OYZIKH



Me amépaon G eAnvikig kuBepvrioews Ta SiI6akTIKA BiAia Tov An-
HOTIKOU, Tou [upvaoiou kai Tou Avkeiouv TuTTdvovTal aTro Tov Opyavi-
oo Ekbooewg AibakTikdv BiBAiwv ko Siavépovran dwpedv.
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Ap. Odavog Anpoodsvng MamayproTov MavayiwTng
Ap. ZkobvTlog MavayiwTng

OYXIKH

TEXNIKA EMAITEAMATIKA EKMMAIAEYTHPIA

B’ T&&€n 1ov KbkAov
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HAEKTPONIKH EIMNE=ZEPTAZIA KEIMENQN:

A1apov EXévn EKTTaISeuTIKOG

2XEAIAZMOZX EZQ®DYAAOY:









MPOAOIOX

To va ypdyel kaveig £va konvoUpio BIBA0 QUOIKAG yIa HOBNTES HIOG KAvoUpIog
ektrandevTIKAG PaBpidag TG devTepoBaOpIag extraidevong, OTNV APXH HIOS VEOS
EKTTAIOEVTIKAG HETAPPUOHIONG, OTTOTEAE (OWG PEYGAN TTPOKANON YO GTTOIOV
EKTTOIOEVTIKG ATTOTOAUNOEN VO ETTWHIOTEN TNV €VOUVN HIOG TETOIAG TIPOCTIABEING.

Kivntpo yior Tnv avéAnyn autol Tou €pyou OTeTEAE0E N £MOVHI HOG VO
ekppdioovpe péoa atéd To d1I6akTIKG PBifAio piar GAAN &toyn T600 yia Tn Sida-
OKOAIOt TNG PUOIKAG 600 KOl YIa TO OKOTIG TTou £EUTINPETEN AUTH).

MoTebovpe oe pIa evvolOKeVTPIKY dISaoKOA TTpocavaToAopévn TepIcod-
TEPO OTNV TIOIOTIKI] KATAVONON TWV PUOIKWV HEYEB®V, Bonbolpevn atd atrAég
TEIPOHATIKEG OAAG Ko aTTé vonTIKEG SpaoTnpIdTNnTES.

AtroBAétroupe 0TO VO dhooLPE OTOVG PABNTEG VA KATOAGBOLY TNV CITIWON
ox£on avépeoa oTa 61Gpopa PUOIKG PEYEDN Kal GTI Ol PUOIKOT VOpOoI bev eivai
AP 1) TEPIYPOPH AUTHAS TNG OXEONS.

To yeyovds 611 To BifAio auTé TepIAaPPdvel T KEPSAAIX TNG BePPOTNTAS
TOU NAEKTPIOPOU KOl TWV TOAGVTOOEWV HOG Sivel TNV euKaIpia va aoXoAnBolpe
He BépaTa TTou €xouv GUHEDT KOl EVPUTATN EPOPHOYH TOOO OTNV KAONUEPIVH
pag {wr] 600 Kol 0TIG UYXPOVEG TEXVOAOYIKEG EQUAPHOYES.

H map&Beon apkeT®dv evOETWY, TOL XWPIG va ATTOTEAOUV LTTOXPEWTIKG
OVTIKEIPEVO EKPAONONG BonBolv 0TO KEVTPIOPO TOU eVOIOPEPOVTOG O BEPATA
EMIOTNHOVIKAS KOl TEXVOAOYIKAG QAIXHAS, GTTOOKOTTEl OTNV TTAPOKIVION TOU
paONnTA va avadnTrioel Kol TTPGoOETEG YVAOEIG TTEPA ATTG QUTEG TTOU LTTAYOPED-
ovVTal QTG TIG OXOAIKEG UTTOXPEWOEIG TOUS.

>TO KEPGAQIO TWV TOAAVTMOOEWY, TTOL TAV KAl TO TTI0 TTPOOPOPO, 1IB1IXITEPN
BapOTnTa £X€1 H0OEl OTNV TTEIPAPATIKY TTAPAYWYH TNG YVOONS, HIO SISOKTIKA
peBodoroyia TTov amroTeAel TNV TePTTTOLOIO TNG SISOKTIKAG TNG PUOIKASG, HIOS
KQI PE TOV TPOTTO aLTO avaabuiCovtal, 0 pev HoBNTAS amé TTAONTIKGG HEKTNG
Kol BTG 08 TPWTAYWVIOTH] 0 € KOONYNTHSG A6 ATTOHAKPOG SGOKAAOS 1 KPI-
TG 0€ OKNVOBETN Kl GUPPETOXO TNG S160KTIKAG TTP&ENS.

EATrioupe 61 N Yovipn Crjpwon Tou mrepiexopévou Tou PifAiov pe Tnv Tpo-



oméBeia TV oLVadEAPWY TTou Ba To B1I6&EoLY Ba evoTaAGEel otV oLuveidnon
TOV HOONTOV TNV yvodon 6TI 0 KGOPOG Tou pag TepIf&AAel diéTeTar amé
amholg oAAG amrapdpaToug vopous. H mapafiaon Twv vOpwy auTedv, pe GTroio
TPOTTO KO av ekONAVETAI (H6Avvon TrepIBGAAOvVTOG, oIKoAOYIKF LTTOB&OpIoN,
KOTAOTPATAYNON KOVOVWV OOPOAEIDG, TI.X. OTn d6HNoN) £XEl AVOTTOPEVKTX
00LVNPEG OUVETTEIEG YIO TOUG AVOPWTTOUS HIX KAl EMEIG EMAOTE OVATTOOTTAOTO
KOHPGTI TNG puong. Méoa oTa TAQICI TV VOPWwY auT®dv 6Aa e§nyolvTal Kal
gppnvevovTal Kol Ogv LTTEPXOLV TTEPIBWPIX YIO PN PUOIKEG eppnveieg. ‘OTrolol
1oxupiCovTal K&TI GAAO gival KoIvoi TOaPAGTGVOL.

>’ auToUg TOUG VEHOUS aTNPILGHEVOI I OUYXPOVN TEXVOAOYIT £XEI KATOYBYE
Bpié&pBous.

Miow Spwg o’ 6Aa AUTE TA EVTUTTWOIKG ETITEOYHOTE TNg PBpiokovTtal ol
idlo1 avToi ool vépol ov diETouy Ty Kivnon piag ofBolpag, To GVOPHO £VOG
(paKOU, AIDPNOTN HIOG KOUVIAG 1} TO (POUCKWHO TOU PHTTOAOVIOU.

H onpaoia tng dibaokaiiag Tng quoikig ota T.E.E el e A€oV var emTiTe-
Aéoel kau aUTEV akpIfws To péAo, va atropuBoTtrolfoel, SnAadr T TEXVOAOYIK&
EMTEVYHOTA KOl VO KATOOEIGEl TNV TTPOEAELOT] TOUG TS TIS PACIKEG OPXES KAl
TOUG aTAOUG VOHOUG TNG QUOIKNS. Oa eTMITUXEl £€TOI VO CUHPIAIDOEI TO PHECO
TIOAITI PE TO TEXVOAOYIKO TrEPIBGAAOV a’ evog Ko pe T OO o’ ETEPOL, HIA
vOoN TNG oTroiag 0 GvOPWTTOG dev eival oUTE 0 IBIOKTATNG 0UTE 0 duvaoTng
OAAG THAPO TNG KOI BAUVPOOTAS CUYXPOVWS.

TeAeiwdvovTag, Tapadidovpe avTd To BIPAI0 OTNV KOASTIIOTN KPITIKA TWV
AVOYVOOT®V TOU He TV eATTidar 611 auTi Ba ouvTeAéoel oTn BeATiwon Twv
OTTOIWV OTEAEIDV TOU.



EIZATOQIH

O KOOpOG HaG, TOV OTT0i0 AVTIAGUPBAVOUOOTE UE TIG QICONOEIG HOG, QTTOTEAEITON OTTO TA
OWHATA TTOL POG TTEPIBAAAOLY, Kat aTTé €va AAAO CUOTATIKG, TTOL TO OVOUALOUUE EVEPYEIQ.

Agv givar e6koAo va SD00ULE TOV OPIOUG TNG EVEPYEING, {EpOouE CUWG OTI EVEPYEIX €l
val, YeVIKd, ekeivo Tov aAAdder T poperi Tov KGopou. [a kabe ardaryrj Tov oupBaiver oTo
TEPIBAAAOV HOG EVOUVETOI 1) EVEPYEID LE KATTOI OTTO TIG TTOAAEG LOPPES TNG. Eeis oTo Ke-
@dAaio auTo Ba aoxoAnBoUue U ekeiv) T HOPQI) TNG EVEPYEIRG TTOU OVOUGLOULE BePLC-
™Ta. H BepudtnTa pmropole va moue Ot eivar n pete§€AIEn e «puwtidey (1Tup), mou a-
moTeAoUoE yia Toug Apxaioug ‘EAANVeG, kai 1SiaiTepa yia Tov HpdkAeiTo, éva amo ta T€o-
OEPA OTOIXEID TOV KOOUOU.

211G 0eAibeg Tou akoAovBoUv Ba yvwpioouvue Evvoieg TG kabnuePIviG CwriG OTTwg N
Beppuokpaoia kal 6a udbouvpe 6T AUTH, TEPA ATTO TO va TTPoodIopiler To aiobnua Tou Bep-
pouU 1 YuxpoU, atmoTeAel Eva HETPO TNG SpACTNPICTNTAG TWV SOUIKWIV OUCTATIKWY TWV
OWHATWY, TTOU &iVal TA ATOHA Ko Ta dpia. Oa kataAdBoupe 0TI ) OepuoKpaoial, Kal ov-
YKeKpIpEva 1 S1apopd NG avdueoa og 6Uo oWUATA, gival auTr Tou KabopiGel To KATA
OO0V 1) EVEPYEIQ LTTO HOPPH OpUOTNTAG B HETAPEPBET ATTO TO Eval OWUA 0TO GAAO.

AkGun 6a yvwpioovpe 660 TOAU 0TTOLSAIOVG VOUOUG, TTOV TTIOTEVOVUE OTI KUBEPVOUV
0AGKAnpo TO Z0uTIaV.

O évag am’ auTtolg pag Aéel OT1 n) evéEpyela SIATNPEITA, KA £Vl YvwoTOG Ue TO GVOa:
«TTPUITOG VOUOG TNG OEPLOSUVOIKIIGH.

J0ppwva pe auTov, n evépyeia v omoia §odeveTe S10BALOVTAG QUTES TIG YPOUUES,
padi pe K&Oe GAAN evépyeia Tov LTTAPXE! OTO XUUTIAV, £ivar fon pe TNV evéEpyeia TTou eixe
TO XUuTQV, OTAV SNUIOUPYHBNKE TIPIV OTTO OPKETA SICEKATOUUUPIO XPOVIO LIE Tr) HEYGAN -
kpnén (Big Bang), kai Oa eivar ion pe auTtrjv Tov Ba €xel UOTEPA ATTO LUEPIKG OIOEKATOLUU-
pIa Xpovia, OTroIa KI av eivai 1 Hoipa Tou.

O dAXog vipog pag Aéer OT1 n) evépyeia Gev €xer o KAOe poperj NG TV idia adia kai 6-
TI OTASIOKG VTTOLAOUICETAI" O VOUOG AUTGG Eival YVWOTOG UE TO OVOUA: «GEUTEPOG VOLIOG
NG OePUOSUVOIKIIGY.

ZUpQwva ue auToV KAOET TOL oLKPBAIVEl OTOV KOOUO 06NYEl O€ IOt KATAOTOO!) HIKPO-
TePNG evepyelakris aiag. AnAadr, vau pev ) GUVOAIKT] EVEPYEIQ OTOV KOO0 TTOOOTIKA TTa-
poapéver n idia, n adio TNG SpwWS ovvexg eAarTdveral oTo Babud Touv avlavetar n oKa-
TAOTAOIO OTOV KOOHO. Opyavwévn evépyeia eival evépyeia peyaAuTepns a&iog amo To I-
610 T00G avopydvwTng evépyeiag (r.x. "Evag kUBog {ayapns TepIkAEie! evEpyela HEYOAU-
TepnG adiag arr’ 6,11 Ta POPIG TOL OTAV AUTOG SI0AVBET O€ €va TTOTrPI VEPD).
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1.1 Aopr] OTEPEWV, VYPWV KAI AEPIWV

Eik. 1.1 [l6oa Oguara mov €youvv oxéon
ue ™ QuOIK BAETETE 07 QUTH TN PWTO-
ypagia;

‘ol Uiy
-1worday ‘lighd1 “oronzd ‘Uidododio ‘biod ‘Lo
-bapt bsudodroidzn ‘agorodsirao Sie aow Sizr
-0ANQ 103 S3013M00L0M “0I13Ad3A3 ‘0Ad3 ‘Urido
‘oLbraXor ‘Lolapy :(londzpy) uolirapny

6+
Y&poydvo 6~
O&vydvo
Y6poyévo o~
(@ &+

O k6opoG YOpW HOG OTTOTEAEITOI O
6 HIX TEPAOTIO TOIKIAIX TTPAYHATWV
KOl POIVOPEVWV. YKOTTOG TNG PUOIKNAS Ei-
val var TOEIVOPROEl QUTH TNV OTTEPAVTN
TOIKIAGTNTA TWV TTPAYHEATWV KAl VA
Bper oxéoeig avapeoa oTa diGipopa @ai-
VOHEVQ TTOU EKONAWVOVTOI OLVEXWS GTO
mepIBEAAOV pos.

H mpdTn Ta§ivépnon mou ptropolpe
VO KAVOUHE YIQ TG CWOHOTA TO OTTol
pog mepIfGAAouy ival va Ta KATATG-
Eovpe o€ TPEIG HEYGAEG KATNYOPIES, V-
Aoyl He TNV evTUTTWON TTOL HOG TTPOKO-
Aef n emagn padi Tous.

o) Zteped PB) Yypa y) Aépia

BéBaia 6Ao1 £xovpe Gueon eptreipia
TWV TPIDV GUTWV KATNYOPIWV KAl YVWPI-
{oupE TIG HOKPOOKOTIKEG 1616TNTES
ToUG. Ag 60UpE TWOPQ OE TI SlaPEPOLVY O
6 HIKPOOKOTIKI GTroyr).

+

67 MAeévaopa
=7 apvnTikol
&= @optiov

~-7  OoTO GTOHO
ToL o&uydévou

N

®

Eix. 1.2 MovTtéXo Tou popiou Tou vepou (o) oUu@Wva pe To TpdTutro Tou Bohr*, (B) n o-
VTIOTOIXN) KOTOOKEL!) He UTTOAGKIO Kol EUAGKIQL.

O1 TpeIg AUTEG KATNYOPIES, 01 OTTO{EG OVOUGLOVTAI KOl KATAOTAOCEIS TNG VANG
(] paozeig), diakpivovtal peTald Toug At TNV 1I0X0 TWV EAKTIKOV SUVAHE®Y (SU-

* JUppwva pe To TTPOTUTTO TOL Bohr TO GTOHO KAOE OTOIYEIOL TTAPIOTAVETO! LIE EVaX TTAQVNTIKG OU-
oTnuA, O1ToL TN B€0N TOL HAIOL KATEXEI O TTUPIVAG, GTTOV BPICKOVTOI CUYKEVTPWUEVA TO TTPWTOVIA KO
TO VETPOVIO TOU OTOUOU, EVA) YUPW QT QUTOV TTEPIPEPOVTAI TA NAEKTPOVIO OE SIAPOPETIKEG TPOXIEG.
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ATtopo vSpoydévou
Agopds vdpoydvou
&)

W

Eix. 1.3 SxnuaTIK] avamapdoTaon TnG obvoeong popiwv petalt Toug ue 1o Aeyduevo Oe-
OuG vdpoYOBVoU.

VGUEIG OUVOXNAS) HE TIG OTTOIEG TO POPIC ] TA GTOHX TTOL CLVBETOLV Ta didipopa
OWPOTA CLVOEOVTOI PETAED TOUSG.

O1 eAkTIKEG SUVAPEIG PeTaED TwV popiwv €xouv NAEKTPIKH TTPOEAELON KOl O-
eidovTal 0TO 6TI TA HOPIA, OV KOI NAEKTPIKG OLOETEPA, TTAPOLTIALOVV AVIOOE-
P KOTAVOUH TOU BETIKOU KOl TOL GpvnTIKOU (POPTIOL TOUG OTO XWPO, HE ATTOTE-
Aeopa va dSnpioupyolvTal eAKTIKEG SUVAEIG HETAED TWV ETEPSONHWV TTEPIOXADV
Tous. (Eik. 1.2a, ).

[
Q
g ]
d ¢ "
@ o
Q

(o) B) )

J

00
CeLE00

Eik. 1.4 ZXnuaTIKr} avamrapdoTac) Twv Hopiwv (o) eveg OTEPEOU, OTTOoL TA udpIa eival &-
VTOTTIOUEVO O€ OXE6OV OUYKEKPIUEVES BETEIG, YUPW QTG TIG OTTOIEG EKTEAOUV TOAQVTW-
O€IG pIKPOU TAGTOUG, (B) EVOG LYPOU, OTTOU TA UOPIA KIVOUVTOI E HEYOABTEPN OXETIKA €-
AevBepia ywpiG Suws va amrouakplvovTal oA peTa&l Toug Kai (y) EveG agpiou, GTToL n
Kivnon Twv popiwv eivar akavovioTn xwpis kapid petado Toug aAAnAemidpaor).

Av Ta pépia TTANOIGO0LY OPKETE, 1 peTa&D Toug dBvapn YiveTal aTwoTIKY (-
AeKTPIKA GTTWON HETOED TV NAEKTPOVILV TwV £EWTEPIKWV OTIPGOWV). ‘ETOI, TX
HOpIa SITNPOVVTAI OE PI ATTGOTAOT I00PPOTTIOG PHETASD TOUS. X Eva 0TEPES OI
EAKTIKEG SUVAHEIG efval TOOO 10XUPES, WOTE T GTOHA 1] TO HEPIX CUYKPATOUVTO
o€ OTOOEPES TTEPITTOL BEOEIG, TTOUL TIG Aépe BEOEIS I00PPOTTIOG, Ol OTIOIEG GUXVG
oXNHaTICOLV HIo CUPPETPIKA BIGTAEN OTO XWPO, YVWOTH WG KPUOTOAAIKS TTAEY-
pa (Eik. 1.40).
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Eix. 1.5 Tpoyxia owpartidiov ai-
WPOUUEVOL OTO VEPO. Ta €v-
60ypoupa TUrUATO CLVOEOLV
TIG O€oeIg Tov owpaTIdiov o
foa xpoviké Siaotrijuarta. To
Sidypopa éxer v idia poper]
aveddpTnTa av TO XPOVIKO SIG-
omua givar 60s1j 0,7 s.

Mapaderypa 1

Ta GTopa 1] T pépIa o€ €va 0TEPES TOAAVT®-
vovTal Tepi TN B€01 100ppoTTiag TOUS. Xe éva L-
YPO o1 duvapelg peTadD Twv popiwv eival aoBevE-
OTEPESG, £TOI DWOTE AUTAE va un SiaTnpolvTal o€
oTaBePEG BE0EIG, OAAG VO PTTOPOUY VO «KKUAOUVY
TO éva YOpw a1d To GAAO, HE OLVETTEIX VO pnV
ptropel To LYPS CLUVOAIKG var SloTnproel éva OTa-
Bepd oxnpa (Eik. 1.4B.).

Ye éva aéplo o1 SUVAHEIS AUTEG gival TG00 O-
00eVElG, DOTE Ta POPIa Sev TTAPAPEVOLY EVOPEVD,
OAAG KIvOUVTOI e PEYAAEG TaXOTNTES TTPOG OAES
TIG KATELOUVOEIG, KATOAOHPBGVOVTOG 600 XWPO E&i-
vai diob€oipog (Eik. 1.4y.). Katé péoo épo o1 Tax0-
TNTEG TOUG £ival TOOO HEYGAEG, DOTE OTAV OUL-
ykpovovTan peTall Toug, n eAKTIKA SOvapn dev &i-
VOI IKQVE VO T CUYKPOITHOEN KOl QvaTTNOoUY Tpog
GAAEG KATEVOBUVOEIG.

EkTiprioTe TN péon améotoon d peTagd Twv ATGHWV TOU XOAKOU.
AisovTan: MukvéTnTa YaAkoU p = 8,9 x 10° kg/m”.
ATopikA] péo Tov XoAkoU A, = 63 oLpLp. (Taupp. = 1,66 x 1077 kg).

Avon:

Oa eivon: m, = 63 x 1,66 x 1077 kg = 1,04 x 107 kg,
Juvemrdds, 1 m’ xoAkoU B Trepléxel:

8,9 x 10° kg/m’

= 8,5 x 10*® &ropa / m’.

1,04 x 107*° kg/GTopo

X KGO ok prikovg Tm B LTTEPXOLV:

(8,5 x 10°°)"” = 4,4 x 10’ Gropa.

JUVeTT®G, N péon améoToon d peTaE) YEITOVIK®OV ATOHM®Y EVOI:

_Im o 53x10™m.
4,4 x 10" GTopa
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1.2. Ogppokpacia — OeppHOpETPQ

>1nv kaBnuepiviy {wr] n Bgppokpa-
oia pés Ponbd va ekPppGooLpE TO TT6TO
Beppo | Yuxpo eivar éva owpa. Eva a-
vappévo KapPouvo Aépe 6Ti €xel LPNAL
Beppokpacia, eved éva KOPUATI TEyos
Aépe 611 €xel XapNnAr BeppoKpaoia.

[MOAAEG 1616TNTEG TWV VAIKWOV OCWHG-
TwV PeTABGAAOVTOI PE TN BEPHOKPOOTAL.
To prikog piag o1depéviag pdpdov avéd-
veTal, 6Tav auTh BeppavOel. H nAekTpI-
K] avTioTaoN ToV dIGQopmV LAIKGOV OA-
Aéler pe T Beppokpaoia. To gwg Tou
EKTTEPTTETAI OTTO TOL TTUPOKTWHEVD 00~
pata oAAG el XpdHa o6 To BaBV KOK-
KIVO TTPOG TO OIVOIKTO KITPIVO, KGOWS av-
EaveTal n Beppokpacia TOus.

To AeuKS PWS ATIG pIG GLVNBICUEVN
AGpTTa TTUPAKTWONG OPEAETOI OTO €€~
PETIKG BePPO VAP atrd BoAgpdpio. H e-
TMPAVEIOKT BeppPoKpacior Tou HAIOL Kol
TWV GAA®WV OOTEPIDOV PTTOPET VO PETPN-
Bel ATT6 TO XPWHO TTOV ETTIKPATEI OTO
PWG TOUG.

Ta 6pyava Tou eival oxedlaopéva
YIO VO HETPOUV TN BEpHOKPACTO OVOUQ-
CovTtal BeppopeTpa. Yépyovy TOAAG
€idn BeppopéTpwyv. ‘OAwv Spwg n Ael-
Toupyia oTnpifeTal oe K&TOI 1816TN)-
1o TV CWPETWY 1 oTroio aMAG el pe
Tn BeppoKkpacio Kol THv ool OVOou&-
Covpe BeppopeTpIKN 1816TNTA. TOx IO
ouvnoiopéva BeppdpeTpa PacifovTal
oTn 81006TOA TV LAIK®VY pe TNV avén-
on Tng BeppoKpacio.

* Mijkog, avTtioToon, Téon.

Eix. 1.6 [€pupa pe mpdPAeyn g dia-
OTOAIjG Kai oLOTOANG TNG Adyw peTafo-
AfjG NG Beppokpaoiag.

(o) ®

Eix. 1.7 o) YSpapyUpIKG 1j OIVOTIVELUOTI-
KO BepuoueTpo, 3) SIueTOAAIKG Edaopa,
Y) pwrtoypapia SIeTOAAIKOU OeplIOUE-
TPOU

MTtropobpe va mobpe 61 n Bep-
pHokpooia eival €va «PETPO», HIAK
€voelfn Tou méo0 eoTS 1] Yuxpo
gival éva odpa, kol 6Tl 6 ouvOEe-
TOl GUECO PE Th OEPPOTNTA TTOU
QUTS PTTOpPET VO TIGPEI 1] VO BWTEL.



16 QOY3IKH B * TEE

Eix. 1.11 H OgpudtnTa kau n Ogppo-
Kpaoia eival SI0POPETIKEG PUOIKES
évvoreg: (o) ‘Eva kepl €xer vpnAij
Beppokpaoia, aAAa Bepuaiver Afyo,
(B) éva karopipép €xer xaunAr) Ogp-
Hokpaoia, aAAG Oepuaiver TTOAU.

ApaotnpiotTnTa 1

X& éva HaYeIpIKG OKEVOG (KOATOOXPOAX) pi&Te evépial AiTpo vepd Tng Bpvong
Kol p106 Aitpo méyo, mou eiyaTe BéAel ammé To Ppddu oTnv KaTdpuén. XTn
ouvéxela BAATE To XEpI OGS Kal SOKIPGOTE Tr BgpHOKPOCior TOL. AKOAOUOWS
TOTTOBETHOTE TO OTNV E0TION (KU&TI») TNG NAEKTPIKAG KOLLVOG Yo 10 AeTIT Katl
EavadokipdaTe TN Beppokpacior Tov. Oa SINMOTWOETE OTI, TP’ GAO TTOL TO
€xeTe BGAel OTO QVOPPEVO «HATI Kol TO (eoTaiveTe yio 10 AeTTd, N Ogppo-
KPOGia TOU TTaPOPEVEL 1) DI

Zupmépaopa: MNoap’ 6Ao ov (eoTAVOpE TO VEPS, N BEPHOKPATIa TOU dev
avéBnke. Apa, n Beppokpoaoia dev £xel OXEon HE TO TI6OTN «CEOTNY KUTTAPXED
oTo 6oxeio péoa 0TO OTTOI0 BPIOKETAI TO VEPO.

lMpoooyr: AKOUPTIAOTE OTIYHIAIO TO «OVOHPHEVO PATI» TTAVW OTO OTrOf0
BpiokeTar To 6oxelo pe To vepd. Ti dlamOTOVETE; MATIWS QUTO «Kaiiely; H «Cé-
OTNn» QEVYEl TG TO PATI KAl TIYQIVEI OTO VEPS, 1 BEPHOKPAOIT TOL BHWG deV
avePaivel.

MNaTi, KaT& Tn yvodpn oag, dev avéaveTal n Beppokpacia 600 diapkel TO
ANdoIpo Tou Tréryou;

Mo va peTpricouvpe Tn Beppokpaoia, TPETTEl va KaBopiooupe évar eidog KATHO-
Kos. ‘Evag TpoTrog yio va opicoupe ol KAHOKO BEPHOKPOTIDV, EKHETOAAELSHE-
vol Tr HeTAPOAN Tou GyKou (BeppOpETPIKY 1IB16TNTX), eivarl va dwdoovpe avbaipe-
TEG TIPEG 0 SU0 OTAOEPEG OEPHOKPATIES, TIG OTTOIEG PTTOPOUHE EVKOAX VO Qvai-
TTOPAYOUHE.

O1 o ouvnBIopéves orfjpepa KAipokeg eivarl Tou Kedaiou (Celsius) kan Tov Dape-
véiT (Fahrenheit). Mo T1g 00 auTEg KApakeg (Eik. 1.12.), wg oTOBEPES BepPHOKPOOIES,
TI0U €VKOA avarrapdryovTail, €xouv eTAeyel oI Beppokpaoieg THENG kail Bpacpod,
TOL KOBAPOU VEPOU O€ TTEDH HIOG OTHEOPOIPOS.

EkT6G a1rd TIg 800 Tponyolpeveg KAIHOKES LTTGPXE! KOl 1 ATTOAUTH KAHOKO i
KAlpaka KEAPIv (Kelvin), mou Ba T ouvavTricouvpe apydTtepa. H kAjpoka auTh
Sla@épel amré Tnv KAlpako KeAdoiou kaTé pic pévo otadepd:

T =Teq + 273,15 °C
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JuveTr®s, k&Be dlapopd Beppokpaoiag AT [ T, — T, eivar ) idia kan oTIg 660

KAfpokeg (Eik. 1.14).

100°C —=——— 212°F
— 200°F
E—150°F
50°C —H-
= 100°F
3r  seF
0°c—F~~— 32°F
3+—oF
Celsius Fahrenheit
{cemigrade}u

Eix. 1.12 O1 BepuopeTp-
KEG KAfuokeg KeAaiou kai
QapevaiT o€ avTITTOPG-
6eon

Xnpeio
Bpaopoi
Tou vepol L1 373 100 212

Xnueio
RUSS
ToL vepol 273 0 32

nueio

&npos L | 195 .78 -109

wéyou
Xnpeio

Bpaouot
TOL AlDTOL 77 -196 -320

AméluTo 0 -273 -460
pndév

Eik. 1.14 Z0ykpion Twv
OePUOUETPIKWV KAIUGKWY
KeAoiov, ®apevait kai
KEABv.

Eik. 1.13 H éktaon Twv
TAPATNPOUUEVWV OTN
@Uan BepUOKPACIWV KAl
Ol AVTIOTOIXEG PUOIKEG
KATOAOTAOEIG OTIG OTTOIEG
QUTEG TTOPATNPOUVTAL.

10" | Expri€eig

oouTEPVOPa

10°

10°

107 KévTpo Tou rjAiov
10°

10° | Emgéveia aotépog

|~ O-t6mov
10"

I Emipaveio Tou RAiov
10° |~ Bpdder o péAvPos
10°

10"+
o | [~ ©gppoxpaoia
10° KOGHIKOU LTTOBGBpOL

107

107

107
107
107

107

107 XapnAdTepn duvarr
BeppoKpaOia 0TO EPYOOTAPIO

Eik. 1.15 Eva €161k6 Ogppope-
TPO (TTUPOUETPO VTTEPUOPOUL),
TTOV XPNOIMOTIOIETAl YIO T1) JIE-
TPNON TNG BEPUOKPATIAG TOU
Aiwpévou xaAuBa.
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"Eva GiAMo €ib0g BeppopéTpou eival To Beppolebyos, Tou BacileTal 0TO Yeyo-
VGG GTI 6TaV 01 £TTAPEG SUO0 SIaPOPETIKWY HETGAAWV BpiokovTal o SiogopeTIKA
BeppOKpaoial, HETAED TOUG AVATITOOOETAI HIG TAOT), TTOL AEyeTal BgpponAekTpI-
KN Téon. X1V eIkéva 1.16 @aiveTal o TpGTTog Tou XprnoigoTrolobye £va Beppo-
{elyog, yia va peTpriooupe T Beppokpacia o€ onpeia 6mou eival 60okoAo va
XPNOIPOTIOIROOVHE GANO BEPHOHETPO.

BoAtépeTpo (@

r."mf @ XoAk6g

KovoTavTévn

Ae€opeviy
Ogppokpaaia 0°C

Eix. 1.16 Xxnuartikij avamapdotaon g diataéng mou ypnoiuotroiel Oepuolevyog yia
UETpnon Bepuokpaoiog oe onueio 6rouv n mpdoaon eivar SUOKOA. () DwToypapia evog
Beppolevyoug ()

ApaotnpiotTnra 2
MépTe 660 XGAKIVO KOADSION KOl €V KOPPATI KOAANGT KOl TIPOYHOTOTIOI-
oTE TNV aK6Aovdn obvdeon (Eik. 1.17.).

Ko\Gi

Aoxeio pe vepd
Aoxeio pe vepo ov Bpdédel
KOl TTOryGiKIo0

MAakidio

KOTOKOPLPNS
\ ) améKAIong
v Kapivéto

MopatnprioTe TNV amOKAIoN TNG 6£0pNG TOU TTAAHOYPAPOU, 6TV AUTAS
BpiokeTan oTn p€yIoTn ELAICONTIA. OO HTTOPOVOATE AVTI VIO TTAAHOYPGPO VO
XPNOIPOTIOINOETE €Vl HIKPOBOATSHETPO.
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1.2a Ogppikn 100ppoTiA

“Eva oTro106fTOTE BEPUBHETPO HOG defxvel TN Beppokpaoia Tov. Mol Baoi{dpo-
OTe SpWG epElS, 6Tav A€pe 6TI N Beppokpaaia Tov defxvel To BePPSPETPO GTOV TOIXO
€v6g SwpaTiov Tou omITION pag eival Kal ) Bgppokpocia avTol Tou dwpaTiov;

H omévTtnon PpiokeTal 0TNV KATAOTOAXYHEVN EYTTEIPIO AIOVMV, TTOU HOG AEEl
OTI COUATA IOV BPICKOVTAI O€ ETTAPH VIO GPKETS XPOVIKS SIGOTNHO TEAIKG OTTO-
KTOUV TNV idia Beppokpaaio.

Mo Tnv TepiMTWON QUTH XPNOIHOTIOIOUHE TOV OpO «BEPHIKI] 100PPOTIICH
‘Otav Aépe, AoIrév, BePHIK) 100pPOTTICl, EVWOOUHE TNV KOTAOTOON EKEVN KOTA
Tnv omoia og 8U0 CWPATA oL PpiokovTal o BEPIKN £TTOEPN e cLpPaIVEl KapIG
TAéov PeTOBOAR 0TV KOIVH, TEAIKG, BEPPOKPOTIT TOUS.

Tnv e&iowon ka1 T oTOOEPOTTOMOTN TWV BEPHOKPATIWOV GE GUYKEKPIPEVN TIHA
v emPePaicdver n €vdei€n Touv BeppopETpoL. AnAadK), PEPVoupE OE ETTAPL TO
£va o6 TO SU0 TAOPATA PE EVO BEPUOHETPO, OTN CUVEXEIX KAVOUE TO {010 KOl €
TO GAAO Kall SITTIOT@OVOLHE TNV ICOTNTA KO T OTOOEPSTNTA TWV OEPHOKPAOIDV.
Xpnoipotroimoape, dnAadr), £é0Tw Kal Xwpig va To KATOAGPOLHE, pia TTapadox.

AuTH 1 TTapadoxr|, TToU AVETTAIOONTA LTTEICEPXETAI Ot KAOE TTPAEN Beppopé-
TPNONS, £ival AUTS TTOL OUXVE avaPEpeTal G «Mndevikdg vopog TG Bgppodu-
VOHIKHG».

«OT1av 660 1| TEPICEOTEPA OCWHATA BPICKOVTAI O BEPHIKI I00PPOTIIX PE TPITO
owpa (BeppopeTpo), Ba BpiokovTal og OePHIKI IG0PPOTII KAI PHETAED TOUGY.

1.3 EowTepikn) evEpyelia Kal OgppoTnTa

To 1827 o Brown TapaTApNoE PE TO HIKPOOKOTTIO OTI KOKKOI YOPNS OF HIG
OTOYOVO VEPO KTEAODV pIa ATOKTN KAl aévarn Kivnon.

To 1905 o Einstein amébwoe auT Tnv kivnon otov adidkoto BopPopdiopd
TWV KOKKWV TNG yOpns amé Ta HopIa Tou vepoL. ZUPTTEPOOHO: Ta Pépla Bpioko-
vTal o€ adIGKOT, GTOKT, TUXaIO Kivnor).

To id10 TTapaTnpelTal KAl OTa GTOHA I} OTA HOPIG TWV dDIGPOPWV CWHPETWY. X
OTToI0 KATAOTAOT KOl oV BpioKovTal EKTEAOVV KOl TUXQIEG KIVI|OEIG O PEYOADTE-
pn 1 MIKPOTEPN €KTOON, avaAoya av eival aépia LYpG i oTeped. H Graktn auTh
Kivnon Twv popiwv 1] TV OTOHWV VG ODHATOG OVOPGCeTal BEpHIKE Kivion.

‘Exoupe péOer 611 n apxr SiaTApnong Tng HNXAVIKNG evEPYEIOg Eival TTOAD
OITTOTEAEOPOTIKY] OTO VO TIEPIYPAPE! TIG HETAPBOAEG TNG SUVAIKAG KAl TNG KIVNTI-
KNS EVEPYEIOG EVOG OWHATOS.

YI&pYouv SpwS TrEPITITWOEIS KATG TIG OTTOIEG 1 apXl] auTh de poag Bondd.
‘Otav, yia rapaderypa, e§eT&lovpe TNV TEPITTTWON HIGG OPAIPAg HELaG m pe
TOXOTNTA U, TTOL GPNVAOVETAI O £VA OKIVINTO OWHO P HALa M Kol PETG Kol To!
600 padi kivovvtal pe ToxOTNTa V (TTAGOTIKI KpoUan), Trap’ 6Ao Trou 1 apXr dio-
TAPNONG TNG OpprS 10XVl N apxn SiaTripnong TG PNXavikig evépyeias (0” auTn
TNV TEPITTTWON p6vo KivnTikA) TrapaPidleTar. (Eik. 1.18).
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M M+m
m u° V"
= Vv
= Sdpa S
(o) Mpiv o1m6 TNV KpoLoN (B) MeTdé Tnv kpovion

Eik. 1.18 [TAaoTiki) kpouorn. (o) [1piv amé Tnv Kpouon To oWua BpiokeTarl akivnTo oTo 6a-
1mebo, e To 0100 0 OLVTEAEOTIIG TPIPG Bswpeitan undév. (B) MeTé TNV KpoUon To oW
padi ue ) opaipa Kivouvtar ue TaxoTnTa V, €To1 dote 1 apxrj diaripnong e opurs va
10XUEl, OX1, OUWS, Kal 1) apxr S1aTipnong g UNXavikiG eVEPYEING.

ApaotnpiotTnTa 3

Apnoe éva uTraAdKi TOU TYK-TTOYK V& TTEoEl 0To dA&medo (Hwodiko) a-
6 OYog epitTov 1 péTpou. Oa PTdoel To PTTaAdKI oTo 810 Vog; Tn dia-
@op& auTi) Tou TNV amodidelg; (MATIWG OTNV AVTIOTAON TOL EPa;).

Kéve To 1810 TOpa pe Eva TTOPOHOI0 HTTOAGKI OTTO TTAGOTEAIV.

Ti 6a S1amoTwoelg; Mdg Ba SIKAIOAOYROEIS TOPA TNV ATTOAEIX TNG &-

VEPYEIOG;

310 Trpornyolpevo Trapaderypa (Eik. 1.18), ev ToUTOIG, GV HTTOPOVOOHE VO HETPI)-
OOULpE pE OKPIPEIX TN BEPPOKPAOIT TNG OPAIPAG KOl TOU CWHATOG TIPIV KOl PET&
Tnv kpovor), Ba 1 Bpiokape Afyo av&npévn apéomws PETG TNV KPovoT. MATTWS aUuTA
n av&non Tng BePHOKPATTIOG TwV V0 CWUATWY HOG TIAPOKIVET VO OKEPTOUHE OTI L-
TEPXEl 0' AUTE Tar HVO CWHATA HIX GAAN HOPT| EVEPYEIOG EKTOG TNG HNXOVIKAS, N
HeTaBOAR TNG OTTOIOG OXETICETAI PE TNV TTOPATNPOVHEVN abENCN TNG BEPHOKPO-
of0G, €To1 MOTE v 1I0XVEN KA 07 QUTH TNV TTEPITITWOT I YEVIKOTEPN apXr] SiaTrpn-
ong Tng evépyelas. H atrévrnon eivar vair. H kaivoupior pop@r evEpyeiag Tov uTrép-
XEl 0& KGOE ODPA, Kal TTou oAA&EEl OTNV TTPONYOVHEVH TTEPITITWOT), OVOPGLETONI €-
owTEPIKH eVEPYEIX KO GUHPBOAICeTaN pe U. ‘Evar omé Tar HEYOAUTEPTL ETTITEVYHOTO
NS QLOIKAS ToL 190V AlDVA TAV 1] KABIEPWOT) TNG &TTOYNS GTI KGOE TWp SICOE-
TEI EOWTEPIKI EVEPYEIA KA OTI 1] OEPHOKPACTO: TOL OXETICETAI PE TO TTOO0 TNG ECW-
TEPIKAG TOU EVEPYEIOG.

H eowTepikr evépyeiax epIAapPaver TIG SIGQOPES HOPPES EVEPYEIDG TTOL £XOLV
() TTOL PTTOPOUY VO AITTOKTAOOLY) TO HOPICt EVOG CWHOTOS.

I.x., T& pOpIx €VOG OTEPEOD PTTOPET VO £XOUV TGO KIVNTIKI EVEPYEIX AGYw TU-
xaiog ToAGvTwong Tepi T péan O£ar 100ppOoTTioG TOUG, 600 Kol SUVOHIKT, AGyw
TV EAKTIKAOV SUVEHEWY TTOL AOKOUV TO €val 0TO GAAO.

ZUVETING, I TUXAIX KIVITIKI] EVEPYEIN TWV HOPIWV EVOG CWHATOG, 1) OTIOIN EIVXI
PEPOG TG ECWTEPIKIG EVEPYEINS TOV CWHATOS, Eival peyaAvTEPN O€ LYPNAGTE-
PES BEpPOKPATIES.
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ApaotnpioTnTa 4 (NonTikr)

MépTe pia oOPIYYar TN 010G To EUBOAO PTTOPET Var KIVEITAI, GV 0’ AUTS O-
oknOei dOvopn F. TpaBdre To pPforo TpdTa £§, DOTE O TEPIEXOPEVOG XEPTG
va givan 10 cm’. AkoAobBwS, o@payioTe To oTépIo. MapaTnpeiTe To €pBolo kai
SIATTIOTWOVETE 6TI 60N DPA KAl VO TIEPIPEVETE AUTO O€ HETOKIVEITAI. TI GUPTTEPOI-
vete; (OT1 01 Suvdpelg ekaTEpwBev Tov euPSAou eival [Oeg, YIOTi o1 TECEIS eival
fogg pe TNV aTpoa@alpiki P ).

YmoBéoTe Twpa 6TI N aUPIYYa apviKG Bpédnke oTo HIGOTNHX, GTTOL N TriEoN
eival oxedov pndév. Ti epIpéveTe va TapaTnpioeTe; MAT®S va Byaivel To €p-
BoAo Trpog Ta €€w; AnAadn, To aépio Ba kivel To €uPolo Kar Ba TTap&yel €pyo.
IMolog Ba To TTPooPEPEl aLTO TO €PYO; Ti TTEPIPEVETE VO GUHPET pe T BePHOKPO-
ofo Tov aEgpPiov; AITIOAOYHOTE TNV OTTAVTNOT| OOG.

ApaoctnpioTnTa 5

MépTe pia avTAian (TPSPTTA) TTOSNAGTOU KOl OPPOYIOTE KOAG HE TO SGKTUAG
006 TO GKPO o1’ 6TToL Byaivel 0 a€pag, £XovTag To EpBoAo TpaPnYHEVO TTPOg Ta
£€w. ZupmméoTe AMOTOPA TO EHBOAO pe To GANO XEpI.

Ti TapaTtnpeiTe; Av SIOTOTWOOTE 6Tl TO GKPO AVTO BEPPAVONKE, TTAS TO €-
Enyeite; To £pyo TTOL KATAVOAMOATE CUPTTIECOVTOG TOV OEPA HNTTWG aENOE
TNV E0WTEPIKH EVEPYEIN TOU AEPT KO OLVETTWG KOl Tr BEPHOKPOGITN TOU;

ApaotnpiéTnTa 6

MépTe pia aBpryya Twv 20 cm’ pe eyKAWPIOPEVO OTO E0WTEPIKG TNG OEPA 6-
Ykou 10 cm’ kI OPPOYIoTE TO GKPO TNG.

>Tn OUVEXEID, TOTTOBETAOTE T O€ £val HOXEID PE VEPS BEPHOKPATTOG TTEPITTOV
100 °C, a@ob TTPONYOULHEVMG EXETE OKIVTOTTOINOEN TO EPBOAO HE I KOPQITOOL.
MepipéveTe Afyn dpa KO 0TI CUVEXEIX APAIPEOTE TNV KAP@PITOX. Ti B0t TTApOTn-
proeTe. Av diamoTwoeTe 611 To €UPoAo KiveiTar TTpog Ta £§w, TTWG To €nyeiTe;
IMolog TpoapEpel TO €pYO YIO TN HETOKIVNOT TOUL EpBGA0L;

ATI6 TIG TTPONYOUHEVEG SPACTNPIOTNTEG CUPTTIEPOIVOUHE OTI I ECWTEPIKN EVEP-
YEIO VOGS OWDPOTOG PTTOpEl VO HETOBANOEN pe Suo TpGTTOUS:

IMpwto6 TPOTOG: MN)aVIKS €pyo pTropEel va TToparXBel aTTé TO ODPA PE ATTOTE-
Aeopa TNV EAGTTWOT) TNG ECWTEPIKAG EVEPYEIGS TOU 1} HNXOVIKS £pYO PTTOPET VO KO-
TOvOAWOE 0TO CWHA (TS eEWTEPIKEG SUVAPEIG) pE ATTOTEAEOH TNV ABENON TS €-
OWTEPIKAG EVEPYEIAS TOUL.

AeUTEPOG TPOTOG: H 0wTEPIKT| EVEPYEIX EVOG OMDPOTOG PTTopel va awénBei fj va
eAaTTwOE AGyw TnNG oAANAeTTIOpaIoT|G TOL pe Evar GAAO TWpOr SI0IPOPETIKIG BeppO-
Kpooiag.

AUTH 1 TTOOGTNTA EOWTEPIKIG EVEPYEIOS, TIOU HETAPEPETAI ATTOKAEIOTIKG AGYyw
dlopopds Beppokpaaiog, ovopdleTal BeppdTnTa.
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1.4 106 Nopog TnG Oeppoduvapikig

AT’ 6Aa 6o0a avapEpape oupTTeEpaivoupe 6TI N apxn diatripnong Tng evépyel-
0G pTTopel vor eTTaVOSIGTUTTWOET, £T01 MOTE va TEPIAAPBAVEL KOl TTEPITITWOEIS
OTTG QUTEG TTOL BEWPHOANE, OTIG OTTOIEG 1 PNXAVIK EVEPYEIX PaiveTal GTI b€
Siamnpeital. H véa auTr] diatomrwon Ba amoteAel Tov: «[pwTo vopo Tng Beppo-
Suvapikigy.

H BeppdTnTa TTOU AVTOAGOOEI €va OWHO He TO TTEPIPGAAOV TOU pTTOPEl V&
BewpnOel eiTe WG PNXAVIKG €PYO €iTE WG PETAPOA TNG E0WTEPIKIG EVEPYEIOSG 1
61 eivan ka Ta Svo.

MTropoUpe va ekppEOOUHE TO TTPONYOUHEV PE TN HOP@R HIOG e&iowong:

MpwTOG VEpog

, Q=W+ AU (Tox)
NG Beppoduvapikig
‘Otrou: Q = H BeppdTNTA TTOV TTPOTPEPETAI OTO CWHAL.
w = To pnxaviké £pyo TTov TOPAYEl TO OCWHAL.

AU

H ab€non Tng e0mTePIKAG EVEPYEIOG TOU TWHATOS.

AvadiatdooovTtag Tn oxéon 1o £xoupe:
AU=Q-W (1B)
H oxéon (1P) propel va BewpnBei wg 0 opIopPSSg TNG HETOPOARS TG E0WTEPI-
KAG EVEPYEIOG.

Mapartipnon 1:

XTNV €0WTEPIKA EVEPYEIR, OIS KAl OTn SUVOHIKY, ONHOCIG £XOUV POVO Ol
peTaBOAEG TOUG. MTTOpOUHE SpWS va TOUG ATTOSWOOLHE Kal aTméAvTn a&ia,
orodidovVTaG AUBAIPETA OE PIX KATAOTOON KATTOIO CUYKEKPIMEVN TIMI.

Mapaderypa 2

Mia kaToképugn peToAik p&B6og pe apeAnTéa
péla otnpiCel éva owpa Bapous 500 N. H p&fdog
padi pe To OO PPIOKOVTAl OTO EOWTEPIKG EVOG NAE-
KTPIKOU @ouvpvou (Eik. 1.19.).

H p&Podog emipnkiveTon KAt 2 mm, 6Tav aTrop-
poprioel amé To @ovpvo 500,0 J. Méoo aviaveTar n [k ‘ '

EOWTEPIKN EVEPYEIQ TN ; e

Avon:

2 y p p Eik. 1.19 Aigtaén yia

) To épyo mov Tapayel 1 p&pdog I00TON PE TNV o o aarine, Sie-

av€non Tng SUVAHIKIG EVEPYEIOG TOL CWHATOS. pedvnon Tov 1oV VG-
AE, =B xh=(500N) 2 x10°m) =1,0) pouv.
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AT6 TN oxéon (1P) €xoupe:
AU=Q-W =5000)-1,0] =499])

‘Eva odpa Tou dev oMnAemidpd pe To epIPGAAOV Tou ovopdleTal ATTOpO-
VOHEVO OO,

“Eva otropovmpiévo odpa o0Te B Trapdyel £pyo oUTe Ba kaTavoAdvel €pyo (W
= 0), emriong 6¢ Ba S€xeTan ovTe Bax divel BepudTNTA 0TO TEPIBGAAOV TOL (Q = 0).

JUVETTWG, OE €VOl TETOIO OWHO (XTTOHOVWHEVO) EXOUHE:

AU=Q-W=0-0=0

ObnyolLpeba €101 0€ pIa dlaopeTIK GAAG 10060vapn SIGTOTTWON TOL TTPW-
TOL VOHOU TG Beppoduvapikig, TTou givai ol e€ig:

H eowTepikr] eVEPYEIX £VOG ATIOHOVWHEVOD OCMOHPATOG TTOPAHEVE OTOOEPH.

MapaTtipnon 2:

‘Otav pIAGPE YIo BEPPOTNTA, EVWOOUHE TTAVTA «por)» evépyelas. O1 gppdaoclg
«OEPUOTNTA TTOL TTEPIEXETAIN N} «KBEPHOTNT TTOL LTTAPXEI» OF EVOl CWHA, KOBWS
KOl Ol QVTIOTOIXEG EPWTHTEIG, eV EXOUV PUOIKO VONUA. AVTIBETO, £XOUV (PUOIKG
vonpa ol ppdaoelg «<H BeppdTnTa TTou THPE i} €6woe» i «n BEPUETNTO TTOL KEP-
d10¢ fj £xaoen Evar CWOPO, KABWS KOl O AVTIOTOIXEG EPWTHTEIS.

ATIO Tn) OKOTTIA €VOG PIAGAOYOU B UTTOPOUCOKE val TO TToUpE auTo W e&rig: H Bep-
HOTNTA €ival €va OLOIOOTIKO TTOL O€ OUVTGOOETAI UE TA PHUOTA: EXW, LTTAPXW, EivVal,
oAAG pe pripata SNAWTIKG Kivnong kai aAdayrig omwe: maipvw, Sivw, kepdiCw, xAvw,
peTafaiva.

Mapaderypa 3

“Eva BiAio obpeTan Katd 1 m op1dGvTia TTAVW O€ PIX TPOXIG ETTIPAVEIR PE
d0vaun 20 N katd péTpo fon pe Tnv TpIPr) oAioBnong.

To épyo Trou n TpIPr} oAioBnong KaTavodwvel oto BifAio eivar: W = 20N x T m
= 20 (apvnTik6). H avradayn Tng BeppdTnTog pe To mepIiB&GAAov ival ovaia-
OTIK& PN&EV, YIaT TO XpovIKG SiGoTnpa TTov SIapKer N Kivnon eivan pHIKpS ko dev
ETTOPKEN, YO Vot eKONAwBET avTadAayr] BeppdTnTOS e TO TEPIBGAAOV.

JUVETT®G, XPNOIPOToIdVTAS TN oxéon (1) éxoupe:

AU=Q-W=0-(20)) =20])

H eowTepikr| evépyeia avédvetan kai n Bgppokpaaoia Tou PiffAiov Ba avén-
Bef Afyo.

To 610 TEAIKG ATTOTEAEOPO B PTTOPOVCOHE VO EXOUHE, OV TOTTODETHOOVE
To BifAio Tévw o€ Evar NAEKTPIKG KAPIVETO KOl TO BEpPGVOUHE Yia Afyo Xpovo:
Ba fATav T6Te: W = 0 koi Q = 20 J, omrdéte A atmd Ty (1) O eiyopie:

AU=Q-W=20J-0=20]
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EpSoov a1ré To mponyolpevo Trapddeypa
TIPOKOTITEl 0TI PTTOPOUHE VO EXOVHE TNV {dI1x

L= .

et

HETAPOAR TNG EOWTEPIKAG EVEPYEIOG PE 1 XW- 1 .
pis por| BeppdTnTOS, Sev €Xel vOnua N EKppao | gt \ B&pos
«mrepieyopev BeppotnTar oto PifAio, 6Twg || I:_—'=T_ - '
Oev €xel vOnpa Kol N éKPPOCT «TEPIEYOPEVO - ' l
£pyo» aTo BifAio. l [ \

TeMIk&, paiveTon O6TI 01 €volEG BepPOTNTO )

Kol £pyo ekppdidouv S1adikaoieg pe TIG OTTOIEg
N EVEPYEIQ HETOPEPETOI GTTO CWUA OE COHA,
Kol H6vo n TTPOoKOTITOUOO HETAPOAR TNG E0W-
TEPIKAG EVEPYEING TWV OWUATWY €XEI VONUOL.
‘ETO1, 01 évvoieg BepPSTNTA KOl €PYO XPNOIHO-
TTOI00VTA, YIO VO OTTOOWMO0VY TO TTOG0 TS HE-
TOPEPOPEVNG EVEPYEITS.

ATT6 TO TTPONYOUHEVO TIPOKVUTITEN OTI I TTOGOTNTO BepPOTNTAS Q B PETPIE-
Tal PE TN YVWOTH povada evépyelag, Joule oto S.1.

Mpiv kaTavonBei n 1I00dvvapia BePPSETNTOG KAl £PYOV, WG HOVEOQ TNG BEPHS-
TNTOG £XpnoipoTroieiTo To calorie (cal).

Eix. 1.20 XxnuaTikr) avamapdoTo-
on TG oLOKeI}G Tou Joule yia Tov
TPOOSIOPICHG TOU UNXAVIKOU 100-
S0vapou TG BepudTNTOAG.

To 1 cal opiCeTan wg TO MOCO TG OEPPOTNTAG TTOV XPEIACETAI, YIO V& AUEN-
0zl n Beppokpaocia evog ypappapiov Kabapov vepol kaTtd éva Badpd (ov-
ykekpipéva amé 14,5 °C og 15,5 °C).

I'vwpiCovpe 611 1 cal iIcovTan akpifadg pe 4,186 ). O Adyog 4,186 J/cal ovopdile-
TOl: HNXAVIKG 1006UVap0 TNG BEPPOTNTAG.

ATI6 TOUG TEXVIKOUG Xpnoipotroieitar np povada (BTU) (British Thermal Unit), n o-
moia eival To TT000 NG BepUOTNTAG OV XPEIGleTan yia TV avénon TG Oeppio-
kpaoiog piag (1) Ib vepou (1 Ib = 453 g) katd éva fabud otnv kAiuoka Fahrenheit,
Ko n otroia iooutai: 1 btu = 252 cal = 1055 J.

IMINAKAX |

(Zx€on peTagd Twv Sidipopwyv Hovadwv TNG BepPETNTOS)

J cal kcal Btu kWh
1] =1 0,239 2,39 x10° | 9,48 x 10* | 2,78 x 107
1cal = 4,187 1 10° 3,97 x 10° | 1,16 x 10°
1 kcal = 4187 1000 1 3,97 1,16 x 107
1Btu = 1060 252 2,52 x 10™ 1 2,93 x 10
1kWh = 3,60x10°| 8,60x10°| 860x10* | 3,41 x10° | 1
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ApaotnpiotTnTa 7
Mpocdiopiopog Tov PnYaAvIKOD 1608VVapov TG BEppoTNTAS

MépTe évav TAAOTIKG owArfva PVC diopétpou 4-5 cm kai prjkouvg 110 cm.
KAeioTe KOAG T pict Gxpr Tov.

Tnv GAAn Gkpn KAeioTE TNV pE TPGTTO, GPWS, TTOL VO UTTOPET VO GVOIYEL.
ToroBeTAOTE OTO E0WTEPIKG TOL TWARVA 786 g (TrEPITTOUL) OKA&YIr HOAVBEVIO
(HIKpOU pEYEBOUG). AvatTodoyupioTe To cwAiva 100 qopEs. ‘EoTw 6TI N apxi-
Kr) Beppokpacia Tou eiyav Ta okdyia frav 17,3 °C ko n TEAIKN, HETG o6 TOL
100 avamoSoyvpiopaTa Tov owAijva, 24,1 °C.

Oewp®BVTAG OTI TA EKATO AVATTOOOYUPICHATA 1GO0OUVOHOUV HE TITAON
atd 100 m, £xovpe:

K=E, = 0,786 kg x 100 m x 9,8 J/kg - m = 7,7 10"}

H BeppéTnTa Q TMovL TIHjpay, 6TTws Ba boUpe apyoTepa, dideTal ammd T

oxéon:
Q =mc A8 = (786 g) (0,038 cal/g °C) (6,8 °C) = 200 cal

6mou: m n p&da Toug,

AB  n adénon Tng BepPHOKPACIOG TOUG SN
Katl
C gival pior oTaBepd, ou TN Aépe GEPP'Kﬁ/O‘&O‘
€181Kr) BePPOTNTA, KOl pHag Sefvel Y Oy G
0N OeppdTNTa XpeIGleTOl £V TPOPN Jig
YPOpuGpIo £vés LAIKOU, YIO VO féa 3.000
avéPer n BePPOKPOCIO TOL KOATK Afm 40.000
71 ST, MpwTeiveg 17.000
Svykpivovtag Tn BgppdTnTa o€ cal kai Zéxapn 17.000
TNV KIVNTIKN evEpyela o€ Joule Bpiokouvpe: AvyG 2 000
lE= gl Topi 20.000
=npoi kaptoi  30.000
Spépar: 4,2 J/cal — 3,8 Jfcal = 0,4 J/cal Moréres SILD
Y. Tpddpa: 0,4 Jfcal / (4,2 J/cal) = 0,098 Wapt ST
i 10% Trepimou. Moaoxadpi 15.000
XpnoIgoTrolEiTal €TTiONG KOl N SIITNTIKA AT SEALU
Beppida, TOL EKPPGlEl TO EVEPYEIQKO Mieprasdie 1.000
TEPIEXOUEVO TWV TPOPWYV, cLMPOAICETOI ey 1000
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o¢ pe 1o Cal (keqpoAaio C) kar IcovTan pe 1000 cal:
1 Cal = 1000 cal

Mapaderypa 4
ATTdAe1a Oeppidwv pe yOpvaoTIKE

“Evag veapdg Trivel Tpelg KO@ESeg T pEPA. Av 0 KGBE KOPES TrepIEXEl dVO
KouToAGKIa (Srxapn (1 KouTOAGKI ivan 5 g {&xapn), TTOOO TTPETTEl VA YUHVO-
OTEl, MOTE va XAoel TIG EETpar Beppideg ToL TIHPE;

Avon:
3 KOPEDEG X 2 KOUTOAGKIO! O KOPEG X 5 g TO KOUTOAGKI X 17.000 J/g = 510.000 |

Av 0 veapog €xel pala M = 80 Kgr, yia va KOTOVOAMOEI QUTH TNV EVEPYEIQ,
mpémel va avéPel og VYPog H, €To1 doTe var 10YVE:

MgH = 510.000 Joule 1§ H= —210000] =50,

80 Kg x 9,81 m/s
Anhadn va avéBel pe Tn ok&Aa 20 POPEG OTNV TAPATOX HIOG £E€XMPOPNS
TTOAUKOITOIKIOG.

“Ev@eT0 1

O TPWTOG VOpOS TG OeppoduVapIKAS Kol 0 HETABOAICHGS TOV AVOPWTTOV

O GvBpwTTog 6TIWG Kal KGBe GANoG (wvToveg opyaviopos Topdyel €pyo. To
£pyo TropGyeTal 6TV £vag GvBpwTrog PadiCer | TpEXE ] 6TaV OnKwvel Eva apld
avTikeipevo. Mapaywyr €pyou onpaivel KaTaveAwon evépyeias. Evépyeia, etriong,
XPEIGLETON YIO TNV OvATTTUEN — TN SNpIoLPYICE VEWV KUTTAPWV,TTOL OVTIKABIGTOVY
6oa Treaivouy.

“Evaig oAU peyGAog apiBpés S1adIKOoImY HETATPOTIAG EVEPYEIOG ApPBAvel
XOpa pEoa og €vav opyaviopo. ‘OAeg auTég o diadikaaieg padi ovopdlovTal
peTafoAiopdg.

Ag doUpE TIOG PTTOPOVHE VO EPAPHEOOVHE TOV TIPWTO VOHO TG BgppodL-
VOHIKAG:

AU=Q-W
o’ évav avepwTro.

‘Epyo W Trap&yeTal o1mé TO CWPA HOG KATG TIG SIGPopeg SpaoTnpIdTNTES

HOG. Av BEAOVPE 1) EOWTEPIKI HOG EVEPYEIX (KOI BEPHOKPAOIO) V& PNV eAOT-
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TwOEl, Ba TTPETTEl, PE KETTOI0 TPOTTO, VO TOU TIPOCPEPETAI EVEPYEIX VIO OVTI-
OTABHIoHO.

H gowTepIKi EVEPYEIG TOL OOPATOS POG O SlaTnpeiTal oTABEPH PE POT)
BeppoTnTOg Q a6 TO TEPIBAAAOY. AVTIBETA, TO ODHA HOG ATTOBGAAEI OTO
TePIBGAAOV TTOOG BEPUOTNTOG, I KOI UTTG KAVOVIKEG GUVOIKES TO OO HOIG
BpiokeTar o LPNAGTEPN Beppokpaoiar atmd To TrEPIBAAAOV.

Moia eivar TGTE N TNy TNS EVEPYEIOG TTOL TTAIPVOUUE;

Eivan n eowTepIk evEpyela (XNUIKN EVEPYEIR) TwV Tpopwv. MapaTnpolpe
TP OTI — O€ AVTIBEOT e AUTO TTOL GLpPaivel og éva doxelo, GTTOL LTIGPXEI
K&TTOI0 aEPIO (KAEIOTO OUOTNHA), OTO OTIOI0 I EOWTEPIKH EVEPYEIX HETABGA-
AeTQI PE TNV TTPOOPOPQE, N aTTOB0oAR BEPUOTNTAG KOTG TNV TTAPOYWYH 1] KAT&
TNV KATAVGA®OT €pYou, o€ £va {OVTOVS 0pYaVIOHO (AVOIKTO GUOTNHO) E0W-
TEPIKA eVépyela pmropel va eloaxBel 1] va e§axBel amé 1o cvoTnpa. ‘Otav
TPWHE, EIOAYOUHE EOWTEPIKN EVEPYEIO KOTEVOEIGV OTOV OPYAVIOUO HOS, O
0TT0I0G €TO1 ALEGVEI TNV OAIKI] ECWTEPIKI] EVEPYEIX TOU OAOHATOSG HOG.

AUTI] 1 EOWTEPIKI| EVEPYEIC OTOOIOKA HETATPETTETAI OE €PYO KO BEPPOTN-
TA, OV ATTOBGAAETOI OTO TEPIBGANOV, CUOH@P®VO PE TOV TTPWOTO VOHO.

O puBpog peTafoliopon gival o pUBPGS PE TOV OTTOIO I ECWTEPIKT] EVEP-
YEIO JETATPETTETON OTTG TOV OPYAVIOHO HOG O€ BEPUOTNTO KO €PYO .

MeTtpiétan o€ Keal/h ; og Watts.

Tumkég TIPEG TOL PLUBPOL peTAPBOANITHOL YIa dIGPopeg dPAOTNPIGTNTES
£v6G avBp®TTOL divovTal OTOV TTIVOKAL.

Puv@pofi peTafoliopob yia avlpwmo palag 65 Kg

ApaoTnpioTnTa PuBuég Kord
peTafoAiopol TTPOCEYYION
Kcal/h Watts
UTIVOG 60 70
avamauan 100 115
eAa@pI& dpaoTnPIGTNTO
(vTUoIpo, oryOpIoH) 200 230
HETPpIO dpaoTnpIdTNTa (TrepmaTnpa) 400 460
TpE€Ipo (15 Km/h) 1000 1150

oy@Vveg TTOdNAaGiog 1100 1270
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Mapaderypa 5:

Méon evépyeia KATAVOA®DVE O€ Eva 24wpo Evar &TOpO pE pdida 65 Kg, rou
KolpéTon 8,0 wpeg, aokeiTan PETpIa 1,0, dpa €xel HIX EAAPPIG dpaoTnPIOTN-
To 4,0 DPEG Kol Wpa epyGleTal o€ Ypoageio 1 avamraveTal 11,0 dpa.

Avon:
AT Tov Trivako TTou divel To puBPS peTafoAiopol oe Watts, emreidry pia
wpa €xel 3600 s, EXOULpE:
[(8,0 h) (70 J/s) + (1,0 h) (460 }/s) + (4,0 h) (230 )/s) +
+ (11,0 h) (115 J/s)] (3600 s/h) = 1,15 - 10"
E€GANoU, OTT6 TO PNXOVIKG 10000Vap0 TNG BEPPOTNTOG EXOVHE:
4,19 - 10 ) = 1 Kcal
Apa nj oLVOAIKY] evépyela TTov odever oe Keal eivar:
1,15 - 107 )
- =2800Kcal
4,19 - 10’ J/Kcal

JUVETIOS, £va GTopo pe pala epimou 65 kg av BéAel va x&oel Bapos, Tpé-
TIEl VO KATOVOAQVEL AryéTepeg ard 2800 Kceal tnv npépa 1} va avérjoer Tig dpar-
oTNPIGTNTES TOUL.

Mapaderypa 6
MeTaTpotm KIvNTIKIS EVEPYEING OE BgppPoTNTA

Mia o@aipa pélag m = 3 g kivobpevn pe TaxOTNTa U, = 400 m/s diEpxe-
Tl péoa amré pia oavida, kai n TaxvTnTd TG vTToPiB&leTan o€ L, = 200 m/s.
Méon BeppdTnTar TTAPGYETAL;

Avon:
K(X:KT+Q r’]
1 2 1 2 .,
> mU“_T mvu,. +Q n
1 2 2 1 3 2 2
Q=7 m(v,—- v )= = (3 x 10™ kg) [(400 m/s)” — (200 m/s)’] =
180 )
=1 = ——_ =4 l.
80) 4,186 J/cal 3ca

H BeppdéTnTa QLTH KATAVEPETOI AVEHPETT 0TI GQPAIPA KOl OTN TOVIOa oV
Aoya e TNV IKAVOTNTA TwV 800 AUTWOV CWPETWV VA HETAOIOOLV KAl VO OTTOp-
POPOVV BePUOTNTOL.
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1.5 EvOoATia

Apaotnpiotnra 8

MépTe 660 OLPIYYES pE EPPOdOV epPOAmy A, Kal A, QVTIOTOIXWS, KO EVG-
OTE TEG BEPOOTEYWS OTTWG oTNV €IkOva 1.21. Ti€oTe To €uPfolo Tng aploTePAS
o1y& o1yé& péxpl va @Téoel améd tn 6éon O otn 6éon O'.

== Y

o

Eik. 1.21

a) To €pyo TTOL KATAVOADBNKE OTTO TO GEPIO OTNV APIOTEPH TUPIYYX EIVai:

F
W, =F Ax, = T (Ax, A) =PV,
1
B) To épyo Trov Trapryaye To a€pio otn 6e&iG aLpIyya eivai:

F
W2 = F2 A X, = Tz (A X, Fz) = P2 V2 ([XX2 < AX1)
2

Y) ZOpgpwva pe Tov To vopo Tng Beppoduvapikig Oa eivai:
Q=AU+ W
6mouv AU n peTafBoAr] TnG E0WTEPIKAG EVEPYEIOG TOL AEPIOL AT TNV GPXIKH
otn TeAiKA KaTdoToon AU = U, — U,, W To cuvoAiké €pyo, Trou B 1000Tal pE
TO €pYO TTOL TTAPAXONKE peiov To €pyo TTov kaTavodwbnke, W = P, V, - P, V,,
Kol Q n BeppSTNTA TTOL AVTOAGKONKE PE TO TTEPIPGAAOV.

YmoBéoTe TOPA OTI N dpaoTNPISTNTO AUTH £YIve Pe TETOIO TPGTIO, WOTE I
BeppdTNTO TTOL AVTOAGYONKE pE TO TEPIBAAAOV va eival pPndév (eiTe yiati Ta TolI-
XOPOTA EIVOI HOVWTIKG EITE YIOTI €YIVE OPKETA YPRYOPOH).

Tote Q = 0, omSTE 0 10G VOOG YpAPETOI:

0=AU+W q
emeidr], 6mrwg eifrope, AU = U, — U, ket W = P, V, — P, V,, éxoupe:
0=U-U+PV,-PV, 1§
u+PV=U+PV,.

MapaTtnpolpe, dnAadh, 611 To GBpoiopa U + PV mrapapével oTabepo.

To oTaBepd avTé GBpoiopa U + PV 1mou yvwpioope oTnv mponyolpevn Spo-
oTNPISTNTA, TO OVOU&GLOUHE eVOAATTIO TOL CUOTAPATOS 1 BEPHIKG TTEPIEXOHEVO
kol oupBoAiloupe pe To H.

Evoolmia: H=U+ PV (1.20)
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H evBahtria givar pia 1816TNTa £v8G OUGTAPOTOS, TTOL €XEl KAOOPIOPEVN TIHA
YIO OPIOPEVI KATGOTOON TOU CUOTHHOTOS, AveEEPTNTO GG TOV TPGTIO TTOV TO
oVOoTNHa £PTOOE 0' AUTHYV, Kal ekPPALel TN SuVATOTNTA EVOG CUOTHPATOS YIX
TTapaywyn €pyou.

Y16 otabepn mriean n peTaBoAr Tng evlaTiog Ba eivai:

AH = AU + PAV (1.2)

ATIé TOV TIPWTO VOO TNG BEPHOSUVAHIKIAG EXOUHE:

Q=AU+ W (i)

Emeidry To €pyo, 6mwg eidape, KaT& T PHETABOAR Tov dykou LTIG OTOBEPH
mrieon eivan PAV, amé Tig oxéoeig (i), (1.23) mpokOTTEL:

AH = Q, (1.2y)

Anladn, n perapoln TG evBaATiag £veg CUGTHHATOSG ICOUTAI PHE TO ATIOP-
POPOVHEVO 1] EKAVGHEVO TIOOO BEPHOTNTAS KATA TIG Si1Gpopeg peTafoAss,
étav n migon mapapével oTaOEPN.

OgppoTNTA CXNUATIOHOU pIGG ovoiag OVOPGLovpE T PETOPBOAR TNG evOOA-
miag, 6Tav éva mole Tng ovoiag oxnpaTifeTan amé TOr OTOIXEI TNS.

Mapaderypa 7
lNa To oxNUATIOPS vepoL LTS oTOBEPN Triean 1 at kou Beppokpaaia

298,15 °K o€ uypl KATGOTOON €XOVHE:

H, + - 0, - HO . - 683 Kcal.
2

(vy.)
Mo 10 oxNHOTIONS vePOL LTS TIG B1EG OUVONKEG OE AEPIO KATAOTOON
£XOupE:

H, + 1 O, = H,0 ., —57,8 Kcal.
2

2 oép.)

H Siapopd otnv Tipr Tng BeppdTNTOS OXNPATIOHOU TOL VEPOU OEMETOI
oTn 610popPG AVAPETT OTNV LYPH] Kal 0TV a€pial PAON TOU VEPOU:

—-57,8 Kcal — (-68,3 Kcal) = 10,5 Kcal

AuTé onpaiver 6Ti éva mole H,O ) 0g 1 at kan Beppokpaoia 298,15 °K, yiox
va vypoTroinBeil oe évamole H,O |, ipémel va atroBdAer 10,5 Keal BeppéTnTas.

AnAadr): OeppoTnTa LYPOTIOINONG 1 EEATHIONS pIAG OVTIAG = AlXPOP&
TS evlaAmiag evég mole Tng ovoiag oTig §V0 KaTaoTdoels (VYPH Kl
aépla) vTo TIS iB1EG CLUVOIKEG.
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1.6 Oeppiki SixoTOAN

Eival yvwoT6 og 6Aovg ammé Tnv Gpeon eUTTEIpiot HOG OTI TOL TTEPIOCOTEPO
owpota diaoTéAovTal, dTav BeppavOolv iTe QUTG eival OTePed eiTe LYPG 1
agpia. O1 peToMikég pdPdor yivovTar pokpliTepeg, Ta LYPG avEGvouy Tov GYKo
TOUG KOl Ta aépia avEGvouv TNV Trieon Tou aokolv i av&dvouv Tov GYKo ToU,
Qv Propouv.

AuT& TTOL @aivovTal oThV Ikéva 1.22 givan ovvnBIoPEVA.

Eix. 1.22 (o) O1 016npoTpoxI€G Tapauop@dnkav, yiari dev eArjpdn mpovoia yia 1 Oep-
pikn 610010An. (B) Xe pia peydAn yépupa ovvavTdue aQUTEG TIG OXGPEG HeTASU TUNUATWY,
yia va eivar Suvarr) 1 aveptrodioTn S1aoToAn TG.

Mia kai 6Aa Ta VAIK& a1roTeAobvTal ATré ATOHO KOl OTT6 POpIa, avadnToOpE
TNV EPHNVEIX TNG CUPTTEPIPOPAS AUTHS TWV LAIK®V 0T Sopr Tous.

‘Eva KpUOTOAAIKG OTeEpES ameikoviCeTal 6TTwg oTnv eikéva 1.23. Ta 16vTa
TTAPICTAVOVTAI HE OaAIPIdIa, Ta OTTOI0 CUYKPATOUVTAI Ot OTOOEPEG BETEIG TG
€AKTIKEG SUVGIHEIG, TTOU AOKOUVTOI G' QUTG TG TA YEITOVIK& Toug 16vTa. Ol
duvépeig oTny elkdva atreikoviovTal oav eAaTrpia. Oewpolpe 6T T IOVTA
TOAQVTOVOVTAI TTEPT TIG PEOEG BETEIG I00PPOTTIOG TOUG, KOl £ival AOYIKG Vo UTTO-
B€ooupe 6TI, KABWS awEGveTal N Beppokpacia, Ba avEGveTal KOl TO TTAGTOG TNG
TOAGVTWONG.

‘OTtav KGBe 16V TOAAVTOVETOI PE Afyo HEYOAUTEPO TTAGTOG, TO OOHX SIGOTEN-
AeTai, KOOWG N HEON ATTGOTAON HETOED TWV IGVTWV QLEGVETOI.

Mia oxeTikip avénon Tng améoTaong petald Svo 1I6vTwv kKatd 1/100.000
gival apkeTh, yio va e€nyfoer TNV TTapaTnpoVpevn SIGOTOAR TwV TTEPICOSTEPWY
OTEPEWV OWHPATWV.
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Ta vypd ovptrepipépovTal avaAoya,
aAAG, etreldf Ta popiG Toug dev eivan T6GO
oTeva ouvdedepéva peTal Toug 600 gival
OTO OTEPER, €XOUV PEYOAUTEPN EUXEPEIT
Kivnong, kai yI' ouTd, Yevikd, €Xouv Kol
HEYOAUTEPN IKAVOTNTA SIGOTOAG OTT6 6, TI
TO OTEPEQ.

Ta oépia, pe Tn oep& TOULG, €XOULV
QaKOpn PeYOAUTEPN IKAVOTNTO SIGOTOANS,
eTeId TA POPI& TOUG €xouv OXeSEV TIARPN
eAevBepia oTnV Kivor Tous.

Tig peTafoAég Tng Trieansg, Tou Gykov 1
Kal Tov 6o ota aépia, e€aitiag TNG avén-
ong Tng Beppokpaoiog, e0KOAX PTTOPOUE
VO TIG ATTOOMOOVHE OTIG HEYOAUTEPEG TOXU-
TNTEG TIG OTTO(EG OTTOKTOUV TA HOPIA TOL
agpiov, 6Tav n BEPHOKPATTO HEYOADVEI.

Eix. 1.23 MopiokG povTélo evog oTe-
PEOU KOTOOKEVOOUEVO UE OPaIpidIa
(uopioy) ko edarripia (evSOUOPIOKES
Suvauerg).

1.6a OgppiKn S100TOAN TWV OTEPEWV

>xed6v 6Aa To oTEPEG SIGOTEN-
AovTal pe Tn O€ppavan, Kal n pe-
TapoA oTo prjkog Toug AL Treipo-

HOTIKG €xer Bpedei OT1 efvan avélo-  E
yn pe TNV ab&non Tng Beppokpa- ¥
ofog AT kou pe To apxIk6 pkog L, ;_- 40.0213 4

(Eik. 1.24.).
JuveTwg, n Baoikh e&iocwon
Yyio TN YPOMHIKT 8100TOAR €vOg

oTepeoL eiva:
AL = o L AB (3o

6TToU o €ival 0 CUVTEAEOTHS YPO-
HIKAS S100TOARG TOL CUYKEKPIME-

40.0957 | -——-———————o—— -

[ Y

o
—_

6°C

Zx. 1.24 Ipoyuixr SiaoTolr piag pdfdouv amé
opeiYoAko

vou LAIKOU (TIHEG Tou o eppaviCovTal oTov Trivaka l1).
A6 TnVv e&iowon (3a), AOVOVTAG WG TTPOG O, EXOVHE:

AL
o =
L, -AO

3p)

A6 TN oxéon (3P) TTPoKVUTITEl 0 AKGAOLOOG OPIGHES TOU CUVTEAEDTH YPOIHHI-

KA S100TOAAS .
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Ovopalovpe OUVTEAEDTH YPOPHIKIS S100TOANS, O, TI) OXETIKI] pETAPOAL TOUL

AL

pliKOUQ,T, avd povada petafolris Tng Oeppokpaciag.

0

H e€iowon (3a) prropel va ypogei Koi:

L=L (1 + aA®)

étou L, eivon To apxik6 prjkos kai L To TeAIKS prikos.

Mapaderypa 8

YTOAOYIOTE TO OUVTEAEOTH YPOHHIKAS O1a-
OTOAG TOUL OPEIYOIAKOU XPNOIHOTIOIOVTAS TO
didypappa Tng eikévag 1.24.

Avon:
ATI6 TO SIGYPOPPG EXOUHE:
AL = 40,0957 cm — 40,0213 cm = 0,0744 cm.
A6 TN oxéon (3a) AVvovTaG, WS TTPOS O,
€YOULpE:
_ AL _ 0,0744 cm _
LA6 (40,0 cm) (100 °C)
=18,6 x 10° (°C)”"

(o

2TOV TTOPOVOHOOTI] XPNOIHOTIOINOOHE YO
TO prkog L, Tnv Tipr} 40,0 cm, yiori yvopidou-
pe TN peTafBoAn AL pe akpiBeiax TpI®dV OnpavTI-
KWV Pneiov.

Eik. 1.25 (o) H kaBeuid oo
TIG 6U0 Spoieg pdfdoug ur-
Koug L, 61ao0TéXAeTan kaTd
AL, 6rav OepuavOei. ()
Orav o1 6o pdfdor ovuvéva-
oTOUV O€ pIa péB6o apxikoU
urKoug 2L, n «kavoupIiay
pApdog diaoTéAAeTar KATA
2AL.
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NINAKAZ 11l

2UVTEAEOTEG OLAOTOANG

2UVTEAEOTNG 2UVTEAEOTNAG
YAKO YPAUUIKNAG KUBLKNG
OlACTOANG a OlAOTOANG B
107 (°C)™ 107 (°C)™
ITepEd
>idnpog 11 33
Aloupivio 26 77
OpefoAkog 19 56
Mol 8,5 26
Mupég 3,3 10
Xohadiog 0,4 21
MaTivn 9,0 27
MTtreTév 12 36
MdAvBdog 29 87
Yypa
MeBuAikr] aAkoSAn 1134
TeTpaxAwpdvOpakag 581
Mukepivn 485
Yopdipyvpog 182
NEpTI 900
Bevdivn 960
Aépia’
Aépag 3670
A10&eib10 Tov GvBpaKka 3740
YSpoydvo 3660
‘HAio 3665

* Y6 otaBepn Tieon

ApaotnpiotTnra 9

KOoyTe amré 10 «XpuaOXOPTO» TTOU LTTAPXEI OTO EOWTEPIKG EVOG TTAKETOU

TOIYGpwV PEPIKEG Aoupideg prikous 5 cm Ko TAGTOLS 1 cm. KpaToTe Teg pe
TO X€p! 0OG OTIYHIOI TTAV®W OTT6 EVOV OIVOHPEVO GVaTITHPO. TI TTAPOTNPEITE;

AV TTOPATNPEITE OTI KEPTITOVTAI, 1 KAPYPN (KOIAGTNTO) Eival TTAVTA TTPOS

TN HEPIG TOL XOPTIOU, TOU PETGAAOU, 1] €ival TUXAIT; Av gival TITGVTO TTPOG TNV
b1 pePIG, TT.X. TOL XAPTIOV, TTOV TO ATOdIdETE AULTS;
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Eappoyij 1
AipeTaliké Edaopa

To dipeToAAIKS EAaopa eival Evar AeTrTé UANO, TTOL OXNHOTICETON OTT6 TN
OULYKOANGON 600 AeTTéTEPWY PUAAWV aTrd SiapopeTikG pEToAAa (Eik. 1.26.)
He S10pOPETIKOUG OUVTEAEOTES YPOHHIKAG SIGOTOANS.

Mia onpavTik epappoyn Tng SIGOTOANG TWV OTEPEWDY OTNV TEXVOAOYIT
€IVQl 1 KATOOKELH TWV SIHETOANK®DY EAAOPATWV KOl I XPNOIHOTIONOor TOUg
WG QVTOHOTWY BEPHOSIOKOTIT@V (EIK. 1.27.) o€ TTOAAEG OIKIOKEG GUOKEVES
(TooTiépeg (Eik. 1.28.), Ypuyeia) oAAG Kol og BIOPNXOVIKOUG QUTOHATIOHOUS.

OpeixaAkog

ATOGAI

o) KAeloté ) AvoikTé
Y

Eix. 1.26 (o) Eva SipeTadikd édaopa-(@)  Eik. 1.27 Ixnuartikr avamrapdoTaon
[1wG ovpTepIPEpeTal, STav Bepuaive-  EVOS OEPUOSIOKOTTTN

Ta1 Kai (y) [1dG ouuTrepIPEPETAL, OTAV

poxerar. O YOAKOG Exel HeEYOAUTEPO OU-

vTeAeoTr] BeppIkriG S100TOANG QTG O, T

TO OTOGAL

L AvTioToon %

-H_l-:'.' [ eéppotvoqg "-\-\_\_ |;_.
T —— | KE.
o S L,

ol g S

L AipeToAMKG

P ?"\-'5 Al;eTa?\?\lké f 5
-||"‘l r EAaopa Puxpo b £\aopa Beppo
__,l Emaepri kKAeloTH N __' AlakoTr £TTo@rg
e . A
PuBpioTAg évTaong
PnoipaTog
«) TooTiépa o€ AerTovpyia B) Toomiépa ofnory

Eix. 1.28 To oUoTnua pUuBUIoNG TOU XPOVOL AEITOUPYIOG HIOG TOOTIEPOG AVAAOY LE TO
600 Pnuévo BEAovue To TOOT () ) TOOTIEPA AeiToUPYEl. Me To avoryokAgioiuo Tou
BeppooTATIKOU SIOKOTITN SiaTnpeiTal oTABEP! N OEPLOKPATIA YNOiIATOG.
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Emorpavon: Amé tov mivaka Il BAémroupe 611 TO YIoAT €xel GUVTEAEOTH
YPOHHIKAS S100TOAS 8,5 °C ™", evad To TrUpé€ 3,3°C .

Av éva YOGAIVO oKeDOG ENBEI AITTOTOHO O€ ETTOPI e TO TrEPIBGANOV i pE
GAo odpa Tou £xel TTOAD dIa@POPETIK Beppokpaaia amé Tn Sk Tou, Ba
omdoel. To yvoAi 6TTwg kal To TUPEE eival Kakol aywyol Tng BeppdTnTag,
OonAadn o1 S1Gpopeg TEPIOXEG TOL APYOVV VO ATTOKTACOLY TNV (S0 BEPHOKPO-
oia. To YuaAi, SpwG, AGyw Tov PEYGAOU OUVTEAEDTH YPOHHIKAG SI00TOARS, B
S100TOAET AVOPOIGHOPPA OTIG OIGPOPES TTEPIOXES TOU HE ATTOTEAEOH VO OTTG-
o€l, o€ avTiBeon pe To TTUPEE,.

No GUYKPIVETE TOUG GUVTEAEOTES YPOHHIKAG DIGOTOARS YIOX TO PTTETOV KAl IOt
TO 01dNnpo. Ti CUPTTEPAIVETE YIO TN ONHOCIO TTOL €XEI AUTS YIX TIG OIKOOOHEG;

Aoyiko TeoT 1

>ty eikéva 1.29 diakpivoupe

TPEIG KUAIVOpoug A, B, T amé dia- Opefyohkog

POPETIKG LAIKG, TTOL TaIPIGLOLY r

akpIfws o évag péoa oTov GANo, ATOGN
6Tav 6Aoi Bpiokovrar otnv dio B
Beppokpaoior.

MO6Aig Toug Beppdivovpe Afyo,  MdSAuBSog
dlomoTdVOLpE GTI 0 EEWTEPIKOS A
TEPTEL, VO O ECWTEPIKOG OPN-

VAOVETOI OTOV peoaio. Bpefte Tn

oxéon mouv Bar £XOUV 01 OUVTEAE-

0TEG SI00TOARG TWV LAIKGV TwV TPIGV KUAVEpwV.
Oa mpéTer: o, > a, Ko o, > a

Eix. 1.29

Aoyiké TeoT 2
AlaoTéNovTal o1 TPUTIEG;

Inv eikéva 1.30a gaiveTon pia S1Gragn amé mAGKEKIO oTré 6TroU AeiTrel
€va. 211 B€on auTol TTov AElTTel LTTAPXE! pia TPOTTAL.

>tnv eikéva 1.30B @aivetar n Gia didTagn amotedobpevn amé Ta diot
TIAOKGKIO, T OTTOI0 TIPONYOUHEVMS YOV BEPHOVOET KOl UVETTWG SIGOTOAET.
To kevo a1 To TTAGKGKI TToU AgiTTel Bl €Xel SIXOTAAET KO QUTO 600 KGO TTACK-
K&k (Eik. 1.30y).

Eik. 1.30

D D D ?X;PU”G 90 TTAGKGKI
TPL”_E_.HO‘ D SiooToAel Beppo
elele

(o) Woxpd (B) ©¢puc v
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Eappoyi 2
Ymeppikpotopog (Eik. 1.31)

To yeyovog 611 o1 peTaANIKES pdBdor SiocoTéAovTal pe YPOHHIKG TPOTIO TO
EKHETOAAEVOPOIOTE OTNV KOTOOKEVI] EPYOAEIOV, TO OTTOI0 PTTOPEl VO KOWEI
TOAD AeTITEG PETEG MO KATTOI0 Oefypar TOL BEAOLpE VO HEAETOOVHE OTO
HIKPOOKOTTIO.

MeTaMIKG oThprypa HAekTpikr B€ppovon
Sefyparog
Asgiypa
L ) h P
Aerriba L) —— N TEP"’TPO‘P”
J
- AvTiapo G

L]

Eik. 1.31 ZxnuaTikrj aQvaTTapAoTOOo! EVOG UTTEPUIKPOTOHOU

Av 0 peTaMIKGS PBpaxiovag oTov otoio oTnpietal To defypa (Eik. 1.31.)
BeppaiveTan pe oTOOEPS PLOPS, SIKOTENETON OTABEPS, KA HIG AETITH PETO
TOL LAIKOU KOPeTan 08 KGBE TePIoTPOPr). H peTafoAr] TOL PiKOUG TOU HETOA-
AikoU Bpaxiova ptropel va eival 1 pm av& AeTTo.

1.6 Ogppikn S1a0TOAR TWV LYPWV

XTar UYPG o1 Suvapelg CLUVOXHG PETOED Twv popiwv eival aoBevéoTepeg o’
6,TI OTQ OTEPER PE OTTOTEAEOHO 1 KIVITIKA EVEPYEIO TNG HOPIOKAS Kivnong va
eival apKeTG pEYGAN, OOTE va ePTTodICEl TO «KAEIdWHON TwV popiwv o OTABEPES
B€0€Ig TTOL XPEIGLETOI YIX TO OXNHUATIONS OTEPEOD KPUOTAAAOUL.

‘ETor e€nyeiTon yioTi T LYPG EiVOI, YEVIKG, TTEPICOGTEPO OUPTTIECTA OTIO TX
oTeped Kal oLYXPOvws SlxoTéNovTan TrepioodTepo (Miv. ).

Oa 10x0el N e&fowon (4a), TTou eival avéAoyn Tpog Tnv (3a).
AV =V, B AB (40)

A6 Tnyv e€iowon (4a) AbvovTag wg TTPog B, XOUHE:
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_ AV

A6 TN ox€on (4p) TpokVTITEI O AKGAOLOOG OPIOHGS TOL CUVTEAEOTH| KUPIKAG
S100TOAAS.

Ovopadovpe ovvtedeoT kuPikijg S100TOANS, 3, TN OXeTIKY pETAfOAL TOUL

6yKov, % ava povada petafolns Tng Ogppokpagiag.

0
H oxéon (40) pmropel va ypagei kai:
V=V_(1+BA6) (4y)

61rou: Vo o apxIk6g 6ykog
V o TeAikdg dykog
AB pia pikpr peTafoAn Tng Beppokpaociog
B o ouvteAeoTig kUPIKAG dIGOTOARG

Epappoyn 3:

KaTé Tnv KOTOOKEVH TOLG T — 1
BeppOpETPO pE LYPG a@paryiovTal - )
OTO TTGV®W GKPO TOL TPIXOEIBOUS OW- —
Afjva, yio va pn GUpBaivEl aTTOAEIN
TOu LYPOU AGYw eEATHIONG, KOl O G
XOPOS HEOO OTOV TPIXOEIS CWARVA
peTagh TNG EMPAVEIAG TOU LYPOL
KOl TOL O@PPAYICHEVOL AKPOU EKKE-
VAOVETAI, YIO VO PNV av&GveTan n 1riearn, kabwg To vypd diaoTéAAeTan (Eik.
1.3200).

Ta 1oTpiké BeppdpeTpa (Eik. 1.32Y) €xouv piar 0TEVWOT aKPIB®OS TTévw omré
TNV OpPTTOVAQ, £T01 WOTE N OTAAN TOL LOPAPYVPOL KOPBETA, KABWS 1 BEPHOKPO:-
ofa TTEQPTEN, KOl I ETMIPAVEIOKT TAOT EUTTO6ICEl TOV LOPAPYLPO VO KIVNOEl péoax
a6 TN OTEVWOTI)* £TOI 1) BEPPOKPOOIT TOU OOBEVOUG PTTOPET VO VOYVWOTEL KOl
QoL TTOVENBEI TO BEPPSPETPO 0T BEppOKPOOIT TrEPIBAAAOVTOS.

Eix. 1.32 [uGAIva u6PAPYUPIKA BEPUCUETPO

Ta epIoodTEPR LYPG SIGOTEANOVTON OHOAG KOl OTABEPG HE TNV avénon Tng
BeppoKpaoiag, TePITTOL OTTWG idape Kol aTov LOP&PYLPO (Eik. 1.33).
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To vepd Spws deivel piot aVAOHOAN GUPTTE-
pipop& (Eik. 1.34).

>tnv mepiox] 0 °C éwg 4,0 °C 10 vepd
oLOTEMeTON pe TNV av&non Tng BeppoKPO-
oiag. O ouvteAeoTrg KUPBIKAG S1I00TOARS giva
apvnTIKGS. XToug 4,0 °C pix opiopévn pélo
VEPOU €xel TOV EAGXIOTO GYKO TNG Kail Tr) pEYI-
oTn mukveTNTa. (O oLVTEAEOTHAS KUPIKASG dla-
OTOAAG eival PndEv).

H vdpdPia Lwn otn yn eivan évrova e€ap-
TNpévn amé TNV OVWHOAIX QUTI 0TI OUUTTE-
pipopd Touv vepoL. To OTI TO vepd €xel TN
HEYOAUTEPN TTUKVOTNTA O0TOUG 4 °C €xel wg
amoTéAeopa 010 BAGBOG, TO XEIHAOVO, TwV
Aipvadv TO vepd, va diarnpeital otoug 4 °C
KOl VO TTOYWVEI HOVO OTNV ETTIPAVEIQL.

0,07489

‘Oykog 1g (cm?)

0,07355

Ogppokpaoia °C

Eik. 1.33 AiaoToAr} TOL LEPAPYGPOL
O€ IO TTEPIOXT] BEPLOKPATI)V.

P \%
1.04343
1.000000
& %
INp 3]
= ¢
£ >
£ ©
)
2
X
)
c
1.00000
S T L\
0'999700 4 10 4 10 ¥ 100
Oeppoxkpaoia °C Ogppokpaoia °C
() (5

Eik. 1.34 (o) H TUKvGTNTO TOL VEPOU WG OLVAPTNON TNG BgpoKpaoiag. (B) O dykog Tou

VEPOU WG OLVAPTNON TNG BEPUOKPAOIAG.

H eppnveia yI’ auTt] T péAAov Tap&Eevn oupTTEPIPOPE TOL VEPOL PpiokeTal
oTtnv aAayn Tng poplakig doprg Tou (Eik. 1.35a), 6Tav avTd moryvel. ‘OTav To
VEPO TTOYWVEIL, TA POPI& TOL OXNpaTICouV avoIKTES e§arywvikég dopés (Eik. 1.35p),
MOV KATOAGHBEVOLY PEYOAUTEPO XWPO oI’ aUTEV TTOL KOTOAXHPGvVoLY, dTav
BpiokovTal oTnv LYPr PAoN. AUTS PAIVETAI KO OTT6 TNV §AYWVIK] HOPPI TwV

VIQp&dwv Tou xiovou (Eik. 1.35Y).
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o

c’* f&ﬁ 1?57

O&uydévo
Y6poydvo
Opototrohikof
= a . ; ? > Seopof
: @ Aeopofl
v6poydvou

W
S0

Eix. 1.35 (o) Ta uopia Tov vepouU oTnv vypr KATAOTAON OLVOESEUEVA ue beouoUG LOPOYO-
vou, (B) peTaTpérrovral o€ Kavoviko e§Gyavo, 6Tav To vepo Tarydvel. (y) Nip&bdeg xiovioO.

t,%

®

1.6y Oeppikn S1a0TOAR TWV agpiwv

Xe avTiBeon pe Ta vYP& Kal To OTEPEG o1 duvaipelg ouvoxAs HETAl) Twv po-
piwv Twv agpimv eival TG00 PIKPESG, DOTE Vo HTTOPOUV Vo BewpnBolv oxedov wg
QVOTTOPKTES.

H Beppikn diaoToAr] evég agpiov gival, ev TOOTOIG, OTEVE oUVOESEPEV pE TNV
T{e0H TOU. AV BEPUAVOUHE HIO GUYKEKPIPEVI TTOOOTNTA EVOG QEPIOL, PTTOPET Vo
auénbef eiTe 0 6ykog Tou &iTe N Trieor Tov f Kau Ta Vo padi, avéAoya pe Tn dia-
Sikaoia TTouv akoAovBolpE KATG T BEppaVOT ToL aEpPiov.

Av, yia Top&derypa, To aéplo eivan KAeIopévo oe €va boxeio pe oTaBepd ToI-
XOHoTa, Sev ptropel vor SicoToAel, kol 0 ouvTeAeO TS dIAOTOARS eivan undév. Mo
VO TTOPOTNPACOVHE Th HETOPOAL TOL GYKOUL VGG OEPIOL, KOBWS OUTS Beppative-
Tau, TPETEel va Siarnpole aTabepr| Tnv Trieon Tou. 1" auTé 0 cuVTEAEO TG KUPI-
KA S100TOANG TwV aepitv PHETPIETON LTTG OTOBOEPT TTiEDT).

>tov mivaka Il BAéToupe 0TI 0 GUVTEAEOTHG KUPIKAG SIGOTOANS YO T aEpIat
€ival TTOAD HEYOAUTEPOG TG GUTOV YIG TG LYPG KOl I Ta 0TEPER. BAETTOULHE O
KOHN 6T1 SAa Ta a€pia €xouv Tov {010 TTEPITTOL TLUVTEAEOTH] KUBIKAG SIOTOANS.
AuTS oupPaivel, eteidr ol Suvapelg CLVOXHAS, Ol OTTOfEG Eival LTTEOLVES YIO TIG
SIaPOPETIKEG TIPEG TV OUVTEAEOTWOV KUPIKAG BI0OTOARG OTa OTEPEG KOl OTA L-
YPG, eival aorfjpavTteg ota aépia. Eriong, ota aépia dev mailel poho To péyebog
TWV HOPIWV TOUG, TO OTTOI0 OTA OTEPER KAl OTA LYPG £TTNPEGLE! KOI VTS TO OUL-
vTEAEOTH BEPPIKIG BIGOTOARS.
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Epappoyn 4:

To OeppOpETPO OEPIOL TNG EIKOVOS
1.360. £xel peyGAn oxpifeia ko givar €va
TPSTLTTO, PE TN BorBeia Tou 0TToiIoL GAAX
BeppSpETPA PTTOPOLV VO BoBpOAOYNO0UY.
Av TO O€pIO TTOU TEPIEXETAI OTO doxelo A
BepuavOel, To aéplo SIOTENETOI KO
wOel Tov LEPGPYLPO TToL eival aTo Ppa-
xiova B pog Tar K&Tw, Kal Tov uOPAPYL-
po Tou eivan oTo Bpoxiova C mpog Ta
TGV. (p) Kevég xwpog A

JUVETT®G, TO UPog h peTafdMeTai Ka Apmrodha )
TO {610 KOl N TTiEDT, KABWG KO 0 GYKOG OTO YRR . i
doxeio A. O euKIVTOG GUVOETIKGG TWAR- fi zﬂ'xe'gﬁ h
VOG ETTITPETTEI TO KATEPOOpa TOL Bpoyio- mmpﬁ
va C péxpr To UYog h, doTe var TTéper TNV )
Tponyolpevn TipA Tov. ‘OTavV XPNOIPTIOI-
€iTO1 YE AUTO TOV TPOTTO, N BEPHOPETPIKA
1IB16TNTO Eival O GYKOG TOL AEPIOL, KO 1)
d16Taln ovopdleTal BeppSpETPO aEpiov

—_—
OTOOEPRC Trieonc. O ToGTo £ TO OTTol0 YAIk6 TOU oTT0f0L BEAOLLE Mavépetpo
prig icons. O TpéoS p , i ok Mo
XPNOIHOTTOIEITAI (PAIVETAI OTHV EIKOVX ™ Beppiokpooia
= Eix. 1.36

1.7 18avika aépia

‘Omrwg eidape, n oxéon: AV = V_ B AT dev eivar oAb BoAikr) oTnv TepIypagi
NS S100TOARG Twv agpiwv, ev pépel YIoTi n S100TOAR eival TTOAD pey&An kai ev
pépel yioTi Ta aépia yepiCouv otrolodrjroTe doxeio oTo otroio Oa Bpedoviv. OTé-
Tg, 1 e€iowon auTr] £xe1 vonpa, Hévo av n Trieon diatnpeitan oToBEPH.

AKOpN, eidape 0TI n av€non Touv GyKou Kol TNG TIHECNG TWV AEPiwV HE TNV V-
&non Tng Beppokpaociag eival Gpeon ouvETTEIDr TNG avEnong Tng Héong TaxOTN-
TOG PE TNV oTroia KIVOUVTOI Tal H6pIG TOLG Kail 61 TNG HEONG ATTO0TAONG TTOL Q-
TG €xouv PeTAED TOug, 6TTWG OLHPAIVEl OTA OTEPER Kal 0Tl LYPA. Eival, ouve-
TG, AOYIKG V& avalnTHOOUHE HIot OXEDT QVAHETO 0T BEPHOKPOCTQ KOl 0TI Pé-
on ToxOTNTO TWV Hopiwv.

Ak6pn, eivar xprioipo va Bpolpe pia oxéon avapgesa oTov GYKo, OTnV Trieon,
0T Beppokpaoia kal 0T p&la evog agpiov. Mia TéTola oxéon ovopdleTal Ka-
TooTaTIKH £§i0WOT). (Mg TOV 6pO KATOOTOTIKI EVVOOUHE OTI TIEPIYPAPEI TNV KO-
TGOTOON OTNV oTroial BPIOKETAN N TTOOSTNTA TOL OEPiOL TToV e§ETALOVpE).

Av 1] KATEOTOON HIOG TTOCOTNTOG OePiou oAAGLEl, TTEPIPEVOUHE TTAVT, DOTTOU
n Beppokpaoia Ko n mieon va €xouv avtoL Tnv dia Tipf. Oewpolpe, SnAadi,
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TIAVTO KATAOTACEIS 100PPOTHNG. Ta CUPTTEPGOHATA TTOL Bar ByGidoupe eiva oKpl-
Br} pévo yio aépia Tou dev eivan TTOAD TTUKVE (6TTWS aUTG TToL BpIoKOVTaI OF O-
THOOQAIPIKA TIECN | HIKPOTEPN) KAl ATTEXOLV OTTO TO ONHEID LYPOTTOINONS.

Ta aépia Tou TTANPOUV AUTES TIG TTPODTTOBETEIG Tar BEWPOUHE 1I6AVIKA.

Mo Ta 1davikG aépia n KATOOTATIKA £§i0war, ) oTToix AEyeTAl KOl VOO TWV I-
SavIKdV aepiwv, TTOPEXETAI A6 TN OXEON:

N6pog Twv 18aviK®v agpiwv PV = nRT

é1ou n gival 0 ApIBUESG TWV YPOPHOHOPIWY TOU OEPIOL TO OTTOIO TTEPIEXOVTOI
OTNV TTOOGTNTA TTOL £EETALOVHE: n=mM,_,

R n Traykéopio oTabepd Twv agpiwv
R = 8,315 J/(mol.K) (S.L)
1] R = 1,987 Cal/(mol. K).

ApaotnpioTnTa 10
Mpoadiopiopds o€ Badpovs K Touv pndevdg 0 °C Tng kAipakag Kedaiov

ATIG TO VOHO TWV ISAVIKOV GEPIV TIPOKUTITEI 6T TO PNSEV TNG KATHOKOG
KeABiv (aréAuTo pndEv), eivar ekeivn n BEPHOKPAOIT, TTOL KOBWS TNV
TANOIaCel piax TToadTNTA 16aVIKOU agpiov, o 6ykog Tng V 1| n mieon tng P
avTioTorXa TeiVel 0TO PNOEV Kal evad diaTnpolpe oTaBepr TNy Trieon fj Tov
6yko Tng emeldn 6mwg eidape AT=AO pe T BorBeia TnG oxéong 4y
TaipvoupE Tn oxéon:

Eix. i
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Kataokevalovpe 0T OLUVEXEIX £va Bep-
HOHETPO aepiov OTABEPIS TIEONS WS £€AS: «—V
Ye éva koBapd GOeI0  PTTOUKOAGKI
Ba&lovpe €va KOAGpAKI, OTO OTTOI0 TTPON-
YOUHEVWG €XOVUE TOTTOBETHOEI HIOK OTOYO-
VOl VEPO, KO AKOAOUOWS TO OPPaYICOVHE pE
mAaoTeAivn (Eik. 1.).
2Tn OUVEXEID TOTTOBETOUPE TO UTTOUKOL-
MGk og éva boxeio pe vepd Beppokpaaiog
ePIBAANOVTOG T, KOl GNPEIOVOLE Th B€on
TNG OTOYOVAS OTO KOAGHGKI V.,
AKOAOUOWG, TOTTOBETOUHE TO HTTOUKO-
Aéki oe doxeio pe vepd kan méyo T, (0 °C)
KOl ONUEIOVOLPE TN VEa B€on Tng oTayovog V.. (Eik. II).
A6 TN oxéon (o) Bpiokovpe Tnv T, (Beppokpaoior pndevog oe K). Emreidn,
oTwg eidape, eivar T = 273,15 + 6, émeTon 6T1 N TIPA oL BPrKApE eKPPALEl
€mTiong ka1 TNV TIpr Tov améAvTov undevog oe “C. Emeidry otn oxéon (1) ol
pHov&deg TOU GYKOU OTTOAEIPOVTO, HTTOPOUHE VO EKPPBEOOVHE TOUG GYKOUS V.
Kal AV og avBaipeTeG HOVAOES GYKOL TT.X. (OeWPOTE WG HOVAOT GYKOUL TOV
OYKO TTOU €XEI TO KOAOMGIKI).

a’ ‘o

«—— VT =0C

Eix. 1.ii

MepIkég QOpEg eival XPrOIHO VO eKPPECOVHE TO VOO TWV IBOVIKOV OEPiwV O
ouVAPTNON HE TOV OAIKG OPIBUS Twv owpaTdiv N T oTroix TTePIEXOVTal OTNV
TTOOGTNTA TOL GEPIOL TTOV eEETGLOVE KOl GXI HE TOV OPIBPS TWV YPOHHPOHOPIwV N.

Mo 1o oko1é auTd TToAAaTTACCIGlOVE KO SlpoUpe To Se€16 péAog TNG o) E-
ong PV = nRT pe Tov apiBpé Tou Avogadro N, = 6,022 x 10*° cwp./mol, AapBdé-
VOVTOG UTTOWYN 6T TO YIVOpEVO (n N,) ekppdiel Tov OAIKG OpIOHS TWV CWHATISIWV
N To oTroiar TePIEXOVTAI OTNV TTOOOTNTA TOU QePiov TToL £EeTALOVE.

AnAadn:

- - Ry N[ R
PV = nRT nNA(NA)T N(NA)T (500

O oTabepds Adyog NL avoEpeTal wg oTafgpd Tou Boltzmann kar opi-
A

OTAVETOI HE TO OUUPOAO K.

Z1aBepd Tou Boltzmann k = R 8,31 J/m;g)l.K -,
6,022 x 10™ mol

=1,38 x 107 J/K.
N

A

OTméTE, 0 VOPOG TV I8OVIKOV aEpimVv YiveTal:

PV =NKkT (5B)
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Mpoooyn: Otav o VOpog TwV I0AVIKOV aePiV EPAPHELETAI 08 KAVOVIKES
ouvOrkes (P = 1 atm, 8 = 0 °C), TpEmel QUTEG v HETOATPETTOVTAI OTO SIEOVES
oboTNHO povadwy (S.1.).

AnAodi, 1 atm = 1,013 x 10° Pa, T =0 + 273 = 273 K.

Mapartipnon:
Mo 6Aa Ta aépia (1I8avIKG) Evar YPOPHOPOPIO UTTO KOVOVIKEG OUVORKEG KATO-
Aappdvel Tov id10 dyKo, 0 OTT0i0G OVOPALETOI YPAPHOPOPIOKOS GYKOG KOl
1coUTON pE 22,4 It.

_ nRT _ (1,0mol) (8,31 J/molK) (273K)

Y%
P 1,013 x 10° Py,

=22,4x 103 m3 =22,41t

Mapaderypa 9

O1 kUWYEAIGEG TV TTVELHGVWY €XOLV péon aKTiVa 0,125 mm Kol (POVOK®-
VOUV pE aépa TTou TePIEXEl 14% o&uydvo LTS Trieon HIOG ATHOO@PAIPOS. AV N
Beppokpaoiar Tou odpaTog gival 310 K, méoo pépia o€uyoévou UTTGPXOLY O
KGO KUWPEAIDQ.

Avon:
ATI6 TN oxéon (5pB) éxoupe:
PV (1,013 x 10° P)) [*/, m(0,125 x 10™° m)’]

kT (1,38 x 107°* J/K) (310 K)
~2x10"

Ereirj To ofuydvo eivai To 14%, 6o eivan N, = 2,8 x 10"
2

O vépog Twv 18avIK®OV agpimv, 600 XproIpog kal av eival, de pag divel Tn
duvaTSTNTA VO SIGKPIVOUPE PE TTOI0 TPOTIO 1 THEDTN KAl I BEPHOKPOOIc OXETICO-
VTQl PE T CUPTTEPIPOPE TWV {OIWV TWV popiwv.

‘Eva boxeio pe aépio, LTI6 KOVOVIKEG OUVORKES TIEONG KOl BePHOKPAOIAG,
TepIEXel €vav TEPGOTIO apIBUS popiwv, Ta oTroia BpiokovTal og uVeEXH TUXOTO
Kivnor, OLUYKPOUGHEVO TG00 HETAED TOLG GO0 HE TA TOIXWHATA TOL doxelov. XTo
S1GoTNpa £v6G HeUTEPOAETTTOL KGOE POPIO LPICTATOI TTAPA TTOANEG CUYKPOUVOEIG,
Kol KaBepia dAAG el To PETPO Kol T SiebBuvaon TG TaxOTNTAS TOU, HE ATTOTEAE-
OHO TO HOPIG, YEVIKG, VO £XOUV SIAPOPETIKEG ToYUTNTES. Eivarl duvaTév Spwg va
pIAfoovpe yia pia péon TaxOTNTa Twv popiwv. K&Be xpoviki oTiypr k&mroia
HOpIa €XOUV TOXUTNTEG HIKPOTEPEG OO TN PEOH, HEPIKE HEYOADTEPN OO TN
Héon Kol TO TEPIOTOTEPO TAXUTNTEG KOVTG OTN HEON. Xe OLVONKEG XOHNANS
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TTUKVOTNTOS N KATAVOMH TWV HOPIwV avé Hovada ToxOTNTOG 0€ CUVGPTNOT| PE
TNV ToX0OTNTO, YIa éva peydiho TTARB0G popiwv LTTE oTaBEPH BeppOKpATia LTTO-
AoyioTtnke a6 Tov Jemes Clerk Maxwell (1832-1879) kai amrodideTar amré To €1k6-
va 1.37.

Mio mBavy ToxOTNTA: TEPiTTOL 400 M/s
\g | A‘// Méon TaxdTnTa epitrov 450 m/s
e 2 B I Upms: TTEPITTOL 490 M/s
3 = D1 |/
= (I —
s E|l | T =300 K
> = b — [ P .
S P! / Moi6 meav TaxUTNTA OTA TEPITTOL oTar 800 M/s
I
|
g_ c% | : gl | Méon TaxdTnTa repitrov 900 m/s
g\g ! : : I Urms TTEPITTOL 980 m/s
\§_ g (| : [ :
I T=1200K
3 r : g L —
< [ Loy
[ | I |
L' [y \ !
400 800 1200 1600

Tox0TnTO TWV popiwv m/s

Eix. 1.37 KoutruAeg karavourig Maxwell Twv popiwv tov o&uydvou yia Beppokpaoieg 200
ko 1.200 K. Xtov opildvTio Géova eivar n TaxOTNTAX TWV HOPIWY TOL AEPIOV KAl OTOV KO-
TAKGPULPO O APIBUOG TWV HOPIWV TWV OTTOIWV 1) TAXUTNTA BPIOKETAI OTO SIGOTNUA UETO-
&0 v kar L + Av.

MapaTtnpolpe 0TI n o mOavi) TaxOTNTA, dnAGd N TaXOTNTA TTOL £XEI TO
HEYOAUTEPO TTOOOOTS TWV HOPIWV TOL AEPIOVL, HETATOTTICETAI TTPOG HEYOAUTEPES
TIPEG PE TNV abénon Tng Beppokpaoiog. To euPadSv KEBe KAPTTUANG eKPPElel TO
oUvoAo TwV Hopiwv Tou agpiov Tov e€eTGlovpe. Mapatnpolpe 6TI LTIGPXOULY
TAVTO PEPIa TTOL €XOLV TOXVUTNTESG TTOAD HIKPEG OAAG KOl HOPIX TTOU €X0LV TTOAD
HEYGAES.

1.8 Kivnrikn Oswpia

‘Otav pio pTréAal KTUTTG GTOV TOIX0, GOKEN piot SOVOPN 0’ U TEV. TNV EIKGVO
(1.38) aivovTal T HOpIa TOL KEPIOL VO KAVOLV TO {510 TTIPAYHG OTO TOIXWHOTO
Tou oyeiov oTo oTroio PpiokovTtal, pe TN Siopopd 6Ti oI péideg TOug eival TTOAD
HIKPES Kt o1 TaXOTNTEG TOLG TTOAD PEYGAES, OTTWG PAIVETOI OTIS TO SIXYPGHHA-
Ta TNng ekoévog (1.37).

To mABog Twv popiwv eival TOGO PEYGAO KO KTUTTOUV TG TOIXWHATO TOOO
OULXVE, WOTE TO ATTOTEAECHA TNG KPOUONG TOUG VO HOIGCEl e pia oTaBepr] dUvar-
pN. Alcip@dvtag auTh T Sovaun pe To epPadév Tou TOIXWHATOS, HTTOPOVHE VO
Bpolpe Tnv Trieon Tov aokel To aépio oTo doxeio 6Tov puAdooeTail. (Eik. 1.39)
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Eik. 1.38 H mrieon tnv otmoia éva
Q€PIO OIOKEl OTA TOIXWUATA TOU
boxeiov G1TOL PUAGOTETAI OPEI-
AETQU OTIG OUYKPOUOEIG TWV LIO-
piwv Touv pE AUTA.

Eik. 1.39 "Eva uopio Tou agpiov
OUYKPOUETAI EAAOTIKG e TN b€-
&6 E6pa Tov Soxeiov kar avarrn-
66 pe avTiBeTn TOXUTNTAL

Ko®obnyolpevol atré Tig TponyoUpeveg OKE-
YPEIG KATAAyOUpE 0TV aKGAovBn oxéon:

v-2n{tme

‘Otrou: p: 1 Triean 0To E0WTEPIKS TOL doxeiov
V: o 6ykog Tou
N: 0 ouVOAIKGG apIBPES TwV popiwY TOV
agpiov TTou TepIEXovTal oTo Soyeio
m: n péda Touv KGO popiov.

H tax0TnTa Uims =/ OVOPGETOI TETPA-
Ywvikn piCa TG p€ong TIPAG TWV TETPAYDVKV
TOV TOYXUTHTWV TwV Hopiwv eveg aegpiov f,
OUVTOHOYPOQIKG, L, - (root mean squared).

H oxéon (6) ovoxeTiCel TIG PHAKPOOKOTIKES
I816TNTEG HIGG TTOOGTNTOS £VOG aEpiov (GYKO Ka
Tieon) He TIS MIKPOOKOMKES 1616TNTEG (P&l
Kol TaXOTNTG) TWV POPIWV TTOL TNV GTOPTI-
Zouv.

Mia kon o 6pog %muﬁms eKPPGCel TN péon
peTagopIk KIvnTIKA evépyeia K evég popiou,
£meTan:

PV == NK

[SSINS)

JuykpivovTag Tnv TeAevTaia oxéon He TO
VOHO TV 18avIKdv agpiwv PV = N k T edkola
oupTrepaivel Kavelg OTI:

IZ =

mu, =5 kT (7)

N|—=
N |w

Me tn BonBeia Tng oxéong (7) propole va eppNVEVOOVLHE Tr BEPHOKPOOIOK
ws ek6AAWON TNG KIVONg Twv Hopiwv Tou agpiov.

Zuykekpipéva, n Beppokpacia Kelvin givar avaloyn Tng péong HETAPOPIKIS
EVEPYEING TWV HOPIWV EVOS 1I5AVIKOU agpiov, ave§GpTNTA aTré TNV MiEOT KAl
a1oé Tov 6YKo Tov. Katd péco 6po Ta popia VoG 18avikol agpiov £xovv T600
peYaAUTEPN KIVITIKN EVEPYEIX 600 pPEYOAUTEPN eival 1 Ogppokpacia Tou

agpiov.
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Ag oke@ToUpE BaBbTepa: ‘Eva pépio evég aépiov £xel Beppokpaoia;

IvwpiCouvpe 6TI €va aéplo TEPIEXEl Eva TEPGOTIO TIARBOS popicv pe Toyv-
TNTEG TTIOV KOTOAVEHOVTAI OTTWS PAIVETAI OTO SIGYPOPPG TNG €IkOvag 1.37.
Emropévwg, Ta pépia dev £xouv GAar Thv 10 KIVNTIKI] EVEPYEIX 1 KIVITIKI] TOUS
evEpyela KupaiveTal ammé oxedov pndevikr| Tip pEXPI TTEPa TTOAD peYGAr. Av
K&OE CWPATIOIO EiYE PIX BEPHOKPATTON TTOU OXETICATAV HE TNV KIVITIKI EVEPYEIR
Tov, Ba LTIPXE OAGKANPN KATOAVOUR BepHOKPOOIDdV péoa 0To aéplo. AuTO
Opwg de ovpPaivel, yioTi Eva aéplo o€ BeppIKN I00ppoTIia £XEl piar pévo Beppo-
KpOOIQ, GUTHV TTOL B KATOYPAWPE! £VO BEPUOPETPO TOTTODETNHEVO OTO ECW-
TEPIKG TOU. ZUVET®G, N BEPHOKPACIO EIVAI HIX IBIGTNTO IOV XXPOKTNPICE
OULVOAIKG TNV TTOGOTNTA TOL EPIOL KOl HEV PTTOPEl var aTrod0Bel o€ KGBE pépIo
XWPIOTA. To YEYOVOG GTI 1 BEPHOKPATTO XOPOAKTNPICEI TUVOAIKG TO BEPIO EVU-

TEpXEl OTN OXEoN: % mu2, = % kT
To péyeBog v, . eival éva eidog PEoTG PHOPIAKIS TAXUTNTAG KOI ETTOPEVIS

EKQPPGCel TN PE€an KIVNTIKA EVEPYEIQ VS HGPIO OTO

0 6pog % mu2,..
QaEpIo pPe TOV TEPAOTIO OPIBUG popiwv. AUTH N PECT KIVNTIKA EVEPYEIQ TTOU
XOPOKTNPICel GUVOAIKG TO OEPIO eival avaAoyn TTPog Tn Beppokpaoia Kelvin.

Juvem®s, To pndév otnv KAipaka Kelvin o avTimrpoowredel TNV KOTG-
OTOON €KEIVI KOTG TNV oTroix KGBe €id0g poplaKig Kivnong oTapaTd. Eivo
QUTO TTOL PEPIKOT OVOPGLOLV «BEPPIKO BGVATOY.

Ag oke@ToUpE BaBiTepa: H Beppokpaoia oTo diGoTnHO.

MeTé om’ doa efTape eivan Qavepd 0TI O XWOPO KEVO OTTO HOPIG HEV LPI-
oTOTAl 1] €VWOIa TG BEpHOKPATiag. Av Opws ekel Bpedel évag aoTpovalTng, N
Beppokpaoia Tou Ba e€apTNOEl OO TO TG00 KOAG ATTOPPOPS 1] AVTAVAKAG
TIG OKTIVOPBOAIEG TTOL TTEPTOLV ETTAV® TOU KAl OTTO TO TG00 KOAG ePTTOdICE!
TN SIki) Tou BeppdTNTA VO diaxpUyel 0TO SIGOTHHOL.

Ta odpaTa Tov Ta BAETTEl GLVEX®DS 0 HAI0G Bar £XOLV HIX BEPHOKPATTT
KOVTG 0TouG 7 °C, evid AUTA oL O PWTICOVTAI GHECO OTTG AUTAEV EXOLV BEP-
pokpaoia —268 °C.

Av aTropaKpLVBOUPE a6 6Aoug Toug YoAadieg, oUVAVTAPE Tr BEPHOKPO-
oia Twv —270,3 °C (2,7 K), n omroict opeieTol 0TNV OKTIVOBOAIX TV HIKPOKUL-
HETWV TOL IO XTTOPOKPOL S0 TAHATOS. MoAAoi eTTIoTHHOVEG BE®pPOVY QUTH
TN BgPHOKPACIO KATGAOITTO TNG BEPHOKPOCIOG TTOU ETIKPATNOE KAT& TnV
pey&An €kpnén (Big Bang), atmd Tnv otoia dnpiovpyrndnke o KGOHOS.
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Mapaderypa 10

Moia eival n péon KIVNTIKN EVEPYEIQ TwV HOPIWV TOU QPO OTNV OTHO-
opaIpa oe Beppokpaoia TePIBGAAOVTOG Kol Trolx N pEOn TaXOTNTO TWV
Hopiwv Tov 0§UYGVOUL KOl TOL AlDTOL;

Avon:

Eivar K = % kT = (1,38 x 10°° J/K) 293 K) = 6,07 x 107" J.

N|w

Emrei6n n popiakr) péla Tov o&uydvou givar 32 g/mol, Ba €xoupe:

32 g/mol 26

= = 5,31 x 107" kg.

Mo, = 6,022 x 10° mol " 8 8
Opoiwg yior To GCwTo Bat givai:

m, = __28gmol - _ s 10 kg.
6,022 x 10°° mol

H v, . yia Ta pépia o§uyévou Ba eivai:

y /2K 2x6,07x10%")
™% \/ Mo, 5x 31x 10°°kg

= 511 m/s.

KOl OpOI®™S Y1 TO G{wTO L

rms,N

1.9 20¢ Nopog TnG Oeppoduvapikig

‘OMoi E€poupe GTI TO TTOYWTO TO KAAOKAIPI AIOVEI YPIYOPO! KOl OTI €var Troryw-
pévo avapukTiKG CeoTaiveTal. MMoTE dev €xel TapaTnpnBel To avtioTpogo, yioTi
N BeppéTNTA S8 péel aLBGPpENTA oS éval PUXPG OVTIKEIEVO OTO BepUS TrepI-
B&AAov Tou, oAAG TrévTa péel avBSppnTa atré To BEPpS TPOS TO Puxpd. H avbsp-
pNTN oUTH por] TNG BeppdTNTOG PPIOKETON OTO ETIKEVTPO €VOG GTé TOULG TTIO
ONHOVTIKOUG VEHOUS TNG ETTICTHAHNG: TOV S£UTEPOV VOHOL TNG OgPHOSUVAHIKIS.

AlTOTTOOT) IOV OXETICETAI H 6zppotnTa péel mavra avléppnra omo
pe T OgppoTnTA éva owpa vPnAg Beppokpaocias o Eva
(por evépyelag). WP XOHNARG OepHOKPOGING KOOI TOTE

Alaromwon Clausius avTioTPOPQ.

* AéyovTag auB0punTa EVWOOUE «OTTO IOV TNGY, XWPIG TNV KATAVEAWOn £pyou.
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H BeppdTnTa SpwS prropel va KIvnOei kol KATd TNV avTioTpopn @opa (o1ré
TO PuXPS 0TO BePpA), OGAAG PHOVO OV TNV BVAYKGGOUPE VO TO KGVEl E00eVOVTOG
épyo yI' auTo.

Mo Topdderypo, Tao aipkovTiolov, Ta Yuyeia, ol avTAieg BeppdTnTag eival
OUOKEVEG TIG OTTOIEG B YVWPIOOUHE OPYOSTEPA KAl Ol OTIOIEG KGVOULV aKPIBWS
QUTO: PETAQPEPOLY BepUSTNTA OO TO PuXPS OWpO 0TO Bepud TepIfGAioy,
OonAadn evepyolv avTiBeTa pe TNV aLBSPUNTN Kal QUOIKH T&aN porg TG BeppO-
TNTOS. [0 va To TTETHXOLV SPWS AVTE, ATTOPPOPOVV EVEPYEIX (NAEKTPIK 1] GAANG
HOPPIS).

1.10 OgppIKEG pnxaveg

Ocppik pnxavi gival K&Oe diGTagn mouv XpnoigoTrolel BePUSTNTA, IO V&
Tapdyer €pyo. Na TNV KATavonon Twv KOIVOV XOPAKTNPIOTIK®OV GAwv Twv Bep-
HIK@OV pnxovadv otnv (Eikéva. 1.40) qaiveTal pia GTTAOTTOINHEVH OTHOHUNXOVH.

1o AéPnTa To vepd Taipvel BeppdTNTO OO pIa Ty VYPNARS BeppoKpaaiag,
OTTwG eival 0 KALOTAPOG (TTETPEAXOL i} KGPBOULVOL), KA TO VEPS HETATPETTETO
oe aTHS LYNANG Beppokpaciog Kal Tieons. O aTHEG OTn CUVEXEID EITEPYETOI
amé T PoABida e1066ov oTOV KUAIVEPO Kot SIGOTEANAETOI, QvoyKGLOVTOG TO
£ppolo va KivnBel Kai var Trapaydyel €pyo.

To épBoAo ptropei va eivar ouvdedepévo pe Evav Tpoxd, yio va Tov oTpéel. To
£pyo Tov TToP&YEl TO KIVOUHEVO £PPBOAO TTPOEPXETAI, OTTO TNV ECWTEPIKY EVEP-
YEIO TOU QATHOU, PE OTTOTEAEOHO I BEPHOKPAOIO TOL OTHOU OTOV KUAIVOpO vor
TEPTEL.

YynAr| Beppokpacia
: ATu6s LPNAAG TriEONS
|_ ' 1l até 1o BpacTripa

:' Arpds | |
[ lL J | | BoABida e10660u avoikTA
BpaoTipag ,'_(’_. KaTd T S100ToAR | ==
(AéBnTOG) ( \E\:ll,g- rt_ ! I[\
(O BaAisa £€650L KAeIOTH
KOT& T S100TOAR l |
_ AvTAic ) ATHGG XOpNArS Trieong
\_Nepd [:(‘\C* - ) ZUHTTUKVOTHG TIPOG TO OUPTTUKVTH
(o) XopnAr Beppokpaaia (S)]

Eix. 1.40 2XnuaTIKr) QVOTTOPAEOTOON HIOG OTHOUNXAVS (o) avakukAoUpevou TOTToU Kai (B)
£VOG aTpooTpdfiAon, 61Tou To TTaAIVEPOUIKS EU30A0 €XEl AVTIKATAOTOOE ATTG Tr) PTEPWTT).
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Kobws To €uPoro emoTpépel oTnv apXiki B€on
TOU, 0 PuXPOS aTHEG e§wBeiTal atrd TN PoAPida e€6-
bov 0TO CUPTTUKVWTH), 6TTOV peTATPETTETAN EQVE OF
vyp6. H BeppdtnTa TOU aTTOPBGAAETON KOT& TnV
vypotroinon amodidetal og pix de§apevry BeppdTn-
TOG XOHNARS BEPPOKPAOIAG, 1) OTTOIX PTTOPET VO EIVOIl
N ATPHGOPAIPA.

To vepd, otn ouvéxela, avtAeitar {avé oTo AEPn-
Q‘“ TO KOI 0 KOKAOG eTTOVOAOHPBGVETOI. OEPHIKEG pHNXO-
£ : ) VEG 6TT™G 1 ATHOPNXOVH AEITOUPYOUV OE ETTOVOAO-
Bavépevoug Siadoxikovg KUKAOUG, GTToU 1 KATEANEN
ToU €v4g eivan n apxr} Tou GAAoU.
Eix. 1.41 AvThj 1) oXnuaTIKe >1nv eikéva 1.408 paiveTal évag aTgooTpdPiog,
avamapdoTaon piag Ggppi-  OTOV OTIOI0 TAH TTAVTQ &ival T id1ax pe T S1opopd 6T
kG unxavijg Seixver Tnv TO TTAAIVOPOUIKS €pPoAo €xel avTIKaTOOTOOEl aTré
TTPOOPEPOUEV BEPUOTNTA I PTEPWTH.
(Q,), Tou mpoEpyeTan TG Ta Pooikd AeITOUPYIKE XOPOKTNPIOTIKE TNg
™1 Oeppr} Se€apevr], T0 €p- grpounxavhg eival B yia GAeS TIG BEPUIKES PNXO-
Yo (W)// T0 oT0i0 SKTfASf T vég, 6Tmwg paiveTar atnv eikéva 1.41, kot auTG givai:
pnxavi), Kai T BEpUCTTA 1 - A6 m) Se€apevi OeppdTnTaS LPNARS BEPHOKPa-
(Q,), mou amofd&AAeTau . . .
. B oiog T, atmoppogaTal BepuoTnTa Q..
oV poxpr decapievy 2. MéEpog Tng TpoopepOPEVNS BEPPOTNTAG HETOTPE-
TETON OO TN pnxavy og épyo W.
3. H vméAoimn BeppdtnTa Q, amoféMeTtar oe de&apevry BepPSTNTOG XAPNARS

Beppokpaoiog T..

Mia pnxavi} TTouv HETOTPETTEI TO HEYOADTEPO PEPOS TNG TIPOCPEPOPEVNS Oep-
péTNTOG Ot £pyo BewpeiTal ATrodOTIKA.

H amédoon prag Oeppikris pnxavis opifeTal wg o0 AGyog ToU TAPAYOPEVOU
£épyouv W amé Tn pnxavi mpog TV mPoo@EPOREVI) 0TO aépio BeppdtnTa Q,, n
omoix poépyeTal amoé T Beppr de€apevy.

AT68001 (€) = Moapoaydpevo £pyo _ W

Mpoo@epopévn oTo AEPIo BEPUSTNTO Q, ®

AV 1] TTPOOQEPCHEVN BEPHOTNTA HETATPETTETO €€ OAOKApOL OE €pYO, N OTTO-
doon Tng pnxaviis Ba fiTav 1,0, agol TéTe Ba ioxve W = Q,. Mia TéTola pnyo-
vr] Ba eixe amédoon 100%.

Mia Beppiki} pnxav, 6TTwg Kot KGOe GAAN SIGTaén, TTPETTel vor LTTAKOVEI OTNV
apxr] Tns dlarfpnonsg Tng evépyelias. ‘Eva pépog pévo atré Tnv TPOCPEPOHEVN
oTO aépio BeppdTnTa Q, peTaTpémetan o€ €pyo W, kai To uTTéAoITTo Q, arro&A-
Aetan amé avTé oty Yuxpr de€apevi. Av dev uTTGpXoLV GAAEG OTTAEIEG OTN

pnxovh, N apxr TnS S1aTpnong Tng EVEPYEIOG ATTAITEN:
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Q=W+Q 9)

Abvovtog Tnv e€iowon (19) wg Tpog W Kol avTIKaBIoOTOVTOG To oTnv (8),
TTAIPVOLHE TNV OKOAOUBIN EVOANOKTIKY SIGTOTTWON YIX TNV ar6d00T HIag Beppi-

KIS pNXavris.

= =1- (10)
Q, Q, Q,

H vypnAn Beppokpacia oty avTioTorxn Se€apevr| HIOG ATHOHNXOVAS A6 THV
otroia AapPdvetal To TOoG BepudtTnTag Q, eMITUYXAVETOI HE TNV KAVON TOU
k&pPouvou, Tou TeTpeAaiov 1 GAAOL KaLGTHOL YIa T BEpHAVOT Tou aTHOU. XTIG
HNXOVEG EOWTEPIKAG KAVUONG TS TWV GUTOKIVATWV 1 LPNAR BEPHOKPAOIOK ETTI-
TUYXGVETAI PE TNV Kavon Tou pefypaTog Peviivng-aépa 0Toug KUAIVEpOLS (N
oTroia TTPOKOAEITal aTr6 omIVORPa oTa POV (avapAekTrpes)) (Eik. 1.42).

BoABida B Ko o1 600 Ko o1 660 Ko o1 660 BoABida
£10650V Ba [381 A BadBides BoABideg BoABideg ££660v
QVOIKTH €86 OV eioTég -~ KAEIOTEG KAEIOTEG QAVOIKTH
Mef KAEIOTH g
Elypo ; 1if ncy 1 3
aépay/Beviivng IRLLLEr dinh, E gt %—7 gz 3
. . - |55 ~— =]
o6 TO KAPHPTTUPATED | | | 3 i | <9 = I 5
B kil A
y — ‘Eupolo | ] ,
Sovbeopos | T | ;j -ﬁl <= B g / :8.
@\ | LfE | | @ | &
Trpéporog | ' / \J .-) ‘-/J %/ Ty

(o) Efcodog (B) Zuptrieon  (y) AvégpAe€n  (8) AlaoToA  (g) ESaywyry

Eix. 1.42 Mnxavrj eowTepikriG Kavong (TeTpdypovn). (o) To pefyua Beviivng-aépa e10€p-
XETaI 0TOV KUAIVGpO, KaBWG TO €uolo kiveiTar Tpog Ta kATw. (B) To éufolo kiveitar Tpog
T TAVW Ko oupTTEGel To pefypa. (y) O omvOripag oto utroudi TupodoTer TO pefypo vPd-
vovTag oAU T Bepuokpaoia Tou. (6) Ta aépia TG kavong pe vynAr Bepuokpaoia Kai
mieon ektovdvovtar (GiaoTéAdovTtar) ompxvovTag pe Suvopn To €UoAo TPoG Ta KATW.
(e) Ta kavoaépia amofdaAdovrar amd v e&dtuion, n PoaABida eilo66ov avoiyel kar o
KUKAoG emavadapfaveral.

Eqappoyn 5

H pnxavi] evég avTokivijTou £xel aréboon 23%, Ko o€ SIGPKEIR EVOG Sev-
TEPOAETITOL TTOpayel €pyo 3000 J. IMoon BepudtnTa amoBGAAeTal a6 TO
auTOKiVNTO 0TO TrEPIBGAAOY;

Avon:

H apxn Siatripnong Tng evépyeiag LTTOBEIKVUEI GTI TO TTOOG TNG EVEPYEIOS
oL amof3GAAeTal 0TO TEPIBGAAOV eival TO PHEPOS TNS TTPOCPEPCHEVNS Bep-
HOTNTOG TTOL O€ PETATPATINKE O €PYO.

ATI6 TV ox€on €XOVpE:
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W 3000
Q= améboon 0,23

JUVETI®G, N BeppOTNTA TTOL aTOPBGAAETON Eivai:
Q = Q,-W =13043,5 ] - 3000 ) = 10043,5 J.

= 13043,5

31N mponyoluevn epappoyr PAEToupE 6T €va PIKPG pOvo PEPOS TNG TTPo-
O@EPOHEVNG BEPPETNTOG OSIOTTOIEITAI WG €PYO, YIOTI TO CUYKEKPIPMEVO QGUTOKIVN-
To €xel arédoon 23%. Nvetar TpoomdBeia va BeATInBel n arédoon Twv pnxa-
V@V, SUOTLXWG SpWS, OTTWG Bar dovPE 0T CLVEXEID, N PUCT HOG ATTAYOPEDE! VX
@TIGEoupe pnyavég pe 100% amrédoon.

1.11 Am68001 TWV OEPHIKWV HNXAVOV

Efrape 611 pia Ogppiki| pnxavr] dev ptropei va €xel ammédoon 100%. M6Te Spws
KOl KATW aTré TroIeg TPoUTTOOE0EIG pIar pnxavi] Xwpis TPIRES Kan GAAEG aTTAEL-
€6 Ba epydeTan ge TN p€yioTn amédoon; O I'dAAog pnxovikég Sadi Carnot (1796-
1832) vtreoTripile 6TI piot Beppikr| pnxovh €xel p€yioTn amédoor), 6Tav or Siadi-
KOOIEG TTOU AopPBAvouY XWDpa KOT& Th AeIToupyia TnNg pNXavig eival avTioTpE-
mTéG.* H évvoia Tng avTioTpemTHg Siadikaciag diacapnvifeTal TapaoTATIKE
oTnV eikéva 1.43.

(o) ® 100 % 100)

Eik. 1.43 Avtiotperrtrj Siadikaoia. ‘Eva agpio BpiokeTan og éva 6GAauo vt icon P, dyko
V, kai Ogpuokpaoia T, (KATAOTAON o) CUYKPATWVTAG Eva €lfoAo. ‘Otav 100 ] OpuotnTag
ammopPoPNOOUV AT TO AEPIO, TO AEPIO SIA0TEAAETAI, OTTPWXVEI TO EUBOAO TTPOG TO TTAVW
Ko Tapadyer Epyo. ‘OTavV TO AEPIO OTAUATATE! VA SIGOTEAAETAN, N TTEDT), O OYKOG Kol 1) Op-
Hokpaaoia Tov Ba eival, avtioToiyws, P, V, kau T, (kardotaon B). TéAog, otnv kardoTaon
(y) To aépio amrofaAAer mpog 1o EPIBGAAov 100 | OepuoTNTAG HE ATTOTEAECUO AEPIO KOl
mePIBGAAOV va eTTavEABOLY OTNV APXIK TOUG KATAOTAOT).

* Mia Tétoia unyavrj ovoudGetar unyavrj Carnot
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AvtioTpenTi Siadikacia (Meprypagn)

a) To aépio BpiokeTar og pia opiopévn katédoTaon (P, V,, T)), B) MNMpoogépeTai
BeppdTNTO 0TO GUOTNHA A6 To TEPIPGAAOV Tou Kol aAAG el kaTdoTaon (P, V,,
T,), ). To aépio kai To epIBGAAov (EpPoAo kail To UTTGAOITIO ZOPTIAV) ETTAVEPYO-
VTOl OTNV OPXIKI KATGOTOOT TOUG, GvTOAAGOCGOVTAG TO 010 TT006 BeppdTNTOG
KOT' avTioTpopn popd.

«ZUVETIWG, PIx Siadikacia gival avTIoTPETTH, 6TAV T6CGO TO GUGTIHA TIOV
TNV ekTeAEl (aépio) 600 kai 1o mepifaAlov Tou (£pfolo kar To vTéAoiITo
ZOpPTTav) PToPovY va eMOTPEPOUVV AKPIPWS OTNV APYIKH TOUG KATAGTAGT)Y.

Y& pia avTIoTPETITH S1adIkacia TG00 To CUOTNHA 600 Kal TO TePIBGAAOV pTro-
poUV va ETTIOTPEYPOLV OTNV OPXIKI] TOLG KATGOTOOT. AvTiBeTa, pia diadikaoia
oL TrepIAapPavel TTapdyovTeg LTTOBABHIONS TNG EVEPYEIDG, OTTwG givai 1 TPIPH,
dev pmropel va eival avTioTpemTh, emeld n evépyeia vTIé Hop@r BeppSTNTAS,
TTOL PETAPEPETAI ATT6 TO CUOTNHA TTPOS TO TEPIBGAAOV Tou, dev pTTopEl var ava-
KTNOl TTApwS, oL Hev LTTGPYOLY TETOIOI PNXAVIGHOL.

JUVETTWG, OE PIO TETOIO TTEPITITWON (TTOL £ival 0 KAVOVOG 0T pUon) oVoTH-
po kot TepIBGAAoV Sev eTTAVEPXOVTOI OTNV APXIKI] TOUG KATGOTOOT).

Y&pyouvv Kol GAAeG aiTieG, EKTOG amrd TNV TPIPH, TTOL KOBIOTOUV HI TTPOY-
paTikf Siadikaoia pn avTioTpe . Na Tapdderypa, n avd6punTn por Tng Oep-
pOTNTOG 0TS €va BepUS O Evar PuXPO CWHO EIVOI U OVTIOTPETITH, £0TW KO AV
o¢ @aiveTan va vTrépyxel TPIPH.

‘Eva GAAo rap&derypa pn avTIoTPETTIKAG dladikaciag eival n mTdon evég
avTikelpgévou. (Eik. 1.44).
‘ExeTe moTE Topatnprioel auth Tn diadikacia TG eikévag 1.44 amé To (O)

Eik. 1.44 A1o 10 (y) TTPOG TO (O) PaivoVTOI TPt OTIYHIGTUTIA OTTO TO OTTGOILO
evog @AirCaviou TTou €mmeoe amd UYog h oto damedo ko BpuUUATIOTNKE O
TTOAAG KOUUGTIO, TOl OTTOIO EKTIVAXONKaY He SIAPOPES TAYUTNTEG TTPOG TUXAIEG
KATELOUVVOEIG.

pog To (y); EAiCeTe 611 pmopel K&TI TEToI0 va cupPei avBépunTa; Kard tnv
TITAOON £VOG OWHPATOG 0TO £60ipog oo Upog h n apxikr Suvapikr evépyeia Tou
OWHOTOG HETATPETTETAI GE KIVITIKY, KOl 6TAV AUTG KTUTTOEI TO £8QQOG, PETO-
TPETTETAI OE EOWTEPIK EVEPYEION TOU OWHOTOG KOI TOU €6&QPOUG GTNV TTEPIOXH
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TpSoKPovoNS. Tar HépId TOL OCAWPATOG KOl TOL ES&POUG KIVOUVTAI YPNYOPSTEPQ,
Kol n Oeppokpaoia avePaiver Afyo. ‘ExeTe Spwg de1 TOTE TO AVTIOTPOEPO VO OULp-
Bef; "Eva owdpa Tou PpiokeTal 0To €601pog var onkwOel ExpvikG oTOV OEPQ, ETTEI-
o1 n BeppIKn eVEPYEIR TV HOPIwV TOL (GTOKTN KIVITIKI) HETATPETTETOI O€ KIVR-
TIKI] EVEPYEIQ (OPYOVWOHEVH) TOU OCWOHATOG WG ouvélov; H evépyeia Siatnpeital
o¢ pia TETola VTOBETIKY S1adikaaoia, Tnv omoia SpwS dev TAPATNPOVPE TIOTE.

Ymr&pyouv TOAAG TrapadefypaTa diadikaoidv ov oupfaivouv oTn @O, yIa
TIG OTTOfEG SEV TTAPATNPOVVTAI OI AVTIOTPOPES TOUS.

M.x. Av og éva boxeio pe vepd BaheTe évav KOPo {axapn, B TaPATNPAOETE
611 0 KOBog Ba S1oAVBer Kot 6TI B TTpokUYel évar oxedSv opoIGHop@O HEfyHa.
‘000 Spwg KI av TePIPEveTe 0 KOPog Sev TpokeITal va EavaoXnHaTIoTEl atré
p6vog Tov.

‘O)Aeg o1 avB8punTES S1adIKACTES Eivan PN AVTIOTPETTEG.

Mapatipnon 4 ‘'Otav XpnoigoToloVe TN AEEN AVTICTPETTH YIO HIO UnXavh
dev evwooUpe 611 Ta ypavadia Tng Ba yupidouy avémoda. ‘OAa Ta auToKIVTO
£xouv 0mo0ev, OAAG KOpI& PNXOVE] QUTOKIVITOU OeV €IVl OVTIOTPETTTH, YIOTI 1)
TPIPA ePpavICeTAl TTGVTO YIG OTTOIGOATTOTE (POPd Kivnong.

“Ev@eTo 2: Apxnj Carnot - Mnxavikn Carnot

rpepa, N 16éax 6TI N 66001 pIOG BEPUIKIG PNXOVAS Eival PEYIOTN 6TavV
auTH AEITOVPYET AVTIOTPETITG AVaPEPETAl WG apyi] Tov Carnot.

Kol aképa: ‘ONEG 01 AVTIOTPETITEG PIXAVES TTOV AEITOVPYOUV HETAED TWV
id1wv Beppokpaciwv £xouv TnVv idia amédoon.

Kapia Ogppik pnxavij mov Aei-
TOVPYEl pETA&D §U0 Seapevwv Bep-

Apxn Tov Carnot. Miax S1a@opeTi- HOTNTAG OTAOEPNS BEPHOKpPATIOG
K1 S1atiTTwon Tov 20v Nopov T, T, 6ev pmropei va €xe1 peyadvTe-
TS Oeppoduvapikig PN aM656001 A6 PIK AVTICTPETITH

Ogppikr) pnxavy Tov AsiTovpyei
PETagO TV i1V BeppOKPACIDV.

AKOpn, n apxn Tou Carnot Aéel GTI N ATTGdOCT HIGS AVTIOTPETTTHS OEPUIKAG
pnxovAg eivar péyiotn kair 6x1 100%.

Kopi& mpaypatiky pnxovr] 6e Asitovpyei avtioTpemTd. Ev TovTOIS, N 16€0K
TNS QVTIOTPETITAS HNXOVASG OTTOTEAET £var XPrOIPO TTPOTUTIO, YIO VO KPIVOUHE
TNV 600N TWV TTPAYHATIK®OV HNXAVOV. TNV EIKGVa 1.50 aiveTal pia (18-
OITH)) AVTIOTPETITH HNXavij, TTou ovoudleTal pnyavr Carnot.
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Q=0 Q
d—a = ASiafaTiki
AdiaBaTiki . EKTOVWON
oupTieon =:1L_L'T.9 b—c
=
B = c—d
AvarrapdoTaon HIag l060eppn
unxavrig Carnot kair Tou - “ oupTrieon
QVTIOTOIYOU KUKAOU. !
Q

MapaTtipnon 5 H apxr| Tou Carnot givar ToAD onpavTikr, yiori dev e§eTGlel
av n pnxovr] AeITtoupyel pe aTpo | pe peiypa Bevdivng [ HE OTEPES OO
TTap& povo av n diadikaoia eival avTIoTPETTH.

Zupmépaopa:

H pnxavrj Carnot €ival I avTIGTPETITH HNXOv], OTNV OTroict 6An 1 Trpoope-
popévn BeppdTnTa Q, TTPoEpXETAl OTré pia Beppr| de€apevr) Beppokpaoiag T,, Kol
6An n BeppdTnTa TOL aToB&AAeTanl Q, TMYQivel oTnv Yuxpr| de§apevr Beppo-

kpaoiog T,.
To Trapaydpevo €pyo atd Tn pnxavA eivon W = Q - Q..

H apxj Tou Carnot, Tou ouVeTT&YeTal GTI OAEG Ol AVTIOTPETITEG OEPHIKES
HNXavég Ba €xouv Tnv idia amédoor, odnyel oTo cvptépacpa 6T N arédoot)
ToUG B §APTATAN POVO TG TIG BEPPOKPOOTEG TNG BePHNS Kal Ppuxpns deapie-

VIS TTOL XPNOIHOTToIo0V.
Kai pio ko gidape 611 n amédoon piog Beppikig pnxavig eivai:

e=1 —&,
QU
ovpTrepaivoupe 6T 0 AGYog Q Ba e€apTdTon pévo oo TIG BePHOKPATiES

v

Twv Seapevadv. AtrodeikvieTan OTI:

Qx _ Tx

QU TU

61rou o1 Bgppokpaoieg T kair T, ekppdlovtan oe Kelvin.

(1)
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JUVeTT®S, N amédoon piog pnxaviig Carnot dideTon atmd T oxéon:

e, = Amédoon pnxoviig Carnot = 1 —

L (12)
T

v

Kol givai 1 p€yIoTn amrédoan Tou pTropel va €Xel OTTOIOATIOTE TTPAYHOTIKY Ogp-
HIKA pnxavr] n omroia Aertoupyel peTald Twv Beppokpaoi@dv T ko T,.
ATI6 TN oxéon (12) eival TTpOQaVEG OTI O KAVOVIKEG BEPHOKPOOTEG HIO OTTO-

doon 100% eivor advvar .

Mdvo av n Beppokpacia Tng Puxpns de€apeviig T, Tav To amdAuTo Pndéy,
K&TI TETO10 B ATOV duvaTS. ANAG TTPOKTIKG KOl BewpnTIKG N emriTevén Beppo-
Kpooiag iong mpog To amméAuTo pndév eivar advvartn oe de€apevry. ZUVETTMS,
HTTOPOUHE VO ETTAVOOIOTUTTOCOVHE TO deUTEPO VOHO TNG BEPHOOLVAHIKAG WG

e€ns:

206 Nopog Tng eppoduvap-
kijs. Alatomrwon Kelvin-
Planck

OeppdTnTar

| -

_\év. ‘Epyo L

Eix. 1.45

“EvOeTo 3: Evrpomia

Agv givar Suvartr n kartaokevry OgppIkig
PNXavig 1 omoia Vo HETATPETEI £va TTOGO
0eppoTnTag €€ odokAjpov ot épyo.

Ag vTTOBE00UpE OTI 0 deUTEPOG VEHOG dev
10XVel, OTTOTE Ba ATV SUVATH 1 KATAOKELT)
HIOG TETOIOG TEAEIOG MPNXOVAS, OTTWS QUTH
TTAPAOTATIKG TTapovciGletan otny (Eik. 1.45.
Oa ptopovoav TOTE va GUHPOUV pePIK&
mepiepya mpdypaTa. Mo Tapdderypa, av n
pnxovn evég mhoiou e xpelalddTav pia He&ar-
pev] XapnArg BeppoKpaoiag, yia va atroBaA-
A&l BeppdTNTA 0' ALTHV, TO TTAOIO B PTTOPOU-
oe va TaIdbevel OLVEXWDS, XPNOIPOTIOIVTOG
Ta TEPAOTION ATTOBEPATA EOWTEPIKAG EVEPYEI-
O TOL VEPOU TWV WKEOVWV. ZTNV TEPITITWON
auTr] &g Ba efyape KOBGAOL AVAYKN KAVOTHWV.

MMBavov va €xeTe AKOVOEI TOV 6pO EVIPOTIIA KOI VO EXETE AVOPWTNOEN Tl

Onpaivel.

ATI6 Tn OKOTI& TNG BEPHOBLVOUIKIG N EVTPOTIIGN €ival €va POBNPATIKG

* AuTG atroTeAel évav GAAo VOO, yvwoTo WG TPITO VOUO TNG OEPUOSUVONIKIIG.
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pEYEBOG. O1 peTABOAEG TNG HaG Aéve KATA TTé00 pia diadikaoia propei var e€e-
NiXOei apOSppnTa i 6X.

JUVETI®G, KaToAGPaivoupe OTI TPETTEI var OXETICETAI PE TO HEVTEPO VOHO
NG BEPHOBLVANIKIG. AV XPNOIHOTIOIOOVHE TNV EVVOIX TNG EVTPOTIIOG O V-
TEPOG VOHOG TNG BEPHOOLVAIKIAG PTTOpEl var SiaTuTTwOEl WG €€AS:

H evrpomia £v6G AOPOVWHEVOV CUOTHHATOS TIOTE Sev EAATWVETAI.

Mo vor pTTopETOVPE VO TNV KATOAVONOOUHE KOAUTEPQ, HEPIKESG POPES AEPE
OTI n evrpoTria amoTeAel évar PETPO TNg aTadiag evog ovoTApaTog. ‘OTav
TPOOPEPOVHE BEPUOTNTO O EVA OWMA, N EVTPOTTIG: TOL AEAVEL, YIOTI N £TTI-
A€oV evépyelar auEAvel TNV GTAKTN Kivon Twv popiwy Tou. K&Be popd mou
pix owB6punTn Sladikaoia Aappdver xwpa, n atadia avavetal. Mo Tapd-
derypa, 6TV 0 MEY0g AIVEl T POPI TOL VEPOU EiVaIl IO EAEVOEPA VX KIVI)-
Bolv Tuxaia oTnV LYPH| Pdon am’ 6,TI aTn oTePed. To 610 KI 6TAV TO VEPS
e€aTpiCeTon To amOTEAEOpO €ivan peyoAiTeEpn aTadia Kol auénpévn evrpo-
Tio. ANG kail 6Tav €vag KOBog {éxapns diaAbeTal aTo VEPS 1] 6TAV TO GPWHX
o6 £vol PTTOVKOAGKI YEPIZel To SwpdTio, £xoupe avénon Tng aTaiag Kol TN
EVTPOTTIOG.

Ta oLOTAPATA (PUOIKG f GX1) ATI6 HEGVA TOUG TEIVOLV VO XTTOKTIIGOLY GO
Kol HeYOAUTEPN aTadior TOTE Sev TOPATNPEITAI TO AVTIBETO .

To SwpaTIo £VEg HaBNTH YIVETOI GUVEX®S GAO KOl IO AKATGOTATO, TTOTE
To avTiBeTo. DUOIKE, PTTOPOVHE VO «GLUYLPIOOUME» (TOKTOTIOINOOVHE) TO
SWUAETIO KAl VO PTTOLY GAQ Ta TIPGYHOTO 0T €01 TOUG, OTTATE N aTA&ON KOl
OUVETTMOG KOl 1] EVTPOTIIG TOL SWHATIOL B EAGTTWOE!. AMG yIx va To K&vou-
HE QLTS (VO TOKTOTIOINOOVHE SNAGON TO SWHATIO), KATIOI0G TTPETTEI VO KOU-
paoTel Kol va E00EPel evépyela, pe amoTEAEOpA N SIKK) TOL EVTPOTTIO V& aLEN-
B¢l TepI00S6TEPO O’ 600 Bt EAATTWOEN 1 EVTPOTII TOL dwHATIOU. MePIKES
POPES Aépe GTI 1 OMIKI EVTPOTII TOU KOOPOU aLEAVETAI O€ KGOE avOdppn-
TN Siadikaoia.

Eidape 6T n BeppodTnTa «péely auBSpuNTa aTo TepIox LYNARS Beppo-
KPOOoiag oe Teplox XOHNARS Beppokpaciag. XuvbuGlovTag auTd pe 60
EIMTOPE TTPONYOVHEVWSG, CLUPTTEPAIVOVUE OTI N BEPHIKNA EVEPYEID Bt TTPETTEN VO
£xel PnASTePO BaBpS opydvwong, dTav BpiokeTal oe LPNAR BeppoKPATIa,
KOl va YIVETOI IO avopYGVwTH (ATAKTH), OTOV HETOQPEPETAN OF TTEPIOXES
XOHNARS BEPHOKPOOIOG, pE ATTOTEAEOUR TNV QUENON TNG EVTPOTIIOG. ZUVE-
T®G, To ZUPTAV (GOTPa Kol YoAa&ieg) oTadiokG Ba Ynxbovv o€ pior TEAIKA
KOIVH] BEPPOKPOOIT:, KO I EVTPOTTIOl TOL XUUTTOVTOS B TTAPEl TN PEYIOTN TIPA
NS. AUTG givar éva mBavE TEAOG YIa TO XOPTIAV DOTEPA OTTO HICEKATOPUPIO
XPOVIO a6 TOPA, KAl EIVOI YVWOTS WG 0 BEPHIKOG BAVATOG TOU ZUPTIAVTOS.
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“EvOeT0 4: H avadiTnorn Tov agIKIVIjTou

ATI6 TOTE TTOL 0 GVBPWTTOG GPXIOE VO KATAOKELGLEI PNXAVES, 0 OTEYO0G
ATav évag va kavel Tn {wr) Tou eVKOAGTEPN. O1 PNXOVEG TO TTETLXAV QUTO
aMG TAVTO pe K&TTOI0 KGOTOG. KAtola GAAN pop@ry eVEPYEIOG ETTPETTE VO
EodeveTa, i va eTUXEIG TN AeIToupyia piog pnxaviis. H mpékAnon Aoimrév
ATav PEYGAN® PATT®WG B HTTOPOUCE VO KATOOKEVOOTEI HIX HNXOVH] TTOU VO
H6oLAeDEI OLVEXWG, XPNOIHOTIOIMVTAS TIG SUVAPES TNG PLUONGS (BapdTNT, NAE-
KTPIOHO, HOYVNTIOHG) KOl Vo TTAPGYEl W@EAIHO £pYo Xwpi§ EES var xpelGde-
TOIl VO KATOVOADOOUPE KATTOIX ETTITTAEOV EVEPYEIR YI' QUTO.

O kaBévag Tou €xel Yvwpioel évav NAEKTPIKG KIVATAPO KOl pIG NAEKTPIKA
YEWNTPIG Ba €XEI OKEPTEN: PATIWS OV OUVOEGOVHE TN YEVVATPIO PE TOV KIVN-
TAPQ, YTTOPOVUE VO TTETUXOUPE PE EvOl HEPOG TOU PEVPGTOG TTOU TTOPAYEL N
YEVVATPIO VO AEITOUPYET O KIVNTAPOS O OTTOI0G PE Tr) GEIPG TOL B KIVET Tr) YEV-
VI TPIC, EV® PE TO LTTGAOITIO B UTTOPOUHE TT.X. VO (PWTICOVHE TO OTIITI HOG;

AV UTTOPOUCOHE VO TO KATAOKELAOOULPE QUTO, B efYOUE BPEl TO EIKIVI)-
TO TOU MPWTOV £idOVG.

H mpayparotoinon Tou avtifaivel oTn apxr TnS diaTipnong Tng evépyel-
0§ KO OUVETIMS KOGl OTOV TIPWTO VOO TNG OEpHOSLVOHIKAS.

MoANoi eLQPLEG EPEVPETEG €XOLV KATAVOADOEI TN (WI] TOUG GVG TOUG
AIWVEG OTNV avalATNonN auTh TNG XIHAIPAg wotol Tou To 1775 n FTaAAIkA
Akadnuio Twv EmMoTnpdv €kAeloe TNV TOPTA TNG O TETOIOL £i60LG EPEL-
PEVOEIS, XWPIG GHWG VO YVWPICouV aKGHN TOTE TOUG VOHOUS TIOU OTTOYOPEL-
av TN SuVaTOTNTA THG TIPAYHATOTIOMONG TOU QEIKIVI|TOU.

MEPIKEG XAPAKTNPIOTIKEG TTPOTAOCEIG YIX TNV KATOOKELr TOU QEIKIVITOU. o) H
TPOTaCN Tou AgovdpvTo via Bivrol. O o@aipeg oToug Spoayioves eivan picoyeui-
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OpEVEG e LEPBPYLPO, N HETAKIVNON TNG HALAG TOL OTTOIOL ETTIPEPE! Tr) A&ITOUPYIT
TOU unxaviouou ue TN Poribeia TG BapiTnTag. 3) Mia aTéeiwTn OgIPA Ao OToY-
Youg 1mou Kabws oTparyyiCovy yavouv BEpog, TPOKAAWVTAG TNV Kivnon, evd n aAuv-
oiba oTo kekAipévo etriredo Toug mECe! yia va yivovTal eAagpuiTepol. y) ‘Evag ioxu-
POG payviTnG A EAKel Tr) HIKPI) OISEPEVION OPAIPA € TTPOG T TTAVW, OTO KEKAIUEVO
emiredo. MOAig n opaipa Tacer oTn TPUTA E TEQTEI KO ETIOTPEWPEI OTNV APXIKT]
6€on Tng mepvdvTag péoa ammo To avoryua D. §) O 1poxds péper apbpwTo Lpa-
Xfova ov ovykparei T Bapid opaipa C avaykAdel 0T OUVEXIA TOV TPOXO V&
OTPAQEl WOTTOL VO ATTOBETE! Tr) oPaipa 0T B€on D, amr’ O1mouv auTr] ETMIOTPEPE!
ot 6éon C, kai 0 kUkAog emavadauBaverar. €) To vepd pe 1 Lorjbeia aTépuova
KoxAia avépxetan otn 6€on A, amr’ 6mouv péer diadoxika ota doyeia E, F, G kou Kivel
Ta TEPUYIa H, I, K, mpoodivovrag kivnon atov koxAia, WoTe n diadikaoia va ouve-
XiCeTa.

3TNV €IKGVA ATTEIKOVICOVTOI PEPIKEG TG TIG O YVWOTEG PNXAVEG QGUTOD
TOUL TUTTOU TTOUL EiXQV TTPOTABEN KATG KOIPOUS.

A@OU ol TTPOOTIGOEIES VIO TNV TTPAYHATOTIOMON TOL CEIKIVTOL TTPWTOV
£idovg aTréPnoav TEAIKE GKAPTTEG KOl OTTWG ATTEOEINYTNKE KOI PATAIES, Ol £PEL-
VEG TWV EQPEVPETWOV ECTPAEPNOAV TTPOG TNV KaTevBLvon Tng BeATiwong Tng
amm6d00Ng TWV SIGPOPWY PNXAVAYV, ETOI DOTE G0N EVEPYEIXR TOUG divoupe LTIO
popr] BeppOTNTAG TECO AKPIBWS £pYyo va pog ammodidouvv. Kai AN Gpwg ol
TPOOTTABEIEG ATTEPNOAV OXI HOVO GKAPTTEG OAAG KOl HATOIES.

H emdiwén Tng KATOOKEVHG PIOG TETOIOG HNXAVAG ATTOTEAET TV avadrTn-
On TOL OEIKIVITOL TOU HEUTEPOUL EI6OVG, KOI N TTPAYPATOTIOMOT| TNG AVTI-
Baivel oTo 6e0TEPO VOHO TNG OEPHOBVVAHIKIG OUHPMVO HE TOV OTTOI0 KOHIG
BeppIKN pnxovr 6ev YTTopel var HETATPETTEI €6 OAOKAPOL TNV TIPOCPEPOHEVN
0’ aUTH BEPPOTNTA O £pYo OAAG Eval HEPOG TNG TIPETTEI VO TO XTTOOIOEI OE pI
de€apev BepuSTNTOG XAHNARS BEPHOKPAOTOS.

Me &M Adyia n amroTuxior K TO HETAIO TNG AvadTNONG TOL OEIKIVI|TOU
TOL TPWTOVL KAl TOL HeVTEPOL EidOLG diIdGoKOLY 6T X1 PEvo Sev pTTOPOLpE
VO TTAPOVHE TTEPIOTBTEPN EVEPYEIX OTT’ UTAV TTOL TTPOCPEPOLHE OAAG 00TE
Kol va “1oogapioovpe”!!

1.12 Wuyeia — KMpaTioTiKa — AvTAieg OeppoTnTag

H apxni AeiToupyiag Twv Puyeinv, Twv KMPOTIOTIKGOV KAl TWV aGvTAIOV Bep-
pHOTNTOG gival akpIBWS N avTioTpoPn ATré QLUTAY TWV BEPHIKWV PHNXOVOV.

‘Omrwg @aiveTal oTnv eIkéva 1.46 omrd Tnv Yuxpr| de€apevy (YPuxpod epiBEA-
Aov, T.X. TO E0WTEPIKG TOL PUYEIOL) aTTOppOPATAl BEPPSTNTO Q, LTTG BePpO-
kpooia T, koi oaroBGAAeTal peyaAbTEPO TTO0S BeppdTnTOaG Q, 0TN Beppr] Se€ape-
vrj (Beppd TepI&Aov, .. dwpdTio) Beppokpaaiog T,. Mo va cupPel auTd, KATO-
voAdveTan €pyo W.

MTropeiTe va aioBavOeiTe aUTH TN BePPOTNTA va fyaivel ammé To Tow PEPOS
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|
mxpri Se€apevi ﬁ

.. Ogppokpaoia T,

Eix. 1.46 Apxri Aerroupyiog
KOl OXNHOTIKG SIQYpoppc
TNG EVEPYEIQKNS porG o€ éva
Yuyeio 1) o€ éva KAIUQTIOTIKG.

Tou Yuyeiov. To €pyo W ouvrBws YiveTon omré To
poTép TTou oLvpTECEl €éva pevoTo (Eik. 1.47).

‘Eva Téke1o Ppuyeio, 6nAadr €va Ppuyeio Tou be
XPEIGLETON €PYO, VIO VO HETOPEPEI OEPUSTNTA ATTE
TNV Yuxpr meploxr] otn Beppr, 6ev eivar e@IKTO,
oOppwva pe Tn Slatomwon Touv Glausious yio To
6e0TEPO VAP0 TNG OeppoduvapIKig.

H emidoon K evég Ppuyeiov opileTan wg To TNAL-
KO Tng BeppdTnTag Q, 1oL OPAIPETOl OTTé ThV
Teplox XoHNARs Beppokpaoiag, dig Touv épyov W,
TTOU OTTAITEITAI YIO TO OKOTI6 OUTO.

e
A%

AUTOG 0 TPGTTOG OPIOHOU TNG KTTOTEAETHATIKOTN-
TOG €vog Yuyeiov @aiveTal Aoyikdg, €Teldr] 600
TEPIOTOTEPN BEPPSTNTA Q, CIPAIPEITOI AT TO EOW-
TEPIKG TOL Yuyeiov Yior Sedopévn KaTavaAwon nAe-

(13)

KTPIKIS evépyelag W 1600 KaAUTEPO (TT10 arodoTIKG) Ba eivan To Ppuyeio. ATT6 Tnv
apxn TnS diaTrpnong Tng evépyelag (Tp@TO VEHO TNG BEpHOSUVOHIKAG) EXOUHE:

Q+W=Q, 1 W=Q-Q

otéTe n oxéon (13) yiveTau:

(o)

Q Q

K = = (14)

=

L
|

L

Eix.1.47 Tumk6 obotnua Yuyeiov. To HOTEP TOU CUUTTIEOTH) OTTPUWXVEI TO QEPIO UTTO
oYnA Tieon péoa aTré Tov eVvaAAGKTN BEPUOTNTOG OTO oW UEPOG TOU YUYEIOL, OTTOU
BepuotnTa Q, arofAAAeTar Ko To A€plo WUXETOI KAl vypoTToleiTal. To vypd TWpa SIEP-
xetar péow piag BaABibag amé v mepioxri LYPNArG TTiEoNG oTNV TEPIOXN XOUNANG Trie-
onG OTA E0WTEPIKA ToryWpara Tov Yuyeiov. E§aepolTan o’ auTrj 1) xaunAn mieon ko
£T01 ATTOPPOPA BEPUOTNTA Q, ATTO TO EOWTEPIKO TOU YPuYEiov. To VYPO ETMIOTPEPEI OTO

OUUTTIEOTI] KO O KUKAOG eTTavaAaufBaveTal.
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Mo éva 1I8aviké Yuyeio (6x1 éva TéAelo TOL
€ival avEQPIKTO), TO KOAUTEPO TTOL B PTTOpPOVTE -
va TTETOXEI KOVELG eivai:

-

KI AVIKOO = - (1 5)
° T -T

‘Eva kAipaTioTiké (Eik. 1.48) Asitoupyel epi- \ ; i\ia\at 3

TToL TO 010 pe éva PuYElo, AV KAl Ol KATAOKELO-

OTIKEG AeTTTOPEPEIES €val DIGPOPETIKES, yIOTI TO

KAIHOTIOTIKG Traipvel BeppdTnTa Q, a1mé TO £0WW-

TEPIKG £VOG SwHOTIOL f ev6g kTipiov ot xopnAf  Eix. 1.48 ‘Eval kKAHOTIOTIKG dw-

Beppokpaoia kai oroPGMel BepudTnTar Q, oTo  HATIOL ATIOPPOPG BepuoTnTa
. . , ATTO TO (S(I)IJCXTIO, oV &Ival n

TepIB&ANov o LPNASTEPN Beppokpaoia. Kon yiax poxpri Se€apievii, kar amroBl-

TNV €TM600N TV KNPOTIOTIKOV I0XUEI N OXEON A Bepudtnra oo mepiBdov,

TTOU BPAKOHE YIO Ta PuyEian. Tou eivan n) Oepuri deSapevr.

H BepudTnTa o6 pévn
NS PEEI AT TTEPIOXES LYN- Yuxpd TepIBGiAiov
Mg Beppokpaoiag oe Trepio-

XS XapnAis Beppokpoaios, - Q o Fowreps
OTTWG TO VEPS péel Amé PGvo ==Y 70U OMITIOV
TOU Oomé TOo YnA& oOTa ]

XOHNAG® yIO Vo KGVOUPE TO

avTiBeTO, XPEIOLOPOOTE OVT- " I

Aieg. "ETO1 KOl YIOf TI) HETOQO- w

p& TNG BePUOTNTAG TS TV
oxpri oTn Beppn Tepioxn
XPNOIHOTTOIOUHE HIot OVTAICK
BepudTNTOS.

O 6pog avTAior BepuSTN-
TOG XPNOIPOTIOIEITON  KUPIWS
yio TIG S1aTAEEIG TTOL BEPPAIVOLVY VOl OTTITI TO XEIHOVO AVTADVTOG BepudTnTa Q,
amé 1o mepIBGAAoV, To otroio PBpiokeTal o€ XOpNA BepHOKPOCIT, KOI TTPOOQE-
pouv BeppoTnTa Q, 0TO OTITI, KaATOVOAIoKOVTOG €pyo W (Eik. 1.49). H apxr| Ael-
Toupyiag Tng avTAiag BeppdTnTOg eivan idia pe auTHv TOL YPuyeiov 1] Tou KAIO-
TIOTIKOU, 0AA& 0 OKOTI6G TNG avTAiag BepudTnTag eival va Bepuaivel Ko 6XI Vo
PUXEL. ZUVETIAG, 1 ETTIO00N HIOG avTAioG BeppdTNTOG Ba OpideTal SIOPOPETIKG
am’ 6,TI OTa PUYEia KAl OTA KAIHOTIOTIKAL.

Eix. 1.49 Mia avTAia OepuotnTag avtAel OepuoTnTa
arré 10 YuxPo TePIBAAlov kou Ogpuaiver e OgpuUoTn-
Ta Q,, TO EGWTEPIKG TOU SWHATIOU.

avT. Bep. = W = T _ T (1 6)

O1 TepIo0OTEPEG AVTAIEG BEPUETNTOG PTTOPOUV VO AEITOUPYHOOLV KOl WG KAI-
HOTIOTIKG TO KOXAOKQIpI HE AvTIOTPOPR TNS AeIToupyiag Tous.
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Eappoyrj 4
Avthia OgppoTnTOg

Mia avtAia BeppdTnTag £xer emidoon K=3 kou kaTavoAdvel 10x0 1500 W.
(o) Méon BeppdTnTa TTPOCPEPEl O Evar dwpGTIo TO Xelpwvar; (B) ‘OTav Ael-
TOUPYEl TO KOAOKQIPI WG KAIHOTIOTIKG, TTola Ba eivail ) etridoon Tng.

Avon:
a) XpnoipgotroloOpe Tn oxéan (16) kan £XOVpE:
Q, = KxW = 3 x 1500 ] = 4500 ] avé 6euTepSAeTTTO
f] 10x0 4500 W

B) Av To kookaipl AeITOUPYE AVTIOTPOPA WS KAIHOTIOTIKG, B aroppo-
P& 16 To dwpETIo BEPPSTNTA Q, AVE deLTEPSAETITO Kol Bax axTroGAAel aTO
mepIBaAov BeppdTnTa Q, = 4500 J avdé devTepoAemTo. H evépyeia diaTnpei-
TAl, KOl QUVETTOG:

Q+W=Q, 1
Q. = Q,-W = 4500 - 1500 ) = 3000 )

O ouvTeAEOTAS AEITOLPYIOG VI TO KAIHOTIOTIKG €ivan:

1.13 Ei8ikég BeppoTnTeg

AT’ 60a eiTrape €wg TOPA, GAAG KAl A6 TNV KOBNUEPIVH EPTTEIPIOr HOG, TTPO-
KOTITEl OTI 6TOV €va OWPQ Taipvel BepPdTNTA 1 BgPpOKpATian Tou avEaveTal.
Méon eival Spwsg auTh N avénon Tng Beppokpaoiag; ‘HoN amé To dékato Gydoo
QAIOVO Ol EPELVNTEG iYaV dIATTIOTWOEN OTI N BEPUSTNTA TTOL ATTAUTEITAI YIO V&
avénbei n Beppokpacia vég CWOPATOS eival av&Aoyn TPog T HG{a M TOU OWHO-
TOG KAl TTPOG TN HETAPBOAR AB Tng BepHOKPATIOg TOU.

AuTH N e€apeTIKG ot SloTioTwon prropel va ekppaoTel pe e€iowor).
2x€on avdueoa ot porj TNG BePUOTNTAG Ko 0TI UETAPBOAN TNG OEPUOKPACIOG

Q=mcA0 (17)
6tou ¢ eival éva péyeBog XOPAKTNPIOTIKG TOU LAIKOU TTOU OVOpGGeTan €181IKN
OgppoTnTO.

H &161ki) BeppdTNTA £VGG LAIKOU, EKPPGCE! TN BEPPSTNTA TTOL XPEIGLETOI VX
TpooAGPBel | va amoPdAel n povada pdlag Touv LAIKOD, Yia va peTaPAnBEl N
BePHOKPOOIT: TNG KATG picl HOVGOO BEPHOKPATIOG.
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A1é Tn oxéon (17) Bpiokovpe 6TI: € = . ZUVETTAG 1) €10IKN

m AT
BeppdTnTa B peTpiéTan og J/kg °C 1y oe Cal/kg °C. Xtov mivaka IV divoupe Tig
TIPEG TNG €10IKAG BepPETNTAG YIa SiGipopeg ovaieg.

To yivépevo mc ovopdleTtal BeppoxmpnTiKOTNTAa K KO 01popé TavTa €vax
OUYKEKPIPEVO ODHA. Av, VIO TTAPGOEIYHQ, £va Soxeio ammoTeAeiTal aT6 aGAoLHIVIO
p&las m, pe eIk OeppéTnTa C,y , TS BOKEATN PGLOG My, pE 101K BePPOTN-
TO Cy, KOI OTTG YOOAT &GOS M, pe €181Kr) BEPPSTNTA €\, N BEPHOXWPNTIKGTN-
Ta TOL doxeiov Ba giva:

K = ma?\. Ca?\. + mBm(. CBGK. +m C

yioA. “yio\.

IMINAKAX IV

Eibikég OeppdTnTES (X€ 1 atm ko 20 °C)

EiSikr) BeppoTnTa Eidi1kr) BeppoTnTaH

Ovoia Keal/kg °C | J/kg °C | Ovoia Keal/kg °C | J/kg °C
Aloupivio 0,22 900 Owoémvevpa 0,58 2400
XoAk6g 0,093 390 Mukepivn (50 °C) | 0,60 2500
TvoAT 0,20 840 Yépdpyvpog 0,033 140
AlopGvTI 0,12 500 Nepo

ATOGAI (oidnpog)| 0,11 450 Méyos (=5 °C) 0,50 2100
MoAuB6og 0,031 130 Yypé (15 °C) 1,00 4186
Méppapo 0,21 860 ATpGG (110 °C) 0,48 2010
AofBéoTng 0,195 820 AvBpwmivo owpa | 0,83 3470
Apyupos 0,051 230 MpwTeiveg 0,4 1700
=0Ao 0,4 1700 Bevdivn 0,41 1720
ANGTI 0,21 880

O1 Tipég Tng €161KrG BePUSTNTAG C €EOPTAOVTON O HIKPS BaOpS atrd Tn Ogp-
pokpaaia (kar TTOAD Afyo o1ré Tnv Trieon), oAAG yio HETOBOAEG TG BeppoKpaoiog
oL dev eival TTOAD PeYGAES N €18IKr) BEPPOTNTA TV SIGIPOPwV LAIKWY PTTOpEl va
BewpnOei oTOOEPN.
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Mapadeiypa 12:
MNMwg n BepudéTnTa €aptdaral amé Tnv €10IKA BepUOTNTA.

a) Moéon BepupotnTa XpeladeTal, yia va augnooupe In Beppokpacia evog
owepeviou doxeiou pe paca 20 kg ano toug 10 °C otoug 90 °C. B) MNMoon Ba
xpelaoTel, av To doxeio mieplExel 20 kg vepo.

Auon:
a) Q=m C A8 = (20 kg) (450 J/kg °C) (80 °C) = 720 KJ.
B) MNa 1o vepod pévo xpeldletal:
Q =m C A8 = (20 kg) (4186 J/kg °C) (80 °C) = 6700 KJ.
[a to vepd padi e 1o doxeio Ba xpelaoTei:
720 KJ + 6700 KJ = 7420 KJ.

ApaoctnpidTnTa 11 (TEIPAPATIKY)

‘O)a Ta owpara Georaivovrar 10 610
amo Tov 1jAio;
lNpayuartotoTe To OKGAOVBO TrEpAp
TOU TTAPACTATIKA TTAPOVCIGCETAI OTNY
EIKOVA

Mia Kpoa ugpa Tou XEINWVA OE Tpia
1o yigAiva Soxeia (1r.x. motripia) BAATe
f0eG TOOOTNTEG VEPOU, AUUOL KaI PIVI-
ouATWY 0161pOoV (T1.X. 50 g). ZKETAOTE T
pe éva kamdkl ammd @eAi{0A, oTo omoio
€xete avoiel TPEIG TPUTTEG KOu EXETE
TEPAOEI VA OEPUOUETPO OTO KABEVQ,
mou va BubileTal 0TO AVTIOTOIXO LAIKO.
Av n apxikr) €véeién Twv BepUOUETPWY
Kou yia Ta Tpiax givair 10 °C, g e€nyeig
OTI UOTEPA ATTO 100XpOVn €KOEON (TT.X.
30 min) oTov rjAio or evéeieg eivan aUTEG
oV PaivovTal oTnv SITAavij EIKOVA;

Eik.
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MpootrabrioTe pe Béon Tn pey&An diapopd Tov LTIEPXEl OTNV €101KT| BEPUS-
TNTQ TOL XWOHOTOG KAl TOL VEPOU KOl OTNPI{GHEVOI OTN TIPONYOUHEVH TTEIPOHO-
TIKA dpaAOTNPISTNTO VO e&NYNOETE T OKGAOLOA PATVOHEVA.

o) To kohokaipl OTIG TTAPABAAGOOIEG TTEPIOXEG TIG ATTOYEVHOTIVEG DPEG PUOK
€va 6pooeps aepdki omré TN BGAACOO TPOG TN oTePIG (BAAGOOIR aVPO), EVAD
TIS TIPWOTEG TIPWIVEG WPeG OLHPaivel akpIfws To avTiBeTo, PuUOG aé TNV
&npé pog TN BGAaooa (aTTGYEI0g AbPa).

B) ZTo eowTepikd Tng MeAotrovvricou kai Tng KevTpikrig EAAGOag (TpitroAn, Aypivio,
AGPIOQ) ONPEIDOVOVTOI TO KOXAOKATPI TTOAD UPNAEG BEPHOKPOIGTES KOl TO XEIHOVO
TIOAD YOHNAES. AVTIBETO, OTIS TTOPOOOAGOOIES KOl VIOIWTIKES TTEPIOYEG EXOUHE
HETPIEG BEPHOKPOOTEG TGOO TO KOAOKQIPI 600 KOl TO XEIPWVO!.

O1 €16IKEG BEPPOTNTEG TWV aEPiwV Eival O TTOAVTTAOKES AT’ 600 YIX TOX OTE-

PEG KO YIO T LYPQ, TTOL N PETABOAR Tou GyKou Toug Adyw Tng PeTAPOANS TNS

Beppokpaoiag eival OXETIKG HIKPH.

MINAKAX V

Eiikég OeppdTnTES OXepiowov (Keal/kg °C)

. C, C,
Aépio 2.7 &
oTOOePN TTiEON OoTOOEPOG OYKOG

ATpGG (100 °C) 0,482 0,350
O&vyodvo 0,218 0,155
"HAio 1,15 0,75

A10€ei610 Tov GvBpoKaL 0,199 0,153
AlwTo 0,248 0,177

H e1dikr] BeppdTnTa Twv aepioov, dnAad To Tood TG BeppdTNTAG TTOL TTPE-
el VO TIGPEL 1} va 600l évar YPOHHGPIO TOU aepiov, yia va auvénBel n Beppokpa-
ofa Tou KaT& éva Babpd, eivar pavepd 6T Ba e€apTAETAl OIS TOV TPOTIO HE TOV
oTrofo yiveTan n avénaon tng Beppokpaciag. AnAadr, Ba eival SIaQopeTIKH av Yive-
To LTS OTOBEPN TriEOT Kal SIaPOPETIKA av yiveTal uTT6 0TABEPS Gyko. T pepl-
K& G€pIo aUTO PaiVETOI OTOV TTHVOKO V.

MapaTtnpolpe aré Tov Trivaka V 611 yior Ta aépia n Sicpopd avapeaa oTnv
€101k} BeppdTnTa LTS oTAOEPN Trieon C, ko VTS oTABEPS Gyko C, eivarl onpa-
VTIKH, KAl HEGAIOTO N TTP@TN €ival TTAvTa peyoAlTepn oo T 6e0TEPN. MATTO!g
auTo eival KATI TTOV TO TTEPIPEVOTE; (OUUNBEITE OTI KATA TN B€pHavor Tov TO
0€pio LTTO oTOOEPH] TIiEoN SIGOTEAAETON KOl GUVETTAG TTAPAYEl kal €pyo P AV).
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1.14 OgppidopeTpia

‘OTav SIa@OopeTIKG HEPN £VOG ATTOHOVWHEVOL GUOTAHOTOS BpiokovTal ot dia-
POPETIKEG BEPPOKPAOIES, N BepUSTNTO B peTafaivel aré Ta pEpn pe TNV LYNAR
Beppokpooic oTa pEpn HE TN XOHNAR Beppokpaoia. Av To oboTnpa eivar TTApws
QATTOHOVWHEVO, Sev pTropel var e10€ABe1 I} var eEEABEI evépyela T’ AUTE. ZUVETTRG,
n apXf TnNS diatrpnong Tng evépyeiag Taiel éva onPavTIkG poAo. H BeppdTnTar
TNV oTroial €x00e Eval HEPOG TOL OCLCTHHOTOS ICOVTOI TIAVTA HE T BEPPSTNTO TV
otroia Trripe €va GAAO P€POG TOU CUCTHHOTOS.

Alatipnon ( OsppéTrrr(x) _ ( O¢ppétTnTa )
NG EVEPYEING OV XAVETAI B oL KePSiCeTal

Mapaderypa 13
To @MiT{avi KPLWVEI TOV KAPE

Av 200 cm’ ZeaTob kopé Beppokpaaiog 95 °C Téoouv oe Vo YUGAIVO @NI-
TGvI pélos 150 g, mou PpiokeTal opxIK& o€ Bgppokpaaia 25 °C, ol B
gival 1 TeEAIKI] BEPPOKPATTO TOL KOIPE, HOAIG ATTOKATAOTOOEN BEPHIKT 100pPO-
T, v LTTOBECOVPE GTI OTO HIGOTNUA GUTO de XAONKE ONUAVTIKA BEPPOTNTO
P0G TO TrEPIBGAAOV;

Avon:

Mia kai 0 kopEg eivar kupiwsg vepo, 1 €161k BeppOTNTS TOL Bar eivon Trepi-
IOV 010 pE AUTHV TOU VEPOU, Kail N H&La Tov Ba givai fon pe Tov GyKo Tou eTTi
TNV TTUKVOTNTO TOU VEPOU.

C...= 4186 J/kg °C, m__, = (200 x 10° m’) (1,0 x 10’ kg/m’) = 0,20 kg

KOQpE KOQE

A6 Tov ivaka IV éxovpe yia Tnv e8Ik BeppdTnTa TOL PALTLAVIOD
C,... = 840 J/kg °C. Epappdlovtag Tnv opxr dIaTrpnong Tng evépyeiag €xou-
pe:

OgppoTNTA TTOL £XAO0E 0 KAPEG = BePUOTNTA TTOL KEPSIOE TO PAVTLGVI

m 95°C-6) =m,, c, (8-25°C)

KOQE Cku(pé (

AVTIKOBIOTOVTOG Bpiokovpe: 6 = 89 °C

H avtadAayn Tng BeppdTnTOaS, 6TTWG TEPIYPAPNKE OTO TTAPGderypa 13, atro-
TeAel TN BAoN HIOG TEXVIKIG TTOL €IVAI YVWOTH G OgpPISOPETPIN KAl GLVIOTOTOI
oTnV TOCOTIKA PETPNON TNG BepUSTNTAG TTOL avToAAGooeTal. Mo TNV TTPpaYpa-
TOTTOMNON GUTWV TWV PHETPHOEWV XPNOIHOTTIOIOVVTAIl SPYava TTOU Eival YWVWOoTH
ws BeppidopeTpa kan givar didpopwy TOTTWY. Evar ammAd BeppibépeTpo vepoL
gaiveTan oTnv eikéva 1.50.
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OgppdpeTPO AvadeuTripag
—— . -
=

o l—
| |
e L

Mévwon (aépag)
OgppIdopETPIKG
Soxeio

MovwTiké
TepiPAnpa

Eix. 1.50 ATTAG OepuibSueTpo vepoU

Mapaderypa 14

Eivar TToAG onpovTiké To BeppISGHETPO VO
eival KOAG HOVWHEVO, OTE TO TTOOS TNG Bep-
POTNTOS TTOUV OVTOAAGOCETAN PE TO TrEPIPGA-
Aov va eival apeAnTéo. Mia onpavTIki xprion
TOU OgPHISOHETPOL €ival 0 KOBOPIOHES TwV
e18IKdV BeppoTATWV dIGipopwv LAIKGY. XTn
dladikaoia, Tov eival yvwoTr] wg péBodog
TWV PEIYPATWV, £va Oefypa TNg ovoiog Tng
oTroiag Béhovpe vor Bpolpe TNV €181k BeppS-
TNTa BgppaiveTon o€ LPNAR Beppokpaaia,
TNV omoia PETPApE e oKpiPeia, kal oTn
OULVEXEID PITITETOI HEOO OTO YPUXPO VEPS TOL
BeppidSpeTpov. H BeppdtnTar oL aTrOPGA-
AeTan o1mé TO Oefypar Tyaivel 0TO vePS Ko
OTO OePHIGSPETPO. AV HETPHOOUHE TNV TEAIKA
BePHOKPOOI TOU PEFYHOTOS, N €I8IKK) BepHS-
TNTA TOU SEfYPaTOG PTTOPEl VO TTpOoadiopioTel
OTTWG PAVETOI 0TO AKGAOLBO TTAPGOEIYHOL.

Mpoaodiopiopdg GyvmwoTng e18IKS BEPPOTNTAG EVOS VEOL KPGHATOSG.

‘Eva Sefypa 150 gr Tou Kp&poaTog BeppaiveTal aToug 540 °C Kol OTN OLVE-

XEIO piXVETOI Ypriyopa o€ 400 g vepd Beppokpaaiag 10 °C ouv BpiokeTan 0TO
oAovpivévio doxeio pélag 200 g Tou BeppidSpeTpou. H TeAIk Beppokpacia,
OV ATTOKABIoTATAI VOTEPA AT Afyo XPOvo, Kal Aol avadebo0LHE KOG,
eivan 30,5 °C. I6on eivai n €181k} OEPPSTNTA TOL KPGPATOS;

Abon:
Eqappélovpe Eava Tnv apxi] TnG SIATAPNONG TNG EVEPYEIOS KAl YPGPOUE:

( OgppéTNTA TTOL ) _ ( OgppdéTNTA TTOU )+ ( OgppoéTNTA TTOU )
¢xaoeTo Sefypar /' mraipver o vepé Traipvel To doxelo

m, c; AB, = m,c,AB, 4 m,,_Cc, A6

box. —dox. Sox.

610U o1 OeikTEG 8, L KO SOYX. AVOPEPOVTAI, AVTIOTOIXD, OTO SEiYHO OTO VEPS
Kol 010 Soxelo. Av XpnOIPOTIOIfOOVPE Kol TIS TIPEG ammd Tov mivaka IV, n
TrponyoUpevn e&iowon yiveTai:
(0,150 kg) (c,) (540 °C—30,5 °C) = (0,40 kg) (4186 J/kg °C) (30,5 °C - 10,0 °C) +
+ (0,20 kg) (900 J/kg °C) (30,5 °C - 10,0 °C)
q 76,4 c, = (34,300 + 3700) J)kg °C i  C, = 500 J/kg °C.
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3 TOUG TTPONYOUHEVOUG LTTOAOYIOHOUS OYVOIOOE T BEPUOGTNTA TTOV UETO-
PEPETOI OTO BEPUOHPETPO KOl OTOV AVOIOELTHPA (TTOL XPEIGCETAI, VIO VO ETTI-
ToOvel T S1adIKaoior HETOPOPES TNG BEPHOTNTAS KAl GUVETTMS VO PEIDOOVY
ol BeppIKéEG aTmwAeleg 0TO TEPIPGAAOV). Oa PTTopoloaV GHWS TA TTOO& Bep-
HOTNTOS TTOL TraiPVEl TO BEPUOPETPO KOl O AVAOELTHPOS Va AngBolv LTTIOY,
KOl V& TIPOKOWEI PIa PIKPT] 610pBwon oTnv uTTOAOYICOUEVN TIH TNG C,.

Mapaderypa 15
To ekbpopiko Ppuyeio

>& éva eKOPOHIKS Yuyeio (Eva pEYGAO KOUTI HE TOIXDOHOTO O X0 PEAI-
(OA, ®oTe va pnv avToAdooel BeppdTnTa pe 1o EPIBGAAov) Bpiokovtar 20
KOUTGKIO avapuKTIKoU Beppokpaaiag 10 °C 1o kabéva pélas 0,35 kg (0,33
kg avopukTiké kai 0,02 kg AAovpivio).

K&molog ommd tnv mapéa mpoobETel évar Kaptoudl 5,0 kg kol Beppokpa-
oiog 28 °C. Moia Ba eivan n TEAIKY) BgpPHOKPATian TTOL BA €XOLUV TA AVOIPUKTI-
K& KOl TO KApPTToU .

Avon:

OewpolLpe KAT' apXrV 6Tl TO AVOPUKTIKG EXEI TNV 01X TTEPITTOL €161KT| OEp-
HOTNTO pe TO VEPS, KOBWS KAl PE TO KAPTTOUJI, TTOU OTTOTEAEITAI OTTG VEPS
KaTé 95%. YmoBETovpe 611 Sev £XOUPE ONUAVTIKA ATTOALIG BEPPSTNTAS OTO
TePIBGAAOV Kol Bewpolpe pEANTER T BEPPOTNTO TTOL TIPE TO PENICOA TOU
Ppuyeiov.

JUVETI®G, EPAPHOLOVTAG TNV OipXN:

OgppoTnTa MOV KEPSHONKE = OEPUOTNTA TIOV XAONKE
Bpiokoupe TNV GyvwaoTn BeppOKPATia.
Mo K&Be KOUTGKI AVOPUKTIKOU Bax EXOVHE:
C(xv. muv. + corh moO\

Juvemwg: (¢, m, + c, m,) (20) A8, = c

q
(4186 J/kg °C x 0,33 kg + 900 J/kg °C x 2,020 kg) x 20 x (6,, - 6,, ) =
= 4186 )/kg °Cx 5Kg x (0, -6,,) A

b m Kap. Aemp.

Kap.

(27767,6) °C) (8,, — 6, ) = (20930 °C) (0

apy.

en?\.) /

apx.

at’ 61rov, Abvovtag ws pos 6., Ppiokovpe: B, = 17,7 °C.

TeNS
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1.15 ANayég pdong

Eidope otnv apxri 0TI kGBe LAIKG pTropel va BpiokeTal o€ pia o1 TIG TPEIS
KOTOOTAOEIG: OTEPER, LYPK, AEPIAL.

Xe Toix amd TIg Tpelg Ba PpiokeTan oe Sedopévn oTiypr| e§apTdTon oo TIg
TIPEG TNG BEPHOKPACTOG KAl TNG TIHEONG Ol OTTOEG B0t EMKPATOUV GTO TTEPIBGAAOV
TOUL TOTE.

ATIS TNV epTreipian pag EEPOuVE KA OTI TO VEPG TO CUVOVTAHE KOl OTIG TPEIG
KOTOOTAOEIG: WG TTAYO, WG VEPS, WG ATHG.

AUTS oL 10XVEl YIa TO vepo 10XVEl YIa OAa T DAIKG. H OAn ptropei va oAAGCel
pop@r até TN HIa don oTnv GAAN, Kol 1 TTPOo@Oopa 1] aPaipean TnG OeppoTH-
TOG OO £val OWHA Eival aUTS TToU TTAiCel Tov KUPIo pAAo og AUTES TIG OXAAOYES.

Kat& Tig aMoyég pdiong ekeivo Trou oAAGCel eival 1 €vTaon Twv duVapEwY
ovvoXG HETAED TwV Hopiwv TOL VAIKOU, EVK TA BIG Ta HOPI TIAPOHEVOLY OIvE-
TpEéaoTa.

Eidape 6T1 6TV TTPOTPEPOLHE BEPUSTNTA 1] APAIPOUHE BEPUOTNTA AT Evar
owpa, avaveTal 1] EAATTAOVETOI 1] Beppokpaoia Tou. Efvan dpwg koiv eptreipia
OTI O «PPATTEY HE TA TTAYGKI SIXTNPEITAI TTOYWHPEVOG 600 LTTEPYOLY O’ AUTOV
TTOYGKIO, £€0TW KI Qv TOV TIVOUpE TO Kahokaipl pe Beppokpoaoia 38 °C. MNpoga-
VG, 1 BgppdTNTA OV TrAipveEl amé To TEPIPGAAOV XPNOIHOTIOIEITaI KATTOU
oAoU Ko 6x1 oTnVv avénon Tng BeppoKpaCiag Tov.

Ztnv eikéva 1.58 avarropioTavtal or didipopor Tpotor cAAayr§ pAons.

‘Eva oTeped THiKETaL, SnAdH Aidvel, 6Tav aToppo@d ApKETH BEPPOTNTA, £V
éva vyp6 TMCel, 6Tav XAoel apKeTr| BeppdTnTa. Opoiwg, éva LYPS e€aspwveTal,

SUpTTOKVWOT) Aépio SupTTOKVWOT)
E€Gxvwon E§GTpion
Mrign
Tign i

Eix. 1.51 O1 aAXay€g avaueoa oOTIG TPEIG PATEIG

av TApel BePPOTNTA, KOl TO O€plo vypoToIEiTal, 6TaV XAvel BeppoTnTa. H ypriyo-
pn e€a€pwan Pe TOV TOUTGXPOVO OXNHATIOHS PUOCAIBWV OTHOU OTO E0WTEPIKO
TOU UVYPOU ovopdZeTal Bpacpds. MTTopel akSpn €va oTeped va Yivel aépio Xwpig
VO LYPOTTOINBEN TTPONYOUHEVWS, OTTOTE AEpE OTI E§XXVWONKE.

Map&derypa e€dxvaong eivan T SIGPOPA EVTOHOKTOVO KOl OITTOOHNTIKG
XWPOUL (Tr.X. VopOaAivr) TTOU XPNOIHOTIOIOUHE OTIG VTOUAGTIEG, YI VO TTIPOOTO-
TEOOLV TO POUXA OTTG TO OKGPO KOl V& OPWHATICOVV TO XWPO.
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>tnv eikéva 1.52 TOpIOTAVETAI YPAPIKG TO TI oLpPaivel o éva LAIKG OTO
0TT0{0 TTPOOPEPETAI BEPPOTNTA, KAOWS avTé aAAG el pdor). To didypappa ava-
PEPETOI O€ TTOCOTNTO EVOS XIAIGYPOHHOU VEPOD LTI KAVOVIKH OTHOOQPAIPIKA
mieon (1,01 x 10° Po).

H moodTnTa Touw vepo Eekivdiel amé Beppokpaaia —40 °C kal, 6TTwG Paive-

|11 - 1. |.'
sl /
S
B il o+ Nep6 kan aTpés
g
] B
& £
S < | <
g <1 Nayos
I Neoé
£p6
. 1 Nepé P
=u Kol
a0 TS A~
i 2n L1 20 OeppéTnTar (Keal) Tabih

Eix. 1.52 H Beppokpaoio ws ouvapTnNON NG TPOOPEPOUEVNG BePUOTNTOG O€ Eval (T kg) TTdyou
apxIKriG Bgpuokpaoias —40 °C Wotrouv va ueTaTparrel oe arud TAavw arré Toug 100 °C.

Tal 0TO SIGYPOPHO TG EIKGVAG 1.52, KABWS TTPOTPEPETAI BEPPSTNTA OTOV TT&YO,
n Beppokpacia Tov avaveTal pe puOPS Tepitou 2 °C/Kceal (pia kai yia Tov éyo
eivar ¢ = 0,50 Kcal/kg °C). M6Aig Gpws @Tdoouvpe atn Bgppokpaaia 0 °C, n Bep-
Hokpacoia oTopaTé vor avefaivel Trap’ 6Ao Trou n BeppdTnTa oLVeXiCel va Trpo-
opépeTal. Ekeivo Trou oupBaivelr Tdpa eival 6T1, KaBWS ouvexiCeTal ) TTpoa@op&
NG BepPSTNTOG, 0 TTAYOSG PABHICIC HETATPETTETOI O LYPS (Vepd), XwpPig KapI&
oMoy oTn Beppokpaoia. ‘Notrou va atroppo@nBovv 80 Kcal, o méyog €xer peTa-
Tpatel €€ oAokAfipou o€ vepd, Kai 1 Beppokpaoian apxidel Kar TTGA vor avePaivel
pe puBpé 1 °C/Kcal. ‘Otav @préoel To vepd Toug 100 °C, n BeppoKpAGian Ko TTGAI
TIOPOUEVEl OTOOEPK, EVAD N BePPOTNTA oLVEXICEl va TTpoo@EpeTail. Ekeivo Trou
oupfaivel TOPA eival 1 OTASIOKA PHETATPOTIA TOL vePoL o€ aTpé (aépio). Mepi-
mov 540 Kcal amaitodvral, yio va petatpépouv 10 kg vepol oe aTpd. Apou Trpo-
opepBoLy Kai Tar 540 Kcal, n Beppokpacia Tou aTpol opxidel Kar TAAI var ave-
Baivel, kaBwG n BepuSTNTA CLVEXICEI VO TTPOCPEPETAL.

AiGpopeg GAAeg ovaieg akoAouvBoUv TTapSpoIa SIoYPAPUATO pE QUTG TOU
vepoU, Trap’ 6Ao TTou ol Beppokpaoieg TAENG kal Bpacpol, KaBWS Kol o1 EIOIKEG
BeppoTNTES KO 01 BeppdTNTES THENS KOl e§aépwong eivar SIxPOopPeTIKES.

H BgppdTnTal TTOU ATTAITEITON IO VO HETOPET HIG OUOI AT TN OTEPEN OTNV
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vypr] kaTdoTaon ovopdleTon BeppoTnTa THENS KOl oLpPBoAIeTan pe L.

H BeppdTnTO TTOL ATTAITEITON VIO VO HETATPATTEN HIOt OVOTCL OTTO THV LYPH OTNV
A€pIa KATEOTOOT OVOPGLeTal BeppoTNTa e§aépmwong kol oUPPOAIeTan pe L.

H BeppotnTa e§aépwong Touv vepoo eivan 539 Kcal/kg.

Tipég TnG BeppoTnTag THENS Kal eEaépwong yia didpopa LAIKG TTapExovTal
oTov Tivaka VI.

O1 BeppoTNTEG QUTEG OovopdlovTan Kai AavB&vouoeg BeppdTnTES, YIaTi dev
£XOUV WG EPPAVEG ATTOTEAETHA TNV a0ENOTN TNG BEPHOKPATIOG TOU TWHATOSG.

O1 BeppdTnTES £€aEPONG Kol THENG avapEpovTal £TTIONG KAl WG BEPUETNTES
TTOUL TTEAELOEPWDVOVTAI OTTO HIG OVOIX, GTAV AUTH VYPOTIOIEITOI I} OTEPEOTTOIEL-
TO QVTIOTOIXO. ZUVETIAG, 0 aTHGS ammodidel 540 Kcal/kg, 6Tav vypotroieiTar kai
TO vepo amodidel 80 Kcal/kg, 6Tav moydvel.

®uoikd, n ovvoAikf BepuéTNTA TTOL CLHHETEXEI OTNV OAAOYH PGONG HIOS
ovoiag dev e€apTaTal pévo atrd Tig AavBdvouoeg BeppdTNTEG OAAG KO OTTé TH)
OULVOAIKA TTOOSTNTA (PGl TNG ovaiag. AnAadry:

Q=mlL (19)
étrou: L eival n AavBdvouoa BeppdTNTA yIO T OUYKEKPIPEVN OAAayr
@Aaong Tng ovoiag,
m eivar n pada Tng ovoiag,
Q eival n BeppdTNTA TTOL ATTOPPOPATOI 1 ATTOPGAAETAN KATE
TN SIGpKeIx TNG OLYKEKPIPEVNG OAAOYRS.

IMINAKAX VI

AavBavouaoeg BeppdtnTeg TAENG Kol e§aépwong (o€ 1 at) diGipopwv ovoIGY
Kal T avTioTorya onpeia TAENG ko Bpacpol

) Inueio miéns Oepudtnra TiéNs | Inueio Ppocpold | OeppdtnTa eCoépwang
Ovol °C Kcal/kg Jkg x 10° °C Kcalkg | Jkgx10°
Otuydvo -218,8 33 0,14 -183 51 2,1
AlwTo -210,0 6,1 0,26 -195 48 2,0
Owdmveupa -144 25 1,04 78 204 8,5
Aupovia =778 8,0 0,33 =334 33 1,37
Nepd 0 79,7 3,33 100 539 22,6
MdAufbog 327 59 0,25 1750 208 8,7
Apyupog 961 21 0,88 2193 558 23
2ibnpog 1808 69,1 2,89 3023 1520 63,4
BoAppdipio 3410 44 1,89 5900 1150 48,0







EPOTHXZEIX - A KHXEIX

1 Moia givan n Bacikr auTia TV S1GQOPWV TTOL TTAPOLTIGLOLY O TPEIG KATA-
oTGOoEIG TNG VANG;

2 NoTi Ta oTEPe& Kal T LYPG de oLPTTIECOVTAI EDKOAX (€XOUV OXESGV OTOOE-
p6 6YKO), eV TO aépla oLpTTIECOVTO;

3 TMoia eivar N aitia TTou KAVEl T UYPE VO pnv €xouv OToBEPS OXAHA;

4 OgppopeTpIKN IO16TNTA OvOp&LoLpE:

o) Tnv 1I816TNT TWV CWHATWY va defyvouv TN Beppokpacia.

B) Tnv 1816TTa TwV BePpPOPETPWV Va Seixvouv Tr BeppoKpaoia.

Y) Ké&Be 1616TnTOr VG ODPOTOG TTOU OAAGLEN pE T BgpHOKpPATTOL.

) TimroTa amé Ta TPonNyoUHEeva.

2NHEINOTE TO CWOTO.

5 No avapépaTe HEPIKES IDIGTNTEG TWV CWHPATWY TTOL B0 HTTOPOVoAY V& XPr-

OIHOTTOINOOUV WG BEPUOPETPIKES IBIGTNTES.

6 ‘OTtav Aépe KATHOKO BEPHOKPACIAV EVVOOUE:

o) To puBHG pe TOV OTTOI0 ALEGVETAI I BEPHOKPACTO EVOG TWHATOS.

) Tig diGpopeg Beppokpaoies Tou epgavifovtal oTn PUo.

y) Tnv avtioToixnon 600 oTaBepWy BEPHOKPATIMY TTOU EVKOAX HTTOPOUV VO
AVOTTOPOKBOUV HE GUYKEKPIHEVES TIHEG HIOG BEPHOPETPIKAS 1I016TNTOG EVOG
OWHOTOG.

2NHEINOTE TO CWOTO.

7 TMoieg a1rd TIG AKGAOVBEG TTPOTAOEIS £ival CWOTES Kal TToleG AGO0G.
o. 0K eivar n idia Beppokpaacia pe 0°C.

40 K avtioTorel og -233°C.

AbEnon 7°C eivai To 610 pe avénon 7 K.

To onpeio pacpol Tou vepoL oe kavovikr Trieon efvar 100 K.

273 K iooduvapei pe 100°C.

oT. 100°C eivan peyoAbTepn Beppokpacia o 100 K.

8 ZupmAnpwdoTe Ta Kevd: O pndevikég vopog Tng Oeppoduvapikig Ael:

PO T®

«OTAV 800 N coeeniiiiiinenne. owdpaTa BpiokovTol og BEPHIKA
........................... HE TPITO «cevvveiiiiiinneecnnne.... B BpioKoOvVTOI KON OE
................................ ICOPPOTIION KOl <.cevenveneeuenverienveneene. TOUG.

9 ‘Otav Aépe 6T1 duo oWpATO BpioKOVTAl O BEPHIKN I00PPOTTIT, EVVOOUE
o) ‘OTi £xouv BeppavOei To {610.
B) OTI €xouv @TAOEI OTN PEYIOTN BEPHOKPOCTIO TOUG, 1 OTroix dlaTnPEiTal
oTafep.
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10

11

12

13

14

15
16

17

18

19

20

21

22

Y) ‘OT1 BpiokovTal o€ BeppIKN €TTOPH, KOI 1] KOIVH] BEPHOKPATia TOUG £XEI
OTOOEPOTTOINOEI.

6) TAToTa amé TA TTPONYOVHEVA.

E€nyrioTe T evwoolpe pe TN dHAwON «éva BEpUBPETPO HETPS TN BEPHOKPA-

oia Touy.

MoAAEG Popég 01 YOVEIG AKOVPTIOUV TO PHETWTIO TWV TTAISIOV TOUG YIO VO

dITTIOTWOOLY AV £XOLV «TTUPETOY. OO PTTOPOVOE KAVEIG oryYiOVTaG TO pE-

TWTTG TOL PEVOG TOL VA SIATTIOTWOEI v €xel TTUPETS; AITIOAOYNOTE TNV O-

TOVTNON 00G.

Ava@épaTe PHEPIKOUG TPGTTOUG HE TOUG OTTOIOVG PTTOPEITE VO TTPOKOAEDETE

avénon [ EAGTTWON TNG ECWTEPIKIG EVEPYEING EVOG TDHATOS.

SUPTIANPWOTE TA KEVE:
OeppSTNTA OVOPALETAI N TTIOTOTNTA ..o EVEPYEIOG TTOV PETOI-
PEPETAI ATTOKAEITTIKA AGY .. BeppOKPOCITG.

Molo €xel peyaAUTEPO TTOOG BEPHIKAG EVEPYEIDG, Eva TTaySBouvo i éva pAv-
T(GVI He KAUTO KOPE; AITIOAOYAOTE TNV XTTOVTNOT| 0OG.

MNoTi éva KOPPGTI PETOANO BepPaiVETAI, STV TO KTUTTGHE HE Vol OPUPI;
SUPTTANPWOTE TO KEVE: ZOHPWVA JE TOV TIPWTO VOHO TNG OeppoSuVAIKIG,
N OEPUOTNTO TTOU EVO ODPX .eeenvveenereerareennne pe To epIB&AAOV TOU pTTOPEl
VO it EITE WG PNXOAVIKOS ..oviniiiiniiiiiinene, eiTE WG
........................... TNG coveeverrerneeneeneenne. EVEPYEIOG 1 OTI €ivVal KO TG SUO.

E€nyrioTe yioTi Aépe 6T N EOWTEPIKN EVEPYEIR EVEG ATTOPOVWHEVOL TDOHO-
TOG TTOPOHEVEI OTAOEPH.

Moia KoIv] 1I616TNTA £XOLV 1 EOWTEPIKN EVEPYEIX Kl 1] SUVaIKI TToL Sev TNV
£XEI N KIVNTIKA EVEPYEIQ;

M1roper évar odpa var Eival ATTOPHOVWHEVO KOl VO HETOBGAAETOI 1 BeppOKPO-
ofa Tov; AITIOAOYAOTE TNV XTTAVTNOT] GOG.

SupTAnpwoTe Ta kevd: H Beppida (cal) eival To TTOGG TNG .eeeeeveeeerieeeenenne
TTOU XPEIGCETAN VIO VO e, N BEPHOKPACTO oo,
YPOHHOPIWV KOBOPOU ......eevnviininnnnne KOTO EVO .o (OLYKeKpI-
PEVOL OTTG ..o 0°C 0€ wevvennnen. °C).

‘logg TToo6TNTEG GAOTOG dIOAVOVTOI O (08§ TTOOSTNTES vEPOU i0NG OIPXIKAS
BEPHOKPOOIOG TTOL TTEPIEXOVTOI O GHOI BEPHOPOVTIKG SoXEIT.

31N pia TepiMTTwon To GAGTI BpiokeTal UTIG POPPT] EVOG HEYGAOUL KPUOTGA-
Aov evd TNV GAAN LTIE poPPK OKGVNS.

Y& Tolx TTEPITTTWOoN Ba Téoel XaUnASTEPa N Beppokpaoiar Tou SiIcAVHATOG
KO YIOTH.

SUPTANPWMOTE TA KEVE: H eVOOATIIO EIVA HIC ... €v6G OLOTHHA-
TOG TTOU EXEN cvvvvnrinninns TIHA VIO OPIGHEVI ..o, TOU CUOTHHOTOS,



OEPMIKA ®AINOMENA 75

23

24

25

26

27

28

29

30

31

aveEAPTNTA OIS TOV ...eeennnneee TTOU TO OUOTNHA ..o, 0’ AQUTHV KOl
EKPPGCE TN evnvereieneenrennnn EVOG OUOTHHOTOS VIO c.veneiinniiniiannnne £pyov.

ZupTTANPWOTE Ta Kevd: H peTafoAn Tng evBoATTiog £vég CUGTHHATOS 1000-
TON PE TO e Qoo TTOO00 e, KOT& TIG O18-

POPEG vttt , OTOV N i TOPOHEVEI
H 8100TOAA TV OTEPEWY KOl TWV LYPWV HE TV avénon Tng Beppokpaoiog
gival aroTéAeopa:

o) TNG avénong Tou TANBUVOHOL TWV Hopiwv

) TNG EAGTTWONG TWV HOPIOK®DV SUVEUEWY

Y) TNG ab€nong Tou TAGTOUG TOAGVTWONG TWV HOPIwV.

) Tng diIdykwang Twv popiwv

€) dev eivalTITOTO TS TO! 10 TTAV.

XNPEINOTE TO CWOTO.

H SiocoToAR Twv agpiwv pe TNV abénon Tng Beppokpaoiog opeteTa:

a) oTnv avénon Tov TANBUCHOL TwV HopPiwv.

B) oTnV EAGTTWON TWV HOPIOKWDY SUVEHEWV.

Y) oTnv avénon Touv TAGTOUG TOAGVTWONG TWV HOPIwV.

) oTIG pEYOAUTEPESG TOXVTNTESG TWV HOPIWV GTAV ALEAVETAI I BEPHOKPOOIQL.
€) Sev gival TATOTA TG TA TI0 TTAV®.

2NHEIDOTE TO OWOTO.

SUPTIANPWOTE TO KEVQ:

YUVTEAEOT] YPOHHIKAG O1000TOAG OVOPGLOUHE TI) oo pETOBOAN
TOU evevereneeneeneenne VG HOVGEOO HETAPBOANG TNG wevveeeeneenrerernennees .

Evar peTaAAIKG KOTTGKI €v6G YUGAIvou Bélou €xel a@i&el TTOAD ko dev avoi-
yei. O KaAUTEPOG TPOTTOG YIX VO TO GVOIEeTE eivar:

o) Na 1o Yo&eTe, B) Not To BeppdveTe

y) MpdTo va To YPO&eTe KOl HETG VO TO OEPUBVETE.

6) To avTiBeTO, €) TATOTA OITTG T IO TTAVW.

2NHEIDOTE TO OWOTO.

To ponyoUHeVO PTTOPET VO EPOPHOCTEI KO OTNV TIEPITTTWOT «TTAEIHOOI00»
piog Bidag Tou €xel opnvdoel; AITIOAOYROTE TNV ATTAVTNON 0OG.

MoéTe pag ovpgepel va Bélouvpe Beviivn oTo aUTOKIVNTS HOG. To peonpépi i
vwpig To Tpwi; AITIOAOYHOTE TNV ATTAVTNON OOS.

‘Otav peTpiéTal £va oIkGTTedo pe HETOAAIKH KOPOEAT KaT& TN SIGPKEI pIOG
CeoTg Npépag, To epPadév Tou olkoTédov Ba Ppebdei peyaAUTEPO 1} HIKPO-
TEPO ATIG TO TMPAYHATIKS; AITIOAOYAOTE TNV QTTAVTNOT| 0OGS.

Mot oTo oTTAIopEVO OKUPSdEPT (HTTETEV OppE) XPNOIHOTTOIEITON POvo Oion-
POS 1} ATAGAI Ka 1 GAAG KPGHOATO OTTWG TT.X. OPEIXOAKOS;
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32

33

34

35

36

37

38

39

O 6YKoG ev6g AeTTTOTOIXOL OPEIXGAKIVOU dOXEIOL KO O BYKOG HIOG YEHATNG

opeIXGAKIVIG o@aipag aToug 0°C eival 1000 cm’. T6on o eivai 1 HeTaBOAR

TOU GYKOL TOUG, av BeppavBolv oTouvg 30°C.

(ZuvTeEAeOTHS YpappIKAG S100TOAS opeixodkou = 1,9 - 10° (°C)7).

E€nyrioTe, pe Bdion Tnv kivnTikA Bewpia, yiaTi n Tieon evég agpiov TTou Ppi-

OKETQI OE OTABEPS GYKO OAAGLEl, STV AUTS YUXETOI.

SUPTIANPWOTE TO KEVQ:

H BeppdTnTa pEEl TTAVTQ oottt ATT6 VO ODOPD v Beppio-

KPOIOTOIG OE EVOl WP ....vvevnrinininnen. OEPHOKPOOTOG KO TIOTE ... .

To GBPOIoHO TWV KIVITIKWV EVEPYEIDY TWV HOPIV pIOG PEYGANG de€apeviig

HE TTOYWHEVO VEPS €ival AOPOADSG PeYOADTEPO OIS TO GUVOAO TWV KIVNTI-

KWV EVEPYEIDV TWV HOPIwV HIOG KOUTIOG e (0TS KAPE. AV KATTI0I0G OO €-

Aeye 611 B&lovTag yia Afyo Tnv KoOTra pe Tov (e0T6 Kopé oTn de&apev pe

TO TTOAYWHEVO VEPD, 1 KOUTTO Bt €TTanpve Pepikd Joule evépyeia o T de€ar-

pevA Kal Ba yIvéTav o Kopég (E0TOTEPOG KA TO veEPS TNG de€apevig o

KpUo, oiyoupa Ba Tov Aéyare TpeAS. Molo vépo Spwg oapaPidder avTh n v-

TTOBETIKI) HETOPOPG EVEPYEIOG KOl YIOT;

O mapa&evog TadibidTng: Evag BoAaocoépog 10xupileTal OTI PTTOpEl va

KOTOOKEVAOEI Vol OKGIPOS, TToL Bt KIVEITAI XwpI§ Kabolpa ws £€AG: Oa a-

vTAel oXeTIKG (eaTS vepS atmd Tn BGAaCOoa, 6o TOU «aPAIPED BEPPOTNTO

IOV B TN XPNOIHOTIOIE( YIO VO KIVEITOI TO TTA0O, KOl TEAIK& TO KpUO vePS

Ba To {avadeidlel oTn BGAaCOO.

i) H 18éa Tou rapafiader Tov Tp@dTo Vépo TG OeppHoOUVOHIKAS:

o) Nai B) 6x1.

ii) Mropef, mp&ypaTi, n péBodog auvTh va aglotoindei yia Tn Kivnon Twv
TTAOIWV.

o) Nai B) Ox.

i) AITIOAOYAOTE TIG OTTOVTHOEIG OGG.

SUPTIANPWOTE TO KEVE: H aréd001 HIOG OEPHIKAG ..veeeeevenreneenne. opiCeTau

WG O o TOU covivieiiireeeeee, épyouv W a1ré Tn pnxavy mpog Tnv

...................... OTO OEPIO .eeeveerereeeneennnee. Q.

To vepd KOVT& OTNV ETMIPAVEIX TNG BGAXCCOG TO KOAOKOIPI OTNV TTEPIOXT] TS

Meaooyeiou €xer péon Beppokpaaia 25°C, evd oe f&Bog 700 m KETw ATt TNV

em@adveia €xel Beppokpacian 7,0°C. Oa PTTOPOVCOHE VO KATOOKEVGTOUHE HICK

BeppIKA pnxavr; X’ aqUTH TNV TEPITTTWON TToon o ATAV N aT6d001] TNS;

MdTe, obppwva pe Tov Carnot, pia BeppIkn pnxavn Ba €xel P€yiotn amédoon;

a) ‘OTav eivon ToAG 16XUPH.

B) ‘'Otav xpnoipotroinBel amodoTIKS KavoIHO.

Y) ‘OTav AciToupyei QvVTIOTPETITA.
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6) 'OTav 6ovAeVEI CUVEXDS.

Moi& eival n owoTH amévTnon;

Mia Siadikaoia Ba Aépe 611 efval avTIOTPETTTH GTOV:

o) MTropei va e€eAryBel kal Tpog TIg duo KaTELOVVOEIS.

) MTropei Eapvikd va oAAGEET opd Xwpig TTpoPavi alTio.

Y) MTropei T6o0 To cboTnHa TToL TNV eKTEAEr 600 Kol To TTepIBGAAOV TOL vV
ETTIOTPEYPOLV OKPIPWDSG OTNV OPXIKI TOUG KATAOTOOT).

6) MTropoulpe va Tnv avTioTpépoupe kaTd fovAnon.

Moi& eival n owoTH amré&vTnon;

SUPTIANPWOTE TO KEVQ:

KOHIG .o pnxov ou Aertouvpyel HETAED dULO ... BeppO-
TNTOG OTOOEPAS vvevvirininnnnes OEV PTTOPET VO EXEN wvvniniiiiininene, amédoon
OTTO HIO ceveeeninneenneannenn. Beppikf pnxovr Tou Asitovpyel peTaD Twv

.......................... BepHOKPOOIWV.

ZnpEIdoTE TO OwoTS: H amrédoon piog BeppIKAG HNXAVAS EAXTTAOVETAI OTAV:
a) H 6gppokpacia T, avfaveton kai n T, avéveTa.

B) H 6eppokpacia T, ehattddveTal kai n T, av&aveTa.

Y) H 8eppokpaoia T, av§avetal ko n T, EAATTOVETA.

6) H 6eppokpaoia T, eAart@vetan kai n T, eAaTTdveTal.

Méon eivan n 1IdavIKA arédo0n HIOG PNXAVI S QUTOKIVTOU GTOU OTTOIOL TOUG

KUAIVOpoUg avatrToooeTal Beppokpaoia 2700°K, evd n eEwTepikr Bgppo-

kpaoia eivon 300°K.

MoéTe T avTokiv T €X0LV pEYOADTEPN ATTGO00T; TO XEIHDOVA 1} TO KOAOKO-

pl; AITIOAOYAOTE TNV XTTAVTNOT| 0OG.

K&t o1ré oieg Tpodmobéoelg piax Beppiki pnxavi Ba eixe amédoan 100%.

Eival kK&T1 TETOI0 £@IKTO; AITIOAOYROTE TNV ATTEVTNON OGS,

AV 0i(prjOOVHE TNV TIOPTA TOL PUYEIOL AVOIKTH) OTO SwHETIO GTTOL ALTS PBpioke-

Tai, n Beppokpooia Ba avéPel i Ba KaTéPer; AITIoAOYROTE TNV oGV TNOT| 00,

MpokeIpévou va BepPGVOUHE £va XWPO, Ti givai 10 atrodoTikG; Na xpnoipo-

TIOIfOOUVHE HI NAEKTPIKA BEpPGOTP 10X00G P 1 pia, avTAia BeppdTnTOg i-

d1ag 10y00g;

“Eva Ppuyeio karavodmdvel 100 P Watt kon peTaTpérel o AiTpa vepd o &yo

Beppokpaaiog 0°C og xpévo t Aertd. Méon BeppdTnTa orroféAAetan oré

ToV PAKTN 0TO SWPGETIO ' GUTG TO XPOVIKG SIGOTNHA, OV 1 BEPHOXWPNTIKG-

TNTQ TOL Yuyeiov BewpnBel apeAnTaia;

To TpSPAnpa Tou alpkovTioiov: Ti HOG CUHPEPE VO KAVOUHE TO KOAOKQIpI G-

Tav PeVYOVLHE OTIO TO OTIITI;

o) Na agprjvoupe avoppévo To aipKovTiolov, MoTe va diatnpel oTabepr| Tn
Beppokpaoion aToug 18°C, 6Tav n Beppokpaoia €€w eivan 35°C;
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B) Na avepalovpe To BeppooTdtn 0TOoUG 25°C KOl VO TO OIPIJVOUHE VO Agl-
TOUPYEI EKET;
Y) Na 1o kAeivoupe TeAeiwg Kol va To EAVOAVOIYOUHE, OTAV ETIOTPEWPOUE;

6) MATTwg 6,1 Ka1 va K&voupe N KaTavaAwon eiva 1 idia;

Av TO {610 TT00S BEPUETNTAG, TTOL ATTAITEITAI IO Vo aveAGoel T BepHOKpa-
oia 1 kg vepol katd 10°C, av&dver T Oeppokpacia 1 kg evég GAAov LAIKOD

TEPIOTOTEPO OTTO T0°C, TOTE 1 weeevenreriiiiiniinns e avToU TOL LAI-
KOU EIVO .o, aTré TOL VEPOU.

SUPTIANPWOTE TA KEVA.

‘Otav £val oA ATTOPPOPE BEPPSTNTA XWPIG VO QVEAVETAI 1 ..

TOU, 1 EVEPYEIQ TTOV TTOHPVEI PETOTPETTETON OF .ovevnvencrenennnes TWV Hopiwv TOU.
SUPTIANPWOTE TA KEVA.

‘Evag nAekTpikés PpaoThpag 10x00g 36 W xpnoipoTroleiTal yio v (eOTAVEI
2,4 kg vepd o1ré Toug 17°C oToug 20°C. Moo Xpdévo B XpelodEr;

H 6gppdétnToa ou amaiteiTon yia va petarparei 1 kg vepob og atpé eivan
0X€d6V ETTTATTAGOIO TG AUTAY TTOUL ATTAITEITAN YIa vor peTaTporel 1 kg é-
you o€ vepd. Ev ToUTOIg Kol 0TIG U0 TrEPITTTAOEIG dev TTapaTnpeiTal avénon
TNg Beppokpaciag. AITloAoyfoTe To pe Tr) PoriBela TG KIVTIKHG Bewpiag.

“Evag NAeKTPIKGS BpaoThipag iox0og 40 W TotroBeTeiTan péoa oe Hoxeio Trou
mepiéxel 0,2 kg vepd kau 0,04 kg réryo. Av xpeidlovtan 15 AeTTT& i vor au-
&ndei n Beppokpaaia Tou pefypaTog améd Toug 0°C oToug 20°C, Téon eiva
n Aavedvouoa BeppdTnTa THENS TOL TI&YOU.

‘OTav oTnv KaTapuén evég Puyeiov Balovpe oTig raryodrikesg vepd 0°C, av-
TG yiveTan TTaydkia o€ 2 h. Xe 600 xpovo Ba yIveTav TTaydKIa, av To vepd
riTav apxiké 20°C;

"Eva nAekTPIKS KOpIVETO XpeldleTan 15 AeTITEG Yo va BgppGvel pix TToooTH-
To vepoL o6 Toug 0°C oo onpeio Bpacpod. To 810 KapIvETo XpeldleTal o-
KOPN pia dpa Kol efkool AeTT& yia va HeTaTpéel GAn TNV TToo6TNTA TOU
VEPOU 0€ TG LTTO TIG {01EG OLVOIKES.

MpoodiopioTe TN AavBdvovoa BeppdTnTa £§AEPWONG TOL VEPOU.

"Evat KOPPGTI HETOAAIKOU KPGPOTOG pGlag 325 g elodyeTal og €va Bepp1do-
HETPO, TTOL TTEPIEXEI TTGYO HE VEPO. BpelTe TV TTOOSTNTA TOL TTAYOL TTOL
Ba Aidoel DOTToU va eTTENBEI BEpHIKT 100pPOTTI, av 0 GYKOG TOU HETGAAOU,
6TV TO BEGAOLPE OTO BePUISGHETPO, eivan 48 cm’, ) TTUKVETNTG ToL GTOLG
0°C eivai 6,8 g / cm’, n e181kij BeppSéTNTG ToL efvon 0,12 cal / g. grad. kai o
oLVTEAEOTAS KUPIKAG S100TOAAS eivan ¢ = 33 - 10°/ °C.



