3.2 TA XTOI EIQAH XQMATIAIA

Méyot to 1932 o guotrol motevay Ot OAn 1 A astoteAeiton oo
TEOOEQO. P0G COUOTIOL: NAEXTOOVLAL, TTOMTOVLAL, VETQOVLOL KO (-
tovio. Ta copatidio outd motevay Ot O OLAOTMVTOL OF WHQOTEQO
uéon. Ta mpdta véo cwpotiow fognray oTNY *oowxY axTVOPOALN
mov raver ot I' oo 1o didotuo. Metd ) dexaetia tov *50 ot
(PUOLXOL ROTOORE QLAY OMO %O UEYON TEQOUS ETUTOYUVTEG, € TOUS
OTOLOVG EMUTAYUVOY OOUATIOL OE OO HOL UEYOIA TEQES EVEQYELES HOL
TOOLYUOTOTOLO OOV Q0 OELS UE GOl OmUATIOL - GTOYOUG.

Kotd g ®p0 0€Lg auTég #ivTLny) EVEQYELDL TV CLOYLUDV OMUC-
TV UETATOETOTAY O UALH TMV VEMV COUOTIOV, O UPOVO UE TV
wooduvvopio natog - evépyetag. ‘Etou eldav va yevvio viow Oho %o
VEQ OOUATLOL, TOL TTEQLOOOTEQOL OTTO TOL OTTOLOL TALY EEAUQETLHAL ALOTALO
row Boay Prot. Megurd artd avtd €xouv HEGo YeOvo Comg TS TAENS
tov 10%%. Zfiueoa, mov yvwpitovue megocdtepa amd 200 «oToL-
YELDON COUATION, EEQOVUE OTL TOL TEQLOCOTEQ OLTTO OUTAL, CUUTTEQL-
AOBOVOUE VWV TWV VETQOVIMV RO TMV TOMTOVIMV, 08 BEmEO VT
0L OTOLYELDON, AAAG atoTeNo vTow artd urdTtepa copatiow. Etou
EMHQATNOE TS TQOYUOTLRGL OTOLXELDOELS OVTOTNTES TS ANG VO TLS
ovopdtovue ompaTidte ®oL TG Mo 0 VOETEC CopdTLa.

Ta avriocopdrio

To 1932 o Anderson (AVteQO0V) TAQATHOENOE YLOL TOMTY OO
€vaL oopOTiolo OV NTAY 08 OACL OLLOLO UE TO NAEXTQOVLO, OMAGL Eqpe-
0€ T0 oToryeLndeg BeTind poptio. To couatiolo avtd ovopudoTyre
moGLreovio (e*) xou aotelel To aVTIoOMUATIOO TOV NAEXTEOVIOV.

211 ouvéyela avarok @Onxe To aviigmTovio (P ), Tov elval
OUOLO UE TO TOMWTOVLO, AAACL (PEQEL TO OTOLYELMOES ALOVITTLHO (POQ-
Tl0. Anoho OM0E N avardivym Tov avavergoviov (M), Tov dung
dev €€l poQTio, OIS ®ow TO VETEOVLO. To avTLveToOVio €)EL OUMS
AALOL Y OLQOXTNOLOTLRA, TTOV ELVOL AVTLOETOL OITO ALUTA TOU VETQOVIOU
(®pavuro caBuo ¢). Otav To aviveTEOVIo looTdTaL, TOQYO-
VTOL COUATLOL TTOV E[VOL OLVTLOWUALTLOL EXELVIIV TTOV TIOLOGYOVTOL RATA
TN OLAOTTOLOT TOU VETQOVIOV.

e n00e copdTLo avTLoTOoLYEl ®oL EVO AVILOOUATLO.

To avTILoOUATIOOL TOU (POTOVIOU RO UEQLRMV GAAMY OmUOTIOIWV
tawtiCovtar pe To Ol 1oL copatioln. ZuvibBmg To. aVTILoOMUATIOLO
ovufoMCovTon (e poL Toe Aot TTEvem osto T0 0 PPOAO TOU COUOTLOOL.

O o ovvnBLopEVog TEOTOG AMULOVEYIOLS TOV TOLLTEOVIOU Elvol
TO (PULVOLEVO TI|S TTUQAYWYNS CE YOUS TOLLTEOVIOU - NAEXTQOVIOV.

"Eva potovio vyming evépyetag, ®oBmg aAANAeTdQa (e ®ATTolo
mvva, eEapaviCetan xaw oty B€om tou eugpaviCeton éva Ce yog (e,
e™). = ugwva pe v wwoduvopio nalag ®on evEQYELnS, Ta d 0 ow-
noTidLoL TOU AMMUOVEYO VIO £XOUV EVEQYELDL TOUAAXLOTOV (01 UE:

E=2m.c*=2(9,1x10*'kg)(3x10°*m/sec)*=1,64x10"°J=1,02MeV.

3-9 O ueydios emrayvvrijc oto CERN ot Ie-
ve 0. ‘Eyer meoipéoeia 27km xar Poioxeral
100m xdrw and to édagos. Ta owpatioa uéoa
o’ avtov takide ovv oyeddv ue v Tay THTQ
TOV QWTOS %At ALaAyQAQOVY QUTI] TNV TIEQIPEQELQ.
11000 @opés to devtepdlemto.

3-10 And ™ o yxpovon O o agyixdv cwua-
Tdiwv yevvio vral tedeiws diagogetind véa ow-
uariow.

hf

3-11 Awdyoauua wov deiyver ty dadixaoia wa-
oaywyijc te yovs. ‘Eva gwtovio aiiniemidod
e mopijves oe ¢ AMa pod Bdov xar dnuoveyo -
viar Ge vy (e7, €*). Sty ovvéyeia ta owparti-
o tov e yovs xaumvidvoviar avrifeta uéoa
oe uayvptixd mwedio.



H/lem'gowo e

( ln)r’

'|.-
L'y
ok

-.._.IIOCtrgowo
me)
w., '-.

3-12 Orav éva nlextoovio xat éva moliteo-
vio mAnotdovy, eEapaviovrar xat ta & o xat
elevlegavetal va avtioTowo Toao evEQyeLag.
Zxedov auéowg ) eVEQYELQ QUTI] UETATQETETAL
0€ OWUATION, TEQITTOV OTIWG OYNUATIOTNXE XAl
n Ayoramedta orddiatovE umavrog. H did-
Taén y 0w amo TV TEQLOYI] THG T YXQEOVONS
EVaL QVIXVEVTES TTOV AVIYVE OVY TA TAQAYOUE-
va oouatioia.

3-13 Murray Gell-Mann (1929) agioteod xat
Richard Feynman (1918-1988) de&id. H Oswon-
X1} EQYATIA TOVS 0TA OTOLYELDON TWUATIA Ti-
jnxe ue Nobel to 1969 xar 1965 avtiotoiya.

Tnv aviiotolyn TOVAGYLOTOV EVEQYELD TTOETEL VOL OLOBETEL ®OUL TO
PoOTOVLO OV eEapaviCeton (oynua 3-11).

H avtiotpogn dwadiraoio Aéyetan eEaihman xouw ouufaivel Otav
OUY®QO €TOL €VOL NAEXTEOVLO UE €va tolttoovio. Ta & o ocwpotidlo
eEagpaviCovron xou eupaviCovion & o 1) TEQLOOOTEQOL POTOVLOL UE OAL-
1M EVEQYELOL TOUAYLOTOV 2m,C* (*). AV 1) EVEQYELLL TOV COYIHMDY -
LoTLdlwV ELvon 0ERETA UEYAAY, TOTE TNV TEMAUN ROTAOTOON Ot eu-
POVLOTEL TTAELAO AMAMY COUOATIOV, OALG TAVTOL 1) CUVOMRY EVEQ-
YeLa xa 1 ooy eémeL vo datneo vrow (oxnua 3-12).

H ta&wvopnon tov copatiov

a. Adgovia zar quarks (zovdoxg)

H agBovia twv copatiov xdver vy taSlvouno toug puot wh-
Mov mepimhoxrn vtoBeo. ZVvHBMS 1 TOEVOUNON TOV COUATIWV Boi-
oiletan ong ahdnhemdpdoeas. To cmudtio Tov EXONADHVOUY LOYL-
0€¢ alAnhemdQAoElS AEYOVTaL adEOVLA. ZTOL OQOVIOL OLVIXOLV TOL
TOMTOVLOL %o TOL VETEOVLAL. ‘OAat Taw adpdvial €xovv doun| vaw aoTe-
AO VTOW OTTO TILO PWXQOOROTUXRA CUOTOTIRG, TTOU AEyovTal quarks.
Ta quarks €youv mg oQTio RAAOUA TOU OTOLYELHOOVS NAEXTOLRO
POQTIOV. ZNueQa TOTE ovue OTL To quarks dev €xouv ECMTEQLXY|
dour). Yrtapyovv €8 quarks, oo omoia €xouue dMOEL TEQLEQYL OVO-
LOLTaL ®OU T 0TTolaL Y mEilovue og Tola Te Y.

Ta 6 quarks ewoviCovtolr 0T0 TOQAXATW OYHUCL:

+ua:- %’mm‘m ,&,t:p

up (Tdvm) - down (rndtw),
charm (yonmtevtzd) - strange (0Qdd0E0),

top (ropuen)) - bottom (tvBuévag).

Ag onualdooupe 0T OACL TOL 0OQOVLEL TTOU TTOLQOTNEO UE ONUEQD.
070 2 pray givon guorypéva oo 1o Le yog tov quarks up xow down.

. . P 2 1
To nAertoLro @ootio Tov up eivan 3¢ x®ot Tov down - 3¢

Ta quarks dev epgavitovror moté ehe Ogga alrhd mdvia o€
oundodeg pe dhha quarks. H opadomoinot Tovg yiverol zatd t€Tolo
TQOTO, BOTE TA. AOQOVLY, TTOV OYNUOTICOVV VO £YOUV TAVTIL OXE-
010 NAERTOLXO pooTio (0, +1e, +2e »Th.).

"Etol, yio mopdderypa, To momTtovio ooteheiton omd 2 up xoun 1
down (uud), evdd to veredvio oo 1 up »ow 2 down (udd).

(*) Anuiovoyia evog uovo pwtoviov u’ avej v evégyeia eivar ad vary, yrati Oa maeapfialorav 5 aylj OlaTijonons s oouIs.
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B. Aemtovia

To Aemroviae elvon o O TeQT AVEEAQTNTY RATN YOOI CMUOLTL-
olov. To YoQaxTNELOTIXG TV AETTOVIMV EivaL 0TL OE CUURETE OUV Tgorcovo )
o€ 1oVPEs alnhemidodoeis. Ta Aemrévia dev amoteho v ovorta- o Nezgdvio
%0 dAAOV COROTLOIOV %Ol O€ Oouo VToL amté dAAC. £
Yraoyovv ouvolxrd povo €€ Aertovia. Ta tolor oo avtd, Tov
€youv optio —le, elval To: MAexTEOVLO (€7), rLovio (17) %ol Tov
(v). Ta dhAo ol givar ToL AVTLOTOLY L VETQIVE: Ve, Vyy, Vs 5 w
KaBe gpoptionévo Aemtdovio ammd ta e, [, T €XEL TO drO TOU Ve- _
TOIVO V¢V, V1, TTOV TO OUVOOE €1 0TIG aoBevelg aMANAETOQGOELS TOV. P .
To p #ou 10 T oVUITEQLPEQOVTOL OF OLES TLG OAMMNAETLOPAOELS TOUG W .
orQis Omwg To NAexTedVo. H ndvn toug duopood artd to nhexntoo- @
Vio elvow 1 oA peyoh tepn ndlo tovg. Mdhota to T eivon fao -
TEQO ArOUOL ®OL OTTO Ta VOUurAeOVLa. To ovio xow to tow Louvy ya 3
Myo nou petotpémovion o dila owpotido. To nhextoovio elvon
TO UOVO POQTLOUEVO OTABEQO AETTOVLO TTOU YVIQICOUUE.
Ta vetpiva de dloomdvtal, dev €X0UV OOTIO ®ow N AL TOVS  3-14 Ta mowrdvia xai ta verodvia Tov Tvgrf-

elvow oA urpn M lomg row undevin. va amotedo viar and tola quarks o xabéva.
Duowrd VITAQYOVY ROL TOL OVTLOMUATIOL OAMV TOV TAOOITAVM
COUOTLOLOV.
Béfoua ag unv Eexdue Ot TaL AETTTOVLOL ELVOL COUALTIOLOL TTOV VITALQ-
YOUV UAVa TOUS £0TM %A YL MYO YQOVO, eV Ta quarks dev o € NMAerTEOVIO V. VETQIVO-€
viCovtan Toté udva Tous. s v, VETQivo-i
v. Ta copatidia qogeig dvvdpenv J— V. VETQIvO-T
O dudipoeg arhnhemdpdoels (ouy v ovoudtovron xow SUVANELS)
7OV YVWQEITOUUE ONUEQQ, UE OELOGL LELO UEVNG LOY, OG, ELVOL: 3-15 Ta avriotorya Ge iy twv Aemroviov. Ka-
1. n LoYvon aAAMAET®00o Oéva and ta e, W xat T €eL To dixd TOU Ve-
1N LOXVON A Qaon, roivo.
2. 1 nhextoouayvITLRY OAMANAETIOQOIO),

3. 1 aoBevic alnhemtidpaon,

4. n Papuniry) olnAemidoaon.
*  OLLoYVEES TUONVIKES DUVAUELS UETOE TV VOUXAEOVIWYV TOV TTV-

OMVOL ®OW YEVIROTEQO UETOE TV adQOVIMV ElvVal ATTOTEAEOUA TNG

LOYVENG cAANAemidpaoNG.
* O QUVAELS TTOV OVOTTT OOOVTOL UETAE  TMV POQTIWV OTOL (PO~

VOUEVO, TOU NAEXTOLOUO KO TOU OLYVITLOUO  ELVOL GITOTELEOUOL f’l 66 Mia ”GQU‘/UT?T“‘(ZG’;“{OWO‘ATOU ;00@;‘%

g 1pexTQopaITTEi; akhnhenidoaonc. aveaiidacou éva fayovd is 5 o diagoge.
* H aobevng alinhenidoaon eivan vite Buvn Yiow UG QOTAOES  11%0 ¢ rodmove. ey ewxdva (a) 7 avialiayi
TTOAMDY 0.0TAODV COUATLOINV, YLOL TOUOAOELYLOL TV AETTTOVIWV.  0dyyel oe dawon, evé oty ewxdva (B) oe EAEn.
Eivou vte Buvn emiong yiow Thv EXTTOUIT NAEXTOOVIWV OTTO TOUG

2
K P e #,;.,- i N

i () e f ®) i

—_—— e pe——— - -
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mENVeg, Omwe Ba 6o ue oty emouevy evotta 3.3. H aoBevig

oMMAemiOp0ON elvon rENG EUPEAELOS, OTIMS KL 1) LOYVET), OANG

elvow Toh  aoBevéoTeon.

* O elntnég Ouvauels Letag otV Tou ®UELOEYO V OTO UWOQO-
%®OOoUo elvon amotéleopa g Pooutirnng aAlnienidpoons.

H o yyoovn ®uouxn eEnyel 6reg Tig alAnremdpdoelg petat
TOV CONOTIOIOV 05 OVToALOY ®dTOLOV dAL®Y CORrATOIOV TOU
70, OeMEEL POQELS TOV CUYREXQLUEVOV AAANAETLOQATEMV.

* Toa copatidio poeis Tng Loyveng arAniemidpaong Aéyoviou
yrhovovia (gluons).

e Ta copatidlo QoQEig TS NAerToouayvnTrng aAAniemidpaong
elvon To. porovia. 'Etot, yio moodderyua, oL quotkol eEnyo vty
olnAenidpaon petaE O o mhextoovimwv wg avtalloyn evog
POTOVIOU TTOU EXTTEUTETAL ATTO TO £VOL KO ATOQQOPATAL OLTTO TO
AaAho.

* To omuatido gopeic e aobevo ¢ alnhemidpoaong eivon o W,
W™ no Z°.

* Kot avahoyio mote ovue ONueQa OTL T0 CmUOTIO0 POQENS TG
Paoutnng ahiniemtidpaong ivon 10 Bautovio, Y mwEig axdun vo
VITAOYOVY OEWENTLRES KOL TELQOUATIXES EVOEIEELG.

Ta 6 quarks, Ta 6 AeTTOVLA, TO OVTLOOUOTIOLE TOUS ROW TOL OW-
notidlo oEElS TV OAMNAETOQACEMY AOTELO 'V ONUEQ TIS Oeue-
M®OELS OVTOTNTES UE TIS OTTOIES 1) O VY0V PuoLr1 avTAoufave-
TOW RO TTEQLYQALpEL TLg BepeMmdels aAANAETOQAOELS KoL TNV EEEM-
EN Tov #OOUOV OTTO TS 0YEYOVES OTLYUES TNG YEVVIONGS TOU UEYOL
onNueQaL.

Znuega, otepa oo 15 dioexaToup QLo XEOVLLL 0Tt TN YEVVI-
01 TOU 2 UTTAVTOG, TNV A1) [TOVU TAQATIQO WLE VTAQYOUV LOVO Ta.
710 070000 TOV GTOLYELOODY TopaTdiwv, dOnhad] To up za down
quarks, Tov oVYZEOTO V TA VOUXAEGVLA, TO AEXTOOVLA, T VETQIL-
v, ®0L OL POQELS TOV aAANAETIOQGTEWY.

Iivaxzag 3.3 TA XQMATIATIA ®OPEIX TQN AAAHAEIITIAPAYXEQN

Xrouyelo oopaTidiov gogéa s & vaung
Alnhentidpaon Ioy ¢ Epupéieia ‘Ovoua Mdito neguioag DopTtio
Toyvon 60 TEQLTOV (10_15m) I'whovdvio 0 0
Hhextoopary/xn 1 GITELQN Ddwtdvio 0 0
W W 80,41GeV/c? +e
AoBevig 107 nepimov (107%m) o i 5
Z 91,187GeV/c 0
Bapunxn 10" ATTeLN Baputovio 0 0

Ov ahinremdpdoelg avagégoviar oe O o quarks péoa oe €va vourhedvio. O OQOg «lOy S» OVOQEQETOL OTO
OO0 LOYVQOTEQES €lvol Ol ALAPOEES AAANAETIOQACELS O OYEON UE TNV NAEXTQOUAYVITLXY aAAnlentidpaorn mov
eMOn og povado o yrowong. H «euféhelo» maouotaver T Yot ammdoTaon oty omolo. exOnAmveTal ®Aa0e
alnhenidpaon.
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3.3 H PAAIENEPT'EIA

Swoudrio a

o

U-238 Th-234

3-17 Awdomaon o tov U-238 oe Th-234 ue tav-
TOYQOVI] EXTTOUTY] CWUATIOV Q.

O1 TEQLOTOTEQOL ATTO TOVG TTUPNVES, TTOV UTTAQYOUV 0T ¢ ON 1)
€yovv ooy Oel TEYVNTA 0TO EQYAOTNQLO, Eival aoTaBels. AlooTm-
vrow Onhadn og dAloug TuENVES oL omoloL elval oTaBeQdTEQOL.

Tt dumg pepLrol TuETveg eivon otaBepot xow dhhot OyL;

Fevind 10 Bépa avtod eivon Toh TAo%O. 0TAO00 HEQLHAL YEVIRAL
YOQOATNOLOTIRA WTTOQO V VAL YIVOUV RATOVONTA 0tO TO arOAovB0
TOQAOELYOL:

Ag Bempnoouue €vay Tupnva pe peyaio atouxod aobud Z, otov
0700 Ol NAERTOMES ATTWOTLRES OUVAUELS UETAE TWOV TEWTOVIOV
UOMG 710V OvTLOTAOUICOVTOL QIO TS LOYUQES TTUENVIRES OUVALIELS, TTOV
OUMG OQOVY UOVO UETOE  YELTOVIXMDYV VOUXAEOVIMV. AV OUVEXIOOUUE
VoL TOOOOETOVUE TTOWTOVLAL, O TTUENVALS YIVETOL LOXETA UEYAAOG RO
OL NAEXTOLRES OTTMOTIRES OUVALELS UTTEQLOY, OUV TMV TTUONVIXMDV UE
amoTEAEONC TN OLELOTTOLON TOU TTUONVOL.

AvTog glvon zow 0 AGY0g IOV 0L UEYAAOL TTUONVES €XOVV TLO TTOA-
A& veTpdvio artd O, T TomTOVLOL. To TAEOVAoU TV VETQOVIMY OU-
Parher otV LoYLEN TVENVLKY O VOEOT, XMEIS VO OUVOOE ETOL ATTO
AN o Enon g drtwong Coulomb.

H duadixaoio ®atd tnv oxoia €vag TUENVES LETATQETETOL OE
€vov dAAO dLUPOQETIRO OTOLYEIOV OVOUGLETUL LETO.OTOLY EIWOTT).

‘Otav évag muenvag netamintel avdopunrta oe dilo mueiva,
exA ETAL EVEQYELD LE TAVTOYOOVY exmonmy] axtivoforias. To
(PULVOLLEVO QUTO OVORLALETAL QUOLEVEQYELO.

H éxhvon g evépyelag yiveton ouvnBmg pe €vay amd Toug TRELS
TEOTOVS TTOV TTEQLYQAPOVTOL TAQAXRATM. Ol €VVOLES TNG EXITTOUTTNG
OOUATIOV O, COUATOIWV B RO PWTOVIMYV Y, TTOV TTEQLYOGPOVTOL TT0L-
00XATM, ATTOAdOVTOL RO WG AXTLVOPOAES O, 5 ROL Y OLVTLOTOLYCL.

Avdomaon a

To oopdtoe a eivor £vog Tupnvags nhiov (3 He). Aroteheiton dn-
Ao amd & 0 TEWTOVIAL ®oL O O VETQOVLOL.

‘Otav ouuPoivel EXTTOUTTY) COUATIMV 0L OTTO VO PO TTUENVA, TTOU
AEYETOL UMNTOLROG, O LOTROS 0ELBUOS UELMVETOL RATA 4 now O VEOG
VPNV, Tov Aéyeton Buyarourdg, eivalr otabfepdteQog. Anhadm
Loy, &L

X ® 55Y + 3He

Ag Bempnoouue, Yo ToAdeEryua, TN QUOLEVEQYO SLAOTIOLON OL TOV
ovoaviov (5 U).

238 234 4
BU® BiTh + 4He

IMapoatno pe 6t 0 0ELBUOS TMV TEMTOVIMV OTO AOLOTEQD UE-
Log elvan ioog pe Tov avtiotouyo oto deEd uéhog (dnhadn 92=90+2),
emeldn ovtod emPAarher 1) dSaTnENoM TOL POQTIOV.

Entiong o ouvolxrog polirog aolBuog 0To aolotepod WEAOG Elval
(00g te ToV avtioTotyo 0To OeELO uéhog (Onhadn) 238=234+4), emteldn



ouTo emPAAAEL 1) OLOLTONOT TOUV CUVOMKO  OQLBUO TV VOURAEO-
vimv. @a 80 e ®ou og AMAES TR YQAPOUS OTL OL JLOITNETOELS CLU-
TEG MOETEL VOL LXALVOTIOLO  VTOL OE ®AOE TTUENVIXY ovTiOQOIOM.

Otav ovuPaiver pio Sdomoom o, N UACo ToU UNTOLKO  TTUOYVAL Ei-
vou HeYoh teen ortd 1o ABOLoUO. TV LOCMOV TOL BuyaToLro  TTUETVaL
%xow Tov ompotiov o. Katd ) dudomaon 1 duogoed Tov natov ex-
ONADVETOL WG HLVNTLRY EVEQYELDL TOV BUYATOLHO  TTUOTVOL KO TOU O~
uoTiov a.

81

ITAPAAEITMA 3-5

, 226 . , ,
O vonvoe “ggRa  daomdron pe exmousty) cwpotiov #0C mupnvag éxer Z=86 non A=222.

a. ITowog Buyatods mupnvog oynuotifeton;

O muENvag TOU OVTLOTOLYEL 0T OTOLKElDL OUTAL Elvol TOU

AYXH H ddomaon umoel vo yoopsl og eENe:

22%Ra ® 4X + 3He

H o yrowon twv atopux®v xonw polidv agbudv de-
Eud nou aguotepd tov PBélovg pdg Oeiyver ot o Buyatol-

ITAPAAEITMA 3-6

) , . ,
padoviov “ggRn. 'Etov n duomaon eivon:

2§§Ra ® zééRn + gHe

2V mopamdve ddomaon, av yvogilovue om n pdta  ‘Etol n pdla mov xaOnue xatd ) ddomaon sivol:

tov 2 whRa eivar 226,025406u, n pato tov fj;Rn elvou

~(my+m,)=226,025406u-226,020177u=0,005229u

222,017574u %O CLUTH TOV 2He elvan 4,002603u, Posgite v

evéQyela ov elevBeQdveTOL %aTA T ALGoTaoN. onowomobvtag ™ oxéon lu=931,5Mev Boloxouue 6t
1 evépyela mov ehevBepdveTon elvou:

AYIH Metd ) ddomaon to GBpolopa twv poldv tou

Buyotono  TUENVOL HOL TOU CWUOTIOV O Elvou: E=(0,005229u)x(931,5MeV/u)=4,87MeV

my+m,=222,017574u+4,002603u=226,020177u Ac oMuetoBel ST TO PEYOh TEQO PEQOC CUTHC TNG EVEQYELOC
QUTOTEAEL KLVITTLXY| EVEQYELXL TOVU CWUOTLOOU .

Avdomaon B

Elvow To qouvouevo #atdl T0 0Tol0 EXTEUTETAL OITO TOV TTUQTVOL
éva nhextoovio (dudomaon B7) M éva wolitpovio (dudomaon ).

‘Eto1, Yo mopdderypa, o mupivog ]‘éC oloomdTon o€ TuENva
léN, EVH OLYYQOVIG EXTTEUTETOL ROUL EVOL NAEXTQOVLO.

To yeyovog Ot #aTd TN SLAOTOON EVOS TTUONVOL WTOQEL VOL EXTTE -
WITETOW EVO. NAEXTOOVIO OE ONUOLVEL OTL TO NAEXTOOVLO QTS TTEOU-
TNOYE UECTA OTO UNTELRO TTVENVA. AUTO OV ouvuPaivel givar OTL M
EXTTOWITY) VOGS NAEXTOOVIOU OEIAETOL OTY) DLAOTTOLON EVOS VETQOVIOU
TOV TTURTVOL OF €VOL TTOMWTOVLO, £VOL NNAEXTOOVLO KOUL £VOL LVTLVETQLVO:

1 1 S
on® pte +T,

"Etol 0 00Buog tmv mpmtovimv Z oto Buyatournd mupnva ov-
Edqveton natd 1, evdd 0 a@Budg Tmv VETeovimy pewmvetan xotd 1,
0TOTE 0 CUVOMXOS 0ELBUOS TV VOUrAEOVIWV A Oe peTadAleTon.

H avtidpaon mov maguotdivel Ty mooostive oodleveQyo dudoma-
o Tov l‘éC elvou 1 axolovdn:

3-18 Ta verpiva aliniemidoo v téoo acbevi-
xd pe v A, dote oA & oxola umogo ue
va ta mapatnoroovue. ‘Eva vetoivo umooel va
mepdoel uéoa and tm In oav va unv vmjoxe
xabolov avtij.
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3-19 Amodiéyegon mvoijva Rn* ue exmousmij
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3-20 O padievepyds mvgijvas wov axavrdral
o ovyvd oty @ on eivar tov U-238, o omoiog
e wa oeld amd 14 diaomdoeis, otig omoies ov-
umeotdaufdavovrar 8 exmounés a xai 6 exmo-

umés B, xaratijyer oro 0tabeod 16dTomO TOV

Pb-206.

HCc® YN +e +T
H alnlemidpaon mov eivon vite Buvn yiar T LETOAACYY CUTY|
elvow 1 0oBevig odAnhenidpaon ueta& twv quarks tov vetpoviov.
To copatidw B, ETELdN PEQOVY (POOTIO, WTOQO V VO CLVLYVEUTO V.
O tay TTég Toug Tévouy andun xow To 99,9% g tay, ttag Tov
POTOC.
Emneldn to avtivetpivo aAAnhemoOpd moh aoBevird pe Ty Ay,
1) TAEOTHENOM TOV givan eEcnQeTnd & oxoln. ITapovoidlel udhota
LOTOQLXO EVOLAPEQOV OTL, OTOLV TTOLQATNONONXE 1) TOLOTTAV® OLAOTTOL-
o1 B, TO VETQIVO eV NTAV YVOOTO ROW LE TOL TELQAUATIRG LETOL TNG
emoyNg OeV WtoQo o€ vo aviy vevTel. Ty mapn tov wg yvmoTto
owpotido mpdterve o Pauli (ITdovi) to 1930, yio va pwwopet vo
Loy €L 1 QLTHONON TG EVEQYELAS KOL TNG OQUNG OTY OLAOTALOY TOV
c.H TAQATHENOT TOV VETQIVOU €YLVe TOA  0QYOTEQQ, TO 1950.

€

Avgomaon y

ITol ouyva évag muphvag, Hetd arto o ddomaon o n B, ueta-
OTOLXELWVETAL O€ AALO TTVUETVAL, O OTTOLOG PELORETON OF piat OLEYEQ-
uévn evepyelomt) otalun. O vEog TuENvag TOTE UETATITTEL O Wat
KOUNAOTEQN EVEQYELOKY] OTABUT UE TOWTOY OOV EXTTOUITY] EVOG 1) TTE-
Lo00TEQMV pwTovicv. H duadiwacio auth elvon wogouota pe ) dua-
OLrOOl0L EXTTOUTTNG PUTOS OTTO GLTOUL, OTOLY NAEXTOOVLOL UETOTTTTTOUY
OTTO AVAOTEQES EVEQYELOXES OTAOUES OF KOUNAOTEQES.

Tol OTOVIOL TTOV EXTEUTOVTOAL ROTAL TIS OTTOOLEYEQTELS TTUONVIV
OVOUACOVTOL ARTIVES 1) CORATIOLE ¥ xoL EXOVV TOA  VYNAES EVEQ-
YELEG OE OYEON UE TIS EVEQYELES TV (PWTOVIWV TOV 0OQUTO  PMTOC.
"Evo oo GOeLy Lol EXTTOUTING OXTIVY Y TTOQLOTAVETOL G EENG:

200+ @

ZRn + g (o 3-19)

To o ppohro (*) dhmwver dieyepuévn otaum.

Ag onuetwbei 0Tt xatd ™y exmoumij s axtivofolrias y dev
alAdlet o te T0 Z 0 1€ TO A TOV TTVEIVAL

ZmM @ oM UTaYOouV TOMA QAOLEVEQYX OTOLYELCL TTOV ALOLOTTADVTOL
awBogunTaL. ZuyVva, OTaY €VOg QUOLEVEQYOS TUONVAS daomdtal, O
Buyatourndg muenvog Proesel va givar 1 avtdg aotadng. Tdote ovu-
Baiver po oelpd SlodoyLrmv SLOTACEMV, UEYOL VO RATOAEOUUE OE
€va otaBep0 N va.

ALELGOVTIXRY LROVOTITO TOV CORATLOIOV O, f ®aL ¥

Ta copotido o, B 1o Y, TOU EXTEUTOVTOL OTLS DOLOTTAOELS o, 3 ®ol
Y TOV TTUONVMYV, EXOUV AOPOOETIXY ALELOOUTLXY LROVOTNTAL. ANAOO:

* Ta coudna o poMg mov dameevo v €va @ A0 XOQTLO .

* Ta ocopotidio fumogo v vo dlortepdoouy @ Ao chouLviov sté-
YOV ALYV EXATOOTAOV.
* To ocouatidl Y uwogo v vo. SLoTEQACOUY EHRETE. EXATOOTA

woA Pdov. Adym TS HeYAANG SLELTOVTIANG LROVOTITOS OTTALTO -
VTow VENUEVOL LETQO TR0 AOENS aTtd QUTd.



Toa ocopotidia o xou B, emeldn elvon poQTOUEVA, ®ATA TN OLEAEV-
O TOUG UECQL OTTO TV AT XAVOUV OTOOLOXAL TV EVEQYELR TOUG OLh-
MhemdpmvTog nAexTowrd te cvtiyv. Ta pomtdvial y oty moeion Toug
elte yavouv OAN TV EVEQYELG TOUG Pe it OAANAETIOQOOT RaTOL TNV
0TT0(0L TTOQQOPMVTOL ETE TTEQVO 'V LVETNQEALOTOL.

AL00QLONOS TOV CORATIOIOV o, f ®aL Y

To cwpotido o, f ®ow Y WToo v va SLoymoLoTo v ue ) for-
Bea evog poyvnuiro  mediov. Ta BeTnd OQTIOUEVH COUATLOL O
QoA YOV OGS oL ®ote Buvom astd to medlo, To AQVITLHA (POQ-
TLOUEVO, COUOTEOLD, B aToxAivouv TROg TV avtiBeTy note Buvon
zoL M nhextomd ovdéTepn anmvoPohrio y Oev amoxrhivel xaBolov
(oyMuor 3-21).

PvOpoi dvdomaong - ovog nuiimig

Ag Bempnoovue Eva deiyuo oIt ATOUo QUOLEVEQYO  OTOLYELOV.
O 08RO TV QODLEVEQYHDV TTUONVIV EAATTMVETOL, ROBMS 0TOL OLat-
onwvtar. To pouvouevo opumg avto givar xaBapd otatonxd. Ka-
veig dev uropel vo TeoPAEPeL oLtog uprvag Ba SLAoTTOOTEL Ko TTOLL
KOOVLXY] OTLYUN).

'Eotm 6t »ammora yoovix onyun vrdeyouvv N adldomaotol wu-
onveg. O apBuodg twv diaordoewv AN, ov Ba oupfo v raTd TO
OUEOMS ETTOUEVO OTOLYELNOES X0OVIXO OLAoTNU At, Elvol O PpmvoL
UE TN OTATLOTIXY AvAAoYOoS Tov aptBuo N xow Tov ypoviro  da-
otnuatog At. Anhadn:

AN =-ANAt (3.3)

To A ovopdCetan ot00e0d g ddomaons. To mpdonuo (-) on-
ADVEL OTL TTEOXELTOL VLot Pelwon Tov agBpo  twv muonvov. H ma-
QUTTAVM OYEON YOUPETOL RO MG EENG:

DN
—=-IN 3.4
Dt (34)
%o OnAdver 6m o puBUOS ueTaoAng tov N eivon ®ABe yoovirn oTryun

avaroyog tov N.

H astolvn ) tov guBuo  petofoins Tov oolbuo  Twv mupnvev
ovoudiCeton evegyotnro. Tov deiyparog. Zto S.I. (deBvég 0 oo
uovadwv) povada evepyotnrag ivon To 1 Becquerel (1Bq) »ow 0oiCe-
Tou g o diomaomn ava dgvteporernto (1Bg=1 dudomaon/s).

O ye0vog vrodwhaoiaopo 1M nuiorg T, elvou 0 yooOvog Tov
oo TElTaL, MOTE O AELOUOS TV QUOLEVEQYMV TURTVIV VO UELWOEL
OTO WOO TOV aQYo  aElBuo  Nj. ZTr oUvEYELQ TTAM OL ool Ao
EXELVOUS TTOV ATTOUEVOUV DLOLOTTAOVTOL LECA OTO ETTOUEVO AdoTnua T,
%.0.X.

210 oynua 3-22 paiveton 0Tl 0 AELOIOS TV TVENVOV TTOV OITO-
uévouv, uetd oo dodoyrd yoovird dioaotuara Ty, eivon No/2 N/
4,Ny/8 n.0.%.

Amodetry eton OTL 1 LOONUOTLAY LOQET) TS KAUTT ANG TOV OY1}-
uaTog elvon:

N = Npe™ (3.5)

Mayvijtng

Padievegyo
oefyua

3-21 Awayworouds axtivoforidv a, B xary amd
Hayvntixno wedio.

H otabeod A eivar ueyddn yia padieveo-
Y0 ¢ TVONVES IOV LACTAOVTAL YQIfyoQa
xai pxl I’ avto ¢ mov diaomdvral
agyd.

Ny

Ny/2

Ny/4
Ny8
Ny/16
0 Ty, 2Ty 3Ty 4Ty

3-22 Koum Ay didomaons yia éva deiyua ga-
dtevepyo  arouyeiov.



Av ot oyéon 3.5 dhovue N=N/2 €yovue:

_ Y = N e_éTl/Z p l = e_éTl/Z
0 2
omtd 6mov hoyalBuitovtag aipvouue T o€om TOV CUVOEEL TO (Q0-
vo NCmNG 1e ™ oto8epd A. Anhad:
A _In2_ 0693

O, = %=
R 8

(3.6)

EEetdCovrtog Toug yvmoto ¢ xodvoug nutmng SLOTmoTMVOUUE (ot
aPAVTOOTO PEYGAN TTOLRIA L. ZTO €VvaL ArEO PolorovTon uepind eEou-
oeTind ooy Prar oToryELmHON cwuaTidia pe xodvoug nutong 1072%
1N ®ow MyOTEQO. ZT0 AANO G%QEO POIOROVTOL OL QUOLEVEQYOL TTUOTVES
LLE 0OVOUC NUEWNC IOV rupaivovTon ot 10~s péyot #on epLooo-

€00 Qo 10y 00w

ITAPAAEITMA 3-7

@) 1§C elvon éva padieveyd L0OTOTO, TTOU €XEL YOOVO
nuong 5730 xoovia. Av agyxd og évo delyua vInEyov
1600 mpnveg, mdool Bo améuevay adAoTOOoTOL UETE OTtd
22920 yodwa

AYXH Ago petd amd 5730 x0vio ammopévouy oL ool

ITAPAAEITMA 3-8

mupnveg, OMAadh 800, uetd amd dhlo 5730 xoovior oToué-
vouv 400 xouw téhog og 4 nuiwés (22920 yodvia) amoué-
vouv 100 muprvec.

Bépowa dev moémer va Egyvaue o to pouvouevo eivou oto-
Twonxd o 0 aQBuog Twv 1600 Tuervav glvon oxeTRd pi-
%QOC, YLOL VOL LOY, OVV UE axpifiea oL otamonxol VOuoL.

To podievegyd 'Co enmépmer copdmo p xow €xel x00-
vo nutong 272 nuéoss.
a. Bpeite ™ otabepd didomaong tov.
B. TTéooug PadLEVEQYO ¢ TTUONVES TTOETEL VO £)EL ULOL TV
Co, hote va magovoidlel evepyomra 3,7x10* Bq;
v. IIéomn evepydmmra Bar €xer petdt amo 272 Muéeg;

AYZH o. O xodvos nuiwng eivou:
T, =(272 Muépec)(86400s/muéoa)=23,5x10%.
Suvendg 1 otabepd ddomoong eivon:
1=0,693/23,5x10°s=29,5x10s!

B. H evepydmta eivow n amwdivty T Tov euBuo  dud-
OmaoNS ®ow ATy Lo Tow we AN.
Svvertie —AN/At = AN %o

- Al /At 3,740%s7!

N . - 9
¢ 29,5407 7s”

T = 1,25 30" TTUENVES

y. Metd omod 272 nuépeg o0 aplbuds Tmv mupnvev Bo €xel
ehattwBel 0T0 WOO, omdte xaw M evepydtnta Bo elvon 1
won, dnhady 1,85x10* Bq.

Padroyoovoroynon

H dudomaon p tov 4C Poioxer pict 0o g mo ovvnooué-

VEG EQUQUOYES 0T QOVOLOYNON 0QYavirdv deryudtmv. O *C
ONWOVQEYELTOL 0T AV TEQO. CTEMUOLTAL THG OTUOTPOLOOS (G CLTTO-
TELEOUOL TTUONVIXMDV AVTILOQAOEWYV TTOV TTQOXRAAO VTOL OITO OMW-
uotidua g xoonng axtvoporiag. H avaloyio tov %C mog

12 ’ 7 ’ 7 ’
tov 2C eivau 0tafen 0TV aTHOO@OLEOL #al (0N TEQITOV e

1,3x107%2.



‘Ohot ou Corvravol ogyaviopot €xouv Ty (e avoloyio Tou
“C mpog tov C Aéyw Tov 6Tl Taevowy dvBoana amd To
PUOLRO TOUG TTEQRAALOV ®aw atoPdAAOVY CUVEY(HS OLOEELOLO TOU
avBpoxra 0to TEQRAMOV TOUG.

‘Otav Opmg 0 0QYOVLOUOS TEOAVEL, CTAUATAEL VAL TQOCTAOU-
Paver avBoona ®ow 1 avahoyio Tov 12 C mpog tov '2C ehatto-
VETOL G oToTéLeoUaL TS ALdoTaons f Tou lgC.

Metpdvtag ofueQa TV eveyoTnTa avd povada udtog oe
OElYUOTOL OTTO 0QYAVLHA VML, TTOOTOLOQICOVIE TO TTOCOOTO TOU
“C mov éxeL ATOPElVEL ROl £TOL TTOQO  ULE VL TROOOLOQICOUE
%O TO {OOVIXO OLAOTNO TTOV TTOENADE netd to BAvarto Tov 0p-
YOVIOUO aTtd TOV 0Tt0l0 TEONADE TO 0QYOVIXO VMKO.

IToQOROLES TEXVIRES YONOWOTOLO0 VTOL KO YLOL T {,QOVOAO-
YNOTN YEWAOYIRADV OELYUATWV. AQYIRA €VOL TETQWWUOL TEQLELYE
uévo 1o 1étomo K. Me v mépodo Tov 06vou 1) didomao
tov YK #dwoe *Ar ue y00vo nutomg 1,28x10° yoovia. H nhi-
%l0L TOV TETEMUOATOG BOLORETOU UE T YHOLON TWV OVYAEVTOMOEWV
10V otouyeionv K non “Ar.

Agiyua tov amolbiuarog
HALYETOL HAUL UETATQETETAUL

oe CO, 1 -t
B il . C-12

O el .14

Amoriboua

O C-14 diaondrar oe N-14 EJ
EXTTEUTOVTOG Eval n/le%rgo'wol |
t -

AmapiQunrijc axtivofoliog
uetrodet Tov alfuo
nhextooviov wov =
exméuToVTaUL

O Swvravol ogyaviouol
amoogogo v C-14 doo Govy

85

3-23 O: malatovroAdyor umogo v va
vrodoyioovy Ty nhixia evos amorbdua-
T0S ueTpwvras v mwoootyra tov C-14
OV TTEQLENEL.

ITAPAAEITMA 3-9

H evepydtta 1o0v atuoopouoiro  AvBpoxa, TOU OEi-
AETOL OTNV TOLQOVOLA TOV 12C, elvan 0,255Bq ava yoou-

néolo dvBoora. v avdlvon evog oQyoohoywwo  dely-
uatog, mov mepLéyel 0,4g dvBpana, magatnondnray 0,0386
dlaomdioels/s.

IIoom elvar M nuxia tov delyuatog; O yoovog Nutmng
O 120 elvon 5730 yodwio.

AYXH Av 10 m0C0OTO TOU 1gC Ntav to do dmwg otV
atudoparga, 1 evepyotntd tou Ba Mrav (0,255Bq/gr)x
0,4gr=0,102Bq. O mogatneo pevog duwg ovBudg didomo-
ong elvar 0,0386Bq. Avtd onuaiver ot M avahoyio Tou

onueowvo  0LBuo  Tov 12'C OGS UTOV TTOV UTNOYE TNV
emoyf mov mEBave 0 0QYOVIONOS TOU OElyuoTog Eival:
N _ 0,0386
N, 0102
on N = Nge™, A vouue wg mpog t xon Poionovue:

=0,378. AoyopBuitouue tioo v eElom-

= In(Ng/N) _ 0,971
é 12140 4 >eqi 7!

0,693
5730-1

= 8030 +fiiéa

H otafeod A éyer ™y ;& = =12140 4!



