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Eikéva 16.1
21a Fd\\o - EABeTikd olvopa 100 p€tpa
KAtw and 1o £3apoq €xel KATAoKEUATOE! KUKAIKO
ToUVEN UKOUG 27 XIMOUETPWY HECTA OTO OTIolo
Ba eruTayUvovral PWTOVLA TTOU 1) TENIKY) TOUG
Taxutra 6a @Bdvel To 999,999 % tng TaxUTNTag
TOU PWTAG.

Eikéva 16.2
O emurayuvtriig LEP Tou Maveupwnaikou epya-
otnpiou upnvikwv epeuvav (CERN).

270 e0WTEPLKS TOou daKTUAoU emtTayuvovtal
nAekTpdvia Kkat moditpévia o€ oAU peYAAeq
Taxutreg. Ot puolkol ToTeUouv OTL 0T TIEPLOXT
NG oUYKpouong dNUIoUPYOUVTAL CUVONKEG
avAaloyeg e AUTEG TIOU UTINPXAV OTaA MPWTA
deutepOAerTa TnG dnpioupyiag Tou cUPMAvVTOG.
Ta owpatidia mou apdyovtat ¢’ auTtég TIG
ouykpouoelg Bewpolpe 0Tl anoteAolv kal Ta
BepeNwdn ouoTtatikd TNG UANG.

CEDANALID

And t eivat pTiayugvos o kéouog; lNMota eivat ta BeueALw-
dn ouotatikd g UAnG;

H 13€a éti 1 UAn anoteleital and BepeAlwddn 1 OTOLXELW-
on cwuatidla ekppdobnke apxikd and Toug apxaioug ‘EA-
Anveg. Tov 5° aiwva 1.X. ot 'EAAnveg INGGopol AUKIMTTOG
Kal Anuékpttog unébeoav dTL n UAN anoteleital arnd adiai-
peTa owpatidla, Ta omoia ovéupacav droua. H 1déa autr dla-
NPENONKe TNV apAvela UEXPLTI apxEG Tou 19 alwva, ond-
Te 0 AyyAog XnHikdg NtdAtov (Dalton) unéBeoe 6t Ta oTol-
xela anotehouvral and dropa. O P&deppopvt ota onuavtl-
Kd nelpdpata tou 1911 BouRdpdioe TNV UAN UE IKPOOKOTTL-
KA @opTiopéva BAuaTa (cwpatidla a) kat avakdAuye 6t ta
dtopa €xouv EgWTEPLKT dopr). AntoteAouvtal and Tov Iupr)-
va Kal Ta nAektpdvia. O nuprjvag Tou atéuou Tou udpoyo-
vou ovoudobnke pwtovio. O BouBapdiopdg TwV UPH VWV
0d1ynNoe OTNV EKTOUTTA KAl TNV avakAAuyn Twv AAwV ou-
OTATIKWV TOU TIUPTVA, TWV VETPOVIwY, To 1932. Zuyxpdvwg
péExpPL To 1930 avarttuxbnke pia véa Bewpla, n KBAVTIKY Un-
XQVIKA TIoU Tav KATAAANAN yla TV TEPLY PAPT| TNG CUMTEQL-
POopPA4G. TWV OWHATISIWY 08 ATOMIKN KAl UTTOATOIKY] KA{UaKA.
H avarnrtuén éuwg tng Bewpiag ouvdudobdnke e TNV OUV-
dpopn g texvoloyiag rou enétpeYe ) Babutepn dielodu-
0T OTO E0WTEPLKO TWV CUOTATIKWY TOU TIUPTva.

Erutaxuvtég Kat QvixveuTtég

ApPXIKA N TTELPAUATIKNA MEAETN TNG DOUNAG ToU Tupriva Ba-
oloBnke otn xprion cwpatdiwv anj B and padlevepyd oTol-
Xela mou untdpxouv otn guon. H Babutepn Suwg dieioduon
OTO E0WTEPLKO TWV TIPWTOVIWV Kal veTpoviwv arnartodoe
oUYKpPOUO™ Toug e owpatidla peyalltepng evépyelaq.
MNa autd kataokeudodnkav dlatdEelg OTIq omoieg, Le XPn-
onN NAEKTPLKWY Kal payvnTikwy nediwv, erutaxivovral ¢op-
TIopéva owpatidla Ta omola otn guvéxela kateubuvovtal
Pog €va oTdXo 1] ouyKpouovtal UeTa&u Toug. O dlaTdEelq
QUTEG OVOUACONKAV EMITAYXUVTEG.

Ektdg Suwg amnd Tn mpaypatornoinomn Twy TUPNVIKWY avTl-
dpdoewv, yla Tnv avakdAuyn g doung g UANG artatreitat
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Eikéva 16.3
O avixveutg ALEPH Tou Maveupwndikou epya-
otnpiou rupnvikwv gepeuvav (CERN).
JUOKeUN e TNV omoia avixveuovtav owpatidia
nou napdyovtav otov erutaxuvtr LEP.

01 Sopixoi

oL tng OAng
givan ta :

épra

@
niextpdévia
npOTOVIA %0)
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vETpOVIR
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° @
Kovdpx
Eikéva 16.4

IXNUaTik avanapdotaon g doung Tng UANG.

Kal n kataypagn Twv arnoteAeopdTwy Toug, dnAadr| n kata-
YPaAPpY TwV CwUATIdiwV TouU TIapdyovTal Kal TV EVEPYELWYV
Touq. Amd Ta pwTOoYPAPLKA PIAW TTIOU XPNOLUoTIoBnKav
apXKA yla Tnv avixveuon Twv padlevepywVv akTvoBOAWY
urrp&e peydhn eEENEN OTN CUVEXELQ KAl KATAOKEUATONKAV
TIOA\EG OUOKEUEQ YLA TNV AviXVEUOT] POPTIOUEVWV CWATL-
dilwv kal pwTtoviwv. AUTEG oL CUCKEUEG ovopddovTal avi-
XveuTég. ‘Otav popTiopéva owuatidla KIvouvTal Ue UEYANEG
TaxUtnTeq kaL cuykpouovtal pe dtopa Téte mpokalolv Tov
LoVIopO Toug. To pavépevo autd a&lotoloUv Ol ETILOTHLOVEG
Y1O TNV KATAOKEUT] TWV MEPLOCOTEPWY TUTIWV QVIXVEUTWV.

"Evag avixveuTnq ropel va €xel UEYEB0G TIOANWY UETPWV,
péa nmdvw and 10 Tévougq Kat kdoTog dekddeq ekaToppupLa
eupw. OL eTuTayxuvTeG oe OUVOUAOO |UE TOUG QVIXVEUTEG ETIL-
Tpénouv TV e€Lxviaon Twv HUOTIKWY TNG doprg TG UANG.
ZUYXPOVWG 0 oXedLAoUAG KAl N KATAOKEUT] TOUG £3WOE |Ie-
YAAN wlnomn otnv avdrtugn g oUyxpovng Texvoloyiag oe
Touelg 6nwg n urtepaywytdTNTa, oL NAEKTPOVIKO( UTTOAOY!L-
OT€q Kal n avadrtnon véwv UAkav. A&(Cel va onuelwBel étL o
1otdg erukowwviag (Web) tou epapudletal oruepa Slebvwg
oto dladiktuo (internet) kat arnoteAel Tnv peyaAutepn npdo-
00 TwV TeAeuTalwV XpOvwv OTNnV TEXVOAOYIQ TWV ETIKOLVW-
VLWV, EMIVOT|ONKe apxikd ard emotuoveg oto MNaveupwnai-
K6 Kévtpo Mupnvikwv Epsuvwv (CERN) yia Tig avdykeg Twv
nepapdrov Puoikng ZToXelwdwv ZwuaTidiwy.

16.1 Xroixeiodn cwpatiSia

To 1932 ol emioTrjoveg nioTeuav 0TI TO MPWTOVIO, TO
VETPOVIO Kal TO NAEKTPOVIO eival ol Baotkol douikoi AiBot
™G UANG.

Eixe pBdoet urinwg 1o T€A0G NG LOToPIag TWV owuaTdwy;

To uéANov anédelEe nwg eipaote akdun otnv apxn. H
TPWTN HeYAAN avakdAuyn 1pbe amd MPOCEKTIKY| TIEPAUATL
Kr] LEAETN TNG YVWOTNG padlevepyou aktivoBoAiag B. Oler-
OTAMOVEG YLla TNV epunveUoouy Bewpnoav OTL TO VETPOVIO
dlaottdral o€ €va nMPwTtovio Kal éva nAekTpdvio. Otav Ouwg
oL elpapaTikol mpoodiéploav e akpiBela Tnv evépyela Twv
owuaTdiwv rou napdyovtav o auty TV avtidpaon diarti-
orwoayv o1t dev dlatnpeital! To 1931 o Auotplakdg pUOIKEG
MA&ouAL TPOKELEVOU VA AMOKATACTHOEL TN dLaTrPnoT NG
evépyelag npdtelve OTL padf pe To MPWTOVIO KAl TO NAEKTPO-
vio oTnv napandvw avtidpaon napdyetatl kat €va eMAE-
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ov cwpatidLo mou ovopdodnke veTpivo (SNAadny «Uikpd»
oud€TepOo cwuatidlo). To vetpivo aAAnAemidpd dlaitepa
aoBevikd e TNV UAN Kal yia autd avixveudnke melpauatikd
MOALG TO 1956.

To 1936 oL eMIOTAOVEG TAPATNPWVTAG TIPOTEKTIKA TIG
aKTlvoBoAieg mou €pBavav atn M amnd to didotnua (Kool
K€g akTiveg) dlaniotwaoav v UTapén evég cwpatidiou
Tou eixe (dl1o popTtio e To PopTio To NAeKTPAVIO AAAA HTav
200 popéqg Baputepo and autd. To véo owuaTidlo ovoud-
oOnKe pIovio.

To peydho dAua yia tn katavonon tng doung g UANG
gylve amo Tov Apepikavd euolkd MkeA-Mav (Gell-Mann) to
1964, étav pdtelve OTL TA MPWTOVLA KAL TA VETPOVLA Dev &l
val oTolxelwdn aAd arotelouvtal and AAAa UkpdTEPQA
owpartidla ta onoia ovéuace KOUGpPK.

Ao to TéNoG NG dekaetiag Tou 1960 pEXPL KAl TIG APXES
g dekaetiag Tou 1980, Ot MelPAUATA TOU TTPAYATOTIOL)-
Bnkav ota epyactripta Twv H.M.A. (SLAC otnv KaAipdpvia
kat Fermilab oto Zikdyo) kat tng Eupwring (CERN otnv EA-
Betia kat DESY otn Meppavia), mpoékugav Eupeceq evoei-
Ee1q yla TNV Unap&n Twv Koudpk. H melpapatiky opwg emipe-
Baiwon Tng UANG Koudpk, oTnv Katdotaon nou rpoUnrip&e
OTO ZUUMAV TA MPWTA EKATOMUPLOOTA TOU SEUTEPOAETTTOU
META TNV heYAAn ékpné&n, avauévetal va ipokUyel and Tel-
pduata cUykpouong Baplwy LOVTWYV Tou TPayatoroloU-
vtat oto CERN kat oto gpyaoctriplo BNL Tng N€ag Yopkng
Twv HIMA. Zta neipduata autd nuprveg pe peydaiho paliké
apLBud, m.x. HoAURdoU Kal Xpuoou, ermTaxUvovTtal Kal arno-
KTOUV peydAeg TaxUTnTeg. ZTnV rneploxr oUykpouong Twv
uprvwy dnpoupyouvtal ouverkeg peyAang Bepuokpaciag
Kal TIUKVOTNTAG UANG (dTwg oto apxikd ouumnav). Auto €xel
WG anoTéAeoa Ta KOUAPK Tou Bplokovtal taydeupéva oTo
€0WTEPLIKO TWV VOUKAeoviwv va eAeuBepwBoulv kat va oxn-
patioouv «atpoUg» and UAN Koudpk oe pia dladikaoia «Bpa-
OpoU» gg TIOAU UPNAEG Beppokpaoieq. OL TIpWTEG MELPANATI-
kéq evdelEelg yla Tnv Unap&n autiq Tng véag Katdotaong
NG UANG (UAN KoudpkK) avakowvwenkav arnd To epyacTtriplo
CERN otig apxég tou étoug 2000.

21jpepa roTeUoupe GTL TA TIPAYATIKA OTOLXELWDN CWA-
Tidla opadoroloUvtal og SUO OIKOYEVEIEG, KOUAPK KAl ASTTTO-
via. Ta KOUQPK lval Ta OUOTATIKA TWV TIPWTOVIWY KAl TWV Ve-
Tpoviwv. Ta Aemévia elival owpatidla ornwg To NAEKTPOVIO, TO
HéVIo KaL TO VETPIVO. YTIAPXOoUV OUVOAIKA 6 KOUGPK kat 6 Ae-

Eikéva 16.5
H ukpr| peydin €kpngn
21N neploxr) oUYKPoUONG TwV BAplav OVTwy N
UAn maipvel T Jop@r] TIOU Eixe TIG TPWTES OTLY-
HEQ TG dnuioupyiag Tou oUPMAvVTOG.

TPWTOVIO

VETPOVIO

Eikéva 16. 6
Ta Koudpk eivat ot dopukol AiBol Tou TipwTtoviou
Kal Tou veTpoviou.
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Trrévia rou KatatdooovTal og 3 olkoyéveleg katd oelpd au&a-
voOueVNG evépyelag oty oroia eugavifovral. H ouvriéng UAn
aroteleltal and cwpatidia TG MPWTNG OKOYEVELAG.

2ZUuPwVa e To TIPATUTO TWV KOUAPK T VOUKAESVLA arto-
Telouvtal To kabéva and tpLa koudpk duo TUTIWV Ta U (Up)
kat d (down). Ta koudpk €xouv ¢popTio TIou LooUTal e KAG-
OO TOU OTOLXELWDOUG NAEKTPLIKOU PpOPTIOU, TOU NAEKTPO-
viou, e: To koudpk up (dvw) :=2/3e KaL To koudpk down
(kdTw) —1/3e

MINAKAZ 16.1
ZToIXelWwdN owuatidla TNG UANG Kal Ol OIKOYEVELEG TOUG.
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AvTiowuaridia

To 1928 o0 AyyAog puotkdqg NTipdk (Dirac)
ouvdlaoe Tn Bewpia TNG ZXETIKOTNTAG HE TNV
KBavtikr) Mnxavikr. H Bewpia tou mpogBAere
Vv Unapén ocwuatidinwyv rou n pdla toug €npe-
e va elvat {on pe Tn pdda Twv nAektpovinv To
de popTio Toug (0o al\d avTiBeto e TO popTio
Twv nAekTpoviwv. To 1932 o Apeplkavdg puaol-
k6G AvTEPOOV MAPATNPWVTAG TIG KOOMIKEG AKTI-
veg avakdiuye Ta cwpatidla Tou eixav Ta xa-
PAKTNPELOTIKA TwV cwuaTidiwy Tou NTipdk. Ta

cwpatidla autd ovopdobnkav avrinAekTpovia i 8
no{:rpo’wa. ) MwA NTlpC',lK (Paul Dire{zc, 1902 —1984)
AyyAog puaokdg rou TipoERAePE TNV Unapén

Tou no{itpoviou.

E&aiiAwon
Aiduun yéveon: kai To pwg Eyive UAN
To no{irpdvio eival mapddetypa evog
avtiowpatidiou § evég cwpatidiou
avtiAng. Otav cuykpoucBolv éva
NAeKTPAOVIO Kal éva ToJITPOVIo EEAUAW-
VOVTQL KAL 1] EVEPYELA TOUG HETATPETIE-
TaLoe pwtédvia. H UAn petatpéneral ka-
TeuBelav oe evépyela. Avtiotpopa éva
PWTAOVIO uropei va petatparnei oe éva
CeUyog nAekTpoviou moditpoviou. Auti
n dladikacia ovoudletal didupn yéveon.

"YAn kai avtivAn

‘O\a ta owpuartidla, kal tTa oTolxelwdn, €Xouv Kal Ta aviliowuatidla toug. To 1955 dnuoupyrnonke
KalL mapatnpnenke yla npwtn ¢opd oto epyactrplo {eUyog npwtoviou-avtinpwtoviou. Ta koudpk
kal ta Aerttévia dnuioupyouvTal kal KataoTpépovTal Tavta Katd {elyn cwpatidiou — avTiowpatidiou.
ZUppwva pe tn ponyoupevn ipdtaon Ba €npere va MepUEvoupe va uttdpxel (dlog aplbudg owpatt-
dlwv kat avtiowuatidiwv oto Zuunav. Napdia autd oripepa yvwpiloupe 6t Ta cwpatidla eival eplo-
odtepa and Ta avIlowuatidla xwplig va yvwpifoupe akplBwg Ty attia.
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16.2 Ocpchiodeig aAnAemSpdoeig

‘OAeg ol duvdypelg rou epgavifovral otn euon avdyo-
vtal oe T€aoeplg BepeAlddelg alnAemdpdoelg. Me oelpd
peloUpevng Lloxuog autég eivat: H ioxupn, n nAeKktpopayvn-
TIKA, N agBevnig, n BapuTikr aAAnAenidpaon.

H nAekTpouayvnTikr Kat n BapuTiKr} aANAeTidpaon ek-
dnAwvovTtal kat ge pavopeva tng kabnueptviig Lwng. H du-
vaun tng Baputntag eivat moAu acbevéaoTepn and v
NAEKTpOPAYVNTLKY. I autd N nAeKTPOoUayvnTIKA dUvaun
Kuplapxel oe kpn kAipaka. Eivatl n duvaun rou eivat ureu-
Buvn yla T dour Twv aTOUWV Kal TV Jopiwy Kabwg Kat yla
TIG PUOIKEG Kal XNMIKEG 1OLOTNTEG TWV OTOoLXElWV. ATd TNV
AAAN pepld n duvaun TG Baputntag naifel kupiapxo poAo
OTO OXNMATIONS TWV ACTPWV KAl TN CUpTePLpopd Tou aU-
pravtog og peydAn kKAipaka. Ot dAeg aAAnAemdpdoelq
eu@avifovral anokAELoTIKA 0TO eowTEPIKS ToU Tupriva. H
LOXUpn OUVOEEL TA KOUAPK UECT OTA VOUKAEOVIA KABWG Kal
Ta voukAedvia péoa otov nupriva. H acgbevrg aAAnAerti-
dpaon elval urteuBuvn yia tn didormaon B dnA T HETATPO-
T TOU VETPOVIOU O€ IPWTAVLO LUE TNV TAUTOXPOVN EKTIOWTT
evog nAekTpoviou. And Ta OTOLXELWDN CWHATLA TA KOUAPK
AaMnNAeTIdpoUV pe LoXUpEg Kal acBevelq duvAeLlg evd TA
Aertrévia povo e agbevelg.

2tnv KAaoolkr Quolikn neptypdgpoupe TV aAAnAeri-
dpaom cwuatidiwv e TIG SUVAELS TIOU TIPORAETIOUV VOOL,
énwg o véuog g naykdéoulag EA&ng tou Nedtwva rj o vé-
Hog Tou KouAdpr.

2nv KBavtikr Bewpia unopoupue va reptypdyoupe Tnv
AaMNAeMidpaon HEow EKTIOUTAG KAl arnoppdpnong cwua-
Tlwv. MNa napddetypa duo PopTIoPEVA CWHATIOA alAn-
AETUIOPOUV NAEKTPOUAYVNTIKA, EKTIEUTIOVTAG KAl ATIOPPO-
PUWVTAG pwWTOVIA. AUo KOUAPK aANAeTIIOpOUV LoXUpPd, EK-
TMEUMOVTAG KAl armoppoPwVvTag owuatidla mou Ta ovoud-
Coupe ykAoudvia. Ta cwpatidia mou avtaAdcoovtal ovo-
paZovtal opeig Tng arnAenidpaong. AnAadn Ta pwTtovia
elval popeic TNg nAekTpopayvnTikig dUvaung evw tTa
YKAoudvLa TNG LOXUPNG.

Ta xapaktploTtikd Twv aMnAerudpdoewy eivat:
® O popeig (kdBe aAAnAemidpaon xapaktnpiletal kat anod

SLAPOPETIKO Ppopa)
® H egupélela, dnhadr n andoTaon Mou TPEMEL VA TIPOOEY-

yiloouv Ta cwuatidla wote va aokeital peta&u Toug duva-

Hn.

ol — < pes X
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Eikéva 16.7
Mnyxaviké avdloyo Tng aAAnAemidpaong pera&u
U0 owuaTdiwv.
(a) O veapdg g ekdévag (owpartidlo) metdel
TO Uroupepayk (popéa arnAenidpaong).

To unoupepayk eMOTPEPEL (TO CWUATIO0 dev

aokel duvapn).

(B) O veapdg (owpartidlo 1) metdel To prnoupe-
payk (popéa) de&ld kal kiveitat aptotepd. H vea-
P4 (owuatidlo 2) mdvel To NoUUEPAYK KAl KIVel-

TalL 3e€ld (To 1 anweel - aAMnAerudpd pe 1o 2).
(Y) O veapdg metdel To punoupepayk mpog Ta apl-
otepd Kat Kivettat de€ld. H veapd midvel To prnou-
Hepayk kat Kivetat aplotepd (ta 1 kat 2 éAkovray).

342

OYZIIKH " TYMNAZIOY



® H oxetikn LoxUg.
2Tov napakdTw rivaka rnapouctddovtal oL TEooePLg Beple-
ANWSeLG AMNAETIOPACELS UE TA XOPAKTNPLOTIKA TOUG.

MINAKAZ 16. 11

TA ZOMATIAIA ®OPEIZ AAMAHAENIAPAZEQN

TKAQYONIA : ma owparifk aurd civan umcdBuva yia Suvapog perald Twy koudpk.

H tepdomna evEpyEia TTou
ameheuBepwvel n SiGoTTaon
TOU TTupnva eival amoTéAsopa

g Ioxupfig BUvapng

u;rxl.i:: 1
eppérera : pukpr (107" m)

DOTONIA © 1o owparibio aurd awoTehody To Qg ko tival uredBuva yia Tig Suvdapog
perafd Twy gopniopEvay cwpaniBiwy,

HAEkTpIKG, payvnTikd Ko
YMMIKG QaIVOPEVT Eival
- % QTTOTEAETUOTT TNG
NAEKTROHaYVTIKIG
wyoe : 1137

&Ovapng
apﬂﬂmu i HEYAAR (ATELER)

MAGZONIA ;@ ra cwparifio ourd eiven ymedBuva yia tny ooBevi Sovapn perafd Koudpe
xo) Aemrroviuay,

w * MEepIKES TIEPITTTLIOEIS TTUPMVIKLIV
Al - L. avTIBPAoEwWY Eival aTToTEAEOUT

S Mg aoBevoig Sivapng

toydg : 10°° e B)

euféreia : mokd pukpn (10°® m)

BAPYTONIA ; ma owpariBio aurd eival umedBuva yea 1 Bapuniedg Sovapn perabd dhuwy
Twy owpatifiwy mou Efouy pala.

To Bdpog pag kan o1 i:wriumg
TLHY TAQVATWY EIVOE QTTOTEACDROTO

NS BopuTikng Suvaung

S

woxde : 10°38
euansm : peydin (dnewpn)
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Evomoinon aAAnAemdpdocwy

Baputnta kat HAektpouayvntouds: n npwn npoondbeia

lati untdpxouyv ot Beuehwdelg aAAnAeridpdoerg; eivat modyuartt dtapo-
PETIKEG ueTa&u TOUG;

Mdavw amné uiod atwva ot BewpnTikoi puaolkol opapatifovral Tnv mepl-
ypapr] OAwv Twv aAAnAeudpdoewv TG PUonNg e €va eviaio Tporo. O Aiv-
otdiv poomdenaoe erti TTOAAd Xpdvia va SnNUIOUPYAOEL [id evoTtolnuévn Be-
wpia pe ™ BorBela Tng omoliag 6a unopouoe va neptypdyel Le €va eviaio
TpOMo ToV NAekTpouayvnTiopd kal tn Baputnta. H mpoomdbela tou dev
oTtePOnke amnd enttuxia.

Aluriept Alotdy

HAektpouayvntioudg kat acBevelc aAAnAenidpdoelg: n
nowtn erruxia

To 1967 ot Apepikavoi MkAdooou kat MNoudivuepyk Kat o
Makiotavdg Zahdu npdtewvav pia Bswpia nou gvorolei tTnv
NAEKTPOPAYVNTIKY] Kat TNV acBevr} duvapn.

H Bewpia ipoBAETEL OTL O UPNAEG evEPYELEG, OTIWG AU-
TEGQ TIOU urnopoUpe va TETUXOUE 0 CUYKPOUTELG OWUATL- TEAAEGOY
diwv gToug oUyxXpPOovoug ETITAXUVTEG, 0L Suo aAANAeTudpa-
oelg €xouv Ta (dla XapaktnpeloTikd: .oxU kal eppéiela. ‘Etol
gvorolouvTal o pia eviaia alnAemnidpaon mou ovopdletal
nAektpaoBeviic. H Bewpia npoBAénel Tnv Unapén 4 cwuartl-
diwv mou eivat ot popeig TG alnAenidpaong, €va and autd
elivat to pwtdvio. H Bewpia eruBeBalnbnke 1o 1983 ot nelpd-
paTa rou npayparorowmrienkav oto Eupwrnaikd Kévrpo Mupn-
vikv Epguvwyv (CERN), dmtou ouykpouovtav npwtévia e
avTInPwTovLa.

roYAINMOEFTE

HAektpaoBevng kat toxupn alnAenidpaon: H ueydin evortoinon

21 dekaetia Tou 1980 ol emoTroveg KatéRalav MPooTiddeleg yia TNV eviaia replypa®r] Twv NAeK-
TPaobevav Kat Twv LoXupwv duvduewv. ‘Etot diatunwbnkav didpopeq Bewpieq ot onoieq anokalouvtal
Bewpleg peydAng evoroinong. H avdamtuén autwy Twv Bewplwv Bploketal oe eEENIEN. OLeploodTtepeq
and Tiq Bewpieg PeYAANg evoroinong MPoBAENOUV GTL TO MPWTOVIO dev eival otabepd, al\d diaomdrat
oe Aerttévia kal wtévia. Ma tov EAeyxo autng G NEoRAewNg oxedldobnkav Kal Tipaypatonowtnkayv
nelpduata, Ta omnoia dirpkeocay yia ndvw and Tpia xpovia. Zta nelpduara autd dev napatnendnke did-
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onaan Tou npwtoviou. Ot Bewpieq avabew-
pouvTtal kal véa relpapara oxedldgovTal.

To TeAIKS OVELPO TWV BEWPNTIKWY PUOL-
KWV eival va meptypdyouv pe eviaio Tpoto
Kal TIG Téooeplg Beperlwdelg alAnAeTidpd-
oelg HeTa&u Twv omnoiwv elvat kat n Baputnta.
Mua Bewplia mou Ba netuxalve KATL TETOLO
arnokaleital Bewpia Twv ndvrwy.

O kKA&d0o¢ NG PUOIKNAG, 0 oTtolog aoXoAs(-
TAL KE TN HEAETN TWV OTOLXELWD WV CWUATL-
Slwv kat TIg aAnAemudpdoelg Toug, ovoudle-

TaoTIKN yiati didovTal anavinoelg e onpa-

otrpoveq. AANA kdBe andvtnon gaivetal va
dnuloupyel véa epwtriuara. Mavrtwg 1o Ba-
OlKS epwTnUa: and TL eival pTiaypévog o Ko-
oMog, dev €xel anavinBel akdun MAPwG.

TAL PUOLKT) OTOIXELWOWV CWHATISIWY. AUt N O peydhog erutayxuvtig npwtoviwv (LHC). Zxedidobnke kat ka-

neploxn TG yvwong sival 1dlaitepa ouvap- TaokeudoBnke ato CERN pe ouvepyaoia emomuévev and
OAeqg G Eupwraikég xwpeg. ZT0 £0WTEPIKSO Tou Ba ouy-

A i , KpoUovtal mpwtévia pe peydAeg TaxUtnTeg kat Ba dnuioupyou-

VTIKA EPWTNATA TTOU AAOXOAOUV TOUG ETTL- VTal CUVBRKeS MAPOUOLEG e QUTEG TTOU EMIKPATOUCAY aUEoWS

META T HEYAAN EKPNEN.

16.3 Anpioupyia Tou cUpnavtog

Mwg dnutoupyrbnke To ouumnayv;

H epwtnon prnopel va gpaivetal napd&evn dtav tibetal
0’ éva Ke@AAQLO TIOU AoXOAE(TAL UE TA CWUATIOW Kal TIG du-
vduelg ou aokouvtal PeTa&u Toug.

Tt oxéon undpxet avdueoa otn cUUnePLpopd Twv Beue-
AMwdwv cwuatidiwv 0To UIKPOKOOUO KAl 0TO oUUTAV Mmou
enektelveral o€ drielpa ueydAeg arnootdoelg;

ZAUEPA OL ETILOTAOVEG TILIOTEUOUY OTL TO APAvTaoTa -
KPS Kal To acUAANTTTA peydAo ouvdéovtal otevd. H HeAETN
Tou Tpdmou ou aAAnAemdpouyv Ta cwuatidia étav autd
€xouv TIOAU UPNAEQ evépyeleg Kat BpiokovTal og TTOAU UKPEG
arnootdoelq pag Bonddel ouataotikd va katahdBoupe autd
TIoU ouvERatvav oTo TIOAU LAKPLVO TIApeABdY oTo oUUrayv.

Qg TIg apx€Q TOU €lKOOTOU aAlWvVA UTTHPXE N avtiAnyn o1t
TO ouurnav ritav otatikd, dnAadn ol SlaoTACELG TOU HiTav aple-
TARANTEG. MNipw oto 1930 mpogkuav evdeielg yia to avtibe-

Eikéva 16.8
O Xd&un (Edwin Hubble) o aotpovéuog rou
napampenoe TNV anopdkpuvon Twv YoAagLwv Kat
MAnoe yia dlaoToAr} TOU OUUMAVTOG, EVW
epyddetal oTo TNAEOKATIO.
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Eikéva 16.9
A. Penzias kat R. Wilson dim\a otn kepaia ukpo-
KUMATwY e Tnv orola avixveuoav 1o 1965 aktivo-
BoAia rou emBeBaiwvel ) Bewpia ™G peYAAng
EKPNENG.

Eikéva 16.10
To dtaotnuké TnAeokoémo Huble pe To ormoio ot
EMIOTAHOVEG UIOPOUV va douv TIEPLOXESG TOU OU-
Jravtog orou dnuoupyouvTal véa aoTtepLa,
untdpxet UAN kOUdpPK KATL.

T0. OL eMOTOVEG HEAETWVTAG TIG AKTIVOBOAIEG TIOU EKTIE-
provTav and noAu pakplvoug yahagieg kat €pbavav €wg
eMAg katéAn&av oto oupnépaopa dtL autol ol yahagieg aro-
pakpUvovTay ard Tov diké pag. Aev untdpxel KAmoLog edIkOG
AGYOQ TIoU va pag kAvel va Tiotelouple Tt 0 SIKAG Uag YAAa-
&Elag Bpioketal oTo KEVTPO TOU cUpnavtog. To ouurnav ¢aive-
Tal va dlaotéNeTal (elkdva 16.8).

Mia BeAKTIKT Bewpia ylia v eppnveia Tng dlacTtoArg Tou
oupnavtog anotelei n Bewpia Tng MeydAng ‘Ekpn&ng (Big
Bang) Kdamola gtiyuri oto mapeA83dv 0An n UAN Tou oupmna-
VTOG ATAV CUYKEVTPWEVN O€ [a TIOAU [k Tieploxr. Téoo
n nukvéTnTa 600 Kat n Bepokpacia, dnAadn 1 evEpyela Twv
owuaTdiwy, eixav oe autr TN MEPLOXT] ACUNNTTTA TEPAOTIEG
TILEG. Me ia Tpopepr] Ekpnén n UAN dLaokoPTOTNKE P0G
KABe kateUBuvon kal To ouunav dpxloe va SIaoTEANETAL Kal
va Yoxetat. Autd To yeyovdg Tng dnuioupyiag Tou ouuna-
VTOG OUVERN TipLv Tiepimou 20 dioekatoppupla xpdévia. Opwg
ME€oa oTo MPWTO deutepOAeTTTo TG dnoupyiag cuvéBnoav
KATAMANKTIKA yeyovota.

O Begpehwdelg aMnAerdpdoelg Tou eixav apxikd eviaio
Xapakmmpa, dnAadn éva eidog popéa, dpxioav va dlapopo-
noloUvTal N pia and Ty AAAn. Tn xpovikn ottyury t=10""s,
rou Aéyetat kat xpovog MAAvk, To ouumnay eixe diaotdoelq
niepinou 10" *m kat Beppokpacia nepimou 10%K. Ekeivn ™
oTlyun) n dUvaun g Baputntag dlagoporoldnke and Tig
urtéhotreg aMnAerudpdoeic. Katd mv nepiodo and t=10"s
G t=10" s o1 TpeIg AMNAeTUSPACELG NAEKTPOUAYVITIKY,
loxupn Kat agbeviig ftav evorotnuéveg dnAadr elxav Tov
(d10 popéa. To ouunay artoteAouvTay and éva Piypa Koudpk
Kal Aertroviwy ta omnoia petaoxnuatifovrav to éva oto AANo.

Te xpovo t=10"*s to olunav yrav piypa and Koudpk
kal Aerttévia, ou dlakpivovtav mia peta&l Toug Kal cwa-
Tidla aMnAenidpaong (popelg).

Se xpovo t=10"%s n aoBevric SUvapn dlaopormoleitat
and v nAektpopayvntiky. A&lCel va onpelwdel éti ol Bew-
pieg ™NG AoTpouOIKrG uttooTtnpeifouv 6Tl ol duo aNANnAeTIL-
dpdoelg eppavifovtal evorolnuéveg o€ TiepLoXEg Tou oU-
pravtog ornou apatnpouvTal ekpr&elg Katd Tig omoleq
dnuoupyouvtal véa actépla (ooutepvopa).

To oUunav guvéxile va dlaoTEANeTAL Kal va YUxeTal omod-
1€ 0e t=10"s 1 Beppokpacia Tou éneoe atoug 10"°K. Téte Ta
kKoudpk dpxlioav va ouvdgovTal Kal va oxnuatiouv mpwto-
via kat vetpoévia.

346

OYEZIKH " TYMNAZIOY



>e xpovo 3 Aertd Ta pwtdvia Kat Ta vetpdvia dpxioav
va guvdgovtal Kal va oxnuatifouv nupnrveg. Apxloe €ToLn
€MOXN TNG Mupnvoouvleang (swdva 16.11). Apxikd BE€Rala
oxnuatiodnkav ot uprveg Tou deutéplou 5 H, Tou Tpitiou 3
H kat Tou nAiou ; H. Z0pgpwva ue autr T Bewpia ouctaoTi-
k& 6Ao 1o USPOYAVO Kal TO ALO TOU GUUTAVTOG OXNMaATi-
obnkav tn nepiodo autr]. ZTn ouvéxela 0 OXNUATIONOG Ttu-
privwv otapdtnoe oxedov TeAeiwg.

Mepimou 700.000 xpdvia PeTd TN peydAn ékpnén n Bep-
Mokpaoia Tou ouunavtog énece atoug 3.000K Kal ETOPEVWG
N KWNTIKA eVEPYELA TV NAEKTPOVIWV Helwdnke. ‘ETol Twpa
propoucav va raytdeuTtolv and TG EAKTIKEG SUVALELG TwV
TIUPTVWV KAl va oxXnuatiofolv nAekTpikd oudétepa dropa
udpoydvou kat nAiou. MeTa&u toug dev ackouvtal AoV ol
AMWOTIKEG NAEKTPIKEG SUVAUELG AANA pdvov 1) EAKTIKY Bapu-
TIK) dUvapn. ‘Etol ta droua éAkouv To €va To AAAO Kat n UAN
dpxloe va cucowpeletal, ondte oxnuatifovral mpwTa Ta
dotpa Kkat petd ol yahagieg. H dadikaoia aut dpxloe nepi-
TIoU éva SLoEKATOMUPLO XPOVIA UETA T dnpioupyia Tou ou-
MTTavTog Kat guvexifetal uéxpl opepa. Zuyxpovwg ota
aoTépla oL TIUPTVEG TOU Udpoydvou Kal Tou nA{ou CuvIrKo-
vtal, ondte oxnuatifovral muprveg LeyalUTepou ATtouikou
aplOpou kat dnpoupyouvtal Ta Baputepa oTolxela.

Metd andé 15 dioekatopplpla xpovia n Bepuokpacia
Hewwbnke otoug 3K. Tdte oxnuatiodnkav ol olyxpovol ya-
Aa€ieq peta&u Twv omoiwv kat o yaAa&iag atov omoio avi-
Kel Kal To NAaké pag ouotnua.
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Eikéva 16.11
MupnvoouvBeon
Awadikaoia oUvBeong MUPHVWY TWV LOOTOTIWV
Tou udpoydvou kal Tou Alou. H oelpd aut Twv
avtidpdoewy moteloupe Tl cupBaivel otov
‘HA\wo.
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EPQTHZZEIZ

1. And nota otolxelwdn cwudrtia arnoteleitat n UAn;

2. ZeTolEG amod TIG TE00ePLG BeUEAWDELG ANNAETIOPATELG CUMUETEXEL KABE €va amd Ta MAPaKATw OwUa-
Tido;
a) nNAekTpovio  B) mpwtdvio  Y) verpdvio  d) veTpivo

3. Na avtiotoxrioelg Tig BepeAddelg aMnAemidpdoelg e Ta owpatidla - popeig Toug.

1. BApuTIKN a. pwtovio
2. NAEKTPOUAYVITIKY B. WHw,Z°
3. loxupn Y. Bapudvio
4. aoBevng 3. YAoudvio

4. Na katatdéelg 11g T€éooeplg BepeAlwdelg aMnAeTdPAoELg Ue oelpd petoUpevng LoXUog.

5. Zupnm\Apwoe To MapakdTw Keipevo:

Ta voukAedvia anoTEAOUVTAL ATTO ......vvvveeeee . TIOU EXOUV ... HAektpikd @optio. Ta Aemtdvia
OEV OUMMETEXOUV OF ................. ANNAETUOPACTELG. YTIAPXOUV .................. KOUQPK KAl ............. Nerttéd-
Via TAEVOUNUEVA OF ..... YEVIEG. TA .............. elval ol popeig Twv nAekTpopayvnTIKWV aAAnAerudpdaoe-

wVv. Auo Koudpk aMnAemdpouv loxupd avtaldooovtag éva.....
6. Na neplypdyelg nwg ouykpoTeiTal éva mpwTovIo Kal €va VETPOVIO CUHPWVA LE TO OVIEAO TWV KOUGPK.
7. Tuéxouv (510 kal Tt SLaPopeTikS &va NAEKTPAOVLO, Eva TIPWTOVIO, Eva AVTITPWTAOVIO KAl €va TIodTPdVIO

8. TioupBaivel oe pia dladikaocia eEalAwong kat Tt o pia didupn yéveon; e autég Tig dtadikaaoieg datn-
peltain pdla, n evépyeta. Na eEnyrjoelq.

9. Ti6a oupBel av évag petewpitng Tou aroteAeital arnd avtiun néoel o '
10.TL ouVERN e TNV heyAAn ékpnén;

11.Na xapaktnpioelq Tiq endpeveg MPOTATEIS 0AV CWOTEG 1] AABOG:

a) To oupnav Eekivnoe and uia Uk Teploxr) kat dpxioe va dlaotéNAeTal;

B) H Bewplia yia v €EEANEN Tou ouunavTog Bacifetal otnv apatrenon 6Tt ol yaha&ieg mAnoldlouv o
évag Tov dA\ov;

Y) ApXIKd n UAN Tou oUpmnavtog ftav oAU Bgpur] Kat oAU TIUKVY;

0) Katd ) dlaotoAr Tou ouumnavtog n Bepuokpacia ouvexwg audvetat;

€) O1 BepeAlwdelg aANAeIdOPATELG ATAV APXIKA Slaxwplopéveg dTav 0To gUumnayv emkpatouaay oAU
UWNAEg Beplokpacteg kat dpxioav va gvortolouvtal kabwg To oUumav Puxoviayv;

ot) H UAn oto ouprnav dpxioe va dopeltal arnd To UIKPOKOOUO OToV HaKpOKoopo dnAadr and ta Kou-

dpK Kat AeTtTévia, ota VOUKAeSVLA, oTa dToua, oTa AoTpa Kat Toug YaAa&leq.

ITOIXEIQAH ZQMATIAIA 349



AZKHZEI2

1. Molo Ba rjtav To NAeKTPIKS PoPTio evdg owpatidiou Tou anoteleital and 3u koudpk;

2. To @oprtio evdg avtikoudpk eival avtiBeto and ekeivo evdg koudpk. Ta mdvia aroteAouvtal and éva
Koudpk kat éva avtikoudpk. Moto Ba eival To popTio Twv roviwv rou anoteAouvrat:
Q) and KoUudpkK U Kat €va avtikoudpk d
B) ard koudpk u Kat éva avtikoudpk u
y) and koudpk d Kat éva avtikoudpk u
O) and koudpk d kal éva avtikoudpk d

Mepidnywn kepalaiou 16: Lroixeiddn cwpaTibia

e [1a N PeAETn TG doung TNG UANG XPNOOTIOLOUVTAL ETITAXUVTEG KAL AVIXVEUTEG. Me Toug emTaxuvTeg napd-
yovTal SEoUES TWHATISIWV HEYAANG TaxUTNTAG EVW € TOUG QVIXVEUTEG KATAYPAPOVTAL CWUATISLA TTOU TIPO-
KUTTTOUV and TiG MUPNVIKEG avTIdPAoElg.

® O douikoi AiBot Tng UANG eival Ta Koudpk, amnd Ta oroia anoteAoUvTal Ta MPWTAVLA KAL TA VETPOVLA KAl TA Ae-
TTévia Onwg To NAEKTPAVIO Kal To VeTpivo.

e O11é00eplg aMnAerdpdoelg ot euUon eivat Katd oelpd L.oxXUog N LoXupr, N NAEKTPOUAYVNTIKY, N aoBevnq
ka1 Baputikr. H loxupr] kat n aoBevrg ekdnAwvovtal Hévo OTo ECWTEPLKO TOU TIUPTva.

® JUupwva e To kablepwuévo TPATUTO To GUUMav dnuoupyrienke ue wa Meydhn ékpnén. Metd ) dnuioup-
yia tou To gupnav dtactéMetat kat Puxetal. MapdAAnAa and éva apxikéd Uiypa Koudpk Kat AETToviwy oxnua-
TioBnkav dladoxikd Ta voukAedvia , Ta ATopa, Ta AoTPa Kat ot YaAa&(eq.

BAxIKOI ©PROI

Emutaxuvtég Aerttévia
AVIXVEUTEQ MeydAn €kpnén
Koudpk

350 OYEZIKH " TYMNAZIOY









