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Evor4ro 10
Arepyooieq Kouo4q

M6xpr rdpo eferoorrlxov ouorflporo nou onoTslo0wot ono Kqeopdq ouoieq R Uiyporo, nou
ot ouvror6oeq rouq 6ev owr6pouv perofu rouq yqyrxo. Tripo 0o e{erooro0v xor 6repyooieq
oflq onoieq or ouoieq Uero9dv\owot XnUtKo. An6 rrq orepyooieq ouriq, ot nt6 evbtogdpouoeq
Vro ro Mnxovo)oyo eivor or drepyooieq xoOo4q.

E&i toyuouv rpeiq loorxoi vduot rnq €eppoduvoprx4q:

'1. O vdUoq rnq drornpnonq r4q go(oq. XpnorUe0el orov unotrovtouo r4q onopoir4r4q
noo6r4rog o6po xor rqq nooor4roq rouooepiurv nou 64proupyo0wol ono 14
6oop6v4 noo6rrlro xouoipou.

2. To 1o geppoEuvoprxo Afiurpo. Or y4prr6q owrbpooerg xor xupiorq or Erepyooieq
xoOo4q, ouv66owor ntrwore IE poTqrpondq ev6pvetoq. H y4prxrl evipyero
ouvoio8oq nou oneleuoepd,v8Tot oo pro yqprx4 owidpoon ouvngo,q Ue rn lopgn
0epp6r4roq, eivor yro ono rrq nr6 onUowtK6q n4y6q ev6pyeroq.

3. To 20 eEpuoouvo;.Ixo AEioHo. H TeIEt6Tnro qn6 gepuo6uvourKn oflovn rnq
Herorponnq ev6pyeroq, El6yxeror Kot onq XnUtKdq owtdpooaq !e ro 2o O.A. €o
dronror6oouye ol or 6repyooieq xo0onq or4v reyvrxrl eiv-oi prl-owrorpenr6q
6npyooieq nou ouvenqyowot Ueyol8q ondrl8tEq efipyeroq.

aev ooxolo0uqore B6Boro eddr oOre pe unoloyopouq xnHrKnq roopponioq (xore0ouvo4 xor
pdrpo e{ilfAq yqprxriv owl6pooer.rv), flop6lo nou n XnUtKn roopponio-noi4er onpowtK6
p6lo orq 6repyooieq xo0o4g nou ev6rog6pouv ro unxovotrovo (ny 6roonoo4 rouooepiurvl,
o0re xot pe rn XnUrKn KvnlKn (unoloyropoi ropTnroq owi6poo4qi, nou oOrorq n d r.iq 6ev
d)(er ox6on UE rn eepuo6uvourKn.

Or 6repyooieg Ko0onq nou ev6togdpouv ro p4yovotroyo, yivowot ouvReoq Ue odpo
(Vq.=O.zt;. Iro Iy. 10.1 goiveror pto eorio xouorlq Ei4v owi6poo4 oupperiyouv ro
r(ouorpo Kot o oapoq r4q xo0o4q. To npoiowo r4q owi6poo4q yoporrrlpi(owor ow
xouoo6pro. :'ouro npoori0eror eviore xor n rdgpo (orw npoierror yrd'oiepeo'xdoorpcr - nx
hyvir4Q. Xr,lpiq npoooyr.rvR oep,o,Koiyowot or eKpnKTrKaq xor or npooFi'K,q utr€q, nou
neprdyouv 46q ro ofuyovo nou eivor onopoirrlro yro rqv xouoq rouq, y4prxo ouv6e6ipivo
(oro explxrrxo - ny TNT) n oE Koeopn popgn (nX uypo o{uyovo oroul nupo0,fouq).

H Kooon ovopo(eror rdtrero orov 6lo ro ouoroflxo rou xouoilrou nou pnopouv vo Koouv,
psTqrpanowot pe ofei6uror1 oe COr, H.O, SOr, rrtr.

KoTo Tnv orel4 xo0o4, To npoiowq Tnq Ko0onq nepriyouv npoi6wo nou pnopo0v vo
o{er6ur8o0v qK6ln, nx co, nou pnopei vo ofer6r.r0ei oe co' ATelnq Ko0on'epgovi(eror
onou unop;pr d),,\erurn odpo, n oe Udpn r4q eorioq nou 6ev eyei e,oyr,ri4oa, o onoiouy"uoq
o6poq.

o p4ywrxoq npoonoeei nqwo vo onoguyer r4v oretr4 xoOor1, ogo0 aTor xaveror 6vo u6poqrnq murKnq evdpyEroq rou xouoil,rou, o,\tro xor punoiveTor ro neprgql ov (ny ouroxivqro -
peyoleq eorieq xolorlq orn Btounxovio - KewptKn €.ppovofl.
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Yloloyrotroi rrooornrov oe rElaro xolion

Or unotroytopoi ouroi yivowot yto rov Koeoptoyo tov nooornrov rou otuY6vou (xot rou
qdpo) nou ono|Teiror yro rnv xo0on. An6 Tn o0v€Eon rov Kouoo8pitw npox0nrouv onUowlKo
oupnepdopcro yro rnv nopeio rnq xouo4q. Enop6ruq n ovqluon rov xouooapiutv
XpnoryeuEr orov dtreyyo rL,v eorttiv xouorlq.

Or eflodoag r4q xoio4g

H 4iooon rrlq owiEpooqq Kouonq rou o,€poKo eivor:

C{O":COs.
Aur4 noprorcver ouyxpovoq xor ro roo(lyro nooornrov:

1 kmol C * 1 kmol Os : 1 kmol COz

n, ov Tsooov ol YpopuouoproKdq uo<eq Tov enr u6pouq ouor6v:
12,0U kg C + 31,999 kg O, : 44,01 kg COz,

KOr enofdvoq:
1 kg C * 2'664 kg O! : 3'664 kg COz.

O nivoxoq 10.1 neprdxer Trg rpeiq goorxdq e{roriroetq rnq xo0onq Kol flq, oxdoEtq nooornTG,v
nou npoKurnouv on'ouriq. Or efrodoerq ouriq pnopouv vo egoppoorouv rooo yro rrlv
Ko0on Urvuorov, ooo xor XnUrKdv evdoe{rv.

niyoroq 1O-l
Or efiorioeq rng rElsroq xoiiong

Resktions- C+O":CO"grercounS Il,+1/2Or:HlO S+Or:80,

BilsDz der
Substonz.
meogelr

Bilanz der
trIassen

lkmolC+1kmolO,
: 1 knol CO"

1 kg C + 2,664 ks O,: 3,664 kg COz

1 kmol E, + 1/2 kmol O": I kdol H;O

1kg E + ?,93? kg O,: 8.93? kS E,O

1 kmol S l- 1 kool O": I kmol SO,

1 kg S { 0,998 kg O,: 1,998 kg SOz

Eror, roy0er nX ylo rnv Ko0on rou pagoviou:

CII4+2O2:CO2+2820
Ko06q Kol

l kmol CII. * 2 kmol Oz : l kmol COz { 2 kmol HrO.

Av reeouv 6e or ypopUoUoptoKiq po<eq Kot Vivst 6loipeon pe ournv rou pegoviou, npoKUnrel
To roo<oYro po<dv:

1 kg CII. f 3,990 kg Oz: 2,'l74ke0O2 * 2,216 kg ErO.

frov f'livoxo 10.2, nopouoto<erot ocrv nopodetyuo n Kooon rou goroEpiou.

2:'<.lO.l
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nivqxoC lO2
lGuoq ilroepiou

Reaktant€n llolanteil
em Stodtgas

kEol Stodtgas

co

H2

CE.
CrH,

CO,

or
N,

0,10

0,45

0,35

0,04

0,02

0,02

0,02

co++or:co,

r. - ]o,: n"o

CHr+2or:CO:*2Hzo
C,H.+30?:2COr*2H:O

0,10. j : o,o5o

0,45 . +: 0,2e5

0,35.2:0,?00
0,01.3:0,120

0,02 (-t): -0,020

0,10

0,35

0,08

1'

----.=a€+Ir:':L:ra_:___-
Bei ]lindcstluftmense: -'
Bei, : I,2 zusiitzliili-O2 i Nr:
Su-mme bei.t : 1,2:

o,22 0,81ffi

ApfKA unoloyi(eTot n ovoyKr1 oe oEuv6vo, pe Boon nq e{todoerq owi6poong. Ms
np6ogson rnq qvoyKnq oe _otuvovo rov Ueuovouavov oepiov, Iougoverqt n eloXorn
YpopuouoproKn ovoyKn oe oEuvovo Tou goToepiou:

omrn : 1,0?b knrol Or/Lmol Stadtgos.

AuTn Eivqr n noo6Tnro ouoiqq rou oEuvovou nou onorTEiTor vro Tnv ritero Kouon 1 kmol
9lJroepiou. ErIErEn ro uopror(o nooooro rou oEuydvou oTov o6po eivor 0.21, on'ouT6
IouBoveTor n vpouuouoptol(R oldxoTn ovoyKn 06 o6po:

''' " 
= ;;ib : L3:1*#,t,xg.i tjjf " : 5. r 2 n o, .sbel sl'f 

! 
s .

onur.q- 6r6oorer n eunerpio, uE Tnv etroxrorn ourR nooornro oE odpo 6ev enrruyyoveror
ouvReurq Tal€lo Ko0on. rro To ro'yo ouTo xpnoruofloroirot nepioosro o6po ornv eori;r(or yro
Tnv nooornTo odpo nou npoodi6erot oTnv npovucrfll(ornro rieerqt:

I : ,1lnrn,

6nou.To I ovopo(eror Aoyog d6pd. Fro ro nopo6eryp6 Uoq loppovoupe A=1.20, xor
enopdvGJq:

r - 1.20. b.12 ,JJ.Jrh",;* :0.14 _I-4_!r,L.

To o{uy6vo 9pioxeror ror' uovo oro Kouoo'pro, 6rov 4 xouo4 viv'Tor pe nepiooero oapo( > 1). H noodrnro otuvovou oro Kouooipto, Eivot ion He
O,:r i,a _ r)t.r, : 0,22 kmot O/kmot Siadrgna.

freped xcI uypd roiot;rc

To orepeo Kor ro uvpo xouor;ro Eivor uiyuoro Kor Koro dvo pipoq evriloerq rlrv ouororK'.lv
IIou unopoov vcr Kooov, pe oMo ouororrxo nou 6ev xoiyowor, 6n-r,lq ro oi0rro, To vspo Kol
n rdgpo. >To oTrpeo Kouoruo yp4orponoreiror ouvnooq bov povo6o noooiaroq ro rig, ov
Kor olor or unolovropoi EreuxoAovowor onpowrKo 6rlv yp4orponorngei n erdrxn uovo6q
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nooornroq ouoioq kmol.

ffo Ko0E unolovtopo Kouonq go npinet vcr eivot yvoorrl opyKct n Kolo0yevn orotxetdKi
avoAuotT rou orepeo0 4 rou uypo0 Kouoiuou. Aurn 6iver ro nooooro po(oq f rtov eni
pdpouq ouoroflKov ororxeiu,v rou Kouoipou, nou e66 yoporr4pi(owot pe UtKpct loruxo
oupgolq'
Eror nX ro c noptorqvet ro noooor6 Tou o/€poKo, xor wo.\oyo ro h, s, o, n, w, a ro
noooorq yo ro u6poy6vo, ro Oeio, ro ofuyovo, ro o(cro, ro vepo xor r4v r6gpo rou
Kouoiuou. H ororyerox4 ovqluon

c{trfs+o+n+w+a:L
0eopeiror ow 6e6opiv4. Ko0e ivo qn6 To ropqnovo, peyd€4, ow oyio4 po(riv, eivor
o6roororog op6u6q.
O o\i0poKoq, ro udpoydvo Kot ro gsio, ;1pero(owor yto rnv r6lEto Ko0on rouq o{uyovo, 4
po(o rou onoiou pnopei vo tr490ei on6 rrq e{rodroerq rnq roooqq, niv. 10.1
Erot, yro r4v rdlero Kouon €vdq kg C, aivor o0pgurvo Ue rov niv lO.1 onopoiTnro 2.664 kg
o2.H e6tKiwoyKn oe oguy6vo,6ntr. n Eloxorn po(o ofuyovou (oe kg) nou ovog6peTor
oTn po(o rou xouoi;.rou (oe kg), npox0mel io4 pe:

o.ra : 2,664c + 7,937 h * 0,998r - o.

Kof onordn Eg2=O.232, npoKurnot \E rqv eAAxtorn etAKn dvqyKn oe dipq,

'''':#b'
To lr,n 6iver rnv oloxorn po<o ospo (oe kg) nou wogdperor orq po(o rou Kouoil.lou. Av
xpnoruonotrleei o 

^6yoq 
o6po I, r6re loHBoveror n 8r6rKn nooor4ro odpo nou npoo6i6eror

ornv npoYponK.Tnro: 
I : m"fn": ],t^ro.

H erErxrl noooTnro Kouooepiou n1'=mu/me, (kg t<ouooepiou/kg xouoipou), Ao;.rpoveror
on6 ro roo(0yro po(oq rou :X. 10.2 mf,: t _o * trr.ro.

7L,i

/kg

:XRUo 10.2 loo(Uyro po(oq xoro rnv xoOon oTepeo0 xouoiuou.

To xouooapro onore^eiror ono coa xor sor, nou npox0nrouv on6 rnv Ko0on, Kor enr nMov
ono ro o(oro nou nepriyeror opyrxt orov oipo Kor oro Kouoruo, xoeriq xor on6 ro o[uyovo
nou nEproosusr (orov r> 1). To H20 nou_nEprdxETor oro xo00rpo, .lo;rpoveror enio4q ior oro
xouoo6pro. o flivoxoq 10.3 diver-T|q yo(eq m,- rorv enr pdpouq ouororrx6v rou xouooepiou,
nou wogdpowor orn po<o Tou Kouoiuou. Avbr er6rxdq, our6q uo<8q ogpororoov, npoxumer
xor no}| n etotKn po(o rou xouooepiou.
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llivo<og 1O3
Edrrig pd<Eg rrw ouorqnrriy rouooepiGrv oe kg/kg xouoipou, rcrd rnv rcuo4

Gv6S orepeo0 lt uypo0 xouoipou ge 6e6opGv4 ororyetoxfi ddlrron-

Srnff Es entstcht durch Im.Bronnstolf Aus der Verbrennunceluftverbrennuns enlnallen

co" s.ooo 
kg c9' . c -. BgU

H-o t-ott kg llo . /, r, trockcn!tv
Ats TI'

so. l,eeslP-{. .,- l(g D

o! o,zrz nklo;, (r - 1) l-r.

N, - n o,zoeffirl.,"

fleproo6repo yro rrg drspyooieq xo0o4q, nou onoTelo0v onucrwtKdTqrn neploln
sv6to9dpowoq rou Unxovolovou, go 6ouUe oro Uognuo qg eeppoauvdlJtKne ruv
Mryparuv.
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Evor4ro 11

Oeppodwoprx4 rov eyKqrqorqo&ov nopoycoyqq
loluoq
pe Oepporrlrq Kor Kquorl

:To :myo 1 1 .1, 6iverol Uto yovtKn onory4 rux yiyrr orlpepo yvurortilv pe€o6r,tv perorpon4q
mprKnq ror nup4vrx4g w6pyeroq oo 4leKrptKn ovipyetq.

:Xnpo 11.1 METoTporn rnq XnptKnq Kot rnq nupnvrxqq svipystoq oe prlyovrxr; xor
nAoKTprKn ovEpyeto. fto oooT8ptKo Tnq 6roxexol.ryivrlq ypouunq,
n8pt^opBovowot ot ou lJBonK,e p60o6or HeTqTponnq.

EvrqroorqoErq nopcyr.ryfg roxtiog 616 OGpU6r4ro xcr rction

fro Iy. 11.2 oiverot n oxnp.oTtKn nopooToon rnq ponq evdpyeroq oe Uto eepplKn
eyxorooroo4 nqpoyoynq toxuoq Kor oe pro eyxorooroo4 eooiepriaq xlooaq.' :w
epyo(opevo ;16oo orrq eepprKiq eyKoroorooerq Xpnorponoteiror xupioiq u'OiorpOq. 

'

:ro :X.1,1.3_6iverot ro dtoypoHpo KUKk;,poroq Uroq ontr4q eyxoroorcronq ncrpovr,ly4g dpyou
UE qru6._ Ie er6rxdq nspmrdoetq XpnotuonotsiTot oov'epyo(6psv6 pio6 iji,o' tnXoyKcnoorooelq oeploorpogilrdv, rou eo 6o0pe or4 ouv6xeto).
:Trq e.vKoroorooerq sooreptKnq xo0onq, ovnKouv or xlvqi6peq Eoor'ptKnq Kouonq (Otto,
Diesel, Wankel), Kot ot qvotKr6q eyKcnooroostq oeploorpolilrrv (:X.f i.a).'

.t!lhische [narg]e
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d* EnnnstoFs

irMrc Ereryia

lUtn ,ciw4gng

irlde E wb
A kbitsrtuae

I|ED,,c.

H"frffi,1 | nu"'t"t

Wrirmekrofronloge

:XnUo 1 1.2 lxnporrxn nopctorcron Tov UErorpon6v ev6pysroq oE !.llcr OepUtKn
evKorooroon Kot oe uto svKorooToon eooT€ptKnq Kooonq.

:XnUo 11.3 Arqvpoupo KuKkipctros on^Rq ovKorooToonq nopovoynq 6pyou Ue orpo.

Ve rb r e n n u n g skrafr o nl a g e

>XnUq 11.4 AtovpoUpo KuKkiporoq ovotKTnq evKoTooroonq o8ptoorpoBilou.
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Or eepUKEg eyxorooTqoerq nou lerroupvo0v !E nupnvrK6 Kq0orUo, 6ev nopouoro(ouv Tinore
Korvo0pyro ono Oeppo6uvoprKn onoryn, ogou 4 ev6pyeto nou eKtrueTor perogdperor xor
o'ouraq oe 6vo epyo(opovo Uioo, nou xvei pro gepplKn Unxqvn.

fro To XopoKrnpropo rnq ;rerorpon4q evdpyeroq oe pro eyxorooroo4 nopoyr.ly4q ipyou
eooreprKnq n eEurreprxnq Ko0onq, Xpnotuonot8iTot ouvqoorq o ouvohx6q (evepyetoK6q)
Bo0yoqon66oorlq .:_!'' ,ha/h,,'

6nou ro P noprorover rnv og6^run toXU Tnq evK(rrooroonq xor AHu r4v er6rxd rordrrep4
Oeppoyovo 6uvop4 rou KouoiUou.

O efepyeroxoq Bo0poq ono6oonq, on'Tnv oM4 pepro,

r:-f-
' ,h""o

dnkivernoro rp4po rrlq npoo6t6opev4q poqq e{ipvetoq peroTpineror oe og6trrp4 roXU. :rov
oprgpnrn rou ( unopyer 11 efdpyelo rou r(ouoil.tou, n onoio eivol Koro triyeq povo
oKoroonoieq UovoOEq Hevotr0Tepn ono rn €eppoy6vo 60vopn (vt'our6 xor or 6uo op€poi
eivor ouv40oq nol0 xowo yerof0 rouq - nop'oto nou 4 guorxfl orlpooio rouq eivol
6togoperrx4).

Iov ev6erxrrxiq npdq Bo0po0 ono6oorlq, ovog6poupe rrq nopoxoro:
no.h6q eyKqrooroo8tq nopovoynq 6pyou pe aTpo:
oUVXpoveq EyKoToorooetq:
Bev<MoKNnTRpeq ouroxtv4rov:
peyolor Krvnrnp8q diesel:
qvorKrdq evKoTooTooctq oeploorpopik^rv:

20-3o%
> 4O7o

25%
> 42"/o

25-35%

1l-1 H od'rl eyrcrdoroo4 nopovovng ipyou ge crp6

Fro vo yiver nto ononflKrl 4 geppo6uvo;rrx4 dpeuvo, €o fexrv4ooulre on6 rnv on.\4
eyKoroorqon oruoorpoBi^ou, xor or4 ouv6yero go Eteroooupe rrq pelrrrloerq rr1q.
Mrq Tiroro eyKordoToon neprloppover rpio KUpioq xuxtrriyoro:

+ To K0KloUo Kouoipou - oipo - Kouooepiov - oroxrng, nou eivot ovorxro npoq ro
neptBo.\.lov,'+ To KlEroTo KUKkJ[ro vepou - orpou, Kot+ To ovotKrd xOxkrpro $ruxpo0 vepou.

H uovodo oruonopoyoynq

:To :X. 11.5 noptoTovowor oxnpo Ko ot podq po<oq nou droppiouv 14 povo6o
orUonopoyovnqr pe ro Koroorcrlxo rouq pevaen ornv eioodo xor orqv ifo6o. H 1.rovo6oorporopovoynq eivot qvorKr6 oUornUo, onou troppover yripo pro 6tepvooio U6vrpnq ponq.
:ulgovo pe ro 10 e.A.:

4, * n :^'f;,,,-;tr, 
,rfi,"rrh,h,,

Ener6n npdKeror yro xooop4 6repyooio po4q, IoUgov8Tor yro rn eepuoppoR on0r^€d,v (I6vur
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ol(IrvoBoAioq):

lQ"l: -Q": it'nl'n(t"\ * tiv'hr'(,I * it\ - ltu;h(t) I ith"l '

H onuooio rurv npoonpLrv npoKunrer orlo ro :X.1 1.5

{rhz

Spek -

:Xnpo 11.5 loo(Uyro evapyeroq Tnq povodoq crTuonopovo,ynq

l0pgr,wo Ue rov opropo rnq goppovovou 6uvopeog, roy0er:

thB lhr : ,hBhBUt) + ftLhLltal - ,hAhA("),

Av n dKgpoon ourn Tsgei oro roo<uvto towoq rnq Uovo6oq,

lQ,l: at.tn,, - ttua[hA\Al - Ira()) - thlh2 - hyl

thuAh": rhlhz - hi + fialha\t) - ,.r(r,)l + ld"l

i8

mL

Spth, -

Zx. tl.6

Enlodn n roxtq nou nopixerot ono ro r(o0orpo, XpnotUeUet yro rnv otEnon Tnq ponq
e!€olnioq rou v6po0, 6nlo6n yto rn e,puovon, rnv e€oruron Kot unepgipucrvon rou oruo0.
Evo rpnpo XoveTot Ue ro Kouoodpto, t(ot 6vo rpnpo oKrvopolsirot npoq ro neptgollov.

Er4v re;1vrx4, To nnliKo 
,,_ : i,lh, - h) : t _ t,Lath^tt 

^\ 
_ h A!!e) + l_Qil

"o- i'olhu -'-- k;Zta- -

XopoKrnpi<Erot oov (EvepveroKdq) BooUoq onoooonq ld8nro.
Errq o0yypoveq EyKoroorooetq, To nK dXEt lUdq peyolurop€q on6 0.9
fro vo enrreux€ei uqnloq po0poq'ono6oonq rou tr6Bnro, Oo npdnet vo e.\orroeei n
eepUoKpooio rov KouooepitJv, Xrdpiq oUoq vo naoet Koru, ono ro onUeio 6pooou Tou geltKoU
o{6oq oro Kouoodpto (10O-150"C), Vro vo onogEuvowor ot 6toBp6o8tq.

Ir4 ouv6yaro 9o egoppoorei ro 20 e.A. Ue rn Uopgn roo<uyrou e€dpyenq EX. 11.6).
H po4 ondleroq ef6pyeroq r4q povoboq orUonopovoynq, npoK0mer ono 14 6rogopo UsroE0
rorv podv EEipvstoq nou llpoodidowot Kot Tov podv eEdpy8loq nou ono6i6owot:

l,: haez ! fiae| 1 fier - (the2 * fup^y.

Enet6n o o6poq npoodi6erot on6 To neptBol ov (t=tu, e.=0)
itsej: ir1., - e) * th*e I8,.

Iro roo(0yro our6, n e€ipysto nou nopdxerot on'ro Ko0otUo XpnotUe0Et vto rnv o0Enon rnq
efdpyeroq rou u6pcnpo0. Evo rprlpo onoppimorot Ue ro Kouooipto, evd epgcrvi<erot Kol
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onorl€ro eEdpveroq troyr.r Hn-owrorpenrdTnroq r4q xo0o4q, perogopoq eepp6Tnroq oro ro
xouoodpro orov u6porpo, xoOdq xor ono rrq ondllereq gopp6rnroq npoq ro neptlol ov.

Opi(eror 6ror o e{epyeroxoq Bo0poq on66oo4q }6pr1ro:

qu:'!kz-el : 1 - 
htet F 8,.

ntez thaen
An'rov oprop6 T6po rou nK, npoK0nret:

n' : --,4-!"thj '" h, - hr'
on6Te

- 4n,. en - e.,R:i;r*ir_ir.
Fto r4v efipyeto rrlq al6o.\nioq rou orpo0 toXUEt: ez _ e.= h, _ Ir, _ ?,("2 _ 

"r)

,.:(o:; 
'4 ('- ,";: _;:)

Enoy6vorq ro (* efoproror xupioq qno 6uo nopoyoweq:+ o np6roq nept6yet l6r6rqreq rou xouoil.rou Kot ro Bogpo on66oonq l6gnro.') _o 6s0repoq UnopEi vo unoloyrorei ono ro KoroorcrTtKo yey6e4 rou vepou
rpogoEooioq or4v eioodo r4q govoboq (i), Koe6q Kot ornv eEo6o (4.

Me r4v ontronornnKn nopo6om rnq un6evrKrrq nrtio4q nieonq rou vepo0, (evroio nieorl

Kor enopivoq npoK0rnet:

leBnto p), 4 peropotr4 KorooroonqJou vepou neprypoglror ono r4v roo'Bopn xopn0Aq rou
>X.11.7 t

fy4po 11.7 loofopnq lreroBotrn xorooroo4q ,o, urpoJ or4 povoEo orponopovovnq.
A0Enon rrlq e{dpyeroq xor o0lqo4 r4q wipyeroq.

Me rov opropo

,^: !: _!:
efoovETor ro Vayeeoq eepUo
EnoucvoqyroroveElpyirl.i1';.w!:g::;:i::":{;i"'ff &1:::,"'oepphryaE'

Ah / 41 \ie:nE-':{1-*1.ca \ t^l

\t
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Apo yro vo ontr€ux€Ei uuJiloq Boeuoq ono6oo4q l69nro 4x,0o npdner vo quEngei 600
yiveror 4 T-.
Enerdn n Oeppoxpooio rou vepou rpogo6ooioq eivor 6e6op6vr1, undpxouv 6uo rponor yro
Tnv oiEno4 Tnq Tm:* ouEnon rnq eeppoxpooioq rou (r.rwovou orpou T., xor* olEnon rou ouvolKoo enrniEou €eppor(pooioq pe ouEnon Tnq nieonq trEBnro.
H 0ep;.roxpooio T. nepropi(erol ono r4v owoyrl rov ulrKdv (gepprrrxoi Xoluflsq, tz=S6SoC,
oorevtrtxoi Xolupeq: t, =6m"C).
To onoT6tr€oyo rnq qJEnonq r4q nieoqq rou l6Bnrq goiveror oro :X.1 1.9

:XnUo 11.8 €ep-p-q6uvopxq p6on oepuoKpooio T'n xcro r4v nopoloBn 0epp6r4roq yro
tr.=30"C xor Erogopeq 6eppoxpooieq (i,rwovou or;ro0 tr, oov ouvoprrlo4 rqq
nieonq p rou tr69nro.

Flo xoOe gep;.roxpooio (urwwoO oruo0, BpioKerot Uto lidytorn rrprl rou T_ yro r4v nro
luvoiK_n nieo4 rou tr6B4ro po", nou oufover ypnvopo orov Ueyol6vet n To. "'
>TOV nrv. 11.1 oivowor or oproreq Euvordq rr;r6q xor or owiororyor nopoydneq carnot nou
npoKUnTouv.

AprorEs 6wcr6s mtoeis E -""lii$iSotkls oro,"g q u6o4 oepro6wo;rrr4
ecpporpa_oio Kot o nopdvowoq Garnot 4c=t-Gr/fTJ;oipvow ;tEi,oreg ilpgg

o€ owdpr4on FE rn ospporpooio (r.rwLvou frlrtii ! (i.,:so c, f,= 15 ci-

t" Porr, T,"
'c bai K

400
450
500
ccu
600
650
?00
i50
800

18?,{
217,9
303,4

454,?
549,4
660.1
?90,3
912,4.

534,1
546,0
558,1
i)?0,4
682,9
605,8
608,9
622,1

0,448
0,461
0,472
0,484
0,495
0,500
0,516
0,i'27
0,537

Altro xor o'ouriq nq urpnldq ntaoetq lipnTo, o nopoyr,rv Carnot Kol anouavoJq Kot ro <K,
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floipvouv XopoKrnprofll(o XoUnLq flUdq. Eror nX yto nK=0.92 Kot Ahu/e8=0.95, npoKornel
Ylo t2=55O C'

(K: Ilh "4x e'tic:0.92 0,Ci.0,{8.1 :0.49.

:ro XoUnAo our6 oEspvoroK6 9o0po on66oonq, eKgpo<owot or uq,nl6q ondleteq e[dpyeuq
rnq Uovodqq cnponopoyoynq:

+ rl ond,lsro egapyEloq Tnq Kouonq (i30%)
ond,Iao eEipyenq KcrTo rn U8roQopo 0EpU6TnToq (-25%)
ofldlsto e{ipyenq on6 To Kouooipto Kot rnv oKflvoBolio (.5%)

H xuxhxn 6repvooio rou veoou

tTo :X. 1 1 .9 noplorqverot n KUKIKn 6tepvooiq Tnq ortrnq ovKorooroo4q nopoyory4q 6pyou
HS CIIUO.

Iro ly. 11.10_ gqryowqt or Uerogoliq Korooroonq rou u6pcrruou oE droypopFo h-s. O
(owovoq orpoq eroipxaror ornv KoTooroon 2 orov o6roBorrk6 orgoorp6prlo, errovtiveror
or4v nieo4 oupnuKvurrn po (Korooroon g) Kot Koronlv uyponoteiTot loopopdq pixpr rn
ypoUun Bpoouou (xor. 0). -

:XnUo 1 1.9 Atoypouuo KUKtr iuqroq rnq onlnq eyxorooroo4q nopoyory4q dpyou pe or;lo.

0 \!!'/ h t,
MsToBolsq Korooroonq rou u6porpou or4v xux,\rx4 6repyooio r4q>Xnpo 11.10
evKorooroonq nopoyovnq 6pyou pe orpo.

onlnq
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H o6rolonKn qwliq rpo9o6ooioq g,pver ro ouHnuKvopo ornv niso4 lilnro p (xor. 1). Fto
ontronoi4oq eo nopo^ng€ei Kor nolr n nr6on ni8onq oTo )|gnro Kor ro ouUnuKv0rrn,0o
Mg9o0v oyulq un6pn or p4-owtorpenrornreq rou orpop,lou Kor rnq crwNoq.

Enopdvoq 4 errovolo4 23 6ev eivot roewponrKn: ro i6ro royUet Kor yro rn oupnieon 01.
H owtorpenr4 KUKhKn drepvooio 01'23'0, r4q onoioq or ypol.rpiq perogolnq KorooToonq
eivot 60o roo!opeiq xor 6uo toewponrKdq, Lvsrot 6repyooio Clausius-Rankine.

To 1o e.A. pqq 6iv6r:

-q: -dt : -(uror * utzi:4p* qao

6nou P 4 og6Nln ro;pq xor m n poR po(oq rou v8poo nou (ryoKuKk;,veror.
Av trr1gOei unoq,n n Kcne00uvon rov porirv evdpyeloq, npox0mer:

-wt: lu8l - w/o\: ln - lqeol

l-to rov unotroyrou6 Tov Uaveedv ourdv 0q egopuoorei ro 1o €.A. ytq ovotmo ouorRuoto
oilq 4 eni pepouq 6repyooieq.
lrnv o6roBorrxn owlio rpogoEooioq,0q npinet vo npoo6o0ei ro er6rxo reyyrx6 ipyo:

wnt: hr- no:\'.^=ho * ? @ - pol
It 4fl'

onou 4"u"9.75 o roewponrKoq poop6q ono6oo4q rrlq owtriog.

fro rrlv nopotroSn 0appornroq or4 povo6o orponopoyovnq toXUer:

qr":h2-h1,

To re;yxo 6pyo rou o6to9fitKou orpogitrou eivor:

-wes:hz- ho:4a(h2- hg)

Telrxo yro Tn eeppornro nou ono6iberor oro oupnuKvorn lopBoveror:

Jg.ol :1"-io.
Av Uoq 6o0o0v ot toowpontKoi Boguoi onodoonq, 610 ro peyio4 pnopoov vo unoloyroroUv
Ue Tn Eoneeto rou 6loypo1.t;.loroq h-s, 4 on6 rouq nivoxeq orpdrv.

To t ltp6lpo 6pyo r4q KuKllKnq Drepyooioq npoK6rrTgt: -w' : (-wrlt) - uot : hz - hz - (/r1 -,[s)
: 4n0z - hs) - ?!' -on-o

Kor drogap€t nol0 liyo on6 To dpvo rou orpoBi.\ou (n qwlio rpogoEooioq axor no,\U prKpn
xorovo.\r^ro4).
O €epprxog poopoq onoEoonq eivot: 

n,. : t-g _ ftz _ h) _ (\ _ ho)

4p hr-h,

Fro xotr\irep4 o{roAoy4o4 Tnq 6tepyooioq, topBoveror o eEepyetoKoq gogpoq ono6oo4q:

e.: --P ,: ?tnr\e2_ei) e2_ €t

l-ro vo e{4y46oiv or oeppo6uvoptxdq ondJl8teq, n egiooon ylo ro urg6huo apyo ypogeror dg
SEnq: -t'r:hz_ h"- (lr, - hol: ""- et- (er- eo) + t![(s, - s3) -_ (sr _ eo)l : ez_ er_ k"_ eo) _ 

",[(.s3 
_ sr) t (s. _ ool]
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-ut: \ez - ei - @s - esl - ees - a$1-

AuTn n eEiou,on eivot ro too<0vto 46pveroq rnq 6tepyooioq (gl. EX.11.il)

r,tt t2 sJ J

:XnUq 11.11 Anrirlereq eldpyeroq rnq orMq evKcrooroonq nopoyoynq dpyou ye orp6.

fro rov eEepyetoK6 BoeUo on66oonq troppoveror:

ip:r_::_";_\!:r

Belrttitosrg r4g or$q cyKrrraorrrong

l-to rqv s^orrolo4 rorv peyofu,.rv onotrerov 06 etipyero nou dnproupyouwor or4 povodo
oruonopovovnq, 16oo xoro r4v xo0o4 ooo xor Kor,\o rn U8Togopo 

'g8ppor4rog 'on6 
ro

Kouoodpto orov u6porp6, undpxouv 60o 6poorrx6 pdrpo:

evbropeo4 unepo5ppovo4 Tou oruou Kol
ouv6uoop6v4 npogdpuovon rou vepoo rpogodooloq xor rou o6po.

:Xnpo 11.12 Atoypqpyo xuxkjyoroq ptoq eyxorooroonq nopoyoynq dpyou pe orpo, Ueev6toUeon unepodppovo4.

tt sJ J
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Ev6ropeon unao0iplovon

:ro :X.1 1.12 nopouoro(erorro 6roypopUo p|oq EyKclrooroonq Ue ev6ropeo4 unepg6puovon.

Ero:X. 11.13 goivowor or peropoliq xorooroonq rou epyo(opevou 1jioou.
Fto rnv U6on gepuo6uvoutKn OepHoKpooio Kqrd Tnv nopotro8n Oepuornroq orov ev6ropeoo
unepeeppqwnpo, roy0er:

Iynpo 11.13 MeTogo)-q Korooroonq rou uEporpou KoTo rn Erepyooio pe ev6ropeo4
unep06ppwo4. T, eivor n Udon eepuoduvoptKn esppoKpqoio Tnq ouvoltKo
nopotropBqvoyevnq 

_ 
eepyornrqq, Kot Tmz eivor 4 pdorl Oeppo6uvoUrxngsppoKpooio KqTo rnv nopolopn "?eppor4roq orov evdtopeoo

unepgeppow4po.

:uv6uoop6vn npoedpuovon oipo r(ot veooo Toogo6ooioq

:ro :X.11.14 goiveror n oxnpqllKn nopooroon rnq qvovown'Knq npoeipuovonq rou o6po
pe ro xouooipro r4q povo6oq orUoflopoyorvnq.

- 4000,

:XnUo 11.14 :XnuoflKn nopooroo_n rnq crvovewnTtKnq npoeapuovonq
Kouooaptq rqq povoboq orponopoyury4g.

Tou oipo Ue ro
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Iro Ey. 11.15 goiverot ro 6toypoltpo proq eyKorooroonq Ue npoOeppow4po vepou
rpogo6ooioq.

:Xnpo 1 1 . 1 5 flporuno eyxorooroonq nopoyurvnq apvou Ue oryo, pe npo€Eppownpo vEpoo
rpogo6ooioq.

To oiy1poyo c4to4l:rrptr6 epvoordorc

:ro :.X. 11.16 nopouoto(eror oyrlporrxo ro EloypouUo lerorupyioq evoq ouyypovou
arUonAeKrplKoU epVooTqoiou.

tiauptor trttc O I

@ e,,iiio"r",iis'
\!!) oenpler z eugungt gr uppe 112.5/t25 Mw

00J al
!.t%

L
@

,-.--_.1
Watserbehandlongsgruppe itoppe\--------.1,_--------J

lauptgruppc l!)
Eyrtuo 11.16 Atqypoppo *-r.lnjf.!ro,! 

.oepyornroq evoq ouyxpovou epvoorooiounopovo,Vnq dpyou pe orpo. fio ly4po ouro etvot y=l-x n uypooio rouqruo0.

U!) t | rcnetz e ug un g sgru ppe
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112 Eyxsrqorqostg qeptqtrpooi&rv

:To :X.11.17 nopouoto<owot oxnpoTll(o n KIEtotn Kol n (IvolKrn eYKorooroon
oEproorpoBilou.

>XnUo 11.17 Klerorn xor ovorKTn syKorooroon oeprooTpoBilou.

H xlerorn EyKrrroorqon oeproorpolilou

Iro :X.11.18 nopouoro(owor or UeroBo^iq xorooroo4q rou oEpiou
Erepyooio rqq xlerorrlq evKorooroonq oeproorpopilou.

KCITO TNV KUKTKN

SOSI St tt t

:XnUo 1 1 .1 8 MeTqpoAaq Korooroonq rou oepiou xoro r4v xuxlx4 6rapyooio rqq xAeror4q
eyKoTooToonq oeproorpoPilou

H sooTeprKo owrorpenril KUKhKn 6repyooio 01'23'0, nou onorel€iTot ond 60o toopopeiq Kol
60o roewponrx6q Kounu^eq, ovopo(eror Etepyooio Joule.

To r,rgdtrlpo 5pyo rnq KUKtrrKnq drepyooioq, eivor:
_lrj : ,/,n(_ r/i"3) _ ?r!01

onou 4,n o pnXovrxoq Bo9poq ono6oo4q. Enstdn o ouUnteorrlq xor o orpoBrloq eivor ovolrro
q6roBonKo ouornpoTo, ond To 1o e.A. npoKunrst:

.u.t:,lnt\h2 - ltrl - llt,-hjl - t1,,,t1,7\h2 - h",1 _ t't'-r.!9.

Or roewponrxdq 6rogopdq evgqlnioq nou epgovi(owor e6d, 6ivouv vlq t6quK6 oapto:

t,2 h3. = .gt,t'2 - Tt.l - ""; r(t _ 
))

lg@nthff

Po'Pu

St tl t
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It,y - ho: ct\'t't - I,o) : ctT,oe, _ t)
KOI

(PI. xor Iy.11.19)

u8 Tn ouwunon:

i. = lplp,,)u-')t' : \plpolot"',.

npoKunrer enop6voq yro ro ulgdhpo 6pyo: r
-w, : cgra lr** ft(, _ 

+) _ Ej
Ooo n ox6on nrdoeov p/po ouEqver, (644. ou{over ro I), T600 oufovaror xor ro 6pyo rou
orpoBitrou Kor rou oupnteorn. To 6e0Tepo 6uoq ouEov8t royurepo on6 ro nptiro, xr dror
npox0nrer Uro optorn Euvorn oxion nteoeov, 6nou enrruyycverol HDytoronoi4o4 rou
rop6lr;rou 6pyou. Ano rn ouv€nKn

QutlAD - 0

ppioKeror on n ox6on our4 nr6oeov npoxunrer on6 Tnv t:r
A t n\

"0, 
: (a/*, : V n^n,rrt,v(TzlTo).

onora n eEiooon vto ro paytoro ogiltpo ipyo yiveror: 
-o,v(_rrr).", :"H \1.,r _ rl2.

E6ti 969oro, owieero ;le rqv eyrorooroon nopovovnq ipvou pE orpo, ro ipyo rou
ouunf8oTn 6ev eivot yrxpo: uM . _ 4n : ll __L^ a(- wetl lopt | 4"v\,t: Tz'

Yerh.nltnls ch'l(-u.|J
vor Yerdlchterarbclt ru Turblnen-
arb.li uDd Verh4ltnt. (-r,rE!!/
(rrr.! + (-rr.,J) In lbhdnglS-
I€lt votr d.r hdch8t€n Oa.temDe-
ratur lr l0r l. - 30'C,
,.e - 0,E5,t ? - 0,90,t- - 0.985

Iynuo 11.19 lydon rou apvou Tou ouunrsorn pe ro 6pyo rou orpopilou.

H ogelp4 toxuq Enopdvoq proq eyxorooroons oEproorpoBiAou, eivol xlooyo ;.r6vo r4q
ouvolrKnq eyKorEornUavnq royuoq orpoBilou Kot ouprteorn:
H oxdon ourn q-tu; :dffii
noproroveTot enio4q oro Iy. i 1 .19.

o efepyaroxog ouvolrKoq Foepoq oro6oonq Tnq KleroTnq syKorooToonq osproorpoBiAou,
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opi(eror oov

, -P h(-utl
'- ,hgu rk*n

Eivor lornov
61h, _ h)

n* : a" ltt''
o evepv8roKdq 9oouoq qnoEoonq rou gepuownpo Uo odpto, Kot npoKumel

- /h" (-w,\ /h"

6nou t: \x-e" f,_ E- nx';'?th

-u| -1! t -ur,":4; : i;4: M_Aj'
o eepurK6q Boeuoq on66oonq Tnq KUKIKRq 6repyooioq.
Av TegEi wr= (w).", , xor

Tr: To * 
n1,., 

(Tt' - Tol: t, 
[t + \/]

Vrq rn 0eppoKpooio oro riloq r4q oupnieonq, rorE AopBoverol

, ah" (iopt - 1)2| : 4K eB tt"vtqrlrJ-_11 - 11'.rr - t1'

Iro ly. 11.20 noproroveror o efepyeroxog ouvofur6q, Bo0p6q onoEoorlq rqg xlsror4q
avKoToorqonq oEproorpoBilou, pa rrq nopodoy'q:

rlR: 0.90, /h"leu: 0,9b,
( : 0,855 ?t

0 to t, ,\ '
:XnUo 11.20 {epyarox6q ouvoIK6q oogpoq ono6oonq Tnq Klerornq evKorqoroonq

oeptoorpoBilou, ocw ouvoprnon rnq UaYlornq geploKpooioq oaprou ylo
6togopertxouq Bo0po0q ono6oorlq Unxovdlv.

H ovotrrf ayrcrdorqon oeproorpo$i]ou

:To:X.11.21 goiveror ro drovpoppo Uroq ovorKTnq eyKoTooToong oeproorpoBilou.

?n : 0.985, ?o : 3l

h -,m"1 
,r,s!

tz-



:mpq 11.21 ArAypoypo KuKkiporoq ploq ovorKrnq eyKcrTooroonq osptoorpopilou.

Av nopoAerg€o0v or ond,Isreq eeppornroq loyo oxrrvopoXoq oro neprflo.llov, n
ovr(orooroon pnopei vo 6totps0ei oe rpio worrro o6toBolxo ouornporo:

+ To ouunreorR+ To €o.\opo xoUoqq-' To orpoBtlo.

O o6roporrx6q ouynreornq perogdpel rov oapo nou eivot cnopoirnroq ylo r4v xouo4, ono
To neprgoMov oro gc opo xouo4q. H royuq rou eivot:

P v : hlh(tu Ftl - h(to, poll

To xouorpo xoiyeror pE Tov odpo nou dxel oulinreorei Kor npoeepHo!€Ei, orov odroBoTrKo
eo^oUo Kouonq. To Kouooapto_evKoroleinetro go^ouo Ko0onq Ue Tnvnieon p2 nou e€o|Tioq
Tnq nrdonq nieons [ou epgwi(eror, civol Xyo fil(porepn on6 Tnv p1.
H Seppoxpooio eEo6ou €o npinet UE KoroAl4ln enr.\oy4 rou l6yori o6po, vo btornpngoi
Xopnlo, pero[0 650 - 85OoC, ovotroyo ps rq uIKo iou Xprtoryonoro0wor, yro troyouq
owoxRq rov ulKdv.

l-ro rov unoloyropd Tnq oydo4q oipo-xouotpou, ypqorponoreiror ro 1o e.A.:
th nhnlt"l * hh(t) : (h + rl,B\ hv(z),

ov n 8veo,)rnio rou Kouoipou cMtKorooroeei on6 Tnv (xordreprl) €eppovovo 60voy4:

,hu/h,U"l : thnh nlt"l + ,hh(t"l - (fi,I ital hv(t"l

lopBoveror
,ha lhvu{l : lth{ irn\ lhv\tzJ - hAt,ll - itlh(t) - h(t"ll.

o unoloyroloq rnq oxeonq ouTnq yro 6e6opdv4 OopHor(pooio t2, eivor opKETq eKTerou6voq.

To Kouoodpro exrovtiverol oro.orpoprAo ono p, oe po (=pJ.
H toy0q nou onodioErot g66, eivor:

- P7 : (tit. | ,hi[hr(t2, p:l - ltv\t, pd]
: (in + fn DJ Tt,rlhv|y Fs) - hvltt,, O"11 : (rit, I tfinl t7,7,7hy,.
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Ir4 oy6o4 ourn, n b Eivot n npoyporrxq oeppoxpooio ef66ou rou oepiou,
Oeppoxpooio nou 0o -ntxporo0oe oE toewpontxfl EKrovuron, Bl. :X.11.22

xor ta' rl

:XnUo 11.22 AdroBorrxn errovtoorl rou xouooepiou orov oeptoorpoBtAo. H nopooroon
yiveTor oro Erovpoppq h-s rou Kouooepiou.

H Oeppoxpooio our4 unoloyi(eTor on6 Tn ou\i€nKn:

sv(2, Pzl : sv\ty, Fs)

Enopdvoq n ogdhpn royuq rrlq eyxoroorooqq eivor:

_P_\,,1_Prl_Pr

Feuxo, 4 xoOor1 orov oeproorp6prtro yiveror pe peyol4 nepiooero oipo (I=3.5 aoq 6), onore
To epyo<6psvo Haoo Unopei vo ee!,pneei orouq unolovropoUq 6n eivor odpoq.

Bslrriocrq rqq 6epycoicg rou qsproorpolilou

I4powrxo perovirr4po rrlq dtepyooioq Tou qsptoorpopiAou eivot n uq,nln elipyero rurv
Kouooepiov rou. l-r'ouro q 6repyooio rou oeproorpopilou pnopei xor npiner vo ouv6uo(eror
pe Erepyooieq orpoorpopitrr,rv, n Kor pe oM€q otopyooieq nou onotroov eepu6Tnro oa
uq4Aiq 9eppoxpooieq (ny 6rapyooieq mprKnq BroUnxovioq, rqleoippovorl).

:Xnpo 11.23 Alovpoppo KuKliUoroq proq ovorxr4q eyKorooroonq oeproorpogi.\ou pe
ovoYewnrn.



149

Iro Iy. 11.23 Qoiv8rol ro Eroypopljo xuxkiyoroq ptoq qvotKTnq ovKorooroonq
oeproorpopitrou pe npoooero evoMoKrn gepUOTnroq, Tov Isvouevo (Ivoyewnrn,,ps rov onoio
ro xouooipro llp4orponoro0wor yro r4v npogdppcwon rou oupnreoyivou 06pq (BI. EvornTo
6).

:XnUq 11.24 MeroFotrdq KorooToonq rou epyo(opevou p6oou Koro rn Erepyooio
oeproorpopilou pe woyewrlr4. H evipyero nou evo}}oooeror eoorsprxo pe
Tov ovovewnTn, goiverol droypoypropdvrl.

:To EX.11.25 goiveror pto nopqndpo Felriuro4 rnq EyKorooroonq, pe rptBoopto oupnieorl
odpo xor ev6royeo4 WUtn, Ue sKTovoon oa 6go orpopitrouq xo, ev'Eiapeba eeppovo'a.

:xnuo 11.25 Ato-ypoUIo KuKloporoq proq ovorxrflq eyxorooroorlq
TptBoeUto ouunieon oipo xor ev6ropeo4 q,0tn, FE
oTpoBilouq xor evdropeoq eippovon.

oeproorpoBilou pe
EKrovoon oa 6Uo




