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Evor4ro 5
Oeppodwoprx6q rdrorqreq xoOopriv ouorov
:rn 2n evornro ei6ope n6n rnv enrgovsro p,V,T Utoq Ko9opRq ouoioq.
:To :X. 5.1 Bldnouur rqv anrgovero p,u,T, onou o AEovoq rov p axet Boeuovopneei
loyopr0UrKo.

EXnUo 5.1 Aroypoppo p-u-T Koeopnq ouoioq

lorqir€po evbrogdpov Vto Tnv rexvtKn, nopouoro(ouv or leydpeveq ETepovsveiq fleptoxaq
Kcrrooroonq, olq onoieq onowowot 60o gooerq rrlq ouoioq, pe rrlv i6ro nieo4 xol
0eppoxpooio (6nlodn os 0eppo6uvoprx4 roopponio).

H awponio rou drgoorxou ouoTnUoToq unoloyi(aror oov oOporolto rov ewpontov Tov
ouotorrxtil tou:

S: 8, + 5,, : m,'s'(u,, n') + nt,'s,'(u,',t),').

6nou rq xoroorqrrxq peyaen rov 60o gooaov, ro 6royopi(ou;re Ue XpRon evoq xor 6uo
rovov owiorotyo.
H ewponio lorn6v eivor opxtr(o ouvoprnon 6 Heveqi,v (m', u', u,, m", u", u"), oMo anet6n
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toWEr:
m: m, * tn,, ,

Kof v:4'Y'4*"o"
KOI U: m'q' a 

^r,u,,
ro rpio KoTooroflKo pey60n rnq proq gooeoq, opi4ouv ro owiorotxo t(orooroflKo Ueydgn
Tnq 6eurepnq goonq.
Enop6vr.rg n ewponio Tou ouornporoq efoproror Uovo on6 Tpeiq pETogAnTdq, 6nI. m',u',u'.

H neprofi uypori qryou

Tq peyotr0repq onou6otornrq oTn Unxovolovio, rnv dxer n neptoxn uypo0 fiUou, enet6n
noluop€Ueq rElytKdq orepyooieq eEe,\iooowot ornv n8ptoxn oUTn, nX n ouunuKvoon rou
u6poTFo0 oro ouunuKv0iTn Utoq EyKoroorqonq ropovovRq dpvou pe oTU6. Ooo 6uoq Oo
6oupe oro endpevq, tox0ouv npogqvoq Kqr Vro rnv neptoxn r4[4q xoi Vto Tnv neptbxn
eEqo/oonq.

O uyp6q oTU6q eivot ivo piypo uypou nou ppo(ar xor K8Kopeou6vou oruou, nou Fpioxowor
ueroEo rouq os eeppoduvotrKn roopponio, ixouv Enouivoq rnv i610 nieon Kor oepfoxpooio.

KorooroflKo Uevdgn ornv neotoyn uypoo oruou

:Tnv n€ptoxn uypou orpou, yto rov Ko0optopo rnq eeppoduvoptKnq Korooroonq, eivor
onopqirnro dvo ent nlaov Korooro Ko Uayegoq:
TO nsprex6uevo oe oTuo x:

-_ M&,(a xexopeopdvou ctpo6
pd(c tou u1po6 ct po6

Me ro m' opi(eror n po<o rou (dowoq uypo0, Kot Ue ro
oTuou nou Bpioxeror oe erpu06uvoprx4 roopponio p'ouro:

fto ro.uypo Enopavorq nou Bpo<er (vpopun Bpoouou) rox08r x=0, evd yro rov K8Kopeouavo
orud (ypoUun 6pooou) tox0or x = I .

Av rdpo oup9olioouue !e u' rov er6rK6 6yKo rou <dowoq uypoO Kor ue u" Tov er6lK6 6vKo
rou xexopeopdvou orpo0, 16re:

Y : m'tl * n"o" .

Kor yro Tov etbtKo oyKo toxuet:

u : {1 _ rl v' I xa" : t), + x(o,, _ p,).

H sEiooon our4 ypogeror ,(or ue Tn popgn: -i:4: q _ n1,,,

u.,_a l_z_ n,

Auroq sivor o_IsyouEvoq vopoE rou.yoy)ou (ZX S 2),nou pnopei vo Xpnotponotnoei yro rr1
Xopotn oro Eroypoppo p-u Kopnuki,v oroeepou nepreyopevou oe oriib.'u uno^ovtouoq r4q el6rx4q ewolnioq Kot rnq st6rKnq ewponioq uvpou oruou, Unopei voyiver Uo ovoloyo rpono:

m" n Ho<o rou KeKopeoudvou
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:XnUo 5.2 O xovovoq rou poytrou oe dtoypoltpo p-u. To rprlporo a Kot b nlnpouv rn
oYdol: a/b = m" / m' =x/ (l'xl

o:(1 - rl s' * rs" :,e' * o(s" - s')

KOf h:0 _ nl h, I rh" : h, * r(h" _ h'\.

H drorpopo rov svgcrlnrdv rou KsKopeoudvou oruou Kor rou uypo0 nou BpACer, ornv i6ro
nieon Kqf oeppoxpooio, laysror svgolnio eforpioeoq: 

r : h,, _ h,.

Aurn ouv6aeror Ue rnv Ewponio eEorpioeoq, s"-s', Ue rnv nopoKcrro ox6on:

r:h" -h':Tls" -s
nou npoK0nTer Us esdpnon Tnq prroBolnq evgolnioq novo oe Uro rooBopn rng ncproxnq
uvpou oTuou.
H eveoAnio eqoTuioeoq h"-h', n eooreprKR evdpvero u"-u', (nou ovouo<eror Kor soujTeprKn
gspuornro eEoTuioeoq), Kor ro 6pvo UeroBotrnq oyKou Koro rnv eEoruron p.(u"-u') (nou
ovopo<8ror Kor eEojreprKn €eppor4ro eEoTuioeoq), sivor Koeopaq ouvopTnosrq Tnq
oeppoKpooioq (IX.5.3). Kot To Tpiq Ueyien Hndovi(owor ornv Kpiorun eepuoKpooio.

:XnUo 5.3 EWoAnio etorpioeoq, dpvo UEToBolnq ovKou Kot UeroBo^n eou)TeprKRq
evEpyetoq Koro Tnv etorlton vspou, oov ouvoprnon r4q geppoxpooioq.
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H cEiooon Glausius4lapeyron

To 6eurepo eeppo6uvoprK6 ofir,rpo ouv66er ro Oepprxo xot ro 0ep;.rr6operptKo r(orooroTlKo
Ucvign, pe rnv 6woro rnq ewponioq. Eror pnopei vo unoloyorei n ev€olnio eEorpioeoq Kol

4 ewponio eforpioeoq, Ue Poon peroSotrig KqroororrKdv Ueyegdv.
Av EeKrvnooupe ono Uro ixepoon vro To Eroooorxo rrlq nieoqq:

d IAD \ .- IAD\p:\Ar)"o'+\u),o,.
Ir4v neproyrl uypou oTyou, 4 nieorl 6ev e{oproror ono rov er6rro oyxo, opo npox0nrer:

dP : (!e\
dr \ar 1".

Aq 8Esrooouue r6po ro KorooroflK6 Udyseog:

l:u-Ts;
To U6vegoq our6 ovopo(eror e)teuOep4 ev6pvero. To drqooorxo rnc eivor:

d! : itu- Tds - s dT: -?ito_ sitr:(!\ or+(!!\ur.
\ov lI \Ot L

Ir4v neproy4 uypoo oruo0, yro oro€epn eepuoKpooio, To Uev6en s Kot u 6xouv ypouurKn
oxdon. Ano rq ox,oerq:

_ .e:8'+r(s"-s') und o:v'* x(o', -o,)npoKUnTSl

, s" -s'8:s i - ,;(o _ u').o -ItApo
IAp\ /As \ g" - e'

\er l, \0o lr a" - v'

Kor rsIKo npoK0nrer 4 efioroo4 Clausius-Clapeyron:

dp s" -I' h" -h'di- J'-o'
yro r4v xtrio4 r4q xopnutr4q nieonq orpo0.

bor
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:XRUo 5.4 Kouna^sq nisorlg orpou 6rog6pr.tv ouot0rv os Eroypopl.to lnp-vs-l/T
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Enoudvoq, n ev€qlniq EEorpioeoq EKgpo<erot ocrv ouvoprnon gepptxtiv KoroororlKLjv

Ueyeedv:
r: h" - h' : T(t:" - O\!O!,

H eEiooon ourn, ov nopolng€ei o ovKoq rou uYpou, eeopngei o orpdq t6ovrKo oiplo,
Koresopneei orooepn flHn ev€olnioq eEoluioooq, o6nvci orn oxdon:

, F 'r,/7 f\ to l, 
""\'" ;.: i\r"- r): nr" \'- r/'

nou 6ncrq goiveror oro :X.5.4, roxusr UE opKero Kotrn npooayyron oKoun Kol Vlo {,nldq
nrioEtq.

l(croorcnxdg efiodoerq, nivores rar Etcvpalpard Uo ra peuora

Or peroloAig rov KorooroTrK6v Ueveedv u, h, s ouvopTRoer rov T Kor p, nou Xpero<eror vo
unolovrorouv orrq re)flrKaq egopuovdq rnq eepp06uvourKnq, pnopoov vo Bpeeoov Ue Xpnon
rprdv er&iv BongnUorov:

* K<rrooroTrKiq eEro6oerq* f]ivoKeq* Aroypouuoro

To no)\oroTepo 9on€nUoro rou y4yovrxou, rlrw ro 6roypoltUqro Kcrroorqoeoq, He rn popgn
xupiurq 6roypolrUoTov T-s, h-s. H yp4orl T,Torov 6tovpopuorov nopaxer KoMirepn enonTeio
r0JV 6rspyoordv, ogou pnopo0v our6q vo onerKovtoroov nov0r oro orovpoUUoTo.
An'r4v otrtrn uepro, n Xpnon ntvoKov (Bl. flopoprnuo lV), o64yei 08 nol0 uevotrorepn
oKpiBero orouq unoloYroUouq.
Or nivoxeg Kor To drovpopUoro yro Trq 6togopeq ouoieq, 6xouv unoloYtorei pe Boon rlq
KoroororfKaq EErodoetq: , : ,(7, p),

h:h(T,pl
s:e(T,pl,

Tiloq, n supsio 6ro6oo11 rov n^eKlpovtKdv unotrovtorriv, enupdnet n).ov vo
npoypotrpori<owor o'ouro0q nepinloKsq KoTooroflKdq eEtodoerq, onoT8 68v unopxol nlaov
KOr n ovoYKn xpnonq nrvoK!,v.

Ynoloyrouoq evgotrniqq Kol swponioq Uc Tn BonBero Tnq gepUrKnc KorooroflKnc eEioLionq

H eepUr60UsrprKn xorqorortxn etiolion ;:nopai vo unoloyrorei ono rn eepptKn KolooTortKn
eEiouron u=uO,p), ov sivot Wurorn enr n.\6ov vro Uro Kot provo6rKn rooBopn p=po, n nopeio
rou c^. E6rir oupgapEr vo extreyei p^=0, on6re XpnotponotDiror n er6rxn oEppoxr.,pq xorqro
ornv i6ovrxn Kqrooroon oepiou, Udveeoq nou unoloyi<eror Ue Uevotrn oKpilero.
ETO|, npoKUnTSr:

he,p):no+ jcietar.i [,- r(#)"]*
6nou n orogepo ho floprorovsr rnv sveolnio rou r6ovrKou ospiou orn oepuoxpqoiq
worpopoq T^. To np0JTo oloKlnpopo 6iver rrlv ev€oAnio rou r6ovrxou oepiou nou e{oproror
povo ono r4-eeppoxpooio, evd ro 6e0repo lop8ovet unorpq 14 oydo4 perof0 rrlq nieo4q xor
rrlq evgoAnioq, Kor snopavoq rnv on6xtrron rou npoyuoflr(oi ono ro r6ovrK6 oapro.
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A,\.lo Kor n ewponio evoq npoyuo Ko0 q€piou pnopei vct unolovtorci pe owiorotxo rporo:

-et .
I d,n

PJ

fiivoxeq xoroororrxdv peys8drv

Me rn Fongero rorv KorooroflKov e{rodroeorv, 6xouv KorooKeuoorei nivoxeg yto To Uevten
u, h, s. Or nivoKeq ouroi yro roroptKouq l6youg ovo;ro(owot Kot nivoxeq orpdrv.
npoKerror yro 60o opodeq nrvoxr,rv:> roug nivoKEq yro flq ouoyeveiq neproy6q xorooroorlq (odpro xor uyp6) !e oveEcrprnro
KoroorcnrKo pey6gn rn eepuoKpooio Kot rnv ni8on, Kor> Touq nivoKeq yro rnv neproxn uypo0 cryou Uo qve€oprnTn U8roltnrn rn eeppoKpooio
n rnv nieon.

ArovpoupqTo xoroorooeoq

:ro :X. 5.5 noptoToverot ro 6roypoppo T, s evdq npovporrrou oepiou. Kqru, ono rn ypoypn
ppoopo0 ror 14 ypo1r1ri1 6pooou, nou ouvcrwd,wot oro Kpiotyo onpeio K or4v xpiorp4
eeppoKpooio T*, Bpioxeror 4 neproy4 uypo0 orpou.
Onoq onobeix€nKE ornv Ev6TnTq 4, n eepudrnro nou npoo6i6eror 4 ono6i6eror orrg
owlorpenrdq orepyooieq, pnopei vo Inggei oov Ertgqveto Kqro on6 To EtoypoUuo T-s.

Aroypopuo T-s avoq npoypq Ko0 oepiou,
oroeepo0 nepreyopdvou oe orUo.

E(r.pJ:""* t',gsto[-R,"? - il(:;),-

ffi

{
n

Ixnpo 5.s tooBopeig Kor ypopp6q



fyrluo 5.6 Atoypottuo T-s yto ro vspo, pe rooBopeiq, tooxrpeq Kol to8veo^ntK6q
Kounu^eq.

To 1904 o Mollier nporevs ro EtovpoUpo h-s, nou nopouoro(er r6roirepo nleovexrIporo or4v
npoKflKR egopuoyn. :To dtovpouuq ouTo Unopoov vo Usrpngo0v 6l€q ot UeroBo}-q
ov€olnioq oov eueuypouuo rlnporo, dTot dore otro ro xoroorcfi0(o pey,gn nou
epgovi(owor oro ngiro eepHoEuvoUtKo ofiurpo yro 6tepyooieq Uovrpnq ponq, vo UnopoOv
vo trngoouv on'eueeioq ono ro oroypoppo.

_fro oroypolrpo h-s Unopouv vo nopooro€ouv opxl(o ro opro r4q neproy4q uvpo0 fiUou.
To xpiorlro onpeio BpioKeTot orov optoropo xlo6o r4q xex,\rpriv4l optoKnq xo1rn0tr4q r4q
neproxnq uypoU qrpou, Kor Uoltorq orrlv nro onoropn e6on, 6nou ouyxlivouv or xopn0te{
(doeulq xor uvponotnoeoq (:X.5.7).
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:ro :X. 5.6 nopouoro(eror 6vo EtoypqHHo T.s yto To vep6.

Fliissigkeit

iuaRaa)npr.
,/ .q e biet

:XnUo 5.7 AtovpopUo h-s evoq npovpoT|Kou oepiou, pe roopopeiq Kot tooesppeq.



d\lo eflerEn dp=o,

T7

Ot roo8opeiq or4v opoyevq neproxn eivot eloQpo ropnukop6veq, Kot n Klion rouq npox0nrer
opxxo on6 14 oy6on

Til,s:dh-vdP
. tah\

\As.J,

Or toolopaiq enopdvu,g ixouvrooo peyol0Topn Klio4, ooo peyol0Tepn eivot n gEp;.toxpooio.
:Tnv rEprom uypoo qruou, or roolopeiq Eivot B69oto euoeieq ypoppdq.

Iro ly4po 5.8 goiverot 6vo droypoygro h-s yro rov qTpo vepo0.

s inkl/lkg()

:XnUo 5.8 Atoypouuo Mollier yro rov orpo vepou.

Ano To Etovpouuo h-s pnopei vo Ingeei Kot n eEipyero Tnq evoo^nioq, Ue rn Uopgn
sueuypoppou rpRloroq:

e:h - h.- 
""(r-rJ:h-T"e-(h"-f"t")

:XnUo 5.9 H e{ipyero oro 6roypoppo h-s.
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Fro ro oxono our6 oye6ro(erql opyKo n KoTooroon nsptBotr'\owoq (:X.5.9). Av oTnv
roo$opn Tnq rieonq neptpotrlowoq o;€ei 4 egonro;.t6v4 oro onUsio neplpotrlowoq U Ue
ouweroyp6veq hu Kot su, r6re n xlion r4q egonropdv4q eivot:

(3!),-,": '"'
H aEiooon rnq enop6voq eivot:

h:h"*?"(s-s").

Aurrl yopoxrrlpi(eroraov euqeta ne Bo))owoE. puvdiet oleq rlq KoTooTooelq fe Un6euxn
e{ipyero). Otreq or oueeieq oroeepnq eEdpYetoq oro 6toypo1.tl.to our6, eivolnopotrtrnleq npoq
r4v eu6aio nepr$oMowoq.

loo60voUo flpoq ro broypoppo h-s, Kot nI€oveKTtKdTepo yto optopiveq egopyoYeq, sivol ro
6roypol.rpo p-h, nou dxor t(ootepoe8i ornv re)orKn rnq V0tnq (:X. 5.10).

:XnUo 5.10 Aroypoppo In p- h npoypcrKou oepiou, pe tooOeppeq Kor roewponrKiq.



Evorqro 6
Ot egoplroydq rou 2ou geppodwoprxou Afrciporoq
orq p8rqrponeq EvepYrKrq

onou louBqvouv yipo 1t4-owtorpemdq Enpyooieq, 4 noyxoolrro errponio oufover. Ir4v
npoKilKn egoppoyn, KCrTct rn leroupyio pnq €epplx4q n Uurnxnq Unxwnq, eivor ou;1vo
dworov vo uno,\oyrorei ro ogporoyo 6ltov rurv jrerolokiv anponioq.
To yeyovoq 6rr ro o0poropo ouro eivqr nqwo Oerrro, yoq enrpdner vo eloyoyouye yprlorpo
ougnepooporo ooov ogopo rr1 ougneprgopd rqg ouoxeuflq.
AUo o4pwnxd nopo6eiygoro 0o Uoq 6eiEow rn 6wopn Kot rnv m^6Tnro rnq qvoluonq
nou pooi(eror ornv 6worq r4q ewponioq.

1. Aq e8orpnooups p|o oEpprKn pnxovn nou treroupyei oupgr,wo pe onorovEnnore
eeppo6uvoprKo xorlo, onulq goivaror oro :X. 6.1, nou onoppogd geppornro Q ono rrlv
onoenKn oe TH, nopover 6pyo W xor onoppimar 0eppor4ro Q-W ornv quyp4 cnoe4r4 fia).

:Xnpo 6.1

(c) (b)

(a) MnxovR nou leroupyei p8roE0 rov oro€nKdv eoppornroq, eeppoKpqoioq
T" xor T".
(b) luuKnr(n p4yov4 nou )rerrougyei pero{o proq onognKnq eeppoKpooioq Tl
xor evoq nenepoog6vr.rv 6roorooo0.w oduoroq, Kor XoUnk;ver rn €eppoxpooio
Tou odJporoq on6 Tt oe T2.

:Upgurvo ye r4v opyrl rnq o0Enonq rnq noyKooproq ewponioq,

DA.r(univcnc) -S# - *>o,
W<Q_fiQ;

n

6nou

Body lo b!
lorarad in tamp
t.om ?l to ?,
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Ener64 ro Wmax/Q eivor o pdyroroq geoprlrrxo toguoq ono6oonq Uroq gqywrlq nou
onoppogo 9eppornTo Q oro pro onoenll Ofl xor onoppimel gepp6Tnro or4v ono04xrl Cfd,
xor ogo0 (1-T./TH) eivor o poOpoq ono6ooqq r4g rdovrKnq Unxorrnq rou Carnot, noipvoupe
oo\/ onordlEouo orr o piyroroq,9ogpdq on66ooqq onoroobnnore Uqxovnq nou epyo(eror
Uerot0 600 6e6oyivr,rv ono6nKdv Oepporrlroq, eivor our6g proq p4yovrlq Carnot.

2. Av unoe6ooups on e6loupe vo nov6ooupe vcpo 4 vo uyponor4oouys oipo, 6nA. vo
Xopnkilooupe rn €eppoxpooio evoq odporoq nenepoogriv4q po(oq on6 rn €eppoKpooio Tl
rou neprBo)"\owoq r4q, oe onorodnnore Enrouunrn 0epfoKpooio Tr.
Mro gurrtx4 pnxovn nou lerroupyei o'6vo x0rlo UoroEu Tl xor rou- orirporoq nou q,ux€rot,
perd ono nenepoop,vo opr€pO Kuxlov, 0o 6yer ogotpcoot eopuornro Q ono ro oduo, eo 6)Gl
xorovokioer dpyo W, xor go 6;pr onoppiqer oTo neprBol ov gepuornro Q+W.
Av KoToypoq,oupe rrq pero8ol.q ewponioq

AJ of thc bodY - .5r - Sr,

Kof 
aJ of rhe rcfrigcran'= o,] 

- -A.$ of thc rtscrvoir

Egopy6(owoq rnv opxn peyroronoinonq, Tnq ewponioq,
n)-w

.i1 -.i *:j; > o;

w2Tr(&-&)-Q.
flpoxunrer 6rr 11 yoprllorspn nt€ovn TtUn rou W eivol

w (JInn) - rr(& - s') - Q.

Ew 6youpe orq 6ro9eorl poq nivoxeq rov 0epyo6uvo;.trxtiv r6ror4rov Tou ultKoO, opxei povo

! Yv6on rnq opxtKnq Kot rellKnq KoTooroonq, yro vo 6ropoooup8 on6 rouq nivoxeg ro Sr-
Sr, xor, w ro od,po ugiororor roolopn drepyooio, ro Q.
H unoloyro!6vn nUR Tou W(min), lnopei vo Xpnoruonotneei yro vo Erioer ptq eKripnon rou
e^oylorou Kdorouq Ierroupyioq rou qurr4.

q6pyc|a Kq| (tvEgyato

Evoq 
^oyoq 

nou q 6woro rnq ev6pyt|oq eivqt notrU neptooorepo yevrxq ono Tnv ewponio,
eivot eforrioq rnq el tnolq ouvet6nronoinonq rou veyovoToq orr 4 nopovovn ewponioq
E[npeo<Er onpowtKa ro orxovoyrxo orotxeio rrlq oye6iooqq, ouornpcrrov ond Touq
pnXovtKo0q.
Irtq egopl.roydq, r4q perodoo4q eepu6Tnrqq, n etroxloTonoinon rnq nopoyoynq ewponioq
pnopsa vo Enrreux€ei pe etroxloTonoinon r0rv g8puoKpooroKdlv Etogopdv pero[u nrlyrlq
evapyeroq xor re^|xo0 XpnoTn.
Me pto peyoln oroQopo eepuoKpooioq, uflop)€t Etogdorpq peyoA4 noodrnro efipyeroq,
nonoio re^rKo 6ev yp4orponoreiror.
Aq eeopRoouue yro nopo6ery;to, rq pero6oo4 9epy6rrlroq oe avcw orpo,\6pqro, onou 4
eeppoKpooroKn 6rogop6 perof0 rov xouooepiurv Tnq eorioq (nrlynd xor rou vepou, eivor
nepinou 1,5@ K. Auro ro eeppoKpootoKo 6uvoprxo, 0o ynopouoe vo XpnotUonotneei npdTo
yto rnv nopovoyn dpyou, Kot n 0eppdrnro nou 0o onoppinyowqv on6 rn p4yov4 nopoyr.ryrlq
6pyou,0o Unopooo8 vo XpnorUonorneei yto XounldTepu,v onotrnoeov egopuov6q,, Kot ornv
retrtKn Bogpi6o yro r4v eforpron rou v8pou. Me rov rpono ouro, 11 ond)rero eldpyeroq rou
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KouoiUou etroxoTofloreiTor.
Eivor o4povrrxo vo 6ei{ouye e60, or n pq-owrorpenrornro Kot n nopoyury4 Ewponioq nou
ouvdiowor UE Tn peTodoon geppornroq pero{0 60o onoenKov oepporqroq oe uu,n^n
gepHoKpooiq TH Kot oe XoUnM €epuoKpooio Ta, eivor wotroyn pe rr1 gep;.toxpoorox4
ofo9opo' on^oon: 

^ e e e(T, -Tr,) er, rr. \ t!*,o._= fe-T"= nr, =n\,_ rr)= h
o*-<o oil*.-qor

Auro ro W,"", eivor n e{apvsto nou yoveror or4 6repyooio r4q pero6oo4q gepporrpoq.
H aworo rnq e{dpyeuq 9on0o rnv xorovorlo4 Tou rp6nou UE Tov onoio ro 1o xor 2o O.A:
oM4Aenr6pouv Kot ol\ntrooupnlnpdrvowot.
Ot pnyovoloyrx6q egopUoy6q ouvngoq neptAquBovouvpero6oo4 gep;.rornroq, pon Ue rprg6q,
xor woyrf4 peuordl.
Otreq our6q or brepyooieq pi1-roopponioq, eivot ono rn eOon rouq Un-owtoTp€nriq, xor6;puv
ow onorEleopo 1.rro woxorovol.r4 r4q evipyetoq, nou ouvo6eueror on6 nopoyoyrl ewponioq
Kor Ueioon rqq ef6pyeroq.
AnIo, ouvnooq Eiveror neprooorepn iHgoon oro roo(oyro po(og xor evdpystoq, nqpo ornv
nopoyr,ry4 ewponiog xor ;leioo4 r4g ef6pyeroq.
Irrlv neproy4 rrlq pero6oo4q espu6TnToq, n nopovoyn swponioq Oo npinst vo qnord\€i
onuowtK6 nopoyowo or4 oyeEioorl ovo^.\oKT6v Oeppornroq. ATUX!q, e^oxoro
ouyvpoupoTo MeTo6oonq Oepp6rrlrog ovoQapouv doro rov 6po ewponio.
H e[epyerox4 ovoluon bteuKoAuvet r4v xorovo4o4 rnq quonq rov OeppoduvoHtK6v
onotrer6v, xor nopdyer pro errip4o4 rov duvorornrurv Betrriuronq Tnq onddoonq
UnxovolovrKdv rorooxeudv (p4yovril xor ouoxeudlv).
H {epyeroKn ovotruo4 eivor orevo ouvda6e;riv4 pe r4vnopoyr,ry4 ewponioq xor 4 np6K[on
yro ro y4ywrxo eivor vo 6r1;.rroupvei roEn oro neptBo)u\ov poq, KCI vo 6)(et oqv x0pio or6yo
rou rrlv eloyoronoi4o4 rrlq nopoytryrtq Ewponioq.
Iuv6uo(owoq ro 10 Kot ro 20 e.A., pnopotpe vo Bpoupe pto dxgpoon yro ro owrorpenr6
apvo Wrsv.
H 6rogopo pero{U rou owoorpenTo0 6pyou xot rou npovpoTrKo0 6pyou, tr6yeror pfl_
owrorpenror4ro r4q Erepyooioq, xol pnopei vo ergpoorei oov nopoyoyn ewponioq:

I=tl-w*=t{..t=?isG",
6nou To eivor n eepuoKpooio rou nsptFol owoq.
H nopoy6pevrl_ewponio So"n XpnotUs0et oov nooonKo pdTpo rnq pR-owtoTpenr6Tnroq. To
npoonuo Tou W ornv etto(ion 1'rrl eivor Berrxo yro np6o6oo4 6pyou oro o0ornpo, Kot To

{ro"t elvot n Xcryivn e[6pyero eEorrioq Tnq Un-owrorpenror4roq'r4q 6repyooiog, Kor eivot
nowo oeflKo,
H e[6pyero ev6q nooou geppor4roq 6Q, nou Uerogdperqt ono pro ono€4x4 €eppoxpooioq
T" yto rnv nopoYovn 6pvou, eivqr: 

o".u"o" *.."" = / /, 7\ \Y' r \- --' )te''
nou noproroverro uivroro 6pyo nou pnopei vo nopox€ei on6 pro owrorpenrn pnxovn nou
leroupyei perofo rov 6uo onoenKdv (pe oepyoxpooieq T" xor TJ.

To.nn^iKo rou npovpoTtKou dpyou np6q rnv eEapysto, ouUBoAi<srot pe 4,, (poopoq
ono6oo4q 2ou e.A.)
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€ovo\ F;rei"'"

onore o oEpUrKOq Boopoq onobooag (1o O.A.) nr, pnop€i vq Vpogrei:
w /. To\

rrt = d; = ttrr \, - ?, / = ltr qc-@,,

onou T, xor To sivol n uqnln xor yoprlA4 Oepyoxpooio rov 6uo gepprxdrv onoO4xrirv, pero{0
rov onoiov epyo(eror n Unxovn.
:rnv nepinroon ourn, o Boep6q ono6oo4q rou 2ou O.A. eivor UoyolUTepoq on6 ro !o0p6
ono6oo4q Tou 1ou €.A., e{orriog rou orr o BoOU6q ono6oorlg rrlq r6ovrx4q p4yovrlq eivor
nowo ;rrxporepoq r4q, povo6oq.

To espUrK6-UnxovrKd rpnpo rnq 4dpyeroq, pnopai vo unoloyrorei ono rnv 6xgpooq rou Wr"u
nou nopovsror Udxpr ro oUoTnUo vo dp€et oe roopponio Us ro neptpqMov, Oeppoxpooib!
To xor nieo4q po.
Fto 6vo xleror6 ouornyo, 4 efipyero ovo ;.rovo6o po(oq eivor:

- 66 = 6 - 6o = @ + + + gz + hu - Tos)- (uo + 9?o + pouo - ?o'lo).

fro avo ovorfio o0orrlpo oe 6repyooieq U6vrunq ponq, n pon eEipy8toq ovo povoEo po(oq
avol

-A,i, = v .,b, = tt, + l+ 9; - Tos) - (Ao +e:o - roso),

Ot gorrqrdq - Unxovo,\6vot, cMfltrouBovowot Kol iTepo rrg noponovor awoteq, enelon
ouvbdowor oyeoo ;ra flq npoKTtKdq EgopUovaq.
l-ro ro oxono our6, go npanet o gornrnq vo Bepot0jgei orr xordyer rn Uegoboloyio Tnq
efepyerox4q ovoluong, egqpU6<owoq Tnv oE ooo ro 6uvor6v nepiooorepo nopoEiiyporo
or4v npo(4.
f'lovro €o npdnat vo Entonpqiverot n oxaon pero[u nopoyurvnq ewporioq xor ondAeroq
aEapVeroq.

To npd,To nopoderypo nou go cterooouUs, eivol dvoq K0Kloq nopoyoJynq royuoq (Ey. 6.2).

Iy4po 6.2 K0rtroq nopoyurynq |owoq

6nou 4 xorovol.rq rov drogopurv noo6v evipyeroG oulBoli4eror pe enlgovereq:
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onopp6qnon 0eppor4roq oe uq,ntrn gspUoKpooiq =enrgoveto
onopp6gnon eeppdrnroq oE XoUnIn oeppoxpooio

(a+b+c)
(b+c+e+0
(a-e-0
(a+b)
(c)

0

(qr,'-q)

(To.Ss"J

:ov 6s0rspo nopoEerypo pnopai vo yp4orpe0oer 4 pero6oo4 gepyor4roq perof0 6uo
peuordv oe dvo ooroBorrxo evotrlorr4 oepuornroq (:X.6.3).

dpYo
e[dpyero
ovdpyero
p11-owrorpenr614ro

:XnUq 6.3 Mn-owrorpenror4ro xoro 14 perodooq eepuornroq

H Un-owrorpemornrq Unopai vo npoo6roprorei eire ono dvo loo<uvto eEdpveroq, n on6 6vq
roo(Uyro ewponioq (To.So"J.
H ovcpvero npiv ono rr1 dreipyooio r4g pero6oo4q oep;ror4roq, nopiororor ono rrlv enrqovero
(9-b1c-d-a), Kor oivor io4 ;le T..AS".
Mero rn perogopo €epp6r4roq n ovdpvoto, Enrgoveto (a-b-e-f-a), eivol io4 Ue T^.AS,.
Apo n ouEnon rqq e[ipyeroq nou ogeilerot orq pero6oo4 eeppornroq, eivor n 6iogo'po rurv
60o noponovur, enrgovero (d-c-e-f-d).
To >X. 6.4 deiXver ro onorileopo r4q o0[rlo4q rnq 6rogopoq eepuoKpooioq ;rero{0 rou
oeppoivowoq Kot rou Ur0xowoq peuoro0, onou ot dtoypoupropiveq nsptox8q deiyvouv p4-
owrorpenror4ro.

Eni6poon rnq o0Enonq
eepH6rnToq.

IXRUo 6.4 Tnq eeppoKpoorox4q Erogopoq oE avov evoMdxr4
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Evo rpiro nopo6eryyo 6ei;yet ro polo evoq woyewrp4 or4 peir.rorl r4q p4-cwrorpem6Tnroq
oE 6vo K0KIo Brayton (oeproorpopiAou-evor4ro 11).

:XnUo 6.5

(bl

KUKIoq Brayton
ovoyewnflK6q KUKloq Brayton
K0KIoq Ericsson
KUKIoq Carnot

To :X.6.5a eivot 6vo Eroypolrpo T-S yto ivo K^etoro K0KIo Brayton, orov onoio n ouUnieon
xot q exrovuro4 yivowor odroflorrxo, oMo oyr totwpontKo.

Atepyooio M4-owrorpenroTnro, R ondlsto eEdpyetoq

'fx'
(a)
(b)
(c)
(d)

{a)

t-2

2-3

3-4

4-t

Otrrx4 pr1-owrorpenror4ro =

?o(Sz - Sr)
I o,.1

?" l(s. - s,) - *al, tttt
?o(5r - 5r)

Io(AS.. + AS.".) = IoS3.;.

Enr ntriov owtorpenr6Tnrsq pnopouv vo flpoKMeo0v ono pon pe rptgdq or4 dropxero r4q
Uero6oonq gepUornToq.

H Xpnon ovoyswnrn (:X.6.5 b), peldvst rn OeppoKpootoKn Erogopo perofrit rov 60ooxpr,rv
Kor ouwelei or4 peioo4 rotv eforeprxrirv ;lr1-owrorpenror4rov.
:ro >X. 6.5c, goivowot ro onoreldouoro r4q notrupogproq oupnieoqq pr evdroueon qr0En
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Kor Tnq noluBoguroq eKrovoonq Ue evorop8on gdpUqvon, flou KoTo^nvel oTov K0KIo
Ericsson.

H KolliTepn geopnnKo on66oon, Entruyxqv€Tqt UE Tnv onolotgn rov Eo0rreptK6v Kor
e{oreprxriv Un-owrorpenrornrov, nou xcrotr4yer reXxo orov KUKIo Tou Camot (:X.6.5d).
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Evorqro 7
ldqurq odpro

H oftooqpeiorrl rErorqro rov oepiov, nou ro xqver rooo notroTtpo orn gEppoperpio, goiveror
oro >X.7.1, onou ro vrv6uovo p.u nopouoro(aror oqv ouvoprnon rnq nieonq, yro rdooepq
6togoperrxo odplo, oe rpeiq yoporr4prorrKdq gepuoKpooiEq:

* ppoopo0 Tou vepou (oe orpoogorprxn nieon)* TprnIoU orlpeiou Tou vepo0. rprfllou orlpeiou rou CO,

>22

r-

20

-P, atm

:XnUo 7.1 Mto geUehddng 161614ro rov oepiul, eivot ofl To lim,._,., (p.u) eivor welopr4ro
r4q g0o4q rou oepiou, xor efoproror povo ono r4bdppoxpooio.

:e 6lsq nq nepnTdoetq goiveTot orr xoOtiq 4 nieo4 reiver oro p466v, ro ytvopevo p.u Teivel
oe yro orooep4 Ttpn nou efoproror povo ono Tn eepuoKpooio

lim (Pu) : ,4 - ffunction.of temperature only, Ip-o . lrndcpcndcnt of gas. I

H Oeppoxpooio rEovrxoU oepiou € (nou onurq ei6ope rouri(aror pE rnv onotrurn geppoKpooio
T), opl(eror oov

0:273.16'trm! (const. Z and a),

onoTe

o : 2j3.r6o tim 
P^vrli : ztl:c Jl*Jnl

Kof 
f ztt/n - -- lim lEjl '

tim (Pr) - f'*J-&Il d
L zt t.to J

9 6p9q lreo_q olg oyKUIsq ldyeror noyxdopro oroOepo rolv oepiarv, xor ouppoli(aror pe R.
H rrprl rou lim (p.u) 3 (Tprnlo onpeio vepo!), eivat 22.4144 tit.aim/mole
opo

R _ | 0.08206 liter.atmlmolc .deg

I 8.3143 tmolc . dcc.
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Tetrrxo, owtxoOrordwqq yro ro u rnv rrpn rou V/r1, pnopoUpe vo VporUouUE Tnv KqToororKR
EEiooon rov ocpiurv oproxo yro Xoynldq nraoerq UE rn popgn:

lim (PV) : nR'.

Eoctreprr4 w6pyao cepiou

Oowoo94re ivo eepUopovopdvo doyeio niEonq, nou 6rorpeiror oe 600 Uipn pe ivo
6togpoypo:
ro dvo Uipoq nepriyer o6pro, ev6 ro o.l,lo eivor xevo.
Ew ogorpeoei ro 6rogpoyyo, ro o6pro go unoorDi Fto e^E0oepn €KT6voon, Koro Tnv ofloio
6ev rou npoo6i6eror oOre dpyo o0Te 9epporqro:
ono ro 1o O.A., npor0nrel 6Tl n EooreprKn rou ev6pvetq 9o;leiver oyerollnrn.
To epdTnuo eqv go H8ToBlnesi n oEpuoKpooio rou qEpiou (Kotn6oo), 61pr onoo;1ol4oer rov
Joule 1164 on6 To 1843. Mo^roro, n noodTnro

@0/anu,

tr6yeror ouweleorRq Joule.
fevrKo, n oooreprKn evdpyero Tou o€piou sivot ouvoprno4 onorovd4nore 6uo
espuoduvoyrKdv ouweroypdvov, ny /au\ .- . /au\ ...ou = \* ),* * \uv ),o'
Eov 6ev flopoTnpngsi perolotr4 €eppoxpooiog roro rnv El€08epn €KrovuJon evoq oepiou
(dT=0), T6Te eo toxuel

(au\ : n.
\AVJI

n p'ollo ),ovro, ro U 6ev efoprorot ono ro V.
Oeopdrwoq ro U oov ouvoprnon rov 0 Kot p, 6XouUE:

ou: (fl)""+(v)1r
xot qv dQ=0 Koro rnv eA€ue€pn eKTovoon, T6Te

(#).= o'

11 p'o,\,\o loyro, w 6ev nopor4pnoei peroBoAn OspuoKpooioq roro r4v ele0gep4 exrovuron,
Tore To U eivor ove{opTnro ru,v V Kot p, eivor 6qlo6i1 ouvoprnon onoK^etoflKo Tnq
0eppoxpooioq.
To Iy.7.2 6eiyvet rnv nerpopo xo perp4pdv4 e€oprnon rnq oooreptKnq Evdpyetoq rou odpo
ono rnv nieo4 ornv neproyq 1-40 atm.

npox0nrer 6rr:

KOI

(#),='r,'
u: IQ)P + F(o),

onou f(0) ouvoprnon onoxlerorrxo rnq gspUoKpooiqq.
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E

I

EXnUo 7.2 EEoprnon rnq EoLjreptKnq avdpyerog rou odpo on6 rnv nieon.

lEwrxo oEpro

Ro ro r6ovrxo o6pto, toxuet 6nr,lq ei6ope:
(idcal gas).

H onoir4o4 orr

Unopei vo ypogei d\trtdq:

KOr O9OU

npoxUnret orr

opo

@U/aP), = 0

@
F=7il;l

(idcal gas).

(idcal gas).

= - 6.08 J,/mola.atrn

(#): (#),(r),

@P/an, = -nR|/V' : -P/v,

To ep6r4po eov ivo npoyporrxo o6pto Unopei vo rpooryvtorei pe rbovrxo o6pto, Dtoprorol
ono To 6nrrpem6 ogotrUo orouq unolovtolouq Uoq.
Evo.npoyporrxo o6plo oE ntdostq KorL, on6 2 bar,;lnopei vo 6eurp4gei t6ovtr(o odpto pe
oqo^].ro 2-5%.
A.Kdpn Kot ornv nepinroon xexopeopdvou oryou oe roopponio Ue ro uvp6 Tou, Unopei vo
yivsr Xpnon rnq KorooronKnq 4iooronq rou tbqvrKoU oepiou yro XoUnfn rOon oiUOv.
Fto yro ororyer66n orovei-ororrxn feroBoln oe dvo udpoororrxo o0or4po, ro 1o €i.A. 6iver:

dQ=dU*PdV,

Kor n oEpttoxopnTtKornro uno oroeepd oyxo eivol:

c" - (4\' \do lt
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Ir4v er6rxrl nepinroo4 evoq r6ovrroU oepiou, n peprx4 nopoyuryoq yiverot oltKR nopoyoyoq

Cr=9,
KOI

dQ: Cvd0 I PdV.

Trirpo, 6leg or Koroorooetq toopponioq crwlnpoooneOowol oflo rnv EEioo,on Tov tdcwtr(dv
oePio'v pv: nRo.

Kof Vfo Ufo ororyer664 peroBotrn p dv I v dp : nR d0.

owrKogrordwoq orrlv noponovur eliouro4

dQ: Gv * nR\ d0 - VdP'

o 
#:cv+aR-vdfi'

Ynd oToeepn nieon, To oprorepo Udtroq Eivot ro Co. Apo

Cp:Cv*nR.
xor 4 npo4youlrev4 e{iooo4 yiveror

dQ:Cpd0-VdP.

Ilelpolrmr6q npoo6roprolr6q rng O€ploxctpnnr6rqraq qapilrv

o netpoponxoq npoo6roprouoq rnq gepuoxlpnnKornroq oepiov axgr 6ei{er 6n ro oapro oe
Xopnldq ndostq (onou npooeyyi(ouv ro rEovrxo o6pro), oupneprgdpowot r.rq e[4q:
(npoooyrtl TpotlpopoproKdq eeppoxopnfl K6Tnreq)

1 . OIo ro oeoro:
(") ro cv eivor ouvoprnon rnq, e U6vo

lbl To cp eivot ouv_oprnon r4q 0 povo Kor co>cv(c) co'cv= const. = R
(d) v=ce/cv, Eivot ouvoprnon rnq g U6vo, Kol > 1.

2. Movooroprxo oipro (ny He, Ne, A) Kot oTpoi lerol,\rrv (ny Na, Cd, Hg):

(a) ro c" eivor oroOepo yro peyotr4 neproyrl Oeppoxpooioq, xor nol0 xowo or4v
Trun 3/2'R

(b) To cv eivqt oroeep6 Vto peyqtrn neproy4 0eppoxpooicrq, xor no,\0 xowo or4v
Ttun 5/2.R

(c) ro y=co/cu, eivor oroeepo yto psyoln neptoxn gsptloKpooioq, xor nol0 xowo
ornv nfn 5/3

3. froOepo 6roroprro oipro (Hr, D2, 02, N2, CO, NO):

(a) ro cu eivor oro0ep6_olq ouvRe€tq 0eppoxpooieq, no,\u Kowo ornv:n1ns/2.R,
Kot outovet pe rn eepuoKpooiq

(b) ro cv eivot oroeepo orrq ouvrloerq oepuoKpooieq, nolu Kowo arnv rryn7 /2.R,
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Kor ouEover lE rn gepuoKpooiq
To y= co/cv, sivot oTogepo onq ouvRgerq 0epuoKpooieq, fiolu Kowo ornv Trpn
7 /5, Kot ouEover Us rn eeppoKpooio

4. Flotruoroprxo o6pro xor y41.trxo 6poorrxo o6pto (CO2, NH3, CHo, Cl., Br.):

lo cp, cv .Kor cplcv nopouoro(ouv onuowtKn 6roxu1.rovor1 pe rn geppoKpooio,
oroQopETrKn Yro Ko98 oEpto.

Orov€i qraflxrl o6tolanrn 6cgycoio

Onoq eiEope ornv 4q evor4ro, toxuet yto t6ovtK6 q6pto:

(:mUo 7.3)

nivorqg 7-l

(c)

t
E

E

:XnUo 7.3 Enrgovero r6ovrxoU oepiou oro dtoypoppo p-V (ro66eppeq pe 6toKsr(oppeveq,
obroPorrx6q Us ouvex8iq ypoUUad.

:Tov nopoKcrro nivoKo ouvovi<owor or onl6q usloBotraq xorooroorlq rou r6ovrxo0 oepiou.

5

tl tP

5

I
l

--

i

'. .,n. b
_ L.-_

\l,\. :]
;-:

g,r ='.ot4 - ti)-,1/,: r,)

$i=0

Q,: ='.,rr. - r,l =dtu, -,, )t(: =0: tt;=r,r,,,-r'r)

tt t , r=f=f,-."n"
.,--____: t)t =r rr-r,.r.=6nn

0,, =rp, r , tntp, ,,rl
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Oepprd ror geppo6wcprrd efior.roq- Ewponio rEcuxoi oefriou

Onog iyer 464 npowogepgei, 4 xoroororrx4 efiouroq rov r6quxdv oopiov Unopei vq
ypogrei oov

p.v=R.T

onou R=R/M.B., efoprcror on6 To UoptoK6 lopoq rou oepiou.

Irov nopoxorul nivoKo 7.2, goivETot n oeputKn xor €epyobuvoytKn eEio0ron, Ko€6q Kot n
6Kgpoon r4g ewponioq ev6q r6ovrxoO oepiou.

Ilivcxog 72

Tabello 5.1. TherDische uod Lalorisch€ Zusrsndegleichunq
Bowie Entropio ideoler Gaee

RT
P

L- l -ota\ )'n

": f "2et{ - "Rhil +,^
t.- a' Po "

NT

7u: I co,1f1ar qq
T.

T)ac: I c2f'\? +.R ln 3 + s^
I.- t 0t

Eror pnopo0v vo npooEroproro0v r6roirepo on^o psrogoAdq s!€otrnioq Kor ewponioq
r6ovrKdv oepioJV.
Fto npoy;lorrxo odpto, o unoloytopoq viverot Ue Boo4 T|q ntvoKonotnpdveq rrp6q p6o4q
et6rrqq geppoyr^rpnnK6Tnroq oov ouvoprnon rnq geppoxpooioq, pe xirdroro'opro rouq
0-c.

a

lgJ.?=+[cD.o.dt
I'o

Fro 14 6rogopo ev0olnioq ;lerofO rov eDppoKpootdv OoC xor t, loyuer:

t

dt) - tt(trl = [ c o.(0. dt=lc p1 oh.L_ac e"l oq. t1
o

Avoloyo roxuouv Kc[ vto flq Dwponieq.

Unebhengige ZustaDdsgrogetr sind
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ldcuxo piyuqro qepicrv

Irtq egoppoyiq Tnq 9oppoduvoprKnq, 68v onow6wor U6vo Koeopiq ouoieq, o}tro Kol

UiyUqro Koeopdv ouordv.
Ro ro piyporo rdovrxtiv oepiov, ropouv r6roirepo onl6q oxdoerq nou go nq ovoqipoupo
onAq 866.
H petrdr4 Tov prvUorov yiveror on6 r6roiTepo U68nUo, rn eeppo6uvoHlKn Tov ptypor0rv.

Av mA, mB, ... or Ho<Eq rov UEuovoudvov ouqTcrtKdv rou yiyporoq (xogopriw ouotov), TorE

m=mA+ma+mc+-.

fov nooooro po(oq Tnq ouoioq N, opi<erot:

- frtt
<l=;

Av or noo6r4req rov pepovr,r;.r6v0Jv ouorcrnKdv exgpooro0v oe ypopljoUopto

n=nA+ n8+nc+ '..

r6re roy0er yro ro ;.roproxo KIooUo tlJN

.nN
V rf;

opo royuer:

[ 4+E s+[ 
"+...=1

KOI

l} r+{r 8+{r cr... - 1

H p6oq poprox4 UA<o Tou UiypoToq diveTot qn6 14 oy6o4:

Mr=Mng 
^, 

M"ty ,+M64t 
"+,..

H peprKn nieorl P" Tnq ouoioq N oe ivo Uiypo, opi(erot ono r4v efiotoo4:

Pu=ltpP

loxi8r trornov

Qa+Ps+...=(S 
^+! 

e* -.|.P=P
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l66r4reg l6ovrrriv depiGly tlpctrov

Evo Uiypo oepiurv pe rrq r6r6rqreq:
Vm(r,p) =VoCr,O) +VrO,n) +...

= mA.uA(I,p) + mB'uBO,P) + ...

= 1no+ nr+...).RT/p
= (moRo+ mrR, + ...)T/p

KOI

UJtl=U^(tl+U11)*.-

ovoUocaror roovrxo ;riy;ro oepiu|, egooov ouuflEptgeperot ocw avo r6wrx6 odplo ;le
KoroororKn {iooon:

vSr,g=n.il=naJp -p

:rn oxaon ourn ro n noptorcryst rov oprO;lo ypoppopopiurv Kot ro m rn Uo4o rou Uiyporoq.

R^=E 1R7'+l tff"+...

KOI

Rr=h

Iiyyarq qcpiou-arpori - Yvpdg o€poq

To pivporo oepiou.orpo0, eivor rEovrxo piyporo oepiul pe ro r6roirepo XopqKrnptoTtKo orr
ornv neproxn gepuoKpooioq nou e{ero(eror,;rro ouvror6oo rou Uiyuoroq UnopDi vo
oupnuKvogei, Kot vt'ouTo ro tr6yo xopoKrnpi(erql oov oru6q.
Or oMeq ouvtordoeq nou 6sv oupnuxvrivowor, yopoxr4pi(owor ow o6plo.

To nro ojuowtK6 nopoEerypo rirorou l.riyporoq, eivot o treyopevoq uyp6q o6poq (piypo
6n,\odn Enpo0 odpo xor u6porpou, onr,rg onoworor orqv orlroogorpo).

KoTo rnv ef6roorl rou piyporoq o6piou-orpou, viverol 6toKpron oTtq 600 nopoxorur
neprnTdoerq:

(a) To Uiypo 6ev eivor KsKopeopivo. Kqt ot 6uo ouvtor6oeq epgovi(owol oov o6prq Kol
6av unopyer xo€otrou oupn0rvopo. :Tnv nepinToorl our4, npoxerrot yto t6cwtKo pivpo
qepiurv. H nepinroo4 toxuet povov egooov n peprxrl nieo4 pD Tou cfiyo0 oro tlivpo,
eivor l.Ixporep4 qn6 Tnv ri8on Kop8ouoo ps oro piyuo.
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(b) To Uivpo Eivqt Kopsofavo: toxuet pD=ps l(ot unop)€t oupn0Kvolpo (6qootKo piypo).

H nieon xopeopo0 ps rou orlro0, aivor ouvoprrlo4 Tnq nioonq Kot rnq eeppoKpooioq

p,=plT,O

no XoUnIcq nrdoerq opr.rq (< 10 bar), ynopei vo nopql4geei n e€oprnon r4q nieorlq
Kopoouo0 ono r4v nieo4 rou piyporoq, xor vo re€ei:

pJr,n=pDJt)

6nou po"(I) n roon rov KeKopaopivov orglv Tou vepo0 or4 espUoKpooio T.




