KE®AAATIO

ITYPHNIKA ®AINOMENA

Id16tNnTES TOV VPN VOV

Ta otoLy 1O cOpOTIOLO

H poadievépyera
IMvonvirég avtidpdoelg
Eq@apnoyég nat nivovvor tng gudLevEQyELaS

O evegyeLandg yiyavrog- muenveg exONAAVEL TV ma-
QOVGLO TOV TOCO 0TO ILLXQOROTLO 0G0 RAL GE PULVO-
LEVA CURTOVILRYS ®AIpa®OG.

OL dL0TAEELS TOV AVLYVEVTOV CONA-
Tdtov eivar Ta NhexToovizd pdrtia
TOV QPUOLXOV YL VO TAQU.TIQ0 V T
VXOUTOMLRA COUATIOLO.




H toopaxtizny goToyQa@ia ToV «paviTaglo » piog mvenvixrts éxenéng

To mBavd aToTEAEOU WaS TUONVIRNG EXONENS EVOS UEYATOVOU Bl NTOV 1) ROTAOTOOWT
wog Tons oav v Abfva. H €éxpnEn Ba mporalo o€ teQdotia TuerayLd, Tov Bo »oTdmve
TO UEYQA TEQO UEPOG TNG TTOANG. O RATVOS RO 1) OOV, TTOV Bt SLOloXOPTCOVTOY OTNY ATUO-
OQOLQA OITO TTOROUOLES EXONEELS, B0l TTOORAAO GOV €V TUENVIXO XEWMVA UE TTOA  XOUNAES

Bepuonpaoies.
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I pe—— 3-1 Albert Einstein (1879-1955) xat Robert Oppenheimer (1904-
1967). O modrog, e pia emororj tov to 1939 arov modedoo Po &-
PBelt, védeise Ty dvvarotyra xataoxevijc atouxijs foupas. Merd
T0V WOAguo Emaike eveQyd polo otny mpoordbeta agomiiouo . O
0& TEQOS 1fTAV 0 TEWTEQYATHS TG XATATXEVIS TS TOWTNS Boupag
ovoaviov mov QixTNKE 0T  1QOCIUA.

3-2 "Eva xopitot - 0 ua g oiyng tng muonvi-
x1j¢ Boupag wAovtwviov ato Nayxaodxi.

3.1 TAIOTHTEX TQN IIYPHNQN

(yeg avaroh Peug EuEAAAY va €XOUV TOOO ONUOVTLXY) ETTL-
dpaon oty avBdmvy LoTolot 0O 1) AVaXRAAVYY TYG TTV-
MNVIRNG EVEQYELOC.

Amd 1o 1896 0 Henri Becquerel (Avol Mmexep€d) elye domi-
OTMOEL OTL €V OQUXTO TTOV TEQLELYXE OVQAVLO EEETTEWITE (Ol LOQOLT
oxtvofohia, M omolo SLOTTEQVO OF TO U0 O YOQTL TTOV RAAVTTTE TO
00LVxTO ®ou TROOEPUALE TN pwToyQOLXy) TAGRA. H peydn evép-
YELOL OUTNG TNG OXTLVOBOMOS, TTOU EXTTEUTOTALY ABOQUNTOL, OEV OLVTL-
OTOLYO O€ O€ ROULAL OTTO TIS YVOTES TNYES EXTOUTTNG OXTLVOPOMMDV
%o, Yo vo eENynOel, doyLoe N LEAETY TOU ECMTEQLXO  TOU OLTOUOU.

Z1c 0Qyéc tov 200  cumva, ouyrexoeéva to 1911, ta mewpduo-
ta. tov Rutherford (Pddepgopvt) xow twv podntodv tov Geiger
(Tnéuynep) naw Marsden (Mdpovtev) €delEav 0n o Tupnvag evog
0TOUoV UToEo o€ va Bempndel wg wia oxedov onuelaxn nato pe
BeTnd oTio now dT N uAla OAOV TOU ATOUOV VoL RUQLWG CUYRE-
VTQWUEVY OTOV TTURTVA.

To yeyovog dumwg mov ToapNEe TV TEOoOYN Ol LOVO TMV ETL-
OTNUOVAV aALG %o 0OAORANENS TG AvBEMTOTNTAS TAVW OTOV V- 3-3 O Ernest Rutherford (1871-1937) sjrav
ONVaL HTOV 1) AVOXAAVYPY OTL 0TIV «X0QALE» TOV OTOUOV POLoxdTaY  €vas amd Tovs avbodmovg o éfegav ta e-
EVOC EVEQYELOXROS YiYaVTaG. uéhia yia v e§ege vnon tov wova.




3-4 O: onueovés evieies udg Aéve dri to X -
urav yewijonxe oe wa yryavuiaio éxonén, to
Bing-Bang, mow amo 15 dioexarouu oo yoovia,
darav 1o uéyebog dlov tov X umavrog ijrav ui-
#QOTEQO ATO QUTO EVOS ATOUOV. ZIUEQA TAQO-
HoLes ovviijres avamapdyovial 0To QyaoTijoLo
ULE OUYXQO CEIS OTOLYELWODY OWUATIOIWY OTOVG
ETUTAYVVTES.

o Iowtovio
o Netoovio

3-5 "Evag mvoijvag powdler pe éva toaumi, Tov
OTOIOV 0L QWYES EVAL TA TEWTOVIA XAl TQ VE-
To0VIQ.

Otav 0 avBpmog Ponmne TOOTOUS VO ATTOOECUE OEL TNV TTUONVL-
%1 EVEQYELQ, ovofimoay Tavm ot I'n duvdpelg »oounng *AMpomogs.
ITeonerTon yLor TLg (OLEG SUVALELS TTOU RATOTE, OTO 0L EYOVO TTOQE-
B0v, oynuaTiooy ota ALapoQa AOTEO TNV A1) 0TTd TNV OTTOLaL ElpoL-
OTE oW EUELS OL (OLOL PTLALYUEVOL.

Eivow ou (dteg duvapelg mov mpoxraho v TLg TUENVIKES AVTLOQG-
oelg otov 'Hho xou ota Ghha Gotoa ®al ehevBepdvouy Ty TOo0
OTTALOOUTNTY YLCL T OUVEXLOT TNG ComMg NMan EVEQYELD.

AvoTUY MG OUMS 1) ATOOEOUEVON TNG TTUONVIXTS EVEQYELOS YEV-
VNOE %o TOV T1o Paltrd 100 agpaviopo  twv ovBpmwmwy. To 1945
1 evégyela mov amodeope Bnre povo amd 1kg ovpaviov Loomeédmoe
wo OAO®ANEN TOAN, T LEOOTUAL.

ZHUEQOL OTOV TTACVITY UOS «OUYXROTOLXO V» OF Mo € Boowotn
LOOQQOTTLCL 1) EUPLEL AN, TTOU OLTTOULTEL (RO o EAEYEOL TOOE EVEQ-
YELOLS, XOL AN €TOLUT OTOL OTTAOGTAOLO. VO, UTTOOTEL TTUENVIRES OLEQ-
YOOLES ROL VOL ATTOOEOUE OEL TEQAOTLAL KOU OLVEEEAEYRTOL TTOOC, EVEQ-
YELOG, 1ROV VO EE0pavioouv 0o Tov avBpdmivo moltiouo. H ava-
Ofnom teommv THACEVONS RO XONOYLOTTOINONG TNG TTUQNVIXNG EVEQ-
YELOG, DOTE VoL TEDEL 0TV VIINEEDLAL TOV AvOQMITOU oW OyL VoL 00N
YNOEL OTOV APAVIOUO TOV, TTOETEL VOL ATOTELEOEL WEANUDL TV O Y-
KOOVWV HOLVOVLIDV.

To pné€yeBog »ar n doun TV TVERVOV

To mpdTumo Tov Rutherford yua To dtopo eivon dpolo pe owtod
TOU MMOXO  UOIG CUOTHUOLTOS. META 0TO ETUITOVOL TTELQAUOLTA. LETOT}-
Onrav oL axTiveg Tou OTOUOV ®OL TOV TTUEN VA ®ou PEEBnxe dt: 1)
ARTLVOL TOV aTOpov givon e TéENS Twv 107%m xow ) axtiva tov -
ONVaL TS TAENG ueyéBoug peta  twv 107°m now 10 4m.

O mueNvog Aoutdv €xel artiva LepLrég OerAOES YLAMAOES OQES
WXEOTEQN QIO TV OXTIVOL TOV atopov. Ta vau yiver auto ovtiin-
7TTO, UTTOQO  UE VOL RAVOUUE TNV EENG TTOLOOUOIMON: TO (ITOUO GOV EVOL
UEYAAO OTAAO ROL TOV TTUONVOL OV EVOL XEQAOL OTO REVTQO TOV. AQCL
TO ATOWO gival oYedOV AOELO0 0TO ETMTEQLHO TOV.

‘OLoL OL TTVENVES TV ALTOUWV ATTOTEAO VIO OTTO TULO (MWXQOOKO-
TR COUOTIONL, TAL VOURAEOVLE, TTOU TO. OLOXQIVOUUE O TTEWTOVLL
%o veTeovia. O muenvog Tou vOQOYOVOU ELVOL LOVO EVO TTOMTOVLO.

To TEMTOVLAL RO TOL VETQOVLOL TOU TTUQNVOL UTTOQO E VOL TCL (O
VIOOTO W€ OOV VO TOOUITL OTTO OTOP MOL, OQPOLQLXO  TTEQLTTOV OYN)-
UOLTOG, TOV OO0V OL QMYES, dNAOON TOL TTOMTOVLAL RO TOL VETOOVLA,
€xouv 10 (010 puéyebog nou TV idla Teimov ndlo, ahAd Stogpépouv
WS OGS TO NAEXTOWO oTio (oyMua 3-5). To vetpovio givar nhe-
RTOWHA 0VOETEQD, ONAOON ExEL UNOEVIRO POQTIO, EVH TO TEWTOVLO
PEQEL TO oTOoLYELDOES BeTLO NherTOLO opTio. To ouvolxrd og-
Tlo TOV TTVEN VA Elval {00 PE TO AOQOLOUA TWV POQTIMY TWV TQWTO-
viov Tov.

210 onuelo owtd Tavimg Oo TEETEL VO TOVLOTEL OTL, EVI OTOV
%1OOUO TO ALKO OGS, TO LOKQOXOOUO, 1) AXLVNOLAL ELVaL CUVNOLOUEVO
(POLVOUEVO, OTO (WXQOXOOUO OL OTOLYELMOELS OOWHRES LOVAOES TS

g dev eivon dSuvatd va ovitooinBo v. Exdnidvouy o aévom
%vnom, ONAOON HLVO VTOL CUVEYMDS ROL EXOUVV RLVITLXT) EVEQYELQ.



Ty ovyroTnom ®ABe TUENVOL TEQLYQAPOUUE Y ONOLUOTTOLDVTAS
TOUG TOQOXATM aLBuo ¢:

Tov aropro aOuo Z, wov eivor 0 aplBuds Tmv TEWTOVINY TOU
TUOVCL.

Tov agBuo vergoviov N.

To pagurd agBuod A, wov eivar 0 aELBUOg TV vourheovimy (ve-
TOOVIOV %Al TOMTOVIMV) Tov o va. Ioy e Onhadi: A=Z+N

Supolud évoc mupNvag O TLOTAVETOL WS 4 X , OOV TO
TOQLOTAVEL TO YNULRO G uPoro Tov otoyeiov. 'Etot, yia mooddery-
ua, 0 Fe éxer patd aBud 56 xow atoprd aBuo 26, dnhadi
meQLEYEL 26 mpwtdvia now 30 veTooviaL.

IMvp1jveg mov avijrouvy 010 (010 YNULKO TTOLYEID AL EXOVV
ToVv 1010 0LOud mEmTOViov Z alld oL zaL Tov ido agduo
vetrgoviov N ovopdtovtal Loétomot.

Tivetar oved OTL OL LEOTOTTOL TTUPNVES €XOVV DLAPOQETIRO UL
Q6 apBud A. Ta 1odToma VOGS OTOLYELOV EXOUV TOV (010 aLELBUd
NAEXTOOVI®WV, OPO  QVTOG, OTCL OVOETEQN GITOUCL, ElVOL (0O LLE TOV
0LBUO TV TEMTOVIWV. ZUVETMS TA LOOTOTTOL EVOS OTOLYELOV E£YOUV
TG 1OLES YMUKES LOLOTNTES, EmELON OTES ®aBOoEITOVTOU 0TO TO TTAY-
Boc TV arowrmv nhextooviov. I'” autd to Adyo ot nueia to
Ovouo ®ABe OTOLYELOV OUVOOE ETOUL LOVO OITO TOV OLTOULXO TOU CLOLO-
uo Z.

To wodtoma evog otouyeiov de Poloxovtar ue Ty dlo apbovia
om @ on. 'Etot 1o wotomo ZC tov GvBgaxa foloneton o8 000~
016 mepimov 99% ot ¢ o, evd ToLooToma ' C vow ' C Polono-
VTOL O€ TTOA  WRQOTEQM TOGOOTA.

TN ™) pétonomn twv patdv Tmv TUENVMmVY XONOWOTOL0 UE TV
atopxt) povade pagag u, 1 omoia opiteton wg to 1/12 g pacag
ToU aTéUov Tou EC. Auto onuaivel o n pata evég atopov 2C
nolt pe ta 6 nhexteovid tov eivon 12u.

T ™) pétenom Twv Holov TMV TUVENVMV TQOTYUAUE VOL XONOL-
UOTTOLO € TIS ATOMRES WOVAdES WALOS avTl yio kg, yioti M actopuxn
uovado ndtog eivon Toh  uxrdTeEN 0td to kg now £ToL M O YROLON
UETOE TV HOLHV TWV TTUEHVMV YIVETOL UE TTOA UEYOA TEQT) OXQL-
Bewo.

2 wpova pe ) Bemplo TS oXeETROTNTOC, 1) WALA 0TTOLOVONTTOTE
OMUATOS EIVOL LOOO VOUY UE RATOLOL TTOCOTNTO EVEQYELOS, OIS
raBopileTon amd ) oyéon:

E = m c? (3.1)

2 WOV UE T 0YEON OUTY), WTOQO WE VO, UETQAUE TN HACaL EVOS
oopatdlov xow o€ povadeg evépyelog. Zvvndmg otnv TTvonvern xon-
OWOTOL0 e TN novada 1MeV.

LyEGELS TOV OLAPOQOV LoVd-
00V patog »at evéQyeLag:

1u = 1,66055x107*" kg
1eV=1,602x10""" Joule
1MeV=1,602x10""3Joule
1u=931,48 MeV
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Hivorag 3.1 Mdlec nosuiog #aw goQTio
TOV TTEWTOVIOV, TOU VETQOVIOU 0L TOU Mhe-
%TEOVIOU 0¢ ALAPOOES NOVAOES.

ITAPAAEITMA 3-1

MAZA POPTIO

Souatido kg u MeV/J C

IMowtdvio 1,6726x10% | 1,007276 938,28 1,602177x107*

Netpdvio 1,6750x10%" | 1,008665 939,57 0,000000

Hhextpowvio | 9,109x10" | 5,486x10~* 0,511 -1,602177x107"

No vohoyiotel 1 wala evog mpomtoviov oe kg, Joule

wow MeV.

AYXZH H pdto evog momtoviov eivou:

m, = 1,007276 u 1)
m, = 1,007276x1,66055x10*'kg = 1,67x10"kg 7
m, = (1,67x10 *'kg)(3x10°m/s)* = 1,5x107'°J 7
m, = (1,5x107'°7)/(1,6x10"°J/MeV) = 938MeV.

"EAlewppa palog - Evégyera o vdeong

Ag Bempnoouue Tov amhd upTva. SEVTEQLO 21H IOV TTEQLEYEL EVQL
TEWTOVIO KOl EVOL VETQOVLO KO G Va0 pe Ttdom elvon 1 uala
Tov. Mo ot artdvinom (omg va tov 0T elvol tom ue 1o abot-
ouo TV RaLOV ToVv vourkeoviov Tov, Snhadn 1m,+1m,,. ITewo-
uotrd Oums el foebel ot uala tov muonva 1H givon urporte-
on arto to dBpotopa cvtd. H idtotnta auty) Tmv mugnvmy va €xouv
wrEAOTEQN MALa 0Tt TO ABQOLOUN TV PATMV TOV VOURAEOVIMV TOUS
elvan yevirn yLa ®aBe mupnva.

H duapopd g naCog My evog muphva amd 1o dbgotouo tmv
waCdv twv ele Bepmv vourheoviwy Tov ovoudteton EMAeElppe. pud-
Gag non waprotdveton g AM. Tia évay mupnva pe Z momToviaL 1oL
N vetpovia ogiCovue mg éMlelupa pdtog AM ) dtopod:

AM = Zm,+Nm, — My (3.2a)

H 1000 voun evépyela Tov avtiotolyel 0to EAAeuua walag ovo-
udleton evépyera o voeomg, tapotaveton wg E g now vtohoyiCeton
oo ™) oxEon:

Ez=(AM)c? (3.28)

Avti] oxodg 1) EVEQYELD. 0 VOEOT|S EX(PEGTEL TV EAGYLOTT O.TTOL-
TO LEVT) EVEQYELU OV TQETEL VO, IDTOVLLE, YLO. VO, ATTOUAKQ VOUWLE
UETAE TOVUG TO, TQWTOVLL XOL TO. VETQOVLU, TTOV U.ITOTEAO V TOV TTV-
01va, OOTE Vo, L1y VITdEYEL ®opio aAAnhentiogaon neteE Tovs.



Av dlapéoovue TV evéQyela 0 vdeong ue To TAnBog Twv vou-
UAEOVIMV, TTOLQVOUUE TNV EVEQYELQL G VOEONS OLVAL VOURAEOWLO.

H evépyern 0 voeong avd vouxrheovio petpden tn 0to.0epotn-
o ToV TVE1jve. ‘Ogo peyod teEn eivar 1) evEQyela ¢ vOgoNg avd
VOU%AEGVLO T000 0TAOEQOTEQOS ElvaL 0 TVENVAG.

MeQIrég TUIRES TIES EVEQYELDV O VOEONGS YLOL UEQLKO G TTUON-
VEC OVOLPEQOVTOL OTOV TTivoxa 3.2.

TYPHNAS ENEPTEIA ENEPTEIA
SYNAEZHX SYNAEZHZI/vourhedvio
MeV MeV/vovrhedvio

2c 92,17 7,68
0 127,61 7,97
25 236,93 8,46
38Fe 492,25 8,79
£ 1801,72 7,57

H evépysia 0 vdeong avd vourledvio TmV TeQLOCOTEQWY TTUON-
VOV RUUOUVETOL HETAE TV TWhV 7MeV/vovrhedvio xon IMeV /vov-
2AEOVLO, OTTOG OglyveTon ®ou 0To oyfua 3-6. X auTto TO OYNUAL TToL-
QOTNEO UE OTLT EVEQYELDL O VOEONS CtVEL VOURAEOVIO QUECLVETOU Y-
YOQO OTA EACLPOLAL OTOLYELDL, EXEL EVOL TTAOT  UEYLOTO OTNV TEQLOYN),
megimov pe A=56 €¢wg A =60, now peLmveton apyd ot uecaiov Pa-
00Ug %ou BoLd oTouyela. ‘Oumg oL ALpOES, OV RO POLVOVTOL UL-
NOEC, EIVOL ONUAVTIXES.

TMTupnveg pe poliro ¢ aElBUO G CLERETA UEYANOUS 1] CLORETA (WL
%00 G OV €0V TOOT 0TABEQOTNTO 00O OL TTUPTVES TNG UECTUOS TTE-
QLOYNG XOW TTQOTLO V VO UETOITUITTOVY OF TTURNVES LECOUOU OTLHO

EyA (MeVvovxAeovio)

9
4 8 _.- 3
3 z/He/-’ %Nl \\\ zézs,U
‘ ’Kﬁc ———
7 6
6
5
4
3
2
1 Z]H
A

0 50 100 150 200 250
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IHivaxag 3.2

3-6 H evéoyeia o vdeons avd vovxleovio atov
mvonva, wg ovvdetnon tov ualixo aotbuo .
To undév g evéoyeiag avriorowyel otyy xa-
Tdotaon twv ele Bepwv vovxdeoviow.

‘Ooo ueyal tepn eivar n evéoyeia o voeons avd
VOUKAEOVLO TOOO 0TABEQTEQOS eveQyeland ei-
var o mvonvas. H yxoila megoioyij eilvar avtij
TWV 0TABEQAY TVOIVIIV.



72

ITAPAAEITMA 3 -2

, , . ; 12 .
ITowo eivor To éMhewpa pdog tov mupnva ¢C ;

aBuo , oL TEMTOoL e Bpa. 01 TOVg O KEATEQOUS TV VES (oY d-
01)), EVM OL OE  TEQOL IE CUVEVOT TOUG TTOOGS UEYOL TEQOUS (T VIN-
EN), amOOEOUE OVTAG AVTLOTOLYOL TTOOCL EVEQYELOLG.

Ze omoLadNITOTE oY Ao | O VINEN 1 UWAla TV TVENVMV TOU
TOQAYOVTOL ROL GUVETMS 1) LOOO VOUY EVEQYELR TOUS EIVOL TTAVTOL
WXEOTEQT OTTO TN WALA TV ORYLRMV TTUQHVV KO TNV LOOO VO
evépyeld Tovs. 'ETol otig avildQaoELs QuTEC OmTOdEOUE OVTOL OVTi-
OTOLY 0L TTOOGL EVEQYELOS, OIS Bl do Ue g EmOUEVN EVOTNTOL.

TN vo avtAoovue AOLTTOV EVEQYELDL LECM TUENVIRMVY OVTLOQU-
oWV, 0L TOETEL VOL LETOPO UE 1) ATTO TNV TEQLOYN TV TTOA  ULHQMDV
TUENVOV 1] OTTO TNV TEQLOYN] TWV TOA  UEYAAWYV TTVONVAV TTOOS TNV
TEQLOYY) TV UECALWV TTVONVOV.

IMopateo ue emiong ot 1 owyun TS xoum Ang oto A=4 Oel-
Y VeL TNV WLaiteen otafepdtnta TS doung Tov CwUaTiov a.

yewo o vOeEONS YLt ToV (Olo TTupnvo. elvou:

ITowa elvouw 1 evépyelr o vOeomg;
Av 1 oxtiva Tov rughva eivan e TaENS Tov 2,7x107m
OoN €lvon 1 TURVOTNTA TOV;

AYIH Mse g ualeg exqoaouéves 0e aTounés HOVAadES
waag n oxéon 3.2a diver:

AM = Zm, +Nm, - My 7

AM = 6(1,007276)u + 6(1,008665)u - [12,000u—
6(0,000549)u] n AM = 0,098946u

O 6pog 6x0,000549u maELOTAVEL TN OUVELCEPOQEX Ot udto
TV €EL MAEXTEOVIOV TOU ATOUOU, eOooV To 12u eivar 1

Eg = 0,098946x931,48MeV = 92,17MeV

N dwawpdvtag pe to TANB0S Twv vourleoviov
Eg /12 =7,68MeV avd vourhedvio. H munvottd tov el-
vou TOTe:

m 1246640 27kg

= =4,640'7kg /m?
%><3,14r3 419%17% 40" **m? £

n=

m
v

(Zvyrplvovtog pe tv murvoTTa TOV VEQO , TOU Elvol
uohe 10°kg/m?, PAémovue OO TEOUAATLRG TTVRVY Elval n

uao moeuiag Tov 0vdETEQOU artduou Tov dvBpoxa. H evép- A Tou mupnval)

Inueioon: Otav xavouue vtoloylouo ¢ ue EMAeyua wdcog, evép-
YeLoL 0 VOEONS ®TA., 1) UALOL TOV TUETVOL TTOV VITELCEQYETOL OLVOIPE-
QETOL OTO YUUVO TTUONVAL, X0OIS TO NAeXTEOVLAL. OL TTVORES TV Pot-
v Opmg divouy T Uao Twv OVOETEQMV OTOUWY, TTOU TTEQLAOUPAL-
Vel ®ow OAaL T NAERTEOVLA TOVS. Tl va oo pe Aoutdv ) paot evog
YUUVO  TTUQTVCL, OTOV EVOLOEQOUAOTE YLOL OXQIBELC ALOHETHV DEROL-
MV YMepimv, TEETEL VoL 0PaLQO UE TN WALO QUTMV TWV NAEXTQO-
VimV, 0T ROL OV ELVOL TTOA L.

Ov mugnvirég duvaperg

Eidoue 6t ta vourheovia folonovion o€ uoL aévon ®o adLixo-
7N ®ivnon néoa otov mupnva. EEautiog tg #ivnong autig o vou-
RAEOVLOL €XOVV ULOL TEQROTLOL RIVNTLRY) EVEQYELDL, 1) OTTOLOL TEIVEL VOL
T0L QLLOROQIUOEL TTROS TAL EEM %O ETOUEVMS VAL DA OEL TOV TV
va. EmmAéov to momtdvia 0TOV UV vgploTovTal TV opooio
NAEXTOLXY ATTWON), 1) OTTOLOL TELVEL ETLOMNG VAL TO, EXOLMEEL OO TOV
TTUEYVOL.



Tote 11 elvou exelvo IOV OVYRQOTEL TO TTUENVIRO «TOOUTT» EVIOLO;

Katalyoupe Loutdv Gt ol »xow vmdoyouvv Tupnves, Bo moémel
VoL UTTALOYEL ®ow oL AN & vaum, woyueoTata ehxtir, tov Ba vep-
VIRG TNV NAEXTOLXT) ATTOOT) ROL TV TAOY) TTOV €X0UVV TA VOURAEOVLOL
VO OLOLOXOQTILOTO v AOY™ TNG EVTOVNG ®ivNoTg Tovs. Mia tétowa O -
VOUY] TTOAYUOLTL VITALOYEL HOW ELVOL YVIOTY UE TO OVOUOL LOYVOT V-
onvixn} & vapn. HO voun avt €xel ta eENg (00arTOLoTIrdL:

* Agv zdvel dudxrgLon petoE  mowtoviov za vergoviov. Eivar
omAadn 1 idwa Yo Ta G Y1 TEOTOVIO - TEWTOVLO, TEMTGVLO -
VETQOVLO AL VETQOVLO - VETQOVLO.

* AQU LOVO HETUE YELTOVIXDV VOURALEOVIOV XL LOVO GTLS TTOA
ROVILVEG OITOOTATELS.

IModryuortt, dtoy 1 oTOOTOON UETAE TV REVIQWV O O VOURAED-
viov elvon peyad Teon omtd 4x107°m, 1 woyven muonvir & voun &i-
vou oxedOV undEv.

310 YNVO TEQPAMOV %O OTOV ROOUO Y OM OGS, TTOV YIVETOL
GUECO. LVTILAYTTTOS, OL TTURTVES OYEDOV TTOTE dEV TANOLALOUY O £VOg
TOV GAAO, YLaTl OL NAEXTOLRES amdoels Ogv Tovg agnvouy. ‘Etol m
Loyvon muonvirn & vau, mov dpa UOVo «e§ emagng», O yivetal
€ ®OMOL uoONTH O TE ROoU EMNOEEALEL GUEDT TOL LOKQOOKOTUARAL (POU-
VOUEVOQL.

YTOWYLOOTHROUE YI0L TOMTN POOd TV  TTOREN TS, WOVO OTOV
WTOQEOOYLE E ROTAAANAOUG ETULTAYVVTES VO ODOOUUE VYNAES HLVY)-
TLHES EVEQYELEC O TTUONVES, MOTE VO WITOQECOVV VA UTTEQVLHIOOUV
TO (POAYULOL TV NAEXTOLHMV OTIMOEWY HOL VO TANOLAOOUV O€ QUTO-
otaon Mydteon omd 2x107°m dhhovg mupivee. "Etol notagpéoope
VoL AAANAETOQACOUV OL & O TTVENVES %O VO OYNUATLOTO V VEOL
TTUQY|VEC.

O mvonvag €yeL evegyelaxég otdOueg

H evépyeia Twv vourleovimv Tov Tupivo OV UTTOQEL VAL TAQEL
omoLadNITOTE TN, OALCG, 0TS CUUPOLVEL ROW UE TNV EVEQYELDL TOV
aTOUOV TOU VOROYOVOU, Eival ®BOVTMUEVO UEYEDOS ROl UTTOQEL VOl
TTAQEL WOVO OLOXQLTES TILES.

Tn otdBun Tov avToToyel 0T WXEOTEQN OUVOLTH EVEQYELD. TN
Aépe now €0 Beuehmon evegyeromn otaduy. Ot vtOloLTES EVEQYELDL-
%1€C OTAOUES TOV TTUTVA TTOQLOTAVOVTOL OXNUATLXA UE WHQES OQL-
COVTLES YOOUUES TTAVM OTTO T OeueMmON EVEQYELORY OTAOUN RO
ovopdovroun dieyepuéves otdbueg (oynua 3-8).

OL 0TTOOTAOELS TV EVEQYELORMY OTOOUDY OTO GTOUO TOU VOQO-
YOVOU glval HEQLA eV, EVH OTOV TUPNVA OL WTOOTAOELS TMV EVEQ-
YeLxrMV oToBUMV givon peprd MeV, dnhadi €vo exatoun QLo go-
0£C TEQLOCOTEQO.

3-7 H xuvirina] evéoyeia twv vovxdeoviov xat
N anwotixyf O vaun peras Twv mowtoviwy
TEVOVY VO ATOOVVOEoOVY TOV TVEIVA, VA N
LoYVOI] TTVERVIXRT] O Vaun Eval QUTI IOV TOV

xoardel eviaio.

0 | Ta vovxdeovia eivar ede Bepa
E(MeV)

E;

E, 4MeV

E,
Ocuelidddns ordbun

3-8 O modites Aiyeg evepyetaxés ordbues tov
morjva YN, H Oeuehiddns evegyetaxij otdf-
un avriorowyel oty wo gvorablj xardoraon
T0v qveva. Oleg o1 ardbues Exovy aovnixif
evépyeia. Ol dieyepuéves otdbues Exovy amAdg
ueyak teon evéoyeia ano ) Osueliiddn. Kdbe
@ood oV 0 TVEIVAG, VA PoioxreTal o€ puLa die-
yeQUEVY OTAOU, UETATTITITEL OE ULQL TTLO Y OUT)-
Mj, amofdrder oto mepifidlAov Tov evégyeia ue
™ HoYl pwToviwy.
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Na & o mpwToVia. Tov Ppioroviar 0€ wo oTdoTOoN
2x107Pm vo ouynpivete T PoouTnY, TNV MAEXTOLAY How
™V muenvird) O vaun. Alvetow ot 1 uonvir O vaun o
T ™V amooTaon sivon T TéENS Twv 10°N.

AYXZH H Boguunn xow n nhextown 6 vaurn vrohoyiCo-
VTaL ovTloToo. OO TS OYEOELS:
m?
— P o=
Fbar - G? =
=272
Faun = 6,67 407! (L6740 7 )7

N = 4,65 90" >N
(2><1()'15)2

ITAPAAEITMA 3-4

o N

q
r

Fe =k

—
=
flal

[\S]

00 (1640 )2

Fcé =94 (2><10'15)2

N =57,6N

Iapameo ue o M Poguunh & vaun eivar mepimov 1036
POQES 00BeVETTEQY TNG NAERTOLRNG.

H muonvixn & voun, o avtifeon), eivar e TéEng Tov 10°N,
Onhadn mepimov 20 @opég LoyvpoTeE TS Nhextowrng. Em-
Bepoudrvovue €tor ot M Paounxy & vaun Bemositon ople-
MTEQ YLOL JLOL TUTTLXY] OTTOOTAOT VOUXAEOVIOOV OTOV TTUQY-
va.

‘Eva ooudtio o »otevd vetow amd ok poxoLd, Ue to-
X TNTO U, UETWIUAA TQOS TUONVOL OToxo ouluo Z, o
omolog Bewpo ue OTL TOQOUEVEL axrivntog ot B€om Tov.

Boeite v ehdylotn omO0TAON 0TV OOl WITOQEL VoL
TANOLEOEL TO COUATIO O WS CUVEQTNON TNG TAY, THTAS TOV.
H duvopunn evépyeia ueto§ & o goptiov q, q, O€ amo-
otaon 1 diveton amo ™ oxéon: U=Kq,q,/r

AYZH H wmvnuxn evéQyelo Tov cwpatiov, 0to onuelo
OV OUTO OTOROTAEL OTLyMoie AOY®D TG OTWOTHNAG MAe-
HTOUNG O VOUNG, YO V. YURIOEL OTY) OUVEYELD oW, £XeL
uetortoostel oe duvapxn evépyea aliniemidpaons. H nie-
RTOY QuvoURY] EVEQYELDL TOU OUOTNUATOS TTUQNVOS -
owudno o dlvetar and ™ oxéon:

U = 3192 —y (2e)(Ze)
r d

omov d 1 ehdyloty amdotaon petaE  tovg, 2e T0 QoQTiO
TOU OOUOTIOV 0L ®ou Ze TO (OQTIO TOU TTUQYVCL.
H duatiionon g evépyelag divel yio T0 0 OTHuoL:

_ (20)(Ze)

1...x2
ij q

4kze?
mu?

A vovtag wg mpoc d Bolonovne: d =

Ao T OY€0M aUTH WTOEO UE VA 00 HE OTL VLol TTUQNVES
XOUOO , YO TTOLQAOELYUCL, CROUY XOL AV TO COUATIO O €XEL
VKT evégyela megimov 10MeV, dev umopsel var TAnoud-
0O€L 0€ oTO0TAOY WrEOTEQN amtd 23x107°m Tov muphva o
EMOUEVIS VO YiVEL cuoBNTN 1) LOYLEY TVONVIKY O Vo).




