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!@:B=L=>  

4 '%()$*+", ./+0123&%& 25.%+ µ5% (%,(+,6 2'%.%7%µ8%.#µ2.9 %5µµ$)07+", 

9+89+"8%=8, 9 &'&5% 7D6@5CF 7P= HGECJ:µCE6 7D765<D5A CMAµ8E6 56D 

C?6E6B6µRAEC<6D <= 6@L:<C@= 5ASC <;HHC@6 ;<8.  

 

/,&'#: (9: ;<=(2"+,>: ?@+&7#$9<9: 25.%+ .% 0+%µ&"A-<2+ ,%+ .% 0+%()'-<2+ (& 

Bµ>µ% ,"+(+,> 6'&C9 $+% (9. '&+#(9(% (&) 2'+(27&Dµ2.&) E"$&) (&) µ2 86<9 

%.(+,2+µ2.+,6 ,"+(>"+% ,%+ 025,(2: ,&+.>: <).%5.2<9: ,%+ $2.+,>: %'&0&*>:, ,%+ µ2 

(&): %,#7&)F&): <(#*&):: 

1. B9. (2,µ9"+=µE.9 %.602+@9 (=. 2'+(2)$µ6(=. (&) Bµ>µ%(&:  

2. B9. 2'+<>µ%.<9 <9µ25=. '&) *">G&). 827(5=<9:  

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

4. B9. %.679C9 '"=(&8&)7+-. $+% %)(&(27> 0"6<9 $>)2- )05 ?µ,µ8)0-, #'&) ,%+ 

2A#<&. 25.%+ 2A+,(# 

5. B9 7>C9 %'&A6<2=. $+% %)(&(2725: 0"6<2+: $>)2- )05 @9*Aµ8)0-, #'&) ,%+ 

2A#<&. 25.%+ 2A+,(#. 

 

!"#,2+(%+ &)<+%<(+,6 $+% µ+% 0+%0+,%<5% %)(&%@+&7#$9<9:, '&) <9µ%(&0&(25 (9. 

50+% (9. (%)(#(9(% (&) Bµ>µ%(&:, ,%F-: %'&()'-.2+ ,%+ %.%02+,.D2+ #7% (% 

*%"%,(9"+<(+,6 (9: 72+(&)"$5%: (&), F2(+,6 ,%+ %".9(+,6, ,%+  ,%(%$"6A2+ (+: 

A+7&0&@52: (&). H%(6 (9 0+6",2+% (9: ;<=(2"+,>: ?@+&7#$9<9: ,%(%$"6A&.(%+ (% 

<9µ%.(+,#(2"% '&"5<µ%(% '&) '"&,D'(&). %'# (9 <D.F2<9 (=. <(&+*25=., (% &'&5% 

<)$,2.("-F9,%. µ2 (9 <)µµ2(&*> #7=. (=. µ27-. (&) Bµ>µ%(&:, %.%A&"+,6 µ2 (& 

)A+<(6µ2.& ,%+ (& 2'+F)µ9(# 2'5'20& '&+#(9(%: ,%+ (&): ("#'&): 2'5(2)@>: (&).  

 

4 0+%0+,%<5% ;<=(2"+,>: ?@+&7#$9<9: &7&,79"-.2(%+ µ2 (9 <D.(%@9 (9: !"#$%&- 

'%()$*+",- ./+0123&%&- (;;?), 9 &'&5% 2$,"5.2(%+ %'# (& Bµ>µ% ,%+ %,&7&DF=: 

0+%8+86G2(%+, µE<= (9: 1I3J!, <(9. ?3J!, '"&,2+µE.&) .% ,+.9F25 9 0+%0+,%<5% 

;@=(2"+,>: ?@+&7#$9<9:. K'2DF).9 $+% (9 <D.(%@9 (9: L,F2<9: ;<=(2"+,>: 

?@+&7#$9<9: 25.%+ 9 Iµ60% ;<=(2"+,>: ?@+&7#$9<9:  (I1;?), '&) &"5G2(%+ %'# 

(& Bµ>µ% $+% (9 0+6",2+% (9: ;<=(2"+,>: ,%+ ;@=(2"+,>: ?@+&7#$9<9:. 

 

M'=: '"&%.%AE"F9,2, 9 ;;? 8%<5G2(%+ <(% <(&+*25% '&) E*2+ <)77E@2+ (& Bµ>µ% 

,%+ '&) '2"+7%µ86.&.(%+ <(+: '),%+$- '%()$*+";- '"#;%$+- (&):. N<(#<&, 9 !"#$%& 

'%()$*+",- ./+0123&%&- 02. '"E'2+ .% %.%7-.2(%+ <(9. %'7> '%"6F2<9 (=. 

<(&+*25=. %)(-., %776 .% )'2+<E"*2(%+ ,"+(+,6 <(9. %.67)<9 ,%+ %@+&7#$9<> (&):, 

µ2 <(#*& (9. <).%$=$> *"><+µ=. <)µ'2"%<µ6(=. ,%+ '"&(6<2=. '&) F% 

&09$><&). <(9. 827(5=<9 (9: '&+#(9(%: (&) Bµ>µ%(&:. H%+ (&D(&, 2'2+0>, 

<DµA=.% µ2 (&. .#µ& 3374/2005, «& ;"#$%& $%()$*+",- 8/+0123&%&- %5>$")+µB)8+ 

"8)B )& 1,C& 860DB%$(> 862 )8 8*µ29+8 2*38>8 %$ 218 )8 $6=6$98 1$+)05*3=8- )&- 

."89&µ8E",- F0>B98- , )05 +9*Aµ8)0-». 4 7>C9 %'&A6<2=. <2 2'5'20& !&7+(25%:, 

'"&O'&FE(2+ ,%(6 ,%.#.% (& 2'#µ2.& <(60+&, %)(# (9: ;@=(2"+,>:  ?@+&7#$9<9:. 

P2'(&µE"2+2: <*2(+,6 µ2 (& (27+,# %)(# <(60+& (9: 0+%0+,%<5%: %@+&7#$9<9: F% 

$.=<(&'&+9F&D. <(% Bµ>µ%(% ,%(6 (& %µE<=: 2'#µ2.& *"&.+,# 0+6<(9µ%. 

 

B& '%"#. ,25µ2.& %'&(2725 '"#()'& <*>µ% 0&µ>: ,%+ '2"+2*&µE.=. (9: !"#$%&- 

'%()$*+",- ./+0123&%&-. 4 0+6"F"=<> (&) %.(+<(&+*25 '7>"=: <(+: 8%<+,E: 

2.#(9(2: (=. ,"+(9"5=. '&) %.%7D&.(%+ <(& E.()'& (9: ?3J! µ2 (5(7& «G+8%DB1+%& 
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40+2)&)8- %)&> .>H)8)& '"68=9$5%&: .>B15%& "*+)&*=(> G+8%DB1+%&- 40+2)&)8- 

."89&µ8E"H> F0>B9(>» !"90%& 2.0, @0A1+0- 2007, .G@4, .#,>8: '"&$"6µµ%(% 

<'&)0-., 0+0%,(+,# E"$&, 2"2).9(+,# E"$&, <("%(9$+,> %,%09µ%Q,>: %.6'()@9:, 

<*E<2+: µ2 ,&+.=.+,&D:, '&7+(+<(+,&D: ,%+ '%"%$=$+,&D: A&"25:, 0+&+,9(+,E: 

)'9"2<52: ,%+ )'&0&µE:. !E"% %'# (% %.=(E"=, '2"+7%µ86.2(%+ <(9. ;;? 

<).&'(+,> '2"+$"%A> ,%+ %@+&7#$9<9 (9: 50+%: (9: 0+%0+,%<5%: (9: 2<=(2"+,>: 

%@+&7#$9<9: µE<% <(& Bµ>µ%, ,%F-: ,%+ (% <)µ'2"6<µ%(% ,%+ (% <*E0+% 

827(5=<9: (9: '&+#(9(%: (&) Bµ>µ%(&:.   

 

R5.2(%+ E(<+ 2).#9(& #(+ 9 <D.(%@9 (9: !"#$%&- '%()$*+",- ./+0123&%&- <DµA=.% 

µ2 (& '"&(2+.#µ2.& 4*2)560 I7,µ8 ,%+ 9 <)µ'7>"=<9 (=. !+.6,=. '&) (9. 

<).&02D&). (87. ,%(=(E"=, <27. 14 ,.2.) '"&O'&FE(2+ (9. <D.F2<9 <(&+*25=. '&) 

,%(%$"6A&.(%+ %'# #7% (% µE79 (&) Bµ>µ%(&: <(% 2+0+,6 %'&$"%A+,6 027(5% (87. 

?'&$"%A+,# 327(5& ;@%µ9.+%5&) 1%F>µ%(&: ,%+ ?(&µ+,# ?'&$"%A+,# 327(5& 

1E7&): ;,'%+02)(+,&D !"&<='+,&D, <(& E.()'& (9: ?3J! µ2 (5(7& «.603*8D+"B 

G$1)=8 "8+ '*()&µ8)0123+0 F8#,µ8)0-/G+9B%"0>)0- 3+8 )05- J0+)&);-», !"90%& 

1.0, @0A1+0- 2007, .G@4, .#,>8), ,%+ '%"67797% %@+&'&+25 (+: %'%.(><2+: <(% 

2"=(>µ%(% '&) FE(2+ (& (2D*&: «G+8%DB1+%& 40+2)&)8- %)&> .>H)8)& '"68=9$5%&: 

.>B15%& "*+)&*=(> G+8%DB1+%&- 40+2)&)8- ."89&µ8E"H> F0>B9(>» !"90%& 2.0, 

@0A1+0- 2007, .G@4, .#,>8. M7% (% '"&%.%A2"FE.(% E.()'%, ,%F-: 2'5<9: ,%+ 

&09$52: $+% (9. <)µ'7>"=<9 > %@+&'&59<> (&): 09µ&<+2D&.(%+ <(&. +<(#(&'& (9: 

?3J! (http://www.adip.gr).  

  

4 *"><9 (&) '"&(2+.#µ2.&) 2.+%5&) 4*2)5605 I7,µ8)0- $+% (+: 2,FE<2+: 2<=(2"+,>: 

%@+&7#$9<9: #7=. (=. Bµ9µ6(=. (=. +0")µ6(=. %.-(%(9: 2,'%502)<9: 

2'+86772(%+ %'# (9. %.6$,9 %.%$=$>: (=. <(&+*25=. ,%+ (=. <)µ'2"%<µ6(=. '&) 

%A&"&D. (% 2'5 µE"&): Bµ>µ%(% <(& 2'5'20& (&) &+,25&) J0"Dµ%(&: (!%.2'+<(>µ+&, 

B;J) ,%+, (27+,6, <2 2F.+,# 2'5'20&. N<(#<&, 2'+<9µ%5.2(%+ #(+ (% Bµ>µ%(% 

µ'&"&D. .% '"&<FE<&). > ,%+ .% 2@2+0+,2D<&). <)$,2,"+µE.% ,"+(>"+% ,%+ 025,(2: 

'&) %'9*&D. (+: +0+%+(2"#(9(E: (&):, 0+2),"+.5G&.(%: <2 ,6F2 '2"5'(=<9 µ2 

<%A>.2+% (& '2"+2*#µ2.& ((+ ,%+ '-:;) ,%+ (9 7&$+,> ($+%(5;) (9: 0+%A&"&'&59<>: 

(&):. ;D7&$& 25.%+, +05=: ,%(6 (9. ("E*&)<%, '"-(9 2A%"µ&$> (&) <)<(>µ%(&: 

0+%<A67+<9: '&+#(9(%:, #(+ 02. F% 25.%+ '6.(% 0).%(> 9 ,67)C9 #7=. (=. <9µ25=. 

(9: E,F2<9:. ;5.%+ #µ=: 2),(%5& <2 ,6F2 '2"5'(=<9 (& Bµ>µ% .% ,%(%8672+ ,6F2 

0).%(> '"&<'6F2+% '"&,2+µE.&) .% (&'&F2(9F25 2'5 #<& (& 0).%(# '2"+<<#(2"=. 

%'# (% <9µ25% (9: E,F2<9:.    

 

;).#9(& 25.%+ #(+ 9 ?3J!, %.(+7%µ8%.#µ2.9 (&. "#7& (9: =: %"=$&D (=. 

Bµ9µ6(=. <(9 0+%0+,%<5% 0+%<A67+<9: ,%+ 827(5=<9: (9: '&+#(9(6: (&):, 

'%"%µE.2+ <(9 0+6F2<9 (=. 2.0+%A2"&µE.=. $+% .% 8&9F><2+ #'&) *"2+%<F25. 
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1. ( 7D67D56HF6 <8> CHK<C@D5I> 6MD=B:L8H8> 

K '>2)&)8 85), 6$*+18µ<B>$+ µ+8 %A>)0µ& 6$*+3*8D,, 8>B15%& "8+ "*+)+", 

8/+0123&%& )&- 9+89+"8%=8- $%()$*+",- 8/+0123&%&-, "8#H- "8+ $>9$72µ$>$- 

6*0)B%$+- 3+8 )& <$1)=(%, )&-.  

 

1.1.  !C@DL@6QI 56D 6EABGH8 <8> 7D67D56HF6> CHK<C@D5I> 6MD=B:L8H8> H<= 

'µIµ6. 

1.1.1. !=D6 I<6E 8 HPESCH8 <8> *)$"; 

 

4 I1;? &"5<(9,2 %'# (9. ,%(6 (9 0+6",2+% (9: R2.+,>: /).E72)<9: (&) 

Bµ>µ%(&: ,%+ %'&(2725(%+ %'# (&. ,. R. B<5"=.9 =: !"#20"& (,%F9$9(>: ,%+ 

!"#20"&: (&) Bµ>µ%(&: S)<+,>:), ,%F-: ,%+ %'# (% µE79 3;! (&) Bµ>µ%(&:  

,.,. 4. !2"6,9, T. BG&D"&, ?. !E(,&) ,%+ U. V%"µ%.06"9. 

 

1.1.2. )C ?=D=G> 56D ?N> HGEC@LAHS85C 8 *)$" LD6 <8 7D6µ:@QKH8 <8> 

;5SCH8>; 

 

B% µE79 (9: I1;? <).2"$6<(9,%. µ2 (% µE79 3;! (&) Bµ>µ%(&: ,%F-: ,%+ 

µ2 (& 0+&+,9(+,# ,%+ 2"2).9(+,# '"&<='+,# ,%+ A&+(9(E:. 

 

1.1.3. !=DC> ?8L;> 56D 7D67D56HFC> J@8HDµ=?=DIS856E LD6 <8E AE<B8H8 

?B8@=Q=@DNE;  

 

B% µE79 (9: I1;? <).E72@%. #72: (+: %'%"%5(9(2: '79"&A&"52: %'# (% µE79 

3;! ,%+ 0+&+,9(+,# '"&<='+,# (&) Bµ>µ%(&:. B& $2$&.#: #(+ (& Bµ>µ% 0+%FE(2+ 

'7>"9 µ9*%.&"$6.=<9 (=. %"*25=. (=. .). A&+(9(-. %776 ,%+ #7=. (=. 

%'&A&5(=. %'# (9. 50")<9 (&) 0+2),#7).2 (9 <)77&$> (=. %'%"%5(9(=. 

'79"&A&"+-.. L$+.2 2'5<9: <)<(9µ%(+,> *"><9 86<2=. 020&µE.=.  (ISI/Web of 

Science, SCOPUS ,(7) $+% (9. %.(+,2+µ2.+,> %'&(5µ9<9 (9: 2"2).9(+,> 

0"%<(9"+#(9(%: (&) Bµ>µ%(&:. 

 

1.1.4. !N> 56D HC ?=D6 ;5<6H8 HGT8<IS85C 8 ;5SCH8 H<= CHK<C@D5: <=G 

'µIµ6<=>;  

 

 I+ 0+%0+,%<52: <D.F2<9: (9: E,F2<9: <)G9(>F9,%. <2 R2.+,E: /).272D<2+:.  B% 

µE79 3;! (&) Bµ>µ%(&: <).2+<EA2"%. <(9. 0+%0+,%<5% <)77&$>: <(&+*25=. ,%+ 

%'&(272<µ6(=. '&) '%"%(5F2.(%+ <(9. E,F2<9.   

 

1.2.  "EABGH8 <KE SC<D5NE H<=DJCFKE 56D <KE 7GH5=BDNE ?=G 

?6@=GHDAHS856E 56<A <8 7D67D56HF6 <8> CHK<C@D5I> 6MD=B:L8H8>. 

  

B& Bµ>µ% S)<+,>: 25*2 2'%.%7682+ µ2 0+,> (&) '"=(&8&)75% '%"#µ&+% 

%@+&7#$9<> (&) '"& &,(%2(5%:. B& $2$&.#: %)(# 0+2),#7).2 (& Bµ>µ% .% 

@2,+.><2+ (9. #79 0+%0+,%<5% µ+% '&) µ2 (9. 2'E(2+& (=. 30 2(-. %'# (9. 

50")<> (&) >(%. µ+% ,%7> 2),%+"5% $+% .% %@+&7&$><2+ (9. '&"25% (&) ,%+ .% 

2'%.%'"&<0+&"5<2+ (9. (&): <(#*&):.  4 '"&2(&+µ%<5% (9: .E%: E,F2<9: 
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%)(&-%@+&7#$9<9: %'&025*F9,2  %",2(6 '+& '&7D'7&,9. !+& <)$,2,"+µE.% 9 

<)77&$> 72'(&µ2"-. <*2(+,6 µ2 (& 0+0%,(+,# E"$& #'=: <(%(+<(+,6 <(&+*25% 

$+% ,6F2 µ6F9µ% ,%+ +<(&$"6µµ%(% (=. 2'+0#<2=. (=. A&+(9(-. >(%. 

%",2(6 2'5'&.& .% <)772*F&D.. B& $2$&.#: #(+ 25*2 &7&,79"=F25 (& 

'"&9$&Dµ2.& E(&: 9 '7>"9: µ9*%.&"$6.=<9: (9:  R"%µµ%(25%: (=. 

A&+(9(-. 8&>F9<2 <9µ%.(+,6 (9. '"&<'6F2+% %)(>.  K'&FE(&)µ2 #(+ <2 

677% (µ>µ%(% (9: *-"%: #'&) 02. )'6"*2+ %,#µ9 µ9*%.&"$6.=<9 %)(# (& 

µE"&: F% 25.%+ '"%,(+,6 %0D.%(& .% <)µ'79"=F25. 

 

1.3.  !@=<AHCD> LD6 <8 RCB<FKH8 <8> 7D67D56HF6>. 
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2. !6@=GHF6H8 <=G 'µIµ6<=> 

2.1.  4CKL@6QD5I S;H8 <=G 'µIµ6<=> (?.J. H<8E ?@K<CP=GH6, HC µCLAB8 

?:B8, HC µD5@I ?:B8, HGL5CE<@Kµ;E=, 56<6ECµ8µ;E= HC µD6 ?:B8 5B?).  

 B& Bµ>µ% S)<+,>: (&) !%.2'+<(9µ5&) H">(9: 8"5<,2(%+ %'# (& 1995 <(9. 

.E% !%.2'+<(9µ+&D'&79 <(9. '2"+&*> (=. U&)(-., 9 &'&5% 8"5<,2(%+ <(% 

'"&6<(+% (9: '#79: (&) 4"%,725&) 8*7µ .&(+&0)(+,6 %'# (& ,E.("& (9: 

'#79:. B& 4"6,72+& 25.%+ µ5% <D$*"&.9 '#79 ~150,000 ,%(&5,=.. B& 0+2F.E: 

%2"&0"#µ+& '"&<AE"2+ %'2)F25%: <D.02<9 µ2 0+6A&"2: '#79: (9: ;7760%:, 

,%F-: ,%+,  ,%(6 (&): F2"+.&D: ,)"5=: µ>.2:, <2 '#72+: (9: 8#"2+%: 

;)"-'9:. M72: &+ 2,'%+02)(+,E: 0+%0+,%<52: (µ%F>µ%(%, 2"$%<(>"+%) 

(27&D.(%+ <(& ,(5"+& (9: S)<+,>:. 4 2"2).9(+,> )'&0&µ> 2"2).9(+,6 

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

µE"&: %)(-. 8"5<,2(%+  <(& J.<(+(&D(& 472,("&.+,>: 3&µ>: ,%+ PE+G2" (&) 

J0"Dµ%(&: B2*.&7&$5%: ,%+ L"2).%: (J43P/JB;) (& &'&5& 25.%+ <2 

%'#<(%<9 µ#7+: 500µ %'# (& ,(5"+& S)<+,>:, %776 ,%+ <(& ?<(2"&<,&'25& 

(&) /,5.%,%, '&) 8"5<,2(%+ <2 )C#µ2("& 1750µ  <2 %'#<(%<9 60*7µ %'# 
(9. '#79 (&) 4"%,725&). 

 

2.2.  %H<=@D5: <8> CM;BDM8> <=G 'µIµ6<=>. 

2.2.1. &<CB;JKH8 <=G 'µIµ6<=> HC 7D765<D5:, 7D=D58<D5: 56D 

C@L6H<8@D65: ?@=HK?D5:, 56<A <8E <CBCG<6F6 ?CE<6C<F6 (?=H=<D5A 

H<=DJCF6).
1
 

 

B& Bµ>µ% S)<+,>: (&) !%.2'+<(9µ5&) H">(9: 0E*F9,2 (&): '"-(&): 

'"&'()*+%,&D: (&) A&+(9(E: (& 1978 ,%+ (% '"-(% µ#.+µ% µE79 3;! (& 

1980. />µ2"%, J&D.+&: 2008, (& Bµ>µ% %'&(2725(%+ %'# 31 µE79 3;!, 4 

&µ#(+µ&): ,%F9$9(E:,  12 µE79 3+&+,9(+,&D ,%+ B2*.+,&D !"&<='+,&D ,%+ 

25 2"2).9(E:. ?.%7)(+,6 <(&+*25% '%"&)<+6G&.(%+ <(&): %.(5<(&+*&): 

!5.%,2: (=. '%"%(9µ6(=.. 

 

2.2.2. "@DSµ:> 56D 56<6E=µI <KE Q=D<8<NE 6EA C?F?C7= H?=G7NE 

(?@=?<GJD65=F, µC<6?<GJD65=F, 7D765<=@D5=F) 56<A <8E <CBCG<6F6 

?CE<6C<F6.
2
 

 /(& µ2(%'()*+%,# '"#$"%µµ% (&) Bµ>µ%(&: (& &'&5& %'&(2725(%+ %'# 0D& 

%.2@6"(9(% '"&$"6µµ%(% (E.% <2 R2.+,>: S)<+,>: ,%+ E.% <2 

1+,"&972,("&.+,> - I'(&972("&.+,>) 25.%+ 2$$2$"%µµE.&+ 24 )'&C>A+&+ 

0+06,(&"2: ,%F-: ,%+ 40 )'&C>A+&+ 12(%'()*+%,&D 3+'7-µ%(&: ;+05,2)<9: 

(Masters) . B& <D.&7& (=. 2$$2$"%µµE.=. '"&'()*+%,-. A&+(9(-. 25.%+ 

833. ?.%7)(+,6 <(&+*25% '%"&)<+6G&.(%+ <(&): %.(5<(&+*&): !5.%,2: 11 (=. 

'%"%(9µ6(=.. 

 

                                                
1 !"µ#$%&'()*, ()%+ ,+-)%). 11, )/+ #0+.1. 11-1.  
2 !"µ#$%&'()*, ()%+ ,+-)%). 11, )/"2 #0+.1*2 11-2.1 1.3 11-2.2  
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2.3.  &5=?:> 56D H<:J=D <=G 'µIµ6<=>. 

2.3.1. !=D=D CFE6D =D H<:J=D 56D =D H5=?=F <=G 'µIµ6<=> HPµQKE6 µC <= 

1$+ F7@GHI> <=G;  
T& Tµ>µ% S)<+,>: (&) !%.2'+<(9µ5&) K">(9: '%"%,&7&)F25 ,%+ $.="5G2+ (+: 
0+2F.25: 2@275@2+: #*+ µ#.& <(9 S)<+,> %776 ,%+ <(+: <).%A25: (2*.&7&$+,E: 
,%(2)FD.<2+:. 3+%'+<(-.2+ (+: %77%$E: ,%+ (+: (6<2+: '&) 2'+,"%(&D.. E5.%+ 
2.>µ2"& (&) $2$&.#(&: #(+ '&77&5 A&+(9(E: ,%(E79@%. <2 ,6'&+& Tµ>µ% 
S)<+,>: #*+ 7#$= (&) 2.0+%AE"&.(&: > (9: ,75<9: '&) 25*%. $+% (9 S)<+,>, 
%776 7#$= (&) <)<(>µ%(&: (=. !%.2779.5=. E@2(6<2=.. L*&.(%: 7&+'#. 
)'#C9 (&) #7&): %)(&D: (&): '%"6$&.(2:, E*2+ <*20+6<2+ E.% 2,'%+02)(+,# 
'"#$"%µµ% '&) %'&<,&'25 %A2.#: <(& .% 2A&0+6<2+ (& A&+(9(> µ2 $2.+,>: 
AD<2=: 02@+#(9(2: ,%+ $.-<2+: #'=:, 

! +,%.#(9(% *"><9: '"&*="9µE.=. µ%F9µ%(+,-. 2"$%725=. 
! +,%.#(9(% %.%$.-"+<9: (=. 8%<+,-. '%"%$#.(=. '&) ,%F&"5G&). (% 
0+6A&"% A)<+,6 A%+.#µ2.% 

! +,%.#(9(% '&<&(+,>: 0+%(D'=<9: (=. <*E<2=. µ2(%@D %+(5&) ,%+ 
%'&(27E<µ%(&: 

! +,%.#(9(% '"=(&8&)7+-. ,%+ ,"+(+,>: <,EC9: 
! 2µ'2+"5% <(9 *"><9 ,%+ %@+&7#$9<9 (9: 8+87+&$"%A5%: ,%+ (&) 

Internet  
! 2µ'2+"5% <(9 *"><9 (=. 972,("&.+,-. )'&7&$+<(-. ,%+ (=. 0+,(D=. 
972,("&.+,-. )'&7&$+<(-. ($7-<<2: C, C++, Java, FORTRAN) 

! +,%.#(9(% '"&A&"+,>: ,%+ $"%'(>: 2'+,&+.=.5% (9: 2'+<(>µ9:, (#<& 
<(9. ;779.+,> #<& ,%+ <(9.  ?$$7+,> $7-<<% ,%(’ 276*+<(&  

 
,%+, %A’ 2(E"&), <(& .% (&) '"&<AE"2+ #<& (& 0).%(#. 2)"D(2"2: 2'+7&$E: <(9 
*6"%@9 (9: 2'%$$27µ%(+,>: (&) ,%(2DF).<9:, <DµA=.% '6.(% µ2 (% +0+%5(2"% 
2.0+%AE"&.(%  ,%+ (% (%7E.(% (&). L(<+, 'E"% %'# (+: '"&A%.25: '%"%0&<+%,E: 
,%(2)FD.<2+: (9: µE<9: 2,'%502)<9: ,%+ (9: 2"2).9(+,>: <(%0+&0"&µ5%:, & 
A&+(9(>: E*2+ (9 0).%(#(9(% .% %,&7&)F><2+ E.% '"#$"%µµ% '&) F% (&. 
&09$><2+ –E'2+(% %'# ,6'&+2: µ2(%'()*+%,E: <'&)0E:– <2 <D$*"&.2:, (%*D(%(% 
2@27+<<#µ2.2:, (2*.&7&$+,E: '2"+&*E:, #'=: 

 
! M+,"&972,("&.+,> 
! O'(&972,("&.+,> 
! W%.&972,("&.+,>  
! PE+G2" ,%+ I'(+,6 /)<(>µ%(%  
! T972'+,&+.=.52: 
! I%("+,> (2*.&7&$5% 
! E'+<(>µ9 (=. )7+,-. 
! !&7)µ2"> 
! Y'&7&$+<(+,> E'+<(>µ9 ,%+ '"&<&µ&+-<2+: 
! !2"+8%77&.(+,E: µ27E(2: 
! X'+2: µ&"AE: 2.E"$2+%: 

 

%776 %,#µ% ,%+ <2 µ9 '%"%0&<+%,E: ,%(2)FD.<2+: #'=: µ6.%(Gµ2.( <D$*"&.=. 

2'+*2+"><2=., 09µ&<+&$"%A5%, 9 %.67)<9 &+,&.&µ+,-. 020&µE.=..   

 

 

2.3.2. !N> 6E<DB6µRAEC<6D 8 65678µ695I 5=DE:<8<6 <=G 'µIµ6<=> <=G> 

H<:J=G> 56D <=G> H5=?=P> <=G 'µIµ6<=>; 
O 21&: %+-.%: *%"%,(9"5G&.(%+ %'# ("5% $2$&.#(% *="5: '"&9$&Dµ2.&: (%) (9. 
'7>"9 0+2F.&'&59<9 (9: &+,&.&µ+,>: ,%+ (9: ,&+.=.+,>: G=>: (8) (9. 
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'"=(#$.="9 2'+(6*).<9 (&) ")Fµ&D &+,&.&µ+,>: %.6'()@9: ,%+ &"$6.=<9: (9: 
2"$%<5%: ($) (9. '"=(#$.="9 '"#<8%<9 <2  '79"&A&"5%. M<% ,"6(9 > '2"+&*E: 
02. µ'&"&D. .% %,&7&)F><&). %)(# (& ")Fµ# ,+.0).2D&). .% E*&). (9 µ&5"% 
'2"+&*-. (&) '7%.>(9 #'&) & ,D"+&: #$,&: (&) '79F)<µ&D G2+ <2 <).F>,2: 
2@%F75=<9: ,%+ <)*.6 2µAD7+=. <'%"%$µ-.. K2.("+,# "#7& <2 %)(6 (% 
A%+.#µ2.% '%5G2+ (& 2,'%+02)(+,# ,%+ 2"2).9(+,# <D<(9µ%, '&) µ2 (9 <2+"6 (&) 
("&A&0&(25 (,%+ %.%("&A&0&(25(%+) µ5% 6.2) '"&9$&)µE.&) (2*.&7&$+,> 
%.6'()@9 ('.*. '%$,#<µ+% '79"&A&"+,> 72=A#"&:, 8+&(2*.&7&$5% <(9. )$25% ,%+ 
(9 $2="$5% – ,(9.&("&A5%, +%("+,> (2*.&7&$5%, 2.2"$2+%,> (2*.&7&$5% ,.7'). K%+ 
%: µ9. @2*.6µ2 #(+ 9 0+%(>"9<9 (&) '2"+8677&.(&: ,%+ 9 2'+0+=,#µ2.9 %2+A#"&: 
%.6'()@9 %'%+(25 <)$,E.("=<9 .E=. $.-<2=. ,%+ 09µ+&)"$5% .E=. '+& 
2,72'()<µE.=. (2*.&7&$+-.. BE7&:, %,#µ% ,%+ $+% (&. %'7# '&75(9, 9 %.6'()@9 
+,%.&(>(=. %.67)<9: ,%+ 2'2@2"$%<5%: (9: 0+%FE<+µ9: '79"&A&"5%: ,%+ 
%@+&7#$9<9: (9: 2$,)"#(9(%: (=. '9$-. 25.%+ '7E&. %.%$,%5% #<& '&(E <(& 
'%"27F#. . 

H S)<+,>, =: 9 ,2.("+,> 2'+<(>µ9 (9: AD<9:, E'%+@2, '%5G2+ ,%+ F% '%5G2+ 
<9µ%.(+,# "#7& <2 #72: %)(E: (+: <D$*"&.2: 2@275@2+:. T& ("%.G5<(&", (% 
972,("&.+,6 ,),7-µ%(%, (& 7E+G2", 9 &+ µ%$.9(+,E: µ.>µ2: %'&(27&D. (9. )7+,> 
86<9 (=. 972,("&.+,-. <)<,2)-. (9: ,%F9µ2"+.>: µ%: G=>:, (=. 972,("&.+,-. 
)'&7&$+<(-., ,%+ (9: '%$,#<µ+%: '79"&A&"+,>: 72=A#"&). WE% <D.F2(% )7+,6, 
#'=: .%.&0&µE:, A=(&.+,6 )7+,6, 9 <)<,2)E: '&) 8%<5G&.(%+  <2 A%+.#µ2.% 
µ2(%A&"6: (&) <'5., %'&(27&D. FEµ%(% %+*µ>: (9: <D$*"&.9: S)<+,>:  ,%+ (9 
86<9 (9: %)"+%.>: (2*.&7&$5%:. B%<+,E: %.%,%7DC2+: (9: A)<+,>: ('.*. %,(5.2: 
X, µ%$.9(+,#: <).(&.+<µ#:, '&G+("#.+%, )'2"%$=$+µ#(9(%, ,.7'.) ,%F#"+<%. ,%+ 
,%F&"5G&). (9 <D$*"&.9 +%("+,> (2*.&7&$5%. T& A=(&8&7(%Q,# A%+.#µ2.& 
%.&5$2+ '"&&'(+,E: $+% (9. %@+&'&59<9 (9: 97+%,>: 2.E"$2+%:. K%+ 9 µ27E(9 (=. 
A)<+,-. 0+2"$%<+-. (9: $>+.9: %(µ#<A%+"%: 25.%+ %'%"%5(9(& <(&+*25& $+% (9. 
'"&<(%<5% (&) '2"+8677&.(&:. 
S)<+,> 02. 25.%+ 9 <(25"% 2'57)<9 A"&.(+<(9"+%,-. %<,><2=., %776 µ5% 

2.2"$#: ,%+ µ&.(E".% 2'+<(>µ9, '&) 0+%'7E,2(%+ E.(&.% µ2 '&77E: 6772: 
<).%A25: 2'+<(>µ2: ('.*. X9µ25% ,%+ B+&7&$5%) ,%+ 09µ+&)"$25 .E2: 
2A%"µ&<µE.2: ,%(2)FD.<2+: ('.*. µ+,"&972,("&.+,>, .%.&972,("&.+,>, 
&'(&972,("&.+,>, <'+.("&.+,>, A=(&.+,>, ,7'), '&) 8%<5G&.(%+ <(9. %.6'()@9 
.E=. )7+,-. µ2 2'+F)µ9(E: +0+#(9(2: ('.*. <D.F2(% )7+,6) ,%+ <(& <*20+%<µ# ,%+ 
(9. ,%(%<,2)> .E=. 0+%(6@2=. (+0+%5(2"% <(9. ,75µ%,% .%.&µE("&) (10–9 m) 
'&) 25.%+ 9 ,%(2DF).<9 (&) µE77&.(&:). !%"67797% 9 S)<+,> <>µ2"% #<& '&(E 
677&(2 05.2+ E$,)"2: 2'+<(9µ&.+,E: %'%.(><2+: <(% '+& F2µ27+%,6 ,%+ %+-.+% 
2"=(>µ%(% (&) A.F"-'&) $+% (& '-: 09µ+&)"$>F9,2 & H#<µ&:, $+% (& '-: 25.%+ 
A(+%$µE.9 9 D79, $+% (& '&+2: 25.%+ &+ %.%$,%52: '"&O'&FE<2+: $+% (9. 2µA6.+<9 
(9: Z=>:, 2'2,(25.&.(%: (& %.(+,25µ2.# (9: %'# (% '+& <(&+*2+-09 µ+,"&<,&'+,6 
<)<(%(+,6 (9: D79: µE*"+ &7#,79"& (& /Dµ'%.. !"&<FE(2+ E(<+ µ5% 6779 
0+6<(%<9 ,%+ '&+#(9(% <(9 G=> #<=. (9. )'9"2(&D. > #<=. '%"%,&7&)F&D. (+: 
'"&#0&): (9:, 'E"% %'# (% <(2.6 =A27+µ+<(+,6 #"+% (9: ,%F9µ2"+.#(9(%:. 
BE7&:, %'# (9 AD<9 (&):, (% F2µ27+-09 ,%+ 0+%*"&.+,6 FEµ%(% '&) %'%<*&7&D. 
(9 S)<+,> %'&(27&D. µ&.%0+,6 2"$%725% $+% (9. %.6'()@9 +,%.&(>(=. +0+%5(2"% 
,"5<+µ=. $+% (9 <9µ2"+.> G=>, '=: '.*. 9 ,"+(+,> <,EC9, 9 +,%.#(9(% %.67)<9: 
,%+ %@+&7#$9<9: (9: '79"&A&"5%:, 9 2@%$=$> <)µ'2"%<µ6(=., ,%+ 9 7>C9 ,%+ 
)'&<(>"+@9 (2,µ9"+=µE.=. %'&A6<2=..  

O <=<(6 µ&"A=µE.&: .E&: S)<+,#: E*2+ %)@9µE.2: 0).%(#(9(2: ,%+ 
'&77%'7E: 2'+7&$E:, 'E"% %'# (9. '%"%0&<+%,> 0+0%<,%75% (9: S)<+,>: <(9 
µE<9 2,'%502)<9 ,%+ <(% A"&.(+<(>"+% 9 (9. E"2).% ,%+ 0+0%<,%75% <2 
!%.2'+<(>µ+% ,%+ ;"2).9(+,6 ,E.("%. A",25 .% 2.(&'5<2+ (% (%7E.(% (&) ,%+ (% 
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2.0+%AE"&.(6 (&) ,%+ .% '"&<%"µ#<2+ <’ %)(6 (+: '"&<'6F2+E: (&), %'# (% 
A&+(9(+,6 (&) *"#.+%. !+& <)$,2,"+µE.%: 

! O A&+(9(>: (9: S)<+,>: '&) E*2+ 2.0+%AE"&.(% ,%+ ,75<9 '"&: 
,%(2)FD.<2+: µ9*%.+,&D µ'&"25 2D,&7%, 2'+7E$&.(%: <=<(6 (% 
µ%F>µ%(% '&) '%"%,&7&)F25, .% $5.2+ –µ2 µ2(%'()*+%,E: <'&)0E: 2.#: 
> 0D& 2(-.– E.%: <D$*"&.&: µ9*%.+,#: <2 ,%5"+&): (&µ25: #'=: 25.%+ &+ 
(972'+,&+.=.52:, 9 972,("&.+,>, (% .E% )7+,6, &+ >'+2: µ&"AE: 
2.E"$2+%:, (& '2"+8677&., 9 +%("+,> (2*.&7&$5%, ,%+ 6772: µ&.(E".2: 
,%(2)FD.<2+:.  

! O A&+(9(>: (9: S)<+,>:, '67+ µ2 (+: ,%(677972: 2'+7&$E:, µ'&"25 
2D,&7% .% <("%A25 <2 <D$*"&.2: ,%(2)FD.<2+: (9: X9µ25%:, (9: 
X9µ+,>: T2*.&7&$5%:, ,%+ (9: B+&7&$5%:. 

! A776 ,%+ <2 (&µ25: A%+.&µ2.+,6 6<*2(&): µ2 (9 S)<+,>, #'=: 25.%+ 9 
2'+<(9µ&.+,> ,%+ (2*.+,> 09µ&<+&$"%A5%, 9 %.67)<9 &+,&.&µ+,-. 
A%+.&µE.=., 9 <%2'57)<9 '2"5'7&,=. )'&7&$+<(+,-. F2µ6(=.,  %,#µ% 
,%+ (& µ6.%(Gµ2.( <D$*"&.=. 2(%+"2+-., )'6"*&). '&77&5 S)<+,&5, 
(#<& <(& 2@=(2"+,# #<& ,%+ <(9. E7760%, '&) 0+%'"E'&).. 

! R+% (&): µ277&.(+,&D: ,%F9$9(E:/("+2: µE<9: 2,'%502)<9:, (& (µ>µ% 
S)<+,>: '"&<AE"2+ E.% <(E"2& 2'+<(9µ&.+,# )'#8%F"& <).0)%<µE.& 
µ2  '%+0%$=$+,>-0+0%,(+,> $.-<9, ,"+(+,> <,EC9, ,%+ .&&("&'5% 
2'+<(>µ&.%-2"2).9(> 0%<,67&), ,%F-: ,%+ E.% '2"+8677&. µE<% <(& 
&'&5& F% µ'&"E<2+ & A&+(9(>:/A&+(>("+% .% %.%'(D@2+ (+: %'%"%5(9(2: 
+,%.#(9(2: $+% .% )7&'&+><2+ '"%,(+,6 (9 µ2(68%<9 %'# (9 F2="5% <(9 
'"6@9.    

! S)<+,6, $+% (&. (%7%.(&D*& .E& S)<+,# )'6"*2+ '6.(% 9 0).%(#(9(% 
.% ,%(2)F).F25 '"&: 2"2).9(+,> <(%0+&0"&µ5% <2 !%.2'+<(>µ+& > 
E"2).9(+,# KE.("& E'2+(% %'# <&8%"E: µ2(%'()*+%,E: <'&)0E:. 

H 0).%(#(9(% µ2(%,5.9<9: %'# µ5% 2'+<(>µ9 '"&: 6772: <).%A25: 2'+<(>µ2:, 
> %,#µ9 ,%+ '"&: A%+.&µ2.+,6 6<*2(% 2'%$$E7µ%(%, %.%µE.2(%+ .% %)@9F25 <(& 
µE77&. ,%+ .% ,%(%<(25 –$+% (&): '2"+<<#(2"&): %.F"-'&):– %'%"%5(9(9 
'"&O'#F2<9 2'%$$27µ%(+,>: 2'+()*5%: > %'7>: 2'+85=<9:. K%+ %)(# $+%(5 9 
(%*D(%(9 2@E7+@9 0+%µ&"A-.2+ <).2*-: .E2: <).F>,2: ,%+ .E2: %.6$,2: '&) 
%'%+(&D. $">$&"9 ,%+ 2)E7+,(9 '"&<%"µ&$>. !%7%+6 2'%$$E7µ%(% 2@%A%.5G&.(%+ 
,%+ .E% 09µ+&)"$&D.(%+. 

 /2 %)(E: (+: %'%+(><2+:, & <=<(6 ,%(%"(+<µE.&: S)<+,#: –%)(#: 097%0> '&) 
,%(E*2+ +<*)"6 µ%F9µ%(+,6 2"$%725%, +,%.#(9(% .% %.%$.="5G2+ (&): 8%<+,&D: 
'%"6$&.(2: 2.#: '"&87>µ%(&:, 2µ'2+"5% <(9. '&<&(+,&'&59<> (&):, ,%+ 
+,%.#(9(% <(9. %@+&7#$9<9 ,%+ %.67)<9 (=. %'&(272<µ6(=. 2.#: )'&7&$+<µ&D– 
25.%+ <2 FE<9 .% %.(%'&,"+F25 µ2 2'+()*5% ,%+ (%*D(9(%. 
 

 

2.3.3. 2?A@JCD 6?:5BDH8 <KE C?FH8µ6 7D6<G?Kµ;EKE (H<= 1$+ F7@GH8>) 

H<:JKE <=G 'µIµ6<=> 6?: C5CFE=G> ?=G HIµC@6 <= 'µIµ6 SCK@CF :<D 

?@;?CD E6 C?D7DN5CD;  

 

 M*+ 

 

2.3.4. $?D<GLJAE=E<6D =D H<:J=D ?=G HIµC@6 <= 'µIµ6 SCK@CF :<D ?@;?CD E6 

C?D7DN5CD; "E :JD, ?=D=D ?6@AL=E<C> 7@=GE 6?=<@C?<D5A I 

6E6H<6B<D5A H<8E ?@=H?ASCD6 6G<I; 
12 86<9 (9 <9µ2"+.> )'&0&µ> ,%+ <(27E*=<9 (&), (& (µ>µ% F2="25 #(+ &+ 

'2"+<<#(2"&+ <(#*&+ '&) E*2+ FE<2+ 2'+()$*6.&.(%+ <2 +,%.&'&+9(+,# 8%Fµ#. 
T2="25 #µ=: #(+ *"2+6G2(%+ '2"+<<#(2"9 )'&<(>"+@9 $+% ,%7D(2"& 2@&'7+<µ# 
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(=. 2,'%+02)(+,-. (&) 2"$%<(9"5=. µ2 <D$*"&.% ,%+ «E@)'.%» '2+"6µ%(% '&) 
F% 0+2$25"&). (9 A%.(%<5% ,%+ 2.0+%AE"&. (&) <9µ2"+.&D A&+(9(> ,%+ F% 
8&9F><&). <(9. ,%7D(2"9 %.6'()@9 (=. +,%.&(>(=. '&) E*2+ FE<2+ =: <(#*& 
(&) (& (µ>µ%. R+% (& <,&'# %)(# F2="25 2'5<9: #(+ '"E'2+ .% <(272*=F25 µ2 
2'+'7E&. FE<2+: 2+0+,6 2,'%+02)µE.&) ;+0+,&D 3+0%,(+,&D !"&<='+,&D 
(;.;.3J.!), '&) <2 <).2"$%<5% µ2 µE79 3;! F% &"$%.-<&)., 2@&'75<&)., ,%+ 
72+(&)"$><&). (% 2"$%<(>"+% µ2 86<9 (% <D$*"&.% '"#()'% '&) %,&7&)F&D. (% 
µ2$67% !%.2'+<(>µ+% (9: ?µ2"+,>: ,%+ (9: ;)"-'9: (%.6'()@9 ,%+ 2A%"µ&$> 
<(9. (6@9 .E=. '2+"%µ6(=. ,%+ 2'+025@2=. 8%<+<µE.% <(9 <*2(+,> 0+2F.> 
2,'%+02)(+,> 8+87+&$"%A5%, <).(&.+<µ#: 2"$%<(9"5=. ,%+ F2="9(+,-. 
µ%F9µ6(=.). ;'5<9: F2="25 %'%"%5(9(9 (9 <(27E*=<9 µ2 FE<2+:  ;.;.3J.! 
,760&) J ,%+ JJ µ2 <,&'#   

! B9 0+0%<,%75% (=. 2+0+,-. µ%F9µ6(=. (&) ,D,7&) <'&)0-., #'=: '.*.  

3+0%,(+,> (9: S)<+,>:, ;'+,&+.=.5% (9: /D$*"&.9: S)<+,> <(% ?$$7+,6, 

9 !%+0%$=$+,6 µ%F>µ%(%, ,%F-:  ,%+ (9. <).2'5872C9 0+'7=µ%(+,-. 

2"$%<+-. '6.= <(9 3+0%,(+,> (9: S)<+,>:  

! B9. '2"%+(E"= 0+%µ#"A=<9 ,%+ 2@E7+@9 (&) <*2(+,&D ,D,7&) µ%F9µ6(=. 

'6.= <(9. ;'+,&+.=.5% (9: ;'+<(>µ9: ,%+ (9. )7&'&59<9 (&) 

'"&$"6µµ%(&: ;,'%502)<9: 1277&.(+,-. ;,'%+02)(+,-. <2 <).2"$%<5% 

µ2 (% µE79 3;! (&) Bµ>µ%(&: 

! B9. 2"2).9(+,> 0"%<(9"+#(9(% µ2 <,&'# (9. %@+&7#$9<> (&)  '%"%'6.= 

'"&$"6µµ%(&: ,%+ (9 0+2F.> '"&8&7> (=. %'&(272<µ6(=. (&) µE<= 

09µ&<+2D<2=. <2 0+2F.> '2"+&0+,6 '6.= <(9 E"2).% (9: ;,'%502)<9: ,%+ 

3+0%,(+,>: ,%+ &µ+7+-. <2  <*2(+,6 /).E0"+%.   

! B9. 2@6'7=<9 (&) '"&$"6µµ%(&: %)(&D <(9 1E<9 ;,'%502)<9, µE<= 

(&) '"&$"6µµ%(&: !"%,(+,>: Y<,9<9: (=. A&+(9(-. '&) E*2+ %.%'(D@2+ 

(& (µ>µ%  

 

 

2.3.5. /CK@CF<C :<D HGE<@;JCD B:L=> 6E6SCN@8H8> <KE C?FH8µ6 

7D6<G?Kµ;EKE (H<= 1$+ F7@GH8>) H<:JKE <=G 'µIµ6<=>;  

 

M*+. 

 

2.4.  OD=F58H8 <=G 'µIµ6<=>. 

2.4.1. !=DC> C?D<@=?;> CFE6D SCHµ=SC<8µ;EC> 56D BCD<=G@L=PE H<= 'µIµ6; 

 

/(& Bµ>µ% )'6"*&). #72: &+ <).>F2+: 0+&+,9(+,E: 2'+("&'E: &+ &'&52: 25.%+ 

%'%"%5(9(2:  $+% (9. 2D")Fµ9 72+(&)"$5% (&). I+ ,)"+#(2"2: %)(-. 25.%+: 

 

! ;'+("&'> !"&'()*+%,-. /'&)0-. 

! ;'+("&'> 12(%'()*+%,-. /'&)0-. 

! ;'+("&'> V-"&) 

! ;'+("&'> !%"%7%8>: 

! Y772: 

 

P#$= (&) <*2(+,6 µ+,"&D %"+Fµ&D (=. µ27-. 3;! (&) Bµ>µ%(&: #µ=: E.% 

µ2$67& µE"&: (&) E"$&) (=. 2'+("&'-. (2725(%+ µ2 6µ2<9 <)µµ2(&*> '&77-. 

%'# (% µE79 3;!, 2'&'(2D2(%+ %'# (&. !"#20"& (&) Bµ>µ%(&: ,%+ <)G9(25(%+ 

0+2@&0+,6 ,%(6 (9 0+6",2+% (=. R2.+,-. /).272D<2=.. 1E79 (&) Bµ>µ%(&: 
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<)µµ2(E*&). 2'5<9: ,%+ 2,'"&<='&D. (& Bµ>µ% ,%+ <2 0+6A&"2: 2'+("&'E: (&) 

!%.2'+<(9µ5&) H">(9: ('.*. ;'+("&'> ;"2).-., /D$,79(&, B2*.+,# /)µ8&D7+&) 

#'=: &"5G&). &+ F2<µ&5 (&) !%.2'+<(9µ5&). 

 

2.4.2. !=D=D CHK<C@D5=F 56E=EDHµ=F (?.J. CHK<C@D5:> 56E=EDHµ:> 

BCD<=G@LF6> !@=L@Aµµ6<=> )C<6?<GJD65NE &?=G7NE) G?A@J=GE H<= 

'µIµ6; 

 

N: '"&: (& 0+0%,(+,# µE"&: (& Bµ>µ% 72+(&)"$25 %,&7&)F-.(%: (+: 0+%(6@2+: 

(&) &09$# <'&)0-. ,%+ #<&. %A&"6 (& 0+&+,9(+,# µE"&: %,&7&)F25 (&): 

,%.&.+<µ&D: 72+(&)"$5%: (&) !%.2'+<(9µ5&) H">(9: ,%+ (+: %'&A6<2+: (9: 

R2.+,>: /).E72)<9: (&) Bµ>µ%(&:. 

 

2.4.3. $FE6D 7D6@S@Kµ;E= <= 'µIµ6 HC '=µCF>; &C ?=D=G>; "E<6?=5@FEC<6D 

8 7DA@S@KH8 6G<I H<8 H8µC@DEI 6E<FB8U8 <=G 'µIµ6<=> LD6 <8E 

6?=H<=BI <=G;  

 

B& Bµ>µ% 25.%+ 0+%"F"=µE.& <(&): %,#7&)F&): (&µ25: #'=: &"5G2+ (& )'6"*=. 

.&µ&F2(+,# '7%5<+& 72+(&)"$5%: (=. !%.2'+<(9µ5=.: 

 

! B&µE%: ?<("&A)<+,>: ,%+ 3+%<(9µ+,>: S)<+,>:, 7 µE79 3;! 

! B&µE%: ?(&µ+,>: ,%+ 1&"+%,>: S)<+,>:, 5 µE79 3;! 

! B&µE%: ;A%"µ&<µE.9: S)<+,>:, 5 µE79 3;! 

! B&µE%: !)"9.+,>: S)<+,>: ,%+ /(&+*2+=0-. /=µ%(+05=., 7 µE79 3;! 

! B&µE%: S)<+,>: /)µ'),.=µE.9: Z79:, 7 µE79 3;! 

 

4 '%"%'6.= #µ=: 0+6"F"=<9 02. 25.%+ +0+%5(2"% %)<(9">. /2 %.(5F2<9 µ2 677% 

Bµ>µ%(% S)<+,>: (9: *-"%: '&) )'2"0+'76<+& %"+Fµ# µ27-. 3;!, &+ B&µ25: (& 

[>µ%(&: 02. 72+(&)"$&D. =: %.2@6"(9(2: 0+&+,9(+,E: &.(#(9(2:, %776 '&77E: 

%'# (+: FE<2+: '&) '"&(25.&). <(& Bµ>µ% ,%F-: ,%+ %'&A6<2+: '&) '%5".&). 

0+%µ&"A-.&.(%+ µE<% <(9. R2.+,> /).E72)<9. 4 2µ'2+"5% 30 2(-. 72+(&)"$5%: 

(&) Bµ>µ%(&: %776 ,%+ %.(5<(&+*% '%"%025$µ%(% <(& 2@=(2"+,# (4!?) E*&). 

2'+025@2+ #(+ 9 µEF&0&: %)(> 25.%+ +0+%5(2"% *"><+µ9  $+% (9. 0+%(>"9<9 (9: 

<).&*>: 2D")Fµ9: 72+(&)"$5%: (&) Bµ>µ%(&:. L(<+ %. ,%+ (% µE79 2.#: B&µE% 

=: '7E&. 2+0+,&5 '%5".&). (9. '"=(&8&)75% $+% (+: ,%(2)FD.<2+: '&) F% '"E'2+ 

.% %,&7&)F><2+ & B&µE%:, #7% (% µE79 3;! (&) Bµ>µ%(&: %+<F6.&.(%+ #(+ ,%+ 

µ'&"&D. %776 ,%+ '"E'2+ .% <).2+<AE"&). <(9. 0+%µ#"A=<9 (9: (27+,>: 

%'#A%<9:.  B& Bµ>µ% '"&(5F2(%+ .% <).2*5<2+ .% 72+(&)"$25 0+&+,9(+,6 µ2 

%)(>. (9. 0&µ> µ+% '&) (% µE*"+ (-"% %'&(27E<µ%(% 25.%+ +0+%5(2"% F2(+,6.  

3. !@=L@Aµµ6<6 &?=G7NE 

3.1. !@:L@6µµ6 !@=?<GJD65NE &?=G7NE 

3.1.1. !N> 5@FEC<C <= R6Sµ: 6E<6?:5@DH8> <=G !@=L@Aµµ6<=> 

!@=?<GJD65NE &?=G7NE H<=G> H<:J=G> <=G 'µIµ6<=> 56D H<D> 

6?6D<IHCD> <8> 5=DEKEF6>;  

 
I 8%Fµ#: %.(%'#,"+<9: (&) <D$*"&.&) '"&$"6µµ%(&: /'&)0-. '&) E*2+ 

%.%'(D@2+ (& (µ>µ% <(&): '%"%'6.= <(#*&): ,"5.2(%+ +,%.&'&+9(+,#:. B& 
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'"#$"%µµ% µ%: 2,<)$*"&.5G2(%+ <2 <).2*> 86<9 µ2 86<9 (&. %.(5,()'& '&) 
E*2+. /(+: %,#7&)F2: '%"%$"6A&): %.%7D&)µ2 '+& %.%7)(+,6 (+: 0+6A&"2: 
'()*E: (&) !"&$"6µµ%(&:. 
 

! !"#$%&'( )*+)*,+-./0 /123%&' 450 +(4+"6,$*-50 +'470; 86-& 

+"&4/1/-µ+4*,# /9+$µ6:&(4+*; 

4 ;'+("&'> /'&)0-. ,%+ &+ /Dµ8&)7&+ H%F9$9(E: E*&). <).2*> 2'+,&+.=.5% 

µ2 (&): A&+(9(E: (&) (µ>µ%(&: ,%+ 2'%.%@+&7&$&D. 0+%",-: (9. %.(%'#,"+<9 

(&) '"&$"6µµ%(&: <'&)0-.. !+& <)$,2,"+µE.%, 9 ;'+("&'> /'&)0-. 

<).%.(6(%+ <2 (%,(+,6 *"&.+,6 0+%<(>µ%(% µ2 (&): 2,'"&<-'&): (=. A&+(9(-. 

,%+ <)G9(62+ ,%+ 2'+7D2+ '+F%.6 '"&87>µ%(% ,%+ 0)<72+(&)"$52:. ;'5<9:, 

&"$%.-.2+ (&)76*+<(&. µ+% A&"6 (& 2@6µ9.&  <).6.(9<9 <(& %µA+FE%("& µ2 

#7&): (&): A&+(9(E:, #'&) '"&<'%F25 .% <(%Fµ5<2+ (9. %.(%'#,"+<9 (&) 

'"&$"6µµ%(&:. 3E*2(%+ ,%+ %@+&7&$25 2'-.)µ2: 9 %.-.)µ2: $"%'(E: 

'%"%(9"><2+:, <*#7+%, 9 '%"6'&.%  A&+(9(-. ,%+ ,%F9$9(-..  

!2"+&0+,6 *"9<+µ&'&+25 2"=(9µ%(&7#$+% $+% .% %@+&7&$><2+ (9. 
%.(%'#,"+<9 <)$,2,"+µE.=. 0+0%,(+,-. 9 677=. 2,'%+02)(+,-. '%"2µ86<2=. 
'&) E,%.2 9 $+% .% ,%(%$"6C2+ (& µE$2F&: ()*#. '"&879µ6(=. '&) E*2+ 
0+%'+<(-<2+. 

BE7&:, &+ /Dµ8&)7&+ ,%F9$9(E: E*&). (%,(+,> '"&<='+,> 2'+,&+.=.5% µ2 (&. 
µ+,"# %"+Fµ# =. A&+(9(-. '&) %.%7&$25 <(&. ,%FE.% ,%+ 2.9µ2"-.&). (9. 
;'+("&'> /'&)0-. $+% (9. %.(%'#,"+<9 (&) !"&$"6µµ%(&: /'&)0-. ,%+ $+% 
()*#. '"&87>µ%(% '&) F% 0+%'+<(-<&)..  

!%"67797%, 9 ;'+("&'> /'&)0-. 0E*2(%+ <*#7+% ,%+ +0E2: $+% (9. 
%.(%'#,"+<9 (&) !"&$"6µµ%(&: /'&)0-. <(9. %$&"6 2"$%<5%: µE<= 2'%A-. 
µ2 2'%$$27µ%(+,&D: A&"25: ('.*. ;µ'&"+,# ;'+µ279(>"+& 4"%,725&)) ,%+ µE<= 
(&) !"&$"6µµ%(&: !"%,(+,>: Y<,9<9: A&+(9(-..  

BE7&:, )'6"*2+ &"$%.=µE.9 2'%A> µ2 (&): A&"25: (9: 1E<9: ;,'%502)<9: 
<(% '7%5<+% (9: '"%,(+,>: 6<,9<9: (=. A&+(9(-. <(9 3+0%,(+,> (9: S)<+,>:, 
(=. 2'+<,EC2=. (=. <*&725=. <(& (µ>µ% S)<+,>: ,%+ <(% 2"$%<(>"+% (&), ,%+ 
(=. 2'+<(9µ&.+,-. 9µ2"50=. '&) &"$%.-.2+ (& (µ>µ% ,%+ &+ A&+(9(E: (&) $+% 
(&): µ%F9(E: (9: 1E<9: ;,'%502)<9:.  

 

! !"#$%&'( )*+)*,+-./0 +;*&1635-50 ,+* +(+</=$5-50 4&' 8$&3$#µµ+4&0 

>"&')=(; 86-& +"&4/1/-µ+4*,# /9+$µ6:&(4+*; 

;,(#: %'# (+: '&+&(+,E: 0+%0+,%<52: %@+&7#$9<9: (&) !"&$"6µµ%(&: 
/'&)0-. '&) %.%AE"&.(%+ '%"%'6.=,  (& Bµ>µ% S)<+,>: E*2+ F2<µ&F2(><2+ ,%+ 
2A%"µ#G2+ 2'5 <2+"6 2(-. (9. %@+&7#$9<9 (=. µ%F9µ6(=. ,%+ 0+0%<,#.(=. %'# 
(&): 50+&): (&): A&+(9(E:, µ2 (9. 0+%.&µ> ,%+ %.-.)µ9 <)µ'7>"=<9 
2"=(9µ%(&7&$5=. <(% )'&*"2=(+,6 µ%F>µ%(% ,%+ <2 2'+72$µE.% 2+0+,6 
µ%F>µ%(% ,6F2 2@%µ>.&).  

B% <)µ'2"6<µ%(% %'# (9. %.67)<9 (=. <(&+*25=. '&) <)77E$&.(%+ 
<)µ8677&).: 

• /(&. 2.(&'+<µ# (=. %0).6(=. <9µ25=. (&) 0+0%,(+,&D E"$&) ,%+ (9. 

µ277&.(+,> 827(5=<9 (&): µ2 <)$,2,"+µE.2: 2.E"$2+2: 
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• /(9. %.602+@9 (=. +<*)"-. <9µ25=. (&) 0+0%,(+,&D E"$&) ,%+ (9. 

%.%$.-"+<9 2,25.=. (=. <(&+*25=. '&) <).2(E72<%. <(9. ,%7> (&): 

,%(6<(%<9.  

• /(9. %'&(D'=<9 '"&879µ6(=. '&) %.(+µ2(='5G&). &+ A&+(9(E: ,%(6 

(9. '%"%,&7&DF9<9 (=. µ%F9µ6(=. (&):, ,%F-: ,%+ $2.+,#(2"% µ2 

(9. %'&A&5(9<> (&): ,%+ (9. E.(%@> (&): <(&. 2"$%<+%,# *-"&. 

• /(9. 0+%µ#"A=<9 <)µ'2"%<µ6(=. $2.+,-. ,%+ 2+0+,-. '&) F% 

µ'&"&D. .% ,%(2)FD.&). <)$,2,"+µE.2: 2.E"$2+2: $+% (9. <).&7+,> 

%.%86Fµ+<9 (&) 0+0%,(+,&D ,%+ $2.+,#(2"% 2,'%+02)(+,&D E"$&) (&) 

Bµ>µ%(&:. 

 

?& /$@45µ+4&163*& +;*&1635-50: 
B& 2"=(9µ%(&7#$+& '&) *"9<+µ&'&+>F9,2 <(& S)<+,# %'# (& 1992 E=: (& 

1999 '%"%(5F2(%+ <(&. !5.%,% 3.1. 
I+ 2"=(><2+: <(& µE"&: ? (&) 2"=(9µ%(&7&$5&) %A&"&D. (&. 0+06<,&.(% 

,%F9$9(>, <(& µE"&: U (&): 8&9F&D:, <(& µE"&: R %@+&7&$25(%+ (& µ6F9µ% (& 
50+&, 2.- <(& µE"&: 3 %)(&%@+&7&$25(%+ & 50+&: & A&+(9(>: 05.&.(%: µ2"+,6 
<(&+*25% $+% (& '=: 2"$6<F9,2 <(& µ6F9µ%.  

8.(+,+0 3.1  A$@45µ+4&163*& B;*&1635-50 A$3+-45$*+,&C µ+<7µ+4&0 

!6EC?DH<IµD= +@I<8> - 'µIµ6 1GHD5I>                                                

"MD=B:L8H8 $@L6H<8@F=G 

 

OD7AH5KE:                                                          (µC@=µ8EF6: 

 

V6Sµ=E:µ8H8 +BFµ656> 

   H%F#7&)             P5$&    1E("+%      !&7D   !6"% 

'&7D 

           1                2           3             4            5 

 ?'%"602,(9     1> 

+,%.&'&+9(+,> 

   1E("+% J,%.&'&+9(+,>   !&7D 

,%7> 

 

+K7D5:> )6SIµ6<=> 
    

 

"MD=B=LCFH<C <D> 5A<KSD ?@=<AHCD> H8µCDNE=E<6> ;E6 x  H<= 6E<FH<=DJ= 

<C<@6LKEA5D: 

". 4D6 <=E/<8E 7D7AH5=E<6/=GH6 56S8L8<I/<@D6: 

 

1.R.="5G2+ ,%76 (& $.=<(+,# %.(+,25µ2.& (&) µ%F>µ%(&::        1 2 3 4 5 

2.3+2$25"2+ (9. <,EC9 $+6 (& %.(+,25µ2.& (&) µ%F>µ%(&:: 1 2 3 4 5 
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3.;@9$25 ,%76 (+: 8%<+,E: %"*E: (=. '2+"%µ6(=.: 1 2 3 4 5 

4.;5.%+ <).2'>: <(+: )'&*"2-<2+: (&)/(9: ('%"&)<5% 

0+06<,&.(%, E$,%+"9 0+#"F=<9 2"$%<(9"+%,-. %.%A&"-.): 

1 2 3 4 5 

5. ;5.%+ '"&<+(#: <(&): A&+(9(E: $2.+,6:   1 2 3 4 5 

6. R2.+,> %@+&7#$9<9 (&) 0+06<,&.(%: 1 2 3 4 5 

 

V. 4D6 <=G> R=8S=P> (µC<6?<GJD65=P>, $O'!, 5.6.):_ 

7.!=: ,"5.2(2 (&. "#7& (=. 8&9F-. =: '"&: (9. ,%7D(2"9 

,%(%.#9<9 (9: D79:: 

1 2 3 4 5 

 

4. 4D6 <= C@L6H<I@D=: 

8.   ;5.%+ 2.0+%AE"&.(% (% '2+"6µ%(%:  1 2 3 4 5 

9.   P2+(&)"$&D. +,%.&'&+9(+,6 (% #"$%.%:  1 2 3 4 5 

10.  !=: ,"5.2(2 (&. %"+Fµ# 3.1. <2 <*E<9 µ2 (& A#"(& 

2"$%<5%:: 

1 2 3 4 5 

11. !#<& %'%"%5(9(% ,"5.2(2 (% '"&%'%+(&Dµ2.% (&) 

µ%F>µ%(&::  

1 2 3 4 5 

12.  !=: ,"5.2(2 (& 2'5'20& 0)<,&75%: $+% (& E(&: (&):  1 2 3 4 5 

13. ;5.%+ 2'%",25: &+ <9µ2+-<2+: =: '"&: (& '2+"%µ%(+,# 

µE"&:: 

1 2 3 4 5 

14. ;5.%+ 2'%",25: &+ <9µ2+-<2+: =: '"&: (& F2="9(+,# 

µE"&:: 

1 2 3 4 5 

15.  !#<& 2D,&7% 0+%FE<+µ9 25.%+ 9 8+87+&$"%A5% <(9 

U+87+&F>,9 (&) !H: 

1 2 3 4 5 

16.  E*2+ µ2$679 %@5% $+% µE.% =: $.=<(+,# %.(+,25µ2.&: 1 2 3 4 5 

17.  ?)@6.2+ (& 2.0+%AE"&. µ&) $+% (9. S)<+,>: 1 2 3 4 5 

18.  R2.+,> %@+&7#$9<9 (&) µ%F>µ%(&:: 1 2 3 4 5 

 

O. $LN =/8 Q=D<8<I>/<@D6: 

19. 3+%86G= <)<(9µ%(+,6 (9. D79: 1 2 3 4 5 

20. ?A+2"-.= 280&µ%0+%5% (,%(\&5,&.) <(& µ6F9µ%: 

  1= <2 N"2:, 2=2-4 N"2:, 3=4-6 N"2:, 4=6-8 N"2:, 5= >8 

N"2: 

1 2 3 4 5 

$?D?B;=E ?6@6<8@IHCD> µ?=@=PE E6 6E6?<GJS=PE =B=L@AQK> 6?: ?FHK 

 

! 8=0 )5µ&-*&"&*/.4+* 4& 8$63$+µµ+ >"&')=( 

/2 E.()'9 µ&"A> ,%+ µE<= (9: +<(&<2750%: (&) (µ>µ%(&: (www.physics.uoc.gr) 

 

!  !"#$%/* +"&4/1/-µ+4*,7 )*+)*,+-.+ "+$+,&1&C<5-50 450 /"+33/1µ+4*,70 

/;21*;50 4@( +"&9&.4@(; 8=0 %$5-*µ&"&*&C(4+* 4+ +"&4/12-µ+4# 450; 

1. W@CGE6 6?=Q=F<KE 1993-1997 $!$"$+ 1009 
4 E"2).% 9 &'&5% E$+.2 <(% '7%5<+% (&) '"&$"6µµ%(&: ;!;?;H %'&<,&'&D<2 

<(& .% ,%(%$"6C2+ (9. '&"25% (=. '()*+&D*=. (&) Bµ>µ%(&: S)<+,>: !H, '&) 
%'&A&5(9<%. µ2(%@D (=. 2(-. 1993 ,%+ 1997, =: '"&: (9. <).E*+<9 (=. <'&)0-. 
(&): > (9. %'&""#A9<> (&): %'# (9. %$&"6 2"$%<5%: 25(2 %'# (&. 39µ#<+& 25(2 %'# 
(&. J0+=(+,# (&µE%. ?,#µ9 (& 0&µ9µE.& 2"=(9µ%(&7#$+& (& &'&5& µ&+"6<F9,2, 
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<(#*2)2 <(9. %.5*.2)<9 (=. %'#C2=. (=. %'&A&5(=. <*2(+,6 µ2 (9. *"9<+µ#(9(% 
(=. <'&)0-. (&): <(9. µ277&.(+,> 2'%$$27µ%(+,> (&): %'&,%(6<(%<9, %776 ,%+ 
<(9. ,%(%$"%A> (=. '"&(6<2-. (&): $+% 2µ'7&)(+<µ# (9: )'6"*&)<%: 0&µ>: 
<'&)0-. µ2 2+0+,#(9(2: '&), ,%(6 (9. $.-µ9 (&):, F% 8&9F&D<%. <(9. 
$"9$&"#(2"9 E.(%@> (&): <(9. %$&"6 2"$%<5%:.  
4 E"2).% E$+.2 <2 <).2"$%<5% µ2 (9. ;!JV;J[4/J?H4 H[4B4/.  
?'# (& <D.&7& (=. 290 A&+(9(-. '&) %'&A&5(9<%. ,%(6 (& *"&.+,# 0+6<(9µ% 

1993-1997, (& 2"=(9µ%(&7#$+& %'2<(679 <2 150 '&) 2.(&'5<F9,%., ,%+ 
2'2<("6A9<%. 60 <)µ'79"=µE.% E.()'%, <(% &'&5% 8%<5<F9,2 9 %.67)<9. B% 
%'&(27E<µ%(% (9: E"2).%: E*&). 09µ&<+2)F25 <(& 0+%05,()& (<(9. 0+2DF).<9 (=. 
+<(&<2750=. (&) '"&$"6µµ%(&: ;!;?;H, epeaek.physics.uoc.gr).  
B% %'&(27E<µ%(% (9: E"2).%: F2="&D.(%+ %@+#'+<(%, ,%F#(+ 8%<5<(9,%. <2 E.% 

+,%.&'&+9(+,# '&<&<(# %'%.(><2=. (21%) 2'5 (&) $2.+,&D <).#7&) (&) <(#*&) (9: 
E"2).%: (290).  
!2"+79'(+,6 (% ,D"+% <)µ'2"6<µ%(% (9: E"2).%: >(%. (% 2@>:: 

• L.% %@+#7&$& '&<&<(# (48%) (=. %'&A&5(=. µ%: <).E*+<2 (+: <'&)0E: 
(&) µ2(6 (9. %'#,(9<9 (&) '()*5&). 167+<(% <*20#. &+ µ+<&5 %'# 
%)(&D: %,&7&DF9<%. <'&)0E: $+% 0+0%,(&"+,#. 12 020&µE.9 (9. 
%@+&'+<(5% ,%+ (& ()*%5& (&) 025$µ%(&: (& '&<&<(# %)(# F2="25(%+ '&7D 
C97#. 

• /(&. ,"5<+µ& (&µE% %.2D"2<9: 2"$%<5%:, (& 45% 2"$6G2(%+ <2 µ#.+µ9 
%'%<*#79<9, (& 40% 02. E*2+ %,#µ9 &7&,79"-<2+ (+: µ2(%'()*+%,E: 
<'&)0E:, ,%+ (& 15% 25.%+ 6.2"$&+.  

• ?'# (&): 2"$%G#µ2.&): %'&A&5(&): 9 <).("+'(+,> '72+&C9A5%  (>(&+ (& 
85%) %'&""&A>F9,2 %'# (&. +0+=(+,# (&µE%. 

• BE7&:, <(& ,"5<+µ& 2"-(9µ% (&) ,%(6 '#<& &+ $.-<2+: '&) %'&,(>F9,%. 
,%(6  

• B& 0+6<(9µ% (9: '%.2'+<(9µ+%,>: A&5(9<9: %.(%'&,"5.&.(%+ <(+: 
%.6$,2: (9: %$&"6: 2"$%<5%:, 9 <).("+'(+,> '72+&C9A5%  (92%) (+: 
E,"+.2 µ2"+,-: (52%), 75$& (30%) > ,%F#7&) (10%) %.(%'&,"+.#µ2.2: 
<(+: %.6$,2: (9: %$&"6:.  

• ?'# %",2(&D: %'&A&5(&): '"&(6F9,2 9 µ25=<9 %"+Fµ&D 2+0+,-. 
µ%F9µ6(=. <2 FEµ%(% A)<+,>: µ2 '%"67797& 2µ'7&)(+<µ# µ2 µ%F>µ%(% 
972,("&.+,-. )'&7&$+<(-., V9µ25%: ,%+ J%("+,>: %776 ,%+ µ2 µ%F>µ%(% 
&+,&.&µ5%: ,%+ 0+&5,9<9:. 

B% %'&(27E<µ%(% (9: E"2).%:  (EF9,%. )'#C+. (9: ;'+("&'>: /'&)0-.. 1E"&: (=. 
'"&(6<2=. (=. %'&A&5(=.  <)µ'2"+7>AF9,%. <(& '"#$"%µµ% <'&)0-. (&) 
Bµ>µ%(&: ('.*. '"&<(EF9,2 E.% 2+0+,# µ6F9µ% *"9µ%(&-&+,&.&µ+,-., (& &'&5& 
<(EAF9,2 %'# +0+%5(2"9 2'+()*5%).   

 
2. OD67@6H<D5I DH<=HCBF76 6?=Q=F<KE '.1. 
 
   4 <2750% %)(> '2"+7%µ86.2+ (% &.#µ%(% (=. 1505 %'&A&5(=. (&) B.S. <(% 30 

*"#.+% 72+(&)"$5%: (&).  ;$,%+.+6<(9,2 (&. J%.&)6"+& (&) 2008 ,%+ 25.%+ 0+%FE<+µ9 
<(& 0+2DF).<9 (http://alumni.physics.uoc.gr/). 

 

4 09µ+&)"$5% (9: <2750%: %)(>: E*2+ '&77%'7&D: <(#*&):. ?A' 2.#: FE7&)µ2 =: 
Bµ>µ% .% 0+2),&7D.&)µ2 (&): %'&A&5(&): µ%: .% 8"&). 2D,&7% '79"&A&"52: $+% 
(&): '%7%+&D: (&): <)µA&+(9(E: ,%+ A57&):, %776 ,%+ .% 0-<&)µ2 (9 0).%(#(9(% 
<(&): '()*+&D*&): µ%: .% 2.9µ2"-<&). (& Bµ>µ% $+% (9. ,%"+E"% (&): µ2(6 (& 
'()*5& S)<+,>:. ?A'2(E"&) 9 '7>"9: %)(> 86<9 020&µE.=. F% *"9<+µ&'&+9F25 %'# 
(& Bµ>µ% $+% .% 2.9µ2"-.2+, µ2 (9 µ&"A> 2@%µ9.+%5&) 972,("&.+,&D newsletter, 
#7&): (&): %'&A&5(&): (#<& $+% (+: (="+.E: (&) 2"2).9(+,E: ,%+ 2,'%+02)(+,E: 
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0"%<(9"+#(9(2: #<& ,%+ $+% %@+&<9µ25=(% <)µ86.(% ,%+ 2'+()*52: (=. 50+=. (=. 
%'&A&5(=.. BE7&: 2)27'+<(&Dµ2 #(+ 9 '%"&)<5%<9 (9: ,%"+E"%: (=. '%7%+-. 
%'&A&5(=. F% 8&9F><2+ (#<& (&): (="+.&D: µ%: A&+(9(E: <(& .% E*&). µ+% 
"2%7+<(+,> 2+,#.% $+% (& '&+% F% µ'&"&D<2 .% 25.%+ 9 2'%$$27µ%(+,> (&): 
<(%0+&0"&µ5% µ2(6 (& '()*5& S)<+,>:, #<& ,%+ µ277&.(+,&D: A&+(9(E: $+% (+: 
0).%(#(9(2: '&) '"&<AE"2+ 9 )C97> '&+#(9(% 2,'%502)<9: ,%+ (& '2"+8677&. (&) 
Bµ>µ%(&: S)<+,>: <(& !%.2'+<(>µ+& H">(9:. V"9<+µ&'&+-.(%: (+: '79"&A&"52: 
<(9. 972,("&.+,> %)(> <2750% µ'&"&Dµ2 2D,&7% .% 2@6$&)µ2 µ2"+,6 $2.+,6 
<)µ'2"6<µ%(% $+% (&): %'&A&5(&): µ%::  

! 1505 %'#A&+(&+ 1978-2007 %'# 2957 2$$2$"%µµE.&): (-959 µ2(%$"%AE.(2:) 

! !&<&<(# %'&A&5(9<9: ~75% 

! !2"5'&) 40% $).%5,2:, 60% 6.("2: 

! 70 PhD  (1987-2008) 

! 50% 2"2).9(E: <2 2"2).9(+,6 ,E.("% ,)"5=: (&) 2@=(2"+,&D 

! 20% ,%F9$9(E: <2 ?;J-?B;J 

! 30% <(&. 09µ#<+& ,%+ +0+=(+,# (&µE% 

 

 

3.1.2. !N> 5@FEC<C <8 7=µI, <8 HGEC5<D5:<8<6 56D <8 BCD<=G@LD5:<8<6 <=G 

!@=L@Aµµ6<=> !@=?<GJD65NE &?=G7NE; 

 

! 8&*& /.(+* 4& "&-&-46 4@( µ+<5µ#4@( ,&$µ&C / /*).,/'-50 / ,+4/'<C(-/@( 

-4& -C(&1& 4@( µ+<5µ#4@(;  

      /DµA=.% µ2 (9 0&µ> (&) '"&$"6µµ%(&: <'&)0-., $+% .% '6"2+ E.%: A&+(9(>: 

'()*5& '"E'2+ .% '2"6<2+ ~21 )'&*"2=(+,6 µ%F>µ%(% (,&"µ&D), '2"5'&) 8 

µ%F>µ%(% %'# (+: 2.#(9(2: µ%F9µ6(=. 2'+7&$>: (2+0+,2D<2+:) '&) '"&<AE"2+ (& 

(µ>µ%, '2"5'&) 6 µ%F>µ%(% 272DF2"9: 2'+7&$>:, ,%+ 4-6 µ%F>µ%(% µ+%: 9 0D& 

@E.=. $7=<<-. (?$$7+,6, R%77+,6, R2"µ%.+,6, > [=<+,6).  

 

! 86-+ µ+<7µ+4+ /1/C</$50 /"*1&370 "$&-92$&(4+* ; 

B&)76*+<(&.  70 µ%F>µ%(% 2'+7&$>:, '&) 2.%776<<&.(%+ %.% E(&:.   

 

! 8&*& /.(+* 4& "&-&-46 4@( '"&%$/@4*,=( µ+<5µ#4@( / µ+<5µ#4@( 

'"&%$/@4*,70 /"*1&370 / µ+<5µ#4@( /1/C</$50 /"*1&370 -4& -C(&1& 4@( 

µ+<5µ#4@(;  

B% %)<(9"6 )'&*"2=(+,6 µ%F>µ%(% 25.%+ '2"5'&) 60% (&) <).#7&). B% µ%F>µ%(% 

)'&*"2=(+,>: 2'+7&$>: 25.%+ '2"5'&) 25% (&) <).#7&). BE7&: (% µ%F>µ%(% 

272DF2"9: 2'+7&$>: 25.%+ '2"5'&) 15% (&) <).#7&). /(% '%"%'6.= 02. 

)'&7&$5G&.(%+ (% µ%F>µ%(% @E.=. $7=<<-..  

 

! 8&*+ /.(+* 5 "&-&-4*+.+ -%2-5 µ/4+;C µ+<5µ#4@( '"&D#<$&', µ+<5µ#4@( 

/"*-45µ&(*,70 "/$*&%70, µ+<5µ#4@( 3/(*,=( 3(=-/@( ,+* µ+<5µ#4@( 

+(#"4';50 )/;*&474@( -4& -C(&1& 4@( µ+<5µ#4@(; 
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B% µ%F>µ%(% )'#8%F"&) 25.%+ '2"5'&) 60%. B% µ%F>µ%(% 2'+<(9µ&.+,>: '2"+&*>: 

25.%+ '2"5'&) 20% ,%+ (% µ%F>µ%(% %.6'()@9: 02@+&(>(=. '2"5'&) 20%.  

 

! 8=0 ,+4+(2µ/4+* & %$6(&0 µ/4+;C </@$54*,70 )*)+-,+1.+0, +-,7-/@(, 

/$3+-45$.@(, #11@( )$+-45$*&474@(; 

1+% ()'+,> ,%(%.&µ> (&) *"#.&) 0+0%<,%75%: (=. 8%<+,-. µ%F9µ6(=. 25.%+ 4 

-"2: F2="5% ,%+ 2 -"2: %<,><2+: %.% 80&µ60%. ;'+'7E&., )'6"*&).  4 )'&*"2=(+,6 

%'&,72+<(+,6 2"$%<(9"+%,6 µ%F>µ%(% ,%+ 3 )'&*"2=(+,6 µ%F>µ%(% *"><9: (&) 

)'&7&$+<(>. B% µ%F>µ%(% 2'+,&+.=.5%: ,%+ 3+0%,(+,>: (9: S)<+,>: 0+06<,&.(%+ <2 

µ&"A> <2µ+.%"5&)-2"$%<(9"5&) (workshop). BE7&:, & A&+(9(>:/("+% µ'&"25 .% 

2'+7E@2+ 2'+'7E&. 2"$%<(9"+%,6 ,%+ )'&7&$+<(+,6 µ%F>µ%(%.  

  

! 8=0 &$3+(=(/4+* ,+* -'(4&(.:/4+* 5 C15 µ/4+;C 4@( µ+<5µ#4@(; 

8+$+45$/.4+* /"*,#1'E5 C150 µ/4+;C 4@( µ+<5µ#4@(; !"#$%&'( ,/(# C150; 

A.(+* &$<&1&3*,7 5 2,4+-5 450 C150 4@( µ+<5µ#4@(; !"#$%/* )*+)*,+-.+ 

/"+(/,4.µ5-50, +(+"$&-+$µ&370 ,+* /"*,+*$&"&.5-50 450 C150 4@( 

µ+<5µ#4@(;  

4 ;'+("&'> /'&)0-. 2'+87E'2+, <).(&.5G2+, ,%+ ("&'&'&+25 (& '"#$"%µµ% 
<'&)0-. <2 <).2*> 86<9 -<(2 .% )'6"*2+ & <=<(#: <).(&.+<µ#: µ2(%@D (=. 
<).%A-. µ%F9µ6(=. ,%+ .% %'&A2D$2(%+ 9 2'+,67)C9 ,%+ (% ,2.6 D79:. I 
'%"%'6.= <).(&.+<µ#: 2'+()$*6.2(%+ µE<= (%,(+,-. <).%.(><2=. µ2 (&): 
2,'"&<-'&): (=. A&+(9(-., µE<= <)G9(><2=. <(& %µA+FE%("& µ2 (&): A&+(9(E: 
(=. 8%<+,-. µ%F9µ6(=. µ2 µ%G+,> <)µµ2(&*>, µE<= $"%'(-. (%.-.)µ=. 9 
2'-.)µ=.) <*&75=. ,%+ '"&(6<2=. %'# A&+(9(E: ,%+ ,%F9$9(E:, µE<= (=. 
<)µ8&D7=. ,%F9$9(-., µE<= (=. %@+&7&$><2=. (=. µ%F9µ6(=. <(& (E7&: (&) 
2@%µ>.&), ,7'. 12 86<9 (9. 2+,#.% '&) 0+%µ&"A-.2+ %'# (% '%"%'6.=, 9 2'+("&'> 
<'&)0-. <)G9(62+ µ2 (&): ,%F9$9(E:  

,%+ '"&(25.2+ 7D<2+: ,%+ 0+&"F=(+,E: ,+.><2+: <(9 <).E72)<9 (&) (µ>µ%(&: <2 

<).2*> 86<9.  

 

! A9+$µ6:/4+* -C-45µ+ "$&+"+*4&Cµ/(@( µ+<5µ#4@(; 86-& 1/*4&'$3*,6 

/.(+*; 8&*& /.(+* 4& "&-&-46 4@( µ+<5µ#4@( "&' /(4#--&(4+* -4& -C-45µ+; 

!E.(2 8%<+,6 2+<%$=$+,6 µ%F>µ%(%, '&) 0+06<,&.(%+ <(% '"-(% 0D& E(9, 25.%+ 
'"&%'%+(&Dµ2.% $+% #7% (% µ%F>µ%(% '&) 0+06<,&.(%+ <(& ("5(& ,%+ (E(%"(& E(&:. 
;'5<9:, (% 4 )'&*"2=(+,6 2"$%<(>"+% E*&). =: '"&%'%+(&Dµ2.% (% %.(5<(&+*% 
F2="9(+,6 µ%F>µ%(%. BE7&:, 2@%µ9.+%5% µ%F>µ%(% '&) %'&(27&D. µ+% %7797&)*5% 
(097%0> ,&µµ6(+% µ+% 2.#(9(%: '&) *="5G2(%+ <2 0D& 2@%µ9.+%5% µ%F>µ%(%) '"E'2+ 
.% '%"%,&7&)F&D.(%+ µ2 (9 <=<(> <2+"6. 4 0&µ> 25.%+ '&7D %'7> ,%+ ,%(6 
<).E'2+% 2A%"µ#G2(%+ 2D,&7% *="5: 0)<72+(&)"$52:.  

 

! 86-+ µ+<7µ+4+ "$&-92$&(4+* +"6 #11+ ,+* "6-+ -/ #11+ "$&3$#µµ+4+ 

-"&')=(; 8&*+ /.(+* +'4#; 

H6F2 A&+(9(>:/("+% µ'&"25 .% <)µ'79"-<2+ E.% µ+,"# %"+Fµ# 0+0%,(+,-. 
µ&.60=. '%"%,&7&)F-.(%: µ%F>µ%(% 677=. (µ9µ6(=. (9: /*&7>: T2(+,-. 
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;'+<(9µ-.. ;'+'7E&. %'& (% 0+,6 (&) µ%F>µ%(%, (& (µ>µ% '"&<AE"2+ (% µ%F>µ%(% 
2+<%$=$+,>: S)<+,>: '&) *"2+6G&.(%+ #7% (% 677% (µ>µ%(% (9: /*&7>: T2(+,-. 
;'+<(9µ-. (V9µ25%:, ;'+<(>µ9: K7+,-., U+&7&$5%:, 1%F9µ%(+,-., ;A%"µ&<µE.=. 
1%F9µ%(+,-., ;'+<(>µ9: K'&7&$+<(-.), 0+%FE(&.(%: <(% '%"%'6.= (µ>µ%(% (&): 
0+06<,&.(2: '&) %'%+(&D.(%+ ,6F2 2@6µ9.&.  

 

! 8&*/0 ;2(/0 31=--/0 )*)#-,&(4+* -4& ?µ7µ+; A.(+* '"&%$/@4*,# 4+ -%/4*,# 

µ+<7µ+4+; 

/>µ2"% '2"+<<#(2"& %'# '&(E <(& '%"27F#., <(% '7%5<+% (9: ;)"='%Q,>:  
E.=<9: µ2 (+: .E2: '"&&'(+,E: $+% 2"$%<5% ,%+ µ#"A=<9 ('.*. 0+2F.> '"&$"6µµ%(% 
%.(%77%$>: A&+(9(-. #'=: (& ERASMUS,  0+µ2"25: <)µA=.52: µ2 '&776 
;)"='%Q,6 !%.2'+<(>µ+%,  ,.6.), 25.%+ %'%"%5(9(9 9 $.-<9 (&)76*+<(&. 0D& @E.=.  
$7=<<-., ,%+ &'=<0>'&(2 (9: A$$7+,>:. ;'5<9:, 9  2)*E"2+% $"%'(&D ,%+ 
'"&A&"+,&D 7#$&) <(%  ?$$7+,6 25.%+ %'%"%5(9(9 <2 E.% S)<+,#, µ+% ,%+ (#<& 9 
8+87+&$"%A5% #<& ,%+ (% '2"+<<#(2"% <).E0"+% *"9<+µ&'&+&D. (9. ?$$7+,> =: 
$7-<<% 2'+,&+.=.5%:. 

 
 B& '"#$"%µµ% <'&)0-. (&) (µ>µ%(&: (9: S)<+,>: E*2+ 0-<2+ +0+%5(2"9 EµA%<9 

<(9. %.6'()@9 (=. 02@+&(>(=. $"%'(>: ,%+ '"&A&"+,>: 2'+,&+.=.5%: (9: 
;'+<(>µ9:. R+% (9. %'#,(9<9 (&) '()*5&) S)<+,>: (&) !%.2'+<(9µ5&) K">(9: & 
A&+(9(>:/("+% )'&*"2&D(%+ .% <)$,2.("-<2+ <).&7+,6 (&)76*+<(&.  8 0+0%,(+,E: 
µ&.602: (3.1.) %'# (% µ%F>µ%(% (=. @E.=. $7=<<-. ,%+ (=. ?$$7+,-. $+% 
S)<+,> '&) '"&<AE"2+ (& (µ>µ%. !+& <)$,2,"+µE.%, )'&*"2&D(%+ .% 
'%"%,&7&)F><2+ 2'+()*-: 25(2 2 2@6µ9.% .331+"H> 3+8 J5%+",,  µ2 <).&7+,6 4 3.M, 
(% µ%F>µ%(% ;'+,&+.=.5% (9: /D$*"&.9: S)<+,>: µ2 ?$$7+,6 J ,%+ JJ ,%+ 127E(9 
/D$*"&.9: S)<+,> <(% ?$$7+,6 J ,%+ JJ, µ2 10 3.1. <).&7+,6, 25(2 ,%+ (% 0D&. 
HD"+&: <,&'#: (=. ?$$7+,-. 25.%+ 9 %.6'()@9 (=. 02@+&(>(=. (9: $"%'(>: ,%+ 
'"&A&"+,>: 2'+,&+.=.5%: (9: ;'+<(>µ9:,,%F-: ,%+ 9 2@&+,25=<9 µ2 (9. 
2'+<(9µ&.+,> &"&7&$5% ,%+ (+: 8%<+,E: E..&+2: (9: S)<+,>: <(% ?$$7+,6. B+: 
)'#7&+'2: 3.1. & A&+(9(>:/("+% µ'&"25 .% (+: <)$,2.("-<2+ 25(2 (D) 
'%"%,&7&)F-.(%: 2 2'+'7E&. 2@6µ9.% .331+"H> 3+8 J5%+",, µ2 <,&'# (9 µ27E(9 
2,7%Q,2)µE.=. 2'+<(9µ&.+,-. 6"F"=., (9 <)$$"%A> ,%+ '"&A&"+,> '%"&)<5%<9 
<D.(&µ=. 2"$%<+-., ,%+ (9. '"&2(&+µ%<5% $+% (9 µ27E(9 ,%+ <)$$"%A> 
2'+<(9µ&.+,-. ,2+µE.=. ,%+ 8+87+&$"%A5%:, 25(2 (DD) '%"%,&7&)F-.(%:  4 2@6µ9.% 
µ5%: %'# (+: 6772: @E.2: $7-<<2: '&) '"&<AE"2+ (& (µ>µ% (R2"µ%.+,6, R%77+,6, 
[=<+,6). B% µ%F>µ%(% (=. @E.=. $7=<<-. 0+06<,&.(%+ µ2 (9 µ&"A> 2"$%<(9"5&) 
#(%. %)(# 25.%+ 2A+,(#. E5.%+ 0).%(#. & A&+(9(>: .% '6"2+ E.% > '2"+<<#(2"% 
2@6µ9.% µ+%: 2'+'7E&. ]E.9: R7-<<%:. !+<(2D&µ2 #(+ &+ '%"%'6.= 0"%<(9"+#(9(2: 
'&) E*2+ %.%'(D@2+ <2 86F&: (& (µ>µ% ,%+ & ("#'&: )7&'&59<9: (&): %'&(27&D. 
'"=(&'&"52: $+% (% ;779.+,6 020&µE.% ,%+ 25.%+ %.(5<(&+*2: µ2 (+: '"&<'6F2+2: 
%.6'()@9: (=. 02@+&(>(=. (9: 2'+,&+.=.5%: (9: ;'+<(>µ9: '&) E*&). )+&F2(><2+ 
'&776 µ2$67% ;)"='%Q,6 ,%+ ?µ2"+,6.+,% !%.2'+<(>µ+% ('.*. 2,'%+02)(+,# 0#$µ% 
«Science for Citizenship», communication requirements, ,.%.)    

 

! A9+$µ6:&(4+*, ,+* -/ "&*+ 2,4+-5, "&11+"1&. (-/ /.)&0 ,+* %$6(&) 4$6"&* 

+;*&1635-50 4@( 9&*454=(; 8&*&* -'3,/,$*µ2(+; 

?.67&$% µ2 (9 AD<9 (&) ,6F2 µ%F>µ%(&:, 9 %@+&7#$9<9 (&) $5.2(%+ µ2 86<9 (9. 
(27+,> $"%'(> 2@E(%<9, $"%'(E: '"&#0&): <(% µE<% (&) 2@%µ>.&), 2"$%<52:, ,%+ 
2"=(><2+: '&77%'7>: 2'+7&$>: (quizz) 
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! 8=0 )*+-9+1.:/4+* 5 )*+9#(/*+ 450 )*+)*,+-.+0 +;*&1635-50 4@( 9&*454=(; 

H6F2 A&+(9(>: E*2+ (& 0+,%5=µ% .% 02+ ,%+ .% 2'%.%0+&"F-<2+ (& $"%'(# (&).  

/2 '2"5'(=<9 0+%A=.5%: µ2 (&. ,%F9$9(>, µ'&"25 .% '"&<AD$2+ <(9. ;'+("&'> 
/'&)0-..   

 

! !"#$%/* )*+)*,+-.+ +;*&1635-50 450 /;/4+-4*,70 )*+)*,+-.+0 ,+* "&*+ /.(+* 

+'47; 

4 ;'+("&'> /'&)0-. 2'%.2@2(6G2+ '2"+&0+,6 (9. %'&(272<µ%(+,#(9(% (9: 
0+%0+,%<5%:, <2 <).2"$%<5% µ2 (&): ,%F9$9(E:, µ2 86<9 (+: +0+%+(2"#(9(2: (&) ,6F2 
µ%F>µ%(&: ,%+ (+: '"&(6<2+: ,%+ +0E2: '&) 0E*2(%+.   

 

! 86-& )*+9+(70 /.(+* 5 )*+)*,+-.+ +(#</-50 ,+* /;24+-50 450 "4'%*+,70/ 

)*"1@µ+4*,70 /$3+-.+0; 

4 %.6F2<9 $5.2(%+ µ2(6 %'# (2,µ9"+=µE.9 $"%'(> '"#(%<9 (&) A&+(9(>/("+%: 
'&) %@+&7&$25 9 ;'+("&'> /'&)0-.. 4 2@E(%<9 $5.2(%+ µ2(6 %'# 09µ#<+% 
%.%,&5.=<9 ($"%'(> ,%+ 972,("&.+,>) <2 &7#,79"9 (9. %,%09µ%Q,> ,&+.#(9(%. 4 
8%Fµ&7#$9<9 $5.2(%+ %'& 2'+("&'> '&) %'&(2725(%+ %'# 0D& ,%F9$9(E:, (&. 
2'+87E'&.(% ,%+ E.%. %,#µ%. /2 '2"5'(=<9 '"&879µ6(=., & A&+(9(>:/("+% µ'&"25 
.% '"&<AD$2+ <(9. ;'+("&'> /'&)0-..  

 

! !"#$%&'( -'3,/,$*µ2(/0 "$&)*+3$+920 "&*6454+0 3*+ 45( "4'%*+,7/ 

)*"1@µ+4*,7 /$3+-.+; 8&*/0; 

4 2"$%<5% F% '"E'2+ .% 25.%+ <2 2'5'20& 09µ&<52)<9: 9 '"&-09µ&<52)<9: <2 
2'+<(9µ&.+,# '2"+&0+,# µ2 ,"+(E:. B9 <*2(+,> %@+&7#$9<9 ,6.2+ 9 2'+("&'> (=. 0D& 
,%F9$9(-.  
 

 

3.1.3. !N> 5@FEC<C <= CMC<6H<D5: HPH<8µ6; 

 
/2 $2.+,E: $"%µµE: ,"5.2(%+ +,%.&'&+9(+,#.  
B& 2004 (& (µ>µ% 2@#'7+<2 0&,+µ%<(+,6 (& E.% µ2$67& %µA+FE%("& µ2 E.% 

972,("&.+,# <D<(9µ% C9A&A&"5%:, (& &'&5& 0&,+µ6<(9,2 '+7&(+,6 $+% '+F%.> 
%@+#'+<(9 2.%77%,(+,> 2@E(%<9 ,%+ %@+&7#$9<9 (=. A&+(9(-. <2 µ#.+µ9 86<9 $+% 
&"+<µE.% µ%F>µ%(%, µE<= (&) 972,("&.+,&D <)<(>µ%(&: C9A&A&"5%: ,%+ (9: 
09µ+&)"$5%: '"&<='+,>: «,%"(E7%: A&+(9(>». B& '%"%'6.= '+7&(+,# '"#$"%µµ% 
'"&87>F9,2 '"#<A%(% %'# (&. ;779.+,# (D'& 
(http://www.enet.gr/online/online_text/c=112,dt=16.10.2007,id=88553296) ,%+ 
*"2+6G2(%+ *"9µ%(&0#(9<9 '"&,2+µE.&) .% $5.2+ '+& %@+#'+<(& -<(2 .% µ'&"E<2+ .% 
$2.+,2)(25 =: E.%: µ&.(E".&: 2.%77%,(+,#: ("#'&: 2@E(%<9:.  

 
 

3.1.4. !N> 5@FEC<C <8 7DCSEI 7DAH<6H8 <=G !@=L@Aµµ6<=> !@=?<GJD65NE 

&?=G7NE; 

 

32. )'6"*2+ 0+2F.>: 0+6<(%<9 (&) '"&'()*+%,&D '"&$"6µµ%(&: (&) Bµ>µ%(&:. 

?)(# &A2572(%+ %A2.#: <(&): '2"+&"+<µ&D: (9: ,D"+%: $7-<<%: 0+0%<,%75%: 
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(2779.+,6)  ,%+ %A2(E"&) (9: $2.+,#(2"9: 0&µ>: P#$&: (9: 0&µ>: (&) 

'"&'()*+%,&D '"&$"6µµ%(&: P#$= (&) #(+ 9 ,D"+% $7-<<% 0+ 

 

3.1.5. !N> 5@FEC<C <8E ?@65<D5I AH58H8 <KE Q=D<8<NE; 

 

 4 '"%,(+,> 6<,9<9 (=. A&+(9(-. 25.%+ +0+%5(2"% +,%.&'&+9(+,>. !&+& 

<)$,2,"+µE.%. 

 

! !"#$%/* & </-µ60 450 "$+,4*,70 #-,5-50 4@( 9&*454=(; A.(+* 

'"&%$/@4*,7 5 "$+,4*,7 #-,5-5 3*+ 61&'0 4&'0 9&*45420; 

/DµA=.% µ2 (& !"#$"%µµ% /'&)0-., 9 !"%,(+,> Y<,9<9 (=. A&+(9(-. (&) 

(µ>µ%(&: µ%: E*2+ 0D& <,E79: '"%,(+,> 6<,9<9 0+0%,(+,>: (9: S)<+,>: <(% 

/*&725% ,%+ !"%,(+,> Y<,9<9 <(9. %$&"6 2"$%<5%:. B& '"-(& <,E7&: 

)7&'&+>F9,2 (% (272)(%5% 4 *"#.+% µE<= 0D& <*2(+,-. µ%F9µ6(=. '&) 

%.%'(D*F9,%. ,%F-: ,%+ µE<= (9: 2.#(9(%: µ%F9µ6(=. 2'+7&$>: (&) (µ>µ%(&: 

«3+0%,(+,> (9: S)<+,>:»,  <2 <).2"$%<5% µ2 (& !2+"%µ%(+,# R)µ.6<+& ,%+ 

PD,2+& 4"%,725&) ,%+ 677% <*&725%. 4 '"%,(+,> 6<,9<9 25.%+ '"&%+"2(+,>. 4 

!"%,(+,> 6<,9<9 <(9. %$&"6 2"$%<5%: )7&'&+>F9,2 µE<= (&) <*2(+,&D 

'"&$"6µµ%(&: ;!;?;H (&) (µ>µ%(&:. /(% '7%5<+% (9: '"%,(+,>: 6<,9<9:, &+ 

A&+(9(E:/("+2: 0&)72D&). $+% *"&.+,# 0+6<(9µ% 3-5 µ9.-. <2 ,6'&+&. +0+=(+,# 

9 09µ#<+& A&"E%. ?.67&$% µ2 (& %.(+,25µ2.& (9: 0&)72+6: ,%+ µ2(6 %'# 

'"&A&"+,> ,%+ $"%'(> '%"&)<5%<9 (=. %'&(272<µ6(=. (&) <(9. ;'+("&'> 

/'&)0-., &+ A&+(9(E:/("+2: µ'&"&D. .% '6"&). ,%+ 0+0%,(+,E: µ&.602: %'& (9. 

'"%,(+,> 6<,9<9.  

 

! B( 5 "$+,4*,7 #-,5-5 )/( /.(+* '"&%$/@4*,7, "&*& "&-&-46 4@( 

9&*454=( 45( /"*123/*; 8=0 ,*(54&"&*/.4+* 4& /()*+92$&( 4@( 9&*454=(; 

!2"5'&) (&  20% (=. 2.2"$-. A&+(9(-. 2'+7E$2+ (9. '"%,(+,> 6<,9<9. 
B& 2.0+%AE"&. (=. A&+(9(-. ,+.9(&'&+25(%+ µE<= %.%,&+.-<2=. ,%+ 
2.9µ2"=(+,-. 2,097-<2=., %776 ,%+ µE<= <*2(+,-. µ%F9µ6(=. 2'+7&$>:. 

 

! 8=0 2%/* &$3+(@</. 5 "$+,4*,7 #-,5-5 4@( 9&*454=( 4&' ?µ7µ+4&0; 

8&*+ /.(+* 5 )*#$,/*# 450; !"#$%/* -%/4*,60 /-@4/$*,60 ,+(&(*-µ60; 

4 0+6",2+% (9: !"%,(+,>: Y<,9<9: <(% /*&725% 25.%+ E.% E(&: ,%+ E*2+ 
&"$%.=F25 µE<= 0D&  <*2(+,-.  µ%F9µ6(=. 2'+7&$>:, '&) '2"+7%µ86.&). 
280&µ%0+%5& <2µ+.%"5&)/workshop, ,%+ µE<= (9: <).2"$%<5%: µ%: µ2 (& 
!2+"%µ%(+,# R)µ.6<+& ,%+ PD,2+& 4"%,725&) ,%+ 677% <*&725%.  4 !"%,(+,> 
Y<,9<9 <(9. %$&"6 2"$%<5%: 0+%",25 3-5 µ>.2: ,%+ 2'+87E'2(%+ %'# (&. 
;'+<(9µ&.+,# K'2DF).& (&) <*2(+,&D '"&$"6µµ%(&: ;!;?;H (&) (µ>µ%(&:.  

 

! 8&*/0 /.(+* &* ,'$*64/$/0 )'-,&1./0 "&' +(4*µ/4@".:/* 4& ?µ7µ+ -45( 

&$3#(@-5 450 "$+,4*,70 #-,5-50 4@( 9&*454=(;  

4 '"%,(+,> 6<,9<9 3+0%,(+,>: F% %.%'()*F25 ,%+ )7&'&+9F25 ,%7D(2"% µ2 
(9. '"#<79C9 2.#: 2+0+,6 2,'%+02)µE.&) 0+06<,&.(% (;.;.3J.!) '&) F% 
<).2"$%<(25 µ2 (& µE7&: 3;! (S)<+,#:) '&) <>µ2"% )7&'&+25 (9 '%"%'6.= 
0+%0+,%<5%. 4 !"%,(+,> Y<,9<9 <(9. %$&"6 2"$%<5%: )7&'&+>F9,2 µ2 (9 
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8&>F2+% (&) <*2(+,&D '"&$"6µµ%(&: ;!;?;H (&) K'&)"$25&) !%+025%: ,%+ 
(9: ;)"='%Q,>: L.=<9:, '&) 27'5G&µ2 .% 2'2,(%F25 ,%+ <(& µE77&.. 4 
'"&<'6F2+% %)(> µ'&"25 .% 2'2,(%F25 µ2 (9. '2"%+(E"= %.6'()@9 <).2"$%<5%: 
µ2 (& ;µ'&"+,# ;'+µ279(>"+& 4"%,725&) (data mining $+% '+& %'&(272<µ%(+,> 
,%(%.&µ> (=. A&+(9(-./("+=. <(+: 1000 '2"5'&) 2'+*2+"><2+:-µE79 (&) 
;µ'&"+,&D ;'+µ279(9"5&)) ,%F-: ,%+ µ2 <*&725% )'&8%Fµ+<µE.=. '2"+&*-. 

 

! >/ "&*/0 *,+(6454/0 /9+$µ&370 3(=-/@( -4&%/C/* 5 "$+,4*,7 #-,5-5; 

86-& *,+(&"&*54*,# ,$.(/4/ 4+ +"&4/12-µ+4+; 86-& /"*4'%70 /.(+* 5  

/;&*,/.@-5 4@( +-,&'µ2(@( µ/ 4& "/$*D#11&( 4&' 9&$2+ /,421/-50 450 

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

4 !"%,(+,> Y<,9<9 0+0%<,%75%: <,&'2D2+ <(9. %.6'()@9 (=. 02@+&(>(=. 
(9: 2'+,&+.=.5%: ,%+ (9: 0+0%,(+,>:  +,%.#(9(%: (=. A&+(9(-./("+=., µE<= 
,"+(+,>: <,EC9: ,%+ %.6'()@9 .&&("&'5%: 2"2).9(>. ;'5<9: <(&*2D2+ <(9. 
2@&+,25=<9 (=. A&+(9(-./("+=. µ2 (9. %$&"6 2"$%<5%: ,%+ (+: %'%+(><2+: (9:, 
,%+ <(9. 2A%"µ&$> (=. $2.+,#(2"=. +,%.&(>(=. ,%+ 02@+&(>(=.  '&) 
%.%'(D<<2+ (& '"#$"%µµ% <'&)0-. (&) (µ>µ%(&: S)<+,>:. 12 86<9 (9. 
%.(%'#,"+<9 (#<& (=. A&+(9(-. #<& ,%+ (=. %.(5<(&+*=. A&"E=. ,%+ µ2 
020&µE.9 (9. µ#.& µ2"+,> <9µ2"+.> )'&<(>"+@9 (=. <*2(+,-. '"&<'%F2+-., (& 
%'&(E72<µ% ,"5.2(%+ 6,"=: +,%.&'&+9(+,#.  

 

! >'()2/4+* 4& +(4*,/.µ/(& +"+-%615-50 ,+4# 45( "$+,4*,7 #-,5-5 µ/ 45( 

/,"6(5-5 "4'%*+,70 / )*"1@µ+4*,70 /$3+-.+0 

M*+ %'%"%5(9(%, '%"#7& '&) <2 '&77E: '2"+'(-<2+: (% 0D& E*&). 
<).0)%<(25.  

 

! F5µ*&'$3&C(4+* µ/ 45( "$+,4*,7 #-,5-5 /',+*$./0 3*+ µ/11&(4*,7 

+"+-%615-5 4@( "4'%*&C%@(; 

     W%+ 

! G%/* +(+"4'%</. ).,4'& )*+-C()/-50 4&' ?µ7µ+4&0 µ/ ,&*(@(*,&C0, 

"&1*4*-4*,&C0 7 "+$+3@3*,&C0 9&$/.0 µ/ -,&"6 45( "$+,4*,7 #-,5-5 4@( 

9&*454=(; 

W%+, µ2 (& ;µ'&"+,# ;'+µ279(>"+& 4"%,725&), <*&725% µE<9: 2,'%502)<9:, 
,%+ µ2µ&.=µE.&): A&"25:. !2"+µE.&µ2 #(+ (& 05,()& %)(# F% %.%'()*F25 
'2"%+(E"= (% 2'#µ2.% *"#.+%. !"E'2+, 2'5<9: .% <9µ2+=F25 #(+ <(& ,(5"+& (&) 
Bµ>µ%(&: S)<+,>: )'6"*2+ !%"6"(9µ% (&) R"%A25&) 3+%<D.02<9: (&) 
!%.2'+<(9µ5&) H">(9: (87. '%"6$"%A& 6.4).  

   

! 8&*/0 "$@4&D&'1./0 +(+1+µD#(/* 4& ?µ7µ+ "$&,/*µ2(&' (+ 

)5µ*&'$35<&C( <2-/*0 +"+-%615-50 9&*454=( (-/ 4&"*,6, /<(*,6 ,+* 

/'$@"+H,6 /"."/)&); 

;.9µE"=<9 ,%+ 2@&+,25=<9 (=. (&'+,-. 2'%$$27µ%(+,-. A&"E=. µ2 (+: 

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

'"#$"%µµ% <'&)0-.  (&) (µ>µ%(&:.  
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! !"#$%/* -4/(7 -'(/$3+-.+ ,+* /"+97 µ/4+;C 4@( /,"+*)/'4*,=( / 

/"&"4=( 4&' ?µ7µ+4&0 ,+* 4@( /,"$&-="@( 4&' 9&$2+ /,421/-50 450 

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

W%+, <(% '7%5<+% (&) <*2(+,&D '"&$"6µµ%(&: ;!;?;H (&) (µ>µ%(&: ,%+ (+: 

0+%0+,%<52: (&).   

 

! !"#$%&'( -'3,/,$*µ2(/0 "$&I"&<2-/*0 ,+* +"+*47-/*0 3*+ 45 -'(/$3+-.+ 

4&' ?µ7µ+4&0 µ/ 4&'0 9&$/.0 /,421/-50 450 "$+,4*,70 #-,5-50; 8&*/0; 

4 <).2"$%<5% $5.2(%+ µ2 86<9 (&): #"&): ,%+ (+: 0+%0+,%<52: (&) <*2(+,&D 

'"&$"6µµ%(&: ;!;?;H ,%+ (=. <*2(+,-. µ%F9µ6(=..  

 

! 8=0 "+$+,&1&'<&C(4+* ,+* '"&-45$.:&(4+* &* +-,&Cµ/(&* 9&*45420;  

1E<= (&) ;'+<(9µ&.+,&D K'2DF).&) (&) '"&$"6µµ%(&: ;!;?;H ,%+ µE<= 
(=. 0+0%<,#.(=. (=. <*2(+,-. µ%F9µ6(=. 2'+7&$>:.  
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3.2. !@:L@6µµ6 )C<6?<GJD65NE &?=G7NE
3
 

B& Bµ>µ% 72+(&)"$25 0D& !"&$"6µµ%(% 12(%'()*+%,-. <'&)0-. %'# (& 1998. 

H%+ (% 0D& '"&$"6µµ%(% E*&). %.%µ&"A=F25 ,%+ F% 72+(&)"$&D. µ2 (9 .E% (&): 

µ&"A> %'# (& %,%09µ%Q,# E(&: 2008-2009. 4 .E% µ&"A> 25.%+ <)µ8%(> µ2 (% 

2)"='%Q,6 µ2(%'()*+%,6 '"&$"6µµ%(% (*"><9 ECTS ,(7). I+ <*2(+,E: 

'79"&A&"52: $+% ,%FE.% %'# (% .E% '"&$"6µµ%(% %,&7&)F&D.. 

 

". )C<6?<GJD65: !@:L@6µµ6 «!@=JK@8µ;E8> 1GHD5I>» 

 

3.2.1 'F<B=> <=G !@=L@Aµµ6<=> )C<6?<GJD65NE &?=G7NE 

  

12(%'()*+%,# !"#$"%µµ% !"&*="9µE.9: S)<+,>:  

 

(I (5(7&: (&) 12(%'()*+%,&D '"&$"6µµ%(&: µE*"+ (& %,%09µ%Q,# E(&: 2007-

2008 $+% (&. &'&5& '%"&)<+6G&.(%+ (% <(%(+<(+,6 <(&+*25% <(&. !5.%,% 11 >(%. 

«12(%'()*+%,# !"#$"%µµ% R2.+,>: S)<+,>:»)  

 

 

3.2.2 'µIµ6<6 56D %7@Pµ6<6 ?=G HGµµC<;J=GE H<= !@:L@6µµ6 

)C<6?<GJD65NE &?=G7NE.
4
 

 

Bµ>µ% S)<+,>: !%.2'+<(9µ5&) H">(9:, J.<(+(&D(& 472,("&.+,>: 3&µ>: & 

PE+G2" (^0")µ% B2*.&7&$5%: ,%+ L"2).%:) 

 

3.2.3 !N> 5@FEC<C <= R6Sµ: 6E<6?:5@DH8> <=G !@=L@Aµµ6<=> 

)C<6?<GJD65NE &?=G7NE H<=G> H<:J=G> <=G 'µIµ6<=> 56D <D> 

6?6D<IHCD> <8> 5=DEKEF6>; 

 

B& .E& '"#$"%µµ% 12(%'()*+%,-. /'&)0-.  '"&E,)C2 %'# %.%µ#"A=<9 (&) 

'%7%+&D µ2(%'()*+%,&D '"&$"6µµ%(&: (& &'&5& '"&<EA2"2 12(%'()*+%,# 

35'7=µ% ;+05,2)<9: (13;) «R2.+,>: S)<+,>:». I <,&'#: (&) 13; >(%. 9 

2,'%502)<9 (=. A&+(9(-. <2 F2="9(+,# ,)"5=: 2'5'20& <2 0+6A&"&): (&µ25: (9: 

<D$*"&.9: A)<+,>:. 1E*"+ (& 2007 25*%. %'&.2µ9F25 <).&7+,6 137 13; (~8 

%.6 E(&:). L.% '&<&<(# 20% %)(-. <).E*+<2 (+: <'&)0E: (&) <2 3+0%,(&"+,# 

35'7=µ% 25(2 <(& Bµ>µ% S)<+,>: 25(2 <(& 2@=(2"+,#. 12 86<9 (9. 

%.(%'#,"+<9 (=. A&+(9(-. <(& '"#$"%µµ% F2="&Dµ2 #(+ <2 $2.+,E: $"%µµE: 

%.(%'&,"5F9,2 +,%.&'&+9(+,6 <(+: '"&<0&,52: (&): <(% '7%5<+% (9: 2'&*>: ,%+ 

(& ,&+.=.+,&D '2"+8677&.(&:. B& .E& µ2(%'()*+%,# '"#$"%µµ% 2)27'+<(&Dµ2 

#(+ F% ,%7DC2+ ,6'&+2: %'# (+: %0).%µ52: '&) 25*%. '%"%(9"9F25 <(& '%7%+#. 

!+& (& <)$,2,"+µE.%  (& '"#$"%µµ% 25.%+ '+& 2.(%(+,#. µ2 7+$#(2"9 0+6",2+% 

<'&)0-. (1 %.(5 $+% 2 E(9), ,%+ '7>"9 2.%"µ#.+<9 <2 #(+ %A&"6 (& '"#$"%µµ% 

0+0%<,%75%: µ2 %.(5<(&+*% 2)"='%Q,6 '"&$"6µµ%(% Masters. 3+%<A%75G2(%+ '+& 

<(2.> '%"%,&7&DF9<9 (=. A&+(9(-., '%"&*> ,%7D(2"9: )7+,&(2*.+,>: 

)'&0&µ>:, ,%+ 05.2(%+ EµA%<9 <(9. E"2).% ,%+ %)(&µ27E(9 µ2 (9. 2+<%$=$> 

)'&*"2=(+,>:  µ2(%'()*+%,>: 2"$%<5%:. B& Bµ>µ% '"&<'%F25 2'5<9: .% 

0+%<A%75<2+ µE<= %.(%$=.+<(+,-. 2"2).9(+,-. '"&$"%µµ6(=. (9. D'%"@9 

                                                
3 !)%+ #*&0#)4(% #/" ()/ 5µ6µ. $*3)/"&7/8+ #*&3((-)*&. .#- 9+. :&/7&;µµ.). <*).#)"=3.1'+ !#/">'+ % 
*+-)%). .")6 #&9#*3 +. *#.+.$%?@*0 73. )/ 1.@9+. .#- ). :<!.  
4 !"µ#$%&'+*).3 µ-+/ ()%+ #*&0#)4(% $*3)/"&70.2 A3.)µ%µ.)31/8 6 A33>&"µ.)31/8 :&/7&;µµ.)/2 <*).#)"=3.1'+ 
!#/">'+. 
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µ2(%'()*+%,-. )'&("&A5% $+% #7&): (&): A&+(9(E: '&) $5.&.(%+ 02,(&5 <(& 

'"#$"%µµ%. 

 

3.2.4 !N> 5@FEC<C <8 7=µI, <8 HGEC5<D5:<8<6 56D <8 BCD<=G@LD5:<8<6 <=G 

!@=L@Aµµ6<=> )C<6?<GJD65NE &?=G7NE; 

 

4 0&µ> (&) .E&) '"&$"6µµ%(&: '%"&)<+6G2(%+ %.%7)(+,6 <(9. +<(&<2750% 

(http://gradstudy.physics.uoc.gr). 12 86<9 (9. 02,%2(> 2µ'2+"5% (&) '%7%+&D 

µ2(%'()*+%,&D '"&$"6µµ%(&: 9 &'&5% >(%. >09 F2(+,>, F2="&Dµ2 #(+ 9 

<).2,(+,#(9(% ,%+ 72+(&)"$+,#(9(% (&) .E&) '"&$"6µµ%(&: F% 25.%+ %,#µ9 

,%7D(2"9. /).&'(+,6 %.%AE"&)µ2 #(+ 9 0+6",2+% (&) 25.%+ 12 µ>.2: ,%(6 (9. 

0+6",2+% (&) &'&5& & A&+(9(>: 25.%+ )'&*"2=µE.&: .% '%"%,&7&)F><2+ 2'+()*-: 

5 µ2(%'()*+%,6 µ%F>µ%(% ,%+ .% AE"2+ <2 'E"%: 12(%'()*+%,> 3+'7=µ%(+,> 

;"$%<5%. /(& (E7&: (&) !"&$"6µµ%(&: ,%+ %.67&$% µ2 (% µ%F>µ%(% (% &'&5% 

'%"%,&7&DF9<2 & A&+(9(>:/("+% %'&,(6  12(%'()*+%,# 35'7=µ% ;+05,2)<9: 

(13;)  <2 µ5% %'# (+: %,#7&)F2: ,%(2)FD.<2+: %) ?<("&A)<+,> ,%+ 3+%<(9_+,> 

S)<+,>, 8) S)<+,> /(&+*2+=0-. /=_%(+05=. ,%+ H&<_&7&$5%:, $) A(&_+,> ,%+ 

1o"+%,> S)<+,>, 0) S)<+,> /)_'),.=_E.9: Z79: ,%+ 2) ;A%"_&<_E.9 

S)<+,> - S)<+,> ,%+ B2*.&7&$5% 4_+%$=$-.. 

 

3.2.5 !N> 5@FEC<C <= CMC<6H<D5: HPH<8µ6; 

 

B& 2@2(%<(+,# <D<(9µ% 25.%+ +,%.&'&+9(+,#. I+ 2@2(6<2+: (=. µ2(%'()*+%,-. 

µ%F9µ6(=. 25.%+ $"%'(E: > '"&A&"+,E: %.67&$% µ2 (9. µ&"A> ,%+ %'%+(><2+: 

(&) µ%F>µ%(&: #'=: %)(# ,%F&"5G2(%+ %'# (& '"#$"%µµ% <'&)0-. ,%+ (&. 

2,6<(&(2 0+06<,&.(%. 4 '%"&)<5% (=. A&+(9(-. <(% µ%F>µ%(% 2.F%""D.2(%+ 

<9µ%.(+,6 µ+% '&) E.% µE"&: (&) 8%Fµ&D (&): '"&<0+&"5G2(%+ %'# %<,><2+: > 

2"$%<52: (+: &'&52: '%"%050&). ,%(6 (9 0+6",2+% (&) 2@%µ>.&). 

 

3.2.6 !N> 5@FEC<C <8 7D67D56HF6 C?DB=LI> <KE µC<6?<GJD65NE Q=D<8<NE;
5
 

 

4 0+%0+,%<5% 2'+7&$>: ,"5.2(%+ +,%.&'&+9(+,> ,%+ %,&7&)F25 (+: 0+2F.25: 

'"%,(+,E: (=. % I+ µ2(%'()*+%,&5 A&+(9(E: 2'+7E$&.(%+ %'# (9. 2'+("&'> 

µ2(%'()*+%,-. <'&)0-., µ2 %)<(9"6 %,%09µ%Q,6 ,"+(>"+%. B% ,"+(>"+% %)(6 

25.%+ (& 8+&$"%A+,# (&): <9µ25=µ%, 9 %.%7)(+,> 8%Fµ&7&$5% ,%+ <)<(%(+,E: 

2'+<(&7E: '%7%+-. ,%F9$9(-. (&):. 35.2(%+ 9 0).%(#(9(% <(&): )'&C9A5&): 

µ2(%'()*+%,&D: A&+(9(E: .% 2'+<,2A(&D. (& Bµ>µ% $+% .% $.="5<&). %'# ,&.(6 

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

 

3.2.7 !N> 5@FEC<C <8 J@8µ6<=7:<8H8 <=G !@=L@Aµµ6<=> )C<6?<GJD65NE 

&?=G7NE; 

 

4 *"9µ%(&0#(9<9 (&) 1!/ ,"5.2(%+ +0+%5(2"% %.2'%",>:. M'=: 25.%+ $.=<(# 9 

µ#.9 ,"%(+,> *"9µ%(&0#(9<9 (&) Bµ>µ%(&: $+% µ2(%'()*+%,6 '"&$"6µµ%(% 

,%(6 (9. (272)(%5% 10-2(+% >(%. µE<= (&) (%,(+,&D '"&O'&7&$+<µ&D (&) 

Bµ>µ%(&: > '"&$"%µµ6(=. ;!;?H ,%+ >(%. (&) DC&): (=. 35,000 2)"- 

2(9<5=:. !"E'2+ .% <9µ2+=F25 #(+ (& '&<# %)(# ,67)'(2 (+: %.6$,2: (=. 0D& 

µ2(%'()*+%,-. '"&$"%µµ6(=. (&) Bµ>µ%(&: %776 ,%+ (&) 3+0%,(&"+,&D 

!"&$"6µµ%(&:. /).2'-: $+% (9 72+(&)"$5% (&) µ2(%'()*+%,&D '"&$"6µµ%(&: (& 

                                                
5 !"µ#$%&'()*, ()%+ ,+-)%). 11, )/+ :0+.1. 11-3  
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Bµ>µ% E*2+ <(9"+*F25 <*20#. %'&,72+<(+,6 <2 *"9µ%(&0#(9<9 %'# 

%.(%$=.+<(+,6 2"2).9(+,6 '"&$"6µµ%(% (9: ;)"='%Q,>: L.=<9: (% &'&5% 

,%(%AE".&). .% 2@%<A%75<&). (% µE79 3;! (&) Bµ>µ%(&:. 4 ,%(6<(%<9 %)(> 

,%+ 9 %828%+#(9(% 2'%",&D: ,%+ <(%F2">: *"9µ%(&0#(9<9: 09µ+&)"$25 

<9µ%.(+,E: 72+(&)"$+,E: 0)<,&752: <(& '"#$"%µµ%. !"E'2+ .% <9µ2+=F25 #(+ 

<DµA=.% µ2 (+: 0+2F.25: '"%,(+,E: ('* 4!?), &+ µ2(%'()*+%,&5 A&+(9(E: <(9 

S)<+,> %776 ,%+ <2 6772: F2(+,E: 2'+<(>µ2: 8%<+,>: E"2).%:, 25.%+ '6.(&(2 

*"9µ%(&0&(&Dµ2.&+ µ2 µ2(%'()*+%,E: )'&("&A52:. 

 

3.2.8 !N> 5@FEC<C <8 7DCSEI 7DAH<6H8 <=G !@=L@Aµµ6<=> )C<6?<GJD65NE 

&?=G7NE; 

 

4 '&+#(9(% <'&)0-. (&) 12(%'()*+%,&D !"&$"6µµ%(&: #'=: %)(> 

%'&()'-.2(%+ %'# (& '"#$"%µµ% <'&)0-. ,%+ (9 '2"%+(E"= '&"25% (=. 

%'&A&5(=. F2="25(%+ +,%.&'&+9(+,>. B& )C97# 2"2).9(+,# 2'5'20&  (=. µ27-. 

3;! (&) Bµ>µ%(&: ,%+ &+ 0+2F.25: <).2"$%<52: '&) 0+%(9"&D. µ2 &µ602: <(% 

,%7D(2"% !%.2'+<(>µ+% ,%+ ;"2).9(+,6 J0"Dµ%(% (9: ;)"-'9: ,%+ (=. 4!? 

05.2+ µ&.%0+,E: 0).%(#(9(2: <(&): µ2(%'()*+%,&D A&+(9(E: (&) Bµ>µ%(&:.  

 

 

 

 

V. )C<6?<GJD65: !@:L@6µµ6 «1K<=ED5I> 56D #6E=-(BC5<@=ED5I> 

(10#()» 

 

 

3.2.9 'F<B=> <=G !@=L@Aµµ6<=> )C<6?<GJD65NE &?=G7NE 

  

12(%'()*+%,# !"#$"%µµ% S=(&.+,>: ,%+ W%.&-472,("&.+,>: (SNW4) 

 

(I (5(7&: (&) 12(%'()*+%,&D '"&$"6µµ%(&: µE*"+ (& %,%09µ%Q,# E(&: 2007-

2008 $+% (&. &'&5& '%"&)<+6G&.(%+ (% <(%(+<(+,6 <(&+*25% <(&. !5.%,% 11 >(%. 

«12(%'()*+%,# !"#$"%µµ% 1+,"&972,("&.+,>: – I'(&972,("&.+,>:»)  

 

 

3.2.10 'µIµ6<6 56D %7@Pµ6<6 ?=G HGµµC<;J=GE H<= !@:L@6µµ6 

)C<6?<GJD65NE &?=G7NE.
6
 

 

Bµ>µ% S)<+,>: !%.2'+<(9µ5&) H">(9:, J.<(+(&D(& 472,("&.+,>: 3&µ>: & 

PE+G2" (^0")µ% B2*.&7&$5%: ,%+ L"2).%:) 

 

3.2.11 !N> 5@FEC<C <= R6Sµ: 6E<6?:5@DH8> <=G !@=L@Aµµ6<=> 

)C<6?<GJD65NE &?=G7NE H<=G> H<:J=G> <=G 'µIµ6<=> 56D <D> 

6?6D<IHCD> <8> 5=DEKEF6>; 

 

B& .E& '"#$"%µµ% 12(%'()*+%,-. /'&)0-.  '"&E,)C2 %'# %.%µ#"A=<9 (&) 

'%7%+&D µ2(%'()*+%,&D '"&$"6µµ%(&: (& &'&5& '"&<EA2"2 12(%'()*+%,# 

35'7=µ% ;+05,2)<9: (13;) « 1+,"&972,("&.+,>: – I'(&972,("&.+,>: ». I 

                                                
6 !"µ#$%&'+*).3 µ-+/ ()%+ #*&0#)4(% $*3)/"&70.2 A3.)µ%µ.)31/8 6 A33>&"µ.)31/8 :&/7&;µµ.)/2 <*).#)"=3.1'+ 
!#/">'+. 
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<,&'#: (&) 13; >(%. 9 2,'%502)<9 (=. A&+(9(-. <2 '2+"%µ%(+,# ,)"5=: 

2'5'20& <2 0+6A&"&): (&µ25: (9: 2A%"µ&<µE.9: <D$*"&.9: A)<+,>:. ?'# (& 

1998 &'#(2 ,%+ @2,5.9<2 (& '"#$"%µµ% µE*"+ (& 2007 25*%. %'&.2µ9F25 

<).&7+,6 62 13; (~6 %.6 E(&:). L.% '&<&<(# 20% %)(-. <).E*+<2 (+: <'&)0E: 

(&) <2 3+0%,(&"+,# 35'7=µ% 25(2 <(& Bµ>µ% S)<+,>: 25(2 <(& 2@=(2"+,# 2.- 

%",2(&5 %'# %)(&D: E*&). %'&""&A9F25 <2 2"2).9(+,6 ,E.("% =: 2+0+,# (2*.+,# 

'"&<='+,# > <(9. 8+&µ9*%.5%. 12 86<9 (9. %.(%'#,"+<9 (=. A&+(9(-. <(& 

'"#$"%µµ% F2="&Dµ2 #(+ <2 $2.+,E: $"%µµE: %.(%'&,"5F9,2 +,%.&'&+9(+,6 <(+: 

'"&<0&,52: (&): <(% '7%5<+% (9: 2'&*>: ,%+ (& ,&+.=.+,&D '2"+8677&.(&:. B& 

.E& µ2(%'()*+%,# '"#$"%µµ% 2)27'+<(&Dµ2 #(+ F% ,%7DC2+ ,6'&+2: %'# (+: 

%0).%µ52: '&) 25*%. '%"%(9"9F25 <(& '%7%+#. !+& (& <)$,2,"+µE.%  (& 

'"#$"%µµ% 25.%+ '+& 2.(%(+,#. µ2 7+$#(2"9 0+6",2+% <'&)0-. (1,5 %.(5 $+% 2 

E(9), ,%+ '7>"9 2.%"µ#.+<9 <2 #(+ %A&"6 (& '"#$"%µµ% 0+0%<,%75%: µ2 

%.(5<(&+*% 2)"='%Q,6 '"&$"6µµ%(% Masters. 3+%<A%75G2(%+ '+& <(2.> 

'%"%,&7&DF9<9 (=. A&+(9(-., '%"&*> ,%7D(2"9: )7+,&(2*.+,>: )'&0&µ>:. B& 

Bµ>µ% '"&<'%F25 2'5<9: .% 0+%<A%75<2+ µE<= %.(%$=.+<(+,-. 2"2).9(+,-. 

'"&$"%µµ6(=. (9. D'%"@9 µ2(%'()*+%,-. )'&("&A5% $+% #7&): (&): A&+(9(E: 

'&) $5.&.(%+ 02,(&5 <(& '"#$"%µµ%. 

 

3.2.12 !N> 5@FEC<C <8 7=µI, <8 HGEC5<D5:<8<6 56D <8 BCD<=G@LD5:<8<6 <=G 

!@=L@Aµµ6<=> )C<6?<GJD65NE &?=G7NE; 

 

4 0&µ> (&) .E&) '"&$"6µµ%(&: '%"&)<+6G2(%+ %.%7)(+,6 <(9. +<(&<2750% 

(http://gradstudy.physics.uoc.gr). 12 86<9 (9. 02,%2(> 2µ'2+"5% (&) '%7%+&D 

µ2(%'()*+%,&D '"&$"6µµ%(&: 9 &'&5% >(%. >09 F2(+,>, F2="&Dµ2 #(+ 9 

<).2,(+,#(9(% ,%+ 72+(&)"$+,#(9(% (&) .E&) '"&$"6µµ%(&: F% 25.%+ %,#µ9 

,%7D(2"9. /).&'(+,6 %.%AE"&)µ2 #(+ 9 0+6",2+% (&) 25.%+ 18 µ>.2: ,%(6 (9. 

0+6",2+% (&) &'&5& & A&+(9(>: 25.%+ )'&*"2=µE.&: .% '%"%,&7&)F><2+ 2'+()*-: 

7 µ2(%'()*+%,6 µ%F>µ%(% ,%+ .% AE"2+ <2 'E"%: 12(%'()*+%,> 3+'7=µ%(+,> 

;"$%<5%. /(& (E7&: (&) !"&$"6µµ%(&: ,%+ %.67&$% µ2 (% µ%F>µ%(% (% &'&5% 

'%"%,&7&DF9<2 & A&+(9(>:/("+% %'&,(6  12(%'()*+%,# 35'7=µ% ;+05,2)<9: 

(13;)  <2 µ5% %'# (+: %,#7&)F2: 2+0+,2D<2+:: 1. ?77972'50"%<9 4/1 

%,(+.&8&75%:- D79:., 2. ;'+(%@+%,> %.6'()@9 9µ+%$=$+,-. 2(2"&0&µ-.-

.%.&0&µ-.,  3. ;A%"µ&$E: (9: A=(&.+,>: <(9. U+&+%("+,>, N6.&-(2*.&7&$5%, 

<(9. /).(>"9<9 ,%+ ?.602+@9 (9: !&7+(+<(+,>: H79"&.&µ+6:., 4. 1%$.9(+,6 

)7+,6, 5. 12("&7&$5% )C97>: %,"+825%:-2)%+<F9<5%:., 6. 1+,"&/.%.&- ,%+ &'(&-

972,("&.+,> SiC, GaAs , GaN, ,%+ <*2(+,-. 9µ+%$=$-., 7. I'(+,> (R"%µµ+,>, 

,)µ%(+,>, µ9 $"%µµ+,>, ,8%.(+,>), 8. !"&9$µE.2: &'(&972,("&.+,E: 

9µ+%$=$+,E: 0+%(6@2+:, 0+%A%.> )7+,6, .%.&0&µE: ,8%.(+,-. ,#,,=., 9. 

B2*.+,E: %'2+,#.+<9: ,%+ µ27E(9: .%.&0&µ-., 10. K'2"(%*E% A%+.#µ2.% - 

K'2"8"%*25: '%7µ&5 ,11. S)<+,&5 ,%+ (8+&)*9µ+,&5 %+<F9(>"2: µ+,"&- ,%+ .%.&-

(2*.&7&$5%:, 12. S=(&.+,6/9µ+%$=$+,6 )7+,6/0+%(6@2+: ,%+ 1+,"&972,("&.+,>, 

13. `)*"> D79 – 2,A)7+<µE.% %E"+%. 

 

 

3.2.13 !N> 5@FEC<C <= CMC<6H<D5: HPH<8µ6; 

 

B& 2@2(%<(+,# <D<(9µ% 25.%+ +,%.&'&+9(+,#. I+ 2@2(6<2+: (=. µ2(%'()*+%,-. 

µ%F9µ6(=. 25.%+ $"%'(E: > '"&A&"+,E: %.67&$% µ2 (9. µ&"A> ,%+ %'%+(><2+: 

(&) µ%F>µ%(&: #'=: %)(# ,%F&"5G2(%+ %'# (& '"#$"%µµ% <'&)0-. ,%+ (&. 
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2,6<(&(2 0+06<,&.(%. 4 '%"&)<5% (=. A&+(9(-. <(% µ%F>µ%(% 2.F%""D.2(%+ 

<9µ%.(+,6 µ+% '&) E.% µE"&: (&) 8%Fµ&D (&): '"&<0+&"5G2(%+ %'# %<,><2+: > 

2"$%<52: (+: &'&52: '%"%050&). ,%(6 (9 0+6",2+% (&) 2@%µ>.&). B& '"#$"%µµ% 

05.2+ +0+%5(2"9 EµA%<9 <(9. 2"$%<(9"+%,> '"%,(+,> 2,'%502)<9 ,%+ %.6'()@9 

'"=(&8&)7+-. %'# (&): A&+(9(E:. I+ A&+(9(E: E*&). '"#<8%<9 <2 2"2).9(+,6 

2"$%<(>"+% (&) Bµ>µ%(&: ,%+ (&) J43P/JB;  (1+,"&972,("&.+,>, PE+G2", 

/(25"&+ *-"&+, ;'+(%@+,E: 0+%(6@2+:, ?.6'()@9 '&7)µ2"-. µ&"A-., ,(7), &+ 

2$,%(%<(6<2+: (=. &'&5=. 25.%+  &+ ,%7D(2"2: <(9. ;7760% 2A6µ+772: ,%7-. 

;)"='%Q,-. !%.2'+<(9µ5=. . 

 

3.2.14 !N> 5@FEC<C <8 7D67D56HF6 C?DB=LI> <KE µC<6?<GJD65NE Q=D<8<NE;
7
 

 

4 0+%0+,%<5% 2'+7&$>: ,"5.2(%+ +,%.&'&+9(+,> ,%+ %,&7&)F25 (+: 0+2F.25: 

'"%,(+,E: (=. % I+ µ2(%'()*+%,&5 A&+(9(E: 2'+7E$&.(%+ %'# (9. 2'+("&'> 

µ2(%'()*+%,-. <'&)0-., µ2 %)<(9"6 %,%09µ%Q,6 ,"+(>"+%. B% ,"+(>"+% %)(6 

25.%+ (& 8+&$"%A+,# (&): <9µ25=µ%, 9 %.%7)(+,> 8%Fµ&7&$5% ,%+ <)<(%(+,E: 

2'+<(&7E: '%7%+-. ,%F9$9(-. (&):. 35.2(%+ 9 0).%(#(9(% <(&): )'&C9A5&): 

µ2(%'()*+%,&D: A&+(9(E: .% 2'+<,2A(&D. (& Bµ>µ% $+% .% $.="5<&). %'# ,&.(6 

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

 

3.2.15 !N> 5@FEC<C <8 J@8µ6<=7:<8H8 <=G !@=L@Aµµ6<=> )C<6?<GJD65NE 

&?=G7NE; 

 

M'=: %.%AE"F9,2 ,%+ <(& '"&9$&Dµ2.& µ2(%'()*+%,# (3.2.7) 9 *"9µ%(&0#(9<9 

(&) 1!/ ,"5.2(%+ +0+%5(2"% %.2'%",>:.  

 

3.2.16 !N> 5@FEC<C <8 7DCSEI 7DAH<6H8 <=G !@=L@Aµµ6<=> )C<6?<GJD65NE 

&?=G7NE; 

 

4 '&+#(9(% <'&)0-. (&) 12(%'()*+%,&D !"&$"6µµ%(&: #'=: %)(> 

%'&()'-.2(%+ %'# (& '"#$"%µµ% <'&)0-. ,%+ (9 '2"%+(E"= '&"25% (=. 

%'&A&5(=. F2="25(%+ +,%.&'&+9(+,>. B& )C97# 2"2).9(+,# 2'5'20&  (=. µ27-. 

3;! (&) Bµ>µ%(&: ,%+ &+ 0+2F.25: <).2"$%<52: '&) 0+%(9"&D. µ2 &µ602: <(% 

,%7D(2"% !%.2'+<(>µ+% ,%+ ;"2).9(+,6 J0"Dµ%(% (9: ;)"-'9: ,%+ (=. 4!? 

05.2+ µ&.%0+,E: 0).%(#(9(2: <(&): µ2(%'()*+%,&D A&+(9(E: (&) Bµ>µ%(&:.  

 

3.3. !@:L@6µµ6 OD765<=@D5NE &?=G7NE 

3.3.1. !N> 5@FEC<C <=E R6Sµ: 6E<6?:5@DH8> <=G !@=L@Aµµ6<=> 

OD765<=@D5NE &?=G7NE H<=G> H<:J=G> <=G 'µIµ6<=> 56D <D> 

6?6D<IHCD> <8> 5=DEKEF6>; 

 

B& Bµ>µ% S)<+,>: (&)  !%.2'+<(9µ5&) H">(9: >(%. (& '"-(& Bµ>µ% S)<+,>: 

<(9. ;7760% (& &'&5&  6"*+<2 .% '"&<AE"2+ '"+. %'# 20 <*20#. E(9 E.% 

&"$%.=µE.& !"#$"%µµ% 3+0%,(&"+,-. /'&)0-.. B& '"#$"%µµ% %)(# 

72+(&D"$9<2 µ2 276*+<(2: ("&'&'&+><2+: µE*"+ ,%+ (& %,%09µ%Q,# E(&: 2007-

2008 ,%+ >(%. <(% '"#()'% (=. ()'+,-. '"&$"%µµ6(=. 0+0%,(&"+,-. <'&)0-. 

A)<+,>: !%.2'+<(9µ5=. (=. 4!?. /).&7+,6 71 3+0%,(&"+,6 3+'7-µ%(% E*&). 

                                                
7 !"µ#$%&'()*, ()%+ ,+-)%). 11, )/+ :0+.1. 11-3  
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%'&.2µ9F25 %'# (& Bµ>µ% (3.5 %.6 E(&:) <2 #7&): (& (&µ25: (9: <D$*"&.9: 

F2="9(+,>: ,%+ '2+"%µ%(+,>: A)<+,>:. B& Bµ>µ% '%"%,&7&)F25 <)<(9µ%(+,6 

(9. 2'%$$27µ%(+,> '&"25% (=. 3+0%,(#"=. (&). M'=: 25.%+ 2µA%.E: %'# %)(>.  

(http://www.physics.uoc.gr/menu/phd.php ) <*20#. (& 90% (=. 0+0%,(#"=. (&) 

Bµ>µ%(&: %'%<*&7&D.(%+ <2 %,%09µ%Q,6 +0"Dµ%(% (!%.2'+<(>µ+% ,%+ B;J) (9: 

;7760&: %776 ,%+ (&) 2@=(2"+,&D. ?@5G2+ .% <9µ2+=F25 #(+ E.%: µ2$67&: 

%"+Fµ#: %'# (&): 0+06,(&"2: (&) Bµ>µ%(&: %µE<=: µ2(6 (& 'E"%: (=. <'&)0-. 

(&):, 2@%<A%75G&). FE<2+: µ2(%0+0%,(&"+,-. 2"2).9(-. <2 %@+#7&$% 

!%.2'+<(>µ+% (&) 2@=(2"+,&D, (& &'&5& %'&(2725 <%A> %'#02+@9 (9: '&+#(9(%: 

(9: 2,'%502)<9: ,%+ E"2).%: '&) (2725(%+ <(& Bµ>µ% S)<+,>:. 12 (9. '6"&0& 

(=. *"#.=. #µ=: 9 '"&<E72)<9 %@+#7&$=. A&+(9(-. <(& 0+0%,(&"+,# 

'"#$"%µµ% (&) Bµ>µ%(&: µ2+-F9,2. ?)(# '+<(2D&)µ2 #(+ &A2572(2 <(9. 

$2.+,#(2"9 '%$,#<µ+% µ25=<9 (&) 2.0+%AE"&.(&: '"&: (9. S)<+,> <2 %.(5F2<9 

µ2 .E2: (2*.&7&$52: #'=: 9 ;'+<(>µ9 K'&7&$+<(-., ,%+ 9 U+&7&$5%, %776 ,%+ 

2A%"µ&<µE.2: <'&)0E: <2 I+,&.&µ+,6 ,%+ V"9µ%(&&+,&.&µ+,> ?.67)<9 &+ 

&'&52: '"&<27,D&). %'&A&5(&): <*&7-. F2(+,-. 2'+<(9µ-. ,%+ '"&<AE"&). 

<9µ%.(+,E: &+,&.&µ+,E: %'&7%8E:. /(9 µ25=<9 %)(> 2'5<9: <).2(E72<2 ,%+ 9 

%.6'()@9 ,%+ 677=. µ2(%'()*+%,-. '"&$"%µµ6(=. <(9. ;7760%, ,%F-: ,%+ 9 

&"$6.=<9 ,%+ 2),&75% µ2(68%<9: <2 3+0%,(&"+,E: /'&)0E: µ2 )'&("&A5% <2 

!%.2'+<(>µ+% (9: ;)"-'9:. B& Bµ>µ% F2-"9<2 #(+ &+ '%"%'6.= (6<2+: 02. 

'"#,2+(%+ .% %.%("%'&D. <(& 2$$D: µE77&.   

 

3.3.2. !N> 5@FEC<C <8 7=µI <=G !@=L@Aµµ6<=> OD765<=@D5NE &?=G7NE; 

 

4 0&µ> 25.%+ +,%.&'&+9(+,> ,%+ %,&7&)F25 (9. )'6"*&)<% .&µ&F2<5%. B#<& 9 

2'+("&'> µ2(%'()*+%,-. <'&)0-. %776 ,%+ 9 7-µ27>: 2'+("&'> (&) ,6F2 

)'&C>A+&) 0+06,(&"%, '%"%,&7&)F25 <(2.6 (9. '"#&0& (&). 35.2(%+ +0+%5(2"9 

<9µ%<5% <(9. 2'+7&$> (&) FEµ%(&: (9: 0+%("+8>: -<(2 .% 25.%+ ,%+ 2A+,(> 9 

'2"6(=<9 (9: E"2).%: <2 2D7&$& *"&.+,# 0+6<(9µ% %776 ,%+ .% 0+%<A%75G2(%+ 9 

'&+#(9(% (&) %'&(272<µ6(=.. 12 %)(# (&. ("#'& 2'+()$*6.2(%+  ,%7D(2"2: 

2'%$$27µ%(+,E: '"&&'(+,E: $+% (&): %'&A&5(&):. 

 

B& 0+0%,(&"+,# '"#$"%µµ% (&) Bµ>µ%(&: 2'=A2725(%+ (% µE$+<(% %'# (+: 

2$,%(%<(6<2+:, 2"2).9(+,E: )'&0&µE: %776 ,%+ &+,&.&µ+,> )'&<(>"+@9 – ,)"5=: 

µ2 (9.  µ&"A> 0+0%,(&"+,-. )'&("&A+-. -  '&) '%"E*&). %) B& J.<(+(&D(& 

472,("&.+,>: 3&µ>: ,%+ PE+G2" (&) JB;, 8) (& ;"2).9(+,# !%.2'+<(9µ+%,# 

J.<(+(&D(& (;!J) S)<+,>: !76<µ%(&:, $) (& ?<(2"&<,&'25& (&) /,5.%,%. H 

<).2+<A&"6 (=. '%"%'6.= )'&0&µ-. %.%'(D<<2(%+ <2 677& <9µ25& (9: 

E,F2<9:. 1E79 3;! (&) Bµ>µ%(&: 25.%+ <).2"$%G#µ2.&+ 2"2).9(E: <(% 

+.<(+(&D(% %)(6 ,%+ *"9<+µ&'&+&D. (+: 2$,%(%<(6<2+: (&): $+% (9. (E72<9 (&) 

2"2).9(+,&D (&): E"$&), ,%F-: ,%+ (9. 2,'%502)<9 (=. µ2(%'()*+%,-. ,%+ 

0+0%,(&"+,-. A&+(9(-. (&) Bµ>µ%(&:. 

 

3.3.3. !N> 5@FEC<C <8 7D67D56HF6 C?DB=LI> <KE G?=U8QFKE 7D765<:@KE;
8
 

 

4 0+%0+,%<5% 2'+7&$>: (=. )'&C>A+=. 0+0%,(#"=. 25.%+ +,%.&'&+9(+,>. 1E*"+ 

,%+ (& %,%09µ%Q,# E(&: 2007-2008, $+.#(%. 02,(&5 <(& '"#$"%µµ% )'&C>A+&+ &+ 

&'&5&+ 25*%. 2'+(D*2+ <(+: $"%'(E: $2.+,E: µ2(%'()*+%,E: 2@2(6<2+:. B& <D<(9µ% 

2+<%$=$>: E*2+ %776@2+ <(& .E& 0+0%,(&"+,# '"#$"%µµ% (&) Bµ>µ%(&: '&) F% 

                                                
8 !"µ#$%&'()*, ()%+ ,+-)%). 11, )/+ :0+.1. 11-4  
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72+(&)"$><2+ %'# (& %,%09µ%Q,# E(&: 2008-2009. I+ 7#$&+ $+% (9. %77%$> >(%. 

0D& %) 9 µ25=<9 <(&. %"+Fµ# (=. )'&C9A5=. &+ &'&5&+ 2,0>7=.%. 2.0+%AE"=. 

$+% 0+0%,(&"+,E: <'&)0E: ,%+ 9  %0).%µ5% (&): .% '"&2(&+µ%<(&D. ,%(67797% 

$+% .% 768&). µE"&: <(+: µ2(%'()*+%,E: 2@2(6<2+: ,%+ 8) 9 '"&<E7,)<9 

)'&C9A5=. %'# 677% µE"9 (9: ;7760&: ,%+ (&) 2@=(2"+,&D, &+ &'&5&+ $+% 

,%F%"6 '"%,(+,&D: 7#$&): %0).%(&D<%. .% µ2(%8&D. <(9. H">(9 ,%+ .% 

768&). µE"&: <(9: 2@2(6<2+:.  L(<+ µ2 86<9 (& .E& '"#$"%µµ%, ,%(%"$&D.(%+ &+ 

$2.+,E: µ2(%'()*+%,E: 2@2(6<2+: ,%+ &+ )'&C>A+&+ 0+06,(&"2: F% 2'+7E$&.(%+ 

*"9<+µ&'&+-.(%: (% %,#7&)F% ,"+(>"+%. %) %.%7)(+,> 8%Fµ&7&$5% <(% 

'"&'()*+%,6 ,%+ µ2(%'()*+%,6 (&): µ%F>µ%(%, 8) <)<(%(+,E: 2'+<(&7E: %'# 

,%F9$9(E: (&): $) 2'502+@9 %)(&0).%µ5%: ,%+ 0).%(&(>(=. 2"2).9(+,&D E"$&) 

#'=: %)(# 0+%A%5.2(%+ %'# '+F%.E: 09µ&<+2D<2+: (=. )'&C9A5=. <2 '2"+&0+,6 

µ2 ,"+(E: > <).E0"+%, <)µµ2(&*> <2 2"2).9(+,6 '"&$"6µµ%(% > 2"2).9(+,6 

2"$%<(>"+%, 0) '"&A&"+,> <).E.(2)@9 (&) )'&C9A5&) µ2 (9. 2'+("&'> 

µ2(%'()*+%,-. <'&)0-.. 

 

3.3.4. !N> 5@FEC<C <8E =@LAEKH8 HCµDE6@FKE 56D =µDBDNE; 

 

B& Bµ>µ% 72+(&)"$25 µ2 2'+()*5% (& 280&µ%0+%5& /2µ+.6"+& S)<+,>: (Physics 

Colloquium)  ,6F2 !Eµ'(9 ,%(6 (9 0+6",2+% (=. µ%F9µ6(=. (28 280&µ602:). I+ 

&µ+79(E: 25.%+ 2'+<(>µ&.2: %'# !%.2'+<(>µ+% ,%+ 2"2).9(+,6 ,E.("% (9: 

;7760%: ,%+ (&) 2@=(2"+,&D. !%"6 (& $2$&.#: #(+ &+ '#"&+ $+% (9. ,67)@ (=. 

2@#0=. µ2(%A&"6: (=. &µ+7+-. 25.%+ +0+%5(2"% '2"+&"+<µE.&+, (& Bµ>µ% 

<(9"5G2(%+ <(9 *"9µ%(&0#(9<9 %'# 2"2).9(+,6 '"&$"6µµ%(% (=. µ27-. 3;! 

,%+ E*2+ ,%(%AE"2+ .% '"&<27,D<2+ <(% /2µ+.6"+6 (&) 2'+<(>µ&.2: 0+2F.&D: 

2µ8E72+%:, &+ &'&5&+ µ2(%@D 677=. 2'+F)µ&D. .% <).2"$%<(&D. µ2 µE79 (=. 

Bµ>µ%(&:. B% &.#µ%(% (=. &µ+79(-. ,%F-: ,%+ (5(7&+ (=. <2µ+.%"5=. '&) 

'%"&)<+6<(9,%. <(& Bµ>µ% (% (272)(%5% 5 E(9 25.%+ 0+%FE<+µ2: <(9. 

+<(&<2750%  (http://www.physics.uoc.gr/menu/colloquia.php). ;'+'"#<F2(% &+ 

0+6A&"2: 2"2).9(+,E: &µ602: (&) Bµ>µ%(&: &"$%.-.&).  '+& 2+0+,2)µE.% 

<2µ+.6"+% 2'5<9: <2 (%,(6 *"&.+,6 0+%<(>µ%(%.  4 '%"&)<5% (=. 

µ2(%'()*+%,-. ,%+ 0+0%,(&"+,-. A&+(9(-. <(& R2.+,#  /2µ+.6"+& (&) Bµ>µ%(&: 

,%F-: ,%+ <(% %.(5<(&+*% <2µ+.6"+% (=. 2"2).9(+,-. &µ60=. <(+: &'&52: 

%.>,&). 25.%+ )'&*"2=(+,>. I+ µ2(%'()*+%,&5 A&+(9(E: %776 ,%+ (% µE79 (&) 

Bµ>µ%(&: 2'=A27&D.(%+ 2'5<9: ,%+ %'# (% <2µ+.6"+% '&) &"$%.-.&.(%+ <2 

(%,(6 *"&.+,6 0+%<(>µ%(% <(& J.<(+(&D(& 472,("&.+,>: 3&µ>: ,%+ PE+G2" (&) 

JB;. 

 

3.3.5. !N> 5@FEC<C <8 7DCSEI 7DAH<6H8 <=G !@=L@Aµµ6<=> OD765<=@D5NE 

&?=G7NE; 

 

T2="&Dµ2 #(+ 9 '&+#(9(% ,%+ 0+2F.>: 0+6<(%<9 (&) !"&$"6µµ%(&: 25.%+ 

+0+%5(2"% +,%.&'&+9(+,> ,%+ %.(%'&,"5.2(%+ '7>"=: <(9. '&+#(9(% (=. 

2"2).9(+,-. 0"%<(9"+&(>(=. (&) Bµ>µ%(&:. I+ 0+2F.25: <).2"$%<52: (=. µ27-. 

3;! ,%+ 2"2).9(-. µ2 (% ,%7D(2"% !%.2'+<(>µ+% ,%+ ;"2).9(+,6 HE.("% (9: 

;)"-'9: ,%+ 4!? 05.2+ <(&): )'&C>A+&): 0+06,(&"2: 0).%(#(9(2: ,%+ 

2µ'2+"52: (+: &'&52: 0D<,&7% µ'&"&D. .% %'&(5<&). <2 677% '%.2'+<(>µ+% ,%+ 

2"2).9(+,6 ,E.("% (9: *-"%:. B& Bµ>µ% E*2+ ,%(%AE"2+ .% '"&<27,D<2+ %,#µ9 

,%+ )'&C>A+&): 0+06,(&"2: %'# *-"2: (&) 2@=(2"+,&D (3 2$$2$"%µµE.&+ ,%(6 (& 

%,%09µ%Q,# E(&: 2007-2008). T2="&Dµ2 #(+ %. )'>"*2 9 0).%(#(9(% .% 
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'"&<A2"F&D. 0+0%,(&"+,E: )'&("&A52: µ2 &+,&.&µ+,E: %'&7%8E: %.67&$2: 

%)(-. (=. 0+0%,(&"+,-. A&+(9(-. <2 6772: *-"2: (9: ;)"-'9: (& Bµ>µ% F% 

µ'&"&D<2 .% '"&<27,D<2+  #*+ µ#.& '2"+<<#(2"&): @E.&): A&+(9(E: %776 ,%+ 

,%7D(2"&): L779.2: )'&C9A5&): &+ &'&5&+ $+% ,%F%"6 &+,&.&µ+,&D: 7#$&): 

<>µ2"% µ2(%8%5.&). $+% (+: <'&)0E: (&): <(& 2@=(2"+,#. 

 

3.3.6. !N> 5@FEC<C <= CMC<6H<D5: HPH<8µ6; 

 

B& 0+0%,(&"+,# '"#$"%µµ% 02. '2"+7%µ86.2+ $"%'(E: 2@2(6<2+:. I+ 

0+0%,(&"+,&5 A&+(9(E: '%"%,&7&)F&D. 2@2+0+,2)µE.% µ2(%'()*+%,6 µ%F>µ%(% 

'&) <*2(5G&.(%+ 6µ2<% µ2 (& %.(+,25µ2.& (9: E"2).6: (&): µ2 (9 µ&"A> 

<2µ+.%"5=.. H%(6 (& 'E"%: (9: 0+%("+8>: (&): 25.%+ )'&*"2=µE.&+ .% 

'%"&)<+6<&). (% %'&(E72<µ6 (&): <2 $2.+,# <2µ+.6"+& (& &'&5& µ'&"&D. .% 

'%"%,&7&)F><&). #7&+ &+ A&+(9(E:, 2"2).9(E: ,%+ ,%F9$9(E: (&)  Bµ>µ%(&:. 

/(9 <).E*2+% 9 2'(%µ27>: 2'+("&'> (&):, (&): 2@2(6G2+ '"&A&"+,6 (&. A&+(9(> 

'6.= <(& FEµ% (9: 0+%("+8>: (&), µE"&: (9: &'&5%: '"E'2+ .% E*2+ 09µ&<+2)(25 

<2 0+2F.> 2"2).9(+,6 '2"+&0+,6 µ2 ,"+(E:. 4 2'+()*>: &7&,7>"=<9 (9: 

0+%0+,%<5%: %)(>: 2@%<A%75G2+ <(&. A&+(9(> (+: '"&O'&FE<2+: $+% .% (&) 

%'&.2µ9F25 & (5(7&: (&) 0+06,(&"% (&) Bµ>µ%(&: S)<+,>:. 
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4. OD765<D5: ;@L= 

4.1.  !N> 5@FEC<C <8E 6?=<CBCHµ6<D5:<8<6 <=G 7D765<D5=P ?@=HK?D5=P; 

15% %.(+,2+µ2.+,> 2'+<(9µ&.+,> %'6.(9<9 <2 %)(# (& 2"-(9µ% 25.%+ 

0D<,&79 ,%+ '&7)<D.F2(9. !E"% %'# (9. 2$,)"#(9(% (=. 8%Fµ-. (9: %@+&7#$9<9: 

(=. A&+(9(-. $+% (9. &'&5% )'6"*&). ,%+ ,6'&+% <)$,2,"+µE.% <9µ25% 

%µA+<8>(9<9:, µ'%5.&). ,%+ '&776 677% 2"=(>µ%(% &+ %'%.(><2+: (=. &'&5=. F% 

'"E'2+ .% <).2,(+µ9F&D. #'=: '.*. & %"+Fµ#: (=. 2@2(%<(+,-. '&) *"2+6<(9,%. &+ 

A&+(9(E: $+% .% '2"6<&). (& <)$,2,"+µE.& µ6F9µ%, & 8%Fµ#: 0)<,&75%: (&) 

µ%F>µ%(&:, & %"+Fµ#: (=. ="-. '&) @&02D&). &+ A&+(9(E: $+% (9. µ27E(9 (&):, & 

%"+Fµ#: (=. 0+0%,(+,-. µ&.60=. '&) 050&.(%+, 9 '"&<'6F2+% '&) ,%(%86772+ & 

<)$,2,"+µE.&: 0+06<,=. <%. <).6"(9<9 (&) %'&(27E<µ%(&:, (& 2'5'20& (9: $.-<9: 

'&) 05.2(%+ <(&): A&+(9(E: #'=: %)(# %.%A%5.2(%+ %'# (& 2'5'20& 0)<,&75%: (=. 

(27+,-. 2@2(6<2=. <(& <)$,2,"+µE.& µ6F9µ% ,%+ (&. %"+Fµ# 2'+()*5%: <2 %)(#.  

I+ %'%.(><2+: <2 #7% %)(6 (% 2"=(>µ%(% '"E'2+ .% <).2,(+µ9F&D. $+% .% 

)'6"@2+ µ+% %.(+,2+µ2.+,> ,"5<9 <(& 2"-(9µ% %)(#. 4 '79"&A#"9<9 %)(> 02. 25.%+ 

2D,&7& .% <)$,2.("=F25. R+% (&. 7#$& %)(# *"9<+µ&'&+&Dµ2 2.02+,(+,6 ,%+ µ2 

%",2(&D: 2.0&+%<µ&D: <)$,2,"+µE.2: 2"=(><2+:  %'# (9. %@+&7#$9<9 (=. A&+(9(-. 

$+% (& <)$,2,"+µE.& µ6F9µ% (87E'2 ;"=(9µ%(&7#$+& L629$+3µ8 8/+0123&%&- 

µ8#,µ8)0- / 9+98%"81=8- 862 )05- D0+)&);-). /)$,2,"+µE.% 9 $2.+,> %'&(5µ9<9 (9: 

%'&(272<µ%(+,#(9(%: $5.2(%+ 20- µE<% %'# (9. 2"-(9<9 7 (;7) (&) <)$,2,"+µE.&) 

2"=(9µ%(&7&$5&): «R2.+,> %@+&7#$9<9 (&) 0+06<,&.(% <)$,"+(+,6 µ2 (&): 677&): 

0+06<,&.(2:» '&) A%5.2(%+ .% 25.%+ <).%A>: µ2 (9. #79 2+,#.% (&) 0+06<,&.(% <(% 

µ6(+% (=. A&+(9(-. ,%+ '+F%.-: µ2 (9. %'&(272<µ%(+,#(9(% (&). 4 %'6.(9<9 

8E8%+% 25.%+ <)$,"+(+,> µ2 (% )'#7&+'% µE79 3;! &'#(2 )'&725'2(%+ ,%+ ,6'&+% 

E.02+@9 $+% (9. %'#7)(9 ,75µ%,%. 

 

R+% (& %,%09µ%Q,# E(&: 2006-07 $+% (& &'&5& )'6"*&). '7>"9 <(&+*25% <(& 

*2+µ2"+.# 2@6µ9.& & µE<&: #"&: (2'5 38 µ%F9µ6(=.) >(%. 4.0 ,%+ $+% (& 2%"+.# 

2@6µ9.& (2'5 40 µ%F9µ6(=.) >(%. 4.1 µ2 µE$+<(& 8%Fµ# (& 5.0 ,%+ <DµA=.% µ2 (9. 

8%Fµ&.#µ9<9 (&) 2"=(9µ%(&7&$5&) ,"5.2(%+ +,%.&'&+9(+,>.  

 

4.2.  !N> 5@FEC<C <8E ?=D:<8<6 56D 6?=<CBCHµ6<D5:<8<6 <8> 7D765<D5I> 

7D67D56HF6>;
9
 

4 0+0%,(+,> 0+%0+,%<5% E*2+ '%"#µ&+% '"&87>µ%(% <(9. %.(+,2+µ2.+,> ,%+ %'#7)(9 

%'&(5µ9<9 (9:. ;0- *"9<+µ&'&+&Dµ2 ,%+ '67+ (+: %'%.(><2+: %'# (& 

;"=(9µ%(&7#$+& L629$+3µ8 8/+0123&%&- µ8#,µ8)0- / 9+98%"81=8- 862 )05- D0+)&);- 

 

4.3.  !N> 5@FEC<C <8E =@LAEKH8 56D <8E CQ6@µ=LI <=G 7D765<D5=P ;@L=G; 

B% 2,'%+02)(+,6 8&9F>µ%(% 0+%7E$&.(%+ %'# (&): 50+&): (&): 0+06<,&.(2: =: 2'5 (& 

'725<(&. µ2 ,"+(>"+& (9. ,%7D(2"9 '%"&)<5%<9 (9: 0+0%<,#µ2.9: D79:. H%(6 

'#<&. 9 2'+7&$> %)(> %@+&7&$25(%+ F2(+,6 %'# (&): 0+0%<,#µ2.&): µ'&"25 .% 

%'&(+µ9F25 %'# (9. %'6.(9<9 (9: 2"-(9<9: 12 (;12) %'# (& 2"=(9µ%(&7#$+& (=. 

                                                
9 !"µ#$%&'()*, ()%+ ,+-)%). 11, )/"2 :0+.1*2 11-5.1 (73. ). >8/ )*$*").0. .1.>%µ.B1; *C;µ%+.), 11-5.2 (73. ). 

>8/ )*$*").0. .1.>%µ.B1; *C;µ%+.), 11-6.1, 11-6.2, 11-7.1 (73. ). >8/ )*$*").0. .1.>%µ.B1; *C;µ%+.) 1.3 11-7.2. 
(73. ). >8/ )*$*").0. .1.>%µ.B1; *C;µ%+.)  
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A&+(9(-.: «!#<& +,%.&'&+9(+,# 8"5<,2(2 (& ,D"+& 8+875&(%) > <9µ2+-<2+:» 9 ,%+ 

(&) 1.I. <(+: 2"=(><2+: 12 ,%+ 13 $+% (% 2"$%<(9"+%,6 µ%F>µ%(%. 

 

R+% (& %,%09µ%Q,# E(&: 2006-07 $+% (& &'&5& )'6"*&). '7>"9 <(&+*25% <(& 

*2+µ2"+.# 2@6µ9.& & µE<&: #"&: (2'5 5 2"$%<(9"+%,-. µ%F9µ6(=.) >(%. 3.5 ,%+ 3.0 

,%+ $+% (& 2%"+.# 2@6µ9.& (2'5 8 2"$%<(9"+%,-. µ%F9µ6(=.) >(%. 3.5 ,%+ 3.2 µ2 

µE$+<(& 8%Fµ# (& 5.0. /DµA=.% µ2 (9. 8%Fµ&.#µ9<9 (&) 2"=(9µ%(&7&$5&) ,"5.2(%+ 

%'# µE("+%. 

 

4.4.  !N> 5@FEC<C <6 C5?6D7CG<D5A R=8SIµ6<6; 

4 '&7+(+,> (&) Bµ>µ%(&: 25.%+ .% *"9<+µ&'&+&D.(%+ (% ,%7D(2"% 0+%FE<+µ% 8+875% 

$+% ,6F2 µ6F9µ% =: 2'5 (& '725<(&. (% 8+875% '&) *"9<+µ&'&+&D.(%+ 25.%+ 

µ2(%A"6<2+: 8+875=. (% &'&5% <(% %.(5<(&+*% µ%F>µ%(% <(% µ2$67% !%.2'+<(>µ+% 

4!? ,%+ ;)"='%Q,>: L.=<9:.  

 

4.5. !N> 5@FEC<C <6 7D6S;HDµ6 µ;H6 56D G?=7=µ;>; 

 

/DµA=.% µ2 (+: %'%.(><2+: %'# (& 2"=(9µ%(&7#$+& (L629$+3µ8 8603*8D+"0A 

9$1)=05 $/8µ&>+8=05 µ8#,µ8)0-) &+ '2"+<<#(2"&+ 0+06<,&.(2: F2="&D. <2 $2.+,E: 

$"%µµE: (+: )'6"*&)<2: )'&0&µE: +,%.&'&+9(+,E: ,%+ 2'%",25:.  !%"%(9"&D.(%+ 

#µ=: 27725C2+: <(% 2"$%<(9"+%,6 µ%F>µ%(% =: '"&: (9. <).(>"9<9 ,%+ %.%.E=<9 

(&) )'6"*&.(&: 2@&'7+<µ&D.  T% >(%. 2'+F)µ9(> 9 '7>"9: %.%.E=<9 &"+<µE.=. 

2"$%<(9"5=..   

 

M<&. %A&"6 <)$,2,"+µE.& 2"$%<(9"+%,# 2@&'7+<µ# (#"$%.%) µ'&"25 .% 

*"9<+µ&'&+9F25 ,%+ 9 %'6.(9<9 %'# (& 2"=(9µ%(&7#$+& (=. A&+(9(-. <(9. 

2"-(9<9 ;15 ($+% (% 2"$%<(9"+%,6 µ#.& µ%F>µ%(%): «P2+(&)"$&D. +,%.&'&+9(+,6 

(% #"$%.%:»  

 

R+% (& %,%09µ%Q,# E(&: 2006-07 $+% (& &'&5& )'6"*&). '7>"9 <(&+*25% <(& 

*2+µ2"+.# 2@6µ9.& & µE<&: #"&: (2'5 5 2"$%<(9"+%,-. µ%F9µ6(=.) >(%. 2.8 ,%+ $+% 

(& 2%"+.# 2@6µ9.& (2'5 8 2"$%<(9"+%,-. µ%F9µ6(=.) >(%. 3.3 µ2 µE$+<(& 8%Fµ# (& 

5.0 ,%+ <DµA=.% µ2 (9. 8%Fµ&.#µ9<9 (&) 2"=(9µ%(&7&$5&) ,"5.2(%+ %'# µ9 

+,%.&'&+9(+,> E=: µE("+%. 

 

4.6.  !N> 5@FEC<C <=E R6Sµ: 6MD=?=F8H8> <KE <CJE=B=LDNE ?B8@=Q=@D5I> 56D 
C?D5=DEKEDNE;   

 

4 0+%0+,%<5% *"><9: B!; @2,5.9<2 >09 %'# (& 1996 #(%. 09µ+&)"$>F9,2 <(& 
Bµ>µ% µ%: 9 '"-(9 '7>"9: +<(&<2750% (&) µ%F>µ%(&:  3+%A&"+,E: ;@+<-<2+: J.  
?'# (#(2 &+ B2*.&7&$52: !79"&A&"+,>: ,%+ ;'+,&+.=.+-. *"9<+µ&'&+&D.(%+ 
'&+,+7&("#'=::  

(i) /2 %",2(6 µ%F>µ%(% 9 '%"60&<9 $5.2(%+ µ2 (9 *"><9 '&7)µE<=. 

(ii) R+% (% '2"+<<#(2"% µ%F>µ%(% )'6"*2+ 972,("&.+,> <2750% µ2 2,(2.25: 

'79"&A&"52: $+% (% µ6F9µ%, <9µ2+-<2+: %<,><2+:, 0+%0+,()%,> 

8+87+&$"%A5% ,7'.  
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                       (http://www.physics.uoc.gr/menu/ecourses.php). 

B% 8%<+,6 *%"%,(9"+<(+,6  (=. 972,("&.+,-. µ%F9µ6(=. 25.%+ (% 2@>:: 

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

o !%"&)<5%<9 (&) '2"+2*&µE.&) (9: ,6F2 0+672@9: <2 ,%(677979 

µ&"A> 

o /(& (E7&: ,6F2 0+672@9:, 05.&.(%+ 2"=(><2+:, %<,><2+:, ,%+ 
2A%"µ&$E:, ,%(6 '2"5'(=<9. 

o /2 '&776 µ%F>µ%(% )'6"*&). <).0E<2+: µ2 '"&<&µ&+=µE.% 

'2+"6µ%(% <*2(+,6 µ2 (& FEµ% '&) 2'2@2"$6G2(%+ (& <)$,2,"+µE.& 

µ6F9µ%. 

o 35.&.(%+ 0+2)FD.<2+: <(& internet µ2 ("6'2G2: '79"&A&"+-. > sites 

'&) <*2(5G&.(%+ µ2 (& <)$,2,"+µE.& µ6F9µ% 

o K'6"*&). 972,("&.+,E: A#"µ2: %@+&7#$9<9: '&) µ'&"&D. .% 

<)µ'79"-<&). &+ A&+(9(E: 

o /2 #7% (% µ%F>µ%(% )'6"*2+ 972,("&.+,#: '5.%,%: %.%,&+.-<2=. 

o /2 &"+<µE.% µ%F>µ%(% )'6"*2+ 9 0).%(#(9(% 972,("&.+,>: 

<)G>(9<9: µ2(%@D 0+06<,&.(&: ,%+ A&+(9(-., %776 ,%+ µ2(%@D 

A&+(9(-. ($+% 2'57)<9 %'&"+-. ,7')  

o /2 &"+<µE.% µ%F>µ%(% )'6"*&). A#"µ2: 2"=(><2=. '&77%'7-. 

2'+7&$-. '&) µ'&"25 .% *"9<+µ&'&+><2+ & 2,6<(&(2 0+06<,=. 25(2 

<%. 2.%77%,(+,> µEF&0& 2@E(%<9:, 25(2 $+% %)(&2@E(%<9 (&) A&+(9(>. 

o /2 &"+<µE.% µ%F>µ%(% ('&) <*2(5G&.(%+ µ2 )'&7&$+<(E: ,%+ .E2: 

(2*.&7&$52:), 9 2@E(%<9 $5.2(%+ %'&,72+<(+,6 µE<= (=. )'&7&$+<(-.. 

 
;5.%+ '"&A%.>: 9 <)µ8&7> (&) 972,("&.+,&D %)(&D )7+,&D <(9. 
'79"E<(2"9 ,%+ %'&0&(+,#(2"9 2,'%502)<9 (=. A&+(9(-., <(9. 
2@&+,25=<> (&): µ2 (+: .E2: (2*.&7&$52: %776 ,%+ <(9. 0).%(#(9(% '&) 
%'&,(6  & 2,6<(&(2  0+06<,=. .%  
%.%µ&"A-.2+ ,%+ .% 2µ'7&)(5G2+ (& 2,'%+02)(+,# )7+,# '&) 

*"9<+µ&'&+25, 2D,&7%, $">$&"% ,%+ µ2 *%µ97# ,#<(&:, #'&(2 (& F2="25 

%'%"%5(9(&. 

 

(iii) !2"+&0+,6 E*&). 0+0%*F25 '+7&(+,6 µ%F>µ%(% .E=. (2*.&7&$+-. <(9. 

2,'%502)<9, 2.- E*&). 0+0%*F25 ,%+ µ%F>µ%(% %'# %'#<(%<9, µE<= 

video-conferencing  (<(% '7%5<+% (&) '"&$"6µµ%(&: ;!;?;H 1009). 

 

! J$5-*µ&"&*&C(4+* ?8A -45 )*)+-,+1.+; 8=0; 

B% (272)(%5% 4 *"#.+% <(& (µ>µ% S)<+,>: (&) !%.2'+<(9µ5&) H">(9: E*&). 

@2,+.><2+ µ+% <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%<,%75% (9: S)<+,>: <(9 1E<9 ;,'%502)<9 µE<= <D$*"&.=. (2*.&7&$+,-. 

2"$%725=.. 4 0"%<(9"+#(9(% %)(> %'&(2725 µ+% '"#(%<9 $+% (9. )7&'&59<9 (=. 

<(#*=. 2.#: <D$*"&.&) (µ>µ%(&: S)<+,>: #'=: %)(&5 %'&()'-.&.(%+ <(9 0+2F.> 

8+87+&$"%A5% ,%+ <(& <D$*"&.& '"&879µ%(+<µ# ,%+ 2,'%+02)(+,E: (6<2+:. 

/)$,2,"+µE.%, E*&). %.%'()*F25 '+7&(+,6 µ%F>µ%(% '&) 8%<5G&.(%+ <2 µ+% 

<).2"$%(+,> 0+0%,(+,> '"&<E$$+<9 (0+67&$&: µ2(%@D (=. A&+(9(-. µ2 (9 8&>F2+% 

972,("&.+,&D <)<(>µ%(&: C9A&A&"5%: <(& %µA+FE%("& ,%+ <(9. %.67)<9 (=. 

%'&(272<µ6(=. (&) %'& 972,("&.+,# )'&7&$+<(> <2 '"%$µ%(+,# *"#.&). HD"+&+ 
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<,&'&5 (=. µ%F9µ6(=. %)(-. 25.%+ #*+ µ#.& 9 ,%(%.#9<9 (=. '+& 0D<,&7=. 

2..&+-. (9: A)<+,>:, %776 ,)"5=: 9 *"><9 (&): $+% (9. %.6'()@9 (9: +,%.#(9(%: 

(=. A&+(9(-. .% 2@9$&D., .% 2'+*2+"9µ%(&7&$&D., ,%+ .% <,E'(&.(%+ ,"+(+,6. B% 

µ%F>µ%(% %)(6 0+2@6$&.(%+ ,%(6 ,D"+& 7#$& µE<= (&) 972,("&.+,&D <)<(>µ%(&: 

C9A&A&"5%: <(& %µA+FE%("&. 

/(% '7%5<+% (=. '%"%'6.= µ%F9µ6(=. '"%$µ%(&'&+>F9,2 2,'%+02)(+,> E"2).% (% 

3 (272)(%5% *"#.+% '6.= (+: 0)<,&752: '&) %.(+µ2(-'+G%. &+ A&+(9(E: <(& .% 

<)µµ2(6<*&). <2 E.%. &)<+%<(+,# 2'+<(9µ&.+,# 0+67&$&, .% 2@9$&D. (9. 6'&C9 

(&):,  ,%+ .% %@+&7&$&D. 2'+*2+">µ%(% <)µA&+(9(-. (&): ,%+ <(& ,%(6 '#<& 9 

(2*.&7&$5% '&) *"9<+µ&'&+>F9,2 8&9F62+ B% %'&(27E<µ%(% (9: %@+&7#$9<9: (&) 

2$*2+">µ%(&: E*&). '%"&)<+%<(25 <2 0+2F.> ,%+ 2779.+,6 <).E0"+%  µ2 '&7D F2(+,> 

%.(%'#,"+<9. 1#7+: &7&,79"=F25 9 E"2).%, 2.(#: (&) '"&<2*&D: %,%09µ%Q,&D 

E(&):, (% %'&(27E<µ%(% F% 09µ&<+2)(&D. <2 0+2F.> '2"+&0+,6 µ2 ,"+(E:.  

 

 

 

! J$5-*µ&"&*&C(4+* ?8A -45( /$3+-45$*+,7 /,"+.)/'-5; 8=0; 

B& '%"%'6.= <D<(9µ% 472,("&.+,>: `9A&A&"5%: F% 827(+=F25 (2*.+,6 -<(2 .% 

$5.2+ %",2(6 %@+#'+<(& $+% .% *"9<+µ&'&+9F25 <(9. %@+&7#$9<9 (=. A&+(9(-. <(% 

2"$%<(9"+%,6 µ%F>µ%(% <2 '"%$µ%(+,# *"#.&.   

 

! J$5-*µ&"&*&C(4+* ?8A -45( +;*&1635-5 4@( 9&*454=(; 8=0; 

R5.2(%+ 972,("&.+,> %@+&7#$9<9 <2 )'&7&$+<(+,6 µ%F>µ%(% (on line) %776 02. E*2+ 

$2.+,2)F25 2'5 (&) '%"#.(&:.   

 

! J$5-*µ&"&*&C(4+* ?8A -45( /"*,&*(@(.+ 4@( 9&*454=( µ/ 4&( )*)#-,&(4+; 

8=0; 

U7E'2 2.6.2. ;'+'7E&. '&77&5 A&+(9(E: *"9<+µ&'&+&D. 972,("&.+,# (%*)0"&µ25& $+% 

.% 2'+,&+.=.><&). µ2 (&): ,%F9$9(E: (&):, )'&8677&). 2"$%<52: (&): 972,("&.+,6 

,7'.  

 

! 8&*& 4& CE&0 4@( /"/()C-/@( 4&' ?µ7µ+4&0 -/ ?8A ,+4# 45( 4/1/'4+.+ 

"/(4+/4.+;  

12 (9. 8&>F2+% (&) '"&$"6µµ%(&: ;!;?;H ,%+ (&) (%,(+,&D '"&O'&7&$+<µ&D 

E*2+ $5.2+ %.(+,%(6<(%<9 '&77-. B!; ,%(6 (9. 2. 7#$= '2"5&0&.  B& DC&: (9: 

2'E.0)<9: )'&7&$5G2(%+ <(% 100,000 2)"-. 

  

 

! !N> 5@FEC<C <8E 6E6B=LF6 7D76H5:E<KE/7D76H5=µ;EKE 56D <8 µC<6MP <=G> 
HGEC@L6HF6; 
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4 %.%7&$5% 0+0%<,#.(=./0+0%<,&µE.=. (27 S&+(9(E: %.6 µE7&: 3;!) µ2 86<9 (+: 

'%"&D<2: <).F>,2: 25.%+ '%"#µ&+% µ2 677% Bµ>µ%(% (9: *-"%: ,%+ ,"5.2(%+ 

+,%.&'&+9(+,>. K'6"*&). ,6'&+2: 0)<,&752: <(9. 0+0%<,%75% 2"$%<(9"+%,-. 

µ%F9µ6(=. (% &'&5% %'%+(&D. &7+$6"+Fµ% (µ>µ%(%, &+ &'&52: %.(+µ2(='5G&.(%+ 

2'+()*-: %'# (9. 2'+("&'> '"&$"6µµ%(&: <'&)0-.. 4 ,%(6<(%<9 #'=: 0+%A%5.2(%+ 

#(+ F% %776@2+ 7#$= (9: '"&(2+.#µ2.9: %D@9<9: ,%(6 25% (&) %"+Fµ&D (=. 

2+<%,(E=. %'# (& %,%09µ%Q,# E(&: 2008-2009.  ?. 9 '%"%'6.= %'#A%<9 02. 

<).&02)(25 %'# %D@9<9 (&) %"+Fµ&D FE<2=. (=. µ27-. 3;!, ;B;! ,%+ 

'"&<="+.&D 0+0%,(+,&D '"&<='+,&D (!3/407) ,%F-: ,%+ (9: *"9µ%(&0#(9<9: $+% 

<).(>"9<9 ,%+ %.6'()@9 (=. 0+0%,(+,-. )'&0&µ-. (& Bµ>µ% F% E*2+ 0)<,&75% 

<(9. 2'+()*> 2'+(E72<9 (&) 0+0%,(+,&D (&) E"$&). 

 

4.8.  !N> 5@FEC<C <=E R6Sµ: HPE7CH8> <8> 7D76H56BF6> µC <8E ;@CGE6; 

4  2,'%502)<9 (=. A&+(9(-. <(9. 2"2).9(+,> 0+%0+,%<5% %'&(2725  <(#*& (=. 
'"=(&'&"+%,-. µ%F9µ6(=. '&) E*2+ %.%'(D@2+ (& Bµ>µ%,  '.*. «;'+,&+.=.5% (9: 
/D$*"&.9: S)<+,>: <(% ?$$7+,6» J ,%+ JJ ,%+ «127E(9 /D$*"&.9: S)<+,>: <(% 
?$$7+,6» J ,%+ JJ, %776 ,%+ (9: 3+'7=µ%(+,>: ;"$%<5%:. ;'5<9:, )'6"*2+ 
<).2"$%<5% <(% '7%5<+% (=. '%"%'6.= µ%F9µ6(=. µ2 (& 2,'%+02)µE.&  '"&<='+,# 
(9: 8+87+&F>,9:. BE7&:, 9 2,'%502)<9 (=. A&+(9(-. <(9. 2"2).9(+,> 0+%0+,%<5% 
<).2'+,&)"25(%+ %'# (9. <(2.> <).2"$%<5% (&) Bµ>µ%(&: µ2 (& ^0")µ% 
B2*.&7&$5%: ,%+ L"2).%:. 

 

4.9.!N> 5@FEC<C <D> HGEC@L6HFC> µC C5?6D7CG<D5A 5;E<@6 <=G CHK<C@D5=P 56D 
<=G CMK<C@D5=P 56D µC <= 5=DEKED5: HPE=B=; 

 

K'6"*&). <).2"$%<52: µ2 677% 2,'%+02)(+,6 J0"Dµ%(% %776 ,)"5=: <2 2"2).9(+,# 

2'5'20&. 

4.10.  !N> 5@FEC<C <8E 5DE8<D5:<8<6 <=G 7D765<D5=P ?@=HK?D5=P 56D <KE 
Q=D<8<NE;

10
  

 

4 ,+.9(+,#(9(% (&) 0+0%,(+,&D '"&<='+,&D 25.%+ ,%7> 2.- 02. )'6"*2+ µ2$679 

,+.9(+,#(9(% (=. A&+(9(-.. 

 

                                                
10 !"µ#$%&'()*, ()%+ ,+-)%). 11, )/+ :0+.1. 11-8 
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5. $@CGE8<D5: ;@L= 

5.1.  !N> 5@FEC<C <8E ?@=6LKLI <8> ;@CGE6> H<= ?B6FHD= <=G 'µIµ6<=>; 

 

4 2"2).9(+,> 0"%<(9"+#(9(% %'&(2725 (9. '"-(9 '"&(2"%+#(9(% $+% (9 Bµ>µ% 

S)<+,>: (&) !%.2'+<(9µ5&) H">(9:.  4 '"&%$=$> (9: E"2).%: 25.%+ '&7D 

+,%.&'&+9(+,>. M7% (% µE79 3;! (&) Bµ>µ%(&: '%"&)<+6G&). µ+% <).2*>, *="5: 

<9µ%.(+,E: 0+%,)µ6.<2+:, '%"%$=$> 2"2).9(+,&D E"$&) (% (272)(%5% *"#.+%. B& 

<(&+*25& %)(# '"&,D'(2+ ,%+ %'# (% 2'+<).%'(#µ2.% %'&$"%A+,6 027(5% (=. µ27-. 

3;! (&) Bµ>µ%(&:, ,%+ 25.%+ (& F2(+,#(2"& <9µ25& <*2(+,6 µ2 (& ,"+(>"+& 

'"&%$=$>: (9: E"2).%: $+% (& Bµ>µ% S)<+,>: (&) !%.2'+<(9µ5&) H">(9:. I 

<9µ%.(+,#: %"+Fµ#: (=. µ2(%0+0%,(&"+,-. 2"2).9(-. '&) 2"$6G&.(%+ <(& Bµ>µ% 

S)<+,>: 25.%+ 2'5<9: E.% '&7D F2(+,# <9µ25&. BE7&:, F2(+,# <9µ25& 25.%+ ,%+ & 

<9µ%.(+,#: %"+Fµ#: 2"2).9(+,-. 0"%<(9"+&(>(=. '&) 7%µ86.2+ *-"% <(& Bµ>µ% 

S)<+,>:, #'=: ;"2).9(+,6 /).E0"+% (workshops), ,%+ '79F-"% 2"2).9(+,-. 

<2µ+.%"5=. ,%(6 (9. 0+6",2+% (&) %,%09µ%Q,&D E(&):.  

 

!+F%.#. %0D.%µ& <9µ25& (&) Bµ>µ%(&:, (& &'&5& #µ=: %.(+µ2(='5G&). '%$,&<µ5=: 

(% '2"+<<#(2"% Bµ>µ%(% S)<+,>:, 25.%+ & <(%0+%,6 µ2+=µE.&: %"+Fµ#: (=. 

A&+(9(-. '&)  2'+F)µ&D. ,%+ (27+,6 2,'&.&D. 0+0%,(&"+,E: 0+%("+8E: (% (272)(%5% 

*"#.+% <(& Bµ>µ% S)<+,>:. B& Bµ>µ% F2="25 #(+ 9 '"#<A%(9 %.%0+6"F"=<9 (&) 

12(%'()*+%,&D (&) !"&$"6µµ%(&:, (& &'&5& '%"&)<+6G2(%+  <2 677& <9µ25& (9: 

L,F2<9:, F% &09$><2+ µ2(%@D 677=. (9. '"&<E7,)<9 µ2$%7D(2"&) %"+Fµ&D 

%@+#7&$=. )'&C9A5=. 0+0%,(#"=..  

 

B% F2(+,6 <9µ25% 05.&)., %.6µ2<% <2 677%,  (9. 0).%(#(9(% <(& Bµ>µ% S)<+,>: .% 

'%5@2+ (& "#7& 2.#: ;)"='%Q,&D '2"+A2"2+%,&D ,E.("&) E"2).%:. ;0- µ'&"25 .% 

<9µ2+=F25 #(+  9 09µ+&)"$5% '2"+A2"2+%,-. ,E.("=. E"2).%: 25.%+ <(+: '"-(2: 

'"&(2"%+#(9(2: (&) 7
&)

 H&+.&(+,&D !7%+<5&) /(>"+@9:.  

 

5.2.  !N> 5@FEC<C <6 C@CGE8<D5A ?@=L@Aµµ6<6 56D ;@L6 ?=G C5<CB=PE<6D H<= 

'µIµ6; 

L.% '"-(& F2(+,# <9µ25& <(& ,"+(>"+& %@+&7#$9<9: 25.%+ #(+ & %"+Fµ#: (=. 

2"2).9(+,-. '"&$"%µµ6(=./µE7&: 3;!  '&) 2,(27&D.(%+ <(& Bµ>µ% S)<+,>: 25.%+ 

%'# (&): µ2$%7D(2"&): <(9. ;7760%. ;'5<9: F2(+,# <9µ25& 25.%+ (& $2$&.#: #(+ #7% 

(% µE79 3;! (&) Bµ>µ%(&: <)µµ2(E*&). <).2*-: <2 2"2).9(+,6 '"&$"6µµ%(% (% 

(272)(%5% *"#.+%, '&776 %'# (% µE79 3;! µ67+<(% <)µµ2(E*&). <2 '2"+<<#(2"% 

%'# E.% 2"2).9(+,6 '"&$"6µµ%(% (%)(#*"&.%, #'=: '"&,D'(2+ %'# (% 

2'+<).%'(#µ2.% %(&µ+,6 %'&$"%A+,6 027(5%.  

^<=: (& F2(+,#(2"& <9µ25& <(& '%"#. ,"+(>"+& %@+&7#$9<9: 25.%+ (& $2$&.#: #(+ (% 

2"2).9(+,6 '"&$"6µµ%(% '&) 2,(27&D.(%+ <(& Bµ>µ% S)<+,>: 25.%+ (9: 

)C97#(2"9: 2'+<(9µ&.+,>: '&+#(9(%:. ;"2).9(+,E: &µ602: (&) Bµ>µ%(&: 25.%+ 

,#µ8&+ 0+%*25"+<9: (nodes) µ2"+,-. %'# (% µ2$%7D(2"% ;)"='%Q,6 ;"2).9(+,6 

35,()%. ;'5<9:, µE79 3;! (&) Bµ>µ%(&: 0+%*2+"5G&.(%+ 2"2).9(+,6 '"&$"6µµ%(% 

<).2"$%<5%: µ2 (+: 4.!.?. M7% (% 2"2).9(+,6 '"&$"6µµ%(% '&) 2,(27&D.(%+ <(& 

Bµ>µ% S)<+,>: 25.%+ %.(%$=.+<(+,6.  
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/(% %0D.%µ% <9µ25% µ'&"25 ,%.25: .% %.%AE"2+ (&. <*2(+,6 µ+,"# %"+Fµ# 

2"2).9(+,-. '"&$"%µµ6(=. <(& Bµ>µ% S)<+,>: *"9µ%(&0&(&Dµ2.=. %'# (9. 

;7760%. 4 %0).%µ5% %)(> 25.%+ µ+% $2.+,#(2"9 %0).%µ5% (=. ;779.+,-. 

!%.2'+<(9µ5=. '&) 25.%+ 6µ2<% <).0202µE.9 µ2 (9. %.)'%"@5%, (9. ("E*&)<% 

*"&.+,> '2"5&0&, &"$%.=µE.9: 2"2).9(+,>: *"9µ%(&0#(9<9: (9: 8%<+,>: E"2).%: 

%'# (9. *-"%. 

 

5.3.  !N> 5@FEC<C <D> 7D6S;HDµC> C@CGE8<D5;> G?=7=µ;>; 

 

I+ 0+%FE<+µ2: 2"2).9(+,E: )'&0&µE: ,"5.&.(%+ $2.+,6 +,%.&'&+9(+,E: $+% (9. 

$2.+,#(2"9 2779.+,> '"%$µ%(+,#(9(% ,%+ <2 µ2"+,&D: (&µ25: 25.%+ %.(%$=.+<(+,E: 

<2 2)"='%Q,# 2'5'20&.  T2="&Dµ2 )'6"*&). <%A> '2"+F-"+% 827(5=<9: (=. 

)'&0&µ-. %. )'6"*2+ 0+6F2<9 .% µ'&"E<2+ (& Bµ>µ% .% %@+&'&+><2+ (+: 

0).%(#(9(2: (&) EµC)*&) 0).%µ+,&D (&) ,%+ .% '%5@2+ 9$2(+,# "#7& <2 '&77%'7&D: 

(&µ25: E"2).%:. 

 

B% µE79 3;! ,%+ 2"2).9(E: (&) Bµ>µ%(&: *"9µ%(&0&(&D. (9. E"2).6 (&): µE<= 

%.(%$=.+<(+,-. '"&$"%µµ6(=., *"9<+µ&'&+-.(%: ,%(6 ,D"+& 7#$& (+: 0&µE: (&) 

;!J S)<+,>: !76<µ%(&:, ,%+ (&) J43P/JB;.   

 

B& '"-(& *"9<+µ&'&+25(%+ %'# 12 µE79 3;! (% &'&5% ,%(6 ,D"+& 7#$& %.>,&). 

<(+: F2="9(+,E: &µ602: (&) Bµ>µ%(&:, &+ &'&52:  2'5<9: <(9"5G&.(%+ <(9. D'%"@9 

2.#: '&7D ,%76 &"$%.=µE.&) ,%+ <(272*=µE.&) K'&7&$+<(+,&D HE.("&), (& &'&5& 

%'&(2725 µ+% 2@%+"2(+,> 2"2).9(+,> )'&0&µ>. B& Bµ>µ% 2,(+µ6 #(+ 9 )'&<(>"+@9 

(9: 72+(&)"$5%: (&) ;!J S)<+,>: !76<µ%(&: µ2(6 %'# 72+(&)"$5% 15 2(-. <(& 

("E*&. %,%09µ%Q,# E(&: E*2+ '"&(%F25 .% %.%µ&"A=F25 <2 «J.<(+(&D(& T2="9(+,>: 

,%+ K'&7&$+<(+,>: S)<+,>:» 25.%+ ,%F&"+<(+,>: <9µ%<5%: $+% (9. )'&<(>"+@9 ,%+ 

'2"%+(E"= %.6'()@9 (=. 0"%<(9"+&(>(=. <2 #7&): (&) (&µ25: (9: F2="9(+,>: 

A)<+,>:. 

 

L.%: µ2$67&: %"+Fµ#: (=. '2+"%µ%(+,-. (&) Bµ>µ%(&: E*&). 2'2.0D<2+ ,%+ 

%.%'(D@2+ µE"&: (=. 2"2).9(+,-. (&) )'&0&µ-. <2 <).2"$%<5% µ2 2"2).9(E: (&) 

J43P/JB;. B% 2"$%<(>"+% <(25"=. *-"=. (9: 1+,"&972,("&.+,>: (% &'&5% 

8"5<,&.(%+ <(& ,(5"+& A)<+,>: ,%+ %'&(27&D. µ5% 2'E.0)<9 '&77-. 2,%(&.(60=. 

*+7+60=. ;)"- %'# (& Bµ>µ% *"9<+µ&'&+&D.(%+ (#<& %'# µE79 3;! (&) Bµ>µ%(&: 

#<& ,%+ %'# <).2"$6(2: (&): (&) J43P ,%+ 677=. Bµ9µ6(=. (&) !%.2'+<(9µ5&) 

H">(9:. ;'5<9: (% 2"$%<(>"+% (=.  S=(&.+,>: /PE+G2"  ,%+ *%µ97-. 

F2"µ&,"%<+-., (% &'&5% 8"5<,&.(%+ <(+: 2$,%(%<(6<2+: (&) %'&(27&D. *-"&): 

#'&) µE79 3;! ,%+ µ2(%'()*+%,&5 A&+(9(E: (&) Bµ>µ%(&: 2,'&.&D. (9. E"2).6 

(&):. I+ '%"%'6.= 2"$%<(9"+%,E: 2$,%(%<(6<2+: 25.%+ )C97&D 2'+'E0&). B& Bµ>µ% 

F2="25 #(+ %)(> 9 <).E"$2+% µ2 (& J43P/JB; E*2+ 72+(&)"$><2+ µ2 µ2$679 2'+()*5% 

µE*"+ <(+$µ>: ,%+ 2'+F)µ25 .% (9 <).2*5<2+ 2'=A27&Dµ2.& (9. '"#<A%(9 

%.%86Fµ+<9 (&) "#7&) (=. 2"2).9(+,-. ,E.("=. <(9. %.-(%(9 2,'%502)<9.  

 

/(% '%"%'6.= F% '"E'2+ .% %.%A2"F25 ,%+ (& ?<(2"&<,&'25& (&) /,5.%,% (& &'&5& 

%'&(2725 <9µ%.(+,# '#7& E"2).%: (9: 7-µ27&D: &µ60%: ?<("&A)<+,>: ,%+ 

3+%<(9µ+,>: S)<+,>: (&) Bµ>µ%(&:. B& ?<(2"&<,&'25& 72+(&)"$25 $+% ~20 *"#.+% 

)'# (9. 2'5872C9 (&) !%.2'+<(9µ5&) H">(9:, (&) JB; ,%+ (&) Max Plank Institute 

for Extraterrestrial Physics (MPE) (9: R2"µ%.5%:. !2"+7%µ86.2+ (& '7E&. <D$*"&.& 
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(972<,#'+& (9: ;7760&: (& &'&5& 25.%+ 2@&'7+<µE.& µ2 2'+<(9µ&.+,6 #"$%.% 

(272)(%5%: (2*.&7&$5%: (& &'&5& (& ,%F+<(&D. +0+%5(2"% %.(%$=.+<(+,#. ?@5G2+ .% 

<9µ2+=F25 #(+ 9 2'+()*>: 72+(&)"$5% ,%+ 2'+<(9µ&.+,> '%"%$=$> (&) 

?<(2"&<,&'25&) ,%+ (9: 0).%µ+,>: (=. µ27-. 3;! %<("&A)<+,>: ,%+ 0+%<(9µ+,>: 

A)<+,>: (&) Bµ>µ%(&:, E'%+@2 ,%F&"+<(+,# "#7& (9: '"#<A%(9: &µ#A=.9: 

'"#(%<9: (&) ;/;B $+% (9. 09µ+&)"$5% <(& 4"6,72+& 2.#: .E&) J.<(+(&D(&) 

3+%<(9µ+,>: ,%+ ;'5$2+%: ?<("&A)<+,>: (J3;?) )'# (9. %+$50% (&) JB;.  

 

5.4.  !N> 5@FEC<C <D> C?DH<8µ=ED5;> 78µ=HDCPHCD> <KE µCBNE <=G 7D765<D5=P 

?@=HK?D5=P <=G 'µIµ6<=> 56<A <8E <CBCG<6F6 ?CE<6C<F6;
11

 

 

I <).&7+,#: %"+Fµ#: ,%+ & %"+Fµ#: (=. 09µ&<+2D<2=./µE7&: 3;! (&) Bµ>µ%(&: 

S)<+,>: 25.%+ & µ2$%7D(2"&: <(9. ;7760% %.6µ2<% <(% Bµ>µ%(% S)<+,>:. B& 

<(&+*25& %)(# '"&,D'(2+ (#<& %'# (9. %.67)<9 (=. 2'+<).%'(#µ2.=. %(&µ+,-. 

%'&$"%A+,-. 027(5=. (=. µ27-. 3;! (&) Bµ>µ%(&:, #<& ,%+ %'# %.2@6"(9(2: 

,%(%µ2("><2+: (=. 2'+<(9µ&.+,-. 09µ&<+2D<2=. #7=. (=. ;77>.=. 2"2).9(-.. 4 

'"&<'6F2+% (&) Bµ>µ%(&: 25.%+ .% 0+%(9"><2+ (% '"=(25% (&) <(9. '%"%$=$> 

2"2).9(+,&D E"$&) <(9. ;7760%. 

 

5.5.  !N> 5@FEC<C <=E R6Sµ: 6E6LEN@DH8> <8> ;@CGE6> ?=G LFEC<6D H<= 'µIµ6 

6?: <@F<=G>;
12

  

I <).&7+,#: %"+Fµ#: %.%A&"-. ,%+ & %"+Fµ#: %.%A&"-./µE7&: 3;! (&) Bµ>µ%(&: 

S)<+,>: 25.%+ & µ2$%7D(2"&: <(9. ;7760%. B& <(&+*25& %)(# '"&,D'(2+ (#<& %'# 

(9. %.67)<9 (=. 2'+<).%'(#µ2.=. %(&µ+,-. %'&$"%A+,-. 027(5=. (=. µ27-. 

3;! (&) Bµ>µ%(&:, #<& ,%+ %'# %.2@6"(9(2: ,%(%µ2("><2+: (=. 2'+<(9µ&.+,-. 

09µ&<+2D<2=. #7=. (=. ;77>.=. 2"2).9(-.. 

 

5.6.  !N> 5@FEC<C <D> C@CGE8<D5;> HGEC@L6HFC> <=G 'µIµ6<=>; 

I+ 2"2).9(+,E: <).2"$%<52: (&) Bµ>µ%(&: S)<+,>: ,"5.&.(%+ =: +0+%+(E"=: 

+,%.&'&+9(+,E:. I+ 2"2).9(+,E: <).2"$%<52: ,%F&"5G&.(%+ <2 µ2$67& 8%Fµ# %'# (% 

2"2).9(+,6 '"&$"6µµ%(% '&) )7&'&+&D.(%+ <(& Bµ>µ%. B& )C97# 2'5'20& (=. 

2"2).9(+,-. '"&$"%µµ6(=. 2$$)6(%+ (9. D'%"@9 2"2).9(+,-. <).2"$%<+-. 

)C97&D 2'+'E0&). ;'5<9:, E.% 677& F2(+,# <9µ25& 25.%+ 9 D'%"@9 <).2"$%<+-. (#<& 

µ2 ;)"='%Q,E: &µ602:, (#<& ,%+ ,&")A%52: 2"2).9(+,E: &µ602: %'# (+: 4.!.?. 

 

N: %0D.%µ& <9µ25& <(& '%"#. ,"+(>"+& %@+&7#$9<9: µ'&"25 .% %.%A2"F25 9 <*2(+,6 

µ+,"> 2"2).9(+,> <).2"$%<5% (&) Bµ>µ%(&: S)<+,>: µ2 ;779.+,E: 2"2).9(+,E: 

&µ602:. 4 %0).%µ5% %)(> 25.%+ <).E'2+% (9: $2.+,#(2"9: )'&*"9µ%(&0#(9<9: (9: 

8%<+,>: E"2).%: %'# (9. ;7760%. 

 

5.7.  !N> 5@FEC<C <D> 7D65@FHCD> 56D <6 R@6RCF6 C@CGE8<D5=P ;@L=G ?=G ;J=GE 

6?=ECµ8SCF HC µ;B8 <=G 'µIµ6<=>; 

 

                                                
11 !"µ#$%&'()*, ()%+ ,+-)%). 11, )/+ :0+.1. 11-9 
12 !"µ#$%&'()*, ()%+ ,+-)%). 11, )/+ :0+.1. 11-10 
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I+ 0+%,"5<2+: ,%+ (% 8"%825% '&) E*&). %'&.2µ9F25 <2 µE79 3;! (&) Bµ>µ%(&: 

,"5.&.(%+ +0+%5(2"% <9µ%.(+,E:. 4 (272)(%5% <9µ%.(+,> 0+6,"+<9 25.%+ 9 '"#<A%(9 

%'&.&µ> (&) ;)"='%Q,&D !"&$"6µµ%(&: J3;;/ <(&. ;'+,. H%F9$9(> ,. !E("& 

[%,+(G>. 4 0+6,"+<9 %)(> 25.%+ 9 '"-(9 ,%+ µ&.%0+,> µE*"+ <(+$µ>: <2 Bµ>µ% 

S)<+,>: <(9. ;7760%. 

 

;'5<9: & .2&0+&"+<F>: %.%'79"=(>: ,%F9$9(>: (&) Bµ>µ(&: ,. V"><(&: 

!%.%$#'&)7&: 2(+µ>F2+ µ2 0D& <9µ%.(+,6 8"%825%/%.(%$=.+<(+,6 '"&$"6µµ%(% (9: 

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

(European Young Investigator Award ,%+ (& ;)"='%Q,# 8"%825& !"#$"%µµ% 

?"+<(25%: Excellence Grant) 

 

5.8.  !N> 5@FEC<C <=E R6Sµ: HGµµC<=JI> <KE Q=D<8<NE/H?=G76H<NE H<8E 

;@CGE6; 

 

4 <)µµ2(&*> (=. A&+(9(-. <(9. 2"2).9(+,> 0"%<(9"+#(9(% (&) Bµ>µ%(&: ,"5.2(%+ 

+,%.&'&+9(+,>. J0+%5(2"% &+ '2+"%µ%(+,E: &µ602: (&) Bµ>µ%(&: µ2 (+: 6"+<(2: 

2"2).9(+,E: )'&0&µE: (&): %'&(27&D. '#7& E7@9: (=. A&+(9(-. &+ &'&5&+ 

<)µµ2(E*&). E.(&.% <(+: 2"2).9(+,E: 0"%<(9"+#(9(2:.  

 

?0D.%µ& <9µ25& <(& ,"+(>"+& %@+&7#$9<9: %)(# 25.%+ 9 µ25=<9 (&) %"+Fµ&D (=. 

µ2(%'()*+%,-. A&+(9(-. (&) Bµ>µ%(&:. 4 %0).%µ5% %)(> F% %.(+µ2(='+<(25 µ2 (9. 

%.%0+&"$6.=<9 (&) 12(%'()*+%,&D !"&$"6µµ%(&: 9 &'&5% E*2+ >09 '"&*="><2+ 

<9µ%.(+,6.  
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6. &J;HCD> µC 5=DEKED5=P>/?=BD<DH<D5=P>/?6@6LKLD5=P> (+!!) Q=@CF> 

 

6.1. !N> 5@FEC<C <D> HGEC@L6HFC> <=G 'µIµ6<=> µC +!! Q=@CF>; 

 

P#$= (9: AD<9: (&) Bµ>µ%(&: 02. )'6"*2+ µ2$679 <).2"$%<5% µ2 H!! A&"25: 

2,(#: %'# (9. <)µµ2(&*> (&) <2 <).0+&"$6.=<9 2'+<(9µ&.+,-. ,%+ '&7+(+<(+,-. 

2,097-<2=..   

1+% 0"%<(9"+#(9(% (&) Bµ>µ%(&: 25.%+ 9 <).0+&"$6.=<9 µ2 (9 3+2DF).<9 

32)(2"&86Fµ+%: ;,'%502)<9: ,%+ (9. (&'+,> E.=<9 S)<+,-. (9. 2(><+% 9µ2"50% 

«4µE"% S)<+,>:».  /(9. 2. 7#$= 9µ2"50% <)µµ2(E*&). µ%F9(E: %'# R)µ.6<+% ,%+ 

PD,2+% ,%+ 0+%$=.5G&.(%+ <2 FEµ%(% 2"$%<(9"+%,-. 0+%(6@2=. S)<+,>:. 

 

K'6"*2+ 2'5<9: <).2"$%<5% µ2 (& B2*.&7&$+,# !6",& H">(9:. 

 

  

6.2.  !N> 5@FEC<C <8 7GE6µD5I <=G 'µIµ6<=> LD6 6EA?<GM8 HGEC@L6HDNE µC 

+!! Q=@CF>; 

T2="&Dµ2 #(+ µ'&"25 .% %.%'()*F25 +0+%5(2"% <2 FEµ%(% '2"+8677&.(&:. 

 

6.3.  !N> 5@FEC<C <D> 7@6H<8@D:<8<C> <=G 'µIµ6<=> ?@=> <8E 56<CPSGEH8 <8> 
6EA?<GM8> 56D CEFHJGH8> HGEC@L6HDNE µC +!! Q=@CF>; 

  

K'6"*&). 0).%(#(9(2: %776 2@%"(-.(%+ '&7D ,%+ %'# (& (&'+,# 2'5'20& %.6'()@9: 

<(9. ,%(2DF).<9 (9: B2*.&7&$5%:. 

 

6.4.!N> 5@FEC<C <=E R6Sµ: HPE7CH8> <8> HGEC@L6HF6> µC +!! Q=@CF> µC <8E 

C5?6D7CG<D5I 7D67D56HF6; 

 

 K'6"*2+ +,%.&'&+9(+,> <).2"$%<5% µ2 (&'+,&D: 2,'%+02)(+,&D: A&"25: <2 <*E<9 

,)"5=: µ2 (9. !"%,(+,> Y<,9<9 S&+(9(-.. 

 

6.5.  !N> 5@FEC<C <8 HGµR=BI <=G 'µIµ6<=> H<8E <=?D5I, ?C@DQC@CD65I 56D 
CSED5I 6EA?<GM8; 

 

T2="&Dµ2 #(+ (& Bµ>µ% µ%: %'# (9. %"*> (9: 72+(&)"$5%: (&) E*2+ 2+<6$2+ .E% 

'"#()'%  <(9. *-"% <2 <*E<9 µ2 (9. E"2).% ,%+ (9. &"$6.=<9 <'&)0-..  L*2+ 

<).2+<AE"2+ <(9. 09µ+&)"$5% µ2$67=. J0")µ6(=. #'=: (& JB; ,%+ 8"5<,2(%+ '6.(% 

<(9. '"=(&'&"5% ,%F-: ,%+ <(9. $2.+,#(2"9 2'+<(9µ&.+,> ,%+ (2*.&7&$+,> 

%.6'()@9 (9: *-"%:.  
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7. &<@6<8LD5I 65678µ695I> 6EA?<GM8> 

7.1. !N> 5@FEC<C <8 H<@6<8LD5I 65678µ695I> 6EA?<GM8> <=G 'µIµ6<=>; 

 

B& Bµ>µ% *%"%,(9"5G2(%+ %'# (9. D'%"@9 &µ60=. (#<& <(& 2'5'20& (9: 

F2="5%:/)'&7&$+<µ-. #<& ,%+ <(& '25"%µ%. I"+<µE.2: %'# (+: F2="9(+,E: &µ602: 

*"2+6G2(%+ .% 2.+<*)F&D. µ2 .E2: µ&.(E".2: ,%(2)FD.<2+:. R+% '%"602+$µ% F% >(%. 

2.0+%AE"&. .% %'&,(><&)µ2 ,%(2DF).<9 <*2(+,> µ2 8+&A)<+,>, ,8%.(+,&D: 

)'&7&$+<(E:, ,7'.  B%)(#*"&.% 2A%"µ&<µE.2: ,%(2)FD.<2+: #'=: R2=A)<+,>, 

J%("+,> S)<+,>, ,7'.  F% µ'&"&D<%. .% 0-<&). .E2: 0+2@#0&): <(&): %'&A&5(&): 

(&) (µ>µ%(&:.  

 

BE7&: .E2: FE<2+: '2+"%µ%(+,>: ,%(2DF).<9: F% µ'&"&D<%. .% ,%7DC&). 

)'6"*&)<2: %.6$,2: <(9 S)<+,> /)µ'),.=µE.9: Z79:, 1+,"&/W%.& 472,("&.+,> 

,%+ 677=.. 

 

 

4 %.6'()@9 (&) Bµ>µ%(&: '"&: %.(5<(&+*2: ,%(2)FD.<2+: 2@%"(6(%+ ,)"5=: %'# (9. 

<(6<9 (&) K'&)"$25&) =: '"&: (9. 0).%(#(9(% .E=. FE<2=. 3;! $+% (& Bµ>µ%. 

 

7.2. !N> 5@FEC<C <8 7D67D56HF6 7D6µ:@QKH8> H<@6<8LD5I> 65678µ695I> 

6EA?<GM8> <=G 'µIµ6<=>; 

 4 0+%0+,%<5% 0+%µ#"A=<9: <("%(9$+,>: $5.2(%+ µ2(6 %'# <)77&$+,> <)G>(9<9 ,%+ 

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

%'# (& K'&)"$25& !%+025%:.  
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8. OD=D58<D5;> G?8@CHFC> 56D G?=7=µ;> 

8.1.  !N> 5@FEC<C <8E 6?=<CBCHµ6<D5:<8<6 <KE 7D=D58<D5NE 56D <CJED5NE 
G?8@CHDNE; 

 

I+ 0+&+,9(+,E: ,%+ (2*.+,E: )'9"2<52: 25.%+ ,2.("+,E: )'9"2<52: (&) !%.2'+<(9µ5&) 

,%+ 0+E'&.(%+ %'# $.=<(E: '%F&$E.2+2:.  4 (2*.+,> )'9"2<5% 25.%+ 0)<,5.9(9, $+% 

(9. %'&,%(6<(%<9 ,%+ (+: '+& µ+,">: G9µ+6: %'%+(25(%+ µ2$679 '"&<'6F2+% 2.- 

827(+-<2+: ,%+ %'&,%(%<(6<2+: G9µ+-. 25.%+ '&7D *"&.&8#"2: 0+%0+,%<52:.  T% 

>(%. '&7D '"&(+µ#(2"& 9 <).(>"9<9 (=. ,(+"5=. .% $5.2(%+ %'# 2@=(2"+,> 

2"$&7%85% 9 &'&5% F% 0502(%+ µE<= %.&+,(&D 0+%$=.+<µ&D %.6 (%,(6 *"&.+,6 

0+%<(>µ%(%.  B& µ&.(E7& %)(# E*2+ *"9<+µ&'&+9F25 $+% (9. ,%F%"+#(9(% ,%+ 

72+(&)"$25 +,%.&'&+9(+,6. 

 

8.2.  !N> 5@FEC<C <D> G?8@CHFC> Q=D<8<D5I> µ;@DµE6>; 

I+ )'9"2<52: A&+(9(+,>: µE"+µ.%: 25.%+ 2. $E.2+ ,%7E: %776 *"2+6G&.(%+ 

µ9*%.&$"6A9<9.  P#$= '&+,57=. $"%A2+&,"%(+,-. '2"+&"+<µ-. 9 '%"&*> µE"+µ.%: 

(<5(+<9, <(E$%<9) 02. 25.%+ %'&(272<µ%(+,> ,%+ ,%(%7>$2+ .% 25.%+ ,%+ '&7D %,"+8> 

$+% (9. '&+#(9(% )'9"2<+-. '&) '"&<AE"2+.  T% >(%. '"&(+µ#(2"& .% ,%(%"$9F25 

,%+ .% %.(+,%(%<(%F25 %'# *"9µ%(+,E: )'&("&A52: &+ &'&52: F% 05.&.(%+ ,%(’ 

2)F25%. <(&): 0+,%+&D*&):. ?)(# F% %'7&'&+&D<2 (9. $"%A2+&,"%(5%, (% *">µ%(% 

(=. A&"&7&$&)µE.=. '&7+(-. F% %@+&'&+&D.(%. ,%7D(2"% ,%+ &+ (27+,&5 0+,%+&D*&+ 
F% 25*%. 0).%(#(9(2: 2'+7&$>:. 

 

8.3.  !N> 5@FEC<C <D> G?=7=µ;> ?AH8> QPHCK> ?=G J@8HDµ=?=DCF <= 'µIµ6; 

B& (µ>µ% E*2+ ,%7E: ,(+"+%,E: )'&0&µE:.  B& ,(5"+& (&) 25.%+ .2#0µ9(& (02,%2(5%:) 

,%+ 0+%(9"25(%+ <2 ,%7> ,%(6<(%<9.  K'6"*2+ 0+%",>: 2'&'(25% ,%+ '"&<'6F2+% 

%'&,%(6<(%<9: G9µ+-..  L.% 8%<+,# G>(9µ% (&) ,(+"5&) 25.%+ #(+ 2.- 

*"9<+µ&'&+25(%+ %'# ("5% (µ>µ%(%, 097. S)<+,#, U+&7&$+,#, Bµ>µ% ;'+<(>µ9: ,%+ 

B2*.&7&$5%: K7+,-., 02. E*2+ 2'%",> %"+Fµ# %+F&)<-. $+% 0+0%<,%75%.   

 

8.4.!N> 5@FEC<C <=E R6Sµ: 6MD=?=F8H8> E;KE <CJE=B=LDNE 6?: <D> 7DAQ=@C> 

G?8@CHFC> <=G 'µIµ6<=> (?B8E C5?6D7CG<D5=P 56D C@CGE8<D5=P ;@L=G); 

 

B& (µ>µ% *"9<+µ&'&+25 (& .E& '"#$"%µµ% )'&<(>"+@9: R"%µµ%(2+-. (& &'&5& 

2'+("E'2+ 2$$"%A> (=. A&+(9(-. µE<= (&) 0+,(D&), 972,("&.+,> '%"%,&7&DF9<9 

'"&#0&) ,7'.  ;'5<9: #72: &+ )'9"2<52: '"&<AE"&.(%+ ,%+ (972A=.+,6 µE<= 

%)(&µ%(&'&+9µE.&) <)<(>µ%(&:.  R2.+,6 9 *"><9 .E=. (2*.&7&$+-. 25.%+ 

0+%020&µE.9 <(& Bµ>µ%. 
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8.5.  !N> 5@FEC<C <=E R6Sµ: 7D6QAECD6> 56D <8E 6?=<CBCHµ6<D5:<8<6 H<8 

J@IH8 G?=7=µNE 56D CM=?BDHµ=P; 

K'6"*2+ 0+%A6.2+% ,%+ <*2(+,> %'&(272<µ%(+,#(9(%.  M7% (% <*2(+,6 G9(>µ%(% 

<)G9(&D.(%+ <(9. R2.+,> /).E72)<9 (&) Bµ>µ%(&:.  

 

8.6.  !N> 5@FEC<C <=E R6Sµ: 7D6QAECD6> 56D <8E 6?=<CBCHµ6<D5:<8<6 H<8 

7D6JCF@DH8 =D5=E=µD5NE ?:@KE; 

 

;5.%+ 0+%A%.>: ,%+ #<& (& 0).%(#. %'&(272<µ%(+,>.   

 

 

9. &Gµ?C@AHµ6<6 

9.1.  !=D6, 56<A <8E LENµ8 H6>, CFE6D <6 5G@D:<C@6 SC<D5A 56D 6@E8<D5A 

H8µCF6 <=G 'µIµ6<=>, :?K> 6G<A ?@=5P?<=GE µ;H6 6?: <8E G,</-5 

A-@4/$*,70 B;*&1635-50; 

 

B& Bµ>µ% S)<+,>: (&) !%.2'+<(9µ5&) H">(9: 25.%+ (& .2-(2"& (µ2 97+,5% 

µ+,"#(2"9 %'# 30 E(9) ,%+ µ+,"#(2"& (31 µE79 3;!) (9: *-"%:.  !&<&(+,E: µ27E(2: 

(& E*&). %.%025@2+ <%. (& ,%7D(2"& 2'+<(9µ&.+,# (9: *-"%: ,%+ µ2 <9µ%.(+,> 

0+%A&"6 %'# (% )'#7&+'%.  B& Bµ>µ% E*2+ 2+<6$2+ 2'+<(9µ&.+,6 '"#()'% <(9. *-"% 

(% &'&5% 25.%+ %.(5<(&+*% (=. ,&")A%5=. &µ#7&$=.  (µ9µ6(=. (&) 2@=(2"+,&D.  

L*2+ '"=(&'&"+%,# '"#$"%µµ% <'&)0-. ,%+ E*2+ 2+<6$2+ (9. %@+&7#$9<9 

µ%F9µ6(=. >09 %'# (&. 1996.  3+%(9"25 &"$%.=µE.& 0+0%,(&"+,#/µ2(%'()*+%,# 

'"#$"%µµ% (% (272)(%5% 25,&<+ '2"5'&) E(9. 

 

P#$= (& #(+ 2)"5<,2(%+ <(9. '2"+AE"2+% (9: *-"%: ,%+ µ67+<(% (9. .9<+=(+,> E*2+ 

µ2$679 %0).%µ5% .% '"&<27,D<2+ )C97&D 2'+'E0&) '"&'()*+%,&D: A&+(9(E: &+ 

&'&5&+ ,%(6 (2,µ>"+& G&).  ,%+ ,%(’ 2'E,(%<9 A&+(&D. <(% µ2$67% %<(+,6 ,E.("%, 

097.  ?F>.% ,%+ T2<<%7&.5,9.   

 

;'+'7E&., 7#$= (&) #(+ (& K'&)"$25& !%+025%: 02. '"&<AE"2+ ,%.2.#: (D'&) 

*"9µ%(&0#(9<9 '&) µ'&"25 .% *"9<+µ&'&+9F25 =: µ2(%'()*+%,E:/0+0%,(&"+,E: 

)'&("&A52:, E*2+ '&7D µ2$679 0)<,&75% .% '"&<27,D<2+ ,%7&D: 

µ2(%'()*+%,&D:/0+0%,(&"+,&D: A&+(9(E: %'# '#72+: 2,(#: H">(9: $+% ,%F%"6 

&+,&.&µ+,&D: 7#$&):.   ?. µ%: 2G9(>(& .% 2,A"6<&)µ2 µ2 µ5% µ#.& 7E@9 (& 

,)"+#(2"& %".9(+,# G>(9µ% (&) (µ>µ%(&: 9 %'6.(9<9 F% >(%. «)'&("&A52:».  R+%(5 

'"6$µ%(+ µ2 ,%(67797& %"+Fµ# '"&'()*+%,-. ,%+ ,)"5=: µ2(%'()*+%,-. 

)'&("&A+-. (& (µ>µ% F% µ'&"&D<2 .% '"&<27,D<2+ (%7%.(&D*&): .E&): &+ &'&5&+ 

F% 0+E'"2'%.. 

 

9.2. OD65@FEC<C CG56D@FC> 6MD=?=F8H8> <KE SC<D5NE H8µCFKE 56D CE7CJ:µCE=G>  
5DE7PE=G> 6?: <6 6@E8<D5A H8µCF6; 
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4 9$2(+,> 2'+<(9µ&.+,> FE<9 (&) (µ>µ%(&: <(9. *-"% ,%+ 9 "&> 2@%5"2(=. .E=. 

2'+<(9µ#.=. &+ &'&5&+ '"&<27,D&.(%+  <(9. H">(9 <)$,%(%7E$&.(%+ <(% +<*)"6 

F2(+,6 <9µ25% (&) (µ>µ%(&:.  ?'# (9. 6779 µ2"+6 9 %0).%µ5% '"&<E7,)<9: ,%7-. 

'"&'()*+%,-. A&+(9(-. %'# '2"+&*E: 2,(#: H">(9: ,%+ 9 %.(5<(&+*9 0)<,&75% 

'"&<E7,)<9: ,%7-. µ2(%'()*+%,-. A&+(9(-. %'# '%.2'+<(>µ+% (9: )'#7&+'9: 

;7760%: 25.%+ <%A-: %".9(+,6  <(&+*25%.  12 (9. )'6"*&)<% ,%(6<(%<9 <'&)0-. 

<(9. *-"% ,%+ (9. %.)'%"@5% )'&("&A+-. 02. F2="&Dµ2 '+F%.> (9. %77%$> (9: 

,%(6<(%<9: <(& '"&'()*+%,# 2'5'20&.  /(& µ2(%'()*+%,#/0+0%,(&"+,> 2'5'20& 

$5.&.(%+ E.(&.2: '"&<'6F2+2: µ2 (9. %.%.E=<9 (=. µ2(%'()*+%,-. '"&$"%µµ6(=. 

,%+ (9. 2+<%$=$> µ2$%7D(2"9: 2)27+@5%:.  ;)27'+<(&Dµ2 #(+ &+ '%"2µ86<2+: %)(E: 

F% E*&). <9µ%.(+,# %.(5,()'& <(9. '&+#(9(% (=. A&+(9(-. ,%+ (=. <'&)0-..  
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10. &J;7D6 RCB<FKH8> 

.  

10.1. !C@DL@AU<C <= R@6JG?@:SCHµ= HJ;7D= 7@AH8> 6?: <= 'µIµ6 LD6 <8E A@H8 

<KE 6@E8<D5NE 56D <8E CEFHJGH8 <KE SC<D5NE H8µCFKE.  

M'=: '"&%.%AE"F9,2, F2="&Dµ2 #(+ 0D& 8%<+,6 %".9(+,6 <9µ25% <(9. 72+(&)"$5% 

(&) Bµ>µ%(&: 25.%+ (%) 9 0)<,&75% '"&<E7,)<9: ,%7-. '"&'()*+%,-. A&+(9(-. 

,)"5=: %'# (% µ2$67% %<(+,6 ,E.("% ,%+ (8) %.(5<(&+*9 0)<,&75% <2 µ2(%'()*+%,# 

2'5'20&.  4 02D(2"9 &A2572(%+ ,%F%"6 <2 &+,&.&µ+,&D: 7#$&):.  R+% .% %.%<("EC2+ 

(& (%) (& Bµ>µ% @2,5.9<2 AE(&: µ+% «0+%A9µ+<(+,> 2,<("%(25%» <(% PD,2+% (9: 

*-"%: #'&) '%"&)<+6G&.(%+ (% 8%<+,6 '72&.2,(>µ%(% (&) (µ>µ%(&: #'=: &+ 

&"$%.=µE.2: ,%+ (%,(+,E: <'&)0E:, (& )C97# 2'5'20& (&) (µ>µ%(&:, &+ <9µ%.(+,E: 

'"&&'(+,E: (=. %'&A&5(=. ,7'.  B)'-<%µ2 '"#<A%(% ,%7%5<F9(2: %A5<2: ,%+ 

A)7760+% µ2 (% 8%<+,6 '72&.2,(>µ%(% (=. <'&)0-. <(& (µ>µ% µ%: ,%+ (% 

%'&<(257%µ2 <2 2'+72$µE.% <*&725% (9: *-"%:.  !%"67797% E*&)µ2 A"&.(5<2+ -<(2 

&+ <)$,2,"+µE.2: '79"&A&"52: '&) 2.0+%AE"&). (&): .E&): A&+(9(E: .% 8"5<,&.(%+ 

<(+: 0+%",-: %.%.2=µE.2: +<(&<27502:.  4 '"&<'6F2+% %)(> (9: 6µ2<9: 

2.9µE"=<9: (=. µ%F9(-. F% <).2*+<F25 ,%+ <(% 2'#µ2.% *"#.+% ,%+ 27'5G&µ2 .% 

%'&0-<2+. 

 

/2 <*E<9 µ2 (& (8) E$+.2 AE(&: µ+% '7>"9: %.%0+6"F"=<9 (=. 0D& µ2(%'()*+%,-. 

(&) (µ>µ%(&: (% &'&5% µ2(&.&µ6<F9,%. <2 «!"&*="9µE.9: S)<+,>:» ,%+ 

«S=(&.+,>:-W%.&972,("&.+,>:» %.(5<(&+*%.  L$+.2 <).(#µ2)<9 (&) *"#.&) 

<'&)0-., %.%.2-F9,2 (& '"#$"%µµ% ,%+ (& ,)"+#(2"&, 2@%<A%75<F9,2 E.%: µ+,"#: 

%"+Fµ#: )'&("&A+-. µE<= (&) J.<(+(&D(&) 472,("&.+,>: 3&µ>: ,%+ PE+G2" (&) 

JB;.  !%"67797% 09µ+&)"$>F9,2 2+0+,> +<(&<2750%  $+% (% µ2(%'()*+%,6 

'"&$"6µµ%(% ,%F-: ,%+ <*2(+,> %A5<% '&) %'2<(679 <2 677% !%.2'+<(>µ+% ,%+ 

Bµ>µ%(%.  X09 '%"%(9"25(%+ ,6'&+% µ2$%7D(2"9 ,+.9(+,#(9(% 2.0+%A2"#µ2.=. 

A&+(9(-. ,%+ 27'5G&)µ2 %)(# .% '%$+=F25 <%. (6<9. 

 

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

%D@9<9 (&) %"+Fµ&D (=. 2+<%$&µE.=. A&+(9(-. %'# 120 <2 150 (%D@9<9 25%).  

K'2.F)µ5G2(%+ #(+ (& (µ>µ% µ%: E*2+ µ#7+: 31 µE79 3;!  (% %.(5<(&+*% «µ+,"6» 

(µ>µ%(% S)<+,>: !6("%: ,%+ J=%..5.=. E*&). 6.= (=. '2.>.(% 2.- (% «µ2$67%» 

(=. ?F9.-. ,%+ T2</.+,9: 6.= (=. 2,%(#.  4 µ2$679 %)(> %D@9<9 F% 2'9"26<2+ 

6µ2<% (& 0+0%,(+,# E"$& ,%+ <(% F2="9(+,6 %776 ,)"5=: <(% '6<9: AD<2=: 

2"$%<(9"+%,6 µ%F>µ%(% (&) (µ>µ%(&:.  /9µ2+-.2(%+ #(+ )'6"*2+ µ2$679 <(2.#(9(% 

*-"&) #<&. %A&"6 (+: %5F&)<2: 0+0%<,%75%: µ+% ,%+ &+ 0+0%,(+,&5 *-"&+ (&) 

(µ>µ%(&: *"9<+µ&'&+&D.(%+ (%)(#*"&.% ,%+ %'# (% (µ>µ%(% U+&7&$5%: ,%+ K7+,-..  

!%"%025$µ%(&: *6"9 (& µ2$%7D(2"& %µA+FE%("& <(& ,(5"+& 25.%+ *="9(+,#(9(%: 140 

FE<2=..  R+% (9. 8"%*)'"#F2<µ9 %.(+µ2(-'+<9 (9: %D@9<9: %)(>: (=. A&+(9(-. 

E*&µ2 G9(><2+ $2..%5% %D@9<9 '+<(-<2=. !.3. 407 9 &'&5% F% 2'+("EC2+ (9. 

<).E*+<9 (9: ,%7>: 0+0%,(+,>: 72+(&)"$5%: (&) (µ>µ%(&:. 
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10.2. !C@DL@AU<C <= µCH=?@:SCHµ= HJ;7D= 7@AH8> 6?: <= 'µIµ6 LD6 <8E A@H8 

<KE 6@E8<D5NE 56D <8E CEFHJGH8 <KE SC<D5NE H8µCFKE.  

 12<&'"#F2<µ% (& (µ>µ% <,&'2D2+ .% 09µ+&)"$><2+ '+& 6µ2<9 <D.02<9 µ2 (9. 

%$&"6 2"$%<5%: (#<&  <(&. 09µ#<+& #<& ,%+ +0+=(+,# (&µE% ,%+ µ2 (&. ("#'& %)(# 

&+ %'#A&+(&+ (&) (µ>µ%(&: F% µ'&"&D. .% <(&*2D&). '"&: 0+6A&"2: ,%(2)FD.<2+: 

2'%$$27µ%(+,>: %'&,%(6<(%<9: 2.- 25.%+ >09 <(& !%.2'+<(>µ+&.  L.% '"-(& 8>µ% 

<(9. ,%(2DF).<9 %)(> 25.%+ 9 86<9 020&µE.=. %'&A&5(=. '&) E*2+ 09µ+&)"$9F25 

,%+ 2'+,&+.=.5% µ%G5 (&):.  ;'5<9: (& Bµ>µ% F% 2'+0+-@2+ (9. FE<'+<9 )'&("&A+-. 

<2 '"&'()*+%,# %776 ,%+ µ2(%'()*+%,# 2'5'20& E(<+ -<(2 .% ,6.2+ (+: <'&)0E: 

A)<+,>: <(& 4"6,72+& '+& 27,)<(+,E:.  R+% .% 2.+<*)F&D. (% F2(+,6 (&) (µ>µ%(&: 

'&) 25.%+ 9 2'+<(9µ&.+,> ,%+ 0+0%,(+,> %"+<(25% F% '"E'2+ .% %.&5@&). .E2: '+& 

2A%"µ&<µE.2: ,%(2)FD.<2+: <(& Bµ>µ% &+ &'&52: F% 2'%.F"=F&D. %'# .E% µE79 

3;! µ2 0+2F.> %,(+.&8&75%.  ;'5<9: 25.%+ '&7D <9µ%.(+,# .% 2.+<*)F25 (& (µ>µ% <2 

2'5'20& FE<2=. ;.;.3J.!. ,%+ ;B;! $+% .% µ'&"E<2+ .% ,%7DC2+ (+: µ2$672: 

2"$%<(9"+%,E: (&) %.6$,2:.   

 

10.3. OD6<G?NH<C ?@=<AHCD> ?@=> 7@AH8 6?: <8 OD=F58H8 <=G %7@Pµ6<=>. 

4 0+&5,9<9 F% '"E'2+ .% %.%0+%"F"-<2+ &"+<µE.2: %'# (+: )'9"2<52: (&) 

!%.2'+<(9µ5&) ,%+ .% &"$%.-<2+ ,%7D(2"% (% FEµ%(% (2*.+,>: )'9"2<5%: ,%+ 

%<A672+%:.  

 

10.4. OD6<G?NH<C ?@=<AHCD> ?@=> 7@AH8 6?: <8E !=BD<CF6. 

4 +,%.&'&59<9 (=. '%"%,6(= <9µ25=. F% &09$><2+ <2 µ5% '"%$µ%(+,> 

2'+<(9µ&.+,> ,%+ 2,'%+02)(+,> 6.F9<9 (& Bµ>µ% S)<+,>:, µ2 <9µ%.(+,E: 0+2F.>: 

,%+ 2F.+,E: 2"2).9(+,E:, (2*.&7&$+,E: ,%+ 2,'%+02)(+,E: 2'+'(-<2+:. 

 

(1) WE2: FE<2+: µ27-. 3;!:  ?. (& K'&)"$25& µ%: *&"9$><2+ '2"5'&) 8 .E2: 

FE<2+: 3;! ,%(6 (9. 2'#µ2.9 '2.(%2(5% F% )'6"@2+ µ5% µ2$679 E$*)<9 .E&) 

%5µ%(&: <(& Bµ>µ%. WE2: '+& 2A%"µ&<µE.2: '2"+&*E: F% %.%'()*F&D. µ2 

<9µ%.(+,E: F2(+,E: <).E'2+2: $+% (9 *-"%.  

 

(2) WE2: FE<2+: ;B;!, ;.;.3J.!.: B& Bµ>µ% *"2+6G2(%+ 2'2+$#.(=: .E2: FE<2+: 

;B;!/;;.3.J.!. $+% .% ,%7DC2+ (+: µ2$672: ,%+ %)@%.#µ2.2: 7#$= (9: 

%D@9<9: (&) %"+Fµ&D A&+(9(-. 2"$%<(9"+%,E: ,%+ )'&7&$+<(+,E: (&) 

%.6$,2:.  ;,(+µ6(%+ #(+ %'%+(&D.(%+ ;MD E;C> S;HCD> <(9. ,%(9$&"5% %)(>. 

 

(3) ?.%0+6"F"=<9 ,%+ %.%.E=<9 2,'%+02)(+,-. 2"$%<(9"5=.: B& (µ>µ% F% 

2'+F)µ&D<2 µ5% '7>"9 2,µ&.(2".&'&59<9 2,'%+02)(+,-. 2"$%<(9"5=. (&). 

R+% .% <)µ825 %)(# 2,(+µ&Dµ2 #(+ %'%+(25(%+ '&<# (9: (6@9: (=. 250.000 

2)"-. 

 

(4) K'&7&$+<(+,6 2"$%<(>"+%: V"2+6G2(%+ %.%.E=<9 (=. )'&7&$+<(+,-. 

2"$%<(9"5=. ,%+ %.6'()@9 *-"=. 272DF2"9: '"#<8%<9: $+% A&+(9(E: ,%+ 

'"&<='+,#. ;,(5µ9<9 %'%+(&Dµ2.=. ,&.0)75=. 300.000 2)"-. 
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(5) ;"2).9(+,# «cluster” )'&7&$+<(-.: /(& (µ>µ% µ%: )'6"*2+ µ2$679 %.6'()@9 

(9: )'&7&$+<(+,>: 2'+<(>µ9:. T% >(%. 2'+F)µ9(> 9 %$&"6 2.#: «cluster» 

)'&7&$+<(-.  $+% 2"2).9(+,> <,&'&D:. ;,(5µ9<9 '&<&D: 200.000 2)"-. 

 

(6) B2*.+,6 E"$% ,%+ 2@&'7+<µ#: %+F&)<-.: ;5.%+ %'%"%5(9(& .% $5.&). (2*.+,6 

E"$% <(& Bµ>µ% $+% (9 09µ+&)"$5% .E=. %+F&)<-. 0+0%<,%75%: ,%+ *-"=. 

$+% (&): A&+(9(E:. ;'+'7E&. %'%+(25(%+ E'+'7% ,%+ 2@&'7+<µ#: %+F&)<-. ,%+ 

,&+.#*"9<(=. *-"=..  ;,(5µ9<9 '&<&D: 500.000 2)"-. 

 

(7) ;"2).9(+,E: <)<,2)E:: K'6"*2+ µ2$679 %.6$,9 µ2$67&) 2"2).9(+,&D 

2@&'7+<µ&D 2"2).9(+,-. <)<,2)-., %'# (&): 0+6A&"&): (&µ25: (&) 

Bµ>µ%(&:. I 2@&'7+<µ#: %)(#: F% ,%(%<(><2+ (+: <*2(+,E: &µ602: '&7D '+& 

%.(%$=.+<(+,E: ,%+ F% %)@><2+ (9. 0).%(#(9(% '"&<E7,)<9: .E=. 

(%7%.(&D*=. 2'+<(9µ#.=..  ;,(5µ9<9 <).&7+,&D '&<&D: 3.000.000 2)"-. 
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11. !FE65C> 

I+ '5.%,2: '&) %,&7&)F&D. %A&"&D. <2 )'&025$µ%(% ,%+ '%"%(5F2.(%+ <2 &"+G#.(+% 

0+6(%@9 <2750%:. 

 

 

(?0 56210+60 )&- %$1=98- $=>8+ $%"$µµ;>8 "$>2) 
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!"#$%$& 11-1. '()*+(, -./ 01.230+%.4 -./ 5µ6µ$-.& 

  2007-

2008 

2006-

2007 

2005-

2006 

2004-

2005 

2003-

2004 

!"#$%$&'( )*+,-, 11 11 9 11 10 

 ./0 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"3&7613(* 0 0 0 0 0 

.+"/-$5<&'( !"#$%$&'( )*+,-, 10 8 10 10 10 

 ./0 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"3&7613(* 0 0 0 0 0 

=/>?,95,3 !"#$%$&'( )*+,-, 8 10 7 6 5 

 ./0 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 

 ;"5"3&7613(* 0 0 0 0 0 

@'?&,51(/!"#$%$&'( 

=A"5µ,%B+ 

)*+,-, 1 1 2 2 1 

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

 )9+&"23,:,&7613(* 0 0 0 0 0 

 ;"5"3&7613(* 0 0 0 0 0 
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!"#$ %%&'(/%&( )*+,#, 2 2  2 2 2 

&-./01,+234 356 07µ8/03-** )*+,#, 3,5 3,5 3,5 3,5 3,5 

93:+-1; 5<,0=5-1; 

3<>?02$<6=+ 

)*+,#,  2 2 2 2 2 

&-,-1$2-1; 5<,0=5-1; )*+,#, 6 6 6 6 6 

* @+?A"<32?- 02, 23#372?6, "2,4 

** @+?A"<32?- 03 ?<-Bµ; 07µ8/03=+ – ;:- .-.?01;+2=+ (5.:. ?+ "+?4 .-./01=+ ":3- .*, 07µ8/03-4, :3-µ3<-+C 1?- 3?<-+C, 2;23 µ32<D+2?- .*, 

07µ8/03-4)
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!"#$%$& 11-2.1. '()*+(, -.# /00/01$µµ)#.# 23+-,-4# -35 6µ7µ$-3& 8/ 9*$ -$ )-, 8:35;4# 

 

 2007-

2008 

2006-

2007 

2005-

2006 

2004-

2005 

2003-

2004 

!"#$%&'()*#+ 122 129 119 118 115 

,-%)$%&'()*#+ 40 60 62 40 51 

.(/)*%#"(*#+ 30 29 30 25 25 
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!"#$%$& 11-2.2. '()*+(, -.# /+0/123µ)#.# 4134-52+$%6# 73+-,-6# -35 8µ9µ$-3&  

 

 

 

 2006-

2007 

2005-

2006 

2004-

2005 

2003-

2004 

2002-

2003 

!"#$%&%"'() *+*,-#*") 120 110 110 100 100 

.*,*%%/$0()
13

         *"#/1() 

                                 *'/1()  

- 

34 

1 

20 

1 

25 

6 

32 

4 

29 

2$,$,$',3/"*) *+*,-#*") 1 1 2 3 5 

455*) '$,6%1/7*) 

8"$ 59%1:) :%*7$) 

2;</"1" 

=µ1%*>*7) 

?@56,()  

 

 

7 

- 

1 

 

 

6 

- 

1 

 

 

5 

1 

- 

 

1 

5 

- 

- 

 

1 

7 

- 

- 

A;>151      

 

                                                
13 !"# $%&µµ' «()")$$%&*+,» &-&$%.*)"&/ 0 1&2&%3, &%/2µ3, µ)")$$%&*0µ+-4- *0/"#"5- ()/6%0+,-)1%0+,) 
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!"#$%$& 11-3. '()*+(, -./ $0+1µ.2 $+-3456#, 70.48.09# 1)456# $7: -. ;µ3µ$, 5+4$%-)6# (5<<0$89#) %$+ $7.8."-6# 4-. =5-$7-/>+$%: 

!0:<0$µµ$ ?7./@9# (=!?) 
14

 

 

;"-*.& 

=!?: 

«!"#$%&' ()*$%&'» 

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

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

(-) /,)0$1201$ ,1) 

3µ&µ-,1' 
2 5 12 3 13 

 

(.) /,)0$1201$ 4556# 

3µ7µ4,6# 

1 2 6 1 2 

/81*9"8:µ"#"' ;<*"$' 15 15 15 15 15 

=>>8-9<#,"' 3 7 18 4 15 

+?:91$,1$ 9 3 4 9 5 

      

      

 

 

 

                                                
14 
!" #"$%#&'() #"$*((+&,$'- &+. "-/0 12! (.µ#3)$4-"&5* ,-50 #%-5650 5-7 12!. 
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!"#$%$& 11-4. '()*+(, -./ $0+1µ.2 $+-3456#, 70.48.09# 1)456# $7: -. ;µ3µ$, 5+4$%-)6# (5<<0$89#) %$+ $7.8."-6# 4-. !0:<0$µµ$ 

=+>$%-.0+%9# ?7./>9# 

 

 

 2007-

2008 

2006-

2007 

2005-

2006 

2004-

2005 

2003-

2004 

!"#$%&"' ((+))      

(() *#+,"-.,-" #-+ 

/µ$µ(#-' 
3* 4* 5* 3* 5*  

()) *#+,"-.,-" 01123 

/µ4µ0#23 

3* 4* 3* - 2* 

*5-%6&57µ&3&' 89%&"'      

:;;5(693#&' 6 8 8 3 7 

!<76-"#-"
15

 5 8 3 2 2 

=9%4 >"05?&"( %<-+>@3 

(<-6-A#23 

9,8 

&B0µ. 

9,5 

&B0µ. 

10,6 

&B0µ.  

12 &B0µ. 16,5 

&B0µ. 

                                                
15 !"#$%&'%&:  !(&)µ#* +&,-.'#(/0 "%1 -0-.2(34)2.-0 5'% 6'%* "%1 -$%(7 2 5'892. 
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!"#$%$& 11-5.1. '$()µ$*$ !+,-*./0$%,1 !+,2+3µµ$*,& 4-,.56# 

'789'7 

  
:;*<*,-,& 

4=>"5$ 

?5@2,1 

4-,.56# 
16

 

A053;%,#*=& 

 

(4.#=+23*=&) 

B-,/+=C*0%< 

/ 

 

D$*'=-0>,2)# 

7E0,><2@;@ 

$-< 

F,0*@*) 

(G$0 / H/0) 
17

 

A0$>IE=0& 

!""#$%& "$' ()*$%+ ,     -./0"$&12) (/3.$4+ K'3’ .5$#2"+4  6'$ 7$&#.89 

!""#$%& "$' ()*$%+ ,V     :.0;2< =#>49 K'3’ .5$#2"+4  6'$ 7$&#.89 

!""#$%& "$' ()*$%+ ,,     -./0"$&12) (/3.$4+ K'3’ .5$#2"+4  6'$ 7$&#.89 

!""#$%& "$' ()*$%+ ,,,     :.0;2< =#>49 K'3’ .5$#2"+4  6'$ 7$&#.89 

!5? 3'  Quarks µ>@0$ 32 A<µ5'4     B$%24?µ2) =#.)C>0$2D K'3’ .5$#2"+4  6'$ 7$&#.89 

!0@>D ,'30$%+D ()*$%+D     EF$0&%9 G'0H' K'3’ .5$#2"+4  6'$ 7$&#.89 

!*302I)*$%+ ,     J'0µ'41&09D K'*H#.$2D K'3’ .5$#2"+4  6'$ 7$&#.89 

!*302I)*$%+ ,,     L'5'1&%9D ,/*+I K'3’ .5$#2"+4  6'$ 7$&#.89 

!*302I)*$%+ L#&*µ'32D 
    

L'5'µ'*320&%9D 

,/&449D K'3’ .5$#2"+4  6'$ 

7$&#.89 

!3µ2*I'$0$%+ ()*$%+     J'#12<59D J0+*32D  K'3’ .5$#2"+4  6'$ 7$&#.89 

!3µ2*I'$0$%? L.0$;&##24     K'01';&D M#H'D  K'3’ .5$#2"+4  6'$ 7$&#.89 

-'##$%& , 
    

N.2#2"H39D Oµ902D-

!#>8'4102D  K'3’ .5$#2"+4  6'$ 

7$&#.89 

-'##$%& ,V 
    

N.2#2"H39D Oµ902D-

!#>8'4102D  K'3’ .5$#2"+4  6'$ 

7$&#.89 

-'##$%& ,, 
    

N.2#2"H39D Oµ902D-

!#>8'4102D  K'3’ .5$#2"+4  6'$ 

7$&#.89 

                                                
16 !"#$% $& #%'()* $+, +)&-+. #/+,)"0 (*0 ,/123%4) /+, /%24-215%4 $+,6 #$73+,6, $&0 .'& 8*4 $+0 $27/+ )4)*#8*'(*6 8*4 %9:$*#&6 $+, µ*;<µ*$+6 
 
17 =0 & */10$&#& %(0*4 ;%$48<, /%24-21>$% #$&0 ?8;%#& @#A$%248<6 =94+'7-&#&6 $* 824$<24* 8*4 $+,6 $27/+,6 *94+'7-&#&6 $&6 )4)*#8*'(*6 (/2+#;:#$% #$+43%(* $&6 */7)+#&6 $A0 5+4$&$"0, #$+43%(* /+, 
)%(30+,0 $+0 B*;µ7 48*0+/+(&#&6 $A0 5+4$&$"0, µ% B1#& /.3 $+ %2A$&µ*$+'7-4+ 8*$1 $&0 */+5+($&#& < $* */+$%':#µ*$* *94+'7-&#&6 µ*;&µ1$A0 */7 $+,6 5+4$&$:6 < 1''* )%)+µ:0* /+, */+)%480.+,0 

$&0 %/4$,3(* $+, µ*;<µ*$+6, 8*;"6 8*4 $,370 ),#8+'(%6) 

 



 

 

!"#$%& '%()$*+",- ./+0123&%&- (4*2)560 %7,µ8)  !"90%& 1.0      :0;µ<*+0- 2007        

 

56 

!"#$!" 

  
%&'(')*)+ 

,-./01 

2034)5 

,*)6078 
16

 

9:0;&<)8'-+ 

 

(,68-=4;'-+) 

>*)?=-@':<( 

/ 

 

A1''-*:.)4B8 

"C:).(43&3 

1*( 

D):'3'B 

(E1: / F?:) 
17

 

9:1.GC-:+ 

!"##$%& ''' 
    

()*#*+,-./ 0µ.1*/-

2#34"561*/  K"-’ )7$#*+85  9"$ 

:$&#)4. 

!)5$%& ;"<.µ"-$%& ' 
    

="7"%>?-"/ @"4$&1A./, 

B1+)/ 2#34"561*/  C7*A1)D-$%E 9"$ 

:$&#)4. 

!)5$%& ;"<.µ"-$%& '' 
    

="7"%>?-"/ @"4$&1A./ 

  C7*A1)D-$%E 9"$ 

:$&#)4. 

!)5$%8 FG?$%8 ' 

    

H"-I.6.µ.-1,*G 

:3?7*$5", 

="7"6&%./ 'D?8J C7*A1)D-$%E 9"$ 

:$&#)4. 

!)5$%8 FG?$%8 ''     @I"5)-&%./ ="5"+$>-./  C7*A1)D-$%E 9"$ :$&#)4. 

!)1µ"5$%& '     ="7"µ"?-*1&%. '5+%1$5-  K"-’ )7$#*+85  9"$ :$&#)4. 

!)1µ"5$%& 'V     ="7"µ"?-*1&%. '5+%1$5-  K"-’ )7$#*+85  9"$ :$&#)4. 

!)1µ"5$%& ''     ="7"µ"?-*1&%. '5+%1$5-  K"-’ )7$#*+85  9"$ :$&#)4. 

!)1µ"5$%& '''     ="7"µ"?-*1&%. '5+%1$5-  K"-’ )7$#*+85  9"$ :$&#)4. 

:$"J*1$%3/ K4$?>?)$/ ' 
    

@1"A"5&/ L-3J"5*/,  

H"1µ"56&1./ M"?,#)$*/  C7*A1)D-$%E 9"$ 

:$&#)4. 

:$"J*1$%3/ K4$?>?)$/ '' 
    

@?&µ./ 9$%E#"*/ 

NG1,-?./ O#,"/ C7*A1)D-$%E 9"$ 

:$&#)4. 

:$6"%-$%8  Mathematica     @1"A"5&/ L-3J"5*/ C7*A1)D-$%E  9"$ :$&#)4. 

:$6"%-$%8 -./ FG?$%8/ ' 
    

="7"µ"?-*1&%./ 

Kµµ"5*G8# N"-’ )7$#*+85 9"$ 

:$&#)4. 

:$6"%-$%8 -./ FG?$%8/ '' 
    

="7"µ"?-*1&%./ 

Kµµ"5*G8# N"-’ )7$#*+85 9"$ 

:$&#)4. 

:$)4"+D+8 %"$ 25&#G?. 2?-1*5*µ$%>5 

="1"-.18?)D5     Pablo Reig N"-’ )7$#*+85 9"$ 

:$&#)4. 
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!"#$!" 

  
%&'(')*)+ 

,-./01 

2034)5 

,*)6078 
16

 

9:0;&<)8'-+ 

 

(,68-=4;'-+) 

>*)?=-@':<( 

/ 

 

A1''-*:.)4B8 

"C:).(43&3 

1*( 

D):'3'B 

(E1: / F?:) 
17

 

9:1.GC-:+ 

!"#$%µ&'"() *+,&-.& /     01$23 !*4 5&'’ 6#"$2,)7 8&" !"9$6:; 

!"#$%µ&'"() *+,&-.& //     01$23 !*4 5&'’ 6#"$2,)7 8&" !"9$6:; 

*"<"() =>6'"(?';'& (&" 5$&--"() @6%+.& 

46<.%7     A2µ&+93 @6?<%+23  5&'’ 6#"$2,)7 8&" 

!"9$6:; 

*"-&,%,) -'& A6>7;'9 86B+%7"(9 !.('B&     CD&7&-.2B E+;,?+"23 5&'’ 6#"$2,)7 8&" !"9$6:; 

*"-&,%,) -'; @6%+.& 5B($%µ9'%7     F$"?#2B$23 *$6BD1+"23  5&'’ 6#"$2,)7 8&" !"9$6:; 

*"-&,%,) -'; 0"(+2;$6('+27"()     E6%+,&(.$&3 C$1:&7<+23  5&'’ 6#"$2,)7 8&" !"9$6:; 

*"-&,%,) -'; =G,>+27; HB-"() /     41'(2B C7&-'9-"23  I#2>+6%'"(? 8&" !"9$6:; 

*"-&,%,) -'; =G,>+27; HB-"() //     A+&>&793 ='1J&723  I#2>+6%'"(? 8&" !"9$6:; 

*"-&,%,) -'; HB-"() /27"-µ17%7 C6+.%7 
    

5&+&µ#2B+7"K';3 

!;µ)'+"23  5&'’ 6#"$2,)7 8&" 

!"9$6:; 

*"-&,%,) -'; HB-"() ='6+693 

5&'9-'&-;3     LK'23 M672JK7  5&'’ 6#"$2,)7 8&" 

!"9$6:; 

*"-&,%,) -'; HB-"() ='2">6"%<K7 

=%µ&'.%7     5B+.'-;3 F$.&3 5&'’ 6#"$2,)7 8&" 

!"9$6:; 

*"-&,%,) -';7 N#'2;$6('+27"()     H%'9(;3 5%7/723 5&'’ 6#"$2,)7 8&" !"9$6:; 

*"-&,%,) -';7 4B+;7"() HB-"()     O67'2G+& /%-)J 5&'’ 6#"$2,)7 8&" !"9$6:; 

*"-&,%,) -'"3 E$K--63 

4+2,+&µµ&'"-µ2G  C++ (&" JAVA     8'?(23 5%7/723 I#2>+6%'"(? 8&" 

!"9$6:; 

*"-&,%,) -'"3 E$K--63 

4+2,+&µµ&'"-µ2G C (&" C++     ='&µ&'"9<;3 ='&µ9'"23 I#2>+6%'"(? 8&" 

!"9$6:; 

*$6GD6+; 46"+&µ&'"() *+,&-.&     AP&76'9(;3 4&7&,"K';3  5&'’ 6#"$2,)7 8&" !"9$6:; 

*772"2'+"Q6.& ';3 HB-"()3  //     46+9(;3 F$.&3 5&'’ 6#"$2,)7 8&" !"9$6:; 

*772"2'+"Q6.& HB-"()3     46+9(;3 F$.&3 5&'’ 6#"$2,)7 8&" !"9$6:; 

*#"-')µ27&3 42$.';3 (*#&,,6$µ&'"()     46+9(;3 F$.&3  5&'’ 6#"$2,)7 8&" !"9$6:; 
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!"#$!" 

  
%&'(')*)+ 

,-./01 

2034)5 

,*)6078 
16

 

9:0;&<)8'-+ 

 

(,68-=4;'-+) 

>*)?=-@':<( 

/ 

 

A1''-*:.)4B8 

"C:).(43&3 

1*( 

D):'3'B 

(E1: / F?:) 
17

 

9:1.GC-:+ 

!"#$%) 

&'()*+) *,) -.µ),) /0(1'2345 67*#$%5 
    

8),94:4µ4,'+27 

;.*<2#3)  =),’ ><#?2(%3 @)# 

;#A?>B4 

&'()*,%'#) Laser $)# C23,.'3)5 D<,#$%5     6E,A$45 =E3/325 =),’ ><#?2(%3 @)# ;#A?>B4 

&'()*,%'#2 67*#$%5 F 
    

8)'µ)3:A'45 G)*+?>#25 

H)<):A$45 FE*%I J<21'>E,#$K @)# 

&'()*,%'#2 

&'()*,%'#2 67*#$%5 FF 

    

L920'25 ->K:E'25-

FEA3345 

=7'#)$+:45 M>N'(#25  J<21'>E,#$K @)# 

&'()*,%'#2 

&'()*,%'#2 67*#$%5 FFF 

    

O)$#,9%5 ->K:E'25-

H.,'25 

=2µ+345 FEA3345  J<21'>E,#$K @)# 

&'()*,%'#2 

&I)'µ2*µ.34 M>EI7*#$%     G)??#)3A,25 6+?#<<25 =),’ ><#?2(%3 @)# ;#A?>B4 

!?>$,'2µ)(34,#*µK5 F 
    

L*#'N345 M>N'(#25 

H>'A$45 !?+)5 J<21'>E,#$K @)# 

;#A?>B4 

!?>$,'2µ)(34,#*µK5 FF     L*#'N345 M.E'(#25  =),’ ><#?2(%3 @)# ;#A?>B4 

!?>$,'23#$.5 ;#),AB>#5 F     M>E'()$+?)5 P?.B)3:'25 =),’ ><#?2(%3 @)# ;#A?>B4 

!?>$,'23#$% C#$'2*$2<+)     =7'#)$+:45 M>N'(#25 =),’ ><#?2(%3 @)# ;#A?>B4 

!?>$,'23#$2+ J<2?2(#*,.5 F 
    

L920'25 ->K:E'25-

FEA3345 J<21'>E,#$K @)# 

;#A?>B4 

!?>$,'23#$2+ J<2?2(#*,.5 FF     =2<#:A$45 M>N'(#25  J<21'>E,#$K @)# ;#A?>B4 

-.µ),) /0(1'2345 67*#$%5 F     !?#K<27?25 &?>7".'#25  =),’ ><#?2(%3 @)# ;#A?>B4 

-.µ),) /0(1'2345 67*#$%5 FF      =),’ ><#?2(%3   ;#A?>B4 

->'µ2:73)µ#$% $)# /,),#*,#$% 67*#$%     QN,25 R>32IN3  J<21'>E,#$K @)# ;#A?>B4 

->E'+) G)'0,4,)5     H.,$27 P3)*,A*#25  J<21'>E,#$K @)# ;#A?>B4 
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!"#$!" 

  
%&'(')*)+ 

,-./01 

2034)5 

,*)6078 
16

 

9:0;&<)8'-+ 

 

(,68-=4;'-+) 

>*)?=-@':<( 

/ 

 

A1''-*:.)4B8 

"C:).(43&3 

1*( 

D):'3'B 

(E1: / F?:) 
17

 

9:1.GC-:+ 

!"#$%&'( )*+#$&'( ,,     -./µ*0 1&'23#40  !#%’ 56&347($ 1#& 8&/359* 

!"#$%4µ*+#$&'( , 
    -./µ*0 1&'23#40 :64+;5<%&'2 1#& 

8&/359* 

!3#..&'( )*+#$&'( , 
    

=#%>*?*µ*%;@4A 

8B.64&$# :64+;5<%&'2 1#& 

8&/359* 

!Aµ#%&'( '#& C6%&'(      !4µ@$*0 ,</$$*0 !#%’ 56&347($ 1#& 8&/359* 

)#D*µ#%&'/  =;*µ#%44&'4$4µ&'(0 

E$/3A.*0  ,     154FG%&.%40 H5G;7&40  !#%’ 56&347($ 1#& 

8&/359* 

)#D*µ#%&'/  =;*µ#%44&'4$4µ&'(0 

E$/3A.*0  ,,     154FG%&.%40 H5G;7&40  !#%’ 56&347($ 1#& 

8&/359* 

)#D*µ#%&'/ 7&# IA.&'4J0 ,     I3A%>/$*0 1&'23#40  !#%’ 56&347($ 1#& 8&/359* 

)#D*µ#%&'/ 7&# IA.&'4J0 ,,     KB%'4A E$#.%/.&40  !#%’ 56&347($ 1#& 8&/359* 

)57/350 L%&7µB0 %*0 M6&.%(µ*0     H;#µµ#%&'/'*0 H5G;7&40  !#%’ 56&347($ 1#& 8&/359* 

K#7'2.µ&50 !3&µ#%4347&'B0 E33#7B0     154FG%&.%40 H5G;7&40  :64+;5<%&'2 1#& 8&/359* 

K#;#%*;*.&#'( E.%;4FA.&'( 
    

K#6#µ#.%4;/'*0 

,</$$*0  :64+;5<%&'2 1#& 

8&/359* 

K#;#%*;*.&#'( !4.µ4347@#     !A3/F*0 1&'23#40  :64+;5<%&'2 1#& 8&/359* 

K;#'%&'( N.'*.* 8&?#'%&'(s %*0 

IA.&'(0 ,     K5;/'*0 O3@#0 !#%’ 56&347($ 1#& 

8&/359* 

K;#'%&'( N.'*.* 8&?#'%&'(0 %*0 

IA.&'(0 ,,,     K5;/'*0 O3@#0 !#%’ 56&347($ 1#& 

8&/359* 

K;#'%&'( N.'*.* 8&?#.'#3@#0 ,,     K5;/'*0 O3@#0 !#%’ 56&347($ 1#& 8&/359* 

K;4+<;*µB$# H#33&'/ , 
    

P54347@%*0 Qµ*;40-

E3B9#$?;40  !#%’ 56&347($ 1#& 

8&/359* 

K;4+<;*µB$# M;7#.%(;&# IA.&'(0 ,     =#;#3#µ6@?*0 :64+;5<%&'2 1#& M;7#.%(;&4 
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!"#$!" 

  
%&'(')*)+ 

,-./01 

2034)5 

,*)6078 
16

 

9:0;&<)8'-+ 

 

(,68-=4;'-+) 

>*)?=-@':<( 

/ 

 

A1''-*:.)4B8 

"C:).(43&3 

1*( 

D):'3'B 

(E1: / F?:) 
17

 

9:1.GC-:+ 

!"µ#$%&'(  

)%'*+%"µ,-. /011&2. 3     4.56.*78'9 :9µ,5. ;6'*%<+$&2= >.& !&?5<@" 

/011&2. 3     4.56.*78'9 :9µ,5. ;6'*%<+$&2= >.& !&?5<@" 
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:$'&*<&08" :+µ?$&. 2.& :BE*%'-" 

4'1µ'5'E7.     4'C&-?( D<0%E&'(  4.$’ <6&5'E#- >.& 

!&?5<@" 

:BE*%'-" L91&2# µ< MEE5&2? 3     N.%8.O? M-8%72.  4.$’ <6&5'E#- >.& !&?5<@" 

:BE*%'-" L91&2# µ< MEE5&2? 33     N.%8.O? M-8%72.  4.$’ <6&5'E#- >.& !&?5<@" 

P<*-&2,( L.1µ.$'12'67.( Laser     L+$?2"( 4+-/-'(  4.$’ <6&5'E#- >.& !&?5<@" 

;6'5'E&1$&2# L91&2# 3     J0$'( Q<-'C0- 4.$’ <6&5'E#- >.& !&?5<@" 

;6'5'E&1$&2# L91&2# 33     J0$'( Q<-'C0- 4.$’ <6&5'E#- >.& !&?5<@" 

L91&2# 2.& H"µ<&'C91&2# )'59µ<%0-     H%91'6'B5'9 49%&.2# 4.$’ <6&5'E#- >.& !&?5<@" 

L91&2# :$<%<?( 4.$?1$.1"( 3     J0$'( Q<-'C0-  4.$’ <6&5'E#- >.& !&?5<@" 

L91&2# $'9 F1+$<%&2'B $"( D"(     N.55&.-?$'( L75&66'(  4.$’ <6&5'E#- >.& !&?5<@" 
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),$%'( 4.$’ <6&5'E#- >.& 

!&?5<@" 

H%#1<&( $'9 ;6'5'E&1$# 
    

P1&%0-"( D<0%E&'(, 
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!"#$%$& 11-5.2. '$()µ$*$ !+,-*./0$%,1 !+,2+3µµ$*,& 4-,.56# 

'3(7µ$ 

!,88$-8) 

90:80,2+$

;"$ 

41#,

8, 

<+6

# 

=05$%*0

%>& 

',#35?

& 

@-A:$(+,. 

(@) 

B-0C*7µ,#0

%)& 

!?+0,/)& 

(B!) 

D?#0%6# 

D#6C?E# 

(DD) 

F#3-*.G7& 

=?G0,*)*E# 

(F=) 

H,+µ,1(H,) 

B05"%?.C7&(B

) 

H$*?1(.#C7&(

H$) 

B22?2+$µµ

>#,0 

;,0*7*>& 

F+0(µA& 

I,0*7*6

# -,. 

C.µµ?*?"

/$# C*0& 

?G?*3C?0& 

B-3+%?0$ 

B%-$05?.*0

%6# '>CE# 

J$0/K/0 

F+0(µA& 

I,0*7*6# 

-,. 

->+$C? 

?-0*./6& 

C*7# 

%$#,#0%) 

& 

?-$#$87-*

0%) 

?G>*$C7 

!""#$%! "$! &'($%) $   2 2     157 85   47 

!""#$%! "$! &'($%) 

$V   2 2     50 39   30 

!""#$%! "$! &'($%) $$   1 1     79 63 11  49 

!""#$%! "$! &'($%) 

$$$   1 1     55 47   34 

!*!#+"$%! 

)#,%-.+*$%!   5 5     4 1   1 

!/+ -! QUARKS 

0,1.$ -+ ('0/!*   4 4     204 157   90 

!.1,( $!-.$%)( 

&'($%)(   3 3     98 34   23 

!(-.$%) ,2,#$2) %!$ 

/'.)*+('*3,()(4)   3 3     4 2   2 

!(-.+&'($%) $   3 3     106 43   10 

!(-.+&'($%) $$   3 3     35 11   9 
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!"#$%&'"()* (((   4 4     4 4   4 

!"#$%&'"()* 

+,!"-!#%"    3 3     3 1   1 

!"#$%&'"()* 

+,!"-!#%" (.)   3 3     2 0   0 

!#-%"&!($()* 

&'"()*   3 3     73 11   5 

!#-%"&!($()% 

+/$(0!,,%1   3 3     59 30   17 

!#%-()* )!( 

-%$(!)* &'"()* 

(.)+-   3 3     3 1   1 

2/1()! -!3*-!#()! 

(   4 4     384 210   115 

2/1()! -!3*-!#()! 

((   5 5     269 177   121 

2/1()* &'"()* (   5 5     502 281   76 

2/1()* &'"()* ((   5 5     328 218   67 
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!"#$%&'(% '   1 1     5 4   4 

!"#$%&'(% 'V   2 2     10 7   7 

!"#$%&'(% ''   1 1     12 5   4 

!"#$%&'(% '''   1 1     5 1   0 

)*$+,'"-,*   0 3     1 0   0 

)*$+,'"-,*   3 3     1 0   0 

)*$+,'"-,* '   0 3     1 0   0 

)'%.+#'(", "/',0,"', 

'   4 4     282 178   71 

)'%.+#'(", "/',0,"', 

''   4 4     221 130   47 

)')%(1'(* 

"#!.*2.-3+2+!',10& 

''   2 2     9 9   9 

)')%(1'(* 

"#!%,1.*2.-3+2+!',1

0& '   2 2     13 12   12 

)')%(1'(*   2 2     5 2   2 
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,),$*&)*+ 

!"#$%&.'(%)*+% ))   2 2     9 9   9 

,),$*&)*+ +-/*./ 

(01-1#)%&./ 0   2 2     4 4   4 

,),$*&)*+ &+% 

'(%)*+% )   3 3     22 12   6 

,)!2$#.#+ *$) 

$/$-(%+ 

$%&"1/13.0$"$&+"+

%   3 3     3 1   1 

,)0-.3$&)*+ 

!"#$%)$ ) (,)   5 5     31 0   0 

,13)*+ & 4+3)*+ 

$/$-(%+ (-)*./(3)   4 4     4 3   3 

,(/$3)*+ &./ 

$!")./   4 4     2 0   0 
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!'*"+' $,- 

)#".$/,!'*&)$+(!

,- ($' ,/+' 

0"/!,./'(+'(,1+"()

( .'+ !'*&)$+.,- 1 

"...2.(.-:-1"/'*%*+!

,$)$' .'+ 

"2'/!,*"(   4 4     2 1   1 

"+3.."2'#'+' 

2-(+.)( -4)#%& 

"&"/*"+%& (!   4 4     1 1   1 

"+3.(5"$+.,$)$' .'+ 

.#'((.0"%/+' 1"3+%&   3 3     16 4   4 

"+3+.' 0"!'$' 

.6'&$+.)( ,1$+.)( 

.'+ 1#)/,2,/+'(   4 4     1 0   0 

"+('* ($) 2-(+.)   4 4     28 11   11 
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#(!%)+)' !"% 

"#,-'"% -#.$+-(&% 

/(&".%   4 4     9 1   1 

#(!%)+)' !"' 0#+$(% 

&.&*+1%"+-   3 3     57 11   4 

#(!%)+)' !"' !.),$ 

2.!(&' ((   4 4     176 132   65 

#(!%)+)' !"' 

!.),$3-' 2.!(&' (   4 4     274 163   77 

#(!%)+)' !"' 2.!(&' 

(3-(!1#-+- %#$(+-   3 3     11 5   4 

#(!%)+)' !"' 2.!(&' 

!"3(,.!+1%"(+-    4 4     7 1   1 

#(!%)+)' !"'- 

1(&$3'*#&"$3-(&'   3 3     65 15   5 
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!"#$%&%' #(') 

*+(*',!-(.*)"-'   3 3     47 23   13 

!"#$%&%' #("# 

%,&##!# C++,JAVA 

(!/)   4 4     26 15   11 

!,!/0!.' 

+!".$1$("-' !.%$#"$     3 3     3 0   0 

!,!/0!.' 

+!".$1$("-' !.%$#"$  

(%)   3 3     3 0   0 

!))*"*(."2!"$ ('# 

3/#"-'# ""   3 4     180 104   57 

!))*"*(."2!"$ 

3/#"-'#   4 4     209 119   60 

!+"#('1*)$# 

+*,"('#   3 3     553 40   39 

!.%$#"$ #($ 0!1$($ 

#/%4.*)'# 3/#"-'#   2 2     30 10   10 
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)$( *+,&!",$% 

+-&()'%   3 5     19 3   3 

!"#$%&'"(+ ./%()'% (   3 3     104 60   53 

!"#$%&'"(+ ./%()'% 

((   3 3     152 18   18 

!"#$%&'"(+ ./%()'% 

(((   3 3     227 42   42 

!.$"*+%*!,' 

#!0./%()' (1)   3 3     167 126   100 

'2!)&"+*$#,'&(%*

+% (   4 4     193 145   50 

'2!)&"+*$#,'&(%*

+% ((   4 4     47 15   8 

'2!)&"+, 

/-+2+#(%&!% ((   4 4     92 73   65 

'2!)&"+,()!% 

1($&$3!(% (   4 4     10 6   3 
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2.+)$!+ ))   2 2     74 10   8 

0#&*'3.(-*)$! $-) 

+%-%)+%)$! 2.+)$!   5 5     205 126   101 

0#4&)- 5-&.%!%-+   4 4     10 0   0 

$5-(%)$! 0#4&)- 

,#3)'. )) (*)   4 4     2 0   0 

$5-(%)$! *!1-()$! 

))   4 4     62 22   11 

$5-(%)$! *!1-()$! 

)))   4 4     2 0   0 

$5-(%'*!1-()$! )   5 5     146 92   38 
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!*!"+$ 

#*,+'-"-,&$ 

.-/0&,%!&$ 1*$%!&$   0       1 0   0 

!*'#,%!&  !#% 

+2,%!&   3 3     24 1   1 

'#.&'#,%!# 3%# 

1*$%!+*$ %   3 3     348 204   98 

'#.&'#,%!# 3%# 

1*$%!+*$ %%   3 3     15 5   4 

'#.&'#,%!# ,&$ 

(0&'#,++%!+). 

#)#"*$&$ %   4 4     126 94   68 

'#.&'#,%!-$ 

'-.+4+% 1*$%!&$   4 4     6 1   1 

'-"-,& $- .-'#,# 

$*3(0+)&$ 1*$%!&$   2 2     3 3   3 
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!"#$µ% 

&'((%)(* 

+,-(,'./%

01% 

234'

(' 

5/6

4 

7,8%9:,

9;< 

!'4"8=

< 

>)?-%#/'@ 

(>) 

A),B:$µ'4,

9*< 

&=/,'C*< 

(A&) 

D=4,964 

D46B=E4 

(DD) 

F4"):@G$< 

7=G,':*:E4 

(F7) 

H'/µ'3(H') 

A,819=@B$<(A

) 

H%:=3#@4B$<(

H%) 

A..=./%µµ

;4', 

0',:$:;< 

F/,#µ?< 

I',:$:6

4 )'@ 

B@µµ=:=1

C%4 B:,< 

=G=:"B=,< 

A)"/9=,% 

A9)%,8=@:,

964 !;BE4 

J%,/KC, 

F/,#µ?< 

I',:$:64 

)'@ 

);/%B= 

=),:@C6< 

B:$4 

9%4'4,9* 

& 

=)%4%($):

,9* 

=G;:%B$ 

!"#"$%#%&'"(% 

()&*)+),'"   3 3     17 3   3 

!#"($'(% "&(%&% 

-'-"($'(%& '   3 3     13 3   3 

!#"($'(% "&(%&% 

-'-"&("+'"& ''   3 3     10 5   5 

!#)./#%*01" 

",,+'(" '   3 3     2 1   1 

!#)./#%*01" 

",,+'(" ''   3 3     2 2   2 

!#)./#%*01" 

0#,"&$%#'" 23& '   3 3     141 80   80 

!#)./#%*01" 

#/&&'(" '   3 3     1 1   1 

#/&&'(" '   1 1     40 32   21 

#/&&'(" 'V   2 2     33 0   0 

#/&&'(" ''   1 1     24 0   0 

#/&&'(" '''   1 1     39 36   18 



 

 

!"#$%& '%()$*+",- ./+0123&%&- (4*2)560 %7,µ8)  !"90%& 1.0      :0;µ<*+0- 2007        

 

73 

!"#$µ% 

&'((%)(* 

+,-(,'./%

01% 

234'

(' 

5/6

4 

7,8%9:,

9;< 

!'4"8=

< 

>)?-%#/'@ 

(>) 

A),B:$µ'4,

9*< 

&=/,'C*< 

(A&) 

D=4,964 

D46B=E4 

(DD) 

F4"):@G$< 

7=G,':*:E4 

(F7) 

H'/µ'3(H') 

A,819=@B$<(A

) 

H%:=3#@4B$<(

H%) 

A..=./%µµ

;4', 

0',:$:;< 

F/,#µ?< 

I',:$:6

4 )'@ 

B@µµ=:=1

C%4 B:,< 

=G=:"B=,< 

A)"/9=,% 

A9)%,8=@:,

964 !;BE4 

J%,/KC, 

F/,#µ?< 

I',:$:64 

)'@ 

);/%B= 

=),:@C6< 

B:$4 

9%4'4,9* 

& 

=)%4%($):

,9* 

=G;:%B$ 

!"#"$!"$%& 

'()"*+(,($&!& 

,(+-,+(%.) 

/$%"-.)   0 4     24 9   9 

!"#"$!"$%& 0-!$%& 

(')   5 5     1 1   1 

!"($1*$# *,$!"&'&! 

-+$%.)   4 4     33 11   2 

!"($1*$# 

&+*%"2()$%.)   5 5     9 4   2 

!"($1*$./& !.'#"$# 

%#$ !-312()& 

%(!'(+(3   4 4     5 1   1 

!"($1*$./& !.'#"$# 

%#$ !-312()& 

%(!'(+(3$#   4 4     1 1   1 

!-)#2"&!*$! GREEN 

%#$ %4#)".0-!$%& (')   4 4     2 0   0 
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!"#$µ% 

&'((%)(* 

+,-(,'./%

01% 

234'

(' 

5/6

4 

7,8%9:,

9;< 

!'4"8=

< 

>)?-%#/'@ 

(>) 

A),B:$µ'4,

9*< 

&=/,'C*< 

(A&) 

D=4,964 

D46B=E4 

(DD) 

F4"):@G$< 

7=G,':*:E4 

(F7) 

H'/µ'3(H') 

A,819=@B$<(A

) 

H%:=3#@4B$<(

H%) 

A..=./%µµ

;4', 

0',:$:;< 

F/,#µ?< 

I',:$:6

4 )'@ 

B@µµ=:=1

C%4 B:,< 

=G=:"B=,< 

A)"/9=,% 

A9)%,8=@:,

964 !;BE4 

J%,/KC, 

F/,#µ?< 

I',:$:64 

)'@ 

);/%B= 

=),:@C6< 

B:$4 

9%4'4,9* 

& 

=)%4%($):

,9* 

=G;:%B$ 

!"#$%&"' 

()'*)!+'&+,%)' 

-"%."/   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 '!"/")' 

&)!)'!)'2' %   4 4     18 4   4 

(0'%&2 !+0 

"'4!"/%&+0 !2' 12'    3 3     125 85   45 

#2*"%)   3 3     98 50   34 

#/2'"%' !+0 

0,+-+1%'!2   3 3     135 85   73 
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!"#$µ% 

&'((%)(* 

+,-(,'./%

01% 

234'

(' 

5/6

4 

7,8%9:,

9;< 

!'4"8=

< 

>)?-%#/'@ 

(>) 

A),B:$µ'4,

9*< 

&=/,'C*< 

(A&) 

D=4,964 

D46B=E4 

(DD) 

F4"):@G$< 

7=G,':*:E4 

(F7) 

H'/µ'3(H') 

A,819=@B$<(A

) 

H%:=3#@4B$<(

H%) 

A..=./%µµ

;4', 

0',:$:;< 

F/,#µ?< 

I',:$:6

4 )'@ 

B@µµ=:=1

C%4 B:,< 

=G=:"B=,< 

A)"/9=,% 

A9)%,8=@:,

964 !;BE4 

J%,/KC, 

F/,#µ?< 

I',:$:64 

)'@ 

);/%B= 

=),:@C6< 

B:$4 

9%4'4,9* 

& 

=)%4%($):

,9* 

=G;:%B$ 

!"#$%&% 

"'(&)*+,$&%   5 5     17 12   4 
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!"#$%$& 11-6.1 '$($#)µ* +$,µ)-)."$& %$/ µ01)& +$,µ2& 3(45")4 (6# $3)7)"(6# ()4 !8)3(45/$%)9 !8).8:µµ$()& ;3)4<=# 

 

 

!"#"$%µ& '"(µ)$ (%) 

*#%+ ,-%.%/#010+ 

5.0-

5.9 
6.0-6.9 7.0-8.4 

8.5-

10.0 

231%+ 45%+ 

'"(µ%6%7/"+  

(89$%6% "-%.%/#:$) 

2002-2003 

7,41% 

59,26

% 25,93% 7,41% 

6,87 

2003-2004 

3,57% 

66,07

% 28,57% 1,79% 

6,78 

2004-2005 

4,23% 

67,61

% 26,76% 1,41% 

6,73 

2005-2006 

6,67% 

60,00

% 33,33% 
0 

6,78 

2006-2007 

2,33% 

62,79

% 31,40% 3,49% 

6,88 

89$%6% 0     
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!"#$%$& 11-6.2 '()*+(, -./ $0+1µ.2 -3# $4.5."-3# -./ !0.4-/6+$%.2 !0.708µµ$-.& 94./:;# %$+ :+80%<+$ =4./:;#  

 

 

!"#$%&"' ()*+,-. (/$0."') 

12*3 

&"('45463 
7 7+1-10 7+2-12 7+3-14 7+4-16 7+5-18 7+6-20 

7+6 

%'" 

)89*. 

!&. 9/*+. 

')*:*"26(&" 
;<.*8* 

2000-2001
18

 
17 18 26 4 

0 0 0 0 40 105 

2001-2002 
8 29 9 0 

0 0 0 0 53 99 

2002-2003 
17 12 0 0 

0 0 0 0 65 94 

2003-2004 
7 0 0 0 

0 0 0 0 78 85 

2004-2005 0 0 0 0 0 0 0 0 79 79 

2005-2006 0 0 0 0 0 0 0 0 81 81 

2006-2007 0 0 0 0 0 0 0 0 87 87 

 

                                                
18 !: "#$%$&"' (&)*"+&# ,-%.(/$ (,+ 012) ,1% 3µ'µ#.   
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!"#$%$& 11-7.1. '$()µ$*$ '+*$,*-./$%01 !20324µµ$*0& 5,0-67#
[19] 

8-9/%) %$/ ':.$#/%) !20;<=>+?# %$/ @#4<-9:& 

M4(:µ$ 

  A9*B*0,0& 

5+<"6$ 

C6:301 

5,0-67# 

D/649%0#*+&/(5-#+234*+&) 
E,0.2+?*/%B 

/F$*'+,/<03)# 

@G/0<B3:9: 

$,B 

H0/*:*) 

(I$/ / J./) 

D/$<=G+/& 

 

!"#$%&' ()* +,-.*)&µ/0 

12342)µµ#56" 77     85/(30 96"/"30 :;*$34<0  

=*#$->' & 

:24)&5<2*3 

!")$34*(# ?$-(523"*(#     @A)"-5#('0 1)")4*B5'0  :;*$34<0  =*#$->' 

!&52*(C0 !5µ/&D)*2-0     E)2.)F#0 ?$G)0 :;*$34<0  =*#$->' 

!&52*(< :>C$*>' ()* 

1%2'"3&H"I-&'     J)5A'.'µ'52G3% =C&;3*") :;*$34<0  =*#$->' 

!&523D%&*(< KKK     9%$#D'0 8*(/$)30  :;*$34<0  =*#$->' 

!&523D%&*(< LM'$B" 

:"-24-*B"     1);).#('0 K6&<D :;*$34<0  =*#$->' 

N-"*(< O-62G) 5'0 +,-5*(/5'5)0 

- O-62G) J32.B"      @3µ)2#0 O-/.6230  :;*$34<0  =*#$->' 

=3µ*(< ()* J'µ*(< !"#$%&' 

L$*(B"     P#;;)0 !$C>)".230  :;*$34<0  =*#$->' 

=%")µ*(< 56" !-2G6"     E)2.)F#0 ?$G)0  :;*$34<0  =*#$->' 

:.9.+.Q."R-$-5B"5)0 5' 

R)4-G) 53% ?$-(/&µ3% &5) S2*) 

O-2µ3(2)&G)0 1G-&'0 ()* 

R)4"'5*(3H 1-.G3%"     

T$%5A#"'0 8*(/$)30,  

1)")4/;3%$30 J2<&530  :;*$34<0  =*#$->' 

:.9.T.+.L +H4,23"-0 RCI3.3* 

=*-2-H"'&'0 !&%"<I*&56"     T$%5A#"'0 8*(/$)30 :;*$34<0  =*#$->' 

                                                
19  !" #"$%#&'() #"$*((+&"$', &-. ",+/ 01! (.µ#2)$3,"&4* 5,4/ #%,464/ 4,7 01!.  8*4 &) (&92) «:;*-2+<)() 4#+ =-*&)&9» 46-2-.>"%(&" &*/ -?)<%"/ &-. 0%,464 11-5.1. 
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M!"#µ$ 

  %&'(')*)+ 

,-./0$ 

10#2)3 

,*)4056 

780!&9)6'-+/(,46-:2!'-+) 
;*)<:-='89( 

/>$''-*8.)2?6 

@A8).(2#&# 

$*( 

B)8'#'? 

(C$8 / D<8) 

78$.EA-8+ 

 

!"#$%&%'( )*+#,-( ,.# /01(. 

2$3453$,'( 6*+%7µ8%'( 

9#"#,8 :;µ.%. )*+#,&< =>73-( 

9(0?@0#-( (Strings)     

A?@0< B#,C3.$< – /$µ.?8< 

:0C"'?$< 95#3$@&<  D#830E7 

9#"#,8 F0G83.#. H+%?$G*+#,&<     F*38G7< B#,C3.$<  95#3$@&<  D#830E7 

9#"#,8 F0G83.#. H%$µ#,&< ,.# 

I$?#.,&< )*+#,&<     /J$4?$< :0C"'?$<-!'8((7< 95#3$@&<  D#830E7 

9#"#,8 F0G.3.K. 

6*µ5*,('µ;(7< L37<   20?8,7< M3K.< 95#3$@&<  D#830E7 

9(($#$%?#N0K. +%7 D#".,%#,& %'( 

)*+#,-( 95#+%7µ-(     20?8,7< M3K.<  

95#3$@&< 

 D#830E7 

9E;3#E7 23.(7%#,-( 

H%µ$+G.#?-(     O.?".N8< M3K.<  

95#3$@&< 

 D#830E7 

9?@.+%&?#$ F.%.+,0*&< 

Mµ#.@'@#,-( D#.%8E0'( ,.# 

F*,3'µ8%'(     F'(+%.(%#(K"7< P0-?@#$<  95#3$@&<  9?@.+%&?#$  

9?@.+%&?#$ )*+#,&< Mµ#.@'@-(     P0'?@.,K3.< H3;E.("?$<  95#3$@&<  9?@.+%&?#$  

M30,%?$(#,;< D#.%8E0#< !     Q0,0(%;< F'(/($< 95#3$@&<  D#830E7 

M30,%?$µ.@(7%#+µC< !!!     2.5.(#,$38$* B#,C3.$<  95#3$@&<  D#830E7 

Mµ#.@'@#,;< - R5%$730,%?$(#,;< 

D#.%8E0#<     2030,8($< B#,C3.$< 95#3$@&<  D#830E7 

:0'?K. 2$33-( 6'µ8%'( !     S.3%8,7< P?7@C?#$<  95#3$@&<  D#830E7 

:0'?K. 2$33-( 6'µ8%'( !!     S.3%8,7< P?7@C?#$<  95#3$@&<  D#830E7 

FN.(%#,;< 9%0?$"$µ;<     )3*%J8(7< B#,C3.$<  95#3$@&<  D#830E7 

FN.(%#,& O.?4%7%.     F$G#(8< P0-?@#$<  95#3$@&<  D#830E7 

FN.(%#,& :0'?K. 20"K$* !     /$µ.?8< :0C"'?$<  95#3$@&<  D#830E7 
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M!"#µ$ 

  %&'(')*)+ 

,-./0$ 

10#2)3 

,*)4056 

780!&9)6'-+/(,46-:2!'-+) 
;*)<:-='89( 

/>$''-*8.)2?6 

@A8).(2#&# 

$*( 

B)8'#'? 

(C$8 / D<8) 

78$.EA-8+ 

 

!"#$%&'( )*+,-# .*/-01 22     30µ#,45 )*6/+,05  78&90:(5  ;&49*<= 

!"#$%&'( >8%&'( '#& !"#$%&'( 

.9=,0?0,-#     @#µ8,6801905 .#$#:&A%=5  78&90:(5  ;&49*<= 

!"#$%0µ=B#$&'( 222     !1,-%C=5 D9-#5  E80B,*+%&'6  ;&49*<= 

!9#CC&'( F=B#$&'( 22     !1,-%C=5 D9-#5, G,:*5 H&'69#05 78&90:(5  ;&49*<= 

F=B#$&'( I1$*BA$ FJC+$     K91%L4$=5 H&'69#05 78&90:(5  ;&49*<= 

F=B#$&'J5 2/&6%=%*5 F#9#'(5 

'E9=5 

    

 ;&49*<= 

F#M=µ#%&'J5 FJM0/0& K1C&'(5 2     ;(%C#5 .J%,05 E80B,*+%&'6  ;&49*<= 

.#,#:+:( '#& ;&4/0C= 

N'%&$0"09-#5   O#,/#"45 D9-#5 78&90:(5  ;&49*<= 

.,0"9(µ#%# I%#%&C%&'(5 

F=B#$&'(5 *'%65 

)*,µ0/1$#µ&'(5 2C0,,08-#5 '#& 

I%0B#C%&'J5 ;&#/&'#C-*5   3C&,A$=5 P*A,:&05 78&90:(5  ;&49*<= 

.,0B+,=µJ$0 7,:#C%(,&0 

D9*'%,0$&'(5     3L#$*%4'=5 .#$#:&A%=5 78&90:(5  7,:#C%(,&0 

Dµ&#:+:&'J5 - >8%0=9*'%,0$&'J5 

;&#%4<*&5     .*9*'4$05 H&'69#05 78&90:(5  ;&49*<= 

I%#%&C%&'( K1C&'( 2   >&'0$6µ01 79*1MJ,&05 E80B,*+%&'6  ;&49*<= 

I1µµ*%,-# C%= )*+,-# 

I%0&B*&+/A$ I+µ#%&/-+$     

G,:*5 H&'69#05, 30µ#,45 

)*6/+,05 

78&90:(5 

 ;&49*<= 

3*B$&'J5 K#Cµ#%0C'08-#5, 

)*+,-# - 7,:#C%(,&0     K+%4'=5 !+$/$05 

78&90:(5 

 

;&49*<= & 

7,:#C%(,&0 

E8090:&C%&'( K1C&'( 

I1µ81'$+µJ$=5 Q9=5     !*9-,=5 .#$%*9(5 78&90:(5  ;&49*<= 



 

 

!"#$%& '%()$*+",- ./+0123&%&- (4*2)560 %7,µ8)  !"90%& 1.0      :0;µ<*+0- 2007        

 

81 

M!"#µ$ 

  %&'(')*)+ 

,-./0$ 

10#2)3 

,*)4056 

780!&9)6'-+/(,46-:2!'-+) 
;*)<:-='89( 

/>$''-*8.)2?6 

@A8).(2#&# 

$*( 

B)8'#'? 

(C$8 / D<8) 

78$.EA-8+ 

 

!"#$%& '()(*$+,   -(.µ(,/0.12 3(#4)5$62 78$)69&2  :$0)5*1 

!"#$%& ;µ$(9<9+,     =>(,5?0%12 @(,(9$+?12 78$)69&2  :$0)5*1 

!"#$%& A6,B#C($.(2 %($ 

D(9,1?B#C($.(2     -()/6E812 -.&#?62 78$)69&2  :$0)5*1 

!"#$%& F?6$G5$</+,  

F<µ(?$/4<, A     

=6µ(.02 H5B/<.62, I".4?#12 

;)4(2 

78$)69&2 

 :$0)5*1 

!"#$%& F?6$G5$</+,  

F<µ(?$/4<, AA     =6µ(.02 H5B/<.62 

78$)69&2 

 :$0)5*1 

F",(.?&#5$2 Green %($ IJ(,?$%& 

!"#$%&   K$%6,Bµ6" 7)5"LM.$62 78$)69&2  :$0)5*1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

F89:)#.-9':)689? - 1*')#.-9':)689? 
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M!"#µ$ 

  %&'(')*)+ 

,-./0$ 

10#2)3 

,*)4056 

780!&9)6'-+/(,46-:2!'-+) 
;*)<:-='89( 

/>$''-*8.)2?6 

@A8).(2#&# 

$*( 

B)8'#'? 

(C$8 / D<8) 

78$.EA-8+ 

 

       

Laser !"#$%& '()*+& ,-$µ./ 

0123%& 43+/+5163271-&     4-3-$-µ895#& :#µ%;31+&  <81$+=%&  

:16$7># & 

<3=-(;%31+ 

?$$#$78953-(# ?;@µA/ 

BA;+/9A/     4-3-$-µ895#& :#µ%;31+&  <81$+=%&  :16$7># 

?/-$+=126 C$72;3+/126     DE-/7;62#& ,-/-=1.;#&  <81$+=%&  <3=-(;%31+  

?;+µ12F& G3+*(71&     DE+*3+& H7@5A3+&-'A6//#& <81$+=%&  :16$7># 

?;+µ12% 2-1 0+31-2% BI(12%     4-3-$-µ895#& :#µ%;31+&  <81$+=%&  :16$7># 

<.G.B.J.!: !873-=A=1µ@;#;- 

2-1 <K-3µ+=F&     B$I;E6/#& L12@$-+&  <81$+=%&  :16$7># 

<3=-(;%31+ G-;-(27I%& 

Cµ1-=A=12./ :1-;6>7A/ 2-1 

GI2$Aµ6;A/     GA/(;-/;1/95#& M7.3=1+&  <81$+=%&  <3=-(;%31+ 

<3=-(;%31+ BI(12%& Cµ1-=A=./     M7A3=-29$-& ?$F>-/53+&  <81$+=%&  <3=-(;%31+  

<37I/#;12% 07N+5+$+=9-   0F$+& :<, !8+)37A;12@  :16$7># 

<K-3µ+(µF/# GO-/;12% BI(12%     B$I;E6/#& L12@$-+& !8+)37A;12@  :16$7># 

C$72;3+/12F& :1-;6>71& '     M7A3=-29$-& ?$F>-/53+& !8+)37A;12@  :16$7># 

Cµ1-=A=12F& - 

P8;+#$72;3+/12F& :1-;6>71&     ,7$726/+& L12@$-+& <81$+=%&  :16$7># 

H7A39- 2-1 :1-;6>71& P8;12./ 

GIµ-;+5#=./     ,1((-562#& J;-*3+& <81$+=%&  :16$7># 

'()I3+9 ,-$µ+9 0123%& 

43+/+5163271-&    4-3-$-µ895#& :#µ%;31+& <81$+=%&  :16$7># 

GO-/;12% C$72;3+/12% ': 

H7A39- Laser - <3=-(;%31+ 

D7)/+$+=9-& Laser     4-3-$-µ895#& :#µ%;31+&  !8+)37A;12@  :16$7># 
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M!"#µ$ 

  %&'(')*)+ 

,-./0$ 

10#2)3 

,*)4056 

780!&9)6'-+/(,46-:2!'-+) 
;*)<:-='89( 

/>$''-*8.)2?6 

@A8).(2#&# 

$*( 

B)8'#'? 

(C$8 / D<8) 

78$.EA-8+ 

 

!"#$%&'( )*+'%,-$&'( ..: /0 

1,#µµ&'( 23%&'(, 4+5,6#- 

7,8#9%(,&-     !#*3-:;-< !5$/$-< 73&*-8(<  =&>*+?0 

!"#$%&'( 23%&'( .   @#µ3,A3-B*-< C#$#8&D%0< 73&*-8(<  =&>*+?0 

!"#$%&'( 23%&'( ..   @#µ3,A3-B*-< C#$#8&D%0< 73&*-8(<  =&>*+?0 

@+3%> EµF$&# 

/&',-0*+'%,-$&'(<     1+5,8#'6*#< G*F?#$H,-< 

73&*-8(< 

 =&>*+?0 

23%&'( .:!*#9&'( 23%&'(   !#*3-:;-< !5$/$-< 73&*-8(<  =&>*+?0 

23%&'( ..: 7I#,µ-9µF$0 23%&'(   !#*3-:;-< !5$/$-< 73&*-8(<  =&>*+?0 

C,-J5,0µF$- 7,8#9%(,&- 

)*+'%,-$&'(<     K;#$+%>'0< C#$#8&D%0< 73&*-8(<  

7,8#9%(,&- 

00 

LB9&'( )µ&#858D$     K;#$+%>'0< C#$#8&D%0< 73&*-8(<  =&>*+?0 
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!"#$%$& 11-7.2   '$()µ$*$ '+*$,*-./$%01 !20324µµ$*0& 5,0-67#
[20]

 

 

!"#$%&'() '*& +*%$-,-.'#/$%&'()  

 

(012 0&'/$,-.'#/$%&'( – 34#$,-.'#/$%&'() 

 

'4(8µ$ 

!099$,9) 

:/;9/032$<"

$ 

51#09

0 

=27# 

>

' 

?,@;$(20-(?) 

A,/B*8µ0#/%)& 

!+2/0.)&(A!) 

C+#/%7# 

C#7B+D#(CC) 

E#4,*-F8& 

>+F/0*)*D#(E>

) 

G02µ01(G0) 

A/6"%+-B8&(A) 

G$*+1(-#B8&(G$

) 

A33+32$µµH#0

/ <0/*8*H& 

E2/(µ@& 

I0/*8*7# 

,0- 

B-µµ+*+".$

# B*/& 

+F+*4B+/& 

E2/(µ@& 

I0/*8*7# 

,0- ,H2$B+ 

+,/*-.7& 

B*8# 

%$#0#/%) & 

+,$#$98,*/%

) +FH*$B8 

5%*-$6&'7 8-.'#/$%&'7  4 4   3 1 1 

5#$µ&'( '*& 0$/&*'( 

!9:&'( 

 

4 4 

  

1 1 1 

;$µ&'( '*& <,µ&'( 

5%7-9:, =-&'>% 

 

4 4 

  

7 6 6 

?.@.2.A."0.-.#>%#*) 

#, 0*6.B* #$9 

8-.'#/:µ$C :#* D/&* 

E./µ$'/*:B*) 1B.:,) 

'*& 0*6%,#&'$C 1.FB$9" 

 

4 4 

  

7 5 5 

?.@.!.2.=: 

=4./*6"6&µG#,#* '*& 

?H*/µ$6I) 

 

4 4 

  

6 4 4 

                                                
20  !" #"$%#&'() #"$*((+&,$'- &+. "-/0 12! (.µ#3)$4-"&5* ,-50 #%-5650 5-7 12!. 
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!"#$µ% 

&'((%)(* 

+,-(,'./%01

% 

234'(

' 

5/64 

7

! 

8)9-%#/':(8) 

;),<=$µ'4,>*? 

&@/,'A*?(;&) 

B@4,>64 

B46<@C4(BB) 

D4")=:E$? 

7@E,'=*=C4(D7

) 

F'/µ'3(F') 

;,G1>@:<$?(;) 

F%=@3#:4<$?(F%

) 

;..@./%µµH4'

, 0',=$=H? 

D/,#µ9? 

I',=$=64 

)': 

<:µµ@=@1A%

4 <=,? 

@E@="<@,? 

D/,#µ9? 

I',=$=64 

)': )H/%<@ 

@),=:A6? 

<=$4 

>%4'4,>* & 

@)%4%($)=,>

* @EH=%<$ 

!"#$%&%' #() *+#",' 

-(./.01 2$(0#($#)1 

 

4 4 

  

7 4 3 

!/%$#('/"3 ,$($#,.+'1 

)µ"$%&%",45 6"$(07.&5 

,$" ,+,8&µ0(&5 

 

4 4 

  

1 1 1 

!9:;-<=9>? *@->2. 

=A>;:B:BC 

 

4 4 

  

5 3 3 

!D$/µ3#µE5) 2F$5(",' 

*+#",' 

 

4 4 

  

11 7 6 

=A>;:B:>2!- - 

?G<?=H!2<9?C>2!

- I>;<;J!>- 

 

4 4 

  

3 3 3 

K.&/L$ ,$" I"$(07."1 

?M(",45 2+µ$(36)%45 

 

4 4 

  

4 4 2 

>#N+/3L G08µ3" A",/'1 

O/3536"0/,."$1 

 

4 4 

  

8 3 3 

2P;C<>2!- 

!<!9?I?A!- 

 

4 4 

  

1 0 0 

2F$5(",' )8.,(/35",' >: 

Q.&/L$ HE"R./ - 

./%$#('/"3 (.N5383%L$1 

HE"R./ 

 

4 4 

  

11 9 8 
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!"#$µ% 

&'((%)(* 

+,-(,'./%01

% 

234'(

' 

5/64 

7

! 

8)9-%#/':(8) 

;),<=$µ'4,>*? 

&@/,'A*?(;&) 

B@4,>64 

B46<@C4(BB) 

D4")=:E$? 

7@E,'=*=C4(D7

) 

F'/µ'3(F') 

;,G1>@:<$?(;) 

F%=@3#:4<$?(F%

) 

;..@./%µµH4'

, 0',=$=H? 

D/,#µ9? 

I',=$=64 

)': 

<:µµ@=@1A%

4 <=,? 

@E@="<@,? 

D/,#µ9? 

I',=$=64 

)': )H/%<@ 

@),=:A6? 

<=$4 

>%4'4,>* & 

@)%4%($)=,>

* @EH=%<$ 

!"#$% &µ'()* 

µ)+,-./"+$,-()+01 

 

4 4 

  

1 0 0 

23456783 

9:6;4<6 2;9<6 

 

4 4 

  

8 2 2 

2.=*()+0 9&("=>( 

2'?@( 

 

4 4 

  

1 0 0 

A#$)+0 7: 8/*?)+0 

A#$)+0 

 

4 4 

  

9 8 8 

ABC783 7I: 

;D5E2A92;63 

ABC783 

 

4 4 

  

11 9 9 

B,-=@,. ;,F*?$. 

3/"+$,-()+01 

 

4 4 

  

1 1 1 

9$*$)?$)+0 D&?)+0 7  4 4   21 8 7 

9$-)="G* ;#)?$0µ.1 

:/)+>( 

 

4 4 

  

1 0 0 

D:9783 3275H<H<6  4 4   6 4 4 
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!"#$"% (&'(µ)*+ - $(,)-*+ ./0)*+ *-) Laser, ./0)*+ µ1 21,-)'3,4 151)67*1/08, ./0)*+ %/µ2/*94µ398: ;<8:, ./0)*+ =>8<?9 @91,A1)?9, 

@B-,µ(0µ398 ./0)*+, µ1 6/9-'C'8'- 21,-)'3,4 151)67*1/08:, &0',(B/0)*+ *-) D)-0'8µ)*+ ./0)*+, =2(<(A)0')*+ ./0)*+ 

 

!"#$µ% 
&'((%)(* 

+,-(,'./%01% 

234'(' 

5/64 
7! 

8)9-%#/':(8) 

;),<=$µ'4,>*? 

&@/,'A*?(;&) 

B@4,>64 

B46<@C4(BB) 

D4")=:E$? 

7@E,'=*=C4(D7) 

F'/µ'3(F') 

;,G1>@:<$?(;) 

F%=@3#:4<$?(F%) 

;..@./%µµH4', 

0',=$=H? 

D/,#µ9? 

I',=$=64 

)': 

<:µµ@=@1A%4 

<=,? 

@E@="<@,? 

D/,#µ9? 

I',=$=64 

)': )H/%<@ 

@),=:A6? 

<=$4 

>%4'4,>* & 

@)%4%($)=,>* 

@EH=%<$ 

&E&F=%G !&H 

%I@DH&%$"% 

J#"K#&$$&LME "" 

 

4 4 

  

11 4 4 

&0',)*+ 153<)58 *-) 

2/,89(0N9O108 

 

4 4 

  

1 0 0 

@.!.%.;."$1<1'?9'-: '8 

$-A17- '(/ G<1*'/0µ(N 0'- 

P,)- Q1,µ(*,-07-: J7108: 

*-) $-A98')*(N J167(/" 

 

4 4 

  

7 5 5 

@.!...%.=: =21,-A4A)µC'8'- 

*-) @B-,µ(A3: 

 

4 4 

  

6 4 4 

@HDH!& !@.&F&H& 

.=%H!G% =RGFME 

@E@#K@HME-Q@M#H& 

I"#DME 

 

4 4 

  

4 3 3 

@)6)*S !1BS<-)- ./0)*+: 

=>8<?9 @91,A1)?9 

 

4 4 

  

1 1 1 

G<1*',(µ-A98')0µC: HHH  4 4   16 12 12 

Q14,7- J(<<?9 %4µS'49 H  4 4   1 1 1 
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!"#$µ% 
&'((%)(* 

+,-(,'./%01% 

234'(' 

5/64 
7! 

8)9-%#/':(8) 

;),<=$µ'4,>*? 

&@/,'A*?(;&) 

B@4,>64 

B46<@C4(BB) 

D4")=:E$? 

7@E,'=*=C4(D7) 

F'/µ'3(F') 

;,G1>@:<$?(;) 

F%=@3#:4<$?(F%) 

;..@./%µµH4', 

0',=$=H? 

D/,#µ9? 

I',=$=64 

)': 

<:µµ@=@1A%4 

<=,? 

@E@="<@,? 

D/,#µ9? 

I',=$=64 

)': )H/%<@ 

@),=:A6? 

<=$4 

>%4'4,>* & 

@)%4%($)=,>* 

@EH=%<$ 

!"#$%& '())*+ ,#µ-.#+ //  4 4   5 5 5 

01&+.234 5"#$%& '"6%(7 /  4 4   5 1 1 

089:;/0< =';/0< 09/ 

089:;/0< '><?=@=?/9 

 

4 4 

  

1 1 1 

01&+.234 =A.234 3&2 

01&+.234 ')B$(C($2& 

 

4 4 

  

1 1 1 

01&+.(µBD&+234 ///  4 4   12 12 5 

0>9,/0< E<F9:/0< II  4 4   8 5 2 

E&5Bµ&.23GH EG5(6(2 

@7I234H / 

 

4 4 

  

9 8 7 

E<F9:/0< ,J:KFL: 

EK,L: 

 

4 4 

  

8 2 2 

=';/0< /I: 

K@9?E=,EK:< =';/0< 

 

4 4 

  

11 9 9 

'9?9MLM< 09/ N/9N=,< 

90;/:=8=>/9, 

 

4 4 

  

9 6 6 

,.&.2I.234 @7I234 /  4 4   21 8 7 

,JEEK;?/9 ,;< !KL?/9 

,;=/FK/LNL: 

,LE9;/N/L: 

 

4 4 

  

3 2 2 

J'=>=M/,;/0< @J,/0< 

,JE'J0:LEK:<, O><, 

 

4 4 

  

1 1 1 
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!"#$µ% 
&'((%)(* 

+,-(,'./%01% 

234'(' 

5/64 
7! 

8)9-%#/':(8) 

;),<=$µ'4,>*? 

&@/,'A*?(;&) 

B@4,>64 

B46<@C4(BB) 

D4")=:E$? 

7@E,'=*=C4(D7) 

F'/µ'3(F') 

;,G1>@:<$?(;) 

F%=@3#:4<$?(F%) 

;..@./%µµH4', 

0',=$=H? 

D/,#µ9? 

I',=$=64 

)': 

<:µµ@=@1A%4 

<=,? 

@E@="<@,? 

D/,#µ9? 

I',=$=64 

)': )H/%<@ 

@),=:A6? 

<=$4 

>%4'4,>* & 

@)%4%($)=,>* 

@EH=%<$ 

!"#$%& '()(*$+,  4 3   2 2 2 

!"#$%& -./$01$23+, 

-2µ(.$342, 5 

 

4 4 

  

1 1 1 

!6-578 -9:5;<5=>=? 

-=@A95>5=? 55 

 

4 4 

  

1 1 0 
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!"#$%$& 11-8. '(µµ)*+,- .) /0$1$#)10.*2µ0$%3 !4+543µµ$*$ '1+(67# 

  

 

 

 

 2007-

2008
2
 

2006-

2007 

2005-

2006 

2004-

2005 

2003-

2004 

2002-

2003 

=>?010 

!"#$%$&' $"( )µ*µ+$"' 

,"( -".$%/+0 /1 2&0" 345 
3 3 3 3 4 9 25 

4,#/6&,$1' -"#$%$&' 2&070 

345 /$" )µ*µ+ 
3 1 0 0 0 0 1 

8&9% +6+:%µ+;6"< 

,="/7,#6"< $"( )µ*µ+$"' 

,"( µ1$+6#0*>%6+0 /1 

?99" 345 

1 2 1 0 0 0 4 

8&9% +6+:%µ+;6"< 

,="/7,#6"< ?9970 345 

,"( µ1$+6#0*>%6+0 /$" 

)µ*µ+ 

0 0 0 0 0 0 0 
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!"#$%$& 11-9. '()*+,µ-#)%.& /,µ-*)01*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 2 56  20 21 9 13 7 6 

*+,-.- 5 379 13 88 106 11 136 33 24 

 

'(02,34*0)&: 

!:  "/0.12/µ-,-3425167 

": %4328167 86 69/8:;µ-,/<= 964/->/<= µ6 <4/:?7 

#: %4328167 86 69/8:;µ-,/<= 964/->/<= @A417 <4/:?7 

$:  %4328167 86 942<:/<= 8B,6>41A, µ6 <4/:?7 

%: %4328167 86 942<:/<= 8B,6>41A, @A417 <4/:?7  

&:  C65=.2/2 86 8B..-3/<-+7 :Dµ-B7  

': E..67 64328167 

(:  !,2<-/,F86/7 86 69/8:;µ-,/<= 8B,?>4/2 (µ6 <4/:?7) 9-B 6<>1>-B, 942<:/<= 

):  !,2<-/,F86/7 86 69/8:;µ-,/<= 8B,?>4/2 (µ6 <4/:?7) 9-B >6, 6<>1>-B, 942<:/<= 
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!"#$%$& 11-10. '#$(#)*+,- ./0 1*10#-.+%/2 3*(/0 

 ! " # $ % & ' 

2007 1713  12 10 2 29  

2006 1536 2 10 5 1 22  

2005 1377  8 4 2 32 2 

2004 1116 8 7 1 1 21  

2003 1148 6 7 4 1 23  

=>?010 5890 16 44 24 7 127 2 

 

4516-(7,1+&: 

!:  %()*+,-,.+*/0 

": !-,.+*/0 (+1 )2324+5/)627(8µ+-24+5 (56+1 

#: "29:2+4*27;)0 

$:  <1µµ)(+=/0 7) )62(*+6/0 )627(8µ+-24>- 71-)3*;?- 

%: <1µµ)(+=/0 7) 71-(,4(24/0 )62(*+6/0 )627(8µ+-24>- 6)*2+324>- 

&:  @*+74:A7)20 B2, 32,:/C)20 

': $26:>µ,(, )1*)72()=-;,0 
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12. !"#"#$%µ"$" 

=)&> '>2)&)8 85), )0 ?µ,µ8 µ60*$@, 8> )0 $6+#5µ$@, >8 68*8#;%$+ 060+89,60)$ %)0+7$@8 

#$(*$@ 2)+ #8 $@>8+ 7*,%+µ8 %)&> '6+)*06, '/()$*+",- ./+0123&%&- "8+ )8 060@8 

$>9$70µ;>(- 9$> "81A6)0>)8+ $68*"B- %)0 "5*@(- %Bµ8 )&- !"#$%&-.  

 

=$ "C#$ 6$*@6)(%&, %)8 48*8*),µ8)8 8>8µ;>$)8+ 06(%9,60)$ >8 6$*+1&D#$@ 0 E9&32- 

=6059B> )05 ?µ,µ8)0- "8+ 0 "8)C1030- )(> $6+%)&µ0>+"B> 9&µ0%+$A%$(> )(> µ$1B> )05 

?µ,µ8)0- "8)C )&> )$1$5)8@8 6$>)8$)@8. 
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!V.1 "#$% &'(%$ ) *%+%(#µ, -%.µ#/#0'%1 *%$ # µ23#1 -%.µ41 +5( 6#$+)+7( +#8 

µ%.,µ%+#1;  

=$"+>,%)$ 862 )0 )*;70> ;)0-. ?)&> 6$*@6)(%& 605 9+9A%"8)$ )0 µA#&µ8 "8+ )8 

6*0&30Bµ$>8 ;)& "8)83*AC)$ "8+ )8 %53"*+)+"A %)0+7$@8 )(> 6*0&305µ;>(> $)D> 

[E 61&*0F0*@8 $@>8+ 9+8#;%+µ& 862 )0 4*23*8µµ8 ClassWeb )&- G*8µµ8)$@8- )05 

Hµ,µ8)0-] 
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1
!"#$%&$'()* #"%µ+,-,: !-!%.',/0, 1-1#'µ#.',/0, 2-2#3$#µ4.5/6 

2
!35 $/6 %.'7µ/0 $-, !"!#$%&µ'()( 8/'$9$:,, ;. <. = ;)&/* =./*  

 

 

>.'7µ=* 

?/'$9$:, 
@%$%,/µ+ A%7µ:, (% 8/'$9$:,)

2
 

B$/* 

!"#$%

&$'(9
1
 

!CC#C.%

µµ),/' 

!"#$D

&-

$9(%, 

0–3,5 4–4,5 5–5,5 6-6,5 7-8 8,5-10 
;.<

.
2
 

X 4747 1956 47,60

% 6,60% 

20,50

% 

11,09

% 9,10% 5,11% 4,0 

E 3551 1641 51,13

% 4,20% 

18,10

% 

10,36

% 

11,09

% 5,12% 3,9 

2006-

2007 

2 2405 1411 50,74

% 4,61% 

26,22

% 8,43% 6,45% 3,54% 3,7 

X 4232 2059 46,38

% 5,83% 

16,12

% 9,86% 

12,72

% 9,08% 4,2 

E 3946 166 

6,63% 3,01% 7,83% 

13,86

% 

42,17

% 

26,51

% 7,1 

2005-

2006 

2 2602 2395 40,46

% 4,26% 

20,04

% 

11,02

% 

13,49

% 

10,73

% 4,6 

X 4343 2244 40,29

% 4,95% 

16,80

% 

11,59

% 

16,62

% 9,76% 4,6 

E 3766 2005 34,66

% 7,38% 

12,17

% 9,98% 

23,49

% 

12,32

% 5,0 

2004-

2005 

2 3178 1578 44,54

% 8,10% 

22,14

% 9,19% 

11,30

% 4,72% 4,1 

X 4546 2358 37,87

% 6,74% 

17,77

% 

12,64

% 

14,59

% 

10,39

% 4,7 

E 4036 2027 39,27

% 8,93% 

15,19

% 

13,91

% 

14,60

% 8,09% 4,5 

2003-

2004 

2 3325 1541 44,71

% 4,93% 

24,72

% 

10,71

% 9,15% 5,78% 4,1 

X 4032 2323 38,23

% 6,28% 

16,36

% 

11,71

% 

17,43

% 9,99% 4,8 

E 3900 2155 33,69

% 6,96% 

16,71

% 

11,37

% 

18,00

% 

13,27

% 5,0 

2002-

2003 

2 3487 1521 47,01

% 5,06% 

22,88

% 9,93% 9,80% 5,33% 4,1 


