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Evorqro 3
To 1o OeppoduvqprKo A[io1ro

Or opor dpyo, gepporqro xor ev6pyero, €o npdner vo xorovongo0v no^u xotro on6 ro gorr4r4,
nporou Eroox€ei ro 1o eepuoouvoutK6 AEioUo.

3.1- Epyo

Eov 6vo ouornpo ugiororot UeTor6nron Koflotou opiou rou pe r4v enevipyeto Konotoq
6uvopnq, rore 

^ips 
6rr nopoyaror 6pyo, nou eivot ioo pe ro yrv6pevo rnq 6uvopnq eni Tn

ouvroTuioo rrlq parorontorlq or4v xore0€uvon rou ov0oporoq rqq 6uvopr4q. Eov ivo
o0or4po oov ouvotro e{oorsi pro 60vopr1 oro neprpoMov ru, xor oupBei pro peroronror; rov
opiov rou ouor4poroq, ro dpvo nou yiveror ono I npoq ro oUor4po trdyerol afr,rreprxo dpyo.
Ynopxer B,Boto Kot ro eooreprxo dpvo, nou pnopei vo yiveror ono ivo rpnuo Tou
ouornporoq oE dvq oI o runpo, oI o ouT6 To ei6oq apvou 6ev onooyotrei xoootrou 14
€eppo6uvo1rrx4. Movo ro 6pyo nou neptloUlovsr oMr1,\eni6pooq pero{0 rou ouorrlporoq
rot rou neprpotrtrowoq rou eivor oqpovrrxo.

Aq 6oupe peprro nopo6eiyporo:
Ew 6vo 4trexrprK6 ororxeio eivor oe ovorKr6 x0xtrt^rpro, onoreo64nore peroBotraq oupBoivouv
Uaoo oTo oTorxeio (nX 6toxuon), 6ev ouvo6e0owor ono nopoyovn dpyou. Eov'opt^lq ro
ororxeio ouvdeeei oe eforeprxo KtKlu,Uo xqr 66oer nleKrptKd pe0po, rore pnopai ny vo
neproTpdtlJEr avo poropo evoq Krvnrnpq, Kor vo onK(,o8r 6vo popoq 4 vo ouonarpdloer dvo
s^ornpro.

Epyo oe u6poororrxo o0ornuo

Aq eeopnooure ivo odpro nou nepriyeror oe 6vo xutrrvdpo, pe evo ippolo novor oTo onoio
pnopei vo enrdpooer xor ro ouor4po, Kot ro nEplBol\ov rou.

_Eov 
o xutrrvopoq dxer 6roropR A, TorE n 60vop4 nou ooKei To odpro oro dlrgotro eivor p.A.

To neprpoMov ooxei enio4q- pto owigsrnq gopoq 60vo;.r4 oro 6UBotro (ny nou ;lnopei vo
oQeilsrot oe rptBiq, R ouv6uoouo rptBdv Kot evoq elor4piou ou;rnieorjil. To ouorrlpro
guorxo 6e Xpoto<erot vo yvopi(er r4v npodlauo4 r4q owi6poo4g ournq. 

-'

Aur6 nou npiner ont.ro64nore vo rox0at, eivor orr q owi6poo4 ourrl 6o npdnsr vo eivor ,\iyo
prKporepn ono rn 60vopn p.A (otovei-ororrxn peropo,\n).
Eov trornov ro d;rpo,\o Ktvn€ei Koro dx, rore ro ouornpo nopover dpvo:

dW=-p A dx

dW=-p dV

(1)

(21

OuorKo, on'Jq goiveror ono ro :X.9.1, n oxion ourn eivqt yevtKn, Kot 6ev efoproror ono ro
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ouVKeKprUdvo oxnUo rou 6oyeiou.
E6tir o[i(er vo rovrorei 6Tr on6 ro nopoyopevo ipyo, avo Udpoq Uovo pnopei vo ofronorrlgei
qno ro neprBoMov rou ouor4poroq:

w,.,"- - [ p dv+ p JV"- vr)= - [ tn- o I av
1t

To 6pyo goiverqt KoIo oro 6toypoppo p-V (:y.3.2). :To >XRpo ouro n KoUnuIn I noprorover
Tnv eKr6v0ron ev6q oepiou. H Kopn0ln ll noprorover rr1 oupnieo4 nou oKoloueei, U,expt vo
enrorpi{J€r ro o0or4po or4v i6ro nieon Kot 6VKo.

Iy4po 3.1. To apyo nou nopoyeror on6 Tnv u6poororrxrl 6uvopn p.AA eivot p.AA.ds. To
,pyo os oln rnv eEorsprKn entgovEto eivot p.: AA.ds=p.dV

(3)

Iy4po 3.2 Aroypol.rpo p-V. l: eKTovulon, ll: oupnieon.
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Onoq goiveror oro :X. 3.2c, npoKetrot yro rivo xux,\o, xor 4 enrgovero nou neptKleieTot p6oo
orrq 6uo KoUnuIEq (6rapyooieq) rou xuxtrou, eivor 4 drogopo rov entgovetov xoro ono rrq
Kopnuleq I Kot ll, Kot noprorover oKplBdq ro xooopo dpyo nou nopoveTcl orov K0KAo ouro
(npoooyrl orn gopo neprypognq rou Uovonofloul ov 4rov n owieern, T6Te eo eixou€
xorovotrr,lorl apyou).

B^,noupe lorn6v 6rr ro 6pyo nou Viverot ono dvo o0or4po, 6ev e(oproror povo ono r4v
opxrKn Kor TeIrKn KoTooToo4, oMo xor on6 Tnv flopeio rov Erepyoordv oro droypoppo p-V
(npoxeror 6nlodn vro EntKopn0Ito otroxl4pr,.rpo).
Mro ororyerdErlq trornov nooorqro ipyou, 6ev eivot oKptpiq 6rogoplro (efou xor n ypoppn
nou noMdq qopaq ronoeersiror oro dW.

To dpyo oe pro orovei-ororrx4 6repyooio r6ovrxo0 oepiou, pnopei vo unoloyrorei notr0 ontro
He Inq.,n un6vn Tnq KoroorolKnq efior^ro11q. nX Vto todeeppn eKrovoon 4 oupnieo4 r6ovrxouoepiou' 

w - ri'rav,

PV : aR|

w: [''ffav
w: 

^no fr'{
: nAenft,

Awiororxoq eivor xor o rponoq unotroyropo0 rou apvou oro unolornq onlo oeppo6uvogrrxo
ouorr;poro nou e{erooope ornv 2n Ev6rnro.
nX oro o0ppo uno rooq:

oTov uuevo:
dw - -J dA.

dw = -3 dL.

TV-7;=1-| | l _-----l I+l t\ai
llt t=i

----:-

:XnUo 3.3 Enrrpoveroxoq updvoq oa ntroiolo
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ornv owrorpenrn xuqdtrn:

dW - -€ dz.

Iynpo 3.a Orovei-ororrxr; perogopo ntreKTptoUou oro owtorpenro orotxeio.

KOr OTO nOpopoYVnTtKo orepeo:

dl{ - -TdM.

Rin8 ol rnagnotiz
mal€ al

Ixnpo 3.5 Meropotrn rnq pqyvnflonq, rvoq nopqpown Ko0 oreproa.

To nqponovo ontro ouornuoTo BdBoro, eo unopoOoov vo ouvduoorouv oe nr6 o0veero,
6nu,q ouro rou :X.9.6

-:::=_J[:-___.-;
- -l-.::

= - -=flE=,-'=i:-*-€-]-l
.:-jE-_---
:_--*sq:=

Curren i = #



!tl,

(a)

:Xnpo 3.6 (a) Iuvoero ouornpq pe eeppoouvoutK6q ouweroypiveq, p, V, H, M, Kot T.
(b) fpogrxrl nopooroon TuJV ove{crpTnTov ouweTovp6volv T,V, M.

E66 ro dpyo exgpo(eror oov: 
dw : pdv _ %.dM,

Kor n petraTn avoq TiTotou ouornporoq Xpnotuonotei rpeiq ovri yro 6uo oveEoprnrrq
esppo6uvoptKiq ouvreToV!trvsq.

Eovo oe orovei-orqrrxn 6reovooio

E6o_eo npinet vo oroOoupe livo, Kot vo tovono0us Kql nolu onuovnKo:
Aq eeopRooupr avo KoToKopugo elornpro dl(qq, ro ivo qKpo iou onoiou Kpepope dvo
xoppol yo,\upo !o<oq m.
To Kor0J oKpo Tou elornpiou, eo perorontorei npoq rq Kqro Koro Ax, onou

Lx=m'g
k

Eror, ro xol.tporr yo.\upo eo exst nopovet dpvo:

(4)

F= k. Ax

W=n.g.Lx=@O2

trov opulq 4 drepyooio yrvorov orovei-ororrxo, 64tro64 4 60vopq nou ooKouoqpe
etrorqplo nrov Koee tpopo eloyroro peyolurepq ono r4v owi6poon rou etrornpiou: 

'

(s)

oTo

(6)

rore To ouvoltKo dpyo nou 0o bonovouool.te eo RTqv ro Utoo:
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w= | r.ax= S r.r.o*- k'x2 - (m'glt2
JJ22.k

AKprBOq ouro ro runuo Tou bonovurpevou ripyou (64I. ro owrorpanro, onoq eq 6oupe
opyorapo), onoToprsuerot oro eAorfipro oov duvoptKR ev6pyero. To oltro proo, npoqovurq
ore6o(eror oe rpr86q (rolowuron etror4piou).

ttl
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3-2 To 1o OeppoduvqUtK6 AEir.tpo orc xlDrord ouornUqrq

Irrq npo4youpeveq nopoypogouq, ei6ope ndq dvo ouornpo perogdperot ono pro opyrx4 oe
prd T€IrKn Korooroon plioo ptoq orovei-ororr14q 6repyooioq, ror n6q unoloyiBorot ro dpvo
nou bonovoror or4v nepinroo4 our4. Ynopyouv o1.toq ror oMor rp6not yto vq q,\,\o{er xoveiq
Tnv KcrrooToon rou ouor4poroq, ot onoiot 6ev onorroUv onoo64nore vo donovn€ai dpvo.
Aq oeopnoouue ny rrq rpeig 6repyooieq nou goivowor oXnUoTtKo oro :X. 3.6.

M
_x-(c)

Mhd
,rr{

Aroyt^rprol.rog rov rwotujv: dpvo Kot eeppoTnro(a) o6toBo Ko spvo
(b) por'1 oepporrlrog Xr,rpiq dpVo(c) dpyo ror eepHornTo

\4)

:Xnpo 3.6
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Iro (a) ivo peuoro ugiororol o6roporrx4 exr6voorl oe dvo ouv6uooU6 xutriv6pou-eUgo,\ou,
nou oL\4trenr6po pe ro nepl!otrtrov rou prioo evoq KpeUooUavou ooUoToq, dTot 60rs, KoO6q
trqppover y6po q exrovt.ron, To odpo vo ovurptiveror svd To peuoTo vo nopoUaver nowo nolu
Kowo ornv toopponio.

Iro (b) dvo uvpo oe toopponio pe rov orpo rou, eivot oe enogrl Udoo evoq 0eppooydryrpou
TorXdporoq.pe ro xouooepro ev6q I0XVou bunsen, xor eforpi(eror, pre o0yypovq ou€non rnq
0eppoxpooiog ror nieo4g, yurpiq vo nopovet apyo.

:To (c) ivo peuoTo exrovdveTor svd eivor oe €epprx4 enogrl pe 14 gtroyo rou l0xvou bunsen.

46roEorrx6 6ovo

Onoq ei6ope oro :X.3.6a, dvo ouor4po nou neprx,\eieror ono q6toBo Kaq entgoveteq, Unop8ivo oMnlentbpo Us ro nEptBoI ov rou, nqpcrvovrcrq 4 6onovovro{ ripyo. AiIo rpio
nopo6eiyporo yr'ouro, goivovrot oro :X.3.7

:Xnpo 3.7 AbroporrKo dpyo.

Aq ee.Jpnooups Tu,po To ouverTo ouorrlpo nou goivsror oro :x.3.ga, nou onore^eiror onodvo u6poororrxo peuoro Kor l.llo epBonTropdv4 o'ouro q,\exiprx4 qvrioroon, ono xagenlsupq evoq qvovtpou (6ro0epprxou) rorydporoq.

]^".:::]!pt. ouro pnopei vq ollntrsnr6pooer o'droBorrxq !E ro neprBol ov rou pe 6uo
Tponouq:

erTe prroKtvovroq To evo 11 xor ro 60o dpgolo npoq ro pdoo n npoq Toetur,

eiTe qpyo (otovei-oroflKn drepyooio), erot {!ore

w=lo.dv

6nou p eo eivot ion ps Tnv eKoorore pR roopponioq,

eire nol0 vpRvopo (Hn ororrx4 drepyooio), 6ro1 6ora 4 nieo4 oro epgo,\o vo eivor prxporeprl
ono r4v rrpl roopponioq. Eov ro 6ppolo rpopnpei npoq ro 6{orlyurapo on;Oo6 ibeXouu
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ro U6pto Tou psuoroa, Tors ro peuoro 6ev 6o rqver Kqeotrou 6pyo oro duBolo.
Mro rdroro 6repyooio Isvsrot ekueep4 exr6voo4, l(ot eo ou<nrneei opvorepo pE Kqnoto
lenropipero.

:XRpo 3.8 (a) Iuvoero ouorqpo oro onoio Unopei vo yivar o6roporrxo 6pyo pa 60o
Tpoflouq.
(b) :uvdeon 6uo Korooroosov i Kot f pe 6roqopo odroBoflKo Uovonoltcr.

fro ro_ o0oTnpo Tou :X. 3.8a, sntlevoupe Ttq ouw'Toypiveq V,V',T oov ove{oprr;req
eeplroduvoptx€q ouvTerov!avrq. or xoroorooerq i Kor f rou ouornuoroq, nou goivowor oro
droypol-rpo TW'rou ry.3.8b, enrAeyovror oueoipero, Kqr eivqr *oeopq o0gnr"on ro oTr n f
owrorotXei oe uVnlorspn eeppoKpooio ono rnv i. :ro povonqn iaf, 4'6roxexoprpdv4 ropnu,\r1
ia, ovrrnpoooneuer plo yr,tpig rprpriq, orovei-ororrxn, o6roBolKn ouunieon, no, ,iono,r,ro,
pe 

-To 
avo ono ro e;lpotro. Aurn oxe6rq4erot os pro enrgoveio nou rdpver ro 6uo

roo€epUoKpootoxo ening6o.

H unop{4 prog rerorog snrgovarcrq 0o onober;€ei opyorepo, qA,\q 0o npdnar vo rovrorei e6dr
orr ogo0 4 ia anlruyyoveror povo Ue Boon r4v opy4, yopiq rprpiq, xiv4o4 rou spBo,rou,
gnoper vo eKTs^eorei Kclr ornv ovonodrl Korsoeuvon (ia n ai). H KOUnuln af ovrrnpoooneuer
Tnv 06roEoTrKn oxe6004 4,\errprxrlq evepveroq nou ouv6uo(eror pe rrg xrvrl0erg rov euBotroJvxor drorrlpei ro ouornpo or orogepn geppoxpooio. - 

tvl'ol\o iOy,o, a Vpoppn atqwrnpoourneuet pro 6repyooio nou rivor ouvxp6voq o6toBonr(R xor rooeeppni 
" '

Ynopxer ouLjq uro Boorx4 6rogopo: 4 brepyooio af unopei vo yiver p6vo oe pro xoreuouvorl
(pnopoupe vo npoobu.rooupe evepyero oro o0orrlpo Ue rnv qvTioroorl, o,\lo 6ev Unopoul.trvo rou ogotpeooupE rv{ipvato).
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To !.lovonofl ibf owtnpooonsuet dvo o.\.\o odtoBoflKo rpono otrtrovnq rnq KoTooToonq ToU
ouornpoToq ono i oe f. H KopnOtrn ib qv npooone0et rn 6lepyooio oK66oonq evapyetqq ono
rq owrorooetq, Kot n KoUnuIn bf rqv orovei-ororrxfl drepyooio nou npqyporonorouv ro
iUBoIo Xdpiq rprB6q. On0rq Kqr lie ro nponyotp8vo, 4 bf pnopei vo efetrry€ei oe 6Uo
Koreue0voerq, avo n ib Uovo oe Uio.

Ynopyouv guorxo xor noMo qIIq o6roBo xo l.rovonorro nou ouvEdouv To i Ue ro f, onoq nX
To icdf, oro onoio 11 6rapyooio cd sivot Uto Un-oTonKn exrovoon nou utronoreiror ue uro
Vpnyopn xivrlo4 npog ro 6{(, rou EV6q ono ro aUBoIo, xot 4 orepyooio df enrruyyoveror
t(por6woq oxivlro ro 60o 6pBotro, xor oxeSo(owog 4lexrprxn ovdpv€ro oe onoro6rlnore
on6 nq owtorooetq.

Evo oMo nreovo qoroBoflxo l.rovonorr, onoretreiror ono roxeio xiv4on rov EuBoI0JV npoq ro
6fo, nou64;rroupyo0v prro pq-ororrxrl exr6vuo4 ie, nou oKoIouOeiTot ono tooxulpn oieOoon
nlsKrprKnq ovdpvetoq eb, ror or4 ouvdyero plo otovei-oroTtKn ouuni8on bf.

flop6tro nou 6ev eyouv yiver nord oxprpeiq ;rerprloerq o6togolKou dpyou xoro p4xoq
drogoprxtilv uovonor{Jv pero{0 6uo KorooTooeov, dppeoo nerpoporo 

'6eiyvouv 
orr ro

odroporrxo dpyo eivor ro i6ro xoro p4xog onorou6rlnora rerorou povonorro0.'il yevireuo4
Tou onors^aouorog ouro0, eivot WooTo oov ro lo Oepyoouvoptr6 Afir.rpo:

Eo_v avd ouor4po unoypeugei va a))a{er dn6 Un apytx7 ot tna rc^tKn Koraordon IJEadoqa.nKd xat p6vo uiod, rore ro ipyo nou yiverat eivat ro i6to yto 6Aa ra o,nparwo
lJovonana nou ouv6iouv nE 60o xaraorooetE.

Atpo0 trornov ro 6pvo eivor ovefopr4ro rou povonqfloa, eo np6ner vo unopxer pro ouvoprrloqr,v €appoduvol.ltK'Jv ouvrerovpsvov rou ouornuoroq, Tnq onoioq 4'irp4 orrlv relrxq
Korooroon Ueiov rnv Ttpn ornv opyrxrl xorooroon, vo Uoq 6iver ro odropoitKo 6pyo.
Aurn n ouvoprnon IdyETot ao0jTsptKn evdpvetq U.
ETor dXouUE:

W,-, (a.6,.ap*x6) = UrtJr (e)

:uvqornon roorsptKnc Evrpveloq

H guorKn onl.lqoio r4g 6roqopog Uf-Ui, eivot n ljsroFoln rnq evepyetqq rou ouorqporoq. H
noponovo e{ior,to4 enopdvr,rq, exrppo(et onlo rn droTnpnoq r4q evdpyeroq.

!xgpo(et 6purq xor To veyovog or unopyer pro ouvoprnon av6pviroq, nou 11-6rorpopo perofu
6uo Ttpdjv r4q eivor n svspyetoKn peroBotrn Tou ouorRuoroq.

H eooreptKR svdpvato oro onlo ouoTRporo eiovt ouvoprno4 r,v 60o ove{oprqr,v
0eppoduvogrxriv ouvreroyprdvov. H pop94 rrlq opr,rq 6ev eivor yavrxo ontrn, *o, noir'orylro
eivor ovvulorn (ouv4g1,,1g rnv axoul.ls oe popgn nrvoxr^rv, 6nurq tlo 6oupe oiyorepo).

fsvrKh pognpoflKn broranGjon rou l ou O. A.

:Tq nponyoulrevq pelsrnoop' ro 1o o.A. oa qbro9orKq ouorRporo. Auro rryrve povo yro
6r6oKTtKouq l6vouq: o Kqvovoq eivor orr or brepyooieq oupFoivouv Un-odioBorrro. :e
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rdTorou ei60uq 6repyooieq, iyoupe ouyypovoq Kot perogopo gspUornToq:

Orqv dvo ooornpo rou onoiou ro noptBol\ov eivot oe dtqQope Kn eepuoKpooio, Kol ent Tou
onoiou pnopei vo yivet dpvo, ugiororor pro drepyooio, 4 evdpyero nou perogriperor pe p4
!nXovrKo ;.r6oo, xoreivor ion pr rn 6rorpopo perof0 rrlq peroBotrqq rnq eollToptKnq evepvetoq
Kor rou dpyou nou dxet donovnesi, trdyeror €eppornro:

Q,W=urtJt Oo)

(npoooxn orn o0ppoon Vto ro npoonpo rou apyou: ornv ovvloooEovtKn BtpltKoypogio,
ouvnei<eror vo eeopeiTor oerrxo ro ipyo nou ncrpoyeror ono ro ouoTnpo, onoia ornv
noponovut eEiooon epgovi(eror ro dpyo pe opv4rrxo npooqpo).

H brorpoprxq popgq rou 1ou O.A. Vto To Klsroro ouoTRUoTq, ViveTot:

dQ=du-dw

A_urn n eEior,ton noipvel rrq nopoKoro popedq oTo 6tqgopo onlo ouorlporo nou dyoupe
a{erooer (Fliv.3.1):

,".| o 
".JtJlHiu" 

Juo,ouo,o

Syrtcrb Fint law
U'rsa

fuoction of
o9 two ot

Hydroltatic lyltce
Wir€
Surfacc film
Elcctric ccll
Paraoagnctic rolid

dQ-du+Pdtl
dQ-dU-3az
dQ-dU-Ja
dQ-du-edz
dQ-dU-Xdu

P,V,0
,7, L, 0
J,a,c
e,2,0
ry', M,0

EErou.roarq evoq u6ooororrxou ouorhUoroq

To 1o O.A. oe evo xtreroro udpooroTlKo ouorqpo, poq 6ivel:

dQ-dU*Pdv,
6nou U pto ouvoprnon onotolvdnnore 6uo on6 To p,V,T. Enrtrdyovrog ro T xor V:

au-(ff),a+(f),,n.
onoTt:

iq --(#)",, * [(y), + ef av.



to

# - (**)..[(Y),* 4,'#.
6rorptivroq pe dT:

qpq

H efior,ro4 ourn toxost yro xo€e 6repyooio nou neptlo!.lBovet UeToFoIn eepUoKpooioq dT Kol
6yxou dV.

(a) Eov V=ct, rore dV=O xor

(*!P),- (*Y),

H nopovr,iyoq oro oprorapo ovopo(eror e[ opropou eepUoxopnTtKorrlro un6 oroOapo oyxo
Cu. Apo roy0ar enio4q:

(b) Eov p=s1,

( **), : ( **), * [(f), *,] (y),
oI o 8t optopou o npdToq opoq eivor n esppoxopnTtKorqro uno oTog€pn nieo4 Co, xor

cr: cv*l(Y),*,1*

(#),:"'*"'- ''
H a{iooo4 ouTn eivor ivo xotro nopo6erypo proq e{ior,ro4g nou ouoxsri<er pro nooor4ro nou
6ev pnopei vo perpn6ei, pe ol eq no06Tr1req, nou lrnopouv vo npoobroprorouv nerpoporKo.



I ewtKo 80vo

Irtq reyvrxdq egoppoydq r4q, Oepgoduvoprx4q, ouvowope oun/o y4yovdq ot onoiEq
6ropp6owor on6 oroeepR pon Uo(og xonorulv ouorrirv. fto Ttq neptnTdoerq our6q, ro 1o O.A.
noipv€r Hro r6roirep4 poprpr;, ornv onoio unetoipyowqt povo rrp6q yaye06v oro opro rou
ouorqporog (eioo6oq-e{o6og).

Eror pnopoupe vo petrerilooupq evo o0or4;.ro pe poo4 
'|q 

poaq etoodou xor e{o6ou rou,
Xopiq vo fdpoupe Tr ouuBoivet oro eooreprxo rou.
Edti eivor Xpnotpn 11 iworo rou TeXVtKo0 6pyou: np6xerrcl yto ro 6pyo nou nopovEror
ouvex(,)q ono dvo ovorKTo ouornuo (ny p4yov4), nou 6ropp6srqr ;rovrpo on6 poiq xonorov
ouordv.

Ma Boon ro reXVtKo ipyo, unotroyi(eTor Kot n toxuq nou ono6i6er n Unxovn:

W, Am.w.en=r!=-f=rit wr"

6nou w,.,a ro er6rro reyvrx6 ipyo.

o- unotroyropoq rou reyvrxou 6pvou trKrvo ono rrlv enrtroyn rov opiov rou oyxou etrdyyou
(:X.s.10)

Tetrtxo npoxunrer:

:Xnpo 3.10 AvotKro ouor4po, xot
onoio tvoopoToveTql
ypovrxo 6toornpo AT.
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d,Wv : 2n. n6?l. M6(tl. h.

rYll : 2z I naft\ . II6Q\ ih .

(121

rponoq npoo6vvtonq rou ;le xtraloro oaornpo, oro
11 po(o peuorou Am nou 6roppder ro oaornpo oro



49

Me rnv npooaVVron l<Ietorou ouornporoq rou tX.3.10, pnopouUe vo egoppoooul.lE Tn Uopqn
Tou 1ou O.A. Vrq KtrElorq ouornHoro:

Qa + ll.'z: Ez - Et.

onou ro evepveroKo nspt8xop8vo E rou xtreroro0 ouoTnporoq, onoTEIEiTot ono ro orqeepo
svepveroKo neptexoprvo E' rou x,\erorou ouor4poroq, ouv Tnv ev{ipyeto nou eivol
onoenKeupevn orn po<o Am rou peuoTou:

E : E' + rlu,(u *"] ..,\\ 2 ','-l'
(E6ti, yevrxeuowoq qno ro u6pooTqnKo o0ornUo, ouUneptlougovoupe Kot rnv KtvnTtKrl Kql
duvo1rrxq ev6pyeto rou ouornporoq: olo To pevdgn eivot crvnypdvo orq povo6o po(oq)

Aurn n eEio0jon, yro rrq 60o XpovtKaq orrypdg rou IX.3..lO a Kot c, yivETot:

Er:E'*z-(rr+c;+srr).

Ez: E' * t*(r" +"] + *,)

Q12 I w1": z*(u" +"; + rr) - zrr(u, +") + wr).

f9.td[q: To ep,Vo W.,, onorelairor onoro raXVtKo dpyo W.,, xor ono ro 6pyo peropotrrlq
ovKou rou ouor4poroq. Auro ro rsleuroio, or4v eioo60 rou buornporoq eivor ioo ;re

Kqr ornv dfo6o ovriororyo pre
irur,Jnt.'

- prur.htt

ETOI TO lO o.A. noipver rnv nqpoKoTo r,lopqn: 
Qr2 | Wrrr - lm(pruz _ Fptl

: t*(u" +"] + o+) - rt,,(u, +'] + w,)
Aur4 4 e[ior,ro4 loy0er yro ro XpovtKo Oroorrlyo AT, oro onoio n po<o Am erodpyeror oro
ovorxro ouorrlpo xor exroni(er pro io4 po(o or4v ifo6o.
Ener64 prlope yro povrpq 6lepyooio (6repyooio l.lovrur;q porlq), yro onolo6qnora ypovrxo
6roor4po Ar, ro ;reyriOq:

rit, : lm4t
Qv: QvlZt

Pr, : w rr2f lt

Atorptivrog trotnov pe AT, eyoupe:

Q,z * p,z: ,n(,, + ,,r, + "r2 * or) - th(ut -I- pror *! , or)
Tripo ]o oepotopo u+p.u eivor xr ouro dvo gepptKo KorooroflKo pdyeooq, nou
ovopo(oupa sveolnio:

snopev(r)q:

pon po<qg
porl 6eppor4roq
roxuq

ervor oro0epo

H:a+pv
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Kor owiororxo srorKn evgotrniq:

-Eh: m:1t + p.

Erot, ogo0 xovope otro ro peyi0rl erdrxo, 6rorpdrwoq Hs rn (orogspn) poa po(oq, ro to g.A.
noapver rn Uopqn:

qp * wrz : hz - ht + + @B - cll a sQ2 - z)

A4tro64:
T? oepoopa ng eepltornrae Kat rou rexwKo, ipyou nou npoo6i6uat oro o1onpa,
€ivdt ioo pe ro oepoopa ruv lterapoAdv rne evedAniae, rqE nv4nx4q xat qg 6uvaptx4E
evdpyeoE rou p6oou nou pEet pioo ono avov oyKo e\iyxou oe pn \epyooia U6vtltnE
pone.
Aur4 4 e{ior,ro4 toxuot Vto xo6e drepyooio Hovrlrrlq poflq, oxo1.r4 xor yto Un owtoTpenT6q
6repyooieg pe pfi-ororrx6q peroBotriq xorooroo4q ;rerof0 1 xor 2.

Korr otr\o nou gq npdnet vo roviooups e6r;r (0o pqq Xpetooroi opyorepo oflq Egopuoy6q),
eivor ro yeyovoq 6l avo pdpoq rou ,pvou nou nopoyerot oe pro brepyooio U6vryni pbn|,
To 

^ev6pevo 
apvo ponq, epnapr6yeror orn psroBotrn rnq eveolnioq:

h2- hr= Ur- t4+ pa uz-Pr ur
(t3)

H Ueropotr4 u2-u1 Tnq eotrreprxlq evdpvEtoq Tou peuorou psTotu Eloropng eroodou xor
eEooou' ervor n peropoln nou ugiororor n eourreprKn evdpyero proq ororyeri60uq po(oq rou
peuoTou KoTq rn 6to6popq rrlq paro{u aro66ou xor efo6ou:

Eov rd,po 1 brepyooio eivor ovrrorpenrn, ro dpvo w.,, eivor onoxtrerorrxo 6pyo peropotr4q
oyxou, onore:

2

u"- ur=(qr") ,n- [p.tlv
1

os)

U2- Uj=qf+Wp

nz- nt=l4tz) ,"r- Jp.ctD+p2D2-p:u j
I

(14)

(16)

KOI

onore (:X.3.11)
on6r8 ro et6tK6 TeXVtxo epvo xoro r11 6ropxero ptoq owtorpenrnq 6tapyooioq UovtUnq ponq,
arvol:



q1

2
t

\- nt=\Qr) ,n+ lv.ctP
,1

2
^a(w ) n = I v.dp+ *(c5 - cr') * C@- Z)-iz

(171

(t8)

:Xnpo 3.11

",
J "aP

Enetnynon rou o,\oxtrrlputporoq I
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Evorqro 4
To 2o Oep;.rodwoprxo Aficlpo
Onoq ei6ope Kor ornv nponvo0usvn evornro, To 6pyo Unop8i vo psrqTpoei oe oeppor4ro
pe 10O% Bogpo onoboonq. Aev toyuet ovoq ro owiorpogo. To niq xor To yrqri, Uoq ro )rel
ro 2o geppo6uvoprxo Afit^r1.to.
f|o vo pelsrnooupe pro Erspyooio nou perorpiner geppor4ro oa ipyo, go npdnet vo BpoUUe
Uio flou vo ro Kovsr ouveytiq, yopiq vo oMo(er r4v Kcrooroon rou geppo6uvol.lxou
ouornporoq (povrl.ro gorvopevo). Eror, ny 6ev pnopoU;re vo XpnotUonotnoouUe Vto ro oKono
our6 rqv ro60epun eKTdvoon evdq r6ouro0 oepiou, ogou ourrl yeroBotrtrer ouveyriq rnv
K(rrooroon rou oepiou, oufovowoq rov 6yKo xor psrritvowoq r4v nieo4, U6Xpt vo grooel
oTnv nieon neprBollowoq Kor vo oroHornoet.
Auro nou Uoq Xpero(eror, eivor 6voq eeppo6uvoptKoq r0x,\oq: pro oerpo 6ntr. ond
drepyooieq, nou oE Kogs K0KIo rouq ro oOor4po enw6pxeTot ornv crpyxn rou xorooroon.
Koee Uro ono rq sni yipouq drepyooieq rou K0KIou, pnopei vo neprtroppover porl
geppor4roq ono n npoq ro ouornuo, Koedq Kot nopoyr.ryn 4 xorwotrr.roq 6pyou on'ouro.

fro,vo nlnpn KoKlo, oq ou;rgoxooupe:
QH gepp6Tnro nou onoppogo ro o0ornpo
Qc Oeppor4ro nou onoppinrer ro o0or4po
W 6pyo nou nopoyer ro ouor4po

[or 19 QO xor ro. Q" 6youv oprorei oov ge Koi oprouoi. Eov ro OH eivot Ueyo]urepo on6 To
O", (xor iipo ro 6pyb W nopoyeror ono ro o0ornpo), r6re 4 y4yovix4 ouoxeurl nou npoKolei
Tov KUKIo ouro, Idveror eepulKn Unxqvn. O oKondq rnq, Unxovnq, eivor vo nopoyer ouveydrq
dpyo, exrekiwoq ouvexdq rov i6ro K0Ktro. To Kogqpo dpyo nou nopovst o K0KIoq,
ororpoupevo Ue Tn e€pUdTnro nou oroppogo, AdysTot OepprK6g 

'oelog 
cr66oorlG

w,OH

sner6n 6uorq on6 ro 1o O.A.

Qs-Q6=W

roWEl:

QH-Q} - Qc (3)

Onoq goiveror ono rrlv noponctvo oydo4, yto vo yivst ro rl=1,0o npiner vo pndevrorei n
0EpU6rnTq nou onoppinrer n pnxovn. go 6o0pe opy6repo Vlfii ouTo eivor o6Uvoro or4v
npqEn, Koe6q xor nore 0o nrov 6eu:p4rrxo 6uvor6.

O yerooy4porrouoq rnq gspudrnroq o0 dpvo, viveTot ouvneoq or4v npof4 UE 6uo runouq
Unxovdv: rrq p4yov6q eEoreprKnq xo0o4q (ny oruounxovn, KtvnTnpoq Stirting), Kot Ttq
!nxovdq eooreprx4q xouo4q (ny pev(rvoxrv4rflpoq, xrvnr4poq diesel).
K9l o]ouq 60o runouq pnxovdv, 6vo o6pro n dvo Uiytro oepiujv, nou nsptdxarot oe avo
xufuvEpo, ugiororor 6vo x0KIo 6tspyootdv, pe lq onoieq npoxo,\ei rqv rivrlo4 ev6q eplotou,
nou pe rn oetpo rou pnopei vo neprorpdryar xonoro orpoxro Evqwto oe xonoro pon(

(1)
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(goprio). Kor orouq 60o ronouq Unxov6v, eivor onopoirqro, oe Konoro goon rou K0KIou, vo
ovutyLlgei n gepUoKpooio xor 4 nieoq rou oepiou orov KUtrvEpo os noAu q,nLq nUiq.
Irn Unxovn Stirling xor ornv orpopnxov4, ouro enrruvxovarot UE Ulo e€oTeprx4 aorio
€ipuovonq. Or uq,ntr6q €EppoKpooieq xor nrdoerq nou enrruyyovowor oflq pnxovaq
eooreprxrlq Ko0onq, 6qyroupyo0wor ono pro myrKn owi6poon pETotU evoq rouoiyou xor
rou odpo, n onoio ouuBoiver orov i6ro rov xUArv6po. Iro lev(voxrvnrr1po, q ro0o4 r4q
Fev<ivnq xor rou o6po yiveror oov ixpq[4 nou {exvo ono nA€KrprK6 onrvgnpo.
H pnxovn diesel, qwioero, Xpnorponorei neTpi^oro oov KoUorUo, n xouorl rou onoiou yiveror
Konoq nrd opyo, gexo(owoq ro p6oo orov x0lv6po.

H tdcvtrn UnXqYn rou Carnot

O x0xtroq rou Carnot, 6xer Heyoln roroprKn onuooio yo rnv xorw6non rov esue^uaiv
opxliv rnq Oepyo6uvolrrxrlq. O xoxloq ouroq onordreiror ono q noponovur 4 gqo8tq
(>x.4.1):

IXnUo 4.1. O x0xloq rou Carnot (6ovxrl Urlyovn).

1-1 ' AwroTpeflTn to6geppn eKr6voon oe eapuol<pooio Tl, orn Eropxero r4g onoioq
UoTog6perqt oro epyo(dpevo p6oo, erppornro orio pto eEoraprKn qnognKn
€epp6Tnroq.

1'-2' AwroTpsnrn odroporrxn errovoon, onou q oeppoxpooio ndgrer oTnv TtUn Tr, n onoio
sivor rouloxorov ion Ue rn geppoKpooio neptBol owoq.

2'.-2 Aw'orpemR to6espun oupnieo4 orn eepuoKpooio Tr, orn dropxero r4g onoioq
ono6i6eror geppor4ro oro neprpoMov.

2-1 Awrorpenr4 o6toBonKn oupnieon, pdypr r4v opxrxn Oeppoxpooio Tt.

To o4peio 2 0o npanet vo sntl€y8i Ue riroto rporo, 6ore oro rd.\oq rnq oupnisonq 2,85
1 , vo Enrruvxoverot xor nqh n Kqrooroon exKivnonq.

Aq 6o0pe 6uoq ndg ouv6deror n rison pa rov 6vKo onq crwtorpsnrdq o6roporrx6q
UEToEo)l.q.



loyuer (1o O.A.):

yto t6ovrxo odpro

opo
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dqr.v= dq = du + pdv = 0,

dq= cvdT

c,dT+pdv=0.

oP*:r 4I= o.P c,v

Y1.ds
cr=* =fr*$ =c*R

d\Io
ce-c, = R

opo

qat= --L""at= R dT-d(RT) -d(Pv)cr-c' !-r ?_r ir_rcvcv-.y

on6re ro l o g.A. yiverot: 
pdv + vdg . 06" = 9

"a- 
t

R '. pdv + vop +/!e- l)pav=o
\.Yt

Kor ovouo<owoq co/cv = v, oIoKInpdvouu0:

lnp+7lnv=lnc,

EnopivL,q royoer yro ro 
^oyo 

Tov gepporpoorrirv t6ovtKo0 ospiou: r, _ /p,\r*
r, - \p,/

:oUQovo Ue flq noponovo oxdoetq, toxuet vto rov x0xtro rou Carnot:
T, _/v,\r.r
1 \"'/Kor 
ri -/ v; \.,
f, -\4/

ol,\o T1'=T1 Kot T2'=T2, 6po'

(:)"=(r)" i=i
\vrl \ v,/

H ovo Uovo6o Uo<oq espyornro nou npoo6i6eror ono r4v n4y4, urolovi<srot oq eEnq:

1+w=t2--1)a=Q

pvt = C.
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4:-0 ,
e =- JzJu=fnJu =?TLv..' ^ V ''' q

q'= Rr, h( 5\.
\'ll

Apq

Kor n oepuoTnro nou onoppinreror oro neprpoMov

o/ = Rr, In r!\ .

\vrl
Ener6n ro ouornUo enev6pxeTot ornv opx|Kn rou KqTooroon, n eooreptKn rou evdpyero iyer
oro Td^oq rou xoxtrou, Tnv i6to nun onoq Kot oTnv opxn. :olgovo Us ro 1o g.A.:

n

ro nopoy6pevo 6pyo.

{+ql = o

-w = 9 t- a'
a' = or'- oz= nit, - r'r r' (:;

Eror, npoxunrer yro ro oepprxo Bo0p6 onoboorlq rou x0xlou rou Carnot:

4'=-'T-=t-r,

E66 eo npin8r vo rovrorei orr ro nooo oeppor4roq nou svotr\oooowot pe Tn eepurKn nnyn
Kor U8 ro nspt!o|\ov, npoxunrouv ovo.\oyo rov eeppoKpoorriv r6ovrxo0 oepiou:

!0,=':
q l.

wefopr4ro 6ntro6n on6 ro epyo(opevo pioo.
An6 e66 npoKonrst xor o opro;roq r4g onolurnq KliuoKoq gsppoKpootdv l(eMn: 60o
0eppoxpooieq ornv KIiUoKo Kelvin, dxouv nn^iKo ioo pe Ttq gspUornreq nou perogapowql
UeroE0 rou i6|Gw 6rio owrorpenrdv 06toBoflK6v entgovstov o'ouriq rrq 60o 0eppoKpooieq.
ETor, eov n eepuoKpooio T3Inqeei ouooipero ow q oeppoxpooio rou rptnlou orlpeiou rou
vepoo, r(or rnq 6oeEi 4 rr;rr{ zze.t0 K, r6re 4 eepuoKpooiq Kelvin opi(eror ow

T=27g.'t60 K I
o,

(UsroEu rov i6rorv 6uo owtorponrov odtolqnKdv enrgoverdrv).

Tdlog, oqyertiverot oTt n pnxovn rou Carnot, egooov onoreAeirot ono owroroenrec
6repyooieq, ;lnopei vo trerroupy4oer xor oov ryuxrrxrl pnxovn, ov owrorpiqoupe t4 gopo
neprypognq rov Erepyoortiv r4q (oprorepoorpogo oTo :X. 4.i).

To 20 eepyo6uvoprr6 Af,ir.rpo: 6tarriroo4 l(elyin-planck

H roovrKR Unxovn rou Carnot, or4v onoio olsq ot dt8pvooieq eEoliooowot owlorpenr6, 6ev
Eivor guorKd ouvorov vo ulonotneei or4v npof4. EKr6q ourou, ot pnxovdq nou ouvrlgoq
Xpnorponoroupe orrlv npofrl iyouv noMo0g xor 6togopouq KUKAouq trerroupyioq, nou 0o
UsAeTngolv oe enopevo Kegoloto, xoplrio 6poq 6ev npooeyyi(er rrq ouyxexprpdveq

(4)
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Erepyooieq rou KUKtrou rou Carnot, yrori eivor oKoTo^trn^oq yro npoxrrx4 egopuoyn.

Me rov xuxlo ourd 6poq, snruvxiveror o Uayoroq geopnnKo Bo0poq ono6oonq rnq
Unxovnq nou epyo(eror pero[u 60o ono€nxdv gepporrlroq oe Eooydvo €eppoxpooroxo
eninsbo (Kr qurn eivor n6n pn 6rcr0noo4 rou 2ou e.A.).
Oo pnopotoe vo nei Koveiq 6Tr yevrKq o KUKloq Uroq oepurKnq UnXovRq iyer ro nopoxoro
ouor66n XopoKTnproTrKo:

1 . Ynopxer xonoto drepyooio (rl oerpo ono dropvooieq) orrl Eroprero rov onoiurv
nopornpeiror onoppogrlorl gepyor4roq on6 yro eforaptKn oflo€nKn gepyorrog oe
uq,nln geppoKpooio (nou ouvRgoq ovopo(eror ailon eeppi dnoe4Kn).

2. Ynopxsr xonoro Erepyooio n oetpo Erspvoottiv, Koro rn 6lopxero rov onoiclv
onoppinreror gspp6rnTo oe pro eloreprxn ono€nKn Xolinlnq gepuoKpooioq (nou
ovopo(eror VuXpn onoonxn).

AuT6 0oiverol oyrlyorrxo oro :X.4.2.

:XnUo 4.2 lupBotrrxn nopooroo4 ptoq eapprKnq pnxovnq

Kop;rro 1r4yovrl 6sv,Xet KoTooKeuoorei nore, nou vo UeTorpdnet oe dpyo, oepyor4ro nou
noipver ono Konoro qnoenK4 0epp6r4roq, Xupiq vo onoppinret dvo pdpog rnq oE pto
onognKn XoUnlnq 0opUoKpooioq. AurR n opvnTtKn dnloon, eivor enio4q pro 6ro10noo4 rou
2ou e.A.
Aq 6o0pe opclq rdpo rnv oppKn Erorunarn rou Kelvin:

Eivot oduvarov vq flopdyoupE ipyo ano 6va o0or41.to, Kpudvowoe ro xaru on6 t7
Oeppoxpaoio rou nto xpuou ano ro ottorortKo rou nepBqAovr6g rou.

H 6ror0noo4 ourR TpononotnenKE onu)q nopoxoro oflo rov planck:
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Aev eivar 6uvor4 4 uAonoi4orl ptoE 5rcpyooioE, r4E onoiaE ra povadxo onoreAio4aro
0o eivat 4 anoppoq4o4 eepqornrde ono lna dnoeiKn geppornroE, xat 4 perurponrl r4g
oE ipyo: Aurd eivdt ro 2o Oeppoduvoytxo A{iupa.

H oivoq trerroupyio Uroq Hnxovnq nou vo nopoyer evdpyero ex rou prldevoq Kot vo
nopopro<er 6ror ro 1o gepyo6uvolttxo A[ir,lyo, tr6yeror oetKivnro 1ou ei6ouq.

H odvqn trerroupyio Utoq Unxovnq nou vo Xpnorponorei r4v eooreprx4 evepyero proq p6vo
onooqx4q Sepporrlroq Kor vo rn Uerorpdner oe 6pyo nopopro(owoq aTor ro 20
Oeppo6uvollxo A[iopo, Iiyeror oerKivnTo 2ou ei6ouq.

AYTrorpalrr6Tnrq

Oleq or brepyooieq nou oupfloivouv orn Q0on, ouprteptlolrpovopdvolv ror rov 6lepyoordv
nou oupBoivouv orouq (owovo0q opyovropo0q (6toipeon-ovonruEn KUTTopov Kr,\), eivor gr4-

owrorpsflraq. Auro eivor lro on'eueeioq ouvinero Tou 2ou e.A.
Mro npooerrrx4 ex\f6roo4 rov 6rogopov r0nov guorxtirv xor XnHtKOv 6tepyootdv, 6ein/6t 6rl
6lsq neprloUpovouv ro dvo 4 xor ro 6uo nopoxoro yopoxr4prorrxo:

1. Or ouvenKeq UnxovrKnq, gepprxrlq n XnUtlqq roopponioq, 6nlo6n e8ppoduvoprxrlq
roopponioq, 6iv rxovonorouwor.

2. 0orvopevo oK66oonq, onoq (66eq, rprpdq, ntroolx6q nopolropgrioetq, nloKrprKn
owioroon, poyvqrrxrl uordp4o4, eivor nopowo.

H, Vro vo ro noope owieero, 1.rro Erepyooio Teivct npoq r4v owtorpenror4ro, orov:- yiveror orovei orqrrxo, xor* 6ev ouvo6e0eror ono gorvopevo oxddoorlq

Mixpr ro o4;reio ouro, n povodrKn ouvenaro Tou 2ou O.A. eivor 4 p4-owrorpenroTnro rurv
dtepyootriv nou ouUBoivouv orq 9uo4.
l-to vo efoyoyoup8 Kor ol eq ouvaneteq Tou 2ou O.A., pnopo0pe vo oKolouenooupe 60o
o6oug:. Tnv 060 Tnq p4yovoloyioq, nou ogeilaror oTov Carnot, Tov Kelvin xor rov Clausius,

KOI* r4v o!rupoTtKn 066, nou ogeitrerot orov E\lrlvrrrlg xoroyoryqq po04porrxo-rpuorxo K.
Kopogeo6urp4.

H o6oq r4q prlyovoloyioq Booi(arot or4 6ror0noo4 Kelvin-Planck, q our4 rou Clausius.
:eKrvo Kov€iq pe rov optol.lo rou x0xtrou rou Carnot, nou onolq aiEope eivor rbroirepo ontroq
KOr OWtOTpSnroq.
:rn ouvdxerq, pnopei vo qno6etx€ei 611 4 prlyov4 rou Carnot 6xet ro Ucytoro oeorpnrrxo
Bo€po on66oo4q ono oleq nq p4yov6g nou pnopouv vo epyoorouv pero[0 6Uo 6e6opdvurv
ono€nKdv oeppoxpooioq (osppn Kot rl,uxpn).
Agou oro6erx€ei orr otreg or p4yovdq Carnot nou epyo(owor psroEu rov i6tov
eeppoKpoorov, dyouv rov i6ro Boepo ono6oo4q ovefopr4ro ono ro epyo(opevo pdoo,

U'ropei vo optorei n KIiUqKo €eppoKpootdv Kelvin, irot oorD vo eivor ove{oprnrq ono rrq
t6t6rrlreq onorou64nore ei6ouq eeppolldTpou.
Er4 ouvdyero onooatKvo8rot ro treyopevo 0e6pnuo rou Clausius, Kot on'ouro npoxunret n
0nop[4 r4q ewporioq.
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H noponovur Ueeo6olovio Eivor Kor ourR nou ev6rog6per xor'e{oy4v ro prlywrxo, o onoioq
ooyoleiror Kupioq UE espprK6q 11 qurnxdq Unxovdq.

Eov, on'rqv o)"\n Uepro, Konoroq ev6rogiperor veuKo yro 14 oupneptqopo 0epUoduvoptKdv
ouornUorov, T|q ouweroyudveq rouq, rrq xoroororrx6q efroooerg rouq, rrg rbr6r4req xor rrq
6repyooieq nou ouu9oivouv o'ouro, Tore n ottoJu(IflKn o6oq nopouoro(er rdroirepo
ev6rorpdpov.
T4v 14 6eroerio rou 20ou ordvo, o Kopogeodopnq owrxor6or4oe Tn 6torunoon Kelvin-
Planck rou 2ou e.A., Ue rnv nopoKorcJ:

ZrrT yetrowa (ooo64norc Kowq) pde KotqordonE ,ooppofliog evoE ouor4poroE pe
onotovdrlnorc op@po 9eppo6uvagxdtv ouweruypivuv, unapxouv xoroorooeq nou 6ev
pnopo0v vo npooeyyproiv pe ovnorpende o5,qBarrKEE 5epyaoieE.

O Kopo0eo6urpqq ond6a{e rrlv 0nopf4 Tnq KIiUoKoq Kelvin, onoq Kot olnq Tnq unolotnnq
eeopioq rqq €eppoouvopr14q, fexvdrwoq on6 our6 ro ofiur;ro.
KoTo ro peronolsutKo Xpovro, pe rrq epyooieq rr,lv Pippard, Turner, Landsberg xor Sears,
onlonorngnKe onUowrKo n no^on^oKn UognUonKn enefepyooio oro ouyypopyoro rou
Kopogeo6urpn (Booropivo xupioq or4 poo4porrx4 eEopio rou Aoyropou rov Meropokiv),
Lrore vo yivowor euKok;repo KoTovonro, xot ouyypovoq ono6eiyr4xe orr ro ofir^rpo rou
Kopo0eo6op4, lnopei Kt ourd vo eqox€ei on6 rn 6toT0n0ron Kelvin-Planck.
Aq, eeopnooupe 6vo oUornyo nou neprypogerot Ue Tn pongsto 5 Oeppo6uvoprxdv
ouwsToyHavov:'' Tnq eunerprKRq €epuoKpooioq (UeTpnUivnq oe onotobnrorE KliUoKo)* 6uo yeuxeupdvr,rv 6uvopeov, Y, Y' xort 6uo vevrKeuudvov U8eroroniosov X, X'.
l-ro 6vo rdroro ouornlq, ro 1o O. A. viverot:

dQ:dU*YdX+Y'dX',
xot a{orrioq rrlq 0nop{4q 60o xoroorolxdv efrodoeov, povo rpeiq ono rrq ouweroyp6veg
eivor ove{opr4raq.

:XnUo 4.3 To f., xor fr, nou BpioKowot os Uto ypoUpn p€ oTogepo X, X', 6ev Unopo0v vo
npooevytorouv on6 ro i ue owtorpenrdq o6togonKdq 6repyooieq.
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Aq enil6[oupe ouriq vo eivor ot U, X, X'.
:To IX.4.3, goiveror pro ruyoio enrlayy6v4 xorooroorl toopponioq oe 6vo r6roro o0orrlpo.

EoTo fl Uro xorooroo4 roopponioq or4v onoio pnopei vo gTooet To oiorqpo pe pro
owtorpenr4 odrolorKn drepyooio. Av rpop4fouye yro xoroxopugq vpoppn ono ro f.,, xor
nopoupe 6vo onpaio f, novor o'ournv, 0o ono6eifoupa 611 6ev pnopo0pe vo npooeyyiobupe
xot rrq 6io Koroorooerq Ue owrorperniq o6roporrxdq Ueropotraq, fexrvdwoq on6 Tnv i.

Aq unoeiooupe 6rr eivor 6uvor6v yro ro ouornpo, vo oxolouOrloer onorobnnore ono ro 60o
obrqBonKo povonoflo i...tl, i.-12.
T6TE, Eov fexrvqoouya ono ro i, npoxr,rpnooupe oro fr, pero oro f, Kor UETo oro i, rore
6youpe 6vo owrorpenro o6rogonKd lovonon, To onoio l.rilopei vo 6toypogei Ue onotodnnoro
90po.
A,\,\o ogo0 n KoTooroon f2 KEiTot novo ono rnv f1, To ouornyo uqioToTot o0tnon rnq
eou,TeprKnq evapyetoq pe orogepo X, X' (6nlodR Xu,piq vq yiveror 6pyo).
flpox0nrer oflo ro 1o O.A. ofl go npdnel vo onoppogrloei espudTnro e Koro rn orepyooio1+
Optr! oe pro owtorpenr4 o6rolorrxn Etepyooio,6ev perogdperor Oeppor4ro, otrtro onltirq
pnopei vo yiver 6pyo. Iro ouvolrxo K0Klo if1t2i, 6ev unopyar HDTogo,U Tnq EooraptKnq
evapveroq, opo Q+W=0.
To oUor4po 

^otnov 
aXEl 6roypoqer 6vo KUKlo, orov ofloio ro povo6rx6 onori.\eopo eivor 11

onoppognon 9epp6rrlroq Kot n UerorponR Tnq oe 6pvo.
nopopro<sror 6114. 11 6ror0noron Kelvin-Planck Tou 2ou e.A.
Apo Uovo 6vo o4;leio orn ypouun oroe8pdv X, X' pnopei vo npooeyytorsi EeKvdwoq on6
ro i pe owrorpenrdq o6toloTrKEq 6repyooieq.
Fto rov i6ro l6yo nou eEnyn0nre edd, 600 owrorpenrdq o6toBolKdq sfltgweteq 6ev pnopei
vo Tauvowot (:X.4.4).

:xnuq 4.4 Eov 60o owrorpenrdq o6rogorrx6q enrgovereq erdpvowo, 6o frov duvorov vo
nopoproooupe ro 2o g.A. 

U8 Tov KUKIo iflfri.
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H wrponic rllq nqpdyowoc oforf4p!,ro4q rou dcl

Onulq eiEope ornv nopouoioon Tou KUKAoU rou Carnot, 6rw 11 oeppor4ro perogdperor
owtorpenro, rore To nood €eppor4roq nou perog6peror sivor qvolovo pe Tnv onolurn
oeppoxpooio rnq onoonrnq oEpHoTnToq.
H nopar4p4o4 our4 eivor roroirepo onucMlrKn, vrcri o64yei oro oulrnipooUo, 6Tt ro 1/T eivor
oloKtrnpoflKdq nopoyuJv (integrating lactor) yto ro dQ* (6nI. To oTotxetddeq noo6
oepuornroq nou perogdpDTor owrorpenro).
flotr\ontrooro(opovo lornOv ro dQ, eni ro 1/T, yiveror oxprBiq drogoprxo ptoq ouvopTnonq
nou ovol.ro(ou;re Ewponio (S):

H nooorrlro S eivor 1.rro 
qKoUn ond Trq gapUo6uvoptKiq ouweroyp6veq, Kot IdyETot ewponio

rou ouornporoqt Kor ro dS sivor pro ororyeri64q UeropoAn ewponioq, rou ouor4poroq. le
pro nenspoouivn perogo^R Kqrooroonq ono Tnv i ornv f, toxuel

t,-tr= 
^l:+

H evrponio ev6g ouorilJaroE eivot lJto ouvdprnon ruv gep1oduvolttxdv rou
ouwerayltivuv, nou n Uerd$oAn ne eivdt ion pe ro oAoK^ipulJd rou dQs/T, pera{i ruv
6uo opnxdv Korc,orooeuv, 6nou n oAoxAr1puory Viverd Kdrd 1t4xo( onotou6r1nore
ovnorpenroi yovononoi nou ouv5itt nq 6uo xoroorcoag.

Eivor notr0 o4powrxo vo KoTovoRoet xoveiq, orr opi(eror Uovo UeroBotrn ewponioq. xor 6yr
on6^uTn ewponio- oxprp6q 6noq ouUgoiver xor pe rq ouvoprrlo4 r4g eourreprxrlq ev6pyaroq,
r4q onoiog 4 peropoln opi(eror oov o6to$onKo 6pyo, oMo 11 onotrurrl rrprl rqq 6ev opi(eror.

Mr6 rpir4 oy6o4 pnopei vo Inggoi otroK^npdvowoq oe 6vq owtorpenr6 Kur(lo, dTot 6ore n
opxKn Kor rehxq verponio vo eivot ot i6tsq:

H sEiooon ourR eivor yvooTn oov

i;s:;
I 

s)Y r "'l

e86pnpo rou Clausius.

Ewponio t6qvrrou ospiou

Eov dvo o0or4po onoppogo pro ororyeldr64 nooornTo 6eppor4roq de^.xoro 14 dlopxero
proq owrorpenrnq drepyooioq, n Uerqpoln ewponioq rou ouorrlporoq divor io4 pe:

aS: $
Eov ro dQ^ EKepoorei oov ooporol.to 6rogoprxriv nou neptlouBovouv gepuo6uvoptKdq
ouweroyuavoq, r6re, ororptirwoq pe rnv onoluTn oeppoxpooio, n aK0poon pnopei vo
oloxA4ptooei xor vo loBoupe rn peroBoln ewponioq rou ouornUoroq. Iw nopoEerypo rqq
6ro6rxooioq ournq, oq 6s0rpnooups pio ono rrq axgpooarq yro ro deR-sv6q r6ovrxou oepiou:
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Arorprirwoq pe T, iyouge: o# 
= ,"r4 _ #*,

n ,, : r,# - "^oi

APo u= l',c"$-^nnl.
6nou T, yro gspuoKpooio qvogopoq.
Ew 0eop46ei oroeepo cp, 

s _ ,s, : cr tn l,_ ^n 
t^ f,,

6nlodn:
5 = f,pln T - nRlr^ P * (& - Celn T, * nRln P,).

Eror, Vro t6ovrx6 odpro, n ewponio ergpo(eror oq eEnq:

J:CelnI-aRlnP*'50.

H o)'\|(iq (pe T, V oov ove{oprrlreg eepuoouvourKiq ouweroypiveq),

S: Cyln I*zRln /*.i0.

Adypappo T€

fro Kqge ororyeriEeq noo6 Oeplornroq nou stoipxeTot oro ouornpo o'evo ororyerti6eq
rUnUo Uroq owrorpenrnq 6repvooioq, roXUDt:

dQa : T dS.

Apo n ouvotrlKR 9eppor4ro nou UeTogdpeTot oTn 6topKato Utoq owtorpenTnq dtepvooiqq,
6iveror ono rn oxaon:

A^: I ras.

To oloKtrnpclpo ourd nopioTorot ypoqtKo oe 6vo 6roypol.rpo T-S, oov sntgoveto Koro onO
r4v xo;lnUtr4 UeToBoIRq KoTooroonq.

Tro lro owroTpenrn o6rq9orrxn Etepvooio, ixoupe: 
,, = g ,

Kol 
dQn : o;

oPo JJ: o

Kor ro S eivor oroeEp6. Apo Koro rn dtopKetq ptoq owtorpsnTnq o6roBorrxnq drepyooioq,
n ewponio Tou ouornporoq nopo;liver oroeepn (oswponrx4 6repyooio).
Eov 600 Koroorooerq roopponiog eivor notru rowo:

dQ : 'f ds,

do _1S
{=r:'77'
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(i$)": c, - r(E*);

Optop6vor ouyypogeiq, yro ro loyo our6, nporryo0v vo opi(ouv ro Cp Kol Cu oov
ouwal8or6q Uerogolnq ewponioq pe rn oEpuoKpooio.

:XnUo 4.5
s

KopnuAeq nou noptorovouv owrorpenriq Erepyooieq evoq ubpooronKou
ouornporoq oe Eroypol.tpo T-S.

:ro :X.4.6 goiveror ro 6roypopyo T-S proq Kqgqpnq ouoioq (COr), pe rrq roopopeiq rou.

+ 140

+ loo

+60

+20

-20

-60

- loo

.(#)./da\ _
\77), - Ce:

ETo :X.4.5 noprorcrvov-" I oprop6veq onldq 6tepyooiog oe 6roypopyo T-S.

,/ Lrquid

Iyrlpo 4.6 Aroypoppo T-S yto ro CO,
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H xopnutr4 ono ro A oro F, eivor pro runrx4 toopopnq nou noprorover yro oerpo ono
owrorpenraq rooBopeiq drepyooieq, pe rrq onoieq ro orepeo perorpaflETor rs^|Ko oe orU6.
Eror dyoupe:

tooBopnq S6pUovonq rou orepeo0 ;riypr ro onHaio rnEnq
rooBopnq |oo€epunq rn€nq
roolop4q 06ppovonq Tou uypo0 pdxpt To onpeio Bpoopou
tooBopnq toooepyq etcnUron
tooBopnq €6puovo4 rou oruou (unep€dppwo4)

H enrgovero xoro qno rn ypoppn BC owrnpoor,lneust Tnv El€oAnio rnEnq ( o€ovouoo
0epp614ro rREnd orn ouyKeKprpdvn eepUoKpooio.
H enrgovero xoro on6 Tn ypoUyn DE owtnpoou,nouel rnv E!€olnio eEorUronq.
H enrgovero KoTo ono rn vpoUUR sEoxvoonq, owrnpooone0er Tnv svgolnio eEolyoonq.
Eivor npogoviq ono ro 6loypoppo, 6Tt n €Wolnio eEoryronq perjveror pe rqv o0[4or1 r4q
Oeppoxpooioq, xor y46evi(aror oro xpioryo o4peio, xoOdrg Kot 6Tt n evgolnio e{orprorlg
eivot io4 U8 To oepoloyo rqq ev0olnioq rntnq xol rnq sWonlioq eforprorlq oro rptnlo
onUsio.

KiKloq rou Camot

Onoq goiveror oro Eroypopgro T-S rou :X.4.7, o K0Ktroq rou Carnot letroupyei pero[u 60o
onoenKdv Oepporrlroq pe ivo r6roirepo ontr6 rpono:
Oln- n 0epUornro nou onoppoQo ro o0oTnUo, onoppogoror oe oroeepn uqrnln eepUoKpooio
(ono rn eeppn onoeRKn).
Kor oln n eepp6rnro nou onoppinrerot, onoppinreror oe oroespn (Xopn^n) eeppoKpooio
(ourn rnq quxpnq onoenKnq).
O K0KIoq Tou Carnot eivor ivoq owrorpenroq r0xtroq.

:XnUo 4.7 K0xloq rou Carnot yto onotodnnor' eeppoduvoptKo ouornpo, pe onoro6nnore
opteUo oveEqprnrurv 0sppo6uvoUtK6v ouweroypivr,rv, oe 6roypoppo T-S.
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Ewponin xqr qvrrorperrr6rnro

no vo owrlnggoope 14 guorKn onuooio rnq ewponioq xor r4 onou6orornro Tnq vro rov
Koouo rnq enror4p4q, eo npdner vo peler4ooulre 6leq Tlq peroBotr6q ewponioq nou
ouu9oivouv 6rqv 6vo ouornpo ugioTorqr pro drepyooio.
Ew unotroyioouuo Tn lero8oln Ewponioq rou ouornuoroq Kot Tnv npoog6oouuo oTn
UeToSoAn ewponioq rou Kowrvo0 neprBol\owog rou, T6Te ro oepotoUo otrov rorv peropokiv
swponioq, tr6yeror peropo.\4 rrlq noyxooproq ewponioq e{orrioq r4q ouyxexprp6vqq

rnv owrorpenrn perogop6 €epporqroq ono pto onoenKn npoq To

/S of thc sFtem : + S '

dg of thc rcservoir : - + ,

xot opo 11 Ueropoln r4q noyrooploq ewponiqq eivor EdS=0

Ewponio ro p4-cwrorpenror4ro

Orov ivo ouornUo ugioTorot 1.rro pr1-owrorpenr4 Erepyooio peToEu rurv xoroorooeov i xor
f, Vro vo unoloviooupa rn UsroBoln ewponioq perof0 rurv 60o xoroorooeulv, 6ev dyoupe
nopo vo unotroyiooupe ro oAoxlilpr,rpo

AJ (sYstcm) : Sr - S, = -f+'
oflou R ouppoli(er ;.rro owtorpsnrn btspvooio pa rqv onoio Unopoupe vo gdpoupe ro
oUoTnUo ono Tnv i orrlv f.

Aq 60uUe opu,q rtq xorqyopieq p4-owrorpenrornroq nou ouvowope:

1. EEr.lreorKnlinxovtKnUn-owtoroenrornrq

(a) Arepyooieq nou neprloprEovouv roo8epp4 oKedoon dpyou p6oo ono ro ouor4po,
npoq aooreprxfl evdpyero r4q onoOflxr1q e8ppornroq(nX ovo6euoq r{ti6oug uvpo0 oe enog4 pe q,uxpn onoenKn Oeppor4roq

n^ooTtKn nopopopgoon odyoroq oe enog4 Us q,uxpn onoenKn geppoTnToq
ox-6oo4 nlercptKnq evipvstoq oro oior4po oe erogn !e qruxpn ono€4x4
geppornroq)

E6d' n ouEnon ewponioq rqq onognKnq sivor +w/T (a=W). T4v i6ro rrpfi dyer xor 4 oufqo4
rnq noyKooproq ewponioq.

(b) ._ Arepvooieq nou nsptlqpBovouv odloporrxrl ox66oo4 6pyou oe eoorsptKR evipyero
rou i6rou rou ouorRuoroq,
(nopo6eiyporo onoq noponovor, ol q !i8 0eppopovurp6vo o0or4po)
E6ti n oOxnon ewponioq rou ouornporoc €o aivor:

A,s (svstem) : t'' d3

yto rooBopn 6repyooio,

dQR : cP dT,

A.e (system) : Ii,' ,,f .
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KOr Ov UnOrE€ei orooEpo cp
AJ (systcm) : 6rn*,,

2. Arepvooieq nou epgovi4ouv eouJreprxn unxqvtxn Un-owtoroenrornro

Aur6g 64tr. rou neprlopBovouv ro Uerooxnyolopo EooroptKnq evdpyetoq rou ouornUoroq
o8 unxqvrKR svdpyEto, Kol psTo noh o8 soL,reptKR 8v,py8to.
(nX ele0gepn oKrovoon r6ouKou oepiou oro Kevo

ncpoopcr oepiou HEoo on6 nopddeq Toilpuo (orpqyyoltou6q)
l(oToppeuon svoq upavo ono oonouvoEo, oQoo onqoel
rivoytro rswoudvou oupuoroq ogo0 To KorUouUE)

Ir4v nepinroron Tnq D^e0eepnq EKTovoonq, n UEToBoln Ewponioq Tou neptFoMowoq sivol
Un6evtKn.
H Uero9oAn ewponioq rou ouoTnporoq Eivot: a., (system) : 

^l:,, +
yro rooeeppn eKrovoon rou t6ouKo0 oepiou

dQa : P dV,

o#: 
"^#,

ooo
A.9 (system) : nnh*.

fi

Tnv i6ro rrp4 6yer xot 4 ouf4o4 rnq noyKdoptoq ewponioq.

A Areovooieq nou Eugovieouv eEoreotKn eaputKn Un-owtorpenrornro

AuTdq nou nep4ouBovouv lsrogopo eepu6rnToq ue rn Boneeto nenspoou,vnq
eeppoKpooroKnq 6rogopoq, onr,rq:

oyoYn R oKTruoBo^io erppdTnroq on6 To o0oTnpo oro Kpuo neprloMov rou
oyovR R oxrrvopolio eapuoTnToq 6ro p6oou rou ouornporoq, ono Uto eepun oe Urq qruxpn
onognKn.

Er4 6a0rep4 nopinTLjon toXUet:

AS (systcm) : 0,

AS (hot rescrvoir) : - ?lg 
,

AJ (cold reservoir) = 4 $,t,

>as=as(univenc)=*_#;

4. Arepvooiec nou eurpovi4ouv ynurxn pn-owrorpenrornro

Auraq nou nepr^ou9avouv ondroun Uerq8o^n rnq EoL,TEptKnq 6oUnq, Xnulxnq ouoroonq,
nuKv6rnToq KTI
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(nX mprKR owi6poon
6royuo4 60o 6rogoperrxdlv o6pqvdrv oEpiolv
ovol.rrf4 o^Koolnq pe vepo
oupnUxvr^ro4 undpxopou orUo0
6roluon orepeo0 oro vepo
tiroltrro4)

l-to rq droyuorl ny perof0 rov 6uo oepiu,v, Oeoptiwoq r4v oov roo6Uvo;.t4 UE 600 EtrEu6epeq
eKrovdoEfq: 

As = iRbt+,
fi

Kqr noipvowoq avo mole ono Koe6 oapro Ue Vr=V, Vr=2.V

)AJ:2Rln2,

Otrq ro onoreliopcrro rnq nopovpogou our4q ouvoryi(owot orov nivoKo 4.1

niyqxoq 4-l
tero8of,4 ncyr6opng ernponiog efcnioq guorxrir Erepyoorirv

Typc of
irrcvcFibility Irrcvcniblc proccrr

Eatropy
changc
of thc
lyltcm

AS (ryrt.)

Entropy
changc of
thc Local

rurrouad-
ingr

AJ (rurr.)

Entropy
ciangc
of thc

univcrtc
> A.t

Extcmal
mcchaaiel
irrcrcrribility

Ilothcrmal dilsipation of worL
throuth a ,yltcro hto intcEal
cncrgy of a rcrcrvoir

0
w
i

w
T

Adiabatic dilripaiion of worl
into intcrnal cncrgy of a
lv!tcm ""^+ 0 CrL^+

Intcmal
mcchanical
irtcvclribiUty

Frcc crpadion of an idca.l gat u^ft 0

Extemal
thcreal
irrcv..sibility

Transfcr of hcat through a
mcdium from a hot to a
coolcr rercrvoir

0 Q_a
Tt Tt

.a_a
T, Tl

Chcmical
irrcvcnibility

Diffu:ion of two dirsimilar
incrt idcal gascs 2R,uJ 2 0 2Rln2

ApXn rqq oiEqong rng nqvKdoproq evrponiag

And oo_o einoUe noporovoj, Unopei vo onobetXgei 6 n flovr(ooUto ewponio ouEovet Us KoeE
ei6oq 6repyooioq nou oupBoivel
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Ewponic Kq| qrqi(r

Ynopxsr pro ro{q rnq guonq vo odnyeiTor oE KorooTooerq otro xor yeyotrurep4q orofioq.
>rn orunonKn €eppoduvapxq, onoocrKvueror n ox6on

.i = const. ln O,

onou O Eivor n eEpHoouvoprKn nrecrvdTnrq (onog 8o 6o0pe oro owiororyo Ksgo^oro,
eKgpo<8r Tnv oToEio).

Ewpofio ror xqra0ouovn - A||olurn avrport.o

To 2o €.A. onqwo oro spdTnuo:
oe non Kdre0euvon e€eAiooerq pn 6cpyaoio;
(Zrr1v xarei9uvo4 rng ou€nong\q noyxooproq ewponioq)

I-to vo ppoupe tronov r4v Korooroon roopponioq evoq oflopovopivou ouor4poroq, opr(Ei
vo sKgpooouye rnv ewponio Tou ocw ouvoprnon rov geppo6uvoutKov rou ouwEToyUavov,
Kor Kor vo xpnoruonornoouue Tn Seopio 14g yeyroronoilo4q ouvopTnoeov on6 ro EtogoptKo
trovropo. Orov ro o0ornpo 6ev sivor onopovoydvo, otrtro ny 6ror4peiror oe orogepR
oepuoKpooio Kornieorl, unopyouv d\leq UEToBoIaq ewponioq nou npdnetvo,\nq€o0v un6qrn
(E6ti ypqorponotoiTor n ele00epq evipyero Gibbs).

Ooov ogopo ornv onoluTn ewponio, o Planck nporoq npdTevo vo e80jpngEi lrl6evrxf 4
ewponio evoq povoxpUoToMou Koeopnq ouoioq oro onotruro y466v.
H UndevrKn Ewponio 6uoq, Vto rn oroflo Kn guorxn o4;.roiver orr onouoro(er onoto6nnor8
UoproKn, oroUtKR, nleKTpouKn Kot nupnvtKn oro{io. T6rorou eiEouq ou<nrnoetq,
npoijnogdrouv rnv stooyovn rng KpowopnxovtKnq orn ororrorrx4 guorx4.
fevrKo, n onolurn ewponio opi(eror p6vo vto loyouq EtsuK6truvonq rW unotroylopriv, xor
6ev goiveror vo dyer guorxq onpooio.

llerolopo ayrporriog Kot rropsvcrvn evrponicq

Onorq eiEope noponovo, n Ewponio nou nopoyeTot or4 dropxero pr6q 6repyooioq, eivor iorl
Ue ro oeporouo rLrv UeToFokiv ewponiog rou ouor4poroq xol rou neprpoMowoq rou

s-...=as-Df>0.

Aur4 q oyio4 eneKTeiverot Kot olq neprnr6oerq ovotKTdv ouoTnUorctv oe 6lepyooieq Uoupnq
poRq

( - \c

entropy change

-)-9+5--"-5-,ns>0.7r, ; i:
- ."."pyi..*f,"

€)eppodwoprrn rnc Fn-roopponioq

H oeppo6uvoprKn rnq pR-toopponiqq 6xet ovonTux€ei yto Tn UeldTn oep;lobuvolrrxov
Kcrrooloo8ov pn-toopponioq, nou onaxouv ouoq liyo ono Tnv tooppoflio.
Eror nX, yto rnv nepirroon rou geppoorotxeiou, onou dyoupe porl gepuornroq Kol
4lexrpro1.ro0 UoBi, n nopoyoyR swponioq pdoo oro ouppo exgpo(eror 6ror:

/.s ,AT ,A€
d, = ts -T -r t -7.'
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6nou o npdroq npooeerdoq oeeileror orn pon 0epp6rnroq l6vt^, geppor(pootoKnq 6rogopoq
AT, xor o Eeurepog or4 porl 0epp6r4roq,\6yr.r 6rogopoq 6uvo1.rrxo0.
To I, xor I pnopouv vo eeopneouv VpotjUKdq ouvoprnoerq Tnq geppoKpoorox4q drogopoq
xor rqq, drogopoq 6uvolrrxou: t" = L_A] + t_f

t: t-ol * t-o$
Auraq eivor or nspignUeq eEtoooetq rou Onsager, nou exgpo(ouv rn vpoUUtKoTnro Uerotu
rov porirv (n peuuorov) Kor rov vevrKsuudvr.rv ouvopeov Af /f , AE/f .

To L eivor ouwel€oraq nou oysri(owot Ue rnv nI€KTptKn owioroon, 14 oepprx4
oyoyrpor4ro, Kor nq gEpHonlEKrptK,q rbror4req rou ultKou rou o0pporoq.
Movo rpio ond ro riooepo L eivor wefopr4ro pero{u rouq, yroTi Unop€i vo onobery€ei pe
rn Boneero rnq,:ronorKnq M4youxrlq, orov 4 onoxAro4 qno rnv roopponio eivor prxprl, orr:

nou sivor yvooril oov owiorpog4 oydo4 rou Onsager.
Me Tnv noponovol Oeopio pnopouv vo a{oygoUv euxolo or efrodroerq rou Oeppoororyeiou.




