
Evor4ro 8
Atepyooieq Uoupqq poRq

Onuiq ovogdpenKe Kqt ornv 3n avorqro, or4v npo{4 ot pqywdq xor ouoxeuiq 6topp6owol
ono pDUoTo oe Udvtun pon. Irnv avdTnTo ouTn eo EuBoeuvoupe neprooorepo orrq
6tepyooieg povrUnq ponq, pe rbroirep4 iligoorl or4 0eppo6uvoprx4 14q po4q rulv ouUnteorov
oEUoT6v.
To 1o O.A. yro Erepyooieq povrp4q porlq, exgpo(arot pe rn Oepetrtdldn eEiot^ron roo(uyiou:

4p * tt,,, - hz - \ +, t Z _ cll a ge" _ zry

yro avov oyKo eIaVXou nou oroppderor ono peuoro oe povrpr; po4.
Oloro peyi04 nou unetoipxowor or4v efiooo4 ourr1, pnopo0v vo unolovtorouv oro opro
rou oyxou eAdyyou. Aev apgovi(owot oUoq pe oognvero 4 peropo,\4 xorooroo4q rou uypou
xor or.6rogopeq p4-owrorpenrornTeq. :rnv evor4ro our4 00 Ereuxprvrorouv or oy60erq
leroEu rnq nopeiog r4q peropo,\i1q Korooroonq Kot rov onurlet6v rsxvtKou ;pyou nbu 14
ouvo6euouv, He oroxo vo oupnlnpoeei ro e{oreprx6 too<0yto rou 1ou e.A., Ua dvq
sooraprK6 roo(uyro, ro onoio 0o ,\opBovet unoqrl r4v eEiIEn rnq ponq ;16oo orov 6VKo
etrdyyou.

Enerbq ro pEUoTo nou piet sivot dvo onlo eeppobuvoptKo oUor4po, roy0er:

T ds - du * pdv.

roxuer 6yt.tq enionq:
T tls : clq + ?' d.!t.r

onou dsin eivor 4 (nowo Osrrxn) ouEnon ewponioq nou npoxoleiror ono rq peropo,h
KoTcroroonq rou peuorou, yto rqv onoio royUar: 4ro : T dsnr: tlv 2 0.

(dw. To dpyo n_ou nopovouv ot rooaq rptg6v Koro rrlv nopopopgoon rou peuorou, Kor {,
n ev8pveto oKeooonq).
Eror, vro dvov oyxo elayxou pdoo ono ro 6pto rou onoiou 6ev Uerogiperot 6pyo on6 rrq
Tooerq rptBRq, royuer 4 nopoxoroJ geUslt66nq efioooq yro ro reyvrxO epyb, nou biv neprdyei
eepul6ou'TplKq peYien: j ,oo:u,,,, - l(.i! - ci) - s(:, * :r) - er:.

b0

flopooroo4 r4q e{iooo4q yro ro reyvrxo dpyo, oro 6roypoppo p_u.
(a) ouEnon nisonq
(b) elorroon niaoqq xoro rn lsroBoln xorooroonq.

:XRUo 8.1
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H €Eiooon ourn ouv66er To relytKo ipyo pe rnv Evipyeto ox66oo4q pe ng p6oeg rr;liq or4
6toroprl po4q rorv xcTqorqTrxdv peyeedv rou peuoroU.
Av n 6repyooio Ltovrpnq poqq eivot owtorpenrn, xor enop6voq lqpgover Xrilpo pon Xr,rpiq
TprBdq, roTe roxuet $,12=0 xor 6youpe 14 yvr,rorrl eEiooon yro ro (w,. o).-.,.
To qprorep6 oxdloq r4q noponovul sEior,lonq, ovTtoTolxei oe pro eiri'rpdiero oro 6roypoppo
p-u (:X. 8.1), 6nlo6n ornv enrgcrvetq perof0 rou oEovo p xor r4q ypopp4q perogofaq
xorooroo4q nou o6nyei ono rnv KorAoroon etoodou 1 ornv Korooroo4 e{66ou 2 rou
p6uoro0.

Av ro peuoro ugiororor ouEnon nieonq xoro 14 6io6o qno rov oyxo el6yyou, rore 4
enrgove,ro_ noprorover ro re)o/rKo 6pyo nou npoodiEeror, ono ro onoio 6pur{ np6ner vo
leopsOei n ev6pyero ox66oo4q xor or yerololdq r4q xrvqrrxrlq xor duvopixrlq evdpyeroq
(8X.8.1a).
Av owieero n nieon rou peuoroo etrorr0re8i, (dp<o), rorE n Enrgcrv8ro noprorovsr ro
o€poropo rou reyuxou 6pyou nou ono6i6eror, r4q ev6pyeroq oxi6oo4q xor rov peropokirv
rqq xvqrrxnq Kot ouvoutKRq evipyeroq, :X.8.1b. loXUEr lotnov yro r4v nepinroon ourn:2Z

- I, dp : ! r,-ool : (-wuzl + i t"B - "i) + s("r- zr) * prg.

.).uugovo pe ro noponovo, Vto rnv evipyen ox66oo4g r4q drepyooioq povlp4q po4q,npox0nret: z ayrr: - [ adp +wa2-+kZ- ci) - s(22- z1).

Kor ov lnQ€ei un6qn ro 10 e.A.:

.tt"-i("3- c?) - cez- ztl: hz- hr- {rz,
trouBqvsrot: 2Z

,fp: - I adp + hr- hr- ltz: I T d,s - qr2
1i

Tunrxo enopdvoq toXUEr n i6to oxaon onoq Kot yto ivo K^etor6 o0ornHo.
nqworq oro oloKlnpurl.to: z

! '*: tt".* ev

To T noptorAver Tn €€pUoKpooio rou peuoroU nou Bp60nxe oTtq ent Uapouq 6rorop6q r4q
porlq' 4 onoio peroBoMeror xoro prlxoq rou 6p6uou ponq pero6J raq brdrotrnq eioo'oou xoi
lnq 6rorou4q e{o6ou pe releir^rq opropivo rpono, xoi eEopraroi ono inv nopeio rqg
drepyooioq. flopoporo, ro ds noptorovei rn UeioBoln r4q ewponioq rou p'Uoro0 yto Tnv
eKoorore 6loToUR ponq.

Av ornv noponov0J e{iouron r8gei u=oToeepis (napa\oyrl aoupnieorou peuorcu), r6re
npoKUnTet:

uoz: olp2 _ otl + V@Z 
_ 

"?) + cez _ zrl * vv.
Av enrnkiov eferooro0v 6repyooieq orq onoieq 6ev npoodi6eror o,\,\o oure Kol ogorp'irol
rexvlKo..6pyo, nou ovopo(owot 5tspyqoieE po4q, iorc lopgoverot n yvoorR b€ioronBernouffi: L p" \ /

\P 
f 2 

c- t on" ), lp 
+ t c, * w,),: _ev,,.

nou roxuet povo yro pon Xrpiq rptBdq oouunisorou peuorou.

Ener6n o8 avo oouunis'ro peuor6. 6ev eKr€leiror ipvo peroBolnq ovKou, vro rn ueroBotrnr4q eooreptxrlq rou evipyeroq royoer q oydo4:
uL - ua: u(Trl - u(?r) : gn * tpp.
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H eooreprx4 ev6pyero Enlo6n av6q ooupnieorou psuorou, eloproror povo on6 14
Oeppoxpooio. H gdppovon evoq rdrorou peuorou oe pro 6repyooio Uovrpnq poRq, 0o npiner
vo ono6oeoi p6vo oe npoooylrvR Oepporqroq, 4 oe ox66oo4 svapyetoq.
Ie pro o6roporKn Erepyooio lornov, 6ev eivor nori 6uvor6v vo U,ux€ei dvo ooupnieoro
peuor6. Eivor 6poq n€ov6v vo espUcrvgsi ono rnv Evipyeto oxi6oo4q (t|,12>0).

l6rov ipyo. uEpouhxoq Bo0uoq ono6oonc

H perorpon4 ev6pyeroq oe pro Erepyooio Uovtpnq po4q, exgpo(aror ono r4v efiouroqroo(uyiou: .r

,"2 _ 
iFZ _ c?) : hz _ ht _ erz

nou dxer ypogr€i 6ro1 6ore vo neptixer oro oprorepo oKitroq UnxovtKdq avipyereq nou
pnopoov vo peroTpono0v Xupiq nepropropo (641. e[6pyeeq), ev6 oro 6a[ro oxdtroq o.,
lopgdq svdpyerog, nou oribie.ro0wor'povo ioio evo'p';po('ono egepyerl. 

- -: uEpprKeq

Ovopo(oupe i6rcv ipyo, To qptorepo or(6troq rnq noponwo efior^lo4q:

*..t2 - tor. - r! ki _"i) : (r,,, * i.l) _ *";,
to onoio noprorover oKpr9dq ro n,\sovoouo rrlq prnyovrxrlq ev6pyaroq nou npoo6i6eror urq
npoq rn UnXouKn Evapyeto nou EKpdet qn6 rov 6yKo olvxou. H 6rogopo ourrl ev6pyeroq,
dyar ;lerorponei oe eepurKn sv,pyero (pA. 6e{ro oxitroq rou roo(uyiou).

lr4v npofrt, 4 perorpon4 Tnq pnxovtKnq oE gepptxn evdpyeto (w",,t0), epgovi(eror oe dvo
oupnreorn orov onoio npoo6i6eror reyyrxo apvo, n Kor o'6vo 6royiri4po, 64A. otvov oyr,lyo
ponq nou txsr 6rotrop00jg6i KoTol n^o dore n peyoln KvnflKn ev6pyaro rou peuorou flou
EropaEr vo lrsrorpin8Tot oe ev€otrnio, KJpiq vo npoo6o0ei reyyrxo 6pyo.
H perorpon4 Tnq Oepptxnq evdpyeroq oe pnxouKn (w"rz.0), ouppoivei orov orpoptlo. E6d
n UnxovrKn evdpyero (i6tov ipyol, ono6i6eror ow reyvlfd6pyo, xor 4 evgotrnio rou peuoro0
E^orrovETot. :E dvo or(poguoto_nol, 4 xrvqrrrfl ev,pveto rou peuoro0 oufoveror oi gopoq
rnq EveoArioq, yopiq vo ono6i6eror reprrx6 ipyo.

Of 6lopyooieq onq onoieq toxuet qtz=0, yopoxr4pi(owot aov 1ttpyaoieE poiE. E66 6ev
unopxouv broro(srq yto r4v np_oooyijy4 4 ogoipeorl rexvrKo0 ipyou-ono r6'yOi6 etrdvxou.
Enopivorq ro i6rov apvo prqq Erepyooioq ponq., Etrqrrdveror pe i4 ueTogoln'rnq rrvnii*nq
ev6pyaroq rou peuoro0 nou.pier, enerdq ouro exroq ono 14 duvoprrfi evepyir6 nou eyei
nopolnegei, eivor 4 lrovo6rxn popqn prlyovrx4q avapveroq.
Awigrro, ae 6epyooieE ipyou toKiet wrz*O.

Eov rorpo yiver o0yrpro4 U8ToE0 Uto_q Un-owtorpenrRq firepyooioq povrp4q po4g xor proqqwtorpenrRq nou nopouoroZet rnv i6ro UeroBotn Korooroonq rou peuorou,-npoxunrel
wiz : @iz),", t vr" 2 J' u,tp;

enerdfl oupgurvo Us ro 20 e.A. tox0st rl,ir>O. 
1

To i6tov apyo nou xorovotrioxeror os ur6 un qwrorpenrn drepyooio, eivor uevotruTepo 0,,6ro i6rov iqyo oe Uo qwrorpenTn 6repyooio, Koro rnv euepyi,o o*"boolq.
rro vq Koeoptorei ro pdye0oq rnq evdpverqq ox66oo4q nou epgovi(eroi oa pro 6repyooio
udvrunq.ponq, yp4orponoreiror ouyyo o u6poulrK6q go-euoq d6oodnq. rio io runlid uroq6tepyooioq oupnieorlq (dp>O), qur6q opi(eror onor4 oydo4:

,^.:4"' : _i4r
dt, tdp+dt,
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Kor ovoloyo vro Uro Erspyooio exrovor4q (dp<0)

,to.: -- .dL -:: il-,--!'t : t - 
d'p.

-d.i., -v dP -r, dp '

Iuyxpiveror 6n,\odn ro i6tov ipyo qe p+dwtorpem4g dopyooiog, pE To i6rov ipyo proq
owrorpenrnq 6repyooioq yro r4v i6ro pETopolR KoTooroonq rou peuorou.
Ano Touq oprgpo0q ouro0q npoxUnrst, ylo Uav lq Erepyooieq ouynieo4q

du':(1lt14lodp
tly: [g146"l - t]o dp

ev6 Vro flq drepyooieg eKTovoonq:

KOI -do' : 4^"(-t rtpl

dv : lL - rt (-v dp\.

.,9p: - J odp|0,
I

drp:fA"-dq:Tds'.

Arepyooieg podg

Irlg Otepyooieq ponq, To rexvtKo dpyo w,rr=0. Or Erepyooieq ouriq }opBovouv Xripo oe
oyxouq etrdyyou Lte rn UopQn ovovou, nou 6;v n8prdxouv 6toroaslq yro r4v npoooyujin n rnu
ogoipesn relyfi(ou ipyou, nX os o0Jlnv6oelq, oKpoguoto, evotr oKreq gep;.ror4roq 

'xrtr.

To unolorno rnq ev6Tnroq ournq pnopei vo oeopnesi oov uro erooyurynornv oepro 6uvolttxtT
funxovtxi ruv oupnaorbv peuorbq.

Arepyooieq ponq pe apooovoyn geouornroq

:our6q roxuef (10 e'A): 
Qtz: hz- n,*f,t1- .?l.

ruvrloi(eror n swolnio Kor n Kvn KR evipyero Tou psuoTou vo ouuneprtrouBovowor orov
opo (er6rxr1) oAKn eveoAnid, 

,,., : h + cz 12

onoTe n noponovo efiouro4 yiveror:

c:::ht_ht'.
H ueTo8oln rdpo rnq KMnrKnq evipveroq rou peuoTou, Eivaror on,q eivor w',oro on6 Tn
oxion:

-;t"i-"71 :-!,oo-r,,.
Ener64 royuer V12>0, ro peuord nou p,Et pnopei vo entroxuveei Uovo 6rov n nieon ornv
Koreueuvon ponq elqrr0rveror (dg1!). ETrq neproo6Tepeq 6repyooieq ponq pe npooovovn
11 ogoipeo4 oappor4roq, n UeroBoln r4q xrv4rrxrlq svdpyeroq oq npoq rn 

-eeppornTo 
n rn

uerqBoln sveolnioq, unopei vo nopolngesi (ny evo,\troxraq eepuoinrdq - 4 nrtilorl nieo4q
nou epgovi(eror, yp4orpe0er p6vo yro unspviKnon rov rprprilv). ioyuei enbp;voq:

6n^o6n
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H rcrxtlrqro rou n1ou

:e Koge oupnreoro peuor6, pnopotv vo epgcrvtoroUv UETopo)r.q nuKvornroq nou
npoKolo0wor ouvRgorq ono Erogopig ntaoeoq. Enopevoq o ouweleor4q EEoprnonq rnv
nieonq ono rnv nuKvoTnTo, eivot onUowtKn nopoueTpoq xoro r4v efiroon 6tepyootdv ponq
oupnreordv peuor6v, Kor ouvdierot pe rrlv royur4ro rou nyou oTo peuoTo.
To qy4rrxo KUUoro eivor rolowtioerq nioonq Kqt nuKvornToq ljlKpo0 n,\oTouq, nou
6to6i6owor oe dvo oupnreoro p6oo pE optopdvn royur4ro, 6qI. r4v royurrlro rou 4you.
T6roro x0po nieo4q pnopei vo 64proupy40ei ny ono Hro UrKpn Kivnon rou Epgo^ou rou :X.
8.2a.

:XnUo 8.2

geopairor on ro udrono xuporoq- xrveiror us Tnv royur4ro u oro peuoro nou qpepei, rou
onoiou n nieo4 eivor p xor 4 nurvor4ro p. To psuoro nou xrveiror oprorepo on6 io'pirono
KUpoToq, dyer r4v roy0r4ro c, r4v nieo4 p'>p Kot r4v nuxvor4ro p'.
Fro vo unotroyrorei 4 royur4ro u rou K0uoroq oov ouvopr4o4 rov xoroororrxt^lv uey8edv Tou
peuoroo, enrl6yeror 6vo o0or4po ovogopoq nou npoooeiror po(i pe ro r0po. i'ouro ro
ouornpo, ro peuoro gOover ono Tq 6eEto Ue roxUTnro u, xoi peei npoq rq optorepo Uoroxurnro u-c, :X. 8.2b.
l dvo oyxo el6vxou nou neprlouBover To peuord pero[u 6uo EroToHdv, otraooq nprv Kol
Uero ono ro qKivnro U6Tono Kuuoroq, egoppo(oupe ro roo(0yro proioq,

pu: p'(u - cl.
Kor ro eedlpnpq rnq opl.tnq (r1 ypovrxr; peroooln rnq opUnq toourot UE rr1 ouvrorop6vrl rorv
6uvopeov nou evepyo0v novL, oro ouornpo):

(o) K0;lo nrioer,rq nou KtveiTor ono Tq optoTepo npoq To 6eEtq Ue
royurnro u unpooTo ono To 6uBotro nou xrveiror.(B) M6vtuo UdTono Kouqroq.

u-r lli ,.
pie' ill p,p

' lfellenfionl shhbndE ty.//e

,it(u - cl - thu: an'p _ c)2 _ Aguz,
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Kql

Q'@._cl2-gu2:p-p'.

An6 rfq noponqvLJ eErodoerq noipvoups Uto eKgpoon yErnv rcrxirnra rou nxou:

u : (Q-r-- n,\tr2
\p p - Q /

Enetbrl r6po ro rlyqrrxo x0poro 6youv notr! yrxpo nloroq, pnopei vo unoreoei 6rr p,*p, p'*p
Kor U8 Tnv npoijno€eo4 toewpontKnq pero$olrlq KoToorooeog, 4 royUrqro rou 4you nou
yopoxr4pi(eror UE To oupBotro o, yiveror KctrdoranKo Uiyeeoe rou ptuorou;

a : Y Qp lzel" : o V - @P Pal".

H rowrnro ourR ouv6d8Tot enoHdvL,q pE rov toewponrK6 eKodrn k:

q:l/pvk.
rf o ro f 60vf Ko odpro, npoxunrouv no^| rEroirepo ontriq oydoerq: , : / *ar nr : l xtTl t n wrc
6nlo6n n royur4ro rou ilyou eivor xo6op4 ouvoprnon rnq gsppoKpooioq.
Irov nivoxo nou oKoloueei, goivaror n ruXunro rou nxou 

'oe 
6avKd oipto, os

9eppoxpooia fC.
N2 Lult CO, HrO

o Y9?o
a

1231 337 410

o 
^ovoq 

r4q royur4roq ponq c npoq rnv roxurnro Tou nxou q nou ovrororx€i orqv i6ro
xorooroo4, XopoKTnpi4erot oov opropoq Mach, Ma=c/o.

H opeR rpouortr4 oulmieorl

KpouortKo Kirro pnopei vo 64proupvne'i, orov dvo oripo nyneroel us unepnxnrKn roy0rrlro
orov oapo, n 6Tov avo peuor6 KtvsiTot UE unepnxnlKn roprqro d,evov oyi,lyO. 

' "
Tore Eqproupyeiror 6vo piTono dorqpo€eoq, 4 xoMirepo pro (6v4 6roiopo{4q prxpo0
nlqrouq, (rotnq psyi0ouq Tnq Uionq elsueepnq 6ro6popag rurv popiov),'ornu oiioio nnieon, n €eppoKpooiq Kor n Tox0TnTo peropotriowor' onoropo. 'rvroxpooxoniro 

trorn6v
nopor4peiror Uto KovovtKn croroeeto.
E6d 6_0 Eteroorei u6vov n opgn xpouorKn ouunieon, onou ro uaT.rno rnq 6roropof4q eivor
enina6o Kot etoipxerot oTo p8uoro nopoAlnlo pe rnv royurqro rou.
H eEaToon rou gorvo;rdvou ourou 6reuroruveror Kor-nor on6 rn xpnon Krvoi,levou
ouo.rnporoq qvogopoq (:X.B.g), 6nou geopeirot ort ro peuor6 xrveiror pe'unepnxnflKn

]![qlT" c, oe oy6o4 pe ro pdrono rou KpouorKou x0poroq (nou npeuei), xor orr lrer'o on6
rn otooo ono To ueTono, ro peuoro peer pe royur4ro c...
Xopiq vo eivor yvooro Us oKpiBeto To gotvotevo ori <6vn KpouoTtKRq oupnieonq, ro
KorqoroTrKo ueyden npv Kor uero Tnv Kpo0on pnopo0v vo ouv6eeo0v lreroiu rouq,, ov
lpe€ouv xorvo o4peio orrq afro6oerq roo(uyiov.
H e€iooon rqq ouvdyeroq 6iver:

\rt!, _.v!!.

Ensr64 rtipo n <ovn Kpo0onq eivol q6tolonKn, n oltKn evOotrnio fiopopdvet oro0spn:
I, + c2l2: htt + c2vl2.
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:upgovo 6e pe ro eedpnpo rnq oppnq:

,ir(ct-c,):A(p,-pr)

n
N

N

Pr,9r' UP!'q,
tL' ll h!

Iynuo 8.3 KorqoroflKo UDyden npiv Kot ljero rnv opgn KpouolKn oupnieon.

KOr enet6n tox08t:

npoK0nret n oxdon:
rit : Ac.n- : Ac.o.

P" + ppi: p, * p,l:i.

Av orfq rp8iq noponovo oxdoalq npooreoo0v Kat \ eepUKi Kq n eeplJt\operyKi
Kc'foofctftKi eEiouon wc, ro peuofoi

0 : a(T, pl und h : h(T, pl

r6re 6rogdToupe ouvohKo ndw8 sEro6oerq, pe nq onoisq pnopo0v vo uno,\ovroTouv ro
HEY6en:

ig ia;,]4ir,i'#Jr,l,ii';r ono rnv Kpo.on.

ot noponovo oxdoerq yivowor xoMirepo Korqvonrdq novo o'ivo droypoppo h-s (:y. g.a).

:XnUq 8.4 Koynukt Fanno xat Kqtnu^n Rayteigh. To o4peio rop4g rouq opi(ouv lq
KqrooTooetq npv Kor Uero qn6 pro op€4 KpouoTtKn oupnieon. 

-
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EKIiVouHe Urcr oTogepn Korooroon x npiv ono Tnv Kpouon, Kot E{Ero(owot yevtKdq
6rorundloerq yro rnv Kordoroon y.
Appxo onotreigeror n owofin roxuTnro c, ono rnv efior,ro4 rnq avipvatoq, Hs rrl Bongero
Tnq eEiooonq r4q ouvdyeroq,:

ho: h,*|t - o,1,,y1

:E KoeE. rr;14 rou u, ono.rnv efioororl ourn, npoKorrEt pto optopavn Ewolnio hr, pa Boon
Tnv onoio pnopei vA unoloyrorei Kot n ewponio s.,.
:ro broypoUyo h-s, oAeq ouraq ot Kqroorooetq 1n", sJ, n6grouv novo or4v leyopevn
KdUniAn Fanno, 4 onoio ouv66er otreq rrq, xoroorooeiq n'ou epgwi(ouv rnv i6to nuKvornro
portq yo(oq xor ouyypovo4 r4v i6ro oIKn eWotrnio.

O deurepoq y€{rperptK6q r6noq Uoq 6i6eror ono rn oxdon UErotu Tov efrodroeov rqq
ouvaxsrqq xor r4q opp4q, pe onolorg4 rou cr: 

az_

n,+f,(r-v"1vS

snopdvLrq oe Koge flun rou uv owrororxai pro nieo4 p,,. Fro rrq KorooroTrKeq efrodroerq ono
ro 5 Kot Pr, Io;.tBovowor xdr ro hv Kor sv, dror 6&e oro 

-6roypoppo 
tr-i vt pnopii vo

oxeofoorar Kor l.rq oeuTepn Kouruxn, nou'l6yeror Kopnu\n Rayleigh. H xounutrn ourn
ouv6der oleq rq KoToorooerq nou 6youv r4v i6ro nuxvoraro poai pdgoq xor npor0nrouv
4 pio ono r4v ol,\4 Ue pon Xrpiq rprB6q. (Frori Kqro rnv EgoppbVn 6nfo-On rou Oeorp4yoroq
Tnq opunq nopoAeig04xov or 6uvoperq rprBdv, ivexo rou ;trxpo0 noyouq r4q xpouorrxni
oupnieorlq).
To oqpeio rounq rov Kounuriv Fanno Kor Rayreigh opi(ouv.q Koroorooerq x Kor y, rprv
Kor Uero Tnv KpouonKn oupnison. ouotKo, n gopq npoyporonoinonq lrroq riioroq
Erepyooioq, eivor nowo rpoq o0Enon r4q ewponioq (zo g.n.i'
Tdtroq, yro vo e{eroorei n Uerolotrn r4q royur4rog Koro rnv opgn KpouonKn oupnieo4,
eeopeiror opxKo n xorooroo4 A novo ornv xopn0i4 Fanno (:y.e.c),'onou ro'A )pilerut
ono rqv xaraxopug4 egonropivrl r4E xopnd4g Fanno.
frn 06on ourn lox0et:

xot enrntreov

Tds-*dh-od'p:g

ilh*cdc:0,

ener64 yro rnv KoUnUIn Fanno 4 ouvohr4 evootrnio Eivot oroeepn, rootiq xor

a(t\ :& - ",0, : o

ono r4v efiouro4 Tnq ouvexaoq. \ 1' / u o"

Ano rrq_rpeiq ourdq eErodosrq onotreigeror ro dh xor dc xor ,\o!rBoveror yro rnv Tox0Tnro nou
epgovi(eror oTn edon A:

cz: -&(0p l1u),: (0plAd,: o2.

E66 enop6vclq entruvxoveror n roXU,Tnro rou 4you. Eror, oro Kororapo oKaloq rnq Kopnu,\nq

lll::-9_:lll :.,glorxouv.Koroorooerq ua unepnxnrrx4 royOrrlro c> o, av6 oro'ovr^r ox6tog
KOrooTooEtq pe uno4ynrrx4 royur4ro.
Me Tnv KpouonKrl oupnieo4, To psu016.nou pder pe unep4y4nKn rox0rnro qrtoKTo on6ropo
unonxntKn roxor4ro. H owiorpog4 peroloo4 (KpouorKn opoitroq)-bev eivor6uvorn, ener6n
€o odqyo0oe oe oAqrroon r4q ewponioq oro o'6rogorrx6 ouornpo.
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AEroE(II|x6q Erepvooieq ponq

Aurdq eygwi(owor ouxvct orrlv reyyrxrl. Or or.rl4veq, ro oxpog0oro, or 6royur4peq, ro
6pyovo orpoyyolopo! (6rogpoyporo, BoIBi6Eq) nou 6ropp6owor ono peuoro, pnopo0v
ou)Oo vo e8urpngouv oov odroBoTlro ouorrlporo.
E6dr ro 1o e.A. yiv6Tot:

n

1

hz - hL +;@22 - c?) : o

11ht :.hz -t 
TcZ 

: \ + nc! - ni.

Irrq o6roporrxiq 
^onov 

dtEpvooiEq, n oltKR ev€olnio nopopavet orogepn. H royur4ro or4v
ddo6o Eiveror enopdvoq ono rq oydo4:

(:X.8.s)
cr:/z(hl, A +q.

:Xnpo 8.5 ETtq o6to9oflKeq Et€pyooieq ponq, n o^tKn evootrnio nopopiver oroe8pn.

or noponovo efroriroerq royuouv xor yro ;.rfl-owrorpemdq 6repyooiEq, ogo0 exgpo(ouv onro
rn drornpnon rnq Ev6pyetoq.
rro nopq6'ryuo! or KorooToosrq nprv_ Kcr usro ono pro g6on orpoyyoro;.rou, Bpiorowor
rovor 06 1;''d xopniA4 Fanno, orov or 6rorop6q rou oyr,ryo0 npiv xor p'eio eivor iilif 1:ys.ey.

_, rnEx j

lxnpo 8.6 Kopn0leq Fanno yro 6togopeq oToerpdq nuKvornraq po4g go(oq (uno4y4rrxil
pon).
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Onorq goiveror oro Ey.8.6, n swolnio nopouivet oroeEpn povo yro m/A =0. H oxdon
enouavoq hz=hr roWer Uovo Kqro npoodyyro4, nopo ro0ro 6poq UE opKorn oKpi9eto
egdoov n nuxvorrlro Tou peuporoq po(oq 6ev eivot noAu povoln, Kor n m6on nieonq orn
€6on orpovyo.\ropou oxenKo UtKpn.

A6rclcrrrrl pon oe orpo;rior<r rcr 6rcyur4peg

Evo oxpogooro onoretreiror ono 6vo KoTotr ntro Eropopgop6vo ovovo, orov onoio
en[oxuvsrot 6vo peuoro.
Ew eferoooul.re 6vo o6roporrxo oxpoguolo (qrr=0, sr>s,), oro onoio ro peuor6
sxrovoverot ono r4v KoTooroon erooEou I oe pto 6d6oUevfr owieAlun p.>p..
r0pgr.lvo pe ro 1o e.A., n ouvotuKn ev€olnio rou peuorou nopolrever broe'epi'xor enopivr.rgtoYuet: 

c:tl2 : c:il2 | h, - h,.

Onoq goiveror oro :X.8.7, n UdvtoTn outnon rnq KtvnnKnq ev|pyeroq xor eno;.r6vurg 4pavrorn reIrKR roy0r4ro, tropBoveror 6rw q axiovr,ron eEetrioolror 
-crvrorpenTo, 

Kol
enoudvoq toewpontKo. tuvendq 11 xoroorooq e[66ou opi(erot on6 Ttq ouveRKeq

pz,: p2 und !o.: rl

:mpq 8.7 A6roporrx4 pon oe oKpoguoto Vto 6e6oudvcq flrdoetq p1 Kot pr>p.,.

H e,\orrororl Tnq ev€olnioq rou pauorou, noipver oul.tgr,lvq Ue ro 20 e.A. Tn UdytoTn buvoTn
Trpn rnq:

\ - h", : h1_ Llp2, 
",1 

: - j', @, sr) dp : ,Ih,.

Ir4.oydo4.ourn To Ahs noprorovr, rnu ,or*oon,l4 6rogopo rv€o^nioq, nou dxouue 6ei Tov
unotroyropro rnq ornv Evornra S.

Ano 14.o0yrpro4 r4q xrvrlrrxrlq evdpvetoq nou ontruVxovoTqt pe 06togolKo orpoguoro, per4v evdpyero nou pnopei vo enrreux€€i orqv xoMiiepq OLjvorn nipinir,r;;-ili<;, oloewponfKoq Boepoq onoooonq ponq 4 oxpoguoiou: 
^ _ "ZIz c?12
'r's - cE.p: @tn=zi"

:nperdveror 6Tt axouue nowo Ahs<O. KoAnq xorooreunq oKpoguoro enrruyyovouv
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roEWponlKouq 9ogpouq on66oonq n.-s > 0.95
Awi rou rorwponrKo0 po€poU on66obnq, XpnotUonoleiror peprxiq gopdq o ouweAeornq
ToxoTnroq:

9: "21"t':lnx.
Evo peuoro nou paet oe 6royur4po, npansl vo €ntruYxqvel ouEnon rnq, niEoRq rou. E66

6youpe perorpofln i6pu ipYou oe evgo\nid. O 6loxurnpoq 
^olnov 

evepvei owioero ono ro

Merofu okrv rurv 6ttpYool6v nou eivol 6uvordq oupqovo pe ro 2o 9.A., nou EeKlvdwoq ono

urcr Kcnooroon 1 o6r1yo0v oe ulo oplouivn relrxn nieon P2>Pl' 4 cMlorpemn 6tepyooio pe

roswponrKn peToBoAn KoTOOToosoq, xopclrcnpi<orol on6 Tn ulKpoT8pn EloTToon rnq

KvnnKRq evepYeroq, :x. 8.8

oKpo9uoro:
f,ae:f,rci-"7)-,t,,

onoq oro o6togoTtKo oKpoguoto, irot Kot oTov o6to9oTtKo oloruTnpo, n ouvollKn e!€olnio
nqpouaver orog8pn: I

n, - n1 : =.lci - c6l .z'

:Xnpo 8.8 A6ro9orrxn pon oe olorurnpo yto 6e6op6vEq nraoslq P1 xol p.>pt'

H etrorroon ourn diverot ono Tnv loewponlKn dtotpopo ev€olnioq:

f,ai - "t't : h2. - h: ah..

Ah, Ah"tt,o:1rn_4: t"T_6p
H oxdon

XopoKTnpi4orol aav EewponK6E Boglog ano,oonS rou 5nxuripq.

Av r6po 6vo peuoro nou p6et pe royur4ro cl' unooTEi nidnon o6rogorlKo Kol cMIloTpEnTo

orrlv ioygrqro co=0, rora grovat oe pro xoiooroon nou yopoxrrlpi(grol oov KoTcloToon

npeuioq, pe awp-onio so=sj, Kol €vgolnio:
ho:\*c?lz:h{,

nou yopoxr4pi(8Tot oov eveo\nia 4pepiaE $tagnation enthalpy). Aurrl oupninrat pe r4v

o^rKn eveotrnio.
H xorqoroon rlpepioq xo€opi(erot povooill,lowo on6 ro ho, so Kol co=O. Mflopei vo

unotroyrorouv 6rot ro po xot To ono rnv xcnoorortxn e{iotto4 Tou peuoroa:

ho: h(To, po\ und so : s(?0, Po) '

--
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Ynotroytouoq 6roroudv Vro roswponrxn oon

E6ti 9o eferoorei n 6ro6rKooio unotroyropo0 poToBolnq r4q 6roroprlq oe oxpog0oro xor
6toyur4paq, tirore vo enrrpdnouv yro 6e6opiveq nrdoerq orqv eio060 Kot oTnv 6Eo6o 14q po4
proq opro;rdv4q ponq po(oq m rou peuoTo!. H porl po(oq rot n 6tqToUR, ouv6dowor yerof0
Touq pE r4v efiooorl ouvixetoq: *r_ aA

l-to toewpontx4 Pon (Urz=0), trouBovelot on6 To 1o e.A.:

d,(c212) : c d,c : -o dP.

Me nopoytiyroq r4q e{iooo4q Tnq ouvdxetqq:

Kor snoudvoq:

dA d(cp) dp cdc
e:- ip:- e- c'

4: -e+*.1' Q

Ener64 np6xeror yro roEwponrxfl pero!o]4 xorooroo4q, oe xooe UEToBoIn nuKvornroq
owrororyei pro opropdv4 Ueropol4 niss4q' /i,i\

ap : l*l de : a2 dQ,
\c8 t,

do . ud.p::vdo:-_:
p'az

on6 rnv onoio 
^opBovDTor 

Vto Tn 6rorop4: dA /r I \--7:l-;-'=tvdt
Aroxpivoupe rdpo 6uo neprnrooerq. d \c' a"l

1. Poi nou enlrqx0vorot (dc>0).

:upgovo pe r4v efiooro4 Tou 1ou O.A., royuer dp<o. H nieo4 641. alorrdtveror or4v
Kore0ouvon rnq ponq. Tto unonXnIKR pon (c<q), npanet vo toxuet dA<0. H otoTopn rou
oyoyou npdn8f vo alorrdveror yw unonxnnKtt po4 pe emrcyuvon (ouyK\ivov oxpoguoto -
:x. 8.9). 

, f(.
*"lY<o4 ar.l)**

Wu'o

onou o n roxurnrq rou nxou. Apo

(a) :uVK^ivov oxpoguoro yto unonXnIlKn roxurnTo
(b) oxpoguoro Laval (ouyKlivov-onortrivov), pe ro onoio
xor onoxro unspnXnnKn rqx0Tnrq.

:XRUo 8.9

n pon enlToxuveTol
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Fro royurrlreq ponq Uevolurepeq rou [you,0o npiner vo roxuer dA>o,6nA. n Eroropn gq

npaner vo ouEqvaTor.
Evo orpogUoro oro onoio n Eroropn oppxo elorrtiveTor Kor Koronrv ouEoveror,
yp4orponorrloqx8 ono rov Koerting oe r(r0opro, xor ono rov de Laval oe orpoorpopilouq,
xor ovpo(erot oxpoqioto Laval. Zro oxpog0oto ouro, 4 opytxo unonxnnKn pon Unopei vo
enrroyuv€ei Kor vo Ueronaoet aE unepnxnnKi poi.

ZTnv sloxorn Eloroyn rou oxpoguoiou Laval, roxuer dA=0. Enopdvoq oupgovo Ue rnv
eEiooon r4q ouvdyeroq, royuet xot

d(ce) : O.

H nuKvotnrd poiE Ualoe enoUivuE peyorcnoeirot orn Umporepn 6toropi. Euvendg, yto
pon Xrpiq rprB6q roxual enionq, (ogo0 dA/A=o), c=o. Iuvendq, oE 6vo obroBol|Ko
ouyKtrivov oxpog0oro, 6iv Unopei vo enreuy€o0v royur4req Ueyo,\UTepeq oo r4v royur4ro
Tou nxou. fro vo on[EUX€oUv unep4y4rtx6q royur4req, ro oKpoguoto go npinet vo
6reupuv0ei.

2. Poi ue enrBoo6uvon (dc<o).

OTqv n roxurnro sloTTdveTor, rore n nieon oufoverot: flpoxetrot yto 6toyur4po (:X.8.10).
H 6roroyrl rou 6royurrlpo orrlv xore0guvon porlq 0o np6net vo oufoverot orw c < o. AwigErq
q 6roroprl rou Eroyurflpo or4v neproyq rov unepnxnlK6v royurflrov 0o npdnet vo petdtverot,

6oq orou enrreuy€ei q roy0rrlro rou nxou. Enop6vulq ivoq 6toyurrlpoq orov ofloio To peu016

ero,pxeror pe urepnxnnKn royur4ro Kot sEipxsTot Ue unonxnrtKR, eivol n oKplBnq
owrorpogrl evoq oKpoguorou Laval.

txnuo 8.10 (a) Aroyurapoq yro royurrFeq ero66ou prxporepeq ono Tnv roWTnTo rou nxou
(b) Aroyurapoq yro royur4raq erooEou Ueyo^urepeq on6 r4v roxoTnro Tou

NXOU

ffo rnv nepinroon nou n pon eivor Xlpiq rpt86q ae ivo oxpogioro (exrovuo1 poid, ol
Koroorooerq nou nqprorovowor oro EX. 8.1 1 go o6s0ouv on6 To oprorapo npoq ro 6efto,
evdi o'dvo 6nyur4po (oupnieon pon), or i6rsq Korooroosrq o6s0ouv ono ro 6e[ro npoq
ro oproTepo.
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-'iffusbr

:XnUo 8.11 Toyurnro c, nuKvornro p, nuxvorqro ponq Uo4oq c.p, xot entgovelo oloropnq
A ow ouvopr4oq r4q nieo4q oe toewpontxq po4.

H 0eppoduvol.rxq 6ev pnopei vq Uoq ntrnpogopnoel Ylo ro PRKoq nou npinel vo 6xsl 6vo

oxpoguoro n avoq btoxuTnpoq, 6r1lo6n Ylo rnv on6oroorl ;rero[U rou orev6repou or1;leiou

rnq bioroynq ono rn 6roropn etoo6ou. Auro eivot npoplnpo Tnq peuoTopnxovtxrlq. Ot
geppo6uvoprxiq oy6oerg ouv66ouv onkiq rrq owiororyeq rrp6q rov KoTooToTlKdJv UeYe06v
nou epgwi(owor oflq, UspovoUiveg 6toropiq.

H ninn f nou epqovi(ergt ornv EAdXPrn 6nrop4 Ytd EewponKn po4, ovopa(erat
xpiorltr\ nieo4. H oy6o4 p'/po onou po n ttison npeUioe, ovopa(etat ox6on ndosug
qpepioe i xpiotpoe AoYoE n6oeuv.

Av n owigtrrqrn p, eivot peYol0Tepn ono rrlv xpiorp4 nieon, rore 6ev sivot onopqirnro vo

6reup0verot ro o-xpoguoto: ornv nepinrtlon ourn oro oKpog0oto sygovi(owot roxuTnreg
c<o.
Av owigEro n eKl6voon odlyei oe nldoslq UlKportpeq on6 rrlv nieorl Laval, rore ro
oxpog0oro npiner vo 6teupUvsrot, Kol ornv nEpinToon ourn epgovi(owor Kol unepnxnTlKdq

roy0rqreq.
H oyion xpiorpnq nieo4 aloprorot, 6noq goiverol ond Tnv nopeio rov Kopnuk;Jv oTo :X.
8.1 1, ono rrq r6r6r4req rou peuorou, ener6q ourdq op*i(ouv rn popqn rov toewpontxdtv. Fto

ro peuorq nou 6youv eferoorei piypt r6po, toyuet p /p=0'5

t(arqordon ponq o€ qrpo?riolo taval Ylo perc8clldpevrl ovriol|tn

E66 eEero4eror 6vo oxpog0oto Laval nou ol Eloropag rou iyouv unoloYloril Ylo ivo
opropivo Aoyo nrioeolv p2/po, oupgt^tvo pe ooo ovotpdpOnxov oro npo4youpevo' pe rrlv
nopo6oy4 ponq XUpiq, TprBdq.

Me Bqon ro EX.8.12, eo EEerooroov ol KorqoTooelq poqq nou entKporouv oro oxpoquoto
orov n owielrq,n p' oro Xipo p8ro ro oKpoguolo, psroBol erot 6rot dore vo pR oupqov8i
nro Ue Tnv nison p2 vro rnv onoio axel oxedtoorei To oKpogooto.
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IXRUo 8.12 MeToBoln rnq niEonq oe ,vo oKpog0oto Laval Ylo dloQoperlKiq owleliurelq:
Movo ot vpoupiq O e 2 xot O e 3 owtorotyouv oe toewpontxrl por1.

ITo :X. 8.12 noplorcrverot n peroBoln rnq nieonq oe ouvoprnon Ue rnv rerunpdvn x ornv
xoreueuvorl rnq ponq.

H vpouHn O e 2 noprorov8t rnv toewponrxq ;reropolq KoTooroonq Ylo ro troYo nldosov
pr/p^. Exroq on'ourov To 

^oyo 
ntao80Jv, unopxel Kt 6voq 680Tepoq Ylo rov onoio eivol

Eivoiq roewponrxrt ueropotrn Korooroonq, 6nl. n YpoUUn O e 3. E66 6ULlq 68v
enrruyyoveror unepnxnfl Kn ToxurnTq.

flo owfglrryerq p'>p, ro oxpogUoto evepyei oov ou\nvqE Venturi (xoyn'l)tn O a b). l-lowtlq
or4 orev6rep4 6roropn, 6ev entruyyoverot 4 roy0r4ro rou qyou.
Av n owielrrln p' etrorrooei Kc[ nopet rtpr; ytxp6rep4 ono rnv po, (yto rqv onoio ouoq toxuel
pe>p'>pr), roTe npoKUnrer n peropoln xorooroorlq rou peudro0 Tnq Vpoppnq O e. Irn
oievtirepn droToun enrruyxovEror 4 royur4ro Tou nxou, Kot enop6voq n pon Uo(oq
nopopdve*r orqgepn Kqr noipver rnv rtp4 nou efoprorot ;rovo ono r4v Korooroon 4pepioq xot
onoroA:

th: A*c*ga : A+ap*

ovetopTnTo ono ro ri oupgoivet oro onoKlivov rp4po rou oKpoguoiou.
E&i ou{overor opxKo n royurqro piypt tlo optopdvn npn ndpo ono rnv royur4ro Tou nxou,
8vd,, n flieon rlorrdveror (ypouun e c). Eneton 11 6roro;111 oTnv KoTeuguvon poRq ouEcrverol,
0o anpena ro pouor6 Ue nrdon niaoqq vo enrroy0verot. H owi0hprl p'or4v i{o6o (orlpeio
f), 6yar fenepoorei: nopo rnv 6rsupuvon nou axet ocrv onoritreopo rnv slorruron rrlq nieorlq
Korq rnv uneprly4rrx4 pon, n nieon eo npaner xor noh vo ouEnesi. Ynopxer 6nlo6n s6d ulo
oouv6yero, onou ouloveror 11 ewponio Ue ptA open xpouorrxq oupnieon c d, oflou pero rnv
Kpouon n pon yiveTor unonxnrKR: 11 nopon6po outnon rnq nieonq eivor duvorn r6po pe

6reupuvo4 Tnq drqropRq. Ooo etrorrdveror n owiefuq,n p', T600 naptooOTepo eivol
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ptToronrouivn n droToUR ornv onoio epgcwi<eTot n KpouoTtKn ouunieon npoq To T6loq Tou
oKpoguoiou.
Av n owi0trrqn eivor UrKp6repn on6 Tnv TrUn nou owlorotxei oTo onpeio g', rdro 6ev enopKei
yto 14 Erlproupvio openq KpouoflKnq ouuniaonq, on6re eugovi<erot n^dytd xpouonxr\
ouqnieon, Ue onoxol\non rnq ponq ono ro rorytiporo. Or nol0nloxeq ouT6q oydoarq 6ev
Unopo0v vo neprypogouv nro oov ;.rovo6roororo govopevo.

Av n nieon yiver reltxo ion He Fz, r6re 6ev epgwi(eror nto oro oxpog0oro xpouorrx4
ouunison. Orov 4 owio,\upn p' vivsr prxporep4 ono rnv nieon yro rnv onoio 6yel oye6roorei
ro oKpog0oro, T0To 6ev UeropoM€Tor nro n Koroorooq po4q y6oo oro oKpoguoto. :Tn
Eroropn efo6ou epgwi(aror oxprp6q 4 nieo4 nou npo8tr6rl8Tot pr: 4 nopondpo eKr6voon
p6ypr rnv owiglq,n nou enrKporei eEar, lou9ovel Xdpo eEo on-6 ro oxpogUoro pe p4
owrorpenr6 rpono.

Evdpvero oxf5co4q, omiletq Epyou ror crrdilEto eEEpyeroq rqrd r4y o6lqlqnxn
err6vr.r4 ror oqrniao4

Ot ondrtrereq Koro rnv ;.t4 owrorpenrrl eKrovulon 4 oupnieo4 oe ;lro o6rolorrx4
oTpoBrIoUnxovn (orpoprloq, oupnreorrlq), npofevouwor xupioq on6 rqv TptBn rou pEUorou
nou pier. ho r4v nooorrxn ororunoon, unopxouv rpio !ey69n:'+ rl evapy€tq ox66oo4q
- n ondtrero ipyou orq npoq rnv roewpontKn peroBotrn Korooroonq Kol

ondtrero eEdpveroq rnq Un-owrorpem4q 6repyooioq.
Edti go eferooro0v Konoreq oxioerq perof0 rov Uevsgdv our6v. Koro rnv eEdToon 6ev Oo
Inqgei uno[,n n KvnnKn evdpyeto.
l-to r4v evdpyero nou oxebo(eror oe pro o6roponKn pnxovn, toxuet: z z

vn: I TdsE : I Tds,

aner6rl orrq o6roBorrxdg drepyooieq n oUEnon ewponioq rou pEUorou npoyporonoteiTot p6vo
pe nopoyovn ewponioq.
To T noprorover s66 Tn ospuoKpooio Tou peuorou nou nipooe on6 Ttq EloTopiq ponq. lTo
6toypo1.r1io T-s, (:y. 8.13), n evipvero oxd6oo4q noproroveror ono Tnv enrgovero xoro ono
Tn ypouun Korooroonq 12.

:XnUo 8.13 Evdpyero ox66oo4g 11,12 Koro rnv o6togorKR exr6voon (a) xor xoro r4v
o6rolorrxn ouUnieon (6J.
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Av nopotrerggouv or xvqnxiq evipyereq, rdTe yro ro relyrKd 6pvo nou ono6i6er ro peuoro
oe 6vov o6ro9oflK6 orpoBrlo 4 nopotroppover oe ivov o6loBoflKo oupnreor4, IouBoveror:

urrr: hn - hr.

KoTq TV roewponlKn eKT6v0ion 4 ou;lnieo4 ornv i6to rEhKn nieon p2, npoKunret:

(wnz'),"": hz' - hL: i1h.'

H nowore geflKn orogopo ewolnioq lotnov,

uop = h2 - hz, : h(pz, sz\ - h(pz, sr1 : [2 f6,pryAs

- f r* d': f'r*n" 
2'

,r i,
XopoKTnpieeror oov ondlero dpyou rqq o6roBoTlKnq Erapyooioq, Bl:X. 8.14.

>XnUo 8.14 (a) on6)tero apyou wut2 KoTo rnv o6toBoTtKn EKrovoon, Kol
(b) ondleto 6pyou wu12 Koro rnv odto9qTtKn ouunioon

Koro rqv o6toponKn eKrovoorl, ro
uorz: (-wtz,)t"" - (-wazl : fl _ r1r7\ (_/hr\

roouT(l ue rnv crndl8tct ipyou r,lq npoq To uaytoro apyo nou unopei vo Kepdnoei KoTo rnv
roewponrKR exrovoro4. l-ro 14 p11-owrorpsnrn o6toBoflKn ouUnieon, n nopctoroon

wdz: wtr2 - (rc4z4'"" : l(llq'yl - 1l Ah,

6iver rrlv np6o0ern Eonovrl ipyou oq npoq ro eloxoro TeXvtK6 dpvo nou npdnEt vo
npoooogei KoTo rnv toewpontKn ouUnieon.
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Evorqro 9
Oeppodwoprr4 r4q nopoycoyrlq t1,UEnq

Ir4v evor4ro ourn 8o eferooou;la rrq 6repyooieq gippovonq Kot Votnq ond Tn oKonlo rou
2ou e.A. Or Erepyooieg nou go eferooouge onorelo0v rn pqon Tng re)rylKnq Tnq
g6ppovonq, Tnq lU0tnq, xor rou l(hporroyo0.

EEipyero xor qveoyero xoro rn uerogood Oepuornroc

Av yero[0 60o ouor4porov.lE oepuoKpoojeq TA Kot TB<TA UETqgiperor evipyero pe 14

Uopg4 Oepporrlroq, roTe po(i pe ro peupo 0epU6inroq -

pder xor 6vo po0!q e€6pyeroq

Koodq Kor ivo pe0Uo ov6pyeroq

Q: Ea+ Ba

ro : (' - *) o:,at

do:?O

To pauporo ouro evipyeroq ee0rpo0wqt geflKo 6Tov paouv on6 ro ouor4;.ro A npoq ro
olorqpo B. E&ir npdner vo yivel 6loKpto4 oe 60o neprnrdoarq, gl IX.g.1

Iyrlpo 9.1 Po4 e[6pyenq xor wEpyerog rcro 14 perogopo geppor4rog:
(a) Merogopa €eppor4roq oe gepuoKpqoi8q peyo.\0T8psq ono rn
oepporpooio rou neprPollowoq
(b) Meroeopo 0epp6rqroq oE oepuoKpooieq UtKporspsq rnq Tu

Orov or 600 geppoKpooieq eivor peyo,lirepeq rou neptpol owog, rore 11 e{6pyero xor q
ovipyero pdouv npoq Tnv i6to Kors0euvon Ue ro pe0Ho eepp6Tnroq a, FnI. ono ro A oro
B). EEti 6vo rp4po rou pe0pcnoq eldpyatoq nou e{6pyaror rou A, yeiorpincrol oE ovapyEro
(npoKerror 64tr. yo peuUo ono.\eroq EEdpyEroq).
Av or 60o eeppoxpooieq eivot l.ltKporEpeq ono rnv T,,, TorE o nopoyowoq Carnot n^ eivql
opv4rrroq, ror enopdvoq Kot To Eo. Auro orlpoiver 6pr,rq 6rr n e€dpveto p6er oe xore06uvo4
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owigern ond To pe0po geppornroq. To psuUo wEpyetoq no.h, aforrioq rnq oxionq T<Tu,
eivor peyol0repo ono ro poUpo Oeppornrog xor pEet npoq rnv i6ro xqreU9uvo4 pe ouro.
loxuer Kor oflq 6uo n8pnrdoerq Tou :X.9.1, ro roo(uyro:

Q: Ee + Bo: bo - lilal
Enopdvoq:
Kora q percqopa aeppoqraq, r7 avEpyen qg aeppor4rag piet nowore npoe rnv
xarei0uvot1 ort1v onoia 4 Oappoxpooia eAondvErol H e€ipyep ne eeppdrqrdg pia,
novrore orr|v xareiguvon ne eeppoKpdoidg nepBA^ owog xor xaro n pon
percrpinerat xara ivo ltipoE oe ovipyen.

To €eyehd6eq npoBlnuo rrlq reyux4q rnq oeppqvosoq Kor rnq re)orKrtq V0Eeoq, eivor n
dtornpnon evoq ouor4poroq pe 6ronepcro ono rq eepp6rnro rotxd,Ucro, oc orogepn
oeppoxpooio, nou eivot otogoperrxrl on6 rn g8ppoKpooio neprBd owoq Tr.

:XnUo 9.2 H pon gspu6TnToq gippovonq Q, nou onoretreiror qno 14 porl e[ipyeroq EQ
Kor rn poR ov6pveroq Bo, npoodioeror oro ouornUo yto rnv crwtoroguton Tov
onurtreriv €epyor4roq.

KqTo Tn pr1 owrorpenrrl perogopo Oeppor4rog, 4 e{ipyero ;lerorpineror oro roiyr,lyo oe
ovipyero. To peouq on6leroq oe e{ipyero nou epgovi(eror ornv nepimoroq our4:

t" - r"r^. l" ,j : (, -*\q\ t/

npaner vo ovonlnpdvsrot on6 Tn pon e[dpyeroq eepptKnq royUoq Q:
- / ?'\Ea:lt-ilQ

nou np6ner vo npoo6i6erol. Koro rn €dppovon Enop6vlrq, Eivot onopoiTnTo vo npoo6o0ei
eEdpyero. To i6ro onopoirnrn eivqr xor 4 pon ovEpyeroq npoq To neprpoMov:

Bo: ta
Enop6voq n ospUtKR royuq Q nou np5ner vo npooEoeei oro Xipo nou eepuoivaTot, npdnel
vq onoTelairor ono efdpyero Kot ovapyeto:
H dvoAoyid r4E ovapglE rouE xogopi(eror Uovoonuowo ono 14 oy6or1 yerof0 r4q
€eppoxpooioq neprpollowoq Kot rnq eopUoKpooioq rou yripou.

Koro Tnv V0tn, n geppoKpooio To rou yipou nou ryUyarot, Eivor ptKp6rEpn qn6 Tn
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oep;.roxpooio neprBollowoq Tu. qorrioe rnq m6onq rnq eepuoKpooioq, Tr-To, paoo on6
ro p4 o6roEorrxo roiyt^r1.ro ero6pyeror oro ytipo WUEnq n pon eeppoTnroq Qo. Tro vo
6ror4peiror oro€opn n eepuoxpooio To, npdner vo qnouoKpuverqr ouvexdq ourn n
eeppoppon (>X. 9.3).

:XnUo 9.3 H tyUKTKn oyuq Q^, nou onorelaiTor ono 14 pon qvdpyetoq B..,^ nou npiner
vo ono6o€ei xor rripofl eE6pyeroq En^ nou np6ner vo npoo6oddi, €o npdner
vo ogorpegoi on6 Tov ryurrrxo eoid-Uo. Koro 14 perogopo 0eppornroq,
epgwi(eror oTo roi\4dpo n pon ondlotoq e{ipyeroq Eu.

H geppoppon ourrl Q nou np6nar vo qno6i6eror, yoporr4pi(eror ocrv q,uKnKn royuq, oe
ovotrovio npoq rq gepprx4 royu Q nou npiner vo npoo6i6erot. H o8ppoppoR nou ero6p)(erol
ono ro nEprBol\ov oro yr.rpo rpu[4q, onordciror yro T=Tu povo ono ovepveto:

i, : r"!;=+ @"t :(+ _ ,) to"i-!.r0 \r0 /
nou epgwi(eror oro roiyuyo oov ouvdnerq rnq pn owtorpEnr4q perogopoq oeppor4rog.

H po4 et6pyeroq nou npdnet vq npooEoesi KoTA rn e6ppovorl xor r4v rp0f4
oE ouvopTnon ps rn geppor(pooio t Tou yrjpou nou gepuoivsrot, n rn
geppoKpooio to Tou Xripou gu[4q. loyuer yto tu = 15oC.

Iy4po 9.4
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Enop6voq, oro gotropo VuEnq ero6pxeror n pon wipyeroq: m

IQol + E,:d?"l
nou npdnervo onopoxpuveror ouvey6q. Sollou yro r4v eEtoopp6nnon rnq ponq e{6pyeuq
nou Xov6ror, 0o npiner vo npoo6i6aror qwiororxn po4 e{6pyeoq.
Enop6voq, n VUKTKn royuq Qo nou npdner vo ono6ogei KcrTo Tnv {rUEn, onoTeleiTor ono 14
po4 e[ipyeoq nou npiner vo npoo6ogei, lr \ r T \to.:\t,_ 1)t0"1: (' _fr)*
Kof ono rn pon ov6pv8roq nou npaner vo ono6o€ei q

ia.:4a".
Enopivue 16oo yn rq 9Eppavo4 ooo xot Wo rnv WEn, ypen(eror eEEpyen.
H ovovxn ourn oe eE6pvero efoprcnor on6 Tn gepuoKpooio rou ouor4poroq nou
gepuoivETor n qroxerqt, xor eivor rooo ttEyoIUTEpn, ooo n geppoxpooio ourn 6lqQip6t on6
ournv rou nepr9ollowoq (:X. 9.4)

fro rn edpuqvon op0q eivor onopoiTnrn xor lrro oproyivn pon ovipvetoq.

AwrorpcNm4 rot Ui-@TrorperrrR O6ppovo4: Awlic OEpI6r4roC

l-ro 14 64proupyio rou 'Uiyporog' on6 efipyero Kqt ovdpvero nou eivor onopoiTnro ytq rn
gdpUqvon, unopxouv 600 loorxo drogoperrxdq 6uvcrorqreq: 4 porl €eppor4roq 06ppovo4g
pnopei vo 64proupyngei ye ovoprfrl rov npoKogoptopavov noooor6v, w orqv wEpyero nou
trouBoveror ono ro nEpt8o)\,\ov, 'X^,piq 6on6vq', npooreeci 4 owiororyq eEdpyero Ue rn
popgn UnxovrKnq n 4lerrprxrtq evipyeroq. IUygr.wo pe rqv oI\4 6uvqrornro, unopxst oppKo
po4 evdpyeroq nou nepr6yer peyoA0Tepn efdpyero qno oon eivot onopoirnrn yto Tn
Odppwo4: n enrnMov ourn ef6pyero yerorp6neror ye yr1-owrorpenr4 6repyooio oe ov6pyero,
Kor 610r n wipyero €dppqvonq nou eivot onopoiTnrn 'Erlproupyeiror' ono e!6pyero.

H npdrq 6uvor6TnTo crvrrorpsnrnq e6ppovonq, flpoyUqronoreiTot VErnv ovr\id eeppornrdE,
4 t6io rrlq onoioq ovov€Tor 46q orov Aop6o Kelvin. ITnv qwlio eeppornroq nou epyo(eror
owrorpemo, ro epyo(opevo Udoo oKoAouOei KUKItxn 6repyooio optorepoorpog4, Korq rn
droprero r4q onoiog npoo6ideror o'ouro n ogdtrtun toxuq pr6v, EX. 9.s

:Xnpo 9.5 Ey4porrxrl nop6oroon owtorpenrnq qwlioq eepu6rnToq.

H qw,\io geppornroq nopo,\oppover ono ro neprloMov rn pon 0eppor4rog (eJr""
ono6i6or orov Oepporvopevo Kipo rr1 Oeppopporl: 

Q : @")*, + p,""
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H geppoppoR nou loploveror on6 To neprpdv\ov onoreleiTor Uovo ano ov6pyero:

(0")*, : Bo:7 a.

Mo<i pe r4v oy0 xtv4oeoq nou npoo6i6erqr, npoooveror xor 4 po4 eEipyenq nou Eivol
onopoirnrn yrq rn gdpuovon: / ,r, \P*,: Eq: (t - l)0
H oeppoppo4 O nou npoo6i6eror ono r4v owlio €epp6r4roq, eivor oxpr!6q ro
npoxoOoprol.rivo piypo Eo Kqr Bo, :X. 9.60.

:XnUo 9.6 nopoor6oerq Tnq ponq eEipvetoq-ovapyEroq yro ow^iEq gEpu6rnroq
(a) owrorpemo
(b) p4-owrorpenro

H owliq gspp6Tqroq, owiOero on6 Tn OepprKn l.tnyov4, evrirver rqv efEpyero nou npoo6i6eror
pe 14 popgrl 'epyout Ue r4v w6pyero nou nqpolopBover ono ro nept9ol ov, xor npoo6i6er
To o0volo oro eeppovopevo Xripo O>T,J.
H owrorpenrq owlio Oeppornroq, €ivat n nt6 EUvoiKn l0on rou npoplnporoq rnq
gdpuqvonq ono oeppoduvol.IKn onovn.
>Tnv npovuorrKornro, ot owlicq gepUorrlroq epyo(owor 1.t4-owrorpenro, >X.9.68. E66
npdner vo npoo6oe6i psyolurapn pnxovlKn n nAerrprxn toxuq Kivnonq p>E6, vto vq
Kolug0ei Kor ro pe0po ondlsrqq oe e[ipyero Eu Tnq owlioq 0eppor4rog:

P-P^":P-Ea:8"
H enlnldov roxuq HeToTpdnsrot os qv6pyeto, onore n pon qvdpyErqq nou Aop9overot ono ro
niprBol\ov, yivsrqt:

0, : (0,)."" - E,: Ba - E"

Enop6voq, ivo pdpoq r4q wdpyeroq nou eivot onopoirnrn oro 0epporvopevo yrjpo,
nopcrvETot crwtorpenTo ono e{6pyero: 

Bq : Q, + E, : Q, +p _ p.,.



1',t7

o e€epyatoxoq Boouoq, qno6oo4q r4g pfl-oworpemnq wrxoq Oeppor4roq, eivot:

atoEoEo: P : P*.ii;:EJE
Kor rivor onor6rlnore prKporepoq r4q povo6oq, evdl or4v npoEn 6ev Eonspvo ro 0,45-0.5

H eappovon UE nAEKTprKn qwioroon, eivor dvq runrxo nopo6erypo yo rr1 6eurep4 nepinroo4
(pn-owrorpemn eappqvon). EA; npoo06psror xo€op4 {ipven, ono rnv onoio pe p4
owlorpemdq 6repyooieq nopoyeror oloxMpn n ov6pyeto 96ppovonq (:X.9.7).

txnUo 9.7 nopooroon po4q e[6pyenq - ovEpyeroq vto rn e6ppovo4 pe 4lerrprx4
owioToon.

O e{epyetoxoq BoBUdq ono6ooer.rq our4q r4q Erepyooioq, nou sivot xor 4 ntriov 6uopev4q
onogeppo6uvqprx4qonorysoq,,eivor: t : &: * :r_r"' Pet A - T
flowoq 11 odpuovon Ue nl8KrplKn owioroon iyer ro nleov.Krnpo rou no^o XoHnIou
x6orouq EvKctroorooeurg. Aev onoreiror 6nAo6n xolrpto r6roirep4 reyvrx4 6onov4, ogo0 ol
Un owrorpenr6q Erepyooieq eEeliooowot ono poveq roug.
A.\tro xor o efepystoKoq Boeu6q ono6oo4q rqg on'eueeioq gdpuovonq 

Ue eoricr Kouoqq, 66v
eivor peyol0repoq ono ro 8o0yo onodoong r4q gippwonq Us nlsl<rptKn owioro6n. H
murKn Ev8pyeto 6qtr. nou oneleuoepdverot Ue rn popgn eEpp6rnroq Korq 14 brepyooio
Kooonq, onorelsirot oxe66v Ewetrdrq on6 efipyero, Bl. evornro 8. Eorrioq rnq onl6Tnroq
rouq, or 6uo noponovur p6€o6ot 6ev 6youv exronrorei oKopn on6 r4v noluntroxrl, xor
enouavoq Eonqvnpn, owlio gepHornroq.

H lurnrf Inxovq

Avol\oyn eivor xor n egoppoyn r4q owtrioq €epy6r4roq orqv reXyoloyio r4q Vu[rtq. Ir4v
nspinroon our4, 4 owlio epyo(eror pero{0 r4g geppoxpooioq t^ rou purrri<oU 6oi,ouou,
Kor Tnq Oeppoxpooioq rou neprBoMowoq (q,uKTtKn Unxovn n eyxoiooroo4 rpUfaq . :y.9.9).

:XnUo 9.8 :XnUonKn nopooTosn EyKqTooroonq UruEnq.
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To epyo46u8vo Uioo rnq tuul(IrKnq pnxovnq, emE\si pro oprorep6orpogn xuxArxrl 6repyooio,
Koro Tnv onoio nopolo;lBover ono ro ydrpo V0Enq rnv royu g0[rlq Qo, evtir ornv VUxrrKn
1r4yov4 npoo6i6eror 4 royuq xivqo4q P, Kor oro nsplpdv\ov cno6i6eror 4 Oeppoppon Q<0,
vro rnv onoio roxuer oUUQovo Ue ro 10 g.A.:

IQI: QO + P

:ro :X. 9.9 noproroveror oxnuaflKo n pon etapyeloq xor w6pyeroq oE pro qwrorponrn Kor

Uro pn-qwrotpenr4 eyxotooroon q,0Enq.

Iy4po 9.9 Ey4porrxrl nopooroon rnq ponq efipyeroq xor ovdpyerog oe plo evKorooroon
voEnq:
(a) Unxovn q0[4q nou epyo(eror owrorpenro
(b) UnXovn V0[rtq nou epyo(eror pr1-owrorpemo

:Tnv VUKTTKR prlyov4 nou epyogeror owrorpemo, npoodideror n roxuq Kivnonq:
p*,: Eo,: (q _ ,l a

nou Ko,\unrer oKptldq rrq onorr4oerq oe efipyero rou ytipou VuEnq. llowurq, orn Un-
owrorpenr4 lnxovn 0o npanet vo npoo6o0ei ;reyotrurep4 royuq xiv4o4q:

P : Ea,+ Ea: P.^v + E,

vro Tnv Koluq,n xor r4q ondtrerog royuoq Eu eEofiioq rov prl-owrorpenrornrov. H ontnAaov
lopq Uerorpdneror oe ovdpyero, nou nrlyolver oro neprpoMov:

l0l : ,0. + E,: lQ,",l + 8,.

Eror, or Un owrorpenror4req, ogevoq ou{wouv r4v ono[non 08 toXU, oger6pou ou{ovouv
Tn pon ovdpyotoq npoq ro nopr9oltrov (o0Enon x6orouq eyxcnooroo4q).

H_nor6rrpo proq eyxorooroonq {,0Enq onO geppoduvoprxqq nleupoq, eKnporot ono rov
elepyenxo Baop6 ono6oo4E -:lo, _ Ee, <. 1'- p - Eo. + E,.: '-
fro rnv oEroAdynon Uroq syKorooroonq qU[4q, yp4orponotsiror ou]yo ornv rE)rytKn rnq
UroEnq, oopropdq toxuoq: e: eolp
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nou ixer opror€i UE Boon Uovo ro 10 9.A., xor yr'ouro Hnopei vo yiver Kor > 1 .

O qprg!6q ouroq 6ev eivor yprloryoq yro rqv ofrolovnon rov 0eppo6uvoyrKOv onotreturv proq
EvKqrooroonq. Iuv6ierqr pe rov efepyeroxo Bo0po ono6ooqq Ue rn oxdon:

" -0':0,' do.: ro t- P Eo. P I',"_Tn'
Fro 6e6op6veg gepuoKpooieq To xol Tu pnopei vo ropst r4 Udvtorn TrUn:

ro
-". - v;2"

(owrorpenrrl €vr(orooroon {,0Enq rc 1=1). ,lr*": t
M6)glr rdpo gsurpngnKs orr 11 e{6pyero nou eivor onopoirqrq yto Tn Hnxqvn q,0Enq,
npoo6i6eror pe rn popen pnxovrKnq oxuoq n nleKrptKnq loyuog xrv4ozuq, (UnXovEq VUtnq
ue ou$ri8on).
Allq xor Kcrro Tnv n^EKrpogepptKR nopoyL,Vn V0tnq nou orrlpi(eror oro gotvopevo Peltier
(1834), npoo6i6eror xogop4 efipvaro po rn Uopqn nI. evEpyetoq. E&i,6vo ono rq 6io utlxo
on6 To onoio onoreleiror 6vo qtrerrprxo x0xlr,r1ro, droppderor on6 nA. peuuo. EnoFevoq ol
600 geoerq ouyKo^lnocoq noipvouv drogoperrxdq g€ppoKpooisq, Kot eivor ouvorn n
nopotroFn oepporrlroq orrlv WUXpn Enogn, Kot perogopo rnq orn gcpun enoeR.

:XnUo 9.10 Iyqporrx4 nopooroon WUKnKRq pnxovnq onoppog4o4q

:XnUo 9.11 fy4parrxrl nopooroon pong eEepveroq Kot cw6pyetoq oe EvKorooroo4 gO{qq
Ue onopp60non.

Ung,6ung
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Ie Uro pnxwn V0Enq, qwi vo npooedpETor Ko0opn {apyero pE Tn Uopen Unxquxnq n
nleKTptxng toWoq Kivnonq, pnopei vo npoo6o€ei eEdpyerq crvouEUervpivn ye wipyen ye
14 pop94 9epporrlroq. EEti unopyouv 60o 6rogopolKdq nopo.\loyaq vto Kivnon rurv Unxovdv
U'|uEnq Ue npoooyoyrl oepyopportq g6ppovonq:
flpoxerror yo 14 p4yov4 rtutnq UE r(rgopr, xor rn Unxorn 

'l,0tnS 
Ue oroppoenonq (Bl.

:X.9.10, 9.11).

H ya1fi ouFniEonG puypoo c4.rori

Iovnopo6erypo ryurrrx4q p4yovr1q,0o e{eroooupe 14 p41ov[ ry0Enq Ue oulrnieon (:X.9.12).
O oupnreor4q onoppogo rexopeopivo crry6 po rnv nieon rou e{orUtornpo p^, Kot rov
ouunri<Er od|o9oTrKq 6q rrlv nieon rou ouunuKvorn p. O undp€oppoq dp6q r4g
KoTdoroonq 2, Vuypror roopopd4 oro oupnuKvLrrn Kot oupnuKvoveror nlrlpurq. To uyp6 nou
ppo(er (xorooroon 3), orpovyo^i(eror or4v nleo4 rou eforpror4po p^. O uypoq orpoq nou
npoKumer xcro ro orpoyyofuopo, eforpi(eror orov eEorptornpo pi nopotropq ryurrrrrlq
toxuoq ond rov l,ulfirK6 €o.\o1.ro.

:XnUo 9.12 KoKltduo rpurrrxnq pnxqvnq {,uxpou crTuoo.

Enerdn Vto rn perogopo 0epp6r4roq eivor nowors onopoir4rrl ;lro nenepoop6vn dtogopo
geppoKpooioq, 6o npdner n eeppoKpooio ouynurvoo4q T nou qwtorotxei or4v nieo4 rou
oupnuKvorn p, vo eivor peyo,\urep4 on6 Tn eeppoKpooio neptBol owoq T,..
H gsppoKpooiqetorponq nou owrororyei orqv nieorl rou eforplor4 p", yoforr4pi(ercr ;lc
ro 

_ouUBoIo To. Aurn go npinEt vo eivor prxporep4 ono rn eepuoKiooio f^ rou yripou
$ruq,nq. Av Ue ro m ouppoliooupe 14 porl po(oq rou rl,uKlKou p6oou nou ovdxuxkrveror,
r6re yro rnv tow rp0[4q royuer:

Qo: icqo: m(\ - h) : k(h'; _ h')

ensr6n h4=h3=h' (orpoyyoltop6q!). l-ro r4v royu xivrlo4q rou oupnreor4, npox0nrer:
, - mut : titlhz - nrl : 

# ft|, _ ht)

6nou nsv o^loewponK6g 000u6q ono600nq. or e!€olnieq nou eugovi<owor orrq efrodoerq
ourdq, IouBovowor ono rov nivoKo oruou 4 ono ro Eroypoppo p,n rou ryurrrxou [reoou. >ro
6tqypoypo p,h, noptorqverot n KUKhKn drepyooio pe r6ioirep4 euxpivero.
Fto 14 po4 €epyornroq nou npdner vo ono6o0ei oro guypo vepo (n'eprgollov), AouBoverot:

IQI : A bl: m(hz - ht) : rir(hz - h').

0rossel-
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$oMou, yro ro roo(uyro royuer:

wr: 18l - 4o.

Enerbn n gepp6Tnro q nou npdn€r vo ono6ogei noptorctverot oro Etoypopllo T-s, >X.9.13,
on6 rnv enrgqvero xoro ono rnv tooBopn rnq nieonq rou ouHnuKvurrn, ro r8ly|l(o 6pyo w,
floproT(rverqr qno Tn Erovpofuropcvn enrg(Iv8to Tou :x.9.13.

:XnUo 9.13 Kuxlxn Erspyooio rou rl,uKflKou U6oou ptoq UnXovRq qru[nq ryuypo0 orpoo
oa 6r6ypoulio T-s.

:myo 9.14 KUKIK4 dtepyooio rou guxrrxo0 p6oou proq Unxqvnq rp0[rlq q,uypo0 oryo0
oe 6roypoupo p,h.

Ererdrl 4 KUKltKn Etepyooio eooroptKo (orpoyyofuopdq Kot Un toswpontKn oupnieon) Kol
eEoreprKo (perogopo gepudTnroq) Eivot Un-qwtorpenrR, epgovi(owor ontitrereq oe efipyero
xor o efepyeroxoq Bo0U6q onodooEoq rnq q,uKrrxrlq p4yw4q r,puxpou orUo0 Eivol onucrwtKo
prKp6Tspoq r4q povo6oq: royuer

t:n:.:e-ti:lc'qn:
6nou o oprgu6q roxuoq eivor 

F wt 9o ut 41 e

" 
: #,: ,* {j _ 

"!,: 
: n,rt@,po).
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O opropoq ryuoq eEopr(Iror eKTOq on6 Tov nsv, 1.rovo ono rrq 60o nrdoerq p Kor po.
H ouvollKn ond^eto eEipyEoe eu Tnq EvKqroorqonq V0tnq, eivor:

ao:ut-?q,:ut-4"
_0

Aurn, oro 6roypoppo T-s Tou :X. 9.15, EiveTot ono rn oKtoo1tivn Entgovoro. H ondleto
EEepyeroq eu onoTeloiTor on6 Trq ondrtr€leq oro rcoo8po rpnporo rnq EvKorooroonq.

:XnUo 9.15 f'lopoyopevo $,uxoq qo, eEipveto rou ryuxouq e^^ xor ouvolrKn on6^€to
e[ipyenq eu Uroq pnXovRS q,0tnq ryuypo0 cnpo0.'-

Or ondtrereq our,q go uno,\oytoroov pepovtog6vo Kot vo nopoorogo0v oro droypoppo T-s
oov enrgqvsro. Me rn Hopgn ouTn sivol 6uvorov vo ouyKptgo0v pero[u ro'uq,'ior vo
npoKaq,ouv orotxoio ytq rnv stroxoronoinon rouq.
Koro rq pn-owrorp€mn o6roBonK4 oupnieo4, 4 ewponio rou q,uKrKou p6oou oufoveror on6
sl oe s2. Enop6vorq n ondA€to e€dpvetoq Tou oupntoorn Eivot:

eaz : Tt,(sz - 8r)

BA. :X. 9.16.
rro oupnuxvorr4 epgovi(eror lro oKoun ondAoro e[6pyeroq Korcr rn perogopo Oeppor4roq
oro q,uxp6 vep6, nou eepuoiv8ror rooo Aiyo rirore 4 efdpyero rou 6Ev pirbpei vo
Xpnorponorngei. H etrorroon 91oUevg9 rnq eE6pveloq e2-es Tou guxrrxo0 yrioou, 0o
Oeopr10ai onoKletorrKo oqv ondl€rq ef6pyeroq:

arzz: €z- et: hz- \- f,Gz -.tr) : lCl - ?"(sr - sr).

H ono)Ero our4 efipyeroq noproroverqr oro 6roypol.ryo T-s, :x. 9.16, ono r4v enrgcrvero
UeroEU Tnq roolopo0q Tnq nr6oaoq rou_oupnuxvr.li4 p r(ot Tnq ro6eepUnq f=Tu, oro iUnUo
nou neprlouBoveror ;lerof! rov rerprlp6vr.rv s2 Kc[ sg.

Koro rov o6roBorrro orpoyyotrropo, n ewponio oufoveror ono ss oe so. Enop6vorq, yro r4v
ondlerq e{ipyeroq Kqro ro orpoyvoAtopo, toxr,let: e,3{: ?,,. (sa _ s3).

AMo Kqr orov eforpror4po 4 efdpyero Hererpanerol oe ovdpyero oov ouvaneto rnq Un-owrorpenrnq p€Togopoq egplo,Tllo! qe 
9n6 Tn eeppoKpooio rou yr;pou rpufaq To ora

esppoKpooio eforyroqq To-. l-ro r4v nepinroo4 ouriy toyUer: et4t _ e4 _ ,, _ 
"0,,

r,,

{o
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ener6n n elorroon rnq sEipyaroq rou quxrrxo0 pioou nou e{cnpi(eror eivor peyotrurep4 ono
r4v e{ipysro eoo, nou nopoloppoveror ono ro yurpo ryu[4q. Ene64

er- eL: hn- hr* ?,,(s. _ or) : ?"(cr _ ,r) _ qo

n eu4t noprorcrv8Tot crno Tnv ontQovao nou Sivot brovpouuroHdvn oTo:x.9.16.

:XnUo 9.16 Kuxtrrxn 6repyooio rou rl,uKl|Koo Uioou Kot ond^etq os eEdpvero Tov
T€ooopov eni papouq 6repyoor6v.

Balrrioetq rqg dtepydoiqs- flofuBd0preg cvxqrosrqoerg oupnies4q

Or. ondtrereq e[dpyeroq rnq eyKorooroonq q,Utnq q,uxpo0 orpou nou qcToornKov oro
TD^suroio xegoloro, Ungpouv vo elorrogouv UE Tn Xpnon ouunteorn po uvnldrepo
roevrponrK6 9o0p6 onodoonq, Kot HE ouoxeuiq perogopoq gepporqrog Ue peyo,\0rEpeq
Enrgovereq' -nowoq our6 6ev enr6r'o orqv ondrlsro eE,py8roq xoio ro oipoyyo.l.ropo: :ro
o4peio ouro pnopei vo npox0rper Betrir^ro4 l.rovo pe Heropolrlrnq Otepyooioq.

>xnpo 9.17 KuKfuKn orepyooio pe unorpu[r1 rou ryurrrxo0 uioou flou ouunuKvdJv'Tor.
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Av uflqpxer VUXpo vepo 06 qpKer4 noo6rqro, rors To t1,ulcrtK6 p6oo nou 6yer uyponolngei qTo
ovunuKv{Jrn, unopei vo q,ux€ei n6ptoo6Tepo. EyKcnd€inst ro ouHnuKvorR u8 gepuor(pooio
t3, nou eivor Xounlorepn ono Tn gEppoKpooio oupnuxvoo4S tr=t(p). !r4v oxpoio
nrpinruJon, n t3 ed Unopouoe vo groo8t rn gepuoKpooiq neprBoMowoi. Onoq goiveror oro
Oroypouuo p-h Tou :X. 9.17, To q,Uxoq qo nou nopoyeror, Ue r4v un6vufrl ouEoverot KCrTo
Ah=hs-hs , lropiq vo eivor onopoir4ro neproo6repo dpyo ono rov oupnteoTn.

H BelriL,on ourrl npoy;loronoteiTot pe r4v elonoo4 rqq ondtreroq e{6pyerog

e'rl : ?,, (sl - sg)

Av 6!I. o orpoyyohoyoq opf(er enovc,r ornv roo9opn r4q nieorlq rou ouunuKvorn p nou
oro 6roypo1jgjo T-s rou rX. 9.18 ouUnirnE| rpoKflKo pe 14 ypoppd Bpoouo0, oe yop4loreprl
9epporpooio, r6re n o0Enon r4q ewponioq KCro ro orpoyyolop6 eivot 1600 prxporep4,
ooo yoy4tr6rep4 eivor 4 ta..

:XRUo 9.18 Elorrorn rrlq ondrtrerog e[ipyeroq xoro ro orpoyyolopo pe unoqru[4 rou
q,urfitKou p6oou nou ouunuKvdverot.

Inuowrxn elorToon r4q on6,\eloq e{ipyeroq Koro ro oTpoyvoltolo, ynopei vo enreuy€ei
ue Trlv KcrrooK8u4 evoq npoogerou evotrtroxr4 0epporrlroq, orov onoio ro llurrrxo pdoo nou
oupnuKvdvsTor, rpuyeror ono rov oruo rou rlrurfirKo0 r600u nou apyeror ono rov e{oipror4po.

{oAroypoppo KUKldporoq !roq p4fovrlq rp0{4q guypo0 orpo0 pe qvoyewnlKn
evo,UoyR.eeppor4rog perofu rou gurnxo0 pdoou nou dyer oupnurvoeei xoi
Tou oruou rou ryurflxoo ;rioou.

:XnUq 9.19
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To :X.9.19 6ivet ro Etoypouuo KUKIdUoroq Utoq Tirotoq eyKcnooroonq g0[4q, xor ro Iy.
9.20 6iver 14 drepyooio oe oroypoppo T-s.

floponEpo buvcnornreq Betrrir,long r4q 6repyooioq, nopouoro(owot !e rnv dlgogulo pnxcwn
tpuypoi orpoU (:X.9.21).

:Xnpo 9.21 Atoypo;.rpo xuxkiporoq 6tBoeyroq qruKlKnq Unxovnq Ue WUXpo ory6 xor
evdroyeoo 6oyeio.

:XnUo 9.20 Meropol6q KoTooroonq rou puxrrxo0 p6oou xoro r4v xuxhx4 brepyooio pe
eourepx n evo.\,\oyR gepp6Tnroq.

M'ourn rnv sou, repxrl tl ovayewryxq evo)u\oyn gepu6r4roq ;rarofu uvpou Kot unapeeppou
orpou rou ryurrrxoi pdoou, unopei Tdrpo ro uvp6 {,urfirK6 peLo vo ryuyebi o4pcwrxo, oxogrl
Kor Koro ono 14 8ep;.roxpooio neptBolAowoq. Eror oufoveror ro qiOxbq qo nou nopoyeror,
KCtTo ro noo6

lqn: h, - ll.o: i, -[r. :ht -h(,

EnAo6n oKpr96q xoro r4v ey6pyaro nou uorog,peror ue rn popgn oEpu6Tnroq xoro r4v
:l9l1yl€"ryor4roq. Ener64 opr^rq.rdpo o oupnroornq dvo'ppolpA'ior iov'orpO,aq
KoTooroonql,roapyorououpntaornouEoveror,enerdnoovKoqur-rouoruounounp6ner
vo npooeneei sivot ttsvolurepoq ono rov 6yxo u.,=u o xoro i4v woppog4o4 on6 Tov
xexopeop6vo orp6.
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Of UEToBo)'q Kqrooroorlq rou VUKnKo0 U6oou oc pro rtroto Unxqvn, gqivowot arc26.9.2

Pa

ft,v)*
VE

EmIo 9.22 MDToEolEq Kqrooroonq rou WutcrKou !6oou Utoq 6rBo0proq qrurrrx4q
Unxqvnq Us WUXpo ory6, oe 6roypo;tpo p-h. Koro rnv un6rpuEn rou ryuxlxo0
Udoou, o qpoyyohouoq oro KUKIu,po urp4,\[q"nieo4g opyi(er on6 r4v
K(rroorcron 7 (crwi yto r4v z) xor relertiver ornv g- (owi orrlv g).

H pEOoSog Lind6 Uo rnv uyporoinon rou o€po

H rdror4ro rov npoypqflKdv oepiorv vo rpuyowor xoro ro oTpoyyorouo (gorv6pevo Joule-
Thomson);pnorponor40qxe oppro ono Tov unde or4 p6go6o iou yrd rav-uyponoiqo4 rou
odpo. To 6roypol.r;.ro xuxkiporoq proq r6roroq eyxoroorooqq goiveror oro'Ey.9.2S: e66
npoKarrot ylo worxro o0ornpo nou ovoppogo o6po ono ro neprflo,l,trov, 6vo'rp4po rou
Iop9ovslol oov uyp6q o6poq, xor ro rp4po nou 6Ev exet uyponotnesi ono6i6eror ior nolr
oro neprgoMov. Or peropoliq xoroorooeov rou q6po goivowor oro Eroypoppo T-s, Ey. 9.24

I

\
I
I

uroit.,
gftroze \\

! tiL fllttLuft
:XnUo 9.23 Arqypoppo KUKkiuoroq rnq evKorooroonq vto rnv nopoyury4 uypo0 oipo.

O oupnreor4q- woppogo ono ro neptBotr ov odpo Kot rovouunta4eLoe uvn^n nieo4 pr. H
oupnieon ourn,\opBover Kdpo oe no-tr\aq Boeui6eq ye ev6royeo4 rUUEn, xoi eror n iooeippn
oupnicon pnopei vo geopneei oov.r6ovtx4 nepinrurorl raq Oiepyodioi'our4q. O Cpof nou
dyer oupnreorei ryuyeror orov avoltroKTn owrppo4q, xoi xoroniv orpoyyoxieror. ioi6 ,nu
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ty0En oTov evol,loKrn qwrpponq, o oipoq ugnklq nieonq npinst vo grooet ornv TefuKn
gepuoKpooio T., nou eivor 1600 XoUnkl, riore o orpoyyoltouoq 34 vo KqTqlnyst ornv
neproxn uypou orpo0. METo ono ro orpoyyolroyo, ro rprlpo nou 6)(et uyponotngei ogorpeiror
ono r4v eyKorooroon, evd o o,poq nou 6ev ixet uyponotngsi €eppoiveror orov ovolloKrn
owtppo4q. Evo roo(Oyro evdpyeroq yto rov evolloKrn qwtpponq Kqt rov uyponotqTn, 6iver:

,ith2: $ - yl tith, I gtiths.

(u'lz),"": hz-ht- (grz)..": hz- ht- ?1(s2_ c1)

EnErdn n Korooroon I oupninret UE Tnv Korctoroon neptgoltrowoq, toxuet:

(wnzJn : hz - hu - T,(s2 - sul : ar,

snoudvurq ro erdrKo rolyrKo 6pyo roo0ror ue Tnv eEipvero rou o6po nou dxet ouunrsorei. rro
r4v npoyporrxd ouunieorl rie8Tol: 1

t"':*(uozl'*:ezl4n

onou 4" _o toog€ppoq Boguoq qnoboonq rou oupnteorn. AN To 6pyo rou ouunteorn
wogepoei orn po<o rou oapo nou 6xsl uyponotneei, loploveror:

wi : ?trz - 
2z n1-- ho 

.

Av ouyKpre'i ourn n Trun pe r4v eqepye,o ,ouvoip:;'' 
t\ h'

(tui).r": eo: ho-h"-Tu@o- s,l.
loUpoverot n nopoKoro ox,on yto Tov egrpyaor(o Bogpoono6oonq irlq p4yovnq Unde:

, (uri).r" eo hr - hzr:-4_:4wQnr_io.
Ener6rl_ oro ouunteorn, orov evoMoKrn owtpponq Kot Kupioq Koro To orpovvoltoU6
epgcrvi(owor treyoleq ond,I€req eEipyetoq, o qspvetoKoq Bo9ydionodoonq ori oiri4 oura

onoum4po4po(oq
uYponoreilot. Afl6 rrlv
uYpo|lorn0ei:

no rnv ro6€eppn oupniEon rou odpo
nepinroon, To et6tKo TEXvtKo 6pyo:

pnxovn, noipvel Truiq rnq ToEnq Tou 1O%.

oipo nou npoogeirot on6 To oupnteorn Kot y To rpnpo nou
4io0ron, roo4uyiou trquBoveror ro ruRpo Tou oipo nou dxel

h,-h-Y:E=i'
go flpiner vo 6onqvneei ornv crwtorpsnrn t6suKn

KJ
kg

2t0

150 200T+

:XnUo 9.24 Atepyooio Linde yro r4v uyponoiqo4 odpo.

/50 L
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