUAETIXES LOLALTEQOTNTES. MLol TETOLO EQUN-
vela elval BeTunn yuo v deyovoa TaEn. O onuavTikdg TS QOMOG ELVAL 1) AITOOTTAON TNG
TTQOOOYNS OTTO TLS KOLVIWVIXES AVLOOTNTES, JTOV QUTOTEAOVV TN Aom Tng avBommLvng
VITOLOENGS, TTQOC LOLOUOQQIES TTOV elval T RKOLVES YLoL OO TOL UWEAT TNG HOLVOTNTAC. €
XOULAL TTEQLTTTON 1 GTTOVOY| TV YUQUXTNOLOTLAMY TNG CUUTTEQLPOQAC VOGS A0V deV
TOETTEL VOL SLO(WQICETOL ATtd TNV AVAAVOT TOV XOLVWVLXOD TTEQURAAAOVTOC.
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ZTLC TTEQUIPEQELOXES HOLVIVIES, OTIIG N OLXY UACS, TO KQATOG ELvVOL EXE(VO TTOV OV-
YHQOTEL KAl OLAUOQPMVEL TLS HOLVWOVIXES TAEELS. TO ®QATOG OTNV TTEQLPEQELDL TTOUQOUEVEL
oVTOVOUO, OVEEAQTNTO, YLOTL AELTOVQYEL 0TN BE0M TN ®VELOOYNS TAENS, YEYOVOS TTOV TO
20OLOTA TO ®VEIAQYYO CTOLYEID TOV TEQLYPEQELOXOV ®omtiTolonov.* H EAMGS elye TOV
TTLO OVOITTUYUEVO KQATLXKO UNYXAVIOUO 0ITd OAES TIG POARAVINES HOLVWVIEC OTNV TTEQLO-
00 TOV MEeOOTOAEUOV.

H dL10y®mom Tou ®QATLXOUV UNYOVLOUOV, EEALTIAS TOV XOLVOPBOVAEVTLIAOV CVOTHUOTOC
oL TNG ®ABOAKNG YNPOPOQLAS, NTOV OVATTOMEVXTY, YLOT( EXELVO TTOV €ly0aVv VO, TTQO-
OPEQOVV TA XOUUOLTA YLOL TNV TTQOOEAXVON 1) TN CLYXQATNOT YNPOPOQMV, HTAV OL XQU-
Tég BEoeLg, oL 0oieg NTov TOOO TTLO TTEQLLNTNTES OO0 M HAYEELD TNG OLXOVOULOLS KOLL VE-
VIXOTEQX T KOLVWVIXT RAOVOTEQNON €XOVOV TS VITOMOLITES ETTAYYEAUOTIXES OLEEGDOVC
Myootég nan oféfaies. TIAvTme 1 SLOYRmoN xol 1 SLALUOQPMOT TOV EAANVIXOV KQATOVS
0OVTE QITO KATTOLO. EVTOTTLOL CLOTIXY TAEN VITOXLVIONKE OVTE RAL TNV AOTIXY TEEN WPELN-
oe. O 6y®0g, N OVORAUPLOL KOL M OATTAVNQOTNTA TOV XQATOVS OTOTEAECE TQOYOTTEDN YLO!
™ OLOYETEVON TTOQWV KL EVEQYELWV CUUPMOVO, UE TLS OVAYHES WO CULYOVS KOTTLTOAL-
0TS OVOTTTVENC.]

O mehotelaxog QOA0G TOV %A TOVG

H o) auTaQyirdv ®o0e0TdTOV ONULOVQYELTAL EEQLTIOS TMV TTQOPANUATWY JTOV
TOQOVOLALOVTOL OTLS OYE0ELS TTOQOYWYNS.S MITtoQovue Vo ToVUE EEAQYNC OTL 1) VDU
AN TolTLrn 7TeQiod0g, Tov Eexivnoe e To xivnuo Tov IThaotiea Tov MdTtio Tov 1935
UgyQL TNV emPory tng dwxtatogiog g 4" Avyovotou 1936, Ntov arrdQQOLo TNG VEOS
HOLVOVIXOOLXOVOULXNG KOTAOTOONG M oot Eexivnoe to 1922. Emiong, ovvetéheoe 10
YEYOVOS OTL AITO TN WAL OL FLOUNYAVOL 0QVOUVTOY VA OUUPMVIOOVY O (L0 AOENOT] TV
ELOOONUATWV TWV EQYULOUEVMV %Al OTTO TNV GAAT VITNQYE QOVVAUIO TWV AU TXMV 0QY-
VAOOEMV KOL TV OLYQOTLAMDV OTQMUATMV VO, AVTLUETMITICOUV TNV 0LOTLXY) TAEY, TTOV VITE-
oseiye.’

e JTEQIITTWON TTOV TO TQAYUATO 0ONYOUV 0TNV eYRaBiOQUON CUTOQY KOV 1} (POOLOTL-
1OV KOOEOTMOTOG, AVTO ONUALVEL OTL OeV VITARYEL M dUVATOTNTO, OITO TN UEQLOO TNS HV-
olooyng TEENG, Vo eMPBALEL TNV TTOALTIXY TNG OTLS AAAES TAEELS UE TOL UECQ TTOV TNG OLaL-
BételL éva OMMUOKQATIXG ®QATOC. YITAQYEL TTOMTIXT ©QloN 0TOV Babud OV 1 0.0TLKY) ON-
uoxQaTia Oev x0ToQBWVEL VO VITEQREL TNV TLITLKY NS SLAOTOON XOL VO ATOXTHOEL HOL-
VOVIXO TTEQLEXOUEVO, TTAQH UOVO OQMVTOS NYEUOVIXE S TTQOC TOL KATUITILECOUEVO HOL-
VOV OTQMUATA, TUEELS, ®OL ®ATYOQiES.

To TATNUO TOV KOLVWVLXOU QOAOV TOV ®QATOVS 0TNV EAAGO ouUITEQUAUPAVEL KO
TO «OVOTNUO TNG TTEAATELOS — TATQWVING». H x01om TNG £VVOLog «TTEAATELD. - TTATQWVIO»
QVOPEQETAL YLOL VO YOLQOXTNQLOEL TO EAANVLXO TTOALTIXO 0VOTNUA, OTTWS OVTO TTORQU-
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OTOAMDONKE ®OTd TN dLdonela Tov 190V awwva. H évvola ot elvol 0QRETA OUYKEY V-
uévn. Elval yevird meglmov amodexntd OTL 1 oyéon mehateiog oQileTal oav uwa oyéon
EXOVOLAC OLTTOMAUNG CUVOAAOYNS AVAUEDT OF ROLVWVIXOVS (POQEIS GVLONG HOLVIWVIXNG
%Ol OLXOVOULANG LOYVOC, TTOV CUVOPILETOL OTNV AUOLBOI0L OVEANYT VITOYQEDTEWY TTOL-
QOYNC OQLOUEVIV OLOPOQETIXMV VITNQECLMV, YWQOILC TO TAEYUA OUTO TV QUOLBaimY
VITOYQEMOEWV V0. EVIAOOETOL OF £VO OEOOUEVO £VVOUO 1) OTTWOONTTOTE BEOUOTONUEVO
oVOTNUA OELOAOYLRMDV KOVOVWV GUUTTEQLPOQAS KOl OVTLOTOLY WV XVQWMOEWV.

Ta oVUEPEQOVTO TV OVO «TTOAWV» TNS OYEONS TNG TTOTQMWVIAS SEV ELVOL AVTLPATIKE.
OAMG OVUITANQMUATIXE. Kol oL 000 0UYXQOTOUVV %Ol VOULUOTTOLOUV ULOL TTQOVOULOXT|
HOLVOVLXY KATNYOQL0, TTOV 0TO OVUVOLS TNG AVTAEL TTQOOOOOUC TTOV TTQOEQYOVTAL AITO TO
VITOAOLTTO ROLVOVIXO Omua. H avtalhoyn viineeotmv 0ev eival Aoutdv TtaQd n Oeute-
QOYEVNG OOWY, TTOV ETTLTQETEL T OUVTOVIOUEVY AOL HOLVOVIXO OTTOOEXTY YEVIXY TTQO-
0001 0TO CVOTNUC. ETTLUEQLOUOV TMV RQOTIXMV TTOQMWYV. OAOXANQO TO CVOTNUC. TWV TTE-
MOTELOXDV OYEOEMV OTNEICETAL AOLITOV 08 L0 TTQONYOUUEVN %Ol WOCLKY UETOPOQA
TROVTOV 0TTO TOVS GUECOVS TTAQAYMYOVS TTOOS TO %QATOC.”

ZTLS XOLVWVIES TTOV ELVOL OQYOVIOUEVES CVUPWVO. UE TO TTEAATELOXO TQOTVITO, OL TO-
Eunéc oy€oeLg (PAlVETOL VO ATTOSUVOUMVOVTOL XOL TEAXA VO, EE0QAVICOVTOL OOV TTQOO-
OLOQLOTLXOL TTOQAYOVTES TOV XOLVWVLXOV YiyvesDoL. TO aTouXLOTIXO LOLmUA, Lo, TN OLo-
TOITWOT ALTNUATOVY, TOV TEOWOEL N TTEAATELOXY LOQEPN TTOALTLXNG EVOWUATWONG, OITO-
tehel évo TTAATLA OLAOEOUEVO LOEOAOYIXO LOLMWUA 0TV EAANVLXY] ROLVWVIO, TO 0TTOL0
EUTTOOICEL TV OVATTTVEN TOEWXNC OVUVEIONONS OTTO T EQYUTING OTQMUATO. TO aLvoue-
VO TNG TTATEWVI0G OemQelToL OTL AVOITTTUCOETOL OITO TNV HOQUEPN TNS HOLVIVIXNG LEQUQ-
ylog, MAadN armotelel Eva UNyAVLOUO TTOALTLXNG EVOOUATMWONG KoL ELEYYXOV TMWV UALOV
OV 0o%elL M AQYOVoa TAEN. OL 0YE0eLg TTEAATELOS - TQOOTAOLOG EMNOEATAY AUETO TOVS
Beonovg oL TV TOALTIXY ®aTd TO Meoomtoheno. H onuaoio mov d60nxe Opmwg oe autdv
TOV JTALQAYOVTO TV TTOMD (xN. TTLoTeVETAL OTL 1) AITOOLMITNOT TOV OPEIAETAL XAl OTNV
QUTATTATY, TTOV RAAALEQYNONKE OTOVG HOMTOVUS TNG OOTIXNG TAENS, OTL N VEOEAANVLXY
rnowvavia eiye dSutomtomdel oe eavostotrd Boduo.©

H to&ux1] dtaotoondtnoen tov egyaionévov

H avdlvon tng taEwxng ovvBeong tov eAAnvixo TAnBuouov artotehel SOVOROAO €Y-
yetonua, OLoTL mEotimobitel duodoyrég meooeyyioes.!! TTowTaQyndg TapdyovTag Os-
WQELTAL 0 OLXOVOULKAC, e BAOTN TOV OTTOLO TTQETTEL VAL OLEQEVVIVTAL TO. TTQOPANUATO TV
TdEewVv oe wo xowvovio. H taEux doun g eAANVIXNIG ®oLvoviag Tov MeGOTOAEUOV
OTTOTEAE(TO QITO TNV TAEN TV UOVOTTWANTMV, TLG UEQLOES TOV UEYAAOV KOL UECTIOV KE-
POAOLOV, UEQLOES TTOV OUVEDETAV AVTLOTOLYO TN UEYUAOUOTIXY TAEN KL TO. TWUATE TNC.
H dutatogia g 4ng Avyovotou dev 1obe oav eyyimon g exprounydviong, ohAd ooy
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OUVETTELO. TV ROLVIVIXMV OITOTEAEOUATOV TNS exProunydavions. H exfropnydvion autn
€lye TEQAOTLES HOLVWVINES OUVETTELES. [L0L TTQWTN POQA £0TTO.0E 1) OLVOYT TV ULHQOUOTMV
JTQOG TNV GOTLXTY TAET, OL OTTOLOL OTTOTEAOVOAV KOLVOVQLO OTQMUOTA X0l OEV NTOLV OL TTOL-
QUO00LOXOL ULHQO TOLOXTYTES. Agv NTarv BERALOL 1) AUECT TTAQOYWYLXT EQYOTLXY] TAET, Oh-
A Moy wobmtoi.'?

H EMGO0 NTav ATOXAELOTING WWXQOCOTLXY XM AVTO OQELAOTOV 0T 0VVOEON KOL
TO €L0Lrd PAQOG OV ElaV O 0lyQOTIXOC TANBVOUOS %ol TO Uecaio oTowuoto. H avd-
TTTVEN TG TAENS QUG GQYLOE AEXETA VLS, oxOUn astd To 1909. H uixgoootinn Tden
QITOTEAELTO AITO TNV TAEN 1) TLS TAEELS TV PLOTEY VAV, WHQOEUTOQWY, TWV UN-TTO.Q0Y M-
VIOV oBoouvIontmy, TOHO0 TOU LOLMTLXOY 000 ®VRIMWS TOV dNuooiov Touéa. Emxiong,
AITd TLS EXTETOUEVES YEWQYIES OUTAALOTOLMOELS OLAUOQPMONX®E €Va OTQMUA ULXQOT-
OLOUTNTMV YEWQYLRWOV EXUETAMAEVOEWV. H UeYEAN aVATTTUEN TV UKQOUOGTIXWY GTOW-
UATWV OUVETELVE OTNV 0.QYOQUOUN CVAITTUEN TOU OVOTTWALOALOV XOTTLTOALGUOV KOL ETTO-
UEVIDS OTN UN-TIQOAETOQLOTTOLNOT TOV 0LYQOTIXOV KOL UWHQOUGTIXOV TANOVoUOV. 3

To Brounyovind eQyotind ouvamxd amd 60.000 egydteg to 1920, awEndnxe oe
181.512 10 1930 »ou o€ 227.500 10 1938. Ouwg TO UEYLOTO UEQOS TMV EQYALOUEVV, TTE-
o(mmov 10 93%, aTA0YOAEITO 08 ULHQES ETTLYELQNOELS UE TTQOOMITLXO ATtO €va €mC TTEVTE
atoua.* "ETot, dnuoveynonxe £va Loy ved TQOAETAQLATO, TTOV, ELOLHA OTOV BLOUN)OVL-
%O TOV TVENVA, NTAV TO UeYOAVTEQO 0T Bokxavixn. TlaQ’ Oha autd, T0 T0000TO TG
EQYOTLUNG TAENG TTOQEUELVE LXQO, N AOTXY TAEN NTOV 0.oDEVIC, VITNQYE QOTTY| TTQOS TN
OMUOCLOVITOAANALOL %Ol TTQOS TNV TTOVETTLOTNULOXT] HOL YUUVAOLOXY LOQ@mon.

Ta xodvio Tov MeGoTOAEUOV, eXTOS aTtd TNV €EEMEN TV ROLVOVILOV TAEEWY,
€OV LOLaiTEQN ONUAOTLOL %Ol YLaL TNV EEEMLEN TOV YuvaLxelOV xLvuoTog otnv EAAGQ.
Ol yuvaixeg TQOAETOQLOTOONKAY 08 UEYUAITEQO PaBUS 0Td TOVS AVOQES, OL OTTOLOL
UETATQATINXAY KVQIMWS 08 WrQOTOLOXTNTES. Ol PeULVIOTOLEG TOV MECOTOAEUOV dEV
ovarYOQEVOOY LWOVO G KVQOLO OLLTNWE TOVS TNV RKOTAXTNON TV TTOALTLAMYV OLXOLOUAT!V,
OANGL ETTLYELONOOY VO VLY VEVCOVV %Ol TTOC OXOLBMG WTOQOVOE VO. OYETLOTEL I AoxNom
NG TTOALTLXNG UE TNV TTANON ROLVOVIXY EVIOEN TV Yuvarwyv. Tnv €0y Uty eUgpa-
vIioTNraV VEQ YUVOLXELD OWUATEID %ol TEOMROV 08 au@LOPNTNON Ol TQOVTAQYOVOES
WOQQES 0QAoNS, v doa emPBimony odnynOnxrayv oe otadloxnd noooaowd. Ta mhaiowo
UEOCO OTA OTTOL0L ®LVOUVTAV OL PEULVIOTQLES TOV MeoomoAéuou Ntav og neydro Badud
Q00PN XOL 1) ELLOVA TTOV TTOQOVOLALAV Ol YUVULLELES 0QYAVMOELS NTOV OUYVA OVTL(AL-
Tinn. 1o

H dwtatogia tng 4ng Avyovotou BewQovoe OTL 0 (UOLXOS TTQOOQLOUOS TMWV YUVUL-
NOV WG OVCUYWV ROl UNTEQWYV, OITOTEAOVOE OVOTOTIXO OTOLYXELO TNG LOEOMOYIOG TNG.
‘ETOL, OVILUETMOITLOE Ue PLOLo TQOTTO TOL YUVOLXELD OOUATEIO 0TTO TNV ETTOUEVN TNG EYXA-
BidQUoNg TNC. ZT0 THTNUO OGS TNG EQYALOLAS TWV YUVOLXMV OEV AVTEYQUPE TO EEVOL (PaL-
OLOTLXG TTEOTVITA, YLOL VOL TTEQLOQLOEL TNV €E000 TMV YUVALXMV AITO TO OTTLTL, GALG OXO-
AovONGE TNV ROLVOVIXY TTQAYUOTLROTNTO.
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H xoutvovir) moayuatikdTnTa emneedoTnxe o€ JTOAD ueydlo Babud amd v éhevon
TV 1QooUYmV. H EAAGS0 OTOv OéyTNre Toug mdopuyes To 1922 eiye 5.500.000 exa.-
TOUUVOLO X0TO{XOVS. O CUVOAKROS 0OLOUOS TV TTQOOPUYMV ONUOLVE ULOL EQPVLXY 0-
Enomn tov TAnOvouov 23,26% ue €tolo 10000Ttd avEnong 3,10%.'8 "Eva mheovéxtnua
7TOV TTQOEx Ve Yo TNV EAMAGOO Ntav ) éBvoloyurn) opowoyévela. To 1926 ov 'EAANveg ®d-
Mrttay 10 89% tov TAnBuouov Thg YmEaC.

O €QYOUOS TWV TTQOOPUYWV VITNOEE ULOL KOQUPALL. ONUOYQUPLXY| AVOTQOTTY, UE EXTE-
TOUEVEG OVVETTELEG OTTV OLXOVOWLQL, TNV XOLVIVIC, TNV TTOMTIXY KOL TOV TTOMTLONO. Z1)-
WOLVE PLoL Blonn 0NEN 0TOV OLXOVOILAO KOL TOV XOLVWVIXO LOTO TNS X WQEOS. To 54% eyxa-
TOOTAONKE 08 QLYQOTLXES TTEQLOYES, KVQLMWS TNS MOredOVIC KOl TNG OQAXNG, KOl TO VITO-
AOLTTO UEQOC £YHATAOTAONNKE 0T UEYAAD AOTLXE ®EVTQO. AVTO elye OOV OTTOTEAEOUO TNV
TAVTOXQOVY EVIOYLON TOOO TNG YeWQYIag 000 ®at TS Prounyaviag. Ou TEOoEUYES, OL
0TTOlOL EYXATAOTAONKOV OTO UEYANO AOTIXA XEVIQU, ONULOVQYNOMV L. XALVOUQLOL €Q-
Yot SUVOUN %Al aVOVEDOOY TNV TTOQOO00LOXT 00T 0TeEMEXmOoN Tne Y meac.2’ To
1928, otig wOAeLg pe meQLoodteQovg amtd 20.000 ratoirovs, To 31,7% tov TAnfuouov
aIOTELOVOOV OL TEOOQYLYES.?! Exel 71ov 1oLy 10 1922 1 goyating dvvoun WO VITHQYE,
OXTM YQOVLOL 0QYOTEQU WTOQOVUE VO LLAGLLE YLOL ULOL OYMUOTLOUEVT EQYATIXN TAEY UE TLG
OVAYRES TNG HOL TO XOLVWVLXE UETAQQUOULOTIXG TNG CLLTHUOLTOL.

H %0outvovinn ®oL eToyYEALATINY TTQOEAEVOT TV TTQOCQPUYWY TOVS WHOVO0E OTLS (OLES
0000TNOLOTNTES, TTOV £lyaV OTOV TOTO TOVS, IMMACON TNV AVTOOTTAOYOANOT, TO EWTOQLO
%o T Proteyvia. Ol TEOOQPUYES TTOV TTQOAETOQLOTOONXAV OTTO.0YOMIONXAY ®VQIWC O€
Wx£g Prounyavies. ETouévmg, WToQovUE VO GUUTTEQAVOUUE OTL 1| CUUBOAY TWV TTQO-
oQEUYWV 0T OMNULOVOYLO TNG EMANVIXNG EQYOTLXNG TAENS Oev NTav dLevouuévn. AvtiOe-
Ta, 00P0.QATOTN NTAV 1) GVUPBOAT) TOUG OTN SLEVQUVOT TMV WXQOUOTIXMYV 0TQOUATWV. To
UEYUAITEQO UEQOC TMWV TTQOOPUYWV OTQAPNKE OTNV OLYQOTLXY] OLXOVOUic. MAOvo 10 25%
TTAQEUELVE OTO YWQO TNG Prounyaviog xaL o 10% 0T0 MO TV VINEEoLMV. I't” autd oL
TTOOOPUYES HOATNOUV WG «OMUO» ULOL LETOLOTTOON OTAON OTTEVAVTL 0TO AATHO KAl €0VL-
%0 nivnuo.??

O ueydAog QUOUOS COTIXOTTOIMONG AL 1 EYXATAAELYPN TNS VITAIOQOV E(VOL YOQOATN-
QLoTd yvwoiouato g etoxns. Kotd to étog 1928 10 42,5% ToU TANOUoUOV RATOL-
HOVOE OTO. OOTLKG AOL MUWAOTIXG KEVTQO TNG XMWQOS KOL TO VITOAOLTO 57,5% 0TOVG
AYQOTIHOVS OLXLoUoVS. 23 Katd 10 €10g 1936 0 aryoTindg TANOUOUOS VITEQELYE TOV AOTL-
%0V 0¢ T0000TO 67%.%* 210 1940 0 00TLHOC TANOVOUOS AVTLITQOOMITEVE TO 32,8% OTO
0UVOAO %Ol O AYQOTIXOG TO 52,4%.% Z1a. TéAN TNg dexaetiog Tov 1930, n EALGSO ftav
N TAEOV TTUAVORATOLKNUEVT X DQO TG Evommng, amd yewQywx dmoyn. e £vo TETQO-
YOVIXO YLALOUETQO YEMQYLXNG YNS AVTLOTOLXOoVoaV 157 dtoua ayQotirov minbuonov.
2tn Fodlio itav 48, ) Teouavio 52, ) Povpavio 97, tm Bovkyaoio 118.26
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To enimtedo dopimong

Baowo Y0QOXTNOLOTIXO YVIOQLOUA TNG TTEQLOSOV TOV MECOTTOAEUOV OTTOTELEL 1) OL-
HOVOULXN ®QLomM, N 0ol CUVOOEYE TOV HOLVWVIXO OGS OYNUATLOUO. O OVIIXTUITOS TNG
nolong éminge nvolng Tovg eE0OMMUEVOVS HOL VITEQYQEMUEVOUS OLYQOTLXOVS TTANOU-
OUOVS %Ol TOVG €QYALOUEVOVGS, UE TTQMTN TNV EQYOTIXY TAEN TV TOAEWV. [l TOWOTN po-
00 ETTAMYNOOY £VTOVO %Ol T TEQAOTLOL UWXQOOOTIXG OTOMUATA.?” ATIO £YYQ0QO TOV
Foreign Office ®atadewvietal, LETAED TV GAAWV, KAL 1 QITEATTLOTLAY) OLXOVOULXY-KOL-
VOVIXNY ROTEOTOON TV EQYOTMOV. 2 €Vl ATt UTA OVOPEQETOL OTL «TO YEVLXO ELOOON-
UaTLrd emimedo Poloxetal emti xQOVLO TOAD YOUNAX ®aL OL WoBOol TV VEWV EQYOTMV KoL
VITOANAWY, ELOXA UETE TNV ELOQON TV TQOOQPVYWV TO 1922-1923, LOALS ®OL UETA lOg
ETTAQHOVV YLOL VO TOVS KQOUTHOOVY TOvTavoug».?

Tov Iovho Tov 1936 0 TOTE VYPUTOVEYOS eQYaoiag Kaowudng, xaooxtnolle *Ohoon
™ Coom TS eQyaTivg TAENS. Bemwovoe OTL «To emtimedo g Cong Tov 'EAnva eoydtn
NTOV AVEXOOEV YAUNAOTEQO TOV XOUNAOTOTOV AL 1) AVEQY (0L EXTETAUEV». O VITOOLTLOUOG
TOV £QYOLOUEVV ElyE PTAOEL 08 TQOUOATIXO PaOUO.2® AVt Selyvel ®aL Lol EQEVVA TTOV
€ywve To 1938-1939 o¢ eQyatinég owmoyéveleg g ABMvag, N omolo, ®aTéAnEe 0T0 CUUITE-
oooua 4Tt éva Too00To 30% VIooLtiCovray aLotnTd.® Suyrerouuéva, oty evogia Tov
IToognmn Hhlo oto MayxdTt, amd tig 3.500 owoyEveles Twv evooLtmv oL 500 oteQov-
VIOV OXOUN X0l TO Pwt, ov 1.500 wdhig mov eEao@iiloy T0 eAdyLOTO TOV OITOLTOVUE-
VOU UNVLIOLOV ELOOONUOTOC, %o OL VItOhoLTteg 1.500 avtemeEEQovTay ®avovird.3! Sty
TT6Toa 1 PT)ELD EXave TNV EUPAVLOT TNS 0TTO TOVS TEMTOVS Wves TG dxtatoiag. Ot
0QOUOL elyov YeULoeL INTLEVOUS KoL O VOUGQYNG TTNQE ATTOMO.ON TTEQLOVALOYNG TWV ETTOUL-
Tov. Emiong emiPAndnxe dektio ota t1od@Luo ®ot 10Udnre dihaviowmtixy Etoueia.

Exelvo mov duoxdheve TV ®OLVoVIXY ®ATAOTOON NTOV TO UEYEDOS TV IToAIoEWDV
AOL TNG OVEQYLAS, M) OTTOLAL X TVITINOE TEQLOTOTEQO TOVGS OLXOYEVELALQYES AL TOVS EXAIVE VO
OVTLUETOITLCOVY £VTOVA TO TTEOPANUE THS OTEYNG %ot TNS dLato@ic.’? To 1938 udvo to
17% TV OLXOYEVELWDV ELYOV ELCOOMUO (00 1 OVADTEQO OO AVTO TTOV BEWQEELTO TO ALY L-
010 00L0. To ©00TOg TN CoNg OvEPNHE TA TEOTEQQ Y QOVLA TNG OLKTOTOQLOG KOTA 50%.
Me don emionueg oTaTLoTIXES, 2.841.000 EAANVES (TO 39% TOV TANBVOUOV) Elyav TO
1938 etoLo eLodomua 18.727 dQy., EVMD TO RATMTEQO OQLO dLafimwong nrav 25.000 0Qy.
TowtdyEoVa, QVTH N UALa TV 0TTOWY TMQWVE TO 15,54% Twv dueomv @oomv.>

H peyddn mheroymepia Tov minBuouov empiwve oe ovvOres wov dev TS eEQ0QAAL-
Cav ovte Ta astapattnTo oyodd. o vo Toel novelg ®Ammg GVETO, AITOLTETO VO EXEL
€TNOLO OLXOYEVELOXO €L0OONUO 60.000 0QY., TO0O OV eixav wdvo ta 21,50% tov TTAN-
Buonov ™g xwag. Ta 38,50% eiyav eLoOIMUA TO OTTOL0 KAAVITTE LWOVO TLS OTOLYELMOELG
OUTTAVES YL AveX T Com, TTOV BOLOROVTAY TTOMD TTLO RATW 0TTO QLUTH TOV EAOYIOTOV 0Q(-
ov ovviionong. Ta 40% tov TANOVOUOY ™S XDEAS elyav eLoOGIMUA TTOV Ay YLLE TOL OQLOL
™G eEaBAimong, OLOTL dev ®KAMVTTTE OVTE TIG OOITAIVES YLOL T, fAOLXOTEQO. ELON VITOTVITM-
dovg dtaTionong Tov avOR®ITov ot Lwm.>
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To xounAoO PLoTird emiredo UITOQEL Vo OLOTTLOTWOEL ®aL OITO TO EMITTEOO TNS HATAVCI-
AONS TQOPMV, TO OTTOLO NTOV AVETTAQXES KOL TTOLOTIXG %Al TTOoOTIXA. H ovvBeon tng
OLOTQOYPNS TOV EAANVIXOV TTANOVOUOV NTOV OTtO TIG TTAEOV MTOOLULTES TV YWOWV NS
Evommng. Xaoxtnolotixd avogéoetol 0TL ota 1939 o uéoog eQyaloOuevog €TQEme Vo
OLBoeL yLo £va xIAO ®QENS TO OO TOV NUEQOULOOLOV TOV %aL YLa. £VaL HLAO YAAQ TO €Val
TEUTTTO, EVM 0 GyYAOG £QYATNG OLEDETE AVTIOTOLYO TO £va OEXOTO %Ol TO £val 00To. >
H EAMLGS0 Tov 1940 vitav pa groyt] x0ead. Ol ®ATOLXOL ATOTACOOVTIOV OVOUETO. OTOVG
TEAEVTOLOVC, EQYOUEVOL aXQLBMS TTOLY 0Itd TOVG TToQToYdAOVS %L TOVS AAPOvovg, 0TO
Béua ™S OLOTEOPNG TOVS. AXOWUM XOL 0€ OVYRQLON Ue Tig Balxavixég xmes, N EALGOQ
deV £lye ETAQUELD O UEOO DLOTQOPNS, EV() EXELVES £y TTEQLOOEVUOTOL O

MéyotL Tov B TTayxdouLo ITGAepo mdvm amd 10 ULod Tov EAANVIXOU TANOuoUov ov-
VINEELTO aItd TN YewYyia, ue aOAleg ouvOixes dtapiwong. H melva e to YPevdwvuuo
™S MTodlonTNg 0ReTig Twv EAARVeV. O eEmTeQLrOg OUVELOUOS TNS XMWQAS, OL TTTWYED-
OELS, 1) UETAVAOTEVON, O AVOAPASNTLOUOS, O VITOOLTLOUAS, N POEPLHY OvnoludtnTa, 1 éh-
revpm vyetovoulxic meQiboiPng, vItEEav euItddLOL Lol TNV OUOAT TTOQELN TNS Y h0g.>

VPOV e TNV oIToYQOpn) Tov 1928 0 aQlBIOg TV avol@EfnTwV 0T XM LOG
AvEQYOVTAY 0TO 49% tov TANOVoUoV.3 Yoloyitetal 6L T0 1940 TO TOGOGTO GVOLA-
@PafMTIONOY £meoe meQimov 010 33%. Baownég attieg yio To vymid autd T0000TO, TOV
TTEQLAOUPAVETOL OTNV TTEQLOOO TNG OLXTATOQLAC, NTOV TA TTOVAXQLBOL BUBALAL, OL OLAPOQES
ELOQOQES 0T OYOAELaL, M EAAEWYN OYOAELWV O€ TTAQM TTOALG xwELA (ota 1938, 3.800 Y-
QLA XOL CUVOLXLOUOL OV €l 0V OLrd TOVG 0YOAELO ROl VITNOY OV 281 GoTteya oxoleln), ®aL
TQOTTOVTOC 1 duoTvyia xat 1 abidTTa TS AV vTtaifov.> O idtog 0 MetaEdg
elye moadeytel OtL  EANGdO elye amdua avdyxn oo 4.100 oxoheio.*® To exmadevti-
1O CVOTNUOL ATTODELYTNUE AITQOCAQUOOTO OTLS OITALTNOELS TNG emmoyis. To 1938 1o mo-
000TO TV TTTVYLOVYMV TMWV VOULXMDV OTTOVIMYV 0TO GUVOLO TV YOQNYNOEVTWVY TTVY iV
NtV 45%. Ze (Lol Ym0, YEWQYLXN, OL TTTVYLOVYOL YEWITOVOL NTAV ALYOTEQOL X0l OO TOVG
Beoloyoug.#!

Koatd 1o ¢t 1934-1938 %o 1 vyelovouxy ®atdotoon nrav exiong xoxn. H foepuxn
BvnoudtnTa égptave oe éva T0o00Td 12%, evid otnv Ayyila o avtiotouyog aiudg
o 5%.* To 10000TO OvNoLudTNTaS 0mtd Quuatioon fTav 10 Qooic VPNAOTEQO atd
Tig HILA. H peyddn Ovnowwdmra emBodduvve tThy avamtugn e ydooc.*? O minov-
ouot TV TOAeMWV PaoTiCovtov ®volwg oTd TNV 0oBEVELD TS PUUATIMONS, EVHD OTNV
emmapyio O£0Lle 1 ehovooia.** O vitoveydg tng Tewyiag et 4ng Avyovotov Kvouomdg,
ETMLOTEEQPOVTAC OTTO WLa TTeQLodeta oty ‘Hielo, ele mwg 0 Aadg exel RUTOOTQEPETAL
oo ®Anoovourt) ov@Lhy, amd ehovooio ®oL oo Ty meivo.®

SUVETTELOL TOV VITOOLTLOUOV TV 1 TTOOWOEY BvnoLwdTNTo. 0TV 0ol ovvEBale ®ow M
EMherym vyetovouxng seQiBoiyms. ‘Evog yuotdg avilotolyovoe momohepind og 300
2OTOIXOVS TG ABYvag, og 500 0T0 VITOMOUTO. AOTIXG ®EVTQO. ®aL o€ 1900 0T YWQLEL*
20V ATTOTEAECUOL TV RAKWDV OVVONU®V dLoBlmwong rat vyLeLvig o uéoog 6Qog Cong Tov
EMva elye ®atéABel og yaunhd emimeda, WOALS 49 €11 Yo TOUg AvOQES ®aL 51 Yo Tig
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yuvaixec. Emimedo mold rotdtega amd tov uéoov Evpmmaiov,*” o omoiog égbave To
66,5 ¢tn. Anhadn ov EAlnveg Covoav natd 15 xoovia ALYOTEQO atd TOVS GAAOVS Adi-
00¢.*® Mg Bdon autd to otolyeio Ba WToQovoaue vo TovUE OTL 1) VYLD TOV TANHVOUO
AVTOVOXAG 0TO OVVOAO TV 0VOQMITLVOV 0XEoemV. XIS aupyBoria n fLohoyurt) dud-
OTAOT ELVOL OQLYTOOEUEVT UE TNV LOTOQLXNA.*

H avdmTTuEnN TOV 2X0LVOVIXOV XIVIIUATOV

TNV EMANVIXY] KOLVOVID, OV %OL KVQLOQYOVOE TO UIXQO OYQOTIXO VOLXOXNVQLO, 1
eXSLOUNYEVLON TTOV CUVTEAEOTNUE UETEPAAE TN LOQYPT) TOV OLOTLXOV YMQOV. MLa. VEa. €Q-
YOTLRY TAEN mEORake duvaund 010 TEOOXUNVLO. OL ¥OeoLvol ayQOTES eV UTOQOVOY
€UXOACL VO. TTQOOOLQUOOTOVV 0NV TTeLBaQyia tov eméBaie m frounyavixn eQyaoio. Ou ne-
TOPOAES AUTEG OTNV TAELXT OLAOQMWON TEOOOLOQLOUY HAOBOQLOTLXA TG LOQEPES HOLV(-
VIUNG 0QYEVMWONG, TNV KLVNTLXROTNTO, TNV KOLVOVIAT OLOUOQTUQLA, TOL ROLVOVLXE HLVH-
UOTA ®aL TNV TOALTLXY. EUavioTn®e TO OUVETALOLOTIXG XOOMS HOL TO EQYATLXO OUVOL-
HOMOTIHO RIVNUQL, TO OTTOL0 OUPLOPNTOVOE TIG TTAQUOEOOUEVES ALOYES KOl AE(ES TOV OV-
othuorTog.>?

MéyQL T0 1936, OL OVOTLUNOELS OTO PAOLXd €L0N OLOTEOPNS, AOYW NG AvOdOV TV
TTOYROOUIMV TLADV, OEUVOV TIG EQYATIXES OLAUAYES. ZTLS AOXES TOV 1936 TO ®VUO. TV
ameQYLV elye AAPeL LeydAn éxtoon, ®uoitwg, eEottiog Tng avodov TV TLUMV AL TWV
©aONALUEVOY NUEQOULOBLMY. AROUN TTEQLOTATEQOD YLO. TO AOYO OTL 1 ®VBEQVNOT OEV OXO-
TTEVE «Va. OLOQOMOEL L0l XOTAOTOOT TTQOYUATMWV OTNV OTTOL0L 1) TTAELOVOTNTO TV EAA)-
VOV €QYOTMV ETMPLMOVEL OTA OQLOL TNG ALLOXTOVLAC AQUPAVOVTOS ULXQT €00C AVITTOQKTN
1OATLUN 0 QWYN». Elval yeyovog Ot vitoye EAAELULU XOLVIOVIXNG Otnaloovne. To Adt-
%10 Koo (to ovvinonird exelvng mg emoymc) Tnv dvolEn tov 1936 éxave éxrinom ylo
«UEOY OLUALOTEQAY OQYAVOLY TNG OLXOVOULXNG 0L XOLVWVIXNS Comfg».d!

Me 0%0TTO TNV ROTOTTOAEUNOT TWV CUVETTELWDV TNG XQLONG, TA XLVAUOTO AUTA TQOPO-
O0TOVOOY ULOL LOLIXT KOL TTOAVUOQEPT KOLVWVIXT] OLAUAQTVQIA. Ol aVILOQAOELS, XVQLMWG
TOV ©QATOVS KOl OEVTEQEVOVTIMC TMWV EQYOOTMV, OLOUOQPMONY OVVONrES ELPUALOV TTO-
Muov. ‘EToL, 0 0LVOVIXOS YMHOO0S TOV MECOTOMEUOV OEV NTAV TTAQA 1) AVTAVAXAAOT TNS
owovoutac. H owmovouxry) avamtuEn dnuioveynoe ta véa ®ovwvixd otoowuoto. H ou-
HOVOULKY KOLOT ETTEPEQE TNV KOLVWVLRY LQLOM HOL TNV KOLVOVLXY] OLOUOQTVQLO. OTmo-
ONrtote N TaELrY) TN OV elvalL OTOLYELO EEMTEQLXO TTOOS TNV OLxoVOouio. Ol 0 E0ELS TTOL-
QaywYNG, oL TAEELS, M TOEWN TTAAN elvol OVOLAOTIXG OTOLYEOL TN HATTLTOALOTLXNG OL-
HOVOWLLOS KO TV VOUWV OVAITTUENS TNG.

Ext6c artd 10 ToQastdve VItnye 1ot LOEOAOYLXY ®oiom. Htov avtn stov, VoTeQa. amd
™ ovvToLP TG Meyding I0éag, ovwtaQéove Lol TNG KoL TNV EUTTLOTOOVVN OTLS 0.E(Eg
%Ol TOVS BE0UOVS TOV 0LOTIXOV TTOALTLXOV OVOTHUOTOS. H eUgdvion TOU KOUUOUVLOTL-
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1OV KLVOUVOV, MG VITOXOTAOTOTOV TOV LOEOAOYLXOU KEVOV, TTQOPUVHS OV ®ATOQBMWOE
VO TO avaTAnemoel. Ztnv EAAGO0 Tov MecomoAEUOV, TOV XATAXACOTOV a0 TG Ud-
Cec TV €EAOALOUEVDV TTQOTPUYMV, VITNOYAV QAVTUOLOOELS KOUWUOVVLOTIXES 1) TTOQHA-
ANAES OVTLXOUWUOUVLOTLXES LOEOAPIES, TTOV NOEAAY VO AVTLTAEOUV XATA TOV OVUITOQ-
HTOU KLVOUVOU TNG OXTATOQLOS TOV TTQOAETAQLATOV ULOL TTQOYUOTIXY OLXTOTOQLO TV
OVTLOQUOTIXMY, KOl UAALOTA VO TNV eTTPANOVV oav eBvirn avdyxn. To xdbe T ov €o-
OtV o€ avtiBeon ue TNV AQYovod TAEN, OTTMWS TO €QYATLXO Kivnua, eXTOC TOV OTL YO~
QUXTNQLLOTOV OOV XOUUOUVLOTIXO, ElYE TNV €VVOLA TOV AVIOLXOU, OVTLYQLOTLOVIXOV,
AVTLXOLVWVIXOD, ETLRAABOVC, vy oy ®AJT.>?

H avamTuEn Tov ouvOLKOAOTIXOU KLVAUOTOS AAL 1 EVIUITWOLOXY GVOdOC TWV OTTEQ-
YLOROV OYOVOV, UeTE TO 1930, oUVERAAOY OITOQOCLOTIXG OTNV ETLOTEVON TMV UETQWV
HOLVOVIXNG TTOMTIXNG. Tal TEQLOCOTEQ. OITO QUTA TOL LETQA NTAV OUVVTILKE, CUVINONTL-
nd. H oxéym Mymg Toug fTav OTL WIQooTd OTLS OVAOTOTMOELS TTOV TTRONABay artd v
%©OLOM, XOL 1 OTTAT) CUVTINENON %O EMPBIWON TOV eQYULOUEVWV NTAV ETTLTUYLO. O 0TOY0G
TOVG deV NTOV TOOO 1M PEATIDON TV CVVONRMOV eQYaciag ®al dlafiwong Twv eQyaloue-
Vv O00 1 ATOQUYN XELQOTEQEVONG TOVG.

OL SLEXOUNTINES ALVNTOTTOLOELS HOL OL XOLVWVLXOL OYWDVES (VAL ULOL AVATTOQEVHTT
OLEQYOO(0. OTNV TTOQELD. ULOG TOELXNS KOLVWVIOS. AUTO OgV ONUGVEL AITOQAITNTA KL
TTQOOTTAOELO AVOTQOTING TOV ROLVWVLXOU ®0BeoT®TOC. KaTd TV 11EQi000 0LUTH arvomol-
AMOTTTEL HOVEIS TG OVTLXELUEVIXES OLXOVOULXOKROLVIVIXES oVVONKeS TTOv wBovoav T
noTasteCoueves TaEelg oe QLY aupLopfrtnon tov ovotjuatoc. H EAAGOQ avixe oTig
YWOQOES OTTOV TO KOLVWVIXO THTNUA ELYE TNV TTNYN TOV, XATA €Va UEYANO UEQOC, OYL OTLS
OVYRQOVOELS KEPAAOLOV Ol £QYOOLOC, OANE KVOLWS OTNV EAAELYN CUYAREVIQWUEVOV %E-
PaAOLOV ®OL TEXVOLOYIOGS, OTNV VITEQITANOMQA adLEOETNS £QYAOLOC KOl OTNV OXATOOTO
ool %O TNV OVETTAQKRELDL TNG EOVIXNG TToQoywyNS.>

ZTN UETOPATIXY KOL TAQAYUEVN CUTH TTEQ(0d0, N WoBORlmTN eQyaTinn TAEN dLaxQL-
VOTOV 0€ OLAPOQES HATNYOQLES. OL €QYOLOUEVOL OTLS PLOTEYVIXES HOL ULXQOPBLOTEYVIRES
ETTLYELQNOELS OTTAQTLLAV TO UEYOAVTEQO UEQOS TNG €QYOTIXNG WOoBmTNG dUvoung xao
NTOV OXOQITLOUEVOL OF ETTLYELQNOELS UE TTOAD UKQO EQYOTLXO OUVOULKS. AVTO TOVS EUITTO-
OLle va matEovv 0mmovdaio QOO 0N dLEXdixNon TV altnudTwy Tovs. EEaigéoelg amo-
TELECOY OL €QYOLOUEVOL OTNV VITOONUATOTTOL{0, Ol XOTTVEQYATES KL OL ALUEVEQYHITEC.
ZNUavVTIXO QOAO £TOLEOV ETTLONG OL GLONQOOQOULKOL, OL VOUTLXOL, OL EXTTALOEVTLLOL KOl
oL MMuodctol VITAAANAOL. TO ®aLVoUQYLO O0TOLYELO TTOV TQOOTEONKE OTNV TTEQLOOO 1922-
1940 Mrav n dMULoOVQYi EVOS TTUQTVOL EQYOTLXNG PLOUNYXAVIXNIG TAENS, 0OUVOUNG HOL
QOVVELONTOTTOINTNG, TTOV Bl SLadQAUATLCE ONUOVTIHO QOMO OTLG TTOALTLXES LOPOQOITOL-
noelg ov Ho omorovbovooy. >
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H zowvovizn ToAttizg T d1xTatoiog

ZTOV ROLVWVIXOOLXOVOULXO TOUED, M TTOMTLXY TNG O TATOQIOG TS 4" AvyovoTou
NTAV CUVAQTNON TV BOOLKMOV ETOLMEEMV XOL OTOXWV TOV XOOEOTMTOC, KAl OITEPAETE
01N 0TOHEQOTTOINON KOL EVIOYVON TOV 0T TAAIOLO TOV OAOXANQMTIXOV KQATOVS JTOV
erBupovoe vo. OMMuovynoet. Tov idLo 0TdKO elyav xoL TA OLAPOQO KOLVWVIAG, UETQO.
tov éhafe To n0Be0TMS. T UETQO VT OV EAVVAY TO FOOIXA XOLVIVIXA TTOOBAMUATA
™G YOOGS TTAQE WOVO OVOXOVPLEOY TTQOOMWOLVA, KOL UEQUAES (POQES ETTLPAVELONA, TLS
000eVEOTEQES ROLVIVIXES TAEELS. H dLaipoQdl Ue TLG TTQONYOUUEVES KUPEQVIOELS HTAV OTL
1N TOMTLXY cVT EEVIINQETOVOE TOVS AXQOTQOOEGUOVS TTOATLXOVS 0TOYOVS TOV KOE-
0TAOTOC, XOOMS AL TNV TTAQAUOVY TOV TNV £0vaia.>

To ®0Be0T™S TN 4" AVYOVOTOV EVIOYVOE TOV HQOTIXO EAEYYXO OTNV 0LYOQH £QYO.0LAC.
T voo puetmoel TV aveQyio, epaouooe TO CVOTNUOL TOV «XAELOTMV» ETOYYEAUATWOYV,
€QPOOLALOVTOG TOV €QYATES UE ETTOYYEAUATINES TOVTOTNTES, (DOTE VO. TTEQLOQLOTEL M KLVN-
TOTNTO OTNV AYOQd £QY00LOC. ATTAYOQEVOE OTLS ETTLYELQNOELS VO OTTOAVOVV TTQOOWITL-
%0, YwEIg ™MV adela TS ®upéovnonc. Kabrepmbnxre ehdyloto 6QLo nuegouodiov, To
omoio émeeme va TmENBetl artd Tovg eQyY0dOTEC. BEATLMONMHAY OL GCVALOYIXES OVUPAOELS
%Ol 0€ TTOAAOVG ®AGOOVS ®0OLEQWOMKE ENAYLOTO RATMTOTO MUEQOUIOOLO. OL £QYO00TL-
%£C 0QYAVADOELS SOVOPAQNTOV UE TNV EQYATLAN TOMTIXY TOV MeTOEA.S® XaQanTtnoLoTixt
Nrav M @odon Tov MetaEd T0g AVTONS: «dMOTE ALY L0l VoL 0MOETE TOL TOMG».Y7 To
©OOEOTOG TOVG TTQOOEWEQE WG OVTAMALYILC TNV HATAQYNON TWV OITEQYLMV XAl TOV XQU-
TIXO EAEYYO TOV OUVOLXOALOUOV.

To TEOYQUUUO IMMUOGTWV €QYMWV TTOV EPAQUOOTNHE OTTO TN OXTATOQLN, AV KoL TTETV-
%E VO UELWOEL TNV OVEQYLa, NTAV Baotnd TTANOWQLOTIXG KOL KATE OUVETTELD, OVTLAQ THO.
KaTaoxevdotnuoy véo VOOOXOUELD, KoL 0ITO AIToYn do@AAELOS, EXUNOEVIOTNXE M TTQO-
OTTA0ELD TV EAGYLOTOV OVATQOTTEMWY TOV XOLVWVIX0U ®xabeotmtog. H vouoBeoia yio
™V LOTQWXY TTEQIBUAYN TV €QYOTWV OTTOOElTNXE ®eVN. H dLnTaTOQUXY] ®VUPBEQVNON UITO-
el va 0LOQLOE TOLUKOOLOVS YLATQOVG OAAN OEV TOVUS TTANQMVE KOAVOVIXA XOL YU QUTO
TTOAAOL TTaQaLTHOMHOY. 8

‘Evag Beoudg 0tov 0moio €0moe LOLoiTeQN onuaoio M dtLTotoQia, MTav 1 B¢ormion
TWV XOLVOVIXOV ao@aiioemy, To 1937. H a&la avton Tov Beopuov ntov eglocoTeQo dv-
vITxy, Yol oty oy €AeLtav oL TOQOL YLo TN XONUATOIOTNON TOV %Ol 1 AOPAALON
TV eQyotouevmv éytve ue agyo ouiuod. H nowvovixy aopdiion 1o 1936 rdhumte uovo
10 15% meoimov Tov TANHvouo.>”

IToAlOL VTOOoTNEICOVY TS 0 METOENS (OQUOE TG HOLVWVIXES O0OQOLIOELS. AVTO
agtotehel avonifea, ®aL UdALoTa o€ auTy PooioTnray axona xot Bemoleg yio To ya-
QUXTNQO. TOV ®0Be0TOTOS TN 4Ng AvyovoTtov. EEGALOV oUte %ot 0 (OLog 0 MeTaEdg
OLerdiunoe TNV TOTEOTNTA TOV OYETIXOV VOUov. H owelomoinom €ywve otadloxd oo
TOVS VUVNTES TOV naBe0TTOC. TTOémeL Vo onuelwBOel OTL 1 eLonyNTLx €xOe0M TOV VOUO-
oyedlov ya v (dguon tov LK.A. yneiotmue to 1932, amtd v ®upéovnon Bevilélov.
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O QOAOC TOV %QATOVG UETAPANONKE OTTO QUTOV TOV PUAAKO O€ EXELVOV TOU XQATOVG
1oovoLag. O Adyog NTav OTL OL XOLVWVLXES 0LOWOALOELS QITOTEAOVOY TTQOAMNTITIXO Ué-
TOO YLoL TNV SLAPUAAEN TOV ROOEGTMOTOS KOl TNV TEOMIPY TOV ROUUOVVLOUOV.% Ty
OVOYROLOTNTA TV XOLVOVIXWDV 0OQIALTEDV VL0 TOVS £QYALOUEVOUC elye TOVioeEL O AM.
Iomavaotaoiov, otig 27 AmQihiov 1936, otnv aydevon Tov ot Bouhj ®otd TIg 7TQO-
YOOUUOTIXES ONADOELS MeTaEd. ‘Eheye Tmg, eV elye YN@LOTEL VOUOOYEOLO KoL OITO
Tovg PLAeAeVOEQOVS KOl 0TO TOVS AOTHOVC, N TTOMTIXY TWV HOLVWVIXMV AOQUALOEWY
dev @aoUOCOTaV.t! O nowvmVIrég Ao@oLioELS eV NTOV TTEOOQOQH TOV METOEN TQOC
TOVG €QYALOUEVOVS, OTTWC TLS TAQOVOLOLE 1 TTQOTTAYAVOO TNG OLLTOTOQLAS, OAAG HATE-
©TNOT TNG (OLOG TNG EQYATLIANG TAENC.

Ta repdioro Tov LK.A. polepéva ortd To VOTEQNUO TOV EQYATY, T ELOETTQUTTE 1) KV-
é¢ovnom Tng dnTaToRLOS YLl €000 ®VQIMS TOV VITOVQYELOV ACpaAelag, e eLOLRO VO-
U0 TTOV YNPLOE, HAL TNG EOLVE TO OLXALLMUA VO, «OOVEILETOL» UEYAAQ TTOOE OITO TO ALOQOL-
MoTrd Tapeia. ‘ETol 1 ueyoA0Teon ®oLvwvixl TQoomod Tov MeTaEd, Tov fTav N emL-
BOAN NS VITOYQEWTIXNG KOLVOVIXNG CLOQAALONG, aTTodelyOnxre OTL oy uLa WLaiteon
eTureQONG emiyelonom, ®abmg To KEPAAOLAL TOV OOPAALOTIXMY OQYOVIOUMDV XONOLULO-
TOWONXOV YL VO XONUOTOOOTHOOUV TNV CLOTUVOULOL KOL TNV JTQOTTAYAVOd TOV %abe-
OTMTOG 1) TO TTQOYQAUWO EEOTTALOUOV. ME TO TTQOOYMNUA TNG AYOQAS 0EQOTTAGVWYV YLOL TNV
evioyvon g e0vinng AUUVOGS, TO OKTOTOQLXO XOOEOTMS ONUEVOE T UEQAAULL TWV
0OPAALOTIXMV 0QYAVIOWMV. TO TG00 PEVTLXOS NTAV O LOYVOLOUAS Yio TN ONOEV evioyv-
on g eBvirig duuvag artoraAgdnxe, dTav otov TOAEUO (e TNV Itokia dev VITNOyE ov-
OLOOTLXT] 0EQOTTOQUXN 1) GAAT) OULVTLAY XAAVYN. Ol ROLVWVIXES AOQPOAIOELS, KOTA TTQW-
TO AOYO, OTTOTENETAV (L0l VEOL (POQONOYLO TOV EQYATIXOV ELOOINUATOC.5

H dnuovgyia tov L.K.A., 1 TaQdtoon 0T oryQoTIXd (QEN, 1) TTQOOTAOLO ULOG OELQAS
ProTexvixmy eTAYYEAUATWV KATT., 0 CVUVOVAOUO OTL artd TO 1934 uéyxoL to 1937 vmrete
HATTOLOL YEVIXT] VOOOC TNG TTOYXOOULOG OLXOVOULAS, TTQOXOAOVOOY TNV EVIVITMON OTL TO
OUTATOQLKO HOOEOTMG EXELYVE UEYAAO EVOLOPEQOV VLA TOVG £QYALOUEVOVS, TOVS OTTOL-
0Vg OUWG eV #€QOLoE. Exe{vo TOU ROTAMEQE NTAV VO OTTOOTTAOEL YL, £VO OLAOTNUO TNV
AVEXTLOTNTA TOVS %O TNV TTOONTLXT TOVS avauovy.® H TOMTIXG KoL 1) XOLVWVIXT] %0-
TAOTAON NTAV 0TO GVVOLS TNG NQEUN KOL OUUAN, LETA aTtd Ta. YEYOVOTO. TN Ing Matov.
H owovouta g xmeag foloxdtoy o avaoomwon. O ®déouog 1bele novyio xot oOuoAo-
™MTA, WOIWS UETA TLS OVAOTOTWMOELS TTOV elyov onuelwbel Votepa amd ™V 1n MoTtiov
1935. Aev VT QYE M TTAQUULXQY ETTOVAOTATIXY OLdBeoN 08 HATOLO AELOAOYN UEQLOO TOV
TAnBvouov. Movo 1o K.K.E. duoratexdtoy amod €£000m ETOVAOTATIXNG LWOYNTLROTNTOC,
Siyme dUmg owTd Vo onuaivel %ivouvo coBodTeong avotaaync.®

O Meta&dg meoomdinoe vo TAQEL e TO UEQOS TOV KOL TOVG ayQOTES. I'vioLle [é-
Pora 6TL ®atd To 1936 TO CVVOAKO 0YQOTLXG % E€0C EemeQvovoe T 13 dLoeEXOTOUUIQLOL
OQUYUES, OTTMC YVMOLLE KOl O YEWQYOS OTL 1 VITEQEQYACIO TOV AITOQQOPATAV OTTd TOVG
TLOTWTES TOV. O ayQdTNg elye ®OTOOTEL £VOG LOLOXTNTNG WOVO OITO TUTTLAT ATTOYN. 2€
TTOMAEG TTEQUPEQELES TNG YMQOG ETTKQUTOVOE, WG KOl TOV JTTOAEUO TOV 1940 %ol uetd, n
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ETLUOQTN RAANLEQYELD, CVOTNUO TTOV NTAV OVYYEVES [LE TO XOALYLXO. MITQOOTA OTOV %iV-
OUVO TTOV EYXVUOVOVOE M OUVELONTOTTOINON TNS KATAOTOONS GUTNS OO TOVS YWOLXOVGS,
1 OKTOTOQLXN HVUPBEQVNOT, UECT OTOL TTAOLLOLOL TNG «AOTALOTIXNG» TTOMTIXNG TNG, EENYYEL-
A& ota 1937 wo 0Ll aITd €VEQYETIXG UETQO VITEQ TV ALYQOTMV, OTTmwg NTav 0 A.N.
677/1937. Me 10 VOUO 0UTOV QUOIOTNRAY T 0yQOTIXA %0EN, TTOV elyav ouvagbel Tov
Tavoudiouo Tov 1935. Atoryedigmuay OxL uovo to x0én teog TV A.T.E. aAld xol 7Tog
TOVS TOXOYAVQPOVS. Me TNV TTOATIXY TTOV axohovinoe, 0 MeTOENC emLyelonoe va. oTn-
0(EeL ™ dwntatogio el ayQoTixdV gQeloudTV. H QUBULON OUmS TTOV eTTEQEQE O UETA-
Edg VOUOG eV TV TTALQA L0 OVOLYHALLOL TTOQEUSOLOM TOV XQATOUC TTQOS TOV OXOTTO TNG
SLOLDVLONG TWV VITAQYOVODV 0rYQOTIXMDV dOUDV.®

Ta CLOTHUOTA KOLVWVIXNG TTEOVOLAS KO TTQOOTAOtAC VioBeTnONray oty EALGOO ne
ONUAVTLXY XQOVIXY VOTEQNOT, £VOVTL TV GAAMVY VQMITA ROV edviv. H Pabiteon avtio
YU ouTd TEETEL VO VO TNOEL 0T YEVIXOTEQY OLXOVOULAY| KOL XOLVIVIRY] VITAVATTTUEN,
©aBwg xoL 0NV xabvoteenuévn expfropnydvion . H xooviun ouvagela UeTaE) Tov ué-
TQWY KOLVWVIXNG TTQOOTACLOC KL 0LOQAMONG 0’ €VOS, KOL TWV ROLVIVIXMV OYDVDV
OV JTEONYMOMHAV 0p’ €TEQOV, 0ONYOUV OTN OLOTTLOTMWON OTL Ol AITAQYES TOV KQATOVG
teovolag otNV EAAGOC Oev oUVOEOVTOL Ue OQLOUEVES LOUQOTTVOES OUTOQPAOELS ULOG OLO-
QUTLXNG %O TTQOOOEVTIXNG TTOMTIANG Myeciog. AviiBeta emtuSANONroy netd amd oxinoovg
UAKQOYQOVIOVUS Ol ETTLLOVOUS HOLVWVIXOUS KO TOELKOVS OYWDVESG TOV EQYOTLXOV HLVN-
UATOC. ZTLG OTTOMAOELS TOV RQATOVS YLO XOLVWVIXY TTOALTIXY, AGYOL %d.on, 0TV (dQuon
Tov LK.A., ®0QLdQynoov oxomudTNTES, OTTms 1N GUBAUVOT TNG KOLVWVIXNG OEVTNTAC XL
€VT0.0NC TTOV EMIXQOTOVOE, 1) AVOXOVPLOT| TNG EQYAUTLXNG TAENG X0l TEAOG 1) AITOTQOTTT| UeA-
AOVTLXOV %LVOVVDV YLOL TO XOLVOVIXO KUOECTMS, TTOV GUVETTAYOVIAY ULo TlBovn adLal-
PoQLaL TV ®UPEQVNOEMV YLOL TLG OVVOHES dLaBimong xat eQYaoiog Twv WoBmTOV.

H «moovontuxi» oA TLXY TOV ®0OE0TMTOS TNS 4" AUYOVOTOV, WS TTQOS TOVS OYQO-
TEG KOL TOVG €QYOLOUEVOUS, OUTOTEAOVOE EXPQOOT] TNS TTATEQVUALOTIXNG AOTHLOTIXNG
LOEOAOYLOC TOV. ZTOYO £lye VO aVTLOTOOUIOEL TLS AVTLOQATELS TMV EQYOLOUEVIV KOL TNV
sieon TV MTHmV 0TOWUATOY, TOV NON eixe exdniwOel, TIg ToQOUOVES TS avdbeong
™G EVIOMS OYNUOTLONOU XVBEQVNONG 0TOV 1. METOED, e QUITEQYIES %Al TAQUYES OTLG
TTOAELC. % TAVTOHQOVO OUMES O GUVOVUOUOS TWV TTOQUTTAVM UETQWYV UE TNV TTOALTUXY KO-
TOITLEON HOL TNV ATTOYOQEVON TNG TTOATIXNG KAL TNG AVEEAQTNTNG OVUVOLXOALOTIXNG €X-
(PQOLONG TMV €QYOLOUEVMV, TTEQLOQLLE TOVS UNYOVLOUOVS TNG 0rYOQAS TNG £QYATIXNG OV-
voung, BEToviag Tovg #ATw Ao TOV GUECO EAEYYO TOV KQATOVG.

Yvuregaopuata

Tnv meiodo 1922-1939 xatd TV omoio aoxOnxe atd TV TAEVQE TOV %QAETOVS UL
TTOQEUPATURY] TTOMTIXY, OVTILUETWITLOTNROY BOOLXA TTQOPANUOTO TNG OLLOVOULS, OTTMWC
NTAV N EYRATAOTOON KOL ) ATTOLATAOTOON TMWV TQOGPUYMV RO OL CUVETTELES TNG KQIONC.
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Ol ®OLWVVIXES CUVONHES NTOV ATTOQAOEXTES YL TO UEYUAVTEQO TUNUO TOV TTANOVOUOV.
H xotvoviry) dLopoTtueio mov exdnhmbnxe, 1oLaitega Alyo moLv v eyxabidoguon tng
OUTATOQLAC, MTAV QUTOTELEOUA TV OTTOQAIEXTWV OQwV dLofiwong. Extote dev Nrav
OuvaTo vo exdNAmBel otoLadNToTe AVTIOQOON UETO 08 €Va AUTAQY KO HODEOTMG.

H véa ¢ugaon, mov 000nxe artd ™ duxtatogia Tng 4" Avyootov, 0To QOMO TOV KQA-
TOVG CUVOOEVTNXE QITO VEQ VOUOBET(O 0 OLAPoQa BEUOTA OTTMG, KOLVWVLXT 0.0QAALON,
VITOYQEWTLXY OLOLTNOLO OTLS EQYUTLXKES OLAPOQES, OVOXOVPLON TWV AYQOTWV OO T
%€M, M omota vouoBeoio OTLS TEQLOOOTEQES TTEQUTTMOELS VITNOEE TTQOTOV TTQOETOLUOL-
ol0g TEONYOVUEVMV XKVPBEQVNOEWYV, UE TN OLOPOQA OTL OEV ElYE EQPAQUOOTEL OTTO QVTEG.

H eQyotinn ®ot YEVIXOTEQM 1 XOLVWVLXY TTOALTIXY TNG OXTATOQIOG eV elval dOuvaTo
va. eEavTAnOel oe auth TNV €Qyaoia. YITdoyouv LOLULTEQOTNTES TTOV 0LPOQOVV OE OITOWUL-
UWIOELS TTQUATIXMV TMV QOOLOTIXMV XOOEOTMTWV NG ETOYNG CANG %L OUVEXELES UE
TTQOOLKTATOQIXES TTOLQOOOTELG.

H onrtoeia TQog Ta XUTMTEQO OTQMUATO, 1) OTTOLN EVOWUATWVE, UETAOYNUATLEE KoL
TTQOETOO0E TOL ALTNUATE TOVS, QUTOTEAOVOE POOUO YOQAXTNOLOTIXO TOV HOOECTMTOC.
TTaod T ENTOQLXY TOV KABECTMTOS YLOL (PLAEQYOTIAT TTOMTLXY|, O OLXTATOQOS TTOLQEUELVE
TTQOONAMUEVOS OTNV VITEQUOTTLON TNG «OOTIXNG TAENS TTRAYUATWV». H ®oatinn Qoo
aotehoVoE eyYUNon YLo TNV aVAOELEN TOV LOLWTIXOV KEPOAAIOV WS OUOTLUOV ETAIQOV
™G ®VPBEQVNONG, AOXREL QVTO VOL TTAQOYMWQOVOE OQLOUEVO. LXALOUOTO. OTNV EQYUTLXN TA-
EN, 0oV SLEAVOTOY TTAQAAAMNAL TO 0QYAVMOUEVO £QYOTIXO ®ivua.b” EvOetntind, ot éval
MOYO TOV TO 1936, 0 METAENS avEpeQe OTL FaoLxt) ®aTeEVOUVON NG OXTATOQIOG NTOV 1
0OLAXOTTY PQOVTIOW YLOL TN OTEQEMOT TOU AOTIXOV HADEOTWTOS. AVTO BEROLa £YLVE OMO-
@AVEQO 1B’ OAN TN OLAOXELD TNS ILXTATOQLAS, APOV VITQEE EVOC TTQOUYUATLIROG TTOQA-
SELOOC YLOL TOL UEYAADL HEPUAALOKQUTLAG OUYRQOTHUATAL. O

Aopavovtag Vo 000 ovaeéQBNKAY, YIVETAL OMOPAVEQO OTL, OV OL UN-TTQOVOUL-
0VyEC TAEELS OQYOVAOVOVTAYV TTOMTIXG e QUTOVOUO TEOTTO, Ba TO énavov OxL YL Vo
AVATOEYPOVV TOV KOTTLTOALOUO, GAAG TTEQLOOOTEQO YLOL VO OLOXNOOVV TTLEOM YLOL Uebwon
TV OVLOOTHTWY, Ol OTTOLES, OTTMS TTAQOVOLAOOUE, TAV TTOAY évtoves. Elval yeyovog otL
O0TOVC TTEQUIPEQELOXOVG KOTTLTAALOTIXOVG OYNUOTLOUOVS, OL AVLOOTNTES (VAL TTOAY LEYOL-
MUTEQEC ATTO QUTEG TTOV VITAQYOVV OTLS OVATTTUYUEVES OUTIXES YwEeS. O eQyalouevog
TANOVOUOS €lTE EVOWUATWOVETAL OTLS TQOUTAQYOVOES TTOAMTINES OQYOVMOELS TV KV-
olaoywv TaEemv, eite, (OTAV AITOOELUVIETAL OTL TETOLEG MIOELS OEV ELVOLL OTTOTEAEOUOLTL-
%€Q) YIVOVTOL QITOTTELQES OXTATOQIXMV AVIOEWV, TTOV €XOVV GOV OTOYO TOV ITOXAELOUO
TV WOLwV 0td TV TOALTLXY. OL 800 0vTol TEOTOL TELVOUV VO EVOALAOCOVTAL, £X0VTOG
OOV ATTMTEQO OXOTTO TOV EAEYYO TNG XOTAOTAONS OTTO TLS KVQLAQYES TAEELS.

To ®0Be0TmS TG 4" AVYOVOTOV GUVENLOE TNV OLXOVOULXT] TTOALTIXY TWV TTQOKATO-
YWV TOV, EVIEIVOVTOS TNV KUTOITEON, TTOATLXY XOL OLXOVOULKY, TV EQYULOUEVWV, TTQO-
OOOMVTAS TOVTOXQOVA, UE UETQM HOLVWVIXNG TTOALTIXNG %Al 0QYAVWONG TN OYOQAS
€QYaotag, va eAEYYEL TLS AVTLOQAOELS TV EQYULOUEVIV HOL AXOWUOL VO TOVG EVIAEEL 0TO
7tedlo ETTLEQONG TNG LOEOAOYIOS TOV. MItoQouue Vo VITOBEoOVUE OTL 1 KOLVVIXTY TTOAL-
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TN TOV METAEGN OTOTEAOVOE UNYOVLOUO EEA0PAMLONG AOTUNG OUVOLVEONS OTNV KATAQ-
YNOMN TOV LOLVOBOVAEVTLONOV. H TTOALTIXY TOU LOQ@PN TOV EMETQEYE VA, TTQOYWONOEL OE
QUECES LOQPES HOTATTLEONS, TTOV KoL AVTES OUMC elyav aEyioel Vo enpaviCoviol Ly
artd auTd (Ue TNV eLoaywyn Tov Idtvuuou to 1929).

H 4" Avyo0oTtov, 0TI OUVOKES TWV OLLOVOLAXMDYV KOl TTOMTIXMV eEEMEEMV TOV Me-
OOTTOAEUOV, OEV QUTOTEAEL TTOQA TN AOYLXY} RATAANEN TNS OANG eEEMENG TNG OoLxovouiog
TOV VEOEAAVLXOV HQATOVS %Al TOV WOQPMV JLOKVBEQVNONS TOV. e UEYOMO UETQO, O
TQOITOG AoUNONG TNG €EOVOLAC XL M TTOLOTNTA TNG, EEAQTMVTAL AT TN OOWY| KOl TLS OV-
viBeteg TS ®oLvevios. Elval adivoTto va avIiXQOVOoEL ROVEIS T CVOYETLON UETAED TNG
1OLVOVIXNG CNG, TOV TTVEVIATOS TOV TTOALTIXOV CUOTHUOTOS, TNG 0ELOC OVTMV TTOV K-
PEQVOVV ROl TNG OUTOTEAEOUATIXOTNTAS TNS KQOUTIXNG Unyovng. To xoLvoPouvkevtind ov-
OTNU, TTOV VITEYE TOLV ePBANOel 1 dnTaToQlo Tov MeTaEd, dev Ntov oe BEom va Byd-
AEL TN QO 0tO TNV ®OLVWVLXKY ®Qlom. 'EToL, ®atd éva TQOT0, 1) TTOALTLXY KoL OLOYELQL-
OTLX1] ©QLOM UETETQAITN O€ ®QIOM TOV JTOALTEVUATOS, TTOV £QEQE TEAXA TNV TAAVOQDW®-
oM TG WOVOQYLOG %Ol TOV METOED, Ue aTOTELECUO. VO 0ONYNOEL 1 Y DOO. O€ TTOMTIUN KL
NOLVOVIXY OTOOLUOTNTAL.
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Avddvon tne MEeTagoixg Zitnong yia Tov
Yaoyeio Aotixo 2ionooopouo (METPO)

Anuntoiov Anuntong
TToATinos Mnyovinog
AQ. SUyHOLVWVIOLDYOS

Iegiinym

2NV TO.QOV00. EQYOO(0, AVOAVETOL 1 EEEALEN TOV UETOPOQLHOV £QYOV YLO. TO VPL-
OTAUEVO O{XTVO UETQO, UE OTOYO TOV TTQOOOLOQLOUO TMWV OTOLYELWV NG CTnomng, tov Ba
TTOETTEL VO AOUPAVOVTOL VITOYPT 0TO OYEILAOUS XOL T1) OLOOTACLOAOYNOT TWV 0TAOUW®Y,
TOV %©a00QLOUO TMV AELTOVQYIXMV YOQUAXTNOLOTIXMY TOU OLATVOV, TOV TTQOOOLOQLOUS
TV dLodwaotwv dvoyeiorong tAnbovg xhm. Emiong, mootelvetal n ©otnyoQLomoinon
TOV 0TAOUMV U BAON TA XUQUXTNOLOTLXA TNG THTNONG KoL XQLTHQLOL TTOV OYETICOVTAL Ue
™ ¥WQEOBETNON TV 0TUOUWDV, RUOMS HAL TO AELTOVQYLXA KL TTOAEOOOULAA YOQOUATNQL-
0T TTOV OYEILAOTNHAY VO. EEVITNQETHOOVV. TELOG, RATAYQAPOVTOL CUWTEQUOUOTOL YL
TNV OVOUEVOUEV AELTOVQYLOL TOV CUOTHUOTOS, e TNV £VIOEN TV VEwV 0Tabumv ToV
Atryovoto Tov 2004.

Abstract

This paper analyzes a methodological approach to record and evaluate the
transportation demand for Metro network and also it is proposed a station classification
based on the demand characteristics. The metro network constitutes from two
underground lines (line 2 and line 3) that operate supplemental to line 1 (sub ground
metro) that serves the connection of North sub grounds to Piraeus port. The three lines
of metro and the tram (July 2004) will constitute the means of constant orbit network of
Athens feeding by busses in order to serve the transportation demand in Athens area.

For the transportation demand characteristics assignment the analysis becomes to
time and space scale. Thus, for the transportation demand characteristics assignment of
metro network, it is analyzed the passenger variation per year for the whole network and

Emotnuovix Exetnoioa E@aouoouévng EQevvag
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for each station separately. Also, it is examined the monthly variation where it is assigned
typical periods that represent similar characteristics. Wherefore, it is assigned the hourly
variation and rush hours in a typical week for each typical period. This analysis allows the
station comparison and a classification to stations.

As a result of the demand variation analysis separate five typical periods, the main of
them are the winter period (January to March and October to November) and the summer
period (May to July and September). April, August and December aren’t included in these
periods because they represent differences because of Easter vacancies, summer
vacancies and Christmas vacancies. (Diagram 7)

The daily transportation variation should be separate to two categories, the typical
working day and the weekend variation and it is assigned the peak hours per typical day
and typical period. According this analysis the station should be categorized to groups
based on the transportation demand characteristics. Stations in the center (Omonia,
Syntagma, Panepistimio) represent peak hours in the noon and afternoon, while the
faraway from center stations represent rush hours in the morning. The hourly passengers
flow variation has an importance susceptible by the location of the station in the network
and the land use in the influence zone of the station. Thus, the stations categorize as
central, terminal, transfer, and stations of local interest (table 6).

Central stations are located in the city center district where there is commercial land
use. The central stations represent rush hours in the noon in a typical working day and
during the working hours of shops in weekends. Transfer stations are stations with
connection to other means of constant orbit (subway, railway and in the future tram and
interurban railway). Terminal stations represent peak hours in the morning during the
typical working day and during the morning and the afternoon in the weekend. Dafni is
the station which represents the highest passengers among terminal stations because it
serves the south sub grounds. Local interest stations are stations that don’t belong to
previous categories and the hourly variation depends on land use and their location to the
metro network. Stations that serve home-based movements represent peak hours in the
morning and stations that serve other land use (hospitals, theatre, etc) represent more
smooth variations during the day.

Finally it is estimated the transportation demand level of stations that are planning to
be added to metro network. In 2004 two stations, Doukissis Plakentias and Chalandri, will
be added in metro network. The station Chalandri is estimated to operate like local
interest station and serve the Chlandri municipality. The station Eth. Amyna is expected
to change category and will be assed to local interest station.

AgEeig - Kheldua:

EMLPATLRO £QY0, UETAPOQURY| LXOAVOTNTA, XOTNYOQLES OTOOUDV
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1. Evcayoyn

O vrtdyelog aoTvOS oLONQOQOUOS (UETQO), OTTOTENEL TO UEYAAVTEQO O YWONTLXO-
™TO UECO AOTIXWV WOLIXMV UETAMPOQMYV, YL, TNV EEVITNQETNOT TWV AOTIXMV UETOALVY-
oewVv. H ©0T00o%eu) TOU OeV QITOLTEL EXTETOUEVEG OVOXOTATAEELS OTNV ETLPAVELD. TNG
TTOAMNG (Ue eEaloeon TLg TEQLOYES TV OTADUDYV), 08 OYXEON UE TN YWQOOBETNON TWV VITO-
Molmmwv péowv otabeong TEOYLAS (TQOU, TTEONOTLOXOG). Emuhéoy, amattel peydhn oL-
HOVOWLKY] ETTEVOVOT, TTOV CITOLTEL UOXQOYQOVIO ¥QOVOdLdyQauuo vioroinons. Etot,
arrotehel UL Mom yuo TTOAELS OTLS OTTO(ES elTe Oe dUvaTaL elTe dev elval embuunt) n dv-
VOULXY ETEULOON OTO €TTLTTENO TNG ETTLPAVELAS, LUDWDS AL OF TEQLITTMOELS OTTOV JEV €l-
VoL OUVATO VO, EQOQUOOTOVV EVOAMIXTINES BLOOLUES KL ATTOTEAEOUOTIXES AVOELS YLOL TN
OUYXOLVOVIOXY EEVTTNQETNON OEOVWV e VYPNAY THTNON VL0 QOTIXT UETOXIVNON.

AOUPAVOVTOS VITOYN TO TTOLEOOOULKA YOQOAXTNOLOTIXA TNS ABYvag OTwg avTd ei-
%OV SLOUOQPMOEL OTLS TTEONYOVUEVES OEXOETIES, RAOMS AL TLG OVOUEVOUEVES ETTLITTM-
OELG OTLG XURAOQOQLOXES CLVVONKES, O GUVOVAOUS e TNV TTANOVoULOKY 0OENOT, TLS KON~
OELG YNG KOL TNV OLXOVOULXY OVAITTVEN, vioBetnOnxe 1 drtoym (0Qyés dexaetiog "90) yua
TNV XOTAOXEVT KOL AELTOVQYIO OLXTVOV VITOYELOV 0LOTLXOV 0LONQ0OQOUOV (METQO) oTNny
€VOUTEQET TTEQLOYN TV AONVOV. ZNUEQA AELTOVQYOVV TTeQlmtov 17,3 km vrdyeLov oLdm-
006UV, 6oV TTEQLAaUPAvovTaL 19 otabuol. ZTdxog eivar To 2020 M AvATTTUEN EVOS
AUTVOV UNHOVS TTeQLIToV 40 YLALOUETQWY, TO 000 Ba oLVOEeL TNV TTOAN TG ABNVOC ue
TO TEOAOTLO. TOV Aenavorediov, Tnv TOAN Tov ITelaid ®oL ONUAVTLXOUS TOAOVG €A~
ENG/YEVEONS UETOALVHOEMV, OTTMC gival TO Aledvég Aegodoouto. M

To uetQd ®aAeltor vo eEVINQEETNOEL TN SLUQUMS AVOITTTVOOOUEVY TNTNON YLoL UETA-
OQAG 0TO AeXaVOTTEOLD. OL TTQOOLAYQUPES OYEDLAOUOV TMV VITOSOUMV KOl AELTOVQYIOG
TOV OVOTHUATOGC, TTOETEL VA, aB0QILoVTaL Le BAON TA XAUQUXTNQLOTLXA TNS CHTNONG, TTOV
nohettor vo egvmmoetnoet. H eE6MEN g TTNong #oL 1 SLOXVUOVOY| TNG OTTOTEAOVV [Foi-
OWES TTAQOUETQOVG TTOV OYETICOVTIOL TOOO UE TN TTAQEXOUEVN CUYHOLVIOVLOXY EEVTTNOE-
TNOM OTO AEXOVOTTEOLO OO0 KOL (L€ T OLOLOTAOLOAOYNON TWV OTUDUMV KOl EYRATAOTAOE-
v, TN OLoElQLOMN TOV TTABOVG OTLS ATTOPABQES %Al TOVS 0TAOUOVC, TO TEOYQOUUA OQO-
woroytwv, To TEOOHETA UETOA YLOL TNV EEVIINQETNON ETLPATWV, TN OTEAEXWON TV 0TOO-
UMV UE TTQOOMITLLO KATT.

21N TOQOVO0. EQYOCL0, AVATTVOOETAL 1 UEDOOOAOYLXY) TTQOTEYYLON YLOL TNV XOTAYQO-
N %aL 0ELOAOYNON TNS THTNONS VL0 TO OIXTVO TOV UETQO, TTQOTEIVETAL 1) XATNYOQLOTTOL-
NoN TV oTAOUOV Ue BAON TO XAUQUKTNOLOTLXG TNG KO TEXLUNQLOVOVTUL CUUITTEQAOUOTA
ue Bdéon tnv eEEMEN Te.
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2. [TpovmoBécels yia tn Xmeodétnon Awtivov MetQo

To neto elval 0 0oTLROS TLONQODQOWOGS, O OTTOLOS ELVOL TTANQMS AITTOUOVIOUEVOS OITO
™V vIToLowTn ®urhooio. H virodoun tov eival eite o vrdyela eite 0 VITEQUYPWUEVT
OLaToUN M OQLOUEVES (POQES (0 ULXQA TUUOTO) HOL O€ ETTLYELQ YQOWUWY], M OTTOLOL €lvol
QTOUOVOUEVN OITO TNV A0TY ®UxAoooio. H amdotaon Twv oTabumdv oe yevixég
YoOouuES xvuaivetar petoEy twv 400 ot 1000m, pe péon tiun segimov to 600m. H
EUTTOQXN TAVTNTA ®VUOLVETAL LETOED TV 30 — 53 km/h %0l TO WXOC TV OCVQUMV e~
TOEY TV 70-150m, UE UETAQOQLXY LXOVOTNTO UEXOL XL 45.000 emiBdTec/moa/1aTev-
Ouvon. @

H emhoyn evog ovotuatog Meted ouvOudlel TNV VYNAT UETOPOQLAY| LXOVOTNTO
TOV OLONQOOQOUOV UE T YO YOON, AOPAAT KOl AELOTLOTY EEVTTNQETNON LOLOLTEQO OF KE-
VIQXES TTEQLOYES TNG TTOANG OTTOV 1) KUXAOPOQLOXY OUUPOQNON EUTTOOICEL TNV OUOAT
AELTOVQYIO TV AWV LEoWV UeTaodc. Elval guiind eog 10 TeQURAALOV AoV Oev
elval QUITOYOVO ROl CUUPEALEL OTTOTEAEOUATIXG TNV UELMON TNG KUXAOPOQLOKNG GV~
POONONG TWV 0OXMV OLXTVWV MWL VO EXEL KAULAL ETTITTTWON 0TO OLKLOTLXO TTEQLRAAAOV
NG TOANG GOV O YWQOC TTOV OITALTELTOL VLo TN XWQEOOETNON TOV eV ApaLQElTOL 0T
TNV ETLPAVELD. OVAITTUENS TNG TTOANC.

H »atooxevy evog OxTov HeTQO eTLAEYETAL ®VQIME YL TTOAELS HeyEBoUg peyohute-
00 aItd 1 EXATOUUVQLO KOTOXOVS. ZTOVG TTIVAKES TTOV XOAOVOOVV, TTAQOVOLALETOL TO
TANOVOULOXO PEYEDOC TOAEMV TTOV AELTOVQYOVV OCUOTHUATO UETQO XOOMC KOl O PaBUOS
JTOV YONOLUOTTOLOVVTAL OITO TOVS HOTOIHOVG.

Hivaxag 1. ITeoVUT00£6€LS #aL TOOGOOXWDUEVI] UETAPOQLXT] LXAVOTYTA
Y10 T1] Y©E00£TNON — ETLAOYI] CUGTIUATOS UETOO, avaAioya To uéyedos Tig moing. 1%

. Evdetxvuopevo Méyebog TTohemv Metapogixn Ixavotnta
Ly (o€ YLMAOES ®ATOIROVC) (emmBares/moa/notevd.)
EAlagot Metd
(Light Rail Train) 500 - 1.000 8.000 - 25.000
MetQd > 1.000 10.000 - 45.000

Hivaxag 2. Teyvizés meodiaygapés ovouay yia to evornua tov Meted. 4

Ewroounn ATo0TdoeLg ITAGTog M®og
Z0oTnua Toyvmrto 210.0€0V OyMuaTog ZuQuov
(Km/h) (m) (m) (m)
Elagpov Metod
(Light Rail Train) 25 -30 500 - 800 2,10-2,70 60 - 90
YrdyeloMeTQo 30-35 500 - 1.000 2,60 - 3,20 70 - 150




Avaivon g MetagoQoixng Zntnong yia Tov Ymoyeio Aotixo 2idnoodoouo (METPO) 57

ZNUOVTIXO UELOVEATNUO TOV VITOYELOV OLONQOOQOUOV ELVAL TO VYNAO KOOTOS KATA-
OXEVNG %Al CUVTNENONS XOOMDC KoL TA VYPNAE LETQO OIOPOAELOS VLo TNV AOQOAT (safety)
Aertoveylo. T'” avtd 10 AOYO amotelel LOLAITEQO ONUAVTIXY OTTOPAOT N ETTLAOYN EVOS
OVOTHUOTOS UETQO YLOL TN OUYXOLVIVIOXY EEVTTNQETNOT LG TTOANG KoL ETTLAEYETOL OF
TTEQLITTMOELS TTOV VITAQYEL VYNAN TTNOM YL METAXIVNON ROl OV WITOQOVV VO, VLOOETY-
00UV 0ELOTTLOTES OLXOVOULXA PONVOTEQES EVUANIXTINES AVOELS OTNV ETTLPAVELD, (TQUW,
Aew@oQeloL ®ATT). EVOELKTIRG, 0TOV ETTOUEVO TTLVOLA, TTAQOVOLALOVTAL TTOAELS OTLS OTTOL-
€C AELTOVQYOVV OVOTHUATO UETQO.

Hivaxas 3. Tvetijuoato palixijs uetapods
%ot 1) x01jo1) TovS avdioya ue to uéyeog g woing. 4

116 ITAnBvouog Merac!)ogmc') Etioleg 6Lqégouég
(o€ exaton. To 1991) Méoo fempdn
Mooy 8,0 AEW@., TQOU, LETQO 713
Ténvo 11,6 Agy‘f@“g&ﬁo‘;’t gﬁg?o’ 650
Ze0UM 8,7 Aew@., UETQO 457
Mmovévog AliQeg 9,0 Agwogeia, LeETQO 248
Topdvto 2,8 Aew., TQOU, UETQO 200
Iexivo 8,7 Aew@., UETQO 107
Zdyo 6,8 Ti:ggcgr MZSLT(S%] O@’. 101

3. Xvvroun Ileorypagn Tov Aixtvov Meteo tng Adnvog

TO VPLOTAUEVO OIATVO TOV UETQO OTTOTELELTOL OITO VO VITOYELES YQUUUES, TLG YOOI~
Weg 2 a3, oL 0TToleC AELTOVQYOVV CUUTTANQMUOTIXG UE TN YOOUUM] TOV ETTLPAVELOALOV
aoTLroV oLdNEodEOUov (Teauwy) 1) n omoio eEvmmeetel Tn 0Vvoeon Twv Bogelwv TQoa-
OTlwV 1e To Apdve Tov TTerond. H AeLtouQyla Tmv VItOYELOV YQOULMDV 2 ®at 3, YiveToL
Vo TV eVBvVN TS AtTind Metpd Etavpeio Asttovoyiog (AMEA AE), eve avtioTol-
%0 M €7TL TO TTAELOTOV ETTLQPAVELOXY YQOUUY 0LOTIXOV GLONQOIQOUOV, POLOXETAL VITO TOV
€heyyo Twv HAextourdv Z10neodoonmv ABnvov Tlewpowmg (HEAIT AE).

OL TQELS YQUUUES ALOTIXOV GLONQOOQOUOV %ol 07td TOV IoVAL0 TOV 2004 %KoL TO TQUU,
Ba aToTeLOVV TO dinTVO UECWV 0TAOEQNS TEOYLAS TNS TewTeVoVoac. To uéoa otabeong
TEOYLAC Bl ATTOTEAOVY, AOY®™ TNG UEYAANS YWONTLLOTNTAS TOVS, TOV XOQUO TOU OLLTVOV
Méowv Malunig Metogoods (MMM), értov o ToodoTovVTaL 0Tt Ta VITOAOLITOL Ué-
00 LOCWHNG UETOPOQACS (BEQULXE HOL MAEXTQORIVNTO AEWPOQELX) UE OTOKO TNV EEVITNOE-
oM TS THTNOMG VL0l LETAXIVNON O0TO GOTIXO TUHUO THS TTQWTEVOVOOGS. P
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210 AvdyQapuno 1 oTetxovICETaL TO VPLOTAUEVO 1AL TTEOPAETOUEVO dixTvo (2006)
TOV UeTQO TG ABvac:

OAYMIIAKO
ZTAAIO

Mpog AieBvég
AepodPOUIO
“EAeuBéplog Bevigéhog”

XahavdpL
Pun O>

Y o= Aoukioong
MAakevtiag

CEEEEENEEEEEEQEEEEEEEEEEEEEEE]

Aylog Avm’)vtocb

O Euayyehopég

Zovraypa .
FIANAgH INAIKO

0 Axporioan -

©noeiog,
Axpéronn @9

e YNOMNHMA
Mepaidg ®dAnpo a [E=  rPAMMH 1 HzAN
?‘&z u [E*=  rPAMMH 2 METPO
KAI OIIAT ANEEQVBPOG [E=  rPAMMH 3 METPO

[ e aaai  YNO KATAZKEYH

=@=  ITAOMOI OZE
. (KENTPIKOZ & MEAOMONNHZOY)

ZTAGMOI ANTAMOKPIZHX

Avaygauua 1. Ameixovion yoouurs 1 (HEAII), x00mds %ot TOU VPLOTAUEVOD
%ot TEOPAETOUEVOU (ementdocwy) Sixtvov Twv Foauuov 2 & 3. 191

SNueQa TO UeTEd TG ABMvag dtabétel 19 otabuong, ex Twv omoiwv: ©
v Toelg otaBuol avtamoxrglong (Ouovola, Attixn, Movaotnodxt) ue tov HXATIL.
‘Evog otaBuog petemifipoonsg LetoE tmv yoauumy 2 xot 3 (Z1a0uog Zuvtdyuatog).
v Aenomévie otoHuovg Tov EEVTNEETOVV OTTOXAELOTIXG TOVS ETLPATES TOV METQO.

\
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4. Aertovgynd XaaxTioletizd XueTHuatos

To vLotduevo dinTvo Tov HeTEd TS ABNvag, eEumneeteital amrd oVEUOVS TV 6 Pfa-
YOVLWYV, OTTOV OVVOALXA elval dtaBéotuol 28 ovuot. To TQORAETOUEVO TQOY A0 VALKS
uéxoL Tov Alyovoto tov 2004, o artoteleita: [©)

O Ano T0oUg 28 NON VPLOTAUEVOVS CUQUOVS TV 6 POYOVLDV

O Am6 7 ovouovg VENS TTAQAALPNG OUTAIC TAONS OL 0ToloL Bol WToQOVV Vo EEVITNQE-
TOUV TN Yooy ogtd 1o otabud Aouvx. ITAaxevtiog amd/moog 10 AeQ0dQOULO

O Ano 7 ovouovg vEOg TTOQAAAPNG YLoL TO dixTvo TV I'oouumy 2 ®at 3, yio. v eEv-
TNEETNON TV ETEXTAOEWVY TTOV Bl €xovv ohoxAnowdel to 2006.

H uéyrom tayvtnta Twv ovoumv etvol 80 xLthouetoa avd mea. H uetagpooixn txa-
voTNta vtoloyiletal o mepimov 1.030 emiPdteg avd cvoud TV 6 oynuaT®y (5 emBd-
Tec/U?). H mouaio ymontixdtnta ové ©oteuhuvon Yoouung, vtoAoyiZetal amd T ueta-
POQLXN LXOVOTNTA TMWV CVQUMV (ETTLRATES/CUQUO) KOl TN UEYLOTY SUVATH OUYVOTNTA OLé-
AEVON OVQUWV OTN OLAQKELD. TNG WQOS (CVEUOL/™MQA). Me dedoUEVO OTL M UEYLOTY YQO-
VOOITOOTAON CUQUMV (AGYO TTEQLOQLOUMV 0T ONUOTOOOTNON LOL TNV TTOQOYY| EVEQYELAS)
0TO OVUVOAO TOV VPLOTAUEVOV OLXTVOU UETQO elval 3 AETTTA, TTQOXVITTEL OTL EXTEAOVVTOL
1OTE UEYLOTO 20 OQOUOAOYLO AV TUNUC YQAUUNS. Eouévac, n uéylot wouaia xwon-
TWMOTNTA (OTLG MQES ALyUNG) avd watevbuvon yoauung (yoauues I, wow I'; oxquatog 1)
elvar eptmrov 21.000 emiBdreg (20.600 emif./mQa). AVILOTOLYO, VL0 NUEQNOLA AELTOVQ-
via 18 weV (OTTmWg oVUPOLVEL OYUEQD), N XWENTIXOTNTO TOV SIXTVOV 0vE ®koTeVBuvom
eivor 370.800 emmBdteg/muéoa.

‘OcoV 0poQd 0TO. VEO, TUNUOTO, TOV UETQO, TOL OTTOLOL UEQIXMG EVTIAOOOVTOL OTOVG
Olvumioxovg Ayaveg 2004 xot TAMEMS WYL To 2006, LOYVOVV TO TTAQOITTAV® OEOOUE-
va, ne eEaioeon 1o Tunuo LetoE Twv otabumyv EOvixn Auvva — Aovx. IThoxevrtiag,
OOV M EAYLOTY QOVOOTTOOTOON UETAED TV oVOUMV eivol 5 Aemttd. B! Etot, n ywontt-
©OTNTO TOV CUOTHUOTOS YL TO CUYREXQLUEVO TUNUOL 0VE xoTevBuvon TTQooeyyilel Tovg
12.400 empareg ava o (12.360 emifB./doa) #or Tovg 223.000 emdtes avd nuéQa
(222.480 emif3./muéQar).

H yoontindmta Tov OXTVoU ®ot 0 dQLBUOS TV ITULTOVUEVIY OCVQUMV OTLS HQES
aLyung, ONLAON Ue ¥QOVOUTTOOTAON CVQUMV 3 AETTTMV, TTAQOVOLALETOL 0TOVS TTUQUXATM
sivamec:



60 Emotnuovixny Exetnoioa Eqaguoouévns Eoevvas, Vol. X1, No 1, 2006

Hivaxas 4. X00Voam06TAGELS GUOUAY %0l MQLAia
UETAPOQIXT] LXOVOTITO HIXTVOV 0TI QS aryuis. [

, . MéyLotn
Tunuo X QovoaTOoTAoN , .
Awtov Metd UETOED OVQUOV Metagoouen Ixavotnra

(emPdrec/moa & notevbuvon)

Toapun 2 (') , ,
Ay.Aviadviog — AL, TTavaryoving 3 hetd 21.000 empareg
Foapun 3 (I'y) , ,
Movaotnodst, — Efv. Ajuva 3 hemtdl 21.000 emifdTeg
Toayym 3 (T 5 Aemtd 12.400 emifdreg

EOv. Apvva — Aovx. IThaxevtiog

Hivaxas 5. Araitioels 6€ GVOUOVS avd Tutjua dixTvov Tov MEeTQO,
o0& GYion ue T (OVouTOGTAGN TOV GVOUDY. [

XQ0VooToOoTa.oN AoLBudg Zvoumyv AoLBudg Zvoumyv Stvoho
o¢ hemtdl Foouun 2 (T') Foouun 3 (I'y)
3 16+1® 13+1 29 + 2
5 10+ 1 9+1 19+2
10 S+1 S+1 10+2
15 4+1 3+1 T+2
20 3+1 3+1 6+2

) gpedoInos avouUog

5. Emmtooeig oo T Asttovgyio Tov Meted oty Adiva

To ovotTnua MeTQd OUVOUALEL TNV VPNAT) LETAPOQLXY LXOVOTNTA TOV GLONQOOQOUOV
e TN YO YOQON, OO 1Ol AELOTTLOTY EEVTTNQETNON LOLOLTEQM 08 XEVIQIXES TTEQLOYES TNG
TTOANG, OTTOV M XVXAOPOQLOKY CUUPOONON EUTTOOLLEL TNV OUOAN AELTOVQYIA TV GALWDV
uéowv uetaodc. Elvar @uAxd oog 1o meQlBdAlov apot Oev elval QUITOYOVO Ko
OVUPGALEL OTTOTELEOUOTIXG OTN UELMON TNG KURAOPOQLOKNS OUUPOQONONG TWV OILKMDV
OATVWV YWQEIG VO EYEL KAULA ETTLTTTWON OTO OLXLOTLXRO TTEQURAMAOV TNG TTOANG. To pova-
OO UELOVEXTNUOL TOV VITOYELOV GLONQOOQOUOV ELVAL TO VYNAO HOOTOC HATAOKEVHC TOV,
©0OMOS 1oL TO ®OOTOG AELTOVQYIOGS ROl OUVINENONG TOV.

ATtd ™V €vaEn Aettovgyiag Twv F'oouumy 2 xot 3, elval @oved OTL VITHEEWY 00-
OQEC OLXOVOULKES AL KOLVIIVIXES ETTLITTMOELS, OTNV %xaBnueorvy Cwn twv ABnvaiwyv.
‘Etol, onueQo dLostlotmvetol Uelwon Twv eLo0dmwv L.X autoxnlvitmwy 0To ®EVIQO NG
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ABMvac xoL 0VENON Twv emPPAoEWY 0TA UEOH LACIUNG UETAPOQAS, OTTOV CUUPWVI. UE
Tov OAZA, yio 10 2003, avtd extipdror og 250.000 véoug emiPateg nueenoiws. Avti-
OTOLYO, M €E0XOVOUNON EVEQYELOS eXTLUATOL 08 335.000 OLOVUOUEVOL YLALOUETQO. OVEL.

nuéga.”

6. Avaiven Metogogixng Ztnoeg

Kolowo otouyelo, otnv omolodnmote TeXVIrn ovaAvon, omoterel 0 x0B0QLONOS
TOV XUQUXTNQLOTIXMV TNG CHTNONG, TOV OUVOEETAL GUECO UE TO TTQOOOLOQLOUO TTaQOL-
UETQWYV TTOV OYETILOVTOL UE TN CVUITEQLPOQA TOV XONOTN — emifatn. To dixtvo Tov Me-
TQO, AITOTEAEL £VOL OUYAROLVOVIOKO GVOTNUO AVOLXTOV TUITOV, OOV elval duvaTto Vo
VITOAOYLOTEL O QOGS TV ELOEQYOUEVMV ETTLRATOV avd 0ToBwd, aALE dev xoTayQd-
QETAL 0 0QLOUOS TV eEeQyouevmy avd otabud. O VITOAOYLOUOS TV ELOEQYOUEVWV
EMLPATOV, VITOMOYILETAL 0TTO TO AOQOLOUO TV ETTLPATMV TTOV ELOEQYOVTAL O £VO. 0TAO-
UO %O £XOVV OXVQWOEL ELOLTHOLO OTO AXVQMTIXA Unyaviuoto Tov Metod (AMEA AE)
AOL TOVG ETTLPATES TTOV YONOLUOTTOLOVV GAAOV TUITOV ELOLTNQOLO, OTIMS UNVLAL0 ®AQTO
QITEQLOQIOTMV OLOOQOUMYV, KATNYOQLES ETLPATMV OTTOV EMITQETETAL 1) EAeVOEQQL OLOXK (-
VNOT 0TO OVOTNUO KATT. MEYQL ONUEQQ, O ETMIAEYOUEVOS TQOTTOC EAEYYOV TNG ELOOOOV
0TO OVOTNUO, OEV ETTLTQETTEL TNV OXOLPN KOTOYQOPY TWV ETTLRATMOV TTOV ELOEQYOVTAL OTO
Ol TVO RaL €YOoUV:

v 0XVQMOEL ELOLTHQLO O€ 0rVQMTIXA unyaviuota Twv HEAIT (otoug otabuove avia-

TORQLONG M 0€ exdoTNOLa 0¢ 0TaOUoVS Tng Foauung 1),

v Y ONOLULOTTOLOVV KAQTA ATTEQLOQLOTMY dLodQOUDV Tov OAZA
vV EMPATES TTOV «TTOQAVOUN» OEV TTANQMVOUV ELOLTNQLO,
v #doteg ehevBEQOg dLaxivnong oto dlnTvo (JT.y. eQyalouevor AMEA ®AT)

‘Etot, n extiunon tou emPatikon gogtov, Ba moémel va PaoileTol OTOV ®KATOYE-
YOOUUEVO aQLOUO TV 0XVQWOEVTWV ELOLTNQIMV %Ol OF TTAQUO0YES, OL OTTOLES €XOUVV
TTEOXMPEL ATTO OELYUOTOANITTLXOVG ELEYYOVS %Ol AVOAVIOVTAL TTAQOKATM: 8]

1. ZT1S axVQMOELS TV L0LTNQLWY, VITOAOYICeTaL 12% uelmwon Lo TOVg eMPATES TTOV
OAVQMVOUV ELOLTNQLO 0 OXVQMTIXA UNYAVAULOTA TOV MeTQO ®ou emtifipdlovrol otn
Toouu Twv HEATI, otovg otabuovg Oudvola, ATty xol MovootndxL.

2. Ol axVQMOELS ELOLTNQIMV aVOPEQOVTOL O¢ aLOUO ELOEQYOUEVIV 0TO OixTVO. Tlal va
ovvoehouv e SLadQONES UETOED TwV Yeouumwy I') #ar I, TeOoo0vEAVOVTaL XOTA
40%. Anhadn, vitoAoyiCetol OTL oL emPBaTeS nAvouv 1.4 dLOOQOWUES (ROTA UECO OQO)
avd ToELoL.

3. Extwudror, 0tL ®a0e #ATOY0S UNVIOLaS ®EQTAS OITEQLOQLOTMV JLAOQOUMYV, TTQOYO-
ToToLel (ot uéoo 6Qo) 45 dLadQOUES Le METQO avd unva.
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4.

YmohoyiCetal, 10% TQOONUENCT TOV (POQTOV, GO0 APOQE OTOVS ETMPATES YWQIS EL-
OLTNOLO (TTOQAVOUD. UETOALVOUUEVOL ETTLPATES KO ETLRATES OTOVS OTOLOVG ETTLTOE-
TTOVTAL OL OWQEAY UETOURLVNOELS TT.Y. EQYULOUEVOL OTO UETQO, HATT)

KoaBogiCetol 0 agiudg tmv egydolumv nueowv (WdayEquiv) tov unva, vitohoyiCo-
VTOG TLG UM €QYAOLUES UEQES TOV UV .. TO ZdfPato, Tnv Kuguounmn, Tig aQyieg xol
TG UEQES TTOV VITAQYEL OTTEQYIC TOVACLOTO YL TN WLOT) WEQA. AVTIOTOLYO, VITOAOYL-
Cetol 0 0QWOUOS TV EMPATOV TNV UEOT €QYdoLun néoa (AvWday), 6Tov Tov vito-
hoyiCetor 0rtd to T'evind ZUvoro + 10% Yo Toug eTPATES (WOLS ELOLTHOLO VY UE-
VO 0TOV aQLOUO TV LOOOUVOUMV €QYATLU®mV Nueowv (WdayEquiv).

Me dom TLS TOQOTTAVM TTOQAO0YES, TTQOOOLOQILETOL TO UETOPOQLXO £QYO TOV UETQO,

TO OTTOL0 OVAAVETAL OTLS ETTOUEVES TTOQAYQAPOVS.

6.1. Etnowae Avaiven Emipatizov 'Egyov

T Tov TEOOOLOQLOUS TOV UeyEBoug TG THTNoNg, TS XQOVIXNG eEEALENS NS ®0BMC

OL TN CVOYETLON UE TN XWQENTIXOTNTO TOV CUOTHUOTOS, VIOOETEITAL 1 QOVIXY LOVADQ
ToV £ToVC. Etot, elvol duvati 1 ®atayQogn CUUTEQUOUGTMY OYETIXA Ue TNV ETHOLO eEE-
MEN TOV UETAPOQLLOV £QYOV TOV OVOTHUATOC, LOLAITEQO YONOLUMWY HVQILWS OE TEYVOOL-
HOVOULAES OVOMVOELS, YL TTOLQAOELYUO. OYETLXG UE TNV ETTLYELONOLOKY AELTOVQY(OL TOV
OVOTHUOTOS, TNV AOYLOTIXY OTTOTIUNON TV TETQAYUEVWV TNG SLOLXNONG, TNV OITOTTAN-
owun davelwV, TNV AVAITTVEN 0EVOQLWV YLOL TNV AVENOT XEQOWV KOl TN PLWCLUOTNTA TNG
AELTOVQY(0G HATT.

H avdhlvon g eTNoL0G LETOPOQLUNG OLOXVUAVONS XOL 1) XOTOVOUTN TNG VA 0TaOWUO,

TTO.QOVOLACETOL OTO OLOYQAUUALTO TTOV AXOMOVOOVV:
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Awayoappa 2. ETiiowo e5EMEN UETAQPOQLROV €QYOV (0XVOWOELS ELOLTNOIWYV)
yia TO ,LLETQ(j ™me AHﬁvag [TTowtoyevij otoyeia: 8]
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y Hovoryoving
Atdyoouua 3. AXVOWOELS ELOLTNOIWY avd 0TaOUO TOV UETQO,
Y100 TO él’Og 2003. [MTowtoyevn atouyeia: 8]

A7t6 10 dudyoopupa 2, elval TQOQVES OTL UETE TOV TTEMTO XQOVO AELTOVQYLAS TOV
UECOV, TO UETOPOQLXO £QY0 TOV UeTQO awENONne onuovtkd. H avEnon tov empatinon
€0yov 10 2003, 0@elAeTAL OTO YEYOVOS OTL CUVEXMS OLVEAVETOL O AQLOUOC TV VEWV YON-
0TV, ®aBmg ®aL 0TV EVIOEN VEOV oTabumyv 0to dixtvo. Toviletat, 6TL Tov Mdwo tou
2003 Eexivnoe n hettovQyio Tov 0TaBuo MovaoTnQdxL, ToV atoTelel 0TaOUS avtamo-
©OLOMG TOV UETQO e tovg HEAIT nou eEvmnoetel Tig UETEmMPBLPAOELS T™V ETPATOV
artd/moog ™ Foauun 3 Tov uetEd (yia TV ool AELTOVQYEL WS TEQUATIXOS 0TAOUOC)
mtooc/amd ™ F'oouun 1 (HEATT). Entiong, eEunmneetel meQuoyn Omov avasttuooovToL o-
UOVTLXES OQUOTNOLOTNTES EUITOQLRES, OLOLANTLXES KO AVOAPVYTGC.

6.2. Myvieia Avaivon Empatizov ‘Egyov

H etnoa dtoxvuovon tng Timmong 0mmeg To.QovoLdoTnne 0TO JTOQOITAV® SLAYQG -
UOTOL, OTTOTENEL YQNOLUO OTOLYELO TTOV LOC GTTOSIOEL [LLOL ETTOTTTLXY ELXOVAL YL, TNV EEEAL-
E1 TOV OVOTNUOTOC, LOLOLTEQ YONOLUO KVQIMS YL OLXOVOULKES 1) AOYLOTIXES OLVOAVOELS.
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T ™ %aTOVONON TNG OVUITEQLPOQAS TV ¥QNOTMV, AITCLTETAL AVAAVOT UE PAOM KQL-
TNOLOL TTOV OYETICOVTOL UE TLG AVOQMITOYEVELS OQUOTNQLOTNTES TTOV ALVATTTVOCOVIOL 0TV
TTOAT, OUVETTMG OITALTELTOL AVOAVOT) 08 UKQOTEQN X QOVIXY UOVADO.

EtoL, 010 0g0TeQo emimedo ovaAvong, eEeTaletal N unviaia dtoxvpovon g Cntn-
ong. H eEEMEN ™g unviaiog dtoxiuavong oQovoLdleTal 0To SLAYQUUUO 4 JTOV OXO-
hovbet. ITgoxeLuéVoy, va SODEL el OUYRQLTLXY ELXOVA YLOL TNV avauevouevn eEEMEN Tov
eMLBATLXOV £QYOV Yo TO €T0C 2004, drabéoLua elval WOHVO T OTOLXELD TV OXVQMOEWY
TV unvov Tovovagiov xor defoovagiov 2004 %l TOQOVOLAZOVIOL O0TO OLKLYQOLIULOL
TTOV 0XOMOVOEL.

E2000 02001 2002 E2003
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Avdyoouua 4. EXTUULOUEVN UNVLOLA OLOXUVUAVOT ELOEQYOUEVWIV ETTLBATOV
(aXVOWDOEMV ELOLTNQLWV) OTO UETOO YL Ta £T1 2000 —2003. [Tewroyevi otovgeia: §]

H Iavovdorog O dePoovdouog
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Atdyoouua 5. AQLOUOS ELOEQYXOUEVWV ETTLBATWOV (AXVOWOELS ELOLTNOLWV)
via Tovg unpves Iavovdouo xar PeoovdoLo ota £Tn 2000 - 2004, [Mewrovevi otovia: §]
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ATO TO OLAYQOUUO 4, TTOQOTNQEEITAL UELWOT OTNV ETLPATLXY KIVNOT KATA TOVS KOAO-
AALQLVOUG UNVES UE ©OQUPMON TOV Wijva. AUYovoTo, OITOV JTOQOVOLALETOL 1 WXQOTEQN
ety ©ivnon xotd T dLdxeLo TOV €Tovg. Katd ) oxedOV TETQAYQO0VN AELTOVQY (N
TOV METQO, O WVOS TTOV TTOQOVOLAOTNKE 1 UEYLOTY ETTLPOTLXY ®ivnon NTav 0 AexéuoLog
oV 2003. AVENON TO.QOVOLALETOL OTO UNVALO POQTO EMPUTMV 08 OYE0N UE TOVS OVTi-
OTOLYOVG UVES TTQONYOVUEVMYV ETMV e eEaioeon To MdQTLo, To MdLo xat tov Iovvio Tov
2002 OOV eUPOVIOTNKE WLKEY UELWON O OYEOMN UE TOVS OVTLOTOLYOVS Unveg Tov 2001.

Ext6g, 0uwg, atd T GUVOALXY eTTLPOTIXT ®IVNOT TOV OLXTVOV, EVOLAPEQOV TTOLQOV-
owacer xou m empatinn xivnon tov Teauudv 2 xou 3 Eexwolotd. O otabuog tov Zv-
VIAYUOTOG TTAQOAO TTOV GIVIXEL XOL OTLS OVO YQUUUES, WTOQOVUE VO, TOV EVTIAEOVUE OTN
Toauun 2, Aaupdvovtag vatdyn T OQOUOAOYNON TWV CVQUMYV.

—a— Toouun 2 —e— Toouun 3
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Atdyoauua 6. Mnviaio eEEMEN TV eLOEQXOUEVOV ETBATOV METQO (AXVOWOELS),
Y100 TO érog 2003. [MTowtoyevn atouyeia: 8]

A6 TO TO.QOITAV®D OLAYQUUUL, TTO.QOTNQELTOL OTL N emBaTivy ®ivnon oty F'oouun 2,
ebvor oyedov duthdola amd ™) Foopun 3. Avtd o@elleTol OLOTL KATE OTOVS VITOAOYL-
ouovg BewEOVUE OTL OL AXVQMOELS TOV ZUVIAYUOTOS, TEQLAAUBAEVOVTOL €E” OAOXAQOV
ot TF'oouun 2. Av gEalpéoovue 10 0ToOUd TOV ZUVTAYUOTOS, 1 ETLPOTIXY ®ivnon otn
Toopuy 2 aQovoldlel Alyo VYmAOTEQO AQLOUO AXVQMOEMY, XVQIWS JLOTL EEVITNQETOV-
VTOL OL ®eVTOUXOL otaBuol Oudvora xou TTavermoTulo, Tov arotehoVv oTabuovs ue
vpnin Simon.

7. Tvmnég Ilegiodor Avarivong tng Zintnong

Ao TN unvioito dLoxvpavon e CnTnong, UToQovv vo. dLaxoLBoUv oL xQoVIXES TTe-
olodol, 6rov N TNTNON TO.QOVOLALEL OUOLOL YOQUATNOLOTLXE KAl CUVOEOVTOL [LE TTOQOL-
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UETQOVC TTOV OYETILOVTOL e TN YEVIXOTEQT AELTOVQYLO TNG TTOANG. Ol TOQAUETQOL TTOV
vobeTovvTaL, elval:
» To emimedo — uéyebog g LnTnong.

A@oQd, Tn unvioia eEEMEN Tov ueyéBoug Tng THIMong, OTov ®oTAYQAPOVTAL XQOVL-
%€C TTEQLOdOL e MPNAT, LEOT) KOL YOUNAY THTNOM.
e Ol xMUATOMOYIRES OUVONKRES KOL OL ETTLITTMOELS OTNV XURAOPOQLQL

A@oQa TLg 0VVNOELS KALUATOAOYHES OUVONKES OTLS OLAPOQES ETOYES (UNVES) TOV
€TOVC KO TLG ETMUITTWOELS 0TO UEYEDOS TV UETOXLVNOEWVY VL0 ®AOE LETAPOQLRO UECO.
o Emoyxéc d00otnoLoTnIES

A@oQd ®VOImS TLS 0QAOTNOLOTNTES TTOV OYETICOVTOL UE TOV TOVQLOWO %Ol TOV 0QLO-
UO TV ETTLORETTTOV YLO, OVAPUYT.
* O ouv1ONg TEOYQUUUATLOUOS RATTOLWV dQUOTNQLOTHTWV

A@oQd ™V TQOX0B0QLOUEVT £VOIQEN AL ANEN HATOLMWV OQAOTNQLOTHTWY, OTTMC YL
TTAQAAELYUO M EVAQEN KOl ANEN TNS OXAIMUO TROV £€TOVS, TV TTOALTLOTLXMV YEYOVOTWV
oe B¢aTQ0, KLVNUOTOYQAPOVS, AOANTIXAE OTAOLL KATT

e OL megliodoL TV dLaKOTHV

AoQd TG TTEQLOOOVS OITOV TTAQOVOLALETOL TTQOYQUUUATLOUEVN VPEON OTLG TTOQAYW-
YUrES 0QAOTNELOTNTES, MOV dLomomwv. ETot, Tov AUyovoTo ®ot ) epiodo tov Idoya
OVOUEVETOL ONUOVTIXY Uelmwon TS THTNONG, eV TNV TTER000 TV XQLOTOVYEVVIOV %Ol
TTowTOYQOVLAS OVAUEVETAL VYNAY THTnom.

ATTO TO OLOYQAUUATO TNG UNVLALOG OLOVUAVONG, AOUPEVOVTOS VITOYN TLS TTOQU-
OV TUQAUETQOVS, WTOQOVV VoL ALAXQLOOVV Ol TUITLXES TTEQLOdOL avalvuong TS CHTn-
ong, OOV dLaxQivovtal évte eQiodot. ETot, xotd Tn OLdoreld Tov £ToVg dLoxQive-
TOL M YELULEQLVY TTEQLOdOG, TTOV TTeQLAaUPdvelL Tovg unveg IovovdoLo ¢mg MAQTLO %o
OxtmPOLO ¢ NOEUPOLO. AVTLOTOLYO, N HONOXOLQLYY TTOV TTEQLAOUBAVEL TOVS WVES
Mdio €mwg Iovhlo xat tov Zemtéuporo. Ov unveg AmQiilog (1) 0 Wivag Tov YLoQTALETOL
to ITdoya), AUryovoTtog xal AexéUBOLOg OeV aTOTEAOVV TUTTLXOVS BEQLVOUS 1 YELUEQL-
VOUG UNVES, OLOTL ELVOL OL WVES TTOV TTOLQOVOLATETAL 1 EAAYLOTN HOL UEYLOTT ETTLROTINNY
xnlvnom avtiotolya, Aoym Twv dtonommv I1doya, XQLoTouyévvwy xal BeQLvmv dLoxo-
TAOV. ZTOV VoK TTOV axOAOVOEL, TTAQOVOLACOVTAL OL TUTTLXES TTEQLOOOL AVAAVONG TNG
CRTNONG YL TN unviaio OLOXVUAVOT TOU UETAMPOQLXOV £QYOV TOV UETQO.
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Hivaxas 6. [Tegiodor avaiveng Tijs unviaios dLaxvuaveis tis 5itnens Tov HeTgo.

Tumxég Iepiodor Avaivong
Svuporopnog X00uxTNELeNog Mhjveg
Tavovdiolog
DePovdoLog
A XeueQuvn meQiodog MdQTtLog
OxtOPOLOg
NoéupoLog
B Avaxomég ITaoya gg\%gﬁ;
Mdiog
r OeQLvN TTeQL000g igg;tgé
Zemtéuolog
A OeQLVEC OLOKOTTES AUyov0TOg
E ITegiodog XoLoTovyévvav AenéupoLog

Emuthéov, extOg oIt TN OUVOALXY]) UNvLaior SLOXVIUOVOT TOU UETAMOQLLOV €QYOV TOU
AHTVOV, TTQETTEL VO, OLEQEVVNOOVV OL ETTLITTMOELS OTY OLOXVUAVOT TOV UETOPOQLXOV €Q-
yovu avd otabuo. Etot, n avalvon Ba eémel va yivetal TO00 Lo TO 0UVOAO TOV UETA-
(POQLXLOV €QYOV TOV JLXTVOV OO0 KO € ETTLTTEOO OTOOUOV. ZTO OLGYQOWLA. 7, TTOQOVOLA-
Cetal n avalvon g Dmong avd otafud xaot Tumxy teQiodo, yua o €tog 2003.
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Awayoouua 7. AXVQWOELS ELOLTNOLWV OTO AXVOWTIXA UNXAVIUATA TV 0TaBuwv MeTO
%Ol SLAXQLON TUTTLXDY TEQLOSWV, Yiat TO £T0G 2003, [y mewtoyevay atovzeiwy: §]
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ZVUPWVO. UE TO TTOQATTAVM OLAYQOUUA, EEAYOVTAL TOOO TTOLOTLAE OO KA TTOCOTIXA
oVWITEQAONOTO. OVA 0TAOUO, OTTMWS VLo TTAQAOELYA OTL 1| VYNAGTEQN CHHTNOT TO.QOVOLE-
Cetol TV 7TEQLOS0 TMWV OLOXOTOV TWV XQLOTOVYEVVMV KAL TN YELUEQLVY TEQLOdO, OTL
010V 0ToOUd A%QOTOAN ®oL Movootnedxt n Chtnom avEavetor t Beuvi) TeQiodo, Ao-
YO TOV ETLOAETTTMV KA.

8. Katnyogromoinon Xtabunv Metoo

O ®000QLOUOS TOV ETLITEOOV TV TTOQEYOUEVDV 1| TTQOTOOXMUEVDV TTAQEYOUEVIV UE-
TOPOQLAMYV VITNQEOLMYV, CUVOQTATUL UE TLG ETMLAOYES NS XAQUENS — XWQEOOBETNONG TOV
OVOTHUOTOS OTNV TTOAN, TLG OYEOLOOTIXES TTAQOUETQOVS TOU OUVOLOV TMV EYRATOOTAOE-
WV TOV OXTVOV %L TO AELTOVQYLXA XOQUXTNQLOTIXA TOV OVOTHUATOC. T'al Tov ®aboQL-
oUd TV OYEOLUOTIXMV TTUQUUETQWY OTLS VITOOOUES (0TaOUOVS, AUAEOOTAOLO, EYHATO-
OTAOELS HAIT), OITALTELTOL OLVANVOT TOV TTOQEXOUEVOV KO TTQOCOORMUEVOD ETTLITEOOV NS
TNTONG OVUPMVO. TLS OUYROLVIVLOAES, TTOLEOOOMHES, TTEQUROAAOVILXES, EVEQYELOKEC,
OLXOVOWAKES HATT, OITALTNOELS XOL XOQOXTNQLOTLXA. ETot, Yo Tov 0QB0AOYIXO ROl OUOL-
OUOQEPO TTEOGOLOQLOUS TWV OYEOLOLOTIXWV TTAQUUETQMY, OITOLTELTOL 1) XOTIYOQLOTTOINON
TV 0TAOUOV 08 OUAOES e OUOLAL YOLQOUTNQLOTLXA.

ZVUPWVO. [LE TOV ETNOLO OYHO UETOALVIOEWV (OLEYQOUUOL 3) KL TNV AVAAVOT TNG UN-
VIOL0G OLOXVUOVONG UTTOQOVV VA dLaxQLBoUV ouddes oTabumy, TOV TAQOVOLALOVV
OUOLAL YOQOATNQLOTIXA, CVUUPVO (L€ T XQLTHOLOL TTOV AVATTTUXONKAY OTNV TTQOTYOUUE-
V1| TTAQAYQUQO.

Agtonteltol OUms, N VLoBETNON ©OLTNEIMY TTOV OYETICOVTOL UE TN OUYAOLVIVLOAT AEL-
TOVQYIOL TOV CUOTHUOTOS. AVTO ETLTUYYAVETOL UE TNV OVAAVON TG MUEQNOLAS OLOXD-
uovong g CNTnong, Yo To 6VVOAO TV TUITXMV TTeQLOdWV avalvong. Elval meopaveég
OTL N NUEQNOLOL SLOKVUOVOT) ETTNOEACETOL ONUAVTIXG OTTO TLS OQUOTNOLOTNTES KO TLS
YONOELS TTOV OVOTTTVO0OVTAL 0T COVN €TTLEQONS Tov otaBuov. ToviCetal, OTL N nueon-
oL OLIKVUAVOT) OLOXKQIVETAL 08 OVO KOTNYOQLES, TN OLOXVUOVON TLG EQYAOLUES NUEQES
HOL TO ZOfPATORVOLOKO. AVOAVOVTOS TNV NUEQNOLO OLOXKVUAVOT, ETTLAEYETAL 1) TUITLXY
noOnueQLv nuéa (cvvibwg toonvmtel N Toltn N ITéwttn) ®aBMS ®oL TO AVTIOTOLYXO TV-
TTrd ZafPatorVOLAKO, TTOV TEQLYQAMOVV TN Ljtnon otnv eEetalouevn Tuminn eelodo.
Emuthéov, TQ000L0QICOVTIOL Ol MQES OLYUNG OV TUTTLXY MUEQO KOL TUITLXY TTEQLOOO.
ZVUPOVO. UE TNV TTAQAITAV® avAAVON, TTQOOOL0QILOVTAL OUOLA. YOQUXTNQLOTIXG TNS TNi-
TNONG YLOL XATTOLEG OUAOES oToOUMV. T'Lal TaRAdELYU, 0TOVS O0TAOUOVS TOV PRloXOVTOL
0TO EUTTOQLXO KAL ALOLUNTLXO ®EVTQO (OUOVOLO, ZVVTAyd, TTOVETLOTAULO) DQES OLYUNG
elval oL UeoNUPQLVES DQES, EVI OTOVS AITOUOXQUOUEVOUS OITO TO ®EVTQO 0TABUOVS OL
(DQEC OLYUNS TAQOVOLALOVTAL TIG TQWLVES WEES. Emouévmg, opotdtnteg Tov ueyéboug
™S TATNONG KAl TNG NUEQNOLOS SLOXVUAVONG TWV OTAOUMDV (LOLALITEQN OTLS DQES OlLY-
UNG), ATTOTEAEL POGLXO KQLTHOLO YLOL TNV KATNYOQLOTTOINOT TV OTAOUMV.
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Emuhéov, ota xQLtnoLo Bo TeEmeL Vo UUITEQLANGOEL 1 CUUITANQMUATIXOTNTA UETA-
EV TV WEoWV WOCIUNG UETOPOQAS, OTTOV EUMOOT OLVETOL XVQIWS OTNV AVIATOXQLOT| UE
AN UECOL WOTLKNIG UETOPOQAS OVTLOTOLYNS XWONTXATNTOS, T OO0 eEVTNQEETOVV
GEoveg ne VYNAN CRTNom (AOTLRNC, TTQOUOTLOUNG HOL VITEQUOTIXNG EEVINQETNONG).

Me (don To TOQUITAVM KQLTNOLCL, UITTOQOUV VO, dLoxQLO0VV TE0OEQLS PACIXES KOTN-
yooieg otabumy, oL 0Toleg aVAAVOVTIOL OTOVUS KEVIQLXOUS, TOVS TEQUATLXOVC, TOVG
0TaOUOVS aVTOTTOXQLONG XOL TOVS EVOLAUECOVS OTAOUOVS TOTTLXKOV EVOLAPEQOVTOC.
210V mivaxo tov 0xohoVOEl TOQOVOLATETOL 1) JTTQOTELVOUEVY KOTIYOQLOTTOIMON TWV
oT0OuwV.

Hivaxas 7. KatipyooLomoinci tov vpLetauevoy otaduov Tov dixTvov UeToo

KATHI'OPIA XTAOMOY I'PAMMH 2 I'PAMMH 3
OMONOIA
KENTPIKOI ZYNTAI'MA gﬁﬁ?é};?;ﬁg;
ITANEITIZTHMIO
2EIIOAIA
TEPMATIKOI AAGNH EGNIKH AMYNA
ANTAIIOKPIXHX ME ATTIKH
AIA®OPETIKO AIKTYO AAPIZA
AKPOHOAHH KATEXAKH
ZYITPOY - ®I= ANOPMOY
TONIKOY ENAIA®EPONTOX METAZOYPTEIO
AT. [OANNHS AMITEAOKHIIOI
NEOS. KOSMOS MET'APO MOYZIKHX

OL %evtonol otobuoi eivar ov otabuol Tov POloxovTaL O¢ TEQLOYES UE QLUENUEVES
EWTOQLUES YONOELS KO TTEQLOYES £QYOOLAC, TTOV OVVNOMC POLOXOVTOL 0TO ®EVTQO TNG TTO-
Ang. Ot otaBuol owtol ToEoVoLAlovy VYNAS POQTO TLS UECTIUEQLOVES (MOES KL OLYUN
artd 13:00 - 15:00 TG TUITLRES HOONUEQLVES NUEQES EV TO ZAPPATORVQLONO ELPAVICOVY
VYNAO POQTO TO ZAPPOTO RATA TLS MQES AELTOVQYIOS TMWV RATAOCTNUATWV XaL TV Kv-
oLoxn wéxol TLg Boadivég mees. O OHETOC OV TAROVOLALOVV oL otaBuol avtol elval
VYNAOC 0e oxéon ue Tovg VITOAOLTOVS 0TabUoVC. Tétolol otabuol eival n Oudvola, To
Zovrayua, To Hovemotwo, o Evayyelopdg ol 1o MovootnQdxL.

2100U0L aVTATOXQLONG ElVaL OL 0TABUOL 0TOVG OTTOIOVS VITAQYEL CUVOEDT UE TOL (A~
A péoa otabeonc TooyLdc (HZAIL, OZE %ol 010 UEALOV TTQONOTLUXOS GLONQOOQOUOS
%ol To). Ov oTabuol Tov OViRoUV 0 auT) TNV ®aTNyoRid eivol 0 Ztabudg Aagiong
HOL ATTIXNG.

TeouaTtixol etval oL otabuol mov fotorovtal Ta dxa Tov dTVoOV MeTEd, ONhaomn
ol otabuol Adgvn, Zemoho xor EOvirny Auvva. Ou otabuol avtol engpaviCovy momiviy
avyun o7td tig 07:00 — 11:00 TLg xoONUeQLVES EVMD TO ZafROTOXVOLAXO EUPAVICOVV TTOW-
LV RO OTTOYEVUATLV Aty METOED TmV TEQUATIXMV 0TAOU®V 1) AdQVN TTOQOVOLALEL
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ueyaAITEQN eTLPOTIXN ®ivnom yoti eEvmnetel emBdTeg mov pTdvouv 0TO 0TAOUO QIO
ONEC TLG TTEQLOYES TV VOTLWV TTQOUOTIMYV.

ToviCetat, 6tL oL oTabuot OudvVoLa 1ol MovVaoTNEAXL TTAQOAO TTOV TOTEAOVV 0TAO-
UoVS aVTAITORQLONG YL TO OlxTvo HEATI, dev VIAO0OVTOL 0TIV XOTNYOQLO TV 0TaH-
UV OVTOTTORQLONG OAAG OTOVG REVTQLXOVS OTABUOVS OLOTL O VYNAOS (POQTOC, 1) (QLOLLAL
OLOXVUOVON KOL OL YONOELS YNG TTOU KOAOUVTOL VO eEVTINQETNOOVY, GVOYAYOUV TOVG
otabuoVg avTtovg oe xeEVIQLXOVS. EEQLTIOG aUTdV TV YOQUXTNOLOTIXOV O 0ToOUOC
MovaoTnQax®L OgV EVIAOOETAL 0TOVS TEQUOTIXOVS 0TOOUOVS TTAQOAO TTOV AITOTENEL TEQ-
natxd otabud g Foapwic 3.

Evoldueool 0tabuot 1 otabuol Tominov evolagpéQovTtog, eival oL oTabuol mov dev
OVIIXOVV O€ HOULOL 0TTO TLS TTAQAITAVMD KOTNYOQLES, ONAAON OAOL OL eVOLAUECOL OTAOUOL
AOL EEVTTNQETOVV TLG ROONUEQLVES avVAy®ES TNG Cvng €TTLEQONS ToV otafuov. H woiaio
OLOXVUOVON TV OTOOUMV QVTHV EEQQTATOL XVOLWS 0ITd TG XONOELS YNG TTOV eEVITNQE-
TOUV %0l artd TN B€om TOVg 0TO dixTVO. OL OTAOUOL TTOV EEVIINQEETOVV TTEQLOYES KATOL-
xlag eugaviCouv momLvy arywy evad oL otabuol Tov eEVTNEETOVV GAAES YONOELS (TT.X.
voooxoueio, B¢0tea ®AIT) eLPAVICOUV TTLO OUAAY OLOXVUOVON MELOLOV (POQTOV, ONAOT
EYOVV ELOEQYOUEVOVS ETTLPATES %A TLG OTTOYEUOTLVES 1) BOOOLVES (DQEC.

210 OLAYQAUUOTO TTOV OXOAOVOOVV TTOQOVOLALETAL 1| WQOLLO. OLOXVUAVOT TOV UE-
TOQOQLXKOV £QYOV YLO. TO GVVOAD TMWV XOTNYOQLOV TMWV OTUOUDV TOV UeTQo, Aaupdvo-
VTOG VITOYN TO UETAPOQLXO €Qyo g ITéuming 27/11/2003, tov asrotehel TNV TUITLXT
NUEQD, TNG KELUEQLVNG TUITLXKNG TTEQLOOOV (RaTnyoQla A, stivaxa 6). ExuhéxOnxe n mo-
QOVCLOON TNG YELUEQLVIS TTEQLODOV, OLOTL TTEQLAAUPAVEL TO UEYAAVTEQO UEYEDOC TOV
UETOAPOQLAOV €QYOV, EVMD OVTLOTOLY O ELVOLL KOL TOL ATTOTEAEOUOTOL VLA TLS VITOAOLITES TV-
TURES TTEQLOOOVG.

EmiBaTiki Kivnon KEVTIPIKWV OTABHW v

—e— Opdvoia —a— X0viayua —a&— [NavemoTipio
—¢— Mowvaotnpaki —¥— EvayyeNopég

Awayoauua 8. Hueonoia Stoxvuoavon (Iéumtn 27 /11/ 2003) axvomoewv eL01TNQlmvV
VIO TN YEWUEQLVI] TEQLOSO, TTOVS XEVIQIXOUS OTAOUOVG. FrowTovevii otovgeia: §]
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EmiBariki Kivion TEPHATIKW V OTABUW V
3.000
2.000
1.000
0-

Empdreg

&I

QQ.

—e— Adovn —s— EBvikA) Auuva —&— ZETONQ

Awayooupa 9. Hueonowa dvoxvuavon (léumtn 27 /11/ 2003) axvomoewv eL0LTNOLWY
VL0 TN YEWUEQLVY TTEQLOSO, 0TOVS OTAOUOVS AVTATOHRQLONG. [FewTorevi otovzeia:s]

EmiBaTiki Kivhon oTabuw v avtarmrokpiong
E‘ 1600 —— — — - S— . S —
E‘ 1.200
800
400

—e— ATTIKA —s— Napioa

Awayoouua 10. Hueonowa dtoxvuavon (ITéumtn 27 /11/ 2003) 0xvQmoemV eLOLTNOIWV YLl
0 XELUEQLVI TTEQL0S0, OTOVS TEQUATIXOUS OTAOUOTG, [rowTorev otovzei:s]
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Emiariki Kivnon oTaduw v TomKoU ev3Iap£poviog

Empdrec

—e— Ay.lwawwng —=— AKpOTTON] —a— AuTTeEAdKNTTOI —%— KaTtexakn —e— Méyapo
—+— Meragoupyeio N. Kéopog ——— Mavépuou —o— ZuyypouU PIg

Awayoouua 11. Hueonowa dvoxvuavon (ITéumtn 27 /11/ 2003) oaxvQmoemy ELOLTNOLWV
VIO TN YELUEQLVE] TTEQLOSO, OTOVS EVOLAUEOOVS OTAOUOVG, [TewTovevii otoueio:s]

9. vuneQaouaTo

I'L0 TOV TTEOOOLOQLOUS TV YOQUXTNOLOTIXMY TNG CHTNONG YLOL UETOPOQJ., OITALTELTOL
N AVAAVON TNG 08 HATAAANAN XOOVIXN KAl Y WOLUN ®ALuoxa. EToL, Yio TOV TQ00OL0QLoUO
TOV YUQOXTNQLOTLXMV TNG THTNONS TOV UETQO, QYA YIVETOL AVAAVOT TOV ETHOLOV e~
TAPOQLXOV €QYOV TOOO YLOL TO GVVOAD TOV OLLTVOV 000 %L Yo ®dBe 0TaBnoO. TN oUvé-
¥eLol eEETACETAL M Unviaior dLorVUAVOn NG, OOV ®aB0QICOVTAL OL YQOVIXES TTEQIOdOL,
Omov M CNTNOM TTAQOVOLACEL OUOLOL XUQUKTNOLOTILA HOL CUVOELOVTAL UE TTOQOUETQOVC
TTOV OYeTICOVTOL Ue TN YEVIXOTEQN AELTOVQYLO TNG TTOANG.

MeTtd ToV %aB0QLOUS TMWV TUITLLMV TEQLOOWY 0TN SLAQXELN TOV £TOVG, OVAAVETAL 1
NUEQNOLA. dLAKVUAVOT TNG CNTNONG, Ue OTOYO TOV KADOQLOUO TMWV GUYLOLVOVLOXMV KL
AELTOVQY XMV YAQUXTNOLOTLXMV TOV CVOTAUATOS. H avaAvon ouTy| emLTQémel TNV ov-
YXQLOT UETOEVY TV OTOOWMDV %L TN XOTNYOQLOTTOIMON T™WV 0TOOUmV TOU dUTVOV, O€
OUVOVAOUO e TN XWQEOBETNON TOVC, TLS AELTOVQYIXES HOL KHUAAOPOQLOKES LOLULTEQOTN-
TEC %O TO TTOAEOOOWLKA YAQOXTNQLOTLXE TNG COVNG €MLEQEONS TNS. ETOL, ®oToryQdgpeTaL
N NUEQNOLAL OLOXVUOVON HOL OL MQES OLLYUNS YLOL TN TUITLXY €ROOUAEdA, Yo ®dOe Tummunn
7TeQLOO0 AVGAVONG, OTOLYELD TTOV ATTOTEAOVV TLS OYEDLAOTIXES TTOQOUETQOVGS YLO. TN OLOL-
OTO.OLOAOYNON TV VITOSOUMVY KoL TNV EEETOON OEVAQIWV OYETLXKE UE TNV ETTLYELQNOLOXT
AELTOVQY (0. TOV OLLTVOV.

Emumtiéov, olvetal n OuvatdTNTo Lo TQOPAEYN TOV ETTLITEOOV AELTOVQYIOG TV 0TOO-
v ov Ba eviayBouv 0To dirTVO, OVAAOYA TLG XONOELS TTOV OYEOLAOTNHOY VO EEVITN-
QETNOOVYV, XOOWDS KOL TMWV EVOEYOUEVOV UETAROAMY OTOVS VPLOTAUEVOUS. AVOAVITIXOTE-
Q0L YLOL TOVUS VEOUG OTAOUOVS, AVAUEVETOL:
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e Avtwxn emténtoon tng Foauung 2
O véoc otabudg Ay. Avimviog (TeQUATIXOS 0TaOUOS, TTov eEvmneetel Ta OuTnd TQOd-
OTLOL), AVOUEVETAL VOL EXEL TOL YOUQUXTNOLOTLXA TTOV €xEL ONUEQQ O 0TaOUOS EOvinn Auvva.

e NoOTwo eméxtaon g F'oopung 2

O véog 01abudg A, TTovoyYOUANS, OVOUEVETAL VO EXEL TOL LOLQOXTNOLOTIXE TTOV €XEL OY)-
ueQa 0 otaBudS Adgvn, 0 0Tolog aTd TEQUATIXGS 0TAOUOS B PeTaTQoITEl 0€ EVOLAUE-
00 otafuo.

e Booela emténtoon tng oapung 3
270 TUnUe atd v EOvinn Auvva uéyol 1o otabud A. ITAaxeviiog, eviog Tov €Tovg
2004 (Avyovoto 2004), o hettoveynoovy ot otabuol Xahdvoot nat A. TThaxevtiog).

O 0100U6g XaAAVOQL AVOUEVETAL VO ATOTEAECEL £VOLV EVOLAUECO OTAOUO — TOTTLXOV
EVOLOLPEQOVTOG, e ®VQLO QY0 TNV EEVITNOETNON TUNUOTOS TOU A. XOAAVOQLOU (TTEQLOYN
HOTOLKLOS HOL TTEQLOYN LE EUTTOQLXT) OQUOTNQLOTNTA).

O otaBuog A. IThaxevtiog, Bo amoteléoel 0ToOUd avTamorQLoNg HeToEV MeTQd KoL
ITooaoTiaxov Z1dNQodQomov xat o atotelel Tov TELeVTAi0 0TOOUS TOV METQO YL TO
0.£Q00QOULO. AVAUEVETAL VO TTO.QOVOLATEL CUVOVAOUO TMWV ONUEQLVDV XUQUAKTNOLOTLLMYV
Towv otabudv EOv. Apuva xot twv oTabuoy ovtamdroLongs.

Avtiotouya, o otabuog EOv. Auvva, o atoxTHoEL TO YOQOATNOLOTIXG EVOLAUECOV
ot1aOuov.

Téhog, N avdhvon ot o€ emimedo oTaBUov, 0dNYel 0 CUUTEQAOUATA YLOL TNV EAXV-
OTROTNTA TOV OTOOUDV KoL TNV eQAQUOYY Oxedlmv avaBaOuLong Te, Ta oTola WTtoQet
VoL €LVaL OLOPOQETIXA YLOL XAOE TLTTLXY TTEQLOOO.
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Iegiinym

2NV eQyaoio auty ementelvouue OVUTEQAOUATA TTAANLOTEQNS €QYOOLOC Uag O(O0-
VTOG YO.QUATNOLOTIXG TTAQOOELYLATO OUOADV OAYERQIUMY OCUVOAMV TTAVM AITO €VO 0W-
ua k %0oontnoLoTivic undév, Tmv OolmVy oL SUXTVUALOL CUVIETAYUEVWOV ETLOEXOVTOL K-
TAQAYWYLOELS, TTOV OEV A@NVOUV OLAPOQO. TOU UNOEVIXOV YVIOLA LOEWOT TOVUS OVAANOL-
WTO (RUUAOC, RVAVOQOC, TTQAYUATIXROS TOQOG). To Yeyovdg auTd, TOL OeV LoYVEL VL0 OAO.
TO. OUOAGL OAYERQLHA OVUVOLDL (G OVTLITAQAOELYO. OLOETOL 1) TTQUYUATLXY OQaiQa) JTa-
QOVOLACETAL 08 aVTiDEON e TO OTL RATL TETOLO OEV UTTOQEL V. CVUPEL YLoL LOLALOVTO Ok~
vePoLra ovvola. Qg AUEOT CUVETTELD. LTTOQOVYV VO, KOTO.OXEVAODOVV atAOlL AOEOL OUKTV-
AMOL TTOAMVOVIUWV TAVEM ATTd TOVS SOUTVAOVS GUVIETAYUEVOV TWV TTOQAITAV® OAYE-
BV CUVOAMV.

Abstract

In this paper, we extend results obtained in an earlier paper by giving characteristic
examples of smooth varieties over a field k of characteristic zero , whose coordinate rings
admit k-derivations leaving no non zero proper ideals invariant. (circle, cylinder, real
torus). This fact, which is not true for all smooth algebraic sets (the real sphere is given as
a counter example), is put in contrast to the fact that this is not possible for singular
varieties. As an immediate consequence simple skew polynomial rings can be constructed
over the coordinate rings of the above varieties.

AMS Subject Classification (2000): Primary: 13 N15, Secondary: 14 A10.
Keywords: Derivations, differentially simple rings, smooth varieties.
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1. Introduction

All the rings considered in this paper are commutative with identity and all the fields
are of characteristic zero.

Let R be aring and let d be a derivation of R. Then an ideal I of R is called a d-ideal if
d(DCI, and R is called a d-simple ring if it has no non zero proper d-ideals.

In order to simplify our notation we shall write dI instead of d(I).

It is well known that, if R contains the rational numbers and it has no non zero proper
prime d-ideals, then R is a d-simple ring and also that a d-simple ring of characteristic zero
is always a domain [4; Corollary 1.5] .

If R is a d-simple ring and r is a non zero element of the kernel, say K, of R, then rR
is a non zero d-deal of R. Thus K is a field and therefore R is either of characteristic zero,
or of a prime number, say p.

In [8] we have examined the d-simplicity of a ring R in connection with its Krull
dimension. If R is a d-simple ring of characteristic p, then things are quite simple; namely
R is a O-dimensional quasi-local ring and therefore, if R is a domain, then R is a field [8;
Theorem 2.1].

On the contrary, if R is of characteristic zero and d is a derivation of R, then no
criterion is known to decide whether or not R is a d-simple ring, unless ifR is a 1-
dimensional (as a ring) finitely generated algebra over a field k [8; Theorem 2.4].

In [8] we have also presented characteristic cases of k-algebras with dimension greater
than 1 admitting derivations, which leave no non zero proper ideals invariant.

For the local case, if R is a regular local ring of finitely generated type, then there
always exists a derivation d of R such that R is d-simple [3; section 2], while a d-simple
complete local ring has always dimension 1 [8; Theorem 2.3].

Another important result for the case of characteristic zero is that, if R is a d-simple
G-ring (a wide class of rings containing all finitely generated algebras over fields, all
complete local rings, and which is closed under localization [5; pp. 249-257]), then R is a
regular ring [2; Theorem 1].

2. Geometric examples of d-simple rings

We start with some ideas from Algebraic Geometry , for which we refer freely to [1]
and [6].

Let k be a field , let n be a positive integer, and let Y be an irreducible algebraic set
over the cartesian product k". Then Y is called a smooth variety, if it has no singular
points, otherwise it is called a singular variety.
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KX, X,X, ]
I(Y)
denotes the ideal of Y in the polynomial ring k[X, X,.,...,X_]) is regular, then Y is a smooth
variety. Combining this with Theorem 1 of [2], mentioned at the end of the previous

section, one gets the following result:

It is well known that, if the coordinate ring R = of Y (where J(Y)

2.1. Proposition:

Let k be a field, let n be a non negative integer, and let Y be a singular variety over
k™. Then the coordinate ring R of Y admits no derivation d, such that R is a d-simple ring.-
Next we are going to present some characteristic examples of smooth varieties
having d-simple coordinate rings, for suitably chosen k-derivations d of them. We

emphasize that this is not always true; e.g. it is well known that the coordinate ring
IR[x,, x), X;]

2 2 _
2’X3 1)

S = of the real sphere, although it is regular, admits no derivation d,

(X2 X
such that S is d-simple. [3, section 3, example (iii)].

We start with the following example, which is a straightforward consequence of
Theorem 2.4 of [8]:

2.2. Example :
K[x;, X,]

m of the circle defined over a field k admits
X2+ X, —

The coordinate ring R =

k-derivations d, such that R is a d-simple ring.

Proof:

Since P = (x,2 + x,> — 1) is a prime ideal of k[X,, x,], we have that dim R = 2-height(P)
and therefore, by the principal ideal theorem, dim R=1.

Consider the k-derivation d of k[x, x,] defined by dx, =ax, and dx, = -ax,, for some
non zero element a of k. Since dPC P, d induces a k-derivation of R, denoted also by d.
Given f in K[x,, X,], set f=f+ P, then X_de_l — x_ldx_2= a. Thus the result follows by
Theorem 2.4 of [8], stating that, if d is a k-derivation of a 1-dimensional finitely generated
k-algebra, say R =K[y,, ¥,...., ¥, ], then R is d-simple, if, and only if, R = (dy .dy,.....dy,).-
Next, using the previous example, we shall further prove:

2.3. Exampe:

K[x,, X5, X;]

The coordinate ring C=-— > of the cylinder defined over a field k is d-simple
x +x°=D

for suitable k-derivation d of C.
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Proof:

Reconsider the ring R of the previous example. We can write R = k [X,, X,] and
C =kIX,, X, X;] = R[x;].

The derivation d = ix - iX1 of k[x,, Xx,] induces a derivation of R, denoted also by

2
axl ax2

d, and, by the previous example, R is a d-simple ring. We shall show that d can be extended
to a derivation of C, such that C is also a d-simple ring.

For this, observe first that any F in R can be written in the form F = Z g x , where n is
anon negatlve mteger and g is in k[x,], for each i.

But x2 =1-x, ?and therefore F = fxz +g, withf,g in K[x,]. This expression of f is unique,
because E + g =0 gives that fx, + g = h( xl2 + x22 — 1). Thus, on comparing the degrees
of both sides with respect to x,, it turns out that h = 0 and therefore f = g = 0.

We shall show further that dF # 1, for all F in R.

— - — - o 5 — 9g — of g —
In fact, dF= dfx, + fdx, + dg = — X, —fx+——x2=—(1—x2)—fx +—X,.
X, . X, ax1

_ 9 _
Thus, if dF = 1, by the uniqueness of this expression, it follows that % = 0 and
1

t
But f = Zaixli for some non negative integer t, with a, in K, for each i. Thus, equating

the leading coefficients in (1), we get that -(t + 1) a, = 0, therefore a, = 0, fact wich

contradicts (1).

d J Jd
Consider now the derivation —X, — =X, + —— of Kk[x.x,Xx], which induces a
axl 0%, ax3

derivation of C, whose restriction in R is d. Denote the above derivation by d as well, we
shall show then that C is a d-simple ring.

In fact, assuming the contrary, suppose that I is a proper non zero d-ideal of C=R[x,] and
let A be the set of the leading coefficients of all the polynomials of least degree, say n, in
1. Obviously then A is a proper non zero ideal of R

Let a be in A, then there is a polynomial F in I, such that F = ax," + terms of lower degree.
But dF = (da) x," + terms of lower degree is also in I and therefore da is in A.

Hence A is a d-ideal of R, so A=R.
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This means that there exists a monic polynomial, say G = X," + o, _X,"" + terms of lower

degree in I. Then dG = nx,™' + d(o, )X,""' + terms of lower degree is also in I and

_ 1 _
has degree less than n, therefore dG = 0. In particular n+d(a, ) =0, or d(-—a, ) =1,a
n
1
contradiction, since -—o, =F isin R.-
n

The following lemma is a consequence of Theorem 3.5 of [8]

2.4. Lemma:

Let A=IR[X/, X,, ..., X, )] be a polynomial ring over the field IR of the real numbers.
Then the IR-derivation d of A defined by
dx,, , = 0x,, d(x,)=— 0x,,, witha, in IR foreachi=12,...n,

A

X2+ %2 = 1, X, 2+ X

induces a derivation of the ring T= (denoted also by

2_1)

2n

d), such that T is d-simple if, and only if, a,, O, ..., 0 are linearly independent over the
ring Z of integers.

Proof:

Set I=(X2+X>—1,.,%, *+x,7— 1).Since d(x, >+x,” —1)=0 for each I, is
A

dIC I, and therefore d induces a derivation of T= T

Consider now the polynomial ring B = CIXps X wes X5, 1, where C denotes the field of
complex numbers and set 1¢ = BI. Then d extends to a C-derivation of B by

B
d(f+ig) = df+idg for all f,g in A, who lifts to a C-derivation of I (it is easy to check that
I¢ is a d-ideal of B).

A B
It is straightforwad to show that T is a d-simple ring, if, and only f, T is a d-simple ring.

Set y; = (X, +ix,) + I° and y;' = (x,;, +ix,) + I, j=12,....n.

Then we have that Xy + 1= i yj_] s X+ 1= y]—Tyll and Y, Yj'l =1+1I¢ for each j
. B

and therefore we can write o Cly,.y, " oy, vy, L

But d(yj) = [dxzj_1 + id(xzj)] +1°= (o, —iox,, ) + I°= —ioy, = by, and therefore the

result follows by Theorem 3.5 of [8], stating that C[y,.y,”, ...y, ¥, ] is d-simple, if, and
only if, the b, 's are linearly independent over Z.-
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IR[X,, X,, X X,]
X2+ %71, x2+x2-1)

For n=2 thering T = of the previous lemma is the

coordinate ring of the real torus, considered as a 2-dimensional surface in 4 dimensions.
Thus we obtain the following example :

2.5. Example:

The coordinate ring T of the real torus is d-simple for suitable IR-derivations d of T.
Proof:

d d d
Setd =X,— — X;— + OX,— — 0X
X, X, 09X,
the previous lemma.-
Combining the above examples with Corollary 3.6 of [7] one obtains examples of simple

skew polynomial rings over the coordinate rings of the corresponding smooth varieties.

d . .
ot where a is an irrational number and apply
X
4

3
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Meidyn

H dinhextount avtoyr tov egapboorotyov Belov éxel egeuvndel yia OLGgoQeg TTeL-
QUUATIXES OUVONHES AL NMAEXTQXES ATOTOVHOELS. OL unyaviopol xrotdaevong (Vtd
streamer 1) vtd leader) éxovv maQatnonOel xaL avolvbel ®oL ®QLTRQLO TEOPAEYNS TNG
Taong dudomaong éxovv mootabel. H mapovoa eoyaoio eEeTdlel ®al TQ00dL0QICEL TNV
eOQUON TMWV AATOOKEVOOTIXMDV TTOQAUETQMV %UL AELTOVQYIXMV YOQOATNQLOTIXWDV
OTNV SINAEXTQUXY aVTOXN €VOG OVOTHUATOS Ue uOvomon SF.. To xoQaxtnoLotind oud-
YQOUUE TAONS OLAOTTAONG-TTieoNS V(P) Ue TLS OLOKQLTES TTEQLOYES OLNAEXTQLUNG OVUTTE-
QLPOQAG KATOOAEVALETOL KOL AVIAVETAL.

Abstract

The dielectric strength of sulphur hexafluoride has been studied for different
experimental conditions and electrical voltage waveforms. The breakdown mechanisms
(by streamer or by leader) have been observed and analyzed and breakdown criteria have
been elaborated. This paper examines and defines the affect of industrial scale parameters
and characteristics on the dielectric strength of an electrical system isolated with SF. The
diagram breakdown voltage against pressure V(p) is plotted and analyzed and distinct
dielectric phases are revealed.
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A€Eerg - Khewdua:

SF¢, Ohextounn avtoyn, dLomoon, Loviouog aeQiov, corona, streamer, leader

1. Ewcayoyn

H mow 0vvBeon tov EEagbogrotyov Gtiov (SF() moaypotomomonxe to 1900 astd
tovg Lebeau xau Morisson, ota £QyaotioLe ™G PoQUaxevTinng ZyoAng tov Iovemt-
otmuiov MagLowov. Me Tnv Td.o0d0 TV %0OVMV OL PUOLKES, YMUKES, BEQULXES HaL OLN-
AEXTQXES LOLOTNTES TOV dleQiov pedetOnxav %ol mEoodLogiotnxav. OL moAvdoLBueg
OUTEC UEAETES AN KOL M UOXQOYQOVLL, PLOUNYOVIXNG KALUOKOS TTQUXTIXY EQPOQUOYT
OTTEOELEOY TNV EEQLQETIUT OVITEQLYPOQCE TOV KOl TO KAOLEQWOAV OOV TO AOLAPLAOVIXY-
TO LOVOTLXO 0€QLO OTNV OVYYXQOVI MAEXTQOTEX VXY BLounyovio.

Ol TTQMTES £QEVVES VL0 TIQUXUTIXES NAEXTQOTEYVIXES EQPAQUOYES TOV CLEQLOV TTQOLY 0L
tomroovvtal ot HITA 10 1937 aqot dLarmotdinre OTL TOQOVOLALEL OVADTEQN OLNAe-
UTOLXY CVWITEQLQOQA atd Tov 0€Qa. Etol to eEagbogLotyo OBeio yonoluomowmonxe o-
YRE YLoL TNV WOVOON HOAMOIWV %Ol TTUXVOTOV %KUL 0T CUVEYELD UETAOYNUATLOTMOV
(1947). H xonon Tov 0eQilov, 00V UECO OLOAOTTNS TMV NAEXTOLXWMV SIXTVWV LOYVOS, Ue
0ELoonuelm™ avoOTNTO OREONS TOV NAEXTOLXKOV TOEOV, EEXLVA OE TTELQAUATIXG OTAOLO
70 1953, €V OL TEMOTOL OLOKOTITES LOYVOG UEONG #alL VYMANG TAONG ue uovwon SF, #d-
VOUV TNV EUPAVLOT TOVS YUew oto 1960. ExTOoTe YONOLUOTTOLELTAL TOOO OTN UOVWOT
dLoaxomTwV (circuit breaker) %o TLVARWV LOYXVOC KAELOTOV TVITOV OO KL O€ VITOOTAD-
uovc G.I.S. (Gaz Insulated Substation).

H OmAenToxn Tov ovuwteQLepoQd. VTtd TNV emidQo.on NAEXTOLAMV KATOUTTOVHOEMY KOl
oL QUOLXOL WNXOVIOUOL OLEOTTOONG TTALQOTNENONKAY KoL AVOAIONHOV EVED NAEXTQOPUOL-
1O LOVTEAQL HOLL HQLTHQLOL OVAITTTVENS TMV UNYOVIOU®MY dVTMV OLooBmOnuay [1].

2. Kaumvin tov Paschen

H péytotn Sinhextunt avroyn evog LOVTIXOU 0EQiOV AMUUBEVETOL VL0 KOTOOKEVOL-
OTLRY) OLATAEN NAEXTQOOIMV TTOV ONULOVQYEL OUOLOYEVES NAEXTOLXO TTEDT0. O 0YEILAOUOS
TOV NAEXTQOAOYLHOV EEOTTALOUOV KOl TWV CVOTNUATWV PLOUNYOVIXNG KALUOKAS UE WO-
voon eEagBoLotyov Belov aIToonoTEL 0TV EAAYLOTOTOMON TWV TAUQUUETOWY OLVOUOL-
OYEVELOG TTOV B0 LITOQOVOAV VO, TTQOXOAEOOUV TOTTLXY| EVIOYVOT TOV NAEXTQLXOV TTediov,
YEYOVOS TTOV Bal EUVONOEL TNV £VOVON TNS EXKEVONG OE KOUNAOTEQES TLUES Tdone. Eva
OLaxeEVO DemQEELTAL WS OUOLOYEVES (N 0%EDOV OUOLOYEVES) EQOOOV O OUVIEAEOTNG OVO-
UOLOYEVELOS U TTOV TO 0QaxTNQICeL elval peyadvtegog amd 0,2 2], [3].
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T OLATAEN dLaxEVOV OUOLOYEVOUS NAEXTQLXOD TTediov, N Tdon didomaong V, elvar
QITAY OVVAQTNON TOV YLVOUEVOL p-d (Tleon aeQiov X ammrdoTaon OLOXEVOUD), YL OEOOUE-
v BeQuonQAoll TOV GeQlOV, CVUPWVO e TNV 0XEON TTOV ELVOL YVWOTH GOV VOROS TOU
Paschen. ['ia. T0 SF TreLQouotind 0e00UEVOL TNG TAONG OLAOTIAONG V, ELVOL YVWOTA YLo!
TUUES TOV YLVouéVoL p-d uéyol Tnv T Twv 3 bar-cm. To oyuo 1 TaQovotdler Ty meL-
QaUATLX ®OUTTUAN TOV Paschen yia ovvOireg doxtumy vitd ovveyn téomn. H xaumioin
TAEOVOLALEL Wi eEAALOTN TN Vs Tng TaEemg Twv 507 V n omolo. avTLoToLyel o€ TLu
TOV YLvouévou p-d {om e 3-10* bar-cm [4]. H o0ENOM TS TAONG SLGOTTOONG TTOV TTAQAL-
TNQELTOL OTO QA TNS XOUTTUANS OQEILETOL OF UelwOoTn TNG TLOAVOTNTOS LOVLIOUOU, OTLG
UEV YOUNAES TTLEOELS EEQLTIOG TNG ULXQNG OUYVOTNTAS XQOVCEMV LOVLOWOV, OTLS 08 WPN-
Mg méoelg eEotiog g Oéonevong Twv eAeVBEQWV NAEXTQOVIWV. T'LoL TLS PLOUNYAVIXES
EQPOQUOYES HOL HOTAOXEVES TO OEELO TUNUOL TNG HAUITTUANG ELVOL ONUAVTLXO.

1000
100
>
=
w
=
S 10/
3
Z
=
=]
3
=
1]
0’1 T T T T
0,0001 0,001 0,01 0,1 1 10

mieon X amdotoon dtoxévou [bar X cm]
Xynjua 1: Kouwvdn tov Paschen oto SF, yia ovveyn) Tdon Soxiuns Tov SLaxévou.

O vopog tov Paschen oivetal vo e{val (o, ONUOVTIXY YOQUXTNQLOTLXT TNG OLNAE-
UTQUUNG OVUTTEQLPOQAS TOV aeQiov. Q0TO00 08 QEOMOTIXES, BLOUNKOVIXNG KALUOKOG
EQOQUOYES AL CVOTIUALTOL TTALQOTNQOVVTOL OITOXALOELS OTLS MPNAES TTLEOELS 1) OTLS TTOA
WnEC 0TT00TA0ELS. Ol ATTOXALOELS 0VTES 0ONYOVV O€ TLUES TNG TAONS OLAOTTAONS OUPMDS
HOTWOTEQES AITO QVTES TTOV AMOUBEVOVTOL aTtd TNV ®OUTUAN Tov Paschen. Katd ovvémela
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eqv M taomn dldomaong xatd Paschen, oe 1dovirég ouvOnres onoLoyevolg mediov, elvat
V,,» TOTE 1 TQOYUOTLXT] TAOM TWV TTELQUUATIXMV doxLdY Oa eivan K, -V, . 6mov K, €vag
OVVTELEGTNG OLOUEVOL O 0TT0(0g Bl TTEETTEL VAL AGBEL VITOYT TNV OQEOT TTOMDV TAQUUE-
TQWV OTNV ONAEXTOLXY OUUITEQLPOQE TOV CLleQlov.

H moéhevomn, 0 QOMOG ®aL 1 ETLOQUON TWV ONUAVTIXOTEQWYV TTOQUUETQWV Bal avaL-
ABoUV TNV CUVEYELD.

3. Amhextoixég TaodueTrgot Tov SF(

3.1. Elev0ega copotioln

Z1eQed eheVBeQo OUATIOW, OLAPOQWV UEYEDDV KoL LOQYPMYV, UTOQOVV Vo, ONuL-
oVQYNBOVV 0TO E0MTEQLXO EVOS FLOUNYAVIXOV EEOTTALOUOV (TTY, OLOXOTTTT LOYVOC) KOTA
TO OTAOLO TNG TTAQAYWYNS GAAG ®OL TNS AELTOVQYLOC TOV. Evid Ta novewtind owuotiolo
oev €yovv xouta etdoaon [5], T uetohArd cwuatiola avtibeto «vobLoTovv evdhmwn
™MV UOVWOT TV JLOUEVOV EEQLTIOG NS TOTTXNG EVIOYVONG TOV NAEXTOLHOV TTEdIOV, €V-
VOMVTOS TNV dNWOVQYIOL ®aL OVAITTTUEN NAEXTQOVIXMV OTOLRAdWV [6], [7]. Ze peydia
dudreva, €xel aatnENOel M AvATTTUEN TOV streamer oo TO £veQYO NAEXTQOLO KT TQ-
Y4 UéxoL To owuatiolo, tov Poloxetal oe nivnon vrd TV emiOQAON TOV EEWTEQUKA
EPAQUOCOUEVOD OTO SLAKEVO MAEXTQLXOV TTESIOV, YLOL VO OAOXANQMOEL OTNV CUVEYELQ
™V SLASO0Y) TOV UEXQL TO aVTIBETO NAexTOOL0. H emidQaon Tov 0UaTdlov dvEAQveL e
TO WEYEDOS TOV (OLAUETQO 1) UNUOG) KOL TNV TTLEON TOV EQiov [8].

SZVUVETMOS 0VOTNEOS TTOLOTLXOG EAEYYOG OITOLTELTOL HATE TNV RATAOREVY %L OEom o€
AELTOVQY (0. TOV NAEXTQLLOV EEOTTALOUOD, EVE ONUAVTLXY KQIVETOL ROl M TOTTODETNON €L~
OV eE0QMUATOV OEOUEVONG TV UETOAALXMY COUOTIOIMV TTOV INULOVQYOVVTAL KO-
TA TNV AELTOVQYLM, TTY OTTO TIG ETTAPES EVOS OLAKOTTTN LOYVOC XOTE TNV OLAQREL EVOS
YELQLOUOV OLOXOTTC.

3.2. Movotind vixd

H 0maoEn LoveTikon VAXOU (T EE0OTAUOTOS TTOV OITOTEAEL TUNUO XOTAOLEVC TOV
OLAXOTTTN LOYVOG), ELOWUAL EGLV TTAQOVOLATEL VYMAT) OLNAeXTQLXY] 0T0DEQCL, EmtNnEEedleL TNV din-
AEXTOLXT) CVWITEQLIPOQC. TOV GLEQLOV 0P’ EVOS YLOTL LEUDVEL TNV TTEOLUXY €VTOoN OLAOTTAONG
[9], ag’eTéQov Oe yLaTl TQOTTOTOLEL TLS (OQOXTNOLOTLXES TNG OLag TG exnévaong [10]. To
POLVOUEVO QUTO OTTOSIOETAL O€ TTOMAOVS UNYAVLOUOVS: TNV TTOQAUOQPOOT TOU NAEXTOLLOV
7tedloV, TNV EXTTOUTTY COUATLOLWY OTTO TNV ETTLPAVELD TOV UOVITIXOV, TNV WOAMUVON TOV Oe-
otov (eEautiog ™G AIT0QQOPOVUEVNS VYQUOLUS XOL TV OECUEVUEVIV OWUOTLONWV) KOL TO
oQTia emupaveiag. Ta onueta TELITANS OVVUITOQENS, ONACON UETAAALLMV NAEATQOOIWV, CLe-
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QlOV Ol UOVITLXOV, TTQOXUAOUV EVIOYVON TOU NAEXTOLHOV TTEOLOV, KATL TTOV EVVOEL AL
ETLTOYVVEL TNV OLAOTTO0N XOOMG M EXXEVION 0ONYELTOL (OLEVXOAVVETAL) OTTO TO LOVWTIXO
[11]. Avorohio eAEYYOV TWV TOQOITAVD UNYXAVIOUMY WOTOCO GITOTEAEL TO YEYOVOS TS M
QVATTTVEN VOGS MAEXTOLXOU TOEOU (ONAEXTQLXO 1| OLOKOTING-OTTOCEVENS) WITOQEL VL £TTNQE-
AogL TNV OLOOLHAOLA OLAOTTOLONG XATA TNV AUECMS ETTOUEVT EQPOQUOYN TAONG.

3.3. Mayvntixo nedio

H eqaouoyn evog naryvntixov mtediov ®AOeTo 0T0 NAEXTOLXO TTEDO0 eTNEEGLEL TOV LO-
VIOUO XAl TOVS UNYXAVIOUOUS OLEOTTAONS 0TO aéQLo, eEQLTIOG TS 0ENONS TG TLBavo-
TNTOS OVYXQOVONG TMV OOUATLOIWY 0T dLevBuvon tov mediov. TTelpouotinésg eQyaoies
OELYVOUV TS VL0 OUOLOYEVES NAEXTOLKO TTEDLO TO EAYLOTO TNG ROWTVUANG Paschen Vs
UELAVETAL YLO TLUES TOV UayvNTIXOV Ttediov wéy ol 4000 G oL 0TV OUVEXELD QVEAVETOL
0ye0OV YQOUUULXA VL0 TULES TOV TTediov B ueyoivtegeg amtd 4000 G. Eqv avagpeQduoote
070 OEELO TUNUOL TNG KAUTTUANG ToV Paschen, 1 eqpoQuoyr evog HETQLOV 1) LOYVQOV -
YYNTLxoU Tediov avEavel Tnv tdom dudomaong [12]. Qotdoo, Yo ovvOixeg LoV avo-
UOLOYEVOUG NAEXTQLXOV TTEDLOV, TTOV VITOPAMAETAL 08 €YXAQOLO UayVNTIXO TTedio, M Téom
1OTAQEVONS OgV eNEEALETOL OTTO TNV VITOQEN TOV TTEdLOV.

3.4. Po)og TV NAexTQ00IMV

IToMEG TTOQAUETQOL TV NAEXTQOSILWV, OTTWS TO VALKO TOVC, 1) ETTLPAVELDL KOL XVQLWG
N WXQOOKOTTLUT HOTAOTOON TNG ETTLPOVELOS TOVS, WTOQOVV VAL ETNQEACOVV TNV SLNAE-
ATQUU AVTOYN EVOS SLanévov SF. O QOROG TV NAEXTQOOLWV £xeL avolvBel astd TOAEG
€QEVVNTIXES OUAOES. Ta ®xVQLOTEQO CUUITEQALOUOTA TTOQOVOLALOVTAL TNV CUVEYELO.

() Emupavere. tov nhextodiov: H a0ENON ™G EMLQAVELOS TV NAEXTQOOIWV TTQO-
®OAEL Uelmon TG Taong dLdomaons oto SF, dtav 1o medio yivetar g TdEemg Twv 100
kV/cm [13]. To qovOUEVO auTo JTOV EVIOYVETOL OTLS VYNAES TTLEOELS E0QTATOL OITO TNV
TTOMAOTNTO KAL TNV LOQYPY} TNS EPAQUOCOUEVNS Tdong [3].

(B) YA nataoxevig: TO VALKO ®OTAOREUNG TWV NAEXTQOOIWV EXEL ULXQT ETTLOQOIOM
OTNV OQUXTNQLOTLAY OLAOTTIAONG TOV SF(, 0NV TTEQLOYN LOYV0S TOV VOOV Tov Paschen
(WxQég TLuég Tov pd) [14]. AvtiBeta, 1 emidQaon TOU VALKOV YivETAL 0ELOONUELWTN OTLS
VYMAEC TTLEOELS (> 4 bars) xoL oTol Loyvd Tedia (= 200 kV/cm) [3]. H tdon didomaong
emnEedeTal ®xVoiwg arrd To VAKO g nabddov. O Cookson moaryuatomolel wio xotd-
TOEN TV VAMAMV ROTOUOREVNG TNG ©AOOO0V Ue HQOLTHOLO TNV QUENON NS OLNAEXTOUXNC
avToYNG: AvOQAXAS — VIXEMO — OAOVUIVLO — PeVdEQYVQOS — a.ofuL — xdAVPaS — 60EQO
— xOAOC — avoEeldmTOog Yahvpag [15].

Q01600, oL €Qyaoieg Tov Berger €0el&av mwg 1 WOAVVOT TOV GeQlOv Ue aTUOVG Ve-
0V (VYQUoia), 08 OVYREVTQWON TNG TAEEwS Tmwv 2000 ppmy, UTOQEL VO TQOTTOTOLNOEL
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TNV YOQUATNQLOTLXY OLAOTTOONG TOV SF¢ 0tOU0L now 08 TECELS IrQOTEQES TwV 4 bars
[16]. To aLvouevo auTd aTodLOETAL 0TIV UELWON OEoUEVONG TOV PBOQLOV ®aL OTNV Q-
Enon déouevong Tov 0EVYOVOU 0NV ETLPAVELD TNG ®aBOdOV, e TNV Uetwon g xabo-
QOTNTAS TOV 0eQloV UECOV, OONYMVIOS O Uelmon TS avioyc eEoLTiag TV unyavi-
OUMV OEVTEQOYEVOUG EXTTOUITTNG OTO €TTirtedo TG ®0BO00v [17]. Emtindivym g ®a8dd0v
ue AemTO UOVOTIXO OTQMUO EMAYLOTOTTOLEL TOV QOAO TOU VALKOU %L PEATLMOVEL TNV
OVIOYT TOV OVOTNUOTOC ETTAPMV (MAEXTQOdLWV) - aieplov [18].

(y) Karaostaon tng emgpaveiag: To MAEXTQOOL0 (YEVIXG OL UETAAMAKES ETTLQPAVELES
UAELOTOU ONAEXTOLXOV OVOTHUATOS) TTOQOVOLALOVV WKQOUKIOES, OLOPOQWYV LOQPMmV
1Ol OLALOTACEWY, TTOQOAM T, UETQA TTOLOTIXNG HOTUOUEVNS. AVTEC Ol LLXQOOXIOES WITO-
QOVV £TTLONG Va. AMMULOVEYNOOVV KoL KATE TO OTAOLO INAEXTOLUNG AELTOVQY S eEatTiog
TOV UETOPATIROV TOEWV OLAOTTOONS (TOTTLXY THET, OLEFOMOoN KoL TQOTOTOINON TNG ETTL-
pavelag). Muxgooxomixn avdivon EDX Twv UeTAAMAKOV ETLPAVELDV TTOV £XOVV VITO-
oTel TNV 000N MAEXTQIUMV EXKEVOEWV ETLTQETEL TNV TTOQATHONON %L POTOYQAPLOT
ULLQOUXLOWV TO MPOg TV OTTOLMV elval TNG TAEEMWS UeQLXMV um. OL ULxQooideg av-
TEC TTQOXAAOVV TOTLXG ONUOVTIXY EVEOYVON TOV NAEXTOLXOV TTEDLOV UE QTTOTELETUOL TTAN-
0lov ToV £veQYOD NAEXTQOOIOV (aXidN) TO MXQOOKOTUXRNG ®Alpaxag TTedto E . va yive-
TOL WEYOAVTEQO TNG UEYLOTNG TLUNG TOV EEMTEQLXA EQPUQUOLOUEVOV LOXQOOAOTTLLOV TTE-
olov E_, . H evioyvon yogaxteiCetar ue tov ovviedeotiym = E . /E_  #ow 50QTdToL
07td TIG YEMUETQUAES TTOQAUETQOVS [19].

SVVETTMOC £V EEALTIOG TNG UXQOOXIONS TO KQLTNQLO TOV KQIOLUOV NAEXTQLXOV TTED(-
OV LXavVOTTOLNOEL TOTTLXG, 1 EXXEVWON WTOQEL Va. EexLvnoel O¢ emimedo TAONS RATMDTEQO
aItd QUTO TTOV OVTILOTOLYEL OTO UOUQOOUOTILKO MAEXTOLXO TTed(0. Me Aon TO ®QLTHOLO
TOV streamer o Pedersen amédelEe Bemontind OtL pia: rgoanioo tovg H , dev emnge-
GCer TV TAON EVOVoNg WLAG exxEVong edv TO Yvouevo p-H  oQauéver urQdteQo
TV 40 bar-pum, evd VITOAGYLOE ®oL TNV UETABOA TNG TLNg ®olowwov mtediov E . (a>n)
o€ ouVAQTNOM TOL YLvouevov p-H, [20].

mac

3.5. AvouoLOYEVELX dLOXEVOV

To Lo ¥ONOLUO TUNUA TNS ROWTVANS TOV Paschen yuol TIG TQOXTINES EQPAQUOYES El-
vaL TO OeELO TUNUA TTOV TTAQOVOLATEL TNV UOQMY) EVOElOC e TOVG AEOVES TNV AOYOQLO-
wexn) xhtpoxo. Tvo To Tujuo ovtd 1 Taom SLAoTaons UTTOQEL VoL TTEQLYQA(EL atd wia e&l-
OWON YOOUUXOTNTAS TNG HOQYNS:

V, =K, - (pd)* (35.1)

Evog onuovtinog aQdyovTag asmoxAong oItd TOV JTOQATTAV® VOUO TNG YOOUULOTN-
TOC elvol 0 PaOUOS AVOUOLOYEVELOS TOV SLAKEVOD, O OTTOLOC EEQQTATAL OTTO T YEWUE-
TOWAL YOQOXTNOLOTLAG TV NAeXTEOOIWY. H mapduetoog mov ®aboilel Tov fabud avo-
UOLOYEVELOG ELVOL O OVVTELEOTNG XONOMG TOV TTediov u. Oiletal oav o Aoyog E_ /E

mean max
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(6mov E_ - €lval T0 uE€oo nAextourd medio oTo ouxevo xow E 1 uéyrotn medtomn £vio-
01, 0TO €VEQYO NAEXTQOOLO TTOV £)EL TNV WKXQOTEQN UXTIVO XOUTVAOTNTOG) KoL EEQQTA-
TOL OTTO TO YEWUETQLUA YUQUXTNOLOTIXA TOV dLaxévov. O OUVTEAEGTNG QUTOS WITOQEL VoL
VITOAOYLOTEL VL0 OLOPOQES YEMUETQLES TOV OLOUEVOV OTTO TLS TTAQUXATW OYEOELS [21].

mean

(a0) T'vo. 0VOTNUOL HVO OUOKEVTQLLMV KVALOQLXMDV NAEXTQOOIMV UE AKTIVO ECMTEQLROV HV-
MVOQOV R o axTivo eEWTEQLXOV HVALVOQO R

u=R, - In®RR,)/R.-R,) (35.2)

(B) Twor oVoTNUO. SLAKEVOV NULOPALQIUNG aXIO0G — ETTTTEONS TTAGKAS UE OXTIVO KOUITV-
MoTTac axidog R xou amwdotaon dwoxévov d:

u=[0,6162 - (d/R)*716 + 1,1377]" (35.3)

(y) T oVvoTUOL LOHEVOL TTOQAPBOALUNG OxLdOG — eiTTedNS TAGXOG UE OUTIVA HOWUITV-
MOTTOC axidog R xot amwdoTtaon duoxévou d:

u=R-In(l +2d/R)/ (2d) (35.4)

Edv 0 ovvteleotg u elval peyaAteQog amrd 0,2 toTe To dLaxévo WtoQel vo Bewon-
Oel 0yedOV onoLoyeves. T'La TETOLO OLAKEVO 1 ETTLOQOOT TNG YEWUETQLOS TTEQLYQAPETOL
otd TV TOodTNTO U” OOV Z Wio otabed [21]. H tdon did.omaong Tov dLoxévou Uo-
el va extiunOet amd v oyxéon:

V, =K, - (pd)*- v (35.5)
omov: z=0.85, a=0915, K, =1321 ywa »ab0Qo SF.

Q0TH00 1M TOQATAVM O0YECT TTOVEL VO. LOYVEL UE TNV CLUENOTM TNG OLVOUOLOYEVELOS TOV
dLaxévov.

T avopoloyeveg oLanevo (U < 0,2) 1 téom OLAoTOoNS (VoL LOLWUEVY O OYEOT UE
TNV TLUT TTOV AVTLOTOLYEL 0TV ®OUTTUAN TOov Paschen.

3.6. Aégreg mooonitelg

H mo.Qovoic 0To e0mTEQXO TV NAEXTOLAMV CVOTNUATWY VPNANS TEONG UE LOVOOT
SF, avembount oAAd m0TO00 aVaTTOPEVXTN TTAQOA. TOL TEYVIXA UETQA TTOV AAUPAVO-
VIOL ®OTE TO OTAOLO XKATOOAEVNS TOV MAEXTQLXOV €EOTTALOUOV, CEQimV TQOOUIEEWY,
OTmwg M VYoot (ATUOS VEQOV), O 0£QUG, TO OSUYOVO 1) TO ALMTO, UELDVEL TNV OUYKRE-
VIQWON TV SF¢ #a 0oMyel yevind og virofaduton g OMAEXTOIXNG CUUTTEQLPOQUS KOL-
0C ®aL 08 UETOPOAN TOV XOQUXTNOLOTIXMV TWV UNYAVIOU®V ®oTdogvong. OL moQd-
YQOLPOL TTOV 0XOAOVOOVV GUVOWPILOVV TO ®VQLO. CVUTTEQAOUOTA TMV EQEVVMV JTOV JTQMLY-
uatomombnxayv oe autd TO TEd(O.
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3.6.1 Yyoaoia

H moovoio vyQaoiag 1o eomteQurd evog dlaxdmtn 1 evog ovotiuatog G.1.S. ne
agoua wovoon SF, Beweeitar mg évog unyaviopog vItopaOULONG TV SINAEXTOUXDV LOLO-
TATWV %Ol GOTOYI0S TNG 0€0LOS WOVWONS [22] TQOXAAMVTAS COBAQA TEXVIXA TQORAN-
UaTo 070 NAEXTOWO SixTvOo. EmitAéov 1 vyaoio (atudg veQov) uvoel Tnv dOnuLovgyia
VITOTTQOLOVIWV ato0vvheong Tov SF, Tal 0TT0L0l TOQOVOLAZOVV SLABQMTIAY YUQUXTNQL-
OTIUN OVUTTEQLYPOQGL [23].

H C.I.G.R.E. avo@éel g UEYLOTN QITOEXTN OUYXREVTOWON VYQOOLOC, AT TNV EYROL-
TAOTOON ULOG NAEXTQUXNS CUOXEVNC, TNV TN Twv 600 ppmv [24]. Qotdoo, elval yvm-
07O TTWC, OV KO 1) AQY AT TTEQLEXTIXOTNTA VYQAOTAS BOLOKETAL EVIOS ATOEXTMV 0QLWYV,
N OVYXEVTIQWON TNG VYQOOLOS AVEAVETAL UE TO YQOVO, EEQLTIOG T™NG OTAOLOXNG OTTOOE-
OUEVONG VYQUOLOG aItd TO VAMAKE ROTOOXEVIS TNS tOLag Tng ovoxewng [25]. Emimeda
vyootag g TEENS Twv 2000 ppmyv €xovv uetonbel oe ovyyxovoug G.L.S. vd Aettove-
via [26]. H ovyxéviomon g vyQaoiog 0To 0£QLo ®oL M TOOOTNTA VYQUOL0G TTOV EUITE-
QLEYETAL OTLS OLAPOQES OUVLOTWOES TNG OVOXEVNG OeV elval otabepéc, ahAd avtiBeta
TO.QOVOLACOVY (Ll OUVAULXT UETABOAN TTQOS ULa XA TAOTAO0N L00QEOTiag. H avEnon tng
Beouoxoaoiag, 6w ovuPaivel 6TOVG JLOUOTITES LOYKVOS AOYM TOV NAEXTOLXOV TOEOV,
WITOQEL VO TTQOXAAEDEL TN UETOTOTTLOT TNG LOOQQOTTLOS TTQOS TNV HATEVOLVVON TNS 0€QLUC
edong (AIENOM ™S CVYXEVTQMONG TNG VYQO.OLAS 0TO 0€QLO). TLol Loy avixovg OLono-
TUTEG LOYVOG SF¢ pe vy vOTNTA AELTOVQYIOG 0V0 POQES TO Ufva 0 QUOKOS aENOMG TN
vyootag xvpaivetol amd 23 uéyot 43 ppmv/uiva [27].

TTooxelnévou va xaBoQLobel 1 eTldQAON TS VYQUOLOG OTN ONAEATQLXY CUUITEQLYO-
Q0 TOV SF(, ONAEXTQUXEG OOXLUES TTQUYUATOTTOMONXOV OTTO TNV EQEVVNTLXY OUAdA TOV
G. Berger, yL0. OUYAEVTIQMOELS TNG VYQOOLoS Uéyxol 3000 ppmv. OL TELQOUATUKES K AQU-
HTNOLOTLXES OLAOTTAONG KOOLOTOVY QOVEQN TNV CLQVNTLXTN ETTLOQ0.OMN TNG VYQUOLOS, HOOMDS
N 0OENOT ™G TQOXAAEL TN UElMON TOOO TNG TA.ONG KOTAQQEVONG TOV 0EQLOV OO KL TV
YOOVWV LAOTTAONG, ELOWMA VL0 TTLECELS LeYaAUTeEQES artd 2 bars [26]. H vyoaoio tooxa-
el ™ petdfoon amd To WNOVLIOWS TOV streamer JTQOg TO Unyoviowd Tov leader, yeyo-
VOGS OV eVVoel TN Uelwon Tg Taong SLAoTaong ®aBMS KOELATETOL YLOL TNV AVAITTTUEY TOV
EVa MAEXTQXO TTEDLO YAUNAOTEQNS TTEOLOANS EVTOONG AITO OVTO JTOV OITALTEL O UNYAVL-
ouog tov streamer [28]. H pelwon Twv xodvawv OLGomaong atodiOeToL 0TV JTUQUYWY
TANOmEag NAextEoviwv amd aevnTnd 1ovta, tov Tumov O, (H,0)n, OH (H,0)n %ot
H,O(H,O)n, tov omoimv n ruxvotto avgdvel pe Ty vygaoto. H avgnon tng mbovo-
TNTAS EUPAVLONG NAEXTQOVIMV UELMVEL TO OTATLOTIXO XQOVO YLOL TNV dNULOVQYIOL TTQO-
TOUTTAOV %Al Pnudtov tov leader [14].

3.6.2 A¢guo piypota

AV ®oL M LEYAAN XONOLUOTNTA KOL ) OVOTEQOTNTO. TOV eEQPBOQLOVYOV Belov WS Ho-
VOTIXOU 0eQlov 0V au@LopnTeitol, Wiynotd Tov ue adQavy aéQLa YONOLULOTTOLOVVTOL
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OUYVA Lo TN UELmON TOV ROOTOVS OAAG HOL VL0 LOLOLTEQES LOUNYAVIXES EQPUQUOYES
OOV OITALTELTOL 1) BEATIOON OQLOUEVOY GQVITIXMDV WOLOTHTWVY TOV SF, ®1Qlng 0TI %a-
Unhég Beouoraoteg N 0Tl VYMAES TTLEOELS. Ol OINAEXTOLXES LOLOTNTES HOL N LLAVOTNTA
OBEoNg TOV NAEXTQLXOV TOEOV €xOVV £QeVVNBEL YoL TTOMAG 0QuLaL miypato Tov SF e to
GTOTO, TOV ATUOOPOLQLXO 0EQA, TO TALO, TO VOQOYOVO, TO 0QY0, To CO,, T0 N,O. T'evi-
%A, OTTWS KAL YLOL TNV VYQAGLOL, YLoL OEOOUEVO OLAKEVO SOAULLMDV 1 TTAQOVCIM EVOS OeVTE-
QOV 0eQlOV UETAPAMAEL TNV OINAEXTQOLUY CUWITEQLPOQA KOl TTQOXOAEL UeLmwON TG TAONS
owdomaong oe oxtéon ue 1o ®obaQo SF [29]. To Y0QUATNQLOTIAG AVATTTUENG TNG EXXE-
VOGS, NAEXTQULG KOL OTTTIXA (EXTTOWITY) PMTOC), TQOTTOTTOLOVVTAL UE TNV UETAPOAT TNG
NAEXTQUQVNTIXOTNTAS TOV 0eQiov uiynotog [30]. ZvyrexQuuéva, avEdvovTag TV ov-
YHEVTQWON TOV SF(, O streamer YiVETOL AETTTOG e UELWUEVES TOGO TNV Y WQLKY TOV EXTOL-
01 000 %AL TN PTELVY TOV £VTAON).

2e pliynata SF, — N,O, o unyoviopog tov leader agyiler var eugaviletor otov 1 ov-
YrEVTewon Tov SF¢ vteePet To 10%. To eQopatind arrotehéonato delyvouy OTL ue Ty
aVENOM TNG OLVYREVTQWONG TOV SF, Ta frinata Tov leader yivovtal Lo wuxQd eve Tow-
TOXQ0VOL. %L M xQOoVirN ®abvoténon T, ueTaEl dVo dLado KMV nudtwy leader pevm-
vetar. Kat yio Toug 0vo Timovg dLdomaong, 1 avEnon g ovyxEVIQmOong Tov almTov
TTQOROAEL TN UELMON TOV NAEXTOLXOV TTEDIOV TTOV OTTOLTELTOL VLG TNV OOLAKOTTY CVATTTU-
En NG exxévmwonc.

TLo. OUOLOYEVES NAEXTOLXO TTEDLO, OL TTELQUUATIXES KOWTVUAES TOV Paschen delyvouv
#0000d OTL N TAON KOTAQEEVONG UIYUATOS TUTTOV [SF-0e0TEQO 0£QLO] TTOQOVOLATEL Mel-
won. H pelwon peyohdver pe Ty oENom g ouyxrEVIQmong Tov devTeQov aegiov (N,
a£Qag, N,O). I'a. xdbe TOIT0 0.eQiov UiyROTOg, M #QLOLUN TUUT TOV OVIYUEVOD NAEXTQL-
%00 1edtov (E/p),,,,» N OTTOLOL VTLOTOLYEL 0T RATAOTOON LOOTNTAS TMWV GUVIEAEOTOV A,
naw m, Wroel vo uetenbet. H xoiowun tiun avEdver pe v nAextooQvnuirdTno. Tov
uiyuarog. Tuor dudmeva ouoLoyevoug NAexToLrov mTediov #at Yo piypota SF, — N, 6mtwg
naL 070 ®abaQd SF, ov Malik xaw Qureshi [31] 1Q00010QICOVV wior pabnuatixy exgQa.-
01 YL0L TOV VITOAOYLOUO NG TAONS OLAOTTO0oMG.

V,=k /C_ +(Ep),, p-d (3.6.1)

ue TG Teg Twv K, Cnow (E/p) ) VoL EE0QTOVTOL aITO TN 0VUVHEST TOV WIYUOTOG.

crm

To ovvOreg 0vouoLoyeVoUs NAEXTOLXROV TTEQ(OV, OL TTELQOUATUIXES YOQUXTNQLOTIAES
AOUTTVAEG TAONG-TTEEONG RATOOXEVAOTNXOV YL VLKA Uiyuato Tov SF, ue 1o GCwto [6],
[32], [33] ®oL TOV OTUOOQALQWXO aéQa. [34], [35], ®abmg %Al ue TO HALO, TO GQYO, TO
VOQOYHVO, TO N,0, 10 CO, [29].

2TIG YOUNAEG ®OWL UEOOLLES TTLEOELS, TO SF, TTaQOVOLALEL 0dLOpLOBATNTO TNV ®AAOTEQN
ONAEXTOLXY CVITEQLYPOQA. ZTNV TTEQLOYT TV TTLECEWV QUTMYV, 1 ONAEXTQLXY OLGOTTOOM
axohoVOEL TNV EUPAVLON TOV QALVOUEVOL TNG corona. OO0 1 OVYXEVTQWON TOV SF¢ 6T0
uiyua avgdvet, TOO0 M OLOPOQE OVAUETO 0TN TLUN TNG TAONG V, TTOV OVTLOTOLKEL 0TIV
€VOQEN TNG corona %aL 0T TLUH TNG TAONG OLGoTTOoNG Vi YIVETOL TTLO UEYA.
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Q01600, 0TI VYNAES TTLETELS, OQLOUEVOL LEYUOTOL TTAQOVOLALOVV, VL0 OUYKEXQLUEVT|
TTEQLOYN TTLEOEWV, EVVOLXOTEQES ONAEXTOWES LOLOTNTES. TO @arvouevo avtd Bo wro-
oovoe vo. atodmBel otV evioyvon Tov QOAOV TNng oTabeQormoinong (stabilisation) g
corona ota ULYLOTo 0UTd, 0ONYmVTAS o8 VWYNAOTEQES TUUES TNG Tdong dudomaong [36].
OL TTELQOUOTIXES XOQAXTNQLOTIXES V-P OElYVOUV TTWG 1 ®QIOLUN TTLEON EVOS UiYUATOS P,
elvow ouyva avateen atd Ty xeiowun stieon p, Tov xabaQov SF,. Katd ovvemela, yio
auTd To Wiyuata, n Laovn 6Tou N ®oTAEEEVoT 0X0A0VDEL TNV AVATTTVEN TNg corona (Td-
omn dudoTaong > Taom €vaQENg corona), elval oapMOS LEYOAVTEQN TNG AVTLOTOLYNS COVNG
yua 70 %000 SF.

Avtibeta, 600V 0QoQd TNV TLun TN TAoNg £VaQENG TNG corona, 1 Tuun yia To SF &l-
VOL LEYOAUITEQN AT TNV TLUN TTOV UETQATOL VLo TO. iynoto. Ov Malik xou Qureshi stoo-
telvouv wio oyxéon, maeduoLo te vty Tov taovoldobnxe od tov Nitta yio to ®obo-
Q0 SF,, m omoia emiteémer TV extiunon g eAdyLoTng Téong £vaENS Tng corona yuo
uiyuata SF-N, xou yuo avopuoLoyeveg medio [31].

V. =EMP)y, p-d-u-[1+C_ /Vp-R] (3.6.2)
ue TG TueEg tov C o non (E/p),,,,, Vo eE0QTMVTaAL 0td T 00vBeon Tov uiyuatog.

Ou Kulkarni xow Nema wQotelvouv (io JTELQUUOTIXY EUTTELQLAY OYEOT EXTIUNONG TNG
TGoNG OLGoTTaoNG V,, 1 0TTola elvar VYNAOTEQRN TNG TAOMNG EVOQENG OTLG UEOULES TILEOELS.
H oyéon haufpdver varoym tnv ovvBeon TOU 0eQiov UEYLOTOS XL TNV 0.VOUOLOYEVELD TOV
OLOKEVOV %Al €xeL TNV 0xOAOVON woen [21]:

V,=K, - (p-d*-u” - exp(K, - N?) (3.6.3)
émovu:
z=0,85,a=0,915,
N 1 em to1g % ovyréviemwon tov SF,
K., K, ®au b petofintéc mov #abooiCovrar avaroyo e To uiyua,
U O OUVTEAEOTNG AVOUOLOYEVELOS TOV OLAKEVOD.

H oyéon (3.6.3) eqo.oUOCETOL 08 YEMUETOLHES CUVONUES ENAPQMS ALVOUOLOYEVOUCS TTE-
otov (u>0,2).

3.7. ®ovopevo otadeQomoinog

To aivopevo g otabegomoinong (conditionning effect) yaooxtnoiletal amd tnv
UETAPBOAN TNG TAONS OLAOTTAONS EVOS CVOTHUOTOS NAEXTQOOIMY, Ue TO TANBOS TV OLa-
QOYLAWDV ONAEXTOLXMDV OOXLUMV TTOV 0dNYOVV 08 OLAOTTOOM, Yo Vo, 0TofeQomoindel Te-
Mxd og wia LU M orotal UIToQel vau elval vmAOTEON N XOUNAOTEQN TNG TLUNG TTOV UE-
TONON®E ROTA TNV TOWTN OLACTOON. AVTH N dLodacia WTtoel Vo artodwbel otV ue-
TAPOAY TNG ETLPAVELOS TV NAEXTQOSIMV /AL OTN ¥NULXY UETAPOAY TNG KATAOTOONG
TOV 0eQlov.
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O QOMOC TNG ETLPAVELOS TMWV NAEXTQOOLWV 0TO POLVOUEVO TNG oTafeQomoinong Oe-
WEELTAL WS OEVTEQEVOVONG ONUOOTOG ETNEEACOVTAS XVQLWG TNV £VOVON TNG EXXEVONS
OTLG VYNAES TILECELS £V M) TEMAXT TLUN LOOQQOTTLOG dev emtnoedletol [37]. Avtibeta 1 we-
TOPOAN TNG KATAOTAONS TOV 0EQLOV, UE TLS ETTOVOAAUBAVOUEVES OINAEXTOLRES OOXLUES,
emnEEACEL TLS TTNYES OMULOVQY0.S NAEXTQOVIMYV £VOIoNS TNG EXXEVONS (0TOLBAONC) UeL-
@OVOVTOG TNV TLOAVOTNTA ELPAVLONS KQLOLUOV MAEXTQOVIOV KOUTAAANAO TOTTODETNUEVOL
%OL CVEGVOVTOG OUVETDG TOVS QOVOVS dudomaong T, [38]. Qg artia Tng otabeQormoin-
ong wroel vo BewenBel M otadLoxy uelwon TG TURVOTNTAS TOV LOVIWY, TUTov O,
H,O, OH", O, (H,0)n, H,O(H,O)n, Tov o0y ovTaL artd ToouiEeLs, egontiag e on-
wovEYiag atQLmv vIroEoLdvTmy (Tumov SOF,, SO,F,, ....) alAd oL TG SEouevon Tovg
aItd TNV ETLPAVELD TV NAEXTQOOIMV [39]. Tol TOQATAV® LOVTO TTQOOPEQOVY EVHOAOTE-
QL EVOL NAEXTQOVLO aITO T LOVTOL SF~ 710V BemeovvToL a priori ooy oL xVQLES TINYES MAe-
ATQOVIWV EVOVONG TNG eXrEVWONG 0TO SF.

4. TUmol O1doTaoNg 6 OLATAEN OLUXEVOV (LYOUOLOYEVOUS
NAEXTOXOV TTEDLOV

To OLATAEN NAEXTQOSIWV OXIOAC-TTAAXAGS, TTOV ONULOVQYEL AVOUOLOYEVES NAEXTOLHO
7edio E(X) ®otd unqrog Tov dEova Tov OLOXEVOD, 1 EQOOUOCOUEVT TAON Vap %O M TTiEoM
TOV 0€QLOV P €lvaL OL ®VOLES TOQAUETQOL TTOV KO.HO0QILOVV TN IINAEXTOLUY) CUWITEQLPO-
Q4 ®oL TO UNXAVIOUO ratdevons. To ox€dLo 2 TAQOVOLALEL TO OQUXKTNQLOTIXO dtd-
youuua Taos-Tieong [V,,~p] oy ETLTOETTEL TNV TTALQUTNQNON OLOXQLTDV PACEWY, TTOV
OVVOEOVTOL UE OLOLPOQETLXOVS UNYAVLOUOVS HATHQEVONG.

To dudryoauuo V(p) TOQOVOLATEL TLS HOUTTVAES EVOVONG TOV PUALVOUEVOD TNG KOQO-
VaL V, (TTEQLOQLOUEVEG EXXEVIDOELS TTANGLOV TOV EVEQYOV MAEXTQOOLOV), 0L TLG HOUTTVAEG
#aTaQEVONG V, 0€ OUVAQTNON TNG TTEeoNg TOV 0eQlOV, %o VLol TLG OVO TTOMAOTNTES TNG
TAONG SOAULUNG V,p OV EQOQUOCETOL OTNV Oxida. Ol YOQUKTNOLOTIXES £XOUV TTQOXVPEL
oo TLg eQyaoieg twv Farish [40], Chalmers [41] »ou Pinnekamp [42] yio epo.ouoloueveg
TAa0oeLg dontung: o) evarhaoouevee nuitovoeldeic A.C. (50 Hz), B) ovveyeic D.C. Oetinng
(+) ®ow aQVNTIXNG (=) TOAKOTNTOS AL V) KQOVOTIXES BETIXNG TTOALXOTNTAS (+).

OL xouTOAeg €vauong TS ®0QEOVA LXOVOTTOLOUV TO XQLTHQLO Tou Pedersen yia v
OVATTTVEN TOV streamer. Me 3d.om 1o ®QLT1oLo awtd ot Nitta et Shibuya [43] 100GOLOQL-
o0V (oL aTTAT) €01 YLl TOV VITOAOYLOUO TNG TAOMNG £vovong V,, YLo OTTOLIONTOTE Yew-
UETOLXY) OLATAEN NAEXTQOOIWV.

V,=(E/p),.p.d.u.[1+C/\Vp -R] “.1)
omov:
(E/p),, = 89 kV/cm.bar 10 xQiouo medio yio 1o xabaQo SF,
C=0,175 (bar.cm)®,
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p M tieon Tov aegtov o€ bar,
d »ow R M ammdotaon xat 1 oxTivo XapUTuAdTNTOS TS 0Xi00g 0vTioTOoLY o 08 cm,
U O OUVTEAEOTNG XONONG (1] AVOUOLOYEVELOS) TOV OLOXEVOU.

O oVVTELEOTNS OLOXEVOL YOQOXTNQILEL TO PAOUS AVOUOLOYEVELOS TOV NAEXTQLROV TTE-
Olov 07O ALAXEVO, TTOV ANULOVQYELTOL QITO TO CVOTNUA NAEXTQOOLWV, KoL EEAQTATOL OTTO
TO, YEWUETQLXA XAQAXTNOLOTLXA TOV OLaxévov. o To BewEoVuevo dLdxevo oridag-thd-
%0 O OUVTELEOTNS OLVOUOLOYEVELAGS elval ouvdotnom Tov Adyov d/R.

H 1tdom évavong vitd aQvnTint TOAXOTNTO ELVOL RATMOTEQN TNG TAONG EVOVONS VLA
OeTinn) TohrOTNTO, EEQLTIOG TOV YEYOVOTOS OTL OL 0TOLRAOES HOTEVOVVOVTOL TTQOG -
veg VYNAOU NAextQLxoV ediov [2]. AvtiBeta, 1 T6.oN dLGoToong elval Lo VYPNAY yio
0QVNTLXY TTOMAROTNTA. Z€ OTL 0POQA TLS HAUTTVAES SLAOTTAONG, TOELS OLOXQLTES TTEQLOYES
UTTOQOVV Vel TTaQaTNENBOvV, 0L 07T0leg 0QILOVTOL AITO TIG TLECELS P, XOL P, OTIG OTTOLEG
Ol UNYovIouot dLdomaong eivar duapoetxol. Ou tdleg (pdoelg maQatnENOnray emiong
HOL YL TNV 0QVNTLXY TTOAXOTNTO, e LAV OLopoQd. OTL OL TOVES UETATOTTLOOMUAY TTQOG
TG VYNAOTEQES TLUES TTLETEWV [44].

2NV TEQLOYT| TILECEWMV ROTOTEQWYV OITO Py, N TAON OLAOTTAONG €lvaL oLobnTd o
VPN aTtd TV TAoN £VOQENS TOV (PALVOUEVOV KOQOVA, ELOLXA VTG 0QVNTIXY TTOALXOTN-
to. H oudomaon elval dueon, cOUpova Ue Tov WNyoviouo Tov streamer, o ToV 0Tolo
TTQONYELTAL TO POLVOUEVO 0TOHEQOTTOINONG TNG ®OQOVA. T'LaL AUTY TNV TTEQLOYY|, OTLG KO-
uniéc méoelg (<0,2 bar) N exxévwon To.QOVOLATETAL Ue TNV WOQMY VEPOUS (glow) TTou
QVOTTTVOO0ETAL YOO ATtd TNV onido. AvTto To VEQOCS (glow), Tov VEAVEL Ue TNV TLUWY TOV
NAEXTOLHOV TTEdLOV, €xel Wia emTtdQaon 0TaBeQOITOINONG %Al ElvOL VITEVOUVVO YLa TNV €L~
@AVLOMN OGS CUVEXOVS OUVLOTMOOS 0TV XUUOTOUOQP TOV QEVUOTOC.

H moovsio tov glow 0tQoyyUAeveL TO NMAEXTQOOLO NG OXIOUS (AQYILMG UE ULLQY
OATEVO XOUTTVAGTNTOC) XOL TO TTEQLO TTOV TTQOXVITTEL TTQOOEYYILLEL VAL 0YEOOV OULOLOYEVES
mtedio.

I méoerg TAnoiov oty p,, N exxévoon Tumov glow eEaxorovbel va eugpaviCetal
OANG 0TN TTEQITTTON QUTH POV XA ay@dyLa xovdda (filaments) avastvoocovTal, oL
streamers, oL O7TOloL CUVOOEVOVTOL ATTO OLOXQLTOVS TTOAOVS Qevnatoc. H dudomoon
ETTEQYETAL, KATW OITO OVVONKES TTQUUTLXE OUOLOYEVOUC TTEQIOV, WOALG M TTEOLOKY| EVTOLOT
EemeQaoeL, TOVTOU HECOL 0TO OLAXEVO, i0L OQLOXY TLUY QITAQOLTNTY YLol TV AOLEXOTN
OLddoom Tov streamer, Tng TaEews Twv 39 ue 47 kV/cm.bar, avahoyo ue v mtieon Tov
aegtov [45]. To arvouevo tng 0TafeQomoinong TS ®0QOVA. EAOYLOTOTTOLEL TNV €TTIOQUL-
0N NG OXTEVOS XOUTVAOTNTAS TNG OXIOAC KATE TNV AVOOLXY (PAOT TNG X OQUXTNQLOTIXNG
V(p). Tevind pe v pelmon g axTivog ®aUmuldTNTaS TS axidag TQOXVITTEL OENOT
™S COVNg TLECEWV TTOV OVTLOTOLYOVV 0TO QOLVOUEVO 0T0HeQormolonong amd ©oQova
(uetoxivnon g p, oe VPNAOTEQES TLUES). H otabegomoion omd xopdva elval mo on-
UOVTLXY VITO 0QVNTLXT TTOALKOTNTO, OdMYMVTOS 08 VYNAOTEQES TAOELS dLdoTtaong [2].
Me v aVENon g mieong, TO QALVOUEVO TNG 0TaOEQOITOLONS TOV glow TROOdEVTIXA
UELDVETOL, ®OWL EEAQPAVITETOL EVTEMDS UETA TNV XQILOLUN TTieon P
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21N TEQLOYN TLECEMVY UETOED P, %Al P, %Ol OL OVO UWNYOVIOUOL OLAoTTOONG, ONAAOY O
streamer %ol o leader, uwoet va ovvurdoEovv. Eival 1 meQloyn UeETAfaong amod Tov un-
XOVIOWSO dueong OLEomTaong TOV streamer JTQOS TOV UNYOVLOUO aQYNS OLdoToong Tov
leader. Ot exxeviOeLg YIVOVTOL LWOXQLES HOL AETTTES AL AVATTTVOOOVIOL OVY VA EXTOS TOV
GEOVA TOV OLOXEVOD, e TTOAAOVG KAAOOVC. =€ QUTY) TNV TTEQLOYT|, HOQOVA (QOAOG TNG
0T1a0eQ0ITOIMONG UELWUEVOC) AVOITTUCOETOL TTOLY TNV ®aTdOevon. H dudomaon eméQyetol
UOALS éva aTtd ouTd To novaALa. (filaments) emextoBel wéyolg To avtibeto nhextdoLo
(v TAGRA-%E0000). Tia ouvONreS KEOVOTIUNG TAONS QOXLUNG UE ULXQO XQOVO UETW-
7TOV, N OLAOTTO.ON CVUPALVEL YLl TLUES TNG TAONG UELWUEVES CUUPMVA LE TOV IWNYOVIOWS
tov leader. IdtaiteQa, M x0QoxTNOLOTIXN V(P) AAUPAVEL TNV LOQEN eVOS ETLITEOOV, Ye-
YOVOS TOU ONAMVEL OTL M EAGKLOTN TAOM TTOV OUTALTELTOL Yol TNV SLAdOON (OVAITTVEN)
Tov leader elval aveEGOTNTN TNG MLECEWS [46]. Me TV AENOT TOV YOOVOU UETWITOV NS
NQOVOTLXNG TAONG, TO PALVOUEVO 0TOHEQOTOINONS AMOYW™ TNG KOQOVOL YIVETOL EVIOVOTE-
00, €€aLTiOg ™G OQAONS TWV OUYXEVTQMUEVIV (POQTLMV YMQOV, XUl 1 YUQUXTNQLOTIXT
V(p) mogovoldlel woogn avtiotolyn oe ovvOixreg tédiong DC/AC (ue raumovea). Kotd
OUVETTELOL 1] LEYLOTN TLUN TNG 0O TNOLOTLXNG V(P) €E0QTdTOL 0ITd TO WETMITO TNG K-
UOTOUOQEPNG TNG KQOVOTIXNG TAONS doXLUNS [47].

T éoels neyohiTeQes armd Ty #Qlowun Jtieon p,, n exxévnon Tomov leader yivetow
0 UOVOOLXOC UNYAVLOUOS OLAOTTAONS. AVTH 1 TTEQLOYN VYMAMYV TILECEWV YUQUKTNQILETOL
ooV TTEQLOYN WIS TNV EUPAVLON OQOVOS-glow, ®oBMS avaTTVEN TNg 0dMyel dueoa ot
notdoevon. H tiun g xoilowung miéoewg p, eE0QTaTaL 0t0 TOAMES TOQAUETQOVS: TN
OLITAEN TOV CVOTNUOTOS TV NAEXTQOOLWV, TNV KUUATOUOQPN KAL TNV TTOALXOTNTO TNG
EQAOUOCOUEVNS TAONG DOXLUNG, TNV OXTIVO HOUTTVAOTNTAS TNS AXIOAS ROl TNV RAO0QO-
™o ToV 0eplov [48]. H Tdom dudomaong Tov avTLloTolyel oTny ®otouun stieon elval moa-
HTURA AVEEAQTNTN TNG aXTIVAS XOUTVAOTNTOGS, ARG E0QTATOL OITO TNV AITO0TOOT OLd-
%névou [49]. TTéoa TG rQlowung mtieons, N eAGLOTN TLUY TG TAONS SLAOTALONG VITO RQOV-
OTIUN TAON QOXLUNG, CUUTTITTTEL UE TNV YOQOXTNOLOTIXY VITO OTOTIXES OLVVONKES TA.ONC.
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Effectiveness in Diverse Workforce
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Abstract

Teams have become a basic building block of organizations introducing team
effectiveness as an essential component of their success. When teams perform complex
tasks, team effectiveness is not only a function of individuals’ task performance and goal
achievement but also depends on the extent team members need to avoid process losses
by helping each other, coordinating activities, complying with requirements, and voicing
opinions. Hence, we can understand that the effectiveness of a team depends on many
parameters especially in a diverse workforce. The increased use of teams in organizations,
coupled with an increasingly diverse workforce, strongly suggests that we should
elaborate on how team diversity affects team performance and effectiveness. The purpose
of this paper is to study the essence of any moderators which expedite team effectiveness
in a diverse workplace and examine whether, and if yes, how these moderators are related
to team effectiveness and diversity. Moreover, the paper examines if there is any
correlation among these moderators in a diverse workplace and attempts to quantify it.
A meta-analysis of the data from academic investigations of diversity, groupthink and
conflict in work groups was used to examine the impact of these factors on work group
cohesion and performance. This research methodology was used to test the hypothesis
that different moderators can regulate diversity’s impact on work group and on its
performance.
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Iegiinym

OL ondoeg €xouv yiver Pooun OOWKY) LOVADO TMV 0QYOVLOUMY XOOLOTOVTAS TNV
OTTOTEAEOLOTIXY OUOOLXY) €QYOLa BeneldOn Yoo TV emiTuyic Tovg. OTav oL oudoeg
eTLTENOVV OVVOETO ®AONHOVTA, 1) ATTOTEAEOUOTIXOTNTO TOVS OEV ELVOL WOVO 0ITOQQOLOL
™G OTTOOOTLAOTNTAC TMWV ATOUWY KO TNG VAOTTOINONS TV 0TO)WV TTOV €x0ovV BETEL, OA-
MG emtiong eEaptdtal amd To abud otov omolo Tor LWEAN TOVS UTTOQOVV VA, OITOPUYOUV
TIG «OTTMAELES» TV SLAOLXOOLMV UE TNV QWYY TWV AAAWV UEADV, TO OUVTOVIOUO TV
OQUOTNQLOTHTWV, TN CVUUOQP®ON UE TLS OITOLTNOELS, KOL TNV £XPQAON TOV OTONPEDV
TOVG. 2C X TOVTOV, UWITOQOVUE VA, XOTAAAPOVUE OTL 1 OTTOTEAEOUOTLAOTNTO ULALS OUAONS
eEaoTdtal amd TOMES TAQAUETOOVS ELOLKE OTOV OTOTEAEITOL AT TTOULAOUOQEPO OLV-
Bowrivo duvauxd. H avEavouevn euthoxn Tov opdomy 0Tovg 0QYAVIOUOUS, JTOV OUV-
OteTal Ue o OO X0l TTEQLOCOTEQN TTOLULAOUOQET 0VVOEON 0LVOQMITLVOU SUVAULXOV, TTO.-
QUITEUTTEL OTNV UPAOVVOT TOV TEOTTOV UE TOV OTTOLO M TTOLXLAOUOQE@L0. TWV UEADV TV
OUAOWV EYEL ETLITTMWOELS OTNV ATTOOO0N KAl TNV OTTOTEAEOUATIXLOTNTO AVTWOV. O 01ROTOC
NG TTOQOVOAS UEAETNG elval va eQevvnBel N VITAQEN TVXOV LECOMAPNTDV TTOV OUVELOQE-
QOUV OTNV QITOTEAECUATIXOTNTO TOV OUAOMV 0€ €VAV TTOLXLAOUOQEPO EQYUOLOKS Y MDQO
O VO EEETAOEL GV HOL €AV VOLL, TTOS AVTOL OL LECOMAPNTES CVOYETICOVTOL UE TNV OTTO-
TEALEOUOTIXOTNTA XOL TNV TTOXLAOUOQPLO TV UEADV TA OTTOLO. CUYLQOTOVV TG OUGOEC.
Emumhéov, n uerétn eEeTdlel ®otd OO0 VITAQYEL OVOYETLON UETAED OVTMV TWV UECONOL-
PNtV o€ Evav TOWIAOUOQEPO EQYAOLOXO YMQO, TQOOTAOMVIAG VA, TNV JTOCOTIXOTTOLY-
oeL. Mo LETOVEAVOT TV OTOLYELWV OITO AXOONUALTHES EQEVVES YLOL TNV TTOLLLAOUOQPLAL,
TNV CVUUOQMMON e TLS 0ELES TNS OUADNS KOL TLS OUYRQOVOELS OTLS OUAOES XONOLUO-
TOWBONKE Lo VO TTQOOOLOQLOTEL 1 ETTIOQUON TMWV TTOQAYOVIWV QUTMV 0TI CUVOYT KL
oV atdd00n TV OuddwVv eQyaoiog. Emiong n moamdve eQevuvntixy uebodoroyio
KONOLUOTTOLNONKE YLoL VO €EETAOEL TNV VOO0 OTL SLAPOQOL LECOMIPNTES UTOQOVV VA
Quiutoouv T GUUBOAT TNG TTOLLLAOUOQMIOS OTNV ATTOdOO0T TV OUAdWV EQYOTLOGC.

Keywords:

Conflict, Reflexivity, Groupthink, Team Effectiveness, Diversity, Organizational
behaviour, work group.
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1. Diversity and Team Effectiveness

Today’s organizations employ a more diverse workforce. More women, older people,
minorities, expatriates and people from different countries who speak many different
languages and with many different cultures, compose an increasing percentage of the
workforce. Innovative thinking executives recognize that a diverse workforce creates a
larger pool of talent. Diversity brings a wider variety of skills, experiences and
perspectives that enrich work environment improve customer service and increase
corporate performance. On the other hand, diversity among team members can create
problems such as increased confusion, coordination difficulties and lack of communication.
Both, “birds of a feather flock together” and “opposites attract”, are valid statements for
an effective workforce.

Minority dissent is related to team innovation and, to a somewhat lesser extent
overall team effectiveness. However, the relationship between minority dissent, team
innovation and team effectiveness is significant only when teams have high levels of
reflexivity - the tendency to overtly reflect upon the group’s objectives, strategies and
processes and adapt them to current or anticipated circumstances. Furthermore, team
reflexivity and task interdependence are positively correlated, which means that when
team members need each other more for task completion they also reflect on task issues
more often. Moreover, task interdependence, cooperative goal interdependence and
team size have no significant relationship with team innovation (De Dreu, 2002). The
finding that there is negative, albeit not significant, relationship between reflexivity and
minority dissent is rather paradoxical. This suggests that increasing the opportunities for
communication and discussion not necessarily increases the voicing of dissenting views,
but rather increases the attention given to, and processing of dissenting perspectives and
minority positions. This results to the negative relationship between team reflexivity and
team effectiveness. There are some explanations for this apparent inconsistency. Perhaps
different components of team performance are differently affected by team performance.
Second, it may be that team reflexivity in itself has no effect on team effectiveness, but
rather provides room for other variables to influence team performance.

Diverse teams which are highly outcome — interdependent and with low group
longevity are more reflexive and thus show satisfaction and commitment to the team
(Schippers, 2003). Outcome interdependence and group longevity both moderate the
relationship between diversity and reflexivity in teams. To be more precise, highly
outcome — interdependent and diverse teams are highly reflexive whereas diverse teams
high on group longevity showed low reflexivity. Furthermore, outcome — interdependence
and group longevity both moderate the relationship between overall diversity and
satisfaction and performance but do not moderate the relationship between overall
diversity and team commitment. Moreover, interdependence has a moderating effect on
the relationship between diversity and commitment to the team (Schippers, 2003). Also it
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must be mentioned that for highly outcome — interdependent teams the interactions with
respect to satisfaction and commitment to the team show that satisfaction and
commitment are high for diverse teams but this holds only for “young teams” (low
longevity). Finally, the effects of outcome interdependence and group longevity on the
relationship between diversity and team outcomes are a result of the existence of
reflexivity (Schippers, 2003).

In conclusion, in bibliography it is not crystal clear whether diversity enhances team
performance or not. According to Webber, no significant relationship between highly and
less job-related diversity and team cohesion and no overall relationship between highly
and less job-related diversity and team performance was found (Webber & Donahue,
2001). This is contradictory to the conclusions of Schippers and De Dreu according to
which there is a relationship between diversity and team performance (Schippers, 2003,
De Dreu, 2002). Two kinds of diversity are cited: less job-related diversity and highly job-
related diversity. Age, gender and race/ethnicity are categorized as less job-related
diversity attributes whereas educational, functional, occupational and industry
backgrounds are categorized as highly job-related diversity attributes (Webber &
Donahue, 2001). In the Schippers, 2003 and De Dreu, 2002 study no categorization of
diversity is mentioned. One similarity between the theories presented is the fact that all
of the researchers suggest that the relationship between diversity and group outcomes is
very complex.

The theories presented by Schippers, 2003 and De Dreu, 2002 have some similarities.
Both theories suggest that diversity in teams can enhance their outcomes under
circumstances. In order for diversity to enhance the team outcomes, the team members
must be able to reflect upon and modify their functioning. In other words it is concluded
that reflexivity acts as a mediator between diversity and the outcomes of a team.
Furthermore, both theories suggest that the relationship between diversity and team
effectiveness is affected by a number of factors such as outcome interdependence.

The two theories presented by Schippers, 2003 and De Dreu, 2002 have differences
between them as well. According to Schippers, 2003, not only team performance but also
satisfaction and commitment to the team are examined in order to assess the
effectiveness of the team. De Dreu, on the other hand suggests that team effectiveness
and innovation are examined. Furthermore, he examines the effects minority dissent in
teams has on the performance of the teams. Minority dissent can be a consequence of
the existence of diversity in the team (De Dreu, 2002). The theory presented by
Schippers, 2003 examines how diversity in general can affect the outcomes of a team.
Moreover, it examines how outcome-interdependence and group longevity affect the
relationship between diversity and reflexivity and between diversity and outcomes. In
contrast De Dreu examines how task interdependence and team size affect innovation.
Maybe the most significant difference between the theories presented by Schippers, 2003
and De Dreu, 2002 is whether reflexivity is positively related to the group outcomes or
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not. According to De Dreu, 2002 reflexivity is negatively related with team
effectiveness, whereas according to Schippers, 2003 reflexivity is positively related with
team effectiveness. Another difference that must be mentioned is the fact that according
to De Dreu, 2002, there is no significant relationship between goal interdependence and
team performance, whereas according to Schippers, 2003 goal interdependence and team
performance are related.

So as we have been elaborating so far, theories by De Dreu and by Schippers point up
to the fact that diversity, and as a result minority dissent, in teams is related to team
effectiveness but only when teams have high rather than low levels of reflexivity (De
Dreu, 2002, Schippers, 2003). This means that the relationship between the diversity in a
team and its effectiveness is not straightforward, something which is also mentioned by
Webber & Donahue, 2001. Many other factors seem to affect this relationship between
diversity and team effectiveness, such as outcome interdependence, team longevity, task
interdependence, etc. Perhaps that is the reason why the results of the analysis by Webber
demonstrate that the different types of diversity ‘highly and less job-related’ do not have
any impact on work group performance and cohesion (Webber & Donahue, 2001). It
seems that the role of reflexivity in the relationship between diversity and team
performance is catalytic. Nevertheless Webber & Donahue, 2001 do not take reflexivity
of the team into account.

From my point of view, the relationship between diversity and team performance is
very complex. Diverse teams can offer many advantages, like increased number of
perspectives, multiple interpretations, greater openness to new ideas, increased
flexibility, increased creativity, improved understanding of foreign employees or
customers but also disadvantages such as increased ambiguity, complexity, confusion,
mistrust, potential miscommunication, difficulty in reaching agreements and consensus,
decreased group cohesion. Whether diversity is beneficial for a team or not depends on
the dynamics of the groups and the individuals and the kind of the task the team has to
deal with. If, for example, a team has to deal with a task where new ideas have to be found,
diversity can play a very beneficial role. This also stems from the theory presented by De
Dreu, 2002. Diversity is positively correlated with innovation and creativity. What seems
to be very important in order for diverse teams to succeed is the existence of reflexivity
among the team members. This means that the members of a team with high level of
diversity must reflect upon and modify their functioning. Moreover, in order for a diverse
team to succeed and achieve positive outcomes, it is crucial that the team is outcome- and
task- interdependent. If the members of a team know that they need each other in order
to complete a task and to achieve their common goal, it is easier for them to cooperate.
What is questionable, from my point of view, is the moderating effect of longevity on the
relationship between diversity and team outcomes. After some time together, the team
members get to know each other and can cooperate in a more effective way. Of course,
groupthink must be avoided.
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As we can see, diversity can have advantages but also disadvantages in terms of
effectiveness and team performance. The relationship between diversity and team
outcomes is not clear. One of the factors that determine it is the kind of the task which
has to be done. Therefore, it is very important to assess whether a team should be diverse
or not. If, for example, innovation is important for the effectiveness of the team, diversity
could help to this direction. Thus an organization or a company should find out if it needs
diversity in its teams’ members or not.

For companies and organizations, which need high level of innovation, it is very
important to manage diversity in a way that enables the teams to cooperate well and have
positive outcomes. As it was mentioned by De Dreu, 2002 and by Schippers, 2003, in
order for a team with a high degree of diversity to have positive outcomes, high reflexivity
is needed. In order to increase reflexivity, diverse teams should be made more outcome-
interdependent. This could be accomplished through the use of rewards based on team
performance. Moreover, these teams should be aware of the possible decline in levels of
reflexivity over time through training programs. Another way to avoid longevity is
arranging new teams after some time, if this is possible. Finally, it must be mentioned that
in order for a team to be innovative and creative, as many as possible ideas have to be
heard. These ideas can be contradictory to one another and may lead to dissent. The
structural hierarchy of a company should propel the free expression of ideas, in spite of
the fact that this could lead to dissent. When innovation is needed, dissent can be positive.

2. Conflict and Team Effectiveness

As we have already mentioned effective teamwork is a foundation for successful
organizations. When teams perform complex tasks, team effectiveness is not only a
function of individuals’ task performance and goal achievement but team effectiveness
also depends on the extent to which team members need to avoid process losses by
helping each other, coordinating activities, complying with requirements, and voicing
opinions. One challenge to team effectiveness is conflict - the tension between team
members due to real or perceived differences. Team members may like or dislike one
another for personal reasons, and share or dispute one another’s political views, values
and beliefs. One reason why teams can work together effectively is because they establish
a positive group climate. Likewise, one reason why teams fail to be productive is because
they develop relationship conflicts. The role of conflict is an ambiguous issue.
Relationship conflicts affect team work at various levels, both positive and negative.

Various studies have been made on the impact of the relationship conflicts on the team
effectiveness and on finding new explanations to how relationship conflicts affect
workgroups. For this purpose the researchers conducted several studies such as recruiting
a hundred and six pairs of employees and their leaders from State Owned Enterprises in
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Shanghai and Nanjing. Employees described their conflict values and relationships and
their immediate supervisors rated the effectiveness of their teams (Tjosvold, Hui, Z. Ding
& Hu, 2001). Another study was conducted by Mohammed and C. Angell, 2004, who
tested their hypotheses by tracking 45 student project teams in a longitudinal design. De
Dreu and Van Vianen, 2000, surveyed 27 teams of a private company about their
relationship conflicts and their team satisfaction. Most research efforts focused on
preventing relationship conflict in teams.

Three types of responses to conflicts were studied: collaborating responses,
contending responses, and avoiding responses (De Dreu & Van Vianen, 2001). According
to the research neither collaborating nor contending responses are adequate in the case of
relationship conflict. Because collaborating in relationship conflict is unlikely to produce
more effective teams and contending easily locks parties into a conflict spiral (De Dreu
& Van Vianen, 2001). Being cooperative and understanding in the case of relationship
conflict is unlikely to solve the problem, and makes it instead loom bigger and intractable.
In addition, collaborating and contending responses direct team members away from their
tasks and instead focus them on their interpersonal relations. As a result, team members
do not invest their time and energy in team work, and team functioning and effectiveness
suffers. Avoiding responses in the case of relationship conflict may be quite functional in
that “they do not escalate the conflict and instead teach parties the benefits of patience”
(De Dreu & Van Vianen, 2001). The research showed a tendency for teams to respond to
relationship conflict through avoiding responses, while task conflicts were correlated with
collaborating responses. The findings of the research suggest that the main reason why
relationship conflict negatively influences team productivity and performance is because
it results in less assistant behavior among team members.

The traditional assumption that, as conflict is destructive, team members should avoid
it is denied by Tjosvold, Hui, Ding & Hu, 2003. The researchers argue that conflict has a
very positive face that can contribute substantially to organizational work. Studies
indicate that approaching conflict to discuss it directly can be constructive whereas
avoiding conflict is ineffectual as avoiding conflict does not eliminate conflict but only
makes it more likely that team member’s deal with issues competitively. Open conflict
management, on the other hand, offers the possibility of the resolution of issues that
reduces competitive interaction within a team. Westerners confront conflict directly
despite harming their relationships. Asians traditionally used avoiding conflict because, it
is theorized, they want to protect their interdependence. But the study proved that even
in such a collectivist society as China considering conflict as negative and avoiding it
appear generally ineffective for promoting successful teamwork because negative conflict
values predict to competitive interaction which can disrupt team effectiveness. The
analyses also support the theorizing that positive approaches to conflict contribute to
employee performance by impacting resource interdependence beliefs among team
members. Assuming that conflict is positive can contribute to resource interdependence
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which encourages citizenship behavior. Employees who considered their team members
able and resourceful were also observed by their leaders to be helpful citizens. Thus, the
results support the idea that values on the utility of conflict can be generalized at least to
some extent to China. Even in China, negative conflict values were found to be
antecedents of competitive interaction and ineffective teamwork. Findings that Chinese
tend to avoid conflict compared to western managers have been interpreted that conflict
is generally destructive in China compared to the West. Consequently, the researchers
suggest that even if avoiding is more prevalent in Chinese organizations, valuing conflict
can contribute to effective teamwork in China (Tjosvold, Hui, Ding & Hu, 2003).

The purpose of the study by Mohammed & Angell, 2004 was quite different. The
subject of the research was not so much the impact of the relationship conflict on team
effectiveness but the effects of diversity on conflict. The researchers explored the
differential impact of surface-level diversity, deep-level diversity and two moderating
variables on relationship conflict over time. The amount and type of diversity within
teams is an important characteristic that shapes group processes and affects the
experiences of the individuals within a team. Diverse work teams include members who
can be identified as belonging to distinct groups, and they have been found to function
differently from homogeneous teams. Conflict is a common outcome when members of
different groups interact. The previous studies found conflict to be a strong mediator
between diversity and performance. Surface-level diversity was primarily linked to
relationship conflict. Therefore, the criterion of interest in the study of Mohammed and
C. Angell, 2004 was relationship conflict, which focuses on personality differences,
tension, animosity, and annoyance among individuals. The study demonstrated that the
impact of diversity “goes well beyond simple main effects in that team orientation and
team processes were found to moderate the relationships between diversity and conflict”
(Mohammed & Angell, 2004). Team orientation helped to neutralize the negative effects
of surface-level diversity on relationship conflict and team process worked to weaken the
negative effects of deep-level diversity on relationship conflict (Mohammed & Angell,
2004). Senior studies have also found no evidence that relationship conflict impaired
performance. According to Jehn, “while relationship troubles cause great dissatisfaction,
the conflicts may not influence work as much as expected, because the members involved
in the conflicts choose to avoid working with those with whom they experience emotional
conflict” (Jehn, 1995, p276).

The results in the studies mostly support traditional ideas that relationships are the key
to effective organizational work. The researchers Tjosvold, Hui, Ding & Hu, 2001 suggest
future research on the utility of positive conflict and the processes by which positive
conflict values affect the dynamics and outcomes of teamwork. Other researchers have
also found no evidence that relationship conflict impaired performance. De Dreu and Van
Vianen, 2001, suggested future research to expand their theory about conflict in teams and
to test specific moderators of the effects of relationship conflict on team functioning and
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team effectiveness. Mohammed and Angell, 2004 in their turn demonstrated the role of
team orientation and team processes as moderators of the diversity-conflict linkage.
Given that surface-level and deep-level heterogeneity are realities for organizations and
that both types of diversity can increase relationship conflict within groups, their research
suggests two pervasive moderators for counteracting these potentially negative effects on
group functioning. In the research team orientation and team processes helped to diffuse
the negative impact of surface-level and deep-level diversity on relationship conflict.
However, Mohammed and Angell, 2004 call for future research to examine how negative
effects of relationship conflict can be minimized so that the benefits of diversity in teams
can be realized.

Personally 1 deem that relationship conflict does have a negative impact on team
effectiveness because individual team members treat conflict as a win-lose contest and
competition is disruptive in that it destructs team members’ attention from their essential
duties. As to the problem of treating conflict, avoiding relationship conflict which is
suggested by De Dreu and Van Vianen, 2001 does not seem effective because trying to
avoid conflict does not mean it disappears. Moreover, it predicts to competition which
undermines performance. On the other hand, people who avoid conflict come to deny that
they need to rely on others, which means they have no interdependence. Interdependence
in the workgroup is important because team members know that they have information
and ideas that they can apply to help their team accomplish its goals and that their team
members also have the ability to affect their goals. This facilitates positive feelings and
strong interpersonal relationships which may lead to team effectiveness. Thus confronting
conflict seems more reasonable for an organizational work to be effective.

Organizations should try several possibilities of managing team effectiveness. One is
to design systems and techniques that prevent relationship conflict in teams. For example,
as Simons and Peterson, 2000 suggest that “building and maintaining intra-group trust is
an important preventive measure —it reduces the likelihood that task-related
disagreements turn into relationship conflicts”. Teams that have initially high levels of
consensus about work values develop trust and have low levels of relationship conflict.
But it would be simplistic to assume that we can always prevent relationship conflict
occurring because diversity in team composition cannot be controlled. In fact, we need to
acknowledge that teams sooner or later experience relationship conflicts. Our task is to
try to manage relationship conflicts once they occur. Most often, the functioning and
performance of teams is a matter of subjective assessment by supervisors. Supervisors
should understand that team performance requires team members to put quarrels aside to
focus effectively on their tasks.

The relationship between groupthink and team effectiveness is examined by Whyte,
1998, Moorhead, 1998, Peterson, Owens, Tedlock, Fan, Martorana, 1998. The research
was based on the initial groupthink theory focus on remedying the characteristics of SMTs
that instill excess of cohesion and isolation of the group from its external environment.
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Whyte, 1998 stresses the importance of aligning the groups’ self-perception with its actual
capabilities and ensure correct decision farming (which is not that different from vigilant
decision making). Finally the research merely points out that, in spite of what groupthink
theory says, strong leadership and open expression of the leaders opinion or even
attempts to persuade others about his/her convictions has been remarked as a
characteristic in many successful teams.

3. Conceptual Framework of Reflexivity, Conflict and
Groupthink upon Team Effectiveness in Diverse Workforce

As we have already mentioned for diversity and conflict, their relationship with team
effectiveness is not straightforward, as someone might think. As we saw, diversity can
affect positively team effectiveness, but under circumstances, with the simultaneous
moderation of other variables such as outcome interdependency, task interdependency
and team longevity and with reflexivity acting as a mediator. This is the case for conflict
too. Conflict can have positive but also negative consequences for the team effectiveness.
This depends on the way the conflict, if of course this is feasible, is going to be resolved.
Three ways of responding to conflict are cited: collaborating responses, contending
responses, and avoiding responses.

All the researchers suggested that diversity can lead to conflict. Such an outcome is of
course logical. When a team consists of people with a big variety of different
characteristics, it is common to have conflicts. Of course the purpose of this is the
increased effectiveness of the team. As it has been suggested by De Dreu, 2002 team
innovations are significantly correlated with overall team effectiveness.

The theories presented so far, argue that the relationship between diversity and team
effectiveness is moderated by different factors. According to Schippers, 2003 team
longevity and outcome interdependency moderates the relationship between diversity
and team effectiveness. On the other hand, according to Mohammed and Angell, 2004
team orientation and team processes moderate the relationship between diversity and
conflict and consequently the relationship between diversity and team effectiveness.

Furthermore, Mohammed and Angell, 2004 examines two types of diversity: surface
level diversity and deep level diversity. Surface level diversity refers to gender, education
and race/ethnicity whereas deep level diversity refers to extraversion and time urgency.
In the theories presented by Webber and Donahue, 2001, as well as De Dreu, 2002 and
Schippers, 2003 no such a categorization is cited. As we saw, the only categorization of
diversity was low job-related and highly job-related diversity. Low job-related diversity
refers to age, gender and race/ethnicity, whereas highly job-related diversity refers to
educational, functional, occupational and industry background attributes. This means that
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both low job-related and highly job-related diversity are considered surface level diversity.

A brief examination of the mechanism that links diversity to overall team
performance can perhaps give a few more clues to the relationship between group
diversity and groupthink. Shippers, 2003 has pointed out that diversity, outcome
interdependence and low longevity are positively related to reflexivity, job satisfaction
and members’ commitment. On the contrary, longevity is a moderator of the link of
diversity to reflexivity and consequently high performance. This is in agreement on the
fact that longevity of a group leads to very high levels of cohesion and similarities in the
way of thinking and approaching problems among group members, which are antecedent
condition of the groupthink phenomenon. According to De Dreu 2002 suggestions,
minority dissent combined with high levels of reflexivity can foster innovation and
increase overall performance. In other words, the existence of dissidents in a group given
that there is also a tendency to reflect upon the teams’ goals and norms of decision
making are antecedent causes for innovative practices. If we assume that groupthink is a
function of leader influence and persistence on certain solutions or pressures toward
conformity, which was initially claimed by Janis, 1982 and has not been directly doubted
by Whyte, 1998 the existence of dissident’s acts as a deterrence factor for groupthink.
Furthermore, group reflexivity should effectively offset unrealistic perceptions of
collective efficacy, which according to Whyte is an antecedent of groupthink symptoms.
In addition, practices that are recommended as antidotes to groupthink, such as job
rotation, vigilant decision making, effective norms, etc aim among other things at the
increase of diversity and those factors which are necessary to make diversity result in
good decision making and performance.

Examination of the relationship of groupthink with conflict indicates that they appear to
be mutually exclusive. Having diversity as a starting point, the possible directions that
interactions among peers could have covers a wide spectrum that has extreme cohesion and
identification with peers’ views, resulting in groupthink on the one hand and total
disagreement resulting to unproductive conflict on the other. Between those two are a
number of possible interaction types such as high, though team invigorating, cohesion,
productive conflict, etc. The best direction is that interactions should lie somewhere in the
middle of the spectrum because they result in reinforcement of the team and its
effectiveness. The only thing common about groupthink and extreme conflict is that they
reduce effectiveness. Therefore when interactions head toward extreme conditions,
management should try to force toward the opposite direction to establish balance, for
instance, when disturbingly high levels of cohesion exist the company should encourage
individual expression, disagreement and to some extent diversity, to prevent groupthink.
On the other hand, when extreme competition and individualism exist then efforts toward
reaching consensus should be made. In conclusion, the relation of diversity to groupthink is
negative; relation of diversity to conflict is, under certain conditions positive while
groupthink and conflict are two extreme opposites in a wide variety of possible interactions.
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4. Moderators of Diversity and Team Effectiveness’ Relation

Some elements of the theories presented above can be incorporated in the proposed
model below. The medley of all the research suggestions is that diversity is the milestone
to team effectiveness in organizations and that innovation and creativity is the emanation
of sustainable competitive advantage. There are some cases however that uniform teams
perform better such as routine procedures and highly standardize processes. But as the
main concern of organizations is the ability to deploy novel ideas the importance of
diverse teams is imminent.

Although diversity has traditionally been considered beneficial to team effectiveness,
recent studies indicate that several elements or moderators are essential to the
contribution of diversity to team effectiveness. In other words their existence or their
absences create the conditions which connect diversity with team effectiveness. From
these the core elements, which are considered by the present paper as moderators to team
effectiveness in diverse workforce, are determined to be reflexivity, conflict and
groupthink (Figure 1). To begin with, team reflexivity or the pliancy of team’s processes
and strategies is indispensable element to team effectiveness. In cases of low level or even
absence of reflexivity, team longevity and outcome interdependence can been seen as
moderators, which regulate the expedient level of team reflexivity.

More specifically, the longevity is reversely related to reflexivity. This means that the
more time the team members are together the greater is their inertia to change and adapt.
Thus we can confront the adverse effect of reflexivity to team effectiveness by team
member’s rotation. On the other hand, outcome interdependence is positively related to
reflexivity in sense that team members’ bondage and common goal orientation lead to
higher tendency to overtly reflect upon the group’s objectives, strategies and processes
and adapt them to current or anticipated circumstances.

— Reflexivity —
— L - I Team
Effectiveness
—— | Groupthink —_—

< >
Low Degree of High

Team Coherence

Figure 1: Diversity Moderators
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Past researches had revealed that conflicts are consider as an obstacle to team processes
and are negatively related to team effectiveness (De Dreu & Van Vianen, 2001). I strongly
regard conflict as a set of opportunities to teams and workgroups. In order team conflict
to contribute to team effectiveness it must be first manifested and then resolved. The
resolution of conflicts should be seen in accordance with the different types of team conflict
responses. In bibliography there are three types of conflict responses: collaborating,
contending and avoiding responses. Which specific type of response to conflict should be
used, depends on the effectiveness of each type in preventing conflicts.

Furthermore, in some cases conflicts are essential to team effectiveness because they
eliminate the phenomenon of groupthink. Groupthink which is derived from the level of
diversity counteractive affects team effectiveness. The alignment of group self perception
with its actual capabilities can extenuate or even eliminate groupthink. In addition, the
team leader can rebate the adverse effect of groupthink by directing and steering the team
into the correct way of conducting its activities.

Groupthink can explain the rather paradoxical findings of De Dreu, 2002, according to
which reflexivity is negatively related to innovation and team effectiveness. It may be that
team reflexivity in itself has no effect on team effectiveness, but rather provides room for
other variables to influence team performance. For instance, high levels of team reflexivity
may lead the team to engage in confirmatory information search, concurrence seeking and
the bolstering of the in-group identity. If this happens, groupthink is likely to occur.

Reflexivity 1 012 | Q13 | Q4 | Q15

Conflict | 021 1 023 012 012

Groupthink | 031 | @32 1 012 | 012

Diversity | @41 | Q42 | Qa3 1 012
Team Effectiveness | 051 | 0s2 053 054 1
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Figure 2: Correletion Matrix of Moderators, Diversity & Team Effectiveness.

Last but not least, we should mention that there is a correlation among all the
moderators as well as between the moderators and diversity or team effectiveness (Figure
2). Correlation is quantitatively represented by correlation coefficient which is a measure
of the degree of linear relationship between two variables, usually labeled X and Y. The
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emphasis in correlation is on the degree to which a linear model may describe the
relationship between two moderators as the relationship is the critical aspect.

The computation of the correlation coefficient is most easily accomplished with
quantitative data but it becomes extremely difficult with qualitative information like the
moderators to team effectiveness. The correlation coefficient may take on any value
between plus and minus one. The sign of the correlation coefficient (+ , -) defines the
direction of the relationship, either positive or negative. A positive correlation coefficient
means that as the one moderator alters, the other moderator alters in the same direction.
A negative correlation coefficient indicates that as one moderator increases, the other
decreases, and vice-versa. Taking the absolute value of the correlation coefficient
measures the strength of the relationship. A correlation coefficient of p=0,5 indicates a
stronger degree of linear relationship than one of p=0,4. Likewise a correlation coefficient
of p=-0,5 shows a greater degree of relationship than one of p=-0,4. Thus a correlation
coefficient of zero (p=0) indicates the absence of a linear relationship and correlation
coefficients of p=+1 and p=-1 indicate a perfect linear relationship.
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Figure 3: Moderators Weights Matrix.
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Figure 4: Weighted Moderator Correletion Matrix.

The correlation coefficient of each moderator can be presented in matrix form
(Figure 2) which illustrates all the possible combinations between the moderators,
diversity and team effectiveness. The correlation coefficient in the first diagonal of the
matrix is equal to one because it presents the correlation coefficient between the same
variable which by definition is equal to one. All the other cells of the matrix will vary



The Effect of Reflexivity, Conflict and Groupthink as Moderators to Team... 113

between -1<p<1 as the outcome of different linear relationship between each of the two
moderators. At this point I should mention that not all the moderators have the same
significance to team effectiveness. For that reason they must be weighed according to
their impact on team effectiveness. The sum of the weights must be equal to one, in a
sense that that the weight of each moderator is less than one and higher than zero. In
addition, the individual weights must be placed in the first diagonal of a matrix with (n ,
n) form where n equals to the total number of moderators (Figure 3). Thus, the weighted
correlation matrix of the moderators will be the sum product of the two matrixes,
moderator correlation matrix and moderator weights matrix (Figure 4). The weighted
moderator correlation matrix is the guidance to team effectiveness because it illustrates
potential inefficiencies which we must take into consideration and with the different use
of moderators to eliminate them.

5. Conclusion

In conclusion, the results of the analysis suggest that the relationship between diversity
and team outcomes is a very complex one. Many factors seem to affect this relationship
such as outcome interdependence, team longevity, task interdependence, conflicts,
groupthink and of course reflexivity. Among these factors only reflexivity, conflict and
groupthink can be considered as moderators which can in fact influence team
effectiveness in diverse workplace. The correlation among these moderators because they
are qualitative data is undefined and subject to further investigation and research.
Moreover, the correlation among moderators conserves the high complexity of team
effectiveness and it is the main explanation for the volatility and variability of cases with
diversity, groupthink, conflict, reflexivity to team effectiveness. Hence it is obvious that
more research has to be done in order to find out the exact relationship between diversity
and team outcomes and the ways we can translate it into quantitative data in order to
measure and manage it in favor of team effectiveness.
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Ilegiinyn

O 0QLBUOS TV SLUOUTVURMDV EPAQUOYDV AXOAOVBWVTOS TO QUOUS ETTEXTAONS TOV
ALOIUTVOV %L TNG OQOUOTIXNIS OENONS TV XONOTMV TOV, €xelL aVENDel onuavtwd. H
OVATTTUEN TV EQOQUOYDV CUTWV  OTTOTEAEL Wio TTOAVITAOXN OLodLHaoTlo, N dLoeloLom
™G OTTOLOG OEOUEVEL ONUAVTLLOVS TTOQOVS KOL 1) ETTLTVYL0L QUTNG OTTOTENEL ©QIOLUO TTOL-
QAYOVTOL ETTLTUYLAS TNG OUVOMKNG OTQOTNYIXNG WLOG ETTLXELONONG / 0QYovLopov. Ouwg M
AITOVOLa ®ATTOLOS TTQOTVITOTTONUEVNS UeBOOOV OVATTTUENG ROl TEXUNQLMONS TWV EQOQ-
UOYDV OUTMV EYEL OONYNOEL OE U] LXOVOTTONTIXG GITOTEAECUATO. € CQUETES TTEQLITTM-
OELG, TO. OTAOLO. OAOUANQMWONG EVOG £0YOV YL TO ALadiXTVO, OeV elval eTanQLpmg xabo-
oLouéva amtd TV £VOoQEN £wg ™ ANEN TOV €QYOV, EVM €lvaL CUVNOLOUEVO POLVOUEVO N
VITEQPOON TV YOOVIXMV 0QLWV VAOTTOINONS TOV RABMS %ol TOV TQOVITOAOYLOUOV TOV.

O ®0QLoL 0TOYOL NG €QYNOLOGS MTOV apevOg Vo, 000l 1 duvatdHTNTA 0TOV VITEVOUVO
AVAITTUENG WO SLOOUTVOKNG EQAQUOYNS VO TTQOGOLOQIOEL Ue EVLOAOTEQO, TOXVTEQO LA~
MG %0l #OAVTEQO TQOITO TA OTAOLOL AVATTTVENG eVOS TETOLOV £QYOV AL OLPETEQOV VU, 0N~
OnBel 0T 0WOTN GALG KOl OTN YONYOQN GUYYQUEY] TV EYYQAQPMY TTOV TTQETEL VO OUVO-
OeVOVV EQUQUOYES UTOV TOV TUITOV. ZTNV TTQOCTTAOELD 0vTH avalnTiONHay ®ot eEETA-
ooy UeBOSONOYIES KO TTQOUTIXES AVATTTUENS TTALQOOOCLOAMV KO TTOMNVUECLUMV EPO.Q-
uoyav Aoytoutxov. H duaduoaoio ovtn apevdg odMynoe otnv xaTo.oxev) vog TAOLoiov
QVAITTUENG %Ol TEXUNQIMWONG Ol CPETEQOV OTNV EEAYWYN YONOLUWY OUUTEQUOUAT!V.
DLLOJOELD TV OVYYQUPEWY TNG EQYO.OLOGS ELVOL VO AITTOTELEDEL EVOV 0ONYO YL TNV OV-
JTTVEN %O TEXUNQIMON QITOTEAECUATIXMV KOl OITTOOOTIXMV EQPOQUOYWDV TOU ALOOLXTVOV.
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Abstract

Web-based applications are growing rapidly in both use and acceptance due to the
growth of the Internet. The development of a web application is a complex process, the
management of which reserves important resources. Moreover, the outcome of such an
undertaking determines in a critical factor the success of the overall business /
organization strategy. The absence of disciplined processes for developing and
documenting these applications, has lead to many problems. However, in many cases, the
development phases for a project targeting at the Internet, from its inception to the end
of the project, cannot be explicitly defined and are rather vague. In addition, budget and
schedule overruns are often encountered in such kind of projects.

The main goal of this paper is to present an efficient methodology that is available for
use and exploitation by individuals and business users that are active in the development
of web applications and similar projects. It is believed that the proposed approach can
speed up time to market, facilitate the implementation, clarify the development stages
and optimize the final product quality. Authors argue that this paper can play the role of
a useful roadmap for the development of efficient and effective web-based applications.

AgEeig - Khewdua:

ALOOUKTVONES EQPOQUOYES, TEXVOLMOYIO AOYLOULXOV, AVAAVON %L 0Yed(0.0T TTANQOPOQLAL-
XV CVOTNUATWV

1. Evcayoyn

Ta televtaio yodvia 1 OVATTTUEN £QAQUOYMV Yo TO dLadiKTVO 0xoAoVOEl nia dQa-
uatixy avonom. To meQUBGALOV TOV SLAOXTVOV YO.QUXTNOILETOL CITO EXATOUUVQLOL LOTO-
Y WMQOUC TTOV JTUQEXOVV TTANQOPOQLES KO EQPAQUOYES TTOV £lTE EEAYOUV TNV AELTOVQYLXO-
NTA EVOO-ETTLYELONOLOUMV EQPOQUOYWV ELTE EEVNQETOVV TTQUKTIKES HOL ETTLYELONUATL-
%€¢ TOWTOPOVALeC TOV HAextooviXoU Enmooiov xal Emuyeloelv (7T.. NAEXTQOVIXS %o
taotua) [1, 2].

Elval xouwvi amoym, T000 YLo TOV 0XOONUOTHO 000 %L VL0 TOV ETTLXELQNUOTIXO KO-
OUO, OTL M OVAITTUEN OGS OLOOLXTUOKNG EQAQUOYNG OITOTEAEL Wiol TTOAVITAOKRY OLOOLXOL-
ola, n duoyeloLom TG omTolag deoUEVEL ONUAVTLLOVG TTOQOVS KOL 1 ETTLTVY L0 AVTNS OTTO-
Tehel ©QIOLUO TTOQAYOVTOL ETTLTVY OGS TNG CUVOMKNS OTQUTNYIXNG ULOG ETTLXELONONG / 0Q-
yoviopov. TTadha avtd, 08 GQUETES TEQUITTMOELS, TA. OTAOLC OAOXANQMWONG EVOS €QYOV
Yol TO JLOOIUTVO, OV elval emaxQUBMOS ®x0BOQLOUEVO aTTtd TNV €VOQEN g T ANEN TOV
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€QYOV, £V ElVOL OVVNOLOUEVO (POLVOUEVO 1 VITEQROLON TV XQOVIXMV 0QLMWV VAOTTOINONG
TOV 200MG KOl TOV TTQOUVITOAOYLOUOV TOV. ZVUPMVO Ue L0 TTEOOQATN £QEVVOL TTOV OLPO-
QOVOE TNV OVATTTUEN OLOOXTVOXMDV EQOQUOYMYV KO TTQUYUOTOTOWNONKE £X UEQOVS TNG
Cutter Consortium, oo To £QY0 TOV avoTiBEVTAL TQOS VAOTTOINON O€ €TOLQElES OV
TTTVENG OLOOLATVOXMV EQOQUOYDV [3]:

e To 84% TV TOQOUOOTEWV CVOTNUATWYV OEV OVIATTOXQIVOVTIOY OTLS UVAYHES TWV ETTL-

YELQNOEMV YLOL TLS OTTOieS VAOTTOLNONHALY.
e To 53% twv maQAO0TEWY CLOTNUATWY OEV ELXAV TNV CITULTOVUEVT AELTOVQYLLOTNTO.

e To 79% eiye »0BvOTEQNON 0TO OTASLO. VAOTTOINONG TTOV £{Y 0V OQLOTEL e OTTOTELETILAL
™ OVVOALXY ®0BVOTEONOT OTNV VAOTTOINOTM TOV £QYOV.

e To 63% TtV £QYwV EeeQVOVONY TOV TTQOPAETOUEVO TTQOUITOAOYLOUO.

Emtiong, avEdveTtal ohoévo 0 aQLOUOS TOV ETALQLAV TTOV OYEOLALOVV AL dNULOVQ-
YOOV EQAQUOYES YLOL TO OLODIXTVO, VK M THTNON EEELOLLEVUEVOV TTQOOWITLXOV OE OVTi-
OTOLYEG eLOMOTNTES €xel EemeQdoel 1o 10% To tehevtaio mévre xoodvio. EANGyLoteg
OUMWS WG OVUTTOQUTES ELVAL OL ETOLQELES QLVTES TTOV WITOQOVV VO, LOYVQLOTOVV TTWS TO
UOVTELO AVATTTUENG KOl TEXUNQLMONG TOV XONOLUOTTOLOVV €YYVATAL TNV GITOLTOVUEVT
TTOLOTNTO. OTLG VITNQECIES TTOV TTOQEXOVTAL, TTOQOVOLALEL TOVS EAAYLOTOVS dUVATOVG
HLVOUVOUG KO ELVAL OLOLUNTIXE £YHVQO KO TILOTOTTOLNUEVO OITO KATTOLOV OLVIDTEQO (PO-
€0 TS TO TEALRO TTEOTAOV, TTOV TTEOKELTOL VO VAOTTOINOEL LECW avToN, Elval éval ToLo-
TWO 7TEOTOHV. TTQAyYHaTL, HOTA TN OLAQKELD TNG £QEVVAC UAS AVOXAAMNMPOUE TTMS, EVHD
VITAQYEL WOVTELO TUITOTTOLNUEVMV OLOOLXOOLDV TTOV 0poQd TNV OMOUANQWOT eVOS €Q-
YOU AOYLOULXOV TO OTTOLO TTEQLEXEL XOL AVAAOYO TUITOTTOLNUEVE £YYQOpa. OLEBVDV 00-
vaviouwyv International Organization for Standardization - ISO xow Institute of
Electrical and Electronics Engineers - IEEE, o¢ 6tL agpoQd v vhosoinon uiog eqao-
UOYNG YLt TO OLAOIXTVO OV VITAQYEL KATTOLO CUYREXQUUEVO WOVTELO TTOV VO x0B0QIlEL
Ue axQBn TEOTO TO OTAOLO AVATTTUENG eVOG TETOLOV £QYOV GAAG %L TA. CUVOIEVTINA
TOV €YYQU.Qa.

‘Ex0ovtog vroyn T, TTOQOITAVMD ®OL ®VQIMWS TNV EAAEPN VITAEENS Wiog Tuosotnué-
VNG dLAOXOOL0S VAOTTOIMONG OLOOLXTUUXMV EQUQUOYMDYV, EYLVE TTQOOTTADELD VO KONOL-
uomotnOel £va yevind ammodexto uoviého (ISO/IEC 12207) mov epaouoleTal oTny oho-
nMowon €oymv Aoywourov [4, 5, 6, 7]. Méow autol Tov HovTEAOV, ®oL AUBEVOVTOG
VITOYM TV VITAEEN ®ow ALV BonONTinmy eyyQdpmy (TT. . 0OMYLMOV XQONS TOV £y yQd-
ov ISO/IEC 12207) emLyeLlQO0 e Vo ONULOVQYNOOUUE Wik 000 TO dVVATO TTLO TTANQN
UEB000 VAOTTOINONS OLOOUTVOXMV EQPAQUOYMV, 1 OTTOLO. BOCIOTNXE ETTLONS, O £QYAOLES
EQEVVNTMV TTOV CLOXOANOMUOV Le TNV OAN OLOOLXO.0L0 VAOTTOINONG TTOAMVUECLUMV EQO.Q-
UOYWOV OAAG %Ol OTTAMY TTRMTOROVALMY TOV dLodXTVOV [8].

2ZrOTOC NS €QYOOLOG ELVOL VO QUTOTEAECEL OVOLAOTIXO €QYUAELD OLOOEOLUO TTQOG
KONOM %Al BeNTiwon, oo GTOWO %Ol ETTLYELQNOELS TTOV COYOAOUVTOL UE T1 ONULOVQYQ
OLOOLUTVURMV EQOQUOYMV AL YEVIXOTEQM AVTLOTOLYMV €QYWYV, ETLTAYVVOVTOS TNV OAN
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OLeQY0o(0. OAOXAQMWONGC, SLEVHOAVVOVTAS TNV VAOITOINOT TV QAOEMY AVATTTVENG, 0ITO-
oagnviCovtog To 0TddLa VAOTTOINONG TOV %Ol BEATLOTOTOLMVTOS TN TTOLOTNTA TOV TEAL-
%0V TTEOTAHVTOG, TOV OTTOLOV OITOOEXTNG ELVOL O TTEAITNG.

H doun mg egyooiog elvar n eENG: 0Ty TQMTN eVOTNTA TAQOVOLALOVTOL TA Y 0LQO-
HTNQLOTLXG. EXELVOL TTOV SLALPOQOITTOLOVV TN OLOOLXAOL OVATTTVENS TTOQUOOCLOXMVY XL
OLOOXTVARMV EQPAQUOYMDV. BAGEL TV OLOPOQMV QUTMV KOl TWV VPLOTAUEVOV UeB0dO-
AOYLOV TTOV LOYVOUV YLOL TNV OVATTTUEN TTOQAIOCLAKMV M/KAL TTOAVUECLRWOV EQAQUOYDV
AOYLOWKOV TTOQOVOLALETAL £VO. TTAALOLO TEXUNQLMONS YLOL TNV AVAITTVET OLOOLATVOXWDV
eauoY®V. To TEOTELVOUEVO TTQOOOLOQICEL TAL OTAOLO AVATTTUENS £VOS €QYOV OTO OLO-
dixTvo %L fonbd 0T CWOTH OAAG KOL OTY YONYOQN GUYYQUQT TV EYYQAQPMYV IOV TTQE-
JTEL VO CUVOIEVOVYV EQPOQUOYES UTOV TOV TUITOV, CUVTAOCOVTOS £YYQOpO. TO. OTTola Oa
WToQOVoOV UEAMAOVTLXAE Vo yonotuostotnBouv oov odnyoi. Téhog, eEdyovial xonoLua
OUWITEQALOUOLTO, KOLL OVOLPEQOVTAL TTQOTAOELS YLOL LEALOVTIXY £QEVVAL.

2. Y% Q101 TUQUIOGLEXDY XL OLAIXTVUXDV EPAQUOYDV

e pio evoLapéQoVoa €QEVVO OTNV OTTOLO. CVUUETELY AV ELOWOL 08 BELOTO aVATTTUENS
AOYLOWLKOU 0L OLOOLXTVOXRMV EQOQUOYMYV, Ue TiTAo “Can Internet-Based applications
be Engineered?”, 0Quouévol vitooTROLEAY TS M TEYVOAOY I OLOOXTVOV (VL TTAQOUOLOL
ue TV teXVOhOYia AoyLomwxrov [9]. TIQayUATIXE, VITAQYOVV OQXETES OUOLOTNTES (OTTMC
YL TTOQAOELYUL 1) OVAYXT EVOUYQAUULONG OF TTQOTUITA, 1) ONUAVTIXOTNTO TNG TTQOANYNG
TV AABDOV, N avAyrN dLoONTKA OTTOOEXTOV %Ol ULVLUOALOTIXOU OYEDIOV YLOL VO OLVOL(pE-
QOVUE UEQLKES OTTO QVTEC), OUMS VITAQYOUV HOL ONUAVTIXES OLAPOQES VLA TLG OTTOLES
Toémel va. 0Bl LOLOLLTEQN TTOOCOYY).

H ewthox Tov avBQmILvoy ToQdyovTa 0T OLoOLXOoe OVATTTUENS TMV OLOOLXTVO-
AV CVOTNUATWV (VAL TTOAD ONUOVTIXY. ZUVErms, Bo meémel va elvar Eexdbaoa Ta
araaiTnTo fRUaTe 0T OLOLXOOLO OVATTTUENS OTTOLOVONITOTE TETOLOV CUOTHUATOS T,
omota oyetiCovrol aueod | Euueoa ne Tovg xoNnotes. IaQdAANAa, TO TEQLEXOUEVO TV
TTANQOPOQLIV KOl TMWV AELTOVQYLMV TTOV TTEQLAAUPAVEL 0L EQOQUOYY] €XEL TN TAOT VO
eEeliooeTal ©aTd TN OLAQUELD TNG AVATITVENS XOTA TTOAY TTEQLOOOTEQO OO OTL O€ K-
JTOLOL TTOQOOOTLAKT EQAQUOYN AOYLOWLXLOV. TTOA) ouyvd, OTavV €va. OLOOXTVOXS OVOTN-
WO OVOITTUOOETOL YLOL VO, OVTLUETMITIOEL TO TTQOPANUOL RATTOLOG ETTLYELONONG, M TTOLQOV-
oloom Tov ®oL UOVo wg Aot 0TO TTEOPANUO. LETOPAMAEL KATA TTOAD TO 0QYHO TQOPRAN-
uo. Extoc autov, amaltovvTal TEQLOCOTEQES GAAAYEC OTO GVOTNUC TTOV TTQOXELTOL V.
vhortownBet, ®aBmg oL yoNoTeg aEyIiCovv Vo CVVELONTOTOLOVV TLS SUVATOTNTES TOV dLOi-
OXTVOV oL CNTOVV OAO KO TTEQLOOOTEQO. EQYUAELD AL AELTOVQYIES YLOL TNV EQO.QUOYT
TTOV TTEOXELTOL VO VAoTtolnBel. Emurhéov, n OLemagy ToU XQNoTn 0¢ Ui OLOOXTVOXT
ePOQUOYN (TT.). LOTOYXMWQOC) TTQETTEL VAL ELVAL TTEQLOOOTEQO CLLOOMTIXA EAXVOTLXY, YLOL (il
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UEMAOVTLXY) OUAOO Y QNOTWYV, O OYEOT (L€ TIG TTOQUIOOLOKES EQPUQUOYES TTOV OTNEICOVTOL
0€ OLETTOLPES YONOTWV KVQIMWS UECH ATTAMV (POQUMYV.

ZvvOétovtag ™ Ppitoyoaeia [10, 11, 12, 13, 14, 15, 16, 17, 18, 19], Bewoovue OTL
OLOXQIVOVTOL TECOEQO ONUOVTLXA OTOLYEL TTOV OLaWQEILOVV TNV OVATTTVEN T™WV OVOTY-
UATOV YL TO OLAOIXTVO QIO TNV AVATTTUEY eVOS TTOQAIOTLOXOV MOYLOULKOV:

e H ¢@uon Tov e@aouoymy.

e H draduraoio oavamTuEne.

« H y0Mom twv epoouoymv.

o H eE¢MEN oL m ovviionom.

Ewdundrega:

1. ®V61) TOV £QU.ONOYDV

Koatd ™ Sudoxela TNg avATTUENS LS EQOQUOYNS YL TO OLOOIXTVO TTQETTEL VO AN-
OOV VITOYM 0L UOVO BEUOTA TTOV OYETILOVTAL e TNV AELTOVQYLXROTNTA, AALG ®aL Of-
UOTO, TTOV 0LPOQOVV TO JTTEQLEXOUEVO, TN YONON UTEQKELUEVWY UL TOV TQOTO TOV AVTA
Oa ragovaltalovratl oTo YENOoT.

Ieoieyduevo

O paowog QOAOS TOU SLAAKLTVOV elvaL QVTOS TOV UEooV TTANQOOQNoNS. TTéQa amd
TNV QITOLTOVUEVT AELTOVQYLXOTNTA, 1 ETTLTUYIO TWV EQUQUOYMV VL0 TO OLOOIXTVO €E0Q-
TaToL o€ UeydAo Pabud amrd to Lo to meQLeXduevO Tovg. To meQLexOuevo TeQLAAUPA-
VEL Oyl LOVO dounuévol dedoUEVa TTOV JLOTNQOVVTOL 0€ CVOTNUA OLayeloLong PA.oewy Oe-
QOUEVDV OAMAGL 1oL UN-OOUNUEVA. 1) MUL-OOUNUEVOL SEQOUEVOL TTOV TTOREYOVTOL UECW TWV
UELUEVV %A TWV TTOMVUECIXMV EPOQUOYDV. O MOYOS TNG TTOAMTAOXOTNTOS GUTOV TOV
€00V TV EPUOUOYMV ELVOL TTWG OUYVA TO TTEQLEXOUEVO TOVG eLVOL OUVAULKO KoL OV-
VEYMDS OVOVEDVETAL O€ TTOAD TOXTA Yo0oVird draotiuoata. Emxiong, ou xonoteg, omaltovy
TTEQLEXOUEVO VYNANG TTOLOTNTAGS, OELOTTLOTIOG ®OL €TTLXaLQoToinons. o Tovg Adyoug
QUTOUC AOLTTOV, M ETLTUY 0 TNG AVATTTUENS WS OLOOXTVOANS EQAQUOYNG EECQTATAL O
TTOAY UeydAo PaBUd amd to ATouo TOV GUVTACOOUV TO TTEQLEYOUEVO TNG.

Ymeoxeiueva

Ta vregreineva elval €évo PoorO KUQUATNOLOTIXO TOV SLAIUTVONMV EPOQUOYMV.
Ta ®x0QLOL CVOTATIXA TOVS OTOLYELDL ELVOL OL VITEQ-OVVOESUOL KOl OL ®OUPOL. TurTLrd. mTa-
QUOELYUATO YONONG VITEQXELUEVMV VAL 1 AVALNTNON TTANQOPOQLMYV %Al 1) TTAONYNON OTO
OLOOIXTVO YL TTOQADELYUD WEOW UNYavaV avolitmong (t.y. Google, Altavista «As.), n
avalNTNom TANQOMOQLV (YLOL TTOLQAOELYUO. O NAEXTQOVIXOVS KATOAOYOUS TTQOTOVIMV),
N OAANAETTOQOOT EOM EQPUQUOYMV NAEXTQOVIXNG uabnong ©abmg eriong xou 1 xabo-
OMNYOUUEVT TTEQLYNON O€ £VAV LOTOYMQEO. TO LOLOLTEQO YUQAUKTNOLOTIXO TWV VITEQKELUE-
VOV €(VaL N UN YOOUUXOTNTO 1 OTTOL0L OTTOLTEL QUTO TOVUG OCUVIAXTES TOV TTEQLEXOUEVOU
EVOC LOTOYMOEOV OANE ®OL ATTO TOVS XONOTES VO. TTEOOUVAUTOALOTOVV UEOO O Uia TTAN-
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Bdoa TANQOPOQLAOV koL eLAOYWV. 'Evag TQ0mog yua va emitevydel avtd eival o oye-
OLOOUOS TOV TQOTOV TTAONYNONG UE EVOV GUYHEXQLUEVO TQOTO (XONOLUOTTOLMVTOS Y-
TEG TTAONYNONG, AEEELS KAELOLAL YLOL VOLNTNOY, OUVTOUEVOELS TTQOG TLS ONUAVTIXES TTAN-
QOOQLES ®AIT.) £TOL MOTE VA VITOOTNQICETOL TO YOQUXKTNQLOTIXO TNG TTQOORAOLUOTNTOG
oe O ™ dLoBEoLU TANQOQOQLaL.

ITapovoiaon

H omtuixn ®al oty Tov ToQadooLonmV EQUQUOYMV AOYLOWXOU TNG 0YOQAC
YAQOXTNOLLETAL OTO TVITOTONUEVES (POQUES AANAETIOQOONS Ue TOoVg yonotec. H ma-
QOVOLO0T, ATTOTELEL HEVTQLXO TTOLOTIXO TTOQAYOVIO TV OLOOLTVOAMV EQAOUOYMV KL
elval oUTY TTOV XVQLUQYEL OTNV TTLEON TOV VYNMAOV AVTAYWVLOUOV TOV SLAOLXTVOV OTTOV
N OTTTUXY] EUPAVLON OUVOEETOL GUECO UE TN UOOM, TN UAQKO TWV TQOTOHVIWYV TTOV TTQO-
BAANOVTOL UECM TV LOTOXMOWY AUl TLS VEES TEXVOMOYLES TTOV YONOLUOTOLOVVIOL VLU,
TNV AVATTTUEN TV e@aQuoymV. Emmdobeta, ®abwg oL TQoyQOUUOTLOTES, TTOV OVOL-
TTTVO00VV SLAOLUTVONES EPUQUOYES, YVIQILOVV EX TV TTQOTEQMV, TTMG OL YONOTES TV
EPAQUOYMV TOVS OgV Bal £0UV TN OVVATOTNTA AVAYVIOONS RATTOLOV EYYELQLOLOV Y QNONG
QUTOV, OLVOUV UEYGAN TTOOCOYN OTO YOUPLXO OYEOLAOUO TOV TEQLRAMAOVTOS TNS EQPOQ-
UOYNS ®OL OTNV TNG OAANAETTLOQOOTLIXOTNTAS TOV TTEQLEYOUEVOU.

TEMOG, VITEOYOVV KoL OLAPOQa GALC BEUATO TTOV OYETICOVTOL Ue TN PUOT TWV OLOdL-
HTVOAWDV EQPAQUOYMV, OTTMC: 1 AVAYAT VITOQENS UNYOVIOU®Y TTAONYNONS TTOV V. €Ea-
OQAACOVY TN YVOON TOV ¥ONOTN YO TO JTOV POLOAETOL KO TTOV UTOQEL Vo ueTafel, M
OVTLOTOLY L0 UETAED TNG EQAQUOYNG %OL TOV TTQAYUATIXOU XOOUOU UE TN XONOLULOTTOINOT
YVOOTMV -0€ TTOYROOULOL FA0TN- AEEEWV, (PQAOEMYV, EVVOLMV XAl ELKOVWV, 1 AVAYAN VITO.Q-
ENC aVoTNEMV UNYAVIOUMV AOQOAELNG KoL 1) VITEQROALKY XONOM TNG Oy YARNC YAMOOUC.

2. Au0Oraoie aVOTTUENS

OL JTQOYQOUWIOTLOTES OLOOLXTUOKMV EQPAQUOYMV OVTILETOITICOVV ouvOixeg \pmiov
HLVOVVOL %aL OPERALOTNTAS OL OTTOlES eV VPIOTAVTUL OTNV OVAITTVEN TTAQOO00LUXOV
AOYLOWLKO.

Zuvnlme, N ovAITTUEN Wog OLOOXTVOXNG EQOQUOYNG OITOLTEL TN YVHOON %KoL TNV
EWTELQLOL TTOMADV X0l OLAPOQWV OUAdWV EEELOIXEVONS QIO JLOLPOQETIXOVS Y DOOVG
OGS YLaL TTAQAOELY DL OL EXOOTES EVTUITOV VALXOV, OL TTQOYQOUWULOTLOTES, OL OLOPNULOTES
%ol oL yoapiotec. Tétoleg onddes, ouviBmg amoTiCovtal amrd vEéo ®VQIlmS GTOWN TTOV
oev ovupLpdlovial evroha o€ TEOTUIO KoL ElVaL TEOOVUO VO XONOLULOTTOLNOOUV OUVE-
YOS KALVOTOUES TEYVOLOYiES. Eva GAAO ONUOVTIXO YOQOATNOLOTIXO OLUTMV TV OUAOWV
elval 1 evaoyOANom TOUg e XKOLVOTNTES OVOLYTOV AOYLOULKOV.

Ao TV GAAN, M TEYVLXY VITOOOUN TTOV XONOLUOTTOLELTAL YLl TNV AVATTTVEN OLodL-
UTVARWOV EQOQUOYDV ELvVaL -#0QL0- €TEQOYEVIC. H vAomoinon wiag tétolag epaouoyng
0TNQEICETAL O€ OLOPOQETIHES TEYVOLOYIES TTOV EEALTIOG TNG OVVEXOVG TTLEONS YLOL TNV OAO-
UMQWON 0€ GVVTOUO XQOVO, 08 OYEOT UE TLS OUTALTNOELS TNG AYOQAS, XONOLLOTTOLOVVTOL
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ETLTTONOLOL LE OUTOTEAEOILE, VO, ONULOVQYOVVTAL CVOTHUATO 0.0TOOT, OVAELOTLOTO KAl UN)-
KONOTLXAL.

OL OLAOLKTVONES EQAQUOYES, TTOAD OUY VA, TTOETEL VO. eVOWUATWOOUV o€ NdN Vitdio-
YOVTOL TTETAAOLWUEVD, EVOO-ETTLYELQNOLOXE cvoTHUOTA. T CLOTHUOTO AVTA OE TUVOOED-
OVTaL OTTO RATAMANAN TEXUNQILWOTN KoL TTOAD OV VA UETOPAMAOVTAL KWQOIC KOULE OvaL-
(POQQ OYETLXA UE TIG CANOYES TTOV EQAQUOCOVTOL. AVTO €XEL G OTTOTELEOWUO TNV 0LQVY-
TLXN ETTLQQOT 0T TTOLOTNTO TWV VITNQECLMDV TTOV TTQOOPEQEL 1 SLOOLUTVOXY EQOQUOYVT.

OL 3L00LKA0LES AVATTTUENG SLAOLKTVOXMV EQPAQUOYMV XOQAXTNQILOVTAL OTTO OUYVES
AAAOLYES AL OVOTTQOOUQUOYES, OL OTTOLES ELVAL OTTOQULTNTES AOYW TNG YQYYOONS TEYVO-
AoYWNG EEEALENC, TV aAAOY®dV 0TV ayod (AOYm TOV QVENUEVOV OVTOYMVLOUOV TWV
ETOLOLOV), TLS OUVEXEIS OAAOYES OTLS OTTOLTNOELS TV TTEANTMV KL TWV VPLOTAUEVOV
uebodohOYLOV.

Emtiong meofAnua eivar n EAAEPN TEXUNQIMONS 0TS EPAQUOYES YL TO OLOOIXTVO
TTOV AVOTTTVO0OVTOL. ATTOTEAEOUA. ELVOL M U1 EPLXTY BEATLWON TOVS aITO TOITOVS 0oV
eV VITdoyeL onUELo avapodc 1 fonONUOL YLOL TTEQULTEQM OVATTTVEN TNG OLOOXTVAKNC
€QOQUOYNGS (Ol EQPAQUOYES YLO. TO LadIXTVO, 08 0vTiBEON e TO AOYLOWLKO TTOV OVadLaL-
VEUETAL, elval éva TOTOHV Tov ovviBws amrodidetal oTov eAdT) woll ue Tov mnyoio
©0OUa). ‘Olo. avTd ®EAVOUV AVATTOPEVXT TN XONON ETAVIAQUPAVOUEVWV, EVEALLTWV
%O TTAVD 0TTO OO TUTTOTTOLNUEVOV UeBGOWV AVATTTUENG.

3. H 101101 TOV £@aoroymv

e avtifeon ue TG TaQOO00LUXES EQPAQUOYES AOYLOULXOV TTOV OTOYEVOVV OE CUYXE-
HOLUEVO OYOQAOTILO KOLVO OL £XOVUV CUYKEXQLUEVES AELTOVQYLXES OUTALTNOELS OTTO TO
AELTOVQYIXO OVOTNUO TOV YONOTN, Ol OLOOWUTVAKES EQAQUOYES aTTevBvvVOoVTOL O Ov-
00WITOVS Ue OLAPOQETIHO TTOALTLOTIXO XAl TIVEVUATIXO VITGLAB0O0, TTOV YONOLUOTOLOVV
70 O1%0 TOVS aveEAQTNTO VITOAOYLOTIXO OVOTNUA (TT.). ETLTQAITECLOC 1) POONTOS VITOAO-
YLOTNG TTOALAC 1 VEOS TEXVOAOYILOC) ROl ETLAEYOUV eAEVOEQA TNV QO XAl TOTO OTOV
omolo Ba xavovv xonon tng OLodXTVaxXTS EQaouoyns. TIoM) ouyvd, OL TQOYQUUUOTL-
01éc Oev elval og Béom vo TEOPBAEYPOUV OLES TLS OVITEQW OTTOLLTNOELS.

HowiAouoopio kot TAGOOS TV LACLr@V XONoTWV

OL %QNOTES OLUOXTVOXMY EQPAQUOYMV OLAPEQOVV O NALKICL, XOLVIVIXO AL TTOALTL-
0TLrS VITOPRABQO, 0TOKOVC, TTQODETELS, ELOLXES YVMOELS KOl LXAVOTNTES. AVUTNH 1) ETEQOYE-
VI (PUON TOV LONOTOV TTOETEL VO AAUPAVETAL VITOYN GITO TOVS TTQOYQUUUOTLOTES KADNDC
TO TTEQLRAALOV TOV SLOOXTVOV glval TTOA QeVoTo. Tl To AOYO QT OL XONOTES OEV
€XOUV ROULA OEOUEVON OTN XONON TWV OLOOLATVAXMDV EQAQUOYMV KAl O LOVOS AOYOGS YLOL
V0. YQNOLUOTTOMOOVYV U0 TETOLOL eaQUOyYN Bal elvol TTELOY) TOVS TTOQEXEL OUYRQLTLXA
mAeoventnuoto. Elval ol dvonoho va meopiegdel T0OTOC OV AELTOVQYOUV OL X ON-
OTESC UE WO OLOOLXTVOKY] EQOQUOYY] KL EATOS OUTOV OL XQNOTES WITOQOVV VAL ®AgloOVV
TNV EQOQUOYY XOL VO OTAUATHOOVV VO, TN ONOLULOTTOLOVV OTTOLOONTTOTE OTLYUY Ol UE
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ueydln evxohio. Emiong, o aQBudc Tmv EMOAETTMOV WAS OLOOLXTVOKNG EPUQUOYNC
WITOQEL VO ELPAVICEL UEYANES OLOXVUAVOELS, TTQAYUM TTOV XAVEL TNV ETLOREPLUOTNTA €V
O¢uo TOAY oNUOVTIXO ®0OMS emnEedlel o UeyaAo Babud TN TOLOTNTO TWV TOQEXOUE-
VOV VITNQECLOV.

ATQOPAETTN TEYVIXY VITOdOUT

OL VITOAOYLOTEG TMWV TEMAKWDV XONOTMV, OLOPOQOTOLOVVTAL 08 OTL 0poQd. TO AOYL-
OULXO KOl TO VALXO TTOV €XOVV 0T OLAOE0N TOVS. ZUVAVTOUUE XONOTES TTOV £XOVV OLO-
@POQETIXY avdlLuaN 00OVNG, VITOAOYLOTUXY] LOYV 1) OXOUOL KOl €XO00T (PUALOUETONTY) (TT.Y.
Netscape, Firefox, Opera #®Ast.). YTAQyouv SLogoQES 0TV T UTNTO CVVOEONS UE TO dLai-
OlxTVO TTOV TTOAMES (POQES OEV EXEL TNV AITOLTOVUEVN 0TOHEQOTNTO, OLOBECLUOTNTO KL
O0ELOTLOTIO, (e QITOTEAEOUO. VO ETTNQEGLETOL ONUAVTIXG 1 TTOLOTNTO TWV TTUQEXOUEVOV
VINEEOLOV. TEAOC, 1 TTOAVTAOXOTNTA OLVEGVETOL AXOUOL TTEQLOOOTEQO OV KUVELS OLVAAO-
YLOTEL TS M AVATTOQAOTOON TOV TTEQLBAALOVTOS TV OLOOXTVOXMV EQPAQUOYMV OTOVS
VITOAOYLOTES TV YQNOTMV (VAL TOAMES (POQES aOVVATO Vo, ®aBOQLOTEL 0ITd TOVS TTQO-
YOOUUATLOTES TTOV TLG OVOTTTVO0O0UV. ol TTOQAdELYUd, ELVOL YVWOTO TTWS OL YONOTES
€YOUV TN OUVATOTNTO VO QUOULOOUV -YLoL AOYOUS 0LOQANELAS- TOVS (PUANOUETONTES TOVG
%®OTA FOVANOT %Ol WTOQOVV VO AITEVEQYOTTOLOOUV OQLOUEVES POOLXES AELTOVQYIES TV
TTQOYQUUUATMV TOVS OIS elvol Ta cookies 1 1 xonon xmwouxa JavaScript.

TowiAia x01ong dSLadXTVaxNG EQAQUOYHS

ITeQuAaupavel BEUOTO TTOV CPOQOVY TOV TOTTO XL TOV XQOVO TEHOROONS, TTQOO(E-
QOVTOC TNV EVXALQLOL VO avostTUXDOoUV VEa £(0OM VIINEECLOV TTOV 0TNELCOVTOL OTNV EEENL-
ENn TV ognTtmV VIToloyLotmv. Emmgoobeta, n mbovotnta dueong kot poviung otode-
OLUOTNTOS TMWV OLUOXTVOXMVY EQPUQUOYMV OITALTEL VO AAUPAVOVTOL VITOYN L0 TNTi-
UOTO TTOLOTNTOS VITNQEOLMV OTIWS elval 1 SOUvaTOTNTO SLaBECLUOTNTAC WIS VITNQECLAC
24 e TO 24000, 7 WEQES TNV €LOOUAI..

4. EEEMEN no cuveonon

Eva artd T Baolkd {oQOATNOLOTIXA TV OLOOLATVAXMV EQPUQUOYMV (VAL 1) OUVE-
¥€elg Toug aAhayEC ®aBMS KoL 1 OLOEKUNG KOL O TOXTA XOOVIXA OLOOTHUOTA EEEMEN TOLC.
H avdmtuEn toug emnoedletol oe ueydAo Padud oo TLg TeXVOAOYLXES EEEMIEELS. Ze OVV-
OVOoUO Ue TNV 00TAOELD TOV YONOTMV TOV SLAOUTVOV KOl TN UETABOAN TWV QITOLTHOE-
WV, N AVIOYOVLOTIHOTNTO SLUQXMS AVEAVETAL EPBAALOVTOS YONYOQOVS QuOUOVS otV
OVAITTVEN ROl OTNV €EEMEN TV OLOOXTVOXMOV EQOQUOYDV. AvtiBeta, 1 eEEMEN Twv
CVUPOTIXDV EQAQUOYWDV YIVETOL PAON YQOVOOLAYQAUUATOS e EXOOOELS TTOV AITEXOVV
1OTA TTOAY QOVIXA UETAED TOVG.

Ta avotéQm oToLYElD HAVOUV TO OYEILAOUO HOL OVATTTVUEN EQOQUOYMV KL OVOTY-
UATOV YL0 TO OLOIXTVO 0xOUa Lo dVOXOAO %L TTOAMITTAOXO €QY0. Emouévag, omola-
ommote uebodoroyic xaL ov ¥ONOLUWOTOLNOElL Lo TNV aVATTTUEN €vOg TETOLOV £QYOV,
QUTOLTEL TNV EXTENEOT] CUYHEXQLUEVOV KO OLUKQLTOV EQYOOLADV, TTOV OlpeVOS Bacilovtol
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OTLS QUTALTHOELS TNG EEEMLOOLUOTNTAS, CUVINQENOLUOTNTOS KOL XONOTIKOTNTOGS KOL CL(PETE-
QOV LXAVOTTOLOVV TLG QUTALTNOELS YLOL TEXUNQLWON).

3. I1goTeLVOUEVO TAUIOLO CLVATTUENS %Ol TEXUNQLWOGTG
OLAOXTVAX MV EQUOUOYDV

Ta tehevtata xeovio M OO0 OVAITTUENS %Ol TEXUNQIMONS OLOOLXTVORMV
eQOQUOYMV BuniCel Tnv meQiodo g deraeTiag Tov *70 AoV 1 AITOVOi TTQOTVITOTTOLY-
UEVOV LOVTEAMV KOL XOTAAAMNAWOV 0QYLTEXTOVIXMV 0ONYOVOE TTOAY VY VA 08 OVyyVom
%Ol 08 UM OELOTTLOTEG EQOOUOYES AoyLowxoV. H eumeloia mov amoxrtionxe v moQa-
Tévem TEQL000 WToQEel va fondnoel onUavTLrE 0ToVv OyedLaoud uag uebodoroyiag yio
TNV TUITOTTOINON TNG AVAITTUENG TV EQOQUOYMV TOU SLAOXTVOV XAl TNG AVTIOTOLYNG
Tenunoimong [20, 21, 22, 23, 24, 25]. Exiong, Wroel va xonoLuomombovv malaldTeQES
TTOMWTOPOVALES XL TTQOTUITOL EYYQAPOY TEXUNQLWONS TTOV ONULOVQYNONHAY YL TV Ovdi-
TTTVEN SLALPOQETIXOV TVITOV EQPAQUOYMV (OTTMS YLO. TTAQAOELYUA TTOMNVUETIHMV EQPOQUO-
yav) [8]. Ta éyyoapa ovTd Bo WToQovv Vo xeNoLtuostotnBouv astd TOVS JTQOYQUUUOLTL-
OTEC YL TN PEATLOTOTOINOT TS OLOOLXAOTAS OVATTTVENS ®aBmG emTioNg ®OL TNV AL~
0TOTO{NOM TOL XEOVOL KOl KOCTOVG.

H unebodoroyio mov mootelvetal otnv eQyaoia ovty otnileTol 0To £YYQ0(po TuITo-
stoinong ISO/IEC 12207, 10 0mtoto AettovQyel apevog mg 0dNyos yia Tov xafoQLoud Twv
PAOEWV OVATTTUENG TOV €QYOV, AL GPETEQOV WS 0ANYOS YL TNV TUTOTOINOT OLOOLXA-
olog ovAaTTVENG hoyLowxov [26, 27].

H emihoyn Tov avintéom HoviéAov €yLve yio Tovg eENg AOyouc:

e AgLtovQyel apevog mg 0dNYOS Yo TOV %000QLOUS TWV PAOEWY OVATTTUENS TOV €QYOV

AL OPETEQOV G OONYOS YLOL TNV TUITOTTOIMNON NG SLOOLXACGTOS OVAITTTUENS AOYLOUWLXO.
e AmoTteAel TEOTVITO TOV TAYXROOULOV 0QYAVIOUOV ISO %o €xelL amodelyTel 0TnV TQA-

EN M TOLOTNTO TWV AVATTUYUEVIV EQAUQUOYMDV.

e EE0oo@oiilel TNV TOLOTNTO TV TAQEXOUEVOV VITNQECLDV TTQOS TOV TTENATT.

ZUyreRQLUEVD, N LeBOdOAOY 0 VAOTTOINONS LG OLOOLXTVOXNG EQPAQUOYNS TTOV TTQO-
TelveTal, onoAoVOel Lo SLadLKaoio AVATTTUENS FOOLOUEVN OTN OUVEQYOT(O xaL TN YON-
YOON JLOUOQPMON TTOWTOTVITOV KOl OAOXANQWVETOL O €EL (PAOELS HURAOV TNS €QOQ-
UOYV. Ol QACELS CLUTES TTEQLYQAPOVTAL TTALQUUATM KO ETTLYQUUUATIXG {vaL OL EENG:
"EvoQEn.

ITooduaryQapéc.

2y edLoouog.

Y\omoinon.

‘Eleyyog - AvaBemonon ot AELOAOYNON.
ITopddoon xat Eyxatdotoon.

AN
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OL Baonég ®aTNyoQieg 0QUOTNOLOTNTAS 08 KA tLal atd TLg €EL PAOELS AVATTTVENS
TOV LOTOYMQOV OLOUOQPDVOUY TOV TTVENVA TNG UeB0O0A0YI0C, TTOV VITOOTNQLLETAL AT
TOL TTOLQOOELYWOTA, TO OOULXE OLOYQAUUATO 0L TO TTQOTVITO. TOV LOTOYXWEOV. H €mL-
ordTINon ®G0e PAONS AVATTUENS axoAoVBE(TOL 0TTO TO TTEOGOLOQLOUO TNG XQOVIXNG
OLAQ®ELEC TNG, ®OOMS ROl AT ol oVuvToun JTEQIAMPN avTnS. Ot 0QUOTNQLOTNTES TTE-
QLYQAQOVTAL ®AOMC AL OL OYETIXOL 0TOYOL. Kdbe TUNqma (pdong OAOXANQMVETAL UE VOl
HOTAAOYO €QYUOLMV KUL €V UNYOVIOWO EAEYYOV TV OTTALTHOEWV TTOV ETLPELOLMVEL
ATL 0 0TOYOG Yo TN QAo £xel OAorANQWOEel OTTwg astarteitol. Ze xabe don avogée-
TOL O AQLOUOS X0l TO €L00C TV TO.QAOOTEWY KUBMS KAl M ETTLOVUNTY NUEQOUNVITL TTOL-
0A000MC TOVC.

AVOAVTIXOTEQQ, TO TTQOXOTAUQXTIXO OYEOLO TTQOYQAUUATOS OITOTEAELTOL OO TLG EENG
pdoelg [28, 29]:

1. 'Evagén £oyov

H ¢pdiom évapEng, elval amraQaitnTn 0TO JTQOYQOUUUATLOUO YLOL TNV VATTTVEN £VOC €0-
yov. O dLeQyaoteg TEQLAAUPAVOUV TOV KOBOQLOUO TNG YEVIXNG OTQOTNYIUNG HAOMS oL
TV UEAAOVTIXMV OUTTAV®V, 08 OTL 0.pOQJ TO TTEOUTOAOYLOUO TOV £QY0V. Eriong, mooo-
OL0QtLoVTOL OL TTOALTIRES ENEYYOV AANAYDV TOV €QYOV, TO. XQLTNQLOL ATTOOYNG PAOEMV
07td TOV TTEANTN KOL TTOQOVOLALETAL £VOL £YYQOPO TTEQLYQUPNS EQYOV.

EmuyQouotind ®atd T @aom EVaQENS Tov £QYO0V, OLEVEQYOUVTAL OL €ENC EQYAOLES:
e YAOTTOINON OUVOTTLXNC AVOQPOQAS LOEMYV KOL OVOYLMV.

*  Yhomoinom moooyediov Qo yQaUUATLOUOV AVAITTTUENG.
o ZyedLooUOg TTQOXOTOQATIXOV TTAGVOV.

2. [Igodiaygaqpés

2 QUTHY ™V QAOT OVOITTUOCETOL TO €YYQUQO TTEQLYQUPNS OITOLTOEWY, TTOV £lval
Baotouévo oto TEoTVITo ANSI/IEEE Std 830-1984 [0l to.dideryual, 0 SLayeLQLoTis Tng
TeEMANG eaQUOYNS Bal €xel TN OUVATOTNTA AVOVEWONG HOL ELOAYWYNS TTEQLEXOUEVOL].
ITeQLo0dTEQES TTANQOOQIES VL0 TLS OLOOLXAOLES TTOV B oxOMOVBEL X0l TO TQOTTO OLeEXn-
TEQULMONG TWV EQYAOLMV TOV OTNV EQAQUOYN Olvovtal otn 2" gpdon avdmtueng. Ia-
QOVOLALOVTIOL 0QLOUEVOL TTOQOOELYUOTO, OF OTL OPOQE. TOL HOLTHOLOL YONOTLXAOTNTOS KOl
TTQOOPAOLUOTNTOS TNG EQPAQUOYNS, TOL OTTOLO. OTTOTEAOVV KOl UEQOS TNG TTOLOTLXNG GV~
pwviog Tov €Qyov. H moloTixy ouigmvia, Tov 0goQd TLS ELUEQOVS (PAOELS UVAITTUENS
TOV €QYOV OAAG %O TN WEOOOO EAEYYOV TTQOOPACLUOTNTAS XAl XONOTIXOTNTOS TOV LOTO-
XMOEOV, OTToTEAE(TAL QITO TO €yyou@o Tov dieBvoig ogyaviouo W3C, Web Content
Accessibility Guidelines 1.0 (Odnyieg TTgoopaciudtnTas uadxtvoxov Ilegleyouévou
1.0) [30]. Ta ®QLTHQLOL CVTA AQUPEVOVTOL VITOWYN ROTA TNV EQAQUOYY TWV EVQETIXMV e~
060wV eLEYYOV YONOTIXOTNTOS TOV LOTOYXMQEOV OAAG xaoL ®aB’ OAN T dLadwacio vAo-
TOINONS TOL £€QYOV (EQPAQUOYY) 0€ OAES OYEOOV TLS (PACELS OVATTTVENG). ETLYQOUUUOTURG.
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OTE TN PAOT AVATTTUENS TV TTQOOLAYQUPMY TNG EPAQUOYNS / £QY0V, OLEVEQYOUVTUL OL
€ENC eQYaOleg:

e AVAAVOTM YONOTWOV (TTQOCILOQLOUOS YOQUXTNQOLOTLXWDV).

o Tevinég mEOdLaYQUpES £QYOV.

o Eheyyog »ou ovabBemonon @aoemg £Qyov.

3. Tyedraouog

To ®VQLO TOQADOTED £YYQUO OLVTNG TNS PAONS ELVOL TO £YYQOPO TTEQLYQUPNC OXE-
dLaopov, To orolto oteiletolr oto TEOTVITo ANSI/IEEE Std 1016-1987 %au oto omoio
TTQO0OL0QICETOL M AVOQMITLYT 0QAOTNLOTNTA TTOV Bt VITooTNEICETOL 0Tt TO TEQLREALOV
™G eauoyns. KaboiCoviat To TQOO0XMUEVA XUQUXTNOLOTLXA TWV XQNOTMYV, QM-
TifeTon wetdipoaon 0oV eyydpov ue Tig OdNyleg ITQOORAGLUOTNTAS OLOOLXTVAKOV
ITegueyouévou (amtd 1o OLEBVN 0QYAVIOUO TUTTOTTOINONG OLAOLXTVOXOV TTEQLEXOUEVOV
W3C) rot féon auTov TEQLYQAMETAL (Lo AVON 0TO TTQOPANUO TOV OYEILAOUOV TWV LOTO-
0eMOWV TOV dLxTVAXOV TOTTOV. TToQuALAYES O edIOV, OVOUALOVUE T ORAQLPNLOTOL TTOV
00 0IT00O0VV TN UOQPY| KO TO YEVIXO OTO(XLOM TOV YQUMLLOV TTEQLRAAAOVTIOS KOl TOV
TTEQLEXOUEVOV TMV LOTOOEMOWV. Ertiong, TaQadidovtal oL aQyirés ToQoAAAYES Oxedi-
OV OAAG %O OL TEMKES, OTTTUKES TTAQOAAAYES OYedIOV TV LOTOOEALOWY. H oo twv
TAQADOTEWV TTEOTOVIWV VTS TNG PAoemS elval elte €yyoaqpn, eite ynploxn (oe CD-
ROM), v7td ™ HoQ@n OITANG TTOAVUECLRNG EPOQOUOYNG.

EmuyQauuotind ®otd ) @AoT aVATTTUENS TOU 0YEOLOOUOV TNG EQOQUOYNS, OLEVEQ-
YOUVTOL OL EENG EQYAOLES:

o ZyedLoouog SLETTAQ®V XQNOT.

e Y\lomoinon xaotn TAonynons.

e YLommoinon oxoQugmudtmv (XeLQOyQapaL, \YNeLaxd).

e YLOmmoinon otoryQauuatog QONg ITANQOMOQLOS XAl OOUNC.

4. YAomoinon

21N OLAEKELOL AVTNS TNG PAONG, O EAEYYOS TV AAAAYDV ELVOL ONUAVTIXOC, RADMDC Ué-
0w AVTOV OLVETAL UeYAAN TTQOOOYN 0TN Aerttonéeta. H Tonon twv Non dLeunQuvioué-
VOOV TEYVIXMDV TTTUYMOV KOl OL OLOUOQPMOELS eAEYovTaL ®at avabewoUvtal. To vArd
TTOV TTQOXELTOL VO YONOLUOTTOLNOEL (S TTEQLEXOUEVO YLO. TNV EQPAQUOYT] OQLOTLXOTTOLE(TAL
%OL TO ®VOLO €YYQUQO TTOV TTAQAAIOETOL elval Uia TTQOEXOOON TOV €YYQUPOV TTQOTVITO-
ToiNoNg ™G £PAOUOYIS.

EmvyQapuotind ®otd ™ @don VAOToinong T OLOOLXTVORNG EQPOQUOYC, OLEVEQ-
YOUVTOL OL €EENG EQYUOLES:
e ATTOUTNOMN VALXOV (TTEQLEYXOUEVO).
e OhOXANQWON LOTOOEAIOWY (VAOTTOINON).
e YLommoinom sQoéndoons g EQAQUOYNGS.
e AvaBednom TQOVITOAOYLOUOV TOV €QYOV (AV RQLVETAL OVAYXALO).
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5. 'EAgeyyos - AvaOsmonon xat asioloynen

Avti 1 @aom eupaviCetor ®af’ oA TV emavoinTTinn SLadmaoion avAaTTTUENS, %a.-
Bg %ot otn meotelevTaio domn Tov éQyov. Eival onuavtind, oto 1éhog ®abe nixlov,
vao. eEeTdCovue T ®ATAOTOON OTNV OTTOL0 FOLOXOUAOTE, UE QVOTNQG XOLTHOLO, TTQLV 0Q-
yloer m eduevn @don. To TEOTOV ™S (PAoNg CVTNG ElvaL TO €YYQOPO TTEQLYQUPNG KL
HOTAYQOPNG EAEYY V.

EmuyQoupotind ®atd ™ @don ovafemonong %ot 0ELoAOYNoNns, OLEVEQYOUVTOL OL
eENg eoyaoiec:

«  Egaouoyn g otootnyuxnig eAéyyov.
«  Koatoyag) Twv armoteheoudTmv TS SOXLUNG.
e ABQOLOTIXY OELOAGYNON TWV TTOQUITAV® EQYAOLMV.

6. [1agadoon xaL eyxotdotacn

To emimedo VITOOTNOLENS TEAATOV, VITOOTHOLENG AITGOOONS KOl OUVINONONS TOV €Q-
You oQLoTixoroleltal. H oQddoon mToTOHVIMmV TUTOTTOLELTAL UE TNV VITOYQUQY) EVOS
CUULPWVNTIXOV ATTOO0YNG TTOV TTEQLEYEL AVOPOQES ETTLOXOTTNOEWV YL ®GOe €va amtd Tal
®OTATEDELUEVO £YYQOPA TMV TTEQUOUEVOV PAOEWY XOOMS KoL Uia TEALXY 0VOpOQd. o€
6oa €xouv yivel. ZVOTNVETAL ovaDemONON TNG YEVIXNG OUWITEQLPOQAS TOV £€QYOV UE
OL0QBwTIES eVEQYELES, oV aUTO ®OLBelL avayxraio. TELOG, ®OTATIOETOL XOL TO OQLOTLXG
€YYQULPO TTQOTVITOTTOINONS TOV LOTOYMQOV, TOV 0TT0LloV 1 VAOTToinom faoiletal otn mQo-
€©000M TOV £YYQUQOV TTQOTVITOTOIMONS TNG EPAQUOYNS KADMS %Ol OTO £YYQO(pO TTEQL-
YOOPNS KOL RATAYQAPNS EAEYYWV. ETLYQaUUOTIXG ROTE TN PAOT TO.QAO00NS KL EQAQ-
uoyNg Tov £€QYov, OLEVEQYOUVTOL Ol €ENG eQyaoies:

*  Yhomoinon eyyoagov £éxdoong (Texunoiman, TQoTVITomToinon).

e YAOmoinom eyyoagov £x000Ng TEAMXNS TTEQLYQUPNG PACEMY TOV £QYOV.
e TTaxetdoLouo TG EQPAQUOYTG.

e Eyratdotaon - éxdoon 010 OLodiXTVO.

e AT0d0YN TOV £QYOV aITO TOVG TTENATEG.

Ta éyyoaca maovoldCovral aQaxdtm ITivaxeg 1, 2 wal 3:
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Hivoxog 1:
‘Eyyoaqo meoryoagis £0yov (évagén égyov)

Tithog ‘Eyyoago meguyoapis £0yov (¢vagEn ¢gyov)
ITeouyoaqn | TTeuéxel Tov aQuBud fnudtwy ov meémet vo. axolovinbovv yio Tnv ohoxANQ®ON ULog dLo-
OATVOXNG EQOQUOYNHS HOOMS ®aL U0 GVVTOUN TTEQLYQOLPY TOUG

Tujuota 1. Ewoayoyn

Tedia | Tithog Zromdg - Teguyoagn

1.1 Z10TTOC « [Teguyoopr g webodoroytag ov Ba
axohovonOet

» AmevBivetal oe OLOVg Tovg
EUTTAEXOUEVOVS

1.2 Tevin Amoym | TIeQLyQagt Tov TeLxov £QYOV OV
TQOXELTAL VO VAOTTOLNDEL

2. Tevixn weQuyoan | TTeQuyodpetal 1 uebodoroyic avamTvEng o epaQuOCeTaL
YLO. TV VAOTTOINOM TOV £QY0V, %aBMS %aL Ol ENLUEQOVS €QYOOTES
TV QACEMV OVATTUENG

2.1 TTeQuyoagn AVOQEQETOL TO TTROTVITO OTO OO0
uebodoroyiag | oTNOLLOUOOTE Lol TNV EQPAQUOYNY TNG
AVATTTUENG uebodoroyiag (ISO/TEC 12207) nabwg
AOL WO GUVTOUY TTEQLYQOLPY TNG

2.2 TTooyoau- O moyeauuatowds e uebodoroyiag
UATLOUOG meQuAaufaver TG eENg evoTnTec:
AVATTTUENS + Kabogroudg g Tevinig Ztoatnyiung
TOV €QYOV o MehhoVTinég dumaveg

« TTohttiny ehéyyov aAhoymv
« TTgoratoQuTnd 0%E€JL0 TQOYQAUUATOG

4. Tlaootiuata Audpoga draryoduuata %o VAS tov Ba fontioet tov mehd
va. éxel iior TANQEOTEQN ELXOVA YLOL TO GVVOLO TOV £QY0V
IOV TQOKELTOL VO, VAOTTOLNOED

5. Biphoyoagpia
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Hivaxas 2: Eyyoaqo teory0o@ijs amoitioemv (T00dLayQapés)
Tithog ‘Eyyo0.qo meguyQagng emaitiioemy (TQodtayQapes)
ITeouyoagn | TTeQLéxel TG GITOLTHOELS TTOV VITAQYOVY aITO TOVG XONOTES, Paolouéves 0T dLabéoun
TeYVOAOY (0 TOV TTEMATN (UMY OVOAOYLXOG EEOTALOUOG, YVMOELS TTANQOPOQLANG) OMAG
%0L 0TO TQOBANUC. TO 0TTO{0 HOAOVUOOTE VO, ETAVCOVUE
Tujuaro 1. Ewoayoyn
Media | Tithog Zromdg - Ieuyoagn
1.1 2%0mAg * TIQOGALOQLOUOS OMWV TWV AVAYRDOV
OTA TQOTTO KOTOVONTO, OUQT], TAYON,
OLVETTT| %Ol ETOANOeVOLUO
» Amevbivetal o GAovg
TOVG EUTTAEXOUEVOVS
1.2 Teviny Amoyn | T1eQuyQaipr} TV OTALTHOEDY TOV €QYOV
TTOV TTQOXELTAL VO VAOTTOLNOEL
1.3 Oglouot, ITeQLyQapn GVoVONTNG 0QOAOY(AC,
A%QUVIULOL OXQWVUULWYV KOl OUVTOUOYQUPLMV
%0L ZUVTOUO- | TTOV elvalL amaQaiTnTa YLo T 0UVIaEN
yoopieg TOV €YYQAPOV
14 AV0QoQég H yonowwomorovuevn Pioyoapia
1.5 Emondmmon AVOOo®OTNON TOV TEQLEXOUEVOD

TOV £YYQAPOV %Al OVAQOQE GTOV TQOTO
VAOTOINONG TOV

2. Tevin| TEQLyQogpN

TTogéyel uio emLoROmNON TOV AELTOVQYLDY KOl TEQLOQLOUMDV
TOV LOTOYMQOV, O 0TTOL0C TQOAELTAL VaL avaTTUyOel

2.1 ITooomTin O Adyog o Tov ooio Ba viomotoouue
TQOTOVTOG NV EQAQUOYY, TTOV GITEVOUVETAL KL TTOLES
Ba ebvar ov vitneoteg mov Ba TaéyeL
2.2 AertovQyteg AvO.QoQG TV VINQECLWDY TTQOS TOVG
TOV TTQOTOVTOG | EUTAEXOUEVOUG YONOTES
2.3 XaQomn- ITQOGOLOQLOUOS TV YQNOTMV € OTL
QLOTIXA. aQoQd TNV NALXL0 TOVS, TV AOYWV TOV
XONOTMOV Ba %AvouV %Q1OoN TNG CUYREXQLUEVIG
ePaQUOYNG %aBMS %L TO VARG
7ov Ba €xovv 0T Oudbeon Toug
24 Teviroi TT0Q0O0YES %Al TTQOOOLOQLOUAS TWV
TEQLOQLOMOL QITEQALTNTOV YOQUXTNQLOTIXWY TOV Lo~

OLUOV GVOTHUATOG OAAG KOL TV YONOTMV

3. Euduwrég
OTTOLTNOELS

TToéyel wio TEQLYQAPY TV AELTOVQYLMYV TOV LOTOYMQOV,
TV EL0O0WV, TOV EE60MV RADNDC KO AETTOUEQELDV
JTOV APOQOVV TNV eTteEeQyaoia TV dedopévmv
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3.1 A€LTOVQYHES | AVOPOQE 0TO GVVOLO TMOV AELTOVQYLDV
ATOLTHOELS TOV OVOTHUOTOG TTOV TQOKELTAL
va. avortTuyOet
32 ATOLTHOELS Kataygogr amaltioewy TeLrdy xonotmv
EEoteQurmv YL ToV TQOTo alnAemtidQaong
ALemaQav UE TNV EQQUOYT
33 Iouopoto AmaQaitteg meotimobéoelg ol

YAQOXTNQLOTLXG TNG EQPUQUOYNS TTOV Bat
avorrtuyBet. Ixavomolouy Ola Ta ®QLTHQLAL
AVATTTUENG VO OLOXANQWUEVOL
OVOTHUATOG

4. Tlagogtiuata

OQYOVOYQEUUATO. TTEQLYQUMNS TNG SOUNG TNG EPUQUOYNG %aL VALKO
OV TTQOXELTAL V. oNoLortonBet yLo Tnv 0gBdTeQn ohoxhiowon

Hivaxag 3: ‘Eyyoaqo meoiygagiis aediov (oyediocuog)

Tithog ‘Eyyoaqo megryogis oyediov (o edraonog)
ITeoryoan | TIeQLéyel TOV TEOTO GYEALOOUOV TNG EQPUQUOYIAS %al OTTEVBVVETAL OTOV TTEMATN KOOWMG %aL
OTOV UEMAOVTIXG TTQOYQUMUOTLOTH TTOL Bal avakdfer T Bektiwon e, To megLexduevo Tov
UTTOQEL Va. YiVEL EVXOAA KOTAVONTO AITO KATOLOV TTOV OV £)EL LOLOUTEQES YVIDOELS TTANQOPOQL-
NG %O TOQAAANAOL TTAQEYEL TNV OITCQULITNTY TEXVLXY AVGAVON Y10 TNV EEEMEN TNG EQPUQUOYIG
Tunuoro 1. Ewooyoyn
TTedia | Tithog Zromdg - TeQuyoagn
1.1 Z%OTOC * T10000L0QLOUAS OAMV TWV 0YEILAOUOV
%0TE TQOTO KATAVONTO, COQT, TAHQN,
OUVETTY %O TTaANOevoLUo
« Amevbiveton oe GAOVG TOUG
EUTTAEXOUEVOVG
1.2 Teviry Amtoyn | T1000OLOQLOUOS TOV TTEQLEYOUEVOD
TOV €YYQAPOV Gy eLAOUOV
1.3 Ogtopot, TTeQuyQay duovonTng 0QOAOYiaC,
ArQviuLaL OXQOVUULWYV %Ol GUVTOUOYQOPLWV
AOL ZUVTOUO- | TTOV €LVOIL 0TolQelTNTOL YLeL TN OVVIOEN
YQOUpieS TOU €YYQAPOV
14 AVapoQég H yonowwomorovuevn PALoyQapio
1.5 Emonommon AvaorOmNoN TOV TEQLEYOUEVOV

TOV €YYQAPOV %AL 0VAQOQE. 0TO TQOTO
vhooinomg Tov

2. Tevunr TeQLyaQn

TToéyel Wio eTLoROmNON TV AELTOVQYLDY KOl TEQLOQLOUMDY TOV
LOTOYMQOV, O OTTOLOG TTQOXELTAL Ve avaTTTuy Dl
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2.1 ITeQuyaqgn AL mQLOUOS TOV XMOLXO. TNG EQAQUOYNG
amoovvieong | oe TUMUOTA FAOEL TMV AELTOVQYLDY
OUVOULLXMV OV EXTENOVVTOL
LOTOOELIOWV

2.2 ITeQuyaqn AL mQLOUOS TOV XMOLXOL TNG EPAQUOYIS
amoovvieong | oe TUNUOTA BAOEL TOV AELTOVQYLDV
LOTOOEMOWV | 1OV exTEAOVVTOL
olayetoLong

3. Zy€d10 dedouévav

TToéyel Uio TeQLYQUPY TWV AELTOVQYUDV TOV LOTOYMQOV,
TV EL000WV, TOV EE60MV RADMDC KO AETTOUEQELHDV
JTOV QPOQOVV TNV eteEeQyaoia Twv dedopévmv

3.1 Agyela nau Ba- | Avayelolon aQyelwv xat 1 oyéon Tovg
0eLg Oe0OUEVV| Ue TN PEoT dEOOUEVV TNG EPAQUOYIS
(amobxevon oQyelwV 1AL TANQOPOQLOV
7OV oyeTiCovTal ue avTd)
32 Aouég Avdivon g BAong Oe00UEVOV
0e00UEVWV TTOV {QNOLUOTTOLEL 1) EQPAQUOYY

4. Zyédo
Iotooehidwv

Amotehel ovvéyela g evottag [2] avaivovtag oe fabog Tig
LELTOVQYLES TWV TUNUATWY TTOV 0VOQPEQOVTOL O QLUTY e TQOTTO
000 TO OVVUTO HATAVONTO

4.1 Zyédlo AVELVON TV AELTOVQYLOV
QUVOLLKMV ™G aQayedgov [2.1]
LOTOOELIOWV

42 ZyédLo AVELON TV AELTOVQYLDY
LOTOOEMOWV | NG TTaQaryQdipov [2.2]
OlayeloLong

5. TTeQuyQopn

TeQuyQdipeTal e TQOTO G0 TO AUVATO TLO KATAVONTO KDOLKAS

OLETOPADV 7OV OOUEL TG OLETTAPES TOV GUOTHUATOS UG,
LOTOYMQOV Amotehel ovpuTAomua g evotntog [4].
5.1 ITeQuyoqgn AVOQOQU TV LELTOVQYLOV TOU XMOLKL
OLETAPDV TTOV OVVOETEL TIC OLETTOPES
QUVAULLKWV TOV QUVOULXOVY LOTOOEAIOWDY
L0T00EMOMV
52 ITeQuyaqgn AvapoQd TV LELTOVQYLOY TOV XMOLXOL
OLETAPDV TTOV OVVOETEL TIC OLETTOPES
L0TOOEMOWV | TwV LoTOoEAIOWY dlaryeloLong
OLopetQLomg
6. O¢uata Avalvon Towv OeptdTmv ao@Alelas OTmS oVTE TQOEXVPAV KATA
QOPALELOG ™ OLAQKELDL AVATTTVENG TNG EQPOQUOYNG. OL VITOEVOTNTES TTEQLEYOVV
LOTOY(MQOV TLG KOTNYOQIES TV TUNUATMOV TNG EPA.QUOYNS, YLO. TS OTTOLES NTOV

ATaQAITNTN M €E0.0MAALON TNG UXEQULOTNTAS KL TNG AOPUAOVS Y ON-
oNng TV OEOOUEVV
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6.1 Aogpdhera. ZOvToun avagoQd. oTn xenon uebddmv
TOUéQ, QOQPAAELOG TOV CUYXEXQLUEVOU TOUEC
oLoyetoLong

7. Hoaothiuato ExtevéoteQn Tey vy avagoQd. 0To TURULOTO TOU XMOLXCL

TOV OVOTHUATOG. OL EVOTNTES QUTES CIPOQOV TO TEYVIXO TTOL Hal
TQOYMQNOEL TNV EMUTAEOV UEAAOVTLXY OVETTTUEN TOV GUOTHUOTOS
%0l B0 YQELOOTEL XATOLOL TEXUNQLMON TOV KWOLXAL

4. XuumeQdonato

To dLodinTVo €0woe VEeg dUVOTOTNTES ONULOVQEYLOC, ®OBOOYNONG KO ETTLTEVENS OLOL-
(pOQOITOINONG, OTO TOUE WV emtLyeloNoemy. H An0doa eQyOheiwV ®OL TEXVOLOYLMV TTOV
WITOQOVV VL (QNOLULOTTOLNOOVV VL0 TN YONYOQN CVAITTTUETN %Ol ETTEXTAON TV EQOUQUOYMDYV,
QTTOTEAOVV £VO. OUYHQLTLXO TTAEOVEXTNUM TOV OLOOLXTVOV. ETLITA(0V, N 0VATTTUEN EQOQUO-
YOV YL0L TO OLOOIXTVO Yo TNOLLETOL AITO TNV avEyxrn yia TN BEATLOTT XQNOT TOV XOOVOU
™G ®AOOQLOTLXOV TTAQAYOVTO YLOL TNV ETTLTUY 0L € €val TEQRAMAOV OTTOV 1 OVTALYWVLOTL-
HOTNTO TV TQOTOHVIWV eE0QTATOL GUETT. OITO TN YQIYOQN GITOXQLON TOUS OTLG OIVOIYKES
TV TEAATMV TOVS, 1 OAOXANQWOT AWV TMV OITALTHOEMV WLAS ETTLYEIQNONS KL 1) TTAQOYN
™G UEYLOTNG dUVOTHG OEL0G OTOV TTENETN elval TO ®VQLO UEANUO EVOC TTQOYQUUUATLOTY.

‘Ouwg, o oVvNnbeg altnuo TV JTEAATOV, VLo Uelmon Tov xedVou vAoTtoinong, O¢TeL
og OeVTEQN OO OTOLYELD TTOV BEQEOVVTOL BAOLKA YLOL TNV ETTLTUXLC OIS EQPUQUOYNG
YL TO OLOIXTVO OIS ELVAL M XONOTIXOTNTO TWV OLETTAPMDV UL TWV TTOQEXOUEVWV EQ-
YOAELWV OTOLYELD TTOV 0OMNYOVV TTOMAEG (POQEC OTN ONULOVQYLC. U1 TTOLOTIXMWYV OTTOTENE-
OUATOV ATt TOVG TTQOYQOUUATLOTES. Tl TN dINULOVQYI EVOS XONOTLLOV KOl OMOUANQW-
UEVOD TTQOYQAUWUOTOS VL0 TO OLAOIXTVO, EIVOL OTTO.QALTNTOS O TTEOGOLOQLOUOS TWV AEL-
TOVQY XMV AITOLTNOEWV TNG EPOQUOYNS TTOV TTQOKELTAL VO, AVAUTTTUEOVUE.

OL #0QLOL OTOYOL TNG £QYOOLOC NTaV apevOg va. doBel 1 duvaTdHTNTO 0TOV VITEVOUVO
OVATTTUENS Wag SLAOXTVOXNG EQOQUOYNS VO TTQOOOLOQ(OEL e EVKOMOTEQO, TOVTEQO
AAAG ®OL HOAVTEQO TQOTTO T, OTAOLA OVATTTVENG eVOS TETOLOV £QYOV KOL OLPETEQOV VAL
Fondnbet 0T 0WOTH GALG KOL OTN YOYOQN CUYYQUEPN TV EYYQAQMV TTOV TTQETEL VO, OV-
VOOEVOVV EQPUQUOYES AUTOV TOV TUITOV.

2NV OoTTAOEL0 avuTY avanTONHOV ROl eEETAOTNHAV UeBOOONOYIES KAl TTQUXTINES
AVATTTUENG TTOQUO0CLOXMY KOL JTTOMVUEOLXMV EQAQUOYMOV Aoyiouxov. H diadwmaoio
QUTY) 0PEVOS OONYNOE OTNV KATOOXKEVY] EVOG TTAOLOLOV OVATTTVUENS KOl TEXUNQLWONG KL
OPETEQOV OTNV EEQYWYT] L ONOLUWY CUUITEQUOUATOV:

e O %0QLES OLTLES YL TNV OUTOTUYI0L TV OLODATVOAMDV OVOTNUATMV E(VOL O EAMALTTNG

Oy EOLOOUOS AL 1 AVATTTVEN TV OLOOLXAOLMY, X0OMDS ®oL 1 @Twy) OloyeloLon xatd

TN OLAQXELD. AVATTTUENG TOVS. AVOQPEQOVTAS TO. CUYXLEXQUUEVOL TTQOPMUATO ELVOL ON)-

UAVTLXO VO XOTUVONOOVUE TTANQMG TLG OUVATOTNTES TOU SLAOLXTVOV.
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* H duebvnc Puphioyoaia Tavm oe OEUATO AVATTTUENG LOTOYWMQMV ®KaBmS ®oL Ta. £Y-
YOO, TTOV EXOIOOVV £YXVQOL TTAYHOOWOL OQYOVLOUOL OYETIXA UE TNV VAOTTOINON
YONOTIXMV AUl QNOTO-KEVIQIXMV EPOQUOYDV (JT.%. WWW.W3C.0Trg), 0ItoTehOVV dQL-
0TOVC 0ONYOUS YLO. TN ONULOVQYLL AELTOVQYLXMYV, XONOTLXMV KoL oLoONTIXd ToLoTL-
HOV OLOOUTVUXDV TTEOTOVIMV.

e Eivol ovolaoTtind vo TOVIoTEL (LOLLTEQN 0TOV TTEANTN), 1 ONUOVTLXOTNTO TNG TEXUN-
QUMWONG %L TV TAQAIOTEWV EYYQAPWYV UAME ®OL O QOAOS TTOV O (OLOG CUVTEAEL OTN
TEAUT TOVS OLAUOQPMOT %KL RAT’ ETEXTAON, EUUEOWS, OTNV VAOTOINOT TOU TEALKOV
RO TOVTOC. Tomg pe To TEOTO CUTO YIVEL dUVOTY HOL 1) EPAQUOYN TNG AELOASGYNONG
TV TOQAUOTEMV £YYQAPOY UECW EQWTNUATOAOYIWV.

e H avotéom mQoomdbeLo TTOETEL VO, EVIOTLOTEL 0T OVVTUEN TAQAOOTEWV EYYQAPWY
ue, 600 TO dVVATO, TTLO RATAVONTO «AOYO» TTQOS TO EVQV KOLVO, TTOV OEV £XEL EYHAL-
UOTLOTEL UE TG £VVOLES HOL TN YEVIXOTEQY 0OQOAOYICL TV VEWV TEYVOAOYLMV.

e IIoTov Eexlvnoel M VAOTOINON WO OLOOXTVOXNS EQPAQUOYNG TTQETEL VO, elval Ee-
©dBon M ewrdva Tov ®HrAov TomMg TS ®ABe PAoNS TOV exTEAELTAL. AV 1 €QAQUOYN
OTTOTENE(TOL QITO OQUETES OTATIXES LOTOOEALOES, TOTE TTOMD TTLOOVS ELVOL VO TTOQOTN-
onBovv wnEoi ®xhot Cwng xaTd TLg paoeLg VAOTOINONG. Ze TEQIITWON OUWS VAO-
Toinong wag oVvOeTNG SLAdUTVOKNG EQAQUOYNG, O XUHAOG CONG TMV ETLUEQOVS (Pd-
OEWV OVATTTVENC, EEQQTATOL OITO TNV RATEXOVOW TEXVOYVWO (O KOL OITO TO OWOTO 0Q-
KO 0yedLAOUS, 08 OTL APOQA TLG CITOLTNOELS KL TO TQOTTO VAOTTOINONG TOV £€QY0V
(ETTLAOYT) HOOLROL OVAITTTUENC - YADOOOS TTQOYQUUUATLOUOV, TEYVOAOYLMDV KATT.).

«  Katd ™ @pdon Tov TQ000L0QLOUOV TMWV OTTOLTHOEWY TNG EPOQUOYNC TTOV TTQOKELTAL
va. avastuydel, eivol amaQainTog 0 AEYY0S TV YVMOEWY TOV TeEAdTN o Béuata
OLOOLKTVOU %L VEOV TEXVOLOYLOV, ®aOMOS avTég elval tov ®aBoilovv ®al To emi-
7Ted0 OVVEQYOOLOG OTLG ETTL UEQOVS (PAOELS TNG VAOTTOINoNS Tov €0yov. H emihoymn tov
HATAAMNAOV aTOUOV, TTOV B0l EXTQOOMITEL TOV TTEANTT OTLS OLUOLKACTES EAEYYOV %O
ovaTEOPOdATNONG, elval ®aBOQLOTLXY YLOL TNV ETTLTUYT TTOQELX TNG AVAITTUENG TNG
EQOQUOYNC XOL ELVOL GUECO CUVOEOEUEVT) UE TO ETTLTTEDD TNG TTOLOELOS AVTOV TTAV®
0TOVC NAELTQOVLXOVG VITOAOYLOTES KA YEVIXOTEQM OTO TOUEN TNG TIANQOPOQLXNG KALL
TV TNAETTLXOLVOVLDV.

«  Elval emBuunto, ov moadotéeg maQaAlayéc oxediov va elvar 600 To duvaTo Lo
HOVTE OTNV ELXOVA. TOV TEALXOV TTQO TOVTOC. ATTOOELXVVETAL TTMC, OTOLAONTOTE GAAN
LOQEPY ORAQLPNUATOS TMV OLETTAPMV KOL TWV LOTOOEAOWV, eVl OVOKROMO VO, YiVEL
NOTAVONTY| KOL ETTOUEVIS VO AELOAOYNOEL HATAAAINAQ OTTO TOV TTEAATY).

e To mEOTELVOUEVO TAQLOLO TTAQOPAETTEL OQLOUEVO £YYQOQA. TTOV BEWQOVVTAL PACLXA
0TLS ueBodOAOYIES OVATTTVENS TOQOOOCLONMVY AL TTOAMVUECIHLMV EPOQUOYDV. H un
VAOTTOINON TV £YYQAPY oUTMV Bonbd ot YONYOQOTEQN OAOXAQWON TOU €QYOV
AOL 0T RAAVTEQN ETTLXOLVVIO. UE TOV TTEANTY.

TéNOG, exTLUdTOL OTL 1) VITAEEN €VOS AOYLOULXOV TTOV PAOICETAL 0TO TQOTELVOUEVO
mhaiolo Bo aroteréoel Evov 0Oy ToV B0l CVTOUATOITOLHOEL TN OLOOLLAOLO. AVATTTUENG
NOL TEXUNQOLWONG TV eEETALOUEVOV EPAQUOYMV. TO CVUITEQUOWA GUTO OTTOTEAEL OLVTL-
HELUEVO UEAALOVTLHNC EQEVVAC TV OUYYQUPEWY TNG TAQOVOUS EQYUTTAC.
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Abstract

In this paper we are presenting some preliminary results of a project* entitled
"Intelligent Robotic System for Allergy Diagnosis". This project is supported by the
ARCHIMEDES 1 program and its aim is to analyze the application of robotics and
artificial intelligence into immunology in order to assist, with a minimum cost, appropriate
medical diagnosis for a number of allergic diseases. To achieve this goal we are planning to
develop an intelligent system which with the help of a vision system will guide a robotic
arm to perform autonomously the necessary allergy tests and then based on an expert
system will provide a report with the appropriate medical diagnosis. Here, following a brief
discussion of this project, we are presenting results of the first phace of the project which
is concerned with the analysis of system specifications. The results presented here are
dealing mainly with the robotic subsystem of the proposed intelligent system.

* This research has been conducted within the framework of the “Archimedes: Funding of research
groups in TEI of Piraeus” project, co-funded by the European Union (75%) and the Greek
Ministry of Education (25%)
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Iegiinym

Ze 0UTH TNV €QYAOL0L TTOLQOVOLALOVTAL TA TTQMTA, ATTOTEAEOUOTA EVOS €QYOV UE TITAO
«Evgpuég Pourmotind Z0otnuo Aldyvoong AAMEQYLOV». AUTO TO £€QY0 VITOoTNQICETOL
artd 10 medyeauue APXIMHAHZ I «al 0tdyx0g Tov elval vo, avaAVoeL TNV EQOQUOYT
NG QOWTOTLANG KO TEXVNTNS VONUOOUYNG OTNV OVOCOAOYLO e 0XOTTO va. FonOnoeL, ne
eMAYLOTO HOOTOG, OTNV RATAAANAN LOTOLXY OLEYVwon evog aolBuov alheQynmy a.obe-
velv. Ta va emitevyBel 0vTdg 0 0TOY0G OYELELOVUE VO, AVOITTTUEOVUE £VaL EVPUES OV-
OTNUA TO OTTOL0 Ue TNV BonbeLa evOg CVOTHUOTOS OQOONG OO XATEVOUVEL TOV QOUTOTLXO
Poayxiova wote va extelel aUTOHVOUA TLS OVAYRALES LOTOUXES EEETA.OELS HAL OTNV OUVE-
YELOL POOLOUEVO OF €VOL EUTTELQO OVOTNUAL, VO TTAQEYEL WO €X0E0M e TNV RATAAANAT LO-
TOUXY] SLAYVmON. ZTNV TTOQOVOU £QYNOLN, UETA OITd L0 OVVIOUN OvAAVoN TOv £€QYOV,
TO.QOVOLACOVUE T ATTOTEAEOUOTO TNG TTOWTING PAONS TOV €QYOV, TA. OTTOLOL (VAL OYETL-
®O UE TNV OVAAVOT TV TTEOSLAYQAQMY TOV OVOTHUATOS. Ta amoTeAéonaTo JTOV TTo-
00VOLALOVTAL €0 €YOVV 0E0N ®VOILWG UE TO QOUTOTIXO VITOCVOTNWUC TOV TTQOTELVOUE-
VOV EVEPUOVS CVOTHUOTOC,.

Keywords:

Allergy test, computer-aided diagnosis, robotics, vision system.

1. Introduction

The work presented in this paper is supported by the aim of program ARCHIMEDES
L The program aim is to promote and support research activities undertaken by members
of the Technological Educational Institutes of Greece. This work is concerned with the
application of robotics and artificial intelligence to the fields of immunology. In particular
here we are concerned with the development of an Intelligent Robotic System of Allergy
Diagnosis which will provide patients (with a minimum cost) appropriate medical
diagnosis for a number of allergic diseases.

In some earlier investigations, members of our research team had studied the possibility
of application of robotics in dermal allergic tests and reported some promising results [5]-
[7]. Here in this paper we shall expand these studies by developing an integrated intelligent
system which will be able to perform an autonomous allergy diagnosis. The proposed
system does not intend to substitute the special doctor. Its main goal will be to support his
work, firstly by assisting him in diagnosis and then by indicating the “best” possible
treatment. Other benefits of the proposed system will be the reduction of the time patients
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have to wait to be examined and the reduction of the probable for errors at the application
test (due to the accuracy of the robotic arm). We believe that the proposed system is an
innovative work (application of new technologies in medical practice) which is important
for our country, as the increase of cases of allergies is a daily phenomenon and the
possibility of application of diagnostic test all over the country is prohibited due to high
required expenses. With the proposed system the time and the cost are expected to be
minimized (less man-hours) and, at the same time, the patients will have better treatment
because the proposed system will increase the reliability and precision of the diagnosis.

2. Research Objectives

The main goals of the proposed intelligent system are the following two: a) to perform
diagnostic tests in order to detection any possible allergic behaviors of the person that is
examined and b) to provide a report with the appropriate treatment. The basic
requirements imposed on our system are to achieve its goals with reliability, speed,
precision and flexibility. Based on these specification the system has to use robotics (for
performing the tests) and some form of artificial intelligence (for making the diagnosis
and choosing the appropriate treatment). Some of the reasons which are justifying the use
of robotics and artificial intelligence in this particular work are as following:

« The high speed, precision, flexibility and reliability that a robotic system offers for the
realization tests, in contrast to humans which are prone in producing fault results (the
requirements of the test in precision and reliability are high).

e The lack of a complete descriptive and qualitative mathematic model of process.

« The existence of sufficient knowledge and experience on the process of realization of
allergy test from medical and paramedical personnel.

« The ability of expert systems to handle uncertain data (a number of applications in the
field of medical diagnosis (M YCIN, INTERNIST etc.) are today available).

The application of robotics in the medical science is not something unusual today. It
has been already applied successfully in surgery of prostatectomy, brain tumors, open
heart surgery etc. (Great Britain, USA, France, Sweden, Germany, and Japan) during the
last 10 years. Up to day, the application of robotics in immunology, and more specifically
in diagnosis, has been used in a system that concerns with the application of allergy test
using Laser CO, instead of needle (this system was used in the University of San Francisco
in volunteers with good results concerning the traditional needle Morrow-Brown [8]).

Also, it has been used in measuring the reactions from allergy test in the human skin
with the use of a special device (graphic tablet) that is connected with PC. The required
process for the measurement of size of blots and, in general, the reactions of dermal test
are performed by the computer, thus offering to doctors the possibility of better diagnosis
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and thus helping them to provide better treatment to the patients. Also, in the literature
exist enough materials for methods and techniques that are used in the diagnosis of
allergies. Moreover, in the field of artificial intelligence, the applications that concern the
medical and clinical practice are increased, giving emphasis to systems that use models of
categorization of knowledge (e.g. INTERNIST) [3], [5], [6], [7], [8], [111, [13].

3. The Functional Structure of the Project

In this section we provide a brief discussion of the work involved in the major steps
of our project which has the functional structure shown in Figure 1.

=P System Configuration =P System Development P System Integration [=—p

Medical Technical

S QwWOX
— T m U X
> 0O~=7"0
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Figure 1. Project Phase Diagram

A. Study of System Specifications: In this phase we shall perform an extensive analysis of

the problem focusing in particular into the following areas:

e Medical areas (medical methodology of diagnosis and treatment, structure and
operation of diagnostic test, medical data of examinations).

» Technological areas (technological elements of the system, technical specifications,
model of system, choice of equipment etc.)

B. Development of the System: This phase concerns the analysis and design of the
proposed system. It is focused in the following work axes:

» Analysis and design of the Robotic System.

» Analysis and design of the Vision System.

» Analysis and design of the Expert System.

« Integration of all subsystems and evaluation.
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C. Testing, completion and evaluation: The last phase concerns with testing the system in
human effigies (experimental step) and possible required corrections (if will be
necessary).

4.

Research Methodology

The methodology that is followed for completing this particular project is composed

of the following:

Collection of information related to:

o the medical action,

o the robotic technology

0 the computer vision,

o the application of artificial intelligence in the medical diagnosis
Processing and analysis of the above information

Choice of components and design of subsystems

Design the intelligent system

Testing, corrections and conclusions.

Structure of Intelligent System

The proposed intelligent system includes the following collaborating subsystems:
Subsystem of inputting of medical background (expert system).

Subsystem of robotic arm to conduct test (robot).

Subsystem of robotic vision and diagnosis (vision and expert system).
Subsystem of proposal of treatment (expert system).

Working as one unit all these subsystems will perform a diagnostic allergy test which

may be composed [7] (see Figure2) of the following steps:

Step 1: Reception of medical background from the computing system

Step 2: Automatic optical mapping of the patients arms (robotic vision system).

Step 3: Automatic calculation of points placing the antigens.

Step 4: Implementation of dermal allergy test (with use of robot).

Step 5: Diagnosis (use of robotic vision system and expert System)

Step 6: Proposal of treatment (from the expert System)
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Figure 2. Operational Steps of Allergy Test using Robot

6. Presentation of Preliminary Results

The first face of this project which was concerned with the study and determination of
system specifications has now been completed. In this section we are presenting a
summary of this work.

a) Dermal Diagnostic Allergic Test

After an extensive literature review on the implementation and diagnosis of dermal
tests we realize that the allergic dermal ordeals today constitute of widespread, simple,
and rapid method for diagnosis of allergic diseases. Moreover, they have low economic
cost. Thus for many years they constituted, and they still are, the most commonly used
methods for diagnosis of allergic diseases [1],[2]. A brief discussion of a diagnosis test
based on these methods has as follows:

Test the substance on normal skin that has apparently never before been the site of
dermatitis. If negative, you could test on previously affected skin even though the skin at
present appears to be normal. Previously affected skin may remain for a long time in a
state of increased responsiveness as compared with skin that has never been the site of
dermatitis. Testing on eczematous skin may be worthwhile, providing the tested area
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shows only light erythema, so that an urticarial reaction may be readily perceived on the
eczematous skin [4], [10]

The upper back, the antecubital space, and the volar aspect of the forearm are suitable
sites for testing. Some agents, however, such as benzoic acid, may react on the face and
not elsewhere. Select only test sites that permit sufficient surface area and subcutaneous
tissue to allow adequate penetration of all points and avoid hairy areas. Press loaded unit
into the skin with sufficient pressure to puncture the skin and allow adequate penetration
of all points; maintain firm contact for at least 5 seconds. The device should not be
“rocked” back and forth and side-to-side before removing the test heads from the skin
sites [14], [15]. If adequate pressure is applied, it will be possible to observe:

e The puncture marks of the tines on each of the test heads

e An imprint of the circular platform surrounding each test head

« Residual antigens or glycerin at each of the puncture sites

If any of the above three criteria are not fully followed, the test results may not be
reliable.

Reading should be done in good light, read the test sites at both 24 and 48 hours, the
largest reaction recorded from the two readings at each test site should be used. If two
readings are not possible, a single 48-hour is recommended. A positive reaction is
induration > or =2 mm providing there is no induration at the negative control site. The
size of the induration reactions with this test may be smaller than those obtained with
other intradermal procedures [14], [20], [21].

Contraindications to perform the skin testing are 1) known hypersensitivity to skin
test antigens 2) infected or inflamed skin; do not apply at sites involving acneiform,
infected or inflamed skin 3) severe systemic reactions to specific antigens e.g. diphtheria
or tetanus antigens. People known to have a history of systemic reactions to specific
antigens should be tested with this test only after the test heads contain none of these
specific antigens. Drugs or procedures that suppress immunity such as corticosteroids,
chemotherapeutic agents, antilymphocyte globulin and irradiation, could possibly cause a
loss of reactivity [18], [19], [20], [21].

b) Robotic System

According to medical methodology of allergy tests they are applied on parts of the
human body where the hair of skin is minimal. Therefore, according to this observation,
the places of the human body where most types of allergy tests could be applied with a
high possibility of success are two: The interior surface of forearm and the back. By
selecting one of these two places of human body the application of test allergy can be
braken down into a sequence of steps where a specific work or action will be carried out.
Based on the literature review [6], [7], [11], [13] and our analysis for the implementation
of an allergy test we reach the conclusion that in each one of these steps we have to do
the following actions:
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1. In the region of skin that has as less as possible hair and there are no surface veins, an
area is selected where allergy tests will be carried out. The size of the selected area is
obviously dependent on the number of tests we plan to implement.

2. The selected area of skin is well cleaned, with the use of antiseptic, and then is swept
with a pasteurisation gauze.

3. In specific points of the selected region of skin drops from different solutions of
antigens are placed. According to the medical directives the distance between two
successive drops should be between 3 cm and 5 ¢cm.

4. We always use a positive and a negative point of control (witnesses). The positive
witness contains usually solution histamine hydrochloride 10mg/ml, while the negative
one contains only the basic solution of antigens.

5. With a system of spikes puncture of skin is done (via a system of pressure) in the
points where the drops of antigens have been placed. For each drop a different spike
is used. Puncture of skin becomes an area that should not exceed the surface covered
by the corresponding drop, and lasts at least for 5 seconds and is “surficial”. Here, the
term surface puncture means that the force that is applied on the skin by the spike with
which it become is checked so that no blood comes out (externally) of the skin.

6. Then, after some reasonable time interval expires, (it varies depending on the type of
allergenic), the region where the various drops had been placed is checked in order to
see if and at which places (points) erythema or edema has been caused. From the size
and the intensity of erythema or edema, conclusions are derived regarding to whether
an individual is allergic to some from the antigens under review.

In a first approach, the six steps described above, constitute the process that is
required for the allergy test. These six steps are repeated each time an allergy test is held
in some person. Obviously an initial step exist during which we choose the part of human
body (the hand or the back) that will be used for the allergy test. This initial step takes
place only once during an allergy test and for that it can be characterized as the step of
initializations.

b.1) Criteria for choosing the robotic system that will perform the allergy test.

Based on the above analysis the robotic system that will be used for carrying out the
allergy test will be selected after the evaluation of a set of criteria that can be separated
in two groups. The first group includes all those criteria which are dealing with some
technical specifications of the robotic arm and the second group includes criteria that will
help us to choose the end-effector of the arm.

b.2) Criteria for choosing the Robotic Arm: These criteria can be characterized as
technical and non-technical criteria. A brief discussion for all these criteria has as follows:

b.3) Technical criteria: In this category we include all these criteria which are derived
based on the analysis of the work in each individual step of an allergy test. This group may
contain the following:
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« Geometric shaping of the robotic manipulator.
«  Work space

e Degrees of freedom (kinematics)

« Control system (type of controller)

« Methodologies of control supported by the controller
e Type of sensors

e Accuracy

» Resolution

e Repeatability

e Maximum speed

e Maximum load

» Possibility alternation of action tools

b.4) Non-technical criteria: In the process of choosing the robotic arm which will be used
to perform the allergy test, we have also to take into account some other criteria that we
characterize here as “non-technical”. For example, we must consider the viability of the
application and these forces as to consider some economic aspects of the robotic system.
It is obvious, that in order for the intelligent system to be widely adopted, the robotic
system has to have as low cost as possible. Another important non-technical criterion
results from the nature of the application. Specifically, in the applications of robotics to
medical practice we must be very careful with issues concerning the safety of the patient.
This kind of safety issues does not exist in industrial robotic applications. In the last few
years we have a rapid development in robotic medical applications but only in a few cases
pure medical robots are used. In most of the cases the proposed robot is an industrial one.
But in general, due to the law protection in case of an accident, many manufactures of
industrial robots forbid the use of their products to medical applications. Therefore, since
in our project we are planning (due to economics) to use an industrial robot manipulator,
we have to examine if there is a legal circumscription. Therefore, we must carefully exam
in the case an industrial robot conducts the allergy test, if any special precautions that
ensure the safety of the allergy test should be taken. Based on these factors the second
group of criteria which we consider in this project is the following:

e Economic cost of robotic manipulator

e Law circumscription

e Special specifications
Now, based on the analysis of the actions that the robot has to undertake in each one of
the steps during the implementation of an allergy test, we can define the required
specifications for the above-mentioned criteria. The results of this analysis are given in
the following table.
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Table I. Specifications of Robotic Manipulator

Choice Criteria Specifications of Robot Manipulator
Cartesian or SCARA type robot
Geometric shaping of robot arm (if the interior surface of the
forearm is choosen)
Work volume Dimensions will be determined
Degrees of freedom (kinematics) At least three degrees of freedom
Control system Servo-controlled manipulator

Position control

Control methodologies supported Force control

by the Controller

Hybrid control
Position sensors, velocity sensors,
Type of sensors torque and force sensors.
Collaboration with machine vision system
Position accuracy *
Resolution *
Repeatability *
Maximum velocity *
Maximum load *
Possibility of end
of arm tools alternation Yes

Economic cost *
Special specifications *
Law circumscription *

* This specification will be determined in a late face of the project.

b.5) Criteria of choosing the end effector of the robotic arm: It is comprehensible that the
end of the arm tool (end effectors) in a robotic arm plays essential role in most of the
applications. The end effector of robotic arm has particular importance in medical
applications where usually special geometric structures are required. In medical
applications end-effectors should be characterized by the highest possible degree of
functional safety. Therefore, special attention must be given to the choice of the end-
effector which will be used in the robotic arm that will perform the allergy tests. Thus, for
choosing the end-effector of the robotic arm to be used in the proposed intelligent system
we shall use the following criteria:

» Ability of withholding (dry or wet) gauze or other resembling material

» Ability of withholding and management of droppers

» Special geometric structure of head and spikes in “chop” puncture

e Conformity
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After some analysis, we may impose the following specifications for the criteria of the

end-effector that we have to put on the chosen robotic arm.

Table II. Specifications of end effectors

Choice Criteria Specifications of end effectors

Ability of withholding (dry or wet) gauze

. . Gripper with force sensors
or other similar material bp

Ability of withholding

Gripper system with force sensors
and management of droppers pper sy

Special geometric structure of head

Bloodless puncture chop and spikes in “chop” puncture

Special geometric structure which

Conformit . .
y ensures maximum degree of conformity

¢) Vision System

Given the nature of the intended implementation for the dermal allergy tests, the

vision subsystem of the proposed intelligent system will be composed of the following
units:

Filters and cameras. It is a fact that the veins and the various subcutaneous
characteristics that should be recognized and stamped “for rejection” are visible in
infra red light, while the estimate of various allergic reactions and their extent are
visible in simple light. For that, in order to simplify and facilitate the process of growth
of the system, our first choice is to use two different cameras, one for each work. Later
on, we shall look at the possibility of using a single camera, probably with a mechanic
provision that will adapt different filters for enabling us to take pictures from different
parts of spectrum.

Lighting sources: The lighting system will provide uniform lighting in the field of view
of each camera

Sensors. A number of sensors will be used in order to provide information for
improving on the efficiency of the vision system.

Mechanical support. In our vision system we have to use a mechanical device in order
to support the cameras, the lighting sources and the sensors. We shall determine the
structure of this devise when decide where to put these items (on robotic arm or in a
permanent place above the area of work).

An image processing unit that will suitably adapt the lighting, the focus and other
parameters, and then will take the picture from cameras and process it, in order to
specify the appropriate regions of skin which will be used for the dermal test. Also, the
processing unit will interact with the controller of the robotic arm in order to provide
position information via optical measurements.
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d) Expert system
The expert system of the proposed intelligent system will have the following

specifications [9], [16], [17]:

» Development platform: PC (Windows)

« Description of Expert System(ES): the tool of development of expert system must
support backward/forward chaining, fuzzy reasoning and relations.

« Interconnection between ES and application: The application of an expert system for
the diagnosis of allergies requires interconnection (interface) between the data that
emanate from the vision of the robotic arm and ES. The results of the image
processing from allergic test should be changed in suitable form so that they constitute
entries in the IF part of the rules of ES. For the development of the expert system high
cells (Shell) and languages of artificial intelligence are proposed.

7. Next Level of Research

At the present we are working on the design and the development of the individual
subsystems. The work is done at the same time with continuous contact between the
research teams that have undertaken the implementation of each subsystem. More
specifically it is expected that by the end of the year 2005 the following parts will be
completed:

« Completion of the subsystem for the introduction of the medical background of a
patient for the cross-correlation of symptoms with corresponding dermal ordeals in
allergic test,

« The manufacture of the vision system and the development of the software of image
processing,

« The programming of the robotic arm and the interconnection with the various of the
peripherals (displacement sensors, camera, spike test) that are required for the
application.

Later on we shall put all subsystems together to complete the proposed intelligent
system and we shall examine the possibility of putting that unit on a mobile platform for
the creation of mobile diagnostic units to service far regions (islander and continental
Greece) and the extension of expert system in specialized cases of patients ( for example
handicaps).
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8. Conclusions

In this paper we presented a brief discussion and the progress of a project dealing with
the development of an intelligent robotic system for performing dermal allergy tests. The
proposed system will help the medical and para-medical personnel to complete faster and
easier the required tests and examinations. Also, the patients will be benefited from this
system because they will be receiving more reliable results and they will be spending less
time at hospitals. And last but not least, there will be some benefits to the national
economy.
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Abstract

The woven and knitted textile fabrics are made of interlaced yarns. Between the yarns
as well as between the fibers the existing free space contributes in the formation of air-flow
paths when a differential air-pressure will be applied. The air permeability modeling of the
textile fabrics is essential for the prediction of the fabric comfort, the performance during
drying procedure etc. The air permeability of woven fabrics has been approached using a
modified Kozeny-Carman relationship, since they are considered as porous materials. It is
difficult to estimate the shape factor of Kozeny-Carman equation for textile structures. A
new approach is proposed using the cover factors of the fabrics. The proposed method
overcomes the problem of the shape factor definition and results in the calculation of the
air permeability of the fabrics. The theoretical and the experimental volumetric air
velocities are compared. The results obtained are satisfactory.
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Iegiinym

To VPAVTE KOL TAEXTA VPAOUOTO XOTUOREVALOVTOL OTTO VIIUATA TTOV AAANAOTTAERO-
vToLl. MeToEU TmV vUATmV, OTTMS X0l UETAED TOV LVMV 0Tt TLS OTTOLES ITOTEAOVVTAL TO!
VIUOTO, O ®EVOS XMQOS OCVUPALEL 0T OLOUOQPWON SLOOWV QONS CEQM. OTAV EPOQUOOTEL
01O Vaoua. OLopoQxn tieon aépo. H povrehomoinon e 0eQodLosteQatdTNToS TWV
VPAOUATOV TTOileL oNUAVTIXO QOAO 0NV TEOPAEYN TNS "dveong” Twv evOuUdTOVY, 0TV
atdO00M NG PLOUNKAVIXNS OLOOLXAOTOG OTEYVOUOTOS XTA. H 0eQodLlomteQatotta Tmv
VPAVIOV VQAOUATOV TEOoEYYICETOL e o Teoromomuévn oyéon Kozeny-Carman,
@OV T VPAoUOTO BE®EOVVTOL TTOQMWAN VALXA. O ®aB0QLOUOS TOV CUVTEAEOTH LOQQPNC
mtov agroteiTon oo T oxéon Kozeny-Carman yio Tnv eQ{mttmon Tmv VpooudTmy JTo-
QovoLdlel dOvoxoAia.. o TOV AOYO aUTOV TTOQOVOLALETOL (L0l VEQ TTQOTEYYLON UE YQNOT
TOV OUVTELEOTN ®AAMUYNG TV vpaoudTmv. H mootervouevn uébodog avtiuetmtiCel
OVO®OAL0. HOBOQLOUOV TOVU GUVTEAEOTY) LOQEPNG KOL OONYEL OTOV VITOAOYLOUO TNG OEQO-
OLOTTEQATOTNTAS TMWV VPAOUATWV. ZT1 CUVEXELD OVYRQIVOVTAL OL VITOAOYLEOUEVES AL OL
TTELQUULOTIXG. UETQOVUEVES TUUES TTOQOYNG OYXOV TOV 0£QU. KO ETTLTUYYAVETOL HOA) OV-
O£TLOT TOVG.
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1. Introduction

The rate of airflow through a textile fabric under differential pressure applications
between its two surfaces is believed to be important in determining many of the physical
and mechanical properties of it. Critical fabric characteristics such as transportation of the
moisture from body to environment, thermal insulation properties, the rate of liquid
removal during drying of fabrics, effluent movement through filtration devices, etc.
depend on the permeability of textiles. When considering the fluid flow through textiles,
the shape arrangement and size distribution of voids through which the fluid flows are of
great importance. Fabric thickness and the applied pressure drop are the other dominant
factors that affect permeability. However it is a complex physical phenomenon due to the
fibrous character and highly non-uniform structure. Consequently it is difficult to estimate
the shape factor via geometrically based calculations. There are several research works on
the air permeability that mainly consider fabrics made of monofilament or the yarns as a
basic structural element of a fabric are approached as wires. (Backer, 1951; Rushton and
Griffiths, 1971; Perry and Green 1984; Gooijer et al, 2003) However, these models do not
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take into account the voids between the fibers, through which passes a significant amount
of airflow. So far most studies have been focusing on bulk aspects of flow and important
questions such as the resistance of entire fiber assemblies to fluid flow were addressed
(Gooijer et al 2003, Part I and Part II; Leisen and Farber, 2004).

Our approach is to estimate the air permeability of the fabrics theoretically using a
modified Kozeny-Carman equation. Structural fabric parameters such as warp and weft
yarn density, yarn diameter, weight per unit area and finally cover factor used in order to
calculate the air permeability of woven fabrics.

Fluid flow through a porous structure can be described by the Darcy’s law, which
describes the relationship between a pressure gradient along the flow path of a fluid and
the average velocity of the fluid on a macroscopic scale. It assumes that the flow rate of
fluids through porous structure is inversely proportional to the pressure gradient (Zhong
et al, 2002):
wtv

AP
where B is the permeability of the media, u the viscosity of the fluid, t the thickness of the
fabric, v is the volumetric velocity of the fluid and AP is the pressure drop across the
fabric. The value of B will depend on the type of the porous media and the pore geometry.

Following the reasoning that the void content in a porous media is a primary factor in
the media permeability, the Kozeny-Carman equation was developed to provide a
description of fluid flow based on the filtration properties. One form of this equation is
(Zhu and Li, 2003):

B= (1)

1 &3

B= —
K,SZ (1 —¢)

2)

where K is the Kozeny constant, S, is shape factor and ¢ is the porosity. B is the
permeability of the porous media. Shape factor can be found via the following equation:

_ surface area of solid phase
"~ volume of solid phase

3)

0

Porosity is defined as the ratio of the two-projected area of the pores to the total area
of the material. It is also defined as the ratio of the void to the total volume. The porosity
is defined as (Hsieh, 1995):

e=1— S “4)
%
where @, is the fabric density (g cm™) and g, is the fiber density (g cm™). Fabric density is
calculated by dividing the fabric weight per unit area, by the fabric thickness.

The major problem is the definition of the shape factor, which depends on the
geometrical structure of the porous media. Textile fabrics have a non-uniform surface and
microstructure. Deformability is also an important factor affecting the shape
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organization. On a fibrous structure the particular pores between the fibers have a great
role on airflow. During the fluid flow, the fluid passes not only through the voids between
yarns, but also through the openings between fibers as well. The shape factor calculation
does not include the contribution of the voids between fibers and it is quite difficult to
determine it for fibrous structures. In addition there is no reference in the literature about
a detailed description of the Kozeny constant for textile fabrics.

2. Experimental

A set of thirty (30) plain woven cotton fabrics were tested in terms of air permeability
under a constant pressure drop. The yarns were made of cotton fibers; the linear yarn
densities of warp and weft yarns were Ne50 (11,82 tex) and Ned4O (14,775 tex)
respectively. The warp and weft yarn count per cm differ in each fabric.

The volumetric air velocity (cm?®/s/cm?) was measured via the standard BS5636
method, using the Shirley FX 3300-5 air permeability tester, at a constant pressure drop
of 98 Pa. For each one of the 30 fabric types, we repeated this measurement on five (5)
specimens. Fabric properties and respective air velocity values are given in Table 1.

Table I. Properties and volumetric air velocity values of 30 samples

Sample No: Warp yarn count Weft yarn count Volumetric air velocity
per cm per cm (em®/s/cm?)

1 54 20 45,74
2 54 25 27,02
3 54 30 15,68
4 54 35 8,756
5 54 40 4,366
6 54 45 2,9

7 57 20 47,94
8 57 25 2752
9 57 30 14,84
10 57 35 8,99
11 57 40 3,976
12 57 45 2,684
13 60 20 33,98
14 60 25 17,01
15 60 30 9,754
16 60 35 4,558
17 60 40 2,116
18 60 45 1,698
19 63 20 27,68
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20
21
22
23
24
25
26
27
28
29
30

63
63
63
63
63
66
66
66
66
66
66

25
30
35
40
42
20
25
30
35
40
42

15,24
7,226
3,222
1,888
1,608
2728
14,42
6,898
3,186
1,648
1,372

3. The modified Kozeny-Carman relationship

In order to overcome the difficulties and errors on determining the shape factor, we
considered the K S? as a one variable that is § and calculated via using experimental data
of air permeability and porosity. The air permeability was found via using Darcy’s law
with the experimental air velocity values of the fabrics at a constant pressure drop and the
porosity was calculated using equation (4) (fiber density for cotton fibers = 1,52 g - cm).
The air permeability decreases when moving from loose fabrics towards tight fabrics
because of the decreasing of the pore size and increasing of the air resistance of the fabric.
There is a logarithmic relationship between calculated [3 values and the cover factors of
the woven fabrics. The two quantities are satisfactory correlated. By using cover factors
as structural characteristic of a fabric and only calculating the respective porosity it is
easy to predict the volumetric air velocity values.

41
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35T
331
31 1
29 +
27 1

Cover Factor

25

2

y =5.6635 In(x) — 43.405
RZ=0.969

0

Figure 1. The relationship between 3 and cover factor
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The cover factors of the samples were calculated via using the following relationship
(Marks et al, 2003):

Cover factor = yarn count per cm X \/yarn linear density (tex) X 0,1 ®)
Total cover factor = cover factor warp + cover factor weft

The new form of the equation is,

¢

B (1—¢)

B =5,6635In(Cf) — 43,405 (7)
where Cf is the cover factor and {3 is a function of cover factor.

In general, the calculated air velocity values are very close to those experimentally
measured but there is a deviation for the loose fabrics due to the deformation of the fabric
and increasing the opening area during the airflow. The results corresponding to the tight
fabrics due to their more stable organization are highly satisfactory. The use of a
correction factor results in a better approach of the values corresponding to the loose
fabrics. Using interpolation and minimum quadratic error techniques, the optimum value
of the correction factor has been found equal to 1.2. Thus,

B= (6)

Corrected air permeability = predicted air permeability X 1,2 8)

In Table I the characteristics of the various samples of fabrics are shown. There are five
main categories (classes) of fabrics depending on the density of the warp yarns (54, 57, 60,
63 and 66 yarns per cm). In each class of fabrics there are six types of fabrics of different
weft yarn densities (20, 25, 30, 35, 40 and 42 yarns per cm). The theoretically calculated
and experimentally measured air velocities of one class of fabrics are presented in the
Figure 2. In the Figure 3 the corrected theoretically calculated values of the air velocity are
added and it is clear the better approach of the experimentally measured values.
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Figure 2. Theoretical and experimental air velocity data
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Figure 3. Corrected, theoretical and experimental air velocity data

This method gives a big advantage of predicting the air permeabilities even if the fabric
is not yet constructed. The prediction is possible just based on the yarn linear density and
yarn count per unit area values (i.e. only basic structural data). The prediction of the air
permeability of a textile fabric is of great importance since it indicates the performance
of the fabric in terms of the comfort of the end products as well as of the behaviour of the
fabrics during the drying procedure.

4. Conclusion

The objective of this work is to model in a specific way the air permeability of fabrics
using some basic fabric parameters such as warp and weft yarn count per unit area, mass
per unit area and cover factor. For this purpose we modified the Kozeny-Carman
equation and instead of the shape factor and Kozeny constant we determined a new (3
factor found from the cover factor and experimental data. The predicted and
experimentally obtained volumetric air velocity data are nearly the same, however for
loose fabrics because of the deformation and the increase of the pore diameter during
airflow the error is bigger when compared with dense fabrics. By the use of a correction
factor the results became satisfactory even for loose fabrics. A future work is foreseen in
order to extend the proposed model for the extreme categories of the very thick and
bulky woven textile fabrics.
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Yxomog ot Xroyor g Emotnuovixig Exetnoidog

H Emotnuovixt Exetnoida E@aguoouévng Egevvas (EEEE), amotehel Ty ertionun Emotmuovi-
%1 Emetnoida Tov TET ITelQoud otnv 0ot UroQovy vo. SNUOoLEVOVTOL TTQMWTOTUITES EQEVVNTIXES €Q-
yaoieg uetd artd aELoAdYNom (0VVROmS, 2 ®QLTWV) Ue OeUaTind avTireipnevo oe Pia omd TLG TEQLOYES
Tov Mnyavieav Emomumv xal Teyvohoyiag, tng duowng, Twv Mabnuotiwwv, twv Texvav, Twv
Kowvovieav xor AvBommiotixadv Emwomumv (IotoQurd, Kotvwvind, Nopuxd, Atowntixd xou ITTolti-
%4 Oépata). Ztoyxol e EEEE elvol, agevog 1 To.Qovotaon VEMY EQEVVNTIXMY UTOTEAECUATMY, 1ebo-
dwv, M (roL) avohoewy, AQeTéQo Oe 1 dNULOVEYIO OS VENS TINYNG ETTLOTNUOVIXIG TTANQOPOONONS
YONOLUNG OTNV EQPAQUOTUEVT, XVQIMS, £QEVVAL.

0onyieg mpog Tovs Xvyyoeageis

H EEEE 0¢éyetaL Qog 0ELOAOYNON VL0 ONUOGILEVON TQMTOTUITES EQEVVNTIXES EQYUOIES YQUUUEVES
otnv EAAnvirn, 1 oty Ayyduxn, ov dev éxovv dnnootevbet ovte foioxovtal vird xoion oe GALo uéoo.
Mua TowtdTLmY eQyooia elvar dnuootevolun oty EEEE e@Ocov TQO%ELTAL YL0l €QYOOL0 TTOV OTO-
OeLYUEVa TQOOBETEL OTNY EMLOTNUOVLXT YVADON. Tl TOV AOYO 0uTd M EQYOGLO OPELAEL VO, CVAITTTVOOEL UE
TTMNQEOTNTO. TNV ETMLOTNUOVLXT] OXEYN KL EEEMEN TOV eEeTALOUEVOV BEUOTOG, AVOPEQOUEVT ELOAYWYLXA
0TV VITAQYOVOQ (ROTA ®VQLO AOYO TQOO@ATN) BLAALOYQApLaL, ALK %Ol 08 AL ATTOOELKTLXE OTOLYELD.

H vrtopoit) mowtdtuntmv eQyaotdv meog onuooievon oty EEEE yivetol cUigova te Toug eEng
yeviroug xavoves. Kdbe egyaoia vmopdiietar moog xoion ot Toouuateio tng EEEE (Onpov 250 &
I1. PaAAn, 12244 Awydlew) oe toia (3) avriygage. Metd TV aELOAOYNON TMOV XQLTMV, 1 EQYCL TTOV
%QIVeTOL dNUooLevoLUn ELOTQEQPETOL WOLE Ue TIC eXOE0ELS TV XQLTMV O0TOV VITEVOBUVO OUYYQUEPED. O
0mo{0g, oV TQOPEL OTIS VITOJELXVUOUEVES OITO TOVS RQLTES OYETIXEG OLOQBMOELS 1) AAAOYES, VITOPGA-
AeL U€oa og QoVIXd dLAoTNUA TV (3) unvev oITd TN YVWOTOTOINOT TQOS CVTOHV TV EXDETEMV TV
%®QUTMV, Eavd ot Foouuateio g EEEE v egyaocia oty teAix) g LoQet, Tl ot toia (3) avri-
YOO, TTQOG ONUOGCLEVON. ZTNV TEALXN QT (PAON O CUYYQOQENS OPELAEL VO TTAQAOMOEL WOLL Ue Ta 3
avtiyapo OANG g eQyaciag Tov (kdbe éva avtiygago meQuhaupdvelr Keiuevo, Tivaxeg, Toaqurég
IMagaotdoels, dwtoyQapies, Aetdvreg Iwvdxmv, AeCdvreg Toagpuav ITagaotdoewy, AeLavieg Pw-
ToyQaqL®v) xat éva floppy disk, 11 CD-ROM, mov meQuéyel va axoB3éC avTiyQaqo e eQY00tac TOU
(og aQyeto Word97, 1| vemw1eQo) nabmS ot OO TO VITOMOLITOL 0QYELDL Y WQLOTA 08 NAEXTQOVLXY LOQPN
(oL TUITOL 0QYELMV OLVOVTAL O OYETLHY TTOQAYQUPO TTAQUHATM).

Ymoyewtird, xdbe egyacia wov vrofdiietar oty EEEE mQog aELoAdynon QETEL Vo GUVOdED-
ETOL L€ ETTLOTOAN} VITOYEYQUUUEVT AITO TOV VITEVOUVO GUYYQOPEQ TTOV ONAMVEL, OTL 1] EQY0.Gic ne Titho
€y ROTA TO TOQELOOV, OEV ExEL dnuOcLEVOEL 0UTE £xeL vofAnOei moog aELordoynen oe ko néco.
ATOVOL0 OYETINNG ETLOTOMG €)EL OOV AITOTENETUO. TN U1 TTQOMONON Yo AELOAOYNON TNG OUYAEXQLUE-
VNG €QYOLOLOG.

INueLmTéoV, OTL xdOe VIToPANOEloa TQOS ®QILOM EQYNOLO OEV EMLOTQEPETAL OTOV VITEVOUVO GUYYQU.-
@0, TTANV TNG TEQLITTMOEWGS TTOV OYETLXT altnon €xel vatatebel 0Ty FQOUUATELD KOTE TNV AQ)Y XY VITO-
Boin. Emiong, yio AOyoug 0.0yelofeTnong, *oAoUVTaL oL oVYYQUQEIS OTTWS GUVUITORGALOVY UE TNV Ha-
1d0e0m QO OELOAOYNON TNG £QYAGTOS TOVS XAl GUVTOUO BloyQaguxd Enueimua.
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ALaU0QQPWOT) TEQLEYOUEVOV VTOPALLOUEVIIS EQYOTIAS

» Aopn) Kewuévov. To xeipevo va elvar yoouuévo, oe hewnd xaQti A4 (ot pio mheved), drho OLdoTL-
%0, LOVOOTNAO, OPNVOVTAS 0LQXETO TTAEVQLXO % MQO OEELA KOl AQLOTEQE TNG OEALDAS YLoL VtodelEelg amd
TOVG %QLTES, ROTA TTQOTIUNOM, e xooxTies Times New Roman 12 pts. (;thny 1oV T{TAOV, TV OVOUd-
TOV %ol OLEVOVVOEMY TOV GUYYQOQEMY, TNG TTEQIAMYMG KAl TEAOS TV YQUUUATWV 0TLS MEEELS ®AELOLd
now otLg AeCavreg). Katd v ovyyoagn va axolovbeitan 1 eEng 0e1d moovoiaons Tmv eVOTHTOV TG
eovaotog: Tithog, Zvyyoagéas, Aevbuvon ovyyoagéa, Teoilnym, AéEels xAewdid, KUgLo xeluevo eo-
yaotag, Evyaouoties (.. mos yoonyovs), IMooaotruate, Bifiioyoagica, Extevic Iegidnyn ota
Ayylud, Avoyodupota-Ewxoves xou Iivaxes, AeCavres Avoyoouudtov-Ewxovav xow ITivdxwv.

» Tvotnna Movadmv, Madnuatizd Topfora xar tvmor. Katd v moQovaiaon pueyedmv mov expd-
COVTOL Ue OLOLOTALOELS AL YEVLXG O TEYVIXA OEUaTa OL oUYYQaQeElS OQELAOVY VOl X ONOLUOTOLOVV TO Atg-
Ovég Xvotnua Movadov (S.1.).

Elval opumg ouvatov, epdoov xel emLxQotnoet 1 ovvnBieTol OLapoQeTLrd, Vo TOQUOETOVTAL ETTLITQO-
obéTwg, UEon o€ TaQEVOEDELS, OL TLUES UeYEDDV eEXPQUOUEVES 0€ LOVAdES AALOV ZVOTHUOTOS MOV
OwV. KAOOUOTIES TTOQUOTAOELS TTQETEL VOL OTTODIOOVTAL WIS TN YOUUUN TOV #KAAOUNTOS, AAAG e TOV
aQLOUNTY, UETA OLEOTNUO KO OTN GUVEXELD. TOV TTOQUVOUAOTH VYPmUEVO oty (—1) dvvaun). ‘Etol yod-
getow: m s~ nar oyxu m/s, | ms™ 1. Pilec maoaotdoemy 1 aodumv moémel vo amrodidovial mg e
K\elvetol 1 m00dotaon Héoo o€ TOQEVOEDELS KOL OTNV CUVEXELD VPOVETOL 0TN (BTt 1 aQvnTuxy,
uwooPg dexadLrov 0LBov) duvaun mov astodidel T ita. TTgoxeluévou ya oiles aQLOUMV Ogv elval
VITOYQEMTIXO VO xonotuoronbovv mapeviéoels. OAoL oL noBnUaTXol xoQuxTEES 1 CVUUPOLD. TOV
YONOLUOTTOLOVVTOL 08 ULOL EQYOOL0L TTQETEL VO, EQUNVEVOVTAL UECO OTO RelUEVO VIOyQemTLrd. Ola T
£Y0VTa OLOOTAOELS UeYEON TTOV elpaviCovTal o LoONUOTIHES EELOMOELS, 1) EEXMQU, TTQETTEL VO 0TTOd(-
OOVTOL 0TS OMWOTES TOVG OLOOTAOELS.

* Tithog Egyaciag, Ovona, Oton xar Atevduven a0z Xvyyoagéa. O TITAOG TG £QYOOLOC TTQETEL VO
elval ooy g ®al EVVOLOAOYLXG VO, ATTOOLOEL TTLOTA TO BEUO TNG EQYAOLOGS. XNULKES EVOELS, 1) LOOMUOL-
TUXOL TUITOL OEV TTQETEL VAL EULQPOVICOVTOL OTOV TITAO. ZTNV TEQLITTWON TTOV 1) EQYNOLN 0LPOQH TUYKEXQL-
UEVY YEWYQOQLXY TTEQLOYN, TTQETTEL VO OVAYQAWETAL (OTOV TiTAO) TO GvVOUd NG TTeEQLOYNS. Extog tov
0vOIOTog, TG Béong %ol Tng OLeVBUVONG, OTOLYELD TTOV APOQOVV XAOE UENOC TNG ETLOTNUOVIANG OUG-
00g, Ba TEETEL VO AVOLYQAQPETOL, VITOYQEWTLXA, 1 TNAEPWVIXY KL NAEXTQOVLXY dLeVBUVOT TOV VITeVO-
VOV OVYYQU(EQ (TO GTOUO TTOV EMPOVILETAL VO EXTTQOOMITEL TNV EMLOTNUOVIXT OUAda), oV BEPata dLa-
Oétel fax zou e-mail. To OVOUOTO TOV UEADY ULOG ETLOTNUOVIANG OUAO0S TOQUOETOVTOL AQUOUNUEVT. e
TN O€LQJ. TTOV EUPOVICOVTOL 0TIV £QY00LA, e LAY IXOVS aQLBIOVS 0TO TENOG TOV emTwVvVUoV. Ta a-
06deryua, Jones') K.L., Petridis@, P.R. EmutAéov, yuo. va EeymoileL, To ETdVULO Tov VITevduvou ovy-
YOOPEX (PEQEL VITOYOGUULOT.

* Iegidym. H Vmaoén IegiAnymg otnv 0.0yn »ae eQyaotag etval vroyoewtixy. H ITegilmym, mov dev
TTQEmeL va. EemeQvd TG 250 AéEerg, elval (o oUVTOUN CALG TANONG TOQOVOLOON TV BUCIXMY onuel-
®V/uefOOMV/UTOTELEOUATWOV TTOV TTQOXVITOVV 1} Atodidovv xdOe eQyaoia. Ztnv ITegihmpn Oev moérmel
VoL UTTEQYOVV BUBALOYQUPLXES OVAPOQES, 1) eTTAVAAYM TOV TiTAOV. KdOe eQyaoia yoauuévn ota EAAn-
vixd, oémeL va ovvodeveTal oo o Extevn Tlegidnyn 1000-1500 AéEewv, yoauuévn oto Ayyhxd,
enmuTthéov g vovovirig Iegiinyng ota EAMvird. H Extevic vty ITegiAnym tomobeteitol auéows
uetd ™ Biphroyoacpio.

 A¢Eeig Khewdud. EmiAéETe 5-6 MéEelg mov 0ToLyelofeToNV, avapEéQOVTL, 1) KoL EXPQALOVV EVVOLOAO-
YWHE TUUOTO TNG €QYAOLAC, EECLQOVUEVIV QUTMV TOV TLTAOV.
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» Keipevo. To xeipevo (yoauuévo ue Word97, 1| vemteQn éxdoomn) xdbe eQyaoiag ywoiletal og evotn-
TEC %Ol ®GOE EVOTNTA 08 VITO-eVOTNTES, OLES e €vTovovg TITAOVS aQLOUMUEVOUS SLODOYIE KAl PEQO-
UEVOUC OF ULCL YQOUUY, TTOV YWQILETAL (e OLAOTNUA OTTO TNV OUEcWS eTOUEVN TTadyoopo. H Eloayw-
YN OITOTEAEL TNV TTQMTYN EVOTNTO. TOV ®VQLWS XELUEVOV, £TOL, onueldvetal: 1. Ewwaywyn. Zmv Ewoayo-
YN TOQAOETOVTAL: (0) AVOQOQES 0TN (TTQOCMAUTN ®VQIWS) PLBALOYQAPIC, TOV ROAVITOVV TANQWS TO
VITAQYOV ETLOTNUOVLXO VITORAOQO TO OYETILOUEVO UE TO YVIOOTIXO OVILXEIUEVO TNG TTQOS dNUoaievon
eQyaotog. (B) Ou Adyol Tov VITOOTNQILOVY %Al UVAOELKVVIOUY TO ETLOTNUOVIXA «(QNOLUO», «TQWTOTV-
TTO», M| «XOLVOTOUO» TNG €QYOOLOC, TAVTOTE 08 0YE0T e TIS TTQONYOVUEVES TTQOOTAOELES. OL VITO-eVO-
™TES, EPOCOV VITAQYOVYV, 0QLOUOVVTAL OLAOOY XA e TTQMTO TOV CQLOUO TNG EVOTNTAC, TELELD KOl OTN
OUVEYELD TOV AQLOUO TNG VITO-EVOTNTOS. Ze ®ADE £QY00L0, TQEMEL VO CUUTTEQLAAUBAVETOL ULLCL TEAEVTALLQL
EVOTNTO OTNV OTTOLOL VO, OVOLPEQOVTOL TC. CUUITEQUOUATO. OITO TO. TTQOXVITTOVTA. OITOTELEOUATA, RODWS
%O TTQOTAOELS YLOL TTEQULTEQW EQEVVOL XOLL OLVATTTVEN Ue 0TOY0 TN felTiowon Tov peyebwv. OmoTe 0TO *el-
UEVO YIVETOL TOQOVOLOON UaONUOTIXOV ELomoemy, 1| TUTwY, Bo TEEMEL Vo, yonoLpomoLeital o MS
Equation Editor (Ota0¢0110g 0¢ OAeg TLS EXOO0ELS TOV TTQOYQAUUATOS YOUpNS *xeLtuévoy Word).

» Evyagiotieg. =t O¢on ovt ava@éQovial O00L GUVELGEPEQOY, OLXOVOULXA 1| OLALPOQETIXA, OTNV
TTQOYUATMON TOV EQEVVNTIXOV £QYOV OTOTELECUO. TOV OTTOLOV ELVAL 1] TTQOG ONUOGLEVON eQYaT(a.

« MMagaTinata. Moxgooxehels panuatinég amodelEels, avaloELS TOV EVOLOQPEQOVY OTTOXAELOTIXA.
TOVG TTAEOV €LOLKOVS, 1) AVOAVTIXO VALXO VITOOTHOLENS Déoewv 0To nelpevo wdbe egyaoiag, moémel va
tomobeteital pe T woepn IaaQTIUATOC, £VOS 1) 1AL TEQLOTOTEQWY, e dLodoy 1} ovopaoia, Jt.y. [la-
odotua A, TTaedotnua B, #.0.%. EELONOOELS, ELXOVES, YQUPNUOTOL, TTVOXES AT GTOLYELC ALQLOUOVVTOL
OLAdOY LA PEQOVTAC TO YQUUUA TOV TTAQAQTNUATOS 0TO 0molo €xouv evowuotmbet. Tivaxag A.1, TTi-
varog A.2, Ewdvo B.1, %.0.%..

* Biprroyoagia, 1 Katdaroyog Bipioygagizmv Avagogmv. Oleg oL PUPALOYQAQPLXES OIVOPOQES KL UO-

VOV QUTEG, TTOV VITAQYOVY 0TO XELUEVO KADE EQYOOLAG, TTQETEL VO, XOTOWQOVVTAL OAPANTIXE Ue Fdon

TO EMMVUUO TOV TTRMTOV OVYYQUQPEQ 08 XATAAOYO VIt TOV TiTAO BifAtoyoagic, TOV ®UTO)MQEITAL |-

16 10 TT0QuQTHUATA OV VITAQYOVYV, SLOPOQETIXG. AUESMS UETA TNV TEAEVTALO EVOTNTA TOV KELUEVOD.

ITowv v vitofoln mog aELohdynon, #abe eQyacia TQETEL Va. eEAEYYETAL YLO. TNV 0QBOTNTA EUPAVLONG

g %#d0e avopoAs, TOOO WS TQOG T OVOUOTA TWV OVYYQUPEMY %Ol TOV £TOVS ONUOcievong, GO0 Kal

¢ OGS TNV TTQovotaomn oty Bifitoyoapia. o Tnv 000N avagoQd e oUVIUNom Tou TiTAOV TQO-

UELUEVO TTEQL OLEOVADV ETLOTNUOVIXWDV TTEQLOOLKMYV, VITAQYEL OYETIXOS TTLVAXAGS UE TA OVOUATO TWV TTE-

owodumv oto World List of Scientific Periodicals, 41 Edition. Olec o eQyaoteg mov virofdAloval

1og a&lordynon oty EEEE moémel va axoAovbolv Toug eENG ®avOVES OUYYQOUPNS YLC CVOPOQES 0T

BuphLoyapia:

Hagodeiynota TEQUITTOOEDY AVAPOQOV YEVOUEVOY UECE GTO AEIUEVO

— Thompson (1990), 1} (Thompson, 1990), av eivar évag UGvVo oVYYQOpENG.

— Thompson and Clog (1996), 1 (Thompson and Clog, 1996), av gival 000 oL GVYYQUELS.

— Thompson et al. (1997), n (Thompson et al., 1997), ov eivar Tdvw ord V0 OL GUYYQUPELS.

— Thompson, 1990; Thompson and Clog, 1996; Thompson et al., 1997), av yivovtal ovagoQég o€ mtd-
v otd Vo eQYaOieS.

— (Thompson, 1990a; 1990b), oV avopEQOVTOL dVO 1 TEQLOOOTEQES EQYAOLES TOV LOLOV OUYYQUPE.

Hogadeiyuata douijs Tagoveiasns xataywenuévov oto Bifitoyoagixzo Katdioyo avagooov.

— Anuocigvon oe Emetnuovizo Iegrodizo. Exmdvupo xou aQywmd xabe ovyyopéa, (€1og dnuooiev-
ong), Tithog eQyactag, ITANENS TITAOS TOU TEQLOOLXOU, 0EIBNnog TOMOV/0QLOUOS TeEVKOVS, 0eMIOES
(0T6-uéy QL) 0TO TEVYOG OMUOTIEVONS.



164 Emotnuovixny Exetnoioa Eqaguoouévns Eoevvas, Vol. X1, No 1, 2006

Lo TopadeLyuo:
Thompson D.C., Clog R., and Batman A.Q. (1997). Global and diffuse solar irradiance models. Solar
Energy, 23/5, 208-216.

— A6 oehideg prfriov. Emmvuuo, xal aQyind xdbe ovyyoopéa, (€1og éxdoong), TitAog fipAiov, oehi-

0gg 010 PPALO (amd-uéyoL), AQuBnog Exdoong, Ovoua xat TOAN eXO0TIXOV OLXOV.

Lo TopadeLyuo:

Duffie J.A., and Beckman W.A. (1991), Solar Engineering of Thermal Processes, pp. 68-83, 2"
Edition, Wiley Interscience, N.Y.

— Avaxoivoon og Xuvedgro. Ovoua, oL aQyrd xdbe ovyyapéa, (€1og Zuvedgiov), Tithog avaxot-
vwong, TitAog téuov Ioaxtixwy, Ovoud outov (-0V) OV eiye TV EMLUELELD TNG EXO00NS TOV TO-
uwov Twv IQaxTXMV (ATTO-UEKQL), LEQOS TTOV EMOfE XMQO TO ZUVEDQLO.

T TopadeLyuo:
Marble D.G. (1987). UV-B induced human tissue disorders. In Proceedings of Solar Energy World
Congress, Homested H. and Elbow K. (Eds), pp. 1256-1265, Ithaki, Greece.

» Ewoveg, Noaginata, Mivaxeg. KdOe etxdva, yoagmuo 1 Tivoxag Tov VtdQyeL 0Tnv eQYAoio TQETEL,
VITOYQEMTIXG, VO OVOPEQETOL KUL UEGA OTO KelUevo. O ELROVES, TO YQUPNUOTO KOL OL TTEVOXES TTOV
AVOQPEQOVTOL OTNV QYOOI TOOASIOOVTOL XOTAE TO OTAALO TNG AELOAGYNONG 08 AVO UOQWEC:

(0) Extvrouéve oe ovaAoyo dQLotng ToldTnTag xaQTi (xae meQimtmwon oe EexmoLoty oehida, ue
AeCavTo 0To ®dTm UEQOS TG 0eAidag) %ol TortobeTovueva o€ xdOe avTiyQapo TS €QY0oiag, OLo-
doyud, auéoms uetd ™ Biphloyoapia.

() X& nogyn nhextovixodv agyeimv, £va aQyelo Yo ®dOe yodagnua, exxova 1 Tivoxra (uovov agyeic
pex, jpg, cif, xls, tif, org, cdr yivovrou dextd).

To uéyebog %ol oL PUOLKES OLOOTAOELS TV ELXOVOV, YQOENUATWV XOL TILVOXWV TTQETEL VO ELVOL KO-

TAAANAO %Ol avEAOYO TOU UeYE00US TV YQUUUATOV/0QLOUMY TTOV €ouv xonoluomombel o” auTd.

EmutAéov, oQelhovv va ival evavayvmoTa %ol UETE TNV ouixQuvon (stegimov 50%) ov Ba vrootovy

%©atd TV extimwon oty EEEE. Ol ta YQopiuoTa, ®AJT. TQETEL VO 0QUOUOUVTOL XATE ROTNYOQLO, UE

TN 0eLQd EUPAVLONG %Ol TAQOVOLAONG 0TO KELUEVO, GUVOOEVOUEVH ATTO TN OYETIXT AeCAVTAL.

o AeCavreg. Kabe yodgpnua, euova, Tivorog ouvodeveTal atd o eleEnynuotixt) AeCava, Tov ouvo-
OgVEL TO EXTUTTMUEVO OVTIYQUQO TOV YQUPNUATOS KATT. TOTODETOVUEVN 0TO ®ATW WEQOS TNG OEALDAC.
Emutooobétwg, maadidetar éva floppy disk, § CD-ROM ue dheg tig heChvteg o.ouOunuéveg »atd. oeL-
004 elpdaviong 0To xelievo yuo xdBe xoTnyoQia EexmELOTA (TT.). ROTNYOQL ELLOVES, RATNYOQLO YQUPY-
UaTa, ®oTNyoQia mivaxes), oe LoeEl NAEXTQOVLXOV aQyetov *.doc (Word97 1) veihteQo). Etol, o€ ®d-
Oe mepimtowon eugaviCovial: ZVHVTUNoN OVOUACLaS ®aTnyoQtag, Tehela, aQuindg, tedelo xal oTn ovvé-
yewo m avtiotoryn AeCavra. T modderyua: Fig. 1. Model simulation results vs. measurements of daily
diffuse solar irradiance. ITivaxog 1. 'Evtaon dudyving nhloxng axtivoBoiiag yia ®dOe doa not nuéQa
%0t TO Wivo. Iovhio 1999, oe W m—2.

* Aot Xvvodevtind Xrovgeie YrootioiEns. EQyaoieg mov TQoyuaTevovToL eEELOLXEVUEVES TTEQL-
TTTAOOELS, N UEYAANG €XTAONG AVOADOELS TTOV ATTOTENOVV OUVEXELD GAAMY, Bo TTQEMEL VO OUVOOEVOVTAL,
%OTA TO TEMTO 0TAOLO TNG LItoPfoing Tovg otnv EEEE, e ®atdAANAOv TeQLEXOUEVOD VALKO VITOOTH-
QLENG (L. OVTEYQUPO. ECMTEQIXMV ONUOCLEVOEMY, CVOQPOQMYV, EQYLOLMYV, (Q0QMV VITd dNUOGievom,
%ATL.) 7OV OgV elval eUxOA0 OLABECLUO OTOV EVQUTEQO EMLOTNUOVLXO Y(DQO. To VALK avtd Ba fontnoet
TOVG OELOAOYNTES OTNV %QLOM TNG €QYNOLOC.
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* Awwdixacio Yropolng Oetixa AEoloynuévng Egyaciag (tehxn gpaon). Méoa o€ %QoVixo OLE.otnua
oV (3) unvev ord ™V TEQaAaRN TS éxbeong aELoAdYNONG TMV XQLTMV, O VITEVBVVOS OUYYQUPENS,
oV TQOPElL 0TS OYeTHES OANAYES 1 HaL avODEWQNOELS TTOV TTQOTEIVOVTAL (0V TTQOTE(VOVTAL) aTd
TOVG %QLTES, OELAEL VO TTAQOOMOEL, 1) Va. oTelhel et arodei&et, otnv Toapuateio tng EEEE ta eEng:

1. Toie (3) mhnon avriyoaga TG avodemENUEVNS €QY00T0C, TTAVTO CUUPMOVO UE TLS VITOOEIEELS
TV %QLTAV. ‘Oheg oL 0OANOYES, 1| ®OL AVOOEMQONOELS, TTQETTEL VO ONUELDHVOVTOL KOL VO VITOOEL-
UVVOVTOL LEGOL OTO RELUEVO, OTTOV £X0UVV YiVeL, 0e OML TaL avTiyQapa. Kdbe avtiyoopo moérmel va
OVVOOEVETOL ROL atd wiol extevy steQiAnyn 1000-1500 AéEewv ota Ayyhxd.

2. ‘Eva (1) floppy disk, 1 CD-ROM pe OAa T OYETIRE 0Q)eln (HELUEVOU ROL YQUPLAMDV), CUUPO-
V0. UE TLG 0OMYIES OUYYYQOMNS.

3. Yroyeyoouuévn (a6 tov vevbuvo ovyyoagéa) Exietodn, 0Ty omoio vo ONADOVETAL 1) atodo-
M TS 0ELOAOYNONG TV RQLTMV, KBNS ®aL OTL N TeEAM® 0VOUOOQMON TS VITOBOAAOUEVNS OVOL-
Bewonuévng eQyaoiog éyLve CUIPOVO TOOS OLES TLC YEVOUEVES OITO TOUS KOLTES VITOOEIEELC. Ze
TEQUITMON TTOV N AELOAGYNON KQOLTI} OEV YIVETOL OTTOOEXTY OITO TOV VITEVHUVO OUYYQUpEN KQLVO-
UEVNG £QY0(0C, AUTOS (0 OVYYQUPENS) OQElAEL OTTWS TTQOOXOUIOEL (EVTOG TTQOPAETOUEVOL dLOL-
OTHUOTOS TV TOLMV UNVMV OITO TNV XOLVOTTOINON NG OYETIXNG €x0e0Ng) ROTAAANAA %Ol OVOL-
YVOQLOUEVOD KVQOVS OTTOOELUTING OTOLYELDL, € TCL OTTOL0. OVOLAOTLXE. OLVOLQOVVTOL, 1) OLVTLXQOV-
OVTOL MG OBAOLUES, OL VITOOELXVUOUEVES 0TIV OELOAGYNOT TOU XQLTY| EVEQYELES.

Yook} €QY00t0g EXTOC TNG OVITEQW OLAOLXAGTOG OV YIVETOL OEXTT, EVA) AUTOUATMGS TTOVEL 1) TTQOM-
Onon g ev Aoyw eQyaoiag TQog dnuoaievon.
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Aims and Scope of the Scientific Journal

Journal of Applied Research Review (JARR), the official journal of the Technological Education In-
stitute of Piraeus, is devoted to the presentation of properly judged (two referees, usually) original pa-
pers. Papers in the areas of Engineering, Physics, Mathematics, Arts, Social Sciences and Humanities
handing in any way administrative, economic, historical, and political aspects are welcome. Main aims
of JARR are to provide a scientific understanding of novel results or analysis, and to serve as a source of
information on research and development in these fields.

Instructions for Authors

JARR welcomes manuscripts, not preniously published in any other journal, written in Greek, or
English (authors of articles written in English whose native tongue is not English are advised to have their
manuscripts edited by someone skilled in English prior to submission). An acceptable manuscript must
reflect a thorough knowledge and review of the relevant literature indicated by references to prior pub-
lications, or presentations.

Manuscripts must be submitted in the format outlined below. Originally, Three (3) copies must be
delivered to the Editorial Office (Journal of Applied Research, TEI of Piraeus, 250 Thinon & P. Ral-
li Avenue, 12244 Aegaleo, Greece). After approval and within a 3month period from official notifica-
tion of acceptance, three (3) revised copies are delivered to the Editorial Office accompanied by a
diskette (or CD-ROM) containing an identical copy of the manuscript (Word97 or later), as well as oll
illustration and caption files. Note that unless requested at submission, the Editorial Office will not re-
turn the original manuscripts, or disks to the authors at any stage of the process. Every submitted man-
uscript must be accompanied by a covering letter stating that the manuscript neither has been published
in nor submitted to a journal preniously. In addition, a short C.V. of the authors involved is welcome at
submission.

Manuscript Format

» Manuscript Layout. All copies of the manuscript must be double-spaced, single-column, on one side of
A4 white sheets of paper, leaving ample left and right margins, preferably using 12 pts Times New Roman
characters on main text (smaller size for Affiliation, Abstract, key words and captions, accordingly).
Maximum manuscript lenght should be kept at less than 20 pages (all pages numbered consecutively) in-
cluding diagrams, references and tables, with text not exceeding 6500 words. Follow this order when typ-
ing manuscripts: Title, Authors (s), Affiliations, Abstract, Key words, Text, Acknowledgements, Appen-
dix, References, Illustrations, Captions.

» Units of Measure, Mathematical symbols and Formulae. Authors of technical papers are strongly
advised to use S.I. units throughout their work, providing alternate units in parentheses for convenience,
when necessary. When writing fractions, pleace use negative exponents rather than the fraction sign/ and
leave space between symbols, e.g. m s~!, not ms~! or m/s. Where showing roots, the radical sign should
be avoided. To indicate roots, use positive (or negative) exponents, accordingly. Formulae should be
composed carefully and with the utmost economy. Numbers that identify equations should be placed at
the right-hand margin in parentheses. All symbols used (mathematical, or otherwise) are to be explained
in the text. In equations, all (dimensional) figures are to be given with units.
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« Title, Author’s names and Affiliation. Title should be informative, short and precise in describing
the full article. Avoid chemical formulae in title. If the paper covers a specific location, this should usu-
ally be mentioned in the title. The affiliation should be as concise as possible, including complete mailing
address, corresponding author’s telephone and fax numbers, and e-mail address (if available). When more
than one affiliation (co-authors), please use superscript (1), @, etc after each co-author’s name. In addi-
tion, the corresponding author’s name is to be identified by underlining the surname.

« Abstract. An abstract not exceeding 250 words is required at the beginning of each paper. Abstracts
should be complete in themselves giving all main points of the paper, without repeating title, or making
reference citations, but summarizing conclusions/ results obtained, or method(s) used.

» Key words. Include five or six key words (avoid words used in the title) illustrating substantial points
or features in the work.

» Text. Text in the manuscript is to be divided into sections, each section with a separate heading bold
typed on a line of its own, numbered consecutively. The first section should be an Introduction. Intro-
duction offers a scientific background by going throught the literature review, and indicating the rea-
sons for making the paper by explaining and (or) defending how the particular work is an advance on
previous effocts. Subsections, when needed, should bear the section number followed by the consecutive
subsection number, the two separated by a dot. A final section title Conclusions (or Concluding Re-
marks) must be included at the end of the text. When writing in electronic form, only Word97 files (or
later versions) are acceptable. Mathematical equations, in the proper character size and appearance,
should be written using the MS Equation Editor (available to all Word versions).

« Acknowledgements. Any provisional funding, and or help granted, if there are any, should be men-
tioned in this separate paragraph placed right after the main text.

« Appendix. Lengthy mathematical analyses, items of interest only to specialists, model formulations, or
other material that are subordinate to the main theme of the article should normally be put into one or
more appendices titled accordingly A, B, etc. Equations, Figures, and Tables in the appendix A are la-
beted and numbered consecutively, (i. e. Eqt. (A4), Fig. A1, Table A, etc.).

» References. All articles cited in the text should be presented in a list of references following the Ap-
pendix (if there is one), or otherwise right after the main text of the manuscript. References shown in
the References List should be arranged alphabetically by author’s last name. Before submitting their
manuscript, authors should compare text citations with bibliographic listings shown under the “Refer-
ences List” section to ensure completeness. Also, manuscript should be carefully checked to ensure that
the spelling of author’s names and dates are correct and in agreement in the text as well as in the Refer-
ences List. Journal title abbreviations given in the References List must follow those given in the World
List of Scintific Periodicals, 4™ Edition. In general, references should be given in the following form:

Where cited in the text

— Thompson (1990), or (Thompson, 1990), if only one author.

— Thompson and Clog (1996), or (Thompson and Clog, 1996), if two authors.

— Thompson et al. (1997), or (Thompson et al., 1997), if more than two authors.

— Thompson, 1990; Thompson and Clog, 1996; Thompson et al., 1997), if two or more references are
cited together.

— (Thompson, 1990a; 1990b), if two (or more) same author articles published the same year are cited
together.
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Where listed in the References List

1. Journal article. Author’s name(s), initials, (year of publication), title, full periodical title name, vol-
ume number/issue number, and inclusive page numbers. For example:
Thompson D.C., Clog R., and Batman A.Q., (1997). Global and diffuse solar irradiance models. Solar
Energy, 23/5, 208-216.

2. Book. Author’s name(s), initials, (year of publication), Title, inclusive page numbers, Edition, pub-
lisher’s name and location. For example:
Duffie J.A., and Beckman W.A. (1991), Solar Engineering of Thermal Processes, pp. 68-83, 2" Edi-
tion, Wiley Interscience, N.Y.

3. Conference article. Author’s name(s), initials, (year of Conference), title, volume of Proceedings,
Editor(s), inclusive page numbers, location. For example:
Marble D.G. (1987). U.V.-B induced human tissue disorders. In Proceedings of Solar Energy World
Congress, Homested H. and Elbow K. (Eds), pp. 1256-125, Ithaki, Greece.

« [llustrations (Tables, Pictures, Figures, Drawings). All illustrations shown must be referred to in
the text. They are included in the text following the References List. Each illustration should be provid-
ed as a separate electronic file (in a floppy, or CD-ROM), and as a good quality print out hardcopy
(one illustration per page A4) placed right after the References List. Only PCX, JPG, CIF, XLS, TIF,
ORG, CDR electronic files for drawings, charts, or pictures can be accepted. Make sure that the physical
dimensions of each illustration provided are appropriate for the dimensions of the JARR page. Illustra-
tions should be numbered according to their sequence in the text using appropriate naming convention
and must be accompanied by a suitable caption, e.g. Fig. 1. Model simulation results vs. measurements
of daily diffuse solar irradiance.

« Captions. Illustrations and Tables must have a caption. Captions are numbered consecutively for each
category and they are placed in the manuscript following Illustrations. In addition, they are provided in
electronic form in floppy disk, or a CD-ROM as separate (Word97 or later) files.

« Initial Manuscript Submission Supporting Material. Manuscripts presenting particular and (or)
lengthy modeling studies should be accompanied at the refereeing stage (initial submission) by copies of
relevant supporting material e.g. internal reports, items in press, etc.

 Revised Manuscript Submission Procedure. Within a period of three (3) months after receiving
referee notes regarding the submitted paper, followed by the necessary interventions (additions, cuts, al-
terations, corrections), authors are to turn in three (3) copies of the revised manuscript, plus a floppy
disk (or CD-ROM) with all files. Highlight and indicate all interventions performed on the 3 submitted
manuscripts. Please, make sure that a brief letter/note is included and delivered with the rest of the
package expressing corresponding author’s response/conformation to the referee’s comments.



