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Evorrlro 1

1-1. E ooyGry4 - ouornpq Kor Kqrdoroon - UoKpooronrrfl xor ;rrxpooKo[rK4
O€tip4on-

Morpooxonrxn Oedpnon

H petrdTn onorou6qnore xlobou rov Enror4pdv rou M4yovrro0, faxrvo nowo Ue To
6toyr,rprolro evoq nenepool.tivou rUnliqroq rou Xd,pou ono ro unolotno nou ro neptFqMouv.
To runUo ouro 

^iyerqt 
ouorr1po, xor orr64nore Bpioxeror eKroq Tou ouor4porog oMo

o.\,\n^Enrdpo Ue our6, Iiverqt neptBoltrov rou ouorfporoq. Ago0 entlatoupe ro ouor4po,
0o np6net vo ro nepryporpoupE Ue poorl xonoreq nooorqreq, yoporr4prorrx6q Vto Tn
oupnsprgopo Tou Kor rn ox6on rou p8 To neptpol,trov rou. Ynopyouv yevrxo 6uo
Etogoperrxig onrrxiq nou pnopei xoveiq vo qxotrouOnoer yro ro oxono ouro:
npoKerror yro rn poKpoor(onrx4 xor Tn ptKpooKontKn ge6pnon.

Aq eEeroooupe ro nopoEely;ro rou xutrivbpou prog p4yov4q eooTeptKnq Ko0onq (n.X. evoq
8ev(voxrvrlrqpo). Mro XnUtKn ovoluo4 0o d6eryve dvo piypo on6 u6poyovovgpoKeq ror odpo
(npiv on6 ro ypovo Tnq aKpnEnq-eKr6vuroqq), KCI UsTo rnv dxpnEn 0o ideryye npoiowo
xo0orlq (CO., fzo, Oz, N2, CO, HC, NOx). H ovogopo rurv np6v rov ouyr(owpdoeov
ouoToTrKdv ouTuJV oTo neptsxoUsvo rou xutriv6pou, onoretrei pto neprypogq r4q o0oroo4q
rou ouorq;loroq.

Ie onoro6flnore olVUn, ro o0ornpo rou onoiou 4 ouoroon neptVpogeror dror, xoro,\oppover
ouVKeKprUdvo oyr(o, nou e{oproror ono rn e,on Tou eUBdtrou orov x0trrv6po. O oyxoq ouroq
pnopei vo poTpneei Kot vo Koroypogaror ouroporo po otbtKn ouoxeun nou ouv66eror ua ro
du9olo. Allo 6vo xopotrqprorrKo ueyeeoq yro Tnv neprypogrl rou ouor4poroq poq, eivor r;
nisoq rov oapiurv orov x0llv6po. MeTo Tnv 6xpnEn, 4 nieo4 our4 eivor peyotr4. Mero ro
rdlog r4q exrovoroqg, eivor l.IKpR. Iro epyoor4pro, ivoq nte<oKpUorol\oq XpnotUonoreiTor
yto rq pdrprlorl Kor ouroporn xoroypogrl Tov peropol6v r4q niao4q pe rr1 yulvio orpogotrou.

Titroq, unqpxet oxo;.r4 ivo Udyreoq, yorpiq rq W6on rou onoiou 6ev eo Unopo0oope vo
oxnUorjooupe oogrl erxovo yro r4v efdtrr{4 rou x0Klou letroupvioq r4q p4yov4q: ro p6ye0oq
ouT6 oivor n (U,on) Oeppoxpooio. Onoq €o 6oupe nopoxoro, oe notrIeq neprnruroerq q
eeppoKpqoio pnopei vo UeTpneEi ro i6ro ontro 6noq xor ot otrleq 6uo nooor4req.

neprvpoqroue trotnov rnv Kqrooroon rou nepreyop6vou Tou Kutrivdpou Utoq pnxovnq
ouroxrvrlrou, lts Xpnon rurv nopoxoro 4 payro6v:* ouoroon* 6yKoq* niEon
'i At'^r r.rk.r/r^i,.r

To peydo4 ouro ogopo0v q loKpooKonrx6q l6ror4req rou ouornuoroq, xor nop6youv pro
l.toxpooxonrxrl neprypoqrl. l-r'ouro ro troyo tr6yowor Kqt poKpooKonrx6q ouweroyp6veq.

Ot ouweroypeveq oureq 6youv yevrxo ro nopoKorul Korvo XopoKTnptonKo:
' 6dv qnorro0v erdrxdq nopoooydq yro r4 6opR Tnq ulnq
' Iiysq povo ouvreroypdveg onorro0vrot Vto rn poKpooKontKn nsprypqQn> ot ouwEroyuaveq nou onotro0vTqr, unoyope0owor ono rrq orogrloerq poq
' pnopouv yevlxo vo parpqoo0v on'euoeioq
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MrKpooKonrKn ee6onon

An6 Tnv onTrKR yu,vio rnq :rortoflKnq Mr;yovrx4q, 4 rnq Erorrorrx4q OspUoEuvotltKnq onoq
ouxvo 

^ayerot, 
onorodRnoTe otor4po €eorpeiror oI| onoreleiTol ono ivo repooTro oprep6 N

Uopi0lv, Koedvo on6 ro onoio Unopei vo eupioxeror oe Uto oetpo KotooTooeov, ILJV onoioJv
or ev6pyereq eivor €1, e_p, ge, e1,.... To_UOptq. eeuipeiror orr owr6po0v pero[u rouq Udoo
ouyrpouoeov, 41.rioo 6uvopeov nou efooro0wor ono onooroon. To o0ornUo rulv l.ropitrv
pnopei vo eeopneei onouov0jpevo, 11, oe peprx6q neptnTdoetq, Unopei vo oeurp4oei orr
unoysror oe ivo ouvolo o;rorr,rv ouorqpoTr,Jv (ensemble of systems). Or opy6q rurv
nreovoTnrov eqopU64owor e6o, Kor n KoTooroon roopponioq rou ouorrlporoq Oeulpeiror orr
eivor qurn pE Tn Ucyoluropn nreovornTo. To 0eHsfu66sq np6BInpo eivor vo ppeOei o opr0poq
Uopiov nou ppioxowor oa xoOe pro ono nq goproxiq svepyetoKaq KoToorooetq (vo Bpego0v
6nI. or n^nguouoi rov xoroorooeov ourtiv), orqv sntraux€ei n toopponio.

H ptKpooKonrKn ee6pnon nopouoro(er ro ncrpoKqro Kotvo XopoKTnptolKo:
' yivowor nopo6oyiq nou ogopo0v erq 14 6o;ri1 rnq 0.\rlq (n.y. 11 nopoEoyq rqq

onopEnq popiov)

' 0o npiner vo npoo6roprorei nlRgoq UerqBlnrdv
' or UeToBI4riq nou npoobropioowor6ev unovopeuowot on'gugsioq ono Trq oroo4oerq

uoq> or npdq rov UeToElnrdv ourtiv 6ev pnopo0v vo perp49ouv on'euesiqq

flopotro nou ono ooo ern60nxqv nopqnqvo 6o nepipave xoveiq orr or 60o onrrxdq eivor
ewekiq 6rogoperrxdq xor ooupBoreq, ewo0rorq unopXsr plo noI0 ouoroorrx4 oxdon UeroEu
rouq: orov or 6uo oeop4oerq egoppooro0v oTo i6lo oUorrlpo, 0o npiner vo obnynoouv oro
i6ro oupndpoopo. H oxaon perofu rorv 60o onrrxtiv, pooi(eror oro yeyovoq 6rr or triyeq
on'eue8ioq Usrpnorpeq peroBlnTdq rov onoio.tv o npoo6toptopoq qnorelsi Tn UoKpooKontKrl
Oeulpnon, eivor orrlv npoypoTrKornrq pioeq np6q svoq pevolou qptepou UtKpooKontKdv
HeToptrnrdv Vto pto XpovrKn nepio6o. l-ro nopoberypo, n nison sivot o p6ooq puepoq
Ueropotrrlq rnq oppnq nou npoipyeror ono rrq UoptoKdq ouyxpouoerq or4 povoEo
entgoveioq. Kor 4 Oeppoxpooio evoq oepiou, oyeri(erot pe rn Uion KtvnnKn ev6pyero rov
UopioJV Tou.

1-2- Ti eivor 4 geppoduvoprrfl - ne6io egcppoyfq r4q

Ot poxpooxonrx6q (gorvopevoloyrxiq) naprypogiq, onoretro0v ro o4peio erxiv4o4q yro otreq
Trq epeuvnnKiq npoonoeetsq oe otrouq rouq Klobouq r4q Quotxrlq Kot r0,v EnloTnuov Tou
Mqyovrxo0. l-ro nopo6arypo, orov ooXotro0pooTe Uo rq p4yovrr4 rou orepeou odporoq,
e[ero(oupe yovo eforeprxo ro orepeo. H erion rou Kawpou go(oq rou, oxOopi(eror
ovoqoprKo Ue Konoto oUornpq ouwerovu6vrJv oe 6e6opiv4 ypovrx4 orrypq. H edon Kot o
ypovoq, Kog6q Kot ivoq ouv6uool.roq rouq, n roXUTnTo, onorelouv xonoro l.roxpooxonrro
pey604 xor xqtro0wor pqyovrxeq ouwerovpdveq.

Ot pqyovrxiq ouwaroypiveg poq enrrpinouv vo npoo6ropi(oupa 14 6uvo1.lxR Kor Tnv
KrvnnKn ev6pyero rou orepeou ooHoroq, oe ovogopo Ue rouq otovsq Tov ouweroypivorv.
Auroi or 60o runol evdpyeroq, onoretrouv rrlv efurreprx4, n lrnxqvrrn evdpveto rou orepeou
(6ev e[ero(oupe 6ntro6n ri oupBoivet oe qroprK6 enine6o). O oxonoq rnq MnxovlKnq sivql
vo ppei rrq oyioarq exeiveq ;lerof0 rorv ouweroypdvov €donq Kot rou Xpovou, nou eivor
oupBoTaq Uo Touq Nopouq Tou NeuTurvo (yro rr1 Naurdvelo Mqyovrx4l)
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:rn eeppo6uvoplKn ono rnv ol n pspro, n npoooxn poq orpiqerol oro sorrreptr6
rou ouorrlporoq. YrogereiTor Uro poKpooKontxn €atipnon, onou poq ev6logipouv exeiveq
or poKpooKonlKdq r6ror4req nou enrlpeo(ouv rqv aooreprrrl xorooToon Tou ouoTrlyoroq. To
ouvotro rulv Ueyegdv nou onotrouvrot (eivot ovoyxoio xot txovo) yto ro oxono ouro,
npoo6ropi(eror pe ro neipopo.
Or poxpooxonrxiq r6ror4raq nou ogopouv rqv eooreprx4 KcrTooToon evoq ouor4poroq,
ovopo(owor Oeppoduvoprr€q ouweroy;rdveq.
T6rorou ei6ouq ouweroyudveq e{unrlperouv rov npoo6ropro!6 rnq, EooreprKnq evapyeroq
rou ouor4poroq.
O oxonoq r4q Oeppo6uvo;.rxi1q eivor vo ppei yevrxiq oyioarq paro{u rorv eeppo6uvoprKdv
ouweroyyivov, or ororaq vo eivor ouppqriq LJs rouq Oepetrtddetq Nopouq rnq
9eppo6uvoprx4q.

Evo o0or4po nou pnopai vo naprypogei pe Boon 0eppo6uvolrrxiq ouweTovpdveq, Iavsrot
9eppo6uvolttxo oior4pa. :Tn Mnxovolovio, Tq eeppo6uvolrrxo ouorrlporo nou Uoq
ev6ro96pouv neprooorepo, eivor:

- oipro, n.y. oipoq* orpoi, n.y. udporp6q* l.riyporo, n.y. orpoi Bev(ivnq Kor oapoq'. oruoi oe enoqn Ue uypo, n.X. uypn xor oipro opgu,rvio

H X4prrxq Oeppo6uvoprxn ooyotreiror Ue ro noponovo ouor4poro, xor, enrntriov, UE orepeo,
enrgqvsroKouq uuaveq, Kor nIeKTprKo ororyeio xor xutyitraq.

H OeppoEuvolrrxrl oov xlo6oq rnq QuorKnq, afero(er exroq ono otro ro noponovo, xor olleq
xor4yopieq ouornyorov, onog o0pporo uno p4yovrx4 Toon, nleKrprKo0q, nuxvor6q,
0eppo(eUy4 Kor nopoUownTrxdq ouoieq.

1-3- Oepporpooic - eepprKn loopponic - M46svrKd Oeppoduvcglr6 AEioUa

Av eelRooupe, yrq ontronoinon, vo ooyotrq0o0pe povo Ue ouoTRporq oro0aprlq po4oq Kot
ouveoonq, rora €o iyou;re Hovo ivo (euyoq ove{oprnrov eepUoEuvol.lxtiv ouvraroypivov
(n.X. p-V, nieo4-oyxoq). Aq XpnoruonorRoouue ro oUUBotro Y xor X yevrxe0owoq.

Mto xorooroo4 rou ouor4poroq orlv onoio ro Y xor X dyouv ouvKeKptpdveq lpaq nou
nopoUavouv orooapdq ooo 6ev oI q<ouv or eft^lreprxdg ouWRKeq, Idverot Koroorqon
toopponioq.

SYSTEM A
O.ly rasirictcd
v!lu.3 ol f, X

po!tiblr

SYSTEM 8
Only rasirict d
v.lu4 ot f,.tr

possibla

(b)

Oi.th€rmac

sYstEM.4
All valu.s ot

Y, X possibl.

SYSTEM -8
All values ol

Y', ).' possiblc

:Xnpo 1.1. lEtorrlraq rou q6roBqrrxou xor rou 6roOep;.trxou roryd;loroq
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To neipol.ro daiyyer orr n Onop€n Korooroonq roopponioq oe ivo o0orr1;.ro, eEopToTor ono
ro ouor4poro pe ro onoio ouvope0er quTo, Kcr ono ro ei6oq rurv avdropeoov Torydporov
(optoxdg neprnr6oerq: o6rq9orKO -vs- 6toOapprxo roiyr,rpo).

Eov ro ev6ropeoo roiytr;.to perof0 6Uo (onopovupivov) ouoTnporov eivor odroporrxo, (fy.
1.1 oproTepo), rore oivor Euvorn n ouv0nopfrl oe roopponio rov 60o ouornporurv oe
onoro64nore KoTooroon xr ov eivor ro Koedvo. Irnv o,\.\4 oproxrl nepinroon nou ro
6toyt^rprorrxo roiyr.rpo yiveror 6roOepprxo (no.\U pevotrnq oyuryrporrlroq), or rtpiq Tov
oveEopTnrov gsppo6uvoprrdrv ouvreroypivr,rv Y,X Kol Y',X', eo oMo[ouv piypr vo onrTeuX€el
pto v6o rorooroon eepgtKnq roopponioq pero{u rorv 60o ouor4pororv. Enopivoq:

H gspurKn roopponio eivor n KoTooToon nou onoKoeiororor pero{u 60o (n neproooreporv)
ouornUorov, nou XopqKTnpi(eror on6 neproprop6vaq TtUdq ILJV 0epp06uvoptKdv
ouweroyp6vov rouq, ogoU TegoUv os enog4 parofu rouq pdoo rou 6rogepprro0 rorxdporoq.
Ynopyer 

^orn6v 
Konoro yopoxr4prorrx6 Uayeeoq nou Koeopi4et ro nore Bpioxowor 60o

ouor4;roro oe eepprKn roopponio. Auro 6yer npor(Ur+rer ono noll6q nopqrnpnosrq Kol
napoUoTcr, rot pnopei vo broruntd€ei Koprpo !E rov nopoKoro rpono (Mqdeuxo
Oeppoduvoljrx6 AEioUo, EX.1.2):

Aio ouor\para nou ppioxovrct ro Kaeivd oe eeppKn oopponia 1te ivo rpiro, eivat xot
oe popponid pera{0 rouE.

ll 14 and B ara each in

th.rmal €auilibrium with C, th€n
r4 and , sr. in therrnal

.quilibrium with each other

:XnUq 1.2.

(a) (b)

To Mqdevrxo Oepyo6uvoprro Af iopo

To yopoxrrlproflKo Udveeog nou ovogip0rlxe noponovo eivot n eEppoKpooiq.
frq vo o6nyneouue nto goppolo xo or4v dwoto rnq Oeppoxpooioq, go pnopoooope vo
eeopnooupe (txnuo 1 .3), to6eeppeq xopnutreq oe 6uo Erorpope Ko ouoTnuoro.

(looeepUn eivot o yEoUeTprx6q r6noq rorv o4peiov nou owtnpooone0ouv KorqoTooerq Tou
ouornuoToq nou ppioxovror oa roopponio Ue pto KoTooroon evoq qltrou ouorrlporoq).
:ro :X.1.3 trorn6v, or rooeapusq l,ll,lll, eivor owiororxsq rov l',ll',lll'. O,\eq lornov ol
Koroorooerq nou eupioxowor novo oe,vo <suyopt ovriorotxov to6eepp0jv (n.X. l, l'), dxouv
Konoro KorvR r6rorqro, 6nlq6n, orr eivor oe roopponio pero{0 rouq. Aurn rnv l6rorrpo r4v
ovoUo<ouUe eepuoKpooio. H espUoKpooio Tou ouornLtqroq eivqt plo t6t6rnrq nou xooopi(er
eov 0o eivor ro o0or41ro os eepptKn toopponio Us oMo ouoTnUoro.
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:Xnpo 1.3. loooeppeq oe 6uo ErogopaTtKo ouornUoro.

MErpnon Oeppoxpcorriv

Fto vo xooopioouus Uro eunerprKn K.\ipoKo gappoxpoortiv, enrtriyoupe xonoro o0orrlpo pe
ouvreTovpiveq Y Kor x, To onoio ovopo(oupe eqpop;rpo, xor uroOeroupa 6vo o0votro
Kovovov ytq vo ono6tiooupa pro oprepnnKn rr;14 orq eepgoKpqoiq nou owrororyei oa KqeE

Utq on6 Trq ro6eoppeq. :s r(Aoe oMo o0orqpo nou 9pioKorot oe gaputKn roopponio pe ro
geppopeTpo, bivoupa r4v 16ro opr0prlrrx4 rrprl yro rq Oeppoxpooio.
H onlo0orspn 6ro6rxooio eivqr vo enrtr6(oupe onorodrlnore nopeio poq e€unnperei oro
enineEo Y-X, onoq n.X. rn VpoppR Y=Yr (:X.1.a), nou ripver Kqee tooeepun oe 6vq onpeio,
nou 6xsr ro i6to nqwo Y, oltro 6rogoperrx6 X.

:yrlpo 1.4. H Koet6poon proq r<.\i1-roxoq erppoKpootdv npounooirar rov xoooprol.ro
oprepnflKdv rrp6v yro rrq roooeppeq evoq nporunou ouorrlporoq, nou 

^iverot 
eepp6peTpo.

H eepUoKpooio nou owrororyei oE r(ogs looeeppn, IoUBoveror or4 ouvdyeto oqv ouvqprnon
Tou X oro onueio ropnq. H ouvraroyp6v4 X IayETqt eepuoperptKn 16ro14ro, Kqt n UopgR Tnq
eeppoueTprKnq ouvopTnonq e(X) Koeopi<st r4v xlipoxo e8ppoKpqoioq. ynopxouv 6
onpowrKdq xorqyopieq oeppoperpov, xo06vo qno ro onoio 6yer rr1 6rx4 rou oeppoperprxrl
t6tor4ro, onoq goiveror oTov f'livoKq 1.1.
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nopopoyvrlrrxo oloq poyvnrKn 6roneporornro X

oxrvopotrio Uatrovoq ooporoq exnopn4 orrvoBotrioq "FI I
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nivoKoq 1.1

Oeppoperpo Kqr esppoUETprKdq 16tornT6q rouq,

Eov ovopoooulte X onorodrgnore ono rq OeppoUETprKdq r6rorrlreq, rou niv.1.1, Kor pe TUXoio
eKtrevudvo rp6no opioouuo yro Tn eeppoKpooio nou eivor xovn yro ro €eppoperpo Kor yro
6tro ro ouor4poro nou ppioxowol os roopponio p'ouro r4v nopoxorr,r ypol.rprxfl ouvopr4orl
rou X:

0(x)=c.x (orc0ep 6Y)

onou o 1[o oro6epo, Tore npoKunTer orr 6uo oeppoxpooieq nov0, o'ourn rn 'ypopurKn
K.\iUoKo X', iyouv troyo ioo Ue ro Aoyo TLJV owiorotxulv X, 6n)\.

o(x,) 
_ 
x, (21

s(x) x,

frcr rov KoeoploUo rnq gsppoKpooioq 0(X) evoq ouor4poroq, n U6go6oq nou toX0et onUopo
yprlor;ronorei dvo xor ;r6vo oroeepo onpeio, 6ntro6n 14 Oeppoxpooio xor nieon or4v onoio
o novoq, To vep6 xor o orpoq rou vepoo ouvunopxouv oe roopponio, ptq Koroorqon nou
eivot yvoor4 oav tpn\o o4lteio rou vapod. Enrtriyoupa ou0oipeTq ylo Tn eeppoKpooio
o'our6 To oroeepo or1;leio, rouq 273.16 Boepooq Kelvin (o loyoq 0o etnvnosi opy6repo).
Erot, o4per6vowoq pe ro 6eixrrl 3 To rplntro onpeio rou vspo0, go 6you;le ono rrlv
npo4youpev4 e[iooorl:

oflou

0(x)=273.16+ (otc0ep6 Y) (a)

4
H esplJoKpooio rou rprntro0 onpeiou rou vepou, eivor ro runtKo oToeepo o4paio rqq
0eppoperpioq. fro vo ro enrrUyoupa oro epvooTnplo, onooro(oupe vapo ury4troU poOpo0
Koeopornrqq orn ouoKeun Tou :X. 1.5, oQotpouua rov odpo xor oppoyi(ou1rs Tn ouoKEUn.

(1)

(3)0(x) 
= 
x

O(xJ 4
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:XnUo 1.5. Kuryitrq rprn,\oU onpaiou

Me r4 pr49ero quKrKou Uiyporoq oro eourTeprKo ToiXoUo, 6nHtoupyo0Ue ,vo orpdpo novou.
Ooo ouvunopyouv or rpeiq, gooetq Tou vepo0 or4 ouoKeun, enrxporei o'ournv n
Oepporpooio Tou rptnlo0 onpeiou.

To Oeppdpslpo qepiou

To eeppoperpo o8piou, onlonor4l.rivo, goiverot oro :X.

Iy4po 1.6. Anlonornuivo eeppoperpo oepiou orooepou ovKou. To pe<epBouqp
ubpopvupou pnopei vo ovepoKoraBoivel, iTot [ilore vo roopponai o ;r4vioxoq rou
u6pqpy0pou oro oprorepo oKdtroq rou UovopiTpou, oe ouyxexpl;.r6vo 0ryoq (vo oyyi(er ro
6simn). H nieon oro golopo B eivot ion pe h + r4v orpoogotprKR nieon.

Me ro oeppouerpo oepiou, ;rnopo0pe vo Uetrernoouue rn ouunsptgopo Erogopr,lv oepiov,
oe bro9opoflKcq ntdoErq P3 oTo €epu6uerpo (peropoMowoq 6ntrq6n rn Uo<o rou oepiou).
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Eror npoxUnrouv Eroypolrporo onoq ouro rou :X. 1 .7.

0(P)

719,5

r19.0

tr8.5

7tE_O

7tf.5

7t7.O

e(Pt

374.O0

373.r5

373.50

373.25

373.O0

looo

&' mtn ol Hg

:XnUo 1 .7. Evdeiferq evog oeppopirpou oepiou orooepou 6yKou yro Tn eeppoKpooio Tou
oupnu]ryoUpevou orpou Oeiou, xot rou oupnuxvo0pevou u6porpou, pe Xpnon Erogopttv
oepiov oro Oepyoperpo, uno drogopenxiq nraoerq rou oepiou or4v xutp6tr4.

To 6roypoljporo oeiyvouv or, nop6^o nou or EvbeiEsrq rou oeppopdrpou oepiou orogepoU
6yxou oe nenepoopdvsq nrioerg, efoprtiwor ono rr1 q0on rou oepiou, otro ro o6pro reivouv
vo deiyyouv r4v i6ro geppoxpooio Koedq Xoynldvel n nieon rqr reiver oro p466v.

Eror opi(oupe rn gepuoKpooio e Tou r6ovrKo0 oepiou, oov

0=273.16 timl?;^. (s)(orc0. tz)

flopolo nou n K^ipo,(o eepuoKpqoioq rou r6ovrxo0 oepiou eivor ovefopr4r4 ono rrq
r6ror4req onorou64nore r6roirepou oepiou, etqKoloue8i vo efoproror on6 Trq t6t6TnTeq rov
oepitov yevrxtiq.

Ktriuoxo Ketroiou

H KlipqKo Keloiou dyer ro i6ro pdye0oq Bo0pou onoq ror 4 xtri;.toxo rou t6ovrxo0 oepiou,
xor ontro 6yer paroronropdvo ro pq66v, iror 6ore n eappoKpooio Keloiou rou rptnlo0
onpeiou rou vepou vo eivor 0.01"C.

0 o=0-273.15

H oxprBng U6Tpnon Oeppoxpooruv pe ro 0eppogerpo oepiou, onorrei p4veq KontooTtKnq,
epvqoioq xor pog4porxd.rv unoloyrogrtirv (ogotrporo KrI), ,Xet opoq o6nvnoEt orov rlol0
oKptBn unoloyropo rov oeppoxpoouiv ppoopo0 (NBP-normal boiling point), xor r4[4q (NMP-
normal melting point), ro onoio pnopo0v vo Xpnotponotneouv orn ouvdxero ono oMo
spvooTnpro yro BoeUovoUnon o^troU rUnou €epUoU6Tpov.

Ot nto ouv4€ropdvor runor esppogdrpolv nou Xpnotponorouvror or4 prop4yovio Kot ornv
npo{4 yevrrtirepo, eivor rc geppolterpa qAexrprx4E ovriorao49, xot to qepltoorotyeia 4
eeplto<EUyn.

(6)

,(sullur) = 717.75'K

,(3tGam)=373.15'K

P!, mm of Hg
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9epg6perpo (lwioroonq (:X. 1.8)

:uvne0jq npoKerTor yro dvo UoKp0 trenro ouppo ono treuxoypuoo, TultyHivo yupo ono 6vo
nup4vo orepiuroqq, Kor ronoeerrlpivo pioo oe 6vo npoororeuTlKo KaluQog on6 ovoEei60jT0

XoluBo. H pirpnon r4q owioroorlq yiveror UE 6rorr1p4o4 Urcrq ouyK8KprHivnq iwoonq
pe0poroq U6oo ono rnv owioroon, xot pirpqo4 rrlq Erogopoq 6uvo1lrxo0 parofU rurv 6Uo
dxptov r4q ;re ivo nolo euoioorlro BolTdperpo (:X.1.8). To pa0uo 6rorrlpeiror orogepo,
pu€pi(owog ivo poooror4 irot6ore vo 6ro14peiror oToeepR 6roQopo 6uvotrKo0 perof0 rulv
oxpoEexrdv proq ouyxexprp6vrlq owiorooqq, ouvde6eydvnq oe oerpct pe r4v owioroo4 rou
€eppop6rpou.

I To rnonitorinS

t potentiom6tar

lTo m.in
J pot ntiodat!. \

ly4po 1.8. Kuxlupo p6rp4o4g rnq owioToong evoq oopUopaTpou owioroonq
,\euxoyp0oou, Ue 6tornpnon oro€ep4q avroonq rou 6roppdowoq peuUoToq.

To gappoperpo owioroonq on6 treuKoxpuoo, Unopei vo Xp-notuonotn€ei yro notrU oKptBeiq
UaTpnoerq 0ep;.roxpoortirv oTnv noploxn on6 -253 6urq 1200"C.
H Boggovdpnon Tou opvovou yiveror pe Udrpnon rrlq owioroo4q R'r, oe Erogopeq yvuroriq
np6runeq Beppoxpooiaq, ror r4v npoodvvton tov onore,\eo;lori,r'v pe pro ouvoprnon
nolrv6p6pnonq (ouvneoq 20u Bogpo0 yro oyr nol0 ntrorro neproxn 6ep;roxpoordv pirpqorlg.

Rn=Ro (*A0*F,01

6nou Ro n owioToon orn eeploKpooio Tou Tptntrou o4peiou rou vepou.

Oeppoororyeiq (:X.1.9)

O oooroq rponoq Xpnonq evoq Oeppoororyeiou 6aiyveror oTo :X. 1 .9.
H eepFrKR rlAexrpeyeprrr4 60vqpn (HEA - roorl) nou nopqverot Aoyul rurv 6rogoperrxr,lv
rlAexrpoy4prxrirv r6rorflrov rov 60o peroMr.rv ono ro onoio eivor xorqoxeuooudvq ro
o0pporo A xor B, paTptaTor Ue norevot6uerpo ro onoio xorq xovovo eo np6net vo
Tonoeer8iTor oe xonoro onoorooq ono ro ouorrlpo rou onoiou rn eeppoKpooio perpope. H
enoqq ovogopoq (n $,uXpR snogn), ronoeereiror xowo or4v enogrl perp4o4q (n eeppn

al
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enogn), Koronore\aiTorono 600 ouv6iosrq oKpodeKrovpe Xo,\Krvo o0ppo, nou 6tornpouwol
orn eeppoKpooio rou r4ropevou noyou. lrouq oxpo66rreq rorv 60o XotrKrvov oupporov
pnopoupe vo ouv66ooupe ro noTevor6peTpo, Ue rn Bongsto rou onoiou 0o perprlooupe r4v
roon (:X.1.9).

:XnUo 1.9. Oepgo(e0voq nou onoretreirqr ono ro oupporo A xot B, ps enogrl wogopog
nou onoreleiTqr ono 60o evooerq pe yotrxrvo o0p;ro, ouv6eoeudveq Ue ro norevoloperpo.

Ot oxpo6ixreq rou norevotoperpou eivor ouvngoq ono opeiyotrxo rpeu6opy0pou (brass),
onora or4v ntreupo rou norevoropirpou eivor oqv vo ouv6douUe 60o onnliov OapUo4e0yn
XoIKo0-operxo^xou, ro onoio o1.roq 6ev erooyouv xovivo ogotrpq oTn Uirpnon, egooov eivor
orrlv i6ro eepuoKpooio xor efou6erepdvowot ot HEA nou nopdyouv.

To gep;roororyeio Bo0povopeirol pe Lrdrp4ort r4g €epprx4_q HEA oe 6rogopeq yvr.roriq
geppoKpqoieq, xportiwoq r4v enogq ovogopoq orouq 0"C. To onoretrioporo rirorov
perprloeorv oro neprooorepo €eppo16uyn, pnopouv vo npooevvtoro0v U8 nolv6popno4, pa
Xpnon notrur,ivuuou 3ou Boeuou:

E- a+ ffi+ 62 + d03
(8)

ovotroyo pe rov rOno rou Oeppoororyeiou.

:ro nopopTnuo lll EiveTot dvoq nivoxoq ovrroroiyo4q HE^-eeppoKpqoioq, yro drogopouq
runouq eepUo<euVdv.

H neproyrl 9epporpoottiv nou perpo ro Oeppo(euyoq, e{oproror on6 To 600 u.hxo ono ro
onoio onoTe^eiTot. Evo geppo(euyog treuxoypuoou - IeuKoXpaoou/po6iou n.y., 6Xetneptoxn
pdrp4o4q0-1,600"C.

To eeppoorotxaio pnopei vq KorooKsuoorouv ,Tot G,or8 vo iyouv roy0ror4 onoxproq (vo
opxowol 641o64 roy0rorq oE roopponio, stqrrioq Tnq ptKpnq €eppoyr^rprlrrror4roq rouq),
Kor our6 eivor ro nr6 oqpowrx6 Touq n^eovdKTnpo. Aev eivor 6p0Jq rooo orprprl, ooo ro
0appoperpo owiorooqq.

Potant|omatat
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7-4- H OEpprKR K(rroorqrrKR e€ior.lo4

Onoq npowogipO4xe, dvo ontro opoyev6q ouor4po, yro Koee Korooroon toopponioq 6yet
oplou6veq nu6q rov KoToorortKdv peveedv, (n.X. u, p, T yro ivo oipro), nou go np,enr vo
eivqr oroepdq oe 6tro ro ouornuo.

Opotq 11 xorooroorl evoq rirorou ontro0 ouorqporoq npoo6ropi(aror n6n Kor po t(ogoptol,ro
6uo ;rovo on6 ro KqrooTorrxo peyd04 (6Uo ovetoprnraq €eppoEuvolrKdq, ouweToyUdveq).
Ynopyer 6ntro6n ox6on rnq pop9nq

f (p.u,r)=0

Mro riToro oxion, ovopo<eror €epprx4 KoTooroTrKn sqio0ron rnq goonq (o6proq edti).

H gepprxn KorooTolKn oEiooon rov oepiov, Vro noIU prxpiq nr6oerq noipver roroiTepo on.\n
pop9n.

Av ono ng lp6q rorv p, u, T nou Uerpn€nKqv Vto 6rorpopo ouor4poro oe drogopeq
Koroorooerq roopponioq, unoloyrorei n dKqpoon p.u/T, rora ono6erxv0eror 6fl ro opto

(10)

Exnpo 1.10. loo€eppoxpooroK,q Kopn0lsq Tnq oxionq p.u/T yro Tov oapo.

H oro€epo R nou ovo;lo(arqr oroespo rou oepiou, dyar opropivq Ttpn ytq xooe odpto
(nopoprnpo lll).

Ontiq EeiXyer To:X.1.10, o noponovur oprox6q vopoq royuer pe notr0 uvn^n npooiyvlon vro
XoUn16q oyerrro nrioerq.

To odpfo nou oKoloueo0v pe oxpipero 14 oyio4 ourq, ovol.ro(owor t5owxa 4 fiAen aipn.
lr4v npoyporrxor4ro 6ev unopxouv r,traq o,ptq, ol q ro npqvporrxo oepro npooeyyi(ouv
Tn oupneprgopo our4 yro ouv0(xeq nou oneyouv no,\u ono rrq ouv84xeq uyponoi4o4q rouq
(notr q npoyFqnKo oapto, oxoprl xor ylo pdrpro uqlr1,\dq nrdoerq, rrlq ro[rtq rov 2O-sO ba4.

(s)

fim(+)Fo=F

sivot orog8po, ovetopTnTo ono nieon xor 0eppoxpooio.
H oxion ourn noproroveTot oro:X. 1.10 yto rov oipo.
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1-5- H OeppoduvoprKn Erepyqoaq

Av dvo eeppobuvopu(o o0ornlto Bpioxeror oE Korooroon roopponioq, q rorooroo4 rou
UeToBoMerql Uovo Lte oEoreprKn enavdpyaro. Mlo rirorq brodrxooio yopoxr4pi(erol oov
eeppobuvoUrKn 6repyooio. :e Kqes 6repyooio peropol.\eror n KorqoToon rou ouor4poroq,
6nlo6n uQiororor 1.tro ;.leroBotrq KoroorooeGJq.

l-to rrlv neprypoQn ptoq Erepyooioq, 6ev eivqr opxero vo ovo{papesi povo 11 peroBo,\4
xoroorooeorq UeToE0 opxKoo xor retrrxou onueiou rrlq drapyooioq. llpener ent ntrdov vo
Kqeoprorouv n pieodoq xor or ouvo4xeq xorur ono rrq onoieq entTeleiTor n Uerqgo.\n
KoTqorooeurq. Enoudvoq, 4 dworo r4q 6repyooioq eivor eup0repn xor neprexrrxdrep4 ono
rnv dworq rnq UeToBotrnq Koroorooeoq.

Ko€e 6repyooio npo[evei pro geropotrq Koroorooeulq rou ouor4poroq. Av ro ouoTnUo Kqro
r4v opy4 r4q Erapyooioq Bpioxaror oe xorooroo4 toopponioq, n Uerqgotrn Korqorqoroq
eo oonvnosr ouvneoq oe xoroorooerq, nou 6av pnopouv vo neprypogoov pe liyo
xqroororxq U8VdOn Tnq Oeppo6uvollxflq, Vtori To ouotrlpo oTtq, KorqoTooerq our6q 6ev
dxar evroiq eeppoKpooio n oroeepn nuKVoT4ro. Kooe r6roro peroBoln Koroorooeog,4 onoio
6ripyeror ono KorooTooelq pi1-roopponioq, ovopo(eror p11 ororrr[ HerqBotrn KorooTooeulq.

fov nopo6ery;.ro pnopei vo e{aroorei 11 drepyooio nou nopornpeiTot Koro To ovotvpo Tnq
oTp0grvyoq nou oroxopi<et ro oprorepo doyeio nou neptaxEt qipto Ue nieon pr xqr er6rxo
oyxo ur, ono ro 6efro, xevo ooyeio (p=O) oro o0oTnuo Tou :X. 1.11. Ms To orvorypo r4q
BolBiooq To odpro €o peuoar oro 6efro 6oyeio. H poq nou eo nopornpnooule, €o
neprlquBqver oTpoBt^tououq Kot onuovTtKdq orogopiq (Boeui6eq) nieo4q, nuxvornroq Kol
eepUoKpooioq. Irrq avbropeoeq Koroorooerq ,\ornov, 6ev 0o unopxouv svtoisq pdq p, u xor
T_no! vo roxuouv Vlo ro o0oTnpo oro ouvolo rou. H UsToBoln KoToorooEoq enopivt^rg,
etsliooeTor Uaoq qno KorooTqo8tq p4-roopponioq, Vto rnv neptypogn rov onoiov To
KoroororKo Usvaen 6ev enoprouv.

IXnFo 1.11 Anortreropdvo ouorqpo xoro r4v dvqpEn rnq drepyooioq rqe ele0Oeprlq
8KT6volonq.

Enerbn n 0epprxI xorooronxil e[ior,ro4 toXUet Uovo ylo KorooTooetq toopponioq, 6ev pnopei
vo eqoppoorai oe p11 ororrxiq peropotrdg Koroorooeurq. Ie dvo €eppo6uvoprxo 6roypo;rpo
snopdvoq, 6av eivol 6uvorov vo nopoorogei q pr1-ororrxq UrroBotrR xoroorooeoq.

Edd Xpnorponoro0pe ro oullBo^loLlo Tou :X. 1.12a, nou o4;.roiver on or KoToorooetq i Kor
2 ouvoaovrot perof0 rouq pe pro pr1-ororrxn HEroBoln KoTooroonq.

AwigeTo npoq rn Un-oTqTtKR UeToBo,\n KoTooroonq, pro peroBotrr; KoTooToonq nou
onore.\eirqr ono uto oerpo KoToorooeov roopponiog, ovo;.ro(aror orovei-ororrx4 peroBoln
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KoTooToonq. np6KetTot vro pro npoo6yvton KoTo rnv onoio ot pnxouKaq n ospptKdq otTieq
rnq UsroBolRq roopponioq pnopo0v vo eropneo0v qneip{dq (fl xor ontuirq oprero) prxpdq,
aror 6ore oE Uro peroBoln Korooroonq, 6treq ot KoTooToootq nou ovoQ6powot oro o0ornpo
oov o0volo, vo pnopo0v vo neprypogoUv pe xoroororrxo UeVaOn (IX.j.12b).

:Xnpo 1 .1 2 a.XopoKTnptoiloC Ut6q Un ororrxnq HerqBo,\nq xorooroo4q oe droypopUo p-u.
b.flopooroo4.Utoq otovei-oTorrx4q peropolrlq KoTooroonq ono ouvey4
Kopn0trn oe Eroypopgrpto p-u.

:To enousvo _oulyo eo npoiinorieeror orovei-ororrx4 peroBoln Korooroonq, yrori Tore
unopouv vo e{oy€o0v Xpnorpeq nooorrxiq oxioerq yro rr1 oappoEuvoprxn Erepyooio. rov
nopobery;ro oEi<er vq ovogspesi,6rr oxop4 xor gorvopevo rooo royeioq e[dritnq 6noq o
x0xtroq evog sljBolog6pou xrv4rrlpo eooreprKnq xo0o4q, pnopsi'vo 6voiugouv xor vq
ueleTneouv oov onorelouuevq on6 ororyartir6erg orovei-ororrx6q'peropol6q, xojpiq ueyolnondlero oxpiperoq (Bl. oxalKn Ev6r4ro).

Enerdrl rdpo n Oeppo6uvqptx4 6ev pnopei vo egoppoorei yto rnv neptvpogR KoTooTooeLJv
Url-toopponioq, povo rore. Unopo0pe vo Kovouue nooorrxdq 6roruntiroerq Vto Uto9eppo6uvoprx4 drepyooio, orov ro oOorqpo or4v opy4 xor oro rdtroq ,aq aejyooioq
Bpioxeror oe optoUdvn Korooroorl roopponioq.

InopXrl opoq 6voq roovrxoq r0nog Erepyooioq, 0epetrr66ouq onuooioq yto rn
€eppo6uvoprx4: flpoxerror yro rqv owroipenr4 6repyo-oio, nou ero6yoye nprirroq o s. barnot
To 1824:

Av iva ouotrTpa, oro onoio ouviln pE 6e.pyaoia, pnopei va enavogeplei ornv dpxtKi
xorooraor\ yupiE auro vd ouvo6tierot ano xanoeE peia\dig oro neitBaMov'rij, rcre
r7.5cpyooia.our1 ovopa(erut avnorpsnri. ev n opxix| xoraoiaorl rc'u ouorirrdro'e 6ev
eiuat 5uvorov vo entreuy?ei yupiE lterapoAiE oro'neprBa&ov, n O,rpViiio {roia?rro,
p4-ovnorpenr4.
Mro owrorponr4 Erepyooio trornov, go npdner vo pnopei vo expqdevrorei re.\eioq pe r4v
owrorpog4 Tnq (6nI. ooov ogopo oleq rrq enrbpooerq rnq oro neprpollov).

Mto npoodyyro4 ovrrorpanr4q ou;rnieo4q {xo exrov,Jonq oTn ouvaxerq) ev6q oapiou, pnopei
vo ulonornOsi pe rn ouoKsun Tou :x. 1.13. Tq drepyooio pnopoufi vo rr1 yirproro0pe aror,dore pe r4v exr6voon vo ovurl,6veTqr 6vo o.ipo oio ne6io goiordroq raq'\iiq. ro ef,yo noueKrelri To.q6pro ue rn paroronron rou sFB6Iou, onoropreueror oou llqydui*4 

"veplLio 
ono

To oduo. Av rd.rpo ogeeei ro otjHq. oro opyrxo uryoq, ro duBotro ,n,oiplila oinu JpXi*n ,o,
edon Kor ro odpro oupnr6(eror notrr.
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:XnUo 1.13 Arorotn yro rnv qv oTpenrR ouunieon Kot eKTovoon evoq oepiou oa
0eppol.rovtrpr6vo x0trrv6po.

H owroTpenrn 6repyooio eivor trolnov xt ouTn Uro 6ro6oy4 KorooroooLJV roopponioq (orovei-
ororrx4). Exroq opulq ono rnv orovei-ororrx4 UeropoAn xoroorooqq, n owtoTpenrn
6tepyooio onorrei r4v onouoio rprp4g oe olo ro Udpn r4q 6tapyooioq. Tprpdq, nloorrxeq
nopopopgtioerq xor nopo;.roro gorvopevo, oupneprtroppovowor oro yopoxrrlpropo Qorv6pevo
oKa6oonq.

Onoq go 6oupe Kot os en6pevo xegoloro, oupqovq pe ro 20 Oeppo6uvoUtKo Atiopo, oleq
ot guorxeq brapyooieq eivot pn-owtoTpenrig. Or owtorpenTaq brepyooiag 6ev eivol nopo
str6ovrKeupdveq oproxdg nsprnrcioerq pr1 ovrrorpenr6v 6repyoouirv.

To Ey41.ro 1 .14 6ivet Uro onoqrn yto lg 6rogopeq 6repyooieq Kor Vtq rtq psTqpotrdq
KqTOOTOOT(I)q nou ouvsnovovTqr.

ducpyao [a quoLrri = uri-dvt r"ot p e rt ri cvr LoTpatrTn

MeraEotri raraoTci-
oEurs

AL(iypaluc rara-
o rcioer,r s

IIapd6€ Ly!o:
6udypoulo p,u

uri-otaruxrj
u<ivo i ripxr,xri xc rj
i retr u xri xcrciota-
on e Ivou xatcotci-

oeu s ioopporjos

i nopedo ris xo-
roorcioer,rs 6dv
unop El vd ndpa-
oTdgei

o 
tr.o 

ve rj- otqt u x {
dle g oi iv6uripeoeg
xctootdoeug eZvcu
roulcixLoro rarci
npoodyyuol xctcotc!-
oeu g iooppondos

ri nope r.ia tis xors-
orcioeos lrop ei vci
rcpcorc9€f,

otove r.i-otsr uxi
dles oi xcrcotci-
oeLs l,lnopouv vci
eZvcr. ldvo xcrc-
otcioeus ioogpo-
nrJcs

i rope;o ris xa-
taorclo€llls l,/ ropef,
vci nopcdtcgeC

Pl , pl tl\ l\t\l\I '.---, | \-,
0a0

:Xnpq 1.14
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Acpyooieq povrp4q po4g

Koro Tnv egopl,royrl r4q 0eppoEuvolirKnq os TeXvlKo npoBlnUoro, ooyotro0poore KUpioq pe

Unxovaq Kor ouoKeudq, nou 6ropp6owor ono pro 4 neprooorepeq ouoieq. nopo6eivporo
T6floov ovorKTdv ouornuorov eivor: ro rpqpo evoq oyr^ryo0 nou 6roppderor ono Konoto
peuoro, ivoq oTpo^d9nToq nou orponorEi vep6 pe npooovovn oeppor4roq ono rrlv eorio
Kouonq rou, 11 dvoq orpoorp6pl\oq onou exrovtiveror po4 orpou xor nopoyer ipyo.

no rnv Epeuvo rov reyyrxtiv ourdv eyxoroorooaorv, opi(oupe ivq ovotxr6 ouornUo orogepo
oTo X;po (oyxoq etrdyyou), pe vo4ro opro ouor4porog. To peupo rnq ouotoq qrovet oro
oUorqpo ono 14 Eroropfl sroodou 1 Kot ge0\/et on6 rn dtqToUn a[o6ou 2, :X.1.15. Mioo oTo
oUor4po perq9ol^eror n KorooToon rou pe0poroq ouoioq pe ouvexR Tpono, ono r4v
Korooroon aroo6ou 1 ir,rq rrlv rorooroo4 eEodou 2.

:XnUo 1 .1 5 EXnUo ev6q ovotKro0 ouornuoToq nou 6loppderor on6 To peouo Uroq ouoioq.
1.dtoropn eroo6ou
2. EtoTopR etodou

Av rq KorqoroTrxo peyiO4 Tou peiporoq ouoioq oe otreq rrq 06oerq rou Xipou al6vxou 6ev
U€Topol,lovrot Ue ro Xpovo, rore ptlope yro Erepyooieq povrpnq po4q.
Koro Tnv nopoKo^o0onon rqq ouvayo0q Ueropolnq Koroorqonq rou pauoroo, ouvneoq
edToupe vo4ro opro 08 oTotxeld6n noooTnTo Tou, Kor entErtiroupe vo noptvporl,oupa rn
UsTopoln xorooroo4g r4g on6 r4v eioobo Udxpt Tnv d{o6o, oov orovei ororrx4.

86poro oe ;:ro orovei-oToTrKn usrogolR xoroorooqq oro ovorxro o0ornuo, 6av eivqr 6uvorov
vq u-nqpxouv orpoprtrropoi r; nopoproreq poxpooronrxiq ovoJuoliEq rnq poRq (n.y. onurg
oul.tBoiver pe ro orpoyyotrropo rou :X. 1 .16: I orepyooio eivor Un-oiorrxn. nopotro nou oe
lrKpn poltq onooToorl nioo ono rn edon orpoyyotrropo0 nopornpeiTor ror nor xoroorqon
roopponioq, UerqE0 Tnq 6lorop4g ourfiq xor Tnq eionq orpoyyotrropoU, epgovi(owor
xoroorooerq nou 6ev pnopei vo pEIsTRoer n gappobuvoptKn).

:To KoroorqTrKo pevien proq ouoioq nou peer, ovrlxer xor 4 roy0r4ro r4q c. Noeiror nowore
oov oyerrxil royur4ro tiq npoq ro opro rou ytirpou e,\iyyou nou ee{,Jpouwqt ofl npauouv. fro
vo u,nopxer KqrooToonloopponioq oo gro 6rorop4 Tou Xripou e^dVXou,6o np6nar 4 roy0rrlro
vo dxer pro rrp4 1.rovo6rxr1 xor ove{oprr1rr1 on'ro ypovo. Ie pro Erepyooio povrp4q'-pong,
qyvo.o0Ue ouvneoq ro npogitr ToXUTnroq nou nopor4peiror (BL :X. 1 . i 6), xor yp4orponoioul.ri
rn U6on lpn rnq royrlrr;roq, nou uno,\oyi(eror olq e{qq He Boon rr1 pon poloq:

* rh _rh t
PA A

(t 1)
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H e{iooorl ourn pnopei vo egoppoorei oe Koee 6roropr4 poRq,, vto rqv eupeo4 r4q pdo4q
Itunq c Tnq royurlroq por'1q.

Ee pro 6repyooio l.rovrprlq ponq, n poR po(og oe Koee dtorouR dyer r4v i6ro rrpq. Erot, toxuel
n.X. Vro nq 6rorop6q eroo6ou 1 Kol eto6ou 2:

th=qpi1=qp2A2

H oxeon our4, eivor 11 e[iooorl Tnq ouvexetoq.

(12,

1-6- loroprKn eEilEn r4q Oeppoduvoprx4q

N.S. Carnot 1824 (ottoponKoq rou MlyovrKou oro foAfuK6 :rporo): .Beflexions sur la
puissance motrice de feu el sur les machines propres a developper cette puissance.. H
r6ovrx4 prlyovq - n owtoTpenTn brepyooio - 2o OepproduvoutKo AEiopo. geopouoe 14
eeppdTnTo ouoio - caloricum - opo Kot ogeqprn. Aroronooe snionq rnv opxn rnq
tooduvopioq €eppor4rog Kot ,pVou.

J.P. Joule 1845 (pnxovrKoq) iOeoe rrq nerpoporrxiq Foosrq rou tou O.A. (p4yovlxo
tooduvopo rrlq Oeppor4roq), nou o6nvnoov 60 Xpovto opyorepo oro ooqrl opiopo rrlq
eooreprx4g evdpyaroq, onopoirqro Vto rnv olox,\qpopdv4 6rorunoo4 rou 1ou
Oeppo6uvoyrxo0 o{roporoq.

R. Clausius (roOqyr1r4q oro flotrureyvaio EIH, Zupiy4 1B5O): Ue goon 14 6ou,\ero rov Carnor,
Mayer Kot Joule, 6ror0nooa ro 1o Kot 20 O.A. Fto rq 6ror0noo4 Tou 2ou O.A. o6nvnOnxe oe
avq vdo Hiyeeoq, r4v evrponio, nou rore ovopooe ,'r4v roo60vop4 rrp4 proq prrqrponnq".
:Tnv qpXR rrlq oOl4onq r4q ewponiog Bpioxeror 4 poo4 rov noproporulv rou2ou €.A., r,rq
npoq rnv Koreaeuvon a[6r(1q r0JV guolKrriv gorvop6vov. (rro vedrepo ypovro enexrog4ri
4 iworo rnq ewponioq Kqt oe oMsq snrornpeq, ny. Oaulpio fll4pogoprtilv).

w. Thomson (Lord Kelvin) 1850: oveEoprnrq ono rov clausius, i6ooe otr\eq 6roruntioerq rou
2ou O.A. (oKd6oon evipyeroq). Enionq Ewontoa r4v unop[q noyxooproq x,\iporoq
0eppoxpoordrv, oov onopporo rou 2ou o.A. (carnot). E6ooe iror ro ovol.ro rou oi4v xiipoxo
Kelvin. o i6roq, 1856,60eoe rrq Booerq r4q geopioq rou oeppoqlexrpropou. rrqv enoxn rou
KqeropdenKs n)tdov n Oeppoduvoprx4 oqv gqorxn sntornUn Vrq rnv xoroprrorl rov
I\r4yovrxrirv, Trorpdv Kor ouorKov. :'ouro ouvsr,treoqv Kor ot epyooieq rou oupnorprdlrrl rou
W. Rankine (Ixorrod(ou).

Gibbs (KoenynTnq rnq Moenuorrxflq euorx4q oro flov/pro yate): egoppooe rqv 6woro rrlq
ewponioq oro piyporo, rrq yqprxdq ovrrdpooerg Kqt rnv n,\eKTpoy4l.reio (v6o enrornlrrli
tDuotxoyrlpeio).1'{opor rov gooEov - oeppoouvoprro buvoprxo. E6ti onorrrloqrov rrpdg rqq
avrponioq rov drorpoporv ouordv, piypr Uto o\/voorn oroespo.

w. Nernst (1906): lr8 ro eeopnpa rou, (pn6€vrKo o.A.) d60oe truon oro noponovor ep6rnHo.

Max Planck (1912) : oupn,\npoos Tn dou^ato rou nporlyo0pevou: VevtKn roy0q yro nq flpdq
ewponioq oro qnotruro Un6dv, pe ro onoio eKTtpnenKov ot owooreq oroOepdq (go b.A.).-

Taloq 1gou orr,rvo: peyotro ev6rog6pov yro rrg opydq rrlq Osppoduvoprxnq.



23

H. Poincare - Max Planck. eapeAioro4 r4q geppoduvoulKnq novo o,ivo oqgurq opropivo
oUorqpo porpooxonrxo UeTpRotpov HeVredv.

ltuv. Kopqeeo6opRq (1873-1950, xo64yr1rflq Tov MoenUoTtKdv xor 6eop4rrxrlq OuotKnq oE
9togopo notruTelyeiq xor Flov/pro r4q feppovioq, xo€tiq xor oro flbv/pro-Ag4vtiv ror
q:M.n., o onoioq ro 1920 evKorrttrEru,e rnv i6po Tou oro Bepotrivo yro vo opyovrioer ro
EMnvrxo flov/pro rqq :U0pvnq, npooKlneeiq uno rou E\. Bevr(6.\ou) :uv6VpoqrE o[roporrx4
6rorUnoo4 r4q Oeppoduvoprxqq, ovefopr4r4 rrlq iworoq rqq Oap;rornroq. O
Krtno0eo6opnq yp4orponoi4oe ro odroEorrxo roiyopo oov 16roirep4 oproxn ouvgnxn. Oln
11 6ror0noro4 Booi(eror oe dvo ofir,rpo (roo60voyo rou 2ou e.A.)

J.H. Keenan (MlT-l941) Aoyrxo ordpaq nopouoioorl rrlq Oeppo6uvoptKnq p8 yp[o4 rorv
oxiqeov rov Poincare xor Gibbs. AuT6 eixe Lrevoln eni6poon orn 616qoxo,\io r4{teyvrx4q
Oeppo6uvogtx4q.

NedTepeq a{etri{erq orq 6r6ooxotrio Kor rnv egoppoyq rqq Tayvrxr;q geppo6uvoprx4q:

O..6ropxdq ou{ovopev4q onpooioq poloq Tng efepyetoxqq ovotruo4g (2o e.A.) Vto ro
Bd'trrroro oyedroopo xor 6trayyo lerroupvioq psyqlov eyxorooiooaov pe Etepprxeq tnioveq,o6r1y4oov ornv ovopqepton rou p6trou r4q dr6oorotrioq r4q Oeppo6uvoprxaq ;rouq
gorr4req-peuowrxouq Mqyovrxouq, rdroirepo Mnxovo,\ovouq xor Xrllrrxouq MayovrxoUq.
flopo6eiyporo ono rqv xog4peprv4 npqKrtKn, eivor n.y.-n pair,ron riov eeppoxpooroxtiv
6togoptilv oe dvov evoMoxrrl Oepporqrog, n n xpRon ovoyawrFtiv oe ivo oeproorpolrlo.

Auf4p6voq trornov o potroq r4q ovotruonq rou 20u O.A., xor o oUyypovoq golrnTnq eo npdnel
vo owrlngeai rqv iworo arrrp-onio,. ro i6ro rqtro pe r4v dworo ivrEpyao (o lriuowrxogpnxovrKdq 08 6vo xool.ro nou 00 npdner vq eivor roroirepo gr,\rxoq pe-ro nepipoi,\ov, xor vo
pn.onqrolo qoKgJlo rov evepyeroxo ntro0ro rrlq Vnq poq, ovoyvurpilowoq orr eo unop[ouv
xt ql.\or nou €q (noouv pero on'ourov).

Er4v xore08uvon ourn Bo6i4er xor n 6opn rou obqyou nou eyere oro y6pro ooq, onou 11

dworo rrlq evrponioq erooveror ono r4v 3r1 xrotrog evorrlro, xor o gori4rnq 6yei oro rov
xorpo vo eppoouvet oxe Ko oT|q 6rogopeq eqoppovaq nou oKo^ougo0v.

-TNlx{l-o' ,t.lg.
d)(a;6.LdLrd. orooFi;'ov

€{on otpcyya,tuopon.oi xa-
raordoeLs roC Bdoou ror! pdec d;rdor,rg
perd trjv ordvr,ro4 6dv elvqu xorcorci-
oe!S Looppondcs.

-Jz=

Aoxqoerq: 1,2,3,4,5.
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Evorrlro 2
AnAo 0eppoduvqprKq ouorrlporcr
2-1- Arovpappo P-V xo0<rpfq ouoicq

Eqv 1g vepo0 eepuor(pooioq 94oC erooy€ouv oe ivo Eoyeio oyKou 2I, ono ro onoio dyer
oQorpeeei oloq o o6poq, ro vapo 0o e{orprorei evrel6q ror ro o0or4po eo Bpeeei ornv
KoTooToon rou oxopeorou orpot, onou 6tr4 4 nieo4 rou orpo0 go eivql prxporepq ono 1

alm.
Iro 6roypo1'r1ro p-V rou :X. 2.1, our4 n KorooToon owrnpooone0eror ono ro onpeio A.

:XnHo 2.1

Eov o oTpoq orn ouvixoto oupnreorei opyo Kot tooeeppo,4 nieor.l 0o oveBei p6ypr vo
epqovrorei KeKopeopdvoq oTpoq oro o4peio B.

Fov ouvexiooupe rr1 oupnieorl, ncporrlpeiror ouyn0KVoJon vopo0, UE 6rorqprlo4 oro€ep4q
nieo4g (ooSopnq 6rapvqoio), ooo n eeppoKpooio nopopdver oroeeprl. H sueeiq BC
owrnpooonelet r4v roo€eppq xor roopoprl oupn0xvoo4 rou u6porpo0, onou n oToeepn
nieo4 triyaror niao4 orpou. ra onorodrlnore o4peio pero{0 g xdr c, ro vepo Kor o oTu6q
eivor oE roopponio: oro o4peio C unopyer povo uypo (vepo), n onoq.\eps, xopeop6vo uypo.-

Enerbrl q oupnison rou vepo0 onotrei notru ;reyo,\q oOf4oq rnq niaonq, n ypoppn CD eivor
oXe6ov KorqK6pugn.

Ie onoro6qnore orlpeio eni rrlq CD, ro vepo l6pe orr eivor or4v uyprl goorl.
Ie onorodqnore onpeio eni rrlq AB, orrl goon qrpou, Kql
Ie onoro64nore o4peio eni r4q BC, unopxet roopponio parofu rnq uypnq Kot rnq oaproq
9qonq.

H ABCD eivor pro runtKn rooeeppn prog xoOopqg ouoiqq oro Eroypoppro p_V.

loooeppeq !roq Koeqpnq ouoroq.
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:e ol eq geppoxpooiaq, or roo€eppeg dyouv nopoporo 1ropqfl, onoq QoiveTor oTo:X.2.1.
Mnopei vo 6ei xoveiq 6rr or ypo;rgdq nou owrnpoooneuouv roopponio perqE0 rnq uypflq, xor
rqq o6proq goonq, or ypopp69 eforpro4g, yivowor nro xowiq ooo 4 0eppoxpooio oveBoivor,
pdypr vo Qroooupe Uro ouvKeKprpiv4 Oepyoxpooio, flou IiVoTor rpiorp4 Oepporpcoio -
novo ono rrlv onoio 6ev unopyer nliov 6roxproq perof0 uypo0 xor orpou.

H lo6€apLrn nou nepvo qno rnv Kpiotpn eeppoKpooio, LVeTor Kpiotltn Eoeeppn, Kat ro
orlyeio nou owrnpooone0er ro opto rov ypol.rlrdv e[orpro4q, livsTot KpiotlJo onUEio. Omnq
pl6noupa oro 6roypop1.ro, To Kpiorpo o4peio eivor oqpeio xopn4q rqq xpiorp4q too0eppqq.
H nieo4 ror o oyxoq oro r(piotpo orlpeio, eivor yvooTo oov xpiorpry nieo4 xor xpiotpog
oyxoE.

Otro ro orlpeio oro onoiq ro uypo eivor ropaopdvo, ppioxowor novl,J ornv Kqpn0trn
KeKopsoUivou uypo0, evdr
olo ro orlpeio nou owtnpoooneuouv xaxopeopivo orpo, ppioxovror novor orqv roun0trn
xexopeop6vou orpo0.

Or-600 Kqpnuloq xopeopoir nou o4pet6vowor pe 6roxaxogpdvn vpqppn, ouvowrjwor oro
Kpiorpo onpeio. Tlqvo ono ro xpior;lo onpeio, ot to6eeppeq eivot ouveyeig ypoppiq, or
onoisq os ueyolouq 6yxouq xor xqpnliq nr6oerq npooeyyi(ouv rrq ro60eplrei rou r'6qvrxou
oeoiou.

fro 6roypol.rpc p-V rou :X. 2.1, n neptoxn XoUnIRq geppoxpooioq nou noptoro rn orepao
goo4, 6ev eqiverot.
H orepeq goon Kcl n neptoy4 roopponiog ;rero[0 orepeoq Kqt odptoq goonq, noprorovowol
pa.6vo oOor4po roo06ppov, nopogoroq popg4q p'our4q rou :X.2.1. io op4Owr6 rpnpo rov
ro6eep]JLJV ouTdv, noptorover rq paropotr4 on6 ro KoKopsopivo orepeo orov xexopiop6vo
orpo (6nI. rqv afoyyuroq).

llpogovtiq unopxst pro 16roro ypo;.r1.rn nou onoretr6i ro ouvopo pero[u 14q neproy4g uypo0_
orpo0 xor r4q neproy4q orapao0-orpo0. Aurn n VpoUUn oyeriieror gre ro'rprir,fo oqpeio.
Er4v nepinroo4 Tou.vepou, To Tptn^o or1;reio eivor oe nieo4 q.5g mm Hg xor oeppoxpooio
0.01"C,.Kot n ypquun rou rprnlo0 onueiou yro ro nopoderypo poq, erreivlrot ono ovKo l.OO
cm-/g (KeKopeouavo uvpo), Uixpr 206,000 cm"/g (xexopeopdvog orpoq).

2-2- ArdypopFo p-T KoOapRq ouoioq

Eov 4 nieo4 orpdrv av6q orepao0 parpneei oe Ororpopaq OeppoKpooieq, piypr vo gTqooupE
oro rprntr6 onpsio, To onoritreo;.ro eo sivor ro broypopl.ro rou 2X.2.2 

' "'

Eov-4 ouoio oupnreorei oro rprntro onueio p6xpr nou vo un peiver xoOolou orpoq, xor or4
ouvaxero ouEngoi q nieorl oro Uivpo lo! npox0nrer lorepeou, uvpo0), ToTE q eipfioxpooio
eq npdnal vo HeTqBIneei tiore vq unop6st roopponio pero[u oripao0-uypo0.

Merpnoerq rtrv nreoe,v Kot rov eapuoKpootov ourdlv, poq divouv pro rpir4 Kopnuln oro
dtoypopl.ro p-T, nou {exrvo on6 To Tprnlo oqpeio ror ouveyilar oro qnsrpo. io onurio no,
owrnpooone0ouv rq ouvunopf 11:

'' Tou srepeo0 xor rou orpo0, Bpioxovror or4v xo;ln0trr1 aEoxvoonq'+ ToU uvpou Kor Tou orpou, ppiorovror orrlv xo;.,rn014 eEoipijnq'+ ToU orepeou xor rou uypou, Bpioxovror or4v xopnulq rntnq
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temperalure d

:XRpo 2.2. Atqypoppo p-T xoOoprlg ouoioq (vepo).

Or.K^iosrq rlJV KopnuILJV eEqxvoonq xor e{orprorlq olov rov ouotdv eivot esTtKiq. OUoq n
K^ion rnq xopn0tr4g r4[4q, evti ouvnooq eivor Oerrxfl, optopivsq Qopdq eivot xor opvrtrrrn.

Orov ornv EvoTnro 5 60 Uetrerneei n etiooon Clausius-Clapeyron, 0o 6oupe orr o.\eq or
ouoieq nou ouoriMovrot KoTo Tnv TREn (nX vepo), ixouv opv4rrxfl Ktrion rnq r<opnOl4q
TnEnq, ev6 ooeq orooritr\ovTcl Korq rnv TnEn, ro qvri€sro.

Irov flivoxo 2.1. goivowqt Tq rptntrq onueiq otqQopov ouorrilv

Ilivoxoq 2_l
A€6op6vq rpmlou onpcaou vta dtogopeq ouoieq

Subrtancc Tcmp., Prcsrurc,
mm Hg

Hclium (4) (I point)
Hydrogcn (norrnal)
Dcutcriua (norutal)
Ncon
Nitrogcn
Oxygcn
Ammonia
Carbon dioxidc
Sulfur dioxidc
Watcr

t3.84
18.63
24 .57
63. 18
54 .36

195.40
21 6. 55
197.68
273.16

37.80

t28
324

94
l.l,f

45.57
3880

| .256
4.58

f4perdveror 6rr ev6 oro broypoppo p-T To Tptntro onpsio eivor onueio, olo Eroypoppo p-V
aivor vpouun.
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2-3. Enrgdvero p-V-T

Otreg or ntr4pogopieg nou napllouBqvovrot olo 6roypo;.tporo p-V Kot p-T,
opgqvroro0v oe ivo rprobtoororo 6roypo1.r1.ro p.V-T, onou 4 xoroororrx4
ouoioc:

unopouv vo
eEiooon rnq

o)f@,vn=0

nqproroveror oov entgqveto oro yirpo (fy.2.3)

:XnUo 2.3 Enrqovero p-V-T yto Uto ouoiq nou ouordMeror roro rrlv rr1f4.

:Xnpo 2.4 Enrgovsro p-V-T ytq ptq ouoio nou btooriL\eror xoro r4v r4f1.

fro Iy.2.3 npoxetror Vto ouoio nou ouordMeror Korq rnv rnEn F.X. vepo), avti arc 2X.2.4
Yro ouoio nou 6roori,\.\aror xoro 'r4v rrt{a (ny COr).
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To 6roypopporo 6ev sivor oxebroop,vo un6 KIiUoKo: To UnKoq rou oEovo V dxet Uettl0ei
onuowrKo.

Eov n enrqovero npoplneei oro eninedo p-T (:y. 2.3),
nsproxn orrpeou-oruo0 Bo npogl40ai ornv Kopnuln eEqlyoonq,
noptoxn uypo0-oruou eq npoBtrneei ornv Kopn[rln etoruonq,
naproxn orspto0-uVpou eo npo9Inesi oTnv KoUnotrn rnEnq.

T6.\oq, n Vpopun rou Tptntrou onusiou npoBolleror oro rprnlo onu8io. To Kpiotpo onueio
onueroveror ue Cr.

H Kpiorun roogepun onuerdveror pe e^. Mro ouoio yopiq ele0eapn snrgovero Kor p8 6yKo nou
Kogopi<eror ono rov oyxo rou 6oyeiou Tnq, triyerol oipro, 6rov n eepuoKpooio rou eivol

UevoloTepn ono rnv Kpiorpn eepuor(pooio. Al r6q trayeTor oru6q.

2-1- K(rraorqnxdq eElo6osrq-

Eivor o60vorov vo eKgpoooupe rq ouvoltx4 oupneprgopo ;rroq ouoioq os oln Tnv nsproxn
rov perp4y6vr,rv rrpdrv p-V-T, pe Hiq Kol povn Kqroorqrxfl e[iooor1. Eyouv nporo9ei novur
qno 60 runor eErodoeov yro rqv npoo6yyro4 rov neproydrv uypnq Qoonq, oTUoU Kor uypo0-
orpo0, nou lexvo0v ono r4 yvoorrl poq a[iooo4 Vro To relero odpro:

pv=RT

nou roxusl Hdvo yro XoUnIaq flrdosrq oflq neproyiq rou or;lo0 xor rou oepiou, U6Xpr rnv
eEiooon Beattle-Bridgmann :

p=n,[-;-4b+D-4,

,:;F'

n onoio, e{orriog rov 5 nopop6Tp0rv pueptonq nou 6toe6Tet, pnopei vo Uqq eKgpqoet Ue
opKarR oKpiFeto oAn rnv neproxn novor qno ro rprnlo onueio.

Optopiveq ono rrq e{rorioorq quTeq eivor Kqeqpo spnetptKdq (onlo 6ntr. npooopotovouv
perpqpdvaq rrp6q), ev6 oMeq eivor Oeulpqrrxdq, xor iyouv unotroyrorei ps Boon rqv xrv4rrx4
ge(^)pio rov oEpiov.

Mro on'rrq nro yvoordq KoTooToTtKdq rEtodoetq, nou Booi4eTot oe nopo6oxeq nou ogopouv
rr1 poprox4 oupngptgopcr rov ouotLJV, eivor 11 efior,ro4 Van der Waals:

{o*}) 1"-t'1=n r

H eEiouron qurn toxuet ps KoIn npooayvton yto rnv neptoxR rou uvpo0, rou orpo0, r(ot rnv
neproxn KovTq Kor novo ono ro rprntro oqpeio.

12)

whcre e: e,(t -2,), a: e"( -bn)'

(3)
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2-5- Aro;oprxEq peroBoliq Kor(totoonq-

Eov dvo o0ornpo unoorei pro lrrxprl perolotrn Koroorqonq perof0 xoroorooeov
roopponiog, xor or rpeiq Oeppo6uvoprxdq ouweroypdveq rou (p,V,T) eo unoorouv tlrt(p6q
UeToBotrdq. Eov n Uerogotrn nx rou V eivor nolu prxp4 oe oxion Uo ro V, xor ouyypovoq
notr0 peyol4 oE oxaon Ue To Xopo nou xoroloppovouv IiVo l.ropro rou oepiou, rore our4
n UeroBoln Unopai vo ypoqei oov 6rogoprx6 dV (enar6[ or oeppoduvoprxdq ouweroypiveq
eivor !oKpooKonrKdq ouweTovpivoq!).

Mnopo0pe T6po vo l0ooupe Tnv KoroororKn gEiooon {Jq npoq onoroEnnore ono Trq 3
eepU06uvoprK6q ouweroypdveq, ergpo(owoq Tnv oqv ouvopTnon rov o)rtrov 6uo, ny

v=f@,n (4)

H go€qportx4 ovoluon Tov ouvqprnoeov noMtirv UeToplnrdv, poq 6iver rore:

av-({)"ae+({),,,,

onou Koee HeprKn nqpovoyog eivor Kr ouTn ouvopTnon rov T xor p. Kor or 60o noponou,.r
UeprKdq nopoyoyor, dxouv onouEqio guorxf oqpooio.
H nptir4 oyeri(eror Ue ro ouvrstreorn xor'oyxov 6rooro,\4q:

To B eivor ouvoprnon Tuiv € Kqt p, oMo no,\,\ag ouoieg 6youv B oxedov ova{opr4ro rou p,
Kqr nou peroBoMeTot 

^ivo 
pe 14 oeppoxpooio.

(H deuTepn UeptKn nqpovovoq oyeri(erol pe rqv rooOepp4 oupntsordTnro rou oepiou:

H, TrpR Tou K yro ro orepeo Kot To uvpo perqBotr\8Tqt notr0 triyo Ue rn eepHoKpooiq xor rnv
nt8on.

To brogoprxo dp, dV, dT aivor blorpoprro npoypqlKolv ouvoprnoeulv, xot )tiyovrot oxptp4
6nqoprxa (oe owieeon ny pe ;rro ororyett^16r1 nooor4ro €eppor4roq de).

2-6- Moo4pqflK6Oeilp4poro-

To nopoKoro geojpnpoTo, nou qnobsrxv0ovror e0KoIo oTo Iovropo rov ouvoprrloeov noMdrv
UEToFInr6v, eo Xpnotponoto0vror ouyvo oTn ouvexEro, xor yr,our6 ro ovogapouue.
Aq unoOdooupe orr unopyar Uto oxaon gerofu rov rpt6v ouvTeroypdvr^rv x,y,z, Tnq Uopgnq:

4x,y,4=o

Tore ro x pnopei vo eeopneea oov ouvoprnon rov y Kqt z, onoTe:

*:Gr).r+(f),*

'= -t(#),
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KOr To i6lo pnopri vo viver pe To y ujq npoq rq x,z:

-:e).
flpoxunrouv Tq nopoKoToJ Boorr(q eet^tpnUoTo:

/ax\ - t

\av,/. @t/d,\.

Eror, vro nopobstvpq, ornv nepinroon evoq on.\ou geppoduvoptxo0 ouorrl;loroq nou 6EV
unoKerTot oe gorv6pevo sntQqvetoKRq Tqonq, BqpurnToq, nleKTpopoyv4rrro ne6io xrA
(u6poororrxo o0ornpo), To 6e0Tepo eedpnUq 6ivel ro onordtreouo:

(,"),({)"= - (#)"

onoTe Uro ororyerdbrlq peropotr4 ornv nieon pnopei vo exgpoorei oq etnq:

ar: (ff)"ae +(,t),0,,

7p : I, as - !av.

2-7 To ouppq un6 p4yovrr4 roo4

To nerpoporo oe o0pgoro uno pnX. rooq, yivovror ouvneujq os ouvenKeq oToespnq niEonq
1 bar, Kot or peropoleq oyxou eivor ope.\r1reeq. Eror, q nieoq xor o oyxoq 6ev ypelo4eror vo
oupneprtrrlg0o0v oTtq eepUo6uvoUlKaq ouvTerqV;:dveq. H n^t1p4g €eppo6uvopr14 neprypogrl
evoq oupporoq, pnopei vq 6o0ei pe Boon rpeig povo Oeppobuvoprxeq ouweroy;ldveg:

' Tnv toorLftou oup;roroq, nou peTpqTqr oe [N]
' To Unxog L rou oupporog [m] r<or> Tn eeppoKpooio rdovrxou qspiou e (onolurq eepporpooio) [K]

ot xcroorooerq erppobuvoprKnq roopponioq ouvbeovror pe pro xoroororrxn e{iot:o4 nou
roro xovovo 6ev pnopei vo aKQpoorei pa pro ontrn oyio4. l-to svo o0puo oe oTqespn
eepuoKpqoio p6oo oro opro rrlg e^qoJtKoTnToq, toxuet o vopoq rou Hooke:

.7: const. (L - Ld,

6nou Lo ro grlxog yro prlOevrxrl roo1.

a,+(f).a'.

(#).(#):-@,
(fr). (3). (3;), : -'
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Eov avo o0puo uqioToTqr Uto orotxot66n UsTq9oIn crno Uto Koroorqon oe oI n, Tore lox0el:

o,: (,\)""+(#),*,

Or 6uo peprxeq nopovoyor ouv66ovror pe orlpovrrxdq QUorKdq nooorqreq. Opi(oupe oov
ouweleorn VpoUUrKnq 6roorolnq:

I r/az\ |

l":z\-'L I

H nerpoporrxrl p6rpr1o4 rou o beiyver 6rr e{oproror oe prxpo Bo0po ono rnv roon, Kol
xupiog ono rn eeppor(pooio.
:a UrKpn neproyil eeppoKpoor6v, pnopei vo eeujpneei oro€epo.

E{ opropo0, To U6rpo etroortxornroq (Young's modulus), eivor:

l"-L-(u\.1
l' A\aL/; 

I

onou A 11 6roropfl rou o0pporog. To Y €(opTqTqr ror edti xupioq ono rn oepuorpooio.

2-A- Enrgovercr6q up6voq-

Ynopyouv rpiq onHovrKo nopobaiyporo enrQoveroK[rv upevov:

+ H ovo enrqovero evoq uypou oe roopponio pe rov qrp6 Tou.* Mro gouoxo ono oonouvqdo, 11 6voq up6voq ono oonouvo6o nou exreiveror nqvoJ
oe ivo er6rx6 opOoyr,rvrxo nloioro (onolotreiTor on6 60o oporouq rireorouq updveq,,
po IiVo uvp6 ovopeoo roug).

. Evqq UrKpoq uuevoq 
^ooroa 

nov0j ornv EnrgovEro Tou vepoo.

O enrgoverox6q updvog 1.roro(er UE LIo UeuBpovrl un6 roo4. Fro rrl geppo6uvoutKR rou
neprypoqn, opxoOv or nopoKqro rpeiq 0eppobuvoprreg ouweroyp6veq:

' n enrgoverox4 roon / 1l,l7m1^

' n entgqvsto A rou updvo [m']
' n onolurn gEplroKpooiq [K]

Tro Touq snrgovetoKouq uUeveq KoeopdJV ouotLJV, roy0er q nopoxoro xorqororrrrl eEiooon:

/ ,\"r = ro\t -;) ,

.aonog{ eivor n enrqoveroKn roo4 oroug ooC, t'Uto eepUor(pooio nou oneyel Ii\/ouq, BoeUoOq
qno rnv Kpaorun eepuoKpooio, Kol n Utq oTqeepo orrlv neproy4 1.O - 2.O (onoq goiveror ono
r4v e(ior,ro4, n enrgoverqxn Toon UetoveTor pe rqv o0{4oq rqq Oeppoxpooioq xor
pq6evi(eror orov t=t'.



2-9- H owrorpem4 rug6l4 (4lerrprx6 ororyeio)-

H ovTroTpenTn KUqriln onoT€Ieiror qno 60o ntrsKTp66to Fueropivq To Koe6vo oe 6rogopenKo
4trexrpotrur4 (xaropaopivo 6rotrupo xonorou otroroq - Btr. rouq KpuoroMouq nou xogr(ovouv
oro Iy.2.5).

ZnSO. crystals

:Xnpq 2.5 H ovnorpenr4 xurpitrrl (qtrexrprxo ororyeio).

To 60o 6rotr0pqro broyopi(ovror ono nopdbeq ToiXoJUo. To neipo;.ro 6eixvet or ro
qlexrp66ro rou yo,\xou eivqr 0errx6 oe oy6o4 Ue ouTo ono qeudopyupo (6rogopo
qtrexrpoyrl;trxo0 buvoprxou rov 60o peroMurv).
Eov ro ororyeio ouv6eesi or Konoto rltrexrprxo K0KIopo (norevor6perpo), 6ora vo opyioer
vo 6roppderor ono pe0po, rore nopornpeiror perogopo esr|Kov gopTiLJV ono ro XoIKo orov
ryeubopyupo. :rnv nepinToon our4, o ryeubopvupoq 6to^ueTor, xor onoriOaror yo.\xoq oro
qtrexrpobro Ue Boon rrlv ovriDpool:

Zn*CuSOr-Cu*ZnSOr.

Orov ovrioero gopTioouHe To oTotxeio !o etujTeplKR nopoyrl rooqq, uqrnloTepnq ono rnv
HEA nou ovqnruooer ro orotxeio, rore yivaror oKprBoq 4 ovriorpog4 brepyooio:

Cu * ZnSOr --+ Zn * CuSOr.

H oqpovrrxfl rdrorqro rou nleKTptKou orolxeiou, eivot oTt or nooorqreq nou owrdpoUv eivor
roeq, eire orq pro eire ornv oMn xoreuOuvo4 poqq rou pe0poroq (ovlorpenr4 Etepvooiq):
f0pgovo Ue dvov ono Touq vopouq Tou Faraday, 11 rouroypovr; 6to,\uon 1 mote
qeuoopyupou Kot on60eon 1 mole XoIKo0, ouvo6e0aror qno UsTqgopq qKptBoq j.NF
couiombs rltrexrprrou tpopriou, onou j eivqr ro oedvoq rou p8Totr\ou Kqr NF n oroeepo Tou
Faraday (96,500 C).

Eror pnopo0pe vq opiooupe Uto nooornrq Z, nou trivsrot goprio Tou orolyeiou, oov Evo
qprepo nou ro onotruro pave86q rou pnopei vo oprorei pe 6rogoperrxo0q rponouq, ouo 4
perq9otrn rou eivql oplepn Ko ion pe Tnv noooTnrq 4,\exrpropou nou Uerogapsrot orn
6topxero rrlq y4urKrlg ovribpooqg. Eror, qv efoqovi(ovror An moles zn Kqr onorieewor an
moles Cu, rore ro goprio rou orotyeiou UeroBqMerot ono Z, oa 2., onou

_=i-:tAt===
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Trirpo, ov neproproro0!8 oe qvrorpEnTdq KUq,6Ieq, oTtq ofloieq 6ev onaleueapdvowor odpto
r(or or onoirq IEtroupVouv oE orpoorporprxrl nieon, pnopouUe vo owonoouUE nieon KoroyKo,
Kor vo noprYpovouue To oTotxeio u8 Tn Boneeto Tptov eepuoouvoutKdv ouweToyudvLjv:

' Tnv nopqyouevn HEAdlvl
> To rpoprio Z (c)

' Tnv onolurn espltoKpqoio [K]

Ot xoroorooerq eepUobuvoptKnq roopponioq rou ovTtorpenro0 orotXEiou, ouv6iowor peTqE0
Touq pe pro roroororrr4 €tiooion r4g popgflq:

€ : €n * a(t - 20o) * fl(t - zs.1t * r(r - 20.)"

onou t 4 eepuoKpooio rou ororyeiou, E2o n HEA oTouq 2OoC Kot o,p,y orogep,q.

2-1O flopopcyv4rtxoorEpeo

Mro nopol.royvq Kn ouoio, 6ev eivor UoVVnTnq oTqv 6sv BpioKeTot oe ettjTsptKo UoyvnTtKone6io. Orqv ouoq Bpeesi Udoo oe nedio, poyv4ri(erqt eleQpq 
'(4 

1royvr1flx4 rou
6toneporor4ro opoq nopopdver or1v rof4 rrlq ;rovo6oq, owiesTo pe ro orbnpopoyvqrrxo
u^rKo nou nol,\ontrooro(ouv rqv dwoo4 rou ne6iou 

^etroupvdwoq 
oov nup4veq).

frq rnv nrptvpogi evoq rerorou ouorflporoq, qpKouv ot nopoKoro rpaiq eeppobuvoptKaq
ouvTETqvueveq:

' H 6vroo4 rou loyvnTrKou neAioufilOel
' H poyv4rroq M [noloq.cm]
' H qn6trurn eeppoKpooio [K]

Mlo qnln popqn Tnq KoTqoroTrKnq e{roeonq yro To nqpopqyvnTrKq u^rKo, eivor 4 nopoxoro:

, = ""7,
yvuroTn oov e[ior,to4 Curie (C" n oTqerpo Curie).

(6)
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2-11 Ewanxd r(I| errcrrxq Ueyion

Aq govrooroupe dvo o0or4go oe loopponio, vo dtotpsirol oe 6ao ioo UEpn (To xo06vo pe
i6to po(o). To Uet1ien axeivq nou 6rorrlpo0v rnv i6to Ttpn nou Dixqv Kot npiv oe xoOe proo
Tou opxrKou ouor4poroq, trdyovror EVTqlKo. Auro nou n rrpR rouq yiveror pro4, Ievowol
CKTOTIKO.

:Tov nivor<o 2.2 gqivovrot ol erpLlobuvoptK€q ouvraroygrivoq nou stoqXenKov oro rerpotroro
qUTO.

nivoKoq 2-2

fatcnrivc aod Ertcnrivc epentiticr
Simplc q'rtcm: Intcnlivc coordinatc Eltanlivc coordinare

Hydroslatic sFtcm
Strctchcd wirc
Surfacc film
Electric ccll
ParadEgDctic lolid

Pressurc
Tcnsion g
Surfacc tcnsion J
Emf €
Matnctic intcDlity ,/

P

Magnctization M

Volumc
Lngih
Arca
Chargc

A
z




