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~L~V ltapouoa 6pyao[a 6ltlX6lp6L,aL ~La ~a8~~aLLx~ rr6pLypa~~ 

L~C; OU~lt6pL~Opac; L~C; Xa~ltUA~C; ~UOLXOU ouva~Lxou rrou rrapay6LaL 
arro rroAw~EvO ow~a, LO orroLo ~p[OX6LaL 06 ~EOO 6L6LX~C; aVLlo,ao~C; 

P2 KaL UltOX6LLaL 6rrL~aVELaKou OLpw~aLoc; ELOtX~C; aVLlo,ao~c; PJ. 
ALarrLOLWVELat OLL ~ rrapoUOla Ev6c; Errt~aV6laxou OLpw~aLoc; xa~~A~C; 

~ U¢~A~C; 6L6LX~C; aVLlOLao~c; EltLOpa OL~V avarrLU~~ LWV avw~aALWV 

~UOLKOU 6uva~LKou KaL 06~YEl OE o~aA~aLa XaLa L~V ltOOOLLK~ 

6p~~V6la ltP006LOPLO~OU LOU ~aaOUC; LOU ltOAW~EVOU ow~aLoc;. H ~EAe:L~ 
aUL~ ou~~aAA6L OL~V xaAULEp~ KaLavo~o~ LWV ouv8~xwv rrou 6UVOUV 
~ ~~ L~V aValtLU~~ EUXptVWV avw~aALwv ~UOLKOU 6uva~Lxou. 

DISTORTIONAL AFFECTS ON THE SELF-POTENTIAL CURVE OVER 
A POLARIZED BODY 

Skianis,G., Papadopoulos,T.D. and Vaiopoulos,D.A. 

A B S T R ACT 

In the present paper a mathematical treatment is attempted 
to show up the influence of a surface layer of resistivity PL' on 
the formation of SP curve over a polarized body seated ln a 
medium with resistivity P2' It is shown that the presence of a 
surface layer with low or high resistivity value affects the 
development of SP anomalies and invokes serious implications on 
the quantitative interpretation of such anomalies. As a result 
the calculated depth is less or higher than the true one, 
depending on resistivity value of the surface layer. Finally, the 
limitations are studied under which reliable quantitative 
interpretation is possible for a SP anomaly. 

EI~ArQrH 

H ~e:8060c; LOU ~UOlXOU 6uva~LXou (SP) EXEL XP~OL~orroL~8El OE 
apXELa EupEla XAl~axa OL~ ~ELaAAEULLX~ e:pEuva, av xaL UltapxOUV 
ltOAAa 6PWL~~aLlKa rrou ~ELWVOUV L~V a~tOltLOLLa L~C; ~68660u. ~L~ 

ALE8v~ xal EAA~VLK~ ~L~ALoypa~La (Telford et al.,1976, Slichter, 
1955, narravlxoAaou, 1960) EXOUV ava~Ep8El ltEpLrrLWoELC; 0ltOU 06 
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~ETaAAEUTLxt~ tPEUVE~1 ~ETp~OEL~~UOLKOU 6Uva~LKOU uapouoCaoav 
a08EVEC~ EW~ ~~6EVLKE~ avw~aACE~ TIavw auG 6LaTILOTW~EVE~ 8ELOUXE~ 

~ETaAAo~6pE~ ~WVE~. fLa va aVTL~ETWTIC~OV,al xal va E~~youv,al 

'E,OlE~ dO'OXE~ TIEpln,WoEL~ E~ap~oy~~ T~~ ~E866ou ~UOlXO~ 
6uva~Lxou, 8a npETIEL va Aa~(jdvE,al UTI' 6¢~, TIEpaV ,wv 6:AAWV 
TIapayov,wv KaL ~ YEWAOYLX~ 60~~ TIOU ouvav,d,aL OE xd8E 
~E,aAAO~OpO ~wv~ xal l6LaC,Epa ~ xa,avo~~ ,~~ ~AEX'PlX~~ EL6lX~~ 
av,Co,ao~~ 0,0 uTIE6a~0~. 

~,~v TIapouoa Epyao(a ETILXELpEC,aL ~La ~a8~~a'LX~ TIpOOEYYLO~ 

T~~ OU~TIEPL~Opd~ ,~~ Ka~nUA~~ ~UOLXOU 6uvaflLXOU TIdvw aTIO nOAw~tvo 
ow~a (6CTIoAo audpou ~1)XOU~ ~ O~~Elax6~-TI6AO~), ,0 OTIOCO 
(jpCOXE,al OE ~too EL6LX~~ av,Co,ao~~ P2' xa,wano ,0 ETIL~aVELax6 

OTpwfla EL6LX~~ av,COTao~~ Pl' H avdyx~ 8EWP~0~~ ~La~ 'E,oLa~ 
UPOOEYYLO~~ TIPOEXU¢E aTIo ,0 YEYOVO~ O,L, flE,a(jOAE~ o,~v EL6lX~ 

av,Co,ao~ ,OU uTIE6a~ou~ TIpoxaAouv O,PE(jAWOEL~ o,~ PO~ TOU 
~AE).npLxou pEu~aTO~, TIOU TIapaYE,al aTIo ,0 nOAwflEvO OWfla, ~E 

OuvEuELa va ~E,a(jaAAov,al xal OL flE'PO~~EVE~ 6La~opE~ 6uva~lXOu 
o,~v EUL~dvEla ,OU E6a~ou~. E,Ol, ~ Xa~TIUA~ ~UOlXOU 6uva~lxo~ 

TIdvw an6 noAw~EvO ow~a, ,0 onoCo (jp(OXE,al OE aVO~OLOYEVE~ 

unE6a~0~, EXEL 6La~opE'Lxa xapax,~plO'lXd aTIO EXE(V~ nou 
TIpOXUn,EL auG ,0 (6l0 TIOAW~EVO ow~a OE O~OYEVE~ unE6a~0~. H 
~a8~~a'Lx~ nEpLypa~~ ~la~ ,t,ola~ 6la6lxao(a~ ouvLo,aTal o,~v 

EnCAuo~ '~s E~COWO~s Laplace ~E ,ls oplaxE~ OUV8~XEs ,~~ 
OuvEXELa~ ,ou 6uva~Lxou xaL ,~~ OuvEXEla~ ,~s OUvlo,woa~ ,~~ 

nuxvo,~,a~ pEu~a,o~ nou ElvaL xd8E'~ o,~ 6Laxwplo'lX~ ETIL~dvELa 

,wv 6uo ~EOWV ~E 6La~opE'LX~ EL6LX~ av,(o,ao~. OL 'EXVlXE~ 'wv 
El6wAWV xaL ,wv XWPl~O~EVWV ~E,a(jA~'wv Yla ,~v En(AUO~ ,~~ 

E~(OWO~s Laplace, Yla 6Ld~oPE~ xa,avo~Es EL6LX~s av,Co,ao~~ E(val 
YVWO'Es ana ,~ 8EwpCa ,wv YEW~AEX'PlXWV flE806wv (Grant and West, 
1965, Keller and Frischknecht, 1966). Ta ,EAEu,a( a Xpov La OL 
ouyypa~EL~ ,~s TIapOUoa~ ~EAE'~s EXOUV a~LOTIOL~OEL aUTo ,0 ~6~ 
apxE,d EUE~Epyao~Evo 8EWP~HXO un6(ja8po, o,~v xa'Eu8uvo~ ,~~ 

~EAE'~~ ,wv aVWflaALwv ~UOLXOU 6uva~LXOU TIOU uapayovTal aTIO 
nOAW~Eva ow~a,a (n~YE~ ~AEX'PLXOU pEu~aTOs) ~Eoa OE aVO~OLOYEVE~ 
unE6a~0~ (Skianis et al., 1991). 

H napouoa ~EAE'~ ~TIOPEC va ou~(jaAEL o,~ xaAu'E~~ xa,avo~o~ 

,wv ouv8~xwv uou EUVOOUV ~ ~~ ,~v Ex6~AWO~ avw~aAla~ ~UOLXOU 

6uva~Lxou ndvw aTIo nOAw~EvO ow~a xa8w~ xaL o,~v ETILAUO~ 

npo(jA~~a,wv uou unELOEPxov,al xa,a ,~v nooO'Lx~ EPfl~vECa. E,OL, 
ECvaL 6uva,6v va ox~~a'lo,EC flla TIlO oa~~~ ELx6va yLa ,L~ 

6uvaToT~'E~ xaL ,0Us nEpLopLOflO~~ ,~~ ~E8050u ~UOlXOU 5uva~lxou 
o,~ ~E,aAAEU'lX~ EpEuva. 

TO MONTE~O TOY KATAXOPY~OY ~KTPIKOY nlnO~OY ATIEIPOY MHKOY~ 

ME~A ~E ANOMOIOrENE~ YnEnA~O~ 

H YEw~E,p(a ,ou npo(jA~~a,o~ napouold~E,aL OTO ox~~a 1. H 
u~y~ '~s avw~aACas (~E,aAAo~opO oWfla) ECval Eva llAEX,PlXO 5(noAo, 
o apv~'LxO~ n6Ao~ ,ou OTIoCOU (jpCoxE,al OE (jd80~ h xa,w auG 'llV 
EUL~dvELa ,ou E5d~ou~. a 8E'LX6~ TIOAO~ Pp(oxE,aL 8EWP~TlXd OE 
dTIELpO pd80~. To 6CTIoAo Pp(oxE,al OE ~EOOV El6lX~s av,(o,ao~s P2' 
navw auo ,0 onoCo UUdPXEl o,pw~a El6LX~~ av,[o,ao~s PI xaL TIdxous 
b. 

H Ex~pao~ yLa ,0 6uva~lxo VPI,P7(r), OE O~~E[O TIOU aUEXEL 
xaTa r ana ,~v UPOPOA~ ,ou apv~,lxOU nOAou o,~v ETIL~dvELa 'au 
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€od~ou~ €[VOL, onw~ ~O(V€cOl OcO ox~~o 1 

~ -P 1
IP 2 P1 -P2]L [~Jn 

VP 1 P2 (r)=2-;-[1+ P
1 

+P 2 n=O P2+Pl ,j(h+2nb)2+r 

. 
2 

( 1) 

(ono Corwin, 1976). 

Vin 

-r 
r p r 

/?'	 t ~ 
~ I P1 

~ -[ 
~ 

I 
I 
I 

100(+1) 
~X.l. ~xop(~~~o nou oe[xvel c~v OVW~OA(O ~UOLXOU OUVO~lXOU 8v6~ 

~A€XcPlXOU OlTIOAOU on€[pou ~~xou~ (O~~€lOXOU-noAou, 

gVcoo~~-I), cono8ec~~gvoU O€ ~d8o~ h, evco~ ~gOOU €lOlX~~ 

oVc[ocOo~~ P2' TIOU UnOX€LcOL €VO~ enL~oveLoxou ocpw~oco~ 

elolx~~ OVc(cicoo~~ P1 XOl ndxou~ b. 

o PO~O~ TnN EI~IKnN ANTI~T~EnN P KAI PI ~TH ~IAMOp~n~Hz
TOY ~TOY~ TH~ ANn~I~ ~Y~IKOY ~YNAMIKOY 

noy O~EI~ETAI ~E nonnMENO ~nMA 

Av cO nOAw~evo OW~O ~p[oxeCoL oe o~oyeve<; ~eoov €lOLX~~ 

oVc(ocoo~~ Pz cOc€, 

IP2
V (r)= ~	 (2 )V(r) = hom 2n h 2 +r­

y 

~cO Ox~~o 2 TIopouold~ecOL ~ OVW~OA[O ~UOlXOU OUVO~LXOU nou 
nopdy€cOl ono OPV~cLXO nOAO evcoo~~ P€U~OcO~ 1= 0.5 A, ~o8ou~ 
h=60 m, TIOU ~p[OX€cOL O€ ~eoov €lOlX~<; ovc(Ocoo~<; p =200 Ohmm, 
XOcW ono enl~ovelOxo ocpw~o elOlX~~ ovc(OcOO~~ pt=40 O~mm. ~co 
ox~~o (2) exeL €n(o~<; TIOpOOc08€l YPO~lXO XOl ~ OVW~OAlO ~UOtXOU 
OUVO~lXOU nou nopdy€cOL ono cO COLO nOAW~eVO OW~O OAAO 
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gUpLOXO~evou Og o~oygVe~ urreoa~o~ glOLX~~ aVT(OTaO~~ pz=200 Ohrnm. 
Q~ g(VaL ~aVgpO, Tl rrapouo(a TOU xa~TlAr)~ glOlX~~ aVT[OTaOTl~ 

grrl~aVglaXOU OTpW~aTO~ OUVTgAg( OTTl ~g(WOTl TOU rrAaTOU~ TTl~ 

~gTPOU~gVTl~ aVW~aA(a~ ~UOlXOU OUVa~lXOU. IIapaTTlpdTaL ~la ~g(woTl 
TTl~ Ta~Tl~ TWV 120 mV TOU rrAaTou~ TTl~ avw~aA[a~ ~UOlXOU ouva~Lxou 
rravw arro avo~oLoygVe~ eoa~o~ Og 0XEOTl ~g gXg(VOU rrou rrpOXUrrTgl 
Og o~oygve~ ~eoov, ogoo~evou OTl TO rroAw~evo ow~a ~p(OXETal OTO 
COLO ~aeo~ xal ~EOOV ElOLX~~ aVT[OTaOTl~ Pz xaL OTl~ OUO 
rrgplrrTWOgl~. 

o~ .r-­~ 0'/....> J ; I:: -t00"j 
\. '/

~ , .;,,~ ; 
Lerl!Dd- ~. \·~ ..Hr." b;JO m .:-_.:-...: ~-= \'0.01" \ /> -zoo"::; h:.a!:l:.dO m , .I1=0 ~ It.3 '1'1=2:00 Ohm m; 9,=",0 Ohm ..:n 

~ 
-300 :.

-\0 o to-'0 
rib 

J 
! 

I=(+!J 

EX.2. ~laypa~~a rrou Og[XVgl TTlV xa~rruAll ~UOLXOU OUVa~LXOU rrou 
rrapayg Ta l arro 0Tl~E l axe rrOAo gUP LOXO~gVOU a} OE O~OygVE~ 

urreoa~o~ gLOlXr)~ aVT[oTaoll~ Pz (aOTgp[oXOL) xal ~) Og ~~ 

o~oygVe~ urrEoa~o~, arrOTgAOU~gVOU arro eva grrL~aVgLaXO oTpw~a 

gd'>LXr)~ aVT[oTaoll~ Pl xaL rraxou~ b xaL Eva urroxg(~gVO oTpwlla 
glOtXr)~ aVT(oTaOTl~ p, EVT6~ TOU orro[ou ~p[oXgTal 0 
OTl~glaXO~-rroAo~ Og ~a~o~ h arro TTlV Errl~avEla TOU goa~ou~ 
(XUXAO l ) . 

Orrw~ eXgl r)oTl ava~gpeg( , TO rrAaTO~ T~~ avw~aA(a~ ~UOLXOU 

ouva~lXou E~apTaTal arr6 TllV xaTavo~r) T~~ glOtXr)~ aVT(oTaoll~. rla 
va ~gAgTTleg( XaAUTgpa Tl rraparravw 0XEOll, OLgpgUVr)e~Xg Tl ~gTa~oAr) 

TOU AOYOU TOU rrAaTou~ Tll~ avwllaA[a~ rravw arro avo~OtoygVE~ 

urreoa~o~ rrpo~ TO rrAaTO~ avwllaA[a~ olloygVOU~ urrgoa~ou~, OE 
ouvapT 1l0Tl ~g TO AOYO p/Pl' 

To ~eYloTo rrAaTo~ TOU ouva~lxou VPt,p;(r=O) g(val (00 ~g Tllv 
Tl~r) Tll~ auvapTTlOTl~ Yla r=O. ~TlAaO~ ~E ~ao~ TTl OXeOll (1) g[vaL, 

I ~ 

V (0) =~ [1+ P1 -P2j L [ P2-P 1 ]n 1 (3 ) 
P,P, 21t P1 +P n.O P 2 +P 1 h+2nbz 

Mg ~aoTl TTl 0XEOll (2) I TO ~EYLOTO rrAaTo~ Tll~ avw~aHa~ 
~ualxou ouva~lxou navw arro O~OYEVE~ ~EOO gLOLXr)~ aVT(oTaoTl~ Pz, 
o(oETal arro Tll 0XEOll 
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IP2 (4 )Vhom(O) = 27th 

ARO TL~ aX6agL~ (3) KOl (4) auvaygTOl OTl 

V (0) P -p '" P -P hv d= PIP, = [1+_1__2] L [_2__1) n _ (5 ) 
rfi' Vhom(O) P1 +P2 n.Q P2+P 1 h+211b 

0.1 

Ui 

1.0 

"".,
 
>'
 

0.5	 -I Legend
 
.~.L' h/b =.2
 
Q.!.2QQ.9 hib : -!
 
~-~_~_M' h/b: 10
 

0.0 , "'"I , 

10	 100 1000 

PZ/Pl 
~X.3. rpO~lK~ RopaaToa~ T~~ OV~y~EV~~ Tl~~~ T~~ avw~aAla~ ~UalX0U 

OUva~lKPU Vred, ag auvapT~a~ ~g TO AOYO P2/ Pl Yla 
Ola~OpgTlX6~ TL~6~ TOU AOYOU h/b. 

~TO ax~~a (3) naplaTaVgTOL YPO~lxa ~ ~gTa~OA~ TWV aV~Y~EvWV 

Tl~WV Vred W~ RPO~ P2/P1' YlO 5la~OpgTlKOU~ AOYOU~ h/b. 
E~gTa~OVTa~ T~V ~op~~ TWV Ka~RuAwv ~ROPOUV vo g~axeOUv opLa~6vE~ 
RapOT~p~agl~ ROU auvo~(~ovTaL RapaxaTw w~ OXOAOUeW~: 

a) OTav 0 AOYO~ P2/P1 Aa~~aVgL Tl~6~ ROAU ~gyaAg~ (PI ROAD 
~LXPOTEPO TOU p ), TOTE ~ TL~~ TOU Vred Tg[VgL vo ~~OEV-LaTE[.z
AUTO a~~a(Vgl OTL TO RAaTO~ T~~ OVW~OA(a~ ~uaLXOU ouva~LXOU Rav~ 

aRO TO auaT~~O TWV ouo OPl~OVTlWV aTpw~aTwv g[vaL nOAu ~lXPO,gpO 

ORO TO RAaTO~ TOU 5UVO~LXOU navw ano O~OygVE~ UREoa~o~ ELOlX~~ 

aVT[aTaa~~ P2' TO OROlO ~lAO~EVg( TO (OlO ROAW~EVO aw~a. ETal, 
g(vaL ouvaTOV VO g~~y~eg( ytaTl ~ ~Ee050~ ~ualxou ouva~lxou OgV 
O[VEL gUXPlVg(~ aVW~OAlg~ Ravw aRO ERl~OVgLOXO aTpw~a apyLAtxWV 
RgTpW~aTwv (Telford et al., 1976). npay~aTl, Ta apYlAlxa 
RETpw~oTa EXOUV auv~ew~ xa~~AE~ El5lX6~ aVTlaTaaEl~, nou ~nOpgl 

va g(vaL OPXgT6~ 'ta~gl~ ~gY6eOU~ ~lXPOTgpg~ ano T~V ElOlX~ 

aVT(aTaa~ Pz TOU UROXEl~6VOU RgTPW~OTO~. ~g ~lO T6Tola nEpln,wa~ 

'to apylALxo UAlXO "~paXUXUXAWVgl" TO ~ualxa pgU~aTa nou 
RopayovTaL ORO TO nOAw~6vO aw~o XOL RpOXOAOUVTal ROAU ~LXPE~ 

RTwaEl~ 'taa~~ XOVTa aT~V gnl~aVgla 'tOU Eoa~ou~, ~g aUV6nELa va 
5~~loupyouvTal XOL ~LXP6~ avw~oA(E~ ~ualxou 5uva~lXOU. ~TDv 

nEp(nTwa~ aUT~ ~ Tl~~ Vred EAaTTwvE'taL xaTa nOAU, au~~wva navTo'tg 
xal ~E TL~ eEWp~TlX6~ RPO~A6~EL~ ~a~. 

209 

Ψηφιακή Βιβλιοθήκη Θεόφραστος - Τμήμα Γεωλογίας. Α.Π.Θ.



~) rla AOYO PZ!Pl=5 ~ Tl~~ Vred ~U~aLVcTal ~cTa~u 0.5-0.8, onw~ 
~aLvcTal aTO ax~~a (3). ETal, ~ avw~aA(a ~ual~ou ouva~l~ou €LVal 
ncplnou 50% - 80% T~~ aVTlaTolX~~ avw~aA(a~ nou ea napayoTav nQvw 
ano O~OycVE~ ~Eaov €LOl~~~ aVT(aTaall~ Pz, €VTO~ TOU onoLou 
~p[ax€Tal TO (OLO TIOAW~EVO aw~a, hoyo~ pz!p (ao~ ~€ 5 
napaT~p€(Tat OTa UTI08aAQOala ~OLTQO~aTa (Corwin, 19~6). Eno~Evw~, 
~ napoua(a TaU 8aAaaalVOU VcpOU cAaTTWV€L a~~aVTL~a TO TIAQTO~ T~~ 

avw~aALa~ ~ualXOU ouva~lXOU a€ TETOlO O~w~ ~a8~o, nou va €(vaL 
ouvaTo va a~~€lw80uv €UXPLV€l~ avw~aA[c~, eaTw xal ~€lW~EV€~ a€ 
aXEa~ ~€ aUTe~ nou 8a a~~€lWVOVTav a€ O~OY€VE~ UTIEOa~O~ €lOtX~~ 

aVT (oTaOrj~ Pz' 
y) Av 0 AOYO~ P/Pl xu~a(V€TaL ~€Ta~U TOU 10-z ~al 100, o~Aaofj av 
TO un€px€(~cVO OTpw~a tX€l ~cyaAuTcp~ clOL~~ aVTlOTaOrj Pl aTIO TO 
UTIOX€l~€VO aLpw~a Pz, LOLC Vred>l. ETIo~tvw~, ~ TIapouo[a 
cTIl~aVclaxou aLpw~aLo~ ~€ aX€LlXa U~rjA~ €lOlXfj aVLLoLao~, 

OU~~QAAcl aL~v TIapaywy~ lOXUPWV avw~aAlwv ~UOlXOU Ouva~lXOu. To 
qJalvo~cvO aULD O<pC(ACLal OL~V TIapoua(a LOU OLpw~aLO~ U~~A~~ 

€lOl~~~ aVLlaLaa~~ Pi' TIOU -rr:po~aA€( U~~A€~ TILWOcl~ Lao~~ aLO 
pcu~a TIOU TIapQycLal aTIO LO TIOAW~EVO aw~a, ~u~<pwva ~€ L~V -rr:PO~A€~~ 

aULfi, rj TIapouo(a oLpw~aLo~ o~clowacw~ TIQVW ano UYLt~ ~CLaAAO~OpO 

aw~a, 8a npEncl va cuvo€( L~V avanLU~~ laxupwv avw~aAlwv <pUOL~OU 

ouva~lXOU, ocOO~€VOU OLL La nCLpw~aLa ~€ O~c(OLa ~cLQAAWV 

napOUalQ~OUV U~rjAfj clOlX~ aVL(OLao~. ~c aVL(8co~ ~c La napaTIQVw, 
av ~ €lOl~~ aVL[aLao~ Pl €lVaL TIOAU ~cyaAuLcp~ (TIQVW aTIo 50 
<popt~) aTIa L~V LL~~ L~~ P~, LOLC LO aLpw~a o~€(owa~~ ~TIOpc( va 
AcLLoupyr'jacl w~ ~OVWL~~, cLat waLC va c~TIOO[Ocl L~ Ol€AcUO~ 

LOU rjACXLPlXOU pCU~aLO~. ~€ ~la LELOla TIcp(-rr:Lwa~ O€V tOXUOUV Ol 
c~lowacl~ (1) tw~ (5) Yla L~V TIcplypa<pfj LOU ~A€~LPlXOU TI€O(OU xal 
O€V aVa~iV€LaL va ~€Lp~80uv €UXPlV€(~ avw~aA(C~ <pUOLXOU 
Ouva~lXOU. 

0.0	 -+----,---,-,------.--,---r-rTT---r--,.-,--,.-I"T"Tl 
10 lOO 

h/b 

~X.4. rpa<pl~~ -rr:apQOLaO~ Lll~ av~y~EV~~ L L~~~ L~~ avw\laA(a~ <pualXOU 
ouva~l~OU Vred, O€ ouvapL~a~ ~€ LO AOYO h!b YlO 
ola<pop€LlXE~ Ll~t~ LOU AOYOU P/PI' 
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~LO ax~~a (4) ~aLveLaL ~ ~eLa~oA~ L~~ LL~~~ Vred w~ npo~ LOV 
AOYO h!b, yLa 5La~opeLLxe~ LL~e~ LOU AOYOU PZ!Pl' ELVaL ~avepo 
OLL, ~ napoua[a LOU enL~aVeLaXOU aLpW~aLO~ en~pea~eL a~~aVLLXa 

LO nAaLO~ L~~ aVW~aA(a~, axo~a XL' OLaV LO ~aeo~ h eLvaL 10 ~opt~ 

~eyaAuLepo LOU naXou~ b LOU snL~aveLaxou aLpw~aLO~. En(a~~, 6ao 
au~aveL LO ~a80~ LOU nOAw~evou aw~aLO~, ~elwveLaL LO ~eye80~ L~~ 

auve La~opa~ LOU enL~avs Laxou aLpw~aLO~ aL~ 5La~6p~wa~ LOU nAaLOU~ 

L~~ avw~aA[a~ ~uaLXOu 5uva~LXOu xaL ~ aU~~OA~ aUL~ ~nopeL va 
eewp~8d nOAu ~LXP~ av LO ~a80~ h dval navw an6 100 cpopt~ 
~eyaAuLepo LOU naxou~ b LOU enLcpaveLaxou aLpw~aLO~' ea nptneL va 
a~~eLw8s( enLa~~, OLl LO xa~~A~~ sL5lX~~ aVLLaLaa~~ enLcpaveLax6 
aLpw~a, en~pea~el nepLaa6Lepo LO nAaLo~ L~~ avw~aALa~ cpualXOU 
5uva~Lxou napa LO U¢~A~~ eL5lx~~ aVLLaLaa~~ aLpw~a. 

nAPAMOP~n~EI~ TH~ KAMnYAHL ~Y~IKOY ~YNAMIKOY Aorn TH~ ErrI~~HL 

TH~ ANOMOIorENEI~ TOY EaA~OY~. EKTIMHLH TOY ~~AAMATOL 

npOL~IOPILMOY TOY BA00YL TOY ITOAnMENOY LnMATO~. 

ITepa anc L~V enC5paa~ L~~ aVO~OLOYSVOU~ xaLavow'i~ L~~ 
el6Lx~~ aVL(aLaa~~ aL~ 6La~opcpwa~ LOU nAaLOU~ L~~ avw~aHa~ 
cpuaLxou 6uva~Lxoul ~ napouaCa LOU enLcpavSLaxou aLpw~aLO~ enLcpepeL 
xaL aAAe~ aAAaye~ aLa xapaxL~pLaLLxa L~~ xa~nuA~~ SP, OL ono(s~ 

~nopouv va cpavouv ~s L~V xavovLxonoC~a~ LWV LL~WV ~ualxou 

5uva~Lxou LOU ~ovLeAOU n.x. LOU ax~~aLO~ (2). Q~ ~eYLaL~ LL~~ 
yLa L~V xavovLxonoL~a~ A~cp8~xe exe(v~ nou npoexu¢e an6 LL~ 

ax€ael~ (3) xal (4) Yla avo~oloysve~ XaL o~oysve~ une5acpo~ , 
aVL(aLoLxa. H xa~nuA~ nou aVLLaLoLxe( ae o~oyeve~ une5acpo~ 

el6lx~~ aVL(aLaa~~ Pz ( ax. 5), napouaLa~sL ~La nLO tVLOV~ 

nLWL Lx~ Laa'l ~e L~V anoaLaa~ r, ae axea'l ~e L'lv xa~nuA'l nou 
napayeLal an6 LO (5LO nOAw~evo aw~a aAAa ae avo~oLoyeve~ une5acpo~ 

xaL yLa AOyO p/Pl'=5 (ax. 5). H napoua(a LOU xa~~A~~ eL5Lx~~ 
aVL(aLaa~~ enLcpavslaxou aLpw~aLO~ a~~AuveL L'lV avw~aA(a ~ualxou 

5uva~Lxou, w~ npo~ LOV a~ova LWV anoaLaaewv. MLa LeLOLa aAAoCwml 
LWV xapaxL~pLaLLxwv L~~ xa~nUA'l~ ~uaLxou 6uva~Lxou €XeL 
a~~avLLxe~ enLnLwasL~ aL'lv noaOLLx~ ep~'lve(a L'l~ avw~aACa~ LOU 
5uva~Lxou xaL nLO auyxexpL~eva aLOV npoa5LopLa~o LOU ~a80u~ LOU 
apV'lLlXOlJ nOAou. LLO napa5eLy~a nou avacpepeLaL, LO ~a80~ LOU 
nOAOu eLvaL h=2b xaL Pz!Pl=5. eSWpwvLa~ c~w~ LOV apv~LLxO nOAo ae 
o~oysve~ une5a~o~ 8a npoxu¢eL, ~s ~aa~ L~ axea'l (2), eva 
"cpaLvo~svO" ~680~ ha=3b. ~L'l auvexeta, av 8ewp'l8sC aULo LO 
"cpaLvo~evo .. ~a80~ LOU apV'lLLXOU nOAOU, nou ~pLaxSLaL ae o~oysve~ 

~eao, 8a npoxu¢eL ~La Xa~nUA'l nou ea npoaeyy(~eL nepLaaOLSpo 
LxavonOL~LLxa L'lV avw~aA(a cpuaLxou 5uva~Lxou nou napaysLaL ano 
nOAW~€VO aw~a as avo~oLoysve~ une5acpo~ ano 6ao 'l xa~nuA~ nou 8a 
npoxu¢eL ana LO (5LO aw~a nou ~p(axeLaL. ae ~680~ h=2b xaL as 
o~oyeve~ une5acpo~. LL'lV nep(nLwa'l nou 0 A6yo~ PZ!Pl LaouLal ~s 
1!5, ~ xavovLXonoL'l~ev'l xa~nuA~ 5La~epsL sAacppw~ aAAa ano L'lV 
aVLceSL~ nAsupa W~ npo~ LL~ npoavacpep6~svs~ xa~nuAs~ . 
ELaL, yLa nOAw~evo aw~a oe avo~oLoyeve~ une5acpo~ ~e pz!Pl=5 xaL 
h=2b, LO axeL LXO acpaA~a OLOV unoAoy La~6 LOU ~a80u~ , ~s L'lV 
napa50Xr1 LOU o~oyevou~ ~€aou, eLvaL ~h!h=(ha-h)!h, nep(nou 50%. 
ITpoxeLLaL yta ~La a'l~avLLX~ anoXALa'l ana L~V npay~aLlXr1 LL~~ LOU 
~680u~ h LOU nOAw~evou aw~aLO~. 
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Zx.5. rpa~lU~ ~apaOTaO~ UaVOVlUO~Ol~~tvWV Ua~~UAWV ~UOlUOU 
Ouva~lXOU ~OU ~apaYOVTal a~o O~~ElaXO-nOAO TO~OeET~~tvo a} 
OE ~a8~ h~2b (aOTEpLOXOl) xal h=3b (TpLywva) ual OE 
O~OYEVt~ ~toov Xal ~) OE ~a80~ h=2b OE ~~ O~OYEVt~ ~eoov ~E 
AOYO ElOl)iWV aVLlOTaOEWV P2/PJ~5 (aOTEpla) ual p/pl=I/5 
(,tl,JUAOl) . 

ZTO ox~~a 6 ~aLvETal TO 0XETlXO o~aA~a nou U~ElOEpXETal OTOV 
npOOOlOPlO~O TOU ~a80u~, OTav OEV Aa~~aVETal U~' o¢~ ~ 

aVO~OlOYEVEla TOU unEoa~ou~, Yla Ota~OpETlXE~ Tl~e~ TWV AOYWV h/b 
xal P2/pj" To ~a80~ ha ~POOOlopL~ETal a~o T~ OXEO~ 

V (r=2h) = ha 
11 Jha 2 + (2 h) 2 

(6 ) 

onou 

(7)
 

onou TO h 8EwpELTal yVWOTO, EVW ha=h Yla O~OYEVE~ ~EOOV ual hath 
Yla ~~ O~OYEVE~ ~EOOV. ELval ~avEpo, OTl Ol a~OXALOEl~ ~h ELval 
~EYlOTE~ OTO OlaOT~~a ~ETa~u 2b-3b xal ~EnEpvouv TO 100% T~~ 

~pay~aTlu~~ Tl~~~ TOU ~a80u~ h. E~LO~~, Ol a~O)iA(oEl~ E(val ~lO 

eVTovE~, OTav TO Enl~aVElaxo OTpw~a eXEl xa~~AOTEP~ ElOlUD 
aVTLOTao~ a~' OTl TO unOXEL~EVO OTpW~a. rla P2<Pj TOTE ea lOXUEl 
ha<h. AUTO o~~aLvEl OTl OE uneoa~o~ ~E E~l~aVElaxo OTpw~a U¢~A~~ 

ElOlX~~ aVT(OTao~~, TO U~OAOYL~O~EVO ~a80~ ha ELval ~lXPOTEPO 

TOU ~pay~aTlxou ~a80u~ h. A~6 Ta napanaVW ouvaYETal OTl, ~ 

nOOOTlX~ Ep~~VELa ~la~ avw~aA(a~ ~UOL)iOU ouva~lXOU, ~nopEL va 
OO~Y~OEl OE ~EyaAa o~aA~aTa OTOV ~POOOlOPlO~O TOU ~a80u~ h. rLa 
T~V ano~uy~ Eloaywy~~ TeTolwv o~aA~aTwv, 8a ~PE~El va Aa~~avETal 

un' o¢~ ~ )iaTaVO~~ T~~ ElOlX~~ aVT(oTao~~ ~ETa TOU ~aeou~ (~E 
T~V E~ap~oy~ TWV )iAaOOlXwv YEW~AEXTPlXWV ~EeOOWV). l;T~V ~Ep(nTwo~ 

nou 8a OlanlOTw8EL ~ napOUOLa OPl~OVTlWV YEW~AEXTPlXWV OTpw~aTWV 

8a npE~El va XP~Ol~onOl~eEL ~ OXEO~ (II Yla ~la a~lonloT~ 
Ep~~vE[a T~~ xa~nuA~~ TOU ~UOlXOU ouva~lxou, EVW OT~V nEpLnTwo~ 

o~oyEvou~ )iaTaVO~~~ T~~ ElOlX~~ aVTCoTao~~ ~ OXEO~ (2). Eav nap' 
oAa aUTa ~ Ep~~VELa 0'~Plx8EL apXlxa Ol~V U~6eEO~ lOU O~OYEVOU~ 

~EOOU, XP~Ol~O~OlWVTa~ l~ OXEO~ (2), 8a ~PE~Et Ol~ OuvEXEta va 
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~~~Y~O~L T~V anOTUx(a T~~ ~~eOOOU O~ n~pLOX8~ ~~ OLanLOTW~8VD 
e~LOUXO ~~TaAAO~Op(a. EToL, ~(VaL ouvaTOV va ox~~aTlOT~( ~la nlo 
nA~p80Tgp~ gLXOVa TWV ouvaToT~TWV xal TWV ngplOplO~WV T~<; ~ge6oou 

~UOlXOU 6uva~lxou OT~V ~gTaAAgUTLX~ 8pc;uva. 
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