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Abstract

This project deals with the prediction of knitted fabric weight per unit area using
appropriate software called "proKNIT". The software has been designed according to the
existing bibliography and has the ability of determining the weight of knitted fabrics in
different relaxing conditions by entering process and material variables i.e. type of fabric
and fiber, knitting machine gauge, yarn count, fabric loop length and tightness factor. The
prediction of the fabric weight is dependent upon the non-dimensional parameters of Kc,
Kw, Ks and R, which have been fed into the system. Therefore, "proKNIT" has the ability
of calculating the fabric weight of single and double knitted structures, i.e. plain-knit, purl,
1 � 1 rib, 2 � 2 rib and interlock, for natural fibres such as cotton/cotton blends and
wool/wool blends.

¶ÂÚ›ÏË„Ë
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Ê¿ÓÂÈ·˜ ÏÂÎÙÔ‡ ˘Ê¿ÛÌ·ÙÔ˜ ¯ÚËÛÈÌÔÔÈÒÓÙ·˜ ·Ó¿ÏÔÁÔ ÏÔÁÈÛÌÈÎfi ·ÔÎ·ÏÔ‡ÌÂÓÔ
"proKNIT". ∆Ô ÏÔÁÈÛÌÈÎfi ¤¯ÂÈ Û¯Â‰È·ÛÙÂ› Û‡ÌÊˆÓ· ÌÂ ÙËÓ ˘¿Ú¯Ô˘Û· ‚È‚ÏÈÔÁÚ·Ê›·
Î·È ¤¯ÂÈ ÙËÓ ÈÎ·ÓfiÙËÙ· ÚÔÛ‰ÈÔÚÈÛÌÔ‡ ÙÔ˘ ‚¿ÚÔ˘˜ ÂÓfi˜ ÏÂÎÙÔ‡ ˘Ê¿ÛÌ·ÙÔ˜ ÛÂ ‰È·-
ÊÔÚÂÙÈÎ¿ Â›Â‰· ¯·Ï¿ÚˆÛË˜ ÌÂ ÙËÓ Î·Ù·¯ÒÚÈÛË ÙˆÓ ÌÂÙ·‚ÏËÙÒÓ ÂÂÍÂÚÁ·Û›·˜ Î·È
ÚÒÙˆÓ ˘ÏÒÓ, .¯. Ù‡Ô˜ ˘Ê¿ÛÌ·ÙÔ˜ Î·È ›Ó·˜, ÓÔ‡ÌÂÚÔ ÏÂÎÙÔÌË¯·Ó‹˜, Ù›ÙÏÔ˜ Ó‹Ì·-
ÙÔ˜, Ì‹ÎÔ˜ ıËÏÈ¿˜ Î·È Û˘ÓÙÂÏÂÛÙ‹˜ Î¿Ï˘„Ë˜. ∏ Úfi‚ÏÂ„Ë ÙÔ˘ ‚¿ÚÔ˘˜ ÂÓfi˜ ˘Ê¿ÛÌ·ÙÔ˜
ÂÍ·ÚÙ¿Ù·È ·fi ÙÈ˜ ÙÈÌ¤˜ ÙˆÓ ÌË ‰È·ÛÙ·ÛÈ·ÎÒÓ ·Ú·Ì¤ÙÚˆÓ ÙÔ˘ Kc, Kw, Ks Î·È R ÔÈ
ÔÔ›Â˜ ¤¯Ô˘Ó ÂÈÛ·¯ıÂ› ÚÔËÁÔ˘Ì¤Óˆ˜ ÛÙÔ Û‡ÛÙËÌ·. ™˘ÓÂÒ˜, ÙÔ Û‡ÛÙËÌ· "proKNIT"
¤¯ÂÈ ÙËÓ ‰˘Ó·ÙfiÙËÙ· ˘ÔÏÔÁÈÛÌÔ‡ ÙÔ˘ ‚¿ÚÔ˘˜ ÌÔÓfiÏ·ÎˆÓ Î·È ‰›Ï·ÎˆÓ ÏÂÎÙÒÓ
fiˆ˜ ÙË˜ Ï¤ÍË˜ "Î¿ÏÙÛ·", ÏÈÓÍ-ÏÈÓÍ, 1 � 1 ÚÈÌ, 2 � 2 ÚÈÌ Î·È ›ÓÙÂÚÏÔÎ ÁÈ· ÙÈ˜ Ê˘-
ÛÈÎ¤˜ ›ÓÂ˜ ‚·Ì‚·ÎÈÔ‡ Î·È Ì·ÏÏÈÔ‡ Î·ıÒ˜ Î·È ÙˆÓ Û‡ÌÌÂÈÎÙˆÓ ·˘ÙÒÓ.

Key Words: knitting, tightness, factor, dimensional parameters.

1. Introduction

The first paper of this series [1] is concerned with the presentation of the "proKNIT"
system where all the existing forms were presented and explanations were given for the way
of presenting the different data. However, the purpose of this work is to evaluate "proKNIT"
system by creating our own database of K values for wool and wool blended yarns.

The most important studies which have yielded the most useful information for a practical
approach and provided the basis and the necessary tools for further studies have come, on the
one hand, from Doyle [2], who has found that the stitch density depends only on the loop
length and is independent of the yarn and knitting variables, and Munden [3] on the other,
who based his own approach on Doyle’s research and then took it one step further.

On single jersey fabrics Munden suggested that the knitted loop length would take a
natural shape when released from mechanical strains and is independent of the yarn
properties. A further study by Munden [4] has shown that the dimensions of plain knitted
wool fabrics, in a state of minimum energy, are dependent only upon the length of the
yarn knitted into each loop. His experimental studies have indicated that courses and
wales per unit length and loop length are related to each other by constants as follows:

Kc � c.p.i � �  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .(1)

Kw � w.p.c � �  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .(2)

KS � S � �2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .(3)

Kr � R � �  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .(4)
Kc�
Kw

c.p.i
�
w.p.i
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In the original publication, there is K2 � Kc, K3 � Kw, K1 � Ks and K4 � Kr � R. In
the above equations c.p.i. and w.p.i. define the courses per inch and the wales per inch
respectively. S is the loop density and arises by multiplying courses and wales per inch.
Finally � is the loop length and can be measured in inches and Kr or R is the loop shape.
What is significant about the above equations (1-4) is that the length of yarn in the
knitting loop is the major factor determining fabric dimensions. Also, fibre content and
state of relaxation can also be identified as variables, which produce different constant
values. Experimental studies by Munden [3] on wool plain knit fabrics produced the
values presented on Table I below for the two relaxed states.

Table 1: Constants values (K) for fabric geometry on plain knit (Munden)

Also both Postle [6] and Munden were in agreement concerning the values of K and
R, in particular, which are influenced by the cover factor. Dimensions of a fully-relaxed
fabric are stable if the yarns have been adequately treated against felting. The values
obtained by Postle are presented in Table II.

Table 2: Constants values (K) for fabric geometry on plain knit (Postle)

Smirfitt [7] proposed a model for 1 � 1 rib structure based on the Nutting and Leaf [8]
equation. He was the first to show that for more practical purposes the dimension
properties of wool 1 � 1 rib structure could also be described by K parameters, which are
similar but not identical with those found for the plain knit structure. He defined the
repeating unit as the length of the yarn in the knitting loop showing on the face or the
back of the fabric. This means that the loop length (�) is associated with any one needle
and he calculated the courses and wales per inch as seen on the face of fabric. The values
of K as presented by Smirfitt appear on Table III. 

Fabric state Parameter

K
c

K
w

K
s

R

Dry-relaxed 4.7±0.3 4.0±0.7 18.0±1.0 1.16±0.12
Wet-relaxed 5.4±0.2 4.2±0.1 22.8±0.9 1.28±0.04
Fully-relaxed 5.8±0.2 4.3±0.1 25.2±0.6 1.32±0.04

Fabric state Parameter

K
c

K
w

K
s

R

Dry-relaxed 5.0 3.8 19.0 1.31
Wet-relaxed 5.3 4.1 21.6 1.29
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Table 3: Constants values (K) for fabric geometry on 1X1 rib (Smirfitt)

A subsequent paper by Knapton et al. [9] introduced a new term called "structural
knitted cell" (SKC), that is, the smallest repeating unit of structure, and suggested the
following definitions. The effective loop length should be the length of yarn in one SKC,
defined as the structural-cell stitch length (�u), and the depth and width respectively of the
SKC were defined as 1/Cu and 1/Wu where Cu is equal to courses units/unit fabric length
and Wu equal to wale units/unit fabric width. Therefore, Knapton et al. modified
Munden’s equations (1-4) as follows:

uc � Cu � �u  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .(5)

uw � Wu � �u  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .(6)

uS � Su � �
2
u� Cu � Wu � �

2
u  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .(7)

�  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .(8)

In other words, the SKC of 1 � 1 rib structure consists of two single loops and that of
interlock of four, etc. According to this logic, the values found in the fully relaxed state
by Knapton et al, are recalculated and presented on Table IV together with Natkanski’s
[10] and Smirfitt experimental values.

Table 4: Constants values (K) for fabric geometry on 1X1 rib fully relaxed.

Knapton et al [9] also made a preliminary study of the dimensional behaviour of 2 � 2 rib
wool structure without, however, giving any details on the knitting process, which is an
important omission, since a 2 � 2 rib fabric can be knitted using either 2/3 needle
arrangement or 2/4 needle arrangement. A series of constant values (K) is obtained which are
then recalculated in order to be comparable with the results obtained by the author (Table 5).

Parameter

K
c

K
w

K
s

R

Knapton et al. 5.30 3.00 15.9 1.76
Smirfitt 5.30 3.14 16.5 1.69
Natkanski experimental 5.35 3.16 17.0 1.69

Cu�
Wu

uc�
uw

Fabric state Parameter

K
c

K
w

K
s

R

Dry-relaxed 4.53 3.34 15.1 1.35
Wet-relaxed 5.00 3.19 16.0 1.57
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Table 5: Constants values (K) for fabric geometry on 2X2 rib (Knapton et al)

A further study by Knapton and Fong [11] on interlock fabric, using wool yarns with
three different ranges of loop length or structural cell-stitch length (SCSL), as they call it,
has shown that the K values are not constant in dry and wet relaxed states but are
significantly dependent on loop length. However, in the fully relaxed state, no significant
dependency of K values on SCSL was observed. They also observed that the standard
deviations of K values in fully relaxed state were surprisingly large, suggesting that some
felting occurs in tumble-drying. The different K values, which they obtained have also
been recalculated and presented on the Table 6.

Table 6: Constants values (K) for fabric geometry on interlock (Knapton and Fong)

2. Experimental Details

In order to calculate with substantial accuracy the fabric weight per unit area, it is
important to have our own database of K values, and to do this it was considered
extremely important to produce the knitted fabrics, which would be subjected to the
selected treatments. By analyzing the produced fabrics, the required results would be
obtained, which would be fed into "proKNIT" system, thus making it more accurate and
realistic. 

However, due to the enormous amounts of data required in order to make the system
work but also to remain as realistic as possible, it was decided to carry out tests and make
predictions about wool mixture fabrics only in dry and wet relaxed states. 

Fabric state Parameter

K
c

K
w

K
s

R

Dry-relaxed 4.23 2.57 10.87 1.65
Wet-relaxed 4.44 2.58 11.45 1.73
Fully-relaxed 5.12 2.45 12.54 2.10

Fabric state Parameter

K
c

K
w

K
s

R

Dry-relaxed 4.84 3.66 17.69 1.32
Wet-relaxed 5.12 3.51 17.97 1.46
Fully-relaxed 5.57 3.16 17.59 1.76
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Yarns used

The yarns used in this experiment were taken from industry and cover the most popular
mixtures and yarn sizes used in the production of knitted goods. The yarns were tested only
for yarn count, while the results obtained together with their specifications are listed on
Table 7. When knitting fabrics using a thinner yarn count, it is common practice to
combine two or three separate ends of the fine yarn, rather than to use a single multi-folded
yarn. The difference in K values for the fabrics produced by separate ends and those
produced by multi-folded yarn are fairly small, provided that the total number of ends
knitting singles and multi-fold yarns is the same [7]. It is seen from Table 7 that according
to the yarn count, two and three parallel ends were used to produce the required fabrics.

Table 7: Yarn specifications

Knitting Details

The five fabrics (plain knit, purl, 1 � 1 rib, 2 � 2 rib and interlock) were knitted from
all yarns presented on Table 8 on a STOLL C.M.S. 411 selectanit electronic –V- bed-
knitting machine, with 7 needles per inch. The machine has two knitting systems, which
can work together or independently. The knitting process of all fabrics, however,
involved only one knitting system. The knitting speed was controlled electronically at 1.2
meters/second using the same knitting system for the production of all fabrics. Two or
three parallel yarns were fed to the front yarn feeder, which was used throughout the
whole knitting process. The take-down tension and the yarn input tension were kept

Yarn composition Yarn count Number Total count Total count

Nm Tex of yarns used (tex) used (tex)

used (Theoretical) (Actual)

50% Acrylic / 50% Wool

extra fine (undyed) 2/28 2/36 3 215 218.4

70% Acrylic /30% Wool

(undyed) 2/28 2/36 3 215 218.1

50% Acrylic / 25%

Viscose / 25% wool

(undyed) 2/17 2/59 2 235 234.4

50% Wool Merinos /

50% Dralon (dyed blue) 2/28 2/36 3 215 219.6

Dry Relaxed 70% Wool /

30% Acrylic (dyed brown) 2/28 2/36 3 215 218.4

50% Acrylic 25% Viscose 25%

Wool (dyed beige) 2/17 2/59 2 235 256.8
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constant for each type of fabric, by programming through the software of the knitting
machine.

Sample fabrics from each yarn were knitted at three different loop lengths so as to
cover a range of three different tightness factors (TF), very close to the average value of
1.46 according to the following equation.

TF �

Table 8 presents the values used for stitch cam setting. The values shown do not
correlate to stitch length, nor to cover factor, however, 12.5 will create a smaller loop
length than 13.5 value and so on.

Table 8: Stitch cam details

Plain knit, purl and 1 � 1 rib were produced without needle selection, but directly from
the cam system. During the production of plain knit only, the front bed needles were active
with the back bed needles out of action. The purl structure was produced on the principle
that loops are transferred from one bed to another in order to draw reverse loops through
face loops and vice versa. For the production of simple 1 � 1 rib structure, both cam boxes
were activated to knit with all needles on both beds. Interlock fabric was knitted by selected
needles on both needle beds and using half racking to bring the needles alignment from the
front and back bed. Finally, the 2 � 2 rib structure was knitted using needle selection where
only two of every three needles are active in the front and the rear needle bed. All knitting
machine details have been saved for the production of the predicted fabric weight samples.

Fabric analysis

This investigation was concerned solely with the prediction of fabric weight per unit
area of wool mixture fabrics, while consolidation and felting conditions were not
considered. Static wet treatment was, therefore, used throughout, and agitation of the
samples was specifically excluded. 

Type of knitted fabric Yarn size (Tex)Stitch cam setting

Plain Knit and purl fabric 215 12.5 13.5 14.5

235 13.5 14.5 15.5
1 � 1 Rib Knit 215 10.5 11.5 12.5

235 11.5 12.5 13.5
2 � 2 Rib Knit 215 11.2 12.2 13.2

235 11.2 12.2 13.2
Interlock 215 11.5 12.5 12.5

235 11.5 12.5 12.5

�tex�
�

�
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Two sets of knitted samples were produced, one after the other, for all categories of
fabrics, yarns and stitch cam settings. One of the samples was placed directly in a testing
laboratory for conditioning and relaxing for a period of 48 hours before starting
measurements. The other sample was placed flat for two hours inside a large stain steel
tub containing water at 40ÆC. The excess water was hydro-extracted in a domestic
washing machine and the sample was left flat to dry. After drying, the fabric was placed in
a controlled atmosphere and brought back to standard conditions for a period of over 24
hours before measurements commenced. 

After the conditioning of the knitted fabrics, courses and wales per centimeter were
counted using a magnifying glass of three by three centimeters viewing. Ten random
measurements of the three-centimeter viewer were taken and the values tabulated for
estimation of the mean value. 

Unraveling the knitting yarn from a 15 cm wide fabric and using a crimp tester
1500mm long, the course length of each fabric width was calculated. From each type of
fabric, ten random course lengths were taken and their average value was calculated. It
was found, however, that course length variation rarely exceeded 1%. The loop length in
mm was calculated simply by dividing the average course length found in each fabric by
the amount of wales present in 15 cm knitted fabric.

3. Results and Discussion

According to the values obtained for courses and wales per centimeter and loop length
in millimeters, the values of Kc, Kw, Ks and R were calculated. Some of the results
obtained have been tabulated on the Table 9. 

Table 9: Dimensional values

Type of fabric c.p.c. w.p.c Loop K
c

K
w

K
s

K
c
/K

w

length

(mm) R

Plain knit 12.5 undyed (dry relaxed) 5.3 4.1 9.50 50.3 39.0 1950 1.29

Plain knit 12.5 undyed (wet relaxed) 5.7 4.3 9.50 54.1 40.9 2213 1.32

Purl knit 14.5 undyed (dry relaxed) 5.6 2.9 12.20 68.3 35.4 2418 1.93

Purl knit 14.5 undyed (wet relaxed) 5.6 3.0 12.28 68.8 36.9 2539 1.87

1 � 1 rib 10.5 undyed (dry relaxed) 5.3 4.0/2 8.52 45.2 34.1 1541 1.33

1 � 1 rib 10.5 undyed (wet relaxed) 5.9 3.7/2 8.51 50.2 31.5 1581 1.59

2 � 2 rib 13.2 undyed (dry relaxed) 4.0 3.1/2 12.25 49.0 37.9 1857 1.29

2 � 2 rib 13.2 undyed (wet relaxed) 4.3 2.9/2 12.21 52.5 35.4 1859 1.48

Interlock 12.5 undyed (dry relaxed) 4.2 3.9/2 11.57 48.6 45.0 2187 1.08

Interlock 12.5 undyed (wet relaxed) 4.5 3.7/2 11.60 52.2 42.9 2239 1.22
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At this point, it is necessary to make some comments as far as the obtained K values
are concerned. In SI units the recommended length unit for courses and wales per unit
length is the centimetre and that of the stitch length is the millimetre. This causes the
values of Ks, found in previous works, to be multiplied by 100 and those of Kc and Kw by
10, in order to be compared with the values presented on Table 10. The ratio value R is
naturally, not affected. For double jersey fabrics (1 � 1 rib, 2 � 2 rib and interlock) the
values of wales per unit length are given with a slash and a value of 2 (i.e. 4.0/2). This value
refers to the number of wales on the back of the fabric. The estimation of K values has
been reached by multiplying courses and wales per centimeter shown on the face of the
fabric by the loop length respectively. The logic of the structural knitted cell (SKC) used
by Knapton et al has not been adopted in the calculations of K values. The small
differences, in tenths of a hundred, found in loop length between dry and wet relaxed
states have to be ignored because they do not affect the final values of K, nor the cover
factor of the fabrics (Table 9). According to stitch cam settings used, the cover factor was
kept within the reason of ±18% of the recommended average value of 1.46, since various
authors [4, 8, 12, 13] have commented that the so-called "constants" Kc, Kw and Ks do not
remain constant over a wide range of tightness factors. The values presented on Table 10
indicate the above mentioned percentage variation of tightness factor.

Table 10: Variation of tightness factors 

The constant values (K) that were achieved with 95% confident limits for all fabrics
produced, from dyed and undyed yarns in dry and wet relaxed states, were tabulated on
the Table 11. The non-dimensional parameters of Table 11 have been fed into "proKNIT"
system in order to make it operational. The prediction of fabric weight per unit area is a
result of these non-dimensional parameters (constant K values) in conjunction with yarn
linear density, loop length and/or tightness factor.

Type of fabric Yarn Count Loop length Tightness 

(tex) (mm) Factor

Plain knit 12.5 undyed (dry relaxed) 218.4 9.50 1.56
Plain knit 12.5 undyed (wet relaxed) 218.4 9.50 1.56
Purl knit 14.5 undyed (dry relaxed) 218.4 12.20 1.21
Purl knit 14.5 undyed (wet relaxed) 218.4 12.28 1.21
1 � 1 rib 10.5 undyed (dry relaxed) 218.4 8.52 1.74
1 � 1 rib 10.5 undyed (wet relaxed) 218.4 8.51 1.74
2 � 2 rib 13.2 undyed (dry relaxed) 218.4 12.25 1.21
2 � 2 rib 13.2 undyed (wet relaxed) 218.4 12.21 1.21
Interlock 12.5 undyed (dry relaxed) 218.1 11.57 1.27
Interlock 12.5 undyed (wet relaxed) 218.1 11.60 1.27
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The values of the non-dimensional parameters (KC, Kw, Ks and R) presented on Table 11
are significantly dependent on the relaxing condition (dry, wet) as well as the type of yarn
used, dyed or undyed. Comparing the author’s K values with those presented by Munden
(Table 1), it becomes clear that the general conclusion is that there is no significant difference
between them. In dry relaxed state for undyed wool the values of K are about the same. In
wet relaxed state, the authors have estimated separate K values for dyed and undyed yarns
in order to have a higher accuracy or small deviations when determining fabric weight in
correlation with real fabric weight. When determining the average K values, which result
from both yarns, dyed and undyed, it is apparent that there is a very close correlation with K
values presented by Munden. In trial testing conducted by applying Munden’s K values to
"proKNIT" system, it was proven that the results produced did not differentiate greatly from
those obtained by measuring the real fabric weight in both states of relaxation (dry and wet).

Moreover, in plain knit fabrics in a dry relaxed state, the K values presented by Postle
do not approach either those obtained by Munden or those presented on Table 11. On the
contrary, in wet relaxed state there is a clearer picture as far as the constant values are
concerned. Postle’s K values are very close to those presented by the authors for undyed
yarns; however, the ratio of Kc to Kw presented is lower, something which probably has
to do with the tightness factors used by Postle. 

Table 11: Non-dimensional parameters used on "proKNIT’ system.

Type of fabric Process K
c

K
w

K
s

R

Plain knit undyed yarn Dry 50.0±0.3 38.8±0.2 1940 1.29
Plain knit dyed yarn Dry 50.0±0.3 39.5±0.2 1975 1.27
Plain knit undyed yarn Wet 54.0±0.3 41.0±0.2 2214 1.32
Plain knit dyed yarn Wet 53.0±0.3 40.0±0.2 2120 1.32
Purl fabric undyed yarn Dry 68.8±0.7 36.2±0.4 2490 1.90
Purl fabric dyed yarn Dry 70.2±0.7 37.0±0.4 2585 1.90
Purl fabric undyed yarn Wet 70.0±0.7 37.0±0.4 2590 1.89
Purl fabric dyed yarn Wet 72.4±0.7 38.3±0.4 2773 1.89
1 � 1 Rib undyed yarn Dry 44.0±0.6 34.0±0.3 1500 1.30
1 � 1 Rib dyed yarn Dry 45.0±0.6 34.0±0.3 1530 1.32
1 � 1 Rib undyed yarn Wet 50.0±0.6 31.5±0.3 1575 1.58
1 � 1 Rib dyed yarn Wet 50.0±0.6 32.5±0.3 1625 1.54
2 � 2 Rib undyed yarn Dry 49.0±0.2 38.0±0.2 1862 1.29
2 � 2 Rib dyed yarn Dry 50.0±0.2 38.0±0.2 1900 1.31
2 � 2 Rib undyed yarn Wet 52.4±0.2 35.5±0.2 1860 1.50
2 � 2 Rib dyed yarn Wet 53.0±0.2 36.0±0.2 1908 1.47
Interlock undyed yarn Dry 48.0±0.2 45.0±0.2 2160 1.06
Interlock dyed yarn Dry 48.8±0.2 45.8±0.2 2235 1.07
Interlock undyed yarn Wet 51.6±0.2 42.7±0.2 2203 1.21
Interlock dyed yarn Wet 52.4±0.2 43.3±0.2 2270 1.21
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As far as double knitted fabrics are concerned, or 1 � 1 Rib in particular, Smirfitt
analysed this structure using the logical path of plain knit fabrics and thus produced the
non-dimensional parameters of K values presented on Table 3. Comparing these values
with those obtained by the authors, it seems clearly that there is a very close correlation
between them. Knapton et al also presented a set of K values for dry and wet relaxed states
using the logic of structural knitted cell (SKC) for 1 � 1 rib structure. The results as they
have been presented do not agree with those listed on Table XI and this is because the logic
behind the calculation is different. By recalculating the values presented by Knapton et al,
so as to be more easily comparable to those on Table 11 it appears that there is still a great
difference between them. When applying Smirfitt’s values to "proKNIT" system for
determining the fabric weight per unit area of 1 � 1 rib it is obvious that the predictions of
fabric weight are more realistic than those of Knapton et al.

Looking at the Ks values obtained for dry and wet states of double knit structures
(1 � 1 rib, 2 � 2 rib and interlock) as presented on Table 11, it becomes apparent that
there is no substantial increase in the values as the state of relaxation passes from dry
to wet. This is due to the fact that the loops inside the structure rearrange themselves,
giving out approximately the same total Ks value. However, an increase in the Kc value
for 1 � 1 rib structure in wet state particularly, does not necessarily mean that there
will be a proportionate increase in Kw value, which, in fact, decreases. The same
behavior is also characteristic of the rest of the structures of 2 � 2 rib and interlock
where the rearrangement of loop position inside the structure results in giving out very
small differences in Ks values. This rearranging behaviour of courses and wales per unit
length inside the structure is indicated by the value of R, which is directly affected and
determined by the increase in differences between courses and wales per unit length and
width respectively. The values obtained for the interlock fabric in a dry relaxed state,
however, are of particular interest since, while the ratio between courses and wales per
centimeter is about equal (1.06 or 1.07), this ratio increases as the process of relaxation
moves from dry to wet state. The same behaviour is also the case for 2 � 2 rib
structures.

Knapton et al have also shown this tendency of loop rearrangement in 2X2 rib
structure (Table 5). The Ks values they obtain in two relaxed states, dry and wet, do not
change distinctively but remain more or less about the same, while at the same time there
is an increase in ratio values. All constant values presented by Knapton et al are lower
than those recorded by the author on Table 11, therefore, it is precarious to use any of
these values for determining fabric weight.

For interlock fabrics Knapton and Fong presented a set of K values in dry and wet
relaxed states (Table 6), which are completely different from those presented by the
authors on the above table.
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4. Estimations of fabric weight per unit area using "proKNIT"

software

All the values of Kc, Kw, Ks and R presented on Table 12 were fed into the software
of "proKNIT" system so as to set it up with the necessary data. In order to compare the
theoretical fabric weight predicted by "proKNIT" system with that of actual fabric weight,
new samples called "reference samples" were knitted by the same knitting machine, Stoll
CMS 411 selectanit electronic –V- bed-knitting machine with a gauge of 7 needles per
inch. The new knitting machine was programmed with the data obtained from
experimental trials also using the same types of yarns. All "reference" knitted fabrics
produced were relaxed in dry and wet states and then the fabric weight in grams per
square meter as well as the loop length of each fabric was determined. The tightness factor
for each fabric was calculated using the values of loop length and yarn count.

Then the values of machine gauge, yarn count and tightness factor were entered into
"proKNIT", which processed the data given and produced the estimated loop length,
courses and wales per centimetre and theoretical fabric weight. Some of the results
obtained by both procedures are presented on Table 12.

By making a simple overall comparison of the figures presented on Table 12, it
appears that "proKNIT" system has predicted the fabric weight per unit area with a
variation of less than �3.8%. The small differences presented in loop length values
between actual and theoretical fabric weight have to do with diversion in calculations. The
system always starts the prediction of the theoretical fabric weight by determining fabric
loop length through the variables of yarn count and tightness factor.

On Table 12 the interlock values of fabric weight represent an undyed fabric knitted
at 13.5 stitch cam setting, in both dry and wet relaxed states. According to the values
obtained, the increase in mass weight from dry to wet relaxed state is 26gr/m2 for the
tested fabric and 22.5gr/m2 for the estimation values of "proKNIT" system. In other
words, the increase in weight for dry to wet relaxation of the tested fabric is 3.5% and
3.1% for the theoretical values predicted by "proKNIT". The difference between the two
percentage values is 0.5%, a value that can be considered as negligible. 

16 EÈÛÙËÌÔÓÈÎ‹ EÂÙËÚ›‰· EÊ·ÚÌÔÛÌ¤ÓË˜ ŒÚÂ˘Ó·˜, Vol. XIII, No 1, 2008



∂valuation of “proKNIT” system for determining the fabric weight per unit area … 17

T
a
b

le
 1

2
: 

C
om

pa
ri

so
n 

be
tw

ee
n 

ac
tu

al
 f

ab
ri

c 
w

ei
gh

t 
an

d 
pr

ed
ic

ti
on

s 
of

 "
pr

oK
N

IT
" 

sy
st

em



After a closer look at the other estimated values on Table 12, it becomes clear that
"proKNIT" software is, indeed, capable of making predictions of fabric weight per unit
area with substantial accuracy, provided, of course, that the values of non-dimensional
parameters (KC, Kw, Ks and R) at different states of relaxation fed into the system are
realistic.

Using "proKNIT" system the estimated fabric weight for each reference fabric was
predicted simply by entering the values of machine gauge, yarn count and tightness factor.
The predicted values of fabric weight were plotted against the real values of fabric weight
and the graphs of Figure 1 were produced for plain-knit and interlock structures in dry
relaxed state. 

The graphs of Figure 1 show the alignment of the results obtained from a plain-knit
structure produced from undyed yarn. The square dots show the values of the fabric
weight estimated by "proKNIT" system and the rhomb ones the fabric weight found after
testing. It is clear that the predicted values largely coincide with the actual ones along the
line, which means that the deviation is extremely small. The second graph of the same
figure, which represents estimations for the interlock structure, presents a similar picture
where most of the dots coincide with each other, giving out small differences between the
predicted and the actual fabric weight.
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5. Conclusion

After a close study of the results given, the following conclusions can be drawn:

❑ "ProKNIT" system has been created according to the existing literature on the
geometry and dimensional properties of weft knitted fabrics.

❑ The first attempt to predict fabric weight for wool mixture yarns was successful and
the predictions did not show significant differences from actual fabric weight. 

❑ The whole system is constantly being replenished with more data in order to cover
a much wider variety of yarns so as to make it more flexible and minimize errors.

At the moment, the system is being tested with a considerable degree of success by two
knitting factories, one of which produces cotton knitted fabrics and the other one woollen
knitted goods.
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∂Ê·ÚÌÔÁ‹ ÙˆÓ Ó¤ˆÓ ˘ÁÚÒÓ Î·˘Û›ÌˆÓ Ù‡Ô˘
Super ÁÈ· ÙËÓ Î›ÓËÛË Ô¯ËÌ¿ÙˆÓ ·Ï·È¿˜ ÙÂ¯ÓÔ-
ÏÔÁ›·˜ ÌÂ ÂÏÂÁ¯fiÌÂÓË ¤Ó·˘ÛË ÙË˜ Î·‡ÛË˜. ∂›-
‰Ú·ÛË ÛÙËÓ ·fi‰ÔÛË ÈÛ¯‡Ô˜ Î·È ÛÙÔ ÂÚÈ‚¿ÏÏÔÓ

°.£. µÏ¿¯Ô˜
∆Ì‹Ì· ªË¯·ÓÔÏÔÁ›·˜, ∆∂π ¶ÂÈÚ·È¿

Ã. ∫Ô˘ÙÛÔÁÂÒÚÁË˜
°ÂÓÈÎfi ∆Ì‹Ì· ª·ıËÌ·ÙÈÎÒÓ
∆ÔÌ¤·˜ ¶ÏËÚÔÊÔÚÈÎ‹˜

¢. ∆ÛÂÏ¤˜
∆Ì‹Ì· ∞˘ÙÔÌ·ÙÈÛÌÔ‡, ∆∂π ¶ÂÈÚ·È¿

∫. °Ï‡ÛÙÚ·˜
∆Ì‹Ì· ªË¯·ÓÔÏÔÁ›·˜,∆∂π ¶ÂÈÚ·È¿

°. ¶ÔÏ›ÙË˜
∆Ì‹Ì· ªË¯·ÓÔÏÔÁ›·˜, ∆∂π ¶ÂÈÚ·È¿

π. §È‚¤ÚË˜
∆Ì‹Ì· ∏ÏÂÎÙÚÔÏÔÁ›·˜, ∆∂π ¶ÂÈÚ·È¿

°. ¶ÔÏÏ¿ÏË˜
∆Ì‹Ì· ∏ÏÂÎÙÚÔÏÔÁ›·˜, ∆∂π ¶ÂÈÚ·È¿

¶ÂÚ›ÏË„Ë

∆Ô ÂÓ‰È·Ê¤ÚÔÓ ÁÈ· Ù· Î·‡ÛÈÌ· ÙˆÓ ÌË¯·ÓÒÓ ÂÛˆÙÂÚÈÎ‹˜ Î·‡ÛË˜ ¤¯ÂÈ ·˘ÍËıÂ› Ù· ÙÂ-
ÏÂ˘Ù·›· ¯ÚfiÓÈ·, ·ÊÂÓfi˜ ÏfiÁˆ ÙË˜ ÌÂÁ¿ÏË˜ ÂÚÈ‚·ÏÏÔÓÙÈÎ‹˜ Ú‡·ÓÛË˜ Ô˘ ¤¯Ô˘Ó ÂÈ-
Ê¤ÚÂÈ, Î·È ·ÊÂÙ¤ÚÔ˘ ÏfiÁˆ ÙË˜ ÌÂÁ¿ÏË˜ ˙‹ÙËÛË˜ ÂÍ·ÈÙ›·˜ ÙË˜ ·˘ÍËÌ¤ÓË˜ Î·Ù·Ó¿ÏˆÛË˜
ÂÓ¤ÚÁÂÈ·˜. ∞Ó¿ÏÔÁ· ÌÂ ÙÔÓ Ù‡Ô Î·È Ù· ¯·Ú·ÎÙËÚÈÛÙÈÎ¿ ÙÔ˘ Î·˘Û›ÌÔ˘ Ô˘ ¯ÚËÛÈÌÔ-
ÔÈÂ›Ù·È ÌÔÚÂ› Ó· ¤¯ÂÈ ÌÂÁ¿ÏË Â›ÙˆÛË ÛÙÔ Û¯Â‰È·ÛÌfi, ÛÙËÓ Î·Ù·ÛÎÂ˘‹, ÛÙËÓ ÈÛ¯‡,
ÛÙËÓ Î·Ù·Ó¿ÏˆÛË Î·˘Û›ÌÔ˘ Î·È ÔÏÏ¤˜ ÊÔÚ¤˜ ÛÙËÓ ·ÍÈÔÈÛÙ›· Î·È ÛÙËÓ ·ÓÙÔ¯‹ ÙË˜
ÌË¯·Ó‹˜. ™Â ·˘Ù‹Ó ÙËÓ ÂÚÁ·Û›· ı· ·Û¯ÔÏËıÔ‡ÌÂ ÌÂ Ù· ˘ÁÚ¿ Î·‡ÛÈÌ· Ô˘ ¯ÚËÛÈÌÔÔÈ-

∂Ê·ÚÌÔÁ‹ ÙˆÓ Ó¤ˆÓ ˘ÁÚÒÓ Î·˘Û›ÌˆÓ Ù‡Ô˘ Super ÁÈ· ÙËÓ Î›ÓËÛË Ô¯ËÌ¿ÙˆÓ… 21

∂ÈÛÙËÌÔÓÈÎ‹ ∂ÂÙËÚ›‰· ∂Ê·ÚÌÔÛÌ¤ÓË˜ ŒÚÂ˘Ó·˜

Vol. XIII, No 1, 2008, pp. 21-39



Ô‡ÓÙ·È ·fi ÙÔ 99% ÙˆÓ ÌË¯·ÓÒÓ ÂÛˆÙÂÚÈÎ‹˜ Î·‡ÛÂˆ˜, ÙÔ ÔÔ›Ô ·Ô‰ÂÈÎÓ‡ÂÈ Î·È ÙË
ÛÔ˘‰·ÈfiÙËÙ· ·˘Ù‹˜ ÙË˜ ¤ÚÂ˘Ó·˜. ∂È‰ÈÎfiÙÂÚ· ı· ÚÔÛ·ı‹ÛÔ˘ÌÂ Ó· ÚÔÛ‰ÈÔÚ›ÛÔ˘ÌÂ
ÙÈ˜ ‰È·ÊÔÚ¤˜ ·fi ÙË ¯Ú‹ÛË ‚ÂÓ˙›ÓË˜ Ù‡Ô˘ ÛÔ‡ÂÚ, ÌÂ ÚfiÛıÂÙ· ÌÔÏ‡‚‰Ô˘, Ë ÔÔ›·
Î·Ù·ÚÁ‹ıËÎÂ, Î·È ÌÂ ÚfiÛıÂÙ· Î·Ï›Ô˘ Ô˘ ÙËÓ ·ÓÙÈÎ·ıÈÛÙ¿, ÛÙËÓ ÈÛ¯‡, ÛÙËÓ ÂÈ‰ÈÎ‹ Î·-
Ù·Ó¿ÏˆÛË, ÛÙË ÚÔ‹ Î·È ÛÙÈ˜ ÂÎÔÌ¤˜ Ú‡ˆÓ ÂÓfi˜ ·ÏÈÓ‰ÚÔÌÈÎÔ‡ ÎÈÓËÙ‹Ú· ÂÛˆÙÂÚÈ-
Î‹˜ Î·‡ÛÂˆ˜ ÂÏÂÁ¯fiÌÂÓË˜ ¤Ó·˘ÛË˜, ·Ï·È¿˜ ÙÂ¯ÓÔÏÔÁ›·˜. 

§¤ÍÂÈ˜ ∫ÏÂÈ‰È¿: ∫·‡ÛÈÌ·, µÂÓ˙›ÓË, ª.∂.∫., √¯‹Ì·Ù·, ªfiÏ˘‚‰Ô, K¿ÏÈÔ, ¶ÂÚÈ‚·ÏÏÔ-
ÓÙÈÎ‹ ƒ‡·ÓÛË.

Abstract

Interest in fuels for internal combustion engines has increased in recent years because
of the big environmental pollution that is involved, as well as the big demand to due
increased consumption of energy. Depending on the type and the characteristics of fuels
that are used a considerable influence on the design, manufacture, efficiency, consumption
of fuel and often the reliability and durability of the enginemay result. In this work we will
deal with the liquid fuels that are used by the 99% of internal combustion engines. That
also proves the importance of this research. More specifically we will try to determine the
differences from the use of petrol type super, with additives of lead which is suppressed
and with additives of potassium that replaced it, in efficiency, in special consumption, in
torque and in emissions of a reciprocating internal combustion engine with spark ignition
and carburetor.

Key Words: Gasoline, Fuels, Internal Combustion Engines, Vehicles, lead, Kalium,
Environment Pollution.

1. ∂ÈÛ·ÁˆÁ‹

™ÙÔ˘˜ ·ÏÈÓ‰ÚÔÌÈÎÔ‡˜ ÎÈÓËÙ‹ÚÂ˜ ÂÛˆÙÂÚÈÎ‹˜ Î·‡ÛË˜, Ë ıÂÚÌÈÎ‹ ÂÓ¤ÚÁÂÈ· Ô˘ ÌÂ-
Ù·ÙÚ¤ÂÙ·È ÛÂ ÌË¯·ÓÈÎfi ¤ÚÁÔ, ‰›ÓÂÙ·È ·fi ÙÈ˜ ¯ËÌÈÎ¤˜ ·ÓÙÈ‰Ú¿ÛÂÈ˜ ÔÍÂ›‰ˆÛË˜ ÙÔ˘ Î·˘-
Û›ÌÔ˘ ÌÂ ÙÔ ÔÍ˘ÁfiÓÔ Ô˘ ÂÚÈ¤¯ÂÙ·È ÛÙÔÓ ·¤Ú·. ∞˘Ù¤˜ ÔÈ ¯ËÌÈÎ¤˜ ·ÓÙÈ‰Ú¿ÛÂÈ˜ Ú·Á-
Ì·ÙÔÔÈÔ‡ÓÙ·È Ì¤Û· ÛÙÔÓ ›‰ÈÔ Î‡ÏÈÓ‰ÚÔ ÙÔ˘ ÎÈÓËÙ‹Ú· Î·È ı· Ú¤ÂÈ Ó· ÔÏÔÎÏËÚˆıÔ‡Ó
ÛÂ ¤Ó· ÔÏ‡ ÌÈÎÚfi ¯ÚÔÓÈÎfi ‰È¿ÛÙËÌ· ÙË˜ Ù¿ÍË˜ ÌÂÚÈÎÒÓ [ms]. ªÂÙ·Í‡ ÙˆÓ Î·˘Û›ÌˆÓ
Ô˘ ¯ÚËÛÈÌÔÔÈÔ‡ÓÙ·È ÛÙÈ˜ ÌË¯·Ó¤˜ ÂÛˆÙÂÚÈÎ‹˜ Î·‡ÛË˜ Ù· ˘ÁÚ¿ Î·‡ÛÈÌ·, ·ÔÙÂÏÔ‡Ó
ÙËÓ Î‡ÚÈ· ËÁ‹ ÂÓ¤ÚÁÂÈ·˜ ÁÈ· ·˘ÙÔ‡˜ ÙÔ˘˜ ÎÈÓËÙ‹ÚÂ˜ Î·È Ì¿ÏÈÛÙ· ÂÎÂ›ÓˆÓ Ô˘ ÚÔÎ‡-
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ÙÔ˘Ó ·fi ÙËÓ ÎÏ·ÛÌ·ÙÈÎ‹ ·fiÛÙ·ÍË ÙÔ˘ ·ÚÁÔ‡ ÔÚ˘ÎÙÔ‡ ÂÙÚÂÏ·›Ô˘.
™Ù· Ï·›ÛÈ· ÙÔ˘ ÂÚÂ˘ÓËÙÈÎÔ‡ ¤ÚÁÔ˘ “∞Ú¯ÈÌ‹‰Ë˜” Ô˘ Â›¯Â Û· ÛÙfi¯Ô ÙËÓ ÂÍÂ‡ÚÂÛË

ÂÓ·ÏÏ·ÎÙÈÎÒÓ Ï‡ÛÂˆÓ ÁÈ· ÙËÓ Î›ÓËÛË ÙˆÓ ·˘ÙÔÎÈÓ‹ÙˆÓ ÙfiÛÔ ·fi ÔÈÎÔÓÔÌÈÎ‹˜ ¿Ô„Ë˜
fiÛÔ, Î˘Ú›ˆ˜, ·fi ÚÔÛÙ·Û›·˜ ÙÔ˘ ÂÚÈ‚¿ÏÏÔÓÙÔ˜, Ú·ÁÌ·ÙÔÔÈ‹ıËÎ·Ó ÂÈÚ¿Ì·Ù·,
ÂÎÙfi˜ ÙˆÓ ¿ÏÏˆÓ, Û‡ÁÎÚÈÛË˜ ÙË˜ ·fi‰ÔÛË˜ ÙÔ˘ ›‰ÈÔ˘ ÎÈÓËÙ‹Ú· fiÙ·Ó ·˘Ùfi˜ ¯ÚËÛÈÌÔ-
ÔÈÂ› Î·‡ÛÈÌÔ ÌÂ ‰È·ÊÔÚÂÙÈÎ¤˜ ·Ú·Ì¤ÙÚÔ˘˜ fiˆ˜ ÁÈ· ·Ú¿‰ÂÈÁÌ· ‚ÂÓ˙›ÓË, ˘ÁÚ·¤ÚÈÔ
Ê˘ÛÈÎfi ·¤ÚÈÔ Î·È Ù¤ÏÔ˜ ˘‰ÚÔÁfiÓÔ. 

ªÂ ÙËÓ Â˘Î·ÈÚ›· ÙË˜ Î·Ù¿ÚÁËÛË˜ ÙË˜ ‚ÂÓ˙›ÓË˜ ÌÂ ÚfiÛıÂÙ· ÂÓÒÛÂˆÓ ÌÔÏ‡‚‰Ô˘ Î·È
ÙËÓ ·ÓÙÈÎ·Ù¿ÛÙ·Û‹˜ ÙË˜ ÌÂ ÂÎÂ›ÓË ÌÂ ÚfiÛıÂÙ· ÂÓÒÛÂˆÓ Î·Ï›Ô˘ ÁÈ· ÙËÓ Î›ÓËÛË ·ÏÈÓ-
‰ÚÔÌÈÎÒÓ ÎÈÓËÙ‹ÚˆÓ ÂÛˆÙÂÚÈÎ‹˜ Î·‡ÛË˜ ·Ï·È¿˜ ÙÂ¯ÓÔÏÔÁ›·˜, Ù¤ıËÎÂ ÙÔ ÂÚÒÙËÌ·
ÔÈÂ˜ ı· ‹Ù·Ó ÔÈ ÂÈÙÒÛÂÈ˜ ÙfiÛÔ ÛÙËÓ ·fi‰ÔÛË fiÛÔ Î·È ÛÙËÓ Â›‰Ú·ÛË ÛÙÔ ÂÚÈ‚¿Ï-
ÏÔÓ. °È· ÙËÓ ·¿ÓÙËÛË ·˘ÙÔ‡ ÙÔ˘ ÂÚˆÙ‹Ì·ÙÔ˜ Ú·ÁÌ·ÙÔÔÈ‹ıËÎÂ ÈÔ Î¿Ùˆ. ÂÚÂ˘ÓËÙÈ-
Îfi ¤ÚÁÔ Ù· ·ÔÙÂÏ¤ÛÌ·Ù· ÙÔ˘ ÔÔ›Ô˘ ·Ú·Ù›ıÂÓÙ·È

2. ∞ÓÙÈÎÚÔ˘ÛÙÈÎ¤˜ È‰ÈfiÙËÙÂ˜ ÙˆÓ ‚ÂÓ˙ÈÓÒÓ

ªÈ· ·fi ÙÈ˜ ¯·Ú·ÎÙËÚÈÛÙÈÎ¤˜ ·Ú·Ì¤ÙÚÔ˘˜ ÙˆÓ ‚ÂÓ˙ÈÓÒÓ Ô˘ ¯ÚËÛÈÌÔÔÈÔ‡ÓÙ·È
ÁÈ· ÙËÓ ·˘ÙÔÎ›ÓËÛË Â›Ó·È Ë ·ÓÙ›ÛÙ·ÛË Ô˘ ·ÚÔ˘ÛÈ¿˙Ô˘Ó ·˘Ù¤˜ ÛÙËÓ ÎÚÔ˘ÛÙÈÎ‹ Î·‡-
ÛË. ∏ ÎÚÔ˘ÛÙÈÎ‹ Î·‡ÛË ·ÔÙÂÏÂ› ÌÈ· ÌÔÚÊ‹ ·ÓÒÌ·ÏË˜ Î·‡ÛË˜ Ë ÔÔ›· ÂÚÈÔÚ›˙ÂÈ ÙËÓ
·fi‰ÔÛË ÙˆÓ ÎÈÓËÙ‹ÚˆÓ, Î˘Ú›ˆ˜ ÙË˜ ÈÛ¯‡Ô˜ Î·È ÙË˜ ÂÈ‰ÈÎ‹˜ Î·Ù·Ó¿ÏˆÛË˜ ÂÓÒ Ù·˘Ùfi-
¯ÚÔÓ·, ÙËÓ ›‰È· ÛÙÈÁÌ‹, ÂÈ‚¿ÏÂÈ fiÚÈ· ÛÙËÓ ·Ú·ÁˆÁ‹ ÙˆÓ ‚ÂÓ˙ÈÓÒÓ. ∆Ô Ê·ÈÓfiÌÂÓÔ ·˘-
Ùfi ÂÌÊ·Ó›˙ÂÙ·È ÚÔ˜ Ù· ¤Íˆ ·fi ÙÔÓ ÎÈÓËÙ‹Ú· ÌÂ ¤Ó· ¯·Ú·ÎÙËÚÈÛÙÈÎfi ÌÂÙ·ÏÏÈÎfi ‹¯Ô
fiÌÔÈÔ ÌÂ ÂÎÂ›ÓÔ ÂÓfi˜ ÛÊ˘ÚÔÎÔ‹Ì·ÙÔ˜, ÌÂ Ù·Ï¿ÓÙˆÛË ÙˆÓ ÙÔÈ¯ˆÌ¿ÙˆÓ ÙÔ˘ ÎÈÓËÙ‹Ú·,
˘ÂÚı¤ÚÌ·ÓÛË ·˘ÙÔ‡, Êı¿ÓÔÓÙ·˜ ÛÂ Û˘Óı‹ÎÂ˜ ÂÈ‰ÈÎ¿ ÂÈÎ›Ó‰˘ÓÂ˜ Ô˘ ÌÔÚÔ‡Ó Ó·
ÚÔÍÂÓ‹ÛÔ˘Ó ÛÔ‚·Ú¤˜ ‚Ï¿‚Â˜ ÛÙÔÓ ÎÈÓËÙ‹Ú·.

∆Ô Ê·ÈÓfiÌÂÓÔ ÙË˜ ÎÚÔ˘ÛÙÈÎ‹˜ ·ÓÒÌ·ÏË˜ Î·‡ÛË˜ Â›Ó·È Û‡ÓıÂÙÔ Î·È Û˘ÌÂÚÈÏ·Ì‚¿ÓÂÈ
·ÎfiÌË ‰È¿ÊÔÚÂ˜ ¯·Ú·ÎÙËÚÈÛÙÈÎ¤˜ ·Ú·Ì¤ÙÚÔ˘˜ ÙÔ˘ Î·˘Û›ÌÔ˘ fiˆ˜, Ë Î·ı˘ÛÙ¤ÚËÛË ÙË˜
·Ú¯‹˜ ÙË˜ Î·‡ÛË˜, Ù·¯‡ÙËÙ· ÔÌ·Ï‹˜ Î·‡ÛË˜ Î.Ï., Î·ıÒ˜ Î·È ÌÂÁ¿ÏÔ ·ÚÈıÌfi ·Ú·Ì¤ÙÚˆÓ
ÙË˜ Î·Ù·ÛÎÂ˘‹˜ Î·È ÙË˜ ÏÂÈÙÔ˘ÚÁ›·˜ ÙÔ˘ ÎÈÓËÙ‹Ú·. ŒÚÂÂ Ó· ÔÚÈÛÙÂ› ÌÂ ÙÔÓ ·ÏÔ‡ÛÙÂ-
ÚÔ ‰˘Ó·Ùfi ÙÚfiÔ ÌÈ· ÌÔÓ¿‰· Ì¤ÙÚËÛË˜ ÙË˜ ·ÓÙÈÎÚÔ˘ÛÙÈÎ‹˜ È‰ÈfiÙËÙÔ˜ ÙˆÓ ‚ÂÓ˙ÈÓÒÓ.

∏ ·ÓÙ›ÛÙ·ÛË ÛÙËÓ ÚfiˆÚË ·Ó¿ÊÏÂÍË ÙÔ˘ Î·˘Û›ÌÔ˘ ÚÔÛ‰ÈÔÚ›˙ÂÙ·È ÌÂ ÙÔÓ ·ÚÈıÌfi
ÙˆÓ ÔÎÙ·Ó›ˆÓ Ô˘ ·ÓÙÈÛÙÔÈ¯Â› ÛÂ ·˘Ù‹ (¡√), Ô˘ ‰Â›¯ÓÂÙ·È ÌÂ ¤Ó·Ó ·Î¤Ú·ÈÔ ·ÚÈıÌfi
Ô˘ Â›Ó·È Ô ÏËÛÈ¤ÛÙÂÚÔ˜ ÛÙÔÓ Â› ÙË˜ ÂÎ·Ùfi Î·Ùã fiÁÎÔ ÂÓfi˜ ÌÂ›ÁÌ·ÙÔ˜ Ô˘ ·ÔÙÂÏÂ›-
Ù·È ·fi ÈÛÔ-ÔÎÙ¿ÓÈÔ Î·È ·fi Î·ÓÔÓÈÎfi ÂÙ¿ÓÈÔ, ÙÔ˘ ÔÔ›Ô˘ ÔÈ ·ÓÙÈÎÚÔ˘ÛÙÈÎ¤˜ ¯·Ú·-
ÎÙËÚÈÛÙÈÎ¤˜ È‰ÈfiÙËÙÂ˜ Â›Ó·È ›‰ÈÂ˜ ÌÂ ÂÎÂ›ÓÂ˜ ÙÔ˘ Î·˘Û›ÌÔ˘ ÙÔ˘ ÔÔ›Ô˘ ÚÔÛ‰ÈÔÚ›˙ÂÙ·È
Ô ·ÚÈıÌfi˜ ÔÎÙ·Ó›ˆÓ ÙÔ˘. ∏ Û‡ÁÎÚÈÛË ·˘Ù‹ Á›ÓÂÙ·È ¿Óˆ ÛÂ Ù˘ÔÔÈËÌ¤ÓÔ ÎÈÓËÙ‹Ú· C.
F. R. (Cooperative Fuel Research) ÌÂ ‰È·‰ÈÎ·Û›· ·˘ÛÙËÚ¿ Ù˘ÔÔÈËÌ¤ÓË. ¢È¿ÊÔÚÔÈ Ì¤-
ıÔ‰ÔÈ ¤¯Ô˘Ó ÚÔÙ·ıÂ› ÁÈ· Ó· Ú·ÁÌ·ÙÔÔÈËıÂ› Ë Û‡ÁÎÚÈÛË ÁÈ· ÙÔÓ ÚÔÛ‰ÈÔÚÈÛÌfi ÙÔ˘
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·ÚÈıÌÔ‡ ÙˆÓ ÔÎÙ·Ó›ˆÓ (¡√) ÂÓfi˜ Î·˘Û›ÌÔ˘. ªÂÙ·Í‡ ·˘ÙÒÓ ‰‡Ô ÂÂÎÚ¿ÙËÛ·Ó Î·È
ÂÊ·ÚÌfi˙ÔÓÙ·È Ì¤¯ÚÈ Û‹ÌÂÚ·: Ë Ì¤ıÔ‰Ô˜ Research ÙË˜ ÔÔ›·˜ Ë ‰È·‰ÈÎ·Û›· Ê·›ÓÂÙ·È
ÛÙÔ˘˜ Î·ÓÔÓÈÛÌÔ‡˜ ASTM-D 2700 Î·È Ë Ì¤ıÔ‰Ô˜ Motor ÙË˜ ÔÔ›·˜ Ë ‰È·‰ÈÎ·Û›· Ê·›-
ÓÂÙ·È ÛÙÔ˘˜ Î·ÓÔÓÈÛÌÔ‡˜ ASTM-D 2 ASTM-D 2699. 

™ÙÈ˜ ÂÊ·ÚÌÔÁ¤˜ ÁÈ· ÙËÓ ÔÈÔÙÈÎ‹ ‚ÂÏÙ›ˆÛË ÙˆÓ ·ÓÙÈÎÚÔ˘ÛÙÈÎÒÓ È‰ÈÔÙ‹ÙˆÓ ÙˆÓ ‚ÂÓ-
˙ÈÓÒÓ ¯ÚËÛÈÌÔÔÈÔ‡ÓÙ·È ÔÈ Ì¤ıÔ‰ÔÈ:

ñ ∂È‰ÈÎ‹ ÂÈÏÔÁ‹ ÙˆÓ ˘‰ÚÔÁÔÓ·ÓıÚ¿ÎˆÓ Ô˘ ·ÔÙÂÏÔ‡Ó ÙÔ Î·‡ÛÈÌÔ ÌÂ ‚¿ÛË ÙË ¯Ë-
ÌÈÎ‹ ÙÔ˘˜ Û‡ÛÙ·ÛË

ñ ∏ ¯Ú‹ÛË ÌÂ›ÁÌ·ÙÔ˜ ·fi ˘‰ÚÔÁÔÓ¿ÓıÚ·ÎÂ˜ Ô˘ ¤¯Ô˘Ó ÌÂÁ¿ÏÔ ·ÚÈıÌfi ÔÎÙ·Ó›ˆÓ 

ñ ∆ËÓ ÚfiÛıÂÛË ÂÈ‰ÈÎÒÓ ·ÓÙÈÎÚÔ˘ÛÙÈÎÒÓ Ô˘ÛÈÒÓ.

√È ‚ÂÓ˙›ÓÂ˜ Ô˘ ¯ÚËÛÈÌÔÔÈÔ‡ÓÙ·È Û‹ÌÂÚ· ‰È·ÎÚ›ÓÔÓÙ·È ÛÂ ‰‡Ô Î·ÙËÁÔÚ›Â˜: ÛÙÈ˜
“Ú¿ÛÈÓÂ˜ ‚ÂÓ˙›ÓÂ˜” ÙˆÓ ÔÔ›ˆÓ ÔÈ ·ÓÙÈÎÚÔ˘ÛÙÈÎ¤˜ È‰ÈfiÙËÙÂ˜ ÂÈÙ˘Á¯¿ÓÔÓÙ·È ÌÂ ÙËÓ
ÂÊ·ÚÌÔÁ‹ ÙË˜ ‰Â‡ÙÂÚË˜ ÈÔ ¿Óˆ ÌÂıfi‰Ô˘ Î·È ¯ÚËÛÈÌÔÔÈÔ‡ÓÙ·È ÁÈ· ÙËÓ Î›ÓËÛË ÙˆÓ
·˘ÙÔÎÈÓ‹ÙˆÓ Ó¤·˜ ÙÂ¯ÓÔÏÔÁ›·˜ Î·È ÛÙÈ˜ ‚ÂÓ˙›ÓÂ˜ Super ÙˆÓ ÔÔ›ˆÓ ÔÈ ·ÓÙÈÎÚÔ˘ÛÙÈÎ¤˜
È‰ÈfiÙËÙÂ˜ ÂÈÙ˘Á¯¿ÓÂÙ·È ÌÂ ÙËÓ ÂÊ·ÚÌÔÁ‹ ÙË˜ ÙÚ›ÙË˜ ÌÂıfi‰Ô˘ ‰ËÏ·‰‹ ÌÂ ÙËÓ ÚÔÛı‹ÎË
·ÓÙÈÎÚÔ˘ÛÙÈÎÒÓ Ô˘ÛÈÒÓ.

∞fi ·˘Ù¤˜ ÙÈ˜ Ô˘Û›Â˜ ÔÏ‡ ‰Ú·ÛÙÈÎ¤˜ ˘‹ÚÍ·Ó ÔÚÈÛÌ¤Ó· ¿Ï·Ù· ÙÔ˘ ÌÔÏ‡‚‰Ô˘, fiˆ˜:

ñ √ ÙÂÙÚ··Èı˘ÏÈÔ‡¯Ô˜ ÌfiÏ˘‚‰Ô˜ (TEL): Pb(C2H5)4

ñ √ ÙÂÙÚ·ÌÂı˘ÏÈÔ‡¯Ô˜ ÌfiÏ˘‚‰Ô˜ (TML): Pb(CH3)4

√È Ô˘Û›Â˜ ·˘Ù¤˜ ¯ÚËÛÈÌÔÔÈÔ‡ÌÂÓÂ˜ ÛÂ ÌÈÎÚ¤˜ ÔÛfiÙËÙÂ˜ (0,1÷0,4 [gr/dm3]), ·˘Í¿-
ÓÔ˘Ó ÙÈ˜ ·ÓÙÈÎÚÔ˘ÛÙÈÎ¤˜ È‰ÈfiÙËÙÂ˜ ÙÔ˘ Î·˘Û›ÌÔ˘ ÌÂ ¯·ÌËÏfi ÎfiÛÙÔ˜ ÛÂ ·ÓÙ›ıÂÛË ÌÂ ÙË
‰È·‰ÈÎ·Û›· Ô˘ ı· ÌÔÚÔ‡ÛÂ Ó· Ú·ÁÌ·ÙÔÔÈËıÂ› Î·Ù¿ ÙË ‰È¿ÚÎÂÈ· ÙË˜ ÎÏ·ÛÌ·ÙÈÎ‹˜
·fiÛÙ·ÍË˜ ·ÏÏ¿˙ÔÓÙ·˜ ÙË ¯ËÌÈÎ‹ Û‡ÓıÂÛË ÙÔ˘ ˘‰ÚÔÁÔÓ¿ÓıÚ·Î· Ô˘ ··ÈÙÂ› fiÌˆ˜ ÌÂ-
Á·Ï‡ÙÂÚÔ ÔÈÎÔÓÔÌÈÎfi ÎfiÛÙÔ˜.

∏ ‰Ú¿ÛË ÙÔ˘˜ Ê·›ÓÂÙ·È fiÙÈ ·Ô‰›‰ÂÙ·È ÛÙË ‰È·ÎÔ‹ ÙË˜ ·Ï˘Û›‰·˜ ·ÓÙ›‰Ú·ÛÂˆÓ ÌÂ
ÙËÓ Û‡ÁÎÚÔ˘ÛË ÙˆÓ ‰ÚÒÓÙˆÓ ÛˆÌ·ÙÈ‰›ˆÓ ÌÂ Ù· ¿ÙÔÌ· ÙË˜ ÚfiÛıÂÙË˜ Ô˘Û›·˜. ŒÙÛÈ
˘¿Ú¯ÂÈ ÌÈ· ‰Ú¿ÛË ÛÙ·Ì·Ù‹Ì·ÙÔ˜ Î·È ·Ô‰Ú·ÛÙËÚÈÔÔ›ËÛË˜ ·fi ÙÔ Ì¤ÚÔ˜ ÙÔ˘ ÔÍÂÈ‰›-
Ô˘ ÙÔ˘ ÌÔÏ‡‚‰Ô˘ (Ô˘ ‰ËÌÈÔ˘ÚÁÂ›Ù·È ·fi ÙËÓ ·ÔÛ‡ÓıÂÛË ÙÔ˘ ·Ú¯ÈÎÔ‡ ¿Ï·ÙÔ˜) ÙˆÓ
ÚÈ˙ÒÓ ÌÂÙ·ÊÔÚ¿˜ ÙË˜ ·Ï˘Û›‰·˜, Ô˘ ·ÚÂÌ‚·›ÓÔ˘Ó ÛÙÈ˜ ¯·Ú·ÎÙËÚÈÛÙÈÎ¤˜ ¯ËÌÈÎ¤˜
·ÓÙÈ‰Ú¿ÛÂÈ˜, Ô˘ Ï·Ì‚¿ÓÔ˘Ó ¯ÒÚ· ÛÙË ‰Â‡ÙÂÚË Ê¿ÛË ÙË˜ Î·ı˘ÛÙ¤ÚËÛË˜ ÙË˜ ·Ú¯‹˜ ÙË˜
Î·‡ÛË˜ (Û¯‹Ì· 1). √È ÂÈ‰Ú¿ÛÂÈ˜ ÙˆÓ ÙÔÍÈÎÒÓ Ô˘ÛÈÒÓ ÛÙÔ ÂÚÈ‚¿ÏÏÔÓ ·fi ÙÈ˜ ÂÓÒÛÂÈ˜
ÙÔ˘ ÌÔÏ‡‚‰Ô˘ Ô˘ ÂÍ¤Ú¯ÔÓÙ·È Ì·˙› ÌÂ Î·˘Û·¤ÚÈ· Î·ıÒ˜ Î·È Ë Î·Ù·ÛÙÚÔÊ‹ ÙˆÓ Î·Ù·-
Ï˘ÙÒÓ ÁÈ· ÙË ÌÂ›ˆÛË ÙˆÓ Ú˘ÔÁfiÓˆÓ Ô˘ÛÈÒÓ ÛÙ· ÂÍÂÚ¯fiÌÂÓ· Î·˘Û·¤ÚÈ·, ·ÏÏ¿ Î˘Ú›ˆ˜
ÙÈ˜ ÛÔ‚·ÚfiÙ·ÙÂ˜ ÂÈ‰Ú¿ÛÂÈ˜ Ô˘ ÚÔÍÂÓÂ› ·˘Ùfi ÛÙË ˘ÁÂ›· ÙˆÓ ˙ÒÓÙˆÓ ÔÚÁ·ÓÈÛÌÒÓ,
Ô‰‹ÁËÛÂ ÙËÓ Î·Ù¿ÚÁËÛË ÙË˜ ¯Ú‹ÛË˜ ÙˆÓ ÂÓÒÛÂˆÓ ÌÔÏ‡‚‰Ô˘ ˆ˜ ·ÓÙÈÎÚÔ˘ÛÙÈÎ¿ Úfi-
ÛıÂÙ· ÛÙË ‚ÂÓ˙›ÓË.
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™¯‹Ì· 1: ª¤ÙÚËÛË ÙË˜ Î·ı˘ÛÙ¤ÚËÛË˜ ÙË˜ ·Ú¯‹˜ ÙË˜ Î·‡ÛË˜ ÂÓfi˜ ÔÌÔÁÂÓÔ‡˜ ÌÂ›ÁÌ·ÙÔ˜

Î·˘Û›ÌÔ˘ ÌÂ ÙË ¯Ú‹ÛË ÙË˜ ÌÂÙ·‚ÔÏ‹˜ ÙË˜ ›ÂÛË˜ ÂÓÙfi˜ ÂÓfi˜ ÎÈÓËÙ‹Ú· ÁÚ‹ÁÔÚË˜  

Û˘Ì›ÂÛË˜: ·) ÛÙËÓ ÂÚ›ÙˆÛË ÙË˜ ·˘ÙÔ·Ó¿ÊÏÂÍË˜ ÛÂ ¤Ó· ÌÔÓ·‰ÈÎfi ÛÙ¿‰ÈÔ Î·È

b) ÛÂ ÂÎÂ›ÓÔ Ô˘ Ú·ÁÌ·ÙÔÔÈÂ›Ù·È ÛÂ ‰‡Ô ÛÙ¿‰È·. ªÂ Î·ı˘ÛÙ¤ÚËÛË ¤Ó·ÚÍË ÙË˜ Î·‡ÛË˜.

ªÂ ÙËÓ Î·Ù¿ÚÁËÛË ÙˆÓ ‚ÂÓ˙ÈÓÒÓ ÌÂ ÚfiÛıÂÙ· ÌÔÏ‡‚‰Ô˘ Ù¤ıËÎ·Ó ÛÂ ÂÊ·ÚÌÔÁ‹ ÁÈ·
ÙËÓ ·˘ÙÔÎ›ÓËÛË ‚ÂÓ˙›ÓÂ˜ ‰›¯ˆ˜ ÂÓÒÛÂÈ˜ ÌÔÏ‡‚‰Ô˘ ÔÈ ÔÓÔÌ·˙fiÌÂÓÂ˜ “Ú¿ÛÈÓÂ˜” ‚ÂÓ˙›-
ÓÂ˜ ÌÂ ÙËÓ Ù·˘Ùfi¯ÚÔÓË ·Ó¿Ù˘ÍË ÙË˜ Ó¤·˜ ÙÂ¯ÓÔÏÔÁ›·˜ Î·Ù·ÛÎÂ˘‹˜ ÙˆÓ ·˘ÙÔÎÈÓ‹ÙˆÓ
ÌÂ ÙËÓ Ù·˘Ùfi¯ÚÔÓË ·ÔÌ¿ÎÚ˘ÓÛË ÙÔ˘ ÛÙfiÏÔ˘ ÙˆÓ ·˘ÙÔÎÈÓ‹ÙˆÓ ·Ï·È¿˜ ÙÂ¯ÓÔÏÔÁ›·˜.

™ÙËÓ ∂ÏÏ¿‰· ÂÎÙfi˜ ·fi ÙËÓ Â›ÛÔ‰Ô ÙË˜ Ó¤·˜ ÙÂ¯ÓÔÏÔÁ›·˜ ·˘ÙÔÎÈÓ‹ÙˆÓ Î·È ÙË ¯Ú‹-
ÛË ÙˆÓ ·ÌfiÏ˘‚‰ˆÓ ‚ÂÓ˙ÈÓÒÓ, ¯ÚËÛÈÌÔÔÈÂ›Ù·È ‚ÂÓ˙›ÓË ÌÂ ÚfiÛıÂÙ· Î·Ï›Ô˘ ÁÈ· ÙËÓ Î›-
ÓËÛË ÙˆÓ ·˘ÙÔÎÈÓ‹ÙˆÓ ·Ï·È¿˜ ÙÂ¯ÓÔÏÔÁ›·˜, ‰ËÏ·‰‹ ‰ÂÓ ˘ÈÔıÂÙ‹ıËÎÂ ÙÔ Ì¤ÙÚÔ ÙË˜
·fiÛ˘ÚÛË˜ ÙˆÓ ·˘ÙÔÎÈÓ‹ÙˆÓ ·Ï·È¿˜ ÙÂ¯ÓÔÏÔÁ›·˜. 

∂Ê·ÚÌÔÁ‹ ÙˆÓ Ó¤ˆÓ ˘ÁÚÒÓ Î·˘Û›ÌˆÓ Ù‡Ô˘ Super ÁÈ· ÙËÓ Î›ÓËÛË Ô¯ËÌ¿ÙˆÓ… 25



ªÂ ‰Â‰ÔÌ¤ÓÔ ÙÔ ÈÔ ¿Óˆ, ¤ÁÈÓÂ ÚÔÛ¿ıÂÈ· Ó· ÚÔÛ‰ÈÔÚÈÛÙÔ‡Ó ÔÈ ÂÈÙÒÛÂÈ˜ ÙÔ˘
Ó¤Ô˘ Ù‡Ô˘ ÙË˜ ‚ÂÓ˙›ÓË˜, ÙfiÛÔ ÛÙËÓ ·fi‰ÔÛË ÙˆÓ ÎÈÓËÙ‹ÚˆÓ ÙˆÓ ·˘ÙÔÎÈÓ‹ÙˆÓ fiÛÔ Î·È
ÛÙÔ ÂÚÈ‚¿ÏÏÔÓ ·fi ÙÈ˜ ÂÎÔÌ¤˜ ÙˆÓ Î·˘Û·ÂÚ›ˆÓ. •ÂÎÈÓÒÓÙ·˜ ÌÂ ÙËÓ ÂÍ·ÎÚ›‚ˆÛË fiÙÈ
ÔÈ ‰‡Ô ‚ÂÓ˙›ÓÂ˜ ÌÂ ÚfiÛıÂÙ· ÌÔÏ‡‚‰Ô˘ Î·È Î·Ï›Ô˘ ¤¯Ô˘Ó ÙÔÓ ›‰ÈÔ ·ÚÈıÌfi ÔÎÙ·Ó›ˆÓ 98
¡√ Î·È ÙÚÔÊÔ‰ÔÙÒÓÙ·˜ ÙÔÓ ›‰ÈÔ ÎÈÓËÙ‹Ú· ·Ï·È¿˜ ÙÂ¯ÓÔÏÔÁ›·˜, ÌÂÙÚ‹ıËÎ·Ó ÔÈ ‰È¿ÊÔ-
ÚÂ˜ ÌË¯·ÓÈÎ¤˜ ¯·Ú·ÎÙËÚÈÛÙÈÎ¤˜ ·Ú¿ÌÂÙÚÂ˜ ·˘ÙÔ‡ ÌÂ ÛÎÔfi Ó· Á›ÓÂÈ Ë Û‡ÁÎÚÈÛË ·˘ÙÒÓ.

3. ∂È‰fiÛÂÈ˜ ·ÏÈÓ‰ÚÔÌÈÎÔ‡ ÎÈÓËÙ‹Ú· ÂÛˆÙÂÚÈÎ‹˜ Î·‡ÛË˜ 

°È· ÙÔÓ Î·ıÔÚÈÛÌfi ÙˆÓ ¯·Ú·ÎÙËÚÈÛÙÈÎÒÓ ÌÂÁÂıÒÓ ÛÙ· ÔÔ›· Ú¤ÂÈ Ó· Á›ÓÂÈ Û‡-
ÁÎÚÈÛË˜ ı· ÚÔÛ‰ÈÔÚÈÛÙÔ‡Ó ÂÎÂ›Ó· Ô˘ ı· ‰ÒÛÔ˘Ó ÌÈ· Û·Ê‹ ÂÈÎfiÓ· ÙˆÓ ·ÔÙÂÏÂÛÌ¿-
ÙˆÓ ·˘Ù‹˜.

°È· Ó· Ú·ÁÌ·ÙÔÔÈËıÂ› ÌÈ· ÔÚı‹ Û‡˙Â˘ÍË ÛÙÈ˜ Ú·ÎÙÈÎ¤˜ ÂÊ·ÚÌÔÁ¤˜ ÂÓfi˜ ·ÏÈÓ-
‰ÚÔÌÈÎÔ‡ ÎÈÓËÙ‹Ú· Î·È ÌÈ·˜ Î·Ù·Ó·ÏÒÙÚÈ·˜ ÌË¯·Ó‹˜ (·˘ÙÔÎ›ÓËÛË, ËÏÂÎÙÚÔ·Ú·ÁˆÁfi
˙Â‡ÁÔ˜, ÁÂˆÚÁÈÎ¿ ÌË¯·Ó‹Ì·Ù· Î.Ï.) Â›Ó·È ·Ó·ÁÎ·›Ô Ó· Â›Ó·È ÁÓˆÛÙfi ˆ˜ ÌÂÙ·‚¿ÏÏÔ-
ÓÙ·È ÔÈ ÂÈ‰fiÛÂÈ˜ ÙÔ˘ ÎÈÓËÙ‹Ú· ÛÂ Û˘Ó¿ÚÙËÛË ÙˆÓ ··ÈÙ‹ÛÂˆÓ ÙË˜ Î·Ù·Ó·ÏÒÙÚÈ·˜ ÌË-
¯·Ó‹˜. ∏ ·Ô‰È‰fiÌÂÓË ÈÛ¯‡˜, Î·È ÚÔ‹ ÛÙÔÓ ¿ÍÔÓ· ÙÔ˘ ÎÈÓËÙ‹Ú·, Ë ÂÈ‰ÈÎ‹ Î·Ù·Ó¿Ïˆ-
ÛË ÙÔ˘ Î·˘Û›ÌÔ˘ Î·È Ë ·Ú·ÁfiÌÂÓË Ú‡·ÓÛË Ô˘ ÂÚÈ‚¿ÏÏÔÓÙÔ˜ ·ÔÙÂÏÔ‡Ó ÙÈ˜ ‚·ÛÈÎ¤˜
·Ú·Ì¤ÙÚÔ˘˜ ÙË˜ ÏÂÈÙÔ˘ÚÁ›·˜ Î·È ÙˆÓ ÂÈ‰fiÛÂˆÓ ÂÓfi˜ ·ÏÈÓ‰ÚÔÌÈÎÔ‡ ÎÈÓËÙ‹Ú·. 

™˘ÓÂÒ˜ Ë Û‡ÁÎÚÈÛË ı· Ú¤ÂÈ Ó· Á›ÓÂÈ ÛÙÈ˜ ÌË¯·ÓÈÎ¤˜ ¯·Ú·ÎÙËÚÈÛÙÈÎ¤˜ ÙÔ˘ ÎÈÓË-
Ù‹Ú· ÛÙËÓ ÂÚ›ÙˆÛË Ô˘ ·˘Ùfi˜ ¯ÚËÛÈÌÔÔÈÂ›Ù·È ÁÈ· ÙËÓ Î›ÓËÛË ÙÔ˘ ·˘ÙÔÎÈÓ‹ÙÔ˘.

∏ ÈÛ¯‡˜ ÛÙÔ ¿ÍÔÓ· ÂÓfi˜ ·ÏÈÓ‰ÚÔÌÈÎÔ‡ ÎÈÓËÙ‹Ú· ı· ‰›ÓÂÙ·È ·fi ÙË Û¯¤ÛË:

Pu � Cm � ˆ [1]

fiÔ˘ Pu Â›Ó·È Ë ÈÛ¯‡˜ ÛÙÔÓ ¿ÍÔÓ· ÙÔ˘ ·ÏÈÓ‰ÚÔÌÈÎÔ‡ ÎÈÓËÙ‹Ú· 
Cm Â›Ó·È Ë ÚÔ‹ ÛÙÔÓ ¿ÍÔÓ· ÙÔ˘ ÎÈÓËÙ‹Ú·
ˆ Â›Ó·È Ë ÁˆÓÈ·Î‹ Ù·¯‡ÙËÙ· ÌÂ ÙËÓ ÔÔ›· ÂÚÈÛÙÚ¤ÊÂÙ·È Ô ¿ÍÔÓ·˜ ÙÔ˘ ÎÈ-

ÓËÙ‹Ú·.

∏ ÁˆÓÈ·Î‹ Ù·¯‡ÙËÙ· ˆ ı· ‰›ÓÂÙ·È ˆ˜ ÁÓˆÛÙfiÓ ·fi ÙË Û¯¤ÛË:

ˆ � ÛÂ [rad*sec-1] [2]

ÌÂ n Ô ·ÚÈıÌfi˜ ÛÙÚÔÊÒÓ ·Ó¿ ÚÒÙÔ ÏÂÙfi [ÛÙÚ/min]

·ÓÙÈÎ·ıÈÛÙÒÓÙ·˜ ÛÙËÓ [1] ÚÔÎ‡ÙÂÈ:

Pu � Cm � ˆ � Cm � � � Cm � n [3]
2 � 
�

60

2 �  � n
�

60

2 �  � n
�

60
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∂›ÛË˜ Ë ›‰È· ÈÛ¯‡˜ ÛÙÔÓ ¿ÍÔÓ· ÙÔ˘ ·ÏÈÓ‰ÚÔÌÈÎÔ‡ ÎÈÓËÙ‹Ú· Pu ı· ‰›ÓÂÙ·È Î·È ·fi
ÙË Û¯¤ÛË:

Pu � Pme � i � V  � � Pme � n [4]

fiÔ˘ Pme Â›Ó·È Ë Ì¤ÛË Ú·ÁÌ·ÙÈÎ‹ ›ÂÛË ÙÔ˘ ÎÈÓËÙ‹Ú· 
i Â›Ó·È Ô ·ÚÈıÌfi˜ ÙˆÓ Î˘Ï›Ó‰ÚˆÓ ÂÓfi˜ ·ÏÈÓ‰ÚÔÌÈÎÔ‡ ÎÈÓËÙ‹Ú·
V Â›Ó·È Ô Î˘‚ÈÛÌfi˜ ÙÔ˘ ÂÓfi˜ Î˘Ï›Ó‰ÚÔ˘
n Â›Ó·È Ô ·ÚÈıÌfi˜ ÛÙÚÔÊÒÓ ÏÂÈÙÔ˘ÚÁ›·˜ ÙÔ˘ ÎÈÓËÙ‹Ú·
m Â›Ó·È ¤Ó·˜ ÛÙ·ıÂÚfi˜ Û˘ÓÙÂÏÂÛÙ‹˜ Î·È Â›Ó·È: 
m � 1 fiÙ·Ó Ô ÎÈÓËÙ‹Ú·˜ Â›Ó·È ‰›¯ÚÔÓÔ˜ 
m � 2 fiÙ·Ó Ô ÎÈÓËÙ‹Ú·˜ Â›Ó·È ÙÂÙÚ¿¯ÚÔÓÔ˜

√ ÔÏÈÎfi˜ ‚·ıÌfi˜ ·fi‰ÔÛË˜ ÂÓfi˜ ·ÏÈÓ‰ÚÔÌÈÎÔ‡ ÎÈÓËÙ‹Ú· Ëu ‰›ÓÂÙ·È ·fi ÙË Û¯¤ÛË:

nu � � Lu\mb � Hi,v,tsd [5]

fiÔ˘ Lu Â›Ó·È ÙÔ ˆÊ¤ÏÈÌÔ ¤ÚÁÔ Ô˘ ·Ú¿ÁÂÙ·È ÛÂ ¤Ó· Î‡ÎÏÔ ¤ÚÁÔ˘ ÙÔ˘ ÎÈÓË-
Ù‹Ú·.

Hi,v,tsd Â›Ó·È Ë Î·ÙÒÙÂÚË ıÂÚÌÔÁfiÓÔ˜ ‰‡Ó·ÌË ÙÔ˘ Î·˘Û›ÌÔ˘ Ô˘ ¤¯ÂÈ ÚÔÛ-
‰ÈÔÚÈÛÙÂ› ÌÂ Î·‡ÛË ÛÙ·ıÂÚÔ‡ fiÁÎÔ˘ ÛÙË ıÂÚÌÔÎÚ·Û›· standard 

∏ ·ÚÔ¯‹ ÙÔ˘ ·¤Ú· ma ı· ‰›ÓÂÙ·È ·fi ÙË Û¯¤ÛË [6]:

m· � ÏÓ � [6]

fiÔ˘ Ïv Â›Ó·È Ô Û˘ÓÙÂÏÂÛÙ‹˜ Ï‹ÚˆÛË˜ (1) Ô˘ Â›Ó·È ÌÈÎÚfiÙÂÚÔ˜ ÙË˜ ÌÔÓ¿‰·˜
va Â›Ó·È Ô ÂÈ‰ÈÎfi˜ fiÁÎÔ˜ ÙÔ˘ ·¤Ú·

Î·È ·ÓÙÈÎ·ıÈÛÙÒÓÙ·˜ ÚÔÎ‡ÙÂÈ:

Pu � Ëu � ÏÓ � � � � nid � nıi � n0 � Ïv � � � [7]

‹ ·ÎfiÌË

Pu � Lu � � nu � ÏÓ � � � [8]

√ ÔÏÈÎfi˜ ‚·ıÌfi˜ ·fi‰ÔÛË˜ Ëu ‰›ÓÂÙ·È ·fi ÙË Û¯¤ÛË [9]:

Ëu � Ë�im � Ëıi � Ë0 [9]

fiÔ˘ Ë�im Â›Ó·È Ô ÔÚÈ·Îfi˜ ‚·ıÌfi˜ ·fi‰ÔÛË˜
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Ëıi Â›Ó·È Ô ıÂÚÌÔ‰˘Ó·ÌÈÎfi˜ ‚·ıÌfi˜ ·fi‰ÔÛË˜ 
Ë0 Â›Ó·È Ô ÔÚÁ·ÓÈÎfi˜ ‚·ıÌfi˜ ·fi‰ÔÛË˜

ªÂÙ¿ ÙËÓ ÂÍ·ÎÚ›‚ˆÛË Î·È ÙË ‰È·‚Â‚·›ˆÛË ÙˆÓ ·ÚÌÔ‰›ˆÓ ˘ËÚÂÛÈÒÓ ÙÔ˘ ÀÔ˘Ú-
ÁÂ›Ô˘ µÈÔÌË¯·Ó›·˜ fiÙÈ Ë ıÂÚÌÔÁfiÓÔ˜ ‰‡Ó·ÌË Î·È ÙˆÓ ‰‡Ô ‚ÂÓ˙ÈÓÒÓ Â›Ó·È Ë ›‰È·, ·fi ÙË
Û¯¤ÛË [8] Ê·›ÓÂÙ·È fiÙÈ, ÂÊ·ÚÌfi˙ÔÓÙ·˜ ÙÔ˘˜ Î·ÓÔÓÈÛÌÔ‡˜ DIN 70020 ÁÈ· ÙË ÁÚ·ÊÈÎ‹
·Ú¿ÛÙ·ÛË ÙË˜ ÈÛ¯‡Ô˜ Pu � f(n), fiÏÂ˜ ÔÈ ·Ú¿ÌÂÙÚÂ˜ ÙË˜ Û¯¤ÛË˜ [8] ·Ú·Ì¤ÓÔ˘Ó ÛÙ·-
ıÂÚ¤˜, ÙÔ˘Ï¿¯ÈÛÙÔÓ ÔÈ Ì¤ÛÂ˜ ÙÈÌ¤˜ ·˘ÙÒÓ, ÂÎÙfi˜ ÙË˜ ·Ú·Ì¤ÙÚÔ˘ ÙÔ˘ Û˘ÓÙÂÏÂÛÙ‹
ÈÛ¯‡Ô˜ (5) Ëıi Ô ÔÔ›Ô˜ ÂÎÙfi˜ ÙˆÓ ¿ÏÏˆÓ ÂÍ·ÚÙ¿Ù·È ·fi ÙÔÓ ÙÚfiÔ ‰È¿‰ÔÛË˜ ÙÔ˘ ÌÂ-
ÙÒÔ˘ ÙË˜ Î·‡ÛË˜ ÙÔ˘ ÌÂ›ÁÌ·ÙÔ˜ ÙÔ ÔÔ›Ô ÌÂ ÙË ÛÂÈÚ¿ ÙÔ˘ ÂÍ·ÚÙ¿Ù·È ·fi ÙË ‰ÔÌ‹ ÙÔ˘
Î·˘Û›ÌÔ˘.

∞fi ÙËÓ ·Ó¿Ï˘ÛË ÙˆÓ ÈÔ ¿Óˆ Û¯¤ÛÂˆÓ ÚÔÎ‡ÙÂÈ fiÙÈ ÔÈ ÌË¯·ÓÈÎ¤˜ ¯·Ú·ÎÙËÚÈ-
ÛÙÈÎ¤˜ ÙˆÓ ·ÏÈÓ‰ÚÔÌÈÎÒÓ ÎÈÓËÙ‹ÚˆÓ ¤¯Ô˘Ó ÙË ÌÔÚÊ‹ Ô˘ Ê·›ÓÂÙ·È ÛÙÔ Û¯‹Ì· 2:

™¯‹Ì· 2: °Ú·ÊÈÎ‹ ·Ú¿ÛÙ·ÛË ÙˆÓ ÌË¯·ÓÈÎÒÓ ¯·Ú·ÎÙËÚÈÛÙÈÎÒÓ ·ÏÈÓ‰ÚÔÌÈÎÔ‡ 

ÎÈÓËÙ‹Ú· ÈÛ¯‡Ô˜ Pu, ÚÔ‹˜ Cm Î·È ÂÈ‰ÈÎ‹˜ Î·Ù·Ó¿ÏˆÛË˜ qb Û˘Ó·ÚÙ‹ÛÂÈ

ÙˆÓ ÛÙÚÔÊÒÓÙÔ˘ ÎÈÓËÙ‹Ú·.

√È ÈÔ ¿Óˆ Î·Ì‡ÏÂ˜ ÚÔÛ‰ÈÔÚ›˙ÔÓÙ·È ÂÚÁ·ÛÙËÚÈ·Î¿ ÌÂ ÙËÓ ÂÊ·ÚÌÔÁ‹ ÙˆÓ Î·Ófi-
ÓˆÓ Ù˘ÔÔ›ËÛË˜ DIN 70020. ™Ù· Û¯‹Ì·Ù· 3 Î·È 4 Ê¤ÚÔÓÙ·È ‰‡Ô ·Ú·‰Â›ÁÌ·Ù· ÌË¯·-
ÓÈÎÒÓ ¯·Ú·ÎÙËÚÈÛÙÈÎÒÓ ÂÌ‚ÔÏÔÊfiÚˆÓ ÎÈÓËÙ‹ÚˆÓ.
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™¯‹Ì· 3: ¶Ú·ÁÌ·ÙÈÎ‹ ÈÛ¯‡˜ Î·È ÚÔ‹ ÛÙÔÓ ¿ÍÔÓ· ÙÔ˘ ÎÈÓËÙ‹Ú· ÛÂ Û˘Ó¿ÚÙËÛË ÙˆÓ ÛÙÚÔÊÒÓ

·˘ÙÔ‡ ÛÂ Û˘Óı‹ÎÂ˜ Ï‹ÚÔ˘˜ ÙÚÔÊÔ‰fiÙËÛË˜ Ô˘ ÚÔ¤Î˘„·Ó ÛÂ ¤Ó· ÎÈÓËÙ‹Ú· ÌÂ ÂÏÂÁ¯fiÌÂÓË

¤Ó·˘ÛË ÙË˜ Î·‡ÛË˜ ÁÈ· Î›ÓËÛË ·˘ÙÔÎÈÓ‹ÙÔ˘. ∆Â¯ÓÈÎ¿ ¯·Ú·ÎÙËÚÈÛÙÈÎ¿: Î‡ÎÏÔ˜ ¤ÚÁÔ˘ √∆∆√,

·ÚÈıÌfi˜ Î˘Ï›Ó‰ÚˆÓ 4, ÔÏÈÎÔ‡ Î˘‚ÈÛÌÔ‡ V0 � 999 [cm3], D = 70[mm], C � 64,9 [mm], Pu � 33

[KW] ÛÙÈ˜ n � 83,3 [ÛÙÚ/sec], CmMax � 78 [Nm] ÛÙÈ˜ n � 45 [ÛÙÚ/sec]

™¯‹Ì· 4: ¶Ú·ÁÌ·ÙÈÎ‹ ÈÛ¯‡˜ Î·È ÚÔ‹ ÛÙÔÓ ¿ÍÔÓ· ÙÔ˘ ÎÈÓËÙ‹Ú· ÛÂ Û˘Ó¿ÚÙËÛË ÙˆÓ ÛÙÚÔÊÒÓ

·˘ÙÔ‡ ÛÂ Û˘Óı‹ÎÂ˜ Ï‹ÚÔ˘˜ ÙÚÔÊÔ‰fiÙËÛË˜ Ô˘ ÚÔ¤Î˘„·Ó ÛÂ ¤Ó· ÎÈÓËÙ‹Ú· ÌÂ ¤Ó·˘ÛË ÙË˜

Î·‡ÛË˜ ÌÂ Û˘Ì›ÂÛË ∆Â¯ÓÈÎ¿ ¯·Ú·ÎÙËÚÈÛÙÈÎ¿: Î‡ÎÏÔ˜ ¤ÚÁÔ˘ DIESEL, ·ÚÈıÌfi˜ Î˘Ï›Ó‰ÚˆÓ 6,

ÔÏÈÎÔ‡ Î˘‚ÈÛÌÔ‡ V0 � 9.5 [dm3], D = 120[mm], C � 140 [mm], Pu � 234 [KW] ÛÙÈ˜ n=36,7

[ÛÙÚ/sec], CmMax � 1270 [Nm] ÛÙÈ˜ n � 22,5 [ÛÙÚ/sec]
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ªÈ· ¿ÏÏË ·Ú¿ÌÂÙÚÔ˜ ¯Ú‹ÛÈÌË Â›Ó·È Ë ·Ú¿ÌÂÙÚÔ˜ ÙË˜ ÂÏ·ÛÙÈÎfiÙËÙ·˜ ÙÔ˘ ÎÈÓËÙ‹-
Ú· Ë ÔÔ›· Û˘Ì‚ÔÏ›˙ÂÙ·È ÌÂ ÙÔ Û‡Ì‚ÔÏÔ πe Î·È ÔÚ›˙ÂÙ·È ·fi ÙË Û¯¤ÛË : 

πe � � [9]

ŸÔ˘ nª Â›Ó·È ÔÈ ÛÙÚÔÊ¤˜ ÙÔ˘ ÎÈÓËÙ‹Ú· ÛÙÈ˜ ÔÔ›Â˜ Ë ÚÔ‹ ÛÙÔÓ ¿ÍÔÓ¿ ÙÔ˘ Cm Â›-
Ó·È ÌÂÁ›ÛÙË 

np Â›Ó·È ÔÈ ÛÙÚÔÊ¤˜ ÙÔ˘ ÎÈÓËÙ‹Ú· ÛÙÈ˜ ÔÔ›Â˜ Ë ÚÔ‹ ÛÙÔÓ ¿ÍÔÓ¿ ÙÔ˘ Cm

·ÓÙÈÛÙÔÈ¯Â› ÛÙË Ì¤ÁÈÛÙË ÈÛ¯‡.

ªÈ· ¿ÏÏË Ì·ıËÌ·ÙÈÎ‹ Û¯¤ÛË Ô˘ ¯ÚËÛÈÌÔÔÈÂ›Ù·È ÁÈ· ÙÔÓ ÚÔÛ‰ÈÔÚÈÛÌfi ÙË˜ ÂÏ·-
ÛÙÈÎfiÙËÙ·˜ ÙÔ˘ ÎÈÓËÙ‹Ú· Â›Ó·È:

Iãe � � �
2

� � � �2 � �

� �1 � � � �1 � �
[10]

∏ ¤ÓÓÔÈ· ÙˆÓ Û˘Ì‚fiÏˆÓ Ê·›ÓÂÙ·È ÛÙo Û¯‹Ì· 5.

√ ÎÈÓËÙ‹Ú·˜ Ô˘ ÏÂÈÙÔ˘ÚÁÂ› Û‡ÌÊˆÓ· ÌÂ ÙÔ Û¯‹Ì· · ·Ó·Ù‡ÛÛÂÈ ÙËÓ Ì¤ÁÈÛÙË ÚÔ‹
ÏËÛ›ÔÓ ÛÙÔÓ ÂÏ¿¯ÈÛÙÔ ·ÚÈıÌfi ÛÙÚÔÊÒÓ ÏÂÈÙÔ˘ÚÁ›·˜ ÙÔ˘ ÎÈÓËÙ‹Ú· ÌÂ ÌÈ· Î·Ì‡ÏË ÙË˜
ÈÛ¯‡Ô˜ Ë ÔÔ›· ÌÂÈÒÓÂÙ·È ‰Ú·ÛÙÈÎ¿ , ÌÂÙ¿ fiÙ·Ó ·˘Ù‹ Êı¿ÛÂÈ ÛÙË Ì¤ÁÈÛÙË ÙÈÌ‹ ÙÔ ÔÔ›Ô
Â›Ó·È ÌÈÎÚfiÙÂÚÔ˘ ÌÂÁ¤ıÔ˘˜.(14). ∂ÂÈ‰‹ fiÌˆ˜ ÙÔ Î·Ï‡ÙÂÚÔ Â‰›Ô ¯Ú‹ÛË˜ ÙÔ˘ ÎÈÓËÙ‹Ú·
Â›Ó·È ÂÎÂ›ÓÔ Ô˘ ÂÚÈ¤¯ÂÙ·È ÌÂÙ·Í‡ ÙˆÓ ÛÙÚÔÊÒÓ Ô˘ ·ÓÙÈÛÙÔÈ¯o‡Ó ÛÙË Ì¤ÁÈÛÙË ÚÔ‹
nM Î·È ÂÎÂ›ÓˆÓ Ô˘ ·ÓÙÈÛÙÔÈ¯Ô‡Ó ÛÙË Ì¤ÁÈÛÙË ÈÛ¯‡ nP, ·˘Ùfi˜ Ô ÎÈÓËÙ‹Ú·˜ ÚÔÛÊ¤ÚÂÈ
¤Ó· Â˘Ú‡ ‰È¿ÛÙËÌ· ÌÂÙ·Í‡ ·˘ÙÒÓ ÙˆÓ ÛËÌÂ›ˆÓ, ÌÂ ·ÔÙ¤ÏÂÛÌ· ·˘Ùfi˜ Ó· ·ÚÔ˘ÛÈ¿˙ÂÈ
ÌÈ· Î·Ï‹ ÂÏ·ÛÙÈÎfiÙËÙ· Î·È ‰ÈÂ˘ÎÔÏ‡ÓÂÈ ÙË Û¯Â‰›·ÛË Î·È ÙËÓ Î·Ù·ÛÎÂ˘‹ ÙÔ˘ Û˘ÛÙ‹Ì·-
ÙÔ˜ ÌÂÙ¿‰ÔÛË˜ ÙË˜ Î›ÓËÛË˜ ÛÙÔ˘˜ ÙÚÔ¯Ô‡˜ ÙÔ˘ ·˘ÙÔÎÈÓ‹ÙÔ˘.

√ ÎÈÓËÙ‹Ú·˜ Ô˘ ÏÂÈÙÔ˘ÚÁÂ› Û‡ÌÊˆÓ· ÌÂ ÙÔ Û¯‹Ì· b ·ÚÔ˘ÛÈ¿˙ÂÈ ÌÈ· Î·Ì‡ÏË ÙË˜
ÚÔ‹˜ Ï›ÁÔ ÂÏ·Ù˘ÛÌ¤ÓË, ÌÂ ÌÈ· Ì¤ÁÈÛÙË ÙÈÌ‹ Ô˘ ¤¯ÂÈ ÌÂÙ·ÙÔÈÛıÂ› ÚÔ˜ ¤Ó· ÌÂÁ·-
Ï‡ÙÂÚÔ ·ÚÈıÌfi ÛÙÚÔÊÒÓ nM. ∂ÂÈ‰‹ ‰Â Ë ÚÔ‹ ‰È·ÙËÚÂ›Ù·È ÌÂÁ·Ï‡ÙÂÚË ÛÂ ˘„ËÏfiÙÂÚÂ˜
ÛÙÚÔÊ¤˜ ÚÔÎ‡ÙÂÈ Ó· ‰È·Ù›ıÂÙ·È ÌÈ· ÌÂÁ·Ï‡ÙÂÚË Ì¤ÁÈÛÙË ÙÈÌ‹ ÙË˜ ÈÛ¯‡Ô˜, ÛÂ ‚¿ÚÔ˜
ÙË˜ ÂÏ·ÛÙÈÎfiÙËÙ·˜ ÙÔ˘ ÎÈÓËÙ‹Ú· Î·Ù¿ ¤Ó· ÌÈÎÚfi Ì¤ÚÔ˜ ·˘Ù‹˜.

√ ÎÈÓËÙ‹Ú·˜ Ô˘ ÏÂÈÙÔ˘ÚÁÂ› Û‡ÌÊˆÓ· ÌÂ ÙÔ Û¯‹Ì· Á ·ÚÔ˘ÛÈ¿˙ÂÈ ÌÈ· Ú‡ıÌÈÛË Î·È
Ì›· ÁÂˆÌÂÙÚ›· ÙÔ˘ Û˘ÛÙ‹Ì·ÙÔ˜ ÂÈÛ·ÁˆÁ‹˜ ¤ÙÛÈ ·˘Ùfi Ó· ·ÚÔ˘ÛÈ¿˙ÂÈ ÙË ‚¤ÏÙÈÛÙË ÏÂÈ-
ÙÔ˘ÚÁ›· ÁÈ· Ó· ¤¯ÂÈ ÙË Ì¤ÁÈÛÙË ÚÔ‹ ÛÂ ˘„ËÏ¤˜ ÛÙÚÔÊ¤˜ ÏÂÈÙÔ˘ÚÁ›·˜ ÙÔ˘ ÎÈÓËÙ‹Ú·. °È·
Ó· ÂÈÙÂ˘¯ıÂ› ·˘Ùfi ÙÔ ·ÔÙ¤ÏÂÛÌ·, Ë ÌÂÙ·‚ÔÏ‹ ÙË˜ ÚÔ‹˜ ·Ó·ÁÎ¿˙ÂÙ·È Ó· ÌÂÈÒÓÂÙ·È
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ÁÚ‹ÁÔÚ· fiÙ·Ó ÌÂÈÒÓÔÓÙ·È ÔÈ ÛÙÚÔÊ¤˜ ÏÂÈÙÔ˘ÚÁ›·˜ ÙÔ˘ ÎÈÓËÙ‹Ú· (ÁÈ· n<ËM) Î·È ‰È·ÙË-
ÚÂ› ÌÈ· ÂÏ·Ù˘ÛÌ¤ÓË ÌÔÚÊ‹ ·fi ÙÔÓ ·ÚÈıÌfi ÛÙÚÔÊÒÓ ËM ¤ˆ˜ nP. ∞˘Ùfi ¤¯ÂÈ Û·Ó ·Ô-
Ù¤ÏÂÛÌ· ÌÈ· ·Ú·¤Ú· ÌÂ›ˆÛË ÙÔ˘ ‰È·ÛÙ‹Ì·ÙÔ˜ ËM - ËP Î·È Û˘ÓÂÒ˜ ÙË˜ ÂÏ·ÛÙÈÎfiÙË-
Ù·˜ ÙÔ˘ ÎÈÓËÙ‹Ú·.

™¯‹Ì· 5. ∆˘ÈÎ¿ ‰È·ÁÚ¿ÌÌ·Ù· ÙˆÓ Ú·ÁÌ·ÙÈÎÒÓ ÌË¯·ÓÈÎÒÓ ¯·Ú·ÎÙËÚÈÛÙÈÎÒÓ ÙË˜ ÈÛ¯‡Ô˜,

ÙË˜ ÚÔ‹˜ ÛÂ Û˘Ó¿ÚÙËÛË ÙˆÓ ÛÙÚÔÊÒÓ ÙÔ˘ ÎÈÓËÙ‹Ú·. ∆Ô ‰È¿ÛÙËÌ· Ô˘ ÂÚÈÏ·Ì‚¿ÓÂÙ·È

ÌÂÙ·Í‡ ÙÔ˘ ·ÚÈıÌÔ‡ ÛÙÚÔÊÒÓ Ô˘ ·ÓÙÈÛÙÔÈ¯Â› ÛÙË Ì¤ÁÈÛÙË Úfi‹ nM Î·È ÂÎÂ›ÓÔ˘ 

Ô˘ ·ÓÙÈÛÙÔÈ¯Â› ÛÙË Ì¤ÁÈÛÙË ÈÛ¯‡ np Ì·˙› ÌÂ ÙËÓ ·ÓÙ›ÛÙÔÈ¯Ë ÌÂÙ·‚ÔÏ‹ ÙË˜ ÚÔ‹˜,

‰›ÓÂÈ ¤Ó· Ì¤ÁÂıÔ˜ ÙË˜ ÂÏ·ÛÙÈÎfiÙËÙ·˜ ÁÈ· ÙË ¯Ú‹ÛË ÙÔ˘ ÎÈÓËÙ‹Ú· ÛÙËÓ ·˘ÙÔÎ›ÓËÛË.
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4. ∆· ¯ÚËÛÈÌÔÔÈÔ‡ÌÂÓ· fiÚÁ·Ó·

°È· ÙËÓ ÂÎfiÓËÛË ÙˆÓ ‰ÔÎÈÌÒÓ Î·È ÙË Ï‹„Ë ÙˆÓ ÂÈÚ·Ì·ÙÈÎÒÓ ‰Â‰ÔÌ¤ÓˆÓ ¯ÚËÛÈ-
ÌÔÔÈ‹Û·ÌÂ ÙÔÓ ·Ú·Î¿Ùˆ ÂÍÔÏÈÛÌfi.

4.1 ∏ ªË¯·Ó‹ ∂ÛˆÙÂÚÈÎ‹˜ ∫·‡ÛÂˆ˜ 

°È· ÙÈ˜ ÂÈÚ·Ì·ÙÈÎ¤˜ Ì·˜ ÌÂÙÚ‹ÛÂÈ˜ ¯ÚËÛÈÌÔÔÈ‹Û·ÌÂ ÙËÓ ÙÂÙÚ¿¯ÚÔÓË ÌË¯·Ó‹, ·-
Ï·È¿˜ ÙÂ¯ÓÔÏÔÁ›·˜ ÙË˜ FORD Ë ÔÔ›· ‚Ú›ÛÎÂÙ·È ÛÙÔ ÂÚÁ·ÛÙ‹ÚÈÔ ªË¯·ÓÒÓ ∂ÛˆÙÂÚÈÎ‹˜
∫·‡ÛÂˆ˜ ÙÔ˘ ∆.∂.π. ¶ÂÈÚ·È¿. ∏ ·Ú·¿Óˆ ÌË¯·Ó‹ Î·ıÒ˜ Î·È Ù· ÁÂˆÌÂÙÚÈÎ¿ Î·È ÏÂÈ-
ÙÔ˘ÚÁÈÎ¿ ÙË˜ ¯·Ú·ÎÙËÚÈÛÙÈÎ¿ ·ÚÔ˘ÛÈ¿˙ÔÓÙ·È ÙfiÛÔ ÛÙÔÓ ›Ó·Î· 1 fiÛÔ Î·È ÛÙÈ˜ ÂÈÎfi-
ÓÂ˜ 1 Î·È 2.

¶›Ó·Î·˜ 1: Ã·Ú·ÎÙËÚÈÛÙÈÎ¿ ÙË˜ ÌË¯·Ó‹˜..

∂ÚÁÔÛÙ¿ÛÈÔ Î·Ù·ÛÎÂ˘‹˜ FORD

∆‡Ô˜ 2261∂

∆ÚfiÔ˜ „‡ÍË˜ À‰Úfi„˘ÎÙË

¢È¿ÌÂÙÚÔ˜ 80,98 mm

¢È·‰ÚÔÌ‹ 53,29 mm

∫˘‚ÈÛÌfi˜ 1.098 cc

§fiÁÔ˜ Û˘Ì›ÂÛË˜ 8 : 1

™ÂÈÚ¿ ·Ó¿ÊÏÂÍË˜ 1 – 2 – 4 –3 

ª¤ÁÈÛÙË ÈÛ¯‡˜ 32 ∏ƒ ÛÙÈ˜ 4.000 rev / min

ª¤ÁÈÛÙÔ˜ ·ÚÈıÌfi˜ ÛÙÚÔÊÒÓ 5.000 rev / min 

∂ÎÎÂÓÙÚÔÊfiÚÔ˜ ŒÓ·˜ ÂÈÎÂÊ·Ï‹˜

∞ÚÈıÌfi˜ ‚·Ï‚›‰ˆÓ ·Ó¿ Î‡ÏÈÓ‰ÚÔ ¢‡Ô

ŒÁ¯˘ÛË ÙÔ˘ Î·˘Û›ÌÔ˘ ªÔÓfi˜ ÂÍ·ÂÚÈˆÙ‹˜ Î·ıÔ‰ÈÎÔ‡ ÚÂ‡Ì·ÙÔ˜ 
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∂ÈÎfiÓ· 1: ∏ ª.∂.∫. ÂÏÂÁ¯fiÌÂÓË˜ ¤Ó·˘- ∂ÈÎfiÓ· 2: ∏ ª.∂.∫. ÂÏÂÁ¯fiÌÂÓË˜ ¤Ó·˘-

ÛË˜ ÙË˜ Î·‡ÛË˜ ÙË˜ FORD ·fi ÙË ÌÂÚÈ¿ ÛË˜ ÙË˜ Î·‡ÛË˜ ÙË˜ FORD ·fi ÙË ÌÂÚÈ¿

ÙË˜ ÔÏÏ·Ï‹˜ ÂÍ·ÁˆÁ‹˜. ÙË˜ ÔÏÏ·Ï‹˜ ÂÈÛ·ÁˆÁ‹˜.

∂ÈÎfiÓ· 3: ∏ ‰˘Ó·ÌÔ¤‰Ë ÙË˜ Heenan. ∂ÈÎfiÓ· 4: √ ÌÂÙÚËÙ‹˜ Î·˘Û›ÌÔ˘ ÙÔ˘ &

Froude ÂÈÚ¿Ì·ÙÔ˜.

∂ÈÎfiÓ· 5: ª¤ÙÚËÛË Î·Ù·Ó¿ÏˆÛË˜ 50 cm3 Î·˘Û›ÌÔ˘ 

·fi ÙËÓ ·ÎÌ‹ ÙÔ˘ ÚÒÙÔ˘ ‰›ÛÎÔ˘

¤ˆ˜ ÙËÓ ·ÎÌ‹ ÙÔ˘ ‰Â‡ÙÂÚÔ˘.

∂Ê·ÚÌÔÁ‹ ÙˆÓ Ó¤ˆÓ ˘ÁÚÒÓ Î·˘Û›ÌˆÓ Ù‡Ô˘ Super ÁÈ· ÙËÓ Î›ÓËÛË Ô¯ËÌ¿ÙˆÓ… 33



5. ∂ÂÍÂÚÁ·Û›· ÌÂÙÚ‹ÛÂˆÓ – ÁÚ·ÊÈÎ¤˜ ·Ú·ÛÙ¿ÛÂÈ˜

∆· ÌÂÁ¤ıË Ô˘ ÚÔÛ‰ÈÔÚ›˙ÔÓÙ·È ÛÂ Û˘Ó¿ÚÙËÛË ÙˆÓ ÛÙÚÔÊÒÓ ÙÔ˘ ÎÈÓËÙ‹Ú· Â›Ó·È ÔÈ
ÌË¯·ÓÈÎ¤˜ ¯·Ú·ÎÙËÚÈÛÙÈÎ¤˜ Ë ÚÔ‹ Cm ÛÂ [Kgf*m], Ë ÈÛ¯‡˜ ÙÔ˘ ÎÈÓËÙ‹Ú· Pu [kW] Î·È Ë
ÂÈ‰ÈÎ‹ Î·Ù·Ó¿ÏˆÛË qb ÛÂ [gr / kWh] Û‡ÌÊˆÓ· ÌÂ ÙÔ˘˜ Î·ÓÔÓÈÛÌÔ‡˜ DIN 70020. ∞fi t·
ÂÈÚ·Ì·ÙÈÎ¿ ÌÂÁ¤ıË ÚÔ¤Î˘„·Ó ÔÈ ÌË¯·ÓÈÎ¤˜ ¯·Ú·ÎÙËÚÈÛÙÈÎ¤˜ ÙÔ˘ ÎÈÓËÙ‹Ú· ÁÈ· ÙÈ˜
‰‡Ô ÂÚÈÙÒÛÂÈ˜ ÙˆÓ Î·˘Û›ÌˆÓ ÌÂ ÚfiÛıÂÙ· Î·Ï›Ô˘ Î·È ÌÔÏ‡‚‰Ô˘. 

™¯‹Ì· 6: ¢È¿ÁÚ·ÌÌ· ÙˆÓ ÌË¯·ÓÈÎÒÓ ¯·Ú·ÎÙËÚÈÛÙÈÎÒÓ

ÛÙËÓ ÂÚ›ÙˆÛË ‚ÂÓ˙›ÓË˜ ÌÂ ÚfiÛıÂÙ· Î·Ï›Ô˘.

™¯‹Ì· 7: ¢È¿ÁÚ·ÌÌ· ÙˆÓ ÌË¯·ÓÈÎÒÓ ¯·Ú·ÎÙËÚÈÛÙÈÎÒÓ ÛÙËÓ ÂÚ›ÙˆÛË

‚ÂÓ˙›ÓË˜ ÌÂ ÚfiÛıÂÙ· ÌÔÏ‡‚‰Ô˘.

34 EÈÛÙËÌÔÓÈÎ‹ EÂÙËÚ›‰· EÊ·ÚÌÔÛÌ¤ÓË˜ ŒÚÂ˘Ó·˜, Vol. XIII, No 1, 2008



6. ™˘ÁÎÚÈÙÈÎ¿ ‰È·ÁÚ¿ÌÌ·Ù·.

ªÂ ÛÙfi¯Ô ÙÔÓ ÂÓÙÔÈÛÌfi Ù˘¯ÒÓ ‰È·ÊÔÚÒÓ ¿Óˆ ÛÙÈ˜ ÌË¯·ÓÈÎ¤˜ ¯·Ú·ÎÙËÚÈÛÙÈÎ¤˜
fiÙ·Ó Ô ÎÈÓËÙ‹Ú·˜ ÂÚÁ¿˙ÂÙ·È ÌÂ ÙÈ˜ ‰‡Ô ‰È·ÊÔÚÂÙÈÎ¤˜ ‚ÂÓ˙›ÓÂ˜ Û¯Â‰È¿ÛıËÎ·Ó Û˘Á¯Úfi-
Óˆ˜ ·˘Ù¤˜ ÛÙ· Û˘ÁÎÚÈÙÈÎ¿ ‰È·ÁÚ¿ÌÌ·Ù·. 

™¯‹Ì· 8: ™˘ÁÎÚÈÙÈÎfi ‰È¿ÁÚ·ÌÌ· ÙˆÓ ‰‡Ô ÚÔÒÓ ÌÂ ÚfiÛıÂÙ· Î·Ï›Ô˘ Î·È ÌÔÏ‡‚‰Ô˘.

™¯‹Ì· 9: ™˘ÁÎÚÈÙÈÎfi ‰È¿ÁÚ·ÌÌ· ÙË˜ ÈÛ¯‡Ô˜ ÙˆÓ ‰‡Ô ‚ÂÓ˙ÈÓÒÓ 

ÌÂ ÚfiÛıÂÙ· Î·Ï›Ô˘ Î·È ÌÔÏ‡‚‰Ô˘.

∂Ê·ÚÌÔÁ‹ ÙˆÓ Ó¤ˆÓ ˘ÁÚÒÓ Î·˘Û›ÌˆÓ Ù‡Ô˘ Super ÁÈ· ÙËÓ Î›ÓËÛË Ô¯ËÌ¿ÙˆÓ… 35



™¯‹Ì· 10: ™˘ÁÎÚÈÙÈÎfi ‰È¿ÁÚ·ÌÌ· ÙË˜ ÂÈ‰ÈÎ‹˜ Î·Ù·Ó¿ÏˆÛË˜ ÙˆÓ ‰‡Ô

‚ÂÓ˙ÈÓÒÓ ÌÂ ÚfiÛıÂÙ· Î·Ï›Ô˘ Î·È ÌÔÏ‡‚‰Ô˘.

ªÂÙ¿ ÙËÓ ÔÏÔÎÏ‹ÚˆÛË ÙË˜ ÂÂÍÂÚÁ·Û›·˜ ÙˆÓ ÂÈÚ·Ì·ÙÈÎÒÓ ‰Â‰ÔÌ¤ÓˆÓ Á›ÓÂÙ·È
ÚÔÛ¿ıÂÈ· ÁÈ· ÙËÓ ÂÚÌËÓÂ›· ·˘ÙÒÓ Î·È Ì¿ÏÈÛÙ· ÛÙË Û‡ÁÎÚÈÛË ÙˆÓ ÌË¯·ÓÈÎÒÓ ¯·Ú·-
ÎÙËÚÈÛÙÈÎÒÓ ÙÔ˘ ÎÈÓËÙ‹Ú· ÙfiÛÔ fiÙ·Ó ·˘Ùfi˜ ÏÂÈÙÔ‡ÚÁËÛÂ ÌÂ Î·‡ÛÈÌÔ ÌÂ ÚfiÛıÂÙ· ÌÔ-
Ï‡‚‰Ô˘ fiÛÔ Î·È ÌÂ Î·‡ÛÈÌ· ÌÂ ÚfiÛıÂÙ· Î·Ï›Ô˘. ∆· ·ÔÙÂÏ¤ÛÌ·Ù· ·˘ÙÒÓ ÙˆÓ Û˘-
ÁÎÚ›ÛÂˆÓ ·Ó·Ê¤ÚÔÓÙ·È ÛÙ· Û˘ÌÂÚ¿ÛÌ·Ù· ÙË˜ ÂÚÁ·Û›·˜ ·˘Ù‹˜.

Ÿˆ˜ Ê·›ÓÂÙ·È ·fi Ù· ÈÔ ¿Óˆ ‰ÂÓ Á›ÓÂÙ·È ·Ó·ÊÔÚ¿ ÛÙ· ÂÎÂÌfiÌÂÓ· Î·˘Û·¤-
ÚÈ· ÛÙËÓ ·ÙÌfiÛÊ·ÈÚ· ·Ó Î·È ¿ÚıËÎ·Ó ÌÂÙÚ‹ÛÂÈ˜ Î·È ÛÂ ÔÛfiÙËÙ· ·ÏÏ¿ Î·È ÛÂ ÔÈfi-
ÙËÙ·.. √È ÏfiÁÔÈ Â›Ó·È ‰‡Ô. √ ÚÒÙÔ˜ Â›Ó·È fiÙÈ ‰ÂÓ ÂÈ‚Â‚·ÈÒıËÎÂ ·fi Î·Ì›· ËÁ‹ Ì¤-
¯ÚÈ ÛÙÈÁÌ‹˜ Ë ÌÔÚÊ‹ Ô˘ ÂÎ¤ÌÔÓÙ·È ÔÈ ÂÓÒÛÂÈ˜ ÙÔ˘ Î·Ï›Ô˘ ÛÙËÓ ·ÙÌfiÛÊ·ÈÚ· Î·È Û˘-
ÓÂÒ˜ Ì›· ·Ó·ÊÔÚ¿ ÛÙ· Î·˘Û·¤ÚÈ· ı· ‹Ù·Ó ·ÙÂÏ‹˜ Î·È ˆ˜ ÂÎ ÙÔ‡ÙÔ˘ ÚÔÙÈÌ‹ıËÎÂ Ó·
ÌËÓ ÂÂÎÙ·ıÂ› Ë ÂÚÁ·Û›· ÚÔ˜ Ù· ÂÎÂ›. √ ‰Â‡ÙÂÚÔ˜ Î·È Î˘ÚÈfiÙÂÚÔ˜ ÏfiÁÔ˜ ‹Ù·Ó fiÙÈ ·fi
Ù· ÚÒÙ· ·ÔÙÂÏ¤ÛÌ·Ù· ‰È·Ê¿ÓËÎ·Ó Î·È ÙÚfiÔÈ ÁÈ· ·Ú·¤Ú· ÌÂ›ˆÛË ·˘ÙÒÓ ÌÂ ÙËÓ
ÂÊ·ÚÌÔÁ‹ Ó¤ˆÓ ÙÂ¯ÓÔÏÔÁÈÒÓ. ª¤¯ÚÈ ÔÏÔÎÏ‹ÚˆÛË˜ ÙË˜ ¤ÚÂ˘Ó·˜ ÛÙ· Ï·›ÛÈ· ÙË˜ ÔÔ›-
·˜ Ú·ÁÌ·ÙÔÔÈ‹ıËÎÂ Î·È Ë ÂÈ‚Â‚·›ˆÛË ÙˆÓ ·ÔÙÂÏÂÛÌ¿ÙˆÓ ·˘ÙÒÓ ÙˆÓ ÙÂ¯ÓÔÏÔÁÈÒÓ
ÚÔÙÈÌ‹ıËÎÂ ÛÂ ·˘Ù‹ ÙË Ê¿ÛË Ó· ÌËÓ ·Ó·ÎÔÈÓˆıÔ‡Ó ÛÂ ·˘Ù‹ ÙËÓ ÂÚÁ·Û›·.

7. ™˘ÌÂÚ¿ÛÌ·Ù·

ñ ∏ Û‡ÁÎÚÈÛË ÙË˜ ÌË¯·ÓÈÎ‹˜ ¯·Ú·ÎÙËÚÈÛÙÈÎ‹˜ ÙˆÓ ÚÔÒÓ ÛÙÔÓ ¿ÍÔÓ· ÙÔ˘ ÎÈÓËÙ‹Ú·
¤‰ˆÛÂ fiÙÈ Ë ÂÚ›ÙˆÛË ÙË˜ ‚ÂÓ˙›ÓË˜ ÛÔ‡ÂÚ ÌÂ ·ÓÙÈÎÚÔ˘ÛÙÈÎ¿ ÚfiÛıÂÙ· ÂÓÒÛÂˆÓ
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ÌÔÏ‡‚‰Ô˘ ‰›ÓÂÈ ÌÂÁ·Ï‡ÙÂÚÂ˜ ÙÈÌ¤˜ ÛÙÈ˜ ÌÈÎÚ¤˜ Î·È ÌÂÛ·›Â˜ Ù·¯‡ÙËÙÂ˜ ÂÚÈÛÙÚÔÊ‹˜,
ÂÓÒ ÂÎÂ›ÓË˜ ÌÂ ÚfiÛıÂÙ· Î·Ï›Ô˘ ‰›ÓÂÈ ÌÂÁ·Ï‡ÙÂÚÂ˜ ÙÈÌ¤˜ ÛÙÈ˜ ˘„ËÏfiÙÂÚÂ˜ ÙÈÌ¤˜ Â-
ÚÈÛÙÚÔÊ‹˜ ÙÔ˘ ÎÈÓËÙ‹Ú·. ∞˘Ùfi ÛËÌ·›ÓÂÈ fiÙÈ Ë ÂÚ›ÙˆÛË ÙˆÓ ‚ÂÓ˙ÈÓÒÓ Î·Ï›Ô˘ ·-
ÚÔ˘ÛÈ¿˙ÂÈ ÌÈÎÚfiÙÂÚË ·ÎÙ›Ó· Î·Ì˘ÏfiÙËÙ·˜ Î·È Û˘ÓÂÒ˜ ·ÏÏ¿˙ÂÈ ÂÏ·ÊÚÒ˜ Ë ‰˘Ó·-
ÌÈÎ‹ ÙÔ˘ ÂÏ·ÛÙÈÎfiÙËÙ· ÙÔ˘ ÎÈÓËÙ‹Ú·.

ñ ∏ Û‡ÁÎÚÈÛË ÙË˜ ÌË¯·ÓÈÎ‹˜ ¯·Ú·ÎÙËÚÈÛÙÈÎ‹˜ ÙË˜ ÈÛ¯‡Ô˜ ÛÙÔÓ ¿ÍÔÓ· ÙÔ˘ ÎÈÓËÙ‹Ú·
·Ú·ÙËÚÂ›Ù·È fiÙÈ ÛÙËÓ ÂÚ›ÙˆÛË ÙË˜ ‚ÂÓ˙›ÓË˜ ÌÂ ÚfiÛıÂÙ· ÌÔÏ‡‚‰Ô˘ ·ÚÔ˘ÛÈ¿˙ÂÈ
·˘Ùfi˜ ÌÂÁ·Ï‡ÙÂÚÂ˜ ÙÈÌ¤˜ ÛÙÈ˜ ÌÈÎÚ¤˜ Î·È ÌÂÛ·›Â˜ Ù·¯‡ÙËÙÂ˜ ÂÚÈÛÙÚÔÊ‹˜, ÂÓÒ ÌÂ-
Á·Ï‡ÙÂÚÂ˜ ÙÈÌ¤˜ ·ÚÔ˘ÛÈ¿˙ÂÈ ·˘Ùfi˜ fiÙ·Ó ÏÂÈÙÔ˘ÚÁÂ› ÛÂ ˘„ËÏ¤˜ Ù·¯‡ÙËÙÂ˜ ÂÚÈ-
ÛÙÚÔÊ‹˜ ÌÂ ÙË ¯Ú‹ÛË ‚ÂÓ˙ÈÓÒÓ ÌÂ ÚfiÛıÂÙ· Î·Ï›Ô˘. ∂›Ó·È ÚÔÊ·Ó¤˜ fiÙÈ ÁÈ· Ó· ÂÈ-
ÙÂ˘¯ıÔ‡Ó ÔÈ ·˘Ù¤˜ ÂÈ‰fiÛÂÈ˜ ÂÓfi˜ Ô¯‹Ì·ÙÔ˜ ÌÂ ÙË ¯Ú‹ÛË ‚ÂÓ˙ÈÓÒÓ Î·Ï›Ô˘ ı· Ú¤ÂÈ
Ó· Î·Ù·Ó·ÏÒÓÂÙ·È ÂÚÈÛÛfiÙÂÚÔ Î·‡ÛÈÌÔ.

ñ ªÂ ·Ó·ÊÔÚ¿ ÛÙË ÌË¯·ÓÈÎ‹ ¯·Ú·ÎÙËÚÈÛÙÈÎ‹ ÙË˜ ÂÈ‰ÈÎ‹˜ Î·Ù·Ó¿ÏˆÛË˜ ÙÔ˘ ÎÈÓËÙ‹Ú·
ÛÙÈ˜ ‰‡Ô ·˘Ù¤˜ ÂÚÈÙÒÛÂÈ˜ ÙˆÓ ‚ÂÓ˙ÈÓÒÓ, ·Ú·ÙËÚÂ›Ù·È fiÙÈ Ë ÂÈ‰ÈÎ‹ Î·Ù·Ó¿ÏˆÛË
ÛÙËÓ ÂÚ›ÙˆÛË ÙË˜ ‚ÂÓ˙›ÓË˜ ÌÂ ÚfiÛıÂÙ· ÌÔÏ‡‚‰Ô˘ Â›Ó·È ÌÈÎÚfiÙÂÚË ÛÙÈ˜ ¯·ÌËÏfi-
ÙÂÚÂ˜ Î·È ÛÙÈ˜ ÌÂÛ·›Â˜ ÛÙÚÔÊ¤˜ ÙË˜ ÏÂÈÙÔ˘ÚÁ›·˜ ·˘ÙÔ‡, ÂÓÒ ÛÙËÓ ÂÚ›ÙˆÛË ÂÎÂ›ÓË˜
ÌÂ ÂÓÒÛÂÈ˜ Î·Ï›Ô˘ ·ÚÔ˘ÛÈ¿˙ÔÓÙ·È ÌÈÎÚfiÙÂÚÂ˜ ÙÈÌ¤˜ ÛÙÈ˜ ˘„ËÏ¤˜ Ù·¯‡ÙËÙÂ˜ ÂÚÈ-
ÛÙÚÔÊ‹˜. ¢ËÏ·‰‹ ÛÙËÓ ÂÚ›ÙˆÛË ÙË˜ ‚ÂÓ˙›ÓË˜ ÌÂ ÚfiÛıÂÙ· Î·Ï›Ô˘ Ô ÎÈÓËÙ‹Ú·˜
Î·Ù·Ó·ÏÒÓÂÈ ÂÚÈÛÛfiÙÂÚÔ ·ÊÔ‡ ÁÈ· Ó· ‰ÔıÂ› ÛÙÔ fi¯ËÌ· Ë ·fi‰ÔÛË ÙË˜ ÂÚ›ÙˆÛË˜
ÙË˜ ‚ÂÓ˙›ÓË˜ ÌÔÏ‡‚‰Ô˘ ı· Ú¤ÂÈ Ó· Â›Ó·È ÂÚÈÛÛfiÙÂÚÔ ·ÓÔÈÎÙ‹ Ë ÂÙ·ÏÔ‡‰· Î·È ˆ˜
ÂÎ ÙÔ‡ÙÔ˘ Ó· Î·Ù·Ó·ÏÒÓÂÈ ÂÚÈÛÛfiÙÂÚÔ. ™ÙÈ˜ ˘„ËÏ¤˜ ÛÙÚÔÊ¤˜ ÏÂÈÙÔ˘ÚÁ›·˜ ÂÂÈ‰‹
·ÚÔ˘ÛÈ¿˙ÂÙ·È ÌÂ›ˆÛË ÙË˜ ‰˘Ó·ÌÈÎ‹˜ ÂÏ·ÛÙÈÎfiÙËÙ·˜ ·˘Ùfi ÛËÌ·›ÓÂÈ ı· Ú¤ÂÈ Ó·
¯ÚËÛÈÌÔÔÈÂ›Ù·È Û˘¯ÓfiÙÂÚ· ÙÔ ÎÈ‚ÒÙÈÔ Ù·¯˘Ù‹ÙˆÓ ÌÂ ·ÔÙ¤ÏÂÛÌ· ÙËÓ ·‡ÍËÛË ÙË˜
Î·Ù·Ó¿ÏˆÛË˜.

ñ ∞fi ÙÈ˜ ÈÔ ¿Óˆ Û˘ÁÎÚ›ÛÂÈ˜ ÚÔÎ‡ÙÂÈ fiÙÈ ÁÈ· Ó· ÂÈÙÂ˘¯ıÔ‡Ó ÔÈ ·˘Ù¤˜ ÂÈ‰fiÛÂÈ˜
fiˆ˜ ÚÈÓ ( ¯Ú‹ÛË ‚ÂÓ˙ÈÓÒÓ ÌÔÏ‡‚‰Ô˘ ) Ù· Ô¯‹Ì·Ù· Ô˘ ÎÈÓÔ‡ÓÙ·È ÌÂ ÎÈÓËÙ‹ÚÂ˜
ÂÏÂÁ¯fiÌÂÓË˜ ¤Ó·˘ÛË˜ ÙË˜ Î·‡ÛË˜ ·Ï·È¿˜ ÙÂ¯ÓÔÏÔÁ›·˜ ı· Ú¤ÂÈ Ó· Î·Ù·Ó·ÏÒÓÔ˘Ó
ÂÚÈÛÛfiÙÂÚÔ ÌÂ ·ÔÙ¤ÏÂÛÌ· ˘„ËÏfiÙÂÚÔ ÎfiÛÙÔ˜ ÏÂÈÙÔ˘ÚÁ›·˜ Î·È ÂÚÈÛÛfiÙÂÚ· ÂÎÂ-
ÌfiÌÂÓ· Î·˘Û·¤ÚÈ· ÛÙËÓ ·ÙÌfiÛÊ·ÈÚ· ÂÈ‰ÈÎfiÙÂÚ· ÛÙÈ˜ ÌÈÎÚ¤˜ Î·È ÌÂÛ·›Â˜ ÛÙÚÔÊ¤˜
ÏÂÈÙÔ˘ÚÁ›·˜ ÙÔ˘ ÎÈÓËÙ‹Ú·. ªÂ ÙËÓ ˘fiıÂÛË fiÙÈ ·˘Ùfi ı· ÂÈ‚Â‚·ÈˆıÂ› fiÙÈ ÈÛ¯‡ÂÈ Ùfi-
ÙÂ ÁÂÓÓ¿Ù·È ÙÔ ÂÚÒÙËÌ· Â¿Ó Â›Ó·È ÔÈÎÔÓÔÌÈÎ¿ Û˘ÌÊ¤ÚÔÓ ÁÈ· ÙË ¯ÒÚ· Ó· ‰È·ÙËÚ‹ÛÂÈ
ÙÔ ÛÙfiÏÔ Ô¯ËÌ¿ÙˆÓ ·Ï·È¿˜ ÙÂ¯ÓÔÏÔÁ›·˜ ‹ Ó· ÂÚ¿ÛÂÈ ÛÙËÓ ·ÓÙÈÎ·Ù¿ÛÙ·Û‹ ÙÔ˘˜ ÌÂ
Ô¯‹Ì·Ù· Ó¤·˜ ÙÂ¯ÓÔÏÔÁ›·˜. ™ÙËÓ ·¿ÓÙËÛË ÙÔ˘ ÂÚˆÙ‹Ì·ÙÔ˜ ·˘ÙÔ‡ ı· Û˘Ì‚¿ÏÂÈ Ë
Û˘Ó¤¯ÈÛË ÙˆÓ ‰ÔÎÈÌÒÓ ÛÙ· Ï·›ÛÈ· ÙÔ˘ ÂÚÂ˘ÓËÙÈÎÔ‡ ÚÔÁÚ¿ÌÌ·ÙÔ˜ ÒÛÙÂ Ó· ˘¿Ú-
¯ÂÈ Ë ‚Â‚·›ˆÛË ÙˆÓ ·ÔÙÂÏÂÛÌ¿ÙˆÓ Ô˘ ·Ó·Ê¤ÚıËÎ·Ó ÚÔËÁÔ‡ÌÂÓ·.

ñ ™Ù· ÚÒÙ· ÂÈÚ·Ì·ÙÈÎ¿ ·ÔÙÂÏ¤ÛÌ·Ù· ¤‰ÂÈÍ·Ó fiÙÈ ÔÈ Î·Ùã fiÁÎÔ ÔÛfiÙËÙÂ˜ ÙˆÓ
ÂÓÒÛÂˆÓ Î·Ï›Ô˘ ‹Ù·Ó ÂÚÈÛÛfiÙÂÚÂ˜ ÂÎÂ›ÓˆÓ ÙˆÓ ÂÓÒÛÂˆÓ ÙÔ˘ ÌÔÏ‡‚‰Ô˘. ŸÌˆ˜
¯ÚÂÈ¿˙ÂÙ·È ·Ú·¤Ú· ¤ÚÂ˘Ó· ÁÈ· ÙËÓ Â·Ï‹ıÂ˘ÛË ÙÔ˘ ÈÔ ¿Óˆ ·ÔÙÂÏ¤ÛÌ·ÙÔ˜.
¶·ÚfiÏÔ Ô˘ Â›Ó·È ÁÓˆÛÙ¿ Ù· ·ÔÙÂÏ¤ÛÌ·Ù· ÙÔ˘ Î·Ï›Ô˘ ÛÙÔ ÂÍˆÎ˘Ù·ÚÈÎfi ˘ÁÚfi
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ÛÙÔ˘˜ ˙ˆÓÙ·ÓÔ‡˜ ÔÚÁ·ÓÈÛÌÔ‡˜, fiÌˆ˜ ‰ÂÓ Â›Ó·È ÁÓˆÛÙfi ˆ˜ ÂÈ‰ÚÔ‡Ó fiÙ·Ó ·˘Ù¤˜
ÂÈÛ¤Ú¯ÔÓÙ·È ÛÙÔÓ ·ÓıÚÒÈÓÔ ÔÚÁ·ÓÈÛÌfi Ì¤Û· ·fi ÙÈ˜ ·Ó·ÓÂ˘ÛÙÈÎÔ‡˜ Ô‰Ô‡˜ Î·È
Â¿Ó ·ÔÚÚÔÊÒÓÙ·È ‹ fi¯È ·fi ÙÔ ·›Ì·. ∂È‚¿ÏÏÂÙ·È ÛÂ ·˘Ù‹ ÙËÓ ÂÚ›ÙˆÛË ÌÈ· ÚÔ-
ÛÂÎÙÈÎfiÙÂÚË Î·È ÛÂ ‚¿ıÔ˜ ¤ÚÂ˘Ó· ÙÔ˘ ÚÔ‚Ï‹Ì·ÙÔ˜ ·˘ÙÔ‡ Î·È Ë ÔÔ›· Ì¤¯ÚÈ Û‹ÌÂ-
Ú· ‰ÂÓ ¤¯ÂÈ Ú·ÁÌ·ÙÔÔÈËıÂ›.

ñ ∏ ‰È·ÊÔÚÂÙÈÎ‹ ·˘Ù‹ Û˘ÌÂÚÈÊÔÚ¿ ÙÔ˘ ÎÈÓËÙ‹Ú· ÔÊÂ›ÏÂÙ·È ÌÂ ‚¿ÛË Ù· ÂÈÚ·Ì·ÙÈÎ¿
‰Â‰ÔÌ¤Ó· Î˘Ú›ˆ˜ ÛÙË ÌÂÙ·‚ÔÏ‹ ÙÔ˘ Û˘ÓÙÂÏÂÛÙ‹ ÈÛ¯‡Ô˜ Ëıi Î·È ÏÈÁfiÙÂÚÔ ÛÙÔ˘˜ ¿Ï-
ÏÔ˘˜ ‰‡Ô Û˘ÓÙÂÏÂÛÙ¤˜ ËÔ Î·È Ïv .

ñ ªÂ ·˘Ù¿ Ù· ÚÒÙ· ·ÔÙÂÏ¤ÛÌ·Ù· ÚÔÎ‡ÙÂÈ fiÙÈ ı· ‹Ù·Ó ÚÔÙÈÌfiÙÂÚÔ Ë ·ÓÙÈÎ·Ù¿-
ÛÙ·ÛË ÙÔ˘ ÛÙfiÏÔ˘ ÙˆÓ ·˘ÙÔÎÈÓ‹ÙˆÓ ·Ï·È¿˜ ÙÂ¯ÓÔÏÔÁ›·˜ ÙfiÛÔ ·fi ÔÈÎÔÓÔÌÈÎ‹˜
fiÛÔ Î·È ·fi ÙËÓ Ú‡·ÓÛË ÙÔ˘ ÂÚÈ‚¿ÏÏÔÓÙÔ˜
∏ Û˘Ó¤¯ÂÈ· ÙË˜ ¤ÚÂ˘Ó·˜ ·˘Ù‹˜ ¿Óˆ ÛÙË ¯Ú‹ÛË ÙˆÓ ‚ÂÓ˙ÈÓÒÓ Î·Ï›Ô˘ ÂÈ‚¿ÏÏÂÙ·È
ÙfiÛÔ ÁÈ· ÙÔ ÛÎ¤ÏÔ˜ Ô˘˜ ·ÊÔÚ¿ ÙÈ˜ ÂÓÒÛÂÈ˜ ·˘ÙÔ‡ Ô˘ ÂÎ¤ÌÔÓÙ·È ÛÙËÓ ·ÙÌfi-
ÛÊ·ÈÚ· Î·È ÙÈ˜ ÂÈÙÒÛÂÈ˜ ·˘ÙÒÓ ÛÙÔ ÂÚÈ‚¿ÏÏÔÓ, fiÛÔ ÛÙËÓ ÂÈ‚Â‚·›ˆÛË ÙÔ˘ ÈÔ
¿Óˆ Û˘ÌÂÚ¿ÛÌ·ÙÔ˜. ∂›ÛË˜ fiˆ˜ ÚÔ¤Î˘„Â ı· ‹Ù·Ó ‰˘Ó·Ù‹ Ë ¯Ú‹ÛË ÙË˜ Î·Ù·-
Ï˘ÙÈÎ‹˜ ÙÂ¯ÓÔÏÔÁ›·˜ ÁÈ· ÙËÓ ·Ú·¤Ú· ÌÂ›ˆÛË ÙˆÓ ÎÏ·ÛÈÎÒÓ Ú‡ˆÓ ÛÙËÓ ·ÙÌfi-
ÛÊ·ÈÚ·. ªÈ· ¤ÚÂ˘Ó· ÚÔ˜ ·˘Ù‹Ó ÙË Î·ÙÂ‡ı˘ÓÛË ı· ÌÔÚÔ‡ÛÂ ¯Ú‹ÛÈÌ· Û˘ÌÂÚ¿-
ÛÌ·Ù· ÁÈ· ÙË ¯Ú‹ÛË ÙˆÓ Î·Ù·Ï˘ÙÒÓ ÛÂ ·˘Ù‹ ÙËÓ ÂÚ›ÙˆÛË ÙˆÓ ‚ÂÓ˙ÈÓÒÓ Ì Úfi-
ÛıÂÙ· Î·Ï›Ô˘. 
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Ù· ÈÛÔÙÚÔÈÎ¿ ‰ÔÎ›ÌÈ· ‹Ù·Ó ÙÔ ÔÏ˘·Èı˘Ï¤ÓÈÔ. ∏ ÌÂÁ·Ï‡ÙÂÚË ÂÈÙÂ˘¯ıÂ›Û· ÂÚÈÂÎÙÈ-
ÎfiÙËÙ· ÛÂ Ì·ÁÓËÙÈÎ‹ ÎfiÓË Â›Ó·È ÂÚ›Ô˘ 93% Î.‚. ÌÂ ·ÓÙ›ÛÙÔÈ¯Ô ÂÓÂÚÁÂÈ·Îfi ÁÈÓfiÌÂÓÔ
(µ∏)max~ 8 MGOe. π‰È·›ÙÂÚ· ÛÙ· ‰ÔÎ›ÌÈ· ÌÂ ÈÛÔÙÚÔÈÎ‹ Ì·ÁÓËÙÈÎ‹ ÛÎfiÓË Î·ıÒ˜ Î·È
ÛÙÈ˜ ÂÓ‰È¿ÌÂÛÂ˜ Û˘ÁÎÂÓÙÚÒÛÂÈ˜, fiÔ˘ Ë Ì·ÁÓËÙÈÎ‹ Û˘ÌÂÚÈÊÔÚ¿ Î·È ·fi‰ÔÛË Â›Ó·È ÁÂ-
ÓÈÎ¿ Ùˆ¯‹ ÁÈ· ¯Ú‹ÛË ÙˆÓ ‰ÔÎÈÌ›ˆÓ ·˘ÙÒÓ ˆ˜ ÌfiÓÈÌˆÓ Ì·ÁÓËÙÒÓ, ÌÂÙÚ‹ıËÎÂ Ë ac ËÏÂ-
ÎÙÚÈÎ‹ ·ÁˆÁÈÌfiÙËÙ· Î·ıÒ˜ Î·È Ë ‰ÈËÏÂÎÙÚÈÎ‹ ÛÙ·ıÂÚ¿. ∆· ·ÔÙÂÏ¤ÛÌ·Ù· Ô˘ ÚÔ¤Î˘-
„·Ó ·Ô‰ÂÈÎÓ‡Ô˘Ó fiÙÈ ÁÈ· ÙÈ˜ ÌÂÓ ˘„ËÏ¤˜ Û˘ÁÎÂÓÙÚÒÛÂÈ˜ Î·È ¿Óˆ ·fi ÙÔ Î·ÙÒÊÏÈ
·ÁˆÁÈÌfiÙËÙ·˜ (percolation threshold) Ë ˘ÔÏÔÁÈ˙fiÌÂÓË ·ÁˆÁÈÌfiÙËÙ· , ·ÓÙÈÛÙÔÈ¯Â› ÛÂ
·ÁˆÁÈÌfiÙËÙ· DC (·ÓÂÍ·ÚÙËÛ›· ·fi ÙË Û˘¯ÓfiÙËÙ·), ÂÓÒ ÁÈ· Û˘ÁÎÂÓÙÚÒÛÂÈ˜ Î¿Ùˆ ·fi
ÙÔ Î·ÙÒÊÏÈ ·ÁˆÁÈÌfiÙËÙ·˜ ÂÌÊ·Ó›˙Ô˘Ó ‰ÈËÏÂÎÙÚÈÎ‹ ÛÙ·ıÂÚ¿ (Âã) Ú·ÎÙÈÎ¿ ·ÓÂÍ¿ÚÙË-
ÙË ·fi ÙËÓ Û˘¯ÓfiÙËÙ· ÌÂ È‰È·›ÙÂÚ· ¯·ÌËÏ¤˜ ÙÈÌ¤˜ ÛÙÈ˜ ‰ÈËÏÂÎÙÚÈÎ¤˜ ·ÒÏÂÈÂ˜ (Âãã). 

§¤ÍÂÈ˜ ∫ÏÂÈ‰È¿: ac, dc ·ÁˆÁÈÌfiÙËÙ·, Û˘ÁÎÂÎÔÏÏËÌ¤ÓÔ˜ Ì·ÁÓ‹ÙÂ˜, ac, dc ‰ÈËÏÂÎÙÚÈÎ‹
ÛÙ·ıÂÚ¿, Nd Fe B.

Abstract

In this work we report our results on the preparation and magnetic characterization
of polymer samples with magnetic inclusions of nano size dimensions. It is well known
that bonded magnets are of extreme importance for several industrial applications today,
due to their low manufacturing cost, high magnetic performance and the ability of further
morphological shaping-machining ability - using milling and lathe. These are the
advantages of these magnets when compared with the sintered permanent magnets,
although presenting a compromise in their magnetic performance (moderate values of
BHmax-their energy product).

By processing first the commercially available magnetic powders with powder
metallurgy methods (ball milling in inert atmosphere), we successfully produced samples
made out of polyethylene with magnetic inclusions of the type of Nd2Fe14B with
isotropic properties. The mixing of the magnetic powders with the polymers was made at
elevated temperatures (180 C for polyethylene and 270 C for the NYLON 6) by using the
technique of roll milling in inert atmosphere.

The magnetic characterization which was performed by using a Quantum Design 9T
Physical Property Measurement System showed that the high density samples (with filling
ratio 93% by weight) indicated a superior quality bonded magnet behaviour and
performance and for the isotropic samples the BHmax value of 8 MGOe was obtained. 

Subsequently we measured the dielectric constant and the ac conductivity of the
samples as a function of the frequency and also as a function of the concentration of the
magnetic inclusions. 

It is found that for the high concentration samples (magnetic particle concentration
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above the percolation threshold) the calculated ac conductivity corresponds to DC one,
meaning no dependence on frequency (sample 7) suggesting that the material could be
good candidate for electromagnetic shielding.

For concentrations below the percolation threshold (samples 1,2,3,5) the values of the
real part of the dielectric constant ( Âã), is independent of the frequency while the
imaginary part values (Âãã) are very low and also independent of the frequency, suggesting
that these materials might be good for use in the capacitor manufacturing industries.

Key Words: ac-dc conductivity, bonded magnets, ac-dc dielectric constant, Nd Fe B.

1. ∂ÈÛ·ÁˆÁ‹

∂›Ó·È ÁÓˆÛÙfi fiÙÈ Ù· ÔÏ˘ÌÂÚ‹ ˘ÏÈÎ¿ ÌÂ Ó·ÓÔÛˆÌ·ÙÈ‰È·Î¿ Ì·ÁÓËÙÈÎ¿ ÂÁÎÏÂ›ÛÌ·Ù·
ÌÂ ˘„ËÏ¤˜ Û˘ÁÎÂÓÙÚÒÛÂÈ˜ Ù¤ÙÔÈˆÓ ÛˆÌ·ÙÈ‰›ˆÓ, ·ÔÙÂÏÔ‡Ó ÌÈ· ÂÈ‰ÈÎ‹ Î·ÙËÁÔÚ›· ÂÓ ‰˘-
Ó¿ÌÂÈ ÌÔÓ›ÌˆÓ Ì·ÁÓËÙÒÓ Ô˘ ÔÓÔÌ¿˙ÔÓÙ·È Û˘ÁÎÂÎÔÏÏËÌ¤ÓÔÈ Ì·ÁÓ‹ÙÂ˜ (Bonded
Magnets)[1]. ™‹ÌÂÚ·, ÂÈ‰ÈÎ¿ ÔÈ Û˘ÁÎÂÎÔÏÏËÌ¤ÓÔÈ Ì·ÁÓ‹ÙÂ˜ ÙÔ˘ Ù‡Ô˘ Nd2Fe14B ¤¯Ô˘Ó
Ù‡¯ÂÈ Â˘Ú¤ˆÓ ÂÊ·ÚÌÔÁÒÓ, ÏfiÁˆ ÙÔ˘ Â˘ÎfiÏÔ˘ Û¯ÂÙÈÎ¿ ÙÚfiÔ˘ ·Ú·ÛÎÂ˘‹˜ ÙÔ˘˜, ÙÔ˘ ¯·-
ÌËÏÔ‡ ÎfiÛÙÔ˘˜ Î·È ÙË˜ ‰˘Ó·ÙfiÙËÙ·˜ Ó· Ù‡¯Ô˘Ó ÂÚ·ÈÙ¤Úˆ ÌË¯·ÓÔ˘ÚÁÈÎ‹˜ ÂÂÍÂÚÁ·-
Û›·˜ ¤Ú·Ó ÙË˜ ·Ú¯ÈÎ‹˜ ÙÔ˘˜ ÌÔÚÊÔÔ›ËÛË˜.

ŒÓ·˜ Û˘ÁÎÂÎÔÏÏËÌ¤ÓÔ˜ Ì·ÁÓ‹ÙË˜ (bonded magnet) Û˘Ó›ÛÙ·Ù·È ÛÙËÓ ÙÔÔı¤ÙËÛË Î·È
ÔÌÔÈÔÁÂÓ‹ ‰È·ÛÔÚ¿ ÌÈ·˜ Ì·ÁÓËÙÈÎ‹˜ ÛÎfiÓË˜ Ì¤Û· ÛÂ ÔÏ˘ÌÂÚ¤˜ ˘ÏÈÎfi (ÛÙËÓ ÂÚ›-
ÙˆÛË Ô˘ Ë Û˘ÁÎÔÏÏËÙÈÎ‹ ‡ÏË Â›Ó·È ¤Ó· ÔÏ˘ÌÂÚ¤˜) fiÔ˘ Ù· ÔÏ˘ÌÂÚ‹ Ô˘ ¯ÚËÛÈÌÔ-
ÔÈÔ‡ÓÙ·È Â‰Ò Â›Ó·È ËÏÂÎÙÚÈÎ¿ ÌË ·ÁÒÁÈÌ·[1, 2, 3, 4]. 

∞Ó Î·È ÔÈ Ì·ÁÓËÙÈÎ¤˜ È‰ÈfiÙËÙÂ˜ ÙˆÓ ·Ú·¿Óˆ ˘ÏÈÎÒÓ ¤¯Ô˘Ó ‰ÈÂÚÂ˘ÓËıÂ› ·ÚÎÂÙ¿
Î·È ·fi ÔÏÏÔ‡˜ ÂÚÂ˘ÓËÙ¤˜, ÙÔ˘Ó·ÓÙ›ÔÓ Ï›Á· ¤¯Ô˘Ó ‰ÈÂÚÂ˘ÓËıÂ› ˆ˜ ÚÔ˜ ÙËÓ ËÏÂÎÙÚÈ-
Î‹ ÙÔ˘˜ Û˘ÌÂÚÈÊÔÚ¿ ÂÓÓÔÒÓÙ·˜ ÙËÓ ‰ÈËÏÂÎÙÚÈÎ‹ ÛÙ·ıÂÚ¿ ÙÔ˘˜ Î·È ÙËÓ ac ËÏÂÎÙÚÈÎ‹
·ÁˆÁÈÌfiÙËÙ¿ ÙÔ˘˜. ∂ÂÈ‰‹ ÎÚ›ıËÎÂ fiÙÈ Ë Û˘ÌÂÚÈÊÔÚ¿ ÙˆÓ ËÏÂÎÙÚÈÎÒÓ È‰ÈÔÙ‹ÙˆÓ ÙˆÓ
˘ÏÈÎÒÓ ·˘ÙÒÓ ›Ûˆ˜ Ó· ÂÌÊ¿ÓÈ˙Â ÂÓ‰È·Ê¤ÚÔÓ ·fi ÏÂ˘Ú¿˜ ÂÊ·ÚÌÔÁÒÓ, ÛÂ ·˘Ù‹ ÙËÓ ÂÚ-
Á·Û›· ·ÚÔ˘ÛÈ¿˙ÔÓÙ·È Ù· ·ÔÙÂÏ¤ÛÌ·Ù· ¯·Ú·ÎÙËÚÈÛÌÔ‡ ˆ˜ ÚÔ˜ ÙÈ˜ ËÏÂÎÙÚÈÎ¤˜ ÙÔ˘˜
È‰ÈfiÙËÙÂ˜ ÛÂ ıÂÚÌÔÎÚ·Û›· ‰ˆÌ·Ù›Ô˘ Ô˘ fiÓÙˆ˜ ·ÚÔ˘ÛÈ¿˙Ô˘Ó ¤ÓÙÔÓÔ ÂÓ‰È·Ê¤ÚÔÓ Î·È
‰˘Ó·ÙfiÙËÙÂ˜ ‚ÈÔÌË¯·ÓÈÎÒÓ ÂÊ·ÚÌÔÁÒÓ.

2. ¶ÂÈÚ·Ì·ÙÈÎ¿

ªÂ ÂÈÙ˘¯›· ·Ú‹¯ıË ÛÂÈÚ¿ ‰ÔÎÈÌ›ˆÓ Ó·ÓÔÛ‡ÓıÂÙˆÓ Û˘ÁÎÂÎÔÏÏËÌ¤ÓˆÓ Ì·ÁÓËÙÒÓ
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(Bonded Magnets) ÙÔ˘ Ù‡Ô˘ Nd2Fe14B ¯ÚËÛÈÛÌÔÔÈÒÓÙ·˜ Ì·ÁÓËÙÈÎ‹ ÛÎfiÓË ÙË˜ Ê¿ÛË˜
·˘Ù‹˜ ÌÂ ÈÛÔÙÚÔÈÎ¤˜[4] È‰ÈfiÙËÙÂ˜, Î·Ù¿ÏÏËÏ· ÂÂÍÂÚÁ·ÛÌ¤ÓË ÌÂ ÌÂıfi‰Ô˘˜ ÎÔÓÈÔÌÂ-
Ù·ÏÏÔ˘ÚÁ›·˜. √È ·Ú¯ÈÎ¤˜ ‰È·ÛÙ¿ÛÂÈ˜ ÙˆÓ ÎfiÎˆÓ ÙÔ˘ Ì·ÁÓËÙÈÎÔ‡ ˘ÏÈÎÔ‡ Ô˘ ¯ÚËÛÈÌÔ-
ÔÈ‹ıËÎÂ ‹Ù·Ó 200Ì - 400Ì fiÔ˘ ÌÂÙ¿ ÙËÓ ÂÂÍÂÚÁ·Û›· ÙÔ Ì¤ÁÂıÔ˜ ÙˆÓ ÎfiÎˆÓ ‹Ù·Ó
ÛÙËÓ ÂÚÈÔ¯‹ ÙˆÓ 0,5Ì. - 5Ì. ∏ Û˘ÁÎÔÏÏËÙÈÎ‹ Ô˘Û›· Ô˘ ¯ÚËÛÈÌÔÔÈ‹ıËÎÂ ‹Ù·Ó ÙÔ Ô-
Ï˘·Èı˘Ï¤ÓÈÔ. ∆· ‰ÔÎ›ÌÈ· ÁÈ· ÙÈ˜ ËÏÂÎÙÚÈÎ¤˜ ÌÂÙÚ‹ÛÂÈ˜, ÌÔÚÊÔÔÈ‹ıËÎ·Ó ÛÂ ‰ÈÛÎ›· ¿-
¯Ô˘˜ 1mm Î·È ‰È·Ì¤ÙÚÔ˘ 25mm. 

√È Ì·ÁÓËÙÈÎ¤˜ ÌÂÙÚ‹ÛÂÈ˜ ¤ÁÈÓ·Ó ÌÂ ÙËÓ ¯Ú‹ÛË Ì·ÁÓËÙÔÌ¤ÙÚÔ˘ ÙÔ˘ Ù‡Ô˘ PPMS 9T
ÙË˜ Quantum Design ÛÂ ıÂÚÌÔÎÚ·Û›· 300∫.

3. ∞ÔÙÂÏ¤ÛÌ·Ù·

™ÙÔ Û¯‹Ì· 1, ·ÚÔ˘ÛÈ¿˙ÂÙ·È Ô Ù˘ÈÎfi˜ ‚ÚfiÁ¯Ô˜ ˘ÛÙ¤ÚËÛË˜ ÛÂ ıÂÚÌÔÎÚ·Û›· ‰ˆÌ·-
Ù›Ô˘, ÂÓfi˜ Ï·ÛÙÈÎÔÂÈ‰Ô‡˜ Ì·ÁÓ‹ÙË, Ô ÔÔ›Ô˜ ÚÔ‹ÏıÂ ·fi ÂÂÍÂÚÁ·Û›· ÈÛÔÙÚÔÈÎ‹˜
Ì·ÁÓËÙÈÎ‹˜ ÎfiÓÂˆ˜ ÙÔ˘ Ù‡Ô˘ Nd2Fe14B ÌÂ ÔÏ˘·Èı˘Ï¤ÓÈÔ. 

™¯‹Ì· 1: µÚfiÁ¯Ô˜ ˘ÛÙ¤ÚËÛË˜ ÈÛÔÙÚÔÈÎÔ‡ Ï·ÛÙÈÎÔÂÈ‰Ô‡˜ Ì·ÁÓ‹ÙË Nd2Fe14B ÛÙÔ˘˜ 300∫. ∏

˘ÎÓfiÙËÙ¿ ÙÔ˘ Â›Ó·È 4,38g/cc ÌÂ Hc � 15KOe Î·È Ms � 120emu/g.

∂›Ó·È ÂÌÊ·Ó¤˜ ÙÔ ÁÂÁÔÓfi˜ Ì‹ ÎÔÚÂÛÌÔ‡ ·ÎfiÌË Î·È ÛÙ· 40 kOe, Ô˘ ÔÊÂ›ÏÂÙ·È ÛÙÔ
fiÙÈ Ë ¯ÚËÛÈÌÔÔÈËıÂ›Û· Ì·ÁÓËÙÈÎ‹ ÛÎfiÓË Â›Ó·È ÈÛÔÙÚÔÈÎ‹.

™ÙÔ Û¯‹Ì· 2· ·ÚÔ˘ÛÈ¿˙ÔÓÙ·È ÔÈ Î·Ì‡ÏÂ˜ ÂÓÂÚÁÂÈ·ÎÔ‡ ÁÈÓÔÌ¤ÓÔ˘ ‰ÔÎÈÌ›ˆÓ Ô-
Ï˘·Èı˘ÏÂÓ›Ô˘ ÌÂ ‰È·ÊÔÚÂÙÈÎ¤˜ ˘ÎÓfiÙËÙÂ˜ (‰È·ÊÔÚÂÙÈÎ‹ Û˘ÁÎ¤ÓÙÚˆÛË Ì·ÁÓËÙÈÎ‹˜
ÛÎfiÓË˜) Î·È ÛÙÔ Û¯‹Ì· 2‚ ·ÚÔ˘ÛÈ¿˙ÂÙ·È Ò˜ ÂÌÂÈÚÈÎ¿ ÂÍ·ÚÙ¿Ù·È ÙÔ Ì¤ÁÈÛÙÔ ÂÓÂÚ-
ÁÂÈ·Îfi ÁÈÓfiÌÂÓÔ (µ∏)max ·fi ÙËÓ ˘ÎÓfiÙËÙ· ÙÔ˘ ‰ÔÎÈÌ›Ô˘.
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™¯‹Ì· 2·: ¶·ÚÔ˘ÛÈ¿˙ÔÓÙ·È ÔÈ Î·Ì‡ÏÂ˜ ÙÔ˘ (µ∏)max ÁÈ· ‰ÔÎ›ÌÈ· ÌÂ ‰È·ÊÔÚÂÙÈÎ¤˜

˘ÎÓfiÙËÙÂ˜. √È ˘ÂÚ‚ÔÏ¤˜ ÛÂ ˘¤ÚıÂÛË ·ÓÙÈÛÙÔÈ¯Ô‡Ó ÛÂ ÂÓÂÚÁÂÈ·Îfi ÁÈÓfiÌÂÓÔ

‰È·ÊfiÚˆÓ ÙÈÌÒÓ, fiˆ˜ Ê·›ÓÂÙ·È ·fi ÙÔ Û¯‹Ì·.

™¯‹Ì· 2‚. ¶·ÚÔ˘ÛÈ¿˙ÂÙ·È Ë ÂÈÚ·Ì·ÙÈÎ‹ ÂÍ¿ÚÙËÛË ÙÔ˘ ÂÓÂÚÁÂÈ·ÎÔ‡ ÁÈÓÔÌ¤ÓÔ˘ (µ∏)max

·fi ÙËÓ ˘ÎÓfiÙËÙ· ÙÔ˘ ‰ÔÎÈÌ›Ô˘. ∏ ÌÂÁ·Ï‡ÙÂÚË ‰˘Ó·Ù‹ ˘ÎÓfiÙËÙ· ·ÓÙÈÛÙÔÈ¯Â›

ÛÂ ÂÚ›Ô˘ 93%Î.‚. ÂÚÈÂÎÙÈÎfiÙËÙ· ÛÎfiÓË˜ ÛÙÔ Ï·ÛÙÈÎfi. ∆Ô ˘„ËÏfiÙÂÚÔ ÂÓÂÚÁÂÈ·Îfi

ÁÈÓfiÌÂÓÔ ÂÂÙÂ‡¯ıË Î¿ÓÔÓÙ·˜ ¯Ú‹ÛË ÛÎfiÓË˜ Ù‡Ô˘ HDDR (·ÓÈÛÔÙÚÔÈÎ‹)

ÛÂ Ï·ÛÙÈÎ‹ Ì‹ÙÚ· ¡YLON.
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™ÙÔ Û¯‹Ì· 3, ·ÚÔ˘ÛÈ¿˙ÔÓÙ·È ÔÈ Î·Ì‡ÏÂ˜ ÙË˜ Ì·ÁÓ‹ÙÈÛË˜ ª ÛÂ Û˘Ó¿ÚÙËÛË ÌÂ ÙÔ
Â‰›Ô ∏ (ÚÒÙÔ ÙÂÙ·ÚÙËÌfiÚÈÔ ÙÔ˘ ‚ÚfiÁ¯Ô˘ ˘ÛÙ¤ÚËÛË˜), ÁÈ· ‰ÔÎ›ÌÈ· ‰È·ÊfiÚˆÓ Û˘ÁÎÂ-
ÓÙÚÒÛÂˆÓ Ì·ÁÓËÙÈÎ‹˜ ÛÎfiÓË˜.

™¯‹Ì· 3: ª·ÁÓ‹ÙÈÛË ª (∏) ÙˆÓ ‰ÔÎÈÌ›ˆÓ: 1, 2, 3, 5, 7. ∏ Û˘ÁÎ¤ÓÙÚˆÛË Ì·ÁÓËÙÈÎ‹˜ ÛÎfiÓË˜

Î·È Û˘ÓÂÒ˜ ÙË˜ ˘ÎÓfiÙËÙ¿˜ ÙÔ˘˜ ‚·›ÓÂÈ ·˘Í·ÓfiÌÂÓË ÌÂ ÙËÓ ·‡ÍËÛË ÙÔ˘ ·ÚÈıÌÔ‡

ÙÔ˘ ‰ÔÎÈÌ›Ô˘. ∆Ô ‰ÔÎ›ÌÈÔ 1 Â›Ó·È Î·ı·Úfi ÔÏ˘·Èı˘Ï¤ÓÈÔ (ª � 0).

∆Ô ‰ÔÎ›ÌÈÔ 1, ·ÔÙÂÏÂ›Ù·È ·fi Î·ı·Úfi ÔÏ˘·Èı˘Ï¤ÓÈÔ Î·È Ë Ì·ÁÓ‹ÙÈÛ‹ ÙÔ˘ ª � 0
(Ú·ÁÌ·ÙÈÎ¿ Â›Ó·È ÂÏ·ÊÚÒ˜ ‰È·Ì·ÁÓËÙÈÎfi ÌÂ ÙÈÌ‹ ÂÈ‰ÂÎÙÈÎfiÙËÙ·˜ ¯ � 10-6 emu/g/Oe).
∆· Û˘ÁÎÂÎÚÈÌ¤Ó· ‰ÔÎ›ÌÈ· (1, 2, 3, 5, 7) ¯·Ú·ÎÙËÚ›ÛÙËÎ·Ó ˆ˜ ÚÔ˜ ÙËÓ ‰ÈËÏÂÎÙÚÈÎ‹ ÛÙ·-
ıÂÚ¿ ÙÔ˘˜ Î·È ·Ú·Î¿Ùˆ ·ÚÔ˘ÛÈ¿˙ÔÓÙ·È Ù· ·ÔÙÂÏ¤ÛÌ·Ù· ÙˆÓ ÌÂÙÚ‹ÛÂˆÓ ·˘ÙÒÓ.

™ÙÔ Û¯‹Ì· 4 ·ÚÔ˘ÛÈ¿˙ÂÙ·È Ë Ú·ÁÌ·ÙÈÎ‹ Û˘ÓÈÛÙÒÛ· ÙË˜ ‰ÈËÏÂÎÙÚÈÎ‹˜ ÛÙ·ıÂÚ¿˜
Âã, ˆ˜ Û˘Ó¿ÚÙËÛË ÙË˜ Û˘¯ÓfiÙËÙ·˜ Î·È ÛÙÔ Û¯‹Ì· 5 ·ÚÔ˘ÛÈ¿˙ÂÙ·È Ë Ê·ÓÙ·ÛÙÈÎ‹ Û˘ÓÈ-
ÛÙÒÛ· Âããˆ˜ Û˘Ó¿ÚÙËÛË ÙË˜ Û˘¯ÓfiÙËÙ·˜. ∂›Ó·È ÂÌÊ·Ó¤˜ fiÙÈ ÙÔ Ú·ÁÌ·ÙÈÎfi Ì¤ÚÔ˜ ÙÔ˘
Â, ÁÈ· Û˘ÁÎÂÓÙÚÒÛÂÈ˜ Î¿Ùˆ ·fi ÙÔ Î·ÙÒÊÏÈ ÙË˜ ËÏÂÎÙÚÈÎ‹˜ ·ÁˆÁÈÌfiÙËÙ·˜ (‰ÔÎ›ÌÈ· 1,
2, 3, 5) Ë ÙÈÌ‹ ÙÔ˘ ·˘Í¿ÓÂÈ Û˘ÛÙËÌ·ÙÈÎ¿ ÌÂ ·‡ÍËÛË ÙË˜ Û˘ÁÎ¤ÓÙÚˆÛË˜ ÙÔ˘ ‰ÔÎÈÌ›Ô˘. √È
ÙÈÌ¤˜ ÙË˜ Û˘ÁÎ¤ÓÙÚˆÛË˜ ÁÈ· ÙÔ Î¿ıÂ ‰ÔÎ›ÌÈÔ Â‡ÎÔÏ· ˘ÔÏÔÁ›˙ÔÓÙ·È ·fi ÙÔ ‰È¿ÁÚ·ÌÌ·
ÙË˜ Ì·ÁÓ‹ÙÈÛ‹˜ ÙÔ˘˜, fiÔ˘ Û˘ÌÂÚ·›ÓÂÙ·È fiÙÈ ÔÈ Û˘ÁÎÂÓÙÚÒÛÂÈ˜ ÙˆÓ ‰ÔÎÈÌ›ˆÓ Â›Ó·È
d1 � d2 � d3 � d5 � d7. ø˜ Û˘Ó¿ÚÙËÛË ÙË˜ Û˘¯ÓfiÙËÙ·˜ ÁÈ· ÙÔ ›‰ÈÔ ‰ÔÎ›ÌÈÔ ÙÔ Âã ·Ú·-
Ì¤ÓÂÈ Û¯Â‰fiÓ ÛÙ·ıÂÚfi ÁÈ· ÌÈ· ÌÂÁ¿ÏË ÂÚÈÔ¯‹ Û˘¯ÓÔÙ‹ÙˆÓ. ™ÙËÓ ÂÚ›ÙˆÛË fiÌˆ˜ ÙˆÓ
·ˆÏÂÈÒÓ (Ê·ÓÙ·ÛÙÈÎÔ‡ Ì¤ÚÔ˘˜ Âãã) ÛÙÔ Û¯‹Ì· 5 ·Ú·ÙËÚÂ›Ù·È ÌÈ· È‰È·›ÙÂÚ· ¯·ÌËÏ‹
ÙÈÌ‹ Ë ÔÔ›· Â›Ó·È ·ÓÂÍ¿ÚÙËÙË ÙË˜ Û˘¯ÓfiÙËÙ·˜ Î·È Û¯Â‰fiÓ ·ÓÂÍ¿ÚÙËÙË ÙË˜ Û˘ÁÎ¤ÓÙÚˆ-
ÛË˜ ÙˆÓ ‰ÔÎÈÌ›ˆÓ, fiÙ·Ó Ë Û˘ÁÎ¤ÓÙÚˆÛË Â›Ó·È ¯·ÌËÏfiÙÂÚË ·fi ·˘Ù‹ ÙÔ˘ Î·ÙˆÊÏ›Ô˘
·ÁˆÁÈÌfiÙËÙ·˜-percolation threshold (‰ÔÎ›ÌÈ· 1, 2, 3, 5). °È· ÙÔ ‰ÔÎ›ÌÈÔ fiÌˆ˜ 7, ÌÂ Ô-
Ï‡ ˘„ËÏ‹ Û˘ÁÎ¤ÓÙÚˆÛË ÛˆÌ·ÙÈ‰›ˆÓ, Ë ÙÈÌ‹ ÙÔ˘ ÂããÂÏ·ÙÙÔ‡Ù·È Û˘ÛÙËÌ·ÙÈÎ¿ ÌÂ ÙËÓ ·‡-
ÍËÛË ÙË˜ Û˘¯ÓfiÙËÙ·˜. ™‡ÌÊˆÓ· ÌÂ Ù· ·Ú·¿Óˆ ‰Â‰ÔÌ¤Ó· ÂÍ¿ÁÂÙ·È ÙÔ Û˘Ì¤Ú·ÛÌ·
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fiÙÈ Ù· ‰ÔÎ›ÌÈ· 1, 2, 3 Î·È 5 ·ÔÙÂÏÔ‡Ó ÂÓ ‰˘Ó¿ÌÂÈ Î·Ï¤˜ ÂÊ·ÚÌÔÁ¤˜ ˆ˜ ‰ÈËÏÂÎÙÚÈÎ¿ ˘-
ÎÓˆÙÒÓ.

™¯‹Ì· 4: ¶Ú·ÁÌ·ÙÈÎ‹ Û˘ÓÈÛÙÒÛ· ÙË˜ ‰ÈËÏÂÎÙÚÈÎ‹˜ ÛÙ·ıÂÚ¿˜ (Âã) ÛÂ Û˘Ó¿ÚÙËÛË

ÌÂ ÙË Û˘¯ÓfiÙËÙ·. °È· Ù· ‰ÔÎ›ÌÈ· ÌÂ Û˘ÁÎ¤ÓÙÚˆÛË ÛÎfiÓË˜ Î¿Ùˆ ·fi ÙÔ Î·ÙÒÊÏÈ

·ÁˆÁÈÌfiÙËÙ·˜ ·Ú·ÙËÚÂ›Ù·È Û˘ÛÙËÌ·ÙÈÎ‹ ·‡ÍËÛË ÙË˜ ÙÈÌ‹˜ ÙÔ˘ Âã

ÛÂ Û˘Ó¿ÚÙËÛË ÌÂ ÙË Û˘ÁÎ¤ÓÙÚˆÛË.

™¯‹Ì· 5: º·ÓÙ·ÛÙÈÎ‹ Û˘ÓÈÛÙÒÛ· (·ÒÏÂÈÂ˜) ÙË˜ ‰ÈËÏÂÎÙÚÈÎ‹˜ ÛÙ·ıÂÚ¿˜ (Â�) ÛÂ Û˘Ó¿ÚÙËÛË

ÌÂ ÙË Û˘¯ÓfiÙËÙ·. ™Ù· ‰ÔÎ›ÌÈ· 1, 2, 3 Î·È 5 (Û˘ÁÎ¤ÓÙÚˆÛË ÛÎfiÓË˜ Î¿Ùˆ ·fi ÙÔ Î·ÙÒÊÏÈ 

·ÁˆÁÈÌfiÙËÙ·˜) ·Ú·ÙËÚÔ‡ÓÙ·È ÔÏ‡ ÌÈÎÚ¤˜ ‰ÈËÏÂÎÙÚÈÎ¤˜ ·ÒÏÂÈÂ˜ ÌÂ Û¯Â‰fiÓ ÛÙ·ıÂÚ‹ ÙÈÌ‹

ÁÈ· ¤Ó· Â˘Ú‡ Ê¿ÛÌ· Û˘¯ÓÔÙ‹ÙˆÓ. ∆Ô ‰ÔÎ›ÌÈÔ 7 Ô˘ ¤¯ÂÈ Û˘ÁÎ¤ÓÙÚˆÛË Û·ÊÒ˜ ¿Óˆ ·fi ÙÔ Î·-

ÙÒÊÏÈ ·ÁˆÁÈÌfiÙËÙ·˜ ·Ú·ÙËÚÂ›Ù·È fiÙÈ ÔÈ ·ÒÏÂÈÂ˜ ÂÏ·ÙÙÔ‡ÓÙ·È ÌÂ ÙËÓ ·‡ÍËÛË ÙË˜ Û˘¯ÓfiÙËÙ·˜.
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™ÙÔ Û¯‹Ì· 6 ·ÚÔ˘ÛÈ¿˙ÂÙ·È Ë ÂÍ¿ÚÙËÛË ÙË˜ ˘ÔÏÔÁÈ˙fiÌÂÓË˜ ·fi ÙÔ Â ËÏÂÎÙÚÈÎ‹˜
·ÁˆÁÈÌfiÙËÙ·˜ Û ˆ˜ Û˘Ó¿ÚÙËÛË ÙË˜ Û˘¯ÓfiÙËÙ·˜ ÁÈ· fiÏ· Ù· ‰ÔÎ›ÌÈ·. ¶·Ú·ÙËÚÂ›Ù·È fiÙÈ
ÙÔ ÌÂÓ ‰ÔÎ›ÌÈÔ ˘„ËÏ‹˜ Û˘ÁÎ¤ÓÙÚˆÛË˜ (7) ·ÚÔ˘ÛÈ¿˙ÂÈ ·ÁˆÁÈÌfiÙËÙ· ˘„ËÏ‹ Î·È ·ÓÂ-
Í¿ÚÙËÙË ÙË˜ Û˘¯ÓfiÙËÙ·˜ (¯·Ú·ÎÙËÚÈÛÙÈÎfi ÌÂÙ·ÏÏÈÎ‹˜ Û˘ÌÂÚÈÊÔÚ¿˜) ÂÓÒ Ù· ‰ÔÎ›ÌÈ·
ÌÂ ¯·ÌËÏ¤˜ Û˘ÁÎÂÓÙÚÒÛÂÈ˜ (Î¿Ùˆ ·fi ÙÔ Î·ÙÒÊÏÈ ·ÁˆÁÈÌfiÙËÙ·˜) ·ÚÔ˘ÛÈ¿˙Ô˘Ó ·‡-
ÍËÛË ÙË˜ ·ÁˆÁÈÌfiÙËÙ·˜ ÛÂ Û˘Ó¿ÚÙËÛË ÌÂ ÙËÓ Û˘¯ÓfiÙËÙ·. ™˘ÌÂÚ·ÛÌ·ÙÈÎ¿ ÏÔÈfiÓ ÌÔ-
ÚÔ‡ÌÂ Ó· Ô‡ÌÂ fiÙÈ Ù· ‰ÔÎ›ÌÈ· ÌÂ ˘„ËÏ¤˜ Û˘ÁÎÂÓÙÚÒÛÂÈ˜ ÔÌÔÈ¿˙Ô˘Ó ÌÂ ÙÔ˘˜ ÌÂÙ·ÏÏÈ-
ÎÔ‡˜ ·ÁˆÁÔ‡˜ Î·È ÁÈ· ·˘Ùfi ı· ÌÔÚÔ‡Û·Ó Ó· ¯ÚËÛÈÌÔÔÈËıÔ‡Ó ÁÈ· ËÏÂÎÙÚÔÌ·ÁÓËÙÈÎ‹
ıˆÚ¿ÎÈÛË..

™¯‹Ì· 6: ∞ÁˆÁÈÌfiÙËÙ· ÛÂ Û˘Ó¿ÚÙËÛË ÌÂ ÙË Û˘¯ÓfiÙËÙ·. °È· Ù· ‰ÔÎ›ÌÈ· 1, 2, 3, 5 

Ë ·ÁˆÁÈÌfiÙËÙ· ·˘Í¿ÓÂÈ ÛÂ Û˘Ó¿ÚÙËÛË ÌÂ ÙË Û˘¯ÓfiÙËÙ· Î·È ˘¿Ú¯ÂÈ ÂÏ·ÊÚ¿ ÂÍ¿ÚÙËÛË

·fi ÙË Û˘ÁÎ¤ÓÙÚˆÛË ÙË˜ Ì·ÁÓËÙÈÎ‹˜ ÛÎfiÓË˜. °È· ÙÔ ‰ÔÎ›ÌÈÔ 7 (Û˘ÁÎ¤ÓÙÚˆÛË ÛÎfiÓË˜

¿Óˆ ·fi ÙÔ Î·ÙÒÊÏÈ ·ÁˆÁÈÌfiÙËÙ·˜) Ë ·ÁˆÁÈÌfiÙËÙ· ·˘Í¿ÓÂÙ·È ·fiÙÔÌ·

(ÂÚ›Ô˘ 13 Ù¿ÍÂÈ˜ ÌÂÁ¤ıÔ˘˜) Â›Ó·È ÛÙ·ıÂÚ‹ Î·È ÌË ÂÍ·ÚÙÒÌÂÓË ·fi ÙË Û˘¯ÓfiÙËÙ·.

¶·Ú·ÙËÚÂ›Ù·È ‰ËÏ·‰‹ ÙÔ ¤Ú·ÛÌ· ·fi ÙË  ÌÔÓˆÙÈÎ‹ ÛÙËÓ ·ÁÒÁÈÌË Ê¿ÛË [4, 5]

4. ™˘ÌÂÚ¿ÛÌ·Ù·

™˘ÁÎÂÎÔÏÏËÌ¤Ó· ÔÏ˘ÌÂÚ‹ ÌÂ Ì·ÁÓËÙÈÎ¿ Ó·ÓÔÛˆÌ·ÙÈ‰È·Î¿ ÂÁÎÏÂ›ÛÌ·Ù· ÙÔ˘ Ù‡Ô˘
Nd2Fe14B ·Ú·ÛÎÂ˘¿ÛıËÎ·Ó ÌÂ ÂÈÙ˘¯›· ÌÂ ‰È¿ÊÔÚÂ˜ Û˘ÁÎÂÓÙÚÒÛÂÈ˜ ÛˆÌ·ÙÈ‰›ˆÓ.
ŸÙ·Ó Ë Û˘ÁÎ¤ÓÙÚˆÛË ÙË˜ Ì·ÁÓËÙÈÎ‹˜ ÛÎfiÓË˜ Â›Ó·È Î¿Ùˆ ·fi ÙÔ Î·ÙÒÊÏÈ ·ÁˆÁÈÌfiÙË-
Ù·˜, ÂÌÊ·Ó›˙Ô˘Ó ‰ÈËÏÂÎÙÚÈÎ‹ ÛÙ·ıÂÚ¿ (Âã) Ú·ÎÙÈÎ¿ ·ÓÂÍ¿ÚÙËÙË ·fi ÙËÓ Û˘¯ÓfiÙËÙ·
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Î·È ¯·ÌËÏ¤˜ ÙÈÌ¤˜ ÛÙÈ˜ ‰ÈËÏÂÎÙÚÈÎ¤˜ ·ÒÏÂÈÂ˜ (Âãã). ∆· ˘ÏÈÎ¿ ·˘Ù¿ ÚÔÛÊ¤ÚÔÓÙ·È ˆ˜
ÂÎ ÙÔ‡ÙÔ˘ ÁÈ· ÂÊ·ÚÌÔÁ¤˜ ÛÂ ˘ÎÓˆÙ¤˜.

™Â ÂÚ›ÙˆÛË ‰Â Ô˘ Ë Û˘ÁÎ¤ÓÙÚˆÛË ÙË˜ Ì·ÁÓËÙÈÎ‹˜ ÛÎfiÓË˜ Â›Ó·È ¿Óˆ ·fi ÙÔ Î·-
ÙÒÊÏÈ ·ÁˆÁÈÌfiÙËÙ·˜, Ë ˘ÔÏÔÁÈ˙fiÌÂÓË ·ÁˆÁÈÌfiÙËÙ· ·fi ÙÔ Âãã ·ÓÙÈÛÙÔÈ¯Â› ÛÂ ·ÁˆÁÈ-
ÌfiÙËÙ· DC (·ÓÂÍ·ÚÙËÛ›· ·fi ÙË Û˘¯ÓfiÙËÙ·) ÌÂ ‰˘Ó·Ù¤˜ ÂÊ·ÚÌÔÁ¤˜ .¯. ˆ˜ ˘ÏÈÎ¿ Î·-
Ù¿ÏÏËÏ· ÁÈ· ËÏÂÎÙÚÔÌ·ÁÓËÙÈÎ‹ ıˆÚ¿ÎÈÛË.

¢ÈËÏÂÎÙÚÈÎ‹ ÛÙ·ıÂÚ¿ Î·È ac ËÏÂÎÙÚÔÓÈÎ‹ ·ÁˆÁÈÌfiÙËÙ· ÔÏ˘ÌÂÚÒÓ… 49



µÈ‚ÏÈÔÁÚ·Ê›·

D.M. Tsamakis, M.G. Ioanides and G.K. Nicolaides, J. All. Comp. 241(1996)175
T. Takeshita and K. Moritomo, J. Appl. Phys. 79(8)(1996)5040
G.K. Nicolaides,Y.K. Atanasova, M.G. Ioanides, D.M. Tsamakis and H. Gamari-Seale, J.

Appl. Phys. 81(8)(1997)5100
E. Logakis, Ch. Pandis, V. Peoglos, P. Pissis, A. Kanapitsas, J. Pionteck, P. Pötschke, M.

Micusik and M. Omastovà, Technical Proceedings of the 2007 Nanotechnology
Conference and Trade Show, Volume 2, Chapter 2: Polymer Nanotechnology,
pages: 96-99

Ch. Pandis, E. Logakis, M. Chorianopoulos, A. Spanoudaki, A. Kyritsis, V. Peoglos, P.
Pissis, M. Micusik, I. Krupa, M. Omastovà, J. Pionteck and P. Pötschke
Technical Proceedings of the 2007 Nanotechnology Conference and Trade Show,
Volume 2, Chapter 2: Polymer Nanotechnology, pages: 166-169

50 EÈÛÙËÌÔÓÈÎ‹ EÂÙËÚ›‰· EÊ·ÚÌÔÛÌ¤ÓË˜ ŒÚÂ˘Ó·˜, Vol. XIII, No 1, 2008



A verification study of R134a-ejector refrigeration
system driven by solar energy

G.K. Alexis
Mechanical Engineering
Departement,TEI of Piraeus

E.D. Rogdakis
Mechanical Engineering
Departement, NTUA

J.I. Petropoulos
Mechanical Engineering
Departement,TEI of Piraeus

J.K. Kaldellis
Mechanical Engineering
Departement,TEI of Piraeus

K.P. Nikas
Mechanical Engineering
Departement,TEI of Piraeus

A.B. Grapchas
Mechanical Engineering
Departement,TEI of Piraeus

Abstract

Ejectors are used for a wide range of applications. Even though the coefficients of
performance (COP) for ejector refrigeration systems are lower than those for
conventional compression systems, the input thermal energy that can be used is solar
energy, industrial waste heat and exhaust heat instead of electrical energy that the cost is
very expensive.

The present work tries to verify a theoretical model with the experimental results. The
model is referenced on an ejector refrigeration system driven by solar energy and R134a
as working fluid in the Athens area.
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The design of the ejector operating in refrigeration system with a low thermal source
is presented. 

The operation of the system and the related thermodynamics are simulated by suitable
computer codes and required local climatologically data are determined by statistical
processing over a considerable number of years.

The influence of three major parameters:generator, condenser and evaporator
temperature on coefficient of performance is discussed.

The comparison between theoretical model and experimental results showed that this
model estimates satisfying the experimental results.

Key Words: Ejector; Cooling system; Solar energy; COP; R134a.

¶ÂÚ›ÏË„Ë

√È ÂÁ¯˘Ù‹ÚÂ˜ ¯ÚËÛÈÌÔÔÈÔ‡ÓÙ·È ÛÂ Â˘Ú‡ Â‰›Ô ÂÊ·ÚÌÔÁÒÓ. ∞Ó Î·È Ô Û˘ÓÙÂÏÂÛÙ‹˜
Û˘ÌÂÚÈÊÔÚ¿˜ (COP) ÙˆÓ Û˘ÛÙËÌ¿ÙˆÓ „‡ÍË˜ ÌÂ ÂÁ¯˘Ù‹Ú· Â›Ó·È ¯·ÌËÏfiÙÂÚÔ˜ ·fi
ÙÔÓ ·ÓÙ›ÛÙÔÈ¯Ô ÙˆÓ Û˘ÛÙËÌ¿ÙˆÓ Û˘Ì›ÂÛË˜ ·ÙÌÒÓ, Ë ÚÔÛÊÂÚfiÌÂÓË ıÂÚÌÈÎ‹ ÂÓ¤Ú-
ÁÂÈ· Ô˘ ÌÔÚÂ› Ó· ¯ÚËÛÈÌÔÔÈËıÂ› Â›Ó·È Ë ËÏÈ·Î‹ ÂÓ¤ÚÁÂÈ·, Ù· ‚ÈÔÌË¯·ÓÈÎ¿ ıÂÚÌÈÎ¿
·fi‚ÏËÙ·, Ù· ıÂÚÌ¿ Î·˘Û·¤ÚÈ· ·ÓÙ› ÁÈ· ËÏÂÎÙÚÈÎ‹ ÂÓ¤ÚÁÂÈ· Ë ÔÔ›· ÎÔÛÙ›˙ÂÈ ÔÏ‡
·ÎÚÈ‚¿. 

∏ ·ÚÔ‡Û· ÂÚÁ·Û›· ÚÔÛ·ıÂ› Ó· ÂÈ‚Â‚·ÈÒÛÂÈ ÙÔ ıÂˆÚËÙÈÎfi ÌÔÓÙ¤ÏÔ ÌÂ Ù· ÂÈ-
Ú·Ì·ÙÈÎ¿ ·ÔÙÂÏ¤ÛÌ·Ù·. ∆Ô ÌÔÓÙ¤ÏÔ ·Ó·Ê¤ÚÂÙ·È ÛÂ „˘ÎÙÈÎ‹ ÂÁÎ·Ù¿ÛÙ·ÛË ¤Á¯˘ÛË˜
·ÙÌÔ‡ ÙÚÔÊÔ‰ÔÙÔ‡ÌÂÓË ÌÂ ËÏÈ·Î‹ ÂÓ¤ÚÁÂÈ· Î·È ÂÚÁ·˙fiÌÂÓÔ Ì¤ÛÔ R134a, ÂÁÎ·ÙÂÛÙËÌ¤-
ÓÔ ÛÙËÓ ÂÚÈÔ¯‹ ÙˆÓ ∞ıËÓÒÓ.

¶·ÚÔ˘ÛÈ¿˙ÂÙ·È Ô Û¯Â‰È·ÛÌfi˜ ÂÓfi˜ ÂÁ¯˘Ù‹Ú· Ô ÔÔ›Ô˜ ÏÂÈÙÔ˘ÚÁÂ› ÛÂ „˘ÎÙÈÎfi Û‡-
ÛÙËÌ· ÌÂ ¯·ÌËÏ‹ ıÂÚÌÈÎ‹ ËÁ‹.

∏ ÏÂÈÙÔ˘ÚÁ›· ÙÔ˘ Û˘ÛÙ‹Ì·ÙÔ˜ Î·È Ë Û¯ÂÙÈ˙fiÌÂÓË ıÂÚÌÔ‰˘Ó·ÌÈÎ‹ ·Ó¿Ï˘ÛË, ¤¯Ô˘Ó
ÚÔÛÔÌÔÈˆıÂ› ·fi ¤Ó· Î·Ù¿ÏÏËÏÔ ÎÒ‰ÈÎ· ËÏÂÎÙÚÔÓÈÎÔ‡ ˘ÔÏÔÁÈÛÙ‹ Î·È Ù· ··ÈÙÔ‡-
ÌÂÓ· ÙÔÈÎ¿ ÎÏÈÌ·ÙÔÏÔÁÈÎ¿ ÛÙÔÈ¯Â›· ¤¯Ô˘Ó ÔÚÈÛıÂ› ·fi ÛÙ·ÙÈÛÙÈÎ¤˜ ¤ÚÂ˘ÓÂ˜ ÁÈ· ¤Ó·
ÌÂÁ¿ÏÔ ¯ÚÔÓÈÎfi ‰È¿ÛÙËÌ·.

™˘˙ËÙÂ›Ù·È Ë Â›‰Ú·ÛË ÙˆÓ ÙÚÈÒÓ ÛËÌ·ÓÙÈÎÒÓ ·Ú·Ì¤ÙÚˆÓ: ıÂÚÌÔÎÚ·Û›· ·ÙÌÔÁÂÓ-
Ó‹ÙÚÈ·˜, Û˘Ì˘ÎÓˆÙ‹ Î·È ·ÙÌÔÔÈËÙ‹ ¿Óˆ ÛÙÔ Û˘ÓÙÂÏÂÛÙ‹ Û˘ÌÂÚÈÊÔÚ¿˜.

∏ Û‡ÁÎÚÈÛË ÌÂÙ·Í‡ ıÂˆÚËÙÈÎÔ‡ ÌÔÓÙ¤ÏÔ˘ Î·È ÂÈÚ·Ì·ÙÈÎÒÓ ·ÔÙÂÏÂÛÌ¿ÙˆÓ ‰Â›-
¯ÓÔ˘Ó fiÙÈ ·˘Ùfi ÙÔ ÌÔÓÙ¤ÏÔ ÂÎÙÈÌ¿ÂÈ ÈÎ·ÓÔÔÈËÙÈÎ¿ Ù· ÂÈÚ·Ì·ÙÈÎ¿ ·ÔÙÂÏ¤ÛÌ·Ù·. 

§¤ÍÂÈ˜ KÏÂÈ‰È¿: ∂Á¯˘Ù‹Ú·˜; ™‡ÛÙËÌ· „‡ÍË˜; ∏ÏÈ·Î‹ ÂÓ¤ÚÁÂÈ·; COP; R134a.
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Theoretical analysis

Figure 1 illustrates the operation of a solar ejector cooling system and a schematic
view of ejector. Saturated motive vapor of working fluid enters the ejector at a high
pressure P1, temperature T1 and zero velocity, corresponding to state (1) and expands to
a pressure P2 through a converging/diverging nozzle, with isentropic efficiency n1a. The
motive stream emerges the nozzle and remains as an identifiable stream for some distance
downstream. The saturated secondary vapor enters the ejector at pressure P2,
corresponding to state (2). Rao and Singh [1] and Kouremenos et al [2] showed that the
model based on the conservation of fluid momentum in the mixing process gives results
in close agreement with those obtained from available design charts. After mixing the
stream is brought to near-zero velocity, corresponding to state (3) in the diffuser, with an
assumed efficiency of nb3, taking into account the chocking phenomena proposed by
Munday & Bagster [3]. To better understand how a typical ejector cooling system
functions, a description of its operation is given on a T-s chart in Figure 2. 

Figure 1: Schematic view of solar ejector refrigeration system and ejector.

G: Generator EV: Expansion valve

C: Condenser SC: Solar collector

E: Evaporator P1: Liquid pump

EJ: Ejector P2: Water pump
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Figure 2: T-s chart of an ejector.

In the present study, R134a is selected as the working fluid for the ejector cooling
system. R134a has a low boiling point (�26.5ÆC) and critical temperature (101.1ÆC). For
thermodynamic properties of R134a, the equations proposed by Wilson and Basu [4]
have been used. Also, in the present study has been used a computer model of ejector
refrigeration system developed by Alexis and Karayiannis [5]. 

The governing equations for each unit in the system are:

ñ Evaporator: Q
.

e � m
.

e(h2 � h5) (1)

ñ Generator: Q
.

g � m
.

g(h1 � h6) (2)

ñ Pump: W
.

e � m
.

g(h6 � h4) (3)

Thus the COP of the ejector cooling system is determined by its operating conditions
and may be calculated from equation:

COP � � w � (4)

where w � m
.

e/m
.

g the flow entrainment ratio (kg of secondary stream per kg of motive
stream).

The equivalent coefficient of performance for Carnot cycle is calculated from the
equation:

COPC � � (5)
Te�

Tc � Te

Tg � Tc�
Tg

h2 � h5�
h1 � h6

Q
.

e�
Q
.

g � W
.

p
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Experimental equipment

The ejector is manufactured by brass, shown in Figure 3. The two main parts of the
ejector were connected by fine screws to prevent leakage. In brief, this system works as
follows (Figure 1). The solar collector (SC) was used to heat the solar system fluid, which was
water and to collect the energy needed to boil the refrigerant R134a in the generator (G). The
generator contained two copper spiral heat exchangers (shell and coil). It was used to tranfer
the heat effect of the solar fluid to the refrigerant in the generator. The generator was
connected to a liquid pump. The following control devices were used with the installation.

1. Safety valves

2. Manometers

3. Thermocouples

4. Control valves

Figure 3: ∆he ejector

The vacuum tube solar collector is performing superior in unfavorable cloudy, windy
and cold conditions too. The vacuum envelope eliminates weathering influences such as
condensation and moisture that causes early deterioration of internal materials resulting
in reduced performance and system failure.

The obtained refrigerant vapor expands through the primary convergent-divergent
nozzle at a high velocity and emerges into the mixing section so that the vapor may be
drawn from the evaporator (E), (DX air-cooler coil). The mixture was compressed in the
diffuser and sent to the condenser (C), (air-cooled condenser). The Figure 4 shows the
photo of ejector. Some of the condensate liquid was forced back to the generator used a
liquid pump (P1) and the other part entered the evaporator.
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Figure 4. The photo of ejector

Results

In this study, the influence of the generator, condenser and evaporator temperatures
on the ejector refrigeration system performance is shown experimentally. 

Figure 5 shows the influence of evaporator temperature Te under different condenser
temperatures Tc on coefficient of performance ratio COP/COPC for a constant generator
temperature Tg. It can be seen that the coefficient of performance ratio increases with
increasing evaporator temperature and decreasing condenser temperature.

Figure 5: The effect of evaporator temperature Te under different condenser

temperatures Tc on coefficient of performance ratio COP/COPC

for generator temperature Tg � 90ÆC.
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The comparison between theoretical model and experimental results showed that this
model estimates satisfying the experimental results.

The coefficient of performance is low but the solar energy is available in Athens. 
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Nomenclature

COP coefficient of performance
COPC coefficient of performance for Carnot cycle
Q
.

heat rate (kW)
T temperature (ÆC)
W
.

work rate (kW)
h specific enthalpy (kJ/kg)
Ë isentropic efficiency
m
.

mass flow (kg/s)
w flow entrainment ratio

Subscripts

1, 2… cycle locations
a, b… ejector locations
c condenser
e evaporator
g generator
p pump
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Abstract

This paper tackles the Economic Load Dispatch (ELD) problem by providing a
solution methodology based on a memetic algorithm. Memetic algorithms are a
population-based approach for heuristic search in optimization problems and combine
local search heuristics with crossover operators. 

In particular, this paper suggests a memetic algorithm to deal with equality and
inequality constraints found in the ELD problem. The memetic algorithm is applied to
sample ELD problems which are composed of six generators. 

Specific results analysis is performed, as is also a comparison with respective results
from the application of the Particle Swarm Optimization algorithm (PSO). 

¶ÂÚ›ÏË„Ë

™Â ·˘Ù‹ ÙËÓ ÂÚÁ·Û›· ·ÚÔ˘ÛÈ¿˙ÂÙ·È ÌÈ· ÌÂıÔ‰ÔÏÔÁ›· ÁÈ· ÙËÓ Â›Ï˘ÛË ÙÔ˘ ÚÔ‚Ï‹-
Ì·ÙÔ˜ ÙË˜ √ÈÎÔÓÔÌÈÎ‹˜ ∫·Ù·ÓÔÌ‹˜ ÙÔ˘ ∏ÏÂÎÙÚÈÎÔ‡ ºÔÚÙ›Ô˘, ¯ÚËÛÈÌÔÔÈÒÓÙ·˜ ÙÔÓ
ÌÈÌËÙÈÎfi ·ÏÁfiÚÈıÌÔ. ∆Ô Úfi‚ÏËÌ· ·˘Ùfi ·ÚÔ˘ÛÈ¿˙ÂÈ Û‡ÓıÂÙ· Î·È ÌË ÁÚ·ÌÌÈÎ¿ ¯·Ú·-
ÎÙËÚÈÛÙÈÎ¿ Î·ıÒ˜ Î·È ‰˘Ó·ÙÔ‡˜ ÂÚÈÔÚÈÛÌÔ‡˜ ÈÛfiÙËÙ·˜ Î·È ·ÓÈÛfiÙËÙ·˜. 

¶ÈÔ Û˘ÁÎÂÎÚÈÌ¤Ó·, Ì·˜ ··Û¯ÔÏ‹ÛÂÈ ÙÔ ÔÛfi ÙË˜ ÈÛ¯‡˜ Ô˘ Ú¤ÂÈ Ó· Î·Ù·Ó·Ïˆ-
ıÂ› ·fi ¤Ó· ÂÂÚ·ÛÌ¤ÓÔ ·ÚÈıÌfi ÁÂÓÓËÙÚÈÒÓ ·Ú·ÁˆÁ‹˜ ÂÓ¤ÚÁÂÈ·˜, ¤ÙÛÈ ÒÛÙÂ Ë ··È-
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ÙÔ‡ÌÂÓË ·Ú·ÁfiÌÂÓË ÂÓ¤ÚÁÂÈ· Ó· ÂÈÙ˘Á¯¿ÓÂÙ·È ÌÂ ÙÔ ÂÏ¿¯ÈÛÙÔ ÎfiÛÙÔ˜. Ÿˆ˜ Â›Ó·È
Ê˘ÛÈÎfi ÙÔ ·Ú·¿Óˆ Úfi‚ÏËÌ· ‚Ú›ÛÎÂÈ ÂÊ·ÚÌÔÁ‹ ÛÂ ÔÏÏÔ‡˜ ÙÔÌÂ›˜ ÙË˜ ‚ÈÔÌË¯·Ó›·˜
Î·È Ù· ·ÔÙÂÏ¤ÛÌ·Ù· ÙË˜ Ï‡ÛË˜ ÙÔ˘ ·ÔÙÂÏÔ‡Ó ÎÚÈÙ‹ÚÈ· ÁÈ· ÙÔÓ Î·ıÔÚÈÛÌfi ÙÔ˘ ÛÙÚ·-
ÙËÁÈÎÔ‡ Û¯Â‰È·ÛÌÔ‡ ÙÔ˘˜. 

√È ÌÈÌËÙÈÎÔ› ·ÏÁfiÚÈıÌÔÈ Â›Ó·È ÂÍÂÏÈÎÙÈÎÔ› ·ÏÁfiÚÈıÌÔÈ, ÔÈ ÔÔ›ÔÈ ÂÊ·ÚÌfi˙Ô˘Ó ÌÈ·
ÍÂ¯ˆÚÈÛÙ‹ ‰È·‰ÈÎ·Û›· ÙÔÈÎ‹˜ ·Ó·˙‹ÙËÛË˜. °ÂÓÈÎfiÙÂÚ·, ÂÎÌÂÙ·ÏÏÂ˘fiÌÂÓÔÈ ÙÔ Û˘Ì‚Èˆ-
ÙÈÎfi ·ÔÙ¤ÏÂÛÌ· ÙÔ˘ Û˘Ó‰˘·ÛÌÔ‡ ‰‡Ô ‰È·ÊÔÚÂÙÈÎÒÓ ÛÙÚ·ÙËÁÈÎÒÓ ·Ó·˙‹ÙËÛË˜, ÂÓÛˆ-
Ì·ÙÒÓÔ˘Ó ·ÏÁfiÚÈıÌÔ˘˜ ÁÂÈÙÔÓÈÎ‹˜ ·Ó·˙‹ÙËÛË˜, ·˘Í¿ÓÔ˘Ó ÙËÓ ·Ó·˙‹ÙËÛË, ÂÓÒ Ë ÂÍÂÏÈ-
ÎÙÈÎ‹ ‰È·‰ÈÎ·Û›· ‰ÈÂ˘ÎÔÏ‡ÓÂÈ ÙËÓ ·ÔÙÂÏÂÛÌ·ÙÈÎ‹ Û˘ÓÂ¯‹ ‰È·ÊÔÚÔÔ›ËÛË ÙˆÓ Èı·-
ÓÒÓ Ï‡ÛÂˆÓ ÙÔ˘ ÚÔ‚Ï‹Ì·ÙÔ˜. ªÂ ÙË ‚Ô‹ıÂÈ· ÙˆÓ ªÈÌËÙÈÎÒÓ ∞ÏÁÔÚ›ıÌˆÓ ÂÈÙ˘Á¯¿-
ÓÂÙ·È Ë ÚÔÛ¤ÁÁÈÛË ÂÎÂ›ÓÔ˘ ÙÔ˘ Û˘Ó‰˘·ÛÌÔ‡ ÙÈÌÒÓ ÈÛ¯‡Ô˜ ¤ÙÛÈ ÒÛÙÂ Ó· ¤¯Ô˘ÌÂ ÙÔ ÂÏ¿-
¯ÈÛÙÔ ÎfiÛÙÔ˜ ·Ú·ÁˆÁ‹˜ ÂÓ¤ÚÁÂÈ·˜. 

∆· ·ÔÙÂÏ¤ÛÌ·Ù· ·fi ÙËÓ ÂÊ·ÚÌÔÁ‹ ÙÔ˘ ÌÈÌËÙÈÎÔ‡ ·ÏÁÔÚ›ıÌÔ˘ ¿Óˆ ÛÙ· ‰Â‰ÔÌ¤-
Ó· ÙÔ˘ ÚÔ‚Ï‹Ì·ÙÔ˜ ·Ó·Ï‡ÔÓÙ·È Î·È Û˘ÁÎÚ›ÓÔÓÙ·È ÌÂ ·˘Ù¿ Ô˘ ÚÔÎ‡ÙÔ˘Ó Î·Ù¿ ÙËÓ
Â›Ï˘ÛË ÙÔ˘ ›‰ÈÔ˘ ÚÔ‚Ï‹Ì·ÙÔ˜ ÌÂ ÙËÓ ÂÊ·ÚÌÔÁ‹ ÙÔ˘ ·ÏÁÔÚ›ıÌÔ˘ ‚ÂÏÙÈÛÙÔÔ›ËÛË˜
ÛÌ‹ÓÔ˘˜ ÌÔÚ›ˆÓ. 

Key Words: Economic Load Dispatch, evolutionary algorithms, memetic algorithms. 

1. Introduction

Many power system optimization problems, including that of the Economic Load
Dispatch (ELD) problem, have complex and non-linear characteristics and carry
constraints of equality and inequality. During the past decades, the solution to this
problem was performed through complex mathematical methods. An alternative solution
to the ELD problem, in contrast with classic mathematical methods is that which
originates from heuristic optimization techniques such as genetic algorithms, simulated
annealing, Tabu search and Particle Swarm Optimization (PSO) algorithms.

Memetic algorithms (MAs) are a category of metaheuristic algorithms that
successfully solve problems of combinational optimization (Gnanadass et al., 2004).
Memetic algorithms are also known as "Hybrid Genetic algorithms", as they combine
heuristic methods of local search with crossover operators or "Genetic Local searchers"
(Gnanadass et al., 2005).

Memetic algorithms produce results faster than genetic algorithms. Their success is
mainly due to the exploratory capabilities of genetic algorithms, as well as those
attributed to the use of the local search method. They usually combine local search with
the crossover procedure (Proenca et al., 1999).
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This paper includes the following sections:

- Section 2: Short introduction to memetic algorithms;

- Section 3: Formulation of the problem;

- Section 4: Memetic algorithm for solving the ELD problem;

- Section 5: Case study; 

- Section 6: Conclusions. 

2. Memetic Algorithms: A Short Introduction

Memetic algorithms belong to the field of metaheuristic algorithms, yet they are a
composite of heuristic and evolutionary algorithms that include elements that imitate
biology principles, as well as social actions. They perform searches using a population of
solutions rather than a single solution. The computational time for executing a memetic
algorithm is larger than that of a heuristic algorithm, but the anticipated results are of
better quality than those of a heuristic or evolutionary algorithm.

2.1. Main Characteristics of Memetic Algorithms

The main characteristics of a memetic algorithm are as follows (Digalakis, 2005):

– Population. One of the fundamental characteristics of a memetic algorithm is
population size (Moscato, 1999), which constitutes an important evaluation criterion for
exploring the solutions. The individuals that make up the population and exchange
information in a memetic algorithm are termed as "parents", while the individuals that have
recently been created or modified are termed as "children". Each individual of a population
represents a possible solution to the problem. The size of the population can be either
constant or variable during the search. The information exchange mechanisms are the
operators of recombination and mutation, as well as local search techniques (Moscato, 1999).

During the execution of a memetic algorithm, information regarding the progress of
the population thus far is most important. This information represents the knowledge
which sets the rules of evolution for the population and is collectively termed as the
population’s "history". The population’s "history" is the piece of information that is given
at evolution’s disposal and is used at the stage of selection, which is based on the quality
of individuals. Local search contributes to finding the best individuals for recombination
and mutation. Following the execution of a local search, the population’s "history" is
updated and recombination and mutation take place next, through which the structure of
individuals is disrupted providing further possibilities for exploration of the search space
(Digalakis, 2005). 
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Memetic algorithms do not just use random rules but also take into account
information that they acquire during the exploration of the viable space. Hence, the steps
are not fully random but adaptable to new circumstances.

– Coding. Every solution is codified into a string. The solutions that represent
individuals in a memetic algorithm are not maintamed in their original form, but in a
codified format so that they simulate chromosomes, which hide coded characteristics of an
individual. In this manner, genetic operators, such as reproduction, can be applied to the
codified solutions. 

There are various methods for representing memetic algorithms, such as binary
strings, Gray coding and real coding.

Real coding improves memetic algorithm performance for applications that involve
continuous variables, and for which finding a solution with great accuracy is required
(Lozano et al., 2004). 

– Recombination. In memetic algorithms, recombination is the operator that which
with a Pc probability select two parents from a population and then recombines them in
order to create two individuals. 

The mechanism of recombination is not applied to all pairs that have been selected for
reproduction. The usual values for the recombination probability are Pc � 0.60 (Radcliffe
and Surry, 1994) and Pc � [0.75,…,0.95] (Jog at al., 1989).

– Mutation. The mutation operator in memetic algorithms changes certain bits of
individuals by reversing them. The probability of mutation Pm� [0,1] per bit is usually
very small in memetic algorithms (Digalakis, 2005). 

The mutation mechanism assists the memetic algorithm in avoiding local extrema,
providing an additional randomness component for the evolution process (Merz, 2001). 

In the case that the optimum solution has been determined fairly well, the mutation
operator creates slight disturbances in the local optimum region thus accelerating
convergence.

– Neighborhood Function. The neighborhood is defined as the group of individuals
that belong within the boundaries of a geometric shape with the original parent at its
center (Digalakis, 2005). The wealth of individuals that exchange information in the case
of a memetic algorithm is of great value. The plurality of these individuals depends on the
neighborhood function 

N : P → (P)

The neighborhood function assigns a subgroup P to every individual X. An operator
that is applied to an individual X�P can be run on another individual that is selected
from N(x). In a memetic algorithm the search space is defined, based on the neighborhood
function, as 

��P, N(x)�x � P
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– Replacement Methods. The evolution of a population within series of generations
(repetitions). We use the full replacement model (Merz, 2001) in the case when the whole
population is replaced by a single generation, yet in the case when part of the population
is replaced we use the consistent replacement model (Merz, 2001).

– Local Search Methods. By contrast to evolutionary algorithms, memetic
algorithms have the ability to locate the global optimum within a relatively small number
of repetitions. In evolutionary algorithms, the process for finding the global optimum is
slow because there always exists a random factor. Using the local search method
(simulated annealing, Tabu search) before the stage of recombination or mutation, as well
as during the population initialization, the algorithm is aided in finding the local optimum
(Merz and Freisleben, 2000). Using guided local search, the entrapment of the memetic
algorithm in local minima is avoided. 

In figure 1, the pseudo code of the memetic algorithm is given.

Figure 1: Pseudo code of memetic algorithm.

Procedure MA;
Begin

For j:=1 to popsize do

i:=generateSoluution();
i:=Local-Search(i); 
Add individual i to P;

endFor;

repeat

For i:=1 to recombinations do

Select two parents i·, ib�P randomly ;
ic:=Recombine(i·, ib);
ic:=Local-Search(ic);
add individual ic to P;

endFor ;

For i:=1 to mutations do

Select an individual i� P randomly ;
im:=Mutate(i); 
im:=Local-Search(im);
Add individual im to P ;

endFor;

P:=select(P);
If P converged then P:= mutateANDLS(P);

Until terminate=true;
End ;
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3. Formulation of ELD Problem

The goal of the Economic Load Dispatch problem is to achieve optimal electric power
production in conjuction with minimilization of the production unit’s (generator’s)
function costs, while keeping equality and inequality restrictive conditions satisfied. 

The objective function that describes the ELD problem is:

min�
n

i�1
Fi(Pi) � min�

n

i�1
(ai � biPi � ciPi

2) (1) 

when

�
n

i�1
Pi � PD (2)

Pi,min � Pi � Pi,max (3)

where 

n is the number of production units (generators)

Pi is the output power of the i-th unit (generator) in MW,

Fi(Pi) is the hourly production of Pi MW measured in euros per month,

Pi,min is the minimum power limit of the i-th unit (generator) in MW,

Pi,max is the maximum power limit of the i-th unit (generator) in MW,

PD is the overall load demand in MW,

and

ai, bi, ci are the cost coefficients of the i-th production unit (generator).

4. Memetic Algorithm for Solving the ELD Problem

In order to minimize the overall function cost of the production units (generators),
Equation (1), with the help of a memetic algorithm, we implement the steps below which
we analyze in the following section:

Step 1: Data representation

Step 2: Formulation of initial population

Step 3: Population optimization

… Begin of repetitive process

Step 4: Selection of population

Step 5: Execution of recombination

Step 6: Population optimization
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Step 7: Execution of mutation operator 

Step 8: Population optimization

… End of repetition

4.1 Data Representation

The main characteristics of the problem that need to be numerically represented are
the number of production units (generators), the power produced by each unit (generator)
and the population (chromosomes) data that define the presumed solutions to the
problem. For our convenience, we have chosen to express the power produced by each
unit (generator) using real numbers.

A supposed solution to the problem will be of the form:

Xj � [Pj1 , Pj2 ,...,Pjn] (4)

where 

j  is the number of the chromosome or alternatively the number of the respective possible
solution to the problem, while j � [1, N].

The initial possible solutions are given in the form of a matrix j � i, where
chromosomes are arranged in j rows and the various values of produced power, that need
to be evaluated and combined (with each other) in order to minimize the overall function
cost of the units (generators), are arranged in i columns.  

The initial solutions are represented by the following matrix:

M � � �
4.2 Population Initialization

Finding the initial possible solutions to the problem that will form the beginning of the
memetic process is achieved with the help of the rand function of MATLAB. According
to this function, the presumed initial solutions are random selections of real values for the
power of each unit (generator), within a range of values that we define.

In this program, population-initial is the function that is responsible for data
initialization and uses as input arguments the overall power demand and population size.
The population-initial function outputs the initial population that we desire to optimize

P11

P21

...

PN1

P12

P22

...

PN2

P13

P23

...

PN3

...

...

...

...

P1n

P2n

...

PNn
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(Viana et al., 2002). The size of the population is given within the function with the
argument pop-size, and therefore we end up with matrix M of initial solutions with a
number of rows N � pop-size and n columns that correspond to n power production units
(generators). The size of the population we select is of order 1.5 to 3.5 times the total
number of variables. We then enter the limits of the power values of each production unit
(generator) (Pi,min and Pi,max).

Through executing the program (or software) a matrix pop-size � n is produced with
completely random values for power Pi. The above matrix does not satisfy the problem’s
demands (constraints of equality and inequality). Moreover, it is necessary that the sum
of powers produced by each production unit (generator) is equal to power demand, while
every production unit (generator) must function within the limits [Pi,min, Pi,max].

We can satisfy the restrictive condition of inequality of implementing a repetitive
procedure during initialization for the first n-1 production units (generators) (Park et al.,
2003). Each time a value occurs, we check whether it lies within the acceptable limits and
either accept it if it does, or we repeat the initialization process until we get the desired results. 

Since we require that the constraint expressed by equation (2) is not violated, for
practical reasons, the output power of the n-th unit (generator) value is calculated, if we
subtract the sun of the power produced from the first n-1 production units (generators)
from the overall power demand:

Pn�1 �PD � �
n�1

i�1
Pi (5)

Using equation (5) might give us an unacceptable value for the n-th production unit
(generator), a value which is therefore rejected. The repetitive procedure is in that case
applied, which stops when the above initial values satisfy both constraints (2) and (3).

4.3 Population Optimization

In this section, we describe the third step of the algorithm that includes the optimization
of the initial solutions. Our goal is to reach the same number of solutions but with values of
the objective function, that describes the given problem, that are smaller than the respective
values of the solutions of step 2. The method that is used is the local search method which is
an integral part of every memetic algorithm and is based upon finding the neighboring set
of the initial possible solution to the problem. The local search procedure is as follows:

Suppose N(s�) is the neighboring set we are looking for and X�j � N(s�) is the
neighboring solution of the solution Xj . The value of the power P�ji of every neighboring
chromosome X�j arises if we add a Gaussian random variable with a zero mean and
standard deviation Ûi , to the value of the power Pji of every production unit (generator)
of the initial chromosomes. The standard deviation of the above variable is dependent
upon the particular characteristics of each production unit (generator). 
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If 
X�j � [P�j1, P�j2, ..., P�j6]

is a point with N(s�) , then each variable Pji can be found as follows:

P�ji � Pji � Ûi 	 N(0, 1) (6)
where

j � 1,...,N and i � 1,...,n 

Term N(0, 1) defines a Gaussian random variable with a zero-mean and unit standard
deviation. 

In equation (6), standard deviation is given by the formula (Jayabarathi et al. 2000):

Ûi � ‚ 	 (Pi,max � Pi,min) (7)

where 

fmin is the minimum value of the objective function among ¡ different solutions of the
population, 

‚ is a weight operator that determines convergence, and 

fi is the objective function value of production unit (generator) i of chromosome j.

The size of the weight operator is determined according to how different we want
neighbouring chromosomes to be from their respective initial ones.

As in step 1, we need to create chromosomes that satisfy constraints (2) and (3),
respectively. Since the Gaussian variable is random, it is very possible that the above
restricting conditions are being violated. In order to satisfy the constraints of the
problem, we initially compute the values that emerge for the n�1 production units
(generators) of each chromosome. 

Suppose that for the first chromosome, we have computed values P�11, P�12, P�13 ,...,P�1n�1.
If the aforementioned values lie within the limits Pmin and Pmax, then they are accepted and
the value P�1n is computed next, meanwhile controling in a similar manner as presented in
step 1, for the inequality constraint, thus ensuring the overall power demand for the system. 

If a certain value of the n�1 production units (generators) does not lie within the
power limits, then we examine whether this violation occurs below the Pmin value or
above the Pmax value. 

Therefore:
If Pji 
 Pi,min, then Pji � Pi,min and 

If Pji � Pi,max, then Pji � Pi,max

Next, we compute the power value of the n-th production unit (generator) using
equation (5), and the algorithm continuous repetitively until we end up with neighbouring
chromosomes that satisfy the problem’s constraints and have objective function values
less than those of the chromosomes acquired in the early phase.

fi
�
fmin
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4.4 Population Selection

Since we have optimized the calculated random initial solutions with the help of local
search, the algorithm continues to run evaluating and selecting the solutions that
originated from step 3. 

In this fourth step, we implement a selection method to evaluate which chromosomes
are able to continue through the evolutionary procedure and to reject those unable to do
so.

Able chromosomes are termed as "parents", to which evolution operators will be
applied and will thus give "offspring".

Two of the most well-known selection techniques that are used in evolutionary
algorithms are the roulette technique and the tournament technique (Srinivas and Patnaik,
1994). 

The tournament technique is the method used for this project in order to select the
parents amongst the chromosomes. 

We select a random number k within the interval [0,..., pop-size], where the pop-size
parameter indicates the size of the population. We then select k chromosomes, which we
compare to each other and only the one with the best suitability, meaning the least
objective function value, passes on to the next generation. The above procedure occurs
repetitively and, hence, some of the chromosomes will disappear, while others will appear
more than once in the new population, since the population size remains fixed. 

For our case study, we chose k�2. We, therefore, compare chromosome pairs and the
process ends when the number of repetitions equals the population size.

4.5 Execution of Recombination Operator

Following the selection of the population, the recombination operator is executed
next. For its execution, two or more solutions/chromosomes are required from whose
recombination. We will end up with two or more new chromosomes.

The recombination operators constitute the procedure through which a set of
chromosomes ("parents") is modified so that another set of chromosomes termed as
"offspring", arises that inherits all the characteristics of the parents. 

We use as recombination operator the method of single-point crossover. 
If the electrical power production system consists of six units (generators), the length

of the multivariable, which is termed as chromosome, is ��6. We randomly select
crossover points that take on values in the interval [1,..., ��1]. The probability is the
same for any value in the internal [1,..., ��1] these points take on.

Nonetheless, chromosome crossover  (Ouiddir et al., 2005) does not always occur.
Even though the parents we have selected for crossover have emerged from step 4 of the
algorithm and are considered the appropriate chromosomes for the task, we do not wish
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that the whole population be subjected to crossover, since that would be ineffective.
We create random numbers within the interval [0, 1] as many as the number of

chromosomes. Each number created corresponds to a chromosome. We then assign a
crossover ratio which for the current project is determined by the Pr-cross variable and is
equal to 0.7. We select a chromosome pair each time, and to each chromosome of the pair
selected a number form the [0, 1] interval is assigned. If this number is greater or equal to
Pr-cross, the chromosome is selected for crossover, otherwise it is rejected.

For the current case-study, we have six production units (generators); therefore we
have the following two parents:

X1 � [P1, P2, P3 , P4, P5, P6]

X2 � [P�1, P�2, P�3, P�4, P�5, P�6]

We choose two random numbers within the [1, 6] interval, for example 2 and 4. Hence:

X1 � [P1, P2, // P3 , P4, // P5, P6]

X2 � [P�1, P�2, // P�3 , P�4, // P�5, P�6]

If the above chromosomes correspond to numbers greater or equal to Pr-cross then
during crossover, we have the exchange of the common segment between the
chromosomes resulting in the following new chromosomes (offspring):

X�1 � [P1, P2, // P�3, P�4, // P5, P6]

X�2 � [P�1, P�2, // P3, P4, // P�5, P�6]

As in the previous steps, in the recombination procedure the new chromosomes arise
through a repetitive process. No one can guarantee through that these new chromosomes
do not violate restrictive conditions (2) and (3) of the problem. The procedure that is used
in order to satisfy the restrictive conditions of equality and inequality of the problem is
the same as that used in step 3.

Thus, by interrupting the repetitive process when we reach an equal number of
offspring as parents, we have the population that will continue the evolutionary process.

4.6 Execution of the Mutation Operator

Having executed the recombination operator, the memetic algorithm subjects the
offspring that have arisen to optimization, so that emerging chromosomes have
objective function values smaller than the respective values of any population that
emerged thus far.

As already mentioned in step 3, the rate at which population optimization takes place
must be small since we do not want the chromosomes that emerge to have lost their basic
properties.
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Moreover, the crossover procedure to which the population is subjected in step 5 leads
to a better population in the end, as does optimization in step 6, yet the main goal is the
exchange of information between chromosomes and so the differentiation of the objective
function is not especially distinct.

The mutation that takes place in step 7 is especially and objectively meant to
differentiate the chromosomes from each other, and hence cause significant changes to the
objective function that will more objectively approach the purpose of the problem.

Through the execution of an operator, the mutation process is applied to the
chromosomes’ variables, so that new chromosomes will emerge carrying different pieces of
information. The operator used is the same we introduced in step 3 for finding the
neighbouring set of the respective population (Wong and Yuryevich, 1998), Equations (6)
and (7).

One could claim that the mutation process is the same as the process for finding a
neighbouring set in step 3. Our utter goal is to find a population with considerably different
chromosome objective function values. The first important difference when compared to
step 3 is that coefficient ‚ that determines the pace of change is greater than that used for
finding the neighbouring set and thus than that used in the local search method. As a result,
chromosomes arise that at no previous step of the algorithm but even at none of the
repetititions did they belong to the field of attraction of chromosomes that resulted from
local search.

Coefficient ‚ plays a very important role in results convergence. Next in the process
we are called upon to deal with the violation of restrictive conditions (2) and (3) of the
problem.

Just as in previous steps, the manner in which we ensure that equality and inequality
constraints are satisfied is the same as the one initially presented during the population
optimizitation and the local search method process.

The algorithm closes with yet another population optimization that results from the
execution of the mutation operator.

The number of step repetitions is used as a criterion to terminate the algorithm. A size
of 15 to 20 (Park et al., 2003) repetitions is enough in order for us to get the desired
results.

5. Case Study

Suppose we are called upon to solve the Economic Load Dispatch proble of six
generators, whose characteristics are given in Table 1. Coefficients ·i , bi and ci are the fuel
consumption coefficients.

Suppose that these generators are expected to cover an overall power demand 
PD � 1680 MW.
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Table 1: Generator characteristics

The memetic algorithm that is used to solve our problem is run within the Matlab
environment.

For an initial population size equal to 14 and overall power demand PD � 1680MW,
the initialization function gives the initial population presented in Table 2.

Table 2: Initial population

We notice that the chromosome random variable lie within the limits defined by
equation (3) for each production unit (generator). In the last column, the sum PD for each
population snap-shot is recorded and we notice that the sum for all 14 chromosomes is
1680 MW, just as constraint (2) demanded.

Following 11 repetitions of the memetic algorithm, convergence occurs which is
shown in figure 2. In Table 3, the best chromosome is presented, meaning listed are those
generator values, whose combination minimizes the function cost of the production units
(generators).
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Table 3: Best chrosome achieved at 11th Memetic Algorithm Repetition

Figure 2: Convergence of memetic algorithm for the ELD problem 

after 11 repetitions.

Running the memetic algorithm to solve the ELD problem, we notice that greatly
influences the convergence of the algorithm is the selection of factor ‚ of the Gauss method
during the mutation process. In Figure 3, the change in convergence of the memetic
algorithm is given with respect to Gaussian operator ‚ during the mutation process.
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Figure 3: Change in convergence of memetic algorithm with respect to the Gaussian ‚ operator

during the mutation process.

In table 4, the ranges of values are given for the parameters that are used for the
memetic algorithm.

Table 4: Range of values for parameteres of Memetic Algorithms used for solving 

the ELD problem.
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In Figure 4(a), (b) a comparison between the solution to the ELD problem using a PSO
algorithm and a Memetic algorithm (MA), respectively is presented.

Figure 4: Comparison between the solution to the ELD problem using a PSO algorithm (a) and

a Memetic algorithm (b).

The smallest objective function value is achieved after the 4th repetition of the
memetic algorithm, for which 14 chromosomes were used, with crossover ratio equal to
0.7, mutation rate equal to 0.6 and a mutation coefficient of 0.3.

6. Conclusions

In this article, we used the memetic algorithm to solve the Economic Load Dispatch
Problem in the particular care of six production units (generators). The results were
compared to the respective ones from running the PSO algorithm. In the case of running
the memetic algorithm, the best results are achieved, while the population size that tends
to convergence must be on one hand fairly large in order to ensure the credibility of the
results and the other hand small enough so as to avoid large computational time.

The selection of the Gaussian ‚ coefficient is of outmost importance to the
convergence of the memetic algorithm.

Finally, the number of repetitions changes in an inversely proportionate manner to
the convergence speed and thus to the ‚ Gaussian coefficient.
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™ÙËÓ ÂÚÁ·Û›· ·ÚÔ˘ÛÈ¿˙ÂÙ·È ÌÈ· ÚˆÙfiÙ˘Ë Ì¤ıÔ‰Ô˜ ·˘ÙfiÌ·ÙË˜ Û‡Ó‰ÂÛË˜ ÙÔ˘
˘ÔÏÔÁÈÛÙÈÎÔ‡ ÌÔÓÙ¤ÏÔ˘ ÌÂ ÙËÓ “Ú·ÁÌ·ÙÈÎ‹” ÙÚÈÛ‰È¿ÛÙ·ÙË ÁÂˆÌÂÙÚ›· ÂÓÙfi˜ ÂÓfi˜ Û˘-
ÛÙ‹Ì·ÙÔ˜ Û¯Â‰›·ÛË˜ CAD, Î¿ÓÔÓÙ·˜ ¯Ú‹ÛË ÙË˜ NURBS-BREP ·Ó··Ú¿ÛÙ·ÛË˜ ÙˆÓ
Û‡Á¯ÚÔÓˆÓ ÛÙÂÚÂÒÓ ÌÔÓÙÂÏÔÔÈËÙÒÓ. ∏ ÂÊ·ÚÌÔÁ‹ ÙË˜ ÌÂıÔ‰ÔÏÔÁ›·˜ ¤ÁÈÓÂ ÛÂ ÛÙÔÈ¯Â›·
‰ÔÎÒÓ (beams) ÌÂ ÌÂÙ·‚·ÏÏfiÌÂÓË Î·Ù¿ ÙÔ Ì‹ÎÔ˜ ÙÔ˘ ÊÔÚ¤· Ù˘¯Ô‡Û· ‰È·ÙÔÌ‹, Î·Ù¿ Ù¤-
ÙÔÈÔ ÙÚfiÔ, ÒÛÙÂ Ó· Â›Ó·È ‰˘Ó·Ù‹ Ë ·˘ÙfiÌ·ÙË ·Ú·ÁˆÁ‹ ÙÔ˘ ·ÓÙ›ÛÙÔÈ¯Ô˘ ˘ÔÏÔÁÈÛÙÈ-
ÎÔ‡ ÌÔÓÙ¤ÏÔ˘ ÛÙËÓ ÔÏ‡ Û˘Ó‹ıË Û‡ÓıÂÙË Î·Ù·fiÓËÛË ÏÔÍ‹˜ Î¿Ì„Ë˜ Î·È ÛÙÚ¤„Ë˜ Ï·Ì-
‚¿ÓÔÓÙ·˜ ˘fi„Ë ÙÈ˜ ··Ú·›ÙËÙÂ˜ ·Ú·‰Ô¯¤˜. ª¤Ûˆ ÙË˜ ·Ó·Ù˘¯ıÂ›Û·˜ ÌÂıfi‰Ô˘ ÂÈ-
Ù˘Á¯¿ÓÂÙ·È Ë ¤ÓÙ·ÍË ÙË˜ ˘ÔÏÔÁÈÛÙÈÎ‹˜ ‰È·‰ÈÎ·Û›·˜ ÂÓÙfi˜ ÙÔ˘ Û˘ÛÙ‹Ì·ÙÔ˜ Û¯Â‰È·ÛÌÔ‡
CAD ¯ˆÚ›˜ ÙË ¯Ú‹ÛË ÂÍˆÙÂÚÈÎÒÓ ˘ÔÏÔÁÈÛÙÈÎÒÓ ÂÚÁ·ÏÂ›ˆÓ ÌÂ ·ÔÙ¤ÏÂÛÌ· ÙËÓ ·‡ÍË-
ÛË ÙË˜ ·Ú·ÁˆÁÈÎfiÙËÙ·˜ ÛÙË Û¯Â‰È·ÛÙÈÎ‹ ‰È·‰ÈÎ·Û›·.

°È· ÙÔ ·Ú·ÁfiÌÂÓÔ ˘ÔÏÔÁÈÛÙÈÎfi ÌÔÓÙ¤ÏÔ ·Ó·Ù‡¯ıËÎÂ ÌÂıÔ‰ÔÏÔÁ›· ·˘ÙfiÌ·ÙÔ˘
ÚÔÛ‰ÈÔÚÈÛÌÔ‡ ÙË˜ Û˘ÁÎÚÈÙÈÎ‹˜ Ù¿ÛË˜ Ûv, ÁÈ· ÔÔÈÔ‰‹ÔÙÂ ÛËÌÂ›Ô ÙË˜ Î·Ù·ÛÎÂ˘‹˜, Ë
ÔÔ›· Â›Ó·È ··Ú·›ÙËÙË ÁÈ· ÙËÓ ÂÎÙ›ÌËÛË ÙÔ˘ Û˘ÓÙÂÏÂÛÙ‹ ·ÛÊ·ÏÂ›·˜ ÙË˜ Î·Ù·ÛÎÂ˘‹˜,
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Î·ıÒ˜ Î·È ÁÈ· ÙÔÓ ÚÔÛ‰ÈÔÚÈÛÌfi ÙÔ˘ ÛËÌÂ›Ô˘ Â› ÙÔ˘ ÔÚ›Ô˘ ÙË˜ ÂÎ¿ÛÙÔÙÂ ‰È·ÙÔÌ‹˜ ÛÙÔ
ÔÔ›Ô Ë Ûv Ï·Ì‚¿ÓÂÈ ÙË Ì¤ÁÈÛÙË ÙÈÌ‹ ÙË˜. √ ˘ÔÏÔÁÈÛÌfi˜ Á›ÓÂÙ·È ÌÂ ¯Ú‹ÛË ·Ó·Ï˘ÙÈÎÔ‡
˘ÔÏÔÁÈÛÌÔ‡ ÛÂ Û˘Ó‰˘·ÛÌfi ÌÂ ÙË Ì¤ıÔ‰Ô ÙˆÓ ÔÚÈ·ÎÒÓ ÛÙÔÈ¯Â›ˆÓ (Boundary Element
Method). ∏ ·ÚÈıÌËÙÈÎ‹ ·˘Ù‹ Ì¤ıÔ‰Ô˜ ÂÂÏ¤ÁË, ÂÂÈ‰‹ ÂÎÙfi˜ ·fi ÙÔ ÏÂÔÓ¤ÎÙËÌ· ÙË˜
˘„ËÏ‹˜ ·ÎÚ›‚ÂÈ·˜, ·ÚÔ˘ÛÈ¿˙ÂÈ Î·È ÙÔ ÏÂÔÓ¤ÎÙËÌ· Û˘Ì‚·Ù‹˜ ÂÚÈÁÚ·Ê‹˜ ÙË˜ ··È-
ÙÔ‡ÌÂÓË˜ ˘ÔÏÔÁÈÛÙÈÎ‹˜ ÁÂˆÌÂÙÚ›·˜ ÌÂ ÙË ÁÂˆÌÂÙÚÈÎ‹ ·Ó··Ú¿ÛÙ·ÛË ÙÔ˘ Û¯Â‰È·˙fiÌÂ-
ÓÔ˘ ·ÓÙÈÎÂÈÌ¤ÓÔ˘ ÛÙÔ Û‡ÛÙËÌ· CAD. ¶·ÚÔ˘ÛÈ¿˙ÂÙ·È ·Ó·Ï˘ÙÈÎ¿ Ô ÙÚfiÔ˜ ·˘ÙfiÌ·ÙË˜
ÌÂÙ¿‚·ÛË˜ ·fi ÙË “Û˘ÓÂ¯‹” ÁÂˆÌÂÙÚ›· ÙÔ˘ CAD ÌÔÓÙ¤ÏÔ˘ ÛÙ· “‰È·ÎÚÈÙ¿” ÛÙÔÈ¯Â›· ÛÙ·
ÔÔ›· ‚·Û›˙ÂÙ·È Ë ·ÚÈıÌËÙÈÎ‹ ˘ÔÏÔÁÈÛÙÈÎ‹ Ì¤ıÔ‰Ô˜ BEM, ‰ÔÎÈÌ¿˙ÔÓÙ·˜ ·Ó¿ÌÂÛ· ÛÂ
¿ÏÏ· Î·È ÂÚÁ·ÏÂ›· ‚ÂÏÙÈÛÙÔÔ›ËÛË˜. 

Abstract

In this paper a novel method for automatically connecting the computational model
to the “real” 3D geometry inside a CAD design system, using the NURBS-BREP
representation of modern solid modelers is been realized. The way to extract the
information needed for the stress calculations from the 3D-CAD-geometry is shown. The
method is to be used on beamlike mechanical parts of arbitrary cross-sections, which can
also change along the beam. Through the presented method, redundant data collection is
avoided, since the beam stress calculation is executed in the CAD-System environment in
contrast to the conventional use of an external strength calculation module.

A methodology was developed for the automatic determination of the equivalent
stress Ûv, on any point of the construction, which is essential to obtain the construction’s
safety factor, as well as for the determination of the exact point on the cross section
boundary, where Ûv takes its maximum value. The calculation is conducted by using a
combination of analytical method together with the Boundary Element Method (BEM).
The latter, besides the increased accuracy advantage it offers, provides also the advantage
of description compatibility with the required computational geometry by geometrically
representing the object being designed in CAD. The automatic transition from the
continuous CAD geometry to the discrete elements, on which the numerical calculation
method is being based, is analytically presented, together with optimization tools used to
achieve this goal. 

Introduction

In the construction industry there is increasing demand for construction performance
evaluation to be included as an integral part of the design process, using simulation
analyses. When designing a construction using a CAD/CAE system, it is useful for the
engineer to be able to perform stress analysis calculations inside the integrated design
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environment of the CAD system he already uses, without there being need for recourse
to additional computer tools. Hence emphasis is placed upon the computational analysis
of a structure to constitute an active component of the design process. The above may be
implemented if modern design, calculation and simulation CAD/CAE tools cooperate
uninterruptedly in order to avoid as much as possible double work, while data collected
once in the system database can be used throughout the entire range of the product design
phases.

Studying and processing complex geometric models using arithmetic analysis codes to
establish their mechanical properties definitely requires a first simplification of the model.
Despite the existence of powerful CAD-geometry processing algorithms, its
uninterrupted use for stress analysis calculations continues posing problems. 

Alongside with the widely used Finite Element Method (FEM), the Boundary
Element Method (BEM) is also used to analyze constructions. Among others, it presents
the advantage of compatibility in describing the required computational geometry using
the geometrical representation of the object being designed in the CAD system.
Although BEM analysis offers increased accuracy in many construction calculation
problems, and in particular in stress analysis [7], there are very few computation codes
that have gone beyond research and are not yet widely used in the industry, while its
direct relation to CAD systems, although it offers significant advantages, has not yet
matured.

The aim of this research program was the development of an original method for
automatically creating a computational model inside a CAD design system, using the
NURBS-BREP geometric representation of modern solid modelers. This method is
applied to strength analysis for general beam elements with random cross sections.

Geometric modeling in the CAD system 

In modeling 3D geometry the method used to store information and in general the
management of the geometric model during the design phase play an important part. It is
upon these that access to geometric data and the possibility of making changes to it
depends, in order to create the respective computational model which will in this case
cooperate uninterruptedly with the geometry form required by the calculation method
presented above.

3D CAD systems have various geometric model management philosophies. The object
description method selected as the basis for this paper is to describe an object using some
type of a CSG type “construction history” tree, where objects are a result of an addition,
extrusion, linear and rotational scanning operations sequence, as well as of set operations
(union, disjoint union, intersection) in the form of parametric features, such as for instance
bolts, holes, threadings and other construction elements. Such elements constitute an
assembly described in BREP format, where curves and parametric surfaces are described
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using NURBS analytical equations and splines. NURBS geometry description provides the
advantage of immediate use to generate the computational model for BEM calculation. In
this way, the methodology being presented can directly cooperate with the geometric cores
used by the most important solid modelers of today’s CAD systems.

Analyzing and generating a computational model

The first step in creating the computational model is the reverse redesign of the cross-
sections along the structure, in a way to be usable according to the stress analysis
calculation needs. For preservation of the method generality and its ability to analyze the
3D solid model, we consider that the processed cross-sections, result by sectioning the
solid model using perpendicular surfaces. This way ensures the possibility of integrating
stress analysis of arbitrary beam calculations in the CAD system. On the contrary,
existing methods require a constant cross-section along the beam, which is stored from
the very beginning in the CAD database, providing thus the complete cross-section
topology along the beam. 

In order to ensure the advantage of design freedom, in combination with the automatic
creation of the computational stress analysis model, we have to accept the disadvantage of
the topology information loss. The type of consisting elements and their interconnection
is no longer provided for the cross sections. However this information is a basic
component of the BREP object representation. Depending on the type of element (linear,
arc of circle, ellipse or spline), an adequate geometry management is conducted, while
essential topological elements are added in order to obtain the final computational model
on which the stress calculations will be carried out. During the reverse redesign procedure,
each used element type is examined and stored for all cross-sections. Through a repetitive
procedure, the starting and ending point of each element in right handed direction is being
stored, providing a list of all used elements. This list is essential for the later process of new
nodes addition for the stress calculation needs that are presented below. 

We consider a beam shaped solid model with random cross section designed by using
a 3D CAD system. Our goal is to calculate the maximum equivalent stress Ûv(x,y) as well
as its position P(x,y) on the boundary for every cross-section along the beam. For this
calculation, the von Mises equation of combined fatigue in sidelong bending and torsion
will be used. The equivalent stress for a point P(x,y) on the cross-section is 

ÛÓ(x,y) � �Ûb
2(x,y�) � 3Ù�t

2(x,y)� (1)

With bending stress being    Ûb(x,y) � (2)

By taking into account that both bending and torsion stress take their maximum
values along the cross-section boundary, a solution is preferable in which the problem is

(MyIx � MxIxy)x � (MxIy � MyIxy)y����
IxIy � Ixy

2
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reduced by one dimension, thus only along the cross-section boundary. We can search
that point for which 

� 0 (3)

The new parametric variable u that is introduced in equation (2) follows the one-
dimensional coordinates along the cross-section boundary as seen below. 

The numerical solution of equation (2) needs the formation of function Ûv(u) along the
cross-section boundary as following:

ÛÓ(u) � �Ûb
2(u)�� 3Ùt

2�(u)� � max (4)

The distribution of torsion strains as a result of applying a torsion torque on the cross
section boundary shall be calculated for all verticals to the beam cross section where they
shall obtain their higher values.

The use of BEM requires for the purpose of generating the computational model, the
description of the cross section geometry using a suitable number of nodes on its
boundary. To create such nodes, an analysis is performed in the CAD system of the cross
section elements. These may be straight line parts, circle arcs, ellipse sections, splines or
a combination of all of them.

For such geometric elements, their topology is analyzed determining the starting and
ending points Pi(x,y) of each element and these are placed clockwise to generate a closed
cross section. To these parts of the CAD geometry “sides” and depending on the size of

dÛÓ(u)
�

du
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the cross section, a sufficient and adjustable number of nodes is added depending on the
length of the side, for BEM calculation, for the accuracy of results to be acceptable. Each
cross section element (straight line part, circle arc, ellipse, spline) is converted into its
NURBS representation inside the CAD system so that there is a single mathematical
function of the closed cross section. The nodes added may be equidistant amongst them,
or their geometric position may be determined by a function as that for instance suggested
by Sauer [12] where nodes become more dense towards the edges.

Each one of the nodes in the computational model have two degrees of freedom. In
the case of torsion it is strain function º and cross section distortion tangential 

component Át � � . In many cases (i.e. in polygonal cross sections) during the

transition from the one “side” of the cross section to the next one there appear
discontinuity points and the vector that is vertical to the side changes from n1 to n2 (see
Figure 3) resulting in Át not being unambiguously defined in the angle. To face the problem
at such points, a second node is added so that there is a double node for each angle. Such
second node has the same coordinates as the existing node but in the calculation is treated
as independent. 

For BEM resolution linear or circular elements are used depending on the initial CAD
geometry connecting the continuous nodes on the cross section amongst them. Where an
angle between two continuous “sides” of the cross section is ı � 180Æ, then the derivative
of strain function ∂º/∂n at the angle tends towards infinity hence rendering the BEM
calculation impossible. Various methods have been suggested to tackle the problem that
appears when boundary Dirichlet conditions - such as in this case - apply, as is shown for
instance in references [15], [16], [17].

The solution selected is to analyze the cross section in terms of the problematic points
and to automatically change the CAD geometry for the computational model. In the angle
area a suitable conversion of the NURBS-BREP description is made to round the
“problematic” geometry of the computational model. At the rounded points of the cross
section 2nd degree circle arc sections are used, once its geometry has been created, which
depends on the topology of the construction geometric elements in CAD before and after
the “problematic” point.

For the needs of the calculation, the model topology is automatically converted, the
existing straight line boundary elements reduce their length and two 2nd degree circular
boundary elements are inserted amongst them.

Summarizing, we can list the steps towards creating the computational model. Initially
the cross section is redesigned reversely based on CAD geometry. Individual geometric
elements are analyzed and placed and using their NURBS representation, depending on
their length, the additional nodes are determined and placed on the cross section
boundary. At the points where there angles “double” nodes are created, while at those
points where ı<180Ô the geometry is converted in order to enable BEM calculation.

fæ
�
fn

1
�
G∂

82 EÈÛÙËÌÔÓÈÎ‹ EÂÙËÚ›‰· EÊ·ÚÌÔÛÌ¤ÓË˜ ŒÚÂ˘Ó·˜, Vol. XIII, No 1, 2008



Depending on the geometry of the boundary, a combination of linear and circular
boundary elements is used for calculation purposes.

Conclusions

This paper presented a new way of analyzing the geometric model of modern solid
CAD models to obtain the computational model needed for stress analysis calculations.
The used NURBS-BREP representation of the 3D object in CAD presents advantages as
compared to others, because it is compatible with the computational model description
requirements regarding the use of the Boundary Element Method. The boundary is
automatically discretized at the required number of boundary elements by analyzing the
topology of the geometric elements making up the 3D body and the calculation is
automatic providing results of increased accuracy. The method presented for calculating
3D cross sections may be expanded to include 3D bodies where for calculation purposes
the external surface shall be automatically discretized at boundary surface elements.

This paper falls in the scope of the ARCHIMEDES research program cofunded by the
European Union (75%) and the Ministry of Education (25%).

§¤ÍÂÈ˜ ∫ÏÂÈ‰È¿: Computer Aided Design, Computer Aided Engineering, Boundary
Element Method, Stress analysis, ÀÔÏÔÁÈÛÙÈÎ¿ ªÔÓÙ¤Ï·.

1. ∂ÈÛ·ÁˆÁ‹

∏ ÌÂ›ˆÛË ÙÔ˘ Î‡ÎÏÔ˘ ˙ˆ‹˜ ÙˆÓ ÚÔ˚fiÓÙˆÓ Î·È ÔÈ ·˘Í·ÓfiÌÂÓÂ˜ ··ÈÙ‹ÛÂÈ˜ ÛÙË ‚ÈÔ-
ÌË¯·Ó›· ÁÈ· ‚ÂÏÙ›ˆÛË ÙË˜ ÔÈfiÙËÙ·˜ ÌÂ Ù·˘Ùfi¯ÚÔÓË ÌÂ›ˆÛË ÙÔ˘ ÎfiÛÙÔ˘˜ Î·È ÙÔ˘ ¯Úfi-
ÓÔ˘ Û¯Â‰È·ÛÌÔ‡ ÁÈ· Ó· ‚ÁÂÈ ¤Ó· ÚÔ˚fiÓ ÛÙËÓ ·ÁÔÚ¿, Ô‰ËÁÂ› ·Ó·fiÊÂ˘ÎÙ· Î·È ÛÙËÓ ÂÍ¤-
ÏÈÍË ÙˆÓ ÂÚÁ·ÏÂ›ˆÓ ·Ó¿Ù˘ÍË˜ ·˘ÙÒÓ. ∆· ÛÙ¿‰È· ÁÈ· ÙÔ ÌÂıÔ‰ÈÎfi Û¯Â‰È·ÛÌfi ÌÈ·˜ Î·-
Ù·ÛÎÂ˘‹˜ Â›Ó·È Ë ‰È·Û¿ÊËÛË ÙÔ˘ ÚÔ‚Ï‹Ì·ÙÔ˜, Ë Û‡ÏÏË„Ë ÙË˜ È‰¤·˜, Ë Û¯Â‰ÈÔÌÂÏ¤ÙË
Î·È Ë ÂÂÍÂÚÁ·Û›·. [1], [2]. ™Ù· ÙÚ›· ÙÂÏÂ˘Ù·›· ÛÙ¿‰È·, ÛÙ· ÔÔ›· Á›ÓÂÙ·È Ì¤Ûˆ Â·Ó·-
ÏËÙÈÎÒÓ ‰È·‰ÈÎ·ÛÈÒÓ Ë ÌÔÚÊÔÔ›ËÛË (ÁÂˆÌÂÙÚ›·) ÙË˜ Î·Ù·ÛÎÂ˘‹˜, Â›Ó·È ··Ú·›ÙËÙË
Ë ·Ú¿ÏÏËÏË ÂÎÙ¤ÏÂÛË ˘ÔÏÔÁÈÛÌÒÓ ÛÂ ÌÔÚÊ‹ ÚÔ‰È·ÛÙ·ÛÈÔÏfiÁËÛË˜ ‹ ·Ó·Ï˘ÙÈÎÒÓ
˘ÔÏÔÁÈÛÌÒÓ (.¯. Î·Ù¿ Niemann [3]), Â›ÙÂ ˘ÔÏÔÁÈÛÌÒÓ ÌÂ ‚¿ÛË ÌÂıfi‰Ô˘˜ ·ÚÈıÌËÙÈ-
Î‹˜ ·Ó¿Ï˘ÛË˜ ÌÂ ÂÂÚ·ÛÌ¤Ó· ÛÙÔÈ¯Â›· FEM [4], ÔÚÈ·Î¿ ÛÙÔÈ¯Â›· BEM [5] Î·È ¿ÏÏÂ˜
ÏÈÁfiÙÂÚÔ ‰È·‰Â‰ÔÌ¤ÓÂ˜ ÌÂıfi‰Ô˘˜.

∂Èı˘Ì›· Â›Ó·È Ó· ‰›ÓÂÙ·È Ë ‰˘Ó·ÙfiÙËÙ· ¤ÓÙ·ÍË˜ ˘ÔÏÔÁÈÛÌÒÓ ÛÂ fiÛÔ ÙÔ ‰˘Ó·ÙfiÓ
·Ú¯ÈÎfi ÛÙ¿‰ÈÔ ÙÔ˘ Û¯Â‰È·ÛÌÔ‡ ÌÈ·˜ Î·Ù·ÛÎÂ˘‹˜ Î·È Û˘ÁÎÂÎÚÈÌ¤Ó· ÛÙÔ ÛÙ¿‰ÈÔ ÙË˜ Û‡Ï-
ÏË„Ë˜ ÙË˜ È‰¤·˜ ÁÈ· ÙË Ï‡ÛË ÙÔ˘ Î·Ù·ÛÎÂ˘·ÛÙÈÎÔ‡ ÚÔ‚Ï‹Ì·ÙÔ˜ Î·È ÛÙËÓ ÚÒÙË Ê¿ÛË
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ÙË˜ Û¯Â‰ÈÔÌÂÏ¤ÙË˜, fiÔ˘ Î·ıÔÚ›˙ÔÓÙ·È ¯ÔÓ‰ÚÈÎ¿ Ë ÌÔÚÊ‹ Î·È Ë ‰ÔÌ‹ ÙË˜ Û˘ÓÔÏÈÎ‹˜ Î·-
Ù·ÛÎÂ˘‹˜ Î·ıÒ˜ Î·È ÙˆÓ ÂÈÌ¤ÚÔ˘˜ ÂÍ·ÚÙËÌ¿ÙˆÓ. 

™ÙËÓ Î·Ù·ÛÎÂ˘·ÛÙÈÎ‹ ‚ÈÔÌË¯·Ó›· ˘¿Ú¯ÂÈ ·˘Í·ÓfiÌÂÓË Ë ··›ÙËÛË Ó· ÂÚÈÏ·Ì‚¿-
ÓÂÙ·È Ë ·ÍÈÔÏfiÁËÛË ÙË˜ ·fi‰ÔÛË˜ ÌÈ·˜ Î·Ù·ÛÎÂ˘‹˜ ˆ˜ ·Ó·fiÛ·ÛÙÔ ÙÌ‹Ì· ÙË˜ ‰È·‰È-
Î·Û›·˜ Û¯Â‰È·ÛÌÔ‡, Ì¤Ûˆ ·Ó·Ï‡ÛÂˆÓ ÚÔÛÔÌÔ›ˆÛË˜. ø˜ ÂÎ ÙÔ‡ÙÔ˘ ‰›‰ÂÙ·È ÌÂÁ¿ÏË ¤Ì-
Ê·ÛË ÒÛÙÂ Ë ˘ÔÏÔÁÈÛÙÈÎ‹ ·Ó¿Ï˘ÛË ÌÈ·˜ Î·Ù·ÛÎÂ˘‹˜ Ó· ·ÔÙÂÏÂ› ÂÓÂÚÁfi Û˘ÛÙ·ÙÈÎfi
ÙË˜ Û¯Â‰È·ÛÙÈÎ‹˜ ‰È·‰ÈÎ·Û›·˜.

∆· ·Ú·¿Óˆ ÌÔÚÔ‡Ó Ó· ˘ÏÔÔÈËıÔ‡Ó ·Ó Ù· Û‡Á¯ÚÔÓ· ÂÚÁ·ÏÂ›· Û¯Â‰›·ÛË˜, ˘Ô-
ÏÔÁÈÛÌÔ‡ Î·È ÚÔÛÔÌÔ›ˆÛË˜ CAD/CAE Û˘ÓÂÚÁ¿˙ÔÓÙ·È ·ÚfiÛÎÔÙ· ÌÂÙ·Í‡ ÙÔ˘˜ ¤ÙÛÈ
ÒÛÙÂ Î·Ù¿ ÙÔ ‰˘Ó·Ùfi Ó· ·ÔÊÂ‡ÁÔÓÙ·È ‰ÈÏ¤˜ ÂÚÁ·Û›Â˜, ÂÓÒ ‰Â‰ÔÌ¤Ó· Ô˘ Û˘ÏÏ¤ÁÔ-
ÓÙ·È ÌÈ· ÊÔÚ¿ ÛÙË ‚¿ÛË ‰Â‰ÔÌ¤ÓˆÓ ÙÔ˘ Û˘ÛÙ‹Ì·ÙÔ˜, Ó· ÌÔÚÔ‡Ó Ó· ¯ÚËÛÈÌÔÔÈËıÔ‡Ó
ÛÂ fiÏÔ ÙÔ Â‡ÚÔ˜ ÙˆÓ Ê¿ÛÂˆÓ Û¯Â‰È·ÛÌÔ‡ ÙÔ˘ ÚÔ˚fiÓÙÔ˜.

™Ù· Ï·›ÛÈ· ÙÔ˘ Û¯Â‰È·ÛÌÔ‡ ÙË˜ Î·Ù·ÛÎÂ˘‹˜ ÛÂ ¤Ó· Û‡ÛÙËÌ· CAD/CAE Â›Ó·È ¯Ú‹-
ÛÈÌÔ ÁÈ· ÙÔ ÌË¯·ÓÈÎfi Ó· ÌÔÚÂ› Ó· Ú·ÁÌ·ÙÔÔÈÂ› ÙÔ˘˜ ̆ ÔÏÔÁÈÛÌÔ‡˜ ·ÓÙÔ¯‹˜ ÛÙÔ Û¯Â-
‰È·ÛÙÈÎfi ÂÚÈ‚¿ÏÏÔÓ ÙÔ˘ Û˘ÛÙ‹Ì·ÙÔ˜ CAD Ô˘ ‹‰Ë ¯ÚËÛÈÌÔÔÈÂ› ¯ˆÚ›˜ Ó· Â›Ó·È ··-
Ú·›ÙËÙË Ë ÚÔÛÊ˘Á‹ ÛÂ ÚfiÛıÂÙ· ˘ÔÏÔÁÈÛÙÈÎ¿ ÂÚÁ·ÏÂ›·. √È Û‡Á¯ÚÔÓÔÈ ÙÚÈÛ‰È¿ÛÙ·ÙÔÈ
ÌÔÓÙÂÏÔÔÈËÙ¤˜ CAD ‚Ú›ÛÎÔÓÙ·È ÛÂ ˘„ËÏfi ÛÙ¿‰ÈÔ ·fi ÏÂ˘Ú¿˜ ‰˘Ó·ÙÔÙ‹ÙˆÓ ÌÔÓÙÂÏÔ-
Ô›ËÛË˜ Î·È Û‡ÏÏË„Ë˜ ÙË˜ ÚfiıÂÛË˜ ÙÔ˘ Û¯Â‰È·ÛÙ‹ ÁÈ· ÙËÓ Î·Ù·ÛÎÂ˘‹ ÙÚÈÛ‰È¿ÛÙ·ÙˆÓ
·ÓÙÈÎÂÈÌ¤ÓˆÓ Î·È Ô‰ËÁÔ‡Ó ÛÙËÓ ·Ú·ÁˆÁ‹ ¤ÁÎ˘ÚˆÓ ÁÂˆÌÂÙÚÈÎÒÓ ÌÔÓÙ¤ÏˆÓ. 

∏ ÌÂÏ¤ÙË fiÌˆ˜ Î·È ÂÂÍÂÚÁ·Û›· ÔÏ‡ÏÔÎˆÓ ÁÂˆÌÂÙÚÈÎÒÓ ÌÔÓÙ¤ÏˆÓ ÌÂ ÎÒ‰ÈÎÂ˜ ·ÚÈı-
ÌËÙÈÎ‹˜ ·Ó¿Ï˘ÛË˜ ÁÈ· ÙÔÓ ÚÔÛ‰ÈÔÚÈÛÌfi ÙˆÓ ÌË¯·ÓÈÎÒÓ ÙÔ˘˜ È‰ÈÔÙ‹ÙˆÓ, ··ÈÙÂ› ··Ú·›-
ÙËÙ· ÚÒÙ· ÌÈ· ·ÏÔÔ›ËÛË ÙÔ˘ ÌÔÓÙ¤ÏÔ˘. ¶·Ú¿ ÙËÓ ‡·ÚÍË ÈÛ¯˘ÚÒÓ ·ÏÁÔÚ›ıÌˆÓ ÂÂ-
ÍÂÚÁ·Û›·˜ ÙË˜ CAD-ÁÂˆÌÂÙÚ›·˜ ÂÍ·ÎÔÏÔ˘ıÂ› Î·È ·Ú·Ì¤ÓÂÈ ÚÔ‚ÏËÌ·ÙÈÎ‹ Ë ·ÚfiÛÎÔÙË
¯Ú‹ÛË ÙË˜ ÁÈ· ˘ÔÏÔÁÈÛÌÔ‡˜ ·ÓÙÔ¯‹˜. ™ÙË ‚¿ÛË ‰Â‰ÔÌ¤ÓˆÓ ÙÔ˘ Û˘ÛÙ‹Ì·ÙÔ˜ CAD ˘¿Ú¯ÂÈ
ÌÈ· ·ÂÈÎfiÓÈÛË ÙË˜ “Ú·ÁÌ·ÙÈÎ‹˜” ÁÂˆÌÂÙÚ›·˜ ÌÂ ˘„ËÏfi ‚·ıÌfi ·ÎÚ›‚ÂÈ·˜ Î·È Ï‹ÚÔ˘˜ Â-
ÚÈÁÚ·Ê‹˜ ÙˆÓ ÁÂˆÌÂÙÚÈÎÒÓ ÏÂÙÔÌÂÚÂÈÒÓ ÙÔ˘ Û¯Â‰È·˙fiÌÂÓÔ˘ ·ÓÙÈÎÂÈÌ¤ÓÔ˘, ÂÓÒ ÁÈ· ÙÔÓ
˘ÔÏÔÁÈÛÌfi ÌÂ ·ÚÈıÌËÙÈÎ¤˜ ÌÂıfi‰Ô˘˜ Â›Ó·È ··Ú·›ÙËÙÔ Ó· ‰ËÌÈÔ˘ÚÁËıÂ› ¤Ó· ‰È·ÎÚÈÙfi ÌÔ-
ÓÙ¤ÏÔ, ÛÙÔ ÔÔ›Ô ı· Ú¤ÂÈ Ó· ÏËÊıÔ‡Ó ˘fi„Ë Û˘ÁÎÂÎÚÈÌ¤ÓÔÈ Î·ÓfiÓÂ˜ ÁÈ· ÙËÓ ÂÊ·ÚÌÔÁ‹
·ÏÔÔÈËÙÈÎÒÓ ·Ú·‰Ô¯ÒÓ ÛÙËÓ ˘ÔÏÔÁÈÛÙÈÎ‹ ÁÂˆÌÂÙÚ›·, ÒÛÙÂ Ó· ÏËÊıÂ› ·˘ÙÔÌ·ÙÔÔÈ-
ËÌ¤Ó· ÙÔ ÌË¯·ÓÈÎfi ˘ÔÎ·Ù¿ÛÙ·ÙÔ ÙË˜ Î·Ù·ÛÎÂ˘‹˜. ∂ÈÚfiÛıÂÙÔ Úfi‚ÏËÌ· Â›Ó·È ÔÙÈ Ë ‰Ô-
Ì‹ ÙË˜ ÁÂˆÌÂÙÚÈÎ‹˜ ·Ó··Ú¿ÛÙ·ÛË˜ Î·È Ô ÙÚfiÔ˜ ÂÚÈÁÚ·Ê‹˜ ÙˆÓ ÁÚ·ÌÌÒÓ, ÂÈÊ·ÓÂÈÒÓ
Î·È fiÁÎˆÓ ÛÂ ¤Ó· ÙÚÈÛ‰È¿ÛÙ·ÙÔ Û‡ÛÙËÌ· CAD ‰ÂÓ ÂÓ‰Â›ÎÓ˘Ù·È ÁÈ· ¯Ú‹ÛË ÙÔ˘ ÛÂ ÎÒ‰ÈÎÂ˜
·ÚÈıÌËÙÈÎ‹˜ ·Ó¿Ï˘ÛË˜. °È· ÙÔ ÏfiÁÔ ·˘Ùfi Ë Û˘Ó‹ıË˜ Ì¤ıÔ‰Ô˜ Ú·ÁÌ·ÙÔÔ›ËÛË˜ ˘ÔÏÔÁÈ-
ÛÌÒÓ Â›Ó·È Ë ÌÂÙ¿ÊÚ·ÛË ÙË˜ CAD-ÁÂˆÌÂÙÚ›·˜ ÌÂ ‚¿ÛË Î¿ÔÈ· Ù˘ÔÔÈËÌ¤ÓË Îˆ‰ÈÎÔÔ›-
ËÛË fiˆ˜ IGES, VDAFS, ‹ STEP[6]. ™ÙË Û˘Ó¤¯ÂÈ· ·˘Ù‹ ÂÂÍÂÚÁ¿˙ÂÙ·È Î·È ÌÂÙ·ÙÚ¤ÂÙ·È
Î·Ù¿ÏÏËÏ· ÁÈ· ¯Ú‹ÛË ÙË˜ ·fi ÙÔ Û‡ÛÙËÌ· CAE ÁÈ· ÙÔÓ ˘ÔÏÔÁÈÛÌfi. ∆Ô ÌÂÈÔÓ¤ÎÙËÌ· Â›Ó·È
Ë ·ÒÏÂÈ· ÁÂˆÌÂÙÚÈÎÒÓ ÏËÚÔÊÔÚÈÒÓ Î·È ÚÔ‚Ï‹Ì·Ù· ÛÂ ÂÚ›ÙˆÛË “ÌË Î·ı·Ú‹˜” ÌÔ-
ÓÙÂÏÔÔ›ËÛË˜ ÙÔ˘ ·ÓÙÈÎÂÈÌ¤ÓÔ˘. ∂ÈÏ¤ÔÓ, ÁÈ· fiÏÂ˜ ÙÈ˜ ‰È·‰Ô¯ÈÎ¤˜ ·ÏÏ·Á¤˜ ÛÙË ÁÂˆÌÂÙÚ›·
Ô˘ ÚÔÎ‡ÙÔ˘Ó ·fi ÙÔÓ ˘ÔÏÔÁÈÛÌfi, Ú¤ÂÈ Ó· Á›ÓÂÈ ÂÎ Ó¤Ô˘ ÌÔÓÙÂÏÔÔ›ËÛË ÛÙÔ Û‡ÛÙË-
Ì· CAD, ÌÂÙ¿ÊÚ·ÛË ÙË˜ ÁÂˆÌÂÙÚ›·˜, Ó¤Ô˜ ˘ÔÏÔÁÈÛÌfi˜ Î.Ô.Î.
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™˘¯Ó¿ ÛÙÔ Â‰›Ô ÙÔ˘ ªË¯·ÓÔÏfiÁÔ˘ ªË¯·ÓÈÎÔ‡ ¯ÚËÛÈÌÔÔÈÔ‡ÓÙ·È ˆ˜ ÛÙÔÈ¯Â›·
Î·Ù·ÛÎÂ˘ÒÓ ÊÔÚÂ›˜, ÔÈ ÔÔ›ÔÈ ÌÔÚÔ‡Ó Ó· ·ÏÔÔÈËıÔ‡Ó ˆ˜ ÚÔ˜ ÙÔÓ ˘ÔÏÔÁÈÛÌfi
ÙÔ˘˜ ÛÂ ‰ÔÎÔ‡˜ ‰È·ÊfiÚˆÓ ‰È·ÙÔÌÒÓ. ™ÙÔ ·ÚfiÓ ÂÚÂ˘ÓËÙÈÎfi ¤ÚÁÔ ·Ó·Ù‡¯ıËÎÂ ÌÈ·
ÌÂıÔ‰ÔÏÔÁ›· ÌÔÓÙÂÏÔÔ›ËÛË˜ ÙË˜ ÙÚÈÛ‰È¿ÛÙ·ÙË˜ CAD ÁÂˆÌÂÙÚ›·˜ Ï·Ì‚¿ÓÔÓÙ·˜ ˆ˜
·Ú¿‰ÂÈÁÌ· ÂÊ·ÚÌÔÁ‹˜ ÛÙÔÈ¯Â›· ‰ÔÎÒÓ (beams) ÌÂ ÌÂÙ·‚·ÏÏfiÌÂÓË Î·Ù¿ ÙÔ Ì‹ÎÔ˜
ÙÔ˘ ÊÔÚ¤· Ù˘¯Ô‡Û· ‰È·ÙÔÌ‹, Î·Ù¿ Ù¤ÙÔÈÔ ÙÚfiÔ, ÒÛÙÂ Ó· Â›Ó·È ‰˘Ó·Ù‹ Ë ·˘ÙfiÌ·ÙË
·Ú·ÁˆÁ‹ ÙÔ˘ ·ÓÙ›ÛÙÔÈ¯Ô˘ ˘ÔÏÔÁÈÛÙÈÎÔ‡ ÌÔÓÙ¤ÏÔ˘ ÛÙËÓ ÔÏ‡ Û˘Ó‹ıË Û‡ÓıÂÙË Î·-
Ù·fiÓËÛË ÏÔÍ‹˜ Î¿Ì„Ë˜ Î·È ÛÙÚ¤„Ë˜ Ï·Ì‚¿ÓÔÓÙ·˜ ˘fi„Ë ÙÈ˜ ··Ú·›ÙËÙÂ˜ ·Ú·-
‰Ô¯¤˜.

™ÙÔ ˘ÔÏÔÁÈÛÙÈÎfi ·˘Ùfi ÌÔÓÙ¤ÏÔ ·Ó·Ù‡¯ıËÎÂ Â¤ÎÙ·ÛË ÙË˜ ÌÂıÔ‰ÔÏÔÁ›·˜ Ô˘ ÂÈ-
Û‹¯ıË ÛÙÔ [9] ÁÈ· ÙÔÓ ÚÔÛ‰ÈÔÚÈÛÌfi ÙË˜ Û˘ÁÎÚÈÙÈÎ‹˜ Ù¿ÛË˜ Ûv, Ë ÔÔ›· Â›Ó·È ··Ú·›-
ÙËÙË ÁÈ· ÙËÓ ÂÎÙ›ÌËÛË ÙÔ˘ Û˘ÓÙÂÏÂÛÙ‹ ·ÛÊ·ÏÂ›·˜ ÙË˜ Î·Ù·ÛÎÂ˘‹˜, Î·ıÒ˜ Î·È ÁÈ· ÙÔÓ
ÚÔÛ‰ÈÔÚÈÛÌfi ÙÔ˘ ÛËÌÂ›Ô˘ Â› ÙÔ˘ ÔÚ›Ô˘ ÙË˜ ÂÎ¿ÛÙÔÙÂ ‰È·ÙÔÌ‹˜ ÛÙÔ ÔÔ›Ô Ë Ûv Ï·Ì-
‚¿ÓÂÈ ÙË Ì¤ÁÈÛÙË ÙÈÌ‹ ÙË˜. √ ˘ÔÏÔÁÈÛÌfi˜ Á›ÓÂÙ·È ÌÂ ¯Ú‹ÛË ·Ó·Ï˘ÙÈÎÔ‡ ˘ÔÏÔÁÈÛÌÔ‡
ÛÂ Û˘Ó‰˘·ÛÌfi ÌÂ ÙË Ì¤ıÔ‰Ô ÙˆÓ ÔÚÈ·ÎÒÓ ÛÙÔÈ¯Â›ˆÓ (Boundary Element Method). ∆¤-
ÏÔ˜ ·Ó·Ù‡¯ıËÎÂ ÚˆÙfiÙ˘Ë ÌÂıÔ‰ÔÏÔÁ›· ÁÈ· ÂÊ·ÚÌÔÁ‹ ÌÂıfi‰ˆÓ ‚ÂÏÙÈÛÙÔÔ›ËÛË˜
ÛÙËÓ ·˘ÙfiÌ·ÙË ·Ú·ÁˆÁ‹ ÙÔ˘ ˘ÔÏÔÁÈÛÙÈÎÔ‡ ÌÔÓÙ¤ÏÔ˘ ÁÈ· ÙÔÓ ·ÎÚÈ‚‹ ÚÔÛ‰ÈÔÚÈÛÌfi
ÙË˜ Û˘ÁÎÚÈÙÈÎ‹˜ Ù¿ÛË˜.

2. ∫‡ÚÈÔ Ì¤ÚÔ˜

2.1 ¢È·¯Â›ÚÈÛË ÙÔ˘ ÁÂˆÌÂÙÚÈÎÔ‡ ÌÔÓÙ¤ÏÔ˘ CAD

°È· ÙË ÌÔÓÙÂÏÔÔ›ËÛË ÙË˜ ÙÚÈÛ‰È¿ÛÙ·ÙË˜ ÁÂˆÌÂÙÚ›·˜ ·›˙ÂÈ ÛËÌ·ÓÙÈÎfi ÚfiÏÔ Ô ÙÚfi-
Ô˜ ·Ôı‹ÎÂ˘ÛË˜ ÙË˜ ÏËÚÔÊÔÚ›·˜ Î·È ÁÂÓÈÎfiÙÂÚ· Ë ‰È·¯Â›ÚÈÛË ÙÔ˘ ÁÂˆÌÂÙÚÈÎÔ‡ ÌÔ-
ÓÙ¤ÏÔ˘ Î·Ù¿ ÙË ‰È¿ÚÎÂÈ· ÙÔ˘ Û¯Â‰È·ÛÌÔ‡. ∞fi ·˘Ù¿ ÂÍ·ÚÙ¿Ù·È Ë ÚfiÛ‚·ÛË ÛÙ· ÁÂˆ-
ÌÂÙÚÈÎ¿ ‰Â‰ÔÌ¤Ó· Î·È Ë ‰˘Ó·ÙfiÙËÙ· ·ÏÏ·ÁÒÓ ÛÂ ·˘Ù‹, ÒÛÙÂ Ó· ‰ËÌÈÔ˘ÚÁËıÂ› ÙÔ ·ÓÙ›-
ÛÙÔÈ¯Ô ˘ÔÏÔÁÈÛÙÈÎfi ÌÔÓÙ¤ÏÔ. 

™¯. 1: ¢ÔÎfi˜ ÌÂÙ·‚·ÏÏfiÌÂÓË˜ ‰È·ÙÔÌ‹˜
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£ÂˆÚÔ‡ÌÂ ‰ÔÎfi Ù˘¯·›·˜, ÌÂÙ·‚·ÏÏfiÌÂÓË˜ Î·Ù¿ ÙÔ Ì‹ÎÔ˜ ÙÔ˘ ÊÔÚ¤· ‰È·ÙÔÌ‹˜,
fiˆ˜ Ê·›ÓÂÙ·È ÛÙÔ ·Ú¿‰ÂÈÁÌ· ÙÔ˘ Û¯‹Ì·ÙÔ˜ 1, Ë ÔÔ›· ¤¯ÂÈ Û¯Â‰È·ÛÙÂ› ÛÂ ÙÚÈÛ‰È¿-
ÛÙ·ÙÔ Û‡ÛÙËÌ· CAD, ÛÙË ‚¿ÛË ‰Â‰ÔÌ¤ÓˆÓ ÙÔ˘ ÔÔ›Ô˘ ˘Ê›ÛÙ·Ù·È ˆ˜ ÛÙÂÚÂfi ÌÔÓÙ¤ÏÔ.

∏ ‰È·ÙÔÌ‹ ÙË˜ ‰ÔÎÔ‡ ÌÔÚÂ› Ó· ·ÔÙÂÏÂ›Ù·È ·fi Û˘Ó‰˘·ÛÌfi ÛÙÔÈ¯ÂÈˆ‰ÒÓ ÁÂˆÌÂ-
ÙÚÈÎÒÓ ÛÙÔÈ¯Â›ˆÓ (Û¯. 2) fiˆ˜ Â˘ı‡ÁÚ·ÌÌ· ÙÌ‹Ì·Ù·, Î‡ÎÏÔ˘˜ ‹ ÙÌ‹Ì·Ù· Î‡ÎÏˆÓ, ÂÏ-
ÏÂ›„ÂÈ˜ ‹ Î·Ì‡Ï· ÙÌ‹Ì·Ù· splines.

™¯. 2: ¢È·ÙÔÌ‹ ·ÔÙÂÏÔ‡ÌÂÓË ·fi ·ÏÏËÏÔ˘¯›· ÁÂˆÌÂÙÚÈÎÒÓ ÛÙÔÈ¯Â›ˆÓ

∆Ô ÚÒÙÔ ‚‹Ì· ÛÙ· Ï·›ÛÈ· ÙË˜ ‰ËÌÈÔ˘ÚÁ›·˜ ÙÔ˘ ˘ÔÏÔÁÈÛÙÈÎÔ‡ ÌÔÓÙ¤ÏÔ˘ Â›Ó·È Ë
·ÓÙ›ÛÙÚÔÊË ·Ó·Û¯Â‰›·ÛË ÙË˜ ‰È·ÙÔÌ‹˜ ÒÛÙÂ ·˘Ù‹ Ó· Á›ÓÂÈ ÂÂÍÂÚÁ¿ÛÈÌË ·Ó¿ÏÔÁ· ÌÂ
ÙÈ˜ ·Ó¿ÁÎÂ˜ ÙÔ˘ ˘ÔÏÔÁÈÛÌÔ‡. °È· ¯¿ÚË ÙË˜ ÁÂÓÈÎfiÙËÙ·˜ ÙË˜ ÌÂıfi‰Ô˘ Î·È ÙË˜ ‰˘Ó·Ùfi-
ÙËÙ·˜ ·Ó¿Ï˘ÛË˜ ÙÔ˘ ÙÚÈÛ‰È¿ÛÙ·ÙÔ˘ ÛÙÂÚÂÔ‡ ÌÔÓÙ¤ÏÔ˘, ıÂˆÚÔ‡ÌÂ ÔÙÈ ÔÈ ÚÔ˜ ÂÂÍÂÚ-
Á·Û›· ‰È·ÙÔÌ¤˜ ÚÔÎ‡ÙÔ˘Ó ·fi ÙÔÌ¤˜ Î·Ù¿ Ì‹ÎÔ˜ ÙÔ˘ ÛÙÂÚÂÔ‡ ÌÂ Î¿ıÂÙÂ˜ ÛÂ ·˘Ùfi
ÂÈÊ¿ÓÂÈÂ˜. √ ÙÚfiÔ˜ ·˘Ùfi˜ ÂÍ·ÛÊ·Ï›˙ÂÈ ÙË ‰˘Ó·ÙfiÙËÙ· ¤ÓÙ·ÍË˜ ˘ÔÏÔÁÈÛÌÔ‡ ÙË˜ Î·-
Ù·ÛÎÂ˘‹˜ ÂÓÙfi˜ ÙÔ˘ Û˘ÛÙ‹Ì·ÙÔ˜ CAD, ÛÂ ·ÓÙ›ıÂÛË ÌÂ ˘¿Ú¯Ô˘ÛÂ˜ ÌÂıfi‰Ô˘˜ [7] fiÔ˘
Ô ˘ÔÏÔÁÈÛÌfi˜ ÛÙÔÈ¯Â›ˆÓ ‰ÔÎÒÓ, ‰ÂÓ Â›Ó·È ÂÓÙ·ÁÌ¤ÓÔ˜ ÛÙË ‰È·‰ÈÎ·Û›· Û¯Â‰È·ÛÌÔ‡ Î·È
··ÈÙÂ›Ù·È ÛÙ·ıÂÚ‹ Î·Ù¿ Ì‹ÎÔ˜ ÙÔ˘ ÊÔÚ¤· ‰È·ÙÔÌ‹, Ë ÔÔ›· ·ÔıËÎÂ‡ÂÙ·È ÂÍ·Ú¯‹˜ ÛÙË
‚¿ÛË ‰Â‰ÔÌ¤ÓˆÓ ÙÔ˘ Û˘ÛÙ‹Ì·ÙÔ˜, ·Ú¤¯ÔÓÙ·˜ ¤ÙÛÈ ÙËÓ Ï‹ÚË ÙÔÔÏÔÁ›· ÙˆÓ ‰È·ÙÔ-
ÌÒÓ Î·Ù¿ Ì‹ÎÔ˜ ÙË˜ ‰ÔÎÔ‡.

°È· Ó· ÂÍ·ÛÊ·ÏÈÛÙÂ› ÙÔ ÏÂÔÓ¤ÎÙËÌ· ÙË˜ ÂÏÂ˘ıÂÚ›·˜ ‰È·ÌfiÚÊˆÛË˜ ÛÂ Û˘Ó‰˘·ÛÌfi
ÌÂ ÙËÓ ·˘ÙfiÌ·ÙË ·Ú·ÁˆÁ‹ ÙÔ˘ ˘ÔÏÔÁÈÛÙÈÎÔ‡ ÌÔÓÙ¤ÏÔ˘, ‰Â¯fiÌ·ÛÙÂ ·Ó·ÁÎ·ÛÙÈÎ¿ ÙÔ
ÌÂÈÔÓ¤ÎÙËÌ· ÙË˜ ·ÒÏÂÈ·˜ ÏËÚÔÊÔÚ›·˜ ÁÈ· ÙËÓ ÙÔÔÏÔÁ›·. ŒÙÛÈ ÁÈ· ÙÈ˜ Î¿ıÂÙÂ˜ ÙÔ-
Ì¤˜ ÛÙÔ ÛÙÂÚÂfi ‰ÂÓ Â›Ó·È Ï¤ÔÓ ÁÓˆÛÙfi ·fi ÙÈ Â›‰Ô˘˜ ÛÙÔÈ¯Â›· ·ÔÙÂÏÂ›Ù·È Ë ÚÔÎ‡-
ÙÔ˘Û· ‰È·ÙÔÌ‹ Î·È Ë Û‡Ó‰ÂÛË ÙˆÓ ÛÙÔÈ¯Â›ˆÓ ÌÂÙ·Í‡ ÙÔ˘˜. ∏ ÏËÚÔÊÔÚ›· ·˘Ù‹ Â›Ó·È
fiÌˆ˜ ‚·ÛÈÎfi Û˘ÛÙ·ÙÈÎfi ÙË˜ ··ÈÙÔ‡ÌÂÓË˜ BREP ·Ó··Ú¿ÛÙ·ÛË˜ ÙÔ˘ ·ÓÙÈÎÂÈÌ¤ÓÔ˘, Ë
ÔÔ›· ·ÔÙÂÏÂ› ÙÔÓ ÎÔÚÌfi ÂÚÈÁÚ·Ê‹˜ ÙÔ˘ ·ÓÙÈÎÂÈÌ¤ÓÔ˘. ∞Ó¿ÏÔÁ· ÌÂ ÙÔ Â›‰Ô˜ ÙÔ˘
ÛÙÔÈ¯Â›Ô˘ (Â˘ı‡ÁÚ·ÌÌÔ ÙÌ‹Ì·, ÙfiÍÔ Î‡ÎÏÔ˘, ¤ÏÏÂÈ„Ë, spline) ÙÔ ÔÔ›Ô Û˘Óı¤ÙÂÈ ÙË ‰È·-
ÙÔÌ‹, Á›ÓÂÙ·È ÂÈ‰ÈÎ‹ ‰È·¯Â›ÚÈÛË ÙË˜ ÁÂˆÌÂÙÚ›·˜ Î·È ÚÔÛı‹ÎË ÙˆÓ ··Ú·›ÙËÙˆÓ ÙÔÔ-
ÏÔÁÈÎÒÓ ÏËÚÔÊÔÚÈÒÓ ÒÛÙÂ Ó· ÚÔÎ‡„ÂÈ ¤Ó· ÂÓÈ·›Ô ÙÂÏÈÎfi ÌÔÓÙ¤ÏÔ Ô˘ ı· ·ÔÙÂÏ¤-
ÛÂÈ ÙË ‚¿ÛË ÁÈ· ÙÔÓ ˘ÔÏÔÁÈÛÌfi ÙË˜ ‰ÔÎÔ‡. ∫·Ù¿ ÙËÓ ·Ó·Û¯Â‰›·ÛË ÂÍÂÙ¿˙ÂÙ·È Î·È ·Ô-
ıËÎÂ‡ÂÙ·È ÁÈ· ÙËÓ ÂÎ¿ÛÙÔÙÂ ‰È·ÙÔÌ‹ ÙÔ Â›‰Ô˜ Î¿ıÂ ÛÙÔÈ¯Â›Ô˘ Î·È Ì¤Û· ·fi ÌÈ· Â·Ó·-
ÏËÙÈÎ‹ ‰È·‰ÈÎ·Û›· ·ÔıËÎÂ‡ÂÙ·È ÌÂ ÙË ÛÂÈÚ¿, ÛÂ ‰ÂÍÈfiÛÙÚÔÊË ÊÔÚ¿, Ë Ï›ÛÙ· ÌÂ ÙÈ˜ ÎÔ-
Ú˘Ê¤˜ ÙÔ˘ ÛËÌÂ›Ô˘ ¤Ó·ÚÍË˜ Î·È Ù¤ÏÔ˘˜ Î¿ıÂ ÂÈÌ¤ÚÔ˘˜ ÛÙÔÈ¯Â›Ô˘ (ÎÔÚ˘Ê¤˜ 1-12 ÛÙÔ Û¯.
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2). ∏ Ï›ÛÙ· ·˘Ù‹ Â›Ó·È ··Ú·›ÙËÙË ÁÈ· ÙË ÌÂÙ¤ÂÈÙ· ‰È·‰ÈÎ·Û›· ÚfiÛıÂÛË˜ Ó¤ˆÓ ÎfiÌ-
‚ˆÓ ÁÈ· ÙÈ˜ ·Ó¿ÁÎÂ˜ ÙÔ˘ ˘ÔÏÔÁÈÛÌÔ‡ Ô˘ ·ÚÔ˘ÛÈ¿˙ÂÙ·È ·Ú·Î¿Ùˆ. 

™¯. 3: ¢ÔÎfi˜ Ù˘¯·›·˜ ‰È·ÙÔÌ‹˜

√ ˘ÔÏÔÁÈÛÌfi˜ ÛÙÔÈ¯Â›ˆÓ ‰ÔÎÒÓ .¯. ÛÙË Û˘ÓËıÈÛÌ¤ÓË ÊfiÚÙÈÛË Û˘Ó‰˘·ÛÌ¤ÓË˜
ÛÙÚ¤„Ë˜ Î·È Î¿Ì„Ë˜, ·ÚÔ˘ÛÈ¿˙ÂÈ ¿ÓÙÔÙÂ ÂÓ‰È·Ê¤ÚÔÓ, ÂÂÈ‰‹ ·Ó·Ï˘ÙÈÎ¤˜ Ï‡ÛÂÈ˜
˘¿Ú¯Ô˘Ó ÌfiÓÔ ÁÈ· ÔÏ‡ Ï›Á· Â›‰Ë ‰È·ÙÔÌÒÓ, (.¯. ÙÂÙÚ·ÁˆÓÈÎ¤˜, Î˘ÎÏÈÎ¤˜), ÂÓÒ ÁÈ·
Ù· ˘fiÏÔÈ· Â›‰Ë ‰È·ÙÔÌÒÓ Ú¤ÂÈ Ó· ·Ó·˙ËÙËıÔ‡Ó ·ÚÈıÌËÙÈÎ¤˜ ÚÔÛÂÁÁÈÛÙÈÎ¤˜ Ï‡-
ÛÂÈ˜ [8]. ™ÙÔ ·Ú¿‰ÂÈÁÌ· ÙÔ˘ Û¯‹Ì·ÙÔ˜ 3 ¤¯ÂÈ Î·Ù·ÛÎÂ˘·ÛÙÂ› ÛÙÔÈ¯Â›Ô ‰ÔÎÔ‡ ÌÂ ·Ú¯È-
Î‹ ÙÂÙÚ·ÁˆÓÈÎ‹ ‰È·ÙÔÌ‹, ÙÔ ÔÔ›Ô Î·Ù·Ï‹ÁÂÈ ÛÂ Î˘ÎÏÈÎ‹ ‰È·ÙÔÌ‹. ∏ Î·Ù·ÛÎÂ˘‹ ¤ÁÈÓÂ
ÌÂ ¯Ú‹ÛË ÙË˜ ÙÚÈÛ‰È¿ÛÙ·ÙË˜ ÏÂÈÙÔ˘ÚÁ›·˜ LOFT ÌÂ ÙËÓ ÔÔ›· ‰›ÓÂÙ·È Ë ‰˘Ó·ÙfiÙËÙ· ÔÌ·-
Ï‹˜ ÌÂÙ·‚ÔÏ‹˜ ÙË˜ ‰È·ÙÔÌ‹˜ Î·Ù¿ Ì‹ÎÔ˜ ÙÔ˘ ÊÔÚ¤·. °È· ÙË ‰È·ÙÔÌ‹ Ô˘ ÚÔÎ‡ÙÂÈ ÛÂ
Î¿ÔÈÔ ÂÓ‰È¿ÌÂÛÔ ÛËÌÂ›Ô ÙË˜ ‰ÔÎÔ‡ ÙÔ˘ ·Ú·‰Â›ÁÌ·ÙÔ˜ fiˆ˜ ·˘Ù‹ Ê·›ÓÂÙ·È ÛÙÔ Û¯‹-
Ì· 4 ‰ÂÓ ˘¿Ú¯ÂÈ ·Ó·Ï˘ÙÈÎ‹ Ï‡ÛË. °È· ÙÔ ÏfiÁÔ ·˘Ùfi ÛÂ Ù¤ÙÔÈÂ˜ ÂÚÈÙÒÛÂÈ˜ Ë Î·Ù·-
ÛÎÂ˘‹ ‰ÂÓ ˘ÔÏÔÁ›˙ÂÙ·È ˆ˜ ÛÙÔÈ¯Â›Ô ‰ÔÎÔ‡ ·ÏÏ¿ Û˘Ó‹ıˆ˜ ÌÂ ÙË ‚Ô‹ıÂÈ· ÙÂÙÚ·Â‰ÚÈÎÒÓ
ÛÙÔÈ¯Â›ˆÓ fiÁÎÔ˘ Î¿ÓÔÓÙ·˜ ¯Ú‹ÛË ÙË˜ ÌÂıfi‰Ô˘ ÙˆÓ ÂÂÚ·ÛÌ¤ÓˆÓ ÛÙÔÈ¯Â›ˆÓ (FEM). ∏
¯Ú‹ÛË ÙÂÙÚ·¤‰ÚˆÓ ‰›ÓÂÈ ÙË ‰˘Ó·ÙfiÙËÙ· ·˘ÙfiÌ·ÙË˜ ‰ËÌÈÔ˘ÚÁ›·˜ Ï¤ÁÌ·ÙÔ˜ ·fi ÙË ÁÂ-
ˆÌÂÙÚÈÎ‹ ‚¿ÛË ‰Â‰ÔÌ¤ÓˆÓ ÙÔ˘ Û˘ÛÙ‹Ì·ÙÔ˜ CAD. ∂ÂÈ‰‹ fiÌˆ˜ Û˘¯Ó¿ Â›Ó·È ÂÈı˘ÌËÙ‹
Ë ¯Ú‹ÛË ÛÙÔÈ¯Â›ˆÓ ‰ÔÎÒÓ Î·Ù¿ ÙÔÓ ˘ÔÏÔÁÈÛÌfi Î·Ù·ÛÎÂ˘ÒÓ Ô˘ ÌÔÚÔ‡Ó Ó· ·Ó·-
¯ıÔ‡Ó ÛÂ Ù¤ÙÔÈÂ˜, ˘¿Ú¯ÂÈ ÙÔ Úfi‚ÏËÌ· ÙË˜ ·˘ÙÔÌ·ÙÔÔÈËÌ¤ÓË˜ ·Ú·ÁˆÁ‹˜ ÙÔ˘ ÌË¯·-
ÓÈÎÔ‡ ˘ÔÎ·Ù¿ÛÙ·ÙÔ˘ Û˘ÛÙ‹Ì·ÙÔ˜ ‰ÔÎÒÓ ÒÛÙÂ Ó· ·Ú·¯ıÂ› ·˘ÙfiÌ·Ù· ÙÔ ˘ÔÏÔÁÈÛÙÈ-
Îfi ÌÔÓÙ¤ÏÔ ·fi ÙËÓ CAD ÁÂˆÌÂÙÚ›·.

™¯. 4: ∆ÔÌ‹ ‰ÔÎÔ‡ Ù˘¯·›·˜ ÌÂÙ·‚·ÏÏfiÌÂÓË˜ Î·Ù¿ ÙÔ Ì‹ÎÔ˜ ‰È·ÙÔÌ‹˜

ŒÓ·˜ ÙÚfiÔ˜ ÁÈ· Ó· Á›ÓÂÈ ·˘Ùfi Ì¤Ûˆ ·Ó¿Ï˘ÛË˜ ‰È·ÙÔÌÒÓ Î·Ù¿ Ì‹ÎÔ˜ ÙÔ˘ ÊÔÚ¤·
·ÚÔ˘ÛÈ¿˙ÂÙ·È ·Ú·Î¿Ùˆ.

∞Ó¿Ù˘ÍË ªÂıfi‰ˆÓ ÀÔÏÔÁÈÛÌÔ‡ Î·È µÂÏÙÈÛÙÔÔ›ËÛË˜ ™ÙÔÈ¯Â›ˆÓ ªË¯·ÓÒÓ… 87



2.2 ∞Ó¿Ï˘ÛË Î·È ‰ËÌÈÔ˘ÚÁ›· ˘ÔÏÔÁÈÛÙÈÎÔ‡ ÌÔÓÙ¤ÏÔ˘

£ÂˆÚÔ‡ÌÂ ÛÙÂÚÂfi ÛÒÌ· Û¯‹Ì·ÙÔ˜ ‰ÔÎÔ‡ Ù˘¯·›·˜ ‰È·ÙÔÌ‹˜ Û¯Â‰È·ÛÌ¤ÓÔ ÛÂ ÙÚÈÛ-
‰È¿ÛÙ·ÙÔ Û‡ÛÙËÌ· CAD. ™Ùfi¯Ô˜ Â›Ó·È Ô ˘ÔÏÔÁÈÛÌfi˜, ÂÓÙfi˜ ÙÔ˘ Û˘ÛÙ‹Ì·ÙÔ˜ Û¯Â‰›·-
ÛË˜, ÙÔ˘ ÛËÌÂ›Ô˘ P(x,y) ÙË˜ ÔÚÈ·Î‹˜ Î·Ì‡ÏË˜ ÙË˜ ‰È·ÙÔÌ‹˜, ÛÙÔ ÔÔ›Ô Ë ÙÈÌ‹ Ûv(x,y)
ÙË˜ ÈÛÔ‰‡Ó·ÌË˜ Ù¿ÛË˜ Ï·Ì‚¿ÓÂÈ ÙË Ì¤ÁÈÛÙË ÙÈÌ‹ ÙË˜, Î·ıÒ˜ Î·È ÙÔ˘ ÌÂÁ¤ıÔ˘˜ ÙË˜ ÈÛÔ-
‰‡Ó·ÌË˜ Ù¿ÛË˜ ÛÂ ÔÔÈ·‰‹ÔÙÂ ‰È·ÙÔÌ‹ Î·Ù¿ ÙÔ Ì‹ÎÔ˜ ÙÔ˘ ÊÔÚ¤·. 

°È· ÙËÓ Â›Ï˘ÛË ı· ¯ÚËÛÈÌÔÔÈËıÂ› Ë ÂÍ›ÛˆÛË ÙË˜ Î·Ù·fiÓËÛË˜ ÛÂ ÏÔÍ‹ Î¿Ì„Ë Î·È
ÛÙÚ¤„Ë, ÁÈ· ÙËÓ ÔÔ›· Ë ÈÛÔ‰‡Ó·ÌË Ù¿ÛË Ûv (ÁÈ· fiÏÎÈÌÔ ˘ÏÈÎfi) Î·Ù¿ von Mises ÁÈ· Î¿-
ÔÈÔ ÛËÌÂ›Ô P(x,y) ÛÙË ‰È·ÙÔÌ‹ Â›Ó·È [10]:

ÛÓ(x,y) � �Ûb
2(x,y�) � 3Ù�t

2(x,y)� (1)

MÂ ‚¿ÛË ÙËÓ Ú·ÁÌ·ÙÈÎ‹ CAD ÁÂˆÌÂÙÚ›· Ú¤ÂÈ Ó· ‰ËÌÈÔ˘ÚÁËıÂ› ÙÔ ˘ÔÏÔÁÈÛÙÈÎfi
ÌÔÓÙ¤ÏÔ Ô˘ ı· ÂÈÙÚ¤„ÂÈ ÙÔÓ ÚÔÛ‰ÈÔÚÈÛÌfi ÙÔ˘ ÛËÌÂ›Ô˘ P(x,y) ÛÙË ‰È·ÙÔÌ‹, fiÔ˘
Ûv(x,y) � max Î·ıÒ˜ Î·È Ô ˘ÔÏÔÁÈÛÌfi˜ ÙË˜ ÙÈÌ‹˜ ÙË˜ Ûv.

∂ÂÈ‰‹ ÙfiÛÔ Ë Î·ÌÙÈÎ‹ Ù¿ÛË Ûb, fiÛÔ Î·È Ë ÛÙÚÂÙÈÎ‹ Ù¿ÛË Ùt Ï·Ì‚¿ÓÔ˘Ó ÙÈ˜ Ì¤ÁÈ-
ÛÙÂ˜ ÙÈÌ¤˜ ÙÔ˘˜ ÛÙÔ fiÚÈÔ ÙË˜ ‰È·ÙÔÌ‹˜, ÏÂÔÓÂÎÙÂ› ÌÈ· Ï‡ÛË ÌÂ›ˆÛË˜ ÙÔ˘ ÚÔ‚Ï‹Ì·ÙÔ˜
ÛÂ ÌÈ· ‰È¿ÛÙ·ÛË, Î·Ù¿ Ì‹ÎÔ˜ ÙÔ˘ ÔÚ›Ô˘ ÙË˜ ‰È·ÙÔÌ‹˜ fiÔ˘ ı· ·Ó·˙ËÙ‹ÛÔ˘ÌÂ ÙÔ ÛËÌÂ›Ô
ÁÈ· ÙÔ ÔÔ›Ô 

� 0 (2)

∏ Ó¤· ·Ú·ÌÂÙÚÈÎ‹ ÌÂÙ·‚ÏËÙ‹ u Ô˘ ÂÈÛ¿ÁÂÙ·È ÌÂ ÙËÓ ÂÍ›ÛˆÛË (2) ·ÎÔÏÔ˘ıÂ› ÙÈ˜ Î·-
Ì˘ÏfiÁÚ·ÌÌÂ˜ Û˘ÓÙÂÙ·ÁÌ¤ÓÂ˜ ÙË˜ Ù˘¯·›·˜ ˘fi ·Ó¿Ï˘ÛË ‰È·ÙÔÌ‹˜ fiˆ˜ Ê·›ÓÂÙ·È ÛÙÔ
Û¯. 5. °È· ÙËÓ ·ÚÈıÌËÙÈÎ‹ Â›Ï˘ÛË ÙË˜ (2) ı· Ú¤ÂÈ Ó· Û¯ËÌ·ÙÈÛÙÂ› Ë Û˘Ó¿ÚÙËÛË Ûv(u)
Î·Ù¿ Ì‹ÎÔ˜ ÙË˜ Î·Ì‡ÏË˜ ÙË˜ ‰È·ÙÔÌ‹˜.

™¯. 5: ∫·Ì˘ÏfiÁÚ·ÌÌÂ˜ Û˘ÓÙÂÙ·ÁÌ¤ÓÂ˜ u ÛÂ Ù˘¯·›· ‰È·ÙÔÌ‹ 

dÛÓ(u)
�

du
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°È· ÙÔÓ ˘ÔÏÔÁÈÛÌfi ÙÔ˘ ÙÌ‹Ì·ÙÔ˜ ÙË˜ ÈÛÔ‰‡Ó·ÌË˜ Ù¿ÛË˜ Ô˘ ·Ó·Ê¤ÚÂÙ·È ÛÙË ÛÙÚÂ-
ÙÈÎ‹ Ù¿ÛË Ùt(x,y) Á›ÓÂÙ·È ¯Ú‹ÛË ÙË˜ Boundary Element Method. ∏ Ì¤ıÔ‰Ô˜ ·˘Ù‹ Â›Ó·È
È‰·ÓÈÎ‹ ÁÈ· ÙË Û˘ÁÎÂÎÚÈÌ¤ÓË ÂÚ›ÙˆÛË, Î·Ù¿ ÙËÓ ÔÔ›· ÌÂÈÒÓÔ˘ÌÂ ÙË ‰È¿ÛÙ·ÛË ÙÔ˘
ÚÔ‚Ï‹Ì·ÙÔ˜ ·fi ÙËÓ ÂÈÊ¿ÓÂÈ· F (x,y) ÙË˜ ‰È·ÙÔÌ‹˜ Î·È ·Ó·˙ËÙÔ‡ÌÂ ÙË ÛÙÚÂÙÈÎ‹ Ù¿-
ÛË ÛÙÔ fiÚÈÔ U (x,y) ÙË˜ ‰È·ÙÔÌ‹˜, fiÔ˘ Ï·Ì‚¿ÓÂÈ ÙÈ˜ Ì¤ÁÈÛÙÂ˜ ÙÈÌ¤˜ ÙË˜. 

∏ ¯Ú‹ÛË ÙË˜ BEM ··ÈÙÂ› ÁÈ· ÙË ‰ËÌÈÔ˘ÚÁ›· ÙÔ˘ ˘ÔÏÔÁÈÛÙÈÎÔ‡ ÌÔÓÙ¤ÏÔ˘, ÙËÓ Â-
ÚÈÁÚ·Ê‹ ÙË˜ ÁÂˆÌÂÙÚ›·˜ ÙË˜ ‰È·ÙÔÌ‹˜ Ì¤Ûˆ Î·Ù¿ÏÏËÏÔ˘ ·ÚÈıÌÔ‡ ÎfiÌ‚ˆÓ Â› ÙÔ˘ ÔÚ›-
Ô˘ ÙË˜. °È· ÙË ‰ËÌÈÔ˘ÚÁ›· ÙˆÓ ÎfiÌ‚ˆÓ ·˘ÙÒÓ, Á›ÓÂÙ·È ÂÓÙfi˜ ÙÔ˘ Û˘ÛÙ‹Ì·ÙÔ˜ CAD ·Ó¿-
Ï˘ÛË ÙˆÓ ÛÙÔÈ¯Â›ˆÓ ·fi Ù· ÔÔ›· ·ÔÙÂÏÂ›Ù·È Ë ‰È·ÙÔÌ‹. ∞˘Ù¿ ÌÔÚÂ› Ó· Â›Ó·È Â˘ı‡-
ÁÚ·ÌÌ· ÙÌ‹Ì·Ù·, ÙfiÍ· Î‡ÎÏˆÓ, ÙÌ‹Ì·Ù· ¤ÏÏÂÈ„Ë˜, spline ‹ Û˘Ó‰˘·ÛÌfi˜ ·˘ÙÒÓ.

™¯. 6: °ÂˆÌÂÙÚÈÎ¿ ÛÙÔÈ¯Â›· ‰È·ÙÔÌ‹˜, ÚfiÛıÂÙÔÈ ÎfiÌ‚ÔÈ ˘ÔÏÔÁÈÛÙÈÎÔ‡ ÌÔÓÙ¤ÏÔ˘

°È· Ù· ÁÂˆÌÂÙÚÈÎ¿ ·˘Ù¿ ÛÙÔÈ¯Â›· ·Ó·Ï‡ÂÙ·È Ë ÙÔÔÏÔÁ›·, ÚÔÛ‰ÈÔÚ›˙ÔÓÙ·È Ù· ÛË-
ÌÂ›· ¤Ó·ÚÍË˜ Î·È Ù¤ÏÔ˘˜ Pi(x,y) Î¿ıÂ ÛÙÔÈ¯Â›Ô˘ Î·È ÙÔÔıÂÙÔ‡ÓÙ·È ÌÂ ‰ÂÍÈfiÛÙÚÔÊË ÛÂÈ-
Ú¿ ÒÛÙÂ Ó· ‰ËÌÈÔ˘ÚÁÔ‡Ó ÌÈ· ÎÏÂÈÛÙ‹ ‰È·ÙÔÌ‹. ™Â ·˘Ù¤˜ ÙÈ˜ “ÏÂ˘Ú¤˜” ÙË˜ ‰È·ÙÔÌ‹˜ ÙË˜
CAD-ÁÂˆÌÂÙÚ›·˜, ·Ó¿ÏÔÁ· ÌÂ ÙÔ Ì¤ÁÂıÔ˜ ÙË˜ ‰È·ÙÔÌ‹˜ ÚÔÛÙ›ıÂÙ·È ÈÎ·Ófi˜ Î·È Ú˘ıÌÈ-
˙fiÌÂÓÔ˜ ·ÚÈıÌfi˜ ÎfiÌ‚ˆÓ ·Ó¿ÏÔÁ· ÌÂ ÙÔ Ì‹ÎÔ˜ ÙË˜ ÏÂ˘Ú¿˜, ÁÈ· ÙÔÓ ˘ÔÏÔÁÈÛÌfi ÌÂ ÙË
BEM (Û¯. 6), ÒÛÙÂ Ë ·ÎÚ›‚ÂÈ· ÙˆÓ ·ÔÙÂÏÂÛÌ¿ÙˆÓ Ó· Â›Ó·È ·Ô‰ÂÎÙ‹. ∫¿ıÂ ÛÙÔÈ¯Â›Ô
ÙË˜ ‰È·ÙÔÌ‹˜ (Â˘ı‡ÁÚ·ÌÌÔ ÙÌ‹Ì·, ÙfiÍÔ Î‡ÎÏÔ˘, ¤ÏÏÂÈ„Ë, spline) ÌÂÙ·ÙÚ¤ÂÙ·È ÛÙËÓ
NURBS ·Ó··Ú¿ÛÙ·Û‹ ÙÔ˘ ÂÓÙfi˜ ÙÔ˘ Û˘ÛÙ‹Ì·ÙÔ˜ CAD, ¤ÙÛÈ ÒÛÙÂ Ó· ˘¿Ú¯ÂÈ ÌÈ· ÂÓÈ-
·›· Ì·ıËÌ·ÙÈÎ‹ Û˘Ó¿ÚÙËÛË ÙË˜ ÎÏÂÈÛÙ‹˜ ‰È·ÙÔÌ‹˜. √È ÎfiÌ‚ÔÈ Ô˘ ÚÔÛÙ›ıÂÓÙ·È ÌÔ-
ÚÔ‡Ó Ó· ÈÛ·¤¯Ô˘Ó ÌÂÙ·Í‡ ÙÔ˘˜, Â›ÙÂ Ó· ÚÔÛ‰ÈÔÚ›˙ÂÙ·È Ë ÁÂˆÌÂÙÚÈÎ‹ ÙÔ˘˜ ı¤ÛË ·fi
ÌÈ· Û˘Ó¿ÚÙËÛË fiˆ˜ ÁÈ· ·Ú¿‰ÂÈÁÌ· ÂÎÂ›ÓË Ô˘ ÚÔÙÂ›ÓÂÙ·È ·fi ÙÔÓ Sauer [12] ÛÙËÓ
ÔÔ›· ÔÈ ÎfiÌ‚ÔÈ ˘ÎÓÒÓÔ˘Ó ÚÔ˜ ÙÈ˜ ·ÎÌ¤˜ :
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Ì¤˜ ·fi 0 ¤ˆ˜ n, ÌÂ n ÙÔ Û˘ÓÔÏÈÎfi ·ÚÈıÌfi ÎfiÌ‚ˆÓ Â› ÙË˜ Î¿ıÂ “ÏÂ˘Ú¿˜”.
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™‡ÌÊˆÓ· ÌÂ Ù· ·Ó·ÊÂÚı¤ÓÙ· ÛÙËÓ ·Ú¿ÁÚ·ÊÔ 2, Î·ı¤Ó·˜ ·fi ÙÔ˘˜ ÎfiÌ‚Ô˘˜ ÙÔ˘
˘ÔÏÔÁÈÛÙÈÎÔ‡ ÌÔÓÙ¤ÏÔ˘ ¤¯ÂÈ ‰‡Ô ‚·ıÌÔ‡˜ ÂÏÂ˘ıÂÚ›·˜. ™ÙËÓ ÂÚ›ÙˆÛË ÙË˜ ÛÙÚ¤„Ë˜
Â›Ó·È Ë Ù·ÛÈÎ‹ Û˘Ó¿ÚÙËÛË º Î·È Ë ÂÊ·ÙÔÌÂÓÈÎ‹ Û˘ÓÈÛÙÒÛ· ÙË˜ ‰È·ÙÌËÙÈÎ‹˜ ·Ú·

ÌfiÚÊˆÛË˜ Át � � . ™Â ÔÏÏ¤˜ ÂÚÈÙÒÛÂÈ˜ (.¯. ÛÂ ÔÏ˘ÁˆÓÈÎ¤˜ ‰È·ÙÔÌ¤˜) 

Î·Ù¿ ÙË ÌÂÙ¿‚·ÛË ·fi ÙË ÌÈ· “ÏÂ˘Ú¿” ÙË˜ ‰È·ÙÔÌ‹˜ ÛÙËÓ ÂfiÌÂÓË ·ÚÔ˘ÛÈ¿˙ÔÓÙ·È
ÛËÌÂ›· ·Û˘Ó¤¯ÂÈ·˜ Î·È ÙÔ Î¿ıÂÙÔ ÚÔ˜ ÙËÓ ÏÂ˘Ú¿ ‰È¿Ó˘ÛÌ· ·ÏÏ¿˙ÂÈ ·fi n1 ÛÂ n2 (‚Ï.
Û¯‹Ì· 7) ÌÂ ·ÔÙ¤ÏÂÛÌ· Ë Át Ó· ÌËÓ Â›Ó·È ÌÔÓÔÛ‹Ì·ÓÙ· ÔÚÈÛÌ¤ÓË ÛÙË ÁˆÓ›·. °È· Ó·
·ÓÙÈÌÂÙˆÈÛÙÂ› ÙÔ Úfi‚ÏËÌ· ÛÙ· ÛËÌÂ›· ·˘Ù¿ ÚÔÛÙ›ıÂÙ·È ¤Ó·˜ ‰Â‡ÙÂÚÔ˜ ÎfiÌ‚Ô˜, ¤ÙÛÈ
ÒÛÙÂ ÛÂ Î¿ıÂ ÁˆÓ›· Ó· ˘¿Ú¯ÂÈ ¤Ó·˜ ‰ÈÏfi˜ ÎfiÌ‚Ô˜. √ ‰Â‡ÙÂÚÔ˜ ·˘Ùfi˜ ÎfiÌ‚Ô˜ ¤¯ÂÈ ÙÈ˜
›‰ÈÂ˜ Û˘ÓÙÂÙ·ÁÌ¤ÓÂ˜ ÌÂ ÙÔÓ ÚÔ¸¿Ú¯ÔÓÙ· ·ÏÏ¿ ·ÓÙÈÌÂÙˆ›˙ÂÙ·È ÛÙÔÓ ˘ÔÏÔÁÈÛÌfi ˆ˜
·ÓÂÍ¿ÚÙËÙÔ˜. 

™¯. 7: ¢ËÌÈÔ˘ÚÁ›· ‰ÈÏÒÓ ÎfiÌ‚ˆÓ ÛÂ ·ÎÌ‹

°È· ÙËÓ Â›Ï˘ÛË ÌÂ ÙË BEM ¯ÚËÛÈÌÔÔÈÔ‡ÓÙ·È ·Ó¿ÏÔÁ· ÌÂ ÙËÓ ·Ú¯ÈÎ‹ CAD-ÁÂˆ-
ÌÂÙÚ›· ÁÚ·ÌÌÈÎ¿ ‹ Î˘ÎÏÈÎ¿ ÛÙÔÈ¯Â›· Ù· ÔÔ›· Û˘Ó‰¤Ô˘Ó ÙÔ˘˜ Û˘ÓÂ¯fiÌÂÓÔ˘˜ ÎfiÌ‚Ô˘˜
Â› ÙË˜ ‰È·ÙÔÌ‹˜ ÌÂÙ·Í‡ ÙÔ˘˜. ™ÙËÓ ÂÚ›ÙˆÛË fiÌˆ˜ Ô˘ Ë ÁˆÓ›· ÌÂÙ·Í‡ ‰‡Ô Û˘ÓÂ¯fi-
ÌÂÓˆÓ “ÏÂ˘ÚÒÓ” ÙË˜ ‰È·ÙÔÌ‹˜ Â›Ó·È ı � 180Æ ÙfiÙÂ Ë ·Ú¿ÁˆÁÔ˜ ÙË˜ Ù·ÛÈÎ‹˜ Û˘Ó¿Ú-
ÙËÛË˜ ∂º/∂n ÛÙË ÁˆÓ›· ÙÂ›ÓÂÈ ÛÙÔ ¿ÂÈÚÔ ÌÂ ·ÔÙ¤ÏÂÛÌ· Ô ˘ÔÏÔÁÈÛÌfi˜ ÌÂ ÙË BEM Ó·
Â›Ó·È ·‰‡Ó·ÙÔ˜. °È· ÙËÓ ·ÓÙÈÌÂÙÒÈÛË ÙÔ˘ ÚÔ‚Ï‹Ì·ÙÔ˜ ÙÔ ÔÔ›Ô ·ÚÔ˘ÛÈ¿˙ÂÙ·È fiÙ·Ó
ÂÊ·ÚÌfi˙ÔÓÙ·È - fiˆ˜ Â‰Ò - ÔÚÈ·Î¤˜ Û˘Óı‹ÎÂ˜ Dirichlet, ¤¯Ô˘Ó Î·Ù¿ Î·ÈÚÔ‡˜ ÚÔÙ·ıÂ›
‰È¿ÊÔÚÂ˜ Ì¤ıÔ‰ÔÈ fiˆ˜ Ê·›ÓÂÙ·È ÂÓ‰ÂÈÎÙÈÎ¿ ÛÙÈ˜ ·Ó·ÊÔÚ¤˜ [15], [16], [17].

√ ÙÚfiÔ˜ ·ÓÙÈÌÂÙÒÈÛË˜ Ô˘ ÂÈÏ¤¯ıËÎÂ Â›Ó·È Ë ·Ó¿Ï˘ÛË ÙË˜ ‰È·ÙÔÌ‹˜ ˆ˜ ÚÔ˜ Ù·
ÚÔ‚ÏËÌ·ÙÈÎ¿ ÛËÌÂ›· Î·È Ë ·˘ÙfiÌ·ÙË ÌÂÙ·‚ÔÏ‹ ÙË˜ CAD-ÁÂˆÌÂÙÚ›·˜ ÁÈ· ÙÔ ˘ÔÏÔÁÈ-
ÛÙÈÎfi ÌÔÓÙ¤ÏÔ. ™ÙËÓ ÂÚÈÔ¯‹ ÙË˜ ÁˆÓ›·˜ Á›ÓÂÙ·È Î·Ù¿ÏÏËÏË ÌÂÙ·ÙÚÔ‹ ÙË˜ NURBS-
BREP ÂÚÈÁÚ·Ê‹˜, ÒÛÙÂ Ó· ‰ËÌÈÔ˘ÚÁËıÂ› ÛÙÚÔÁÁ‡ÏÂ˘ÛË ÙË˜ “ÚÔ‚ÏËÌ·ÙÈÎ‹˜” ÁÈ· ÙÔ
˘ÔÏÔÁÈÛÙÈÎfi ÌÔÓÙ¤ÏÔ ÁÂˆÌÂÙÚ›·˜. ™Ù· ÛÙÚÔÁÁ˘ÏÂ˘Ì¤Ó· ÛËÌÂ›· ÙË˜ ‰È·ÙÔÌ‹˜ Á›ÓÂÙ·È
¯Ú‹ÛË ÛÙÔÈ¯Â›ˆÓ ÙfiÍÔ˘ Î‡ÎÏÔ˘ 2Ô˘ ‚·ıÌÔ‡, ·ÊÔ‡ Î·Ù·ÛÎÂ˘·ÛÙÂ› Ë ÁÂˆÌÂÙÚ›· ÙÔ˘, Ë
ÔÔ›· ÂÍ·ÚÙ¿Ù·È ·fi ÙËÓ ÙÔÔÏÔÁ›· ÙˆÓ ÁÂˆÌÂÙÚÈÎÒÓ ÛÙÔÈ¯Â›ˆÓ Î·Ù·ÛÎÂ˘‹˜ ÛÙÔ
CAD ÚÈÓ Î·È ÌÂÙ¿ ·fi ÙÔ “ÚÔ‚ÏËÌ·ÙÈÎfi” ÛËÌÂ›Ô.
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™˘ÁÎÂÎÚÈÌ¤Ó· fiˆ˜ Ê·›ÓÂÙ·È Î·È ÛÙÔ Û¯‹Ì· 8 ÌÂÙ·Í‡ ÙˆÓ Â˘ı‡ÁÚ·ÌÌˆÓ ÙÌËÌ¿ÙˆÓ
Ó Î·È Ó � 1 ÚÔÛÙ›ıÂÓÙ·È ‰‡Ô Î˘ÎÏÈÎ¿ ÛÙÔÈ¯Â›· ˆ˜ ÂÍ‹˜: ¶ÚÔÛ‰ÈÔÚ›˙ÂÙ·È Ë ·ÎÙ›Ó· Î·-
Ì˘ÏfiÙËÙ·˜ ˆ˜ 6% ÙÔ˘ ÌÈÎÚfiÙÂÚÔ˘ Ì‹ÎÔ˘˜ l ·fi Ù· ‰‡Ô Â˘ı‡ÁÚ·ÌÌ· ÛÙÔÈ¯Â›·. ∏ ÚÔ-
ÙÂÈÓfiÌÂÓË ÙÈÌ‹ ÁÈ· ÙËÓ ·ÎÙ›Ó· Î·Ì˘ÏfiÙËÙ·˜ Ú ÚÔÛ‰ÈÔÚ›ÛÙËÎÂ ¤ÙÛÈ Î·ÙfiÈÓ ÂÏ¤Á¯ˆÓ
·ÎÚ›‚ÂÈ·˜ ÙÔ˘ ˘ÔÏÔÁÈÛÌÔ‡ [18], ·ÏÏ¿ ÌÔÚÂ› Ó· ÌÂÙ·‚ÏËıÂ› Î·Ù¿ ‚Ô‡ÏËÛË. ™ÙË Û˘Ó¤-
¯ÂÈ· ÚÔÛ‰ÈÔÚ›˙ÂÙ·È ÙÔ ÛËÌÂ›Ô ª Ô˘ ÈÛ·¤¯ÂÈ ·fiÛÙ·ÛË Ú ·fi ÙÈ˜ ‰‡Ô ÏÂ˘Ú¤˜ ÚÔ˜
ÙÔÓ ËÌÈ¯ÒÚÔ Ô˘ ‰ÂÓ ˘¿Ú¯ÂÈ ˘ÏÈÎfi Î·È Û¯ËÌ·Ù›˙ÂÙ·È Ë ‰È¯ÔÙfiÌÔ˜ ÌÂÙ·Í‡ ÙˆÓ Â˘ı‡-
ÁÚ·ÌÌˆÓ ÙÌËÌ¿ÙˆÓ ÍÂÎÈÓÒÓÙ·˜ ·fi ÙË ÁˆÓ›· °. ∞fi ÙÔ ÛËÌÂ›Ô ª Û¯ËÌ·Ù›˙ÔÓÙ·È Â˘-
ı‡ÁÚ·ÌÌ· ÙÌ‹Ì·Ù· Î¿ıÂÙ· ÚÔ˜ ÙÈ˜ ÏÂ˘Ú¤˜ ÙË˜ ‰È·ÙÔÌ‹˜ Î·È ÚÔÛ‰ÈÔÚ›˙ÔÓÙ·È Ù· ÛË-
ÌÂ›· ™1, ™2 Î·È ™3. ∆Ô ™2 Â›Ó·È Ë ÙÔÌ‹ ÌÂÙ·Í‡ ÙË˜ ‰È¯ÔÙfiÌÔ˘ Î·È ÙÔ˘ ÙfiÍÔ˘ Î‡ÎÏÔ˘ ÌÂ
Î¤ÓÙÚÔ ÙÔ ª Î·È ·ÎÙ›Ó· Ú. ªÂ ÙÔÓ ÙÚfiÔ ·˘Ùfi ·fi ÙËÓ ·Ú¯ÈÎ‹ “Ú·ÁÌ·ÙÈÎ‹” ÁÂˆÌÂ-
ÙÚ›· ÚÔÎ‡ÙÂÈ ÌÈ· ÚÔÛÂÁÁÈÛÙÈÎ‹ ˘ÔÏÔÁÈÛÙÈÎ‹ ÁÂˆÌÂÙÚ›· ÁÈ· ÙÈ˜ ·Ó¿ÁÎÂ˜ ÙÔ˘ ˘Ô-
ÏÔÁÈÛÙÈÎÔ‡ ÌÔÓÙ¤ÏÔ˘ fiÔ˘ ¯ÚËÛÈÌÔÔÈÔ‡ÓÙ·È ‰‡Ô Î˘ÎÏÈÎ¿ ÛÙÔÈ¯Â›· µ∂ª 2Ô˘ ‚·ıÌÔ‡
™1™2 Î·È ™2™3.

™¯‹Ì· 8: ¢ËÌÈÔ˘ÚÁ›· Î˘ÎÏÈÎÒÓ ÔÚÈ·ÎÒÓ ÛÙÔÈ¯Â›ˆÓ ÛÂ ÁˆÓ›·

™˘ÓÂÒ˜ ÁÈ· ÙÈ˜ ·Ó¿ÁÎÂ˜ ÙÔ˘ ˘ÔÏÔÁÈÛÌÔ‡ ÌÂÙ·ÙÚ¤ÂÙ·È ·˘ÙfiÌ·Ù· Ë ÙÔÔÏÔÁ›·
ÙÔ˘ ÌÔÓÙ¤ÏÔ˘, Ù· ÚÔ¸¿Ú¯ÔÓÙ· Â˘ı‡ÁÚ·ÌÌ· ÔÚÈ·Î¿ ÛÙÔÈ¯Â›· ÌÂÈÒÓÔ˘Ó ÙÔ Ì‹ÎÔ˜ ÙÔ˘˜
Î·È ÌÂÙ·Í‡ ÙÔ˘˜ ·ÚÂÌ‚¿ÏÏÔÓÙ·È ‰‡Ô Î˘ÎÏÈÎ¿ ÔÚÈ·Î¿ ÛÙÔÈ¯Â›· 2Ô˘ ‚·ıÌÔ‡.

™˘ÓÔ„›˙ÔÓÙ·˜ ÌÔÚÔ‡ÌÂ Ó· ·Ó·Ê¤ÚÔ˘ÌÂ Ù· ‚‹Ì·Ù· ÁÈ· ÙË ‰ËÌÈÔ˘ÚÁ›· ÙÔ˘ ˘ÔÏÔ-
ÁÈÛÙÈÎÔ‡ ÌÔÓÙ¤ÏÔ˘. ∞Ú¯ÈÎ¿ Á›ÓÂÙ·È ·ÓÙ›ÛÙÚÔÊË ·Ó·Û¯Â‰›·ÛË ÙË˜ ‰È·ÙÔÌ‹˜ ÌÂ ‚¿ÛË ÙËÓ
CAD-ÁÂˆÌÂÙÚ›·. ∆· ÂÈÌ¤ÚÔ˘˜ ÁÂˆÌÂÙÚÈÎ¿ ÛÙÔÈ¯Â›· ·Ó·Ï‡ÔÓÙ·È Î·È ÙÔÔıÂÙÔ‡ÓÙ·È ÌÂ
ÙË ÛÂÈÚ¿ Î·È ÌÂ ÙË ‚Ô‹ıÂÈ· ÙË˜ NURBS ·Ó··Ú¿ÛÙ·Û‹˜ ÙÔ˘˜, ·Ó¿ÏÔÁ· ÌÂ ÙÔ Ì‹ÎÔ˜
ÙÔ˘˜, ÚÔÛ‰ÈÔÚ›˙ÔÓÙ·È Î·È ÙÔÔıÂÙÔ‡ÓÙ·È, ÔÈ ÂÈÚfiÛıÂÙÔÈ ÎfiÌ‚ÔÈ Â› ÙÔ˘ ÔÚ›Ô˘ ÙË˜
‰È·ÙÔÌ‹˜. ™Ù· ÛËÌÂ›· fiÔ˘ ˘¿Ú¯Ô˘Ó ÁˆÓ›Â˜ ‰ËÌÈÔ˘ÚÁÔ‡ÓÙ·È “‰ÈÏÔ›” ÎfiÌ‚ÔÈ, ÂÓÒ
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ÛÙ· ÛËÌÂ›· fiÔ˘ ı<180Ô Á›ÓÂÙ·È ÌÂÙ·ÙÚÔ‹ ÙË˜ ÁÂˆÌÂÙÚ›·˜ Î·Ù¿ ÙÚfiÔ ÒÛÙÂ Ó· Â›Ó·È
‰˘Ó·Ùfi˜ Ô ˘ÔÏÔÁÈÛÌfi˜ ÌÂ ÙË µ∂ª. ∞Ó¿ÏÔÁ· ÌÂ ÙË ÁÂˆÌÂÙÚ›· ÙÔ˘ ÔÚ›Ô˘ ¯ÚËÛÈÌÔÔÈ-
Â›Ù·È Û˘Ó‰˘·ÛÌfi˜ ÁÚ·ÌÌÈÎÒÓ Î·È Î˘ÎÏÈÎÒÓ ÔÚÈ·ÎÒÓ ÛÙÔÈ¯Â›ˆÓ ÁÈ· ÙÔÓ ˘ÔÏÔÁÈÛÌfi.

√ ˘ÔÏÔÁÈÛÌfi˜ ÙË˜ ÛÙÚÂÙÈÎ‹˜ Ù¿ÛË˜ Ùi(u) Á›ÓÂÙ·È ÁÈ· ÙÔ˘˜ n ÎfiÌ‚Ô˘˜ ÙË˜ ‰È·ÙÔ-
Ì‹˜. ™ÙË Û˘Ó¤¯ÂÈ· Î·Ù·ÛÎÂ˘¿-˙ÂÙ·È ÌÂ ÙË ‚Ô‹ıÂÈ· ÌÈ·˜ cubic spline ·ÚÂÌ‚ÔÏ‹˜ [13] Ë
Û˘Ó¿ÚÙËÛË Ùt(u) Î·Ù¿ Ì‹ÎÔ˜ ÙË˜ Î·Ì‡ÏË˜ ÙË˜ ‰È·ÙÔÌ‹˜.

√ ˘ÔÏÔÁÈÛÌfi˜ ÙË˜ Ù¿ÛË˜ Ûb(x,y) ÁÈ· ÏÔÍ‹ Î¿Ì„Ë ÚÔÎ‡ÙÂÈ [11] ·fi ÙË Û¯¤ÛË:

Ûb(x,y) � (3)

∆· ÌÂÁ¤ıË ÊÔÚÙ›ÛÂˆÓ ÛÙ· ‰‡Ô Â›Â‰· ÁÈ· ÙË ÚÔ‹ Mx Î·È My Â›Ó·È ·Ú¿ÌÂÙÚÔÈ ÂÓÒ
ÔÈ ÚÔ¤˜ ·‰Ú¿ÓÂÈ·˜ Ix, Iy Î·È Ixy ÂÍ·ÚÙÒÓÙ·È ·fi ÙË ÁÂˆÌÂÙÚ›· ÙË˜ ‰È·ÙÔÌ‹˜ Î·È ˘Ô-
ÏÔÁ›˙ÔÓÙ·È ÂÓÙfi˜ ÙÔ˘ Û˘ÛÙ‹Ì·ÙÔ˜ CAD.

∏ Ù¿ÛË Î¿Ì„Ë˜ ˘ÔÏÔÁ›˙ÂÙ·È ÁÈ· fiÏ· Ù· ÚÔÎ·ıÔÚÈÛÌ¤Ó· ÛËÌÂ›· Pi Â› ÙË˜ Î·-
Ì‡ÏË˜ ÙË˜ ‰È·ÙÔÌ‹˜ Î·È ·ÓÙÈÛÙÔÈ¯›˙ÔÓÙ·È ÛÙÈ˜ Î·Ì˘ÏfiÁÚ·ÌÌÂ˜ Û˘ÓÙÂÙ·ÁÌ¤ÓÂ˜, ¤ÙÛÈ
ÒÛÙÂ Ì¤Ûˆ ÙË˜ cubic spline ·ÚÂÌ‚ÔÏ‹˜ [13] Ó· Î·Ù·ÛÎÂ˘·ÛÙÂ› Ë Û˘Ó¿ÚÙËÛË Ûb(u).

∂ÊfiÛÔÓ ¤¯Ô˘Ó Û¯ËÌ·ÙÈÛÙÂ› ÔÈ Û˘Ó·ÚÙ‹ÛÂÈ˜ Ô˘ ·ÓÙÈÛÙÔÈ¯›˙Ô˘Ó ÛÂ Î¿ıÂ ÛËÌÂ›Ô
u (x,y) ÙË˜ ‰È·ÙÔÌ‹˜ ÙÈ˜ ÙÈÌ¤˜ Ûb(u) Î·È Ùt(u) ÌÔÚÂ› ·fi ÙË Û¯¤ÛË (2) Ó· Û¯ËÌ·ÙÈÛÙÂ› Ë
Û˘Ó¿ÚÙËÛË ÁÈ· ÙËÓ ÈÛÔ‰‡Ó·ÌË Ù¿ÛË ÌÂ ÛÙfi¯Ô ÙËÓ ·Ó·˙‹ÙËÛË ÙÔ˘ ÛËÌÂ›Ô˘ u(x,y) ÙË˜ ‰È·-
ÙÔÌ‹˜ ÛÙÔ ÔÔ›Ô ·˘Ù‹ Á›ÓÂÙ·È Ì¤ÁÈÛÙË.

ÛÓ(u) � �Ûb
2(u)�� 3Ùt

2�(u)� � max (4)

°È· ÙËÓ Â›Ï˘ÛË Á›ÓÂÙ·È ÚÔÛ·ÚÌÔÁ‹ ÛÙÔ Úfi‚ÏËÌ· ÙË˜ ÌÂıfi‰Ô˘ ÙÔ˘ Brent [14]. ∆Ô
fiÚÈÔ U ÙË˜ ‰È·ÙÔÌ‹˜ ¯ˆÚ›˙ÂÙ·È ·Ó¿ÏÔÁ· ÌÂ ÙËÓ ÂÚ›ÌÂÙÚfi ÙË˜ ÛÂ ÈÎ·Ófi ·ÚÈıÌfi ÛËÌÂ›-
ˆÓ. °È· Î¿ıÂ ‰È¿ÛÙËÌ· ÌÂÙ·Í‡ ‰‡Ô ‰È·‰Ô¯ÈÎÒÓ ÛËÌÂ›ˆÓ ÂÍÂÙ¿˙ÂÙ·È Â¿Ó Ë Û˘Ó¿ÚÙËÛË 

F(u) � ÌÂÙ·‚¿ÏÏÂÈ ÙÔ ÚfiÛËÌfi ÙË˜. ™Ù· ‰È·ÛÙ‹Ì·Ù· Ô˘ Û˘Ì‚·›ÓÂÈ ·˘Ùfi ·Ó·-

˙ËÙÂ›Ù·È ÙÔ ÛËÌÂ›Ô ÌË‰ÂÓÈÛÌÔ‡ ÙË˜. ªÂ ÙË ‰È·‰ÈÎ·Û›· ·˘Ù‹ Û¯ËÌ·Ù›˙ÂÙ·È Ë Ï›ÛÙ· ÙˆÓ
ÛËÌÂ›ˆÓ Â› ÙË˜ ‰È·ÙÔÌ‹˜ fiÔ˘ ·ÚÔ˘ÛÈ¿˙ÔÓÙ·È Ù· ÙÔÈÎ¿ Ì¤ÁÈÛÙ· ÁÈ· ÙË Û˘ÁÎÚÈÙÈÎ‹
Ù¿ÛË Ûv(u). ¶ÚÔÛ‰ÈÔÚ›˙ÂÙ·È Ë Î·Ù’ ·fiÏ˘ÙË ÙÈÌ‹ Ì¤ÁÈÛÙË Û˘ÁÎÚÈÙÈÎ‹ Ù¿ÛË Î·È ÛÙË Û˘-
Ó¤¯ÂÈ· ·fi ÙÔ ·ÓÙ›ÛÙÔÈ¯Ô ÛËÌÂ›Ô u ÙË˜ ‰È·ÙÔÌ‹˜, Á›ÓÂÙ·È Ô ÌÔÓÔÛ‹Ì·ÓÙÔ˜ ÚÔÛ‰ÈÔÚÈ-
ÛÌfi˜ ÙÔ˘ ÛËÌÂ›Ô˘ P(xmax,ymax) ÙÔ ÔÔ›Ô ·Ó·˙ËÙÔ‡ÌÂ.

3. ™˘ÌÂÚ¿ÛÌ·Ù·

™ÙËÓ ·ÚÔ‡Û· ÂÚÁ·Û›· ·ÚÔ˘ÛÈ¿ÛÙËÎÂ ÚˆÙfiÙ˘Ë ÌÂıÔ‰ÔÏÔÁ›· ÁÈ· ÙËÓ ·˘ÙfiÌ·ÙË
·Ú·ÁˆÁ‹ ÙÔ˘ ˘ÔÏÔÁÈÛÙÈÎÔ‡ ÌÔÓÙ¤ÏÔ˘ ·fi ÌÈ· ÙÚÈÛ‰È¿ÛÙ·ÙË ÁÂˆÌÂÙÚ›· CAD, fiˆ˜
·˘Ù‹ ¯ÚËÛÈÌÔÔÂ›Ù·È ÛÙÔ˘˜ Û‡Á¯ÚÔÓÔ˘˜ ÛÙÂÚÂÔ‡˜ ÌÔÓÙÂÏÔÔÈËÙ¤˜. 

∏ ¯Ú‹ÛË ÙË˜ NURBS-BREP ·Ó··Ú¿ÛÙ·ÛË˜ ÙÔ˘ ÙÚÈÛ‰È¿ÛÙ·ÙÔ˘ ·ÓÙÈÎÂÈÌ¤ÓÔ˘ ÛÙÔ

dÛÓ(u)
�

du

(MyIx � MxIxy)x � (MxIy � MyIxy)y����
IxIy � Ixy

2
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Û‡ÛÙËÌ· CAD ÏÂÔÓÂÎÙÂ› ¤Ó·ÓÙÈ ¿ÏÏˆÓ, ÂÂÈ‰‹ Â›Ó·È Û˘Ì‚·Ù‹ ÌÂ ÙÈ˜ ··ÈÙ‹ÛÂÈ˜ ÂÚÈ-
ÁÚ·Ê‹˜ ÙÔ˘ ˘ÔÏÔÁÈÛÙÈÎÔ‡ ÌÔÓÙ¤ÏÔ˘ ÁÈ· ÙËÓ ÂÊ·ÚÌÔÁ‹ ÙË˜ ÌÂıfi‰Ô˘ ÙˆÓ ÔÚÈ·ÎÒÓ
ÛÙÔÈ¯Â›ˆÓ. ∏ ‰È·ÎÚÈÙÔÔ›ËÛË Î·È Ô ¯ˆÚÈÛÌfi˜ ÙÔ˘ ÔÚ›Ô˘ ÛÙÔÓ ··ÈÙÔ‡ÌÂÓÔ ·ÚÈıÌfi
ÔÚÈ·ÎÒÓ ÛÙÔÈ¯Â›ˆÓ ÂÂÙÂ‡¯ıË Ì¤Ûˆ ·Ó¿Ï˘ÛË˜ ÙË˜ ÙÔÔÏÔÁ›·˜ ÙˆÓ ÁÂˆÌÂÙÚÈÎÒÓ ÛÙÔÈ-
¯Â›ˆÓ Ô˘ Û˘Óı¤ÙÔ˘Ó ÙÔ ÙÚÈÛ‰È¿ÛÙ·ÙÔ ÛÒÌ· Î·È Ô ˘ÔÏÔÁÈÛÌfi˜ Ú·ÁÌ·ÙÔÔÈÂ›Ù·È ·˘-
ÙfiÌ·Ù· ‰›ÓÔÓÙ·˜ ·ÔÙÂÏ¤ÛÌ·Ù· ˘„ËÏ‹˜ ·ÎÚ›‚ÂÈ·˜. 

π‰È·›ÙÂÚÔ ÂÓ‰È·Ê¤ÚÔÓ ·ÚÔ˘ÛÈ¿˙ÂÈ Ë ÂÊ·ÚÌÔÁ‹ ÌÂıfi‰ˆÓ ‚ÂÏÙÈÛÙÔÔ›ËÛË˜ ÛÙË ‰È·-
ÎÚÈÙÔÔ›ËÛË ÙÔ˘ ÔÚ›Ô˘ ÙˆÓ ‰È·ÙÔÌÒÓ Î·Ù¿ Ì‹ÎÔ˜ ÙÔ˘ ÊÔÚ¤·. ™Ùfi¯Ô˜ Â›Ó·È Ë ÙÔ Ì¤ÁÂ-
ıÔ˜ ÙˆÓ ÔÚÈ·ÎÒÓ ÛÙÔÈ¯Â›ˆÓ, ÛÙ· ÔÔ›· ‚·Û›˙ÂÙ·È Ë BEM, Ó· ¤¯Ô˘Ó ÙÔ È‰·ÓÈÎfi Ì‹ÎÔ˜
ÒÛÙÂ Ë ·ÎÚ›‚ÂÈ· ÛÙÔÓ ˘ÔÏÔÁÈÛÌfi ÙË˜ Û˘ÁÎÚÈÙÈÎ‹˜ Ù¿ÛË˜ Ó· Â›Ó·È Ì¤ÁÈÛÙË. °È· ·Ï¤˜
‰È·ÙÔÌ¤˜ ¤¯Ô˘Ó ÂÈÙÂ˘¯ıÂ› ÈÎ·ÓÔÔÈËÙÈÎ¿ ·ÔÙÂÏ¤ÛÌ·Ù·, ÂÓÒ ÂÍÂÙ¿˙ÂÙ·È Ë ÁÂÓÈÎfiÙËÙ·
ÙË˜ ·Ó·Ù˘¯ıÂ›Û·˜ ÌÂıÔ‰ÔÏÔÁ›·˜ ÁÈ· ÌÂÁ¿ÏÔ Â‡ÚÔ˜ ‰È·ÙÔÌÒÓ Ù˘¯Ô‡Û·˜ ÌÔÚÊ‹˜.

√ ÙÚfiÔ˜ Ô˘ ·ÚÔ˘ÛÈ¿ÛÙËÎÂ ÁÈ· ÙÔÓ ˘ÔÏÔÁÈÛÌfi ‰ÈÛ‰È¿ÛÙ·ÙˆÓ ‰È·ÙÔÌÒÓ ÌÔÚÂ›
Ó· ‰ÈÂ˘Ú˘ÓıÂ› ÁÈ· ÙÚÈÛ‰È¿ÛÙ·Ù· ÛÒÌ·Ù· fiÔ˘ ÁÈ· ÙÔÓ ˘ÔÏÔÁÈÛÌfi ı· ‰È·ÎÚÈÙÔÔÈÂ›-
Ù·È ·˘ÙfiÌ·Ù· Ë ÂÍˆÙÂÚÈÎ‹ ÂÈÊ¿ÓÂÈ· ÛÂ ÔÚÈ·Î¿ ÂÈÊ·ÓÂÈ·Î¿ ÛÙÔÈ¯Â›·.
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Abstract

Active Noise Control (ANC) refers to the application of automatic control methods
on acoustic systems aiming to minimize the acoustic noise. Large rooms ANC is an active
research field, employing, among others, multichannel control systems. These systems
require large numbers of sensors (microphones) and actuators (loudspeakers) and demand
high computational power. In search for a low-cost yet quality solution, the "soft
microphones" have already been proposed and their effectiveness has been investigated
in the frequency domain (octave-band noise level measurements/ mapping). Their
effectiveness in the time domain has yet to be proved before they can be fully exploited
in ANC systems. This calls for a specially designed electroacoustic measurements
experiment that would provide all the data necessary for a thorough investigation on the
practical aspects of the definition, implementation and evaluation of soft microphones. In
this paper, first we present briefly the soft microphones idea, then we address the practical
aspects of the involved functions/signals that are necessary for the definition and
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∂ÈÛÙËÌÔÓÈÎ‹ ∂ÂÙËÚ›‰· ∂Ê·ÚÌÔÛÌ¤ÓË˜ ŒÚÂ˘Ó·˜

Vol. XIII, No 1, 2008, pp. 97-109



evaluation of soft microphones, and finally we present the electroacoustic measurements
experiment that has been performed in order to provide a full set of measurements that
can lead to a thorough investigation on soft microphones time domain efficiency.

¶ÂÚ›ÏË„Ë

√ ÂÓÂÚÁfi˜ ¤ÏÂÁ¯Ô˜ ÙÔ˘ ıÔÚ‡‚Ô˘ (Active Noise Control, ANC) ·Ó·Ê¤ÚÂÙ·È ÛÙËÓ
ÂÊ·ÚÌÔÁ‹ ÌÂıfi‰ˆÓ ·fi ÙÔ Â‰›Ô ÙÔ˘ ·˘ÙÔÌ¿ÙÔ˘ ÂÏ¤Á¯Ô˘ ÛÂ ·ÎÔ˘ÛÙÈÎ¿ Û˘ÛÙ‹Ì·Ù· Î·È
Ì¿ÏÈÛÙ· ÌÂ ÛÙfi¯Ô ÙË ÌÂ›ˆÛË ÙÔ˘ ·ÎÔ˘ÛÙÈÎÔ‡ ıÔÚ‡‚Ô˘. O ÂÓÂÚÁfi˜ ¤ÏÂÁ¯Ô˜ ÙÔ˘ ıÔÚ‡‚Ô˘
ÛÂ ÌÂÁ¿ÏÔ˘˜ ÎÏÂÈÛÙÔ‡˜ ¯ÒÚÔ˘˜ Â›Ó·È ¤Ó· Û‡Á¯ÚÔÓÔ Â‰›Ô ¤ÚÂ˘Ó·˜, Ô˘ ¯ÚËÛÈÌÔÔÈÂ›,
·Ó¿ÌÂÛ· ÛÂ ¿ÏÏ·, ÔÏ˘‰È·˘ÏÈÎ¤˜ ‰ÔÌ¤˜ ÂÏ¤Á¯Ô˘. √È ‰ÔÌ¤˜ ·˘Ù¤˜ ¤¯Ô˘Ó ·Ó¿ÁÎË ·fi ÌÂ-
Á¿ÏÔ ·ÚÈıÌfi ÂÓÂÚÁÔÔÈËÙÒÓ (ÌÈÎÚÔÊÒÓˆÓ) Î·È ·ÈÛıËÙ‹ÚˆÓ (Ë¯Â›ˆÓ) Î·È ··ÈÙÔ‡Ó
˘„ËÏ‹ ˘ÔÏÔÁÈÛÙÈÎ‹ ÈÛ¯‡. ™ÙËÓ ·Ó·˙‹ÙËÛË ÁÈ· ÌÈ· ÔÈÎÔÓÔÌÈÎ‹ ·ÏÏ¿ Î·È ÔÈÔÙÈÎ‹ Ï‡-
ÛË ÁÈ· Ù¤ÙÔÈÔ˘ Â›‰Ô˘˜ Û˘ÛÙ‹Ì·Ù· ÂÏ¤Á¯Ô˘ ¤¯Ô˘Ó ‹‰Ë ÚÔÙ·ıÂ› Ù· ÌÈÎÚfiÊˆÓ· ÏÔÁÈÛÌÈ-
ÎÔ‡ (“soft microphones”) Î·È Ë ·Ô‰ÔÙÈÎfiÙËÙ¿ ÙÔ˘˜ ¤¯ÂÈ ‰ÈÂÚÂ˘ÓËıÂ› ÛÙÔ Â‰›Ô ÙˆÓ Û˘-
¯ÓÔÙ‹ÙˆÓ (ÔÎÙ·‚ÈÎ‹ ·Ó¿Ï˘ÛË ÛÙ¿ıÌË˜ ıÔÚ‡‚Ô˘, ¯·ÚÙÔÁÚ¿ÊËÛË ıÔÚ‡‚Ô˘). ∏ ·Ô‰ÔÙÈ-
ÎfiÙËÙ¿ ÙÔ˘˜ ÛÙÔ Â‰›Ô ÙÔ˘ ¯ÚfiÓÔ˘ Ì¤ÓÂÈ Ó· ·Ô‰ÂÈ¯ıÂ› ÚÔÎÂÈÌ¤ÓÔ˘ Ó· ÌÔÚ¤ÛÔ˘Ó Ó·
ÂÊ·ÚÌÔÛÙÔ‡Ó Ï‹Úˆ˜ ÛÂ Û˘ÛÙ‹Ì·Ù· ANC. ∫¿ÙÈ Ù¤ÙÔÈÔ ‰ËÌÈÔ˘ÚÁÂ› ÙËÓ ·Ó¿ÁÎË ÁÈ· ¤Ó·
ÂÈ‰ÈÎ¿ Û¯Â‰È·ÛÌ¤ÓÔ ËÏÂÎÙÚ·ÎÔ˘ÛÙÈÎfi Â›Ú·Ì· Ô˘ ı· ÌÔÚÔ‡ÛÂ Ó· ·Ú¤¯ÂÈ Ù· ··-
Ú·›ÙËÙ· ‰Â‰ÔÌ¤Ó· Ô˘ Â›Ó·È Î·Ù¿ÏÏËÏ· ÁÈ· ÌÈ· ‰ÈÂÍÔ‰ÈÎ‹ ‰ÈÂÚÂ‡ÓËÛË ÙˆÓ Ú·ÎÙÈÎÒÓ
ÏÂ˘ÚÒÓ ÙÔ˘ ÔÚÈÛÌÔ‡, ˘ÏÔÔ›ËÛË˜ Î·È ·ÍÈÔÏfiÁËÛË˜ ÙˆÓ soft mi-crophones. ™ÙËÓ ÂÚ-
Á·Û›· ·˘Ù‹ ·Ú¯ÈÎ¿ ·ÚÔ˘ÛÈ¿˙Ô˘ÌÂ Û‡ÓÙÔÌ· ÙËÓ È‰¤· ÙˆÓ soft microphones, ÛÙË Û˘Ó¤-
¯ÂÈ· ı¤ÙÔ˘ÌÂ Ù· ı¤Ì·Ù· Ú·ÎÙÈÎ‹˜ ˘ÏÔÔ›ËÛË˜ Ô˘ Û¯ÂÙ›˙ÔÓÙ·È ÌÂ Ù· ÂÌÏÂÎfiÌÂÓ· Û‹-
Ì·Ù·, ‰ÈÂÚÁ·Û›Â˜ Ô˘ Â›Ó·È ··Ú·›ÙËÙÂ˜ ÁÈ· ÙÔÓ ÔÚÈÛÌfi Î·È ÙËÓ ·ÍÈÔÏfiÁËÛË ÙˆÓ soft
microphones Î·È ÙÂÏÈÎ¿ ·ÚÔ˘ÛÈ¿˙Ô˘ÌÂ ÙÔ ËÏÂÎÙÚ·ÎÔ˘ÛÙÈÎfi Â›Ú·Ì· Ô˘ ÂÎÙÂÏ¤ÛÙËÎÂ
ÁÈ· Ó· ·ÔÎÙ‹ÛÔ˘ÌÂ ÌÈ· Ï‹ÚË ÛÂÈÚ¿ ÌÂÙÚ‹ÛÂˆÓ Ô˘ ÌÔÚÂ› Ó· Ô‰ËÁ‹ÛÂÈ ÛÂ ‰ÈÂÍÔ‰ÈÎ‹
‰ÈÂÚÂ‡ÓËÛË Î·È ·ÍÈÔÔ›ËÛË ÙˆÓ soft microphones ÛÙÔ Â‰›Ô ÙÔ˘ ¯ÚfiÓÔ˘.

Key Words: Active Noise Control, Soft Microphones, Acoustic Room Measurements.

1. Introduction

The use of multi-channel structure control systems for the Active Noise Control
(ANC) of large rooms is a necessity, since the ANC systems aim in achieving a so-called
“quiet zone” around the error microphone/s. These quiet zones cover small volumes
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around each microphone; therefore, large numbers of sensors (and actuators) are
necessary to cover larger spaces such as large rooms, [1]. The idea of “soft microphones”,
already proposed in [1], offers a possible solution to the reduction of the number of
necessary microphones / input channels. The cost of the overall solution is thus shifted
from the need for large numbers of input channels (increased hardware and computation
power) to the need for increased computation power per input channel. An ANC system
implementing the soft microphones idea would require fewer microphones – even one
single microphone placed at one single position within the room (depending on the room
dimensions and room acoustic properties) – to operate. 

In brief, soft microphones are based on the following idea: If the room impulse
responses (RIRs) of the acoustic paths connecting a specific (“base”) location, where the
real measuring microphone is to be installed, with each one of a set of other locations of
interest within the room, are efficiently extracted, then the noise (error) signal at all the
desired locations where the soft microphones are considered can be estimated or
predicted, based on 

(a) the extracted room impulse responses and 

(b) the noise signal acquired from the single measuring microphone at the “base”
position. 

This technique is especially advantageous provided that the room acoustics do not
vary significantly with time. In such a case the acoustic path modeling (RIRs extraction)
can be car-ried out only once and off-line. 

Although the theoretical background of soft microphones is solid and simple, [2], there
are significant practical aspects that have to be considered and investigated before soft
microphones can be applied for the ANC of large rooms. As it is presented in the
following, these practical issues are mostly related to mathematic constrains, the accuracy
of numerical computations and room acoustics parameter. A first approach to the
evaluation of soft microphones has already been performed, as their effectiveness has
been investigated in the frequency domain (octave-band noise level measurements/
mapping), [2]. Although the results have been positive and rather encouraging, this does
not warranty their effectiveness in the time domain – a necessary step before they can be
used on ANC systems. This calls for a specially designed electroacoustic measurements
experiment that would provide all data (measurements) necessary for a thorough
investigation on the practical aspects of the definition, processing and evaluation of soft
microphones. 

In this paper, first we present briefly the soft microphones idea, then we address the
practical aspects of the involved functions/signals that are necessary for the definition and
evaluation of soft microphones, and finally we present the electroacoustic measurements
experiment that has been performed in order to provide a full set of measurements that
can lead to a thorough investigation on soft microphones time domain efficiency.
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2. Soft Microphones

2.1. Outline of the soft microphones approach

If the impulse response, hAB (n), between two points within a given room (for example
points A and B, Figure 1), is known, then the acoustic signal time-series at point B, hB (n),
can be calculated via the acoustic signal time-series at point A, bA (n), by: 

bB(n) � hAB(n) * bA(n) (1)

Figure 1. The acoustic path (direct and reverberant) in a room from point A, where the real

microphone is to be placed, to each one of points B and C, where soft microphones are

to be considered, is expressed by a long impulse response for each one of them.

Generalising [2], if the room impulse response {h0j , j � 1, 2, …, L} of the path
connecting locations l0 and lj is known for all j � 1, 2, …, L, then the noise signal {bj(n),
n � 0, 1, 2, …, N � 1} can be estimated or predicted, rather than measured, as follows: 

b
�

j(n) � hoj(n) * bo(n) (2)

where {b0(n), n � 0, 1, 2, …, N � 1} denotes a noise signal recording of length N,
obtained at the “base” location of the plant area, hereafter referred to as location l0 ,
while{bj(n), n � 0, 1, 2, …, N � 1, j � 1, 2, …, L} denote the noise signal recordings, each
of length N, obtained at a series of L other locations {lj, j � 1, 2, …., L}, and b

�

j(n) are the
corresponding noise signal estimates.

The acquired response h
�

0j is in fact the convolution of the “anechoic” response of the
acoustic system (amplifier, filters, sound source, connecting cables, microphone), han

0j, with
the desired room impulse response, h0j:

h
�

0j(n) � h0j(n) * h
an

0j(n) (3)
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The room impulse response h0j can be deconvolved out of it, by resorting to the fre-
quency domain, if the “anechoic” acoustic system response h

an

0j is known.
To put it simply, in order to predict the sound signal in a number of points around a

single microphone in a room, we need to know a model of the relation (acoustic path)
between each one of those points and the unique position of the microphone. As the
impulse response is the absolute time-domain model of a Linear and Time Invariant (LTI)
system, this can be achieved by measuring the room impulse response (RIR) functions
connecting the unique position of the microphone to all other positions, either

(i)  using a sound source at the position of the microphone and measuring the impulse
response at each other point, or 

(ii) using a sound source at some other point within the room (for example, at the
place where the noise source is actually located) and simultaneously measuring the
acous-tic signals at the microphone position and each one of the other points of
interest, 

depending on the modelling method to be used.

2.2. Practical aspect of soft microphones definition and use

The theoretical background of the soft microphones is simple enough to give someone
the misleading impression that it is straightforward to put them to work. However,
several practical issues arise and have to be addressed for their successful practical
implementation. These issues extend from room acoustic properties that have to be taken
into consideration before measurements are taken that will be used for room impulse
responses and finally for soft microphones, down to numerical problems rising from the
discrete and finite duration nature of the calculations.

The actual measurement of the room impulse response is not a trivial procedure, and
considerable effort has been put in doing it well. In principle, one could measure impulse
responses simply by “feeding” the system under test with a sharp impulse input and
measuring the response at the system output. In practice, however, the power of an
impulse that can safely be fed to a speaker and amplifier without overloading them is
limited, leading to the compromise of using short orthogonal pulses of limited energy
instead. Apart from the bandwidth limitations thus imposed, any room noise will degrade
measurement accuracy. For this reason, the standard approach of researchers is to use test
signals that have much higher power than an impulse; typically, either a pseudo-random
test sequence or a chirp test signal. Such test signals last long enough to have many
thousands of times the power of a single impulse and therefore give a correspondingly
improved signal-to-noise ratio in the measurement. 

Even if such a widely recognised method of measuring impulse response is adopted,
other problems still arise. It could be claimed that one option for the estimation of the
RIR is to 
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(i)  perform an independent, anechoic measurement of the impulse response of the
elec-troacoustic system used for the measurement of the total (RIR and
electroacoustic system) acquired response, and then 

(ii) deconvolve it out of the total response, to obtain the RIR. 

In practice, however, it is usually not easy to perform anechoic measurements, so this
approach degenerates to using a semi-anechoic (or pseudo-anechoic) limited duration
impulse response of the electroacoustic system. This can be obtained from the signal
measurement interval before the first major reflection is superimposed to the directly
transmitted acoustic sig-nal. This is possible by inspection of the time domain data, since
the first reflection is typically of high amplitude and can easily be located within the time-
domain measurement. The first practical issue arising if we adopt the above approach is
that it remains to be proved whether the limited duration impulse response of the
electroacoustic system provides a satisfactory alternative. Obvious problems are (i) the
limited low frequency accuracy resulting from the limited duration of the semi-anechoic
response, and (ii) the windowing necessary for the transition to the frequency domain.
Moreover, numerical problems due to zero-padding – typically employed to prolong
measurements for computational efficiency purposes – have to be taken into
consideration as well.

Furthermore, equation (3) is not realistic, since the measurement always carries a
noise component, even if it can be considered as additive. So, more accurately (3) should
be re-written as:

h
�

0j(n) � h0j(n) * h
an

0j(n) � n(n) (4)

The importance of this additive noise component depends on the measurement method
used. The Maximum Length Sequence (MLS) is a deterministic signal typically employed as
input in acoustic measurements. If MLS is used for the above measurements, an averaging
procedure can be applied to improve the SNR, giving �3dB after each average, [3], [4]. Also,
the MLS period should be longer than the 60dB reverberation time, tMLS � RT60, in order to
avoid time aliasing and obtain a good measurement SNR. Usually, in building acoustics
measurements, a tMLS of 10 times the RT60 is selected, giving over 20dB rise to the
measurement SNR, [3], [4]. Another rather popular method for impulse response extraction,
reconsidered and highly appreciated during the last decade, [5], [6], is that of the exponential
(or logarithmic as often found) sine sweeps /chirp, which provides a more insensitive to
distortion and time variance alternative to MLS-based impulse response extraction.

Even if the above condition is satisfied, there still remain two major practical problems.
The first problem is related to the deconvolution methods employed for room impulse re-
sponse evaluation (RIR) and the required length of the measured signal (regardless of the
test signal and method used). This problem is also present in the closely related problem of
room transfer function (RTF) equalization by inverse filtering [7]. It results in an
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extremely large filter order (following the filter order of a real RIR). In practice any of the
h0j(n) is a finite-length sequence, defined for 0 � n � nmax, where nmax is the maximum
value of the time index, usually dictated by the dynamic range of the involved
measurement. This can be related to actual time (in seconds) via the well-known acoustic
parameter of 60dB reverberation index, RT60 , of a room. Then the number of samples
required to measure h0j (n) and also to perform all related calculations is given by: 

ns � RT60 � fs (samples) (5)

where fs is the sampling rate in Hz. When shorter impulse responses (filters) are used the
method deteriorates, as the acoustics of the specific room path are not sufficiently modelled. 

The second practical problem is related to the variation of RIR with the position of
source (actuator) and receiver (sensor); in our case, though, it should not be considered,
because we deal only with specific positions within the room, i.e. the positions of the
reference (real) microphone and the positions of the soft microphones. 

Another practical problem is the directivity of the source (loudspeaker) and receiver
(microphone) used for the measurements. Theoretically, the best case is the use of an
omni-directional point source and an omni-directional microphone. 

After having successfully addressed all the practical issues mentioned earlier, the
deconvolution process itself is a serious theoretical and practical challenge. The creation of
the inverse filter involved in the deconvolution process is not an easy task for a mixed-phase
impulse response, such as that of a loudspeaker, and thus of an electroacoustic measurement
system, although it was addressed by many researchers. In particular, in [8] and [7] is
introduced the least-mean-square algorithm in the loudspeaker equalizer design, while the
deconvolution-based scheme is developed in [9]. The use of direct inverse response filtering
(given the mixed-phase character of room responses) can introduce pre-echo and strong
narrow-band colouration effects, rendering undesirable the perceived results of the processed
audio signal, [10]. In some cases, better results are obtained if a simple zero-phase (or
equivalent minimum phase) inversion is done, [8], following the well-known Neely and Allen
approach, [11], [12]. In this way a simple frequency domain equalisation is performed, the
all-pass component of the measurement system is left unequalised, the complete filters
produced are more stable and no audible artefact is introduced. 

Alternatives to the above deconvolution methods have been widely investigated and
different methods have been proposed, from homomorphic deconvolution, [13], [14] and
parametric estimators (maximum-likelihood, [15], Bayesian, [15], [16]) to other
nonlinear methods [17], [18].

It could be argued that the room impulse response task should be addressed as a
common system identification task and proceed to white noise based methods, based only
on measured input-output data and just pre-requiring long enough measurements to
account for room acoustics aspects. Then, apart from a linear (ARMA) model that could
be fit to the specific acoustic paths of interest, non-linear models based on universal
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approximators like NARMAX, Neural Networks, Fuzzy Systems and any possible
combination of them could also be used, [19].

In order to use soft microphones efficiently, the related RIRs should be pre-calculated
off-line and pre-stored, under the assumption that essentially they remain unchanged over
time as far as the major architectural characteristics, major noise sources and equipment /
furniture set up of the room remain unchanged. In practice, the whole procedure should be
repeated in order to update the stored room impulse responses each time this assumption is
violated – something expected not to occur frequently, though. Sensitivity to changes could
also be reduced by use of non-linear models, especially those based on fuzzy logic, [19].

3. Measurements for time-domain investigation

Along the line of thought presented above, our aim is to find the most effective way
to soft microphones practical definition and use. At this point, maximum accuracy on RIR
estimation is not the objective. Rather, the objective is to follow the simplest way in
measuring and practically defining soft microphones that will prove their efficient use in
ANC systems.

In this direction, an electroacoustic experiment was designed that would provide all
necessary data for a thorough investigation of the practical aspects for the definition,
processing and evaluation of soft microphones.

A closed room like the one depicted in Figure 2 was first chosen and analyzed.

Figure 2: Ground plan sketch of the room used for measurements, showing (a) the positions

of soft microphones (Mic1, Mic2, Mic3, and Mic4), (b) the position of the real (reference)

microphone, and (c) a noise source. Room dimensions are

(L 	 W 	 H) � (4.85m 	 4m 	 2.75m). During the measurement process,

the two doors on the sides (bold lines) were closed and nobody was inside the room.
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The acoustics of the room were first analysed by simulating the tendency of the room
to resonate at specific frequencies. The room modes were determined for this purpose,
(see Table 1 and Figure 3). The total number of modes up to 200 Hz has been calculated
and 70 modes were found, with 1.5 Hz mode spacing (@200Hz), while up to 500 Hz 837
modes were found with 0.2 Hz mode spacing (@500Hz). 

Table 1. Eigenfrequencies for the first axial modes.

l w h Hz

1 0 0 35,5
0 1 0 43,1
0 0 1 62,7
2 0 0 71,0
0 2 0 86,1
0 0 2 125,4
3 0 0 106,4
0 3 0 129,2
0 0 3 188,1
4 0 0 141,9
0 4 0 172,3
0 0 4 250,7

Figure 3. Eigenfrequencies (bars, left vertical axis) and mode spacing

(points, right vertical axis) of the first 70 modes of the room.

The measured RT60 was more than 700ms, revealing after analysis that the mean
absorption index of the room was less than 0.14.
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The measurements performed can be divided into two groups. The first group contains
impulse response measurements by classic electroacoustic methods using MLS and Log-
Chirp signals while the second group contains measurements using other test signals.

An omni-directional sound source is usually preferred for measurements of room
impulse responses. Albeit the ideal dodecahedron does not correspond to the effective
directivity pattern of real-world sound sources (such as musical instruments or human
talkers and singers), the use of an omni-directional sound source is predicated by current
standards (i.e. ISO 3382), as it avoids exploiting strange room effects (abnormal
concentration of energy and focalizations for selected orientations of the source), as it
might happen with highly directive loud-speakers, [20]. Omni-directional laboratory
microphones and an omni-directional dodecahedron laboratory spherical source were
available; however, we performed impulse response measurements using a regular
commercial loudspeaker for home use, as well. In this way, the corresponding
measurements could be use to investigate the influence of a common directional
loudspeaker on the soft microphones and to evaluate the actual need for an expensive
laboratory omni-directional source.

A laboratory power amplifier was used to drive the sound sources, while an audio
generator was used when other than MLS or Log-Chirp signals were used, following the
period and acquisition length conditions presented in paragraph 2.2, for the measured
room RT60. Sampling rate was 48 KHz for the Praxisì measurement system and 100kHz
for the MLSSA ì measurement system, and the precision was set to 16 bits per sample.

The room impulse responses (convolved measuring system and room responses) were
measured with the sound source (first omni-directional and then directional) placed at the
future real position of the microphone (indicated in Figure 2 as the reference microphone)
and measurements were taken at each one of the other positions where the soft
microphones are to be evaluated. 

Semi-anechoic measurements of the measurement configurations (all combinations of
the different measurement instruments and sound sources) where taken separately in
open area conditions, ensuring maximum length of anechoic sections (latest possible
arrivals of the first reflection).

The well known measurement systems MLSSAì (DRA Labs) and Praxisì (Liberty
In-struments) were used, the first one with MLS signal and the second with MLS and Log-
Chirp signals, to measure the above impulse responses.

Apart from the impulse response measurements, simultaneous measurements at the
reference microphone and each one of the other positions were taken while a sound
source was reproducing each one of the following test signals: 

ñ White noise, 

ñ Pink noise, 

ñ Brown noise (centre frequency � 400Hz, bandwidth � 100Hz), 
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ñ A 400Hz sinus,

each signal lasting for more than 2 minutes. The real-time sound analyser Symphonie
ì (01dB-Metravib) was used for these measurements.

4. Conclusions-Further research

We have investigated some of the practical issues concerning the implementation of
the soft microphones solution. Some of them are related to room acoustic properties,
other to the acoustic room impulse response methods or generally to modelling methods
of acoustic room paths, while others are related to theoretical and practical issues of the
involved operations and processing. Taking into account all these practical aspects, we
have designed and conducted an electroacoustic experiment that provides a full set of
measurements that can lead to a thorough investigation of the efficiency of the soft
microphones approach in the time domain. Further research should be concentrated to the
optimisation of the parameters discussed here, as well as the exploitation of the
measurement data obtained, for the practical implementation and evaluation of soft
microphones time domain efficiency for large room ANC applications.
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∂›‰Ú·ÛË Ê˘ÛÈÎÔ-¯ËÌÈÎÒÓ ·Ú·Ì¤ÙÚˆÓ
ÛÙËÓ ·ÚÔ˘Û›· ÙÔ˘ ‚·ÎÙËÚ›Ô˘ ÙË˜ Legionella
ÛÙÔ ÓÂÚfi ÂÛˆÙÂÚÈÎÒÓ Û˘ÛÙËÌ¿ÙˆÓ ‡‰ÚÂ˘ÛË˜
Î·È ÎÏÈÌ·ÙÈÛÌÔ‡ ÓÔÛÔÎÔÌÂ›ˆÓ

™. ¶Ï·Î·ÓÙˆÓ¿ÎË
∆∂π ∞ı‹Ó·˜ ∂¢À

∞. ªÏ¿ÙÛË
∆∂π ∞ı‹Ó·˜ ∂¢À

∞. ª·˘Ú›‰Ô˘
∆∂π ∞ı‹Ó·˜ ∆π∂

√. ¶·¿
∂™¢À

¶. £ÂÔ‰ˆÚ¿ÙÔ˜
∆∂π ∞ı‹Ó·˜ ∂¢À

¶ÂÚ›ÏË„Ë

∆Ô ‚·ÎÙ‹ÚÈÔ ÙË˜ Legionella ··ÓÙ¿Ù·È Û˘¯Ó¿ ÛÙÔ ÂÚÈ‚¿ÏÏÔÓ Î·È ·ÔÙÂÏÂ› ÛÔ‚·Úfi
Î›Ó‰˘ÓÔ ÁÈ· Ù· Û˘ÛÙ‹Ì·Ù· ‡‰ÚÂ˘ÛË˜ Î·È ˘‰Úfi„˘ÎÙÔ˘ ÎÏÈÌ·ÙÈÛÌÔ‡ ÛÂ ÌÂÁ¿ÏÂ˜ ÎÙÈÚÈ·-
Î¤˜ ÂÁÎ·Ù·ÛÙ¿ÛÂÈ˜ fiˆ˜ Â›Ó·È Ù· ÌÂÁ¿Ï· ¡ÔÛÔÎÔÌÂ›·. AÓ·Ù‡ÛÛÂÙ·È ÛÙÔ ÓÂÚfi ÌÂÙ·Í‡
18ÆC Î·È 60ÆC, ÌÂ ‚¤ÏÙÈÛÙÔ Â‡ÚÔ˜ 25-45ÆC. ªÂÙ·‰›‰ÂÙ·È ÛÙÔÓ ¿ÓıÚˆÔ ÌÂ ÙËÓ ÂÈÛÓÔ‹
ÌÔÏ˘ÛÌ¤ÓˆÓ ÛÙ·ÁÔÓÈ‰›ˆÓ ÓÂÚÔ‡. 

™ÙËÓ ·ÚÔ‡Û· ¤ÚÂ˘Ó· Û˘ÌÌÂÙÂ›¯·Ó 14 ÌÂÁ¿ÏÂ˜ ÓÔÛÔÎÔÌÂÈ·Î¤˜ ÌÔÓ¿‰Â˜ ÙË˜ Â˘Ú‡ÙÂ-
ÚË˜ ÂÚÈÔ¯‹˜ ÙË˜ ∞ı‹Ó·˜ ÛÙÈ˜ ÔÔ›Â˜ ‰ÈÂÚÂ˘Ó‹ıËÎ·Ó: 

1. ∫·Ù·ÛÎÂ˘·ÛÙÈÎ¿ ÛÙÔÈ¯Â›· Î·È Û˘Óı‹ÎÂ˜ ÏÂÈÙÔ˘ÚÁ›·˜ ÙˆÓ ˘‰Úfi„˘ÎÙˆÓ Û˘ÛÙËÌ¿-
ÙˆÓ ÎÏÈÌ·ÙÈÛÌÔ‡ Î·È ÙˆÓ ÂÛˆÙÂÚÈÎÒÓ ‰ÈÎÙ‡ˆÓ ·ÚÔ¯‹˜ ˙ÂÛÙÔ‡ Î·È ÎÚ‡Ô˘ ÓÂÚÔ‡.

2. √È Û˘Óı‹ÎÂ˜ ·ÔÏ‡Ì·ÓÛË˜ ÙÔ˘ ÓÂÚÔ‡ ÛÙ· ˆ˜ ¿Óˆ ‰›ÎÙ˘·. ™ÙÔ ÏÂ›ÛÙÔÓ ÙˆÓ Â-
ÚÈÙÒÛÂˆÓ fiÔ˘ ¯ÚËÛÈÌÔÔÈÂ›Ù·È ÙÔ ¯ÏÒÚÈÔ ˆ˜ ‚·ÛÈÎfi ·ÔÏ˘Ì·ÓÙÈÎfi Ì¤ÛÔ ÌÂ-
ÙÚ‹ıËÎÂ Ë Â¿ÚÎÂÈ· ‹ ÌË ÙË˜ ˘ÔÏÂÈÌÌ·ÙÈÎfiÙËÙ·˜ ÙÔ˘ ÛÂ ÎÚ›ÛÈÌ· ÛËÌÂ›· ÂÏ¤Á¯Ô˘. 
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3. ∏ Û˘Û¯¤ÙÈÛË ÙˆÓ ıÂÙÈÎÒÓ ‰ÂÈÁÌ¿ÙˆÓ ÓÂÚÔ‡ ÛÙÔ ‚·ÎÙ‹ÚÈÔ ÙË˜ Legionella ÌÂ ÙÔ Â‡-
ÚÔ˜ ÙÈÌÒÓ ÔÚÈÛÌ¤ÓˆÓ Ê˘ÛÈÎÔ¯ËÌÈÎÒÓ ·Ú·Ì¤ÙÚˆÓ ÙÔ˘ ÓÂÚÔ‡ fiˆ˜ ÙË˜ ıÂÚÌÔ-
ÎÚ·Û›·˜, ÙÔ˘ PH, ÙË˜ ·ÁˆÁÈÌfiÙËÙ·˜, ÙË˜ ıÔÏfiÙËÙ·˜, ÙË˜ ÛÎÏËÚfiÙËÙ·˜, ÙˆÓ ·Èˆ-
ÚÔ‡ÌÂÓˆÓ ÛˆÌ·ÙÈ‰›ˆÓ, Î·ıÒ˜ Î·È ÌÂÙ·ÏÏÈÎÒÓ ÛÙÔÈ¯Â›ˆÓ Ô˘ ÂÚÈ¤¯ÔÓÙ·È ÛÙ·
Î·Ù·ÛÎÂ˘·ÛÙÈÎ¿ ˘ÏÈÎ¿ ÙˆÓ ·ÁˆÁÒÓ ÙÔ˘ ‰ÈÎÙ‡Ô˘ ÓÂÚÔ‡ (ÙÔ˘ ÛÈ‰‹ÚÔ˘, ÙÔ˘ „Â˘-
‰·ÚÁ‡ÚÔ˘, ÙÔ˘ ¯·ÏÎÔ‡)

Abstract

Legionella is a common bacterium in many environments and poses a significant
threat to water distribution networks and water-using air-conditioning units in large
buildings such as Hospitals. It is usually encountered in water temperatures ranging from
20-60ÆC, with an ideal growth range between 25 and 45ÆC. Legionella transmission is via
aerosols –the inhalation of mist droplets containing the bacteria. 

In the course of this research project, 14 hospitals in the Greater Athens area were
examined, with a focus on: 

1. Structural data and operating conditions of central air-conditioning systems through
wet cooling towers and hot and cold water supply networks.

2. The effectiveness of water disinfection methods applied to the said networks. In
most cases chlorine is used as the main disinfectant, and its residual concentration
was measured in critical control points.

3. The correlation between positive Legionella samples and the range of values for
certain physicochemical water parameters (temperature, pH, conductivity,
turbidity, hardness of water, suspended particles, Fe, Cu and Zn).  

§¤ÍÂÈ˜ ∫ÏÂÈ‰È¿: µ·ÎÙ‹ÚÈÔ Legionella, ÎÂÓÙÚÈÎ¿ Û˘ÛÙ‹Ì·Ù· ˘‰Úfi„˘ÎÙÔ˘ ÎÏÈÌ·ÙÈÛÌÔ‡,
ÂÛˆÙÂÚÈÎ¿ ‰›ÎÙ˘· ‡‰ÚÂ˘ÛË˜ ¡ÔÛÔÎÔÌÂ›ˆÓ, Ê˘ÛÈÎÔ¯ËÌÈÎ¤˜ ·Ú¿ÌÂÙÚÔÈ ÓÂÚÔ‡,
·ÔÏ‡Ì·ÓÛË.

1. °ÂÓÈÎ‹ ¶ÂÚÈÁÚ·Ê‹

∏ ·ÚÔ‡Û· ¤ÚÂ˘Ó· ‰ÈÂÍ‹¯ıË ÛÙ· Ï·›ÛÈ· ÙÔ˘ ÂÚÂ˘ÓËÙÈÎÔ‡ ÚÔÁÚ¿ÌÌ·ÙÔ˜
∞ƒÃπª∏¢∏™ ÙÔ˘ ∆.∂.π.- ∞ı‹Ó·˜ ÛÂ Û˘ÓÂÚÁ·Û›· ÌÂ ÙËÓ ∂ıÓÈÎ‹ ™¯ÔÏ‹ ¢ËÌfiÛÈ·˜ ÀÁÂ›-
·˜, ÙÔ ¡ÔÛÔÎÔÌÂ›Ô ∂˘·ÁÁÂÏÈÛÌfi˜ Î·È ÙÔ ∂ª¶. 

™˘ÌÂÚÈÏ·Ì‚¿ÓÂÈ: 
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·) ÙË ‰ÈÂÚÂ‡ÓËÛË ÙˆÓ ÂÈÎÚ·ÙÔ˘ÛÒÓ Û˘ÓıËÎÒÓ ÛÙ· Û˘ÛÙ‹Ì·Ù· ÎÏÈÌ·ÙÈÛÌÔ‡ Î·È
ÛÙ· ‰›ÎÙ˘· ˙ÂÛÙÔ‡ Î·È ÎÚ‡Ô˘ ÓÂÚÔ‡ 13 ¡ÔÛÔÎÔÌÂ›ˆÓ Î·È ÂÓfi˜ ·Ú·ÚÙ‹Ì·ÙÔ˜
ÛÙËÓ Â˘Ú‡ÙÂÚË ÂÚÈÔ¯‹ ÙË˜ ∞ı‹Ó·˜.

‚) ÂÈÙfiÈÂ˜ ÌÂÙÚ‹ÛÂÈ˜ ÛÂ ÎÚ›ÛÈÌ· ÛËÌÂ›· ÙˆÓ ˆ˜ ¿Óˆ ÂÁÎ·Ù·ÛÙ¿ÛÂˆÓ Î·È ‰ÈÎÙ‡ˆÓ
fiÛÔÓ ·ÊÔÚ¿ ÙËÓ ıÂÚÌÔÎÚ·Û›· ÙÔ˘ ÓÂÚÔ‡ Î·È ÙÔ ˘ÔÏÂÈÌÌ·ÙÈÎfi ¯ÏÒÚÈÔ ÂÊfiÛÔÓ
ÙÔ ¯ÏÒÚÈÔ ‹ ¿ÏÏÂ˜ ÂÓÂÚÁ¤˜ ÌÔÚÊ¤˜ ÙÔ˘ ¯ÚËÛÈÌÔÔÈÔ‡ÓÙ·È ˆ˜ Ì¤Û· ·ÔÏ‡Ì·ÓÛË˜
·˘ÙÔ‡ ÙÔ˘ ÓÂÚÔ‡.

Á) ‰ÂÈÁÌ·ÙÔÏË„›Â˜ ÓÂÚÔ‡ ÁÈ· Ê˘ÛÈÎÔ-¯ËÌÈÎ¤˜ ÂÍÂÙ¿ÛÂÈ˜ ÛÙÔ ÂÚÁ·ÛÙ‹ÚÈÔ (ÂÈÏ¤¯ıË-
Î·Ó Ó· ÌÂÙÚËıÔ‡Ó Ë ıÔÏfiÙËÙ·, Ë ·ÁˆÁÈÌfiÙËÙ·, Ë ÛÎÏËÚfiÙËÙ·, Ù· ·ÈˆÚÔ‡ÌÂÓ·
ÛÙÂÚÂ¿, Ô Û›‰ËÚÔ˜, Ô „Â˘‰¿ÚÁ˘ÚÔ˜ Î·È Ô ¯·ÏÎfi˜).

‰) ‰ÂÈÁÌ·ÙÔÏË„›Â˜ ÓÂÚÔ‡ ÁÈ· ÌÈÎÚÔ‚ÈÔÏÔÁÈÎ¤˜ ÂÍÂÙ¿ÛÂÈ˜ ÛÙÔ ÂÚÁ·ÛÙ‹ÚÈÔ ÚÔÎÂÈÌ¤-
ÓÔ˘ Ó· ÂÓÙÔÈÛıÔ‡Ó Ù˘¯fiÓ ·ÔÈÎ›Â˜ §ÂÁÈˆÓ¤ÏÏ·˜.

Â) Û˘ÌÂÚ¿ÛÌ·Ù· ÁÈ· Èı·Ó‹ Û˘Û¯¤ÙÈÛË ÙˆÓ ÙÈÌÒÓ ÙˆÓ Ê˘ÛÈÎÔ-¯ËÌÈÎÒÓ ·Ú·Ì¤-
ÙÚˆÓ ÌÂ ÙÈ˜ ·ÓÙ›ÛÙÔÈ¯Â˜ ÙÈÌ¤˜ ÙˆÓ ÌÈÎÚÔ‚ÈÔÏÔÁÈÎÒÓ ÂÍÂÙ¿ÛÂˆÓ ÁÈ· §ÂÁÈˆÓ¤ÏÏ·,
Î·ıÒ˜ Î·È ÌÂ ÙÈ˜ ÂÈÎÚ·ÙÔ‡ÛÂ˜ Û˘Óı‹ÎÂ˜ ÏÂÈÙÔ˘ÚÁ›·˜, Û˘ÓÙ‹ÚËÛË˜ Î·È ·ÔÏ‡-
Ì·ÓÛË˜ ÙˆÓ ÂÁÎ·Ù·ÛÙ¿ÛÂˆÓ.

2. ∏ ÓfiÛÔ˜ ÙˆÓ ÏÂÁÂˆÓ¿ÚÈˆÓ, ÙÚfiÔÈ ÌÂÙ¿‰ÔÛË˜

∏ ¡fiÛÔ˜ ÙˆÓ §ÂÁÂˆÓ¿ÚÈˆÓ Â›Ó·È ·Ûı¤ÓÂÈ· ÙÔ˘ ·Ó·ÓÂ˘ÛÙÈÎÔ‡ Û˘ÛÙ‹Ì·ÙÔ˜, ÌÂÙ·-
‰›‰ÂÙ·È ÌÂ ÂÈÛÓÔ‹ ÌÔÏ˘ÛÌ¤ÓˆÓ ÛÙ·ÁÔÓÈ‰›ˆÓ ÓÂÚÔ‡ ·fi ÙÔ ‚·ÎÙ‹ÚÈÔ Legionella
pneumonophilla Î·È ÂÎ‰ËÏÒÓÂÙ·È ÌÂ ‰‡Ô ÌÔÚÊ¤˜, ÙÔÓ ˘ÚÂÙfi Pontiac ‹ ÙËÓ ¿Ù˘Ë
ÓÂ˘ÌÔÓ›· Ë ÔÔ›· ¤¯ÂÈ ˘„ËÏ‹ ıÓËÛÈÌfiÙËÙ· (ÂÚ›Ô˘ 20% ÛÙÔ ÁÂÓÈÎfi ÏËı˘ÛÌfi). ∆Ô
‚·ÎÙ‹ÚÈÔ ··ÓÙ¿Ù·È Û˘¯Ó¿ ÛÙÔ ÂÚÈ‚¿ÏÏÔÓ Î·È ·ÔÙÂÏÂ› ÛÔ‚·Úfi Î›Ó‰˘ÓÔ ÁÈ· Ù· Û˘-
ÛÙ‹Ì·Ù· ‡‰ÚÂ˘ÛË˜ Î·È ˘‰Úfi„˘ÎÙÔ˘ ÎÏÈÌ·ÙÈÛÌÔ‡ ÛÂ ÌÂÁ¿ÏÂ˜ ÎÙÈÚÈ·Î¤˜ ÂÁÎ·Ù·ÛÙ¿ÛÂÈ˜
fiˆ˜ Â›Ó·È Ù· ÌÂÁ¿Ï· ¡ÔÛÔÎÔÌÂ›·. ∂›Ó·È È‰È·›ÙÂÚ· ·ÓıÂÎÙÈÎfi Î·È ·Ó·Ù‡ÛÛÂÙ·È ÛÙÔ
ÓÂÚfi ÌÂÙ·Í‡ 18ÆC Î·È 60ÆC ÌÂ ‚¤ÏÙÈÛÙÔ Â‡ÚÔ˜ 25-45ÆC.

™Â ÂÁÎ·Ù·ÛÙ¿ÛÂÈ˜ Î·È ÛÙ· ÛËÌÂ›· fiÔ˘ ‰ËÌÈÔ˘ÚÁÔ‡ÓÙ·È ÛÙ·ÁÔÓ›‰È· ÓÂÚÔ‡ Î·È ÙÔ
·ÓÙ›ÛÙÔÈ¯Ô ‰›ÎÙ˘Ô ¤¯ÂÈ ÂÔÈÎÈÛÙÂ› ·fi ÙÔ ÛÙ¤ÏÂ¯Ô˜ ÙË˜ Legionella, Ô Î›Ó‰˘ÓÔ˜ ÁÈ· ÙË
ÌÂÙ¿‰ÔÛË ÙË˜ ·Ûı¤ÓÂÈ·˜ Â›Ó·È ˘·ÚÎÙfi˜. ∏ Î·Ù¿ÔÛË ÌÔÏ˘ÛÌ¤ÓÔ˘ ÓÂÚÔ‡ ‰ÂÓ ÌÂÙ·‰›‰ÂÈ
ÙË ÓfiÛÔ. ∂›ÛË˜ Ë §ÂÁÈˆÓ¤ÏÏˆÛË ‰ÂÓ ÌÂÙ·‰›‰ÂÙ·È ·fi ¿ÓıÚˆÔ ÛÂ ¿ÓıÚˆÔ. 

3. ∂ÁÎ·Ù·ÛÙ¿ÛÂÈ˜ ÓÂÚÔ‡-¶ÚÔ‚Ï‹Ì·Ù·

√È ÂÁÎ·Ù·ÛÙ¿ÛÂÈ˜ ÓÂÚÔ‡ Ô˘ ·ÔÙÂÏÔ‡Ó ÙÈ˜ Û˘Ó‹ıÂÈ˜ Ô‰Ô‡˜ ÌÂÙ¿‰ÔÛË˜ ÙË˜ ÓfiÛÔ˘
Â›Ó·È:
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ñ ªÔÓ¿‰Â˜ ˘‰Úfi„˘ÎÙÔ˘ ÎÏÈÌ·ÙÈÛÌÔ‡.

ñ √È ‡ÚÁÔÈ „‡ÍË˜.

ñ ∆· ÂÛˆÙÂÚÈÎ¿ ‰›ÎÙ˘· ˙ÂÛÙÔ‡ Î·È ÎÚ‡Ô˘ ÓÂÚÔ‡.

ñ ∆· ÛÈÓÙÚÈ‚¿ÓÈ·, Ù· SPA, ÔÈ ÈÛ›ÓÂ˜, Ù· ÏÔ˘ÙÚ¿, ÔÈ ˘ÁÚ·ÓÙ‹ÚÂ˜, Ù· ·Ú‰Â˘ÙÈÎ¿ Û˘-
ÛÙ‹Ì·Ù· ÙÂ¯ÓËÙ‹˜ ‚ÚÔ¯‹˜ ÎÏ.

√ Î›Ó‰˘ÓÔ˜ Â›Ó·È ·Ó¿ÏÔÁÔ˜ ÌÂ ÙÔÓ ·ÚÈıÌfi ÙˆÓ ·ÔÈÎÈÒÓ ÙË˜ Legionella ÛÙÈ˜ ˆ˜ ¿Óˆ
ÂÁÎ·Ù·ÛÙ¿ÛÂÈ˜ ÔÈ ÔÔ›Â˜ ·ÓÈ¯ÓÂ‡ÔÓÙ·È ÌÂ ÂÚÁ·ÛÙËÚÈ·Î¤˜ ÂÍÂÙ¿ÛÂÈ˜ ÛÙÔ ÓÂÚfi. ∞Ó ÔÈ
ÂÁÎ·Ù·ÛÙ¿ÛÂÈ˜ ÙÔ˘ ÓÂÚÔ‡ ‰ÂÓ Â›Ó·È Î·Ù·ÛÎÂ˘·ÛÌ¤ÓÂ˜ ÛˆÛÙ¿ Î·È Ë Û˘ÓÙ‹ÚËÛ‹ ÙÔ˘˜ ÈÎ·-
ÓÔÔÈËÙÈÎ‹ ÙfiÙÂ ÌÔÚÂ› Ó· Û˘Ì‚¿ÏÏÔ˘Ó ÛÙËÓ ÂÌÊ¿ÓÈÛË Î·È ÂÓ›Û¯˘ÛË ÙË˜ ÌfiÏ˘ÓÛË˜.

£· Ú¤ÂÈ ÙÔ ÓÂÚfi Î˘ÎÏÔÊÔÚ›·˜ Ó· ‚Ú›ÛÎÂÙ·È Î·Ù¿ ÙÔ ‰˘Ó·ÙfiÓ ÂÎÙfi˜ ÙÔ˘ ÎÚ›ÛÈÌÔ˘
Ê¿ÛÌ·ÙÔ˜ ÙÈÌÒÓ ÙË˜ ıÂÚÌÔÎÚ·Û›·˜ Ô˘ Â˘ÓÔÂ› ÙËÓ ·Ó¿Ù˘ÍË ÙË˜ Legionella (20-60ÆC)
Î·È Ó· ¤¯ÂÈ ¯·ÌËÏfi Ú˘ıÌfi ÚÔ‹˜.

4. ∏ ÔÈfiÙËÙ· ÙÔ˘ ÓÂÚÔ‡

∆Ô ÓÂÚfi Î˘ÎÏÔÊÔÚ›·˜ Ú¤ÂÈ Ó· Â›Ó·È Î·ı·Úfi Î·È Î·Ù¿ÏÏËÏÔ ÁÈ· ÙËÓ ·ÓÙ›ÛÙÔÈ¯Ë
¯Ú‹ÛË ÌÂ ‚¿ÛË ÙÈ˜ ıÂÛÌÔıÂÙËÌ¤ÓÂ˜ ÚÔ‰È·ÁÚ·Ê¤˜. ∂È‰ÈÎfiÙÂÚ· ÁÈ· Ù· ÂÛˆÙÂÚÈÎ¿ ‰›ÎÙ˘·
ÎÚ‡Ô˘ Î·È ˙ÂÛÙÔ‡ ÓÂÚÔ‡ ÛÙ· ¡ÔÛÔÎÔÌÂ›· ÙÔ ÓÂÚfi Ú¤ÂÈ Ó· ÙËÚÂ› ÙÈ˜ ÚÔ‰È·ÁÚ·Ê¤˜ ÙË˜
ÂÏÏËÓÈÎ‹ ÓÔÌÔıÂÛ›·˜ ∫À∞ À2/2600/2001 «¶ÔÈfiÙËÙ· ÙÔ˘ ÓÂÚÔ‡ ·ÓıÚÒÈÓË˜ Î·Ù·Ó¿-
ÏˆÛË˜», ÛÂ Û˘ÌÌfiÚÊˆÛË ÚÔ˜ ÙËÓ Ô‰ËÁ›· 98/83/∂∫ ÙÔ˘ ™˘Ì‚Ô˘Ï›Ô˘ ÙË˜ ∂˘Úˆ·˚Î‹˜
ŒÓˆÛË˜ ÙË˜ 3Ë˜ ¡ÔÂÌ‚Ú›Ô˘ 1998, fiˆ˜ ÙÚÔÔÔÈ‹ıËÎÂ ·fi ¢À°2/°.¶. ÔÈÎ.38295 (º∂∫
B 630/26.04.2007.

™˘Ó‹ıÂÈ˜ ·Ú¿ÌÂÙÚÔÈ ÙË˜ ÔÈÔÙÈÎ‹˜ ˘Ô‚¿ıÌÈÛË˜ ÙÔ˘ ÓÂÚÔ‡ Â›Ó·È Ë ·˘ÍËÌ¤ÓË ıÔ-
ÏfiÙËÙ·, Ë ÂÚÈÂÎÙÈÎfiÙËÙ· ·Ï¿ÙˆÓ, ÌÂÙ·ÏÏÈÎÒÓ ÛÙÔÈ¯Â›ˆÓ ÏfiÁˆ ‰È¿‚ÚˆÛË˜ ÙˆÓ ÛˆÏË-
ÓÒÛÂˆÓ, Ë ·ÚÔ˘Û›· ÌÈÎÚÔÔÚÁ·ÓÈÛÌÒÓ, ·ÏÁÒÓ, Â˘ÙÚÔÊÈÎÒÓ ˘ÏÈÎÒÓ Î.Ï.

∂›Ó·È ·Ó·ÁÎ·›· Ë ÛˆÛÙ‹ ‰È·¯Â›ÚÈÛË ÙÔ˘ ÓÂÚÔ‡ fiÛÔÓ ·ÊÔÚ¿ ÙË ¯ËÌÈÎ‹ Î·È ÌÈÎÚÔ-
‚ÈÔÏÔÁÈÎ‹ ÙÔ˘ Û‡ÓıÂÛË Ì¤Ûˆ ‰ÈÂÚÁ·ÛÈÒÓ ÚfiÏË„Ë˜ Î·È ·ÓÙÈÌÂÙÒÈÛË˜, fiˆ˜ Û˘¯ÓÔ›
ÔÈÔÙÈÎÔ› ¤ÏÂÁ¯ÔÈ, ÂÊ·ÚÌÔÁ‹ Ê˘ÛÈÎÒÓ Î·È ¯ËÌÈÎÒÓ ÌÂıfi‰ˆÓ Î·ı·ÚÈÛÌÔ‡ Î·È ·ÔÏ‡-
Ì·ÓÛË˜).

5. ÀÏÔÔ›ËÛË ÙË˜ ¤ÚÂ˘Ó·˜

∞fi ÙÔ Û‡ÓÔÏÔ ÙˆÓ ¡ÔÛÔÎÔÌÂ›ˆÓ Ô˘ Û˘ÌÌÂÙÂ›¯·Ó ÛÙËÓ ·ÚÔ‡Û· ¤ÚÂ˘Ó· Ï‹ÊıË-
Î·Ó Û˘ÓÔÏÈÎ¿ 71 ‰Â›ÁÌ·Ù· ÓÂÚÔ‡ ·fi ‰È¿ÊÔÚ· ÎÚ›ÛÈÌ· ÛËÌÂ›· ÙˆÓ ‰ÈÎÙ‡ˆÓ ‡‰ÚÂ˘ÛË˜
Î·È ÎÂÓÙÚÈÎÔ‡ ÎÏÈÌ·ÙÈÛÌÔ‡-‡ÚÁˆÓ „‡ÍÂˆ˜. ∆· ‰Â›ÁÌ·Ù· ÂÍÂÙ¿ÛıËÎ·Ó ˆ˜ ÚÔ˜ ÙÈ˜ Ê˘-
ÛÈÎÔ¯ËÌÈÎ¤˜ ·Ú·Ì¤ÙÚÔ˘˜ Ô˘ Û˘ÌÂÚÈÏ·Ì‚¿ÓÔÓÙ·È ÛÙÔ˘˜ ÂÈÌ¤ÚÔ˘˜ ›Ó·ÎÂ˜ ·Ó¿ ¡Ô-
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ÛÔÎÔÌÂ›Ô. ∆·˘Ùfi¯ÚÔÓ·, ·ÓÙ›ÛÙÔÈ¯Ô˜ ·ÚÈıÌfi˜ ‰ÂÈÁÌ¿ÙˆÓ Ï‹ÊıËÎÂ ·fi Ù· ›‰È· ÛËÌÂ›·.
∆· ‰Â›ÁÌ·Ù· ÂÍÂÙ¿ÛÙËÎ·Ó ÛÙÔ ÂÚÁ·ÛÙ‹ÚÈÔ ˆ˜ ÚÔ˜ ÙËÓ ·ÚÔ˘Û›· ÛÙÂÏÂ¯ÒÓ Legionella
ÚÔÎÂÈÌ¤ÓÔ˘ Ó· ÂÚÂ˘ÓËıÂ› ÔÔÈ·‰‹ÔÙÂ Û˘Û¯¤ÙÈÛË ÌÂÙ·Í‡ ÙˆÓ ÙÈÌÒÓ ÙˆÓ Ê˘ÛÈÎÔ¯ËÌÈ-
ÎÒÓ ·Ú·Ì¤ÙÚˆÓ Î·È ÙË˜ ·Ó¿Ù˘ÍË˜ ÙÔ˘ ‚·ÎÙËÚ›Ô˘.

√È Ì¤ıÔ‰ÔÈ Ì¤ÙÚËÛË˜ Î·È ÂÚÁ·ÛÙËÚÈ·ÎÒÓ ·ÔÏ˘Ì¿ÓÛÂˆÓ Ô˘ ¯ÚËÛÈÌÔÔÈ‹ıËÎ·Ó Â›-
Ó·È ÔÈ Î¿ÙˆıÈ:

ñ º˘ÛÈÎÔ¯ËÌÈÎ¤˜ ·Ú¿ÌÂÙÚÔÈ:

PH : ∏ÏÂÎÙÚÔÌÂÙÚÈÎ‹ 
∞ÁˆÁÈÌfiÙËÙ· : ∞ÁˆÁÈÌÔÌÂÙÚ›·
£ÔÏfiÙËÙ· : ¡ÂÊÂÏÔÌÂÙÚÈÎ‹
™ÎÏËÚfiÙËÙ· : ™˘ÌÏÔÎÔÌÂÙÚÈÎ‹
ÀÔÏÂÈÌÌ·ÙÈÎfi ¯ÏÒÚÈÔ : ÃÚˆÌ·ÙÔÌÂÙÚÈÎ‹
£ÂÚÌÔÎÚ·Û›· : £ÂÚÌÔÌÂÙÚÈÎ‹
∞ÈˆÚÔ‡ÌÂÓ· ÛÙÂÚÂ¿ : ™Ù·ıÌÈÎ‹
Fe : º·ÛÌ·ÙÔÊˆÙÔÌÂÙÚ›· ·ÙÔÌÈÎ‹˜ ·ÔÚÚfiÊËÛË˜
Zn : º·ÛÌ·ÙÔÊˆÙÔÌÂÙÚ›· ·ÙÔÌÈÎ‹˜ ·ÔÚÚfiÊËÛË˜
Cu : º·ÛÌ·ÙÔÊˆÙÔÌÂÙÚ›· ·ÙÔÌÈÎ‹˜ ·ÔÚÚfiÊËÛË˜

ñ µ·ÎÙ‹ÚÈÔ Legionella

ÃÚËÛÈÌÔÔÈ‹ıËÎÂ Ë Ì¤ıÔ‰Ô˜ Ô˘ ÚÔ‚Ï¤ÂÙ·È ÛÙÔ ISO 11737 Î·È Ë Ù·˘ÙÔÔ›ËÛË
¤ÁÈÓÂ ÌÂ latex agglutination kit (Pro-Lab Diagnistic, Canada).

6. ¶ÂÚÈÁÚ·Ê‹ Û˘ÛÙËÌ¿ÙˆÓ „‡ÍË˜ Î·È ˙ÂÛÙÔ‡ ÓÂÚÔ‡ ÓÔÛÔÎÔÌÂ›ˆÓ

Î·È ·ÔÙÂÏ¤ÛÌ·Ù· ÌÂÙÚ‹ÛÂˆÓ

¡ÔÛÔÎÔÌÂ›Ô ∞

¶∂ƒπ°ƒ∞º∏ ™À™∆∏ª∞∆ø¡ ∫§πª∞∆π™ª√À, À¢ƒ∂À™∏™ ∫∞π ¢π∫∆À√À

∑∂™∆√À ¡∂ƒ√À

¶ÚfiÎÂÈÙ·È ÁÈ· ÌÂÁ¿ÏÔ Û˘ÁÎÚfiÙËÌ· ÎÙÈÚ›ˆÓ Ô˘ ¤¯Ô˘Ó ÂÁÎ·Ù·ÛÙ¿ÛÂÈ˜ ‰È·ÊÔÚÂÙÈÎ‹˜
ËÏÈÎ›·˜. ªÂÚÈÎ¤˜ ¤¯Ô˘Ó ·Ó·Î·ÈÓÈÛÙÂ› ÚfiÛÊ·Ù·. ™Â ÌÂÚÈÎ¤˜ ÂÚÈÙÒÛÂÈ˜ ÔÈ ÂÁÎ·Ù·-
ÛÙ¿ÛÂÈ˜ ÂÍ˘ËÚÂÙÔ‡Ó ÂÚÈÛÛfiÙÂÚ· ·fi ¤Ó· ÎÙ›ÚÈ· Î·È ÛÂ ¿ÏÏÂ˜ ¤Ó·.

∆Ô ÓÔÛÔÎÔÌÂ›Ô ‰È·ı¤ÙÂÈ ‡ÚÁÔ˘˜ „‡ÍÂˆ˜ Î·È ÚÔÛÙ›ıÂÓÙ·È  ¯ËÌÈÎ¿ ÚfiÛıÂÙ·. ∆· Úfi-
ÛıÂÙ· Â›Ó·È ÙÔ C-Fine 3001 Î·È ÙÔ C-Fine 1009 (¯ÚËÛÈÌÔÔÈÔ‡ÓÙ·È ÌÂÙ¿ ·fi ·Ú·›ˆÛË).

∆Ô ˙ÂÛÙfi ÓÂÚfi ·Ú¤¯ÂÙ·È ·fi boiler Î·È ˘¿Ú¯ÂÈ ·Ó·Î˘ÎÏÔÊÔÚ›· ÛÙÔ ‰›ÎÙ˘Ô ÙÔ˘ ˙Â-
ÛÙÔ‡ ÓÂÚÔ‡.

∆Ô ÓÂÚfi ÙÔ˘ ÓÔÛÔÎÔÌÂ›Ô˘ ÚÔ¤Ú¯ÂÙ·È ·fi ÙËÓ ∂À¢∞¶. À¿Ú¯Ô˘Ó ‰ÂÍ·ÌÂÓ¤˜ ·Ô-
ı‹ÎÂ˘ÛË˜. ∆Ô ‰›ÎÙ˘Ô ·ÔÙÂÏÂ›Ù·È ·fi ¯·Ï‡‚‰ÈÓÔ˘˜ ÛˆÏ‹ÓÂ˜.

∂›‰Ú·ÛË Ê˘ÛÈÎÔ-¯ËÌÈÎÒÓ ·Ú·Ì¤ÙÚˆÓ ÛÙËÓ ·ÚÔ˘Û›· ÙÔ˘ ‚·ÎÙËÚ›Ô˘ ÙË˜ Legionella… 115



™∏ª∂π∞ ¢∂π°ª∞∆√§∏æπ∞™ ¡∂ƒ√À

¡√™ ∞-1 : ÀfiÁÂÈÔ Ù¤Ú˘Á·˜ ¶. ¡ÂÚfi ÂÈÛÙÚÔÊ‹˜ ·fi ÙÔÓ ‡ÚÁÔ „‡ÍÂˆ˜ ¡Ô3.
¡√™ ∞-2 : ∑ÂÛÙfi ÓÂÚfi ÂÈÛÙÚÔÊ‹˜ Ù¤Ú˘Á·˜ ¶·Ù¤Ú·. ∆Ô ˙ÂÛÙfi ÓÂÚfi ¤¯ÂÈ ı � 75ÆC

Î·È ÂÈÛÙÚ¤ÊÂÈ ÌÂ ı � 60ÆC.
¡√™ ∞-3 : ¡ÂÚfi ÂÈÛÙÚÔÊ‹˜ „‡ÍË˜ Û˘ÓÙ‹ÚËÛË˜ ı � 22,8ÆC.
¡√™ ∞-4 : ¡ÂÚfi ÂÈÛÙÚÔÊ‹˜ „‡ÍË˜ Î·Ù¿„˘ÍË˜ ı � 22,5ÔC. ∂Í˘ËÚÂÙÂ›Ù·È ÙÔ

„˘¯ÙÈÎfi ˘ÁÚfi fiÏÔ˘ ÙÔ˘ ÓÔÛÔÎÔÌÂ›Ô˘ ·fi Û˘ÌÈÂÛÙ¤˜ Ô˘ ÛÙÂÁ¿˙Ô-
ÓÙ·È ÛÙÔ ÎÙ›ÚÈÔ ¶.

¡√™ ∞-5 : ¡ÂÚfi ÂÈÛÙÚÔÊ‹˜ ‡ÚÁÔ˘ „‡ÍË˜ ¯ÂÈÚÔ˘ÚÁÂ›Ô˘ ÎÙÈÚ›Ô˘ ∞ ı � 22ÆC. √
‡ÚÁÔ˜ „‡ÍË˜ ‚Ú›ÛÎÂÙ·È ÛÙÔ Â›Â‰Ô ÙÔ˘ ÈÛÔÁÂ›Ô˘ ·ÎÚÈ‚Ò˜ ›Ûˆ
·fi ÂÍˆÙÂÚÈÎfi Ì·ÓÙÚfiÙÔÈ¯Ô ÙÔ˘ ÓÔÛÔÎÔÌÂ›Ô˘.

¡√™ ∞-6 : ∑ÂÛÙfi ÓÂÚfi ÂÈÛÙÚÔÊ‹˜ ÎÙÈÚ›Ô˘ ∞ ı � 49,5ÆC.(ÚÔÛ·ÁˆÁ‹ 75ÆC).
¡√™ ∞-7 : ∑ÂÛÙfi ÓÂÚfi ÂÈÛÙÚÔÊ‹˜ ¶·Ï·ÈÔ‡ ÎÙÈÚ›Ô˘ ı � 52,7ÆC.(ÚÔÛ·ÁˆÁ‹

68ÆC).
¡√™ ∞-8 : ∑ÂÛÙfi ÓÂÚfi ¯ÂÈÚÔ˘ÚÁÂ›Ô˘, ÈÛfiÁÂÈÔ, ÙÂÚÌ·ÙÈÎ‹ ‚Ú‡ÛË ı � 63,7ÆC.
¡√™ ∞-9 : ∂ÍˆÙÂÚÈÎ‹ ‚Ú‡ÛË, ÎÚ‡Ô ÓÂÚfi.
¡√™ ∞-10 : ∫·Ù¿ÛÙËÌ· ÂÎÙfi˜ ÙÔ˘ ÓÔÛÔÎÔÌÂ›Ô˘, ¤Ó·ÓÙÈ ÎÂÓÙÚÈÎ‹˜ ÂÈÛfi‰Ô˘.

∞¶√∆∂§∂™ª∞∆∞ ¡√™√∫√ª∂π√À ∞

* ıÂÙÈÎfi: >100CFU, ·ÚÓËÙÈÎfi <100CFU.

¡ÔÛÔÎÔÌÂ›Ô µ

¶∂ƒπ°ƒ∞º∏ ™À™∆∏ª∞∆ø¡ ∫§πª∞∆π™ª√À, À¢ƒ∂À™∏™ ∫∞π ¢π∫∆À√À

∑∂™∆√À ¡∂ƒ√À

∆Ô ÓÔÛÔÎÔÌÂ›Ô ‰ÂÓ ‰È·ı¤ÙÂÈ ‡ÚÁÔ˘˜ „‡ÍË˜, ·ÏÏ¿ ‰‡Ô ÎÂÓÙÚÈÎ¿ ÎÏÈÌ·ÙÈÛÙÈÎ¿.
∆Ô ‰›ÎÙ˘Ô ‡‰ÚÂ˘ÛË˜ ·ÔÙÂÏÂ›Ù·È ·fi ÛˆÏ‹ÓÂ˜ ¯·Ï‡‚‰ÈÓÔ˘˜ ·ÏÏ¿ Î·È ¯¿ÏÎÈÓÔ˘˜.

™ËÌÂ›· pH ∞ÁˆÁÈÌfi- £ÔÏfi- ™ÎÏËÚfi- Cl £ÂÚÌÔ- ∞ÈˆÚÔ‡- Fe Zn Cu ∞ÔÙÂÏ¤-

¢Â›ÁÌ·ÙÔ- ÙËÙ· ÙËÙ· ÙËÙ· ˘ÔÏ. ÎÚ·Û›· ÌÂÓ· ÛÌ·Ù·

ÏË„›·˜ Ìs/cm FTU mg

CaCO
3
/L mg/L (ÆC) mg/L mg/L mg/L ppb Legionella*

¡√™ ∞-1 6,90 487 1,36 246 20 70 <0,20 <0,04 ∞ÚÓËÙÈÎfi

¡√™ ∞-2 7,27 269 0,87 138 60 75 <0,20 <0,04 £ÂÙÈÎfi

¡√™ ∞-3 7,90 1103 1,81 584 22,8 250 <0,20 0,16 ∞ÚÓËÙÈÎfi

¡√™ ∞-4 8,00 7390 1,17 >1698 22,5 145 <0,20 0,35 ∞ÚÓËÙÈÎfi

¡√™ ∞-5 8,24 288 0,7 146 29 20 <0,20 <0,04 ∞ÚÓËÙÈÎfi

¡√™ ∞-6 8,08 270 2,48 144 49,5 0 <0,20 0,13 ∞ÚÓËÙÈÎfi

¡√™ ∞-7 7,97 268 0,88 138 52,7 35 <0,20 0,09 £ÂÙÈÎfi

¡√™ ∞-8 7,90 261 2,11 130 63,7 45 <0,20 0,06 ∞ÚÓËÙÈÎfi

¡√™ ∞-9 7,92 271 2,2 142 45 <0,20 <0,04 ∞ÚÓËÙÈÎfi

¡√™ ∞-10 8,03 272 0,74 100 175 <0,20 <0,04 ∞ÚÓËÙÈÎfi
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À¿Ú¯Ô˘Ó ‰ÂÍ·ÌÂÓ¤˜ ÂÊÂ‰ÚÂ›·˜ ÓÂÚÔ‡ ÛÙËÓ Ù·Ú¿ÙÛ· (·Ú¿ÏÏËÏ· Û˘Ó‰Â‰ÂÌ¤ÓÂ˜, ·fi
ÔÏ˘·Èı˘Ï¤ÓÈÔ).

∆Ô ÓÂÚfi ÚÔ¤Ú¯ÂÙ·È ·fi ÙËÓ ∂À¢∞¶. ¢Â Á›ÓÂÙ·È ¯Ú‹ÛË ¯ËÌÈÎÒÓ ÚfiÛıÂÙˆÓ ÛÙÔ
ÓÂÚfi.

∆Ô ‰›ÎÙ˘Ô ÙÔ˘ ˙ÂÛÙÔ‡ ÓÂÚÔ‡ ‰È·ı¤ÙÂÈ ·Ó·Î˘ÎÏÔÊÔÚ›·. À¿Ú¯ÂÈ boiler ÛÙÔ ˘fiÁÂÈÔ
ÁÈ· ÙÔ˘˜ 2Ô ¤ˆ˜ 6Ô fiÚÔÊÔ. ∆Ô boiler ·˘Ùfi Ê·›ÓÂÙ·È ÌÈÎÚfi ÛÂ Ì¤ÁÂıÔ˜. ∏ ıÂÚÌÔÎÚ·Û›·
ÙÔ˘ ÓÂÚÔ‡ ÂÈÛÙÚÔÊ‹˜ ‹Ù·Ó ¯·ÌËÏ‹. À¿Ú¯Ô˘Ó Î·È ‰È¿ÊÔÚÔÈ ‰È¿Û·ÚÙÔÈ ·ÙÔÌÈÎÔ›
ËÏÂÎÙÚÈÎÔ› ıÂÚÌÔÛ›ÊˆÓÂ˜.

™∏ª∂π∞ ¢∂π°ª∞∆√§∏æπ∞™ ¡∂ƒ√À

¡√™ µ-1 : ¢ÂÍ·ÌÂÓ‹ ·Ôı‹ÎÂ˘ÛË˜ ÓÂÚÔ‡ ÛÙËÓ Ù·Ú¿ÙÛ·
¡√™ µ-2 : µÚ‡ÛË ÎÚ‡Ô˘ ÓÂÚÔ‡ ÎÔ˘˙›Ó·˜ ÛÙÔÓ 6Ô fiÚÔÊÔ (·ÔÌ·ÎÚ˘ÛÌ¤ÓÔ ÛË-

ÌÂ›Ô)
¡√™ µ-3 : µÚ‡ÛË ˙ÂÛÙÔ‡ ÓÂÚÔ‡ ·fi ı¿Ï·ÌÔ (ÙÔ˘·Ï¤Ù·) Î·Ú‰ÈÔÏÔÁÈÎ‹˜ ÎÏÈÓÈ-

Î‹˜ ÛÙÔ 2Ô fiÚÔÊÔ
¡√™ µ-4 : µÚ‡ÛË ÎÚ‡Ô˘ ÓÂÚÔ‡ ·fi ÙÔ˘·Ï¤ÙÂ˜ ˘ÔÁÂ›Ô˘. ∂›Ó·È ÙÔ Ï¤ÔÓ ÎÔÓÙÈ-

ÓfiÙÂÚÔ ÛËÌÂ›Ô ÙÔ˘ ÎÙÈÚ›Ô˘ ÛÙËÓ ÙÚÔÊÔ‰ÔÛ›· ·fi ÙËÓ ∂À¢∞¶.

∞¶√∆∂§∂™ª∞∆∞ ¡√™√∫√ª∂π√À µ

*ıÂÙÈÎfi: >100CFU, ·ÚÓËÙÈÎfi <100CFU.

¡ÔÛÔÎÔÌÂ›Ô °

¶∂ƒπ°ƒ∞º∏ ™À™∆∏ª∞∆ø¡ ∫§πª∞∆π™ª√À, À¢ƒ∂À™∏™ ∫∞π ¢π∫∆À√À

∑∂™∆√À ¡∂ƒ√À

∆Ô ÓÔÛÔÎÔÌÂ›Ô  ‰È·ı¤ÙÂÈ ‰‡Ô (2) ‡ÚÁÔ˘˜ „‡ÍË˜. ∞˘ÙÔ› ‚Ú›ÛÎÔÓÙ·È ÎÔÓÙ¿ ÛÂ ·Ú¿-
ı˘Ú· Î·È ‰ÚfiÌÔ. ∆ËÓ ÂÔ¯‹ ÙË˜ Â›ÛÎÂ„Ë˜ Ì·˜ ÛÙÔ ÓÔÛÔÎÔÌÂ›Ô (¡Ô¤Ì‚ÚÈÔ˜ 2004) ‹Ù·Ó
ÂÎÙfi˜ ÏÂÈÙÔ˘ÚÁ›·˜, ÎÏÂÈÛÙÔ›. ∂›¯·Ó ÓÂÚfi ÛÙ¿ÛÈÌÔ, fiˆ˜ Â›¯Â ·Ú·ÌÂ›ÓÂÈ ·fi ÙË ÙÂÏÂ˘-
Ù·›· ËÌ¤Ú· ÏÂÈÙÔ˘ÚÁ›·˜ ÙÔ˘˜. ŸÙ·Ó ÊÙ¿ÛÂÈ Ë ÂÔ¯‹ Ó· Â·Ó·ÏÂÈÙÔ˘ÚÁ‹ÛÔ˘Ó ÔÈ ‡ÚÁÔÈ
„‡ÍË˜, ÂÎÎÂÓÒÓÔÓÙ·È ·fi ÙÔ ÓÂÚfi Î·È Û˘ÓÙËÚÔ‡ÓÙ·È. ∆Ô ÓÂÚfi ÙˆÓ ‡ÚÁˆÓ „‡ÍÂˆ˜ Â›-
Ó·È ·Ê·Ï·ÙˆÌ¤ÓÔ Î·È ‰ÂÓ ÚÔÛÙ›ıÂÓÙ·È ¯ËÌÈÎ¿ ÛÂ ·˘Ùfi.  

∆Ô ‰›ÎÙ˘Ô ÙÔ˘ ˙ÂÛÙÔ‡ ÓÂÚÔ‡ ‰È·ı¤ÙÂÈ ·Ó·Î˘ÎÏÔÊÔÚ›· Î·È ÁÈ· Ù· Ù¤ÛÛÂÚ· ÎÙ›ÚÈ· ÙÔ˘

™ËÌÂ›· pH ∞ÁˆÁÈÌfi- £ÔÏfi- ™ÎÏËÚfi- Cl £ÂÚÌÔ- ∞ÈˆÚÔ‡- Fe Zn Cu ∞ÔÙÂÏ¤-

¢Â›ÁÌ·ÙÔ- ÙËÙ· ÙËÙ· ÙËÙ· ˘ÔÏ. ÎÚ·Û›· ÌÂÓ· ÛÌ·Ù·

ÏË„›·˜ Ìs/cm FTU mg

CaCO
3
/L mg/L (ÆC) mg/L mg/L mg/L ppb Legionella*

¡√™ µ-1 6,62 320 0,67 154 0,10 19 0 <0,20 <0,04 7,1 ∞ÚÓËÙÈÎfi

¡√™ µ-2 7,03 318 2,11 150 0,60 19 15 <0,20 <0,04 <2,0 ∞ÚÓËÙÈÎfi

¡√™ µ-3 7,12 317 0,96 150 0,00 35 0 <0,20 0,56 320 ∞ÚÓËÙÈÎfi

¡√™ µ-4 7,38 319 1,5 150 0,60 16 5 <0,20 <0,04 <2,0 ∞ÚÓËÙÈÎfi

∂›‰Ú·ÛË Ê˘ÛÈÎÔ-¯ËÌÈÎÒÓ ·Ú·Ì¤ÙÚˆÓ ÛÙËÓ ·ÚÔ˘Û›· ÙÔ˘ ‚·ÎÙËÚ›Ô˘ ÙË˜ Legionella… 117



ÓÔÛÔÎÔÌÂ›Ô˘ ˘¿Ú¯Ô˘Ó Ù¤ÛÛÂÚ· boiler ·ÓÙ›ÛÙÔÈ¯·. ∆Ô ˙ÂÛÙfi ÓÂÚfi ¯Ú‹ÛË˜ Â›Ó·È ·Ê·Ï·-
ÙˆÌ¤ÓÔ. ∏ ·Ê·Ï¿ÙˆÛË Á›ÓÂÙ·È ÌÂ ÚËÙ›ÓÂ˜ Ô˘ ·Ó·ÁÂÓÓÔ‡Ó ÔÈ ›‰ÈÔÈ.

∆Ô ÓÂÚfi ·Ú¤¯ÂÙ·È ·fi ÙËÓ ∂À¢∞¶  Î·È ˘¿Ú¯ÂÈ ˘fiÁÂÈ· ‰ÂÍ·ÌÂÓ‹ ÓÂÚÔ‡. ∆Ô ‰›-
ÎÙ˘Ô ‡‰ÚÂ˘ÛË˜ ·ÔÙÂÏÂ›Ù·È ·fi ÛˆÏ‹ÓÂ˜  ¯·Ï‡‚‰ÈÓÔ˘˜ ·ÏÏ¿ Î·È ¯¿ÏÎÈÓÔ˘˜.

™∏ª∂π∞ ¢∂π°ª∞∆√§∏æπ∞™ ¡∂ƒ√À

¡√™ °-1 : æ˘¯È·ÙÚÈÎ‹ ÎÏÈÓÈÎ‹ (ÈÛfiÁÂÈÔ)
¡√™ °-2 : §‹„Ë ÚÈÓ ÙË ‰ÂÍ·ÌÂÓ‹ ÓÂÚÔ‡ (·Ú¯ÈÎfi ÓÂÚfi)
¡√™ °-3 : ∫Ù›ÚÈÔ ¡Ô4, 3Ô˜ fiÚÔÊÔ˜, ÙÔ˘·Ï¤ÙÂ˜, ˙ÂÛÙfi ÓÂÚfi
¡√™ °-4 : ∫Ù›ÚÈÔ ¡Ô3, 3Ô˜ fiÚÔÊÔ˜, ÎÔ˘˙›Ó· ¯ÂÈÚÔ˘ÚÁÂ›Ô˘, ˙ÂÛÙfi ÓÂÚfi
¡√™ °-5 : ¶·Ï·Èfi ÎÙ›ÚÈÔ, 4Ô˜ fiÚÔÊÔ˜, ÙÔ˘·Ï¤ÙÂ˜ ·Ï·ÈÒÓ ÂÚÁ·ÛÙËÚ›ˆÓ, ̇ ÂÛÙfi ÓÂÚfi
¡√™ °-6 : ¶‡ÚÁÔ˜ „‡ÍË˜ ÏÈıÔÙÚÈ„›·˜, ·fi ÛÙ¿ÛÈÌÔ ÓÂÚfi ÙË˜ ÏÂÎ¿ÓË˜ ÙÔ˘ 

∞¶√∆∂§∂™ª∞∆∞ ¡√™√∫√ª∂π√À °

*  ıÂÙÈÎfi: >100CFU, ·ÚÓËÙÈÎfi <100CFU.

¡ÔÛÔÎÔÌÂ›Ô ¢

¶∂ƒπ°ƒ∞º∏ ™À™∆∏ª∞∆ø¡ ∫§πª∞∆π™ª√À, À¢ƒ∂À™∏™ ∫∞π ¢π∫∆À√À

∑∂™∆√À ¡∂ƒ√À

∆Ô ÓÔÛÔÎÔÌÂ›Ô  ‰È·ı¤ÙÂÈ Ù¤ÛÛÂÚÈ˜ (4) ‡ÚÁÔ˘˜ „‡ÍË˜ Ô˘ ‚Ú›ÛÎÔÓÙ·È ÛÙËÓ Ù·Ú¿ÙÛ·
Î·È ÏÂÈÙÔ˘ÚÁÔ‡Ó ·Ú¿ÏÏËÏ· ˘‰Ú·˘ÏÈÎ¿.

∞ÎfiÌË Î·È ÙÔ ¯ÂÈÌÒÓ·, Â›Ó·È Î·È Ë ÂÔ¯‹ Ô˘ Ú·ÁÌ·ÙÔÔÈ‹ıËÎÂ Ë Â›ÛÎÂ„Ë Ì·˜
ÛÙÔ ÓÔÛÔÎÔÌÂ›Ô, ÏÂÈÙÔ˘ÚÁÔ‡Ó ÂÎ ÂÚÈÙÚÔ‹˜ ÙÔÓ ·ÓÂÌÈÛÙ‹Ú· ÙÔ˘ ÂÓfi˜ ‡ÚÁÔ˘. ∆Ô ÓÂ-
Úfi ÂÈÛÙÚÔÊ‹˜ ÛÙÔ˘˜ ‡ÚÁÔ˘˜ Â›¯Â ı � 26ÆC. 

ÃÚËÛÈÌÔÔÈÔ‡Ó ¯ËÌÈÎ¿:

1) ∞ÔÏ˘Ì·ÓÙÈÎfi NaClO ST40,NaOH, Î·È Alkaline Bromine

2) ∞ÓÙÈ·ÔıÂÙÈÎfi 8504: phÔsphonocarboxylic acid ÔÚÁ·ÓÈÎfi, fiÍÈÓÔ

3) ¢È·Û·ÚÙÈÎfi ‚ÈÔÌ¿˙·˜ ÌÈÎÚÔÔÚÁ·ÓÈÛÌÒÓ 7348

4) ∞ÓÙÈ‰È·‚ÚˆÙÈÎfi 73400: ÊˆÛÊÔÚÈÎfi ÔÍ‡ Î·È ZuCl2

™ËÌÂ›· pH ∞ÁˆÁÈÌfi- £ÔÏfi- ™ÎÏËÚfi- Cl £ÂÚÌÔ- ∞ÈˆÚÔ‡- Fe Zn Cu ∞ÔÙÂÏ¤-

¢Â›ÁÌ·ÙÔ- ÙËÙ· ÙËÙ· ÙËÙ· ˘ÔÏ. ÎÚ·Û›· ÌÂÓ· ÛÌ·Ù·

ÏË„›·˜ Ìs/cm FTU mg

CaCO
3
/L mg/L (ÆC) mg/L mg/L mg/L ppb Legionella*

¡√™ °-1 7,52 291 1,2 140 0,00 34,3 10 <0,20 0,12 <2,0 ∞ÚÓËÙÈÎfi

¡√™ °-2 7,75 292 1,28 144 0,70 12,5 5 <0,20 <0,04 <2,0 ∞ÚÓËÙÈÎfi

¡√™ °-3 7,85 292 2,11 144 0,00 44,6 15 <0,20 0,07 9,0 ∞ÚÓËÙÈÎfi

¡√™ °-4 6,30 297 0,91 8 0,00 52,2 0 <0,20 0,04 360 ∞ÚÓËÙÈÎfi

¡√™ °-5 6,60 285 1,12 130 0,00 48 100 <0,20 0,07 33,6 ∞ÚÓËÙÈÎfi

¡√™ °-6 8,65 387 3,2 142 0,00 12,8 40 <0,20 0,06 14,1 ∞ÚÓËÙÈÎfi
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∆Ô ˙ÂÛÙfi ÓÂÚfi ¯Ú‹ÛË˜ Î˘ÎÏÔÊÔÚÂ› Û˘ÓÂ¯Ò˜ ÌÂ Î˘ÎÏÔÊÔÚËÙ‹. ∏ ‰ÂÍ·ÌÂÓ‹ ˙ÂÛÙÔ‡
ÓÂÚÔ‡ Â›Ó·È Î·Ù·ÎfiÚ˘ÊË ¯ˆÚ›˜ ·Ó·‰Â˘Ù‹Ú·. Œ¯ÂÈ ıÂÚÌÔÎÚ·ÛÈ·Î‹ ÛÙÚˆÌ·ÙÔÔ›ËÛË.
∆Ô fiÛÈÌÔ ÓÂÚfi ÚÔ¤Ú¯ÂÙ·È ·fi ÙËÓ ∂À¢∞¶, ·ÔıËÎÂ‡ÂÙ·È ÛÂ ‰ÂÍ·ÌÂÓ¤˜ Î·È ‰È·Ó¤ÌÂ-
Ù·È ÌÂ ·ÓÙÏ›Â˜.

∆Ô ‰›ÎÙ˘Ô ‡‰ÚÂ˘ÛË˜ Â›Ó·È ¯¿ÏÎÈÓÔ Î·È ÔÈ ·ÓÙÏ›Â˜ ÛÈ‰ÂÚ¤ÓÈÂ˜.

™∏ª∂π∞ ¢∂π°ª∞∆√§∏æπ∞™ ¡∂ƒ√À

¡√™ ¢-1 : £¿Ï·ÌÔ˜ 615, ‚Ú‡ÛË ˙ÂÛÙÔ‡ ÓÂÚÔ‡ (·ÔÌ·ÎÚ˘ÛÌ¤ÓÔ ÛËÌÂ›Ô)
¡√™ ¢-2 : Drain cohe A, „‡ÎÙË˜ ¡Ô1. ∂›¯Â Û¯ÂÙÈÎ‹ ÛÙ·ÛÈÌfiÙËÙ· ÏfiÁˆ ÂÔ¯‹˜  
¡√™ ¢-3 : æ‡ÎÙË˜ ¡Ô3, ÓÂÚÔ‡ ‡ÚÁÔ˘ „‡ÍË˜ ÛÂ ÏÂÈÙÔ˘ÚÁ›· 
¡√™ ¢-4 : ÀfiÁÂÈÔ, ÚÈÓ ÙË ‰ÂÍ·ÌÂÓ‹ ·Ôı‹ÎÂ˘ÛË˜ ÓÂÚÔ‡ (ÓÂÚfi ∂À¢∞¶ ÛÙËÓ

Â›ÛÔ‰Ô ÙÔ˘ ÎÙÈÚ›Ô˘)
¡√™ ¢-5 : ¡ÂÚfi ∂À¢∞¶ ÌÂÙ¿ ÙË ‰ÂÍ·ÌÂÓ‹
¡√™ ¢-6 : ¢ÂÍ·ÌÂÓ‹ ˙ÂÛÙÔ‡ ÓÂÚÔ‡. §‹„Ë ·fi ¯·ÌËÏ¿. ¢ÂÓ ˘¿Ú¯ÂÈ ·Ó·‰Â˘Ù‹-

Ú·˜ ÛÙË ‰ÂÍ·ÌÂÓ‹.

∞¶√∆∂§∂™ª∞∆∞ ¡√™√∫√ª∂π√À ¢

*  ıÂÙÈÎfi: >100CFU, ·ÚÓËÙÈÎfi <100CFU.

¡ÔÛÔÎÔÌÂ›Ô ∂

¶∂ƒπ°ƒ∞º∏ ™À™∆∏ª∞∆ø¡ ∫§πª∞∆π™ª√À, À¢ƒ∂À™∏™ ∫∞π ¢π∫∆À√À

∑∂™∆√À ¡∂ƒ√À

∆Ô ÓÔÛÔÎÔÌÂ›Ô ‰Â ‰È·ı¤ÙÂÈ ‡ÚÁÔ˘˜ „‡ÍË˜. À¿Ú¯Ô˘Ó ·ÙÔÌÈÎ¿ ÎÏÈÌ·ÙÈÛÙÈÎ¿ Î·È
fan-coil. 

¢ÂÓ ÚÔÛÙ›ıÂÙ·È ¯ËÌÈÎ¿ ÛÙÔ ÓÂÚfi.
°È· ÙÔ ˙ÂÛÙfi ÓÂÚfi ˘¿Ú¯Ô˘Ó ‰‡Ô boiler, ÛÙ· Ï˘ÓÙ‹ÚÈ· Î·È ÛÙÔ ÎÂÓÙÚÈÎfi ÎÙ›ÚÈÔ

(Ê·›ÓÔÓÙ·È ÌÈÎÚÔ‡ ÌÂÁ¤ıÔ˘˜). À¿Ú¯ÂÈ ·Ó·Î˘ÎÏÔÊÔÚ›· ÙÔ˘ ˙ÂÛÙÔ‡ ÓÂÚÔ‡.
∆Ô fiÛÈÌÔ ÓÂÚfi Â›Ó·È ∂À¢∞¶ Î·È ˘¿Ú¯Ô˘Ó Ù¤ÛÛÂÚÈ˜ ÌÂÁ¿ÏÂ˜ ‰ÂÍ·ÌÂÓ¤˜ ÎÈ ·fi

ÂÎÂ› ‰È·Ó¤ÌÂÙ·È ÌÂ ·ÓÙÏ›·.
∆Ô ‰›ÎÙ˘Ô ‡‰ÚÂ˘ÛË˜ ·ÔÙÂÏÂ›Ù·È ·fi ÛˆÏ‹ÓÂ˜  ¯·Ï‡‚‰ÈÓÔ˘˜ ·ÏÏ¿ Î·È ¯¿ÏÎÈÓÔ˘˜.

™ËÌÂ›· pH ∞ÁˆÁÈÌfi- £ÔÏfi- ™ÎÏËÚfi- Cl £ÂÚÌÔ- ∞ÈˆÚÔ‡- Fe Zn Cu ∞ÔÙÂÏ¤-

¢Â›ÁÌ·ÙÔ- ÙËÙ· ÙËÙ· ÙËÙ· ˘ÔÏ. ÎÚ·Û›· ÌÂÓ· ÛÌ·Ù·

ÏË„›·˜ Ìs/cm FTU mg

CaCO
3
/L mg/L (ÆC) mg/L mg/L mg/L ppb Legionella*

¡√™ ¢-1 7,16 320 1,84 156 0,20 52,4 0 <0,20 <0,04 240 ∞ÚÓËÙÈÎfi

¡√™ ¢-2 7,10 872 3,38 196 0,00 12 55 <0,20 2,28 380 ∞ÚÓËÙÈÎfi

¡√™ ¢-3 7,68 883 3,50 186 0,00 26,6 95 0,24 2,91 280 £ÂÙÈÎfi

¡√™ ¢-4 7,20 328 0,95 200 0,45 10,7 5 0,20 0,04 <2,0 ∞ÚÓËÙÈÎfi

¡√™ ¢-5 7,16 238 1,02 116 0,30 13,4 5 <0,20 0,04 12,6 ∞ÚÓËÙÈÎfi

¡√™ ¢-6 7,05 326 2,02 204 0,00 36,7 10 <0,20 0,10 420 £ÂÙÈÎfi
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™∏ª∂π∞ ¢∂π°ª∞∆√§∏æπ∞™ ¡∂ƒ√À

¡√™ ∂-1 : µoiler ÎÂÓÙÚÈÎÔ‡ ÎÙÈÚ›Ô˘
¡√™ ∂-2 : ¶Ù¤Ú˘Á· æ∞1, 1Ô˜ fiÚÔÊÔ˜, ÙÔ˘·Ï¤ÙÂ˜, ‚Ú‡ÛË ˙ÂÛÙÔ‡ ÓÂÚÔ‡ (·ÔÌ·-

ÎÚ˘ÛÌ¤ÓÔ ÛËÌÂ›Ô)
¡√™ ∂-3 : ¡Â˘ÚÔÏÔÁÈÎ‹ ÎÏÈÓÈÎ‹ ·ÓÙÚÒÓ (¡∞) ÈÛfiÁÂÈÔ, Ù¤Ú˘Á· ∫·ÙÛ·Ú¿, ı¿-

Ï·ÌÔ˜ 3, ˙ÂÛÙfi ÓÂÚfi
¡√™ ∂-4 : ∞fi Î·ÊÂÙ¤ÚÈ· ¤Ó·ÓÙÈ ÎÂÓÙÚÈÎ‹˜ ÂÈÛfi‰Ô˘ ÙÔ˘ ÓÔÛÔÎÔÌÂ›Ô˘ (Â›ÛÔ‰Ô˜

·fi ∂À¢∞¶)

∞¶√∆∂§∂™ª∞∆∞ ¡√™√∫√ª∂π√À ∂

*  ıÂÙÈÎfi: >100CFU, ·ÚÓËÙÈÎfi <100CFU.

¡ÔÛÔÎÔÌÂ›Ô ™∆

¶∂ƒπ°ƒ∞º∏ ™À™∆∏ª∞∆ø¡ ∫§πª∞∆π™ª√À, À¢ƒ∂À™∏™ ∫∞π ¢π∫∆À√À

∑∂™∆√À ¡∂ƒ√À

1. ¶·Ú¿ÚÙËÌ· 1: ¶·Ï·È¿ ÔÏ˘Î·ÙÔÈÎ›·, ÏÂÈÙÔ˘ÚÁÂ› ˆ˜ ÂÍˆÙÂÚÈÎ¿ È·ÙÚÂ›·. ¢Â Á›ÓÂÙ·È
‰È·Ó˘ÎÙ¤ÚÂ˘ÛË.

2. ¶·Ú¿ÚÙËÌ· 2 : ¶·Ï·È¿ ÌÈÎÚ‹ ÔÏ˘Î·ÙÔÈÎ›·, ÏÂÈÙÔ˘ÚÁÂ› ˆ˜ ÍÂÓÒÓ·˜ ·ÛıÂÓÒÓ.
∫·È Ù· ‰‡Ô ÎÙ›ÚÈ·:
- ¢ÂÓ ¤¯Ô˘Ó ‡ÚÁÔ˘˜ „‡ÍË˜
- ∑ÂÛÙfi ÓÂÚfi ·Ú¿ÁÂÙ·È ·fi Û˘Ó‹ıÂÈ˜ ËÏÂÎÙÚÈÎÔ‡˜ ıÂÚÌÔÛ›ÊˆÓÂ˜
- ∆Ô ÓÂÚfi ·Ú¤¯ÂÙ·È ·fi ÙËÓ ∂À¢∞¶ Î·È ‰Â Á›ÓÂÙ·È Î·Ì›· ·Ú¤Ì‚·ÛË Ô‡ÙÂ ·Ôı‹-

ÎÂ˘ÛË.

™∏ª∂π∞ ¢∂π°ª∞∆√§∏æπ∞™ ¡∂ƒ√À

¡√™ ™∆-1 : ∫Ù›ÚÈÔ ¢, 2Ô˜ fiÚÔÊÔ˜, ÙÔ˘·Ï¤Ù·, ˙ÂÛÙfi ÓÂÚfi 
¡√™ ™∆-2 : ∫Ù›ÚÈÔ ¢, ÈÛfiÁÂÈÔ, ‚Ú‡ÛË ÎÚ‡Ô˘ ÓÂÚÔ‡ (Â›ÛÔ‰Ô˜ ·fi ∂À¢∞¶)
¡√™ ™∆-3 : ∫Ù›ÚÈÔ ∞, 2Ô˜ fiÚÔÊÔ˜, ÙÔ˘·Ï¤Ù·, ˙ÂÛÙfi ÓÂÚfi
¡√™ ™∆-4 : ∫Ù›ÚÈÔ ∞, ÈÛfiÁÂÈÔ, ÙÔ˘·Ï¤Ù·, ‚Ú‡ÛË ÎÚ‡Ô˘ ÓÂÚÔ‡ (Â›ÛÔ‰Ô˜ ·fi

∂À¢∞¶)

™ËÌÂ›· pH ∞ÁˆÁÈÌfi- £ÔÏfi- ™ÎÏËÚfi- Cl £ÂÚÌÔ- ∞ÈˆÚÔ‡- Fe Zn Cu ∞ÔÙÂÏ¤-

¢Â›ÁÌ·ÙÔ- ÙËÙ· ÙËÙ· ÙËÙ· ˘ÔÏ. ÎÚ·Û›· ÌÂÓ· ÛÌ·Ù·

ÏË„›·˜ Ìs/cm FTU mg

CaCO
3
/L mg/L (ÆC) mg/L mg/L mg/L ppb Legionella*

¡√™ ∂-1 7,23 292 1,04 192 0,20 43,4 0 <0,20 <0,04 6,0 ∞ÚÓËÙÈÎfi

¡√™ ∂-2 7,16 288 1,19 184 0,15 42 0 <0,20 <0,04 68,2 ∞ÚÓËÙÈÎfi

¡√™ ∂-3 7,09 284 1,08 136 0,30 64 0 <0,20 <0,04 66,0 ∞ÚÓËÙÈÎfi

¡√™ ∂-4 7,05 289 1,08 184 13 0 <0,20 <0,04 29,3 ∞ÚÓËÙÈÎfi
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∞¶√∆∂§∂™ª∞∆∞ ¡√™√∫√ª∂π√À ™∆

*  ıÂÙÈÎfi: >100CFU, ·ÚÓËÙÈÎfi <100CFU.

¡ÔÛÔÎÔÌÂ›Ô ∑

¶∂ƒπ°ƒ∞º∏ ™À™∆∏ª∞∆ø¡ ∫§πª∞∆π™ª√À, À¢ƒ∂À™∏™ ∫∞π ¢π∫∆À√À

∑∂™∆√À ¡∂ƒ√À

∆Ô ÓÔÛÔÎÔÌÂ›Ô ¤¯ÂÈ ÔÎÙÒ ÓÔÛËÏÂ˘ÙÈÎ¿ ÎÙ›ÚÈ· ‰È¿Û·ÚÙ· ÛÂ ÌÂÁ¿ÏË ¤ÎÙ·ÛË. ¢ÂÓ
˘¿Ú¯Ô˘Ó ‡ÚÁÔÈ „‡ÍË˜. √ ÎÏÈÌ·ÙÈÛÌfi˜ Á›ÓÂÙ·È ·fi Ù¤ÛÛÂÚÈ˜ ÌÂÁ¿ÏÂ˜ ·ÓÙÏ›Â˜ ıÂÚÌfi-
ÙËÙ·˜ Î·È ‰È¿ÊÔÚ· Û˘Ó‹ıË ÎÏÈÌ·ÙÈÛÙÈÎ¿.

∆Ô ˙ÂÛÙfi ÓÂÚfi ·Ú¿ÁÂÙ·È ·fi boiler ÛÙ· ÎÂÓÙÚÈÎ¿ ÎÙ›ÚÈ· (ÎÙ›ÚÈÔ ¡, ÎÙ›ÚÈÔ ∂) Î·È
·fi ËÏÈ·ÎÔ‡˜ / ËÏÂÎÙÚÈÎÔ‡˜ ıÂÚÌÔÛ›ÊˆÓÂ˜ ÛÙ· ¿ÏÏ· ÎÙ›ÚÈ·.

∆Ô ÓÂÚfi ÚÔ¤Ú¯ÂÙ·È ·fi ÙËÓ ∂À¢∞¶ Î·È ‰Â Á›ÓÂÙ·È ÚÔÛı‹ÎË ¯ËÌÈÎÒÓ.

™∏ª∂π∞ ¢∂π°ª∞∆√§∏æπ∞™ ¡∂ƒ√À

¡√™ ∑-1 : ∫Ù›ÚÈÔ ∂, ÈÛfiÁÂÈÔ, ı¿Ï·ÌÔ˜ 16, ‚Ú‡ÛË ˙ÂÛÙÔ‡ ÓÂÚÔ‡
¡√™ ∑-2 : ∂ÍˆÙÂÚÈÎ‹ ‚Ú‡ÛË, ÏËÛ›ÔÓ ÂÈÛfi‰Ô˘ ·fi ∂À¢∞¶
¡√™ ∑-3 : ∫Ù›ÚÈÔ ¡, ÈÛfiÁÂÈÔ, Ê˘ÛÈÎÔıÂÚ·Â˘Ù‹ÚÈÔ, ·ÎÚÈ‚Ò˜ Â¿Óˆ ·fi ÙÔ ÏÂ-

‚ËÙÔÛÙ¿ÛÈÔ, ‚Ú‡ÛË ˙ÂÛÙÔ‡ ÓÂÚÔ‡
¡√™ ∑-4 : ∫Ù›ÚÈÔ ¡, 4Ô˜ fiÚÔÊÔ˜, ı¿Ï·ÌÔ˜ 51, ‚Ú‡ÛË ˙ÂÛÙÔ‡ ÓÂÚÔ‡(ÙÔ ÈÔ Ì·-

ÎÚÈÓfi ÛËÌÂ›Ô ·fi ÙÔ boiler)

∞¶√∆∂§∂™ª∞∆∞ ¡√™√∫√ª∂π√À ∑

*  ıÂÙÈÎfi: >100CFU, ·ÚÓËÙÈÎfi <100CFU

™ËÌÂ›· pH ∞ÁˆÁÈÌfi- £ÔÏfi- ™ÎÏËÚfi- Cl £ÂÚÌÔ- ∞ÈˆÚÔ‡- Fe Zn Cu ∞ÔÙÂÏ¤-

¢Â›ÁÌ·ÙÔ- ÙËÙ· ÙËÙ· ÙËÙ· ˘ÔÏ. ÎÚ·Û›· ÌÂÓ· ÛÌ·Ù·

ÏË„›·˜ Ìs/cm FTU mg

CaCO
3
/L mg/L (ÆC) mg/L mg/L mg/L ppb Legionella*

¡√™ ∑-1 7,67 304 1,33 214 0,15 37 5 <0,20 0,24 <2,0 £ÂÙÈÎfi

¡√™ ∑-2 7,56 307 1,40 220 0,30 14 5 <0,20 <0,04 <2,0 ∞ÚÓËÙÈÎfi

¡√™ ∑-3 7,59 304 3,66 208 0,00 47,5 5 0,50 0,34 250 £ÂÙÈÎfi

¡√™ ∑-4 7,48 311 1,01 224 0,00 45 0 <0,20 0,17 100 ∞ÚÓËÙÈÎfi

™ËÌÂ›· pH ∞ÁˆÁÈÌfi- £ÔÏfi- ™ÎÏËÚfi- Cl £ÂÚÌÔ- ∞ÈˆÚÔ‡- Fe Zn Cu ∞ÔÙÂÏ¤-

¢Â›ÁÌ·ÙÔ- ÙËÙ· ÙËÙ· ÙËÙ· ˘ÔÏ. ÎÚ·Û›· ÌÂÓ· ÛÌ·Ù·

ÏË„›·˜ Ìs/cm FTU mg

CaCO
3
/L mg/L (ÆC) mg/L mg/L mg/L ppb Legionella*

¡√™ ™∆-1 7,50 279 1,58 194 41,5 0 <0,20 <0,04 3,0 ∞ÚÓËÙÈÎfi

¡√™ ™∆-2 7,46 288 1,18 200 12,8 5 <0,20 <0,04 3,6 ∞ÚÓËÙÈÎfi

¡√™ ™∆-3 7,45 285 1,45 204 46,5 5 <0,20 <0,04 <2,0 ∞ÚÓËÙÈÎfi

¡√™ ™∆-4 7,43 288 1,82 210 14 0 <0,20 <0,04 <2,0 ∞ÚÓËÙÈÎfi
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¡ÔÛÔÎÔÌÂ›Ô ∏

¶∂ƒπ°ƒ∞º∏ ™À™∆∏ª∞∆ø¡ ∫§πª∞∆π™ª√À, À¢ƒ∂À™∏™ ∫∞π ¢π∫∆À√À

∑∂™∆√À ¡∂ƒ√À

∆Ô ÓÔÛÔÎÔÌÂ›Ô ¤¯ÂÈ 3 ‡ÚÁÔ˘˜ „‡ÍË˜ Ô˘ ÂÍ˘ËÚÂÙÔ‡Ó ÙÔ ÎÙ›ÚÈÔ ¡∞ Î·È ÙÔ ÎÙ›ÚÈÔ
¡µ. √È ‡ÚÁÔÈ „‡ÍË˜ Â›Ó·È ÙÔÔıÂÙËÌ¤ÓÔÈ ÛÙÔ ‰ÒÌ· ÙÔ˘ ÎÙÈÚ›Ô˘ ÙÔ˘ ÎÂÓÙÚÈÎÔ‡ ÌË-
¯·ÓÔÛÙ·Û›Ô˘-ÙÂ¯ÓÈÎÒÓ ˘ËÚÂÛÈÒÓ. √È ‡ÚÁÔÈ „‡ÍË˜ ÏÂÈÙÔ˘ÚÁÔ‡Ó ·ÓÂÍ¿ÚÙËÙ·. ÃÚË-
ÛÈÌÔÔÈÔ‡Ó ÙÔ ¯ËÌÈÎfi ÚfiÛıÂÙÔ ÌÂ ÙËÓ ÔÓÔÌ·Û›· C-fine 1009. §fiÁˆ ÌË ÏÂÈÙÔ˘ÚÁ›·˜
ÙˆÓ ‡ÚÁˆÓ „‡ÍË˜ ÙÔÓ ª¿ÈÔ ÙÔ˘ 2005 Ú·ÁÌ·ÙÔÔÈ‹ıËÎÂ Ó¤· Â›ÛÎÂ„Ë ÙÔÓ ™ÂÙ¤Ì-
‚ÚÈÔ ÙÔ˘ 2005. ∆· Ó¤· ÎÙ›ÚÈ· ÙÔ˘ ÓÔÛÔÎÔÌÂ›Ô˘ ¤¯Ô˘Ó ·ÂÚfi„˘ÎÙÂ˜ ÌÔÓ¿‰Â˜ ÎÏÈÌ·ÙÈ-
ÛÌÔ‡. 

∆Ô ˙ÂÛÙfi ÓÂÚfi ·Ú¿ÁÂÙ·È ÛÂ ÏÂ‚ËÙÔÛÙ¿ÛÈÔ, ÛÂ È‰È·›ÙÂÚÔ ÎÙ›ÚÈÔ Î·È ‰È·Ó¤ÌÂÙ·È ÛÂ
fiÏÔ ÙÔ ÓÔÛÔÎÔÌÂ›Ô. À¿Ú¯ÂÈ ‰›ÎÙ˘Ô ·Ó·Î˘ÎÏÔÊÔÚ›·˜. 

∆Ô ‰›ÎÙ˘Ô ÓÂÚÔ‡ ·ÔÙÂÏÂ›Ù·È ·fi ¯·Ï‡‚‰ÈÓÔ˘˜ ÛˆÏ‹ÓÂ˜. ∆Ô ÓÂÚfi ÚÔ¤Ú¯ÂÙ·È ·fi
ÙËÓ ∂À¢∞¶. ™ÙÔ ÓÔÛÔÎÔÌÂ›Ô ˘¿Ú¯ÂÈ ÎÂÓÙÚÈÎ‹ ÌÔÓ¿‰· ·ÔÏ‡Ì·ÓÛË˜ ÌÂ ·Ófi‰È· ¯·Ï-
ÎÔ‡. ∆Ô ÓÂÚfi ÙË˜ ∂À¢∞¶ ÌÂÙ¿ ·fi ÙÈ˜ ‰ÂÍ·ÌÂÓ¤˜ ·Ôı‹ÎÂ˘ÛË˜ ˘Ê›ÛÙ·Ù·È ·ÔÏ‡Ì·Ó-
ÛË ÌÂ ÈÔÓÈÛÌfi Î·È ‰È·Ó¤ÌÂÙ·È.

™∏ª∂π∞ ¢∂π°ª∞∆√§∏æπ∞™ ¡∂ƒ√À

¡√™ ∏-1 : ∫Ù›ÚÈÔ ÙÂ¯ÓÈÎ‹˜ ˘ËÚÂÛ›·˜, ÙÔ˘·Ï¤ÙÂ˜ ÈÛÔÁÂ›Ô˘, ‚Ú‡ÛË ˙ÂÛÙÔ‡ ÓÂÚÔ‡
¡√™ ∏-2 : ÀfiÁÂÈ· ‰ÂÍ·ÌÂÓ‹ ÓÂÚÔ‡
¡√™ ∏-3 : ª·ÁÂÈÚÂ›·, ÔÏ‡ ÎÔÓÙ¿ ÛÙ· boiler, ‚Ú‡ÛË ˙ÂÛÙÔ‡ ÓÂÚÔ‡
¡√™ ∏-4 : ∫Ù›ÚÈÔ ¡µ, 7Ô˜ fiÚÔÊÔ˜, ‰ˆÌ¿ÙÈÔ 709, ˙ÂÛÙfi ÓÂÚfi
¡√™ ∏-5 : ¶‡ÚÁÔ˜ „‡ÍË˜ 1, ÓÂÚfi ÚÔ˜ ‡ÚÁÔ
¡√™ ∏-6 : ¶‡ÚÁÔ˜ „‡ÍË˜ 2, ÓÂÚfi ·fi ‡ÚÁÔ
¡√™ ∏-7 : ¶‡ÚÁÔ˜ „‡ÍË˜ 3, ÓÂÚfi ·fi ‡ÚÁÔ

∞¶√∆∂§∂™ª∞∆∞ ¡√™√∫√ª∂π√À ∏

*  ıÂÙÈÎfi: >100CFU, ·ÚÓËÙÈÎfi <100CFU.

™ËÌÂ›· pH ∞ÁˆÁÈÌfi- £ÔÏfi- ™ÎÏËÚfi- Cl £ÂÚÌÔ- ∞ÈˆÚÔ‡- Fe Zn Cu ∞ÔÙÂÏ¤-

¢Â›ÁÌ·ÙÔ- ÙËÙ· ÙËÙ· ÙËÙ· ˘ÔÏ. ÎÚ·Û›· ÌÂÓ· ÛÌ·Ù·

ÏË„›·˜ Ìs/cm FTU mg

CaCO
3
/L mg/L (ÆC) mg/L mg/L mg/L ppb Legionella*

¡√™ ∏-1 7,54 162 0,93 140 48 10 0,46 0,48 260 ∞ÚÓËÙÈÎfi

¡√™ ∏-2 7,50 173 0,41 148 0,20 17 0 <0,20 <0,04 20,1 ∞ÚÓËÙÈÎfi

¡√™ ∏-3 7,52 166 0,42 142 57 5 <0,20 0,18 16,3 ∞ÚÓËÙÈÎfi

¡√™ ∏-4 7,50 164 0,35 142 56 10 <0,20 0,09 24,8 ∞ÚÓËÙÈÎfi

¡√™ ∏-5 7,50 195 0,70 158 0,00 23 25 <0,20 0,04 60,4 ∞ÚÓËÙÈÎfi

¡√™ ∏-6 7,63 217 0,85 164 0,00 22 20 <0,20 0,07 60,2 £ÂÙÈÎfi

¡√™ ∏-7 7,64 402 0,73 310 25 <0,20 0,09 38,7 ∞ÚÓËÙÈÎfi
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¡ÔÛÔÎÔÌÂ›Ô £

¶∂ƒπ°ƒ∞º∏ ™À™∆∏ª∞∆ø¡ ∫§πª∞∆π™ª√À, À¢ƒ∂À™∏™ ∫∞π ¢π∫∆À√À

∑∂™∆√À ¡∂ƒ√À

∆Ô ÓÔÛÔÎÔÌÂ›Ô ‰ÂÓ ‰È·ı¤ÙÂÈ ‡ÚÁÔ˘˜ „‡ÍË˜, ·ÏÏ¿ ·Ï¿ Û˘Ó‹ıË air-condition. 
∆Ô ˙ÂÛÙfi ÓÂÚfi ¯Ú‹ÛË˜ ÙˆÓ ı·Ï¿ÌˆÓ ·Ú¤¯ÂÙ·È ·fi ËÏÂÎÙÚÈÎÔ‡˜ ıÂÚÌÔÛ›ÊˆÓÂ˜.

À¿Ú¯Ô˘Ó boiler ÛÙ· Ì·ÁÂÈÚÂ›· (ÌfiÓÔ ÁÈ· ÙÔ ¯ÂÈÌÒÓ·), ÛÙ· ¯ÂÈÚÔ˘ÚÁÂ›· Î·È ÙËÓ ª∂£.
∆Ô ÓÂÚfi ÚÔ¤Ú¯ÂÙ·È ·fi ÙËÓ ∂À¢∞¶ Î·È ‰ÂÓ Á›ÓÂÙ·È Î·Ì›· ÚÔÛı‹ÎË ¯ËÌÈÎÒÓ. ∆Ô

ÓÔÛÔÎÔÌÂ›Ô ¤¯ÂÈ 4 ÎÙ›ÚÈ· ı·Ï¿ÌˆÓ Î·È ‰È¿ÊÔÚ· ¿ÏÏ· ÎÙ›ÚÈ·. ¶ÔÏÏ¿ ÎÙ›ÚÈ· ‹Ù·Ó ÛÂ ÂÚ-
Á·Û›Â˜ ·Ó·Î·›ÓÈÛË˜. ∆Ô ‰›ÎÙ˘Ô ‡‰ÚÂ˘ÛË˜ ·ÔÙÂÏÂ›Ù·È ·fi ¯·Ï˘‚‰ÔÛˆÏ‹ÓÂ˜ Î˘Ú›ˆ˜. ∆·
ÓÂfiÙÂÚ· fiÌˆ˜ ÎÙ›ÚÈ· ¤¯Ô˘Ó ¯¿ÏÎÈÓÔ˘˜ ÛˆÏ‹ÓÂ˜.

™∏ª∂π∞ ¢∂π°ª∞∆√§∏æπ∞™ ¡∂ƒ√À

¡√™ £-1 : ª∂£, ÈÛfiÁÂÈÔ, ‚Ú‡ÛË ˙ÂÛÙÔ‡ ÓÂÚÔ‡
¡√™ £-2 : ª·ÁÂÈÚÂ›·, ‚Ú‡ÛË ˙ÂÛÙÔ‡ ÓÂÚÔ‡ (·ÚÔ¯‹ ·fi boiler)
¡√™ £-3 : ∞ÈÌÔ‰ÔÛ›·, ‚Ú‡ÛË ˙ÂÛÙÔ‡ ÓÂÚÔ‡ (·ÚÔ¯‹ ·fi ıÂÚÌÔÛ›ÊˆÓ·)

∞¶√∆∂§∂™ª∞∆∞ ¡√™√∫√ª∂π√À £

*  ıÂÙÈÎfi: >100CFU, ·ÚÓËÙÈÎfi <100CFU.

¡ÔÛÔÎÔÌÂ›Ô π

¶∂ƒπ°ƒ∞º∏ ™À™∆∏ª∞∆ø¡ ∫§πª∞∆π™ª√À, À¢ƒ∂À™∏™ ∫∞π ¢π∫∆À√À

∑∂™∆√À ¡∂ƒ√À

∆Ô ÓÔÛÔÎÔÌÂ›Ô ‰È·ı¤ÙÂÈ ¤Ó· ÌÂÁ¿ÏÔ ‡ÚÁÔ „‡ÍË˜ Ô˘ Â›Ó·È ÙÔÔıÂÙËÌ¤ÓÔ˜ ÛÂ ÚÔ-
·‡ÏÈÔ ¯ÒÚÔ. À¿Ú¯Ô˘Ó ·ÎfiÌË ·ÙÔÌÈÎ¿, Û˘Ó‹ıË, air-condition Î·È ÌÂÁ·Ï‡ÙÂÚÂ˜ ·ÂÚfi-
„˘ÎÙÂ˜ ÌÔÓ¿‰Â˜. √ ‡ÚÁÔ˜ „‡ÍË˜ Î¿ıÂ 5-6 Ì‹ÓÂ˜ Û˘ÓÙËÚÂ›Ù·È Î·È ÙÔ ÓÂÚfi ÙÔ˘ ‡ÚÁÔ˘
·ÔÏ˘Ì·›ÓÂÙ·È ÌËÓÈ·›· ÌÂ NaClO. ∞ÎfiÌË ÚÔÛÙ›ıÂÙ·È Î·ıËÌÂÚÈÓ¿ ¯ËÌÈÎfi ÌÂ ÙËÓ ÔÓÔ-
Ì·Û›· BUSAN K148 ÌÂ ¯Ú‹ÛË ‰ÔÛÈÌÂÙÚÈÎ‹˜ ·ÓÙÏ›·˜.

∆Ô ÓÂÚfi ÛÙÈ˜ ÙÔ˘·Ï¤ÙÂ˜ Î·È ÙÔ ˙ÂÛÙfi ÓÂÚfi ¯Ú‹ÛË˜ ÚÔ¤Ú¯ÔÓÙ·È ·fi ËÁ¿‰È ÙÔ˘ ÓÔ-
ÛÔÎÔÌÂ›Ô˘. ∆Ô ÓÂÚfi ·˘Ùfi ¯ÏˆÚÈÒÓÂÙ·È Î·È ·ÔıËÎÂ‡ÂÙ·È ÛÂ ‰ÂÍ·ÌÂÓ‹. ™ÙË Û˘Ó¤¯ÂÈ·
˘Ê›ÛÙ·Ù·È ·ÔÛÎÏ‹Ú˘ÓÛË. ∆Ô ˙ÂÛÙfi ÓÂÚfi ·Ú¿ÁÂÙ·È ÛÂ boiler Î·È ˘¿Ú¯ÂÈ ·Ó·Î˘ÎÏÔ-
ÊÔÚ›·. ∏ ·ÔÏ‡Ì·ÓÛË ÙÔ˘ ÓÂÚÔ‡ ÙÔ˘ ËÁ·‰ÈÔ‡ Á›ÓÂÙ·È ÌÂ NaClO. À¿Ú¯Ô˘Ó ‰ÔÛÈÌÂ-

™ËÌÂ›· pH ∞ÁˆÁÈÌfi- £ÔÏfi- ™ÎÏËÚfi- Cl £ÂÚÌÔ- ∞ÈˆÚÔ‡- Fe Zn Cu ∞ÔÙÂÏ¤-

¢Â›ÁÌ·ÙÔ- ÙËÙ· ÙËÙ· ÙËÙ· ˘ÔÏ. ÎÚ·Û›· ÌÂÓ· ÛÌ·Ù·

ÏË„›·˜ Ìs/cm FTU mg

CaCO
3
/L mg/L (ÆC) mg/L mg/L mg/L ppb Legionella*

¡√™ £-1 7,43 188 0,27 132 47,4 0 <0,20 0,04 <100 ∞ÚÓËÙÈÎfi

¡√™ £-2 7,46 187 0,27 134 49,4 5 <0,20 0,06 <100 ∞ÚÓËÙÈÎfi

¡√™ £-3 7,50 166 0,24 126 41,0 5 <0,20 <0,04 <100 ∞ÚÓËÙÈÎfi

∂›‰Ú·ÛË Ê˘ÛÈÎÔ-¯ËÌÈÎÒÓ ·Ú·Ì¤ÙÚˆÓ ÛÙËÓ ·ÚÔ˘Û›· ÙÔ˘ ‚·ÎÙËÚ›Ô˘ ÙË˜ Legionella… 123



ÙÚÈÎ¤˜ ·ÓÙÏ›Â˜ Î·È ÛÙÔ¯Â‡Ô˘Ó ÛÂ ¯ÏÒÚÈÔ 0,3mg/L.
∆Ô ÓÂÚfi Ô˘ ¯ÚËÛÈÌÔÔÈÂ›Ù·È ˆ˜ fiÛÈÌÔ, ÙÔ ÓÂÚfi ÌË¯·ÓËÌ¿ÙˆÓ Î·È ÙÔ ÓÂÚfi ÙÔ˘

‡ÚÁÔ˘ „‡ÍË˜ ÚÔ¤Ú¯ÂÙ·È ·fi ÙËÓ ∂À¢∞¶.
∆Ô ‰›ÎÙ˘Ô ÓÂÚÔ‡ ¤¯ÂÈ Î˘Ú›ˆ˜ ¯·Ï‡‚‰ÈÓÔ˘˜ ÛˆÏ‹ÓÂ˜, ÌÂÚÈÎÔ› fiÌˆ˜ Â›Ó·È ¯¿ÏÎÈÓÔÈ.

™∏ª∂π∞ ¢∂π°ª∞∆√§∏æπ∞™ ¡∂ƒ√À

¡√™ π-1 : ¡ÂÚfi ËÁ·‰ÈÔ‡ ÌÂÙ¿ ÙËÓ ·ÔÛÎÏ‹Ú˘ÓÛË, ¯ÏˆÚÈˆÌ¤ÓÔ
¡√™ π-2 : ¡ÂÚfi ËÁ·‰ÈÔ‡ ÚÈÓ ÙËÓ ·ÔÛÎÏ‹Ú˘ÓÛË, ¯ÏˆÚÈˆÌ¤ÓÔ
¡√™ π-3 : ∑ÂÛÙfi ÓÂÚfi ¯Ú‹ÛË˜, ËÁ·‰ÈÔ‡, ÂÈÛÙÚÔÊ‹ ÛÙÔ boiler, ı·Ï¿ÌˆÓ (˘fi-

ÁÂÈÔ)
¡√™ π-4 : ∑ÂÛÙfi ÓÂÚfi ¯Ú‹ÛË˜, ËÁ·‰ÈÔ‡, ÂÈÛÙÚÔÊ‹ ÛÙÔ boiler, ¯ÂÈÚÔ˘ÚÁÂ›ˆÓ

(˘fiÁÂÈÔ)
¡√™ π-5 : ∂›ÛÔ‰Ô˜ ÓÂÚÔ‡ ∂À¢∞¶ (˘fiÁÂÈÔ)
¡√™ π-6 : ¡ÂÚfi ‡ÚÁÔ˘ „‡ÍË˜, ÂÈÛÙÚÔÊ‹ ·fi ‡ÚÁÔ (˘fiÁÂÈÔ)

∞¶√∆∂§∂™ª∞∆∞ ¡√™√∫√ª∂π√À π

*  ıÂÙÈÎfi: >100CFU, ·ÚÓËÙÈÎfi <100CFU.

¡ÔÛÔÎÔÌÂ›Ô π∞

¶∂ƒπ°ƒ∞º∏ ™À™∆∏ª∞∆ø¡ ∫§πª∞∆π™ª√À, À¢ƒ∂À™∏™ ∫∞π ¢π∫∆À√À

∑∂™∆√À ¡∂ƒ√À

∆Ô ÓÔÛÔÎÔÌÂ›Ô ¤¯ÂÈ 2 ‡ÚÁÔ˘˜ „‡ÍË˜, ÙÔÔıÂÙËÌ¤ÓÔ˘˜ ÛÙÔ ‰ÒÌ· ÙÔ˘ ÎÙÈÚ›Ô˘ ¢∫,
‰È·¯ˆÚÈÛÌ¤ÓÔ˘˜ ˘‰Ú·˘ÏÈÎ¿. √È ‡ÚÁÔÈ „‡ÍË˜ Û‡ÓÙÔÌ· ı· ·ÓÙÈÎ·Ù·ÛÙ·ıÔ‡Ó ÌÂ ·ÂÚfi-
„˘ÎÙÂ˜ ÌÔÓ¿‰Â˜. ™ÙÔ˘˜ ‡ÚÁÔ˘˜ „‡ÍË˜ Â‰Ò Î·È ¤Ó· ¯ÚfiÓÔ ‰ÂÓ ¯ÚËÛÈÌÔÔÈÔ‡Ó ¯ËÌÈÎ¿.
∂ÎÙfi˜ ÙˆÓ ‡ÚÁˆÓ „‡ÍË˜ ˘¿Ú¯Ô˘Ó Î·È ·ÂÚfi„˘ÎÙÂ˜ ÌÔÓ¿‰Â˜.

∆Ô ÓÂÚfi ÚÔ¤Ú¯ÂÙ·È ·fi ÙËÓ ∂À¢∞¶ Î·È ‰ÂÓ ÚÔÛı¤ÙÔ˘Ó ¯ËÌÈÎ¿. ∆Ô ˙ÂÛÙfi ÓÂÚfi
·Ú¿ÁÂÙ·È ·fi boiler Ô˘ ˘¿Ú¯Ô˘Ó ÛÂ ÙÚ›· ÎÙ›ÚÈ· (∞Ó·ÙÔÏÈÎfi ∫, ¢˘ÙÈÎfi ∫ Î·È ∞) Î·È
˘¿Ú¯ÂÈ ·Ó·Î˘ÎÏÔÊÔÚ›·. 

∆Ô ‰›ÎÙ˘Ô ÓÂÚÔ‡ ·ÔÙÂÏÂ›Ù·È ·fi ÛˆÏ‹ÓÂ˜ ¯·Ï‡‚‰ÈÓÔ˘˜ Î·È ¯¿ÏÎÈÓÔ˘˜.

™ËÌÂ›· pH ∞ÁˆÁÈÌfi- £ÔÏfi- ™ÎÏËÚfi- Cl £ÂÚÌÔ- ∞ÈˆÚÔ‡- Fe Zn Cu ∞ÔÙÂÏ¤-

¢Â›ÁÌ·ÙÔ- ÙËÙ· ÙËÙ· ÙËÙ· ˘ÔÏ. ÎÚ·Û›· ÌÂÓ· ÛÌ·Ù·

ÏË„›·˜ Ìs/cm FTU mg

CaCO
3
/L mg/L (ÆC) mg/L mg/L mg/L ppb Legionella*

¡√™ π-1 7,88 651 0,32 10 0,10 0 <0,20 <0,04 <100 ∞ÚÓËÙÈÎfi

¡√™ π-2 7,17 627 0,08 430 0,20 5 <0,20 <0,04 <100 ∞ÚÓËÙÈÎfi

¡√™ π-3 7,75 648 0,48 110 43,7 5 <0,20 0,12 300 £ÂÙÈÎfi

¡√™ π-4 7,69 652 0,31 80 57,5 5 <0,20 0,09 <100 £ÂÙÈÎfi

¡√™ π-5 7,47 172 0,27 122 0,60 0 <0,20 <0,04 <100 ∞ÚÓËÙÈÎfi

¡√™ π-6 7,43 211 0,86 136 0,00 10 <0,20 <0,04 <100 £ÂÙÈÎfi
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™∏ª∂π∞ ¢∂π°ª∞∆√§∏æπ∞™ ¡∂ƒ√À

¡√™ π∞-1 : ¶‡ÚÁÔ˜ „‡ÍË˜ ‰˘ÙÈÎfi˜
¡√™ π∞-2 : ¶‡ÚÁÔ˜ „‡ÍË˜ ·Ó·ÙÔÏÈÎfi˜
¡√™ π∞-3 : ∫Ù›ÚÈÔ ¢˘ÙÈÎfi ∫, ¢ÒÌ· (4Ô˜ fiÚÔÊÔ˜), ‘ÎÔ˘˙›Ó·’ ¯ÂÈÚÔ˘ÚÁÂ›Ô˘, ˙ÂÛÙfi

ÓÂÚfi
¡√™ π∞-4 : ∫Ù›ÚÈÔ ∞, 3Ô˜ fiÚÔÊÔ˜, ÎÔ˘˙›Ó· (Ì·ÎÚÈÓfi ÛËÌÂ›Ô), ˙ÂÛÙfi ÓÂÚfi
¡√™ π∞-5 : æ˘¯È·ÙÚÈÎ‹ ÎÏÈÓÈÎ‹, ÈÛfiÁÂÈÔ (Ì·ÎÚÈÓfi ÛËÌÂ›Ô ·fi ÙÔ ∞∫), ˙ÂÛÙfi ÓÂÚfi
¡√™ π∞-6 : ∂›ÛÔ‰Ô˜ ÓÂÚÔ‡ ∂À¢∞¶, ‚Ú‡ÛË Î‹Ô˘ ‰›Ï· ÛÙË ÂÚ›ÊÚ·ÍË

∞¶√∆∂§∂™ª∞∆∞ ¡√™√∫√ª∂π√À π∞

*  ıÂÙÈÎfi: >100CFU, ·ÚÓËÙÈÎfi <100CFU.

¡ÔÛÔÎÔÌÂ›Ô πµ

¶∂ƒπ°ƒ∞º∏ ™À™∆∏ª∞∆ø¡ ∫§πª∞∆π™ª√À, À¢ƒ∂À™∏™ ∫∞π ¢π∫∆À√À

∑∂™∆√À ¡∂ƒ√À

∆Ô ÓÔÛÔÎÔÌÂ›Ô ‰È·ı¤ÙÂÈ ¤Ó·Ó ‡ÚÁÔ „‡ÍË˜ Ô˘ ÂÍ˘ËÚÂÙÂ› Ù· ÂÍˆÙÂÚÈÎ¿ È·ÙÚÂ›·. √
‡ÚÁÔ˜ „‡ÍË˜ ·˘Ùfi˜ Û˘ÓÙËÚÂ›Ù·È ‰‡Ô ÊÔÚ¤˜ ÙÔ ¯ÚfiÓÔ, Î·ı·ÚÈ˙fiÌÂÓÔ˜ ÌÂ Î·Ù¿ÏÏËÏ·
¯ËÌÈÎ¿. ∂ÈÏ¤ÔÓ, ÙÔ ÓÔÛÔÎÔÌÂ›Ô ‰È·ı¤ÙÂÈ Û˘Ó‹ıË ÎÏÈÌ·ÙÈÛÙÈÎ¿ Î·È ÎÂÓÙÚÈÎ¤˜, ·ÂÚfi-
„˘ÎÙÂ˜, ÎÏÈÌ·ÙÈÛÙÈÎ¤˜ ÌÔÓ¿‰Â˜. 

∆Ô ÓÂÚfi ÚÔ¤Ú¯ÂÙ·È ·fi ÙÔ ‰›ÎÙ˘Ô ÙË˜ ∂À¢∞¶ ÂÎÙfi˜ ·fi ¤Ó· ·ÓÂÍ¿ÚÙËÙÔ ‰›ÎÙ˘Ô
Ô˘ ̄ ÚËÛÈÌÔÔÈÂ› ÓÂÚfi ÁÂÒÙÚËÛË˜ Î·È ·ÊÔ‡ ̄ ÏˆÚÈˆıÂ› ÙÚÔÊÔ‰ÔÙÂ› (ÌfiÓÔ) Ù· Ï˘ÓÙ‹ÚÈ·.

∆Ô ˙ÂÛÙfi ÓÂÚfi ·Ú¿ÁÂÙ·È ·fi 3 boiler Î·È ˘¿Ú¯ÂÈ ·Ó·Î˘ÎÏÔÊÔÚ›·.
∆Ô ‰›ÎÙ˘Ô ‡‰ÚÂ˘ÛË˜ ·ÔÙÂÏÂ›Ù·È Î˘Ú›ˆ˜ ·fi ÛÈ‰ËÚÔÛˆÏ‹ÓÂ˜ Î·È Ï›ÁÔ˘˜ ¯·ÏÎÔÛˆ-

Ï‹ÓÂ˜.

™∏ª∂π∞ ¢∂π°ª∞∆√§∏æπ∞™ ¡∂ƒ√À

¡√™ πµ-1 : ∫Ù›ÚÈÔ ¶, πÛfiÁÂÈÔ, ÙÔ˘·Ï¤Ù· ÚÔÛˆÈÎÔ‡, ·ÔÌ·ÎÚ˘ÛÌ¤ÓÔ ÛËÌÂ›Ô,
˙ÂÛÙfi ÓÂÚfi

¡√™ πµ-2 : ∫Ù›ÚÈÔ ª·ÈÂ˘ÙÈÎÔ‡, πÛfiÁÂÈÔ, ·ÔÌ·ÎÚ˘ÛÌ¤ÓÔ ÛËÌÂ›Ô, ˙ÂÛÙfi ÓÂÚfi

™ËÌÂ›· pH ∞ÁˆÁÈÌfi- £ÔÏfi- ™ÎÏËÚfi- Cl £ÂÚÌÔ- ∞ÈˆÚÔ‡- Fe Zn Cu ∞ÔÙÂÏ¤-

¢Â›ÁÌ·ÙÔ- ÙËÙ· ÙËÙ· ÙËÙ· ˘ÔÏ. ÎÚ·Û›· ÌÂÓ· ÛÌ·Ù·

ÏË„›·˜ Ìs/cm FTU mg

CaCO
3
/L mg/L (ÆC) mg/L mg/L mg/L ppb Legionella*

¡√™ π∞-1 7,72 337 0,80 234 0,05 16,0 5 <0,20 0,05 <100 £ÂÙÈÎfi

¡√™ π∞-2 7,78 374 0,52 250 0,00 16,5 10 <0,20 <0,04 <100 ∞ÚÓËÙÈÎfi

¡√™ π∞-3 7,75 168 0,47 120 48,6 5 <0,20 <0,04 250 ∞ÚÓËÙÈÎfi

¡√™ π∞-4 7,68 165 0,43 114 52,2 0 <0,20 0,04 <100 ∞ÚÓËÙÈÎfi

¡√™ π∞-5 7,63 169 0,32 118 36,6 5 <0,20 0,04 530 £ÂÙÈÎfi

¡√™ π∞-6 7,64 167 0,55 116 0,00 19,4 0 <0,20 0,90 <100 ∞ÚÓËÙÈÎfi
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¡√™ πµ-3 : ¶‡ÚÁÔ˜ „‡ÍË˜, ·¤Ó·ÓÙÈ ·fi Ù· ÂÍˆÙÂÚÈÎ¿ È·ÙÚÂ›·  (ÂÎÙfi˜ ÏÂÈÙÔ˘Ú-
Á›·˜ ·fi Ù· Ù¤ÏË ÊıÈÓÔÒÚÔ˘).

¡√™ πµ-4 : £˘ÚˆÚÂ›Ô, ÎÔÓÙ¿ ÛÙËÓ ·ÚÔ¯‹ ÙË˜ ∂À¢∞¶.

∞¶√∆∂§∂™ª∞∆∞ ¡√™√∫√ª∂π√À πµ

*  ıÂÙÈÎfi: >100CFU, ·ÚÓËÙÈÎfi <100CFU.

¡ÔÛÔÎÔÌÂ›Ô π°

¶∂ƒπ°ƒ∞º∏ ™À™∆∏ª∞∆ø¡ ∫§πª∞∆π™ª√À, À¢ƒ∂À™∏™ ∫∞π ¢π∫∆À√À

∑∂™∆√À ¡∂ƒ√À

∆Ô ÓÔÛÔÎÔÌÂ›Ô ‰ÂÓ ¤¯ÂÈ ‡ÚÁÔ˘˜ „‡ÍË˜, ·ÏÏ¿ ·ÂÚfi„˘ÎÙÂ˜ ÌÂÁ¿ÏÂ˜ ÎÏÈÌ·ÙÈÛÙÈÎ¤˜
ÌÔÓ¿‰Â˜. ∆Ô ÓÂÚfi ÚÔ¤Ú¯ÂÙ·È ÌfiÓÔÓ ·fi ÙËÓ ∂À¢∞¶ Î·È ‰ÂÓ ÚÔÛÙ›ıÂÓÙ·È ¯ËÌÈÎ¿ ÛÂ
·˘Ùfi. Œ¯ÂÈ ‰‡Ô ‰ÂÍ·ÌÂÓ¤˜ fiÁÎÔ˘ 40 m3. ∆Ô ˙ÂÛÙfi ÓÂÚfi ·Ú¿ÁÂÙ·È ·fi ‰‡Ô boiler Ô˘
Â˘Ú›ÛÎÔÓÙ·È ÛÂ ‰È·ÊÔÚÂÙÈÎ¿ ÎÙ›ÚÈ· Î·È ˘¿Ú¯ÂÈ ·Ó·Î˘ÎÏÔÊÔÚ›·. 

∆Ô ‰›ÎÙ˘Ô ÓÂÚÔ‡ ·ÔÙÂÏÂ›Ù·È ·fi ¯·ÏÎÔÛˆÏ‹ÓÂ˜ Î·È ÛÈ‰ËÚÔÛˆÏ‹ÓÂ˜.

™∏ª∂π∞ ¢∂π°ª∞∆√§∏æπ∞™ ¡∂ƒ√À

¡√™ π°-1 : ¡¤· Ù¤Ú˘Á·, ÂÎÙfi˜ ÔÚfiÊÔ˘, ÁÚ. ÚÔ˚ÛÙ·Ì¤ÓË˜, ·ÔÌ·ÎÚ˘ÛÌ¤ÓÔ ÛË-
ÌÂ›Ô, ˙ÂÛÙfi ÓÂÚfi

¡√™ π°-2 : ¶·Ï·È¿ Ù¤Ú˘Á·, ÙÚ›ÙÔ˜ fiÚÔÊÔ˜, ÁÚ·ÊÂ›Ô, ·ÔÌ·ÎÚ˘ÛÌ¤ÓÔ ÛËÌÂ›Ô,
˙ÂÛÙfi ÓÂÚfi

¡√™ π°-3 : ∫˘ÏÈÎÂ›Ô, ‰›Ï· ÛÙËÓ Â›ÛÔ‰Ô, ÎÔÓÙ¿ ÛÙËÓ ·ÚÔ¯‹ ∂À¢∞¶

∞¶√∆∂§∂™ª∞∆∞ ¡√™√∫√ª∂π√À π°

*  ıÂÙÈÎfi: >100CFU, ·ÚÓËÙÈÎfi <100CFU.

™ËÌÂ›· pH ∞ÁˆÁÈÌfi- £ÔÏfi- ™ÎÏËÚfi- Cl £ÂÚÌÔ- ∞ÈˆÚÔ‡- Fe Zn Cu ∞ÔÙÂÏ¤-

¢Â›ÁÌ·ÙÔ- ÙËÙ· ÙËÙ· ÙËÙ· ˘ÔÏ. ÎÚ·Û›· ÌÂÓ· ÛÌ·Ù·

ÏË„›·˜ Ìs/cm FTU mg

CaCO
3
/L mg/L (ÆC) mg/L mg/L mg/L ppb Legionella*

¡√™ π°-1 7,81 168 0,09 124 43,7 0 <0,2 <0,04 <100 ∞ÚÓËÙÈÎfi

¡√™ π°-2 7,85 164 0,11 120 51,3 5 <0,2 <0,04 350 ∞ÚÓËÙÈÎfi

¡√™ π°-3 7,95 165 0,08 120 0,4 15,6 0 <0,2 <0,04 <100 ∞ÚÓËÙÈÎfi

™ËÌÂ›· pH ∞ÁˆÁÈÌfi- £ÔÏfi- ™ÎÏËÚfi- Cl £ÂÚÌÔ- ∞ÈˆÚÔ‡- Fe Zn Cu ∞ÔÙÂÏ¤-

¢Â›ÁÌ·ÙÔ- ÙËÙ· ÙËÙ· ÙËÙ· ˘ÔÏ. ÎÚ·Û›· ÌÂÓ· ÛÌ·Ù·

ÏË„›·˜ Ìs/cm FTU mg

CaCO
3
/L mg/L (ÆC) mg/L mg/L mg/L ppb Legionella*

¡√™ πµ-1 7,76 159 0,08 116 50 5 <0,2 0,15 <100 ∞ÚÓËÙÈÎfi

¡√™ πµ-2 7,83 157 0,09 114 53,5 0 <0,2 0,13 <100 ∞ÚÓËÙÈÎfi

¡√™ πµ-3 7,6 1843 0,96 940 0 55 1,52 0,53 <100 ∞ÚÓËÙÈÎfi

¡√™ πµ-4 7,92 159 0,07 120 0,4 20 0 <0,2 0,04 <100 ∞ÚÓËÙÈÎfi
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¡ÔÛÔÎÔÌÂ›Ô π¢

¶∂ƒπ°ƒ∞º∏ ™À™∆∏ª∞∆ø¡ ∫§πª∞∆π™ª√À, À¢ƒ∂À™∏™ ∫∞π ¢π∫∆À√À

∑∂™∆√À ¡∂ƒ√À

™ÙÔ ÓÔÛÔÎÔÌÂ›Ô ˘¿Ú¯Ô˘Ó ‰‡Ô ‡ÚÁÔÈ „‡ÍË˜, Ô˘ Â˘Ú›ÛÎÔÓÙ·È ÛÙËÓ Ù·Ú¿ÙÛ· ÙÔ˘
ÎÙÈÚ›Ô˘.™ÙÔ˘˜ ‡ÚÁÔ˘˜ „‡ÍË˜ Á›ÓÂÙ·È ¯Ú‹ÛË ¯ËÌÈÎÒÓ. √È ‡ÚÁÔÈ „‡ÍË˜ ÏÂÈÙÔ˘ÚÁÔ‡Ó
·fi ÙÔÓ ∞Ú›ÏÈÔ ¤ˆ˜ ÙÔÓ √ÎÙÒ‚ÚÈÔ Î¿ıÂ ¤ÙÔ˘˜ Î·È ·Ó¿ÏÔÁ· ÌÂ ÙÈ˜ Î·ÈÚÈÎ¤˜ Û˘Óı‹ÎÂ˜.

∆Ô ÓÂÚfi ‡‰ÚÂ˘ÛË˜ ÚÔ¤Ú¯ÂÙ·È ·fi ÙËÓ ∂À¢∞¶ Î·È ˘¿Ú¯Ô˘Ó ÙÚÂÈ˜ ‰ÂÍ·ÌÂÓ¤˜ ÙˆÓ
30m3. ∆Ô ˙ÂÛÙfi ÓÂÚfi ·Ú¿ÁÂÙ·È ·fi boiler Ô˘ Â˘Ú›ÛÎÔÓÙ·È ÛÂ ˘fiÁÂÈÔ ÏÂ‚ËÙÔÛÙ¿ÛÈÔ
Î·È ˘¿Ú¯ÂÈ ·Ó·Î˘ÎÏÔÊÔÚ›·. 

∆Ô ‰›ÎÙ˘Ô ÓÂÚÔ‡ ·ÔÙÂÏÂ›Ù·È ·fi ¯·ÏÎÔÛˆÏ‹ÓÂ˜ Î·È ÛÈ‰ËÚÔÛˆÏ‹ÓÂ˜. 

™∏ª∂π∞ ¢∂π°ª∞∆√§∏æπ∞™ ¡∂ƒ√À

¡√™ π¢-1 : ¶‡ÚÁÔ˜ „‡ÍË˜ 2 (ÓfiÙÈÔ˜).
¡√™ π¢-2 : ¶‡ÚÁÔ˜ „‡ÍË˜ 1 (‚fiÚÂÈÔ˜).
¡√™ π¢-3 : ¢¤Î·ÙÔ˜  fiÚÔÊÔ˜, ÙÔ˘·Ï¤Ù· ‰ˆÌ·Ù›Ô˘ È·ÙÚÒÓ, ·ÔÌ·ÎÚ˘ÛÌ¤ÓÔ ÛË-

ÌÂ›Ô, ˙ÂÛÙfi ÓÂÚfi.
¡√™ π¢-4 : ÀfiÁÂÈÔ, ÙÂ¯ÓÈÎ‹ ˘ËÚÂÛ›·, ÏËÛ›ÔÓ ·ÚÔ¯‹˜ ∂À¢∞¶.

∞¶√∆∂§∂™ª∞∆∞ ¡√™√∫√ª∂π√À π¢

*  ıÂÙÈÎfi: >100CFU, ·ÚÓËÙÈÎfi <100CFU

™ËÌÂ›· pH ∞ÁˆÁÈÌfi- £ÔÏfi- ™ÎÏËÚfi- Cl £ÂÚÌÔ- ∞ÈˆÚÔ‡- Fe Zn Cu ∞ÔÙÂÏ¤-

¢Â›ÁÌ·ÙÔ- ÙËÙ· ÙËÙ· ÙËÙ· ˘ÔÏ. ÎÚ·Û›· ÌÂÓ· ÛÌ·Ù·

ÏË„›·˜ Ìs/cm FTU mg

CaCO
3
/L mg/L (ÆC) mg/L mg/L mg/L ppb Legionella*

¡√™ π¢-1 7,6 366 0,53 244 0,1 20,8 10 <0,2 <0,04 <100 ∞ÚÓËÙÈÎfi

¡√™ π¢-2 7,53 340 0,45 230 0,05 24,3 10 <0,2 0,19 <100 £ÂÙÈÎfi

¡√™ π¢-3 7,7 282 0,1 170 0 44 0 <0,2 <0,04 <100 £ÂÙÈÎfi

¡√™ π¢-4 7,8 282 0,1 174 0,3 23,3 0 <0,2 <0,04 <100 ∞ÚÓËÙÈÎfi
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™˘ÁÎÂÓÙÚˆÙÈÎ¿ ∞ÔÙÂÏ¤ÛÌ·Ù· £ÂÙÈÎÒÓ ‰ÂÈÁÌ¿ÙˆÓ fiÏˆÓ ÙˆÓ ¡ÔÛÔÎÔÌÂ›ˆÓ

*  ıÂÙÈÎfi: >100CFU, ·ÚÓËÙÈÎfi <100CFU

7. ™˘ÌÂÚ¿ÛÌ·Ù·

1. ∞fi ÙÔ Û‡ÓÔÏÔ ÙˆÓ 71 ‰ÂÈÁÌ¿ÙˆÓ ÓÂÚÔ‡ Ô˘ Ï‹ÊıËÎ·Ó ·fi fiÏÂ˜ ÙÈ˜ Û˘ÌÂÚÈÏË-
ÊıÂ›ÛÂ˜ ÛÙËÓ ¤ÚÂ˘Ó· ¡ÔÛÔÎÔÌÂÈ·Î¤˜ ªÔÓ¿‰Â˜ Î·È Ù· ÔÔ›· ·Ó·Ï‡ıËÎ·Ó ÁÈ· ‚·ÛÈ-
Î¤˜ Ê˘ÛÈÎÔ¯ËÌÈÎ¤˜ ·Ú·Ì¤ÙÚÔ˘˜, Ù· 14 ‚Ú¤ıËÎ·Ó ıÂÙÈÎ¿ (>100CFU/ml) ÛÙÔ ‚·ÎÙ‹-
ÚÈÔ ÙË˜ Legionella ‹ÙÔÈ ÔÛÔÛÙfi 19,7%.

2. ¶·ÚÔ˘Û›· ˘ÔÏÂÈÌÌ·ÙÈÎÔ‡ ¯ÏˆÚ›Ô˘ ÌÂÙÚ‹ıËÎÂ ÛÙÔ 55% ÙˆÓ ‰ÂÈÁÌ¿ÙˆÓ, ÂÓÒ ÛÂ
Â·ÚÎ‹ Û˘ÁÎ¤ÓÙÚˆÛË ÌÂÁ·Ï‡ÙÂÚË ÙˆÓ 0,20 mg/l ÌÂÙÚ‹ıËÎÂ ÌfiÓÔ ÛÙÔ 37,5% ÙˆÓ
‰ÂÈÁÌ¿ÙˆÓ. ™Â fiÏ· Ù· ıÂÙÈÎ¿ ‰Â›ÁÌ·Ù· ÛÙÔ ‚·ÎÙ‹ÚÈÔ ÙË˜ Legionella, ÙÔ ˘ÔÏÂÈÌÌ·-
ÙÈÎfi ¯ÏÒÚÈÔ ‹Ù·Ó ÌË‰ÂÓÈÎfi ‹ ·ÓÂ·ÚÎ¤˜. ∞˘Ùfi ÛËÌ·›ÓÂÈ fiÙÈ Ú¤ÂÈ Ó· ÏËÊıÔ‡Ó Ì¤-
ÙÚ· ÛÙËÓ ÏÂÈÔ„ËÊ›· ÙˆÓ ¡ÔÛÔÎÔÌÂ›ˆÓ – ÛÙ· ÔÔ›· Ë Ì¤ıÔ‰Ô˜ ·˘Ù‹ ÂÈÏ¤ÁÂÙ·È ÁÈ·
ÙËÓ ·ÔÏ‡Ì·ÓÛË ÙˆÓ ‰ÈÎÙ‡ˆÓ ‡‰ÚÂ˘ÛË˜ Î·È ÎÏÈÌ·ÙÈÛÌÔ‡ – ÒÛÙÂ Ó· ÌÂÈˆıÂ› Ô Î›Ó-
‰˘ÓÔ˜ ·Ó¿Ù˘ÍË˜ Î·È ÌÂÙ¿‰ÔÛË˜ ÙË˜ Legionella.

3. ŸÛÔÓ ·ÊÔÚ¿ ÙÔ pH, ÛÙ· ıÂÙÈÎ¿ ‰Â›ÁÌ·Ù· Î˘Ì·›ÓÂÙ·È ·fi 7 ¤ˆ˜ 8 ÌÔÓ¿‰Â˜ ÂÓÒ ÛÙ·
‰Â›ÁÌ·Ù· ÌÂ pH Î¿Ùˆ ÙˆÓ 7 Î·È ¿Óˆ ÙˆÓ 8 ÌÔÓ¿‰ˆÓ ‰ÂÓ ·ÓÈ¯ÓÂ‡ıËÎÂ ÙÔ ‚·ÎÙ‹ÚÈÔ.

4. ™˘ÛÙËÌ·ÙÈÎ‹ Û˘Û¯¤ÙÈÛË ÌÂÙ·Í‡ ÙˆÓ ıÂÙÈÎÒÓ ‰ÂÈÁÌ¿ÙˆÓ Î·È Â‡ÚÔ˘˜ ÙÈÌÒÓ ÔÚÈÛÌ¤-
ÓˆÓ Ê˘ÛÈÎÔ¯ËÌÈÎÒÓ ·Ú·Ì¤ÙÚˆÓ Ô˘ ÂÂÏ¤ÁËÛ·Ó ÁÈ· ÂÍ¤Ù·ÛË ÛÙËÓ ·ÚÔ‡Û· ¤ÚÂ˘-
Ó· ‰ÂÓ ÚÔ¤Î˘„Â (‰ËÏ·‰‹ ÙË˜ ıÔÏfiÙËÙ·˜, ÙË˜ ·ÁˆÁÈÌfiÙËÙ·˜, ÙË˜ ÛÎÏËÚfiÙËÙ·˜, ÙË˜
Û˘ÁÎ¤ÓÙÚˆÛË˜ ÙˆÓ ·ÈˆÚÔ‡ÌÂÓˆÓ ÛˆÌ·ÙÈ‰›ˆÓ Î·ıÒ˜ Î·È ÙˆÓ Û˘ÁÎÂÓÙÚÒÛÂˆÓ ÌÂ-

™ËÌÂ›· pH ∞ÁˆÁÈÌfi- £ÔÏfi- ™ÎÏËÚfi- Cl £ÂÚÌÔ- ∞ÈˆÚÔ‡- Fe Zn Cu ∞ÔÙÂÏ¤-

¢Â›ÁÌ·ÙÔ- ÙËÙ· ÙËÙ· ÙËÙ· ˘ÔÏ. ÎÚ·Û›· ÌÂÓ· ÛÌ·Ù·

ÏË„›·˜ Ìs/cm FTU mg

CaCO
3
/L mg/L (ÆC) mg/L mg/L mg/L ppb Legionella*

¡√™ ∞-2 7,27 269 0,87 138 60 75 <0,20 <0,04 £ÂÙÈÎfi

¡√™ ∞-7 7,97 268 0,88 138 52,7 35 <0,20 0,09 £ÂÙÈÎfi

¡√™ ¢-3 7,68 883 3,50 186 0,00 26,6 95 0,24 2,91 280 £ÂÙÈÎfi

¡√™ ¢-6 7,05 326 2,02 204 0,00 36,7 10 <0,20 0,10 420 £ÂÙÈÎfi

¡√™ ∑-1 7,67 304 1,33 214 0,15 37 5 <0,20 0,24 <2,0 £ÂÙÈÎfi

¡√™ ∑-3 7,59 304 3,66 208 0,00 47,5 5 0,50 0,34 250 £ÂÙÈÎfi

¡√™ ∏-6 7,63 217 0,85 164 0,00 22 20 <0,20 0,07 60,2 £ÂÙÈÎfi

¡√™ π-3 7,75 648 0,48 110 43,7 5 <0,20 0,12 0,30 £ÂÙÈÎfi

¡√™ π-4 7,69 652 0,31 80 57,5 5 <0,20 0,09 <0,10 £ÂÙÈÎfi

¡√™ π-6 7,43 211 0,86 136 0,00 10 <0,20 <0,04 <0,10 £ÂÙÈÎfi

¡√™ π∞-1 7,72 337 0,80 234 0,05 16,0 5 <0,20 0,05 <0,10 £ÂÙÈÎfi

¡√™ π∞-5 7,63 169 0,32 118 36,6 5 <0,20 0,04 0,53 £ÂÙÈÎfi

¡√™ π¢-2 7,53 340 0,45 230 0,05 24,3 10 <0,2 0,19 <100 £ÂÙÈÎfi

¡√™ π¢-3 7,7 282 0,1 170 0 44 0 <0,2 <0,04 <100 £ÂÙÈÎfi

128 EÈÛÙËÌÔÓÈÎ‹ EÂÙËÚ›‰· EÊ·ÚÌÔÛÌ¤ÓË˜ ŒÚÂ˘Ó·˜, Vol. XIII, No 1, 2008



Ù·ÏÏÈÎÒÓ ÈfiÓÙˆÓ Ô˘ ÂÌÂÚÈ¤¯ÔÓÙ·È ÛÙ· ˘ÏÈÎ¿ Î·Ù·ÛÎÂ˘‹˜ ÙˆÓ ˘‰Ú·˘ÏÈÎÒÓ ÂÁÎ·-
Ù·ÛÙ¿ÛÂˆÓ fiˆ˜ ¯·ÏÎfi˜ Î·È „Â˘‰¿ÚÁ˘ÚÔ˜).
∂ÓÙÔ›ÛıËÎÂ ÂÓ ÙÔ‡ÙÔÈ˜ ÛËÌ·ÓÙÈÎfi˜ ·ÚÈıÌfi˜ ·ÔÈÎÈÒÓ Legionella ÛÙ· ÌÂÌÔÓˆÌ¤Ó·
‰Â›ÁÌ·Ù· Ô˘ ·ÚÔ˘Û›·Û·Ó ÂÍ·ÈÚÂÙÈÎ¿ ˘„ËÏ¤˜ ÙÈÌ¤˜ -ÙÈ˜ Ì¤ÁÈÛÙÂ˜ ·Ú·ÙËÚËıÂ›ÛÂ˜-
ÛÂ ÈfiÓÙ· „Â˘‰¿ÚÁ˘ÚÔ˘ Î·È ¯·ÏÎÔ‡.

5. ŸÛÔÓ ·ÊÔÚ¿ ÛÙËÓ ·Ú¿ÌÂÙÚÔ ÙË˜ ıÂÚÌÔÎÚ·Û›·˜ ÛÙ· ÛËÌÂ›· ‰ÂÈÁÌ·ÙÔÏË„›·˜ ÂÌÊ¿-
ÓÈÛÂ ÙÈÌ¤˜ Î·Ù¿ 92,5% ÂÎÙfi˜ ÙÔ˘ ÎÚ›ÛÈÌÔ˘ Â‡ÚÔ˘˜ ÙˆÓ 22-60ÆC fiÔ˘ Â˘ÓÔÂ›Ù·È Ë
·Ó¿Ù˘ÍË ÙË˜ Legionella.

∂È‚¿ÏÏÂÙ·È Ë Ú‡ıÌÈÛË ÙË˜ ıÂÚÌÔÎÚ·Û›·˜ ÙÔ˘ ˙ÂÛÙÔ‡ ÓÂÚÔ‡ ¿Óˆ ·fi ÙÔ˘˜ 60ÔC
Î·ıÒ˜ Î·È ÙÔ˘ ÓÂÚÔ‡ ÂÈÛÙÚÔÊ‹˜ ‹ ÙˆÓ ‡ÚÁˆÓ „‡ÍÂˆ˜ ÙˆÓ ÎÂÓÙÚÈÎÒÓ ˘‰Úfi„˘ÎÙˆÓ
Û˘ÛÙËÌ¿ÙˆÓ ÎÏÈÌ·ÙÈÛÌÔ‡ Î¿Ùˆ ÙˆÓ 20ÆC ÒÛÙÂ Ó· ·Ó·ÛÙ¤ÏÏÂÙ·È Ë ·Ó¿Ù˘ÍË ÙÔ˘ ‚·-
ÎÙËÚ›Ô˘ ÙË˜ Legionella. ŒÙÛÈ ı· ÌÂÈˆıÂ› ÛËÌ·ÓÙÈÎ¿ Ô Î›Ó‰˘ÓÔ˜ ÌÂÙ¿‰ÔÛ‹˜ ÙË˜ ÛÂ ¿ÙÔ-
Ì· Ô˘ ¤Ú¯ÔÓÙ·È ÛÂ Â·Ê‹ ÌÂ Ù· ˆ˜ ¿Óˆ ‰›ÎÙ˘· ‡‰ÚÂ˘ÛË˜ Î·È ÎÂÓÙÚÈÎÔ‡ ÎÏÈÌ·ÙÈÛÌÔ‡
Î˘Ú›ˆ˜ Ì¤Ûˆ ÛÙ·ÁÔÓÈ‰›ˆÓ. 
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desorption and recombination) È‰ÈfiÙËÙÂ˜. ∞Ó¿ÏÔÁ· ÌÂ ÙËÓ ¯ÚËÛÈÌÔÔÈËıÂ›Û· Ì¤ıÔ‰Ô
·Ú·ÛÎÂ˘‹˜ Î·È ÂÂÍÂÚÁ·Û›·˜ ÙË˜ ·Ú¯ÈÎ‹˜ Ì·ÁÓËÙÈÎ‹˜ ÛÎfiÓË˜, ÚÔÎ‡ÙÔ˘Ó Î·È ÔÈ ·ÓÈ-
ÛÔÙÚÔÈÎ¤˜ ‹ ÌË È‰ÈfiÙËÙÂ˜ ÙˆÓ ÙÂÏÈÎÒÓ ‰ÔÎÈÌ›ˆÓ. ∏ Û˘ÁÎÔÏÏËÙÈÎ‹ Ô˘Û›· Ô˘ ¯ÚËÛÈ-
ÌÔÔÈ‹ıËÎÂ ‹Ù·Ó ÁÈ· ÌÂÓ Ù· ÈÛÔÙÚÔÈÎ¿ ‰ÔÎ›ÌÈ· ÙÔ ÔÏ˘·Èı˘Ï¤ÓÈÔ ÁÈ· ‰Â Ù· ·ÓÈÛÔ-
ÙÚÔÈÎ¿ ‰ÔÎ›ÌÈ· ÙÔ NYLON 6. ∏ ÌÂÁ·Ï‡ÙÂÚË ÂÈÙÂ˘¯ıÂ›Û· ÂÚÈÂÎÙÈÎfiÙËÙ· ÛÂ Ì·ÁÓË-
ÙÈÎ‹ ÎfiÓË Â›Ó·È ÂÚ›Ô˘ 93% Î.‚. ÁÈ· Ù· ÈÛÔÙÚÔÈÎ¿ ‰ÔÎ›ÌÈ· ÌÂ ·ÓÙ›ÛÙÔÈ¯Ô ÂÓÂÚÁÂÈ·Îfi
ÁÈÓfiÌÂÓÔ (µ∏)max~ 10 MGOe.  

§¤ÍÂÈ˜ ∫ÏÂÈ‰È¿: Ó·ÓÔÛ‡ÓıÂÙÔÈ NdFeB Ì·ÁÓ‹ÙÂ˜, Û˘ÁÎÂÎÔÏÏËÌ¤ÓÔÈ NdFeB Ì·ÁÓ‹ÙÂ˜,
Ì·ÁÓËÙÈÎ¿ ÂÁÎÏÂ›ÛÌ·Ù·

Abstract

In this work we report our results on the preparation and magnetic characterization
of polymer samples with magnetic inclusions of nano size dimensions. It is well known
that bonded magnets are of extreme importance for several industrial applications today,
due to their low manufacturing cost, high magnetic performance and the ability of further
morphological shaping-machining ability - using milling and lathe. These are the
advantages of these magnets when compared with the sintered permanent magnets,
although presenting a compromise in their magnetic performance (moderate values of
BHmax-their energy product).

By processing first the commercially available magnetic powders with powder
metallurgy methods (ball milling in inert atmosphere), we successfully produced samples
made out of polyethylene with magnetic inclusions of the type of Nd2Fe14B with
isotropic properties and in addition samples based on NYLON 6 including magnetic
particles of the above mentioned magnetic phase but produced with the well known
HDDR process (Hydrogenation, Disproportionation, Desorption and Recombination)
leading to anisotropic samples. The mixing of the magnetic powders with the polymers
was made at elevated temperatures (180 C for polyethylene and 270 C for the NYLON 6)
by using the technique of roll milling in inert atmosphere.

The magnetic characterization which was performed by using a Quantum Design 9T
Physical Property Measurement System showed that the high density samples (with filling
ratio 93% by weight) indicated a superior quality bonded magnet behaviour and
performance and for the isotropic samples the BHmax value of 8 MGOe was obtained,
while the anisotropic ones (using the HDDR magnetic powder) approached a value of
about 10 MGOe.

Key Words: nanocomposite NdFeB magnets, bonded NdFeB magnet, magnetic
inclusions
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∂ÈÛ·ÁˆÁ‹

∂›Ó·È ÁÓˆÛÙfi fiÙÈ Ù· ÔÏ˘ÌÂÚ‹ ˘ÏÈÎ¿ ÌÂ Ó·ÓÔÛˆÌ·ÙÈ‰È·Î¿ Ì·ÁÓËÙÈÎ¿ ÂÁÎÏÂ›ÛÌ·Ù·
ÌÂ ˘„ËÏ¤˜ Û˘ÁÎÂÓÙÚÒÛÂÈ˜ Ù¤ÙÔÈˆÓ ÛˆÌ·ÙÈ‰›ˆÓ, ·ÔÙÂÏÔ‡Ó ÌÈ· ÂÈ‰ÈÎ‹ Î·ÙËÁÔÚ›· ÂÓ ‰˘-
Ó¿ÌÂÈ ÌÔÓ›ÌˆÓ Ì·ÁÓËÙÒÓ Ô˘ ÔÓÔÌ¿˙ÔÓÙ·È Û˘ÁÎÂÎÔÏÏËÌ¤ÓÔÈ Ì·ÁÓ‹ÙÂ˜ (Bonded
Magnets)[1]. ™‹ÌÂÚ·, ÂÈ‰ÈÎ¿ ÔÈ Û˘ÁÎÂÎÔÏÏËÌ¤ÓÔÈ Ì·ÁÓ‹ÙÂ˜ ÙÔ˘ Ù‡Ô˘ Nd2Fe14B ¤¯Ô˘Ó
Ù‡¯ÂÈ Â˘Ú¤ˆÓ ÂÊ·ÚÌÔÁÒÓ, ÏfiÁˆ ÙÔ˘ Â˘ÎfiÏÔ˘ Û¯ÂÙÈÎ¿ ÙÚfiÔ˘ ·Ú·ÛÎÂ˘‹˜ ÙÔ˘˜, ÙÔ˘ ¯·-
ÌËÏÔ‡ ÎfiÛÙÔ˘˜ Î·È ÙË˜ ‰˘Ó·ÙfiÙËÙ·˜ Ó· Ù‡¯Ô˘Ó ÂÚ·ÈÙ¤Úˆ ÌË¯·ÓÔ˘ÚÁÈÎ‹˜ ÂÂÍÂÚÁ·-
Û›·˜ ¤Ú·Ó ÙË˜ ·Ú¯ÈÎ‹˜ ÙÔ˘˜ ÌÔÚÊÔÔ›ËÛË˜.

ŒÓ·˜ Û˘ÁÎÂÎÔÏÏËÌ¤ÓÔ˜ Ì·ÁÓ‹ÙË˜ (bonded magnet) Û˘Ó›ÛÙ·Ù·È ÛÙËÓ ÙÔÔı¤ÙËÛË Î·È
ÔÌÔÈÔÁÂÓ‹ ‰È·ÛÔÚ¿ ÌÈ·˜ Ì·ÁÓËÙÈÎ‹˜ ÛÎfiÓË˜ Ì¤Û· ÛÂ ÔÏ˘ÌÂÚ¤˜ ˘ÏÈÎfi (ÛÙËÓ ÂÚ›-
ÙˆÛË Ô˘ Ë Û˘ÁÎÔÏÏËÙÈÎ‹ ‡ÏË Â›Ó·È ¤Ó· ÔÏ˘ÌÂÚ¤˜) fiÔ˘ Ù· ÔÏ˘ÌÂÚ‹ Ô˘ ¯ÚËÛÈÌÔ-
ÔÈÔ‡ÓÙ·È Â‰Ò Â›Ó·È ËÏÂÎÙÚÈÎ¿ ÌË ·ÁÒÁÈÌ·[1,2,3,4]. 

ªÂ ÛÎÔfi Ó· ‰ÈÂÚÂ˘ÓËıÂ› Ë Ì·ÁÓËÙÈÎ‹ Û˘ÌÂÚÈÊÔÚ¿ ÙˆÓ ÔÏ˘ÌÂÚÒÓ ·˘ÙÒÓ ÌÂ Ù·
Ì·ÁÓËÙÈÎ¿ Ó·ÓÔÛˆÌ·ÙÈ‰È·Î¿ ÂÁÎÏÂ›ÛÌ·Ù· Î·È ÙËÓ ‰˘Ó·ÙfiÙËÙ· ÂÊ·ÚÌÔÁ‹˜ ÙÔ˘˜ ˆ˜ Ìfi-
ÓÈÌÔÈ Û˘ÁÎÂÎÔÏÏËÌÌ¤ÓÔÈ Ì·ÁÓ‹ÙÂ˜, ·Ú‹¯ıËÛ·Ó ‰ÔÎ›ÌÈ· Ù· ÔÔ›· ÌÂÏÂÙ‹ıËÎ·Ó ˆ˜
ÚÔ˜ ÙËÓ Ì·ÁÓËÙÈÎ‹ ÙÔ˘˜ Û˘ÌÂÚÈÊÔÚ¿.  

¶ÂÈÚ·Ì·ÙÈÎ¿

ªÂ ÂÈÙ˘¯›· ·Ú‹¯ıË ÛÂÈÚ¿ ‰ÔÎÈÌ›ˆÓ Ó·ÓÔÛ‡ÓıÂÙˆÓ Û˘ÁÎÂÎÔÏÏËÌ¤ÓˆÓ Ì·ÁÓËÙÒÓ
(Bonded Magnets) ÙÔ˘ Ù‡Ô˘ Nd2Fe14B ¯ÚËÛÈÛÌÔÔÈÒÓÙ·˜ Ì·ÁÓËÙÈÎ‹ ÛÎfiÓË ÙË˜ Ê¿ÛË˜
·˘Ù‹˜ ÌÂ ÈÛÔÙÚÔÈÎ¤˜ ‹ ·ÓÈÛÔÙÚÔÈÎ¤˜ (HDDR)[4] È‰ÈfiÙËÙÂ˜ Î·Ù¿ÏÏËÏ· ÂÂÍÂÚÁ·ÛÌ¤-
ÓË ÌÂ ÌÂıfi‰Ô˘˜ ÎÔÓÈÔÌÂÙ·ÏÏÔ˘ÚÁ›·˜. √È ·Ú¯ÈÎ¤˜ ‰È·ÛÙ¿ÛÂÈ˜ ÙˆÓ ÎfiÎˆÓ ÙÔ˘ Ì·ÁÓËÙÈ-
ÎÔ‡ ˘ÏÈÎÔ‡ Ô˘ ¯ÚËÛÈÌÔÔÈ‹ıËÎÂ ‹Ù·Ó 200Ì-400Ì fiÔ˘ ÌÂÙ¿ ÙËÓ ÂÂÍÂÚÁ·Û›· ÙÔ Ì¤ÁÂ-
ıÔ˜ ÙˆÓ ÎfiÎˆÓ ‹Ù·Ó ÛÙËÓ ÂÚÈÔ¯‹ ÙˆÓ 0,5Ì-5Ì. ∞Ó¿ÏÔÁ· ÌÂ ÙËÓ ¯ÚËÛÈÌÔÔÈËıÂ›Û· ÌÂ-
ıÔ‰Ô ·Ú·ÛÎÂ˘‹˜ Î·È ÂÂÍÂÚÁ·Û›·˜ ÙË˜ ·Ú¯ÈÎ‹˜ Ì·ÁÓËÙÈÎ‹˜ ÛÎfiÓË˜, ÚÔÎ‡ÙÔ˘Ó Î·È
ÔÈ ·ÓÈÛÔÙÚÔÈÎ¤˜ ‹ ÌË È‰ÈfiÙËÙÂ˜ ÙˆÓ ÙÂÏÈÎÒÓ ‰ÔÎÈÌ›ˆÓ. ∏ Û˘ÁÎÔÏÏËÙÈÎ‹ Ô˘Û›· Ô˘
¯ÚËÛÈÌÔÔÈ‹ıËÎÂ ‹Ù·Ó ÁÈ· ÌÂÓ Ù· ÈÛÔÙÚÔÈÎ¿ ‰ÔÎ›ÌÈ· ÙÔ ÔÏ˘·Èı˘Ï¤ÓÈÔ ÁÈ· ‰Â Ù· ·ÓÈ-
ÛÔÙÚÔÈÎ¿ ‰ÔÎ›ÌÈ· ÙÔ NYLON 6.

√È Ì·ÁÓËÙÈÎ¤˜ ÌÂÙÚ‹ÛÂÈ˜ ¤ÁÈÓ·Ó ÌÂ ÙËÓ ¯Ú‹ÛË Ì·ÁÓËÙÔÌ¤ÙÚÔ˘ ÙÔ˘ Ù‡Ô˘ PPMS 9T
ÙË˜ Quantum Design ÛÂ ıÂÚÌÔÎÚ·Û›· 300 ∫.

∞ÔÙÂÏ¤ÛÌ·Ù·

™ÙÔ ™¯‹Ì· 1, ·ÚÔ˘ÛÈ¿˙ÂÙ·È Ô Ù˘ÈÎfi˜ ‚ÚfiÁ¯Ô˜ ˘ÛÙ¤ÚËÛË˜ ÛÂ ıÂÚÌÔÎÚ·Û›· ‰ˆÌ·-
Ù›Ô˘, ÂÓfi˜ Ï·ÛÙÈÎÔÂÈ‰Ô‡˜ Ì·ÁÓ‹ÙË, Ô ÔÔ›Ô˜ ÚÔ‹ÏıÂ ·fi ÂÂÍÂÚÁ·Û›· ÈÛÔÙÚÔÈÎ‹˜
Ì·ÁÓËÙÈÎ‹˜ ÎfiÓÂˆ˜ ÙÔ˘ Ù‡Ô˘ Nd2Fe14B ÌÂ ÔÏ˘·Èı˘Ï¤ÓÈÔ.  
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™¯‹Ì· 1: µÚfiÁ¯Ô˜ ˘ÛÙ¤ÚËÛË˜ ÈÛÔÙÚÔÈÎÔ‡ Ï·ÛÙÈÎÔÂÈ‰Ô‡˜ Ì·ÁÓ‹ÙË ¡d2Fe14B ÛÙÔ˘˜ 300∫. ∏

˘ÎÓfiÙËÙ¿ ÙÔ˘ Â›Ó·È 4,38g/cc ÌÂ Hc � 15kOe Î·È Ms � 120emu/g.

∂›Ó·È ÂÌÊ·Ó¤˜ ÙÔ ÁÂÁÔÓfi˜ ÌË ÎÔÚÂÛÌÔ‡ ·ÎfiÌË Î·È ÛÙ· 40 kOe, Ô˘ ÔÊÂ›ÏÂÙ·È ÛÙÔ
fiÙÈ Ë ¯ÚËÛÈÌÔÔÈËıÂ›Û· Ì·ÁÓËÙÈÎ‹ ÛÎfiÓË Â›Ó·È ÈÛÔÙÚÔÈÎ‹.

™ÙÔ ·Ú·Î¿Ùˆ Û¯‹Ì· 2, ·ÚÔ˘ÛÈ¿˙ÔÓÙ·È ÔÈ Î·Ì‡ÏÂ˜ ·ÔÌ·ÁÓ‹ÙÈÛË˜ ÌÂÚÈÎÒÓ ‰Ô-
ÎÈÌ›ˆÓ ÌÂ ˘„ËÏ‹ Û¯ÂÙÈÎ¿ Û˘ÁÎ¤ÓÙÚˆÛË Ì·ÁÓËÙÈÎ‹˜ ÛÎfiÓË˜. £· Ú¤ÂÈ Â‰Ò Ó· ÛËÌÂÈˆ-
ıÂ› fiÙÈ ÔÈ ˘„ËÏfiÙÂÚÂ˜ Û˘ÁÎÂÓÙÚÒÛÂÈ˜ Ô‰ËÁÔ‡Ó Î·È ÛÂ ˘ÏÈÎ¿ Î·Ù¿ÏÏËÏ· ÁÈ· ¯Ú‹ÛË ˆ˜
ÌfiÓÈÌˆÓ Ì·ÁÓËÙÒÓ ˘„ËÏÒÓ ÚÔ‰È·ÁÚ·ÊÒÓ, Î·È ÌÂ ÂÓÂÚÁÂÈ·Îfi ÁÈÓfiÌÂÓÔ (BH)max ~8-
10 MGOe [1] ·ÚÎÂÙ¿ ÌÂÁ·Ï‡ÙÂÚÔ ·fi ·˘Ùfi ÙˆÓ ·ÓÈÛÔÙÚÔÈÎÒÓ ÊÂÚÚÈÙÈÎÒÓ Ì·ÁÓËÙÒÓ
(µHmax~3-4 MGOe).

™¯‹Ì· 2. ∫·Ì‡ÏÂ˜ ·ÔÌ·ÁÓ‹ÙÈÛË˜ ‰È·ÊfiÚˆÓ Ï·ÛÙÈÎÔÂÈ‰ÒÓ ‰ÔÎÈÌÈÒÓ.

∆· Ì·˘ÚÈÛÌ¤Ó· Û‡Ì‚ÔÏ· ·ÓÙÈÛÙÔÈ¯Ô‡Ó ÛÙÔ µ Î·È Ù· ·ÓÔÈÎÙ¿ ÛÙÔ 4ª.

°È· ÏfiÁÔ˘˜ Û‡ÁÎÚÈÛË˜ Û˘ÌÂÚÈÏ·Ì‚¿ÓÂÙ·È Î·È ‰ÔÎ›ÌÈÔ ÊÂÚÚ›ÙË (∆∞ƒ1).
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™ÙÔ Û¯‹Ì· 3· ·ÚÔ˘ÛÈ¿˙ÔÓÙ·È ÔÈ Î·Ì‡ÏÂ˜ ÂÓÂÚÁÂÈ·ÎÔ‡ ÁÈÓÔÌ¤ÓÔ˘ ‰ÔÎÈÌ›ˆÓ Ô-
Ï˘·Èı˘ÏÂÓ›Ô˘ ÌÂ ‰È·ÊÔÚÂÙÈÎ¤˜ ˘ÎÓfiÙËÙÂ˜ (‰È·ÊÔÚÂÙÈÎ‹ Û˘ÁÎ¤ÓÙÚˆÛË Ì·ÁÓËÙÈÎ‹˜
ÛÎfiÓË˜) Î·È ÛÙÔ Û¯‹Ì· 3‚ ·ÚÔ˘ÛÈ¿˙ÂÙ·È Ò˜ ÂÌÂÈÚÈÎ¿ ÂÍ·ÚÙ¿Ù·È ÙÔ Ì¤ÁÈÛÙÔ ÂÓÂÚ-
ÁÂÈ·Îfi ÁÈÓfiÌÂÓÔ (µ∏)max ·fi ÙËÓ ˘ÎÓfiÙËÙ· ÙÔ˘ ‰ÔÎÈÌ›Ô˘.

™¯‹Ì· 3·: ¶·ÚÔ˘ÛÈ¿˙ÔÓÙ·È ÔÈ Î·Ì‡ÏÂ˜ ÙÔ˘ (µ∏)max ÁÈ· ‰ÔÎ›ÌÈ· ÌÂ ‰È·ÊÔÚÂÙÈÎ¤˜

˘ÎÓfiÙËÙÂ˜. √È ˘ÂÚ‚ÔÏ¤˜ ÛÂ ˘¤ÚıÂÛË ·ÓÙÈÛÙÔÈ¯Ô‡Ó ÛÂ ÂÓÂÚÁÂÈ·Îfi ÁÈÓfiÌÂÓÔ

‰È·ÊfiÚˆÓ ÙÈÌÒÓ, fiˆ˜ Ê·›ÓÂÙ·È ·fi ÙÔ Û¯‹Ì·.

™¯‹Ì· 3‚. ¶·ÚÔ˘ÛÈ¿˙ÂÙ·È Ë ÂÈÚ·Ì·ÙÈÎ‹ ÂÍ¿ÚÙËÛË ÙÔ˘ ÂÓÂÚÁÂÈ·ÎÔ‡ ÁÈÓÔÌ¤ÓÔ˘ (µ∏)max ·fi

ÙËÓ ˘ÎÓfiÙËÙ· ÙÔ˘ ‰ÔÎÈÌ›Ô˘. ∏ ÌÂÁ·Ï‡ÙÂÚË ‰˘Ó·Ù‹ ˘ÎÓfiÙËÙ· ·ÓÙÈÛÙÔÈ¯Â› ÛÂ ÂÚ›Ô˘ 90%Î.‚.

ÂÚÈÂÎÙÈÎfiÙËÙ· ÛÎfiÓË˜ ÛÙÔ Ï·ÛÙÈÎfi. ∆Ô ˘„ËÏfiÙÂÚÔ ÂÓÂÚÁÂÈ·Îfi ÁÈÓfiÌÂÓÔ ÂÂÙÂ‡¯ıË Î¿ÓÔÓÙ·˜

¯Ú‹ÛË ÛÎfiÓË˜ Ù‡Ô˘ ∏DDR (·ÓÈÛÔÙÚÔÈÎ‹) ÛÂ Ï·ÛÙÈÎ‹ Ì‹ÙÚ· NYLON.
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™ÙÔ Û¯‹Ì· 4, ·ÚÔ˘ÛÈ¿˙ÔÓÙ·È ÔÈ Î·Ì‡ÏÂ˜ ÙË˜ Ì·ÁÓ‹ÙÈÛË˜ ª ÛÂ Û˘Ó¿ÚÙËÛË ÌÂ ÙÔ
Â‰›Ô ∏ (ÚÒÙÔ ÙÂÙ·ÚÙËÌfiÚÈÔ ÙÔ˘ ‚ÚfiÁ¯Ô˘ ˘ÛÙ¤ÚËÛË˜), ÁÈ· ‰ÔÎ›ÌÈ· ‰È·ÊfiÚˆÓ Û˘ÁÎÂ-
ÓÙÚÒÛÂˆÓ Ì·ÁÓËÙÈÎ‹˜ ÛÎfiÓË˜.

™¯‹Ì· 4: ª·ÁÓ‹ÙÈÛË ª (∏) ÙˆÓ ‰ÔÎÈÌ›ˆÓ: 1, 2, 3, 5, 7. ∏ Û˘ÁÎ¤ÓÙÚˆÛË Ì·ÁÓËÙÈÎ‹˜ ÛÎfiÓË˜

Î·È Û˘ÓÂÒ˜ ÙË˜ ˘ÎÓfiÙËÙ¿˜ ÙÔ˘˜ ‚·›ÓÂÈ ·˘Í·ÓfiÌÂÓË ÌÂ ÙËÓ ·‡ÍËÛË ÙÔ˘ ·ÚÈıÌÔ‡

ÙÔ˘ ‰ÔÎÈÌ›Ô˘. ∆Ô ‰ÔÎ›ÌÈÔ 1 Â›Ó·È Î·ı·Úfi ÔÏ˘·Èı˘Ï¤ÓÈÔ (ª � 0).

∆Ô ‰ÔÎ›ÌÈÔ 1, ·ÔÙÂÏÂ›Ù·È ·fi Î·ı·Úfi ÔÏ˘·Èı˘Ï¤ÓÈÔ Î·È Ë Ì·ÁÓ‹ÙÈÛ‹ ÙÔ˘ ª � 0
(Ú·ÁÌ·ÙÈÎ¿ Â›Ó·È ÂÏ·ÊÚÒ˜ ‰È·Ì·ÁÓËÙÈÎfi ÌÂ ÙÈÌ‹ ÂÈ‰ÂÎÙÈÎfiÙËÙ·˜ ¯ � 10-6 emu/g/Oe).

™˘ÌÂÚ¿ÛÌ·Ù·

™˘ÁÎÂÎÔÏÏËÌ¤Ó· ÔÏ˘ÌÂÚ‹ ÌÂ Ì·ÁÓËÙÈÎ¿ Ó·ÓÔÛˆÌ·ÙÈ‰È·Î¿ ÂÁÎÏÂ›ÛÌ·Ù· ÙÔ˘ Ù‡Ô˘
Nd2Fe14B ·Ú·ÛÎÂ˘¿ÛıËÎ·Ó ÌÂ ÂÈÙ˘¯›· ÌÂ ‰È¿ÊÔÚÂ˜ Û˘ÁÎÂÓÙÚÒÛÂÈ˜ ÛˆÌ·ÙÈ‰›ˆÓ. ∆·
‰ÔÎ›ÌÈ· ÌÂ ˘„ËÏ¤˜ Û˘ÁÎÂÓÙÚÒÛÂÈ˜ ·¤‰ÂÈÍ·Ó ÌÈ· Ì·ÁÓËÙÈÎ‹ Û˘ÌÂÚÈÊÔÚ¿ Ù‡Ô˘ ÌfiÓÈ-
ÌˆÓ Ì·ÁÓËÙÒÓ (bonded magnets) ÌÂ ÂÍ·ÈÚÂÙÈÎ¿ ˘„ËÏ¤˜ ÚÔ‰È·ÁÚ·Ê¤˜ ÁÈ· ¯Ú‹ÛË ÙÔ˘˜
ÛÂ ÎÈÓËÙ‹ÚÂ˜ Û˘ÓÂ¯Ô‡˜ ÚÂ‡Ì·ÙÔ˜, ÂÓÂÚÁÔÔÈËÙ¤˜ (actuators) ÌÈ· Î·È ÙÔ ÂÓÂÚÁÂÈ·Îfi ÁÈ-
ÓfiÌÂÓfi ÙÔ˘˜ (È‰È·›ÙÂÚ· ÙˆÓ ‰ÔÎÈÌ›ˆÓ ÌÂ ·ÓÈÛÔÙÚÔÈÎ‹ ÛÎfiÓË HDDR) ¤Êı·ÛÂ ÙËÓ ÙÈÌ‹
(µ∏)max~10 MGOe. 
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¶ÂÚ›ÏË„Ë

OÏÔÎÏËÚˆÌ¤ÓÔ˜ ÌÈÎÚÔÌË¯·ÓÈÎfi˜ ·ÈÛıËÙ‹Ú·˜ ¯ÚËÛÈÌÔÔÈÂ›Ù·È ÁÈ· ÙËÓ ·ÍÈÔÏfiÁËÛË
ÂÎÔÌ‹˜ Î·˘Û·ÂÚ›ˆÓ ÌÈÎÚ‹˜ ‚ÂÓ˙ÈÓÔÌË¯·Ó‹˜ ÌÂÙ·‚ÏËÙ‹˜ Û˘Ì›ÂÛË˜ ÛÂ Û‡ÁÎÚÈÛË ÌÂ
‚ÈÔÌË¯·ÓÈÎ‹ ‰È¿Ù·ÍË Ì¤ÙÚËÛË˜ Î·˘Û·ÂÚ›ˆÓ. √ ·ÈÛıËÙ‹Ú·˜ ·˘Ùfi˜ ·ÚÔ˘ÛÈ¿˙ÂÈ Î·Ï‹
Â˘·ÈÛıËÛ›· Î·È Û¯ÂÙÈÎ¿ ˘„ËÏ‹ ·fiÎÚÈÛË Û˘¯ÓfiÙËÙ·˜, ÈÎ·ÓÔÔÈËÙÈÎ‹ ÁÈ· ÙË Û˘ÁÎÂÎÚÈ-
Ì¤ÓË ÂÊ·ÚÌÔÁ‹, ÛÙË ·ÚÔ‡Û· Ê¿ÛË. 
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Abstract

An integrated micromechanical sensor is used in the present study for the evaluation
of the exhaust gases of small petrol engine of variable compression in comparison with
industrial flue analyzers. This sensor shows very good sensitivity and relatively good time
response, which are considered satisfactory for this application at the present stage of
development

§¤ÍÂÈ˜ ∫ÏÂÈ‰È¿: ªË¯·Ó¤˜ ∂ÛˆÙÂÚÈÎ‹˜ ∫·‡ÛË˜, ·ÈÛıËÙ‹ÚÂ˜, Î·˘Û·¤ÚÈ·, ·Ó¿Ï˘ÛË, ‚ÂÏ-
ÙÈÛÙÔÔ›ËÛË.

1. µ·ÛÈÎ¤˜ ¤ÓÓÔÈÂ˜ Î·È ÚÔ‚Ï‹Ì·Ù· ÙË˜ ÏÂÈÙÔ˘ÚÁ›·˜ ª∂∫

∆È˜ ÙÂÏÂ˘Ù·›Â˜ ‰ÂÎ·ÂÙ›Â˜ Á›ÓÂÙ·È ÂÓÙ·ÙÈÎ‹ ÚÔÛ¿ıÂÈ· ÛÂ ‰ÈÂıÓ¤˜ Â›Â‰Ô ÁÈ· ÙËÓ
·Ô‰ÔÙÈÎ‹ ¯Ú‹ÛË Î·È ÂÍÔÈÎÔÓfiÌËÛË ÙˆÓ ËÁÒÓ ÂÓ¤ÚÁÂÈ·˜ ÛÂ ÂÍ¿ÓÙÏËÛË Î·È ÙÔÓ ¤ÏÂÁ¯Ô
ÙË˜ ÌfiÏ˘ÓÛË˜ ÙÔ˘ ÂÚÈ‚¿ÏÏÔÓÙÔ˜ Ô˘ ˘Ô‚·ıÌ›˙ÂÈ ÙËÓ ÔÈfiÙËÙ· ˙ˆ‹˜ ÙˆÓ Î·ÙÔ›ÎˆÓ
ÙÔ˘ Ï·Ó‹ÙË Ì·˜. [1,2] ∏ ÚÔÛ¿ıÂÈ· ·˘Ù‹ ‰ÂÓ Â›Ó·È ‰˘Ó·ÙfiÓ Ó· ·Ô‰ÒÛÂÈ Ù· ÂÈı˘-
ÌËÙ¿ ·ÔÙÂÏ¤ÛÌ·Ù· ¯ˆÚ›˜ ÙË ‚ÂÏÙÈÛÙÔÔ›ËÛË ÙË˜ ÏÂÈÙÔ˘ÚÁ›·˜ ÙˆÓ ªË¯·ÓÒÓ ∂ÛˆÙÂÚÈ-
Î‹˜ ∫·‡ÛË˜ (ª∂∫), Ô˘ ·ÔÙÂÏÔ‡Ó È‰È·›ÙÂÚ· Ú˘ÔÁfiÓÔ ÙÂ¯ÓÔÏÔÁÈÎfi Î·Ù·ÛÎÂ‡·ÛÌ·
Î·È Î·Ù’ Â¤ÎÙ·ÛË ÙÔ ·˘ÙÔÎ›ÓËÙÔ Ô˘ Â›Ó·È Ô Î‡ÚÈÔ˜ ¯Ú‹ÛÙË˜ ÙÔ˘˜. 

√È ÚÔÛ¿ıÂÈÂ˜ ÁÈ· ÙËÓ ·‡ÍËÛË ÙË˜ ·fi‰ÔÛË˜ ÙˆÓ ª∂∫ Î·È ÙË˜ ÌÂ›ˆÛË˜ ÙË˜ Ú‡-
·ÓÛË˜ (Î·È ÌfiÏ˘ÓÛË˜) ÙÔ˘ ÂÚÈ‚¿ÏÏÔÓÙÔ˜, Ô˘ Â›Ó·È ÂÓ‰ÂÈÎÙÈÎ¤˜ ÙË˜ ÔÏ˘ÏÔÎfiÙËÙ·˜
ÙÔ˘ ÚÔ‚Ï‹Ì·ÙÔ˜, ÌÔÚÂ› Ó· ÌËÓ ¤¯Ô˘Ó ‰ÒÛÂÈ ‰Ú·ÛÙÈÎ‹ Ï‡ÛË ÛÙÔ Úfi‚ÏËÌ·, ¤¯Ô˘Ó
Ô‰ËÁ‹ÛÂÈ fiÌˆ˜ ÛÂ ÛËÌ·ÓÙÈÎ¤˜ ‚ÂÏÙÈÒÛÂÈ˜ ÙË˜ ÏÂÈÙÔ˘ÚÁ›·˜ ÙˆÓ ª∂∫ Î·È ÛÙËÓ ÂÈ‚ÔÏ‹
ÏÂÙÔÌÂÚÒÓ Î·ÓÔÓÈÛÌÒÓ Û¯ÂÙÈÎ¿ ÌÂ ÙË Û‡ÓıÂÛË Î·È ÙËÓ ÔÈÎÔÓÔÌ›· ÙÔ˘ Î·˘Û›ÌÔ˘ Î·È
ÙÈ˜ ÂÎÔÌ¤˜ Î·˘Û·ÂÚ›ˆÓ. √È Î·ÓÔÓÈÛÌÔ› ·˘ÙÔ› Â›Ó·È ·ÔÙ¤ÏÂÛÌ· Û˘Ì‚È‚·ÛÌÔ‡ ÙˆÓ
ÛÙfi¯ˆÓ Î·È ·fi„ÂˆÓ ÌÂÙ·Í‡ Î·Ù·ÛÎÂ˘·ÛÙÒÓ, ¯ÚËÛÙÒÓ Î·È ÎÔÈÓˆÓÈÎÔ‡ Û˘ÓfiÏÔ˘. ¶Â-
Ú·ÈÙ¤Úˆ ‚ÂÏÙ›ˆÛË ÙË˜ ÏÂÈÙÔ˘ÚÁ›·˜ ÙˆÓ ª∂∫ ··ÈÙÂ› ÌÂÁ·Ï‡ÙÂÚË ÂÓÙ·ÙÈÎÔÔ›ËÛË ÙË˜
¤ÚÂ˘Ó·˜ ÛÙÔ Â‰›Ô ·˘Ùfi Î·È ¯Ú‹ÛË Î·È ·ÍÈÔÔ›ËÛË Ó¤ˆÓ ÙÂ¯ÓÔÏÔÁÈÒÓ.[3,4] ™ÙËÓ Â-
ÚÈÔ¯‹ ·˘Ù‹ ·ÎÚÈ‚Ò˜ ÂÓÙ¿ÛÂÙ·È Î·È Ë ÚÔÛ¿ıÂÈ· ¯Ú‹ÛË˜ ÔÏÔÎÏËÚˆÌ¤ÓˆÓ ÌÈÎÚÔÌË¯·-
ÓÈÎÒÓ ·ÈÛıËÙ‹ÚˆÓ ÁÈ· ÙË Ì¤ÙÚËÛË Î·È ÙÔÓ ¤ÏÂÁ¯Ô ÙˆÓ ·Ú·Ì¤ÙÚˆÓ Î·‡ÛË˜ ÛÂ Ú·Á-
Ì·ÙÈÎfi ¯ÚfiÓÔ. 

™ÎÔfi˜ ÙË˜ ÂÚÁ·Û›·˜ ·˘Ù‹˜ Â›Ó·È Ë ‚ÂÏÙÈÛÙÔÔ›ËÛË ÙË˜ ÏÂÈÙÔ˘ÚÁ›·˜ ÌÈÎÚ‹˜ ‚ÂÓ˙È-
ÓÔÌË¯·Ó‹˜ (ÔÈ ‚ÂÓ˙ÈÓÔÌË¯·Ó¤˜ ÁÂÓÈÎ¿ Î·È È‰È·›ÙÂÚ· ÔÈ ÌÈÎÚ¤˜ Â›Ó·È ˆ˜ ÁÓˆÛÙfiÓ ÔÏ‡
Ú˘ÔÁfiÓÂ˜), ÌÂ ÛÙfi¯Ô ÙËÓ ÂÏ·¯ÈÛÙÔÔ›ËÛË ÙˆÓ ÂÎÂÌfiÌÂÓˆÓ Ú‡ˆÓ Î·È Î·Ù¿ Û˘Ó¤-
ÂÈ· ÙËÓ ÚÔÛÙ·Û›· ÙÔ˘ ÂÚÈ‚¿ÏÏÔÓÙÔ˜, Ì¤Ûˆ ÙË˜ Û˘ÓÂ¯Ô‡˜ ·Ó›¯ÓÂ˘ÛË˜ ÙË˜ Û‡ÛÙ·ÛË˜
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ÙˆÓ Î·˘Û·ÂÚ›ˆÓ ÛÂ Ú·ÁÌ·ÙÈÎfi ¯ÚfiÓÔ ÌÂ ÔÏÔÎÏËÚˆÌ¤ÓÔ˘˜ ÌÈÎÚÔÌË¯·ÓÈÎÔ‡˜ ·ÈÛıËÙ‹-
ÚÂ˜. ™Â ÂfiÌÂÓË Ê¿ÛË ÔÈ ÏËÚÔÊÔÚ›Â˜ ·fi ÙÔ˘˜ ·ÈÛıËÙ‹ÚÂ˜ ı· ·Ó·ÙÚÔÊÔ‰ÔÙÔ‡Ó ÙÔ Û‡-
ÛÙËÌ· ·˘ÙfiÌ·ÙÔ˘ ÂÏ¤Á¯Ô˘ ÙË˜ ÌË¯·Ó‹˜ ÒÛÙÂ Ë ÏÂÈÙÔ˘ÚÁ›· ÙË˜ Ó· ÂÚÈÔÚ›˙ÂÙ·È ÂÓÙfi˜
ÚÔÎ·ıÔÚÈÛÌ¤ÓˆÓ ÔÚ›ˆÓ ÂÈÙÚÂÙ‹˜ «·ÛÊ·ÏÔ‡˜» ÏÂÈÙÔ˘ÚÁ›·˜. 

ŒÓ·˜ ÂÈÏ¤ÔÓ ÛÙfi¯Ô˜ Â›Ó·È Ë ·ÍÈÔÔ›ËÛË Î·È  ‚ÂÏÙÈÛÙÔÔ›ËÛË Ó¤·˜ ÙÂ¯ÓÔÏÔÁ›·˜
ÁÈ· ÙËÓ Î·Ù·ÛÎÂ˘‹ ÌÈÎÚÔÌË¯·ÓÈÎÒÓ ·ÈÛıËÙ‹ÚˆÓ, Ë ÔÔ›· ¤¯ÂÈ ·Ó·Ù˘¯ıÂ› ÛÙËÓ ∂ÏÏ¿-
‰·, ÛÙÔ ÂÚÁ·ÛÙ‹ÚÈÔ ªÈÎÚÔËÏÂÎÙÚÔÓÈÎ‹˜ ÙÔ˘ ∂∫∂º∂ ¢∏ª√∫ƒπ∆√™ Î·È ¤¯ÂÈ Î·ÙÔ-
¯˘ÚˆıÂ› ÌÂ ‰ÈÂıÓ¤˜ ‰›ÏˆÌ· Â˘ÚÂÛÈÙÂ¯Ó›·˜.[5,6,7]

∏ ˘ÔÏÔÁÈÛÙÈÎ‹ ÚÔÛÔÌÔ›ˆÛË ÙË˜ Â›‰Ú·ÛË˜ ÙÔ˘ ÏfiÁÔ˘ Û˘Ì›ÂÛË˜ Î·È ÙË˜ ÁÂˆÌÂ-
ÙÚ›·˜ ÙÔ˘ ı·Ï¿ÌÔ˘ Î·‡ÛË˜ ÙË˜ ÂÈ‰ÈÎ‹˜ ÂÚÁ·ÛÙËÚÈ·Î‹˜ ‚ÂÓ˙ÈÓÔÌË¯·Ó‹˜ ÌÂÙ·‚ÏËÙÔ‡ Ïfi-
ÁÔ˘ Û˘Ì›ÂÛË˜ ÛÙË Û‡ÛÙ·ÛË ÙˆÓ Î·˘Û·ÂÚ›ˆÓ ÛÂ Ú·ÁÌ·ÙÈÎfi ¯ÚfiÓÔ ·ÂÙ¤ÏÂÛÂ ¤Ó· ÚÒ-
ÙÔ ‚‹Ì· ÛÙËÓ ÚÔÛ¿ıÂÈ· ÁÈ· ÙË Ì¤ÙÚËÛË ÙˆÓ Î·˘Û·ÂÚ›ˆÓ, ÙÔÓ ¤ÏÂÁ¯Ô Î·È ÙË ‚ÂÏÙÈ-
ÛÙÔÔ›ËÛË ÙˆÓ ·Ú·Ì¤ÙÚˆÓ ÏÂÈÙÔ˘ÚÁ›·˜ ÙË˜ ª∂∫, Ì¤Ûˆ ÂÓfi˜ Û˘ÛÙ‹Ì·ÙÔ˜ ·Ó¿‰Ú·-
ÛË˜.[8,9,10] °È· ÙËÓ ÚÔÛÔÌÔ›ˆÛË ·˘Ù‹ ¯ÚËÛÈÌÔÔÈ‹ıËÎÂ ¤Ó·˜ ÎÒ‰ÈÎ·˜ CFD ÂÂÚ·-
ÛÌ¤ÓˆÓ fiÁÎˆÓ ÙÔ˘ ÂÌÔÚ›Ô˘ ÁÈ· ÙËÓ ·ÚÈıÌËÙÈÎ‹ Â›Ï˘ÛË ÙˆÓ ÂÍÈÛÒÛÂˆÓ Navier-Stokes
(Fluent 2005). ∞fi ÙËÓ ·Ó¿Ï˘ÛË ·˘Ù‹ ÚÔ¤Î˘„Â Î·È Ë ÌÂÁ¿ÏË ÛËÌ·Û›· ÙË˜ Û¯¤ÛË˜ Û˘-
Ì›ÂÛË˜ ÛÙËÓ Î·‡ÛË Î·È ÙË Û‡ÓıÂÛË Î·˘Û·ÂÚ›ˆÓ ÛÙÔÓ Ô¯ÂÙfi ··ÁˆÁ‹˜.[11,12,13,14]
™·Ó ·ÔÙ¤ÏÂÛÌ· ÙË˜ ÚÔÛ¿ıÂÈ·˜ ·˘Ù‹˜ ı· Â›Ó·È  ÛÂ ¤Ó· ÂfiÌÂÓÔ ‚‹Ì·, Ë ·ÍÈÔÏfiÁËÛË
ÙË˜ ·ÔÙÂÏÂÛÌ·ÙÈÎfiÙËÙ·˜ ÙˆÓ ‰È·ÊfiÚˆÓ Ù‡ˆÓ Î·Ù·Ï˘ÙÒÓ, Î·È ÂÈÏ¤ÔÓ Ë ÚÔÔÙÈ-
Î‹ Û˘ÓÂ¯Ô‡˜ ÂÏ¤Á¯Ô˘ ÙˆÓ Î·˘Û·ÂÚ›ˆÓ ÙˆÓ ·˘ÙÔÎÈÓ‹ÙˆÓ Î·È fi¯È ÌfiÓÔ Î·Ù¿ ÙËÓ ÚÔÛ¤-
ÏÂ˘ÛË ÙÔ˘˜ ÛÙ· ∫¤ÓÙÚ· ∆Â¯ÓÈÎÔ‡ ∂Ï¤Á¯Ô˘ √¯ËÌ¿ÙˆÓ. 

∏ ¯Ú‹ÛË ª∂∫ ÌÂÙ·‚ÏËÙ‹˜ ÁÂˆÌÂÙÚ›·˜ ı·Ï¿ÌÔ˘ Î·‡ÛË˜ Î·Ù¿ ÙÔ ÂÈÚ·Ì·ÙÈÎfi Ì¤-
ÚÔ˜ ÙË˜ ÂÚÁ·Û›·˜ ‰›ÓÂÈ ÙË ‰˘Ó·ÙfiÙËÙ· ¯Ú‹ÛË˜ ÙË˜ Û¯¤ÛË˜ Û˘Ì›ÂÛË˜  (·ÏÏ¿ Î·È ÙË˜ ÁÂ-
ˆÌÂÙÚ›·˜ ÙÔ˘ ı·Ï¿ÌÔ˘ Î·‡ÛË˜) ˆ˜ ·Ú·Ì¤ÙÚÔ˘ ‚ÂÏÙÈÛÙÔÔ›ËÛË˜. ø˜ Î·‡ÛÈÌÔ ¯ÚËÛÈ-
ÌÔÔÈ‹ıËÎÂ ·Ï‹ ·ÌfiÏ˘‚‰Ë ‚ÂÓ˙›ÓË ÙÔ˘ ÂÌÔÚ›Ô˘, ˆ˜ ·ÓÙÈÚÔÛˆÂ˘ÙÈÎfiÙÂÚÔ Î·‡ÛÈÌÔ
ÙˆÓ Û˘Ó‹ıˆÓ ÌÈÎÚÒÓ ‚ÂÓ˙ÈÓÔÎÈÓËÙ‹ÚˆÓ Ô¯ËÌ¿ÙˆÓ. ™ÙËÓ ÂÚ›ÙˆÛË ·˘Ù‹, ÙÔ fi˙ÔÓ Î·-
ıÒ˜ Î·È Ë ÂÎÔÌ‹ ÛÙÂÚÂÒÓ Î·Ù·ÙÌËÌ¿ÙˆÓ ˆ˜ ·Ú¿ÁÔÓÙÂ˜ ÁÂÓÈÎfiÙÂÚË˜ ÂÚÈ‚·ÏÏÔÓÙÈ-
Î‹˜ Ú‡·ÓÛË˜ ¤¯Ô˘Ó Û¯ÂÙÈÎ¿  ÌÈÎÚ‹ ÛËÌ·Û›·. ∆Ô ÂÓ‰È·Ê¤ÚÔÓ ÂÚÈÔÚ›˙ÂÙ·È Î·Ù¿ Û˘Ó¤-
ÂÈ· Î˘Ú›ˆ˜ ÛÙÔ ÌÔÓÔÍÂ›‰ÈÔ ÙÔ˘ ¿ÓıÚ·Î· CO Î·È ‰Â˘ÙÂÚÂ˘fiÓÙˆ˜ ÛÙÔ ‰ÈÔÍÂ›‰ÈÔ ÙÔ˘ ¿Ó-
ıÚ·Î· CO2 Î·È ÙÔ˘˜ ¿Î·˘ÛÙÔ˘˜ ˘‰ÚÔÁÔÓ¿ÓıÚ·ÎÂ˜ ∏C  ˆ˜ ‰ÂÈÎÙÒÓ ÂÚÈ‚·ÏÏÔÓÙÈÎ‹˜
·ÍÈÔÏfiÁËÛË˜ ÙË˜ ÌË¯·Ó‹˜ ÂÓÒ Ù· ÔÍÂ›‰È· ÙÔ˘ ·˙ÒÙÔ˘ NOx  ‰ÂÓ ·ÍÈÔÏÔÁÔ‡ÓÙ·È ˆ˜ ÌË
ÌÂÙÚÔ‡ÌÂÓ· ·fi ÙÔ˘˜ ·Ó·Ï˘Ù¤˜ Î·˘Û·ÂÚ›ˆÓ. 

2. ¶ÂÈÚ·Ì·ÙÈÎ‹ ‰È¿Ù·ÍË Î·È ÌÂÙÚ‹ÛÂÈ˜

ÃÚËÛÈÌÔÔÈ‹ıËÎÂ ÂÈÚ·Ì·ÙÈÎ‹ ‚ÂÓ˙ÈÓÔÌË¯·Ó‹ Ù‡Ô˘ PLINT ÙÔ˘ ∂ÚÁ·ÛÙËÚ›Ô˘
ª.∂.∫ ÙÔ˘ ∆Ì‹Ì·ÙÔ˜ ªË¯·ÓÔÏÔÁ›·˜ ÙÔ˘ ∆.∂.π. ¶ÂÈÚ·È¿, Û˘Ì‚·ÙÈÎ‹˜ ÙÂ¯ÓÔÏÔÁ›·˜, Ë
ÔÔ›· ‰È·ı¤ÙÂÈ Î·Ù¿ÏÏËÏÔ Û‡ÛÙËÌ· ÌÂÙ·‚ÔÏ‹˜ ÙË˜ Û¯¤ÛË˜ Û˘Ì›ÂÛË˜ ·fi r � 4 : 1 ¤ˆ˜
r � 10 : 1. ™ÙË ÌË¯·Ó‹ ·˘Ù‹ ¤ÁÈÓ·Ó ÔÈ ·Ó·ÁÎ·›Â˜ ÌÂÙ·ÙÚÔ¤˜ ÁÈ· ÙËÓ ÚÔÛı‹ÎË ÙˆÓ ·È-
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ÛıËÙ‹ÚˆÓ Î·È ÙˆÓ ÏÔÈÒÓ ÌÂÙÚËÙÈÎÒÓ ‰È·Ù¿ÍÂˆÓ ÁÈ· Ó· Î·Ï˘ÊıÔ‡Ó ÔÈ ÂÈÚ·Ì·ÙÈÎ¤˜
··ÈÙ‹ÛÂÈ˜. 

∂ÈÎfiÓ· 1. ¶ÂÈÚ·Ì·ÙÈÎ‹ ‰È¿Ù·ÍË.

1 ªË¯·Ó‹ ÂÛˆÙÂÚÈÎ‹˜ Î·‡ÛË˜ 5 ∞·ÁˆÁfi˜ Î·˘Û·ÂÚ›ˆÓ
2 ∂Ó·ÏÏ¿ÎÙË˜ ıÂÚÌfiÙËÙ·˜ 6 ™‡ÛÙËÌ· Û˘ÏÏÔÁ‹˜ Î·È ÂÂÍÂÚÁ·Û›·˜ ‰Â‰ÔÌ¤ÓˆÓ
3 ¶›Ó·Î·˜ ÂÏ¤Á¯Ô˘ Î·È Ú‡ıÌÈÛË˜ ª∂∫ 7 ∆ÚÔÊÔ‰ÔÙÈÎfi ÛÙ·ıÂÚ‹˜ ÈÛ¯‡Ô˜
4 ∞Ó·Ï˘Ù‹˜ Î·˘Û·ÂÚ›ˆÓ 8 ™ˆÏ‹Ó·˜ ·ÚÔ¯¤ÙÂ˘ÛË˜ ·ÂÚ›ˆÓ ÚÔ˜ ·Ó·Ï˘Ù‹

Î·È ÌÈÎÚÔÌË¯·ÓÈÎfi ·ÈÛıËÙ‹Ú·

∏ ÌË¯·Ó‹ ·˘Ù‹ Û˘Ó‰¤ÂÙ·È ÌÂ Û‡ÛÙËÌ· ÊfiÚÙÈÛË˜ (ËÏÂÎÙÚÈÎ‹ ‰˘Ó·ÌÔ¤‰Ë) Î·È Û‡-
ÛÙËÌ· ÂÏ¤Á¯Ô˘ ÙË˜ ÏÂÈÙÔ˘ÚÁ›·˜ ÙË˜ Î·È ËÏÂÎÙÚÔÓÈÎÔ‡ ‰˘Ó·ÌÔ‰Â›ÎÙË (PLINT). ™ÙË ÌË-
¯·Ó‹ ·˘Ù‹ ÚÔÛ·ÚÌfiÛÙËÎ·Ó ÔÈ ‰È·Ù¿ÍÂÈ˜ Û˘Ó‹ıÔ˘˜ ·Ó¿Ï˘ÛË˜ Î·˘Û·ÂÚ›ˆÓ Î·È Ô ÔÏÔ-
ÎÏËÚˆÌ¤ÓÔ˜ ÌÈÎÚÔÌË¯·ÓÈÎfi˜ ·ÈÛıËÙ‹Ú·˜ ÛÙËÓ ÂÍ·ÁˆÁ‹ ÙË˜ ÌË¯·Ó‹˜. °È· ÙËÓ ·ÔÊ˘Á‹
‰ËÌÈÔ˘ÚÁ›·˜ ÚÔ‚ÏËÌ¿ÙˆÓ ·fi ˘ÂÚı¤ÚÌ·ÓÛË, Ù· Î·˘Û·¤ÚÈ· „‡¯ÔÓÙ·È ÌÂ Î·Ù¿ÏÏËÏÔ
ÂÓ·ÏÏ¿ÎÙË ıÂÚÌfiÙËÙ·˜ ÒÛÙÂ Ë ıÂÚÌÔÎÚ·Û›· ÙÔ˘˜ Î·Ù¿ ÙËÓ ÚÔÛ·ÁˆÁ‹ ÙÔ˘˜ ÛÙÔÓ ·È-
ÛıËÙ‹Ú· Ó· ÌËÓ ˘ÂÚ‚·›ÓÂÈ ÙÔ˘˜ 45-50oC. √È ÌÂÙÚ‹ÛÂÈ˜ Î·È Ô ¤ÏÂÁ¯Ô˜ fiÏˆÓ ÙˆÓ ·-
Ú·Ì¤ÙÚˆÓ ÙÔ˘ ÂÈÚ¿Ì·ÙÔ˜, fiˆ˜ ÌÂÙÚ‹ÛÂÈ˜ ›ÂÛË˜ Î·È Û‡ÛÙ·ÛË˜ Î·˘Û·ÂÚ›ˆÓ Û˘Ó·Ú-
Ù‹ÛÂÈ ÙË˜ ÁˆÓ›·˜ ÛÙÚÔÊ¿ÏÔ˘ ÙË˜ ÌË¯·Ó‹˜, ¤ÁÈÓÂ Ì¤Ûˆ ‰‡Ô ∏/À ÌÂ ÙË ¯Ú‹ÛË Î·Ù¿ÏÏË-
ÏˆÓ ËÏÂÎÙÚÔÓÈÎÒÓ ‰È·Ù¿ÍÂˆÓ ÚÔÛ·ÚÌÔÁ‹˜ Î·È ÏÔÁÈÛÌÈÎÔ‡ Ô˘ ·Ó·Ù‡¯ıËÎÂ ÁÈ· ÙÔ
ÛÎÔfi ·˘Ùfi ÛÂ ÂÚÈ‚¿ÏÏÔÓ Labview.

3. ÃÚËÛÈÌÔÔÈÔ‡ÌÂÓÂ˜ ÌÂÙÚËÙÈÎ¤˜ ‰È·Ù¿ÍÂÈ˜ Î·È ·ÈÛıËÙ‹ÚÂ˜ 

ø˜ ÌÂÙÚËÙÈÎ¤˜ ‰È·Ù¿ÍÂÈ˜ ·Ó·ÊÔÚ¿˜ ¯ÚËÛÈÌÔÔÈ‹ıËÎ·Ó ‰‡Ô ·Ó·Ï˘Ù¤˜ Î·˘Û·ÂÚ›ˆÓ
ÙÔ˘ ÂÌÔÚ›Ô˘ (Opus 40 B Î·È GreenLine MK2) Ô˘ ÛÙËÚ›˙ÔÓÙ·È Â›ÙÂ ÛÂ Ê·ÛÌ·ÙÔÛÎÔ-
ÈÎ‹ ·Ó¿Ï˘ÛË ˘¤Ú˘ıÚÔ˘ ÊˆÙfi˜ Ô˘ ‰È¤Ú¯ÂÙ·È Ì¤Û· ·fi Ù· Î·˘Û·¤ÚÈ· (Opus) Â›ÙÂ ÛÂ
ËÏÂÎÙÚÔ¯ËÌÈÎ‹ ·Ó¿Ï˘ÛË (GreenLine). ∆˘ÈÎ¿ ¯·Ú·ÎÙËÚÈÛÙÈÎ¿  Â˘·ÈÛıËÛ›·˜ & ·ÎÚ›‚ÂÈ-

142 EÈÛÙËÌÔÓÈÎ‹ EÂÙËÚ›‰· EÊ·ÚÌÔÛÌ¤ÓË˜ ŒÚÂ˘Ó·˜, Vol. XIII, No 1, 2008



·˜ ÁÈ· Ù· ·¤ÚÈ· Ô˘ ÌÂÙÚ‹ıËÎ·Ó, ‰›ÓÔÓÙ·È ÛÙÔÓ ·ÎfiÏÔ˘ıÔ ›Ó·Î· Ô˘ ÁÈ· ÙËÓ Û˘ÁÎÂ-
ÎÚÈÌ¤ÓË ÌÂÏ¤ÙË ÎÚ›ÓÔÓÙ·È Â·ÚÎ‹.

™Ù· Ï·›ÛÈ· ÙË˜ Û˘ÁÎÂÎÚÈÌ¤ÓË˜ ¤ÚÂ˘Ó·˜ ¯ÚËÛÈÌÔÔÈ‹ıËÎ·Ó ÚˆÙfiÙ˘ÔÈ ÂÏÏËÓÈÎÔ›
ÌÈÎÚÔÌË¯·ÓÈÎÔ› ·ÈÛıËÙ‹ÚÂ˜ ·Ó›¯ÓÂ˘ÛË˜ ·ÂÚ›ˆÓ (∂∫∂º∂ ¢ËÌfiÎÚÈÙÔ˜). ∏ ·Ó¿Ù˘ÍË
ÙˆÓ ·ÈÛıËÙ‹ÚˆÓ ·˘ÙÒÓ ‚·Û›˙ÂÙ·È ÛÂ Ì›· Ó¤· ÙÂ¯ÓÔÏÔÁ›·, Ë ÔÔ›· ·ÚÔ˘ÛÈ¿˙ÂÈ ÛËÌ·-
ÓÙÈÎ¿ ÏÂÔÓÂÎÙ‹Ì·Ù· Û˘ÁÎÚÈÙÈÎ¿ ÌÂ ¿ÏÏÂ˜ ˘¿Ú¯Ô˘ÛÂ˜ ÙÂ¯ÓÔÏÔÁ›Â˜. ∫˘Ú›ˆ˜ ÂÌÊ·Ó›-
˙Ô˘Ó ÔÏ‡ ÌÈÎÚ‹ Î·Ù·Ó¿ÏˆÛË ÈÛ¯‡Ô˜, ÁÈ· ÙËÓ Â›ÙÂ˘ÍË ÙË˜ ˘„ËÏ‹˜ ıÂÚÌÔÎÚ·Û›·˜ Ô˘
··ÈÙÂ›Ù·È ÁÈ· ÙËÓ ·Ó›¯ÓÂ˘ÛË ÙÔ˘ ·ÂÚ›Ô˘ (<20mW ÁÈ· ıÂÚÌÔÎÚ·Û›· ÏÂÈÙÔ˘ÚÁ›·˜
400ÆC) Î·È ÔÏ‡ ÌÂÁ¿ÏË ÌË¯·ÓÈÎ‹ ÛÙ·ıÂÚfiÙËÙ·. 

∂ÈÏ¤ÔÓ, ÔÈ ·ÈÛıËÙ‹ÚÂ˜ ·˘ÙÔ›, ÂÍ·ÈÙ›·˜ ÙÔ˘ ÔÏ‡ ÌÈÎÚÔ‡ ÌÂÁ¤ıÔ˘˜ ÙÔ˘˜, ¤¯Ô˘Ó
ÂÍ·ÈÚÂÙÈÎ¿ Ù·¯Â›· ·fiÎÚÈÛË. ∞˘Ùfi ¤¯ÂÈ Û·Ó ·ÔÙ¤ÏÂÛÌ·, ÙËÓ ·Ó›¯ÓÂ˘ÛË ÙˆÓ ÂÎÂÌfi-
ÌÂÓˆÓ Î·˘Û·ÂÚ›ˆÓ ÛÂ Ú·ÁÌ·ÙÈÎfi ¯ÚfiÓÔ. ∏ ÙÂ¯ÓÔÏÔÁ›· ·˘Ù‹ ¤¯ÂÈ Î·ÙÔ¯˘ÚˆıÂ› ÌÂ ÂÏ-
ÏËÓÈÎfi (√µπ, ¡Ô. 1004040, 31/10/2002) Î·È ‰ÈÂıÓ¤˜ ‰›ÏˆÌ· Â˘ÚÂÛÈÙÂ¯Ó›·˜ (PCT
Pending, No. PCT/GR02/00008). √ ÔÏÔÎÏËÚˆÌ¤ÓÔ˜ ÌÈÎÚÔÌË¯·ÓÈÎfi˜ ·ÈÛıËÙ‹Ú·˜ Ù‡Ô˘
·ÁˆÁÈÌfiÙËÙ·˜ ÁÈ· ·Ó›¯ÓÂ˘ÛË ·ÂÚ›ˆÓ ‚·ıÌÔÓÔÌ‹ıËÎÂ ÛÂ Ì›ÁÌ· ·¤Ú· Î·È CO Î·È ˘fi
ÙÚÂÈ˜ ÛÙ·ıÂÚ¤˜ ÙÈÌ¤˜ ·ÚÂ¯fiÌÂÓË˜ ÈÛ¯‡Ô˜ ÛÙËÓ ·ÓÙ›ÛÙ·ÛË ı¤ÚÌ·ÓÛË˜ Ô˘ ·Ó·Ù‡ÛÛÔ˘Ó
ÙÈ˜ ıÂÚÌÔÎÚ·Û›Â˜ (∆ � 350ÆC, ∆ � 400ÆC, ∆ � 450ÆC) fiˆ˜ Ê·›ÓÂÙ·È ÛÙÔ ™¯‹Ì· 1.

™¯‹Ì· 1. ∏ ·ÓÙ›ÛÙ·ÛË ÙÔ˘ Â˘·›ÛıËÙÔ˘ ˘ÏÈÎÔ‡ ÁÈ· ÙÈÌ¤˜ Û˘ÁÎ¤ÓÙÚˆÛË˜

250ppm Î·È 150ppm CO ÛÙÔ˘˜ 350ÆC.

™ÙÔÈ¯Â›· ∫Ï›Ì·Î· ∂˘·ÈÛıËÛ›· ∞ÎÚ›‚ÂÈ·

CO 0 – 10% 0,01% 0,06% vol

HC 0 – 2.000 ppm 1 ppm 12 ppm vol

2.000–20.000ppm 1 ppm

CO2 0 – 16% 0,1% 0,5% vol

O2 0 – 21% 0,1% 0,1% vol
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4. ªÂÙÚ‹ÛÂÈ˜ Î·È ·ÍÈÔÏfiÁËÛË

∆·˘Ùfi¯ÚÔÓÂ˜ ÌÂÙÚ‹ÛÂÈ˜ ÙˆÓ Î·˘Û·ÂÚ›ˆÓ ÙË˜ ‚ÂÓ˙ÈÓÔÌË¯·Ó‹˜ ¤ÁÈÓ·Ó ÌÂ ÙË ¯Ú‹ÛË
·Ó·Ï˘Ù‹ Î·˘Û·ÂÚ›ˆÓ Î·È ÙÔ˘ ÌÈÎÚÔÌË¯·ÓÈÎÔ‡ ·ÈÛıËÙ‹Ú·. ∆˘ÈÎ‹ ·fiÎÚÈÛË ÙÔ˘ ÌÈ-
ÎÚÔ·ÈÛıËÙ‹Ú· ·ÚÔ˘ÛÈ¿˙ÂÙ·È ÛÙÔ ™¯‹Ì· 2, fiÔ˘ Ô ·ÈÛıËÙ‹Ú·˜ ·Ú¯ÈÎ¿ ÛÂ ÂÚÈ‚¿ÏÏÔÓ
·¤Ú· ˘fiÎÂÈÙ·È Í·ÊÓÈÎ¿ ÛÙËÓ Â›‰Ú·ÛË ÙÔ˘ Ì›ÁÌ·ÙÔ˜ ·ÂÚ›ˆÓ fiˆ˜ ·˘Ù¿ ÂÍ¤Ú¯ÔÓÙ·È
·fi ÙË ÌË¯·Ó‹ Î·È ·ÊÔ‡ „˘¯ıÔ‡Ó ÛÂ ıÂÚÌÔÎÚ·Û›· 30-40ÆC. ∏ ·fiÎÚÈÛË ÙÔ˘ ·ÈÛıËÙ‹-
Ú· ·˘ÙÔ‡ Â›Ó·È ÙË˜ Ù¿ÍÂˆ˜ ÌÂÚÈÎÒÓ ‰Â˘ÙÂÚÔÏ¤ÙˆÓ ÎÚ›ÓÂÙ·È ÈÎ·ÓÔÔÈËÙÈÎ‹ ÁÈ· ÙË Û˘-
ÁÎÂÎÚÈÌ¤ÓË ÂÊ·ÚÌÔÁ‹ fiˆ˜ Â›ÛË˜ Î·È Ë Â˘·ÈÛıËÛ›· ÙÔ˘ Rmix/Rair � 25 ÁÈ· Ì›ÁÌ·
CO:3.2%, CO2 :3.7%, √2:12.26%, HxCy 138ppm Î·È NOx(-).

™¯‹Ì· 2. ÃÚÔÓÈÎ‹ ·fiÎÚÈÛË ÙÔ˘ ·ÈÛıËÙ‹Ú·.

ªÂÙÚ‹ÛÂÈ˜ Ú·ÁÌ·ÙÔÔÈ‹ıËÎ·Ó ÁÈ· ‰‡Ô ¯·Ú·ÎÙËÚÈÛÙÈÎ¤˜ Û¯¤ÛÂÈ˜ Û˘Ì›ÂÛË˜ r � 4
Î·È r � 7 Î·È ÁˆÓ›Â˜ ÚÔÔÚÂ›·˜ ÙË˜ ÌË¯·Ó‹˜ Ê � 6Æ, Ê � 16Æ, (Ë ÚÔÙÂÈÓfiÌÂÓË ·fi
ÙÔÓ Î·Ù·ÛÎÂ˘·ÛÙ‹ ÁÈ· ÙÔ Û˘ÁÎÂÎÚÈÌ¤ÓÔ Î·‡ÛÈÌÔ Î·È Ê � 26Æ). °È· Î¿ıÂ ˙Â‡ÁÔ˜ r, Ê ¤ÁÈ-
ÓÂ Ï‹ÚË˜ ÚÔÛ‰ÈÔÚÈÛÌfi˜ ÙË˜ ÌÂÙ·‚ÔÏ‹˜ ÈÛ¯‡Ô˜ ÌÂ ÙËÓ Ù·¯‡ÙËÙ· P � P(n) ˘fi Ù·˘Ùfi-
¯ÚÔÓË Ì¤ÙÚËÛË ÙˆÓ Î·˘Û·ÂÚ›ˆÓ. ∆˘ÈÎ¿ ·ÔÙÂÏ¤ÛÌ·Ù· ·ÚÔ˘ÛÈ¿˙ÔÓÙ·È ÛÙÔ ™¯‹Ì· 3,
fiÔ˘ Ê·›ÓÂÙ·È Û·Ê‹˜ Û˘Û¯¤ÙÈÛË ÙÔ˘ ·‰È¿ÛÙ·ÙÔ˘ ÏfiÁÔ˘ ƒmix/Rair ÙÔ˘ ·ÈÛıËÙ‹Ú· ÌÂ ÙËÓ
ÂÚÈÂÎÙÈÎfiÙËÙ· ÙˆÓ Î·˘Û·ÂÚ›ˆÓ ÛÂ CO%, ‰ËÏ·‰‹ Ô ·‰È¿ÛÙ·ÙÔ˜ ÏfiÁÔ˜ ·˘Í¿ÓÂÙ·È ÌÂ ÙË
ÌÂ›ˆÛË ÙË˜ ÂÚÈÂÎÙÈÎfiÙËÙ·˜ ÙˆÓ Î·˘Û·ÂÚ›ˆÓ ÛÂ CO%.
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5. ™˘ÌÂÚ¿ÛÌ·Ù· 

∞fi Ù· ·ÔÙÂÏ¤ÛÌ·Ù· ÙˆÓ ÌÂÙÚ‹ÛÂˆÓ ÚÔÎ‡ÙÂÈ fiÙÈ Ô ÔÏÔÎÏËÚˆÌ¤ÓÔ˜ ÌÈÎÚÔÌË-
¯·ÓÈÎfi˜ ·ÈÛıËÙ‹Ú·˜ ÌÔÚÂ› Ó· ¯ÚËÛÈÌÔÔÈËıÂ› ÌÂ ·ÍÈÔÈÛÙ›· ÁÈ· ÙËÓ ·ÍÈÔÏfiÁËÛË ÙˆÓ
Î·˘Û·ÂÚ›ˆÓ ÌË¯·ÓÒÓ ÂÛˆÙÂÚÈÎ‹˜ Î·‡ÛË˜. °È· ÙËÓ ·ÎÚÈ‚¤ÛÙÂÚË ·ÍÈÔÏfiÁËÛË ÙË˜ ÌË¯·-
Ó‹˜ Î·È ÙË ‚ÂÏÙÈÛÙÔÔ›ËÛ‹ ÙË˜ ··ÈÙÂ›Ù·È ÂÚ·ÈÙ¤Úˆ ‰ÈÂÚÂ‡ÓËÛË, ÙfiÛÔ fiÛÔÓ ·ÊÔÚ¿ ÙÔÓ
·ÈÛıËÙ‹Ú· ·˘ÙfiÓ Î·ıÂ·˘ÙfiÓ fiÛÔ Î·È ÙˆÓ Û˘ÓıËÎÒÓ Î·‡ÛË˜ ÂÓÙfi˜ ÙË˜ ÌË¯·Ó‹˜, Î·ıÒ˜
Î·È ÙˆÓ Èı·ÓÒÓ ·Ú·Ì¤ÙÚˆÓ ÙÔ˘ Û˘ÛÙ‹Ì·ÙÔ˜.
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Abstract

Acoustic Noise Control (ANC) –also referred to as cancellation or reduction– is an
active research area because noise affects all aspects of personal, professional and social
life and has a direct impact on human health. Passive noise control solutions include
installation of panels of absorbing material or the use of various types of headphones and
ear protection, each coming with its advantages and disadvantages. For the frequency
range below 500 Hz, however, passive control is ineffective; active control solutions are
sought instead. Apart from the frequency range of interest, another major parameter is
the open or closed type as well as the dimensions of the room where noise control is
required. Moreover, noise sources exhibit spectral and time domain characteristics that
vary over time, depending on the underlying noise-producing activity. The acoustics of a
large room may vary as people or equipment move inside. Due to these factors, existing
solutions of proven success for the ANC of small rooms, e.g., of car or other vehicle
cabins, cannot be exploited for large rooms or near-free-field spaces. Noise control of the
later, or global ANC, poses a series of challenging research problems, including sound
wave propagation in large/open spaces, non-stationarity of the sources and
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dimensionality of the solution space. A combination of passive control techniques for the
mid-high and high frequencies with active control for low frequencies is the approach we
propose here. For the active control part, we study comparatively alternative adaptive
algorithms that optimize the proposed control structure and present their relative merits
under different application scenarios. 

Key Words: global active noise control, industrial noise reduction, adaptive filter
algorithms, FxLMS.

¶ÂÚ›ÏË„Ë

√ ÂÓÂÚÁfi˜ ¤ÏÂÁ¯Ô˜ ÙÔ˘ ·ÎÔ˘ÛÙÈÎÔ‡ ıÔÚ‡‚Ô˘ (Active Noise Control, ANC), ·Ó·ÊÂ-
ÚfiÌÂÓÔ˜ Î·È ˆ˜ ·Î‡ÚˆÛË ‹ ÌÂ›ˆÛË ÙÔ˘ ıÔÚ‡‚Ô˘, ·ÔÙÂÏÂ› ÂÚÂ˘ÓËÙÈÎ‹ ÂÚÈÔ¯‹ ÌÂÁ¿ÏÔ˘
ÂÓ‰È·Ê¤ÚÔÓÙÔ˜ ‰ÈfiÙÈ Ô ·ÎÔ˘ÛÙÈÎfi˜ ıfiÚ˘‚Ô˜ ÂËÚÂ¿˙ÂÈ Î¿ıÂ ·ÙÔÌÈÎ‹, Â·ÁÁÂÏÌ·ÙÈÎ‹ ‹
ÎÔÈÓˆÓÈÎ‹ ‰Ú·ÛÙËÚÈfiÙËÙ· ÙÔ˘ ·ÓıÚÒÔ˘, ¤¯ÂÈ ‰Â ¿ÌÂÛÂ˜ ÂÈÙÒÛÂÈ˜ ÛÙËÓ ˘ÁÂ›· ÙÔ˘.
∆Â¯ÓÈÎ¤˜ Ï‡ÛÂÈ˜ ·ıËÙÈÎÔ‡ ÂÏ¤Á¯Ô˘ ÙÔ˘ ıÔÚ‡‚Ô˘ ÂÚÈÏ·Ì‚¿ÓÔ˘Ó ÙËÓ ÂÁÎ·Ù¿ÛÙ·ÛË Ë¯Ô-
·ÔÚÚÔÊËÙÈÎÒÓ ÂÙ·ÛÌ¿ÙˆÓ Î·ıÒ˜ Î·È ÙË ¯Ú‹ÛË ‰È·ÊfiÚˆÓ Ù‡ˆÓ ·ÎÔ˘ÛÙÈÎÒÓ ‹ ˆÙ·-
Û›‰ˆÓ, Î·ıÂÌÈ¿ ÌÂ Ù· ˘¤Ú Î·È Ù· Î·Ù¿ ÙË˜. ™ÙËÓ ÂÚÈÔ¯‹ ÙˆÓ ¯·ÌËÏÒÓ Û˘¯ÓÔÙ‹ÙˆÓ,
ÂÓÙÔ‡ÙÔÈ˜, ‰ËÏ·‰‹ Î¿Ùˆ ·fi Ù· 500 Hz, Ô ·ıËÙÈÎfi˜ ¤ÏÂÁ¯Ô˜ ‰ÂÓ ÏÂÈÙÔ˘ÚÁÂ›, ÔfiÙÂ Î·-
Ù·ÊÂ‡ÁÔ˘ÌÂ ÛÙËÓ ·Ó·˙‹ÙËÛË Ï‡ÛÂˆÓ ÂÓÂÚÁÔ‡ ÂÏ¤Á¯Ô˘. ∂ÎÙfi˜ ·fi ÙËÓ ÂÚÈÔ¯‹ Û˘¯ÓÔ-
Ù‹ÙˆÓ fiÔ˘ ÂÈ˙ËÙÂ›Ù·È Ô ¤ÏÂÁ¯Ô˜ ÙÔ˘ ıÔÚ‡‚Ô˘, ÛËÌ·ÓÙÈÎ¤˜ ·Ú¿ÌÂÙÚÔÈ ÙÔ˘ ÚÔ‚Ï‹-
Ì·ÙÔ˜ Â›Ó·È Î·È Ô ·ÓÔÈÎÙfi˜ ‹ ÎÏÂÈÛÙfi˜ Ù‡Ô˜ Î·ıÒ˜ Î·È ÔÈ ‰È·ÛÙ¿ÛÂÈ˜ ÙÔ˘ ıÂˆÚÔ‡ÌÂ-
ÓÔ˘ ¯ÒÚÔ˘. ∂ÈÏ¤ÔÓ, ÔÈ ËÁ¤˜ ıÔÚ‡‚Ô˘ Û˘¯Ó¿ ÂÈ‰ÂÈÎÓ‡Ô˘Ó ¯·Ú·ÎÙËÚÈÛÙÈÎ¿ ÌË ÛÙ¿-
ÛÈÌË˜ Ê·ÛÌ·ÙÈÎ¿ ‹ ¯ÚÔÓÈÎ¿ Û˘ÌÂÚÈÊÔÚ¿˜, ÂÍ·ÚÙÒÌÂÓË˜ ·fi ÙË ‰Ú·ÛÙËÚÈfiÙËÙ· Ô˘
·Ú¿ÁÂÈ ÙÔ ıfiÚ˘‚Ô. ∏ ·ÎÔ˘ÛÙÈÎ‹ ÂÓfi˜ ÌÂÁ¿ÏÔ˘ ¯ÒÚÔ˘ ÂÓ‰Â¯ÔÌ¤Óˆ˜ ÌÂÙ·‚¿ÏÏÂÙ·È Î·-
ıÒ˜ ÙÔ ÚÔÛˆÈÎfi ‹ Ô ÂÍÔÏÈÛÌfi˜ ÌÂÙ·ÎÈÓÔ‡ÓÙ·È ÛÙÔ ÂÛˆÙÂÚÈÎfi ÙÔ˘. ∂Í·ÈÙ›·˜ ÙˆÓ
·Ú·ÁfiÓÙˆÓ ·˘ÙÒÓ, ÔÈ ˘¿Ú¯Ô˘ÛÂ˜ Î·È ·Ô‰Â‰ÂÈÁÌ¤Ó· ·Ô‰ÔÙÈÎ¤˜ ÙÂ¯ÓÈÎ¤˜ Ï‡ÛÂÈ˜ ÁÈ·
ÎÏÂÈÛÙÔ‡˜ ¯ÒÚÔ˘˜ ÌÈÎÚÒÓ ‰È·ÛÙ¿ÛÂˆÓ, fiˆ˜ .¯. ÔÈ Î·Ì›ÓÂ˜ ·˘ÙÔÎÈÓ‹ÙˆÓ ‹ ¿ÏÏˆÓ
Ô¯ËÌ¿ÙˆÓ, ‰ÂÓ ÌÔÚÔ‡Ó Ó· ÌÂÙ·ÊÂÚıÔ‡Ó ÛÂ ÌÂÁ¿ÏÔ˘˜ ‹ Û¯Â‰fiÓ ·ÓÔÈÎÙÔ‡˜ ¯ÒÚÔ˘˜. √
¤ÏÂÁ¯Ô˜ Ù¤ÙÔÈˆÓ ¯ÒÚˆÓ, ‹ ÛÊ·ÈÚÈÎfi˜ ¤ÏÂÁ¯Ô˜, ı¤ÙÂÈ ÌÈ· ÛÂÈÚ¿ ·fi ÂÓ‰È·Ê¤ÚÔÓÙ· ÂÚÂ˘-
ÓËÙÈÎ¿ ÂÚˆÙ‹Ì·Ù·, fiˆ˜ Ë ‰È¿‰ÔÛË ÙˆÓ Ë¯ËÙÈÎÒÓ Î˘Ì¿ÙˆÓ ÛÂ ÌÂÁ¿ÏÔ˘˜ / ·ÓÔÈÎÙÔ‡˜
¯ÒÚÔ˘˜, Ë ÌË ÛÙ·ÛÈÌfiÙËÙ· ÙÔ˘ ıÔÚ‡‚Ô˘ Î·È ÔÈ ‰È·ÛÙ¿ÛÂÈ˜ ÙË˜ Ï‡ÛË˜. ™ÙËÓ ·ÚÔ‡Û· ÂÚ-
Á·Û›· ÚÔÙÂ›ÓÔ˘ÌÂ ÙÔÓ Û˘Ó‰˘·ÛÌfi ·ıËÙÈÎÒÓ Ï‡ÛÂˆÓ ÁÈ· ÙÈ˜ ÌÂÛ·›Â˜ Î·È ˘„ËÏ¤˜ Û˘-
¯ÓfiÙËÙÂ˜ ÌÂ ÂÓÂÚÁfi Û‡ÛÙËÌ· ÂÏ¤Á¯Ô˘ ÁÈ· ÙÈ˜ ¯·ÌËÏ¤˜ Û˘¯ÓfiÙËÙÂ˜. ¢ÈÂÚÂ˘ÓÔ‡ÌÂ Û˘ÁÎÚÈ-
ÙÈÎ¿ ÂÓ·ÏÏ·ÎÙÈÎÔ‡˜ ÚÔÛ·ÚÌÔÛÙÈÎÔ‡˜ ·ÏÁfiÚÈıÌÔ˘˜ Ô˘ ‚ÂÏÙÈÛÙÔÔÈÔ‡Ó ÙËÓ ÚÔÙÂÈ-
ÓfiÌÂÓË ‰ÔÌ‹ ÂÏ¤Á¯Ô˘ Î·È ·ÚÔ˘ÛÈ¿˙Ô˘ÌÂ Ù· Û˘ÁÎÚÈÙÈÎ¿ ÏÂÔÓÂÎÙ‹Ì·Ù· Î·ıÂÓfi˜ ÛÂ
‰È·ÊÔÚÂÙÈÎ¤˜ ÂÊ·ÚÌÔÁ¤˜. 

§¤ÍÂÈ˜ ∫ÏÂÈ‰È¿: ™Ê·ÈÚÈÎfi˜, ∂ÓÂÚÁfi˜ ŒÏÂÁ¯Ô˜ ÙÔ˘ £ÔÚ‡‚Ô˘, ÌÂ›ˆÛË ÙÔ˘ ‚ÈÔÌË¯·ÓÈÎÔ‡
ıÔÚ‡‚Ô˘, ÚÔÛ·ÚÌÔÛÙÈÎÔ‡ ·ÏÁfiÚÈıÌÔÈ Ê›ÏÙÚˆÓ, FXLMS.
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1. Introduction

Acoustic noise reduction, cancellation or control, as it is often called, can be achieved
by a variety of methods, including passive and active solutions. Passive noise cancellation
can be both effective and cost efficient for broadband noise of high and mid-high
frequencies, (Kuo et al., 2003). A typical solution requires the installation of panels
invested with porous and oscillating absorbing materials. For low frequencies, however,
(below 500 Hz), passive noise cancellation becomes inefficient in terms of obtained
results, required space and incurred cost. Research is directed towards Active Noise
Control (ANC) methods that offer an efficient solution (Kuo and Morgan, 1999).

An ANC system is an electroacoustic or/and electromechanical control system that is
based on the superposition principle to cancel the noise. An antinoise signal, of equal
amplitude but opposite phase to the noise, is generated by an electronic system. The
antinoise is superimposed to the noise signal, resulting in the cancellation of the primary
noise within a specific volume around the noise sensor (microphone) called the "quiet
zone". Although active control is seen to outperform passive approaches, practical
exploitation of ANC in products is restricted to small room applications, like headphones,
air ducts, car interiors or small aircraft cabins.

Global ANC aims at noise control in large or near-free-field areas, with numerous
noise sources of various types. The presence of multipath sound propagation, of
dynamically changing acoustic characteristics in a part of them, of reverberation and
room modes domination (induced resonance) with incoherence to reference signals,
renders global ANC a challeng-ing field of great practical interest. Despite the intense
research effort on ANC over the last decade, global ANC still represents an area of open
questions, both in its theoretic and practical aspects.

Acoustic noise in large rooms or near-free-field areas can be addressed in a variety of
approaches, ranging from self-protective equipment for the personnel (earplugs, passive
protective ear caps, active noise reduction (ANR) headphones) to the acoustic isolation of
the noise sources by passive (physical) or active inhibitors, (Sawa et al., 1997).
Multichannel ANC systems are currently drawing the attention of researchers, in an
attempt to generalize already established results for small rooms. The elementary ANC
idea, either in its feed-forward or in its feedback implementation is developed for small
rooms using a single channel approach. What is sought, in order to cover a wider area, is
the expansion of this approach into a solution using multiple control channels and multiple
sets of sensors (microphones) and actuators (loud-speakers). As it has early been realized
that direct expansion of the small room, single channel solution to the multi-channel case
would require the installation of impractically many sets of sensors and actuators, along
with a rather complicated control structure, alternative approaches have been investigated.
These are either linear – mostly based on adaptive filters – or non-linear.
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2. ANC control structures

Two major control structures are developed for ANC, each depending on the
characteristics of the disturbance (noise) to be controlled: 

ñ Feedback ANC: The system output itself is modified by the controller (e.g.,
damping). Noise reduction is achieved even for broadband, random disturbances.

ñ Feedforward ANC: An antinoise signal is calculated adaptively and superimposed to
the system output in order to cancel the disturbance (noise) within a specific zone.
This structure is appropriate for deterministic types of noise (e.g., sums of harmonics,
etc.). 

The feedforward ANC structure may be either broadband or narrowband. Broadband
adaptive feedforward control requires a control field (e.g., acoustic) reference sensor
while narrowband adaptive feedforward control requires a reference sensor that is not
influenced by the control field (e.g., tachometer). In general, feedforward ANC is more
robust than feedback ANC, particularly when the feedforward system has a reference
input isolated from the secondary antinoise source. 

2.1. Outline of the feedforward ANC structure

The core control structure of a typical feedforward ANC system is shown in figure 1.
The reference noise signal, x(n), drives an adaptive digital (discrete-time) filter, here
denoted by W(z), to produce the antinoise signal y(n). This is transformed to an acoustic
signal via a transducer and acoustically / mechanically superimposed with the actual noise
disturbance signal or primary noise, d(n), to cancel d(n) within a specific area called "the
quiet zone". The filter coefficients are optimised dynamically to minimize the power of
the error noise signal, e(n), remaining in the quiet zone after cancellation and measured
by a sensor. The reference noise x(n) may be either sensed directly from the noise source
by a second sensor, or generated within the ANC system, based on information obtained
from the noise source via non-acoustic sensors (rotation period, speed, etc.)
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Figure 1: Block diagram of an ANC system (feed-forward type). A loudspeaker produces the

quiet zone. Two microphones sense (a) the error signal e(n) and (b) the noise source.

Experimental results indicate that the dimensions of the quiet zone produced by a
secondary source are related to the source wavelength by a 1 over 10 ratio
approximately, (Eliott et al., 1988). As an example, cancellation of a 100 Hz noise
produces a quite zone of a 34 cm diameter approximately, while for a 1000 Hz noise this
reduces to a 3.4cm diameter. Apart from the quiet zone size problem, the number and
spacing density of the actuators render this approach impractical. Indeed, approximately
54 actuators spaced every 13.6cm are necessary to produce a 1m2 quiet zone in the
frequency of 500 Hz!

In addition, analysis shows that the maximum acceptable spacing density, dmax,
between the transducers is related to the maximum frequency fmax of the noise that should
be controlled. Maximum distance between actuators should not exceed half the
wavelength of the corresponding acoustic wave, as shown in equation (1):

dmax � (1)

where c denotes the speed of sound, (Kuntz and Rabenstein, 2004). For c � 340 m/sec and
fmax = 500 Hz this results in a dmax of 34 cm, which means that approximately 9 transducers
are required to control one square meter of a plane. 

The performance of ANC can be determined by frequency-domain analysis of the
residual error signal e(n). The Power Spectral Density of e(n) is given by

See(ˆ) � [(1 � Cdx(ˆ)]Sdd(ˆ) (2)

where Cdx(ˆ) is the magnitude-squared coherence function of the two wide-sense
stationary random processes x(n) and d(n) and Sdd(ˆ) is the PSD of d(n). Coherence is

c
�
2 � fmax
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indispensable in order to measure the performance of an ANC system. For a small
residual error it is necessary to obtain high coherence values close to one, Cdx(ˆ) � 1 , in
the range of frequencies where there is significant noise power. The maximum noise
reduction of an ANC system at frequency ˆ is given by �10log10[1 � Cdx(ˆ)] , in
decibels.

Another critical factor for the performance of a feedforward ANC system is the time
delay incurred by the system between the time point when the reference signal is picked
up by the reference sensor and the time point when the correct output is produced by the
cancelling loudspeaker. Calculation times are not negligible. If such a computational
(electronic) delay becomes longer than the acoustical delay from the reference
microphone to the cancelling loudspeaker, then the performance of the ANC system is
expected to be degraded. That is because the controller response becomes non-causal
when the computational (electronic) delay becomes longer that the acoustical delay. A
causal ANC control system is capable of cancelling broadband random noise while a non-
causal system is effective only for narrowband or periodic noise.

2.2. Secondary path model fitting

A more detailed look into the ANC structure of figure 1 shows that the acoustic signal
undergoes a series of transformation in its way through the digital filter and the loudspeaker
to the error microphone. These include the D/A and A/D blocks and related filters involved
in the transduction, the acoustic path from loudspeaker to error microphone itself, the
power amplification and the loudspeaker and microphone transfer functions – considered as
non-ideal. The total effect of these factors is modelled by a transfer function S(z), called the
"secondary path" and shown right after the digital filter W(z) in figure 2. 

Figure 2: Secondary path transfer function S(z) accounts for D/A and A/D blocks and related

filters, acoustic path from loudspeaker to error microphone, power amplification and
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the loudspeaker and microphone transfer functions.

To account for the presence of S(z), the reference noise signal x(n) should be filtered
by an estimate of S(z), because S(z) itself is unknown. Secondary path transfer function
modelling is a critical issue for the successful noise cancellation, (Kuo and Morgan, 1999).
The algorithm used to estimate the filter parameters is the Filtered-x LMS (FxLMS). This
belongs to the Least Mean Square (LMS) family of stochastic gradient minimization
algorithms. The normalized form of this algorithm, NFxLMS, is used in practice, in order
to render the algorithm convergence speed and stability independent from the filtered
signal power. The step size of the adaptation is normalized in NFxLMS. Off-line
modelling (system identification) of S(z) is possible for time invariant secondary paths,
such as is the case when there is no significant movement of machinery and/or people in
the target area. The Maximum Length Sequence (MLS), proposed in (Rife and
Vanderkooy, 1989) for impulse response measurement of Linear and Time Invariant
(LTI) systems, is appropriate for use as an input signal at this step, thanks to its property
of allowing for exact measurement of long impulse responses. 

Figure 3. Filtered-x LMS: The reference noise signal x(n) is filtered by an estimate of S(z), S
�

(z).

Under the more realistic assumption of a time-varying secondary path, adaptive
methods are required for the secondary path modelling. An existing adaptive solution is
based on the virtual microphones method, which – due to extrapolation – "has the
potential to adapt to environmental changes and observer movements," (Kestell and
Hansen, 2001). On-line secondary path modelling may be employed instead, (Kuo and
Morgan, 1999). A variety of established system identification methods may be exploited
in the later case, such as those based on white noise inputs. Non-linear approaches are also
worth examining at this point, as they offer the potential of adaptation without an explicit
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system modelling, (Potirakis et al., 1999).

2.3. Feedback Effects

The ANC system illustrated in figure 1 uses a reference microphone to pick up the
reference noise x(n), processes this input with an adaptive filter to generate the antinoise
signal y(n) to cancel the primary noise acoustically in the quiet zone and uses an error
microphone to measure the performance (error) in order to update the adaptive filter
coefficients. Unfortunately, the loudspeaker generates plane waves propagating omni-
directionally, and therefore a feedback effect is generated: the antinoise signal not only
cancels primary noise but also affects the reference microphone, resulting in a corrupted
reference signal x(n). The coupling of the acoustic wave from the cancelling loudspeaker
to the reference microphone is called acoustic coupling or acoustic feedback.

Feedback introduces poles in the response of the model and thus results in potential
insta-bility if the gain of this feedback loop becomes too large. This problem has been
extensively studied in the ANC literature and several solutions have been proposed,
including the use of directional microphones and loudspeaker or the use of neutralization
filters that cancel the feedback mechanism.

The FxLMS algorithm assumes that no acoustic feedback is present; yet this is not
realistic in practical systems. Figure 4 shows the modified block diagram of an ANC
system that includes feedback effect from the secondary source to the reference sensor.
u(n) denotes the primary noise source, x(n) is the signal picked up by the reference sensor,
and F(z) is the feedback path transfer function from the output of adaptive filter W(z) to
the reference sensor. F(z) reflects all the characteristics of the secondary path S(z), and
will therefore render the reference signal nonstationary during adaptation. To address this
problem, a small adaptation step size is required. The steady-state transfer function of
W(z) is given by 

WÆ(z) � (3)
P(z)

��
S(z) � P(z)F(z)
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Figure 4. Block diagram of an ANC system with feedback.

From figure 4, the open-loop transfer function associated with the feedback loop is
given by HOL � W(z)F(z). When the adaptive filter W(z) converges to the noiseless
optimal solution of equation (3), HOL(z) becomes

HOL � (4)

This open-loop transfer function can be used to test the stability of the system.
Instability will occur if the open-loop phase lag reaches 180Æ while the open-loop gain is
greater than unity.

Among possible solutions, the Filtered-u LMS algorithm is used in practice, where F(z)
is modeled by a linear model of the ARMA type and standard ARMA parameter
estimation methods (recursive) are employed. However, global convergence and stability
of the FuLMS recursive algorithm have not yet been proven formally, (Eriksson, 1991).

3. Conclusion

The alternative control structures investigated in the previous paragraph have been
introduced in the Global ANC system design methodology proposed in (Potirakis, 2005)
and specifically in the system identification / modeling part of it. The Global ANC design
methodology for public and industrial environments is based on the innovative idea of
exploiting the best of different noise reduction methods, and placing the active ones under
a self-evaluated and self-optimised competitive control structure. 

The main advantages of the proposed global approach include: 

P(z)F(z)
��
S(z) � P(z)F(z)
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ñ MLS-based modelling and/or the non-linear, white noise based system identification
for secondary path modelling, 

ñ The possibility for extensive search through simulation for the optimal distribution
of sensors and actuators over the target area, 

ñ The use of special acoustic configurations and numerical methods for expanding the
effectiveness of each channel of the ANC system.

Furthermore, the proposed approach is currently applied in a real world (not simulated)
ANC development project, in the Department of Electronics, TEI Piraeus, Greece, for a
large, textile engineering industrial room. The alternative control structures presented in
this work have been comparatively evaluated within this project framework. Conclusions
drawn from the comparative evaluation of the adaptive algorithms lead us to adopt the
feedforward ANC structure with the FxLMS algorithm for adaptation, mainly thanks to its
inherent stability properties. Moreover, the feedback structure is adopted for narrowband
noise sources, typically present in actual plants with rotating machinery parts. 

Finally, the non-linear minimization methods evaluated within the scope of the same
project, based on fuzzy logic or on artificial neural network structures, have shown
performance comparable to the linear modeling methods, and are therefore considered as
viable alternatives to the linear algorithms. Further research is aimed towards the efficient
implementation of the chosen control structures on real time DSP processor hardware. 
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Abstract

The aim of developing a fuzzy rule based model is to provide the appropriate decision
making framework that can support anaemia medical diagnosis. This research focuses on
the development of a fuzzy expert system for anaemia diagnosis. There is no automated
system that can utilise fuzzy logic in anaemia diagnosis. A prototype system has been
designed and developed on a personal computer using the Matlab technical computing
language for the Microsoft Windows TM environment. The system has also been evaluated
after consulting a group of experts by means of a questionnaire driven analysis of their
views. The results of the prototype evaluation were satisfactory, thus justifying the
development of a fuzzy expert system that can also support hybrid decision making, in the
sense that models used for anaemia diagnosis contain crisp as well as fuzzy variables. The
use of the system simplifies anaemia diagnosis and classification because it can incorporate
the linguistic terms which are normally produced by medical experts during the diagnosis.

¶ÂÚ›ÏË„Ë

µ·ÛÈÎfi˜ ÛÎÔfi˜ ÙË˜ ÂÚÁ·Û›·˜ ·˘Ù‹˜ Â›Ó·È Ë ·Ó¿Ù˘ÍË ÂÓfi˜ ‚ÈÔÎ˘‚ÂÚÓËÙÈÎÔ‡ ÌÔ-
ÓÙ¤ÏÔ˘ ‚·ÛÈÛÌ¤ÓÔ˘ ÛÙËÓ ¤ÎÊÚ·ÛË Î·ÓfiÓˆÓ ÌÂ ¯Ú‹ÛË ·Û·ÊÔ‡˜ ÏÔÁÈÎ‹˜, ÁÈ· ÙË ‰È¿ÁÓˆ-
ÛË Î·È ÙÔÓ Î·ıÔÚÈÛÌfi ÙÔ˘ Ù‡Ô˘ ÙË˜ ·Ó·ÈÌ›·˜. ¶ÈÔ Û˘ÁÎÂÎÚÈÌ¤Ó·, Ë ÂÚÁ·Û›· ·˘Ù‹ ·ÊÔ-
Ú¿ ÛÙË Û¯Â‰›·ÛË Î·È ÙËÓ ·Ó¿Ù˘ÍË ÂÓfi˜ ¤ÌÂÈÚÔ˘ ÚˆÙfiÙ˘Ô˘ Î·È ·˘ÙÔÌ·ÙÔÔÈËÌ¤-
ÓÔ˘ Û˘ÛÙ‹Ì·ÙÔ˜ ‰È¿ÁÓˆÛË˜ ÙË˜ ·Ó·ÈÌ›·˜. ∏ ˘ÏÔÔ›ËÛË ÙÔ˘ Û˘ÛÙ‹Ì·ÙÔ˜ ¤ÁÈÓÂ ÛÂ ÂÚÈ-
‚¿ÏÏÔÓ Matlab ÁÈ· Windows Î·È ‚·Û›ÛÙËÎÂ ÛÙËÓ ·ÔÙ‡ˆÛË ÙË˜ ÁÓÒÛË˜ ¤ÌÂÈÚˆÓ Î·È
ÂÍÂÈ‰ÈÎÂ˘Ì¤ÓˆÓ È·ÙÚÒÓ ÛÂ ı¤Ì·Ù· ·Ó·ÈÌ›·˜, ·Ó··ÚÈÛÙÒÓÙ·˜ ÏÂÎÙÈÎÔ‡˜ fiÚÔ˘˜, ÎÚ›-
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ÛÂÈ˜, ÂÎÙÈÌ‹ÛÂÈ˜ Î·È Î·ÓfiÓÂ˜ ‰È¿ÁÓˆÛË˜ Î·È Î·ÙËÁÔÚÈÔÔ›ËÛË˜. ∆Ô Û‡ÛÙËÌ· ÚÔÙÂ›ÓÂÈ
ÌÈ· ˘‚ÚÈ‰ÈÎ‹ ÌÂıÔ‰ÔÏÔÁÈÎ‹ ÚÔÛ¤ÁÁÈÛË ÌÂ ¯Ú‹ÛË ·Û·ÊÔ‡˜ ÏÔÁÈÎ‹˜, ÁÈ· ÙË ‰È¿ÁÓˆÛË
‰È·ÊfiÚˆÓ ·ı‹ÛÂˆÓ, ·›ÚÔÓÙ·˜ ÙËÓ ˘ÔÎÂÈÌÂÓÈÎfiÙËÙ· ÙˆÓ È·ÙÚÒÓ, ‚·ÛÈ˙fiÌÂÓÔ ÛÙËÓ
ÂÌÂÈÚ›· Î·È ÙËÓ ÁÓÒÛË ÙÔ˘˜. ∏ ·ÍÈÔÏfiÁËÛË Î·È Ë ·ÔÙ›ÌËÛË ÙÔ˘ Û˘ÛÙ‹Ì·ÙÔ˜ Î·Ù¤‰ÂÈ-
Í·Ó È‰È·›ÙÂÚ· ÈÎ·ÓÔÔÈËÙÈÎ¿ ·ÔÙÂÏ¤ÛÌ·Ù· ÙfiÛÔ ˆ˜ ÚÔ˜ ÙËÓ ·fi‰ÔÛ‹ ÙÔ˘ fiÛÔ Î·È ˆ˜
ÚÔ˜ ÙËÓ ·ÔÙÂÏÂÛÌ·ÙÈÎfiÙËÙ¿ ÙÔ˘.

Key Words: Fuzzy Logic, Expert System, Anaemia Medical Diagnosis, Hybrid Decision
Making

1. Introduction

The importance of effective anaemia diagnosis is attributed to the fact that the
characterization and the accurate determination of anaemia’s type in children influence
the decision making process and specify patients treatment planning. Difficulties to
characterise anaemia and classify its types are found in the way doctors perceive a
patient’s clinical data based on their experience and the way they express their beliefs
with regard to the outcome of their judgment. As a result medical doctors may come to
different or even contradicting conclusions with respect to a patient’s situation.

Anaemia can be seen as both a primary pathological disease and as a secondary
symptom to other medical diseases. Anaemia is defined as a reduction in red blood cell
(RBC) mass or as a lowered concentration of haemoglobin in the blood, resulting in a
decrease in the oxygen-carrying capacity of it. The exact range of normal values for a
given anaemia factor is not well-defined among the medical community. Hence, values
found that are near the upper or lower normal limits can be misinterpreted, possibly
leading to false diagnosis. Prompt diagnosis is based on understanding the classification of
anaemia, the associated presenting symptoms and the proper ordering and interpretation
of laboratory results. The characterization as well as the accurate determination of the
type of anaemia in children is very important, as it influences the decision making process
and specifies patients treatment planning.

Fuzzy expert systems are rule-based systems that use fuzzy logic instead of boolean
logic in their knowledge base. They reach conclusions by taking into consideration user
inputs that are analysed with the application of the fuzzy inference process [1]. The
knowledge base contains knowledge that is modelled with the use of fuzzy rules and fuzzy
variables that are defined with their membership functions. The goal of fuzzy systems is
to accommodate the subjectivity that arises from differing and sometimes contradicting
views of decisions makers. Not necessarily all experts hold the same opinion regarding the
estimation of a current given situation nor do they definitely draw the same conclusions.
This is the case with anaemia diagnosis where the evaluation of the clinical condition of a
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patient and the corresponding diagnosis result from experts’ partially true perceived
facts. The resolution of such uncertain and subjective problems is achieved with the
application of fuzzy knowledge-based expert systems that apply to certain reasoning and
aggregation strategies to produce useful decisions [2]. 

The purpose of this research is to apply fuzzy logic principles and techniques in order to
implement and evaluate a prototype fuzzy expert system which can effectively facilitate the
diagnosis of anaemia. The system presented in this paper is designed to analyse medical data
and to suggest whether there is a case of anaemia as well as to determine the type of
anaemia. The proposed approach investigates the use of fuzzy logic in anaemia diagnosis
for children older than 0.5 year of age. Newborns are excluded from our study, since
immediately after their birth, the Hb concentration presents perturbations. The system uses
knowledge about anaemia represented as fuzzy rules and allows for personal medical
examinations’ data to be analysed. The proposed approach suggests the use of fuzzy logic
based rule based systems in medical diagnosis problems as well as it provides the theoretical
and the technological foundation for considering and resolving contradicting diagnoses
resulting from different medical experts. By using the developed system, which uses
linguistic terms for representing concepts and values found near the upper or lower normal
limits, the medical community can avoid false diagnoses thus tackling misinterpretations
and contradictions of the exact range of normal values of laboratory results.

This study proposes that the proposed system cannot only help for anaemia diagnosis but
also suggests an approach and methodology for tackling medical diagnosis problems in general.

The paper is organized as follows. In Section 2, we present a brief review of the
literature on applications of artificial intelligence (AI)/expert system (ES) technology in
medicine. Section 3 describes the development of the system based on the 11-stage
proposed system development approach for fuzzy expert systems. Section 4 concludes
the paper and discusses further enhancements of the system.

2. Fuzzy Logic in Medical Diagnosis

Many published studies focus on applications of Artificial Intelligence and Experts
Systems technology which support medical diagnosis ([3], [4], [5]). Fuzzy expert systems
have found widespread use in engineering, particularly in control systems. The advantages
of these systems over conventional production rule-based expert systems may be
characterised as follows [2, 6]:

➢ fuzzy sets neatly symbolise natural language terms used by experts; 

➢ since the expert knowledge captured in “IF... THEN” statements is often not
naturally true or false, fuzzy sets afford representation of the knowledge in a
smaller number of rules; and 

➢ smooth mapping can be obtained between input and output data.
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Medical diagnosis is a very complex problem. Medical experts are faced with patients
who have their own personal experiences, knowledge from books, and mental
endowment. The doctors analyse patients’ symptoms, combine these with the patients’
medical history, physical examination and laboratory findings and then diagnose the
disease. Making errors and coming up with wrong conclusions is human and doctors are
human beings. Thus, medical decision-making and particularly the establishment of a
diagnosis is an error-prone process [7]. The context of diagnosis problem is typified by
clinical diagnosis, whereby an expert is attempting to classify a patient into a disease
category(ies) using limited vague knowledge consisting primarily of elicited linguistic
information. This context arises in many problem domains. The medical context is an
extreme case whereby most or even all available information is of a linguistic nature when
patients are first seen, and the diagnosis problem is severe because of the possibility to
confuse different diseases in their early developmental stages [8]. 

Recalling from [9], “Medical Science, whose range is as vast as its history is old, has led
to the formation of a specific style in the grasping of its problems and of a specific way of
treating medical phenomena, i.e. to a specific type of thinking’’. This assumption is
exemplified in [7]: ‘‘Even the very subject of medical cognition differs in principle from that
of scientific cognition. A scientist looks for typical, normal phenomena, while a medical
man studies precisely the atypical, abnormal, morbid phenomena. And it is evident that he
finds on this road a great wealth and range of individuality of these phenomena which form
a great number without distinctly delimited units, and abounding in transitional, boundary
states. There exists no strict boundary between what is healthy and what is diseased, and one
never finds exactly the same clinical picture again. But this extremely rich wealth of forever
different variants is to be surmounted mentally, for such is the cognitive task of medicine.
How does one find a law for irregular phenomena? This is the fundamental problem of
medical thinking. In what way should they be grasped and what relations should be adopted
between them in order to obtain a rational understanding?’’

Medicine was one of the first fields in which Zadeh’s fuzzy set theory was applied [10, 11].
The theory was used to deal with vagueness in perceptions of reality phenomena. Fuzzy logic
based system was developed by (Alayon et al., 2007) [12]. The system collects the available
expert knowledge about cortical malformations and assists the medical expert to make the
diagnosis and to reach the correct conclusion. The proposed system allows the study to capture
and model the influence of the various factors that take part in the decision. Furthermore,
(Polat and Gunes, 2007) [13], proposed that fuzzy weighting can be used within a decision
support system that can assist in diagnosis of hepatitis disease, while (Sengur and Turkoglu,
2007) [14] proposed a fuzzy system for heart disease diagnosis. Furthermore, (Reyes and
Sipper, 1999; Sahan et al. 2007) [15, 16] developed a fuzzy evolutionary system and a machine
learning based system utilising fuzzy logic respectively for breast cancer diagnosis. Fuzzy logic
is also applied in [17], in image processing for supporting medical diagnosis, in [18] for
supporting thyroid diagnosis and in [19] for the analysis of diabetic neuropathy.
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3. Development of the system

The prototype system drawing on the fuzzy logic theory is designed so that it can
equally handle quantitative and qualitative knowledge thus supporting hybrid decision
making. This section, discusses the proposed methodology for the development of the
system. The following figure provides an overview of the methodology.

Figure 1: The Development Methodology of a Prototype Fuzzy Expert System

for Anaemia Diagnosis.
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Essentially, there are 9 fundamental phases in the development of a fuzzy expert
system that consist of a combination of the fuzzy inference process and the 5-stage
development methodology [20]. In this study, the fuzzy inference process proceeds in six
steps that is a common procedure for fuzzy inference which can be demonstrated in
several past studies [21, 22]. The preference of this approach with respect to the system’s
development is based on previous experience and lessons learnt from the development of
several knowledge based systems such as [23, 24]. It is easy to apply and will provide
valuable guidance for developing the proposed system. Nine phases in the development
are outlined in Table 1.

Table 1: Eleven phases in the development of the system

With reference to Table 1 above, phases 1–6 (fuzzy inference processing) are designed
to reach a crisp solution to any problem involving a crisp-to-fuzzy transformation
(“fuzzification”), an inference mechanism that applies fuzzy rules, and a fuzzy-to-crisp
transformation (“defuzzification”). Phases 7–9 are used to construct and evaluate the
system following the [20] 5-stage methodology for information system development.

The overview of the approach for building the systems is shown in the following figure:

Phases Objectives

1 Identify the domain factors and define membership functions and

fuzzy sets

2 Develop the Fuzzy Rules Set

3 Fuzzification of Medical Data

4 The Fuzzy Inference Engine

5 Perform defuzzification

6 Compare the overall rating for all anaemia’s type

7 The Architecture Fuzzy Expert System

8 Building the Prototype System

9 Evaluation of the System
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Figure 2: The Overview of the Fuzzy Expert System Building
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The detailed description of these phases is as follows:

Phase 1: Identify the domain factors and define membership functions

and fuzzy sets.

The first phase involves a thorough analysis of the literature relevant to anaemia, so
that to identify all domain factors that should be taken into consideration during the
diagnosis process. A series of interviews with 15 medical experts was also organised in
order to refine and complete the list of factors to be modelled as well as to determine the
search criteria from medical databases. The data displayed in figure 3 is based on factors
obtained from the literature [25]. The following figure provides a graphical representation
of a subset of the factors considered in the prototype fuzzy system.

Decision-makers are expected to easily assign linguistic classifiers such as “low”,
“normal” and “high” to factors involved in diagnosis and manipulate them easier than
numerical data when coming into conclusions. Each linguistic term assigned to a variable
in the model is defined by a membership function, which helps to take the crisp input
values and transform them into degrees of membership, thus resulting into fuzzy sets that
represent linguistic variables such as ‘low haemoglobin’, ‘high haematocrit’, etc. The
most commonly used membership function is the trapezoid-shaped. In the present study,
we assume the input and output fuzzy numbers are trapezoid forms and these forms
approximate medical experts’ views, beliefs and thought processes. 

Phase 2: Develop the Fuzzy Rules Set.

In association with the identification of the domain factors, phase two specifies the
rules that would form the knowledge base and would support the anaemia diagnosis. The
rules reflect experts’ knowledge. A group of experts is used in order to improve the
knowledge acquisition process in terms of forming a set of rules that would satisfy all of
them. The experts were separately asked to describe the relationship among variables and
to infer a linguistic weight for each interconnection. The advantage of this approach is
that it is not necessary for the experts to express the perceived causality among variables
with numerical values, but rather to use linguistic terms that would depict in qualitative
terms the degree of causality among the variables. Therefore, the rules were finalised after
a series of structured and iterative interviews of medical experts. After the prototype was
built, the experts were also called to evaluate the set of rules making all necessary
changes. The consolidation of the rules follows results to a number of IF _condition_
THEN _action_ rules. In total 139 rules were modelled. 

Examples of the fuzzy rules follow below:

➢ IF (Reticulocyte is High) and (Bilirubin is High) and (Anaemia is True) THEN

(Hemolytic is True)

➢ IF (Reticulocyte is High) and (Bilirubin is Normal) and (Anaemia is True) THEN

(MicroHemolytic is True) 
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Figure 3: (a) Subset of critical factors for anaemia diagnosis, and a Subset of critical factors for

anaemia’s classification
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➢ IF (Reticulocyte is Normal) and (Bilirubin is High) and (Anaemia is True) THEN

(NonHemol+Disease is True) 

➢ IF (Reticulocyte is Normal) and (Bilirubin is Normal) and (BloodLoss is not True)
and (Anaemia is True) THEN (NonHemolytic is True) 

➢ IF (Reticulocyte is Normal) and (Bilirubin is Normal) and (BloodLoss is True) and
(Anaemia is True) THEN (MethHemorrhagic is True) 

Phase 3: Fuzzification of Medical Data.

In order to be able to manipulate the linguistic variables that are defined in the
previous phases, the fuzzification process begins and transforms the numerical data
obtained from the medical examinations for every domain variable into fuzzy linguistic
terms. For each variable, a number of linguistic classifiers such as “low”, “high” and
“normal” are defined, as requested from developing the rules set in the previous phase.
The fuzzification process takes as input the numerical value of a variable and assigns it a
membership degree according to the membership function that represents each linguistic
variable. The “fuzzified” values are determined by intersecting the input value to the fuzzy
set membership function that is associated with each linguistic label. For instance, an input
value of haematocrit “Ht” (31 %) for a 3 year of age boy, results in a degree of
membership in the set labelled “Low” of 0.75 and a degree of membership in the set
labelled “Normal” of 0.6 (see figure 4a, 4b).

Figure 4a: The Fuzzification of the Low term of the “LowHtForAgeUpTo5” variable.
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Figure 4b: The Fuzzification of the Normal term of the “LowHtForAgeUpTo5” variable.

In the case that a crisp variable (i.e. a variable that only can be true or false) is needed
during modelling, the methodology allows for the definition of the membership function
that only depicts the values 1 or 0 to the medical data. For example, in the case of the
variable sex, the approach defines a dichotomous function in order to distinguish data
regarding the variable sex.

Phase 4: The Fuzzy Inference Engine.

The fuzzy inference process applies the widely used standard max–min inference
algorithm, which uses the min operation for the AND conjunction (set intersection) and
the max operation for the OR disjunction (set union), in order to evaluate the grade of
membership of the antecedent clause in each rule during the max–min composition.

When the user inputs parameters through the user interface, the fuzzy inference engine
performs according to the fuzzy rules and membership functions, using data from the
database, and sends fuzzy or crisp results through the user interface to the user as outputs.
For example, in order to illustrate the inference mechanism, assume that for a boy of 4.5
years age the medical examinations results give the following data set:

➢ Haemoglobin (Hb) = 11.5

➢ Haematocrit (Ht) =31.5

➢ Red Blood Cells (RBC) =4.23
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Then suppose that the fuzzification process returns for variable Haematocrit the 0.714
degree of membership in the set “Low”, for variable Haemoglobin produces the 0.1
degree of membership in the set “Low” and for variable Red Blood Cells produces the
0.38 degree of membership in the set “Low”.

Then the following rules (from the knowledge base) are fired with the corresponding
membership function values for each variable also shown in the brackets below:

IF Ht=(Low/0.714) THEN Anaemia=(Weak/0.214)

IF Hb=(Low/0.1) THEN Anaemia=(Weak/0.5)

IF RBC=(Low/0.38) THEN Anaemia=(Weak/0.229)

The figure that follows presents the interface used in the MatLab tool that applies
Mamdani method.

Figure 5: Firing Fuzzy Rules using the MatLab tool: The Graphical representation of max–min

inference of anaemia diagnosis.
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In order to estimate the result from applying the rules, the membership values for the
fuzzy set anaemia, need to be combined. Therefore, by applying the max operator the
result is anaemia=weak (0.5). The inference is graphically shown in Figure 5, which is a
screen from Matlab tool. The clipped membership functions resulting from the application
of the 3 rules are then merged to produce 3 final crisp set (one for each anaemia diagnosis).

Phase 5: Perform defuzzification.

After the completion of the inference process, the resulting data for each output of the
fuzzy classification system is a collection of fuzzy sets that undergo the defuzzification
phase. There are several existing methods that can be used for defuzzification. These
include the methods of maximum or the average heights methods, and others. These
methods tend to jump erratically on widely non-contiguous and non-monotonic input
values [26]. The centroid method, also referred to as the “center-of-gravity (COG)”
method is applied in this study, as it is frequently used and appears to provide a consistent
and well-balanced approach. The defuzzification process is applied after the anaemia
diagnosis so that anaemia is represented with a crisp type variable (yes or no). It is also
applied after the type of anaemia is diagnosed.

Phase 6: Compare the overall rating for all anaemia’s type.

The system finally ranks all types of anaemia according to their final scores and
provides them for the final diagnosis, which is made by the medical experts.

Phase 7: The Architecture Fuzzy Expert System.

Good system architecture provides a road map for the system building process, by
putting the system components into perspective, defining the functionalities of the system
components, and demonstrating how they interact with one another [20]. Based on the
conceptual framework discussed in the previous phases and our interview with medical
experts and potential users, this study developed the following architecture of the system,
which includes 5 main components: (1) a user interface, (2) a database, (3) a fuzzy rule
base, (4) a fuzzy inference engine, and (5) a membership function base. Figure 6 depicts
the basic architecture of the system.

(i) The Explanation Component.

The explanation component provides the interface functionality between the system and
its users. It enables the user-system communication, which is carried out mainly in menus and
GUI (Graphical User Interface). The system allows the user to define new, to update and search
for medical data. When a parameter item is selected, the crisp input value is translated into the
fuzzy term. After a diagnosis is made, the user can ask for justification. More specifically, the
user can request the system to perform a consistency checking for the diagnosis. The system’s
response results in the presentation of a number of anaemia factors and rules which are
associated to the diagnosis. As a consequence, the user can evaluate the proposed diagnosis.
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Figure 6: The Architecture of the Fuzzy Expert System for Anaemia Diagnosis.

(ii) Medical Database

The medical database contains data from medical examinations. Data protection act is
satisfied, since no personal data is held in the database.

(iii) Fuzzy Rule Knowledge Base:

The fuzzy rule base stores fuzzy rules that represent experts’ knowledge.

(iv) Fuzzy Inference Engine:

This is the software component of the system that implements the algorithm for rules
matching and execution, conflict resolution and results presentation.

(v) Membership Function Knowledge Base:

The membership function base stores and presents several options of membership
functions for different linguistic terms, in order to assist fuzzy modelling.
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Phase 8: Building the Prototype System.

The prototype system was developed using Matlab language and ran on a personal
computer under a Microsoft WindowsTM 98 environment. Matlab was chosen because it
is an easy-to-learn and easy-to-use graphical user interface (GUI) programming language
which allows fuzzy modelling and rapid prototype development.

Phase 9: Evaluation of the System.

Once the prototype system was built, testing and evaluation of the prototype system
followed. The system was tested and evaluated by the developers and domain experts for
its accuracy and completeness. The system produced answers that were realistic,
meaningful and acceptable by the medical doctors [27].

A group of 35 medical doctors from a private children hospital, were invited and
agreed to participate in the evaluation. The prototype was demonstrated and feedback
was obtained from the experts through discussion and an evaluation form. 

Table 2: Mean responses to the system evaluation by experts and potential users

Evaluation Criteria Medical Experts
n=15

Mean rating S.D.

1–5 scale

Effectiveness of the system

1. Helps in selecting suitable variables 4.5 0.5

2. Provides clear information for selected variables 4.0 1.0

3. Provides new insight in characterize and classify anaemia’s type 4.2 0.87

Usability of the system

4. System is easy to use 4.3 0.4

5. System is user friendly 3.5 0.6

6. Screen display is well designed 3.4 0.6

7. Achieves the stated objective 4.5 0.3

8. Response time in the system is acceptable 3.5 0.5

9. System contains functions which user requires 4.0 0.8

10. System’s commands are self-explanatory and easy to understand 2.5 0.6

11. Likely to recommend to other users 4.0 0.7
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A formal questionnaire was designed and used in order to support the evaluation. The
questionnaire consists of three sections: (a) demographic data, (b) the effectiveness of the
prototype system, and (c) the usability of the prototype system. In order to collect the
evaluation data a five-point Likert Scale was used ranging from 1 = strongly disagree, with
3 = undecided to 5 = strongly agree. The evaluation objective is to assess the overall value
of a fuzzy expert system [28]. Evaluations by domain experts help to determine the
accuracy of the embedded knowledge [29], and the consistency and completeness of
responses. 

The results of the analysis of the questionnaire are shown in Table 2. The prototype is
seen to be a promising system for supporting the diagnosis of anaemia based on the
positive results of its evaluation.

4. Conclusions

This research discusses the development of a fuzzy expert system which is used to
assist and support medical experts for anaemia’s diagnosis. This paper suggests that it is
feasible to use fuzzy logic to assist medical diagnoses. The system provides a convenient
consulting tool in characterising and classifying anaemia. A prototype system was
evaluated using expert validation, testing and outcome evaluation to see whether the
system achieved its designed purposes effectively and accurately. The results of the
prototype evaluation are satisfactory and support the view that the developed system has
performed its functions as expected. The results of the questionnaires evaluation feedback
strongly support the position that the developed system has achieved the primary
objectives of being easy to use and able to enhance efficiency and effectiveness in
supporting medical diagnoses using fuzzy logic.
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Abstract

Three dimensional flow calculations of the complete operation cycle of a small 4-stroke
variable compression laboratory Otto engine have been performed for different engine
speeds under full load conditions. The compression ratio is adjusted within the range of 4
to 10, by means of a special piston, which moves manually and alters accordingly the
combustion chamber volume. The investigation started with a grid independence study
with the aim to choose a grid suitable for the complex geometry of the specific engine and
at the same time to result in reasonable computational run times. Calculations were
performed for three different engine speeds and two compression ratios. Ensemble-
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averaged velocity data are presented in two main forms: velocity magnitude at
characteristic points as a function of crank angle and two-dimensional vector plots at
characteristic cross sections inside the combustion chamber at specific crank angles. The
results confirm that the in-cylinder flow field scales well with the engine speed and that, by
increasing the compression ratio results in more pronounced large scale flow-field effects,
such as the tumbling motion generated during the induction stroke and persisting through
the compression stroke and, further, affecting the combustion process.

¶ÂÚ›ÏË„Ë

∏ ˘ÔÏÔÁÈÛÙÈÎ‹ ÚÔÛÔÌÔ›ˆÛË ÙË˜ ÙÚÈÛ‰È¿ÛÙ·ÙË˜ ÚÔ‹˜ ÂÓfi˜ Ï‹ÚÔ˘˜ Î‡ÎÏÔ˘ ÏÂÈ-
ÙÔ˘ÚÁ›·˜ ÌÈÎÚÔ‡ ÂÚÁ·ÛÙËÚÈ·ÎÔ‡ 4¯ÚÔÓÔ˘ ÎÈÓËÙ‹Ú· Otto ÌÂÙ·‚ÏËÙ‹˜ Û˘Ì›ÂÛË˜ Ú·ÁÌ·-
ÙÔÔÈ‹ıËÎÂ ÁÈ· ‰È¿ÊÔÚÂ˜ Ù·¯‡ÙËÙÂ˜ ˘fi Ï‹ÚÂ˜ ÊÔÚÙ›Ô. ∏ Û¯¤ÛË Û˘Ì›ÂÛË˜ Ú˘ıÌ›ÛÙËÎÂ
ÌÂÙ·Í‡ 4 Î·È 10 Ì¤Ûˆ ÂÈ‰ÈÎÔ‡ ¯ÂÈÚÔÎ›ÓËÙÔ˘ ÂÌ‚fiÏÔ˘ ÚÔÛ·ÚÌÔÛÌ¤ÓÔ ÛÙËÓ Î˘ÏÈÓ‰ÚÔÎÂ-
Ê·Ï‹. ∞Ú¯ÈÎ¿ ¤ÁÈÓÂ ‰ÈÂÚÂ‡ÓËÛË ÙË˜ ·ÓÂÍ·ÚÙËÛ›·˜ ÙˆÓ ·ÔÙÂÏÂÛÌ¿ÙˆÓ ·fi ÙÔ Ì¤ÁÂıÔ˜ ÙÔ˘
Ï¤ÁÌ·ÙÔ˜ ÒÛÙÂ Ó· ÂÈÏÂÁÂ› ÙÔ Ï¤ÔÓ Î·Ù¿ÏÏËÏÔ Ï¤ÁÌ· ÁÈ· ÙËÓ ÔÏ‡ÏÔÎË ÁÂˆÌÂÙÚ›·
ÙË˜ Û˘ÁÎÂÎÚÈÌ¤ÓË˜ ÌË¯·Ó‹˜ Î·È Ù·˘Ùfi¯ÚÔÓ· Ó· ÌÂÈˆıÂ› Î·Ù¿ ÙÔ ‰˘Ó·Ùfi Ô ˘ÔÏÔÁÈÛÙÈÎfi˜
¯ÚfiÓÔ˜. √È ˘ÔÏÔÁÈÛÌÔ› ¤ÁÈÓ·Ó ÁÈ· ÙÚÂÈ˜ ‰È·ÊÔÚÂÙÈÎ¤˜ Ù·¯‡ÙËÙÂ˜ Î·È ‰˘Ô Û¯¤ÛÂÈ˜ Û˘-
Ì›ÂÛË˜. √È Û˘ÓÔÏÈÎ¿ Ì¤ÛÂ˜ Ù·¯‡ÙËÙÂ˜ ·ÚÔ˘ÛÈ¿˙ÔÓÙ·È ÛÂ ‰˘Ô ÌÔÚÊ¤˜: ˆ˜ ÁÚ·Ê‹Ì·Ù·
ÙÔ˘ Ì¤ÙÚÔ˘ Ù·¯‡ÙËÙ·˜ ÛÂ ¯·Ú·ÎÙËÚÈÛÙÈÎ¿ ÛËÌÂ›· Ì¤Û· ÛÙÔ ı¿Ï·ÌÔ Î·‡ÛË˜ Î·È ÛÙÔÓ Î‡-
ÏÈÓ‰ÚÔ Û·Ó Û˘Ó¿ÚÙËÛË ÙË˜ ÁˆÓ›·˜ ÛÙÚÔÊ¿ÏÔ˘ Î·È ̂ ˜ ‰ÈÛ‰È¿ÛÙ·Ù· ‰È·Ó˘ÛÌ·ÙÈÎ¿ Â‰›· ÛÂ
ÂÈÏÂÁÌ¤ÓÂ˜ ‰È·ÙÔÌ¤˜ ÛÂ ¯·Ú·ÎÙËÚÈÛÙÈÎ¤˜ ÁˆÓ›Â˜ ÛÙÚÔÊ¿ÏÔ˘. ∆· ·ÔÙÂÏ¤ÛÌ·Ù· ÂÈ‚Â‚·È-
ÒÓÔ˘Ó fiÙÈ ÙÔ Â‰›Ô ÚÔ‹˜ ÂÓÙfi˜ ÙÔ˘ Î˘Ï›Ó‰ÚÔ˘ Û˘Û¯ÂÙ›˙ÂÙ·È ÈÎ·ÓÔÔÈËÙÈÎ¿ ÌÂ ÙËÓ Ù·¯‡-
ÙËÙ· ÙË˜ ÌË¯·Ó‹˜ Î·È fiÙÈ Ë ·‡ÍËÛË ÙË˜ Û¯¤ÛË˜ Û˘Ì›ÂÛË˜ ÚÔÎ·ÏÂ› ÂÓÙÔÓfiÙÂÚ· ÚÔ˚Î¿ Ê·È-
ÓfiÌÂÓ· ÌÂÁ¿ÏË˜ ÎÏ›Ì·Î·˜, fiˆ˜ ÙËÓ ‰›ÓË ÌÂ ¿ÍÔÓ· Î¿ıÂÙÔ ÛÙÔÓ ¿ÍÔÓ· ÙÔ˘ Î˘Ï›Ó‰ÚÔ˘ –
ÁÓˆÛÙ‹ ÛÙË ‚È‚ÏÈÔÁÚ·Ê›· Û·Ó tumble-, Ë ÔÔ›· ‰ËÌÈÔ˘ÚÁÂ›Ù·È Î·Ù¿ ÙË Ê¿ÛË ÂÈÛ·ÁˆÁ‹˜
Î·È ‰È·ÙËÚÂ›Ù·È Î·Ù¿ ÙË Û˘Ì›ÂÛË, ÂÈ‰ÚÒÓÙ·˜ Î·È ÛÙË ‰È·‰ÈÎ·Û›· ÙË˜ Î·‡ÛË˜.

Key Words: CFD modeling, Internal combustion engine, Otto engine.

Introduction

During the last few decades, internal combustion engines have been greatly improved
in terms of efficiency and reduction of pollutant emissions (Drake, 2007, Kamura, 1998).
This trend must continue in the near future, since international organizations and
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governments are issuing more severe emissions restrictions for passenger cars. At the
same time, although new concepts have appeared as alternatives to the IC engine, such as
fuel cells (Stobart, 2004), it seems that it will take several decades for them to mature
enough for large scale production. It follows that the internal combustion engine will
remain as the major power source for automobiles, even if it will be part of a hybrid
package, either Otto-electric or Diesel-electric.

In spark-ignition engines, the majority of commercial engines still use port-fuel
injection to generate a homogeneous-charge in the cylinder. During the last few years,
stratified-charge direct-injection gasoline engines have appeared in commercial form,
following in-depth investigations for the last two decades, combining experimental and
theoretical calculations. The latter were made possible through the use of reliable
commercial computational fluid dynamics (CFD) codes, which have been developed and
validated extensively. CFD codes are and will remain a valuable tool in the design of
improved engines of all kinds 

The present study investigates the in-cylinder flowfield and combustion of a small
laboratory homogeneous-charge variable-compression single-cylinder spark-ignited
engine. The main motivation is to study the combined effect of engine speed and
compression ratio on the flowfield during the induction and compression strokes, as well
as the combustion process. 

Case Description 

The engine studied in this paper is a Petter W1 model modified by Plint, in order to
be able to modify the compression ratio. A cross-section of the engine combustion
chamber, as well as its main characteristics, are presented in Figure 1. The engine is
equipped with one intake and one exhaust side valve, with the camshaft situated close to
the crankshaft. This is quite an old design, which presents a big advantage in the present
case: it is quite easy to incorporate a manually-adjusted piston in the engine head, which,
by moving up or down, alters the engine volume at top-dead-center (TDC). At the top
right corner of Figure 1, the bottom half of this piston can be seen, as well as the spark
plug situated just opposite of the valves. A better representation of the engine
configuration can be seen in Figure 2, where the cross-section is presented in 3-D. It
becomes evident that the shape of the combustion chamber with the inserts for the two
valves, as well as the passage to the main cylinder is quite complex, compared with a
conventional 2 or 4-valve spark-ignited engine. The latter required considerable effort in
developing the grid for the CFD calculations, dictating the division of the chamber volume
in several zones with different grid characteristics.
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Figure 1: Cross-section of the modified Peter W1 engine combusion chamber

and its main geometrical characteristics.

Numerical Methodology

A finite volume commercial CFD code was employed in order to solve the discretised
Navier-Stokes equations (Fluent, 2005). The standard k-Â turbulence model for high
Reynolds numbers with standard wall functions is used for model closure. The code is
based on the pressure-correction method (Patankar 1980), using the PISO algorithm. The
first order upwind differencing scheme is used in the discretisation of momentum and
turbulence equations.

The temporal discretisation is implicit on the variable time step depending on the
stage of the 4-stroke cycle. When the valve lift is small, at the beginning and at the end of

the intake stroke, velocities at the valve jet are
expected to be high. It follows that the time step
must be in the range of 0.1Æ crank angle (CA), in
order to comply with the convergence criterion.
During the middle phase of the intake stroke and
most of the compression stroke, the time step was
doubled to save processing time and was reduced
again towards the end of the compression stroke
and, especially, during the combustion phase. The
latter was simulated using the turbulent premixed
combustion model of Zimont, which involves the
solution of a transport equation for the reaction
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progress variable (Zimont, 1995 & 2000). The closure of this equation is based on the
definition of the turbulent flame speed, which is computed using a model for wrinkled and
thickened flame fronts (Zimont, 1998). The main assumption in the Zimont model is that
it considers the reacting flowfield to be divided into regions of burnt and unburnt species,
separated by a moving thin flame sheet.

For each case, the calculation begins at the inlet valve opening which is 6Æ CA before
the TDC of induction and ends at 240Æ CA after the TDC of combustion. The initial
turbulence intensity level was set at 10% of the mean flow, which is large enough for the
flow to be considered fully turbulent. Constant pressure boundary conditions were
assigned at both inlet and outlet valves and all walls were considered adiabatic. 

Grid independence study

The computational domain includes both intake and outlet ports and valves, the
combustion chamber and the cylinder. The grid developed can be seen in Figure 3. The
number of cells varies between 245000 at TDC to 376000 at bottom-dead-center (BDC).
The majority of the cells used were hexahedral, since they provide better accuracy and
stability than tetrahedral. The combustion chamber was divided in six zones; each zone
has been meshed separately. This technique is very useful to obtain a good quality grid
and to reduce the time of the meshing procedure. The connectivity of the various zones
is achieved by means of arbitrary interfaces that connect common faces of adjacent sub-
domains. Tetrahedral cells have been used in the areas where the “moving and deforming
mesh” concept was employed. During the compression stroke once the intake valve is
closed, the intake port sub-domain is disconnected from the calculation, so that to save
CPU time; the same applies to the outlet port.

Figure 3: Computational grid at TDC together with inlet and outlet ports.
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In order to ensure grid independence and improved accuracy of the results, two
calculations during the compression stroke were performed using two different grids: the
reference grid was the one already presented and the second was refined in certain areas
where steep gradients are expected. Figure 4 depicts the velocity magnitude during the
compression stroke at a point near the inlet valve. It can be easily deduced that there are
no significant differences between the two cases, therefore all subsequent calculations
were performed with the reference grid.

Figure 4: Velocity magnitude comparison for grid independence study.

Results and discussion

Five cases were examined and analyzed: at the low compression ratio of 5.7, the
engine speed settings at full load were 750 rpm, 1200 rpm and 2000 rpm, whereas at the
high compression ratio of 10, the engine speed settings at full load were 1200 rpm and
2000 rpm. It is worth noting that these speed settings cover almost the whole operating
range of the laboratory engine; the maximum speed of 2500 rpm was not examined,
because it was considered unsafe to operate the specific engine at this level. The present
investigation is accompanied by parallel experimental measurements for comparison
purposes, which will be included in a future publication. 

Ensemble-averaged mean velocity data are presented in two main forms: velocity
magnitude at characteristic points as a function of crank angle and two-dimensional
vector plots at characteristic cross sections inside the cylinder and combustion chamber
at specific crank angles. All velocity data are in dimensionless form, as they are
normalized by the mean piston speed (denoted hereafter as Vp), which is 2.0625 m/s, 3.3
m/s and 5.5 m/s at 750 rpm, 1200 rpm and 2000 rpm, respectively. Figure 5 depicts the
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locations of the points within the combustion chamber, which were selected for
presentation: point A is within the spark gap, point B is close to the inlet valve and point
C is at the top center of the main engine cylinder. 

Figure 5: Locations of the points under investigation within the cylinder and chamber volume.

Figure 6 presents the mean velocity magnitude at point A as a function of CA during
most of the operating cycle. The engine speed in this case is 1200 rpm and the
compression ratio is 5.7. The zero value of CA corresponds to the TDC of induction and
the value 360Æ corresponds to the TDC of compression. The same applies to all CA values
in the subsequent graphs. During the induction stroke, the maximum mean velocity
magnitude presents a maximum of almost 7Vp (seven times the mean piston speed) at

around 83Æ CA after the TDC of induction. This
can be attributed to the close proximity of
point A to the inlet valve. Later on during the
induction stroke, the velocity magnitude drops
at 2Vp at BDC and 0.4Vp at the inlet valve
closure, which is at 25Æ CA after BDC. During
the compression stroke the velocities remain
low, as the piston movement does not affect
the spark area, due to the rather
unconventional design of the specific engine
configuration. There is a local maximum of
3.6Vp at the TDC of compression, which is
directly related to the onset of combustion. The
velocities remain low during the expansion

stroke and start to increase abruptly after the BDC with a maximum value of 34Vp at 20Æ
CA after the BDC of expansion. The latter is attributed to the exhaust valve, which opens
at 25Æ CA before the BDC of expansion (EVO - exhaust valve opening).
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Figure 6: Mean Velocity magnitude at

point A vs. CA, 1200rpm, CR � 5.7.



In order to study in detail the effect of engine speed during the induction and
compression stroke, all three engine speeds examined that correspond at the same point
A are presented in Figure 7. The general trend is that the normalized velocity patterns are
quite similar, confirming the fact that the in-cylinder flow-field scales well with engine

speed. This is particularly true until 60Æ CA
after the TDC of induction. However, later on,
there is a clear deviation from that rule:
increasing the engine speed, results in higher
normalized velocity magnitude at a later stage
during induction (compare graphs at 70 - 180Æ
CA). This is probably related to higher
momentum effects due to the increasing engine
speed. 

Figure 8 presents mainly the compression
ratio effect, that includes velocity magnitude
data for the two compression ratios studied
(low, CR � 5.7 and high, CR � 10) at the same
point A and at engine speeds of 1200 and 2000

rpm. It becomes evident that the increase of the compression ratio significantly modifies
the velocities from very early at the induction stroke. At 1200 rpm, the maximum value
of the normalized velocity magnitude during induction increases by approximately 75%,
(from 6.8Vp to 11Vp), when the compression ratio increases by 62% (from 5.7 to 10). In
qualitative terms, the same applies at the higher engine speed of 2000 rpm. The velocity
magnitude evolution during induction is also affected, especially in the case of 2000rpm,
with a second local maximum appearing at 145ÆCA. It follows that the compression ratio
has a more pronounced effect than speed on the in-cylinder flow-field and this can be
attributed to the fact that the in-cylinder flow is
a mainly a pressure-driven phenomenon. It is
also worth noting that, after the IVC (inlet
valve closure at 25Æ CA after BDC) and during
the compression stroke, all four velocity
patterns appear similar, confirming that the
flow scaling with engine speed is the dominant
factor during the compression stroke. 

Figure 9 presents velocity magnitude data
at point B, which is close to the inlet valve. The
engine speed effect at this point is less apparent
as evidenced by the similarity of all three
graphs covering the engine speed operating
range of the specific engine, during the

186 EÈÛÙËÌÔÓÈÎ‹ EÂÙËÚ›‰· EÊ·ÚÌÔÛÌ¤ÓË˜ ŒÚÂ˘Ó·˜, Vol. XIII, No 1, 2008

Figure 7: Mean Velocity variations point

A vs. CA at three eng. speeds, CR � 5.7.

Figure 8: Mean Velocity variations at

point A vs. CA, at two eng. speeds, and

two CR � 5.7 low and CR � 10, high.



induction and, especially compression stroke. 
Finally, similar velocity data are presented

for all five cases studied at point C (Figure 10),
which is located at the center and close to the
top of the main cylinder. This point is
considered critical, as it is close to the
hypothetical position of the spark gap in an
engine with more conventional design than the
one investigated in the present study. Figure 10
confirms that the compression ratio effect is
quite strong during the induction stroke, while
the engine speed does not differentiate the
velocity patterns significantly.

In order to have a better understanding of
the in-cylinder flowfield, two-dimensional
vector plots are presented for specific cross-
sections at characteristic CA. The cross-
sections selected are shown in Figure 11: “I” is
the plane which includes the two valve axes, II
is the plane, parallel to the previous one, which
divides the cylinder in two halves. The former
was selected in order to visualize the flow
entering through the valves, the latter to depict
the main in-cylinder flow structures. 

Figure 12 presents the four cases at cross
section I at mid-induction stroke, i.e. 90Æ CA
after TDC. At that CA the inlet valve is open
almost at maximum valve lift and the piston is

moving at maximum speed. The mixture flow
rate through the valve is quite high, with the
maximum velocities appearing close to the
valve stem inside the inlet port, as evidenced
by all four vector plots; this can be attributed
to the orientation and the right angle (90Æ)
shape of the inlet port (see Figure 1). However,
the magnitude values are different, depending
both on speed and compression ratio, with the
higher values associated, surprisingly, with the
low compression ratio. The latter can be
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Figure 9: Mean Velocity variations at

point B vs. CA, at three eng.

speeds, CR � 5.7.

Figure 11. Cross-sectional planes for

the 2D vector plots.

Figure 10: Mean Velocity variations at
point C vs. CA at all five cases, low,

CR � 5.7, high CR � 10.



attributed to the lower height of the combustion chamber, as can be seen in Figures 12c
and d. In general, the vector plots show a similar pattern.

More insight on the in-cylinder flow structure can be revealed by the vector plots at
section II at the BDC (Figure 13). All four flow-patterns are dominated by a major
vortex, which is known as “tumble” or tumbling motion (Jaffri, 1997). In most engines,
this motion is created by the inlet port (or ports in the case of two or more inlet valves).
In the present engine configuration, the tumbling motion is mainly created by the
geometry of the extended combustion chamber and the inlet valve position. The velocity
magnitude depends on both the speed and compression ratio, with the latter being the
dominant factor. At the CR of 10 (Figures 13 c and d) the maximum values of velocity
magnitude are much higher compared to the CR � 5.7 case, confirming that the tumbling
motion is stronger with increasing compression ratio provided the engine speed is kept
constant. Finally, Figures 13 a and b show that the weaker main vortex in the case of the
lower compression ratio is associated with the existence of two smaller counter-rotating
vortices at the two top corners, close to the engine head.

Conclusions

A theoretical investigation involving a variable compression spark-ignition
laboratory engine was performed. A commercial CFD package was employed to study the
effect of engine speed and compression ratio on the in-cylinder flow field during the whole
operating cycle, with emphasis on the induction and compression strokes. Ensemble-
averaged mean velocity data are presented in two main forms: normalized velocity
magnitude at characteristic points as a function of the crank angle and two-dimensional
velocity vector plots at characteristic cross sections inside the cylinder and combustion
chamber at specific crank angles. The results confirm that the in-cylinder flow scales well
with engine speed, except at the early induction phase. The compression ratio plays a
more dominant role on the development of the in-cylinder flow than the engine speed,
resulting in more pronounced bulk fluid movements. The latter is particularly supported
by the 2D vector plots, which reveal that, in the case of higher compression ratio, the
mixture tumbling motion is stronger in quantitative terms at BDC, but also different in
qualitative terms, resulting in the disappearance of secondary vortices. 
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∆ÚÈ‚‹ Ï›ÓıÔ˘ - ÎÔÓÈ¿Ì·ÙÔ˜ ÔÚÈ˙fiÓÙÈˆÓ
·ÚÌÒÓ OÏÈÛÌ¤ÓË˜ TÔÈ¯ÔÔÈ˝·˜

¡ÈÎÔÏ¤ÙÙ· æ‡ÏÏ·
¢Ú. ¶ÔÏÈÙÈÎfi˜ ªË¯·ÓÈÎfi˜

¶ÂÚ›ÏË„Ë

™ÙËÓ ÂÚÁ·Û›· ·˘Ù‹ ·ÚÔ˘ÛÈ¿˙ÔÓÙ·È Ù· ·ÔÙÂÏ¤ÛÌ·Ù· ÂÓfi˜ ÂÈÚ·Ì·ÙÈÎÔ‡ ÚÔ-
ÁÚ¿ÌÌ·ÙÔ˜ Ô˘ ·ÊÔÚ¿ ÙË ‰ÈÂÚÂ‡ÓËÛË ÙÔ˘ ÌË¯·ÓÈÛÌÔ‡ ÙÚÈ‚‹˜ Ï›ÓıÔ˘ - ÎÔÓÈ¿Ì·ÙÔ˜
ÙˆÓ ÔÚÈ˙ÔÓÙ›ˆÓ ·ÚÌÒÓ √ÏÈÛÌ¤ÓË˜ ∆ÔÈ¯ÔÔÈ˝·˜. °È· ÙÔ ÛÎÔfi ·˘Ùfi 21 ‰ÔÎ›ÌÈ· (ÙÚÈ-
Ï¤ÙÂ˜) ˘Ô‚Ï‹ıËÎ·Ó ÛÂ ÌÔÓÔÙÔÓÈÎ¤˜ Î·È ·Ó·Î˘ÎÏÈ˙fiÌÂÓÂ˜ ‰Ú¿ÛÂÈ˜. ÃÚËÛÈÌÔÔÈ‹ıË-
Î·Ó ÔÚıfiÙÚ˘Â˜ Ï›ÓıÔÈ ÌÂ ̆ „ËÏfi ÔÛÔÛÙfi ÎÂÓÒÓ (55%), ‰È·ÛÙ¿ÛÂˆÓ 320x250x155-mm
Û¯Â‰È·ÛÌ¤ÓÂ˜ ¤ÙÛÈ ÒÛÙÂ Ó· ÂÍ·ÛÊ·Ï›˙Ô˘Ó ıÂÚÌÈÎ‹ Î·È ·ÎÔ˘ÛÙÈÎ‹ ÌfiÓˆÛË ÛÙËÓ ÙÔÈ¯Ô-
ÔÈ˝·. ∆Ô ÂÈÚ·Ì·ÙÈÎfi ÚfiÁÚ·ÌÌ· ÂÈÎÂÓÙÚÒıËÎÂ ÛÙËÓ ‰ÈÂÚÂ‡ÓËÛË ÙË˜ ÂÈÚÚÔ‹˜ ÙË˜
Î·Ù·ÎfiÚ˘Ê· ÂÈ‚·ÏÏfiÌÂÓË˜ ıÏÈÙÈÎ‹˜ Ù¿ÛË˜ Û0, Î·È ÙÔ˘ ¿¯Ô˘˜ ÙˆÓ ÔÚÈ˙ÔÓÙ›ˆÓ ·ÚÌÒÓ
tm. √ˆ˜ ÚÔÎ‡ÙÂÈ ·fi ÙËÓ ·ÍÈÔÏfiÁËÛË ÙˆÓ ·ÔÙÂÏÂÛÌ¿ÙˆÓ, ÙÔ Ê·ÈÓfiÌÂÓÔ ÙË˜ ÙÚÈ‚‹˜
Ï›ÓıÔ˘ - ÎÔÓÈ¿Ì·ÙÔ˜ ÙˆÓ ÔÚÈ˙ÔÓÙ›ˆÓ ·ÚÌÒÓ Ê·›ÓÂÙ·È fiÙÈ Î·ıÔÚ›˙ÂÙ·È ·fi ÙËÓ ÛËÌ·-
ÓÙÈÎ‹ ÂÌÏÔÎ‹ ÙÔ˘ ÎÔÓÈ¿Ì·ÙÔ˜ Î·È ÙˆÓ ÔÚıfiÙÚ˘ˆÓ Ï›ÓıˆÓ, Ë ÔÔ›· Ô‰ËÁÂ› ÛÙËÓ ·‡-
ÍËÛË ÙË˜ ·Ú¯ÈÎ‹˜ "Û˘ÓÔ¯‹˜" ˘fi ÌË‰ÂÓÈÎ‹ ÌÂÙ·Î›ÓËÛË, ÂÓÒ ÌÂÙ¿ ÙËÓ ¤Ó·ÚÍË ÙË˜ ÔÏ›-
ÛıËÛË˜ ÚÔÎ·ÏÂ› ‰Â˘ÙÂÚÔÁÂÓÒ˜ ÌÈ· Î·Ù¿ÛÙ·ÛË ÙÂ¯ÓËÙ‹˜ "Û˘ÓÔ¯‹˜", ‰È·ÊÔÚÔÔÈÒÓÙ·˜
ÙËÓ Û˘ÌÂÚÈÊÔÚ¿ ÙˆÓ ‰ÈÂÈÊ·ÓÂÈÒÓ ÛÂ Û¯¤ÛË ÌÂ ·˘Ù¤˜ ÙÔ˘ √ÏÈÛÌ¤ÓÔ˘ ™Î˘ÚÔ‰¤Ì·ÙÔ˜.
∏ ÙÈÌ‹ ÙË˜ Ì¤ÁÈÛÙË˜ ‰È·ÙÌËÙÈÎ‹˜ Ù¿ÛË˜, ÙfiÛÔ Î·Ù¿ ÙËÓ ÛÙ·ÙÈÎ‹ fiÛÔ Î·È Î·Ù¿ ÙËÓ ÎÈÓË-
Ì·ÙÈÎ‹ Ê¿ÛË, ·˘Í¿ÓÂÙ·È ÌÂ ÙËÓ ·‡ÍËÛË ÙË˜ ÂÁÎ¿ÚÛÈ· ÂÈ‚·ÏÏfiÌÂÓË˜ ıÏÈÙÈÎ‹˜ Ù¿ÛË˜.
¢È·ÈÛÙÒıËÎÂ fiÙÈ Ô ·Ó·Ù˘ÛÛfiÌÂÓÔ˜ Û˘ÓÙÂÏÂÛÙ‹˜ ÙÚÈ‚‹˜ ÂÚÈÔÚ›˙ÂÙ·È ·fi ÙËÓ ıÏÈÙÈ-
Î‹ ·ÓÙÔ¯‹ ÙˆÓ ÓÂ˘ÚÒÛÂˆÓ ÙˆÓ Ï›ÓıˆÓ ÛÂ ‰ÈÂ‡ı˘ÓÛË ·Ú¿ÏÏËÏË ÙË˜ ÂÈ‚·ÏÏfiÌÂÓË˜
ÌÂÙ·Î›ÓËÛË˜. ∏ ÙÈÌ‹ ÙÔ˘ Î·Ù¿ ÙËÓ Â›ÙÂ˘ÍË ÙË˜ Ì¤ÁÈÛÙË˜ ‰È·ÙÌËÙÈÎ‹˜ Ù¿ÛË˜ ‚Ú¤ıËÎÂ Ó·
Â›Ó·È ÙË˜ Ù¿ÍË˜ ÙÔ˘ 0,3, ÙfiÛÔ Î·Ù¿ ÙËÓ ÛÙ·ÙÈÎ‹ fiÛÔ Î·È Î·Ù¿ ÙËÓ ÎÈÓËÌ·ÙÈÎ‹ Ê¿ÛË. 

Abstract

In this paper the results of an experimental programme, concerning the investigation
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of brick to mortar friction along the horizontal joints of Reinforced Masonry Structures,
are presented and discussed. For this purpose 21 specimens (triplets) were tested against
monotonic and cyclic actions. Vertically highly perforated bricks (55%) were used. The
brick 320x250x155-mm was designed to ensure thermal and acoustic isolation of masonry
within its thickness. The experimental programme focused on the investigation of the
influence of the normal compressive stress and of the thickness of the horizontal joints.
The main experimental findings are:

- Due to the deep interlocking of mortat into the vertical holes of the bricks, the initial
"cohesion" under static conditions (zero displacement) seems to increase. In
addition, after the initiation of slip, an "artificial cohesion" is being developed,
resulting to an entirely different behaviour of interfaces, as compared to that of
Reinforced Concrete.

- The value of the maximum shear stress increases with the increase of the normal
compressive stress. This is valid for the "static" and the "kinematic" phase, as well.

- The value of the friction factor is limited by the compressive strength of the vertical
webs of the brick, in direction parallel to the direction of the applied displacement.
Its value was found to be around 0,3 for the "static" and the "kinematic" phase, as
well.

§¤ÍÂÈ˜ ∫ÏÂÈ‰È¿: √ÏÈÛÌ¤ÓË ∆ÔÈ¯ÔÔÈ˝·, ÌË¯·ÓÈÛÌÔ› ÌÂÙ·ÊÔÚ¿˜ ‰˘Ó¿ÌÂˆÓ, ÙÚÈ‚‹.

1. ∂ÈÛ·ÁˆÁ‹

∏ √ÏÈÛÌ¤ÓË ∆ÔÈ¯ÔÔÈ˝· Â›Ó·È ¤Ó· Ú·Á‰·›· ·Ó·Ù˘ÛÛfiÌÂÓÔ Î·Ù·ÛÎÂ˘·ÛÙÈÎfi Û‡-
ÛÙËÌ· ÛÙËÓ ∂˘ÚÒË, ÂÈ‰ÈÎ¿ ÁÈ· ¯Ú‹ÛË ˘fi ÛÂÈÛÌÈÎ¤˜ Û˘Óı‹ÎÂ˜. ™˘Ó‹ıˆ˜ ¯ÚËÛÈÌÔÔÈ-
Ô‡ÓÙ·È ÔÚıfiÙÚ˘Â˜ Ï›ÓıÔÈ Î·È ·Û‚ÂÛÙÔÙÛÈÌÂÓÙÔÎÔÓÈ¿Ì·Ù· (¯·ÌËÏ‹˜ ÂÚÈÂÎÙÈÎfiÙËÙ·˜
ÛÂ ·Û‚¤ÛÙË) ÁÈ· ÙËÓ Ï‹ÚˆÛË ÙˆÓ ÔÚÈ˙ÔÓÙ›ˆÓ ·ÚÌÒÓ. ¢È¿Û·ÚÙÔ˜ Î·Ù·ÎfiÚ˘ÊÔ˜ ÔÏÈ-
ÛÌfi˜ ÙÔÔıÂÙÂ›Ù·È ÛÂ Î·Ù·ÎfiÚ˘ÊÂ˜ Ô¤˜ Ô˘ ÌÔÚÊÒÓÔÓÙ·È ÂÓÙfi˜ ÙÔ˘ ÛÒÌ·ÙÔ˜ ÙË˜ ÙÔÈ-
¯ÔÔÈ˝·˜, ÔÈ ÔÔ›Â˜ ÛÙËÓ Û˘Ó¤¯ÂÈ· ÏËÚÒÓÔÓÙ·È ÌÂ ÙÛÈÌÂÓÙ¤ÓÂÌ·, ÂÓÒ ÔÏÈÛÌfi˜ ÙÔÔ-
ıÂÙÂ›Ù·È Â›ÛË˜ Î·È ÛÙÔ˘˜ ÔÚÈ˙fiÓÙÈÔ˘˜ ·ÚÌÔ‡˜. ∏ Û˘ÌÂÚÈÊÔÚ¿ ÙˆÓ ÛÙÔÈ¯Â›ˆÓ ÙË˜
√ÏÈÛÌ¤ÓË˜ ∆ÔÈ¯ÔÔÈ˝·˜ ÌÂÙ¿ ÙË ÚËÁÌ¿ÙˆÛË ÂÍ·ÚÙ¿Ù·È ·fi ÙÔ˘˜ ÂÈÌ¤ÚÔ˘˜ ÌË¯·ÓÈ-
ÛÌÔ‡˜ ÌÂÙ·ÊÔÚ¿˜ ‰˘Ó¿ÌÂˆÓ Ô˘ ·Ó·Ù‡ÛÛÔÓÙ·È Î·Ù¿ Ì‹ÎÔ˜ ÌÈ·˜ ÚˆÁÌ‹˜ Î·È Û˘ÁÎÂ-
ÎÚÈÌ¤Ó· ÙÔ˘ ÌË¯·ÓÈÛÌÔ‡ ÙÚÈ‚‹˜ Ï›ÓıÔ˘ – ÎÔÓÈ¿Ì·ÙÔ˜ ‹ Ï›ÓıÔ˘ – Ï›ÓıÔ˘ ÏfiÁˆ ÙË˜
ÂÌÏÔÎ‹˜ ÙˆÓ ‰ÈÂÈÊ·ÓÂÈÒÓ Î·È ÙË˜ Ù˘¯fiÓ ·ÚÔ˘Û›·˜ ÂÁÎ¿ÚÛÈ·˜ ıÏÈÙÈÎ‹˜ Ù¿ÛË˜, Î·È
ÙˆÓ ÌË¯·ÓÈÛÌÒÓ ÂÍfiÏÎÂ˘ÛË˜ Î·È ‚Ï‹ÙÚÔ˘ ÙˆÓ Ú¿‚‰ˆÓ ÙÔ˘ ÔÏÈÛÌÔ‡ Ô˘ ‚Ú›ÛÎÔÓÙ·È
ÂÓÛˆÌ·ÙˆÌ¤ÓÔÈ ÛÙÔ˘˜ ÔÚÈ˙fiÓÙÈÔ˘˜ ·ÚÌÔ‡˜ Î·È ÙÈ˜ Î·Ù·ÎfiÚ˘ÊÂ˜ Ô¤˜ ÙË˜ ÙÔÈ¯ÔÔÈ˝·˜
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Î·È Ù¤ÌÓÔ˘Ó ÙËÓ ÚˆÁÌ‹. √È ÌË¯·ÓÈÛÌÔ› ·˘ÙÔ› ¯·Ú·ÎÙËÚ›˙Ô˘Ó ÙËÓ ·ÔÌ¤ÓÔ˘Û· ·ÓÙ›-
ÛÙ·ÛË ÙÔ˘ ÙÔ›¯Ô˘ ÛÙËÓ ÌÂÙ¿ ÙËÓ ·ÛÙÔ¯›· ÂÚÈÔ¯‹ ÙˆÓ ÌÂÁ¿ÏˆÓ ·Ú·ÌÔÚÊÒÛÂˆÓ, Î·È
Û˘Ó‰¤ÔÓÙ·È ¿ÌÂÛ· ÌÂ ÙËÓ ‰È·ÙÈı¤ÌÂÓË Ï·ÛÙÈÌfiÙËÙ· ÙÔ˘ ÛÙÔÈ¯Â›Ô˘, ·ÊÔ‡ ·ÔÙÂÏÔ‡Ó
ÙÈ˜ Î‡ÚÈÂ˜ ËÁ¤˜ ·ÔÚÚfiÊËÛË˜ ÙË˜ ÛÂÈÛÌÈÎ‹˜ ÂÓ¤ÚÁÂÈ·˜. ∏ ÁÓÒÛË ÙË˜ ÌË¯·ÓÈÎ‹˜ Û˘-
ÌÂÚÈÊÔÚ¿˜ ·˘ÙÒÓ ÙˆÓ ÙÔÈÎÒÓ ÌË¯·ÓÈÛÌÒÓ ·ÔÙÂÏÂ› ··Ú·›ÙËÙË ÚÔ¸fiıÂÛË ÁÈ·
ÙËÓ ÂÚÌËÓÂ›· ÙË˜ ÁÂÓÈÎ‹˜ Û˘ÌÂÚÈÊÔÚ¿˜ ÙˆÓ ÙÔ›¯ˆÓ ÌÂÙ¿ ÙËÓ ÚËÁÌ¿ÙˆÛË Î·È ÁÈ· ÙËÓ
·Ó¿Ù˘ÍË ÙˆÓ Û¯ÂÙÈÎÒÓ ·Ó·Ï˘ÙÈÎÒÓ ÚÔÛÔÌÔÈˆÌ¿ÙˆÓ, Ù· ÔÔ›· Â›Ó·È ‰˘Ó·ÙfiÓ Ó·
‚·ıÌÔÓÔÌËıÔ‡Ó ÂÎ ÙˆÓ ˘ÛÙ¤ÚˆÓ ÌÂ ÂÈÚ¿Ì·Ù· Ê˘ÛÈÎ‹˜ ÎÏ›Ì·Î·˜. ∂ÓÙÔ‡ÙÔÈ˜, Ë ÂÚÂ˘-
ÓËÙÈÎ‹ ÎÔÈÓfiÙËÙ· ‰ÂÓ ¤¯ÂÈ ‰ÒÛÂÈ Ì¤¯ÚÈ Û‹ÌÂÚ· ÙËÓ ·Ó¿ÏÔÁË ÚÔÛÔ¯‹ ÛÙËÓ ÂÈÚ·Ì·ÙÈ-
Î‹ ‰ÈÂÚÂ‡ÓËÛË ÙˆÓ ÌË¯·ÓÈÎÒÓ È‰ÈÔÙ‹ÙˆÓ ÙˆÓ ÙÔÈÎÒÓ ÌË¯·ÓÈÛÌÒÓ ·Ó¿ÏË„Ë˜ ‰˘Ó¿ÌÂ-
ˆÓ Î·Ù¿ Ì‹ÎÔ˜ ÙˆÓ ÚˆÁÌÒÓ ÁÈ· ÙÈ˜ Î·Ù·ÛÎÂ˘¤˜ ·fi √.∆. ∂È‰ÈÎfiÙÂÚ·, Î·È fiÛÔÓ ·ÊÔÚ¿
ÙÔÓ ÌË¯·ÓÈÛÌfi ÙÚÈ‚‹˜ Ï›ÓıÔ˘ – ÎÔÓÈ¿Ì·ÙÔ˜ Ù· Ì¤¯ÚÈ Û‹ÌÂÚ· ‰ËÌÔÛÈÂ˘Ì¤Ó· ·ÔÙÂÏ¤-
ÛÌ·Ù· Â›Ó·È Ì¿ÏÏÔÓ ÂÏÏÈ‹. ¶Ú¿ÁÌ·ÙÈ, Ô Van der Pluijm (1993) ÌÂÏ¤ÙËÛÂ Û˘ÛÙËÌ·ÙÈÎ¿
ÙËÓ ‰È·ÙÌËÙÈÎ‹ Û˘ÌÂÚÈÊÔÚ¿ ÙˆÓ ‰ÈÂÈÊ·ÓÂÈÒÓ ÎÔÓÈ¿Ì·ÙÔ˜ – Ï›ÓıÔ˘ ÂÎÙÂÏÒÓÙ·˜ ‰Ô-
ÎÈÌ¤˜ ‰È¿ÙÌËÛË˜ ÛÂ ‰ÈÏ¤ÙÙÂ˜ Î·È Î·Ù·ÁÚ¿ÊÔÓÙ·˜ ÙËÓ Ï‹ÚË ÌÔÓÔÙÔÓÈÎ‹ Î·Ì‡ÏË ‰È·-
ÙÌËÙÈÎ‹˜ ·fiÎÚÈÛË˜ – ÔÏ›ÛıËÛË˜ ˘fi ‰È¿ÊÔÚÂ˜ ÙÈÌ¤˜ ÂÁÎ¿ÚÛÈ·˜ ıÏÈÙÈÎ‹˜ Ù¿ÛË˜, ÁÈ·
Û˘Ì·ÁÂ›˜ ÎÂÚ·ÌÈÎ¤˜ Î·È ·Û‚ÂÛÙÔ˘ÚÈÙÈÎ¤˜ Ï›ÓıÔ˘˜, ÌÂ ‰È¿ÊÔÚÔ˘˜ Ù‡Ô˘˜ ÎÔÓÈ·Ì¿-
ÙˆÓ. ∂ÓÙÔ‡ÙÔÈ˜ ‰ÂÓ ·ÓÂ˘Ú›ÛÎÔÓÙ·È ÛÙËÓ ‚È‚ÏÈÔÁÚ·Ê›· ·Ó¿ÏÔÁÂ˜ ÂÚÁ·Û›Â˜ Ô˘ Ó· ·ÊÔ-
ÚÔ‡Ó ÙËÓ ‰ÈÂÚÂ‡ÓËÛË ÙË˜ Ï‹ÚÔ˘˜ ‰È·ÙÌËÙÈÎ‹˜ Û˘ÌÂÚÈÊÔÚ¿˜ ÙˆÓ ‰ÈÂÈÊ·ÓÂÈÒÓ ÎÔ-
ÓÈ¿Ì·ÙÔ˜ – Ï›ÓıÔ˘ ÛÂ ÌÔÓÔÙÔÓÈÎ¤˜ Î·È ·Ó·Î˘ÎÏÈ˙fiÌÂÓÂ˜ ÊÔÚÙ›ÛÂÈ˜ ÁÈ· ÙÔÈ¯ÔÔÈ˝Â˜
·fi ÔÚıfiÙÚ˘Â˜ ‰ÔÌÈÎ¤˜ ÌÔÓ¿‰Â˜ ÔÈ ÔÔ›Â˜ Î·Ù¿ Î·ÓfiÓ· ¯ÚËÛÈÌÔÔÈÔ‡ÓÙ·È ÛÙÈ˜ Î·-
Ù·ÛÎÂ˘¤˜ √.∆.

™ÙËÓ ·ÚÔ‡Û· ÂÚÁ·Û›·, ÂÈ¯ÂÈÚÂ›Ù·È Ë ‰ÈÂÚÂ‡ÓËÛË ÙÔ˘ ÌË¯·ÓÈÛÌÔ‡ ÙÚÈ‚‹˜ Ï›ÓıÔ˘
- ÎÔÓÈ¿Ì·ÙÔ˜ ÔÚÈ˙ÔÓÙ›ˆÓ ·ÚÌÒÓ. ∆Ô ÂÈÚ·Ì·ÙÈÎfi ÚfiÁÚ·ÌÌ· Û¯Â‰È¿ÛÙËÎÂ Î·È ÂÎÙÂÏ¤-
ÛÙËÎÂ ÛÙÔ ∂ÚÁ·ÛÙ‹ÚÈÔ √ÏÈÛÌ¤ÓÔ˘ ™Î˘ÚÔ‰¤Ì·ÙÔ˜ ÛÙÔ ∂ª¶ Î·È ·ÔÙÂÏÂ› Ì¤ÚÔ˜ ÂÓfi˜
‰ÈÂ˘Úˆ·˚ÎÔ‡ ÂÚÂ˘ÓËÙÈÎÔ‡ ÚÔÁÚ¿ÌÌ·ÙÔ˜ ÌÂ Ù›ÙÏÔ "µÈÔÌË¯·ÓÈÎ‹ ∞Ó¿Ù˘ÍË ∫ÙÈÚ›ˆÓ
·fi √ÏÈÛÌ¤ÓË ∆ÔÈ¯ÔÔÈ˝·" (DREMAB 1996).

™ÙËÓ ÂÚ›ÙˆÛË Ô˘ Ë ·Ó·Ù˘ÛÛfiÌÂÓË ‰È·ÁÒÓÈ· ‰È·ÙÌËÙÈÎ‹ ÚˆÁÌ‹ ÂÓfi˜ ÙÔ›¯Ô˘
√.∆. Ô˘ ˘fiÎÂÈÙ·È ÛÂ ÔÚÈ˙fiÓÙÈÂ˜ ‰Ú¿ÛÂÈ˜ ÂÓÙfi˜ ÙÔ˘ ÂÈ¤‰Ô˘ ÙÔ˘, ‰È¤ÏıÂÈ ·fi ÙÔ˘˜
ÔÚÈ˙fiÓÙÈÔ˘˜ ·ÚÌÔ‡˜, Ì¤ÚÔ˜ ÙË˜ ‰È·ÙÌËÙÈÎ‹˜ ·ÓÙ›ÛÙ·ÛË˜ ÙÔ˘ ÙÔ›¯Ô˘ Â›Ó·È ‰˘Ó·ÙfiÓ Ó·
ÌÂÙ·ÊÂÚıÂ› ·fi ÙÔ ¤Ó· ÙÌ‹Ì· ÙË˜ ÙÔÈ¯ÔÔÈ˝·˜ ÛÙÔ ¿ÏÏÔ Ì¤Ûˆ ÙË˜ ÙÚÈ‚‹˜ ÎÔÓÈ¿Ì·ÙÔ˜
– Ï›ÓıÔ˘ (‚Ï. ™¯. 1). ¶Ú¿ÁÌ·ÙÈ, ÏfiÁˆ ÙË˜ Û¯ÂÙÈÎ‹˜ ÔÏ›ÛıËÛË˜ ÙˆÓ ‰‡Ô ÙÌËÌ¿ÙˆÓ ÙÔ˘
ÙÔ›¯Ô˘ Î·Ù¿ Ì‹ÎÔ˜ ÙË˜ ÚˆÁÌ‹˜, Î·È ÏfiÁˆ ÙË˜ ·ÚÔ˘Û›·˜ ÙË˜ ÂÍˆÙÂÚÈÎ¿ ÂÈ‚·ÏÏfiÌÂÓË˜
ÔÚı‹˜ ıÏÈÙÈÎ‹˜ Ù¿ÛË˜ (ÏfiÁˆ ÙˆÓ Î·Ù·ÎÔÚ‡ÊˆÓ ÊÔÚÙ›ˆÓ) Â›Ó·È ‰˘Ó·Ù‹ Ë ·Ó¿Ù˘ÍË
·ÓÙ›ÛÙ·ÛË˜ ÏfiÁˆ ÙÚÈ‚‹˜ ÛÙËÓ ‰ÈÂÈÊ¿ÓÂÈ· ÎÔÓÈ¿Ì·ÙÔ˜ – Ï›ÓıÔ˘. ¶Ú¤ÂÈ ‰Â Ó· ÛËÌÂÈ-
ˆıÂ› fiÙÈ Î·È ÛÙ· ÂÊÂÏÎ˘fiÌÂÓ· ·ÎfiÌ· ÙÌ‹Ì·Ù·, Ë ‚·ıÂÈ¿ ÂÌÏÔÎ‹ Ï›ÓıˆÓ – ÎÔÓÈ¿Ì·-
ÙÔ˜ Â›Ó·È ‰˘Ó·ÙfiÓ Ó· ÚÔÛÊ¤ÚÂÈ ·ÓÙ›ÛÙ·ÛË ‰È·ÙÌËÙÈÎ‹ Î·Ù¿ Ì‹ÎÔ˜ ÙË˜ ÚˆÁÌ‹˜.

∂ÈÏ¤ÔÓ Ú¤ÂÈ Ó· ÛËÌÂÈˆıÂ› fiÙÈ ÔÈ ‰ÈÂÈÊ¿ÓÂÈÂ˜ ÌÂÙ·Í‡ ÙˆÓ ÔÚıfiÙÚ˘ˆÓ Ï›Ó-
ıˆÓ ÙË˜ √.∆. Î·È ÙÔ˘ ÎÔÓÈ¿Ì·ÙÔ˜ ÙˆÓ ÔÚÈ˙ÔÓÙ›ˆÓ ·ÚÌÒÓ ·ÚÔ˘ÛÈ¿˙Ô˘Ó ÔÚÈÛÌ¤ÓÂ˜
È‰ÈÔÌÔÚÊ›Â˜ Ô˘ ‰ÂÓ Û˘Ó·ÓÙÒÓÙ·È ÛÂ ‰ÈÂÈÊ¿ÓÂÈÂ˜ Ì¤Û· ÛÂ Ì¤ÏË Î·Ù·ÛÎÂ˘ÒÓ √ÏÈ-
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ÛÌ¤ÓÔ˘ ™Î˘ÚÔ‰¤Ì·ÙÔ˜. ™˘ÁÎÂÎÚÈÌ¤Ó·, Î·Ù¿ ÙË ‰È¿ÚÎÂÈ· Î·Ù·ÛÎÂ˘‹˜ ÙÔ›¯ˆÓ √.∆. ÙÔ
ÎÔÓ›·Ì· ÙˆÓ ÔÚÈ˙ÔÓÙ›ˆÓ ·ÚÌÒÓ, ·Ó·fiÊÂ˘ÎÙ· ÂÈÛ¤Ú¯ÂÙ·È ÛÙÈ˜ Î·Ù·ÎfiÚ˘ÊÂ˜ Ô¤˜ ÙˆÓ
Ï›ÓıˆÓ, ‰ËÌÈÔ˘ÚÁÒÓÙ·˜ "‰fiÓÙÈ·" ÎÔÓÈ¿Ì·ÙÔ˜, ‰ËÏ·‰‹ ÌÂÁ¿ÏˆÓ ‰È·ÛÙ¿ÛÂˆÓ ÂÍÔ¯¤˜
ÎÔÓÈ¿Ì·ÙÔ˜, Ô˘ ÌÂÙ·‚¿ÏÏÔ˘Ó ÙË Û˘ÌÂÚÈÊÔÚ¿ ÙˆÓ ‰ÈÂÈÊ·ÓÂÈÒÓ ÛÂ Û¯¤ÛË ÌÂ ·˘Ù¤˜
ÙÔ˘ √.™. (‚Ï. ™¯. 1).

™¯‹Ì· 1: ªÔÚÊ‹ ÚËÁÌ¿ÙˆÛË˜ ÙÔ›¯Ô˘ √.∆. Ô˘ ˘fiÎÂÈÙ·È ÛÂ ‰Ú¿ÛÂÈ˜ ÂÓÙfi˜

ÙÔ˘ ÂÈ¤‰Ô˘ ÙÔ˘ – °ÂˆÌÂÙÚ›· Ï›ÓıˆÓ Î·È ‰fiÓÙÈ· ÎÔÓÈ¿Ì·ÙÔ˜

‰ËÌÈÔ˘ÚÁÔ‡ÌÂÓ· Î·Ù¿ ÙËÓ Î·Ù·ÛÎÂ˘‹ ÙˆÓ ÙÔ›¯ˆÓ √.∆. 

2. ¶ÂÚÈÁÚ·Ê‹ ÂÈÚ·Ì·ÙÈÎÔ‡ ÚÔÁÚ¿ÌÌ·ÙÔ˜ 

°È· ÙË ‰ÈÂÚÂ‡ÓËÛË ÙÔ˘ ÌË¯·ÓÈÛÌÔ‡ ÙÚÈ‚‹˜ ÎÔÓÈ¿Ì·ÙÔ˜ - Ï›ÓıÔ˘ Î·Ù·ÛÎÂ˘¿ÛÙËÎ·Ó
21 ‰ÔÎ›ÌÈ·, ÂÎ ÙˆÓ ÔÔ›ˆÓ Ù· 15 ‰ÔÎÈÌ¿ÛÙËÎ·Ó ÛÂ ÌÔÓÔÙÔÓÈÎ¤˜ ‰Ú¿ÛÂÈ˜ ÂÓÒ ÛÙ· ˘fi-
ÏÔÈ· 6 ÂÎÙÂÏ¤ÛÙËÎÂ Î·È ÌÈ· ·Ó·Î‡ÎÏÈÛË ÁÈ· ÙËÓ ÂÎÙ›ÌËÛË ÙË˜ ·fiÎÚÈÛË˜ ÛÙËÓ ·ÓÙ›ıÂ-
ÙË ‰ÈÂ‡ı˘ÓÛË ÊfiÚÙÈÛË˜. ∆Ô ÂÈÚ·Ì·ÙÈÎfi ÚfiÁÚ·ÌÌ· ÂÈÎÂÓÙÚÒıËÎÂ ÛÙËÓ ‰ÈÂÚÂ‡ÓËÛË
ÙË˜ ÂÈÚÚÔ‹˜ ÙË˜ Î·Ù·ÎfiÚ˘Ê· ÂÈ‚·ÏÏfiÌÂÓË˜ ıÏÈÙÈÎ‹˜ Ù¿ÛË˜ Û0, Î·È ÙÔ˘ ¿¯Ô˘˜ ÙˆÓ
ÔÚÈ˙ÔÓÙ›ˆÓ ·ÚÌÒÓ tm. 

·) ÀÏÈÎ¿ 

°È· ÙËÓ Î·Ù·ÛÎÂ˘‹ ÙˆÓ ‰ÔÎÈÌ›ˆÓ ¯ÚËÛÈÌÔÔÈ‹ıËÎ·Ó Ï›ÓıÔÈ ÙˆÓ ÔÔ›ˆÓ Ë Ì¤ÛË
ıÏÈÙÈÎ‹ ·ÓÙÔ¯‹ fbc ·Ú¿ÏÏËÏ· ÛÙÈ˜ Ô¤˜ ÌÂÙÚ‹ıËÎÂ ›ÛË ÌÂ 8,5 ªPa, ÂÓÒ Î¿ıÂÙ· ÛÙÈ˜
Ô¤˜ Î·Ù¿ ÙËÓ ‰ÈÂ‡ı˘ÓÛË 1 Î·È 2 (‚Ï. ™¯. 1) ‚Ú¤ıËÎÂ ›ÛË ÌÂ 2,20 Î·È 1,15 ªPa ·ÓÙ›-

196 EÈÛÙËÌÔÓÈÎ‹ EÂÙËÚ›‰· EÊ·ÚÌÔÛÌ¤ÓË˜ ŒÚÂ˘Ó·˜, Vol. XIII, No 1, 2008



ÛÙÔÈ¯·. °È· ÙËÓ Ï‹ÚˆÛË ÙˆÓ ÔÚÈ˙ÔÓÙ›ˆÓ ·ÚÌÒÓ, ¯ÚËÛÈÌÔÔÈ‹ıËÎ·Ó ‰‡Ô ÔÈfiÙËÙÂ˜
ÎÔÓÈ¿Ì·ÙÔ˜ ‰ÔÌ‹ÛÂˆ˜ (ª1 Î·È ª2). ∆Ô ª1 ‹Ù·Ó ¤Ó·  ·Û‚ÂÛÙÔÙÛÈÌÂÓÙÔÎÔÓ›·Ì· ÌÂ Î.Ô.
Û‡ÓıÂÛË ∆ÛÈÌ¤ÓÙÔ:∞Û‚¤ÛÙË˜:∞ÌÌÔ˜:¡ÂÚfi = 1:0,25:4:1,30 , Î·È ÙÔ ª2 ¤Ó· ÙÛÈÌÂÓÙÔÎÔ-
Ó›·Ì· ÌÂ Î.Ô. Û‡ÓıÂÛË ∆ÛÈÌ¤ÓÙÔ:∞ÌÌÔ˜: ¡ÂÚfi = 1:5:1,50. ™ÙÔ ÎÔÓ›·Ì· ª2 Ë ··Ú·›ÙË-
ÙË ÂÚÁ·ÛÈÌfiÙËÙ· ÙÔ˘ Ì›ÁÌ·ÙÔ˜, ÂÈÙÂ‡¯ıËÎÂ ÌÂ ÙËÓ ¯Ú‹ÛË ÂÓfi˜ ÚÂ˘ÛÙÔÔÈËÙ‹, Ô˘ ÚÔ-
ÛÙ¤ıËÎÂ ÛÙÔ Ì›ÁÌ· ÛÂ ·Ó·ÏÔÁ›· 1% Â› ÙÔ˘ ‚¿ÚÔ˘˜ ÙÔ˘ ÙÛÈÌ¤ÓÙÔ˘. ∫·Ù¿ ÙËÓ Î·Ù·ÛÎÂ˘‹
ÙˆÓ ‰ÔÎÈÌ›ˆÓ Ù· ˘ÏÈÎ¿ ÌÂÙÚ‹ıËÎ·Ó ÌÂ ·Ó·ÏÔÁ›Â˜ Î.‚., Ô˘ ‹Ù·Ó ∆ÛÈÌ¤ÓÙÔ:∞Û‚¤-
ÛÙË˜:∞ÌÌÔ˜:¡ÂÚfi = 1:0,26:6:1 ÁÈ· ÙÔ ÎÔÓ›·Ì· ª1, Î·È ∆ÛÈÌ¤ÓÙÔ:∞ÌÌÔ˜:¡ÂÚfi =
1:7,5:1,15 ÁÈ· ÙÔ ÎÔÓ›·Ì· ª2. ÃÚËÛÈÌÔÔÈ‹ıËÎÂ ¿ÌÌÔ˜ ÎÔÎÎÔÌÂÙÚÈÎ¿ ‰È·‚·ıÌÈÛÌ¤ÓË
ÌÂ Ì¤ÁÈÛÙÔ ÎfiÎÎÔ 2,4 mm. ∆· ÌË¯·ÓÈÎ¿ ¯·Ú·ÎÙËÚÈÛÙÈÎ¿ ÙˆÓ ‰‡Ô ÎÔÓÈ·Ì¿ÙˆÓ, ‰ËÏ. Ë
ÂÊÂÏÎ˘ÛÙÈÎ‹ ·ÓÙÔ¯‹ ·fi Î¿Ì„Ë Î·È Ë ıÏÈÙÈÎ‹ ·ÓÙÔ¯‹ ÙÔ˘˜, ÌÂÙÚ‹ıËÎ·Ó Â› Û˘Ì‚·ÙÈ-
ÎÒÓ ‰ÔÎÈÌ›ˆÓ, (Ú›ÛÌ·Ù· 40 x 40 x 160 mm Î·È Î‡‚ÔÈ 40 x 40 x 40 mm), Ô˘ Ï‹ÊıË-
Î·Ó Î·Ù¿ ÙËÓ ‰È¿ÚÎÂÈ· Î·Ù·ÛÎÂ˘‹˜ ÙˆÓ ‰ÔÎÈÌ›ˆÓ ÙÚÈ‚‹˜, Û˘ÓÙËÚ‹ıËÎ·Ó ÛÙÈ˜ ›‰ÈÂ˜ Û˘Ó-
ı‹ÎÂ˜ Î·È ‰ÔÎÈÌ¿ÛÙËÎ·Ó ÙËÓ ›‰È· Ì¤Ú· ÌÂ ·˘Ù¿. µÚ¤ıËÎÂ fiÙÈ ÔÈ ·ÓÙÔ¯¤˜ ÙˆÓ ‰‡Ô Ù‡ˆÓ
ÎÔÓÈ·Ì¿ÙˆÓ Ú·ÎÙÈÎÒ˜ ‹Ù·Ó ·ÚfiÌÔÈÂ˜. ™˘ÁÎÂÎÚÈÌ¤Ó·, Ë Ì¤ÛË ıÏÈÙÈÎ‹ ·ÓÙÔ¯‹ ÙˆÓ
ª1 Î·È ª2 ‚Ú¤ıËÎÂ ›ÛË ÌÂ 9,14 ªƒa Î·È 10,79 ªƒa ·ÓÙ›ÛÙÔÈ¯·, ÂÓÒ Ë Ì¤ÛË ÂÊÂÏÎ˘-
ÛÙÈÎ‹ ·ÓÙÔ¯‹ ÙÔ˘˜ ·fi Î¿Ì„Ë ›ÛË ÌÂ 2,64 ªƒa Î·È 3,04 ªƒa ·ÓÙ›ÛÙÔÈ¯·.

‚) °ÂˆÌÂÙÚ›· ‰ÔÎÈÌ›ˆÓ

∏ ÁÂˆÌÂÙÚ›· ÙˆÓ ‰ÔÎÈÌ›ˆÓ ·ÚÔ˘ÛÈ¿˙ÂÙ·È ÛÙÔ ™¯. 2. ∞ÔÙÂÏÔ‡ÓÙ·È ·fi ÙÚÂ›˜ Ï›Ó-
ıÔ˘˜ (ÙÚÈÏ¤ÙÙ·) Î·È ÂÚÈÏ·Ì‚¿ÓÔ˘Ó ‰‡Ô ÔÚÈ˙fiÓÙÈÔ˘˜ ·ÚÌÔ‡˜. ∆· ‰ÔÎ›ÌÈ· Î·Ù·ÛÎÂ˘¿-
ÛÙËÎ·Ó ÛÂ Î·Ù·ÎfiÚ˘ÊË ı¤ÛË, fiˆ˜ ÛÙÈ˜ Ú·ÁÌ·ÙÈÎ¤˜ Î·Ù·ÛÎÂ˘¤˜ √.∆. 

Á) ¶ÂÈÚ·Ì·ÙÈÎ‹ ‰È¿Ù·ÍË

∏ ÂÈÚ·Ì·ÙÈÎ‹ ‰È¿Ù·ÍË Ô˘ ¯ÚËÛÈÌÔÔÈ‹ıËÎÂ ·ÚÔ˘ÛÈ¿˙ÂÙ·È ÛÙÔ ™¯. 2. ∆Ô ‰ÔÎ›ÌÈÔ
ÙÔÔıÂÙ‹ıËÎÂ ÛÙË ı¤ÛË ‰ÔÎÈÌ‹˜ ÌÂ ÙÔ˘˜ ÔÚÈ˙fiÓÙÈÔ˘˜ ·ÚÌÔ‡˜ ÛÂ Î·Ù·ÎfiÚ˘ÊË ı¤ÛË. √È
‰‡Ô ·ÎÚ·›Â˜ Ï›ÓıÔÈ ·Ú¤ÌÂÓ·Ó ·Î›ÓËÙÂ˜ Î·Ù¿ ÙËÓ ‰È¿ÚÎÂÈ· ÙË˜ ‰ÔÎÈÌ‹˜, ÂÓÒ Ë ÌÂÛ·›·
‹Ù·Ó ÂÏÂ‡ıÂÚË Ó· ÎÈÓÂ›Ù·È ·Ú¿ÏÏËÏ· ÌÂ ÙÔ˘˜ ÔÚÈ˙fiÓÙÈÔ˘˜ ·ÚÌÔ‡˜. ∏ ÔÚı‹ ıÏÈÙÈÎ‹
Ù¿ÛË ÂÈ‚·ÏÏfiÙ·Ó Ì¤Ûˆ ÌÈ¿˜ ‚›‰·˜ Î·È ÙÂÛÛ¿ÚˆÓ ÂÍˆÙÂÚÈÎÒÓ ÌÂÙ·ÏÏÈÎÒÓ Ú¿‚‰ˆÓ
(ÓÙ›˙Â˜) º12, ÂÓÒ ‰ÈÔÚıˆÓfiÙ·Ó Î·È ·Ú¤ÌÂÓÂ ÛÙ·ıÂÚ‹ Î·ıfiÏË ÙË ‰È¿ÚÎÂÈ· ÙË˜ ‰ÔÎÈÌ‹˜.
√È ‰ÔÎÈÌ¤˜ ÂÎÙÂÏ¤ÛÙËÎ·Ó ÌÂ ÙËÓ ÂÈ‚ÔÏ‹ ÌÂÙ·ÎÈÓ‹ÛÂˆÓ ÛÙË ÌÂÛ·›· Ï›ÓıÔ, ÂÓÒ ¤Ó· ‰˘-
Ó·ÌfiÌÂÙÚÔ ÌÂÙÚÔ‡ÛÂ ÙËÓ ÂÈÛÙÚ·ÙÂ˘fiÌÂÓË ‰È·ÙÌËÙÈÎ‹ ·ÓÙ›ÛÙ·ÛË ÙÔ˘ ‰ÔÎÈÌ›Ô˘. √È Û¯Â-
ÙÈÎ¤˜ ÌÂÙ·ÎÈÓ‹ÛÂÈ˜ ÎÔÓÈ¿Ì·ÙÔ˜ - Ï›ÓıÔ˘ Î·Ù·ÁÚ¿ÊÔÓÙ·Ó Ì¤Ûˆ 4 ‚ÂÏÔÌ¤ÙÚˆÓ (‰‡Ô ÛÂ
Î¿ıÂ fi„Ë ÙÔ˘ ‰ÔÎÈÌ›Ô˘ - ¤Ó· ÛÂ Î¿ıÂ ·ÚÌfi) Ô˘ ÙÔÔıÂÙ‹ıËÎ·Ó ÛÙËÓ ÂÈÊ¿ÓÂÈ· ÙˆÓ
Ï›ÓıˆÓ, ÔÏ‡ ÎÔÓÙ¿ ÛÙÔÓ ÔÚÈ˙fiÓÙÈÔ ·ÚÌfi. ∆¤ÏÔ˜, ÙÔ ¿ÓÔÈÁÌ· ÙˆÓ ÔÚÈ˙ÔÓÙ›ˆÓ ·ÚÌÒÓ
ˆ˜ ·ÔÙ¤ÏÂÛÌ· ‰È·ÙÌËÙÈÎ‹˜ ‰ÈfiÁÎˆÛË˜ (dilatancy), ÌÂÙÚÈfiÙ·Ó Ì¤Ûˆ ÔÎÙÒ ‚ÂÏÔÌ¤ÙÚˆÓ
(4 ‚ÂÏfiÌÂÙÚ· ÛÂ Î¿ıÂ fi„Ë ÙÔ˘ ‰ÔÎÈÌ›Ô˘).
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™¯‹Ì· 2: °ÂˆÌÂÙÚ›· ‰ÔÎÈÌ›ˆÓ Î·È ÂÈÚ·Ì·ÙÈÎ‹ ‰È¿Ù·ÍË Ì¤ÙÚËÛË˜

ÙÚÈ‚‹˜ Ï›ÓıÔ˘ – ÎÔÓÈ¿Ì·ÙÔ˜ ÛÙÔ˘˜ ÔÚÈ˙fiÓÙÈÔ˘˜ ·ÚÌÔ‡˜.

‰) πÛÙÔÚ›· ÊÔÚÙ›ÛÂˆ˜

√È ‰ÔÎÈÌ¤˜ ÂÎÙÂÏ¤ÛÙËÎ·Ó ÌÂ ·‡ÍËÛË ÙˆÓ ÂÈ‚·ÏÏfiÌÂÓˆÓ ÌÂÙ·ÎÈÓ‹ÛÂˆÓ ÌÔÓÔÙÔÓÈ-
ÎÒ˜, Ì¤¯ÚÈ ·ÛÙÔ¯›·˜ ÙÔ˘ ‰ÔÎÈÌ›Ô˘. ™Â ¤ÍÈ ‰ÔÎ›ÌÈ· ÂÎÙÂÏ¤ÛÙËÎÂ Î·È ÌÈ· ·Ó·Î‡ÎÏÈÛË ÁÈ·
ÙËÓ ÂÎÙ›ÌËÛË ÙË˜ ·fiÎÚÈÛË˜ ÛÙËÓ ·ÓÙ›ıÂÙË ‰ÈÂ‡ı˘ÓÛË ÊfiÚÙÈÛË˜.

Â) ¶·Ú¿ÌÂÙÚÔÈ Ô˘ ÂÍÂÙ¿ÛÙËÎ·Ó

¢ÈÂÚÂ˘Ó‹ıËÎ·Ó ÔÈ ·ÎfiÏÔ˘ıÂ˜ ·Ú¿ÌÂÙÚÔÈ:

- ∆Ô ¿¯Ô˜ ÙˆÓ ÔÚÈ˙ÔÓÙ›ˆÓ ·ÚÌÒÓ tm. ∂ÈÏ¤¯ıËÎ·Ó 2 ¿¯Ë ·ÚÌÒÓ : 10 Î·È 15 mm.

- ∆Ô Ì¤ÁÂıÔ˜ ÙË˜ ÂÈ‚·ÏÏfiÌÂÓË˜ ÔÚı‹˜ ıÏÈÙÈÎ‹˜ Ù¿ÛË˜ Û0. ∂ÈÏ¤¯ıËÎ·Ó ÙÚÂ›˜ ÙÈ-
Ì¤˜, ‚¿ÛÂÈ ÙˆÓ ·Ó·ÌÂÓfiÌÂÓˆÓ ÔÚıÒÓ ıÏÈÙÈÎÒÓ Ù¿ÛÂˆÓ ÛÙÈ˜ Ú·ÁÌ·ÙÈÎ¤˜ Î·Ù·-
ÛÎÂ˘¤˜ √.∆., Û˘ÁÎÂÎÚÈÌ¤Ó·, Û0 = 0,05 ªƒa,  0,15 ªƒa Î·È  0,30 ªƒa.

™ÙÔÓ ¶ÈÓ. 1 ·ÚÔ˘ÛÈ¿˙ÂÙ·È ÙÔ Ï‹ÚÂ˜ ÂÈÚ·Ì·ÙÈÎfi ÚfiÁÚ·ÌÌ· Ô˘ ÂÎÙÂÏ¤ÛÙËÎÂ.
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3. ¶ÂÈÚ·Ì·ÙÈÎ¿ ·ÔÙÂÏ¤ÛÌ·Ù·

·) ªÔÚÊ¤˜ ·ÛÙÔ¯›·˜

¢È·ÈÛÙÒıËÎ·Ó ıÚ·‡ÛÂÈ˜ ÙˆÓ "‰ÔÓÙÈÒÓ" ÙÔ˘ ÎÔÓÈ¿Ì·ÙÔ˜ Î·È ·ÛÙÔ¯›· ÙˆÓ ÓÂ˘ÚÒ-
ÛÂˆÓ ÙˆÓ Ï›ÓıˆÓ (Î·Ù·ÎfiÚ˘ÊÂ˜ ÚËÁÌ·ÙÒÛÂÈ˜), Ô˘ ÛÂ fiÏÂ˜ ÙÈ˜ ÂÚÈÙÒÛÂÈ˜ Ô‰‹ÁË-
Û·Ó Â›ÙÂ ÛÂ ·ÔÎÔÏÏ‹ÛÂÈ˜ ÙÔ˘ ÂÍˆÙÂÚÈÎÔ‡ ÙÔÈ¯ÒÌ·ÙÔ˜, Â›ÙÂ ÛÂ ·Ô‰ÈÔÚÁ¿ÓˆÛË ÙÌËÌ¿-
ÙˆÓ ÙˆÓ Ï›ÓıˆÓ (‚Ï. ∂ÈÎfiÓ· 1).

∂ÈÎfiÓ· 1: ªÔÚÊ‹ ·ÛÙÔ¯›·˜ ‰ÔÎÈÌ›ˆÓ: £Ú·‡ÛÂÈ˜ "‰ÔÓÙÈÒÓ" ÎÔÓÈ¿Ì·ÙÔ˜ Î·È

·ÛÙÔ¯›· ÙˆÓ ÓÂ˘ÚÒÛÂˆÓ ÙˆÓ Ï›ÓıˆÓ. 
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‚) ¶ÂÈÚ·Ì·ÙÈÎ¤˜ Î·Ì‡ÏÂ˜ ‰È·ÙÌËÙÈÎ‹˜ Ù¿ÛË˜ - ÌÂÙ·Î›ÓËÛË˜

™ÙÔ ™¯. 3(·) ·ÚÔ˘ÛÈ¿˙ÔÓÙ·È Ù˘ÈÎ¤˜ ÂÈÚ·Ì·ÙÈÎ¤˜ Î·Ì‡ÏÂ˜ ·ÓÙ›ÛÙ·ÛË˜ ÙÚÈ‚‹˜ -
ÌÂÙ·Î›ÓËÛË˜ ÙÔ˘ ·ÚÌÔ‡, ÛÂ ÌÔÓÔÙÔÓÈÎ‹ ÊfiÚÙÈÛË. °È· Ù· Ï‹ÚË ÂÈÚ·Ì·ÙÈÎ¿ ·ÔÙÂÏ¤-
ÛÌ·Ù· ‚Ï. æ‡ÏÏ· (2000). °È· ÙÔÓ ˘ÔÏÔÁÈÛÌfi ÙˆÓ ÌÂÙ·ÎÈÓ‹ÛÂˆÓ ¯ÚËÛÈÌÔÔÈ‹ıËÎÂ Ô
Ì¤ÛÔ˜ fiÚÔ˜ ÙˆÓ ÂÓ‰Â›ÍÂˆÓ ÙˆÓ ÙÂÛÛ¿ÚˆÓ ‚ÂÏÔÌ¤ÙÚˆÓ Ô˘ Â›¯·Ó ÙÔÔıÂÙËıÂ› ÛÙÈ˜ ‰‡Ô
fi„ÂÈ˜ ÙÔ˘ ‰ÔÎÈÌ›Ô˘, ÂÓÒ ıÂˆÚ‹ıËÎÂ fiÙÈ Ë ‰È·ÙÌËÙÈÎ‹ ‰‡Ó·ÌË Ô˘ ·Ó·Ï¿Ì‚·ÓÂ Î¿ıÂ
¤Ó·˜ ·fi ÙÔ˘˜ ·ÚÌÔ‡˜, ‹Ù·Ó Ë ÌÈÛ‹ ÙË˜ Î·Ù·ÁÚ·ÊfiÌÂÓË˜ Ì¤Ûˆ ÙÔ˘ ‰˘Ó·ÌÔÌ¤ÙÚÔ˘. 

¶·Ú·ÙËÚÂ›Ù·È ¿ÓÙ· ¤Ó·˜ ·Ú¯ÈÎfi˜ ·ÓÔ‰ÈÎfi˜ ÎÏ¿‰Ô˜, fiÔ˘ Ë ·ÓÙ›ÛÙ·ÛË ÙÚÈ‚‹˜ ·˘-
Í¿ÓÂÙ·È ˘fi ÔÈÔÓÂ› ÌË‰ÂÓÈÎ‹ ÌÂÙ·Î›ÓËÛË. ∏ ÙÈÌ‹ ÙË˜ Ì¤ÁÈÛÙË˜ ·ÓÙ›ÛÙ·ÛË˜ "Ù0" ˘fi ÌË-
‰ÂÓÈÎ‹ ÌÂÙ·Î›ÓËÛË, Ê·›ÓÂÙ·È Ó· ÂÍ·ÚÙ¿Ù·È ·fi ÙËÓ ÂÈ‚·ÏÏfiÌÂÓË ıÏÈÙÈÎ‹ Ù¿ÛË, Î·È
Î˘Ì·›ÓÂÙ·È ·fi 0,08 ¤ˆ˜ 0,18 ªƒa. ¶Ú¿ÁÌ·ÙÈ, Ë ıÏÈÙÈÎ‹ Ù¿ÛË ÂÍ·ÛÊ·Ï›˙ÂÈ ÙËÓ ÂÌÏÔ-
Î‹ ÙˆÓ ‰ÈÂÈÊ·ÓÂÈÒÓ ÎÔÓÈ¿Ì·ÙÔ˜- Ï›ÓıÔ˘, Î·È ·˘Í¿ÓÂÈ ÙËÓ ‰È·ÙÌËÙÈÎ‹ Ù¿ÛË Ô˘
··ÈÙÂ›Ù·È ÁÈ· ÙËÓ ¤Ó·ÚÍË ÙË˜ ÔÏ›ÛıËÛË˜.

™ÙËÓ Û˘Ó¤¯ÂÈ·, Ë ·ÓÙ›ÛÙ·ÛË ÙÔ˘ ÌË¯·ÓÈÛÌÔ‡ ·˘Í¿ÓÂÈ ÌÂ ÙËÓ ·‡ÍËÛË ÙˆÓ ÂÈ‚·ÏÏfi-
ÌÂÓˆÓ ÌÂÙ·ÎÈÓ‹ÛÂˆÓ, ÂÓÒ ·Ú·ÙËÚÔ‡ÓÙ·È Û˘ÓÂ¯Â›˜ ÌÈÎÚÔ·˘ÍÔÌÂÈÒÛÂÈ˜ ÛÙËÓ Î·Ì‡ÏË
‰È·ÙÌËÙÈÎ‹˜ ·ÓÙ›ÛÙ·ÛË˜ - ÌÂÙ·Î›ÓËÛË˜, Ì¤¯ÚÈ ÙËÓ Â›ÙÂ˘ÍË ÙË˜ Ì¤ÁÈÛÙË˜ ·ÓÙ›ÛÙ·ÛË˜
ÙÚÈ‚‹˜. ∞˘Ùfi ÔÊÂ›ÏÂÙ·È ÛÙËÓ ÚÔÔ‰Â˘ÙÈÎ‹ ÌÂ›ˆÛË ÙˆÓ ·ÓÙÈÛÙ¿ÛÂˆÓ Ô˘ ÚÔÛÊ¤ÚÔÓÙ·È
·fi Ù· ‰fiÓÙÈ· ÙÔ˘ ÎÔÓÈ¿Ì·ÙÔ˜. ¶Ú¿ÁÌ·ÙÈ, ÌÂÙ¿ ÙËÓ ·ÛÙÔ¯›· (˘¤Ú‚·ÛË ÙË˜ ÂÊÂÏÎ˘-
ÛÙÈÎ‹˜ ·ÓÙÔ¯‹˜) ÂÓfi˜ ‰ÔÓÙÈÔ‡ ÎÔÓÈ¿Ì·ÙÔ˜, Ë ‰È·ÙÌËÙÈÎ‹ ·ÓÙ›ÛÙ·ÛË ÙÔ˘ ÌË¯·ÓÈÛÌÔ‡ ¤-
ÊÙÂÈ ·fiÙÔÌ·, Ì¤¯ÚÈ Ó· ÂÓÂÚÁÔÔÈËıÂ› Ë ·ÓÙ›ÛÙ·ÛË Î¿ÔÈˆÓ ¿ÏÏˆÓ ‰ÔÓÙÈÒÓ, ÚÔÎ·-
ÏÒÓÙ·˜ ÙËÓ ÂÎ Ó¤Ô˘ ·‡ÍËÛ‹ ÙË˜. ∏ ÙÈÌ‹ ÙË˜ Ì¤ÁÈÛÙË˜ ‰È·ÙÌËÙÈÎ‹˜ ·ÓÙ›ÛÙ·ÛË˜ "Ùfr,u" Î˘-
Ì·›ÓÂÙ·È ·fi 0,28 ¤ˆ˜ 0,38 ªƒa, (·Ó¿ÏÔÁ· ÌÂ ÙËÓ ÙÈÌ‹ ÙË˜ ÂÈ‚·ÏÏfiÌÂÓË˜ ıÏÈÙÈÎ‹˜
Ù¿ÛË˜), ÂÓÒ ÂÈÙ˘Á¯¿ÓÂÙ·È ÛÂ ÌÂÙ·ÎÈÓ‹ÛÂÈ˜ ‰u Ô˘ ·ÚÔ˘ÛÈ¿˙Ô˘Ó ·ÚÎÂÙ‹ ‰È·ÛÔÚ¿
(·fi 0,5 ¤ˆ˜ 2,5 mm).

∞Ì¤Ûˆ˜ ÌÂÙ¿ ÙËÓ Â›ÙÂ˘ÍË ÙË˜ Ì¤ÁÈÛÙË˜ ·ÓÙ›ÛÙ·ÛË˜ ·Ú·ÙËÚÔ‡ÓÙ·È ÌÂÁ¿ÏÂ˜ Î·È
·fiÙÔÌÂ˜ ·˘ÍÔÌÂÈÒÛÂÈ˜ ÙË˜ ‰È·ÙÌËÙÈÎ‹˜ ·ÓÙ›ÛÙ·ÛË˜ Î·ıÒ˜, ÌÂ ÙËÓ ·‡ÍËÛË ÙˆÓ ÌÂÙ·-
ÎÈÓ‹ÛÂˆÓ, Â¤Ú¯ÔÓÙ·È ‰È·‰Ô¯ÈÎ¤˜ ÔÏÈÛı‹ÛÂÈ˜ ÙˆÓ ıÚ·˘ÛÌ¿ÙˆÓ ÙÔ˘ ÎÔÓÈ¿Ì·ÙÔ˜ ‹ ÙÔÈ-
Î¤˜ ıÚ·‡ÛÂÈ˜ ÙˆÓ ÓÂ˘ÚÒÛÂˆÓ ÙˆÓ Ï›ÓıˆÓ. 

∆¤ÏÔ˜ Î·Ù·ÁÚ¿ÊÂÙ·È Ì›· ·Ú·Ì¤ÓÔ˘Û· ‰È·ÙÌËÙÈÎ‹ ·ÓÙ›ÛÙ·ÛË "Ùfr, res", fiÔ˘ ·Ú·-
ÙËÚÂ›Ù·È ÛËÌ·ÓÙÈÎ‹ ÂÍÔÌ¿Ï˘ÓÛË ÙˆÓ Î·Ù·ÁÚ·ÊfiÌÂÓˆÓ ·˘ÍÔÌÂÈÒÛÂˆÓ. º·›ÓÂÙ·È fiÙÈ
Î·È ÌÂÙ¿ ÙËÓ ·ÂÌÏÔÎ‹ ÙˆÓ ‰ÔÓÙÈÒÓ ÙÔ˘ ÎÔÓÈ¿Ì·ÙÔ˜ ·ÏÏ¿ Î·È ÙˆÓ ÙÔÈÎÒÓ ·ÛÙÔ¯ÈÒÓ
ÙˆÓ Ï›ÓıˆÓ, ÙÔ Û‡ÛÙËÌ· Â›Ó·È ·ÎfiÌË ÈÎ·Ófi Ó· ÂÈ‰Â›ÍÂÈ ÌÈ¿ ÛËÌ·ÓÙÈÎ‹ ·ÓÙ›ÛÙ·ÛË ÙÚÈ-
‚‹˜ (0,15 ¤ˆ˜ 0,25 ªƒa), Ô˘ Î˘Ú›ˆ˜ ÔÊÂ›ÏÂÙ·È ÛÙËÓ ·‰ÚÔÌ¤ÚÂÈ· ÙˆÓ ÂÈÊ·ÓÂÈÒÓ ÙÔ˘
ÎÔÓÈ¿Ì·ÙÔ˜, ÔÈ ÔÔ›Â˜ ‰ËÌÈÔ˘ÚÁÔ‡ÓÙ·È ÌÂÙ¿ ÙËÓ ·ÔÎÔ‹ ÙˆÓ ‰ÔÓÙÈÒÓ. ∂›ÛË˜ ·Ú·-
ÙËÚÂ›Ù·È ÛËÌ·ÓÙÈÎ‹ ‰È·ÛÔÚ¿ ÙˆÓ ÙÈÌÒÓ ÙˆÓ ÌÂÙ·ÎÈÓ‹ÛÂˆÓ ‰res ÛÙÈ˜ ÔÔ›Â˜ ·˘Ù‹ ÂÈ-
Ù˘Á¯¿ÓÂÙ·È (2,8 ¤ˆ˜ 10,5 mm).

ŸÛÔÓ ·ÊÔÚ¿ Ù· ‰ÔÎ›ÌÈ· Ù· ÔÔ›· ˘Ô‚Ï‹ıËÎ·Ó ÛÂ ·Ó·Î˘ÎÏÈ˙fiÌÂÓÂ˜ ‰Ú¿ÛÂÈ˜, ¯·-
Ú·ÎÙËÚÈÛÙÈÎ¤˜ Î·Ì‡ÏÂ˜ ·ÚÔ˘ÛÈ¿˙ÔÓÙ·È ÛÙÔ ™¯. 3(‚). ¶·Ú·ÙËÚÂ›Ù·È ÌÈ· ÌÈÎÚ‹ ÌÂ›ˆ-
ÛË ÙË˜ Ì¤ÁÈÛÙË˜ ÂÈÙ˘Á¯·ÓfiÌÂÓË˜ ·ÓÙ›ÛÙ·ÛË˜ ÙÚÈ‚‹˜ Î·Ù¿ ÙËÓ ·ÓÙ›ıÂÙË ÊÔÚ¿ ÊfiÚÙÈÛË˜
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(ÙË˜ Ù¿ÍÂˆ˜ ÙÔ˘ 20%), ÁÂÁÔÓfi˜ Ô˘ Èı·ÓÒ˜ ÔÊÂ›ÏÂÙ·È ÛÙËÓ ÏÂ›·ÓÛË ÙˆÓ ÂÈÊ·ÓÂÈÒÓ
ÙË˜ ÚˆÁÌ‹˜ Î·È ÛÙËÓ ·ÔÎfiÏÏËÛË ÙˆÓ ‰ÔÓÙÈÒÓ ÙÔ˘ ÎÔÓÈ¿Ì·ÙÔ˜ Î·Ù¿ ÙËÓ ·Ú¯ÈÎ‹ ‰ÈÂ‡-
ı˘ÓÛË ÊfiÚÙÈÛË˜. 

™¯‹Ì· 3: ∆˘ÈÎ¤˜ ÂÈÚ·Ì·ÙÈÎ¤˜ Î·Ì‡ÏÂ˜ ‰È·ÙÌËÙÈÎ‹˜ ·ÓÙ›ÛÙ·ÛË˜ ÙÚÈ‚‹˜ – ÌÂÙ·Î›ÓËÛË˜

(·) ÌÔÓÔÙÔÓÈÎÒÓ Î·È (‚) ·Ó·Î˘ÎÏÈ˙fiÌÂÓˆÓ ‰ÔÎÈÌ›ˆÓ.
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∆· ·ÔÙÂÏ¤ÛÌ·Ù· ÙÔ˘ ÂÈÚ·Ì·ÙÈÎÔ‡ ÚÔÁÚ¿ÌÌ·ÙÔ˜ ·ÚÔ˘ÛÈ¿˙ÔÓÙ·È ÛÙÔÓ ¶ÈÓ. 1.
∞fi Ù· ·ÔÙÂÏ¤ÛÌ·Ù· Ê·›ÓÂÙ·È fiÙÈ ÙÔ ¿¯Ô˜ ÙˆÓ ·ÚÌÒÓ ‰ÂÓ ¤¯ÂÈ Ô˘ÛÈÒ‰Ë ÂÈÚÚÔ‹
ÛÙËÓ Û˘ÌÂÚÈÊÔÚ¿ ÙˆÓ ‰ÔÎÈÌ›ˆÓ, ÙÔ˘Ï¿¯ÈÛÙÔÓ ÁÈ· ÙÔ Â‡ÚÔ˜ ÙˆÓ ÙÈÌÒÓ Ô˘ ‰ÔÎÈÌ¿-
ÛÙËÎ·Ó ÛÙÔ Û˘ÁÎÂÎÚÈÌ¤ÓÔ ÂÈÚ·Ì·ÙÈÎfi ÚfiÁÚ·ÌÌ· (tm=10 mm Î·È 15 mm).

¶ÈÓ·Î·˜ 1. ¶ÂÈÚ·Ì·ÙÈÎfi ÚfiÁÚ·ÌÌ· Î·È ÂÈÚ·Ì·ÙÈÎ¿ ·ÔÙÂÏ¤ÛÌ·Ù· ÌË¯·ÓÈÛÌÔ‡ ÙÚÈ‚‹˜

Ï›ÓıÔ˘-ÎÔÓÈ¿Ì·ÙÔ˜: (·) ÌÔÓÔÙÔÓÈÎ¿ Î·È (‚) ·Ó·Î˘ÎÏÈ˙fiÌÂÓ· ‰ÔÎ›ÌÈ·

(·) ÌÔÓÔÙÔÓÈÎ¿ ‰ÔÎ›ÌÈ·

(‚) ·Ó·Î˘ÎÏÈ˙fiÌÂÓ· ‰ÔÎ›ÌÈ·

·/· Û0 tm ∫ÔÓ›·Ì· Ù0 Ùfr,u(+) ‰u(+) Ùfr,u(-) Ùfr,u(+)/Ùfr,u(-)

‰ÔÎÈÌ›Ô˘ (ªƒa) (mm) (ªƒa) (ªƒa) (mm) (ªƒa)

1 0,05 15 M1 0,05 0,26 1,51 -0,23 0,89

2 0,05 15 M1 0,05 0,26 1,38 -0,21 0,81

3 0,05 15 M1 0,13 0,27 1,00 -0,16 0,59

4 0,15 15 M1 0,16 0,28 0,81 -0,33 1,18

5 0,15 15 M1 0,16 0,32 2,26 -0,25 0,78

6 0,15 15 M1 0,15 0,35 1,67 -0,26 0,74

·/· Û0 tm ∫ÔÓ›·Ì· Ù0 Ùfr,u ‰u Ùfr,res ‰res Ùfr,res/Ùfr,u

‰ÔÎÈÌ›Ô˘ (ªƒa) (mm) (ªƒa) (ªƒa) (mm) (ªƒa) (mm)

7 0,05 15 M1 0,08 0,34 2,48 0,20 5,20 0,59

8 0,05 15 M1 0,11 0,29 1,37 0,20 2,80 0,69

9 0,05 15 M1 0,08 0,32 2,61 0,17 6,10 0,53

10 0,15 15 M1 0,14 0,38 0,62 0,20 5,10 0,53

11 0,15 15 M1 0,10 0,30 1,06 0,25 5,00 0,83

12 0,15 15 M1 0,15 0,30 0,57 0,25 3,00 0,83

13 0,30 15 M1 0,17 0,38 0,47 0,20 9,40 0,53

14 0,30 15 M1 0,13 0,37 1,09 0,22 4,50 0,60

15 0,30 15 M1 0,18 0,34 1,15 0,27 6,00 0,79

16 0,15 10 M1 0,15 0,33 1,75 0,25 2,80 0,76

17 0,15 10 M1 0,09 0,30 1,78 0,22 3,00 0,73

18 0,15 10 M1 0,10 0,34 8,67 0,25 10,50 0,74

19 0,15 15 M2 0,15 0,36 2,58 0,20 10,00 0,56

20 0,15 15 M2 0,13 0,35 2,01 0,25 5,00 0,71

21 0,15 15 M2 0,12 0,28 1,42 0,15 8,50 0,54
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Á) ¶ÂÈÚ·Ì·ÙÈÎ¤˜ Î·Ì‡ÏÂ˜ ÂÈ‚·ÏÏfiÌÂÓË˜ ÌÂÙ·Î›ÓËÛË˜ - ·ÓÔ›ÁÌ·ÙÔ˜ ÚˆÁÌ‹˜ 

™ÙÔ ™¯. 4, ·ÚÔ˘ÛÈ¿˙ÔÓÙ·È Ù˘ÈÎ¤˜ ÂÈÚ·Ì·ÙÈÎ¤˜ Î·Ì‡ÏÂ˜ ÙÔ˘ ·ÓÔ›ÁÌ·ÙÔ˜ ÙˆÓ
·ÚÌÒÓ "w" ¤Ó·ÓÙÈ ÙË˜ ÂÈ‚·ÏÏfiÌÂÓË˜ ‰È·ÙÌËÙÈÎ‹˜ ÌÂÙ·Î›ÓËÛË˜ ‰. °È· ÙÔ Û‡ÓÔÏÔ ÙˆÓ
ÂÈÚ·Ì·ÙÈÎÒÓ ·ÔÙÂÏÂÛÌ¿ÙˆÓ ‚Ï. æ‡ÏÏ· (2000). MÂ ÙËÓ ¤Ó·ÚÍË ÙË˜ ÔÏ›ÛıËÛË˜ ·Ú·-
ÙËÚÂ›Ù·È ¤Ó·˜ ¤ÓÙÔÓÔ˜ Ú˘ıÌfi˜ ·‡ÍËÛË˜ ÙÔ˘ ·ÓÔ›ÁÌ·ÙÔ˜ ÙË˜ ÚˆÁÌ‹˜. ™ÙË Û˘Ó¤¯ÂÈ· ÙÔ
Â‡ÚÔ˜ ÙÔ˘ ·ÚÌÔ‡ Û˘ÓÂ¯›˙ÂÈ Ó· ·˘Í¿ÓÂÈ ·ÏÏ¿ ÌÂ ÌÂÈˆÌ¤ÓÔ˘˜ Ú˘ıÌÔ‡˜. ™ÙÈ˜ ÌÂÁ¿ÏÂ˜ ÌÂ-
Ù·ÎÈÓ‹ÛÂÈ˜, fiÔ˘ Ë ·ÓÙ›ÛÙ·ÛË ÙÚÈ‚‹˜ ¤¯ÂÈ Ú·ÎÙÈÎ¿ ÛÙ·ıÂÚÔÔÈËıÂ›, Î·È ÙÔ ¿ÓÔÈÁÌ·
ÙË˜ ÚˆÁÌ‹˜ ‰Â›¯ÓÂÈ Ó· ÛÙ·ıÂÚÔÔÈÂ›Ù·È ·ÊÔ‡ ¤¯ÂÈ Â¤ÏıÂÈ ÛËÌ·ÓÙÈÎ‹ ÏÂ›·ÓÛË ÙˆÓ ÂÈ-
Ê·ÓÂÈÒÓ ‹ ÛËÌ·ÓÙÈÎ¤˜ ÙÔÈÎ¤˜ ·ÛÙÔ¯›Â˜ ÙˆÓ Ï›ÓıˆÓ.

™¯‹Ì· 4: ∆˘ÈÎ¤˜ ÂÈÚ·Ì·ÙÈÎ¤˜ Î·Ì‡ÏÂ˜ ·ÓÔ›ÁÌ·ÙÔ˜ ·ÚÌÔ‡ - ÌÂÙ·Î›ÓËÛË˜

(·) ÌÔÓÔÙÔÓÈÎÒÓ Î·È (‚) ·Ó·Î˘ÎÏÈ˙fiÌÂÓˆÓ ‰ÔÎÈÌ›ˆÓ.
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Ÿˆ˜ ¤¯ÂÈ ·Ú·ÙËÚËıÂ› Î·È ÛÙÔ √.™. (‚Ï. Vintzileou Î·È Tassios 1985), ÛÙËÓ ÂÚ›-
ÙˆÛË ¿ÔÏˆÓ ÂÈÊ·ÓÂÈÒÓ ÙÔ ·Ú¯ÈÎfi ¿ÓÔÈÁÌ· ÙË˜ ÚˆÁÌ‹˜ Â›Ó·È Û¯ÂÙÈÎ¿ ÌÂÁ¿ÏÔ (Î·È
Ì¿ÏÈÛÙ· Û˘ÓÔ‰Â‡ÂÙ·È ·fi ÌÈ· ·Ó·fiÊÂ˘ÎÙË, Ù˘¯·›· ÔÏ›ÛıËÛË Î·Ù¿ Ì‹ÎÔ˜ ÙË˜ ÚˆÁÌ‹˜)
ÛÙËÓ Û˘Ó¤¯ÂÈ· ‰Â ·Ú·ÙËÚÂ›Ù·È ÛÙ·ıÂÚÔÔ›ËÛË ÙË˜ ÙÈÌ‹˜ ÙÔ˘ ·ÓÔ›ÁÌ·ÙÔ˜ ÙˆÓ ·ÚÌÒÓ,
ÏfiÁˆ ÙË˜ ÏÂ›·ÓÛË˜ ÙˆÓ ‰ÈÂÈÊ·ÓÂÈÒÓ ÙË˜ ÚˆÁÌ‹˜. ∞˘Ùfi Ô‰ËÁÂ› ÛÂ ‹ÈÂ˜ Î·Ì‡ÏÂ˜ w-‰,
Ô˘ fiÌˆ˜ ·ÚÔ˘ÛÈ¿˙Ô˘Ó Û¯ÂÙÈÎ¿ ÌÂÁ¿ÏË ‰È·ÛÔÚ¿.

4. ∞Ó¿Ï˘ÛË ÙˆÓ ·ÔÙÂÏÂÛÌ¿ÙˆÓ

™ÙÔ ™¯. 5, Û¯Â‰È¿˙ÂÙ·È ÁÈ· fiÏ· Ù· ‰ÔÎ›ÌÈ· Ë Ì¤ÁÈÛÙË ·Ú¯ÈÎ‹ ·ÓÙÔ¯‹ ÙÚÈ‚‹˜ Ù0 ˘fi
ÔÈÔÓÂ› ÌË‰ÂÓÈÎ‹ ÌÂÙ·Î›ÓËÛË ¤Ó·ÓÙÈ ÙË˜ Î¿ıÂÙ· ÂÈ‚·ÏÏfiÌÂÓË˜ ıÏÈÙÈÎ‹˜ Ù¿ÛË˜ Û0. ∏
Ì¤ÁÈÛÙË ·Ú¯ÈÎ‹ ·ÓÙÔ¯‹, Ê·›ÓÂÙ·È Ó· ·˘Í¿ÓÂÈ ÌÂ ÙËÓ ·‡ÍËÛË ÙË˜ Û0. ∞˘Ùfi ‹Ù·Ó ·Ó·ÌÂ-
ÓfiÌÂÓÔ, ·ÊÔ‡ Ë ·‡ÍËÛË ÙË˜ ıÏÈÙÈÎ‹˜ Ù¿ÛË˜ Ô‰ËÁÂ› ÛÂ ÛÙÂÓfiÙÂÚË ÂÌÏÔÎ‹ ÙˆÓ ‰ÈÂÈ-
Ê·ÓÂÈÒÓ Î·È Û˘ÓÂÒ˜ ÛÂ ·‡ÍËÛË ÙË˜ ·ÓÙ›ÛÙ·ÛË˜ ÙÔ˘ ÌË¯·ÓÈÛÌÔ‡. ™ÙÔ ™¯. 5 Û¯Â‰È¿˙Â-
Ù·È Â›ÛË˜ Ë Â˘ıÂ›· ÙˆÓ ÂÏ·¯›ÛÙˆÓ ÙÂÙÚ·ÁÒÓˆÓ Ô˘ ÚÔÛ·ÚÌfi˙ÂÙ·È Î·Ï‡ÙÂÚ· ÛÙ· ÂÈ-
Ú·Ì·ÙÈÎ¿ ÛËÌÂ›·, ‚¿ÛÂÈ ÙË˜ ÔÔ›·˜ Â›Ó·È ‰˘Ó·ÙfiÓ Ó· ÂÎÙÈÌËıÂ› ¤Ó·˜ ·Ú¯ÈÎfi˜ Û˘ÓÙÂÏÂ-
ÛÙ‹˜ ÙÚÈ‚‹˜ ˘fi ÔÈÔÓÂ› ÌË‰ÂÓÈÎ‹ ÌÂÙ·Î›ÓËÛË ÙË˜ Ù¿ÍÂˆ˜ ÙÔ˘ 0,3.

™¯‹Ì· 5: ∂ÈÚÚÔ‹ ÙË˜ ÔÚı‹˜ ıÏÈÙÈÎ‹˜ Ù¿ÛË˜ Û0 ÛÙËÓ ·Ú¯ÈÎ‹ ·ÓÙÔ¯‹ 

ÙÚÈ‚‹˜ Ù0 ˘fi ÌË‰ÂÓÈÎ‹ ÌÂÙ·Î›ÓËÛË. 

™ÙÔ ™¯. 6, Û¯Â‰È¿˙ÂÙ·È Ë ·ÓÙÔ¯‹ ÙÚÈ‚‹˜ Ùfr,u Î¿ıÂ ‰ÔÎÈÌ›Ô˘ ¤Ó·ÓÙÈ ÙË˜ Î¿ıÂÙ· ÂÈ-
‚·ÏÏfiÌÂÓË˜ ıÏÈÙÈÎ‹˜ Ù¿ÛË˜ Û0. ∏ Ì¤ÁÈÛÙË ‰È·ÙÌËÙÈÎ‹ Ù¿ÛË Ô˘ ÌÂÙ·‚È‚¿˙ÂÙ·È ÏfiÁˆ
ÙÚÈ‚‹˜ Ì¤Ûˆ ÙË˜ ‰ÈÂÈÊ¿ÓÂÈ·˜ ÎÔÓÈ¿Ì·ÙÔ˜ - Ï›ÓıÔ˘, Ê·›ÓÂÙ·È Ó· ·˘Í¿ÓÂÈ ÌÂ ÙËÓ ·‡-
ÍËÛË ÙË˜ Û0. ∞Ó·Ì¤ÓÂÙ·È fiÙÈ Ë ·ÓÙÔ¯‹ ÙÚÈ‚‹˜ ‰ÂÓ ı· ·˘Í¿ÓÂÙ·È ·Ó·ÏÔÁÈÎ¿ ÌÂ ÙËÓ Î¿ıÂ-
ÙË ıÏÈÙÈÎ‹ Ù¿ÛË, ÁÈ·Ù› ÔÈ ÌÂÁ¿ÏÂ˜ ıÏÈÙÈÎ¤˜ Ù¿ÛÂÈ˜ ÂÍÔÌ·Ï‡ÓÔ˘Ó ÙÈ˜ ·ÓˆÌ·Ï›Â˜ ÙˆÓ
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‰ÈÂÈÊ·ÓÂÈÒÓ ÎÔÓÈ¿Ì·ÙÔ˜ - Ï›ÓıÔ˘. ¶Ú¿ÁÌ·ÙÈ, ÔÈ ˘„ËÏ¤˜ ıÏÈÙÈÎ¤˜ Ù¿ÛÂÈ˜ ‰˘Û¯ÂÚ·›-
ÓÔ˘Ó ÙËÓ ˘¤Ú‚·ÛË ÙˆÓ ÚÔÂÍÔ¯ÒÓ ÙÔ˘ ÎÔÓÈ¿Ì·ÙÔ˜ ÙˆÓ ÔÒÓ Î·È Ô‰ËÁÔ‡Ó ÛÂ ÙÔÈÎ¤˜
·ÛÙÔ¯›Â˜ ÙˆÓ Ï›ÓıˆÓ, (ÏfiÁˆ ÙË˜ ˘¤Ú‚·ÛË˜ ÙË˜ ‰È·ÙÌËÙÈÎ‹˜ ·ÓÙÔ¯‹˜ ÙˆÓ ÓÂ˘ÚÒÛÂ-
ˆÓ), ı¤ÙÔÓÙ·˜ ¤Ó· ¿Óˆ fiÚÈÔ ÛÙËÓ ·fiÎÚÈÛË ÙÔ˘ ÌË¯·ÓÈÛÌÔ‡. ∂ÓÙÔ‡ÙÔÈ˜, ÁÈ· ÙÔ Â‡ÚÔ˜
ÙˆÓ ÙÈÌÒÓ ÙË˜ Û0 Ô˘ ÂÍÂÙ¿ÛÙËÎ·Ó ÛÙËÓ ·ÚÔ‡Û· ÂÚÁ·Û›· Ë ÂÈÚÚÔ‹ ÙË˜ Û0 ÛÙËÓ ·fi-
ÎÚÈÛË ÙÔ˘ ÌË¯·ÓÈÛÌÔ‡ ÌÔÚÂ› Ó· ıÂˆÚËıÂ› Ú·ÎÙÈÎ¿ ÛÙ·ıÂÚ‹. ª¤Ûˆ ÙË˜ Â˘ıÂ›·˜ ÙˆÓ
ÂÏ·¯›ÛÙˆÓ ÙÂÙÚ·ÁÒÓˆÓ Ô˘ ÚÔÛ·ÚÌfi˙ÂÙ·È Î·Ï‡ÙÂÚ· ÛÙ· ÂÈÚ·Ì·ÙÈÎ¿ ÛËÌÂ›· (‚Ï. ™¯.
6), Ô Û˘ÓÙÂÏÂÛÙ‹˜ ÙÚÈ‚‹˜ ÛÙËÓ Ì¤ÁÈÛÙË ‰È·ÙÌËÙÈÎ‹ ·ÓÙ›ÛÙ·ÛË ‚Ú¤ıËÎÂ ›ÛÔ˜ ÂÚ›Ô˘ ÌÂ
0,3. º·›ÓÂÙ·È fiÙÈ Ë Ì¤ÁÈÛÙË ·Ó·Ù˘ÛÛfiÌÂÓË ·ÓÙ›ÛÙ·ÛË ÙÔ˘ ÌË¯·ÓÈÛÌÔ‡ ÂÍ·ÚÙ¿Ù·È ·fi
ÙËÓ ¯·ÌËÏ‹ ·ÓÙÔ¯‹ ÙˆÓ ÓÂ˘ÚÒÛÂˆÓ ÙˆÓ Ï›ÓıˆÓ, ÔÈ ÔÔ›Â˜ Û˘ÓÙÚ›‚ÔÓÙ·È ·Î·ÚÈ·›ˆ˜,
ÂÚÈÔÚ›˙ÔÓÙ·˜ ÙÔÓ Û˘ÓÙÂÏÂÛÙ‹ ÙÚÈ‚‹˜ ÛÙ· ›‰È· Î·È ÛÂ ¯·ÌËÏfiÙÂÚ· Â›Â‰· ÌÂ ·˘Ù¿ ÙË˜
·Ú¯ÈÎ‹˜ ·ÓÙÔ¯‹˜ ˘fi ÔÈÔÓÂ› ÌË‰ÂÓÈÎ‹ ÌÂÙ·Î›ÓËÛË.

™¯‹Ì· 6: ∂ÈÚÚÔ‹ ÙË˜ ÔÚı‹˜ ıÏÈÙÈÎ‹˜ Ù¿ÛË˜ Û0 ÛÙËÓ ·ÓÙÔ¯‹ ÙÚÈ‚‹˜ Ùfr,u. 

™ÙÔ ™¯. 7 Û¯Â‰È¿˙ÂÙ·È Ô ÏfiÁÔ˜ Ùfr,res/Ùfr,u ÙË˜ ·ÔÌ¤ÓÔ˘Û·˜ ÚÔ˜ ÙËÓ Ì¤ÁÈÛÙË ·ÓÙÔ¯‹
ÙÚÈ‚‹˜ Î¿ıÂ ‰ÔÎÈÌ›Ô˘ ¤Ó·ÓÙÈ ÙË˜ Î¿ıÂÙ· ÂÈ‚·ÏÏfiÌÂÓË˜ ıÏÈÙÈÎ‹˜ Ù¿ÛË˜ Û0. Oˆ˜ Ê·›-
ÓÂÙ·È, ·ÚÔ˘ÛÈ¿˙ÂÙ·È ÌÂÁ¿ÏË ‰È·ÛÔÚ¿ ÙˆÓ ·ÔÙÂÏÂÛÌ¿ÙˆÓ, ¤ÙÛÈ Â›Ó·È ‰˘Ó·ÙfiÓ Ó· ıÂ-
ˆÚËıÂ› fiÙÈ Ô ÏfiÁÔ˜ ·˘Ùfi˜ Â›Ó·È Ú·ÎÙÈÎ¿ ·ÓÂÍ¿ÚÙËÙÔ˜ ÙË˜ Û0. 

ŸÛÔÓ ·ÊÔÚ¿ ÙÈ˜ ÌÂÙ·ÎÈÓ‹ÛÂÈ˜ ‰u Î·È ‰res ÛÙÈ˜ ÔÔ›Â˜ ÂÈÙÂ‡¯ıËÎÂ Ë Ì¤ÁÈÛÙË Î·È Ë
·ÔÌ¤ÓÔ˘Û· ·ÓÙ›ÛÙ·ÛË ÙÚÈ‚‹˜ ·ÓÙ›ÛÙÔÈ¯·, ‰ÂÓ ‹Ù·Ó ‰˘Ó·ÙfiÓ Ó· ‚ÚÂıÂ› ÌÈ¿ ÈÎ·ÓÔÔÈ-
ËÙÈÎ‹ Û˘Û¯¤ÙÈÛË  ÌÂ  ÙËÓ  ÙÈÌ‹  ÙË˜  ıÏÈÙÈÎ‹˜ Ù¿ÛË˜ Û0, ÏfiÁˆ ÙË˜ ÌÂÁ¿ÏË˜ ‰È·ÛÔÚ¿˜
ÙˆÓ ÙÈÌÒÓ ÙˆÓ ÌÂÙ·ÎÈÓ‹ÛÂˆÓ (‚Ï. ™¯. 8). ¶·Ú·ÙËÚÂ›Ù·È ¿ÓÙˆ˜ Ì›· Ù¿ÛË ÌÂ›ˆÛË˜ ÙË˜
‰u ÌÂ ÙËÓ ·‡ÍËÛË ÙË˜ ıÏÈÙÈÎ‹˜ Ù¿ÛË˜ Û0. 

∏ ÂÈÚÚÔ‹ ÙË˜ ıÏÈÙÈÎ‹˜ Ù¿ÛË˜ ÛÙÔ ¿ÓÔÈÁÌ· ÙÔ˘ ·ÚÌÔ‡ ÁÈ· ‰È¿ÊÔÚ· ÌÂÁ¤ıË ÌÂÙ·-
ÎÈÓ‹ÛÂˆÓ Ê·›ÓÂÙ·È ÛÙÔ ™¯. 9. º·›ÓÂÙ·È fiÙÈ ÌÂ ÙËÓ ·‡ÍËÛË ÙË˜ ÂÈ‚·ÏÏfiÌÂÓË˜ ÔÚı‹˜
ıÏÈÙÈÎ‹˜ Ù¿ÛË˜ ÙÔ ¿ÓÔÈÁÌ· ÙÔ˘ ·ÚÌÔ‡ ÌÂÈÒÓÂÙ·È, ÂÓÒ ‰Â›¯ÓÂÈ Ó· ÛÙ·ıÂÚÔÔÈÂ›Ù·È ÛÂ
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Û¯ÂÙÈÎ¿ ˘„ËÏ¤˜ ÙÈÌ¤˜ ÙË˜ ÛÔ (ÌÂÁ·Ï‡ÙÂÚÂ˜ ÙˆÓ 0,30 ªƒa). ∞˘Ùfi ÌÔÚÂ› Ó· ·Ô‰ÔıÂ›
ÛÙÔ ÁÂÁÔÓfi˜ fiÙÈ ÔÈ Û¯ÂÙÈÎ¿ ˘„ËÏ¤˜ Î·Ù·ÎfiÚ˘ÊÂ˜ Ù¿ÛÂÈ˜ ÂÍ·ÛÊ·Ï›˙Ô˘Ó ÙËÓ ÂÌÏÔÎ‹
ÙˆÓ ‰ÈÂÈÊ·ÓÂÈÒÓ Î·È ÌÂÈÒÓÔ˘Ó ÙÔ Ì¤ÁÂıÔ˜ ÙˆÓ ÚÔÂÍÔ¯ÒÓ, ÌÂÈÒÓÔÓÙ·˜ ¤ÙÛÈ ÙÔ ¿ÓÔÈÁ-
Ì· ÙË˜ ÚˆÁÌ‹˜ ÁÈ· ÙÈ˜ ›‰ÈÂ˜ ÌÂÙ·ÎÈÓ‹ÛÂÈ˜. 

™¯‹Ì· 7: ∂ÈÚÚÔ‹ ÙË˜ ÔÚı‹˜ ıÏÈÙÈÎ‹˜ Ù¿ÛË˜ Û0 ÛÙÔÓ ÏfiÁÔ Ùfr,res / Ùfr,u. 

™¯‹Ì· 8: ∂ÈÚÚÔ‹ ÙË˜ ÔÚı‹˜ ıÏÈÙÈÎ‹˜ Ù¿ÛË˜ Û0 ÛÙËÓ ÌÂÙ·Î›ÓËÛË Â›ÙÂ˘ÍË˜ ÙË˜ Ì¤ÁÈÛÙË˜ Î·È

ÙË˜ ·ÔÌ¤ÓÔ˘Û·˜ ·ÓÙ›ÛÙ·ÛË˜ ÙÚÈ‚‹˜ ‰u Î·È ‰res ·ÓÙ›ÛÙÔÈ¯·. 

∂ÓÙÔ‡ÙÔÈ˜, fiˆ˜ Ê·›ÓÂÙ·È Î·È ÛÙÔ ™¯. 10, ÙÔ ¿ÓÔÈÁÌ· ÙÔ˘ ·ÚÌÔ‡ ÛÂ Î¿ıÂ ÛÙ¿ıÌË ÌÂ-
Ù·Î›ÓËÛË˜, ÂÚÈÔÚ›˙ÂÙ·È ÛÂ Ì›· ˙ÒÓË Û¯ÂÙÈÎ¿ ÌÈÎÚÔ‡ Â‡ÚÔ˘˜, ·ÓÂÍ·ÚÙ‹Ùˆ˜ ÙÔ˘ ÌÂÁ¤-
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ıÔ˘˜ ÙË˜ ÂÈ‚·ÏÏfiÌÂÓË˜ ıÏÈÙÈÎ‹˜ Ù¿ÛË˜, Â›Ó·È ‰Â ‰˘Ó·ÙfiÓ Ó· ÂÚÈÁÚ·ÊÂ› ·fi ÙË Û¯¤-
ÛË:

w = 0,5 Ø ‰2/3 (1)

∏ ›‰È· Û¯¤ÛË ¤¯ÂÈ ÚÔÙ·ıÂ› Î·È ·fi ‰È¿ÊÔÚÔ˘˜ ÂÚÂ˘ÓËÙ¤˜ (Vintzileou Î·È Tassios
1985, Walraven 1980) ÁÈ· ÙËÓ Û˘Û¯¤ÙÈÛË ÙË˜ ‰È·ÙÌËÙÈÎ‹˜ ÔÏ›ÛıËÛË˜ Î·È ÙÔ˘ ·ÓÔ›ÁÌ·-
ÙÔ˜ Ê˘ÛÈÎÒÓ ÚˆÁÌÒÓ ¿ÔÏÔ˘ ÛÎ˘ÚÔ‰¤Ì·ÙÔ˜, ÁÈ· ÌÂÙ·ÎÈÓ‹ÛÂÈ˜ ÌÈÎÚfiÙÂÚÂ˜ ‹ ›ÛÂ˜ ÂÎÂ›-
ÓË˜ ÙË˜ Â›ÙÂ˘ÍË˜ ÙË˜ ·ÓÙÔ¯‹˜ ÙÚÈ‚‹˜.

™¯‹Ì· 9: ∂ÈÚÚÔ‹ ÙË˜ ÔÚı‹˜ ıÏÈÙÈÎ‹˜ Ù¿ÛË˜ Û0 ÛÙÔ ¿ÓÔÈÁÌ· ÙÔ˘ ·ÚÌÔ‡, ÁÈ· ÌÂÙ·ÎÈÓ‹ÛÂÈ˜ ›ÛÂ˜

ÌÂ ÙËÓ ÌÂÙ·Î›ÓËÛË Â›ÙÂ˘ÍË˜ ÙË˜ Ì¤ÁÈÛÙË˜ Î·È ÙË˜ ·ÔÌ¤ÓÔ˘Û·˜ ·ÓÙ›ÛÙ·ÛË˜ ÙÚÈ‚‹˜.

™¯‹Ì· 10: ÕÓÔÈÁÌ· ·ÚÌÔ‡ ¤Ó·ÓÙÈ ÂÈ‚·ÏÏfiÌÂÓË˜ ÌÂÙ·Î›ÓËÛË˜ fiÏˆÓ ÙˆÓ ‰ÔÎÈÌ›ˆÓ.

∆ÚÈ‚‹ Ï›ÓıÔ˘ - ÎÔÓÈ¿Ì·ÙÔ˜ ÔÚÈ˙fiÓÙÈˆÓ ·ÚÌÒÓ OÏÈÛÌ¤ÓË˜ TÔÈ¯ÔÔÈ˝·˜… 207



º·›ÓÂÙ·È, fiÙÈ ÙÔ ·Ó¿ÁÏ˘ÊÔ ÙˆÓ ‰ÈÂÈÊ·ÓÂÈÒÓ (ÙÔ ÔÔ›Ô Î·È Î·ıÔÚ›˙ÂÈ ÙËÓ ·ÓÙ›ÛÙ·-
ÛË ÛÂ ÙÚÈ‚‹), ·ÚfiÏÔ Ô˘ ‰ËÌÈÔ˘ÚÁÂ›Ù·È Ù˘¯·›·, ÙfiÛÔ Î·Ù¿ ÙËÓ ‰È¿ÚÎÂÈ· Î·Ù·ÛÎÂ˘‹˜
ÙˆÓ ‰ÔÎÈÌ›ˆÓ fiÛÔ Î·Ù¿ ÙË ‰È¿ÚÎÂÈ· ÂÈ‚ÔÏ‹˜ ÙˆÓ ÌÂÙ·ÎÈÓ‹ÛÂˆÓ, ·ÔÙÂÏÂ› ÙÂÏÈÎ¿ ¤Ó·
¯·Ú·ÎÙËÚÈÛÙÈÎfi ÙˆÓ ˘ÏÈÎÒÓ ÙË˜ ÙÔÈ¯ÔÔÈ˝·˜. ∆Ô ›‰ÈÔ Ê·ÈÓfiÌÂÓÔ ¤¯ÂÈ ÂÍ¿ÏÏÔ˘ ·Ú·-
ÙËÚËıÂ› Î·È Î·Ù¿ ÙËÓ ·Ó¿Ù˘ÍË ÙÔ˘ ÌË¯·ÓÈÛÌÔ‡ ÙÚÈ‚‹˜ ÛÂ ‰ÈÂÈÊ¿ÓÂÈÂ˜ "Ê˘ÛÈÎÒÓ"
ÚˆÁÌÒÓ ·fiÏÔ˘ ÛÎ˘ÚÔ‰¤Ì·ÙÔ˜ (‚Ï. Tassios Î·È Vintzileou 1987). 

4. ™˘ÌÂÚ¿ÛÌ·Ù·

™‡ÌÊˆÓ· ÌÂ Ù· ÂÈÚ·Ì·ÙÈÎ¿ ·ÔÙÂÏ¤ÛÌ·Ù· Ô˘ ·ÚÔ˘ÛÈ¿ÛÙËÎ·Ó ÛÂ ·˘Ù‹ ÙËÓ ÂÚ-
Á·Û›· Â›Ó·È ‰˘Ó·ÙfiÓ Ó· ÂÍ·¯ıÔ‡Ó Ù· ·ÎfiÏÔ˘ı· Û˘ÌÂÚ¿ÛÌ·Ù·:

1. ∆Ô Ê·ÈÓfiÌÂÓÔ ÙË˜ ÙÚÈ‚‹˜ Ï›ÓıÔ˘ - ÎÔÓÈ¿Ì·ÙÔ˜ ÙˆÓ ÔÚÈ˙ÔÓÙ›ˆÓ ·ÚÌÒÓ Ê·›ÓÂÙ·È
fiÙÈ Î·ıÔÚ›˙ÂÙ·È ·fi ÙËÓ ÛËÌ·ÓÙÈÎ‹ ÂÌÏÔÎ‹ ÙÔ˘ ÎÔÓÈ¿Ì·ÙÔ˜ Î·È ÙˆÓ ÔÚıfiÙÚ˘-
ˆÓ Ï›ÓıˆÓ, Ë ÔÔ›· Ô‰ËÁÂ› ÛÙËÓ ·‡ÍËÛË ÙË˜ ·Ú¯ÈÎ‹˜ "Û˘ÓÔ¯‹˜" ˘fi ÌË‰ÂÓÈÎ‹
ÌÂÙ·Î›ÓËÛË, ÂÓÒ ÌÂÙ¿ ÙËÓ ¤Ó·ÚÍË ÙË˜ ÔÏ›ÛıËÛË˜ ÚÔÎ·ÏÂ› ‰Â˘ÙÂÚÔÁÂÓÒ˜ ÌÈ· Î·-
Ù¿ÛÙ·ÛË ÙÂ¯ÓËÙ‹˜ "Û˘ÓÔ¯‹˜", ‰È·ÊÔÚÔÔÈÒÓÙ·˜ ÙËÓ Û˘ÌÂÚÈÊÔÚ¿ ÙˆÓ ‰ÈÂÈÊ·-
ÓÂÈÒÓ ÛÂ Û¯¤ÛË ÌÂ ·˘Ù¤˜ ÙÔ˘ √ÏÈÛÌ¤ÓÔ˘ ™Î˘ÚÔ‰¤Ì·ÙÔ˜.

2. ∏ ÙÈÌ‹ ÙË˜ Ì¤ÁÈÛÙË˜ ‰È·ÙÌËÙÈÎ‹˜ Ù¿ÛË˜, ÙfiÛÔ Î·Ù¿ ÙËÓ ÛÙ·ÙÈÎ‹ fiÛÔ Î·È Î·Ù¿ ÙËÓ
ÎÈÓËÌ·ÙÈÎ‹ Ê¿ÛË, ·˘Í¿ÓÂÙ·È ÌÂ ÙËÓ ·‡ÍËÛË ÙË˜ ÂÁÎ¿ÚÛÈ· ÂÈ‚·ÏÏfiÌÂÓË˜ ıÏÈÙÈ-
Î‹˜ Ù¿ÛË˜. ∂ÓÙÔ‡ÙÔÈ˜ ‰È·ÈÛÙÒıËÎÂ fiÙÈ Ô ·Ó·Ù˘ÛÛfiÌÂÓÔ˜ Û˘ÓÙÂÏÂÛÙ‹˜ ÙÚÈ‚‹˜
ÂÚÈÔÚ›˙ÂÙ·È ·fi ÙËÓ ıÏÈÙÈÎ‹ ·ÓÙÔ¯‹ ÙˆÓ ÓÂ˘ÚÒÛÂˆÓ ÙˆÓ Ï›ÓıˆÓ ÛÂ ‰ÈÂ‡ı˘Ó-
ÛË ·Ú¿ÏÏËÏË ÙË˜ ÂÈ‚·ÏÏfiÌÂÓË˜ ÌÂÙ·Î›ÓËÛË˜. ∞˘Ùfi ÈÛ¯‡ÂÈ È‰È·›ÙÂÚ· ÁÈ· ÙÈ˜
Ï›ÓıÔ˘˜ Ô˘ ¯ÚËÛÈÌÔÔÈ‹ıËÎ·Ó ÛÙÔ Û˘ÁÎÂÎÚÈÌ¤ÓÔ ÂÈÚ·Ì·ÙÈÎfi ÚfiÁÚ·ÌÌ·, ÔÈ
ÔÔ›Â˜ ·Ô‰Â›¯ÙËÎ·Ó È‰È·›ÙÂÚ· „·ı˘Ú¤˜. ∞Ó·Ì¤ÓÂÙ·È ÏÔÈfiÓ ÌÈ· ‚ÂÏÙÈˆÌ¤ÓË Û˘-
ÌÂÚÈÊÔÚ¿ ÙÔ˘ ÌË¯·ÓÈÛÌÔ‡ ÛÙËÓ ÂÚ›ÙˆÛË ¯ÚËÛÈÌÔÔ›ËÛË˜ ÏÈÁfiÙÂÚÔ „·ı˘ÚÒÓ
Ï›ÓıˆÓ. ∏ ÙÈÌ‹ ÙÔ˘ ·Ó·Ù˘ÛÛfiÌÂÓÔ˘ Û˘ÓÙÂÏÂÛÙ‹ ÙÚÈ‚‹˜ Î·Ù¿ ÙËÓ Â›ÙÂ˘ÍË ÙË˜
Ì¤ÁÈÛÙË˜ ‰È·ÙÌËÙÈÎ‹˜ Ù¿ÛË˜ ‚Ú¤ıËÎÂ Ó· Â›Ó·È ÙË˜ Ù¿ÍË˜ ÙÔ˘ 0,3, ÙfiÛÔ Î·Ù¿ ÙËÓ
ÛÙ·ÙÈÎ‹ fiÛÔ Î·È Î·Ù¿ ÙËÓ ÎÈÓËÌ·ÙÈÎ‹ Ê¿ÛË.
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∞Ô‰Ô¯‹ ·ÈÔÏÈÎÒÓ ¿ÚÎˆÓ ·Ô ÙÈ˜ ÙÔÈÎ¤˜
ÎÔÈÓˆÓ›Â˜ - ∏ ÂÓËÌ¤ÚˆÛË & Ë «Û˘ÌÌÂÙÔ¯‹» ÙˆÓ
ÔÏÈÙÒÓ ı· Û˘Ì‚¿ÏÏÔ˘Ó ·ÔÊ·ÛÈÛÙÈÎ¿ ÛÙËÓ
·Ó¿Ù˘ÍË ÙˆÓ ∞¶∂

™È¿¯Ô˜ ¢ËÌ‹ÙÚË˜

¶ÂÚ›ÏË„Ë

√ ÂÚÛÈÓfi˜ ıÂÚÌfi˜ ¯ÂÈÌÒÓ·˜ -Ô ıÂÚÌfiÙÂÚÔ˜ ÙˆÓ ÙÂÏÂ˘Ù·›ˆÓ 100 ¯ÚfiÓˆÓ-, ÌÂ ÙÈ˜
ÂÓÙ˘ˆÛÈ·Î¤˜ Û˘Ó¤ÂÈÂ˜ ÛÙË Û˘ÌÂÚÈÊÔÚ¿ ÙË˜ Ê˘ÛÈÎÔ‡ ÂÚÈ‚¿ÏÏÔÓÙÔ˜ ·ÏÏ¿ Î·È ÙËÓ
ÔÏ‡ ·ÓËÛ˘¯ËÙÈÎ‹ ÏÂÈ„˘‰Ú›· Ô˘ ·ÂÈÏÂ› ‹‰Ë ÌÂÁ¿ÏÂ˜ ÂÚÈÔ¯¤˜ ÙË˜ ¯ÒÚ·˜ Ì·˜, ·Ô-
ÙÂÏÂ› ·‰È¿„Â˘ÛÙË ·fi‰ÂÈÍË fiÙÈ Ô Ï·Ó‹ÙË˜ Ì·˜ ¤¯ÂÈ ËÌÂÚÔÌËÓ›· Ï‹ÍÂˆ˜ Î·È fiÙÈ ·Ó ‰ÂÓ
·Ó·Ï¿‚Ô˘ÌÂ ¿ÌÂÛ· ‰Ú¿ÛË, ÛÂ Ï›ÁÔ ı· Â›Ó·È ÔÏ‡ ·ÚÁ¿..  

∏ ∂˘Úˆ·˚Î‹ ŒÓˆÛË, ÌÂ ‚¿ÛË ÙÈ˜ ·ÔÊ¿ÛÂÈ˜ ÙÔ˘ ∫ÈfiÙÔ, Û˘Ó¤Ù·ÍÂ ÙË «§Â˘Î‹ µ›-
‚ÏÔ» ÁÈ· ÙÈ˜ ∞Ó·ÓÂÒÛÈÌÂ˜ ¶ËÁ¤˜ ∂Ó¤ÚÁÂÈ·˜, ÛÙÔ¯Â‡ÔÓÙ·˜ Ì¤¯ÚÈ ÙÔ 2010 ÛÙÔ ‰ÈÏ·ÛÈ·-
ÛÌfi ÙË˜ Û˘ÓÂÈÛÊÔÚ¿˜ ÙÔ˘˜ ÛÙÔ 12% ÙÔ˘ ÂÓÂÚÁÂÈ·ÎÔ‡ ÈÛÔ˙˘Á›Ô˘ ÙË˜ ∂.∂. (·fi 6% Ô˘
‹Ù·Ó ÙÔ 1995).

¢˘ÛÙ˘¯Ò˜, ·Ú¿ ÙÔ fiÙÈ ‚ÚÈÛÎfiÌ·ÛÙÂ ÔÏ‡ ÎÔÓÙ¿ ÛÙÔ 2010, Ë ¯ÒÚ· Ì·˜ ‚Ú›ÛÎÂÙ·È
ÔÏ‡ Ì·ÎÚÈ¿ ·fi ÙÔÓ ·Ú¯ÈÎfi ÙË˜ ÛÙfi¯Ô. ∏ ∂ÏÏ¿‰· ·Ú¿ ÙÔ ÏÔ‡ÛÈÔ ∏ÏÈ·Îfi Î·È ∞ÈÔ-
ÏÈÎfi ÙË˜ ‰˘Ó·ÌÈÎfi ‚Ú¤ıËÎÂ Ó· Â›Ó·È ·ÓÙ› ÁÈ· ¶ÚˆÙÔfiÚÔ˜, √˘Ú·Áfi˜ ÛÙËÓ ·ÍÈÔÔ›ËÛË
ÙˆÓ ∞¶∂. ∞ÈÛÈÔ‰ÔÍÔ‡ÌÂ ‚¤‚·È· fiÙÈ Ô ¡.3468/06 ı· ‰ÒÛÂÈ Î›ÓËÙÚ· ÁÈ· ÙËÓ ·Ó¿Ù˘ÍË
ÙˆÓ ∞¶∂. 

∂ÎÙfi˜ fiÌˆ˜ ·fi ÙËÓ ÔÏ˘ÏÔÎfiÙËÙ· ÙË˜ ¡ÔÌÔıÂÛ›·˜ Î·È ÙËÓ ¤ÏÏÂÈ„Ë ÎÈÓ‹ÙÚˆÓ ÁÈ·
ÙËÓ ·Ó¿Ù˘ÍË ∞¶∂ Î·Ù¿ ÙËÓ ÙÂÏÂ˘Ù·›· ÂÙ·ÂÙ›·, ı· Ú¤ÂÈ Ó· ·Ó·˙ËÙ‹ÛÔ˘ÌÂ Î·È ·Ï-
ÏÔ‡ ÙÔ˘˜ ÏfiÁÔ˘˜ ÙË˜  ‰˘ÛÎÔÏ›·˜ ÛÙËÓ ·Ó¿Ù˘ÍË ÙˆÓ ∞¶∂ ÛÙË ¯ÒÚ· Ì·˜. ™Â ÌÂÁ¿ÏÔ
‚·ıÌfi ÔÈ ÙÔÈÎ¤˜ ÎÔÈÓˆÓ›Â˜ ·ÓÙ› Ó· ·ÁÎ·ÏÈ¿ÛÔ˘Ó ÙÔ ÂÁ¯Â›ÚËÌ· ÙË˜ ÂÁÎ·Ù¿ÛÙ·ÛË˜
ÛÙ·ıÌÒÓ ∞¶∂ ÛÙÈ˜ ÂÚÈÔ¯¤˜ ÙÔ˘˜, ‚Ú¤ıËÎ·Ó Ó· Â›Ó·È ÔÏ¤ÌÈÂ˜ ÛÂ Î¿ıÂ Û¯ÂÙÈÎ‹ ÚÔ-
Û¿ıÂÈ·.

™Ù· Ï·›ÛÈ· ÙË˜ ÚÔÛ¿ıÂÈ·˜ Ó· Î·Ù·ÁÚ¿„Ô˘ÌÂ ÙÔ˘˜ ÏfiÁÔ˘˜ Ô˘ Î¿ÓÔ˘Ó ÙÈ˜ ÙÔ-
ÈÎ¤˜ ÎÔÈÓˆÓ›Â˜ Ó· ·ÓÙÈ‰ÚÔ‡Ó, ÙÔ Î·ÏÔÎ·›ÚÈ ÙÔ˘ 2006 Ú·ÁÌ·ÙÔÔÈ‹Û·ÌÂ ÂÈÙfiÈ·
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¤ÚÂ˘Ó· ÛÂ ÙÚÂÈ˜ ÓÔÌÔ‡˜ ÙË˜ ∂ÏÏ¿‰Ô˜: ÙËÓ ∂‡‚ÔÈ· Î·È ÙÔ §·Û›ıÈ (¡ÔÌÔ› fiÔ˘ ÏÂÈÙÔ˘Ú-
ÁÔ‡Ó ∞ÈÔÏÈÎ¿ ¶¿ÚÎ·) Î·È ÙË §·ÎˆÓ›· fiÔ˘ ·Ú¿ ÙÔ fiÙÈ ¤¯Ô˘Ó ‰ÔıÂ› Û¯ÂÙÈÎ¤˜ ¿‰ÂÈÂ˜,
ÔÈ ÙÔÈÎ‹ ÎÔÈÓˆÓ›· ¤¯ÂÈ ·ÔÙÚ¤„ÂÈ ÙËÓ ÂÁÎ·Ù¿ÛÙ·ÛË ·ÓÂÌÔÁÂÓÓËÙÚÈÒÓ. 

∞fi ÙËÓ ÂÂÍÂÚÁ·Û›· ÙˆÓ ·ÔÙÂÏÂÛÌ¿ÙˆÓ ÙË˜ ¤ÚÂ˘Ó·˜ Î·Ù·Ï·‚·›ÓÔ˘ÌÂ fiÙÈ Â¿Ó Â›-
¯·Ó ÚÔËÁËıÂ› ÚÔÛÂÎÙÈÎ¤˜ ¯ˆÚÔÙ·ÍÈÎ¤˜ ÌÂÏ¤ÙÂ˜ ·ÏÏ¿ Î·È ˘ÔÌÔÓÂÙÈÎ‹ ÂÓËÌ¤ÚˆÛË
ÙˆÓ ÙÔÈÎÒÓ ÎÔÈÓˆÓÈÒÓ ÁÈ· Ù· ÔÊ¤ÏË ÙË˜ ¯Ú‹ÛË˜ ÙË˜ ·ÈÔÏÈÎ‹˜ ÂÓ¤ÚÁÂÈ·˜ ·ÏÏ¿ Î·È ÁÈ·
ÙÈ˜ ÂÈÙÒÛÂÈ˜ Ô˘ ÌÔÚÂ› Ó· ¤¯Ô˘Ó ÔÈ ÂÊ·ÚÌÔÁ¤˜ ÙË˜, fiÏ· Ù· ÚÔ‚Ï‹Ì·Ù· Ô˘ ÂÌÊ·-
Ó›˙ÔÓÙ·È Û‹ÌÂÚ· ÏfiÁˆ ÙˆÓ ·ÓÙÈ‰Ú¿ÛÂˆÓ Î·Ù¿ ÙË˜ ·Ú·ÁˆÁ‹˜ ÂÓ¤ÚÁÂÈ·˜ ·fi ∞¶∂ ı·
Â›¯·Ó ÍÂÂÚ·ÛÙÂ›, ÌÂ ·ÔÙ¤ÏÂÛÌ· ÔÈ ∞¶∂ Ó· Û˘Ì‚¿ÏÏÔ˘Ó ·ÔÊ·ÛÈÛÙÈÎfiÙÂÚ· fi¯È ÌfiÓÔ
ÛÙËÓ Î·ÙÂ‡ı˘ÓÛË ÙË˜ ÚÔÛÙ·Û›·˜ ÙÔ˘ ÂÚÈ‚¿ÏÏÔÓÙÔ˜ Î·È ÙËÓ Â›ÙÂ˘ÍË ÙˆÓ ÛÙfi¯ˆÓ ÙÔ˘
∫ÈfiÙÔ, ·ÏÏ¿ Î·È ÛÙËÓ ·Ó¿Ù˘ÍË ÙË˜ ÂÚÈÊ¤ÚÂÈ·˜, fiˆ˜ Î·È ÙËÓ ÂÓ›Û¯˘ÛË ÙË˜ ∂ıÓÈÎ‹˜
Ì·˜ √ÈÎÔÓÔÌ›·˜.

Abstract

The last year’s hot winter –was the hottest of the last 100 years -, with the impressive
consequences in the behaviour of natural environment, but also the very concerning
water shortage that threatens already big regions of our country, it constitutes irrefutable
proof that our planet has date of expiry and that if we do not undertake immediately
action, in little it will be very late..

The European Union, with base the Kyoto’s decisions, drew up "White Bible" on the
Renewable Sources of Energy, aiming up to 2010 in the doubling of their contribution in
the 12% of energy balance of EU (from 6% in 1995). 

Unfortunately, despite that we are very near in 2010, our country is very long by our
initial objective. Greece despite the rich Solar and Aeolian potential is now one of the last
countries of EU in the exploitation of APE. We hope that the N.3468/06 will give motives
for the development of APE.

Besides the complexity of Legislation and the lack of motives for the development of
APE at the last seven-year period, we must also search other reasons of difficulty in the
development of APE in our country.

The local societies are very unfriendly for the installation of stations APE in their regions.
The summer of 2006, we tried to record and study the reasons that make the local

societies react, we make a field research in three regions of Greece: Evia, Lasithi (Regions
where Aeolian Parks function) and Lakonia where the local society has deterred the
installation of wind generators, despite the license of installation.

From the treatment of research’s results we understand that if the government had
made careful land-planning studies, and patient briefing of local societies on the public
benefit and effects of using Aeolian energy, all the problems (from local society reaction)
would have exceeded, with result the APE contribute decisively not only in the direction

212 EÈÛÙËÌÔÓÈÎ‹ EÂÙËÚ›‰· EÊ·ÚÌÔÛÌ¤ÓË˜ ŒÚÂ˘Ó·˜, Vol. XπII, No 1, 2008



of environment’s protection and the achievement of objectives of Kyoto, but also in the
regional development, and the aid of the National Economy.

§¤ÍÂÈ˜ ∫ÏÂÈ‰È¿: ¶ÂÚÈ‚¿ÏÏÔÓ, ∞ÈÔÏÈÎ¿ ¶¿ÚÎ·, ∞Ô‰Ô¯‹ ÙÔÈÎÒÓ ∫ÔÈÓˆÓÈÒÓ, Û‡Ó‰ÚÔ-
ÌÔ NIMBY, ∞Ó¿Ù˘ÍË 

ŒÚÂ˘Ó·

™ÙËÓ ∂‡‚ÔÈ· Û˘ÁÎÂÓÙÚÒıËÎ·Ó 74 ÂÚˆÙËÌ·ÙÔÏfiÁÈ· (¶fiÏË ∫·Ú‡ÛÙÔ˘ 15, ∫·Ï‡‚È·
∫·Ú‡ÛÙÔ˘ 10, ∫ÔÈÓfiÙËÙ· ∫·ÊËÚ¤· 7, ¡.™Ù‡Ú· 5, ÂÚÈÔ¯‹ ∫ÂÊ·Ï¿˜ 3, ¶ÔÏ˘fiÙ·ÌÔ˜
2, ™Ù‡Ú· 5, ª·ÚÌ¿ÚÈ 10, ∫ÚÈÂ˙¿ 6, ∑¿Ú·ÎÂ˜ 6, ¶·Ú·Ï›· ∑·Ú¿ÎˆÓ 5   

∞ÓÙ›ÛÙÔÈ¯· ÛÙÔ ¡ÔÌfi §·ÛÈı›Ô˘ Û˘ÁÎÂÓÙÚÒıËÎ·Ó 50 ÂÚˆÙËÌ·ÙÔÏfiÁÈ· (∞Á. ¡ÈÎfiÏ·-
Ô˜ 10, ∂ÏÔ‡ÓÙ· 10, ™ËÙÂ›· 25, ¶·Ï·ÈfiÎ·ÛÙÚÔ 5).

™ÙÔ ¡ÔÌfi §·ÎˆÓ›·˜ ÛÙËÓ ¤ÚÂ˘Ó· ¤Ï·‚·Ó Û˘ÓÔÏÈÎ¿ 55 ¿ÙÔÌ·: (ªÔÏ¿ÔÈ 20, ªÔÓÂÌ-
‚¿ÛÈ· 10, §ÈÚ¿-∂ÏÏËÓÈÎfi 5, ¡Â¿ÔÏË 15, ƒÂÈ¯¤· 5).

1.·. µ·ıÌfi˜ ·Ô‰Ô¯‹˜ ∞ÈÔÏÈÎÒÓ ¶¿ÚÎˆÓ ÛÂ ÂÚÈÔ¯¤˜ ÏÂÈÙÔ˘ÚÁ›·˜

∞Ú¯ÈÎ¿ ÛÙ· ∂ÚˆÙËÌ·ÙÔÏfiÁÈ· ÌÂÙÚ‹ıËÎÂ Ô ‚·ıÌfi˜ ·Ô‰Ô¯‹˜ ÙˆÓ ∞ÈÔÏÈÎÒÓ ¶¿Ú-
ÎˆÓ ÛÙËÓ ÂÚÈÔ¯‹ ÌÂÏ¤ÙË˜. 

∞Ú¯ÈÎ¿ ·ÚÔ˘ÛÈ¿˙ÔÓÙ·È Ù· ·ÔÙÂÏ¤ÛÌ·Ù· ÙË˜ ÌÂÏ¤ÙË˜ ÛÙÈ˜ ÂÚÈÔ¯¤˜ fiÔ˘ ÏÂÈÙÔ˘Ú-
ÁÔ‡Ó ∞ÈÔÏÈÎ¿ ¶¿ÚÎ· Î·È ÛÙË Û˘Ó¤¯ÂÈ· ÛÙÈ˜ ÂÚÈÔ¯¤˜ fiÔ˘ ‰ÂÓ ÏÂÈÙÔ˘ÚÁÔ‡Ó ·ÎfiÌ·:

™¯‹Ì· 1. ∞Ô‰Ô¯‹ ∞ÈÔÏÈÎÒÓ ¶¿ÚÎˆÓ

Ÿˆ˜ ‚Ï¤Ô˘ÌÂ ·Ó¿ÌÂÛ· ÛÙÈ˜ ‰‡Ô ÂÚÈÔ¯¤˜ Ô˘ ÂÍÂÙ¿˙Ô˘ÌÂ ˘¿Ú¯ÂÈ ÔÏ‡ ÌÂÁ¿ÏË
‰È·ÊÔÚ¿ ÛÙÔ ‚·ıÌfi ·Ô‰Ô¯‹˜ ÙˆÓ ∞ÈÔÏÈÎÒÓ ¶¿ÚÎˆÓ, ‰ÂÓ Â›Ó·È Ù˘¯·›Ô fiÙÈ ÛÙËÓ ∫Ú‹-
ÙË ‰ÂÓ Û˘Ó·ÓÙ¿ÌÂ Î·Ì›· ·ÚÓËÙÈÎ‹ ¿Ô„Ë ÛÂ ·ÓÙ›ıÂÛË ÌÂ ÙËÓ ∂‡‚ÔÈ· fiÔ˘ ÔÈ ·ÚÓËÙÈ-
Î¤˜ Î·È ÔÏ‡ ·ÚÓËÙÈÎ¤˜ ·fi„ÂÈ˜ ÍÂÂÚÓÔ‡Ó ÙÔ 32%.
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∆Ô˘˜ ÏfiÁÔ˘˜ ÁÈ· ÙËÓ ÛÙ¿ÛË ·˘Ù‹ ÙˆÓ Î·ÙÔ›ÎˆÓ ÙˆÓ ‰‡Ô ÂÚÈÔ¯ÒÓ ÙÔ˘˜ ·Ó·Ï‡Ô˘ÌÂ
ÈÔ Î¿Óˆ Î·È ‰ÂÓ Â›Ó·È ‰‡ÛÎÔÏÔ Ó· ÙÔ˘˜ Î·Ù·ÓÔ‹ÛÔ˘ÌÂ.  

1.‚. µ·ıÌfi˜ ·Ô‰Ô¯‹˜ ÙË˜ ÚfiÙ·ÛË˜ ÁÈ· ÂÁÎ·Ù¿ÛÙ·ÛË ∞ÈÔÏÈÎÔ‡ ¶¿ÚÎÔ˘ ÛÂ

ÂÚÈÔ¯‹ ÌË ÏÂÈÙÔ˘ÚÁ›·˜

™¯‹Ì· 2. ∞Ô‰Ô¯‹ ÙË˜ ÚÔÔÙÈÎ‹˜ ÂÁÎ·Ù¿ÛÙ·ÛË˜ ∞ÈÔÏÈÎÔ‡ ¶¿ÚÎÔ˘

∏ ÙÔÈÎ‹ ÎÔÈÓˆÓ›· Â›Ó·È ÛÙËÓ ÏÂÈÔÓfiÙËÙ¿ ÙË˜ Ô˘‰¤ÙÂÚË ·¤Ó·ÓÙÈ ÛÙËÓ È‰¤· ÂÁÎ·-
Ù¿ÛÙ·ÛË˜ ·ÈÔÏÈÎÔ‡ ¿ÚÎÔ˘ ÛÙËÓ ÂÚÈÔ¯‹. ∫·Ù·ÁÚ¿ÊÂÙ·È fiÌˆ˜ ¤Ó· ÌÂÁ¿ÏÔ ÔÛÔÛÙfi
(36,4%) Ô˘ ‰ËÏÒÓÂÈ ·ÚÓËÙÈÎfi ·¤Ó·ÓÙÈ ÛÂ ÌÈ· Ù¤ÙÔÈ· ÚÔÔÙÈÎ‹. ∂È‰ÈÎ¿ ÛÙÈ˜ ÂÚÈÔ-
¯¤˜ fiÔ˘ Ê·›ÓÂÙ·È fiÙÈ ÙÔ ·ÈÔÏÈÎfi ¿ÚÎÔ ı· Â›Ó·È ÔÏ‡ ÎÔÓÙ¿ ÔÈ ·ÓÙÈ‰Ú¿ÛÂÈ˜ Î·Ù·-
ÁÚ¿ÊÔÓÙ·È ˆ˜ ÔÏ‡ ·ÚÓËÙÈÎ¤˜ ÛÂ ‚·ıÌfi 100%. ™ÙÈ˜ ˘fiÏÔÈÂ˜ fiÌˆ˜ ÂÚÈÔ¯¤˜ ÔÈ ıÂÙÈ-
Î¤˜ Î·È ÔÈ ·ÚÓËÙÈÎ¤˜ ·fi„ÂÈ˜ Ê·›ÓÂÙ·È fiÙÈ Â›Ó·È ÌÔÈÚ·ÛÌ¤ÓÂ˜.

1.Á. ŒÚÂ˘Ó· ÁÈ· ÙÔ Î·Ù¿ fiÛÔ ¤¯ÂÈ ÂÓËÌÂÚˆıÂ› Ë ÙÔÈÎ‹ ÎÔÈÓˆÓ›·.

™¯‹Ì· 3. ¶ÔÈÔÈ Â›¯·Ó ÂÓËÌÂÚˆıÂ› ÚÈÓ ÙËÓ ÂÁÎ·Ù¿ÛÙ·ÛË ÙˆÓ ∞/°

µÏ¤Ô˘ÌÂ fiÙÈ ÛÙËÓ ∂‡‚ÔÈ· Û¯Â‰fiÓ ÙÔ 26% ÙˆÓ Î·ÙÔ›ÎˆÓ ‰ËÏÒÓÂÈ fiÙÈ Î·ÓÂ›˜ ‰ÂÓ Â›-
¯Â ÂÓËÌÂÚˆıÂ› ÚÈÓ ÙËÓ ÂÁÎ·Ù¿ÛÙ·ÛË ÙˆÓ ¿ÚÎˆÓ, ÂÓÒ ÛÙËÓ ∫Ú‹ÙË Î·ÓÂ›˜ ‰ÂÓ Ì·˜ ¤‰ˆ-
ÛÂ ·ÓÙ›ÛÙÔÈ¯Ë ·¿ÓÙËÛË, ‰›ÓÔÓÙ¿˜ Ì·˜ Ì›· ·ÎfiÌË ÂÍ‹ÁËÛË ÙË˜ ·ÚÓËÙÈÎ‹˜ ÛÙ¿ÛË˜ ÙˆÓ
ÔÏÈÙÒÓ ÛÙËÓ ∂‡‚ÔÈ·.    
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1.‰. ŒÚÂ˘Ó· ÁÈ· ÙÔ Î·Ù¿ fiÛÔ ¤¯ÂÈ ÂÓËÌÂÚˆıÂ› Ë ÙÔÈÎ‹ ÎÔÈÓˆÓ›· ÛÂ ÂÚÈÔ¯¤˜

Ô˘ ‰ÂÓ ¤¯ÂÈ ÂÁÎ·Ù·ÛÙ·ıÂ› ·ÎfiÌ· ·ÈÔÏÈÎfi ¿ÚÎÔ.

™¯‹Ì· 4. ¶ÔÈÔÈ ¤¯Ô˘Ó ÂÓËÌÂÚˆıÂ› ÁÈ· ÙËÓ ÚfiÙ·ÛË ÂÁÎ·Ù¿ÛÙ·ÛË˜

·ÈÔÏÈÎÒÓ ¿ÚÎˆÓ ÛÙËÓ ÂÚÈÔ¯‹.

∏ ÌÂÁ¿ÏË ÏÂÈÔÓfiÙË˜ ÙÔ˘ ÎfiÛÌÔ˘ (67%) ‰ËÏÒÓÂÈ ¿ÁÓÔÈ·, ÂÓÒ ·˘ÙÔ› Ô˘ ‰ËÏÒÓÔ˘Ó
Î·ÙËÁÔÚËÌ·ÙÈÎ¿ fiÙÈ Î·ÓÂ›˜ ‰ÂÓ ¤¯ÂÈ ÂÓËÌÂÚˆıÂ› Â›Ó·È Û·ÊÒ˜ ÂÚÈÛÛfiÙÂÚÔÈ (9%) ·˘ÙÒÓ
Ô˘ ‰ËÏÒÓÔ˘Ó fiÙÈ fiÏÔÈ Â›Ó·È ÂÓËÌÂÚˆÌ¤ÓÔÈ (2%).

∂›Ó·È ÚÔÊ·Ó¤˜ fiÙÈ ÙÔ ÌÂÁ¿ÏÔ ÔÛÔÛÙfi Ô˘ ‰ËÏÒÓÂÈ fiÙÈ ‰ÂÓ ¤¯ÂÈ ÂÓËÌÂÚˆıÂ›, ‰›ÓÂÈ
ÌÈ· ÂÍ‹ÁËÛË ÁÈ· ÙËÓ ·ÚÓËÙÈÎ‹ ÛÙ¿ÛË ÙË˜ ÙÔÈÎ‹˜ ÎÔÈÓˆÓ›·˜. 

1.Â. ŒÚÂ˘Ó· ÙÔ˘ Î·Ù¿ fiÛÔ ÁÓÒÚÈ˙·Ó ÔÈ Î¿ÙÔÈÎÔÈ ÙÈ ÛËÌ·›ÓÂÈ ∞ÈÔÏÈÎfi ¿ÚÎÔ

Î·È ∞ÈÔÏÈÎ‹ ÂÓ¤ÚÁÂÈ· ÚÈÓ ÙËÓ ÂÁÎ·Ù¿ÛÙ·ÛË ÙˆÓ ∞ÓÂÌÔÁÂÓÓËÙÚÈÒÓ ÛÙËÓ

ÂÚÈÔ¯‹.

™¯‹Ì· 5. °ÓˆÚ›˙·ÙÂ ÙÈ ÛËÌ·›ÓÂÈ ∞ÈÔÏÈÎfi ¶¿ÚÎÔ Î·È ∞ÈÔÏÈÎ‹ ÂÓ¤ÚÁÂÈ·

ÚÈÓ ÙËÓ ÂÁÎ·Ù¿ÛÙ·ÛË ∞ÓÂÌÔÁÂÓÓËÙÚÈÒÓ ÛÙËÓ ÂÚÈÔ¯‹

™¯Â‰fiÓ ÙÔ 57% ÙÔ˘ ÎfiÛÌÔ˘ ‰ËÏÒÓÂÈ fiÙÈ ‰ÂÓ ‹ÍÂÚÂ Ù›ÔÙ· ÁÈ· ÙËÓ ·ÈÔÏÈÎ‹ ÂÓ¤ÚÁÂÈ·
Î·È Ù· ·ÈÔÏÈÎ¿ ¿ÚÎ· ÚÈÓ ÙËÓ ÂÁÎ·Ù¿ÛÙ·Û‹ ÙÔ˘˜ ÛÙËÓ ÂÚÈÔ¯‹. Ÿˆ˜ ‹Ù·Ó ·Ó·ÌÂÓfi-
ÌÂÓÔ ÙÔ ÔÛÔÛÙfi ·˘ÙÒÓ Ô˘ ‰ËÏÒÓÔ˘Ó Ï‹ÚË ¿ÁÓÔÈ· ÚÈÓ ÙËÓ ÂÁÎ·Ù¿ÛÙ·ÛË Â›Ó·È Ô-
Ï‡ ÌÂÁ·Ï‡ÙÂÚÔ ÛÙËÓ ∂‡‚ÔÈ· (62,2%) ¤Ó·ÓÙÈ 48% ÛÙËÓ ∫Ú‹ÙË.
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1.˙. ¶ˆ˜ ‰È·ÌÔÚÊÒÓÂÙ·È Ë ÁÓÒÌË ÙÔ˘ ÎfiÛÌÔ˘ ÁÈ· Ù· ∞ÈÔÏÈÎ¿ ¶¿ÚÎ· Ï›ÁÔ˘˜

Ì‹ÓÂ˜ ÌÂÙ¿ ÙËÓ ÏÂÈÙÔ˘ÚÁ›· ÙÔ˘˜. 

™¯‹Ì· 6: ¢È·ÌfiÚÊˆÛË ÎÔÈÓ‹˜ ÁÓÒÌË˜ ÁÈ· Ù· ∞ÈÔÏÈÎ¿ ¶¿ÚÎ· Ï›ÁÔ˘˜ Ì‹ÓÂ˜

ÌÂÙ¿ ÙËÓ ÏÂÈÙÔ˘ÚÁ›· ÙÔ˘˜

∏ ÂÚÒÙËÛË ·˘Ù‹ ¤ÁÈÓÂ ÁÈ· Ó· ÌÔÚ¤ÛÔ˘ÌÂ Ó· Û˘ÁÎÚ›ÓÔ˘ÌÂ Ù· ·ÔÙÂÏ¤ÛÌ·Ù· ÙË˜
¤ÚÂ˘Ó¿˜ ÌÂ ·˘Ù¿ ·ÓÙ›ÛÙÔÈ¯Ë˜ ¤ÚÂ˘Ó·˜ ÛÙË ¢·Ó›· fiÔ˘ Ê·ÈÓfiÙ·Ó Ë ÎÔÈÓ‹ ÁÓÒÌË Ó· Á›-
ÓÂÙ·È ÈÔ ıÂÙÈÎ‹ ÌÂÙ¿ ÙËÓ ¤Ó·ÚÍË ÙË˜ ÏÂÈÙÔ˘ÚÁ›·˜ ÙÔ˘ ¿ÚÎÔ˘ ÂÓÒ Â›¯Â ÂÈ‰ÂÈÓˆıÂ› ÛÙÔ
ÛÙ¿‰ÈÔ ÙË˜ ÂÁÎ·Ù¿ÛÙ·ÛË˜. 

∂‰Ò ÂÌÂ›˜ ‚Ï¤Ô˘ÌÂ fiÙÈ Ú¿ÁÌ·ÙÈ ÙÔ 21% ÙˆÓ ÂÚˆÙËı¤ÓÙˆÓ ‰ËÏÒÓÔ˘Ó fiÙÈ Ë ¿Ô„‹
ÙÔ˘˜ ‚ÂÏÙÈÒıËÎÂ, fiÌˆ˜ ÙÔ 12% ·˘ÙÒÓ Ô˘ ·¿ÓÙËÛ·Ó ·ÚÓËÙÈÎ¿ ÛÙËÓ ÚÔËÁÔ‡ÌÂÓË
ÂÚÒÙËÛË ÂÍ·ÎÔÏÔ˘ıÂ› Ó· ··ÓÙ¿ÂÈ ·ÚÓËÙÈÎ¿. °È· ¿ÏÏË ÌÈ· ÊÔÚ¿ ÙÔ Û‡ÓÔÏÔ ÙˆÓ ·ÚÓË-
ÙÈÎÒÓ ı¤ÛÂˆÓ ÚÔ¤Ú¯ÂÙ·È ·fi ÙËÓ ∂‡‚ÔÈ·.

1.ÛÙ. ∫·Ù·ÁÚ·Ê‹ ÁÈ· ÙÔ Â¿Ó ˘‹Ú¯·Ó ÎÈÓËÙÔÔÈ‹ÛÂÈ˜ ÛÙËÓ ÂÚÈÔ¯‹.

ªÂ ÙË ÛÂÈÚ¿ ÙË˜ Î·È ·˘Ù‹ Ë ÂÚÒÙËÛË Ì·˜ ÂÈ‚Â‚·ÈÒÓÂÈ Ù· Û˘ÌÂÚ¿ÛÌ·Ù· Ô˘ ¤¯Ô˘-
ÌÂ ‹‰Ë ‚Á¿ÏÂÈ Î·ıÒ˜ ÛÙËÓ ∫Ú‹ÙË ‰ÂÓ ˘‹ÚÍ·Ó Î·ıfiÏÔ˘ ·ÓÙÈ‰Ú¿ÛÂÈ˜ ÂÓÒ ÙÔ 30% ÙˆÓ
Î·ÙÔ›ÎˆÓ ‰ËÏÒÓÂÈ fiÙÈ Ë ÎÔÈÓ‹ ÁÓÒÌË ‹Ù·Ó ıÂÙÈÎ‹ ·¤Ó·ÓÙÈ ÛÙ· ∞ÈÔÏÈÎ¿ ¶¿ÚÎ·, ÛÙÔÓ
·ÓÙ›Ô‰· ÙÔ 31%  ÙˆÓ Î·ÙÔ›ÎˆÓ ÙË˜ ∂‡‚ÔÈ·˜ Ì·˜ Ì›ÏËÛÂ ÁÈ· ¤ÓÙÔÓÂ˜ ÎÈÓËÙÔÔÈ‹ÛÂÈ˜.

1.˙.ŒÚÂ˘Ó· ÁÈ· ÙËÓ ¿Ô„Ë ÙË˜ ÎÔÈÓ‹˜ ÁÓÒÌË˜ ÁÈ· ÙËÓ ÔÚÂ›· ÙÔ˘ ÙÔ˘ÚÈÛÌÔ‡

ÌÂÙ¿ ÙËÓ ÂÁÎ·Ù¿ÛÙ·ÛË ÙˆÓ ∞/°.  

√È ∞/° ‰ÂÓ ¤¯Ô˘Ó ÂÌÊ·Ó‹ Â›‰Ú·ÛË ÛÙÔÓ ÙÔ˘ÚÈÛÌfi ·Ú¿ ÙÔ fiÙÈ fiÏ· Ù· Ì¤ÚË Ô˘ ÂÈ-
ÛÎÂÊı‹Î·ÌÂ ‹Ù·Ó ·Ú·ı·Ï¿ÛÛÈ· Î·È È‰È·›ÙÂÚ· ÙÔ˘ÚÈÛÙÈÎ¿. ªÂ›ˆÛË ÙÔ˘ ÙÔ˘ÚÈÛÌÔ‡ Î·-
Ù·ÁÚ¿ÊÂÙ·È ÌfiÓÔ ÛÙÔ˘˜ ∑¿Ú·ÎÂ˜ fiÔ˘ Ù· ÚÔ‚Ï‹Ì·Ù· ·Ó·Ê¤ÚıËÎ·Ó Î·È ÚÔËÁÔ˘Ì¤-
Óˆ˜ ÌÂ ·ÔÎÔÚ‡ÊˆÛË ÙÈ˜ ·ÓÂÌÔÁÂÓÓ‹ÙÚÈÂ˜ ÙfiÛÔ ÎÔÓÙ¿ ÛÙËÓ ·Ú·Ï›·. 
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1.Ë. ŒÚÂ˘Ó· ÁÈ· ÙËÓ ¿Ô„Ë ÙË˜ ÎÔÈÓ‹˜ ÁÓÒÌË˜ ÁÈ· ÙËÓ ·Í›· ÙË˜ ÁË˜ ÌÂÙ¿ ÙËÓ

ÂÁÎ·Ù¿ÛÙ·ÛË ÙˆÓ ∞/°.

™¯‹Ì· 7: ÕÔ„Ë ÙË˜ ÎÔÈÓ‹˜ ÁÓÒÌË˜ ÁÈ· ÙËÓ ·Í›· ÙË˜ ÁË˜ ÌÂÙ¿ ÙËÓ ÂÁÎ·Ù¿ÛÙ·ÛË

ÙÔ˘ ∞ÈÔÏÈÎÔ‡ ¶¿ÚÎÔ˘

Ÿˆ˜ Â›Ó·È ·Ó·ÌÂÓfiÌÂÓÔ ¤Ó· ÔÛÔÛÙfi ¿Óˆ ·fi ÙÔ 20% ÙˆÓ ÔÏÈÙÒÓ ‰ÂÓ Ì·˜
··ÓÙ¿ ÛÂ ·˘Ù‹Ó ÙËÓ ÂÚÒÙËÛË Î·ıÒ˜ fiˆ˜ Â›‰·ÌÂ ÛÙËÓ ·Ú¯‹ ÙÔ 35% ÙˆÓ ÂÚˆÙËı¤ÓÙˆÓ
‰ÂÓ Ì¤ÓÔ˘Ó ÌfiÓÈÌ· ÛÙËÓ ÂÚÈÔ¯‹ Î·È ¤ÙÛÈ Â›Ó·È ÏÔÁÈÎfi Ó· ÌËÓ ÁÓˆÚ›˙Ô˘Ó.

°È· ¿ÏÏË Ì›· ÊÔÚ¿ Î·Ó¤Ó·˜ ‰ÂÓ ÌÈÏ¿ ÁÈ· ÌÂ›ˆÛË ÙË˜ ·Í›·˜ ÙË˜ ÁË˜ ÛÙËÓ ∫Ú‹ÙË ÂÓÒ
ÛÙËÓ ∂‡‚ÔÈ· ÙÔ ÔÛÔÛÙfi ·˘Ùfi Â›Ó·È 17,6%. ∂›Ó·È ·ÍÈÔÛËÌÂ›ˆÙÔ fiÙÈ ÛÙËÓ ∂‡‚ÔÈ· ˘¿Ú-
¯ÂÈ Î·È ¤Ó· 4% Ô˘ ÌÈÏ¿ ÁÈ· ·‡ÍËÛË ÙË˜ ·Í›·˜ ÙË˜ ÁË˜. ∞˘Ùfi ÙÔ ÔÛÔÛÙfi ÚÔÊ·ÓÒ˜ ·Ó·-
Ê¤ÚÂÙ·È ÛÙË ÁË Ë ÔÔ›· ÂÎÌÈÛıÒÓÂÙ·È ·fi ÙÔ˘˜ ÂÂÓ‰˘Ù¤˜ ÁÈ· ÙËÓ ÂÁÎ·Ù¿ÛÙ·ÛË ÙˆÓ ∞/°.

∞Ó Î·È Ë Û˘ÓÙÚÈÙÈÎ‹ ÏÂÈÔ„ËÊ›· ··ÓÙ¿ fiÙÈ Ë ·Í›· ÙË˜ ÁË˜ ‰ÂÓ ¿ÏÏ·ÍÂ, ÛÙÔ˘˜ ∑¿-
Ú·ÎÂ˜ Î·È ÛÙ· ™Ù˘Ú¿ ÙÔ ÔÛÔÛÙfi ·˘ÙÒÓ Ô˘ ··ÓÙÔ‡Ó fiÙÈ Ë ·Í›· ÙË˜ ÁË˜ ÙÔ˘˜ ÌÂÈÒ-
ıËÎÂ Â›Ó·È ¿Ú· ÔÏ‡ ÌÂÁ¿ÏÔ.

1.ı.ŒÚÂ˘Ó· ÁÈ· ÙËÓ ¿Ô„Ë ÙË˜ ÙÔÈÎ‹˜ ÎÔÈÓˆÓ›·˜ ÁÈ· Ù· ¤ÛÔ‰· Ô˘ ı· ÚÔ-

Î‡„Ô˘Ó ÌÂÙ¿ ÙË ÏÂÈÙÔ˘ÚÁ›· ÙÔ˘ ·ÈÔÏÈÎÔ‡ ¿ÚÎÔ˘.

™¯‹Ì· 8: ÕÔ„Ë ÙË˜ ÎÔÈÓ‹˜ ÁÓÒÌË˜ ÁÈ· Ù· ¤ÛÔ‰· ÙÔ˘ ‰‹ÌÔ˘

ÌÂÙ¿ ÙËÓ ÏÂÈÙÔ˘ÚÁ›· ÙÔ˘ ∞ÈÔÏÈÎÔ‡ ¶¿ÚÎÔ˘

∞Ô‰Ô¯‹ ·ÈÔÏÈÎÒÓ ¿ÚÎˆÓ ·fi ÙÈ˜ ÙÔÈÎ¤˜ ÎÔÈÓˆÓ›Â˜… 217



∏ ·ÚÓËÙÈÎ‹ ÛÙ¿ÛË ÌÂÁ¿ÏË˜ ÌÂÚ›‰·˜ ÙÔ˘ ÎfiÛÌÔ˘ ÛÙËÓ ∂‡‚ÔÈ· ÂÈ‚Â‚·ÈÒÓÂÙ·È Î·È ÛÂ
·˘Ùfi ÙÔ ÂÚˆÙËÌ·ÙÔÏfiÁÈÔ, fiÔ˘ ÙÔ 26% ıÂˆÚÂ› Ù· ¤ÛÔ‰· ÙÔ˘ ¢‹ÌÔ˘ ÌË‰·ÌÈÓ¿ ÌÚÔÛÙ¿
ÛÙË ˙ËÌÈ¿ ÙÔ˘ ÙfiÔ˘. 

Ÿˆ˜ ‹Ù·Ó ·Ó·ÌÂÓfiÌÂÓÔ, Ë ÌÂÁ¿ÏË ÏÂÈÔÓfiÙËÙ· ÙˆÓ Î·ÙÔ›ÎˆÓ Î·È ÛÙÈ˜ ‰‡Ô ÂÚÈÔ-
¯¤˜ ··ÓÙ¿ fiÙÈ ı· ‹ıÂÏÂ ÂÚÈÛÛfiÙÂÚ· ¤ÛÔ‰· ÁÈ· ÙËÓ ÙÔÈÎ‹ ÎÔÈÓˆÓ›·.

∂›ÛË˜ Î·È ÛÂ ·˘Ù‹Ó ÙËÓ ÂÚÒÙËÛË Â›Ó·È ÂÌÊ·Ó‹˜ Ë ‡·ÚÍË ‰‡Ô ‰È·ÊÔÚÂÙÈÎÒÓ ÔÌ¿‰ˆÓ
«Û˘ÌÊÂÚfiÓÙˆÓ» ÛÙËÓ ∂‡‚ÔÈ·, fiÔ˘ ÂÓÒ ÙÔ 25,7% ¯·Ú·ÎÙËÚ›˙Ô˘Ó Ù· ¤ÛÔ‰· ÌË‰·ÌÈÓ¿
ÌÚÔÛÙ¿ ÛÙË ˙ËÌÈ¿ ÙÔ˘ ÙfiÔ˘, ÙÔ 15% Ù· ¯·Ú·ÎÙËÚ›˙Ô˘Ó ÛËÌ·ÓÙÈÎfi ÌÔ¯Ïfi ·Ó¿Ù˘ÍË˜.

1.È. ∞ÍÈÔÏfiÁËÛË ÙË˜ ÎÔÈÓ‹˜ ÁÓÒÌË˜ ÁÈ· ÙËÓ ÂÈ‰fiÙËÛË ÙË˜ ·ÈÔÏÈÎ‹˜ ÂÓ¤ÚÁÂÈ·˜

™¯‹Ì· 9: ¢È·ÌfiÚÊˆÛË ÙË˜ ÎÔÈÓ‹˜ ÁÓÒÌË˜ ÁÈ· ÙËÓ ÂÈ‰fiÙËÛË ÙË˜ ∞ÈÔÏÈÎ‹˜ ∂Ó¤ÚÁÂÈ·˜

∂›Ó·È ¯·Ú·ÎÙËÚÈÛÙÈÎfi fiÙÈ Ë ÌÂÁ¿ÏË ÏÂÈÔÓfiÙËÙ· ·ÔÊÂ‡ÁÂÈ Ó· Ì·˜ ··ÓÙ‹ÛÂÈ ÛÂ
·˘Ù‹ ÙËÓ ÂÚÒÙËÛË.

√‡ÙÂ Î·È ÛÂ ·˘Ù‹ ÙËÓ ÂÚÒÙËÛË ÂÌÊ·Ó›˙ÔÓÙ·È ·ÚÓËÙÈÎ¤˜ ··ÓÙ‹ÛÂÈ˜ ÛÙËÓ ∫Ú‹ÙË, ÂÓÒ
ÛÙËÓ ∂‡‚ÔÈ· ¤Ó· 30% ÙˆÓ Î·ÙÔ›ÎˆÓ ‰È·ÙËÚÂ› ·ÚÓËÙÈÎ‹ ÛÙ¿ÛË. ∞fi ·˘Ù¤˜ ÙÈ˜ ··ÓÙ‹ÛÂÈ˜
ÌÔÚÔ‡ÌÂ Ó· ‚Á¿ÏÔ˘ÌÂ ÙÔ Û˘Ì¤Ú·ÛÌ· fiÙÈ Ô «ÔÈÎÔÓÔÌÈÎfi˜ ·Ú¿ÁÔÓÙ·˜» Â›Ó·È Î·ıÔÚÈÛÙÈ-
Îfi˜ ÛÙË ‰È·ÌfiÚÊˆÛË ‹ ÙË ‰È·Ù‹ÚËÛË ÙÔ˘ ·ÚÓËÙÈÎÔ‡ ÎÏ›Ì·ÙÔ˜, Î·ıÒ˜ ·˘ÙÔ› Ô˘ ÂÓ·ÓÙÈÒ-
ÓÔÓÙ·È ÛÙ· ·ÈÔÏÈÎ¿ ¿ÚÎ·, ıÂˆÚÔ‡Ó fiÙÈ Î¿ÔÈÔÈ ˆÊÂÏÔ‡ÓÙ·È ÛÂ ‚¿ÚÔ˜ ÙÔ˘˜ ·fi ·˘Ù¿.

1.Î ŒÚÂ˘Ó· ÁÈ· ÙËÓ ¿Ô„Ë ÙË˜ ÎÔÈÓ‹˜ ÁÓÒÌË˜ ÁÈ· ÙÔ Ò˜ ı· ·ÓÙÈÌÂÙˆÈ˙fiÙ·Ó

Ë ·ÈÔÏÈÎ‹ ÂÓ¤ÚÁÂÈ· Â¿Ó ˘‹Ú¯Â Î·Ï‡ÙÂÚË ÂÓËÌ¤ÚˆÛË. 

™¯‹Ì·  10: ÕÔ„Ë ÙË˜ ÎÔÈÓ‹˜ ÁÓÒÌË˜ ÁÈ· Ù· ∞ÈÔÏÈÎ¿ ¶¿ÚÎ· ·Ó ˘‹Ú¯Â Î·Ï‡ÙÂÚË ÂÓËÌ¤ÚˆÛË
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∂‰Ò ‚Ï¤Ô˘ÌÂ fiÙÈ ÙÔ Û‡ÓÔÏÔ Û¯Â‰fiÓ ·˘ÙÒÓ Ô˘ ·ÓÙÈÌÂÙˆ›˙Ô˘Ó ıÂÙÈÎ¿ ÙËÓ ·ÈÔÏÈ-
Î‹ ÂÓ¤ÚÁÂÈ· Î·È Ù· ·ÈÔÏÈÎ¿ ¿ÚÎ·, ÈÛÙÂ‡ÂÈ fiÙÈ Â¿Ó ˘‹Ú¯Â Î·Ï‡ÙÂÚË ÂÓËÌ¤ÚˆÛË, Ô Îfi-
ÛÌÔ˜ ı· ·ÓÙÈÌÂÙÒÈ˙Â ÙËÓ ·ÈÔÏÈÎ‹ ÂÓ¤ÚÁÂÈ· ıÂÙÈÎfiÙÂÚ· Î·È ¯ÚÂÒÓÔ˘Ó ÙÈ˜ ·ÓÙÈ‰Ú¿ÛÂÈ˜
ÛÂ Î·Î‹ ÏËÚÔÊfiÚËÛË.

1.Ï. ŒÚÂ˘Ó· ÁÈ· ÙÔ ÔÈ· ı· ‹Ù·Ó Ë ¿Ô„Ë ÙË˜ ÎÔÈÓ‹˜ ÁÓÒÌË˜ Â¿Ó ˘‹Ú¯Â Ë ‰˘-

Ó·ÙfiÙËÙ· Ó· ¤¯Ô˘Ó Î·È ÔÈ ›‰ÈÔÈ ¿ÌÂÛÔ ÔÈÎÔÓÔÌÈÎfi fiÊÂÏÔ˜ (.¯. Û˘ÌÌÂÙÔ¯‹

ÛÙËÓ ÂÈ¯Â›ÚËÛË)

™¯‹Ì· 11. ÕÔ„Ë ÙË˜ ÎÔÈÓ‹˜ ÁÓÒÌË˜ Â¿Ó ˘‹Ú¯Â ÚÔÛˆÈÎfi ÔÈÎÔÓÔÌÈÎfi fiÊÂÏÔ˜

∂›Ó·È Ú¿ÁÌ·ÙÈ ÂÓÙ˘ˆÛÈ·Îfi fiÙÈ Û¯Â‰fiÓ ÙÔ 60% ÙˆÓ ÂÚˆÙˆÌ¤ÓˆÓ ·¿ÓÙËÛÂ fiÙÈ Ë
ÂÁÎ·Ù¿ÛÙ·ÛË ·ÈÔÏÈÎÒÓ ¿ÚÎˆÓ ı· ·ÓÙÈÌÂÙˆÈ˙fiÙ·Ó ıÂÙÈÎfiÙÂÚ· Â¿Ó ÔÈ ÔÏ›ÙÂ˜ Â›¯·Ó
ÙË ‰˘Ó·ÙfiÙËÙ· Û˘ÌÌÂÙÔ¯‹˜ ÛÙËÓ ÂÈ¯Â›ÚËÛË. ∂›ÛË˜ Î·ÓÂ›˜ ‰ÂÓ ··ÓÙ¿ ·ÚÓËÙÈÎ¿ ÛÂ
¤Ó· Ù¤ÙÔÈÔ ÂÓ‰Â¯fiÌÂÓÔ.  

1.Ì. ŒÚÂ˘Ó· ÁÈ· ÙÔ Î·Ù¿ fiÛÔ ÈÛÙÂ‡ÂÈ Ë ÎÔÈÓ‹ ÁÓÒÌË fiÙÈ ÌÔÚÂ› Ó· Û˘Ì‚¿Ï-

ÏÂÈ Ë ·ÈÔÏÈÎ‹ ÂÓ¤ÚÁÂÈ· ÛÙËÓ ·ÓÙÈÌÂÙÒÈÛË ÙˆÓ ÚÔ‚ÏËÌ¿ÙˆÓ ÙË˜ ÌfiÏ˘Ó-

ÛË˜ ÙÔ˘ ÂÚÈ‚¿ÏÏÔÓÙÔ˜ Î·È ÙË˜ ÂÓÂÚÁÂÈ·Î‹˜ ÂÍ¿ÚÙËÛË˜ ÙË˜ ¯ÒÚ·˜ Ì·˜ ·fi

Ù· ÂÈÛ·ÁfiÌÂÓ· Î·‡ÛÈÌ·. 

™¯‹Ì· 12: ¶fiÛÔ ÈÛÙÂ‡ÂÈ Ë ÎÔÈÓ‹ ÁÓÒÌË fiÙÈ ÌÔÚÂ› Ó· Û˘Ì‚¿ÏÏÂÈ Ë ·ÈÔÏÈÎ‹ ÂÓ¤ÚÁÂÈ· 

ÛÙËÓ ·ÓÙÈÌÂÙÒÈÛË ÙˆÓ ÛËÌÂÚÈÓÒÓ ÚÔ‚ÏËÌ¿ÙˆÓ

(ªfiÏ˘ÓÛË ÙÔ˘ ÂÚÈ‚¿ÏÏÔÓÙÔ˜, ÂÓÂÚÁÂÈ·Î‹ ÂÍ¿ÚÙËÛË ÙË˜ ¯ÒÚ·˜ Ì·˜).

µÏ¤Ô˘ÌÂ fiÙÈ Ô ‚·ıÌfi˜ ·Ô‰Ô¯‹˜ ÙˆÓ ·ÈÔÏÈÎÒÓ ¿ÚÎˆÓ ÛÂ ÌÂÁ¿ÏÔ ‚·ıÌfi ·ÓÙÈ-

∞Ô‰Ô¯‹ ·ÈÔÏÈÎÒÓ ¿ÚÎˆÓ ·fi ÙÈ˜ ÙÔÈÎ¤˜ ÎÔÈÓˆÓ›Â˜… 219



ÛÙÔÈ¯Â› ÌÂ ÙÔ ‚·ıÌfi Ô˘ ÈÛÙÂ‡ÂÈ Ô ÎfiÛÌÔ˜ fiÙÈ Ë ·ÈÔÏÈÎ‹ ÂÓ¤ÚÁÂÈ· ÌÔÚÂ› Ó· Û˘Ì‚¿ÏÂÈ
ÛÙËÓ ·ÓÙÈÌÂÙÒÈÛË ÙˆÓ ÚÔ‚ÏËÌ¿ÙˆÓ ·fi ÙË ÌfiÏ˘ÓÛË ÙÔ˘ ÂÚÈ‚¿ÏÏÔÓÙÔ˜ Î·È ÙËÓ
ÂÍ¿ÚÙËÛË ·fi Ù· ÂÈÛ·ÁfiÌÂÓ· Î·‡ÛÈÌ·.

™ÙËÓ ∫Ú‹ÙË ÙÔ 86% ÙˆÓ ÂÚˆÙËı¤ÓÙˆÓ ··ÓÙ¿ fiÙÈ Ë ∞ÈÔÏÈÎ‹ ∂Ó¤ÚÁÂÈ· ÌÔÚÂ› Ó·
Û˘Ì‚¿ÏÂÈ ÔÏ‡ ‹ ¿Ú· ÔÏ‡ ÛÙËÓ ·ÓÙÈÌÂÙÒÈÛË ·˘ÙÒÓ ÙˆÓ ÚÔ‚ÏËÌ¿ÙˆÓ, ÂÓÒ ÙÔ ·ÓÙ›-
ÛÙÔÈ¯Ô ÔÛÔÛÙfi ÛÙËÓ ∂‡‚ÔÈ· Â›Ó·È ÏÈÁfiÙÂÚÔ ·fi 50%.

1.Ó. ™‡ÓÔ„Ë ÙË˜ ÎÔÈÓ‹˜ ÁÓÒÌË˜ ÁÈ· ÙËÓ ∞ÈÔÏÈÎ‹ ∂Ó¤ÚÁÂÈ·

™¯‹Ì· 13: ÕÔ„Ë ÙË˜ ÎÔÈÓ‹˜ ÁÓÒÌË˜ ÁÈ· Ù· ·ÈÔÏÈÎ¿ ¿ÚÎ· ÛÙËÓ ∂‡‚ÔÈ·

™¯‹Ì· 14. ÕÔ„Ë ÙË˜ ÎÔÈÓ‹˜ ÁÓÒÌË˜ ÁÈ· Ù· ·ÈÔÏÈÎ¿ ¿ÚÎ· ÛÙËÓ ∫Ú‹ÙË

∏ ¤ÚÂ˘Ó· ·Ô‰ÂÈÎÓ‡ÂÈ fiÙÈ Ë Û˘ÓÙÚÈÙÈÎ‹ ÏÂÈÔÓfiÙËÙ· ÙÔ˘ ÎfiÛÌÔ˘ Â›Ó·È ıÂÙÈÎ‹ ·¤-
Ó·ÓÙÈ ÛÙËÓ ·ÈÔÏÈÎ‹ ÂÓ¤ÚÁÂÈ· Â¿Ó ·ÎÔÏÔ˘ıÔ‡ÓÙ·È ÚÔÛÂÎÙÈÎ¿ ÔÈ ÂÚÈ‚·ÏÏÔÓÙÈÎÔ› fiÚÔÈ
Î·È ‰ÂÓ Á›ÓÂÙ·È Ë ÂÁÎ·Ù¿ÛÙ·ÛË ÙˆÓ ·ÈÔÏÈÎÒÓ ¿ÚÎˆÓ  ‰›¯ˆ˜ Ó· ÚÔËÁËıÂ› ÂÓËÌ¤ÚˆÛË
ÙË˜ ÙÔÈÎ‹˜ ÎÔÈÓˆÓ›·˜.

ŸÙ·Ó ÔÈ ÔÏ›ÙÂ˜ ÂÓËÌÂÚÒÓÔÓÙ·È, ˘ÈÔıÂÙÔ‡Ó ·fi ÌfiÓÔÈ ÙÔ˘˜ ÙË Ï‡ÛË ÙË˜ ·ÈÔÏÈÎ‹˜
ÂÓ¤ÚÁÂÈ·˜, ˆ˜ Ï‡ÛË ·¤Ó·ÓÙÈ ÛÙËÓ ÂÓÂÚÁÂÈ·Î‹ ÂÍ¿ÚÙËÛË ÙË˜ ¯ÒÚ·˜ Ì·˜ ·fi Ù· ÂÈÛ·Áfi-
ÌÂÓ· Î·‡ÛÈÌ· Î·È ÙË ÌfiÏ˘ÓÛË ÙÔ˘ ÂÚÈ‚¿ÏÏÔÓÙÔ˜. ™ÙËÓ ·ÓÙ›ıÂÙË ÂÚ›ÙˆÛË ·ÓÙ› ÁÈ·
˘ÔÛÙËÚÈÎÙ¤˜ Á›ÓÔÓÙ·È ÔÏ¤ÌÈÔÈ ÙˆÓ ·ÈÔÏÈÎÒÓ ¿ÚÎˆÓ Î·ıÒ˜ ·ÈÛı¿ÓÔÓÙ·È fiÙÈ Î¿ÔÈ-
ÔÈ ¤Ú¯ÔÓÙ·È Ó· ıËÛ·˘Ú›ÛÔ˘Ó ÛÂ ‚¿ÚÔ˜ ÙˆÓ ÂÚÈÔ˘ÛÈÒÓ, ÙË˜ ˘ÁÂ›·˜ Î·È ÙË˜ ËÚÂÌ›·˜ ÙÔ˘˜.

∆Ô ˘„ËÏfi ÔÛÔÛÙfi ·ÚÓËÙÈÎÒÓ ·fi„ÂˆÓ ÁÈ· ÙËÓ ·ÈÔÏÈÎ‹ ÂÓ¤ÚÁÂÈ· ÛÙËÓ ∂‡‚ÔÈ· Î·-
Ù·ÁÚ¿ÊÂÙ·È Î·È ÛÂ ·˘Ùfi ÙÔ ÂÚˆÙËÌ·ÙÔÏfiÁÈÔ. ∞fi ÙÔ 27% Û˘ÓÔÏÈÎ¿ Ô˘ ÙÔÔıÂÙÂ›Ù·È
Î·Ù¿ ÙˆÓ ·ÈÔÏÈÎÒÓ ¿ÚÎˆÓ ÙÔ 15% ‰ÂÓ ıÂˆÚÂ› fiÙÈ Ë ·ÈÔÏÈÎ‹ ÂÓ¤ÚÁÂÈ· ÌÔÚÂ› Ó· Â›Ó·È
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·ÍÈfiÈÛÙË ÂÓ·ÏÏ·ÎÙÈÎ‹ ÌÔÚÊ‹ ÂÓ¤ÚÁÂÈ·˜, ÂÓÒ ÙÔ 12% ‰ÂÓ ·ÚÓÂ›Ù·È Ù· ÔÊ¤ÏË Ô˘ ¤¯ÂÈ
Ó· ‰ÒÛÂÈ Ë ·ÈÔÏÈÎ‹ ÂÓ¤ÚÁÂÈ· ·ÏÏ¿ ·ÓÙÈ‰Ú¿ fiÙ·Ó Ù· ·ÈÔÏÈÎ¿ ¿ÚÎ· ¤Ú¯ÔÓÙ·È Ó· ÙÔÔ-
ıÂÙËıÔ‡Ó ÛÙËÓ ÂÚÈÔ¯‹ ÙÔ˘ (·ÓÙ›‰Ú·ÛË ÁÓˆÛÙ‹ ˆ˜ «¡πªµÀ» (not in my back yard).

1.Í. ™Ù·ÙÈÛÙÈÎ‹ ∞Ó¿Ï˘ÛË ÙˆÓ ·ÔÙÂÏÂÛÌ¿ÙˆÓ ÛÂ ¡. ∂‡‚ÔÈ· Î·È ∞. ∫Ú‹ÙË

™¯‹Ì· 15: ™˘Û¯ÂÙÈÛÌfi˜ ∞Ô‰Ô¯‹˜ ∞ÈÔÏÈÎÔ‡ ¶¿ÚÎÔ˘ Î·È ÂÓËÌ¤ÚˆÛË˜ ÙË˜

∆ÔÈÎ‹˜ ∫ÔÈÓˆÓ›·˜ ÚÈÓ ÙËÓ ÂÁÎ·Ù¿ÛÙ·ÛË ÙˆÓ ∞/°. 

µÏ¤Ô˘ÌÂ fiÙÈ Ú¿ÁÌ·ÙÈ Û˘Û¯ÂÙ›˙ÂÙ·È Ë ¿Ô„Ë Ô˘ ˘ÈÔıÂÙÂ› Ë ÙÔÈÎ‹ ÎÔÈÓˆÓ›· ÌÂ
ÙÔ ‚·ıÌfi Ô˘ ıÂˆÚÂ› fiÙÈ ¤¯ÂÈ ÂÓËÌÂÚˆıÂ› ÚÈÓ ÙËÓ ¤Ó·ÚÍË ÙˆÓ ¤ÚÁˆÓ. ∫·Ó¤Ó·˜ ·fi ·˘-
ÙÔ‡˜ Ô˘ ‰ËÏÒÓÔ˘Ó fiÙÈ Â›¯·Ó ÂÓËÌÂÚˆıÂ› ÔÈ ›‰ÈÔÈ ‹ ÔÈ ‰ËÌÔÙÈÎ¤˜ ·Ú¯¤˜ ‰ÂÓ ÂÎÊÚ¿˙ÂÈ
·ÚÓËÙÈÎ‹ ¿Ô„Ë.

™¯‹Ì· 16: ™˘Û¯ÂÙÈÛÌfi˜ ·Ô‰Ô¯‹˜ ÙÔ˘ ·ÈÔÏÈÎÔ‡ ¿ÚÎÔ˘ ÌÂ ÙÔ fiÛÔ ÈÛÙÂ‡Ô˘Ó (ÂÌÈÛÙÂ‡ÔÓÙ·È)

ÔÈ ÂÚˆÙÒÌÂÓÔÈ ÛÙËÓ ·ÈÔÏÈÎ‹ ÂÓ¤ÚÁÂÈ· Î·È ÙÈ˜ ‰˘Ó·ÙfiÙËÙ¤˜ ÙË˜ Ó· ÚÔÛÊ¤ÚÂÈ Ï‡ÛÂÈ˜.

Ã2 Df P – value

45,965 2 0,000
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Ÿˆ˜ ‹Ù·Ó ·Ó·ÌÂÓfiÌÂÓÔ ˘¿Ú¯ÂÈ Û˘Û¯ÂÙÈÛÌfi˜ ÌÂÙ·Í‡ ÙÔ˘ ‚·ıÌÔ‡ ·Ô‰Ô¯‹˜ ÙˆÓ
·ÈÔÏÈÎÒÓ ¿ÚÎˆÓ Î·È ÙÔ˘ Î·Ù¿ fiÛÔ ÈÛÙÂ‡Ô˘Ó ÔÈ ÂÚˆÙÒÌÂÓÔÈ fiÙÈ Ë ·ÈÔÏÈÎ‹ ÂÓ¤ÚÁÂÈ·
ÌÔÚÂ› Ó· ·ÔÙÂÏ¤ÛÂÈ ·ÍÈfiÈÛÙË ÂÓ·ÏÏ·ÎÙÈÎ‹ Ï‡ÛË ÛÙ· ÛËÌÂÚÈÓ¿ ÚÔ‚Ï‹Ì·Ù· ÙË˜ Ìfi-
Ï˘ÓÛË˜ ÙÔ˘ ÂÚÈ‚¿ÏÏÔÓÙÔ˜ Î·È ÙË˜ ÂÓÂÚÁÂÈ·Î‹˜ ÂÍ¿ÚÙËÛË˜ ÙË˜ ¯ÒÚ·˜ ·fi Ù· ÂÈÛ·Áfi-
ÌÂÓ· Î·‡ÛÈÌ·. 

ŸÏÔÈ fiÛÔÈ ‰ÂÓ ÈÛÙÂ‡Ô˘Ó fiÙÈ Ë ·ÈÔÏÈÎ‹ ÂÓ¤ÚÁÂÈ· ÌÔÚÂ› Ó· ·ÔÙÂÏ¤ÛÂÈ ÂÓ·ÏÏ·ÎÙÈ-
Î‹ Ï‡ÛË ÛÙ· ÛËÌÂÚÈÓ¿ ÚÔ‚Ï‹Ì·Ù· (29 %), fiˆ˜ Â›Ó·È ·Ó·ÌÂÓfiÌÂÓÔ, ÙÔÔıÂÙÔ‡ÓÙ·È
ÂÓ¿ÓÙÈ· ÛÙË ÏÂÈÙÔ˘ÚÁ›· ÙˆÓ ·ÈÔÏÈÎÒÓ ¿ÚÎˆÓ. À¿Ú¯ÂÈ Â›ÛË˜ Î·È ¤Ó· 4% Ô˘ ÙÔÔ-
ıÂÙÔ‡ÓÙ·È Î·Ù¿ ÙˆÓ ·ÈÔÏÈÎÒÓ ¿ÚÎˆÓ, ·Ú¿ ÙÔ fiÙÈ ÈÛÙÂ‡Ô˘Ó ÛÙËÓ ·ÈÔÏÈÎ‹ ÂÓ¤ÚÁÂÈ·,
ÚÔÊ·ÓÒ˜ ·˘ÙÔ› Î·Ù·Ù¿ÛÛÔÓÙ·È ÛÙËÓ «Î·ÙËÁÔÚ›· ¡πªµÀ»  

™¯‹Ì· 17: ™˘Û¯¤ÙÈÛË ÙË˜ ·Ô‰Ô¯‹˜ ÙˆÓ ·ÈÔÏÈÎÒÓ ¿ÚÎˆÓ ÌÂ ÙËÓ ËÏÈÎ›· ÙˆÓ ÂÚˆÙÒÌÂÓˆÓ.

ªÔÚÔ‡ÌÂ Ó· Ô‡ÌÂ fiÙÈ ˘¿Ú¯ÂÈ Û˘Û¯¤ÙÈÛË ÌÂÙ·Í‡ ÙË˜ ËÏÈÎ›·˜ ÙˆÓ ÂÚˆÙÒÌÂÓˆÓ
Î·È ÙÔ˘ ‚·ıÌÔ‡ ·Ô‰Ô¯‹˜ ÙÔ˘ ·ÈÔÏÈÎÔ‡ ¿ÚÎÔ˘. ŸÏÔÈ Û¯Â‰fiÓ ÔÈ Ó¤ÔÈ (<35) ÙÔÔıÂ-
ÙÔ‡ÓÙ·È ıÂÙÈÎ¿ ·¤Ó·ÓÙÈ ÛÙËÓ ·ÈÔÏÈÎ‹ ÂÓ¤ÚÁÂÈ·. ¢ÂÓ ÌÔÚÔ‡ÌÂ fiÌˆ˜ Ó· Ô‡ÌÂ fiÙÈ ÁÈ·
ÙÈ˜ ÌÂÁ·Ï‡ÙÂÚÂ˜ ËÏÈÎ›Â˜ ÌÔÚÂ› Ó· ‚ÁÂÈ Î¿ÔÈÔ ·ÛÊ·Ï¤˜ Û˘Ì¤Ú·ÛÌ·. ∂›Ó·È ÚÔÊ·Ó¤˜
fiÙÈ Ô ˘ÔÏÔÁÈÛÌfi˜ ÙˆÓ ÂÚˆÙËÌ·ÙÔÏÔÁ›ˆÓ ÙË˜ ∫Ú‹ÙË˜ Ì·˙› ÌÂ ·˘Ù¿ ÙË˜ ∂‡‚ÔÈ·˜ ‰ÂÓ
ÌÔÚÂ› Ó· Ì·˜ ‚ÔËı‹ÛÂÈ Ó· ‚Á¿ÏÔ˘ÌÂ ÔÏ‡ ·ÛÊ·Ï‹ Û˘ÌÂÚ¿ÛÌ·Ù· Î·ıÒ˜ ÂÎÂ› ‰ÂÓ Î·-
Ù·ÁÚ¿ÊÂÙ·È Î·Ì›· ·ÚÓËÙÈÎ‹ ¿Ô„Ë ·ÓÂÍ¿ÚÙËÙ· ·fi ËÏÈÎ›· ‹ ‚·ıÌfi ÂÓËÌ¤ÚˆÛË˜.  

Ã2 P-Value

34,542 0,000

Ã2 P-Value

102,527 0,000
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∞ÔÙÂÏ¤ÛÌ·Ù· ¤ÚÂ˘Ó·˜ ÛÙË §·ÎˆÓ›·

2.·. ŒÚÂ˘Ó· ÙÔ˘ Î·Ù¿ fiÛÔ ÁÓˆÚ›˙Ô˘Ó ÔÈ Î¿ÙÔÈÎÔÈ ÙÈ ÛËÌ·›ÓÂÈ ·ÈÔÏÈÎfi ¿ÚÎÔ

Î·È ·ÈÔÏÈÎ‹ ÂÓ¤ÚÁÂÈ·.

™¯‹Ì· 17: °ÓˆÚ›˙ÂÙÂ ÙÈ ÛËÌ·›ÓÂÈ ·ÈÔÏÈÎfi ¿ÚÎÔ Î·È ·ÈÔÏÈÎ‹ ÂÓ¤ÚÁÂÈ·;

∏ ¤ÚÂ˘Ó¿ Ì·˜ ‰Â›¯ÓÂÈ fiÙÈ Ë ÙÔÈÎ‹ ÎÔÈÓˆÓ›· ‰ÂÓ ¤¯ÂÈ ÂÓËÌÂÚˆıÂ› ÁÈ· ÙËÓ ·ÈÔÏÈÎ‹
ÂÓ¤ÚÁÂÈ· Î·È ¤Ó· ÔÏ‡ ÌÂÁ¿ÏÔ ÔÛÔÛÙfi (29%) ‰ËÏÒÓÂÈ Ï‹ÚË ¿ÁÓÔÈ·. 

∞fi ÙËÓ ¤ÚÂ˘Ó· Ê·›ÓÂÙ·È Â›ÛË˜ fiÙÈ Ë ÙÔÈÎ‹ ÎÔÈÓˆÓ›· Â›Ó·È ÔÏ‡ Â˘¿ÏˆÙË ÛÂ
ÔÔÈÔÓ‰‹ÔÙÂ ı¤ÏÂÈ Ó· Î·ÏÏÈÂÚÁ‹ÛÂÈ Ì›· Û˘ÁÎÂÎÚÈÌ¤ÓË ¿Ô„Ë Î·È Ó· ÂËÚÂ¿ÛÂÈ ÙÔ˘˜
ÔÏ›ÙÂ˜, Î·ıÒ˜ ÙÔ 56% ‰ËÏÒÓÔ˘Ó fiÙÈ Ë ÂÓËÌ¤ÚˆÛ‹ ÙÔ˘˜ ÚÔ¤Ú¯ÂÙ·È ·ÔÎÏÂÈÛÙÈÎ¿ ·fi
ÙÚ›Ù· ¿ÙÔÌ·, fi¯È Î·Ù’ ·Ó¿ÁÎË ÂÈÛÙ‹ÌÔÓÂ˜. ∞ÎfiÌË ÌfiÏÈ˜ ÙÔ 14% ¤¯ÂÈ ÌÂÈ ÛÙË ‰È·‰È-
Î·Û›· Ó· „¿ÍÂÈ ÛÙÔ ‰È·‰›ÎÙ˘Ô ‹ Ó· ÂÈÛÎÂÊıÂ› ¿ÏÏÔ ¿ÚÎÔ.

2.‚. ∞¿ÓÙËÛË ÛÙÔ ÂÚÒÙËÌ· ·Ó ˘‹ÚÍ·Ó ÎÈÓËÙÔÔÈ‹ÛÂÈ˜ ÛÙËÓ ÂÚÈÔ¯‹

ªfiÓÔ ÛÙÈ˜ ÂÚÈÔ¯¤˜ Ô˘ ¤ÁÈÓÂ Û˘˙‹ÙËÛË Ó· ÂÁÎ·Ù·ÛÙ·ıÔ‡Ó ·ÈÔÏÈÎ¿ ¿ÚÎ· ÎÔÓÙ¿
ÛÙÔ˘˜ ÔÈÎÈÛÌÔ‡˜ ˘‹ÚÍ·Ó ÎÈÓËÙÔÔÈ‹ÛÂÈ˜. ™ÙÈ˜ ˘fiÏÔÈÂ˜ ÂÚÈÔ¯¤˜ ÔÈ ÎÈÓËÙÔÔÈ‹ÛÂÈ˜
Â›ÙÂ ‹Ù·Ó ÂÚÈÔÚÈÛÌ¤ÓÂ˜ Â›ÙÂ ÔÈ Î¿ÙÔÈÎÔÈ ‰ÂÓ ÁÓˆÚ›˙Ô˘Ó ÙÈ ·ÎÚÈ‚Ò˜ ¤¯ÂÈ Á›ÓÂÈ.

∞Ô‰Ô¯‹ ·ÈÔÏÈÎÒÓ ¿ÚÎˆÓ ·fi ÙÈ˜ ÙÔÈÎ¤˜ ÎÔÈÓˆÓ›Â˜… 223



2.Á.ŒÚÂ˘Ó· ÁÈ· ÙËÓ ¿Ô„Ë ÙË˜ ÎÔÈÓ‹˜ ÁÓÒÌË˜ ÁÈ· ÙËÓ ÔÚÂ›· ÙÔ˘ ÙÔ˘ÚÈÛÌÔ‡

ÌÂÙ¿ ÙËÓ ÂÁÎ·Ù¿ÛÙ·ÛË ÙˆÓ ∞/°.

™¯‹Ì· 18: ÕÔ„Ë ÁÈ· ÙÔÓ ÙÔ˘ÚÈÛÌfi ÌÂÙ¿ ÙËÓ ÂÁÎ·Ù¿ÛÙ·ÛË ÙÔ˘ ·ÈÔÏÈÎÔ‡ ¿ÚÎÔ˘.

∏ ÙÔÈÎ‹ ÎÔÈÓˆÓ›· Â›Ó·È ¤ÓÙÔÓ· ·Ó‹Û˘¯Ë ÁÈ· ÙÔ Ì¤ÏÏÔÓ ÙÔ˘ ÙÔ˘ÚÈÛÌÔ‡ ÌÂÙ¿ ÙËÓ
ÂÁÎ·Ù¿ÛÙ·ÛË ÙÔ˘ ·ÈÔÏÈÎÔ‡ ¿ÚÎÔ˘. ™Â ÔÛÔÛÙfi ¿Óˆ ·fi 30% ÊÔ‚Ô‡ÓÙ·È fiÙÈ Ë ‰È·-
Ù·Ú·¯‹ Ô˘ ı· Ê¤ÚÂÈ ÛÙËÓ ÂÚÈÔ¯‹ Ë ÂÁÎ·Ù¿ÛÙ·ÛË ÙÔ˘ ·ÈÔÏÈÎÔ‡ ¿ÚÎÔ˘ ı· ÌÂÈÒÛÂÈ
‰Ú·Ì·ÙÈÎ¿ ÙÔÓ ÙÔ˘ÚÈÛÌfi, ÂÓÒ Û¯Â‰fiÓ ÔÈ ÌÈÛÔ› ‰ÂÓ ÌÔÚÔ‡Ó Ó· ÚÔ‚Ï¤„Ô˘Ó ÙÈ ı· Á›ÓÂÈ
Î·È ·ÈÛı¿ÓÔÓÙ·È ·Ó·ÛÊ·ÏÂ›˜ ÌÂ ÙËÓ È‰¤· ÙË˜ ÂÁÎ·Ù¿ÛÙ·ÛË˜ ÙˆÓ ∞/°. À¿Ú¯ÂÈ Â›ÛË˜
¤Ó· ÌÈÎÚfi ÔÛÔÛÙfi Ô˘ Â›Ó·È ÈÔ ·ÈÛÈfi‰ÔÍÔ Î·È ÈÛÙÂ‡ÂÈ fiÙÈ Ë ÂÁÎ·Ù¿ÛÙ·ÛË ·ÈÔÏÈÎÒÓ
¿ÚÎˆÓ ÛÙËÓ ÂÚÈÔ¯‹ ı· ÚÔÛÂÏÎ‡ÛÂÈ ÙÔ˘ÚÈÛÌfi ÛÂ ·˘Ù¿.

2.‰. ŒÚÂ˘Ó· ÁÈ· ÙËÓ ¿Ô„Ë ÙË˜ ÎÔÈÓ‹˜ ÁÓÒÌË˜ ÁÈ· ÙËÓ ·Í›· ÙË˜ ÁË˜ ÌÂÙ¿ ÙËÓ

ÂÁÎ·Ù¿ÛÙ·ÛË ÙˆÓ ∞/°.

∞ÓÙ›ÛÙÔÈ¯· ÌÂ ÙËÓ ¤ÚÂ˘Ó· ÁÈ· ÙËÓ ÔÚÂ›· ÙÔ˘ ÙÔ˘ÚÈÛÌÔ‡ ÌÂÙ¿ ÙËÓ ÂÁÎ·Ù¿ÛÙ·ÛË ÙÔ˘
·ÈÔÏÈÎÔ‡ ¿ÚÎÔ˘, Ë ¤ÚÂ˘Ó· ‰Â›¯ÓÂÈ fiÙÈ Ë ·ÓËÛ˘¯›· ÙË˜ ÙÔÈÎ‹˜ ÎÔÈÓˆÓ›·˜ ÁÈ· ÙËÓ ·Í›·
ÙË˜ ÁË˜ ÌÂÙ¿ ÙËÓ ÂÁÎ·Ù¿ÛÙ·ÛË ÙÔ˘ ·ÈÔÏÈÎÔ‡ ¿ÚÎÔ˘ Â›Ó·È ÔÏ‡ ÌÂÁ¿ÏË. ∫·ıÒ˜ ÙÔ 30%
ÙˆÓ ÂÚˆÙËı¤ÓÙˆÓ ÈÛÙÂ‡ÂÈ fiÙÈ Ë ·Í›· ÙË˜ ÁË˜ ı· ÌÂÈˆıÂ› ÌÂÙ¿ ÙËÓ ÂÁÎ·Ù¿ÛÙ·ÛË ÙˆÓ
∞/°.  ∂›ÛË˜ Û¯Â‰fiÓ ÙÔ 60% ÙˆÓ ÂÚˆÙËı¤ÓÙˆÓ ·ÔÊÂ‡ÁÂÈ Ó· Î¿ÓÂÈ ÔÔÈ·‰‹ÔÙÂ ÂÎÙ›-
ÌËÛË. 
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2.Â. ŒÚÂ˘Ó· ÁÈ· ÙËÓ ¿Ô„Ë ÙË˜ ÙÔÈÎ‹˜ ÎÔÈÓˆÓ›·˜ ÁÈ· Ù· ¤ÛÔ‰· Ô˘ ı· ÚÔ-

Î‡„Ô˘Ó ÌÂÙ¿ ÙË ÏÂÈÙÔ˘ÚÁ›· ÙÔ˘ ·ÈÔÏÈÎÔ‡ ¿ÚÎÔ˘.

™¯‹Ì· 19: ∏ ¿Ô„Ë ÙË˜ ÎÔÈÓ‹˜ ÁÓÒÌË˜ ÁÈ· Ù· ¤ÛÔ‰· Ô˘ ı· ¤¯ÂÈ Ô ÙfiÔ˜ ·fi ÙË

ÏÂÈÙÔ˘ÚÁ›· ÙÔ˘ ·ÈÔÏÈÎÔ‡ ¿ÚÎÔ˘.

ªÂ ‰Â‰ÔÌ¤ÓÔ fiÙÈ –fiˆ˜ Â›‰·ÌÂ ÚÔËÁÔ˘Ì¤Óˆ˜-, Ë ÙÔÈÎ‹ ÎÔÈÓˆÓ›· ‰ÂÓ Â›Ó·È ÂÓËÌÂ-
ÚˆÌ¤ÓË ÁÈ· ÙËÓ ÚÔÔÙÈÎ‹ ÂÁÎ·Ù¿ÛÙ·ÛË˜ ·ÈÔÏÈÎÔ‡ ¿ÚÎÔ˘ ÛÙËÓ ÂÚÈÔ¯‹, Â›Ó·È ·Ó·ÌÂ-
ÓfiÌÂÓÔ Ë ÏÂÈÔ„ËÊ›· Ó· ÌËÓ ÂÎÊÚ¿˙ÂÈ ¿Ô„Ë ÁÈ· Ù· ·Ó·ÌÂÓfiÌÂÓ· ¤ÛÔ‰·. µÏ¤Ô˘ÌÂ ‚¤-
‚·È· fiÙÈ ÙÔ 30% ÂÚ›Ô˘ Ô˘ Â›Ó·È ÂÍ’ ·Ú¯‹˜ ÙÔÔıÂÙËÌ¤ÓÔ ÂÓ¿ÓÙÈ· ÛÙ· ·ÈÔÏÈÎ¿ ¿Ú-
Î· Â›Ó·È ·ÚÓËÙÈÎfi ÛÂ fiÏÂ˜ Û¯Â‰fiÓ ÙÈ˜ ÂÚˆÙ‹ÛÂÈ˜. ŒÙÛÈ ÎÈ Â‰Ò ÙÔ ÔÛÔÛÙfi ·˘Ùfi ¯·Ú·-
ÎÙËÚ›˙ÂÈ Ù· ¤ÛÔ‰· «ÌË‰·ÌÈÓ¿ ÌÚÔÛÙ¿ ÛÙË ˙ËÌÈ¿ Ô˘ ı· ˘ÔÛÙÂ› Ô ÙfiÔ˜».

∂ÌÊ·Ó›˙ÂÙ·È Â›ÛË˜ ¤Ó· ÛËÌ·ÓÙÈÎfi ÔÛÔÛÙfi (Û¯Â‰fiÓ 25%), Ô˘ ‚Ï¤ÂÈ Ù· ¤ÛÔ‰· ˆ˜
ÛËÌ·ÓÙÈÎfi ¤ÛÔ‰Ô Î·È Â¤Ó‰˘ÛË ÁÈ· ÙÔÓ ÙfiÔ Î·È Ê˘ÛÈÎ¿ ·˘Ùfi ÙÔ ÔÛÔÛÙfi Û˘ÌÂÚÈ-
Ï·Ì‚¿ÓÂÈ ÙÔ˘˜ ÈÔ Ê·Ó·ÙÈÎÔ‡˜ ˘ÔÛÙËÚÈÎÙ¤˜ ÙË˜ ·ÈÔÏÈÎ‹˜ ÂÓ¤ÚÁÂÈ·˜.

2.ÛÙ.. ∞ÍÈÔÏfiÁËÛË ÙË˜ ÎÔÈÓ‹˜ ÁÓÒÌË˜ ÁÈ· ÙËÓ ÂÈ‰fiÙËÛË ÙË˜ ·ÈÔÏÈÎ‹˜ ÂÓ¤ÚÁÂÈ·˜

™¯‹Ì· 20: ÕÔ„Ë ÙˆÓ ÔÏÈÙÒÓ ÁÈ· ÙËÓ ÂÈ‰fiÙËÛË ÙˆÓ ·ÈÔÏÈÎÒÓ ¿ÚÎˆÓ.

∏ Û˘ÓÙÚÈÙÈÎ‹ ÏÂÈÔ„ËÊ›· ÙˆÓ ÂÚˆÙËı¤ÓÙˆÓ (54,5%) ‰ÂÓ ··ÓÙ¿ ÛÂ ·˘Ù‹ ÙËÓ ÂÚÒ-
ÙËÛË Î·ıÒ˜ ‰ËÏÒÓÂÈ ¿ÁÓÔÈ·. ¶·ÚfiÏ· ·˘Ù¿ ÙÔ ÔÛÔÛÙfi ÙÔ˘ 30% Ô˘ ÙÔÔıÂÙÂ›Ù·È Î·-
Ù¿ ÙˆÓ ·ÈÔÏÈÎÒÓ ¿ÚÎˆÓ ˘ÈÔıÂÙÂ› Î·È ÛÂ ·˘Ù‹ ÙËÓ ÂÚÒÙËÛË ÔÏ‡ ·ÚÓËÙÈÎ‹ ÛÙ¿ÛË, ‰Ë-
ÏÒÓÔÓÙ·˜ fiÙÈ «Ë ÂÈ‰fiÙËÛË ı· Î·Ù·Ï‹ÍÂÈ ÛÂ ÙÛ¤Â˜ ËÌÂÙ¤ÚˆÓ» Â›ÙÂ fiÙÈ «fiÙ·Ó Ë ÂÈ‰fi-
ÙËÛË ÛÙ·Ì·Ù‹ÛÂÈ ı· ÛÙ·Ì·Ù‹ÛÔ˘Ó Î·È Ù· ·ÈÔÏÈÎ¿ ¿ÚÎ·».

∞Ô‰Ô¯‹ ·ÈÔÏÈÎÒÓ ¿ÚÎˆÓ ·fi ÙÈ˜ ÙÔÈÎ¤˜ ÎÔÈÓˆÓ›Â˜… 225



2.˙. ŒÚÂ˘Ó· ÁÈ· ÙËÓ ¿Ô„Ë ÙË˜ ÎÔÈÓ‹˜ ÁÓÒÌË˜ ÁÈ· ÙÔ Ò˜ ı· ·ÓÙÈÌÂÙˆÈ˙fiÙ·Ó

Ë ·ÈÔÏÈÎ‹ ÂÓ¤ÚÁÂÈ· Â¿Ó ˘‹Ú¯Â Î·Ï‡ÙÂÚË ÂÓËÌ¤ÚˆÛË.

™¯‹Ì· 21: ¶ˆ˜ ı· ·ÓÙÈÌÂÙÒÈ˙Â Ô ÎfiÛÌÔ˜ Ù· ·ÈÔÏÈÎ¿ ¿ÚÎ· ·Ó ˘‹Ú¯Â Î·Ï‡ÙÂÚË ÂÓËÌ¤ÚˆÛË.

∂ÓÙ‡ˆÛË ÚÔÎ·ÏÔ‡Ó Ù· ·ÔÙÂÏ¤ÛÌ·Ù· ·˘Ù‹˜ ÙË˜ ¤ÚÂ˘Ó·˜, Î·ıÒ˜ Î·ÓÂ›˜ ‰ÂÓ ˘Ô-
ÛÙËÚ›˙ÂÈ fiÙÈ Â¿Ó Ë ÂÓËÌ¤ÚˆÛË ‹Ù·Ó Î·Ï‡ÙÂÚË, Ë ¿Ô„Ë ÙÔ˘ ÎfiÛÌÔ˘ ÁÈ· Ù· ·ÈÔÏÈÎ¿ ¿Ú-
Î· ı· ÁÈÓfiÙ·Ó ¯ÂÈÚfiÙÂÚË. ∂ÓÒ ÔÛÔÛÙfi ÌÂÁ·Ï‡ÙÂÚÔ ÙÔ˘ 67% ‰ÂÓ ¤¯ÂÈ ¿Ô„Ë, ˘¿Ú¯ÂÈ
¤Ó· Û¯ÂÙÈÎ¿ ÌÂÁ¿ÏÔ ÔÛÔÛÙfi 24% Ô˘ ··ÓÙ¿ fiÙÈ Â¿Ó ˘‹Ú¯Â Î·Ï‡ÙÂÚË ÂÓËÌ¤ÚˆÛË Ë
ÎÔÈÓ‹ ÁÓÒÌË ı· ·ÓÙÈÌÂÙÒÈ˙Â ıÂÙÈÎfiÙÂÚ· ÙËÓ ·ÈÔÏÈÎ‹ ÂÓ¤ÚÁÂÈ·. ∂›Ó·È ÚÔÊ·Ó¤˜ fiÙÈ ÙÔ
67% Ô˘ ‰ÂÓ ·›ÚÓÂÈ ı¤ÛË ÛÂ ·˘Ù‹ ÙËÓ ÂÚÒÙËÛË ·Ô‰ÂÈÎÓ‡ÂÈ fiÙÈ ÛÙËÓ ÂÚÈÔ¯‹ ‰ÂÓ ¤¯ÂÈ
ÚÔËÁËıÂ› ÛˆÛÙ‹ ÂÓËÌ¤ÚˆÛË. 

2.Ë. ŒÚÂ˘Ó· ÁÈ· ÙÔ ÔÈ· ı· ‹Ù·Ó Ë ¿Ô„Ë ÙË˜ ÎÔÈÓ‹˜ ÁÓÒÌË˜ Â¿Ó ˘‹Ú¯Â Ë ‰˘-

Ó·ÙfiÙËÙ· Ó· ¤¯Ô˘Ó Î·È ÔÈ ›‰ÈÔÈ ¿ÌÂÛÔ ÔÈÎÔÓÔÌÈÎfi fiÊÂÏÔ˜ (.¯. Û˘ÌÌÂÙÔ¯‹

ÛÙËÓ ÂÈ¯Â›ÚËÛË)

™¯‹Ì· 22. ÕÔ„Ë ÙË˜ ÎÔÈÓ‹˜ ÁÓÒÌË˜ Â¿Ó ˘‹Ú¯Â ÚÔÛˆÈÎfi ÔÈÎÔÓÔÌÈÎfi fiÊÂÏÔ˜

∂›Ó·È Ú¿ÁÌ·ÙÈ ÂÓÙ˘ˆÛÈ·Îfi fiÙÈ –fiˆ˜ Î·È ÛÙËÓ ÂÚ›ÙˆÛË ÙˆÓ ÂÚÈÔ¯ÒÓ Ô˘
‹‰Ë ÏÂÈÙÔ˘ÚÁÔ‡Ó ∞ÈÔÏÈÎ¿ ¶¿ÚÎ· -, Û¯Â‰fiÓ ÙÔ 50% ÙˆÓ ÂÚˆÙˆÌ¤ÓˆÓ ·¿ÓÙËÛÂ fiÙÈ Ë
ÂÁÎ·Ù¿ÛÙ·ÛË ·ÈÔÏÈÎÒÓ ¿ÚÎˆÓ ı· ·ÓÙÈÌÂÙˆÈ˙fiÙ·Ó ıÂÙÈÎfiÙÂÚ· Â¿Ó ÔÈ ÔÏ›ÙÂ˜ Â›¯·Ó
ÙË ‰˘Ó·ÙfiÙËÙ· Û˘ÌÌÂÙÔ¯‹˜ ÛÙËÓ ÂÈ¯Â›ÚËÛË. ∂›ÛË˜, ÙÔ 6% Ô˘ ··ÓÙ¿ ·ÚÓËÙÈÎ¿ ÛÂ
¤Ó· Ù¤ÙÔÈÔ ÂÓ‰Â¯fiÌÂÓÔ Â›Ó·È ÔÏ‡ ÌÈÎÚfiÙÂÚÔ ·fi ÙÔ 25% Ô˘ Â›Ó·È ÂÓÙÂÏÒ˜ ·ÚÓËÙÈÎfi
ÛÙÔ ÂÓ‰Â¯fiÌÂÓÔ ÂÁÎ·Ù¿ÛÙ·ÛË˜ ·ÈÔÏÈÎÔ‡ ¿ÚÎÔ˘ ÛÙËÓ ÂÚÈÔ¯‹ Î·È ÚÔ¤Ú¯ÂÙ·È Î˘Ú›ˆ˜
·fi ¿ÙÔÌ· ÌÂÁ·Ï‡ÙÂÚË˜ ËÏÈÎ›·˜.  
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2.ı ŒÚÂ˘Ó· ÁÈ· ÙÔ Î·Ù¿ fiÛÔ ÈÛÙÂ‡ÂÈ Ë ÎÔÈÓ‹ ÁÓÒÌË fiÙÈ ÌÔÚÂ› Ó· Û˘Ì‚¿Ï-

ÏÂÈ Ë ·ÈÔÏÈÎ‹ ÂÓ¤ÚÁÂÈ· ÛÙËÓ ·ÓÙÈÌÂÙÒÈÛË ÙˆÓ ÚÔ‚ÏËÌ¿ÙˆÓ ÙË˜ ÌfiÏ˘ÓÛË˜

ÙÔ˘ ÂÚÈ‚¿ÏÏÔÓÙÔ˜ Î·È ÙË˜ ÂÓÂÚÁÂÈ·Î‹˜ ÂÍ¿ÚÙËÛË˜ ÙË˜ ¯ÒÚ·˜ Ì·˜ ·fi Ù·

ÂÈÛ·ÁfiÌÂÓ· Î·‡ÛÈÌ·. 

¶›Ó·Î·˜ 1. ¶fiÛÔ ÈÛÙÂ‡ÂÙÂ fiÙÈ ÌÔÚÂ› Ó· Û˘Ì‚¿ÏÏÂÈ Ë ·ÈÔÏÈÎ‹ ÂÓ¤ÚÁÂÈ·

ÛÙËÓ ·ÓÙÈÌÂÙÒÈÛË ÙˆÓ ÛËÌÂÚÈÓÒÓ ÚÔ‚ÏËÌ¿ÙˆÓ

(ªfiÏ˘ÓÛË ÙÔ˘ ÂÚÈ‚¿ÏÏÔÓÙÔ˜, ÂÓÂÚÁÂÈ·Î‹ ÂÍ¿ÚÙËÛË ÙË˜ ¯ÒÚ·˜ Ì·˜).

¶·Ú¿ ÙÔ fiÙÈ Ë ÎÔÈÓ‹ ÁÓÒÌË ıÂˆÚÂ› fiÙÈ Ù· ÚÔ‚Ï‹Ì·Ù· ÙË˜ ÌfiÏ˘ÓÛË˜ ÙÔ˘ ÂÚÈ‚¿Ï-
ÏÔÓÙÔ˜ Î·È ÙË˜ ÂÓÂÚÁÂÈ·Î‹˜ ÂÍ¿ÚÙËÛË˜ ÙË˜ ¯ÒÚ·˜ Ì·˜, Â›Ó·È ÔÏ‡ ÛÔ‚·Ú¿, ‰ÂÓ ıÂˆÚÂ›
ÛÙÔ ›‰ÈÔ ÔÛÔÛÙfi fiÙÈ Ë ·ÈÔÏÈÎ‹ ÂÓ¤ÚÁÂÈ· ÌÔÚÂ› Ó· Û˘Ì‚¿ÏÏÂÈ ·ÔÙÂÏÂÛÌ·ÙÈÎ¿ ÛÙËÓ
·ÓÙÈÌÂÙÒÈÛË ÙˆÓ ÚÔ‚ÏËÌ¿ÙˆÓ ·˘ÙÒÓ.  

¶·Ú¿ ÙÔ fiÙÈ Û¯Â‰fiÓ ÙÔ 40% ÙˆÓ ÂÚˆÙËı¤ÓÙˆÓ ÈÛÙÂ‡ÂÈ fiÙÈ Ë ·ÈÔÏÈÎ‹ ÂÓ¤ÚÁÂÈ· ÌÔ-
ÚÂ› Ó· Û˘Ì‚¿ÏÏÂÈ ÛÙËÓ ·ÓÙÈÌÂÙÒÈÛË ·˘ÙÒÓ ÙˆÓ ÚÔ‚ÏËÌ¿ÙˆÓ, ÙÔ 18% ‰ÂÓ ÈÛÙÂ‡ÂÈ fiÙÈ
Ë ·ÈÔÏÈÎ‹ ÂÓ¤ÚÁÂÈ· ÌÔÚÂ› Ó· ·Ô‰ÂÈ¯ıÂ› Ï‡ÛË ÂÓÒ ÙÔ 43% Â›Ó·È Ô˘‰¤ÙÂÚÔ.

∞˘Ù‹ Ë Ì¤ÙÚËÛË ‰ÈÎ·ÈÔÏÔÁÂ› ÙÈ˜ ·ÚÓËÙÈÎ¤˜ ı¤ÛÂÈ˜ ·¤Ó·ÓÙÈ ÛÙ· ·ÈÔÏÈÎ¿ ¿ÚÎ·, Î·-
ıÒ˜ Ë ÙÔÈÎ‹ ÎÔÈÓˆÓ›· ‰ÂÓ ÈÛÙÂ‡ÂÈ ÛÙ· ÏÂÔÓÂÎÙ‹Ì·Ù· Ô˘ ÌÔÚÂ› Ó· ÚÔÛÊ¤ÚÂÈ Ë
·ÈÔÏÈÎ‹ ÂÓ¤ÚÁÂÈ·.

2.È. ™‡ÓÔ„Ë ÙË˜ ¿Ô„Ë˜ ÙË˜ ÙÔÈÎ‹˜ ÎÔÈÓˆÓ›·˜ ÁÈ· Ù· ∞ÈÔÏÈÎ¿ ¶¿ÚÎ· ÁÂÓÈÎ¿.

™¯‹Ì· 23: ¶ÔÈ· Â›Ó·È Ë ¿Ô„Ë ÙË˜ ÎÔÈÓ‹˜ ÁÓÒÌË˜ ÁÈ· Ù· ·ÈÔÏÈÎ¿ ¿ÚÎ·.

∏ ¤ÚÂ˘Ó· ·˘Ù‹ ·Ô‰ÂÈÎÓ‡ÂÈ fiÙÈ fiÙ·Ó ˘¿ÚÍÂÈ ÛˆÛÙ‹ ÂÓËÌ¤ÚˆÛË ÙË˜ ÙÔÈÎ‹˜ ÎÔÈ-

∫·ıfiÏÔ˘ 0%

§›ÁÔ 18%

¶ÔÏ‡ 35%

¶¿Ú· ÔÏ‡ 4%

Ô˘‰¤ÙÂÚ· 43%
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ÓˆÓ›·˜ Î·È fiÙ·Ó ÚÔËÁËıÂ› ÂÚÈ‚·ÏÏÔÓÙÈÎ‹ ÌÂÏ¤ÙË Î·È ¯ˆÚÔÙ·ÍÈÎfi˜ Û¯Â‰È·ÛÌfi˜ Ô Îfi-
ÛÌÔ˜ Â›Ó·È ¤ÙÔÈÌÔ˜ Ó· ‰Â¯ıÂ› ÙËÓ ÂÁÎ·Ù¿ÛÙ·ÛË ·ÈÔÏÈÎÒÓ ¿ÚÎˆÓ ÛÂ ÔÏ‡ ÌÂÁ¿ÏÔ Ô-
ÛÔÛÙfi (57%).

∂›ÛË˜ ÙÔ ÔÛÔÛÙfi Ô˘ ÛÙËÓ ÚÔËÁÔ‡ÌÂÓË ¤ÚÂ˘Ó· ‰ÂÓ Û˘ÌÌÂÚÈ˙fiÙ·Ó ÙË ‰˘Ó·ÙfiÙË-
Ù· ÙË˜ ·ÈÔÏÈÎ‹˜ ÂÓ¤ÚÁÂÈ·˜ Ó· ·ÔÙÂÏ¤ÛÂÈ Ô˘ÛÈ·ÛÙÈÎ‹ ÂÓ·ÏÏ·ÎÙÈÎ‹ Ï‡ÛË ÛÙÔ ÂÓÂÚÁÂÈ·Îfi
Ì·˜ Úfi‚ÏËÌ· (Û¯Â‰fiÓ 18%), Â›Ó·È ÏÔÁÈÎfi Ó· ÙÔÔıÂÙÂ›Ù·È ·ÚÓËÙÈÎ¿ ·¤Ó·ÓÙÈ ÛÙËÓ ·È-
ÔÏÈÎ‹ ÂÓ¤ÚÁÂÈ· Î·È Ó· ‰ËÏÒÓÂÈ: «£ÂˆÚÒ fiÙÈ Ë fiÏË Û˘˙‹ÙËÛË ÁÈ· ÙËÓ ∞ÈÔÏÈÎ‹ ∂Ó¤ÚÁÂÈ·
Â›Ó·È ˘ÂÚ‚ÔÏÈÎ‹ Î·È Ù· ÔÊ¤ÏË Ô˘ ¤¯ÂÈ Ó· ‰ÒÛÂÈ Â›Ó·È ÔÏ‡ ÏÈÁfiÙÂÚ· ÛÂ Û¯¤ÛË ÌÂ ·˘-
Ù¿ Ô˘ Ì·˜ ÎÔÛÙ›˙ÂÈ. √È ÂÈ‰ÔÙ‹ÛÂÈ˜ ı· ¤ÚÂÂ Ó· ‰ÔıÔ‡Ó ÛÂ ¿ÏÏÂ˜ ÌÔÚÊ¤˜ ÂÓ¤ÚÁÂÈ·˜». 

™ËÌÂÈÒÓÔ˘ÌÂ fiÙÈ ÙÔ ÔÛÔÛÙfi ÙˆÓ ÂÚˆÙËı¤ÓÙˆÓ Ô˘ ·Ó·ÁÓˆÚ›˙Ô˘Ó ÙËÓ ·ÈÔÏÈÎ‹
ÂÓ¤ÚÁÂÈ· ˆ˜ ÂÓ·ÏÏ·ÎÙÈÎ‹ Ï‡ÛË ·ÏÏ¿ ‰ÂÓ Û˘ÌÊˆÓÔ‡Ó ÌÂ ÙËÓ ÂÁÎ·Ù¿ÛÙ·ÛË ·ÈÔÏÈÎÔ‡
¿ÚÎÔ˘ ÛÙËÓ ÂÚÈÔ¯‹ ÙÔ˘˜ (Û‡Ó‰ÚÔÌÔ ¡πªµÀ), ‰ÂÓ Â›Ó·È ˘ÂÚ‚ÔÏÈÎ¿ ÌÂÁ¿ÏÔ Î·È Â›-
Ó·È ÌÈÎÚfiÙÂÚÔ ·fi ÙÔ ·ÓÙ›ÛÙÔÈ¯Ô Ô˘ Î·Ù·ÁÚ¿ÊÂÙ·È ÛÙËÓ ∂‡‚ÔÈ·.

∆¤ÏÔ˜, ÙÔ ÔÛÔÛÙfi ·˘ÙÒÓ Ô˘ ··ÓÙÔ‡Ó fiÙÈ ‰ÂÓ ¤¯Ô˘Ó ¿Ô„Ë Â›Ó·È ·ÚÎÂÙ¿ ÌÂÁ¿ÏÔ
(18%) ÛÂ Û¯¤ÛË ÌÂ ÙÔ ·ÓÙ›ÛÙÔÈ¯Ô ÔÛÔÛÙfi ÛÙÈ˜ ˘fiÏÔÈÂ˜ ÂÚÈÔ¯¤˜ ÙË˜ ¤ÚÂ˘Ó¿˜ Ì·˜, Î¿-
ÙÈ Ù¤ÙÔÈÔ ‚¤‚·È· ‹Ù·Ó ·Ó·ÌÂÓfiÌÂÓÔ Î·ıÒ˜ ÛÙËÓ ÂÚÈÔ¯‹ ÙË˜ §·ÎˆÓ›·˜ ‰ÂÓ ˘¿Ú¯Ô˘Ó
·ÎfiÌ· ·ÈÔÏÈÎ¿ ¿ÚÎ· Î·È Ô ‚·ıÌfi˜ ÂÓËÌ¤ÚˆÛË˜ ÙˆÓ Î·ÙÔ›ÎˆÓ Â›Ó·È ÔÏ‡ ÌÈÎÚfi˜.

2.Î. ™Ù·ÙÈÛÙÈÎ‹ ∞Ó¿Ï˘ÛË ÙˆÓ ·ÔÙÂÏÂÛÌ¿ÙˆÓ ÛÙË §·ÎˆÓ›·

™¯‹Ì· 24: ™˘Û¯¤ÙÈÛË ÙË˜ ·Ô‰Ô¯‹˜ ÙË˜ ÚfiÙ·ÛË˜ ÁÈ· ÂÁÎ·Ù¿ÛÙ·ÛË ·ÈÔÏÈÎÔ‡ ¿ÚÎÔ˘

ÌÂ ÙÔ ‚·ıÌfi ÂÓËÌ¤ÚˆÛË˜ Ô˘ ¤¯Ô˘Ó.

∞ÓÙ›ÛÙÔÈ¯· ÌÂ Ù· Û˘ÌÂÚ¿ÛÌ·Ù· ·fi ÙÈ˜ ÂÚÈÔ¯¤˜ Ô˘ ‹‰Ë ÏÂÈÙÔ˘ÚÁÔ‡Ó ·ÈÔÏÈÎ¿
¿ÚÎ·, Ë ¤ÚÂ˘Ó· ÂÈ‚Â‚·ÈÒÓÂÈ fiÙÈ ˘¿Ú¯ÂÈ Û˘Û¯¤ÙÈÛË ÙË˜ ·Ô‰Ô¯‹˜ ÂÁÎ·Ù¿ÛÙ·ÛË˜ ·È-

Ã2 df P-Value

39,442 2 0,000
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ÔÏÈÎÒÓ ¿ÚÎˆÓ ÛÙËÓ ÂÚÈÔ¯‹ ÌÂ ÙÔ ‚·ıÌfi ÂÓËÌ¤ÚˆÛË˜ ÙË˜ ÙÔÈÎ‹˜ ÎÔÈÓˆÓ›·˜. ∫·ÓÂ›˜
·fi ·˘ÙÔ‡˜ Ô˘ ‰ËÏÒÓÔ˘Ó ÂÓËÌÂÚˆÌ¤ÓÔÈ ‰ÂÓ Â›Ó·È ·ÓÙ›ıÂÙÔ˜ ÌÂ ÙËÓ ÂÁÎ·Ù¿ÛÙ·ÛË ÙÔ˘
·ÈÔÏÈÎÔ‡ ¿ÚÎÔ˘, ÙÔ ·ÎÚÈ‚Ò˜ ·ÓÙ›ÛÙÚÔÊÔ Û˘Ì‚·›ÓÂÈ ÌÂ ·˘ÙÔ‡˜ Ô˘ ‰ËÏÒÓÔ˘Ó fiÙÈ ‰ÂÓ
Â›Ó·È ÂÓËÌÂÚˆÌ¤ÓÔÈ. µÏ¤Ô˘ÌÂ ‚¤‚·È· fiÙÈ ·˘ÙÔ› Ô˘ ‰ËÏÒÓÔ˘Ó fiÙÈ ÁÓˆÚ›˙Ô˘Ó ÔÈÔÈ
ÁÈ· Ù· Û¯¤‰È· ÂÁÎ·Ù¿ÛÙ·ÛË˜ Â›Ó·È ÔÏ‡ Ï›ÁÔÈ (ÌfiÏÈ˜ 12 ÛÙÔ˘˜ 55), ·˘Ùfi ‰ÈÎ·ÈÔÏÔÁÂ› ÙÔ
ÌÂÁ¿ÏÔ ÔÛÔÛÙfi ·ÚÓËÙÈÎÒÓ ÙÔÔıÂÙ‹ÛÂˆÓ. 

™¯‹Ì· 25: ™˘Û¯¤ÙÈÛË ÙË˜ ·Ô‰Ô¯‹˜ ÙË˜ ÚfiÙ·ÛË˜ ÁÈ· ÂÁÎ·Ù¿ÛÙ·ÛË ·ÈÔÏÈÎÔ‡ ¿ÚÎÔ˘

ÌÂ ÙÔ ·Ó ÈÛÙÂ‡Ô˘Ó fiÙÈ Ë ·ÈÔÏÈÎ‹ ÂÓ¤ÚÁÂÈ· ÌÔÚÂ› Ó· Û˘Ì‚¿ÏÂÈ ÛÙËÓ ·ÓÙÈÌÂÙÒÈÛË

ÙˆÓ ÂÚÈ‚·ÏÏÔÓÙÈÎÒÓ Î·È ÂÓÂÚÁÂÈ·ÎÒÓ Ì·˜ ÚÔ‚ÏËÌ¿ÙˆÓ.

∂›Ó·È ÚÔÊ·Ó¤˜ fiÙÈ ˘¿Ú¯ÂÈ Û˘Û¯¤ÙÈÛË ÙË˜ ·Ô‰Ô¯‹˜ ÙˆÓ ·ÈÔÏÈÎÒÓ ¿ÚÎˆÓ ÌÂ ÙÔ
‚·ıÌfi Ô˘ ÈÛÙÂ‡Ô˘Ó ÔÈ ÂÚˆÙÒÌÂÓÔÈ fiÙÈ Ë ·ÈÔÏÈÎ‹ ÂÓ¤ÚÁÂÈ· ÌÔÚÂ› Ó· ·ÔÙÂÏ¤ÛÂÈ
·ÍÈfiÈÛÙË ÂÓ·ÏÏ·ÎÙÈÎ‹ ÂÓÂÚÁÂÈ·Î‹ Ï‡ÛË. ∫·ÓÂ›˜ ·fi ·˘ÙÔ‡˜ Ô˘ ÈÛÙÂ‡Ô˘Ó ÛÙÈ˜ ‰˘-
Ó·ÙfiÙËÙÂ˜ ÙË˜ ·ÈÔÏÈÎ‹˜ ÂÓ¤ÚÁÂÈ·˜ ‰ÂÓ Â›Ó·È ·ÚÓËÙÈÎfi˜ ·¤Ó·ÓÙÈ ÛÙÈ˜ ·ÓÂÌÔÁÂÓÓ‹ÙÚÈÂ˜.
™ÙËÓ ¤ÚÂ˘Ó· ·˘Ù‹ ‰ÂÓ ·ÚÔ˘ÛÈ¿˙ÂÙ·È ÔÛÔÛÙfi ÙÔ˘ ™˘Ó‰ÚfiÌÔ˘ ¡π¡ªµÀ. 

™¯‹Ì· 26: ™˘Û¯¤ÙÈÛË ÙÔ˘ ‚·ıÌÔ‡ ·Ô‰Ô¯‹˜ ÙˆÓ ·ÈÔÏÈÎÒÓ ¿ÚÎˆÓ ÌÂ ÙËÓ ËÏÈÎ›· ÙˆÓ ÂÚˆÙÒÌÂÓˆÓ.
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™ÙËÓ ¤ÚÂ˘Ó· ¤Ï·‚·Ó Ì¤ÚÔ˜ 13 ¿ÙÔÌ· ÌÂ ËÏÈÎ›· (<35), 17 ÌÂ ËÏÈÎ›· (35-55) Î·È 25 ÌÂ
ËÏÈÎ›· (55<).

µÏ¤Ô˘ÌÂ fiÙÈ ˘¿Ú¯ÂÈ Û˘Û¯¤ÙÈÛË ÙË˜ ·Ô‰Ô¯‹˜ ÙÔ˘ ·ÈÔÏÈÎÔ‡ ¿ÚÎÔ˘ Î·È ÙË˜ ËÏÈ-
Î›·˜, Î·Ó¤Ó· ·fi Ù· ¿ÙÔÌ· Ô˘ Â›Ó·È Î¿Ùˆ ·fi 35 ‰ÂÓ ÙÔÔıÂÙ‹ıËÎÂ ·ÚÓËÙÈÎ¿ ÛÙËÓ
ÂÁÎ·Ù¿ÛÙ·ÛË ·ÓÂÌÔÁÂÓÓËÙÚÈÒÓ ÛÙËÓ ÂÚÈÔ¯‹. ∞ÓÙ›ÛÙÔÈ¯· Î·Ó¤Ó· ·fi Ù· ¿ÙÔÌ· Ô˘
Â›Ó·È ¿Óˆ ·fi 55 ‰ÂÓ Â›Ó·È ıÂÙÈÎfi ·¤Ó·ÓÙÈ ÛÙËÓ ÂÁÎ·Ù¿ÛÙ·ÛË ·ÈÔÏÈÎÒÓ ¿ÚÎˆÓ ÛÙËÓ
ÂÚÈÔ¯‹. ∆· ¿ÙÔÌ· ÌÂÙ·Í‡ 35 Î·È 55 «ÌÔÈÚ¿˙ÔÓÙ·È» ÛÂ ıÂÙÈÎ¤˜, ·ÚÓËÙÈÎ¤˜ Î·È Ô˘‰¤ÙÂ-
ÚÂ˜ ·fi„ÂÈ˜.  

™¯‹Ì· 27: ™˘Û¯¤ÙÈÛË ÙË˜ ·Ô‰Ô¯‹˜ ÂÁÎ·Ù¿ÛÙ·ÛË˜ ·ÈÔÏÈÎÒÓ ¿ÚÎˆÓ ÛÙËÓ ÂÚÈÔ¯‹ ÌÂ ÙËÓ

·fiÛÙ·ÛË ÙË˜ Î·ÙÔÈÎ›·˜ ÙˆÓ ÂÚˆÙÒÌÂÓˆÓ ·fi ÙÔÓ ÙfiÔ ÂÁÎ·Ù¿ÛÙ·ÛË˜ ÙˆÓ ∞/°.

∆Ô Û‡ÓÔÏÔ ÙˆÓ Î·ÙÔ›ÎˆÓ ÙˆÓ ÂÚÈÔ¯ÒÓ ÛÙÈ˜ ÔÔ›Â˜ ˘¿Ú¯ÂÈ ÚfiÙ·ÛË ÁÈ· ÂÁÎ·Ù¿-
ÛÙ·ÛË ·ÈÔÏÈÎÔ‡ ¿ÚÎÔ˘, Â›Ó·È ÂÓ¿ÓÙÈÔ ÛÙÈ˜ ·ÓÂÌÔÁÂÓÓ‹ÙÚÈÂ˜. ∂›Ó·È ÚÔÊ·Ó¤˜ fiÙÈ
˘¿Ú¯ÂÈ Û˘Û¯¤ÙÈÛË ÙË˜ ·fiÛÙ·ÛË˜ ÌÂ ÙÔÓ ÙÚfiÔ Ô˘ ·ÓÙÈ‰Ú¿ Ë ÙÔÈÎ‹ ÎÔÈÓˆÓ›·. 

™˘ÌÂÚ¿ÛÌ·Ù·

∞·ÈÙÂ›Ù·È ÏÔÈfiÓ Ó· ˘¿ÚÍÔ˘Ó ÔÏ‡ ÚÔÛÂÎÙÈÎ¤˜ ¯ˆÚÔÙ·ÍÈÎ¤˜ ÌÂÏ¤ÙÂ˜ ·ÏÏ¿ Î·È
˘ÔÌÔÓÂÙÈÎ‹ ÂÓËÌ¤ÚˆÛË ÙˆÓ ÙÔÈÎÒÓ ÎÔÈÓˆÓÈÒÓ ÁÈ· Ù· ÔÊ¤ÏË ÙË˜ ¯Ú‹ÛË˜ ÙË˜ ·ÈÔÏÈ-
Î‹˜ ÂÓ¤ÚÁÂÈ·˜ ·ÏÏ¿ Î·È ÁÈ· ÙÈ˜ ÂÈÙÒÛÂÈ˜ Ô˘ ÌÔÚÂ› Ó· ¤¯Ô˘Ó ÔÈ ÂÊ·ÚÌÔÁ¤˜ ÙË˜. ∏
ÂÓËÌ¤ÚˆÛË ÛÙÈ˜ ÂÚÈÔ¯¤˜ ·˘Ù¤˜ Â›Ó·È ÙÈ˜ ÂÚÈÛÛfiÙÂÚÂ˜ ÊÔÚ¤˜ ‰‡ÛÎÔÏË Î·ıÒ˜ ÔÈ Î¿-
ÙÔÈÎÔÈ Â›Ó·È Û˘Ó‹ıˆ˜ ÌÂÁ·Ï‡ÙÂÚË˜ ËÏÈÎ›·˜ Î·È ¯·ÌËÏfiÙÂÚÔ˘ ÌÔÚÊˆÙÈÎÔ‡ ÂÈ¤‰Ô˘. 

∆Ô ¡¤Ô ™¯¤‰ÈÔ ÃˆÚÔÙ·ÍÈÎÔ‡ ™¯Â‰È·ÛÌÔ‡ ÁÈ· ÙÈ˜ ∞¶∂ Ô˘ ÚÔˆıÂ› ÙÔ

Ã2 df P-Value

21,389 2 0,000
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À¶∂Ãø¢∂, Û›ÁÔ˘Ú· ı· ‚ÔËı‹ÛÂÈ ÛÙËÓ Â›Ï˘ÛË ÙˆÓ ‰ÈÂÓ¤ÍÂˆÓ ÌÂÙ·Í‡ ÂÂÓ‰˘ÙÒÓ Î·È
ÙÔÈÎÒÓ ÎÔÈÓˆÓÈÒÓ, fiÌˆ˜ Ù· ÚÔ‚Ï‹Ì·Ù· ‰ÂÓ ı· Ï˘ıÔ‡Ó Â¿Ó ÔÈ ÔÏ›ÙÂ˜ ‰ÂÓ Á›ÓÔ˘Ó
Û˘ÌÌ¤ÙÔ¯ÔÈ ÛÂ ·˘Ù‹ ÙË ‰È·‰ÈÎ·Û›·.

™‹ÌÂÚ· ·fi Ù· 30.000 ªW ÂÁÎ·ÙÂÛÙËÌ¤ÓË˜ ·ÈÔÏÈÎ‹˜ ÂÓ¤ÚÁÂÈ·˜ ÛÙËÓ ∂.∂., ÂÚÈÛÛfi-
ÙÂÚ· ·fi Ù· ÌÈÛ¿ ¤¯Ô˘Ó ÂÁÎ·Ù·ÛÙ·ıÂ› ÛÙË °ÂÚÌ·Ó›·  ∞Í›˙ÂÈ Ó· ÛÙ·ıÂ› Î·ÓÂ›˜ ÛÙË °ÂÚ-
Ì·Ó›·, Î·ıÒ˜ ÙÔ ·Ú¿‰ÂÈÁÌ¿ ÙË˜ Â›Ó·È Ú·ÁÌ·ÙÈÎ¿ ·Ú¿‰ÂÈÁÌ· ÚÔ˜ Ì›ÌËÛË! µ·ÛÈÎfi
ÛÙÔÈ¯Â›Ô ÙË˜ ÔÏÈÙÈÎ‹˜ ÙË˜ °ÂÚÌ·Ó›·˜ ·¤Ó·ÓÙÈ ÛÙÈ˜ ∞¶∂ ‹Ù·Ó ÔÈ ºÔÚÔ··ÏÏ·Á¤˜ ÛÂ
ÌÈÎÚÔÂÂÓ‰˘Ù¤˜ Ô˘ ÚÔÛÂÏÎ‡Ô˘Ó ÙÔ ÂÓ‰È·Ê¤ÚÔÓ ÓÙfiÈˆÓ Î·ÙÔ›ÎˆÓ Î·È ÌÈÎÚÔÌÂÛ·›-
ˆÓ ÎÔÈÓˆÓÈÎÒÓ ÛÙÚˆÌ¿ÙˆÓ, ÒÛÙÂ Ó· Û˘ÌÌÂÙ¤¯Ô˘Ó ˆ˜ Û˘ÓÂÙ·›ÚÔÈ ÛÂ ÂÙ·ÈÚÂ›Â˜ ÏÂÈ-
ÙÔ˘ÚÁ›·˜ ·ÈÔÏÈÎÒÓ ¿ÚÎˆÓ. ¶ÂÚÈÛÛfiÙÂÚ· ›Ûˆ˜ Î·È ·fi 50% "ÛÂ ÂÁÎ·ÙÂÛÙËÌ¤ÓË ÈÛ¯‡"
ÙˆÓ ·ÈÔÏÈÎÒÓ ¿ÚÎˆÓ ÙË˜ °ÂÚÌ·Ó›·˜ Â›Ó·È Û‹ÌÂÚ· ÂÙÂÚfiÚÚ˘ıÌÂ˜ ÂÙ·È-ÚÂ›Â˜ Ï·˚Î‹˜ ‚¿-
ÛË˜!.

ª›· ÂÙ·ÈÚÂ›·, Ë ÔÔ›· Û¯Â‰È¿˙ÂÈ ÙÂ¯ÓÈÎ¿, ·‰ÂÈÔ‰ÔÙÈÎ¿ Î·È ¯ÚËÌ·ÙÔ‰ÔÙÈÎ¿ ¤Ó· ·ÈÔ-
ÏÈÎfi ¿ÚÎÔ, ÛÂ ¤Ó· ÔÚÈÛÌ¤ÓÔ ÛÙ¿‰ÈÔ ˆÚÈÌfiÙËÙ·˜ ÙÔ˘ Û¯Â‰È·ÛÌÔ‡ ÙÔ˘ ¤ÚÁÔ˘ ÂÓËÌÂÚÒ-
ÓÂÈ ÙÔ˘˜ ÂÓ‰È·ÊÂÚfiÌÂÓÔ˘˜ ÌÈÎÚÔÂÂÓ‰˘Ù¤˜. µ·Ú‡ÙËÙ· ‰›-ÓÂÙ·È ÛÙËÓ ÂÓËÌ¤ÚˆÛË Î·È
ÚÔÛ¤ÏÎ˘ÛË ÙÔ˘ ÂÓ‰È·Ê¤ÚÔÓÙÔ˜ Î˘Ú›ˆ˜ ÙˆÓ Î·ÙÔ›ÎˆÓ ÙË˜ ÂÚÈÔ¯‹˜ fiÔ˘ ÚfiÎÂÈÙ·È Ó·
ÂÁÎ·Ù·ÛÙ·ıÂ› ÙÔ ·ÈÔÏÈÎfi ¿ÚÎÔ. ª' ·˘Ùfi ÙÔÓ ÙÚfiÔ ÂÈÙ˘Á¯¿ÓÂÙ·È ¿ÌÂÛË Û˘ÌÌÂÙÔ¯‹
Î·ÙÔ›ÎˆÓ ÙË˜ ÂÚÈÔ¯‹˜ ÛÙÔ ·ÈÔÏÈÎfi ¿ÚÎÔ, ÌÂ ·ÚÔ¯‹ ÔÈÎÔÓÔÌÈÎÒÓ ÎÈÓ‹ÙÚˆÓ, ÁÂÁÔÓfi˜
Ô˘ ÂÈ‰Ú¿ ·ÔÊ·ÛÈÛÙÈÎ¿ ÛÙËÓ Â›ÙÂ˘ÍË Â˘ÚÂ›·˜ ÎÔÈÓˆÓÈ-Î‹˜ Û˘Ó·›ÓÂÛË˜ ÁÈ· ÙËÓ ˘ÏÔ-
Ô›ËÛË Î·È ÂÈÙ˘¯‹ ÏÂÈÙÔ˘ÚÁ›· ÙÔ˘ ·ÈÔÏÈÎÔ‡ ¿ÚÎÔ˘. √È ÔÏ›ÙÂ˜ Ô˘ Û˘ÌÌÂÙ¤¯Ô˘Ó ˆ˜
Û˘ÓÂÙ·›ÚÔÈ -‰ÂÛÌÂ‡ÔÓÙ·˜ ÎÂÊ¿Ï·ÈÔ ·fi 5 ¤ˆ˜ 50 ¯ÈÏÈ¿‰Â˜ Â˘ÚÒ Î·È ·fi‰ÔÛË ÌÂÙ·Í‡
8% Î·È 10%-, Â›Ó·È ÂÙÂÚfiÚÚ˘ıÌÔÈ ÂÙ·›ÚÔÈ ÙË˜ ÂÙ·ÈÚÂ›·˜. ™˘ÌÂÚ·ÛÌ·ÙÈÎ¿, Ë ·ÍÈÔÔ›Ë-
ÛË ÙË˜ ·ÈÔÏÈÎ‹˜ ÂÓ¤ÚÁÂÈ·˜ ·ÏÏ¿ Î·È ÙˆÓ ¿ÏÏˆÓ ·Ó·ÓÂÒÛÈÌˆÓ ËÁÒÓ ÂÓ¤ÚÁÂÈ·˜ ÛÙË °ÂÚ-
Ì·Ó›· ¤¯ÂÈ Ó· ÂÈ‰Â›ÍÂÈ ÂÍ·ÈÚÂÙÈÎ¤˜ Î·È ÔÏ‡ÏÂ˘ÚÂ˜ ÂÈ‰fiÛÂÈ˜. ŸÏ· ·˘Ù¿ Î·ı›ÛÙ·ÓÙ·È
‰˘Ó·Ù¿ ÙfiÛÔ ÁÈ·Ù› ‰È·Ù˘ÒÓÔÓÙ·È ÔÚ¿Ì·Ù· Î·È ·ÎÔÏÔ˘ıÔ‡ÓÙ·È ÌÂ Û˘Ó¤ÂÈ· Û·ÊÂ›˜
ÔÏÈÙÈÎ¤˜ ÚÔÛ¤ÁÁÈÛ‹˜ ÙÔ˘˜, fiÛÔ Î·È ‰ÈfiÙÈ Î·ÏÏÈÂÚÁÂ›Ù·È ÔÈÎÈÏfiÙÚÔ· Ë Î·Ù¿ÏÏËÏË
·È‰Â›·. ◊ÚıÂ ÂÈÙ¤ÏÔ˘˜ Ô Î·ÈÚfi˜ Ó· ‚ÁÔ‡ÌÂ ÁÈ· Ï›ÁÔ ·fi ÙÔ ÌÈÎÚfiÎÔÛÌfi Ì·˜ Î·È Ó·
‰Ô‡ÌÂ ÙÈ Á›ÓÂÙ·È ÛÙÔÓ ˘fiÏÔÈÔ ÎfiÛÌÔ, ÙÔ ·Ú¿‰ÂÈÁÌ· ÙË˜ °ÂÚÌ·Ó›·˜ –Î·È fi¯È ÌfiÓÔ-
Ú¤ÂÈ Ó· Ì·˜ ÚÔ‚ÏËÌ·Ù›ÛÂÈ. £· Â›Ó·È ¤ÁÎÏËÌ· ÛÂ ‚¿ÚÔ˜ ÙˆÓ ·È‰ÈÒÓ Ì·˜ ·Ó ‰ÂÓ ÂÎ-
ÌÂÙ·ÏÏÂ˘ÙÔ‡ÌÂ ÙÔ ÏÔ‡ÛÈÔ ËÏÈ·Îfi Î·È ÙÔ ·ÓÂÍ¿ÓÙÏËÙÔ ·ÈÔÏÈÎfi ‰˘Ó·ÌÈÎfi Ô˘ ÚÔÛÊ¤-
ÚÂÈ Ë ¯ÒÚ· Ì·˜. 

√È ÂÙ·ÈÚ›Â˜ «Ï·˚Î‹˜ ‚¿ÛË˜» ÁÈ· ÙËÓ ·Ú·ÁˆÁ‹ ÂÓ¤ÚÁÂÈ·˜ ·fi ∞¶∂, ı· Û˘Ì‚¿ÏÏÔ˘Ó
·ÔÊ·ÛÈÛÙÈÎ¿ fi¯È ÌfiÓÔ ÛÙËÓ Î·ÙÂ‡ı˘ÓÛË ÙË˜ ÚÔÛÙ·Û›·˜ ÙÔ˘ ÂÚÈ‚¿ÏÏÔÓÙÔ˜ Î·È ÙËÓ
Â›ÙÂ˘ÍË ÙˆÓ ÛÙfi¯ˆÓ ÙÔ˘ ∫ÈfiÙÔ, ·ÏÏ¿ Î·È ÛÙËÓ ·Ó¿Ù˘ÍË ÙË˜ ÂÚÈÊ¤ÚÂÈ·˜, fiˆ˜ Î·È
ÙËÓ ÂÓ›Û¯˘ÛË ÙË˜ ∂ıÓÈÎ‹˜ Ì·˜ √ÈÎÔÓÔÌ›·˜. 
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∏ ∂ÈÛÙËÌÔÓÈÎ‹ ∂ÂÙËÚ›‰· ∂Ê·ÚÌÔÛÌ¤ÓË˜ ŒÚÂ˘Ó·˜ (∂∂∂∂), ·ÔÙÂÏÂ› ÙËÓ Â›ÛËÌË ∂ÈÛÙËÌÔÓÈ-
Î‹ ∂ÂÙËÚ›‰· ÙÔ˘ ∆∂π ¶ÂÈÚ·È¿ ÛÙËÓ ÔÔ›· ÌÔÚÔ‡Ó Ó· ‰ËÌÔÛÈÂ‡ÔÓÙ·È ÚˆÙfiÙ˘Â˜ ÂÚÂ˘ÓËÙÈÎ¤˜ ÂÚ-
Á·Û›Â˜ ÌÂÙ¿ ·fi ·ÍÈÔÏfiÁËÛË (Û˘Ó‹ıˆ˜, 2 ÎÚÈÙÒÓ) ÌÂ ıÂÌ·ÙÈÎfi ·ÓÙÈÎÂ›ÌÂÓÔ ÛÂ ÌÈ· ·fi ÙÈ˜ ÂÚÈÔ¯¤˜
ÙˆÓ ªË¯·ÓÈÎÒÓ ∂ÈÛÙËÌÒÓ Î·È ∆Â¯ÓÔÏÔÁ›·˜, ÙË˜ º˘ÛÈÎ‹˜, ÙˆÓ ª·ıËÌ·ÙÈÎÒÓ, ÙˆÓ ∆Â¯ÓÒÓ, ÙˆÓ
∫ÔÈÓˆÓÈÎÒÓ Î·È ∞ÓıÚˆÈÛÙÈÎÒÓ ∂ÈÛÙËÌÒÓ (πÛÙÔÚÈÎ¿, ∫ÔÈÓˆÓÈÎ¿, ¡ÔÌÈÎ¿, ¢ÈÔÈÎËÙÈÎ¿ Î·È ¶ÔÏÈÙÈ-
Î¿ ı¤Ì·Ù·). ™Ùfi¯ÔÈ ÙË˜ ∂∂∂∂ Â›Ó·È, ·ÊÂÓfi˜ Ë ·ÚÔ˘Û›·ÛË Ó¤ˆÓ ÂÚÂ˘ÓËÙÈÎÒÓ ·ÔÙÂÏÂÛÌ¿ÙˆÓ, ÌÂıfi-
‰ˆÓ, ‹ (Î·È) ·Ó·Ï‡ÛÂˆÓ, ·ÊÂÙ¤ÚÔ˘ ‰Â Ë ‰ËÌÈÔ˘ÚÁ›· ÌÈ·˜ Ó¤·˜ ËÁ‹˜ ÂÈÛÙËÌÔÓÈÎ‹˜ ÏËÚÔÊfiÚËÛË˜
¯Ú‹ÛÈÌË˜ ÛÙËÓ ÂÊ·ÚÌÔÛÌ¤ÓË, Î˘Ú›ˆ˜, ¤ÚÂ˘Ó·.

√‰ËÁ›Â˜ ÚÔ˜ ÙÔ˘˜ ™˘ÁÁÚ·ÊÂ›˜

∏ ∂∂∂∂ ‰¤¯ÂÙ·È ÚÔ˜ ·ÍÈÔÏfiÁËÛË ÁÈ· ‰ËÌÔÛ›Â˘ÛË ÚˆÙfiÙ˘Â˜ ÂÚÂ˘ÓËÙÈÎ¤˜ ÂÚÁ·Û›Â˜ ÁÚ·ÌÌ¤ÓÂ˜
ÛÙËÓ ∂ÏÏËÓÈÎ‹, ‹ ÛÙËÓ ∞ÁÁÏÈÎ‹, Ô˘ ‰ÂÓ ¤¯Ô˘Ó ‰ËÌÔÛÈÂ˘ıÂ› Ô‡ÙÂ ‚Ú›ÛÎÔÓÙ·È ˘fi ÎÚ›ÛË ÛÂ ¿ÏÏÔ Ì¤ÛÔ.
ªÈ· ÚˆÙfiÙ˘Ë ÂÚÁ·Û›· Â›Ó·È ‰ËÌÔÛÈÂ‡ÛÈÌË ÛÙËÓ ∂∂∂∂ ÂÊfiÛÔÓ ÚfiÎÂÈÙ·È ÁÈ· ÂÚÁ·Û›· Ô˘ ·Ô-
‰ÂÈÁÌ¤Ó· ÚÔÛı¤ÙÂÈ ÛÙËÓ ÂÈÛÙËÌÔÓÈÎ‹ ÁÓÒÛË. °È· ÙÔÓ ÏfiÁÔ ·˘Ùfi Ë ÂÚÁ·Û›· ÔÊÂ›ÏÂÈ Ó· ·Ó·Ù‡ÛÛÂÈ ÌÂ
ÏËÚfiÙËÙ· ÙËÓ ÂÈÛÙËÌÔÓÈÎ‹ ÛÎ¤„Ë Î·È ÂÍ¤ÏÈÍË ÙÔ˘ ÂÍÂÙ·˙fiÌÂÓÔ˘ ı¤Ì·ÙÔ˜, ·Ó·ÊÂÚfiÌÂÓË ÂÈÛ·ÁˆÁÈÎ¿
ÛÙËÓ ˘¿Ú¯Ô˘Û· (Î·Ù¿ Î‡ÚÈÔ ÏfiÁÔ ÚfiÛÊ·ÙË) ‚È‚ÏÈÔÁÚ·Ê›·, ·ÏÏ¿ Î·È ÛÂ ¿ÏÏ· ·Ô‰ÂÈÎÙÈÎ¿ ÛÙÔÈ¯Â›·.

∏ ˘Ô‚ÔÏ‹ ÚˆÙfiÙ˘ˆÓ ÂÚÁ·ÛÈÒÓ ÚÔ˜ ‰ËÌÔÛ›Â˘ÛË ÛÙËÓ ∂∂∂∂ Á›ÓÂÙ·È Û‡ÌÊˆÓ· ÌÂ ÙÔ˘˜ ÂÍ‹˜
ÁÂÓÈÎÔ‡˜ Î·ÓfiÓÂ˜. ∫¿ıÂ ÂÚÁ·Û›· ˘Ô‚¿ÏÏÂÙ·È ÚÔ˜ ÎÚ›ÛË ÛÙË °Ú·ÌÌ·ÙÂ›· ÙË˜ ∂∂∂∂ (£Ë‚ÒÓ 250 &
¶. ƒ¿ÏÏË, 12244 ∞ÈÁ¿ÏÂˆ) ÛÂ ÙÚ›· (3) ·ÓÙ›ÁÚ·Ê·. ªÂÙ¿ ÙËÓ ·ÍÈÔÏfiÁËÛË ÙˆÓ ÎÚÈÙÒÓ, Ë ÂÚÁ·Û›· Ô˘
ÎÚ›ÓÂÙ·È ‰ËÌÔÛÈÂ‡ÛÈÌË ÂÈÛÙÚ¤ÊÂÙ·È Ì·˙› ÌÂ ÙÈ˜ ÂÎı¤ÛÂÈ˜ ÙˆÓ ÎÚÈÙÒÓ ÛÙÔÓ ˘Â‡ı˘ÓÔ Û˘ÁÁÚ·Ê¤· Ô
ÔÔ›Ô˜, ·ÊÔ‡ ÚÔ‚Â› ÛÙÈ˜ ˘Ô‰ÂÈÎÓ˘fiÌÂÓÂ˜ ·fi ÙÔ˘˜ ÎÚÈÙ¤˜ Û¯ÂÙÈÎ¤˜ ‰ÈÔÚıÒÛÂÈ˜ ‹ ·ÏÏ·Á¤˜, ˘Ô‚¿Ï-
ÏÂÈ Ì¤Û· ÛÂ ¯ÚÔÓÈÎfi ‰È¿ÛÙËÌ· ÙÚÈÒÓ (3) ÌËÓÒÓ ·fi ÙË ÁÓˆÛÙÔÔ›ËÛË ÚÔ˜ ·˘ÙfiÓ ÙˆÓ ÂÎı¤ÛÂˆÓ ÙˆÓ
ÎÚÈÙÒÓ, Í·Ó¿ ÛÙË °Ú·ÌÌ·ÙÂ›· ÙË˜ ∂∂∂∂ ÙËÓ ÂÚÁ·Û›· ÛÙËÓ ÙÂÏÈÎ‹ ÙË˜ ÌÔÚÊ‹, ¿ÏÈ ÛÂ ÙÚ›· (3) ·ÓÙ›-

ÁÚ·Ê·, Úfi˜ ‰ËÌÔÛ›Â˘ÛË. ™ÙËÓ ÙÂÏÈÎ‹ ·˘Ù‹ Ê¿ÛË Ô Û˘ÁÁÚ·Ê¤·˜ ÔÊÂ›ÏÂÈ Ó· ·Ú·‰ÒÛÂÈ Ì·˙› ÌÂ Ù· 3
·ÓÙ›ÁÚ·Ê· fiÏË˜ ÙË˜ ÂÚÁ·Û›·˜ ÙÔ˘ (Î¿ıÂ ¤Ó· ·ÓÙ›ÁÚ·ÊÔ ÂÚÈÏ·Ì‚¿ÓÂÈ ∫Â›ÌÂÓÔ, ¶›Ó·ÎÂ˜, °Ú·ÊÈÎ¤˜
¶·Ú·ÛÙ¿ÛÂÈ˜, ºˆÙÔÁÚ·Ê›Â˜, §Â˙¿ÓÙÂ˜ ¶ÈÓ¿ÎˆÓ, §Â˙¿ÓÙÂ˜ °Ú·ÊÈÎÒÓ ¶·Ú·ÛÙ¿ÛÂˆÓ, §Â˙¿ÓÙÂ˜ ºˆ-
ÙÔÁÚ·ÊÈÒÓ) Î·È ¤Ó· floppy disk, ‹ CD-ROM, Ô˘ ÂÚÈ¤¯ÂÈ ¤Ó· ·ÎÚÈ‚¤˜ ·ÓÙ›ÁÚ·ÊÔ ÙË˜ ÂÚÁ·Û›·˜ ÙÔ˘
(ÛÂ ·Ú¯Â›o Word97, ‹ ÓÂÒÙÂÚÔ) Î·ıÒ˜ Î·È fiÏ· Ù· ˘fiÏÔÈ· ·Ú¯Â›· ¯ˆÚÈÛÙ¿ ÛÂ ËÏÂÎÙÚÔÓÈÎ‹ ÌÔÚÊ‹
(ÔÈ Ù‡ÔÈ ·Ú¯Â›ˆÓ ‰›ÓÔÓÙ·È ÛÂ Û¯ÂÙÈÎ‹ ·Ú¿ÁÚ·ÊÔ ·Ú·Î¿Ùˆ).

ÀÔ¯ÚÂˆÙÈÎ¿, Î¿ıÂ ÂÚÁ·Û›· Ô˘ ˘Ô‚¿ÏÏÂÙ·È ÛÙËÓ ∂∂∂∂ ÚÔ˜ ·ÍÈÔÏfiÁËÛË Ú¤ÂÈ Ó· Û˘ÓÔ‰Â‡-
ÂÙ·È ÌÂ ÂÈÛÙÔÏ‹ ˘ÔÁÂÁÚ·ÌÌ¤ÓË ·fi ÙÔÓ ˘Â‡ı˘ÓÔ Û˘ÁÁÚ·Ê¤· Ô˘ ‰ËÏÒÓÂÈ, fiÙÈ Ë ÂÚÁ·Û›· ÌÂ Ù›ÙÏÔ

«...», Î·Ù¿ ÙÔ ·ÚÂÏıfiÓ, ‰ÂÓ ¤¯ÂÈ ‰ËÌÔÛÈÂ˘ıÂ› Ô‡ÙÂ ¤¯ÂÈ ˘Ô‚ÏËıÂ› ÚÔ˜ ·ÍÈÔÏfiÁËÛË ÛÂ ¿ÏÏÔ Ì¤ÛÔ.
∞Ô˘Û›· Û¯ÂÙÈÎ‹˜ ÂÈÛÙÔÏ‹˜ ¤¯ÂÈ Û·Ó ·ÔÙ¤ÏÂÛÌ· ÙË ÌË ÚÔÒıËÛË ÁÈ· ·ÍÈÔÏfiÁËÛË ÙË˜ Û˘ÁÎÂÎÚÈÌ¤-
ÓË˜ ÂÚÁ·Û›·˜.

™ËÌÂÈˆÙ¤ÔÓ, fiÙÈ Î¿ıÂ ˘Ô‚ÏËıÂ›Û· ÚÔ˜ ÎÚ›ÛË ÂÚÁ·Û›· ‰ÂÓ ÂÈÛÙÚ¤ÊÂÙ·È ÛÙÔÓ ˘Â‡ı˘ÓÔ Û˘ÁÁÚ·-
Ê¤·, ÏËÓ ÙË˜ ÂÚÈÙÒÛÂˆ˜ Ô˘ Û¯ÂÙÈÎ‹ ·›ÙËÛË ¤¯ÂÈ Î·Ù·ÙÂıÂ› ÛÙË °Ú·ÌÌ·ÙÂ›· Î·Ù¿ ÙËÓ ·Ú¯ÈÎ‹ ˘Ô-
‚ÔÏ‹. ∂›ÛË˜, ÁÈ· ÏfiÁÔ˘˜ ·Ú¯ÂÈÔı¤ÙËÛË˜, Î·ÏÔ‡ÓÙ·È ÔÈ Û˘ÁÁÚ·ÊÂ›˜ fiˆ˜ Û˘Ó˘Ô‚¿ÏÏÔ˘Ó ÌÂ ÙËÓ Î·-
Ù¿ıÂÛË ÚÔ˜ ·ÍÈÔÏfiÁËÛË ÙË˜ ÂÚÁ·Û›·˜ ÙÔ˘˜ Î·È Û‡ÓÙÔÌÔ µÈÔÁÚ·ÊÈÎfi ™ËÌÂ›ˆÌ·.

™ÎÔfi˜ Î·È ™Ùfi¯ÔÈ ÙË˜ ∂ÈÛÙËÌÔÓÈÎ‹˜ ∂ÂÙËÚ›‰·˜ 235



¢È·ÌfiÚÊˆÛË ÂÚÈÂ¯ÔÌ¤ÓÔ˘ ˘Ô‚·ÏÏfiÌÂÓË˜ ÂÚÁ·Û›·˜

ñ ¢ÔÌ‹ ∫ÂÈÌ¤ÓÔ˘. ∆Ô ÎÂ›ÌÂÓÔ Ó· Â›Ó·È ÁÚ·ÌÌ¤ÓÔ, ÛÂ ÏÂ˘Îfi ¯·ÚÙ› ∞4 (ÛÙË Ì›· ÏÂ˘Ú¿), ‰ÈÏfi ‰È¿ÛÙÈ-
¯Ô, ÌÔÓfiÛÙËÏÔ, ·Ê‹ÓÔÓÙ·˜ ·ÚÎÂÙfi ÏÂ˘ÚÈÎfi ¯ÒÚÔ ‰ÂÍÈ¿ Î·È ·ÚÈÛÙÂÚ¿ ÙË˜ ÛÂÏ›‰·˜ ÁÈ· ˘Ô‰Â›ÍÂÈ˜ ·fi
ÙÔ˘˜ ÎÚÈÙ¤˜, Î·Ù¿ ÚÔÙ›ÌËÛË, ÌÂ ¯·Ú·ÎÙ‹ÚÂ˜ Times New Roman 12 pts. (ÏËÓ ÙÔ˘ Ù›ÙÏÔ˘, ÙˆÓ ÔÓÔÌ¿-
ÙˆÓ Î·È ‰ÈÂ˘ı‡ÓÛÂˆÓ ÙˆÓ Û˘ÁÁÚ·Ê¤ˆÓ, ÙË˜ ÂÚ›ÏË„Ë˜ Î·È Ù¤ÏÔ˜ ÙˆÓ ÁÚ·ÌÌ¿ÙˆÓ ÛÙÈ˜ Ï¤ÍÂÈ˜ ÎÏÂÈ‰È¿
Î·È ÛÙÈ˜ ÏÂ˙¿ÓÙÂ˜). ∫·Ù¿ ÙËÓ Û˘ÁÁÚ·Ê‹ Ó· ·ÎÔÏÔ˘ıÂ›Ù·È Ë ÂÍ‹˜ ÛÂÈÚ¿ ·ÚÔ˘Û›·ÛË˜ ÙˆÓ ÂÓÔÙ‹ÙˆÓ ÙË˜
ÂÚÁ·Û›·˜: ∆›ÙÏÔ˜, ™˘ÁÁÚ·Ê¤·˜, ¢ÈÂ‡ı˘ÓÛË Û˘ÁÁÚ·Ê¤·, ¶ÂÚ›ÏË„Ë, §¤ÍÂÈ˜ ÎÏÂÈ‰È¿, ∫‡ÚÈÔ ÎÂ›ÌÂÓÔ ÂÚ-
Á·Û›·˜, ∂˘¯·ÚÈÛÙ›Â˜ (.¯. ÚÔ˜ ¯ÔÚËÁÔ‡˜), ¶·Ú·ÚÙ‹Ì·Ù·, µÈ‚ÏÈÔÁÚ·Ê›·, ∂ÎÙÂÓ‹˜ ¶ÂÚ›ÏË„Ë ÛÙ·
∞ÁÁÏÈÎ¿, ¢È·ÁÚ¿ÌÌ·Ù·-∂ÈÎfiÓÂ˜ Î·È ¶›Ó·ÎÂ˜, §Â˙¿ÓÙÂ˜ ¢È·ÁÚ·ÌÌ¿ÙˆÓ-∂ÈÎfiÓˆÓ Î·È ¶ÈÓ¿ÎˆÓ.

ñ ™‡ÛÙËÌ· ªÔÓ¿‰ˆÓ, ª·ıËÌ·ÙÈÎ¿ ™‡Ì‚ÔÏ· Î·È Ù‡ÔÈ. ∫·Ù¿ ÙËÓ ·ÚÔ˘Û›·ÛË ÌÂÁÂıÒÓ Ô˘ ÂÎÊÚ¿-
˙ÔÓÙ·È ÌÂ ‰È·ÛÙ¿ÛÂÈ˜ Î·È ÁÂÓÈÎ¿ ÛÂ ÙÂ¯ÓÈÎ¿ ı¤Ì·Ù· ÔÈ Û˘ÁÁÚ·ÊÂ›˜ ÔÊÂ›ÏÔ˘Ó Ó· ¯ÚËÛÈÌÔÔÈÔ‡Ó ÙÔ ¢ÈÂ-

ıÓ¤˜ ™‡ÛÙËÌ· ªÔÓ¿‰ˆÓ (S.I.).

∂›Ó·È fiÌˆ˜ ‰˘Ó·ÙfiÓ, ÂÊfiÛÔÓ ¤¯ÂÈ ÂÈÎÚ·Ù‹ÛÂÈ ‹ Û˘ÓËı›˙ÂÙ·È ‰È·ÊÔÚÂÙÈÎ¿, Ó· ·Ú·ı¤ÙÔÓÙ·È ÂÈÚÔ-
Ûı¤Ùˆ˜, Ì¤Û· ÛÂ ·ÚÂÓı¤ÛÂÈ˜, ÔÈ ÙÈÌ¤˜ ÌÂÁÂıÒÓ ÂÎÊÚ·ÛÌ¤ÓÂ˜ ÛÂ ÌÔÓ¿‰Â˜ ¿ÏÏÔ˘ ™˘ÛÙ‹Ì·ÙÔ˜ ªÔÓ¿-
‰ˆÓ. ∫Ï·ÛÌ·ÙÈÎ¤˜ ·Ú·ÛÙ¿ÛÂÈ˜ Ú¤ÂÈ Ó· ·Ô‰›‰ÔÓÙ·È ¯ˆÚ›˜ ÙË ÁÚ·ÌÌ‹ ÙÔ˘ ÎÏ¿ÛÌ·ÙÔ˜, ·ÏÏ¿ ÌÂ ÙÔÓ
·ÚÈıÌËÙ‹, ÌÂÙ¿ ‰È¿ÛÙËÌ· Î·È ÛÙË Û˘Ó¤¯ÂÈ· ÙÔÓ ·Ú·ÓÔÌ·ÛÙ‹ ˘„ˆÌ¤ÓÔ ÛÙËÓ (�1) ‰‡Ó·ÌË). ŒÙÛÈ ÁÚ¿-
ÊÂÙ·È: m s�1 Î·È fi¯È m/s, ‹ ms�1. ƒ›˙Â˜ ·Ú·ÛÙ¿ÛÂˆÓ ‹ ·ÚÈıÌÒÓ Ú¤ÂÈ Ó· ·Ô‰›‰ÔÓÙ·È ˆ˜ ÂÍ‹˜:
∫ÏÂ›ÓÂÙ·È Ë ·Ú¿ÛÙ·ÛË Ì¤Û· ÛÂ ·ÚÂÓı¤ÛÂÈ˜ Î·È ÛÙËÓ Û˘Ó¤¯ÂÈ· ˘„ÒÓÂÙ·È ÛÙË (ıÂÙÈÎ‹ ‹ ·ÚÓËÙÈÎ‹,
ÌÔÚÊ‹˜ ‰ÂÎ·‰ÈÎÔ‡ ·ÚÈıÌÔ‡) ‰‡Ó·ÌË Ô˘ ·Ô‰›‰ÂÈ ÙË Ú›˙·. ¶ÚÔÎÂÈÌ¤ÓÔ˘ ÁÈ· Ú›˙Â˜ ·ÚÈıÌÒÓ ‰ÂÓ Â›Ó·È
˘Ô¯ÚÂˆÙÈÎfi Ó· ¯ÚËÛÈÌÔÔÈËıÔ‡Ó ·ÚÂÓı¤ÛÂÈ˜. ŸÏÔÈ ÔÈ Ì·ıËÌ·ÙÈÎÔ› ¯·Ú·ÎÙ‹ÚÂ˜ ‹ Û‡Ì‚ÔÏ· Ô˘
¯ÚËÛÈÌÔÔÈÔ‡ÓÙ·È ÛÂ ÌÈ· ÂÚÁ·Û›· Ú¤ÂÈ Ó· ÂÚÌËÓÂ‡ÔÓÙ·È Ì¤Û· ÛÙÔ ÎÂ›ÌÂÓÔ ˘Ô¯ÚÂˆÙÈÎ¿. ŸÏ· Ù·
¤¯ÔÓÙ· ‰È·ÛÙ¿ÛÂÈ˜ ÌÂÁ¤ıË Ô˘ ÂÌÊ·Ó›˙ÔÓÙ·È ÛÂ Ì·ıËÌ·ÙÈÎ¤˜ ÂÍÈÛÒÛÂÈ˜, ‹ Í¤¯ˆÚ·, Ú¤ÂÈ Ó· ·Ô‰›-
‰ÔÓÙ·È ÛÙÈ˜ ÛˆÛÙ¤˜ ÙÔ˘˜ ‰È·ÛÙ¿ÛÂÈ˜.

ñ ∆›ÙÏÔ˜ ∂ÚÁ·Û›·˜, ŸÓÔÌ·, £¤ÛË Î·È ¢ÈÂ‡ı˘ÓÛË Î¿ıÂ ™˘ÁÁÚ·Ê¤·. √ Ù›ÙÏÔ˜ ÙË˜ ÂÚÁ·Û›·˜ Ú¤ÂÈ Ó·
Â›Ó·È ‚Ú·¯‡˜ Î·È ÂÓÓÔÈÔÏÔÁÈÎ¿ Ó· ·Ô‰›‰ÂÈ ÈÛÙ¿ ÙÔ ı¤Ì· ÙË˜ ÂÚÁ·Û›·˜. ÃËÌÈÎ¤˜ ÂÓÒÛÂÈ˜, ‹ Ì·ıËÌ·-
ÙÈÎÔ› Ù‡ÔÈ ‰ÂÓ Ú¤ÂÈ Ó· ÂÌÊ·Ó›˙ÔÓÙ·È ÛÙÔÓ Ù›ÙÏÔ. ™ÙËÓ ÂÚ›ÙˆÛË Ô˘ Ë ÂÚÁ·Û›· ·ÊÔÚ¿ Û˘ÁÎÂÎÚÈ-
Ì¤ÓË ÁÂˆÁÚ·ÊÈÎ‹ ÂÚÈÔ¯‹, Ú¤ÂÈ Ó· ·Ó·ÁÚ¿ÊÂÙ·È (ÛÙÔÓ Ù›ÙÏÔ) ÙÔ fiÓÔÌ· ÙË˜ ÂÚÈÔ¯‹˜. ∂ÎÙfi˜ ÙÔ˘
ÔÓfiÌ·ÙÔ˜, ÙË˜ ı¤ÛË˜ Î·È ÙË˜ ‰ÈÂ‡ı˘ÓÛË˜, ÛÙÔÈ¯Â›· Ô˘ ·ÊÔÚÔ‡Ó Î¿ıÂ Ì¤ÏÔ˜ ÙË˜ ÂÈÛÙËÌÔÓÈÎ‹˜ ÔÌ¿-
‰·˜, ı· Ú¤ÂÈ Ó· ·Ó·ÁÚ¿ÊÂÙ·È, ˘Ô¯ÚÂˆÙÈÎ¿, Ë ÙËÏÂÊˆÓÈÎ‹ Î·È ËÏÂÎÙÚÔÓÈÎ‹ ‰ÈÂ‡ı˘ÓÛË ÙÔ˘ ˘Â‡ı˘-
ÓÔ˘ Û˘ÁÁÚ·Ê¤· (ÙÔ ¿ÙÔÌÔ Ô˘ ÂÌÊ·Ó›˙ÂÙ·È Ó· ÂÎÚÔÛˆÂ› ÙËÓ ÂÈÛÙËÌÔÓÈÎ‹ ÔÌ¿‰·), ·Ó ‚¤‚·È· ‰È·-
ı¤ÙÂÈ fax Î·È e-mail. ∆· ÔÓfiÌ·Ù· ÙˆÓ ÌÂÏÒÓ ÌÈ·˜ ÂÈÛÙËÌÔÓÈÎ‹˜ ÔÌ¿‰·˜ ·Ú·ı¤ÙÔÓÙ·È ·ÚÈıÌËÌ¤Ó· ÌÂ
ÙË ÛÂÈÚ¿ Ô˘ ÂÌÊ·Ó›˙ÔÓÙ·È ÛÙËÓ ÂÚÁ·Û›·, ÌÂ ‰È·‰Ô¯ÈÎÔ‡˜ ·ÚÈıÌÔ‡˜ ÛÙÔ Ù¤ÏÔ˜ ÙÔ˘ ÂˆÓ‡ÌÔ˘. °È· ·-
Ú¿‰ÂÈÁÌ·, Jones(1) K.L., Petridis(2), P.R. ∂ÈÏ¤ÔÓ, ÁÈ· Ó· ÍÂ¯ˆÚ›˙ÂÈ, ÙÔ ÂÒÓ˘ÌÔ ÙÔ˘ ˘Â‡ı˘ÓÔ˘ Û˘Á-
ÁÚ·Ê¤· Ê¤ÚÂÈ ˘ÔÁÚ¿ÌÌÈÛË.

ñ ¶ÂÚ›ÏË„Ë. ∏ ‡·ÚÍË ¶ÂÚ›ÏË„Ë˜ ÛÙËÓ ·Ú¯‹ Î¿ıÂ ÂÚÁ·Û›·˜ Â›Ó·È ˘Ô¯ÚÂˆÙÈÎ‹. ∏ ¶ÂÚ›ÏË„Ë, Ô˘ ‰ÂÓ
Ú¤ÂÈ Ó· ÍÂÂÚÓ¿ ÙÈ˜ 250 Ï¤ÍÂÈ˜, Â›Ó·È ÌÈ· Û‡ÓÙÔÌË ·ÏÏ¿ Ï‹ÚË˜ ·ÚÔ˘Û›·ÛË ÙˆÓ ‚·ÛÈÎÒÓ ÛËÌÂ›-
ˆÓ/ÌÂıfi‰ˆÓ/·ÔÙÂÏÂÛÌ¿ÙˆÓ Ô˘ ÚÔÎ‡ÙÔ˘Ó ‹ ·Ô‰›‰Ô˘Ó Î¿ıÂ ÂÚÁ·Û›·. ™ÙËÓ ¶ÂÚ›ÏË„Ë ‰ÂÓ Ú¤ÂÈ
Ó· ˘¿Ú¯Ô˘Ó ‚È‚ÏÈÔÁÚ·ÊÈÎ¤˜ ·Ó·ÊÔÚ¤˜, ‹ Â·Ó¿ÏË„Ë ÙÔ˘ Ù›ÙÏÔ˘. ∫¿ıÂ ÂÚÁ·Û›· ÁÚ·ÌÌ¤ÓË ÛÙ· ∂ÏÏË-
ÓÈÎ¿, Ú¤ÂÈ Ó· Û˘ÓÔ‰Â‡ÂÙ·È ·fi ÌÈ· ∂ÎÙÂÓ‹ ¶ÂÚ›ÏË„Ë 1000-1500 Ï¤ÍÂˆÓ, ÁÚ·ÌÌ¤ÓË ÛÙ· ∞ÁÁÏÈÎ¿,
ÂÈÏ¤ÔÓ ÙË˜ Î·ÓÔÓÈÎ‹˜ ¶ÂÚ›ÏË„Ë˜ ÛÙ· ∂ÏÏËÓÈÎ¿. ∏ ∂ÎÙÂÓ‹˜ ·˘Ù‹ ¶ÂÚ›ÏË„Ë ÙÔÔıÂÙÂ›Ù·È ·Ì¤Ûˆ˜
ÌÂÙ¿ ÙË µÈ‚ÏÈÔÁÚ·Ê›·.

ñ §¤ÍÂÈ˜ ∫ÏÂÈ‰È¿. ∂ÈÏ¤ÍÙÂ 5-6 Ï¤ÍÂÈ˜ Ô˘ ÛÙÔÈ¯ÂÈÔıÂÙÔ‡Ó, ·Ó·Ê¤ÚÔÓÙ·È, ‹ Î·È ÂÎÊÚ¿˙Ô˘Ó ÂÓÓÔÈÔÏÔ-
ÁÈÎ¿ ÙÌ‹Ì·Ù· ÙË˜ ÂÚÁ·Û›·˜, ÂÍ·ÈÚÔ˘Ì¤ÓˆÓ ·˘ÙÒÓ ÙÔ˘ Ù›ÙÏÔ˘.
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ñ ∫Â›ÌÂÓÔ. ∆Ô ÎÂ›ÌÂÓÔ (ÁÚ·ÌÌ¤ÓÔ ÌÂ Word97, ‹ ÓÂÒÙÂÚË ¤Î‰ÔÛË) Î¿ıÂ ÂÚÁ·Û›·˜ ¯ˆÚ›˙ÂÙ·È ÛÂ ÂÓfiÙË-
ÙÂ˜ Î·È Î¿ıÂ ÂÓfiÙËÙ· ÛÂ ˘Ô-ÂÓfiÙËÙÂ˜, fiÏÂ˜ ÌÂ ¤ÓÙÔÓÔ˘˜ Ù›ÙÏÔ˘˜ ·ÚÈıÌËÌ¤ÓÔ˘˜ ‰È·‰Ô¯ÈÎ¿ Î·È ÊÂÚfi-
ÌÂÓÔ˘˜ ÛÂ ÌÈ· ÁÚ·ÌÌ‹, Ô˘ ¯ˆÚ›˙ÂÙ·È ÌÂ ‰È¿ÛÙËÌ· ·fi ÙËÓ ·Ì¤Ûˆ˜ ÂfiÌÂÓË ·Ú¿ÁÚ·ÊÔ. ∏ ∂ÈÛ·Áˆ-
Á‹ ·ÔÙÂÏÂ› ÙËÓ ÚÒÙË ÂÓfiÙËÙ· ÙÔ˘ Î˘Ú›ˆ˜ ÎÂÈÌ¤ÓÔ˘, ¤ÙÛÈ, ÛËÌÂÈÒÓÂÙ·È: 1. ∂ÈÛ·ÁˆÁ‹. ™ÙËÓ ∂ÈÛ·Áˆ-
Á‹ ·Ú·ı¤ÙÔÓÙ·È: (·) ∞Ó·ÊÔÚ¤˜ ÛÙË (ÚfiÛÊ·ÙË Î˘Ú›ˆ˜) ‚È‚ÏÈÔÁÚ·Ê›·, Ô˘ Î·Ï‡ÙÔ˘Ó Ï‹Úˆ˜ ÙÔ
˘¿Ú¯ÔÓ ÂÈÛÙËÌÔÓÈÎfi ˘fi‚·ıÚÔ ÙÔ Û¯ÂÙÈ˙fiÌÂÓÔ ÌÂ ÙÔ ÁÓˆÛÙÈÎfi ·ÓÙÈÎÂ›ÌÂÓÔ ÙË˜ ÚÔ˜ ‰ËÌÔÛ›Â˘ÛË
ÂÚÁ·Û›·˜. (‚) √È ÏfiÁÔÈ Ô˘ ˘ÔÛÙËÚ›˙Ô˘Ó Î·È ·Ó·‰ÂÈÎÓ‡Ô˘Ó ÙÔ ÂÈÛÙËÌÔÓÈÎ¿ «¯Ú‹ÛÈÌÔ», «ÚˆÙfiÙ˘-
Ô», ‹ «Î·ÈÓÔÙfiÌÔ» ÙË˜ ÂÚÁ·Û›·˜, ¿ÓÙÔÙÂ ÛÂ Û¯¤ÛË ÌÂ ÙÈ˜ ÚÔËÁÔ‡ÌÂÓÂ˜ ÚÔÛ¿ıÂÈÂ˜. √È ˘Ô-ÂÓfi-
ÙËÙÂ˜, ÂÊfiÛÔÓ ˘¿Ú¯Ô˘Ó, ·ÚÈıÌÔ‡ÓÙ·È ‰È·‰Ô¯ÈÎ¿ ÌÂ ÚÒÙÔ ÙÔÓ ·ÚÈıÌfi ÙË˜ ÂÓfiÙËÙ·˜, ÙÂÏÂ›· Î·È ÛÙË
Û˘Ó¤¯ÂÈ· ÙÔÓ ·ÚÈıÌfi ÙË˜ ˘Ô-ÂÓfiÙËÙ·˜. ™Â Î¿ıÂ ÂÚÁ·Û›·, Ú¤ÂÈ Ó· Û˘ÌÂÚÈÏ·Ì‚¿ÓÂÙ·È ÌÈ· ÙÂÏÂ˘Ù·›·
ÂÓfiÙËÙ· ÛÙËÓ ÔÔ›· Ó· ·Ó·Ê¤ÚÔÓÙ·È Ù· Û˘ÌÂÚ¿ÛÌ·Ù· ·fi Ù· ÚÔÎ‡ÙÔÓÙ· ·ÔÙÂÏ¤ÛÌ·Ù·, Î·ıÒ˜
Î·È ÚÔÙ¿ÛÂÈ˜ ÁÈ· ÂÚ·ÈÙ¤Úˆ ¤ÚÂ˘Ó· Î·È ·Ó¿Ù˘ÍË ÌÂ ÛÙfi¯Ô ÙË ‚ÂÏÙ›ˆÛË ÙˆÓ ÌÂÁÂıÒÓ. √fiÙÂ ÛÙÔ ÎÂ›-
ÌÂÓÔ Á›ÓÂÙ·È ·ÚÔ˘Û›·ÛË Ì·ıËÌ·ÙÈÎÒÓ ÂÍÈÛÒÛÂˆÓ, ‹ Ù‡ˆÓ, ı· Ú¤ÂÈ Ó· ¯ÚËÛÈÌÔÔÈÂ›Ù·È Ô ªS
Equation Editor (‰È·ı¤ÛÈÌÔ˜ ÛÂ fiÏÂ˜ ÙÈ˜ ÂÎ‰fiÛÂÈ˜ ÙÔ˘ ÚÔÁÚ¿ÌÌ·ÙÔ˜ ÁÚ·Ê‹˜ ÎÂÈÌ¤ÓÔ˘ Word).

ñ ∂˘¯·ÚÈÛÙ›Â˜. ™ÙË ı¤ÛË ·˘Ù‹ ·Ó·Ê¤ÚÔÓÙ·È fiÛÔÈ Û˘ÓÂÈÛ¤ÊÂÚ·Ó, ÔÈÎÔÓÔÌÈÎ¿ ‹ ‰È·ÊÔÚÂÙÈÎ¿, ÛÙËÓ
Ú·ÁÌ¿ÙˆÛË ÙÔ˘ ÂÚÂ˘ÓËÙÈÎÔ‡ ¤ÚÁÔ˘ ·ÔÙ¤ÏÂÛÌ· ÙÔ˘ ÔÔ›Ô˘ Â›Ó·È Ë ÚÔ˜ ‰ËÌÔÛ›Â˘ÛË ÂÚÁ·Û›·.

ñ ¶·Ú·ÚÙ‹Ì·Ù·. ª·ÎÚÔÛÎÂÏÂ›˜ Ì·ıËÌ·ÙÈÎ¤˜ ·Ô‰Â›ÍÂÈ˜, ·Ó·Ï‡ÛÂÈ˜ Ô˘ ÂÓ‰È·Ê¤ÚÔ˘Ó ·ÔÎÏÂÈÛÙÈÎ¿
ÙÔ˘˜ Ï¤ÔÓ ÂÈ‰ÈÎÔ‡˜, ‹ ·Ó·Ï˘ÙÈÎfi ˘ÏÈÎfi ˘ÔÛÙ‹ÚÈÍË˜ ı¤ÛÂˆÓ ÛÙÔ ÎÂ›ÌÂÓÔ Î¿ıÂ ÂÚÁ·Û›·˜, Ú¤ÂÈ Ó·
ÙÔÔıÂÙÂ›Ù·È ÌÂ ÙË ÌÔÚÊ‹ ¶·Ú·ÚÙ‹Ì·ÙÔ˜, ÂÓfi˜ ‹ Î·È ÂÚÈÛÛÔÙ¤ÚˆÓ, ÌÂ ‰È·‰Ô¯ÈÎ‹ ÔÓÔÌ·Û›·, .¯. ¶·-
Ú¿ÚÙËÌ· ∞, ¶·Ú¿ÚÙËÌ· µ, Î.Ô.Î. ∂ÍÈÛÒÛÂÈ˜, ÂÈÎfiÓÂ˜, ÁÚ·Ê‹Ì·Ù·, ›Ó·ÎÂ˜ ÎÏ ÛÙÔÈ¯Â›· ·ÚÈıÌÔ‡ÓÙ·È
‰È·‰Ô¯ÈÎ¿ Ê¤ÚÔÓÙ·˜ ÙÔ ÁÚ¿ÌÌ· ÙÔ˘ ·Ú·ÚÙ‹Ì·ÙÔ˜ ÛÙÔ ÔÔ›Ô ¤¯Ô˘Ó ÂÓÛˆÌ·ÙˆıÂ›. ¶›Ó·Î·˜ ∞.1, ¶›-
Ó·Î·˜ ∞.2, ∂ÈÎfiÓ· µ.1, Î.Ô.Î..

ñ µÈ‚ÏÈÔÁÚ·Ê›·, ‹ ∫·Ù¿ÏÔÁÔ˜ µÈ‚ÏÈÔÁÚ·ÊÈÎÒÓ ∞Ó·ÊÔÚÒÓ. ŸÏÂ˜ ÔÈ ‚È‚ÏÈÔÁÚ·ÊÈÎ¤˜ ·Ó·ÊÔÚ¤˜ Î·È Ìfi-
ÓÔÓ ·˘Ù¤˜, Ô˘ ˘¿Ú¯Ô˘Ó ÛÙÔ ÎÂ›ÌÂÓÔ Î¿ıÂ ÂÚÁ·Û›·˜, Ú¤ÂÈ Ó· Î·Ù·¯ˆÚÔ‡ÓÙ·È ·ÏÊ·‚ËÙÈÎ¿ ÌÂ ‚¿ÛË
ÙÔ ÂÒÓ˘ÌÔ ÙÔ˘ ÚÒÙÔ˘ Û˘ÁÁÚ·Ê¤· ÛÂ Î·Ù¿ÏÔÁÔ ˘fi ÙÔÓ Ù›ÙÏÔ µÈ‚ÏÈÔÁÚ·Ê›·, Ô˘ Î·Ù·¯ˆÚÂ›Ù·È ÌÂ-
Ù¿ Ù· ¶·Ú·ÚÙ‹Ì·Ù· ·Ó ˘¿Ú¯Ô˘Ó, ‰È·ÊÔÚÂÙÈÎ¿ ·Ì¤Ûˆ˜ ÌÂÙ¿ ÙËÓ ÙÂÏÂ˘Ù·›· ÂÓfiÙËÙ· ÙÔ˘ ÎÂÈÌ¤ÓÔ˘.
¶ÚÈÓ ÙËÓ ˘Ô‚ÔÏ‹ ÚÔ˜ ·ÍÈÔÏfiÁËÛË, Î¿ıÂ ÂÚÁ·Û›· Ú¤ÂÈ Ó· ÂÏ¤Á¯ÂÙ·È ÁÈ· ÙËÓ ÔÚıfiÙËÙ· ÂÌÊ¿ÓÈÛË˜
ÙË˜ Î¿ıÂ ·Ó·ÊÔÚ¿˜, ÙfiÛÔ ˆ˜ ÚÔ˜ Ù· ÔÓfiÌ·Ù· ÙˆÓ Û˘ÁÁÚ·Ê¤ˆÓ Î·È ÙÔ˘ ¤ÙÔ˘˜ ‰ËÌÔÛ›Â˘ÛË˜, fiÛÔ Î·È
ˆ˜ ÚÔ˜ ÙËÓ ·ÚÔ˘Û›·ÛË ÛÙËÓ µÈ‚ÏÈÔÁÚ·Ê›·. °È· ÙËÓ ÔÚı‹ ·Ó·ÊÔÚ¿ ÌÂ Û‡ÓÙÌËÛË ÙÔ˘ Ù›ÙÏÔ˘ ÚÔ-
ÎÂÈÌ¤ÓÔ˘ ÂÚ› ‰ÈÂıÓÒÓ ÂÈÛÙËÌÔÓÈÎÒÓ ÂÚÈÔ‰ÈÎÒÓ, ˘¿Ú¯ÂÈ Û¯ÂÙÈÎfi˜ ›Ó·Î·˜ ÌÂ Ù· ÔÓfiÌ·Ù· ÙˆÓ Â-
ÚÈÔ‰ÈÎÒÓ ÛÙÔ World List of Scientific Periodicals, 4th Edition. ŸÏÂ˜ ÔÈ ÂÚÁ·Û›Â˜ Ô˘ ˘Ô‚¿ÏÏÔÓÙ·È
ÚÔ˜ ·ÍÈÔÏfiÁËÛË ÛÙËÓ ∂∂∂∂ Ú¤ÂÈ Ó· ·ÎÔÏÔ˘ıÔ‡Ó ÙÔ˘˜ ÂÍ‹˜ Î·ÓfiÓÂ˜ Û˘ÁÁÚ·Ê‹˜ ÁÈ· ·Ó·ÊÔÚ¤˜ ÛÙË
‚È‚ÏÈÔÁÚ·Ê›·:
¶·Ú·‰Â›ÁÌ·Ù· ÂÚÈÙÒÛÂˆÓ ·Ó·ÊÔÚÒÓ ÁÂÓÔÌ¤ÓˆÓ Ì¤Û· ÛÙÔ ÎÂ›ÌÂÓÔ

– Thompson (1990), ‹ (Thompson, 1990), ·Ó Â›Ó·È ¤Ó·˜ ÌfiÓÔ Û˘ÁÁÚ·Ê¤·˜.
– Thompson and Clog (1996), ‹ (Thompson and Clog, 1996), ·Ó Â›Ó·È ‰‡Ô ÔÈ Û˘ÁÁÚ·ÊÂ›˜.
– Thompson et al. (1997), ‹ (Thompson et al., 1997), ·Ó Â›Ó·È ¿Óˆ ·fi ‰‡Ô ÔÈ Û˘ÁÁÚ·ÊÂ›˜.
– Thompson, 1990; Thompson and Clog, 1996; Thompson et al., 1997), ·Ó Á›ÓÔÓÙ·È ·Ó·ÊÔÚ¤˜ ÛÂ ¿-

Óˆ ·fi ‰‡Ô ÂÚÁ·Û›Â˜.
– (Thompson, 1990a; 1990b), ·Ó ·Ó·Ê¤ÚÔÓÙ·È ‰‡Ô ‹ ÂÚÈÛÛfiÙÂÚÂ˜ ÂÚÁ·Û›Â˜ ÙÔ˘ È‰›Ô˘ Û˘ÁÁÚ·Ê¤·.
¶·Ú·‰Â›ÁÌ·Ù· ‰ÔÌ‹˜ ·ÚÔ˘Û›·ÛË˜ Î·Ù·¯ˆÚËÌ¤ÓˆÓ ÛÙÔ µÈ‚ÏÈÔÁÚ·ÊÈÎfi ∫·Ù¿ÏÔÁÔ ·Ó·ÊÔÚÒÓ.

– ¢ËÌÔÛ›Â˘ÛË ÛÂ ∂ÈÛÙËÌÔÓÈÎfi ¶ÂÚÈÔ‰ÈÎfi. ∂ÒÓ˘ÌÔ Î·È ·Ú¯ÈÎ¿ Î¿ıÂ Û˘ÁÁÚ·Ê¤·, (¤ÙÔ˜ ‰ËÌÔÛ›Â˘-
ÛË˜), Ù›ÙÏÔ˜ ÂÚÁ·Û›·˜, ¶Ï‹ÚË˜ Ù›ÙÏÔ˜ ÙÔ˘ ÂÚÈÔ‰ÈÎÔ‡, ·ÚÈıÌfi˜ ÙfiÌÔ˘/·ÚÈıÌfi˜ ÙÂ‡¯Ô˘˜, ÛÂÏ›‰Â˜
(·fi-Ì¤¯ÚÈ) ÛÙÔ ÙÂ‡¯Ô˜ ‰ËÌÔÛ›Â˘ÛË˜.
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°È· ·Ú¿‰ÂÈÁÌ·:
Thompson D.C., Clog R., and Batman A.Q. (1997). Global and diffuse solar irradiance models. Solar
Energy, 23/5, 208-216.

– ∞fi ÛÂÏ›‰Â˜ ‚È‚Ï›Ô˘. ∂ÒÓ˘ÌÔ, Î·È ·Ú¯ÈÎ¿ Î¿ıÂ Û˘ÁÁÚ·Ê¤·, (¤ÙÔ˜ ¤Î‰ÔÛË˜), ∆›ÙÏÔ˜ ‚È‚Ï›Ô˘, ÛÂÏ›-
‰Â˜ ÛÙÔ ‚È‚Ï›Ô (·fi-Ì¤¯ÚÈ), ∞ÚÈıÌfi˜ ŒÎ‰ÔÛË˜, ŸÓÔÌ· Î·È fiÏË ÂÎ‰ÔÙÈÎÔ‡ Ô›ÎÔ˘.
°È· ·Ú¿‰ÂÈÁÌ·:
Duffie J.A., and Beckman W.A. (1991), Solar Engineering of Thermal Processes, pp. 68-83, 2nd

Edition, Wiley Interscience, N.Y.
– ∞Ó·ÎÔ›ÓˆÛË ÛÂ ™˘Ó¤‰ÚÈÔ. ŸÓÔÌ·, Î·È ·Ú¯ÈÎ¿ Î¿ıÂ Û˘ÁÁÚ·Ê¤·, (¤ÙÔ˜ ™˘ÓÂ‰Ú›Ô˘), ∆›ÙÏÔ˜ ·Ó·ÎÔ›-

ÓˆÛË˜, ∆›ÙÏÔ˜ ÙfiÌÔ˘ ¶Ú·ÎÙÈÎÒÓ, ŸÓÔÌ· ·˘ÙÔ‡ (-ÒÓ) Ô˘ Â›¯Â ÙËÓ ÂÈÌ¤ÏÂÈ· ÙË˜ ¤Î‰ÔÛË˜ ÙÔ˘ Ùfi-
ÌÔ˘ ÙˆÓ ¶Ú·ÎÙÈÎÒÓ (·fi-Ì¤¯ÚÈ), Ì¤ÚÔ˜ Ô˘ ¤Ï·‚Â ¯ÒÚ· ÙÔ ™˘Ó¤‰ÚÈÔ.
°È· ·Ú¿‰ÂÈÁÌ·:
Marble D.G. (1987). UV-B induced human tissue disorders. |n Proceedings of Solar Energy World
Congress, Homested H. and Elbow K. (Eds), pp. 1256-1265, Ithaki, Greece.

ñ EÈÎfiÓÂ˜, °Ú·Ê‹Ì·Ù·, ¶›Ó·ÎÂ˜. ∫¿ıÂ ÂÈÎfiÓ·, ÁÚ¿ÊËÌ· ‹ ›Ó·Î·˜ Ô˘ ˘¿Ú¯ÂÈ ÛÙËÓ ÂÚÁ·Û›· Ú¤ÂÈ,
˘Ô¯ÚÂˆÙÈÎ¿, Ó· ·Ó·Ê¤ÚÂÙ·È Î·È Ì¤Û· ÛÙÔ ÎÂ›ÌÂÓÔ. √È ÂÈÎfiÓÂ˜, Ù· ÁÚ·Ê‹Ì·Ù· Î·È ÔÈ ›Ó·ÎÂ˜ Ô˘
·Ó·Ê¤ÚÔÓÙ·È ÛÙËÓ ÂÚÁ·Û›· ·Ú·‰›‰ÔÓÙ·È Î·Ù¿ ÙÔ ÛÙ¿‰ÈÔ ÙË˜ ·ÍÈÔÏfiÁËÛË˜ ÛÂ ‰‡Ô ÌÔÚÊ¤˜:
(·) ∂ÎÙ˘ˆÌ¤Ó· ÛÂ ·Ó¿ÏÔÁÔ ¿ÚÈÛÙË˜ ÔÈfiÙËÙ·˜ ¯·ÚÙ› (Î¿ıÂ ÂÚ›ÙˆÛË ÛÂ ÍÂ¯ˆÚÈÛÙ‹ ÛÂÏ›‰·, ÌÂ ÙË

ÏÂ˙¿ÓÙ· ÛÙÔ Î¿Ùˆ Ì¤ÚÔ˜ ÙË˜ ÛÂÏ›‰·˜) Î·È ÙÔÔıÂÙÔ‡ÌÂÓ· ÛÂ Î¿ıÂ ·ÓÙ›ÁÚ·ÊÔ ÙË˜ ÂÚÁ·Û›·˜, ‰È·-
‰Ô¯ÈÎ¿, ·Ì¤Ûˆ˜ ÌÂÙ¿ ÙË µÈ‚ÏÈÔÁÚ·Ê›·.

(‚) ™Â ÌÔÚÊ‹ ËÏÂÎÙÚÔÓÈÎÒÓ ·Ú¯Â›ˆÓ, ¤Ó· ·Ú¯Â›Ô ÁÈ· Î¿ıÂ ÁÚ¿ÊËÌ·, ÂÈÎfiÓ· ‹ ›Ó·Î· (ÌfiÓÔÓ ·Ú¯Â›·

pcx, jpg, cif, xls, tif, org, cdr Á›ÓÔÓÙ·È ‰ÂÎÙ¿).
∆Ô Ì¤ÁÂıÔ˜ Î·È ÔÈ Ê˘ÛÈÎ¤˜ ‰È·ÛÙ¿ÛÂÈ˜ ÙˆÓ ÂÈÎfiÓˆÓ, ÁÚ·ÊËÌ¿ÙˆÓ Î·È ÈÓ¿ÎˆÓ Ú¤ÂÈ Ó· Â›Ó·È Î·-
Ù¿ÏÏËÏÔ Î·È ·Ó¿ÏÔÁÔ ÙÔ˘ ÌÂÁ¤ıÔ˘˜ ÙˆÓ ÁÚ·ÌÌ¿ÙˆÓ/·ÚÈıÌÒÓ Ô˘ ¤¯Ô˘Ó ¯ÚËÛÈÌÔÔÈËıÂ› Û’ ·˘Ù¿.
∂ÈÏ¤ÔÓ, ÔÊÂ›ÏÔ˘Ó Ó· Â›Ó·È Â˘·Ó¿ÁÓˆÛÙ· Î·È ÌÂÙ¿ ÙËÓ ÛÌ›ÎÚ˘ÓÛË (ÂÚ›Ô˘ 50%) Ô˘ ı· ˘ÔÛÙÔ‡Ó
Î·Ù¿ ÙËÓ ÂÎÙ‡ˆÛË ÛÙËÓ ∂∂∂∂. ŸÏ· Ù· ÁÚ·Ê‹Ì·Ù·, ÎÏ. Ú¤ÂÈ Ó· ·ÚÈıÌÔ‡ÓÙ·È Î·Ù¿ Î·ÙËÁÔÚ›·, ÌÂ
ÙË ÛÂÈÚ¿ ÂÌÊ¿ÓÈÛË˜ Î·È ·ÚÔ˘Û›·ÛË˜ ÛÙÔ ÎÂ›ÌÂÓÔ, Û˘ÓÔ‰Â˘fiÌÂÓ· ·fi ÙË Û¯ÂÙÈÎ‹ ÏÂ˙¿ÓÙ·.

ñ §Â˙¿ÓÙÂ˜. ∫¿ıÂ ÁÚ¿ÊËÌ·, ÂÈÎfiÓ·, ›Ó·Î·˜ Û˘ÓÔ‰Â‡ÂÙ·È ·fi ÌÈ· ÂÂÍËÁËÌ·ÙÈÎ‹ ÏÂ˙¿ÓÙ·, Ô˘ Û˘ÓÔ-
‰Â‡ÂÈ ÙÔ ÂÎÙ˘ˆÌ¤ÓÔ ·ÓÙ›ÁÚ·ÊÔ ÙÔ˘ ÁÚ·Ê‹Ì·ÙÔ˜ ÎÏ. ÙÔÔıÂÙÔ‡ÌÂÓË ÛÙÔ Î¿Ùˆ Ì¤ÚÔ˜ ÙË˜ ÛÂÏ›‰·˜.
∂ÈÚÔÛı¤Ùˆ˜, ·Ú·‰›‰ÂÙ·È ¤Ó· floppy disk, ‹ CD-ROM ÌÂ fiÏÂ˜ ÙÈ˜ ÏÂ˙¿ÓÙÂ˜ ·ÚÈıÌËÌ¤ÓÂ˜ Î·Ù¿ ÛÂÈ-
Ú¿ ÂÌÊ¿ÓÈÛË˜ ÛÙÔ ÎÂ›ÌÂÓÔ ÁÈ· Î¿ıÂ Î·ÙËÁÔÚ›· ÍÂ¯ˆÚÈÛÙ¿ (.¯. Î·ÙËÁÔÚ›· ÂÈÎfiÓÂ˜, Î·ÙËÁÔÚ›· ÁÚ·Ê‹-
Ì·Ù·, Î·ÙËÁÔÚ›· ›Ó·ÎÂ˜), ÛÂ ÌÔÚÊ‹ ËÏÂÎÙÚÔÓÈÎÔ‡ ·Ú¯Â›Ô˘ *.doc (Word97 ‹ ÓÂÒÙÂÚÔ). ŒÙÛÈ, ÛÂ Î¿-
ıÂ ÂÚ›ÙˆÛË ÂÌÊ·Ó›˙ÔÓÙ·È: ™‡ÓÙÌËÛË ÔÓÔÌ·Û›·˜ Î·ÙËÁÔÚ›·˜, ÙÂÏÂ›·, ·ÚÈıÌfi˜, ÙÂÏÂ›· Î·È ÛÙË Û˘Ó¤-
¯ÂÈ· Ë ·ÓÙ›ÛÙÔÈ¯Ë ÏÂ˙¿ÓÙ·. °È· ·Ú¿‰ÂÈÁÌ·: Fig. 1. Model simulation results vs. measurements of daily
diffuse solar irradiance. ¶›Ó·Î·˜ 1. ŒÓÙ·ÛË ‰È¿¯˘ÙË˜ ËÏÈ·Î‹˜ ·ÎÙÈÓÔ‚ÔÏ›·˜ ÁÈ· Î¿ıÂ ÒÚ· Î·È ËÌ¤Ú·
Î·Ù¿ ÙÔ Ì‹Ó· πÔ‡ÏÈÔ 1999, ÛÂ W m�2.

ñ §ÔÈ¿ ™˘ÓÔ‰Â˘ÙÈÎ¿ ™ÙÔÈ¯Â›· ÀÔÛÙ‹ÚÈÍË˜. ∂ÚÁ·Û›Â˜ Ô˘ Ú·ÁÌ·ÙÂ‡ÔÓÙ·È ÂÍÂÈ‰ÈÎÂ˘Ì¤ÓÂ˜ ÂÚÈ-
ÙÒÛÂÈ˜, ‹ ÌÂÁ¿ÏË˜ ¤ÎÙ·ÛË˜ ·Ó·Ï‡ÛÂÈ˜ Ô˘ ·ÔÙÂÏÔ‡Ó Û˘Ó¤¯ÂÈ· ¿ÏÏˆÓ, ı· Ú¤ÂÈ Ó· Û˘ÓÔ‰Â‡ÔÓÙ·È,
Î·Ù¿ ÙÔ ÚÒÙÔ ÛÙ¿‰ÈÔ ÙË˜ ˘Ô‚ÔÏ‹˜ ÙÔ˘˜ ÛÙËÓ ∂∂∂∂, ÌÂ Î·Ù¿ÏÏËÏÔ˘ ÂÚÈÂ¯ÔÌ¤ÓÔ˘ ˘ÏÈÎfi ˘ÔÛÙ‹-
ÚÈÍË˜ (.¯. ·ÓÙ›ÁÚ·Ê· ÂÛˆÙÂÚÈÎÒÓ ‰ËÌÔÛÈÂ‡ÛÂˆÓ, ·Ó·ÊÔÚÒÓ, ÂÚÁ·ÛÈÒÓ, ¿ÚıÚˆÓ ˘fi ‰ËÌÔÛ›Â˘ÛË,
ÎÏ.) Ô˘ ‰ÂÓ Â›Ó·È Â‡ÎÔÏ· ‰È·ı¤ÛÈÌÔ ÛÙÔÓ Â˘Ú‡ÙÂÚÔ ÂÈÛÙËÌÔÓÈÎfi ¯ÒÚÔ. ∆Ô ˘ÏÈÎfi ·˘Ùfi ı· ‚ÔËı‹ÛÂÈ
ÙÔ˘˜ ·ÍÈÔÏÔÁËÙ¤˜ ÛÙËÓ ÎÚ›ÛË ÙË˜ ÂÚÁ·Û›·˜.
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ñ ¢È·‰ÈÎ·Û›· ÀÔ‚ÔÏ‹˜ £ÂÙÈÎ¿ ∞ÍÈÔÏÔÁËÌ¤ÓË˜ ∂ÚÁ·Û›·˜ (ÙÂÏÈÎ‹ Ê¿ÛË). ª¤Û· ÛÂ ¯ÚÔÓÈÎfi ‰È¿ÛÙËÌ·
ÙÚÈÒÓ (3) ÌËÓÒÓ ·fi ÙËÓ ·Ú·Ï·‚‹ ÙË˜ ¤ÎıÂÛË˜ ·ÍÈÔÏfiÁËÛË˜ ÙˆÓ ÎÚÈÙÒÓ, Ô ˘Â‡ı˘ÓÔ˜ Û˘ÁÁÚ·Ê¤·˜,
·ÊÔ‡ ÚÔ‚Â› ÛÙÈ˜ Û¯ÂÙÈÎ¤˜ ·ÏÏ·Á¤˜ ‹ Î·È ·Ó·ıÂˆÚ‹ÛÂÈ˜ Ô˘ ÚÔÙÂ›ÓÔÓÙ·È (·Ó ÚÔÙÂ›ÓÔÓÙ·È) ·fi
ÙÔ˘˜ ÎÚÈÙ¤˜, ÔÊÂ›ÏÂÈ Ó· ·Ú·‰ÒÛÂÈ, ‹ Ó· ÛÙÂ›ÏÂÈ Â› ·Ô‰Â›ÍÂÈ, ÛÙËÓ °Ú·ÌÌ·ÙÂ›· ÙË˜ ∂∂∂∂ Ù· ÂÍ‹˜:

1. ∆Ú›· (3) Ï‹ÚË ·ÓÙ›ÁÚ·Ê· ÙË˜ ·Ó·ıÂˆÚËÌ¤ÓË˜ ÂÚÁ·Û›·˜, ¿ÓÙ· Û‡ÌÊˆÓ· ÌÂ ÙÈ˜ ˘Ô‰Â›ÍÂÈ˜
ÙˆÓ ÎÚÈÙÒÓ. ŸÏÂ˜ ÔÈ ·ÏÏ·Á¤˜, ‹ Î·È ·Ó·ıÂˆÚ‹ÛÂÈ˜, Ú¤ÂÈ Ó· ÛËÌÂÈÒÓÔÓÙ·È Î·È Ó· ˘Ô‰ÂÈ-
ÎÓ‡ÔÓÙ·È Ì¤Û· ÛÙÔ ÎÂ›ÌÂÓÔ, fiÔ˘ ¤¯Ô˘Ó Á›ÓÂÈ, ÛÂ fiÏ· Ù· ·ÓÙ›ÁÚ·Ê·. ∫¿ıÂ ·ÓÙ›ÁÚ·ÊÔ Ú¤ÂÈ Ó·
Û˘ÓÔ‰Â‡ÂÙ·È Î·È ·fi Ì›· ÂÎÙÂÓ‹ ÂÚ›ÏË„Ë 1000-1500 Ï¤ÍÂˆÓ ÛÙ· ∞ÁÁÏÈÎ¿.

2. ŒÓ· (1) floppy disk, ‹ CD-ROM ÌÂ fiÏ· Ù· Û¯ÂÙÈÎ¿ ·Ú¯Â›· (ÎÂÈÌ¤ÓÔ˘ Î·È ÁÚ·ÊÈÎÒÓ), Û‡ÌÊˆ-
Ó· ÌÂ ÙÈ˜ Ô‰ËÁ›Â˜ Û˘ÁÁÁÚ·Ê‹˜.

3. ÀÔÁÂÁÚ·ÌÌ¤ÓË (·fi ÙÔÓ ˘Â‡ı˘ÓÔ Û˘ÁÁÚ·Ê¤·) ∂ÈÛÙÔÏ‹, ÛÙËÓ ÔÔ›· Ó· ‰ËÏÒÓÂÙ·È Ë ·Ô‰Ô-
¯‹ ÙË˜ ·ÍÈÔÏfiÁËÛË˜ ÙˆÓ ÎÚÈÙÒÓ, Î·ıÒ˜ Î·È fiÙÈ Ë ÙÂÏÈÎ‹ ·Ó·ÌfiÚÊˆÛË ÙË˜ ˘Ô‚·ÏÏfiÌÂÓË˜ ·Ó·-
ıÂˆÚËÌ¤ÓË˜ ÂÚÁ·Û›·˜ ¤ÁÈÓÂ Û‡ÌÊˆÓ· ÚÔ˜ fiÏÂ˜ ÙÈ˜ ÁÂÓfiÌÂÓÂ˜ ·fi ÙÔ˘˜ ÎÚÈÙ¤˜ ˘Ô‰Â›ÍÂÈ˜. ™Â
ÂÚ›ÙˆÛË Ô˘ Ë ·ÍÈÔÏfiÁËÛË ÎÚÈÙ‹ ‰ÂÓ Á›ÓÂÙ·È ·Ô‰ÂÎÙ‹ ·fi ÙÔÓ ˘Â‡ı˘ÓÔ Û˘ÁÁÚ·Ê¤· ÎÚÈÓfi-
ÌÂÓË˜ ÂÚÁ·Û›·˜, ·˘Ùfi˜ (Ô Û˘ÁÁÚ·Ê¤·˜) ÔÊÂ›ÏÂÈ fiˆ˜ ÚÔÛÎÔÌ›ÛÂÈ (ÂÓÙfi˜ ÚÔ‚ÏÂÔÌ¤ÓÔ˘ ‰È·-
ÛÙ‹Ì·ÙÔ˜ ÙˆÓ ÙÚÈÒÓ ÌËÓÒÓ ·fi ÙËÓ ÎÔÈÓÔÔ›ËÛË ÙË˜ Û¯ÂÙÈÎ‹˜ ¤ÎıÂÛË˜) Î·Ù¿ÏÏËÏ· Î·È ·Ó·-
ÁÓˆÚÈÛÌ¤ÓÔ˘ Î‡ÚÔ˘˜ ·Ô‰ÂÈÎÙÈÎ¿ ÛÙÔÈ¯Â›·, ÌÂ Ù· ÔÔ›· Ô˘ÛÈ·ÛÙÈÎ¿ ·Ó·ÈÚÔ‡ÓÙ·È, ‹ ·ÓÙÈÎÚÔ‡-
ÔÓÙ·È ˆ˜ ·‚¿ÛÈÌÂ˜, ÔÈ ˘Ô‰ÂÈÎÓ˘fiÌÂÓÂ˜ ÛÙËÓ ·ÍÈÔÏfiÁËÛ‹ ÙÔ˘ ÎÚÈÙ‹ ÂÓ¤ÚÁÂÈÂ˜.

ÀÔ‚ÔÏ‹ ÂÚÁ·Û›·˜ ÂÎÙfi˜ ÙË˜ ·ÓˆÙ¤Úˆ ‰È·‰ÈÎ·Û›·˜ ‰ÂÓ Á›ÓÂÙ·È ‰ÂÎÙ‹, ÂÓÒ ·˘ÙÔÌ¿Ùˆ˜ ·‡ÂÈ Ë ÚÔÒ-
ıËÛË ÙË˜ ÂÓ ÏfiÁˆ ÂÚÁ·Û›·˜ ÚÔ˜ ‰ËÌÔÛ›Â˘ÛË.
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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

ñ 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.

ñ 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�1, not ms�1 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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ñ 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), (2), etc after each co-author’s name. In addi-
tion, the corresponding author’s name is to be identified by underlining the surname.

ñ 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.

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

ñ 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).

ñ 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.

ñ 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.).

ñ 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, 4th 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 Iisted 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:
∆hompson 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, 2nd 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.

ñ Illustrations (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.

ñ 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.

ñ 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.

ñ 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-
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