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1@:B=L=>

4 %S+, J+0123896825.9%HI5% (%,(+,6 2'%6.%7UBY%.#12.9 Y6EL$)07+",
9+89+"8%=9 &'&5% 7D6@5CFP= HGECACE6 7D765<D5ACMABES 56D
C?6E6BBRAEC<6B6@L:<C@ASG;HHC@88.

L&  (9: ;<=(2"+,>: ?@+&T#$9<D5.%96 0+U8"A-<2+,%+.% 0+%()'-<2+(&

Bu>p% ,"+(+,> 6'&C9 $+%9. '&+#(9(%(&) 2'+(27&M2.&) E"$&) (&) M2 86<9

%.(+,282.+,6 ,"+(>"+9%,%+025,(2: ,&+.>: <).%5.2<9:,%+$52.+,>: %'&0&*>; ,%+H12

(&): % HT&)F&):<(#*&)::

1. B9. (2,u9"+=UE.9%.602+@9. 2'+(2)Ru6(=. (&) Bu>u%(&:

2. B9. 2'+<31%.<9<9u25=.'8) *'>G&).827(5=<9:

3. B&. "&<0+&"+g# 2.2"$2+-. 827(5=<9:

4. B9. %.679C9"=(&8&)7+-. $+%0)(&(27>0"6<9 $>)2-)05 ?, u8)0-, #'&) ,%+
2A#<&.25.%3A+,(#

5. B9 7>C9 %'&A6<2=. $+%96)(&(27250"6<2+:$>)2- )05 @IU8)0-, #'&) %+
2A#<&.25.%3A+, (#

I"#,2+(%+ &) <+%<(+, B+ %u+%0+%0+, % <BH& Yo @ +& 7T#$9E) <% (&0& (2.
50+%0. (%)(#(9(% (&) Bp>p%(&; ,%F-: %'&()'-. 2+,%+%.%02+,.D2%7% (%
*06"%,(9"+<(+,6(9: 72+(&)"$5%(&), F2(+,6 ,%+%".9(+,6, ,%+ ,%(%$"6A2¢+:
A+7&0&@ER). HY%(6(9 0+6" 2+%0: ;<=(2"+,>: 2@+&THSI<Po(%$"6A&. (%6
<u%. (+,#(2"%&"5<p% (%) "&,D'(&). %'#(9 <D.F2<9=. <(&+*255.(%&'&%%
<$,2.("-F9,%. p2(9 <QUU2(&*>#T=. (=. Y27-. (&) Bu>p%(&; %.%A&"+,62 (&
VA+<(GU2.& ,%H& 2'+F)u9(# 2'5'20& '&+#(9(%:,%H&): ("#'&): 2'5(2)@>(&).

4 0+%0+,%<8%(2"+,>. ?@+&7#$9<87&,79"-.2(%+Hu2 (9 <D.(%@®: "#$%&-
'%()$*+",- ./+0123&%&:;? ), 9 &'&59R2$,"5.2(%H0'# (& BU>U%,%+%,87&DF=:
0+%8+86G2(¥«=(9: 1I13J! , <(9. ?3J! , "&,2+PE.&) .% ,+.9F25 0+%0+,%<5%
@=(2"+,> ?2@+&7#$9<9K'2DF).9 $+%9 <D.(%@99: L,F2<9: ;<=(2"+,>:
?@+&7#$9<95.%9 | p60%<=(2"+,>: ?@+&7#39<HKI1; ?), '&) &"5G2(%s'#

(& BU>p%$+%®0 0+6",2+%0: ;<=(2"+,>: ,%+@=(2"+,>: ?@+&7#3$9<9:

M'=: "&%.%AE"F9,29 ;;? 8%<5G2(%%<(&+*25%) E*2+<)77E@2Z& Bu>u%
Y0+8&) '2"+7%186.&.(%1<(+:"),%+$- "% () +";- "H#;%B+-(&): . N<(#<& 9 I"#$%&
'%()$*+",- ./+0123&%&0O2. "E2+ % %.%7-.2(%<(9. %'7> '%"6F2<9 (=.
<(&+*25=%)(-. , %776%)"2+<E"*2(%+#+(+,6 <(9. %.67)<9,% 6@ +&7#$I&¥ ,
M2 <(#& (9. <).%$=%$> *'><Hi=. <JU2"%<P6(=. %+ "&(6<2=. '&) F%
&09%$><&). <(9. 827(5=<9(9: '&+#(9(%: (&) Bp>n%(& H%+(&D(& 2'2+0>
<DUA=.% p2 (&. .#P& 3374/2005, &;"#$%85%()$*+",- 8/+0123&%8&65>$"UB)8+
"8)B )& 1,C& 860DB%$(862 )8 8*29+82*38>8%%18)8 $6=6$98%$+)05*3=8&-
"89& UBE",- FO>B98-, )05+9*p8)0-E.4 7>C9%'&A6<2=.<22'5'20&!&7+(25%:
'"&O'&FE(206(6 ,%.#.% (& 2'#p2.& <(60+&%)(# (9: ;@=(2"+,> ?@+&7#$9<9:
P2 (& UE"2+2:<*2(+,6 P2 (& (27+,# %) (# <(60+&9: 0+%0+,%<DHD+& 7#$9FMo
$.=<(&'&+IF&D<(YoBU>% (%0 (6 (& WpE<=: 2'#p2.& *"&.+,# 0+6<(%

B&'%"#. 252.& W'&(2T2BH()'& <*>%08U>: Y+ 2"+2*QUE.=. (9: I"'HS%&-
'%()$*+",-  [+01238%&-4 O+6"F'=<> (&) %.(+<(&+*2F>"=: <(+1 8%<+,E:
2.#9(2: (=. ,"+(9"5=. '&) %.%7D&. (WE&E.('& (9: 73] 2 (5(780G+8%DB1+%8&




40+2)&)8-%)&>>H)8)& "68=9$5%8&.>B15%&*+)&*=(> G+8%DB1+%%+2)&)8-
"89& USE"H>F0>B9(>E !"90%8& 2.0, @0A1+R007, .G@4 #,>8 : "&$"6 pu%(%
<'&)0-. , 0+0%,(+#"$& 2"2).9(+# E"$& <("%(9%$+,>%,%08%Q,>%.6')@9;
<FE<2+: 42 ,&+.=.+,&D; '&T7+(+<(+,&D:, %+ '%"%$=%$+,&D:A&"25; 0+&+,9(+,E:
)'9"2<52: %+ )'&0&UE: E"% %'# (% %.=(E"=, '2"+79%i86.2(%+<(9. ;;?
A.&'(+,> '2"+$"%A>,%+%@+&THIHO 50+%9: 0+%0+,%<F%h: 2<=(2"+,>:
%@+&THSI<PE<%<(& Bu>u% ,%F-1 %+ (% <)U'2"6< n%(%,%+ (% <*E0+%
827(5=<9:(9: '&+#(9(%:(&) Bu>p%(&:

R5.2(%E(<+2).#9(& #(+9 <D.(%@@: "#$%&-'%()$*+",- .[+0123&%EDUA=.%
U2 (& "&(2+.#U2.& 4*2)560 17, U8 ,%+9 <)U7>"=<9 (=. 1+.6,=. '&) (9.
<).&02D&). (87. ,%(=(E"=, <27 14, .2) "&O'&FE(249. <D.F2<9<(&+*25='&)
96(%$"6A&. (Y85 #T (Y UETI(&) BUSHY6(&:<(%2+0+,86'&$" %A+, 027 (5%B7.
?2'8&$" %A+ # 327(5&; @Y19.+%5& LY F%(&: Y%+ ?(&u+.# 2'&$"%A+# 327(5&
1E78&): ;,'%+02)(+,&D!"&<="+,&D , <(& E.()'& (9: ?3J! p2 (5(7&C603*8D+"B
G$1)=88+ *()& pH8)0123+(8#, U8)0-/G+9B%"0>)B+8)05- JO+)&):-E, ["90%&
1.0, @0A1+Q007, .G@4 #,>8), ,%+'%"67797%%@+& &€25 %'%.(><2+:<(%
2"=(>p%(%8) FE(24& (2D*&:QG+8%DB14%8€2)&)8-%)&>>H)8)& "68=9$5%%&
>B15%&*+)&*=(> G+8%DB1+%&+2)&)8-."89& U8E"H>F0>BI(>E !"90%& 2.0,
@O0A1+2007, .G@4 #,>8 . M7%(% "'&%.%A2"E.(%E.()'%, ,%F-: 2'5<9: %+
&09%$52%+%9. <)U'7>"=<9 > % @+&'&59L): 0Q&<+2D&.(%f&. +<(#(&'&(9:
?3J! (http://www.adip.g).

4 *'><9 (&) "&((2+.#P2.&) 2.+%58+2)5605 17, p8)0- $+%t: 2,FE<2+2<=(2"+,>:
%@F#3$9<9: #7=. (=. Bp9u6(=. (== +0"W6(=. %.-(%(9: 2,'%502)<9:
2'+86772(Y%0'# (9. %.6%$,9%.%$=$>(=. <(&+*25=,%H=. <)U'2"%<6(=. '&)
%A&"&D(%62'5 PE"&): BU>N%(%(& 2'520& (&) &+,25&J0" % (&:(1%.2'+<(>p+&
B;J) , %+ (27+,6 <2 2F.+# 2'520& N<(#<& 2'+<Qu%5.2(%#(+ (% Bu>p%(%
H&"&D. .%"&<FE<&). > ,%+%2@2+0+,2D<&)$,2,"+ UE.%,"+(>"+%,%+025,(2:
‘&) %'9*&D. (+: +0+%+(2"#(9(E&):, 0+2),"+.5G&.(%K2 ,6F2 '2"5'(=<9 M2
<%A>.2+%8& '2"+2*Hu2.& ((+,%+-: ;) ,%H9 7&$+,>($+%(5(9: 0+R&"&'&59<>:
(&):. ;D7&%$&25.%+05=:,%(6 (9. ("E*&)<% "-(9 2A%&$>(&) <)<(>p%(&:
0+%<AB7+<8+#(9(%; #(+02. F¥R25.%'6.(% 0).%(>9 ,67)C9 #7=. (=. <9u25=.
(9: E,F2<9: ;5.%+=: 2),(%58<2 ,6F2 '2"5'(=<9 (& Bp>pn%.% ,%(%8672;6F2
0).%(> "&<'6 F2+%6&,2+E.&) .% (&' &F2(9F2R'5 #<& (& 0).%(# '2"+<<#(2"=.
%'# (Yo<9u259%0: E,F2<9:

)HI&  25.%H#(+ 9 23], %.(+7pB%.#12.9 (& "#7& (9: =1 %"=$&D(=.
Buoub(=. <(9 0+%0+,%<BH%<A67+<9%+ 827(5=<9: (9: '&+#(9(6: (&):,
'%"%UE.24<(9 0+6F2<0=. 2.0+%A2f&.=. $+IB0BLKIF><2#'&) *"2+%<F25




1.( 7D67D56HEB>CHK<C@DBMD=B:L8H38>

K '>2)&)8 85), 6$*+1A<B>$+u+8 %A>)R 6$*+3*8D, 8>B15%&8+ "H+)+",
8/+01238%38- 9+89+"8%=&%()$*+" - 8/+01238%&"8#H- "8+ $>9$7Z>$-
6*0)B%$8+9& <$1)=(%)&-.

1.1. !'C@DL@6@6D6EABGH88>7D67D56HFEHK<C@DHEMD=B:L8H83<=
" ul pb.
1.1.1. '=D6 I<6E 8 HPESCH®&>*)$" ;

4117 &"5<(9,2 %'H# (9. ,%(6 (9 0+6",2+%9: R2.+>: /).E72)<9: (&)
BU>HY(&:,%+9%'&(2725(%4'# (&. ,. R B<5"=.9 = I"#20"& (,%F$9(>: %+
I"#20"&: (&) BU>I6(&:S)<+,>1), ,Y6F-: ,%49%'# (UET93;! (&) BU>po(&:
.., .4.12"6,9 | T.BG&D"®.!E(,&) ,%+U. V%}%.06"2

1.1.2. )C ?=D=G56D?N>HGEC@LAHS857$" LD6<8 7Df: @QKH8<8>
;5SCH8p>

B%UE79(9: 11;?  <).2"$6<(9,%. P2 (%pE793;! (&) Bu>p%(&:,%F-: %+
M2 (& 0+&+,9(+,#0612"2).9(+,# "&<="+# ,%tA&+(9(E:

1.1.3. I=DC>7?8L;> 56D 7D67D56HFI@ 8Hiz?=DIS856ELD6<8E AE<B8HS8
?B8@=Q=@PNE

B%UE79(9: 11;? <).E72@%172: (+: %'%"%5(9(279"&A&"52: %'# (YoE79
3;1 ,%40+&+,9(+ H&<="+# (&) BUu>n%(&: B&$2$& . #:#(+(& Bu>uv0+%FE(2+
'7>"9 p9*%.&"$6.=<9 (=. %"™25=.(=. .). A&+(9(-. %776,%+#7=. (=.
%'&A&5(=.%'# (9. 50")<9 (&) 0+2)#7).2 (9 <)77&$> (=. %'%"%5(9(=.
79"&A& " +-. . L$+.22'5<9: <)<(9u%(+,>"><9 86<2=. 020&E.=. (ISI/Web of
Science, SCOPUS,(7) $+%(9. %.(+,202.+,> %'&(PO9<9 (9: 2"2).9(+,>
0"%<(9"+#(9(%(&) Bu>p%(&:

1.1.4. IN> 56DHC?=D6;5<6H8 HGT8<IS85@ ;5SCH8H<=CHK<C@D&:-G
" Ul pe<=3

I+ 0490+ %<8B.F2<9:(9: E,F2<9:<)GI(>F9,% <2R2.+,E:/).272D<2+: B%
HE793;! (&) BUSHY6(&:<).2+<EA2"%<(9. 0+%0+ %<gT7&$>:<(&+*25= %+
%'&(27206(=. '&) '%"%(5F2.(%%9. E,F2<9

1.2. "EABGH8 <KE SC<D5NEH<=DJCFKEB6D <KE 7GH5=BDNE?=G
?6@=GHDAHS856EA<8 7D67D56HEB>CHK<C@D5MD=B:L8H8>

B& BU>H%6 S)<+,>: 25%22'%.%768242 0+,> (&) "=(&8&)75% '%"#1&+%
%@+&THIE) "& &, (%2(5%B& $2$&.#: %) (# 0+2),#7).2 (& BU>%.%
@2,+.><q9. #790+%0+ %<5M08) |2 (9. 2'E(2+&=. 302(-. %'# (9.

50")<> (&) >(%. +U67>2),%+"5%+ %06 % @+&7&$F8248"25%8&) ,%+%
2'06.%"8&<0+&"5<79. (&) <(#*&):. 4 "&2(&%<5YD: .E%: E,F2<9:




1.3.

%)(&%@+& T#$IXW&025*F9, 26", 2(6 '+& '&7D'7&,9. 1+& <)$,2,"+ UE.%0
Q)77&$>72'(&P2"-. <*2(+,6 Y2 (& 0+0%,(+E"$&H'=: <(%(+<(+,6(&+*25%
$+%6F2 PBFQY ,%++<(&S"P%(%(=. 2'+0#<2=.(=. A&+(9(-. >(%.
%",2(6 2'5'&.& .% <)772*F&D. B& $2$&.#: #(+ 25*2 &78&,79"=F25(&
"&9$&MN2.& E(&: 9 '7>"9: n9*%.&"$6.=<9: (9:  R"%uu%(25%(=.
A&+(9(-. 8&>F9<2<9u%.(+,6 (9. "&<'6F2+%%)(> K'&FE(&)2 #(+<2
677% >U%(%9: *-"%: #'&) 02.)'6" *2+%,419 n9*%.&"$6.=<9 %) (# (&
HE"&: F¥25.%4%,(+,6 %0D.%(&6<)'79"=F25,

|@=<AHCDP6<8 RCB<FKH®&>7D67D56HF-6>




2.16@=GHF6H8=G pl p6<=>

2.1

2.2.
2.2.1. &<CB;JKH8 <=G ' pl u6<=> HC 7D765<D5: 7D=D58<D5:56D

ACKL@6QD58;H8 <=G' Il u6<=> (2.J. H<BE?@K<CP=GHACUCLABS
2:B8, HQUD5@P:B8, HGL5CR¥;E=, 56<6E(8W;E= HQUD6?:B8 5B7.

B&BU>p%S)<+,>: (&) 1%.2'+<(9uS&)H">(9: 8"5<,2(%%0'# (& 1995<(9.

E%!%.2'+<(9u+&D'&7%K(9. 2"+&*> (=. U&)(-. , 9 &'&5%8"5<,2(%«(%
"&6<(+%(9: '#79: (&) 4"%,725&)87n .&(+&0)(+,6%'# (& ,E.("& (9:

#79: . B&4"6,72+&25.%045%D$*"&.9'#79 ~150,000%(&5,=.. B&0+2F.E:
%2"&0"f+&"&<AE"2+%'2)F25%xD.02<9u2 0+6A&"2'#79: (9: ;7760%:;

F-: %+ ,%(6 (&): F2"+.&D:,)"5=: p>.2:, <2 '#72+: (9: 8#"2+%:
-9 L M72: &+ 2,'%+02)(+,E: 0+%0+,%<501%Fp% (% 2'$%<(>"+Yo
(27&D.(%*«(& ,(5"+& (9: S)<+,>:. 4 2"2).9(+,> )'&0&u> 2"2).9(+,6

2"$%<(>"#%6"&+ <(2$6G&.(%%(6 ,D"+& 7T#$&<(& ,(5"+&S)<+,>:. L.%

ME"&: %)(-. 8"5<,2(%+<(&J.<(+(&D(&72,("&.+,>: 3&u>: , %+PE+GA&)

JO"u%(&: B2*.&7&%$5%;%+ L"2).%: (J43P/IB;) (& &'&5& 25.%+<2
%'H#<(%<Q#7+:5001%'# (& ,(5"+&S)<+,>:, %776%+<(& ?7<(2"&<,&'25&
(&) 1,5.%,%, '&) 8"5<,2(%«2)CHU2("& 17501 <2 %'#<(%<960*7u %'#
(9. '#79 (&) 4"%,725&)

%H<=@BB>CM;BDM&8>G ul u6<=>

C@L6H<8@DBB=HK?D556<A <8E <CBCG<6P6E<6C<RB=H=<D5A
H<=DJQE6

B& Bu>p% S)<+,> (&) 19.2'+<(9U5&) H">(9: OE*F9,2 (&): "-(&):
"&'()*+%,&D: (&) A&+(9(E(& 1978 %+(%"-(% . HI%PETI3;! (&
1980. /> P2"% J&D.+&2008, (& BU>H%%'&(2725(984'% 31 |E793;! , 4
QU (HI&): \YFIS$O(E: 12 [E793+&+,9(+,&Mo+B2* + &DI"&<="+,&D %+
25 2"2).9(E:. 2.%7)(+,6 <(&+*25986"8&)<+6G&.(%<(&): %.(5<(&+*&):
15.9,2: (=. '%"%(U6(=. .

2.2.2. "@D@> 56D 56<6Efl <KE Q=D<8<NEGEA C?F?C7-H?-G7NE

(?@=?<GJD653F<6?7<GID65=FD765<=@D55B<A <8E <CBCG<6F6
?CE<6C<FE6

I(& P2(%'()*+%,#"#$" %% (&) BU>HY%(&: (& & &58%'&(2725(%4'# 0D&
%.2@6"(9(%"&$"6 uu%(% (E.% <2 R2.+,>. S)<+>. %+ E.% <2
1+,"8972,("&.+,> - I'(8&972("&.+,> ) 25.%2$$2$"WIE.&+24 )'&C>A+&+
0+06,(&"2:,%F-: ,%+40)'&C>A+&12(%'()*+%,&D3+'7- 1%(&:;+05,2)<9:
(Masters) .B& <D.&7&(=. 2$32$"WE.=. "&'()*+%,-. A&+(9(-. 25.%+
833.2.%7)(+,6 <(&+*25%"8&)<+6G&.(%4&): %.(5<(&+*&)5.%,2: 11(=.
'%"%(Q6(=. .

LM pHS%& (), 0%+ ,+)%). 11,)/+ #0+.1. 11-1.
21" UHS%E 0* , )%+ ,+)%). 11,)/"2 #0+.1*211-2.11.311-2.2




2.3. &5=?:>56DH<:J=x=G pl p6<==>
2.3.1. 1=D=DCFE6EDH<:J=D56D=DH5=?=K<=G" pl p6<=>HRIQKEG puC <=
1$+ F7@GHk=G
T& TUSP%S)<+,>: (&) 1%.2'+<(9p5&) K">(9: '%"%,&7&)F23%+$.="5G2¢+:
0+2F.252@275@%24 #.& <(9 S)<+,> %776,%+<(+: <).%A25:(2*.&7&$+,E:
, %6(2)FD.<2+:3+%'+<(-.2+(+: %77%S$EY+(+: (6<2+:'&) 2'+,"%(&D. E5.%+
2.5U2"& (&) $2$&.#(&: #(+ '&778&5 A&+(9(E:, %(E79@ %<2 ,6'&+& Tp>u%
S)<+,> #*+T#%= (&) 2.0+%AE"&.(& (9: ,75<9: '&) 25*%$+%9 S)<+,>,
%T767#$= (&) <)<(>H%(&: (=. 19%.2779.5=. E@2(6<2=. L*&.(%: 7&+'#.
YH#CO (&) #7&): %)(&D:(&): '%"6$&.(2:, E*2+<*20+6<2E.%2,'%+02)(+,#
"HEWUII'E) W'&S,&'25 %A H#: <(& % 2A&0+6<T& A&H(I(>|2 $2.+,>:
AD<2=:02@+#(9(2h$.-<2+: #'=
L+ % #(9(%"><9: "8F="9 LE.=. PYFR%6(+,-. 2"$%T25=.
L+ %.#(9(986.%$.-"+<9: (=, 8%<+,-. '%"%$H.(=. '&) ,%F&"5G&)Y%
0+6A&"%)<+,6 A%+ #2.%
o+, %.8(9(%'&<&(+,>: 0+%(D'=<9:(=. <*E<2=. p2(%@26+(5&)%+
%'&(27ER%(&:
L+, % H#(9(W'=(&8&) T+-. Yo "+(+,>: <,ECO:
1 2U2+"5%<(9 *'><9 %+ %@+&7#$€ER 8+87+&$"%ALYH+ (&)
Internet
L 2U2+"5%(9 *'><9 (=. 972,("&.+,-. )&T&$+<(-. ,%H=. 0+, (D=.
972,("&.+,-. )&7&$+<(-. ($7-<<2: C, C++, Java, FORTRAN)
L +%H9(%RA&+,> [ %+8"%'(>: 2'+,&+.=.59%9: 2'+<(3U9:, (#<&
<(9. ;779.+,> #<&,%4<(9. ?2$$7+,>$7-<<%,% (R B*+<(&

Yot YRR (E"8&), <(& .% (&) "&<AE"2+#<& (& 0).%(#. 2)"D(2"2: 2'+7&$EX(9
*6"%@99: 2'%$$2H%(+,>:(&) ,%(2DF).<9; <DUA=.%'6.(% 2 (%+0+%5(2"%
2.0+%AE"&. (06H%(%TE.(%&). L(<+ "E"% %'# (+: "&A%.25:'%"%0&<+%,E:
96(2)FD.<2+1(9: HE<9: 2,'9%502)<9: %+ (9: 2'2).9(+> <(%0+&0[&%: &
A&H(9(>: E*2+(9 0).%(H#(9(% .% %,&7&)F><2E.% "H#$"%u%'&) F% (&.
&O9$><2BE'2+(W0'H ,6'8&+2: P2(%'()*+%, E:<'&)0E:D <2 <D$*"&.2; (%*D(%(%
2@27+48242:, (2*.8T8$+ E2"+&*E; #'=:

o M+,"&972,("&.+,>

O (&972,("&.+,>

o W%.&972,("&.+,>

1 PE+G2%H'(+,6 /)<(> n%(%
r T972'+,&+.=.52:

v 1%("+,>(2%.&7&$5%

r E4<(Gu9 (=. )7+,

L 1&7) p2">

t Y'&TE&S$+H<(+, E+<(>U9 , %+ &<&U&+-<2+:
v 12"+8%77&.(+,EP27E(2:

1 X'+2: u&"AE:2.E"$2+%:

%776, H1%,%+<2 19 '%"%0&<+%, BH(2)FD.<2:#=: 16.%(@2.( <D$*"&.=.
2'+24"><2=, 0QU&<+ES"VoATR6.67)<9&+,& &u+,-. 020§E.=. .

2.3.2. IN> BE<DBMRAEC<6® 656781695 5=DE:<8<6=G' pl u6<=><=G>
H<:J=G56D<=GH5=?=Px=G pl u6<=3

O 21&: Y%+-.%7%"%,(9"5G&.(Re'# ("5%$2$&.#(%6="5: "&I$&O2.& (% (9.

7>"9  0+2F.&'&59<H9:  &+&.&u+,> %+ (90 ,&+.=.+> G=> (8) (0.




"=(#$.="9  2'+(6%).<9 (&) ")F p&D&+,&.&ut+,>: %.6'()@9: ,%+&"$6.=<9: (9:
2"$%<5%9%) (9. "=(#3$.="9 "#<B8%<9<2 '79"&A&"5%M<%"6(9 > '2"+&*E:
02. H&"&D. .% %,&7&)F><&).N(# (& ")F u# ,+.0).2D&). .% E*&). (9 p&5"%
2"+&*-. (&) 'T%.>(9 #8&) & ,D"+&: #$,&: (&) '79F)< p&DG2+«2 <).F>,2:
2@%F75=<P+ <)*.6 2AD7+=. <'%"%$H-. . K2.("+# "#7& <2 %)(6 (%
A%+ H#2.%'%5G A& 2,'%+02)(+,#,%+2"2).9(+,# <D<(Y% '&) M2 (9 <2+"6(&)
("&A&OD&(25(,%+ %.%("&A&D&(25(%4t5% 6.2) "&9$&)UE.&) (2*.&T&$+,>
%.6')@9(" .*. '%$ H<P+UTI"RA&"+,> T2=A#"&;, 8+&(2* &T&S5YD. )$25%b+
(9 $2="3$5%,(9.&("&A5% +%("+,%2* & 7&$598.2"$2+% ,£2*.&7&$5%7" ). K%+
%:19. @2*.A2 #(+9 0+%(>"9<9&) '2"+8677&.(&:,%19 2'+0+=,#12.9 %2+A#"&:
%.6'0@9 %'%+(25)$,E.("=<9 .E=. $.-<2=. %+ 09u+&)"$5%E=. '+&
2,72'()< YE.=. (2*.&7&$+-. BE7&,; %,#1%,%+$+%&. %'7#'&75(9 9 %.6'()@9
+,%.&(>(=. %.67)<9: %+ 22@2"$%<5%0: O0+%FEO+ '79"8&A&"5%: %+
YD +&THSI<: 2$,)"#(9(%: (=. '9%-. 25.%WE&. %.%$,%5%& '&(E <(&
‘%" 27F#. .

H S)<+,>, =1 9 ,2.("+,> 2'+<(>3u9 (9: AD<9; E'%+@205G2%+F% %5G2+
<OU%.(+,# "HT& <2 #72: %)(E: (+: <D$*"'&.2: 2@275@F& ("%.G5<(&" (%
972,("&.+,6 ,),7- H%(%(& TEG2! 9 &+1%$.9(+,Ep>p2: %'&(27&D(9. )7+,>
86<9(=. 972,("&.+,-. <)<,2)-. (9: ,%Fu2"+.>: wo:G=>; (=. 972,("&.+,-.
)&T&S+<(-., ,%H9: '%$#H<U+%'79"&A&"+,>: T2=A#"&). WE%D.F2(%7+,6,
#= .%.&0&E:; A=(&.+,6 )7+,6, 9 <)<,2)E: '&) 8%<5G&.(%2 A%+ H2.%
H2(%A&"6:(&) <'5., %'&(27&DFE%(Wo4t>: (9: <D$*'&.9: S)<+,>: ,%+9
86<9 (9: %)"+%.>(2*.&7&$5%B%<+,E%.%,%7DCAD: A)<+,>: (' .*. %,(5.2:
X, H9%$.9(+,#:<).(&.+<p#:, '&G+("#.4+9'2"%$=SHH#(9(% , .7".) ,%F#"+<%%+
F&"5G&).(9 <[B*'&.9 +%("+,>(2*.&7&$5%T& A=(&8&7(%Q A%+ H2.&
%.8532'€&'(+,E: $+%0. %@+8'8&5999 97+%,>2.E"$2+%K%0 P27E((=.
A)<+,-. 0+2"$%<+H9: $>+.9: %(i#<A%+"9R5.%%'%"%5(9(&(&+*258&+%9.
"&<(%<5%R) '2"+8677&.(&:

S)<+,> 02. 25.%9 <(25"%2'57)<9 A"&.(+<(9"+%,-. %<,><2=, %776u5%
2.2"$#: %+ p&.(E".% 2'+<(>19, '&) O0+%'7E,2(%E.(&.% P2 '&77E: 6772:
<).%A25: 2'+<(>u2: (' .*. X9u25% %+ B+&7&$p%%+ 09u+&)"$25 .E2:
2AU&UE.2:  \%(2)FD.<2+: (%,  w+,"8&972,("&.+,>,  .%.8972,("&.+,>,
&(&972,("&.+,>, <+.("&+,>, A=(&+,>, ,7' ), '&) 8%<5G&.(%(H. %.6')@9
E=. )7+,-. P2 2'+F)U9(E: +0+#(9(2( .*. <D.F2(N7+,6) ,%+<(& <*20+%st ,%+
(9. ,%(%<,2)>.E=. 0+%(6@2€+0+%5(2490. ,751%,%.%.8UE("&) (1029 m)
'&) 25.%9% ,%(2DF).<9(&) HE77&&:). 1%"67797%0 S)<+,> <>U2"%#<&'&(E
6778(205.24E%$,)"2: 2'+<(Q&.+,E: %'%.(><2+<(% '+& F27+%,6%+%+-.+%
2"=(>U%(%&) A.F"-&) $+U& - 09Q+&)'$>F9,28 HA<U&:, $+%& -1 25.%+
A(+%EE.9 9 D79 $+%& '&+2:25.%&+%0.%$5,%52& O'&FE<2+$+%0. 2UA6.+<9
(9: Z=>:, 2'2,(25.&.(%: (& %.(+,282.# (9: %'# (%'+&<(&+*2+-0Q+,"&<,&'+,6
<)<(%(+,6 (9: D79: PE*'+ &7#,79"& (& /DU'%.. !"&<FE(2+ E(<+p5%6779
0+6<(%<Po+&+#(9(%<(9 G=>#<=. (9. )'9"2(&D. >#<=. '%"%,&7&)F&D(+:
"&#0&): (9, 'E'% %# (% <(2.6 =A27#+<(+,6#"+%(9: ,%FQ2"+.#(9(%:
BE7&; %'# (9 AD<9(&):, (YF27+-09,%+0+%*"&.+,EF%(%&) %'%<*&7&D.
(9 S)<+,> %'&(27&DP&.%0+,@"$% 72584 %0. %.6'()@9+,%.&(>(=. +0+%5(2"%
D<=, $+HUP <9u2"+.>G=x'=: ' *. 9 ["+(+,> <,EC9 9 +,%.#(9(%86.67)<9:
Y+ @+&TH$I€D: '79"&A&"5%: 9 2@%$=$) W'2"%<u6(=. , ,%+9 7>C9 %+
)&<(>"+@92, M9"+=UE.=. %'&A6<2=.

O <=<(6 p&"A=pE.&: .E&: S)<+#: E*2+%)@Q%E.2: 0).%#(9(2: ,%+
'&TT%'TE: 2'+78&S$E:'E"% %'# (9. '%"%08&<+%,0+0%<,%7%9% S)<+,>: <(9
HE<9 2,'%502)<9 ,%+ <(% A"&.(+<(>"+%9 (9. E"2).% ,%+ 0+0%<,%75%2
196.2'+<(>u+%%+"2).9(+,6 ,E.("%. A",25 .% 2.(&'5<2H%(%7E.(%&) ,%H%




2.0+%AE"&.(68) ,%+.% "&<%"p#<2+<0%)(6 (+: "&<'6F2+E: (&), %'# (%
A&+(9(+,§&) *"#.+% 1+& <) $,2,"+UE.%

1 O A&+(9(>: (9: S)<+,>: '&) E*2+2.0+%AE"&.(9®b6+,75<9 "&:
%(2)FD.<2+: p9*%.+,&D H'&"25 2D,&7% 2'+7E$&.(%:<=<(6 (%
HYOFRY(%8) '%"%,&7&)F25% $5.2-8u2 p2(%'()*+%,E:<'&)0E: 2.#:
>0D&(-. DE.%:<D$*"&.&:U9*%. +,#:<2,%5"+&)(&U25:#' =: 25.%&+
(972'+,&+.=.52; 9 972,("&+,>, (% .E% )7+,6, &+ >+2: P&"AE:
2.E"$2+9%(& '2"+8677&, 9 +%("+,X2*.&7&$5%%+6772; P&.(E".2:
,%(2)FD.<2+:

1 O A&H9(>:(9: S)<+,>:, '67+ 2 (+: ,%(677972: 2'+7&S$E: H&"25
2D,&7%.% <("%A25<2 <D$*"&.2: ,%(FD.<2+: (9: X9u25%: (9:
XOu+,>: T2*.&7&$5%%H9: B+&7&$5%:

1 AT76,%+<2 (&U25:A%+82.+,6 6<*2(&): P2 (9 S)<+,>, #=: 25.%%
2'+<(Q&.+,> %+ (2*.+,> OQU&<+&$"%AS5% %.67)<9 &+,&.8u+,-.
A%+ 8E.=. , 9 <%2'57)<92"5'7&,=. )&T&$+<(+,-. FA6(=., %#u%
%+(& PB.%(@2.( <D$*'&.=. 2(%+"2+;.)6"&). '&77&5S)<+,&5
(#<&<(&2@=(2"+#<&,%+<(9. E7760%8&) 0+%"E'&)..

1 R+%&): p277&.(+,&D:%F9$9(H("+2: UE<9: 2,'%502)<9; (& (U>u%
S)<+,>: "&<AE"2+E.%<(E"2&2'+<(Q&.+# ) #8%F"& <).0)%<UE.&

M2 '%+0%$=$+B+0%,(+,>$.-<9 , ,"+(+,> <,ECQ %+ .&&("&'5%
2'+<(&.%2"2).9(> 0%<,67&) ,%F-: ,%+E.%'2"+8677&. LE<¥<(&
&'&5&F Y &"E<2+& A&+(I(HHA&+(>("+%B6 %.%' (D@ P+ %'%"%5(9(2:
+,%.#(9(2:3+9%0 ) 7&'&+><2%%,(+,6 (9 Y2(68%<D0o'# (9 F2="5%(9
"6@9

1 S)<+,6, $+U&. (%7%.(&D*&E& S)<+,# )'6"*2+ '6.(% 9 0).%(#(9(%
% ,%(2)F).F25"&: 2"2).9(+,> <(%0+&0[B%<2 1%.2'+<(>p+& >
E"2).9(+# KE.("& E'2+(%6'# <&8%"Ep2(%'()*+%,E <'&)0E:.

H 0).%(#(9(%2(%,5.9<9:%'# P59R'+<(39 "&: 6772:<). %A2R'+<(H12,

> 06,419 ,%+"&: A%-+82.+,6 6<*2(%2'%SSER6(Y6%. YaE . 2(%4% %) @ IF 25&
HE77&. %+ .% %(%<(2EB+9(&): '2"+<<#(2"&): %.F"-'&): D %'%"%5(9(9
"QO'HF2<9 2'%$$2[%(+,>: 2'+()*5%: > %'7>: 2'+85=<9: K%+19%)(# $+%(9
(%*D(%(R@E7+@&"A-.2+ <).2*-: E2: <).F>2: ,%+.E2: %.6%,2: '&)
% '%+(&B">$8"9,%+2)E7+,(9"&<%"U&$> 1%7%+8' %S ER6(92 @ %0A%.5G&. (Yo+
%+EYDQ+&)"$&D. (%+

12 %)(E:(+: %'%+(><24& <=<(6 ,%(%"(+HE.&: S)<+,#: D%)(#: 097%038)

YH(E*2+<*)"6 U%FAY(+,62"$%725%,%.#(9(% % %.%$.="5G2&): 8%<+,&D:
'00"6$&.(2: 2.# "&BT>U%(& 2U2+"'5%<(9. '&<&(+,&'&59<> (&):, Y%+
+,%.#(9(%(9. %@+&7H#$I%.67)<9(=. %'&(272(6(=. 2.#: )'&T&$+E&D
25.%<2 FE<9%%.(%'&,"+F2[2 2'+()*5%%+%*D(9(%

2.3.3. 2?A@JCB?:5BDI8 <KE C?FH® 7D6<GAKEKE (H<=1$+ F7@GH8>
H<:JKE<=G Ml p6<=>6?:; C5CFE=@>GHIuC@8=' pl p6 SCK@GD
2@;?CBBC?D7DN5CD

M*+

2.3.4. $?D<GLIJAE=E<@BI<:J=?=GHIuC@86=" pl u6 SCK@GD?@;?CB6
C?D7DN5CDE :JD ?=D=D?6@AL=E<C2@=GE6?=<@C?M5I
6E6H<6B<DS5A8E?@=H?ASORIB<I;

12 86<9 (9 <Qu2"+.>)'&0& P> ,%+<(27E*=<9(&), (& (U>PYF2="25#(+&+

2" H<<H(2"&H<(H*&+'&) E2HE<2R'+()$*6.&.(%+<2 +,%.&'&+9(+,88%p#.

T2="25#u=: #(+*"2+6G2(Y2'+<<#(2"9 )'&<(>"+@W+UAN7D(2"82 @& 7+




10

(=. 2,%+02)(+,-. (&) 2"$%<(9"5=.12 <D$*"&.%%+E@)".% '2+"6% (%)
F%0+2$25"&)(9 A%.(%<5%6+2.0+%AE"&(&) <9u2"+.&DA&+(9(>,%+F%
8&IF><&).<(9. ,%7D(2"9%.6')@9(=. +,%.&(>(=.'&) E*2HE<2+: <(#*&
(&) (& (U>% R+%& <,&'# %)(# F2="252'5<9: #(+"E'2+ .% <(272*=F25.12
2'+'7TE&. FE<2+:2+0+,6 2,'%+02pE.&) ;+0+,&D 3+0%,(+,&D!"&<="+,&D
;. .301),'&) <2<).2"$%<5%2 UE793;! F%&"$%.-<&)., 2@&'75<&),%+
72+(8)"$><8&) (%2"$%<(>"+Y2 86<9 (%<D$*'&.W'#()'% '&) %,&7&)F&D(%
H2$679%%0. 2'+<(SU+%9: ? P2"+,>: ,%H9: ))"'9:  (%.6'()@9,%+2A%{1&$>
<(9. (6@9.E=. 2+"%6(=. ,%+2'+025@2-8%<H#4E.%<(9 <*2(+,> 0+2F.>
2,'%+02)(+,> 8+87+&3$"WAS%).(&. +<p#: 2"$%<(9"5=. %+ F2="9(+,-.
H%FR6(=. ). ;'5<9: F2="25%'%"%5(9(49 <(27E*=<9p2 FE<2+ ; .; .3J!
,760&) J %+JJp2< &'#

1 B9 0+0%<,%78% 2+0+,-. yoFp6(=. (&) ,D,7&) <'&)0-. , #=: ' .*
3+0%,(+,X9: S)<+,>,;'+,&+.=.5%(9: /D$*"&.9: S)<+,> <(%?$$7+,6
9 1%+0%$=$+,0%Fp%(%,%F-: ,%+(9. <).2'5872C9 0+'7=p%(+,-.
2"$%<+-'6.= <(9 3+0%,(+,X9: S)<+,>:

1 B9. '2"%+(E"=0+@#"A=<9 ,%+2@E7H@P<*2(+,&0D,7&) P%FA6(=.
'6.=  <(9. +,&+=5% (9: :+<(>u9: ,%+ (9. )7&'&59<9 (&)
"&$"6 UU%(&::,'%502)<9: 1277&.(+,-. ;,'%+02)(+,-. <2<).2"$%<5%
M2 (YouE793;! (&) Bu>u%(&:

L B9. 2"2).9(+,> 0"%<(9"+#(9(%2 <,&'# (9. %@+&THSIE&Y '%"%'6.=
"&$"6 Y% (&: %+ (9 0+2F.>"&8&7> (=. %'&(272§6(=. (&) WE<=
0u&<+2D<2=20+2F.*2"+&0+,66.= <(9 E"2).%(9: ;,'%502)<9: %+
3+0%,(+,>,%+8u+7+-.<2 <*2(+,6/).E0"+%

' B9. 2@6'7=<9(&) "&$"6 PP (&:%)(&D<(9 1E<9 ;,'%502)<9, HE<=
(&) "&$"6 PPY(&1"%,(+,> Y<,9<9: (=. A&+(9(-. '&) E*26.%'(D@2+
(& (U>p%

2.3.5. ICK@CF<C:<D HGE<@;JCB:L=> 6E6SCN@8H8<KE C?FH&
7D6<GAEKE(H<=1$+ F7@GHE<:JKE<=G pl u6<=3

M*+

2.4. OD=F58H&G pl puo<=>
2.4.1. '=DCC?D<@=TFEGCH=SC<@g,ECH56DBCD<=G@L=RE pl u6;

/(& BUSHYY'6™&).  #72:84<). >F2+:0+8&+ 9(+,R2+("& E: &48'8&52:25.%+
%'%"%5(9(2$+%0. 2D")FUO 72+(&)"$50&). I+ ,)"+#(2"2: %)(-. 25.%+

> M8()+%,-. ['8)0-.
&> 12(%'()*+%,-. ['€)0-,
> V")

(&> 1% % T%8>:
Y772

P#$= (&) <*2(+,6 pt+,"&D%"+E&D(=. M27-. 3;! (&) Bp>p%(&: #u=: E.%
H2$67&UE"&: (&) E"$&) (=. 2'+("&'-. (2725(%#2 6U2<9 <) up2(&*>'&77-.
%'# (YUET93;! |, 2'&'(2D2(%H0'# (&. I"#20"& (&) BL>U%(& ,%-+<)GI(25(%+
0+2@&0+%(6 (9 0+6",2+%=. R2.+,-. [).272D<2=.. 1E79 (&) Bp>p%(&:
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<)HU2(E*&). 2'5<9: %+2,"&<="&D. (& BU>H%,%+<20+6A&"22'+("&'E: (&)
106.2'+<(IUS&)H">(9: ( .*.'+("&> :"2).-. ,ID$,79(&, B2*.+#/) u8&D7H&
#=: &"5G&)&F2U85(&) 1%.2'+<(9U5&)

2.4.2. 1=D=D CHK<C@D56E=EQHF (?.J. CHK<C@D5:56E=EDt
BCD<=G @ l@B>L @A16<=>)C<6?7<GIDE5NE?=G7NEG?A@J=GE=
"l p6;

N: "& (& 0+0%,(+#E"&: (& Bu>p%72+(&)"$256,&7&)F-.(%: (+: 0+%(6@2+:
(&) &O09B#<'&)0-. ,%+#<&. %A&"6(& 0+&+,9(+HIE"&: %,&7&)F2%&):
%.&.+U&D: 72+(&)"$5%(&) 1%.2'+<(9u5&) H">(9: %+ (+: %'&A6<2+{9:
R2.+,>:/).E72)<9: (&) Bu>u%(&:

2.4.3. $FE6OD6@S@E=<="' Pl p6 HC= PCF>&C?=D=G*E<6?=5@FEC<6D
8 7DA@S@K61B<I H<8 HRUC@DBE<FB8US=G' pl u6<=>LB <8E
67=H<=Bk=G

B&BU>p%25.%8+%"F'pE.&<(&): %,#7&)F&):(&u25:#'=: &"5G3& )'6"*=.
LQU&F2(+,#7%5<+&82+(&)"$5%=. 1%.2'+<(9p5=.:

1 BUE%2?<("&A)<+,>: ,%+3+%<(@+,>: S)<+,>:, 7 YE793;!
1 B&UE%?(&p+,>: ,%+1&"+%,>: S)<+,>:, 5 PE793;!

1 B&IERA6:;A%"P&QUE.9: S)<+,>:, 5 PE793;!

1 B&EY%!)"9.+,>:  S)<+,> ,%H(&+*2+=0-. /= u%(+055.7 PE793;!
1 B&E%S)<+,>: /) W),.= ME.9:Z79:, 7 LET93;!

4 '%"%'6.= #u=: 0+6"F"=<902. 25.%+0+%5(298f<(9">. /2 %.(5F2<P2677%
BUSU%(9B)<+,>: (9: *-"%%: '&) )'2" O+'76<+&0"+gH 27-. 3;! , &BE&U25:(&
[> 1%(&:02. 72+(&)"$&D=: %.2@6"(9(20+&+,9(+,E&.(#(9(2:, %776&TTE:

%'# (+: FE<2+&) "&(25.&). <(& BU>l%,%F-: ,%+%'&AB<2+8&) '%5".&).

O+U&"A-.&.(%+PE<U(9. R2.+,>/).E72)<9 .4 2u2+"5%80 2(-. 72+(&)$5%:
(&) BU>p%(&:%776,%+%. (5<(&+*%0"%025B06(Y<(& 2@=(2"+,#4!? ) E*&).

2'+025@24+ 9 PEF&0&%)(> 25.%+0+%5(2*9%8<419 $+%9. 0+%(>"9<909:

<).&*>: 2D")FU9: 72+(&)"$5%&) BU>p%(&: L(<+ %. ,%H%UET92.4#: BEUEY
=: '7TE&. 2+0+,&%5".&). (9. "=(&8&)75%$+%+: ,%(2)FD.<2+&) FI"E'2+

% %,&7&)F><2%BEUEY: #TUYPETI3;! (&) Bu>p%(&:%+<F6.&.(UH+, %+
H&'&D. %776,%+"E2+ .% <).2+<AE"&). <(9. O+W#'A=<9 (9: (27+,>:
%'#A%<9: B& BU>U% "&(5F2(%+% <).2*5<2+.% 72+(&)"$2B+&+,9(6 12
%)(>. (9. 08u> pu+%&) (YopPE*"H-"% %'&(27Ep%(925.%0+0+%5(2F2(+,6

3. |@=L@¥u6<6 &?=G7NE

3.1.!@:L@G6 | @=?<GID65NE?=G7NE

3.1.1. IN> B5@FEC<G= R6%1: 6E<6?:5@DH8><=G !@=L@BA6<=>
1@=?<GID65NB?=G7NEH<=G>H<:J=G><=G "' pl u6<=> 56D H<D>
6?6D<IHD><8>5=DEKEF6>

| 8%p#: %.(%'#,"+<9: (&) <D$*'&.&) "&$"6 pu%(&:/'&)0-. '&) E*2+
%.%' (D@28 (U>H% <(&): '%"%'6.= <FH*&): ,"5.2(%++%.&'&+9(+#: B&
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S Y LYo L% 2,<)$*"8.5G2(%<2 <).2*> 86<9 12 86<9 (&. %.(5,0)'& '&)
E*2+ [(+: %,H#7&)F2: '%"%$"6/8): %.%T7D&P '+& %.%7)(+,6(+ 0+6A&"2:
O*E: (&) I"8&$"6 P%6(&:

v "HE%&'( )*+)*,+-./0  /123%&' 450 +(4+"6,$*-50 +'470; 86-&
+"&4/1/- pu+4* # 19+$u6:&(4+%

4 ;'+("&'> ['&)0-. ,%+&HDp8&)7&HWFIPI(EE*L). <).2*> 2'+,&+.=.5%
M2 (&): A&+(9(E(&) (W>n%(&:, %2'%.%@+&7&SD%",-: (9. %.(%'#,"+<9
(&) "&$"6 pu%(&: <'&)0-. . +& <)$,2,"+UE.% 9 ;+("&> ['&)0-.
<).%.(6(%+<2(%,(+,6 *"&.+,6 0+%<(0(%2 (&): 2,"&<-'&): (=. A&+(9(-.
Y%+ <)G9(62+,%+ 2'+7D2++F%.6 "&87>u%(%,%+ 0)<72+(&)"$52: ;'5<9: ,
&"$%.-.2+ (&) 76*+<(&. p+YA&"6 (& 2@0.& <).6.(9<9 <(& WA+FEY% ("2
#78&): (&): A&+H(E: #&) "&<'U%F25 .% <(%B5<2H9. %.(%'#,"+<9 (&)
"&$"6 pu%(&: 3E*2(%+,%+ %@+&7&$25) p2: 9 %.-.) pu2: $"%'(E:
'%"%(9"><2+:<MHT+UO '%"6'&.% A&+(9(-. ,%+%F9$9(-..

12"+&0+,6 *"9<HI&'&+25 2"=(9U%(&7#$+YH+% % %@+&7&$><Ek
%.(%'#,"+<9<)$,2,"+ uE.=. 0+0%,(+,-.9 677=. 2,'%+02)(+,-. '%"2u86<2=.
'&) E,%.29 $+%% ,%(%$"6C2{& PES2F&:()*#. "&B79p6(=. '&) E*2+
0+%'+<(-<2+

BE7&: &#Du8&)7&+%FISI(EE*&). (%,(+> ""&<='+,> 2'+,&+.=.5%2 (&.
Ut+"# %"HEH =. A&+(9(-. '&) %.%7&$28&. ,%FE.%%+2.9u2"-.&). (9.
C+H('&> ['&)0-.  $+U9. %.(%'#H,"+<9 (&) !"&$"6 Pp%(&:/'&)0-.  ,%+$+%
O*#. "&87>p% (%) FYO+%'+<(-<&).

199"67797% 9 ;'+("&> ['&)0-.  OE*2(%+<*#7+%, %++0E2: $+%(9.
%.(%'#,"+<9 (&) !"&$"6 PP%0(&:/'&)0-. <(9. %P&"62"$%<SWE<=2'%A-.
M2 2'%$$2[d%(+,&DA&"25:(" .*. ; W&"+# ;'+ H279(>"+84"%,725&) ,Y%+UE<=
(&) "&$"6 pp%(&!1"%,(+,>: Y<,9<9: A&+(9(-..

BE7&,)'6"2+ &"$%.7UE.9 2'%A>p2 (&): A&"25:(9: 1E<9: ;,'%502)<9:
<(%'7%5<+%8: "%,(+,>: 6<,9<9: (=. A&+(9(-. <(9 3+0%,(+,X9: S)<+,>:,
(=. 2'+<,EC2=.(=. <*&725=<(& (L>U%S)<+,>: ,%+<(%2"$%<(>"+9&.), ,%+
(=, 24<(P&.+,-. 9u2"50=.'&) &"$%.-.2+(& (L>n%,%+&+A&+(9(E(&) $+%
(&): HYOFO(E(9: 1E<9: ;,'%502)<9:.

v "HE%E&( )*+)*,+-./0  +;*&1635-50,+* +(+</=$5-50 4&' 8$&3SHuu+48&0
>"&)=( ; 86-& +"&4/1/- u+4*# [9+$u6:&(4+%

LE %H (+ '&+&(+,E: 0+%0+,%<52@+&7H#FI<RK) "&$"6 ppo(&:
['&)0-. '&) %.%AE"&.(¥84"%'6.=, (& BU>U%S)<+,>: E*2FXU&F2(><2:0+
2AYHG22'5 <2+"62(-. (9. %@+&THSY=<9 LU%FRAB(=. ,%+0+0%< #.(=.%'#
(&): 50+&): (&): A&+(9(E: p2 (9. 0+%.,8> ,%+ %.-.) 9 <)U'7>"=<9
2"=(9%(&7&$5=<(% )'&*"2=(+,6 PYWFp%(% ,%+ <2 2'+72HE.% 2+0+,6
MY Fp%(%6F2 2@%.&) .

BY<) W'2"6< % (%Wo'# (9. %.67)<9(=. <(&+*25=&) <)77E$&.(%+
<)u8677&)..

¥ /(& 2.(&+<p# (=. %0).6(=. <9u25=.(&) 0+0%,(+,&E"$&),%+H?9.
M277&.(+,>827(5=<9&): Y2<)$,2,"+uUE.2: 2.E"$2+2:
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¥ /(9. %.602+@9. +<*)"-. <9u25=. (&) 0+0%,(+&B"$&) ,%+(9.
%.%$.-"+<R,25.=. (=. <(&+*25=&) <).2(E72<%<(9. ,%7>(&):
,%(6<(%<9

¥ /(9. %&D'=<9"8&87IP6(=. '&) %.(H2(='5G&). &+A&+(9(E;%(6
(9. '%"%,&7&DF9<@=. P%FR6(=. (&):, ,%F- ,%+$2.+ #(2" %2
(9. %'&A&5(9<ER): ,%H9. E.(@&): <(& 2"$%<+%#"'& .

¥ /(9. OPp#'A=<9 <)U2"%<p6(=. $2.+,-. ,%+2+0+,-. '&) F%
H&"&D. .% %(2)FD.&). <)$,2,"+LE.2: 2.E"$2+2$+%9. <).&7+,>
%.%86Fr<9(&) 0+0%,(+,&Do+$2.+#(2"%2,'%+02)(+,&E"$&) (&)
Bu>p%(&:

28& I$@45i+48163*8;*81635-50

B& 2"=(I0b(&THS+&) *'I<HI&'&+>FP <(& S)<+# %'# (& 1992E=: (&
1999'%"%(5F2(%¢&.. 15.%,%3.1.

I+ 2"=(><2+:<(& PE"& ? (&) 2"=(9n%6(&7&S5&PA&"&D(&. 0+06<,&.(%
YF9$9(> <(& UE"&: U (&): 8&IF&D:<(& PE"&: R %@+&7&$26HY6F%6(&
50+82.- <(& PE"& 3 %)(&%@+&78$BbBO+8&E A&+(9(>:05.&.(%: P2"+,6
<(&+*25%H %8 '=: 2"$6<F9,2<(& U6F%
8.(++0 3.1 AS@4n+48163*B;*&1635-50A$3+-45$*+ &Cu+<Tu+480

IGEC?DHUD=@I<8>- ' pl u6 1GHD5I>
"MD=B:L8H8@L6H<8@F=G

OD7AH5KE ( LCQIBEF6

V6Su=E:u8H8 +BR1656>

HY%F#7&) P5%& 1E("+% 1&7D 16"%
'‘&7D
1 2 3 4 5
?'%"602,(9 1> 1E("+% | J,%.&'&+9(+,> | &7D
+,%.&'&+9(+,> %7>
+K7D5:>)6SI p6<=>

"MD=B=LCFREGBA<KSD@=<AHGEIRCDNE=E<f6 X H<=6E<FH<=DJ=
<C<@6LKEA5D

" . 4D6<=H<8E7D7AH5=EAGHG6S8L8<I/<@D6

N

1.R.="5G20676(& $.=<(+,# %.(+,2A2.& (&) LY6Fp%(&: 1
2.3+2$25"79. <,ECO$+G& %.(+,262.8& (&) PY6FpY%(&: 1

N
w|lw
IS
ol
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3., @9%23676(+: 8%<+,E%"*E:(=. '2+"%u6(=. : 112]3|4|5
4.;5.%4<).2">: <(+:)'&*"2-<2+: (&)/(9: (%"&)<5% 112(3|4|5
0+06<,&.(%ES$,%+"9+#"F=<P"$%<(9"+%,-.%.%A&"-):

5.;5.%+" &<+(#<(&): A&+(9(E$2.+,6 11234 |5
6. R2.+,>%@+& 7#$9&P 0+06<,&.(% 1]12]3/4]|5
V. 4D6<=GR=8S=PHIC<6?<GJD65BO" ,5.6.);

7= "5.2(2 (& "#7&(=. 8&9F-. =: "&: (9. ,.%7D(2"9 |1 |2 |3 |4 |5
,%(%.#9<99: D79:

4.4D6<=C@L6H<I@D=

8. ;5.%+2.0+%AE"&. (' 2+"61% (% 11234 |5
9. P2+(&)"$&D+,%.&' &+9(+,8%#"$%. % 1234 ]|5
10. '=: ["5.2(2 (& %"+@# 3.1 . <2<*E<9u2 (& A#"(& 12|34 |5
2"$%<5%:

11. 1#<& %'%"%5(9(¥5.2(2 (%" &%'%+(&{1R.%(&) 12|34 |5
MYOFp%(&:

12. 1= "5.2(2 (&2'5'20&0)<,&75%$+%& E(&:(&): 11234 ]|5
13.;5.%2'%",25: &+<9u2+-<2+=: "&: (& "2+"%u%(+,# 1(2|3|4 |5
HE"&:

14.;5.%+2'%",25: &+<9u2+-<2+=: "&: (& F2="9(+# 1234 |5
ME"&:

15. #<& 2D,&7%+%FF©25.%3 8+87+&3$"%AF% 12|34 |5
U+87+&F>&) 'H :

16. EX2H12$67 X0 @FHPE. Y= $.=<(+# %.(+,282.& 11234 ]|5
17. 2)@6.2€& 2.0+%AE"§&) $+%YH. S)<+,>: 1/2]3|4]|5
18. R2.+,>%@+&7#39&Y uYFp%(&: 112345
O. $LN =/8 Q=D<8<I=@D6

19. 3+%86G<)<(9 u%(+,69. D79 1123|415
20.?A+2"-.= 280&1%0+%§%(\&5,&) <(& u6F% 1123|415

1=<2N"2:, 2=24 N"2:, 3=46 N"2:, 4=68 N"2:, 5=>8
N"2:

$?D?B;=R6@6<8@IHGP>=@=PE66E6?<GJS=PB=L@AQK?: ?FHK

1 8=0 )5u&-*&"&*.4+48&8$63$+uu+ >"&")=(
12 E.()' 9 U&"A> ,%HIE<=(9: +<(&<2750¢&) (>n%(&:(www.physics.uoc.gr)

L UHSO, +'&A[1)- p A%, T V)R -+ "+$+ &1&C<5-50 450 /"+33/1pu+4* 70
1;21%50 4@ (+"89&.4@( 8=0 %$5-1&"&*&C(4+4++"8A4/12-u+4# 450

1. W@CGEB=Q=F<KE9931997$!$"$+ 1009

4 E"2).%9 &'&5%$+.X(%'7%5<+%8) "&$"6 up%o(&:;!;?;H %'&<,&'&D<2
<(& .% ,%(%$"6C2¢9. '&"25%(=. '()*+&D*=. (&) Bu>u%(&:S)<+,>: H , '&)
%'&A&5(9<%R2(%@B. 2(-. 1993,%+1997,=: "&: (9. <).E*+<9(=. <'&)0-.
(&): > (9. %'&™#AI<>(&): %'# (9. %$&"R"$%<:25(20'H (&. 3IUH<+&5(20'#
(& JO+=(+#H&UE% ?.# 9 (& OQUOUE.& 2"=(9 p% (& 7T#$+E& & '&5&P&+"6<F9,2
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<(#*2)2 <(9. %.5*.2)<9(=. 'HC2=. (=. W'&A&S(=<*2(+,6 P2 (9. *"9<HI#(9(%
(=. <'&)0-. (&): <(9. P277&.(+,>2'%$$2M%(+,>(&): %'& %(6<(%<9%776%+
<(9. ,%(%$"%A%=. "&(6<2-. (&): $rIRUT&)(+<p# (9: )'6"*&)<%: O&>:
<&)0-. P2 2+0+#(9(2:'&), %6 (9. $.- 19 (&):, F% 8&IF&D<%<(O.
$"9$&"#(2"9E.(Y%@&): <(9. %$&"R"$%<5%:

4 E"2).%ES$+.22<).2"$%<5%2 (9. ;1IV:J[4/I?H4  H[4B4/ .

2% (& <D.&&(=. 290 A&+(9(-. '&) %'&A&5(9<%%(6 (& *"&.+# 0+6<(P%
19931997, (& 2"=(9uY%(&7#$+&6'2<(679 <2 150 '&) 2.(&'5<F9,%, %+
2'2<("6A9<%. 60 <)P'79"= UE.%E.()'%, <(% & &5%B%<5<F9,® %.67)<Q B%
%'&(27TERY(%9: E"2).%: E*&). 09u&<+2)F28(& 0+%05,()&<(9. 0+2DF).<q=.
+<(&<2750%&) "&$"6 uu%(&:;;?;H , epeaek.physics.uoc.gr).

BYP6'&(27TER%(A9: E"2).%: F2="&D.(%%@+#+<(%F#(8%<5<(9,%<2 E.%
+,%.8'&+9(+H<&<(# %'%.(><2=. (21%) 2'5 (&) $2.+,&DX).#7&) (&) <(#*&) (9:
E"2).%:(290).

12"+79'(+,6 (%,D"+%<) W'2"6< n%(%9: E"2).%:>(%. (%2@=>:

¥ L% %@+#78&&&<(# (48%)(=. %'&A&5(=%:<).E*+<2(+:<'&)0E:
(&) 12(6 (9. %'#,(9<9 (&) '()*5&) . 167+<(%<*20#. &HI1+<&%o'#H
%)(&D%,87&DFI<%'&)0E: $+%6+0%,(&"+#2 020&E.9 (9.
%@+&'+<(984& ()*%5&&) 0258% (& (& '&<&<(# %)(#F2="25(%&7D
CoT7#
¥ /(& ,"5<H& (&UEWH.2D"2<92"$%<5%U& 45%2"$6G2(%sL it 419
%'U<*#79<H& 40%02. E*296,419 &7&,79"-<2+(+: P2(%'()*+%,E:
<'&)0E:, ,%H& 15%25.9%66.2"$&+
¥ 7% (&) 2"$%GH.&): %'&A&5(&):9 <).("+(+,> '72+&CIASYE(&H&
85%) %'&"" &A>F9,2%'# (& +0+=(+ #&UE%
¥ BE7& <(&,"5<#1&2"-(9 HU(&) ,%(6 '#<& &1$.-<2+: '&) %'&,(>F9,%.
,%(6
¥ B&O+6<(QUH9: '%.2'+<(9p+%,>A&5(9<9%.(%'&,"5.&. (%K (+:
%.6%5,2: (9: %3$&"62"$%<5%@ <).(" +'(+,>'72+&CIASYR2%)(+:
E,"+. 212"+, (52%),75$&30%)> ,Y%F#7&)10%)%.(%'&,"+.H12.2:
<(+:%.6$,2: (9: %$&"6:
¥ 7% %",2(&D:%'&A&5(&)V'&(6F9,2 9 u25=<P"+i&D2+0+,-.
HOOFRAB(=. <2FEI%(YA)<+,>: P2'%"6779782U'T&)(+<p#t P2 PY%Fp% (%
972,("&.+,- . )'&T&S$+<(-., VOU25%%6+I%("+,> %7 76%HI2 uY%6Fp% (%
&+,&.845%;%+0+&5,9<9:
BY#6'&(27TERY%(%9: E"2).%: (EF9,%.)#C+. (9: ;'+("&>: ['&)0-. .1E"&: (=
"&(6<2=. (=. W&A&5(=. <)U2"+7>AF9,%. <(& "#$'%Uu% <'&)0-. (&)
BUSH%(&: (5. "&<(EF9,2 E.%2+0+H#U6FQ% *"9 U%(&&+ & .8+, , (& &'&5&
<(EAF9,2'# +0+%5(229-()*5%

2. OD67@6H<MH<=HCBBPE-Q=F<KE.1 .
4 <2750%)(>'2"+7%86.2+(%& #u%(%=. 1505%'&A&5(=(&) B.S. <(%30

*H +0%072+(&)"$5U&). ;P$,%+.+6<(9,2(&. J%.&)6"+&&) 2008,%+25.%8+%F RO+
<(&0+2DF).<$http://alumni.physics.uoc.qgr).

4 0u+&)"$5940: <2750980)(>: E*2+&77% 7&D:<(#*&):. ?A' 2.#: FET&)2 =:
Bu>n%.% 0+2),&7D.&)2 (&): % '&A&S5(&)1%:.% 8"&). 2D,&7%79"&A&"52: $+%
(&): '%7%+&D&): <) UA&+(9(E;%+A57&); %776,%+.% 0-<&) u2 (9 0).%(#(9(%
<(&): '(*+&D*&): P%:.% 2.9u2"-<&). (& Busu%$+%9. ,%"+E"%&): 12(6 (&
'0*5& S)<+,>:. ?A2(E"&)9 '7>"9: %)(>86<9 020&E.=. F%"9<HI& ' &+9IF2%'#
(& Bu>p%$90.% 2.9u2"-.2+, Y2 (9 pP&"A> 2@98.+%58972,("&.+,&D newsletter,
#78): (&): %'&A&S(&):(#<& $+%+: (="+.E: (&) 2"2).9(+,E: ,%+2,'%+02)(+,E:
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0"%<(9"+#(9(2:#<& ,%+$+9806 @ +8L2B=(%<) u86.(% ,%+2'+()*52: (=. 50+=.(=.
%'&A&5(=. BE7&:2)27'+<(&P2 #(+ 9 '%"&)<5%<N9: ,%"+E"%:(=. '%7%-+-.
%'&A&S5(=. F% 8&9IF><24#<& (&): (="+.&D: p%: A&+(9(E:<(& .% E*&). p+%
"2007+<(+,2+,#.% $+%(& '&+%F% W'&"&D<2 .% 25.%0 2'%$$2uU%(+,> (&):
<(%0+&0[%%2(6 (& '()*5& S)<+,>:, #<& ,%+P277&.(+,&D:A&+(9(E:$+%+:
0).%(#(9(2: '&) "&<AE"2+9 )CI7> '&+#(9(%2,'%502)<9:,%H& '2"+8677&. (&)
BU>H%0(&:S)<+,>: <(& 1%.2'+<(>p+&H">(9: . V"9<HI&'&+-.(%: (+: '79"&A&"52:
<(9. 972,("&.+,> %)(> <2750%&"&Dp2 2D,&7%.% 2@6$&P p2"+,6 $2.+,6
<)U2"6< P%(WB+UR): %'8&A&S(8&)%0:

1505%'#A&+(&H9782007%'# 29572$$2$" MIE.&): (-959 12(%S$"%AE. (P:
18 <&<(# %'&A&5(9<9-75%
12'5'&)  40%$).%5,2; 60%6.("2:
70 PhD (19872008)
50%2"2).9(E: <22"2).9(+,6 ,E.("% ,)"5=: (&) 2@=(2"+,&D
20% ,%F9$9(Ex2?;J -?B;J
30%<(&. OQH<+&Yo+HO+=(+ HEUEY%

3.1.2. IN> 5@FEC<&7=ul , <8 HGEC5<D5:<856D<8 BCD<=G@LD5:<&G
|@=L@¥6<=>@=?<GID65NE?=G7NE

1 8&*&/.(+* 4&"&-&-46 4@ (u+<5u#A@(,&$u&C/ 1*).,I''50 / +4I'<C(-/@(
-4& -C(&1&8A@ (u+<bu#td@¢
IDPA=.% P2 (9 08u> (&) "&$"6 HH%b(&:<'&)0-. , $+%% '6"2+ E.%:A&+(9(>:
'0*5& "E'2+ % '2"6<2+ ~21 )&"2=(+6 U%Fp%(%(&" U&D, '2"5'&) 8
HOOFRY(Y00'# (+: 2.#(9(2: HOOFR6(=. 2'+7&$>:(2+0+,2D<P+&) "&<AE"2+(&
(U>U% '2"5'&) 6 WOFRY(YRT2DF2"92'+7&%$>; ,%+4-6 [26FpY%(%u+%:9 0D&
@E.=$7=<<-. (?$3$7+,6 R%77+,R2'1%.+,6 >[=<+,6).

1 86-+ ut+<7u+4+/1/C</$50/"*1&370"$&-92%$& (4+*;
B&)76%+<(&. 70 [WoFRpOb(R'+7&$>;'&) 2.%776<<&.(Y8b.%E(&:

| 8&*& [.(+* 4& "&-&46 A@( "8&%$I@4*,=( u+<SuHA@( / p+<Sut4@(
"8%$/@4*,70/"*1&370/ p+<Sut#d@(/1/C</$50 /"*18&370 -4& -C(&1& 4@(
p+<utd@f

BY®6)<(9"6 )'&*"2=(+,6 HYFRY%(VR5.%'2"5'&) 60% (&) <).#7&). BYYFRY%(%

)&X"2=(+,> 2'+7&$>:25.%42"5'€&) 25% (&) <).#7&). BET&: (% LY6FHI6(%

272DF2'0: 2'+7&$>: 25.%+2"5'&) 15% (&) <).#7&). /(% '%"%'6.= 02.

)'&7&$5G&.. (UMY FpIG(YDE. = $7=<<-. .

t 8&*+ [.(+* 5 "&-&-4*+.+ -%2-5 uld+;C u+<Su#A@("&D#<$&', u+<Su#H4@(
["*-45 p&*, 70 "1$*&%70 pu+<Su#HA@( 3/(*,=( 3(=-/@( ,+* wpt<5uH#I@(
+(#'450 )/;*&AT4@(-4& -C(&184@ (u+<5u#4@¢
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BYOLYOFRY6(NHBY%F"8) 25.%'2"5'&) 60%. BYUObFRHY6(IR' +<(Q&.+,>: '2"+&*>:
25.%2"5'&) 20% ,%H%U%Fp%6(%6.6')@9:02@+&(>(22"5'&) 20%.

1 8=0 ,+4+(2uld+* & %$6(&0u/4+;,C </@$54*,70 )*)+-,+1.+0, +-7-/@( ,
[$3+-45%.@( #11@($+-45$*&474@

1+%()'+,> ,%(%.§&> (&) *"#.&) 0+0%<,%7506: 8%<+,-. WYOFR6(=. 25.%4
20 F2="BUA+2 "2 %<, ><2+%.9808160%; +'7E&. , )'6"&). 4)'&*"2=(+6
%'&,72+<(+,62"$%<(9"+%, % Fp%(% %+3 )'&*"2=(+,6 H%Fp%(%"><9: (&)
)'&7&$+<(> BYUYoFp%(9R'+,&+.=.5%;%+3+0%, (+,>(9: S)<+>: 0+06<,&.(%<2
M&"A> <u+.9%"5&P"$%<(9"5&)(workshop). BE7&; & A&+(9(>H("+% H'&"25 %
2'+7TE@2+'7E&. 2"$%<(9"+%,P04)'&7&$+<(+,6u%Fp% (%

1 8=0 &$3+(=(/4+* +* -'(4&(.:/4+* 5 C15 ul/4+,C 4@( u+<5u#4@f
8+$+45$/.4+* ["* #1'E5  C15Qu/4+;C 4@ (u+<Su#a@¢ "#$%&'( /(# C150
A.(+* &$<&1&3*B 2,4+-5 450 C1504@ (u+<5u#td@f "H$%/* Y*+)* +-.+
I"+(,4. p5-50, +(+"$&+$u&370 +* [ +*$&"€.5-50 450 C150 4@(
p+<outd@f

4 ;'+("&> ['&)0-. 2'+87E'2i+ <).(&.5G2+ ,%+ ("&'&'&+25 (& "#$"%uu%
<'&)0-. <2<).2*> 86<9 -<(2 .% )'6"2+ & <=<(# <).(&+<p#: L2(Q@F.
<).%A-. P%FR6(=. ,%+.% %'&A2D$2(%+ 2'+,67)C9 ,%+(% ,2.6 D79: |
'%"%'6.=  <).(&+<p#: 2'+()$*6.2(%+ PE<= (%,(+,-. <).%.(><2=. P2 (&):
2,"&<-'8&): (=. A&+(9(-., HE<=<)G9(><2=. <(& WA+FE%("82 (&): A&+(9(E:
(=. 8%<+,-. YWFR6(=. P2 P%G+,X<)up2(&*> pE<= $"%'(-. (%.-.) p=. 9
2'-) M=) <*&T75=. %+ "&(6<2=. %'# A&+(9(E:, %+ ,%F9$9(E: YE<= (=.
<)u8&D7=. ,%F9%9(-., PE<=(=. %@+&7&$><P=. PWFR6(=. <(& (E7&: (&)
2@96.8),,7' .12 86<9(9. 2+,#.96&) O+Y&"A-.2+ %'# (%'%"%'6.=, 9 2'+("&'>
<'&)0-. <)G9(6242(&): ,%FI$9(E:

%+ "&(25.2+ 7D<2+,%+0+&"F=(+,E;+.><2+: <(9 <).E72)<9 (&) (U>p%(&: <2
<).2*> 86<9

| AO+$u6:/4+* -C-45u+ "$&+"+ARGI(@( p+<SuH#A@¢ 86-& 1/+4&'$3*6
[.(+*; B&*&[.(+* 48"8&-&-46 A@ (u+<SuHA@ ("8 [(4#--&(4+* -4& -C-45u+;

IE.(2 8%<+ B+<%$=$+BOFp%(%'8&) 0+06<,8.(%<€(%"-(% OD&E(9 25.%+
" &Y' Yo+ (&[IR. %S+ T Yo LY FRY6(U8) 0+06<,&.(%%(& ("5(& ,%HE (%" (&E(&:
'5<0: , (% 4 )&"2=(+,6 2"$%<(>"+UE*&). = "&%'%+(&P2.% (% %.(5<(&+*%
F2="9(+,6 PYbFpY6(%BE7&; 2@38. +Y%5U6Fp6(%.) %'&(278&Dp+98677978&)*5%
(097%03& U6 (+%u+9R.#(9(%: '&) *="5G2(%<2 0D&2 @M. +65p6FpY%6(% " E 2+
% '%"%,&7&)F&D. (Y2 (9 <=<(> <2+"6 4 081> 25.%+&7D %'7> %+ %(6
<).E'24962A%HG2(92D,&7%="5: 0)<72+(&)"$52:

1 86-+ u+<Tu+4+ "$&-92$&(4+* +"6 #11l+ +* "6-+ -/ #11+"$&3I$Huu+a+
S&N=( 5 8&*+[.(+* +'AH;

HEF2 A&+O(H("+% H&"25 % <)79"-<2+ E.% u+,"# %"+f# 0+0%,(+,-.
H&.60=. '%"%,&7&)F-.(%: LYWFR%(%677=. (LOU6(=. (9: MH&7> T2(+-.
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' +<(9 p-. . S+HTE&. %'&(%0+,6 (&) MY%FR%(%(& (M>U%" &<AE"2-H%p%Fp%(%
2+<%$=%$+,8)<+,>: '&) *'2+6G&.(YH Yo(% 677Y(W>U%(%9: [*&7>: T2(+,-.
S+H<(9 P (VOU25%:;'+<(> W9: K7+,-. , U+&7&$5%%FQ%0(+,-., ;A% "U&UE.=.
1%FQ%(+,-., ;'+<(> p9: K'&7&$+<(-.), O+%FE(&.(%(%'%"%'6.= (U>p%(%&):
0+06<,&.(2:'&) %'%+(&D.(%6F2 2@P.&.

1 8&*0 ;2(/0 31=--/0 Y)#-,&(4+* -4& 2uTu+; A.(+* "&%$I@4* #4+ -%/4* #
pt<iutit

[> U2"% '2"+<<#(2"& %'# '&(E <(& '%"27F#. <(% '7T%5<+Y9: ;)"='%Q,>:
E.=<9: P2 (+:.E2: "&&'(+,E: $+9B"$%<5BoHM"A=<9 (' .*. 0+2F.>"&$"6 U6 (%
%.(%77%$>A&+(9(-. #=: (& ERASMUS, 0+2"25: <)pA=.52: p2 '&776
)"='%Q,6 1%.2'+<(>p+%, .6.), 25.%%'%"%5(9(9 $.-<9 (&)76*+<(&.OD&AE.=.
$7=<<-., %+&=<0>&(2 (9: A$$7+> ;'5<9:, 9 2)*E"2+%$"%'(&D %+
"&A&"+ &DTH$&) <(% ?$$7+,6 25.%%'%"%5(9(22 E.%S)<+#, pt%%H#<& 9
8+87+8&$"VABRB. Yo+ (% '2"+<<H#(2"%<).E0"+%*"9<HI&'&+&D.(9. ?$$7+,> =:
$7-<<%2'+,&+.=.5%:

B&"#$"%PUu%n<'&)0-. (&) (L>H%(&:(9: S)<+,>: E*20-<2++0+%5(2EHA%<9
<(9. %.6'0@9 (=. 02@+&(>(=3$"%'(>: ,%+ "&A&"+,>: 2'+,&+.=.5%: (9:
Y+H<(> M9 RHU9. %'#,(9<9 (&) '()*5&) S)<+,>: (&) 1%.2'+<(9p5&) K">(9: &
A&+(9(H("+%)'&*"2&D(%+% <)$,2.("-<2+ <).&7+,6 (&)76*+<(&. 8 0+0%,(+,E:
& 602: (3.1.) %'# (% P%Fp%(%(=. @E.=.$7=<<-. %+(=. ?$$7+,-. $+%
S)<+,> '&) "&<AE"2+ (& (% +& <)$,2,"+PE.% )'&*2&D(%+ %
'%"%,&7T&)F><22+()*-: 25(2 2@#0.%.331+"H>8+85%+", 2<).&7+,643.M,
(%% Fp%(%'+,&+.=.5% (9: /D$*"&.9: S)<+,>. P2 ?$$7+,6J,%+1J,%+127E(9
/ID$*"&.9: S)<+,> <(%?$$7+,6J ,%+J] U2 10 3.1 . <).&7+,6, 25(2,%+(% 0D&
HD"+&:<,&#: (=. ?%$$7+,-. 25.%9 %.6')@9(=. 02@+&(>(H9: $"%'(>: ,%+
"&A&"+,>: 2'+,&+.=.5%: (9: ;'+<(>M9:,,%F-: %+ 9 2@&+,25=<P2 (9.
2'<(Qp&.+,> &"&7&$5%80+(+: 8%<+,EE..&+2:(9: S)<+,> <(% ?$$7+,6 B+:
Y#T&+'2: 3.1. & A&HOO(H("+% H&"25 % (+: <)$,2.("-<2+ 25(2 (D
'%"%,&7&)F-.(%: 2 2'+'7TE&. 2@P.% .331+"H>3+815%+", 12 <,&# (9 W27E(9
2,7%Q,E.=. 2'+<(Q&.+,-. 6"F'=., (9 <)$$"%A>%+"&A&"+,> '%"&)<5%<9
<D.(&=. 2"$%<+-, %+ (9. "&2(&1%<5%H+%(9 P27E(9 ,%+ <)$$"%A>
2'+<(Q&.+,-. [ 2HIE.=. % +8+87+&$"%ASS(ADD%"%,&7&)F-.(%: 4 2@80.%
H5%%'# (+: 6772: @E.2$7-<<2: '&) "&<AE"2+(& (u>n%(R2'1%.+,6 R%77+,6
[= <+,6). BY%u%Fp%(%=. @E.=$7=<<-. 0+06<,&.(%p2 (9 p&"A>2"$%<(9"5&)
#(%. %)(# 25.%2A+,(# E5.%40).%(#. & A&+(9(>:.% '6"2+ E.%> "2"+<<#(2"%
2@D.% u+%2'+'7E&. JE.9: R7-<<%: +<(2D&2 #(+&+%"%'6.= 0"%<(9"+#(9(2:
'&) E*24%.%' (D@22 86F&: (& (1>N%,%+& ("#'&: )7&'&59<9: (&): %'&(27&D.
"=(&'&"52: $+%%;779.+,6 020&E.%,%+25.%%.(5<(&+*2p2 (+: "&<'6F2+2:
%.6')@9: (=. 02@+&(>(X9: 2'+,&+.=.5%:(9: ;'+<(>p9: '&) E*&). )+&F2(><2+
'&776 Y2$67%)"='%Q,6 ,%+? Y2"+,6.+,%1%.2'+<(>u+%’ *. 2,'%+02)(+,#H0#F1%
CScience for CitizenshipE, communication requiremgessg,

| AQ+SUBI&(A+Y A+* - &%+ 2,4+-5, "&11+"1&. (-/ 1)&0 +* %$6(& 4$6"&*
+:%&1635-504@ (9&*454=( 8&*&*'3,/,$* u2(+;
2.67&$%2 (9 AD<Y&) ,6F2 POFRY6(&; 9 %@+&THSI&) $5.2(Y2 86<9 (9.
(27+,>$"%'(> 2@E(%<Y'%'(E: "&#0&): <(%HE<U&) 2@%.&), 2"$%<52;%+
2"=(><2+:'&T77%'7>: 2'+7&$>(quizz)
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| 8=0 *+-O+1./4+* 5)*O#(/*+ 450)*+)* +-.+0 +*&1635-504@ (9&*454=¢
HEF2A&+(9(>E*248 0+,%5896.%024%+ %62'%.%60+&"F-<I& $"%'(# (&).

12 '2'5'(=<9 0+%A=.5%12 (& ,%FI$I(> H&"25.% "&<AD$2+(9. ;+("&>
['8)0-.

L HSY/* V)X 4t +7%81635-50450/;/4+-4%T0 YRH)* - 40 * &F+ [ (+F
+47;

4 7+('&>  [8)0-. 2'%.2@2(6G2'+&0+6 (9. %'&(2728%¢#(9(% (9:
0+9%60+,%<598<).2"$%<5%12 (&): ,%FISI(E: |2 86<9 (+: +0+%+(2"#(9(R) ,6F2
HOOFRY(&:, %6+ "&(6<2+: . %+0E28&) OE*2(%+

| 86-& )*+O+(70 L.(+* 5 )*+)*+-+ +(#</-50 +* [;24+-50 450 "4'%*+,70/
)*"1@u+4*%,70/$3+-.+0;

4 %.6F2<3B5.206412(6 %'# (2, U9"+=UE.9 $"%'(> "#(%<9 (&) A&+(9(K"+%:
&) %@+&T&ERT +('&'> ['&)0-. . 4 2@E(%<$5.2(%H2(6 %'# 09uH<+%
%.%,85.=<9$"%'(> ,%+972,("&.+,>) <2 &T#,79"9 (9. %,%00%Q,>&+.#(9(% 4
8YE&THS9<9$5.2(%'& 2+("&'> '&) %'&(2725(%'# 0D& ,%FIS$I(E: (&.
2'+87E'&.(%,%+E.%. %,H1% /2 '2"5'(=<9 "&S87IU6(=. , & A&+(I(GH("+I'&"25
Y%"&<AD$2K(9. ;+("&> ['&)0-.

HS%&( 3,/,$F w2(/0 "$&)*+35+920 "&*6454+0 3%+ 45( "4%*+7/
)< L@u+4*,7 [$3+-.+; 88*I0;

4 2"$%<5TN"E'2+ % 25.%«2 2'5'208 09u&<52)<9:9 "& -09&<52)<9:<2
2'+<(QU&.+,#'2"+8O0+ 2 "+(E:. BO <*2(+,>%@+&THSIER+ 9 2'+("&"> (=. 0D&
Y6F9$9(-.

3.1.3. IN> 5@FEC<ECMC<6H<DBB?H<@6;

12 $2.+,E:$"%UE: ,"5.2(%+,%.&'&+9(+#

B& 2004 (& (U>u% 2@#'7+<BR&,t1%<(+,6(& E.% 2$67&%WA+FE%("§2 E.%
972,("&.+,# <D<(Qu% COA&A&"5%(& &'&5&0&,416<(9,2 '+7&(+,6 $+%6+F%.>
Y@+H#'+<PPNTT%,(+, 2 @E(%sB+%@+&7#$I<9 A&+(9(-. <2 p#. 419 86<9 $+%
&"+4IE.% U%Fp%(% PE<= (&) 972,("&.+,&D <)<(>n%(&: C9ALA&"5%%+ (9:
OQ)"$5%:"&<="+,>. GU%"(E7%A&+(9(E. B& '%"%'6.= '+7&(+,#"#$"% %
"&87>F9,2 "#<A% (% %'# (&. T79.+# (D'&
(http://www.enet.gr/online/online_text/c=112,dt=16.10.2@B358855329% %+
*'2+6G2(9%6'0 n%(&0#(9<9'&,2+UE.&) .%3$5.2H& Y@ +#'+<{L(2 .Y U&"E<2+%
$2.+,2)(25: E.%:p&.(E".&: 2.%77%,(+#{"#'&: 2@E(%<9:

3.1.4. IN> 5@FEC<€7DCSEIDAH<6H8-GI@=-L@Au6<=>!@=7?<GID65NE
&?=G7NE

32. )62+ 0+2F.>0+6€%<9(&) "&()*+%,&D "&$"6 HN%(&:(&) BU>U%(&:
AH &A25T2(WEA2.#:<(&): "2"+&"+&D: (9: ,D"+%:$7-<<%: 0+0%<,%75%:
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(2779.+,§ %+ %A2(E"&)(9: $2.+#(2"9: 0&1>: P#$&: (9: 0&1>: (&)
"&'()*+%,&D "&$"6 PHYb(&PHS= (&) #(+9 ,D"+UE7-<<%0+

3.1.5. IN> 5@FEC<8E?@65<DAH58H8<KEQ=D<8<NE

4 "%, (+,> 6<,9<9 (=. A&+(9(-. 25.%+#0+%5(2"%P0.&'&+9(+,>1&+&
<)$,2,"+UE.%

L "HS%/* & </- u60 450 "$+4*70 #-5-50 4@( 9&*454=f¢ A.(+*
"&YSI@4*,75 "$+,4% 7 #-5-5 3*+61&'04&'0 9&*45420

IDPA=.% P2 (& "#$"% PpoA'&)0-.  , 9 1I"%,(+,> Y<,9<9 (=. A&+(9(-. (&)
(M>p%(&: p%: E*240D&<,E79 "%, (+,> 6<,9<9 0+0%,(+,>(9: S)<+,>: <(%
[*&725%,%+ 1"%,(+,> Y<,9<9 <(9. %%$&"62"$%<5%B& "-(& <,E7&:
)7&'&+>F9,2 (% (272)(%5% *'#.+% PE<= OD& <*2(+,-. H%FRA6(=. '&)
%.%'(DF9,%. ,%F-: ,Y%HIE<=(9: 2.#(9(%: p%FR6(=. 2'+7&$>(&) (U>N%(&:
C3+0%,(+,>(9: S)<+,>:E, <2 <).2"$%<5%2 (& !12+"%u%(+#R)U.6<+& %+
PD,2+84"%,725&),%+677%<*&725%4 "%,(+,> 6<,9<9 25.%%&%+"2(+,>4
"%,(+,> 6<,9<9 <(9. %%$&"62"$%<5%)7&'&+>FP PE<= (&) <*2(+,&D
"&$"6 Yp%(&:;!;?;H (&) (1>n%(&: /(% '7%5<+§9: "%, (+,>: 6<,9<9:, &+
A&+(9(E("+2: 0&)72D&).$+%6"&.+ # 0+6<(P%3-5 19.-. <2 ,6'&+&. +0+=(+#
9 OQUH<+&A&'E%?.678&$% 12 (& %.(+,262.& (9: 0&)72+6:,%+2(6 %'#
"EA& > %+$"%'(> '%"&)<5%<A=. W'&Q27286(=. (&) <(9. ;'+("&>
['&)0-. , &HA&+(9(H("+2: P&"&D. .%'6"&). ,%+0+0%,(+,E1&.602: %'& (9.
"%, (+,> 6<,9<9.

. B( 5 "$+,4%*7 #55 ) [(+ "&%N$/@4*] "&*& "&-&46 4@(
9&*454=(45( ["*123/% 8=0 ,*(54&"&*.4+*4&/()*+ 92$&(4@ (9&*454=¢

12'5'&) (& 20% (=. 2.2"$-. A&+(9(-. 2'+7TES$260. "%, (+> 6<,9<9.
B& 2.0+%AE"&.(=. A&+(9(-. ,+.9(&'&+25(%HE<= %.%,&+.-<2=. Y%+
2.9U2"=(+,~. 2,097-<2=. , %T76%HIE<=<*2(+,-. U%FR6(=. 2'+7&$>:

| 8=0 2%/*&$3+(@</5 "$+,4*7 #-55 4@(9&*454=(4&" 2uTu+48&0
8&*+[.(+* 5 )#$,/*# 45Q I"#$%/* -%/4* 60/-@4/$*,60 ,+(&(*- u6G

4 0+6",2+%9: "%,(+,> Y<,9<9: <(%/*&725%25.%E.%E(&: ,%+E*2+
&"$%.=F251E<= OD& <*2(+,-. WOFR6(=. 2'+7&$>; '&) '2"+7%i86.&).
28081%0+%5&1+.%"5&Nvorkshop, ,%+ PE<= (9: <).2"$%<5%:u%: Y2 (&
12+ "% (+ #R) L. 6<+&,%+PD,2+84" %, 7258&) % +6 7 T%<*&T725%4 "%, (+,>
Y<,9<9 <(9. %$&"62"$%<5%0+%" 2535 [>.2: ,%+2'+87E (%'t (&.
'+<(9 p&.+#K'2DF).& (&) <*2(+,&D"&$"6 pu%(&:;!;?;H (&) (P>p%(&:

| 8&*/0 [.(+* &* $*64/$/0 )-,&1.J0 & +(4wlA@".:* A& 2uTu+ -45(

&$3#(@-5450"$+,4*,70 #-5-50 4@(9&*454=(

4 "%, (+,> 6<,9<9 3+0%,(+,>FY%.%'()*F25,%+)7& &+IF 267D (2"%2
(9. "H<T9CO 2.# 2+0+62,'%+02)E.&) 0+06<,&.(%( .;.3]!) '& F%
<).2"$%<(2512 (& UET&:3;!  (S)<+#:) '&) <>U2"%)7&'&+259 '%"%'6.=
0+%0+,%<3061"%, (+,> Y<,9<9 <(9. %$&"62"$%<5%7&'&+>F9,2 |12 (9
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8&>F2+%8) <*2(+,&D"&$"6 pu%(&:;!;?;H (&) K'&)"$25&) 1%+025%%+
(9: )'='%Q,> L.=<9:, '&) 275GE2 .% 2'2,(%F25,%+<(& PE77& 4
"&<'BF2+06)(> H&"25 .%2'2,(%F2512 (9. '2"%+(E"=%.6'()@9<).2"$%<5%:
U2 (& ; W&+ # '+ P279(>"+84"%,725&)(data minings+Yer& %'&(2725%(+,>
9%(%.8> (=. A&+(9(-/("+=. <(+: 1000 '2"5'&) 2'+*2+"><241E79 (&)
L W&, &D; '+ P279(9"5&) , Y%F-: ,%HI12 <*&725%&8%FI+LE. =, "2"+&*-.

>/ "&*/0 *,+(6454/0 19+$u&3703(=-/@( -4&%IC/*5 "$+,4*7 #-55 ;

86-& *+(&"&*54*# $.(/4] 4+ +"&4/12-u+4+ 86-& ["*4'%70 [.(+* 5

[:&*].@-5 4@(+-,&' u2(@(ul 4&"I$*D#11&(4&' 9&$2+/,421/-50 450

"$+,4*70 #-,5-50 ;

4 1"%,(+,> Y<,9<9 0+0%<,%75%&'2D2+<(9. %.6'()@9(=. 02@+&(>(=.
(9: 2'+,&+.=.5%:,%+(9: 0+0%,(+,>: +%.#(9(%:(=. A&+(9(-./("+=., YE<=
SH(+> <,EC9: ,%+%.6')@9 .&&("&'5%: 2"2).9(>. ;'5<9: <(&*2D2+(9.
2@&+,25=€8. A&+(9(-./("+=. P2 (9. %NP&"R"$%<EUH+: %'%+(><249:,
90+ <(9. 2A%I&S$> (=. P2.+#(2"=. +%.&(>(=. %+ 02@+&(>(=. '&)
%.%'(D<<24& "#$"%UP% <'&)0-. (&) (PW>H%(&: S)<+,>:. 12 86<9 (9.
%.(%'#,"+<9 (#<& (=. A&+(9(-. #<& ,%+(=. %.(5<(&+*=.A&"E=. ,%+ 2
020&E.9 (9. P#.& P2"+,><9u2"+.>)&<(>"+@q=. <*2(+,-. "&<'%F2+-., (&
%' &(E728%,"5.2(%46,"=: +,%.& &+9(+,#

L >'(02/4+% A&+(4* ). ul(& +"+-%615-50 +4# 45( "$+,4%7 #-5-5 ul 45(
1"6(5-5 "4'%*+70/)*"1@u+4*70/$3+-.+0

M*+ %'06"%5(9(%%"#78 '&) <2 '&TTE: '2"+(- <2+ (% OD& E*&).
<).0)%<(25

| F5u*&'$3&C(4+*ul 45( "$+4*7 #-55 [ +*$./0 3%+ p/11&(4* 7
+'+-%615-5 4@ ("4'%*&CY% @
W%+
| GY%/* +(+"4'%</. )..4& )+-C()/-50 4& ?uTu+A&0ul &*(@(*,&CO
"&1%4*-4* &CT "+$+3@3*,&CO&S/.0u/ -,&"6 45("$+4*7 #-, 5-5 4@(
9&*454=¢
W42 (& ; W&+ # '+ U279(>"+84"%,7258) <*&T25UE<9: 2,'%502)<9;
Yo+ P& =HE.&): A&"25: 12"+ UE.&I2 #(+ (& 05,0)& %)# F%%.%'()*F25
2"+ (E"=(%2'# 2.6 #.4% I"E'2+ | 2'5<9; % <Ou2+=F28(+<(& ,(5"+&(&)
BUSHY(&: S)<+,> )'6™ 2+1946"6"(9 u% (&) R"%A258&B+%<D.02<9(&)
106.2'+<(QUS&)H">(9: (87. '%"6$"%A&6.4).

1 8&*0 "$@4&D&'1./0 +(+1+uD#(* 4& uTut+ "$&[* u2(&'  (+
)5 u*&'$35<&C(<2-/*0 +"+-%615-50 9&*454=( (-/ 4&"*6, /<(*,6 ,+*
I'$S@"+H,6 I"."& );

.9 ME"=<9 %+ 2@&+,25=<@. (&'+,-. 2'%3$P2%(+,-. A&"E=. P2 (+:

+,%.#(9(2: ,%+02@+#(9(Z=. A&+(9(-./("+=. '&) %.%'(D<<2{& <D$*"'&.&

"HS"YUPL<'&)0-. (&) (U>U%(&:
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v "HS%/F -4I(T -(1$3+-.+  +F ["+97  ul4+,C 4@( /,"+N)'4*=( /
["&"4=( 4&' ?2uTu+4&0,+* 4@(/,"$&-="@( 4&' 9&$2+/,421/-50 450
"$+,4*70 #-,5-50 ;

W%+<(%'7%5<+¥8&) <*2(+,&D"&$"6 puu%6(&:;!;?;H (&) (P>p%(&:,%+(+:

0+%0+,%<62).

v "HS%&'( -'3,/,$*  u2(/0 "$&I"&<2-/*0 +* +"+*47-/*0 3*+45 -'(/$3+-.+
A& 2uTu+48&ul 48'098$/.0/,421/-50 450"$+,4*,70 #-,5-50 ; 8&*/0;

4 <).2"$%<598$5.2(%H2 86<9 (&): #"&): ,%+(+: 0+%0+,%<%&) <*2(+,&D

"&$"6 Yp%(&:;!;?;H Y0H(=. <*2(+,-. U%FR6(=. .

1 8=0 "+$+,&1&'<&C(4+*+* "&-45%.:&(4+* &*+-,&Cul(&* 9&*45420

1E<= (&) ;'+<(9 p&.+,&K'2DF).&) (&) "&$"6 puu9o(&:;!;?;H YoHIE<=
(=. 0+0%<#.(=.(=. <*2(+,-. W%FR6(=. 2'+7&$>:
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3.2.!@:L@G6 )C<67<GIDB5SNEB?=G7NE

B&BL>U%72+(&)"$2BD&"&S$"6 Uu%6(9A2(%'()*+%,-. <'&)0-. %'# (& 1998.
HY%{%0D&"&$"6 HHY6(YE*&E). %.94a&" A=F25%+F %7 2+(&)"$&Dp2 (9 .E%&):
H&"A> %'# (& %60%Q E(&: 20082009.4 .E%u&"A> 25.%<) u8%(>2 (%
2)"=%Q,6 P2(%'()*+%,6 "&$"6 PH%(% (*'><9 ECTS ,(7). |+ <*2(+E:
79"&A&"52: $+IPOFE. %6 H (%.E%6"&$"6 HHY(%6,&7&)F&D.

" . )C<6?<GJD65!@:L@Gu6 §@=JK@R;E8>1GHD5IE
321 'F<B=<=A@=L@®6<=>)C<6?7<GID65NE?=G7NE
12(%'()*+%,# 1"#$"% pudl"&*="9 HE.9: S)<+,>:

(I 5(7&: (&) 12(%'()*+%,&D™&$"6 pu%o(&: HE*"+(& %,%08%Q,#E(&: 2007
2008$+%&. &'&58%"&)<+6G&.(AN¥<(%(+<(+,6(&+*25%&. !5.%,% 11 >(%.
CL2(%'()*+%,# !"#3$"% Up%R2.+,>: S)<+,>: E)

322 'plpe<6 56D %N7@B<6 ?=G H@EUC<;J=GE H<= !@:L@{uu6
)C<6?7<GJD65NE?=G7NE

BU>HOb S)<+,>: 1%.2+<(9p5&) H">(9:, J.<(+(&D(8472,("&.+,> 3&u>: &
PE+GZN0") p%B2*.& 7&$5%%4."2).%: )

323 IN> BH@FEC<G@= R6%1:1 6E<6?:5@DH8><=G !@=L@BA6<=>
)C<6?<GID65NE&?=G7NEH<=G>H<:J=G><=G" pl u6<=> 56D <D>
6?76D<IHC[8>5=DEKEF6>

B&.E&"H#$ Y% 12(%'()*+%,-. ['&)0-. "&E)C2 %%# %.9a#"A=<9 (&)
'%7%+&IM2(%'()*+%,&D"&$"6 U%6(&: (& &'&5& "&<EA2"2 12(%'()*+%,#
35'7=1%;+05,2)<9: (13; ) QR2.+,>: S)<+>E.| <& # (&) 13; >(%.9
2,'96502)<x(=. A&+(9(-. <2F2="0(+#,)"5=: 2'5'20&<20+6A&"&)(&25:(9:
<D$*'&.9: A)<+,>1. 1E*"+ (& 2007 2506 %'&. UIF25<).&7+,6 137 13; (~8
%.6 E(&). L.% '&<&<(# 20% %)(-. <).E*+<2(+: <&)OE: (&) <2 3+0%,(&"+ #
35'7=% 25(2 <(& BU>U% S)<+,>: 25(2 <(& 2@=(2"+# 12 86<9 (9.
%.(%'#,"+<9 (=. A&+(9(-. <(& "#$"YUUYF2="&2 #(+<2 $2.+ E: $"%pE:
%.(%'&,"5F9,2+,%.&'&+9(+,&(+: "&<0&,52: (&): <(%'T%5<+{®: 2'&*>: Yo+
(& ,&+.=.+,&D'2"+8677&.(&: B& .E& P2(%'()*+% #"#$"% up%2)27" +<(&P2
#(+F%%7DC2;6'&+2: %'# (+: %0).%152:'&) 25*%.%"%(9"9F25 (& '%7%+#
1+& (& <)$,2,"+ UE.% (& "#$"%op%25. %% & 2.(%o(+# |2 T+$#(2"90+6",2+%
<'&)0-. (1 %.(5$+92 E(9, ,%+7>"9 2.96'L#.+<9<2 #(+%0A&"6& "H#S$" %6 L%
0+0%<,%75%8:%. (5<(&%2)"='%Q,6 "&$"6 P (IMasters 3+%<A%75G X8+
<(2.> '%"%,&7&DF9<9(=. A&+(9(-., '%"&*> ,%7D(2"9: )7+&(2*.+>:
)&O&I>:, ,%+05.2(%EIA%<9<(9. E"2).% %+%)(&I27TE(QL2 (9. 2+<%$=$>
Y&X'2=(+,>  2(%'()*+%,>: 2"$%<5%:B& Bu>H% "&<'%F25 2'5<9: .%
0+%<A%T754ER= %.(%$=.+<(+,-. 2'2).9(+,-. "&$"%UUS(=. (9. D'%"@9

3 )%+ #*&0#)4(% #/* () 5Spbu. $*3)/"&7/8+ #*&3((-)*&. #- 9+. &/7&; pu.). <*)H)"=3.1'+ I#">'+ %
*+-)%). .")6 #&IH*3+. *#.+.$3%?@*073.) 1.@9+. #- ). <! .

41" p#H$%E&'+*).3 p-+/ )%+ #*&0#)4(% $*3)/"&70.2 A3.)u%u.)31/8 6 A33>&1.)31/8 &/7&; pu.)/2 <*).#)'=3.1'+
B>+
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H2(%'()*+%,-. )&("&A5%$+%#78): (&): A&+(9(E’&) $5.&.(%02,(&5<(&
"#3"% %

324 IN> 5@FEC<&7=ul , <8 HGEC5<D5:<856D<8 BCD<=G@LD5:<8®
|@=L@A16<=>)C<6?7<GID65NR?=G7NE

4 081> (&) .E&) "&$"6 HP%(&: '%"&)<+6G2(Y86.%7)(+,6<(9. +<(&<2750%
(http://gradstudy.physics.uoc)grl2 86<9 (9. 02,%2(>24'2+"5%(&) '%7%+&D
H2(%'()*+%,&D"&$"6 HU%(&: 9 &'&5%>(%. >09 F2(+,> F2="&M2 #(+ 9
<).2,(+#9(% ,%+72+(&)"$+,#(9(%&) .E&) "&$"6 pu%(&: F%25.% 6,419
9%7D(2"9 /).&'(+,6  %.%AE"&R #(+9 0+6",2+%&) 25.%12 1&.2: ,%(6 (9.
0+6" 2+%R) &'&58& A&+(9(>25.9%60&* 2= UE.&:.% %" %, &7&)F><2+()*-:

5 p2(%'()*+%,6 LOFRY%(%%+.% AE"24<2 'E"%: 12(%'()*+%,> 3+'7=p%(+,>
"$0%<5%/(& (E7&:(&) "&3$"6 HUYb(&:,%+%.67&$Ya2 (Y6 uYbFpY%6(%% &' &5%
'00"%,&T&DFI<& A&+(I(H("+%%'&,(6 12(%'()*+%,# 35'7=p%;+05,2)<9:
(13; ) <2u5%0'# (+:%,#78&)F2;,%(2)FD.<2+%) 2<("&A)<+,> ,%+3+%<(9_+,>
S)<+,>, 8) S)<+,> [(&+*2+=0-. /=_%(+05=.,%+HH&<_&7&$5/8) A(& +,>,%+
1 0"+%,> S)<+,>, 0) S)<+,> /) ),.=_E.9: Z79: %+2) ;A%" &< E.9
S)<+,> - S)<+,> ,%B2*.&7&$5% +%$=$-.

3.25 IN> 5@FECECMC<6H<DbEH<E6;

B& 2@2(%<(+4D<(Q%625.%+,%.8&' &+9(#, |+ 2@2(6<2¢=. 12(%'()*+%,-.
HOGFR6(=. 25.%%"%'(E: > "&A&"+E: %.67&$%12 (9. H&"A> %-+%6'06+(><2+:
(&) HYOFRY(&: #'=: %)(# YF&'SG2(THt (& "H#S " %UI% <'&)0-. %+(&.
2,6<(&(2 0+06<,&.(%4 '%"&)<5%(=. A&+(9(-. <(% LY%Fp%(%R.F%"'D.2(%+
<OUY%.(+,6 +968) E.%UE"&: (&) 8%F&D(&): "&<0+&"5G2(MHt %<, ><2+>
2"$9%<5q+: &'&52:%"%0508&,),%(6 (9 0+6" 2+%E.) 2@%5.&,).

326 IN> 5@FEC<€7D67D56HERDB=LkKEUC<6?<GID65KED<8<NE

4 0+%0+,%<2%7&%$>: ,"5.2(%+ +,%.&'&+9(+,>,%+ %,&7&)F25+: 0+2F.25:
"%,(+,E: (=, %I+ p2(%'()*+%,&5A&+(9(E:2'+7EP&.(Y%0%%'# (9. 2'+("&>
M2(%'()*+%,-. <'&)0-. , K2 %)<(9"6 %,%08%Q,6"+(>"+% B%,"+(>"+%%)(6
25.%4& 8+&3$"%A+&): <9u251:% 9 %.%7)(+,>8%H&7&$5YW0+<)<(%(+,E:
2'+<(&TE"%7%+-. , %F9%9(-. (&):. 35.2(%0 0).%(#(9(%<(&): )'&COA5&):
p2(%'()*+%,&DA&+(9(E:%2'+<,2A(&D.(& Bu>p%$+%00$.="5<&). %'#,&.(6
(&): 0+06<,&.(2:,%F-: ,%H+:0).%(#(9(2: '&) (&): "&<AE"2+

327 IN> 5@FEC<€I@86<=7:<8H8<=C@=L@¥u6<=>)C<6?7<GIDE65NE
&?=G7NE

4 *"9 % (&0#(9<9&) 1!/ ,"5.2(%+0+%5(2982'%",>:. M'=: 25.%%.=<(# 9
P9 ,"%(+,> *"9 u%(&0#(9<A&) BU>U%(&: $+9%2(%'()*+%,6 "'&$"6 Up%(%o
%(6 (9. (272)(%5%0-2(+%>(%. PE<= (&) (%,(+,&D"&0'&7&$+5&D (&)
Bu>p%(&: > "&$"%up6(=. ;!;?H ,%+>(%. (&) DC&): (=. 35,000 2)"-
2(9<5=: I"E'2+ .% <9u2+=F28(+(& '&<# %)(#,67)'(2 (+: %.6%,2: (=. OD&
H2(%'()*+%,-. "&$"%up6(=. (&) Bp>p%(&: %776,%+ (&) 3+0%,(&"+,&D
I"&$"6 UP%O(&:/).2'-: $+YP 72+(&)"$5%:) Y2(%'()*+%,&D'&$"6 pU%o(&:(&

S 1" HS%E ()F | 0%+, +)%). 11,)+ :0+.1. 11-3
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BUSHY E*2+ <(9"+*F25 <*20# %'&,72+<(+,6 <2 *"O n%(&O#(9<9 %'#
%.(%$=.+<(+,62"2).9(+,6 "&S$"6 UP%(%(9: )'='%Q,> L.=<9: (% &'&5%
Y6(Y%AE".&)..% 2@%<A%T5<EIUETI3;! (&) BU>HO6(&: 4 ,%(6<(%<Pb)(>
b+ O %6828%+#(9(T%" &D: %+ <(%F2">: *'9 nY%(&0#(9<9: 09+&)"$25
<OUY%.(+,E: 72+&)"$+,E: 0)<,&752: <(& "#$"% % I"E'2+ % <OU2+=F2B(+
<DUA=.% |2 (+: 0+2F.25"%,(+,E: (* 412 ), &+H2(%'()*+%,&R&+(I(E<(9
S)<+,> %T76,%+<2 6772: F2(+ E:2'+<(312: 8%<+,>E"2).%; 25.%'%6.(&(2
*'9 119%6(&0&(&1. &HI12 P2(%'()*+%, E)' &("&A52:.

32.8 IN >5@FECE7DCSEIDAH<6H8=-G @=L@¥16<=>)C<6?<GID65NE
&?=G7NE

4 '&HH(I(% <&)0-. (&) 12(%'()*+%,&D 1"&$"6 pU%b(&: #=1 %)(>
%&()-.2(%+ %H (& "H$'"%UU% <'&)0-. %+ (9 '2"%+(E"= '&"25% (=.
%' &A&S(= F2="25(%#%.& &+9(+>B&)COT# 2"2).9(+# 2'5'20& (=. H27-.
3l (&) BUSUY%(&:,%+8+0+2F.255).2"$%<52/&) 0+%(9"&Du2 &1602: <(%
Y67D(2"%%.2'+<(>+%%+,"2).9(+,6  JO'IMO(%9: ;)"-'9:  Y%H=. 417

05.2+418.%0+,E0).%(#(9(2: <(&): H2(%'()*+%,&DA&+(9(E(&) BU>p6(&:

V. )C<6?<GJD65: !|@:L@Gu6 CIK<=ED5I> 56D #6E=(BC5<@=ED5I>
(10#( )E

329 'F<B=x<=A@=L@@6<=>)C<6?7<GID65NRB?=G7NE
12(%'()*+%,# "#$"% UP%S=(&.+,>: % W%.&72,("&.+,> (SNW4)

(I (5(7&: (&) 12(%'()*+%,&D"&$"6 HUY6(&: HE*"+(& %,%08%Q #E(&: 2007
2008$+%8.. 8'858%"&)<+6G.(%AY<(%6(+<(+,6(&+*25%&. 15.9%,% 11 >(%.
CL2(%'()*+%,# I"#$"% upo%l+ "8&972,("&.+,>: DI'(&972,("&.+,>: E)

3210 ' Pl uB<6 56D %7@B<6 ?=G HGUC<J=GE H<= !@:L@Gu6
)C<6?<GJID65NE?=G7NE

BU>HO S)<+,>: 1%6.2+<(9p5&) H">(9:, J.<(+(&D(8472,("&.+,> 3&u>: &
PE+G2N0") YB2*.& 7&$5%%4."2).%: )

3211 IN> 5@FEC<@= R6St: 6E<6?.5@DH8=<=G !'@=L@A.6<=>
)C<6?<GID65NE&?=G7NEH<=G>H<:J=G><=G " ul u6<=> 56D <D>
6?6D<IHC[B8>5=DEKEF6>

B&.E&"H#$"%UU%12(%'()*+%,-. ['€)0-. "&E,)C2 %'# %.%#"A=<9 (&)
%T%+&P2(%'()*+%,8&D"&$"6 PUo6(&: (& &'&5& "&<EA2'2 12(%'()*+%,#
35'7=%;+05,2)<9: (13; ) C1+"8972,("&+,> D I'(&972,("&+> E.|

61" u#$%&'+*).3 p-+/ )%+ #*&0#)4(% $*3)/"'&70.2 A3.)u%u.)31/8 6 A33>§1.)31/8 :&/7&; Pu.)/2 <*).#)"'=3.1'+
B>+
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< &# (&) 13; >(%.9 2,%502)<9(=. A&+O(-. <2 "2+"%p%(+#,)"5=:
2'5'208& <2 0+6A&"&):(&125: (9: 2AY{I&UE.O: <D$*'&.9: A)<+,>. 2# (&
1998 &'#(2 %+ @2,5.9<A& "#$"%UU% UE*"+ (& 2007 25%06.%'&. 1IF25
<).&7+,66213; (~6%.6E(&). L.% '&<&<(# 20%%)(-. <).E*+<2(+:<'&)OE:
(&) <2 3+0%,(&"+#5'7=n%25(2<(& BU>U%S)<+,>: 25(2<(& 2@=(2"+ 1.
%" 2(&3'# %)(&DE*&). %'&""&AIF2522"2).9(+,6 ,E.("% =: 2+0+#2* +#
"&<="+ # > <(9. 8+&9*%.5%12 86<9 (9. %.(%H,"+<9(=. A&+(9(-. <(&
S Yo UUYOF 2=" &2 #(+<2 $2.+,E:$"YUE: %.(%'&,"5F9,2+,%.&'&+9(+,&(+:
"8<08,52: (&): <(%'T%5<+{B: 2'&*>: %H& &+.=.+&D'2"+8677&&: . B&
[E& p2(%'()*+% # "H#$" Yo% 2) 27 +<(&D2 #(+ F%,%7DC246'&+2: %'# (+:
960).%52: '&) 25*06.'%"%(9"9F25<(& '%7%+#1+& (& <)$,2,"+UE.% (&
"HS YUY 25. %04 & 2.(%o(+ # |2 T+$H(2"90+6" 2+%'&)0-. (1,5 %.(5$+9R
E(9, %+'7>"9 2.%L#.+<9 <2 #(+ %A&"6 (& "#$"% % 0+0%<,% 7542
%.(5<(&+*0R)"='%Q,6 "&$"6 UU%(% Masters. 3+%<A%75G2(H& <(2.>
'%"06,&7T&DFI<@. A&+(9(-., '%"&*> ,%7D(2"9:)7+,&(2%.+,>: )&0&>:. B&
BU>HY% "&<'%F25 2'5<9; % 0+%<A%75EEK= %.(%$=. +<(+,-. 2"2).9(+,-.
"&S"YULB(=. (9. D'%"@Y2(%'()*+%,-. )&("&AS%S+IHTE): (&): A&+(9(E:
'8) $5.8.(%82,(&5<(& "H#$"% U

3212 IN> 5@FEC<€7=ul , <8 HGEC5<D5:<856D<8 BCD<=G@LD5: <85
|@=L @PAu6<=>)C<6?<GID65NEB?=G7NE

4 08> (&) .E&) "&$"6 pu%(&: '%"&)<+6G2(9846.%7)(+,6<(9. «(&<2750%
(http://gradstudy.physics.uoc)grl2 86<9 (9. 02,%2(>24'2+"5%(&) '%7%+&D
p2(%'()*+%,&D"&$"6 Hu%(&: 9 &'&5%>(%. >09 F2(+,> F2="&M2 #(+ 9
<.2,(+#(9(% ,%+72+(&)"$+,#(9(%&) .E&) "&$"6 puuY%(& F%25.%H6,419
%7D(2"9/).&'(+,6 %.%AE"&R #(+9 0+6" 2+%&) 25.%18 1>.2: ,%(6 (9.
0+6",2+%&) &'&58&A&+(9(>25.%0&*'2= UE.&:.%'%"%,&7&)F><2%+()*-:

7 P2(%'()*+%,6 pY%Fp%(%%+.% AE"2+<2 'E"%: 12(%'()*+%,> 3+'7=u%(+,>
"$%<5%/(& (E7&:(&) "&$"6 UPY0(&:,%+%.67&$Ya2 (Yo WYoFp% (%% &'&5%
'%"%,&7&DF9<& A&+(9(>("+%%'&,(6 12(%'()*+%,# 35'7=u%;+05,2)<9:
(13; ) <2 us%%'# (+: %,#7&)F2: 2+0+,2D<2+1. 277972'50"%<94/1
%,(+.&8&75%:D79:, 2. ;'+(%@+%,%0.6')@9 Yu+%P$=%$+,-. 2(2"&0&-. -
9.&08d-. , 3. ;A%"P&SBE:(9: A=(&.+,>: <(9. U+&+%("+,N6.&(2*.&7&$5%
<(9. N).(>"9<9 ,%+?.602+@99: &7+(+<(+,>:H79"&.&u+6:, 4. 1%%$.9(+,6
)7+,6, 5. 12("&7&$5WCI7>: %,"+825%R)%+<F9<59@. 1+,"& /.%.& ,%+&'(&-
972,("&.+,> SIC, GaAs , GaN,%+<*2(+,-. u+%%$=%-, 7. I'(+,> (R"%uu+,>,
) W%(+> 19 $"%pu+,>  ,8%.(+,>), 8. 1"&9$ UE.2: &'(&972,("&.+E:
Qu+%$=%$+,E0+%(6 @20+%A%.37+,6, .%.&0&E: ,8%.(+,-. #,=. , 9.
B2* +,E: %2+ #.4<9: %+ U27E(9: .%.&0&-. , 10. K'2"(%*E% A%+ H2.% -
K'2"8"%*25: '%7u&5,11. S)<+,&5,%H8+& I+, &b +<FI(>"2u+,"& ,%+%.&
(2*.&7&$5%12. S=(&.+,6/9u+%$=$+ J7 +,6/0+%(6 @2%i+1+,"&972,("&.+,> ,
13.7)*'> D79D2,A)7+UE. YHE"+%

3.2.13 N> 5@FECECMC<6H<DBEH<gE6;

B& 2@2(%<(+#D<(Qu%25.%+,%.&'&+9(+# +2@2(6<2¢=. P2(%'()*+%,-.
M%FR6(=. 25.%%"%'(E: > "&A&"+,E: %.67&$%2 (9. P&"A> ,%+%'%+(><2+:
(&) PYOFp%(&: #'=: %)# ,%F&"5G2(%oHt (& "#3$"%uu%<'&)0-. ,%+(&.
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2,6<(&(2 0+06<,&.(%4 '%"&)<5%=. A&+(9(-. <(% P%Fp%(%2.F%"'D.2(%+
<9UY%.(+,6 u+%8) E.%UE"&: (&) 8%HE&D(&): "&<0+&"5G2(MbHt %<,><2+>
2"$%<5+: &' &52:'%"%0508&),%(6 (9 0+6" 2+%&) 2@%.&). B&"#3$"% np%
05.2+0+%5(2ERA%<9<(9. 2"$%<(9"+%, %%, (+,> 2,'%502)<9,%+%.6'()@9
"=(&8&)7+-. %'# (&): A&+(9(E:l+ A&+((EE®R). "#<8%<9 <2 2"2).9(+,6
2"$%<(>"+%8) BU>U%(&: ,%+(&) J43P/IB; (1+,"8&972,("&.+,>, PE+G2"
[(25"&+*-"&+, ;'+(%@+,E0+%(6@2%:6')@9 '&7) p2"-. P&"A-., [(7), &+
2$,%(%<(6<24=. &&5=. 25.%+&+%7D(2"2:<(9. ;7760%2AQ+772:%7-.
)'='%Q,-.  1%. 2'+<(Qu5=. .

3.2.14 IN> 5@FEC<&7D67D56HBFDB=LIsKEUC<6?<GIDE5ED<8<NE

4 0+%0+,%<2%7&%$>: ,"5.2(%+ +,%.&'&+9(+,>,%+ %,&7&)F25+: 0+2F.25:
"%,(+,E: (=. %I+ p2(%'()*+%,&5A&+(9(E:2'+7EP&.(Y%0%%'# (9. 2'+("&>

M2(%'()*+%,-. <'&)0-. , Y2 %)<(9"6 %,%08%Q,6"+(>"+% B%,"+(>"+%%)(6

25.%4& 8+&3$"%NA+(&): <9u251:% 9 %.%7)(+,>8%H&7&$5YW0+<)<(%(+,E:
2'+<(&TE"%7%+-. , %F9%$9(-. (&):. 35.2(%9 0).%(#(9(%<(&): )'&COA5&):

M2(%'()*+%,&DA&+(9(E:%2'+<,2A(&D.(& Bu>p%$+%00$.="5<&). %'#,&.( 6

(&): 0+06<,&.(2:,%F-: ,%H+:0).%(#(9(2:'&) (&): "&<AE"2+

3.215 IN> 5@FEC<€I@86<=7:<8H8<=C@=L@¥u6<=>)C<6?7<GIDE65NE
&?=G7NE

M'=: %.%AE"F9, 6+<(& "&9$&D2.& H2(%'()*+%,#(3.2.7)9 *"9 uY%6(&O0#(9<9
(&) 1V ,"5.2(%+H0+%5(28R'%" >:.

3.2.16 IN> 5@FEC<@B 7DCSEIDAH<6H8-G@=L@¥16<=>)C<6?<GID65NE
&?=G7NE

4 '&HH(I(% <&)0-. (&) 12(%'()*+%,&D 1"&$"6 pU%b(&: #=1 %)(>
%&()-.2(%+ %H (& "H$'%UU% <&)0-. %+ (9 '2"%+(E"= '&"25% (=.
%' &A&S(= F2="25(%#%.8 &+9(+>B&)COT# 2"2).9(+# 2'5'20& (=. H27-.
3l (&) BUSUY%(&:,%+8+0+2F.255).2"$%<52/&) 0+%(9"&Du2 &1602: <(%
Y67D(2"%%.2'+<(>+%%+,"2).9(+,6  JO'IMO(%9: ))"-'9: Y%= 417

05.2+18.%0+,E0).%(#(9(2: <(&): H2(%'()*+%,&DA&+((E(&) BU>p6(&:

3.3.]1@:L@G6 OD765<=@DRIEG7NE

3.3.1. IN> 5@FEC<€=E R6S1. 6E<6?:5@DH8x<=G !@=L@QM6<=>
OD765<=@D5ME=G7NE H<=G>H<:J=G><=G ' pl u6<=> 56D <D>
6?76D<IHC8>5=DEKEF6>

B&Bp>u%S)<+,>: (&) 1%.2'+<(9uS&)H">(9: >(%. (& "-(& Bp>p%S)<+,>:
<(9. ;7760% (& &'&5& 6"*+<2.% "&<AE"2+™ +. %'# 20 <*20#. E(9 E.%
&"$%.E.& "#3$"% puu% 3+0%,(&"+,-. ['&)0-. . B& "#$"%uu% %)(#
72+(&D"$9<@2 276*+<(2:("&'&'&+><2+:PE*"+,%+H& %,%08%Q #E (&: 2007
2008,%+>(%.<(%"#()'% (=. ()'+,-. "&3$"%pu6(=. 0+0%,(&"+,-.<'&)0-.

A)<+,>: 1%.2'+<(9u5=. (=. 41?7 ./).&7+,6 713+0%,(&"+,63+'7- p%(%&c*&).

T S8 ()* | 0%+ ,+-)%). 11,)4+ :0+.1. 11-3




28

%'&. 209F25%'# (& Bp>n% (3.5 %.6 E(&) <2 #7&): (& (&u25:(9: <D$*"&.9:
F2="9(+,>: ,%+2+"%%(+,>: A)<+,>.. B& Bu>n%'%"%,&7&)F25)<(9 u%(+,6
(9. 2'%$$2[0%(+,>&"25%(=. 3+0%,(#"=. (&). M'=: 25.%R1A%.E:%'# %)(>.
(http://www.physics.uoc.gr/menu/phd.phg*20#. (& 90% (=. 0+0%,(#"=.(&)
Bu>p%(&:%'%<*&7&D. (%2 %,%08%Q,6-0" % (%! %.2'+<(>p+%%+B;J) (9:
7760&: %776,%+ (&) 2@=(2"+,&D?@5G2% <9u2+=F23#(+ E.%: Y2$67&:
%"+ %'# (&): 0+06,(&"2:(&) Bu>p%(&pE<=: u2(6 (& 'E"%: (=. <'&)0-.
(&):, 2@%<A%75G&E<2+: p2(%0+0%,(&"+,-. 2"2).9(-. <2 %@+#7&$%
1%.2'+<(>p+%&) 2@=(2"+,&0& &'&58%'&(2725%AX0'H#02+@9: '&+#(9(%:
(9: 2,'%502)<9:,%+E"2).%:'&) (2725(%%& Bu>p%S)<+,>:. 12 (9. '6"&0&
(=, *#.=. #Hy=: 9 "&<ET72)<9 %@+#7&PA&+(I(-. <(& 0+0%,(&"+#
"H#E"%UP% (&) BUSH%(&: p2+-F9,2 ?)(#  '+<(2D&N2 #(+ &A2572(X%(9.
$2.+,#(2"9 ' %P #<u+%25=<K&) 2.0+%AE"&.(&'&: (9. S)<+,> <2%(5F2<9
p2 .E2: (2*.&7&$52#'=: 9 ;'+<(> Y9 K'&7&$+<(-., ,%+9 U+&7&$5%776 %+
2AYP&UE.2: <'&)OE: <2 I+,&.& p+,6 ,%+V"9 u%(&&+,&|&,> ?.67)<9 &+
&'&52:"&<27,D&). %'&A&S(&)<*&7-. F2(+,-. 2'+<(Q-. ,%+"&<AE"&).
<9u%.(+,E: &+,&.&+,E: %'&7T%BEY(9 H25=<9%)(> 2'5<9: <).2(E72<2,%+9
%.6'()@9,%+677=. P2(%'()*+%,-. "&$"%up6(=. <(9. ;7760% ,%F-: ,%+9
&"$6.=<9 ,%+2),&75%412(68%<9:<2 3+0%,(&"+,E/'&)0E: P2 )'&("&A5%<2
1%.2'+<(>p+%49: ;)"-'9: . B& BUSU%F2-"9<2 #(+&+%"%'6.= (6<2+:02.
"#,2+(%+. % %. %("%'&D<(& 2$$DPUET7 7 &.

3.3.2. IN> 5@FECE7-ul <=C@=L@¥6<=>0D765<=@DRIEG7NE

4 081> 25.%+,%.&'&+9(+,3%+%,&7&)F2. )'6"*&)<% .&U&F2<59B#<&9
2'4+("&"> p2(%'()*+%,-. <'&)0-. %776,%+9 7-u27>: 2'+("&> (&) ,6F2
)'&C>A+&) 0+06,(&"%'%"%,&7&)F25(2.6 (9. "#&0& (&). 35.2(%+#0+%5(2"9
<9U%<5%(9. 2'+7&$X&) FE1%(&:(9: 0+%("+8><(2 .% 25.%%+2A+,(>9
'2"6(=<9 (9: E"2).%:<22D7&$& &.+,# 0+6<(P%%776%+%0+%<A%75G2(%+
'&+H#(9(%(&) %'&(272(6(=. . 12 %)(# (& ("#& 2'+()$*6.2(%+ ,%7D(2"2:
2'%3$$2%(+,E"&&'(+,E: $+YR): %'&A&5(&):

B& 0+0%,(&"+,#"#$"%Uu% (&) Bu>u%(&: 2'=A2725(% €% UES+<(Wo'# (+:
2%,%(%<(6<2R"2).9(+,E: ) &O&ME: %776%®+,&.&+,>)'&<(>"+@D,)"5=:
M2 (9. MP&"A> 0+0%,(&"+,-. )'&("&A+-. - '&) 'W"E*&). % B& J.<(+(&D(&
472,("&.+,>: 38u>: Y%+PE+G2(&) JB;, 8) (& ;"2).9(+# 19%.2'+<(9u+%,#
J.<(+(&D(&; ) S)<+,>: 176< p%(&; 9 (& 7<(2"&<,&'25& (&) 1,5.%,%. H
<).2+<A&"6 (=. '%"%'6.= )'&0&Y-. %.%'(D<<2(%<«2 677& <9u25&(9:
E,F2<9: 1E79 3;! (&) Bp>u%(&: 25.%4<).2"$%GH2.&+ 2"2).9(E: <(%
+.<(+(&D(%)(6 ,%+*"9<HI&'&+&D (+: 2$,%(%<(6<21t&): $+%9. (E72<9(&)
2"2).9(+,&D (&): E"$&) ,%F-: ,%+(9. 2,'%502)<9(=. Mn2(%'()*+%,-. ,%+
0+0%,(&"+,-. A&+(9(-. (&) Bu>u%(&:

3.3.3. IN> 5@FEC<&7D67D56HEPDB=LIx<KEG?=USQFKED765<:@KE

4 0+%0+,%<BITES>(=. )&C>A+=. 0+0%,(#"=. 25.%+,%.8 &+9(+ >1E*"+
Y& %,%08%Q (&: 20072008, $+.#(% 02, (&5<(& "#$"% %) &C>A+& &+
&' 8&5825*%2'+(D*2&(+: $"%'(E: $2.+,E:12(%'()*+%,E2@2(6<2-B&<D< (1%
2+<%S=SE*29776 @20 .E& 0+0%, (&"+ H#H#S % IU%6(&) BU>H%(&:'&) F%

81" SR () , 0%+ ,+)%). 11,)/+ :0+.1. 11-4




29

72+(&)"$><22%0'# (& %,%08%Q E(&:200820009.1+ 7#P&$+UD. %77%$>%.
0D&% 9 p25=<K(&. %"+g# (=. )'&C9AL=. &+&'&5&2,0>7=.%. 2.0+%AE"=.
$+90+0%,(&"+,EK'&)0E: ,%+9 %0).%05%&): .% "&2(&11%<(&D,%(67797%
$+%% 768&). PE"&: <(+: p2(%'()*+%,E: 2@2(6<2+%+8) 9 "&<E7,)<9
)'&C9AL=. %'# 677%uE"9 (9: ;7760&: ,%+(&) 2@=(2"+,&D8+&'&5&$+%
%F%"6"%,(+,&D: 7T#$&): %0).%(&D<%% P2(%8&D<(9. H">(9 ,%+.%
768&). LE"&:<(9: 2@2(6<2H.(<+ P2 86<9 (& .E&"#$"% % ,%(%"$&D. (9&H+
$2.+,E: u2(%'()*+%,E:2@2(6<21%+&+)'&C>A+&0+06,(&"2: F%2'+7E$&.(%+
O<HI&'&+-.(%: (% %,H#HT&)F%,"+(>"+% % %.%7)(+,> 8%H&7&$5%(%
"&'()*+%,6 ,%+P2(%'()*+%,6 (&): HY%FR%(%8) <)<(%(+E:2'+<(&7E:%'#
LY%F9$9(E(&): 9 2'502+@9)(&0).%5%:,%+0).%(&(>(=. 2"2).9(+,&D E"$&)
#=1 %)(#0+%A%5.20# '+F%.EQQ&<+2D<2(s. )'&CIA5=. <2'2"+&0+,6
M2 "+H(E: > <).E0"+% <) pu2(&*> <2 2"2).9(+,6 "&3$"6 U (%> 2"2).9(+,6
2"$%(>"+% 0) "&A&"+,> <).E.(2)@9 (&) )'&CY9A5&) p2 (9. 2+("&'>
M2(%'()*+%,-. <'&)0-. .

3.3.4. IN> 5@FECEE=@LAEKH8QDE6@FRB&ED-UDBDNE

B& Bu>p%72+(&)"$252 2'+()*5%(& 28041%00+%B&Ru+.6"+&S)<+,>: (Physics
Colloquium) ,6F2'E 1'(9 ,%(6 (9 0+6",2+%=. L%FR6(=. (282804602). I+
SU+79(E: 25.%R'+<(31&.2: %'# 1%.2'+<(>p+%,%+ 2"2).9(+,6 ,E.("% (9:
;7760%: ,%H&) 2@=(2"+,&D%"6 (& $2$& #:#(+&+#"'&+ $+%9. ,67)@ (=.
2@#0=. P2(%A&"6: (=. &u+7+-. 25.%H0+%5(2"D'+&"+HE.&+ (& Bu>p%
<(9"5G2(%s%9 *"9 u%(&0#(9<Po'# 2"2).9(+,6 "&$"6 Y% (%=. p27-. 3;!
Y+E*2+%(%AE"2:96 "8&<27,D<2+<(%/2 u+.6"+6 (&) 2'+<(>u&.2: 0+2F.&D:
28E72+%&+&'&5&112(% @67 7=. 2'+F)u&D. .% <).2"$%<(&D.py2 pE79(=.
Bu>p%(&: B%& #u%(%(=. 8u+79(-. ,%F-1 %+(5(7T&H=. <+.%"5=.'&)
'%"&)<+6<(9,%. <(& Bp>p% (% (272)(%5% E(9 25.%+0+%FE2+ <(9.
+<(&<2750%(http://www.physics.uoc.gr/menu/colloquia.phg'+"#<F2(% &+
0+6A&"2:2"2).9(+,E: &602: (&) BuP%&: &"$%.-.&). '+& 2+0+,3)E.%
<Q+.6"+% 2'5<9: <2 (%,(6 *"&+,6 0+%<@@o(% 4 '%"&)<5% (=.
M2(%'()*+%,-. ,%40+0%,(&"+,-. A&+(9(-. <(& R2.+# /2 u+.6"+& &) Bu>p%(&:
Y0F-1 %+ <(% %.(5<(&+*%2u+.6"+%(=. 2"2).9(+,-. &u60=. <(+: &'&52:
%.>,&). 25.%¥& *"2=(+,>. I+ p2(%'()*+%,&A&+(9(E%776,%+(% UE79(&)
BU>pY%(&: 2'=A27&D.(%R'5<9: ,%+%'# (% <Qu+.6"+%&) &"$%.-.&.(%+<2
(%,(6 *"&.+,6 0+%<{@0(%<(& J.<(+(&D(&72,("&.+,>: 3&u>: , Y HPE+G2A&)
JB;.

3.3.5. IN> 5@FEC<87DCSEIDAH<6H8=G!@=L@¥6<=>0D765<=@D5NE
&?=G7NE

T2="&Du2 #(+ 9 '&+#(9(% ,%+ 0+2F.>: 0+6<(%<9&) !"&3$"6 Uu%(&: 25.%+
+0+%5(2"%%.&'&+9(+,>,%+ %.(%'&,"5.2(%+'7>"=:  <(9. '&+#(9(% (=.
2"2).9(+,-. 0"%<(9"+&(>(=.(&) Bu>u%(&: I+ 0+2F.25%).2"$%<52(=. u27-.
3l ,%+2"2).9(-. P2 (%,%7D(2"W%.2'+<(>u+%%+"2).9(+,6 HE.("%(9:
))"-'O: Y%+ 41?7 05.2+<(&): )'&C>A+&): 0+06,(&"2: 0).%(#(9(2: ,%+
2U2+"52:(+: &'&52:0D<,&7AH'&"&D. .% %'&(5<&).<2 677%%.2'+<(>u+%%+
2"2).9(+,6 ,E.("% (9: *-"%: . B&BU>U%E*2+%(%AE"2%6 "'&<27,D<2+%,#19
,%9)'&C>A+&):0+06,(&"2:%'#*-"2: (&) 2@=(2"+,&(3 23523 "MUE .&+%(6 (&
%,%08%Q,#E(&: 20072008). T2="&Du2 #(+ %. )>"*2 9 0).%(#(9(% .%
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"&<A2"F&D. 0+0%,(&"+E)&("&A52: |2 &+ &8+ E: %'&T%SEL.67&$2:
%)(-. (=. 0+0%,(&"+-. A&+(9(-. <26772:*"2: (9: ;)"'9: (& BU>H%F%
U&"&D<2 % "&<27,D<2+ #*+|#.& 2"+<<#(2"&): @E.&)A&+(9(E%T76%+
967D(2"&): L779.2: Y&CIABE): &+&'&5&S+%%6F%"68+,&. §u+ &D: TH$&):
<2"%62(%8%5. &+ <'&)0E: (&): <(&2@=(2"+#

3.3.6. IN> 5@FEC<CMC<8B5:HPH<g6;

B& 0+0%,(&"+# "#$"%uu% 02. '2"+7%186.2+ $"%'(E: 2@2(6<2+: 1+
0+0%,(&"+,&B&+(9(E%"%,&7&)F&D 2@2+0+H,E.% p2(%'()*+%,6 nY%Fp%(%
'&) <*2(5G&.(YBU2<% P2 (& %.(+,282.& (9: E"2).6: (&): M2 (9 p&"A>
<Q+.%"5=. H%(6 (& 'E"%: (9: 0+%(8: (&): 25.%1)'&*'2= PE.&+.%
'%"&)<+6<&). (N %'&(E7286 (&): <2 $2.+# <Q+.6"+&(& &'&5&U&"&D. %
'%"%,&7&)F><&). #7&&+A&+(9(E:2"2).9(E: ,%+,%F9$9(E:(&) Bu>p%(&:
19 <).E*2+90 2'(%u27>:2'+("&"> (&):, (&): 2@2(6G2&%A&"+,6 (&. A&+(9(>
'6.= <(&FHB%(9: 0+%("+8%&), UE"&: (9: &'&5%!"E'2+ .% E*209u&<+2)(25
<2 0+2F.>2"2).9(+,6 '2"+&0+,6 p2 ,"+(E:.. 4 2'+()*>: &7&,7>"=<9 (9:
0+%0+,%<5%)(>: 2@%<A%75G&+ A&+(9(>(+: "&O'&FE<2+:$+% % (&)
%'&. U9F 2% (5(7&:(&) 0+06,(&"%&) Bu>u%E&: S)<+,>:.
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4. 0D765<D5@L=

4.1. N> 5@FEC<8E6?=<CBQqa<D5:<8<6=G/D765<D5Z=HK?D5=P

15% %.(+,2p42.+,> 2'+<(Q&.+,> %'6.(9<9 <2 %)# (& 2"-(9 % 25.%+
0D<,&79,%+&7)<D.F2(9. IE"% %'# (9. 23,)"#(9(% (=. 8%H-. (9: %@+&7#$9<9:
(= A&+(9(-. $+t%(9. &'&5%)6"&). %+ ,6'&+t% <)$,2,"+pE.% <9u25%
UA+<8>(9<9: H%5.8). ,%+&776 677%R"=(>p%(Y&1%'%.(><2+(=. &'&5=. F%
"E'2+ .9%<).2,(+ OF&D #'=: ' X, & %"+ (=. 2@2(%<(+,"&) *'2+6<(9,%.&+
A&+(9(E:$+%% '2"6<&). (& <)$,2,"+UE.& P6FU% & 8%p#: 0)<,&75%:(&)
M%FRY%(&; & %0 "+RE: (=. ="-. '&) @&O2D&RAA&+(I(ES+U9. W27E(9(&):, &
%"+p#H: (=. 0+0%,(+,-. p&.60=. '&) 050&.(%0O "&<'6F2+%'&) ,%(%86772&
<)$,2,"+ UE.&: 0+06<,=.<%.<).6"(9<9 (&) %'&(27Ex%(&; (&2'5'20&(9: $.-<9:
'&) 05.2(%<«(&): A&+(I(E#'=: %)(# %.%A%5.2(%# (& 2'5'20& 0)<,&75%(=.
(27+,-. 2@2(6<2=(&<)$,2,"+ UE.&UEF Y6, %H&. %"+t 2'+()*5%:<2 %) (#

I+ %'%.(><2+<2 #7%0)(6 (%2"=(>p%(W'E'2+ .%<).2,(+ HOF&D.$+%%
)'6"@2Hu+9%80.(+,282.+,> ,"5<9 <(&2"-(9 p%%)(# 4 '79"&A#"9<9 %)(>02. 25.%+
2D,&7&.% <)$,2.("=F25. R+%&. 7#$&%)(# *"'9<H&'&+&[R 2.02+,(+,6 ,%+p2
%",2(&D:2.0&+%&D:<)$,2,"+ UE.2: 2"=(><2+: %'# (9. Y@ +&7T#$Y=<9 A&+(9(-.
$+%(& <)$,2,"+UE.& P6FQU% (BTE'2 ;"=(9 p%(&7#$+&629%4B 8/+0123&%&-
p8#, u8)0- / 9+98%"81=862 )05- DO+)&)}:. /)$,2,"+ YE.%9 $2.+,>%'&(P9<9 (9:
%'&(2728%(+,#(9(%$5.2(%20- LE<WB0'# (9. 2"-(9<9 7 ( 7) (&) <)$,2,"+ME.&)
2"=(9 p%(&7&$58JR2.+,> % @+& 7T#$9E€Y 0+06<,&.(%<)$,"+(+,6 Y2 (&): 677&):
0+06<,&(2:E'&) A%5.2(%% 25.%<).%A>: P2 (9. #792+#.%4&) 0+06<,&.(%(%
HE(+%(=. A&+(9(-. %+ +F%.-: L2 (9. W'&(2728%(+#(9(%&). 4 %'6.(9<9
8E8%+26.%%)$,"+(+,> U2 (% )'#H7&+'% UET93;!  &#(2 )'&725'2(%+%+,6'&+%
E.02+@0-9%0. %'#7)(9 ,75%,%

R+%& %,%008%Q #E(&: 200607 $+%(& &'&5&)6™&). '7>"9 <(&+*25%(&
*Q42"+ # 2@D.& & PE<&:#'&: (2'5 38 [OAFR6(=.) >(%. 4.0 ,%+$+%& 2%"+.#
2@8.& (2'5 40 [PAFRB(=. ) >(%. 4.1 |2 HES+<(8Y6R# (& 5.0,%+<DUA=.% 2 (9.
8%F& #19<9 (&) 2"=(9 N% (&7 &R),"5.2(%o+,%.&'&+9(+,>

4.2. IN> B5@FEC<BE ?=D:<8<656D 6?=<CB@<D5:<8<6<8> 7D765<D5I>
7D67D56HES>

4 0+0%,(+,9+%0+,%<EBBA%" "#U&+IB&ET> U%(%(9. %.(+,242.+,> ,%+%'#7)(9

%'&([M9<9 (9:. :0- F'I<HIZ&H&M %+ '67+ (+1 %'%.(><2+: W'H# (&

"=(9 pY%(&7#$H4&H29%+4B 8/+0123&%§8#, U8)0- / 9+98%"81=862)05- DO+)&);-

4.3. IN> 5@FEC<€E=@LAEKHBD<S8ECQ6@:L| <=G7D765<D5=@L=G
BYR,'%+02)(+,688&9F p%(90+% 7TESE. (%# (&): 50+&)(&): 0+06<,&.(2:=: 2'5(&
725<(&. Y2 "+(>"+& (9. ,%7D(2"9'%"&)<5%<Y9: 0+0%<@2.9: D79: H%(6
H<&. 9 2'+7&$>%)(> Y%@+&TES2HPH6 %'# (&) 0+0%<pR.&): W&"25 .%
%' &(HOF2D'# (9. %'6.(9<9 (9: 2"-(9<9: 12 ( 12) %'# (& 2"=(9 nY%b(&THSHE.

oI PHS%&'(* , 0%+ ,+)%). 11,)/"2 :0+.1%2 11-5.1 (73.). >8/ )*$*).0. .1.>% W.B1; *C;u%+), 11-5.2 (73.).
>8/ J*$*").0. .1.>%u.B1; *C;u%+), 11-6.1, 11-6.2, 11-7.1 (73.). >8/ )*$*").0. .1.>% u.B1; *C;u%+) 1.311-7.2.
(73.). >8/ )*$*").0. .1.>% W.B1; *C;p%+)
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A&H(O(-.: QH<& +%.8'&+9(+,18"5<,2(2 (& ,D"+&8+8758) > <OU2+-<24E 9 %+
(&) 1.1 . <(+:2"=(><2+:12 %+13 $+962"$%<(9"+%, A% Fp%(%

R+%& %,%0@%Q #E(&: 200607 $+%U& &'&5&)'6"*&). '7>"9 <(&+*25%(&
242"+ #2@P.& & PE<&#'&: (2'55 2"$%<(9"+%,-.u%FR6(=. ) >(%.3.5,%+3.0
Y0+$+%& 2%"+. R@B.& (2'5 8 2"$%<(9"+%,-. u2FR6(=. ) >(%. 3.5,%+3.2 |2
ME$+<(8%p# (& 5.0./DPA=.%p2 (9. 8%H& . #19<9 (&) 2"=(9 n%(&7&$5&p.2(%+
%'# ME("+%

4.4, IN> 5@FEC<€XC5?6D7CG<[B58SIN6<6,

4 '&T7+(+,>(&) BU>HY(&:25.%:H0*"9<H1&'&+&D. (%%6,%7D(2%0+% FF248+875%
$+UBF2 UBFQYo=: 2'5 (& '725<(&. (%8+875%) *"9<+.&'&+&D.(Y2b.%+
L2(%6A"6<248+875=(%& &5%s(%%. (5<(&+*BBOFpY%(% (YoL2$6 7 W6, 2'+< (> i+ %6
417 %+)"=%Q,> L.=<9: .

4.5. IN> 5@FEC&7D6S;HIB 1;H6 56DG?=7H;>;

IDPA=.% [2 (+: %'%.(><2+:%'# (& 2"=(9 % (&T#$+ 629%4B 8603*8D+"0A
9$1)=0%/8p18>+8=0f8#, U8)0-) &+2"+<<#(2"&+0+06<,&.(2: F2="&D. <2 $2.+ E:
$"OQUE: (+1 )'6™&)<2:  V&O&UE: +,%.&'&+9(+,E;%+2'%" 25. 1946"%(9"&D.(%+
Hu=: 27725C2€(%2"$%<(9"+%,AUFR%(%6: ' "&: (9. <).(>"9<9 ,%+%6.%.E=<9
(&) )'6"&.(& 2@&THED T%>(%. 2+F)9(> 9 '7>"9: %.%.E=<R"+¢E.=.
2"$%<(9"5=.

M<&. %A&'6 <)$,2,"+UE.& 2"$%<(9"+% #2@&'T+# #'$%.% H&'25 %
“'9<HI&'&+IF25%+ 9 %'6.(9<9 %'# (& 2"=(9p%(&TH#$+&=. A&+(9(-. <(9.

2"-(9<9 ; 15 $+%%02"$%<(9"+%,p#.& PYOFR%(% (P2+(&)"$&D +,%.&'&+9(+,6
(%o#"$%. %

R+%& %,%08%Q #E(&: 200607 $+%U& &'&5&)'6"*&). '7>"9 <(&+*25%(&
242"+ H2@P.& & PE<&#'&: (2'55 2"$%<(9"+%,-.u%FR6(=. ) >(%.2.8,%+%+%
(& 2%"+.2@P.& (2'5 8 2"$%<(9"+%,-.u1%FR6(=. ) >(%. 3.3 |R LPES+<(8%B# (&
5.0 ,%+<uA=.% P2 (9. 8%H&.#U9<9 (&) 2"=(9n%(&7&$5&)5.2(%+%'# Y9
+,%.&'&+9(+, &= pE("+%

4.6. N> S5@QFEC<€ER6%1: 6MD=?=F8H8XE<CJE=B=LDREB@=-Q=@D56D
C?D5=DEKEDNE

4 0+%0+,%<8%<9: B!; @2,5.9<209 %'# (& 1996 #(%. 09u+&)"$>F9,2<(&
Bu>p%u%:9 "-(9  '7>"9: +<(&<2750%) HYOoFp%(&: 3+%A&"+ E@+<-<2+].
M (#(2 &+ B2*.&T&$52:179"&A&"+,>: Y%t '+, &+.=.4-.  F"I<HI&'&+&D.(%+
'&+,+T&("H#'=1
() 12 %",2(6 WYFp%(9® '%"'60&<9%$5.2(Yo42 (9 *"><9 '&7) UE<=.
(i) R+ '2"+<<#(2"%U%Fp%(%9'6"*2+ 972,("&.+,> <2750%42 2,(2.25:
"T9"&A&"52: $+% (% WEFQY% <9u2+-<2+: %<,><2+: 0+%0+,()%,>
8+87+&%$"%AB%
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Http://www.physics.uoc.gr/menu/ecourses yphp

BY8B%<+,6%"%,(9"+<(+,6(=. 972,("&.+,-. HWFA6(=. 25.%FR62@>:

o H%(%.8> (&) )7+,&D<22.#(9(2: > 0+%7E@2+:

o 1%"&)<5%<9(&) '2"+2*&UE.&) (9: ,6F2 0+672@%2 ,%(677979
M&"A>

o /(& (E7&: ,6F2 0+6728Q@Q 05.&.(%+2"=(><2+; %<,><2+. ,%+
2A%N&SE, ,%(6'2"5'(=<9 .

o 12 '&776 P%Fp%(% )'6"*&). <).0E<2+: p2 "&<&U&+FE.%
"2+"6U%(%<*2(+,6 Y2 (& FER%'&) 22@2"$6G2(¥6+<)$,2,"+ UE.&
M6F91%

o 35.&.(%10+2)FD.<2+(& internet |2 ("6'2G2: '79"&A&"+-. > sites
'&) <*2(5G&.(%2(&<)$,2,"+UE.&U6FU%

o K6™&). 972,("&+E: A#'H2: %@+&T#$9<®) M&'&D. %
QQUT79"-<&). &+A&+(9(E:

o 12 #1% %% Fp%(%'6"*2+ 972,("&.+,#: '5.%,%:%.%,&+.-<2=.

o 12 &"+4E.% p%Fp%(% )'6"2+ 9 0).%#(O9(% 972,("&.+,>:
<Q)G>(9<9: W2(%@D+06<,&.(&: ,%+ A&+(9(-., %776,%+ u2(%@D
A&+(9(-. ($+98'57)<9%'&"+-. ,7" )

o 2 &"+E.% pY%Fp%(%)'6"*&). A#"'u2: 2"=(><2=. '&77%'7-.
2'+7&$-. '&) W&"25 .% *9<HI&'&+><2& 2,6<(&(2 0+06<,=. 25(2
<%.2.%77%,(+,HEF&0& @ E (%5 25(Z5+%0) (&2 @E (%€ A&+(9(>

o 12 &"+{E.%N%Fp%(%('&) <*2(5G&. (%2 )'&7&$+<(E:,%+.E2:
(2*.&78&%$52; 9 2@E(%%$9.2(Y%'&, 72+<(+,QE<=(=. )'&7&$+<(-..

5.%+ "&A%.> 9 <)U8&7> (&) 972,("&.+&D %)(&D)7+,&D <(9.
T'E<(2"9 %+ %'&0&(+H#(2'9 2,%502)<9 (=. A&+(9(-., <(O.
2@8&+,25=€&): P2 (+: .E2: (2*.&7&$52%776%+<(9. 0).%(#(9(%'&)
%'&,(6 &2,6<(&(2 0+06<,=..%

%.908"A-2+ %+ % 2UT&)(5G2+ (& 2,'%+02)(+# )T+# '&)
MO HIR'&+252D, &TYS">$8 Y YoHI2 *UOTH# #<(&: , #&(2 (& F2="25
%'%"%5(9(&

(i) 12"+&0+,6 E*&) 0+0%*F257&(+,6 WFpY%(YE=. (2*.&7&$+-. <(9.
2,'%502)<9 2.- E*&). 0+0%*F2%+ % Fp%(Y%0'# %'#<(%<9 UE<=
video-conferencing <(%'7%5<+{&) "&$"6 puu%(&:;!;?;H 1009).

| J$5-* p&"&*&C(4+78A -45 )¥)+- +1.+ ; 8=0;

B% (272)(%5% *"#.+% <(& (U>U% S)<+,>: (&) %.2'+<(9u5&) H">(9: E*&).
@2,+.><24+%<2+"6 %'& 2"2).9(+,E: ,%+'+7&(+,E: 0"%<(9"+#(9(2:'6.= <2
"=(&'&"+%,E: 0+0%,(+,E:"&<2$$5<2+:<(9. ?.-(%(9 ;,'%502)<9 ,%+ <(9
0+0%<,%7%% S)<+,>: <(9 1E<9 ;,'%502)<9 PE<=<D$*"&.=. (2*.&7&$+,-.
2"$%72=.. 4 0"%<(9"+#(9(9%806)(> %'&(272+%"#(%<9 $+%9. )7&'&59<9(=.
<(#r=. 2.#: <D$*"&.&) (W>p%(&:S)<+,>: #'=1 %) (&IN'&()'-.&.(%+ <(9 0+2F.>
8+87+&3$"%A5%+ <(& <D$*"&.& "&B7I%0(HH %+ 2,'%+02)(+,E: (6<2+:
N$,2,"+ UE.% E*&). %.%'()*F25'+7&(+,6 po&u%(%'S) 8%<5G&.(%R ut+%
<).2"$%(+,>0+0%,(+,>'&<E$$+<90+67&$&R2 (% @E. A&+(9(-. Y2 (9 8&>F2+%
972,("&.+,&D <)<(>%(&: CIAKA&"5%<(& WA+FEY("&6+<(9. %.67)<9 (=
%'&(27256(=. (&) %'& 972,("&.+# )&T&$+<(><2 " %% (+,#*"'#.&). HD"+&+
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<,&'&5(=. Y%HFRA6(=. %)(-. 25.%#*+ #.& 9 ,%(%.#9<9(=. '+& 0D<,&7=.
2.&+-. (9: A)<+,>:, %776)"5=: 9 *'><9 (&): $+A9. %.6')@9(9: +,%.#(9(%:
(=. A&+(9(-. .% 2@9%$&D.% 2'+*2+"U%(&7&$&D,%+.% <,E'(&.(%+,"+(+,6. B%
MY Fp%(986)(6 0+2@6$&.(%K6 D" +&7HS&UE<= (&) 972,("&.+,&D <)<(>n%(&:
CIARAL"5%(& WA+FEY('&

1(% '7%5<+%. '%"%'6.= POFR6(=. "%$u%(&'&+>F9,2,'%+02)(+,>E"2).% (%
3 (272)(%5%'#.+%'6.= (+: 0)<,&752:'&) %.(H2(-'+GC%. &+A&+(9(E:<(& .%
< UH2(6<*&). <2 E.%. &)<+%<(+2'+<(Q&.+# 0+67&$&% 2@9$&H9. 6'&C9
(&):, ,%+.% %@+&7&$&B*2+"p%(%<) PA&+(9(-. (&): ,%+<(& ,%(6 '#<& 9
(2*.&7&$5%8) *"9<HI&'&+>F9,28&9F62B%%'&(27E%(%49: %@+&7#$948Q)
2$*2+"p%(&E*&). '%"&)<+%< (282 0+2F.>%+2779.+,6<).E0"+% 2" &7DF2(+,>
%.(%'#,"+<Q 1#7+: &7&,79"=F259 E"2).% 2.(#: (&) "&<2*&D: %,%08%Q,&D
E(&):, (%%'&(27Eg% (9 Y0Q&<+2)(&D<20+2F.32"+&0+,602 ,"+(E..

| J$5-* u&"&*&C(4+?8A -45( [$3+-45%%+,7 [+ )/-5 ;8=0;

B&'%"%'6.= <D<(U%AT72,("&.+,> 9IA&KA&"5% F%827(+=F28*.+,6 -<(2 .%
$5.2:00",2(6 % @+#+<$&YPb *"9<H1&'&+IF25(9. %@+&TH#$A<9 A&+(9(-. <(%
2"$%<(9"+%, A% F p% (%52 " %S0 (+ #"#.& .

| J$5-* u&"&*&C(4+78A -45( +*&1635-54@(9&*454=¢ 8=0 ;
R5.2(%972,("&.+,> %@+& T#$9) &7&$+<(+6 L%FRY%(%0n line) %77602. E*2+
$2.+,2)F22'5 (&) '%"#.(&: .

| J$5-* u&"&*&C(4+P8A -45( [ &X(@(+ 4@ (9&*454=(ul A&()*)H-,&(4+ ;
8=0;

U7E'22.6.2.;'+'7E&. '&778&5A&+(9(EX"9<H1&'&+&DIT72,("&.+# (%*)0"&U25&+%

202'+,&+.=.><&). Y2(&): ,%F9$9(E(&):,)'&8677&). 2"$%<52&): 972,("&.+,6

A

1 8&*& 4& CE&MA@(/'/()C-/@( 4&' ?uTu+4&0-/ ?8A +4# A5( 4/1/'4+.+
"I(4+/4.+ ;

12 (9. 8&>F2+%8) "&$"6 up%(&:;!;?;H %+&) (%,(+,&D"&0'&7&$+H&D

E*24$5.296.(+,%(6<(%<R77-. B!; ,%(6 (9. 2. 7#$="2"5&0& B& DC&:(9:

2'E.0)<9: )'&7&$5G2(%(%100,0002)"- .

1 IN> 5@FEC<BEGE6B=LF@D76H5:E<KED76H5+EKE 56D<8 pC<6MR=G>
HGEC@L6HF6
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4 %.%T78$TH0%< #.(=/0+0%<|EE.=. (27 S&+(I(EY%.6UE7&:3;! ) P2 86<9 (+:
'%"&D<2: <).F>2: 25.%49%"#u&+%u2 677%Bu>p%(%(9: *-"%: ,%+,"5.2(%+
+,%.&'&+9(+,> K'6"&). ,6'&+2: 0)<,&752: <(9. 0+0%<,%7525%<(9"+%,-.
HOOFRB(=. (% &'&5Y6'%+(&D&T+$6"+56 (U>%(% &+&'&52: %. (42(='5G &.(Yo+
24+0*-1 %'H# (9. 2'+("&> "&$"6 PPY(&<'&)0-. . 4 %(6<(%<H'=: 0+%/R(%+
#H(+ F% %776 @T#$= (9 "&(2+.#P2.9: %D@9<9%(6 25% (&) %"+E&D (=.
2+<%,(E=%'# (& %,%00%Q #E(&: 20082009. ?. 9 '%"%'6.= %#HA%<2.
<).802)(25 %'# %D@9<@) %"+@&D FE<2=. (=. 27-. 3;! , :B;! %+
"&<="+.&D 0+0%,(+ &D&<="+,&D (I3 /407) ,%F-: ,%+9: *"9 n%(&0#(9<9$+%
<).(>"9<9 ,%+%.6')@9 (=. 0+0%,(+,-. )'&0&H-. (& BU>U%F%E*2+0)<,&75%
<(9. 2'+()*> 2'+(E72<%9&) 0+0%,(+,&(&) E"$&)

4.8. IN> 5@FEC<€ER6S: HPE7CH&8>7D76H56BFE<SE;@CGE6

4 2,%502)<9(=. A&+(9(-. <(9. 2"2).9(+> 0+%0+ %<BPR(2725<(#*& (=.
"=(&'&"+%,-. UHFRB(=. '&) E*24%.%'(D@2& Bu>p% ' *. G'+,&+.=.5% (9:
ID$*"&.9: S)<+,> <(%?$$7+,6&E J ,%+1],%+CL27E(9 /D$*'&.9: S)<+,>: <(%
2$$7+,E J %+ J] %T76,%+ (9 3+T=p%(+,>: ;"$%<5%: ;'5<9: , )62+
<).2"$%<5%(%T5<+05. '%"%'6.= PWHFAB(=. M2 (& 2,'%+02)E.& "&<="+ #
(9: 8+87+&F>,9BE7&; 9 2,'%502)<9(=. A&+(9(-. <(9. 2"2).9(+> 0+%0+,%<5%
<).2'+,&)"25(%+ %'H# (9. <(2.> <).2"$%<5%(&) BUSH%(& M2 (& "0")p%
B2*.&7&$5Y864."2).%: .

4.9IN> S5@FEC<DHGEC@L6HKCES5?6D7CG<IBA<@&K=GCHK<C@D%4D
<=CCMK<C@D568BuC<=5=DEKEDHPE=B=

K'6"+&). <).2"$%<52U26779%R,'%+02)(+,6]0"M%(W6776)"5=: <22"2).9(+#

2'5'20&

4.10. IN> 5@FEC<8E 5DE8<D5:<8<6=G7D765<D5=P@=HK?B8 56D <KE
Q=D<8<NE

4 +.9(+H(9(% (&) 0+0%,(+&DE&<="+&D 25.%4%7>2.- 02. )'6"*2+ p2$679
+.9(+,#(9(%(=. A&+(9(-..

01" HS%E ()* | 0%+ ,+)%). 11,)/+ : 0+.1. 11-8
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5. $@CGE8<D®L=

5.1. IN> 5@FEGEE?@=6LKLK8>@CGE®i<=?B6FHD=G pl pu6<=>

4 2"2).9(+,> 0"%<(9"+#(9(W0'&(27259. "M-(9 "&(2"%+#(9(%B+%49 Bu>u%
S)<+,> (&) 1%.2'+<(9p5&) H"™>(9:. 4 ™&%$=%$> (9: E"2).%: 25.%+&7D
+,%.&'&+9(+ M7 Y UE793;! (&) Bu>p%(&:'%"&)<+6G&) pt9).2*>, *="5:
<9u%.(+,E: 0+%,06.<2+; '%"%$=$>2"2).9(+,&D E"$&) (% (272)(%5%'#.+% B&
<(&+*25%0)(#"&,D'(2+ ,%+%'# (%62'+<).%'(# n2.%% '&$"%A+,027(5%=. H27-.

3! (&) Bpop%(&; ,%+25.%K& F2(+#(2"& <9u25&<*2(+,6 p2 (& ,"+(>"+&
"&%$=%>: (9: E"2).%: $+%& Bp>p% S)<+,>: (&) 1%.2'+<(9p5&) H">(9: . |

<Ou%.(+.#: %"+ (=. p2(%0+0%,(&*+, 2"2).9(-. '&) 2"$6G&.(%H& Bu>ud%
S)<+,>: 25.%2'6<9: E.%'&7D F2(+#<9u25& BE7&,; F2(+,#<9u25825.%+%+&
<9u%.(+,#: %"+p#: 2"2).9(+,-. 0"%<(9"+&(>(=.'&) 79%86.2+*-"% <(& Bu>p%
S)<+,>:, #=1 ;"2).9(+,6 [/).E0"+% (workshops),,%+ 79F-"% 2"2).9( +,-.

<+.%"5=,%(6 (9. 0+6",2+%&) %,%03%Q,&E(&):.

1+F%.#. %0D. 6 <OH25&&) BU>po6(&; (& &'&58HU=: %.(H2(='5G&). %$,&<5=:
(% '2"+<<H#(2"% BU>HY%(%S)<+,>:, 25.%& <(%0+%,GR2+HE.& %"+ (=
A&H(9(-. '&) 2+F)U&D. %+27+,62,8&.8&D. 0+0%&"+ E: 0+%("+8E%(272)(%5%
4t +06<(8& BUSH%S)<+,>: . B& BUSHYF2="25#(+9 "#<A%(9 %.%0+6"F"'=<98)
12(%'()*+%,&D(&) "&$"6 PU%(&; (& &'&5&'%"&)<+6G2(%+2 677&<I25&(9:
L,F2<9:, F% &09$><242(%@B77=. (9. "&<E7,)<9 H2$%7D(2"&pP6"+E&D
%@+#E&Y &CIAS=. 0+0%, (#"=.

BYF2(+,6<9U25%5.&)., %.Gu2<%<2677% (9. 0).%(#(9(%<(& BU>p%S)<+,>: .%
'%5@2& "HT& 2.4 })"='%Q,&D '2"+A2"2+%,&[E.("&) E"2).%: ;0- W&"25.%
<OU2+=F2B(+ 9 O9U+&)"$59R"+A2"2+%,-. E.("=. [E"2).%: 25.%«(+: "-(2 :
"&(2"%+#(9(2:(&) 7% H&+.&(+, &Y %+<5&)(>"+@9:

5.2. IN> 5@FEC<€C@CGE8S<DREAL@HA6<6 56D;@L6?=GC5<CB=PE<46&-
"l p6;
L% "-(& F2(+# <9u25&<(& ,"+(>"+& %@+&7#$9<ZB.%#(+ & %"+@#: (=.
2"2).9(+,-. "&$"%pu6(=. IMET&:3;!  '&) 2,(278D.(%.(& Bu>u%S)<+,>: 25.%+
%'#(&): H2$%7D(2"&)K(9. ;7760% ;'5<9: F2(+#<u25&5.%0(& $2$& #:#(+#7%
(%UET793;! (&) Bu>p%(&:<) Up2(E*&). <).2*-: <22"2).9(+,6 "'&$"6 up%o(%%
(272)(%5%#.+% '&776 %'# (W UET93;!  p67+<(9%) UU2(E*&). <2 '2"+<<#(2"%
%'# E.% 2"2).9(+,6 "&$"6 pu%(% (%)(#"'&.% #= "&D'(2+ %N# (%
2'+<).9%'(#12.%%(&1+,6 %'&$"%A+,627(5%
Ne=: (& F2(+,#(2"8<9U258(& '%"#. ,"+(>"+&%@+&T#$929:%(8 $25&.#:#(+(%
2"2).9(+,6 "&$"6 uu%(% '&) 2,(27&D.(%+<(& Bu>u% S)<+,>:  25.%+H9:
)COT#(2"9: 2'+<(Q&.+,>: '&+#(9(%: ;"2).9(+,E: &u602: (&) Bp>p%(&: 25.%+
H# U8&+0+%*25"+<@nodes) @"+,-. %'# (% P2$%7D(2"%'="%Q,6 ;"2).9(+,6
35,()%. ;'5<9: , YE793;! (&) Bu>u%(&:0+%*2+"5G&.292).9(+,6 "&$"6 up%o(%
<).2"$%<5%p2 (+: 4.! .?. M®6(%2"2).9(+,6 "&$"6 pu%(%&) 2,(27&D.(%«(&
Bu>p%6S)<+,>: 25.%%.(%%$=.+<(+,6
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(% %0D.pBb <OU25%&"25 ,%.25: % %.%AE"24&. <*2(+,6 P+ "# %"+
22).9(+,-.  "&$"%uUUB(=. <(& BU>UY6 S)<+,>: *"Ou%(&0&(&2.=. %'# (9.
7760% 4 %0).%5%9%)(> 25.%H1%6 $2.+#(2"9 %0).%5%(=. 779.+, .
106.2'+<(9p5=. '&) 25.%612<%<).0202UE.9 12 (9. %.)%"@5%9. ("E*&)<%
& + > '2"5&08& &"$%.HUE.O: 2"2).9(+,> *"O L%(&OH(9<9:(9: 8%<+,>E"2).%:
%'# (9. *-"%.

53. IN> 5@FEC<DYD6S;HIT>C@CGES<ME=T7H;>;

I+ O0+%FR&t+ 2"2).9(+,E: )&O0&UE: ,"5.&.(%+ $2.+,6 +,%.&'&+9(+,E$+%(9.
$2.+,#(2"9 2779.+,>"%Sp%(+,#(9(%%+<2 12"+ &D: (&U25: 25.%%6.(%$=.+<(+,E:
<2 2)"='%Q.# 2'520& T2="&DU2 )'6™&). <U%A>'2"+F-"+% 827(5=<9: (=.
)&O0&p-.  %. )'6™2+ O0+6F2<9.% P&'E<2+ (& BUS% % %@+&'&+><2+
0).%(#(9(2: (&) FIC)*&) 0).%u+,&D(&) ,%+%'%5@2$2(+ #'#7&<2'&7T7%'T&D:
(&25:E"2).%:

BY%UE793;!  ,%+2"2).9(E: (&) Bu>u%(&:*"9 n%(&0&(&D9. E"2).6 (&): HE<=
%.(%%$=.+<(+,-. "&$"YoUU6(=. , *"I<HI&'&+-.(%: ,%(6 ,D"+& 7T#P&(+: OQUE: (&)
1) S)<+,>: 176< n%(&; ,%H&) J43P /JB;.

B&"-(& *"9<HI&'&+25(%W4'# 12 |E793;! (% &&5%%(6 ,D"+&7#$&%.>,&).
<(+: F2="9(+,E: &602: (&) Bu>p%(&; &+&'&52: 2'5<9: <(9"5G&.(%<(9. D'%"@9
2.#: '&7D %76 &"$%.FUE.&) ,%+<(272*=E.&) K'&7&$+<(+,&BIE.("&), (& &'&5&
%'&(2725+9R2 @ %+"2(4222).9(+,> )'&0&>. B& BU>p%2,(H16 #(+9 )'&<(>"+@9
(9: 72+(&)"$5%&) ;!J S)<+,>: 176< p%(&: P2(6 %'# 72+(&)"$5%5 2(-. <(&
("E*&. %,%08%Q E (&: E*2+'&(%F25% %.%&" A=F252 GJ.<(+(®(&T2="9(+,>:
YK '&T&S+<(+,>S)<+,>: E 25.%;90F&"+<(+,><9U%<5%B+%9. )'&<(>"+@9 %+
"2"%+(E"=%.6')@9 (=. 0"%<(9"+&(>(=.<2 #7&): (&) (&u25:(9: F2="9(+,>:
A)<+,>..

L.%: W2$67&: %"+Et: (=. '2+"%0%(+,-. (&) Bp>HY%(&: E*&). 2'2.0D<2+ %+
%.%' (D@RE"&: (=. 2"2).9(+,-. (&) )'&O&p-. <2 <).2"$%<5%12 2"2).9(E: (&)
JA3P/IB;. B% 2"$%<(>"+%(25"=. *-"=. (9 1+"8&972,("&+> (% &'&5%
8"5<,&.(%4<(& ,(5"+&A)<+,>! %+%'&(27&D PSIR'E.0)<9 '&77-. 2,%(&.(60=.
*47+60=;)"  %'# (& BUSUIG"9<HI&'&+&D. (UH#<& Y%o'# LETI3;! (&) BusuY%(&:
#<& Y%+%'# <).2"$6(2: (&) (&) J43P ,%+677=. BUOL6(=. (&) !%.2'+<(9p5&)
H'>(9:. ;'5<9: (% 2"$%<(>"+%(=.  S=(&+,> [PE+G2" %+ *%u97-.
F2'U&,"%<+-., (% & &BYUB"5<,&. (%o+<(+: 2$,%(%<(6<24&) %'&(27&D*-"&):
#8&) HET93; | ,%+U2(%'()*+%,&A&+(9(E(&) BU>pY%(&:2,'&.&D. (9. E"2).6
(&):. I+ '%"%'6.= 2"$%<(9"+%,2$,%(%<(6<225.%)CI7&DR'+'E0&). B&BU>|%
F2="254(+9%)(> 9 <).E"$2+9%12 (& J43P /IB; E*272+(&)"$><2p2 12$6792'+()*5%
HE*'+ <(+$>: %+ 24F)25 .% (9 <). 2*5<2+42'=A27&MI2.& (9. "#<AY%(9
%.9%86EF<A&) "#7&) (=. 2'2).9(+,-. ,E.("=. <(9. %.-(%(92,'%502)<9

1(% '%"%'6.= FU%"E'2+ .%%.%A2"F2%H& ?<(2"&<,&'25&(&) /,5.%,% (& &'&5&
%'&(2725<9%.(+,# #7& E"2).%: (9: 7-p27&D: &60%: ?<("&A)<+,>: %+
3+%Qu+,>: S)<+,>: (&) Bu>p%(&: B&?<(2"&<,&'25& 72+(&)"$285+%20 *"#.+%
)# (9. 2'5872C9&) '%.2'+<(9u5&)H">(9: , (&) JB; ,%H&) Max Plank Institute
for Extraterrestrial Physics (MPE9Y: R2'1%.5%12"+7%u86.2+(& '7TE&. <D$*"&.&
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(972< #'+& (9: ;7760&: (& &'&5&25.%P@&'THE.& P2 2'+<(J&.+,6 #'$%.%
(272)(%5%2* &78&$5%& &'&5&(& ,%F+<(&D+0+%5(2%6(%$=.+<(+,#2@5G B
<QU2+=F25#(+ 9 2+()*>: 72+(&)"$5%,%+ 2'+<(&.+,> '%"%$=$> (&)

?<(2"&<,&'258&) ,%H9: 0).%u+,>: (=. P27-. 3;!  %<("&A)<+,>,%+0+%<(BF,>:

A)<+,> (&) BE>%(&; E'%+@POF&"+<(+#'H#7& (9: "#<A%(9: &U#A=.9:

"#(%<9: (&) ;B $+U9. 09u+&)"$5%(& 4"6,72+& 2.#. .E&) J.<(+(&D(&)
3+%<(@+,>: ,%+'552+%2<("&A)<+,>: (I3;? ))'# (9. %+$508) JB;.

5.4. IN> 5@FEC<DX?DHE&EDS5;¥8u=HDCPHRRE UCBNE=G7D765<D5=P
?2@=HK?D5=<RG ul p6<=>56<A<8E<CBCG<6FBE<6C<Eb

| <).&T+#: %"+ Y%+& %"+ (=. 0QU&<+2D<2HIE7&:3;! (&) BU>u%(&:
S)<+,>: 25.%8& P2$%7D(2"&%(9. ;7760% %.612<%<(% BU>p%(%S)<+,>:. B&
<(&+*2580)(# "&,D'(2+ (H#<& %'# (9. %.67)<9 (=. 2'+<).%'(HH2.=. %(§i+,-.
%'&$" %A+ -. 027(5=. (=. [27-. 3;! (&) BU>U%(&; #<& %+%'# %.2@6"(9(2:
Yo(U2("><2+:(=. 2+<(Q&.+,-. OQ&<+2D<2HT=. (=. ;77>.=. 2"2).9(-. .4
"&<'GF24% (&) BH>HY(&: 25.%4% 0+96(9"><2(% "=(25% (&) <(9. '%"%$=$>
2"2).9(+,&DE"$&)<(9. ;7760%

5.5. IN> 5@FEC<€ER6S: 6E6LEN@DH®B>;@CGE®=GLFEC<6X= ul p6
67: <@F<=&>

| <).&7+,#: %"+ %.%A&"-. Yo+& %"+t %.%A&"-/UE7&:3;! (&) BU>p%(&:

S)<+,>: 25.%& P2$%7D(2"8&(9. ;7760% B& <(&+*2580)(# & D'(2+ (#<& %'#

(9. %.67)<9 (=. 2'+<).%'(#p2.=. %(§+,-. %'&$"%A+,-. 027(5=. (=. H27-.

31 (&) BUSp%(&; #<& ,%+%'H %.2@6"(9(2;%(%2("><2+:(=. 2'+<(Q&.+,-.

0Q&<+2D<2H#7=. (=. ;77>.=. 2"2).9(-. .

5.6. IN> 5@FECRDE@CGES<DEGEC@L6HEG> ul p6<=>

I+ 2"2).9(+,E: <).2"$%<52:(&) Bp>p%(&: S)<+,>: ,"5.&.(%+ =1 +0+%+(E"=:
+,%.&'&+9(+,Ei+ 2"2).9(+,E: <).2"$%<52;%F&"5G&.(%2 n12$6788%p# %'# (Y%
2"2).9(+,6 "&$"6 pu%(%8&) )7&'&+&D.(%<«(& Bu>u% B& )CI7# 2'5'20& (=.
2"2).9(+,-.  "&$"%uub(=. 2%$3$)6(%+H9. D'U"'@92"2).9(+,-. <).2"$%<+-.
)CI97&DR'+'EQ&). ;'5<9: , E.%677&F2(+,#<9u2585.%9 D'%" @9).2"$%<+-. (#<&
M2:)"='%Q,E: &602:, (#<&,%+&")A%522"2).9(+,E: &602: %'# (+:4.! .?.

N: %0D.U& <9Qu25&(&'%"#. ,"+(>"+&%@+&7H#SIFR"25 .%%.%A2"FB<*2(+,6
pt,"> 2"2).9(+,> <).2"$%<5%&) Bu>p%(&: S)<+,>: Y2 ;779.+,E: 2"2).9(+,E:
8&1602:. 4 %0).%59806)(> 25.%<«).E'2+%(9: $2.+,#(2"9: )'&*"9 n%(&0#(9<9¢(9:
8%<+,>E"2).%:%'# (9. ;7760%

57. IN> 5@FECAIYD65@FHEED<6 R@6RCE@ CGES<DEP=-G=G;J=GE
6?=E@8SCHQLB8 <=G pl p6<=>

U HS%E (* L 0%+ +)%). 11,)/+ :0+.1. 119
2 %8 ()* , 0%+ ,+)%). 11,)/+ :0+.1. 11-10
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I+ 0+%,"5<24%+(%8"%825%) E*&). %'&.U9F25<2 pE793;! (&) Bu>p%(&:
,"5.&.(%++0+%5(28%u%. (+,E: 4 (272)(%5%Pu%.(+,>0+6,"+<925.%% "#<A%/(9
%'&.81> (& ;)"'='%Q,&D !"&$"6 pp%(&:J3;;/  <(&. ;'+, . H%F9$9(> . 'E("&
[%,+(G>4 0+6,"+<9%)(> 25.%9 "-(9 ,%+u&.%0+,>UE*"+<(+$>: <2 Bu>u%
S)<+,>: <(9. ;7760%

;'5<9: & .2&0+&"+<F>%.%'79"=(>: ,%F9%9(>: (&) Bp>W(&: ,. V"><(&:
1%.%%$#'&) 7&: 2(1>F2+42 0D&Y%. (+,68"%825%. (%$=.+<(+,6&$"6 pu%(%9:

)"'='"%Q,> L.=<9:. )$,2,"+ YE.% E7%82(& 8"%825&WE=. ;'+<(9 p#.=.

(European Young Investigator Award ,%+ (& ;)"='%Q,# 8"%825&"#3$"% uu%
?"+<(25%ExcellenceGran)

5.8. IN> S5@FEC<E€ER6%: HGEUC<=JI><KE Q-D<8<NH?=G76H<NH<S8E
,@CGE6

4 <Yu2(8*>(=. A&+(9(-. <(9. 2'2).9(+,> 0"%<(9"+#(9(Y8) BU>UI6(&:,"5.2(%+
+,96.8'&+9(+,> JO+%5(2"86+'2+" %% (+,E: 8u602: (&) BU>p%6(&: 2 (+: 6"+<(2:
2'2).9(+,E: )&O&UE: (&): %'&(27&D.'#78& ET7T@9:(=. A&+O(-. &+ &'&5&+
<) HU2(E*&). E.(&.%<(+:2"2).9(+,E: 0"%<(9"+#(9(2:

20D.%u& <U258<(& ,"+(>"+& Yo @+&T#$ILB)(# 25.%9 P25=<9(&) %"+E&D(=.
H2(%'()*+%,-. A&+(9(-. (&) Bu>p%(&: 4 %0).9a59%86)(>F¥%®%b. (H2(="+<(2502 (9.
%.%0+&"$6.=<@&) 12(%'()*+%,&D!"&$"6 pu%(&:9 & &5%*2+09 "&*="><2+
<9u%.(+,6
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6. &J;HCDRC5=DEKED5#P-BD<DH<DBR&B6LKLD5=Ps!! ) Q=@CF>

6.1. N> S@FEC<DHGEC@L6HESS pl p6<=>uC+! Q=@CF>

P#$= (9: AD<9:(&) Bp>p%(&:02. )'6"2+ n2$679<).2"$%<5%i2 H!!  A&"25:
2,(# %'# (9. QUU2(&*>(&) <2<).0+&"$6.=<9 2'+<(Q&.+,-. Y%+ E&T7+(+<(+,-.

2,097-<2=. .

1+% 0"%<(9"+#(9(%(&) Bp>p%(&: 25.%49 <).0+&"$6.=<9 P2 (9 3+2DF).<9
32)(2"&86F1+%;,'%502)<9: ,%+H?9. (&'+,> E.=<9 S)<+,-. (9. 2(><+99u2"50%
GAUE"%S)<+,>:E. /(9. 2. 7#$=9u2"50%) uU2(E*&). P%FI(E%'# R).6<+%%+
PD,2+9%8640+%$=.5G&.(@BFF1%(9R"$%<(9"+%,-.0+%(6 @2S)<+,>: .

K'6"*2+ 2'5<9: <)_2"$%<5%2 (& BZ*.&7&$+,#6“1& H">(9: .

6.2. IN> S@FEC<G7GE@D5I <=G' pl u6<=>LDEEA?<GMEGEC@L6HPRE
+1  Q=@CF>
T2="&DU2 #(+[&"25 .%%.%'()*F 25+0+ 065 (222 F1% (V2" +86 77&. (&:

6.3. IN> 5@FECC¥@6H<8@D:<8<€6 pl u6<=>?@=x8E56<CPSGENK8>
6EA?<GM88DCEFHIGHSGEC@L6HPGHE! Q=@CF>

K'6"*&). 0).%(#(9(2: %77R@%"(-.(%&7D ,%+%'# (& (&'+,# 2'5'20&%.6()@9:
<(9. ,%(2DF).<9(9: B2*.&7&$5%:

6.4IN> S5@FEC<€ER6S1: HPE7CH8:8>HGEC@L6HREG*!! Q=@CRE<8E
C5?6D7CG<D0%I67D56HF6

K'6™2+ +06.8'&+9(+,%).2"$%<5%2 (&+,&D: 2,'%+02)(+ &DA&"25:<2 <*E<9
)'5= Y2(9. "%, (+,> Y<,9<9 S&+(9(-. .

6.5 IN> 5@FEC<€HJUR=BI<=G pl p6<=>H<8E<=?D5] ?C@DQC @ Cbd5|
CSED3EA?<GMS8

T2="8&DU2 #(+ (& BUSHY%: %'# (9. %™> (9: 72+(&)"$5%&) E*2+2+<6$2:E%
"H#O)'%  <(9. *"0 <2 <*E<92 (9. E"2).%,%+(9. &'$6.=<9 <'&)0-. . L*2+
<).2+<AE"2€(9. 09+&)"$592$67=. JO")u6(=. #=: (& IB; ,%+8"5<,2(%%.(%
<(9. "=(&&"5% %F-: %+ <(9. $2.+#(2"9 2+<(&.+> %6+ (25.8T&S+,>
%.6()@9(9: *-"%: .
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7. &<@6<8LD®H5678u6951> 6EA?<GM8>

7.1. IN> 5@FEC<€H<@6<8LD65678u6951>6EA?<GM8=G I u6<=>

B& BU>U% *%"%,(9"5G2(%%'# (9. D'%"@98u60=. (#<& <(& 2'5'20& (9:
F2="5%)'&7&$+1-. #<& %+<(& '25"%% I"+< PE.2: %'# (+: F2="9(+,E: &602:
*2+6G2(Y 2. +<*)F&D Y2 .E2: p&.(E".2: ,%(2)FD.<2+:R+%846"602+H%FY%6>(%.
2.0+%AE"&.% %'&,(><&)U2 ,%(2DF)9 <*2(+,> P2 8+&A)<+,> ,8%.(+,&D:
)&T&$+<(E: ,7' . B%)(#*"&.% 2AWM&UE.2: ,%(2)FD.<2+#'=: R2=A)<+3>
J%("+,>8)<+,>, 7" . FUU&"&D<%..%0-<&). .E2: 0+2@#08&¥(&): %'&A&5(&):
(&) (H>H%0(&:

BE7&: .E2: FE<2+:'2+"%%(+,>: ,%(2DF).<9: F% W&"'&D<% .% ,%7DC&).
)'6"8&)<2:  %.6$,2: <(9 S)<+,> /) W),.= ME.9: Z79:, 1+ "& W%.8472,("&.+,>
Yo4677=..

4 %.6'()@9(8) BUSHY(&"&: %.(5<(8&+*2%(2)FD.<2+2@%"(6(%5=: %'# (9.
<(6<9 (&) K'&)"$25&) =: "&: (9. 0).%(#(9(%.E=. FE<2=3;] $+%& Bu>p%

72. IN > 5@FEC<@ 7D67D56HFRDH:@QKH8>H<@6<8LD51865678u695I1>
6EA?<GM8=G pl p6<=>

4 0+%0+,% < "A=<9: <("%(9%+,>:$5.2(%H2(6 %'# <) 77&$+,><)G>(9<9,%+

ME<%0'# ,&+.E:%'&A6<2+:1"&A%.-: 9 0).%(#(9(%)7&'&59<9:(9: 2@%"(6(%+

%'# (& K'&)"$25&!1%+025%:
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8. OD=D58<D&28@CHEEBG?=7H;>

8.1. IN> S5@FEC<BE 6?7=<CBQid<D5:<8<6<KE 7D=D58<D58ED <CJED5NE
G?8@CHDNE

I+ 0+&+,9(+,E%+2*.+,E: )'9"2<52: 25.%2.("+,E: )'9"2<52: (&) 1%.2'+<(9p5&)
YoH0+E'&. (Y%'# $.=<(E: 'YF&S$E.2+24 (2*.+,> )'9"2<5%25.968)<,5.9(9, $+%
(9. %'&,%(6<(Yo<Plo(+: '+& [1+,">: GY+6:%'%+(25(URE679"&<'6F2+92. -

827 (+-<2+%4%6'€, %(%<(6<2@Q+-. 25.%8&7D*'&.&8#"2: 0+%0+,%<52%
>(%.'&7D " &(+P#(2"& 9 <).(>"9<9 (=. ,(+'5=. .%$5.2(YP'H# 2@=(2,>
2"$87%85W8, &5UFYD502(HE<=%.&+,(&D+%$=.+&D%.6(%,(6 *'&.+,6
0-+9%<(396(% B&&. (E78%6) (HE*2+"9<41&' &+OF 25+%0. ,%F %" +#(9(o+
72+(8)"$25,%.8&'&+9(+,6

8.2. IN> 5@FEC<DS?8@CHRED<8<D5{R@IEGS

I+ )'9"2<52: A&+(9(+,>: PE"H.%: 25.%+2. SE.2+ %TE: %776 *"2+6G&.(%+
19*%.&$"6A0<O PHS$= '&+ 57=. $"%A2+&,"%(+,-2"+&"+4-. 9 '%"&*> UE"H.%:
(<5(+<9<(E$%902. 25.%6% &(2728%(+,>,%+%(%7>$2%6 25.%:06+&7D %,"+8>
$+U69. '&HH(9(%)'9"2<+-. '&) "&<AE"2+ T%>(%.' "&(4#(2"& .% ,%(%"$9F25
Yo+ % %.(+,9%6(%<(YFZBH *'Q pob(+,E:)'&("&A52: &+&'&52: F%05.8&.(%+%(O
2)F25%<(&): 0+ %+&D*&P)(# FUPb'7&'&+&D<®. $"%A2+&,"%(506*"> 1%(%
(=. A&'&T&S&IE.=. '&T+(-. FYH@+&'&+&D. OHID(2"Yo+&H27+ 8B+ %+8&D*&+
FOR5*%60).%(#(9(2: 2'+7&$>:

8.3. IN> 5@FEC<DS?=7#;> ?AH8>QPHCK2=GJ@8HB?=DGE" ul \6;

B& (USHYE*24%7E:, (+"+%,E)'&0&E: B&,(5"+&(&) 25.%2#0u9(& (02,%2(5%:
Y6+0+96(9"25(%2 ,%7> ,%(6<(%<9 K'6"*2+ 0+%",>:2'&'(25%,%+"&<'6 F2+%
%'8,%(6<(%<9: GR+-.. L% 8%<+#G>(Q% (&) ,(+'58) 25.9%+#(+ 2.-
Q<18 &+25(WRAH ("5Y(L>HY(Y097. S)<+ #, U+&T&S+BU>UY6; +<(> HO: %+
B2*.&7&$5UKT+,-. , 02. E*22'%" > %" +fH %6+F&)<- $+90+0%<,%75%

8.4IN> S@FEC<EER6S: 6MD=?=F8HEKE <CJE=B=LDRE <D>7DAQ=@C>
G?8@CHRES I u6<=>(?BSEC5?76D7CG<D56BC@CGES<DEE=15

B& (U>U% *"'9<HI&'&+25& .E& "#$"%uu% )'&<(>"+@9: R"%pp%(2+-. (& &'&5&
2'+("E'2+2%$3$"%A%=. A&+(9(-. yE<=(&) 0+,(D&) 972,("&.+,> '%"%,&7&DF9<9
"&H#HO&) 7' . ;'B<9: #72: &+)'9"2<52: "&<AE"&.(%+,%+(972A=.+,6 YE<=

%) (&% (&'&HIE.&) <)<(>P%(&: R2.+,6 9 *><9 [E=. (2*.&7&$+-. 25.%+
0+%02(&.9 <(& Bu>u%
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8.5. IN> S5@FEC<EER6S 7D6QAECDHSD <SE 6?=<CBQA<D5:<8<6H<8
J@IH8G?=7ENE56DCM="B>+P,

K'6"*2+ 0+%6A6.2+%+<*2(+,> %'&(2720%(+#(9(% M7%(% <*2(+,6 GO(3%(%
<)GO(&D.(%=(9. R2.+,>/).E72)<9 (&) Bu>p%(&:

8.6. IN> 5@FEC<€ER6%: 7D6QAECDEHED <8E 67=<CBqi<D5:<8<6H<8
7D6JCF@BBB=RH5NE: @KE

'5.9%40+%A%. 3%#<&(& 0).%(#. %'&(2725%(+,>

9. &8QU?C@AIB<6

9.1. '=D6, 56<A <8E LENu8 H6> CFE6B6 5G@D:<C@6<D5A6D 6@E8<D5A
H8UCF6<=G" pl p6<=> :?K> 6G<A?@=5P7?<=GEH6 6?: <8E G,</-5
A-@4/$*,70 B;*&1635-50

B& BU>HY% S)<+,>: (&) 1%6.2'+<(9u5&) H'>(9: 25.%%& .2-(2"& (U2 97+5%
L+ "#(2"0 %'H# 30 E(9 ,%+Hi+,"#(2"& (31 JET93;! ) (9: *-"%: . 1&<&(+ E: I27E(2:
(& E*&). %.%025@%%. (& ,%7D(2"82+<(U&.+# (9: *"%: Yo+2 <9u%.(+,>
0+%A& Bo'H (%) HT&+'%a B&BUSHUWE*2 R+<6$2H+<(Q&.+,6 "#()'% <(9. *"%

(% &'&5925.%%. (5<(&+*(E. ,&")A%5=. &HT&S$=. (LOUB(=. (&) 2@=(2"+&D
L*¥2+ "=(&'&"+%,# "HS'%U% <'&)0-. %+ E*2+2+<6$249. %@+&TH$9<9
HY%FR6(=. >09 %'# (& 1996. 3+%(9"2B."$%.UE.& 0+0%, (&"+Hi2(%'()*+%,#
"4 Y ULV Y6(272) (%506,&<R"5'&) E(Q

P#$= (& #(+2)"5<,2(%*(9. '2"+AE"2+¥®: *-"%: ,%HI67+<(%O. .9<+=(+>E*2+
H2$679 %0).%05%.% "'&<27,D<2+)C97&D 2'+'E0&) "&'()*+%,&D: A&+(9(E:&+
&'8&58&4%(6 (2, >"+8&G&). ,%+%(O2'E, (%<9 A&+(&D<(%u2$67%86<(+,6,E.("%,
097. ?F>.%,%+T2<<%7&.%.

PHTE&. , THS= (&) #(+ (& K'&)"$25& 1%+0259%02. "&<AE"2+,%.2.# (D'&)
0 106(&O#(9<9'E) H&"25 % *"9<HI&'&H+IF25=:  p2(%'()*+%, EI0+0%, (&"+E:
)&("&A52:;, E*2+ '&7D [2$679 0)<,&75% .% "&<27,D<2+ %7&D:
H2(%'()*+%,&D0+0%, (&"+ &DA&+(I(E: %'# # 72+: 2,(# H">(9: $+%%F%"6
&+,&. &+ &D: THSE). 2. Wb 2GI(>(&% 2,A"6<&)H2 12 Y& TE@D&
V(2 & %" 9(+,# G>(U(&) (U>H%(&:9 %'6.(9<9 F%>(%. Q'&("&AS2:E. R+%(5
"6$ LOb(+ L2 %(67797& W+ "&()*+%,-. %+ )'5=:  H2(%'()*+%,-.
)&("&A+- . (& (L>UIFYYL&"&D<2 % "&<27,D<2H%7%.(&D*&):E&): &+& &5&+
FOO+E"2'%.

9.2. OD65@FEC&E6D@BNBD=?=F8H8XESC<D5NHEUCFKEBE6DCE7CUCE=G>
5DE7PE=6% <66@E8<DH8UCFH
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4 9$2(+>2'+<(Q&.+,> FE<H&) (U>U%(&:<(9. *"% ,%+9 "&> 2@5"2(=..E=.
Dh<(Qt=. 8+&'&BEH&<27,D&.(%o+ <(9. H">(9 <)$,%(%TES&. (%% +<*)"6
F2(+,6<9U25%8,) (L>H%(&: ?2'# (9. 6779 12"+69 %0).%5%'&<E7,)<9: ,%7-.
"&'()*+%,-.  A&HO(-. %' '2"+&*E: 2,(#: H">(9: ,%+9 %.(5<(&+*D)<,&75%
"&<ET)<9: \%7-. H2(%'()*+%,-. A&+(9(-. %'H '%.2'+<(>U+I9: )HT&+'O:
7760%: 25.%<%A-: %".9(+,6 <(&+*25%42 (9. )'6™&)<% ,%(6<(%<%K'&)0-.
<(9. *"% %+(9. %.)%"@5Y&("&A+-. 02. F2="&N2 +F%.>(9. %77%$9:
Y6(6<(%<9: <(& "&()*+%,# 2'520& /(& H2(%'()*+9#/0+0%,(&"+ >2'5'20&
$5.&.(%E.(&.2: "&<'6F2+2: P2 (9. %.%.E=<q=. P2(%'()*+%,-. "&$"%opu6(=.
G6HO. 2+<%$=HR$%7D(2"92)27+@5%)27'+<(&DU2 #(+&+%"2U86<2+%)(E:
FUE*&). <OU%. (+,#%.(5,('& <(9. '&+#(O(U=. A&+(9(-. ,Y%+=. <'&)0-. .
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10. &J;7D6RCB<FKH8>

10.1.!C@QDL@QAUR@6JG?@:$EHJI;7DF @AHS8E?: <=' ul u6 LDGSEA@HS8
<KE6@E8<D58ED<8ECEFHIGHRESC<D5NHBICFKE

M'=: "&%.%AE"F9,2F2="&N2 #(+0D&3%<+,8%".9(+,6 <9u25%:(9. 72+(&)"$5%
(&) Bu>%(&:25.%4% 9 0)<,&7T5%'&<E7,)<9: ,%7-. "&()*+%,-. A&+(9(-.
)'5=: %'# (%u2$67%06<(+,6,E.("% ,%H8) %.(5<(&+*0)<,&75%2 P2(%'()*+%,#
2'5'20& 4 02D(2"9A2572(YAF%"6<2 &+,& .81+ &D:7#$&):. R+%8%6%.%<("EC2+
(& (% (& Bu>p% @2,5.9<2AE(&: p+%0+%AB<(+,>2,<("%(2586<(% PD,2+%9:
x"00: #&) '%"8&)<+6G&. (Yoo 8%<+,6'728.2,(> U%(W(&) (I>pY%(&: #'=: &+
&"$%.3E.2: ,%H%,(+,E:<'&)0E:, (& )CO7# 2'5'20& (&) (I>%(&; &+<9u%.(+,E:
"&&'(+E: (. %&A&S(=.,7' . B)-<% P2 "#<A%(% ,%7%5<F(ZHA5<2; %+
A)7760+%12 (% 8%<+,6'72&.2,(> u%(%(=. <'&)0-. <(& (U>H% P%: %+ (%
% '&<(25798 <2 2'+72PE.%<*&T72590: *-"%: . 1%"67797UE*& U2 A"&.(5<2+<(2
&1<)$,2,"+ UE.2: '79"&A&"52:'&) 2.0+%AE"&)&): .E&): A&+(9(E:%8"5<,&.(%+
<(+: 0+%",-: %.%.2§E.2: +<(&<27502: 4 "&<'6F2+% %)(> (9: 6u2<9:
2.9UE"=<9: (=. HYOFI(-. F%<).2%+<F25%+<(%2'#U2.%*"#.4+%,%+27'5GA2 .%
%'&0-<2+

2 <*E<O2 (& (8) ES+ DE(&: +%7>"9: %.%0+6"F"'=<@=. 0D&U2(%'()*+%,-.

(&) (L>H%(&: (% &'&5% 2(&.8U6<F9,%. <2 Q'&*="0 WE.O: S)<+>E %+
CS=(&.+,> -W%.&972,("&.+,5E %.(5<(8&+*% L$+.2 <).(# U2)<9 (&) *'#.8)

<'&)0-. , %.%.2-F9,2(& "H#$" Yo%, %H& ,)"+H#(2"&, 2@%<A%75<FR%B: i+, "H#:

%"+t ) &("&A+-. PE<= (&) J.<(+(&D(&)AT2,("&.+,> 3&>: ,%+PE+G2(&)

JB:.  1%"67797% O9u+&)"$>F9,2 2+@,> +<(&<2750%$+%(% L2(%'()*+%,6
"&$"6 UUYO(%YF-1 Yo+<*2(+,> UAB<OR) %'2<(679<2 B77%%.2'+<(>+% %o+
BU>H%(% X09 '%"%(9"25(%#6'&+% [2$%7D(2"9+.9(+,#(9(% 2.0+%A2}#2.=.

A&H(9(-. ,%+27'5GE&)2 %) (#.%'%$+=F 250%. (6<9.

L.% .E& %".9(+# G>(9% (& &'&5&"&E,)C2 '&7D "#<A%(%25.%9 )'E"&$,9

%D@9<8) %"+R&D(=. 2+<%P&.=. A&+(9(-. %'# 120 <2 150 UD@9<TH%).
K'2.F) p5G2(%H+ (& (U>p%p%: E*2+u#7+:31 PE793;!  (%%.(5<(&+*@p,"6E
(L>p%(9B)<+,>: 16("%: ,%+)=%..5.=. E*&). 6.= (=. '2. >.(%2.- (%CIR$67%
(=. ?F9.-. ,%+T2</.+,9: 6.= (=. 2,%(# 4 p2$679%)(> %D@IEIR2'9"26<2+
6U2<%(& 0+0%,(+#E"$& ,%+<(% F2="9(+,6 %776,)"5=: <(%'6<9: AD<2=:
2"$%<(9"+%, A% FR%(%&) (U>U%(&: /9 P2+-.2(%#(+)'6™ 2+ L2$679<(2.#(9(%
* Q) #<& YA&"6(+: %5F&)<20+0%<,%75¢xt% %+&+0+0%,(+,&5"&+ (&)

(U>U%(&:*"9<HI&'&+&D. (Y{%0) (#*"&.%, %4%0'# (Yo(U>UYo (A +& 7 &$5Hb K 7 +,-. .
19%"%0258%6(&*6"9 (& U2$%7D(2"BA+FEY%("E(& ,(5"+825.%4="9(+,#(9(%: 140
FE<2=. R+%9. 8"%*)"#F2<u9 %.(H#2(-'+<9 (9: %D@9<%)(>: (=. A&+(9(-.
E*&2 GI(><262..%5%W6D@9<9<(-<2=. ! .3. 407 9 &'&5%F%2'+("EC2+9.

<).E*+<9(9: ,%7>:0+0%,(+,>72+(&)"$5%&) (U>H%(&:
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10.2.IC@DL@AU<OUCH=?@:SEHHJ; 7D @AHS86?: <=' Ll u6 LD6<SEA@HS
<KE6@E8<D58BED<8ECEFHIGKRESC<D5NBICFKE

12<&"#F2<p% (& (P>p%<,&'2D2+.% 09u+&)"$><2+H& 6u2<9 <D.02<9p2 (9.
%P&"R"$YN<SUH<& <(& OQH<+8EH<&,%+H0+=(+HEUEYYHI2 (&. ("#'& %)(#
&Y' HAL&H(&E&) (U>M%(&:FIU'&"&D. .% <(&*2D&)."&: 0+6A&"2;%(2)FD.<2+:
2'%$P2U%(+,>:%'&,%(6<(%<92.- 25.%+09<(&!%.2'+<(>p+& L.% "-(& 8%
<(9. ,%(2DF).<9%)(> 25.%9 86<9 020&E.=. %'&A&5(=.'&) E*24H09u+&)"$9F25
2%0+2'+,&+.=.5%%GR): . ;'5<9: (& BU>p%FYR2'+0+-@29. FE<'+<9'&("&A+-.
<2"&'()* +%,#%776,%+P2(%'()*+%,#2'5'20& E(<+<(2 .% ,6.2+ (+: <'&)OE:
A)<+,>: <(&4"6,72+&'+& 27,)<(+,E:. R+%62.+<*)F&D.(%F2(+,6(&) (U>p%(&:
'&) 25.%9 2'+<(Q&.+,> ,%+0+0%,(+,26"+< (25880 "E'2+ .% %.&5@&)E2: '+&
2AYN&QUE.2: ,%(2)FD.<2+<(& Bu>p%&+&'&52: F%2'%.F'=F&D. %'# .E%UE79
3;! Y20+2F.%%,(+.&8&75%5<9: 25.%&7D <9u%.(+,#.%2.+<*)F2%& (U>p%<2
2'520& FE<2=.; .; .3J.! . ,%+;B;! $+%% P&"E<2+.% ,%7DC2{+: u2%$672:
2"$%<(9"+%,HE&) %.6%,2..

10.3.0D6<G?NH2@=<AHCI®=7@AHB?: <8 OD=F58H8-G%7@B<=>

4 0+&5,9<9F% "E'2+ .% %.%0+%"F"-<2&"+4E.2: %% (+ )'9"2<52: (&)
106.2'+<(9U5&) ,%o+.% &"$%.-<2+,%7D(2"%(% FEI6(%(2*.+,> )'9"2<5%: Y%+
%<AB72+%:

10.4.0D6<G?NH2@=<AHCI=¥@AHB?: <8E!=BD<CF6

4 +%'&59<9 (=. '%"%,6(= <9u25=. F% &09$><2+<2 5% "%$u%(+,>
2'+<(Q&.+,> ,%+2,'%+02)(+,>6.F9<9 (& Bu>u%S)<+,>:, P2 <9u%.(+,E:0+2F.>:
Y012F.+,E:2"2).9(+,E:, (2*.&7&%$+,E;%+2,'%+02)(+,E2'+'(-<2+: .

(1) WE2:IFE<2+p27-. 3;! @ ?. (& K'&)"$25& p%: *&"9$>=<2+2"5'&) 8 .E2:
FE<243;l ,%(6 (9. 2'#12.9 '2.(%2(5%%)'6" @ 2-+H5%12$679E$*)<9.E&)
VEY6(&: <(& BU>p% WE2:'+& 2AYI&UE.2: '2"+&*E: F%%.%'()*F&D. p2
<u%.(+,EF2(+,E<).E2+2: $+%YD *-"%.

(2) WE2FE<2+B;! |, ;.;.3J.! .: B&Bu>u%*"2+6G2(%aR%$#.(=: .E2: FE<2+:
Bl [ 30! . $+%% ,%7DC2{+: u2$672:,%+%)@%42.2: 7#$= (9:
%D@9<Y&) %"HE&D A&+(9(-. 2"$%<(9"+%,E;%+ )'&7&$+<(+,E: (&)
%.6%,2. ;,(+ U6(%#(+%'%+(&D.(PAE;C5;HCDX9. ,%(9%$&"5%0) (>

(3) 2.%0+6"F"=<9 ,%+%.%.E=<92,'%902)(+,-. 2"$%<(9"5= B& (U>H% F%
2+F)U&D<5%7>"9 2, P& (2".&'&59<9 2,'%+02)(+,-. 2"$%<(9"5=.(&).
R+98% <) U825%) (# 2,(HU&QI2 #(+ %'%+(25(%&«# (9: (6@9:(=. 250.000
2)"- .

(4) K'&T&S$+<(+,6 2"$%<(>"+% V" 2+6G2(%%.%.E=<9 (=. Y&T&$+<(+-.
2"$%<(9"5=.,%+%.6'()@9*-"=. 272DF2"9"#<8%<9: $+IA&+(9(E;%+
“g<="+# (5 H9<9 %'%+(&2.=. ,&.0)75=. 300.0002)"- .
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(5):"2).9(+# QlusteO)&7&$+<(-.: /(& (U>U%6u%:)'6"*2+ L2$679%.6'()@9
(9: ) &T&S$+<(+,>:2'+<(349:. T% >(%. 2'+F)U9(> 9 %$&"62.#: ClusteE
) &7&$+<(-. $+98"2).9(+,> <,&'&D:. ;,(5 p9<9'&<&D 200.0002)"- .

(6) B2*.+,6 E"$%%2@&'T+#: %+F&)<- ;5.%4%'%"%5(9(&6$5.&). (2*.+,6
E"$%<(& BU>U%$+969 09u+&)"$5UE=. %+F&)<-.0+0%<,%75%+*-"=.
$+%8): A&+(O(E:;+TE&. %'%+(25(B+7%,%+2@& 7 %+F&)<-.,%+
&+ #"9<(=. *"=. . ; (5 u9<9'&<&D 500.00()"- .

(7) :"2).9(+.E: <<, 2)E:: K'6™2+ p2%$679 %.6%$,9 p2$67&) 2"2).9(+,&D
2@&74&D 2"2).9(+,-. <)<,2)-. , %'# (&): O0+6A&"&): (&u25: (&)
Bu>u%(&: 1 2@&'74x#: %) (#: F%%(%<(><2(: <*2(+,E:&u602: '&7D '+&
%.(%%=.+<(+,E:,%+ F% %)@><2¢9. 0).%#(9(% "&<E7,)<9: .E=
(%7%.(&D*=2"+<(Q#.=. . ;,(5 n9<9<).&7+,&D&<&D 3.000.00@)"- .
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11.!FEG5C>

I+ '5.9%,2: '&) %,&7&)F&DY%WA&"&D<2)'&025%1% (%P0 +%"%(5F2.(YsR &"+G#.(+%
0+6(%@92750%:

(70 56210+6P&- %$1=98=>8$%"H;>8 "$>2)
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I"#$9%6$8&11-1. '()*+(,

-/ 01.230+%.4-./] 5u6us$-.&

2007- 2006- 2005- | 2004- | 2003-
2008 2007 2006 | 2005 2004

I"H$%$&( Yo+ ,-, 11 11 9 11 10

10 12'-32% 1 0 0 1 0

4'1( /5,6-7813( * 0 0 0 0 0

)9+&"23;,&7613¢ 1 0 2 0 1

"5"38, 761 3¢ 0 0 0 0 0

A1-$5<&'( I"H$%B&( Yo+ ,-, 10 8 10 10 10
10 12'-32% 2 1 0 0 0

4'1( /5,6-7813( * 1 0 0 0 0

)9+&"23,:,&7613¢ 0 0 0 0 0

"5"38, 761 3¢ 0 0 0 0 0

=/>7?,95,3 I"#$%$&( Yo+ ,-, 8 10 7 6 5
10 12'-32% 0 1 0 0 0

4'1( /5,6-7813( * 0 0 2 1 0

)9+&"23,:,&7613¢ 0 0 0 0 0

538,761 3¢ 0 0 0 0 0

@'2&,51("#$%$E&( Yo+ ,-, 1 1 2 2 1

=A"51,%B+

4'1( /5,6-7813( * 0 0 1 0

)9+&"23,:,&7613¢ 0 0 0 0

"5"38,761 3¢ 0 0 0 0
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Méin EEAIIT/EAIT XHvoro 2 2 2 2 2
Awdaokovteg eni coppdost™* 20VoA0 3,5 3,5 3,5 3,5 3,5
Texvikd TpocmmKo >Hvoro 2 2 2 2 2
EPYACTNPiOV
ALOIKNTIKO TPOCOTIKO >Hvoro 6 6 6 6 6

* Avopépetat 6To TeheVTOio £T0C

* Avagépetor og aplipnd cupPacemv — Oyt H1000KOVI®V (Y. oV EVag O1040K®V €Yl 000 GUUPAGELS, YEWEPIVT| KOl 0PV, TOTE LETPOVTOL VO

ocuuPaceLg)
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"#$%$&11-2.1. '()*+(,

-# /00/01$pp)#.#

23+-,-4# -35 6pn7p$-3&8/ 9*$ -$ )-, 8:35;4#

2007 | 2006 |2005 |2004 |2003

2008 | 2007 |2006 |2005 |2004
I"H$Y6& () 4+ 122 129 119 118 115
%) $%6& () H+ 40 60 62 40 51
() ot (H+ 30 29 30 25 25
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I"#$9%6$811-2.2.'0*+(, -# [+0/1230)#.# 4134-52+$%673+--6# -35 8pIu$-3&

2006 2005 2004 2003 2002
2007 2006 2005 2004 2003
I"H$%&Ye™ (J+* -#*") 120 110 110 100 100
X X060/$0(0) 2 *#/1() - 1 1 6 4
©/1() 34 20 25 32 29
28$,$5,$',3/")  F* ") 1 1 2 3 5
455%) '$,6%1/7*)
8"$59%1:):.%*7$) 1 1
2:</"1" 7 6 5 5 7
= p1%*>*7) - - 1 - -
2@56,() 1 1 - - -
A;>151

B $%qp' CO")$B%E+, E&-&$%.*)"&/ 0 18&28%3 8&%/R3, 1)")$$%&*OU+-4- *0/"#'5-  ()/6%0+;)1%0+)
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I"#$%$&11-3. '()*+(, -/ $0+Jn.2 $+-3456# 70.48.09# 1)456# $7: -. ; p3p$, 5+4$%-)6H5<<0$894) %$$7.8."-6# 4-. =5-$7-/>+$%:
10:<0$ pp$ 27./@9% (=17 )

& | QUHS%E()*$%&'E
=1?

20072008 | 20062007 | 20052006 | 20042005 | 20032004

+$,&*"$' (- +.)

gd 821)_(’)?1201&1) 5 5 12 3 13

(.)7,)0$1201$4556# 1 2 6 1 2

3U7p4,6#
/81*9"8: W'#" <P 15 15 15 15 15
=>>8-0<#," 3 7 18 4 15
+7:91$,1% 9 3 4 9 5

143 e TTEPITITWON TTEPIOCOTEPWY TOU VOGS MME cupTmAnpwveTal £vag TTivakag avd NV,
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IMivakog 11-4. EEEMEN Tov aplOod auti)oe@V, TPooPop@v 0fccv and To TUfUa, slcakTémV (EYYpo@dV) Ku aro@oitov oto Mpoypapo
ALOOKTOPIKAOV XTOVIDV

2007 2006 2005 2004 2003
2008 2007 2006 2005 2004
Aurioeig (0+p)
(o) TTTvy0vYOL TOV 3* 4* 5* 3* 5*
Tpmpatog
(B) Mroyovyot GAA®V 3* 4* 3* - 2*
TunHdTov
[Tpoopepdpeveg BEoelg
Eyypopévteg 6 8 8 3 7
Andgortor’® 5 8 3 2 2
Méom dudpkelo GTovddV 9,8 9,5 10,6 12&&ap. | 16,5
OmoPoiT®V eEAL. eEAL. eEAL. eEAaL.

15 ATrogoitol: ApiBuég AIBAKTOpWY TTOU avaknpuxBnkav oTo €T0G TToU agopd n oTAAN.
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I"#$%$&11-5.1. '$()

u$*$ 1+ -* /0$%, 1

1+,2+3 pp$*,& 4-,.56#

4=>"5% _ . B-,/+=C*0%< 7E0,><2@);(
789'7 25@2.1 A053;%,#*=& / $-<
K- & 4'_ 56#’ F,0*@%*) A0$>IE=08&
” = *=
16 (4. #=+23*=8§ D$*'=-0> 2)# (G$C1/7 H/0)

Ayyhkd yio vown 1 'swpyrddov Potevn Kot emioynyv Nat Arbheén
Ayyhka yio vown IV ZepPov EAévn Koat’ emloynv Nt Aldheén
Ayyhkd yio Qvown 11 'ewpyrddov Potevn Kot emioynv Nat Arbheén
Ayyika yio vown 11 ZepPov EAévn Koat’ emloynv Nt Aldheén
Amd ta Quarks péypt to Zoumov Owovopov EdevBépilog Kot emioynyv Nat Arbheén
Apyég latpucng Puoikng TCipaxkn Mapia Koat’ emloynv Nat Aldheén
Aotpopuoikn I Xopuavodpne Baciieog | Kat’ emioynv Nat Aldheén
Aoctpoguoikn I Homaddxng loone Kot emioynv Nat Arbheén
, . [Momapactopdxng Avdheén

Actpopuou IAdopatog lodvvng Kot emioynyv Now
Atpocpapiky Duoikn XoAoovmng Xpnotog Koat’ emloynv Not Aldheén
Atpocoapiko Tlegpidaiov Bopdoapdg HAiag Kot emioynyv Nat Arbheén
. Bcoroyitng Ounpoc- Aldheén

Tarhuca 1 AAEEVOPOG Koat’ emloynv Nt
. ®coroyitng Ounpoc- Avdheén

Tarhuca IV AMEEAVOPOG Kot emioynyv N
. ®coroyitng Ounpoc- Avdheén

Tarucd 1T AMEEAVOPOG Kot’ emioynv N

16 AwoTe Tn oeAida Tou 0dnyou GTToudwV (av UTTAPXE!) TTOU TTEPIYPAPEI TOUG GTOXOUG, TNV UAN Kal TOV TPOTTO IBACKAAIaG Kal E£TaONG TOU PaBrNATOG

17 Av n atravtnon eivail BeTIKA, TeplypdwTe oTnv 'EkBeon EcwTepikAg A§IoAGYNONG Ta KPITAPIA Kal Toug TPOTToUG agloAdynong Tng didackaAiag (TTpocBEaTe OToIXEIa TNG ATTOS00NG TWV POITNTWYV, OTOIXEIO TTOU
deixvouv Tov BaBud IKavoTToinong TWV POITNTWY, PE BACN TT.X TO £PWTNHATOASGYIO KATA TNV ATTOPOITNON 1) TO ATTOTEAECUATA AgIOAGYNONG HABNUATWY aTTO TOUG POITNTEG 1) AAAD BEBOPEVA TTOU OTTODEIKVUOUV
TNV ETTITUXiO TOU HOBAPATOG, KABWG Kal TUXOV SUOKOAIEG)
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~"1".18?)D5 Pablo Reig N 7844485  9'$




57

" C:).(43&3
N?2=-@": <
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A" %8/ ())+ | 29345 D)'3B | 9:1.GC-+
. Al ,*)6078 (,68-=4;-+ ) (E1: /F?:)

16 ’ ' Al' '-*:.)4B8 17
" 6" " "9$6:;
" 01$231*4 5&' O6#"$2,)7 8& " ;
! #$%IJ& () *+1&_'& / 01$23 1*4 5&' CB#"$2’)7 8&" ! 9$6,
"HSYU&™() *+,&-.& I - : "9$6:;

<) =>6"(?'& (&"5%&-"() @6%+.& A2U&+93@67<%+23 5&' O6#"$2,)7 8&" $
46<.%7 Toan "B 8&" 1"9%6:;
. " D&7&-.20+;,7+"23 58" O6#"$2,)7
*.8,%,) -'& A>T 9868;—%7'0(9 (B& g$"9#2B$23$68D1+"2 3] 58 5527 88" 1"9$6:-
&6) - @O6%:+.8B($9%T E6%+ &($EES1:&7<+27 5& Cb#'$2)7|  8&’ "9$6:;
-&,%,) - 0"(+2:86(+27"() A1(2B C78-9-23 #2>+6%"(? 88" "9%$6:;
8%,) - =G>+27HB-() ] A+&8&793'1J&723 #2>+6%" (2 88" 1"9%6:;
*"'&’%;) -I; :G!>+271HB- () // 5&+&1#28+7"K'3 |"9$6,
.8 9%,) - HB-"() /27"-ul7%TT6+.%7 L L)+"23 5& O6#'$2,)7|  8&" 936"
*-&%,) - HB-"() ='6+693 . Yoo 8&" o
672JK7 5&' C6#"$2,)7

56/9-8-:3 S "9$6:;

*-&,%,) - HB-"() =2">6"%<K7 5B+-3 F$.83 5& O6#'$2,)7|  8&"
=%u&'. %7 or ' " C6H#'$2 )7 8&" 1"9$6:;

; > AT H%'9(;3 5%7/723 5&' O6#"$2,)

o8, -7 N#2.$6(+27%) 0607'2(G+89/o-)J 5& C6#'$2,)7 8&’ "9%6:;
*"-&,%,) -7 4B+7"() HB-"() "9$6:;

*".8,%,) -"3 E$K--63 . . 5696 (2 85"
4+2 +&UP&"- P2G C++ (&" JAVA 8'2(23 5%7723 ( o

*'-8&,%,) -"3 E$K--63 , ma_.my 0%"(? 8&"

RULR™ " ='&U&"9<;3='&N9"23 | I#2>+6%"(; _
T2 Eynia - POOC (T AP&TE9(34878, K3 | 56 CoFS2)T|  B&’ 986,
*$6GD6+AE"+RIE™() *+ & & 46+9(3 F$.&3 5& 06#'$2,)7|  8&" '9$6:;
T772'2+°Q6.83 HB-'()3 /I 46+9(:3 F$.83 58 C6#'$2,)7|  8&" "936:;
172'247Q6.6B1)3 26+9(:3 F$.83 5& O6#'$2,)7| 88" '9$6:;
#'-) U278&342$.,3 (*#&,,63U&™() —




58

Yelioa e YnoypeoTiko Aéw(i;:gncn
MAGHMA o6 Oonyov / . ,
oTéTONOS | 5 S oovtnT AwréEerg
e (Zvvepyareg) . , | (Nou /Oyy)
Kot'emioynv 17
I"#$%)
N : * 8),94:4 p4,'+27 H#A?>B4
&'()*+) *) -. W, /0(1'2345 67*#%$%5 | *<2#3) =), O<#?22(% @)#
&'()*,%'#) Laser$)#C23,.'3)5 D<#3%?" 6E,A$45=E3/325 =), O<#?22(% @)# H#HA?>B4
: ' 8)' W)3:A'45 G)*+?>#25 &'()*,%'#2
&0 %0%2 67 HI%F H)<):A$45 FE*%I J<21'>E #$K @)#
L920'25->K:E' 25 &'()*,%'#2
&'()*,%'#2 67*#3%FF FEA3345
=7'#)$+:45 M>N'(#25 J<21'>E #3$K @)#
0)$#,9%5K.E'25 - &'()*,%'#2
&'()*,%'H#2 67*#3%FFF H.,'25
=2 u+345-EA3345 J<21'>E #3$K @)#
&l)' p2*u.34 M>EI7*#$% G)?7#)3A,2H+?#<<25 | =), O<#22(% @)# H#HA?>B4
. * L*#'N345 M>N'(#25 H#HA?>B4
17>$,2 1)(34,#" PKSF H>'A$45!2+)5 J<21'>E #$K @)
17>%,'2 W)(34,#* uK5FF L*#'N345M.E'(#25 =), O><#?22(% @)# H#HA?>B4
1?7>8,'23#%.5 #),AB>#% M>E'()$+?)5P?.B)3:'25 | =), O><#22(% @)# #A?>B4
1?7>8,'23#$%CHS$' 2*$2<+) =7'#)$+:45 M>N'(#25 =), O><#?22(% @)# #A?>B4
. . L920'25->K:E'25 - H#HA?>B4
172>$,'23#$2+J<2?2(#*,.5 F FEA3345 J<21'>E #3K @)
1?7>$,'23#$2+J<2?22(#*,.5 FF =2<#:A$4M>N'(#25 J<21'>E #3$K @)# H#HA?>B4
-. W),) /0(1'2345 67*#$%% 1PHK<2722R2>7".'#25 | =), O<#?2(% @)# HA?>B4
-. W),) /0(1'2345 67*#$%%FF =), O><#?22(% H#HA?>B4
->' U2:73) UHSWB)H ) B HIY% 67 #$% QN,25R>32IN3 J<21'>E #3$K @)# HA?>B4
->E'+) G)'0,4,)5 H.,$27 P3)* A*#25 J<21'>E #3$K @)# H#HA?>B4




59

Yelioa e YnoypeoTiko Aéw(i;(t)gncn
MAGHMA o6 Oonyov / . ,
0TOTOTOG . oovtnT AwréEerg
Znoz)sﬁ(ov (Zvvepyareg) , | (Nou /Oyy)
Kort'emioynyv 17

H#5%& ( VHHS&'( -/ p*0 1&'23#40 | #96668347(]  1#& 8&/350*
" . 8&/359*

VYA B, -/ *0 1823440 64+:5<068'2 1#8&
. . : =#%>*?[1*%; @4A 8&/359*

3#.&( )& 8B.64&$# 64+:5<%&"2 1#&
IA DH%& (H#& C6Y%& ( 14 p@$*B/$$*0 1#9%0668347(]  1#& 8&/350*
JHD* LH%& ] =* pH%AA& 4$&(0 8&/350*

E$/3A.*0 |, 154FG%&.948G;7&40 | 1#9%6056&347(§ 1#&
JHD* LH%& = pH%AA& ASE. (0 8&/350*

E$/3A*0 154FG%&.948G;7&40 | 1#9%6056&347(§ 1#&
V#D* u#%&'[7&#A.&'4J0 I3A%>/$*01&'23#40 1#%0568347(9 1#& 8&/359*
YH#D* u#%&'[7& |1A.&'4J0 ,, KB%'4AE$#.%/.&40 1#960568347(9 1#& 8&/359*
)57/350 L%&B0%*MMB&. %40 H;#U#%8& [*0 H5G; 7&4( 1#9%C668&347({  1#& 8&/350*
K#7'2. p&508&U#%4347&'B33#7B0 154FG%&.9046G;7&40 | :64+;5<%&'2 1#& 8&/359*
. . . . : K#6#u#.%4;/™*0 8&/359*

K #90m*.&# (- E.%;4FA.&( ,</$$*0 :64+;5<%&'2 1#&
K##%** &#'( 4. p4347Q@# IA3/F*0 1&'23#40 :64+;5<%&'2 1#& 8&/359*
Ki#%&'( N.™**  8&?#'%&% %*0 8&/359*

IA.&'(0 K5;/*0 O3@#0 1#%0568347(9 1#&
Ki#%&'( N.™*.*  8&?#%&'(06*0 8&/359*

IA.&'(0 ,,, K5;/*0 O3@#0 1#%0568347(9 1#&
Ki#%&'( N.™*.* 8&?#.'#3@#0 K5;/*0 O3@#0 1#%0568347(9 1#& 8&/359*
. * . P54347 @%(@*;40 - 8&/359*

Kid+<i UBSAH33E], E3B9#$7;40 HCE68347(1  1#8&

K;4+<;* uB$#M;7#.%(;&AA.&'(0 |, =#:#3# 6@ ?*0 :64+;5<%&'2 1#& M;7#.%(;&4




60

101 P syo=-@u<( | O 4383
"HPI" 2034)5 9:0;&<)8'-+ / 1%(
B %&'(")*)+ 96078 D):'3'B 9:1.GC-:+
) - .I_ . ’).
16 (’68 41 + ) All .-*:_)488 (E1-1/7F. .)
Anpnplog

[Ipoywpnuéva Pocoika I KoAmayidov Zvpéia Yrnoypeotikd Nat Arbheén
Pooowa | KoArayidov Xvpéha Ymoypewtikd Not Aldheén
Pooowoa IV KoAmayidov Zvpéia Yrnoypewtikd Nat Arbheén
Pooowa 11 KoArayidoov Xvpéha Ymoypewtikd Not Aldheén
Pooowa I11 KoArayidoov Xvpéra Ymoypemtikd Nt Aldheén
Ytatiotik Movtedomoinomn IToAvmAokmy N Avdheén

Awtoov Neopatiotog ['ewpyrog KotGenhoynv N
Yroyeio Emomung YAikodv Kvpuokiong 'emdpylog KotGenhoynv Nat Arbheén
Ytotyeia Hiektpovikav XotlomovAog Zayopiog KoatCemloynv Nt Aldheén
Yroyeio Mabnpatikng Ilpocopoimong Neogpowtiotog ['edpyrog KotCemhoynyv Nat Arbheén
2T01YE1D0T ZoMATIO Kot Z0Yyypovn N Avdheén

KoopoAoyia Kogwag M'edpyrog KotGenhoynv Nat
Xoyypovn Gooikn Pe AyyAika I Bapoafa Avopika KoatCemloynv Not Aldheén
X0yypovn Gookn| e Ayyha 11 Bapoafa Avopika KoatCenloynv Nt Aldheén
Teyvikég Pacparookoniog Laser Ddotiakng Kov/vog KotGenhoynv Nat Arbheén
Ymoloyiotikny Dvoikn | ZMOT0C ZEVOQOV KoatCenloynv Nt Aldheén
YrnoAoywotikn @uown 11 Z®10g EeVoQ®V KotGenhoynv Nat Arbheén
dvuon ko Xnuetopuotky [ToAvepdv Xpvocomoviov Kvplaxn KoatCemloynv Nt Aldheén
Ddvoum Xtepedg Kardotaong I Z®10g EeVoQ®Vv KotGenoynyv Nat Arbheén
dvown Tov Ecotepkov g I'mg BoAlovatog Oidmmog KoatCenloynv Nt Aldheén
, Paxiting Oeddmpoc- Avdheén

Xnhsio [T€tpog KotCemihoynv Now
Xotoeie 100 YTohovieth Topaovng 'empyrog, Aldheén

PMOEts ot Kovvahidxng Anpntpiog, | Yroypewtikod Now




61

-/01 e sr=.@i<( | C):(4383
1" 2034)5 9:0,&<)8-+ / (
. . %&'(l)*)-'- *)6078 D):'3'B 9:1.GC-:+
L ey o .
i6 (,68-=4;+ ) piv vy | 805
"H5%& () +5%
HI O+/1253#" 41567$8°590-2)% | 11%:2+<1#/6 = SH*7-




62

"#$%$&11-5.2.'$()

u$*$ 1+,-*./0$%,1

+,2+3 pp$*,& 4-,.56#

@-A:$(+,. ——
B-oé@m #0 1,047*6#
)& H,+pu1(H,) F+O(HA& 1607
= . o ! *7% !
188-8) | o 'Ocifﬁ : !?"(Lg;/))& B05'%?.CT& | B2272+¢ | ", © BEE)/'OC’_’;Z@O% 0% 16&,
3(7 p$ 90:80,2+$ | _ & |\ 4365 D406 ) >#0 C 129" | Yo C*7#
' # & | puecoEs |HEPIHCTE] S0T>& | e'caog| asokio | YFHH0%)
(DD) 1) 2G?*3C7( , $#§87 .
F#3-*.G78& LT
=?(?g'*;*E# G>*$C7
"HS%! ") &'(S%) $ 2 2 157 85 47
HS%! S &'($%)
el 2 2 50 39 30
"HS%! Sl &'($%) $$ 1 1 79 63 11 49
HS%! S &'($%)
$$3 1 1 55 47 34
418+ $%%)!
J#,%-. +*$%! 5 5 . . :
I+ -1 QUARKS
01$ -+ (O  * 4 4 204 157 90
LL,( $-.$%)(
& (%) 3 3 08 34 23
-$%) 2.#$2) %I$
F)+3,0) @) 5 3 , , )
(rniom) S S 3 106 43 10
IC+&($%)  $% 3 3 35 11 9




63

>)2-%#'@

?
(>) I'F'/SI'S#GEK
A),B'$ W4, e
9*< e Fl# o< e
. . o H/ '3 (H") y O ):/%B=
gy | 234 | T8N | &=CI< ) aio- @Bk | A= pu | HE AI9=% | 1. @ce<
n 1 ( 9’< (A&) A 4) @ Ag)%!s_@’ .
'4$ 1% (% ge | varg= | D=4.964 ) s B@u=:=1| 964 I:BE4 B
01% " > robrs | H=3t@4B6 0.g3< | SERETH OOD SRS | gveaq o
(DD) H% :G::"B:’< -0 8; .
F4"):@G$< %) /"gf’@)'
7=G,"*E4
e ~G;:%BS$
rESE"0" ((( 4 2 2 2 7
HS%&" ()
110" 3 3 3 1 1
HS%&" ()
%Y () 3 3 7 0 0
#-96"81($()
&"()* 3 3 73 11 5
96" 81 ($()%
+/$(01,,%1 3 3 59 30 17
1#%-00* )X
%3 &"()*
(. )+- 3 3 3 1 1
2101 -13%1#()!
( 4 4 384 210 115
2101 135!
(« 5 5 269 177 121
" &"0*  ( 5 5 502 281 76
210" &0  ( 5 5 328 218 67




64

iy i Fl# po<
(>) I':$:64
A),B:$ W4, e
9r< o Fl# uo< @
. . i H/ '3 (H") y O )i/%B=
gy | 234 | T8N | &=CI< ) aio- @Bk | A= pu | HE AI9=% | 1. @ce<
n 1 ( 9’< (A&) A 4) @ Ag)%!s_@’ .
"H$ 1% to(H%se | g D=4,964 ) s B@y=:=1| 964 |:BE4 B
01% . > DaoBors | H6=3#@4B6 0.:8i< | Gole T PO AL | oved o
(DD) H% :G::"B:’< -0 8; .
F4"):@G$< %) /"gf’@)'
7=G,"*:E4
) ~G::%B$
TEPMANIKA I 1 1 5 4 4
TEPMANIKA IV 2 2 10 7 7
TEPMANIKA 11 1 1 12 5 4
TEPMANIKA III 1 1 5 1 0
AHMOSIEYZH 0 3 1 0 0
AHMOSIEYSH 3 3 1 0 0
AHMOZIEYSH I 0 3 1 0 0
AIA®OPIKES, EZIZQSELS
I 4 4 282 178 71
ATA®OPIKES, EZIZQSEIS
1l 4 4 221 130 47
AIAAKTIKH
EPT.HA.YTIOAOTIETON
i 2 2 9 9 9
AIAAKTIKH
EPTAST.HA.YTIOAOTIST
ON T 2 2 13 12 12
AIAAKTIKH 2 2 5 2 2




65

>)2-%#'@

?
) ook
A)B:$ w4, o
9*< PR Fl,# n2< e
: : /o H/ w3 (H") ey Q= ),/%B=
gy | 234 | T8N | &=CI< ) o @Bk | A=% pp | 50 AI9=% | 1. @ce<
" - ( 9;< (A&) ! 4)@ | A9)%,8=@:, )
HS % HU% s | rare= | D=4,964 ) EiC B@p==1| 964 1BE4 | B34
01% |~ > DaoBors | H6=3#@4B6 0,:8i< | Lol S0 Lt | oveda o
(DD) H% =G=:"B=,< -0 8(‘) .
F4"):@G$< %) /"gf’@)'
7=G,"*E4
) =G;:%B$
%8 (%)% )
’),$*&)*+
%68 (%)*+% ) 2 9 9 9
), P&+ - K
(01-1#)%&/ 0 2 4 4 4
), $*&)*+  &+%
(%)% ) 3 3 22 12 6
V2S#H+  *$)
$/$-(%+
$96&"1/13 .0$'$ &+"+
% 3 3 3 1 1
)0-35&)*+
"4$9%)$ ) (, ) 5 5 31 0 0
A3)*+ & 4+3)*+
$I$-(%+ (9 (3) 4 4 4 3 3
($3)y+ &l
$1")./ 4 4 2 0 0
I 4 4 2 1 1




66

P e Fl# po<
*>) I':$:64
A),B:$ n'4, o
9*< e o Fl# p?< @
' . — H/ “3(H ) b njQ— )l/%B_
gy | 234 | T8N | &=CI< ) o @Bk | A=% pp | 50 AI9=% | 1. @ce<
" : ( 9;< (A&) e 4)@ A9)%,8=@:, )
I"H$  p% to(H%se | g D=4,964 ) 4 B@u=:=1| 964 !;BE4 B
01% . > DaoBors | H6=3#@4B6 0,:8i< | Lol S0 Lt | oveda o
(DD) H% :G::"B:’< -0 8(‘) .
F4"):@G$< %) /"gf’@)'
7=G,"*E4
) G::%B$
THES%ES( 9)
P G
Y1, 8) B+ (!
- (8
0"/, J'(+( 140
(+ 1%&)  $+.- 1
"2 (- 1
B+
"1 #( 4 4 2 1 1
3. H+
2-(+)( -A)H%&
"&L8, (1 4 4 1 1 1
"+3.(5"$+.,5)$' S+
H(( 0%+ 1"3+%& 3 3 16 4 4
"3+ 0§
68%+)( 15+
S+ 1#)),2,04 4 4 1 0 0
o ($) 2-(+.) 4 4 28 11 11




67

>)2-%#'@

?
(>) I'F'/SI'S#GEK
A),B'$ W4, e
9*< e Fl# o< e
. . o H/ '3 (H") y O ):/%B=
gy | 234 | T8N | &=CI< ) aio- @Bk | A= pu | HE AI9=% | 1. @ce<
n 1 ( 9’< (A&) A 4) @ Ag)%!s_@’ .
'4$ 1% (% ge | varg= | D=4.964 ) s B@u=:=1| 964 I:BE4 B
01% " > robrs | H=3t@4B6 0.g3< | SERETH OOD SRS | gveaq o
(DD) H% :G::"B:’< -0 8; .
F4"):@G$< %) /"gf’@)'
7=G,"*E4
e ~G;:%BS$
"HSHY &%6"%6"%6!
#1%) (1 )+ C
KAI C++ 4 4 31 I 0
H1%) ) 1'%
% #.S-(&%
1(&" % 4 4 9 1 1
#(1%)1) 1" 0#+$(%
&.&*+1%"+- 3 3 57 1 4
#H%)H) 1S
21( & (( 4 4 176 132 65
H%)+) 1"
1,832 21&  ( 4 4 274 163 77
H1%)H) 1 2.1(&
G-(11#-+  %HS(+- 3 3 1 5 4
H1%)H) 1 2.0(&
13(, 1% (+- 4 4 7 I I
%)+ 1"
1(8$3*#8&"$3-(& 3 3 65 15 5




68

iy i Fl# po<
(>) I':$:64
A)B:S 14, e
9g*< F/# p7<
. . o H/ w3 (H') O );/%B=
0, = *, =0
g | 234 | T8%9 | &=l | e b g | Am o | S AYI=% | N e
n 1 ( 9’< (A&) L 4) @ Ag)%’s_@! o
I"H$ % +"(6£;° 5/6 | ra"g= D=4,964 H(,/__g)# o :g_'_ B@u=:=1| 964 1:BE4 gcnyfg*
0 4 < Da6B=E4 | HH=3#@4BE 0'.:$:< C%B: < | J%/KC, ot
(DD) " =E=1EE -)wi)/($)'
F4"):@G$< R
7=G,"*E4 A
) =G::%B$
I"#$%8. %' #()
*p (1 %) 3 3 47 23 13
"HE%8% H(H
%, &% C++JAVA
/) 4 4 26 5 11
11701
+1" $1$(" 1L.%$H'S 3 3 3 0 0
1,1/01."
+1" $1$(" 1. %6$H#"'S
(% 3 3 3 0 0
)= (2% (#
3y 3 4 180 104 57
)= (2%
34 4 4 209 119 60
I+ (1) $#
(1 3 3 553 40 39
1 %5#'S #(S 01L5(S
HI%AXYH 3 2 2 30 10 10




69

2-O%o#/"
>)?-%#'@ F1.4 o<
(>) I':$:64
A),B:$ 4, ’ Y@
9*< Fl# pu?<
: . . HY/ w3 (H") ’ );/%B=
0, = *, =0
gy | 234 | T8N | &=CI< ) aio- @Bk | A= pu | HE AI9=% | 1. @ce<
n ' ( 9’< (A&) A" 4) @ Ag)%’s_@! .
'S U% +"(6£;° 5/6 | I'4"8= D=4,964 H(,/__g)# o :g_'_ B@u=:=1| 964 1:BE4 gcnyfg*
0 4 < D46B=E4 0:=3#@4BP| 0',:5:i< C%B:,< | J%,/KC, ULy
(GO " =G="B=9 :)%i’/o($)'
F4"):@G$< o
7=G,"*E4 '~
F7) =G::%B$
I"#$%&"($ LASER
)$( *+,&1"$%
+-&()'% 3 5 19 3 3
%" (+  1%() % 3 3 104 60 53
| HS%&™ (+ 1%()%
(«( 3 3 152 18 18
"#$%&"(+  1%() %
((( 3 3 227 42 42
LS +06*]
#10./%()’ 1) 3 3 167 126 100
2N)&"HH#, & (%o*
+0/( 4 4 193 145 50
2N)& " SH#, & (%o*
+95(( 4 4 47 15 8
2N)&"+,
[-+2+#(%&1%  (( 4 4 92 73 65
2N&"+,01%
1($&$3!(% ( 4 4 10 6 3




70

>)2-%#'@

?
(>) I'F'/SI'S#GEK
A),B:$ W4, o
9*< Y Fl# p2< Q-
. . i H/ w3 (H") ) o )i/%B=
g | 2ot | 1 &"A'g*< A819=@B@X | A..=./% "'4$'.6 AAg)(f/gng’_ 2).:@C6<
'#$ 1% Vol o1V 556 14"g= D(—4 9)64 ) i B@)u@'— 964)1 ﬁi3|54@ s
01% A |2 Dastens | H%:=3#@4BG! 0':$:< kb < | JGIKG. | %449
(DD) H% :G::"B:’< -0 8; .
F4"):@G$< %) /"gf’@)'
7=G,"*E4
) =G::%B$
I"#$%&.()$!
Y$8'+$',)- 3 3 76 39 8
"#$%&'()$")
D% ) 4 4 176 127 75
0#-%-  +/1&(1+
2.4)$+ ) 4 2 124 8 2
0#*-%-  +/1&(+
2498+ ) 2 2 74 10 8
0#&*'3.(-)$! $)
+9%-9%)+%6)$! 2.+)$! 5 5 205 126 101
0#4&)- 5-8.%I%-+ 4 4 10 0 0
$5-(%)$!  O#4&)-
#3). N () 4 4 2 0 0
$5-(%)$!  *11-()$!
) 4 4 62 22 11
$5-(%)$!  *I1-()$!
) 4 4 2 0 0
$5-(%*11-()$! ) 5 5 146 92 38




71

P e Fl# po<
*>) I':$:64
A),B$ 14, -
9*< Y e e Fl# no< Ji@
. . i H/ w3 (H") ) ol . ):/%B=
gy | 234 | T8N | &=CI< ) o @Bk | A=% pp | 50 AI9=% | 1. @ce<
" : ( 9;< (A&) e 4)@ A9)%,8=@:, )
"4 1% 0% gie | varg= | p=a,964 ) 4 B@p=:=1| 964 I:BE4 B
01% ; > by | H6=3#@aBe( 055< | SERTT OO0 NEER | gora or
(DD) H% =G="B=.< &
F4"):@GS< o SIS
7=G,"*E4 o
) -G %BS$
HSS6IE  &(H)%I&
% 4 4 235 138 58
I*1"+$
e+ 8%
08,9185 1%$%!&$ 0 1 0 0
FHOI8 %
+2,01& 3 3 24 1 1
HRHWHE  3%H
1%6%14+*6 % 3 3 348 204 98
HRHWHE  3%H
156%1+%$ %% 3 3 15 5 4
THIHWE &S
(0&'#,++%!+)
HHSRS % 4 4 126 94 68
RN
LA 1A$%18$ 4 4 6 1 1
$- ##
$*3(0+)8$  1°$%!8$ 2 2 3 3 3




72

Yno?‘({x;)pon ApiOpide
dortnrOv
Emoetnownt
KNG . AprOuog ov
, | Xovo | Aokt | Ileproyng KOP M), Oovmto | Emdpkela nepacE
Morhamin . Ewikevong(E | Eyyeypapup EMTVYOG
. Ao KéG (EII) , v IOV ExnadcvTt
Maonpa Biplroypa , ; . ) évol , , . oV
: Qpo | Movaoe I'evik®v o . ovlpeTel | KOV Méowv z
ola , KotebOuvvong( | oovrmrég KOVOVIKT)
v S I'voosov Ka) YOV OTIS Na/Oy Py
(rTr) egetdoeg
. EMOVUANTT
Avantoéng «F
Ag&romtov aiél‘r(;]c
(AA) k
"#"$%#%&" (%
0&*)+)," 3 3 17 3 3
1#"($'(% "&(%&%
--"($'(%& ' 3 3 13 3 3
1#"($'(% "&(%&%
--"& (& " 3 3 10 5 5
I#)./1#%*01"
"L ' 3 3 2 1 1
I#)./1#%*01"
"L " 3 3 2 2 2
I#)./1#%*01"
0#,"&$%#™" 23& ' 3 3 141 80 80
I#)./1#%*01"
#I&&'(" 3 3 1 1 1
#I&&'(" 1 1 40 32 21
#&&'(" 'V 2 2 33 0 0
#I&&'(" " 1 1 24 0 0
#&&'" ™ 1 1 39 36 18




73

2% @ o,
A >) I':$:64
),B:$ y'4, Y@
9*< Y e Fl# po< picy
. . o H/ '3 (H") y O ):/%B=
gy | 234 | T8N | &=CI< ) aio- @Bk | A= pu | HE AI9=% | 1. @ce<
IHS 1% o (% | L %< (A&) ) & )@ | ANNB=Q@  Tg.gy
' Toroe | 56 |r48= | D=4864 | oo Joeel o gl | B@u==1l964 1BE4 | oo SBE
4 < DagB=E4 | /T 5 Co%B:.< | J%JKC, -
(DD) ~G=r"B=,< O
F4):@GS< 4%(9):
7=G,'*E4
ik -G %BS$
S I"S%E
0"+, ($81&
’(+"+(%')
1$%"-.) 0 4 24 9 9
"HSI"S%E  0-1$%&.
() 5 5 1 1 1
"SLSHE  *$raE
+$%.) 4 4 33 11 2
'S 174
8+°%6"2()$%.) 5 9 4 2
rEUS/&  LHSE
9%4$1-312()&
%(1'(+(3 4 4 5 1 1
"1 /&  LHSE
%4$1-312()&
0p(1'(+(35# 4 4 1 1 1
1)#2°&*$]  GREEN
UHSYAH)" 0-19%68 () 4 4 2 0 0




74

YnoBaBpov .
?Y) P ApOog
DorvtnTAOV
Emoetnownt ov
K1 Koppov(Ko) DU néﬂ;)aca
, | Xovo | Awdaktt | Tleproymc , Oovmto | Emdpkela ,
Morhamin . Ewikevong(E | Eyyeypapup EMTVYOG
. Ao KéG (EII) , v IOV ExnadcvTt
Maonpa Biplroypa , ; . ) évol , , . oV
: Qpo | Movaoe I'evik®v o . ovlpeTel | KOV Méowv z
ola , KotebOuvvong( | oovrmrég KOVOVIKT)
v S I'voosov Ka) YOV OTIS Na/Oy Py
(rTr) egetdoeg
. EMOVUANTT
Avantoéng «F
Ag&romtov e
(AA) egétaon
"#$%&"
()*)!+'&+,%)’
-"%."/ 3 3 29 20 14
0,+-+1%'%&2
(0'%&2 % 4 4 19 11 10
0,+-+1%'%&2
(0'%&2 %% 5 5 1 0 0
(0%&2 1)-)3%4% 3 3 15 4 2
(0%&2 &)%
#2*"%+(0'%&2
+-0%"/4% (5) 4 4 8 4 4
(0'%&2 "y
&2 % 4 4 18 4 4
(0%&2 !+0
"4l "[%&+0 12" 12 3 3 125 85 45
#2*"%) 3 3 98 50 34
#2"%" 1+0
0,+-+1%'2 3 3 135 85 73




75

>)?-%#/'@ Fl# n?<
(>) I':$:64
A),B:$ 4, ’ Y@
9g*< F/# p7<
. . o H/ '3 (H") O );/%B=
0, = *, =0
gy | 234 | T8N | &=CI< ) aio- @Bk | A= pu | HE AI9=% | 1. @ce<
n 1 ( 9’< (A&) L 4) @ Ag)%’8_@! o
I"H$ % +"(6£;° 5/6 | ra"g= D=4,964 H(,/__g)# o :g_’_ B@u=:=1| 964 1:BE4 gcnyfg*
° 4 < DagB=E4 | H7:=3#@4BH 0,:5:< C%B: < | J%/KC, ot
(DD) H% =G=r"B=4 o o o
F4"): @G$< %A%(9)
7=G,"*E4 A
) =G::%B$
I"#$%8.%
"(&)*+ $8% 5 5 17 12 4




76

"#$%$811-6.1'$($4#) P* +$, 1)-)."$& %$/M01)&+$, H2&3(45")4 (6# $3)7)"(6# ()4 18 )3(45/$%)9 18).8:

"#'$% P& (WS (%)

231%+ 45%-4

5.0 85 | "( M%6%TI"+
59 | 906917084 1150 | (893%6%%.%/:3)
20022003 59,26 6,87
7.41% | % 25,93%| 7,41%
20032004 66,07 6,78
3,57% | % 28,57%| 1,79%
20042005 67,61 6,73
4.23% | % 26,76%| 1,41%
20052006 60,00 . 6,78
6.67% | % 33,33%
20062007 62,79 6.88
2,33% | % 31,40% | 3,49%
89$%66% 0

MUS()& ;3)4<=#




77

I"#$9%$811-6.2'()*+(, -/ $0+W.2 -3# $4.5."-3# -/ 10.4-/6+$%.2 10.708 pu$-.& O4./::#

%$++80%<+$4./::#

Adpkero omovdmv (ypovia)
Etog , K+6 N ’
EloayOYNG K |K+1-10|K+2-12|K+3-14|K+4-16|K+5-18/ K+6-20| ka |-0" FXOWV s vvoro
X QTOPOITHGEL
TAEOV
18
20002001 17 18 26 4 0 0 0 0 40 105
2001-2002 8 o9 9 0 0 0 0 0 53 99
20022003 17 12 0 0 0 0 0 0 65 94
20032004 0 0 0 0 78 85
20042005 0 0 0 0 79 79
20052006 0 0 0 0 0 0 0 0 81 81
20062007 0 0 0 0 0 0 0 0 87 87

181 : "HESE™ (8)F"+&H,%.(/$  (,+ 012 ,1%3p’ p#.




78

I"#$%$8&11-7.1. '$()
8-9/%) %$/:.$H#/%)

p$*$ '+*$,*-./$%01

120;<=>+?# %$/@#4<-9:&

120324 pp$*0&5,0-67# '

@G/0<B3:9:
5+<"6$ $.B
MA4(: p$ C6:301 DI6AONOFYO#+234™48 | £ 5 omiopl | HOMY) | DIg<=G+/8
A9*B*0,0&| 5,0-67# [ES* '+, /<03 | (1$/ /J.])
"H$%&' () +,- )& w0 5> &
12342) uu#56" 77 85/(30 96" /"30 5 *¥$34<0 :24)&5<2*3
I"$34*(# ?$-(523"*(# @A)"-5#('01)")4*B5'0 *$34<0 =*H$->'
1852%(CO!5 W/&D)*2-0 E)2.)F#0 ?$G)0 :%$34<0 =*H$->"
1&52*(< :>C$*>'()*
1%2"3&H"I-&' J)5A" u'52G3%C&;3*") 5 *$34<0 =*H$->'
18523D%&*(KKK 9%$#D'08*(/$)30 :%$34<0 = H$->"
1&523D%&* (¢ M'$B"
"_24-*B" 1)).#(0 K6&<D :%$34<0 =*H$->"
N-"*(< 0-62G)5'0 +,-5%(/5'5)0
- 0-62G)J32.B" @3)2#0 O-/.6230 5 *$34<0 =*H$->'
=3p%(< ()F J' (< I'HS%&
L$*(B" P#;,)0 1$C>)".230 ;*$34<0 =*H$->'
=%6")u*(< 56" 1-2G6" E)2.)F#0 ?$G)0 :*$34<0 =+ $->'
:.9.+.Q."R-$-5B"5)0 5'
R)4-G) 5392%-( /&u3%&5) S2¥)
0-2u3(2)&G)01G-&'0()* T$%5AH#"B*(/$)30 ,
R)4"5*(3H 1-.G3% 1)")4/;3%$30 J2<&530 :%$34<0 =*H$->'
:.9.T.+L +H4,23"-0RCI3.3*
=*-2-H"&'0 1&%"<I*&56" TS%5AH#"B*(/$)30 5 *$34<0 =*H$->'

19 Ye TMePITTTWON TTEPIOOOTEPWY TOU VOGS NMME cuptTAnpwveTal £vag Trivakag ava NMME. Ta tn otAAN «AgiIoAdynon atmd @oitnTr» akoAouBeioTe TIg 0dnyieg Tou Mivaka 11-5.1.




79

@A8).(2H&H
-.10$ , o $(
MI"# u$ 10#2)3 SRR (e 2 #)<:-='89( B)8#? | 78%.EA-8+
%&())+ | #4056 />8 '-#8)276 | (C$8/D<8

SR (A [01(.
2$3453$,( 6++96TI8%(
OH'H B L%, Y+ .&< =>73( A?@O0B#H,C3.$<D/$ [1.78<
9(0?@0#-(String 0C"2$< 95#33@8< D#830E7
0#"#,8F0G83 4. H10628G* +#,84 F*38G7<B#,C3.8< 95#33@38< D#830E7
O#'# 8FOG83 #. HIbRH, &< #
I$74. &< )*4#.8< 13$42$<:0C"2$< -1'8( (7< 95#33@8< D#830E7
0#'# 8F0G 3.K,
6% U5* (' (7< L37< 2078,7< M3K..< 95#33@8< D#830E7
O(($H$Y62#NORL D" Yo% &% ( 95#33@38<
Yer#t,-( OBH+AE( 2078,7< M3K.< D#830E7
O, 3#E23.(7%H,-( 95#33@38<
HOUS+G #2-( 0.2" N8< M3K.< D#830E7
92@ & Y. +,0°&<
M. @' @¥,-(D#. Y%8EQ'( #
F*3' 18%!( F'(+%. (%#(K"7P0-?@#$< 95#33@8< 97@ +%& 7]
97@ +%&PFH &< MA@ @-( P0"2@.,K3.<H3E.("2%$< 95#33@8< 97@ +%& 7]
M30,96?$(#, . D# %BEOH< Q0,0(%;€( /($< 95#33@38< D#830E7
M30,%8%. @ (7%HE!! 2.5.(#,$38%* B#,C3.9< 95#33@38< D#830E7
M. @ @#,: <R5%%$730,%62$8(#,
D#.%8E0#< 2030,8($< B#,C3.$< 95#33@8< D#830E7
07K, 2$33-( 6 p8%( | S.3%8,7<P?7@C2#3< 95#33@8< D#830E7
07K, 2$33-( 6 p8%( Il S.3%8,7<P?7 @2#%< 95#33@38< D#830E7
EN.(%#,:<9%07$ < )3*%J8(7<B#,C3.$< 95#33@38< D#830E7
FN.(%#,80.24%7%. FSGH#(8P0-? @#S< 95#33@38< D#830E7
FN.(%#.&07K. 20"K$*! $ 11.28< :0C"2$< 95#33@8< D#830E7




80

@A8).(2#&#

-.10$ , o $(
MI"# u$ 10#2)3 SRR (e 2 #)<:-='89( B)8#? | 78%.EA-8+
%&())+ | #4056 />8 '-#8)276 | (C$8/D<8

H$%& Y+, # 4-01 22 300#,45 )6 /+,05 78890:(5 &A9*<=
IHS068( >8Y%& (#& "HS%8:(
9=,020,-# @#8,6801905 #$#:&A%=5 78890:(5 8A9%<=
I"H$9%0u=BASE (222 11,-9C=5D9-#5 E80B,*+%&6 &A% <=
I9#CC&'( F=B#$&' (22 11,-%C=5D9-#5 G,*5 H&'69#05 | 78&90:(5 &A9*<=
F=B#$& I1$"BASFIC+$ K91%L 43438 69#05 78890:(5 8A0*<=
F=BA$& I5/&6%=Y510# (5
E9=5 849%<=
F #M3#%& J5IMO/0&K 1C& (52 -(%C#5.1%,05 ES0B *+%&6 8A0%<=
BH#+( H& &AI0C=
N'%6&$0"09-#5 O, J#'45 DI-#5 78890:(5 8A9%<=
0"9( 1% 1%H%&CY%E (5
F=B#$&'(5*%65
), O/1$H#u& (5 2C0, 08-#5H#&
|%0BH#C Y& BB & HC -5 3C&,A$=F*A,:&05 78890:(5 8A9%<=
0B+,= 11J$07, #C%(,&0
D9*%,0$&'(5 3L#$*%A'=5HH#: 8A%=5 78890:(5 7,#C%(,&0
D& +:& 35 >8%0=9"%,08&J
RHA< &S *9% '4305 H&'69405 78890:(5 8A9%<=
1%#%68 COUCICE( 2 >& 086101 79*1MJ,805 ES0B *+%&6 8A9*<=
1 1%, HC%Y+ 4 G.*5 H&'69#0530y#,45 78890:(5
1%0&B*8+AS$ 1#968/-+$ )*6/+,05 849%<=
3*B$& JKHCu#Y60C 08-#5 78890:(5 RO =&
Yo+ - 7, HC%(,80 K+%4'=51+$ /$05 7,4#C%(,&0
E8090:&C%&K1C&(
11 u81'$+ nI$=5Q9=5 1¥9. =5 #$%+9(5 78890:(5 8A9%<=




81

@AB).(2#&H
R0 780189)6'+ /(,46- 2!+ ) $(
MI"# S 10#2)3 ' RSl #)<:-='89( B)8#? | 78$.EA-8+
%&8/(V)+ | ,¥)4056 />$ '*8.)276 | (C$8/D<8
"#$%& () (*$+, -(__p(/0.12_ 3(#4)5$62 78$)69&2 -$0)5*1
I"H$%E; IS(9<9+, =>(,520%128)(,(9$+?12 78$)69&2 :$0)5*1
I"#$%&AB6, BHC(H2 %($
D(9,17B#C($.(2 -()/6EBL2 -.&#762 78$)69&2 :$0)5*1
I"#$%&F26$G5$</+, =6p(.02 H5B/<.62, I".47#12 78$)69&2
F<u(?$/4<, A )42 :$0)5*1
I"#$%&F?76$G5$</+, 78%)69&2
F<u(?$/4<, AA =6(.02 H5B/<.62 :$0)5*1
F",(.?&#5%$2Green%(4J(,?$%&
"4$%8& K$%6,86" 7)5"LM.$62 78$)698&2 :$0)5*1

F89:)#.-9")6897 - 1*)#.-9)6897




82

@A8).(2#&#

-.10$ , o $(
MI"# p$ 10#2)3 IR e #)<:-='89( B)8#? | 78%.EA-8+
%&'())+ | ,*)4056 />$' '-*8.)2?26 | (C$8/ D<§

Laser I'"# $%&)*+& ,-$ p./ 1637>H#&
0123%&3+/+5163271-& 4-3-$- 895H&H 1%:31+& <81$+=%& <3=-(;%314
2$$#$78953-(#?; @uA/
BA;+/9A/ 4-3-$- 895H&H 1%:31+& <81$+=%& 116$7>#
2/-$+=126 C$72;3+/126 DE-/7;62#8,-1-=1.;#& <81$+=%& <3=-(;%31+
2.+ L12BG3+*(71& DE+*3+& 7 @5A3+&6//#& <81$+=%& 116$7>#
?2;+ 11292-10+31-2%B1(12% 4-3-$- 1895H&H 1%;31+& <81$+=%& 116$7>#
<.G.B.J.! :1873-=A=1u@;#:-
2-1<K-3p+=F& B$I;E6/#8& L12@$-+& <81$+=%& 116$7>#
<3=-(;%314G--(271%&
Cul-=A=12./:1-:6 >7A/2-1
GI2$Au6:A/ GA/(;-/;1/95#& M7.3=1+& <81$+=%& <3=-(;%31+
<3=-(;%31+B1(12%&Cp1-=A=./ M7A3=-29$-85F>-/53+& <81$+=%& <3=-(;%31+
<371/#;12%07N+5+$+=9- 0 F$+&<, 18+)37A;12@ 116$7>#
<K-3p+(uF/# GO-/;12981(12% BS$I;E6/#8& L12@$& 18+)37A;12@ 16$7>#
C$72;3+/12F&L-6>718& M7A3=-29$-85F>-/53+& 18+)37A;12@ 16$7>#
Cul-=A=12F&
P8;+#$72;3+/12F&-6>71& 7$726/+&L12@$-+& <81$+=%& 116$7>#
H7A39-2-1:1-,6>718P8;12./
Gl p-;+5#=./ 1((-562#8 J;-*3+& <81$+=%& 116$7>#
'013+9 -$ u+90123%&
43+/+5163271-& 4-3-$- 895H&H 1%:31+& <81$+=%& 116$7>#
GO-/;12%C$72;3+/12%
H7A39-Laser - <3=-(;%31+
D7)/+$+=9-& aser 4-3-$- 895H&H 1%:31+& 18+)37A;12@ 116$7>#




83

@AB8).(2#&#
,-.10% . i $*
MI"# u$ 10#2)3 e #)<:-='89( B)8'i§f'? 78$.EA-8+
%&'()*)+ | ,¥)4056 />$' '-*8.)2?6 | (C$8/D<§

KBavtum HAiextpovikn I1: Mn
I'pappkn Ontikn, Ocwpio-
Epyaostpilo KaAmovlog Kmv/vog Emloyng Arbheén
KBoavtum Ontucn 1 Aopnpomoviog [avayuntng Emloync Atbheén
KBavtikn Ontwkn 11 Aoprpomoviog [avayuntng Emloyng Arbheén
Aentd YHéEVa Emoyng
MiKponAeKTPOVIKNIG 'swpyoxiiag AAEEAVOPOC Arbhebn
Ontikn ' Khaown Ontikn KaAmovlog Kmv/vog Emloync Arbheén
Ontwn I1: Epaplocpévn Omtikn KaAmovlog Kmv/vog Emhoync Atbheén
[Tpoywpnpévo Epyactipilo Epyactiplo
Hlektpovikng TClavetdxng [Mavayidng Emloyng 00
dvown Hpayoyov TClavetdxng [Mavayidng Emloyng Arbheén




84

Exbeon Ecwrtepuciic A&ioAdynong (Lpdromo ayija) Exooon 1.0 Noépfpiog 2007



85

"#$%$&11-7.2 '$()

p$*$ '+*$,*-./$%01

"HE%&'() *8& +*%$. - #IS%&()

(012 0&'/$,-. #/$%& (

120324 pp$*0&5,0-67# 29

— 34#S$,-"#I$%&'( )

2,@:$(20- (?) E2/( L@&
A.JB* 8LO#/%)8. E2/(L@& | 10/8+7#
1+2/0)& (Al ) |  G02u01(GO) 0/8<7# | ,0- ,H2$B+
48 18 _}_%?8%%2, 51§°9 > C+#1%7# | A6'%+B8&) | A33+32¢uH#0|  ,0- + 578
0% s CHTB+DACC) | G$*+1(-#B8&GS | /<O8*H& | B-pu+*+"$ B*8H
E#4,*F8& ) HBY8 | %SHOHY%R.
>+F/0*)*D#(E> +F+*4B+/&| +,$#$98,*/%
) ) +FH*$B8
506-$687 8- #/3%8.7 4| 4 3 1 1
BHSI& (8 03/&*(
19:&( 4| 4 I I I
S &' & <, &
5067-9:, =-8'>% 4| 4 7 6 6
2 @2.A .0~ #>%H)
#, 0%6.B* #39
8-'# /: u$C:#* DI&*
E./ u$/%B%) 1B.,)
%8 0%6%,#&'$CL.FB$Y 4| 4 7 5 5
2@ 2=
=4 J*6"6& uGH* *&,
2H*/ u$6l) 4| 4 6 4 4

01" HSUHE () HSH(+&S-

&+."-/0 12! (. p#3)$4-"&5* ,-50 #%-5650-7 12! .




86

8)9-%#/". (8) D/, # n9?
), <= $u'4,>*? D/, # n9? I''=$=64
aEae | 2sa( |, | SGEATE) | RIUSED | I | Ve
"4 1% (" 1%01 , @4,> G >@..<$(_?;) @ f) EuH4 . )" _ @),_—.AB.
% 5/64 B46<@CBB) | F%=@3#:4<®%% , 0',=%$=H? < ML@=@1/ <=$4
D4")=:E$? ) 4<=7 >004'4,>* &
7@E":*:C€[)7 @E@:"<@ @)%4%($):1>
) * @EH=%-<{
"#$%&%0H() *+#",
-(.1.01 235(0#($#)1 4 7 4 3
H%$#('"3  \$($#,.+'1
) 1'$%&%",46"$(07.&5
3" ,+,8& n0(&5 4 1 1 1
19:;-<=9>? *@->2.
=A>;:B:BC 4 5 3 3
ID$/ u3#HUES) 2F$5(",
! 4 11 7 6
=A>;.B:>2!- -
?G<?=HI12<9?C>2!
- 1>;<J1>- 4 3 3 3
K.&L$ ,$" 1"$(07."1
?M(",45 2+u$(36)%45 4 4 4 2
>#N+/3G08u3"A",/'1
0/3536"0/,."$1 4 8 3 3
2P;C<>2!-
I<I9?I?Al- 4 1 0 0
2F$5("," )8.,(/35",; =
Q.&/L$HE"R./-
J%S#('"3 (N5383%L%]
HE"R./ 4 11 9 8




87

8)9-%#/" (8) D/, # n9?
),<= $u'4,>*? D/, # n9? I''=$=64
ae | zan( |, [ SGLANE) | FLSE) || TS| g e
S % (/%01 , @4,> G >@..<$(_?;) @ f) |._J.|.1H4 . )" _ @),_—.A6.
% 5/64 ! B46<@CBB) | F%=@3#:4<®%% , 0,=%$=H? | < pH@=@1, <=$4
D4")=:E$? ) 4<=? >0%4'4,>* &
7@E":*:C€[)7 @E@:"<@ @)%4%($):1>
) * @EH=%<Y
I"#$% &u'()*
W+,-./"+$,-()+01 4| 4 1 0 0
23456783
9:6;4<6  2;9<6 4| 4 8 2 2
2.=*()+0 9&("=>(
2?20( 4| 4 1 0 0
A#$)+07. 8/*?)+0
A#$)+0 4| 4 9 8 8
ABC783 1:
;D5E2A92;63
ABC783 4| 4 11 9 9
B-=@,.;F"?$.
3/"+$,-()+01 4| 4 1 1 1
9$*$)?7$)+MD&?)+07 4| 4 21 8 7
9%-)="G*#)?$0p.1
N)+>( 4 4 1 0 0
D:9783 3275H<H<6 4| 4 6 4 4




88

S0 (&( W - $()*+  JO)+ %) Laser JOy+ pl21-)3.4 151)67*1/08/0)+ %294 y398::<8: , JO)+ =>8<?9 @91,A1)29
@B-u(0U398./0)* + [16/9-C'8- 21,-Y3,4 151)671/08:80"(BIO)*+ *-) D)-0'8 hy+ JOy+ , =2(<(A)0')*+ JO)+
?
8)9-veul"  (8) Di#ue? | rebebs
’QF@ﬁA&;‘(; A e I=$=64 | ). )H%<@
s Lo &) | 234C |, onass) | o1 @.1% puHd’, | ) @).=:A6?
Fe {0 +-(,1%01% | s/64 | " ! »G1>@:<$( ) 0,=$=H? |<w@=@14 <=$4
B46<@CIBB) | FY%=-@B4<$2(F%) pab AN
DAzES? QE@="<@ @)%A4%($)=,>
/@E,=*=C{D7) @EH=%<$
&E&F=%G 1&H
%I @DH&%$"%
JHKH#8$$&LME 4 4 11 4 4
&0 )"+ 153<)58)
2/,89(ON90108 4] 4 1 0 0
@ %, "$1<129- '8
$-A17-'(/ G<1*/0p(N 0™
P)- QLu(*-07- J7108:
*) $-A98)*N J167(/" 4] 4 7 5 5
@ .. Y%= =21-A4ACS-
%) @B-u(A3: 4] 4 6 4 4
@HDHIE@ &F&H&
=%HIG% =RGFME
@E@#K@ HOBMH#HE
I"4DME 4 4 4 3 3
@)6)*S1BS<-)- . O)+:
—>8<79 @91.A1)?9 4] 4 1 1 1
G<1*( p-A98)0uC: HHH 4] 4 16 12 12
014,7- J(<<?9 %41S'49 H 4] 4 1 1 1




89

X D/,# u9?
8)9-%#/". (8) D/, # n9? I :$:g4
o o 1 *7) ] . ]
()?;@ /$i A&’?(?& ') F/ w3 () I'=$=64 ). H/%<@
(o * gl ’ =\ . 0, 1 . —- 2
"#$ 1% +&(((/ﬁ%gl% 2537614(, 7! B@4,>64 LGL>@:<$HQ ) @8/:/;3554 = ud@=@1ﬁ @)<’=§$'36'
B46<@CBB) | F%=@84<$?(F%) <= 2 S04 S* &
mn :. I) 7. 1
DAVES: @E@="<@ @)%4%($)=.>
T@E,'=*=CD7) @EH=%<$
"#$%&'O)+  # p-H+ ] 4 5 5 5
01&+.2345"#$%&6%(7 / 4 5 1 1
089:;/0< ="/0< 09/
089::/0< '><?=@="7/9 4 1 1 1
01&+.234=A.2343&2
01&+.234)B$(C($2& 4 1 1 1
01&+.(uBD&+234 4 12 12 5
0>9,/0< E<F9:/0< 1 4 8 5 2
E&5Bu&.23GHG5(6(2
@71234H 4 9 8 7
E<F9:/0< JJ:KFL:
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"#$9%$8&11-8."( pW)*+,- ) /0$1$#)10.%2 n0$%34+543 pu$*$ '1+(67#

2007 | 2006 | 2005 | 2004 | 2003 | 2002 —>2010
2008 |2007 |2006 |2005 |2004 |2003
M#$%$&P () pF putd™
(" $9%/+0 /1 280345 € 3 3 3 4 9 25
4.4168,$1' ~"H#$%$&2&070
San 18 ) o 3 1 0 0 0 0 1
889%6+6+:%i+:6"<
ST HE'S $'( ) it S
(LS +EHO*> 664D 1 2 1 0 0 0 4
299" 345
889%6+6+:%4i+:6"<
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1"4#$9%$811-9.'()*+, U-#)%.&, p-*)01*0)&

Lot # S (% (& |0 (|
2007 |2 |75 |9 |18 [12 [1 |22 |13 |4
2006 |1 |92 |2 |7 |27 45 |5 |4
2005 80 |2 |22 |15 |2 |41 |5 |5
2004 76 21 |31 15 |3 |4
2003 56 20 21 |9 |13 |7 |6
4o 379| 13 (88 | 106| 11 | 136/ 33 | 24

'(02,34*0)& :
I

#
$
%
&
(
)

"/0.12/p-,-3425167

: %43281@B669/8:; u-,/< = 964/->/<=p6 <4/:?7
. %43281@669/8:; u-,/<= 964/->/<=@A4KAl:?7
: %43281@6942<:/<=8B,6>41A U6 <4/:?7

%43281@B6942<:/<=8B,6>41A@AAKAI:?7

: C65=.2/2 868B..-3/<-+7 :Du-B7
. E..67 64328167
. 1,2<-/,F86/7 8669/8:; u-,/<= 8B,?>4/2(u6<4/:?7 9-B 6<>1>-B942<:/<=

1,2<-/,F86/7 8669/8:;-,/<= 8B,?>4/2(u6<4/:?7 9-B >6, 6<>1>-B942<:/<=




IH$%$811-10. HEH)H+,- O 1¥10#-.+%/23%(/0

A B |I' |A |E |Z H
2007 1713 12 110 (2 |29
2006 1536 | 2 10 |5 1 22
2005 1377 2 (32 |2
2004 1116 1 21
2003 1148 | 6 7 4 1 23
2bvoto | 5890 | 16 |44 |24 |7 |127 |2
4516-(7,1+&
A: Etepoavapopég
B: Avagopéc tov £101K00/EMGTNUOVIKOD TUTOV
I': Biprwokpioieg
A: Zoppetoyéc o€ EMTPOMEG EMGTNLOVIKAOV GLVEIPIOV
E: Zoppetoyéc o€ CLVTAKTIKEG EMITPOTEG EMGTILOVIKADV TEPLOOIKDV
Z: TlpookAnocelg yio SoAEEELS
H: Authopoto gvpeciteyviag
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12.1"#'#$% p's"

2ty Evotyra avtn to TWja Wropet, o to emBulel, va mopobésel omoi00nmTote aroLyeia
Oewpel ot Qo eivou ypnopo oy Emtpornn Elwtepixng Alioldynong kou ta omoio
EVOEYOPEVIIS DV KAADTTTOVIOL ETOPKMS 0T0 KVplws owla ¢ Exbeong.

2e kabe mepintwon, oo Hopaptioto avoPéverar oTwaonmote vo, Tepiingbel o Oonyog
2rovowv tov TPHaToS Kol 0 KOTAA0YOS TV EMTTHHOVIKDY ONPOTIEDGEDY TV PeADY TOD
TWwjlatog kotd Ty TeAevtaio TevTaeTia.
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H"4$%&S () # ' %i+,-, 1! -19%.',/0 |, 1-1#'p#.', /0 |, 2-2#3%#44.5/6
2135 $/6 %.' W0 $-, I"I#$%&'()( 8/'$9%:, ,; .<.=)&* =/
n 0, ! —%
ggfg/f ?>/;$79§‘; @YYk A%, (%8/$9%:, )
ICC#C.9 I"#$D -
),/ & | OEB5 | 44,5 | 5665 | 665 | 7-8 | 8,510 >
B$/* $9(%, -
2006- X A747 | 1956 | 47,60 20,50/ 11,09
2007 % | 6,60% % % | 9,10%| 5,11%| 4,0
E 3551 | 1641 | 51,13 18,10/ 10,36/ 11,09
% | 4,20% % % % | 5,12%| 3,9
2 2405 | 1411 | 50,74 26,22
% | 4,61% % | 8,43%)| 6,45%| 3,54%| 3,7
2005- X 4232 | 2059 | 46,38 16,12 12,72
2006 % | 5,83% % | 9,86% % | 9,08%| 4,2
E 3946 | 166 13,86| 42,17| 26,51
6,63%| 3,01%| 7,83% % % %| 7.1
2 2602 | 2395 | 40,46 20,04| 11,02 13,49| 10,73
% | 4,26% % % % %| 4,6
2004- X 4343 | 2244 | 40,29 16,80 11,59| 16,62
2006 % | 4,95% % % % | 9,76%| 4,6
E 3766 | 2005 | 34,66 12,17 23,49| 12,32
% | 7,38% % | 9,98% % %| 5,0
2 3178 | 1578 | 44,54 22,14 11,30
% | 8,10% % | 9,19% % | 4,72%| 4,1
2008- X 4546 | 2358 | 37,87 17,77| 12,64| 14,59| 10,39
2004 % | 6,74% % % % %| 4,7
E 4036 | 2027 | 39,27 15,19| 13,91 14,60
% | 8,93% % % % | 8,09%| 4,5
2 3325 | 1541 | 44,71 24,72| 10,71
% | 4,93% % % | 9,15%| 5,78%| 4,1
2002- X 4032 | 2323 | 38,23 16,36 | 11,71 17,43
208 % |6,28%| % % % |9,99%| 48
E 3900 | 2155 | 33,69 16,71 | 11,37 | 18,00 | 13,27
% |6,96%| % % % % 5,0
2 3487 | 1521 | 47,01 22,88
% |506%| % |993%|9,80%|533%| 4,1




