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To (dpuua Euyevidou, petd to un’ ap. 2117.6/1/93 e 21/5/93, éyypapo
tou YEN kat npokeévou va Bonbdrioet Toug onoudaotés twv AAZEN otn
UEAETN Twv pabnudrtwy Toug, anepdotloe kat’ eaipean va npoBel atnv npo-
owpwrj extunwon tou BiBAlou duowkni Il (Znuetwoerg) AAZEN/Mnxavikay,
énweg auté napadséBnke ané to ouyypapéa.

Eivat npogavée 61, ep’ 6oov dev éxet pnBel n ndywa diadikaola ouy-
Ypaerig, eAéyxou kai ekdéoews Tou BiBAlov, n onola akoAouBeltal anapeykAl-
Twg and mv Erurponr) Exkd6cewv tou ISpuuarog Euyevidou, té6o0 n éktaon
™6 UAnG tou BiBAiou, 600 10 neplexduevo Kat np otddun tou, dev exppalouv
TIG anoYeLS TG EMTPONTiG, aAAd udvov Tou ouyypagéa.
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EIZATQI'H

O Inuewdoelg autéq ypadmkav yia va Sdoouv éva mMAApeg kai evialo
Bonenua otouqg oroudactég Twv ZXoAwv Mnxavikav E.N. yia to uédnpa OYZIKH
mg Aetirepng Adaxtikg rieptdSou Tou Néou Kavoviouol Zroudv.

Me tov Néo kavoviond onoudov EvaAhaocoduevng Exnaileuong, Snuoupyn-
Brke éva kevd BiBAloypadiag oTo guykexpwévo pdBnua yiari GAake To
Avolutiké mpdypauua, mpodtéEnkav . véa keddhala omv Awaxtéa OAn kat
avanpooopuéotnkay ol £BSouadiateg wpeg Sidaokaiiag. Etol Ta unbdpyovra
BonBiuara anodeixBrikav avenapkA T6oo oy KGAWYM ™G UANg, 600 xal omyv
£KTaon Twv ACKACEWY IMOU UITHEXAVY KaL oTnv unodetypariky enfAuot| Tous.

H 0An mAéov Suaxpivetal o 8lo Eexwplotd THAMaTa

To npdiro wépoc anoteleitar and mv QEPMOTHTA.

H Bepuémra cav évvoia eEetdletal, epunvedetal kaw uetpeiral Avarrriooetat
n péBodog Mg CepudopeTplag yia Tov UNoAoYIoud ™G edikig Bepudtnrag Twv
owudrwy, yiveral pa oo enoadhi de TIG Beplikég unxavég kal Tov o arkd
kOkAo Toug (CARNOT) kai efetdlovral Ta daivéueva kal ot edapuoyég mnou
oxetifovrat ue TIg LeTatponég ddoewv mg UANG.

Exel viver mAéov cuveldnon otoug omoudaoTég pag NMwg N Karavénon kal n
epnédwon, edikd Tou Touéa me SEPMOTHTAZ cav eldikol uépoug me Mevikig
Quotkg, eival Baowr; mpoundBeon yia v enTuxy kaw afiaom avTieTomon
MIaG OElPdG MEPIOCATERO EISIKEUMEVIV KAl EGAPUOCUEVELY HaBnudTwy (Bepuo-
Suvauuy, MEK, AtuootpéfBilol KAL), AANG anodeixBnke kat arnopaitto
BorBnua yia noAAd npoBARUATa KAt aropies Mou Toug Snuoupyolvral Katd Ty
MpaxTikA Toug exnaideuon ev MAD.

To Sslrepo uépog neplhauBdvel oroixela kal Baowég évvoieg ™g ATOMIKHZ
kat [TYPHNIKHZ Quoikng,.

AxohouBmvtag névrote To AvoAutikd npdypauua  yivetar uid  olvroun
npoondlela va avtwetwnioBolv Bacikég YVWOoTEG évvoleg Tou Atouikol xdpou
xal va yivel a npom enadh e Tov XWpo tou Muphva kai TS Tepdomieq
Suvéueg mnou elval eykAwPiouéveg péca Tou. MopdAAnAa erionuaivovrat ot
Kivduvol nou sudavifovral kard v andneia Tou avepdnou va eKUETAASUTEL TV
Evépyela Twv Nupnvikdyv Suvduewy kol avarTiooovTal Ta METpa avixveuong Kat
npodUAaing and Tig axtivoloAieg.

Eivat n 3eltepn xpovtd nmou oL Inuewdoelg Tou Zuyypadéa popdomkrav Kat
SSdokovral oToug orioudacTtég TG ZX0ANS Mnxavikiv e AAZEN MakeSoviag,
Meddmrav akoAouBdvtag To Néo AvaAuTiké npdypauua T6oo oy ékraon me
UANg, 6co kal oy SlieBowon g ot keddAaia, evéTTeg Kol napaypddous,
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O andyelg Twv onoudaotiv eAidbriocav urt' dum kat étor ka&rowa Béuarta
avartixBnkav emypauuaTikd ue popdf oploudv, evd kdrowla GAAQ, Kuplwg
fewpnTikd (Metarponég ddoewv, evrporia), He neploodtepn éktacn. Znuacia
HeEYAAn 3dBnke omig AokAocelg eunédwong g Bewpiag. Etol mpotsivovral
unodewypuarikég 60c xkal avarruyuéveg AUCEIS Ot apkeTd arnd Ta TMAZov
XopakmpioTikG BewprnTikd npofARuaTa nou avTeTwifouy oL otoudaoTég otV
nopela g didackaliag Tou uadnuarog.

TéAog éyive TpoondBela va ouunepiAndBoly 600 To Suvardv neploodTepa
OXeStaypdpuaTa, Yoadikés MopacTacels, oXAMATa akdun kal dwroypadieg yia
va anodoBel kaAAirepa 1 Sewpla kat va *[wvravépouv® ol neptypadég opyavaw,
TIEEAUATIKOY SITAEEWY KAt EVVOIDY.

KAeivovtag Tov mpdAOYo auTd, EUXOPLOTW espuu Toug OmoudacTég MG
IxohAg Hou ya Ta oxdAla Kal TIG NaRAaMPAOELS Toug, yiatl ue Ty SkA Toug
OUMMETOXA OAOKANEMENKke 1 ouyypadh ue yvopova TIG avaykeg Toug omv
QVTYETOMOT) TWV arnopudv Kat Twv aSUVapIby Toug OTO avTikeiuevo.

EAnifw nwg n npoondBeia aumy, pe mv éxdoon twv XIHMEIQZEQN, 6a
BonBricet kat Toug onoudaoTég Twv AMNwV IxoAwv AAZEN, Gote pe éva eviaio,
oAokAnpwuévo kat olvropo Borfnua ora Xépua TOUG, va avTeTwicouv ue
eriruxia tiq Baowég évvoleg Tou MaBaTog kat va éABouv Oe Jia e enadn
Me Vv Cepuiky  kat v Nupenvik Evépyela, ™V eKUETAAAEUOT TOUg kAl TIg
edappovég Toug,

KAubtolog
Beoocalovikn 1993
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Kepdhawo 1o

OEPMOKPAZIIA

@ 1.1 Bononuixég £vvoieg and mv ATopixi] Puouy

fa va Sdooupe pla sikdva Mg Bspporpaciag, npénet va Bupicoupe kamoleg
BonBnrikég évvoleg and mv Atouikr} Quoikr arnopafmTeg Yia ™V Karavonom Twv
xedoAaiwv nou akoAouBolv. Zekivoupe Aourtdv anéd myv Sour mg GANG.

Ta omuara KaL TwV TPV GUOIKOV Karactdoswy eivar Suvardv kdrtw and
xKardAMAnAeg ouvBrikeg va unootolv Tepaxioud o onolog duwe Sev unepBaivet
kériola dpia. Ta ghdyiora owuaridic Mg OAng nou npoklrrouv, Ta omnoia
unépyouv oe eAelBepn kardoraon kat Siampolv Tig 1BOTTES Tou apxikod
owuarog and To onoio npoiABav, eival Ta udpld. Autd Sev Saondvrtat
NePLO0OTEPO Ue PUOIKEG HEBOSoug AN udvo ue ynHikég, ondte wag Sivouv ta
dropa.

Ta aropa eivat Ta eAdxiota cwuaridia mg 0Ang, nou AauBévouv pépog oe
XNHikéG petaBoAéq kal Ta onola petadépovral avaloiwra and évwon oe évwon.
Autd Sev Siaonidvral neplocdtepo olte He duaikég, olTe He XnMkéS ueBdédoug.

Atouixd Bépog (AB) otoixeiou, Aéyetal o kafapde apBudg mou kaBopilet
nboeg popéqg elval Bapltepo To drouo Tou orowxeiou and v povada Atouikis
ualag (ro 1/12 Tou Bépoug Tou arduiou Tou Lootdnou Tou dvBpaxa 12.)

Moptaxé Béoog (MB) otoixelou A xnuuaig vworg, Aéyetal o kaBapds apilBudg
nou kaBopilet néoeg dopég sival BaplTepo To HdPLO Tou atoikeiou /i g évwong
anéd mv povada Atouikig Halag.

Coauuodroio (gr-at) orvotxeiou, sivar noodtra palag Tou otoxeiou oe
Yeouudola ion ue tov apBud nou exdppdlet To AB Tou aroixeiou.

Coauuoudpio (mole) otoweiou 1 évwong eivat noodémra pélag Tou otoweiou
oe yoauuéoa fon pe tov apBud mou exdpdlel To MB tou oroixeiou | ™g
évwong.To mole k&Be oduarog kérw and onoteodnnote cuvirkes Bepuokpaciag
Kal rieong nepéyet Tov 510 apieuéd poplwv. loog sival kal o apBuédg Twv arduwv
nou MepExovTal oto gr-at kaPe ototxeiou. O apBude autdqg eival o yvwotdg
apiBuée Avogadro mou cupBoAiZeral ue N. (N= 6,023.1022 pépwa/mole 1y &ropa/
.gr-at),

Mopiaxég dvkeg i vpauuouoplakds dvkog Ve, aspiou , Aéyetal o dykog Tou
mole Tou.Yné Tig iSieq ouvbrkes Sepuokpacias kal nieomg SAa Ta aépla Exouv
Tov Blo ypauuouoptakd dyko. Orav oL ouvBrikeg Bepuokpaciag kat nieong eival
oLkavovikég ( 8=0 C xdl P=1atm), T61e 0 Vm gival yia dAa ta aépia 22,41t
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@ 1.2. ©gpuixi} xivijon oe oTEPEQ, UYPA KA aEpra

Mpwtog To 1827 © Ayyhog BoravoAdyog R.Brown mnapampnoe ue 1o
IKPOCKOTIO TREMOUAlao™] kivion kdkkwy ylpneg navw oe vepd. Bepuaivovtag
10 vepd N Kivnom ywvétav neplocdtepo évrovn, evd Pixovrdg to yipwle otov
apxiké g pubud. O Brown napakololtnoe to anotéAeoua ueydiou opiBuod
KpoUTewV TWV popiwv Tou vepol AV aToug KOKKOUG TG YUens.

Iuepa Eépoune 6TL Ta cwparidia kaBe otepeod, nou sival SiaAupévo o uypo,
kavouv Tétola kivnon. Kat wéAiota n kivnon eival tuxala kat éco uikpédtepa gival
ta cwparidia, ye 600 ueyohltepeg TaxUTreg kivolvral Ta pépia dAwv Twv
CWHATWY KAVOUV OUVEXWS KIVICELG, efte TaAGvtwong Yipw arnd mv Béon
wopportiag Toug, eite petadopikie kKivnong avéioya pe v ddon nou Beloketal
n UAn omv omnoia aviikouv Ta pdptla. Etol étav npdkeral yia éva kpuotalikd
oteped ohua Ba nopampriooupe nwg Oepuaivoviag To odua, Ta popd
Tou aut@vouv To Mdrog TG TaAdvrwaong Ydpw and v Béon oopponiag Toug
KaBOG kAL ™MV KIVITTIKA Toug evépyela. Avrigroxa oty Mepimrwon aepiou
oduarog mapampeolue mwg N uetaBoA ™S Sepuokpaoiag, Tou ueTaBdAst
avaloya v UeTadop] KT evEpYela Twv Soukdv Tou AlBwv ( aréuwv i
poplwy). '

@ 1.3. Kivijtiki Oswpia Tov agpiov

Ma va neptypdwoupe pe ermruxia v ocupnepwbopd Twv aeplwv, opifoupe
oav TéAelo /i Savikd aéplo, éva npdtuno pe Tig napakarw WBiéTreg

a. Ta udpta Tou npotlnou Rpickovral oe cuvexs kat draxkm kivrion mnou unakodet
oToug vouous me Khaocoumic Mnxavikig Tou Nedtwva. Kivolvral cuvexds He
SiadopeTikég Taximreg kat npog dAeg 11§ Steubivoels,

B. 0O opiBuds Twv Hoplwv eival peya-

Aog.Ta udpla ouykpolovrar TeAsiwg
ceAaoTik@ METAQEU TOUG KAl e TaA
ToXpara Tou Soxelou mnou mept-
kAelouv To npdruno aéplo. H SielBuv-
on xaiL 1o pétpo Mg Taximrag aAAG-
fouv anétona uerd amd autég TIg
kpoloelg.
Etot n Tpoxi@ x&Be wpopiou eival
Tedhaouévn, aAAd Adyw Tou peydiou
apBuod Toug Bewpolie OTL o peyald-
Tepog apiBude kpoloeswv Swrmpsl
TNV OUVOAIKA KATQVOUY] TWv TaXum-
TWVv.

Mép1r0 agrepeot cbpavog
3 B . 3 . Ta edavipia mapiotévouv T1g eAaoTikég
Y. O o6yxog kéBe popiou eivar MOAU  Syvépeig mou ouyxpatodv ta ATopd You.

Evre

\BPY,
@
10T

Sy



HIkpOG O OXEon e Tov ouvolikd Oyko Tou aepiou, TO OAHa Toug 3¢

Bewpelrat odaipikd.

8. Navw ota pépla Sev eEaokolvTal onuavTikég Suvapelg mapd uévo katd mv
Sidpkrela Twv kpoloewv. Etor avapeoa oe 800 SaSoxkég kpoloelg Bewpolue
nwg kABe udpPLo Kiveiral euBGypauua Kat LooTax®de.

e. Ou xpoloeiq efvar Alyeq xat Siopkolv ehdyiota. Kard,.myv Sidpkeld rouq
Slampeital KaL n oppy KAl N KIVITTKT EVEQYELQ TWV Hopiwy.

Me mv BoriBeia autol Tou npotdnou n KuvrtikA Bewpia twv aspliwv epunvedet
elkoAa Ohoug Toug Néuoug Twv aspiwv. Edapudler ankd toug Néuoug Mg
Mnxavikiig tou Neltwva ‘oe pey@ho aptBud uopiwv Savikol aepiou kat
enekepyaleTal ZTATIOTIKG TA AMOTEAEOUATA.

BéBawa n ocuunepipopd TwV MPAyHATKOY aepiwv anokAivel and aut) Tou
npotinou. H SiabopeTik’ kat Neploodtepo MOAUTACKN noplak| Sour euBlverat
y. aurp mv amdkAion, £Tol LY. nopampolpe Twg To Tpiartouikéd CO,
oupneppépetal neplocdrepo 61a¢openm arnd To Baviké aéplo and STt To
Movoarouikd He. .

@ 1.4 Karavopn taxuttewv kar@ MAXWELL-BOLTZMANN

Edapuélovrag v Kivirikn Bewpia o MAXWELL katddepe va karaveijet ta
Hépa Tou aeplou otig Slédopeg TaxiTTég Toug. Etal ya Setypa aepiou N
poplwy, 0 véuog TG Katavourg Hopakdv Taxuthitwy Sivetal anéd myv eEiowan

N(v) =4riN(m/2nKkT)¥2 v2 g-m2/2xT

Zmv eflowon aum
N{v)/dv eivar o apiB-

uég uopiwv Tou Sely-
HaTog Mou éYouv Ta- w&m% T=300°K
xUtreg  avéueoca oe hiadd . )
TWéG v kaL v+dv, T fl5' N=102yopa 0,
givar n anéAumn Bep- 2N | ,

N bm =ee dv T=600K

uokpaoia Tou agpiou,
k n oraBepd Boltz-
mann kat m n uala
evég uoplou.
Mopampolpe nwg
yvia SeSouévo aépio 1y
KATavoun  daxuTiTwV

10—
o
«T=1300'K

R S —

efdotaral MONC ané 0 2 4 ) 3
mv Bepuokpaoia, 7
2ro Toparileupo

oxiua o MAXWELL Katavopf taxytitev xaté MAXWELL-BOLTZMANN

‘[é\ 0 L @ 5 B
Vo? v o msec
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opadonoince N=10'2 agpiBuolg uopiwv ofuybvou ot tpels Siadopetikés
Beppoxpaacieg (300, 800, 1300°K) nou éxouv taximmreg aviueca oe 300 THES
LY Vy, Va

Tov apBud Twv popiwv eudavice oav euBaddv aviueca omy kaundAn ka Tiq
3Uo KaBétouqg v, V, OV MPONYOUUEVT) YRadua| Katavourf Tiou ¢gépel To dvoud
Tou.

Zuykexpéva, o karakbpudog dEovag nepiéxet apiBuols popiwv rou éxouv
Taximreg petall Twv TGV v kal v+dy, evd o opldvriog dEovag neptéxet nuéq
V TAXUTITWY TWV Jopiwv.

To péyioro mg karavourig, dnA. n mBavérepn taximrra nou unopel va éxouv
Ta neploodTERA uopta oupBoAiletal we v, xat gfoprdral MONO ané mv
Bepuokpasia Toug, evd v s:wm n ueon TN TaxUmrag Twv opiwv.

Eniong nopampeital nwg v2>v>v,,

To suPaddv kétw and mv kaunlAn eivar o oAikdg apBudg uopiwy Tou agpiou.
Ze omnowdnnote Bepuokpacia, o apBudg Twy popiwv rou avriotoiolv oe
Bedouévo Sidomua Taxuthitwy dv aukavetal, kabdhg augdveral n Taxdmmra, péxpt
£VQ PEYIOTO KOL META MEUDVETAL QCUMITTWTIKG NPOC TO undév.

Enfong n kourUAn npénel va yivetal neploodtepo auBAcia kabdg augaverat n
Bepporpacta yai va SampenBel otalepd 10 guRadby karw and auti (oAkdg
apBuée popiwv).

Etou étav augdveral n Bgpuokpacia aukdvovral kat oL TaxUTnTeG TWV Hopiwv
enopévwg aukavetar kal n péon Twn toug. H eEdpmon g Taximrag and mv

Bepuokpaaia Sidetal and myv oxéon: IT-———._
V.‘:\GKT/ m

® 1.5. Ecwtepii evépyela

H Kivitikii Bswpia twv aepiwv npolnoférst Siampnon g Kivirikiag
Evépyelag Twv Hopiwy rou obeiletal omy cuvexr| kal Tuxaia Toug kivnon.

Opifoune cav PaBuolc elkeubepiag f to mABog Twv avefdprmrwy
petaBATdv nou anartolvral yia va neplypdyoupns MARpwg Ty kimon Twv
Hoplwy.

Etot éva povoaroukd udplo éxet
Tpeiq BaBuolg sAsuBepiag, doeq Kkat oL
KateuBlivoelg Kivnofig Tou oTov XmPo,
evd éva Siaropkd pe arabepd oxupd
Seoud uetall twv oTéuwv Tou, Exel
névre BaBuolq sAeubepliag: TPElg Mou
nepypddouv my etadopiki Tou kivn-
on kat 300 mou nepypddouv TV

, ; Alatouiké popio Alatopix6 pdplo
neploTpodikn Tou kivnom. ue ovaBzph ue yahapfi
Zav ' eowtepikiy evépyera U gqyvéeon atépwv oivéeo atopwv
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aeplou A vevikdtepa oucTiuarog, opifoupe To ABpoloua TwV EVERYEWDY TWV

Souikdv Tou ABwv, Adyw ™g 8éong Toug ) Adyw g kivnong Toug. Avadépoupe

310 XapaKTNELOTIKA YVWPEIoMATA TNG ECWTEPLKNG EVEPYELQS!

a. Ze kavovikdég ocuvBnkeg Bepuokpaciag kat Tieong, To aépto EXEL MIKEN
nukvémra xal Bewpolue aueAntéeg Tig SuvAuelg uetatl Twy popiwy tou. Tote
n eowteplK Tou evépyela ekaptdrar MONO ané mv Bepuokpacia kat v
uéta Tou.

B. H petaBoAl g eowtepikig evépyetag petall Slo karaotdoewv Bepuoduva-
MG wopportiag A kat B, eEaptarar MONO antd Tig karaotdoelg autég xat &xt
ard tov Tedne nou éyive N wetaBoAr. Etol o' aum) v nepimtwon n uetaBoAn
™G SOWTEPLKNAG EVEOYELAG KUKALKAG HETABOANG eival undév.

Téhog oludwva ye To Bedpnua LToKAaTavoung TG EVEPYELAG, N ECWTEQIKT

gvépyela cuotiuarog unoloyifetal av avriotoicoupe evépyeia kT/2 o k&Be
Babud eAeubepliag Tou CUCTHKATOS,.

}t Z 7 7 2

YnevBuuifoune nwg n=N/N, kai opiloune cav k=R/N,, 6rou n o apdu. moles ,

N o apBu. uopiwv Tou agplou, R n naykdouia otabepd Twv aspiwy , Ny o apbu.
Avogadro xat kK n otaBepd Stefan-Boltzmann.

Exouue Aomédv oludwva ue 1o Qedpnua lookaravoung g Evépyelag ava

BaBué e)\spespiaq, E péon evépyeta evdg popiou Tou aspiou E= P (KT/2)

kat oAokARpou Tou aeplou (N wopiwy) n ecwTepwri evépyela

U=EoA= fNKT/2 = MRT/2.

@ 1.6. Epappoyég Kivnrixijg
Bewpiag aepinv

@® a. Mérpnon nieong

< z
aepiou
P I
/’ /7{
Bewpolpe pikpd kiBo TAeupdg | yan yd E
ue Toduara TeAeing eAaotikd péoa ,,/ N S e
4
otov onoio Bpioketal Savikd aéplo. Zr" ______ ___\" - i
MapakoAouBolue v Kivnon do- i 0 Ai‘Uz\ x‘L
plou palag m kaw Taxdmrag v. Kard ; ‘/K 7 x
mv kivnon Tou To Héple ouykpoUeTal i & f // P
KEVTPIKA Kat eAaoTIKA We To Tolxwua X :' I} S/ /
Tou kUBou kat avarm34. H opuy Tou Y F—-————-—-—j‘-ﬂ/
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Siampeltal, ondétre  Ad=2mv,

Av kard mv «ivnon Tou Sev ouykpoletal pe Ao uopto via va Swavioet
anéaraon 2| xpeldletan xpdvo t=2lv, .

Katd npocéyion, oe xpdvo At mou Sapkel i kpolon To udpio Exet
ouykpouoBel pa dopd pe To Toixwua X kar Exel LETABAAEL TNV OPMA TOU KaTd
2mv,.

H é3pa X, kard v kpolon, SéxBrike and To ubplo Slhvaun

fe = &d = 2mv, => f, = mvX

At 2/ v, N
kat and ta N udpa
Fy = mv2, + mv2,, +..+ mv3y, 1
| I J
Fe=m{v2,+ V2ot +V2y) => F, = Nm * (V2 V2 4. +V2o)
I ‘ ] N

O 6p0G (Y21t V2pt. +¥2)
N
gival N péon T Tou TeTpaydvou TG raxurrrrqq nou éxouv ta pdpa Tou
aeplou katd Tov dEova X, av mv ncpacrmcouua HE V2,
té1e N Slvaun vivetat F, = Nm *v2,
I
Ouolwg PBpiokouues Tig duvauelg F,, Fy, mou Séxovral Ta Toi@uara Ta kabeta
otig SleuBuvoeig xx kaw gy’ ;. Fy = Nmv2,, F,=Nmv2,
| [

TommAiko P, = B, eival n nieon nou Séxetal katd mv kpolom n éSpan

. A
kGBem omy Siedbuvon X katicoue Py =FE, = Nm v2,
I 3
ouoiwg Py, =Fy, = Nm \_/-24, kat P, =F, = Nmv?
j2 I3 |2 I3

NEIPAMATIKA Bpiokeral émi o uéoeig P,=P,=P,=P, &pa ané mq tpeig
NaPAnavw OXEoeEl; V2 W =VR,=V2,,
buwe and Ta Muenucrru«: Eépouje g v2=v2 4V 1+v22 kat To (S0 woxlel
yia vé=v2 +v2.,,+v2 Kat TeAka v2—3v2 3v2 =3ve,
Apa 1 mieon rou aokeftal oe kG8e ToixwHA TOU Soxelou , SnA. oAdéxAnpEn N
riieon Tou agplou eivar P = (Nm/13)*(v2/3).
Av V o éyxog Tou Soxeiou, N;=N/V o apiBuédg twv popiwv Tou Bavikod
aeplou avd povdda dykou kat d n rukvaTTa Tou, TOTE N Mieom Tou Ypdadetal :

P=(NmA)*(v2/3), i P=N,mv2/3, fj P=dv#/3. .

P=(2N,/3)(mva/2)

Mia GAAn oxéon g nieong sivarn
aAAG mvE/2 givat n péon Kivimtikn _
Evépyeia k&Be uopiou Tou agplou, dpa P=(2N,E)/3
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® 1.6.8. Métpnom mg Beppokpaociag

H oxgon g nieong ypéderar P={2N E)/3V => PV=(2NEJ/3. ‘

Av N, n otaBepa Avogadro, n karaotarikr| ekfowon twv Savikoyv aspiwv ypadetal
PV=nRT upe To otaBepd mmAiko R/Na=K, (otaBepd Boltzmann ) kat ériou N=nN, o
apBuée Twv Hoplwy Tou asplou kat N o apLBudg moles Tou ceptou

Erol anéd Tig napandvw ax£celg nookneL (2NE,()/3 NkT=> E =3kT/2 kaL TeAikd

T=2E,/3x.

ﬁ l z 2 7 ,E 2 - I ’Z 3
7 7. - ;K ’Z a z 7

TeAwd to mpdruro tou Savikol aspiou pe v BorBela Mg kwvnTwhg Sewplag:
1. Epunvedet my nieon tou aspiou pe v BofBeia Twv eAACTIKOV kpoUoewv Twv
popiwy Tou ue Ta TomiaTa Tou Soxeiou kat

2. Zuoxetilel v andAum Bepuoxpuola pe myv perad:oplm KIVITTIKA evépyeta TV

Hopiwv Tou agpiou.

@ 1.7. OEPMOKPAZIA

Katd v peAém twv Siapdpwy Bepuikav pawvopévav (Bepik Slactodr), Beacuds,
THEN), oroudaio pdAo naileL i évvola g Bepiiokpaciag. Onwg eidaue pe v BorBea
me Kivimuaiiq Bewplag Twy aspiwv cav Bepuokpacia opifoupe To pétpo ™G MEONG
g Mg KA evépyelag, Adyw Bepuunnq kivnong, Twv Sopikdv AiBwv cuomuareg
(arduwy, wopiwv).

Ado ohuara ue Stadopetikég Bepuokpacics nou Bpiokovral oe enadn petall Toug,
anoktolv TeAw@ kowri Bepuoxpacia. Téte Adue nwg ta dUo atuara Pelokovral oe
Bepuix] woopponia. Ekeivo To nMogd evépyetag nou ta 0o oduara avrdAhatav
petafl Toug Gote va anokaractaBel Bepuwr) ioopporia  xapakmpileral cav
GepudtrTa :

Movada um'pncnq mg Bepuoxpamaq eivar o Babude nou avagéperar os kanow
ouykexpiévn kAiuaxa Beppokpaciag,

Opyava uétpnong e Bepuokpaciag sival ta Bspuduerpa. BaBuoAoyouvral oe
xaroieg kKAjuaxes Bepuokpaciby pe ™y BoriBela duokdv otaBepdv.

TuwBwg ermAfyetal cav apxA To onpeio TENG Tou mdyou kai cav dvw 4pIo TO
onueio Bpaouol Tou anectayuévou vepou os cuvBrikeg arpoopapkng reong.

TAuepa xenoutonotolvear ot napakdtw xAipaxeg pétpnong Beproxpaociag.

a.AnéAutn;: Bdon ™mg kau apx ™G To andAuto undév. AnA. exelvn n Twn ™mg
Bepuokpaciag omv oncla naldst k&8e™ kivnom Twv HOPEIWV TOU CUCTAKATOS.
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3.

Meauarikd anpdomo. H GAn oe Beppokpacieq Kovtdé ote andAute undév
nadel va axohouBel omv cuunepipopd Mg Toug vououg g Khaocowig
Mnxaviig kat pdvo n KBavroMnyxavikiy propel va napaxkoAouBioel kanow
kivion Twv popiwv o autég Ti§ Bepuokpacies. Movada pétpnong eival ot

T(°K) BaBuoi KEABv.

. KeAolou: Zav ¢uaikég otaBepéq yia Tov kaBoplopd TG erAéxBnkav oav

Bepuokpacia MENG Tou nayou ot 0 BaBuol kat cav Bepuokpacia Bpaouol Tou
vepol ot 100 BaBuol. Aviueca o' autég TIG TéG N kKAuaxka xweiletar oe 100
loeg unodiapéoelg yu autd kal n ovopacia ™g exkarovraBdtua. Movasa
pétpnong eivar ot 8(eC) Babuoi KeAoiou.

. Reamur: Opiofinke avdhoya e ™v kAipaka KeAolou ue v Sadopd nwg to

onueio ™MENg Tou ntdyou avrioroxel oe 0 BaBuolg, evd to onueio Bpaouol
Tou vepol ot 80. Etot oL 100 Babuol Tng kAlnakag KeAgiou avrtiotolyxolv oe 80
BaBuolg g kAluakag Reamur. Xpnowonoteital kupiwg atig AyyAooafwvikég
XWpeg 6nwg kat 1 enduevn kKAluaxka

Fahrenheit: OpioBnke eniong av@lova pe mv Kedolou pe mv Siadopd nwg
10 onuelo T™MEng Tou ndyou avtictoel oe 32 PBaBuolg, evd To onueio
Bpaocuol Tou vepol os 212, Etol ou 100 BaBuol tng kAluakag Keloiou
avtiotolouv oe 180 BaSuolg mg kAiuakag Fahrenheit.

. Kelvin, Rankine: Tig andAuteq Twég Gepuokpaciag Tiq petpdue oe Slo

kAiuakeg, Tig kAfuaxeg Kelvin kat Rankine.

Imv Sepuokpaocia -273°C, ard v karaotatikn eflowony (Pv=mkT), 10
yivduevo Tou dykou emtl mv niieon aepiou undeviletal (T=0). Eneidn Jev eival
Suvardv va SexBoulpe undevioud tou dykou Tou aespiou, Sexduacte nwg o
auty mv Bepuoxpacia undeviletal n nieom Tou aegpiou. AnA. nadouv ol
kpoloelg Twv uopiwv pe Ta Toduara Tou Soxeiou mou nepudAetel to aéplo,
Gpa Bswpolue nwg Ta pépa axkwvrtonootvrat.  Enouéviog nadouue va EXOUNE
aéplo kardotaom.

Aumi axpiBidg v Beppokpacia Bewpoliue cav apxl S KAlnakag KEABw

omyv onoia n Beppokpacia THENG Tou ndyou eival 2730K

H kAipuaka Rankine sival av@hoyn g KEABLY kaL xpnowortoleltal erniong oav

andAutn kAlpaka Bepuokpaciiv.

H avtioTotxia Twv napandve kAWdxwy e v kAijwaxa Kelolou, Siveralw ané Tig

eflodoeig;

T(K) =@(C) +273, _C =5, Rank. =F + 460, Rank =18K.
F-32 9
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@ 1.8 ©EPMOMETPA

Ta dpvava pérpnong g Sepuokpaciog avAhoya pe mv Guoik apxn
Aettoupyiag Toug xwpifovral oe Siddopeg KaTNYORIES.

7 z 7

STuvSéoupe Ta akpa wHIKAG avriotaang R pe NAexkTpay nnyn E 1é v Bonbea
aunepopéTpou A.

Av xAeiooupe o kixAwua kaw apxioouue va Bepuaivoupe Tnv R, napampoiue
nwe N évraon Tou peluartog | eAartdveral AnA. we otaBepr Taon Tpododooiag,
oludwva pe Tov véuo Tou Ohm n Tr g wpuaig avtiotaong R aufrienke.

H eflowon Rg = Ry *(1+a8B)
Sivel v Bepuokpacia 8 omyv onola avriotot-
xel Ty} wuwag avriotaong Re. (R, n T g
avtiotaong orolq 0°C kar a o Sepuikdg
ouvteAeotiq  avtiotaong efoptduevog and
mv ¢don tou VAikod ™mG).

¥ aut) mv apx Baoiferat n Aetroupyia 11 ©¢ppavor avbver tnv Tpf
TWV WHIkGY BepropéTRWY TOU Xpnowonotolvral  Thjg wlkfg avifotaong R
YIQ TNV HETPNOT XOMNAGV BEPLIOKPATIDV.

B8) QepuoniexTpIkd GaivOUeEVO

Te kUkAwpa anoteAoluevo and 0o clppara SiadopeTikdv NETAAWY, He Ta
onueia enadhiq Toug va Beiokovral oe v
Swapopetikég Bepuokpaoieg, ava- sFe @
rrUooetal Sadpopd Suvapikod, Av N
gia enadnr) Ppioketat cuvéxela oe
orafepy  Bepuokpacia  avadopdg
(0°C), TéTE 1 évelEn nNBoATouéTpou
Tou Weted aut) mv tdon skoptdral
MONQO aré mv Bepuokpacia mg vepo ayveariie
GANgG enadic. Gepponpacia

a Beppokpaocieg péxel 700°C xpnot-
ponoteital Zelyog aywydv and Fe kat Cu-Ni (kovotavtavn), yi akdua uynAdtepeq
Bepuoxpaoieq Zelyoq and Pt kat kpdua Pt-Rh.

VLA BoAia 8 ,
Orav 8éAoupe va petpricoupe MOAU um-
Aéc Beppokpacieg (eowteplkd kKABAvwLY),
yenoworotolue ta onTikd nupbuetpa. H
Aettoupyla toug ompifetal omv (Sbtra
TWY CWUATWY va EKTIEUTOUV TOCO EviovWITE-
pn Bepuikn aktivoBoAia 6oo uymAdtepn Beppondex toixd Cepudue oo yia
HEqonon vgmddv Ceppokpactiv

\BPYs
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Bepuokpaoia éxouv. H oxéon mg axtivoBoAiag mou exnéunetal A and odua
Bepuorpaciag Teivat A = o*T4.

Eivai Biounxavia epapuoyi Twv Beppopétpwv wuwaiq avriotaong. GfAouue
va uetpficoupue Beppoxpaoieq rou n évdelR Toug (kavtpav) Bpioketal pakpud
ant o onpeio pérpnong (Yuyeio).

H alEnon g Bepuoxpaciog Tou vepol oro Yuyeio, aulaver v TR wUIKAG
avtiotaong R GvBpaka mnou Bpiokeral
péoa o' autd, Etor ue otabeph| thon
TPododoaiag (unarapia), oludwva e
Tov véuo tou Ohm, pewdveraL n évraon
Tou peluarog mou Swappéel karGAAnAo
KUKADUQ,

H petakivnon mg evBeitikrig BeAd-
vag pillauepopétpou Baduoloyrnuévou
oc Baduolg Keholou, pag Sivet mv
{rirolpevn év3eltn Beppokpaoiag.

{2ro kixAwua Tou oxfuarog 500 nAe-
Ktpopayviiteg 3nuoupyolv  Kat@AAnAa

i ' &ppbpetpo xrvyrpa
paywnrika nedia mou eAéyxouv TV ueta- azrmx'zvjrall

kivnon g evBektixfic Behdvag Tou Bep-
HouéTpou).

£) Oepui SIQ0TOAN

Ta nepioodrepo elxpnora Kk ot eupeia edappoyn Bepuduetpa. H Aerroupyla
Toug ompifetal omv petaBol Tou dykou Twv cwudTwy ou npoxkaleirar ané
v peraBoAn] mg Bepuokpaociag Toug (kUK SIAOTOAR).

Erow éxoupe Ta Bepuduetpa:
1_asolov
Kivii} otayéva éyxpwpou uypol (USpapylpou), Kivettal aKvouemvraq mv
adfnon Tou bykou Bepuaivbuevou aepiou. H
xivnon mg orayévag ndvw oe KAiuaka Bepriokpa-
ooV pag Siver mv {nroluevn évaettn. :
2 uypold D° 100°
H Aeoupyia toug ompiletar omv KuBtKﬁ
S100TOAA TwV uypdv Tiou mpokaAefrat and v
alfnon g Bepuoxpaciag Toug, ) 10

xvry arayova

épubnetpo azpiov
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NAPATHPHZEIX

i3

*1. Npoooxn xpelaletal omv emhoyri Tou xaraAfjAou uypod.

a) H nukvémra, to Xpdua, 1o onueic mEng, to onueio efaépwong, ot duvduelg
ouvoyg kat ouvadeiag e Ta Toduara Tou Soxeiou, eivatl pepixol mapdyovreg rouy
pag odfynoav omy erhoyr Tou Ydpapylpou oav 1o TIAEoV Kat@AAnAo uypd.

B) Eniong katd tnv pétenon xaunAdv Sepuokpacubv mpénet va AndBel un' 6¢m to

onueio mMEng Tou uypol (Udpapylpou -38,9°C).

Ma xaunAdrepeq Bepuokpaoieq xpnoylomoloupe Bepudpe-
TPa TOACUBANG (-95°C) kat auBuAikig aAkodAng (-114,6C).
Tta Bepuduerpa USpopylpou oL BepuoueTpikég kAlpakeg
Tou” xprowonoolvral ouviifwg eivat N Kedolou kat
QDapevair.

*2. |Swairepn npoooxhi npénet va Sobel karé v
BaBuohoynom ka kwd v SiépBwon evdeifewv Twv
BepuouéTpwy uypod.

a) Mo va csfaodalioouvus Bepuokpacieq 0°C mpénel va
BuBiooupe To BepudueTpo ot Wiyua ndyou Kal vepol kat
ya va ekaodparicoupe 100°C to Bubifouue o iepBaiiov
KOPEOREVWV USPaTUDV.

B) pénel va npocéfoupe Gote cAdkAnen n pHaZa Tou uypol va
Bpioketal omyv Sia Bepuokpacia kard mv BaBuoidynon,
Sagopetikd mpéner va SwopbBdvoupe kdBe ¢dopd v
avayvwor g évaelEng.

v) Mpoocoxry xpewdlerar omv Xpfion Twv BepurouéTpwy e

SwadopeTikd uypd extdg Tou udpapylpou. [Mpénel va
AdBouue ur’ &4m pag Tov rpéno StacToMig TwV UypmV
auTdv.
Ma nopddetyna oe espuoue;gd a)\KooAnq nou eivat
BaBuoAoAynuéva oe xAluaka Ke)\cnou Ol XOPAYREVEG
yoauuég rou avtiotoixolv oe Babuols, AEN sival oamé-
XOUCEG dnwg Twv avrioTowv USpapyuptkdv Bepuoué-
Tewy. (H ailBuAuc] aAkodAn SiaotéAetal avopolduopda).

AidpBworn £voeréns

0Axo06An udpbp-
wo § | 001  YUPQG

Bepnopetpikes
kAfuakeg 8§60
S1adopeT1IXOV UyphV
e Gvioca YapaypEveg
vnodiaipéoeig

e
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@ Etodoeig perarpomiq KApaxwy Xprioes o eniluon
AZKHZEQON

C/5 = (K-273)/5 = R/4 =(F-32)/9 = (Rank.-491)/9

Metal Twv uetaBoAv evdeitewv Bepuokpaoiag :

AC/5 = AK/5 = AR/4 = AF/9 = ARank /9.

@ Tlvooréig Ppuowkég oradepég

nukvétnra vepol d = 1gr/ml = 1000Kg/m3
Bepuokpacia nepBalovrog = 20-21°C

A2ZKH2EIX

a) Avpéveg

@ 1. 2t o Beppokpaocia ot kKAinaxeg Papevar (Fahrenheit)- KEABIv
(Kelvin) kat KeAgiou (Celsius)- KEABv Setxvouv v idta EvoeEn ;
AYZH

a) Xpnoworow mv eElowon petarpomig kAjuakag KeAaiou
oe Dapevarr : €L = 5 _{,
F-32 9
oM@ 1 kNipaka Kehotou petarpénetal o kAipaka KEAB
e v etlowon: T=C+273=>C=T-273 (2).
AvtikaBiotd mv (2) omv (1) kat éxw : I273 = _5
F-32 9.

¥
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Etol éxw pia efioworn pe dva MONO dyvwato Tov X, adol BEAw

n évdelEn T=F. )
En\bw Aonév v eflowon  x273 = 5 katTehkd
' x-32 9
éxw x=57425¢.

B) Xpenowonow mv eflowon petarpormg MG kAfuaxag Kehaiou
oe KANuaka KEABLW : T=C+273.

0 ayvwatog x elvat iy kown T T=C=x.

AnAadn ipénel va emAlow mv eflowon  x=x+273, n onoia
AEN éxel NMOTE Alom, #toun andvinon eival nwg

o1 300 khiuaxeg Keholou-KEABY AEN éxouv MOTE xowvr) évSetdn.
(Avapevopevo arotéheouq, adol npdkeral yia Ty IAIA kKAipaka

ue Siapopetikn apxn ).

2. Néte n évdeiEn ™G kAipakag KeAoiou eivat ion pe To dmAdoto mg
£Evoeng Papevar ;
AYZH

Xpnoylonow my eklowon uetarpomig kAlpakag Keholou
oe Qapevar : c =5 {1,

F32 9
éxw _C =5 ,
(C/2)-32 9
e povadikd ayvwaoto v A C,

Etot Movw wg npog C ko TeAkA éxw 6T yia v T _-24,6° 1 kAlpaxa
Kehoiou Siver SinAaaia évdelfn and v khjuaka Gapevarr.
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B) Heog Adon

1. GeppdueTpo eival Baduoroynuévo oe 300 KAipakeg, Celsius kat
Fahrenheit. Ze noi Bepyokpaocia ot evOEEEIS TWV 3U0 KAMAKWY
oupntinrouy;

2. Tyv iS1a pépa n Bepuokpaoia oty Adrjva eival 20°C kat oto
Aovdivo 77°F. Néon diadpopa Bepriokpaciag Bpiokel peratld Twv d0o
NOAEWV 0 KATOIKOG TWV ABNVAV Kal TEom 0 KATOIKOG Tou Aovaivou;

3. Na tpanoiv ot napakare evdeikeig MG kKAipakag Fahrenheit -15,
50, 200, ot evdeikelq TwV KAaGkwv : Celsius, Kelvin, Reamur kat
Rankine.

4. Karaoxeuaote ik oag KAjaka Osppokpaciov yia BaduoAéynon
uypoU Beppop€Tpou Kat Bpeite oL -30° g Sik\g 0ag KAaKag os
ToIEQ TIRES TWV KAGKwY Celsius, Kelvin, Reamur kat Rankine
QavTIoTOOUV.

5. Ze GepuodpeTpo, kar@ AGeog kard mv BaduoAdynon tou,
onUeWBNKe oav onueio ™ENG Tou éyou 1) évBelEn +10 , oav onjeio
Bpaopol Tou vepoU B¢, 1 évBeiEn +89. Moid eivai  Beppokpacia
NEPIBAAAOVTOG TIOU QVTIOTOIXEL NV EVSEIEN TOU CUYKEKPIIEVOU
BeppopéTpou kat ord EvOelE Tou divel v npayuariki Oepuoxpa-
oia;

6. Ze aBabuoAGYITO USPAPYUPIKG BeppoUETPO EXEL TEDEL oav
onieio ™ENG Tou ntyou OYiog oAng 4cmHg, evd oav onjieio
Bpaouol anootaypévou vepol Uipog omAng 22,8cmHg. Av To
onusio Bpaouol AAKOOANG AVTIOTOIXEL OTO CUYKEKDIMEVO BsppdpE-
TPO ot UYog oTiANG 18,6cmHg, Bpeite aut) v Bepuokpaoia oe °C.
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Kepdalato 20

@EPMIKH AIASTOAH

@ 2.1FPAMMIKH AIAZTOAH TQN ZTEPEQN

Oha oxeddv Ta areped uetaBdAlouv Tig SiaoTdoelg Toug drav uetaBdAAetal n
Beppokpacia toug. E3G Ba efetdoouue TV peTafoln} Tou pfKkoug Twv oTepemv
pe v uetaBoAl Mg Bepuokpaciag Toug.

BpéBnke nepauartikd nwg

pe B=1*dl -
| dé )

orou B o ouvTEAECTAQYPOMMIKAG SlaoToAflg. Metpeital ce gradd, efaptdral
and to uAikd Tou aduarog kat gival aveEdommrog ané mv Sepuokpaaia.

H nopandve axgon ypddetal kat e v popdR lo=1. *(1-+3*d0)

0~ ‘o

nou Sivel ypauuik efdpmom oTo TeAkd WAKog Tou ouarog lg and mv
petaBoAl d6 g Gepuokpaciag.  Auty n eflowon nopoTavetar ypadikd ue
eubeia yoauuA ot ypadwn rnapdotaon |=I1(8).

Na ta nepoodtepa WETAANG O OUVIEAECTHG YPauuig SactoAfig B slval
BeTikdg, Y@ AAAa cfébpcrra (.. xaoutoolx) eivat opvrtikég. To xpdua Invar
(64%Fe, 36%Ni), éxel acriuavro cuvreAsom) YpoupnG SlaaToAfG ondTe To Ko
Tou efvat npaxTiké avefdptrto and v UetaBoAf Mg Bepuokpadiag.

| o Fe |
lo Invar '
| I
Kao 0K i !
0] 8(=C) -273 0 B (°C)
MetafBoldf] tou pfikoug aviloya pe Ze modl yaundég Beppoxpacieg o
v Seppokpacia guvtedeathic ypappikfig Siaatodfig §
undevidetaa

Meauarikd n petaBoAr] Tou pfikoug pe v Sepuokpacia anodewvietal nwg dev
uag Sivel euBeia ypauun, aAAG kaumdAn, énwg omv napandvw yeadpkn
napdotaon. Enopéveg o ouvTeAeoTG B yeauuikhg SiactoAnig EZAPTATA! KA
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ane mv QEPMOKPAZIA EAartwveral akohouBiviag my uelwon e Bepuo-
kpooiag kar oy Bepuoxpaoia tou anoAutou undevog (-273°C! undevilertar

TeAikéd MONO via oAU ukpeQ TEpPLOXES Fepuokpaoiag .oxlei 1 oxgon
la=1"(1+B*d8) , ONMou 0 OUuVTEAEOTIG YPAUUIKNG SwactoAng B Bewpsital
aveldpmrog and myv Bepuoxkpacia kal NEaxTikd orabepdq.

TTov Nvaka mou akohouBel Slvovtal TYWEG OUVIEAETTOV YOQUMIKAG SaoTo-
ARG yvwotwv cwudtwy  Eriong oto nopakdtw  oxedldyeauua daiverar n
QUCTOAR TOU KAOUTOOUK NMou mnpokcheital and v adinon me Bepuoxoaadiad
Tou.

ZUVTEAEOTEG YPARMIKNG SIaoTOMAG ot 10-6grad-
Kodua Invar 0 Zidnpog 12 %
Xahaliag 0 Mnetdv 12
Fuakl Pyrex 4 Xahkbg 1
"uaAt kowvd 9 Cpeixaikog 19 A B
/\e’uxoxpucoq 9 LUE':U&].OYUOOQ 26 ExTatKs napdoTacy
XéAuBag 44 MéAuRSog 29 aAuciag popiov

Kaoutooux ot BepHOKpusieg

A xaunin xat B vynln
© 2.1.aEQAPMOIEZ

" a)_AwieraAAixoi Alaxdnreg

Ot CUVTEAELOTEG YPOMMIKAG Sla0ToAAg SladopeTikwy
orepewv Sadépouv petald toug vim efaptdvrar and
mv $lon Tou uAikou. EToL katd ™v S€ppavon Ste
OTeped SUYKOAANLEVLY CWRATWY N LETABOAN TOU HNKOUG
toug Eeival Sadopetikh, ondte A napauopdwvovta 1
EexoAAOUV.

Orav 1a 800 ohuara éxouv TV uopdH HETAAAIKGDY
eAaouaTWY OTEPEA CUYKCAANuévwy xaf' AAo To pnxog
Toug, N avouoldpopdn SaaToAn NMPokaAet <Guym Tous.

M autd tov tpdmno aronaxplvovrar xd  kartdAAnAa
Sia.opdwuévn Bepuikh enae’; MEOKCALVICS Stakonmh Tou

Aipetaddikot
fanxoning nAexToikoU peducTog ol JlappEet TO KUKAWLG TOUS.

XprioyonowluvTal ot -
Q) NAEKTRIKA. KUKAGMATS oav BepuooTates. SIakOTTES, CChAAEES
8) ueTAAMKA_BEQUOMETRS
v} unxavicuols. akpiBelcs | (wpoloyiakol pnxaviopoi nou AEN 7pénel va enn-
osdfovtal and TIQ HETHB0AEG ™G Seoucknaciag)

E¥re
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8) H A . ,

O o kivduvog arnokdAANong ASyYw SabOpPETIKOY CUVTEAECTWV YPAMMIKAG
Swactohfic B, mopoucdleTal Oty agpocteyrny oUvmin petdlou-uddou Ta
oUppara Twv Aaummipwy dpovtilouue va éxouv Tov Slo GUVTEAEST YPOUMIKAG
3laoToNAg e v Ualo, wote va napapévet téAela np olvmEn Toug omy Béon
Twv Aaurmmpwv. Tétoia olpuara eival Ta Swetalikd Dument nou karaokeud-
Zovral and vikehloUxo xGAuBa nou nepiBdietal and oTpdua XaAkou.

y) PYREX

Ta yudAiva avTikelueva Bepualvoueva tomikd, SwactéAlovral avouoiduopda
(e artotéAcoua va ondlouv. To yuall sival kakdg aywydg g Bepudtnrag kat
Ta dueca Bepuatvdpeva uépld tou karakparoly ™y Bepudmra uetadépovrag
mv eAdxiota ota yerrovikd Toug. Etol i yudhivn Bdom oxeloug nou Bpioketal
oe AMEZH snadf ue 10 Bepuaviikd obua, Bepuaiveral kal SiaotéAetal oAl
neploodtepo and ta toduora. X autd n Bepudtnra $Bavel SUokoha ue
Siédoon péoa and v yudAivn uala, ye anotéAeoua v Spadon.

To edd yuall Pyrex éxel Mikpd CUVTEAEOT] YPOMMIKAG SLACOTOAAG hote
MEAKTIKA va unv StactéAetal We Tig MeTaBoAég ™G Bepuokpaciag Kal EMOMEVWLS
va unv karaotpépetal oe andtoues METOBOAEG TG,

Xpnoylonolettal yia My KATQOKEUR -CUOKEUDYV KAl opyavwv rnou Meénet va
avtéxouv oe ulnAéc Bepuokpacieg, énwe dpyava spyaompiwy, HAyYEioka
okeln.

@ 2.1.8 EAAZTIKEZ TAZEIZ npoepxOueves anod S1aoToAn-
OUCTOAN OTEP@V

O véuog Tou Hooke Al=1*E*|
E A
pag diver mv uetaBoAll Al Tou uikoug oluarog apxikold prfkoug |,
enmbaveiag A étav Spdoet ndvw tou Slvaun F, :

Eniong peTtaBoAr kard Al Tou pAKoug Tou chpartog dag Sivel kat n katd A8
uetaBoAR ™g Bepuokpaciag Tou. ( Al=F*I*A8).

Zuvdudlovrag toug 300 vououg xataoAdyouus nwg N MeTaBoAr TG Bepuo-
kpaoiag rmpokaAel euddvion toswv (Suvluewy), emkivduvav Kal karaotpodt-
KV oTa dxpa oTepedv, Ot MEPUTTMOOELS TIoU gival anopaimro va Siempolvrat
- oTabBepéq oL SaoTdoelg Twy cwudtwy autdv. Zidnpotpoxieg, MAdkeg nelodpo-

piwv, HeTaMAkG pépn okehetol kripiwv, yedupdv). MAviote oe TéToleg Kara-
okeuég adfivovtar kevé Swomiuara acddhelag, Gote va unv gunodiorel n
StaotoAr] kat avarttuxBolv karaotpodikég Suvauets.

Arnd Tig 300 nopandvw oxéoelg unopolue va urnoAoyiooupe Ty T@on mou
TPETIEL VA QOKNOOUKE OTa Akpa opaTog yvia va sunodicouns v MeTtaSoAr
" TOU MAKOUG ToU Tou nponiABe and uetaBoAés mg Bepuokpaciag.
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Etol ekiobvovrag Ta npdta HEAN Twy OXECEWY TEAKA EXOUME
F= E*B*A*A8

1 Tdon mou edpapudleTal avd povada enidpdvetag L F= E*B*A8 j

@® 2.2 EMIOPANEIAKH AIAZTOAH

Kard avGAoyo teémo ue Ty ypauuikr| S1a0ToAr, ot oduara 300 SiIacTtdoewv N
HetaBoAr) g Bepuokpaociag katd A8 npokahel petaBoAf TG apXIKNG emdpdvelaq
A, kara AA rou Sivetal and myv oxéon dA=A,*a*de

He a= 1*dA
A, d8 érou a o ouvteheotiiq erdavelaxniq
SaotoMig oe  grad.
O ouvteheomg emdavelanis Saotolig efaptdral kaL autdg and v $don
Tou obuarog xat and my Bepuokpaoia,
Ma erupdveia Ag o Bepuokpacia 8 wxlel n oxéon Ag=A_*(1+a*dg)
énou A, n empdvela o apya Bsppokpacia 8.,
Anodewkvietal WG Katd HETPO O CUVTEAEOTHG eridavelokriq SlaoToArg a sivat
SIMAGOL0G ard Tov CUVTEAECT] YOOMUIKAG SoactoAng B, nA. a=283..

(ADOAEIZH

Ardé mv oxéon ™G YPouuwnAg Saatohfi 1=l (1+B6) éxounde pe UPwon oto
TETPAYWVO  12=1,2(1+06)2 = 1,2(1+2R8+R203)=> A=A(1+2R8) (3)

6t o ouvteAeoTrig Ypauukig SlaoToMG B eival oAl Wikpdg épa kat To
yivopevo B8 eivat oAl piked , oA NeploodTepo To yivouevo 262

2Zuykplvovtag TIG OXEOSiq TG YPOMMIKAG KAl TG srudbavelaxs SOTOAAS
TeAkd npokumter a=28 ).

@ 2.3 KYBIKH AIAZTOAH

H ueraBoAl g Bepuorpaciag katd AS emmpedlet kaL Tov dyko TV CwudTwY
Kard

AV=y*V*AB
He cuvreAeom kuPunq SlactoAig |  Y=1.*dV_
petpoluevo oe grad, vV de
loxlel kaL n oxéom V9=V°*(1' +y*dg)

ME Vg o Oykog ot TeAk] Bepuokpooia B8 kat V, o 6ykog
ot apxikf Bepuokpacta 8.,

Wb Pk
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AnodeikvieTal Mwg o ouvteAeotig kuPKAG SAoToARG v gival peyalltepog KA
and tov guvreAeot} empavetan|q SlactoAng a KAl andé tov CuvreAeot ypouut-
Kfg SlaoTtoAfg B kat wdhiota eivat TpimAdoiog Tou B.

H oxéon npokUrtet MAGHMATIKA cav epunveia twv NEIPAMATIKQN anotesAe-
oudtwv nou £detfav niwg yvia My S petaBolAny Bepuokpaciag AS o bykog Tou
oouarog UeTaBANBnke neploodtepo and v petaBoArl me empaveiog Tou kat
and v HeTaBoAR ToU HAKOUG Tou.

(ANQAEZH :

H yvwomi oxéan I=1,(1+B6) updveral omv Teim yia va pag Sdost dykd kau
vivetar B=13(1+p6)2 = |,3(1+3B80+3B202+33%)=> V=V (1+3R0), 56t B8 eAdx-
oTo, NOAU NeplocdTepo To [282 kail To 363 .

Zuykpivovtag aut v oxéon ue v eflowon ™G ypauuuig SlaoToAng
kaTaAffyouue OTO oupnépacua nwg y=38 ).

@ 2.3.a. KuBixij AlactoAr] YTPON

H xuBu] Saotol) Twv uyp®dv akoAouBel v yevikh opx kuBIKAG Sl1aCoTOARG
Me v dladopd nwg o ocuvreAeomiq XxuBuaic SLAOTOAAG Y TV uypdv
efaprarar andé v Beppokpacia. Ankadf ypadky nopdotaon Mg oxgong
V=V(8) AEN seilvai suBeia, aANd kaurUAn.

H péla uypol efaprtdral kal and myv nukvéta Tou uypol. Etol netaBoAd e
Bepuokpaoiag mpokalel kai peTaBoAr mg rukvétrag Tou uypod népa and mv
HeTaBoAr; Tou bykou, ote va napaueivel ctafeph N wala tou uypodl.

Exoupe m=d,V, = dV => d /N,=dN,(1+y8) => d=d /(1+y8)

Xapakmplotikd napddetypa e MeTaBoAig TG NukvéTnTag sival n_avayioAn .

suBua) Siagtol Tou vepol.

Geppaivouue  Tov  GyKO
Vi, otaBepriq nooétrrag vepol
EexvavTag and opviTtikég Ti-
Hég Bepuokpaciag. MNapam-
polue oro dukavéd Sidypou-
Ha 4T eAardvetal MéXPL TV
Bepuokpacia twy +4°C 6-
mou maipvel v HIKESTEEN
TR Tou. Metd o dykog na-
paxkoAouBsl kavovikd v aud-
Enon Mg Bepuokpaciag au-

favéuevog YPaupIKA.
MnAadhy oro  avriotoixo
Sidypapua  dykou-Bepporpa-

1,0004

1,0003
1L, 0002

4
I
|
|
|
i
1
|
i

1,000

2 4 6 8 10 g(Q)

Sidypappa V=Vith
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Tuvteheotéq KuBKNG ~aiag o ouvteAsomg kuBwigq SlagToig ¥ Tou vepol
SlacToAlg  uypdv éxet apviri) T and 0oC péxpt +4°C, T undév
oe 106 grad” otoug +4°C kal Bety TR amd Toug +4°C kat
—  navw.
YSpdpyupog 182
Nepd  (20°C) 207 BioAoyix} onpaoia
ABUAIKY aAKOGAN 1120 avdpaing KuBuxnq
BevldAio _ 1237 S1a0ToANg vepol
TuaAl  (Yévag) 25
Z(®npog 36 AroTéAecua autig ™G avipaAng kuBikhg Slacto-
Aépaq 3660| Mg Tou vepol eivar n Siampnon g fwhg oTig
Aluveg kai otoug motauols Kard toug Xewepwolg
uves.

Ta orpouata vepol Bepuokpaciag +4°C éxouv v ueyaAdtepn mnukvémTa
eTopéveg KAl MeyoAUtepe Bapog kat étol nayibelovral otov nuBuéva, H Bepuoxpa-
ola tou vepol Tou ruBuéva ka8’ 6An v Stdpkela Tou Xewdva nopauével atabepn
+4oC Sampovrag mv ZwA, evd Ta ynAdtepa uddtiva otpduara Wixovral Kal
naydvouy akoAouBdvrag Tnv nrdon Bepuokpaciag Tou nepiBaAovtog,

® 2.3.8 Kupu«aij AraotoAr] AEPION

H uetaBoAr e Bepuokpaciag aspiou pe aralepr) mieon, ouvdéstal ue MV OxEon
HetaBolig éykou AV=a*V,*A8

4mou a o oguvteAeomg KuBrig SlacToANg Twv aeplwv und orabepn mnieon

we [ o o1y
V, A8

nou uetpeital oe grad.
Eriong yia tov dyko Vg o Telud] Bepuokpaoia B8 woxiel kaL n oxéaon

Vo=V, *(1+a*A8)

Me V, o bykog g kavoviki Sepuokpacia anoAltou undevdg -273°C  kal unod
otafepn] kavoviky ricon 1atm.

H xuBwh Swaotohl Ttwv aepiwv Siadépel and v avrioton Twv uypdv ota
napaxkdrw onuela @

a) o _cuvredeomiq kuBumic SiIaoToAiq a  éxel otaBepr Twr avedpmm and mv
Bepokpaoia, Sla yia dAa ta aépla ion pe 1/273 grad

B) n_TwA V., omv oxéon kuBikig 3SaoToAng Twv aepiwv V=V (1+a8) avadépetal
OTOV OUYKEKOWEVO AYKO TIou EXEL TO AEPo UM K.O.(KQVOVIKEG OUVBNKES).
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Y)_n_kufiki SiaoTolf) Tou Gvkou TWv gegiwv pe v alfnon g Bepuokpaciag
avadépetal os MHeToBOA ie otaBepn Teon kal 0 a elvat 0 ocuvteAeoig
KuBfig Sl0aToAfg Twy aeplwv und otaBepn nicon.

Axdun npénel va avadépoupe nws n MeTaBoAnl TG Bepuoxpaciaq NPOKaAsl

ora aépla KAl petafolfy g nieong Toug und otalepd dyko oludwva pe v

oxéon:

AP=P *a*A8 # P=P(i+a8)

émou P, n mieon Tou agpiou unéd k.o.{ Kavovikég ouvBikeg) kai a=y, (Gepptkéq
QUVTEAECTNG QEpiwyY).

énou d, n ukvémra Tou aespiou und K.o.{ Kavovikég ouverkeg).

AXKH2FEIX

Avpéveg

@ 1. AtoGAivo nopa Exet SiGpeTPo 8cm oToug 20°C. Ze rtotd Bepuokpa-
oia 8a Taialel akpPag oe Tpima otaBepnig Stapétpou 7,998¢cm ;
Alverat 0 Byrom =11*10-6grad-.

AYZH

[Na mv ypauuuy SiaotoAr] éxoupe My oxéon  Al=I,*B*A0 (1)
ESG Al=8-7.998cm, AB=8.,-20 (2).
AlGw v oxéon (1) wg mpog A8 kai éxw AB= Al
B*l,
éxw A6 =(8 - 7,998)cm*i0égrad => A8= - 22,727°C.
11*8cm
Ma va edapudoer o noua oe TPlNa pkbrepng Swapérpou MPEMEN va
ZYZTANE!, dpa npéner va WYXOEl kau étor epunveletal 1o npdonuo (1) omyv
ueTaBoAn g Bepuoxpaciag A6, oav rrdon Bepuokpaoiag. -
Ard MV (2) éxw AB=08,-20=>0,, = AB+20.
AvrikaBiotd mv Tur A8 nou PBerka Kat éxw
Been = (-22.727+20)°C =>8,, = -2,727°C,

, avrikadiord kat
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@ 2. MudAwvo proukaAt eival yepudro pe 60cm3 uddpyupo ae Bpuokpa-
oia 20°C. Av 1 Beppokpacia avéBel otoug 40°C, néaog udPAPYUPog
0a XUBEl ; (eTpnuévog oV TeEAKY Beppokpacia).

Aivovral By =9*10€grad? xai cuvteAeoTig KUBIKAG
SI00TOANG Yyzpaey=18%10-5grad-1.
AYZH

Ma mv kuBA SlacToAr éxouiie TV oxéon AV =y*V *AB.

0O bykog Tou uSpapylpou nou Ba xubet Ba odeiretal omy ueyaAurepn
kuBuay SiactoAr] Tou uSpapyUpou and v avtioton Tou YucAod xat Ba Sofel
and mv eklowon

AV z00oy = AVyuar = (Yuseapy - Yyua) *VO*AE (2)

O apxixdg bykog V, twy SUo UAikdv fitav o Btog yiarl To yudiwo
urroukdAt fitav FTEMMATO and udpdpyupo. H oxéon mou ouvdéel Tov ouvieAe-
ot Ypouukig SioTohfig B ue Tov avtiotoixe kuBumig SlactoAAg Y ya o B
odua givatn  y=3B.

Etol ue avrikardotaon omv (2) éxouue
AVyzocoy = BVyian = (Yuzpapy - Byuad® Vo * A8
= (180 -9) * 60cm3 * 20grad =

106
= 0.20m? uSpapvipou  XYNONTAI

@ 3. O1Gkpeg atodrivng papdou diatoun 1,5 cm2, ompilovral aviuesoa
oe 800 onueia o Bgpporpacia 35°C. Moéan eivauny dGvaun nou Ba
aoxnOei and ta urtoompiyuara omyv pdpdo, 6tav kareBAcoule v
fBeppokpacia otoug 10°C ;  Aivovral to Hétpo Tou Young

E=228*10""N/m2 xai O B rom =11*10-6grad-.
AYZH

Ma to pétpo E éxoupe v oxéon  E= _Siqufixneg Tdon ()
OXeTIXA) emufikuvon
ue Siaufkn T@on  F/A  kal oxXeTik eruuikuvon ) ouoTtoAry Al
étoinoxéon (1) viveraa E = EAA = _FE*, .
: Alfl, Al*A
EnAbw wgmoog F kot éxw F =E *Al*A /I, (2.
ANAG Al =B * |, * AB, enouévwg Tdpan (2) vivetal
F =E*B=*|,*A8 = E*B* A8 (3)
lo
AvTixaBlotd TIg Tinég omyv  (3)
[ AB= 35-10=25°C, 1m2=104cm2 kai eropévwg 1,5cm2 = 1,5%10-4m2 ]
KaL éxw
F = *QU N * 2 *{1 * °oC = 9405 N => F = 94 kN.

m2 * {06 * 104 grad
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@ 4. OFuydvo oe Beppokpacia 10°C kai nieor 1 atm, £xel ko 500it.
Motdg Ba eival o dykog Tou ot 40°C kat Tieon 1,5atm;

AYSH
Enedf n péala tou ofuydvou riapauével orabepn
xpnowonowolue v eflowon PrY,_ = BP,*V,
T, - T,

KkaL ermAloupe WG npog dyvwoto Tov dyko V, omv Katdotaon 2
Etol éxoupe -V, - BV, * T,
T; « Py
Me T, =273 + 10 = 293 oK «kat T, = 273 + 40 = 3130K
avrikaBiotolpe Tig TAG  Kal EXOUNE
Vo = latm * 500it * 313K _, V¥, = 368.67it
293K * 1,5atm

AZKH2ZEIX

npog Avom

@ 1. Mia yuahiviy paBdog £xel Wiikog 412,5mm atoug 0°C.Otav
Beppaveei otouq 98,5°C, emunkuvetal kard 0,329mm.. MNéoog eivai o
OUVTEAEOTTG YPaUUUHG 31a0ToANg me papdou ;

@ 2.Zidepévio aredavt Srapétpou 20cm, Exet OXIoUN IAGToug 0,5mm.
Zmretral To MAATOG TG OXIOWTG 6Tav N Beppokpaaia Tou otepaviou
augnBei kard 500°C.

@ 3.XaAiBsIVI paRBoG, prikoug 20cm TG ONoiag N £YKApoIa diatopr)
£xet eppadov 2cmz, Bepuaivetal and Toug 20°C atoug 200°C. Mold
dGvapn npéret va aoknBei ndve ota akpa g yia va eurnodicet mv
diaotoAfnmG; (E=2*1010N/m2 B,=11*10-6grad-).

@ 4.Mia opBoydvia Adka ané XaAkd £xet S1aoTaocelg 0,18m*1,5m aToug
0°C. Néoo augdveran empdaveta mg, érav Bspuaveet and toug 5°C
OToUG 45°C ;  (Byaarou=14*10-5grad-).

Wb Pk
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5.Z15epévia odaipa éxel Siqpetpo 19mm atoug 0°C. Motd Beppokpa-
oia mpénet va arnokmoel n agaipa, OATe va pnv xwpd va rnepacet
HEoa and HETAAAIKS SAKTUAISL StapéTpou 19,04mm Méoo auEaverat
T6TE 0 6YKOG TG 00AiPAg ; (Bre=12*10-8grad-).

6.IudAvog kUAIVSPIKGG CwATIVaG £Xel UPog 1M Kal TOWT 1CMR2 OToUG
0°C. O owAnivag eival karaxdpudog Kai EPIEXEL USPAPYUPO TToU
oxnuariZer omAn Oyoug 0,96m amy idia Beppokpacia. Ze nold
Bepuokpactia o cwAfvag Ba sivat Yepudrog udpapyupo ;

(Yugpapy =18*105grad" kat Yyyam=24*106grad).

7.Mala aépa £xet 6yko 200cm? otouq 0°C. Ze rotd Beppokpaocia o
6yxoq Tou aépa SmAaotlerat 6tav Beppaveei und otabepn ieon ;

8.Zrov nuBpéva Aipvng oxnuarifovrat puoaideg pedaviou , o1 ornoieg
érav p8avouv oty erudpaveia mg Aiuvng £XOUV AMOKTACEL TETPANAQ-
oto dyko. Zrov nubuéva n Beppokpacia eival 10°C kat omy srupdvela
n Oeppokpaocia 200C kat n atpoodapik nison 1atm. Néoo eivatto
BaBog Mg Aipvng ;

Wb Pk
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Kepahato 30

OEPMOTHTA-OEPMIAOMETPIA

@ 3.1 6EPMOTHTA Q

To &idog Mg evépyelag mou petapépetal wetakl Slo owpdrwv SiadopeTikic
Bepuokpaciag Moy Bplokovrar gs Bepuik enadr, HéxpL va anokaractadel
Bepuur topponia,

Metpetral oe ca/ Beouides) MNpdtuno ulikd To vepd.

Mia 8epuida eival To ncod mg Bepuburag nou anarteftar ®ote 1gr vepoul
va auffioel v Bepuokpaoia tou kard 1C.

BtuBritish Thermal Uit Bpettavui povada Bepuétrnrag: pHovdda Bepudm-
Tag oro AyyAooatwvikdé olomua povadwy, AnAdvel To nood e Bepudmrag
nou xpetdZetar 1 Afunpa (Ib) vepol yia va auEfioel mv Bepuoxpacia g katd
10 Fahrenheit.

(1lb vepo(=453,6gr. MetaBol g Bepuckpaciag katd 1oC avrtiotoiel oe
petaBoAr] Bepuokpaciag katd 5/9oF), enouévwg 1Btu=252cal.

@ 3.2 EIAIKH ©EPMOTHTA ¢ couarog.

To nocd g Bepudtnrag nMou anarteitat Mote 1gr Tou ocouarog va aufoel
mv Bepuokpaocia Tou katd 1°C.
Metpetrau oe cal/gr*grad.

@ 3.3 OEPMOXQPHTIKOTHTA K

To ywéuevo m*c omv ekiowon me Bepuidopetoiag Aéyetal BepuoxwernTixs-
mra Tou oparog kaw ekppdlel To Nood mg Bepudinrag nou anawteital Gote
oAdéxAnpn n uéla tou chuarog va aufioel v Sepuoxkpacia g katd 1oC.
Metpeftal oe cal/grad.

@ 3.4 EEtiowon OEPMIAOMETPIAZ Q=m*c*AS.

H nooémra Bepudmrag Q nou anoBdAet 1 mpooAauBdvel éva owua, eival
aviioyn g palag tou m, g MetaBoArs g Bepuokpaoiog Ttou A8 kat eiva
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avéhoyn g edikng Bepudmrag ¢ Tou sﬁcbrc'rrm andé mv ¢Uon Ttou
owMaTog.

@ 3.5 ATOMIKH-MOPIAKH ElAIKH ©EPMOTHTA

En\lovtag ™v eflowon mg Bepuidoustplag wg npog eldikn Bepudmra ¢,
KQTaAfYouue otnv oxéon c= (Q /m)*A8

Av omv 8éon g naZag m, avii yia gr BéAw Tov apiBud N ypapuouopiuv
{moles) Tou odparog éxw ™V oxéon ™ Moplakrg eIk Bepudtnrag:

C=Q/n*AB8, érnou C=m= c.

Me Tov {Blo Tpémo avrtikabiotd@viag Ty wéfa m Tou oduarog omy Ba
eElowon He Tov apiBué n' ypouuoatéuwy (gr-at) Tou owuarog, éxw my oxéan
m™e Atouixig eidixiig Beppbénrag

C=(Q/n’) * A8 ue C=n'*c.

@ 3.6 METABOAEZ EIAIKHZ ©EPMOTHTAZ

Zreoed

H Atouikiy el Bepudmra Twv ote-
phv oe cuvABelg kal oe uynAég Bepuo- s+ ¢y (cal/gr*grad §
xpaaieg etvat oraBeph kat {om nepinou pe 6 | /_)"
6cal/ gr-at*grad. (Népog Dulong-Petit) Pb 7 Cu

e xaunAéq Bepuokpaoieq eAartdverat 4
xaL téAog undeviletar étavn Bepuokpacia
nAno&lel To andAuto undév. 2 |

TéAog via oAl xaunAég Bepuoxpacieg '
n aroun) Bepudtmra sival avéhoyn Mg - 0 200 400 T(eK)
Teime Slvaung ™g arnoAltou Bepuokpa-
olag (Nopog Debye).

2101kt Beppoétnra otepeot gav
ouvaptnon tng Sepuoxpaciag

Yyod

Kaupia oxéon Sev undpxel yia Ti Mopuakég edikég Bepudmreg Twv
uypdv. AMAd via ta nepogdtepa uypd n TwH MG Beloketal avaueca oe
0,3-0,6 cal/gr*grad érav Sev oynpatifouv CuuMAEyHaTa Hoplwy.

Mevikd T UypA KAl Ta OTEPEd oUaTa éxouv eidikég BepUOTNTES HE TWES
HKpSTEPES and v Movada, extdg ™G edikAG Bepudmmrag Tou vepol Tmou
éxel TwA {on pe mv MovaSa. Auth n peyéAn Twh efaodalifet kal peydAn
BepuoxwenTikdéMTa OTa Vvepd Bahaootv kal Auvdv, He arotéAecua ol
ueTaRoAdq MG Bepuokpaciag Toug va yivovrat pe noAd apyérepo puBud and

v
5 S
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autdv Mg E&npdag. Etol éxoune onuaviikd ermpeacpd Tou KAUOTOG Twv
NapaBaldooiwv MEPLOXOV.

Eniong n elducq Bepudmra twv cwudtwv napakoAoubel Tic petaBoAéc meg
Bepuokpaciag. Aukdvetal pe v alfnon g Bepuoxpaciag kar pAAlOTa n
alfnon eival peyoAltepn yia Ta Uypd obuaTa kol MIKPSTEPN YA Ta oTeped.
EAattdvetar ue mv rrdon mg Bepuokpaciag, taxitara yia nepoxéq NoAd
XOUNAGV Beppokpactdviéxot va UnSeviaTel Alyo npow To andAuTo pndév.

Axéun adfnon g nieong nou aokeital oto omua, NEokalel ueiwom ™mg
el BepudTTag TOU COUATOS, )

Aéoa

Zra aépa i peraBoll g Bepuokpaoiag skaprdral and tov dyko | and mv
rieon tou aeplou. Etol Ba éxoupe SGo Sapopetikéq edikéq Bepudtmres. Tnv
eldiky Bgpudémra und otabepry nison cp, 6tav 10 MOOd TG Bepudrrrag
npochaufdveral anéd 1o aéplo kard mv Sidpkela tooBapols HeTABOARG KaL TV
eldum) BepudTra und otabepd Syko cy. X' auth v nepiTtwon n nEGCANYM
™G Beppémrag yiveral and to aéplo kard my Sidpkela odxwpeng HeTaBoARS.

Kard mv todxwen HetaBoAn n Bepudtrnra nou npocAauBavetat xpnoyio-
ToleiTal yia Ty 8&puavon Tou oluaTog , evd oty wooBapn npdoAnym éxouue
Bépuavon tou cwuarog KAl napaywyr Mnxavikol épyou. Etor ot 30o Tyég

Twv eldikdv BeppoTiTwy ewval SIAPOPETIKEG He

Meoaparicd ouviBug unoAoyiZetar n Moplaxh S Sepuétrra Twv asplwv
uné atabepn nieon cp kal éueoa n eSikA Bepudtra und otabepd byko cy.

KaiL o1 U0 edikég Bepudtrreg eivat otabepéq kat Xoy PLOTIKES YA kABe
aéplo ue Adyo Tov exkBé g adiaBatiknig MeTaBoAAg y=cp / oy

xat Siadopd my naykboula orafepd R twv Bavikdv aepiwM  cp-cy=R

3e xaunAég Bepuokpacieg n Moplak eidua] Bepudtnra eAaTTdVETAL NMOPAKo-
AouBdvrag v eAdttwon g Bepuokpaciag,

@ 3.7 MHXANIKO IZOAYNAMO

Mnxaviki evépyela peratpénetar o Bgppdmra pe v BonBela Tou
Mnxavikol ooduvauou g Beppbmrag J j=4,19 joule/cal

oludwva pe v oxéon W=j *Q

AuTi n uetarporm napampesital oro daivéuevo Joule, drnou n Auvauu
evépyewa pdfag m petarpénetal he v Bordela TpoxaAiag oe neploTpodum

\BPYs
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KTk evépyela éAka nou avarapdo-
oet 1o vepd Boxeiou. Me i aufavdueveg
ToRég HeTall dTepwtig-vepol TeAlkd mna-
pampeitat Béppavon Tou vepol. Métpnon
™G aUEnong NG eoWTEPIKG EVEPYEWQS
Tou vepol pag odiynoe oy npornyolue-
vn oxéon.

Ta 300 Bapn ™mg SmAavig didraing,
négprovrag eAelBepa, nepiotpédouv TaA
mreplyla mou avadelouv 1o vepd Tou do-
xelou. Etol éxoupue uetarpon g Auvaut- i | P
KAG evépyelag (twv Bopdv ) os Kivimi Ieipapavixfi SiGvafn Joule
(repuyiov ) kar PeT@ oe Gepudtta Adyw Yia v puétpnon tou Mnyavikod
PRV aviueoa os nreplyla kot vepd. 10086vapou ng Beppsuntas.

D D

@ 3.8 HAEKTPIKO IZOAYNAMO

Kard mv Siodo nAextpikou peluartog évra- A
ong | péoa and nAextpw avrioraon R ya
kanolo xpovikd Sidomua At éva pépog e
NAEKPWKAG evEPYELQG Metarpénetal o Bepud-
TTa nave oty avtiotaon kaw mv Bepuaivel
To rmnocootd G NAEKTPIKAG EVEPYEIQG ToU
uerarpénetar o Bepudtra Sidetar and 1o
nAextpikd 1ooSGvauo g Beppdmrag a

| Bepp186ueTpo vEpOG

To ouykexpipévo Gpyavo
Xpnoponoleftail yia va vnoloyl-
afef to nmogd tng Sepubintag Hov

npoodépel n wpikf aviiotaon R.

| a=0,24cal/joule

To davduevo neptypdderal and mv oxéon

Q=a*lR*t

Cevvfitpia Tpoxalfa

Erdong pe v SmAavA neloapaTik Sia-
taln oxetilouue Gueoa Sepudmmra xkat Mn-
xaviké épyo.

Eva Bdpog nédrovrag eAeldBepa amd U-
Yog h, npoodépel pY0 Ot M NAEKTRWNA
vewrrpie. Aut] otéhvel nAextpikd pelpa
oe kat@\AnAn wuwy avriotaon Bubiouévn
ce vepd mou Tehikd Bepuaivetal Tehika
éxouue jetarporm] Tou épyou tou PBdpoug
oe Qgpudmra.
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® 3.9 OEPMIAOMETPIA

And6 Bepuidéuetpo vepoy

MéBoSog MEIPAMATIKH ™g Quowrig pe mv

BonBeia g onolag unoAoyilouue nmood Bepudm-
Tag, f} MV &8k Bepudmra cuaTog.

Qpvavo niou xpnowonoleirar  Gspuidduetoo.

ArtoteAstral and Bepuikd povwuévo Soxeio

{ Dewar ) yvwotiiq pafag kau eidixig Bepudm-

TOG,

Eivat veuudro and uypd avadopds yvwomg
ualag, eldug Bepudtnrag kar Sepuokpaciag.

Méoca oto uypd sivar Bubouéva Bepuduerpo kar avadeutipag.

To olomua Soxelo,uypd, Bepuduetpo, avadeutipag, Bswpolue 6t Bploko-
vral og Bgpuikr| Woopporia.

o P 5 ) L

To nood Bepudmrag mou To owpa Npoddépet oto BepuSouetpo Q,
npochauBdvetat and to uypd nou undpxel Héoca oto Soxelo Q, kat and To
Slo To Soxelo Qs -

Etow éxoupe myv Evepyelaxr; Beueliddn eficwon m¢ Bepuidoperpiag !

Q, = Q, + Qg
Mg*Co*(B5-67) m,*c,*Br8) + ms*cs*(6r-83)

1]

Orou 6, i apxua Bepuokpaoia Tou oduarog, By n TeAuri Bepuokpacia Tou
ouomjuarog Soxelou-uypol, ¢, N eduad] BepudmTa Tou uypol avagopdsg
(ouviBwg vepol) kat ¢, N Gyvwom ek BepudmTa Tou OhuaTog ToU
ouviBweg BEAoupe va UETPHOOULE.

evik@ n ueBoSoAoyia nou xpnowonoiolue eival n péboSog MEIFMATON

Q) yia orsped oauara,

TonoBetolue uéoa oto BepddueTpo To gbpa adol nponyolueva peten-
gaue v Bepuoxpacia kat Ty pala tou. H petaBoAn omyv Bepuokpacia Tou
vepol tou Soxeiou (nou petpeiral pe kAtGAAnAo Bepuduetpo), odeiletar oto
nood Bepudmrag nou édwoe To odua. And My ekiowon Mg BepuSoustpiag
Alvoupe wg mnpog Tov povadikd Gyvwoto ¢, mv ey Bepuémra Tou
OMUATOG,

Xpnowonowodue Bepuidduetoo pe yvwotrd otoweia (e1dikég Bepubmreg Kal
ualeq Soxelou-uypol YVWAOTEG EK TWV MPOTERWY).

B) yia vyod cduara.
TonoBetolue To uypd obua péoa oe katdAAnko Soxelo (ue Aerrd peTalxd
TOXWUATA GUEANTEQS SEpUOXWPENTIKETITTAS) Kat To Sepuaivoupe.

\BPYs
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Me yvwom| mv Bepuokpacia Tou ampatog-Soxelou enavaiauBavoupe v npor)-
youuevn diadikaoia.

AladopeTikd, uMopoUde va QVTIKATACOTNOOUME TO uypd avadopdg (vepd) Ttou
BepuidoueTpou UE TO UYPS Tou onolou v ek BepudTa BéAoupe va UeTpricou-
HE. Metd Baloupe péoa oto BepudoueTpo chua oteped, YVWOTHS BepuoxwenTikd-
Trag kat Sepuoxkpaciag. To oteped owdua éxel ouviBwsg uygmAdtepn Bepuopacia
and 1o Bepudduetpo kar AINEI Bepubtra oto Soxeio kal oto uypd.

Etor andé mv efiowon mg Bepudopetoiag 0 povadikég dyvworog napampolue
én eivat n educ Beppérra Tou uypol wag owuarog v onoia {nrolpe va
unoAoyiooupe.

Y) yia agoa oduara .

Awoxetelioupe yvwotig Bepuokpaciog kat oraBepric nieong aépwo uéoa oe
KaTAAANAO kaunmAo cwAfiva oueAntéag Bepuoxwertikdmrag nou Siépxetal Héca
and 1o Bepudduerpo. Metpdue Ty Sepuokpacia Tou agpiou kard vy £E036 Tou
and 1o BepudSoueTEO.

H peraBoAll g Bepuokpaciag Tou aspiou odpeidetar o Séoucuon noocl
Bepudmrag Q and 1o BepuiSduetpo. Xpnoyonowolue v efiowon g BepruSope-
TPlag yia va npoodiopicoupe Ty Intoluevn eldikf Beppétra und otabepry nicon
Cp TOU aepiou,

Mewaparikd ge v BonBela g Bepuidouetpiag, MONO myv 8w BegpudémTa
une otaBepd nieon cp Twv aepiwv unopolue va unchoylooupe. Tnv eldikA
Bep, 6trra und otaBepd dyko ¢y v unocAoyifouue éupeca and Ty oxéon

Y :cP/CV'

2. 3 maoandrw ayriua gaiverar neoquanri Sidnaén vrcAoyiouol ¢ ce asolou.,

Tc agoto yweworric oralsoric micong ( ue yonoworoinon xardiAndou asooou-
urecTry) xkat oralsoric rqooxris, Gesoualveral o Gsouonoacia soodou &, Awgxe-
wUETH o8 BeouddusToo ywaotrie Bsouoxoaoias By kat kard myv ££0d0 rou sxet
arroxiTioel TeAukr Beouonoacia xowii ue To Beouidduetoo 8. Xonoworotouue
Kxardidndo owAriva orepoedii yia v Sodo rov asoiou ufoa ard o GeoudduE-
00, doTte va ploouus o GEOUINT] Ertagri oo To Suvardv usyaeldurson udia rou
QEOIOU YIa ITEOITTOTEDO YooVo.

nAekIpixf] aviiotaon nov
Xprolpomnoleftol yia yia
Ofppavar tou aepiou
oUpIIEoThg N\

peTpntIg
oapoxfig
aepiou
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AXKHXEIX

Avpéveg

@ 1. Avauyviw vepd Beppokpaaiag 80°C, nalag 150gr pe vepd
Beppokpaaiag 35°C kat paZag 200gr. Moid Ba civai n TeAKA
Beppokpacia Tou CUCTHUATOG; :

AYZH

Exw m,=150gr, 8,=80°C  kat To vepd AINE!
rnogd Bepuémrag  Q,=m,*c*(©,-0,)

m,=200gr, B,=35°C kat to vepd MAIPNEI
noad Beppdtrag  Qu=my*c*(0:.0,).

[Z2XYE! Q, = Q, =>
my*c*(6,-6;) = m,*c*(6,.0,)=>
©,=my*0,+m,*8, :
my+m,
QVTIKOBIOTD TIG TIMEG KA TEAIKG EXWw Q,iS_‘LZB_ﬁ

@ 2.Méoa oe yAukepivn 14,5°C pixvw koppdit weudapylpou Zn
Beppokpaaniag 98,3°C . H pala twv 300 owpdrwy eival 400gr, n 3¢
TeAIK Beppokpacia Tou ouotiiparog givat 19,6°C. Na uroAoytoBoiv
ot HaZeq ™S YAUKepiviG kat i péZa Tou Zn. Aivovtal  C,,=0,57cal/
gr*grad ka1 cz,=0,082cal/gr*grad.

AYZH

Exw mpw=: gr, Byaux=14,5°C  kai n yAukepivn MAIPNEI
nood Bepuérrnrag Qyauk=Myaux*Cynux* Br-Byaud)
Mzn= ; gr, 62,=98,3°C kaL o Zn AINE!
nocd Beppébmrag  Qzy=Mz,*Cz,* (02,80

BXYE  Qzm = Quu  =>
Mzn*C2n*(©20.8:) = my}\ux*cykux*(er'ey)\ux) =>

avTikaBoT TIG TYEG KAt TEAKA Exw 2907y, =7240mz, (1)
alrd my,\ux+mz,,=400 (2),

ané mv (1) kat (2) éxw  mya-=-285gr, mz,=115gr

E¥r,
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o 3. OepiudopeTPo and xaAkd (Cu) Exel paZa 200gr kat NEPIEXEL
300gr nerpéAaio Bepokpaoiag 18,5°C. Pixvoupe péoa oro
BepudopeTpo 100gr MoAUBdou (Pb) Beppiokpaciag 100°C kat
TeMKY| Beppokpacia Tou cuoTiuarog yiveral 20°C. Na Bpedei n
151K} BeppGTITTA TOU TIETPEAAiou, av O EBIKEG BepdMTEg
Cc,=0,092cal/gr*grad kat cpp=0,031cal/gr*grad.

AYZH

Exw Mc,=250gr, B¢,=18,5°C :
To Soxelo MAIPNE!l nood Bepubtrrag Qg =mMey*Ce,*(©cy-0r)
Mg =300gr,  Bpeye= 18,5°C
To mnerpéAaio MNAIPNEl nood Bepubttag  Quero=Mnerp*Crierp* Cnerp— €1
Mp,=100gr, Bpp=100°C
o MOAUBSog AINE!  nood Bepudtrag  Qpp=Mpy,*cPb*(Bpy,-0,).

XYEl  Qppy =  Quep + Q. =>
Mpp*cPP*(Bpp-0r) = Mperp*Crrerp* (Onerp—O4) + Mey*cou* (O, B8y =>

e = M "2po* Brp-B) + Moo, (@)
mﬂtl‘p*(ef-eﬂﬂp) .
Me avtikar@otaon otig povadeqg TeAIKG NPOKUTTIEL  Cnerp =0,49cal/gr*grad

@ 4. Méoa oe BepudopueTpo Beppoxwpnrikémrag 20cal/grad,
nepiéxovral 300gr nerpelaiou Beppokpaciag 20°C. TonoBetow péoca
oT0 BeppIBOUETPO KpQua palag 500gr anotreAolpevo andé 20%
XAAKO Kat 80% vikéNo. H Tehikt} Oeppokpacia Tou oucTiuarog
yiverat 30°C. Na Bpebei n apxua Beppokpaocia tou kpduarog, av
N ¢, =0,092cal/gr*grad , n ¢y=0,11cal/gr*grad Kai 1 Crerper=0,5cal/
gr*grad.

AYZH

Exw K&,x=20callgrad, Bz =20°C :
T0 Soxeio MAIPNEI nood Bepuétrag Qo =Ksoy* (O Oscy)
Miep=300gr,  Bpgrp= 20°C :
to netpéhaio MAIPNE! nood Bepuétrag  Quep=Mperp*Crerp”™ (Or - Onerp)
Mypau=5000r, By =50°C
To kpdua AINEl 1ood Beppémrag Queq,=(Mey*Cou + Mni*Cnd *(Brpau6)-

I2XYE!
QW = Qm + Q"“.p =>
(Mmey*cey + M) *CroauB) = Kaox*(Er-Oz0y) + Mnerp*Crsrp*(Or - Onerd) (1)
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emione me,=_20 * 500 gr => me,= 100gr
100
enopévng my; = 500 - mg, = 500 - 100 => my =400gr.
ErmAGw myv ekiowon (1) wg npog B ggkal Exw
equA = -(Kéoxi—mnap:%ap):@r -—aﬂﬂ‘p)» + e‘l‘ Kot TEAG He
Meu*Coy + Mg*Crg avrikarGoraon

EX® Bppey - 61.95°C

AZXKHZXZEIZ2
xpog Advon

1.Méoo vepd Beppoxpaciag 17°C kat Gco Beppokpaciag 80°C
npénei va avapife yia va napw 50gr vepd Beppokpaciag 35°C;

2.3¢e Soxeio aroupviou patag 110gr, Beppaivw 0,7gr vepd
Beppokpaoiag 20°C. Ta 25% mg Bepudmrag nov Sivel To Beppavrl-
k6 oopa diadelyouv oto TiepiBaAov. Moon BepudTTa Xpnoyo-
noisfral TeEAk@ yia v 6éppavon Tou vepod av i Beppokpacia Tou
auénBei katd 60°C ; (cy=0,214cal/gr*grad).

3.0epiudopeTpo and xakxké Exet ata 200gr kai neptExel 300gr
nerpéhaio Beppoxpaociag 18,5°C. Av Tonobetow péoa oto
OeppddpETPO 100gr HOAURSOU Beppokpaciag 100°C, 1) TeAu)
feppiokpaoia Tou ouoThiarog yiverat 20°C. Na Bpebei n bk
BeppéInra ToUu NIETPEAaiou, av 1 cc,=0,092cal/gr*grad kat
cpp=0,031cal/gr*grad).

4.0epBOUETPO IEPIEXEL 210gr vepd Beppokpaciag 11,3°C.
MNpooBétw 245gr vepd Bepporpaciag 31,5°C kai TEAKA 1} Beppokpa-
oia Tou cuotiparog yiverat 21,7°C. Na BpeBel iy Beppoxwprnkémra
TOU BeppIdOUETPOU.

5.H 8eppoxwpnrixémra ScppopéTpou gival 1,84cal/grad. To
BeppobpeTpo BubiZetal péca oe vepd natag 100gr, Beppoxpaoiag
73,6°C ka1 perd TonoBeteital péoa oe BeppudopeTpo Bepuokpaciaq
14,5°C kat Beppoxwprntikdémrag 90,5cal/grad. NMoid 8a eivar 1y
$vBeIEn Tou BeppopéTpou tav anokaractadel n Beppit| Iopportia;

6.Z¢ BepdOUETPO BeppoxwpnrikéTag 10cal/grad, nepiExovral
150gr vepd Bepiiokpaociag 18°C. TonoBetd péca oto BepIdOHETPO
Kpdua paZag 120gr pe ouotarikd Xahkéd kai VIKEAO apxiKng
Beppokpaociag 31°C H TeAikt| Beppokpacia Tou cuctiuarog yiverat
22,4°C. Na Bpebei n % olotaon Tou kpaparog, av 1 cg,=0,092cal
/grgrad xat n cy=0,11cal/gr*grad).
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Kepalawo 4o

NOMOI AEPICN

O1 nopaxérw vépoL avadépovral oto npdruno-1Savikd aéplo.

@ 4.1. Népog dyxev:

Kara mv ynuuai aviidpaon aepiwv kau uné v aun} Beppoxpacia kat
nieon, nopoucileral arAf avoloyia éykwv petakld aepiov aviiSpdviwy ka
npotdvTwv.

@ 4.2 Yn66eom Avogadro:

loot dykoL aespiwv kdrw and T iSieq ouvBikeg Bepuokpaciaq kal nieong
neplExouv Tov 510 apIBud poplwv.

Avriorpoda.

O 5log apBudbg aesplwv popiwv otg Sieg ocuvBrikeg Bepuokpaociag kat
niieong karéxer Tov o byko. Otav oL cuverikeg eival kavovikéq (Beppoxpacia
273°K ka1 nieon 1atm), tére To mole Tou aepiou karéxer Gyko 22.4it.
(ypappopiopiaxdg Gyxog).

@ 4.3. N6pog pepixdv méoewv Dalton:

Mepuai iieon Aéyeral n mieon rmou éxel k@Be ouotarikd aegpiou ulyuaroq av
kareixe pévo Tou oAdKANEo Tov dyko Tou uiyuarocg.

H nieon pivuarog aepiwv (Un avadpbviwy petatl Toug ynukde), etval fon
He To GBPOIoHAa TWV HEPIKDY TECWV TWV CUCTATIXGOV Tou Miyuarog.

@ 4.4. MeraBolA£g 1I5avikod aspiou.
a)lo6Bepun, P(atm)
MetaBolr| e orabept; Bepuokpacia. Meptypd-
detar andé tov véua Boyle-Marriot: H nieon
opopuéwng uéfag aepiou peraBéAetar avriotpéd-
owg av@hoya pe tov byxo tou ed' bdoov 1

Bepuokpacia Tou napauével orabepn). T

Anka3f yia T otaBepd, P*V otabepd. T:

(ovo 8Bimdavé oxfina epdavifovial 1066eppee L
“wapnvdreg pe T)<Ty<Ty >

0 V(i)
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V(i) P(atm
Ps ' , Vs
V.
P, :
Vi
Py
T(eK
0 T(oK) 0
IooBapeic eubefeg pe P, >P,>P; lo6xwpeg zubefeg pe V,>V,>V,
Blloofapnc,
MetaBoh| pe otaBepr| nieon. Meprypddetal and tov vduo Charleg: H nieon

oplouévng ualag aspiou nou Peioketal oe otaBepd Gyko, uetaBdAeTal avéloya ue
mv Bepuokpacia Tou aeplou. AnAadfy ya P otaBepny, V/T otaBepd.

vilodxwen,

MetaBoAn ue otaBepd dyko. Meptypddetal and tov véuo Gay-Lussac: O bykog
aespiou petaBdhetal avdhova pe v Gepuokpacia, étav n pala kaw n nieoH Tou
napauévouv otaBepd. AnAadh yia V otaBepd, P/T oraBepd.

O véuoL Charles xait Gay-Lussac 3ev oxUouv via TIEQIOXES BepHOKEOTIDV
kovtd oto andAuto undév. @ aum v neplo N oudnepubopd Mg UANG

eketaleral ané v KBavroMnxavixn).

S 4 eff .
Zmv nepirrwon nou n uala Twv aspiwyv ueraBdietal, undpxet avaykn evédg véou
véuou Tou va ouvdéel v Bepuokpacia, v mnieon, tov dyko kai v péla tou
aeplou oe kardotaon wwopponiag. Mpdyuart n efiowon PV=ct*T
ouv3dualel kat Toug TRelg napandavw véuoug
ue oraBepd ct efaprouevn andé mv uala Tou aepiou KAl £ToL i} MPONYOUMEWN
oxéon ypadetal PV=nRT

énou n o apBude moles Tou agpiou kat R n naykdoua oraBepd Twy aspiwv pe
Ty R=8,314 Joule/mole**K=0,0821 itatm / moie*°K.
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H npom xpovikd KukAut] MetaBoAl pe v orola Aetrolpynoav ol
arpopnxaveg Atav o kikAog Carnot.

Aertoupyel pe péoo To vepd mou uetarpénerar o atud oe AéBnTa kat
extovvetal napdyovrag Mnyavikd épyo.

AnoteAeitar ané mv Sepuy N T, (AéRntag) drou Redlet To vepd. Tmyv
ouvéxela undpxet éva kuhivdpikd Soxelo, Bepuikd povwuévo, e éuBolo drou
yiveraL n androun kal ypriyopn eKTéOVWOoM Tou atuol. TEAOG undpxet N Yuxen
mvyq T, (Quyeio - nepBaAiov), érou anodiderat kot uyporoieitat o arude.

O klkAog cuumAnpOveTal he TEoepelg SIaSoXIKEG avTIOTPETTTEG HeTABOAEG.

) lodéBepun extdévwon:
xard mv Sidpkeia g Beppdtta Qq peradéperal and Ty Sepud Ty
(A&BnTag) oto péoo (amubds) we otaBepr Bepuokpaoia T

2n) AdwoBariki} extévoon:
péoa orov kUAWSPOo o atudg exTovOvETaL andtoua Kivavrag éupBolo xal
napayovrag wsAyo unxavikd épyo W.

3n) lodBepun cuunieon:
oto TéAog NG extdvwong kot LeTd and To épyo Nou napfxenke o atudg
anoBaAet 10bBepua oto nepBdAiov T, ood Bepudtrag Q, nou nepicoeye
Kat

4n)AdaBarixi} cuunicon:
n Bepuokpacia Tou atuol augaverat adiaBarnikd oe T, kat apxifet néAL o
KUKAOG.

Karda mv didpkeia Tou kixAou npoodéperal otov amud nocd Bepudtmrag Q
rnou uerarpéneral oe woEAwo unxavikd épyo W kar oe mood Bepudtrag Q,.
AnodetkvieTal nwg Q,/T,=QT>

Zav andSoorn pnxavie vevikd opifoune To TMAKO ™G evépyelag mou
Sanavolpe ya v Aeroupyia ™G pnxaviig, TPOG TNV EVEPYEID TIOU Hag
npoadépel N pnxavn.

Etol n_anédoon Bepuums unxavis Camot efval

n = WQ = (@Q-Q)/Q =1 (QQ) = 1- (TJ/Ty) uen<i.

Otav o kikAog Aeroupyel avdotpoda, dnAadn GAeq ot mapandavw yivovrat
Me v avtiBem ¢opd Aeoupyiag, TéTE npoodépoupe €pyo  (NAEKTPUMA
evépyela) KaL n unxavi; apawel and To nepyPBaiiov xaunAng Beppoxpaciag T,
éva nood Bepudtrrag Q, TOTE EXOUME TV PUKTIKT HNXavi]. )

JuykerpWEVa Ot YUKTIKEG Ecykartaotdoelg TX. owakd Yuyelo Sidoupe
evépyela e TMASKTPOKVITTRQ Tou otpédel éva ocupriecty. Etol to péoco
{WukTikd uypPS) adawpel nocd Bepudtrrag Q, and To ecwrepikd Tou Yuyeiou
(xaunAf Bepuokpaoia)T, kat To arofdiel oav Bepudmmra Q; e Eva CUMITUKVE-
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@ 4.5 METABOAEZ Idavixou aepiou . AlaypappaP-Vv

O1 petaBolég extévwan-cupnieon, Bépuavon-yitn pifovral cav:
a) fxrovwory = atEnon dykou B)Zupnieon = peiwon dykou
Y) @éouavory = alEnon Bepuokpaciag  8) ¥&7 = ueiwon Bepuokpactag

MetafBoAég Savikou aeplou and mv Bepuoduvauiki kardoraon oopponiag

1 omv Beppoduvauiki kardotaom opporiag 2:

Q) loofequn. (T oraBepny) , PV, =PV,

B) woSxwor . (V otabepds) |, Py/T,=P,/T,

Y) ooBgoris. (P araBepn) , Vy/T,=VJ/T,

8) AdigBarixrj: (Q=0) , Sev undpxel pon evépyelag Me Ty MopdY) Bepudtrag
avapeoa oto aépio kat To NEPPBAAAoY, PV,y=P,V,Y

) /ToAumporuni: evdiduson petaBoARl avaueoa o 10é0epun kol aSaBankd
P1V1K=P2V2K

or) Aumiuri: n apXua kal 1 TeAu) KaT@oTtaor cupnintouv.

Me Baon ta napandvw o wetaBolég Tou Slaypduarog P=P(V) xapaxmpi-
fovral cav:

Al 1068epun extévoon ( Ta=Tp),

['A: 106Bepun oupnieon,

BI: wéxwen YoEn( Ve=Vr ),

MB: wbxwen Gépuavon , Platm
AB: 0oBapiig extévwon (Po=Pp) 1
BA: ooBapnig ouprieon, Pa=Ps (...}
Qg =0,AB=adioBartix cupnieon
BE: noAutponix extdévwon
EB: noAutporukA cupumnieon,
ABIA: xuxAixii MetaBoAn
PZ=P|— """"

Pa [eeeee
@ 4.6 MAPAIrQrH Eproy Pe
Karé mv ektévwor Tou EoTw Va=Vz  yoove v, VI
and my kardoraon 1 omy kard-
‘otaon 2 To aéplo Napdyet EpYo: [ Ardypappa P-V |

1068epua, 1WooRapdg, asioBarika

A noAuTtporuka,

aQuodbepua : W = PVin(V/V,)= PVIn(P,/P,) = nRTIN(VV,) = nRTIn(P,/Py)
BlwoBapis : W = P(VVy)

vadiofarikd : W = nBI,-Ty) = (BaVoPV;) e y>1

1y +y
B)noAutporikd : W = nBT,-Ty) = (PoVo-PiVy) me O<k<1
1k 1-x

39
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@ 4.7 ©OEPMIKH - WYKTIKH MHXANH
O Aeltepog Oepuoduvauikdg Nouog aoxoAsital pe ™V HETATROM] TG
Bepuémrag oe wdéApo unxavikd £pyo kai Bétel kdmooug dpoug omy
METATPOM QuTh. ZUYKEKPIEVA:

@) Eivar adlvaro va KaTaoKeudooupde MnXav) Tou va HETATpénel v
Bepuikni evépyela oe épyo katd 100%, xwelg andAeseg (Kelvin-Planck)xat

B) Eivar adlvaro va karaokeudooude urnxavi mou va uetadépel Bepudmra
ané éva xplo obdua oe éva leotd Xwpic va npoopepbel evépyela pe my
popdH MNXavikal épyou omy unxavr ané to nepiBdiiov. (Clausius).

Smptydéveg navw ot apxés autég Tou Seltepou Bepuoduvautkod vouou
Aertoupyolv oL BepulkEg Unxavés.

KaBe pnyxavr mou petorpénel ™y Bepudmra ce wdéAiuo pnxavikd épyo
eXTEADVTAS KUKAKA HETAROAY, xapakmpileral cav BepuIKf unxavn.

Ma va Aertoupyfoel xpetdletal wa mmyr ugnArfig Bepuokpaciag Ty and énou
npocAauBavel To nocd Bepudtrog Q. Eva péoo uypd 1y aéplo Tou exTeAel
™V KUKAWKA HetaBoAf kai nopdyel 1o wdéAio Mnxaviké épyo.Ma tmyn
XaunAng Beppoxpaciag T, énou anobétet oav Q, To Mocd Bepudtrnrag mnou
nepiooeye cav Bepuwri andAela, unakolovrag otov Aeltepo SepHOBUVAMIKS
Néuo.

Tétoleq Beppikég pnxavég eivar ot MEK, ot arpounyavég kA

Tto mopaxbtw oxfipa: Ty=T;=T =T, Te=T,=Tr=T, ,
Qu=Q=Qan» Qc==Qra W=Wpr= Qu - Qc =Q; - Q2

P{atm)
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™ uwimAdtepng Bepugrpaciag Ty mou Bploketat éEw and To Yuyelo,
Jav ardSoon PUKTIKAG pnxavig opilouue Tov Adyo

O=Q/W=T/W pe ag,>1

AxplBdg e Tov Bio TPGMo Asroupyolv kai ot povadeq kAwariopod 1
avrAieq Beppdtnrag, udvo nou e3® Tpoodépoups pev Epyo  (NAektpikh
evépyela), aAAG 50 uag evdladépel To Nocd Bepubtmrag Q, ou etadépera
omv uymAn} Bepuokpacia Ty yuari To xpenoyonoolue via B&ppavan xbpwv.

Zuvteheomy anddoang otig avrAieg Bepudtrrag opifoupe To tmAiko

Oa=Q/W=T/W e 0gyo>1

@ 4.8 ENTPOMIA

Eotw ém yvwpifoupe MONO mv cfwrepudi (ROKpOOKOTIKY) KardoTtaon evog
Bepuoduvapikol cuoTAUaTog kat poonaBolue va EPEUVACOUME TNV ECWTEPIKA
Tou (Mikpookomkr) kardotaon. Auctuxdg Sev propolue va mpoodiopicoupe
pe axpifela tov pikpékoouo kal eildikd érav Séxetar efwrepikés eruSpdoeig
KartaAfRyouue oF "iBavd" cuprnepdouara,

EtoL  kAvoude Kard ‘mpocéyyion' nopampricel. To WéTpo aumig ng
aBeBarémrag ¥ To pétpo e "grafiag” nou napampeital oTo eowrepd Tou

guoTANATOG TO Xapaxktnpilouue cav evipornia S Tou cuoTiuaTog,

Ma va neptypdwoulis MAHPWG TNV EVERYEIAKY] Katdotaon evig aKpOooKoTIL-
kol ocuatiuarog Sev apkel va yvopifoupe v nocdéomra MONO g evépyelag
nou nepikAeiel To olomua, aAG npénet va yvopifoupe KAl mv nowtnra
autig g evépyelag. Kard ndéoo dnAadf aum) eival ikavii kat SiaBéowun ya
nopaywy Mnxavikod épyou. And tov Aelrepo Bepuoduvapikd véuo napam-
polue &t To Nood TG EowWTEPIKAG eVEPYEIQS TIou NepikAeietat oto olomua
Sev gival SiaBéoyio yia napaywyn épyou, sivat unoBabuiouévo evepyelaxkd.
SiaBéowng via mapavav épvou AuTé akpiBdg To HETPO G TobTrag Mag
Slvet n evrponia. Kardotaom aufnuéwng evrportiag onuaiver pikpry wavémra
napaywvyis épyou, SnAadr unoBabuiopévo evepyetakd ochomua.

O npayuarikég Siepyacieg nou ouuBaivouv omv @Uon eivat dAeg un
avaotpédes. Ze SAeg autéq TG Siepyacieq nopampeirar AY=HIH g
evrponiag. Erol karaArjyouue oto oguunépacua nwg kd8e Siepyacia omyv onola
napampeeitar adfnon evrponiag, xopakmpeiletal oav NEAYMATIKA WA QviioTpe-
i Sepyacia MMWWW&@
e avaorpeyiuémrag wiag uetaBolic.

H Stanotiky Mnxavi pag BonBd va mnpoBASYoupe TL yiverat e v
evtporta kat Tig petaBoAés g drav Sev éxouue avriotperrég Siepyacieg. Erou
Mag elo@yet v "ruBavémra” P va Bploxetal to olomué pag os Ka'racrracn

Beppoduvaulkig tooppomiag kanola Xpovix oTiyuA.
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2uykekpéva n eviporia S piag Bepuoduvapikig KaTGoTaoNG tooppomiag
kat N mBavémra P va epgavioBel aum n kardoraon, cuvsovral He ™V oxéon
S=k*InP drou k 1 otaBepd Bolttzmann.

Orav npdkertal yia avriorpentég Siepyacieg kal ouykekpyéva yia
1068epueg, TATE N eviporia opifetal SadopeTikd.

Eotw AQ uikpd mood Bepudimrag nou avraAdcoel e To TiepBAMov éva
Bepuoduvauiké alotnua katd pikog W0dBepung Siepyaciag oraBepriq Sepuo-
kpaotag T. To mAiko AQ/T opifetal oav weraBoAf g eviponiag AS. E3G n
evrportia elval éva karaotarikd uéyeBog kal Xpnowonoweitar Té0o katd v
neptypadn) Mg Katdotaong coppomiag TOU guoTAMATOg, 00 KAl Yia ThV
neplypady Twv HeTABOADV Tou.

H anéAum A g Sev pag eival yvwotd, ald unopodue va unoAoyiooupe
TI HETAROAEG TNG oV TO WEIOMEVO CAOKARPWUA

Ta
S AS =AQ/T , ané Bepuoxpacia T, péxpl To
Ty

levikg ortowadniriote avriotpentm Siepyacia 1->2 uriopoulue va myv xwpeioou-
ME OE MOAAA 10éBepua TMARATa Kat He Ty Borbela Tou wplouévou cAorAne®-
parog and mv Bepuoduvalif kardotaon wopponiag 1 omy kardotaon 2 va
unoAayigoupe We v Napandave oxéon v HetaBoAr mg eviportiag AS,,

H uetaBol mg evrporntiag sival aveEdomm Tou Spduou nou axcAouBel n
avtiotpertm;  Siepyaoia kau sBoptéral pdvo and v aEXIKA kAt TEAWKNA
xardoraorn opporniag. Etol kard prikog KUkAKAG WeTaBolfg 11 AS,,a =0.

Ma pa avriorpenm yetafoAn TéAsiou A 1Baviko( aspiou N petaBoAr omyv
evtporiia pnopel va unoloyioBel and T napakdrw oxéoelg. Cewpolue
yvwatég xat otabepég TG eSIKES Beppdmreg und otabepry mieon cp koL und
otabepd dyko cy kaBdg kal auth nou avtioTolxel o8 MOAUTEOMIKY METABOAR Cy.
Etol yia petaBoAq ané mv Bepuoduvauky katdoraon 1 omy 2 éxouue

S2-8y=m*cp*In(T/Ty)
828y =m*cy*In(T/Ty) +m*R*In(V/V;)
S2-8y =m*cp*In(T/Ty) +m*R*In{p/py)
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AXKH2EIX

Avpéveg

@ 1. Seppx] pnxavi) epyaleta pe 1daviké aéplo nou Bplokerat omyv
kardotaon A pe nieorn 10atm, 6yxo 2it ka1 8eppokpaocia 800°K.To
aépto 1068eppua augavel Tov 6yko Tou ge 6lt, rmyaivovrag omyv
kardoraon B kai ané ket 106xwpa nepva omy kardoraon I . Téog
adiaBankd emotpédel omy ap)ikf Tou katdoraon A.  Av k=1,5
(ex8émg adiaBarudic peTaBoAic),

a) Na unoAoyiotolv 6Aeq ot Beppoduvauukés Tou uetaBArTéc TwvV Kataota-
oewv AB,

B) va yiver To Sidypaupad PV

Y) va umoloywoBolv oL uetaBoAég NG eowrepkiiq evépyeliag Kkat Mg
evrponiag xard v petaBolr Bl

&) va unoloyioBei o Bewprmkég Babudg andSoong TG Beppixriq unxaviiq kat

€) av o kikhogSiayplderar 10 dopég oe isec, va unoAoyoBel n woxig Mg
unxaviig

AYZH

—_____onbxvouus Tov mivaka 1wy WeTaBoAdy
PA=10atm PB S atm Pr= ....... atm
VA= 21t Va= 6": VB=VI'= 6it
TaA=800°K Tg=Ta=800°K Tr=. oK
A >B > > A
106BeppN 1odxwen adiofBaru
extdvwon (Vg>Vy) ouunieon (Va<Vp

Merafiol) AB (i68eoun): Pa*Va=Pg*Vp=>Pg=Ps*Vy/Vg=>Pp=3.33atm
Merafohn A" (aSiofatua)): Pa*Vak=Pr*Vik=>Pr=P\*(Vy/Vr)x=">Pr=1,92atm
MetaBokh BI” (iotxwan) : Pe/Ta=Pr/Tr=>Tr=Pr*Tg/Pg=>Tr=461.3K

EXOUHE PA*VA=m*R*TA= >m*R=PA*VA/T AT >m‘$30&5ﬁﬁm&l$

H ueraBoA AB eival 1068epun xaL n peraBol’} g evrponiag Mg Siverat
ané v oxéon : AS=m*Rin(Vg/V,) =>AS,5=0,0275lt*atm/oK

H petaBoA mg eviponiag g A eivar undeviki yiord n TA sival adiaBarixd
peraBolfy  ASra=0

H ohudi petaBoli mg evrponiag elval emiong undevi] yiari oAékAnen n
HetaBoN elval kukAik kau étaon éxoupe :
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ASe =0 => ASpg+ASgr+ASra=0 => 0=0,0275It*atm/oK+ASgr+0 =>
= > ASgr=-0,0275lt*atm/°K

To épyo mQ petaBoAig MA Siverat and v oxéon Wra=(Pa*Va-Pr*Vi)/(1-k)
=>Wra=-16,96lt*atm kal ened yia mv petafol A, Qra=0 (aSaBarh),
and tov 1o Oeppoduvauikd vouo (Q=AU+W) éxouue,
AUra=-Wr,=16.96lt*atm.

AMG 1 ol peTaBoAN] TG ECWTEPIKAG evépyelag sival undeviky| yiarl
£xoupe KUKAKA petaBoln, étol

AU, = AUgp+AUgr+AUrp=>0=0+AUg+16,96it*atm=>
AUgr=-16,96it*atm. (AUpz=0, yiati eival 1060epun n petaBoAr).

To épyo Mg ueTaBoARg AB Sivetar and v oxéon
Wag=m*R*ToIn(Vg/Va) => = *

To oAikd épyo Tou kUKAou unohoyifetal and v oxéon
Wor=Wag+Wgr+Wpra. To Wgr=0  (ilodxwpn UeTaBoAr).
Enouévig W, =21,97It*atm + 0 - 16,96lt*atm => W, =5,01*atm.

O 1og Beppoduvapikdg vopog yia v HetaBolr) AB eival Qag=AUsg +W)g.
AMGA AUpg=0 (1068epun petaBoln), dpa  Qap=Wag=21,971t*atm

(0] esmpnnxéq ouvteAeoTig andéSoong Tou kixAou Sivetal and v oxéon
ne=wm¢ikuxo/ Q&:navmpevn

= WalQas = > Platm) | AiGypaypa P-V I
ne=90.23 1 anddoon by
23% 10 -—‘—‘r—

H oxig tou kOKAou \
vyia nepioSo T=0,1sec
(368nke n cuxvémra dia-
Ypadfig Tou kikAou 10
KUkAoOL avd sec, and érmou
unohoyioBnke o xpbvog 3B |-———-
Swaypadric evdg  kikAou 192 -
T), Siverar andé mv oxéon

P=WoAT=>

= * V(i)

”~

—————d i e

o
N
-}

Me v BofBeia Tou
cuun)\npumévou mAfov Tiivaka Twv Seppoduvapikdv pemB)\mmv PV,T via i
TRElq Beppoduvopikég KaTaoTACELS taoppomiag Tou kikAou AB,IM, oxedualeral
1o Sidypaupa P-V.
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@ 2..0eppikiy Mnxavr) Aeroupyet idavika pe KUkKAo CARNOT. O 8ewpnTikOg
guvteAeotg anédoang eival 0,3 kat omv Yuxpn SeEapevii cuvunapyouv
nayog Kkat vepd. Av ava @pa Auwvouv 100kg ndyou, va UTMoAoYLo8ouy :

a) i Beppokpacia ™ Bepung Segapevig

B) To mocd BepudmTag nou adaeital ava dpa and ™mv Bepun Sefauevi

y) n 1ox0g Aerroupyiag g pnxaviig  kat

&) av n pnyavr] Aerroupynoel oav YukTik’, kar abapei and myv Lpuxpn Sekauevi
nocd Begpudmrag 1500cal avd wpa, ndn Gepu omra anodidet otov Slo xpdvo omv

Bepun Sekaueviy;
AYZH

Aedopuéva o ouvteheam|q andSoong ™G Bepulkig MNXavhg Ne=0.3,
n néla Tou n@you rnou Audvet av@ @pa m,=100gr kat n AavBavouoa
Bepudmra ™ENG Tou ndyou A,=80cal/grad.
And myv oxéon ng= 1-(To/TH=>Tu=Tc/(1-Ng e avrikardoraon éxouue
Th=3900K
Ané mv oxéon To/Th=Q¢/Qu=>Qu=Ty*(Qc/Te) ue avrikaTdoTOon
éxoupe Qu=11,43*106cal/h,
Ané myv oxéon mg oxlog P=W/it=(Qy - Qu)/T,
yia xpdvo ico ue nepioSo T dnh. wia dpa), éxouns P=W/3600sec kalL pe
avtwardotaon P=952W,
H anédoon ™G wukTwiq pnxavig Sivetat and mv oxéon n'=Tc/(Ty - To)
Kol Me avrikardotaon npokdnTet n anddoon Mg YPUKTIKAG unxavis n'=2.29.
Ané mv oxéon n'=Qc/(Qy - Qc)
pe avrikardotaon unoAoyiletal np noodtra Sepudmmrag Q'y mou anodidet
n YUKtk pnxavr) oy Bepun) tnyn avé dpa  Q'H=2143cal/h,

AZKHXZEIZX

xQOG AvoY
@ 1.Na untoAoyioBei i pala 1m3 udpoyovou U KavoVIKEG CUVBNKEG.
@ 2. NaBpeoei n paZa Tou aépa nou Bpiokeral yéca oe aiBouca Saotdoewy
3m*4m*5m , un6 nicon Hiag aruécdaag kar omyv Bepokpacia Tou
nepBahovrog.O aépag va BewpnBei 1davikd aéplo M.B.=29.

@ 3.Na unoAoyo9el n Hala Tou udpoydévou Tou NEPLEXETAL péca g PidAn
niieong 150atm, Beppokpaciag 20°C kat éykou 40It.

e
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@ 4.Na oxediaotei oe didypappa V-T pa wopapiic HETABOAN evog
15aviko’ agpiou yia ruéoeig a) 1atm kai B) 2atm

@ 5.6¢ppaive aépio nou Ppioxeral péoa oe KUAIVEPO otaBephis nieong
iong pe mv arnoopaipa], onote 0 Gykog Tou auEavetal and 1it oe
2it.Na urtoAoy108¢i To tapayoéyievo €pyo.

@ 6.15avik6 agpio dykou 1it, Trieonq 1atm kat Beppokpaociag 27°C,
exteAel S1adoxIxa TG NAPAKATY LETOBOAES
a) Bepuaiveral 1coBapig uéxpl Suthactaopol Tou dykou Tou
B) Bepuaiverar Wobywpa uéxpel N nicon Tou va SinAaciaoBel
Y) exroviveral 1068epua uéxpt n niieon Tou va yivel 1atm
Na unoloyioBolv oro TéAog k&Be petafoMig oL petafAntég PV.T
xaL va oxediaoBolv oL petaBoréc oe Siaypaupa P-V.

@ 7.Aépio nou Bpiokeral oe apxIkh kardotaon P,V,T, extovaveral
1068eppa HéXPL 0 6YKOG ToU va Yiver 5V. Metd oupruélerar I00Bap®sg
HéxpL 0 6yKog TOoU va yivel 2V.
a) va oxediaoBolv oe Sidypaupa P-V oL napandve uetaBoAég
B) va ypouuookwaoBel To euBadbév mou avnotoel Oro  CuvoAlkd
napayéduevo épyo.

@ 8.NMooémra arpoopaipikod atpa éxel Oyko 10it oe k.0. O agpag
oupniéZeral 1068eppa PéExpL 0 GyKog Tou va yivel 21t kai peta
exTovaveral adiaBarixa puéxpt va yivel o dykog Tou 10it.. Na
napaoctabolv ypadika ol petaBoAég oe Sidypaupa P-V kat va
ONUEWBOUV TIAVW TOU Ot TIHEG YIa KGBE NEPTTTWON. (Yaspa=1.4).

@ 9.9cgpu pnxavi) Aewoupyei HeTali Twv Beppokpacidv 400K kat
300°K. Av 1 pnxawi} Astroupyei pe mv GewprTik ™G anédoomn Kat
anoppoda ané v Beput) My BeppdTTa 20kcal/sec , va Bpedolv

) n Bewprrua’ anéSoon MG HNXaviiq

B) n Bepuémra nou aneAeuBepdvel N pnxaviy omv Yuxph Sefauevi

avd SeutepbAerro kau

Y) n 1ox3g Aetroupyiag ™G pnxavig.

@ 10. Yuknixi pnxavi; danava 1ox0 4 W kai perarpérnel oe ndyo -100C
oe pia ®pa,50 gr vepd Beppokpaoiag 30°C. Na Bpeire Tov CuvteAe-
ot anédoong ™G pnxavig av 1 eppémra TENG Tou ndyou Eivat
80cal/gr kai ical=4,2joule.
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Metatponéc pGosov

@® 5.1Tevika

Tig Tpelg wopdég nou unopel va ndpel kGBe UAIKG, oTepeR, uyph, aépia,
Xapaxmeifoupe oav ¢acelg Tou UAKoD.

Imv grepen ddon ouvibwg n UAn Ppioketal pe popdr] kpuot@Awv. Ot
Soputkol miq Aot (Groua, udpta, dvra) rou Beiokovral otig kopudés noAuéSpuv
kat igopponolv o' autéq Tig Béoelg katw and myv enidpadn Woxupdy Suviuewv
(onotonoMkdv Seoudv) nou ackolvral and Toug yerrovikoldg Soukole ABoug
nou Bplokovral gt UIKPEG aNOCTATELS.

Imv gépla dAan ot anootdoels MeTatl Twv uoplwv eival uey@Aeg xat oL
Suvauelg cuvoig (Van der Waals) aofevelq. Orav ta aépla Belokoviar oe
ueyaAn opaiwon ot Suvauetg petakl Twy popiwv yivovral aueAntées koL Ta aépla
ouuneppépovtar oav Javied, Otav buwg, Adyw ouunieong, oi aneotdoelg
sAartwBolv Téte Ta aépla aroxkrolv noAdniokeg 1S1éTTeg kaL cuunepibépovrat
ocav aruol O atuol uyporoolvral e0KoAa Ue [ikpn WiEN.

H uvprl ddon eival pia evdidueon kardotaon avaueoa: oy OTepen KaL mv
aépia.Ta udépia kivolvral ou-
vexwe oAigBaivovrag oe ou-

| ; 8 aokoUvtal petakl toug eivat
= i ONUavVTIKEG,
i
i
'
!

! otepen KaL UYPh uypn}

T

@ 5.2 THEn xau miEn

* t (sec)
t t2 * H petarporn} mg atepeng
$éong oe uypn Adyetal
Bépuavon ién Bsppavon Enevod to avriBetro
otepefig dhomg uypfig diomg dawéuevo mikn,
O\ otaBepéq Bepuorpaoieq
MetafoAn tng Geppokpaciag owpatog katd tnv thén otic onoleq yivovrat ot ue

tatponés acews, Afyo-
vrat Bepuokpacies A anueia ™Eng kat migng avriotoa '

4# 80 vei enadh pe T YeITovika
_ Toug Kat ot Suvuelg fiou

\BPYs
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Zekivovtag and mv otepen odon (katdotaom A oTo Tponyolusvo OYALQ)
npoadépoupe Beppdmra Q ue otabep napoxh. Mapampeolus ot doo Swapkel n
aoteper; ¢don n Bepuokpaocia auBdveral ouaAd ouvex®@g axkoAouBovrag v
BeueAddn oxton mg fepuiBouctpiag Q=mcA@.

Ic kdnowa xpovik omyMn 4, epdavifovrat ta npdrta pépia uyprng ddons.
Méxpot mv uetarporm OAON twv uopiwv Tou otepeold oe avrigtoxa updpia
uypoU, mopampoupe otafeph Seplokpacia napd o yeyovdg &t ouvexilouue va
npoodépoupe Bepudtra Q pe v (Bia nopoxA.

Autd 1o nood Bepudtritag nou Sanavaral yia Ty UETPOMM TG oTepeng ¢dong
oe uypd, OSixweg va autdvei mv Bepuokpacia Tou owuarog,  Aéyetal
AavBavouoa BeppdTnTa THENG A Tou oduarog kat wetpettal oe cal/gr.

Aidetat and mv oxéon Q=mA, I

4mou A to Mood g

Bepudmrag nou xpewdletal 1 gr otepeol oduarog nou Bploketar omyv
Bepuokpaoia TAENG, yia va uetpanel oe uypd Mg Slag Sepuokpaciag,

H Bspuémra autiy ypnowornoieitat and To ohua oav evépyela Tou
kerraotpédel Toug oxupols Seouol mou cuykparoly Ta udpla Tou oTepeol ot
OUYKEKOWEVES ANOoTACEIC KaL BE0EIG OTO KOUTTOAAKS MAEyuQ.

TeAwd xoAapwvovrar oL avriotoixeg Suvauelq kat ta pépta auEdvouv mv
KIVTTTIKA TOUG EVEQYELQ YIOTL TOPEA KAVOUV KAl (IKPEG KIVAOELS Ylpw and Ty Béon
tgopponiag Toug YAUCTPMVTAG TO £va nave oto GAAC.

Ka®' &A0 1o Xpovikd Sidomua nou cunBaivet n wetpory daong, cuvundpyouv
1} CTEPEN KAl nj uypn Kardoraon.

Zuvexiloupe va Bepuaivoupe To opa. Kanowa xpovim otiyun i, N Bepuokpa-
ola opxifer va aufdvetal akohouBdvrag TAéov v Paowh efiowon ™S
Bepdopetpiag Q=mcAS. Aumi ™v Xpovu] ottyury OAA ta uépla Tou orepeol
éxouv €t oAoxAfpou uetarpanel oe uopta uypold, n daon eival mMéov MONO n
uypn kat ouvexiletal Kavovikd n Sépuavon Tou uypel

{karéotaon B oro orua).

AkpBg To avtiBeto davduevo

8(eC) cupBalvel we adaipeon 8epudémrag Q

i ue otalepn napoxn.
'\\ Zexivolpe and mv kardotaon B
= y \ A (uypri $daom) kat KaraAfjyoude omv
B uy p: 5 kau ot éeb KG'['éO'l'CEOT] A ( otepen ddon ). E?(ouue
o , reped ct’ueepl? TTwon Mg eepuoixpuclaq’ ue
uypo : ! Y WaEn uéxeL va eudaviotel To nodro
‘ , Hoplo otepeng GAoNG MV XPOVIKN

* ¢ (sec)
0 Y t, s
Mevtaofoldsi tng Sepuckpaaiag owpatog
Katd tnv onén :

oTyuA t, . And kel kal kdtw n Beppo-
kpaola napapéver otabepn péxplt ONA
Ta udpla Tou uypoU va ueTparolv ot
avriotoxa udola GTEPEOU TNV XOOVIKA
oty 1, ondrte kat ouvexiferal n opaoAn mrdon Mg Bepuokpaociag. Karda mv
ouvinaptn uypfic-otepeniq ddong vivetal n miEn_tou ochuareg omyv
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Beppoxkpaocia miEng pe mv anofod g AavB@avoucag _Bspudrnrac
migns.

O\ eflotoelq ou napakoAouBoly Tig petaBoAéq eivat:
yia Tig KataoTaoelg A kat B n Q=mcAS,
8V Yia My petarport| ¢aong n Q=m\'

A’ tpa eivar n AavBavouca ,
8epudétnra MENG, SnA. 1o nood Mg BepudtrTag nou npénel va anoBdAet 1
gr uypol CMUATOG YIQ va LeTarpanei og oTeped omy Sepuokpacia migng.

@ 5.3 MeraBoAn Tou dykou kar@ v MEN-MEN

To yeyovég Ttou mAyou nou emrAéer mavw oro vepd efnvelral we mv
HIKOATEPN TIUKVETTG Tou nidyou . Autd oupfBaivel yiari o dykog pélag vepoul
aukavel, étav aut n pala petarpanei o nayo. MapakoAoudivrag amy ypadikh
nopdoraony; A v uetaBoAn Tou dykou pafag ndyou katd v Sépuavor ™S,
Swarmotovoune v SaoToAR Tou dykou bo0 nopauévouns omv Sla ddon
{nayog). Zro onueio THENg napampeoliue ANOTOMH MTQZH ™g Twrg Tou dyxou
Vuypos <Varepsos:

Imv nepoyi and 0 uéxpl +4°C nopampeital n avopain KUBIKA StaoToAR
Tou vepol kat navw and toug +4°C, EXOUNE TNV KAVOVIKY) KUPBIKA S1a0TOAR ¢
1Blag pdong (uyeng).

Aumy akpPBwg n alfnon tou dykou Twv vepol katd v mMEN Toug,
Snpoupyel kat 6Aa ta npofAiuara karaotpoddv ora diktua Ydpeuong katd
TOUG Xeyepivolg uAveg, xaBdg KaL TNV avaykrn XpHonS avTmKTIKDY oucLiV.

Vi V (it)

k V orepeos } uypd

nayo vepd

|~ C}@/ !
) ‘ A ped i B
i 1 NEPO i MOAYBAOX
b %

10 0 +4 8(cC) 8 ™Eng 8(eC)

To dawvduevo aldnomg Tou dykou kard Ty mMEn AEN sivar yeviké .
Ynépxouvnidpyouv ouoleg, onwg o MOAUBRSog mnou dtrav orepeomnoleital
eAartwvel Tov dyko Tou dnwg amy ypadikn napdotaon B.

E¥r,

35h
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@ 5.4 Enidpaomn g nieong kai S1aAUPEVEOV OUCIOV OTO
onueio THENS

a) To onueio MENg uetaBaletat pe Ty micom. To oxrua Seixvel Ty eEdomon
Tou onueiou ™ENG Tou ndyou and v nieon. ZuviBwg i KaunUAn ™ENG sivar
oxedov karakdpudn, Tou onuaivel nwg n enidpaon ™e nieong oto onueio ™ENg
Twv Saddpwv UAKOV eival ke aAAG QloBnmi.

To onueic ™ENg UAKoU yia nigon 1atm Aéyetal kavovikd anueio MENS.

Imv npéEn ta anoteAéouara mg efdpmong autig daivovral otig nayodpo-
uieq: n Aenida tou nayonéSihou aokel To Bdpog Tou nayodpduou NMAvw otov
nayo. H nieon_Aéyw 1ol eldxiotou euBadol e Aenidag elval oAU peydAn kat
étow £xoupe MEN Tou dvou ota onuela enadnig , e Bepuokpacies xaunAdrepeg
Tou undevég. To napayduevo vepd Spa cav Amavrikd SteukoAUvovtag v
kivnom tou nayodpduou.

To avrtiotpodo davduevo sudaviletal oe GANQ UAIKE , 6nwg LY. o HOAURSog:
n alfnon mg nieong, avefalel mMv TH Tou
onueiou MEng, P (atm)

B) Eniong nopampeitat eAérrwon Tou on- s
ueiou mMEng, 6tav Sev éxoune kalapd uypd
aAAG SidAund Tou pe AAAeq Eéveq ouoieg. Etol
SioAdovrag aAdn péca oe vepd, kareBdloupe
To onueio MENg Tou vepoul otoug -20°C (auToki- R S
VITtOSEoUOL TOUG XEHEPLIVOUG HNVESR). |

AvormkTikd  uvpd:  Eivar uiyuara vepod, -
owvorveduarog Kal YAukepivng Kal xonoido- 0 8(eC)
notodvral yia va eAartidvouv To onueio méng
Tou vepol apketd katw tou undevdg (Yuyeia Tf&n tou ndyou
QUTOKIVATWV),

@ 5.5 Efaépwoan

Mpoodépovtag ouvexwe BepudTrTa ot UYPS, KAMOLA OTIYHNA UETATPENETal O
aéplo. AUTH N Hetarporm MG Uyphq ddong o aépwa Aéyetar efgépwon , evd n
avtiBem petarporm uyponoinon.

Yridpyouv eldixég ouvBrikeg Tiou emncpénouy v eEadpwon. Etol oe rAewotd
Bepuatvépevo Soxelo kdarowa oty nadet 1y eEagpwon uypol, otauard n adgnon

me nieong, drav o Xx@pog éxel veuioel atpolg kau n nieon éxet AdBet wa
otabepr; TwA. O xdpog éxet yeuioel and kopeouévoug aruols kal n nieon toug
AéyeTat TAGN KOPEOUAVQY aTUMV, T QUTH TV KATAoTAon KOpou cuvundapyet uypr

KA! aépra ddon. H oraBepr) A ™G nieong SnAdver v nadon g efagpwong.

kat v Grtapin wopporniag Wetatl Twv SGo ddoswv. Otav n nieon Tou xbdpEou
sival HIKPATEEN TG TAOMG TWV KOPEOUEVWYV aTudy, ot aruol eival akdpeoTot kaL n
efagpwor Tou uypol UropEel va auvexioTEL
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H téon Twv Kopeouévwv atudv sival avefdpom g noodtrag Tou uypoud
nou un@pyet oro Soxeio, etval avefapmm Tou dykou Twv atu@v xa autavel drav
autavel n Bepuorpaocia Toug. Xe kdBe Bepuokpacia avriotowel weopévn Ton
KOopeECUEVWV anuiyv nou eEaptaral ané my $lon tou uypol.

Zra nopaxére Saypduuara BAénoupe d0o kaunidAeg efaépwong tou iSlou
uypol  (vepb) via Sadoperikég Bepuokpacies. To A ya Bepuokpaocieq
Mxpdrepeg Twv 1000 C kaw to B yia Bepuokpaoieq avatepeg twv 100°C,

Mpooétre Tov puBud petafolils Mg kaunUAng efatpwong via tg So
SiadopeTIKES QUTEG NEPLOXES BEPOKPACKDY.

PlemHg) D P(atm)
o 8

76 |---—- ---

[
|
I
|
(
[
[
i
[
|
i

30 po-c-e-=—- 26" /
: '
1] I !
I s Y
s [ : 16 b
Ww A i
02040 75 1008(C) 10 g :
5 _____ i !‘ )
A | : ]
[ ]
1 So .t ILI
¥mv karéoraon wopportiag n 100 150 200 250 8(cC)
nieon Twv audv nou Ppiokovral i HE
navw ané v eAelbepn embdavela 120 18{) 255

Tou uypol sival fon pe v Thon TV
KOPEOUEVV aTudv ou aviiotoiel o’ auti mv T Bepuokpaciag,

Zuvohim ekaépwong : Ma va ouvexiotel n ekadpwon npénel n nieon Tev
arudv va eivar MIKPOTEPH ¢ Téonc Tav kopeopévov arpdy.

Kapmrtdeg efafpwong
YVQOTQV UyphV
A . abépag
B: 3Beolxog
avBpaxag
I : owbdrnveuua
A : vepd
©(°C)
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@® 5.6 EEanjuon

EEdmuon: Eival n efagpwaon nou viveral apyd kat MONO ané myv eAelBepn
emdavela Tou uypol skdmuon kat Swapkel peydho ypovikd Sidomua. Orav
oupRaiver o kAewotd Soxeio, otauard poAlg onuarioBolv péoa oTov XWEo
Kopeouévol atuol, evd étav yivetal omy eAelBepn atudodalpa cuvexiletar HEXEL
va eEaepwlel oAdkANnpo TO UYPS.

Je kdBe efaépwon anareitai MpéoAnyn moocol Bepudtrag. Autd To Mocd
Sanavéral yia myv karaotpodr] Twv Suvauewv CuVOXAS TwV Hoplwy Tou uypol
kat oL yia TV Bépuavori Tou. Auth v Bepuémra To uypd My agaypel and mv
uéfa tou, ondre Wixeray, 1 and yerrovikd oduara pe Ta onoia Ppioketal oe
enadn kat oTe YPUxel autd. Etol kard my eEaépwon uypol, dnuoupyeital YoEn
Kal pdAlora Téoo ueyoAltepn, Goo Taxitepn eivar n efaépwon. Kard mv
eEdmuion owvontveluarog, ailBépa nou Bplokeral ndvew oto xépL Hag aioBavéuacte
Pixog yari n anarolpevn Bepudtntag apaypeital and To xEEL Hag.

Orav 3ev npoodéperal efwrepikd Aondv 1 Bepudmra nou xperdletal yia my
eEaépwon Tou uypol , TéTE To uyPS TV adaipet anéd To dueco nepBaAlov Tou 7y
and Tov £auTtd Tou Kal TEALKA pokoAel PUEN.

EQAPMOIEZ.:

a) Biounxavia napaywyng nayou, nhextpixd yuyela,
B) Imv latow yia Ttormukd avaictnola pe WoOEn mou mpokaAefral ard
eEémuion roAl mmTkoU uypol X, alBépa ).

® 5.7 Bpaoudg

H évrown xat Taxela efaépwon and oAdrkAnen v péla Tou uypol ue v
Hopd” pucoohidwv Aéyetal Bpaouda.

O Bpaocudg oe cuvBRkeg otabepnq misong, opXilel oe oUyKekpyévn Bepuo-
kpaoia mou Aéyetal kavoviké onuelo Bpaouol 1y onueio fEoews, érav To uypd
Bplokeral oe kavovua) Tieon 1atm . H Bepuokpacia Bpacuol Swampeetral n Bia
xatd mv Sidpkeia Tou Bpaopued.

T autm TV Bepuokpacia mpénet iy TAon Twv kopeouévev atudv va yivet ion
pe v mieon| mou aokeiral omv eAeBepn erddvea Tou uypol. Av Aomndv
uetaBéhoupe v efwrepik nieon, TéTE ermpedfoupe kar v Beppokpacia
Rpacuol  xaBuoTepdvrag X emraxlvoviag v évapl Tou (rareivwon A
avigwon onueiou {égewg).

EQAPMOIES
a) X{rpa taximrrag( PAPIN). Me mv xitpa PAPIN emituyxavoupe oe KAEloTo

Soxelo Bepuokpacieq uumAdTepeg Twy 100°C xwelg va éxoune Bpaoud.

Se KAElOTO peTaMAkS Soxelo Bepuaivoupe opobuopda vepd. Aarmativouus

&1L 1 Beppokpacia Tou Xdoeou ¢Bh&vel kat Eerepvd Toug 100°C  Sixwg va
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apxloet Bpacudg. To yeyovédg autd efnyeital elkoAa av unohoylooupe v
oAikn} rieon nou aokeftal omv eAelBepn emddveia Tou vepold LUEoca oTo kAeloTd
Soxelo. Navw and to vepd undpxel o agépag nou naywdeldmke otav KAsloque To
Soxeto kal ot kopeouévol udparuol pe TuECelg avTioToXa Pggpq Kl Py,. EToln
oAwA riieon Mou ackeital cuvexws navw oto vepd eival P =Pagq +Pyy.

TeAxd nopampolue &t n Py, navrote yia kde Bepuokpaocia sival peyallte-
pn andé v Tdon Twv Kopeouévwv udpatudv, doa Jev unopel va apxiost
Braopdg. BéRaia doo aufbvet i Bepuokpaocia n efaépwon ouvexileral , n
nooétnra Twv uSpatdv aukaver kaw enopéveg kaL i oAn Tieon P, H BaABiSa
aodaleiag nou undpyet oto Soxelo avolyel kat deldyel wa noodnyra udpatudy
omv audodapa. H nieon péoa oro Soxeio nédTel, yivetal wikpdtepn mg Tdong
xopeopévwy arudv kat apxilet évroveg Beaouds.

O Aéfrrrag PAPIN xponowonotetral:

a) Owaaxi xphon (XUtea taximrag) Me ™v exuetdAsuon autol Tou EvTovou
BpacuoU mnou enavoAauBdvetal autéuaTa guvex®dg Me To Avolypa kat To
khelowlo g PaABidag kal yia oraBepy napox Bepudmrag Kavouue
OLKOVORIa BEPIIKAG KaL KAT' EMEKTAOT NAEKTPIKAG EVEQYELQG.

B) KAiBdwor anooteipwong. Entuyxdvoupe pe tov (Sto tpdno PBpaocud ce
Bepuoxkpacieg uymAdTepes Twv 100°C (120-130)°C. ETtol anooTelpvouls
epyaleia, pikpoouokeuég, dpyava omv latpihd, (epyacmipla, Nogokoueia),
omyv Biounxavia kKAm.

@ 5.8 ©epudémra efatpwong

To nood g Bepudmmrag nou Xpedletal 1 gr uypou yia va petarpanesl oe
céplo omv Bepuorpaoia efaephoewg ((foewg), Aéystal AavBavouoa Bepud-

tnra efaépaong L.

Metpeiral oe cal/gr kat urtoAoyiZstal and my oxéom

To nocd autd,udhiq n Bepuokpacia $Béoel To onuelo lfoswg, madel va
Xpowonoteitat yia mv 8épuavon Tou uypol kat aroppoddral and ta pudem tou

uypol omy npeomidBeld Toug va XeAap®Ooouy TIG LoXURES 5uvauem; OuvOXH§ rou
Ta ouvdéouv.

Tehik@  malouv va Bpiokovrar oe gnadn,. anoxtolv sAeubepia tuxaiwv
KIVAACEWV ME onuavTikég Taximmreg Kat v vével akoAouBolv Ty Bepuiky kivnon
Brown. AnA. ¢ aum v Bepuoxpacia n npoodepleica Bepudtmra éxet
petarpédel Ta uépla Tou uypol oe pépla aepiou, €xet enipéper peTABOAA
daoews.

Ma va perarpégoune My uypd ¢don os aépia, eite Mv Bepuaivouue, eite
auEdvouue tov byko TG To avtiBeto anotéAsoua emutuyxdvoupe ue WOEN, n
ouunikvwon A kat Ta 3uo Tautdxpova,

H avribem evépyeia .n adaipeon Bepudmyrag and aéplo suPICKSUEVO OF
Bepuoxpaocia fEoewg, To odnyel oy UyponoinoM Tou.
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@ 5.9 Mérpnon Bepuotnrag eadpwong :

H uétonon g BGepuémrag efépwong viverar pe mv yvwom uéBodo
Melyudrwv g Oeppidouetpiag. Mdvo nou avti yia myv Sia unoAoyiloupe ™y
AavBdvouca Bepudmra uyponcinong. Eival fon aplBunmixd ue myv avriotown
Bepudtmra efofpwong kat éxet tov Slo unxavioud Aettoupyiag kardé mv
uetaBoAr) dpdong. Metpeitat kal untoAoyiferat Le Tov (S0 TEdNOo KoL XPnoytonotei-
TAL Yia Tov npoodiopioud mg AavBavouoaq Bepudmnrag ekaépwong, éxovrag Thv
iS10 otk TWA Kot arAd avtifem popd Asroupyiag W' aut)

Ma tov npooSioptond ™G Xenowonoteitat i yvwot uébodag Mevudrov mg
Sepudouetpiag

Mopdyouus kopeouévoug cruolg g ouciag pag o ¢dAn kaL toug
uyporololpe oe kat@AAnAe Yuktipa. To uypd nou napdyetal kal To nocd mg
Bepudmrag mou anodiderar kard mv YOEn (Bepudtnra uyponoinong), odnyetral
oe 'kat@AAnAoc BepuddueTpo kal exel ue v HéBoSo Melyudrwv urtohoyiletaw n
Trroluevn AavBavouce Bepudtrra uyponoinomng Kal kat'  enéxtaon 1 ion ™mg
aplBunTika Beppdtrnra eEaépwong.

@ 5.10 Etaxveon

H uetarporm g otepeng ddomg oe aépia kat’ eubeiav Sixwg va pecolaBroet
n uyph ddon Aéyetal eEaxvwon.YAka nou efaxvdvovral @ uddio, vadpBahivn,
oteped Swleidio Tou dvBpaka, ndyog, kaudopd Kal yevikd oteped ocduara mou
avadiSouv ooun.

Zav thom arudv Tou orepeol Xxapakmeiouue TV Ty g nieong omy omnota
arapard ny eEdyvaon.

e k@GBe Gepuoxkpacia To oreped oMo kau oL aruol Tou PBpiokovrar os
woopporia étav oL Kopeauévot atuol éxouv wplouévn nieon (tdon atudy).

MetaBbhovrag v Bepuokpacia petaldAetal kal ) TAON TV  KOPECUEVWV
atudv. Zro Sinhavé oxfua napakoloubolue Ty kaumnuAn eEaxvwong Tou ndyou
Kat Sariotdvoune Nwg o Bepuokpaocieg xaun- P (mm Hg)

Adtepeg Tou Mndevdg o mnidyog efaxvdverau
cuvexds yiati n A g TAoNG Twv atudy Tou elval 1‘ KOMTIOAN
aetnm). pEaxvwong
Kd&Be onueio g xapnlAng sEdxvwong naptotdvet _‘1___
g TYéS Bepuokpaciag-nieong nou efacdaiifouv ;
mv wopportia aviuesa oTo oTepd Kal aToug arpolsg !
Tou, ouvinapin 3nkadf twv 0o ddoswv otov ' -
S0 xwpo.
0 8(cC)
Efayvwon nayov
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ZuvnBiopévo nopddetypa eEaxvwong éxoule oToug MAEKTPKOUS Aauripes
rnupaktaoews. E3G to olppa (BoAdpduio ocuviBwg), NMupaktidverar and To
nAektod Péupa kAL efaxvibveral napdyovrag amuols. Autol emukaAlrrouv To
Yuxpo yudhivo nepifBAnua kal otepeonoouvtal Adyw YiEng os okdvn BoAdpauiou
mou BoAdvel kat paupilet Tov Aourmipa sowtepikd. H3N n nAekTp avtiotaon
Tou BoAdpopiou xaver cuvexwe Mépa otepeol pe v eEdxvwon, Aemraivel
ouvexdg kal TEAKA TAKETAL kat © Aaunripag "Kaiyetat * perd and kanolo xpdvo

Aeroupyiag.

Tyéq Beppoxaciag kat avrio-roo{ec, nieong nou eEaodaAifouv 10opportia
avaueoa otig 3Uo Ppdoelg oTepeR-aéola, EXOUME OTOV NAPAKAT nivaka yia

nayo

Kat

oteped CO,

Bepuoxpacia (oC)

flieon (mmHg)

Bepuokpaotia (°C)

Mieon (mmHg)

-60 0,008
-40 0,097
-20 0,776

-10 1,950

-125 5
-115 20
-79 760
-57 3880

@ 5.1 loopponia ¢pacewv-TPIAO onpeio

Zro Simhavd Siaypauua ot
kauriAeg MENG |, Tong atudv
Il ken eaxvowong I, Téuvovrat
oe éva onueio T mou Aédyerat
TRINAS onueio. To onueio autd
xaBopilet o now& Bepuokpacia
katL oe owd nieon unopolv va
ouvundplouv o kar@oraon (-
gopportiag ol Tpeig paoelq Tou
15iou owuarog .

To &c’xypcpuc NaPIOTAvEL
10 TPIAd onueio Tou vepol
yia Tég riieong kat Bepuokpa-
olag kau Sakpivel T TPElg
daoeig Tou.

Zuykekpiéva yia Tiud rie-
ong 1atm (760mm Hg), éxouue
T0 onueio A névw omv kaund-
An ™Eng xat to onueio B navw

omv KaurdAn Taong atuov.

P(mmHg)

760 |

4,6

0 0,01 100

AldypappaTpimlod onueiou vepow

o)
374
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To anuelo A avriotoixel oe Bepuokpacia 0oC, (kavovikd onueio mMEng). MNa
xaunAdtepeg Tiég Bepuorpaociag énwe dalveral kat and to Jidypauua, To vepd
Bploxetal oe otepen; Hopdn| (MAYOS) evds yia ulmAdTERES Beprorkpaoieq oe uyph
Hopory..

Avtiotoixa To onuelo B avtiotoixel o Bspuokpacia 100°C (xavovikd onueio
{éoewg). Onwe daiverat kot and to Sldypauua, yia xaunAdtepeg Twég To vepd
ouvavtaral g UypH Kopdn, evd via uimAdtepes Beplokpacieq oe aépla Hopdh.

loopporia ddoeswv Exoupe drav péoa otov S0 ywpo n AN cuvundpxet
Tautdypova He BS0o SwapopeTikég ¢doelg.  Autd
cuu@cﬁvm’ yia cm.feia TIOl{ Bplokovral navw Tp1uA6 onueio
oe pia and 1§ Teeig kaunlAeg, P(atm]‘ co,

Zro 1pInAS onueio T cguvundpxouv KAI ot
Tpeiq ddoeig kL yia To vepd TO onueio 73
avtioroixel oe Tég nieong 4,6 mm Hg kat
Bepuokpaaiag 0,01°C. 56,5

To anuelo K, xapaxmpiletar cav kpiauo
onueio kat eivar n TWA ™G Bepuoxpaoiag
k@Be ouarog ndvw and my onoia o odua 1
Bploketal navrote oe aépla ddon avefdom-

Ta and mMv coodANoTE KeYAAn Twn g
nieong Tou. -78,5 20 311

To Smavd oxiua naplotd 1o TpmAéd
onueio Tou CO, Kértw ard otabepr aTuoodaokr) cuvhBn mniean (1atm),
nopampodue nwg nepv@ue kareubeiav and myv otepr oy aépta ddon, Sixwg
™MEN. AnAadf 1o Bepuawduevo CO, ue efdxvwon und kavovik mieon
eEaepdveral M autd ovopdleral Enpdg mavog.

@ 5.12 1068epyuor Andrews

310 oYMa rou akoAoubel sudavileral n 1W0dBepun ouurieon Mou MEokoAeital
Me TMv udetaBolly ¢dong Ttou CO, andé  aépia oe uyph. Zmv evdidueon
kardotaon epdavifetal piyua uypol kat aruov.

Mopampolpe TIg WéBepues KoMMUAEg NMwg omv Uven nepioxn elva
karaxdpudeg suBeies. Erouévag yia Hikpr HETARBOAR dykou MPEMEL va aokoou-
e oAl peydAn nieon (aouunisoTa Ta peuotd).

Tmv neploxn Tou uivuarog ou wébBepueg yivovral opifdvries. Eudavifetal
oTaBepéTTa InA.mG mieong Kat nedyuart n Tdon Twv Kopeouévav atudy elval
aveEQotm Tou dykou.

Tmv aépia dAon kovtd omy kaun(An kdpou ol wdBepueg napouaialoviat
napapopdwuévesg Sixwg mMAéov opifdvrio TuAua (atude), evid uimAdtepa apxi-
fouv va naipvouv ™V popodn e unepRoAfg, yvwot and to Sidypaupa P-V
(Savikd aépio).

To kowd onueio Twv TELOV nepioxGv. ovoudZetal Kolowo onueio kat opLCemx
anéd myv kplown nieon ket My xpicwun Bepuckpacia,
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P(atm)
YrPH
73 f-—-oATH
565 |
a4 [T T ~ ©100C
KOPEZMENOI &__
ATMO! .

1060zppeg Andrews [0}

Mopampolue nwg aépio oe Sepuokpacia weyolltepn ™S kploywng, 600 kau
av oupmneoBel 10é8eppa, AEN uypomoweital. Qepuoduvauikyy katdotaon mou
nieptypadetal and kployeg TéG dykou, Beppokpaciag kat rieone xapaxkmpile-
TaL oav Kpiaun kardorgon.

3 qum v KardoTaon, 1} uyeh kat N aépla $aor napouciafouv NMOAAES KOVEG
Sudmreg, 4nwg Seixm SidOAaomg kal uKveTTq, (e anotéAeoua va un propel va
yivel Suarpion avéueoa otig 0o ¢doelg. Eto yia méoeig ndvw and v kployn
TR, N KkaurOAn Tdong Kopeouévwv atudv AEN enexteiverar ndve and to
xpioyo onuelo. K ondte oL nepioxés uypng kat agplou déaong AEN Eexwpifouv
petal Toug MAgov.

To oufivog Twv (CoBépUWY KOUMUAGDY TOU OUYKEKPWEVOU aepiou kat kdBe -
MPAMATIKOY aepiou éxet v uopdn Tou napartdve Saypduparog kat
oxnuariZet Tiq 1od8epued Tou Andrews.

H neploxh Tou uiyuarog xweifetal and mv aépia neploy Me TV kaunlAn
xbpou. MNavw mg Belokovral Bepuoduvauikég karaotdoeg nou eudavifouv To
oMua AnOKAEIOTIKA OF OPPH KOPEOUEVWV aTHWDV.

Xapakmpifouue oav aruolc Ta aépla nou n SepuoSuvolKd Toug KatdoTaon
SnAdveral and onpeta nou Bploxovral Sira omyv xaunAn képou.

IV NepIoXA TWV aTu@v ot wdBepueg Sev Exouv TV wopdh} unepBoArig. Ooo
duweg auEdverar n Bepuokpacia o8 TwéEg NOAD peyaAltepeg and my xployn
Bepuoxpacia , Téte eudaviletal n yvwot and tov Néuo Boyle-Mariote popdn
mg unepROAfg aTig WdBepueg kal To aéplo apxilel va anoxkta TG BSiétreg Tou
1Savikol aeplou. AkpBig eneldn n kplown Bepuorpacia Tou amuoodaipkot
aépa (-140,7°C), ival oA pikpdTepn TS Bepuokpaoias Tou nepiBaiiovrog, yi'
autd o aruoadapwds aépag ya Bepuokpacia nepBaAovrog Bewpeitan Savikd
aéplo.

Zmv kplown Bepuokpacia unopolue va uyponomooude éva aéplo (cuvinap-
&N uyphg xat aéptag ¢dong), MONO étav ny nieon katL n MukvETTa Tou Népouv
Hia ouyKekpévn TN (kplown nieon, kpiown nukvémra).
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@® 5.13 Eticwon CLAUSIUS-CLAPEYRON yia Ty e§aépwon

Avdueoa omyv kAion

dP/dT g xkaunUAng  TAOMG TWV KOPECUEVWY
atudv kat g Bepuckpactag dT, woxlel i oxéon

dP = L

d7

———

TV (chspiou'vuvpoﬁ)

érou L N AavBévouoa Bepudmmra sEaépwang yia 1gr uypol Kat
Vaepiov-Voypos N HETABOAR Gykou Tou nporiABe and my etaépwon 1gr uypod.
H gniAuon mg oxéong wg rpog v Bepudmra efaépwang ava gr uypoy,

uag Sivel

L = dP/AT *T* VeipioVuypd)

Me v BorBela mg npdtng oxéong unoAoyifoupe myv aldinon mg téong dP
KOPEOUévwY TV uypol Adyw Bépuavong dT. Mapampolpe pe mv BonBela
™g Sedtepne axéong, ot e ™y Bépuavon, i Bepudmmra efaépwong eAarT®dve-
TaL HEXOL MNSeVIoUOU TS oY Kpiown Bepuokpaoia,

( ATt n peTaBoAR OYKOU Voigio-Viyes MNSEViZeTaL OV Kpiown Sepuokpacia
kat 1) kKAlon dP/dT éxet SeSouévn Tiur un dneipn)

@ 5.14 Yyponompéva

MoA\& aépla nou xpnowlo-
nolodvtal  Kafnuepiv@ npo-
adépovral 0 uypl Hopdnh
oto eundplo. H nieon autdv
Twv asplov omy cuvnBiopévn
Bepuoxpacia elval ueyaAute-
PN ™G atuochapis, YU au-
6 duAdyovrat wéoa o XaAU-
B3iveq dLAAeg Méocewg,

Ztov Simavéd rivaka euda-
vifovral Tiuég TAoNG KOPEOKE-
Vv aIuov o Bgpuokpacia
nepiBaAAovrog.

agpa
Meon oe atm Bepuokpaoia 20°C
SO, 3.4 Freon 12
co2 56,5 (CF.Cly) 5,78
NH3 87| Yypagpio 5
(Hiyna
nponaviou
Kat Boutaviou)
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® 5.45 Adpia uypononotjucvu oe xth'q Oepuoxpao(cq

H uyponoinon Twv aepiwv Ny,
O, Ha Sev yiverar pédvo pe 1060eppeg Andrews Ny

ouurnieon, aAAG npénel npdra va

YuxBolv oe xaunAf Bepuokpa-  P(atm) '
oia.
Tro Suthavd oxfjua dnwg ai- 267 _—
vetal ané nig 1woBepueg Andrews {
Y@ va uyponotfijooupe 10 Na '
npwra o YPixoupe karw and mv 200C

xpiown Bepuoxpacia kat perd To

OUUTUEZOUE. 335 e
Mapampoiue nwg av ouvexi- yd AN

couge Mv YoEn via mv T / ‘\

-196oC éyxoupe TAON KOPEOME- 9 .

vov oauov 1 atm.Téte to N, A w

unopel va uyporomBel  Sixweg

ouunieon. Autd eival To yvword

uypd GZuto. vl
To uypbd &lwro, To uypd ofu-

vévo, o uypbg aépag, arnobn-

kebovraL o eldika Soxeia, av Bé)\oups Téoo XaunAY Bepuoxkpaocia, dore va

éxouv Thomn kopeopévwv arumv 1atm. Puldyovtal oe eldikd avoktd Soxeia Dewar

yia va anogpiyoupe Bpaoué i alEnon mg nisorig Tou pe enaxdAoudn éxontn.

-147°C

<
-
\.

-~
A

@ 5.16 XaumA£g Geppoxpaocies
Ma va enmiyxoupe Bpuokpacieg kérw Ttou PNdevég xnowonololue TG

nopaxérw pebddouq :

a) Aivo kT Ty 0oC @ Yuktikd pivua
( olo uépn nayou kai éva uépog Agpio °C °K
pavepwsd ardr)

B) uéxpl -21°C : Purtkd piyua uypd O, -183 | 90,2
(100 pépn CaCl,, 70 uépn néyou ) " Np | 1958 774

¥ uéxpL -70°C : oteped CO, *  H 20,5
(Enpdg méyoq) - be 43
Epyaompioxd o Enpés néyog napa- anopaviirion 0,018

oxeudleral ue anh\f exrévwon aepiou
CO, oe $i1GAn mifoewg. Kard myv extd-
vwon 1 Bepyiokpacia Tou kareBaivel Tdao NOAU Gote pépog Tou oreponoisiral
Auté ouykparetral oe péhivo oo kat anobBnkelderal oe Soxeio Dewar

8) uéxpt -78,5°C : Enpbg nayog ue owvdnveupa

£) axoun xounAdrepeq Bepuokpadies : uypd &lwro, uypds atpag.
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@ 5.17 Yypaoia

O auoodapikdg aépag sivat navrote piyua 0o pdoewv, céplag kat UYPRS.
To mAiko g pélag Twy udpatuwy m nou Bpiokovral uéoa oe éya aéplo uivua
dykou V, npog Tov cuvoAikd dyro Tou aruoodaipikol aspiou uiyuatog V, opilet
mv andAum uypaagia B , unoAoyiletal and Ty oxéon

Kal puetpeitat og gr/ims, B=mN

To mAiko g uélag Twv udpaTiov m Mou MEPIEXEL OPLOUEVOG OYKkog agpa V,
npog v uédla m,, Twv KOPEoUEvVwY USOATUEV ou Ba Enpeme va nepléxel o
Blogq dykog adpa omv Ba Beppokpacia ya va eival Kopeopévog, opiler myv
oxeTh uypaaia 3 unoAoyileraw and v oxéon

KaL eival kaBapdg apiBuég kat ouvnBug

nocoots eni %. :

H S oxéon pnopel va ypadet pe mv popdn S=m/m,,

érou P n uepikn} nieon Twv uSpatuov

Kal Px.u. n TGom TwV KOPECUEVWY USPATWY.

2=m/my,,

1o Simhavd Sdypaupa av yvwpl- P(atm)
Zoupe My pepkd niieon P twv udpa- t CED)
MOV kaL v Beppokpacia T Tou xaurUAn tong
arpoodapiko( aépa NMapICTAVOUNE KOPEQUEVWV

™MV auochaEIKn KatdoTaon e To
onueio A
H Bepuokpaoia g kardotaong
A givar B(°K) kat n peptxny miieon twyv |
uSparudv Mg Z{atm). / 1
H topy Mg BA He v kaunUAn {
TAONG TWV KOPEOMEVIV aTUDV Sivet i
m™v Tdon Twv Kopeouévwv udpa-
TGV [ (atm). A B T(K)
 Enopévag to mmAiko (BA)/(BMN)
givat To TMAko P/P., , SnAadn n
. ias

o Tov unioAoytoud G andAuTnG Kal NG OXETIKAG uypaoiag, xprown
pag eivaw n yvaon tou anueiou Spdaou.

Zépoupe 61t o udparuol ™ aTudodapag nAve ce embAveleg YUXPOV
cwpdtwy, cupnukvdvovrat Kalw oynuatifouv oTpdua NoAd Hikpdv otayoviSiwy,
mv Spdao Spooid, uypaoia).

Yav gnueio Spdoou arpoodalpikis Kardoraong opifoude, ekelvn Tv Twn
m¢ Bepuokpaoiag omv onola Yixovrag Tov aépa Tov KaBlOToUHE KOPECHEVO Kat
oxnuarifel Spdoo.

Wiyxeoupe woBapdg nocdmra arpocdaicikold agpa ieong apxwng P=1atm
KL YVWOTAG apXikie Beprokpaciag T, wéxpl To anuelo dpdoou.
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p) Tdon xopeopévev atpév kai andlutn
uypacia oav ouvaptnon tng Beplokpaciag

Tére andé Tov nivaka
A ~ Eépoupe v TAOM

Bepuokpadia Pru. B .
(eC) (mmHg)| (gr/m3
: i
-15 1,44 1,32
10 2156 | 210
-5 316 | 3,20
0 458 | 490
5 i 6,54 6,72
10 9,21 9,41
15 12,79 12,9
20 17.54 17,3
25 23,76 23,0
30 31,83 30,4
35 42,18 396
40 55,32 511

TWV KOPETUEVWV USPATUV TIOU
avtiotoxel oto onueio Spdoou,
Eépoupe kat My pepu mieon
Twv USpatudyv Nou eival n apxt-
K( 1ooPapng YEn ), Eépouue
KaL MV uepkh nieon Twv udpa-
MOV Tou elval n apxui( woBa-
pfiG WiEN ), enouévawg n oxen-
xf} uypacia X=P/P,, unocho-
yiletal

[la Tov umoloywoud Qg
andAummg uypaociag B, and
tov B nivaka Bpiokoupe my
A g andAutng uypaoiag

B) Téon P, . xa1 pdla m xopeopévav
udpatpdv noy mepiExovial ge 1ms3 afpa

Gepuoxpacia

PK.U. m

(C) | (mmHg) | (gr/md
-10 1,95 2,14
-5 3,01 3,24

0 458 484

5 6,5 6,80
10 9.2 9.2
15 12,8 12,8
20 17,5 17,3
25 23,8 23
30 31,8 30,3

Bapoooy 1O ONHE Tapssow
Auti opifeTal and myv oxéon

B59600U=mN59600l;
ANMG  B=m/V kal m=B*V,
avtikaflorolue mv pala m Twv
udpanuiyv oy  oxéom

Bbpéoou =m/V, Spdoou
Kal éxoupe

B=ﬁ6péoou*(vapéoou N).

OHWS  Vagsoow V' = Tapscow /T
KaL  TeAwkd4

B=Rdpboou *( Tdpboou /)

@ 5.18 Eidxpareg ouveikeg SiaBioonc-KAyariopods

H euxfpiom 3SiaBiwon Tou avBp@nou OTov XMPEO TOPQUOVAS

Kai N

NOPAYWYIKSTTA Tou oTov XWEo £oyaciag, MPOURCBETOUV KATOIES CUYKEKOYLE-

veq KApIaTOAOYikég ouvBrikeg. Autég adopolv Tig Twég ™S Bepuokpaociag, Mg

uypaociag kal mq TaximTag Tou agpa rou MPENeL va avavaubdveTat TAKTIKA.

a) Téq Bepuokpaoiag avhoya pe v enoxr), 20°C yia Tov Xeydva kat 26°C
yat To KaAoKaipt OToug eCwTEPIKOUG XDOOUG, KOIVOVTAL IKAVOTIOINTIKES YA TV

EMGEa.
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B8) H oxetu uypacia npénel va Bpiokeral petall 45-60%. H xaunAn Ty etval
KaTGAANANR To kahokaipl étav anareital eEémuon tou 1Spwra kaw HAAoTa .
yeryoen ywari étot Snuoupyeital Yitn tou Sépuarog. YYmAR T uypagiag
epnodifer v eEdmuon kot npokake! epidpwon kal Suodopia.

y) Tax{mra avavewpévou aépa uetall 0 kat 0,im/sec.H T 0 avadéperal ot
axivrto, Wn avaveolpevo aépa. Twr peyakdtepn e 0,1m/fsec  Snucupyel
Suodpeoto * pedua”,

O napandvw ouvBikeg pubuifoviar ue edikég Ouokeuég Ta kalouueva
xApariotik@ pnxavijpara (air conditiones). PuBuifetal n 8eppokpacia tou
Xx@pou, N uypaoia Tou kal entuyx@veral i kukhodopla kaL n avavéwon Tou
Qépa.

Av mipooniadricoupe anAd va Gepudvoue Tov XOPo e Bepupavtikd oouata
MONQO, 8a mpokahécoupe kat Tautdxpovn HeTaBoAR TG OXETIKAG uypaoiag pe
TEMKEG TYES OXL MAVTA KATAAANAES.

ESixa katd v 8épuavom toug Xeepivolds uives KAEIOTOV XDPWY, N OXETIKA
uypaocia nédrel kKATW and TV Kavovikh (72% TWY XEYOva Ko 49% to kaAokaipt
yia ta EANaSIkG SeSopéva).

M autd ot eykaractdoelg kAyaTiopol enegepyalovral Tov aépa o SiaSoxikd
orddia. Kar' apyfiv Wixetalr noodmra aépa kérw Tou onueiou Spdoou, onéte
uypornoteitat. To oxnuari{duevo vepd anoBdiertal kat érol éxoupe pUBuoN g
uypaciag tou cuvolkol xdpou anopakplvovtag HEPOG TWV UTSPATUMY Tou K’
autd Tov TPdne. Metd o aépag Bepuaiveral omv emBuunTy} Bepuokpacia kat
adol kaBapioBel and pikpoopyaviouols, oteped cwparidia, oxévn, karvd KA.
pe eldika ¢iktpa , TeAkd@ Sioxeteletal gtov x®po Sapowviiq kat epyaciag pe
ouykepyiévn pory, Taximmra kat SiedBuvon peluarog,

evr,
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AYXKHXEIX

Avpéveg

o Dlmards ;0 AVYOU =80cal/gr, Crayou= Cuspamou=0.5cal/gr*grad,
Lyepoy=540cal/gr

@ 1. Zc BeppiddpEeTPO Auwvouy 0,8gr niayou, 6tav BAAoUE HEOQ OTO
Soxeio 6,5gr Yeudapyupou Beppokpaciag 100°C. Na Bpebet i £1duUM
BepudmTa Tou Yeudapyipou.

AYZH

Ma va Audoet o nayog xpeldletal moad Bepudmrag Q,=m,*A,

érnou m,=0,8gr kat A,_80cal/gr yvwot} AavB&vouca Bepudtrra THENG Tou
ndayou_Me avrikardoraon TeAwa npokdmrer Q,=64cal.

Autd 1o nood Bepubmrag To npoodépel 0 Yeuddpyupog Tou WixgTaL and
Toug 100°C ge 0°C xai SivetaL and mv oxéon  Qz,=mMz,*c2,*(0,-0,), rou

Mz,=6,5gr, Czyn {nroluevn 8 Bepudtnra, 8,=1000, B8,=0°C,

Me avukardoraon mpokUrrel o povadikdég ayvwaotog n ewdix Beppdtmra ¢z,
Tou Yeudapylpou xai e emAuon g eflowong TeAkd, €2,=0.0985¢al/
gr*grad Me avrtikardoraaon npokirTel o povadikég dyvwotog 1 e1dik’ Bepudora
Cz, TOU Yeudapylpou kat pe enAuon g efiowong TeAka,

Cz,=0,0985cal/gr*grad

@ 2.Y5pamuoi oroug 30° C, éxouv Oyko 10it kai Tdom 12atm. Ze T
xardoraon Beiokovral ot udparuoi , av cupmegBoly 1066eppua
HEXPL O OYKOG Toug va yivel 4it; ( uEyiotn Taom Toug oe BeppoKPa-
ota 30°C givar 32atm)

AYZH

And Tov N&uo g 1068epung petaBoAfg éxoupe  Py*V,=P,*V,,
He P,=12atm, V,=10it, P, n dyvwotm rieon kai V,=4it.
Ao wgnpog P, = Py*V,/V, xat pe avrikart@araon éxw P, = 30atm.._

MNapampd 6t N uéylot Téon Twv udpatudy o' aut my Bepuokpacia (30°C)
elval 32atm, dnA. ueyaAltepn andé v TA Mg Tdong mou Berkaude, dpa ol
uSparuol MAPAMENOYN axkdpeotol.
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@ 3.7M60n Bepudmta xperdleral yia va petarpartoly 60gr nayou
Beppokpaciag -20°Coe udparpd Beppokeaaiag 130°C;
(Alvovtau e1dixr} Beppdbmra ndyou kat udpearuol c¢=0,5¢cal/gr*grad,
AavBavouaoa Beppdtrta ™ENG nayou A=80cal/gr kat AavBavouoa
Bepudmra eEaépwong vepol L=540cal/gr).
AYZH

AeSopéva : uafa ndyou m,=60gr. apxwh Bepuokpacia ndyou 8,=-20°C,
edkn Bepudmra vepol ¢, =ical/gr*grad, TeAwr) Bepuokpacia  cucTAuarog
8,=130°C

H uala tou ndyou cuvexweg npocAauBavel nood Beppdtrrag .

a). To nocd Q,=m_*c,*{0-(-20)] via va auffoeL v Bepuorpacia Mg and

-20° Coe 0°C. Me avrikatdotaon unoloyiletat  Q,=600cal.

B) To mogd  Qu=m.*A; YW va Audoet Kal va JeTpanel oe vepd ™G aumg

-20° Coe 0°C. Me avrikardoraon uncAoyiletar  Qyé800cal.

y) Toiocd  Q,=m,*c,*(100-0) yta va aufioel v Bepuokpactia To vepd nhéov
and Toug 0°C atoug 100°C. Me avrikatdotaon uniohoyiletar Q,=6000cal.

3) tonogd Qu=m,*L ywa va cEaepwbel To vepd kal va petatpanei os uSparud
™mg authic Bepuokpaciag Twy 100°C. Yrohoyiletal e v avTikardoraon

Q,=32400cal
g) To o6 Q=M. *Cysp*(130-100) via va augfioouv v BepuoKpasia Toug oL

udpatuol mMAéov and oe 130C. YrioAoyiletat Qs=900cal.

TEAIKA to anatroluevo nood Bepudmrag yia va perarpanodv  60gr nayou
Beprokpaciag -20°C oe udpatud 130°C, eival To dBpoloua Twv  Qy, Qg Qi Q4
Q5 kat pag Sivouv anarrodpevo ouvolixkd rood Bepudtrag Qoax=44700cal.

AXKHXEIX

npocg AGon

) 1) Méoa og avoiXto SoXEio aohuaving BepHoXWENTIKOTTAS ,
nepiExovral 500 gr nayou Bspuokpaciag -20°C. Zrov ndyo
npoo¢pépetal BeppdTiTa ue oradept] napoxy 100 cal/sec kat yia
XPOVIKG dldonua 700sec. Na napactadoulv ypadika ol oxEoelg :
8=06(t), Q=Q(), Q=Q(®).

(] 2) Kpdupa petdihou palag 300gr anoteAeiral ané Cu kai Fe
kat Bgppaiverat otoug 100°C. MeTd TonoBeteital HEoa g BeppIBouE-
PO and xaAkéd palZag 50gr nou nepiéxel 305gr nayo Beppokpaciag
-23°C. MeTd mv anokardoTtaon Beppikng Ioopportiag , epdaviZerat
TEAIKY] Beppokpacia 10°C. Znreiral n pala x4ee HETAAAOU TOU
kpauuarog. Aidovral : ce,=0,1caligr*grad, cg,=0.12cal/gr*grad.
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3) Ze 500gr vep6 Bepporpaoias 20°C, pixvw koppdn nayou patag
200gr ka1 Oeppokpaciag -25°C.Motd eival 1} TEAIKA Kar@otaon Kai n
Oeppokpaaia Tou cucTipHarog ;

4)Ze Soxeio avakareovrat 0,3kgr ndyou Beppokpaciag -15°C e
1,8kgr vepb Beppoxpaoiag 20°C kat 0,15kgr udpatumv Beppokpaciag
120°C. MNoi& 8a eival i TEAIK] katdGotaon ka N BeppoKEaTia Tou
OUCTHNATOG ;

5) Ze operxGAkivo BepiBOpETPO HAZag 500gr, uniGpxouv 500gr
nayou Bepuoxpaociag -20°C. AIOXETEUOUHE OTO BEPUIBOUETPO
pedua vepol Beppokpaoiac 80°C pe napoxt 50gr/min. Ze 11min kat
30sec Audvel 6A0g 0 idyos. Metd ané néoo Xpbvo To BepIBOUETPO
6a arokmoet TeAix) Beppokpacia 20°C av GUVEXIOTE 1 TapoxH Tou
vepod ;

AIveTaL Copeqy, =0,1cal/gr*grad  KaL Cpayoy =0,5cal/gr*grad

6) Méoa o 100gr vepd Bpioxovrar 100gr ndyou.Méon péla
udparudv Beppokpaciag 120°C npénet va diaBiBaooupe oTo
olomua, ®OTe va NGpouje TEAIKA MONO vep6 Beppokpaociag
15°C ;

7) Koppudo nayou paZag 100 gr emuméel navw oe vepd, péoa oe

eepgu(é povwpévo doxeio , ériou pixvoupe pérallo Beppokpaciag

100%C ka1 paZag 150gr. Orav anoxaractadel Bepuixi I0opPOTTIa,

eEaxoAouBel va entnAéel koppudm ndyou. Na unoAoyio8et n paZa tou
TIGyou Nou EAUWOE Kai 1} EAAATWOT) TOU 6YKOU TOU CUCTIATOG

nayog-vepd..

Aivovtar dngyo,=0,92gr/cm3 KAl Cppranrcs =0,12cal/gr*grad

8)Ze BepjudolETPO BeppOXWPNTIKOMTAS 50cal/grad, nepiExovian
2kgr nayog, Skgr vepd xat 0,7kgr aAoupivio. AloXetedoupe péoa
oro Soxeio 80gr udparpol Beppokpaciag 100°C. Mo eivai iy
TEAIK Bepuokpacia Tou cuomuarog ; Moid eivat iy TeEAKA Tou
Kar@otaon ;

Aivetal Cooy = 0,21cal/gr*grad.

9)AvoIKTO Soxeio 2t , nepiéxel arpoodaipikd aépa Bepuokpaociag
20°C kai nooétra vepoU. To SOXEI0 KAEIVETAL AEPOTTEY®DG KaL
Beppaivetal oe Beppokpaocia 100°C. MoG eivar 1) TeAud] oA mieon
péoa oto Soxeio ;

10) A0Eeidto Tou GvBpaka oe otadeph) nicon 10atm , dipxeTal and
‘'owAljva péoa grov onoio Yixerar and Beppokpaocia 40°C uéxpt va
uyponom6el evieA@q. Na napaotadei oe Staypappua P-V n uetaBoAn
mG Karaoraotiq tou.
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Kepalaro 60

ATOMIKH ®YZIKH

1.Ewcayoyi

@ 1.1 6cswpia KBavra

Ta nepiocdtepa davdueva mg Crmikrig, SéBAaom, avakAaon, cuuBoAf Tou
dwrdg, einyolvral kavornouytikd av Sewprjooupe 6Tl To ¢ eival nAeKtpoua-
yvnre} aktivoolia. O Hugens to 1677 Swarlnwees npdrtog Tnv Sewpia yia Ty
KupaTiky dlon tou ¢wtdg Kal dpavdueva onwg n cupBoAr, n napdBhaon kal n
noAwon tou dwrdg Tov dikaiwoav, To ¢wg cav KoM, éxel ouxvémta v, HAKOG
KUparog A kat petadideral we Taximra ¢ nou Siveral and mv eglowon

c=A*v

Exnéuneral pe axtivoBoAia kau anoppoddrar ané

™v 0An (Groua) ouvexaa.

Yrndpyxouv OUWG KaL MepuTrdoslg Onwg To ouvexéq $doua Tou uéAavoq
ohuarog, To SWTonAexTEkd davbuevo, mou Sev epunveliovral pe auti mv
Bswpia.

Eror o Planck yia va epunveloet ta dawvdueva exkmoumiq tou ¢wtdg,
Séxenke (1900) rmwe n evépyela mou napdyetal and axtivofolia, Sadideral pe
acuvexy TPAMNO e TV Hopdr| EEXWEIOTOVY HIKPMV KOUUATIDY EVEDYELQS.

O 3nuoupyds g Bewplag twv kBavra Max Planck, dpwoe cav kBévra ta
oAl wkpd, adialpeta kot OTOEWSN nood evépyeiag, Ta onoia enéunovral
ané tahavroluevo clomua 1 uetadépovrar ané axtivofolia kaBoplouévng
ouxvéttag.

H oAui evépyela meg Séoung exnoumig, eival to dBpoloua ™G evépyewag
k&Be quantum, pe evépyela quantum E=h*v

O ouvteAeotic h elvat n otaBepd Spdong tou Planck pe Ty 6,7*10%
erg*sec oto clomua C.G.S.
Ortav axtivoBolia nméoet ndvw o optouéva HETOAAQ, TaTe and ta dropa Tou

HeT@Aou exmnéunovral nhextpdvia (bwronAextoikd gaivéuevo).

O Einstein npoonaBdvrag va Epunveloel TO QOWVOUEVO YEVIKEUCE TV

Bewpla tou Planck kai anéSelke 6n Ta droua anoppodolv Ty aktivoBolia nou
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nASKTOOVIO

®QTOHAEKTPIKO O 860 Beupies yia Ty petdoon vou oo
darvépevo ue ouvexels kupdvoeaig ka1 B pe xfdvia

To dwtovio nédter ndvw oto
dtopo, npoadépel evépyela h*v xai
amoond nAektpoévio

nédret ndvw Toug Katd kRavra dwrdeg, Ta

bardvia ue evépyela kdbe dwroviou E=h*v.
MENIKA n Bewpla twv kBavra anédeile :

fo. Ta aropa Mg OAng exknépnouv kau anoppodolv my dwrtev) aktivoBolia
Me popdn dwroviny kat

20. Ta o¢awtdvia Kwvolvral pe v Taximra Tou ¢wtdg kal petadépouv
evépyeia avaloyn mg ocuxvdttag mg aktivofoliag,

D 51 a z Br

Ouowkd péyeBog xapakmpiletal kBavriopévo, étav KGBe Ty Tou MPOoKUITTeL
oav axépaio TOAanAdoo  iag BepeAuddoug, otoixewddoug Kat opcedolq
rnoodTrag |

KBavriopéva ueyéen unopolue va Sakpivoupe kal pdAiota va Siakpivouue
Ta kBavra toug, MONO grov Mikpdxoouo
KL og aropkég Saotdoelg.

Erot ue mv Bewpla Twv kBavra avartd-
xonke napdAnia ue myv Khaoow Quowh a\ N\
kat n KBavroMnxaviki nou ueAetd mv 0- N %
nopén kAl TI§ KIVACELS TWV UMOCTOMIKDV \\h"ﬁ 3

cwuamnSiwv ) \ \
KAacowd napdSeryua kBavriouévou ueyé- N\Zf

Boug eivail n pon uypol and otayovoueTpo.

Eniong to kolpdiona poloyol, n aviio- Andé mapadervua xBaviiouévou
on Tou ,quroklvﬁrou pe Tov YPUAAo, sivai ueyéBoug : o1 °T°Y§V°§ pofig tou
KivAoelg " kBavrtiouéveg, kat Oxt ouvexoulq vYpou
pons.

@ 1.2 ©Ocwpia g ZxeTiKOINTAG

Imv aﬁr:xn Tou 20ou awbva n Quoiky ixe oploTik@ anokaAlyet kai egeTdoet
Ta Téooepa Bacikd ueyEDN | xwpo, Xedve. uale xat evépyela. AMG xkdnowa

Evre
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vedrepa Sedouéva mou npoéxugav and didopa mepduara, Gnwg Twv
Micheison -Morley (1887), Sev upnopoloav va epunveubolv e v KAhaocown
Neuthveia Mnyaviki.

O Awotiv (1905) npoonddnoe va epunveloet Tig anoxkAoelg Twv davoué-
vov autav atd mv Khaoowr Quow xar xatéAnée omv Suaudpdwon me
Bewpliag Mg IxeTikdmrag nou audloPimoe T khaocowkés évvoleg Mg Duot-
xiG. O 800 véeg Bewpieg, N Bewpia Twv kBavra kat n Bewpia mg IxeTdurrag
dvoilkav veoug opifovreq omv avBpdruvn okéyn kot é8ecav Tig BAoels ™G
Nedrepng Duowig.

Metayevéorepeg nelpapatikég kar Bewpnricég peléteg emiBefaiwoav, gtﬁpt-
Eav kaL cuprmifipwoav v Bewpla mg Ixetikbdmrag nou arnoteAeital and So
wifuara, v Edua) ke my Cevud} Bewola mg Sxenikémrag,

a) Eiduxf) Bewpia mg Ixenxémrag

Aoyxolefral pe cuotijuara avapopds nou Kivolvral Ye orabepy Taximyra 1o
éva npog 10 AN,

Zro Srmhavd oxfua o odomua avadopds A _eival axiviro, evd o B kivefra
euBlypouMa KaL OUaAQ WG TPog To A e TaximnTa v kat ot GEovég Toug Ox ka
O'x’ navrote cuuninrouv.

loxGouv o1 80o napaxérw apxés MG EBwig Bewpiag ™G Zerkdémrag yia
Ta cuothiuara avadopds:

1. O vbuoi mg Quofig mou

woxtouv yia éva akiviito oU- :le

omua avadopds, oxlowv a- o

kpPdOg ot Bl xaL yia onolo-

Sfrote GAMo olomua avado- U I "V

pég nou xivetrar euBlypauua - 'S —

Kat opoAd g Tpog To npdro. Vo
2. Na napamen nou Pplioxe- 4 ,

T oro akiviro oUompua ava- v

dopbc i kau via aviiotono mnapampenTi nou Ppioketal oe  Kivoluevo

otomua, n Taxioa tou dwrdg oro kevd cival i idia kaw aveEGormm and

my oxeid) TaxiTrra g pwrevig Tmyng npog Tov napampr.

Ou 300 nopandvw opxés xarappirttouv TV évola Tou andAutou xpdvou

nou kuhd opoduopda kot ewol@youv véeg anéeis oy Quouai Tou Mu<p6|<o- ‘

opou  Eror éxoupe véa SeSouéva yia mv
ohuaroc and v Toxdra kar eEevéloune v SIQOTOAR Tou XpAvou Kat TV
QUOTON _TOu UAKOUG oav ouunepdoudara Twv Yevikdv apx®dv e ESudig
eewpiag TG ZxemKOTTOG,
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@ 1.2.1. MeraBoAr) ™G paZag pe my raxomra

H Khaooui Mnyxavu Bewpoloe v pbla twv ocwudrwv otabepd kau
avefomm andé mv taxiord toug. H ek Bewpla g Ixenikémrag
anoBewviel Bewpntikd v effpomon g pélag kivoluevou oduarog and ™mv
Taximra kivnorg Tou.

Zuykekpéva av m, n pafa ohuarog oe nEepia, TéTE N T ™G uéfag Tou

oduarog m oe kivion ue Taxinrta v
Siveral ané mv oxéon : m=__M,
énou ¢ N raxinrra Tou Gwrde VI-(vic)2

oto kevd pe c=3*105%km/sec=3*10'"cm/sec

Zrov Makpbkoouo ot taxinrreg nou napampodvral sival oAl pikpbrepeg
mg Taximrag Tou ¢wtds , étot To KAGoua (v/c)2 eivar MOAD pikpd kai teAkd
npokOTet m = m,

Zrov Mikpdroouo Suwg mapampolvrar ouxvd owuoriSia ue taxitnreg
nopanAioieq Tou ¢wtdg Kai Neiouarikd npdyuart anodeixBnke 6Tt n péla
Toug peraBaietal 6nwg roéBAele n edu Bewpla e IxeTikdTTag.

MNapampodue omyv oxéon petaBolfis mg wafag, 6t é4oo n taxdtra Tou
owpandiou auflvel, auklvel kal n péZa Tou kau v yivel ion pe My Taxomra
Tou $wrdg ToTe n pala Tou yivetal drieipn, enopévog Kat n adpdvela Tou
oduarog yivetal arieton. Apa AEN unopel va kivnBel OAn ue my taximmnra Tou
buwrée gro kevd,  Etol pe myv eldua Bewpla g Ixetdmrag, n_TAXUITTA TOU
dwrdg TEONKe oav dve 6EI0 TAXUTATWY OTO QUMIAY.

@ 1.2.2. Aiarfipnon MG UAOEVEPYEIQG

H apxii Aomipnong ™ péfag Siatundnke and mv Xnueia pue mv popdnh
™G Apxis adBapoiag ™G UAnG. H Quow| aoxohiBnke pe mv apxf Alamipn-
ong Mg evépyelag. H UANn kaw n evépyeia Bewpolvrav SUo Eexwplotés duoikég
ovtéuTeg.

H Bewpla mg Ixenwémrag npoéBAee ue ™My oxéon eEGomong m™Q
pélag-OAng and v taxUmra kat kar' enékraon and myv Kivifrk evépyela, ét
n OAn uetarpénetal oe evépyela kal aviiotpoda. Apydtepa pe v avarmuln
™me Atouxic Quokiiq kaL ™y épeuva otov uroatopikd kbéouo, emBeawddnke
KoL newauatikd, om undpxer MONO MIA ¢uoy ovtérra n wAosvépveld, 1
onoia avéAoya pe Tig cuvbrikeg epdaviletal we my pia i Mv GAAN Mg HopdH.
Ero. ot 800 yvwotéc apxée Awaripnong g UAnG kat ™G evépyelag ouyxw-
veUovral mAéov o Wia, mv apx Alamipnong me uloevégvelag:

H noodémra ¢ uloevépyelag Tou undpxel omv ¢ion eival oraBepr). KaBe
noodtrta UAng eival wodlvaun ue opouévn noodmra evépyeiag Kau aviiorpo-
¢a. H woduvauia OAng-evépyelag Sivetal and mv oxéon : E=m¥*c2

pe ¢ mv Taximrd Tou dwrdg oto Kevd.
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@ 1.2.3. ZuoTtoAf] piixouc-A1aoToAl} Xpévou

H aduaq Bewpla g Sxetikédmrag karéAnge oro napakérw oupnépacua yia my
pétpnom, Tou ufikoug anéd andotaon.

Eotw én xdrowo ufikog kivefrar kol petpeiral and kamowa andoraon and
axivnto napampenmi. Téte To wikog yia Tov axiviiro napampent daiveral wkpérepo
kard Al pe Al=l,- | rmou Siverar and myv oxéon

énou |, To apyixd xivoluevo UAKoG, |=|°*V 1-(v/c)2

| To xpdtepo pavdpevo ufikog, v n oxeTix Taxd HiAKoUug wg
npog tov axivitro napampnmi kal ¢ N TaxdnTa Tou Gwrdg oTo Kevd.,

Kém av@loyo oupBaivet kot pe Ttov Xpdvo. To xpovikd Sidomua mou pecoAaBei
avéueoca oe S0o SaSoxkd yeyovéta yia axivito kal yia kivoluevo napampnm| AEN
eival To B0, Zuykekpyiéva napoucialeral UeyaAltepo To Xpovikd Sihompa mou
perpefral and tov akiviiro nopamen) katd At ue At=t4, oénou o xpbvog t
Siverar ané mv oxéon :

HE t 0 xodvog yia Tov axivitro napammen | 1=/ V HvioR

Kot t, 0 XPdVog Yia ToV IapamENTH TIOU KIVETTAL ME TaXUTITa V.

H el Bewpla Mg IxeTkémrag ewofyaye TG véeg andyelq nepi Zuotolic Tou
whkoug kat AigaroNic Tou Ypdvou aviueca oe peyén orabepd yia mv Khaoowm
duou nou petpolvtal oe axivrito kat oe kivoluuevo clomua avadopdg.

O evBuadépoucesg autég véeg andyelg, Rprkav Gueon edpoppoyi omy Quowa] Tou
Atduou kar péAiota enoAnBeimkav katd myv Sidonaon Twv aotabdv owuaridinv
W-pecoviwv.

@ 1.3 ®von m¢ axnivooAiag

Me v kupanxf ¢lon Tou dwrdg epunvelovrar Ta dawvdueva g Puokig
Omig kar. Mg Mewpetpudic Omuaig kupiwg. AAMG davéueva énwg To GwronAe-
Ktpixd xar To davbuevo Kdurrrov, emBllouv yia v epunveia toug mv UAui
owuandiax $don tou dwrds.

TeAk& korahfiEape omyv Sty dlon KAl kuporuai KAl oopandiox? kat SexBrikopue
6én 1o dwg eivaw péZa nou petadiSeral e kupariki popdry {UAokiua). Avaloya pe
Tig karaotdoelg ToviZeral n pia | n GAAN popdn Tou.

Etol via upég ouxvémreg Siddoong (padodwvixd kiuara), To dwg epdaviferal
oav Kiuavon, evd oe peybheg ouxvémreg (opatd dwg), eudavifetal kal e tiq S0o
Hopdég avilova pe v nepimwon. Ing MoAd uymAéq cuxvomreg (ativeg v, X)
epdaviletar arnoxkAsloTika pe owuomSiaxy wopdn (pwrdwa).

Mevikd n  Khaooud) Quowa) Séxerar v SYNEXEIA twv Quowdv davouévov. H
avaxéAuyn twv xBavra and tov MAGvk, fitav n npdm évSeltn aocuvéxelag ya
opiopéva Touhdyiotov Quoké paivéueva.

Ta dwrévia Tou Awvordv kar Ta dpavdueva mou yivovral pe autd anodewviouv
Tehikd 6 rp AZYNEXEIA omyv dGon AEN cival 1600 onbvia

TeAkd n Siéxpion avaueca omv Khacows Quoikii kaw v KBavroduoixr, évive
OYZIQAHY. - Mpayuart Ta duoikd paivdpeva nou oupBaivouv omy neplox) Tou

\BPYs

¥
5 £

35h

10T



72

arépou, elval navrote AZYNEXH (Mipdkoouog, Mikooduon-KBavtopuot-
k). Evd n ZYNEXEIA twv dawvopévwv, MOpauével omy MOPLOKA MEPLOXH KAl
v (ouvnen duoikd cduara, Makpdkoouog, Makpoduowr- Khacowr Quoikr).

2.MeArém tov YDOEOV TOU ATOROV

® 2.1 Aopn Tou At6p0U
@ Artouikd unodeiypara meg KAaocowiic Puoikic
1.Yndé3ewypa eAaotikdv odpaipdv
Ot napaxdrw Quoikol Nduol kat nepauarikd Sedouéva
a) MaZa kol SidueTpog Twv arduwy
B) Népog Samipnong me négag
v) Néuog Twv otaBepdyv avakoyibv
3) Nouog twv anAwv noAAariaciov
g) Népot Twv agplwv
ot)Népol Kivrixig Bewpiag mg Bepuédtrrag
) MetaBoAég Bepuoduvauik®y KATaoTAoewvY
odfRynoav Toug EMICTALOVESG OTO NMPWTO Kal MAEoV anAd pnxavikd unddetyua
aroung Soung.
OvouaZetal unddelyna ehaotikdv odawpdv kai Sswpel Ta &ropa ocav
ouoyevelg, UAIKEG kaL TeAeing ehaoTikég Hikpég odalpeg.
Axdun kat orjpepa drav efetdloupe Tov Marpdxkoouo Sexduacte To npdtuno
autd, edikd omy Bewpla nepl WSavikdv aspiwy.

2. Atouixd unéderypa THOMSON

a) n avak@Auym Mg Eadlevépyelag Me TNV ekrour| and Ta dropa BeTikd kal
apvntixd dopriouévev copatidiwy, rou Ba énpene va npoundpxouv péoca
ota aropa Kal

B) n oxfon ueTall Twv aToMwWv KAl Tou NAEKTPIOUOU, énwg npoékuye and To
dawvduevo ™G nASKTEOAUONG KAl and TIG NAEKPIKEG EXKEVDOELG Méoa OE
aépla, nag avaykacay va SexBolue 6Tt péoa ora dropa éxt Hévo undpxouv
BeTikd koL apvrTIkA doptia, aAAd mpénet va Bpiokovral kal oe toopportia
yiari To drono napoucialetal nAskTRIKE oudétepo.

Etot o Sir J.J.Thomson rmnpdteive 10 1904 to oudvupo unddelyua, ocludwva
ue To ornoio:

Q) Ta &roua eivar pikpés odaipeg yeppdreg, xwpiq Kevd, and Betikd dopria kat
uala (oradddwuo).

B) Ta nAektpdvia (oradideq) Bolorovral akiviita os ouykekpévesg Bécelg néoa
omv pala Tou arduou, CUYKPATOUVTAL ME NASKTPOOTATIKEG Suvauelg kat
eivat Téoa @ote va efoudetepvouv ta BeTikd doptia Gote To dropo va
eudavifetal nAektpikd oudétepo.
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Me to atcuiké unddewyua tou Touoov,
nou yapakmpictnke cav oradpdogwyo,
spunvelBnke N ouunepdoPd  YVWOOTGV
PopTiouévey cwuamSiov, onwg WOvTwy Kat
eAeliBepwy nAektpoviwy, aAAG olte n pa-
Sievépyela, oUTE 1 eKTOUNH axTvo-Boliag
B unépeoav va avripetwmodolv.

3. Mavnrikd aroukd unddetypa

RUTHERFORD. Tohavtoluevo
nAektpbvio
H okéSaon Twv owuaTSiev a Kard mv (ocvadr186yopo)
SiéAeuoT Toug and Aerrd HeTaAKS GUAAC, ta ndextpovia propoly va

tadaviedovia ylipw and tnv Barn

oSynoe tov Neolnhavdé Quoikd Padep- Jooppomiae Toug

¢opvt TO 1911 va npotelver To Sikd Tou

arouikd npdruno: :

a)OAOKANEN axeddv n udla Tou arbuou BpiokeTat CUYKEVIPWHEVT] OTO KEVTPO

Tou, Tov MuPEAva, nou éxel Siduerpo 1014-10-15m, evd n SdueTpog OAOKAR-

pou Tou arduou eivar 109-10°m, Erol o dykog Tou ruprva eival To 1015

Tou dyxou Tou arduou. Anhadh to peyallTepo uépog Tou arduou eival kevd

and OAn.

B)O nuphvag sival Betikd dopticpéveg kat repiBdiAetal and éva dAod
apvntikd  popTicuévwy mAextpoviwy, apiBuocl kavol va efoudetepdvet TO
Betikd popTio Tou kal étol va sudaviletal To Grouc nhexTpkd oudérepo. Ta
dpa Tou Aol kaBopilouv v Siduetpo Tou atduou kat oxnuarifouv
orabepd nepiBAnua.

y)Ta nAextpévia neppépovral Ydpw and Tov nupfva oav MAaviTreg yipw and
Tov AAlo (mMAavnTikd npdruno) ka
ouyKparo(vTal OTIG TPOXIEG TOUG Me
eAKTIKEG nNAEKTPOOTATIKEG SUVAUELS
nou evepyolv oav KevipoudAol Su-
véueig.

Mapd TOo veyovdg 4Tl yia mpdm
dopd npoteivetal Auvauixd unédetyua,
ev ToUtolg kat o Pédepdovt Sev urnopel
pe To unddetyud tou va efnyfoet Ty
epdAavion ypaupiv oto cuvexég daoua
EXTIOMITAG TWV ATOUWV.

Eniong épxeral os olykpouon We
Toug véuoug Mg Khacownig Auvauing
oludwva pe Toug oroloug kABe nAe-
KIpdvio eneldh Kiveltar ue emrdyuvon,

J , ) NAeKTEOVIOo ouprivag
Ba Enpene va SKMEMMEL NAEKTOOUAYVT) QEVHTIKE Betikb -
TIKQ Kuuara. doprigpévo dopticuévog
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Etot Ba éxave ouvéxeia KivnTiKA evépyela pe anotéAecua v ouvexd
pelwon Mg artivag teoxiag Tou, e emakdAouBo ™y TMTWOT TOU MAVW OTov
nupnva, k&t nou Sev ouuBaivel katd tov Padepdopvr.

4. Zayxpovn aviiAnym yia 1o aropikd npdruno

a) ZTo KEVIPO TOU ATOUOU UNAPXEL UYKeVIpwMEW] N HAla Tou, oTov TupRva,
o onotog sivar Betik@ dopTiouévog Kot anoteAeitar and Suo eidn owpandiwy

Ta nMpwtdvia Kat Ta vetpdvia.

B) Mipw and Tov nupfva O MEYOAEG QMOCTACEIS KOL OF OCUYKEKPYIEVEG
KUKALKEG KaL eEAAEITTIKEG TPOXEIES, NepibépovTal cwuatidia eAdxiomg palas,

apVNTIKG dopTiouéva, Ta nAekTedvia.

y) And 1a owuaridia Tou nupfva, Ta VOUKAedvIa, To MpwTtdvio éxel nala 1836

dopéq peyaAlrepn and mv uala
Tou nAektpoviou kat dépet To
oroixendeg BeTikd poptio (oo ue
+1,6021*109Cb. To vetrpdvio éxet
HaZa Afyo geyaAdtepn Tou npw-
Toviou, aMA\G elvar adpdpnioTo ow-
parisio.

8)ro nAektpdvio éxel eAdyiom uéla

fon ue 9,109*10-3tkg kaiL dépeL TO .

oroixeddeq apvnTikd doptio ico
He To poptio Tou npwroviou.

g) O apBuég nmpwtoviwv xai nAs-
Ktpoviwy civat Slog kat étol To
&ropo eival nAekTpikd oudétepo.

ot)uéxpl to 1932 motelone émi o
Mixpbkoouog nepieixe pévo tpia
£idn couandiwy: To npwtdvio, To
nikektpdvio kat 1o  addprioto
KBavro g odwreiviig axtvofo-
Mag, To pwrdvio.

Extote avaxahidlnke to verpd-

V10, 1o MoQTPOVIO KatL To veTpivo.

- Me 1o vetpévio Aloaue to npéd-

BAnua meg SouAg Tou MupARva.

" To vetpivo eudaviobnke cav ou-
vod6g Tou nAextpoviou xar@ mv
épeuva ™ padievépyeiag B.

To nolrpdvico eudavicbnke ocav
etikd nAektpdvio. Na npwm dopd
eixaue évdeitn noping oepdg

O

vetpévio

opwidvio +

Ynéberypa oupfiva
pe ta VvougRAebvia p + n

m, = 1836 * m,
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cwuandivy avtifeme ouunepidopde e Ta Bn yvwoTd kal étot mapdAAnia
{e v UAn SexBrikaue ™v Unapén avtilAng. KaBe avricwuaridio Siadépet kard
éva TouhGxoTo XapakmpeloTikd and To avriotoo cwuaridio, cuvwBwg eivat
avtiBétou dopTtiou. ,
, '5 /v,.'/\\\

nAektpdvio () noltpdvio (+) /

! e |
, , \ J
u pec?vw O] U pecc’wlo (+) S
 uecdvio (-) T peocdvio (+) .
npwtdvio (+) aviinpwtdvio (-) 103cm
‘ Ta vouxAedvia
Ta cwuaridia g 0ANg kaL MG avTwiAng avéAoya pe  amotelotvial amd
mv pdfa Toug karardooovral oTlG MoPaKATWw KATNyopleg tpfa quark

a) Aemrdvia (ehadpd cwueridio): dwrdvio, vetpivo, nAe-

Ktpdvio, olirpdvio, u pecdvia (udvia).

B) Megdvia (uéong uélag): Exouv péla apketéq ekarovradeq ¢popég peyall-
tepn ™G Kélag Tou nAektpoviou. ESG avijkouv Ta N peodvia (mdvia), 1o 1
ueodvio, To P MeodVIo, TO W Mecdvio kal To K peadvio( kadvio).

v) Bopudvia( Bapéa ocwucridia): Nouxkhedvia (mowtdvio, vetpdvio) kal ta
uneBapéa unepdvia,

8) ASpdvia . IApepa muoteloupe 6Tl Ta voukAsdvia AEN elval otoixeiddn.
Karéxouv kdrowa éxtaon otov xwpeo (10-13cm) xau anotehoUvralr and tpla
AMa uikpdtepa owuatidia, Ta guark.

Ta voukAedvia, pall ue dMAa cwuaridia pe napduoleg 1ISIOTNTEG, avikouv
omv okoyéveia Twv adpoviev. OAa Ta adpbvia eivar olvBeta cmpcm&o KaL
anotehodvrat ouviBug and Ttela Siapopetikd quark.

To u_(éxeL doptio ioo pe 2/3g,) To d_Kkal To § EXouv °

1o B0 Poptio (oo ue 1/3 q,). \e m —
Ou Suvéueg nou ouykparolv Ta quark péoa ota 9 ®

aSpdvia eivaw noAl oxupdtepeg and Ti§ Baputikég \ J

KoL Tig nAektpikég kat Aévovral IoXupés Suvauels. To

KBAvto autdv Twv oxupdv aMnierudpdoewv elval O1 10xupég Suvapelg
To gluon, pevalt §Go abpoviev

, p ) } efval duvapelg pevadd
Me Ta oToiewwdn MOPANAvVEw UNOATOMIKA OWHATE ¢y quark twv aSpoviev

S aoxolettat N QuokA Twv ZTOXEWSDV CWHATL-
Slwv, | Quoik Twv YUnAdv Evepyeudv, ue edapuoyég kuping omy Mupnvia)
Texvoloyia,

@ 2.2 KBavtikoi apiOyoi

Ta nAextpévia katd Ttov N.Bohr kwolvrar oe ouykekpuiéveg KukAIKéG
Teoxiés cludwva ue Tig 0o ouviikeg Tou (1913):
1n. Ot erutpPenTéq KUKALKESG TROXIEG MEPIOTPOPNG Twv nAextpoviwy eival
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ekelveg otig onoleg &xouv otpodopury aképaio MOAGMAGOIO NG MoodTtag

h/2n, 6nou h n otaBepd Ttou Planck kot n aképaog Betikdg aplBudg o
Aeyduevog kipiog kBaviixds apiBuds, ke

, m*v*r=n*h/2n

Ao r=n*h/

2n.0tav ta nAextpdvia TepIoTPEPOVIOL OTIC EMTPENTEG and v 1 ouvBnikn

TPoXIEG, Tote To Grouo Sev exnépnel aktivofolia. AkTivoolia exméunet pévo

4rav nAextpdvio petarm3d and karnowa teoxid oe AN, UIKESTEENG EVEQYEIQRS.

AnAadn Eaox - Exan=h*v

O Tepuavdg Bewpriikég Quoikdég A.Sommerfeld anédelfe 6T To nAsktpdvio
extdq and Tig KUKAKES TPOXIEG Mropel va Saypdet Kat EAAEITTIKAS.

H esioaywyn Twv eAASITTIKOV TPOXWWY TOU ZOMMepdeAVT eKTOG and TIG KUKAIKES
Tou Mnwp, ékave o nepimAokn v arolkd Sour), cAAG eEfiynoe v Aermy udh
TWV YPOUUDV TOU GACHATOS EKTIOMMMG Tou USpoydvou (Ot GAOCUOTIKES YPOMUES
Tou PAoUATOG eKMOWTAG Tou uSpoybvou napoucidlovral otov dacuaroypddo éxi
arAég, aAAd SimAég, TPMAEG KAl TIEPLOCATEPO MEPIMAOKES).

Ot kBavrikoi gptBuol neprypddouv rAfpwg v Kiviion Tou nAexTpoviou.

KaBopiZouv mv axpf] Tou Béon kat Tov mpooavatoAloud Tou ev oxéon pe MV
évraon Tou payvnrikod nediou. K&Be nAektpdvio aviikel Ot KATIOK KUKALIKA Tpoxid
N dAold 1| otBdda pe adfovra aplBuéd. ApiBucliue and Tov nuphva 1, 2, 3, kAT kat
avtictoixoupe K L, M, N, O, P, Q. Tautdxpova Bpioketal oe karowa gAAeuTTiKn
urtotpoxid , unootiBaSa, urtodAowd ue Twwég s, p, d, f g kalL avriotomn apiSunon
n, 2n, 3n unootiBada.

O xBavrikol auol eival Téooepelg ot ncpaxérrm o
1.xiploq kBavTikég aplBuée  n

naipvet Tég n=12.3...n
2. , A .
naipvel Twée  1=0,1,2,3,....n-1
3. .
" : ,

nalpvet Twég  m=0, +-1,+-2, .., +-
4. pavvrrikdg kBavrikde apiBuég
—\Sioorpodopung (spin) m,

Malpver Twég my= +-(1/2)

) O wipioq wfBavrikde apiBuée n. opifet
™y evépyela Tq_u nhextpoviou gE Ké‘: A KuxAixég xau edAeinnikég 1poyiég TV
Be xBavrum TPoxid Kat npokdrreL and nAextpoviav Tov quépou tov Oupaviow
mv 1n ouvBrkn tou Bohr. Ot Sadoyt- xa1 n 8gomn Toug O’ autég
kéq Twég 1, 2, 3, avvrioToxolv Ot
tooxiég K L, M, KAr. Etot nhextpdvio pe n=3 Bpiokeral omv M orBéda

#) O Seurepeluv xBavrikée apiBude |, opilet v Tpoxiaxs otpodopun Tou
nAextpoviou. Adyw MePLOTPOOHG TO NAEKTPOVIO EXEL TPOXIONY oTpodopur mou
naipvet TG aképaio MoAAanAdao mg h/2n. O SiadopeTikég Twég Tou |
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avTioToouv o8 nAexktEdvio TG autig evépyeiag E (mou Bploketar otov So
drod n), cAAG nou kiveital pe 3iddopeg popdéc aumig MG TPoxtdg. Eotw
nAekTEdvio We n=3 kat emouévwg =0, 1, 2. To nAektpbdvio kivelrar omv
orRéda M aAAG unopel va xivnBel oe 800 SiadopeTikég cAASUTIIKES TPOXIES
nou avrloToolv Ot TWég Tou =01 kai oe uia KuxkAikh TpOXA mNoUu
avtiotol el omv T [=2Tou 1=0,1 kKat o pia KUKAIKAR TEOXIA TMoU avTloToLKEl
omy Ty 1=2.

AnAadn o Seutepelwv kBavTikdég apBudg dnAdvel 6L kéBe oTBada n sival
olvBem kot anoteAsital and noAAég unooTiBadeq | ek Twv onolwv autég mnou
éxouv Tég I= n-2, n-3, ..., 0, elval eMermrikég kal auty pe TwA I=n-1 eival
KUKALKT).

[Tpocavatoliopég tou
emnédou tpoxadg tou
nAsxipoviov (ywvia ), vnod
v enidpaon Tov payvnrl-
KoG umedfov évvaomg B.

Y)L_uavwnmikée. TEOXIaKSS
; : Bud 2=2
my KBavuxég vpoxiég tou atépou tou Y8poyévou

O1 axépaiol 1 xa1 1 efval o mpwtedwv xai Sevtepedwv
xBavtikég apiBpée xa1 Sfvouv tnv Ofom kar to effog Trg
i M g 1pox16g Tou nlextpoviou.

Aextpoviou  YOUpw and O axiiveg Twv tpoxiév Sivovial oav oUVAETNON NG
Tov nuphiva ooduvauel axtivag Tng Pacikfic TpoxX1g a,.

Me KukAlK® nAextpwké H axtiva ng x_mm\xxﬁq Tpox16g efval fon ue tov pey6do
csiua oto onoio avti- nuiaéova g eAderntikfig Tpoyldg.

oroiel daywnTik SUoAL-

K pormy m. To Sldvuoua TG MaywvnTikig eormq eival k&Beto oto eninedo
TooXdG Tou nAextpoviou, aAd avrtmopdMnAo npog To Sdvuoua / TG
oI oToogaowric yatl To nAextpdvio eival apviTik@ doptiouévo. Crav
To 4drono Peebel péoa o opoyevég payvikd nedio évraong B, téte TO
eninedo TEOXIAG TpocavaroAifetal étor Gore To Sdvuoua /  va yivel

H neplotpodty Tou n-
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nopdAnAo tou dwavlouarog B. H
Kuparounyavikn anédetfe 4t n ywvia
¢ (uetall twv Savuoudtwv / kal B) m o= 42 .
uropel va mépel uévo TwEg v TS ' T
onoieg n npofoAr; / *ouvd va eival

N

, : , e e
axépato noAAarthdolo g TG h/2m. m=+ _\q; TN

Apa 1 mpoBoAR Tou Savioucarog / " =2
navw omy diedBuvon Tou payvnrikod - \

m=0 ~__

nediou npénel va elvat h }
P m*h/a \\\\ /
/

4rou M0 WavWITIKGG  TPoYIakdg ENE—— %
- ., m = -1 /

xBavrikdg apiBude . /
O m, naipvel Tyég |,..,2,1,0,-1,-2,...-
| Talovel Tiég ’ m = -2 QL/

cuvoAika 2i+1. Etol yia n=3, éxouue
TEg [=0,1 at Twwég m=21,0,-1,-2. Ma-
pampeouvtal 6',1)\' ﬂEplO;?lO’LlOl. OTOY ol emtpendpeveg TIpég TG ywvieg ¢ yia
MPOCQVATOAIOUS Tou EMUNESOU TPOXKA  |=9 nov vmoloyilovial amb Tnv oxEoT]
Tou nAexTpoviou 1 yvwon} xBavrwaon m,;= Fouvd
karelBuvong, ‘

5) O uawwnukée kBavikés apiBués mg 1io- _ i
oTRodooUNg spin m, m, = +(1/2) ~.

nupAva, oAAG nepotpéderar Tautdxpova KAl
vipw and tov eautd Tou. Eronl Exel kol Bilo-

otpodopyr| spin (s) ue THES | s = (1/2)* h/2n

\
To nAextpdvio neplotpéderat Yipw and tov 3

My = - e

Adyw tou doptiou Tou éxel kaL duwm ToU i
HaywnTiky 3ok porm, ondte av Bpebel péoa v
Ot opovyevég payvrTiké nedio évraomg B, toTe
Aéyw kBavtwong karelBuvong to Sidvuoua Tou
spin uropel va mépet pévo Slo Tég napdAnio 1 avTimapdAAnAo He 1O
Stdvuoua mg évraong B.

Etol kaL i mpoBoAf} Tou s navwe omyv SedBuvon Tou uayvrTikod mnediou
naipvel TI§ TWEG

+(1/2)* h/en A -(1/2)* h/2n pe ms=+-(1/2)

Jtov enduevo mivaka eudavifovtar ol Twég Twv Teocodpwv  KRAVTIKWVY
apBUOV yia Twég xkUplou kBavrikod aplBuol n = 1,2,3,4,
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n ! my M,

1 0 0 +{1/2) , -(1/2)
2 01 -1,0,+1 +(1/2) , -(1/2)
3 0,12 -2,-1,0,+1,+2 +(1/2) , -(1/2)
4 01,23 -3,-2,-1,0,+1,+2,+3 +(1/2) , -(1/2)

agovag oAig
evépyelag
2.3 Evepyelakég otabueqg

3

Es

Mrniopoliue os afova evépyeiag va
TIOPACTIOOUE TV Oxéon uetald Twv
EMTPENOUEVMY TYWOV OAKAG &vép-
yewag.

Ot opuldvtieg ypauués avtioTol-
xolv otig Siddopeg eruTpendueves Ti-
HéQ oAig evépyewag. AUTEQ ot Ypau-
Hég ovoudlovrar ordBueq evépvelag
kar anéxouv n uia and mv &AAn
xaraképudn ardoraon ion He v
Siapopd Twv OAKDV evepyeludv nou
aPLOTAVOUV.

Es

U IV

Aifyepon Exropmm)
axtivoffoliag
AVaa

ArGradn v nAexipoviov tou Yalxod
otig Siidopeg evepyeraxég ovaOeg.

@ 2.4 Aéyespon-lovigpdg

K&Be Grouo, éoa nAektpdvia xai av neplhauBavel, uropel va unootel
didvepon. Apkel éva nisktpdvid Tou va petarmdfoe. andé v ouvnOlouévn
TPoxXd nepoTpodic Tou o AAAN peyoAltepng evépyeiag. Otrav To d&touo
Boloxkeral omv Kavovik] Tou KaTdoTtaom, Ta NASKTEOVIA TOU KaTavéuovTat oTig
Sddopeg TEOXIEQ Toug oUMdwva ue Y I ouvBikn Tou Bohr kal v
arnayqoeuTtint} qoxr} Tou Paul .

2t xdBe drouo dev sivar duvard rsoloodrsoa atd Eva niexppoovid tou va
Boiorovrat o eveoysianti Kardoraon mov yaoartnoierat arrd myv Bia rsodda
xBavrineyv qotguav.

Av TO drouo npocAdBel evépyelq, Tote éva 1} neploodtepa NAEKTPOVIA Tou
aveBaivouv os TpoxiEg MeyaAlTepng evépyelag kai Boloxkeral mAéov os KaTh-
araon Sitvepons. ANMG aut n véa Tou kardotaon esival aotabig kal érol uetd
and olvrouo xpovikd Sibomua kdBe arouo exméunet éva ¢wTOHVIO Kal enavép-
XETAL OE TPOXIA MIKPATEPNG EVEPYELDG. '

M autd Tov TPdMo npokcAolvral Ta GAOUATA EKMOMMTAG TWV CTUAV
Saddpwv peT@MwyY (varpiou, udpapylpou) kal Twv Siaddpwv aepiwv (apyod,
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uSpoyévou, nAiou), oGrav W

Sieyeipovral ny. péoa o cw- Y S~ h*v
Ariveg Kéohep ( Geissler). eYepan ,/'
Yndoxet neplitwon n e- / .,/ ', emégm']

vépyela nou Ba npoodepBel chxnvoBlgMaq
otro drope va eival 1600 e-
vyéAn, @ote éva nAexktpdvid
Tou 1 kAL meploodtepa Oxt

L/ \
1
? L o ' |
4
\ /
Hévo va petarmdfioouv ot e- '

MOMEVEG  eVEPYELOKES  OTAB- \_ \._// /
MEG, GAAG va anopakpuvBolv ove ¥ S

té00 and Tov TuEhiva, Oote ™~ /

va fepUyouv and v EAEn \_,/

TOU KOl va eykataAsiyouv To -]
dropo {tpoxid dnewng axti- anetpo
vag). Téte ta dropa autd pe-

tarpéniovrar og Betikd dvra loviopég atépov

kar To ¢awvduevo Afyerat

LOVIOUAG TOoU atduou,

Ta nAektpdvia yia va petarmdioouv and v epeAiddn toug tpoxd &fw
artd ta 6pla Tou nAekTpikoU nediou Tou arducu, mMpPEner va mpocAdBouv
evépyela loviouoU fon, omv nepimrwon tou arduou tou Ydpoydvou, Ue TV
evépyela MG Paowng oTddung.

H evépyela loviopol, R N ukpdtepl TG evépyela Sifyepong, npoadépovral
otro drouo efte pe anoppddnon aktivoBoliag, eite pe kpolon Tou atduou ue
Taxéwsg Kivoluevo Ao dropo B cwuartidio.

® 2.5 Edappoyég Aigyeporng
@ Maser - Laser

To 1953 omv Auepi npoonadoloav va Bpoulv éva Tedro va evioxlouv Ta
ofiuara rou AduBavav e ta padiomAeokdma. ZkédBnkav Aomdv myv SiémTa
Tou crduocu va anoppodd evépyela kal va TNV anodidel kATéML ME EKMOuMM]
axTwvoBoAiag.

Erol to 1954 o Auepwavédg Quoikdg C.H.Townes xataokelaoe Tov Mpwrto
EVIOXUTH TIou AetToupyoloe W' autqi Ty Quowr apyA Kal Tov ovéuace maser
(microwave amplifier by stimulated emission of radiation) evioxum uikpoxuud-
Twv ue efavaykaouévn exrnoum) akrivoBoAiag.

Metd to 1960 karaokeudomnkav EVIOXUTEG Tou efémneunav omyv opdm
neploxy Tou $Aouatog kal ovoudoTnkav ONTIKOL maser 1 laser avri ya
HIKpOKUKaTa microwave evioxuav light (bwg).

Evre
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H Baown Acttoupyia Twv maser-laser ompifstar omv anoppédnon axrivo-
BoAine (Pwtédvio h*v) andé dropo nou PBploketat omv BepeAddn Tou
gvepyetaxk] kardotaon E,.

Tére aveBaivel og avdrte-

on evepyelax otéeun E, e Ee @
ueTamidnon evég i neplogd- VN Ay
TeEpwV nAextpoviwv Tou oe E —(>

eEwTePIKESG TPOXES, We aro-

TéAeona mv Siévepan Tou a-

Téuou. To Sieyepuévo mAéov

dropo eruotpédel omv apxikf] Tou katdotoon E, exknéunovrag qurouarg

axtivooAia avéhoyn ™G Twhig h*v . To pAKkog kiparog autg MG Qmums

exnopmig aktvoBoliag Siveral ané mv oxéon: E,-E = h*v =h*(c /)
pe  v=c/\

Eotw éva Adn Sieyepuévo | autd tov tPdno dropo cuMauBavel éva
owtdvio evépyelag, iong ue myv evépyela nou axtivoBoAel autduara to drouo.
Téte o dwrdvio nou anoppodhibnke ekavavkilel to dropo va erotpéget omy
apxik) Tou oTdBUNn evépyelag TOAU yenyopdtepa andé v nepimrwon mg
QUTOUATNG EKTIOUITAG.

Topa uweg éxouns neplirrwon £

£ . , . > .
voBoAiag, 1
To d&rouo exnéurtet Adn éva & Y ::E”;t’. "y
M)
dwtdvio oto onoio mnpEootiBetal
KaL autd mou TNEOKAAsoE TV
sEavaykaouévn exmoum.

H mpoorirtouca kat n exkneundusvn axtivoBoAia Bpiokovial oe ouupdwvia
$aong, Ta nMAGmM Toug mEooTifevtal kAL N xig Mg aufdvel. H axtivoBolia
nou npokUnel and sfavaykaouévn exmourm| eivat ndvrore oludwvn axtivofo-
Ala.

®

Aeitoupyia laser

O evioxutég dwrdg e eEaVAYKQOMUEVT) EKTIOMT], EKTIEMMOUV LOXUPH MOVO-
XPWHATIKA SEoun dwrdg pe uopdh NapdAnAwy axtivwv. Medyuan Séoun laser
nou KateuBrnvenke omv ZeAAvn oxnudrioes ixvog npoanintoviog ¢wtdg navw
omv enpdveld ™g Swauétpou MONO 12km. (Av oxkepBolue v andoracn
Mg-ZeAAvng Ba Siarot@ooupe TV eAdxiom Siaomopd ™g déoung kaL myv
évtaon Q).

Zta laser mpéner va Bieyeipoupe Ta dropa pe npoominrovra dwrédvia
evépyelag {ong HE QUTH TOU EKMEMMOUV QUTAMATA Ta dToua drav METanirTouv
omv BagiKA TOUG EVEQYEIOKT OTABUN. AvAAoya e TO XPNOWONooUHevo UAKS
éxoune Ta cuvexr] Laser {(ouvexolq Aertoupylag) kal Ta Laser naApos.
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Zra laser maAyol To uAikd ToUu
onolou ta droua Sieyeipovray, eivat
pdB3og and tov nuunoAdtyio AiGo
pouprnivt rou eival ofeidio Tou ap-
ykiou.

O Saotdoelg Mg péRdou eival
HAKog 48mm kai Sidpetpog Smm
Me arpa enineda kat napdAAnAa to
éva MA\Apwe Kat To GAAO pepikd
enapyupwuévo. Tnv paRdo mept-

, ) ; A to npwto Laser mou xataokeubotnke and
BaMet Auxvia aepiou péoa o™V 1oy T.H.Maiman pe tov owAfiva poupmviou

ornoia yivovral ekKevdoelg TMOAD pi- ato KEVIpo ToU
kofig Sidpkelag. To pouunive eivat

TEXVITTO Kat mepiéxet 0,05% ypduio oe
Hopdn] TploBevdv Gvtwv kal eival To

T e

Xoduo mnou Bivel To xapakmpotikd  + P 2\ - |
XPMHa OTOV KPUOTAAO. == o\ =

R . T :_:__:-:‘
Me tig exkeviboelg Mg Auxviag exmé- :

pretal axktivoBoAia ouxvétrag peyald-
Tepng and ekeivip Mou avTioTolXel oto
epuBpd xpdua, anoppoddrar and Tov

kpUotaho kai Téte éva nAextpdvio Tou Laser poupmviou
1. Avxvia omvOnpiondv pe véo

ardpou Tou Xpwuiou petarmda and mv

; 2. xpGotadlog poupmviou
BepeMddn Tou evepyelak ot@lun E, 3. muenapyUpwpEv emdiveia
oe GAMn udmAdtepng evépyeag E, Au- 4. 8ipetpog bwteivlig §éoung

™ eival noAd aoctabrig kat To nAekTpd-

vio médrel o xounAdtepn otdéun E,

EKMEunovTag Ttautdxpova éva epubpd dwrdvio. Ouoiwg kar autm elval
aotabng kal TeAikd 1o nAektpdvio enavépxeral omy Bepehuddn E, exnéunovrag
@M\ éva dwtdvio. Auth) n TeAeutaia rrrdon eival kat n onuavTikGTeEn.

Zra guvexolq Aeroupviag Laser n pdBdog poupriviou éxel avrikaraotaBel
andé cwAfiva nou nepléxel Wiyua nAlou He xai véou Ne pe dlo kdrorrpa oTIg
Baoeig Tou.

Av ouykpamooupe Yia oplapévo xpovikd Sidomua éva aplBud nAextpoviwy
(loépBuwv artéuwy) omv aoctabnf evepyelaky otdOun E; kau petd dAa uall
nepdoouv amv Baoum| E,, exnéureral napdAnAn Séoun epuBpol povoxpwua-
Tikol ¢dwtdg n onoia avakAhdral drieeg dopég ot Slo Bhaoeig kal TeEAKA
eEépxeTal e MoAr HeyAAn evepyelakn] ox0.

Xpnoeig

Adyw ™G ouykévtpwong kat ectiaong loxiog MapdAANAng Séoung ¢wtég, n
knAida rou napdayetar and cuckeur Laser sival 10000 dopég Aaunpdtepn and
mv avtiotoyn mnou Ba naipvape and My nAakod ¢wtdg fong erddvelar
EXTIOUTMC ME TNV avtioTtotyn Tou Laser.
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H pey@An ouykevipwuévn oxig, n kaBopuduevn eAeyxduevn kot otaBepn
SielBuvon petdSoang mg Séaung xaw n évrovn axtivoBolia auompd povoxpw-
HomwoU dwrég, eival oL apetéq twv Laser nou Rplokouv edapuoyég os népa
noAAQUG Touels g TexvoAoyiag mg Emomuovikig épeuvag kat mg Téxvng.

Etol xpnowonowoldue my 3éoun Laser:

a) omy Miseoxsieoupvia] cav pwrewd, axkpieiag, xepoupyiké vuotépl KdBet
kat Tautdxova kaumpdlel sunodifovrag myv ayopayia (Xewpoupyi eyke-
$ahou, OpBakoAovic) |

B) mv wxi kat ™v rukvémra e Séoung Laser exuetoAMéuetal n BioAavia.
Xpnowornolel Ta Bepuixd, unxavikd, Kol NAEKTOOMAYVITTIKG anoTEASOUATA TNG
nEdoTITWOoNG ™G Séoung Navew otoug otolg.

Zav Gepuixd anotélecua Spfong Séoung ndve oe lotd, éxoune TNV
Kovaotpodt Tou 10Tl pe euddvion dwrevig Aduyme, efaépwon Tou Kka
oxuarioud vépoug. H emdpbveia nou SéxPnke ™mv Spdon mg Séoung
peraoynuarilera, ¢épel Ta XapaxkmpioTikd sykatuarog, 1o e védog Exel
UinAf Bepuokpaocia, weyéAn nison kai nepidxet 16vra, NAskTEOVIAQ Kat
Sieyepuéva Gropa
Ta nAextpouayvruaiq ¢long anorsAéouara sudavifovral pue tov oynuar-

oud eheuBépwv pdv, | Adyw mg Unaping auvobfwv, pe mv Snuoupyia

Seltepng apuovidiq SWTEVIG CUXVATTITAR. Snkadr oe SmAaclacud g ouxvé-

rag axtivoBoAiag Laser. Av autf n guxvéntta néoel os unepuddn neploxn

Tou ¢douarog unopel va NPOKAASoEL onuwhxl‘.q uetaBoAéq os pakpoudpa

énwg To DNA

Ané ta mopanéve Siarotdveral n peydAn onuacia mg xpriong  axtvoo-

AMag Laser 600 omyv Biohoyik} épeuva 600 xaiL omyv Bepaneutud.

¥) omv Metaloupvia via mv xomj, Sidtpnon, TiEn Siaddpwv SlotrKrwy
MeTAAA@V e akpif, ypriyopo kat nifov sUxpnoTo TROMNo napakoAouBivrag
TO ¢wretv6 ixvoq NG MpoaTinroudag Séoung.

3) A ! Agtpovautixiy yiari nn Séoun Laser
Suaviel usydAsq anoc'rdoelq xmptq Siaonopd kal étol npoadiopifoupe e
axpiBeia anootdcelg, TaxinTes, KIVIOELS, TROXIES KAl Twy MAEOV anouakou-
ouévev  avrikeévayv : aotpikd obuara, Texvrtol Sopuddpot..

e)_anc TnAsmxowvwvieg ue v uerddoon onuétwv oe peydAeg anootdoels.
KatéAnAa Swauopdwuéveg Séoueg Laser avaxhdvral o Texvrtoug Sopudd-
pouc kat vedupvouv Hneipoug emorpédovrag omyv srubpdveia mg Mg
padlodpwvikG, TMASPWVIKA Kai TNASOMTIKE ofuara

ot) amy Nupnviai Texvolovig ol smotjuoveg npoomaSolv va Xpnoyionol
gouv v tox0 ™ Séoung Laser yia va emtixouv Nupnvikh olvinén @ote
va exuetalAeuBolv v TePAgTIa evépyela nou ekAUETAaL

0 _omyv NAneodopis} OV KATACKEUT] EXTUNIWTGOV ME axtiva Laser. Awakpivo-
vTal yia mv taxdmrd Toug, Ty afomotia Toug, Tv nodra sktunwang
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xat mv aBépufn Aertoupyia Toug. , v
To dwg g Séoung Laser eival akat@AAnAo yia wtioud emobaverdy  yiorl

n eruddavela mou dwrilerar dwodopilel kal epdavifet kékkoug. H aktivoBolia

gival povoxpwHaTiky, ouviBwg epubpd, ME OUYKEKPWEVN orevr SielBuvon

peTadoons,.
Etot av srmAéEoune To KOTAAANAO wfikog KUUATOSG vid va Heiboouue Ty oxs

NG, MNOPOUME VA TNV XOTOYLCTIOCOUME :

n) otov Iouéa g Téxvng ., yevikétepa yia KaMAmexviky 3Snuioupyia
TuvBéoelg ue dwriopd Laser, otov touéa Emompovikiig ®avraciag (véa
omix& cuoTiuarta, tawieq katactpoddv * MéAepog Twv AoTpwv), ommikd
ebdé (npoPoAeiq Laser ) kAn :

Fevikd o Touéag Twv Laser - Maser sivar oxeTikd xawvolpytog (MéAlg and To

1960), avoiyel kavolpylouq opifovieg omv épeuva kat undoxerar MAnBapa

edapuoydv oe TIoAo(g Touelq g avBpbniving SpactnpléTTag..
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Kepalawo 70
TTvonvixhy Puow

Eicaywym

H MNupnvikA Quow acxoAeiTal pe TV MEAETT) TOU NUPRVA TWV aTOMWY.

MpoUrnoBétel uymAs) yvdon MaBnuarikav kot Duoudis, e1dikeuon. e opiouéva
kepdhaia g Quoiig, énwg Bewpla UAokupdrov xat BéBaia axoAoubel ™e
HeAémg TG Atoukig kat Mg Mopiaxrig Quoudis.

Alapetral omv:

Mewauanixiy (edpapuoouévn) Nupnvixhi Buoki rou Peioxkel ehapuoyég
oe GAAeq eruomies dnwg latpudd, Mewnovia

Bewpnuixfi (Bacuaf)niou peletd BewpnTikd v Soui Tou NUPAva kaL ™Y
Unapén kai cupnepibopd cwuamSiwy nou oxetifovral W' QUTdY kat TV

‘Mupnvix| TexvoAoyia nMou aoxoAeiTal AnOKAEOTIKA He TV MELOAUATIKY
uerém Twv MNupnvikdv avtiSpacTApWY KaL eykaraotaoeiy,

7.1 Aoun Tou uprjva
@® 7.1.1 NouxAedvia

Ta cwuariSia mou anoteholv Tov nuprva Aéyovrm voukAedvia kai elval SGo
50V Ta npwtdvia xaL Ta verpdvia.

To npwtdvio elvat Betikd doprouévo e oroxeuddes doptio 1,602*1015Ch kau
Exet uala 1,6723* 10-27Kg xat oupBoAifetar gav ,pt.

To verpdvio sival nhextpikd oudétepo cwpariSio, pe pala 1,6746*10-27Kg kat
cuuBoAiZeral cav on'.

O ocuuBoAwopel autol avadépovrar o Slo
xapakmptonkods apBuods yia k&8e owuatSio, Tov
Atopikd apiBud Z kat tov MaZixd apibud A,

O arouwéds apudq Z oroxeiou exdpdaler Tov
alfovra aplBud tou oroixeiou oto Meprodikd
ZUomua, Ttov OplBud nAextpoviwy Tou Kal Tov
apt8uéd npawtoviwv Tou.

O ualikée apBuée A otoixeiou exppalel mv
pala Tou nupfiva Tou otoueiou xau opifel To  YnéSeiyna mupfiva e ta
TIAABOG TWV VoUKAEOVIWY TOU. vourAzévia

Neoveo.
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Eivat To G8poloua Twv npwrovity kat Twv vetpovivv. Apa A=Z+N

ériou N o aptBudg verpoviwy Tou upAva,

Me mv xpfiom tou walikol upleuoﬂ' A, Tou aroukol aptBucld Z kaL tou
MAfBoug Twv vetpoviwv N, opiletal MAipwg N olotaon kG8e aroukol nuphva.
Xpnowonoweiral supltara eviaiog oupBolioudg yia va 3nAwBel o nuprivag Tou
atéuou. Iro ynuikd oluBoro Tou arbuou yphderar cav vw Selkmg Sefid 1
aplotepd o ualikée apBudée A kal apotepd gav kdtw Seikmg o arouikég
apiBuég Z Erot To nAextpdvio oupfolileral pe e° oav amucm&o eAGyomg
nalag ue A=0 kat ue oroixeddeg poptio 2=1.

® 7.1.2 Kammyopieg nupfivov

Zdpdpwva pe Tov apBud Twv npwroviny kat nAextpoviwv, oludwva e Tov
aptBué Twv voukAeoviwy kat oGudwva e Tov aploud Twv veTpoviwy, ol nupriveq
Siaxpivovral otig ntapakdrw kamyopies avriotoya:

a) .odtonot nupiiveg

Ta wétona oroweiou (NMou éxouv loéronoug nuprfveg) eival napallayég Tou
iSou otoeiou ue Tov Blo aroukd aplBuéd Z, aME e Sadoperikd ARBog
vetpoviwv nupfiva. Bpiokovrar omy Sa 8éom oro Mepodikd Zlomua (mou
opieraL and tov arouwd aplBud Z nou éxouv kowd), aANG éxouv Sladopetikd
Halikbé apeud A (o Siadopetivdg aplBuég verpovinv Siagoporolel kat Ty Tm
Tou aBpolouarog A=Z+N).

Jav napdSelypa Kammyopudv nupivay 8a XPNOoWonowiooupe To GTopo Tou
Y8poyévou, yiart napoucidlZel v anhodoTepn aTolikt kal UPNVIK odotao.
Etol 1o H' _(to_npdmio) éxel éva nhextpdvio Tou nepipépeTal yupm ané tov
nupriva nou anoteAetrat and éva npwrdvio,

lobrond tou eivau:

To Seutépio ;H2 (Bapl uSpoyévo) kat To Tpine ,H3 (UnepBapld uSpovéva).

To tpitio AEN cival otabepd aAAG padievepyd.

Tov NoéuBplo Tou 1962 karaoxeu@ioBnke Texviita omyv halia kat o wétono
1H‘.

To Ydpoydvo
{Mpdric) anote-

. Hewzpovor Hew
Aefrat  mévrore s o
and  éva -W- : 1 vedroy 2vepona
Ktpbdvio, aAAd o 5
rupfvas o0
omv faowr Tou {mpwisvow nparovor

KaTdoraor | éxet
éva vourxhedvio.
Eva npwrtévio a-  Eympavixf] naplotaon 1@V 1000600V ToU atépou Tou Yépoysvou
vaykaotika yorl " xaté oepd pGrio, Aevtépio, Tpitio

0 apBuédg npw-

toviwv elvar iSlog pe Tov aptBud nAextpoviwy (to dropo eivat nhexTpikd cudétepo
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To deutépio éxet orov nuphiva Slo vouxAedwvigéva npwtdvic navra kal éva
vetpdvio. To TpiTo éxet otov TmuErva Tou TRia vourkedvia: éva npwtdvio kal Slo
vETPOVIQL

B) woBapeig nupriveg

Aurtol ot upfiveg éxouv Tov Bio palikd apBuéd A (IS0 Bapes), Tov 1o SnA. aplBud
vourheoviwv, Era To 1obtono tou GvBpaka ¢(C14 ue palikd apiBud 14 kal To wwdtono
Tou afirou N s tov Bio pafikd apBud, eivar perakld Toug WwoPapn oroixeia yori
éxouv 1ooBapeiq nuprves.

Y) woétovol nupfivec

Mepiéxouv to iBio MARBog vetpoviwy N xal avijkouv oe StadopeTikd atoixeia.

Etol o woérono tou-GvBpaxa (C' nou arnoteAeitar and nuptfva pe 14-6=8 verpévia
ka1 To wobtono tou afdtou NS ue nuprva 15-7=8 eniong vetpoviwy, eival wétova
orouxeia yiond £xouv woétovoug nuprived.

H yvion twv wordnwv pag eival xpiown yia va npoodiopiooups TIG Xnuikég xat
omkég Sbnreq Twv otosiwv. Eniong ta Texvitd wétona, ta padiocdrona
PBoioxouv népa noAéq edpapuoyéq omy Sidyvwon, ™y NEdANYN agBevedv kaL v
Bepansutii omyv latpud). Ta wofaph oroeia napoucdlouv SAPOPETIKES XNHIKES
BSiémreg kot pag - eviladéper i Tafvéunol toug, Stav npékerrar yia épeuva
oTaBepdTITTag AToIKGY RUPHIVIV KAL YIa TupnVIKES petaoToedoels.

7.2 Evépyewa IMvpijva

® 7.2.1Nupnvikég Juvaupeis

A = ‘ Ot Suvuelq Tou ouykpatolv Ta vou-
e.o xAedvia oreped ouvdedeuéva petakll Toug
@-——-@ », . Sev awjkouv OTIq YVwotég e Khaoownig
° @ Quoudig.
Mopw ané Tov rupAva avarrriooovrat oL
2,
H
1

He yvwotéq nhektpikég  eAitéEg  Suvduelq
Coulomb, mou ouykparolv ta nAektpdvia
TTupnvixég Suvbperg devvepfou HS (A)  Oc TMepipopd, alAd péoa otov nupfiva
xa1 owpatibiov-a (mupfiva gHet) B) . autég oL Suviuelg Ba ackoloav TePAoTIES
andoelg ota ouldvupa Betikd dopricuéva

pwtévia, yeyovdg nou Sev gupdwvel e Ty gtaBepdtrta Tou nupnva.

O Suvéelg éoa otov nuplfiva aokodvral avéueoa ota rpwtdvia kal ekoudetepd-
vouv Ti¢ arwotikés Kourdun, éxouv doptiouéva kat apdprtiota cwuaridia, axbéun
aoxouvrar xat petatd tesing apbdpriotwv cwuandiov.

Xapaxmpiotiké toug eivar i uikpf aktiva Spdong toug. Etol érav Sbo npwrdvia
anouaxpuvBolv. eAdyora petakirous, eEaoBevolv Téo0 Nou n SPAoT TWV ANWOTIKDY
KoUAGUIT TIG UNepVIKE KL aropaxedvel Loxued ta npwtévia. Enfong érav adpmoro
ocwuaridio, verpdvio, rAnowdlel péxpl opiouévn andotaon Tov Twefiva Sifpxeral
avermpéamro Sinha Tou Xweig va Spdoouv ndve Tou NAEKTEKEG Suvauers,.

\BPYs
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Orav 6uwg MANOIGoel ™y axtiva  Tou muprva
cuMapBaverar and Tig nupnvikée Suvauelg EAEng kat
Kpareital névw otov nuphiva.

To 8o oupBaivel kat pe AAAa cwiatidia, apkel va
éxouv MeyBAN KiviTik  evépyeln, @ote av  eival
doptiouéva va unopégouv va unepvKAoouV TIS
niextpikég anwaelg KouAdun kar va ¢Bdoouv oe
andoTaon NUPNVIKAG axTivag.

@ 7.2.2 ®iGon TV MUpNVIK®OV SUVAREDY

Kard tov Heisenberg ol nupnvikég Suvauetg eival
Suviuelg avtoAayng petatld twv vouxAeoviwy. Bew-
polue 6ém upéoa orov mupfiva Ta mpwtévia Sev
Swkplvovrar we eukplvela and ta verpdvia, Snwg

ouvexeis pevatponés

mpwiovioyu ge vetpévio  CulBaivel Ew ané autdv.

KA1 avviorpoda pe Inv Aexduaote omt petafld npwrtoviou kat vetpoviou
aviallayd pecoviov ouvéxela avtaAAdooeTal £va cwuatiSio, Tou onolou n

uala éxer TR avépeca omv péfa verpoviou kat

npwrovmu Kat vyt autd ovoudletal weadvio. Me v cuvexi auth avtalhayf Ta
vetpdvia emeunouv éva peocdévio, nou eival apvrmikd GoPTIOUEVO Kal HETATPENO-
vrar oe nbartéyla. Autd pe mv oepd toug npocAauBdavouv éva uecdvio,
UETATPENOVTAL OE VETROVIA Kat To dawvdlevo cuvexiletal...

H npoomnéBela auth mou kavel kGBe voukAedvio va kpaTAoEL Yia Tov eauTd Tou
T0 N-peodvio 1 rudvio, SNUOUPYEL TIG LOXUPES OUVEKTIKEG uPNVIKEG SuvAluELg.

(O vedrepeg andyelis via mv ¢lon Twv nupnvik@v Suviuewv,inwg
avadépoue, arodidouv v w0 kai (napfn Twv nupnvikdv Suvduewv ota
gluons kat orouq Seopolg petakl Twv quarks Twv aspoviwy).

»

QO npwrdvio
® verpévio @ 7.2.3 EAAepa paiag.
. ‘Evépyela oOvdeonqg

H uafa Ttou npwtoviou eival
e) 1,007597 amu( To amu eivar pova-
e . T\ / da arouwiq MaZag, 1 amu =
1,6598*1027kgr) kaL n péla Tou
nuprjvag nAiou 2-“;;';/10 verpoviou 1,008987 amu, drav ta

Kal 2 vetpdvia

mapatnpeita: edaTtwon twv palbdv 6o
opwtovinv xa1 §Go vetpoviny, 6tav evdvovial
petadl Toug yia va oxnuaticouv mupfiva nifou

gHe"

napampolue 6Tt To d8poloua

300 owuatidia eiva avefdomra
Kat pakpud To éva and to GAAo.
Orav éuwg ta Slo cwuarida
mAnotdoouv petakl Toug, Spdoouv
OL MUPENVIKEG SUVAUELG KaL OYNMaTL-
oBet nupAvag Seutepliou ( 4H2) téTE
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oBel nuprvag Seutepiou ( 4H?) Tére nopampolue 6t To G8poloua Twv paZdv Toug
etval pikpdtepo and to avapevépevo (2,01419 amu). Enouévwg xaBnke nogd palag nou
kara tov Einstein £ywve 1oSUvaun evépyela.

Tnv Sadopd udlag avaueoa oro @8poloua Twv paldv Twv eAelBepwv voukAeoviwv
Kat gro cuykpdmua Toug pe popdn) nuprva atoeiou, ovoudloupe AAewa ualag Am
TOU Mupriva.

Metpeital oe amu. Yrokoyifetar ané mv oxéon: |  Am=z*m_+(A-2)*m M

énou my, n uéla Tou nuprfva rnou Snuoupynenke. £ 5

H evépyela mou avtiotowel oto éMewa pélag tou nuprva, Aéyetar  evépyeld
glvdeong E,ws Tou nupfva. Metpeirat oe MeV (1 amu = 931 MeV) kat unoAoyiZeta
and mv axéon: Equs=Am*c2

Ma va anococuvdéooupue éva nupnva ota ouctarikd Tou anarrefrar épyo ico pe mv
evépyela oUvdeong Tou nupiva.

1.3 dvowxi) Padievépyera
@® 7.3.1 Aotralfcic nupijveg

Mpdtog o [GMog  Quowdg Becquerel
napatenoe to 1896 &t Ta GAara Tou oupaviou
exknéprouv roAd Sianepaotiky) axtivofolia rou
npokaAet évrovo ovioud Tou aépa wote ekdopl-
TeL dopTiouévo nAextpookdmo kai paupilel dw-
Toypadikég MAAkeS,

Apyétepa to 1898 o Pierre Curie kat nj Marie
Sklodowska-Curie, karddepav va anopovooouv
and petdAeupa. oupaviou SUo véa oToixeia To
noAwvio kat To pddio nou mapouciafav Ta Ba
dawvépeva oAU mio évrova.

Ané to pddio auti n véa aktivoBoAia ovoud- _ ]
ofnke padlevEQVEID KAl Ta OToixeia Tou v daroypadia axtvoporiag -a
exnéunouv_padIlevepva, padievepyot vAikod

TAuepaq, extdg and ta napandvew orolxeia, elval
yvwotd oav padlevepyd kal dAAa, énwg To Boplo kat To axtivio. OAa Bplokovral otig
teAeutaieq Béoelq Tou Meplodikol Zuomiuarog népa and Tov uOAURSo, He aTopIKd
opBud peyalitepo and 82. '

H exnourm| e padievépyelag odeileTal omyv aoTtdbela TWv NMUERVAY Twv oToelwy.
Kanola xpovikr] otiyur] Slaondvral autduara kal exméunouv Bpalouara pe MeyaAn
Taxdmra kat ouviBwg nAexpopayvitik axtivoBolia MoAU Wikpol pAkoug KOMATOG
(axtivoBoAia -y). Ta nupnvikd Bpalouara eivar d0o eldd@v: ocwuéma -a (Muprveg
atdpou nhiou) kat cwudma -B (nAektedvia).
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® 7.3.2 AnoteAéopara Padieviépyelag

H padievepydg aktivoBcAia:
a)poofdiel TI§ dwroypadikEg

mAdkeg
B) npokaAel ovioud Twv aepiwv
y) npokakel ¢pBopioud oe HAa Ta

ouara
) eknéurel Bepubémra. 1gr pa-

Slou anodidet, pe exmourm pa-

Slevépyelag, 130cal ava dpa
€) éxel Blodoyikég Spdoelg oToug

lotolq. EuepyeTikég étav n a-

ktivoBoAla sival pikpng evép-

YEIQG, KOTAOTEEMTIKEG —Otav

npodketral yia évrova padlevep-

va UAIKG.
ot) H exneunduevn padlevépyela

Sdev empealetal and kavéva

uéoo (Bepuokpaoia, nieon, xn-

MIKG avTidpacTpla).

IAuepa mou E€poune TIG EML-
Kivduveg ouvéneleg Mg padle-
vépyelag, AauBavoupne oxoAaoTl-
k@ pétpa npodUAagng orav npod-
kertal va épBoune oe enadn Kal
va YewloBouue padlevepyd UAL-
KA.

T

otnv dwtoypadia daivovial pepikd and ta
HEétpa npogtaoiag y1a toug epyalOpevoug pe
axtivoPBolieq:
pnxavokivnteg e1bikég AaPibeg yia xpfion twv
padievepy®v ovaidv ka1 Bopaxiopévor Badapol
ané poAupdo yia tnv anobfikevon awv vAIKGOV

@ 7.3.3 ®00m Mg padievEPYELA]

H axtivoBoAia twv padievepydv otoxeiwv amnoteleiral and tpia Siadopetika

€{3n rmou ovopdotnkav ané Tov Rutherford e ta eAAnvik& ypduuara a, B, v.

aktivoBoAia a kat B. ToroBetolue noodmmra padievepyol UAKoU oe Brikn and
MOAUBSo Tou éxel oxoun. Mévo and mv oxiour enéunetal Aerm| déoun nou
Siepxduevn andé payvnrikd nedio avaAletal oe S0o ouvioT@oeg. H mpdm
ouviothoa extpénetal eAadpd kard ¢popd nou avrioTtoiel oe kwolpeva BeTika
doptiouéva cwuartidia. Auty ovoudotnke axtwvoBoAla a. H AA\An cuviot@oa
extpéneTal évrova pe avriBem ¢dopd kat £rol anoteAeital and apvnTika
dopricuéva cwuaridia. Aut ovoupdotBnke aktivoBoldia B. Tnv Sa avdiuon

naBaivel n Séoun dtav nepdoel kat péoa and opoyevég nAekTpoatartikd nedio.
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Me v ouvéxsia TWV NEWRATIKOY
gpeuvayv, TeAikd kataAfoue oTo ou-
unépaoua, én n axnvoBoAia a eiva
cwuaridia nou avriotoxolv O TUPH-
veg nAiou kau pdMiora Tou ootdriou
JHe4, evd n axtivoBolia B eival nAe-
xTpdvia nou KivoUvral pe IOAD peyéAn
Taxmra (éxpr 99% g Taximrag
Tou $pwrdc).

axmivaBolia v. Eivai nAektpouayvn-.

M axtivoBoAia ufxoug KOMATOG Mt
kpbtepou Twv oxAnpétepwv axtivev
Paivtyxev.

Exet ng. iSieg  1Bibrmregq pe g
axtiveq X. MNpokalel ovioud twv ae-
plwv kat Sev extpéneral and nAextpwd
N uayvimukd nedlo yiari Sev anoteAet-
Tt and ¢opriouéva cwuartidiaAdyw
Hikpol pfkoug kidarog, Ta dwrdvid
™G éxouv WeYAAn evépyela kal £tol

91

Av@Avor paSievépyelag
amb opoyevég payvitixé nedio.
Zopatibia a xai f extpénovial pe aviiBern

dopd, evd 1 axvivofodia y Sifpxetar avennpéaotn

eudavifouv peyolltepn Sanepardtra kaw ard T

nmAéov oxAnpéq axtiveg X. Ot axtiveg v xpnoylonowod-

vTaL KaL QUTEG oMV axktivoBepaneia

@ 7.3.4 Padievepyn Sidonaon

Metd and xanowo xpovikd SGomua n exmouTd
padievépyelag uewbveral Mepaparikd Sarmotdveral
én omyv povada tou xpbvou éxoupe otabepd aplBud T

Hicurpruao:
e N q‘

|
L
S
o+

Sidoraong padievepy@v MUEAVEY, e anoTéAsoua o

apiBuée Toug va ueudveral ouvexeld kal MAAoTa
ekBeTikA e v Napodo Tou Xpdvou. H ueiwon tou
apxwot apiBuol nuprivov axoAouBel oranotiké Toug
véuoug mepl Bvnowétmrag MAnBuouol xweiq Yewn-

CEIS.

Metd mv exnoum) aktmivofoliag o nupfvag 1

Alﬁxpwq a.:uvoponug a anb B,

pe vnv Bofiela opoyevotg
nAextpixod nedfou

nédtel oe otalepy en’ Arewpo kardoraon, N unopet

va axtivoBoAfioel Eava H niBavémra véag axtivoBoliag oe pikpd xpovikd Sidomua,
enouéveg kat véag Sdomaong nowidel, and otoeio oe oroixelo xar Sakpivel Ta
oroixela o uakpdfia xa Beaxtfia. Eniong sfapraral and kGBe padievepyd o-roa.xew

KalL o pubudg Sildonaang Tou NuEnRva Tou.

H upelwon aumi Tou apiBuol Twv apXkdv nuphvov (HIJIDMM) anodeixonKe
neapankd dtav karadEPOUE va anoHovVoOoUWE KAl va NAapamEAcoude Ta véa
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padievepyd oroeia (Buvarpikd) mou SnuloupYRBNKav He TNV EKMOUMT ™G
axtivoBoAiag.

@ 7.3.5 NOpogpadievepydv perarponadv
Xpovog unodmAaciacyol

O xpbévog péoa orov onole Swomdrar o Wwodg oplBuds noodurros,
padievepybv nuprveov oroweiou, Aéverar nufwr (T A xpbvos unodimhagiaauod
Tou padievepyol otoixeiou. Emouévg petd xpbvo T pévouv ol piool nuprives,
HeTA xpdvo 2T pével To 14 Twv apXikdv Nuphvev Kat Yevikd Hetd xpbvo v*T Ba
éxel anoueivel noodmra 1/2v padievepydv nupfivav,

H oxéon SiGonaong nupfivy oav ocuvépmon Ttou xpdvou nuioceiag fwhg T
rou meptypdiope, eival yvwori cav Néuog padtevepviy petarpondy Stverat
ané mv oxéon I

pe dN tov apiBud dN=A"d"N

Twv Nuprfivv nou diaorid@vral oe Xedvo dt, N Tov apyixd apBud Ttwv nupHvev
xat A ™Mv oraBepd
Sidonaong.

OAoxAnpivovrag
™mv oxéon éxoupe

Ny=Ng*eM

érou N, oL nupn-
VEG TIOU UMGpXouv
axdéun adtdonaoto..

O xpévog nu-
fwhg T=0,693/A, &
nmou A n oraBepd
Slaondaoews.

Me mv Sela
me Ko;:ﬁ)\:: ﬁpﬂ@ o T 27 3T 4T  t(sec)
polue ouvexdG V@  Trov xavaxépudo Gova Tng ypadikfig napiotaotg epdavile-
unoloyiooupe ndGoo  Tal 0 apiBuée TwWV TUPAVWVY IOV amopévouy, ne N, Tov apyixé
padievepyd otoixeio ap16ué.
napépeive xat oo Siaondodnke, kabog kat déoo Ba anopelvel petd and kanolo
OUYKEKDMEVD Xpovixd Sidomua.

@ 7.3.6 OKoyéveleg UKDV paSIEvEPYDV oTOIXEIWY
Zra dpuowd padievepyd otoixeia moAES dopég kat To unteikd (ou unopei va
1poHABe and padievepyd Sraoraon akkou arotxeiou) kal To Buyarpikd otoixeio
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napoucidlouv padievépyeia. Etol ompm(owammsmmxam
vepyay groixeiwv mou apxifouv and éva rmoAd pakpdPio unrpikd otoixeio kal
KaTaAfyouv O éva ataBepd BuyaTEIKG LOdToNo Tou uoAGBSou.

OL yvwotdtepes okoyEveteq stvat oL nopakdrw ©

1n) owovéveia Bogiou. MrTpkd oroixeio 1o B6p10-232 (goTh 222), e XPdvo unodt-
nAaolacuou 13,9*109 xpévia. Ta pékn mg osypdg éxouv palikols apiBuolg Tou
TUnou A=4n, énou 1 aképaiog ki 52<n<58. TeAeudvel otov LOAURSO-208

2n). cwovéveia axtiviou A axmivvoupaviou Mnrpixd oroeio To axTivoupavio
(.odtomno Tou oupaviou 235 4, U 235), ue xpdvo unodmhaciaouod 7,1*108 xpd-

via.Ta péAn g osipdg éxouv palikols apBuols Tou Tirou A=4n+3, driou n
axépaiog kat 51<n<58. TeAsibvet otov HOAURSO-207 (g Pb 207),

3n) . .

Mmpixd oToieio To
oupdvio 238 (o, U 238),
He Xpbvo unoduaoa-
ouol  4,5%10° xpévia.
Ta pékn ™g oepdg
éxouv ualixolg api8-
polg TOU TUTIOU
A=4n+2, brou n axé-
patog Kat 51<n<59. Te-
Asvetl otov uoAUBSo-
206 (g Pb 209),

4n)__olov<velq MOgEL

Swviou * Apynoe va

avakaAudpBel  viari
a np@ta HEAn ™K
kataoxkeubhomeav
TEXVITTG OTO  £OYQ-

242

§ % B

nN
X

Aaluog apduos A ——v
S 3 B R RN

Oiwxoyévela Oupaviou
Iﬂ’lm//]:'yﬂa] aipdfﬂ/'w [ 4n fi? [ o
: R Al Loz
5 ! fol .1
] Ral ]
Rn o
RaA
RaB) o ARac | Rac
Rat LT Poar) >
RaD g : V-
Pb

80 81 82 85 84 8 86 g7 8§ 89 w0 9 92

Tt

Ph-Bi Po At Rn Fr Ro Ac Th Pa U
Hrywe: Gopog . —emtm

OTHPIO Kat apvérrepa Bpéenmv amv ¢uon To nocedéwio 237 (9a Np 237) AEN
undpxerekelBepo omy $lom kaw oav To LakpoRIDTERS TG OEPds TS £5woe
70 évoud Tou. Mritpiké otorxeio To rAouTdvio- 241( o4 Pu 241). Ta péAn ™g cet-
pag xapakthpifovrar cav TexvImiG padievepyd Bopéa iodtona, ke pafikaig
apiBuolg tou Tinou A=4n+1, érou 1y aképaiog KaL 52<n«<60. H oikoyéveia te-
Aetdvel e o Blouolbio 209 ( g, Bi 209),
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7.4 M£Bodot aviyvevong xail pétpnong
axtivofoliav

@ 7.4.1 MéBodol napamiipnong CuPaTISiov

Me Tiq nupnvikéq Slaondoeiq kal ueTARoAEG eAsuBepdvovTal:

Q) owuaridia peydAng Kvtikhg evépyela kal dopricuéva : owuatida a, B, nhe-
ktpdévia, 1 apdptiota dnwg Ta vetpdvia
B) nAextpouayvrk axtivoBoAia peyaAng evépyelag énwg ¢w'rovw. Y, dwtdvia X

Kat
Y) pucti aktivoBoAia

OAa ta napandve &idn axtivoBoAiag avtidpoly He v OAn. Adyw peybAng
Toug evépyeiag uriopolv va avixveuBolv kai uepovwuéva cav cwuartidia
EEXWPLOTE, A pwTdvia .

H axtivoBoAia npokalei 1oviouéd fi Siéyepon TV HOPIwY i TV atduwy TS
OAngG. Enouévag n napampnon Tev Kivouuévav cwpandiov me aktivoBoliag
avayeral oe napampenon Twy Wvtwy nou napdyovrar and v aAAnAeniSpaon
axtivooAlag-UAng.

Eniong kivolueva owuatidio aknivoBoliag npokoAolv onmmik& dawvdueva :
auadpwor; dwroypadikhdv mAakdv, ¢Bopoud | ko dwodopioud
xaraAAfjAwv ocuocidv xal unopolv va avixveuBolv ue autd ta dawvéueva rou
TPOoKaAoUv.

@ 7.4.2. O 10viouée oav pEGodog napaTfipnong
8dAayoq oviauol

Méoa oe uetalikd B@hauo unépyouv 300 niextpddia. rov B&Aauo
eoépyovral dpoptiguéva cwuartidia (a nou npoépyovtat and puowd padievepyd
pddio omv nepintwon| pag) kat ovilouv (Napdyouv nhextpdvia kat Betikd 1bvra)
To aéplo mou undpxel néoa orov BaAauo. Kart@hAnho niextpikd nedio ouvexolq
peluarog, Bétet oe kivrion ta wWvra nou dnuoupyolvra. To nAsktpd pedua
frou napdyeral perpeital ané yoABavéuetpo. H évraon Tou peduarog skaptartal
ané Tov apiBud Tev cwuanSiuv rou sloépxovrat otov 8aAauo.

Me tov BAAcpo toviouol petpeiral o apiBpég Twv cwuandiwv kat iy evépyeld
Toug. Xpnowortoeftat yia coparidia a, B, y kat yia axtivofoAia Palvrykev.

Av Ta owuaridia sival eAdxiota kat To pedua mou Snpwoupyolv Ta bvra pf
yetpriowo, tére To yaABavéuerpo avtikaBiotarar and ‘nAskrpooxdro.

H anéxiton Twv UMWY Tou avixvelel v Unaptn cwuatidiov axrivofoAiag.
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Zxnpauxf napdotaon
BaAapov loviopoy

@ 7.4.3. Omukég puéBodol
naparfipng

86 Wi

AnoteAefral ané petalwkd Soxeio uéoa §

oro onoio undpyouv pivia agpa kai Kope-
ouévav uSparudv. Méoa o' autd Tov xhpo

TonoBeTeitat To padievepyd uAiké kai Ghog o AN

BéAauog datiferar pe Asuxd Pdg ue ™V

BoriBea mAsupwold mapaBlipou. To navw B

uépog Tou Balduou kaAGmreTal and yudAwn
mAGka, and énou yivetal N napamienon f n

dwroypddnon kat To k&tw pépog Tou Khsive- I

T and éuBolo mou uropel va kvnBel. Av
BéAoule va petpfioouue axtivoBolia mou
npoépyetal and ekwrepud) Ty, exBétoupe
Tov 8akauo omv aktivoBoia.

MpokaAolue andtoun extdvwon MeTaxl-

vovrag to éuBoho. O xhpog Yixeta, oL

udpatuol sival érogol yia  oupndxvwon
nPoanaBévTag va. oxnuaTioouv  otayéves.
AMAG- Aefrouv oL kat@AAnAotL TUPRVES Ou-
unikveong (oxdwn, .1évta) kat Sgv 1o Kata-
- pépvouv. -

Av duwx sloéNBet axtivoPBolia, lovifet Tov
xbpo kai epdavifovrar grayovidia mou xpn-
oyonoinoav Ta 1ovia oav Nupives guund-
kvwang, Etol sudavifeta yia xdrtoio xpovi-
k6 Sbompia AsUK YPauuE 1oy anoteAeital
and arayovidia.

Pwroypadikfy
Mnyxaviy

Ixnuatikf] napdovaor
Baldpou Wilson

owpasifia B
Taxéwe Kivoipevo
- (Biaxexapévr) ypapps)
ka1 apyd K1voipeva
{xaunAég ypapptg)
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To eawtepikd Tou BoAduou dwrtoypadileral andé kATAANAQ MEOCAPUOOUEVT
dwroypadik unxavri kat éxoutle dwroypadieg énwe To nponyouuevo Seiyua.

Av tonoBetiooupe tov BAAano uéoa ot opoyevég nAektpikd nedio, TéTE

Suvauelg Laplace kaumuAdvouv TG TPoXéG Twv cwuandiwy kal  propouue
MEAETOVTOG TIG TPOXIEG va aynuatioouue yviun yia My nala Twv cwpomdiwy.
And v nukvémmTa Twv WBVIEY nou oxnuarifovral kaL To ouvoAikd koG ™G
TPoX14G Tou cwpandiou( euBéAeia), kaBopifoupe To £i50G Kat TV evépyeta Tou
owpandiou.

Napampolpe erniong 6Tl Ta ocwpatidia a nopoucidlouv HeyaAn nukvétra
ograyovidiwv, evd ta B (tpoxiég nAektpoviwv) sudavilouv TPoxEg AeTTés Ko
SIOKEKOMEVER,

Me Tov B6Aauo Wilson napampriénkav yia npwm ¢opd 1o nofitpdvio kat
10 dawvéevo G Siduung yéveong. KBAvto evépyeiag (dwtdvio), uhonoseirat
oe (elyog cwuanSinv (olrpdvio-nhexrpdvio) ue tautdxpovn staddvion Tou
dwrtoviou.

o0& ; A B

Napalayr} Tou Balduou Wilson, npo-
TéOnke and tov Aucpwavd Ouowd
D.Glase to 1952. Avti crayoviSia péoa oe
unépkopouqg arpols, e3¢ axnuarifovral
ducoaiideq péoa oe unéBepuo, TeAsing
xafapd, uypd (rponévio, udpoybdvo,uypd
HAL0).

O Bé\auog duocoalidwv ompilel v
Aerroupyia tou omv duocud) apx katd
mv omnoiq, av ehartwlel androua n rieon
unépBeppou uypol oe TR MIKpdTEPN ™G
Téong kopeouévav atudv oe Sedopévn

Bepuokpaoia, Tére Sev  axnuariovral pd T v
¢9 | , ou ce 1 Tﬂ\" _ Exnuatixfi noplovaon Badduou
1éZa Tou uypol, alAd uévo oe meploxn ducoaliBwv pe npontvio
Siarapaxri ( rmou NEoKAAeoE X LOVIoHEVO

Hép10 TOoU UYPoU). ‘

Ero n StéAeuon and myv uéla Tou uypol cwuariSiou axtivooliag, rpoxkaAet
oviopd kara my Tpoxid SieAeuoriq Tou kai guddvion opatdv ¢uaaa)\16mv kard
Mrkog Mg Biag Tpoxas.

O 8aAauog puooaliBwv uneptepel Tou avtiotoou Wilson bt
0) Ta cwUaTiSKa HEYAANG evépyelag auvavtoly LeyaAlTepeS avtioTdoelg omy ki-

vrof} Toug péoa o uypd, napd otov aépa. Erot otov 86Aauo ducoakidwv

urnopolue va napakcAoudrjcouue cAdxAnen my Teoxid Tou cwpondiou, evd
otov. 8@hapo Wilson Wiked pépog meg udvo.

Wbk
"@
b 101\“

e

95



B) O verpdg xpdvog un Asiroupyiag Tou
Bakduou puooakidwv pnopel va nepto-
ploBel o eAéxioTo, ev avti8éoel ue Tov
8dAapo Wilson rou Sev unopel va 3@-
ost évdeitn napouoiag cwuaadiou xa-
T4 my oTiyuf TG ekTdvwong.

bTONQBH vOAQKTE

H npooBol kat n opalpwon ¢uwro-
YPadwdy MAGKDY and padevepya owua-
1810, pag erurpénel va nopakoAoudrioou- T -
ME TIG TPOXIEG TOUG KAl va SIaKPIVOULE TA.  dwToypadia Tpox1hv owpatiSiov nou
&i3n Toug, Sianépacav pwronabég yadbxtwpa

Ta ¢wronadn yoAaxtouara Xphnoylo-
noloGvral yia avixveuon adt Sidkoion cwpandinv g koouiig axtivofoliag kat
Belokouv eupeia epapopy’ oe Siidapous Toueis ™G MNupnvixig épsuvag.

Néve onig mmévsq (bmeMuééq MAAKeg, MeASTATAL T} IUKVOTNTA TV
KOKKWV iviaw WM apyipou rou oynuatiotnkav kaTd uAKoS TS TPOXIES
Tou owucmSioy, 6‘?@1 Sikoxoe T ¢mrcmaeéq yc}\aKrmuo. (and Bpwuiolxo
Gpyupo kat fgharivri).:

-Aviufiota 1 mdxa eike ToroBemBel ,uém o€ opoyevEg payvrTid nedio, and
e Sadopenxiq Kaunuhb'rm'eq rnﬁ maxwv Saxpivouue kat Ta eidn Twv
cwuaTSv ™mg ummﬁo)uaq

@® 7.4.4 Anapibuntés .
——el

saparidea

Muller

Elvai o nepioodtepo
yvwotdg, ¢opnrég kau Sa-
SeSouévog  amopBurTiq
padievépyeias T

Xpnoworoel mv  ov- Ixnuavikf] mapéataon cumplapnui Gexger
ot} ISidTTa ™G aKTvVo-

BoAlag yia va avixveldoel owuaridia a xat B Sixwg va unopet va avayvwploet to
£idoqg Toug. Exel mixpri andéSoon oty axtivoBoAia Y.

ArnoteAeital ané kKUASE0 yudMvo 1 HETOAALKS Mou katd unRkog Tou agova Tou
éxet olpua povauévo Z, auvdedeuévo otov Betikd néAo TMyng otaleprig Tong
1000-1200V. O xwpog Tou anapleur sival yeuudrog and uivua apyol e
aTuols opyavikrg ouciag (owornveduaros) ge nieon 0,1atm. O apwiTtikég ndAog
mg Myng ouvdéeral pe To nepiBAnua Tou opyavou Kal Yeudvetal . Avaueoa ota
Suo nhextpddia epapudleTal Tdon Alyo HikpSTEPN ™S anapaftmmg yia my
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Snuoupyla  autoteholg  exkévew-
ong.Ta cwuaridia me axtivoBoliag
coépxovral and eldikd mnapddupo, T e L
ovifouv to aépto xal Ta Wvra enra- ypadiky xataypadt copatidiov a
xOvovral and to nedio. Etor oynuari-

Tovral kal GA\a wbvta, ouvéxela, uéxpt nou apxilet nhextpun) exkévwon. To pedua
nou oynuatifetal nepvd péoa and wuikA avriotaon os cewd cuvSedeudvn kat
avarriooel Tdon ota ékpa e,

To pelua adol evioxubel, Seyeipel katdAAnAo uikpdpwvo ondre akolyetal
olvrouog Axog, N SlaBBalstal o kKar@ANAN SIdTatn uétpnaong Kal kartaypadng.

Me peyéAn T wukig avriotaong (MQ), éxouue autduam andéofeomn Tou
peduarog, apol karaypadel To ovifov owuariSio kaL o anaplBunmg eivat
éToylog yia v enduevn karaypadd.

anap1Bunthg

Geigrer-
Muller

Jmv Aetroupyla autidv twv anaplBunTdv exueTaleuduaote v SdTTa
wPlouévv  KPUOTGAAWY  (avBpakévio, wWwdiolxo varplo) va napoucdlouv
$Boploud, drav NEgouv NAvw Toug KaTAAANnAa cwuaridia,

Ta cwuaridia o Kau B Sieyeipouv Ta udPIA TOU KPUOTAAAOU TIOU EKTIEMMOUV
dwrdvia kat npoxalolv oruvenploud, o onolog karaueTpeital ue esuaioBnto
dutokiTrapo. To npooninrov ¢dg omy kG8odo Tou dwrokiTTapou, MPOKaAet
exTiour dpwronAekTpoviwy Ta onoia karauetpolvral

M’ autd tov Tino arapBunmy uetpeital kat axtivoBoAia v Sidtt nookalel pe
™mv 3iodé e and Tov kEUoTaAAo, exnour| GwTonAexTooviny Kal NAEKTPOViWV
Compton nou ouunepidpépovral oav B cwparidia
~ Enfong ev oxéoet ue tov anapBunm Geiger-Muller, uropei va xaraypadet
peyaAdTepo nocootd and ta npoaninrovra cwuaridia kat eneldh £xet ueyaAn

E¥re
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Stakpitik tkavémra urtopel va Sakpivel Slo oxeSdv Tautdxpova Siepxdueva
owpatidia,

ZuviBwg To NAARBog Twv dwroviwv nMou napdyovtal kard Tov oTuvenEIoud
eival pikpd koL o Bto oupBalvel kal pe To NMARBog Twv dwronAektpoviwy. Etol
xpnoworootue avil yia ta ocuvnBiopéva dwrtokitropa edIKEG EVIOXUTIKEQ
Stardelg, toug $wTONOAAAMAQCIaoTES. Me alAend@AAnAeg MPOOTITAOCEIS TOU
apxwol ¢uwroviou, HeTd Mmv k&BoSo K, o kardAAnAa tonoSetnuéva Bondnmkd
BeTika nAexrpddia, TeAkd naipvoupe aptBud nAextpoviwy g TaEng Twv 106 otnv
4qvodo A

anuq‘rmﬁ napdotaon
anap8unT oTuvenpLoumy ¢$wronoAAarmAaolaocTh
+100yY +300V
dopTionEvaV ) ané apyfddio
ooRaTIBov LB AR il %
-cbmtoxdeoﬁoc TN X\ X
dtovio Sdg w‘oﬁ‘@) \\@_%/ /AW
/ F w e Q“ .\.‘ \\Tg ﬁ{/ (/ &\ \\\\
nAextp6VIO VAAIVOG  ~— s A A ‘\
Pl xm\xvi}pmo«; \ /"\ \\ \\\\
gwAfjvag 2
/
: K ‘4’,4_

Anapibunmig Cerenkov

H.Aerroupyia Tou ompiZerar oTo opd@vupo datvbuevo kal xprowonoterat yia
mv Hétpnon g Taxinrrag taxdtara kivoluevav owuamSioy.

To pavduevo avakoAidBnke to 1934 and tov Pioo Quowd P.A.Cerencov kai
Toug ouvepydreg Tou LM.Frank kai [J.Tamm, Eivar avtiotoo pe to uérwro
xOparog riou edaviZetar oy Aspoduvapikn, &tav BAAua aepon)\avo Swaoyiler
mv auéodapa pe TaxirTa peyahdTepn Tou ixou.

E3® éxoupe owparidio moAd pey@Ang kvruaiq evépyelag mou Swaoxifel
ormxd péoco ue Taxomra peyaAltepn Tou GwTdg OTO CUYKEKQWEVO OMTTIKS HECO.
Tére rpokoAeital opam) kuavifouoa axtivoBoAia mou exréunerar andé Ta
Siapopetikd anueia Tpoxds Tou cwuandiou, n onoia Sev efanAdvetal odapiks,
aAA\G KOVIKA.
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H kwvin) emddvela Tou petdnou kiuarog g aktivofoliag Toepévkwe, éxet
GEova mv teoxid Tou cwuarttdiou xal elpog ywvia ¢, N WETENnan g onolag Kag
Bon8d orov urnoAoyiloud ™mg TaxUnTag Tou cwuandiou.

To xapaxmpiotikd kuavilov Xpdua Tou vepol Twv Mupnvikdyv avtidpaotipwy
Tlnou koAupfnmg Sefauevig, obeidetal akpBhdg omyv akTivoBoAia Cerenkov
mou SnuoupynBrike and taxgwg Kivolueva nAsktpdvia Compton (pwrdvia
akTivoBoliag y mnédtouv ndvew oce nAsktpdvia Kai Snuoupyolv  datvéuevo
Compton) .

O anapBunTq Xonowonoteital yia Ty peAétn cuuandiov umAfig evépyelag,
onwg KooukAg axtivoBoliag, pecovioy. M autdy Tov anapilBunt) SiaruoTtdenke
n Iapaywyn Twv avnpwtoviwv (avtdAn).

7.5 Aoowetpia

@ 7.5.1 Movadeg padievépyeiag

To MARBog Twv duonduevev upnvey ava uovada xpoévou AN/At (padievép-
yeiq) petpeital oe daondoeig ava SeutepdAerro.
Movada uétpnong to 1 Curie, 1Ci, 1c=3,7*101° Siaondoelg /sec, ¥pnouonoloy-
vtai kau urtorntoANarAGatld tou, énwg To nikokiouptl 1pc = 1092 ¢,
AMeg povadeq padlevepyelag
a) To Paddepdopvrt (rd) 1rd=106 Siaomidoeig/sec,
B) n padevépyela TV IMATIKGOV TMYDY KaBWE Kat 1 padlevépyela Tou atuocdat-
pikol aépa mnou nepidxel padédvio, petpolvral oe gudv (eman) leman=10-10
Curie/lt

@ 7.5.2 Movadeg Adong

H avixveuon ko n pétpron mg padlevepyol aktivoBoAiag, eivat anapattm
ASYw Twv Karactpoddv Tou emidépel 1 ékBson oe padlevépyela TOCO omyv
opyavi 600 kat omy avépyavry UAn. Eniong uag evdiadépel n Npdyvwon Twv
kivdlvwv and aktivoBoAia, pe okond v Béomuon kau THENOM Twv Kavévwv
padilonpootaciag. .

H anoppddnon me axtivoBoAiag and Toug totolg Snuoupyet Sieyépoeig Kat
LoVIoUoUs ot xpdvo ™G TAENg Twy 1015sec. Ma wpeg uetd My ancppddnon,
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pileg kal Sievepueva pépta avtidpoiv wetatl Toug kal Slvouv Seutepoyeveig
avTidpdoeig ou Siapkolv via Xeévia kat erudpolv ata HaxkpouopLy, mpoteva-
viag oMayég omv Souri Twv Kuttdowv. Etol n BioAoyikn dpdon mg
axTivofoliag kpatd uakpl Xpovika Sbomua xal npofevel onuavTikég BOAOYIKEG
karaotpodég (MeTaAGietg, Bavaro).

Imv aExX Vi@ ThV RETPNON ™G PASIEVERYELQS XPNOWONOoMEenke o oviouds
Tou aépa mou Npokevel n axtivoBoAia aav wétpo ™G NMoodTnTag Mg, Me uovada
pérpnong to Roentgen. Eivai uovada éxBeong oe axtivofolia kat sival ioo
He moodtra oKANPNG n)\exrpoucwmtmq axtivoBoAiag (X, v) nou napdyst
oviopd 1 e.s.u. o 1em? aépa ouykekpwévng Sepuokpaciag kal risomg.

Apydrepa SiaruotwBnke &t éxoupe KOAATEPN MPOCEYYION ota daivdueva
Karaotpodiig, av Xpnowonomooupne Ty gvépveia nou uetadépel n aktivoBoAia
oy neplox METENoNe. Xpnoutonomioaus oav wovada pétpnong to Rad. Eiva
Hovada anoppodoiiuevng Sdomng dnA. To MALko ™G evépyeiag AE nou Sivetau
andé mv axtivoBoAia oe pafa Am ylpw and to onucio oto omnolo yivetar n

Hetenan. rad=AE/Am

Tmv npoondBela uérpnong g aktivofoliag (Aoowetpia) pe edikd dpyava
kai avixveutég (Sooiuetpa), eviiadepduactes yia 3o Toueig: mv padioBioloyia
kalL v padionpooTacia.

Imv padioBlohoyia xpnoyonowlpe cav povada To rad kat kaBopifoupe
Tautdypova kat To eifog g axtivooAiag.

Imv padionipootacia mpEénet va AdBouue un' SYn pag v BioAoviki
Apagtikémra g aktivoBoliac (Relative Biological Effectives) RBE kai étou
xpnoworoolue véa povada pétpnong, To wodlvauo Roentgen avBpdnou, H
MQMBQME_MDQU_TO rem (Boentgen Equwalent Men). To rem

€lvar To BOpEud TOO cad enl v "nowrmra’” ms autvobodias.

@ 7.5.3 Karaorpenmkég 3paosig aknivofoiiag

Auéowg HeTd v avakdAulm me oktivoBoAlag Roentgen to 1895, éywvav
YVWOTEG Ol KATAOTPENTIkEG SpAcelq Twv LOVIOTIKOY axTivoBoAldy. ZoBapd
eykaluara oto 3épua, NEoWo LaAADY kedpalAg, avadépbnkav and acxoAouue-
voug Ke v akTwvoPBoAla kal To (310 ouvéRn kat e TIg axTiveg B kot y To 1898,

To 1934 n AeBvrig Emirporm ou eixe cuotabei to 1928 omv ZroxxdAun, 6ploe
Séoni avoxrig v\ Toug epydreg axtivofoAlag ta 0,2 Roentgen ava nuépa. H3n
cav uéyigm emrpent S6on (5éan avoxng) sixav 1eBel Ta 600 Roentgen.

Ta npofAAuara £ywvav Mo &vrova oTo TEAOG kat Metd Tov B' Maykdouto
noAspo e toug Mupnvikolg avtidpacmpeeg KAl TIG ATOMIKEG kat [upnvikég
Soxyég. Epdaviomrav ot axtiveg B kat v, ot BioAoyikég erumrdoelg Spdong Twv
vetooviwv, n Spdon Twy padtotootdnwy Mg oxdong. H3n ta MegaCurie rou
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napdyovrav og kaBe oxdon dnuioupyoloay véoug Tepdatioug kivdivous,

Q1 axriveg v éxouv Tig iSieg BOMTEG He TIg okAnpég axtiveg X Awtodlouv
péca otoug LoToug, npokalolv oviopd kat emibépouv coBapég aveualieg ota
aoromnTikd épyava kar ora KUTTapa tou aiparog (Aeuxawlia). Mpokaiolv
cEaoBévnon tou opyaviouol, ermpedlouv To avogonomnTikd cloTua, EANATTO-
vouv TV avtioraoh Tou katl exBétouv Tov opyavioud gt HoAlVoeLS.

H axtivoBoAia y enfong npokahel petahldielg. Ermpeéler Ta yovidia twv
XPWHATWOWHATWY Tou Nupiva Twv KUTTapwy, ekduAilel Ta kOTTapa Kal TeAka
Snuoupyet Buyarpika pe avbuaies WBidtmreg mou kKAnpovouolvralTa cwparidia
B anoppodoivral elrola kat loxwpolv otouq totols, aAAd oe Uikpd Babog kat
ot BAGf3eq rou npokaAoUv elval NePLOPIOUEVES,

Oupolwg 1o owuariia g anoppodolvral MoAl éviova pe anoTéleoua 1
BloAoyik Toug Spdon va nepopiletal wbvo omyv smdepuida, driou npokakoly
sykalduara. .

MeyaAn onuaoia nailel n neplox) éxBeong Tou avBp@MIvou CWMUATOG KAl N
éxtaof] TG, Eron n kotiakh xdea eivar md sualodrmm anéd to otiBog kal yevika
MiKpEQ ToTKEG TIEPLOXEG "avtéxouv" neplocdtepo omy éxBean and oAdkAnpo To
ooua, névrote cav ouvaptnon e Sidpkelag éxBeong.

Xopakmprotikd avadalperal, 611 enavaAnrtikég 3doeiq axTivoBoAldv MOANDY
XAGSwv Paivtykev o OpLouéveg, MEPLOPIOUEVES TOMIKA, MEPLOXES TOU CMOUATOS,
Xenoyonoolvral oty AKTivoSlayvwoTiky ket v AktivoBepanteia, evd Séon
400-600 Paivrykev efovrdvel péoa oe 30 pépeg To Yiou Tou mAnBuouol mou
axtivoBoAnBnke. Adon peyallrepn Twv 600 Paivrykev npokaAeti BéBao Bavaro
otov kaBéva.

® 7.5.4 Aoddaisia - Npodurateig

Me yvwotéc Aomdv TG ouvéneieg TnG éxBeong oe aktivofoAieg, ov HMNA

Snpolpynoav eldikd kAGSo g latpkig v Yyetoduotkf) mou acxoAsitat

anokAloTikA pe TV npootaoia Tou MAnBuouol and Tig axtivoBolieg, Karagrtilet
nivakeg &kBeong Méywomg enutpermg Séong, pubuolg Sbomg, ave épla
npootaciag, ertpentéq nooduTreg nou xopnyolvral oe acBevelg, Siaxpivel oe
kamyopieg Toug avBpdnoug nou extTiBevral KA.

MopéAAnAa e T PAaBepég sudpdoelg Twv mmvoﬁohuov npénet va
avadépoupe ™y Texvimi Padievépyeta rou Snjiloupyrioaue Kat ipooriadnoaue
va Béooupe omy urmpeoia mg avBpwndmrag.

1) Erot 3npioupyrooue TEXYITTA padievegvd iodTona kat xenoulonomoaue mv
axtivoBoAia Toug oe ToAAEG edapuoyég dnws :

" a) latpikA kat Blohoy épeuva
B) latpiky Siryvwon (oxedioypadiuara opyavowy, evromoué KapKvoudrwy, pa-

Soypadia)

Y) Bepaneutikf (axTivoBoAia kapkwvwudrwy, eudlteuon padowcotdnwy péoa o
1otolc, TmAeBepaneia). )
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8) edapuoyég omy Mewpyla, oy Bounxavia (naxupétpnon, nukvouétenon, Ka-

Boploud puBoU PORG Kat evTomoudg Siappodv) -

&) ApxaoAoyia (padoxpovoAdynan ue avBpaka-14)

2) MpokaAéoaue My oxdon padlevepydv MUEAVWY e OKOMO va exueETaAAEU-
ToUpe ™V TepdoTia Bepuik evépyela nou skAUetal H oxdon sival évrova
eEdBepun avtidpaon kat évag nuprivag oupaviou 235 anodiSet 200MeV Bepukr
evépyela. Zroug Mupnvikoldg otaduols XonowonooUue v evépyela aut yia va
Béooupe oe Aerroupyia aruootpéfiloug eite yid mopaywyhi NASKTPWNAG
evépyelag efte yia xivion (Moiwv). Zmv npdén xenowonoinon evég tévvou
oupaviou oe avtidpaoTthipa oxdog, anodidel 1woSivaun evépyela ye auth niou Ba
anédiSe n kadon 50000 toHvvwv dvBpaka. (SuoTuxds Spwe N oxdon Snuoupyel
Buyarpixolg nupriveg nou eivat paSievepyol kat exnéurnouv axtivoBoAia B xat y).

Tehikd Snuioupyrioaue véeq mmyég evépyelas, véouq Toueic Epeuvag xat
Edaopuoyiq kal véoug kivdivoug akTivoBoAdV He TNV evaoXdAnon Hag HE TIG
tepdorieg Mupnvikée "uvdielg mou exhdovral pe v SiGoTtaon Twv Nuprivay.
Eral peyého pépog Twv guvavBpdnwv Hag axolsital pe mv pu&evépvem KL
exTiBeTal O QUTY). ZUYKEKPYEVA EXOULE TOUG “EPYATES amvoBo)umv“ nou sival
npoowrikdé Noookoueiwv, kévrpwv AKTIVOAIQYVWOTIKOY, ,Amvoeepaneurmwv,
npoowniké Mupnvikdv: oraBudv kat acBeveiq nou Séxovralr axtivoBolia via
Bepanesutikols okonols.

Ard to 1905 £ywve ouveidnon 6u eival erikivduvn n éxBeon oe aktivoBoAia kat
. dpxioav Ta npdta pétpa npootaciag. Ot Auxvisg napaywydg aktiviv X, oe
Epyaotipla kat Noookoueia, dpxioav va kakdnrovral pe SGokoha Someparés
uoA(B3veq Bwpakioelq, va xenowornowlviar ¢iktpa kot Séoueg pikpol
avoiyuarog, Ta napdbupa napamjpnong kartaokeudlovrav and uoAupSialo KA.

Ooov adopd ta unxavikd péoa npootaociag, kaBe UAkd {(dlon, néxog) rou Sev
Sanepvaral and mv axrivoBoAla, kpivetat kavonorTikd. Etol Bwpakifoupe ue
HOAUBSo Toug Xhpoug anoffikeuong Twy padievepydv UMDV, dpovrifoupe va
xpnoworoloUue atevég kal eAeyydueves Séoueg axtivoBoAiag kot xelplCouuore
Ta UAIkA navrote and andotaon Kat noté ue yupva xép.

Xprioworolodvrat edikég otoAéq nou kaAlrrouv oAdkAnpo to ooua, ¢iktpa
vyia mv avarvor] kai edikég udokeg yia To mpdowno yia toug Aueoa
exeTeBegIévous XPHOTES.

ONéKAnpo To. npocwnikd Twv Xbowyv axtivoBoliag sivar exnmadeupévo va
mpeel oxoAaotika ta MéTpa Kal TIg vopueg mpootaciag kat acddAeiag, Td00 ot
kaBnuepvi Béom, 600 kal'oe kattioTAoEIS EKTAKTOU avayKTS.

H Aebvic Emmpomi via v npootacia and v  axtivofoAia ICRP
(International Commisioh "&n Radiological “Protection) siofjyaye toug xavoveg
oadlonpootaciag To 1959. KaBwépwoes uéyioteg erutpentég 3d0elg mou n
NouoAoyia SAwv Twv kpardyv rephauBavel pall e dAAeg npodulrdtelc.

Mevikd oplotnrav Séoeig 5 rem yia x@Be érog doov adopd oAdkAnpo To
otua,ta yovidia, kat Tov pueAd Twv ootdv. Ma To dépua kat Ta ootd 30 rem ava
érog, yia Ta Xépla 75 rem kat yia Ta undAoina dpyava 15 rem ava érog. H péyiom
Séon rou emTpéneTal va cuoowpeutel péoa oe Slo prveq elvat 3 rem kau

Wbk
"@
E 101\“

EV/‘

95



104

ndvrote anayopeletal 1 éxBean ge akTivoBolia ardpwy K&Tw Twy 18 eThv.

Tehewdvovrag npénst va oupdwviioouus nwe n padlevépyela eival pépog me
wAg oAADV avBphniwy, nwe MPENEL va avaloyloBolie KAl T EUEPYETIKA TG
aretehéouara kat Sev npenel va Eexvolie Tig $Go cuotdoelg g ICRP .

a) Aev undpyst 36on aktivoBoAiag xGrw and my onoia o xivduvocg
egivar undevikdg Kat

B) n toodivaun 3déon nou odeideral ora Sibdopa €idn aktivoBoAiag eival
npooBerixi ko Sev eivatl Suvardv va undpiel emruyiq Kal TéAewa iaon
1M ¢ xaraotpodiig nou npoxalei n éxBeon oe padievépyeia

Ixnuaru napaotaon eykardoraong Arouikold orabuod.

H evépyela nou eheubepdverar and Ty oxdor Tou nupnvikoU kauciuou tou
avrtiSpaoctipa, Wetadpépetal pe popdn) Bspudmrag and to YukTikG uypd (e3m
CO,y orov evaAAaxkmn Bepudmrag. O auég nou napdyerat Balet o Asroupyia
atuoatpdBiro o orolog Kivel:

a) NAEKTEOYEVVITOIA Yia TIGOAYWYNA NAEKTPKOU peduarog iy

B) otpodaroddpo dEova yia kivnon nAoiou.

atpootpéfiiog  fAeKTpoyevvitpla
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