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EAAOPOMHXANIKH I
Ti paBape otnv Edagounxavikn |;

®uon Tou £ddgoug

PYZIKA XAPAKTHPIZTIKA TQN EAAPQON

To £dapoc eival Eva TTOAUQATIKG UNKS TTOU aTToTEAEITAN ATTO:
* OTEPEOUC KOKKOUG
» KeVA (TTOpoUC) 01 oTToion TTERIEXOUV VERO /Kol agpa

MPOEAEYZH TOY EAADOYZ

Ta eddgn TTpoépxovTadl ATTo TNV aTTooddpuaan Bpdxwy. H
ATMoOCAGpWan Twy Bpaxwy dlakpiveTal Og:

Mnxovikn amoodBpuon @ Adyw TEKTOVITUOU, KAMPATIKWY JETARoAWY,
SidaBpwaon amd 1N Spdon vepol /Ko aépa, avamTuEn pidv QuUTIDV,
KATT.

H unxavikn amoodBpwan anuoupyel kupiwo xovapoKkokka e0dgn
(xctAikeC Kan Gupouc)

Anuikn amoodgpuwaon - Adyw ¥nuikwy Siadikaoiwy OTrwg ofeibuwan,
avaywyr, ubpdAuan, evuddTwan, KATT.

H xnuikn amocaBpwarn Gnuoupyel KUpiwg ASTTTOKOKKa e0aQn (IASIC

Kar apyidoug) (Kappaddc 2005)




EAAOOMHXANIKH i
Ti paBape otnv Edagounxavikn |;

®uon Tou £ddoug

TA=ZINOMHZH EAAPQON ME BAZH
THN KOKKOMETPIKH AIABAGMIZH

Avahoywg Tou PEYEBOUC TWY KOKKWY, TA £dagpn diakpivovTadl OfF ©
+ XovDpOKOKKA (XAMKES Kau dppor) - d = 60 um
+ AeTITOKOKKO (IAEIC Kl dpyiAol) - d <60 pm

Kokkor peyEBoug avw Twv 0.06 mm = 60 ym diakpivovTal Je yupvo Uar

AsTrTOKoKKa XovBpoKokKa
Apyihog IAig Appog Xdahikeg Ao
K“M“E'Fﬁ Aerrr.| péool | yovBp. | Acrrr.| péoor [NevEp. | hemr.| péoor |xovBe. | pikpol pEydAL!
1 6 20 200 80O 6 20 200
2 @) 2 60
um mm

(Koppadig 2005)
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EAAOPOMHXANIKH I
Ti paBape otnv Edagounxavikn |;

®uon Tou £ddgoug

AIGUETROC KOKKOW ()
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(Kappadac 2005)




EAAOOMHXANIKH i
Ti paBape otnv Edagounxavikn |;

®uon Tou £ddoug
MHXANIKA XAPAKTHPIZTIKA TON XONAPOKOKKQN EAADQON

Ta unyavikd ¥apakTnpIoTIKG Twy YovOpOKoKKwY edapuiv (XAMKEC K
dupon) EEapTwvTal amo :

1. Tnv KokkodeTpikn diafdguion (HEYEBOC TWY KOKKWV)
2. Tnv OYETIKA TTUKVATNTA (Doun i DIATaLn Twy KOKKwV)

H dour Twv ¥ovOopOKoKKWY EDO@V KUUTIVETAI JETAEU TTOAU XaAdpnic
Kcil TToAU TTUKVIAC, avaAoywe Tou BaBuol gupttukvwang Tou UAIKOU

Eva uMko pe TTukyn odn £XEl IKPATEQN TUUTTIEGTOTNT KAl KAAUTEDO
YOUPQUKTNEIOTIKA avTOXNC atr o1l To id10 uUAIKO ot Xahapn dour

Xahapn Sopn Nukvi] Sopr
(Kappadac 2005)

EAAOPOMHXANIKH I
Ti paBape otnv Edagounxavikn |;

®uon Tou £ddgoug
MHXANIKA XAPAKTHPIZTIKA TON AENTOKOKKQN EAAGQN

Ta apyihkd TAakidia epgavidouy

» BETIKA NAEKTRIKG QOPTIa OTIC QIXHEC K

* QPVNTIKA NAEKTPIKG QOPTIC OTIC PEYAAES ETTIPAVEIEC
To ouvoAKO @opTio Tou TTAaKIDiou gival undév

Ta TTAaKIOIa EAKOVTAI KOl CUYKOAAUVTOI HETW TWV ITXUPWY
NAEKTPIKWY DUVAUEWY

[a Trapddeyua, n &nen +
ApyIAOC EXEI PEYAAN QVTOXI) +"
Adyw TNC TUYKOAANTNG TV =
TTAQKIDiWY

(Kappadac 2005)




EAAOPOMHXANIKH I

Ti paBape otnv Edagounxavikn |;

MHXANIKA XAPAKTHPIZTIKA TQN AEMNTOKOKKQON EAADQON

Me Tnv TTapoudia vepoU, Ta Hopid TOU VEPOU (NAEKTRIKG BitToAa)
EAKOVTOI ATTO TA ApYIAKA TTACKIDIO Kol TTROTKOANWVTAL ETT AuTWV

®uon Tou £ddoug

(TTpocpo@nuEvo vEPS 1 DITTAN aTpwan vepou)

or group of atoms)

Cation (positively charged atom

) G:‘.‘) Water molecule
@ P{Q@, _____@___HE:E) E“" watar
% -@ %@ @ xg_"' ‘@—u.., _@
P08 0050 00\
i, 0000010 076 00 o9
i L o BTy B 3D
T BT
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(Koppadig 2005)

EAAOPOMHXANIKH I
Ti paBape otnv Edagounxavikn |;

®uon Tou £ddgoug

ZXECEIC METAEU TWV @ATewV - OpITHOC TNE TTUKVOTNTAC

T

Atpag

Ve

L]
e
= is:_ % /W/// MukvoTnTa Tou £DAPOUC - p=

Mada Tou eddgoug - M = M, + M,

MukvOTNTA TLWV KOKKWY - P =

[MukvaTnTa TOU VEPOU : P =

M
V

(Kappadac 2005)




EAAOPOMHXANIKH I

Ti paBape otnv Edagounxavikn |;
®uon Tou £ddoug

ZYETEIC METAEU TV @acewV - Opigpoi heyeBuwv

-
T e Aépag Mopwdeg: , = r.
= Y-y v
o Yypd ,
¥ —1111; !
n AIKTNC TIOPWY = ¢ = .
Y 1 1
l LTV .1 o =<
: R V., e
Orywol
O £0aQpoCg | o=
Babuog kopeopol : ¢ = . cne rw g 5=0
7 KOPETUEVO £DAPOC © 5— |
MocooTé uypaciag: | = M, ENPo £00POG -, — g
M . uypo £0a@og & - g

(Koppadig 2005)

EAAOPOMHXANIKH I
Ti paBape otnv Edagounxavikn |;
Tdoeig & NMapapopPwoelg oTO £00POG

Opiouée TNG Tdong oTo onueio M :

To péyeBocg :

=

| *

TTou Qivel Thv avnyuévn duvaun oe oTrolodnToTe eTTiTedo (A1) dia Tou

M amd Tn oxEan :

f=06-n

ovOPddeTal Taan ato anueio M, Kol £XEl XapakTnpIaoTIKG TavuaTn B

TAEEWC.

* H 1don ato anueio M eCaprdral povov amo 1n 8£an Tou anueiou
M kal TO CUCTNUO TWY TUVTETAYLEVIWDY (X, ¥, Z).

* ATTODEIKVUETOI OTI N TAON EiVal CUPUETPIKOC TAVUTTAG @ 0 = O

Jr;r

» O1 (£€1) ouvioTWOEC ¢ Tdong Exouv diaoTtaoelg ( F/IL2 -> kPa )

(Kappadac 2005)




EAAOOMHXANIKH i
Ti paBape otnv Edagounxavikn |;
Taoeig & NMapapgopPwoelg oTO £00POG

Opiouog Tou kukhou Mohr : o "'K o
« ATrd To aonpeio M SiépyovTal delpa eTTITTESA N P

» & kabe emimedo aokeital i avnyuévn dovaun (f) N otoia £y&1 pia
opfni cuvioTWoa (T) Kol Jict SIATUNTIKG ouMioTwad (1)
« Apd opilETal HId APQIPOVOTTPCVTH avTISTOIKid JHETAED :
Emmédwv (pp) ia Tou M Kl Znueiwv (P) oto emimedo (g, 1)

ATrrodeikvOeTar O Ta anueia P avikouy o kKUkAo (KOkAog Mohr)
(Kappadac 2005)

EAAOPOMHXANIKH I
Ti paBape otnv Edagounxavikn |;
Tdoeig & NMapapopPwoelg oTO £00POG

, . &= fim N
Eda@po¢ = KOKKOI are O M

(aouvexég uEoo) el TS e @ ey
O o CLE' f\ Yo - L ’»-'
oSy 2

ﬁ:
— -
n'.‘:.:nl T -rl
TEWETOL
.i.n?..,.; i
F:i= AUVAUN TTOU AOKEITA OTNY ETTAQN HETACY OUO KOKKWV
AvahUeTal ge opBr) duvaun (N'i) Ko dlaTunmIKn dUvaun (T:j}

b a " o a +
osoes | (i UL Y
= / T —-
N N

(Kappadac 2005)




EAAOOMHXANIKH i
Ti paBape otnv Edagounxavikn |;
Taoeig & NMapapgopPwoelg oTO £00POG

L a

7 7 +

a "
i i Gl J F;._ . Fu N-’ R /
KOKKOI + VEPO _-_1\145.-;] '
r/ e ———— g
T fiza T
N c:v::;b N

facw UL

F:i= OUvVAUN TTOU QOKEITA OTNY ETTAQ HETACY OUO KOKKWY
AvahUeTal ge opBr) duvaun (N'i) KOl SIaTUNTIKG dUvaun (T:j}

ua®+> N! , N/
4: u+111nz—3*:u +a'

14 r ; . . ‘M .
Oper] Taon Opbn 1don © 6 =lim— = lim

a a- a
g’ = evepyOg opfn Taan
BnAadn : c=uy+0o' u = Triean TopWY
O = oMKn opBr) Taon
T T
AlGTUNTIKA TAon t=lim—= lllll—z‘2 ~=1
OIATUNTIKA TAON a a
' T = evepyOg DIaTunTIKY TAOT

onhaon : =7 T = OAIKH) DIOTUNTIKN TAON

(Koppadig 2005)

EAAOPOMHXANIKH I
Ti paBape otnv Edagounxavikn |;
Tdoeig & NMapapopPwoelg oTO £00POG

[EWaTaTIKEC TAOEIC - MNapadeyud e@apPoync

q“”}ﬁ' kPa Eaﬁ(pﬂ.:'l ' y:l8kN/IT? y 'YKop:lgkN/rT? 1 Ko:O4

\TLWLﬁJVWLthL\VT EougocIl v, =20kN/n?, K,=0.5
[_Ern %[V{J =
Y
I

lewoTaTikéS TATEIC aTo gnueio M :

4m

o, = 100+2x18+4x19+5x20 = 312 kPa
u = 9x10 = 90 kPa

sm Y, o, =o,— U =312 -90 = 222 kPa

@M |1oméMm o, = 0.5x222 = 111kPs¢

o,=o, +Uu=111+ 90 = 201 kPa

S S s
Bpdxog




EAAOOMHXANIKH i
Ti paBape otnv Edagounxavikn |;
Taoeig & NMapapgopPwoelg oTO £00POG

H NMAPAMOP®QZIH TOY EAADPOYZ
Ta edapikd UAIKA TTOPOPORQUIVOVTI JE TOUG ECAC PNxaviapoug
(a) EAQOTIKN TTApAuop@uon TwY KOKKWWY
(B) ©pavon Twv ciIXpwy OTIC ETTAPEC HETAED TWY KOKKWY, Adyw
HEYAANC CUYKEVTPWONG TATEWV
(y) OAicBnon kal KoAan PETAED TWY KOKKWIWV

MeTd Tr gopman

Mpw T
apETIEn -fi

(a) () (v)
+ ATTO TOUC aVLITEPL) WUNXOVIOUOUE, ONUAVTIKOTEROC gival o (y).
Apa, pTropei va BewpnBei 0TI 01 KOKKOI £ival TIPAKTIKUG aTTURauoppuTol
+ O pnxavioudg (a) sivan avaoTpéyidog, dnAadn eAaaTkog, v ol
(B) kan (y) eivar pr-avaoTpewipol, dnAadr aveAaoTIKoI

Apa, n TTapauop@wan Twy eDa@IKWY UMKWY Eival KUpIwG aveAdoTIK

(Koppadig 2005)

EAAOPOMHXANIKH I
Ti paBape otnv Edagounxavikn |;

Tdoeig & NMapapopPwoelg oTO £00POG
H APXH TQN ENEPIQN TAZEQN

* H mapapdppwaon Twy eQ@v YivETAl KUpIwG JE avadIaTatn
METOED TV KOKKWY (oAioBnon kal KOAon), dnAadn Je HeTABOAL
NG YEWHETRIOG TOU £DaIKOU TKEAETOU (= TNG DOUNEC TWV KOKKWY).

* H avadidrden HeTALU TV KOKKWY TTROKCAEITC aTTd HETABOAEC

TWV BUVAUEWY TTOU ACKOUVTAl UETUED TwY KOKKwWY, drhadr amd
METOPROAEC TLWV EVERYWV TATEWV.

H=c—-0 = Au=Ac—-Ac

* MeTaBoAn Twy udaTIKWY TTIECTEWVY,
YWPIC PETAROAR TWV EVEPYWY TATEWY,
Oev TTpoKaAEl TTApaUOp@EWan, a@ou
ITODUVAPE JE 1I0OTPOTIN CUUTTIEDT TWY
KOKKWwY (01 oTToiol BewpouvTal
TTRAKTIKWEG ATTApaUopQuITol)

* MeTaBohn Twy oMKWV TATEWY XWwpig
HETOROAN TWV EVERYWY TATEWY, DEV
TTpokahel TTapapdppwaon (We dvu)

(Kappadac 2005)




EAAOOMHXANIKH i
Ti paBape otnv Edagounxavikn |;
Taoeig & NMapapgopPwoelg oTO £00POG

ApxH TWV EVEPYWY TACEWV :
H peTaBoAn OTTOIOUDIATTOTE PUNXAVIKOU ¥OpOaKTNRIOTIKOU T ESA@uIv

(TT.%. TTApaUOPQLCN KOl avToXr) CUVETTAYETA UETAROAN TWY EVERY WY
TAOEWY KOl QVTIOTROPLIC,
Aez0 < Ac' =0

MNopiopa :
Edv dev petapAnbolv o eVEpYEC TACEICT, TA PUNXAVIKA XOpAKTNRIOTIKG
Twv edaguy deV PeTafalhovTal, .. Ta edagn dev TTApaUOop@VOVTA

Kt Dev PETURAANETQN N avToxn TOUC.
Ad'=0 < As=0

* ondaon, OAEC 01 OLVIOTEOES TV EVEPYOV TATEMY

(Koppadig 2005)

EAAOPOMHXANIKH I
Ti paBape otnv Edagounxavikn |;

Tdoeig & NMapapopPwoelg oTO £00POG

ZupméCeTan o TTUBPEVAC Aipvng, edv peTapAnBei To BaBoc Tou vepol ;

~Ehpaviie, _j,..'{_v-.g

> h.

T

EI‘-I\(_P";MLHJ Arlb-.\lhs

G, =h,Y,+dy c,=H,y,+dy

a7
w ol w

wu=(h,+d)y, u=(H_ +d)y,
o =c,—u=d(y-y, )=dy

H evepyog Taon dev petafarhetal. Apa o MuBpévag dev oupTmIECETA.

(Kappadac 2005)




EAAOOMHXANIKH i
Ti paBape otnv Edagounxavikn |;
Taoeig & NMapapgopPwoelg oTO £00POG

1 r ' # *
4 /4 r li - =— & —V A +& —_—
I'pappikn Iodtponn EAactikdtto o E[ o vl @ G—-}]
1 F F F
‘iE_‘,.‘I = E I:‘ig_‘,}' -V {,ﬁﬁ:! + ‘ﬁg.rx }]
1 F ' L * |
Ae_ = = [i\.cf:_, -V (&crn. +A0 }]
To péTpo BiGTunNong: G=—— . L, .
HETP Hnong 2+v) Ay, =Eﬁgu_
: . , E 1
To HETPO ICOTPOTING CUNTTIEGNS: K =— , v = Ar’
METP poTInG CUM ne 30-2v) Ay,. = GL‘.CFJ:
To HETPO HOVOBIAOTATNS CUMTTIECNG: D=M Ay zl,_\_g’
(1+vY1-2v) =g

(KapBadag 2005)
EAAPOMHXANIKH I
Ti paBape otnv Edagounxavikn |;
AilatunTtiki Avroxn Edapwyv
Mn — ypoUIKT) GUUTEPLPOPD,
Te
, , , |°
AVTOYT UN-GLVEKTIK®V £00LPDV
.
Mepuidiiovwon  Coulomb a, a
o; [Ipocopoimon wg...
o "EI;) %5 |t ssvar2 ELaotikn) —AmoAvTmg
- . [a; TAOGTIKY] GUUTEPLPOPA
o; \-/ o, o
d T, = ¢ tane

(Kappadac 2005)




EAAOOMHXANIKH I
Ti paBape otnv Edagounxavikn |;
AlatpunTiki Avroxj Edapwv
AVTOYN UN-GUVEKTIKOV E0PDV

T, = o'tang’

40

36 y

32

30

Fwvia TpiPrig ¢ (Loipeg)

28

AV =§,+8,+5,=—1.885,

Pu

26

B a2 w0 3w % u » SI(IGT(XXTIK(’)THT(I
NopwSeg npwv TN gépTion (%)

LEYIOTT Yovia TG
(KopBodéc 2005)

EAAOPOMHXANIKH I
Ti paBape otnv Edagounxavikn |;
AilatunTtiki Avroxn Edapwyv

Mn — ypoUIKT) GUUTEPLPOPD,

AVTOY1] CUVEKTIKOV £00.POV

T

Nepupdriovoe  Coulomb 1 a | a

0] IIpocopoinon wg...
—————— — o5 |{—tisez  Elootua] —Amolitog
Ts ]U; TAUOTIKI] GOUTEPLPOPA

O, o, a’
d T, = C'+to'tang’

(Kappadac 2005)




EAAOOMHXANIKH I
Ti paBape otnv Edagounxavikn |;
AlatpunTiki Avroxj Edapwv
AVTOYN GLVEKTIKOV EQ0PDV

T, = C+to'tang” o€ Opovg evePY@V TACEMV...

oo OAAG AOY® YOUNANG O1OTEPATOTNTOC, 1] TAPAUOPP®CT TNG APYIAOV VIO
aoTPAYYLeTES CLVONKEC 00MYEL GE AYVOGTN AVATTVEN VITEPTIEGEDY TOPWV

mepIRdihouaa
o QMKW TATEWY (c=A0,/2, p=0)

ad 100 200 300

AVTOYN GLVEKTIKOV E30(PDOV VIO AOTPAYYIGTES CLVONKEC

T, = C, 1 o€ OPOLG OMKAV TAGEMV ...
« =Gl S, povS (KapBadég 2005)
EAAOOMHXANIKH i
Ti paBape otnv Edagounxavikn |;
ETTIQopTIKEG TAOEIG
Enineon napapdpemon
Amelpounkng «Awpido» ATEPOUNKES YPOUULKO POPTIO
b b i
DEEEES N o _E_G )z
o ) ()
2 ( ! _:.// 2[}' __1
T, T 22
. \ % \ .H () +E )
b 2b 801 / =£ VZ
g L | ) O ()
B [
UZ} 0z /
5 z — /

(Kappadac 2005)




EAAOPOMHXANIKH I
Ti paBape otnv Edagounxavikn |;
ETTIQopTIKEG TAOEIG

A&OoVo-GUUUETPIKT POPTION

Kvkhlko poptio 2LVYKEVIPOUEVO POPTIO
e » rfR P
;\ Tipég Tou % “_K
i/ / \ \ ) : ¢ x
i /1] R
050 \ \ % z P %
040 x tnl
= 1 s
2_"3]./ / \ G = E < T‘xl‘
. / o P [3z (-2v)R
7 " 2R R R+:
[ - _(1—21')1:-[;-_ R }
/ * 2mR* |R R+:
/ _3P rz?
T - " R
: (KapBadig 2005)
Ti paBape otnv Edagounxavikn |;
ETTIQopTIKEG TAOEIG
Toyoaio emedveln @OPTIONG Apym ™G EmoAAAiag
OpBoymvikn empaveia
¥ 06 1 2 34 6810 (])
v 028 ‘r ! 0.2¢
Fes * 026 = EEJ:\?' = 7
gal 0243 18 0.2¢ M /@;
AL i /=22
“ o
0.187 / -'lm_;loil]i[HE /
001 002 004 0.1 0203 05 n=or
0.16 | vd _Im‘llﬁl. H0.1€ 4
i (1)
0.14 > "‘l"‘ 0.14
0.12 5] AN 0.12 (M) =(}=+ (I +(1I)+(IV) (M)=(I)+ (1) = (1) —(IV)
! |
.. 0.10 prgm }, mUc. 0.10
g 0.08 20 E } 1' 0.08 H w 0 .
i il i povnor srcm. |
. i Ay Elaotuco €dapog!
0.02|—m = 0.5 % 220 zul J 0.02
m=0.0 E:— 1 '
0 T m =00
0.01 002 004 01 020305081 2 34 68 1(? (K(XBBO*S(XQ 2005)

TWEG Tou n




EAAOPOMHXANIKH I
Ti pa@ape otnv Edagounxavikn |I;
Ka0i{Roeig aBadwyv BgpeAiwv

B: n MIKpOTEPN OIA0TACN TOU TTEDiAOU

2 UVOAIKN KaBilnon: P=pitpP:tPs

P; dueon kabidnon (UTTd AoTPAYYIOTEC OUVEONKECQ)
Pc KaBilnon oTepeoTToinong
Ps EPTTUCTIKN (DeuTepelouaa) kabilnaon

EAAOPOMHXANIKH I
Ti paBape otnv Edagounxavikn |;
Apeoeg KaBilnoeig apadwyv BgpeAiwyv

Steinbrenner.

KasiZnon (p) ¢ ywviag eukapumTou opBoywvikou TediAou (GnA. opoIGUopPng TTETTIC
= Aq), mAdToug B kai prikouc L (= B) o Babog D amod v emeaveid. To QUUTIETTO
OTpwya £XE Mayoc H Kai «xeAACTIKEC» aTaBepéC (E, V).

iy i1
1-v7 | 1-2v _ )
p=Aq B F + F, |I,
\ 1-v ~ ,.-'I
Mpoooxr : AqQ=q-q, (g, = apxikr Tiean) el mrn
I, = ouvieheaThic BaBoug. MNa empaveiakn Bepeinon
(D=0):1,=1
F,, F; = ouvieheoTég oyfuarog. EEaprwvTal amo Tig H SUMIEoS O1pOLE (MEXOC H)
TIHEC Twy L/B Kkal HIB (BAETIE £TTOpEVA) = ek
E@appoyn Tng petddou Steinbrenner : Aoupmicato uméBadpo

1. ZUVOAIKN KaBiZnon (QUeECT + OTEPEOTTOINTN) UTTO OTPAYYIOUEVEC TUVBNKEG, HE
XPNon Twv EAQOTIKWY TTapapéTpwy . E = E kai v = V' (OTpayyIOUEVES TIUES)

2. Ayeon kasi{non ud aoTpadyyIoTeg CUVBIKES, PE EATOTIKEG TTapapéTpous - E = E,
ka1 v = 0.50

(Kappadac 2005)




EAAOOMHXANIKH I
Ti pa@ape otnv Edagounxavikn |I;
Ka0i{\oeig ZrepeoTtroinong apadwyv BgpeAiwy
EKTiUNON TNG p.¢ (Bewpia 1-A oTepeoTtToinong, Terzaghi 1943)

Exrignan tng kaBifnong (p,4) edagikol oTpwpatog mayoug (H) Adyw
augNang TNg KATaKGpuPng evepyol Tdong amo ¢, 0 ¢’ +4a,

¢ ; T80y
I‘ltpm:rmcn 1: 3 Mepimmwon 1: O ’1'9 +'—’jo'r = U.p
L Un
C (ol +Ac, )
o = Ae 1 o ! J‘fﬂ
MepiTTwaon 2 - Cp<0
Mepitwon 2 : e A 7 -
: f rl + I A\
Pa=H C log| o rﬂw_‘
!r —- 1+ € O
oy O
o', = TGon TPoPOPTIONG
(KapBadéc 2005)
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