KOVTIOYMZEAH
NEPIXTEPAKH

90
ITPONTION 4
Jor
32

| U 235
OYPANION
Ao

>4

A
[INEANRRLN




WnionoiBrke amoé 1o ivotirouto EknmaideuTikrg MoAmkrg



STOIXEIA
MYPHNIKHE ®YXIKHZ

nroszoereTal AQPEAN
YO THE

EAAHNIKHS EMTPOMNHE

ATOMIKHE ENEPFEIAZ

WnionoBnke amod 1o ivotirouto EknmaideuTikrg MoAmkig



WneiomoiBnke amoé 1o ivotirouto EknmaibeuTikrg MoAmkrg



O.T.KOYFTIOYMZIEAH I.T.MEPIITEPAKH

KA@HTMHTOY THI @YZIIKHI TOY E@NIKOY AFOZ OYEIIKQN EMIITHMON, KA@HTHTOY
M. NOAYTEXNEIOY, FEN. TPAMMATEQE EA- EMNIMEAHTOY EPFALTHPIOY ©YIIKHE TOY
AHNIKHE EMITPONHE ATOMIKHI ENEPTEIAL EQNIKOY METIOBIOY NOAYTEXMNEIOY

2TOIXEIA

NYPHNIKHY ®YZIKH2

EIZATQIrH-ATOMIKH-TTYPHNIKH

MAPOL XPHEIN
TON MAGOHTON TON N'YMNAZION, TON TEXNIKQN IXOAQN
KAl TON YNOWH®ION AlA TAL EIZATQrIKAL ESETATEID
TON ANOQTATON IAPYMATON

EMKEKPIMENON YMO TOY YMOYPIEIOY E@NIKHEL MAIAEIAL

BIBAIONQAEION "FIPOMH@EYE"

N. AAIKIQTHEI KAl YI0O! O.E.

OAQL ITAAIQOY 41 — AQHNAI
1260




T SVATITOO TO0 TapdvTas guyved & Gl h v udpm,

dvzu eyypdpon ddstos Thv ouyypupiny

COPYRIGUT BY TH. G. KOUYOUMZELIS AND 8. G, PERISTERAKIS

TPADIKAL TEXNAL: I, MAKPH — [IAITAAJAMANTOIIOYTAOY 44 — AO@HNAL

WniomnoBrke amod 1o ivotirouto EknmaieuTikrg MoAmkrg



ADPIEPOYTAI

&ic cnv Avciie Mepajerdenea

v PBacijieeav c@v ‘Egjivwy
DEELALE IR N

Dia ¢o woyvciuov évdiagéoov Tng

wpos thv SHopnvirnv Pocirny



WnoionoBnke amod 1o ivotirouto EknmaiSeuTikrg MoAmkrg



oTrPoAOrox

Ebvar avapgiopjtytor e 1) ddaczaliia zal i ¢hy 1of palijpates vijs Poouiys els
T Méany * Exzaldevaw dpictavtar eis 6ha ta Kpdty fxovyyoonouor zal doyarotvta
dglivels ovoxépers Exl Tob Todaov Tijc dpappoyijs T petafoldr wdtar, va daogevyloty
#aTd TO dvrator ai dxedTyTes wal 1) ddTopos petdfacs els véas dvtilajpers, ai omolo
fia jjAdalov pilue@s ThHy év T mpoyodupatt xatuvouny tav tmololzor palypdror.

“H anueporyy Suws Exop), xakds i) xaxds, telve els iy Koouoxparogiar vije Goais
wai T Mafljuarizdr, de facuadr corteieaton tijs éfeiioaoéz arlloommim: vdoeen:
xai Teyvexijz, Totto 0

e Ahjpws avayrwowei dro tods ddacxdiovs Ty dhdwy walh-
pdtoy, zarwoodytor Ty ddveomyTov mopeiur Tic Teymuxijs mwooddov, Ty atyotlopéyy
olyl &2 PEYULOPUETS ETUOTIHRHOYUS %ul EQEVINTAS, (mw: madudtegor govéffuver, Gila els
Y f‘n_uurﬁr;ﬁ:n' el rn'l"nn'mlmf'm,u' .i?g;'rtm'ru' stolddnw zal Pucxdc Juogr,"(uiufl'(rw .f':nm‘l;‘,mfi'mr
sl TEFVLOT.

Oewpoiper dfer iy daoyoéwow zuva vy €l i Dvoujc év "Eliade i
staflhuer Tupd T6 wlevpor Tod cvradédgov xalyyyted Tdr Quowdn év ] Méay "Ex-
Tadedaer xal va poylijcapuey or I’Fuéfn' "2 lapa palyoiy, Sotis Tdeor dupd va pdly Ta
vechteoa Emmredypuara Tz Pootzis, To 6moln 1o aToépovy mpos Tas Herixas fmonijpag.

"Ocoy dgood Ty avyyoapiy pifilor Povaciaxdjs @uoijs 0o elrar ofjusgor ai

neliveiz Taoes @ a) iy éx véov ocuyyoapn fiuf

oy oThelopfvay el véas dvtilajpecs xul

dyr T mapayéucua S véag Thys madwdr xepdvor — Foto xal mayxelvos dveyvog-
Guérmy — o2 dolotwy el 16 eldoz Twv zal 1) 1] dwatijonec TdHr Talaod TiTow kegpévor
OO TOVTETLOJHUEVY JOQENY ol THY TU0aAijios yoncuomolyow véor ceyidven dvagepo-
pévou eic Ty (pera 16 1900) Devieyy Neorépar Qvovdy xzal oyl el vy Fgyopo-
Gy ToadTyy, xatdiinior moo: dduokakioy eis eitixds Teyvied: Yyold:.

Ty devtéoay dmoyper E66ximer 2 doudlovear did Ty mutplde uas pé fdow iy éxi
TotaxTaETIon guveyri] dduoxakior pas eiz vy Méony Exzaldevew, els 1o Havemonipor
“Abgran el v T LOveeor M. ITojvreyvetor. ods jpds 88 cvvepdvioay xal Sooy éx
1@y 2.x gvvadélpmr Tijs M. Exaadebocns oonijiyoay éxi 1ob nds O dvvduela ovves-
yalduevor va felridbamuer 1o énlmedov vijz Duoweils, ovppdrns meos Ty Embvular vijs
A. M. zijs Baoilicons t@v “Edljvev, tip oyetuop éyxixlor 1ol mooiotauivon pus
z Ymovoyed vijs Haidelac xal Ty dxawdevrey Sryospoteay moocnd-
Oaar tijc « “EAlngveeis *Ercoonijc " Avopusijs > Evepyelac ».

Oirw xatelijEapuey els Ty ovyyoayiy Tod dva yelpas foyov, Tod dmolow meo: T6 Tapiv
dey yrewolfopey Suolas otdluns Erepor elg vy Awlvi fiflwoyoagpiar.

T sweoreydpera savevepwinoar elz tolu péon : vy Eilcay wyijr, vy "Arop
v xal vy Hvonvixyy Poor xijr.

Eiz mipy Ligayowyny perd vip lotoousdy drasedanow pivetar ple elvtopos Eqavddapps
FrooTor xegalainy Ex T xlucaixils Poousilz, dpwpdrar péoq &vo; yereartioon aploua-
705 2al év guregele doyoloduela pé Tas vewréons Dewolas s ooz, Qéuara diofatu
zal DduxTidS womaoTid, T 6mole agocemalthiouuer va draldvouer did vi o) yivouer
oL doyuarixol, f¢0 Goov udlota Ofv Suxaoduelu vi yoyowmovisouer vy ualhy-
patzy ardiveo, Adye Tod xvalov mpoogiopot Tot fifilov.

WnionoiBrke amo To ivotirouto EknmaiSeuTikrg MoAmkrg



8 IPOAOTOZ

Eis tip” Aropueny @uoveiy, petd mip Edleaw tdw zeol i doutis ToT arduov Bewgiiv,”
clocoydusha el iy fewptar Tot Bohr zal dvantdooouey, dooy Lz o Svvator dwiodore-
oov, Tovs xfavtixods dglueds xal Ty é& adraw Emayoudrmy HASHTOOVIHIY HuTavOT]Y.
By quveyeia, dumpaypatevduela T meol poolmv xal xovordiiow did va zataiiEmusy
iz 10 whpiov Déua pac, Ty Hvonydy Gvaixiy.

Kara oy ouyyoapipy Tof péoove todtov émexpdnaey 1 oxéypis va éxléomury Ta mod; -
pate G0 TEuuaTIziS xal pavoueroioyiic Tlevods avagdoovtes éxdorore TEOLATDOELS
bewouiiy, Tiw drolwy al moopiéypes énniiflevoay 7 ol fdoec abram Eounrelar Ofy elvat
aagdciroc dt Tov péooy dvayvdetyy. Iloklal magdyoagor dgoooty Tas dpaopoyac iz M-
iz Paui]s xal ToTto Mt Elewmioauey drapaitytov va ddowuey eis Tode cvvadéigovs
tijs M. Exmadedaens vy dvvatdryra va xduovy dtadéfeis eis sdod zowdy, yonciuomototvres
0 & T fufplie Siady, 7 dnloveTetovtes ToiTo dyaidyms Téw éxdatore mepiTThGEWY.
Yaodewxvbouey 7p0s tovtorz, d: dvwrtéoas ordluns foridnua, to éEalostov Pifiior Tob
Glasstone «Sowrcebook on Alomic Energys, toi émofov Tip "By Exdocty Etot-
wilee ) US.LS., a6 i alyida voi “Yaoveyelov Hadelas.

Kura vy éxtiamon Egonoyuomoniinoay orotyeia 6o ueyeldv. “H ué va wzodtepa
atougela Tomopdy T dtvatar va zapapeooli] xata Ty wodTny dvdyvwow zal ai ué
dagTenlanoy onpetotuevar mapdyoagor dmoteioly pépos Tijs Tinc, dvvduevoy, dvev fAdSnc

Tijs ovre

(5 TOY Evvoldv, va magalelneta, diws Stav 6 yodvos dév miroémer Ty dvetoy pe-
Aty abtom.

Jhartéoa oruactu aneddly el Té ayifpata, Tas eindvas zai vy émeiynoly Tov. "Ola
imehéymoay xal éoyedtdolinoay et weydlns xpocoydz, el Todnor dote va dicvrolivorw
Y xaTUYONOW ToD #ewévov, mapd To yeyovds 6Tt To péyefos xal & doliuds twv O éxé-
peoey avénow Tdy oelidwy Tod fifiiov.

‘Exzlngotvres edydniarov zalijzov éxpodloper Tas edyaoioting fjudy moos Tovs ovvep-
varas pas #x. New. Tapvepdiovzal Anu. Aewrvidov, pornyras ot Dueixod
Tunjuatos tis Poowzopalnuaredds Lyokijs 1oo Haveruornuion’ Anvar, dud Ty oocexti-
zipy zal owletuap foyaciay Twr éxl Tic BAns xal eixovoypagiicewe Tod fifiilov.
Erions Expodloper tis edyupiotius pas medc tov “latody xal Xnuxov z. Kwy oz,
Dy, dores elye Ty zadoobvyy va diefédln aiewotdxs Ta yelodyoaga To8 xegalaiov
Ty épapuoydy Ty padtoicotdmwy xal va moofi] eis ebotdyovs vmodelsic.

Tov: govteléaavtes elc Ty dotiay éupdraw tof Bifliov uas, Tov xallitépmp cye-
daogripy 2o odvvgy ITezodv, tov Teviedr Aevbovtip ot doyootaciov oagquxdv
Tegvaw w.°1. Maxofjv zal wov toyzoyedpor z. I. May xo@{ ov, edyaoorobusy
fleouds zal damo tijs Déoews Tadrys.

Hagadidovres td fifilov todTo el Ty Ojuocidtyra, Géiouey va motedmpuer, éte O
aureléoy els Ty Efdywaw Tot fmimédov TEY yvdoswy Tz Duoils TdY ualntov xai
caovdaotdv, éav O¢ toito fjfledey émrevyli] Oa dmetéier 00 Hudz dyiotnyy ¥y ixavo-
0oL,

*Abiyar, lavovdowos 1960
0. I KOYT'IOYMZEAHY
2R IIER TN R AR

WnionoBrke amoé To ivotirouto EknmaiSeuTikrg MoAmkig



MPOSDHPEPETAI

S Al
EAAHNIK

ATOMIKHEZ

ININAEZE TGN IEPIEXOMENQON

MEPOEZ HNPQTON

EIZATQIrH EIZ THN ATOMIKHN
KAI IYPHNIKHN ®YZIKHN

A’ —|ZTOPIKH ANAAPOMH
Stafuol Tpoddov Tijs NewTépas Quokiis o. 15.

B'—H ZYZTAZIZ THZ YAHZ
Mépia. "ATtopa. ZToixela o. 17. — To mepro8ikdy cUoTnua TéY oToieiwy a. 19. — Al kaTaoTdosis Tis
VUAns o. 21.

" — ZTAGEPAI THZ ATOMIKHEZ OYZIKHE

"ATopixov Bapos (xnuikol oToixeiov) 0. 24.— MpaupodTopov - Mpappopopov  (Mol) o. 25. — ‘H oTa-
8epd Loschmidt o. 25.—AvTioTorxia T povabos dropxol Papous (MAB) mpds ypauudpia o. 26.—
Arauetpos arducv 0. 26.— Movds &romkddv palddv (MAM) o. 27. — *Acxfices o. 28,

A'— AOMH TOY ATOMOY
Mevikad yvdoes o, 29.

E'— APXAl KAl @EMEAIQAEIZ ENNOIAI THZ NEYTQNIOY MHXANIKHE

*AfiopoTa ToU NeuTwvos ¢. 35,

ZT' — HAEKTPIKH AFQTIMOTHZ TON AEPIQN. ATQIIMOTHZ EN TQ, KENQ,

“loviguds Tév depiwov o. 40. AUToTEANS dywyiudTns o. 42. — KabBobixai dkTives o. 43, — GopTiov Tol
fAekTpoviov ¢. 44. — M&Ga ToU fjAexTpoviov o. 46. — QoouaToypdeos uafdv o. 49. — Agkrges
&= 5l

Z' — BEQPIA TQN KBANTA

*HAexTpouayvnTik Bewpia Tob Maxwell o. 52. — ’HAsxTpopayvnmikov ¢doua o. 54. — Zuyvétns,
ufikos kUpaTos kai SeikTns S1afAdaews 0. 55. — DLopicuds 6. 56. — PWTONAEKTPIKOY pavopevoy 6. 57. —
To péhav odpa o. 58. — Qewpia TGV kPavTa 0. 60. — "ApiunTikov Tapdberyua UTohoyiouol dvepysiag
ewToviou 0. 63. — TMpakTikds xavew o. 63. — ‘Epunueia ToU pbopiouol xai Tol ewTonAexTpikol pat-
vopévou Bdasr Tiis Beopias T kPavTa o. 63. — "Acknoes ¢. 65.

H'— AKTINEZ RONTGEN

Meviké 0. 67.— DUoIs Tiis dxTvoPorias Rinlgen o. 67.— ZwAfjves dxtiveov Ronigen o. 68.— Odouara
dxTiveoy Réntgen o. 69. — ’IB1étnTes TdY dxTivww Rintgen o. 71. — *Eqapuoyai Tév duiveoy
Rontgen o. 71. — *Aoxfioeis o. 72.

WnoionoiBrke amoé To ivotirouto EknmaiSeuTikrg MoAmkrg



10 IINAZ TON HEPIEXOMENON

Q' — OEQPIA THEZ ZXETIKOTHTOZ

levikd 0. 73. — "Afiwuata Tiis Sewpias Tis oxeTikdOTNTOS 0. 74. — Zuvémeion Tfis Bewpias Tiis TXETIKG-
™Tes o. 75. — "Agxnoeis o. 79.

I'—=H AITAH ZYMTIEPI®OPA TQN ZQMATIAIQN TOY MIKPOKOZMOY

To owpaTidiov - kipa a. 79. — Gaivépevov Complon o. Bl. — Té UAik& kipaTe s kUpaTa mifavéTn-
Tos 0. 83. — *H dpyn Tiis &PePondTnTOS O. 84.

MEPOEZ AETTEPON
ATOMIKH ®@YXZIKH

IA'— H AOMH TOY ATOMOY

“Ymobeiypara drdpou katd Thomson kai Lenard o. 88.— Ywédberypa drépov kard Rutherford o. 89.—
Ymoberypa drdpov katx Bohir 0. 91. — To &ropov ToU USpoydvou a. 92. — TTpdTn ouvlhkn ToU Bohr
g. 94. — "Evipysia ToU fAekTpoviou ToU &topou Tol UBpoyduou o. 95. — KupaTounyavik épunveia T
wpwTns ouwvlnkns ToU Bohr o. 97. — Aeutépa owvBrikn ToU Bohr o. 98. — Zté&Bucn dvepyeias . 98, —
Té gdopa Tol dréuou ToU UBpoydvou 6. 100. — Abyepois “xai foviopds Tol &réuou Tol USpoydvou
c. 103. — *Acgxnoeis o. 104.

IB'—H MAINHTIKH ZYMTEPI®OPA TOY TEPI TON TTYPHNA ZTPE®OMENQY HAEKTPONIOY

Booikai yvooss o. 105. — Al payvnTikai powad ToU AAekTpoviou ToU &Tdéuou . 107.

Il — Ol TEZZAPEZ KBANTIKQOI APIGMOI

‘0 mpddTos kPavTikes apducs 0. 108. -- ‘O Beltepos kPavTikds &piBpds o. 108. — O TpiTos KBavTikog
é&pBuds o. 111, — ‘O TétapTos kPavTikos &piBuos kai TO govépevoy Zeeman o. 112,

14" —TO TEPIOAIKON ZYZTHMA TQN ITOIXEIQN KAl H ATTATOPEYTIKH APXH TOY PAULI
To mepiobikdv aloTnue Mendelejew o. 115.— *Apx# ToU Pauli 0. 117.— “H ta&wdpnois Tév fiektpo-
viwv &ls pAoiovs o. 119,

IE'— TA ®AZMATA TON AKTINQN RONTGEN

Zmoubn Tév gaoudTwy 0. 122, — Nouos Tod Moseley o. 123. — Kavdveg ¢miAoyfs o. 124,

IET" — H AOMH KAl TA ®AZMATA TQN MOPIQN

Oi xnuixot Beapoi 0. 125. — ‘O éTepomorixds Seopds o. 126.— O dpoiomoAikds Beopds o. 127. — ‘O Tro-
Akdg Beouds o. 128, — Mopiakd gdopaTa. $dopara ik mepioTpopfis 0. 128. — DdopaTa TaravTd-
oewv 0. 129. — To edopa Raman o. 131.

12" — H AOMH TQN KPYZTAAAQN

Kpuotadhika ouatipaTa 0. 133. — Auvépers tvros Tév kpuoTddhewv o. 135. — Tpoodiopionds Ts oTa-
Bepls TAtypaTos o. 135, — Of kploTtaddor &5 gpéyuaTa TepidAdoesws o. 136. — Tleipapa ToU Laue
0. 136. — ‘H ouvnxn Dragg . 137. — *H uéBobos Debye - Scherrer a. 139.

WnoionoiBrke amod 1o ivotirouto EkmaiSeuTikrg MoAmkrg



TIINAZE TON IIEPIEXOMENQN 11

MEPOX TPITON

IIYPHNIKH ®YZiKH

iH — H ®YZIKH PAAIENEPTEIA
Tposigaywyikai yvaoels o. 142, — ’Avakdhuyis Tis puoikiis padlevepyeias 0. 143. — T& guokds pabi-
cvepyd oTorkele . 145. — “H éxmivoPohia Tév padievepydv oTorxeicov o. 145, — "Axtives ¥ a. 147.
@' —H MEIQSIZ THEZ PAAIENEPTEIAZ. Al PAAIENEPTOl OIKOTENEIAI. H PAAIENEPTOZ IZOP-

POTTIA
PaBievepyds Tapaxur]. Méon Sidpkeia {wiis T@v podievepydv mupriveov o. 147. — "Hinfwn {xpovos
iodimAaoiaouol). Méon fwh o. 148. — Al olkoyéveicn Tév puaikév paBievepydv oToiyelwv a. 149, —
PaBievepyds looppoTria o. 152, — *Acgkioeis 6. 152,
K'— TA NOYKAEONIA : TTPQTONION KAl NETPONION
To wpwToviov o. 153. — To verpéviov o. 154. — Tpdmor Tapaywyis vetpovicy . 155. — "EmPpdduvars
&v vetpovicv o. 156. — Kearnyopic mrupfivewu o. 158. — *Ackfozis 0. 160.
KA’ — TO TTOZITPONION KAl H TEXNHTH PAAIENEPIEIA

T& wolitpdviov o. 160. — ‘H Gewpia Dirac ol wofitpoviou g. 161. — Texvnth padievéipyaix a. 164.

KB’ — Al PAAIENEPTEIAl o, B, y. TO ZQMATIAION NETPINO

‘H paBievépysia o 0. 165. — To gawduevoy Tfis onpayyos o. 167.— ‘H dmoppdenos Tédv gwpamibicy
x o. 168. — “H paBievépysia P ke B 0. 169. — “H &moppdenois Tév gwpamibiov p g. 169.— ‘H Trpo-
fheuois TV owuamidicov B o, 171, — To vetpive 6. 171.— "AvakepaAaicwots 0. 173.— ‘H padievépyaix
vy o. 174. — ’Acknoeis o. 175,

K — ANIXNEYZEIZ KAl METPHZEIZ AKTINOBOAIQN

*ARANAeTIBpacis dkTwoPoMdv kai UAikdv cwpdTwv o. 177. — Movébes pabievepyeios kal Bdotws
5. 179. — Sxéois peTaly Booews xal Prohoydis Spaoews TGV &kTwoPohdy o. 180. — QwpoTai kal
Grap@unTal dxTivoPohbiv o. 181. — "AmapiBunTtal omvinpioudv o. 181. — Bdhapos Wilson o. 183. —
DawToypaixi] péBodos TapATNENOEWS KIVOUREVLY cwpandicy ¢. 184. — 'AmopiBuntns Cerenkov
c. 186. — 'AmapibunThs Geiger - Miiller o. 186, — ©dAapor loviopol o. 188.

KA' H ENEPTEIA TOY TTYPHNOZ

Aoph ol Trupfives . 189. — Tupnuixad Suvduels o, 190. — Giois TéY Tupnikév Buvdpecw . 191, —
"EMAeupa pédns. "Evépyeia ouvbéoews. YmobelypaTa mupfivev o. 191, — "Yméberypa Tiis kata photous
Sopfis ToU TTUpfjvos o. 194,

KE' — EMTITAXYNTIKAI AIATAZEIZ

HiextpootaTiky yevwwnTewx Van de Graafl o. 195. — pappikoi émiraywral o. 196. — To xUkAoTpov
a. 197. — Té ouyyporUxioTpov o. 199. — To PritaTpov o. 200. — To aUyxpoTpov fexTpovieoy o. 202, —
To aUyypotpov TpwToviwy o. 202, — "Ackiaes o. 204.

KET' — TIYPHNIKAI ANTIAPAZEIZ

Tupnuikai dvmiSpdoes o. 205. — *Aoxnoeis o. 207.

WnionoiBnke amod 1o ivotirouto EkmaiSeuTikrg MoAmkrg



12 IIINAZ TON IIEPIEXOMENON

KZ' — PAAIO-I-ZOTOTTA KAl EOAPMOTAI AYTON

levika mrept footémev o. 207. — Kupror TpdTer ypnoipomoroews padicicoTémewy o. 207, — ’Aviyveuois
dxtvoPohidv o, 208. — *Egapuoyai els Thy ‘laTpiiv kel Biohoyikiv fpeuvav o. 209. — ‘Eoapuoyai
Tév padivoTémey eis Ty laTpikiy Sidyvwow o. 212. — ‘Epapuoyat TéU padioigoTtémev els Thy
GepamreuTikiv @ 215. — BioAoy ki) Sp&ois Tév dxTivoPohidsy o. 218. —*Egappoyai TéHv padioicoTo-
v &l TéY guTiv 0. 219. — "Egapuoyal Tév padicicoTtémwy i Tév {dwv 0. 223. — *Egapuoyal
Tév padioicoTémwv il TéY dvTopwv o. 223. — 'Epapuoyal Tév padioigoTémeov eis THY Biopnyaviav.
Metprioeis o. 224, — Padioypagia a. 226. — *Aviyvecels kal duoboers o. 227. — "ETepai xprigeis T&V
pabioicoTémaov o. 229.

KH'— TA TEXNHTQZ KATAZKEYAZOENTA ZTOIXEIA KAl TA AHMIOYPTOYMENA EN TH, ATMO-
ZOAIPA,
Ta éMheimovTa oToyela 0. 231. — “Ymepoupdvia oToryeia o. 232, — T pebievepyd iodToma v T/ drpo-

oouipq 0. 234. — PoBiogpovoddynais B’ dvbpoxos - 14 o, 235,

KQ'—H ZXAZIZ TOY ATOMOY OYPANIOY

‘loTopikdv @. 235. — To olpéviov Kai & unyaviouos Tiis ox&oeds Tou o. 238. — ‘H ékAuois Tiis évepyeias
xal 70 ENAepa pédng 0. 243, — *H xpiowuos dvépyeia Tijs oydoews 0. 245. — ‘AducwTh &uTiSpaois kai
7 &€ abTiis dvépynx 0. 247. — ZuvThpnois Tis dAvowTiis duTiBpdoews o. 250, — *Ackrioeis o. 253.

A —H EKMETAAAEYZIZ THE MYPHNIKHE ENEPTEIAZ EK EXAZEQE TIYPHNOS 1°235, TIYPHNI-
KOl ANTIAPAZTHPEE

‘0 dvmiBpaeThp xai & moAhaTAaoaoTIKSS Tapdywy k 0. 253, — Aoun ToU dvnidpacTiipos o. 255. —
Timer dvTiBpaoTipev o. 258. — ‘O dvmiBpaoThp kol TO TUPTVIKGY KEVTpOV « Anudxprtos » o. 262.
Mupnvix? dvépyaia o. 263. — "Aoknosis o. 264.

AA— Al ATOMIKAI BOMBAI OYPANIOY KAl YAPOTONOY

BéupPa oUpaviou o. 265. — ‘H Bepuotrupnuixiy dvTidpacis. Zvtnéis o. 265. — ‘H Boupa Ubpoydvou
g. 268. — "Acknoeis o. 270.

AB’ — KOZMIKH AKTINOBOAIA
Teviké 0. 271, — “H Seutepoyevhs koopikh drTvoBolia o. 274.

A" — ZTOIXEIQAH ZQMATIAIA

Té oToigendn cwpaTidia o, 277,

OYZIKAlI ZTADEPAI 0. 284.

TIEPICAIKON ZYZTHMA TQN ZTOIXEIQN o. 285.

KATANOMH TQN HAEKTPONIQN TIEPI TON TTYPHNA o. 286,
ATOMIKAI MAZAl STAQEPQN IZOTONON o. 288.

BPABEIA NOBEL o. 289,

IZOAYNAMIA MONAAQN ENEPTEIAT o. 291.

TMNAZ ANTIZTOIXIAZ AZKHZEQN o. 292.

TIAPOPAMATA o. 292.

ANDABHTIKON EYPETHPION o. 293,
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EIZATQOTH EIXZ THN ATOMIKHN
KAl NYPHNIKHN O®YXIKHN

A’ IZTOPIKH ANAAPOMH

1. Tlp&Tor of dpyciot “EAAnves giAdoogol fioxohhinoay ué To mpdPAnua Ths
OUYKpOTNOEWS YevikGds Tijs UAns. OUtw, & Gulij: & Midioios (640 - 550 .X.), iBpu-
s Ths ‘leoviou prhocogikiis TxoAfis kol els 2k TV ETTd gopddv Tiis ‘EANGSos, Empé-
oPevev ST TpoTapXikdY aTolXElov tv T ouoTéosl Tol KooHoU Eival T U8ewp.

O “Avafaydpas (500 -428 m.X.), 8éxeto 6T 1) AN &moTeheltan &mo &melpa,
&épaTa, Wikpd, GPETAPANT (SpolopepT] koAoUpeva) cwpaTidia, moloTIkGS dvdpola
peTafl Tov, TV Otolwv ol Sidgopor |
ouvduaopol &moTeAolUv T& chpaTa. :

‘O "Eumedoxiijz, 6 £§ *AxpdyavTos
Tfis ZikeAias (Tepirou 490 - 430 m.X.),
DiAdoogos kel “laTpds, E8éyeTo s Paoikd
oToxeia Tfis UANS, THV Yy, 10 USwp,
TOV dépa kad TO TUp, Bia cuvBuacpoU
TGV otroiwy Snuioupyolvtal Té& Sidgopa
UAIkG owpata. ‘O *Euzetoxiij: iBscopn-
Cev ETTions OTI TX QWTEIVE TWHOT  EK-
TEUTTOUV  MIKpX cwpaTiBla, T& Smoia
elotpyovtan els Tov SpBaipdy kal émi-
oTpépouv STricw els TO TraporTnpoUPEVOY
odpa. Zagds &¢ dropaiveTan 1) dmrowis
TOU TEQPT TT|§ TETTEPQOHEVT)S TAYVUTNTOS
ToU QwTds, Tp&yps TO dmoiov © “Ao-
orotélys (384 - 322 w.X.) &méppryev.

‘O Ayudzprrog, 6 €€ 'APdNpwv Tiis
Opdxns; (470 - 360 w.X.), péyas MiAo-
gogos kai Quoiodipns, BéxeTon THV U- : A
TTap§iv Evds pév kooupou, GAAG SUo gikd- AHMOKPITOT (470 - 360 m.X.)
vy alTol, uiav cuykexupévny kal ro-

AUTrAokov, TNV Umo T&V aicbnoewv els fuds Sidouévny kal ETépav &méAuTov kal
Gppovikny, els TNV Otroiav ¢bdvouey Si&x Tis Aoyikfs Epeivns.
"AgbapTov 8o§av, dmoTehel Bik TOV edtxiamor kel TOV paBnTiv Tou lyudroiror

WneionoiBnke amdé To votirouto Eknmaideutt
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A U adTév SiaTumedeloa drouikn fewpic. "H &rowixn Sewpla TS émoxfis was EEeTrn-
yaoey &md Thy KAnpoboTnBeigay &md Tous Blo dpyalous copous 1Bexv Tepl THS &ro-
wikfis ouoTAoEws TS UANS.

Kord tov Appudzocror, 16 mpddTa dTapaiTnTa oToIKEX Bid THV YEVESLY TTEVTWY
T&v &vTeov slval TO B kad TO faf dve kel Bv ptv elvan TO TAfjpss, TO TANPOTY SnAadn
Tov X&pov, fiTol ) UAn T&Y SvTwy, uf dv Bt elvan TO kevoy, fiTol & Kevos ¥ dpos, 6o
svar &melpos. "AAAG kod ) UAn Tév SvTeov €6 dmeipoov Mikpddv owpaTidicov &TToTE-
Aeiton, T& &moia elvan Téoov Wkpd, GoTe Btv UtrotriTrTouy els THv kot alobnow &vTi-
Myiv pas. T owpdTia adTd, Xwpifoueve & AMAwY Bik Tol petall adTdy Ymap-
yovTos Kevol Ydpov, eiven kod” fouTd GA& kol dBiaipeTa, 81 & wal droua ExAnEn-
cav, s TolaUTa 8¢ T& dToux sivan afmvia, &pfapTa Kol ddiaipeTa. Ta &ropa sival
dmeipa kot TO mAfifos, Exouv dmepiav oxnudaTwy, S1a oTpoPihicuol & EpxovTol
T& pév gis ETagny TPos T B¢ kal oUTw yewwduTon Evddgels, 6TTws TO TUp, TO Udwp,
6 anp, xai 1y 7, BT xod Tadrer &moTehoUvTan &6 &TOMIKGY TIWWY CUCTNRATWY,
SnAadt &k Blogdpuv &Toucy, dTiva svan dvaAdoiwTa. Kol 6 "HAlos xad 7y ZeArjvn
&moTeAolvTan & TolouTwy &Tépwy, Ta &Topa cuvdedepéva KaTd S1xpopous TROTTOUS
yewwion T& Sidgopa oduaTa. ‘H yéveows (giTe Lwikol dpyoviouol, eite puTikoU, eite
&y yével kdopou TIvds) slven kaTd Siapdpous TpdTrovs Evwals &Tépwy. H kaTaoTpoer)
ToUTWY Elval S1oXwpIoues TV GTOUWY.

Katd tov Ayudzoror « vope y&p ¥poin, vouw yAukY, voup Tikpdy, ETen & &ropa
kol kevév». Anhadf) 16 xpddpa Udpxer &l T P&oel vépou, Eml TR Pdoel vopou B
Umépyer 7 1816Tns ToU yAukéos, &l Ti) B&oel véuou Umdpyer ) 1816Tns ToU mikpol,
sis THV mparyuaTikéTTa 8 (Mdvov) UTdpyouat Ta &ropa (Tfis UANS) kad TO Kevov.

‘O addwv pos EmefePaicooe Ty Sidaokaiiav TolU /yuoxzoitor, cup@Vs PSS THY
dmoiav ) VAN olykerton € &rdpwy. “Empoydopnoey drdpn TepiaogdTepoy, 8161 kaTwp-
Swoe va BiaomdoT kal TOv mupfiva ToU &rouou =g Ta cuoToTikd Tou. ‘O ledmimmos
xal & dypdzoiros; B& ABUvavTo v kauxnBolv &1 Bk Tis peychoouias Twv Umedafay
£ig ToUs peTaryeveoTépoUs EpeuvnTas TH 68OV Emrdves eis TH oTroicy Empetre v& Padicouy.

“H drouk) Secopiar Tfis UANS Tol AypoxoiTor kai TolU Sidaok&AOU Tou . levselamon
meoTnpixdn  &md Tov CHalzoveor (340 - 270 X)), A& Pobuiaics Exoos Thw
aTrouBaIdTNTS TN, kKo’ doov THv dméppiye Tooov & TAdomigrotéin: Soov Kai of Bia-
Soyol Tou, oUBepia 8¢ meapauaTikh Péos UTTfipyey Tpos YmooThpiSiv Tns. AUTN ATo
i TGV TOAAGY pihocogikdy Bewpidy TEOV dpxalwv ‘EAAMvey kel ds TorxdTn n-
oavictn pd Tis EmPoAfis TéY yvwudv ToU ~Auarotéiovs.

"Omos 8¢ # dvBpootrivn yvdais Expeidobn 2000 mepimou éTn £ws Stou & Komep-
rmzog (1473 - 1543) émoveréPn Ty Bewpiav Tol “dgiordoyor, Zopiou MafnuaTixkod
xad *AcTpovdpou (310 -230 X)), é11 f [ elvon TAcviTns ked TIMNGT TO Svoua
Tol *Aotardoyov, oltew pet& 2300 #tn dvedamypey YT véav popery 1) &Topikn Beco-
ola ToU evximmor xad dypoxolrov Bi&k 16V épyacidv ToU Dallorn.

‘O John Dalton (Aditomr, 1766 - 1844), &yyhos Xnuikos kal Quaoiodiens, Utrfjpfev
ikawds TelpauaTIoTs, EmeEeipydotn &t &l TO TeAsidTepov TNV dToukny Sewpiav ToU
AnuokpiTou, fTis kot Tas &pyds Tol TapsAfovTos aitvos fipxioce v& yiveTal eUpu-
Tepov yvwoTh. Té oupmepdopoTa &5 T& ol kaTéAn§ev & Dalton ol T& omroix

WnoionoBnke amod To ivotirouto EknmaiSeuTikrg MoAmkrg
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droTeAoUy ThHy &Tomkny Tou Becopiav SUvovTon vé ouvoyioBolv els T& EEfis: o) Ta
&roua &’ vds pév slvan &oapTa, &’ Etépou Bt Btv elvan Buvartdy va SnuioupynBolv.
B) “H UAn dmroTeAelTan &mod peydhov &piuov
&Téucov, T& omola 8&v SUvavton Sid TV
YVwoTeY XNUIKGY peBddwv va Sioipedoly
eis &mAovoTepa. y) T& &Topa ToU iBiou
oToyelov duoidiouv eis SAas Twv Tas 1816-
TnTas, oupTepiAapPavopivou ToU peyéfous
kal ToU PBapous Twv, Slagépouv Oucws &To
T& &ropa TOV &AAcv oToixeiwv. &) "Ohat
al &ropikai fveogels (BnA. Td popia) ¥nuikis
Tivos Evdoosws eivan duotan peTafy Twv kad
c) Al Bi&popor Evwoels oxnuaTifovTar Bik
TUVEVIOEWS TV B1a@opwy aTouwy peTaly
Twv UTrd &TAGs &p1funTikas duvatoyios 1:1,
22258 e N

‘H véax popen THs &Touikfs Sswploas

Bitpepey Ao THv ToU  lijuoxoitov, BiéT Seiie o e
dv T@ petaly eiyxe Slauopeolf] kaAds 1 JOHN DALTON (1766 - 1844)

éwvola ToU ¥nuikoU oTOl¥EioU, S TLPATOS
ufy Buvauévou Bi1& ¥ niks dvaiucsws va Biaywpiodi eis GTAoUoTEpX CUCTATIKG XT)-
UKkGs &vopola.

To &ropov kard dnudxairor, glvon EA&yioTOV TUfiua UANS pif| Ywpifousvor &g
wkpdTEPS pEPN, Eudd TO &Touov kot Tov Nalton elvan TodyuaTt TO dTouov oToryElioy
TIVES,

‘H Trepartépeo &6EAIEIS TR Duoikiis ToU *ATduou dmo TR Emoyiis TGV épyacidv
10U Dallon péxpl onuepov ouvowigetan els Tov drdroubov mivaxa:

Itaduol npoddou TRg NewTépag Duoixng

MTeprypaen Kpovohoyia T Xepa
1808 I*alton Ay yhia
v "0 ‘oo
Proul : "Ayyhia
S < & Iaraday Ay yhia
oToyEiwy . . Mendelejew Puwgia
EKTpoOviou Stoney Ay yhia
Qewpia 7 VTIKTS BIGOTAOEWS . - \rrhenius Zoundia
"Avakdhugns Tol guvexoUs @&ouaTos TGOV
vavy Réntgen. . . . . . Rinlgen leppavia




16 EIZATOIH EIX THN ATOMIKIIN KAI IYPHNIKHN OYXIKIIN

Mepiypagih Xpovohoyia EpeuvnTai Xdpa
*Avaxdduyis Tfis padievepyeias ToU olpaviou . 1896 Becquerel Fohhia
MarioTweis Tol nAckTpoviou @5 ousTaTIKOU
DRIV TEW CITOUEV., o o e s e n e 1897 Thomson *Ayyhla
*Atropdévwais ToU padiou . . . . L e M 1898 Marie-Pierre Curie  ToAria
KBavTixf fewpia Tiis qKTlvo[Bo?\lu; ..... oo i 1901 Planck Meppovia

Métpnois ToU gopTiou ToU fexTpoviou Bi1x THs
pefddou vepwoews. TMpooBiopiopds Tis oTabe-

pds Loschmidt . . . | ; S s @ 1903 Wilson *Ayyhia
TpoaBiopiouds ToU O'QJUCITTSIUU o G5 Tupfivoes

Buds &ropou fhlow, . . . o v e .o ow e g s 1903 Ruthertord TAyyAia
"looBuvauia padns kel dvepyeias . . . . ... 1905 Einslein ‘EAPeTix
MpooBiopiopds Tol  &pi1Buol Tév  HAexTpovicov

Gué &Touov ik T okeB&oews T@Y dkTivew X . 1904-1911 Barkla ‘Ayyhix
Métpnois Tiis Tiufis Tol @opTiou ToU HAexTpoviou . 1909 Millikan H.TT.A.
*AvakéAuyis TGV looTéTran kai looPapdv Tupn-

UGV i it SRR e N R s 1811 Soddy *Ayyhia
*Avardhuyis v oTabepidv fooTdmwov Ne 20,22 | 1912 Thomson Ay yiic
*AvaxéAuyis Tol &ropked Tupfives ik Tiis Epun- Rutherford

velas Tfis okebdoews TV dxTivev o . . . . 1912 Geiger, Marsden *Ayy i

ZupmAnpwats Tol dropikol TrpoTUTTOU Ked pun-

vela THs Tpoeheoews TEY paoupdTwv. KP&-

VTWOIS TV GTOMKEY évspyelcmbv KXTOOT-

oV . . . ; 1913 Bohr Actvia
Zxtots peTaly Tiis OUXVOTNTOS TGV Ypouudy Tod

pdopaTos Tiis dxTivoPohias Liéntgen kai ToU

Gropikol dpifuol Tév oToryelwy . . . L . L 1913 Moseley, Barkla TAyyMa
*AvakGAugis TV KOoUK®Y &kTiveow . . ., ., . 1914 lless AlcTpia
*Emiteulis TeyvnTils Tupnuikiis Siaomdosws kai

UETAOTOIXEIDTES . . . . g ! 1919 " Rutherford *Ayyhia

Zkédagis axTivoPolias 1Xén lgun peT’ s?\cn-rcaqewg
Tijs fvepyeias TGY okebaloutvioy puwTovimw ki

xtivaiv fhextpovicov (Qarwdpevow Complon) 1923 Complon H.TT.AL
“looBuvapicr kivoupévou  cwpaTiBiov mpds  (YAI-

et T o R e 1924 Louis de Broglie FaAdix
Kupomixty #ficwots, . . . . .. ... L. 1926 Schridinger Meppavia
‘H &pyn Tis &PePondtnTos . . . . - 1927 Heisenberg leppavia

Meipapaixhy &mébeifis THs kKupaTIkiis PUoEWS Ki-
voupivou cwpamidiou &k TEV paivoptvey cup-
PoAfis katd ThHY TEpifAaaiv f]?\sx’fpouiwv il

Tfis Emeaveias kpuoTdhheov . . . . 1927 Davisson, Germer H.TT.A.
OecopnTikd Eppnvela Tig padievepyeias o, 65 Blslc-

SUoews péoy ToU ppayuaTos Buvapikeld  Tol Gamow, Condon,

Tupfivos dvds cwpaTiBiou-kUpaTos . . . . . . 1928 Gurney H.TL.A.
*Eqetpegis ToU dmapifunTold Geiger - Miller . . 1928 CGeiger, Miiller Feppavia
‘AvakdAugis Tol Beuteplov . . . . L L L L. . 1932 Urey H.IT.A.
"AvaxdAugis ToU veTpoviou . . . . L L L L. . . 1932 Chadwick "Ayyhia

WnionoiBrke amod 1o ivotirouto EknmaieuTikrg MoAmkrg
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Mepiypaeq Xpovohoyia *EpeuvnTal Xapa

iTeubis TupnVikis Sirxoéotws Bi& TexvnT@S

tmTaywlivtoy gwuaniBicov-PAnpdrov. . . 1932 Cockroft, Walton  *AyyAia
'AvaxoAuyis ToU woliTtpoviov . . . L L L L L 1932 " Anderson H.TT.A.
Asitovpyia Tol TpwTou KukAdTpOU . . . 1932 Lawrence H.IT.A.
*AvaxdAuwis TS GvwpaAias THS payvnTikis po-

HNSLTol TPOTOVIOY, & = s w s i a s ¢ 1933 Frisch, Stern lepuavia
SerobETis ro: VETpIVoU.. & i @ e s 1933 Pauli ‘EABeTia
Ocwopia THis padievepysias B . . . S 1934 Fermi “lrodia
K”‘I’CIGK:U"\ EAaxopdy TeEXVNTROV puﬁteuspywu TU-

DO e e 1934 F. Joliot, . Curie TeahAia
TeyvnTh Tapaywyn pc{StEveoymv Tupnvev i1k

BopPapdiopol oTafepdv TowlUTwy 817 EmITa- Lawrence ».i.

xuvBtvrow owpamiBicov . . L L L L L L Ll 1934 Lauritsen x.&. H.TLA.
TMupnVikT) HETXTEOTIT 81’ EVOWUaTOOEWS VETpOViou 1934 Ferini *lreia
*Avaxdiuwis Tév yesoTpoviey (K - pegovicwv) . . 1936 Anderson,

Neddermeyer H.TT.A.
"AKPIPETS PETPNOEIS HAYVNTIKGY pOT@dY  TTUpn-

vav Bid Tiis peBdSou popilakfis Stopns . . 1938 Rabi H.ITA.
*AvakGAUWIS THS TTUPTVIKTS aXdoews . . . . 1939 Hahn, Strassmann  Teppavia
P/'="p'r|m§ TS HeryvmTIKTjS poTrfis ToU veTpoviou . 1940 Alvarez, Bloch H.MM.A.

TiTsuis TR TpoTns  Aeyxopéung &AuciBeo-

Tfis dvmiBpdosws ox&oewY TUPTIVGOY . . . . . 1942 Fermi H.IT.A.
*AvaxdAhuyis TGV 0 - Begoviwv. . . . . . . L 1946 Powell "Ayyhia
TexvnTi Tapaywy HECOVIGV. . . . . . . .. 1948  Gardner, Lalles H.TLA,
*AvakdAugis Tv Papéwv pegovicv. . . . L, 1949 Powell ‘AyyAia
Tlapaywyh dvTivoukhsovicov . . . . . . . . . 1955 Segre %4, H.ILA.
'Apxn Tis loomipias (parity) . . . . . . .. 1957 Lee, Yang H.I.A.

B’ H EZYZTAZIZ THE YAHZ

2. Mépree. "Atopa. Ztoryelo. Ta els 105 alobnoes vos Umomimrovta Ghiks
CLOUNTE KATATATTOUTA, 65 YVwoTov, els Tpels KaTaoTdoss, THy oTepedy, THy Uypay
kol &éprov. Ta yevikd Spos KAPOKTTPITTIKS TrovTds UAikol owpaTos sival T& drkdAovia :
o) Kéfe adpa xaTéyel uépos ToU xopou. B) K& adduc EarkeTan Umd s M5 ked SUvara
va Cuylodfi. TO &v 7 dxpifeix Tfis Quylicews kai 7} ebmdbeix ToU fuyol Exouv Spia,
aUtd Bty onuaivel 811 Umdpyouv UAikG odpaTa &Bapfi. ¥) ‘Ola T& cwpaTa droTe-
AoUvTal &1 pwoplar.

'Eqv AdPoouey odpd T1 TG otrolov Btv elvan plypa dAiwy cwudTov (8mws Y.
6 YA, TO pmeTov KAL), Suvdueda ver TO Biopeswuey Sia Siapdpwy peBodeov s
T& BGyioTa Spoeldf TeuoyiSik Tou, T& omolx Umd v wpoUmsleow i f) ypnoiuo-
Troindsioa uébobos Biv Tposkdhecsy dAAoiwoiv Tiva, cuvevoUueva £k véou, Gvaoyn-
parifouv 1O &pxikov odua. OUTw, 1O gdkyapov BiaAudpevoy, katapepiletanr els EAG-
¥1oTa TeperyiSiax §, 7O olvémusuua, EaTmldpevoy, &rodidel T& A& 10T Tou Teporyi-

2
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e

EISATQUI EIZ THN ATOMIKHN KAI ITYPHNIKHN ®TIIKHN

Bia &v depiw koTaoTaoel, T OTola KivoUvtal kai &GAANAcouyxkpoUovTal pE péonv
TayuTnTa tEapTwpivny &o Thy Bepuokpacicy TGV &Tudv Tou.

T& Tepoyidia aliTd, Ta Srornpolvta Tas TAEOV XAPOKTNEICTIKES iB16TNTas ToU
CTOPOTOS, KOAOUMEY udoLa TOU TWHXTOS.

Y‘!po)(ouu gopaTa &mmes Y. 1} eougivn kal Sikgopa dpduaTa T& dToia yivov-
T AvTIAnTTS els Tas oiobrjosis pas kai g
thoyioTny é&xdun ToodTnTa. ToUTo dmroTeAel
&médea1&v TS BIapeTOTNTOS THOV TWHETWY Wé-
Xpt cwpomiBicov Tfs Tafecs peyedous TGV po-
picov Tewv, T& oToia Sirrnpoly T& Baoika xa-
PAKTNPICTIKG TOU CWHATOS.

O¥tw, 0,01 ToU xuPikolU yiAiooTopéTpou
(0,01 mm?®) oqoufivns SicAuduevoy gis Ev Al-
Tpov UdaTos émapkel Si1& va ¥pwpaTion ToUTo
po8GY pouY, Togov, MoTE va SlakpiveTal &G TO
xaBapdy USwp. Emions 107° mm® Boviivng
dpowparTilel v ATpov &Epos’ PUOHATOOKOTIIKES
& 107Y gr yhwploUyou vorpiou #mopkel Sk

Zy. 1. Pwtoyoapic podlow ToaTelrys, His \
Jnglsica  OF ajiexToorizob  juxpuGzoTiov. v BramoTedi] 1o vaTplov Bix Tis kiTpivng Tou
ypaupfis gl pAdya AUyvou Bunsen.

T& pdpra ExdoTou GOPATOS £lval TTovorcIOTUTI HeTaU Twv, fjTol EXouv TO aQUTO
péyelos, TO aUTd oyfjuc, elvan ddpora ik Tol dpbahpol kai Six Tol xowol pikpo-
oxkotiou, pdvov B¢ 81 ToU fAekTpovikoU pikpookoTriou sivon SuvaTov va AdBousy
gikdva TIvd TEY peydAwy OXETIKGS popiwv, T.X. TV mpwTeividy (ox. 1).

T& &mAovoTepa Hopla, dv Ta fewpnoco-
uev @5 ogaipidla, Exouv SicuéTpous OAlywv

5 o ’
Angstrom ("AyxoTpey, glvaa 8 1A=107" em),
R T& TTOAUTTAOKMTOTS uaplu TGV 1Dy @h&-

vouy gig prxn dekGdwy Tivédy \rwr\lmm

Eqv BeAnowpey Sicr TGOV pebdBoov Ths TA-
voAuTIKTs Xnpeics v& ycopiowuev TG popiov 1o
bmroiov peAeTOMEY El§ GTTAOUCTERX CUCTOTIKG,
8& eUpeBiduey kupitss PO TAV EETs BUo Trepi-
TTwoswv: a) T pdpiov dmoTeAsiTan &mo Ev
7 TeplocOTEpa OUOEIBT) pETAfU TWV HIKPOTEPK
Tou owpaTidia 7 B) TO udplov ouykpoTeiTAl
e Siagopeov elb@y LikpoTEPE Tou cwpaTibia.

Zx. 2. Dynuatixn) magdoTagi; ToD  popiov
Tl Udares;. " daxdotagiz tol =€

#doTOV  ATépov VOpoydvov  Ex TOU

T& cwpatiBia TaUra f) "AvaduTikf) Xnpeic
Bty Blvatan va T& Siaxeopion els &koun &TTACU-
oTepa ovoTaTikd. Eiven ofrw Sid v Xnpeiav 1o Tedsutadov Oplov TTis BlaywpioTi-
xfis TN ikavéTnTos Kal dgeiAeTan, STrws Tponyoupévess dvepépapey, eis Tov Dalton T
dvopacia aUT@dv @5 drduey, BnAadn &diaupETwy, un TAfov Suvapévwv va Tepayl-

o
00 arouov efvyovov eivar 0,96 Angstrim.
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ofoly Bi1& TV pefddwv  THis Xnueicg, ouoTamik®dv TavTos UAIKOU CWMGTOS.
‘OTov T& HoOpIa TWUaTOs TIvos &rroTehoUvTal &md &Toua Siagdpuy eld6&y, Tpdyuc
&mep KaTd TO TAsloTov oupPaivel, TOTE T6 odpa dvnkel el THY karnyoplav T&V
ey fvaoewr. "AN@S, OTav TO popiov dmoTeAsiTal &Td v f) kol TEpIooOTERT
ToU £vos &Topq, Opoe1df] Spws petall Twv, TO odpa TO OTToiov PEAETOMEY KoAeTTA!

A0y GTOLyElOV.

OUre T.X. TO pépiov ToU Udatos (oy. 2), dmoTteAeiton &md &v &ropov Tol
groiyeiou &fuydvou kai BUo &ropa Tol oToiyelou Udpoydvou (HOH), To pdplov
Tiis 068as pappoksiou oUykeiTan &md v &Touov vaTpiou, Ev USpoydvou, fv dvbpakos
xad Tpla éfuydvou  (y¥nuikods TUmos NaHCO,), 16 pdpiov ToU payeipikol &harros
guvioToUv Ev &roupov vatpiou kai £v xAwpiou (NaCl) k.o.k.

“AvTiBéTeos, TO poplov ToU Ynuikéds kabapol depiou dEuydvou (0,) dmoTeheital
& BUo &ropar Ofuydvou, TO poplov ToU kabapoU Beiou ouvicToron &md 8 &roua
Beiou, 6Tav Spws aufndf 1 Geppokpacia TO popiov ToU Befou dmAouvoTeletan, yive-
Tai E§aTopikoy, i va kaTaAnn eis SiaTopkoy kal TéAos els povarTomkdy Tepl Tols
2000 9C. To poépiov Tol ororyeiou fidiou kai SAwv Tév elyevdv depiwy, slven TévToTe
uovaTopikoy, dnAadmn TO filov Bév Eé¥el poplakny Souty.

3. To meproduxov ovotrnua TV oroiyeiwy. To 1869 & Pioos Xnuikds Diniiri
Mendelejew ( Mevredéyey), EmparypaTomoinoe piav omoubaiotdrny cupBoAny es Thy
fmoTnuovikny épsuvav, Taflvounoas T& el THV EmoyNv Tou YvwoTd oToixele oup-
Peoveos TIpos Tas 1816TNTs Twv kaT’ abfavopevov &Topikov Pdpos.

Sy, 3. Katra iy évwow lowy dyxov tdoeydvoy zal yiwolov Tic abtic miéeewms
4 i 7 } (AWD

Evan popfow $ovoyiwolov elrar di-

=al Oeouoxoacias, ¢ doluos 1@y oxnpariion

Fhdcios Tet dolpol TAY poolwy yiwolov xzai ddpoydrov, Td dmoia memeizor

al doyuzai TO0OTHTED

Aéyovtes &ropikov Pdpos oToixsiou Tives, Sév voolpsy TO TpayHoTiKOV Pépos
gvos drduov ToU oToixeiou, GAAX TO TrnAikov THis udlns &ropov Tivds ToU oToiyelou
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pos Ty padav ol &répou Tol Udpoydvou T dkpiPéoTepoy, T
10U drrdpou ol 6Euydvou. OUTw TO dTopkov Bapos Bev éxppc
(m.y. gr), &AAd elvan kabapos apmbuds, s Adyos pabdov.

To véx perpni] dpws 1O TpaypaTikov Pdpos Evos dTéUoU STO!
buvacroy, ot Totalng drpiPeias Quyos dev Utrdpyel. Aia TolUTe o
Kol o5 EETS: "Av AdPoouey ToodTNTE Tva A depiou Tvdg oToiysiou, 7T
TETE, oupPwves Tpos THv Umobeow Avogadro, xata Ty dmoiav 1

UTo Ty eurTfy rieotv kol Beppokpaciov TEpiEYouy TOV aUTov dpifucy

Kag TOV aUTOV Tpos TNV Trponyouuévny Oykov, 9& mepiéxn loov apifuoy
‘Ortav oynparionpey Ty évwoy TéV BUo deplwv kKol Trpokuwn Umo

ouvbnkag mitotms kol Oeppokpacias BimAdolos Sykos depiou &vidosws, T
Utroy peaptvol va BexOépey 61 oy nuaTicnoav SimAdola kot api1fuoy uopia (
Gpa TO Poplo TGV Gpxikdds Angdéivtwv  deplwv floav  SiaTopika, SnAadn
AoUvTo £k BUo dropwv (o, 4).

2HCL

Zy. 4. Yyypariopos e pootor Bopoyimolon €5 dvag poglov ddgoydrov xai fros
pootlor pheniov, 0 Crdigees Tol dTdpon CO00PGYOU TOD Er0s pETd TeU araupor

yhowior Tor friénov.

'E¢’ doov BiamoTwd N évwois altn, TOTe Bexouevol aubapéTeos OTI OAx T&
&ropa ToU Ubpoydvou tivan dmoAuTas ouola kaTd Papos peTall Twv kabds kai TS
dropa ToU YAwpiou #rrions Sucia kaTd Bdpos peTafU Twv, duvdueda Sid Juyicews
Ty TocoTiTwy B kal A va Becwpnowuey Tov Adyov TGV Bapdv B A ds Tov Adyov
ToU Papous tvds TuXOVTOS ATouou xAwplou TTpos TO Pdpos EVOg TUXOVTOS &TOUOU
Ubpoyovou.

Keer” et Tov TpoTrov kal Sia pooBéTeov pebodwv ai dmroial dpopolv T Uypa
kal T& oTepea oTorxela, eUptdnoav ol dvTioToixol Adyor 81’ GAa TA oToixelx Kai
irén aUfaipéTog Kot dpxas MEv TO Pdpos Evds dTopou UBpoyodvou s ioov
mpos 1, &pydepov B 1O Pépos Evds &Tduou d§uydvou foov Ttpds 16,000 povadas.

‘H xard tov Mendeleferr Ta§ivounois Ty oTorxeiwy koAelTal septodixdy oti-
crnua 1@y orouyelwy Kol sikovileTon els TO TéAos ToU BiPfAiou.

Eig Tas katakopugous oTnAas & MWendelejews étomoféTnos oToixela dvaidywy
KV iBoTnTwv.

‘Otav 16 mpdTOY Kateokeudoln & wival aitss, & Mendelejew &pnoev ToAAas
xevds Béoers Kol Umébeoey OTI UTrfjpyov OTOIXEI dyvwoTa KATE TNV £TOXNY Tou, T&

WnionoiBrke amod To ivotirouto EknmaideuTikrg MoAmkrg
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ol peT& THY duakdAuyiv Tewv Ba étotrofeToUvto els Tas féoeis avrds. Al keval
avTal Béoels UmedNAouy Tas mibavas xnuikas iBidTnTas TEY &y vioTwy ToUTwY oTol-
¥eloov, TpdyHa TO 6Trolov ouvéBaie LeydAws els THv dvakdAupiv Tev.

Tiva ék TV oTolyEiwy ToUTwy dvekadlgdnoar dpéows petd ThHy Snwoupyiav
ToU TrepiodikoU CUOTNUATOS, Evid GAA &pyoTepov kai TEAOS HEpikd KaTeokeu&alnoay
TexvnTés Umo Tol dvBpadmou, xdapis eis TV Tpdodov Tis EmoTHUng Kai TEXVIKTS,
1 omola éonpeicobn eis TO wediov T 'ATouikiis kai TTupnvixfis Guoiks.

OUtw T& oToixsia T& Omoia oo@dds Blemordinoay Bid moAGY YUK dva-
Augeoov TGV TavTos eibous owpdTwy £ TTis [Mis efvon 88 (7)), &v Ta TexvnTés KaTa-
srevaobévta elven 14, dote orfjuepov Umrdpyouv 102 oToryeia gépovta ékaotov iGiov
Svopa kai gupBoiov.

‘O atfwv dpifuos katata€ews ToU oTolytiou sis TO mepIobikdy oUoTNRA GVOuA-
Cetan droutrnds dotduds, oupPoliletan &e Siebuids Si ToU ypduparos (7)) kai dmo-
TEAET XapakTnpioTikny oTafepdv Tol oToiyeiou.

"Eri o0 Trepio8ikol ouoThuaTos kai Tis épprveias abTol 81k Ty NAeKTpovIKGY
phoidv Tol aropov B emravérfwpev is TO B’ pépog ol mapdvros Pifhiou (BA. Kep. 1A7).

4. Al xataoTdoEl THG VANG.

A’ Ta orepea owpara. T& oTepear gwpaTa yapaktnpilovral &mwoé wpiopévor aykov kal
oxfua. T xapakTneioTike aUTd Blvavtal B1& 7§ Spdaews ioyupdy Buvduewy (| miéoewy) v dA-
Aowwbolv. Ta pop1& Teov elval yevikdds TTOAU OTEVEIS CUVDESEEVC.

Yrrépyouv Loppal TGU oTEpERV cwpdTwy, of kploTaihol, ol dmolol yapakTnpifovTal dmrd iBie-

o

! i ¢
/ >
GG <Oy |
/ /
Ao ¥ ¢! (
d.’ Q e
\ e |
G (o] In
() By )
Zyx. B, (a) Ta oroigerdon dopzt GraTatiza 1OV GTEOEGY EI0UL ZAVOPEGS ZUTAPE LT
s Tov yawor, zaréyovva éowcplvas Oicec. (1) T poowe ton Spoae 0iv sarizom dor-
Guévas Démers, diia OBIayTan 0003 Vi pETATOT ONTar 20Ta jijaos TOr pETonzor ponimn.

() Ta poows Tiw deofen 2votrTar ard=Tos.

Tépws Kavovikny Soprv. Eis Tous kpuoTdAlous Ta ouvigTduTa aUtous dtopa f popia T févTa (Snhabh

KaTExouv  dplopévas Béges gl Tov yoipov

TASKTPIKGIS QOPTIoUEVa GTOR T GUYKPO
5

ox. 5.@), ouykpoToUpeva UTO dpiapéuns evT ey, IynuaTifovTal oUTwm Té KpUaTOAAIKY

glou GrTiv

) Katd 16 1939 elyxov SiamioTwdi kKON véou
STOIXEIOU TTPOEPYOMEVOU EK BETEOTOIYEINOEG
FaMAias, Tarpibes Tiis M. Perey,
fnTnols Tov Emaucge Adyw TS TEXVNTH

-l ToUTo Dpavkioy, éx

EQITEPL AVa-

A
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TAéypata (ox. 6), T@v Smoiwv f pekéTn xai od 1810TnTes dmoTeAcUv orjdspov Eva TRV Uuyxpévmv_
Aoy Tis Duaikis.

Té& &popgo oTeped EXOUV T& TUTTATIKI QT ATaKTWS KaTaveunuéva kai udAAov TrpeTrel va Sew-
poUvTal G5 UTrerydpeva els THv Uypdv kaT@oTagw, SAAG pe EECnpETIRGDS pEYGANY GuTioTagw eis TRV Tpd
EAATAG pETaKiVGY TéY aTpeudTmy Twy (dxpiBésTepoy, Uypd peyioTns fowTepikds TPIBAS).

v
Xdwplou
>16w
Narpiou
By, 6. Aduiradiz Tév {dvror varolon (Nat ) wai yiwolov (CU7) elc zpdoraiiov
yhogwiyor varolov. “Exastor by varoiow megfdlierar 576 6 idvTen yhoolov xal

ATIATROPOmS.

Té &uopea OTepEd ompaTa BEv XaPaRTRPIfovTal GO wplouévoy anueiov TRSws, dANX Ppadiuws

feTov gup’ el T KpUTTAAAIKS
xp1s 8Tou gldoouv
ThEeds Teov, Td Guoppov oduca sivat ToAhdxs BuvaTov 817 siBikijs imelepyaoias va kpuoTaAAw

B’ Ta fpee couara. T& Uypd 82v yapaxrnpibovtar &mo 10 oy fud Twy, BiaTnpolvTa pdvov ToV
Syrov Tev. T& pépik Twy, dTrws Kt TV 6T
pépia () &ropa) TAnoiGoow Trépav dpiou Twos dpyifouy va uetaBdAlwvTan elg &ATTWOTIKAS ®ai oUTw
UpioTaTan pla kaTdoTacts evoTadols looppoTrias.

Ta udpia Suess Té Uypddv Btv Exouv dpiouévas § ¢ o ¢ 1 s igoppoTrias Tepl Tas omoias va Slvavtan
V& ToAQUTEUWVYTEL, 6TTWS T& wopix TV
oTepe v, T& popia Té@v Uypdv Slvavtan
eUkOAWS V& peTaToTIfWUTAl TPOs SAAN-
Aa, yowpis va SlvavTan V& &TTopaKpuv-
JoUv dAANAwY (oX. 5, B), SnAadh yive-
Ton kAT Tapduolov, 6Trws dTov pE THY
yelpa pas dvabeliwpey dheupov Evtos o-
xElou Twds.

peTarriTrouy el TAaoTikds udlas kai TEAos yivovTan Uypd. T dvTi

aTeped, STrou Tropd THY UENCIY TS SepHoKpaTIas TTOPAEVOUY TTERER

© grnueiov

v, ouvbtovTar ui Suvdpels EAxTIkGs, ai oTmeici &Tav Ta

‘H Buvapixi oupTeplpopa popiov Ti-
vos elplokouévou EvTos ToU Uypol, eivat
Bi&popos £kelvng &vos popiov Tiis émiga-
veiag Tou (o). 7). Adyw Tfjs tuponiio-
UEVNS OUVIGTGUEVTS BUVANEwWwS SieuBuvopé-
VMg TTpds T& EvTods THs EmIQaveias, TO Hoplov Tl Tiis Emipaveias Eyel ueyahuTépav Suvaumikiv évépysiay &md
TO TUy OV Wopiov dvTds T uadng Tol Uypol, *H olrw mws dupavifopévn émipaveiaks) T&OIS Tpokaiel
TOMAG gouvdpeva A Uypds KOTaOTACEWS, OTTWS 1 CUMTEpIQOPS THis émipaveias Uypol s TeTapévou
Upsviov, 1) opaipik wopen TGV oTaydvwy, i Spdgis TGV MTavTik®V Kol dmoppuTravTikGY KA.

“Orav ) Bepuokpacio ToU Uypod auéndd, f uéon rivnTixf dvépyrix T6V popicov Tou afdver kad &pyi-
Jouv GAovEy TEPIGOOTERE HopI V& KaTaviKoUV TAg EmioaveiaKds duvduels kal v yetaPaivouy els Tov O
Tepbev THs Emigpaveias ToU Uypol y&pov. Ty efatuoty Siabéyertan v ouveysiq & Ppaouds, 6ToTE 1) Tdos

Zy. 7. Mopuaral Swvdpes Exevepyotiom éxi noolov elpiozo-
uévov eic dagopetixds  dmoerdoe dmd T élevlénag
Empareiac vypod.

WnionoiBnke amoé 1o ivotirouto EknmaiSeuTikrg MoAmkrg
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TV &Tpédv ToT Uypol fooUtan ué THV émi Tiis &mipaveias ToT Uypol Ex Tév duw doxoupiuny Tisgy.
I" Ta dégia odpaza. Els T& dépiax apadeydusda T& pdpid Twv dg EAeUBipoos uETaKIVOUpEVS Kal
auyxpoudpeva petafy Twu (o)., ¥), xwpis dmdAsay Tfs Tay(TnTés Twy (BAagTikal guykpousss).
Avvépeba .y, va Secopfiowpey -
T& péplax ToU elryevols &epiou
AAloy, Ta Omola, s &vipépa-
pEv TTPOTYOUMEVES, Eival olTd
TEUTE T &TOPG TOU, s MIKp&
oTepet opaipidia SiapETpoy TE-

piTou I.g. Yo Twisow  puds
&rucogaipas kai Seppokpaciav
00C, &5 EkaoTov xuPikdy fka-
TooToy TepiExovTan 2,7 - 1019
&ropa, T& OTola  KivoUvTan

&TEKTWS HPE TaXUTHTA KaTd
péoov 6pov 1 km/sec kai ouy-
KooUovTal TEPITToU EKAOTNY GO-
pav TTov €& BiaTpéfouv wijkos
1000 gopas Thv Si1&ueTpdy Towv.

Méprx wikpoTépas p&dns
xwolvTanl TaxUTepov, &GAAG 0
HEQT) KIVITIKT] TGV SVEPYEIQ Ué-
vel 1) altr), éSapTeopévn pdvov
&mo Thv fepuokpaciov.

’Edw Bix SeSopévny Sepuoxpaciov Aduvdusiic va peTprow a5 Slaedpous TaXUTRTAS TEW po-
piwv ToU deplou koTd Tva oTiypny, koBds xal Tov dpifudv TéHv  poplwov
aUTHY TIENV TaxUTnTos, 8& TROEKUTITE Ma KOTGVOWT) TOXUTATWY THv omoiay BxopnTixdds dveliper

Zy. 8. "Orav 4 Begpoxpasie depiov Tod;, 3.7, d

1) Tidov mibavy tayiTys tdv poodwr zaliorarar peyaivtéoa.

omeia Exouv TNV

Zy. 9. Hwuxics oxoneloews upera toHV 0= . Zy, 10, e peradt aollno
pelwy A0062000GEMmS TOY (inudrew, ATOGTUGEMS € TOD ZEPTHOY TAOV Gije (Y 005
xpotgems Tow Finpdrew i Tz mvuxidos.

& Maxwell (Masyovel) ornpixBeis els TAv Becopioy TGV midavo

vel, 1) TAfov mifav TayUTns, fiTol

WnionoBrke ammoé 1o ivotirouto EknmaiSeuTikrg MoAmkrg
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Evpioxetan Sucs &T1 Topopoia kaptriAn TpokUTITel v kaTaypdwwpey TOv &piBudy TéY BoAdv i
oTéy0U TIvds, ouvapTAoE T@Y drosTaoewy (dkTls kKUKAWY) &To To kévTpov Tol aToyov (o). 9 xal 10).
‘H obumrtwers altn TAV xapmuddy Sekviel THv opBéTnTa TGV oxéwewy ToU Maxwell, mpiypa
Smep émePePoncddn dard TARfos TeIpancTikdy SeSopiveoy.
> ATroBeikvleTea 61 H) Akov miBavi TayUTns U ouvBéeTan peTé THs dmoAUTou Beppokpacias T ( Paduol
Kelvin, 0K) ToU depiov 81 Tiis oyéoecss

mov=k:T Kol ETTopéVas g Vz k !
2 m
ivla m 7 pd&la ToU popiou &ls ypapudpia kai k f) oTaepa 1,38 - 10718 erg . gl‘rui_l (oTadepx Bolt-
zmann, Mméitopav) fimis eivan fon mpds To mTAikov Tiis oTabepds R Tév depicov Sid s oTadepds
Loschmidt (Aéowir).

OUTw Bid 76 &ropov ToU UBpoydvou (fj Si& Td Tijs 18lag mepimou pdlng oldétepov cwuaTidiov
veTpoviov) m = 1,67. 1074 yr kai B1& Seppokpaoiav *Epyaotnpiou (25 0C), T = 273--25 =298 0K,
4méTe ebpiokopey v = 2200 m/sec. “Apa, Sid Thy Tpds alThv dvmioToryoloav kwnTiknw évépysiav
E=4-10" erg.

'Eav AdPwuev s povaba duepyeias TO Ev fAexTpovioPoAT (1 eV ) (PA. oeh. 39), émadn
16V = 1,6. 10712 erg, tote, Bi&k 16 UBpoydvov § TO veTpduiov TpoxkimTouy al dwdhoubor oyioeis
LEyGAns XpnoréTnTos el TAV TTupnuikiy Guoikiy

Eev)=0,523 107" . u3 (v els m/sec)
wel
l,‘ ke 'r ll\ 'y 0
M= e o (T &is OK)
OUTw Bi& v =2200 mysec, E=0025 eV xai T =2980K = 25 0C.

“H &umbites, doleions Tiis Bepuikils xwnTiKAS vepysias vépous veTpovicov 1000 eV ) &vticToixos
&méhuTos Bepuokpooia B& BiBeton Ume THs oxéoews : 1000 = T/1,16. 104 omwdTe

EUDITKOUEY
T=11,6-108 0,

I ZTAGEPAI THZ ATOMIKHZ ®YZIKHZ

5. Eis thv ‘Atopikhiy uoudv ¥pnoiuoTrololuey XapakTnpioTikas oTtafepds, TGV
srmroteov & &xpiPhs keBopiopds éxel iSicaTépav onpaciav els Tous UTToAoyiouoUs TEOY Sia-
popwy peyedidy TdY &Tdpwy kai popiwv, 8trws ) Bidwetpos adtddv, 1) waLa, 1 Oepuikn
Twv EVEPYEIR K.T.A.

A’ "Avouindv Bdoog (xnuixod avorxelov ). ‘s Péois AauPaveTa TO X MIIKEDS KO-
Sapov oTorygiov ofuydvoy, Tol oTroiov T& &Toua Becopdduey TTAVOUOIOTUTIA - KaTd u&-
Law - peTady Toov xai els T6 pokUTrTov oUTw WS PEcov &Touov SEuyodvou &rrodiSopev
aBaipiTas palav 16 povddev dropxol Papous (tv ouvTopia 16 MAB).

SuyxpivovTes TOoOTNTA oToIKEioU TIVSS, EoTed YAwpiov, PALNS X, TTPOS TOCOTNTX
sEuydvou pddns x', Ud Tas droroulous TpoUTrobioels : o) "AupdTepon i ToodTNTES V&
TrepiEyouV TOV auTow dpiBpdy N &rdpcov kai B) T& &Topa Tol oToryeiou Btv Exouv peTo-
£U Teov ofawdTToTE Siagopdy KaTd uaGav, kaTaAfyopey gls TO ounTépaoua 811 6 Adyos
@y paldv x/x' ioolTan Tpds Tov Adyov TR pdlns &vds uéoou dTopov ToU oTorkeiou
Tpos THY p&lov tvos péoou &TopoU o§uyovou. TToAAaTmAco1alovTes TOV Adyov cTov
irl 1o 16 Eyouev TO dromexdv fdgog ToU ¥nuikds kafapol oToiyeiou. "Ofey,
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&ty ; . pafor N &rdpwy oToiyeiou Twvos
= ¥THikdY &Touikov Pdpos = = Y — ; ; .
pago N dréuwy dfuyodvou

“QoTe, TO &Topikdy Pdpos siven TnAikov 8o upeTprioewv paldv, fitol kabapos
Zp18uds, AN loTopikdds Exel émikpaTrioel 1) dvopasic Bapos, &wd mpdydar Gtv
rpokerTal Tepl Papous, &pa Bty peTaPaAAeTal &mod ToTOV Els TOTOV Tiis s, K.T.A.

B’ I'oaupodrouov-I'oauuopdgiov (Mol). TO yoaumodropor ororyeiou Tivos sival
# ToodTns ekelvn THS B & £ 1 s els ypappdpia Tiis dmoiag 1) Tiun ioolTen pé 16 dropkdy
Bé&pos ToU oTorysiou. OlTw, 70 ypaupodTouov Tod yhwpiou eivar moodtns xAwpiov
udlns 35,45 gr, 51011 & apiBuos 35,45 ékppade TO dTomikdv Papos Tol xAwpiou. Ak 16
oToryelov YaAkds, TO ypappodTopov iooUTten mpds oodTnTa xaAkoU palns 63,54 gr,
To ypaupoudgrov oupPoliletcn Biebvdds i1 T Aé€ecos Mol kol dvapépetan kuploss els
Tag XMUIKGS Evaroels. To ypauuoudpiov elvan 1 ToodTns éxelvn ynxés kafapds tviaoews,
THs &molas 1) p&la igoUTtar Trpods TO popiakov Pdpos Tiis Evaoews. To poprakdv Papos
uds elval yvwoTov ék ToU dbpoicparos TéV dTouikéy Papddv TdY &TOTEACUVTWY TO
udpiov &rdpwv. ‘Etouéves Bid va UroAoyicwiey TO popiakov Papos TpéTel vé yvowpi-
Zwuev TOV XNUIKOV TUTTOV ToU popiov Kal Ta dTomka Bapn Tév oTolysiey Téy omoiwy
ZTopa cuvioToUv TG poplov. Ty, 1) xMke éveois aifulikn &AkodAn (olvdmvevua) éxel
wéptov ToU TUTou (CL,H,OH, fiTol TO uédpiév Tns oUykertan &k 2 &rduwv &vlpakos, 6
USpoyovou kai 1 duydvou. Ta dvTioTorka dropikda Bdpn elven : € = 12,01, H = 1,008
xai O = 16. To poproxodv Papos & fooUten mpos 2-12,01 4 6-1,0084-16 = 46,068
uovddes &ropikoU P&pous. TO ypauupoudpiov &fev Tol civotrveiparos elval mogdng
xUToU 46,068 ypaupapiwyv. To ypauuoudplov Tol Udatos & elvan ToodTns 18,016
YPoHUpiwY, K.O.K.

I" “H oradepa Loschmidt. ‘O Advcrpiakes Quokss J. Loschmidl (Addouer),
T6 1865, UmeAdyloe Paoer Tis kivnTikiis Becopias TV &epiwov (TGV ATAKTWY KIVTGEWY
xal ouykpovoewy TV poplwv &eplou Tiwos) Tov &piBudv ToU katd kuPikdv Ekaro-
oTov &eplov, Ut Tieciv wds &tuoceaipas kai fepuoxkpaciav pndev Pabudv Kehatou,
TrepleX OMEVEOY popicov.

Kat& thv UmédBeov dpws Tol 'ltaiol Quoikol Avogadre t& ypapuopdpla Tév
Jepioov kaToAapPavouy UTd TaS dvwTépeo kavovikds ouvlrfikas Sykov 22414 cm?, dpa
Suvduefa v cUpwpey TEAIKEDS TTOTH HOPIa AEpioy TEPIEXOVTAXI €l £V Y POIOUOPIOY TOU.
‘H oUTw TrpokUTrTovoa Tiun, &pifuol popicwv dva Mol, éxer peTpnii Sic ToAAGY pebo-
wv kel &’ elBeias, xwpis THY dvaykaoTikny Umapiv depiou. Avvaueba .. vd Umrolo-
iowuey TV oTadepdy TauTny, 1TIS TPos Tiwhv ToU Losclonidt gtpsr 1O évopd Tou,
3o peTpnoels TGV &mooTdoswy PeTall Siaboyikédy SiaoTpwoewy kuPikol Tivos kpu-
sTdAMov, 6Trews 10 NaCl, ToU &mrolov ThHv Sounv épeuvidpey Bicx Té dxTiveov Hinigen.

‘H ofuepov &rodekth Tt Tiis otabepds Loschmidt elvan

~ O

N, = 6,023. 10 pépia / Mol

A, kaT’ EmEKTaOY, ETOUO QVA YPIBUOXTOMOV.
‘O &p18uos cirods elvan E§xipeTirG peydios. OUTtw Y. &v SexBipev &1 kéde &rouov
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¥oAkoU eiyev Sykov, Tov Sykov wias kegahfis kapeitoas, TéTe N &Toua - ToV év Tapd 16
&Mho - B kaTelyov dykov xUBou TAsupds 85 xihlopétpwy (ox. 11).

4" "Avnovoigia vijs povidos droutxod fagovs (MAB) mpds yoauudota. 'E¢°
doov pds elvan yveoTty 1) Tipn Tiis oToadepds Loschmidl ked Sexfdduey ém1 70 aroiyeiov
&fuydvov drroTehsiTan 4o &Topa un BiapépovTa peTall Twv kaTd p&lav, 8& Excouey

p&la N drépcov 6uydvou = 1 ypaupodTtouov d§uydvou = 16 ar
&pe,
= - gr=26,564.10—2% gr
6,02351022 = : i
‘Ex 7is mufis abTis mpokimTal &Ti: 1 povds &ropikol Pdpous= 1 MAB =
26,564 -10-2% gr/16 fitor

u&la tvds péoou dtduou dEuydvou

1 MAB =1,6603.10—2 gr

Me paov Ty dvTioTolylav TaUTny olovsnmoTe &rowkdv Bdpos Tis Xnusias ueTta-
TpémeTan €l THV  TporypaTikny Els

E— ], yeauudpla pdlar fvéc pécov avduov
i ' T00 grorgsion. TI.y. &Touov BoAppo-
} {  uplou &roukol Pépous 183,86 S
i paLow
{ 183,86 MAB = 305,263 - 10—24 gy,
J’ - E’ Aidpuergos drducov. M: Thu
5\:: Bondeicv Tfis oToBepds Loschmidt
Suvdpeda va  Umoloyiowuey  xoTd

TPWINV TPOTEYYIolY THY SidueTpov

Agyopevol - ¥, Ta dTopa Tol

- o5 e

2y 11, "FEar zaotor  Tdv évrog I yoappeardnon
(63.94gr) yaizov aeowzopdvan avdpmy yalzol elye
TOY OyHov Tije mepadiic wagpltons, TOTE TaiTa TBEpErL
T0 & quaod 16 dile Od xateidppivor Sizor 85 kmd.

1
|
|

- l TEV ATOUWY,
|

XoAKOU &5 pikpoUs xkUPous (R opai-
pas) kal TOUTOUS o5 TOTroBeTTUé-
vous TAnciov SAANAwY &v ETaefj, 0&
Excopey S1& THY TTUKVOTNTS Tol Y-
koU 8,9 gr/ecm? xai 16 ypapuodTo-

nov Tol yoAkolU 63,54 gr, &px

9 N, =845 107 svsyaoms.

63,54

‘Emropéves & Sykos évos dtépou yohkoU G elvan 1/8,43. 1022 = 11,85. 1024 cm

&piBuds &rduwy yohkol dvd om® =

xai 1) S1qpeTpos évos dTéuou (kuBikn pifa) fon mepitrou Tpos 2,8 10—° em, fiTo1 2,8 R
llevikdds Shan of peTpricets kaTadyouv els Tiuds SiopéTpwv dAiycov ;mgslr&im.
T& &roua eival Téoov Uikpd: GoTe kad pE TS ueyodutépas Suvatds ueyedlvoels
HikpookoTricw elval &BUvaTov va apatnpenoly. ‘H éayioTn opaTh) ToodTns YAkl
Twds Opart? Bix ToU xauTépou dmrTikoU pikpookoTiou  droTeAeiTan TouAdyicTov
&mwo 1 SioexkaToppupiov dToduwy.
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ZT" Movdg dvopindv paldy (MAM). Eis v Tupnvikny Quoikny T uéysdos
«&Toukdy Bdposy, &5 Exet Opiolfi Poel Tis vwvoias Tol ynuikds xabapol oTorgeioy,
Bty £yel kouuiav TTporypaTikiy onuaciav, S19TI T& TAsioTa TéV XTHIKGOY oTOIXEIWY
8 ev amoterolvTan &Trd &ropx Ths «UThis pagns. OUtw 16 ynuikds kadapdy &éplov
oGuydvov Ths PUoews SUvaTal B1” elfikédv puaikdy uedoddwv va Siayweiadi els 3 =idn
dEuyodvou BlagepovTa KaTd ThHv p&lav TdV &Téuwy Tov. Td fAappdtepa dToua dmo-
TeAoUy TO peycAUTepov TooooTov ToU dEuydvou (99,759 %), T& duécws weyahuTépas
u&gns elvar oAU SAlyx (0,037 9;), qvd T& dwdun ueyaiuTtépas udlng droTsAoly TG
UmoAsiropsvov TrogoaTov (0,204 94).

Qi TOv Splopdv Tol xnuikol &roukol Papous 8EyBnuev dha T& &roua ToU dEu-
yovou @ iooTIua KaTa uddav Kai els T6 péoov alTd droupov dmedmaapey Ty adfai-
petov Tiunv 16 MAB. Topa duws rpémel vé dmodhdowysy Thy Tipfy authy els Thy
uday ToU &rduou ToU EhappoTépou ciSous &k TV 3 dEuyducoy 1, dmrws dpbdTEpoY Aé-
youev, gls TO &Topov ToU ehappol lsezdmov TolU d§uydvou. 'Ev T8 mepimTaosl TauTn
T& &AAc BUo iodToTra ToU d§uydvou dmrokToly dropikd Bépn Sidpopa Tob 16.

"AxpipecTepov B oUvBeois ToU ¥muikdds kodapol dfuydvou, droutkol Bdpous 16

elvan
Qe 99, 759.0/ 16,0000 véa Twn
@i 0,037 o 17,0045 » »
O 0,204 o, 18,0049 » »

Tas véas Tinas ualdv dvoudlousy droutxds udlag loorémwy 1 loorominds ud-
fag, 51671 TO péyelos drouwxn uala oroiyelov Biv Exel vonua, &9° dcov fv gToiyElov
dtv olykeiTon &rd gv idog drducy, &tres To kabapdy lodtotov. Tov dxépaiov 16 7y 17
K.T.A., SnAxdN TOv TANCiéoTaTov dképatov dpiudy Trpds THY dkpIRf Twnv TS &To-
WIKTS palns kahoUuey  ualuedv dorduor A 1ol icotdmou.

Eis v Tupnuikiv Quoikny éyxatoheimopey Tov Spov oretyeior, &pudfovta sis
v Xnueiav, kai  xpnoipomololuey TOV dpov igdzomoy, D& v siikelowyey 8¢ Trept
Troiou IcoTOTTOU TTROKELTAL AVapépopey TOV Hadikov &piBpéy Tou. TLy., dvTi v Adyopey
dopioTws TO oToixElov ¥Adplov, ypdeousy To igdtomor yAwpiov — 35, dmdTe Evvool-
uev év kobwpiopévov eidos yAwpiou pé &ropa palikéds TavopoldTuTa ueTafU Twv,
ATOWKAS B&ENs oAU TrAnaiov ToU 35 (34,980).

‘H véex albaipeTos povds dropixdv ualdr Tiis Omolas 0 16TAdoiov dmodibeTat
eis TO EAappov iodToTrov Tol d§uydvou, ouuBoiifetan Six TolU MAM (dyyAoti AMU,
yeprovioTi AME).

Mg Baov Tnv KAipoxka obtiv 1 oTofepa 1o Loschmidt Aaupdver véav Tipny
N, =6,0248 - 10%* Mol—*, &pa, TpokiTrTel 81& Thv HovdSa TéV droukév ualdv 1 dv-
TiIoTOIY I
1 MAM =1,6598-10—2 gr

MeTarpémovTes TNy povada MAM eis évépyaiav Bdoer Tis Sswpias Tis oxeTIKG-
Tos (E=m. ¢?) edpiokopev
1 MAM = 14,9- 10— erg

o
o
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xai pé Thy elooryynv ds povados évepyeias Tol NAekTpovioPOAT 1 eV = 1,6 10-12 erg
(PA. oeh. 39), éyopev
1 MAM =0931,25.108 eV

1 MAM = 931,25 MeV

3

AZKHZEIZ

1. To &ropikov Papos ToU YohkoU sivar ioov pos 63,54. N& Umohoyiofolv a) ) uaia évos &Tduou
Aohkol, B)o &piBuds Tév &Tépcv xahkod, TEY Tepiexoptveov eis 1 em3 xoAkoT, y)f Twd Tol ypauposTs-
you Tol YaAkoU. *H ukvédTns Tol YaAkoU eivan fon pds 8,93 gr/em3, pafa Tol &rduou Tol USpoydvou

= 1,67 107 gr. Haparipyo. Aexdpeda 6T Aa T& &Topa Tol XOAKOU Eyouv ThHv olthv pddov.

CAT. & M grépov yanvos = 108,018 - 1024 ar, P’ 8,26- 1022 &roua yahkol, y’ 63,54 gr yaAxod)

2. To &ropkov Papos ToU &beoTou eivan ioov Trpods 14. N& UmohoyioBolv «) fj néla évds &rduou
aleTov, B) 1 pada Evos popiou &lcdTov, ¥ & dpifuds T@v drduwy kal & &pifuds T@v uopiwy &fdTou, Tév
Tepieyopevey €ls 1 Aitpov &ddTou, elplokduevov UTTS kavovikas owvinxas. M&ZLa fvds drdpou USpoyo-
vou = 1,67 10724 gr. Hagarijonoiz. Aeydpeba T 76 &fcoTov cuvioTaTal € dpoiwy raTd T p&iav
TéUwWV, CAT. & Mizbatazon— 23,38 10—24 or B Gastan atdiron

— 46,76-10%% gr, y' 5,34. 1022 &ropa aGeoTov)

3. To dropkov Pdpos Tol Udpoydvou sivan igov mpds 1. Aibetan ) orafepa Loschmidt, fon Tpos
5,02 1023 Mol ™!, N& tmohoyio8i) fi pala tvds &ropoy UBpoyévou. CAT. my = 1,66-10 2% ap)

4. Né& Umoroy1o8f] & &piBpos Tédv drduwy XaAkol, Tdv Trepiexoptveoy is 1 mgr xahxol. To &roui-
wdv Bépos ToU xohkol elvan foov mpos 63,5. ZtaBepa Loschmidl = 6,02 . 1023 &ropc/ Y PEUUOXTOLOV

CAm. 9,48 . 1018 &vopo yahkol)

5. To &ropikév Papos Tob fiAlou sivat foov Tpds 4. @) TMoia 1 p&ga fves &rdpou fAiov, B) Tdoa &To-
sax fdiou mepigyovTan els 1 AiTpov Ariou, elpiokdpevoy Umrd kavovikds ouvinkas. To fAAtov sivan dépiov
vovaTopikéy.  Erabepd loschmidt = 6. 1023 &ropa/ypapuodTouov.

(AT, & My, =6,68- 10728 ar, B' n = 2,68 1022)

6. Tléoa uopia UdaTos mepiéyovtar els 1 mm?® U8aros. TlukvoTns ToU Udatos (Sswpoupsvn dos oTa-
Zep&) = 1 gr/em3, popraxdv Bépos aiTol =18, oraBep& Loschmidt = 6 - 1028 péprax/Mol.

(CAm. 3,32. 1019 poépia UBaTos)

7. N& Umohoyofiolv eis povadas ;J\rlg_rslriim (.2\) ) &kTis ToU popiou ToU UbaTos kai i dxTis Tod
dropov ToU Osiou. Mopiaxév Pdpos Tol Ubatos = 18, wukvéTng altod (Bewpoupévn ds oTadepd)

=1 gr/em3, &ropkov Péapos ToU Beiov = 32, mukvdTns auTol = 2,07 gr/cm3, oradepd Loschmidt =
6,02. 1023 poprar (dropa) /Mol (ypapupodropov). ATl 1 — 1,912 JZ\, B’ v=1,8l1 ,;)

8. Td dropikdv Bépos To¥ c1dripou elven 55,84, Znrolvtan ) ) udfa Evés ypaupoaTduoy 18Mpou,

5) 1) udGa tvds &rdpov 1dfipou, ¥) & apiBuos TGV &TdHwY GIBHpOV, TRV TEPIEXCHEVLY EvTds 1 em? cidn-
pou. Tlukwétng ol @ibfipou = 7,6 gr/em3, pala fvds &vdpou USpoydwvou = 1,67 - 1024 op

(AT o 5584 gr, B’ arduow aBizen = 93,25 107 gr, 3 n = 8,15 1022 &ropa mSnpou)

9. To &rouov Papes 10U 6fuydvou (Oy) sivan 16, ZnTeitan v ebpedfi a) f pafa évos drouou

d€uyevov, B) 1 pala vds UDPIOU 6§uydvov, y) 1 L&Lx ivos ypaupopopiov dfuydvou.M&la ToU dTéucu

ol USpcyovou =1,67.1072

CAT. & Mazinoy

2 gr, B pogien sy = 53,44 1072 op 37 32 ap)
10. N ebpebf) «) & &pibuds Tév ypapuopopicw Tév mepiexoutvay dvtos 1 m3 dfuydvou (0,5) lpi-

Skopévou UTrd kavovikds ouvlrxas, B) ) udle 1 m3 dfuydvou UTrd kavovikds cuvinkas,y) & &p1Busds THv

dropwy Ofuydvou T& dTola TepiExovTal EvTos aUToU xai 8) & &piBuds TAV EvTos alToU TEpIEXOMEVLV

sepicv,

CAT. o m= 44,64 Mol, B' m=1428 gr, y' n=>5,34. 1024 &rouc dfuydvou, &' n=2,67- 1025 pépix)
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6. Tevixal yvwoels. Zuugoivaws Tpds Tas ouyypovous duTiAfyels f| UAN dmoTehst-
T € drducwy, TV EAcyioTwy dnAadn abiaipéTwv kal &TpnTv Sidt THY YnHelav ou-
CTOTIKQV TTaVTOS CTUOTOS.

YoioTaran peydAos dpifuds oaivouvioy (&ywy1udTng HETEAAGDY, PWTONAEKTPIKOY
QIEUVOHEVOV, AAEKTPOAUGTS KAL) &TToSeikvudvTwy 6TL &K TTavTos UAIKOU GupaTos—ynul-
KOV oTOIYEICOV Kal ¥THIKEY EViaewy, LETEAAWY kai &ueTdAAwY, Uypdy, oTepedv Kal de-
picov—BUvavTtar d1& kaTaAAnAwy péowv va &roomacfoly owpaTidiaAlav pikpds uaéns,
PéooVTa &PVNTIKOV TIAEKTPIKOV @opTiov. Ta cwuaTidix Talta kohoUvtal flexzodwia,
cUpéln B8 611 ol Tipal TS uadns kai ToU gopTiov alTdv sivan ai aUtal 81° SAa TA AAek-
Tpovia, &veEopThTws ToU owpaTtos ék ToU dtroiou mpoépyovTal.

’Ex ToUTov SiamioToUTan 811, ékaoTov &Topov, dve§apTiTws THs UANs €€ s Tpo-
EpYETQl, TEPIEXEL £V T} TEPIOCOTEPX NAskTpovia, TO NAekTpoviov &ToTeAel oUTw &
TV Paoikév oucTaTik®Y £ GOV ouykpoToUvTa SAa T& &Toua Tijs UATS.

A’ ETépou, 635 yvwaToy, EkaoTov &Topoy elvar UTTd guvniBels ouvlrikas oUVOAIKES
NASKTEIKGS oUdétepov. 'Eg’ Soov 8¢ T& évTds alrol TepikAsiopeva NAEKTPOVIX PEPOUY
GpvnTikOY @opTiov, EmreTal 6T1 vTds ToU &Tdpou UgloTaTar Kol BeTikdv gopTiov, &me-
AUTws Toov kal dvTiBeTov s T& ouvolikdy popTiov TEV HAexTpovicy, T& &Toiov Efou-
Betepol 1O gopTiov oty kal oUTw TO &Ttopov EugavifeTon HAekTpikds oudéTepov.

To gopTiov ToU AAskTpoviou (cuuPoAi{opsvoy Yé — o) &moTeAel Thv EAayioTny To-
coéTnTX &pvnTIKOU AAEKTpioHol, ATis dmovTd sls THv PUow kai kodeitar dg €K ToU-
TOU GTOLYElMOES GOVITIXOV NAEXTOIXOY (POQTION.

EUpédn TrpoctTt &T1 kel i1k TO BeTikdY HAEKTpIKSY popTiov UpioTara EAayioTn Tis
SuvaTh ToodTns 6§ cltol, elvan 8t alTn Yon kai dvTifeTos Tpds TO popTiov ToU fhek-
Tooviou kai KOAETTal oTotyedoes Detixoy hextowor gootior (—e).

’Ex ToUTou guvdyeTal 811, &Y peyaAUTepoy HAskTpikdy gopTiov 8é elven dxépaiov
TTOAAQTTAGT 10V TOU GTOIYEIOBOUS NIAEKTPIKOU gopTiov e.

"Edv Ev f) kal TreplocdTepa HAEKTPOVIA, AdYyw fwTepikiis Tivos aitias &mopaxpuy-
BoUv ToU &Tdpou, ToTe UtepTepel TO SeTikdVv popTiov kai Exopev Gropov BeTikéds opTi-
cudvov, TO Strolov KaAoUuev povooBevis A oAuaBevés fetixor idr, dvakoyws ToU apif-
uol Tév fHAskTpoviwy T& dmola EAAsiTrouv. Eis Thv &vtiBeTov mepimTwow mepiooeios
AASKTpOViWwY TTEORUTTTEL aorytixor iy (7).

*EE &AAou ) ouvoAikn u&la TV fAekTpoviey tuds &ToUOU GTOTEAE uoVOV HIKpOY
uépos Tis cuvdhov pé&dns xdTol, ka€’ doov Exel BlamioTwdf 671, T udla ToU fAekTpoviou
slvan 1836 gopds mikpoTépa T pagns ToU Théov EAappol &rdpou, ToU &Téuoy ToU
USpoydvou. Asydusda Aoimdy &1 SASKANpos oxeBov 7 udla UAixol Tivos &Topoy, duol
peT& ToU fvTds alrol Trepieyouévoy BeTikoU popTiou elven cuoowopeupévn eis Ev couarTi-
Biov, sUploxdusvov eis TO xévtpov ToU &rouou, To émoiov dvoudletarl wueny TOU &TC-

Moy,

KivoUuen, Tropevopal.

o, 16v, pstoxn TOU PTHOTOS
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TTépi§ Tol Trupfivos kai els peydas oxeTikd@s dTooTagels TepioTpépovTal ETTl EA-
AETITIKGY T} KUKAMKGY Tpox 16V T& NAEKTpOVIX Tol &Topev, dmoTeAoUvTa oUTw oUoThua
Trepimrou Suoiov Tpds TO TGV TAaunTGY TEpl Tov "HAiwov (oy. 12).

Bl éxdoTou iV TEpE ToU mupfivos TepioTpegopévoy AAekTpovicy &Tiver Bic-
TagoovTal TEPIE aUTou els «pAotoUsy (*) Bpd kuplws 1) Suvauis Coulomb, THv émoiav éEa-
oxel ¢ adToU 6 Trupnv (ol drwoTikal Suvdpels ék TGV Ao1Ttddv NAekTpovicov elvan dpeAn-
Téan). Ta AhexTpovia TGV EEwTepIkGY PAOIGY ATTOOTIOVTaL OXETIKES eUKOAWS &K ToU

Zy. 12, To dropov dupowdler zava vip dopr Tov 7065 6 “Hiwaxor cictyua. Ta
TEQIOTOEgOITAL (D2

TAAVTAL TEQL VL HEVTOUAOY TVOTVA, S0 pEyHAaS GpeTIXDE AT00TETE

a7’ atrod.

drépov, fvd Sid Ty &mdomaoiv HAsxTpoviou £ EcwTepikol Tives gAciol, daiTeiTa
peyoAUTEpOV TTogow dvepyeias. ‘O dpifpos TV AAekTpovicoy elven Bi1& TO YBpoydvov ioos
npos 1 kad Bia 16 olpdviov 92.

TeipepaTixds karedeiyOn 611 & &Topikos dp1duds tkdoTou ororyeiov, fiTol & alfwv
apibuos alrol gls TO Treplodikov oucTnpa TGV oTorysiwy, Ekppdlel TOV dp1Budy TV
fAekTpoviny Ta dmola eploTpEpovTal TEPIE ToU Trupfivos NAsKTPIKGS oUdeTépou &rTd-
wou Tivos Tol oTotyelou. "Eqv ouveTds kaAéowpey Z Tov dTopikdy &pifuov fvds oTol-
xglou, TéTE & dpifiuds TGV AAekTpovicoy TuxdvTos fAeKTpIkGS oUdeTépou &Touou TolU
oroiysiou & eivan Z, TO GAIxdY popTiov almédv —Ze kai cuveTréds TO feTikdv popTiov TolU

#) Qs dvogipopey GuTEpW, TA TEPIPEPIORE TAEKTPOVIC &TdUoU TIvds TepioTpépovTan TréPIE ToU
Tupfjuos e Srxpdpuwy Tpoyidy kai BewpalvTan s dufixovTa els Bixedpous Aoiols (TpidTov, BedTepov
KAL), "Otav pépos T T&V fiAexTpovicoy &Topou Tivds Gk els TOv alrrov oAo1dy, elkevilopey Tolo &is
TA§ OYTHOTIKGS TTApaoTaOES TEY &Touwy ToToBeTolvTes Téd HAexTpdviaémi Treprpepeiaskixiou, cupfo-
AiGovTos Tov év Adyw ghotdy, ToU dtrolov TO kévTpov kaTéxer 6 Tupry. ‘O TooUTos GUUPBOAITHSS HAEK-
Tpovicow dunrdvTwov s TOv alTov phowov BEv T p € e dmopéveas v EpunvedeTon dos TTapioT&Y Kivnow
AAEKTpOViwy, TO Ev xaTémiv ToU &AAov, i Tfis elTTis xukAkijs Tpoyids, xaf’ ooy ToioUTéY TI oUBETOTE
cunBaives, £’ doov T& NAekTpoVIa Biaypdgow TEpIE To¥ Trupfives Slagdpous Tpox1ds.
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Trupfivos &moAUTws Z @opds usyaAUTepov ToU oToixendous AhexTpikol gopTiov,
fTor + Ze.

"Ocov &op& Tas SiaoTdosls ToU Tupfivos eUpéfn 671 1) dxis Tou eiven THis Téews
ueyébous 10—13 Ecog 1012 em, . . 1) SidpeTpos ToU Tupfives Tol USpoydvou tlven
3.10-B em, &v® ToU odpaviou 1,9 - 10 =12 ¢,

AgSopévou B¢ 6T1 1) &xTis ToU &rduou sivan THis T&Eewos peyfous 10— em (.. SiaTo

&Ttopov ToU ofuydvou
e 0,74-10 fcm kad 8110
—————— AAEUTPOVICL vaTpiov 1,9.10-8 ¢m),

Trupnv 10 2em

IKPOTEpaL TGV SlaoTd-
OEwWV ToU OAoU &ToUoU

A
i TpokUTTEL &T1 al Bia-
E 3 oTdoels ToU Tupfivos
2 5 P - \
o JESWTEpIUG g0 104 gog 10 popds
= NAgUTPOVIX
]

e Kai guveTréds oUToS Ka- (O =Netpdviov
Zy. 13, Syjuarixd mapdorac: arpev.  TEXEL EAGXIOTOV pépos @:n‘pwréulov
“H oyéow: Tdr ueyeliciv voipos nal cuv- £vTos ToU UTd ToU SAou
Ghov arépov sivar Gz f) perast Tz &Tduou  KaTaAapPavo- Zy. 14. 'O avoiy guvi-

#eqalfls zappltoas zal  juds péao pee= p.éUGU XO‘JPDU (GX- 13) GTaTaL £ TgeTOrion al
‘O muptv ToU &T6-
UOV, KQTG TAS OTUEPIVAS QVTIATIWES gUYKPOTEITal €k BUo elBv ototyetwddy couati-
Sleov TV spwroviey Kai TOV vergoviey (ox. 14). ’Emadn. 1& cwpoTidia Tolta
Exouv TOAAGS kolwds 1B10TnTas YapaxkTtnplfovrtal yevikdds i Thv kowhy ovouaoicv
vounledvia.

To mpwTdviow sivan awuaTidiov pdadns 1836 gopds pe-
yoAuTepas ThS ToU TjAekTpoviou kai @épel Ev oToiye1ddBss
FeTikOV HiAEKTPIKOV opTiov, fiTol &moAUTwS ooy Tpds TO
popTiov ToU TAskTpoviou.

Te vetpdviov cival cwpaTiblov NAsKTPIKds oUdéTe-
pov xai &yxel n&fav EAagpdds peyaAuTépav TS TolU Trpeo- @’
Toviou. *EE alrddu ouvdyston 611 TO BeTikdv gopTiov LnpGrouiby
ToU Trupfivos, igov dog eiBopev dvwTépw TTpos - Ze (Evla
Z 6 &ropkos &p1fpos ToU oToryeiov), opeiAsTon dTrokAel-
oTIKGS £is T vTos aUToU Teplexdusva TrpwTovia, Emeadn
B¢ &v TpwTdviov elvan opTiouévov P& BV OTOIXEIBBES 3, 15 Fic 4 dronor Tod
FeTikoOv gopTiov, EmeTal 6T1 6 ATOUKOS &piIdUOs OTOIXEIOU  idpoydron, Syer dropuin dnid-
Tvos 5ider dxpiPpds TOv pifpov TGV TpwToviwy, Ta  mor Z=1, ¢ mugny dxoteiel-
oTola TrEpEYoVTal OTTwadnToTE €is TOV Trupfivar Tuyow- T do 1 mporedveor
Tos &Topov auToU, Sedopévou &T1 © &piBuos TV ESwTe-
DIKGY AAekTpovicov ueTaBdAAeTal KaTa TOV iovigudv Tol
&Tdpov.

Té &mrAoUoTepoy SAwy TGV &Tdpwy elval To &Topov Tol Udpoydvou. ZuvioTaTar
£E tvos TpwToviou, s Trupfivos, TEpi§ ToU otroiou TrepioTpépeTar Ev HiAekTpoviov (TX-

wilBone obselire 5
vébovs oixiac. YETOOYIEIV.

*HAsutpdviov

GTO0T TEQUGTOEPETAL €V [j/6%~
TOGIIOV.
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15). To é&rouov ToU fiou (Z=2), dmoTeAeitan ék TUpfivos ouykpoToupévoy éx Buc

mpwToviey kal BUo veTpovicv, TEpIE ToU Smroiou TreploTpégovTan SUo fAskTpoOVIa:

(ox. 16). ‘O Tuptv ToT &tduou ToU Mbiov (Z=3, A=T) cUykerTai & 3 TpwToViKy
dhoidg _—m—=~_ gt e

~ - ~ - S
- ~ ’ N , N

i \ 7 Tupnv

! v

1' ° Lo e

) ot @)

A v i i/
\ ! 2 TTpwTovLa /

\ b ‘. 2 verpdvia e
- = el - G- ey

(a) (B) (¥)

Zy. 16, Hagactatiz eizon tof ardpov 1o filov. (u) Td 0do eotpepsiaxa fjiex-
X g i ! 1 QupsY {

Todra Oayodgony TELE Tob Tvoivos Hra Stagdoovs Tooyuiz. () Ta niexroovie
arijzovy gig TOr abtor cglodry, (). ‘O mvenr Tob ijilov amereieirae amo 2 Foo-

Tove xal 2 verporia.

Kkai 4 vetpoviev TEmE 88 alTol TepioTpEpovTan 3 AAektpoviar (oyx. 17). To &Topor
ToU olpaviou (Z=92), 16 Paputepov TV Ev TH DUoerl dmavTouTwy &TOUY,

Sy, 17, (a) To dropor Tod Lbiiov aTorelelrar éx Tob quives wal &x 3 Tegipe-

ety yherTooviwy. (1) Ti oo tjiextodma dvijzovy ei; TOV TodTOv Glowr, TO
Ereoor O ez TOV delTegor plotor.

&moTeAeiTan €k TTUpTives ouykpoToupévou € 92 mrpwToviwy ki 146 veTpoviwy, mépig
Tol bmoiou TepipépovTar 92 fhextpovix (oy. 18).

‘O Adyos ToU &pi1buol Tév vetpoviewv, Tév Tepiexoubveoy els Eva Tupfiva, Teos
Tov SpiBudy T&Y €vTos oalTol TrepleyoMéveoy TrpwTovicov, slvoan Bi1d T& Tp@TA OTOL-
yeiax foos mpos 1:1. OUtos kabioTaran peyoadUTepos Tfis povados 81 oToiysla Kelpsva
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TO Uégov Kal TTPOs TO TEAOS TOU TrEPLodikol GUGTHUATOS plaver v T 1,6, 1
Soov TANoIGlouev TO TéAog ToU TEPLOBIKOT CUCTALOTOS TOTOV TEPICTOTERE VETPOVID
EoEL TTPOS TC TTPWTOVIX daiTouvTar 81& THv eloTdBeiav ToU Trupfivos.

‘Qs yvwoTov, ai ynpkal
s fvog &ropou EEapTdv-
Tat Kuplws &To THV SUUTTEPIQO-
TRV EOTEPIKDY  TAEKTPO-

2y

ot B¢ kofopileTon gk

Tipfls Tol SeTikolU  @opTiou

j TTU o5, fiTol éx ToU &pi18-

poU TGV EvTods oiTol TreEpIKAEIO-

Suvetrdds, B1&x v TTpoKUWT
£§ cplopévou  &Tduou Ev &To-
uov &AAou oTolyeiou, fiTor Bik
v& ouuPt] OTres Aéyouev peta-
1 v& ovpph

orotyeiwaolc,
xBoAf) ToU

ToU Trupfivos Tou, BnAadr pe-

TikoU  gQopTiou

TaPoAn ToU &pifuod TV Tpeo-
Toviwy T& OTroix TepikAsiovTal Zy, 18, "Yadoeoua 1of drduov Tob ofeariov
| oUuTEp!
EEeoTEPIKGV AAskTpovicov ToU véou &ropou S& slvan Bidgopos 7ol mponyou-

uévou ko ETropéveos Ba Exeopey Siagdpous xnuikes BidTnTas, dvTioTolyoUoas gis ool

xsio ov eig SiapopeTikny Géowv eis TO TrEploBikdY oUoTnua TV gTorXElwy.
*HAsurpdviov *HAeutpoviov *HAsutpdviov
{ { 1O |
@_/’ /
Tpwtdvioy Tlowidviov o
“Y&poydvov Asvutepiov
Zy, 19, Ta dropa tév Toi6r isordmemr Tod vdoeyoron
dolov Teoupéoetar & 1))
TOU DEVUTEGLOD T
‘Eqv Spcos peTaPANER 6 &piBuds Tdv
¢&v .. drooTracYolv 7| TpookoAAndolv

& TrpokUwyn &Topov &AAoU oTotXElou, GAR’ &TTAG
ov ToU i8iov oToixsiou.
Ex tév dveoTépoo AsyxBévT

o

— D

VO§ CUUTTEPEIVOEY

3
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871 66 iTo Buvertow Yo Tov altow &pifuov Z, fitol UTrd Tov admov &pibudy TrpwToviwy,
va Eycopev mupfivas kad Eropévas &Topa Siapdpou pdldns, ogethopévns eis Sidpopov
&p18uov veTpovicov EvTds ToU Trupfives. O mupfives oltor 8& gépouv TO clrrd HeTikdv
popTiov kal Emopévess T& &Toua gis T& omola dvnkouv oUTol Bd Exouv T&s alUrTds X nu-
<& 181601 Tas, B& dvnrouv BnAadn cis 1O alTd XMUIKGY oToixeiov kai Bév 8& elvar xn-
wixéds Sraywpioor petafy Towv. TowolTol Trupfives f &topa Biagdpou pagns G-
xovTa elg TO alto oTowyelov xoAoUvtan lodroma.

Té& &ropa T&v looToTwy Tol alrmol oToryeliov, &wd guoikfis &rdwews, diagpépouv
seTabU Teov, ko’ Goov Exouv Bidgopov udbav, Siapdpous i81oTnTas padievepysias k.ALT.

To ynuikds kadapov USpoydvov TS
QuUoews bev ouwvioTaTar &€ &Tduwy  Te-
Aelws OupoatBidy dog TTpos TNy udlay Twv,
&GAN &moTeAsiTan £ Tpidv igoTomeov. To
Tp&ToV eival TO alvndes Udpoydvov (ka-
AoUpevov kal srgdTior), TO OTiciov &Tro-
TEAET oxedov £ OAokATnpou TO UBpoyodvov
THs @Uosws. ‘O Tupnv &vds &Tdpou ToT
icoTomou ToUTou ocuvioTaTal € Evos uo-
vov TrpwToviou. Té BeUtepov 1O STroiov

&rravTd el TOAU pikpoTépas dvaioyias els
TO quotkov UBpoyodvov (1:7000) dvoupd-
Zeten Bapl ¥d8poydvev # devrégiov, S
TUpfy B¢ gvds &TopoU ciTol &roTeAsiTal
¢€ £vos TrpeoToviou kal &6 Evds veTpoviou,
ouveTTds Eyer DiTAaciav TrepiTrou p&lav
ToU Tponyoupévoy. "ExTos TGV SUo Tou-
Twv lgoToTwy Tol USpoydvou, UTdpyel
xal TpiTov kahouuevov dmeofaov vdgo-
yévov # zoiziov, TO Omoiov Suws Bév £U-
piokeTan &v oToBepd koTacTdoel el TRV
l Duow. ‘O mupny Tou ouykpoTsiTon EE
gvos TrpwToviou kai SUo veTgoviwy, ouve-
TEds  Exel pafov peycduTépay TSV Buo
Tponyouévwy (ox. 19).
“Ymapyouv aToiysia év T ®Plos T&
Zy. 20, Ta oroyzaddy evorarid 1of arépov zai  OTrOla aTepolvtan lgoTdmewy, &moTeAoUv-
ixondve; wdbs popyiz By, eivar Td jleztodna,  Ton SnAadh 2 &Tépwv EydvTwov Thy al-
T TEOTOVIL #ad TA PETo0M, .n;w U&CU\), o X o Vé:TplO\F, o 0’30-
plov, & Ypuods xal dAAa. ‘O kacoitepos
Spes THs ®uosws Exel 10 iodToma, 6 olpaviov Exel 3 ioéToTra, TV Otroiwy of Tu-
oiives Tepikheiouy 92 TpwTéw, & Tupny Tol EAcppoTépou Tepiexel 142 veTpdvix, ToU
utoou 143 kol TolU BapuTépou 146.

Frepedy oipa
( Kptoraidag)

Eis oAAGs mepiTeoosis éTav Slo ) TepioodTepa dropa EABouv els pikpav &
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APXAL KAI OEMEAIQAEITZ ENNOIAI THX

INIOT MHXANIKITIZ

SAANAwY &doTaoty, tupavifovtan fAkTIkal Suvausis, i OTroial Tpokaholv pdvipov
cuykp&Tnow TdY &Topwy, oxnuaTilopévey olTw cuvBéTwv cuykpoTnpaTwy &To-
peov, TO OTrola KeACUVTAL, GF YVwoTOV, HOpIa.
T oxfjua 20 mapioTd THY Sopnv k&be popo
HAEKTPOVIiOV.

UAnS, &k TrpwToviwy, VETpoviwY

E” APXAI KAI OEMEAIQAEIZ ENNOIAI
THZ NEYTQNIOY MHXANIKHZ

7. A) "Abiwpoata tod Nedvtwvog., ‘H Mnyaviky tol Nevtwvos ( KAcooikny Mn-
1K) BaoifeTan &l TGV TGy &roAolbwv &EiwpdTey

1) Iav copa otaryoel =at’ dodiwyroegy Tiuny xal gooar Ty Taydmytd Tov,

cg’ boor dév Bmidpdoory dx abrol EEmteoizal mm;ﬂr

v oduc fpeud, dnAadn xivfiTon GO TayUTnTa U1

Karta 16 &ficope Tolte Stav

Bev, Ba EEaxoAoulfy va fpepd, éo” doov oude-

o eEoTepixn BUvaps Spdon ém otol. “Edv
KivijTal, 8& é§axoroult) va kivijTal evluy pau-
pes kai fooTayds. “AvTioTpdews, £l TTavTos

gwpaTos Kivoupivou eUfuypdppws kai {ooTa-
XS 1) Betv Bpddor £coTepikad Suvdusis 1) Gv
dpido1 TolaUTal, 1) cuvioTapéun Twy sivon Ton
Tpos undév.

‘H i810mns Tdv UVAIKOV cwpTWV V&
1IXTNpoUY oTabepdv THY TAXUT T TWv OVoud-
Cetan &Bpdvera. Qg pérpov Ths &Spaveias
TOV owpdTwy AcuPdvetcn 1 pdla qUTEOV

e

ppafovoa kot NeUtwva T6 Tooov T
JANS To &Troiov &ATTOTEAEl TO ChOUa.

2) "H fmirdyvvoi: oduatrdé: tvos sivi
et0éwmz ardioyo: moo: Ty dodoar Exi TOT od-

aros  Efwreptxny Odvauy xal T

LGTOOG O

valn: Tot m-]guzru.‘.

TOU d&lwyc:‘rog

&Aoyov peTaPorfiv 7T UgioTapévn —',-m—-i;,_wrm: SpileTan, o

YVWOTOV, @S 1] HETAPOAN TS TaxuT

T xpdvou, ueTofohd, site

TE KaTQ S1U

) TIPMV
'GU“GW‘ kol gopay, B £y

Eav A Stvows elvan oTodep
ell

KOT é‘:f‘T‘“‘CTl" s ""'&'ﬁIUCp"' } T'IT'\\(ULU VT

TWHOTOS, OTP\OZDW .)CXDU"OLE‘.‘.‘-\' Kivn a1V,

eUBUypapuoy SucAdds
“OTav jbmcz”;sfm LEV OT :

KT TPOTTOV WoTe aUTtn va Bié
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B xéutpov TO onpelov alTd, looTayf kivnow, GAAG pE KevTpoudAov EmiTdyuvoiv.
‘H dvoduTikn Biamimreoots ToU Seutépou &EicopaTos ToU NeUTwvos elvan

F=m.y Oepshmddns vépos Tis Mnxavikis

*Ex Tfjs §100oecos TauTns Suvapeda va UtroAoyicwuey THy p&lav, T.Y. cwuaTiBiou
TIvds, £av dokfiowpey et alrrol  plav SUvauiv, ueTpriowpey TTHV TrpokoAoupévny &
auTol EmTdyuvow kai Siaupéowuey Ty Suvauiy Sid Tiis EmiTayUvoews X proipoToioty-
Tes povddas Tol ibiov ouoTpaTos.

3) "Av edpd v A doxrj éxl fvépor oduaros B dvaply Tva, tite 2 16 edpa B
dozei éxt Tod A ddvepwr lony zai drilletor (avridoaois).

ZuveTréds elvon &BUvaTov v vonli] mic udvov Sdvaus, Tpétrel 88 TavToTE va dva-
{nhiTan 1) dvTiBpacis Tng, 51071 elven dBUvaTov v Utrdptn &ls THy DUoiv oddud T1 &TTnA-
Aarypévoy oicednmoTte dAANAemISpdoEws TPOs T TEpIPOAAOVTa aUTd cwuaTa.

B) "Oppy). OeuehidBous onuacias fvvoia eis ThHy Mnyowvikiy elvon ) Evwoix Tfis
Spufis kwvouutvou cwporTos, Gprlopévn s TG yivduevoy THs u&dns Tov m &l THv To-
XUt v, fitol

p=m-u opun = paGa X TaxUTnS

T Ponbeic Tfis évvoias Tis Sppfis SuvdpeBa vé ypdupwuey piav yevikoTépav Siormi-
Twow ToU Sepehiwdous vopou Tils Mnyavikiis. TlpdypaTt, fecopolvtes THv udlov Tol
oouaTos oTabfepay, Tdow Emidpacis duvauews F Emi ToU odpaTos 8& Trpokoiicn
peToPorny Tis TaUTnTSS Tov, ouveTds kai TTis Spufis Tou.

"EoTed 6T dvTds ypdvou Al EmépyeTan peTaBoAn) Ths TayUTnTos fon Tpods Au=v-u,.
O elvon TéTe ¥y = Au/At =u- v, /At, fvba y ) EmTdyuvols THY dtrolav TTpocdiBel 1 §U-
vaps F (Bewpoupévn oTabepd) sis T odua. A1’ épappoyfis ToU BepeAihBous vouou Tis
Mnyavikiis 8¢ Eywyev

s Av V-V, mu-my,
of =m- N m - o = o o
O& elven dpeds mu - my,== Ap, #vlx Ap 7} ueTaBoAn Tiis dpufis tvtds Tol ypdvou At.
‘Emoutveds Suvdpebar va ypdpwuer Ty yevikwTépay poppfiv ToU BepeAicdBous vouou
s Mnyavikfis
: Ap
F—

Zuupcveos TTpos TV véaw TaUTNY pop@nv THs SepeAicoBous é§lowaews, TO SeUTepov
&Eiope Tfis Mnyavikfis Tol Nelrwvos Slvarar vé Siamumedfy kal ds droAoubus: “H
dEarepud) dbvagug, 1) Emdodoa éxl cdpatds Two: looltar Teos Ty petafoiny Tijc do-
wije tod adpato; Sk Tob dymieTolzov yodvev, évtos ToT dmolov émijAler 4 év idyve
petafoli).

‘H opu) évos ouoThpaTos cwpdTwy KabopifeTan amd TO &fiwpa Ths drorTnphostcos
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| 00T EVOD GUOTHUATOS GOIHATEY Tapauéres

TS Spufis, oUNPWYWS TPOS TG OTOIoV ¢

grabeod, &y doov 0gr dpodr éx7 aitod Ffwmreotxal Svvduees ».

T') Pomy) &8paveiag. "Eotw év UAkov onpeiov pddns m keipevov €is dmdoTaow r
amo &fovds Tivos TepioTpogis. ‘Opifousy s somijy ddparetas @ tob Biuxot ainueiov,
s mooz Tov dfova aiTlr, TO YWOMEVOY ThL pdln: To¥ Hlixodn anuelov éxl To Tetod-

veovov TiE AmocTAGEM: Tov &2 ToT Afovo: TeplGTOOG S, 1/Tol
= o oog,
(Gl o

FevikeoTepov, a¢ oomny Gdparelas Tlixol ooparos &g mots dfova dolloper w0
dpoigpa TEr pomdy Gdeaveias Giey Thr Ghxdy  ghguelov Sx tén dmolwy cvvlotata
0 ghpa g meos Tor dfova adtor.

To péyebos pomrty dbpaveias, sivar dvtioTorxov mpds Thy pddav ToU owuaTos kol
uds 8ide1, TpOTTOV TV, TNV &Bpdveiay TOU COHaTOS EiS THY TEPIOTPOPIKAY Kivnoly, v
1 udfa ToU cwpaTos kabopilel Ty ddpdaveiav Tol gwpaTos els THY peTaxivnoiv kat oyl
THV TEPIOTPOPTV.

‘Ev odua xaparTnpifetan mévToTe &md THY alThv p&lav, v potrds dBpaveios
1 ToAAGS, Gvaddyws Tpos Trolov dfova meploTpofis dvapepbusha.

A) Ztpocpoppy). Td oTeped odpaTa oTpepdusva yoapakTnpilovtal, 6F yvwoToy,
&1ro uiay yoviakniy TaxutnTa (w). ‘H ywviaks Taxitng 16y owudTwy eval SuvaTdy
v& GuagépeTal eiTe TTPOS &fovd Tve TrepIoTRoRTs, sUplokdpevoy E§w ToU oduaTos, iTe
Tpos &Eova Biepyouevoy Bi& uécou aUTol, dis . X. T kivios Tl kukAkfls Tpoyds Al-
Sou, ouvBeouévou Bi vipaTos pE THY xeipa pog, i 1) kivnows Tol oTpdPou (oPolpas)
Tepl 1oV &Eovd Tov. Eis Tas mepimrTeooels atds Opilouey s véov péyebos, THV otgo-
@opunv () ToU cluaTos.

“H oroogooi) oduatds Twes OuayodyovTos xrslualy T0Gr (GofTul [E TO Ve~

uevoy T Gopdjs Tob aoparos Exi TV dxvive TiZ Teoyids, fTol

0 e
LG=m.v.r=m. -

Eis Tnv mepimTooy aldtiiv ) oTpogopun ToU CUaTos KaMEITX TP O Y 10KN
STPpOo@OPUT T OTpo@OpPUT £€X TeploTpOoPHs.
i3 Ty meolTTmGw 2ard Ty OTolwr Eyoucr dfova megiotooqils dtcayoueror did

[ETOY TOD GOUATOZ, TOTE 1] OTPOYOOMY ACY( (0 TEMOTOOGII: #rjoew: ToF adua-
T0z, zadeitar (8o oTooPoou § omlv (spin) xui iGoiTar 7o6: TO yansror TijZ nomis
adgaveias ToT GOUaTos, @i mpo: Tov dfova TEROTI0ENZ, Sxi THY yewiwspy TaydtiTa
Tol oduates, ijTot

‘H orpogopun SitmeTon Umod dvaidyou dficpaTos ws Ty dpun, fiTol i ateogonus)
repuxe aitia (1) éa

SY0Z CUETHHATOS TAXGY GOUATOY Tl ToD Gaulov 08y Exidoody ¢

adrol £&acxovudvy vomy elvar iory 700 1wdey) Tasauiver orabeod.
Ol tav kabnowusy &mi oTperTol kafiouaTos, kpaTdvTes el Tiv elpa pas ko Yre-

odww TTs KEPaATS LOS TPOXOV Tivd, ApYICWUEV 88 XOTA T OTIYUAY Ve OTPEPUUEY
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aTov ETmi kaTakopUpou &Eovos, Ba TrapaTnpriawpey dutaws &T1 &pxilel nia oTpopn ToU

Zyx. 21. "H oroopy Tob

Tooyet Do Toi arlocdiTonr,

HOTA T POOAY, TOOXLL

crpopiy  Toi  xalispere:

éal Toil dmoiov 6T

wuri Ty artisroy

kabioporros émi TolU dmroiov eUplokdpeba kaTd THv &uTiBeTov
gopaw Tiis TepioTPoTis Tol Tpoyxol (ox.21). ToUTto cuuPaive
8101t ) SAhikf) oTpogopun ToU cuoTruaTos &vbpdTou - Tpo-
¥oU, Adyw This un Uapews EEwTepIkTis poTrTis, TPETTEL KT
T &icoua Ths SiaTnpriotws TS Opufls v& Topopeivn oTa-
Bepd, Bnhadn fon Tpds undév kal PETE THV TEPICTPOPTV
ToU TpoyoU. Qs €k ToUTou TO kABIoUX ATTOKTE YWVIGKNY
TayUTnTa dvtifétou @opds Tpds TNV ToU Tpoyol, TolalTns
Tipfis, oTe TO &lpolcua TV fowy kai dvTiféTtwy oTpogop-
v v glval ioov Trpos pundév.

E) Metdntwots. 'Edv ¢is aTpéPos Teb7j eis mepioTpopi-
knv kivnow xai TomofeTndn TeAsicos koToKopUWS, oUTwLS
WoTe vi EouBeTepolTan TeAeiwos TO PBdpos Tou, oUTos, s
yvwaoTéy, looppotrel. 'Edv Suws kAivwper Tov oTpdPov, els
TEOTToV MoTe va ekdNAwT 1) mevépyeia tids pn lcoppoTrou-
ong Suvdpews, ToU Pdpous Tou B, 16 dTroiov Trponyouptvess
é€ouBetepolto UTTG ToU onuslou UtrooTnpifeds Tou, Euga-
vigeTan pomdy G Tpds TO onuelov oTnpifedds Tou Trpoka-
holoa xivnow
ToU &fovos Tou
oTpofou TEos
T& xdTw, od-
Tos Opws Bév

karamimTar (o, 22).

Mp&yueT wapatnpoluey 671 & &cov
tEarohoulel va Biarnpf] Thv Khiow Tou
TTPOS T TAGY1a Kad Slaypdeer Kwvikhy
tmopdveiay, TO 88 dveTepoy drpov aUToU
SpiGovTiov mepigépeiav. To dvoryua Tou
xewvou, &¢° ooy Bev UploTavtan TpiPad,
Tapapével otolepov. ‘H yapakTnpioTik
alTn kivnos Tol oTpoPou kaheiTan pe-
TaETWOIE.

ZT) "Epyov. Q5 yvwoTtoy, otav
plo SUvaws peTawivij TO  onpelov Tg
tpapuoyfis Tns Tapdyer Eoyov. To Ta-

Zy. 22, "Yao vy éxevéoyeiay Tijc pomfjc Tob fd-
00US TOU G GTOOIn; ExTEAEl »VoWw HUETAUTTOGEDS.

poryduevov épyov, €9 Goov 1) peTaTémiows Tol anueiou papuoyfis THs Suvdpews Yi-
veTon kara Ty Sielbuvoly Tng, loolTan pé 76 ywdpevov Tis Suvdpews F émi TO
BidoTnua s kaT& TO OTrolov peTekiviBn TO onueiov épapuoyfs Tns, fTol

A=

F s
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APXAT KAI OEMEAIQAEIE ENNOIALI THE NEYTTONIOY MHXANIKHE 39

*Eav 1) Bieubuvois Tiis Suvduecos Bev auutriTTn Tpos ThHv Sreluvoiy kaTa TNV OTolay
LETOKIVEITOL TO OTueiov épapupoyfis Tns, GAAG oxnuaTifel yowviav ¢, TO Taporyduevor
Epyov looltan pds TG ywdpevov Tol BiaoTiuaTtos s émi THY TrpoBoAny Tiis F &l g
eUBeias &l THis oTrolas peToxiveiTan TO onuelov ¢pappoyfis TNS, OTOTE, €5 YVwWoTov,

B Exoouev

AV EEy

-owo

‘Evépyeta. Tdux f| oloTnua owpdTtwy 1o dtrolov elvat ikavov va mapaydyT) épyoy

Asyoupev OT1 EykAcier Svépyetar.
*AtroTeAel OepeMicodn dpxfv Tis Puoi-
kfjs &T1 1) Evépyeia Bév BlvaTta va Trapay 81
2k ToU pndevds, GAAG kad olUTe 1) UTTdpyovoa
tvépyeia SUvaTon v Efagoavicdiy. "OTav g
Thv Quoiv E§agavifeTal pia yopen évepyeias
eis TV Béov Tns dugavifeTan ThvToTE Ui
icoduvapos ToooTns évepyeios mds &GAANS
Lopgfs. :
Etreidn) eis TOv Mikpdkoouov, TOV Ké-
guov TTs &TOMIKTS Kol Utrarroukijs kA luakos,
T)TOl TOV KOOPOV TV OTOIXEIWDMDY Touc-
by, ol cuvnlas povddes fvepysias slva
EEcpETIKEDS Py dAC Kol 5 &k ToUTou SUo-
XPNOTOL, METOXEPIOUES: EKTOS ToUTwY 5
povéBas évepysias TO 1 flexzooviofoic
(1 eV), dpiiodpevov s ) kKivnTikY Evépyax
Thv omolav dmroxT& &v cwuoatibiov eépov

Mnxaviun Tlupnviun Quotun

& _m_ Ikgr i’j—
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Te8lov papitnroc  *Hrsutpiudy mediov
2 “
E=%mu‘:ikgrrr E:%*n'ﬁ:eU:‘isv
Zy. 23, Movddes évegyeius év yorjoet eig Ty
Migyavep zai iy Avopoapy xai ITvonviy
Dugujy.

By oToIxeiddBEs NAEKTPIKOY QopTiov, &Tav

ToUTo UeTaxlvnB) €vTos mNAexTpikoU Tediou peTtaly BUo onpeicov Tou, T& dmoia
tugavifouv Biagopdv Buvapikol U = 1 Volt (ox. 23). Elven 5¢

1 fAexTpovioPoAT = 1eV = 1,6-10—1 erg = 1,6 picoerg

ZuviBes ypnoipoTololuey kol Ta EETS TOANATTAGTIX TTS AV TED Uovddos
1 keV = 10% eV (kiAo - fAexTpovioBoAT)
1 MeV = 10°% eV (uéya - fjAekTpovioBoAT)
1 GeV = 10° eV (yiya - fAekTpovioforT) *
1 BeV = 10° oV (urridiov - HAekTpovioBoAT) * *

Z) Apaoig. Eis v ATomknv Quokny ypnoigomorsiTen elplTaTa . fv YapaKTnpi-
oTikov péyedos, un év xpnosl els TV ouvnin Mnyavikiy. To péyefos ToUto kohelton
dodote xai icoUTan Tpds TO yivduevov Tfs Evepyeias éml Tov ypdvov,

‘H Bp&ois d&v Tpémel v ouyyéeTon pé Ty loydv, 7 dmola G5 yvaotdv elvai Td

* EvpwTraixf ovopagia. * % *Auepixavikn Svoaoia,
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&) EITATOQIH EIZ THN ATOMIKHN KAI IITPHNIKHN @YZIKHN

TnAikov Tfis fvepyelas S1d ToT ypdvou kai Exel 65 povdda, .y. gis 70 ouoThux C.G.S., T
1 Epytov dva SeutepoheTrtov (1 erg/sec). ‘Qg povds THs Spdoews 8& Angdf dvTicTol-
xws 1O 1 Epytov éml Beutepohemtov (1 erg - sec).

"EvBiagépov slvar var onpeiedij 6Tt 1) Sp&ais Exel Tds alTds povddas (SiaoTéaEs)
¢ TV oTpogopunv. ‘Etropéves elvan Trood guoikdys Spoia.

"EoTeo ). cwpaTiBiov pddns m meploTpepduUevoy Tl TIEPLPEPEiTS KUKAOU &KTIVOS T
ut ToxUtnTa v, *H dpuny Tol gwpamibiou elvan mi- v, f) kivnTikd dvepyeix 1/2-m - UP kad
70 Brawudpevor BidoTnua vTos Wids TepidBou 2 . r. 'ATodeikvleTan &1 1) Bp&ois Tol
TEPIOTpEpouévou cwpaTibiou B slvan fon Tpds O fluou Tol yivopdvou T Spufis Emi
Thv Biadpouriv, fitor fon wpods 1/2-m-v-2 w-r. ANAE m -u-T elven ) oTpopopun ToU
swpamdioy kai 21 6 Guev puoikdy SiacTdoswy kabapos &piBuds 2 . 3,14 — 6,28.

Auvépeba 88ev ver EGlowocwpey Ty oTpogopunv uE TH Spdciy, £9° doov PUSIKES
TpoKeITan Tepl dpoaBidy ueyeddy. ‘O Tuydy dpibunTikds ouuTEAEGTHS, Y. TO 1/2 §
70 271, Skv &Mholwvel THY Suoioyéveiay, 5161 elven &pifpol ko B« p o 1 kad oliyl puoIk&
deyedn pé dvTioToiyous wobdSas, &Teos Y. TO Bi&oTnUe, T} ToXUTNS, 7| Opuf K.A.T.

=
@

ET" HAEKTPIKH ATQTIMOTHEZ TQN AEPIQN.
ATQTIMOTHE EN TQ KENQ

8. ’Ioviopdg t@v deplwv. Yo T&s ouvnhfes kaTaoT&oes Tiéoews, Beppokpa-
olas kai Uypacias, 6 dTuoo@mIpikds dMp kol yevikdds T& épiax dmoTehoUvTon €
oUBeTépeov popicov i &Topcov xal Emoptveos Adye EAheiyecs AAEKTPIKGY @opéwy Siv
sival koAel dywyol ToU fAskTplopol.

MpaynaTi, tav wpoopuorowuey peldua Bepuol kal Enpol dépos émi peToAikis
Thakos  povwpivns kad ouvBedepévng Tpos fiAekTpookotiov (ox. 24,«) 8&v TrapaTn-
oolpev alabnTnv ékeopTiow alrol. "Edw Sucws rpospuoticwuey &l THis TAakds pelipa
Geppoli dépos, Tpospyouevov € dunuuévns phoyds, TapaTnpoluey &ubows EKPOPTIOW
ToU fAekTpookomiou (oy. 24,p).

"Ex 1ol meipduaTos ToUTou kaTapaiveTal dubows OT1 T& KT TRV kaUo1y TTaparyd-
ueva &épia, Gmiva ebpiokovtan el UynAds Bepuokpacias, elval dywyd Tol HAekTpiouoU,
fiTor Exouv oxnuaTioBi evTos alTddv popels NAekTpiopol, dnA. popTiouéva cwuaTidia,

Ot gopis oi dmoiot Tpokaholv THy &y wyindTnTa T&Y depiwv SUvavTon v& Trpoép-
ywvTal ite 81 Embpaoews E§wTepikddy alTicov, &TOTE Aéyopey &T1 Exouey uf) U TO -
TEAR dywytpdTn Ta, | va dnuoupyolvton dueopThTws EEwTepikdv aiTiwv,
omoTe of popels TapdryovTan kaTd THY Sidpreiav oTolU ToUTou Tol opoivoupévou TS
dywydTnTos. Eis THy mepimToow aldThv Adyouev & Exousy cUToTEAR &y co-
YIRoOTNTA.

Ot fiAekTpixol oUTol Qopeis elvan exTpdwia kad popia f &Topa Tol &epiou eépovta
SeTikov xupics popTiov, uepikd 8¢ €6 aliTV kai dpunTikdv, olTes oTe eiTe TO AAek-
TpookoTiov eival feTikéds MAekTpiouévoy EiTe dpunTIkES, UTTAPYOUV TTAVTOTE T& K-
TEAANAa (GuTiBeTa) oopTia, T& dmolx &moTiBépeva Emi ToU fAexTpookoTiou TO fk-
@opTifouv.
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HAEKTPIKH ATOTUIMOTHE TON AEPION, ACOTIMOTHE EN TQ KENQ i1

ToixUTa popTiouéva BeTikdds popix 1) &Topx 1 yevikdds popTiopiva cwpaTidic Su-
véueve va petaxivngolv T EmiBpdoel AAeKTEIKGY Buvdpewy TPoEpYopévwy &Té TAek-
Tpikov T1 Trediov dvoudlovTal, o

YvwoTov, [dvza. l

Kerd Tov loviopdv ékdicokov-
Tai EV 1) TTEPITTOTEPD TIAEKTPOVICL
€ tvos &Topou B dopiou, oTrdTe
<6 péplov 1] &ropov, TO Strolov
ATO  TIPOTYOVHEVWS T)AEKTPIKES
oUBéTepov, &mropével s BeTikov
iov poplov (f} BeTikdv 1oV &Tduoy).

Ta dmoomacBivTa fAekTpod-

via pévouv #AsUbepax, Ews &Tou
suvavTnoouv Eva Perixdv 16w,
imavaouvdefolv pé aUTd kol TO
2EoUBETEPLOITOUV. oo TEpOV
TTPOOKOAAGVTaL €11 Tivos popiou
N &Touov kal kabioToUv oUTod
dovyrixdv iov (ox. 25).

‘O oxnuamiopss 1dvTwy kal
YEVIKGSS QOPTIOHEVGLOV Kol Klvou-
Lévoov owuaTISiwy TTPOEPY OHEVLOY Zy. 24. (u) ‘O ajo Geopwwdpervos naims dév loviletan wi-

> ioviler Toy

dmo Ta oUBéTepa ppia A &tope,  FUNTOS (B) I Syl Degpozgacia Ti yioyvh
4 -y - .. e

e = x g adpa (ArdeE goileor Tol HhexTooczeTon ).

T OTrola dToTeAoUy TO &fpiov, =

xahsiTon Lovieudg ToU deplou.

‘Emadn & oymuaTiouds &pvnTikoU 1dvTos elven  (EkTos elBikdv mepimTTOCRY
sEapTwptvooy kal &rd TO &épiov) uEAAov &rifavos, 81" altd 6 loviouds deplou U wi-
Kp&v TiECIV OQeiAe-
Tan kuploss els kivou-

i 7 T - ———

| pevar BeTika  {dvTax
peyddns padng xai
elg EAelBepar fhexTpo-

@ Lo
' | Eav Ta {dvTa

(8) fe) ToU &eplou Tfis pho-

i ybs Tol Tponyou-
Zy. 25, Tyypatizal eizove: idrray, () “Hiezrouiz abdéteoor drapor. HEROUEIEIDTLICCROSIC
(A) Movootevs Lo Ty 10V dTd- paipebolv 1y ECoude-

e o

aovyTIor fov arduov. (1) Towha

s Herixar iov arduov. (¢) Movoolevis dovirizdr iov po- Tepwloly &1 TS

gwov (4 yhuieis 0ilns, wy. NOy ). Sinfnoews ToU  pevU-

BaTOS  GEPOS  UETW

HoU Tivos, TOTE Té &épla Xavouv TNy &ywywdTnTd Twv kol To NAEKTPOTKS-
oV Bev EkpopTi

Cetan. Qs &k ToUTou oupmepaivopey 6T T& dprar slven kool dyo-
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42 EIZATQII EIY THN ATOMIKIIN KATI IITPHNIKHN ®OUXIKEHN

yoi ToU AhexTpiopol kai pdvov 1 els altd Tapovoia 1dvTwy kaoTE& alTa dywy1ua.
A& vé ouppi] loviopos poplou Tivos 1) &Touou TpéTel TadTa va TTpocAGBouv TTogov
T1 fvepysias fva T& AAekTpdVia, Umepvik&vTa T EAEIv ToU Trupfivos, Suunolv v
&roomagfolv i€ alTédv. TowaTn Tpocpopd dvepyeias tis &Togov f) podpiov dUvaTal v
gmiTeuy 7} ¢ o) Ak kpoUoecs ToU dTopoy 1] popiou TTPos TaXEws KivoUpevov 1ov T TAex-
Tpdviov i dxéun Tpos &AAo &Toupov T udplov, ds Tr. X. Adye TTis TPIRTs kaTa TNV E§o-
Bov depiov &mo pdugos UTro Trigot, 1) kaTd THv fepuiknv kivnotv &rducv i popicov Tro-
céTnToS &epiou elpiokoptvou els UwnAn Beppoxkpaciov. Eis THy TrepimTwoiv alrhyv & io-
viouds kaheital loviouds xpovoews. P) A’ &moppogrioews UTTd ToU &Tduou T) uopiov
tvepyelas &k TR TPOOTITITOUONS € aUTOU &kTivoPolics, ds xaTd TNy TpooBoAnv
ToU depiou UTd puoTds Kol elBikdTepov UTtd UtrepicoBous gwTds, dxTiveov Ronlgen,
axTiveav y, KA.
"Edw &épidv Ti mepiéyov gopels Tedf Urd T EmiSpaoiv HAekTpikoU TreSiou S S1EASR
81" alTol AAexTpikov pelua TO omoiov O& dpeideTan els THY kivnow T&Y Trepiexouévaoy
els adTO goptcov. Mevikdds 8¢ 1) BiéAeuois pevpaTos S1a TV depiwv dvopdleTal HlexToixs
énnévooic.

9. AdToTerfg dywyLpéTns. H Ekkéveois 81 depiou ETITUY XGVETQL TTOAU EUKOAG-
Tepov, GTav 1) Trieais ToU depiov, ToU &ykekAsIoHEVOU EUTOS YWpou Tivos, EAaTTwET TToAY
kaTwlev T dTuoceaipikiis
Tiéosws (ox. 26)

Aid& ouvnibeis TiEcels TOU
deplou yperadopedo Uynias
Tdoels Jix va &kpayf ©

omvinp. Tl.x. &1& v& Trpo-
KANGH omivinp uetaby Vo
wKp&Y cooipdiv  eUploxo-
wévewv eis dmmooTaciy | em
tvTos ToU &épos dmmaaTeiTan
T&O1s TEpiTOU Ton  Trpds
30000 Volt. TouvavTiov
Umo  HAaTTWUEVTV  TriEcly,
m.x. 10—% Torr, Suvueda

ok
B
GutiMar

Zy. 26, Hiexrpuay Sexivacis aiyiyc 0 deglov. "Oray 3 doaio-

Gie el doxera puzpd (aiecis 0,3 Torr), of gorewsy otijly due- v& EmITUXHeY  omivBfipa
FmolleTae 12 Grodpara. UTIKOUS TTOAAGY EkaTooTO-

HETPLOV, uwovov pE  Tdow

1000 Volt, éaw 8¢ f) mrieous yivn dwdpn wikpoTépe, TéTe TTapoTnpoluey 6T1 kad 1) &rrot-

Toupévn TAoIS EAaTTOUTAL.

ARG ToUTo BEv ouveyileTon, B1oTL Tépav dplou Tvds &pyiler var ugavileTan Su-
okolia gis TNy BiaBpouty Toll omvifipos xad Emopdves v dreaTfiTon S1& THY EkpnEiv
xai owTnpnoiv Tou UynAoTépa Taols. “OTav 1) misols ¢Bdon k&Tw ToU Evds fka-
ToupuplooTol Ths dTUOoQAIPIKTS TolaUTns, TOTe sivon oxeBov &BUvaTov v Eycouey
AAeKTPIKNY Ekkévaaoty els TOV fipaiwpévov ToUTov y&dpov Tol &eplou.
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HAEKTPIKIT ATQUIMOTHE TON AEPION. ATQIIMOTHE EN TQ KENQ 4%

Ard v gEnyniowpey THV ouuTrepipopay auTny, Ba SexBdpey 6T Udpyouv TTauToTE,
Adyo Biapdpwv aiTicwv, tovTa Tvd kai EAelfepa NAskTpdvia els ke &éprov. MeTa Thy
¢papuoyny émopkols Ta-
osws  els TE TAekTPSSIg,
T& SAiya TalTa fAskTpO-
via &mefolpeva loyupdss
&mo TO dpunTikdV TjAek-
Tpddiov (k&Bodos) KivoUv-
T TPos  TO BeTikdv 1)-
AexTpodiov (Gvodos).

Yo ATHOTPEIPIKTIV
Triegv T& TAEKTpOVIX al-
T& KAT& THY BlO:SPOLJﬁU Zy. 27, Muypaviop: onGuon #oteem:
TGV CUYKpOUoVTal pé TO- HZOOTEQUY AUV ZIVODVTAL TAYUTEQOV (i
oo TOAAG uopla, CoTe Bev
&rokToUv  Yevik@s ueydAas ToyuTnTas, kaf' Ov ypovov 6Bslouv Tpos TNy Guodov.

Ta qjiexroovie w2 Eporte

y Tt et idrTe, U0 TR

Exidecity hexToor Tedionr.

Eis Tov fipaiwutvov ducws x&dpov TA popia elvar Ay Tepa Kol T fAexTpovia Sia-
Tpéyxouv peyohuTépas Sradpopds, ueTalU diadoyikéy ouykpouoecy. Qs éx TouTou dTo-
kToUV &PKETHY TaXUTNTA DOTE KATA TNV CUYKPOUTIY V& TIPoKoAEsouy EXTiveGiy NAsk-
Tpovicv &md T& wépra ) T& &roux (ay. 27). "HEn dpews éAeubepolvron véa AhekTpdvia

T& Omolal Kol aUTa &pyi-
l Louv va 68slouv I
avodov, ¢

&ropa, T4 OToia Exaoay -
PIKX MO T& TASKTPOVIK
T, kxoTdueva JeTixd {ov-
Ta, KivoUvTan Boadéws Tpos
TN k&BoBov. Kat’ alrdv Tou
TpdTov dnmoupyeiTal ic
pon) MAexTpovicy Tpds THY
Guodov Kai ula pony SeTikGwv
iovTeov wpds Thv kdBodov
(ox.28), fiTo1 éxousv évTog
TOU YpoU Uas TAEKTPIKOY
peUpa, NASKTPIKNY  EKKEVE-
ow. Elvor popaves 6T 1
SywyuoTns aUTn elval ov-
ToTehns, BT Bév UpioTaTon EEcoTepikdy T1 aiTiov Tpoxkaholy THY Topaywyfy TGV

e

ATROVIOY OUYHDOVOHEYOY TGS 0DIETEQOY

niexton-

£v ajhexTodror, fxacTor T O

viwy Exdichzer €v cureyelq €5 évos dlhov poglov & viextoovior

w.0.%. "0 dolios ToHY Rlextpoviewy Ta omoia ghdvovy Telixd,

iy dvodor eivar TokD peyaditegos TOT dgpixds DpoTapEvor.

{ovTov &Tivar TapdyovTal aUTOTEAGS évTds Tol deplou.
10. KaBodixai axtives. ‘Otov 1) wiois &is cwAjva EKKEVOOEWS yivn) LIKPOTEPT

ToU &vds ¥1AlooToU oTrAns UbpapyUpou (1 Torr), ToTe 1) Exkkéveoois dpyider var xéun
Thv AaumpdtnTd Tns kol Umd mieow 0,01 Torr éAdyioTov povov TogooTov Tiis dp-
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h EIZATOTH EIZ THN ATOMIKHN KAI IIYPHNIKHN OYXIKHN

K1kfis alyAns &moudver. "Evéd Sucos kad dv TG ouvdiw Tou & cwAnY EuoavileTal oxo-
TEWSS, 1) &mévavTt THs kafdSou Tepioxn Tol cwAfjvos ékmepTrel Jeonpoy @ids éx @fo-
owopol kai pehioTa dveaptrTws THs Béoecos THY dmoicy Exel 1) &voBos, Tapouciale-
Tar & kai pia fwnpoTépa &modypwols alyAns mapd THY ké&HoSov.

Eis v mepimrwoy althy mapousidlovtal el Tov cwAfjva TTOAAE @oivopeva,
STreos Y. okial peTaAAIKGY dvTikelpéveow TiBepéveoy Tpd Tiis kaBd8ov, Bépuavais AeTrTidy
QUAAV TeBEvTwV ETions TTpd This KabdBou, &rokAiois TTis peaTeviis aiyAns TT Emidpodoe
UCTY VT TOU KA.

T panvopeva TalTa u&s 68nyolv capds eis THY Tapadoyny &T1, oufivos gopTi-
THEVOV owpaTiBiwy drropokplveTal TayUTaTa &md Tis meployfis THs kabddou, Siabi-
5ouevov eVbuypdppws (Trelpana oxids) kal pé peyddny TaxUTnTa (BouPapdiouds kel
Fpuavois Tol Aemtol pUARou).

To 6T T& owpaTiBia TadTa pépouv HiAekTpIKSY gopTiov drodsikvleTon Ek THS dio-
«Aigecos ThHy dmolay Tpokaioluey gis TNV S1evBuvaiy THs Kiviioedds Twv, dTav TATo1&TwW-
uew el TOV owAfjvar poryvATnY Twé. T& kivoUpeva ol owuaTiSia, T& &Troia Tpoea-
v@ds elvon GpynTikdds popTiouéva, ds dmeboupeva ik Tis kaBdBou, dmedeiybnoay s oé-
povta gopTiov foov Tpds TO oToieddes popTiov ToU AAekTpiouol, TO dmrolov Eyé-
VETO YVWOTOV K TfiS IAEKTPOAUGEWS.

"Emeidd) al Tpoyiad xivoupévey cwpamiBinv Tapousidlovy SuoldTnTa pé Tropeics
axTiveow, Bl ToUTo T& év Adyw dpynTikéds fAskTpiopéva kal xivoUusva ouwuaTidio
wvopdotnoav dpyikéds xadtodixal dxtivec.

Al rafoBikal dxTives UTeAibnoay els peydAnu osipdv peTproswy Kol oHuEcov
yvepiopev &T1 amoteholvTan €6 fAexTpovicov T&Y popiwov f) &Tduwy, &Tiva Utrohei-
TrovTan dkoun EvTds ToU cwAfjvos xai 8i1& TolTo els TAfipes kevoy Kai i WU pd HAeKTPO-
S xeBodikai dutives Sév TrapdryovTan.

11. @optiov 00 Hhextpovion. ‘O &mioloTepos TpdTos cUptacwws THs Tiufs Tol

vopTiou Tol HAektpoviou eivar Bik Biapéoecs Tol Tocol TGV 96520 Coulomh, T&
Smola &meutolvien Sidt v dmroTefoliv kard TAV AAekTpdAuay 1,008 or USpoydvov,
. — - S1x ToU &pibuol
5 \;\931 - - TRV &Tduwv TX

N Omrola TmepikAeiov-

Toa gls TO ypap-
po&Topor TolU U-
- | Bpoydvou, AToL
CAwtives X 1T 510 Tiis oTadepds
e Loschmidt, iong
Tpeos 6,023 1023,
OréTE eUpiokopsy
e= 160271013
Coounomb,
"H péboBos admn 8iBer pév 1¢ gopriov Tol fvds AhekTpoviou, dAA s péony TIENV
70U gopTioy tuos idvTos UBpoydvou, T dmoiov Beyoueba &T1 slvan popTicuivoy Lt foov

Zz. 29. Mélodoc Mullikan petmijcems Tof qootiov 1o iexToorion.
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kal &vtiBeTov gopTiov Trpos TO popTiov ToU fAekTpoviou. THv TpwTny dkpiff] uéten-
v ToU ¢opTiou £vos MAskTpoviou sTéAcosy & ‘Apepikaveds Quoikds Robert Milli-
fan  (Mixar), Tod omoilou 1) pébobos 5idel
TIUAY ouuTTiTITOUCGY  pEv Ué THv Ek TS 7-
AekTpoAUoews, GAN Exoucav (BicaTépav &
Eiav, AOyw ToU 671 Bév elval oTOTIOTIKOS pé-
cos Spos, AN TrpdkerTal Trepl &moAUTOU pe-
TPNOEWS ToU .

‘H ouoxeuny Millikan ouvicTaTan &k SUo
mAck®dy A kai B (ox. 29) Tdv Smoilwv 7
&méoTacis eivan émoxpiPdds yvwotn. MeTtafl
Té&Y BUo TTAakY Epapuoletal oTadepd Siapopd
Buvapikol, 6TroTe dnuioupyeiTal gls TOV peTa-
EU aUToU xddpov Ouoyeves NAskTpikOY Trediov.
‘H dvew TAKE ofpel Sy mpos Thv dmrolav
koTeuBUveTon Vvépos €k oTayowiBicwv  Ehaiou
(8€shéyn EAciov Trpods dmropuynv EaTuicews),
TG OTolov TTAp&YETAl B1d KATGAANAOU \Weka-
otfipes. Ta oTayovidia, Adyw Tfjs TpiPfs : ¢ :
ROTS THY Tropoywyny Twv sls T oTdulov ROBERT A. MILLIKAN (1868-1753)
ToU wekaoThpos (f) Si& ewTiouol Tol petaly
TV TAGKGY ¥wpeou 817 axTivewv X), opTifovran kai Si1&x péoou THg Amriis, g éx
ToU Pdpous Twv, KaTépXovTal Tpds THY K&Tw TAdka B.

"Eote m 1 p&la Evos aTayowiBiou, ddTe TO Bépos Tou B elven foov mpds meg.
'Eqv ) Téois peTafU TdY S mhakév elven U, Eyopev Evtaoiv meSiou &= U/d, &b
d ) &méoTaois Tév SUo TAakdv. *Edv ouvemdds fxaoTov oToryovidiov pépn gopTiov
(., N U ToU Tediov ET aToU £€aokoupéun Suvapls B elven F = & .

A& puBuicecs TTis Taoews U Suvdueba vé dmTiywpey dmreos i Slvaps alrn elvar
fon xai &vTifeTos oS TO Pdpos Tol oTaryoviBioy, dwdTe B& TpokiyT

meg=q-& )
kol TOTe TO oToryovibiov Ba pévn &kivnTov.
*Edv kadéowuey r TH &xTiva Tol oTayowibiov kal € 16 elikdv Pépos avTol, S
elval Tpo@avds m.g=4/3.1w.ri.¢, omwdre 1) oytois (1) yp&eeTo

4 4
sl-(‘r'\’: 3 T g (2)

'Ex Tfis oxéoews (2) mpoodiopifeTan TS goptiov (f, dTav yvwpilwuey TH drTiva 1
Kal TO £i8ikov Bapos £ ToU gTayovibiou. )

Al kwvnosls TGV oToryoviiov Tapoxoioubolvtal pe eidiknv GidmwTpav, 1) omoic
Pepel gis TO TrpocopfdAuiov ouoTnua UdAvov TrAakiBlov pet’ Umrodicipéoswy (KaAoy-
UEVOV TTPOCOQOAAUIOY UIKPOUETPOV ).

‘H dkTis ToU oToryovidiou TrpocdiopifeTan Baost ToU vopou Stokes (ZToouks) Tiis
Udpoduvapikfls, ooTis kadopiler THY Opiknv SuoAny TaxUTtnTa v, THv OToiav &Tro-




6 BIZATAQCH EIZ THN ATOMIKHN KAI NTPHNTKHXN ©YEIKHN

<Tolv pixpd oTayovidia, pikpal ooipat, 8Tav TimTouy UTS TR émiSpaciv ToU Tre-
Siou PapuTnTos evtds &epiou 1) Uypol.

‘H bpahh alitn Trédors deeiheTat, ¢ yvwaTo, Els TRV émepyoptvny ESicwaty ToU
Bapous Tol oraryowBiou ked TR TPIRfs, ATis eis THY TepiTTwaY aUThY elvar, g BU-
varal v dmobayhf, fon mpds T=6 w.r-n -, (TUmos ToU Stokes), EvBa r M dxTis
100 oToryowiBlou kal n & cuvTeheoThis fowTepikiis TEiPfis  (1€&8es) Tol péoov TO
&rroiov Siaoyifouy T& oTayovibila, Zuvetrdds G& elven

; Ter3e=6T-7-T: Vg 3)

"Edv Sioxowwmpey TO fAekTpikdy mediov, TO oTayovidiov 6 &pyion va mitTn YO
v émidpaciy Tol Papous Tou. MeT’ SAlyov émépyetan éfiowois Papous kal TEIPTs
%0l TO oToryovidiov TiTTEl, kAT TX GVeTEPW, OPOAGS, Ut SpIkAY TaXUTNTA Uy. ‘H Opt-
1) TayUTNS SUvaTal vé Tpoobiopioff) B1d TTapakoAoulnoews TS TTTWoEwWS ToU oTayo-
nbiou Bid Tol pikpookoTrioy, Emeidh B T& Aoimd peytbn &mve UtreiofpyovTon gis THY
oxéow (3) elvan yvwoTd, UrohoyileTen ¢§ alTiis 1) dxTis r kai Eropéveos Ek TS EG10G-
oews (2) TO gopTiov.

*Ex ToloUTwy ueTpioewy SlamoToUTal 6Tt TO gopTiov ToU oTaryovidiou elvan wéw-
TOTE dképaiov TTOAAGTTAGTIoV EAaYioTns TIvos Tiufis, fTis dxpiPdds civar iom TTpos To
gopTiov ToU AAskTpoviou. ‘H Tiun alrol eUpébn oltw fon mpds

e= 4803-10-1¢ HXIM — gopTiou
e= 1,602-10-2 HMM — gopTiou

e= 1,602-10-1* Coulomb

12. MaCa tob HAextpoviouv. ‘H pétpnois Tiis p&ins m Tol RAskTpoviou Stv elvan
Buvatd) 81 dpécou TpoTroy, ARG Tpos ToUTo Tpoadlopifopey kaTd Siapdpous TpdTToUs
ThHY Tipn Tol Adyou ¢/m Tol popTiou ¢ TROS TNV pdlav m ToU HAexTpoviou.

KaTwTéipw 8& Tre-
prypéyepey picv péfo-
dov #mvonbeioav Umd
ToU J. J. Thomson, imis
BaoileTon &mi ToU poi-
vouivou TT)§ EKTPOTTRS
KIoupéuesy  flAekTpo-

viev &uTos poryvnTiKoU
kal TAexTpikoU Trediou.

Zy. 30. Mébodo: Themson petoyoems To0 sidi=0d qoptiov e/m Tob OUreo gvog GwAfvos
nhezroovion, O ExTo0TC EvTOC RlexTool wal payvhTizet Tediov. TrePIEX oV TOoS &épiov UTrd
NACTTWUéVY  Trisoiy,

Snumioupyoluey &' fpappoyfls owvexols Tdoews ueTafU TV AAexTpodicv K kad
A HhekTpiany tkévwoty  (oy. 30). Al mAgioTon TGV kafodikddv  dkTivwv, aiTives
TpokpyovTan &k Tis kaBoBou K, mpoomimToyy &mi Tfis dvéBou A, SmdTe uépos alTéy
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SitpyeTon S Ths els aUThy eUpioxopévns oTrfis. “ATTO ThHy E€odov Tiis oTrfis TpoPdAel
TOTE Béoun HAEKTPOVILIV, KIVOULEVEY ué SHadfv ToxUTNTa U, péypis STOU TpoaTrécouy
imi ToU gBopifovTos TeTdouaTos A &l ToU dmoiou oyxnuaTilouy guTeviy knAiSa O.
Eis Tas SUo peTOAAIKGS TAGKSS TS ou-
oKeuTis EpapHOLeETal CUVEXTS TAOIS, OTTOTE Ue-
TabU TGV STUIOUPYEITAL OUOYEVES HAEKTPI-
xov Trediov EvTdosws &
A Vo Tmvicov M, kewévoov ékaTépwbey
ToU gwAfvos, Suvdpeba v& Snpioupynowuey
Sduoyeves payvnTikov Trebiov évtdosws T3, wé&-
SeTov émi TO NAskTpikov, Sid diafipdoecs &1°
TV pevpaTos orabepds dvtdoews. Ta -
vie TaUTa, TGV btroiwy al SidpeTpor siven foot
TTpos TO ufkos Thv TTAck®dy, TomolfeTolvTtat
xaTd TpOTOV, OTE TO UeryvnTiKOV kol TO
AAekTpikdy mediov va SnuioupyolvTan  EvTos ;
ToU oUToU TrepiTrou Ywpov, ai Sievblvoeis &¢ s i
oy EBicoy BKAEYoUTE: TOlGUTal DoTE TO BV M e
vé& TpokaAT] &mwokAow TRs Béouns Tpos T& 3.3, THOMSON ( 1845-1940)
dve Evdd TO ETEpov TIPOS TA K&Tw. *AkoAcUBws
puBpifovTon o dvtdoes Téy ediwv kaTd Tololtov Tpdmov date 1) Séoun Biepyoudun
Bi& TolU ywpou TGV BUo medlwy vé wi &mwokAivi. Tolto SiormoToltar &mwd 16 6T
1) knAls 88v tugaviler ékTpotiy i ToU Sicppéyuaros (Béois O). Eis thv mepimtwoty
xUThv 7 Buvaps & - ¢ T dmroiav EEcoKel TO AhexTpikdy TreBiov Eml EkdoTou fAekTpo-
viou kal f) SUvaqus Laplace e- 3B - v Thv dmoiav é€aokel & altol T6 Py VT TIKOY
Trediov elvan foen xai &vtifetol, &mopévess B Ey ey

e HB.u=4¢§: e (1)

‘Ev guvexeig SiokdTrTeTon TO AAekTpikdy Tedlov, émdte dml Ths Stouns Emdpa
uovoy TO poryvnTikev. ToUTo E§aoksl &mi éxdoTou kivoupdvou HAskTpoviou Thy Svapw
F = e T3 - v, fiTis, &5 yveroTdy, elvon Siapkéds k&hetos il THy TayUTnTer kel Emopé-
veas TO fAekTpoviov B Siaypawn Umd ThHy EmiBpaciv Tns TéEov klkhou ToU dmoiou
THV &KTIva KOAOUREY I

Elvan wpopaves &1 1) KevTpoudAos SUvais m «v?/r, Urd THY émidpaotv Tis bmolag
TG NAskTPOVIoY EKTEAET KUKAIKN Y Kivriow, 8& eiven Ton pds THY &k Tol poryvnTikod mediou
Suvapy, oTToTE Oa ExuEY

e ru="1"" (2)
v .

M cuvBuaopol TV &flowoswy (1) kol (2) AcuPévopsy &i1& Tév Adyov ¢/m

TNV gXETIv
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Olrrw Bix & ToU @opTiou ¢ TTpos
THv palav m
e = Coulomb
G0
m ar
To péyebos ¢/ keAeitan eldixdy gogriov Tod fdextgoviow, clval Bt ToUTo Trav-

Tote orabepdy, oladfroTe Kal &v gival 1) QUOIS TV HeTGAAWY TV TAekTpodicw ToU
gwAfjves, & émions kad oiadioTe kal &v elvan 1) pUoIS ToT EvTos ToU gwATjves deplou.
TMpokUmTel 0UTw &1 TO dveTépo uéyebos elvan YapakTnploTikoy TGV kabobikdy owpa

Tidiv, dnAadn Thv NAEKTpoviwy.
"Ex T UmohoyroBeions tipdis (BA.§ 11) Tol goptiou ¢ 1,602 - 10 1" Ch, elpi
oxouEy S1¢ Ty padav ToU HAEKTpOVIoU TV Tiumy
1,602 10—19
Mg i 0.0+ 1028 gy
e e
[veoToU ovtes 6T 1) péla My ToU &rdpou 1ol Ubpoydvou elvan 1,7 10020

elplokopey Tov Adyov aUtiis Trpos Ty p&dav ToU nAekTpoviou

A )
ln 1836

13. AwevAixai dxtiveg. 'Eqv Bieyeipwpey kafiodikoy gwhAtjva eig Tov oTroiov g Ka-
SoBos ypnoiuomoteitan Bi&TpnTos peTaAA kN TAGE, ol dvarrTuoodpevar kaBobikal drTi-
ves OBelouv ¢k Tiis KaBoBou eUbuypdpuws (oy. 31) kol Gieyeipouv TOV @Popiopov

TRV TOXwudTwy ToU Uahivou wATVos gis TNV TIEPIOXTIV TTiS TTPOCTITWOEWS TWV, V&S

r . tls Tov Smolev ThRs wkafobou xdpov
Aiauitucd Kadodiuat ToU owAfjvos dvogaivovTal pwTofo-
GUTIvEG auriveg AoUoan Béopar  axrTivwy  épufpwTrol

J«Q @.-i - xpopores, i@’ Soov évTos ToOU ow-
=== "-O O—‘-I Aivos  UgpioTaTon  Tipoicopivos  dnp.
¥ g ‘_O s Al Btouon Trpoxwpoly  eUSuypdupws

‘ Kcﬂo&ag]p—— lLlADOﬁDC kai Trpokaholy dpoiws elopiopdy ToU

UoAlvou owAfjvos OTOV TTROGTTETOUV
£ oToU. Al dkTives alTal kaAouvTal
Stavlixal dxtives, Adyw Tis Bidbou
Twy S TGV oY, BiaUiwy, Ths Ko-
8650u.

Mopatnpolpey 0T1 1) opd TR KIvNOews TGV SiovAikdy dxTivey elvar dvTifeTos
Tijs Y kKabobikédv. "Ek Tijs TolalTns B Topeiog alTév, THs EKTPOTITS Teov UTTS payvn-
TikoU kad AexTpIkoU Tediou, NTis elven GvTiBeTos Tiis Tév kafodikdv kol &TTo TO YeEyovos
&1 al BiavAikad dxtives 8Ev apdyovTan els TeEAEios kevoUs owAfjvas, ouvdyeTar 6T ol
BravAikai dkTives elvan T BeTika (6vTa TOU EyrAeloBEvTos EvTOs ToU owATives THs fAsk-

it avr?\l.cxv

Zy, 31, Xwiiy Sl iy ety 2aradeifoe e
X | i QGyi i 15

RugapOiTc Savlindr wai wallodeaiv i,
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TpKils fxkeveroews depiou. TMpdyuart ép’ doov Tar NAEKTPOVIE T dTroia GTOTEAOUY TOS
wafioBikas &xTivas yevvédvTa, as elbopev, ik Tol depiou To &moiov UpioTaTal el Tous
owATjves Tev kabobikddv drxtivev, Trpémer ve TOPOTTpATal £KTOS TGV nAsxTpoviey,
fitor T kaBoBikGV GxTivey, kal 1o UtrdAoroy Tol poplou | Tol &répoy, TO drro-
pévoy peTS TNV Gpaipegiv § abrol vods Euws Tpidy fAekTpoviov, TolTo 8¢ &mmoTel
BeTinéds NAekTpIopivoy ouykpdTnua, BnAabf iv fetikov iov drépou 7| uopiou. Ta
iovra TaUta elvon Ta ogwpatidia Ty BiovAikey derivev. Tabta Fhkovtar UM TS
kaBoBoy, GAAG Ady TRS TayUTNTOS T BifpyovTal Bid Ty GTéy ywpls Vi oUYKpS:-
Tnbouv U’ olTis.

14. Pacpatoypdpog paldv. ‘O gpuoparoypdeos poldv elvor gugkeut ypnot-
pevovoa Bia 1oV Trpoodloplopor Tol Adyou Tol gopTiou Trpos Thv pdloy TGOV owpaTi-
Gl TéY BlouMKGY GKTiVo Kal yevikadTepov loviopévev &rdpwmy kai popiny, Bia ko-
TaAANACU ouvbuoouoU MoyvnTikel koi TAekTpikolU mebiou, €5
tyéveTo Bi1a TNV PETPMOWY ToU Adyou ¢/ TV NAekTpovinmy.

Eis Tov poopaToyplgov paldv oynuparidetal kot' dpyds Gé-
oun (9emikéiv) iovTwy oToigeiou 1) Eveooedds Tivog, &' NAEKTRIKTS

¢w:oaoarpluf:
nAak

EXKEVCIOEDS EVTOS GEPIOU WiYPaTos TIEDIEYOVTOS TO OTolyEiov fi Ty
Evwory, T O EE-
cTpigews  TTogo-
TTTOS OTEPEDS TI- A

vog oUoias éri Tru- ;6—
POKTWUEVOU  VT)- -
poros. Ta Aop- K
Pavopeva  (ovTa

fyouv TroikiAiay
ToyuTnTwY, xad’
o1 elvan Trpo-

Fr g Zy. 32, A daviceai axrive: farolmovran ag’ fvos piy Ao Tei lezteeon
KTIKGYS ddUvaTov, g ;

ooty il wedlon, perafl van mhaséw O g’ irdoo 8 Vb ol papeymeon aedion M
TO.Y. EVTOS OLAT)-

VoS EKKEVCOOEWY, V& ETITUXwWHEY S1aUAlkas axTivas Tiis oUThs TayutnTos, kaf' doov
oty pETaPAAAETON EvTOS ExTEVGV Gpiwv. Ta {évTa émTayUvovTal év ouveyela TTpoko-
TapkTikds UTO Tivos NAekTpikoU Tebiou kal drxoholbus BiépyovTar Big gUOTAHOTOS
ayxlopddv X, i Bonlele Tév bmolwv dmopovolTar oTevn Béoun (dvtwy (oy. 32).

‘H ik Tédv oyropddv epyopévn oTevhy Seoun fovtwy Sifpyetan 61" Guoyevols fhex-
TpikoU Trediouy, TTPaY HTOTTOIOUpEVOY METAEY TV SUo TTAakdy (, évia Adyw TGV fAek-
Tpikédv Suvdpewy aitives eEaokolvTtar gl Tédv fdvtwy, Talta UpioTavTtol ékTpommy
£k T1is dpxIkis B1eUBUVOEWS TTiS KIVOEES Twv.

‘H fAexTpooTaTikn éxkTpomn elven dvTioTpogws dvdioyos Tol TeTpaywvou ThS
TayUTnToS TGV {ovTev, ouverds Ta Siapopoy TayUTnTos iovTa o ékTpaToly aviows
Kol pdAloTa TA pIKpAS TaXUTNTOS TEPICOOTEPOY, Vi TA peyaAuTépas OArywTepov. [e-
vikG§ EvTds ToU HAekTpIKOU Tediov Ta iovTa SraywpifovTal TTpogéT Kai kaTa THv ualov
(xai 1O popTiov) avTédv. OUtw G EGEADT éx Tol NAekTpikol mebioyu dmmoxAivouoa Séapn

4
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m

BvToov, fiTis Geol mepiopiodfy ik ToU SixgpdryuaTtos X, SicfiBal
volls paryvnTikoU Tiediou M, kaBétou &mi T NAskTpikév. ‘H gopx ToU
HMyeTan TOIQUTY, OOTE 1) EKTPOTT TOV Kivouuévey iovTwy, Adyw Buvdus
v elvan dvtiBeTos THS HAEKTpooTATIKTS EKTpOTITS.

*Emeidn ) poyvnTIKY EKTPOTIT) €lval GVTIoTPOPwS GvdAoyos THis To)UTnTos U T&v
ovTeov, T ToxUTepa iovTa ExTpETToVTal Ko TraAv OATy coTepov, T 8 By
goTepov, kab’ Soov T TpdTa Biaypagouv évTds ToU Tediou Trepiepsias pEy o)
dtivos, du@ Ta BelTepa SiarypE@OUY KUKAIKGS TPOYIAS WKOOTERSS GKTI

*AmobaikvieTan 6T B1& pubpicews Tis EvTAcews ToU poyvnTikoU Tedl
knAov Tipny, 8nAadn 81 dproptvnv Ty Tiis HeryvnTIKTS EKTpoTTTis TV
SuvaTov &k TGV dlogopou TaXUTNTOS, WS £idopey, IovTwov T
doa YapokTnpifovTal UTTO THs owTHs TIWfs ToU Adyou o /1m,
Souv eis kowow onpeiov A petd Thv £€oBov éx ToU Trediov,
TpoToV  al  pwTaval

Miyua
onopuwy

ouvevoUvTon eis foTiav
Eml pwToypagikils TTAGKS
Sepévns el TO onusiov
axnuaTileTon TOTE HeAavT) yoIu-
ufy pikpol prkous (siBwAov s
oY1ouTS).

Eivai Suvardv v veloTov-

Zy. 33, Mypareedr avdhoyor Tig Goyic T Aarovoyias ol

Tan dv TH) Bfoun idvTa ue 51-*\’;“7
pov (q/m, ToUto 8¢ ocupPai
STav Exwpev idvta Ths aUThs palins GAAX Siagopov @opTiou, Tr.X. iOVTa pE EA
1, 2 ) 3 HAexTpovicv, ) Stav Exwuey idvTa TolU altol gopTiov, dAA& Siagopou p&d
X 16vTa poplwv i pilév, dos CHy, CHY, A, Tp&yna 10 dmolov cuuPaiver ouv
deog &g THY TepimTo &eplov XNMIKTS Evedoews 1 MiyuaTos icoTdtwy (BA. oA
Els Thv TrepiTTwoiy aUTHY oi Bidgopeor Séopan 1dvTwY ExovTwY TO alUTO (| 111 CUVED
yovtar €lg SloapopeTikg onuela kel AcpPdveTar oUTe £l Tfis TTAaKOS otlpd ypauudy

GAGHATO) '()rtl; av ..'la,()l .

f\

’

SnAadt Eyouev éoTiogwy €Ml EKAOTTS Ypauufs OAwy TV iovTwy ToU avrtoU elBixoU
popTioy, f0Tw Kol SlaQopwy TaYUTHTWY.

Al eikéves ciTad Spotddouy Tpos KOIWA OTTTIKA YPXUWKE QaoUaTS, &
ikGoTn ypauun dvrioTorkel els opioptvny palav, &p’ 6oov PePaicos Gzwp
TEPITITCOOEIS {oviouévioy GTouwy pé EAAelupa Tr.x. Evos TAekTpoviou kol Tas Siaxowpl
owiev o dNAas ypappds, aiTives dpeidovTen el idvTa tk TGV dTroiwy Exouv doaip
TEPICCOTEPS NALKTPOVICL

Aid TGOV VEWTEPWY PATHATOYPAPWV Halidy Eyel émTeuy 8T drpiPeia 1:10°¢ &1 fovTax
dropkns ualng pikpoTépas ToU 40, duvdueba B¢ &1 clrdw v Siakpiveopey iovta Siax-
pépovTa Kortét pddav eis TO EkTov Bekadikov wnolov TS dTopikfis Twv padns.

Bk TGV dueoTépw ouvayeTal 6T ik ToU @aopaToypapou ualdv B&v usTpducy
ualas Tuptvoy, GARG palas lovioutveov &TouwY Kal popiwov.
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HAERTPIKIT ATOIIMOTHE TAON AEPION. ATQITMOTIHE EN T{ KENQ 51

AZKHZIEIZ

1. “Ev AAexTpdviov xiveitar pE TayUTnTa 10 S see furds Spoyevods uayvnTixed mediou dvTégecos
1 Giauss, kaBéTos Tpos Tas Suvapikds ypapuds. o) Na Saybi 6T1 TO AekTpovIow EKTEAET EVTOS Tol mebiov
picw dpadny kukAikny kiviow. B) Na Gmohoyi1obfy # dxris THs Umd ToU fiAexTpoviou Siorypagousvng Tpo-

i&s e=1,6 - 10 =20 JIMDI - gopriou, m = 9,1 . 10 . CAm. B’ 1=5,68 cm)

12 . "Ev fjAekTpdviov KivelTal pé TaxvTnTa 10 & cm sec évtos dpoyevols payvnTikol Trebiou EVTATEWS
5 Gauss, kaféTws TPos Tas Suvapikds Tou ypapuds. Tola # payvnTiky pot), fTis Biépyetan 51 Tis émga-
veics, Ths TepiAsiopévns GO Ths Tpoxids THY Smoicv Sixypdost To HAexTpdviov EvTds ToU ediou.
e—1,6 . 10 =" LM - gopTiov, m=9,1. 107 2% g, CAm. & = 19,88 Maxwell)

13 JEv AhexTpéviov KvelTal ué oTafepdy kaTd uéTEov TaxUTnTa vTds duoyevols payvnTikod Tediou
dvracecs 80 Giauss, xabéTos mpos Tds Suvalikds ypapuds. ‘H dxris Tfis kukdixiis Tpoy18s T‘s]U bmoiav
Sicrypdosr elval 10‘1‘. weos 12 cm. Meia f kivnTixd Luépyeia ToU HhexTpoviow e =1,6- 10 20 1M -
copTiou, m = 9. 10 2% ar, (AT, Ew= 13" 10~ erg)

14 . ‘H tdois 1) Omoia épapudleTan peTalU TH dudBou xai Ths kaBoBou S1650u AhexTpovikiis Auxvias
slven 144 V. N& eUpebf) @) f) xivnTikn évépyearx ked B) f) TayiTng TH dmroiav £xet & AAEKTPOVIOV, KT THV
STIyuTY TS TROUKPOUGEGDS Tov &l Tiis duéBou, tav kaTk THY EEaywyAv Tou ik Tiis kaBoBou EIXE ;rc:)(u-
TTa pndév. Gopriov Tob fAekTpoviov — 4,8 - 10 1Y XM —gopTiov, pala aiTol 91 2 gr.
CAT. & B = 2,81 1079 erg, By 10 8 cm/sec)

5. "Ev fAekTtpowviov eUpioxeten petafu Suo TapodAnhwov kai EmiTESwY PETOANKEY TThakéy, af
Smrolan Tapovaidiouv Biagopdy Suvaped 1 V. Al BlasTéosis TV TAGKEY slvan ueydhal dv oYEoE Tpos
THv &méoTaciv Twv, fonv Tpes 1 cm. Na& UmohoyicSf To wétpov Tiis Suvdpecws, Thy omoiay faakel
7l ToU fAexTpoviou TO fHAexTpikdv webiov. QopTiov Tol AAekTpoviou — 4,8 - 10 1 [N - gopTiov.

CAm. F=16- 1012 dyn)

16 . 'H udia tvos NipepoUvTos AeKTpoviov sived ion rpos 9- 10 —28 wr A’ Etépou, Bewpoupivoy TOU
fiAexTpoviou s opoipikol gwuamiBioy, elpiokeTol, BewpnTikéds, f BidueTpos awTol lon weplmou ™pes
3,810 ¢m. N& Umohoy1987 1 TukvoTns Ths UATS Tol AAexTpoviou, (AT, p = 2,9 - 1010 1)

17 . "Emi pikp&s meproxfis AemTol ueTaAMikeU oUANSU TTpoo ouy fuTds tikpol ypovikol SiaeThua-
XaT& THY OTUYUAY THS TPOTTITWOES Tov, Tayl-

BiepyovTan Bid To0 peTahAikold gUAAOY, cUpi-

6,25 - 10 16 AhexTpovia, EkagTov TGOV &GOV

« iony Tpos 5- 10 7 m /see. Ta 137\5»(—.}:\0\11(: Vo

oxetal 82 611 perd ThHv BioBov 81’ alrol, i TeyiTns éxdoTov TAekTpovioy Eye dhaTTob s TO fjmou
Ths &pyikns (SnAadt) Tiis Tpo Tis Si16dov Sia ToU ¢ 7\0U1 "Edw f) EM&TTwong Tijs TaxUTnTos EkdoTOU
ous Tiis SpxiKkTls KwnTIKfs Tou dvepysias els
fov éxe1 GvamTuy8f) duTés Tol peTaAAIkoT QUA-

AAekTpoviou deeideTan eig THV EvTog alTol peTaTpoTTRV
SepuoTnTa, v& sUpsd TS Troodv THs SepudTnTos, T6 6
Aou el TO TEAos Tis S10Bov B’ alTol TRV dvwTipw HAekTpovicy. Mala Evos fiextpoviou = 9 - 10 =l
4,18 Joule, cil, CAm. =241 cal)

gr. Mnyavixov igodUvapov Tijs BepudTnTos =
18 . N& UroAcy1obf] & dpifuds @V AAexTpoviey, TV bmoiwy TE SAIKOV @opTiow eivan dToAUTwLS
igov mpos ¢ () 1 HEM - gopriou, (B) 1 Coulomb. ‘H &mddutes Tipfy ToU goptiov 70U nAexTpoviou

svan fon Tpds 4,8 101Y HIXAM - gopriou. 1 Ch =3 - 109 11EM - gopTiou.
(CAT. n; =208 109, ny==6,25 . 10 18)

19 . Eis moiav &wéoTaow & v SUe NAekTpoVIa fuTds ToU Kevol, fva )

dorwoTiky Suvagus ) dmoic 8& ifaokndi perafy ol van fon pos 1O Bdpos fvds fAexTpoviou. Malx

WneionoiBrke amod To ivotirouto EknmaiSeuTikrg MoAmkig
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100 fhektpovioy =9+ 10 gr, dméhuros T ToU gopTiou Tou = 4,8 10 —10 L3 M - gopTiov,

o= 98] cmfsect, CCAm. r =509 cm
L / ]

20 . “Ev fjAexTpovioy, EkKIVODY £
U Thy Erevépyeiav Tig Suvapeas, T
Tépou aTnpEiov

nueiov TiAekTpIKOU Trebiov, dpyeTon KIVOULEVOY
rToU Ut Tol mebiou kal Biaviel THy Ao TaoIv

peTaby ToU TRWTOV Kal VoS Eav i Siapopd Suvapikol petabl Tév Huo ol

Tév onpeicy To0 Tebiou sivan 1000 V, v& T KIWNTIKN évEpyeia Kai 1) ToxUTns Trv omoiav
Exer TO fAekTpoviov eis TO TéAos Ths Siabpoufis Tou. Al Tipal ToU gopTiov wal Tijs palng fpepics ToU
fRecTpoviou givar dvTioToixes ioat Trpos ¢ = 4,810 —10 HYM - gopriou, m =9 - 10 % gr.
CAT. Buw—1,6-10"" erg, v=—1,88.100 em/sec)
21 . To HAextpovioPorT (1 eV) elven povas Evepysias, Xpnoisomolovpévn eis Thv “ATopikny kai TTu-
prvikijy Gugikiy, dpileTon BE G 1| EvépyEia, THy OTroiav CTOKTE v gwpaTiSiov @ipov NAEKTRIKOV popTioy
&oRlTes oov Tpds 16 Tol fAekTpovioy, OTav peTaxwndf weTagy BUo onpelwv HAekTpikoU Trebiou, Ta
rroia ixouv Biagopdy buvapked 1 V. (1) Tpos oo ery fooUrar 1 fAextpovioPfdAT. (2) Tlpos méca
fhextpovioPodT foobran (a) 1 erg, (B) 1 cal
CAm o 1eV =16-10""crg, B 1 erg=625-1010 eV, 1 cal—2,6.1019 V)

22. N& Urohoyiodij 1) KIWNTIKN Evépyeia, THY dTrolay GTMOKTG v NAEKTPOVIOV KIvoUpEvoy &It lids

igobuvapkils Emgaveias HAEKTPIKOU eblou els picy &AMV, Otav | petabl abtodv Siagopd Buvapiked
civen 100V, Gopriov ol fAexTpoviou = 4,8 . 1010 FLmar- popTiou. CAT. Bhay 1,6 10719 o)

23 . Na UmohoyioBfj i Tayirns tvos HAekTpoviou, To dmoiov Exel xivnTikhy fvipyeaiav 1 eV, Mala
Tl Nhextpovioy = 9 - 10 28 CAT. u=5,96- 107 cm/sec)

Z OEQPIA TQN KBANTA

15.” Haextpopayvntu Bewpio to0 Maxwell. Kata tas dpyas ToU mapeAbov-
Tos aid@vos (1820) elye emikpatnoe is Tv Duoikiy 1) Bewpia 611 TO @5 BiradibeTan Hix
Tol yhpoy péow kupdTwvy, &mi SnAadn dmoTedel ToUTo kuparTikov goavopevov. 'EE
GAAoU fiTo yvwoTov 6T TO @i BlabiBeTon kai Siax ToU kevoud UAnNS ypou. "Emeidn
Suws 1) BidBoois kupdTwy EvTds ToU kevol UANS xwpou fiTo dxaTavénTos, 1 Guoikn
Huayrdobn va Tapadex8ij v Utrapfiv Evos EdaoTikol pécou, TAnpolvTos SAov TO
SupTraw, 6§ kai T& peTaly T&U poplwv 1j dTouwy TV UAIKGOY cwudTwy Kevdr SlooT)-
para. To péoov ToUTo #ANON poTopdgos aidne 1) aAds aldijo.

*EE &Ghhou & furaday, 6 BiaonpdTepos TG EKTTPOTETTWY THS TrelpapaTikis Guoi-
Kijs Tew dpy&v Tou 190u aiddvos, edtyeTo 6T els TNV peTddooiv TGOV EAKTIKGV 1) &Trw-
OTIKGY Buvéewy PETOEY POPTIOUEVV CWUATWY T) oYV TGOV CUUHETEXEL O TIEPIPGEA-
Awv TalTa ¥&pos. 'Emadn ai dvwtépw Suvapels dpoliv doaiTuds Kai evTos ToU kevol,
oUtos &medway eis Tov aibépa iB1oTNTOS EAoTIKOT opaTos kai £8€x0n 611 al dveoTépw
Buvdpels Biabibovtar 81” EAGOTIKGY TOHPAUOPPDCEWY TOU HEOOU TOUTOU.

"ApydTepov & [urarlay GvekGAUWE TO paivopevov Tiis oTpoefis Tol Emmrédou To-
Adboews ToU pwTos T Embpdoe payvnTikoU Tebiov, 16 pavdpevoy && ToUTo Tov fyayey
gls TO oupépooya 6T TO @éds AoTeEAEl NAEKTpopcyvnTIKOY gainvopevov. “Ex TTis Trapa-
TrphoEws TauTRs ATréppeucey T Gudykn 6Trws Sexfduey Thv Utrapgiv Tol iSiou aifépos
YPTOIHEVOVTOS €§ QOPES TOTOV TGV PWTEIWGV KUpdTwy 600V Kol TGV TAEKTRIKDY
Kol Hoyvn TIKGY Buvapey.
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Map’ 6Aa TalTta & Faraduy 8év kaTwmpbnge va Siapopeuon palnuaTikds Ty
NAEKTpopay v TIKNV Bewpiav Tou Tepl @uTds.

Tas 18tas ToU  Furaday tne€apydodn 6 Guoikos kai MabnuaTikos Marwell
TI§ &TTOTEAE!

SoTIs Blepopewoe piav Aoyikny Bewpiav poryvnmiopol kol RAskTpiouod,
v fAexroopayvnrixny dewoiav toi @ordc.

"Ex Tév E§looscov gls Tas omrolag kaTéAnEev & Maswell EEéryeTon TG GUUTIEROOHT
0Tl £XUOTOY YOOVIHMDS fiE Tu,n'n:f‘./".d'.'.';'rru- NhexTOROY  TEN 0T Oppttargyel Al wrrod
KUpavais, fTIg yevwaral

weyvyTior edlov xal artiotpdgms. ‘H fAskTpopcyvnTikn
k. TRS TEPLodIkAS peTaPoAfs ToU RAexTpikol
mediou, METaBiBETON €V TG XwWpw UTO TETEPD- 4
opéVTV TaXUTN T, 1)TIS, &5 £8e1€ev & Macwell,

tion Tpos TOV Adyov TS MAekTpopayvn-
TIkfis povados gopTiou TPos TNV NALKTpooTa-
TIKNV TolaUuTnV, oupBoAi{dpevoy Pé ¢ Kol oup-
TITTOVTX TPOS THY  TaxUTnTa ToU ¢uTos
tv TG kevéd. "Edv 1) peTaPolrt) ToU HAexTpikoU
Siov elvan Treprodikn, TOTE 1) TpokaAoupévn

NAEKTpORaY VI TIKN BraTapayn 0a Exn popeny
kupaTos, TO omoiov  SiadiBduevoy  peTagEpsl
EVEDYEIQY.

‘Emeidn 1 UmoAoyioleioa TayiTtng TV

NAEKTROHOY VT TIKGV KUMGaTWY eUptln fom mpos
My TaxuTtnTa 1ol ewtds, & Marwell kaTé-
Anev els TO ouNTTEpOOPG OTI TX PUTEVS KU-

poTor TIPETTEl val elvan THs 18ios gUoEwS, fiTol 2 !
NAEKTPOUCY VT TIKOY  TeBiov TTeplodIkGdg HeTa- JAMES MAXWELL ( 1831-1879)
BaAAbuevov év TG XwWpw Kai xpovw, To dTroiov

UpioTaTal xwpis va AcauPdvwvtar Ut éyav ai fhaoTikai i816TnTes ToU o

drronTel ) Becopior TGV Kupdvoswy.
‘H fAexTpopayvnTikn fecopia TolU @uTos éEmyel s kai 1) TEV KUPGVGEWY T OTITIKG
PAUVOUEVE, EXEL O TO TTAEOVEKTNUa OT1 ouvBéel TO @&ds PeTd ToU MAEKTPIOUWOU Kai Trepi-
OTE TA PWTEWVG PXIVSUEVA (I LEPIKNY TIEPITITLWOW TGV HAEKTPOUaY VT TIKEY TOIOUTWY.
‘H fAexTpopayvnTikn fecopia 1ol gwTds ToU Mauwell ETuyey TreipapaTikiis €mi-
BePaiwoews 25 £ peTd THY SiatUtrwoiv g Umd Tol [lerlz, dotis (1o 1887) katwp

fwoe va TapaydyTn KUpavoly T aUThs ¢uotsws Tpos THV TpoPAsTopevny UTo
Bewpias Tou Maxwell, T PonBeia évadAaooouévou peluaTos UwnAf :

¢§ NAekTpikoU omivBiipos. OUtos éBeifev Tepaitépw OTI, T NAEKTPOMAY VI TIKA

KupaTa duvavTtar va dvaxkiaololy, diafhactolv 7| TToAwlol

Tabooews ¢is TOV GEpa

TPOTIOV (5 T& PWTEIVA KUPATO Kai 6Tt £y 0ouv Tay

OS TTV TOYUTNTO TOU QWTOS £VTOS QUTOU.
1 ) 1

BpaduTepov EAaPe xwpav 1 dvakaAuyis ToU fAexTpoviou kai amedeixfn 611 ToUro

€AEl Baoikoy oTolxelov TTavTos elbous UANS. KaTéoTn TOTE Trpogavis 0TI TA QwTEl-
I b POQOLES il

KOTQ TGS TOAC

vat KUPQTa TTPETTE! VA EIVol TIAEKTPOUCTY VT TIKG KUBQTA T




54 BIZATOTIH EIS THN ATOMIKHN KAL ITYPHNIKIIN OVEIKITIN

ToHoels TGV AAexTpovicov EvTds TGV ETOWY Kal 0TI CUVETTGS slvan TTs iBlas guaosws
B¢ T& AAekTpoparyvnTIKG KUpoTa T& dmoia mapfiyaye TexynTdds & Herlz. Mg povny
Ty Slapopdy 871 ) oUVOTRS TEW QWTEWEY KUMATWY elval TTOAU peycduTépa exelvns
TEWY fAeKTpOUCYVRTIKGY KupdTeww ToU Hert:.

Tuugoves Teos THY AAkTpopayvnTikiy Secopiay Tol @uTOS ol ToAavTwoEels
els QeoTEIVOV TL KU-
ux Bév eivan unyo-

vikfis @uUosws, 65
Y. T) TOAGVTWOIS
UAikoU onueiou k-
TeAoUvTOS  &TTARV
dpupovIKNY  Kivnotv,
SAAS TOYUTETT) He-
TaBoAn TV EvTA-
CEWV  TASKTPIKOU
Kol uayvnTikoU Tre-

Biov (ox. 34).

i Eis Ev TroAcous-
% VOV PWTEIVOV KUMC
| N koAoupévn Bieu-

— : Suvals  kpadaopoy

CUPTTITT TEL TTROS TNV
BiedQuvov TolU 1-
AEKTpIKOU  Trediou
ko &0 aUTHis Ths SieuBlvosws 9& TahavroUTat Ev NAekTpdviov STav TrpooBdAieTal
&d pwTeawdy T kUpa. ‘H SieiBuvois 1o wayvnTikoU Tediou sivan kédfeTos émi ThHy
ToU fAekTpikoU kol KelTon ETopéveds v TG EMITESL TMOADTEWS.

‘H AhexrpouayvnTikh fecopic ToU uTOS EpUnvelsl IKAVOTTOINTIKGS TTAEIOTA Qail-
voueve THs OTTIKAS, s TO Ths dvarMdoews, ToAwoews, oUpBoATS, Tep1fAdoews kAT,
AU éucws Btv eivan eis Béov va EEnynon Tous vouous Tous SiETrovTas Thv SidTabiv
TV Ypoupddy THY gaoUATWY, THV KaTavopny TRS evepyeias tis TO paoua, Tous vouous
10U guTonexTpikol paivopévou xai yevikdds SAa T& Qavopeval TTis &Topikils Kai po-
proxfis KAipaxes, T& omoia dvagipovtan gl dvTaAAayfv dvepyeias peTafl ToU @uoTos
ko Evds EkdoTou TGV oToIYElBGY ovoTaTik®y Tod Mikpokdopou. Ta paivopeva TalTa
fpunvesnoay oA BpaduTepov Bi& TS femolus T xfarta.

yrTEob edion xaTd T yoovINy oTIpY, €3
OV 2By, HANOGUEVOY EV T HEVE

16 . *HAextpopayvntinoy @aopea . To ouvolov TOV AAEKTPORAYVNTIKGOY SKkTwvoBoM&y aiTives
koBioTavTon dvTiAnTTal els Tov dvbpwmivoy dplaucy (dporai dxTivoBorian), GrroTehoUv pikpov podvoy
TUfjMer ToU guvdhou MAekTpopayvnTiKeU paouaTos. A’ eidikdy peBoSwv sivan TpaypaTt Suvatdy va
SiamoTwdi 611 TO gacua éxTeiveTan s onuavTikoy BafBudv Tépav TEV TEploX &Y Tooov TV Epubpidv
Soov kal TEV iwddv dxTivoPolédy kal v& SieupsuvnBoly ai eis Tov dofaludy drrpdorTor altal Treproyal
ToU p&ouaros. MoT! KaTd THY HAskTpopayvnTikiy Becapiov Tol @eoTos oUBels Treplopiopes UpioTaran
B1d THY OUYVOTTA TGV NAEKTROUXY Y TIKGY dxTiveBohi@y, fTis, s &k ToUTov. SlvaTal KaT' QUTHY v
MaPn Shag T Tipds dmd v 0 A=o) ptxpr v=o00 (A=0).
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‘H mrepioxn TV GxTivoPoMdy peydhou uAikous kuuatos ATis yaiTviader mpos TV mEpIOXAY TH
ubpiv dxTivoBoAiddy Tis dpartfis weproyfis kaheltan dafoulpor pdoye.

‘H meploxn) T@V pEYXAUTEpOV urkous xUpaTos UmepUfipwy dkTivoPori@y, GUHTITITEL PSS
TEpIOYTY T@V PpoyuTépoy Unrous kipaTos Bid TexvnTiis S50 Topayouivey paBIOPLOVIKGY KUHATWY-
Méoay Ts idBous Teploxfis Tol dpartol odonaTos txtelveTar To imepuddes pdapa, UET QUTO B¢ Gwo-
AouBolv «i Teploxad T&V dxriver Réntgen (Tédv ypnoiwomoloupéveoy sk aTpIkAY) Kad TEV

axtivor .

*Akéun HikpoTépou prkous kUuaTos dxTwoPoAiat & THv xeoukny dxTiveBodiav
(BA. Tupnuikiiy Duoikny, Kep. AB”).
Baoxdds, of kupldTepor vduor Tiis "OmrTikfs loyvouv 81 dAas yevikéds Tag AKT woPohias ToU "1’\5’"

TpopayvnTikoU @dopaTos. ‘H s'rsvspyem Buws T@Y vopwy atTdv slvar ToAAdks dAws 81a90pos 51°
TV

GAAGS QUOUATIKGS TTEQIOXAS, TTap’ 6T1 Sid THv SpaThv TolauTny, xaddoov o ol Tives 1810TTES

copdToov, aiTives 7181 EuTds TEY Spiwv Tis dpatiis meptoxiis UpioTavTar uetaPoriy uETE TOU ufKous
KULaTos Tiis pwTiGovons dxTwoePohias (Beiktns Biafhdoews, Siopdveia KA. ), Si& peydhas petaBolds
ToU uRKoUs kupaTos dAA&ogouy Tapa TohU. EE alrrol mpokUTrTel, s dudrykn, STrees Six THY iEeTacty
GxTivoBohidy ExTds TS OparTiis meproxiis XpnotuoToloUuey KaTd kavova eaxols, mplouaTa KAT, 3
L ENAev TAkd@y kad oUyl 8€ UdAou. "Ocov TrepiocdTepov B dropaxpuvépsda Tis 6paTis TEPIOX TS, TOTOV
3 THS LETPATEWS
ol paivopévoy

BraxpopeTikGTEpa TV ouvhifwv sivan T Si1& THY éTao drartoupeva Spyova. H &

) unK@v KUpaTos elvar Suws TavToTe 1) alTr, BaoileTar 8 duéges N éppeows €

rfjs cuuPolfis T®OV GrTivoPoAiév.

"Eredn) T& 8piax TTis OporTiis mWEPIOXTis KEKTNVTQI MOVOV QUIIOASYIKNY, ouUds
va TovioBi] 1 dviaia gUois Tol guvopoy TGV dxTwoPoldy Tol fAexTpopa)

&leran @ 63§ kafs fAekTpopayvnTiKy GxTwvoPoAia (ExTOS TV TEXVNTLV HASKTpOUYVRTIKGY KU-

¢ QUOIKTY CTUA-
kol Q&oHaTeS:

Grwv) &bpaTos 1] pr. Ty, dudolusy mepl Umeplfpou xai UmepidBous geotds, pwtds Ronlgen KA,

17. Zuyvétrg, piixog xbpatog xal Seixtng SiabBrdoews. Eis xade AAskTPOUD-
yvnTikfy dxTivoPoliay, eite alrn elvan dpari ite alTn glvon doparTos Gmd ToU &vbpoo-
trovu, &moBiSousv uiay ouyvéTnTx (v), N &Trola sivan kad ) ouxvéTns TOU AA KT po-
poayvnTikeU TaAavTwTod, & &molos ékméymer THY dxTivoPohiay, SnAcdh
<ol ouoThipaTos Ekelvou TO Smolov &kTéuTrel T& MAEKTPOUCYVNTIKG KUUaTY, Aoyw
tvahhaooopévou TAskTpikoU Tediou, g Tr.x. T& Simohov ToU Hertz.

Ot .Y eis TO fAskTpopayvnTikoy kiua ToU pabiopuvikol gTafucy ABnudv,
dmobiSeTon 7 ouyvéTng 728000 ToApddy vk Seutepdhermrrov (728 ke/sec), TV 9-
Troiay TpdyuaTt Exgt TO GywnAfis ouxvoTnTos dvaliacadpevoy pelua TO Omolov Ku-
xAogopsl £ls THY kepaiov éxmoptis ToU padlogovixol otaduol Afnuév.

Eav Bianpéocousy Ty TaxUTNTa ToU @eTos (¢) Sia Tiis ouxvoTnTos TaUTNS £U-
pioxopey TO pfikos kUpaTos (A), SnAadn ThHy dmooTasiv &1rd wds TeEpIOY is TOU KUNCTOS
péypr THs Emopéuns, &mou TO MAekTpopayvnTikoy kUpor YapakThpifeTal KAT& THY
QUTAV oTIyuny &TO TAs auTas rpIPGs TIuas kai opas TOV EvTacEwY ToU HAEKTPO-
payvnTikoU Tedlou. OUTw 8& loyxin mavtoTe f oxiols

TO Yo

MMpémrer 1BionTépeos va onuelwdi &1 (XOOKTTPIOTIKOY ToU TaAauTwToU Kai
ToU kupaTos slvan f ouyy TN kod oyl TO wikos KUpatos, Siomt ToUTo EfopTaTON
BiaBdoews ToU kluortos. [T, x. Sk 70 xevév, dmrou

txdoToTE &WO TNV
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5 == 300000 km /see, & Tfis Tipfis THs ouxvéTnTos ToU oTabpol ‘Abnvddv eUplokouey
TIUAV BAKOUS KUpaTos A, = 412 .

Katd tHv 8idBooiv duws ToU @wTds &uTds péoou Tivds, T.X. ToU UdaTos, &Trou 1
TaxUTns BiaBooews elvan pixpoTépa tkeivns Bid Tov &épx, UTTO TNV aUThy oUXVOTNTX
T¢ pfikos xupaTos 8& yivy mikpdTepov, oUTws GoTe va ioyxun 1) oxéois

Cys = Az V

‘O Adyos T TayUTnTos els TO kevoy Trpds Ty TaxUTnTe ToU uTos eis Ev dTrTi-
xOv UAIKOV péoov kohelTan SeixTns BrabAdoesws (n)Tol dnmikoU péoou, HToL

('0

AP L]

‘O Beiktns Biadhdoses Ba elvan Bidgopos Sia k&fe ouxvoTnTa, 16T dAct of guy-
voTnTes (Gha T& YpwpaTa) SiabifovTan g TNV T TaxUTnTA & TO Kevoy, &yl Suws
ué THY aUTHY TayutnTa vTos TGV Slagdpwv STTIKGY péowy, T.X. &vTds Tol U8aTos.
‘Etropéueos wpokumTel Sid kdbe ouyvoTtnTa (xpdua) xai &AAos SeixTns SiaBAdaorcws
B 1O altd UAIKOV,

18. ®Boplopés. ‘H ddparos Umepicabng mepioxn) ToU pdopaTos dUvaTal var yivy
bparT) kv T TéTaogpa Eml ToU dmolou oxnuraTifeTan TO paoua elvan els THv Teproxnv
abThv kekahuuptvoy B1& Berolyou weubapylpou. TlpdyuaT, & Oeiolyos weubdpyupos
gwTIfdpevos pé dopaTov UmepiddBes @lds, ExméuTrel Wiav AeukoTrpacivnu dxTivoPo-
Mav. To pavdpevov ToUTo kata T6 dmolov Ev UAikov &moppogd &xkTivoPoAiav xal
FravekTrépTel &péows pépos auTiis, GAA’ UTO LikpoTépow ouXVOTNT, KaAslTal gffo-
oLoKaS.

‘O pbopiopds ebpioker TOAGs Epappoyds, pia &md Tas dmoias elvan af Auyviai
700 gBopropcl. Els alrtds 1o EvTovov Umepidddes bds TO dmroiov éxTrépTrer & &Tuos TolU
BpapyUpou, droppogdTal UTO TOU plopifovTos oTpwpaTes, TO OTolov UTrdpye! &is
TO E0WTEPIKOY ToiywHa ToU cwhfjvos xal émavekTréumetan drxohoubuws U’ alrTol dis
SpaTov Asuxdv @ads.

Mg T8 ponvopeva ToU gbopiopol eUpédn Treipopamikds 6T1 ioyuet & vopos Tol
Stokes : M &z gloviguod dxtofodia Eyet auyreTyTa xaoTéoar j To moid iony
T00s THY GuyreTiTe TS Meyewolon: 6 ¢logilor gdua axtivopellas.

Eis Tv HAektpoucryvnTiknv Becopiav, 81° év kTpa oTalepds cuyvodTnTos, 1) dvépyead
Tou efapTdTal &TO TO TWAATOs Tou, SnAabn TNV peyioTny TNV TOU Kupoivopévou
peyéBous. TIyx. @lds KiTpivov peTagépel peycAuTépav évépysicv doov 1) évTacis Tou
(s EapTiTan &me TO WA&TOS THis TaAavTdoEws) kaBioTaTan peyaAuTépa. KaTdmiv
ToUTou B& Empee @uTifovTes pE loxupov kiTpvov @ds va TrpoxcioUusy pSopioudy
olouBHTTOTE XPLUATOS, EiTe LEYQAUTEPTS EITE PIKPOTEPAS CUXVOTTTOS, Tr.X. €iTe TTp&oiIvoV
giTe ¢pubBpdv. Kol dpcws Tolro Bév kaTwpbndn va yivy kai épaiveto s 2av 1 dxrivo-
PoAos dvépyeia v EEnpTaTo xaTd iBidTumrov TpdTov &mo THY cuxvoTnTa ToU Sie-
yeipovTos @uwTds, v duTiBéoer Tpos T& TpoPAeToueva UTTO TR TAEKTPOUCYVTITIKTS
Jewplas.
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19. PwTonAexTPIKOY PAIVOMEVOY.

"Edw petod ity mAGE &k weuSapyUpou, pé-

pouca GPVNTIKOV NAEKTPIKOV popTiov kai ouvBebeutun Tpds AAEKTPOTKOTIOV QuOTIORT

81" UtreplnBous  @wTos,  TTposp-
¥optvou Y. EK Twog fAex-
ToikoT TOfov, TraporTnpeiTal
Pofumaia &rwAsix ToU gopTiou
TN, WS TPOKUTITEL £K TT|S EKpop-
Tioews TIAEKTPOTKOTTiOU.
’Eav 70 ToEov elpioxkeTcn TrAN-

TOU
giov Tfjs TAakds 1) STrwAsiax
popTiou slvan Toykeix, dtav 6-
WS ToUTOo us-rcrreEfj els Heyo-
AuTépov &’ aUTTis drrdoTaoly,
) &oAsia popTiou kKabicTaTa

pikpoTEpa. AvTiféTws OTav 1
TAGE elvan SeTiIkdds popTIoUévT
Bev  TopaTnpeiTal  EAGTTWOIS
ToU gopTiou Tng, oTav &t altn

Gadvrar £3

Zyx. 35, "Orar &) wias gorwahi o bmeowidor: poro: dvo-
i Y ] 0 X -

S wbtijz yherTodra, 60TE §j TAAE 2al T @iila Tob
niexTooGHoTON gooTilortar Oereed:.

Btv pipel @opTiov, O pwTiouds &1’ UTepicoBous poTos TrpokaAel THY éupdvicty ¢ al-

Tfis BeTikoU @opTiou (oyx. 35).

’Eawv év ouvexeia 1) peToAAikn TAGE Te0T) EuTds depokévou gwAfives, duol wed’ duos

Zx. 36, 0O goTcuis Tijz zablodor K 00 -
Frowhdovs axTrefoiins  mooxaiel Exlvon -
AEATOOVICY Xl TO PAABAYOUETOOr NUDOEETaL

fa0 pednaros,

peveov ek TTs kKafddou Trpos Thv &uodov.

TiAekTpodiou Tifepévou EvovTi alTRs, UETa-
EU B¢ GqugoTépwy tpapuooti oTabepd Téos
KOTQ Tpomov daTe f wAGE va elvan dpvn-
Tk Kol gwTicwpey Ty TAdKa  péoe
Tapafupoy éx  yohadiou 81’ UmreprcdBous
ewTds (oy. 36), Tapatnpeiton diodog peu-
patos dia ToU owAfjves, dvTigToryolvTos
gis xivnow &punTikGy HAekTpikddy gopTiwy
ek This kabdbou K Tpds THY dvobov A.
‘H &vraois 1ol pevuaTtos pndevileton &w
QvTioTpéwwpey ToUs TGAous THs AASKTPI-
kMg oTNANS &l TpdTOv doTe 1) promifouéun
TAKE va eivan BeTikn.

A

‘Eav els Tov petaby Tév SUo fhsxTpo-
Blwv x@pov Epappooti] payvnTikov Tediov
kafeTov émil Ty Sielfuvoy Tol peuuaTos,
TapaTNEoUNEY EAGTTWaIY ToU Siepyopévou
pevpaTes. ‘Ek ToUTou &modsikvieTan &Ti 1)

UETQQopd GpvnTIKGY QopTiwv &geideTan €l xivnow @opTicuévwy gwuaTBiey KIVou-

EUpétn 6Tt & cwuatidia TaUTa clvar fHAsxTpovia, TO pavdpsvov B¢ Tis ExtropTTis

NAEKTPOViwVY &k TGV PeTAAAwY Kai Yevikdds Siapdpwv GAAwWY cwudTwy, kuplws oTepedy
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kol Gepicy, OTav €’ QUT@V TTPOCTITT, @GS, dVoUdleTal QowronlexTotndy @atvé-
pevor. T Exmepmopevar Oe MAekTpOVIC powroniextodma. TlelpauaTixés SiaTmioToOUTal
6T : @) T EKTEUTIONEVT PWTOTIASKTEOVIX &TTCoTT&OVTaL &K THs TAGKSS TH) émidpdoel ToU
&’ aTiis WpooTiTTovTos UTrepiiadous @wTds. TolTo dmodeikvUsTan éxk ToU &Ti Edwv
peTabU THS @wTevils TNY RS kal TS TAakds TapeuPANST dmoppoenTikn UaAivn TAGE,
7 EkmrouT?) AhekTpovicov Tavel kal 1) fuTacis Tol peduoTos pndevideTan. B) ‘H évrtaois
ToU Biepyoutvou pevpaTos elval duadoyos TTpOs THY QwTEWTV PONV HTIS TTPOCTTITTEL
gmi This mAaxds. y) ‘H ToyuTns wé Thy dmoiav EEEpyovTon T& AAEKTEOVIG ik THS UsTOAAI-
xfjs TAaKOs eivan dve&pTnTos TS EvTaoEws
NS dieyelpouons owTevfls Béouns, £ap-
T&Tan 8¢ povov &md TRV ouyxvdTnTa TOU

f
i
|
|
|
' | : : G 3
; - | TpoomimTovTos @roTos. §) ‘H éxTrouTn geo-
"Avodog + — (ﬁ"‘ . : TOT]?\EKTpommV TTAVEL CTAV T) OUYXVOTTS TOU
D wg BieysipovTos QwTos elvan  pikpoTipa  Evos
| A~ . ' ey N ‘
1‘ wpiguévou opiov.
|

. < ‘H mapatnpoupévn abfnois THs Tayu-
:®wTDI’|EquC§VlO‘J TNTOS TV EKAVOUEVWV QWTONAEKTPOVIWY
; | peTd TS ouxvoTnTOos TOU TTPOKIAOUVTOS

Ti | Thv ékmopThv QwToS, @S ki T avfnoig

. ToU &pifuol Twv peTd TS QwTEVRS pofis,
{ clvon doupPifagTos pE TNV kAacoikiy Seco-
i piav (AekTpopayvynTiKAY), B1OTI G5 TTPOT-
i youpévaws EAéxOn, O& fmpeme peyohuTEpa

fvTaals TS TPOCTIITITOVGSTS dkTivoPoAias -

olagBNTTOTE CUXVOTNTOS - (0§ TTPOTPOPA He-

dag 1 mivyorz Téw E5 wiTijz Sxhvopéven yiextoo- yohuTépas é‘.’.EpYSIO.’g el ﬂpOKG?\éGT‘] 6Xl RO=

viow eiz Tor pioor wetaln avedov xai zabdédor vov Efaywynv TEPIoTOTEPWY NAEKTpovicoy

qpoxakel dodor peiperoz S 108 wvzidinaro;.  GAAX KO VA TTPOTBWOT) HEYOAUTEDAS KIVT)-
Tikds fvepyeias (TayUTNTAS).

"Egapuoyty ToU pwTonAskTpikol @aivouévou eUpiokopev el TG @@ TOKUT-
Tapa (ox. 37). ‘H pwtomadfs émopdveia sivan Ev oTpduax kauoiou 7| pouPiBiov
&roTeBiy dmi Twvos Trepioyfls ToU depokévou UohAivou Boxsliou. Ta pétaria TaUTa
eivon eUmaldf kai Sidouv TO pwTonhexTpikdv Qauvépevoy Taoov S1° dpaTas dgov  kal
81’ Umepiooders dxmivoPohics. TS gwTokUTTOpov cuvdBieTan Trpds Tnymv oTabepds
Tdoews KaTa TpOToV aTe 1) eumalifs émedveia va slvon &pvnTikn. Qs SeTikdv HAex-
TpodSlov ypnoiuetsl aTéAeXos eUpiokdUEvoY Eis TO KévTpov ToU owAfjvos.

‘Otav émi Tol QwToKUTT&poU TpooTrinTn @dds, ditpxeTanr 817 alrol NAEKTPI~
kv pelua, T omoicy sival dvdhoyov Ths gwTewiis pofis Tils TpocBoAAoUons ThHv
pwToTadf Empdveioy.

Zx. 87, thwroxirrugor, " Ovay poriahi i #dllo-

20. To pérav odpa. "Ev TpiTov paavdusvov omoudaidTepov &d Tov @lopicuoy
kol TO QWTONAEKTPIKOY aivouevoy, jTo émriong dveEhynTov ué Tas Sewpics THs KAao-
oixijs Quokiis. ‘Empoxeito Bix 70 pdoua to® uélaros cwuazog.
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Yo Tov Spov pEAav o pa vooUpev eis THv Quomkny fva iBavikov olpa T6
Stroiov &roppoed Teheiws Shas Tas EmadTol mposmiTTougas dxTiwvoPolias, oiac-
SnmmoTe ouxvoTNToS. “Ev ToloUTOV GGOUa TTPOKTIKGS
wéAav slvar 1) aibddn. TTavtws UTapyxouy Bipo-
pot TElpapaTikal pédodor Hid THY dmoiwy, xaTd
UEYGATV TTPOTEY Y101V, TIPXYUATOTOIOUVTaI TraryT18eg
dxTivoPoAiddy, fiTol elBik& xolAcpaTa EvTos TGV
Smroicv sloepydpevoy TO dis £xet fAayioTos mifa-
voTnTas v £EEABM ék  TRis omfis Sk THs Omoias
cigfiAfev. ToTe 1) O aiTn elvon TPAKTIKGS Ev péAav
odux (oyx. 38).

"Otav &v péhav odpa Sepuavli, &pxilet - 6TTWS By 38, o) Toayucro-
k&be oTepedv odua - va épubpomupolTan kad PBad- qoiyois pélaves ooiparos.
pixicos vér AeukoTrupoUTtan.’Edv 8§1& xaTadAniov ga-
cuaToYp&eoy ELETACWHEY TO paoua Tiis &xTwoPohias fTis éxmépmeTen UTo Euds -
Aavos oouaTos, 8& TapaTnpiompey 6TL TO ACHX Tou eival ouveyés, f|Tol TEPIEYEL
Shas Tas ouyudTnTas. T ehopa éxkTeiveTon éxaTépfey THs meployfis TV SpaTédv
axTivoPoAtddy, ToUTo &t Bivartan va BiamioTwdf 81 sidikdy opydvwy (fepuooTorl-

Xelwv KAL) UETaKIVOUMEVGY KaTd ufikos Tol pdopaTos.
«Tuxvding v Edv TIOpacTHoWUEY YPOQIKES THY KAXTQVOUTU
z ™
15x10%ect ¢ TNs vepysiog (Buvautvng v Tpoodiopiodh
X f | P ‘ 1

ey [ TIKGS) €IS TS S10@dpous TreploX s GUYVOTAT
OPdfC}V} | 5 . n. ’ ~ ' Jud, . =
wpopous Bepuoxpagias ToU ExTELTTOVTOS LEAQVOS
3 { owuoTos, Ty, S T=2000 "K, 3000 °K, i
1\ | 4000 °K, 8& mpokiwouv ai kopmUAc ToU oynua-
i = ~ e e = :
v N\ 4000°K To5 39. ’Ex Tfis uopofis TGOV KaUTVAGDY TOUTWV
! TpokUTrTEL 0TI, £l§ ExdoTnv Sepuokpasiay f UTo ToU
uEAavos owpaTos EkTreuTroudvn Evepyaia Bfv xaTa-

véueTal Spoloudpows eis dAnV Thv &kTacw ToU @d&-
{ opaTtos, GAAG pia TEpIOXT) OUXVOTTITGV
glval OYeTIKS TEPIOTOTEROV EVTATIKT TOV

MEyraoig

&AAwv.

g__ Mg v aU§nowv Tiis Szpuokpacias TO
2 T SAov gdaoua yiveTtan &vToTikwTepov (Acp-

Miuog udpatog A—=(1p=10""m)  TpdTepov) xai cuyxpdvws 7 TEpioodTEpoy
Zx. 39. Kavavopr) Tijs évegyelug ele 1o grdcua %mnpd WEP}OXn UUT?U- nrTot 1 *G‘Ij’XL‘GTr]g
Tol uEAQYOS GNUTOS #UTA TAS NAPOQOYs GUyYo- n Trapoumai,ouca TNV MEYLOTNV EVTOOLY,
Tiras ai Td drrioTowye piy ipatos, eis  METOTOTI{ETon TPOs TGS usychUTEpOS TIMGS
Tosiz dwgdsovs Beopoxpacias. ouyvoTnTes. "Hrot, ué Ty abEnow s Bep-
uokpaoias Oy1 udvoy TO loNX YiveTat

puwTevéTEpoy, dAAG Kad T AauTrpoTépa Treproxn abTol peToToTifeTar Trpds TG 163Bes
158ss. T& TelpapaTikg aUTd Bedoptva fioaw yvwoTa mpd Tol 1900 kai
pieAauPdvovto eis Tov vouov TGV Stefan kai Bollzmann xai Tov vouov ToU Wien.
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a) Nouos t@v Stefan - Boltzmann. “H dive ioyic
uéiavos cipatoz. eivar drdioyos tis fmgavelas tov S xal Tijs TeTdoTns Ovvdpems TiI

1 Ermeumopiry o Tod
azolitor Degpoxovaaias 17, fiToL
N=o¢c:5:T% Népos tév Stefan — Boltzmann

3mrov o 1) oTabepd drTivoPollas, fiTis Exel TV TiwNY o=>5,67 - 10—12 Watl/cm?*-grad®.

‘Qg Exmrepopévny SAikfy foxUv N vooluev 1O TrnAikov Tfis SAIkfis UTO popeny
drTwoPohiag éxmepmopévns évepyeios 81& ToU &uTioTolyou Ypdvou.

Zupgavess Tpods Tov vopov TéY Stefan-Boltzmann sis oiavdnroTte Seppoxpaciov
(oynAMy Ty yopnAnv) kai &v eUpiokeTal Ev péAay odpa, ToUTo exTTEpTTEl oUveXEds &rTi-
voPolov evepyeiav.

B) Nduog peraromicews rov Wien. Adavondvis 1ijc dmoiitor leopoxoacio: 1
TO pEAaros aiatos, 1 auyrdtys ¥ ) dmola Sugpavilet Ty peyalvrépar Hrracwy peto-
TomileTat woos meyadvréous Tipds, §j dAAm:, TO dvtieTotzor nijxos xdparos A Teivel
2602 puxonTéons Tids, olftms Gote v oyl

- oTafepov Nopos peTaTomrioews 1ol Wien

i M.T=k

Smou k ple oTofepd fon mpos 0,28978 em - grad. Ty, &i&x 4000 °K, A* = 0,72 u-

21. Qewpla T@V xPavra. Kata T 1900 o Mepuavos Quoikos Mawx Plawcl
{ITharz) xaTdpbwoe v& SiaTutdon fva yevikdy  TUTTOV TraploTévTa  ThHy Slavouny
TTis tvepyelas &mi 1@V Blagdpev Teplox@dy ToU pACUHATOS HEAQVOS CLUATOS KAl TUH@L-
voUvTe TATPwS Tpos T TrelpauaTika éEayopeva. ‘O TUTros oUTos TrepiAauPdaverl TTpos
ToUTols Kal Tous GuwTépw vopous T&v Stelan - Bollzmann kai Wien, oitives mpoku-
Trrouv €€ alTol, (5 pEpIRAl TEPITITCOOEIS.

‘O TUmos Tou Planck sivon Alav mroAUmAoxos, omwoudaioTdTny 88 onuaciav i
THv Quoikiy KEKTITa TO yeyovds &T1 Trpos Siaudpewaiv Tou KaTéoTn &voyKkaia 7
TATpNs amopdkpuvols ToU Plaiel: ik THs kAacoikfls fAskTpopayvnTikis  Sewpias,
S16T1 Paoel aUTfis, Tapd Tas mpoomabeias Tovu, Btv ABUVHON v& wataAnEn sis Semi-
K6V T dmoTéAsoua oupTeptAapPdvoy Tous BUo TreipapaTikds eUpebivTas dveoTépeo vo-
Lous.

‘O Planch Bid va kataAngn s Tov TUTTOV Tou TrpotPn el dpiouévas ToAunpas
TrapaBoyds aiTives Emépepov TO TpdTov pRiyua sis To SovpaoTov olkodéunua T
Becoplas TGOV HAEKTPOUY VN TIKGY KupdTwv, T Togov yovipou Gewplas ToU 19vu
aiédvos. “H Siatimwois Ths kaTwTeépw ekTiBepévng Becwpias ToU Planck #xst lows pe-
yoduTépay onuaciav &mo THv peT OAlya éTn TpokAnleicay Utro ToU  [inslein &uo-
Tpomy Tewv Sepehiodidv dvworddv Tis KAaooikfs Mnyxavixfs.

‘O Plancl:  éxtn 6T duTds ToU péhavos ocwpaTos UeioTavTal ralavzemral
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Sdovnzai, fjTol oToryewnbels TrouTol
Aws TrpokoAcUy ékTrouTrny &xTIvoPoAou €

TOU ué?\m 0§ TWUXTOS.
Ocis 88 & Plancl: Tpd ToU &di1efdbou Tiis tpapuoyfis Tis KAQTTIKTS k-
nTixTjs Sewplas eis THY &xTivoPBoAiav

avos GPaTos, SleTUTTwos THY UTrode-

TNy onuepviy  dewoiay tdv xfdvia,
| TO @S Kal Yyevikdds 7| axTivoPohos Evep-
o (RAskTpopayvnTIKTY dKkTvoPolia) exkTreu-

at xal &TToppo@dTal UTTo TGV ToAGVTw-

TGV oUxl KoTa Ouvexn GAAG kaTd Gouveyi
TpoToV, SNAadT) KaTa TUNpaTa — KATX OTOl-
YEIdT TOoG QWTEIVTS Kal YEVIKGS AKTIvoPS-

nou Evepyeias—, Ta omola & Planch éxdheos
»Bdvra pwtoc (8 TN AaTivikfs AéSsws quan-
tum — Toodv). TaUTta EkARBnoav dpyoTepov
@PWIoVLA.

“ExaxoTov oToixeidddes moodv i kPavTov
owTOs TrepIkAEisl plopévny évepyeiav E fonv
TROS

E=h-v MAX PLANCK (1858- 1947 )

émmou h Tayxoouic oTabepd, 1) dTola kaAsitar oradepd vot Planck xai siven for

Ih=6,62- 10~ ecrg . sec (EpylodeuTepOAeTTx)

kai v 7 ékdoToTe Pewopouptvn cuyvdTns ToU ToAQUTWTOU, fTol Tis GTOIXEIWEoUS
owTEVAS TINYTiS-

‘Eroudveos Taoa cUvleTos @uwTelvh) TMYT Tou Maxkpokdopou pémel v fecopnbi
& &rroTehoupdun &TTO OTOIYEIDBES TITMYds, TouToUs dkTivoPolou évepyeias, ToUs
ToAawTewTds. Ol TaAavtwTal Siakpivovtal &md THy ouyxvoTnTa auTdy: &AAoL .Y
Eyouv CUXVOTTITE v TraAuéY v SeuTepdAeTtTov, &GAMOL v/ K.O.K.

"EKQOTOS TAAQVTWTNS EKTTEUTTEL TTOOX fVEpYEias L.mcrqv popav kaf’ fjv O& ovo-
cwpeubil TToodv T1 évepyeias kaBwpiopévov, foov Tpds h - v. TolTo dmoomdrar Tpo-

TTov TIVA & TOV TAGUTWTHY kal Guar(copel ué
TolUT r]; K *rom'rﬁg gve

UTro TayuTnT
vouéTpoy. TolouToTpoTws

, TOUTO 3‘\'3KCQ.OJ 1‘(.»% T OOXQJ,.')E

7, Qv 6 ToAav-




§2 EIZATOTI EIZ THN ATOMIKHN KAT TIYPHNIKIIN OTEIKHN

‘H &mhouoTevptun alTn sikdv Tis ko KPavTa @WTES - KATX PLITOVIC - TTapa-
ywyfis Tol geTds, ioxvel kai 81& THy &woppdenoiv ToU @wTos Kai THv GvTaAAoynv
tuepyeias Tpos oTolyElddn cwpaTidia Tod Mixpokdouou. Eis ToladTas TEPITITWOEIS
xoT& TS STrolas TrpEmel v Becopriowiey pepovGLpiva pwTovia kaBwplouevns gvepyelas,
7} Bwwola Tol kUpaTos eagavifeTal TARpes. ‘H 8t AhexTpoporyvnTikn fewpia ToU Max-
well foylel (kard peydiny mpootyyiow) pdvov dadkis Becopolipey TTOAU peydAous dpid-
poUs QeToVity.

“I8rcTépeos ogeidet v& TovicET Ty onuacia THs oralepds h. Qs gaiveTan duécws,
51 v TTaploTd TO yivdpevoy h v Evépyeiay, Tpétrel TO I var éxn SiaxoTdosis évepyeias X
ypovov, kaf’ boov 1o v Eyer SiaoTdoss dvTioTpdpou ypovou (Bvépyeia X XpOvos X

1

Xpovos
Tpos 16 peyebos Spaeois (PA. oeA. 39).

Eivon Aormov i otabepd I, f Taykoopia ocTabepd Tfis Spaoews
xai igoUtal katd Tov Planch wpds Thv EdaxioTnv SuvaThy, dBiaipeTov, oTolxE1wdn
ToobTnTa dpdoews, TO kPavTov SpdoEws.

Fevikdds éTav &v guoikdy péyedos, i T.). 7 dplois, ¥apaxTnpileTal Ao OTOI-
¥EID8N, &BixipeTov ToodTn Ty, EAaxioTny SuvaTnv év T kKéouw, SvoudleTal OTHEPOV
wfaviomoinuévoy 1 xfavrwuévov uéyedos.

L& THy kaTavdnow TR Evvolags aUThs duvauela va GuagEpwiey TO AaxkoAcubov
wap&Searypa. ‘H &v ‘EAN&SI Treprovcia eis peuoTov ypTipx Exel s EAGyioTov, &Biaipe-
YOV, TTOOOV XprHaTos Suvduevoy v GuTaAAay T, TO képpa TevTaAeTrTov. Mo émoué-
VEO§ TTOCOTTS YPMHATWY PeTd TAV dTolwy cuvariaoodueba svar dvaykaiws fon Tpos
dképondy T1 ToAAaTTAGoiov ToU TevToAémTou. KaTtd ouvémeiay 1) Teplovsia i peusToy
ypfjua elvar kPavtowpévn pé kPavtov ¥pnudTwy TO KEPHA TTEVTAAETTTOV.

‘H kPévtwais Tis Spdoscos - kata Tov Planel: - a1 G5 ouvéTeiay O6T1 oUBEV pal-
vopevov &v TG kdopw elvar SuvaTov va oupPil &v 1) xaT alTo dvagoivopevr Bedals
(f 7y dvTioToryos oTpogopun) Sév tlvar drepaiws ToAAaTAGcix ToU kPavTou Sodocws
h=6,62-10"% crg-see.

E@’ doov Topa dexOiduey THY Taykoouiav oTtalepdv h ds TocdTnTa &ueTd-
3AnTov, ToOTE, TOAaTACoI&lovTES TRV ETT TAS CUYVOTNTAS Vv, V., Vi, K.O.K. TGV

= dufpyaix). 'AAA& TO ywwdpevov évepyeias &l ¥pdvov icolTan €€ Spiouol

EKGOTOTE TEAQVTWTRV, aiTives SlvavTtar va AaBouv olaodnmoTe Tiuds, 9& éxwpey 31&-
popa oTorxelwdn ook évepyeias, Sidgopa kBavTa dvepyeias, hvy hv,, hv,, ko.x., T&
dmola SUvavTal vé py elpiokewvTa gis dpiouévnv ayxéotv pueTady Teov, .x. oUBeis Adyos
suvTpéxel va 1O hvy glvon drépatov ToAAamAdotov ToU hvy, &vd TolvavTiov SuvaTa
70 hv, va Blagépn kat’ EA&yioTov ToU hvy, ToU hv,, k.o.x.

‘Eqv Spws mpbkertan Tepl ToAauTw TV oTaBepds - xaBwpiouévns - ouxvoTnTOoS,
TO kpavTov évepyeias OpifeTan TANPWS Kai TO ywouevov hv elven 16 &BiaipeTov TrTocov
tvepyeias, SnAadn To kKPavTov Evepyeias, Sik ToU Smoiov €& yiveTan oo dvTaAAay T
tvepyeios peTabU TV ToAaVTTEY. "HTol 81k TuxoUoav ToodTnTa dvepyseics & &rop-

copepéuny 1) éxTepmopévny UTTG TGV Suoias ouyvoTnTos TaAovTowTdy, B foyumn
E=n:=n.hy
fvlad n=1,2, 3 kox.
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Ex tév dvewTépw ouvdyeTan OTL 1) HEv Spdois slven TpTapXIKGS kBavTwuévoy
uéyefos, A 8¢ dvépysta kBavTdveTan podvev, dodkis kabopladfi f cuxvdTns THs dxTivo-
PoAias.

22. "Ap1BunTiov mapaderypa OmoAoyiopol évepyeiac @wroviev, To pfikes kupaTes gls TO

v TTis UovoXppaTikfs KITpivns dxTivoPolias Aoyods vaTpiou efval A= 5893 A. 'E&v 1§ ouyvéTng

PwTds ToUToV sival v, TOTE 5 yvewoTov, Sd elvan Av = ¢ kal v =c A. BéTovtes el Tév TUTTOV cxUToOV

o]
=3.1010cm/see kel A = 5893 \ = 5893+ 105 cm, elploopey v = 5,09- 1014 [z (see™L),
;, i B eloaywyils
so0 rai TAs

‘H tvépysic THv omoiav TrepikAeiel Ev groTovioy Tiis dkTivoPolias B& eivar 1T =l
ToU phxous kbuaTos, 12 = h - ¢/A. "Edqv els Tov TUTov alTov Béccwpsy h=6,6-10"
dvmioToixovs Tipas TV ¢ xai A (gls cm) svpiokousy L =336 lDfWiu-r‘;‘ Edv peTaTphwoouey THY
sUpebeicav Tipfy évepyeics els HAexTpovioPOAT, AauPdvopev mepiTou I = 2,1 eV.
23 . Mpaxtixog xavddv . Ma Tév UTToAcylonov pé pikpdy aoddua TS Tinfis ToU kPavTou dvepysias
o

sls NAexTpovioPohT, Stav &ideton TO piikos kUpaTos A Tils dkTivoPorics dv 7D kevdd els povdBas Angs-
trom. 5 xai avTioTpo@ws, XpnoiuoToloUuey Tas dkoAoufous oyécers :
12345 12345
1= [ A= 1)
A I (
(&mou E els eV kal A efs Angstriim).
Hagdderypu. "EkacTov gwévior Tpacivig povoypwuoTikfis axkTivefolias éxouons év T3 xev@®

- 12345:5000 = 2,46 ¢V . 2,46+1,6-107 12 erg

ufikos wGparos 5000 A mepikheler dvépynicy 1
{PA. ceA. 39).

*AvTioTpdows @wToviov duvepysias 4 ¢V &mobibeTan elg povoypwpaTikOy @@ HAKOUS KUpPQTOS
12345 : 4 =3100 A\ mepimrov (Umepiddng dxTivoPolia).

Dnuslomes. *H otaBepa 12345 wpdepyetan &k Tiis oyéosws L=h.v =h-c/A, & Tfs Smoiagmpo-
=UtrTel A= h-c/ kK. Ofropev gis THy axéov cithv h = 6,6- 1027 erg.sec ket ¢ = 3.1010 ¢m/sec.

sUKOALS
Sy o1

*Emeidn) To pfixos xUparos A EkepdleTan els Angsirom f) 88 dvépysia B els eV peTaTpémopey

T& peyédn TaUTta els &vTioToixous povddas ToU ovoThuatos (LS. AauBévovtes UT

1 eV = 1,6.10-12 erg ked l.'\. = 10—5 em. MeT& Ty ikTeheov TV GpifunTikedv Tp&dewy slpicke-
uev Tas oxéoes (1).

*AmopvnuovetoaTe 7o 12345 g «év, Ble, Tpia, Tioocpa, TEVTE .

24. 'Epurveia tob @bopiopob xal 100 puronlextpixod paivopévon Bdoet
Thg fewplag T@OV xPdvra. a) Pdoorouds. Q5 Gvepépausy mponyoupevas (PA.
GeA.56) 7 EERynois Tol vopou ToU Stokes 1ol ¢bopionol, kard ToV drolov 1 & glopi-
ouol dxTivoPoiic Exel oUYVOTNTa WiKpOTEpaY T TO TOAY fonv Tpos THV ouxveTnTa TS
Bieyeipovons 6 eBopifov glua dxTivePolias, Tpooékpouosy el dvutrEpPAnT EUTTO-
Sia. "Otav Spes Sex8Guey Ty kBavTiky Uenv Tfis &xTivoPolics, 1 épunveia Tol
vouov koBioTaTan oxeTIKES GTATR. '

TMpdyuart, #&v 1| guwTilovoa T6 odpa dxTvoPoAia éyel kara THY KAaookny "OmTi-
KTV ouxvéTNTA Vv, TOTE, KATA THY kBavTikfy Bewplov €4 dmoTeAfiTan &wd oupuols
pwTovicy, EkaoTov TGV omolwy Exel évépyeiav hv. "OTav T& peTovia mpogTimTouy
&l ToU ccopaos, 1) fvepyeld Tewv AToppo@dTal KaTd TG UNYQVIoUOoY UTo TRV oTol-
¥E1B&Y ouaTaTikd®y ToU gouaTos (Tdv wopiwy) kal Sieyeipe atra. T Sweyeplévra
udpia EravépyovTan gls THY Pacikfiy Twv kaT&oTacw &vTos EhayioTou ypovikod Bic-
oTfuates (HikpoTépou ToU Evds dikpodeuTteporémToy, lusee= 1070 sec) éxmépmovta
dxTivoPdiov fvépysiav, fiTis &moTsAsl THY UTo ToU @fopifovTos owmaTos EkmenTo-
uévny SeuTepoysvi] AxTivoPoAiav.
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OzcopolivTes 611 elvat miSavov &v pépos THs TpoodiSopévns dxTivoBoAou évepysias
va peTaTparti els GAACS popeds tvepyeias (Tr.x. BepudTnTa) EkTOS TTs BEUTEPOYEVOUS
axTivoBolios, B& Exwpey

TpoaTriTov hv. 2> hv; Beutepoyevols éxmouTris,
&N 1) dwicdTng alTn eiven & vdpos ToU Stokes, fjTol
NTOZ ﬁ ?\-,;F)v,_:-ﬂur.-’, = "\r‘) 2003

B) Pwronlextondy pawvdusvor. "Eotw 6T TrpooPiiAwpey pioy  pEToAAIKNY
Em@Auaiay S1& POVOY pwWPaTIKTS QTEIVTS dkTivoPoiias ouyvéTnTos ions Tpos v,
o1, cuUWVLs TTpss TTV KPowv-
Tiknv fewpiav THs dxTivoPolics,

U-;!m;. L) <~_ V::. T

Six TANfous @wTovicov Evep-
yeias hv.

Kord tnv mpéomrrwoty &
ToU peT&AAou, uépos TI TRV
PWTOVICOV OUYKpoUETal Trpog
fAekTpdvia, ExkacTov TRV O-
Troiwy elval ouvBedepévov TTRoS

Puwtdviov

&ropdy TI T oUYKpOTNHE &Td-
peov ToU perdrrou (oy. 40).
Eis v TrepiTrTooov aUTnv slvat
BuvaTdv va AGPT xowpav A 1~
pTSs 4moppognoils TS Evep-
iov 0 goTorior axToofoiius. Ysio‘g Evos qJOJTOViOU G
gvds MAekTpovicu, kaAeital O

7 TolUTT &Toppognols @amronlextoxy drogedPnaLs.

‘H &moppopneioa dvépyeia ToU guoToviou ¥pnolpelsel, G’ &vos pév S v &Tmo-
omdon Ev fAexTpéviov ToU gTifopévou ueTaAAoy, Samavwpévoy Trpos ToUTo péEpous
TIves b s tvepyeics Tou, &@’ ETépou Bt GTrws peTaddoT els TO HAsKTpOVIOY TayUTNTX
v, f| &AAws kivnTikAy Evépyeray 1[2-mu?, el TpdTToV COOTE, CUUPVWS TTPOS THV Ap-
¥Nv Ths SaTnpnaews Tiis évepyeias, va loxun

Zx. 40, Axsoauoig jlexrooviov fx Tijs Emgavelas petii-

m-u*=h-v—Dh DwTonAekTpikt &fiocwois instein

To gpyov b eivan 10 Egeyov éEayeyijc ToU fAexTpoviou, BnAadmn 1o épyov TO OTroiov
Tpérel vé& poodoli] els TO AAskTpdviov Tva TolTo, UTrepuik@dy TaS EAKTIKAS Buvduels
aiTives TO ouykpaToUv EvTos TolU peTaAAov, €EEADN EEwlev Tfis émigaveias Tou.

‘H Tipn ToU Epyou éEaywyiis elvan éxdoToTe Bidgopos kai e€apTdTal ek TV Six-
gopwy Suvduewy (Tedicov) al omoial ouykpaToly TO NAEKTPOVIOV EVTOS TOU oTepeoy,
fj Uypol, 1] dxéun deplou agwpaTos xai ék THis Beppokpaaias. AUTN slven Alav piked i
T& HAeKTPoBETIKG oTOolKEI, KUpics B8 Bid T dAKkGAI, fiTel T LETEAAS KGAlOV, V&-
Tpiov, pouPibiov, kaiciov, &Tiva éxouv TaS IKPOTEPAS TiUas ToU £pyou éfaywyfs Tdv
nAekTpovicwy & Tiis Emaveias Twv.
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‘H 1ipn Tfis TexUtnTos Thy dTolav Trapéyel 1) dvwTépw Eiowals elvan iy peyioTn
ATis TrapaTnpelTan els TO opfjvos TV Eepxomtviov gwTonAskTpovicw, Bidm TalTa
Eppavifovten E§wbev Tiis Emeaveios TolU @wTiloptvou oouaTos wE moiihas ToxUTA"
Tas U, WKpoTEpaS TS dvwTépw peyioTns Tiufs kal TolTo S1dTi UploTavTen dmeoheics
TRS kwnTIXfs Tev dvepyeias (peiwow THs TaxdTnTés Twv), Adyw dAAnioamoEwy
f| cuykpovuoewy Pzt &AAwv fAekTpovicov §j dTdpwv.

'Ex THis dvaoTépw EE1GCass kaTapaiveTan &péows 5T1 Sii puaTdvioy dvepyelos hvlh,
Btv 8& Trapouctachi] PwTONASKTPIKOY Qauvopevoy, &Bixpdpws ToU Toégov loxupdis
pwrTilopsy TO odpc. Mg dpws A cuyxvoTns Tiis pwTifouévns dxTivoPohias ab§noi
Tépaw Spikfs Tves Tipds, lons wpos v="b/h. ToéTe dpyeTan duéows N EKAucts TGV Quw-
TonAexTpoviwy, TEY SToiwv T TAffos alfdve, Soov ueyalTepos slvar & &piBuds
T&v &mi Ths émoaveias Tol peT&AAOU TpoomTTOVTWY pwTovicv (SnAadd, Soov
ioyupdTepov elvar TO @ds). ‘EvE f) TayUTns Thv NAekTpovicv ouglvel, doov ueya-
AuTépas ouyvdTNTOS P&ds XPMOIHOTTOIoUpEY (163BEs, UTreplddBes).

AZKHZIEIZ

5. ‘Houyvétns wmds novoypwuaTikiis fAekTpopayvnTikiis dkTivofolias evan fon mpos 3.101s
sec L. N& Sroroyrodiy Ay dvépyeia Thv omolav mepiheier Ev pwtdviov THs dxTwoBolias obrhs. ITa-
gepa Bpdocws Tou Planck = 6,6 - 10 —27 opg - sec. TayUrns ToU @oTos év T6) kevéd =3 - 10 10 e /ser

CAT. 1 =1,98.10"8 erg)
26 . MovoypwuaTiky fAskTpouayvnTikd dkTivePohia £yl &v TG KV wikos KpaTes igov Tpog
1 em. N& uro?\oywﬁﬁ # Evépyeia Evods praToviou THs &xTwoBolics alths. ZTadepa Sphosws Tou Planck

—6,6 - 10 27 perg - sec, TaxlTns ToU 0wTos fv TR xevd = 3.1010 ¢m/sec.
CAT. E=1,98.107" cre)
27 . Tloix 7 évépyeix (els erg, kgr*m Kai n\) fvds owToviou uoveypwuaTikis  dxTivoPolias,
EyovuoTs tv T xevd wijkos kipaTos A=2.10" Tafepd Bpdoews ToU Planck = 6,6- o2
erg - sec, c=3-1010 cm/sec, 1eV = 1,6- 10 '“l-xg. CAw. E=99-10"erg E

17 = 1,01 .10—12 kgr*m)
28. ‘H é&vépyeix ékdoTou QwTOVIoY &S HOVOXPWUATIKAS NASKTPOPaY VT TIKTS dxTivoPolias eivar

ion mpos 1 keV. N& Umrodoyiohi cuxvo-rng xai 1O pfikos kUpatos (Bv T® KE‘.-(..)) Tfis axTivePolix
Frofepd Spaoews Tol Planck = 6,6 - 10 72 erg - sec, ¢ —3 10 10 ¢m fsec, 1 eV = 1,6 10_” ery.
CAT. v =2,42. 1017 sec 71, .x: 1,23-1077 em)

29, ’[dBns HovoypwHaTiKh ewTavh &xTivoBohic Exet &v Tc?: kev® pfikos kuuaTos foov pds 4100

,‘\l]
h=66-10"erg-:sec, ¢ =3-1010 cm/sec. CAT.

d-\'.lvopc?\za; auTis.
3 eV wepitou)

rom. Na Urrohoyt obfi fi tvépyeia THv Omoicy Tepikheial &V :;Luro
E = 483.

30. Téoa guwTévia povoypwiaTikis épulpds SxTiwvoBolias, fxovons &v T@ xevd ufikos xluaTos

o N pe
7500 A, Tpéta1 v& &moppoendoiv s 1 gr UBaros, Bk v dvuy ] Sepuokpacia Tou xaTa 1 0C.
Eigikfy feoudtns ToU Udates = leal/gr. erad, h = — 6,6 - 1077 EpyroBeuTepdieTrTar, ¢ == 3. 1010

cm/sec. CAm n=1,59.1019)

r USpapyupov, 6Tav Ut alTiis dmwop-
fis dxTivoBohias, #yousns

1. N& \‘nmi\oylc'ﬁﬁ f &viywais Tis Seppoxpagias uains 2 g
popnfolv TAfpws 2,13.1018 ow uf)wcx TPGIVS MOVOYPWHATIKAS Qw

tv TR kev® ufiKos xUPaTOS 5000 \ Emnm JepudTns ToU UdpapyUpov —= 0,033 cal/gr- grad. Zra-
Sep& Spdoews ToU Planck = 6,6- 1037 gpyroBeuTepdhemta, ¢ =3 1010 em/sec. (CAm. At=3 0C)

o
vé piikos xUpares 1 Angs-
OTOVIQL  HOVOYPLOHATIKT Tpaoivng

5

32. ) Méoa pwTovia LOVOYPOHATIRTS éxTivoPolias TR

trom, #xouv guvohikiu fvépyecv ionv Tpds 1 erg. P) Moo
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dxTivoPolias, éxovans &v TG Keudd pijkos kuuaros 5000 ,(, Eyouv guvollknv évépyeiav, fonv TTPdS THY

-]
tvipyeloy Evos oowToviou povoypwuaTIKs &xTivoPoAias unkous kupaTos {81 To kevov) 1 Angsirdm.
pY! 2 XS i} i n

h=6,6-10""" erg.sec, ¢ = 3.1010 cm/sec. CAw. o' n=5-107%, B n = 5000)

33. H orafepd SNk guwTewd poh THv bmolav Tapé )(:1 CTJUEIOKT QLTEIVT] TIM YT EKTTEPTIOUCS

0G5 TPAOIVOVY PoVSY POV, BTiKOUs kUuaTos tv T kevdd 5000 ,\ngslmm. eiven o wpos 0,1 Wall. TTécx
PWTOVIC EKTTEUTTOVTEN TIpds SAas Tas KaTeuBlvoeis UTTd THs TNyl vTos évos BeuTepoAémrTou. AibovTa
h=6,6- 10777 tpyroBeutepdhemTa, c=3-1010 cm/sec. CAm™. n = 2,52 .1017)

34. «) Moeia f) TaxUTns TGV pwTonAekTpovicy T& dTrola ikmeUTovTal 8K Tiis EMigaueias oTpWUaTSS
vatpiov, OTav ToUTe @wTioBfj &1' Umepiodous povoypuuoTIKs d:K‘rwoBo?\fc(g, Exouons &v TR KevdD

o
ufikos xuuectos 2537 A. To Epyov Eaywyfis Bik THY &v Adyw Emedveiay Tol gTpwUSTOS €K VaTP
siven foov pos 1,87 V. B) Tloia A dpikh) (BAayiaTn) cuyvodTns Kai TO 6pikdv (HEY10TOV) MTiKOS KUKCT
(81 TO Kevédv), i& TO dmrolov AcuPdvel XWPAV TO GWTONAEKTPIKOY Qaivduevoy eis TNy Emipdvaiay

o

peTaAMkoU oTpLpaTos Tijs Tponyouptvns épwTnoews. h = 6,6 - 10 —27 erg.sec, ¢=3. 1010 ¢ /sec,
udler fHpepias Tol Hhektpoviou = 9- 10 2% gr. (AT u=3,03- 108 cm/sec, Agp = 6620 - 107" i)

35. To uéytoTtov piikos kUuaTos (Bi1& TO kevdy) Tol TrpogTriTTovTos QLTES, Bik Td droiov Aapor-

uel xwpov EkAVoIs pwTonAekTpovicy éx Tfis Emeaveias oTpwpaTtes vaTpiou, sivenr 5830 A . o) N& Utre-
hoyraBi) T Epyov Eaywyfis Bia ThHy émedveiav ToU £k vaTpiov oTpduaTes, B) 'Edv fi émedveia alrn

owTioBf ut povdypouv iddbes odis, fxov tv TH kevd Mijkos kUuoros 4500 ;\, Troia 1) TayUTns THY
TonAexTpovicay Té& drole dkmépTrovTen € aTis els THY TepimTwow abtiy. h=— 6,63 . 1077 erg - sec,
¢ =3-1010 cm/sec, pala ToU AHAextpoviov = 9,11 . 10 —28 gr, 1L eV = 1,6-1012 erp.

CAm. b= 2125 eV, u=4,7-107 cm/zec)

36. To uéyroTov pijkos kuparos (Bi& TO kevov) THs TpoomITTTOUsTs &kTIvoBoAias, Si1& 16 &troiov
AapBavel xopav Ekmopth gwTonAexTpovicy €k Tiis émgaveias TAaxos PoAgpauiov, siven fgov Teos
2,73:10-5em. Na dmohoyiosi] els eV f kivnTikn dvépyeia TGV HAekTpovicay, Té dTrola ATCOTGVTHI &x
Tiis dmeaveias Tis TAaxss, dTav aliTn ewTichf nE povdypouv UTepiddBes gads, EXOV Ev TR Kevd Pfixog
woperros 1,8+ 1077 em. h = 6,63 - 10727 gpyiobeutepdhenra, e=3 - 1010 cm /sec, 1 eV=1,6. 1012 ¢re

CA™. Euw = 2,35 eV)

37. Eo:u 1) Emigaveia HETOAAIKTS TAGKOS wTICHT] uE povoypouv 1Bdes @&ds UNKoUS xUpaTos v T3

zevéd 4000 A, temépmovTton i€ orUTRs pwTonAEKTROVIG KIVATIKAS évepyeias 1,28 - 107 1% erg. TTofov sivan
(B1&x TO KEVEV) TO WéyroTov WijKes KUMaTOS Tol TTPOCTHTTTOVToS gwTos, 81 TO &molov civan SuvaTh i)
ETOUTTT) peoTonAexTpovicw &k Tis dmeaveias THs TAaKSs. ETofepd Bpdoews ToU Planck = 6,6 - 1027
fpyroBeuTepodetrra, ¢ = 3 . 10 10 cm fsec. CA. 5395 . 107 % cm)

38 . To pfjkes kiparos Tiis Epulpds ypauudis ToU kadpiou eivan els Tov diépa 6438 _J\. Tloiov T&
ufikos KOpoTos ToUTns vTos Udhou, Tiis omolas & Beiktng Siabhdoews Bk TS ods Tfs s dvw oo
SuCTIKTS Ypoppdis elvar 1,747. CAT. 3685 \;

39 . *H TayuTns Siadooews mpagivns dxTivoPohics v T kevd eiven 300 000 kin sec, To B pijkos
<Uparos aUTfs 0,5 p. Nér elpedf ) ouywotns. *Eqv ) 18ia drmivoPolia BiaBobi] dvtds Uypol &mohlTou
BeikTou SiafAdioecos 1,5 b, va ebpebi} 7} vex TayUTns évTos Tol Uypol kal Té véov pfikos xbuamos.

CAT. o v=6-1014 sec™, B'c=2-1010 em/sec, y A=33.10"% cm)

40 . Na& dmohoyiofolv ai ouxveTnTes wids épulpds, w&s TopTokahoXpdoy, Hids kuavis kai 1,‘“
iwbous ux'rwobo\lo:s, yvmc-rou SvTos 6T TG QUTigToly o pNKT KUpaTos auTddv els 76 kevov siven 7500 .\.
5000 \ 4500 A xai 4000 \ CAT. v =400- 1012 sec !, v = 500- 1012 sec !,

v=0667:1012sec™%, v =750.1012 sec—!)
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H* AKTINEX RONTGEN

25. Tevixd. To 1895 & [epuavos Guoikos Willelm Rinlgen (Paivryxzer) pyc-
Zbpsvos pé cwAfiva kafodikédy dxTiveov TTageTnpnoey 0TI TTOAA OpuKTd, i YApTNS ¢é-
pwv ErioTpwpa ¢lopifolons ovoias, Tiféueva
eis TOv E€w TOU ooAfjvos xHpov Kal GIévavTi
Ths TAakds Tis dvéBou Tapoucidlouv £is TO
gxéTos Cwnpov glopioudy. ‘O glopropos Ty
oUCIGV TOUTWY TTApOTTPeiTal AKOUn Kol &Tov
& gwAfv TomrofeTngf] els oxoTtevov f&hauov
kol TepikeAUPOT] Bk Tayos pehovold UQa-
cuaos, els Tpodmov &ote va &moxhsigfi 1)
TpboTTTWols OpaTol @wTos el TGV oUoidv.

‘O Rinlgen d&méGwoe Tov ofopiouov &g
TpdoTTwoly &l TEY oUgiév fvos véou siBous
dopaTwy AKTIVeov, TAs &Tolos Tapdysl & ow-
ANy 1AV kabodikdv &kTivwy kal éxdAecey au-
T&s dxrlvag X, onuspov 8¢ kaAoUvTal yevi-
ks dxrives Rontgen mpos Tipny ToU dva-
koAUYaVTOS QUTAS.

’Exk THs omroudns Tév axTivwy Ronteen
xareBeixfn 6T alron Siamepolv  eUkdAcos
TOAAG oopaTa kKol B&v &mokAlvouy &Tod po-
yunTIKOV T TAekTpikOV Tediov, &médeaiis &1
Bev elvan potm) TAEKTEIKES popTiouévwy cwpaTidicy. Mapoucidlouy gavdépeva oxids,
drav peTarAika copaTa Tebolv petalyu Tfis Tnyfs kol ofopilovTos SiappdyuaTes,
ouveTr@ds S1ax8idovTan eUbuypduucos.

WILHELM RONTGEN (1845 - 1923 )

26, PVoig Tig axtivoPforiag Réntgen, ‘Otav AhekTpdvia peydhns kivnTikds
dvepyeias TTpogTEgouy £ UAIKOU Tivos, 7| KIVNTIKT évépyela TV TAsioTwv €6 alTdv

peTorTpémreTan els OepuoTnTa. ‘H &vépyeia Spws dpifuol Tivos T&Y TpoomITTOVTWY
fAekTpovicov peTaTpémeTan €is picw ddpaTov dxTivoPoriav, f) dmoia keeltan drzivo-
Polia Rontgen 1) axzives X.

‘H dxrivopohiia Réntgen siven AAskTpoparyvnTiky dxTivoPolia, Tijs alTfis ouveays
pUcES Pé TG @dds, BE uovn THY Siagopdy &7t f) ouxvoTns aUTHs elvon TOAU ueycAuTépa
(Gvw Tédv 1017 Herlz) Tiis ouyvotnTos TOV Spatdy dxTivoPoliv.

Kot v Sewpiav Tév kBavra alTn §& ouvioTaTton €k peoTovicoy Uwniol évepyeia-
xol mepieonévou hv kivouudvov pé TaxUTnTa fonv Tpds THY TaxUTnTa Tol @Tds.

Al dxtives Rontgen Siakpivovtan el oxdiods kel palexds, dvoddyws s Sieio-
SUTIKOTNTOS Taov, O@eiAopévns els TG Likpdy f oxeTIKDS UeYCAUTEPOY UTiKOS KUMOTOS,

Eis tnv latpiknv ypnowomolobvtar cuviies dxTives Réntgen pé pfikos kiuaros

A=0,2 A 5 0,02 A, BnAadn T& unkn KupaTos Tiis &kTivoPoiias Ronlgen elven mepi-
Tou 25 Ews 250 xihiaBas eopds pikpdTepa ToU unkous xiuaTos Tol Tpacivou gwTds.
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*Emaidi) fy dxmivoPoric Hintgen sivat AAexTpopayvnTIKY &xTivoBoAic, EmeTan 6T
Btoun Tis &ktiveoy Rinlgen Bt YoloTaTon éxTpoTriy, STAV oo T THV &midpaoctv HiAek-
Tpikol § pacyvnmixod wediou, émws oupBaivy el Thy TepiTTWoY SeguddV KIVOUPEVY
xal popTiouvey cwuomiBicov. Ad Tov abToéy Aoyov i &xTivoPoAiia Réntgen fa ma-
poudiédn GAa TE KULOTIKE Qavdpeva, dTes 1 oupPoin, TepifAaois xal TTOAWOIS, T
otoiar drodeikvUouy THY KUPGTIKNY s Uty Kol eiixkcwTepoy &éT1 TrpdkerTal Tepl Ey-
Kapoias ToAQUTHOWS HAEKTPOUXYVNTIKTS PUTEWS.

27, Zwhfjveg dxtivwy Réntgen., A Ty Tapaywyny &kTiveov Rintgen yenoipevouv eidi-
kol cwAfjves GymAol kevol, OUTor BiokpivovTan sls BUo kaTnyyopias &vaddyws THs TTPOEAEUTELS TV 1=
AexTpovicov, o) Tols owhijvas Coolidge (KouhiTl) rai () Tols fovTikoUs agwhfjvas 7| owAfvas Crookes
(Kpout).

a) ‘O cwMv Caolidge doTeheitan €6 Uahivou owhijvos ek TOU Sdmroiou & dnp Exel aoapedi péxpt
Tol dxpewTdTou Buvatol dpiov. “EvTés altol elpioxovTan 800 fHhexTpobia, # x&BoBos K kai 1| dvTixddo-
Sos A (Guobos). ‘H kdBobos eivan Bidmupov vijna Bepraivouevoy 81 fhexTpikoU peUpaTos. To Bidmupov
vijua xpnoiueder dog Ty R TEOV NAeKTpoviny, Ta Omoia Kivoupeva v ouveyeia UTTo ThHy Emidpaciv Suvd-
pecov AexTpikol Tebiou pas THY dvTikdBoBov Tpooxpououy i’ aUTis kad THY kaBioToly TNy GKTI-
voPohias Rinlgen. ‘H dvrix&Bobos eivar ouvides TrAakiBiov i Bohppapiov, TS doiov WiyeTan pE iBia-
Tépav” Tpogoyfy Bik v& drogeuy B TGS ko KATAoTPOPT TOU OwATIVOS.

Té Ahextpikdy Tebiov  Snuioupyeitatl &1 épappoyfis peTafl  dvodou
ko kaBoBou Uymidis Taosws, cuvhiBeos 50 000 ws 200 000 1 olt, Bt eibikous
8¢ oromols, .. Plopnyavikous, péxpr 1 000 000 Valr. ‘H téois tpapuole-
Tou ket TpdTrOV (BoTE 1 GvoBos uk sivan BeTikdy kal ) k&BoBog dpvnTik.
Tére #mi ExdoTou HAekTpoviou Efepyopévou ik Tiis kaBdéBou H& &oxndi

el dedTagig due Ty Aerovpyiay aidTol

O éraiiaccopdver peiparos 220 V. T qapayoyy Tov dxri-

va Rintgen piverw pévor zall Gy yodvor 9 dvodos elvau Ge- Zy. 22, lovtieo: ooy
Ted) (fpuaegiodos ToT EvailacaoopEvor peipatog ). axtivenr Rantgen.
Umd Tou MAekTpixel Tediou pia BUvas UTS Th EmiBpaoiv THS omolas ToUuTo B Kivr TTpds THV

avoBov, Adyw Bt Tiis UYNATis Tiufs TAS £poppolouirns TAoEWS 1) KIVNTIKN évépysix TRV Omroiav §& éxn
ToUTO KOTd THY Tpdoxpouaiv Tou érml Tiis duTikaBoBou & civan Tooov UeydAn OOTE KAT AUTAV vo
TpokAN®d) éxtrouTn éxTivoPodias Ronlgen.
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Té oyfipa 41 TapoT§ TUMKNY cuvBsouchoyiay Evs cwAfives Coolidge. Els alrov fy x&Bodos Sep-
uadveTar Bi& ouvBioews PSS TNYNHY (METAGYNUATIOTNV) XaunAfis Taosws (r.y. 6V) Kal Umo fvtacw
dpretéov Ampire, ) 88 bynhAn Taos AauPfovetan i ouvBioecos Tav Blo AhexTpodleov Tpds TO BeuTe-
pedov pETaoXMHATIOTOU UYmAfs Tagews.

‘H fvragis TS éxmenTTopdvns UG Tvos owhAfives Cuolidge dxmivoPohias Rintgen & Thy almhv
Tipfy Téoews EapTéTan &k Ths EvTdoews ToU SicppiovTos alTov peluaTos, v Bid Ty etV dvTacY
pedipatos aiTn aufduel duahdyws Tol TeTparyvou Ths épapuolopévns Taoews, kabs kal ToU &ropikol
dpifipol TolU ¥pnoinoTroinbevTos s duTikadoBou oToryeiou.

p) Ol {ovrikol gwhijves dmoTeholvTan £E Uohivou owhfjvos pé dépiov Toht yaunhiis migees. ‘H
x&Bobos K ouvioTaTon 6€ £vds xoihou wuxpoU fAskTpobiov, kelpévou EvavTt Tis usTakhikiis dvTixadodou
A (ay. 42). MetafU Tév BUo AAextpobicov fpapudletan Siagopd Suvamxod 40 000 fws 80 000 Vol
SmoTe & WA SieyeipeTan, @5 VWO TSV, Tpds Tapaywyhy kaBobikdy dkTivev. Ta mapaydueva fhe-
Tpouia, T& bTTola TTpotpXoVTal GO épIa TOU UPIoTapEvoy évTods Tol owAfjvos depiov, Tpookpovowy émi
THis cvTikaboBou pi peydAny TayUTnTa kai kabigTolv clThy Tnyfv dkTivoPohias Rinlgen.

28 * Péopata dutivwy Réntgen. ‘H dxtwoBoric Rinlgen {Tis éxmépmeTon Umd
Tivos cwhfjvos dxTiveov Réntgen. dmoTeAeitan &md SUo idn @ THV ouveyf] axTivoPoiiov

5,08 1,28 47
| N . | . ' . s s L L P,
o 0,5 50 1,5 Angstrom
Zy. 43, Pdape dxvivor Ranlgen qaoayonEver 0 goiiros e drtizdbodor & fodgoapioe, "H zapad-

Ay Deievder T saTaropiy T EvTdoems #15 TH Odgoga el ipatos (potepitoyme ).

kai THY ypauwkny (ox. 43). ‘H pév mpdTn TopousidlETal KaTE THY QUOATIKIY
ZvdAuov Tijs &xTivoPohics, s &moTeAouutvn &md Ev TATiBos dxmivoBoMév pé Tor-
KMoy ouyvoTTwy, Téoou MOTE Vi TpoépXeTat EE alTdV pia cuveyns Tavia Tepa-
Toupévn els piav dpikny peyioTny cuyvéTnTa. "ExTos Tiig ouvexols Tonvias Tapath-
pEiTal Kal TO YPOUMIKOV QAOHG, ATOl MPICUEVE! TUXVOTNTES, YapaxTnploTikal ToU
ueTdAAou Tiis dvTikaBoSou. ‘H cuveyhs dxTivoPolia dvopdletal drtivofolia wedr-
cewe, 5161 of kaBodikal &xTives PopPopdilovom Ta &ropc THs dvTikabddou fmiPpa-
BUvovTal kaxBos eicépyovTan BUTOs TGV GTOLIKEY CUYKPOTNUATWY Kai ydvouv v uépel
7 &v A THY KIWwNTIKAY Twv tutpysaiay, fTIS ueTaTpémeTan &lg &xtivofohiov Rontgen.
‘H &xtvoBohic alrn &motedsl THy cuvexd &xTivoPodicv Tol gd&ouaTos.

‘H & Tfs TredAoews TaUTns Tpoepxouévn axTvoBoAia SlvaTta v eEnyndf s
§Efs: "OTav Bv HAexTpikdY popTiov ToavTeleTed, EupavilovTan kaTa ThY Sewpiav Tol
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Mazwell fhextpoucyvnTixg wipera. Ta kUpoTa olTd YopaxTnpifovTtal &mo piav
Gplopévy ouyvoTnTa, £p’ oov f TahdvTwots Tol gopTiou droAoubf Eva copads Kof-

Midrog
f
’} radavTugEwg

Zy. 44. " Exaopal) dxrivo-
fdodlac 070 Talarrevouiron

nhexroovion.

dopd
UWAOEWS
e
Zy. 46, " Txaoum) axrio-
fodiaz v tfpadropdror

nlexTporiov.

wpioutvov puludy  (XOPaKTNPIOTIKT GuXvoTNTos Simd-
Aou).

‘H mapayoutvn drTivoBoiia Trepl Eva TOIXUTNS HOP-
pfis TohavTwThy (BiTmohov) kaTavépeTon TEPLE  owToU
kaTd Eva dplopévov Tpomov, Kad® Suclov TpoTTov oupTre-
pipépeTanl kol &v & elfeias &puovikéds TaAavTEUSpEVOVY
fAexTpéviov (ox. 44). "Omws mapaTnpoluey eis T oxii-
pa, kaBéTws Tpos THY BisvBuvoily THS TaAaVTWoEwWS, 1) &K-
TrouTr) gival peyioTn, &vd xata Thv Sievbuvoiv THS To-
AQUTEICEWS Elvan UNBEeVIKT).

‘Otav fi5n, &v &pxikds, looTayds kai sUbuypaupws
KIVOUUEVOY NAEKTPOVIOY, Suakdywn ETTOTOMWS TNV TayU-
Td Tou, TapoucidieTal érlons wic ExopTrh) dkTivoPo-
Aas UtrevBuuilouoa Thv ToU SitoAoy, AR KaTeuduvouévn
udAAov Tpods TX Tpoow (ox. 45). 'ExTos TouTou Erreidn
1O kivoUpevov HAEKTpOVIoV By EyapakTnpileTo &TO dpl-
GUEVTIV CUYVOTNTX TOAQVTWOEWS, TTPOKUTITEL KOTX TNV
Tednoilv Tou dxTwoPohic Suvapévn va GvoAubi eis péyo
TAffos ouxvoTiTwy, BnAabn &v €idos ouvexoUs popa-
Tos. Eig TN TepiTtTwgiy TS TANpoUs TedToews TO HAEK-

Tpoviov & oTauaThion, 6TéTe OAN
7 tvfpyaid Tou 8& dmododi s &-
kTvoPolia kal S ToUto &rprBdds
TO ouveyss o&oux TV axTivev
Ronlgen 8 mepatoltan el doploué-
vov Oplov guxvoTnTos, fTis O slva
TOoOV peyaAuTépa Ogov T TaxUTTs
ToU UQIoTaEVOU TNV TrESTIOY T)AEK-
Tpoviou elvan peyaAuTépa.

To gavopevov ToUTo, BnAadnh
Ths Umdpews Spiov ouyvoThTwv
dptows EEapTwpévou K THS Tayu-
TNTOS TGV fAEKTPOVicoV Kal Eppé-
ows x TRs T&oews UTTO THv OTroiav
AeiToupyel © cwAnvy TV AxTivev
Réntgen, edpe Thy &fiynoiv Tou pé
v Epappoynv Tis Bewpias TV
kPavTta (BA. § 21).

E&v Trpdypam Secopricwuey £y
NAEKTPOVIOY €,  EKUETOAASUSUEVOY

%
e ,/
8 r g
E
B
=25
20000 L

Téos Sieyfposne cwhivog

Zy. 46."H peyioty (6oi21)) cuyvétye Tob Gureyots qd-

anaTo axTvofolins cwliros axrivwyr Rontgen eivar

edléewe drdioyos Tijc dwpeigotons Tov Gomlijra Tdoewms.

TAfipes kad dveu dmwAsiddy TV UpioTopéuny peTafu kafdSou - &voSou Siagopdv Su-

WnionoBnke amod 1o ivotirouto EknmaiSeuTikrg MoAmkrg



AKTINEE RONTGEN 71

vauikoU, ToTe 8& @fdon Tpo Tfis &dvédou pe kivnTikNY Evépyelav, lonv TTpos TO Epyov
<o &moiov Tapnxfn &mo Tds Suvdpels ToU fAekTpikoU mebiov. To Epyov ToUTo sivar
isov Twpds TO peTakivnOev gopTiov e émi Tnv Sicpopav Buvauikel U, doTe

e U= ; m-ug=h- v,
B15T1 P& THY TANPT &vaxeThy TS TaxUTnTos ToU fAsktpoviou, AN 1) KnTiKY Tou
tvépyealx B ATodwOT) @LTOVIOV TI.

‘H guxvdTns ToU pwToviou TouTou 8& eivan 1) peyioTn Six Ty Sewpouuévny Sia-
copdv SuvauikelU (oy. 46), ka8 Soov T fjAekTpdviov dév UréoTn &mAeidy Tive évep-
yelas. "Emraidn 8¢ 1) Aoy mlavn TepiTTWOIS slval 6T TA TEPICTOTEPA TAW TAEKTPO-
vie, eiTe Ady &TTwAeI®dY, eiTe Adyw uf TATNpous dvaxoTiis Tfs TaxuTnTds Tewv, §a
dmodwoouy Evépyelay uiKpoTEpay Tod 1/2.m vy?, EreTtan 0TI T& TEPIoTOTEPX TR
Tapayoutvey gwToviwy B glvan dTreoodnToTe wikpoTépag Evepyeias &mo Tnv Evép-
yeiaw hv,, ) ol ouyxvoTnTes TGV dxTiveov & siven mikpdTepon TS vy, P&y Mo STEP Kol
oupPaivel.

ZRuepov elvan Buvatov va Exeopsv NAekTpovia usyloTns évepyeias, dve Tév 100
MeV kol 2k Tfis Tedrioews alT&V va Tapdywer drTivas Rantgen oAy ueyciuTépas
pysias &md olaodnToTe drTivoPoirias y (BA. Tlupnuixiyy ®ucixiy, Kep. KB), mpoep-
youévas &d Trupnvikas duTidpdosts 1 Sieyépoeis.

Thv &Enfynotv ToU ypappikol edouaTos TéV drTivev Rénlgen 8¢ omouddow-
usv gis THY "ATowkhv Quowxhy (BA. Kee. IE).

29.’I86tyTeg TV dxtivwy Rontgen. ‘H pehétn Tédv drtiveor Réntgen karé-
Sei1€ev 811 altan Trapousidlouv Tas droiolUfous i816TnTas @ o) Alcioblouv évtds TéHY
oTepedy oUo1édy, fiTol Sicrepolv T UTTO WIKPOV TAX0S TWUATE, T& omoix Gév Sia-
TEpGVTOL YTTO TV pwTEvdY &kTiveoy kal émouéues Becopolvtan orispd. B) Aweyeipowy
Tov plopioudy Biapdpwy XNUIKGY évcocewv. y) 'ExpopTifouv AhexTpiopéva oopaTa
sUploxdueva dvTds depieov. ToUTo deeiieTan €is o 6T1 ai dxtives Réntgen wpoxohodv
Tov lovicudy TéV &epiwv Adyw Tapaywy s dvTwy evTds aUTdy Kal G5 €k TOUTOU TA
xafioTolv &ywyd ToU Aextpiopol. H i8idtns altn ypnowea S THY uétpnow Tijs
dvTdoews THs dxTivoPoAias Réntgen. 8) “YAika cuviotaueva €€ dhorkMpou 2§ Ehappdiv
croixeiwy slvon oyeTIkGS TTOAU SiagavéoTepa eis Tas dkTivas Rontgen &mwo 611 érepa
TepiéyovTa Papéa oToryEia. €) TAncUp@YOUY TAS PTOYPaPIKAS TAGKSS, iB10Tns fiTis
ypnotuoTroleitan slpécos Sik TNV dvixveusiv Tev els THY peAéTny Tis Soufis Tév oTe-
psidv cwpdTwy 81U dxTiveov Réntgen, Tis fmdpdoews altév émi g UAns kA
o) Atv dvaxAddvTar T} SlalAdvTan edkdAws Umd TGV ouvnBuwv UAIkGY, UTo  eibixds
Sucos ouvdrikas Exel Tapatnendf kad N dvakiaols kai 7 BidBAaols Teov. §) Al di-
ves Rontgen mrpoomimrovsan &l kpuoTdAAwy SiSouv pouvousva Tepidhdoews xal oup-
oAfis. *Ex ToUTou &Beiyfn 8Ti of dxtives Rontgen eivan wic éywapoia xUpavols, of
¢ KpUOTGAAOl CUVIoTOVTXl EK KOVOVIKGS &V T Ywpw SiaTetoyuéveov &Tduwy f
idvTwov. n) “Exouv Biagdpous PBiodoyikas &

o T

30. "Epopuoyal tdv dxtivwy Réntgen. Al

Sxriveov Rintgen dmavrédvran els TH laTpikiy kad iy
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o
(

weTrololvTal &)1 pévov Sid S1ayVwoTIKOUS TKOTIOUS, GAAG ki Bia TN Separreiay TrAsioTwY Gof

wrivobepameia), T.y. xapkivou, BepuaTikdy Toadfoewy ®kAT. Els 1Ay dxmivoSiayvwoTikiy 1 puTo-
ypagnois dix TV axkTivwy lRonlgen

Tév SoTdV f] Eveov UeTaAAIK

gw-
péaTwv $uTos ToU GvlpaTtivou  Gopo-
Tos (akTwoypagia) kabicTaTar du-
vartt), Adyw ToU 4TI adTon daTroppo-
eduTan loxupdTepoy

O OTOIXEIWV

peydiou atouikou apif
TGV EAappoTépwy oToiyeiwy. Ta coTd
TEPIEXOUY pwa@spoy kal GoBéoTiow,
V@ TG gopkwdn pépn ToU owuaTos
ouvioTavTal xupicws € éAagpdov oTol-
xefwv s TO Ubpoydvov, Sfuydvov,
afwrov kol Gubpal. Tlpos  ewTo-
YpAPNoIv TOU oTopdyoy 1| ToU &uTé-
pou, apéyeTan is Tov é§eTaldusvoy Ev
(&BrdAuTov) &Aas PBapiov, TO &Troiov
kaBIoTE TaUTa OXETIKGDS GBi1apavi eis
Tas drrivas Rontgen kai émouévas
ETITUY XAVETEN STTeos 1] OKIG Twv EUpa-
vifeTan dvTovewTépa &TTO THY oKIGY TGOV
yerrovm&n—- Wsploxaw TOU OCWHaTOS.
‘H Afiyrs gpwTtoypagidy 817 axTivwv
Itontgen sivan dhws Srdgopos &To THY
ouvfifin  @wToypagiav, 7 povn BE
UTrdpyouoa SpoloTns civar 7 xpiions
£is dppoTiépas pwToypagikol @iAL f
rams TuaTos arpectoofiior 00 d@xTivor ftont- TAakss. “H ypnoipomoings Tédv dxi-
veov Rinlger aueu dpiouivov Tpogu-

2y 47,
gen aupwyopéven 5ah  Gmiijres  dwepegopiror G0 TAOEOC
2000 000 Volt A&ewv TreEpikAeien cofapous KIvBU-

vous S1& TOUS &GO Y OCAOUHEVOUS pE aU-

745 Taparetapévn éxbeais gis Tas axTivas BuvaTan vi Trpokahion ooPapas PAPas els TOV dpyovioudv.
Al mpoxahoUpeven PAdBon ik Tiis EmiBpdoews OV dkTivewv Ranlgen Stv kaBioTavTol dptows GvTiAn-

1rral kal ol TpokahoUpevan dAkoiwoEls BEv elval émbBexTikal fepareios.
Al ékives Rintgen evpiokouy ebpeias tpapuoyds eis Thv Prounyaviav. Eis Tas vetadAoProunyavi

YpoieTololvTar .Y, Bi& THY &rixveuav pwyudv 1 ARV koAOTHTWY EVTOS TOU £0WTEPIKOU HETOA-

Awv 7 HAexTpoouykoAMjgewy xAmr. OUTw Tpodapfdvetar | xpfiols EAaTTooNGTIKGOY sEapTnudTLY
%t f alpuibia kataoTpogt) Twv. To oxfiua 47 Bexvler piav TolaUTNY Blounyavikny épapuoynv TV

&xtiveov Rontgen.

AZKHZEIZ

41, &) Tloio ) GUXVOTNS LOVOXPWHATIKTS axTivoBoiias Rintgen, pikous kiparos 0,001 A xai B)
5. AiBovten h = 6,6 1077 tpyrobeutepdieTTer, ¢ =3 10 10 cm/sec.
CAT. o v=3.10" sec ™}, B E=1,98.107° erg)

44

Toia 1} évipyaia Evds pwToviou al

42. '*H téows f émoia fpapuodletan petall Tiig kaBidbou kai Ths dvobou cwAfjvos dkTiveov fldnigen

tiven 230 000 V. Né Utrohoy1o87 i ouxveTns kai TO pfjkos xuuaTos Tijs &xTvoPoAias Rontgen thy émoiav
Tapéxel & cwhnu. Ztabepd Spdoecws Tod Planck = 6,55. 1027 er,

ec. Tayltns ToU @wTos év T
~ I 1 - ’ —1i0 . .
xevdy = 3+ 1010 em/see. Goptiov Tol fAekTpoviou = 4,8-10 10 JIEM - gopriov.
Haoarjonciz. Deyoueba 8T1 fj kwnTikn évépyeia THY émolav &mokTE EKaoToV MAEKTPOVIOV Kivou-
0aTHOT) ( ] JELEE] Y | 3 f
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LEvov &d TS KaBGBou uéypt Ths Guébou ToU CwAfivos, HETATPETETAl KAT THY Tpbokpovaiv Tou Emi
Tis dvobou €€ dAokAnpou Els & pwToviov dxkTivoPoiias Ranglen. To atrd B BexBidpev xai els Tas Aot-
Tas doxnoels ToU kegaAciou ToUTou. CAm. v=5,58-10 19 cae =1 A =0,0537-107° cm)

43. Toic Té&o1s TrpeTel va& dpappoctij weTall Tis xabddou kai Tiis dvdBou gwhijvos dxeriveov Rintgen

Bk 1‘3 Swon oUtos GxTwoPoriav Rinigen pifious xlpares 1 A h= 6,6 - 10 =27 upgosee,

- 100 cmysec, e = 4,8 - 10710 HEM - popriou. CAm. U = 12400 V)

44, Yo 'rro':xs Toews Tpémel v Sieyepdi] cwAf dkTiveov Ranlgen S va Swom) QuTOVIX fvEp-
yeias 1,6 - 10 =7 erg. h =6,6-10 "2 erg.sec, ¢ = 3-1010 cm/sec, e =48 - 1010 HESA -

popTiou. (’ATrA U = 105 V mepimou)

45. '"H UynAn Tdows 1 Omoix épapudieTen peTafu Ths xafobov wai Tis dvoboyv owhijvos akTivwy

Rontgen eiven 10 kY. N& Smrodoyiedf ) TaxUtns ué Thv dmolav éxaoTov AAEKTPOVIOV TTPOCTTITEN ET
Tfs dvéSou. h = 6,6 - 10 ™% erg-sec, ¢ = 3. 1010 em/sec, p&la fpepias Evos nAexTpoviou

—9.10%8 gr, gopTiov avTol = 4,8 - ‘.0""lu FIXM - gopTiou. CAT. v =596-10% cm /sec)
46. N& Urohoy1o67] 6 Adyos TEV pnk@v KUpaTos Tdy drkTivofohidv Rintgen Tas Smolas EKTEy

SwAny dxTiveov Ronlgen, étav petagl Ths kafobou kal Tiis &uéBou alTol tpappoodf Téows o) 10 kV

3) 50 kV. CAT. Ay/Ay = 5)

® OEQPIA THZX EZXETIKOTHTOZ*

31. Tevixa.'H fewpia Tiis oxeTikéTnTos Siepopeadn e 100 - ibert [instein  Aiveridiv ) kad dmwo-
Tehel LETG THS Becopias TV kPdvta TeU Plunck 16 Sepéhiov ToU cikoBounpaTos THs vewTépas Quoikis.

‘H mrpeotn &pyacic Tob Einstein émi Ths Sewpias Tis oXETIKGTNTOS EBnpogieltn 70 1905 xai
TepiéyEl TNV Acyopévny  eldixny Dewelay Tijs
oyerixdrnroc kal Té& oupTrepbopaTa alTfs. ExToTe
| Becopic THis OXETIKOTNTOS SmeTéAeoe TO QVTIKEL-
vevov Boafeias peAétns TV Quoik@dv, MabnpaTi-
&, ’AgTpovépwy kai Dihocdguwy, dverrTuyfn Bi
mEpTITEPW TOoOY Ao TOV iSlov Tov  Einstein kai
Tous ouvepydTas Tou, Soov kai &md GAAous omn-
uxivovtas Quaikous, MafnpaTikols xai “Actpové-
uous kal TepiEAaPe eis TO TEdiov Tng T& peyaAU-
Tepa TPOPANMATE, T& OXETIKE ME TNV oUCTOACIV,
Sopnv kai eEeMifiv ToU olUpmavTes.

‘H Becopic THis oxeTikOTNTOS Emégepey  GANGH
ITavaoTao £is TS KParoUsas uéxpl TOTE QUTIAR-
Trepl TOU OUPTTOVTOS, GUaTPEYaod TAS TTPWTAR-
\nxc:( pas avTIAfyels Trepl ToU Ydpou, Tol xpovou

=xal Ths UANS kal ouvekAdvios auTa Ta fepihia TAS
Mnyavikfis kai ysvikds Tis Quoikiis dmoTnuns, T&
BecopoUpeva s dodAsuTa péxpt Ths Eppavicews au-
Tis. OUtw oaltn #mnpécos TOV TPOTOV KATX TOV
ov Becopolpey kai kabopilopev T& Sidgpopa ye
, 8¢ doov SAct al &uTIAnwEls pas oTnpi-

Ti SUo g é;\'?\-:nr.".-rw

<oT Ypoévoy ALBERT EINSTEIN ( 1879-1955 )

THs oxXeTiKOTNTOS TOU Einstein emmolepnin ogodpids KeTd T& TpRTR ETN T

ERQaVIcELS

Afjwels Tepl Xpdvou Kal Ywpov Tas émoias eioTiyaye, ¢ kai T& EKTANKTIKG gupe-
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péapaTa T& bmola &méppeuoay ¢§ auTi, fioav TogoV fmavaoTaTikd Sk Tous QucikeUs TTis ETOXTS
Exeivng, GoTe alTn $ecopifn s Bv Tapadofohdy npa, TO STrolov eikdAws 8a fiTe SuvaTov va dvaokevasil.
“O7av Sucws ol TepapaTikal iTaAnfedaes, ) pia kaTdmy TS &AAng, fAfov va emiPePaiigouy g GANER
1& &mioTeUTa TponYyoUpives oupTepdouaTta alTis, | Séois Tns fipyioe v& ESpaidveTal SAovey kal TTEpIo-
céTEpoY, GoTe afjpepov, 1) Secopia Ths oXETIKGTNTOS, v& &oTeAf] &1 TAfow uiav UtrdBeciv, dAAG TUfjue
Tii5 ouyypdvou Duaikijs, ds ) Khaoaixn Mnyavikty fi | NAskTpopayvnTIKA Sewopia ToU Maxwell.

“H Bewoplar T OYETIKGTTTOS SaTOTEAST &V TG OUVOAE TNs Soupdoioy kaTaokeUasua Sid THY EmioTn-
pOVIKAY pTIdTHTY, THY PeBuTdTny yvdow TV QUoIK&Y véuwy kal THv aleTnpay yvigw Tis Meafn-
ermikdis *Avoduoews. KaTookeUaopa &hnBds povadikov &v Ti) loTopig Ths émioTApns, Og Tpos TAV
ExTaciy, TO Uyos kai Tous SpifovTas Tous omoious Biavoiyet.

TAMN 1y Bewpia THS OYETIKOTNTOS s &K THis pUOES TN elval TPOOITT Els OXETIKGS TTEPIWPITHEVOL
FmeTRUOVIKOY KUKAoY, B10TI BEv BUvaTtan va Epunueud) peT’ dxpiBeias &veu Ths Ypnosws wafnuoaTikdy
TUToY Kol yevikéds Téw peBdbwy THs padnuoTikds dvadvoews. ToUTto xaBioT& Suoxoiov THV TTATPT
KaTQUOTOV Gl UTTS TE TOAAGY, dvTiBETws Uk 8T1 oupPaivel pé GARas fecopias Tiis KAcooikis Quoixis.

32.AEbpata TR Ocwplag THg oxetwdTyTog. ‘H (elbikn) Sewpia THs oxsTikoTnTOS Depe-
Aolron 2l Tév dxohovfwv BUo &fiopdTov :

a) Of vépou tdw quoin pamousvey fwarioody THY MATETMON Tow (Fuotpirovr, o
availobotor) o0 Gl T edllupodppios, ootayd: wal FAOAALNAWS TOOS EOVT #OTUEYU GUGTHNAT

SVOLLEY,

(u'a']m_m,.
B) “H Tazitg: Tob gt Tagapéver & TH  #Evd otabllepa Toos Giac Taz devldvoeiz xai elvas
aveSdoTiTos Tio wisems Tijs Tagayoleis TO pdc ANy,

8¢ Glovs Tob: Fwpariorie oltwes efpiaxovtar €5 drdpoga 2
Acrnp uwoupevoc "'pog ;

" Ve ¥ TEpaTn pnTny NG i3 ng
HEra GUOTHpAT. uE TaxvInTa Up |
‘H oTafepdTns Tis TaxuTnTos ToU owTds (20v &fiwua) | e
fivon & TaipauaTikéy SeSopévov, EmiBePonwbiv ik TAsi-

sileyodppos, ivotayis zal acoalbiins 7005 favtd 2apoii=

oTwy TElpepdTeY Kol TapaTnpricewy. OUTw Y. TapETn- ’AuTwoﬁo?hc. Euﬂfunq..s;aa
piifn 671 &5 doTépas Tayelas  Kivfioews, 7 TaydTns ToU geo- 7S oD ac‘tepog F—‘E et
Tos elvan &pipéds ) aUTh iTe & doThp TAnoIGGEr PSS THY jnta Uy=c

My, site Gmopakpivetan 2§ auTis (ox. 48).
Kata ThHv fecopiaw Tiis oyeTikdTATOs f) TAXUTNS ToU eo-

o5 €l TO kevov elven 7 peyioTn Suvath dv TG Kéouew, &me- S
Terel SnAaln) Gplov dwutépPAnTov, TG Omoiev ‘Tc:xutng :xunycﬁo?‘ucxg
siven &BuvaTov ely olovBnTroTe Kwoupevov gdd- V=

;Ls:rpoupsvn UmS Tol
?Totpcxmpn‘rou =

px v& T UmepPil. Atov v& onueiwdi éTi Umdp-
xouv cwpaTidia kaviis TebThTes, usym?\\népu;
Tiis ToU QuwTés, AN Evtds VAol Tivos pécou.
Ty eivar Buvardv v Exopsy HAEKTpIOHEVT
gepaTiSio kivoupeva tvtds UBaTos pE TayUTnT
peyeduTépay Eefuns THY dmroiav Exel TO QA v-
105 T USaTos. Atv Umédpyouv Spws cwpaTibia
Suvdpeva v UmepPolv  THY TayUTnTa TéV
300000 x:hopéTpooy v Beutepdhemrtov, BnAadh TAv TayiTnTa ToU @wTos el TO  kevov.

’Ex ToU mpcTou dfikparos cuvdyeTal 8T eiven &BUvaTov Bik TEIpaudTeov (UNYXQVIKGY, STITIKGY,
AAekTpOpCyVNTIKGY KAT.) T& ool SiefdyovTan &vTds Evds ouoThuaTos v& kaTabayxdf &v ToUte
fpeudy N kiviiTan elBuypdppos kol looTay s,

*ATréAuTOs Tipepia Sév Urdpy et xai &v BiaBiTeopey BUO GOUNTH PETAKIVOULEVE o5 TTROS GAANAQ sUfu-
ypdupoos, iooTaydss kai TapaAMihes mpos EouTd, Suvducba vi Bewpricwpsy olovBhToTe € alTddy s
To fpepoliv Kai TO ETepov s GxivnTov.

"Eotes m.y. 6T elpioxdpeba EvTds o18npodporikol ouppol SoTis KiveiTan eUBuypdppws kol looTa-
X&@s. “Exaotov melpape, w.x. Mnyavikis, 10 omolov 8& yivn &vtds ToU guppol, oUémoTe & Suvndf v

: .-'ITupcrmpn':ng :
.amrng I'm; e

Zx.48. “H tayirj: 1ot goroc el

O =EVOY Tapaié-
ver orallepd avefuomitws Tijs »wijeems TOT doTdooc.
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corobeifry 671 oUTos KivelTon Kal ouveTdss Exouey T Sikalwug, to’ doov Biv PAémouey EkTds TOU dXNuaToS
xai BEv dxovoper Tous KpOToUS TGOV Tpoy GV Tou, va Tov Secoprigwopey s dxivnTov. Mpdypam, dTav vi

KOV pas, vopifopev 6T1 aurTos KivelTan kai 8x1 & 18ikds pag oupuds. To alré oupBaiva xai Si& Tows &mi-
Barag ToU &hhou cuppol, oitives Secwpolv Tous EauTols Twy dxivfiTous kal fuds Kivoupivous.

33. Zuvéneral Tijg Bewpiag THg oyetivéTnTog. Td omoUBondTEpa: oUUTEpdoUaTY &5 T& SToia
o3nyel 1) Tapadox T TGV &fiwudTwy Tiis eldikis Becoplag T OXETIKGTNTOS Eival T& &QOPRVTE TOV Xpévoy,
<o ufixos, THv p&Gav kai THY dvépyeiav.

“Eotw &v o®pax A kivoupsvov evfuypanpws kai looTayds kai éTepov odua B kivotpsvov imions
Buypdupws, iooTayds kal TapadAiiws év oxéoet TTpds TO cdoux A. "Ag Urodicw

&1 &l Tol owueTos

ToU cwpaTos I3 Ere-

\ spioxeTan TapaTnpnTs Tis 1, cuvBeSepévos petd Tol owpaTos A, Spoiws &t
pos mapatnenThs Llg ouvbedeusvos pet’ adTol.

ToTe, oupgvws TPOs T& dvwTépw, & TapatnpnThs 114 1ol cdpartes A, ph dvTiAauBavéuevos THY
xivnailv Tou (Tol owpatos A) 8& fecopl] TO odua A xai ouvettdds kai Tov fauTov Tou dis dxivnTov, TG
coua 58 B kai Tov ' cimoU mapatnenTAv Ilg dos Kivouuevov &v oxéaer Tpds TO adua A\, slBuypduuws,

TrapaAAnAws Kal pé orafepd Twva TaXUTNT, TTIS HeTpoupévn ék ToU owpaTtos A elpiokstar fotw ion
TESS UL

"AvTIoTpéewS, & TapaTtnenTis Ilg ToU cwparos B, pny dvmihauPavopevos ThY kivngiv Tou (ToU
cwpatos B), 6& Bewpfi 76 odpa B kai CUVETTESS ToV EquTdy Tou 6 dxivnTov, TO B8 gdpa A kat Tov T’
cUroU TapaTtnenThv 11, ds kivoupevov, &v oxéoer Tpds TO odux B, sbbuypdupcws, Tapadhnews Kol ué
oTadepdy Tivar TaxUTNT, fTIS HeTpoupévn &k ToU B, eUpioketen fon mpds — v.

OUrew olovdriToTe &k TGV 8Uo cuwpdTwy dUvaTtal v& Sewpndij g dxivyTov, 1o 58
pevov &y oxfoel TIpds TO TpdToV, eUfuypaupes, TTapoARiAes kal wt oTaBepav ToxUTnTa U v oyéost
Tpods TO TpdTOV.

"As Becopriocpey 1181 dos GrivTOY GRUA, T.X. TO A, HeT& ToU ¢’ ol elpigropévou TapaTnenTol
II, (éxivnTos TaparnenThs) Kai cuvetrds TO o@pa B petd Tol ém’ atol TrapatnpnTod Mg (Kwouuevos
TAEETNENTAS) &5 KvoUuevoy, eubuypdupws, TapaAAnAws kal igoTayds év oyéoan mpos 16 .\ Umo oTa-

pov s Kivou-

fepav TayUTNTX V.

Té& oupTrepaopaTa Tis Fewpias THS OYETIKETNTOS s TPOS TOV XPovov, ufxos KAT. &popolv KaTw-
Tipw TOV AKivnTOv TrapaTnenTAy, eival 8t T& dkdAoudx :

I) "EcTw 871 émi ToU xvoupévou ouatos 13 AapPdvouv ywpav els 76 aiTo onueiov ToU 0WUATOS
KaT& BUO YpoviKas oTrypds BUo «yeyovoTon, T.X. Sue Biadoyikai ékmoummad wTés, fi ol BieAsloss ToU
SsixTou dporoyiou Tvos TTpe BUo dpiouévwy Béoswy, KA. *EoTwo TTpogéTt 5T1, & KIVOULEVOS TIXQQTTIPNTIS
TIz kai & dxivrTos Tapatnenths Il TpoPaivouv &l T@v gwpdTwv Twv el pétpnow Tol xpovikod
SixoTruaTos TO dmoiov TapépyeTal usTafU T@Y Slo yeyovdTewv.

a) Kwoiduevoc magarnontic : To ypcvikdy BidoTnua psTaly Tdv Buo yeyovotwy civan igov
wpos Al. ‘H ypovixn dméoTagis TV SUo aUT@V yeyevdTwy, auuBaivévtwy els 6 almd anusiov Tol ow-
uaros B, Trapauéver 1) adri) oladhmoTe kai &v sivan #) TayuTns ToU odpaTos B.

B) *dxivyros magarnonTiis : TS xpovikdy SidoTnua petafl TV SUo yeyovdTwv slvan pey a.
AUTepov ToU At (BicoToAy ToU ¥pévow) xal ioov mpds

At
i )

V-

‘H xpoviki) &mdoTagis Tév dlo ysyovdTwy, ovuBavdvtwv s TO aiTd onusiov ToU owpatos B
Stv Trapauével f) aUTr, &AA& eivan ouvdpTnals Tijs TayUTnTos U ToU owpaTos B, petpoupeung éx Tol

cwpaTes A

1) Ewi ToU oduaros B elpioxetan pdPdos Tis év Apepic év oxéoel mpos 16 adpa B. ‘H p&Bsos eivat
TapdAAnios Tpos THy SiedBuvov Tis kwhggws ToU B. 'O xwoupsves TapatnpnThs M kal & divnTos
IT, TpoPaivouv Six karaAAnAwy pebddwv els ueTpnow Tol unxous Tiis pafdou.

WniomnoiBrke amoé 1o ivotirouto EknmaiSeuTikrg MoAmkrg



76 EISATOTH BIE THN ATOMIKHN KAT ITPHNIKHN ®YXIKHN

a) Kwobpevos nagaryontis : To pikes Tis papdou eiven Al. To ufikos Tfis pdPBou TrapapEvel
10 alrrd, Toov Tpds Al, olaBiTroTe kol dv eivan ) TayUTns ToU owpaTos B.
) bsedvros mapamyonis : To piikes Ths  papBou dvat pikpoTepov Tis Twds Al (ovu-
oToM) TéW unkdy) kai igov Tpos
Ax = Al- ]/1,_ A

P

o

2)

To wiikos pdPbou Twos ebpiokopévns v Mpepice emri Tol Kivoupévou gopaTos B Biv Tapauével TO
aUTd, &N eivan ouvdpTnols THs TayUTNTES v TOU gwpaTes B.

L11) Emi 7ol xivoupévou awparos B eupioxovrar Buo cpordyia, els dmdoTasiv Al dar’ SAATIAWY.

) Kuotperos aupurnontis : Ta dpoAdyla ebpiokovtan &v Suyxpovioud. Ta dhpoAdyia Taps-
sivouv Ev cuyypoviopd olabroTe kal &v elvar fi TexUTns TOU oopaTos B

8) Axivros aasarnoyois T Gpoddyia & & v ebpiokovTtat v ouyxpovioud. Ta dpoArdyia el-
sigkovTal ExTos ouyyxpoviopol (To Ev xabuoTepsl s TTPOS TG ETepov) KoT& TO XPOVIKOV S1&o T pa

g (3

2

Té ypovikov idoTnua kaTa To dTolov T& WPoAdYI elpicKovTal EKTOS OUYYPOVICHOU eivan ouvép-
e TS TayuTnTos U ToU odpatos B.

IV) "Ev xwmrov kweited i ol Kwouptvou odpaTes 1 mrapaiAdiics TRos  THY Seuduv-
ow THS KIVAOEWS ToU
B. ‘O kiwoupevos Trapo-
Tnpnths llg wai & &xi-
vntos LI, TrpoPaivouv
elg péTpnow TS TooyU-
TOTOS TOU KivnTou.

a) Koodpevos ma-
oatnonTis : ‘H  TayU-
71§ ToU KivnTou eivan u'.
“H TaxiTns Tol xivnTol
TTapauével T ot ola-
SfmoTe ki &v eiven 7
TaXUTHS TOU owpa-
Tos B.

B Axlvyros napa-
TenTic : H  TayxiTtns
ToU KIvnTOU Eivan M1t -
KpoTepa Tis (oup-
oovws Tpos THy Neu-
Twviov Mnyavikiv) Ti-

Zy, 49, To oopn Tob Tvealilov AveiTar jE TayiTiTe vy 1 GEGEL 005 TO = ST :
ufis u-=u' xai ion Trpos

ll‘l[l] 03, J-( 0.* i/r!i'«’lf]f'ﬂ,ll&lli /l‘quf)’ TU(‘ '”ﬂ'f(!'f(”' /”FFTMI H- TF(/*TF,T!{ i‘)

fr oyénEr 008 To aapa H tagitye v s 2epadis év ayioer T06s TH Edagos = v (4

siver satc Ty Nevrawor Miygaveap oy agos 16 dbooopa v= vy -+ vs, i vy

Erd) mavi THY Dewpilar Tije GreTidTyTOS el juzeoTéow ToT allpolcparos. o2

‘H roydrng Tol kwnToU Bev Topopéval i alTi), ARG civen guVEpTROIS TS Ta)UTNTOS U ToU opa-
Tos B.
Tuppovess Tpds Tov TUTToV (4), &v f) TayUTns THY bmoiay Tpogdiopiln & TaparnpnThs Llg (kivou-
uevos TrapaTnpenTAs) elvar k. 200 kim/see, | 8 TaxuTns ToU odparos B s rpos TO cdpa A elvan
200 km/sec, fi ToylTns THY dTroiov peTpd & maparnpnThs 1l (dxivnTos TapaTnpnThs) elvan fon Tpods
277 kmy/sec (xai &x1 400 km /sec, dos 8& dvepéveto &k Tiis Nevtwviou Mnyavikfs).
Eis 76 oyfipa 49 1) TayUTns Tis EkTivaooopévns kepaiis Tol Tupaihou slven Sk Tva rapartpnThv

WnionoBrke amod 1o ivotirouto EknmaibeuTikrg MoAmkng
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NETIKOTHTOX -

Ex TS o
=)

=) ‘H ouvioTapivn BUo ToyuTHTwY HIKPOTEPWY

T UTNTOS Tou QCA)TOS elg TO wevov

B) ’Eav sis T

v ToayUtnta Tol guwTds
els T xevov TrpooBécwpev  olavdnToTE aA-

TOIXUTTV, 1) CUVIOTOUEVT
Aw ion Tpds AV ‘faxu‘-‘**'rc.
fitor 300 000 km /sec (oyx. 50).

KaTd& ThHY Bswpiov TS UXE|IKLTT‘-TO§! n Ta-

Xy

s ToU @wTds els TO kevov sivatl Opt

TEYUTNS, v@ els Ty Neutdsviov Mnyav
3

UgicTaTon Sprov ToUTTTOS.
V) ’Evépysia kai p&fa eiven peyéln Tol

aUTol sifous, SiapipovTa pévov KaTd TIVA

egTnv. OUtw :

a) TTav odpx eUplokduevoy fv PRl ws

TPOs TapaTnENTHY looduvapel Tpos Tepo-
; TToocoTnTa évepyeias (I3), ionv Tpos

TO y1wOpevoy TNS Bagns Tov (img) £

Tpdrywvov Tiis TaxuTtnTos Tol gwTds els T

xevdv (), fiTol

i T Te-

I =1mg-c2 (5)

pysix o0Tn KOASTTal (Dt 1]

7| érépyea doepias ToU owpaTos,

val oTa-

apTNTeS THS T‘:{)\\J’TT‘ TO§ Kai
< o

TRV SAAWY EVEPYEIGV T TTolas

TO ohua.

’Ek ToU TUTTOU TOUTOU TTPOKUTITEL Ty
paGa ATTOTEAET TEPACTIQV TUH-
TUKVWTIV E'vr‘yzio'g Kal &6T1 1) QVTIANTTH

otT1 OTL, MIK

Zy. 50. (Tirw) Hrru wl Tyttt

> aspoThdror za

2

st (.. SEpIKT, KIWNTIKY KAT.) cwpa

fhdjparos sl puzoal, (et 7062 THY TayiTT

TOS TwoS slval L?\c:xls-r.] tv oyE

TOT etz iz T #EvOr, 1) TUgiTHs A6 T Ganiar 7g06-

tvipyerav THY AvTicToryoloav eis THY v
fis &Eiocoews (2). OUTw
Baost Tijs oxEosws TaUTns, H&lx 1 yo (il 8
plou iooBuvapel Tpds dvipyeiay ¢
25.10¢8

rootee TO fApe Eal ToD dwrnTov arigor sivac ioy

auToU Buvcue

zopoc 16 dloowana (1 Ty dtagooar) Tis TayiTHTOS TOT

OTAArGy (I T005 TOY GTOyOy  xwl TS Tdy ‘TnTo;

i

Gas T daoter 10 flina Epkiy x Tob aepomldvov

oPaTwpliwv.

( Wirm ).~ @l TayeTyTeS asooiavor xai (4]

10}

poay  loar T002 THY TAyUTHTL TOD @oTol € T0 ZEere)

auppenrems apo: Tov Temor (1), o plijpa Ua mgus-
B R A : Yot
“ £ LN Oov GTOYyOU, TUAPTOTE 'T0 T'(/\Tﬂff’( LT
1= ¢ % L i
HL= s &) \ : .
c= TP TAZOTYTA TOU @EOToS £, TO #EvOy,

) COUA T1 TTPOTAQUP av

-

o

1 T} &vTioToiYws sAarToUTal. An-

odua J(,.Ac;‘ fvog owpaTos wuypol, oxoTewvold ki, ‘H
amoTwh TEIPAUATIKES
elg 100 0C, & pala Tov avfavel KaTe
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VI) Eis v Nevrdviov Mnyewikiyv f) p&la owuatds Tvos opiletan s & Adyos Tiis duvdapsaws
Tipos THY dvTioToryov EmITayuvoly Kad &moTehel ouvetrdds alTn TO uétpov Ts dbpaveias THY OTrCiay
Tapoveidle o odua s petaPodds Tis KvnTIKS Tou KaTaoTaosws. Els Thv Neutdviov Mnyavikny
A Wage ) 1) &Bpdveix eivai oTalepd kai dveEapTnTos TR TayxUTnTos ToU owuaTos. Bdoer Spws Tou
Seutépou afidpaTos Tijs EISIKDS Becopiag THS OXETIKGTNTOS TROKUTTTEL 6T1, 1) PELA KIVOUREVOU GUPITOS
slved GUVAPTNOIS TS TayUTNTos Tow SnAadn 1o odua Btv yapaxTnpifeTal dmd piav oTaBepdv Tipny
uédms, dveEapTnToy GO TNV EKAOTOTE ToUTNTE Tou, A& Bid kdBe TayUTnTa YopakTnpifeTal &mo
JAnv Tipfv padns (dopaveios).

TAv TeBf s m, ) TR TS udgng Sic ol pikpas TaxUTnTas (HEGa fipepias), TOTE 7 MGG
<Iwoupévou pE TayUTnTa v odpaTtos elval nuEnuévn kai icolUTar mposg

Q
)
c

g

1 - . 7
o *

"Ex Tiis oxéoews TauTng TrpoKUTTel, iBiws Bik TayxUTnTas of omolal WANGIALOUV THV Ta)UTTT
7ol @wTos, EvTovos peTaBoll) Tiis Kagns ToU KivoupEvou oopaTos (oy. 51).

‘H abfnois Thy omoiav Eugavifel | p&la peTd THs ToxuTnTos BEv Tpétrel v vonbij o Epgavics
véou TooolU  pagns, s Snuioupy
véwy aropwv. MMy, 1) pada owp
Siou TIVOS KIVOUHEVOU HE TayUThT
260 yihcpéTpwy  dvd  BeuTepd
TTToV, KabloTaTal, CUPRPWVWS TIPS
TOV QueoTEPed TUTTov, SirmAaoia TAg
dpyxdis (L&dns fipspias), ToUte o-
Hes Bév onpaivel 611 EBnmoupynon
éxéun fv owuatidiov, dAAE STt
emdpdvTes Bid mds Suvdpsws &mo-
KTOMEY Tpx THY Nuosiav &
Xuvow, amd 6T B EmeTuy X éval
tqv TO cwpaTidiov ékvijto Bpadiws.

*Etre1dn) opeos  kohoUpsv  Twév-
TOTE TO TTNAIKOY Tiis Suvdpews Six
Tfis EmTaxuvoews pafav ToU ow-
poos, eineba Umoxpewpévor vi drro-

Swowpey Twpa Els TO ocwpaTiSiov
- Simhaciav p&lav &mwd 811 ToU dore-
Sidauey érav ToUte fkwvijto Ppa-

Zx. 8L "0 Zdyos vijc pdlns odpards Tves ages iy palar Staws § TpEuer.
qoepiue abrot xulbisrarar Tdoor peyaiiveoos, door 4] Tayd- ‘H abEnots Tis nédns 1| adpa-
THE TOD Gépatos apode)yilen ap6S THY TAXOTHTE TOD PaTos velas dpetheTal, KoTa THY  EiSiy
iz T zevar (ifroc door § Adyec v/e relver apog T pordoa ). Secopiav  THS oxeTKOTNTOS, £ls THY

&dpdverav Ty Otrolav tugavifer §
KNIk Evipyere Tol kivmTol. AdTi é’ Soov elg WAV Trooodv évepyeias &mobiBetan &Bpdvera »
fradh) Qs pétpov Tis li'ﬁpcxueiag EXOMEY THY EK&OTOTE TILAY Tijs R&LTS, fmeTan 611 STaw T odua Ky
Tau K Exer KIVITTIRIY Evepyetay, B elpeB@per Tpd CONATOS HEYQAUTEPAS HGENS TTAPE TTPOTYouL :
‘Eg’ doov BE, ounguovws Tpos T dvwTipw, Biv eivan BuvaTdy vé yvwpicwpsy THV dmoéAiuTov kivnow
7ol odpaTos, Tpokelpivou  Bix Ty uadav fpepias, Stv elvan ToTE SuvaTov v& SlaKpivepey Troix
sivet 1) Gvahoyia Tis dbpaveias Adye TpaypaTikils UAng kai ol Aoyw évepyeiag. ZuyyfovTan Aoi-
Tov els Ty Mayavikily Tiis oxETIKGTNTOS i Evvoicn p&gns kel fvepysias, Evvolal cagds Slaxkpital sis
v Neutoviov Mnyawvikny.
Karrée Thv ik Becopiav Tiis oxeTikdTnTOS HeTaB&AAETON TTPOoETI Kal & YvwoTds TUTIOS THis Ki-
unTIKils vepyeias, O omoios GvTi ToU I = 1/2 . m-u2 yiveta

ai

WnionoBrke amod 1o ivotirouto EknmaibeuTikrg MoAmkrg
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BE=m-c2—mpc?2 (8)

Strou m, N pafa Npepias Tol cwpaTidiov kai 7 oviedvws Tpds Tov TUmov (1) via paGa Tol gw-
daTiSiov.

T& guutepdapaTa Tis Oewpias Ths oXETIKETNTOS &v oyEoEl PSS TOV Xpovoy, pakov KA., kabioTav-
Ton Epgavi] pévov Stav 1) TaxUTns ToU Kivoupévou owpaTos eival Alov peyddn &voyéoel mpos TV TayU-
TNTE TOU pwTds eis TO kevdy (g .. €l Ta)Ews KIVOUNEVT NAEKTPOVIA, HETOVIa KOOIKTls dxTivoPodias
KATT.).

A& ouvnfers TaxUTnTas QiTives sivan oAU piKpal v ouykpioer pds THY TaxUTnTa Tol QuToS

cig TO KEVOV, T} TTOPACTACIS Vl gls ToUs Tponyoupivous TUTIOUS slval TpaKTIKGS Ton Tpds TV

dovada, Al TpoPAemrousvan Siagopai el Tés peTpngels émi TGV Blo dg TROS GAANAS KIvOURiveY 0wl
Twv A kai B 8& kelvtar TOTE EvTOS TAOV Opitov oPaApdTOY TGOV Opydvwy pas kal guvettdys al peTpou-
uevxt $TT TV SUo cwudTwv Tipal TV dvTioToiywv peyeBdv TpakTikGs gupmiTTouw.

AZKHZEIZ

47, N& Utrohoy1o8f) i nada 1) omola ioobuvapel Trpos fvipysiav @ o) 1 erg, P) 1 kgr#m, y) 1 eV,
‘H Tayurns ToU @wTds iV T kevd givan ion pos 3 - 1010 cinfser,
CAT. my;=1,1-10"2% gr, my—1,00-10" " gr, my—1,77.10
48. Na Umodoyo6f (els erg, k\Wh, cal kai eV) #) évépysia, 1) loobivauos mpos n&Gav 1 or. Ta-
XUTNS ToU @eoTds v TE kevdd = 3. 1010 cm/sec,
CAm. 15 9.1020 gre, E=25.106 kWh. K=2,1.1013 ¢al, 5 =5,62-1032 ¢V)

49. TTolov TO pijKos KUpamos TS NAEKTPO poyvnTikis axTivoPolias 1) omoia EKTTENTTETAN, OTav

TToooTns UANS kalns 10 —2% wp peTaTparry els fvipysiav Evdg gToviou TowwTns dkTivoPoAias.

h=6,63-10"2%7 erg.sce, ¢ =3 101 cm/sec). CAT. A =221.10""1 cm)
50. N& Utrodoyiofi kata mocov adfavetal 1y uaba mogdTnTos UdaTog Sykov igou Tpds 1 Aitpov,
Stav ) Beprokpacia aUThis aUEnéi &mwo 0 0C eis 100 0C. Eidixn Beppdtns Tob Garos = I cal/gr - grad,

TTUKVOTNS aUToU (Becopoupévn s oTalepd) = 1 gr/em?, c=3. 1010 cm /sec.
CAm. Am =4,64- 10" o)
51 . 'Emi rogov xpovov TrpEmel v AsiToupyion Auyvia TupakTwoews, ioyvos 80 W, iva i) nada Tol
viueTSs TN EAaTTOR kaetd 210 70 gr, ¢ = 3 - 1010 cm /sce. CAm. 1 =06232 h xai 30 min)
52. 'H paga ToU nAexTpoviou, elpioxouévou v Mpeeuiq, eivon ion mpos 9.10° 28 ar. Tléon kabi-
oratat 7 p&fa aUTol, éTav TOUTOo KEKTMTAl TayuTnTta, iony mpds & 9/10 Tis Tayurnros Tol ¢uw-

TOS BV TG KeVED, CAT. m=20,61.10% gr)

I” H AIITAH ZYMIIEPI®GOPA TON ZQMATIAIQN
TOY MIKPOKOZMOY *

34. To cwpatibiov - xOpa. "Omws cidwuey €l ponyolpevoy Kegpddaiov (BN, § 15), Umapyour
TARBos gaivepgveov Tiis TOTrTIKASs (6Tews 1) oupPold, 1) mepifAaois kKAT.) T@V dmoiwy 1) EERynols yive-
Tan pE Thy Ponfeiav THs fecwopias TOV KUMETWY, €iTE OTITIKOU Twos pégou (aibépog), eite fAexTpopayvn-
TikoU TUTov. 'Ev cuveysia Opcws duegépapiev aAla gaivopsva (Omws o pfopiouds) ave§iynTa Six Tis
xupaTikTs Sewpias xai UmroSeikviovta THv KPavTikiv Uenv Tis &xTivoPorias. "AMote Aoimov sipi-
okéuela TS KUHATIKAS CUNTTEPIQOPTS Kai GAAOTE TTPO TwWHATIBIOKTS.

Elvan k&1 76 SuokoAwTaTov TO v avTaghi) Kavels auThy TNV SITARV dyiv kai iows pe dvaio-
vicg 8& N8UvaTdé Tis v dvvonon THY Siagopdy psTagl Téw peyeddv Tol Maxpokdouou kai Mikpoxéouou,
“Eva popTiov oitou SUvaTarl va gopTwliy dmi TrAciov ut Xpiigiv dvappognTik®y gwAfivay, OToTE
51 Eva TrapaTnpnTNV &K ToU pokpdfev kai S Tous UtroAoyiopols Tis pofis HéTw TEV owAnvacEwy,

WnionoBrke amod 1o ivotirouto EknmaiSeuTikrg MoAmkrg
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i6os ouveyols peuoTol. TobvavTtiov Evros TR T

by swHaTIdiwy -

1 lr-.u!‘z I

10U QuITOSs, 5 KUMST wWTOVIOU,

rov TéAAov Ouoikov Lowis de Bro

1) wad el SAA copaTibia Tod

pou (1924). 'O de Broglie £0ecopnoev oOTL

510V BuvaTal tEopoiw pE KUpa Kad

i-||]\__]. KNV

va TEPIYPAQT) OX1 W

TOU AAAG & Thv Siadoov KU

TOS

\&Gns - Evep-

’Eg’ 6oov kaTa Thv igodu

yeias kK = m . ¢2 kol kord THY KPavT

Bewplav

5 = h-v Exopev

TWUATIOIWY,

tat 8T1 povov B1d TwHATIS I BIKPAS TXETIKGDS

XTIKNY SuvaToTnTa EMaANJeUTEws T

ias 150 eV 70 dvTioTorKov WAKOS KUpaTOos Eival

) v& Brari-

TV AKTI -

UETQAAIKOU

v TrpooTrEaT) &1l AeTTT

MeTta T

£V PLTOYPIPIKNV

ous, BnAabn

TaTov (o).

PIOTOTERS TAEKTPON

doov dTrEHaKpUVC

wv Rontg

o, Aoyw

) KAl TA QLITOV las Ilontger

KUPTIKGS 1810771 xTidiaKas

WnionoiBrke amod 1o ivotirouto EknmaideuTikrg MoAmkrg
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Tai, glvon Téoov tuvTovwTépe, Goov peyaAuTépa Elval A Yowvic UTO THY &Troiow PEAETGPEY TNV K oreba-

Jews SEoumu.

*ExTos Spws Tiis cvebnyfitov kata Ty Kudamikny Sewpiav petaolfis Tfis ouyxvoTnTos, Exousy kai

’

Zy. 83. Kara o gawépevor Complon év qotd-
wov Iy avyxpoleTar 003 £V ijlexTodrior, GdTE
Apoxtater & devrepopere: pwrovioy by’ plartopé-
vije fvepyelus, TO OF GhenTodvior AmoxTE HwyTIXEY

é&vépyetay iony modc T Sagopar  hr — .

T ouykpouoews cos dxivnTov (s
hormov  Trogov THs évepyeias ToU dpyikol @wTo-
viou TapousiéleTan els TO okeBalouevov gwTdviov
hv', évBa v' 1) ouxvéTns Ths oxedalopévns dxTivo-
BoAias (oy. 53). Zuverdxs O& eiven
hv' < hw

KQal eTTOPEVLOS V. < v

Tlpoonintoy Guidvior
Evepyelag hv

Y

¢ < hy
Oppri

Zy. 64. 'Ey’ door o duvvoparixor dbpotopa Tijs

sopijc k' /e t0b axeducléven: qorovion xai v

100 fAexrporiov aeénel va e adetots loor 7063
Ty dopay hv/e Tof dogixod qoToviov, 1 GugréTys
v rije owedalopdvis i Aluc mal 1) Taydts v
1ol Extivacaopdvor HAszTooriov Od EfupTdrral £x

«Twvofio

TV @TaTolyon porer  cxeddasm: ¢ zai 0.

txtivagiv fjiskTpovicov &ro To okedalov chua,
TV bmoiwy ai kivnTikal fvépyeicn E§apTdvTan
kol ofToi &md TRV ywviav Umo ThHY &Troiav
ToUTa EkTivdgoovTal ék ToU OKedAGOVTOS VAIKCT.

To panvodpevov Compton, 76 Tégov ék Tpod-
s Swews dkaTovénTov, EUpe TANEN THV ép-
unveiav Tou p& ThHv Trapadoynv THS ouyKpoU-
oews @wToviou il AAekTpoviov, KaTd TpoTOV
Spolov Tpods TOV TTs OUYKPOUCEWS KIVOUUEVTS

opaipos oempiotnpiov (UmAMdpdou) £
Ang TowUTns AKIVITOUTTS.

Of7tw @wTdviov évepysias hv kai
hv/c, Bpdv ds cwpaTiBiov, guykpoleTal HE &
udMAov tAelfepov cuvbiopwy TAekTEOVIOV TOU
ohpaTos, OmOTE Y&uel Ev pépos TTS Evepyeiag
Tou, T dmolov TpooAauPével T TAekTpdviov,
6moTE TOUTO, DepPOUNEVOY KITX THY OTlyMAV

T

0), ékTivdooeTan pE xwaTKNY dvépyeray 1/2 - mu?. To fo-

frot, s BlamigToUTan Kal TEIpauaTIKGS, ) fx oxebaoecs dxTwoRohia Exsl CUXVOTNTG MIKpOTépOY THS

TPOCTIITI TOUCTS.

To &foonueiwyTor sivar 8Tt ka1 THY kpolow gwToviou xal AhexTpoviou BixTnpeitan 1 &pxn TS
Brarnprioews THg dvepyeias kol Ths Spufis, s els TAHY TepiTTwow kad’ Ay Exopev Kpoloiv ooaipas i

aMAng dxivnTovons. OUTw 6& Eyouey :

WnoionoBrke amoé 1o ivotirouto EknmaiSeuTikrg MoAmkrg
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oUpev QUEGES

§.§c<p'.5>v‘.c:i

36. Té& DAhxd xOpata g xduate TBaveTHToS. Ao va Excousy va cupbiBagudy Tév S &mo-
 ve Epun T dxdhouboy Teipaua Tis ounPoAfls

TI8loU - KUpQTOS, Suvdpus
cos £E7js.

Exopev Béopnu povoxpoou owTos wkpds évTaosws, 1 omoia mpeomimTe émi Suo Sia-

g0

Ao pa-
Kpoo-

oURBoAT

BT QWTEIVES

Kal OKOTEIVAS Tal-

Tow qaavoudvey teolflldosws

Hewaparizny Sdrasiz oty aap; ¥

zai CuuBoATs.

T& bmoia wpooTiTTowy i
el KOT GPYEs

TETAOUATOS, T
fis wAakos (ox. 56, B).
TUYKEVTRWVWYTAl TEPITTO TEPS PLITOVIC
Tapbis TRV QWTEIVRY
‘H sixaov

YVouny o
§ TEPIOXSS TH
" OAiyov 8 dpyion

TrACKSS 6

oogoUs SUpPohiis
» &yl




0

EIZATOTH EIT THN ATOMIKHN KAI OTPHNIKHN OTEIKHN

* AvTIoTpoges, T puTEwE, kUpaTe BiSouv powdpeva, T& dtola SUvavTan va EEnynbolv ué THY
dAhol Trukviv kel dAkoU dpondy KTavouny owipatiBiey.

T& Yhkd wipaTa, & dmola éxmpoow oy T& gwuaTidia, dwobifouv TrpdypaT TAs KOTQVOUES
aUtév ToUTwy TRV cwpaTiBiwy.

"As MPwpey Eva Tapddeiyua mHavoTnTos &TTo
THy piyt kUPov, gépovTos dpifuods. *Edv piycouey
Tov kUBov Biv elvan SuvaTdy v& yvwpilowpey &k TV
TpoTépwy Trolos dpiBuds B gavi] els THY dvew EBpav
Tou. "Otav éuws plpwpey ToAASs gopas TOV KUBoV,
X 6 000 @opds, eipefa PePaior &1 wepiTou 1 000
oopas 6& gavf] & &pifuds .y 2, Bi1oTI oUbepic TPOTIUNGIS
Umdpyel Bix piav TV E8pidv Tou kai Eropévws TrpéTTel ol Ep-
eavigeis Evos ExdoTou &piBuol el TO peydho TARBos T@V pi-
wewv v efvan of cdrad. Aéyopsv Aormov 8T 1) miBavdTns ToU
va pavi] & &pifuds 2 elvan 1/6, Bi1omi Biv Umdpyel xappia
£i8ikf| mpoTiunois &1’ &pifudy Tiva. ToUTo Speos Sév onuaivel
6T1 dvd 6 plyers wpéel dmrwedfhmoTe £l THY picw E§ alTddy
va pavi] & dpifuos 2. Movov oTtav & apifiuos TV TEIpAUATI-
oudv pas civon peydios, ToTE fj dvadoyia 1:6 8a TnpfiTan
TAtov dkp1Pris. KTt Tropdpolov Trpémel v cupPaivn pE TX
QWTOVIO Kal YeVIKGS pE TG cwpaTidix-kUpaTa.

Aév Trpéer, S EAéxln Tponyoupévws, va Secpnowpey

Zy, 56. Zvufois) purewin zuudi- 6Tt T& gwpaTtidia ToAavTelwyTal 1) 6T1 KIVOUVTAl KUMCTOEL-

TWY CUUPEVGE 0T THY #UHATEY 5éy, GAAG B& BecopriowHEY THY KUUKTIKNAY TWV GUUTTERIQOPAY

Bewpiar (a) =i iy Aetonio ity &g TpogpXouévy &Tro va  Hadnpamikov VOUOV  KXTAVOMTIS
wfdvra (f xal y) auTtdy, b dtolos B8& foyxun étav TO TATBos Twv eiven TTapx
</ B zal ).

oAU peyaAo, 2vdd olUTe k&v Adyos Trepl alToU & yiveTan STav
Eywuev dMiya owpaTidia. “Omrou Aormrdv Beyoueda TO UAIKOV KUpa G5 KUpa pey Aoy TTAGTOUS, TTPETTEL
vé BecopoUpey 611 1) mlavéTns Tol v ouvavTiowpey fva cwpaTibiov s Thy Béow alThv elvan peya-
Autépa. Kal dumiBéTews émou SewpoUuev &T1 TO TAdTos Tol Uhikol wipaTos eivan undév, mbavédTng
ToU v& guvavThowuey Ev cwuaTtibiov oyedov Siv UpioTaTal.
Emadn Suws ) mbavétns ToU v& ouvavThion xavels x&Ti T1 Sév Eyel BeTikds Kol &pynTiKas Tiuds,
bpilopev 8T1 «T0 TeTodywroy TOD Thdtous TAY CAudn xvpdror elvac avdloyov medss Ty wlbavéTyTa
7ol va ebpelf copatidioy T glg T Oewoolusroy arjusior Tob xigovy.

37. 'H doxd is dfePardtnrog. Mi thv fewplav Téy GAikdv kuudTwv, TV ouvdedepeveoy
Tpds TV Kivnow cwpaTiBiou Twds, oxeTifeTan dpecTaTa TO UTd ToU Heisenberg SiaTumcobiv
atiopa A dox? s éfsPaidryrog, TO dmolov SiaTutroUTal s EEfis: « O moosdwgionos Tijs Uégews
GupaTidion Tives div dvavar v pivy dzolites axouz zal foter bt To Adbog peToijcems eivar Ax.

0

. g

A Ty adripy Oéew 6 mpocdiogiopos
TH; douis TP GupaTdior zara T

& Adyow  Sedboveny Uadxertar el
opdiud T fotw Apx, "Enedi) 6 yi-

vopevor AX « Apx auwtd 0odcur xzai

7 dodaciz & 1o Kéoue elvar xflay-

»

Zy. 57, Toéyor xfud TL duewdtov midrovs xdbe oror-
yelor Gyxov Eyxieler Ty alTiy xvpatixny évépysiav.

Tewuévy (pé EldyioTor moddy dpds
h)

agéaer va elvan peywidtesor ) TH

erar 0TL 10 ywdpevoy AX - Apx

a0kt {eov moo: ho

EE &Ahov imredn) & mpoodiopiouds TR fvepyeias cwpamiBidU TIVOS KT Twa XPOVIKNY aTiyunv
{ 6& yivn pt fv opddua AE xai GuTioToixws 6 wpooBiopiopds ToU Ypévou Utrékertal els év opdApa At
eiven 88 1O ywdpevov AL - Al = Bpdoig, émetan TAAW 6T 70 AE - At 8& elvan peyehUTepov T foov pds h.




H AITTAH SYMIIEPIGOPA TON TOMATIAIQN TOY MIKPOKOZMOY

TUTwots TS &pxfis T
xi v pdvov pfixos U

va Bewpriowm

KIVOUHEVOV TG
181

oy,

Sdopev dxp1Pdds ToU TWHCC

) oyéaw ToU de Broglie ve ——

ufjxos KUpaTes el
MpokuTrTeal TOTE
T al Tpogavéis eivan
TO TGS 1) Gpiopsvn Evipyela ToU ow
gvn €@” SAou ToU KupaTos (o).

TolbvavTiov, Beyduevor &Pepandtnra Kafopiouod
ThS Gpufis kai s €k TaUTNS Pikp& ToikiAiay Tiudv
Tepl péonv TV TNy TRs Oppfis, dvaykalopefa va
sloaydywusy Paoel Tfis oxéoews de Broglie Sicgé-
pOUS YEITOVIKGS TGS S1& TG Tpwny povadikév uijxos
KUpaTos. Topa Spws §& Exwpev govopsva oupPoliis,
EraAAnAlos TV KUPGTWY auTV Kai WS €K TowTns
& TpokUyn Gudg xupdrov, 7 dmola xai €& peToxi-
yATa, fvdd TTPO Kol PETA aUTnv  Ba Excuev oxETIKGS
fpepiov (0. 58).

TuveTtdds pE Péowv Soa eiTropev Tponyoul

Vo,
Exopev Topa &ls TOAU MIKpOTEpOV TEPIOXAV GUGTwW-
psupévny THy fvépysiov  kai BuvdpeBa var eimoopev
oTt fkel Umdpyer fi peydhn mlavéTng v& guvavTn-
owuev TC cwpaTidlov, TO omolov 8& peTaxwiiTan pé
TV TaXUTnTa peTaToTioews THs duddes TauTns TV
xupaTwv. 'ETTavaiappavousy wahv, 611 Six piav &xpi-
Béas kabeoprcpéuny Tiufv Tiis Spuiis, Sniadn aveu cod
uaTos Twvos 1 THV Opunv, TPOKUTITE

wTou TA&TOUS, EXTET
tugpyeias, ATor wAnens afe-
Bauéns Sik T Séoww Smou

v povaBikéy Yhixdv kipa, dusi

xal uf) &modiov Béow ouykevTpwufvns kal pETaKIVOU

sUpiokeTon TO cuwpaTiBiov.

codApaTos Si1&

&UQ@EPOUEVTIY EIS
‘H &Bspaions
HOS TTOPEXET HE-

av

yahutépoy THY AKpi

3§ TOU TPaTIBIoV,
Te kor& Tov Heisenberg

« LEYaAUTEPOV TQGAuc sis

THY OpHTV, HIKPOTEPOV

codhuc gs Thy 8o, 1) pe-
Zx. 68, "Oudg xvudarwr. AUTEpoV TO COOANX

pOTEpOV TO o@dAua tis TOv Tpaoiopt
Adyw Evépysia ».

‘H &py) ToU Heisenberg 8év siven Buvarov va &xn w els Tov Maxpdwoouov. Admi, EoTw T

Swabétopev &v ogwuaTidiov- oradepds palns m = 10

kol {nToUuev Thv Sow Tou uE dxpi-

Baav Ax =10"% cm. Tée, TTPOKUTTTEL, KATH ToU Heisenberg,

WnionoBnke amoé 1o ivotirouto EknmaideuTikrg MoAmkrg



86 EIZATQUI LI THN ATOMIKHN KAT IIYPHANIKHN OTEIKHN

Ap-Ax=h
fiTot,

mau-Ax =h

107 Au. 107" = 6,6 - 107/
apa

Au=6,6-10" cm/sec
BnAadh TIuf opdAuaTes Bik THY TaxUTNTY, Segelyousa TT&oaw SuvaThv TTpooTTadeidy Uas BIaTioTe-
TEWS TOU.

TobvavTtiov, &av ewpnbi) s opoupidiov To AAexTpdviov pé pdlav 9 - 10728 ar kol BéAcousy va
mpooBioplowuey Ty Béav Tou #uTds Tol dTédpou, ToU bmolou ) BiducTpos eivan EoTw 10=° m,
Té1e Pdoer THs alfis oxioews mpokUtTel ABeBaidTns Bid Thv TaxutnTa 7 000 km/sec.

*Emrions, &w Béhwuey v pooBiopiowpey THv Béctv Tod fAexTpoviou évds &rduou, B& Emwpete v& TO
puTiowpey, TpoToV TIvE, YpnoipoTololvTes @éds oAU wikpoU prkous kUpaTos, T.¥. dxTivas Rin-
tgen. TéTe Spws TO AhexTpdviov guykpouduevoy pé TO gwToviov T&v Rintgen 8& égemivdooeto Tol
drdpou kai oUbiy vonua Btoews Thfov Ba Omiipyev.

Tlpérer Aorrov eis Tov Mikpdkoopov vé dyrarradeiywuer THy idéav 611 §& fiTo Suvarov 1) Béois kal
1) Opiin v& Tpecdiopiofolv &uedTepon wé EAdyioTa BuvaTd oedAuaTa. DaiveTor pdhoTa STi1 OOV T
&pyn Tiis &PePandTnTos dpyifer va phy loyin, TéTe doyider v& loxin f| Khacoikiy Mnyavikn.
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38. Tevied. ‘H Arouwa) ®uvona) elvan els & TOV vewTipwy kAadwy Tis Ou-
ckfis kal &pyikéds TO TeplexOuevov oUThs TepieAapPaveTo els THv Quowoynueiov f
THY Xnuikiiy Quoikniy, ws EAEYETO TO TepIoodTEpoY QUKoY Tufjua Tis Puaikeynueios.

‘ApyéTepov (1920) # ‘ATomkn Quoikf fipxioe val  QuamTUGGETON TaUTATX
GoTe va kaBioTaTon &8Uvatos f BiaokoAia Tns ds kepadaiou Tifs Quoikoynueias, ai
8¢ tpyaoTnplokal £yKaToOT&oES TNS v ¥peldfwvTal ueydhas Bomévas, Adyw TéV
dronToupdveoy  peYdANS SxpiPeias dpydvev kal TEIpaUaTIKGY guvinkdy, dmws Ta
elBikd poopoTookdTIx, T Tapaywyn loxup®dy AAexTpikddy xal puayvnTidy medlwv,
al yapnAal kol UwnAai Seppokpagicn KAT.

"ExTds TouTou TO BecopnTikdy Tufiua THis ‘AToulkfis Puoikis dvemtuxdn els égou-
peTikdy BoBudv, 18icos petd TO 1925, pé cuvémsiov va kaTaoTi 1) elbikh peAétn THg
*ATouikfis Duoikfis TTOAU TEPIOPICHEVT €15 OTEVOV ETTIGTNUOVIKOV KUKAOV.

Ev 1& peTafy (1932) dvepavicdn uia moapoguds, 1) Hvoypin Do), i dmola
Téoov Tayiws EENTIAGEN, doTe Syl wovov Trapspépios THY CATowxnv Quoiknv, & fs
TpofiAfey, &AAG kol TNV &weppodgrnoe oxedov TeAsiws.

SAuepov sivan #AdyioTa T& PiPAia, T dvapspopeva i T kaBapav 'ATOUIKNY
Guoikny, TavToTe 88 duagépovTal kai eis Ty Mupnuiknv Quoikny, Tfig oToias 1) koTa-
TANKTIKY &voBos els TS oTepbwopa Tis EmioTAuns éxdAupe TRy Tpdobov Tiis "ATouikfg
Duoikiis xal oxedov EENvTANCE Tas duvaToTnTds TNS.

T& kuptdTepa Bépata Tis "ATopikiis Guoikiis sivon éxsiva T omola oxeTiGovTar
pé TV Sopmv ToU &rdpou, TaS UOIKAs Kol fv PEREl TGS XMUIKES Tou IBidTNTAS, THV
Bounyv ToU oTepeol 18iws gwpaTes kai THv ouvlecy T&dY popiwv.

TToAA& kepdhana THs Mevikiis Quoikfis Exouv weeAndfi &mwo Ty wpdodov Tifs 'ATo-
pikfs Quoikdis, dxoun 8¢ moAhal épapuoyal xpnoipot Sia Tov dvipwmov, opeilovTal
gls ToUs peAeTnTas Tns. OUTw T& gouvdpeva TOV NAEKTPIKGDY Ekkevaoewy dvTos deploov
dmroTeroUv ofjuepoy picv TEV KuplwTépwy Y&V gwTiopod. Al fskTpovikad Auyvial,
ol vedTepan kpusTadAikal fvioyiTpial, 1) TNAEdpacts, fi kaTaokeun toyupdy payvnTéy,
| épeuva TGV dANoIoEWY TEY owudtwy S1& TéV ditiveov Rontgen, oi Umepaywyi-
uoTnTEs, dAAcn iSioppuBuicn TTis UAns eis oAU xaunAds fepuokpasias, al émdpdoseis
AAeKTPIKGY Kad poyvnTikGy webiwy kAT., dvrkouv T TpoépyxovTal &md fpeivas, of-
Tives EyévovTo &oYIKGS &mod ATouikous “EmioTruovas.

"Emrions al ueydho fecopion kol pedodor petvng Tiis onuepivis Quoikdis, oTrws 7
Becopia TGV KB&VTE, T KuuaTounxavid, 1 Secopiar TéV TeBicov xai &hAa, Exouy &kxvn-
oe1 &mo Tov oTifov TS ATopikds @uoikis. ‘H émidpaois Tns elvan §UTOVCOS KOTCPOVTS
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e gis Tog ProAoyikds émoTes, i & vewTépa "AcTpoguoikn BEv fjTo BuvaTov va dva-
TTuyEf dveu TV Bedopévwov Tis “AToukis DQuaikiis.

Té& PaoixedTepe: kepdAaia T& &ola SiamparyuaTeletal 1) *ATouikh) Ouoikn,. éx TéY
dmoiwv Gpiopéva QVomTUGCOVTAI GTOIYEIWBGS £is TO TTapov PiPAiov, eivon Ta dxdAoudar:

«) IT dops) ted arcuav. ) b iddtijrec tol djlextoovion xal al cyeTizal fqao-
noyal, v) "0 doviguos el ai cvvézewal tov. o) M xfavvian fopreia Tis  dopis TOb
dranorv. &) To meowdieor cietina 1éy orotyelon. or) “H woparopnyaviz =al al do-
yai Heisenberg xal Powli. Z) “H dopi) wovetdiden zal pooloy xal y) “H dvraliayy

vela: netafd arpmr xal dxTiopoiioy.

I H AOMH TOY ATOMOY

39. ‘Yrmodeiypate dtépov xatd Thomson xai Lenard. Meta thv eloayco-
yiv Umd Tol Dallon Ths dvwoias Tol &téuou xnuikol Tivos otoiyeiou (BA. geA. 14), édeco-
oeito ToUTo s £ibos mikpol opopibiou kal oUdels Adyos EyiveTo Tepl Tfis TUXOV £0wo-
Tepikdis Tou Soufis. Koatd T TéAos Sucws ToU TrapeAfdvTos aiddvos fipyicav va dvagai-
voVTol TACES Eppnueias CPIoUEVWV QaIVOpEVLY, T& OTrola TpoUTredeToy KOTaOKEUTV
0¥ &répov ik Biagdpwv ouoTaTikd®y. Kupiws ) E§aycoy) fiAckTpoviwy &k Tivos cwua-
705, TO Qouvdpevoy THS HAekTpoAUcEws kal 1 kaT o«lTo émouuPaivouca dvToaAiayt)
Spiopévou, oToryEwdous, AAKTpIKOU gopTiou - TS dmolov & Stoney (Lrdved) dx&-
Aeoev  gjlexTodrior - Epepe kot T6 1898 Tov J. J. Thomson (Tducor) els Ty Sia-
TUTrwotv Gecopiag 6T1 TS &Touov TepiEyel &p1fudv Tiva fAekTpovicv kai &AAwY cuoTx-
TIKGV, OUVATTOTEAOUVTWY NAEKTPIKES oUbéTepov GUvoAov.

Emaidh 1) Umapis fAextpovicov duTos ToU dropou SiemioTaln kaTa Siagopous
TpoTOws, &g ETépou B¢ EmePdieTo AvarykooTikGs 1 UTtrap-
€15 femikoU MAekTplopoU, &TOAUTWS foou kaTd gopTiov TTpods
70 &fpolopa Tol gopTiou THV &v TG &TOHG TAskTpoviwy, &
Thomson Uméldeoevy 6T1 TO &Topov &meTeAsiTo &To vEQOS T1
SeTikdds popTiouEvoy, EvTos ToU oTroiou eUpiokovTo Tabivoun-
péVa KOT& OUYKEVTPIKOUS Aolols T& fAskTpovia (ox. 59).

Oi gAotol alrol, ai SiaoTpeoes alTon TGV NAskTpovicoy,
kaBwpifov Tas YMuKas iBi1oTnTos ToU oToixeiou gis TO O-
+ = Betudv goptiov  trolov  dufike TO &Topov kai fmopfvws THv Béciv ToU oTol-

L 2 i1 x i
© ="Hheuzpoviov xelou elg 16 meproBikov oUsTnUA.
2y, 59, ‘Ynéderyuu dri- H Umobeois Thomson mrapousiale TTOAAE UEIOVERTTHTO
aov zara Thomson. peTafU THY dmoiwv kal TO drdloubBov. Tlepl Tds &pyds ToU

TapovTos aiddvos elye Yyivel yvwoTtov OT1 ) udla ToU MAsk-

Tpoviou elvan mepimou Tom mpds 1o 1/2000 THs pdlns ToU &rduou ToU USpoyovou.
Mt Béow THv dvadoyiay abtiy Tév ualédv fTo dvefynTos 1) cuykpdTnols ToU &To-
uou ToU UBpoydvou ¢§ fAexTpovity, EkTos Eav TrapeBéxeTo kavels OT1 kal eis TO USpoyo-
vov dréun B& mepieiyovTo TOAAG AAeKTPOVIE, Ev TGV OTroiwy B& TjTo TO eUkivnTov HAEK-
Tpdviov, f| Tapovoia Tol dTrolou YapakTnpilel TG UBpoyodvov s povoobeves oToryslov.
*ApydTepov (1906) & Thomson ouvetépavey &mo Tag épyaoias Tou & TS oke-
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doov, s &

ToU CZxD.,J“” TO!

TOpKES Kol ETEPOL

)& oTnpileTan émi ToU
, oUv T@ X povaw, Eyé-

OlUtw watd 76 1903 & Lenard (Aévaort) ornpifdpevos gl Tas TapaTnpenoEis
Tou &T1 Torybws kivoUpeva AAskTpdvia (koBoBikal dwTives) BUvavTal vé BiaTrepaoowy
AeTrToTATO METOAALKS: QUAAG, cuvettépavey 8T1 péye pépos ToU &Touou elval kevos y&-
pos Kai & uala ToU &rduou elvan ouykevTpwpévn els Lelyn Bemikdy kai dpynTIKGY
owuaTdiwy, T 6Troia ékdAsoe Buvauidas.

"EvBiceépov elvon vér onueicodf 6T kot Ty dmoyfv Ekelvny & Clameov  Nugaoku
{ Nayxzusza), moapwpoioge 16 &ropov Trpos Tov TAaunTnY Kpdvov, fiTor ué Eu KevTpiKoy
BapU cdua kol pé FAaepoTepa cwuaTidia (T& HAskTpovia), SiaTeTaryptva kaTd Sa-
KTU?\LO‘.JQ. “Ohat dupeos ol mpoomwdfeion alral Biv katéAnyov els SiaTumwoiv Sewpias,
N omola va yivetan yeviks &TodexTn.

"Yréderypa &répov xate Rutherford. 'O Ne o,ﬂ?\ubﬁoq Quaikds [Lities!

srd  (Paozogoort) Bie€fiysv  Epsvas

koaTa TO ETos 1906 émi Tiis &moppognoews Kai
TNs cx:’bacreuag T&V cwuamibicov « (BA. TTu-
vikn) Quaoikn, Keg. |H") Tas émolas UpioTav-

at TaUTta &tav Sitpywvtal S1& AeTTTOU PETOA-
@UARou (oy. 60).
& TEIpauaTa TOU n'.‘ud'fu'rf'o.-‘rf £yEvovTo

KOAUTEPQS  UEAET Umo TV
Tou, oi oTroiol 51=monoc{u 511

TpospXOHEva tK UIKp&S TTOoOTN-
Uyou Evdboews, UploTovTal KaTd

uéow AemrtoU  @UAAoU Xpusou
okédaoiv, coTe Stv sivan oT&viov
¢€ otV v EKTpETTOVTAL UTIS Y-

» téov 90° év oyxtoel Trpods THV Gpxi-
kv Twv Sievbuvow (oy. 61). 'Edv Sucos Ad-

Bopsy UTT dwiv TNV pEYAANY TaXuTnTo TGV

gAayioTnv oUTdOV MELOV
PETIKNV AETTTOTNTX TOU QUAAQU

ERNEST RUTHERFORD (1871 - 1937 )

ToU &Trolov TpooEmiTIToY, SUoKo-

Asudueba va EEnynowpey s fTo duvaTov Tapovaiaofoly TolaUTal EVTOVRTaTX

&rrokAioels &md TV eUBUypappoy Topeicy
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npctypa‘n taw el THiTO va TTpokANER eis TO KivoUpevoy coopaTiBlov o dpola &Td-
KAO1S, Ty B ,JccvanKng;K'rpovng 0& Empeme v& BrabéTwysy TTpdS TOUTO USYVNTIKOV
mediov  EGonpeTi-
KGIS UEYANS EvTa-
ozes. ‘H okédaois
Ut Elval &ud-
AOYOS, KT THY
TXPOUOIWTIY TOU
]'1“'1‘,’”’]"“‘)1'“' 0%
Eqv EPopPapdile-
To @UAAOV Xap-
Tou Bi1x Opidos
Tév 37,5 em kad
N oBis éméoTpepe
UETG TNV oUy-
KPOUCT1V TTpos TNV
TAEUpAY ToU Tru-

e

2y, 60, Zxédacis aopanidion o xard iy dedov péow lemved petaliiozon

s ,. ; Lt 2 popoiou.
giiion (Gruuarixaz Ta swpuridia o agooaiaTorta €xi Tov gflopilovros ; ;
i i ; y S N ; = H rpcotn ép-
RETAGUATOS  AQORAAOEY aTipalov: cawlioeiots, x TIS augargoijoems TP
gmoiow dvvaras va petonlij 6 aolinos Tdr xal’ dowepdvgy poviay éxroazdv-  HMVEIX  TWV  He-
T GopaTidiny. YoaAwy oUTGY &-

ToKAloEWwY  H{TO
T emépyeTal Sladoyikn okébaols TOV gwpaTiSiwy, U HIKpas yovias, ai omrola
dBporfopevan didouy Tas Tapatnpnleloas peydAas Tiuds ywviddy dmoxiicews. Toledtn
Sucas Enynols fTo Alav dmifavos
kol B¢v épaiveTo 6T1 6 TO duvaTOV
TO &Topov uE TO BeTiKOV VEPOS Kol T
ToAAG AAekTpdVIE, Katd Tov Thom-
s071, V& TrpokaAf) SGAAeTTaAATAOUS pi-
Kpds yovias oxeddoews, aiTives TeAi-
k&5 v& &modidouv Tds EoTw xai oTra-
vias peyddas &mokAioels.

KaTomv vewtépoov pedetdv wad
TEIpaPaTIKGOY Sedopéveov & Nulher-
ford xotéAngev, katd To 1911-1912,
gls TNV Tapadoyfv ToU mwAaunTiKOU
Umodeiypatos Tol &tépou pé Trupfi-
va BeTikdy, oépovTta OANV oxeBOV THY
walav Tol d&tduou. Té AAskTpdvia
TEPIOTPEQOVTAL TIE

Zx. 61, "Exroomy copatidiov a edlov

Coulomb mvoipo: Twds, érar Toito

ELS Oa-

GoooV: avooTdge: d axd Tol mvoivos

I TOv Trupfive i

KUKAIKGY Tpoy16dv, el peydhas oxeTikéds & altoU &mootdosis, &To au-
OTTUE TEPITIOY Suolov. TTEos TO TéV TAavnTEY Tept Tov “HAlov (BA. oy. 12). T&
NAEKTPOVIA  oUyKpaToUVTan Trpds ToV Tupfjiva S1& Suvdpecov OpiGopevior &mrd TdOV vé-



H AOMIL TOY ATOMOTY 91

wov ToU Coulomb, dnAadn Tis EASEws peTafl SUo ETepcovipcos QopTIoUévwy Cwua-
Ti8icov.

To BeTikOv opTiov ToU Tupfivos é€apT&Ton &k ToU ibous Tol &rdpou eis TO dmroiov
olros dvnkel, eUpédn 8¢ ToUTo kot &méAuTov Tiuny dxépaioy ToAAaTAGTIOV TOU GTOI-
xewbous feTikoU popTiou.

TS &ropov, Stav elpioketan els oUBeTépov KXTAOTXOWY, QEPEl TOOG TAEKTPOVIA,
doa elval T& oTorkEddn STk @opTia ToU Tupfvos, &1mdTe TO ouvohikéy (BeTikdv)
gopTiov ToT Trupfivos elven ioov kai dvTifetov Tpds TO guvoAikov (&punTikOV) gop-
Tiov T@V MAexTpovicov kol TO &Topov fugovifeTan TAEKTPIKGS oUBETepov.

’E&v £k Tivos &Tdpov &rropakpuvEd) v TV TrEpl TOV TURTiVa TIEQIQEROMEVGY TIAEK-
Tpoviwv, f| &vTiféTws, TTpookoAndf &’ alTol Ev fAekTpduiov, 1| TpokoAoupéun BeTix
7| &pvnTikh @dpTiols (BeTikdv §i dpunTikdy iov) alTol dtv peTafddher Thv Séow Tol
oTolyeiou els TO TreproBikov cUoTnua, SnAadh TO oToiyEiov FEv peTaoTolKEloUTL Ut
THv cEopeiwotv ToU &piBpol TV TAekTpovicwy, T& émola elyey dv oUBeTEpq KaTa-
CTACEL.

TuveTréds 1) Béons els TO TEPIOBIKOY oUCTTHG Kal & TTpos auTnv cuvdedeuévos alifwv
ap1fuds 7 Tol oToiyxeiou, Tpémel var dmodod) €is 1o gopTiov ToU Tupfves, TO GToiov
Tapapével v Trpokelpévey GpETEPATTOY, 1), <5 B eiSwpev koTwTipw s TOV &pifuov
iy BeTik®y cwpaTiBiwv ToU Tupfivos (ToU &pifipol Tév TewTovicov).

“Apa & &rouikos &pifuos Z slvon & &pibuds Tév mpwToviww Tupnvikel Tvos cuy-
kpoTruaTos. Tl&ca 58 peTaPoAn aUTol &émpépel ueTaoToryeiwaw ToU dtduov els To
otroiov oUTos &uTikel.

ATOMIKH GEQPIA TOY BOHR

41. 'Yréderypa dtépou xatd Bohr.T& &roua Sieyeipdueva, Snhadn dmoppo-
@vTa Trook Evepyeias, SuvavTal va Ekméuouy dxTivoPolias, Tas dmolas kai ueAeTduey
81& ToU paouaTookoTiou. Té pdoua elvan yapaxTnploTikoy Sk kabe dropov kad Adye
ToUTou glvan BuvaTt) 1) Aui}Veusts LikpddV TTOOOTHTWY OTOIYEIOU TIVOS, T.X. peTéAAOU
vaTpiou eis oAdyav AUxvou Bunsen. ‘Etrouéves fi ueAétn TéV QaopaTIKGY ypaupdy,
BNAGBT TOV YHAEOKTNPICTIKGY ouyVoTHTwy ToU ékmepmopévoy o Tév &TdMWY Gw-
o5, uds eEutnpeTel eis TNV peAéTnV TS éocwTepikiis Soufis TdV &Topwv, Kal Tol Tpo-
Tou Bieyéposws TGV,

Kot Tov Mamwell, Tov 18puthv Tfis AAekTpouayvnTikfis Becopios Tol geotds,
) &xmrouTr) Ths dxkTvoPohias yivetan &md fekTpikd Bimoha (ToAavTwTds). “Emoué-
veos Bi& vé EY ey XapoKTTPIoTIKES Ypauuds, B wpéme v Excouey Bovoluevar (Mé wpi-
plouévas ouXVOTNTaS) NAKTpSVIa EvTods ToU &Tdpou. "ANAG T& NAsKTpOVIa KATA TOV
Rulherford éxteholv xAsioTag Tpoylas Trepl TOV TuUpTve, UTT&pYouY 5¢ Blo Suvdapsig
#v looppoTria, 1) EAxTIKY SUvams kot Coulomb xad A guydxevTpos Suvas, Tpdypa
T6 STroiov TrapaTnpeelTal Kol gl Tous TAauniTas Tol fiAtaxol cuoThuaTos, ut povny
Ty Sixpopdv 8T T EAkTIkA SUvaws elven 1y morykoouis EAGis kal &x1 Ay Slvaws Cou-
lomb psTafu &Tepwovipwy QopTiwov.

Té TAcUNTIKOY oUOTNUX eUpiokeTan TrpdyuaTt dv Suvoquki icoppotrig, &TTAR
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Suws GvTlyga 1ﬁ.£h‘r41}<w§ copaTidix avTiPaivel eig NAEKTPO-
poryvnTikny 8 TPOVI, Kivouueva i KGUTTUACY paUMoU TPoXIds,

Dok TTpILoVTa

TITOYUVOIY Kai égeidovy, katd Tov Mamwell, va
axTivoPoroly. ToUTto Sduws G& €l ) 3

TEIQY TV ATOPAKPUVTIY TOU 1
Gpiouévy Tpoyidy, THY Siaypagh
8Gv Tpox1&v kad THY TTT&oW &l ToU Trupdi-
vos, Adyw dmrewleias gvepyeios €€ dxTivoPo-
Alas.

"ExTos ToUTou TO &roSi13dpsvor  Qaoua
Empeme v ouvdéeTan Ui TV ouXVOTHTa  TTS
TEPICTPOPNS TRV MNAskTpoviwy xai  Emeidn
aiTn 8& fAAale, Adyw Ths omelpostBols Tpo-
X185, 6& TpofkuTTE TeAIk@s v ouvexEs @&-
opa arTvoPoMdv kai 6x1 af yapakTnpioTiKal
Yeoupal, al xapoxTnpioTikal ouyvoTnTES TOU
oTolxelou.

Té mMAavnTikoy Aoirov Utrddetypa ToU

Rutherford, 1rap’ &1 éoTnpileto émi Treipa-
MaTikG®y Paotwv, Stv A8UvaTto V& oupPiPa-
obf} u¢ v Khaoowknv Quoikhy ToUu 19u
NIELS BOHR (éyev. 1885) aldovos. ‘ETTprTE m ‘eupsem,_ TpédTOV, B Bi-
kaioAoyia Tfs un éxmrouTiis  dxTivoRoh
TX TNV TEPIQopav TEV NAeKTpovicov TeEpl TOV Tupfiva kai SeUTepov TO TréTe TO
&topov Sisyeipduevoy EKTTERTTEL TO PATHUX TOV.
Thv &mévrnow els T& SUo aimd épwTipaTa £8woev & vexpds T6Te (1913) Aavos
Duoikos Niels Bolr (Madp), vehethoos sibikoTepoy 1O &Topov ToU USpoydvou.

42. To dtopov Tob B8poydvou. To Udpoydvov sivar TO EAagpdTepov oTolyEioy
Tol kéouou Kol TO TPMTOV KaTd oeipdy gTorkEiov £is TO meploSikdy oUoTnux. AT

TES YMMIKGS TOU EVEOELs, THY SUUTTEPLPOp&Y Tou &S 1dvTos gis THY HAekTpoAUCIY Kai

Tas NAEKTPIKES EKkeveaoels EvTos Npalwpévou depiou UBpoydvou, slxe yivel yvwoTdy
uéxor ToU 1913, 61: 16 &rouodv Tou dmeTeAsiTo €k TrUphivos BeTikdds POPTICUEVOU, KAT-
Stvtog mp @ Tov (proton), fi, s émekpaTnosy év “EANGE TTpods &Tropuynv ouyXu-
TEWS, TOW@TOVLOY,

'Eg’ doov O dromikds Gpifuds elven Z =1, &meTon 611 Exel Ev pdvov TAQUNTIKOY
AskTpoviov, ToU omoiou fi p&la fpepias my, (L& Bpadéws kivoupévou HAekTooviou)
ar 1836,12 gopas pkpoTépa Tiis uadns fpenias ToU TpwToviou (M), fiTol

M,
1836,12
m,
To mpwTdviov sivon cwpaTidlov peydhns Uxtﬂka)s uadns, ions wpds My =1,6-10726

g, &xTives r=1,4-10—13 em kai goptiou q =1,6-10—¢ Ch.
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’Ex Tfis ouyxpicews Ths uadng s mpds Tév Sykov Tol TpwToViou TROKUTITE
TEQPACTIQ TIWT TTUKVOTNTOS TTis UANS ék TTis Smrolas oUykeaTan ToUTo. "Av 8¢ pavtacdi-
pev THY UANV @§ &TOTEAQUUEVTIV povov SIS CUOTMPEUCIY TIPGTOVIWY, TTPOKUTITE!
6Tt 1 em® Towx(Tng UANS Ba ElUyile 200 mrepitou EkaTopuUpia TOWVOUS.

Méxp1 onuepov Bev Utrdpyouy oagels dvdeifes 6T 16 TTpwTovioy slvan oUvleTov oo-
paTidlov, oUTe OT1 ExEl Ppayeiov fwnv. TeAsuTaiws pévov melpapaTivd Tiva dedopéva
oxeddoews NAEKTROVicwv Emi TrpwTovicy Edcwoav &popuny sis Siatimwaiv Uoléoews
Soufis Tvos ToU TrpeoTovioy, (s ITOTEAOUMEVOY &Trd KETI TI TO gupTIayfoTepovy, TO
Srrolov TepIP&AAETal &TTd dANO T1 &pandTepoOv.

To HAskTpoviov €€ &AAou slvan opaTidlov p&ins fpepios m, —9,1. 10— ar, gop-
Tiov e =1,6-10—1? Cb xai dxTivos r—2,8. 10— cm, Umodoyifopévns e Baov TNy
Trapadoyny 6T sival cwpaTibiov opaipikol oYNUATOS Kal EXEl TG POPTIOV KOTAVELT-
pévov &l TS émaveias Tov (kKAaooikn axTis HAskTpoviou).

Al p&fon fpspics TTpwToviou kai MAEKTpoviou HETOTpemOuevan &g fvepyeian
kol Exppaldusvan eis povddas MAM TrepiAaufdvovTan PeTd TAV &AWy YOpaxTnpl-
oTIK@V Twv gig TOV Kk&TwO Tivaka.

Ak 16 &Touov TOU
T MAUE T UBpoyovou & Bohr émpo-
Tewve SUo guvdnkas: ) TNV

X:pcm‘\‘r?pao—rtxfx @ P Movédes pnxavikiy ouvnkny, Bix
uey8n Tiis omolos OpifovTar G-

ploMéval  oTaTiKal  TPO-

pala m, 9,108.10—2% 1,6724.10>" ar S
yiad, &l Tév dToiwy -
dropkn p&ia  0.000584 1,00759 MAM TpémeTanl 1) kivnow ToU
Ecrls 28.10-1 1.4.10—13 em NAekTpoviou, kivnois un
; ~ Bnuioupyoloa dxTivoPo-
e .10—10 . 10—t
PeREiey e Lifell b Alaw, kol B) Thy dmTikiy

dvipyelx 0,511 938,21 MeV ouvlikny, XKeTd THY O-

Tolav 1| Tapaywyn &-
kTivoBolias yiveTon pe-
vov kaTd THy petardmiow (&Aua) ToU AAskTpoviou &md peyoaiuTépas SiapéTpou Tpo-
yiaw sis SAANY wikpoTépas. "AppdTepar ai ouvlikal TepiExouy GpreThv alfaipeaiov
xal & 15105 & Bohr éypooev 6T Sév Ao &AAwWS Tres Suvaow vé Epunvelon TO @aoux
ToU U8poydvou, &v Biv &epakpiveTo &Td THV Khaooikny Quatkiv.

"Eoreo 671 & Truphiv ToU &rdpou Tol UBpoydvou Topauével dxivnTos kal mepl
SUToV TrERITTREPETa! TO AAskTpovioy, T Tpoyids, Six Thv &mASTNTa KUKAIKTS, uE
kévToov TO o5 onueiov Bewpoupsvov TpwToviov (oy. 62). Té oloTnpa TwpwToviov-
fexTpoviov kpaTsiTon dv iooppoTria Adyc BUo icwy kol GvmiBéToov Suvauewy, TS EA-
Eews xaTX Coulomb kai Tis QUYoOKEVTPOU, TTOL

oee m - u* . ’looppoTria Buvauewy (0
r= r AASKTPOVIOY - TTUPTVOS i
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dmov e TG popTiov ToU fAexTpoviou 1) ToU TrpwTovioy, r f| peTafy Tol TrpwToviou kai
NAekTpoviov &mrécTaols (dxTis TTs KUKAIKTS Tpoy1&s
ToU fAekTpoviov), fecopouuéveoy TGOV SUo cwpaTiSiwy
s UAIKGY onueicov, m 1) p&la ToU AAskTpoviou, U 1
—e YPOUUIKT Kol 7} yeviakn TaXUTNs Tou.
To fAekTpduiov pddns m kol TaxUTnNTOS U, Kivou-
uevov £l TRHS KUKAIKTS Tpoy18s, KEKTNTal SpUnv M -y
kol 81 ToAAamAcgiaopol oUTfis &ml TV xka&feTov
Tpos THV Oppfv AkTiva T, AcuPdvopsy TO véov péye-
Qo5, THY oTpogoouny TOU fAskTpoviou (pormmv  THS
oppis).
. T 1 [Nvwpifopsy Spws 6T1 1 oTpogopun (PA. geA. 37)
Zy. 62, "H ijhexroograrie & = : & ! . 2 e .
iy Gmolay éSaomel ¢ awohy Tos SV péyebos éxyov Tas auTds povddas ué TS YIvopEvoy
ardpov 1ol tdooyovov al Tob ij- gvepyeias Ei ypovov, BnAcdn ThHv Sp&ow. 'Eg’ doov
Aextgoviov elvaw 1j zevrgopdios O8-  AOITTOV 1) oTpo@opuT) sivan péyedos QUoIKES ToUTOOT -
ragug bl Tipy é,"u’d.%aaw Tig daoias oy Tpds TNV Spdowv, f 8t Spdois v TR KOOPW -
Toteo uaypdpe, wtek 1B ANOMOC oy Planck - Bty Biwerton vék A&Pn) olacdnToTE Tipds,
Tapd povov ToAAamAacias Tiis oTaBepds h, ETekaAé-
ofin ¢ Bohr To émyeipnua tolto 8id v& kKPavToTolon Kai THY OTPOPOP-
unfy 81& piav TANPN TEPIoTPOPNY ToU HAekTpoviou éi Tfis Tpoy1&s Tou.

h U

UMY TOOFIGY dxTIvOs I

43. Ilpwtn ocuvbixn ToG Bohr. Bdoea Tdv dvwTipw & Bohr Sietumwoes Thv
sfavieny pyyavieny ovedguny, Si1& Tis dmolas kabopiler ToOv TpdTrov TS ExAoyfis
TGV Tpox1®dv Exelveov, &l TGV OToicov 7 kivnois ToU fAekTpoviou BS&v TrpokaAsl
dxmivoPoriav. ‘H owdnun altn SiatumoUTon ds &fs: « M dpdaws dia mivjoy meod-
atgogny T60 jAsxtooriov Szl fmiTpemouéins Tod: Tooyds geller va elvar iany mooc
azégatoy gollaldotor Tof I Ty &AAs, ¥ aTgoqopur Tob fiextooviov Eai fmitpemoud-
M T0S Teoyds dh wwhijon £ adtic aEguaToOpy TOD fiexTporiov, el ioi oo
dxépatoy aolkaaidaor Told Iy,

‘H pabnuoTikg Siatimwols Tfs ouvlnkns TalTns gkepdleTan s drxoioUduws :

2m.m- v-r=n-h

fvfa n=1,2,3;:..
7 2m.m..12-=n-.h
Aol
g h KBavTikn
meV.r=m-e-r?=n. ; , 2)
2m pnyxavikt ouvBrkn

‘O dxeponos &pIfUodS 11, XIPAKTNPIOTIKOS THS TPOXI&S TURPLOIVLS Trpds Thv kPav-
TiKAY unxavikny ouvikny ToU Bohr. dvopdletan xdoioc sxfavrizdc aoiuds vod
Hdextooviov.

’Ex Tév oygcewv (1) kal (2) Umoloyilopey Tés dxrivas Tédv ETITPETTOUEVOY TPO-
Y1V, &Te TPOKUTTTEL

WnionoBrke amoé 1o ivotirouto EknmaideuTikrg MoAmkrg
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h2 /42 a ooty
3 + NN°=0Tab - n- 3)

n= )

€=+ I

"Ex ToU TUTTOU TOUTOU TrpokUTrTEl 8T1 of drTives TéVY Tpoxidv Paivouv ds T Te-
Tpaywva TV &xepaicov &piBudv 1, 2, 3,.. "Ofsv && Exowpey 1, =221, 13=3%.1;
Kol YEVIKGS rp = n®-ry.

TMapaTtnpolpey 811 | MikpoTépa dkTis duTioTokel eis ThHy Tpoxidv Thy Eyoucav
xUpiov kPavTikov &piSudv n=1.

‘Eqv dvTikaTaoTiowpsy eis Tov TUTov (3) Tos otabepas h, e, xod m 81k Tév TI-
uév Twv (el vovadas Tol ocuoThpaTos C.G.S.) xai Séowpsy BiaBoyikdds n=1,2,3,
AT, eUpiokousy Bix TNy dkTiva Tfis TEOTNS EmTpeTouévns Tpoyids, Tis SeuTépas
TOIOUTTS K.O.K,, TAS Tipds

e} o i
—053 A rp=2 1T A, 1y =4,77 A K.0.K.

To oxfinx 63 8ider Tas 0UTw UmoAoyicheioas Tipds Tév &xTiveov TV Tpoy1&v Tol

AAekTpoviou ToU &Tduou

ToU Udpoydvou. I

' ‘O ,,B“IIP Bexs:rol(t ot i =D s i —
€is TO &Topov ToU Udpo- :

yovou, eUpicKouévou UTro =1
ouvnfn xar&oTaociy, TO Mupriv

NAEKTPOVIOV  TIEPI@EPETAQL !

&1l THis émITpETTONEVTS TRO- I

X185, Tis Exovons THY M- 123 456 7 8 91014 1213x108cm
XpoTépav AKTIva, NTIS Gv-

TIOTOIYET eig Tﬂv Tmf‘lv Zy. 63, T4 5jjiexrodvior 168 drépov 1ot Sdgoydroy dtvatar va mepr-
GTOEPETUL TTEGLE TOT TUOHI0T [OVOY ETL HOIGUErGY ETITOSTOUS WY

ToU kupiou xPavTikoU &-
p1fuol n—1 kol  kaAel-
Tol Peusdiwddnec Tooxid.

Ex TV oxéoswov (1) kai (2) Umohoyilopev emions Thv ToyUTnTa ToU fAekTpo-
viou &mi émiTpesTropévns Tpoy1ds kuplou xPavTixol &pifol n iony mpos

TOO /Lo,

2
L

— oTal - ! (4)

y, . -
" h/2w  n I

’Ex ToU TUTrou ToUTou TPoKUTTTEL 6T1 1) TaxuTns paolTar dvaddyws Tol kupiou
xPovTikoU apifuoU T Tpox1ds.

OéTovTes sis TOV TUTTOV (4) n = 1, sUpiokopey, v; = 2,18 - 10¥ cm [see, Ao, ) Ta-
xUTns ToU AAskTpoviou kivoupévou émi Tfis mpoTns fmiTpemouévns (TS HikpoTépag
&xrTives) Tpoxids looUran mwpds To 1 /137 Tfis TayutnTos ToU @wTOS £is TO kevdv,

44, *Evépyeia toU WAextpoviou tol &topou tol O8poydvou. ‘H OAw) évép-
yeix T OTrolav Exel TO fAskTpdviov To¥ &Topou Tol USpoydvou xaTd ThHY kivioiv
Tou &mi Tivos émiTpsmopévns Tpoxids lvan ion Tpos To dfpoioua Tfis KIvRTIKAS Kol
THS Buvakiis Tou évepysias, fiTol

B L (5)
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- : 1 5 4 iz ; ;
o) ‘H xvnmikn dvépyeix iooUtan mpos E,,, = Tm -u2. ’Ex Tfis oxéoews ToUTTS
kal Tis oyéoeexs (1) TpokUmTel Sik THY KwnTikfy dvépyeiav ToU AAsxTpoviou i
TIvos EMITRETOMEVTS Tpoy1ds &KTivos T
e?

2r

B) ‘H Buvauikn dvépyeia, fiTis TpotpyxeTal &k Tiis EAkTIXT]s Buvduews THv omoiav
E€aokel &l ToU AhexTpoviou & Tuphy, GTToAoyileTon 81 TGV drkoAoUBwy TUAAOYITUGY :
To HhexTpoviov KveiTar évTds Tou mediou Coulomb Tol Tupfivos kara TpodTToV, GoTE
T& kévTpov THs KUKAIKTS Tou Tpoylds v oupTriTTn Sixpkdds TTpds TOV Trupfva, Emo-
péveos Shat T& omueiar THs Tpoy1ds Tov & &mréyouv THy aUThy &méoTaciv T ék ToU Tu-
pfives, fomu pds TV &xTiva Tiis Tpox1&s. ToTe, el T&v onueiov Tiis Tpoxi&s Tou, 6&
Eycopey oTabepdy Tvar Tipfy SuvapikoT (F) U xal f) Suvauikn évépyeix ToU TAEKTpO-
viou, popTiou — e, els EkooTov onuelov Tfis Tpoyids 8& elven Es,, — — e - UL

TANAG #meidn) & Trupnv ToU &tdpou ToU Udpoydvou (mpwTdviov) @ipel popTiow
&moAUTws ioov Tpds e, B& elvan, ds yvwoTdy, U=¢[r, cuvemds
Egpy=—¢8 - S

Katd ouvémeioav 1) At évépyeia ToU flAekTpovioy, STav ToUTe KIvfjTal €Tl £TT1-
TpETTOUEVTs Tpoxias kPavTtikol &pilfpol n, elvan

o2

Eg.=— o

*AvTikafioTOVTES TTiV TINNY ToU I 8K THS
(3) B& Eywuev Bix THv SMknv évépyeiav
ToU fAekTpoviou &mil THS VIOOTTs EMITPE-
TTopéVT)s TPOYI&S

" et m 1
- o=y e (O
(o) (B) ‘H dpvnmikn Tipn  THs OAxfs évep-

yeias dnhol 6T UpioTavTal EAkTikal Buva-

Zx. 642, Heawpepeiaxa  disxtooma o; Chiza : = s " ' =
HELS [JETC(&U TOU T]AEKTPOU'IOU KOl TOV Trpo-

zipara Oradddpera £t ErTormopérer TEOYIGY.

(u) Zrabepdris Tuiardoems Adyo cvufloii;  TOVIOU KOl ETTOHEVCOS raTaPdAiouey Epyov
zupdron ér pdoe. (f) >Andofeois My énal-  B1& THY Aviywolv ToU NAskTpoviou &k Ti-
Jahias zvpdter byl év pdoet. VOS ETTITPETTOPEVTS TPOY IS Eis ETEpaV TrEPIT-

ooTepov d&méxoucay ToU TTUpfivos.
TpokUmrTer 8fev éx Tiis oxéoews TaUTng 8T 1) fvépysia ToU HAekTpoviou Sév SUva-
Tou v AGPT piav drohoufiav Tuyouo@dy TIMGY, GAAG pdvoy dplopévas Tipds, oapdds

*) To Buvamkov igobrtan mpds To Epyov dvk povéSa gopriou, Smep TapdyeTal KoTa ThHY
LETQQOPAV @OPTIOV TIves &Td TOU Gmrelpou pexpr Tis &meoTdoews I Ao ToU onusiaxod gopTiou.
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Srakekpipévas IAANAWY, aiTives éapTdvTan &k ToU xupiou xPavTixkol &pifuol &
= ;

Tpoxids. Al Tipad SnAadn

KTPOVIOU £lval l’\'.SG‘JT(u;JE‘.‘O i.

45*%, Kupoatopnyovixi

épunveia g TEWTNG CuV-

Ti§ Elodyst TOV KUplov

TikoV dp1fudv n, SlUvaTan

va elpn TNV SikaioAoyiav T7s

KULTOUN XQVIKAY &UT
) ToU flAekTpoviou.

TpdyporTt, t&v pavTasf&s-
o piav xop-
gls oxfjua kU-
r, ToTE S1a va
STNS TAAXVTC-

xopds, TO

' dxepaiou a-

paTos (o

87) éTroh-
£V QACEL
ToAQV-

N Kupc-

UAkOV

fiTol

m-v

_’-;
ow
(=]
=

(oxéois de Broglie, BA. o

EYOUEV QUECWS TNV ENXSVIKTV

Zy. 85, Kvparopgavza qporvaa aroper: (a, dve dgleteod) $0po-

ire delua) Afiov, (yp, péoov astoreod) dujyeoudvor aro-

vovor, (5, y

uov vdoeyovar, (0O, negor deiut) OuoU foglor, (& xdTer doioTeon)

HaUNPaTIKWY arloaxo; =al (ar, zdre o ) dldiron

Kuparounxa

15 TOU TNASKTPIKOU QopT

§1s ToU

fn S1a mapaPordv kai eikdveov

wdnyel doQaAdds sig




98 ATOMIKH @YEZIKH

46. Aeutépa ouvBixn ol Bohr. A Ty cupmAnpwov Tiis Bewpias Tou xai
Bix THY £Hynow Tfis yevéoews TGOV QAOPATIKGY ypoupdy ToU UBpoydvou, Ums-
Xpecofn 6 Bohr va eloaydyn kol Beutépav albaipetov cuvBAkny, 1 omoia xoheiTon
Smrinn ovviinn, 7| deveépa cwvdijxn zod Bohr xal SioTutroUTon s droroUSes
«Ta flextoima xwodvtar meol Tov avoiva Ext Ty Emzgemopdver, fdcer TG TooTIL
ot T0F Bohr tooiw, ywgpic 1] xiviels Tov rd svrodedetar ama fxmopmir GxTi-
vofoding. "Exmopan azteofoldlo; lapfdver yibouy pdvor drav o iexvodviov  petani-
ary amé wwes Eurpemopdiy: Toopds peyulvréoas évegyel o eiz Tooyiar pEpoTEOOS
érepyeinz, zal) éxdotiy 0& Towbtyy ardew xméumeTar Er udvov poTiviory.

‘H éxmepmopévn kaTa THV TGO ToU fiAekTpoviou TroocédTns dvepysics, TTIS
dvTioToEl wpods Th Sragopav AE &V dvepyeiddv i TG SUo Tpoyidv, tueavilsTon
ws gwToviov hy, &vda h f) oTaBepd Tob Planck xei v f cuxvétns THs éxmepTrouévng
axTvoPolias. "Edv &8 kaMéowpey B, THv SAikiy vépysiav ToU HAskTpoviou #ri Tiis
&pxikfis Tpox18s kai E., Thv OAikiy dvtpyeiav THY dmoiaw £yl TS RAskTpduiov il
Ths TeAikfs Tpoxids (E.., >E.; ), i oTTikh ouvbnkn SiatummoUTan ¢y &xoAoUSes -

Ei.,—E.o=h-v ! ’OmrTikd kPavTikh ouvBrkn (8)

47. TrdBpal évepyelag. A va émitUycopey piav &TAfly TapdoTaciv THs oyé-
oS METAEY TGV ETITPETTOREVLOV TIUGY E,, Es E;, KA. THs SAukds Evepyeias, dvTi-
oTolyoUpey els ards SpilovTious elbeias, TV STroiwy

al kaTakOpUpol &TrooTdoels elvanr GudAoyol TTpos Tas
——— £, Biagopds TéV dvTioTolywy Tipdy évepyeias (oyx. 66).
"_—""-‘!"—Ej Mia pacpaTi ypapptm, Y. N dvTioTolyolUoo
5 els mTdow ToU AAexTpoviou &k THs Tpoxids SAkis
% I o E éx_)epysicxs E, els gTépav tvepysias E,, mikpoTépas Tiis
o [-=-8 2 5, TapioTaTon pE v kaTakdpugov PéAos, TO Strolov
w | E < 3 P q)
i = 3—% dpyiCer &1rd THY dpyikfy elfelav E, kad karaAryer s
S‘ = E 2 Thy Tehikhv E;.
= Y B £ To pfikos Tol Pérous 8& elvan &vdAoyov Trpos THv
1

dvipyelav 1) omola fAeuBepoltanl xaTd TO &Apa, 57-

Sy 86. Hugacrarvan Sicvoupp OON TPOS THY Evépyeioy ToU ExTrepTroutvou guaToviou

crafdy fvegyeins. hvy,; kal &mopévess, Tpds THy ouyvdTnTa Vg, TTS k-
TEPTTOUEVT)S AKTIVOBOAIasS.

Olrw mavopey v évBiagepdpeda Bicx 10 oy fiux Tfs Tpox1&s THY dmoiav Siays&-
g1 TO Kivoupevoy fAexTpdviov kal onpeioluey pdvov Tés TINds TGV ETITPEToULVY
tvepyeiddy, oiTwes & ToU ToloUTOU TPOTOU TapaoTdoews dvoudobnooy ordduar
évepyelag ToU NAskTpoviou.

"Ex T@Gv dvwTipw TpoxUmTeal 6Tt Suvduefa va eikovicopsy T NAskTpOVIOY  €dg
opaipidiov TO &moiov elpiokeTan &5 SpIfdvTIoY T1 EmimeSov (pdet) EvTds QpExTOS
(ox. 67). Eis Tv oxnuaTixiy adTiy skdva 76 ESapos Eyel Evepyelakiy kaTdoTas1Y,
aTdBuny fvepyeias, THv undeviknv.
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‘H mrpddTn tvepyeiaxn otabun, 7 éxovca dnAadn n =1, 8a elvar 7 wpeyTn &M
ToU B&Bous ToU ppeaTos, 6oTE 81k n=1o0, TPoKUTTEl T} undevikn, 10T 7 évépyela
TOU TJAEKTPoOVioU elval dvTIoTROPLS ocvoc?\oyog ToU TeTpaycvou ToU kupiou kPavTi-
xoU &p1fuol (&vdaAoyos ToU 1/n2, BA. éElowaov 6).

"Qaoe, dvTds TOU « ppéaTos » TTS vepyeias SlaTdooovTar af dvepyelarai KATAG T

+ A >
+A >
0 = S
n=3
. nes w2
n=1 ~136eV
= £<O Thupnv
Zy. 67, To apawidior dtvarar va Zafn - E<O
Géqw  pdvoy Exl doroudver  dotlortic
fmmédey évrog Tod godutos. TEal éna- Zx. 68. To goéuo éveoyetas zat ai ovdfluar évepyeius
arov 5 albtéw i) dvrapuxi Tov évieyerd Toi dropov Toi Sdgoydvov. ‘H Ty éveoyeias (—13'6
L HOIGUE Y TG QOVITEN Ty, 1Tis eV ) dud vy faceey erabop (n=1) s daoii-
( Aoy Tod dpviTizoT anpelov), eivar éia- Tws i peylorn. Aoy Guems Tob doviTizol crjuciov
yloTy dray 16 G@aoaidioy ebolgreTar Exi al'ty elvar 1] yapnloréoa xad dyvvamoxolvsTar & TiW

ToU AedTor 4To Tob TuluEror Emmédov. seotabeatéour xatdoracy Tel dTouev.

o815 KoT Apxds dponad, EEITa Tukval, ouuQwvews TTpos TNV oxéov — k /n?, Smou k
oTafepd Tis kai n=1,2,3,..., ¢ (ox. 68). To onueiov (—) dnAol oTdbunv k&Tw ToU
undevds kai ouveTrdds TO NAekTpoviov doov BabuTtépav oTdbBuny katéyel, Toéoov &is €U-
sTadeoTépav KaTAoTOC eUpiokeTon kel Téoov dA1y wTepov Epyov Blvata
v& &mroddon TiTTov £ls THY KoTeTaTNY oTdBunv.

‘H Tipn évepyeias ékdoTtns orabuns éSaptdTon, s sibousy dvwTépr, &wo ToOV
xUplov kPavTikov &pifuov n. "Apa, ép’ doov O n éyel dpiopévas Tiuds, EmeTen 611 of
otéfpcn slvanl oopdds Siakekpiuévanr dAANAwy, Biv émiTpémeTan B¢ N Umapfis &AAns
TUYov oTafpns peTafy adTidv.

Aéyouev Aoitrdw, &Ti af tvepysiaxal koaTaoTtéoss, of évepysiokal oTdbucn, siven
KPavTwuévar, fiTol Slvavtan va AdPouv dpiopévas uovoy Tiuds kod oyl Tuyovoas.
TolvavTioy, 8Tav TO TAKTPOVIOV £KQUYT) GO TO Tediov ToU Trupfivos, ékeuyT 81-
Ao &pKeTd pakpdy &rd Tov Tupfive, .. Théov Tév 107° em, doe v Becapriocouey
ToUTO o5 AsUbepov, i &meipov TrpakTikGS &mooTagy &mo Tol mupfives, ToTE T
AAexTpoviov SUvaTal v& Exn olavdnmoTe Tiumy évepyeios, va kvfiTen pé olavdnmoT:
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KWNTIKAY dvépyeiay, un Exov TTAEOV OXEOIV Twd TTpos dpiouévas (KPavTwuivas) Tiuas
tvepyeiag. Elg 7o Sidypapua ToU epéaTos 8 Excouev T fAekTpdviov ToUTo dvw Tiis
émoaveias ToU i8&pous kol doov mouakpUveTal auTtol, TOoOV TEPICCOTEPOV Epyov
8& Buvaten va &modwomn. (ZnuaioaTte TNy dvtifeow xal dideopov GUMTEpLPOPOV
AAexTpoviou sUpiokopévou eis Uwos T1 &md Tfis undevikfs oTdfuns kol fjAskTpoviou
euptoxopévou els Pabog 1 &’ alTis ).

48%, To paopa Tob &tépov Tob bdpoydvou . ’Ek Tfis gaouaTooKoTIKS peUvns yvwpilopsy
8T To phopa ToU USpoydvou eivan ypapuikdy, droTedovuevoy & oUvolov ypoappddv, ai &trolat 8U-

£ . -
o 5 s voavtal v Kcrr’c-rc:
'ggﬁ £ 5 xBolv els Siapdpous
E.'ES ] )E__ opddas | celpas
Ama @ = ~
QUATUATIKEDV  YPop-
o n A S H
L‘, uedv  (oyx. 69). ’Ex
! E T&Y onpdv  aiTéy
i . piax kelton elg THVY
0 ‘ UTrep1cobn eplox v,
oo o < S N T S T = pla keltan els THv -
SS S S 8 S 3 a_ S 5 ] :
by gr_sc S S b S @ ~ S paTNV TrEpIOXTV  Kad
Y28 o - o~ ~ - 2 2 : B3 :
Ty . : . : ol Aormad els THY U-
+ 4 + + + - - - ;
? = § § § § § § § § § § § Tépulpov. b
crn'i s = 2 = ) 2 S ) = 3 = Xpnvo?\oy}yzmi, b
< _ 3 =0 R T TrpwTn  ofipx - fiTis
2y, 69, Typjuatix) aa0deTacts 1ol Guroiixot pdouares 1ol rdeayorov. TapeTnpnfn sivan 7

ceipd f) omoix elpi-
okeTan &g TO dpaTév Tufpa kal fy Omola xakelTan sepa Balmer (Madiueo), éx ToU dvédpaTos ToU
‘EABeToU Sidaokdhov J. J. Balmer (1825-—1898), Sois fushétnoev émoTauévws Tas ypoaupds ToU
UBpoydvou eis TO &-
POTOV PEPOS TOU U=
VOAIKOU paapaTos
(ox. 70). OUrog Bie-
TUTTQOOEY &Vl EQTTEI-
pikdy  TUmov (10
1885) Baoel ToU &
molou fTe SuvaTtdv
va elpebf] TO pfjkos 5
KUPCTOS yparupfs Ti- ; i
vos Tol dporol ga- Ha
cpaTos ToU  Udpo-
yévov, t9’éoov fTo Zx. 70. Poroygapla TiS GEio
yvwoTéy TO pfikos Ta Hx daodecn
wipatos Tiis wpwTHS a
Ypauudis, fiTor Tis tpubipds ypanufis Tol gaopaTos Tol USpoydvou (ouuBorov Ha, A = 6563 A).

‘0 épmeipicods TUTos ToU Balmer ypdgeran

€

~6562,8

Hs . he

Balmer 1ot gpdoparos Toi vdgoydvov.
teL TO dplov Tijs celpds.

3646 - n2
A= 'nﬁ—;z (1)

omou 1 Axépaios &pifuds, SoTis AapPaver i Tas Saxpdpovs Ypaupds Tis oeipds Tas Tipds n=3,4,5,6,...
Eis Tov Timov TolU Balmer 8i8etar ofipepov &AAn poper, &1 sloaywyns, vl ToU prikous KUpa-

705 A, ToU deeduol xvpdrwy v=1/A, & omoios ikppddst TOV GpIBpSY KULGTWY, TAOV TEpiEXOpivLy
tvos | em, &te 6 TUmos ToU Balmer ypdgeton Umd Thv popeiv
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St ?1 =H( 2‘2 n];,) e b (2)

‘H extds Tis Tapeviéoews oTaBep& R dvoudofn oradepd ot Rydberg (Pivrumepyx), i 88 T
Tns elvan ion wpods 109 737 em™

"ApyéTepov TrapeTnpnfn 1) cerps Liyman (Aluav), fiTis tushetrln ko T8 E1os 1906 kad xsiTan
Shdxhnpos els TO UTrep1éabes odopa. Md T& prikn kiperos TV ypauudy Tiis osipds clfs supen om
foyxUer & Timos

G:-Lzﬂ(—lf——l-) =12, 3, 4 3)
A 12 n? = fi

dmov 1) oTadepa R &xer Thv éx Tiis cepds Balmer xafwpiodsioay tiugv.

‘Ev ouveyelq Tapetnpnfn 1) oesipd Paschen (Tldoev) els Thy Gmépudpov mepioyiy, Sia Tas ypau-
uds T omoias ioyler & TUTog
Fat (3—13 — ’E}?) n=4,5, 6, .. 4)

*AkchouBws TapeTnpRBnoay ss THy Umépubpoy TEpioxTiv ToU gacuaTos Tou UBpoydvou kal &hhat
ceipad (oetpe Brackett, ceiga Plund i), Si& Tds ypaupds Tdv émoley loyloww Tapopoior Tl
ut ToUs TTpomYcu-
uévous. OUtw Tra-
patnpoluey 6T1 TO
TAfipEs @hopa  ToU
UBpoydvoy  &ToTe-
AelTan €k TTOAAGY OEl-
p@dvV ypauuddv, TGV
drroicov & &p1fuds ku-
paTeV TTapEyeTan U-
TO ToU YyEvIKOU TuU-
Tov

V= —L — Rl

A

1
2

,—‘—x

- 5
e

Eav el Tov Tu-
wov  (5) Béowusv
Moy = 1 xai  Napy
TTpoKU-

mrouv al ypapuai
Tfis oepds Lyman,
(v Ny — 2 Kai
Napy = 3,4,5,... TTpo-
xumtTouv al ypapuai
Tfjs oeipds Balmer,
S1& Doy =3 xai
Napy = 4,5,6,... &yo-
pev T&S YPHHAS Tiis —
oe1pa&s ]‘rIS:-hvnK.o.f, Sy 7L I

‘O TUmwos (D)
Suvaran  va  elpebi)
gmi T Pdos TGV
ouvenk@v Tou Bohr, dbs dxohoubs. H Evipysix To

SruTosTONErAl TOOYRL TOT JAsTOOVOY €3 TO ATOMGr TOD b

TOY GAOMWY AOOFOYOITAL YOIl TES

vov. Ta dinara Tob niextooviov,
T@r Geody Tobd @acuatos, txodexviortar dd Tav feliv.

UTousvoy guToviov xaTd TV peTamhSne
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Tol fAekTpoviou & wids Tpox1ds, YaparTnpiGopévns UTe ToU xupiou kBavTikoU J&pi8pol Naxsy, Eis
trépav KaTwTipay pé KkUptov kPavTikdy &piuov Nz, 8& slvan

hev=Eny, — 6)
eV
6 g ; = ='=] =0/38
H H
i : : | ¥4y 0'24
- : ! T fepa 0%
! ! Y v v v Brackett
J + I + - -15
! 1) Zelpa
R
- Paschen
| =
I BEES|
ERIERE
[
3 i Ho Hg Hy Hs =
| i
! Iepa
! Balmer
i
1
i
i
i
i
i
i
']
!
1
i
i
SO ogogosg o=y
WOMS oy
N NG K
NI H R
1
i
|
o
13
a
@
o]
a
(22
Q.
o
E
i
H
AAR]
1
1 - =13.6
Ispa
Lymam
Zy. 72. ddypouppa véow oraludy évepyelas Tof arduov tof vdpoydvov. “Exactov
R0z Eaeoniol Ty agoéhevowy puds guopatixiis yoappdic 5 diparog Tot fiextoo-
D)
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Lucipolves dUQSTEpX T UEAN Bia THS Ta(UTNTos ToU QwTOS, WETATPEWOMEY THY oUXWOTNTX V
&piBudy KUPGTWY, OTE TEMKES TEOKUTTTEL 671

=~ 1 . 2m2edm 1 10
M= T o ( T ) &

v A TO ufjkos kUuaTos Tis EXTEpTTOUSVNS SxTivoPolics.

‘H oxéars (8) elven fuTehdds Tiis iSias uopoefis Tpos Tov yevikov Tumov (5) kel b oupimy
Tpds auTov, £av i Tiun TOU ékTos Tis TTapevBicews poveevipou cuuTréon Trpds THY TwAv Tis oTadepds
Rydberg.'H UmrohoyiZopévn Tiuf Tou elpiokeTon TpdypaTi dv TAfpEL Gupgwvie Tpos THY TEIPGUATIKGS
cav Ty R Tfis oTafepds Rydberg.

Karémv ToUTou TapaTnpoliuey 611 6 TUTos (8) ounmitrer wpos Tov TUmov(2) v Siowuey Nz, =2,
7o 8¢ xaTa TOV Bohr Umodniol ST af ypauuai Tiis ceipds Balmer (He, Hg, Hy, kAt.) yevwdvro
TONAEKTROVIOV PETATTITITEL £k TGV EmITpeTTOpvey TPoX 16V Kupicov kBawTikdY dpifpdv n = 3,4,5,...
 Tpoxiav n = 2. OUtw ) wpad™n ypaupd Balmer (I1y) mwpoépxetan &md 70 & A pa AhexTpo-
i Tis Tpoxi&s pt n =3 elg THY Tpoxi1dv pE n =2, 7 Seutépa ypapun (Hz) &md THY n =4 =g
Ty n =2 ko.x. T oupTépaopa eivar 811 1| TeAwk oTdbpn TGV ypoupdv Tis asipds Balmer sivan
TavToTe | BeuTépa. ‘H oeipd Lyman 8& yewwdran 8§ dAudrwv ToU fexTpoviou & dmTpsTouéveov Tpo-
Y1y e n = 2,3,4,... Tpds ThHY fepehicdBn n = 1. 'Avdhoyx loyxvouv kai Si&k T&s Aoimds GEIpGs.

To oyfiua 71 deikviel THV yéveolv TV QaopaTIix®Y ypouudv Tov oipdv Balmer, Lyman,
Paschen kAT, Bix Tév GApdTwv ToU fAekTpoviow petafyu Tév EmiTpemopéveoy Tpoxidv. Els To oyfiux
72 ol SpigdvTicn ypeuuad TraploTolv T&s oTébucs dvepyeias Eq, Ea,..., By,... T& &vTioTorkovoas s
s xupious kBavTikous dpibuous 1, 2,..., n,... “H yéveois Tdv TpdiTev ypapudv kdoTns oeipds Umo-
1 B1&x PeAdov pE gopdw & TAV dvew Tpds T& k&Tw, T& dmoix cuvBiow TS oTéBuas évepyeias.

Al poopoTikai oeipat Tol UBpoydvou Beviouv THY dxdhouiiov yapaxkTnpoTikiy (BidTnTa. "Ogov
sAuTépav TIBNY AcuPdvel & kUpios kBavTikds &oBuds n, Téoov TANGiEcTEpoy GAANAWY elpiokovTal
aopoTikal ypappol kal ovoowpelovten abtan els SpikAy Twe ouyvdTnTa g THY dmoicy duTi-
in=-co. TO Spiov Tis cepds (onueioUuevoy sl TES OYNUETIKES TAOAOTAOES TRV QRIPETOV
& Biakekopuévns Ypaupfs, PA. ox. 12), dvmioTowysl sis Ty TAnen &roudkpuvoy ToU NAskTgoviov
Trupfivos (foviouds).

Aty

49. Aiéyepoig xal loviopog ol drépou tob GSpoydvou, To uwovadikov fhek-
Todviov ToU &Toupou ToU Udpoydvou, Umd ouvnfn xaTtdoTaowy, meploTpEPETal TEPIS
ToU Tupfjvos eis THv TANOIECTE-
pav Trpos aUTov Tpoxidv. ‘Emoué-
veos sUpiokeTal €Tl TTis DepeAicwobous
Tpoxi&s, €ls TNV oToiav Exs TV
SayxioTny TNy OAkiis évepyeias

hyv

kal TO fJAsKTpOVIOV Kivoupsvoy asd 17 *Eumopuny

alThis 8&v BuvaTanr v& &mobom duzwopohiag

dvépyelay, s Tr.¥. els ThHv Trepi-

TTwow Aifou  cUptokopgvou i

ToU EBagous. Zyx. T3, Méyeoais, Exmopmy aatwoepoliuz xal loviouds
Eqv Toopx, Aoy é6coTepikol iz 0 dropor Tof idgoydrov.

Tivos aitiou (.x. Ay ouykpou-

osws pE fvar &AAo &touov T pé Eva fAskTpovioy, T pwTéviov), 16 &ropov TPooAdPn
yelav, TO AAeKTPOVIoV Travel KivoUusvov gl Tiis BeueAicoBous Tpoxids kad peTa-
spcw ¢miTpeTTONEVY TPOYIQY peyaduTépos vepyelas, &l TR dmoias xai

Tl
gpeTan, OoTE Adyousv 6T1 Ehafe Ywpav diéyegotg ToU dTouou (ay. 73).

& eis
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To fAexTpdviov, dvuywwhiv &l T dveTépas EmiTpeopéuns Tpoy1&s, TEPIQEpETaL
& qUTHS Eml ypovikoy BidoTnua TéEews peyébous 10— Ews 10— sec xai koromiv
émavépyeTal pt Sladoyikd &hpara f 8t fvds pdvov EApcros sis TV BepeAidddn Tpo-
Y1 UTO TaUTOY povoy EKTTOPTIAV drTIvoBoAias.

‘OTtav 7y dvépysia 1) OTola TpoopépeTan €5 TO &Touov ToU UBpoydvou elval TTOAUY
ueydn, TOTE elvan Suvartdy TS fAekTpduiov va &rropaxpuvli} dpretd &Td TOV TUPTVY,
DoTE V& ph UploTaTar TTpakTIKGS Thy émiSpaciv Tou. ‘H dmwopdxpuvols ToU HAEKTPO-
viou Ek Tol aTopou §& pds &eron v feTikdv oUyKpOTNUG, TO &Troiov kahsiTan Iy, TO
patvopevor 8¢ ToUTo keAelTan foveoude ToU &Tduou Tolb USpoydvou.

AZKHZEIZ

53, a) Tloia ) Teylrns Tol fikextpoviov Tol &rdpov Tol USpoydvoy, STav ToUTo TepipépeTal Tepi
Tov Tupfivar pé duahdly kuxhikAv kivnow i THs BeuehidBous Tpoyids, dmoteholions TEpIgipeiay KUKAOU
dxcrives 5,28 1077 em, Tfis drroics TO KkévTpov gupTriTrTel TEds TOv Tupfiva Tol &rduou. B) Mola
i ouxwoTns Tis Kwngews Tod AAexTpoviov. Mala fpemias ToU HAexTpoviou = 9 - 1g=22 gr, gopTiov
ol = 4,8 - 10710 HEM-gopTiou. CAm, v=22-108 cm/sec, v=16,6- 1015 sex =)

54, a) N& UrrohoyoBi} (els dyn kod kgr) 7 xevtpoudAos SUvawss THv oOmoiav éEaokesi & Truphy
£mi 1ol fektpoviou Toll &Tduou Tol UBpoydvoy, STav TolTo TEPIOTPEPETCL € SpaAfiv KUKAIKAY Ki-
vnow ém Tiis BepedcoBous Tpoy1&s, d&moTteAolang Tepiipelay dxTivos 5,3 - 10~* em, BE To)UTTTQ
lony mpds 2. 108 cm/sec. P) Tlolar f ywwiax TayUTns Tis xwhgsws ToU HAekTpoviou. Mala Aps-
uias ToU fAekTpoviow = 9. 1028 gr.

CAT o Fr=68-10"% dyn, F. = 6,9. 10~ kgr#, p' @ = 3,77-1016 rad /sec)

55. ‘H ouyvdns Tiis kiviioews Tol fidexTpoviow Tol &rdpou ToU Udpoydvov, dTav ToUTo Tepipéps-
T pé dpadiy xukhikhy xivnow émi THs BepehidBous Tpox1ds, sivan fon Tpods 6 - 10 15 sec—L. a) TMoia 7
fUTaOI§ TOU PEUNATOS, TOU TrpokaAoupévou éx Tiis TEpioTpogfis Tol fHAexTpoviou. B) Tleia 7 &vtagis
7ol U’ oUTol Bnuioupyoupévou payvnTikoU Tediou, els TO kévTpov Tiis fAskTpovikils Tpoyids. Pop-
Tiov Tol Ahextpoviou = 1,6 - 1071 Ch. CAw. o i=9,6-10% A, p° Il =1,137.105 Gauss)

56. To fAekTpdviov Evos dropcu Udpoydvou TrepieépeTan pé duadfy xuxkAiknv kivnow ml Tijs fepe-
hiabous Tpoyds, dxtivos 5,3 - 107% em, pé TaxUtnTa fonv wpos 2,2. 108 cm/sec. 'Eqv 1O &Topov
eUps0f) tvTds duoyevols payvnTikoU Twediov évtdoews 1000 Gauss, pé 1o émimedov Tiis AAekTpovIKfg
Tpox1&s kaBeTov Tpos Tas Buvamikds ypaupas ToU Tediou, vdk Umoloyo6f] & Adyos Tol uétpov Tiis
Buvépecos Conlomb, Tfs doxouuévns Yo Tol Tupfivos émi Tol fAextpoviou Tol &tépov ToU UBpo-
yoévou, Tipds T& pETpov Tis Suvapews Laplace, Thv omoiav éaokel TO payvnTikov mediov éwi Tou
xwoupévou  AexTpoviou, e = 1.6.1072¢ IIMM-qopTiou, ¢=3.1010 ¢m /sec.

CAm. Fe/FL=2,36.106)

57. Kotd iy Sityspoty tvds drdpou UBpoyovou To AAEKTpOVIOY pPeTAQEPETCN K TTis OeusAichBous
Tpox1ds, els TNV OTolav TepIpEpeTal povipws, s THY BeuTépoy TV EmiTpETToévoy TpoYIdY, &l ThHY
Smolav ) tvépyeia Tod fAexTpoviou eivar katd 16,3 - 10712 erg ueychuTtépa TTis Evepysias THv STroicv
e ToUTo, STaw KviiTan &l TAS BepehicdBous Tpoyi&s. N& elpedfi TO pfikos kUpaTos THS Movoypu-
permikfs dxkTivoPohias 7 dmroia dkméuTeTan, STaw TS fAekTpdviov EmaviAdn émi THs SepsAicoBous Tpo-
xi&s. h=6,6- 174 erg-sec, ¢=23.1010 cm/sec. CAm. A=1215-10"% cm)

58. N& Umoloyiobi} ff ouvohikn dvipyeix fiTis &monTeltan Omrws TO HAEKTPOVIOV EKGGTOU TV
aTopwy U8poydvou, TV meplexoutveov sl 1 md UBpoydvou (UTd xavevikds ouvfkas), peTaoepdd
& Tiis BepehioBous Tpoyrds els THY Bevtépav TAV EmiTpemopéviov Tpoy1@v. To pfikos xUuaTos TRAS
axmivoPohias M omoiar ExTrépTETan KaTG THY émGuoBov Tol TAskTpoviou ék Tis SeuTépas els TAV Se-
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ashodn Tpoyiav eivan 1215 A -h =6,6. 107 tpyro8euTepdheTTa, ¢ = 3. 1010 cm/sec, oTalepd
Loschmidt = 6,02 - 1023 uépia/Mol. CAw. Ea=2,1-107 cal)

59 . To pfikos kUpaTos (518 10 xevov)Tol povoypdou gwTds THs wds Téov SUo ieabéy ypaupdy Tou

o o
Sparroll paopaTos ToU UBpoydvou civen foov wpos 4 340 A, Tis 8 érépas 3 970 \. N& Umrohoytodi (sis

“\') ) el ExdoTnV TGV ypapudv dvTicToixoUoo Siapopd Tiudv TOV SAKGv Evepyeidv ToU AAEXTpO-

e

viou ToU d&répou Tol UBpoydvou dmi Blo émiTpemouivev Tpoyidy airol. h = 6,6 107 erg - sec,
o= 3.1010 ¢m/sec, 1 eV =1,6- 10—12 erg.,
CAT. Eusy — , = 2,85 eV, BE'apy — E'=cx = 3,11 eV)

60. N& Berxbf] 6T 1) ouxwdTns vy,s TS povoypowpoTikiis dkTivoPohics, | dmoia fkmepmetar dTav
76 AhexTpdviov ToU &Tduov ToU USpoydvou ueTarTiTrTy &k Tis TRiTns émiTpeopévns Tpoxids eis THY
Beutépay émTpeToptvnv TROX 14, sivan fon Tpés Ty Blapopdy TGV ouyvoThTwY Vg, Kal Vg, TEV
HOVOXPWUATIKGY &xTivoPoMidy, af omoion ékmépmovTtal, &Tav TO HAEKTPOVIOV ETQTTITTH QT
STolyws @) éx Tiis TpiTns émiTpeToutvns Tpox1&s els THV TpdTNY, B) ik Tis SeuTépas els THY TPV
Stafep& Spaoews ToU Planck = h.

IB© H MAINHTIKH ZXYMIIEPI®OPA TOY IIEPI TON
NMYPHNA XTPE®OMENOY HAEKTPONIOY *

50 . Baowal yvagelg. Ta pauvopsva Tol payvnTiopoU éeeidovtal, s yvwaTdv, &i§ Kivoupeva
HAKTPIKG opTia, i GAAws, els NAekTpikd petpaTa. OlTw dywyds Bioappedpevos Yo PEUpaTOS, TEPOUTIE-
Zer répi§ aliroU paryvnTikov mrediov, Tol omroiov 1) EvTacs els dmooTaoiv Tivar ék Tol &ycwyol BuvaTat
v Umohoyiofi] Pacel TGV vopwy ToU HAskTpouayvnTiouol (Nouos Biot-Savarl). "Avtiotpdews, dTav
Sy wyods Biappedpsvos UTTO peupaTos eUpebi fvTos paryvnTikoU Tediov, UpioTaron T émidpaciv Buvduecs,
s omolas 7 EvTaocts UmoloyileTan dmrd TOV wopov ToU Laplace.

OfTtw, &v Tufjua evBuypdupov dywyol unkous [ (oy. 74) sUpedi
2uTdg SUOYEVOUS LYV TIKOU TreBiov evTdoews xai BiappéeTon UTTO

Zy. 76, Awirafiz Tow

TTOLZEIDY  pevpdTmr

Zyx. 74, TO payvyrixor gedlov éSacxel éai Tob pev- £l pyvgTopdror  oi-
; i L 7
paropdgov aymyet Sivauw . dijpov.

pevpcrTos oTabepds dvTaosws i, TOTE §& UtrooTH) SUvapv 3 Teivougav v& peTakivion TO Tufua | ExTos

ToU payvnTixod Tediou (y1 v& Td usTaxivion wpds Tous wéAous). ‘H Slvepus alrn 8& sivon fon pds
Fo=c-i-PBl-nue (Tumos Laplace)

&Trov @ ouvTeAEad TS E§apTopevos &mo Tas povddas, ¢ fi ywvia petall Tol evBuypduupou Tufueros |

kai Tfis bievBlvoews THs évTaosws ToU Tediov. :

“Aptunytizor Tapddsiypa. Eav i = 4 A, I3 = 1000 Gauss, [ =2 cm ki @ = 900, &mdTe
ne ¢ = 1, fpyalduevor els 76 "HAexTpopayvnTikdy olornua uovdduwy (els Té dmolov a = 1/10), ebpi-
oxopev 6T1 O dywyos UpioTaTon dlvapv % +4.1000:2.1= 800 dyn.

TMpokeipévou Tepl TGOV QUOIKGY payvnTédy fi TV TEXVNTOV povipwv payvnTidv éx XéAupes, ©
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Ampére 180 dmd ToU 1820 B Timwoe THY Uméfeow ST f| payvhTIols Twv dpsiAsTal sls oToEIKEn
AAeKTPIKG pelpoTa, KUKAKS (o).75), T& omroia kukAogopoly &uTds TGV payvnTicuévey UAkGY. THv
{mobegv TalTny siven BuoxoAov vé oTnpifwpey SecopnTings Kai TelpopeTikdS, BidT1 Tpémer va EENYTET
T MoV TpofpYOVTal TX OTOIXEIWEN QUTE KASlOTX

ﬁ‘i”__..fmg i KUKADpOTE, TT&S TposavaToAifovTar T& émimedd
Ly g Towv, TS cuvtnpolvtan kal S&v &wooPévvuvtan «i

(ﬁ’ é Kwioes T@Y gopTicey AT,
N // il S ‘H Slamiotwors dpws Ty vewTépwv Ypovewv
A i i o1 Umrdpyoww EvTds TOV &TONWY  KivoULEva TjAek-
/’ Pl TPOVIL, TIEPICTREROUEVD TUYXPOVLIS T Tov fauTov
) Twy, Edwoav THY fpunveicy TGV ovopdvwy ThS Pa-

i yvnTigews.

Zy. 76. To payvyreay dimolor vploTtatar ér- "EoTew fBn els pikpds paPdducpecs ucyviTns
707 Guoyerots wayvitizel medlov gomip Tel-  (uaryvnTikdy Bitolov) pé ToodTnTAs LayVMTIoHOU
YOUgaY Vd TO ®UTagTG) Tagdiiyiov meés Ty 4+ m kad — m els Tols SUo ToAous Tov, &TéyovTas
érracw Tot Tedlov. &’ dAANAwy &méaTaawv | (o). T76). KaAoluey uaswi-

Tezfy oomhy Tol Bimdhov T6 Bidvuoux M =m . I,
Smou m ) peryvnTikn TogdTns Evds TEY TOAwY Tou xad I TO pfikes ToU Simdiou. ‘H gopd THs woL
yvnTikfis pomriis AapPavetan éx ToU Notiou () mpds Tév Bépeiov (N) mohov.

"OTav To poryvnmikey cuTd BiTohov payvnTikijs poTrils cﬂf e8] &vTOs duoyevoUs poryvnTIKoU Tre-
Siov, &vTdoews 33, ToTe doxoUvTat Emi Tév TOAwY Tou Ble Buvdpers dvtdoewy - mB ket — mé?l
Teivouoon vé oTpéyour aUT Kal v TO @épouv TrapadATiAws TPos Tos Suranikds Ypouuds Tol Tediou,
fiTor els ToiaUTny o, GoTe T& SiowlopaTa M xet TB v yivouv pdAANAG. ‘H éppavilopévn
pOTIT) TEPICTPOQTS Elvan, o5 @aiveTan el TO oyfjux

D=FB mi-npe=B - M- s

TAs AdBuouev Twpa fv Spfoydviov cupudTivoy TAaioiov TAsupdv I xad B, Siappedusvoy UTTO peU-
uerros otadepds Evtdoews | kad &s TomoBeTnowuey «lTd Thayicws duTds Evds Suoyevols poyvuTTIKOU
neBiov dvtdoews T3 (ox. 77), xo-
TG TPOToV, MUTE V& dUvaTal v
oTtpagf] mepi &fova kadeTov dmi
Tés TAEUpAs B.

Zup@eoveos TPds TOV GuwTépw
vopov Tou Laplace, 8& épgoviodiy
POTI|  TEPITTPOQTS, TrOCEPYOUEVT) | s
&md BUo duvdpers Spoaas i TGV | ] g2
TAeupdY pijkous 1. Al BUo &AAan
Suvdpss, ai doxoupevan ETr TRV
Theupdv B, EéoudeTepolivTan o
Ty oThpi§v ol TAxioiou. *H po-
TN TepioTpopiis 8 elven TOTE

zzcli'x%-ﬁ-i-nucp

émou ¢ Ay yevia Ty érolow oxn-
pariler 1) k&betos Emi TolU TAan-

giov petd THs Sieublvoews Ty 2x. 77. To aialciov VpioTarar évtos Tod GfL03EvoTe 1 Tizot
Buvaik@y  ypaupidv. zediov gomny TE0LGTOOPIS.
To mhaiciov ouvends oTpé-
QETaN PEYXpIs OTOV KaTXOTH K&BeTow M THY SisUBuveiv TRs dvTdoEws Tol weryvnTixoU Trediov, SnAadt
ey pis 6Tov 7 Emi ToU dmimreBov Tou dryopdvn kéBeTos ouuT
ZuykpivovTes TaUTa Tpds Soa duegé

) Bix To Bi

v
guuTepigopay Toll TAaisiou Tpos T SiTToloy, dpkel v& drroBdacwuer s TO TAciciov MY VN TIKAY po-
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), Exouoav péTpov piv TO ywopevoy i -8, dwou S 1o fuPaddy (S =1 - p) ToT TAxgiov kol Qopay
THis kaBETou &mi TO EmiTedov Tol mAmiciou, STav ToUTo SiorypdeeTal GUHEGUWS TEOS THY QOpaV

ToU pedpaTos (kaviw ToU Be§iooTpdgou xoxAiov).
*Etropéveos TTAaiciov kAeioTov, duPabol 8, Biappeduevov Ud pelpaTos dvTdoews i, gunTEpLpEpETaL
Suotov TpéTIoV TS uayvnTIKGY SiTmoAov poTriis MW =«.i-8, 6mou a ourteheoThs fapTdps-

s &wd Tas povados.

51+, Al payvntixal pomal Tod Ahextpoviou Tod dtdpov. To fAAexTpoviov, gopTiou &, Sia-
yodoov THY KUKAIKAY Tpoxidv Tou mepl TOv Tupfive, dvmimpogwTeler v KUKAIKOY fAeKTPIKOV pediia
ol Emroptves Ev payvnTikéy Simohov. *H péon Twd Tis évtdoews Tol peduertos ToUToy eivan fon Tpés

x

(a4

oopTiov T& émoiov BiEpxeTan & TIVES onueiov T Tpoyids els THY povdda Tol ypdvou, BnAabn
1 70 ywéuevov ToU gopTiov e &l TOV &piBudv TéV TEpIoTpopdy Tas SToias eKTeAel T fAEKTPS-
Is THv povdBa Tol ypdvou. "Hrol, &v 1) ouyvdTas Tiis Kivijoews ToU fAexkTpoviou slvan v, 1 fv-
s ToU KuxAIKoD peUpaTos jooUTan pds e - v kol 8 Eycopey Si1& THY & ool TpoEpXouEvIY Kayvi-

SiroAxi|v poTv

m

—e:v-mw-r?

2 1o duBaBov ToU Biaxypagouévou kUkAou.
*Emaidf f) ouxvoTns v EKop&leTan gUvapTNoEL THS Ywviakis TaryUTnTos, 1) TS ypauumidis Tayu-
TnTes Sia TAV oXfgEwv U =—w: I xaxi w = 27y, E}ouev
i S
o 2 - 2

TapovopaoThy &mi THv pEGav ToU AAskTpoviov (mg), ThY

&troioy Bewopolusy oTadepdy, AauPévousy

g €-Mg-u-T
M= oy

CAMG mg-uU - T sival 7| Toogiaxy GTOOTO0uT) (oTpogopuny 2k TepIgopds) ToU MAskTpoviov, Tis
Smolas f TinA Si1& piav TAfREN Tepigopdy (81’ éva TATET KUKAOV TOU gaivoutvoy), slvan xBavTwuévn
(PA. § 43), Gpa B& Eywopev

Mg VT =1 }
o 2T
OTE TEAIKGDS gl = . :
e.h MeayvnTik poTT
Pl MR e
4 m-mg ix TrepiQopds
A n=1 TrpoxUTITEl TPOQav@®s 1) MIKPOTERX payvnTikf]  BimoAikny  pomd Tol fhextpoviou
kaT& THY TEpoTpopnY Tou Trepi ToV wupiiva, fiTis elvan ion Tpos
e-h 50
= =9,27-107*" Amp - cm 2
e mg ’ e

- —27 —23
(*H mpfy afrn mpokUTrTal &v el e = 1,6-10—1° b, h=6,6-10 erg.sec, my=29,1.10""*
gr). ‘H Tiuf olrn s uayvnTikis Sirohixds poTris AauPaveTan G wovds peTpoEws xai ovopddeTal
uayyntéyn rod Bohr, cupPolifeTon B8 s pg .

TxemrTopsvol dvaidyws Six TO TPWTOVIOV, PopTiou xaT& pétpov ioov Tpos e kal udlns ueyaAuTE-
pas T mp xorx 1836 Tepimov  @opas, Spifopsv  viav wikpoTspav povada, THy  wuenwvxigy
wayynTérny

0510723 Amp + em2.
fioedds Tou ki 1Slav TepioTROPNV TTE
@l oUYYpovews xai Tepl
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Qs & ToUTou TO NAekTpduioy KEKTNTal SUO STPOPOPUAS i a) TNV TPOXIGKNV CTROPOPL HE KPavTikOY
apiBucy Tov dxépaov dpiBudy 1 xkai B) T I8lav crgopopuiy, KaACULEVY BieBuis spin (omiv), fiTis
XepaxTnpileTan &mo ToV fiuimepiTTow KPavTikdy dpibudv 1/2. O& Eywpev 66sv SUc Uy VN TIKGS S1TTOAIKAS
POTTAS, TNV picw TTROEPYOPEVIY AT TNV TpoxIarAy Tou xivnaty kol THY SAATY Sdpeardopévny eis THv 18lav
TEpL TOV {QUTéV Tou TEPIOTPOPRV.

Tevikds, €€ Shwv Tédv HAekTpiKids gopTiouivwy owuaTiBicov dvapdvopey payvnTikds iB1dTnTOS,
giTives aoBibovTen el O oriv alTédv, Bnhadi eis THY GTPOPOPUNY EX TTEPICTEOPTS Trepi TOV éauTdy Twv.
"ExTos buws ToUTou, v T& PopTigpeva cwpatibia Biarypdpouy kai TpoY1ds Trepi EAKTIKOV Tt KEWTpow,
Tapouaidlow kai GARNY BiToMxAy poTy, EapTwpivny & THY TPOXIGKTV OTPOPOPUTV Twv Kai Tov
Tipos alThy cuvBedeptvoy kPauTikov dpidudy n (A [ xaTd THY Kuparopnyavikhv, PA. oeA. 109).

Hagarijpymz. "Otav 6 payuntikéy mediov Sév sivan dpoyevés, TéTe T paryvnTikov iToAov Ugi-
oToTan kTS Tiis pondis TepioTRofs Tou Kal SUveuiv  peTakwolcav aUTS, Adyew TTS dvicodTnTos TGV
mi TV Téhwy Tou dokoupéuey Buvdpewy - m B kad m &3 (BA. ox. 76).

II" Ol TEZZAPEZ KBANTIKOI APIOMOI*

52. 'O mpdivog xPavtindg &pifudg n. Els 1o mponyolpevoy Kep&haiov
Boutv ToU &Tdpoy Tol UBpoydvoy, ouuhves Tpos THY &ToUIKAY fewpiav ToU Bohr.
Zuupoovws Tpds TV pnxavikiy owdikny Tod Bohr, x&8e émTpemopéun Tpox1& YapaxTnpileTal
0 tva abfovTa axépoiov dpiBudy Tafews Tis Tpox1ds. ‘O &p1Buds s (ovuBoMildpevos pé n) kohei-
T, Qs eidopev, kiplos kBavTikGg dpiBuos  kal 8§ alToU EapTdTan i TR THS tvepyeias, f| &moBiSo-

wévn els EkaoTy Tpoxicv (BA. éficwow 6, oeh. 96).
53. 0 debrepog xPavrindg dobuds 1. Thv Bewopiav ToT Bohr qveTTTugey &pydTepov (1915)
; g ; & A, Sommerfeld (Zépueppeivt), bomis Becopnosy

wploauey THY

els 76 TAavnTiKOV UTBarypa ToU drduou ToU USpo-
yovou QuTi  KUKAIKGY TpOX1®Y, EAAEITTIKES
TolalTas. Twpa Opws Biv siven Buvardy TO oxfua
TS TPox1&s va E§opTdTan &wo fva povov xPavTikdv
apifudy, dhh& dmaitolvtan BUo ToloUTor Tpds kado-
pIcUGY Tow.

Mp&ypar, v pas 5087 &mi Tapadeiypor To éu-
BaBov évds kUkhou | f Trepigéperd  Tou, Buvdpeba
duéows v ypdywpey Tov duTigToryov kUkAov, Oftw
& tmeaveiav .. 600 cm? Eopev kUkAov  dxTivos
/600 . : = = ;
[; cm. "AvTioTolYws, &v TO wiikos THs Trepipepeias
TOoU KUKAou given 600 cin, ToTe f dxTis Tns & eiven
600/21 cm. "Otav duws TpdkerTan Trept #AAsiyews, 7
fmgdveia 600 cm?  8iv Spiler TAV ENAeigiv, Si16m
Tpos ToUTo tivan dmapaiTnTes ) yvdois &Uo oTori-
xelcov T EAAciyews, fiTol TpooéTt TO ufixos ToU Evds
Ty 8o Amafdveov Tns a kai b. Fevikeotepov, &v

tv Exoopevy BUc Bedopéva, i EAAelyis Bév oyeBrdleTon
2 (EuPodov EAAsiwews =r-a - b).

ARNOLD SOMMERFELD ( 1868 - 1951) ‘Errions f TaxuTns 100 fAektpoviou, Sioypdgov-

Tos EAAEITITIKNV TPoX1&v, pé ToV EAkovTa avuTd Trupfva

reipevov els piov TGV fomidv Trg, Bév slvon oTafepd, SAA&  yiveten  peyioTn eis TO mepifiAtov ki

Aeyiomn eis 10 &onhios. Tlpogitt 7 Tayimng xai 1) Spun Sév eivan TavToTe K&beTol Emi TRV Emi-

Bamiknv &kTiva r (oy. 78).
Noyw Tév owlnkdv abrdv Tis kivioews (Tapafaie vouous Tol Kepler Si& tous wAaviTas),
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A TaxuTns xai ouveTtdds 1) dppf dvalveTon els Blo ouvigTwaas, uicv k&deTov dmi TRV dxTiva Kai piav
1) ém1BaTixn

KT THV TPOKTactY THs GrTivos. Mdvov eis TO dorihiov xai TepiiAiov ) TaylTns Kai
dxTis r elvon kafetor peToby
Tow, 6Tws STav Exwpev  Kivn-
ow & Tep1gepeias kUKAoOU.

EE &Adhou 1) pdla Tou
fAexTpoviov B&v pével oTadepa
ka®’ SAnv TAv Sixdpounv Tou
&l s dAAeiwews, 816T1 peta-
PéAReTon dvaAdyws Tis Ex&-
oToTE TaXUTNToS, #vdd KaTa
TRV igoTaxf KUKAIKNV  Kivn-
cw, f oTafep& TayxUTns dpifer
kai oTabepdv THV palav. o~ " W

‘O Sommerjeld Buge T Zyx. 78, Eiisra) Tooyud jicaraorion
TpéPAnua Tiis évepyelas ToU
fAexTpoviou kaT& THV kivnoiv Tou émi EAAaTTIK@V TpoXidv, Bi& Tis sioaywyfis dUo xBavTikdv dpi-
pddv, TOU yvwaToU &mwd Thv Bewpiav TolU Bohr kupiov kPavtikol &mbuol n xai fvds BiutepsovTos
&piBuol k ToioUTou, doTe & Adyos T@v fiumagovwy Tis ehheiyews a/b v& loolten pé tov Adyov T@v

> Oppui

TTE DALy M I o D Agridien

xPavTik®y dpifudv n/k. A
‘O &p18uos k dvteraTeoTain dpydTepov, QMO TOV KATA povdda HIkpdTepov BeuTepsUovTa xPavTi-
kov apibpov 1, Biémi ) Sx Tiis Kuparounyavikis Avols Tol TTpoPAnpaTos dmebwoey  droTeAfouaTa
ovppwvolvTa kaAUTepov TTpds T TelpapaTikG SeBopéva.
‘0 BeuTsosUwv xBavTikds dmBuds | Slvaral v& AdPn Tds Tiwas n — 1, n—2,...,0, &d 6 k Adu-
Bave Ta&s Tipas n, n— 1,...,1, dmroxAsiopsvou ToU 0.
g 81611 ToTE ) EAAEpis B& KamEAnyev gls edfeiov  ypau-
pnv. Aix k= n TpoxUTITEl Tpopovdds KUKAOS.
‘O dpifuds 1 dvagépeTon kupies els THy oTpogop-
pfv 1 ToU AAekTpoviou, TAV dmoilav §& kahoUpey doz-
Efs TpoXlakfAv oTpogopufv, Bi6TI Tpo-
¢pyeTen & THs Tepipopds Tou Trepl Tov Tupfiva (oX.
79). To upérpov alriig eivan
= h
& st 2w
fvBa 1 O BeuTepslowov KPavTikOs dp1ducs.
‘H oTpogopun Trapauével oTadepd gis TV xivnow
Tolrnv, 51971 vol piv peTaPdhdeTan fi TayuTns Tod
fiAexTpovioy, ARG peTaPdiAeTon duTioToi¥ws xai

Zx. 79. Tpoywuxy otoogopun ijkextgoriov
meguaTREGOUEYOY TEQl TOV Tvgipa  dTopev
TGS,

&xris, DoTE TEAIK®S 7| CTPOPOPUT, s YIVOuEvoy THS kaBirou ouvigTdans Tis Opufs dmi TV dxTiva,
pdval oTafep&. AUTHYV Aoiov THy oTadepdy STPOOpHY TRV tEiocovopsy Tpds | popas TV uovdda
Spdoscws h/2T.

‘H xukhikfy Tpoxi&, ATis xoar& Sommerfeld Epepe TGS tuBeifers k=n, Twpa 93 ocuuPoriod]
I=n—1, w.x. & n =3, « Tpoxiai ouppoAifovTan &5 dxohoUBug

e p Y
3z 3; 3y (KupaTounyavikn)
33 32 3 (Sommerleld)

‘Etropévios &vTi TRl TTaAQIOTEPOV, KaTd Bolir, was povov Tpoxids, 0Tw Tiig TpiTns, TO fAeKTPo .
viov &xs1 Tpeis SuvaTdTnTas Kivligews, siTe il ToU xUrAov 3,7 Tiis ENAeipews 3y, | Tis TAéow Exkév.

Tpou EAAsiyews 39 (ox. 80 xai 81).
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Mg n =2 94 Eywpev BUo BuvardTnTes Kwhgews, eiTe imi Tol xixAou 24, eite Emi TR EA-

o
Zy. 80, Tooywi TOU 1iextoo- Zy. 81, Tozaovllétnow bz 7062 THr Tv0ijra Tow
riov Toi aropor Tot Cdooyarov, TOOXUO TOD fAcxToorion ToD drouor Tob Fdoo-
Sdan =3, yévou, die o= 3.

Aeiypews 2y, @ Bid n=1 B& Exwuev xiviow pdvov Emi &vds  xUkAou (oy. 82).
2 'OpfdTepov TEAW elven va Adywouev &Ti O -
1 AexTpoviov QuTi Wwds fvepysiaxiis oTBuns Exel TOA-

2o A&s wAnoiov SAANAwY kepévas (AeTTh Y oR)

@ xal yevik@s dvTi TTis povadikfs xord Bohr vie-
oTiis oT&bung, Exet n fvepyeiaxds oTdBpag,  wel-

n=1 n=2 pivas mAnciov dAAfAcv  els THY  meployxfv TS

Tadads (ox. 83). Tlpémer 8 v& &mogelywusy v&

cvagepwopeda eis oynpaTe, 16T wdvov ko Tpoo-

EYY10W &vTamokpivovTan &ls T& melpapaTikg  Be-
Souéva.

Zy. 82, Tooyui 100 jlexTo0rion 100 drduov
107 tdooydror () dui n=1, () dui n

“’Evépxenu g T eloaywyfis ToU
J

Seutépov  xPavTikolU &pifiuo

/ Enynénoav  moAAoi  Asmro-
Bohr L2l pepetet TR Upfls Thv  ea-
N=E—_— 32
34
3o

CUOTIKGDY Ypaupdy, Téoov elg
THY TEpiTTwaw ToU USpoyod-

vov &oov Kal TV &Tdpwy uw
TEPITTOTEPD TIAEKTPOVICL.

b

AvakepohxiolvTes T &-

vwTEpw  duagépopsy &1, af
?1:2 Bohr tvepysiokal oTabpon Tod ¥
2 Tpoviov, dnAadn af Tipal dvep-

yelas Tas Stroias elvan Suva-
TOV v&x AdPn Bva fjAexTpoviov
tvTds Tol ywpov ToU &rouov,
kaBopifovTtal A8 &
N=3 pov, &16T1 eis THv dvTioT

Zy 83, rmizardotams Tz zava Bohr ordlps éveorelas

AL TOUEY TOIORTO, WTIGTOL U
xiag), 1=1 (&

or el Tac Toeytas wi |
yic) zal 1=0 (Erdeqpns). "H ordlpy pé n=2 dr- oirédv XPTTIHOTIOIETTaL
roliotaria die do cralipndn évepyeiag (Tooyiai pé 1=1 xai 1=0). pévov & kipios xPavTixds

p19uos n (BA. £fiowow
3AAG Biopoppoltal vios Gpos TEpLéXmY Kad Tov BeuTepetovTa xBowTixéy dpiudv .

tliowov ebpéosws TV
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54. "0 teitog »Pavtindg &pbBuég. Mi Thv eloaywyhv Tol Sevtipou xPavtikol &piuol I,
ToU xoBopilo vTos TO PETPOV TiiS TPOXIOKils oTpogopufis, ToAhd gawdpsva elpov Thy Eppnveiav Twy,

SAN GpKeTE TEIPQHOTIKG @aouaTika idiws Sedouéva, @

Strwas 1 St
oTn SuvaTdy va Epumveulolv, Tapd TNV YXPTOIHO-
Troino Tév KPovTikGY Gpifudy n kol L

To 1925 ol Goudsniit xai Uhlenbeck (Izoctvrowr

1] KiTpive ypapun ToU vaTpiov, Bty korté-

zal Oiferp=ex ) Empérevay v &mobodf) els 1o AAsx-
Tpoviov kol i8ia Trepl afova mepioTpogn (oy. 84),
C‘:,'O.IIS n i TE'O“?T::EC-)OL“ n '):‘\;pm e H?\’?V Zx. 84, T ficatoivor zwvolperoy Téps 10D
OTPEQETAl GUYXPOVM™S Kal Tepl TOV EowTdv Ths (G avoiros wlryrat xul iy megioTooply el
STPQEPCS)- vt OLEQOMETOY Ot ToD %ErToon Tov.
H iBia o TpoUmoféTer iSiav
bdmolov 5461 TO Svopa spin (omiy), TO BE pétpov oty fméln
icov pos 1/2- /2w 1§
h

3 S =

2T

omou & & xBavrixds dotduds tod omiv,

T ‘O xPavTikos Gpidpds s B&v peTaPdh-

j AeTaa Smews & n A & 1, &K slvan Tév-

ToTe foos Tpes 12, ¢g” doov xapaxTnpifel

cUTé  TeUTo TO fAekTpodviov, Sve§opTi-

- Tws ToU Ti €idous epigopay ExTeAel Trepi
ToV Tupfjva.

"QoTe 7O HAekTpduiov KaTd THV Kivn-
oiv Tou Tept TOV Trupiiva Exel Buc GTpogep-
wés, piov Tpoylaxny, fonv mpos 1. h/2w
ki piaw i8iav Trepl Tov tautédy Tov, fony

pds s - h/2m. "Apa TeAikds 6& mpokiwn
1 pic  cuvioTapévn oTpogoppn, fTol fva

€+S

Moy

Jj

cuvioTapevov Bidvuoua j =1 t 8, dvadd-

yes Tol av TO omiv elvan TapdAAniov f

T dvTiTapdAAnAoy  TROS  THV  TpOXIaKMV

oTpogopuny (ox. 83). ©& eivan
h

f={1 s} 5 =j»

Zoss

‘0O GuTigToiyos kPavTikes &pi@uos j

xolelTal dowrTeoixnds xPfarvrinds doidudg
kol SecopeiTan S Toitog xfertinds doid-

Zy. 85, "H cvwrictapéry otoogoomi ERTOOVIOD [1E

1 = I ddvarar va A Horoy O nds, gxotaas j=3/2 B
i AT L o AL o o Tf\!“.. €40 io J B 1ds.
L e o o2 P
Ak ] =25, v Gl ey B e ad e Katémv ToUTtou, &piletan § évépysic
TOOCUYATOAIGROT TIo TOOyiwxls »ai Ths (0lus OToo- e e . c
000U VAL 1L} 7 QO IUAGS RUL TF] Otug GTO tvds AhexTpoviou dwdum  kaAUTEpov, v

FOOHI]S TOT 1j/exTOOVIOD. yveopifwuey Tous Tpeis kBavTivoUs &piBuols
n, 1, j. 'O mwpéitos &pilet THY TeproyAv

TeEpov, Kal O TPITOS ETt AeTTo-

nv éT1 dvehdycos ToU 1 - s ) 1—§, SnAcdt) dvehdyws Tijs
Qopuiis s TTpes T¢ omiv, Exopev TOAU
v XpTioy povoy Tév kPoavTikGv
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55. ‘O tétuprog xPavtixdg &plbpog mal To uivépevov Zeeman. “Hon Exopev epi-
ypdye Thy onpagiov TPy KPavTikédy &piBuddy, Tdv n, 1 kai j, piver 82 va EfeTdowpey Trolot Ad-
yoi #EmpPdAhouy Thy eloaywynv kol TetépTou kPavtixol &piBuol, &TTdTE 7 EUEPYEIGKT KATEOTOO IS
fihexTpoviou Tivds tvTds ToU dropkol ywpou dpifeTan kaTa TOV AETTTOHEpEOTATOV SUVATOV TpodTOV,
&md 4 xPavTikoUs dpiBpous.

Bohr
n=3
Bohr
n=2 B i Y
zf‘“—“—z,i. 1/2
Zogm—— —— — 2.0, 1/2

Zy. 86, “Exdovy ordbpy pé (o) 0 =3 xal dveectoizos | =2

l=1,1=0 xzal (8) n =2 xal
#iz Ovo diiac ordBuas. Ai or dOpae
yié 1= 0 aapapivovy dmiai, didre O avras elva movoy j =1/2.

avrigroiywe 1 =1, 1= 0, dwwondrac pé tiy eloayoygy o0 oaiv

‘0 xipiog Adyos Si& i eloarywyny ToU TeTdpTou xPavTiked &piBuol, 7 dAAcs Tol HayrTLROT
xPaveixod dorduod m, Umiipfev A Eppnueic ToU pasvouévov Zeeman (Zéepar).

‘0 ‘OMavdeés Zeeman mapetipnoer (1896), 6T ol gaopaTikai Ypaupai TdY oToryeiwy, dTav
f mapdyousx aiTds guoTawd YN elpioketan’ fvTosTpayvnTikod TeSioy, SiaoTrédvTat els TToARTTA&S
YPauuds kai 81 mohwpévas.

Obrw ékdotn ypauph yiveton Tpimdf, 7| 88 peoaia ypoupd Tis Tp1&Bos TadTns iEakoAoudel
Exovoa Tiv ouyvéTnTa Tis &pxikiis, SnAabn Tis éxTds meSiou YPOUUTS.

‘H Bidomaois adrn Tév ypapudy Slvatan vé eEnyndi pé THv EmiSpaoiv poyvnTikol Teblou &l
TohavTevopivoy  ficxtpoviou, Aol kata ThHv KAacowhv Quoikiv, fTis Siv TTapadéxetal Tpox1as
TEpL TUpTjva.

’Ev TouTois eis mhsioTas TEPITITWIOES af pacpaTikal ypappal Sieoré@uvTo el TeTpdBas i EEadas:
Tedeleos dvefnynTous kera THY Khaoowhy Quoikiy, To « dvduadov » TolUto gavdpevor Zeeman eUpe
T épunueiav Tou pé THY eloaywy v Tol TeTdpTou KPavTikoU &pibuol mj dmou j & éowTepikds KPav-
TiKds &piBuos foos Tpos TO 1 + s.

TS Ahextpdviov, kivoupevoy & Tis Tpoy1ds Tov, yapaxkTnpiletal, dos QVEPEPTIUEY TTPOT)YOUHEV S,
amé e BlavuouaTixa peyedn, THy Tpoxiakiy oTpogoppv Tou [ =1 - h /27 kai TO omivs =5 - h/27r.

Eis Tés BUo atrrés oTpogoppds dvTioTokeUv of kBavTikol &pifuoi | kai s kad Eweidh Té omiv Slvartan
vé& givan opcAnicy f| dvTimapdAAniov Trpds THY TROXIGKAY oTROPOpURY, ETETn 8T1 1) guvoikn oTpo-
Popun (| ouwicTauévn oTpopopun), B& BiémeTa, s Gvepépausy TrpoTyoUpEvas, &ITO TOV KPavTIKOV
Gpiudy j=1-sf j=1—s (PA ox. 85).

"ANAE TO fiAexTpovIoV HE TOS TEPIOTPORGS Tou cUTas dugavidel poyvnTikas iB16TnTas kKal kaTa
ouvemeiay B Empemrey EvTOS payvnTIkol Tebiou v& TpooavaTtohifetal karahAfAws kod &7 pE TO &i-
meBov Ts TpoxIds Tov k&BeTov i Tas Suvapikas ypauuds, o #av fiTo | Tpoyia TAaicidv Tt Siappedis-
vov UTd peuparos, UTrokeipevov els feUyos Suvdpewy.

To fAekTpoviow Oucos Bev sivan GrivTov T1 owoparTiBiov, oUTe f Tpox1d Tou eivan ouppdTIvoY TAiGToV
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kal glval yvwoTov &k Tiis Mnyovikiis 611, mepioTpepducvor adpa, Utrokeinevov els felryos Suvdpewv(po-
TAv), Sév UtrakoUs els clrd, SAN &vTiSpd KaTd TpéTov BoTe v& Tapousiaodij véa kivnals, f) peTa-
Trwols. O0Tw, oTpdPos (yupookdmiov) TeploTpepodpevos, dgiéuevos il Tpamélng ué Tov &fovd Tou
TAayiws dx Tpds THY kaTaxdpupov, dpyilel v Siaypden kwuikhy émpdveey (oy. 87), dvd &v fite

GkivnTos, TPoavd, Adyw &
Tfs pomrfis ToU Pépous Tou m=z
s Tpos TO onueiov oTnpi-
Sews, 8& EmiTrTev Auécws. 3
Kat dveoyiavw Aormdy, =S
7| OAIKT) gTpogopun j ToU
fhekTpoviou B8& dpyion v& 1
EKTEAT] LETQTTTGTIKNV  Kivn- TITJ':i
g, Tp&yux OmEp onuaivel B
kal duTtioTorkov év TH xopw o
Alkvicy  ToU émimédov  THis @:“2-
TpoxX18s ToU TJAeKTpoviou.
OUTw éugavifeTar  véa miesd
fVEPYEIOKT] KOTGOTaAOIS, 1) &- J5 2
molx  apTé&Ton dmwe TRV
7 i A KAiow, BnA. Ty ywviav ThHv i
Zy. 87. Yao vy éxidpuow émoiav oynuaTiger § ouwt- JT2

Tijc ooais Tob fdpovs Tov ¢z O TXHEVT) OTPOQOPUN @S TPIS  Fy, 88, 'Emtgenducvar  mgofoiai

noos T ayueiov crnplfewms ¢ TNV SVTAOIV TOU PEYVATIKOU  1y- Glixije orgopoguils § Adye =flur-
megioToEgipevos oTdflos éxre-  TTEDIOU Tiicews devbivaewy. Tipal Tod m
JET pETURTWTEY H{vno. Emain # Sk owpo- o 1=2xzals =+ 1/2.

oput| SimweTan UTO KPavTi-

kol &p18pol, Tol j, Bév Slvaran B8 vé AéPn olaobnmoTe Tinds, Tapd povov kot dxépalov TOMAQTAG-
olov ToU h/2 m Biagpepovoas, fmetan &Ti TO fHAexTpéviov dvTds Tol dropikol ouyxpoTriuaTos Giv
SUvaton va Exn Tuxouons xAioews Tpoyids, s Tpds mpoeSdpyouody Tva Bielduvow, Tap& Gpopé-
vas povov kiiosis (xPavtwois SievBivoswy TS j).

Kardmy 1év dvwTépw ) SAKY oTpopopun Suvara va £xn Toiairas kAioels, GoTe f mpoPoAn
Tns kaT& ThHY Sievbuvorv T fvtdoews ToU payvnTikol mediou va AdPn wévov dpiopévas Tipds foas
TRdS

h

mj -5

fvic m;  eival 6 maywynrixds xPavrixes decPuds tic Slixijs orgopoguis, Gewpoluevos dx
térapros xfartixds dpotPuds.

‘O &pifpds oUtos AcuPdver Tas Tipds j, j—1, j—2,.., 1/2,—1/2..,—(j—1),—]. “Emo-
péves af Suvatad Tipad THs TpoPoAfis Ths SAKMS crrpccpuppng keTd THY Swedbuvo Tis dvTdoews Tou
Tebiov 8& eivan gite j-h/2m, efte j—1, j—2,.., + 1/2,—1/2,...,— (j—1),—j-h/2 m, dnhaby

v 8Aw 2 (21--1) Tipai. Obrw, 8i& j=I1+s5, us Tiuds fotee 1 =2 kai SmwodnmoTe 8 = 1/2 Ba
Eqwpsv SUo BwvaTédTnTas THS §, fiTor j =5/2 kal j =3/2.

Ex pév Tiis mpddTns Tipfs ToU &pibuol j TpokimToww ai Tiped T&v mpoPoAddv Tis j xal Tob
dvmioToixou poyvnTikoU &puol m;, fitor: 5/2, 3/2, 1/2,—1/2,—3/2,—5/2, & 8\ 6

(ox. 88).
*AvrioToiyws, £k THs SsuTipas Suvartfis Tisfis Tis | mpoxUmTouy 4 Tiad Tob my, ToU TETapTOU
KBavTixoU &piBpol (ol &Ahor Tpets eivea n, 1, j), fitor: 3/2, 1/2, —1/2, —3/2 (oy. 89). Fevixdv au-

vohov 10, fitor 2- (21 4+ 1)-

Auvdusfa Suws va dyvonowpey TOv E0wTEPIKOV KPovTikdy &pifuov j Kai va dxoAoulricwusy Tag
£67s oxéwers. AexdpsBa &1 A TpoxiaKn oTROPOPHT Kai TO oTiv Biv Exouv petadl Twv loyupay ouleubly
ki Bév BiSouv guvicTauévnv SMKAY GTPOGOPUTIV.

8
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*Emropéveos T& SUo Srevlopara 1 kai 8 Spolv dvefapTiiTws GAAAALY Kai s £k ToUTou Bid piv 16 1
6 Exewpev  EmiTpeTropévas
ﬂyﬁgr—-.\ KAlgglg TolonUTas, GOTE 1)
TrpoPoAf| Tov G Trpods
Thv Tpoefdpyouoay  Bieu-
Buvar (r.x. THv EvTaov Tol
weryvnTikol Tediov) vi Exn
Tas Tipds my =1, 1—1,...,
,0,—1,..,—(—1),—L B
Oltw  Bix =k
m=21,0 —1, —2
(ox. 90), ATor (21 4+ 1)
TIRGs ToU poryvnTikoU KPav- J
3 TixoU &pibuct my. —
2 Tpé&yuamn, &tav &to- mg =-2 L—”’
Zy. 89, Enpendpevan apofio- pov T elpeliy duTds poyvn-
Jai Tiic Glwajc  orgogepuic i, TikoG mebiov (ox. 91), TO Zx. 90.
Abye  xfavtdoens dievfivaemy. trrimebov ThHs Tpoy1&s  A- iai Tol  Swwdepates; 1, Adyw
Tipal 1o6 mj, G 1 =2 zai  AexTpoviou TWOs EXovTOs  wfwrtdiarwms
s =-—1/2. 1=2, ©6nAh. Tpoyiaxkhy
oTpogopuiiv =2 - h/2m,
BuvaTen va AdPn pdvov éxeivas Tas KAiges, ds mpds ThHy Bievbuvaiy Tou TreBiou,

*Earpendpsvar mpoflo-

Seevfdvoewr.  Tal
Tob my, da l = 2.

i1 Tas oTroias T
TpoPoAn ToU SiavicpaTes 1 i Te
mebiov glven @ «) 2. h/2 . Eig v
TepiTToWw alThv 84 efven m) = -2,
70 tmimeBov THs Tpoy1ds xé&beTov Emi
Ty B kal T 1 ropdAAniov TTpods
oy, B) 1-h/21. Els tov mpoo-
auaTohicudy  aldTdv  duTigTorXoUv

8 } B B

m] = - 1, yowvia 300 petafl TOU
fmmébou TRis Tpoyids kai ToU c%,
v) 0-h/2w. *Ométe mp =0, T
Emimedov TTi§ TpoxX1&s TaPEAATAOY,TO
1 k&Betov &mi THY ch, 8)—1.h/2m,
fiTorm = — 1, yowvia émmédov kai
751 fon pds — 300, ) — 2. h/2m,
fitor ) = — 2, 76 émimebov T

Tpox18s ké&BeTov e THY I3, TO Bidwu-
opa 1 dvmimapdAAnAoy Tpds Thy 3.

"Ocov &eop& T6 omiv, imadh
Tiun Tov givan 1/2 - h/2 m, dév Exer
1 i) Tap& pévov BUo TrpoPoAds, Bixge-
poloas kaT& THv povdda h/2 m, dpa

S HayvnTikOs &p1fuos ToU oTTiv eivan

mg=--1/2%—1/2 (ox. 92).
oL ; 5 W e - ZuvBudlovTes T (21 -1 &
Zy. 81, Lrmgeniusror agocwraroliGpol  evTos papviptioed = 5 mS! ;( _l any ‘:rl;,ur“g
4 g, = " ’ \ \ T O
aedlov Tije Toozds Niexrpoviov ué devteostorta zfavTizov O,U ”UYYQT]KO}:’ Spey mj :(0:1 Tuf
i o . 8o Tinas ToU peryvnTikoU &pifuou

Mg KATGANYOpEY &y els THv ToA-
hamAdtnTa 2. (21-L1), THY dmrolaw dvedpopev pE Thv ypnoipoToinowy To¥ j kai mj.
Avazepaiaimwo. "Ev oupmepdouaTy, & HAekTpdviov EvTds ToU &TopIkoU XWPOU TrEPypageTal
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TANpws kol UTrohoyileTon kaTd AemTopspéoTepov Tpdmov 1) Evépyeia Tiis oTaBuns Tovu, STav yvopi-
Jwpev 4 &pifpols YapaxTnpioTikoUs Tou, Tous: n, 1, j, ked mj ff ToUs n, 1, m) xai ms. E§ alrésv
a) & Tpé&Tos xPavTikds &pifucs n pds opifer TRV Treploxhv vepysias Strov 1

eUpio keTal TO NAekTpdviov. B) ‘O Seltepos kPovTikds &piBuos 1, Suvdpe- ms:+i S
vos w& AGPn Tas Twas n—1, n—2, ..., 0, kobopiler &m1 Aemrropepé- )
oTepov THY Tipfv Tiis évepyelas. y) ‘O Tpitos kPoavTikds dpifuds | pés 1
Breukpivifel dkopn xaAUTepov THY EVEPYEICKNY KOTAGTaOW, S10TI AcuPd- /
veTar U Owiv kal 1) Sia@opd — éoTw kal uikpd — évepyeias, fiTis OpsileTan
els THy mpoobeov fi deaipeoiv Tiis idias oTpopopufis (omiv) Tol HAex-
Tpoviov els TV TpoxiGkNv oTpogopunv (OAxT) oTpogopuny j=1-8 Zy. 92, *Evtdc payv-
i=1-—s). 8) Tehos, O TéTapTos KPavTikes &p1Buds mj pds Gider piav év TiaE et T o
T3 Ywpw Bfow Tis Tpoxi&s Tol NAextpoviou xai THY dvtigTorxov KAGW oo e 248y udvor
TTis ouvioTapévns oTpogopufls, fiTis B& dpxion va ikTed] peTaTTTWTIKNY So  meosavaroliouots:

wjl

klvnow &tav Exwpey poryvnTikoy TeSiov. «) magdlinlor (ms=

‘ ’.f’\vc?\c':y‘rcos, f:'ru Xpnmluo-.rowfcm'usu (13 -:.-pi‘ronl xal TéT(xpT()‘V KIECWT‘I' 4 1/2) zai §) dvoina-
kous dpifuous ToUs mi kai 1ns 8& Aéycwpev : O TpiTos kPavTikds &p1Ouds odAintor (ms=— 1/2)
m) pds opiler THv Béaw s TRo)I&s Of Tpods TpoeEdpyousdy Tiva Bied- 065 O mediov.

fuvov kal THY KAlow s Tpds auThv Tis Tpoxiakfs oTpogopuiis 1. Té-

Aog, & TETapTos kPavTikds dp1fuds 1ns dmodibetan eis Tous BUo Suvarols TposavaToMTROUs Tod
aTriv, Tous BlagépovTas kaTd Tipny piav povada /2, fitor ms = - 1/2, dvngroiyobvTos e Ty
Ty s = - 1/2. h/2 w f§ ms = — 1/2, dvmioToryobvros eis Thy Twiv s = — 1/2- h/2 =

IA* TO IIEPIOAIKON ZYZTHMA TQN ZTOIXEIQN
KAI H ATNTATOPEYTIKH APXH TOY PAULI

56. To mepioduxdv ocvommua Mendelejew. Taxnuixéds kafopd oToiyeia, T& dmolx &md Tis
gmoxfis ToU Laveisier (Aafovalié) xai 70U Dalton eixov dmopovedfi xal tpeuvnffi, nifavow kor’ dpd-
pov ué Ty TdpoBov ToU ypdveu kai fipxioe va TapousideTon 1) &vdykn Tafouroeds Teov, SiéTt
TOAAG ¢§ alT@v cuuTepregépovTo kafl’ Guoloy TpoTTOV, MF Tr.X. TO VaTpIoV Kai TO K&NoV, T &apéoTiov
xal Pépiov K.0.K.

A& v tpunveuBolv od 1810TnTes almen, &yéveTo kot dpyds (1815), #) apadoyd 61 Sha T XMuix
oToiysia &oTeAoUvTan Gd GTopa, T OToix elven cuocwpsUosls &Téuwy USpoydvoy, Tol &rduou
TouTov Beopoupivou s Baoikol — Bepshiwdous — cwpamibiou Tol kéopou (kAngévTos Tp w O UA T, i
7ol mpd@Tos kal UAN). *H Umrdeots alitn sixe kot dpxds ueydAny miTuyioy, S16T TOAAG &Touikd Pépn
TpeodiopiolivTa dmod Tov Dalton Biv deioTavTo TOAU T@V drepaicv &pifudv (51 T UBpoydvov
eixe Tebfi alBonpiTaos dromkov Pépos = 1). "Ev ouveyela, Spcs, dxpiBéoTepan peTprioes ESwoav Tiuds
Biagepovoas & Tous dxepaious dpifucls kal oUTw f Umrdleors alTn éykaTeheiphn.

NMapa TalTe ToAA& oTorysia, kaiTol YoapaxTnpifoueve dmd &roukd Béprn, uf Exovra dptoptvny
oxtow peTalU Twy, OTws T& oTorkeia gldprov (19,00), xAdpiov (35,45), Boduwiov (79,92) kai iwsiov
(126,91), mopoucidiouv dvardyous xnuikés 1&1dTnTas, dvd al guoikai Ty B1dTNTEs TS Kavovikés
owvliikas elvan Sidgopot. OUTw T& Sl TpéTa siven dépia, T Bpwutov eivar Uypdv kad T idbiov elkdhws
£y volpsvoy oTepedy.

Kar& 16 1829 SiemioTdn 6T els xafe « olkoyéveiow » &moTeAoupévny &md XMUIk& oToiyeia duva-
Aoywv IBoTriTev, Eva gToiyeiov Exel dTopkdy Bdpos mepitrou Toov wpods TO Amdbpoiouc TEV AToIKEGY
Popdv dUo &AAwv oToixeiwv Tfs olkoyeveias. TLx. 10 Bpopmov (79,9) Exa dromkdv Bdpos mepiTou
pa TV dTouk®Y Papdy ToU xhwplovu (35,45) kai fwdiou (126,91). KorsPAfsn
Uy oAkol TolcUTon TrEpITTCOES TpiGy oToryelow, dAAd oA af Shoviv

igov Tpos TO Hucdpoio

TéTE TpooTélaia v
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éxpiPéoTepov TrpooBiopifopevan Tiud TEY droukdv Bapdw Biv Ymikousv eis THY dvaloyiav TauTnv
THy omoiav Eémedicokov v yevikeUTouv.

*ApydTepov (1865), ai mpooméBaian Tiis Ta§woproews fipxioav v& oTnpilwvTen émi Tol alfovTos
drowkol Papous kai Tis Gvd 8 oToryelx duoavioews Guaddycwy BioTnTey, s fv €idos pouoikiis KAlpaxos
1t 8 ¢dyyous. "ANAE kai ) Umdlears alrtn Eyxateleipdn, Sidmi Siv AdUvaTo vi dmekTaBi el Sha Ta
XTHIKA gToreia, Topd Hovov &g T& TpdTa Tol Trivaxkos TGV dTouk®dy Bapdv.

‘H dptin) Tomobétrols Tév oTogelwy els Tivaka, UmoBskviovTa meploBikéTnTas, Snhadh els Twi-
voka @épovTa oThAas kai otipds, GoTe els Tas xabitous oTAas (8 Tov dpiBudy) vi Exwuev T& dva-
Moy ynuikdy iBioTiTev oToiyeia, OpsiActar eis Tov Pdzov Xnuikdv Mendelejew (Mevreiéyep,
1869) kai oyedov mapoAAiAws els Tov Meppavov L. Mayer (A. Mdyiep).

Karé Tous ypdvous avtous floav yvwoTtd 63 oToixela kol & Mendelejew fipyioe TOv Trivakd Tov
&md Té oToiygiov Aflov, Tapauspicas To Uspoydvov, &5 oTolxelov. E§xipeTIkGY iBioThTwy, T gToryeiov
fikiov, To BeUTepov arjuepov oToIxEToV Tol Trivakos, Tol fiTo &yvwoTov, s dvakaAugSiy TTOAU dpydTepov
(1895). *Agol trpoywpnoe katd 7 oroeia (Aifov, BnpUhiov, Poplov, avbpag, dfwTov, dEuydvov:
99dptov), TomobeTdv auT kot alfov &romkdy Papos, &efike TAv Béow TRs 8ns oTNANs kevny Kai
9eoe TO dpéooas fTduevov oToryEloy, TO v&TpIoY, KéTwley Tol Mibioy, els TV BeuTépay geipdy TS TTPWTNS
oThAns. Ko’ altdv Tov TpdTro SAROTE TpeXwpdV KaTX gfipdv, SiadoyIkds &rd Bioews els Bécwv kol
aMhoTe &rvev kevd T& TeTporywvibia Tod TrivaKoes, 65 dvfikovTa el gToyEla PEANOVTS, KUTE THY Vo=
pnv Tov, vé dvakaiugloly, katdplwosy & Mendelejew vé Ta§wopNoT) TA OTOIKEIX KAT& TOV XpNTI-
poTaTov SuvaTdy TpdTov.

‘H I8 1cnépa dmimuyia Ths Tafwophioms TauTngs ogeiAeTal eis TV TOAUNY ToU Mendelejew va &pnion
kevas Béoes kal v dykaTaoTeipn T& yvwoTd Tou ToTE 63 oToixela els TG TeTpaywvibiax ToU Trivakos
Ui Paov TO alifov dropkdv PBépos xai T dvaddyous ¥nuikds iBoTnTas Tév els xadiTous oThAas
ToTroleTnpévey XNy oToixsiwy, ‘O Mendelejery Trposime kai Tés 810N Tas TOAAGDY oTOKElWY, TV
dmroicwv f Bois eis 1O TepioBikdy oUoTnpa fiTo KevT) kel THY EToex v Tou. OUTe eis THY TépTTIY oTHANY,
kérwley TEV yveoTdV oTorxEwv &vlpaxos, TupiTiov kai &volev ToU kaootTépoy, peTal 8t TGV Eions
yvwaTdv Tou oTorxelwy yeuBapylpou kai dpoevikol Tiis 4ns oepds (Tepiodou), mpoifhewe THY
&vak&hugly oTolyeiov Tivds Srep dvduacey EkamrupiTiov. Mvawpilov Tas ii1oTnTas TGOV oToIXEiwy, T&
broia TO TrEpEPaov ik TGV Guo ki KaTw, & Befiddv kal &ploTepdy, &édwaey els ToUTo obévos 4,
BUVGTETNTR OYXNUATIOHOT &TTAGY Spyavikdy évidoewy pé onueiov Ligews 160 0 C, fvdoewy pet& YAcw-
plov onueiwv féosws 90 0C, &romxév Pdpos Tepi TO 72 KA.

Tpéryperri, 10 1887, dvekodlgln 1o oToiyeiov yeppdviov, dropikold Papous 72,6, TO dTroiov oxm-
poider o Biofeibiov GeOo, opyavopetahikiy Evwow Ge(CoHg)y, vé onpelov féoews 160 OC,
¥hoopiBiov GeCly pe onpelov Géoees 83 0C, . ‘H dxpiPeia fito kaTomAnkTikd kai TO TepioSikdy
oUoTnue EmePAndn EktoTe, &pol UtréaTn Siopboels TIvés.

Frpepov & &v xproel Tivag ToU meploBikol cuoThuaTos éxal 8 oThAas Kol piav dvopadouévny pnde-
vikfg TéEews, fims TEpAaUBavel T& XMmk®s &Bpavi] oToixelx, Ta evyevd] &épia fjAlov, véov, dpyodv,
KkpuTTTOV, Etvov kol padoviov. AtcnpeiTan émions épilovTics els 7 Trepiddous. “ExdoTn oThAn fi kal mepiobos
BUveton v& UmoBapiiTan gl 2 Tunporta. Eis fkaoov &k TGV oymuoTibopéveoy TeTpaywwiBicov UTrdpyet
ouvnfws Bv oToyeiov. Eis Ta TeTpaywvibia THis 8ns oTnAns Umdpyxouv &vd 3 gToryeix, sis To 57ov
duaypdgovtar 15 oToryeio kafids xai eis 0 8%ov. ‘H Tomobérnaots altn TToAAGY oToixeiwy eis ThHY av-
v Béo OgeileTan el TAs TOAU Spoias ynuikas iB16TNTag TGV év Adyw oTorxeiwv (PA. KaTwWTERW).

‘1Biartépas Suws oTroubcadTnTos elvan fi dvaoTpogh Tiis avfolons Tipfis TV dTomkdy Papdv,
fi émola TapernpeiTan €is 4 MepiTrT@CES Kai dveu TTs Ecupéosws ToTns A TEp10SiKéTNS TOU OUGTA-
portes KaraoTpieeTan. TolTo Umfipev v dmiyelpnua els 10 va wabon) v BiBeTan SepeMicdBns onuacia
gig THY Tiunv Tol dropikol Bapous xai va xuplapynoTn & dképaios oy &pifuds Tiis Tagivounaews,
& drropikds &p1bpds Z Toll aToiyeiou. Al Téooapes dvaotpogal eivon al dxdhouor : dpyov-xdiov, koPdh-
Tiov-vikéAiov, TehAouptov-ihEiov, kai Bdprov-TrpeoTectiviov. Al dvaoTpogal dvagépovTal gls T& TPATH
88 oroiyela Tiis puoews, T& yvwoTd pd Tol 1940, *O mivag téTe meprehduPovey 92 Béoeis, E§ dv al 4
foav keval () 431, 61n, 85n, kai 87n). Efuepov (1959) Exopev 102 féoers, B16T1 SX1 MOVOV KATEOKEUG-
fnoov TeXvnTaS T& 4 EAAeimovTa oToryel, dAAG kad 10 &wi TAdov, doTe cuvolikdds va SiadéTpsv 102
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oToiyeia. 'ExTos Tiis KAQOOIKis uopeis ToUlmivoxos pé Tas 8 kai ThHy unBevikiy oTihas Exopsy xai
&Mhas TroAAds, &Treos 1) dvemrTuypévn el 18 oThAas, f) Eukoedhs ki,

57+. "Apy¥ Tolb Pauli. Eis 16 mponycupevoy kepdAaior éyvepioauey Tous 4 xBavTikous &pr8uols
n, I, m xed ms (A n, L, j, mj ), ToUs yapakTnpifovTas TApws THY Evepyeiakiy KaTAOTAOW TAeK-
Tpoviou TIvos EvTds ToU &TopiKoU GUYKPOTHHATOS.

‘Etroudvess els ixaoTov éx T@v Z AAexTpovicov Tol &roucu grorygiou Tivds Bk fBuvapela va diro-
Sasowyey plav TeTpdda kPavTikdy &piBudy Kai oUTw v yvwpicwyey Thv EvepYEIGKi|Y TOV KaTEOTEAY,
site ToUTo eUpiokeTen el TAV xavovikny Tou & TH &rducy Béov, eiTe eUpiokeTan TPOTWPIVES el GAATY
Tvé dvoTipas Evepyeias, Adyew Bieyépoews.

Tabra Suws iv EEnyolv mds 8& Ao SuvarTov va TomoleTnfoly T& AAekTpovia Tepi TOV TUPTVE,
51671 8& fTo mbavdy els TOM& HAekTpOVIC V& &Tro-
owpey THY aUThv #vipyelav, dmoTe O sixwpsy oTi-
B&Bas ut aoiid iextodvia duolug éveoyelac, ToUs ka-
Aoupévous HAEKTPOVIKOUS « photols ». *AvniBiTws, 8& fiTo
Buvarov va eUpeBf] dwd xdle fiexTodviov didy évio-
veta kad oUTw v yvowpifouey Emaxpifds Tept Troiou
exTpoviou Ex&oTOTE TTPOKEITAL,

o o

Eis Thv TeAeuTaiov TepiTITLow f) EVwola « AOISS »
8& fofuaive TepioxTy Tive Tipdv fvepyeias woi Gzt
play xal pdvipy Ty évegyslag (S povov uiav Tpo-
¥1av).

*Hgn, &mo ToU 1898, & I, J. Thomson Umsbecer
571 T HhexTpovix EVTOS ToU &Touov givan TorobeTn-
piva els ouykevTpikds oTiPéBas. *ApydTepov (1914),
tveyveopioBn &m ol ynuikal iBi10TnTes SgeidovTar  eds
Tov TpoTov Tis SiaTdEews TV HAekTpoviwy s THY
tEeoTdTnv TrEploY AV TOU &Tduov, E§ auTiis B8 Trpoip-
xeTon kai TO SpaToév gdoux Tol oToiyEiov. K:rrr~ T
giyousy &pRETE KaANV eikdva THs xaTavouts T
\\‘KTPO‘J[Q}\ eis @AoloUs, Ywpis Spws THY EGU!K"
fkeivny Qpynv. ATis 8& ETETPETE V& KATUGKEUGS COHEY
16 Bhov  HAexTpovikdy TEpiPAnua  &rdpov T,
TpoywpoUvTes & holov eis pAoioy kal ToTrodeToly-

Tes Eva TIPS Eva T& MAsKTpOvia ToU G&Topov eis kabe WOLFGANG PAULI (1701 - 1758)

photdy Kai Tds Tuyov Uobicipioes Tou.
Thv yevikiy TauTny dpxiv Ecwoe 10 1925 & AvoTpiaxkss Quamxes 11 Pauli (Tlaour ), otnpixdis
elg T& péxpl TOTE YVWOTAQ TrElpapaTIKG Bedopiva kal SiaTuTrwaoas aUTHv s dEicopa Tou Mikpokéopou.
‘H doyn) Toi Pauli, 7 &\hos kAnfeioa dmayogevrixy doys, nas Adyer T& Efs: « 1 elvar Ov-

vaToy Tielova TOD v0s HAsxToOWMA Vi xaTézouy SYTOI TOF ATopey TIv AiTh Evegyaiay ZATAGTAGH,

iy yaparrnoilopdrny A6 GOepEY TEToEN G Rty agfudrs
*Etroutvess ls TO EGwTEPIKOV TOU droduovy, &Trov foyvowy af orgusrar Tyl évepyeias, al kahoUpeval

xBavropévar évepyesasal ordduar, k&le AlexTpovioy xaTée piav € aUTdv kol Biokpivetar Ty

&Awv, Bidm1 Biv imiTpémeTan els Blo AAsxTpovia v ebpedodv Umd THv alThv dxpiPds evepyeia.

TouvavTiov Ew ToU drdpou eivar TOAU QUOIKOY V& u'rcco&ow BUo fj xai TepIoToTEPT AAEKTPOVIA
cUTiis Evepyeias. Ou‘rw &y opev ounvn NAexTpoviwy s xvnTikfs dvepyeias A Tis alTiis Suvaikis
SVEPY :mg. Mévov éxsi &mrov Tapadexdueda wv  Evepyeldy, SiakekpIuiveoy GARN-
Acov eV ) TaXUTATOY, dNAadh uévov éxel Swou § v uf ouvexfi peTaBoAny Tijs fvepyeias,
A& THY KaTd dhpora petaPoAdy Trs, & oy ik &pxn ToU Pauli.

Eis 16 oxfipx 93 Exouv aysbiaodf Suo TEOXIA & payvnTikoU Trediov EvTAoEwS B.
Al Tpoxiad glvaa EAAsiyeis ToU aUTol pey&Aou Ka s 6 Xapcx‘mpll;mwm &mo
kﬁc\-‘ﬂxé\' apibudy 1 (foTw 1 =2),

LixpoU

CTUVE

dv alrrov kUpiov kPovTIkdY &piBudy N Kal Tov aUTov SeuT
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Somis kard THY Kuparopnyavikfy kaBopiber 10 pérpov ToU Sravisuatos 1 Tfis Tpoyiaxfs oTpogopuis,
I=1-h/2m (*). Al 800 EAAelpers kaTeydusvon &mo BUo fhexTpovia éyouv iBixs Bioes 2vTds Tol &To-
kol Yepou, TolaUTas, GoTe ai poPolal TRV TPoXIaKGdY GTPoPopUGY G5 TTpds THY Sizbduva Tol T3
v& elven foan Tpds ThHY GeTikiy povéda, -1 (h/2 1 ). ’Extds ToUTou, 5 gaiveTan eis T oxfiua, of
18101 orpogopuad, Té oy, elven TpogavaToMTHéVa ToOUTOTPOTWS GBI T ol TpoPoAal Twv ds Tpds THY

Bievbuvow Tod I3 vi eiver foc Tpds - 1/2, SnAadh - 1/2- (h/2 ).
‘Emropévess T& U0 fidekTpdvia, dunkouy @ @) &is TOv alrov gAoidy, fiTer & n elvan & abTds, B) Exouv
Ty aUThy Tpoylakliv oTpogopuny, fiTor B duodTepa

AB sivon | = 2, y) Exouv Ty obrtiiy TpoPoAiv Tiis oTpogop-
Lo ufis, fitor 81 duedtepx myp =1, &) Exouv THY alThV
TpoPoAfiy Tol oTiv, fiTol &1 dugpdTepa ms = -+ 1/2.

Zvpaéoucpa: Koetd Ttov Pauli 8Uo Towalta fAek-
Tpdvia, @ T& Tol oynuatos 93, Siv slven Buvardy v
guwTtdpfouv Els TO olrro &roupov. *Edw duws TO oTriv
ToU Evdg eiyxe mpoPoAny dvmiTrapdAAniov Tpds THY ToU
&AAov, BnAadh TO fvx eixe mg =4 1/2 kai TO &Aoo
mg = — 1/2, TéTe Blo TowalTan fAexTpoviakal KaTAoTY-
oeis (Tpoyiai) elvar SuvaTdv va cuvuttépouv.

“Apa, k&Be fhexTpdviov EvTds Tol &rouold ¥dpou
Biokpivetan &md T& SAAx Kai Exel dpiopivny EvepyEiakiv
oupTepipopav, Tpels Bt ywwpifovTes Thy TeTpASa TV
KPovTikév Tou &piBuddv, kaBopifopsv TANEWS TO  fAex-
Tpoviov eis To OToiov dvagepouedar.

To dxéhouflov Trapdderypa Tapousidla dvahoyiav
Tpos boa OveQEpapey dvwTépw. “EoTw &TI Tpdkeitan vk
karaeipeor v ExBpopels £ls o18npobpouika Baydvia. *Exo-
pev: &) T ws dpiBuols Tév Paryovicov 1, 11, L1, 1V, xATr.,
P) Ta& Bwpepiouara bvtds EkdoTou Payoviou «o,B,v,5,
Zy. 93, dwi Ty maravéyow Tij; doxfs  wdm., y) Tas 3 Béceis dvtds éxdoTou SiapspiopaTos, Tas
Pauli. M) émmgendpevor va ovvvmdelory  forpaupévas kord THY gopdv (- ) Tis kwiosws Tol
agosavatohouol Tdv TpoyidY Oto jAex-  guppol kal §) Tas 3 Géoeis dvTds ExdoTou BrauspiouaTos,

Toovimy. T&s éoTpaupévas dvmiBéTws ( — ) TPOS THV opav THs

kivijoews. ‘H dpifunos tév Béoewv EvTds éxdoTou Siape-

pioparos yiveton dmd 16 Tap&bupov Tol SiapepiouaTos (No. 1), Emerta épyetan f) pecala Béais (No. 2)
xal Téhos 7| Btows wAnoiov Tiis BUpas Tol Bianepioparos (No. 3).

*Agol ToTrobeTrigwuEy oYX MUaTIKES ToUs EkBpoels Ev TE oxebiaypduuaTt Tol oupuod, dmoxkdmropsy
T& dvTioTorya elo1Thpi& Teev kel Tous Té Bibopev. KdaBe éxBpouels Ba AdPn éva eloihpiov gépov Téiocoapa
oUppoha, dhAd Stv 8 péret v UirdpEouv Blo éxBpouels pi ThHy clThy dmolUTws TeTpdBa oupBdicwy,
8161 ToUTo B& Snhol AdBos xoi ouvemdds 8lo ékBpouels B& SiappioPnTiooww T6 altd k&diopx. Oltw,
foTw o els fAaPe THv TeTpdda I, v, 1, -, fiTo1 Belrepov Paydvy, TpiTov Siauépioua, Biois TAngiov ToU
Tepafiipoy, HETETOV KT THY opav THs Kwhgews Tol cupuol. Els &Mos Buvatdy v fxn xad adrds
1L, v, 1, dhhé &5 TéTapTov oupPolov B &xn 10 (—), Bnhabn To iSi0 Payow kal Siauépiopa, Séaw wAn-
aiov Tol Tapadipoy, &M péTeoTror duTiBéTws TTPos THV popdw Tiis KIvAcEws Tol oupuol. *Edv kard
TUYny €ixe kai olmos (), TOTE eiyopev Bi&x 8Uo ExBpopels Siabéott TO aUTd k&biopa, Tp&ypa un émi-
Tpemrdpevoy. Mevikdss Aomov kéde éxBpopsUs Tpémel va ¥oapaxTnpifeTan &wd idlav TeTpdSa cuuBdiwy, Six-
pépouoay TOUAGKIOTOV KaT& Eva &mrd Thy TeTpdda GANoV TuydvTos éxBpouées. “Omws 88 civan Suva-
TOv B1° dopiopévous Adyous (popTigews, HETCKIVCEWS, KAT.) v& deficwuey kevds Bioeis Twas els dpi-
optva Biapepiopata, TpoPaivovtes el TARpwow Siozwy TOT Emoaivou Paxyoviov, ofTw kai els T

) *AxpipéaTepo, = \1(14+ 1) (h/2 ).
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fAeKTpOVIKTV KaTavopny Suvdpeda, ds kaTwTépw B iSwouey, va &PTIGLUEY GIUUTTAREWTOV QAOIOV TIver
Kol v& TommofeThiowpey RAskTpdvia £is TS Emduevoy.

"Qoe, k&Be NAskTpoviov EvTos ToU &ToMIKOT CUYKpPOTAUATOS XaparTnelfetal évepyeioxds dmd 4
kBavTikous &pifpous, “HTor : o) Tov kiplov xBavTikoy &piuov n, SnAolvTta TNV évepyelaxny TrEPIOYHY
Smou eUpiogkeTal TO fAskTpovioy, T GAAWS TOV « QAOIOV », B) TOV BeuTepeliovTa KBovTiKOY dpiBudv 1, Bn-
hoUvta THv évTds ToU @Aoiol eidikwTépav évepyeiakiy katdoTaow (Urophelds) Tou HAskTpoviou, ThHv
guvBeouivny pé THY TPOXIGKNY OTECPOPUNV Tou (f] TV EkxevTpdTnTa TS EAAeiwecs THy dmolav Sioxypd-
g&1), y) TOV peryvnTikdov &pifudv mi, SnAclvra Tov TpocavaToAloudy s Tpds Tposfdpyovody Tva
BievBuvotv Tiis TpoXlaxils oTPogopufls Tov, Gpa Kai THv TomwobéTnow To¥ émméiSou Tiis Tpoxids Tov
(A oTpogopuny sivan Bidvuopa kaBetov émi ToU émmédou Tiis Tpox1&s), ) Tév poyvnTikdy apid-
pov ms, dnAoUvta TNV TrpoBoAfiv ds Tpds TNV v Adyw BielBuvo Tiis iSias oTpopopufis ToU HAek-
Tpoviou, BnAadh ToU omiv.

’Edv pd Baow Ty &pxhv Tou Pauli kai thv Tetpdda n, 1, mi, ms (els T& ot karahijyopey kol
ué T TeTpada n, 1, j, kad mj ) karaveipwpey T& HhexTpdvia fuTds Tol &TdUoU gToIXEloU TS, TTApaTR-
polpev 6T1 Bev Trpd&TTopEY GARO TI, Trapd vé BikaiohoyoUpey Thv Béotv TolU oTotygiov s TO yvwoTov tag
meplodikdy oUoTnua. OUTw ) &pyxf ToU Pauli 8woe ThHv Mo Tol wpoPAfjuaTos Tév Tep1dSwv Tou
guoThpaTos Mendelejew.

58 *. ‘H taEwvéuncig td@v Ahextpoviwv elg prowodg. 1) “Yogoydvor (Z=17). Tuphy &
TpwToviov, TépIE altol meploTpépeTon &y, fAexTpoviov. Té nAsxTpdviov B& xeiton els TOV TpdTOV

pAoov (n = 1). ‘YmogAoiol &év Umdpyouv, Bi16TI Six
n =104 BeUtepos kPavTIKGs dp18uds AapPdver piow pé- e (D?\om'f,‘L
vov Tigfiy, Thv upndeviknv. ’E@’ doov 1=0, TéTe -

m] =0, dnAadt) Sév 0& Exwuev TPCTAVATOMTUOY TIva
s Twpos Tpoefapyovoav xarelbuvolr kai Téhos EoTw
8eTikn 1) uayvnTiKh TpoPoAn Tob omiv +1/2-h/2 T,
7] &rhovoTepov (- ). Of xBavTikoi 88sv &piBuoi Bik
5 fAexTpoviov Tod USpoydvou &v TH BepsAichSy ool
kaTaoTéoet (&ueu Bieyépoeds Tivos) 8 efvan n =1,
1=0, m C mg = - 1/2 §| ouvTopdTepov 1,0,0,+-.

2) "Hhov (Z=2). To Belrrepov oroyeiov Tolt
TepioBikoU guoThuaTos elvar TO &épov HArov, Exov
Buo NAexTpovia Trepl TOV Trupfiva Tou. 'Edw eis T Bva £€
aUTdv Boowpey TNV TETpada kPavTikGy dp1Budv Tou

fiAskTpoviou Tol USpoydvov, fitol Thv 1, 0, 0, <=, TéTe
TO Belrrepov MAekTpoviov Tol fldiov B& A&Pn dveryka- SR W e
oTikéds THY TeTp&dea, 1, 0, 0, —. ‘Emopévws T& Bluo

fhexTpdvia ToU fAlou ebpiorovtan el Tov iBiov grotdy,  Zx. 94 Ilepi Tiv mvpira oddetégor Tivdg

ixTeholv Tiis 18ias popefis TepioTpopiy mept Tov u-  ardpov Abiov zepupdoortar 3 vAexrodvia éni

pfiva, 8&v yapakTnpifovtan &md dpiopévov Tposava-  TOIOY dagdpen Teoyiéw, ai dmoiar dév ma-

Tohiguéy ToU EmimiSou Tiis Tpoyids Twv &5 Tpds ka-  0ovGidlovy mgooavaroloudy &; meds zarei-

Telbuvoly Tiva, GAAG T& omiv T&V HAexTpovicov Tewv  dwoly Twa. TEf aitéw Td ode dmjxow elg

elven dvmiféTou gopds, fitot 1, 0, 0, 4 xad 1,0,0, —. v plowr K xar Egomr oaiv drrifiérov qogds,
3) Aiboy (7 =3). Toé TpiTov oToryeiov siven 16 76 0F Toltor rlextpdvior  dwixer sl TOV

Aifhov Eyov Tpia AAskTpovia. AidovTss els T BUo TrpdTa plowr L

Ty  Bounv Tol ovykpoTfuaTos ToU nAiov, Bnh.

1,0, 0, + xai 1,0,0, — , maparnpolper éT1 Bév Umrdpyes &AAn Béaig els Tov Aoov 1. "Apa, TO TpiTev

MAskTpoviov Tol Atfiov 6& Tedf) =i Tov photov 2 kai 8 AdBn THv dmhouotépav Tetpdde, 2, 0, 0,

(- 94). Zuvemds & @loids n =1, §i &Alws kaAoluevos « gAoids K» SUvaran vk mepiAd@n To wé-

yioTov 8Uo mAskTpdvia.
4) Brgiior éoms véor (£ =4 éwg 10). "E@’ doov b Ssimepos photds (1) phaiss L) yapaxtnpiletar
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&md n=2, & BeUtepos kPavTixds dpuds | Slvaran va AdBn Tas Tipds 0 kai 1. *Apa  Exopsv 8o
Umoghotovs, Tév 25 kai 2 9 . Awx ké&fe & TipAv Tol | Ymdpyouv Bidgopor Tipal Tol my kai TEhog
al Bud Twai ToU ms (ay. 95).
ArcpopgovovTeg Triveka
TV TeTpddwv Exopeu Tas 8
TeTp&Bas ToU Trivakos II.

‘H 7rpdotn  TeTpds yapa-
kTNpidel TO EEcdTaTov AAekTpS-

ODINAE I

TOV

KBavTikal xaTaoTaces fAekTpoviov @hoiol L

(&)

2 2 2 2 2 viov ToU d&tdpou ToU AdHou.
‘Emropévws & oToysia drow-
1 0 | 0 1 ! i 1 ! L K@V dpBuddv 4 Ews 10 8&
m o o= 0 0 1 1 Eyouv els TOv BeUTepov gAoidv
: | NAEKTpOVIa  yopokTnpi{éueva

mg ¢« + — Se = + = + =

i | &o TS UTroAcirous TeTp&Sas.
: ’Emreidny 8¢ pE Tas 8 TeTpddas
ToU BeuTépou  Ao10U CUUTTAN-
pouvTar SAat al Buvertai els oy Béoes, EmeTan 61 pE 1O 1low oToixelov ToU Trepiodikol ouoTAMa-
Tos5, TO vaTpiov, & dp- f mf
xlen 1) xeraokeun Tol

0

n ms

0 +
TpiTou ghotol (ay. 96).

"Qoe utv  Tp@TOS
Phoids ouvertAnpdbn els
T0 BelTepov  gToryElov
(fhiov), & 8E delTepos
phods  Exdeoe pE TO
10ov oToxeiov (véov),
{ox. 97).

*Emreidh) 81& Sofév n
Exopsy N Twgs Tol 1
(.. Bl Tév gAowdv 3,
iyouev 3 Utrophotous)
xai Bix xéfe | Eyopev

[}

+
=1

+

0

e
=i
=

+
(214 1) mpofiohds kai +1

Téhos 2 TpoPohas Tol =
omiv, Urohoylfetar e0- 2% 95, Eiz vdv zdotoy xfavtixdy apluor n = 2 dvrieToizoty jin éi-

kéAws 6T TO TAfjfos
v Suvartiv TeTpddwv
sven 2 n 2. Zuvewdds &
TpETOS PACILS Yeopel 2

Jerri roopa (1 = 0) =al pla zviel

loel) Tooa (1 = 1), M | = 1 (fd-
get 100 ayijuaro; 90), Oa Eywmpey iz romolemijoeis Toi  fmaddov

Tooyids Tob HAextooviov &v Gyéoer mods payvnTedy Te mediov, fxelva:
rag omolag elvat my = - 1, 0, — 1, Eic éxdotmw

T-

i

Ouck

TomoléTnow artioToi-
el; magdiinlos (+) =ai elz arviva-
odiinlos (—) mpoc 6 mediov. A 1 = 0 vére m) = 0 xai O Eyouer

T00GAVATOLGHOY T (g

AhexTpowi, O BeUTepos
8, & Tpitos 18, & Té-
TapTos 32 K.O.K.

‘H mepeatépe To-

yotv dte moogavaroliguol Tot only
4 0 £ f

apds mgoeSdoyovoar Sielvrow.

peicc T Tafwopnoecs Bewwisl 6T Biv slven dmapaiTnTow v& ouptAnpolTal €ls pAoids Bid v &pyion f
Korraakeun) ToU Emopévou, GAAK pohis Evas phoids AdPn 2 - 6 fiAexTpovia, BnAabn) kAeion & TP&HTOS Tou
Umopholds kai © BelTepds Tou, TOTE GuTi v& &pxion oupTrAnpovusves & TpiTos UTToghoids Tou, TPOTI-
péren dvepyeiaxéds f) TomobéTnals ToU fAekTpoviou els TOV TpdTOV UTTOPACIOV TOU qvewoTépas Tabews
pAotol (*). Ofrw kaé ThHy xaTackeuty Tol TpiTou phoiol SoTis ¥wpsl 18 HAKTpoVIG POAIS ofdoousy
#) ME &\hous Adyous mpoTiudTan &vTi s uEANOV kukhikiis Tpoxi&s Evds @AoioU | TrAdov
kevTpos ENAeyis TOU Emopévou @Ao1ol.

WnionoiBrke ammod 1o ivotirouto EknmaiSeuTikrg MoAmkrg
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=g T& 8 fhexTpovia (TTATpEIs oi Umogloiol 3 kai 3;) &uTi va dpyion oynuamiiépevos & gAroids 3, Eu-
paviletan &mdTopos Bi1dykwois ToU &Tdpou, Adyw oxnpaTiopol ToU UtrogAoiod 4y, & dmrolos Xwpel
Suo fAexTpévia kai év ouveyeia ouptTrAnpolTan & doedeig kevds UTTopAoids 3,.

i (3) Be (4) B (5
Hl) He(2) i~ e - o ’Cﬁ)
— - ~ > =
) ! g N e e P
Cf/_;\ﬂ oq o ! { ) i iy b
+1) + @ + 2 3
ey \_\_// s .09 0\0@00 do@oa oopo
b \.,7--_/‘ \\-‘ "/ ‘. '-, s o
= = — g
08) F9) Ne (10)
o ) o .
Q S ] ° e °
) leo oo@ao oo-‘/-_;\.oa na@oo
S : a -] 4 ] Q
< o @ e o

v ddgoydvov uéyor Toi réou,

Zyx. 6. lwadoyier) copmiionsis TaY gioidy N o=
To éschraror fjhextodrior Tot arduov Tol rvarelov iapfdrer Gécww éxi Tod plowed n = 3.

"EK TTOAXIOTERWV QOO POTTOTKOTIIKDY HEAETGV EmTexpdTnoay ouuBohopol TGV ghotdv Kai UTTogAOIGY
HE ypauuoTa &vTi ToU 6pBolU ounPoAiiopol Sid Tédv kPavTikdv apmbudv. O0tw Sk :

n=l ypagousy ghodv K
n=2 » » L
n=3 » » M
n=4 » » N K.O.K.

AvTioToiyws S1& Tous UtrogplAolous :

1=0 ypdoopev UmogAcioy s
=1 » » P
=2 » » d
] = » » I

/
i Bl \
[ ;T \
I ! +
¢ v % f
\ \\.__.‘ K ]
\ /
A /
\ d
LS 7
oo T
Bt il
2y, 97, IIéoif 1oi avoiros érde arduov véov (£ = 10) aeoctoégortar &xi déxza dapoguwy To0 by

10 yiexroovia. "ES adtor dte avizovy sz Tov @iowr K, 1a lowaa OF oxtd iz Tov gloer L, =arva-
o [ ,
Jaupavoudven oitw diwr Tar ovvaray Gécemy éxi Tar dto glowby.

Tuppdveos Tpds T dvwTépw & oupPohiopds Tol tfwtdTou Nhextpoviou Tol varplou 8& elvan 35

nAekTpOviIow, BnAadf] 3¢ fAsxTpdVIou.
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Efs Thv pn ouumApeo Béoewy kaTwTépwv UTogAoIGY Kal &vT' alTis els TNV TANpwaw Bioewv
dunrouo @y els dueaTépous photols, i duTioTpdews, sis THY Tapousiav 5o fAsxTpovicov els ToV EwoTaTov
phoov kel oUETApwoty Béoecwy eis kevols kaTwTépaus gAotols (UTTogAoiovs) OpeiAovTan ToAAai i8i0-
TuTrHon ToU eptobikol GuoTAUaTOS.

Mpdoyuar, 6An 1 duds Tédv AavBanddv i oravicov yaidy XapoxTnpifeTan amé 8o EfcToaTa HAek-
Tpovic €5, G Biadoyikéds cupTTANpolTaL & Utroghotds 41, EnAadh cuumAnpolTa Syt 6 So5 GAAK
& 4os phords kad ToUTo EEnyel THY peydny ¥nmkhY SuoldTnTa TV iV Adyw oTolkeicov, 518T1 1 dAhayn
&d oTowyeiov els oToIKEToV YiveTan e TOAY tocdTepoy pAoidy  (EEwTepikds & Bos, groyeuiger 81 & Sog
GAkG & dog) (B Tivoxe: kartavoutis fhektpovicov, eis Té TéAes Tod BipAiov).

IE' TA ®PAZMATA TQN AKTINQN RONTGEN

59. Zmoudly tdv ucpdtwy. “Omas dvepéparey Tponyoupéves (PA. Kep. H') ol dxrives
Réntgen mapdyovtar dtav fhektpduvia peyddns  xivnTixds tuepyeias  (dpxeTdy keV) Trpoomrécouv
tml duTikaddbou Twds. *H EKTIENTTOMEVT) TOTE &xTivoPoria Rinlgen &moteAeitar &md BUo cuvioTd-
oas, fjTor: a) Tiis « ouvexols », Trpoepyouvns £ TS TrEBTTEws TV NAexTpovicov kai B) Tfs « ypau-
HIKTIS », YapoxTnEIoTIKis ToU HeTéAAOU T duTikafoSou.

‘H uév mwpartn mpotpyeTan &md THY peTaTpoTAv s dxmivoBolov tvépyeiav pépous THs kvnTIkAS

tvepyeiag TV NHAexTpovicovw, fTIs

1'0 ; 1 st - EAaTTolTan STav psiwdf ) Tayy-
50 s Tol  fHhexTpoviou, Adyw Tiis

/ kV dvTioTdoews xoaTd THY Sielobuaiy

: z ToU NAexTpeoviou dvtds THs &vTi-
8 kafddou, To peyaiTepov Trogo-
ooV TS Evepyeias Tabns ( 999 )

40 kV vetaTpémeTan el Seppixiv Told-

/\ Y Kai 81x ToUTo 1) dvmikdBodos

SepuaiveTan foyupdds xai KATQOTPE-
'( \ QeTan Gv Bév AngBolv pétpa -
Sews. Aeyduevor 671 v fjAexTpoviov
HETOTPETEl SANV  TAV  KIVATIKAY
\ Tou évépyelav els dxTivoBdAov, B

A 30k Exoouey — & xai  Tponyouutves
/\\ \ cibopev — (BA. oh. 71)
e 1 2 c
S T e
2 \ \ 5 m-v eU=hvy=h Ay

g

/

20kV oméTe TpokUTTTEL TO Splov ToU

aff |y ) e pfkous xuaTos Ag (R v Tis ou-

0z 04 06 0,8 10 XvéTnTos) Hix BeSopdvmy  Taow
; E . H - AsiToupyics.

M?]L_&OC; uupQros (A) 'EQ’ Soov Spws T& MAskTpd-

= Vi, Adyw  ThV  peTafl  Twv

Zx. 98. Kupadla watavopdjs Tijs évdoews Tijg axrwofloliag
Ronugen eic 16 owreyéc pdopa, dur dagdpovs Touds Tij5 Tdoswg
diepéooews Tod cwlivos.

&m@oewy,  ouykpoUoswv, Pad-
wmaias EAaTTddgews Tfs TayuTh-
TOS TWV KA., Stv  Ydvouv &ué-
ows OANV THV KWMTIKAY  Tww
tvEpyelqy, EmeTan 6T ek TS GuTikaBOBou 8& TpoéAdn Pl oAl ouxveTiTwy, &v TAfSos unxdv
KipaTos, nAaln &y ouvexés gdoue, TO dmolov Suws B TepaTolTal droToHws els TO dpikdy pfikos
kUuaTos Ag. “Otav f Téo1s alfndd, TéTe TPOPavass T ouvexts Ek TEdHoEws PO Ok &wokTron
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véov OpikdV MiiKos KUpCGTOS A'g, HIKPETEpoV ToU Trpomyoupivou, yevikdTepov St f| SAn éxAuopévn dvép-
yeix 8& aUfndf, SnAadn & Exwuev alfnow THs tutdorws ToU doparos (oy. 98).

‘H Beutépa guvioTédoa Tol @dopaTos &moTeAeiten &md ypoupds, of dmolan §Ev peTaTo Ti-
L ovTal dtav avfndi] 1 Taows, Tap& pévov &Tav YpnoipomooUuey dvTikaddSous Slapdpwy HETEAAWY,
Tuvemdds aUTal glvan ypappal YapaktnpioTikod, ExAexTikol pdopaTos Tol gToryelou ik Tol émoiov &mo-
Tedsitan §) &vTikdBoBos. ‘H Trapaywyh T ypauud v altdy, fitor f ékoutt dkTivePoldy dvTioTol-
¥wv ouxvotiTwy, Bév givar Suvatov va yivy &k Tol unyavicpold THs medfosws kard THY KAagoikiy
Quaiy, AN amanTeitan  f| yvddols THs koTd gAoious (Umropholous) fAexTpovixils Soufis Tol
&rouou.

MpdyuaT, elvan SuvaTdw, Ev NAskTpoOVIoV v& £ dpkeTn dvépyeiay, doTe v ikB1GET & ToT phowol
K, L fi M, éva 7év fHAekTpovicy &rduoy Tivds Tiis dvTikaddSou. *Eppavifetan Té7e Ev dtopov pé piaw ke-
viv Bécw, Eotw els Tov QAoov K. *Apéows Eva &Aho fAekTpdviov TriTrTel & Tvos &vwoTépou gAolol Bik
v& kaToAdPn THY kKevwleloav Biow kal kaTd Thv Bswpicv ToU Bohr, To &hpa altd ouvobeleTon Umo
txAUgews Evepyeias UTTO popefv pwToviou. TeAikds pével kevh) pia T@V Bécewy TdV EwTdTwy QAOIOV
7ol &rduou kai TANpoUTen Sk Tives TEV EAsubépov AAexTpoviwy, &Tiva Utrdpyouv EvTds Tis duTiKadd-
Bov (Bnuioupyia kaBoBixoU psluaTos).

Al ypappal ol dmolan Ogefdovron els AhexTpovikd &paTa 8§ dvwTipwy groidy Tpods TARpPLIW
keveadaicdov Béoecov els TOV pAoidv K, &roTeholv oeip&v ypauuddy, Thy kahoupdvny « oapiv K.

‘H éxmopTrh) oepds YPaUUEY Siapdpwy oUXVCTAT®Y Kai 81 Hovoy s ToIaUTns GpIopévng ouxvé-
TnTos dgefAeTan els TO ST 1) &vTikdBoBos droTsAsiTan &md TepdoTiov TATiBos &rducov, s TOAAX TV
Smroiwy TrpokaAETTal KaTX ToV PouPapdiopdy Tis dvTikaBébou B1& Taytwv HAekTpovicy éxdiwis Ahex-
Tpoviwy &k ToU gAotol K. T ék Tév duwTépwy ToTE PAOIGY HAEKTPOVIKSE SALaTa TPOS TATIPWTIV TV
revidy Gicewv yivovTan els &AAa piv dropa tx Tol pAolol L mpds Tov ghodv K, sis &\Aa &k Tol photol
M wpos Tov grotov K k.o.x., olrw & TpokUTTEl geipd ypauudy kai 8x1 udvov pic ypauur. *Avidoya
ioxvouv Bi1& Tas kevewleioas Béosis els Tous gAciols L, M kai Acimols ghoicls.

Kardmiv ToUTwv TO EkAsKTIKOV Qdope, TO XpaxTnploTikdy Tév &Tduwv Tis dvrtikaddSov, B
tupavioBiy s celpal ypapudv K, L, M, ko.k. ‘H ospd K 8& mpofpyetan &md &Apara AAeKTpOView
T@dv ghowdv L, M, N, kA, Tpds Tas kevwdeioas Béoes Tév phoiddv K Siapdpwv dropwv. ‘H eapa L
8& OgelAeTon els HAskTpoviKd SApaTa ik TéHY @Ao1&dY M, N, O, KA., Tpds kevwdeioas Séosis ToU pAolol
L xox.

60. Ndpog el Moseley. ‘O "Ayyhos Quoikds Moseley (Mdchei) fuehétnoey EmioTopévas
T& X@PAKTNPIoTIKE douaTa GxTivwy Rontgen Siapdpwy gtoixelwy, xpnoidomoidy dkrives Rintgen
Tpospyonivas &rd  GuTikaddBous Sixpdpwov HeT&AAwY, TrapeTpnos B¢ &Ti Ny ouxvdTns  OPITHEVDS
Tos YPSUTS ToU @aouaTos, T.X. Ths loxupoTépas TV ypauudv K, nuaveto, dtav nifavev & &ro-
Wikds &p1Buds ToU METAAAoU Tis &umikaBdSou (ox. 99), Stav .y, petéPoivev &mod dvTikdloSov oi-
Bfipov ( Z =26 ) els dvTix&BoBov koPaitiov ( Z = 27 ), & ouvexeiq 5& vikehiou (Z =28 ).

MeTd oeipdy TOAAGY upstpficewy & Moseley ouvfyays T drdAoudov oupmipaoia, YvwITOV &F
vouos Tot Moseley : « H tetoaywwsx olia Tijc cuyvéryros v Sxdotns ypoaupii; mds cepds elvar
dvdloyo; Tob aropuxod dobuold Z Tod oToyeiov 6 dmoler THY éxméumer » (oyx. 100), fitor & elven

Vv =oted-Z

*Ex Tédv dveTépw Beikwieton 81 1O péyebos #kelvo ik ToU dmolov ESapTdTan f| quyvoTns THY dxTL-
voPohiddy Bt elvan 1O &ropkdy Pdpos, GAN & drouikds dpiduds alTddv.

‘H o5 dvw E§dpTnans THs ouxvoTnTOs TiS XapaxTngoTikis dxTivoBorlas Rintgen & Tol drouol
&p18uol EmekUpwoe TV Becopiav ToU Bohr xal E8woe 16 TpayuaTIkOY TOU Trepieydpevoy sis TOV dTopI-
KoV dp18pov, s Tov apidudv TV NAexTpovicov £vds oUBetipou &rduou ToT aToIyEiov.

0 vépos ToU Moseley &métpeys va xadopiodij f) dhndns Béois eis 7O mepiodixdv oloTnua TEY TPIDV
oToiyEicoy, 18Mpoy, KOPaATIOU Kai vikeAlou, TX OTOIY, SUMPWIWS PSS T&S Ynuikds iB1dTnTas alTidy,
KeTaTdogovTal v TG TTEPIOBIKE TUSTHHAT! KaTd ThHY &5 &vw osipay Siadoyfs. Ta dromxx duw;5 Bépn
T&V oToIxsiwy ToUTwy Exouv s &8s 1 e = 55,84, Co = 38,97, Ni = 38,63, ¢is Tpdmov QoTe STav
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KaTaTGoowyTal T& oToela TaUTx kT’ alfovTa &ToRIKE Bdprn, TO vikéhov &

«——— Juxvotng

Zy. £9. Metaromow youjipu@y Tirer 1o poapiii-

xoi @dopares T axtwofoliins  Rintgen acos
urpabvrigus Tias ovgrotiror abiavopdvov Tod

aropuzot doillied Tor atotyeimr.

|
48x10°

eTe v&x AGPn Béow
‘H pétpnois Spws Tfis ouyvo-

ms yYecuufis THs i8las ceipds ol
edouares &kriveov Réntgen T&v oTo
auT@V Edwae Tas &xoAoUbous Tipds
vk pifév TGV AUTIOTOIXWV OUXVOTHTWY :
Fe 12,47. 108, Co 12,98.108, Ni 13,47. 108,
€€ o0 TpoximrTel dvapgioBnTTws 11 & drou-
k05 aplfuds Tol wikeAiou slvan katd
peyahiTepos Toll xoPaATiov Kai S
bpbn Oéors dv TG TrepoBikg ocuoTrpaT Sév
oupTiTTe PSS THY ocEipdy Biaboxfs TGV
WKEY Bapdiv.

Tol xoPoATiou.
TNTOS pioy

61 *. Kavéveg &mAoyfig. Tupgovws meds
Soa Guepépxpev Trepl TGV xBovTikdv  dpo1Budv
(BA. oeh. 112),
Rinlgen 8lvavten v& £Enynbolv xaTta Trpdy
Tpoatyyigy pt Paoiv pdvev Tous 3 kBav
ap1fpovus n, | kad j.

Olrw 81& n

TG QdopaTa TV dxTivov

TIKOUS

1 Exopev 1 =0 xoi émeibn o
EowTePIKOS KPavTikds dp1uds j TpoépxETEl &
T6 &Bpolopa ToU | kel ToU xBavTiked dpiBuol s
1/2, 816m1 1=0

Tol omiv, 8& &xwpev j

s=1/2.
Aan=2 8& gyowpsv 1 =01 1, émw
=0 76 j=1/2; Mg Ba |-

givan BuvaTov va Tpoxlywn j =1 + s,

V7
S

BnA. j = 3/2 i 1/2.°08ev pokimrrouy
3 Bidpopor Evepysioxai KOTAGTATELS.

36

A n 3 eUpioxopev 1 Tl
A 2, éméTe &ix 1=0, j=1/2, 5i&
= /28372, el =2, j =3/2
gl

) |

‘Emropévis S n 3 Exouev

|
24 7

18 Vd

LVEpYEIOKAS KOTAGTAGE, TAS GKOACU-
Bovus:: o) 3;0; 1/2, B) 3, 1 1/2,
1 YY 3:1; 3/2; §) 3, 2, 3/2 kai £) 3,
25 5/2.

“QoTe, av £k TRV

12
6 //

M (=3)
TOV QAoiov

TTECOUV  T)AEKTpowvia

K, éoTis yapakTnpi

7 ]
|

| &wo v fvepysiexihv katdoTasy 1,
NTo SuvaTor va Trapou-

0 10 20 30 40 50 60 f0 80
Ne Ca Zn Zr Sn Nd Yb Hg

I GUZVOTHTOY TOV Yol
STOLyElen zai Tob drouxot aolluot 2 avrdw,
Tor vopor Toi Moseley.

)AOTATIS TS Oyéoems UsTUS) Tig Te-
v K dwagpdpwn
GUUPBT DS

OvO0 S S Eer

pdvov 2 ypau-
TV 5 BuvaToT
udvoy 2 elven ai TrhAtov milaval.

pai, Gpox €K

Tiv ékdoynv oltnv TV ypau-
udv Biftrouv  elbikol « kavdveg
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yiis » ol émoiol éppnvedovTan &ix THis Kupamounyavikiis, Zupgovews 'Tr‘obg aUToUs povov T& SApaTo
xoTd T& drolar & KPavTikds &piBuds 1 peTapdAheTan ko povéda kai & j kara 0 ) 1 glvan & abavdrara.

né’J‘

32,52
302 32 Z08 (D?\otég
M 3, 1,32 5
3 4 1/2 ( mevramiolg)
8 SO
. vy 2,1,3/2
Ll ‘L 2.4, 472 20:;‘ (DAOlO’Q
L L ! ( tpumAoig)
201G, 1/

og .
3 (R 1°° Phos
K L e TS EE
(om?\oug)
Sy, 101, " Eveoyeraxai ordfpar ot arouov orovyelov pd pepdiov dropxov deifpor.
X Qr / f A ! ki { Qe
T fiéhn daodnloty Ta émrgeadpsra diira ueTail TV EGWTEQURGN ghotdy Tof dTé-
nov, eiz T Gxola pellovtar ai yeaupal Tob gdoparos axrivey Rontgen.

“Qore kaTd ToUs Kawdvas Emidoyfs povoy Ta onpetodpeva Apata (ox. 101) siven T& ETITPETTOUEVA -
"Oha T& &GAAa TrpoUTrofiéTouw usTaPords ToU | Siapdpous Tiis novaSos kai uetaPoAds ToU j Sixgdpous
o0 0 f 1 kod &mopévess Bév dupavilovtan., Of xavdves EmAoyfis kékTnvTon ueydAnv onuagiav els THY
DaopaTookoTiav.

IZET° H AOMH KAl TA ®AZMATA TQN MOPIQN

62. O ynuixol decpol. ‘H iméxTaots ToU wpoTimmov &Tduoy ToU Bohr S1& &M GTopa exTos TOU
Svou kaBos xai 1) Biapdpewsis ToU Tepiodikol cuoThuaTes, Paoet TRV KBavTIKEW &p1Bpddy kai TS
s ToU Pauli (BA. § 57), uds Bwoav Thv fpunveiay ToU ¥nuixold oBivous xai Tol axnuati-
TV popiwv.

‘Qs o B évos fvwoolusy THY iB1dTNTa TOV &Téuwv v fvolvtal Tpds OXMUATISHOV Hopiwy UTS
tvny &vohoyicv. Eis 1o USpoydvov dmedofn alfmpétes ofivos wavTtoTe foov mpds THY Hovadx
TO &Topdv Tou KaAelTan povooBeves.
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‘0 &wBpak, &g’ Erépov, oxnuaTilel petd ol UEpoydvou pdpix els Té& dtroia oUBiv ETepov &Topow UBpo-
yovou—ioTw xal yohoplds ouvBeBepévov—yewpel, T Xnuikh 88 dvdhiuals BiBet Si1x Ta pdpix TalTa ToOV
TUmov CHy (xexopeopévos USpoyovévdpa). Exk TouTou mpokimrrer 81 & &vlpaf eiven TeTpacheviys,
dmeidn Bt oyxnuarifel dvTioToiyws peTa Tol Ofuydvou Thv kekopeopdvnv Evwotv CO,, EmeTon T TO
SEuydvov eivan Biobevés, K.0.x. 3

Eiven By varmov petd pehétny T@v Y nuikédv Evidoswy TV oToryelwy, va dmoSwowpev els k&Be oTol-
Xelov & kupics obévos. TloAAdkis Gpeos fy oupTepigopd Tol oToiyeiou Evavmi ToU UBpoydvou kal EvauT
7ol 8uydvou pds dvaykddel vd 1O yapaxtnpicwpey Sk Blo f| xal mepoooTépwy cBevdv. OfTw T
Sefov, Evid dg Tpds TO UBpoyduow civan Biabevés, s TPds TO BEUYdVoY Tapousi&lETan TeTpaoBevis Kal
EGagbevés, fiTor oxnuaTiZer tvdoes SHy, SO, kai 803. O xahkds elvar povoofevns kai Siodevris, & oi-
&npos Biofeviis kai TpioBeviis k.o.x.  Els mAdloTas mepimrTaoes, Smreos T.X. ToU &gwTov, TO &bpoigpa
Tol ofévous ds Tpos TO Udpoydvor (NIly) kai Tol peychuTipou cBévous s Trpos T dEuydvov (NoOp)
Exer Ty Ty 8. *Emions T yAdpiov oxnuarifer Thv fvwov HCl, A& ki H — O —Cl— O,
H—0-—Cl0g 11— 0—Cl0g 8nhab ds mpds To UBpoydvov sivan TréwToTe povooSevis, s RS
TO Ofuydvov yivetal TeTpoofeves, é€aofevis kal ErTacBevds.

‘0 oxnuaTiouds Tév popiev ds cuoTnHETY &Tduwy YTdkerTan els Tpels PaoikoUs kavovas : a) Kabe
puaov gloTnua eivan Tdgov evoTabioTepoy, Scov peyaAUTEpov Tooby vepyeias TrpéTrel vé ToU Bobi
ivar mpokahiowiey el aUTo peTaBoAty Twar, B) Té dropa T@v elyevév deplwv Exouv ofévos undév, 1 BE
ThexTpovIK Twv kaTavopd) Tepl TV Tupfivar givan IS1cnTépess eloTadns. ¥) Té droua Telvouy v EveBoTy
ueTafd Twv kal v oxnuaTioouy uéplov, Bik Seouddv dpethoptucov els AAANAcemIBpdoels TV E§wTdTwv
NAekTpovicov Twov (MAexTpodvia oBévous) kai 8) Kot Thy BIapOpQwaIY TGOV YMUIKGY Becpddy ETTIoUp-
Paiver ToiolTn dvakaTavou) T fikextpovicoy givous, GoTe T& &Topa vé dpoidaouy doov TO BuverTdy
TEPIOTETEPOV PSS T& GToka TE elyeuddy depicov (EEwTepikds pAoids TEvTOTE pE 8 AAEKTEOVIA, &uéTwas
fowTepos phods Kt 2 ) 8 §) 18 AhexTpdvia).

63. "0 érepomotindg Seopds. “Eotews & Becopolpey ThHY Eveoty U8poyovolyov Aibov (LiH). Te
AiBov £xe1 3 fexTpovia, 2 els Tov phordv K, ad 1 els Tév pAcidw L. *Edw té TeAsuTtaiov TolTo AAekTpdVIOY
ToU Mbiov oxnuaTion pé T6 fAexTpoviov

= - ToU (Bpoydvou Eva  vEOV GUMTTETTAN-

o = pwuévov protov K mepl 10 UBpoydvov,

@ o ToTe eUprokdpeBa TS 2 EAkopévaw idv-

Teov Lit ked 117 pé TIAEKTPOVIKES KO-

=5 vouds Tol depiou fAiou (oy. 102). To

L | — Li+ "q— alTd oupPaiver petafl yAwpiov kai va-

Tplov, OmédTe oyxnuaTifeTen 1OV YAw-
piou Bix mpoaffikns ToU &6wTdTou fAsk-
Tpoviou ToU varpiou els TAV EfwrdTny
oniPaba ToU xAwplou, £yovoav xowovi-
ks 7 fAexTpdvic. OUTw Exopev [ov yAc-
piou (CI7) p& koravoudv dpyol kal fov
vorpiou (Na™) pé iEwTepikiiv oTPaba
viou, BeSopévou &Ti 1) &TTOHAKPUVGTS EvdS
) ‘ .y TiAekTpoviou &md TO véTplov TO xadioTd
SHOIOV TTPOS TO TPOTYOUMEVOY Tou oTorxelov (véov) s To TEpIOBIKOY gUoTN A,

Eis 70 Cally B& oupmAnpobolv pé & & fhexTpdvIa Tol doBeoTiou of @Aolol TV SUo dropcov
xAwplov kai 9& Excopev

Ex. 102, Kava v édvwaw Adliov xai idgoydrov mois ayy-

puTapdy T loTes Ardasms togoyoretigor Alwr. TO

Efdrator sjienrodrior Exdorov armidpinros ardpov Abiov

pevapégerw Enl 7ot oot K froc dartidpdvtog drduoy

ddgoydrov. T'a mooriatorra ddo idvra Lit wal H— aup-

“oatotvrar O {Tepooixod deajod 2l dnoreioty & -
ooy Tijs Evddasms Lill.

] Cl ( keravopn dpyolb
Cat+ (karavoun Gpyol) < e
Gl ( katavoun é&pyol )
‘Evedoeis Tav omolwv T& pédpia oxnuaTiforten i peTapopds NAekTpovicov &md ToU Evds dTduou
eis &AAo, Bnuoupyoupévey oUTw fdvTwy dvTifétTou @opTiov, kaholvrar fovzixai. ‘O ynuixds Seopds
ueTafU &Tdpcev ToaiTs dvdosws dvopddeton fregomolixds T lovrinds dsouds,
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“Otav pic fovTikn Eveois KpueToAA®
eUpickovTan el dopiopévas T

oXNuaTiCEl KpUoTaAAIKOY gUYKpOTHUS, OTou T& ldvTa

pds &AANAa Béceis, Utroxeipsva els loyupds fAskTpixds duvdpes. ‘O fovtixos
Beopods elvan cuvnBioTaTos els Tas fvmoers, Tds dvopalopivas dAaTa xal oSS (peTdAAwY).
To eidos alrd ToU Beouol Biv TrapousidfeTan sl dha T& pdpix TR XNUKDY EvidTEwov.

>

64. *O opotomorindg Secpdg. Mopia dmess T I, (
ler.TpcxfimU &mrd TO Ev &ropov els TO EAAe. Auvdpeba v& Soowpey THY EENynoiv ToU véou ToUTou EiSous
Secpou, EE}(CC-JUEU ET1 T& AASKTPOVI KATAVEUOUY
oV DOTE V&

Cl, xATr., Btv Evcovovtan Bidx peTagopds -

) v dpdoiv Tev peTafU SUo &Tdpwv, Kot Tpo-
fKOUV TOTE els T4 fva kad e el TS &MV, ‘O B:zud; olTos dvopd
*Eotw 6T Exo-

Tal duoromoldixds.

vev 16 popiov Ho pi
SUo d&ropx USpoyo-
vou. T& 8Uo fAexTpo-
via ToU popiov, few-
povpeva w5 véen 1)-
AsxTpikel  gopTicy,
elobuouy T06 Ev EvTog

U GAAOU KT TRO-
oV QOTE, &V TA

.’\sm'p:‘ na Sewpnfolv

KIVOUUEVO

Tpo-
X1®v, va xwolvtal
TépI§ kol Tdv Blo
Tuprjveov, BnA. s
tv eixwopey Bva mu-
pfiva BirAaciov gop-
tiov p¢ Blo i
pEQOUEVT TIAEKTPO-

Zy. 103,

TEGLE £

HHATIZ TAGAGTAGLS TS ATV : njhetool pootiov

oydrov (defid). "I

pagaroldiror r po-

via TEpI§ auTol (oy.
103). Zuppovews 6-

arduov $opoyovor (doieTeod) xul €vo: jeadiov

drdoTam: TEY Teofver Tdr Gréumy 1d90; Thr av

UGS ME T upxr]\. TOU a
Pauli o’ doov T& A~ ater Cooovarov, shvae 0,7 E Angstram.

?\Eprowcx Siaypa-

PouV Spoias TPOX14s, TTPETT , fiTor T& Buo NAekTpdVIa ToT SpotoToAkel

deouol Exouy TA oTriv dvTi
a—xatd Ty Kuporopnyavi-

ol Umohoyiopol UmoBsl-

al ococip
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MeTabu 1év Blo kupicwv TiTrwy Tol ¥nuikol Seopol, Tod éTepoTrohikol kai dpotoTroAixol, UTrdpyouy
ToAAai kaTnyopicn Segpddv alTives TAnadlouy Tov Eva fi TOV &hov TUTToV.

65, ‘0 moAxég Seopés . "EvBiagépmv elvan & mwolixnds Seocuds & drroios EppavileTal étav of BUo
TUpiives Té&v &Topwy Tol dpototrolikol Seopol dokolv Sidgopov EAEIV émri Tol Zelyous TEV HAskTpoviwy.
B4 mpoxiyn T6Te pa peTaTdmios Toll popTiou Tpds TO Eva TEY &Tduwy ToU poplov kai oUTw TO Wh
Eyov mpdTepov TéAous popiov, 8& &mokThion TOAKSTNTA TIva.

Tototrov pépiov eivan 16 U8poyAwmpiov (HCl) pé 76 &pynTikéy gopTiov Tol SeopolU peTaTomGHEVOY
Tpds TO YAwpiov (fTol T& dTopa USpoydvou kai ¥Awpiou Tol popiov ToU UpoyAwpiou Biv sival 1ovTa,
kg’ Soov Biv ouviPn peTagopd Tol HhexTpoviou Tol drdpov USpoydvou els TO yAdpIoY, &5 KaTE TV
Bnuiovpyiov Tolb trepotrohikol Beopod). *Edw ) peTaTémions alrn ddon Umrd dpiopivas ouvlrikas uéxp,
TATNPOUS LeTapopds ToU fAskTpovioy, ToTe dugavibeTan 6 ETepoTroAikds Beopds.

Téhos, given Buvartdv, Stav TAnaikoow SUo &toue, kupiws & BUo pépi, v &AAnAcemiBpdoouv
Kal va Tpokadésow £ § T ay wy {5 TO 2v &M ToU &AAov peTaxivTigEls, TTOPQUOPRITEIS TOU TIAEK-
Tpovikol Tewv vépous.

Zuvemeiq ToUTOU EpavifovTan Buvdpers, els PEv TE &Topa oyxETIKGDS doBevels dos TPOS Tas Buvdpels
T&Y ynuikédy Beauddv, el B8 T& udpia Erapkes H1& v& T oUykpaTRgouy TANGiov dAAR ALY, 6TTéTE &uTL
Tiis deplov xaTaoTégews, UTd dpiopévas ouvBiikas Téoews kol Sepuokpagias, oxnuaTifeTan 1) Uypd
kardoTaais. [1y. Uypomoinois firiov, Siofeidiou Tol dvbpaxos,dfuydvou ki, Tas Buvduss alTds dvoud.
Louev &md Tov TpéiTov peAeTiioavTa alds, Suvdpes Fan der Waals (v vréo Bual:).

66*. Mopiand péopata. Pacpata éx meploTpopiis. T uopia, 1Bics Tév &eplwv, Bxtds TS
BUVOTETNTOS HETOKIVTIOEWS Twv KaTd Siagdpous B1euBUvoEels, TTApOUTIGLoUY Kol TrEpITTPOQIKGS  KIVT-
oels mepi dpiopévous & Eovas Siepyoutvous B1d ToU kévTpou Tis H&LNS Teov.

Obrw &v Bewpricwpey m.x. 1O Biatoukéy uépiov Tol dfuydvoy, ToUTo Suorddel ut dATHipx Papdy

Zy. 104, Mwatopeov pdpiov (my> my ) Zyx. 1056. Mipwr d&vyévov (oynpatizds). "1
EXTELOTY TEQIGTOPLATY wivyawr aepl dfora
duegyduevor dut Tl xvrpov pdlis avton

TEQOTEOEY TD poglov yivetar meol Tovs dfo-
vas O ) OZ, zaliérovs éxi iy edbeiar, iy
(Gpnparide ). Evoticar Ta Odo drop.

(o%-105) kai Bivaren vor TeproTpigETan TayUTaTe epl Tov &fova OZ f OV, &kTiAGw Sioekaropplpix
oTpopds dva Gevtepdierrtov. TlepioTpogr) mept ToV &fova, OX Biepydpevov S1&x péoou TGV &Touwy, Elva
moh &mifaves, Si1omi A duTioToiyelioa poTrh dpaveias eiven BAayioTn. ME &AAoUs AGyous T& &Topa
Bkv Exouy TpCKTIKGYS EkTa Tepl ToV &Eova ToUTov, V& Té o &Topa ds Twpos Tov OY' §j O7 comé-
Xouv GpreTd, OOTE V& UTTOAOYileTan 1) &TéaTagIS TEY KEVTPWV Twv &mrd Tov &fova OZ f) O,

“O7av 1) Beppoxpacia Tol depiov EAatTolTen, Taouv TéGOV of Tayelon METAKIVIOES TGV Hopicov,
Goov kai al petadl Twv ouykpoUses. *Ex ToUTou EmeTen &1 &mrd THY KW TIKNY KOTACTAGIV TV Hopicov
Bev BivavTan elkdhews vé Bieyepbolv kaTd T ouykpoUoes TEPITTPOPIKGL Kivioels. ‘ETropéves T& pédpia ToU
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dEuydvou Bi& YOUNAGS JepuoKpaoias GUUTTEPIPEPOVTE! PETAKIVOUUEVE, udAACY s ouuTay:sls ceaipat
xal 6x1 5 GATHpES.

To gaivépevov ToUTo givan EvToviTepov eis TO BiarToMIkOV Uoplov ToU Udpoyovou, Adyw Tou pixpo-
Tipou peyéfous TGV &Topwv Tou. Tlpdypar, &vd els Uynhds Bepuoxpacias duoidde Tpos To dfuydvov,
els TNV Beppoxpaciav — 200 0 C ocupmepigépeTan €5 &Topov fAlov, BnAodt povaropdv pdplov duey
TEPITTPOGMDY.

To Biaropikov pdplov Tol USpoyduou Exel iBixiTepov évBiagépov Kai WG TUPTVIKTS TTAEupds,

opf}DAffapO‘deov (o-H,) ﬁupafﬁﬁpc)ﬁévov(p-'r‘lz)

Zyx. 106. Eyijpatixd) aapdetaces 0de poploy dopoyérov ué T 6y OV Tueipey
TOW  GUNGTENTOY adta atdpen magdilnia (o - Ha) i avtiacediinia (p- Ha).

T& BUe &topa ToU UBpoydvou GTiva TO droTsAoUv sivan SuvaToy va EXOUv TIUpHVIKG OTHY TTOpdA-
AnAG i qvTirapdAAnAa. Els 16 olundes &ipiov UBpoydvov & dpifuos TGy poplwv pé T TUPTVIKE OTTiV
Topdhinia (opSo-UBpoydvov) sivan TPITAdGIos TEY popiov pE TE Tupnvikd  omiv SyTImapdhAnia
(Trapo-UBpoydvov), (ox. 106).

Eis xaunAdas Suws Bepuokpaociag UgioTaTa Tdos, 1) émoix xai SewpnTikids BikaiohoyeiTen Baoer TiS
xPovTixiis Sewplas, v peTaTpari To opfio-, sis Tapa-UBpoydvov. TolTe cupBaivel TayUTepoy TRPOU-
cig kaTohiTou kal Suvaral o0Tw vi dropovedi oyxedov kabapdy poplakdy Tapa-Udpoydvov.

67 . ®déopata TaAovrwoewy . Eis Ta pépix,
EkTOS TTS TEPIGTPOPIKTS KIVHOEWS, SUvavTon v
Trapovaiaodcly ki ToAovTwoeS TV &Topwy 05
wpds EAANAS, EvTds alrrol TovTou ToU popiou. TIY.
T& 8o &Topa ToU Sfuydvou ToAcvTedovTon TrEpi
péonv Tiva Béaiv, s dav ouvekpaToTvTo 81” eAcTn-

piov (ox. 107). By, 107, Mugurizor raleyor o€ posiov 1ol
‘Ohaa of Sieyépoels TOV popicav, Togov €l Te-  glvydrov, ExTeloirTos doporiey  TakdrToo.
pioTpopds Soov kai  els TaAavTdoels, yivovTan

m

ik wEpIOTROPTS T €K TOACVTDTEWS, OPEIAdpEVaL YE-
ViIKéds Els TEPIOBIKE QouVOpEVT
T& oOmola  yapaxTipifovtal
&mod  ouyvoTnTa, UmakoUouv
els xBavTikas owdnkas. TelTe
BnhAot 671 Bkv SlvavTen va AG-
Pouv olagbrimoTe Tiuds, Ghhé
kaBwpionéivas ki EapTopivas
&mo  moAAaTAGGIGY T1 ToU
h/2w f 7oU h.

Eifixoepov Bi&t Tés Ta-
AcvTioers Umoloyifetar &t
kot els THY TrAkoV fjpepov KaTé-
oraow (&méAuTtov undiv) Bév
Troel v& UgioTarar Toodv T dvepysias éx TaAQVTWOEwS igov TPos 1/2hv, émov v A guywoTns

Paoe Tis &

wpias TV kPavTa, Snhadn évipysaian

Zx. 108. Iynparier aagdoracts (dgiotegd) noplov toaros ()
voauuxoT, cuppeTowot) wal (defid) popiov dosediov Tot dlga-
xoc (youppiizol, cUHpETOUHOT ).
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Tils TohovTdoEws. Mépia pE TAkor TV Blo &ToMV, LK. TPIaToMIKE, STTws TG udaia ToU USaTos du

depiey kaTaoTdoE!, Exouv TrowiAiay ToAavTdoEwy Siapdpwv TUTrwY, dvaAdyws ToT &v sival ywvix-

«iis popofis fi slfelas yponpfis (ox%.108).

Kard Ta5 auyrpovgss Tév poplev pé &Ma dvepysiaxd gwuaribia, Y. Taéws KIvoUHsva popis,

/
Co ey ==l
\\C\ v g/ C
PR D= L \)
(/ (: // </)/
Ty s S
s - w g
/ (.---) 7 \ _.)
L'_—? fa Fs .
Z/l G = | \
)

Zy. 109, Awropxir pdpwor  éxteioty dopavey
rakdvrmon éxl Tijs edbelag, it fvdver Td xéTpa
TAY ovnoTOrTOY aito atduwy, fvd guyypdros me-
owToégeTar mepl dfova Oweoydpevov  dud Tod xév-
roov udlns Touv.

1évra, &roue, T6 #v kavouikf] (Pooixi) kara-
oTdoEl eUpioKduEvoy pdpiov BlvaTan Bid Trpoo -
Mypews dvepyeias v Bieyepbf] cls dvwTépav
fuepyeioxiiv  ordBuny, Tdoov S&rd TrAsupds e~
p1oTpoils, Soov kai TaravTdoswy (oy. 109).
‘ATS Thv Bimyeppévnv TNV KATEOTATIVY TO
népiov Suvaran v EmioTpiwn els THY Pagikfy
Tou Bix ge1pds A U & T w v, KaTd TAs dTroias 8%
dAAdlow al kaTaoTdoes TEPIOTPORTS Kai Ta-

AavTooewy dvebapTTws GAARAGY. Axdun &l-
val BuvaTdv va dAA&fouv uiav  kaTdoTaciv
TEPIoTPoRTis Kai piov ToAavTdoews, &wdTE TO

ouvohikdy Trocdy  drodiBopéuns évepysias B
Trapouciaodf) Umd popefiv Evds @wToviow xai
Sy1 s BUo gwTdvIa.

TapaTnpolpey &0ev &m1 Ev Binyspuévoy uo-
plov Exel moAAoUs TpdTrous EmavdSou Tou els
Thv Pooikny dvepyelakny Tou KaT&oTaov Kai
Tokida &vTigToixws B8& elven T& EkmepTopsva
PwTOVIAL

ExTds Sues TOV GvwTipw TTEPIYPOQEVTLY
TPOTwY PETAPOAT]S TV EVEPYEIQKDY KOTAoTS-
oscov ToU poplov, UgicTaTal xai TO yvwoTov
eig NUAs & TOV paoudTwy TOV oToiysiwy -
AekTpovikoy GAna &Trd TpoxI&s els Tpoy1dv.

"EoTes, .. TO SiaTopikow poépiov ToU povo§ediou Tol &vlpaxos (CO), wepiéxov &v ouvdAw 14
AhexTpovia (6 Tol GvBparxos, B Tol SEuydrov). Edv karé alykpouaiv Tva fvar Tév fAekTpovicy Uwwef

&y dvwtépay  oT&Buny, TéTE
KeTd THY €K VEOU TITGOIV TOu
s Thy Paowry, &méumeTon
& gwtdéviov (oy.110). ’E¢’ &-
ooV ouyypovws Emépyovran
xad petorafers dmod dvwtépas
HEpYEIOKT]S  KATQOTAOEWS  €i§
xoTwTépay Kad  &mo TAEUpES
TEPIOTPOPTS 1) TCAQVTHOEWS,
TOTE TPOKUTTTEL Ev TOAUTTACKOY
gdopa dvopaldusvov Taeviw-
zdy (ox. 111).

Eis kdbe Toaviav Sioxpi-
vopev fva  foonpov,
AKpov, OPEIASHEVOV €l TTUKVTY
TUOOWPEUOIY ypapudv (Kepa-
AR Ths Tovies) kai Ev ouve-
yelg  ypowpds  peychuTépas

fvTovov

deriovoe ATGOW fAerToorion Twos Tol poglov £E

Zy. 110, Yynuatixd) aapdotacis uoolov povefediov Tob drligaxos

areTépag Eregyeia-

=ijg aralpme s Tip fugualy 0ad Exmopmiy gotoriov.

ouyvéTnTos SAoktv dpanoTépas (oUpd THS Tawias), uéxpis dTov iugavichf TuxOV vix kepakd, § Tiis émro-

wévns Touvias.
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Sy, 111, Tvmeea) pooes Tawtomted gdopares Swroiuxot poolov (eyjuatizds).
x 110w & Q (P

68 *. To wdopa Raman. Al ouxvéTnTes TEV QaOHATIKOV Ypaupudy, al dmrola dvTioTorxolv s
T&s TaAavTOOES Kol els Tds TeploTpoeds elven yevikds 10 fws 100 popds wikpdTEpan TGV TpospYopévey
&mo HAekTpovikd dApara. Qs tk TouTou al ypapuai, ol dpeidduevan pdvov els Tas peTaBoAds TV évep-
YEIOKDY KATROTEOEWY TEOV TaAQUTRoewy Kol TrEpIoTpogdv 1) udvov Tév mepioTpopddy, sUpiokovtal
els THy UmépuBpov TreployMv ToU pdopaTos xal elvar SUoxohev va gwTtoypapnfolv fi va HamoTw-
Botv &1° &AAwv pebddeov.

Edv yvwpifwpey SrpiPds Tas v
Adyw ouyvéTnTas, Suvépeba va TpoTei-
vepey Sidgopa UTroBelypara ToU mopiou
kai v& elpwpey Trolov & aurdv eiven TO
TAfov mlavdv Bk TO udpiov. Thy. &1 &v
ubprov pt Téooopa &Topa, i &v T&
Tpia glven dpoix, &eg T& UBpoydva TS
dupwvias N Hg, fi 1& oOfuydva Tdv
lovteov C10537, N Og, 8& f8uvipeda
va &mopav8dpey €dv eivar TupauBikol
TUmov ) émiméBou (oy. 112).

Té 1928 of ’lvBoi @uoikoi Raman
xai Krishnan (Pdpav kai Kolovay) mwa-  Zx. 112, Dynuatiz aopdotacts Tob wogiov T7s dupe-
viug (NHg). To drogor aldtov zal vd 3 dropa idgoydvov

xelvrar €ls Tac wopupas xavowxilg mvoapidos.

perfipnoav &ls TO oxeBaddusvov gdds Urd
Siapavols xadapol owpaTos, fxTos TS
Ypapufls, THs GuTioToixouons s Thv
pwTifouocav TO odpa  upovoypwhaTikhy dxTivoPohicy kal &AAas ypopuds Sopupdpous aUTiis.
“Eotw &1 AauPévouey kabapdv Uypdv TeTpayAwpdvipaka, dveu alwpoupévar, Tuyd, oTepeddy Tpoc-
pifewv, Sidx va &moglUytopey
Thy Sidyuow kol QwTifopsv
T bypév i Auyvias UBpap-
yUpov, pége Uahiveov fBudv,
Tvar Exeopev Kord TpogEyylow
povdypowv ¢éss (ox. 113).
*HOpdc ] KaBétews mpos Thv Siesv-
Guvow  Tijs TpoomiTTOUTnS
Seoung &fetadopey TO U TOU

TetpaxAwpdvipat

7 } ' Ixiopn
it I baoparoypagou

C Avxvia 08papgipov _—_)-3—_. Uypol oxedaldpevov ods Bia

+I PATPATOYPEPOV PEYSANS ¢o-
TewdTTos, Sebopdvou &TI TO

Zy. 113, Hepaparizs dwitalic Sid Ty qaQUTonan ToT gaiv okeBadopevoy TASUPIKGS Qs

ror Raman. slven yevikdds &o oTQTOV.

Metd #xdeov Tiis @wTo-
Ypa@ixiis TAaxss, £l TToAAS cuvrfws AeTTa fi kol TOAMGs @pas (.. i T &épix UTd Triecv—dvTi
UypoU—upexpt 50 Ews 100 dpas), dugavifopsy THy TAdxa kai mapaTneoluey plav Jwnpdv duabpwaiy
Tepl TAY ypauuny, THY ogsidopévny eis THV wTilovooy TO cduax dxTivoPohiau, mpdypa Smep Kai
dvapévoper (oxédaoils aveu GAAayfis TS oUYVOTNTOS ToU QWTOS).
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TTpos ThHY TIAEUpaY Suws TGV MIKPOTEPWV CUXVOTATWY Kol oAU dofevégTepov TTpos THY TTAEUpAY TGV
peyohuTéprov ouyvoTATwY, EugavifovTon Sopupbpotl ypoupai (oy. 114) Exovoon dplopévny Siagopdy
ouxvéTnTes &mo THY ouyvoTnTa Tiis Bieyeipolons (vg ). “Htoy,

vy =vp— vy, Vg=Vp—Aavs,  vz=vg— Avy,

vy =vy -+ Av g, Vg =vg - Av s, K.O.K.

To &EloonueioTov elvat 8T XEXPAKTNPICTIKG] ToU okeddlovTos gluaTos Biv elven ol véon ypappai
vy, Vg, Vg, V1 KATL, dAA& al Siapopai Av. ‘Emro-
pevews av &MAGEwpev THY ouyxvoTnTa Tol uovoe-
XOWPaTIKOU wTos did ToU &Troiov guwTifopev TO
odpa, Bty 8& Exwpev Tas ToAods ypouuds, vy,
Vg, Vg KATT,, dAM& véos Sopugdpous TolauTas, G-
oTe af Béoeis Twv s TO @dopa v& dméxouv Ta-
v kard Avy, Avy kAT, &mwo THY véav Sieyei-
povosav {ox. 115).

To gowoducvov ToUTto (ponvépevov Raman)

b

!
|
i
!
|
|

LHI 2 8 3

Vs :7' Bev Tpémel vd guyyieTen ué Tov g@fopiopdv, OTrou

[ E | 70 &k gfopopol @ids elven TauToTE TO Biov,

dvedpTnTov  Tfs Tapayovons Tov ofoploudy

Zy. 114. Pwroyoapia gdopares Raman tov TpwToyevoUs dkTwoPoAias. "Htor &v odpa T

GEvydrov. g 1o péaor duxolverae 1) diepei- edopiln EpuBpdv, &Tav guwTifeTon &o  16Bes @dds,

govoe yoayuyui. (I cyetieig &rovos yoap- Bév  peTokivEITal TO Xppa Tpds TO  TPACIVOY,
wi, 0k Tijg dueperoodone, Tirig Emxaldiate: Stav Bieyeipetan &md UTrep1&dBes pads.

wlay véw yoaupdy Raman, dvijzer el iy Kord Thv Bewpiav Tév xBéuta 1) EEnynois

guriloveay axrwofloliar). Tol pdopatos Raman  eivon slikohos. "EoTw 611

Eyouev popidv T els TRy Evepyelaxnyv KOTACTATIV
%, T émoiov dmeppépnosy &v gwTéviov hivy TAs Sieyelpolons dxtvoPorics. Mépos ToU Trogol THs
tvepyeias ToU puwTovioy gépel gis véaw kaTdoTaow Iis To udpov. Tlepioosler ofev fvipyaix, fi Smolx
d&mobideTon s pwToviov axTivoPoliag, TTpo-

QaUEdS UIKPOTEPQS oUYVETNTOS vy. “HTol, L ﬂb3 | AVJ ﬁl
| | 1
Bythvg=Ey+hvy (1) e el
| dvy | Bvi |
’Eqv 1] katdoTaos 19, eivan kaTwTépas, | | 1 |
G ouviws, dvepyelas, ToTE vp < vo. TTOAU
owmaviwTepov O& TUyn va evon TO
uéprov  Tpedinyspuévoy, STETE uE THY éx-
TOUTTHY ToU guwToviou dmoPdiieTon Kol 7) i By Y vy v
tuipyeix Tob popiou. To olvohov Tav tvep- Epulody 3 7 ladeg
yady guwroviov kol poplou  &modideTan HAHE S
TéTE b5 BV QwToviov dkTwoPoMas, f ou- Ty, 115, ‘Exariomber Tijc fxdoTote Steyetnniions youpu-

yvétns (v1) Tiis dmolag B slven peyadwrépa s avapalvovrae ai yoappal Raman, Coypdreoar ngds
THs vo Kai 7 &vrioTokos ypauwd Raman o fovlodr. Ai dwagogal Av eivar ai
8a weftan TpoS TAS PEYGAUTERGS CURVETTTAS AUPOTEDUS Tk TAEVOCL,
Tépav Ths Sieyeipolons.

"Emreidi) f) Sixgopd Bg — Iy, s yopakTtnpioTiki Tol popiou, Tapauéver TavToTe 7 1B, &k Tis
oyioews (1) Emetan &1 édw ) vg GAAGEN Ty, TOTE ) TN TS vy O peTaPANnGd, kaTd TpdTov GoTE
1 Sagopd Twv v& Toapapeivy oTalepd.

’Ev oupmepdoparTi, pEAeT@OVTES T& pdopata Raman Tév popiwv, duvapeda va Utrohoyicwpsy Tas
Bloapopds TV EVEPYEIGKGDY TV KATAoTAoEWY, TV Spethouéveov els ToAavTomoes (kal TEpIoTpoRds )
@ popiwy kal, Paoer ToUTwy, vé kaToiEwpey el TO mlavdTaTov oy fiux ( Soufjv ) Tol popiov.

abral xal 7pos
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I1IZZ HAOMH TQN KPYETAAAQN

69. KpveTtaAAixéd ocvothpata. ZTeped copaTaeival kupicsol kpUoTaAA o, ol émoior elvan
Kavovik@y SiaTdewy oguykpoThuaT, Els T& éTola T& oToixsiddn ovoToTika (&Topa, ndpi, 1dvTa)

xaméyour Gpiopévas TTpds EAANAa Béoris (ox. 116).
T& ovoTaTika TaUTa, ol Somikoi Aifor ToU oixoBopnuaTos, SUvavTtan va ToAavTeUwuTal TTept TAS

Dy, 117, Xyypario; aupdarac; ZouaTalizot
A Tea fxiaeda, ta dolonera va6 Tdr

TAESNUTOS.

Qéaemr TOY GToLzeOOr CUOTATIZGY ToT xpv-

Zy. 116, Navevizi) Switufes Tow crogzeumdmy do-  oTdiiov, wroteloby ouida; Taoaililomy &

Aoy £ic zoveTailov ylmoetyov varolov. OGSV Ty weTafl TOY AT6oTACH.

HURBDY LIDTTE

£00S, OUTE Kal VX pETATOTIGW VTal, EKTOS OTIQVICTA-

Béoe1s Ty, OY1 Opws Kol va TEpIoToEpVTal EAsub

Twv tEcipéoewv.
To kpuoTaAAIKOV oikoddunua opoialel oAy uE

?Z

wovoTadayoapuxdr aSdrov. (§) Ao

Zx. 118. Keyelic wvfiieot ceetijpatos, (o) O

reg ovuperolas. () Ofms fmaddmy « Tolus.

Tos GmoTeAoly  T& di-

Sa ToU Y1
Tik& ToU KpuoT&Ahou (ox. 117).
! vov &1’ émavelAnpuévng Trapadicscs

kaAsiTon xpuoraddixdy srdéypa, T& BE GARETICAATA

zTveTe éxiaeda &Ml TV OTolwv Umdpxouv
yua Slvaran v& Becpn

To xpuoTaAhhixov

WnoiomnoiBrke amoé 1o ivotirouto EknmaiSeuTikrg MoAmkrg



134 ATOMIKIT ®YZIKH

oTotyelwdiv TapaMAnhemiTébov, T& dmola kaholvTan oToIYEIwdEls #upeAldes. T pnxn a, b, ¢, T@V
Ty dxpddy THs xuwehiBos kaholvrar oralegal ol mhéyparos.

"Edv fichiEoopey fvTds ToU kpuoTdMou Bv anuetov &5 doyfv dploywvicow f uf) ouvTeTayptvwy kai
Splocuey Tas Sreublvoes Téu &Edvev X,¥,%, doTe olrtor va eiven apdAAnAol Tpos T&s Teels Edpas
airtoll, Guvepyouévas eis kowhy  ywviay, TéTe Eyousv Tous Tpels kpuoTahhoypagikous &fovas (Hix TO
tEaywvikby oUsTTHG, TEOoTPas).

Ké&Be xpuoTahhos YapokTrpileTan &mo dpioutva oTorysia oupperpias, STws ol dfoves ovuuerplag,
T& énlneda quppetolus kol TO xévTpov cuvppetoiac (ox. 118 ).

Eig 6 oyfjpa 118, a gaivovtan of kpuoTaAhoypagikoi Gfoves X,V Z xai ) €6px ABD Tépvousa av-
ToUs, &ls TO oxfijna 118, P ol &foves ouppetpias, ik TV drolwv & =I5 (xx) elvan TeTparrAfis, & SeUtepos (B3)
TpiAfis kal & Etepos (yy) S1mhfis oupueTpios kai eis T oxfna 118, y 1y 8o 1w Emiwidwv cuppeTplas.

Béoet Tév kpuoTaAhoypagikdy &Eévwy kal T@v Aoimdv oToixelwv ouppstpias ol xpuoTaAAot
kaTaTéooovTal els 6 CUTTANATE, Tt TO #ufidy, ESaymmndy, TETouyWI0Y, 00uS1~0Y, HoVvoxiwES, ToL-
xiwég (oy. 119), Teprypagdpeva s dxoAoubes.

1. Kupruov 2. Efaywviudy 3. Tetpagwviudy
asbs#c d#b#c dzbs#c
a=p=y=90° a=3 =90°#p azh*y

4. Poupiucy 5. Movouliwvég 6. Towhwec

2y, 119, Oi xpioraiior zarardocertar &ls Oudpopa ®oveTaliued cvoTiuara  avaldyms Ty yw-
w@y tag daoleg oynuariiovy uetaft Tov ol xovatallieyoapuxoi dioves xal dvaldyws TOY Adyow

a:b:c vav oralep@r Tov aléyparos.

1) Kvfixdrv, Tpels &Eoves lodTiuon, fitor Suvdpevor 6 els va dvTalayff wé Tov &AAcv. Tumikal
uopeai : xUPos, okTaedpov, dwdexdeSpov.
2) “Efaywvizdy. Eis xiprog &Ewv kal Tpeis SsutepevovTes igdTipol, Teuvdpevor Umod yooviav 609, xei-
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pevol els TO clTd dmimedov, kadaTov s TWpds TOV KUplov dfova. 'EE alitoli To¥ guaTAUNTOS TPOEPXETAL TO
TroAASKs 65 Tov oUoTnra Sscopolusvor Torywyidy, sis T dTolov dviixer & yadalias.

3) Terpayonvizdy. Els ripios &eov kol &l dmmmédov xaditeos mpss altdv 8Uo Sauts
pot, TEpvduevor Yo ywviav 900,

4) Popfedr. Tpeis k&Bsrol petall Tov uf lodTiuor &fovss.

5 ) Movoxiwes. Toels pfy iodTipol &oves, pr oynuatifovTes ywviar 900 uerafl Tewv. Mévoy & €ls dvat
wéfeTos ¢ls 76 EmimeSov TGV &AAwv Blo (W k&detos imi 1o XOZ).

6) Towdwés. Tpels uf lodmipor &Goves Tuyolons ywvias tetaby Tov.

sUovTES 1oOTI-

70 *. Auvaperg évtds TV xpusTdAAwy . Thy Sow éxdorou oToxahbous ouoTaTkod ivtds
ToU xpuoTahhkol TAfynaTos kafopiler f Buvauik Tou dvépyaix fi STolx mpotpyeTan &id T&  Trebix
Buvdpewy &Tiva UgioTavTat petafl Towv.

Ol Bi& T& [évra Exopev Suvapas Cou
Buvausis Van der Waals (BA. § 65).

‘H mpdoTn TrepimTwots dmavtd els ToUs lovtixeds xoverdiiovs, 1) Beutépa &5 ToUs dpotomoiiods
=ouoTdliiove ket ) Tpltn els ToUs popraxed: wouoTdilovs. YoioTaTan TpooiT xal f| xaTnyopia T@V
JETAAL Oy 2puaTdiimr.

ymb, Si1& e &roua Suvduers dvtadlay s kad Bid T& udpia

Ol lovTixol kpUo TaAAo1, TéY dmoiwy of mAoy owvnBeig dutipdawmor sivar T& YAwptodya
dhoydva, s TO YAwpobyov véaTplov, §ibouwy Six THSws fi Bidx Siahvaecs Uypd, Té& dmolx dyouwv T
NhAsxToixdv pelja (AskTpoAUuTas). *H i816Tns Teov ol fpunveleTan S1& Tiis Trapaboyiis 871 T& oToIXEIO5N
TUOTOTIKG TGOV KpuoTaAAwY Tol eiBous ToUTou Biv elven olBéTepa &ropa, dAAG B:Tikd kai SpymTivd
1évra, .y, Bi1& Td YAwpiolyov v&rpiov idvta Na™ xai CI™, *H ouveyh TolU kpuatihhou dpeidsTan els Térg
fAexTpooTaTIkGS EAGEls aiTives dfaoxolvTan peTadl Tév &vTidiTou gopTiov idvTwv TEV kpuoTEAA®Y.

Tumxdy mopdBerypa duciomolikol kpuoTaAAou siven & &Bdpas. Els alrdv T& droua
ToU dvfpaxos sipioxovTon SAa els THY aUTAv & &AAAAwv dmdoTagiv, EkagTov Bt &ropov TEpIBAA-
Aston U ETépwov 4 &Tdpev dvlipaxos, supiorouévay eis TaS kopupds Evds KawvovikolU TeTpaiSpou.

Ol mAéov amhol Hoprakol kpUoTaAAol svar ol kpUoTadhor oTepeomoindévTos elyevols Ti-
ves deplov, cs T &pyov f) TO véov. Els 16 £ibos ToUTo dvrikouv TpooéT of kpUoTahAor Tol (aTepeoTroin-
BévTos) &coTou, ToU fwdiov kai TGV TAsloTwY dpyavikidy
twaewv,

Els Tous upeTaAA1KoUs KpuocTadAAous
ol Sopikoi Aifor elvan [ovTa Trpospydusva £ d&rdupwv ix
T Stoiwv Exouv drrouakpuvdi] Bv §| TepiocdTEpa TAEK-
Tpéuia, OUTor Spws Biapépouv  THV IOVTIKGY KpUoTEA-
Awv koT& TO 6Tt T& AAekTpdvia TolTa, Biv BlvavTal va

BscopnBolv 6T1 Gunkouv eis ouyKekpluévov Tt &Topov, GAN
dvnikouv els Shov TS xpuoTaAMxovy TASyud, Buvdusva vk

xvolvTan EAeudipos EvTods aldTol.

71. IlpocSioplopds =il oTabepds mAEYMLATOG.
‘O mpooBiopiopds TS Hopefis kal T@Gv BixoTdoswv Tis
OTOXEIOBOVS KUWEAIBOS XpUOTAAAOU Twds EMITUYXAVETal
ofjuspoy Biax TV GKTIVOYpagnudTeoy, Té& dtrola AapPdvov-
Tt Si&x TrepifAdoews  GxTwvofoAias Rontgen émi tdwv
kpuoTdAAwy. Els nv fpeuvay TalTny doyoAsitan eidikds
KA&Bos, f| Padioxgvorallopoapla, 1) Omoia Exst @
dvTixaipevikdY groTTov ThHv Epeuvay T&Y KpuoTdMAwv  Bix
Tév &xTiveov Rontgen.

Eis cpropévas TEPITITCOORS KPUOTOAAGDY EEaipeTiKdds
&rAfis Soufjs, s .X. TO ¥AwpoUyov varpiow (NaCl), f oTabepd TolU mwAéyuaros Suvared v eUpsbi)
& UmoAcyiouol s drohoufws. Els kpuoTadhos NaCl, s cvijxov s 10 kuBwav oUoTNUS, ATTOTENE-

T Bk oToyEddY kupeAiSwy, afTives siven kUBol TAeupds d, fons Tpds TV oTafepdy ToU TASyua-

Iy, 120. graiic Tdv idrTer vatglov
xal yloofov el; =ovoTalior yimotovyov

varolow.
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Tos Kal Tas Kopugds Téw dTrolwy kaTahauPdvouy EvaAA&S  idvTa vaTtpiou xai yxAwpiov (ox. 120).

To yAwprolyov véTplov £xel popiaxdv Bdpos 58,5, cuvemédds 1 Mol NaCl elvan igov mwpods 58.5
gr NaCl. ’EE &ov A TukvéTns Tou eiven 2,16 gr/ecm?, émopévas 2,16 gr NaCl &xouv Syxov 1 cm?
kel Emopévers, 1 Mol NaCl == 58,5 gr NaCl, #&ouv &yxov 58,5/2,16 = 27 cm3. Tvapifopey Spws
&1i 1 Mol évioeds Twos mepigxer 6,024 - 1023 péoiy, Emopéveos dvtds 1 Mol NaCl, 1), dg eipopsv,
tvtos 27 em3 NaCl 08& memiéxcovtan 6,024 1028 jdvta varpiou kai &AAa Téoa [duta yAwpiou
(fxacTov Lelryos ToloUTwv fovTwv Becopeitan G Eva popiov). Zuvewdds EkaoTov iov kaTohapPdvel ku-
Bikév Tiva Xédpov Syxou 27/2 - 6,024 - 1023 = 2,24 . 1072 cm? xad Emoptves i dmdoTacts fvds
i6vTos vaerpiov i€ Evds yeirTovikoU idvTos ¥Awpiov, fiTor f Tiuf Tiis oTabep&s ToU TAEypaTos, & elvat

3
d—=\224. 102 =282. 102 cm.

72. O1 xpveTaitol Gg ppdypute nepltbrdoews. "Ex Tfis "OmTikis elvan yvwoTa T& @aivopeva
Tiis TepIBAdoEws Els OTTIKG @pdypaTa kol f| TpokUTTouoa oUNBOA TV BeuTepoyEUiy KUNATWY T
omola TTpokpyovTal &Te TAS TYIoKAS ToU gpdynaTos (Seutepoyevels Tyl Ex meptA&aEws).

Edv Becopriowiey Tov KpUoToAROV Qs TRiodidoTaToy TAEYNG-epAaYUd, TOTE K&Be guoTaTikdy TOU
(&Topov, i6v), TpooPariduevor &S @ds, KadioTaran TNy Beutepoyevols dxTivoPolias, 86T oxeddle
pwTeEAY GkTivoPoliav Tpoepxopévny &md TO TpooPaAAov TOV KpUITTaAAOY @Gds.

Otrre, kéde ouoTaTikoy TOU KpUaTEAAOU BewpeiTan s pia pikpd QuTaVh TTNYH THis xUTHS cuyvdTn-
705 (Tol oUrTol pAKOUS KUpaTos) pE THY Tijs TpwToyevols (poomimTodons) GrTivoPohias, Bév AapuPd-
vopey B8 U’ Synv paivopeve 6Trws T6 gavdpevor Compton # Tov glopiondv, Bniadn gavdusva peTta-
B&AAovTa TO ufjkos kuporros. T BeuTepoyevii kupaTa, T& ool TpofiAbov &mod Tas véas alTds TRy ds,
Aoye TS kovovikiis BiaTdEecos T &rduwy, EmikahimTovy EANANA kad cupnPaidouy, OTToTE TPos dapi-
gpivag uév SieuBlvoes fvioyUovtan (péyioTa duTtdoews), Evé Tpds GANas éExabevolivTai,

KafioTaTon 68ev mpogavés, 61 Séoun povoypwuaTikol @wTds TpooTriTrTovoa €Tl KpuoTahAou G
TpETrEl V& TrepouTidoT) UTTO Gpioptvas ouvbiikas gaivoueva kpoaody oupPolds, SnAadn &AAcU péyioTa
xai &MAGU #AGyioTa EvTdoEcws.

M T& OTITIKG KOG, TS EKTTouTriis SeuTepoyevols drTivofolias, SUvavTal va &TroTeAéoouy Ae-
el oylopad f &AAa AemTd keoAUpaTa (65 X, WIKpoi kdkkol kowiopTol). TMpoxewévou Suws Trepi
TeptOA&oEws eis kpuoTEAAOUS, TPETEl v& QualnTnowuey eis BEUTEpoyEvels TIMyds T& guoTaTIKa ToU
xpuoTdAAoy, EvTds cUTOD TOUTOU Tol KPUSTAAAOU, SUVETT &g TRETTE TO p&ds v elo)wpfi evTos ToU kpu.
gTéhhou kai #kei v UpioTaTon oxédaov.

YoioTaron &mions kol pic EAAT BepeMcbng Sragopd peTabl TrTIKoU @pdypaTos Kal KpuoTahAou.
Otres, eis Ty "OmrTiaiy, ai dmogTdoels Té oxiopdy (xapaydv) els v @pdypa o@eidel va sivan T
“4Eews peyéBous Tol pnrous kpaTos Tol puTes. Eis ToUg kpuaTdhAous, 6Trou f) peTaby TdOv SikTuwTOV
dmmébwv dméoTaots eivan  Tis T&Eews Shiywv :'“\ngsh'ijm, Bid v hé&Peopev pavdpsva TepifAdoews,
TTpéTTEl TO KOS KULGTOS vé Exhey i) xaTaAMAWS MIKpOY, s &k TouToU O YpnoiuoToroluey drTivas Rint-
ven (f) ékTivos ¥ ).

KaTémv Tév dvwTipw 1) okédagis Téhv drtivev Rontgen yivetan pé xpuoTaAAous, ol dtroior &e*
fvog pév PEAETGIVTE dos TTPpoS TNV Soufy alrdvy, &’ éTépou BE ¥pnoipelouy s nEoa HETPTIOEWS TOU PHKOUS
xUpaTes Tév dxtivew Rinlgen (paopaToypdeol KPUoTEAAWY).

73. Heipapo tob Laue. TMp&tos b Mepuavos Quaikds von Laue (Adove) Emétuge 10 1912 gaive-
pever Tep1BAGoEos kal oupPoAdis Téw arriveov Rintgen, 8i1& mpoofoliis kpuoTdAiou Beiolyou weubap-
yUpou B’ dxtivoPoiios Rinlgen guveyols péopaTos (W) HOVOYPWHATIKTS).

*Edv hdPopev Tepdyiov UpGopaTos AeTTdS Upaapévoy, Y. yalns f) wouoeivns kai péow auTol,
SuTos TETaptvoy TANGlor dvds TéV opBoAudy pas, TapoTTpRowuey ioYUpoy AAEKTPIKOY AouTrTiipa el-
PITKOUEVOY PaKkpdV ToU UQGoUaTOS, TapaTnpoUpey uiav TOAAQTATY £y xpwuov eikdva obtol (ox.121)
Kai oUyi THY ouugvws Tpos TiHv eUBUypauuov TTopeiav ToU QuTOS GUapEVouEVTV.

To gonvopevov ToUTo TrpoKoAeiTon &rd ouuBoAny TAV ik Tep1BAdoews SeuTepoyevdy dxTiveoy, aiTives
Snuioupyolvtan Umo ToU UpdouaTos, BpdvTos fv Tpokeinéve 65 BikTuwTolU Bi1odiaaTdTou TrAéyaTos.O1
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be|

&5 &v Aoov TpioBidoTaTa TAéypaTa 6& Empeme, TpooPaAidusvor Bix xaTaAARAoy
2TéS, HIKPOU UMAKOUS KUuaros, Tr.Y. s al éxtives Ranlgen, v& Trapovai&aovy  gud
dudAoya Tps TA T@V OTTIKGY QpoyH&TwV.

U

v TEPIOAG-

SuppBoh

Tas oxéwels oiTds & von Laue dvekolvwoey TTpods Tols guvepyaTas ToV (1912), oiTives Trpds Teipauc-

EppaytlopEv) mota THY

QUTHON T

Zy. 122, Hewapariy ddrad: Laue dud Tipy qugayoyny gamopErer

wéow LETTds g ' otfliciaems zal Gupflodis fao déouns axrivofloiing Rintgen wara tiy

GAcIaTOS. Siador aiTijs péa koveTdLiov.

v EAaPov ow?

i Tapaywyiis dxtivev Rinlgen (oy. 122) kal 81& pohufBivey
SvTwv oAy, &mepdveeoav  AemwThy 8- e

fav &enoav va TpooTréon €W Teua- % -
"Omiobey Tol dpuktol ToUTOU KEU- 4 - 3
) KeExCAUPPEVIY  pwToypo@ikiy Thdxa (1) b Sl ey
& TV #kBeciv Tns fvegpdvicav avtry, OmoTe EAaPov Sia-
A & kevTpl SN Y
u
(dvioyUoels T@v BeuTepoyevidu  KuudTwLVY, .

Auaros 123, 16 Smolov fugav

st aUTé B oloTnua kNAISWY oupueTpi- L 2 3ol e

Afis Tev). "Edv 8iv cuviBaivov TO KUPOTIKG QOIVOUEVQ o R
Bohfis, B& GueséveTo iy TG wéoov Tiis guToypa- . 5 +
uwia wnod dualpwois (eUBUypappos Siadoois), Tre-
‘ &mo piav &Aw Ohoviv iEacfevolioav Tpods T £w. L]
‘H Tropoucia Opws TV OUMUETPIKGS BiaTeTayueviov peyioTwv Zy. 123, “Axtwoy
7 &movoia TAs &Aw, amedaifav, &g’ Evos piv Zpliv due =ovoTd
Thv Bounv ToU kpuoTdhAou @5 TPIoBICOTATOU TAéyucTos, 4@’ yov varpiov. (‘I zevrouay uyiis

wpnpea Lawe

TS EVTCQOEWS

or ghoptod-

ttépou 8¢ THY owTewiv glow (hskTpoporyvnTiki xipavais) Eyer zadogliy ).
THs &xTwvopoAias lidnigen.

74. "H ocuvBrun Bragg. Ol H. zai L. Brags (Maoéiyx) — matip xal
! mept8Adoews TGV dxTiveov Rinlgen xai kabdpioav Thy cuvdikn ATis T
vioyuwots €k gupBoAdis.

Tebwov)  Emi

TapaiinAwy Emmedwy  (BikTUWTOY

k& ToU KpuoTéhiou, T.y. T& lovta NaT kal Cl

1, HTKOU§ KUpaTos A, TTpoc

| ] ywvia TpooTrTWCEWs THs OTMTIKGS, GAAX 1) CUUTANPWLGTIKT TNS.
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s Tpos T& Emimebo, eioipyeTon EvTos xpuoTdAAou xai dv ouvexsla EfipyeTon BiadiBopivn elfuypdi-
pes (oy. 124). Kara thv Sio-
Sov B1& pécou ToOU KpuoTEA-
hou  Bieyeiper els ToAdvTwow
Bva lov o kal éva [ov. y, xafi-
OTQOOQ TAUTa TNy ds EXTTOUTTTS
SeuTepoysvols dxTivoPoiiasg
Rontgen (oxédoois THs SxTi-
In2AD voPoAias).
N Al Tnyal o kai y Tapa-
youv &kTivas Rontgen ToU
S i8iov pfikous klpaTos, &g En-
3 Triowuey 8¢ va eUpwpev TOTE
~ e fl dvaxkAwpévn, s Aé-
< yeTal, Séopn, B Swon évi-
4(\\\ s oxuow kaTd Twa Sielbuvaiy
%“'o\\ Bl oxnuaTiCoucay ywviay @ e
/fd}:\\ T Emrimeda.
7 Sa Mi& va ouuPfy évioyuois
ik ouuPolfis Tpétel T ék TV
kévTpwy Tep1BAdoews a kal ¥
BeUTEpOYEVT] KUpaTa v Exouv

P——
)
<o

2y, 124, "H oxedulopévy déopny ider vicyvow éx ovpfolis bray
éxhygotrac % avvlijxy Tob Bragg.
els 1O péTwov kKipoTos o & THY alThiv pdoty, B, dos Adyouey, v elvanl 1) a B leopaoixy émipdysia,
o elven f| o B Tifs TpooTITrTOUoTS dkTivoBoAias. Aid vix oupPij e ToUTo Trpétrel ) Bragopd Tro-
pelas Py & va eivon drépatos dpidpds (n) unkdv kpearos (A). *ANA& ds k ToU oyfuaTros gaiveTon
nA=py8=2py=2dnuéd
“Ofev, 1y ouvBixn Tiis EvioyUoews & cupPoAfis kard Bragg, i &AAws, OTrws EmexpdTnoe v&
Myeton, A owvbikn Tiis xard Bragg dvakhdoews, ypdeeTa
Zuvbrikn
GuaxAdoews ToU Bragg

n:A=2d-npé

dmov d 1) oTabepd Tol —
kpuoTdAhou, fon  Trpos
Ty dméoTasiv So Bia-
Soyikdv BikTuwTdy Emi-
ETAT

‘Emopévaas Sia yvw-
ooV TO pijkos KUpoTos A
ebpiokousy THY &méoTa-
ow d f| xal dvTioTpdpws.

‘H oxebaoils TV -
ktiveov Rintgen émi tév
cwp&Toy, 1Biws TAOV oTe-
peddv, pds EmTpETEl V&
yvepiowuey ThY focwTe-
pinv alTév Upny  kal

fuBeyopiueos va dvamapa- Iy, 125, Pacuaroypdgos dxtiver Rinlgen Oid mequoToegonévon zgu-
oThowuey fv TH XWpw  ordilov. A Exactov Tdw i Ty éferalopdimy  Séopyy meoieyopEray
TO KpUOTCAAIKOY TIAEYBG,  umxdw xtuatos maparneelrar avdziacts OF éxelvyy THy Oéow Tod pu-
kal va  TpogSiopigwpey ordlilov, dud THy dnolay Exaingovrac 1§ covlijxy voi Bragg.
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T&s peTabl THY oToIEIwbdY ouoTaTikGY Tou dooTdoes. 'Emadf) molkal iBioTaTes TéV orondTwy,
&rreos 1) EAGOTIKSTTS, & oXIouds, 1) SepHikd Sy yHSTns KAT., dapTdvTon & THY KpUoTAAAIKAY Bo-
ufy ked T&s Tuey dreAelas ciTiis, T paopaTookomiky Epeuva 81’ dxtiviy Rontgen &motehel otjuepov
weyloTns onuacias Propnyavikiy kel fpyaoTnplaxny TexvIKnv.

75. ‘H péBobog Debye - Scherrer (Nreumdi- Yégeo). ‘H kord THv dvéxdaov Bragg wpe-
Bremoptvn Bi1& Td péyroTa T tvTdosws ywvix slven cuvdpTnols Tol prikous kUpaToes A, ToUTo BE

(@)

o L e )

Zy. 126, (a) Mébodoc Debye - Scherrer du Tov mgoadiogiopdy Tijs 0optils o0 aAéyuuaro; moveTaAlov
(Goxr)). (B) Zxnuatea eixdw tijs lapfavopémg éxi tod pidn megi@iacrics eixovos.

onuaivel 671 Bi1& oTalepdv Séclv Tol kpuoTéAdou xal dpiopéviy yoviaw 8, hapPdwel Yopaw dvd-
KAaots 81’ dplopévoy pévov piikos kbuatos A THs dxTivoPolias.

"Ortav Thdpa oTpépwpev TO KpugTahiov, Ba Trapovsiaafolv viat evoiked ywvial dvorAdosws, o
TAnpoloat Thy cuvlnkny Bragg S1an = 1§ 2 { 3 KA. Mpooém, STav 1) Tpoapédtovaa TOV KpUTTEANOY

S £

0=

Fy. 127, Axrwoyedypnua Debye - Scherrer Jnpbév o 100%0VeTall

vewe 6fewdiov Tod payraiov (MgO).

Seopn TEPIEXEL dxTivoBoAias Siapdprov UMKV KUMXTOS, oupedvws Tpos TA dvwTépw, B& UpioToTen
51’ ExaoTov WiiKos KuuaTos dvéxhaots ik ywviav TAngoloav Ty ouvlnxnv Bragg kal g 2K ToUTOU
al Siagdpou prKous kUpaTos GxTivoPoiicn B dvaxhddvTan ket Biapopous Sreubivoes. "Eav Tddpo Beyfaa-
pev Tas dvardoopévas dxTivas Tl puTOYpagIkis Tivos TAaxds, TéTE & aUTHS oxnuaTiCETon Ao
SxTiveov Rontgen SiareTaypévov kard TX Sidpopa pAKn KULTOS.

Kot aUrov Tov Tpomov Suvdueda vé xaTaokeudowpsy v paopaToypagov dxtiviw Rontgen
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{oy. 125), dpxei 8 v SicdéToopev koToAMfAws EkAeyEvTa kpUoTadhov (T.¥. doBeoTiTny, xeAadioy,

Zx. 128,

Sppamloperor fai

AexTiiion

Svyzerrpinol

POTOPOUG LS
ThaxGs toxolleriflelons  moo  neoo-
AOVOTULLAZ00  TUOGHEVIGHATOS 0=
wiror, meogfiellopiévor

Rintgen.

Uh Ofaings

axTiver

Al ckpifeis TauTws peTpnaEels unrdv KiUpaTos dxTivoPolics

¥ AOPIGUXOV VETPIOV KATT. ).

'Eme1dn) N Buoxohia dveupécews kahoU KpuoTAAAGY Gveu
opaAp&ToY, OS5 kal TO péyeBos aUToU,Trepropifouy Tas Suvea-
ToTNTas THS KaTaokevufs Tol pacucToypdou, ol Debye kad
Scherrer dvtikaTéoTnoov Tév kpUoToAdov Bik -‘éelyumog
AemTiis wovews éx Tol kpuoTdAAou (ox. 126). Ta bdgopa
TOTE MIKPOKPUTTEARIBIX pE TOUS TUKXIOUS TTPOTOVGTOAIGHOUS
£vTOs TOU BeiypaTos TrpokaAolv Evio)UCES K QIVOPEVLV
meprfhdoews kal ouuPolfis, olyi ke’ dpiouivas Gievbuvoes,
AR el daplopdvou dvolyuaTos xcvous, ExovTas xopuety TO
uixpov Belypa TS KoOvews.

‘Otav mepifdAicopey TS Ume  Tdv dxTiveow Rontgen
TpooBoAASLEVOY TIOAUKOUSTAAAIKSY TTRPEOKEUOOLG PE QWTo-
Ypagikov Qidy, 5 eis TO oxfina 126, 6& AdPBwpev peTd THY
updnigiv ToU @iy, T&s Topds TV Kovwy aUtdy YT ToU
oihy, @5 Zwnpds kapmvAwpivas ypappas (ox. 127). 'Emi gow-
Toypagikils B¢ TrAaxkds O& époawicbolv cuykevTpikol SakTu-
Aoy, af Topai  SnAadn TGV kwvwy UTS ToU émmebou TS
TAaxds (oyx. 128).

2npepov 1] WEBoBos Debye-Scherrer Tuyydver edpeias
S1obooews Kot TO TrAEioTov TOV CUCKEURDV £peluns &1’ &xTi-
vev Rintgen, tév oTtepedv 18lws owudrwy, otnpifeTan eis
THy pEAETNV aUTdv UTTO popeny XovioTroimuévou SelyuaTos.

Rontgen yivovtan kupiws S

Tfis peBddou Toll oTpegoptvou TAcKIBiou kpuaTEAhou.

WnionoiBrke amod 1o ivotirouto EknmaiSeuTikrg MoAmkrg
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76. Tevina. “H Hvonre; Poowe), dos Tufina Tis NewTépas Quoikis, S émpeme
va TrponyfiTan THs peAétns Tiis "AToukiis Puoikiis. O fjTo SuvaToy va ueAeTnd) Tpd-
Tov & Truphy kad v ouveyeix vd TTpoXwpnion) f oTroudn EEEAIKTIKGS TTEos T Ew s TO
epiPddiov ToU Trupfivos (ATopikn Quoikd) kal drkopn TEPXITEW Eis TV CUVEVWOLY
Tév &rduwv (Mopiakh Quaixkr ), Six v& eBdon TeAkds s THv Boufv TEW TWRETWY
(Duoikn TGV kaTacTaoewy Ts UANS, depiov, Uypds, oTepeds).

‘H onuepn) Sucs koravopd] Tis SidakTias UAns els Ta éxmanbeuTika iSpuparta;,
ioTopikoUs Adyous, &pylle TévToTe & TS *ATomxds Duoikfis. AidTi dvgs TO &Topov
Apyice ueAeTdpevoy Tpd 150 Trepitou Ty, & Tuphv oIS Tpo 50 ETGV BiemiaTddn
¢35 KUPIOV GUGTATIKOV TOU &TOpOV, Tapd TO YEYOvds &T1 TTURTIVIKOY QaIvEUEvoy OTmws
7 padievépyaia dvekaAuetn To 1896,

"ExTds THV ioTopikév Adywv Umédpyxouv kai Si8akTikol Adyol. AT f pehiTn
Tol Tupfvos kad 1) GupTEpIopd TEW dv ot oToiKEIedGY CwhaTIBiwy guvdiovtal
ue UynloTépas oTdBuns pofnuoTikds kol uoikds épunvelss, dmoaTougas &pioTny
mpoTrendeiay el T& MadnuaTiké kai Ty Puoikry, elbikeucy 8¢ eis dploutva u eUxo-
As KoTowon T kepdAcana Ths OewpnTikfs Quoikds, Smes evat TK- A Becopix TOV
UAIKDVY KUPATWY KA. TT.

EE &M\Aou, f| &k TGV TpoTiépwv yvddols Ths ATopikiis Duowkis xai al £€ auTiis
TrpoKUTITOoUTan Ewvolc, &Tws 1) Biyepols, of oTdduon vepyeias, ol kPovTixol &p1buoi,
1 v T Yopey KPAUTwos KA., yevépevon TAkov kaToAnTrTal &mo To &ropev, Umo-
Bonfolv kard oAU THY Kotavonow Tis TTupnvikils Quoiks.

*H TTupnviks) Guoned yweiletan eis Uo pépn @ o) THv mewauarcajy, 7 oola &l
xoAdoTepoY oTrouBadeTan Kai Ohoviy eUpUTepov EpoppdleTan gls ToUs SlapopoUs TOWES
v CEmoTnuédy, 6mws ) latpikn, 7 Necopyie, ) Texvixd) kAT, ked p) THY flewonTiy,
AmroTeholoay TO Bapy Epyov SAiywv kai iSiws véwv T Hhkio EmoTnuoVLY Gpi-
cuéveoy UeydAwy ETIOTNHOVIKGY 18pundTov.

*Ex THis TTupnvikfis Quoikiis Exel dmoomaodf TeAeutaiws Tlvonyizy Teyvoioyin
(Mupnvikty Mnyavikn), &vagepopévn els THv BecopnTiriy Kad TEIPQUOTIKAY TTTOUSHY
TV GuTiSpacThpwy, TV &V aUTOls XPTOIMOTIOIOUHEVMV TIUpTVIKGDY Thk@Y, TEV
ViV kpoudTeoy, TV Trapaywyny évepysias kal EkpsTéhieuow mupnuikdy EpyooTo-
oiwv, ToUs olkovoupoTeyvikoUs UmoAoyiauous, kAT, ‘O &vticToios TiTAos oTOUSHV
sivar & ToU Hvoyrixor Miyyarvizor.

*ExTds THs eiSikdTnTos TouTns uic &An oAU évBiagépousa elvad 7| ToU
Vysograzot. H Y yelopuoixd &oxohdtar pé TV TERQUTIKAY TTupnvi-

3

81
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xfv Quoikiy, &v cuoyeTIoU®d Tpds Tas PAGPas Tds TpokoAouptvas UTTS TGV TTupn-
vikédv &rTivoPohédy, els LadvTas yevikds opyaviauols. ‘Emopéves Epyov Tév “Yyeio-
quotkéy elvon 7y pétpnols TGV Booewv, 1) mionuovols TGOV putravBivTwv €k padie-
vepyeios UAIKGV 1j Tepiox @y, o Tpdtol &mopputravoews, 1) PeATiwols TV guvinrdsy
Aertoupyias ls Tupnvikd EpyooTrpla kai yevikcTepov &,T1 Exel oxéotv pE TNV AT
AsrToupyiow, &o TAeupds &TuxnpaTos, K& OUYKPOTTUATCS X PTOILOTIOIOUVTOS padie-
vepy& VAIkG. "0 “Yyeiopuoikds émions &moTehel ofjuepov &mrapaiTnTov pEAos TTavTos
peydAou voonAeuTikoU i8pupaTos, EpapudiovTos T& lodToma, Toéoov ik BepaTreuTiKOUS
doov Kal S1& SiaryvewoTikoUs oKOTTOUS.

IH" H ®YZIKH PAAIENEPTIEIA

77. Hpoetcaywywtal yvaoetg, Eis v *ATopiknv Quoiknv foxoAnBnuey pé T
TepiPAnua Tol mupfivos, TN TomedéTnolv TV fAexTpovicy Tl pACIOV Kal TNV Trapa-
YWYV QuTovicw KaTd T& TAekTpovika dApata. *E§ &AAov, eis 1O olvolov T&v ¥npi-
kG fviaewy, TOV kUplov pdlov Trailer TO Trepi-
PAnpa ToU Trupfives Tol dropov kai eidikddTepov ©
&p1fpos kai al vepyelakal kKaTaoT&oEls TV E§wT-
TWV TOU HAEKTROVIWY.

‘O mupny, els TOV OTolov
elval ouoawpeupévn AN oxedov
N wéla &rduou Tives (oy. 129),
eUpiokeTan el TO wévTpov TOU

&roukol ouykpoTiipaTos, elval
YEVIKGS MikpSs SicpéTpou,  cos
elBopev, THs T&Eews TOY 1017
cm, év@ TO &Topov Exel S1dpe-
Tpov Tfis T&Eecws Ty 10—8 em.
Telto 8nAol &m1 & Tuphy

By, 129, "Eav ijre dvrardy e Zygli evpmayys pdlu wwpj- » ‘ e

vav dyxov I em3, év tjj Gmoly ol aveijres efploxortar o els glvon kara SiqpeTpov 50 — 100

acgi Tov dhkov, alry 0c ldyiler door el xifos odifoon,  XINMGBOS opds WIKPOTEPOS THS
adevgaz 00 pérpor. Blopétpou ToU &Tdpou. OUtw

X, 81& TO &Topov TolU USpo-
yovou, v pavtacBiduey Tov Tupfivar ool év peyedUvoel, s picv oeaipav Todo-
opaipou, TéTe TO HAekTpdUIov TOU &Tduou, TEpiTIoU Toov KaTé Si&ueTpov Tpds ToV
Tupfive, B TepioTpEpeTan i kUkAou BiapéTpou 15 km. Taparnpolpsy &péows TdV Te-
p&oTIoV—B1a TNV KAluaka Tol Mikpokdopou—xevdv xédpov ToU &téuou. Ev TolTors
Speos & Tupty elvan Ekevog & OTTolos oUYKporTE i TS TpoX1&s Tou TO HASKTEOVIOV.

Aoy THis peydAng drootéoews TéY AhexTpovicoy ToU EfcoTdTou gholol &md ToU
Tupfivos kad Adye Tol 671 T NAekTpdvia elven ékelva T& dmrola xafopifouv Tous xnui-
KoUs owvBéauous peTafl TEY &TéuwY Tpods &TTOTEAETIV XNHIKAS Twvos évaooews, & TUphy
yevikdds By slvan Buvarodv vé Enpeacdi &id Tas 516N Tas THS XNHIKTS Evcdoees, SnAxEn
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S mupny Bév dvTiAauPdveTan - Tpdmrov Tivd - #&v TO &Topov el TO dmoiov dvrikn slven
v Uyp& 7 &v depigy xaraoTaoe f) eUpioketan fivwpévov fi Sxi pé Ao &topa. OUTw &
rupnv &Touou Tvos &vbpaxos Bty yvoopilel &v 16 &ropov es TO dmoiov dvAky elvan
&rouov Siofaidiov ToU &vBparos THs éxtrvofis uas, § &ropov &vlpakos Tiis EmidepuiSos
e, T ToU caxxdpou ToU aiuards pas i, woplou Twés THs xAwpopudAns puTol Tives
KAT. 'EE &MAov, BEv paiveTcn v Umrdpy T Siapopd s THY ouuTepigopdy ToU TUpRves,
STav TO &Toucv avuTod ToU dvlpakos peTaPaivn &md {dvTos dpycviouol s vekpdy kol
£V ouvexel ETTavEpXETa TUXOV els L&vTa &AW dpyavicudy.

78. "AvaxaAuig TG puokiic padlevepyeiac. loTopidds TO TpdTOV paivduEvoy,
xaTa 1O STolov KUplov pdhov Trailel & Trupny, elven 1) puowkn gadievéoysia, Ywpls
ToUTo v& onuaivy OT1 kaT& THY émoxNv  TTis SiamoTwoss T Umd ToU Beequerel

s mland:

Zy. 130, *Anadowors gurtoyoay
0 TOG6TH; oudie-

éai Tz omolas ETéln g
ovalag  (Merélmars x 230).

reoyol

Maexeoéi, 1896) NTo yvwoTdy els Toias peTaPoAds dgeideto, Sedoutvou, &Ti ToTE, TO
£ ITo s £i8os wikpol vépous (BA. Aopnv Tol &tdpou § 39).

O Becquerel eipydleto pé &hora ol oUpaviou, Té dtroia Tapovoidiouy aivousva
pBopiopol Stav éxTifevTan s powTavds axTivoPolias xai cis dxtivas Rontgen. OUros
étomroféTnoe TO &has ToU oUpaviou &l puwToypapikfls mAards kexoAuupéung S1d pé-
Aavos XApToV Kai Trepiépyws eidev 6T1 peTd TNV Eupdvictv 1) QWTOYpakf) TAGS Tapou-
Ce dof peAavniv knAida (ox. 130). Kat’ (a5 EVOLIgEY OTI 1) axTivoPoAia
ToU GAaTog ToU oupaviou wesiAeTo sis amoppdenotv NAIOKTS ewTelvis évepyeias Yo

Y

v UoTépwv kKaT& THv Bidpkrelav Tijs Trapapoviis

; amédooiv auTh
Tou €Tl KEKXAVPHEVT)S QeoToypaikils TAcxOs. "OAlyas fuépas &pydTepov & Becquerel
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IIYPHNIKH PYEIKH

BiemrioTewosy 6T | HEAQVGGIS TS QWTOYPUPIKTS TAGKOS ETTPXETO Kai dTav TO &hag
7ol olpaviou Btv elyev dxTedf els TO @ids Tis Huépas. Zuvetdds 7 ddparTos &xTivoPohia,
A Blamepdoo TOV palpov ¥EpTNY fi kol GAAX AeTTTA KoAUMMTS THS PUWTOY PAPIKTS

T

MARIE CURIE (1847 -1934)

TAaxds, oUBepiow oyéow eixe Wé TTponyOUpE-
vov Tuyov QwTiopov TolU &AaTos oUpaviou.
‘H oitia, f| mnyn Tis &xTivoPohias TaUTns,
1] oTroia dpcialev TTOAU Trpos TN dxTivoPo-
Alav Réntgen, mpofipyeTo &md alTtd ToUTo TS
&has ToU ovpaviou kol oUTw Suvduela va £i-
sy 6T &mo ToU 1896 fipyicev 1) WEAETN
kol dudmTubls Tiis xupicos TTupnvikiis Quaikis.
Té mpéPAnua Bues, Tola ATo f TMYT
THs véas aUTRs dxTvoPohias, GUTINETWITIoQV
LETOEY &MY Epeuvn TV of Pierre xui Marie
Curie (ITéroo: xai Maoie Kwovol), oi omroiot
kol Gvopaoow Bi1& TPHTNY Qopdv TO QUIVO-
uevov ToUTO padievégyetay 1) dxutivépysiar.
T LeUyos Curic eUpev 8Ti 1) &xrivoPohic Tolr
Beequerel  TrposkdAsl ioviopdv ol &fpos kai
65 & ToUTOU KaTd TAS LEAETAS TWV EXPNCTI-
potrolouy s &vixveuTikdy Spyavov TO @op-
Tiopévoy fAekTpookdTriov (oy. 131).
KotéAn€av olTeo els SUo oroudaia oup-

mepdouaTe fTol ;&) &md Sha T YvwoTd: cwpaT, padievépyeiay Tapouoiadouy ol
dveoeis ovpaviou kal Bopiou. P) Els T& guoik& dpukTd Tol obpaviou 7| padievépyeix

elvan oAU ioyupoTépa Tapd el TAs Spoias TTEPIEKTIKOTTITCS
eis oUpdviov ynuikéds kofiapds évedass Tou. To delrepov TolTo
yeyovods wbnyno: T Lebyos Curie s Ty oxéyiv 611 UTEpyE
kol &AAo T ls T peToAAsUpaTa ToU oUpawiou, TG GTroiov GKTI-

voPoAel {oyupdtepov  ToU oUpaviou. Al
¥Nuikai dvouess Tas omoias Sieffycyov
katéAnEov els Thy duakdAuyiv Blo Etépoov
podievepydv aTolysiwv, TeU gadivy kai ToU
zoloriov (dvopaoia Bobeica Tpds TIRTV
Tfis Marie Curie, TlohewviBes ThHv KkoTo-
Ywyny).

Tov Siaywpiopdy ToU podiov EmETUYE
16 1902 Tehikéds 1y Marie Curie Gmd pop-
@y dharos kal THY dmopdvwaiv Tou ds

Xy, 131, ‘H dxrvofiodia

e ExadumeTar U6 TP

GovETdY TOD 0DOUNioY FOO-

! walel ioviGuor ToU dfpoc.
ey

petéAdou T 1910, Epyafopivn pévn peTd TOV BdvaTov ToU oufUyou Tns (1906).

To pédiov elvan dpyupdypouv podakdy péToAoy, TO dTTolov &KOUN Kai UTrd TO @dds
THs fipépas Tapouoiadel plav goTewiv alyAny. *Exel tukvoTnTa 6 gr/em?®, ThkeTc,
mepl Tovs 700 °C kal 1 ypappdpiov amol Umd popefv fvddoedds Tou TIU&Tal OTjUEPOV
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wepimmou 600 000 Bporyuds. ‘H OAkf) péxpr ofjuspov Umd TV EmoTtnuévey kai Tis
Biounyavias xpnoipotolovpévn TrocdTns Sev UmepPaivel T& 5 y1Adypaupa.

79. Ta uokds padievepyd ortolyela. Podizvépysiav Tapouaiddouv &1 udvov
Ta dvagepfévTa aToixela oUpdviov, 8piov, TroAdviov ki pddiov, dAAG SAa oxedov
Ta groixela 1ol mep1odikol cuaTiuaTos Té dmola Exouv &ropikdv &piBpdv Tépay Tol
82 (PA. ivaxa TreploBikol ouoThipaTos, eis TO Téhos Tol PifAiov).’ Ex Tdv UtroloiTwy
oToryeicov ToU TTEP1081koU CUOTHMATOS, PUTIKTV padlevépysiav Tropoucialouy T& oTol-
xelax k&Aov (Z = 19), poupidiov (Z = 37), caudpiov (Z = 62), AouTékiov (kagg1dTIEIOV)
(Z =T1) xoi pviov (Z =T75). 'EvBiapépov Bi1& Tov &vfpwTov elval o puoikdy kaAlov,
ToU omroiou pikpdy TrocooTtov (12/100000), 16 kéhov —40, Trapouaidlel padievép-
yeiav. 00t 81" &vlpewtov péddns 75 kgr, Umohoyiletan &1i mepimou 8000 Trupfives
kaAlou SlaoT@®vTal Gvd SEUTEPOAETTTOV EVTOs TOU CWOUOTOS TOU.

"ExTos ToUTou, EvTds ToU dvBpuwTtrivou owpotos Umrdpyer kai moodTns padlevepyol
&vipaxos TpooAapBavopévou ik Tol guTikoU Paciieiou Si& Tév Tpoedv. ‘O dvlpaf
oUros (&vBpaf — 14) épgovitetan el 16 Biogeidlov ToU &vbBpaxos Tiis &Tuoogaipas
(Adyw xoouikddv dxTivoPolddy, PA. Keg. KH"), Umohoyifetan & &t mepimou 2500
Trupfives ToloUTou &vBpakos SiaoTrédvTal fvTds ToU oduaTds pas dvd EkaoTov SeuTe-
péAeTtTov. “HTol, ouvolikdds, &vew Tév 10000 Tupfvev T&V &Tduwy TolU &vBpw-
TTivou copoTos SiooTrévTon qud ExaoTov SeuTepdAeTrTov £vTds avTol, Tol pubuot
ToUTou Siarnpoupévou dueTaPAnTou Adyw Tiis sloaywyfis gl Tov dpyaviopov véwv
ToooTHTwY Kohiou — 40 kel &vBpaxos — 14 Bid TGV Tpogdv.

80. 'H axtivoPorio tdv padlevepy®v oroiyeiwy, "ATO TA§ TPWTAS HETPTIOEL
il TGV AKTIVOPOAIGY TV padlevepyddv oToixewy elye yivel xoragavis &Ti alTa

Iwpatibiax o
Autiveg y
Iwparidia ﬁ

Dadievepyog
OUUI:G

MdAupdog Durogpaguun
mAal
o g 3
R -
()
Fy. 132, Tj éxdodaer payririzot aedior Ta copatidw a xal [ iplotartar amétovs dxoxiices
& tiiz stfvyoduuov megelas Tov, &g 7 dxrwvofoiin y ovddin: Efangedlevar £5 adrov. (a) Zyyuo-

Ti2Y) TapdoTacts Tie Aaufavoudvis Eal Tis goToyoape:ils TA@MO;  elOYOS.

&rreTeAolvTo & Tpels XapoakTnEIoTikas dkTivopolias, ai émolcn xai wvopdobnoav
axTivoPoMc a, B, xai y. Al TpdTal TapaTnpnoss Eyway &mo alTov ToUTov TOV
10
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Becquere! (1899), SBiematwén 8¢ 611 ai dktwoPohicn ABUvavTo vé &mokAivouv TS
Tropeias ctrddv T EmiSpdaer paryvnTikol Trediov, ko’ dv TpdTrov EmBed ToUTo £l TGV

Padievepyos
Ol’JGl:Cl

Lwpatidia o

Autiveg
TupaTtidia E)

g : I
MéAURS oG H?\eurfjl.uov + deroHpc'u;:aur;
mediov TAGE
« ¥ B
Zy. 138. To fjlexzomov medior duouel énl i cwpandior a zal [ avvdlérovs dwvduers, a0 Tiw

Extdpacw Tdw Gmolen Taita dmoxhiivovy moog T 7

levpav Tijs dovnTixijz, QrTicTolyws Tijs Berixis

ahaxes. I artwofolla vy Sév éamoedicTar 970 adtod.

keBoBikév dxtiviov. “H &mrokAlols duws alTn &medeikvuey THv Uttap§iv HAEKTPIKGS gop-
Tiopévey GpynTiKGY cwpaTidicov. TTpdypaTt, uovov 1) dxTivoPoric B dmoTeAeiTal &wo
HAEKTPOVIQ, GAAG al TTp@dTon PETPTIOES Tioav TOooV ATeAels, WoTe Btv drek&AUYAY TNV

*HAgutpiudy Magvnriucy
nediov mediov
i —:
- +
- +
- -+ B
— +
Padievepyoc
ol g
oloix

Zy. 134, Aiaxvwofoilar a, § zal y €is TO AexToIR0OV 2l
el 1O payryTizor  medior.

Tapousiav TV dxTivoBolidv
kai y, Tas OTroias émions EEéTreu-
TrE TO POBIEVERY OV TTAPATKEVOTHI.

‘OAiyov &pydTepov & fHullicr-
ford  (Pdocogogrt ). peAeTddY TNV
BloBov TéY drTwoPohidy Si& Az-
TTOT&TOV QUAACVY PETEAACY, Ble-
TioTwosy 6Tt BvaTan  AsTTTOV
QUAAOY UETEAACU TIvds, VX TTPOKI-
Aéom adoBnThv peiwow ToU ilovi-
opol Tov STToiov TTPOKaAEl T &KTi-
voPohix, 1) Trpoepyouévn K px-
Blevepyol TIVOS TTEPUOKEVGOUXTOS.
Ko’ artdv 16V TpdTTov & Ruther-
ford &médeifev 611 UTrdpys ouoTa-
TIKOV TTs dxkTivoPoAias, TpokaAoly
loxupdv lovicudv, &AAG un Suvk-
peEVOV V& BlammepdoTy ASTTTA QUAAX

peT&AAov, .. dhoupiviov (mdyous 0,03 mm). Eis v deTivoPoiiav TaTnv €8woe TO
Svopa dxtivec a (OpfdTepov gmparidia «), vdd TO Tufjua &xTivoPolrias TO omolov
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dmreppo@dTo UTTO T ous oTpuaTos UeTdAAoy Tiis Té&Eews YIAooTdY Tiveov Tol ué-
Tpou, wvopacey axtivas § (SpBdTepov, cwuaridia ).

"ATTO TaS PETETOELS aUTdS TRPOEKUWEY Kok péoov Spov &1 T& cwpaTidia B Sia-
Trepolv oTpopaTa YAk TovAdyioTov 100 gopds TaxiTepa &rd T& AeTTd oTpdMAT
T& OTmolx AVaKOTTTOUV TA gwuaTidio c.

Eis To altd oupmrepdouaTa kaTéAnge kai 16 Leyos Citrie, of dmrolo nkpiPwooy
oT1 1 dxkTwoPoria dmeTeheito &rd BUo cuvioTiocs, # TGV dmolwv f pic elkoAws
améxhve Th Ponfeiq poryvnTikoU mediovu, cuppwvws TPos T yvwoTd &k THY kofo-
DK@y dxTivww, Evéd ) &AAN oUBoAws 1) EAdnioTa &mékhve (oy. 132, 133, 134).

Al peTpnoes ToU Leuyous Curie ouvémimrov Tpds Tas peTprioels ToU Ruther-
ford kol TO EAdyioTa &moxAivov Tufiua THs dkTivoPoMas fiTo &ksivo TO dmolov xaTd
Rutherford d&meppogdro UMo TéY AsmrroTdrwov UAAwy ToU petddhoy, Sniadn Ta
gWUaTIdIx o,

81. "Axtiveg y. ‘O IéAhos Quaikos Villard (Biidao) dmébaev 8T kad et v
ATOPPOPNCIY UTTO OTPWHAT®Y HETECAAWY TGV cwhaTidioy « kal B, al pwToypapikal
TrAdies eEnroioUfouv va émnpeddwvTon & TO TapackeUaopa, &modelfis Tis Tapou-
olas kal &AAcu TUTTOU axTivoPBolics, £€6yws BieioBuTiks, eis THv oolav £866n T6 Svoua
dxtives y. OUTw, petd 16 1903, Stv Utfjpye kaupia dupiPoria émi Tév Tpi&dy TUTTLY
TV dxTivoPordy. Elxev émions SiamoTedii 6Tt T& copoTibia o, SuvavTtal kol alrd
v& &rokAivouy €k TS Tropeias Twv, TéooV UTS uoryvnTiKoU Trediou, Soov kai UTo fAek-
TpikoT Tediou, A& Ady THis HEYAANS aUTddv uddns oxeTixds mpds T& cwuaTidia P
(mepitrou 8000 popds palkdTepa), N &mwéxhiois &miTel loxupd media. “Ooov dpopd
Tas &xTivas Y, Trap& Tas Tpoomabsias TGV EpsuvnTdv, obBeuia dmoKhiols KaTEoTh
Suvath (ox. 132) kol &md Tds ¢pyacias ToU Rutherlord kol dMAwy émoTnuévey
gytveto &mrodekTov OTI ai dxTives ¥ elvan @uTaws, HiAekTpoucryvnTikfs puoews, Sia-
@époucal TGV dkTiveov Ronlgen katd TO pijkos kUpaos, TO dTolov elvon pikpoTepov
TOU pnKous KupaTos Tédv ouvnBas év TT laTpikf] SiayvwoTiki] XpnoisoTolovuévwy
dxTiveov Réntgen.

10° H MEIQZIZ THZ PAAIENEPTEIAZ. Al PAAIENEPIOI
OIKOT'ENEIAL. H PAAIENEPIOZ IZOPPOIIIA

82. Padievepydc mapanyy. Méon Sidpxeia Lwig Tdhv pudievepydy mupiviwy,
ATO Tas TrpdoTas usTprioes TS padievepysias elye BiamoTwdf 6T ) padisvépyeia
TOAAGY oTOIyElwy TreEpIEXOopévwy EuTas £vos padievepyol TTapaoKeUdoUaTOS, TOPOU-
giale ouv TG xpoéve piav pelwoy aUTfis. ‘H magaxun «UTtn Tiis padievepyeias épede-
6N eidikcdTepov Aol Tponyoupéves kaTwpldln vi deaipfiTar olovdrToTe oy nuaTL-
Copevov éx TR padievepyeias véov oToixsiov (feyatoior ototyeior), Té dmoiov fiTo
BuvaTov va elvanl kal aUTo padievepyov kai Sid TR pabievepysias Tou vé TpokaAd
dveopchiav eis Tas peTpnoes Tis padievepysias ToU &pxikoU uas oToiyeiov (uirouod
GToLyElon ).

'Eqv  Bewprowpsv  dpiouévov &pifudv buosiBidy  poadievepydy Tupfvev, TOTE
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TapaTnosiTan 671, Mpiopévoy TocooToV € auTdv Bicom&Ton gls TRV povada ToU
ypovou xai oUTw Tes & &pyikds &piduds TGV TUpTvwV Shoviv @biver. ‘O pubuds Tiis
TapaKufs aUTHS, THS ueloews BnAadl TaTns ToU TANBous TédvV &pyikdds Siabeciuwv
TrUpTvey dud povada Ypovou, drkoloulel vouov, & dtrolos duoidlel TTOAY ué TOV OTATI-
TikOV vopov THS BunaiudTnTos dmmoikias pikpoopyaviopdy els TNy dtroiav Sév Urap-
youv yewwioes. ‘Emopéves 7 dxtropTrh) Evés cwuamidiov &me Tov Tupfjva elvon dvTeAdds
Tuyaiov yeyovds, GueEdpTnTov &mo évBexopivny BidoTraow yerTovikod Tupfivos Kol
tv énmpeedleTan &mo olavBrToTe fwTepiky EMIBPACIY, T.X. NAEKTPIKE T pay VT TIKE
eBia, Bepuokpaciav, Triegw, KA., TouAdy loTov Sia Tiuds TGV peyeB®Y alTiY, TAS
STroias uéypt onuepov SiadéTel & &vlpwtros UTTo Tov EAeyoV Tou.

‘H peAéTn Tol puBuol kad’ v BlaodvTal T& &Topa padlevepyol Tivos oTolxEov,
SmIBdAAEL VG Brwphiowiey Tous Tupfivas v Gplopévn dvepyelakf] KATACTACE, KATTOTE
houbf) ékTrouTrn CcewpaTIdiou TIVOS.

Meta Thy éxmopTriiy & Trupny f) peTaTiTTel &l eVoTalf kaT&oTao ol Tapa-
ver &1 &melpov &veu peTaPoAfis Tvos, | peTaTTiTTEl g5 véav kaTdoTAOY, Suvapévnv
v& Tapoucidon k véiou padievépyeiav. Katémiv TouTou of padievepyoi Trupfives Ugi-
cTavTal osipdy UoPaduicewy kol kaToAfyouy TEAK®s els Tous oTaBepous Tupfivas.
Mapatnpelpey Aormov 6T €ls Tupny, .. padiov, slvan Suvartdy va £y {noel EkaTov-
T&Bas y1Mddwv étdv. Eivar dpws Buvatdv kail dvTds Tol Trpoceyols SEUTEPOAETITOU
vé& Travon UploTdusves &ool Exmépyn cwpaTidlov a. ‘H mbavéTns ToU va Siaomacti)
fvas padievepyds Tupfy éuTos ToU Trpocexols pikpol ypovikoU SiaoThpaTos elven
wikpd Bid oToiyeic Twd  (paxgdfita oroiyeia) xol B &AAx peydAn (foayifite otoi-
yeia). ‘Emroutvaas & pudpds Tiis Slaodoews TV padievepydv Trupfvey elvan Bix k&Be
CTOIYEIOV XUPOAKTNPICTIKGS aUToU,

83. ‘Hpilwy (ypeovog OmodimAaciacpod). Méon Lwy. B&oe Tdv dvwTépw
gupTepaivoper 8T els kdde oToiyelov Gpiopévor TooooTdy (A) Té&V dTopwY Tou dia-
om&Tan dva povdBa ypdvou, v UTdpxel B kaveis Adyos EmiTaxUvosws fi émiPpa-
BUvoews ToU puluol avrol. ‘Qs ik ToUTou EkaoTov oTolyelov XapokTrpileTal &mmd
dpioutvoy ypdvov, peTa Tov &molov Jobsica dpyixéds TOTOTNS ATTOMEVEL 7 uiceia.
‘O ypdvos autods kadsitanl duebon (T) (Sx1 uéon Leon), fi &AAws, xedvos tmodimle-
citaouod TOU gToIyEiOU,

"Ex ToU opiouol ToUTou kabloTaTon Trpogaves 0TI peTa Trdpodov Suo Nmlwdv
(2T) pas &rropével ToodTNs padievepyol aTotyeiov ion Tpds 1O 1/4 Tis apyixfs (ox.
135). Meta épodov ypovou Tpiadv Ambwdy (3T) 8 Exwpev Biadécipa 10 1/8 Tév
&PYIKGV HOS TTUPTIVOOV K.O.K.

MabnuaTikdds, 1 oTadepd A, ovoualouévn crafiend dtacmdoems, ouUvBieTal TPOS
v Huleny T S Tiis EEiodoews

e

&mou In elvon 6 guoikos Aoyapifuos ToU 2, ioos Trpos 0,693.

WnionoiBnke amod 1o ivotirouto EknmaiSeuTikrg MoAmkrg



H MEIQZIE THX PAAIENEPIEIAX, AT PAAIENEPTOI OIKOT'ENEIAI 149

*Extos Tiis Himbeofis T, mapioTwons Tov Xpovev peb’ dv uds dmropévouy Ta 50 7 T®Y dpyikd®s Sia-
Seoipwy TUpTVWY, XPNOIHOTIoKEITal TOAAGKIS Kal | uéon fw# (T), ©F & Xpovos uetrd Tév doiov Uiro-
Asirovren 16 1/e Tils dpyikfis mooéTnTos. EMeidn 6 dpifuds @
(Baois Tév guodv Aoyapifucwy) sivan 2,7..., EmeTon 6T1 1 péon
Zof TTapioT& Tov Xpovov pel’ dv Umodelmovten & 37 9 Tiis
GPYIKT§ TTOTOTNTOS, &pax & Ypovos T elvan peycAUTEpos TR MU~
Zwiis T. Al &vTticToigot oxeosis eiven

(péon Lon) T= Jl\ =144 T (huwiwn) (2)

L1 Ny apyikov &pifipov Tupriveov kal A otadepdy
BiaoTaoews, & UAS TEPITOEUoOUY LET& Xpovoy Tiva L
N Tupfijves, Téog01, @oTe va loyin

f) oxéors N= Ng- o (3)

Zy. 135, "Fldrrwow 1ot aglpot 1w i axdpn  dwaomachivroy  aopirey
OUNEVEDYOT (GOTOTOV GUTUDTHOEL TOU #00Vov.
xai Gud povdda yxpévou B& Exwuev GpiBpov SiaoTrepiver Tupivwy
AN
- - = 2N 4
Al &

émou N & ékdoToTe Becopoupevos apifuds Tupnvwy, Tol anpeiou (—) SnAoUvTos &Ti ) ueTaPoAn ToU
N A (AN) elvan peiwois ToU N.

Hagadeiypara. 1) Eis ToootnTd Tiva padievepy v TUPTVWLV, GUVICTOREVTV KATE TIVA OTIYUNY £k
30 000 Tupnvey, BiamoTolTal 61 SiaoTduTon 3 Tupfives dvd Beutepdhetrtov. ' H piom fwr T TpokdTrTEl
. Ths oyfoews (4), Eav Bégwpev sis autiiv N = 30000, AN = 3 xal Al =1 sec, omwoTe 8& Excopev
3/1 sec = A -30000, évBax A f| oTabepd SraoTaoews. 'Eav AdPwusv U’ Sy kal ThHv oyiow (2)
eUpiokopey TeAIkGs T = 104 sec. 'Eav v eupeBeioav Ty TS péons Gwiis GUTIKGTAOTHCWHEY €is
Tov TUToV (2) elpiokouev &Ti f) figeon TRV Ev Adyw Tuptjvev elval fon mpd; T = 6 930 sec.

2) *H Amewn 10U padiov gg Ra 226 eivan 1620 &n. &ic va elpwpsy ThHy otalepav Biaomaoewg
oUTolU A, Oétopsv glg Tov Témov (1), T = 1620 érn == 1620:3,15.107 sec (1 étog = 365 fuépat =
5,26 105 min = 3,15. 107 sec), omwdTe 6& Eywpev

0,693

—11 a—1
i o e

A

84. Al oixoyéveial TGV Quoix®dy padlevepy®v atolyeiwv. Eis Tnv mponyou-
pévny Trapdypagov éBzwproauey ik TNV &TASTATR THv SidoTaoy évos padievepyol
icoTdou, ToU émroiou TO BuyaTpikév oTolysiov Sev elvan kal altd padievepydv A &v
elval, &ropakpUveTal &uéows ToU unTpikod ToloUTou. ‘H mepimTwois altn efven ouvn-
feorérn els T TexvnT& podievepya iodTome, & Omola 817 exTrouTrfis Kupics drTwo-
BoAias B peTarmimtTouy sis oTaBepa BuyaTpika oToiEia. Aév oupPaivel ducws TolTo
gls T& Quaikd pablevepyd oToixely, dou Téoov To unTpikdy (To drrolov Exel TpoEAfel
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dmd &MAo padievepydv), doov kai TG BuyaTpikdy, Tapoucidlouv poadievépyeiav.

SynuaTifovton oUTw oeipal

Zyx. 136, To croggeior I' mpexdare

71 @s ouvnBuws Afyouev, olwoyéverar oadievepydv
grolyeiwy, ol omolcn &pyifouv &md &v Alov pax-
KpoPiov oTolxelov kai xaToAnyouv eis Ev oTabe-
pdv lgdéTomov Tol upoAUBRSou.

Eis TroAAGs meprimrTcooels Bev Exopev HOVOBIKOV
Tpémov padievepyol PeTaTEoTTS, GAAG SuvaTal TO
TolXelov, E0Tw TO A, KaT& péya TTOCOCTOV V& HE-
TaTpaTri) 817 dxTivoPolrias o eis 76 oToiyeiov B, kai

£z T;f_ .‘Jn[l.i‘m;rz ws T rrrmxau::rhhl KaTa TS YTTOASITOY WiKpdY TTOToGTOY B1° &iTivoPo-
1 2 T’J-: Otz At NI AUl EYEL -\. 3 i = - = N v
aropu=or aofipoy xava povada pexoo- ' IJGS‘ E" ElS iTO ;JTO:XHOV 83’ (OX 13’6) Té 8Go
Tegov o aUTa oTolXEl TT)s oUTw Tros éugavicbeions « &1 a-
kKAaddoews » elvon pabievepyd, eis Tpdov &-
T (Bopiov) ;;‘;"‘:‘;}’;:n
1,39 10" érn |
- OIKOTENEIA LT cdopiov)
OIKOTENEIA A ey e
OOPIOY &7 e AKTINIOY
o' (nputakTiviev)
LAl carriviev)y 3,2 10" evn
6,13 Lpar
(aKTiviov )
¥ (Baprov) 21 Ern
1,9 irn
| LB (ppayriov) T (Boprov)
Ro™ ¢ paBrov ) 21 min 18,9 Auecpal
3,64 Apipar
| LRo™ (paBiov)
| A1gomaoig ( padaviov ) 11,2 Auipar
uno txkmoprnny
41 oupanidiov @ 54,5 500 ; =
Ses i WRe" (padoviev)
Pt one txmounAv 3,92 sec

. Aiaonaoig
b Une txmopnAy

oupanibiou B

" (nokaviov )
0,158 oo

_Po (poAuBBog)
10,6 Gpar

* (BiopouBioy )
60,5 mn

oupanibiou a

Po"* (moAoviov)

ataandols & 1830 piec

4né éxmopnav
owpatidiou B

an
P

( pohuBdog )
36,1 min

8" (Bicpoudiov)

’ 2,16 min
L1 (Bakiov) WP Cnehdviov)
¥4\ i 0,5 e T Coahion) 5 Pt okt
&7 8win: 3 005 e

WPe LudhuBBoc )
orabepoy

i
|
|
LPo’ (pOAUBBOG) ‘l
oTaBepay !

Zy. 137, Paheveoyo: oizoyivein Goplov (4n). Zy. 138, Padievepyos oixoyévera axtwviov (4n-4-3).

OTE V& KOTOAT)YOUV GUQOTEpa €is TO éu guveyeia péhos THs oikoyeveias, 1o . Al oiko-
yevelon T&V QuOIkddY padievepydv oToiyeicv elvan Tpeis (oy. 137, 138, 139) ked of
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uafikol &pibuol TGV Slagopwv icoTdmwy T& OToia T&s &moTeAolv SUvavTan vd
Tafwounbfolv sis Tpels kaTnyopias:

a) Zewga toi Hoplov, palikos Gpibuds A =4 n, dtou n dxépanos TepiAapPavdpevos
ueTa€U 52 kai 58.

7) oa 10 dzTwiov, A =4n-3 (u petafU 51 kad 58).

y) Yewa tob ovoaviov, A=4n-4+2 (n petaly 51 xai 59).

Ymdpyer drdpn pic olkoyéveix, dvopaloutvn ceod Tob mocedwriov (ox. 140),
He A=4n+41 (n petall 52 xai 60), uf mepdauPdvousa yvwoTd sl ThHy Guow
icdToma ki Si1d ToUTo onuaioUtal i oikoyéveia TV TeyrTds oadiereoyin Paslmy
igotdTer, &pxeTan &8 &mod TO PpayUPiov iodTomov, TO TAouTdvioy —241. ‘H oeipd
alrn EAaPe TO Svoua ék TolU pakpoPiwTépou Tng oTolyeiou, ToU mooedwviou — 237,
xad &yl &k ToU &pxnyoU Tfs olkoyeveios, ToU mhouTwviou. Aév mepidauBdver dépiov

S
e

218
y U™ Covpaviov)

4,51 10" evn

L P Cmhoutviow)

S 15,2 irn
LT (Bopiov )y
24,5 npepar An " Capepiiov )
A 462 ivn
,Pa" trpoTexTiviov) P Capurantiviov )
6,7 dpa g 14 mn N (neaciBovion)
2 2,25 10 &
LU Coupaviov )
2,53 10° éwn Lo’ (npuroxtivior)
27,4 apipan
e
OIKOTENEIA 5T (Bopiov) OIKOTENEIA Js
OYPAHNIOY 8,3 10" crn MOZEIAANIOY LU Caipaviov )
- 1,65 10° irg
LRo™ (pabiov)
1622 €rn L TT (Baprov)
7 e 7000 Ern
BT i LB (padoviov)
s 5,825 nucpor JRa™ (paBiov)
i 14,8 Auipon
WPo' (mokdviow ) Aibonaate
3,05 min uné txnopnAv Al (artiviov)
cupotidiou a 10 quipar
Pa " (poAuBBeg ) ~
26,8 ~in ' (gpayriov )
48 min
" (BiopouBioy ) Aldauadis,
4né txnouniv ”
19,7 min oupandlou B A1 C&atarov )
- 0,02 e
oI tBadiov) & 5 LWPe" nodoviov
i T80y - i 150 piec B (Biousibiov)
Na : 47 min
& (uoAuBBog >
| g e e
: Aidangane s 22 ern LI cBakiov) P’ Cnokoviow )
ané érnoumAy . p 252 i 4,2 paec
47 ouwpamdiou @ @7 LB (Biopoudiov)
;1‘).:;. paild 5 Aucpar Pe' (uokuBBoc)
Pe 3,3 dpar
| IO, el Po'" (moAGviov) )
| om0 éxmopnav \ 140 Auipar (B1opoiBiov )
% owpanidios B arabpiy
= wPs (HoAuBbog )
{ oraBepov
2y, 139, Padieveoyds oixoyéverw ovpaviov (dn--2). Iy, 140, Pubiereoyos oizoy. qocedarion (dn--1).
yos 7 s (4 I P b TSk

T1 oToixelov kai kaTaAfyel s TO oToiyelov Biopoubicy kal Oyi s iodTomdy T1
ToU poAUPBou, s of Tpels oikoyéveicn TV Quoikés podievepydy  looTéwv.
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85. Padievepyog looppomia . “Omws moparnpolusr &k TOV AQUWTEPW TECOAPWY TYTHETWY,

sis Tas padevepyou:z olkoyeveias UpioTaTal kKMpakwTh UmoPdBuiols, kaTaAnyouca eis v oTafepdv

igéromrov ToU oTorgeiouw pdAuPdos. ‘H dAAniouxia xUtn Tdv peAdv

tkdoTns olkoyeveias elpioxeTan ouvnfws Kai &v TToooTIkY dvahoyig, 1
Smola &moTeAel THY eadievegydy loopoostiay.

| | *Eav Bewpfowpey 8T 1) ToodTNS TV &pX1Kds Blabeoipwv Tuprjiveov

: givar peydn, TO B oToiyeiov eivan pakpdPiov, ) cuvdrxn Tiis icoppo-

| Trieg eiven edkolov va Sratummwdi) &5 £fs 1 «"O agluds Tédr dva Sevre-

00/ETTOY NAGTOHUEr WY TUoAr@r  ToD JjTOIZ0D
arotyelor glvar icos 700; Tov aonduor Tdy dia-

aampErmy aveijror Tot vyargizod atogeiov .
MpérypaTi, émeAbBolons Tijs icoppoTias, TrpéTEl

Zy. 141, Myyavizor 636 = 3’,;' 7 ToedTNs ToU BuyaTpikoD GToIXEioU v& pevn

OELy I DU TR HATAVOHTIY L oTafepd, dpa ©ool Trupfives ToU SuyaTtpikol

2iic pudtevepyol ivopponiac gToryeiou Bnuioupyolvten dud BeutepdieTTov,
¢ 0 0y o6OT(UG.

&AAo1 Toool 9 BlaoTrdvTal dvd SevTepOAeTTTOV.

Mnyavikov dudhoyov TolU gaivopévou TouTou slvan TO droAoubiov. "EE Evos éxdoTou TdvV doyeiwv
ToU oxnpaTos 141, # moodTns ToU Uypol fiTis ékpéet €€ aiTol dvi povdBa ypdvouv eis TO Emduevov Go-
¥glov elvan 7} oy 51’ OAa Tar Boyeia.

Eis THv mepiTTwow oAV f) TTogéTns Tol Uypou ATIS elopéal évTds EkdoTou Boxeiou éx ToU duigws
TEONYOUREVOY, EvTOS (PIoHEVOU Xpdvou, eival ion pE TRV ToodTnTa ToU Uypol ToU éxpéovros EvTds
ToU alrrol xpovou es TO dpégws Emopevov doyeiov. ToTe 1) TToodTns ToU évTos ékdoTou Boyeiov supigxe-
pévou Uypol B¢ moapapeivn oTofepd.

‘H iooppoTia alrn Bév ioyler dTov 16 SuyarTpikdv oTorxeiov eival TepiogdTepov paxpoPiov &To TO
LM TPIKOV OTOIXEIOV, fj STaw Exouv dueoTepa Tiis cUTfis TaEews fubwds A xai dTav Udpyouv 6 &pxfis
&v piypaT TTOAAG aToNyEC.

AZKHZEIZ

B1. ‘O ypovos UmoBimAaaiaopol ToU pabievepyol wdiou (53 [ 131) eiven igos wpos 8 fluépas. TToiov
pépos TEW TrupTiveov g I 131, oimives Umapyouv kard THY ypovikiv oTiyufny b =0 eis piav ToocdThTa
Tuprvwy Tou looTomov 54 I 181, Eyer doropeivel eis TS TéAos pdvou 16 AuipBda.

(AT, 1/4 T@v dpyIkdY TTupfiveov)

62 . ‘O ypoves umobimAcoiaopol ToU padievepyol iwdiou (55 1 131) elvan igos trpos 8 fuépas. Na
Umrohoy1obi] f) Ypovikn oTiypn ka®’ fiv eis piav TogdTnTa TUpAvwy 53 1 131 ToU igoTdTmou éxel &opsiver
76 1/8 1V Trupriveey oiTives Umrfipyov els aliThy kaTd ThHY Xpovikny oTiypiv L=0. (CAw. t= 24 fpépx1)

63 . Eis moodtnTa Tupnveov  Evos padisvepyolU iooTdmou  £youv &TTOUPSIVEL KITQ TNV Y POVIKNY
gTiyphv = 2 xai 3/4 min 1o 1/8 T&V Tuprfivwy oiTives Uttfipxov &ls Ty KaT& TAV XPOVIKAV GTi-
yunv L= 0. N& Urohoyroff & ypovos Urodimhasciacpold ToU icoToTou. CATm. T =55 sec)

64 . Eis moooTnTa Tupfiueov vos pabievepyol Ig0TOTTOU TERIEXOVUTAN KT TAV XPOVIKAV OTiymiv
t =0, N mupfives ToU igoTémou. "Eav & ypdvos UmrodimAastacpol 100 icoTdtou sivan T, vé UmroAo-
yio8} & dpifuds Tév Tupfivwy ToU looTdmou of moiot B Urdpyowy (84 Exouv dTousivel) KaTd THY
ypovikaqw oTiypy L=n-T (n dxépaiog), s kai & &piBuds TV SixoTacévTwy padievepydv Tupn-
Vv ToU {ooTéov pixpl Tiis oTiypfis alThs. CAm. o N/2n, p* N-(1—271)

65 . Eig mogoTnTa pobievepydy Tupnvev AcuPdvouv ywoay kad dpav 5, 3- 10 8 Siaomwdaoas, ‘Edv
fxaoTos TUph BlaomdTan U  éxmopThv fuds cwpaTiBiov a, &k Tis p&dns 5t Tijs padievepyol oloias
EMovTan dva Gpav 1, 96 - 10718 ems flou, peTpnBévTta UTTd kavovikds ouvBrikas, v& UToAoyigtiy 1)
orabepd Loschmidt. To fdov éxa1 drouxdv Bépos 4, 003,

UTIO KavovIkas B guvdnkas TTukvoTn T
1,8- 107" gr/em 3.

CAT. 6,02 - 1023 &ropa/ypapuodrouoy)
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A& Thv Epunveiav T&Y parvoptvwy T padievepyeias ( PA. Keg. KB') elvon dmapad-
TNTOS ) TEPLYpaprn TV BUo Poaocikd@v cwpaTidicv ToU mupfives, ToU mpwzoviov
kal ToU vergoviow. T& cwpaTidia aUTd, dvopdlovTal, ds yvwoTov, vouxdedvia,

SnAadn Tupnvikd cwpaTidiax (8 ToU nucleus, émep AaTivioTi onuaiver TTuptv).

86 . To mpwréviov. To &ropov, GTrs TASIOTAKIS Qvepépaiiey, BewpeiTal anHepoy
25 BV NAEKTPIKGS oUBETEpoV oUTTTHG cwuaTidiwy.

T& NAekTpdvia TreploTpépovTal 1Tl TGV TPoXIV Twv Trepl TOv Tupfiva, GoTiS
sivan QeTikGds QopTicpévos pé gopTiov
ATMOAUTwS Ioov Trpds TO dGfpoioua
TV QopTiwv T@V TAskTpoviwv. Ae-
youevol &1L 81’ EkaoTov MAEKTPOVIOY,
QEPOV, WS YVWOTOV, EV OTOIXELGDES
IPVNTIKOV QopTiov, UTTapyEl v QvTi-

OTOYOV cwpaTidiov pé HeTikOV gop-
Tiov EvTds TOU Trupfivos, &yopsba
is TNV Tapadoxnv va Bswpnowpev
rov Trupfivar TrepiéxovTa Tooo BeTi-
KOS popTiouéva cwpaTibla, dox el-
al T TrEpl TOV Trupfiver  TIEQIOTPE-
POPEVT T)AEKTPOVIAL.

i

‘Etropéveos, 8& E&mpeme v UTro-
Yéowpev 6T1 O TrUpTv TEpiExel BeTikd
GAekTpovia lodpifipa TTpos Ta EKTOS
TUpfivos &punTik& HAEKTpoOVIA.
ToUto Spws Bev eivarl opbodv, BLoTI

THy TEPITTTWOW Tr.Y. ToU UBpoyo-
, O Tupnv Tou B8&v Eyer upalav

Somy Kad TO AAEKTPOVIOY, U TOUVCV- 34 142, Tuoyui meomoviow fimas eidyuos 1Witson
Tiov @épel popTiov BeTIKOY, STOANUTWS "/ wapaiiwo:  witdn  ayelictar s Ty Exidpusy
icov TS TO ToU AAekTpoviou. "Apa HUPYTEZOT TEdiuY

& Trupfv ToU USpoydvou Bev elvail
kb fAeTpSVIOY, AN BeTIKOV cwaTiBlov oAU peyaiuTépas palns &mo Thv Tou

1es)

HAekTpoviou. *Eqv kard Tov loviopov &rropakpuvdi TO povadixov miekTpoviov Tol
&Topou ToU UBpoydvou, elvar 8¢ povadikov B10T1 TO UBpoydvov Exel dTopikoy &pifuoy
Z =1, ToTe poxUTTTEL 5 BeTikdy {ov (kaTidv) cTog oUTos &

v ToU Udpoydvou.

MeTprioels yevopevan émi ToloUTwv Betikédv idvTwv U8poydvou EvTos depoke-
vou cwAfjvos (BlauAikal &xTives, PA. ogA. 48), dméduoav Téoov Bik TO gopTiov,

Soov kal Bi1& TNV P&V, TGS, YVWoTAs &K Tiis NAekTpoAUoews oftwy, HTOI Y1UIKGY
fvcooewy ué kaTiov USpoydvov. ‘O Tupnv Acimov Tol Udpoydvou kai eibikcaTepov
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ToU éAappoTépou icoTomou  ToU Udpoydvou, elven TO voukAsdviov mpwzdriow.
To mpeotoviov Eyel pdlav fpepias 1836,12 gopds peyoAuTépav THs pains ToU
neeuolyvtos RhskTpoviov kel Tiufy palns fonv mpos my, = 1,67 - 10—24 gr.
To oyxfua 142 mapoT& Tpoylds TpwToviv Kivoupévey EvTds Soiduou Wilson
(BA. cen. 183).

87. To verpoviov, ‘O lulherford (Pddeppoort), katd Td #ros 1920, E8ecdpnos
v mifaviy Umapfiv Evds cwuamiBiov udlns mepimou fons wpds ThHy ToU TpwToviou,
Tpikdds oUBetépou. TO couaTibiov ToUto 8& A8Uvato v& TAnoiGoT Tols Trupti-
§ va amedfTan, v dvmibéTes TE cwuaTiBia o, ds BeTikéds gopTicuéva G-
 TQ TayEws KIVOUueva TpwTévia, UgioTavTon &maoels Ao ToUs TTUpTjvas
kai B&v Spolv &moTeAsopaTikdds 210 cUTHV
TAPE HOVOV OTaV &TTOKTACOUV UEYEACS Ta-
XUTnTOS.

To cwpatidiov veTpdviov éfecopnfn UTod
o0 Rutherford dos ouyxkpdtnua mpwToviou
kai TjhekTpoviou, fj &AAws, &3 £idos &rduou
ToU UBpoydvou els TO dmrolov T6 AAskTpdvioy
TpooekoAASTO £is TOV Trupfjva Tou. Al épya-

oica 10U Rutherford mpds kaTackeuhv—Tpd-
oV TIvk —ToU veTpoviou &md Tupfivas -
Bpoydvou kal HAekTpovix oUBémoTe ETréTu-
Xov. Kei elvat rpéryuomt Teheioos éopauévor T
vax Becopolibev otjuepov T6 veTpdviov s &TARY
SUZeu€lv TpwToviou ke HAekTpoviou.

KaTtd 76 #ros 1930 of Baolhe xai Beeler
(Madte xai Maéxeo) ¢pycddusvor émi THs &mi-
Bpdotws owuaTiBlwy o il dAappddy oToryeiwv
kol eiSikyTepov émi ToU PrpuAiiou, TapeTh-

JAMES CHADWICK ( éyev. 1891) pnoav THy EkmouTv wi&s &xTivoPorias Alav
Ble1oBuUTIKTS.

To Lebyos Frederic Joliol kei Iréne Joliot - Curie (Zoié - Krovoi) ETravidaPay T&
Tapduata Talta kad TapeTApnooy 8TL ) vix dkTivoPodia fiTo fkowh v EKTIVGET)
TpwToVIR &Td  UBpoyovouyous oloias, T.y. &md Tapagivnv. T YEYyovds TouTe
elyev EEopeTikny onuaciav, BeSopévou OTI Trapadexdusvol THY véaw dxTivopoiiav
@s oloav fekTpopayvnTikis @Ugews, BSnAadn dxTivas y, B Empere TO gwTdVioV
albTiis v& ATo TOAU peyd&Ans Evepysias, doTe v kaTwplwve THv éxTivaliv évds pe-
YE&ANs oxETIKdS palns owuamidiou &mows slvan TO TpwTévioy. Atk vk gEnynowpey
THY oupTepipopay TauTny 8& ypaaldueba véav Bewpiov Tepl Tol pwTovioy, 81611
ArAcos Do efyoopey kaTdpynow T&Y yvwoTdv dfipdTmv Biarnpnosws Spufis kai
gvepyeias Ths kKhaooikiis Mnyaviks.

H Ehynois Tis mapadéfou ounmepioopds THs véns dxTivoPoiics opeiAsTan el
Tov "Ayydov Chadwick (Todvryoviz), Somis &8afev &1 Tk TEIPOUATIKG  &TTOTEAE-

@lomoi|Bnke armé To votitouTo EkmaibeuTikr)g MoArmkrc
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ouaTa sival BUokoAov va EEnynbolv ué Baowv 671 1 dkTivoBoAia, T wpoepyouivn &k
7ol Pnpuliiou Si& BouPapdiouol pi cwuaTidicr a, elvan HAeKTpOUCYVNTIKTS QUOEwS.
TotvavTiov slvan SuvaTov v& ¢6nynfoly pt ThHy Umdleoiv Umdplecss olBetépwov cwpo-
Ti8icv, p&dns fons wpos THY Tol TpwToviou. EdvénTov elvan Tdpa TO Siati TO Taykées
KIWOUPEVOY VETPOVIOV BUvaTal, CUYKPOUSUEVOV UeTX TrpwToviou, v TpocBwan Eis
aUTd ikavnv dvépyelav kai Opunv, doTe va ékTwayBf ik TolU popiou THs Tapagivns
zlg TO omolov dvfike. ZupPaivel k& TO TeAeids dvddoyov upd THY kpolotv kivouptvng
coaipas pmAMEpBou &l &AANS dxiwnTovcTs, T alTfis pédns.

’E@’ éoov TO veTpdviov Btv Exel gopTiov, Bév Tpoxadel loviopdy, Biv dmreodeiTan
amo ToOv TupTivar ki Bév EmiTayUveTtan {) &mokAiver Umd ThHy EmiBpaoiv fexTpikol
edlou.

Té veTpoviov 8tv slvan — gv Aeubépa kaTaoTdosl — paxkpdPBiov (oTabepdy) cooua-
Tidiov, 6Tes TO TpwToviov. ThlavdTama kal #k1ds Tol Tupfives v & kard iSidppul-
pov Tpomov (BA. Kep. KA'). Metpnoeis yevduevan émi dheubépoov veTpovicov, Tpoepyo-
uéveow LY. Ao TrUpTVIKGS dvTiBpdoeis, &médafav THv alTOPATOV WETATPOTAY ToU
sis TpwTéviov kai MAekTpdviov (BA. Kep. KBY).

88. TpdmoL mapaywyfis vetpoviwy. Qg .'n'nyéug veTpavicu ypnoiuoToloUpey gurnidn TapaoRaud-
suoaTa dA&Twy pabiou, dvapsprypévey YeTd kévews PBripuliiou kal gupTreTTieapévey duTdS MIKPAY KOiAwY
eTaAAIKGDY kuUAivBpeov. Of ruhwdpioxor obtor elvan kahdds kekAaiopévor St vér pify Srapziyour padievepyd
x kol ) Tapoyn Twv els veTpdvia eiven mEpiTrou 10 — 15 yihidSas veTpoviwy dwd BsuTtapdhemTov
@ 1 mgr paBiou.
‘H évrods atrév émounpaivousa quTidpaois eivar f) TpooBoAny Tupfuwy ToU Pnpudiiov &mo Ta
SWHaTISIX o, &Tva Trapdyel TO pddiov, OToTe &§ EkdaTou Saommuivoy Tupfjvos PripuhAiou TpokUTT:
v veTpoviov kal eis Truptv &vBpoxos. “H égiowais Tiis AauPavolons ywpav &vTiBpdazws sivan

4Be? - pat — (C12-f nt

5

fvla & duw BeikTns SnAol TOV palikdy &p1Bpov Kai & k&Tw TOV dTopikov dpi1fudy Tob Trupfves (oTorysiov).

‘ETépx Ty N veTpoviwy givan i dvTiSpaais Pripuidiou TpooBadhouévou Umd dxTvoPolias y ikaviis
fugpyeias (Guew Tddv 2 MeV). Tlpds ToUTo Ev TexvnTOV padievepydy (o6TOTOV, EKTIEUTIOV GKTIVOS Y, TLX.
paPéilov dvTipoviou —124, TrepiPddheTan &mo PrpUAdiov, 6moTE TapdyovTal veTpdvia kai 81 dopiopdims
dvepyeias (O ToIkiAwy Evepyei@v Smws Tiis TNyiis padiov - Prpuliiov). To ueovékTnua Tis Y
ToUTns given, 8T1 1) padievépyeia Tol avTipoviou peloUTar k&de 2 pijvags eis TO fuioy Tns. *H duTibpaars
Baiver s #ETs
oat
JBe? -y —> onl-,Bes <
oot
“Hro1, BnpUAiiov - dxTivoPolia y 8ibet veTpoviovy kal lo cwpatibia .

Mevikéds SuvapeBa 1k TTOAAGY dvTidpdoewy va AdPowpev vetpovia. Tlpayuari, sis 1o Eumdpiov Sia-
TifevTan TN yal veTpoviwy, TGV dmoiwy 1) Tapoy ™ kai 1 dvipyeix T@w veTpoviwy, Ta dTola alTal Tapd-
yowv, tEapTdvTon éx ToU TUTToU Tiis GuTiBpdoews kai Tol Toool TolU ypnoipomolovpivoy padievepyold
oTotyeiou s TNYyfs BouPapdicuol thagppol Tivos aToysiou (BnpUAiiov, Seutépiov).

*Evepos TpdTros Trapaywyfls veTpovicv eivanr & BouPopBiouds Sixpdpuv ardywy £ EAagpddv aTol-
yeloov &md Tayéws kivouuévous Trupfivas USpoydvou (TpwTdvia) T Trupiivas Papios Ubpoydvou (SeuTe-
pdvia).

‘H Emitdyuvals TGV TTupjvev aUTdy yiveTan pé elSIKAS EmITa)UVTIKGS unyavds, Omws Y. TO K-
whotpov (PA. Kep. KE'). ’Ex Tédv dvmiBpdoswv ToUTwy évdiapépovoa elvan 1y mpooPohny ué Beutepdvia
oTéXoU TEpléxovTos EtTions SeuTepdvia, TrLY. &YooV &o Poapy Uswp. ‘H dvtibpaois altn év ouvTopig
xaheltal &vTiBpaots D, D kad Exel s dxoroUbos

WnionoBrke amoé 1o ivotirouto EknmaibeuTikrg MoAmkrg
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1 D243D2 - sHe? 4 gnl
fi BeuTepdvia émi UmrepPapios UBpoydvou (TpiTiow)
1D2 4,18 —  ,Het |- gnl
7 gmigng 81 TpogPohiis Mibiov UTo TpwTovicoy
1H! -+ 3Li7 — 4Be? - gnl KATE.

ATTO Tas SvTiBpaoels cUTas EXOHEY TIOAU PEYGAGS TTOPOX S &v ouyKpigel TTpos Ta piypaTa padiou-Brpui-
Alou, Tapoyds oi Smoia

IIINAZ III UmepPaivouv T& 1010 wve-

Tpovia dud Sec, SnAadih

. i i 3 : @5 #av elywpey UTypa TOA-
Karnyopia Evépyeix Tayimns els m/sec A e paiG | pediou

ué PnpUiitov.
Y, (- S L. 0—0,005 eV 0—98.102 Zruepov Suws XpNotuo-
2 - ; TrotoUvTal droun HEYoAUTE-
(2 T e A P D e 0,005—0,5 eV | 9,8.102—9.8.103 pen kel povindTepc Ty,
TETOEPINKE (o s . 0,5— 1000 eV 9.8.103 —44.105 STrens elvan of Trupmvikol dv-
o ST 11 o G 1—100 keV 44.105—44.108 T‘S‘P“mﬁpis. gvTds TEW é-
Troicov dnuioupyEiTal Too-
Toyéax kol Gmeprayéa . 0,1 —50 MeV 4,4.106 —98-107 TN kaT&oTacs « depiou »

VETPOVIWY, WOoTE el§ éKaoTov
KUBIKOV EXaTOOTOV V& €Upi-
oxwvTan $AfuBepa BioekaToppUpia veTpovicoy (8TTes els ExaaTov kuPikdy EkaTooTov dspiov elpiokeTan
topiopévov TATBos popiwy UTrd Bedopévny Triectv kai Beppokpaciav).

Ta& vetpdwiar dvahdyws Tijs fvepyeias Twv BiaxpivovTan guvnfws els Tas elg Tov ivaka III dvage-
popsvas katnyopios, al dmoic UmevBupifouv &éplov kaTaoTaoy.

Al Tpeis TpdTAL KaTRYopicn kKai Ta PpabuTepa TdV évBlouiowy vETpoVitov ETTOTEAOUV THV YEVIKG-
Tépay OpdBa TV Ppadéwv veTpoviov.

89+, ’Emfpaduveig thv vetpoviwy. Qs dvepipapey TPonyoupEvws, STaV EV KIVOUMEVOV VETPO-
viov pédns m ouykpouofi] pods éva, EoTw dxivnTov, TRWTOVIOV ThHs aUTfis TepiTou ué&gng In, oupPai-
vel 6,71 yiveTal kaTd THY olrykpougtv ggaipoas pmiAMidpBou émmi &Akns dpoias dxvnTodans.

Zupowves Tpos ToUs vépous T EAXOTIKTS KpoUoews, kaTd THY dtoiav dév SamavdTar pépos THs
kN TIis dvepyeias ToU owpamiov Six Biépyeoiv Tive, loxdour al k&Twd Siowsss Tfis Mnyavikis
S1& Trupfiva - oTdYOV &KiVTOV

; 0 - ug® = :12 MU2. L 21 m-v?  (Aiarnpnols évepyeias, dpifunTikov aipolopa)

mug=MU-+muv (Aictripnots 6ppfis, SiocvuopoTikov &Bpoloua)

fvBa m N p&fa ToU veTpoviou, vy fi TaxUTns clTol TRo TS GUYKpoUdEws, U f) TaXUTNS alUTod HeTa
Thy oUyxpouow, M 1) p&la ToU mupfivos kai U ) TayuTtns Tol mupflves peTd TNV CUYKPOUTIY
(ox. 143, a).
‘O Aodyos Tiis KivnTIKTS vepyeias I Tol veTpoviou petd ThHv xpoloiv Trpds THY KivnTikNv évépysiav
L Thv dmoiav elye Tpd THs kpoUoews UoAoyifeTon &l Ti) Péosl TAV dvwTépeo E§10WoEWY Q5 1095 TTPOS
12 M—m \2 ! I 1
i :( M-+m ) =r KEVTPIKT] kpoUais (@))

Kl YEVIKWTEPOY
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Eo I~2[-l -+ ! _2-1" < owe Aayia kpolats 2
Stov ¢ ) ywvia oxeddosws Tol vetpoviou (oyx. 143,B).

A& @ = 1800, BnAadt) Sik kevTpiky kpolow xkai dmicBoydpnaoiv Tol vetpoviou, & TUmos (2) oup-
riwTer pé 1w (1).

A& kpoUctv kaTd péTwTrov veTpoviou &mi wpwToviou, émadf f| udGo Tol verpoviou elvan Tepiou
fon mpds ThHy pdlav ToU TrpcToviou, TpoKUTTTEL 8Tt ) KIvNTIKA évépyeia Tol vaTpoviou peTa TRV Kpolow
§& elvan TpokTIKEdS Ton TTpods pnBiy, fiTor B Exwuey drAsiay KivnTikTs Evepyeios 1000, BioTi B dxivn-
THen TO veTpdviov Kai B& EkTivaydif ué THY alrmiv KivnTIKNY évépyEicy TO TTRWTOVIOV.

Arx Trapoyoiav xpolow £l wupfives Gvbpakos —12 8& éxwpsv TP p &8 uvoiv Tod vetpovieV
wal cuvetrsi ToUTng peicogv THs xivTikiis Tou Evepyeias xatd 28 4. Tpdypar,

E _fl2—1\2 72
By (iﬁi’) ~ 100

‘AMNG kal &v BexBduev, Strep TOAU mMBovdTEpoy, THY ToIKIAiGY ywviddv oxabaaews ToU veTpoviov
il Biagdpwv  TrUpT-
VGV, KITCAT YOUEY TT&-
Aw els TO oupTrépaopa
STt 7| &TWASIX TS Ki-
vnTIkfs évepyeias ToU
veTpoviou dva  ouy-
KPOUTIV P TTUpTiva, BN
CUVETTYOMEVTIV  OUA-
Anyiv Tel  veTpoviou
#  Sleyepoiv Tva TolU
Trupfivos, Elval  pEyo-
Autépa Bi&x Tous  FAc-
PpoTEpoUs TTUpTivas.

‘H d&mcdAeiax &0ev
évepyeiag TOU VveTpO-
viou §& yivn pe THY
xpRoiloToinow  8are-
Beadvyzay (1) pe-
Totaor @), VAIKGV TTE-
PIEKOVTWY  EAPPOUS ¢
Tupfivas kal pE THY  2X- 143, (u) Kevrowa)
TooUTeay The & 2ives pdlns M () 117
cov TO OBuvaTov -

KEOTEDAS KATAKPATNCEWS TV veTpovicy UTd Tév Tupivey abTév. Of tmiPpaduvtal §iv mpéme:
V& usichvouy TOV &piBpdy TEV veTpovicv, GAAL HOVOV Vi EItvouy THY TaxUTnTE Twv.

oobmc fvis vevporiov udlns m pel’ &viz dvijtov T~
it #goiietg évos vergorion pell’ fvdz dzwijton aweijros.

*Edv Beopricwpey 6T1 &pyikéds, TO opfjvos TV veTpovicov eixe usydhas TaydmTas, 1 dfodos S
7ol emBpaduvTol 8& Emgépn EAGTTWOW TGV KIVITIKGY Twv vepyady. "Hror Sexdpevol T& VETPOVIA
€35 G‘\.'),l‘rrspxq)spéuzvo: KIVNTIKGS 8TTws T& pépia depiou Tvos eis dpiopévny Bepuokpaoiay, eivan dg v
Winwpey TO « &éplov » TV veTpovicwy.

* AvTiféToos, EmiTaruvTal veTpovicov Sév Urdpyouv, v eivar Snhadh Suucrrou va SraBéToopey
cuokeufy Tiva f YASY TI, T &ToTov Xwpis v KaTakpaT veTpovia v émitoyivn TaUTa. "ExTos &v
SiaBétovTes wixpds dvepyeias vetpovia PouBapBicwuey oTéyous - Tupiivas ol dmoior BlaoTTWHEVOL v
uds Bdhoouv &AAa veTpovia, TayUTepa TEOV &PYIKDY Hog BAnp&TwY,

T& kupicotepa émPpaduvTikg TAkE eival T& TpdTa oToiyela Tol Teplodikol guaThpaTos kai ai
TUNOV XTIkl EVEhaEls HETREY Twv.
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Oi kool EmPpoduvTai T@V veTpoviwy TpoxaAoly kai &vakAoo1v QUT®VY, B16T1 T& VeTpOVI

cloepydpeva els T YAy, dToPdAouy ThHY  TayUTRTE Twv,

o 9 Q. 0 Qo Q okeb&fovTan  kaTa  Swpdpous Bieudlivaess, Sév TIPOXwWEOUY

\ els TeploooTepoy Bdfos kad s k. ToUTou EYouv peyd&Any

G o\\ 0\ g 0 mBavéTnTa v& EmoTpiyouwy Tpds T& omicw (ox. 144).

Afov v TovioBij &k véou 511 6 EmBpabuvThs i & dvaxAaoThs
/Q 0{ ? \ Q Qf Q Stv TpéTEr v& &moppogoly veTpéuiax kad V& TrpoxaAoUv dv-
@f TiBpdass, 16T ToUTo yivetan elis Pépos Tils EmPBpaduvTikis

Q 0/ \Q\\Q Q 9 7} dvoAaoTixfis Tew ikavdTnToS.

Qs dvorhagTds yprowpomooluey Uypds fi oTspeds fuco-

0 O /b b Q@ 9 oErs TEV TPWTWY CTOIXEIY peT& TOU dEuyovou (M0,
D,0, BeO) fi ypagiTnv.

d 9 9 0 0 9 Eig Tov chpa-nﬁépevov mivaxee IV 6 &piBuds téw ouy-
Zy. 144, "Eidttecs T Tagityrol  xpolctwv L dvagépeTal els 7O Trooas D‘\IYKPOUO’clg YpeldleTal
KkoTd pécov dpov kol UTd Siagdpous ywvias va EKTEALTT) EVS
veTpévioy kivnTikis fvepysias 1 MeV, fve karaoTd Bepuixdy,
tvepyelas 0,025 eV (vrioTorgos Bepuoxpacia  &epiou
ouvnidns SwpaTiou fpyacias).

T& ororgsia Mflov, Bopiov kai afwtov dmokAeiovtar, &16T1 &oppogoUv oAU T& VETpOVIX
«al Sty pds ouupipel ) Tapousia Twy 6 fmPpaduvTdy Twy. EibikdTepoy TO Bopiov civan v TV &pi-
o716y BeousuTik®Y Bid Ta Bepuika veTpdvia OTOIYEILY, STws Kl TO oTorEiov x&Buwov.

vetoorion  vrds  EmfloadurTed, Adyo
supxooiTeny pd Teoiras Tod fmifioa-
derrof, i

WINAZ IV

ZToiyEeiov |8} D e Be C Q
Madikds dpifuds .. ... 1 2 4 9 12 16
*Ap1Buds ouykpovgswy X 18 25 42 S0 114 150
s ; . TTOAY . X : TTOAU
AToppdenois VETpoviwy  HeTpix pipd undey pixp& HIKp& fiiots
ap LA N . P % - TOAU TToAU 413
AvaxAagis veTpoviwv. . UETPIC apioTn KaAn* KoM

90. Katnyopial mupfivwv. Bdoel Ty vouxkheoviwy, TpwToviou kal veTpoviou
& Heisenberg (Xdierpmeoyx) dos ki &Ahot Puoikol, BeTUTwoav, ueTd TO 1932,
ThHv fewpiav Tis Bopfis ToU Tuptives, oupemvews Tpds THv oToiav oUTtos ouvicTaTtal
udvov &md Papé a cwuatibia, veTpdvia kal TpwTdvia kai oUyl &rd Poapéa kai EAa-
Ppd, NTOI GO TpwTovia kel NAskTpovia, OTrws Edexdpeda THV Bounv ToU TTupfivos
Tpad TOU 1932,

Kotd Tas onuepivas dvtidfyels of mupfives dmoTtehoUvTar  &md TpwTovia Kal
VETpOVIa KOl YapokTnpifovTon dmo Suo &kepaious &pifpovs Z xad AL ‘O uév Z dnAol
TOV apifipdy TGV TpwTovicy Tol mupfivos kai kadsiTon drouxos detluds (womto-
vizog aotucs ToU mupfives), & Bt A Ekepdler T& TATBos SAwv TGV voukAsoviwy ToT

*) Qg oeibiov.
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TTupfivos, fiTol TO &Bpoicua TGV TpwTovicoy Kal VETpovicov Tou kol QvopdleTar i
aofudz. Baoel 1év drepaiwy wdvToTe dpiBudv Z kad A, ol Tupfives SioxpivovTan dos
AxoAoubus :

a) ‘Iodvosotr. “[odTomor zaiotvrae of mvoires, of 6molor Eyovy Tov adrér dvo-
wzor aoludy Z zal dudgogor tov A, dnlady Fovr tov wdtor mootoredr dodludr
xal ddgogor Tor unlizdr deludy. “Htol, ol lodtomol mupfives Siapépouv kard Tov
Ip1fuov TéV veTpovicov Towv (veTpovikds &pifuds).

Heagudetypare : "EAappov U8poydvov H!, Bapy UBpoydvov i deutépiov (H? f
1D?, UmepBapl USpoydvov fi TpiTiov (H® A T3 ‘Emions AAov Hed xai fAiov
SHet.

£) 'Icofapets. ‘.IO'OP'!AQEF: averes walofvrar Szelvol of Omolot Eyorr zowor Tor
valizor doudy | xal dwagépovy zata Tov Gropxor dolludy Z, itor Ezovr Té aiTi
gurolizdiz vovzledvia, diia ddgooor Tov doudy Téw TowmTovimy wal veToorioy T,

Hagadelypura : (G (&vBpaf — 14), 6 mpwTdvia, 8 veTpdvia, N (&fwTov — 14),
7 wpwTovix, 7 veTpovig, f He? (fidov —3) 2 wpwTtdvia, | vetpduiov, \H3 (TpiTiov)
1 mpwTdvioy, 2 veTpovic.

y) "Iodrovor. "[ladroro qvores xaiofvrar  Exelvor oi dzoior Eyovy Tor  adtor
aotfuoy veroovior N xal didgpogor  Tor' aropir zal nalizor dodipdr. O iodTovol
TTupfives eivan dvddoyol Trpds Tous iooTdTous Tupfivas, of Omoiol yapakTnpifovTal
&Tro kolvdy Z.

IMugadeiypare : C1 (N =8), N5 (N=8), 018 (N=8)f 1,51% (N=16),
PN =6,

8) ‘IToodiapopixoi. ’loobiapopikoi Tupfives elvon Ekelvol el Tous dmolous Siati-
peltan orabepd 1 Sagopd &pibuol vertpoviwy kal TpwTovicv. Aniadn, N—7 f
A — 27 = orafepov.

Hagadelyuoza : 3,U%8, N = 146, N—7 = 54, o, Th®t, N = 144, N—-7 = 54
Toggivassl; W= 138, N —Z =50, 5Rn¥? N=136, N—Z =50

Ol icodiagopikol TTupfives Siagépouv kot v cwpaTibiov a (uphy ,Het).

£) Toouepels. "foopusoeis mooives walotrrar avojres Tob  alTob  dtouizol  #ui

naizot aofluot, dtapdoovte: AaTd 10 SVEQVEUAOY  TEOIELOUEVOY, I FUPIGROUEIOL EI2
dragdpov: zataotdgers  Owyéscems. Ol mupfives abtol dvnkouv els TO aUTO oTOl-
xElov OTres kal ol iodToTol, &9’ Goov & dropikos Ap1fuds eival 6 alros.
Haoudetynata ¢ “Yardpyxouv 8Uo  £i8n mupfivwv  pabisvepyol  Ppuplov — 80
(3:B1%") ) Tpix €1dn Truprvwy padisvepyol dvmipoviou — 124, yapakTnpifépevol Six
S1opopou puluoU Siaotdoews (fHLes).
ot) Kavomrpixoi. Karoatouzol mvoires zalofvrar Zedyn) avorew éx tan omoloy

TO £V [ELOZ TOORUTITEL £x TOD ETE0OV, OTar Td ROmTOPUe TOD TOMTOU Yirovy VeToorid
Tob OevTéoov xul AVTIGTOOEMmS. :
IHaovadetypora : (H? (1 mpwTtdviov, 2 verpdwia), ,He? (1 vetpdviov, 2 mpuwTo-
via) 1| ;o,Mg?? (12 mpowTéwia, 11 vetpovia), ;;Na*® (12 vetpovia, 11 mpoTdvia).
Mt Pdov Tas &ueTépw KaTTyopios TV Tuphvey T& gaivopsve Tiis pabievep-
yelas kal TGOV &k TaUTNS UETOOTOLXEIIOEWY elvan eUkoAov va éEnynfolv, mp&yua

TTOAU SUoKOoAOV pE TNV TraAcIoTEpav QuTiAnwiv Tepl Tiis Soufls ToU Tupfvos.
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AZKHEZEIZ

66 . Toia #) dmeoTikh Buvapis fTis faoxeiTon ueTagU U0 TPWTOVIWY eUploKopivey dvTds TOU KEVOU
cic dméoraow 107 e & ARy, To oTOIXE1G8Es AAeKTPIKOY gopTiov sivan Toov Tpds 4,8 - 1010
HEM — gepTiov. CAw F =23.105 dyn)
67 . Tlolov T6 péTpov Tiis tvtdoews ToU mwepIPaAiovTos Ev TpwTVIoV TjAeKTpikoU Trediou, els Ev omn-
peiov ool keipevoy £ig dméoTaciv 5,28 10—? e¢m &mré ol TpwToviou. e = 4,8 - 1019 AL — pop-
Tiou. CAmT. E= 171 . 107 HIM — tvrdosws)

68 . No&x eUpedi) & dp1Buds 7Z Tév mpwToviwov kai O &pibuos N Tév veTpoviwy T&HY k&Twdt Tuph)-
vav: plled, (NI, (O16, 5,Na23, o,17235, A B=2, N=2, B=0J N=1 Z—=8 N=5
L= 11, W=12, 7 =192, N=143)

69 . N& eUpedi) 6 &p1Buos Tév fHexTpoviwy, TV Tepigepopévwv TrEPIE ToU Trupfivos Evas HAEKTPI-

k@5 oUBeTepou drépov &) fidiou (4 =2 ), B) dfuydvou (Z =8 ), y) olpaviov (Z = 92 ), 8) fvds
B1ofevols apvnTikoU fovTos Sfuydvou kai €) Evos efaofevols BeTikol idvTos oUpaviou.

AT a2, PR 8yt 92: 50,5 e 86y

70. Tleicy 16 péTpov Tis dutdosws TolU NAskTpikol mediov, Tl TrepiPdAhovTos dva Trupfjiva d§u-

yoévou (Z =8 ), €5 év onuelov ToU mebiov xeipevov eis dardoTagvy 10712 e &mwd ol TTUpTVOS.

e=48. 10710 HEM — gopTiou. CAT E = 3,84.10 15 HEM — ivtdozaws)

71. @) Tola i &mwoTikh Bdvaps Thy omolav Eaokel el upnv Ypuool ( 7Z = 79 ) émi évog
cwpaTidiou a, eUploxopévou eis Ev onueiov keipevov els &méoTaoiv 1012 em &ard ToU Trupfivos.
B) Tlola # émTdywals THY dToiay kékTnTal TO cwuoTidioy ey T6 onusiov altd. e = 4,8 . 101
HEM — qopriov, uda tvds gwuambiou o = 6,68 - 10724 gr.

CAm. o F=36+ 107 dyn, p* y=15,4 - 1030 cm/sec2)

72. Tloix 1) Sizpopa (émi ToigYy, ) peTall T&V pafdv dvds NAskTpIkGS oUbsTipou &Ttduou fuds
T&v lgoTémawy ToU dEuydvov, pddns 26,56 - 102 gr kai tvos drdpov ToU iSlou igoTdTou, @épovTos
SUo oToryeiabn BeTikd AAexTpikd QopTia. M&Za ToU AAsktpoviou = § . 10728 ar. CAT. 0,007 95>

73. °‘H lootomkn pafa ToU &pBovwTépou looTédTou oq(Cnb3 ToU yodkoU eiven ion Trpss 62,94,
Tola ) pagx évds dréuou Tou icordmou Toutou. 1 MANM = 1,66 - 1024 ar.

CAT. 116,1 . 10724 gy

74 . ‘H icovomikn p&la ToU icoTdmou 6517235 Tol oUpaviou siven fon Tpos 235,11. N& Umoioyt-
a7 1) ala fvds Gropou Tod isotémou. 1 MAM = 1,66 - 10724 gr. CAT. 390,28 - 1024 gr)

KA TO IOZITPONION KAI H TEXNHTH PAAIENEPIEIA

91. To molitpoviov. To moliTpdviov elvan TO BeTixdy &uTioTolyov ToU fAek-
Tpoviou, TO dvunlexzodriov. 'Exel w&lav fomv mwpds THv ToU flAekTpoviou kad
gopTiov TO oToryElddes gopTiov ToU BeTikoU AAsxTpiopol, igov Tpos -+ 1,6-10—1°
Coulomb. To moliTpoviov dvekahUgln &mé Tov Anderson (“Arvreggor) T6 1932 i
THY Koowkhy dkTivoPoAiav (BA. Kep. AB').

‘O Anderson ¢pyalépevos pé 8dhapov Wilson (PA. Kep. KIM) eépovra els T&
pégov Tou TAdka poAUPSou kai ebpiokdusvov EvTos paryvnTikoU Tediou, TrapeTn-
pnoe Tpoyidv cwuaTIBiou KogWkfjs TrpoeAeUctws, ToU dTrolou 1) éxTpoTrt) ék Ts Tro-
peias Tou UTo ToU payvnTikeU mediov, Tpd xai petd TRV Sioddv Tov péow T
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pohuBdivns TAakds, Bev fTo BuvaTdv vé EEnyndT uE Thv Tapadoxfv T TO cuwua-
Tidlov fiTo TO oUvnles NAskTpdviov (ox. 145). “Ews TéTe TO ubvov yvwoTov ow-
poTidlov, TO pépov BeTikdv goptiov fgov Trpds TO oToixeidBes feTikdY gopTiov, ATe
TG TpwTdVIoY, TO OTrolov Suws Exel udlav Apeuias 1836,12 popds peychuTépay e

v ud&fav fpepias ToU fAskTpoviou kol
eUxdAws SiaxpiveTen &md ToOv lovioudv ToOV
&molov  TrpokaAel. MeTa ToARous Utroho-
viguous 6 Anderson roaTéAngev el TO oup-

F

,

. - L8
Iy 146, Aui o6 giliov pokifdo
Siéoyorrar goTara y, do O adTon
2

Zy. 145, Tooyui  zolitporiov ez fdiapor vplotartar Slomoiow djuioveyoirta 2

H xapwiioos Tis Tooyuds ogelieTar oz Oerixob zai £résc dovi-

iz Ty éxidoacty  payryrizet aedivw ai Tob Lexroorion, Awezoivortar ai T00-

zoviérov olirooviov, gl TEr Gpnpanclivtor oo,

paopa 6TI T @wToypapnbiv cwpaTiSlov N1 &v Ferixdv fjlexrodriov, Step Ko
p&ofn solerodviov. 'Ev ouvexela & Anderson kal kupiws katd 10 1934 10 (el-
Joliot - Cuiie ipwToypdenoav véa @QoIVOPEVE ATTOBEIKVUIOVTO TV YEVECIV TOU
iTpoviou 2§ UA o oirfoews £vds peydins évepysias puwToviou, OTETE Tapd-
vran CeUyos fhexTpoviou kad molitpoviou (ox. 146). ‘H uetarpord Tfis évepyelos
ToU pwToviou £ls LeUyos moliTpoviou - NAekTpoviou kaAdital didvpog yévesig Kol
e DecopnTikGS TrpoPAced (1928) & Tov "Ayydlov Quowdv Dirac (Nrtdipax).

T

e

VO
YOS

of
Yyovu

m

92 %, "H Bewpia Dirac 1tob molitpoviou. ‘O Dirac &ia Tiis epuppoyfis Tis Sewpics Tis oye-
Tix&TNTOS els TAV Kupamounyavikiv kaTéAngev eis éfiodoes, ai dmoio dméBibov els 1O HhexTpdviov

TIKGS TIpGS, Goov kai GpunTIKGS Tinds évepyeias (ox. 147).
TS AAekTpdviov Bi1& TaxUtnTa undév Exer diav p&fav fpsuias my kol cuvernds évépyeav mgck,
ATis, éxppagouévn eis povddBas MeV, up&s &ibet mg c2 -9,1-}0"‘): gr-9.1020 cm2/sec? =
2.107° erg xai &madn 1,6- 107° erg =1 MeV, &yopev my 2 = idla fvépyaa dvn-
Tos fAAekTpoviou = 0,51 MeV.

0,82.

11
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Evépycior GpvnTikai Annyopeupivar ‘Evipyeiar Betikoi
OTABEPUTEPAl KATAOTAOEIG Tipai Evepyeiag dorabioTepal KATAOTAOLIS
u=0 u=0
L L 3% L
= 2z 0 3 2 s
m,c m,c Evipyeia —
E<O E=0

Zy. 147, Jwayoapua évepyeius évos ajkexrooviov zara Ty Bswoluv Dirac.

"Ogov 16 HhexTpovio Exel peyahuTtépay TaxUTnTa (v > 0), Téoov 1) dvipyead Tou aufdvel, "QoTe

7 FAagioTn Tou évépyeie, BeTikiis Tiufs, elven fj mge? ked Biv elvan SuvaTov TO fAskTpdVIoY VE &TTOKTT -

. oT) TOTE Evépyelav upE TNV kelpévny peTabl 0 kai
mgc2. OUbels tmions Adyos Blvaran va yivy Bk Tipds
uikpoTépas ToU pndevds, SnAadn 1 dpvnTikds Tiuds,
B16T1 AAEKTPSVIOV ApYnTIKAS TIUfS #vepyeias elvon k&L
TO TeAeiws Eévov Trpds THY Treipav pas. TILy., clfavopévns
THs TaxuTtnTos Evds ToloUTou AAekTpoviou dpunTikiis Ti-
ufjs évepyeias, 8& MAarToUTo 7| &vépyeik Tou, | ) &mi-
Spaois fhexTtpikol Twos Tediou O& TrpoexdAel GvTiBE-
Tous EmiTayUvasls fi drokAloes dmd 8,1 oupPaiver pi
NAekTpdvia BeTikédv Tiuddv Evepyeics. ‘H 8 Tuyodv dmop-
popnots  ikavfis fvepyeias, UTd ToU fjAexTpoviou TAs
dpvnTikiis fvepyelas, dvTi v& ToU oalffion THY Tayy-
Ta Tou B& T dxivnToUoe, Tlaparnpoluey Emopéveos
Thv douvrifn ounmepigopdy Tol fjAexTpoviou dpvnTi-
ks évepyeias 5 TPOs TE YVWOT& Mas HASKTPOVIX
Tfis DUoews.

‘O Dirac Bév &méippupev 5 &oupPifacTov Tpos
Ty Quoikiiy T BecopnTikdy oo fAexTpdviov THs dp-
vTikiis fvepyeias kal qvémrTufe Bswpiav A dmrola Trpoi-
Phreme Thv Umapfiv évds BeTikol  owpomibiou, Smep

P. A. M. DIRAC ( &yev. 1902 ) &py1kéds — EAAelpel GARou BeTikoU cwpaTiBiou — Ue TSN

OT1 1o TO TWpwTOviov. "OTav, duws, To 1932, AABev f
duoxdhuyis ToU melitpovioy, ToTe ol TpoPhéwes ToU Dirgc EMnAnfelSnoav TrElpapXTIKEDS.

Kard Tov Dirae, T& guvin HAextpdnia Tijs Ploews, dtav ydvouv tvépyaiav, psTamimTouv eig
suoTafieoTipas xaTaoTaoes, Ba fiTo 88 mlavoy Ta AAskTpduia vE Y&oouv KATOTE TOTNV EvipyEiav,
oTe UrepTMBOVTE TNV ATy opevpévy TeploX iy Mge? Ews — mge2, SnAadh edpos 2 mge?, v peTa-
TGOV els Tas Teployas tiis ApunTikds dvepyelas. *Exel 8& eUpebolv els ToAY eVoTafeoTépas kaTaoTaoEls
karl B eiven Tep1oodTEpOV dxaTdAAnAa 81’ Epyov Ti. ‘O Dirae Séyetan 6T1 oUTws Exe1 oupBi els THy Puov
kal oyeddv 6Aan of Tipad T dpvnTikis tvepyeias eivan korrmAsippivan &md NAKTpOVIA &roAouBoTvTa
Tiv dpxnv 1ol Pauli (BA. Keg. 1A), 8nhabh Biv xopev SUo fAskrpdvia s THY alThy TRV &pvn-
Tikfs fvepyeias. Ta fAekTpovia cvrrd eivan B1° Hiuds K&T TO pf) dvTAnTrTov Kal Emraidh Exouv 11BN kaTa-
AaPer BAas Tas TIAS THs dpYnTIKTS éuspysicxs ExTOs EAaryioTwv lows, T& UmdpyovTa viv &v T PUoel,
Snhadhy T& yvwoTd els fuds NAekTpovia dpvnTikol gopTiou kal BeTikddv TIMGV évepyeias, Exouv Trépa
oA pukpay mlavThTar va peTarmégou els Tas dpynTikds Tipds dvepyeias, af dTrolan pévouy iows AKSHN
xevad, BnAadn vé EapavicBolv &mmd Tov dvTIANTITOV els Tag alobnoes pos Kéouov. Elvan 8pews Suva-
Tov va ouppi} T dvtifeTov, fiTol pt Tpoogopdv &k uépous Hudy fvepycias v& &Togm&owHeY B HAek-
TpovioV GO THY MEPIOYTV TV GpUNTIKGY TIMGY Kai vk T6 Updoswper els BaTikds Tinds tvepysias,
ExTeEAOUVTES &AM dvepyeias peyaUTepoy Tol 2 mnye2, owoTe B ugaviodfy Ev &xoun olvndss fAsKTpS-
viov efs ThHY ka®’ fuds Goow.

*Atropgver Speos pic Béons keviy, pia o), els THY TIEpLOX NV Tiis &punTikfs vepyeias, pio 1R &ls &, T1



TO ITOZITPONION KAI H TEXNHTH PAAIENEPTEIA 163

Bewpolpey g kevov, &§ uf GvmAnmrov. “Ev ENAeippa vt ds mepioyiis, émou ZpUNTIK NAEKTPOVIA
Exouv dpvnTIKGS Tipds, £lvar igodivauoy pi THY Tapouciav fvds BeTixol AAexTpoviou, BeTIKiS tuepyeias.

A& THY KaTavénow ToUToU dvapépouey T didhoubov Tapdberyua. Mia peydhn Emixeipnats EXEl
TroAAG UTToKaTaoTHRATY, EoTw B8 8T1 dpreTd 66 atdv UméoTnoay katd Tas Blagdpous Twv guvah-
Aayds Cnpias (GpynTixg xépdn). *E&v Tuxov Tpoogepdi s fva £ aiTév ypnuaTikh Swped, TOTE [ils

Tprrc'w;cv
Tlolirpovioy + T

(o)

*HAeurpovioV i
TloTitpovioV

d)h)‘rélv’lov

N /
by by i
\\ S 5 "Hheurpovioy
S e
ST
Ploide

Sy. 148, “Yiomelna &vdc goroviov p xurd TRy dodov alkj-
glor mvpiros peydiov aropuxod apiluot (ayynarizog ). ’H%eutpowov

Zy. 149, (a) “Aropov ddgoyoror.
Sioypaof ik ToU Tivakos TGV EXOVTWY {nuias UTroxaTaoTn- Hépis &vos mpwroviov :'fft’."UTQE"PE‘”‘
péreov, ‘Eropévess Eve EANAEpa (ki Siaypogh) &me tov & newtodrior. (ff) Aiiobr megioToes
Trivaka Tédv {nmddv looBuvapel pt THY Tapousiav képBous g gdpevor aloTiua -”ﬂﬂé'lTQﬂi'f'UU ol -
Thy Emixsipnow. Jexvooviov (positrontun).

“Qote, xor& Dirae, &v d1oféTwpey dpreThv évépyeiav, pe-
yohuTtépar &md 2mpe? (= 1,02 MeV ), Buvapedo va petagépwusy Eva &pvrrmcbv NAekTpSVIOV
&mo THY i) GuTIANTCTAY eis Auds dvepyeiaxiy Treproxfy, els Thy B fApds yveotdy, oméTe 1 dTo-
pévovaa G ovgepupbgeTar @3 BeTior fiexToomor. M ToUTo 1 yiveots elvanl WEVTOTE YEVETIS Zeu-
yous fiexTpoviwy (Bibupos yé- : ’ :
veais). ‘Evropéveos povov Stav
BiaféTwpey proToviow Evepyeias
hv 3> 2mge2, fitor hv > 1,02
MeV, éopev mibavdTnTas 8n-
uiovpyias Tol Lebyous moll-
Tpoviou — TAeKTPOVIOU.

Koard Thv peTaTpoThv ToU
gwToviou els NAexTpOVIOV Kai
Trof1Tpdviov  (UAoTroinois  go-
Toviou) loyver 1o &fiwpa Sra-
Tnpfioews fvepyeias, B16T1 &v
TO QwWTOVIoV Exm ETrl  TrAfov e il
o0 1,02 MeV évépyaiav, & Zx. 160. *Liatiwors leiyovs aolirgoriov zai fAexrooviov (Tynua-
Bidupa AcuPdvouv TO Trepio- Tix@s). Ta Oto gutévia ézméuzovtue 76 yorier 1500
geupa TOUTO § KIVNTIKNY £- i
vépyaiav. *AMAG loylel kol 1o dElwpa Bictnprigews Tol goptiou, Bi16Ti TO gwToviov, G5 pm £xoV
gopTiov, Snuioupyel 5iBuuov ouykpdTnua, ocuvoAikol gopTiou Tréhiv Undév.

‘H BibBupos yéveois yiveTan guyvoTépa, STaw TG QuToVIA eUpiokwvTal TANGiov Tupfivos ey Ghou
drropixol &pi@pol (oy. 148), ds .. els OdAauov Wilson ué dépiov Evov (74 = 54 ), TO gawopevov
TapaTnpeiTan ouxvéTepov, Tapd &tav Umdpxn Xfcwtov (Z =T ).

WnionoBrke amoé 1o ivotirouto EknmaideuTikrg MoAmkrg
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To molitpdviov sivan owpaTiblov PpayuPiov, 81611 glvan mBovdTaTov va oUVVTAON KoTd THY
évtds Ths UANS Srabpopdv Tou &v HAekTpdviov. Tote Slvarar va oxnuarion &mwi Tt SidoTnua ( 10710
EWS 107 sec ) éva eibos E1TAoOU oTpEQOPivOV QUOTHHATOS ( ox. 149 ), 1o Strolov Spoidder pi &Touov
UBpoydvou xai ékAnifn positronium ( weltredriovy ).

Fevikdds Spws emépyetan N ouvtnis ToU Levyous ui &moTéAeoux Thv Snuloupyicv &Slo quﬁemg
guwTovicow, 6BeudvTov pE Biag opav Topeias 1800 (ay. 150).

Aexdpevor 8T fy olvTnEis clTn, A kaTeANyouoa els THY Exundéviow, Thu Satidwsiv ToU ToiTpo-
viey, yiveton pt & omiv (BA. § 54) T@v Buo fAekTpoviwy duTimapdAAnia Kai UTTO mikpav TaxUTnTa
ToU E§cUAwuEvoy Gelyous, BnAadn UTd dpufv epiTou undév, duvdueda va iEnyHowusy SiaTi T& Slo
pewTduia duepyeies ikaotov 0,51 MeV ékmivdooovran karé 1800, Tlpdypatt ToUTo Trpétel vé oupPaivn,
fo’ doov T& dfidpaTa SiaTnpricews Opufis, popTiou kat duepysias BiaTnpolvTan v loyUel, (TrapdPaie
v dvakpougty dmrhoy, Tol dmofou ) udfa vd eivan ion Trpds THY p&lav THs oeaipas THY dTrolav EkTi-
va&ooEL).

"Qore 1) tkunbéviols Tol TroliTpoviou & SramioTwdf TepapaTikds pE BUo dvixveuTds pwToViwy,
ol émolar Tpemer va Sddoouv oUyypova ofuaTa, dTav elpiokwytal U ywviaw 1800 dbs Trpds kévTpdy
™, &Tou Exer Te0R Topaokeboaopa ikmépoy ToliTpduia.

93. Texvnt padievépyera. ‘H dvakdhuywis kal | pehétn Tfs oupmepigopds ToU
mofiTpoviou ouvbésTon oTevdTaTa pE THY UTo ToU Lelyous Joliol - Curie SiarioTeo-
W TS TEXMNTHC 0uUdErenyeins.

Ot Joliot - Cuvic kard 10 Etos 1934 PouPépdioav pi cwpaTiSla o ToU padie-

IRENE JOLIOT - CURIE (1897 - 1956 ) FREDERIC JOLIOT ( 1900 - 1958 >

vepyolU aTorysiou ToAwviou eUAkov &mo dpyiliov ( &Aoupiviov ). Katd Tov Pop-
PopSiondy To dpyihiov E8eife piav BImAfiv padievépyeiav veTpovicov ke TroliTpovicov.
Tolro éorjpoive 671 & Tupnv ToU &pyidiou mpooehduPavey &v cuaTidlov o ko
TO ouykpoTnua TG &trofov EoynuaTifeTo E§émeute veTpdviov kai Tolitpéviov. ‘H
SvriBpaois Empeme V& ypagl] Sid pdvov TO veTpdvioy s EEfs
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1AL ot = P30t

MapaTtnpoluey &T1 Exopey TOV oxnuoTiopdv Evds iooTédmou Tupfives pucgdpov.

’Atopaxpuvopévns Suws TR Ty fs TV cwpomiSicov o dmd 1o dpyihiov,

Emrouey 1) EKTTOWTTT) TGV veTpoviwy, &véd ouvexileto i fxmopmr) mofiTpoviewy. ‘H &ia-

TioTwols aUTtn £Seikvuev &T1 6 oxnuaTiobels pwagdpos Bty fTo oTabepdy T iodTo-

oV TOU puwa@dpoy, GAAG Ev padievepyov igbToTov auTol, SiacTraiusvoy UTro exroy-

hHy ToliTpoviou ( keAouptvou kal gwuanidiov -+ f). Deyxdpevor THv podievépyeiay
TaUTnY @5 GANOR B& Emp e va loyin A petaTpon
B0 =3y STV e

MbavoTaTa Aoirov 1y émidpacis TGV cwuamiBiwv o &mi ToU dpyihiou kaTéAnye

TEAKES El§ TOV oXMua-

FLINALS N Tiopov Evos oTabepol

icoTomou  ToU  Trupl-
‘lodToTov T Meyiorn évépyeia ixmep- Tiou, pEé Evbiduecov
I Tropévay moliTpoviay . : =
| : i Pabpida Tov  TUptiva
5 G 21 min : 098 MeV 100 4 B padievepyol
. - WEPOPOU.,
11 Naz22 2,8 & 0.54 Me\ e ‘P - o
Té Lelyos Joliof -
1P 30 3 min 35 MeV Curie émePePaicoe kai
og e 33 9 min 26 MeV S xnuikds  &vahki-
! oews THY Umapfiv Tol

padievepy ol puopopoy
(Auigeony 3 min) kai oUrw Bi&k TpdTNY popdv KoTeokeudodn kai Sieywpiotn ime Tol
avBpdmou padievepyov iodTotrov uf yvewoTov tv i) Ouoel.
Znuepov BiaBéTopey TTOAAG TeXVNTES KOTAOTAVTX padlevepyd i0o0TOTTO ErTrEw-
TovTa ToLITpdvia (s Y. T& dvagepopeva eis Tov Tivaka V).

KB’ Al PAAIENEPTEIAI a, B, y. TO SQMATIAION NETPINO

94. ‘H padievépyeta a. "OTav Trapotnpnowpey évros eidixiis cuokeutis (@s ).
eis BdAapov Wilson, PA. Kep. KIM) 1o PeAnuexis v cwpamidicv o, Ta omola Tpoip-
yovtal &md kabapdv T padievepydy lodTomov, B SiamioTdowuey &TI dAa T -
TepTréuEVa cwiaTiBix a Exouv THY aUThy oxedov EuPérsiav (ox. 151). Tolto ouvernd-
yeTal 6T1 T cwpaTidia Exouv TNV oUThv fvépysiav, TNV aUTHV ApYIKAY TayxutnTa
kal TrpokadoUy ToOV alTdv foviopdv. Tevikdotepov, Aéyopey &T1 TO @doua TGEY &kTi-
vov (cwpaTiSicov o) elval yoauuixdr. &v dvahoyia mpos ToUs yvwaTols €k T ga-
guaTooKoTrias Gpous @ &kTives, PATH, ypaupal.

Eis thv mepiTmTwoov TGV cwpaTidicov o, A fvwela @ do pa dniol mpoidy dvaAUcews
Tiis Séouns TAV cwpaTiiwy, & 88 YXPOKXTTPIOUOS YPGUUIKOY THY KaTaQvouny auTiv
els dpropévas tvepyeias (TaxUTnTos), dvopdadnoay 8¢ TalTa dxrives, S16TI ioTOPIKGS

WnoionoBrke amod 1o ivotirouto EknmaibeuTikrg MoAmkrg
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T& kwvoUpeva couaTibia o kol eldikaTepov ai Tpoylal Twv 0swpninoav ds SieuBUvaels
dxTiveov Tpoepyoptvey AT TO EowTepIkOY TOU &Tduou.
Ta cwpatidia o UpioTavtan &mokhiow &k Tfs edbuypduupou Tropeias Twv 81

Zx. 161, Tooyuai goputdior o &3
Wilson.

Oetdexpeon

EmBpacews NAexkTpikoU T poryvnTikoU Tre-
Siou, &k TGV dmokAicewy 88 alTdV EyéveTo
TpooBilopiopds TS w&dns Twv Kai TS
TaYUTNTOS TWV.

’ExTds TouTou, SToav gykAsicopsv Tro-
packeUaoud T, T.X. padiou, ékméprov cw-
patidia a, évTos kevolU &épos ocwAnvioxou,
@épovTos BUo TAekTpoOSix, ouvdedspéva
TTpos T&o T, §& (8wopev peT’ SAiyas fjué-
pas va TTapouct&leTon uTevT alyAn, s
sls cwAfjva Geissler (I'zdiciep), Trpodi-
Bouga Thv Umopiv depiou. ‘H Aemrropepe-
oTépa  EEETao1S ATTOKCAUTITEL BUo elyevii
dépix oTolXEl, TO paddviov kai TS fjAlov,
v Stroiwv of palikol &piBuol &Bporlo-

pevor BiBouv TOV palikov dpifiudy ToU padiou.

Té meipapa ToUto Seixvier 8T1 1O padievepydv
icdToTrov pddiov ¢ Ra®*® Biaomdran els 7O &éprov pa-
Boviov (To oOmoiov émiong elvan padievepyov) kai elg
TO &éprov iAoy, ‘H é§lowois Tfis Sixomdoews TaUTNS
ToU padiou ypdoeeTau

se DA 2% = o Bnee2e | Het

Té Eppaviofév AAlov TrpoépyeTal £k TV 0TI~
Biwv o, TG oTola EKTEUTTOVTAL KT ThHY SidoTraciv
TGV TTUpTivewv padiou, ToU sUplokopévou EvTds ToU ow-
Afjvos A TrapackeudouaTos padiou (oy. 152). Ta ocw-
patidia o SiepyovTal i1k TGV ATV TOIXwp&TwY
ToU ogwAfjvos A kai TpoeoTiTTouy &l TV TorYwpd-
TV ToU cwAfjvos B, 6mdTe &mokToUv Suo TEPIPE-
pelakd NAekTpOVIa kaBioTapeva oUdiTepa &Topa HAlou.
‘O USpapyupos xpnolpelel Bix THY oupTriecwv TS
Tapayfeions moodtnTos NAlou EvTds TolU TpixoeBols
gwifjvos I', EvBa AcpPduer yoopav 1) HAskTpIkT Exké-
vwols, TTpedidovca THv Trapousiav fAlou. TTdvtoTe
8¢, Orou £youev cwuatidix (dxTivas) o, olacdnioTe
TpoeAeUcews, diamoToUTanl 1) Trapousia ToU fAlou.

1
,TTeds
avtAlay

T

Zyx. 162, "H pucparoszom=y Sia-

alorwaors Tijc mapovaias jiiov év-

Toc To0 owiipos I’ dmodeuvies
01t T owparidia a eivar wvoRves
To¥ drdpov Tod 1jAiov.

T& mponyoupeva TrelpduaTa dTokhioewy TEV cwuaTidicy o UTTS ToU HAekTpIKoU
xal poryvnTikoU Tediov, TTis QoouaTooKOTIKAS dvaAlcews Tol TTPOKUTITOVTOS depiou
kol TR okeddoews alT&v, Tav TrpooTriTTouv Tl AemrTédv QUAAwWY UAIKOU TIVOS,
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(PA. § 40) OBnyolv eis Tax drdrouba cuumepdopaTa: a} Ta couparid
woijves Tot &v tfj Dloer dmavtdvros ototyelov iAoy, drouxcod doliued 2 x

GotBuoi 4. " Amotcioty cuvend: &y edotaléc &y tj ©iaer coyxodiua iz O

view zal dto verpoviwy. ) Katva miy didomacty mvoijros Tivd; s fxaoumiy ér0s oo-
patidlov a, 6 mooxbarwy véos mvony Eyet dropuov dapluor xatd 9o povddus wixod-
TE0OY TOU c’l.‘l‘n,mzoﬁ &gt@,uoﬁ T00 &Qxl.xoﬁ vonro:, pulucor 08 rlg!’)lwil' zatva 4 porddu;
uixpdTeooy ToT palixot dolinod ToD aoytxoT muoijros.

95 # . Td puivépevov Thg ofipayyos . "Eg’ Soov 16 cwuatidov « Exet gopTiov -4 2 e, &tav Tolto
TANOI&dT KaTd péTeTrov Trupfiva Tivd, goptiou -+ Ze, 8& &Adn omiypn katd THv dmoiav, Adyw Tijs
peTafy Tév gopTicov &mdoews kora Coulomb, T cwuatiSiov a S& orauarion es dméotaaw d
&md Tol Tupfivos, peTaTpeTropsvns OANS T KivnTiks Tov dvepyelas el Buvanukdy, fitor B& eivan

= ; Mg — 20‘;‘.611
&mou Ze /d T Suvapikdy Tol Tedjou Coulomb ToU Tupijvos el dmdoTaotv d dm’ arrol. ‘H &mdsTasts
ofrn sivan Téoov pikpoTipa, doov T dpyIKN tvépyaia ToU gwpaTibiou o eival peyahuTipa.

Ofreo . ). 80 #vépyerav 6 MeV, 7o cwpotidiov o Sivatar v wineidon mupfiva xpuool
(Z =T9) péypis &mooTdoews d = 38 - 1013 em. "Ovav Suws 1) évépyeis yivn dpreTd peydn,
TéTe &uTi THS dTdhoews, tugavideTan EALs, Adye véwy Suvdpewy, T@V dmolwy T mediov eldver s wi-
kp&y pévov Tepl TOV Tupfiva dméoTaciv (Tupnuikal Buvépes, BA. Kep. KA') xai ofte dvrioTodui-
Zeten §) xara Coulomb  &mwoig

kal TO ocwparidiov o Evowpa- /w
ToUran pé TOV Trupfjva. @ ks
TeAsiws dvdAoyov @aivousvov
Eyoupsv els TNV TEpiTTTWOW  ppéa-
Tos pE @poypo Exov yeiAn Oym-
AdTepa ToU E8agous (oy. 153).
T ogaipibiov a xuhidpevov
8& duépyeTan Tooov UWnASTEpOV
£m Tfis KAITUos, 6oov peycAuTépay

KivnTikiy dvépyelay Exet Zx. 153. Myyavior tmddegua S Ty xavddeéw 10V daomori-

‘Orav Spes katopldon va g, Svvduecy, oV ESacxovpévey éxi Ty copaTdiny i Tow
pbdon els Uypds T, STou eUPIOKOV-  pofivoz, T yog sic 16 duoiov dvépyetar éuantov ogawidior ixi
Ton T& eiAn ToU QPECTOS, TOTE, 1y wiirio; ToD podypates éfaordrar fx Ti: dpyieils Tov -
&l vé suveion TH Topeiav Tov, vnTiis fvegyeias.

8& Téom tvTtos ToU @peaTos, On-
Aabn fa &oknbij EAGis xai &xi
&meos, fiis 8& Audykaley aluTd vhk dmiofoywprion Tpds T KdTw T kKhimUos. Eival pws Suva-
Tév kai mpoTol @Bdon els T& xeiAn Tol gpéaTos, v& cuvavtion onpoyyd Twva kai elodlov &7 al-
THs, v eloéAdn & s THY EAkTIKNY TEploxfv, kaiTol f) fvEpyeid Tou Biv ATo dpx ks mapkhs Bidk
va TO duuypmoT) péxpt TGV YelAéwv ToU gpéaTos.

Mapéuoix dedopéver EXOHEy Ko P T& owporTidior & OUTw 76 podypa T Suvaikiis dvepyeios,
1o Utrdpyov TEpiE Papéwy {8iws Tuphvwy (oy. 154), eivan dpxeta dynAdy, mepi Ta 25 MeV, xad gmo-
utves Bty EmpeTe TToTE gwpaTISIoV o pi Exov Evépyeiav &uw Téwv 25 MeV, va minoidor xai va fvedh
TTpos Papiv Tupfive. "H, dvTiBétws, B& Empeme TG éx TéV Papiwy Tupnvey Tpospxdueva cwuaTibia o
v& Exouv tvepyeias peyohuTépas &d TRV fvépyeiav UmepTndrigews T xethéwv Tol ppaypatos. ‘Ev
TouTols Suws Exopev TG gwpaTibia a T padievepydy igoToTwv pe tvepyeias kaTw Tav 10 £oog 11
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MeV. T yeyovos alro dmoBekvier 611 1O ppdrypa Biv eiven Teheiess &8 1 a @ a v é s, eis Té £k Tol Tupijvos
Tpoepx Spever swpaTidia &, GAAG UTrdpxel A TepiTTwols Ths ofipayyos TAV &Trolav k&roTe cuvavtX
T6 cwpaTiBior o eis Tas TPOo -
1E\v’Ef[.‘:'e‘(El.cx Tafeios Tou v . EkeUyTn ToU
4 mupfivos. “Ogov 1} dvépyeix
ToU cwpaTiSiov elvan peyaiu-
Tépa, Tégov TS gwpaTibiov o
¢fdver ék TOV Eow TAnoIE-
oTepov  Trpds T XEIAN  Tol
PpayuaTos Kal £Kel Elvanl TTOAU
mifavdTepov vi elpn TAs oTj-
payyos, TTapa eis T& TTayUTepa
KATOTEPS pépn.

1 o
Uy
i

| Bdoer Tdv UtroBécecwv ol-
FJIR Tév, TGV oTnpiloutveov els é-

4

TTIKNY  TpOTroV  Twd  Stapk-
velav ToU QpayHaTos Kol ék-
TMPOCWTINGIY  TOU KIVOUHévou
cwpaTiBiou o Six VAikoU xU-
uarros, katdpbuwoey & Gamow (Dzdpogp) xai ol ouvepydran Tou vd Sdoouv ikavoTonTikiy fourn-
veiavy T éxTrouTriis Tév cwpamiBicov o, S Tiis Kuparropnyawvixis.

Zy. 154, Ppéup zal godyua Svvauxot f165 Tveivos.

Mpo ToU 1940 foav yvwaTd 24 iodToma EkTENTIOVTE GroparTiBia o, AuikovTa is T Papix aTorxela,
Brhadt| el T& TeAeuTaia oToyelia ToU Tep1oBiKol ouoThpaTtos, wé Z > 80. *Efaipeciv TTapoucialer TS
aToixgiov oaudpiov, ToU dmolou v T&Y ivoTéTwy Tou, T 62 Sa 147, elpiokdpevov v Tf Ploer &v dva-
Aoyl 159 els 1o xnukds xebapdy capdpiov, ikTrépTe: cwuaTidia o, évepyeias 2,14 MeV, ut Ay
130 BioekaToppupiov érdv. Thavés Umédpyouy kai &AAa TolatTa oTowxela (pé Z < 80) &xéun poxpo-
BrbTepa kai ékTrépTovTa cwpaTiSix .

Znpepov, PeTd THY KATaOKEUTY TTOAAGY UTepoupavicov aToryeicov (4 > 92), &mws T.X. T& TACUT-
uiov g3 Pu 238, 10 Smoiov txmépmel cwpatiBia o évepyeics 5,1 MeV, pé Amlwhv T =24360 i,
Exouev UmepPfi T& 100 Bidpope iodToma, T& 6TOla fkTépTrOUV ClwUaTISIX a.

96. ‘H dnoppdpnaoig tdv cwpatiblwy a. Thv fupihacy Tév cwpaTidiny o ikepalopsy dx1
uovov elg pfikos {em), CAA& xead i mipavatax iy suxrdrnra oTpwpaTos UAlKOU, TO &Troiov Six-
Tepolv T& owpaTidie o pE THY cUTHY &rodeioy dvepyeias, GTews Piikds T1 els em 2vTds &épos. ‘O oxe-
TIKOS EUTTEIPIKOS TUTIOS Elval

1 em &épos= 0,30y A  mgr/cm?

dmou A O padixos dpifués ToU UAIKoU.

‘Emroutveos Bid Tov dépa, 6Trou katd pégov Spov & padixds &pibuds TEV ETOTEAGUVTMWY avTov &Tduwy
sivan Trepimou 14,5, éxouev 1 em = 1,2 mgr/em?2. A& Tov poppapuyiar, 8Trou kard uéoov Spov & pali-
o5 apiBuds Ty dmoTeholuTwy alrdv &répwv elvan 22, Eyouev 0,30 V22=1,4 mgr/cm?2 Tepitrou,
BnAabh @UAAOV papuapuyiou (uikas) TowuTou Tdyous, GoTe 1 TeTpaywvikdy ékaTtooTdy (1 cm2) vk
Zuyiln 1,4 mgr, iooBuvapel pé oTpdua dépos ouvriBous Beppokpaoias kai Tiéoscas méxous 1 em.  Awx To
dpyidov, els TO omolov A =27, 6& Exwpev 0,30 \27 = 1,6 mar/cm? mepitmou, Si& Tov ¥puTdy
Jmou A = 197, mpoxumel wepimou 4 mgr/em? (ox. 155). Ebvéntov eiven 8T 1o Téyos Tol pUAAoU
Xpuool B eiven TOAU AeTrTdTEpOV TOU QUAROU &pyiAiou, BidTi T& UAIk& ToalTa Sirapépouy kaTd THY
TUVKVOTT| T TV,

"Ex TV dvortépe xoTagaivetan 6Tt Suvdpeba eUkoAws  va TrpoguAayB8@Uey dme  Th dxTivofo-
Alav @, B16T1 EAay10TOV TrérKos oTpLUaTos UAIKOT Tives, T.X. ¥&pTou, gmaprsl Bk vd oTapoTrion
e T mAfov évepyeloxd cwuaTibia a TGy padievepyddv lgoTdrwv. OUTw BexSuevor 5 peyioTnu Eubi-
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Astav 10 cm &épos, 8& Exwpev Bia To dpyidov dvTioToryow rr'lq)c:vuoo(r]v TukvéTnTa 16 mgr,/em2.
'AMGE 16 mgr/cm?2 ik @UA-
Aov dpythiov pE  THY ywo-
aThy TUKVSTNTX peTdAAou 2,7

gr/cm3, Exst whyos 60 pikp@dv
60y, lu= 1075 m).
TouvavTtiov, elvar Alav é-

mikivbuvov va Anglolv &1 TTjs
Tpogfis T| &1’ dvaTrvefis T pa-
Sievepyd ékeiva looToTa, T&
Strola EXTTERTIOUV CwpaTiBa a.
Edv T& igdTtoma altd fyka-

taoTafolv  povipws els  dpi-
sueva Paoikfis AerToupyias op-
yava ToU Spyavicnol poas kai
vTos aUTdV Gpyicouv va Ek-
TEUTOUY owHaTidx o, TOTE
S loyupos loviouds Trpoxade
KaTaoTpogas els  T& KUTTOpa
xai 7] BAGPn elval TToOAU ueya-
AUTEpal THS TTpOKGACUMELTIS UTTO
Tév dAAwv  axkTwoPoiidv (B e - ; z L R 7
A v). Al Tolto Ehaxioty 6 Zy. 1566, *Eufiéien couutidiomr a daqgoomr Sveoyetdy érros Tod

val 7| £MITRETTOMEVT) TTOTOTTS, dgyehiov.

w5 avexty déois, VOS5 « pa-

Swevepyol iooTdmou Bik Tov dvlpwmov. OUtw S1& 16 pabiov, T6 omoiov ékmépmet gwuaTibia a, 1
peyioTn émTpeToutvn TogdTns elvan Gix mooov Ubwp
4.107 M gr Gva Aitpov UBatos, wE Bid TO publevep-
yov oTpévTiov, TO dmoiov ékTréumel couuaTibia B, 1) dve-
kTN Boois elvan peyohuTépa.

97. 'H padieveépyera B xal - B. ‘H dxrivo-
PoAic P dmoTeAsiTarl &mo NAexTpovia TrotkiAwy
TOYUTATWY, GOTe TO Q&opa TV bvepyaitv al-
TV vé elvan guveyes, dpydpevov & HAsxTpdria
uIKkp&Y tuepyeiddy kad TrepaToUlevov els wiav pe-
yioTnv fkdoToTe TipNY  évepyeias (ouupoiifopé-
vnu pe E.), xapaktnpiomikny S k&l P
padievepyov looTOTIOV.

T& ocowpaTidia P drokAivouv eUkdAws év-
Tos HAekTpikol kol poryvnTikoU Tediov (oy.156),
foviZouv Tov &épa, TTpooPailouv TAS PWTOYpPa-
QIKAS TAGKAS Kad YevIKGS Spodv Omews Béoun
ouvnifowv AAekTpovicov, TrpoEpyouivwy &To Emi-
soagia Toopdr sopar-  ToUvouoay TodTa Sirafw, dmws fi unyxavi
iy 3 §vTog payvyTizot mediov (els Od- Vai: de Graall 7 0 ﬁﬁT(}.’TpOV (ﬁk KEq}. KE").

Leageor Wilson ).

P t e —
Zyx. 166. Doto;

98 , ‘“H dnoppépnoig t@v cwpatidiuv B. Taow-
uatiBia P &moppopdvTal UTd UAIKGY cwudTwy SAydTepor Tapa T& owpaTibiar a kad 1 SiamriaTwefs
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Twv 81 dvixveuTikfis ouokeuis eivan elkoAwTépa. ‘O kaTwTépw Tival 5iBel Tas Tipds TS ueyloTns Evep-
yeias ( Emax ) T6v cwpamidicov B, Tév ikmepmopéveov UTrd padievepydy Tivwv {ooToTTwV Kal THs &uTi-
oToiyou Empaveiakiis TukvoTnTos B1&t UAAX dpythiou fkavd &tras dmoppogriocouy TeAeiws T owpo-
Tidia p. EibikcdTepov 1) dmoppognots TV cwuaTidicov - B ouvoBeleTar &rd Trapaywyhy pwToviwy,
816 T& owpaTidiax - B elvan, s
eiSopev (PA. ceA. 161), feTid nAex-

HINAE VI : i ,
Tpovia (TreliTpdvia), TV Stroiwv 1)

Mevionn | Emigoveion CUVEVWO1S HETG TV TAeKTpoviwv Tijs
Mabiaes Zoopa- Evépyeio TrUKVGTNS UAns ToU drroppognToU émigéper é-
Tidiov B QUARoU Al ExiiAwoy ToU cuoThuaros e kol
- e S — e, Tis évepyeias olmol (2 mye2 )
Teitiov e B 0,018 MeV <1 mgr/cm? u?ﬂTPEwoufvns eis TAv dvépyetav 2hv,
*AvBpat 014 B 015 » 35 5 SUo gwToviwv.
KoP&ATior ;080 g 0300 » 81 . T:Tc:pq“ljﬂpoﬁpev ) el Tov Trivaka
o | VI, 611 1& cwuaTidiax B 8iv dmrop-
ADgas oGt +B 10980 447 o popdvTol  Téoov EUKOAWS Gs T
Nepiov 1 Na# B 1,39 » 610 i cwpaTibia a, &idTt al dvticToryo:
Qwopdpos 15732 B 1,71 » 810 » Tigal Emeavelaxfis TukvdTnTOs PUA-
Mayyéviow o3Mns6 B 286 1440 5 Awv é:p_yl?\iou, aiTwes Ta droppo-
P&Siov sRAG B 353 . 1770 » by elve moly ey s UTepal (oK,
157) &mwo Tas Tipds EmiQavelaxiis

TUKVGTNTOS Tas &Troias éyvapiooapey
S1a Ta cwuaTidiax a. KaTd guvémeiav
) EvTes TOU Gépos EpPederd Teov elvan TOAAGY BekdBwv ExaTooTopéTpwy kol i1 T& TrAdov EvepyElOK
cwpotibia P abTiis UmepBaivel To ev péTpov. Mevikéds Spes 1) vépyeid Twv Biv UepPaiver T& 5 MeV, &v
dvTiBéger TTpds TA cwpaTiSix
a, T& omola £youv fvepyeias
KeT& TO TASIoTOY peyoAuTEpas
TGV 4 MeV. ‘Yo Thv adTthv
fvépyeiav TG owpaTidix B, s
ExovTa TTOAU pikpoTépav paiav
&v oyéoel Trpos TNV p&fav Tév
gwpaTibiov o, &ow TayiTn-
Tag TOAY peyoduTépas TGV o=
pambiov a. OlTw, cwuaTidix
aTév 4 MeV kwvolvtar pE Ta-
xUTnTa TepiTou fonv Tpos To
1/20 Tfis TaxuTnTOS TOU ProTdS
glg To kevov (¢ ), évd fv owpa-
Tiblov B Tév 4 MeV Exer oye-
Sov pBdoer ThHy TaxUTnTa TOU ; =

owTds {TaxiTns 0,993 ¢). ‘H Zy. 167. *Epfiéieia cwpatidioy dapdgwy Evegyeidy Evros TOT
mepaiTépw  alfnols évepyeias agytiiov.

Btv &vratrokpiveTon kol els on-

navTikiy abfnow Tis TaxiTnTos, BT kaT& THY Becopiav THs oxeTikdTnTOS (BA. oEA. 78) Tapousidk-
Letan 1) afnais Ths HALNS, oTE 1) TaxUTns ToU gwTds v &moTEA] Oprakfv KaT&oTacy, Ty, Si& Thv
tvipyeiav Tév 4 MeV, i TaxUtns (v) Tol AAextpoviou eiven 0,993 Tijs TayxUtnTos Tol @wTos (¢) kad
7 nédee ToU fAekTpoviou Exa yiver 8,8 Popas peyaduTépx Tijs PAdNs Tipepias Tou. A’ évépysiaw 8 MeV éxo-
uev u=0,998 ¢ kai m = 16,6 my K.0.K.

‘0 loviouos Tov émrolov TrpokaAolv T owuaTiSix P Al + P elven woAU &ofevéoTepos (ToUAdyioTov
kard 100 gopds pikpdTepos) &wd ToV loyupév loviopov T&v cwpaTiSicv a. ’Ev® eis T& cwpaTidiax
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o évTds ToU dépos Exouev Tepitrou 20 000 fedyn idvTowv dva em Sadpoufis Twy, els TNV TEpimTwow
TV cwpamibicv B Exousy duk cm Siadpopfis Twv, 300 fevyn iovTwv S1& Té Ppadia kai 50 &g
80 Letyn idvTwv Bk T& Taryées kvoupeva cwpaTibia P. *H EA&TTwors ol fovicpol Bik T& Tayia oc-
poctiSia B EEnyeiTon S ToU pikpoTépou Siabegipou xpdvou mpds miBpaciv émi Tév fAexTpoviev Ty
&rdpwv P T& dtroTa dAANAceTBpoly KT THY BioBdv Twv péoe UAKoT TIVOS CHORATOS.

99. 'H mpoélevoig tdv cwpatidiwy B. To péya mpdPAnua Suws Tiis B pa-
Sievepyeias elvan 1) TpofAeuots TV cwuaTiBiwy P xal fi moikiAia TGV TayuTATWY Ty,
fiTis &mobider TO cuvexés, s eidouey, dopa évepysidv.

Kat dpxds UmmeTédn 871 & mrupfv Trepielxev HAekTpovia, Téow, doa 1) Siagopd
peTely Tol padikol dpifuot A kol Tol drouikol. OUTe, Sid 16 &lwrov (; N 1) &e-
xoueba 7 gvSomrupnvikd AAexTpdvia Kai 14 mpwTévia. Al TO oUpdviov (4, U ) 146
svBoTrupnvikd fAexTpovia kai 238 mpwTovia k.o.k. ‘O Tuphv ouveTds &meTEAETO,
cuphves TTpds THY UTrdBeav alTAv, &md A (uadikos &piBuds ) &roua Udpoydvou, &
T@&Y fAekTpovicov TEY dTrolwv ARG pév Trapéuevay vTds ToU Trupfivoes, dhAa Bt (Z To
TAfifos ) doTpépovTo Trept ToV Tupfive. TT.x. Bi& Td Papl UBpoydvoy, To BeuTépio, B el-
yeouev 2 &ropa UBpoydvou, fitol Blo TpwTévia kal Slo fAekTpduia, & TGV oTroiwy T&
BUo TpwTdwia Kol &v AAEKTpoVIoY &TreTEAOUY ToV Tupfiva ( TO BeuTepduiov ), TO &¢ &ro-
uévov fAekTpodvViov ECTPEQETO TrEpl aUTOV.

‘H UmrapEis AAexTpovicv EvTds Tol upfivos B fBuvaTo va épunvela THY EKTTOUTITIV
TGV ocwpaTiBiwy B, GAAd TAtloTa doa TTEIPQUATIK Sedoutva Sév ouppwvoly pe T
Tapadoynv aUthv, ATIS peTd THY ocvcho:?\uwa Tol veTpoviou (1932 ) éykaTeheipfn
TAfpeos. “H onuepiviy &uTinyis efvar 871 & Tuphy oUykerTar udvov &mo Ta Bopia vou-
KAedvia, fjTol K TrpwTovicov kai veTpovicov.

Aév Trpétrer Suws v BewpricwiEy TO VETPOVIOV G5 &TroTeAOUpEVOY ATTAGS &TTO €V
TpwTéviov Kai By HAekTpdVIoY, Bi6TI T& owpaTiBia VETpOVIOV Kai TpwToviov Bev Exouv
yvwoThy eicéTt Sopnv.’Evrods ToU Tupfives eUpioxdpeva 8Ev £xouv THY walav (Bvép-
yelav), THy dTroiav yvepilouey Sid T& alité cwpatidie, dTav elvon EAeBepa pakpdy GA-
AfAwv. “Ex ToUTwv T6 pév éAelBepov rpuoTdviov glvan pakpodpiov (&meipou Loofis), TO B¢
EAeUfepov veTpdviov SlaoTrdTon aUTOU&TWS, &Trodidov 65 TEAIK TTPOIGUTA TIPWTOVIOY,
HAekTpdVIoV Kai Ev oUBETEpoV cropaTiBiov, kKANGEY « vezpivo » (&pBdTepov, dvrivezeivo).

100. To vetpive. Ty Umdeow Tol vetplvo (ocUpBohov v ), SieTuTwaoey
(1931—-1933) mp&Tos & Pauli Si1&x v E§nynon TO ouvexts paaua TV cowpaTiBicov B
TéV B pabdievepyddv icoTdTeov. Elval wpdryuaTt oAU &rifavov va pavTaoddpey EvTos
T&V TUpfuov ToU ool icotédmou TAfifos évepyelaKdy KATAoTACEWY, ddoTe V& Trpo-
KUTTTOUV ExTIvaEels owpaTidicov P ug Siagdpous T UTT TS, > AvTI0€Te5, TOTOV TA CGOPO-
TiBia o, doov Kai ol GKTIVES Y, EXOUV YPOHIIKOY paoue, UTTOBEIKVIOUTX Gopiopivas uvov
dvepyeiaxas oTdBuas #vTds Tol Tupfives.

‘H écrouttt) P #mwpets va &modidn v Sy dvépyeiay Enax ( TV peyioTny
tvépyeiav TGV xrepTropéveoy fAekTpovicov) kad Sy1 v sxcousv TrAfifos dvepyelddy KETw
Tis peyloTns adris Tipfs. Kol &v pdv 1o mrepicoeupa Tfis tvepyelas dmedideTo UM popefv
SAANS TIvds Evepyeias, T.X. &S dxTivoPoAia y, ToTe b BieTnpfiTo TO &bpolope oTabepov
kal ioov Tpds THV peyioTny Ty évepyeias Emax- *AAAG ToUTo Btv cupPadver, BidT
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&g’ Evds pév ol GKTIVES ¥ EXouv YRORHIKSY PAoUA, paoua wpIouEvY Evepyelddy, &’ ETE-
pou 8t irmépyouv ToMG padievepyd lodTomrar EkréuTrovTa pdvov cwuaTiSia B, &pa
&tv elven Suvatow v EEnyndT) Tol Exel neTagepdi TO TEpiooeuna TR évepyeias.

O& émpetre fmopéveds Si& THv Epunueiav THs P paBievepyeias v& TTalowUEy oTNPI-
Couevor els o &Ewua Sianprioecs THs dvepyeias. ‘H owéyis cln slvan oAy ToAUn P&
ol 18101 Tépeas AvaTpemTIKA THs SANs Quoikds. TMapadeydpevor Spews v owpaTidiov : 1)
palns fipepias TOA Kkpds, oxeBov undevikiis, 2) popTiou undv, £€ oU kal TO Svoudk Tou
kol 3) EAayioTns SAANAeTiISpdoews Tpds EAAG cwpaTidie, Suvdpeda ikavoTroinTIeS
v& Mowpey 1O TpoBAnUa THis B padievepyeias kal v ypdyopey Tas duTIBp&oEls peTa-
gxnuaTiopol Tol vetpoviou eis mpwTdvio v kai Tol TpwToviou els veTpdviov cos EERs

pDE = jplick y g0 Ly (T=12 min. E,..=0,78 MeV )
Pt o> nt g e® 00 ( &vTiSpaois évtos Tol Trupfives )

dmou v0 10 wergive TO SToiov ouvoBelel TO TOLITPOVIOV Kad V0 TO dvmiverelvo, TO
dmolov TapdyeTal duol peta Tol &pvmTikoU fAekTpoviou.

H tvépyeix ToU Tupfivos kaT& ThHY padievépyeiay B Becopeitan Tdpa oTofepd, A&
KaTavepeTal peTagy Tédv EktrepTopéveoy fidekTpoviey ( cwpemBicov B ) kai TV dvTi-
oTolycv veTpive, katd TololTtov Tpdtov, doTe Bidk Thv Tep1oY NV TGV Bpadéwy HAek-
Tpoviwy, T& oupTraperydpeve veTpiva va AauPdvouy peydiny dvépyelav, §ud Bid fhek-
Tpévia pE Evépyeiav THy peyioTny Tapatnpoumivny B, T& cUvEKTTERTTOMEV veTpiva
8& Aappdvouy dpednTéav ToodTnTa dvepyeics. Kat' adrdv Tov Tpémov ) oTaBepdTns
7ol &BpoicuaTos Tév &Uo Evepyeldy Biv SiaTapdoceTal, ATol K, .. = EVEpYEID Twla-
Tidlou P 4- fvépyeix veTpivou.

TerporparTikés Eywav modhai TrpooTrédeicn Tpds dmrébativ Ts UrdpEecos ToU ve-
Tpivou (&vmveTpivou ), 18iws peTé T 1950, dToTe 1 £ls weyddas TroodTnTas Tapery oy
EheuBiEpeov veTpovicwy eis Tous TrupnuikoUs dvTiBpaoTiipas ( PA. Kep. A ) Emétpeps Thv
Tapoy wyny kel dvahdyou &pibuol dvtiveTpiveov, Adyw THs Siaordoews TéY EheuBipcov
TOUTWV VeTpovicov UTTd éxoutfiv owpaTiBiwy B.

*Eéw BieBéToopey moAA& dvTiveTpiva, TOTE, Tap” SANV THY pikpdw SAANAeTIBpaciv
oS SAAX owuaTidier, &Tress TT. X. TO TpwTdvioy, 6& fTo Buvatdy foTw kal oTravins, v
Embpaoouv petafy Twv, 6TdTe B& eliywpey THY duTiSpaciv

PS> ot et

SnAadt TpoToTrololiuey QVTIoTPOPs THY &vTiSpaciv wapaywyTis TTodiTpoviwy Tis +B
padievepyeias ( PA. dvwTépw Eicwow ). Eqv mpdyuatt ounPaivn dvTiSpaois, TéTe
Exopev olypovor Tapaywyny Evos veTpoviou kai évés oliTpoviou, ) 8¢ TElpapaTIKA
Ty SarioTeocls B dmeTéher dmodeifv Tiis Spdoews To dvTiveTpivou éTri Tol TrpcoTo-
viou. TTpdry e, *Anepikavol épeuvntal dpyagdpevor &mod Tob 1953 els Tous duTiSpaoTi-
pas Tol épyaoTnpiou épeuvddv Tis "Apepikavikfis ‘EmmiTpotiis *ATowmkfs ‘Evepyeias eis
Los Alamos, katepiwoav, TO 1956, xpnoinomoinoavTes peycAuTépas pods &uTIveETpi-
veov, v& EmiTUyouv BeTiké dmoTeAéopaTa, TrpocSiopicavTss TéooV TS veTpdviov Soov
xad TO moliTpoviov THs s dveoTépw dvTiBpéotws. Katdmy ToUTou 1) Umapfis T
GuTiveTpiveoy Becopeitan orjuepov TrelpapaTikgs PePoncobeioe.
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101. *Avaxeparaiwaoig. ZuvoyifovTes Goa dvepipapey Tepl Tis B padlevepyeias,
£y opey :

o) ‘H &xTivoPoria B &moTeAsiton &rd AAKTPOVIC TTPOEPYOUEVE 8K TGV TIUPTIVGY
T&Y &Topcv, ) 8t dxTvoPoria - B, oUyketal &k TofiTpovicov Tupnuikiis émions
TTooEAEUTEWS.

B) Al TaxUTnTes (dvépyeion) TGV cwpaTdicov P T) 4 P elvan ToikiAwy T, doTe
&oyopevar Trepitrou &mrd 1O undiv v TepuaTifwvTan els plav peyioTny Ty, Xopo-
kTpioTIKNY 81 k&Be P pabievepyov lodToTrov.

Y) ’Extos Tfis xapaxTnpioTikiis ToTns Tipdis vepyeias, oupPohifopévns S Tol
Faax, k&Be P padievepydv icoTotrov éxel kal dpiopévny fuibwnv.

&) Kata Thv padievépyeiav B, Sexopsba THv petartporriiv Evos veTpoviou TolU Tru-
pfivos el TTpwTdvioy, OTrodTe dmoPdAAovTar Ev fiAekTpduiov (cwuaTidlov B) kad Ev
oUdéTepov cwpaTiSlov, TS &vTiveTpivo.

E€ olrol TrpokUTrTer 6TL & dpifuds T&Y mwpwToviwy Tou BuyaTpikol mupfives
8a elvan kaT& povdBa peychUtepos ToU &pifucl Tév mpwToviwy Tol unTpikol, Emo-
pEveds 6 &ropikds &pifuds Tupfivos Tivds, doTis TpokUTrTEL 2§ Evds GAAou 81T EkTrouTrTs
cepaTidiou B (HAekTpoviou) elval korré povdda peyohUTepos TolU dTopkol &piBpol
ToU &pyikoU Trupfives. *Etraidn 8¢ katd THv Sidomaotv B Stv puetaPaAietar & ouvolikds
&piBuds TGV voukAsovicov ToU Tupfivos (& padikds &pifuods A Trapapével oTabepds),
ErveTan 671 TS BuyaTpikdw oToixeiov elvan iooPapis TTPO TO WMTPIKOV.

£) "Avaddyws, kaTd Thy padievepydv SikoTraoty - B, By TTPWTOVIOV HETOTPETTETAL
gis veTpdviov &moPaAoutvou Evds TroliTpoviou kal fwds vetpivou. To OuyaTpixdv igo-
Bapis oToixelov kaTéxel Béow Tpds T& dploTepd fv TG TepIoBixg ouoThuaTl, dnAadn
EAOTTOVETAN KaTS povdSa & &Touikds &pifuos Tou.

or1) Kard 7iv 2kmopmiv -- B T& 8Snuiovpyolpeva moliTpdvia TpolmoféTouy
usycduTépay Samdvny Evepyeias Tapd Soov Exouev els THY kropThy B, S16T e Tel T
TovA&yioTov 7 évépyeia 1, 02 MeV mraparywy s Lelyous NAsxTpoviey, dvods BeTikol kal
tues dpynTikoU, Sedopévou &Ti TO ToliTpdviov Stv elvan cwpaTiBiov Tiis cuvnfous UAns.

‘H ouornuaTik] peAétn Tév padievepydy iooTdmwy &medalev 6T cwpaTiBio p
(fheTpdvie) ExTrépTTovTon &o padievepyd lodTotra, Ta dmoia Exouv mepiooeiaw VETPO-
viwy g Tpds T TRTOVIC TOU TUPfivos Twy, HEYaAUTEpaY TTs Kawovikds TTpoPAeTout-
vns. *Ev® moliTpdvia ékmréumovTon & Ekeivar T& padievepyd iodTome, Té dtroler Exouv
STy hTepa VeTpdVIa &TTd T& veTpdvia Tol Tupfives Tol oTalepod tv i Gloe icoTémou.

Hagadetypara: «) ‘O Trupiv Tol orabepol iootdmou 13 Nad3, T orotov &mroTehel TG véTplov Tiis
Disews, ouvicTorar &md 11 TrpeTévia kai 12 veTpdvie.'O muptiv 10U B padievepyol iooTdmou 11Na2t
mepidyer 11 mpwTdvia xad 13 veTpéuia, fiTor TEPICOSTEPS VETPOVI &md 1O vérTpiov Tijs GUoEcs kal €5 €k
TodrTou TEive v T& BAaTTdon B EkTropTris cwpaTiBiov B.TS dutiBetov oupPBaive eis 10 - pabievepyor
1iNa22. ‘O mupnv Tou mepiéxel 11 mpwTévia kad 11 vetpowia, fTor Exel SAryddTepa veTpdvia &me
75 &ropov ToU varpiov Tis Dcews kal s Ex TouTou EmbihkeTal abEnois Tol &pibpol Tév veTpoviwy
&1

ExTropTriis eliTpoviou.

8) Of mupfjves TéV oTaBepdv igoTomwy (12 kad G183, &rwa ouvioToUv Tov dwlpaka TTis Cloews
&roTehouTan ¢€ 6 TrpwTovicov Kai 6, &vTioToixws 7 vETpovicov. ‘O Truphv ToU P padievepyol (Gl mepiéye
6 mpwTévic kol 8 veTpdvia, &vd ToU - P paBievepyol C11 6 wpeoTéwa, xal 5 veTpévia, Sniabdh

Sy TEpS VETPOVICK.
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Kard Thv poievépyeiav - B, Snhat| Thv exroprriiv rodiTpevicwy, ip’doov Exopey ékopTriiv BeTikol
oopTiou, d5 f8n EAéxln, Bexdpeda kaTd unyavioudy Tva peTaTpotiv Evds TrpuwToviou els veTpdviov kad
xaT& ouvéTElay EAGTTOIY ToU BeTikoU opTiou TolU Tupfives, fiTol peTagToryeiwatv Tpds Trupfive, &wvt-
kovTa £ls TO TTpoTyoUpevor oTorysiow Tol TrepioBikol ouoTTuaTos. OUTw, TO padievepydv lodToTrov yaikos
—61, EkmépTow ToliTpdvia, PeTaTpETETaN Els TO Kot povada xaTwTépas T&Eews icoPapis vikédov —61

29 Gu 81 sl L ag Ni 61

102. "H padievépyerx y. ‘H dxtwvoPpolia y elvar dxtivoPoiia mrupnvikiis Tpo-
sAevoecs kol dpoias pUoews Tpods TO PdS, T)Tol HAEKTPOPCrY VT TIKTS (QuToviks) UoEeds.
Té katé ThHv kKAacokny Quoikfy piikos kUpaTos TOV akTivevy Yy elval TTOAU pikpd-
Tepov ToU péoou kUpaTos Tol dpatol ¢eoTos kal cuptriTrTel pg TO ufjkos KUpaTOS TGOV
dxtiveov Rénteen.

Al dTives y E{ouv Ypopuikoy gaoua, émopévas ke padievepyov icéTomov k-
TrtpTrov drTIvas Y, Tapdyel gwToVIa Y Gplapéuns dvepyeias, Trpdypa Strep drobel-
KVUEL, 5 Guepepapev, TNV EvTos ToU Tupfivos Utrapéiv dplopévey oTabudv évepysias
kai oUxi ouvex®@v évepysiak@v TPV (TTapdPade Tds wplopévas oTdBuas évepyeias
TGV fAekTpoviwy mepl TOV Trupfiva).

‘H évépyaia TV drTiveov y xupaiveTan &mod pepixds dexdBas keV Ews dpreta MeV.
TT.x. T padievepyov SouAtov ¢ Tm'?, fubwdls 127 fuepdy, ektréuTrel &xTivas vy, Evepyeias
84 keV, &pax Blvaral va ypnoipotronbij 81° dkTivoypagrioers &trws «i &rrives Réntgen
Ths “laTpikiis. To ipiSiov —192 mapdyer drTivas y &vepyadv 0,307, 0,315, 0,467 wad
0,6 MeV, fitor uikpoTépou umkous kUpaTos &md Tas drTivas Réntgen Tiis ouvifous
dxrvobepateias, ko’ fiv xproipomroicUvTar ouokeval pé Téoels AsiToupyias 150-250
kV. To xopditiov —60 dxTivoPoiel proTdvia y SUo évepyeiddy, fitor 1,17 MeV kad 1,32
MeV, dnAadn ducia Tpos Ta TGV dxTiveov Réntgen, ai dmoion TrapdryovTton UTTo oco-
Ay Coolidge, TpopodoToupévwv &md unyavas twnAfis Taoesws, &1es 1) UrpXavn
Van de Graall (PAr. Kep. KE').

ZwAnviokos kAeloTSs, TepiEwy GAas padiou pt SAnv THv oeipdy THY EE olToU
Tapayopévev SuyaTpikédv paBievepy v oToIKEIWY, TTapdyel TTOAAGS AKTIVOS Y, EVEPYEIGV
&mo 0,24 MeV Ews 2,2 MeV (péon Tipdy mepitrou 0,7 MeV). To vérpiov —24 mrapdoyer
dxTivoporicy y Tév 2,76 MeV.Tlepimrradoeis padievepyeias y pé puwTdvia drdpun peyaiu-
Tépas Evepyeias eivan oravieTaTon (Tr.Y. T6 &lwTov —16 gkmépTrel dkTivas y Tédv 6 MeV).
TobvavTiov Tapdyovran &kTives y peydAns évepyeias péxpis 20 MeV kard Tas Trupnvikas
dvmidpdoels PouPapdionol oToywv £ EAaepddv oTolkeiwy UTTO Taxfws KIVOURtvwy
TpwTovicv. Oltw 10 Aifiov —7, TpocPaAidusvor UTd TrpwoTovicov, peTaTpémeTan Eig
BnpUAiiov —8, &modiBov ouyxpovws pwToVIx Y, Evepyeidv 15 kai 17 MeV Trepitrou.

Aéov v& onpereot) &1 Bév Trpétrel va BecopolivTan of drTives y dog dmreoodnToTe Exou-
g pfjkos KUBaTos MIKpGTeEpoV TG &xTiveow Réntgen, 8161 orjuepov SiaBéTovTes Tayéws
xivoupeva NAexTpovia évepyeias TAtov Tév 100 MeV, map&youev &xtivas Réntgen (&x
TebToEcs ToloUTwY Tayéwv NAekTpovicwy, BA. § 28), oAU peycuTépas dvepyeias (Hikpo-
TEPOU UTKOUS KUPATOS) &Tro Tas ke olovdrroTe TpdTrov mpoepyopévas &k ToU Trupfivos
drctivas y. ‘Emopéveos of dxTives y Exouv KaTd TO TAEIoTOV UfiKos KUMOTOS MIKPOTEPOV
TéV ouvnbas &v 1) “laTpik] Tpdel ¥pnoipoToloupéveoy drTiveov X, Etrions dpf8dTepov
elven vé piy dvagepdpeda Aéov els pikn KUpaTos &AM els dvépyeicy @wToviou (hv).
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Al &xTives ¥y, €5 P TEIVTS pUoEWS, Bev &rokAivouy UTTO TNy EmiGpaoiv ToU peryvn-
TikoU 1) HAexTpikoU Trediov, Stv pépouv popTiov, yapaxkTnpifovTtal 8, ws pwTdvVIX, &To
tvépyeiav hv, Sppfv hv/e kol p&Zav hv/c2. Zuverrds dtv Exouv udgav fpepias, olre
X&vouv £ls TaxUTnTa, oUTe Exouv duPéAadv Tva.

‘H dxtwefoliia y mapdysrar amo Tovs padievepyods mvoiras petd T ExToumir
ol ompatidlov « § B. TO 6T1 A &xTwoPoric y EmeTonr  ypovikds (foTw kol
peta 1012 sec) T&V &AAwv dxTivoPoM&y kai Tpodider ThHv Binyepubuny kaTdoTo-
ow 1ol BuyaTpikol TTAéov Trupfivos, Eyivev dvTikeiuevoy iBicaTépaov pereTédv. *H meipa-
paTikn amédei§is TpofiAfey & TTOAAX padievepyd lodToma, did T& Smoia BePacodn
&T1 €k TTis EmBpdoecws TGV &xTiveov y &l ToU AAekTpovikol Trep1PdAhovTos TTpofipXovTo
exTvaEels RAskTpovicoy (PuwTonAekTpIKdY Qaivdpevoy), UToSexviovoat véoy &TOPIKOV
&p1Bpov xal Sx1 TOV &pyikdv ToU padievepyol igotémou. "Apa, al dxtives y Topn-
yovto amd Tov fuyaTpikov Tupfiva, SnAadn &md Tov Binyepubvov Tupfiva GoTig
eixev 180 Br1apopewbdif perk THy Emopmv cwpaTidiov a A B.

‘Emropéveos, of dxrives y, m.x. ToU kopahtiov —60, Biv elven mpdyuaTt dxTive-
BoAlan Tupnvwv TolU {ooTédtou TouTou, &AAd Tol Sinyeppévou Tupfivos Tol vikeAiov,
is TO &Trolov peTaoTolyEloUTal TO KOPdATIOV —60 peTd THY éktropTny cwuamidiov B.

‘H éxmopm?) y Btv ouvemdyestan GAAaynv Twva ToU &ropxkol &pifuol Z, mapd
HOvov peTagopdy ToU Trupfivos s edoTadeoTépoy KaT&oTaoy (KATWTEPAY EVEPYELGKTY
aT&buny).

Al &xTives y 88v Exouv éuPéAsiay 6Tres T cwuaTidia a kai P, ARG Siepydpeval
wegew TS UANs dmoppogdvTal kaTd Slagdpous Tpémous (PA. Kegp. KIM) kal oltw 1
gvtaois T Séouns Twv fAaTToUTon guveydds, OmoTE kaTw Opiou Twos fewpeitar
&UeANTEX. AkopT TreplocdTepov petoUTan 1) Bvtaots, 6Tav 1) Séoun Tdv drTivwy y Bty
slvan TapdAAnAos GAAG KwvixT) dmokAivouoa. ISicaTépws dTroppognTIKA péoa Bid TS
dxTivas y elvanl Ta oTolxela peydhou &ropkoU &pibuol Z, &mows 6 udAupdos, & omoios
xail yxpnoomolgiTar ik mpogUAativ pas STav Bév elvan  Buvarn 1) dopdxpuvols
pas &k THs TN Yis Toww.

AZKHEEIZ

75. ), Tleiov TO pétpov Tiis &mwoTikis Suvdpews, Tiis é§aokouptvns petafy Suo cwpambiwy a,
=UpICKOPEVwWY uTds ToU xevol, els &méoTaov 1071 ¢m & &MAAwv. B) Tlolov To pérpov Tiis peTaly
aUTéY  Gokoupévns Neutwviou Suvdpews (Taykoopiou #AGews). Ztorxeiddes fHAskTpikdy  gopTiov
=4,8. 10710 HEM — gopTiov, oTafepd Toaykoopiou Enfews k = 6,67 - 1078 dyn-em2- g2, pdta
tvos owpombiou o = 6,68 - 10724 gr. CAm. F=9216 dyn, F=297-107% dyn)

76 . "Evti gopTiou daroAdTws foouv mrpos 5. 109 Cb giploxopsvou els Ev onueiov HAexTpikod me-
Siou, EfaoxeiTan pic SUvaps fon kaTd pérpov Tpds 2 - 102 dyn. 'Edv eis 1O aUtd onusiov tol mediou
cUpelf] &v cwpaTiBiov a, Tolov TO péTpov Tis Buvduews fTis B daoknd ¢ olTol. e =4,8 - 10—1¢
HEM — gopTiou. 1 Ch = 3. 109 IIXM — gopTiou. AT Fy=1,281071% dyn)

77 . @) Eis mupiv olpaviou (U238 ) Biaomdren Umd ékmopmhy  évds owpaTibiov a. TToios &
&TOMIKSS Kai & pafikds &p1fpds Tol petd TV EkmoupTriy  ToU gwpaTibiou UmoAsimopévou  Tupfivos.
B) N& UmodoyioBfi & &ropikds xal & pafikds &pifuds Tol Buyarpikol Trupfives, ToU oxnpaTi{opi-
vou &k Tiis SiaoTaoews fvos Trupfivos padiov (gglia226 ) Umd éxmrouTnv Evos gwpaTidiov a.

CAT. Z=90, M =234, Z =286 M =222)
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78 . Eis upnv padiou SiaoTraral UTrd ékropTrnv Evds cwpaTidiov a. ‘*H xivnTikn Evépyeia TOU owHa-
TiBlou o keetex ThHy E£0BéV Tou 2k Tol Biaorwptvou Trupfivos elven fom Trpds 4,791 MeV.*Ywd Troiav Ta-
: 2, L 1 ¢ 2 -~ = = 4.8 ’ —24
XUTnTa ékTmépmeTan TO cwpaTiblov ék Tol Tupfivos. M&ga fves cwpaTibiov a = 6,7 - 10=* er:

CAm. 1,51-109 em/sec)

79. Tuphv pabdiov Siaotrarel UTO EKTOUTAY Evos cwuamibiov a. To cwuaTidiov &ua Tij ékTouTrd)
TOU dpYETC KIVOUNEVOY EuTos TOU &épos, sUplokopivoy UTrd Kavovikds ouvBrkas, ool 8¢ Siawion uTdg
avTol SidaTnua 3,3 em, Apepfi. Katd Thv kivnow ToU owpamiSiou oxnuaTifovTar &ud EkaTooTOV un-
xous Tfig B1adponfis Tou 48 000 Leuyn iévTwv, fkaoTov ToV &Toiwv @épet Ev oTOIKEIGBEs NAEKTPIKOY
gopTiov. Aexdpevor 81 f dpyikdy kvnTIkn Euipyeia Tod owuemiBiou (A Evépysic SnA. pé TNV STroiav
emipngbn ix ToU Tupiives) kernuoRan (€ GAokAtipou eis TOV oxnuaTicudy idvTwv kel &Tt Bik ToV
oYNUOTIoNOY fuds elyous tdvTwy dmaiTeiton Evépyela 35 eV, v&k UmoAoyioBolv a) 1 Gpxikn  Kivn-
T Evépyaic ToU cwpamiSiou, B) TO ouvohikdvy gopTiov THV mapayfévrwy U alTtol iovTwv.
e=48.1071 [EA[-— gopriou. CAT. Bagy = 4,75 MeV, gm = 4,6 - 1077 IIXM — gopTiou)

80 . Els mupnyv padiov, pédns 377,5 10~ or, BiomdTan dkmmipTreov v owpaTidiov o UTd TaU-

e 1,5 108 em /sec. Na UtroAoyioffi fi TayUmns dvakpoucews TolU HeTd THY ExTropTriv Tol gwuaTi-
: 3 ' P v —D 3 - Iz

Siov dvaropévovtos Tupfivos. Mala fvos cwuamiBiov a = 6,7- 10 2% gp, CAT. 3,04 - 107 cm/sec)

81. To pabdevepyov lwdiov (531181) Sraomdren Imd kot évds cwuaTidiou p (7“,-0). Toies &
dropikds kel padikds dpiBipds ToU TpokiTTTeVTOS dx THS SixaTrdosws upfives. (AT Z =54, M = 131).

82, Els pobivepyds mupfy Biaowdman Umd dkmropTriv Evds cwupamidiov B. ‘H wkivnmikh dvéipysix
Toll swpamidiov kard Thy ££056v Tou &k Tol Trupfivos elvan fon Tpds 0,15 MeV. “YTro moiav TodTnTa
femipmreTan T cwpaTiBiov &k Tol Trupfives. Mala fves Rhextpovieu =9 - 10 28 gr,

CAT. Uggy = 2,31 .1010 cm/sec)

83. Els padievepyds mupfv Siaotréran U dkmopTiy évs cwpaTibiou B TO dmroiov, eldls Gua TH
STTORTIT] Tov, KivelTan £UTds SpoYyevols payvnTikoU TreBiov éutdosws 100 Gauss xaéTws wpos Tas Suva-
Hixds Tou ypopuds g TaxUTNTa Tony KaTd WETpov TrPos TNV T EKTTOWTTTS TOU xal Bixypd@el KUKAL-
Kijy Tpoyiau dxTivos 7,5 em. Né& Urohoyio® (sis erg kai MeV) ) kivnTike dvépyeix Thv otrolav eiye T&
owpaTiBov kaTd THy #6086V Tou ék TolU SiaomacBivTos Trupiivos. M&a Tol fAekTpoviou = 9- 10 =48
gr, e = 1,6 10 ~2® HMM — goptiov. CAT. 0,05 MeV)

84 . Eis upnyv ékméuter év pwToviov dxTivoPoiias ¥, dvepysias 2,2 MeV. Na elpsdi) 7} ouxvéTns

Kkai To pfikos KUpaTos (Bv TG Kevdd) TS WovOXpwHaTIKTs dxTvoPorias y, THV &Troiav &uTiTpoowTeler

T0 uTéviov. ZTabepd Bpdoews Tou Planck = 6,6 10727 erg - sec. TayUTtns ToU QeTds v TG Kevdd

= 3. 1010 em/sec. CAm. v="5,33-1020 sec—!, A =5,62- 107! cm)

85. MovoypwuaTiki] &kt voPodic y ouvioToaTon ik pwToviwy, fxaoTov TV Stroiwv TepikAeiet

fvépysiav 1 MeV. Tlofov T& pfixos kUporos Tis &ktwoforics. h = 6,6 - 10—27 erg - see, ¢ = 3. 1010

cm/sec. CAT. A =1,23.10" cm)

c

86, ) Tola 1) tvépyeiar Evos p WTOVIOU LOVOXPWPGTIKTs &xTwoPoAias v, ufrous xupatos 0,016 A

B) N& dmroho y1o67) & Adyos Tis tvepyeias Tol puwToviou ToUTou, Trpds ThHy Evépyelav £vds ewToviou povo-

o -

XpwpaTikiis  dkTivoBorias Rénlgen, prkous xipatos 1 A, h=6,6- 1027 erg-sec, ¢ =3 101

cm/sec, CAT. o 1,23. 10~ % erg, B’ 62,5)

87. “YTo moias Téoews TpETEl vé Bieyepdi] cwAv &xTivev Réntgen Sia va Sdon puTdvia ExovTa

ExaoTov fvépyelav fomy Tpos TRV dvépyElay Evds QOTOVIOU HOVOXPWUHATIKTS SKTIvoPBoAlas y unKoug
9 7 ’

wiperos 0,016 A, h =6,6-10 27 erg.see, ¢c=3- 1010 cm/sec, e = 4,8 - 10710 HEM — gopTiou.

CAm. U =2,5.108 HEM — taoews =750 kV)

88. Kotk Thv Siodov Béopns dxTivoPoas y Bid Saddpou lovichol TrepiéXovTos STHOCHXIPIKOV

Gépa eUPITKROMEVOY UTTO Kawovikds ouvBTkas, oxnHaTidovTal évTds atrmol 2 - 10 3 fdvTa gépovTa ExagTow

& oTorxei®dBes NAekTpikdy gopTiov. «) Tloiov T6 ouvohikdy gopTiov TGV iovTwv alTdv. B) ‘Edv TS
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gopTiov ToUTo B1¥AGN 81’ dvmioTéoews 28 000 Q évrods xpovou | psec kard TpéToV (oTE v TpoxANBi
els Uiy pedpa oTalepds fvtdotws, va UmoAoyioBi fi Taows fiTis éppavideTan s T& Gxpax Tiis SvTi-
ordosws kaTd THY Sidpreiav THs S1650u Tod pelportes. e = 1,6+ 1019 Ch. (Aw. U =0,8960 mV)

89. a) Katd THv SloBov Séouns dxtiveov y 81’ &épos elptokopévoy UTrO Kawovikds cuvdrikas, oxn-
poTifovTal 2uTds almol felyn ovTwy € évds BeTikoU [duTos, pépovTos Ev oToIXEIEBES BeTikOV NAEKTPI-
kv popTiov Kai i€ dvds &pumTixol i6vTos, pépovTos Ev oTolyadbes dpvnTikdy goptiov.’Edv 16 auvohikov
qopTiov TéV dvtds 1 em3 &épos oxnuaTiobivTev BeTikdy oyt eivan ooy pds + 1 HEM—gopTiov,
T B8 oUVOAIKOY gopTiov TGV EuTos aUTol oXmuaTIcBivTev dpunTikdy iovTwy fooy mpds —1 [TEM—
gopTiou, v& UToRoy1o87} & &pifuos Tév dvTds 1 em? &épos oxnpaTmiofivTv fevydv lovTwy. B) ’Edqv
51 THY Toapaywynv fvds Lelyous 1ovtwv &rartfitan dvipyei 32,5 eV, va Umodoyiai f) KaTavaha-
Seica Si& TOV oxnuUaTIoNOY Téw futds 1 em3 vty dvipyaa. e =48 10~ HXM — gopTioy,
1eV=16.10"1" erg. CAT. o n=208.109, p' Ex=675-1010 eV)

KI" ANIXNEYZEIZ KAI METPHZEIZ AKTINOBOAIQN

103. "AAAnAenidpacis dxTvoPoriév xal HVA®Y owpdtwy. Koara Tas mupn-
vikds SlaoTrdoels kol peTaPoAds, kaboxs kal kaTd Tous Boppapdiopols oTOXwV Vaigel
owpaTiBicv, Tpoepxoutvey &Td EmTaxuvTikas wnxavas (PA. Keg. KE"), Tropoucid-
LovTan yevikéds cwuaTiBia peydins gvepyeias. TodTe evea eite cwuaTidia peydns
KM TIKRS Evepyelas, popTiouéva HAEKTPIKES, OTTwS T& gwpaTidia a, T& cwpaTtibia B,
T& TpWTOVIC KATT., | &popTioTa, ETMes T& veTpdvia, EiTe &rTivoPohicn HAekTpopayv-
TiKds QUOoELS, UeydAns kK P av T1k fi s évepyeics, ros puTovIx Y, 1) poTOVIO GKTiVEV
Rontgen. ZuvfiBws TrpokeiTan Tepl WKtV dxTivopoiidvy, &Tres TpdypaT ovpPaive
els THY TEpiTrTeooy Evds pabievepyol mapaoxeudopatos (BA. Kep. IH').

"Ohct ol &ueoTépeo dxTivoPorial BuvavTa va duiyveudoly, va SiamoTwdody, &mo
Tas FAANAETISpdoEs Teov pé T UAIKS odparTa. Elven 88 SuvaTdv — Adye Ti peySAns
tvepyeias 1) OTola T& ¥apakTnpilei—EKaoTov cwuaTiBiov i peTviov vé SiamioTwii
keywpiopévess. ToleTn edonodnoic el Tas weTprioels Tis Quoikis elval oTTavIeoTETn
xai Buvdpeba ofpepov va vTiAngBduey Thy mapfiv mupnvikds SlaTapay s gmioul-
Bdoms els v xai uovor drouor. eUpIoKSUEVOY EVTOS EVOS TeparoTiou TANHoUS GTopcov.

Al peTpnTikad pos pebodol oTnpifovTon &l TS SiaoTdoews, ToU loviopol f Tiis
Sieyépoews TGOV popiwy kal dTouwy Tol UAikol ahpaTos. Ex TéY mpoavagepdivTwv
cwpaTidicov, T& popTiouéve cwuaTidia Spoly dutows, v T& &@OPTIOTA TwUTIBIC,
SnAad? T& eToVIa Kol T veTpovia, Spolv Eppecws B1& TGV BeUTEPOYEVES EKAUOUEVGIY
Spdoewy (oy.158). T popTioptva cwuaTiSic &roBdhAouy TV KIVNTIKAY TV EVEPYELQY,
51671 1) fvépyaik Twv XpnoipoToEiTal S Tov loviopdy, THv Sifyepoiy TGV &TOUWY
f Ty SidoTaov Té&Y popiwy. OUTw, Ev AAekTpOVIoV &pyIKis evepyeias 1 MeV Slvaran
vé& Taparydyn 30 000 mepimou Zeiyn idvToov. ‘H ikavéTns Sieiobuoews TGV AAEKTPOVICY
lven peydAn &v oxtoel TTpos EAha popTioutva owiaTidia, GAAG Aoy Blapdpwv aiTicov
TaUTe dToKAvouy 2uTdvws kaTd THV Siadpopnv Twv, uE &AAous Abyous BIaTpéyowy
v Topeiay Twv &5 ypappny Gix - Cak (oX- 158,a).

Té& TrofiTpdvia EXOUV TTXPOMOIaY TUUTIEPIQOPSY HE & NAexTpéVIa, els TO TERos Suws TS Topeias
Teov fvolvTal pt Bv AhexTpdviov kai Emadf Snuioupysital Ev mpenoly oUbéTepov GUYKpPOTNHY, KEGNS
SimAcoics THs Tol AAskTpoviou, éfaiflofrar, ué THY Tapaywyhy SUo guwToviny, Té émoia dSedouv

kat' &vTiBéTous gopds (ox. 158,B).
12
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‘H Eapdmorg alTn T@V TroliTpovicy glval XXPAKTNPICTIKA Ths Tapovaios Twv, 81611 dmou Sia-
TICTWOWHEY BU0 @ewTovIa EKTTEuTTONEVa UTIO ywviay 1800 ai ExovTa GpIguévny TILHV GUXVOTNTOS
(tvepyerar 0,51 MeV), TéTe Exopev TreipapoTiKiy Gmodagv Tfis tfalicoews Ty ToliTpovimy kai ETo-

pévess Tl Trponyoupévns UttdpEews alTédv.
_ ZeopoTidia peyohuTépas padns, 8TTws TG TPWTOVI,

(a)e—= T

) _if__ﬂm_:%/

»

(%) 2

oews, Tpoolidear el adTov piav G9now.
n . #8n Tupf, BlvaTal

T& BeuTepdvia, T& owuoTidia o kai BpalopaTa TTUpAVLVY,
BiaTpexour T& UAIKE COPaTX BUCKOALS.
Tev dvTds aUTOY evan Ppaxeio kal ToyUTaTo Rpsuoly
(ox. 158,¥).

"OTav &v cwpartibiov ixavfis pddns wpootéon émi
£vos Trupfivos,

‘H diaBpopn

CUHQUVWS TTPGS Tous VOUous Ths KpoU-
‘O kivoupevos

KaT& pfjkos Tis idias avToU Six-

a Bpoufis v Bieyeipn kal va lovion &ropa fi pdpia. ObTw

(Taxv)

=T
(Bepprudv)
duwidviov

ot) —=\ M

QUVOREVOY

duwrovior

0 R TAVAVAY (VAVAVAVAVA
favsperoy
Comnton

Qurdviov

yEwr gouatdiwy zal qoTovicy pepdlys v
wara Ty diodey Tov o Thg TAys. Eig 1o oyfiua ai

YOugial peTa TOP Juxo@y ziximr dxodyloty Sié-

VEQGI xai (OMIONGY ATOUGV 1] [LOpImY XaTd )
Tis TGS popTiGuévey TGS GupuTidion,
®ixhot peTd  otavgol oy
SxTIREGENUEVOY

og
érg ol

Teoira T
e & gouari-
diov i Ty magovale avgivos  Aapfdrovenry  yoour

Joillovy

Aoym ovyznolceng

arridoaaey.

Toyéa veTpdvia, pr Suvdpeva v lovigouv dépidv T1, g
oTepovpeva HAexTpikol gopTiou, BUvavTal va dvixveu-
Bolv €k ToU yeyovdTos 611 TpokoAolv bfoels TTUph-
vev, ol dmoior v guvexeiq, s NAEKTPIoHEVa TTAEOY  Ki-

voUpeva owpaTibia, TTpokaioly EvTds ToU dépos
Bieyépoels, lovigpoy f) BixaTdosls popiwv eig &-
TAoUoTepa ovoTaTika (oy. 158, 8). Kot ol-
TOV TOV TpoTToV T& veTpdvia B’ dAAsTraAAnAwy
xpoUcecov &l Tupriveoy dmroPdiiouy TV TayU-
TNTA Twy, Srayfovtar duTds TOV UMKGY cw-
uaTwv kai TEAos cUAAauB&vovTal &Td  TTupdi-
vas dropwy. ZuvnfioTaTa 1) EvowpdTwgls Evds
VETpOViOU EVTOs TTUpfivos Tivds ouvdseTal Mé Ex-
TOMTTAY éK TOU Tupfjvos dxTivoPolias y (o).
158,e). ToUro 8nAol 871 kaT& THV EvaUATWOIV
Eyouev Biéyepow ToU Tupfivos, SoTis B’ dro-
BoAfis tvos ) TreplocoTépwov @uoTovitwy Y ETravip-
XeTal elg TNV Kavovikiv Tou KaTaoTaglv. Ta
Trapaydpeve Suws PuTOVIX, STTWS Kai YeVIKGWTE-
pov, puwTovia ikaviis évepyeias, Siepydueva péocw
UAIkoU cwpaTos, Trapdyouv fAelBepa fAexTpd-
vig, T& OToia év guvexsig SuvavTan va lovicowv
&épiov T1.

T& ewTdvia eiven fkavd vé Trpokaiécouv
Exhuotv NAEkTpovitw KaTd Tpels TpoTous : o) Jwt
Tl poteniextozed pawoudror. Kata 16 go-
vopevov ToUTto (PA. ged. 64) T& puwTovia E§&-
Youv NAexTpdvia &med T &Toua, &v &8 pépos
Ti)s QwTewfs évepyeias SamavdTon eis Epyov
EE0Bov TGV TMAekTpoviwov ik Tiis Emigaveias ToU
UAIkoU odpaTos, TO BE UmToAoiTov YyiveTon Ki-
VNTIKA Evépyelr TOU EXTIVQOOOREVOU TAEKTPO-
viou (ox. 158,01’). B) “Awt TOod uworérov
Compton. Kat& 10 gaivduevov ToUTo ¢wToOVIa

ueydhng fvepyeias Tpokaholy éxkTwvaers fAskTpovicay &k TV &Tdpwvy, GAAX Kai ouyypdvws TTapouoid_
ZovTan BeuTepoyevi] pwTovia, wikpoTépas Evepyslas &Td T& dpyixd (ox. 158, &). y) etk s dwddupow

yeréoems.

‘Otav SiaBéTopey v puoTévIoV fvepytias peyoduTépas Tou 1 MeV, ToTe eivan Suvatdv, Sisp-
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XBuevov TTAngiov Tupfivos Tivés, v& UtrooTd YAoToinow kal v Snwoupyfion v SeTikow kai Ev dpun-
TIKOV TAexTpdviov, BNAaBn &v moliTpdvicy kal Ev ouvndss AAekTpdviov, vE) aiTd TolTo TO QwTOVIOV
tapaviteTen (oy. 158, n).

"Avagepdpevol eis doa Eypdpaney Tpomyouuives, Buvdpsda va dmvorswpey pdSous dviyved-
osws, oTnpiIlopévas eiTe els Ta gonvdueve Tis BiooTdoews popiwy els &TAOUC TP CUTTATIKG Tww, £iTE
els gowdpeva Bieyépoews, eiTe el povopsva  ioviouod.

104 . Movdbeg pabievepyeing nai Sécewc. a) Movas Curie (c). A Ty ikriunow T
foxuos (erg/sec) padlevepy v TTapUOKEUXT ATV ¥ PNaIHoTolodpey Blagdpous eidikds povisas, S:bouévou
&) &Af] LUy101s TGOV paBievepy@v ouaiddv 8tv pés efunpetsl kad ToUTo 81671 1 ypauudpiov padievep -
You Tivos ovugios Btv BuvaTen vi ouykpii pt 1 ypauudoov dAAns pabievepyol ouoics, kad' Soov al
dxtwoPolicn aiT@dy mbavdss vé Trpokadoly Srdgopa poivdpsve, Adyw Blagdpoy Tolol kal dvepyelas.
Fevikéds Suws 7 foxus EEapTaTAl &’ Evods piv K ToU dpiBuol TV &Tduwy, Ta dmoic SixamdvTan dud
SeutepdAeTToV, @ LTépou B &S THV &xAuopévny duipysiaw dvd SlaoTrpevoy Tupiva.

Lk 7O padiov (gglRa226), al petprioss ToU puduol Biaomaosws aUTol pas iSwoay ThY S1Buds
yevepivny SexThv Tiuf v Tév 37 Bigekatoppupicov (37 - 109) Blaomdoswy dvk SeutipdlemTov kad
Ypaupdpiov kofapol padiou. Tov pubudy altov Tis Sicomdsews, dvefapTiTs mozol, u&lns s
padievepyol oloias kal dveEapTiTws ToU idv T padievepydy Gduc KmETn cwuaribix , A P dvo-
wéGouev 1 curie (1 xwovol, Ic). :

OUtw Opifopev g povada pubuol padievepysias, i &mAds pabievepyeias, 10 L curie, ftor Thv
ToodTNTa éxeivnv podievepyol Tivos oloias, dv T omoig oupBaivowy 37 Sigekatopudpia TUAMVIKGi
Sioomases dud BeutepdAetrtov. "Extés Tis povddos TalTns xpnaomololvtan ki «f povddss 1 milli-
curie (I me=1073¢) wai 161 microcurie (1 pe=10"%¢).'Eqv THv padievépyeiay ousiag TIvos,
weTpoupsvny eis curie (A mce f pe), Sixpéocopey Sik Ty dvTioToixwv ypaupapiwy Tis oloias uas,
TTe Opilopey TNV eldixny  gadievégysiar Tis cUoias, fTis B& dkopdleTan . . els curie dra yoanu-
pdetoy (c/gr).

’Ex ToU OprouolU THs povédos curie émeTal &1 BV ypapudpiov padiou Exel padievépyeiav | curie.

Hagddsiypa, "Eotw paBievepydy mapooketaopa TO dmolov Biv mapéyel padivapyd: UmompoidvTa,
T& omoia TapauévovTa v& Ekméumouy kai alTd 1Sics dxTivoPohias ki EoTw 671 wETpolpEy EkTroUTIAY
1000 owpaTiBicov B dwd BeuTepdhemTov. ZnTeiton 1) pedievépyed Tou els microcurie (wikpoxtoupi).

Eapudfovtes THy pédodov Thv Tpidv Exousv:

37000 Biagmrdoes/sec lootvten Tpds pobievipysioav 1 pixpokioupi

1 000 » X

‘Emopéves 1) padlevépyeis Tol ToapackeudopaTos 8& sivon 1 000/37 000 = 0,027 ue.

B) Moras Mache. Eis Tas padievepyous lapaTikds nyds mapouaiddetar 1| padevépyaia Gmd
Hopptiv UmoTrpoidvTwy ToU pabiou kol elfikeTepov Umd THY popefiv ToU TrpwTou Tapoydyov Toj
padiov, ToU padoviou, TO dmolov siven oToyeiov &iprov, éxméumov Emions cwpaTidia a émws kai To
paBiov. A T& UBorter TV TrTy G iy £xel EmikparTnioel pia elSixd) povas elbikis pabievepyeias, | povis
Mache (Mdye), f| émoix icoUTan Tpds 3,64 - 101 curie dva AlTpov UBartos,

7) Movis Rontgen (r). ‘H padievéipyaia tvos mapaokeudouaTtos dniol moocar Siaomdoes yivov-
Tl Gva BeuTepOAETTTOV dvTds Tol TapaokeudopaTtos. ARG Biv 5i8a mAnpogpoplay Twa émi Tol molol
TGV EkTrepTopéviov owparTiSicv, oUTe i TS ékAvopéuns évepyeias. Mwpilopey uws OT1 Té EKTTENTTO-
peva gwpaTidia, £iTe sivan popTicuévy, €iTe sival goTova, Tpokaholv dplopivas dmbBphoels i THY
UMKV owpdTwv Kai eidikddTepov Siepyoueva péow Tod &épos T yevikdatepov 51° &eplou Tivés, TpokaAoly
{ovioudv. ‘Etropéveos, Suvdpeba dmd Tov loyupdv | uf) lovicudv ToU depiov vé oupmepdveopey émi Tiis
tvepyeias kai ToU &piBpol Ta@v cwuaTidiwy T oToia TposkdAeoav TOV loviaudy,

Eis s dpappoyds evdiapépel va yvwpifwuey gls G v po ToU pabievepyol TapaoKeudTuaTos
ol elvan fj &roppogoupévn UTrd odpaTds Tvos vépyela, v TO odua Abehev Tebf els THY év Adye Béotw.
*EaTe .. 671 EXopev Ev tikpov opaipibiov kafapoU pabiov i kadapol padievepyol vatpiou. Micopifopey
v padievépysiav TGV v Adyw olUdidv kai Béhopev va yvwpiowuey, tav Tedi dv obpa, Ty, v pikpov
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Boyeiov UBaos fi 7 xeip uas, els &mdoTaow 1 pérpou &d ToU padiov, wéon dvipyelx &moppapaTal Ex
Tév Biepyopévey &xkTiviv y kol ouverdds woan Evépyeix uével els k&Be kUPIKOVY EkaTooToV ToU UBaTos f
eis kafe kUBIKOY ExarTooToy TEW 10T Tijs Xepds Uas. (Abv UTépyEt TOAY wey AN Blapopa gis THY &trop-
péenoy peTafl U8artos xai poax@y ioTédv TOU &vbpuotrivoy gopaTos). -

‘Eropéveos TpéTrel v& dpioopey picv povdde, e THv dmolav va peTpdduey THY &va KuPikdY EKaTooTOV
() dv& ypauudpiov) dmoppopoupévny kal ouveTdos Tapauévousay Ev alTE dxTivofdhov gvipysiav.

Thv dvépysiav TauTny, THY &Toppogoupéviy £vTds &vos KuPikoU txatoogToU (f gvrds 1 gr), Tebev-
og €ls TrEpIoYAY Tiva Tediou podievepydv dxTvoPohdy, kaholusy Sbawy (uovds erg/cm3 A erg/gr)-

A& Thy éxTipnow s ToooéTn Tos &dkTivoP oA ias, fiTis cuvBieten pe T Béow,
gueTpfifn & &pifpds Té&v idvTwv, doTis BnuioupyelTa &md &rrivas Rontgen @ y, &vepysiddov uéxp
3 MeV, dvrds dépos xal Gplodn Siedvés i povas 1 rontgen (1 r).

KahoUpev 1 ¢ thv moodtnTa Tis éxTwoPohias Rénlgen 7 y, fms &oppopoupivns Evtds Evos
cm’ dépos kavovik@y ouvlnkéd, Tpokedel THV Snuioupyiav 2,08 - 109 Zevydv idvTww.

*Ereidi) 1) Snumoupyia fvds Zelyous tovtav ypaddetan epimou évépyeaiav 33,5 eV, oupmspaivopsv 811
# owoliKf TocdTns dvepyeias B 1 T elven (33,5) « (2,08 109) eV. *Edv Thv évépyeaav TadTny EKPPa-
owpev gis Epyia TpokUTTTEl ) cuvoAikn T 111,50 - 1672 Epyia dwdr KUPIKOY EKATOOTOV CEPOs. Emi TH
Paoer THs Twpfis THs TukSTYTOS TOU &épos, 1) dmola U kavovikds auvlnxas eivad fon Tpos 1,293 - 103
or/em3, Ymohoyifopey Tehkéds 1 povds 1 rintgen eiven ion Twpos 86 Epyix dud ypoappapiov &ipos.
*Ape, €is 11 duTioTogEl dvd ypaupdpiov &épos doppognieioa dvépyeix 86 mepitou Epyicov, f| B
dvarywyfis kardmv peTphiocwy, lr = 97 Epyix B1& k&8s ypawudpiov GBaros f oAy fwikdy laTdv .

M Tés dxTivas B xpnopoTrololuey THY véaw YevikwTépay povéda Sdoews 1 rad, ©) dmwola &nAoi
Thy KaTokpaTnfeiooy dvipyeiav, Adyw TPoaPolfis Evos adpaTos UTd dTivoPoiios Tvds (81 uévov
dxiveov Rontgen wai y), lonv mwpés 100 erg/gr Tol oopaTos.

Oloiomidss ) povks rad eivan povds Béoews kal &yt f) r, &MA& Exe Emikpartioer &k Ths
‘lectpikis v peTpfiTan TO &moTéheoua (8dois) Bid Tol alriou Tou (mocdTns dxTivoPohias).

*H povds 1 rontgen ouvBietca ut Thv povdBa 1 rintgen dwd sec (1 r/sec), f omoia &TOTEAET
Ty povéda ovOpod 660ews To viov ToUro wéysdos Snhol Tov &piBuov Tdv rontgen, TOV
émroiov AauPdéuel odpa T dud BeUTepOAeTITOV, HTOL, YevIKGDTEpOY, THY BOTIV dva povdda ¥povou.

Hapdderypa. Eqv .. Siadétopey pabievepydy koPdATiov — 60, TéTe ol &xTives v, Tas Omroias Ta-
pdoyer, pooBdiiovoar Y. Xefpa &ubpdyrou eupiokopévny els &méoTagy 1 wéTpou TepiTrou &Twd TS
yfis, Snpioupyodv Gud ExaoTov ypouudpiov TGV ioTdY TNg v dpioptvov AT f0s IdvTwv. ‘Erroutveos
Eyopev piaw dpiopévny ToodTnTa &KTivoPSAou évepyeias &roppogouutvay  els k&Be ypauudptov loTdv
dud v SeuTepdAetrtov. Al peTprioes S1& TO koPdATiov SiSouv loviouov uE pududy Bogews 1,3 ¢/h, eis
amdartaciy 1 pétpou &mod mnyfs 1c. Eqv BiAwpey 1§y xelp v dxtivoPoAndij (Bix BepXTTEUTIKOUS OKO -
o) LY. Bt 650 r, ToTE UmoAoyileTan elkdAws ST TpéTTel v& THY &pfjowopey &ls &méoTaciv 1 wérpoy
&md s Ty TévV dxcriveov y i 500 dpas. ToUTo Tpogavéds Biv & yivy Bidk  ouveyols éxbégews,
MG THNHATIKGDS, OOTE OUVOAIKES clTn v AdRn ThHv oo TV 650 . 'E&v  TTANO1dowPEY THV XEIPa
Trpds THY TNy TV, TOTE B EXWHEV TEPIOTSTEpa I Guik dpav rai Emopéveos 8& EATTOOWHEY TV dpifpov
TGy Gpdv, §) Ko E\lov Tpdmov, Edv Biatnpowuey THY déoTacy oTadepav kol abfnowpey ™y
paSievépyeioy Tiig YT, TEAWW 0& EhorTTdowpey TS Mpas Tis ikbéoews, Sik v EXwhEV TEAIKGDS v
&mapaiTnTov Béow T&V 650T.

*Avddoyos UTroAoy1apds Booews yiveTal pé q:é:pucméu 7. 00t Bi&x Bepaxmreiav Tva &maTOUVTXL
e 20 gr covAgomdav. To moodv TolTo slvan f &varykaia 8éats, dAA& & laTpds Béov vk puduion kal
Tov puBpdy Tis Béoecws, BnAadl) T& ypappdpia Ty couhgauBév T& Smola TTPETEl V& AauBaveovTal dva
Autpav. OUTe & dplom 4 gr dva fuépav, 1 Bepamrsic 8& Bixpxéon 5 fuépas, Edv 88 Opion WeyaAUTepov
puBipdy §éoews, TOTe & ¥pdvos B& EAaTTwdR Kai &vTioTRdQwWS.

105. Exéoig petald S6cews xal Bloroyixiis Spdoewg TdV dxTivoBoAtdy . ‘H Béois dvagé-
peTa, Gos eiSopey, Gva ypappdplov f dvd xuPikov ékaTooTov UATS Tvds. “Exel dv ToUTols peydAny onua-
alav B1& Tév &vipeotov dv | & Adyw dkTwvoPdAnals Stv meplopiodi els Teploxny Twa ToU odparos
&& TpooPdAAy SAov TO odpa. Ofrw, @ evan BuvaTdv va Bofolv mroAAal yihidBes rintgen pe
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HIKpOV pubudv els dpiopévny Treploy v ToU oddparTos, 5éo1g 400 Ewg 600 rontgen kad’ GAov TO odua,
yopnyouuévn els EAGYIGTOV Xpovikdy SIaoTNHX (.. karé Thv ekpniv &ropixds PopPas), Tpoxahel
turés 30 Auepdy TV BdwaTtov el ToV fuov &p1Bpody TéV TpeoPANBévTwY dTdpwy. Adols dvew TdV
600 rontgen TpoxaAel PéPonov Savertov B1 wéwTa TpooPAnfivra. Adoeis kirw Tdv 400 rintgen
pokaAolv Sidgopa TTaBOAOYIKA paIVOUEVT ué percopévny mlowdTnTa Bavdmou, Soov 1) dAogwuns &mop-
pognfeica fuépyeia yiveTan WIKpOTEpa.

01 émifoauTes TGV GToMK®Y BouPdy kéTomol TiY ‘lamwyikddy moAewy Kipooipa kal Neyka-
odk1 EAaPov Tpoavds Sdoeis oAU x&rwy Tédv 400 rintgen.

‘0 &vBpwros kal® SAnw iy Bidpretav Tis Leofis Tov, Abyw Brapdpeov ynivy i KOoUIKESY dxTIwo-
Bohd@y, AapPdver mepimou 10 — 20 rintgen o dogoRds T Béows almm aufavel, Soov mepluTdTEPOV
&maoyoheltal pé épyacios GkTIWVOACYIKAS, eiTe B1” Epeuvav, eiTe Ay EmayyiAuaTos 7| dkdun dxrivo-
oxomeiTal Adye Gofeveiddv. ‘H Boows Thy omoiav mapéyer es TRV XEipx pag ket Ty Bidpkeioy 30
TrepiTou TGV CapohsyIov QEpOV pwopopifovTas &piBuols, of omolor TERIEXOW HIKPAS TTOTGTNTAS PO-
Sievepydv oUcidy, Tva UgicTaTon Bifyepais Tiis pwogopifovons ovaias, elvar TepiTTow 1/4 rontgen.
‘H ofipepov EmiTpeTropévn Soaois 51 ¢pyadopivous els ETopIKdS Y KATATTETES eivar 0,1 rad xx8’ efdo-
p&da, t¢’ boov Tpoéxertar B dxTivoPolias Réntgen fi y fi P. A& verpduia, TpeTovia kal oowuas
TiBa @, ds ProAcyikdss TAfov EmikivBuve, opifeTon Boos Berdxig WIKPOTEDT.

106. bwpatai xai araptbpyrai dxtwvofoldy. Al Trrdta peTpnoels Tol TAY-
Sous TEV CpaTIBio, TEY EkTepTopévooy &Td padievepydv Tiva olaiay, éytvovro UTro
o0 Crookes (KpoUE), doTis xai xarreckebooey 8oy mpds TolTo Spyavov, Svopale-
pevov  omivinoooxd-
stvov. ToUTo &roTeAel-
T (oy. 159) &mod v
uikpdy owAnvickov, &is
T4 v drpov Tol dTroiov
Utrdpyel Biokos @épov
oTpidua  @lopilovons

by 3 1 f

Twwos ovoias. Elg - (e )

KPQV QTTOOTACLY CTro Zy. 159, (a) Zawlyoocxézwor. (i) Zaolnoapol éxi vob gloni-
Tol  oTpOPaTOS ToU- ZOVTOZ  GTOMMATOS TUQUTHOGTHEOL [EGQ TV puxiy TOD Goydvon.

Tou UTrapyel pia PeAo-
vn, sls THy aixufv THs émolas eUpiokeTon WKpd TOCOTNS paBioUyoy TapaoKeudoua-
Tos. Eig 16 &AAov &xpov Tol cwhnviokou Exousy Eva oxov, E1& 1ol Smolou PAc-
Tropev YT weytBuvow o oTpépa Tis ¢Bopilolons oloias. ‘Ot TapaTNENOWHEY
wow ToU gaxol TO ¢lopifov oTpdua, PhAémopey Bv TATidos pikpddy  omivinpr-
oudy Emi ToU oTpdpeTos. Kéde wikpds omubip mpofpxeTan 4o ThHY Sityepotv ThHY
STrofay TpokaAel els T& popia TS phopiiovons oloias ) & aUT@dY Kpolols CopaTl-
Sicov o tk THs padievepyol ovaias. "OTav 16 TapUOKEUXOU To0 padiov elvan &preTd
&obevés, Buvdueda peT’ dxpiPelags v& HETPTiOWHEY ToV &p1Budy Tév omivinpov At copav
kai pé yvwoThv THV oTEpEdv yowviav Tou TEPATKEVAOUATOS ()5 TTPOS Tov Siokov Kol
THv Tapadoxnv 6Ti TO TTOPAOKEUAOT U gxrrépTel TTpds GAas Tas Sleubuvoels Suotopdp-
@ws, eUpickouey 81° dvarywyfs Téoa cwpaTibio o EkmEpTovTal UTo TS g€etalouévng
ovoias &vd ypaupdplov kai Gud BEUTEPOAETITOV pds Shas T&s Sievbuvoes.

107%." AnapBuntal omivinplop®y . Zpepoy eival YuewoTds Evas ey Ghos dpiBuds ovaidv, al dtroixt
Siouv T& ocivépeva Tol omvinpiopol, OX1 povoy Srav TpooPéAhwTal &mo owuaTidia @, dMG kel
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&mo owpaTidia B kai drTivas y. A1 Ta cwpaTibia B XxpNoIHOTIOI0UHEY KUpiws Spyavikas évwoels (STTws
ToU dvBpoakeviou 1) oTiAPBeviou), v Bid Tas dxTivas ¥ XpnoipoTrololpey dvopydvous évioels (8Trws TO
leod1oUyov vaTprov ueT& Tpoopigecov Twww). Al tvdoas alta, TpooPaAAdueval &Td TdS dkTivoPoAias

+100V +300V

+500V

+200V

+400V

+ 600V

2y 160, Eyyparizir Sidyoappa goToTeliatlasiactoed.
4 L 7

mapéryouy uikpds hdpyers, Aoy Sieyépaecs Tév woplwv f drduwy Twv, TapaTtnpolvTar 8¢ pi eldikdy
QWTONAEKTPOVIKOY Spyavov TO &Trolov KaAeiTal pwromodiarwiactactyg Kol B1d ToU dToiou peTTpéTe-

Ton f) @eoTew) évépyeta ToU omivifipos eis HAekTpIKOY pel-
po, péoy ToU guwTenAskTpikoU gaivopdvou (ox. 160).

‘O pwTomoAAamAcOIao TS oUVioTaTar EK WSS GTO-
Tafols xafébou xai dpiouévou &p1Buol PonfnTixdv fe-
TIK@Y TAekTPodiwy. “Otav ik Tiis (Biagavols) euwTokefd-
Sou K dmoomachHiy Umo évos gwToviou Ev AAekTpdviov,
ToUTo EARETCN TTROS TO Tp&TOV PonbnTikéy fAekTpdBiov,
TpoomimTov 8 émi Ths émeaveias ToU AAexTpodiou éxk-
Biooker £E oTis 3 - 4 flextpdvia. Tabra EAkovTal Tpds TO

Ewépevov NAekTpoSlov, TpooTriTrTovTa &’ AW’ alTol ékBicokouv EkaaTov
a3 -4 fhexrpluia xo.x. T BondnTikd NAekTpdBia Tév Siaboyikdv
PobuiBwv eivar kata TowGTOV TPoTOV BiaTETayHéva, (oTE EkaoToV Ek-
Swwokdpevoy TAexTpduviov v& EAKETON TPos TG Emopevov AAekTpdSiow, ik
Tol émoiov dmooTd ETepa BeuTepoyevii NAekTpovia K.0.K. KaT® avtov Tov
TpéoY, £§ EkGoTou dpy kol prTonAEKTpovio, TEOKUTITE peydhos dpiBuds
fhekTpoviwy &5 TO Tehikdy NAexTpoBlov A Kol GUVETTES TTROKUTITE! TTOAY
ey &An evioyuois ToU dpyikol fAekTpikol pelpatos, SOTE eivan SuvaTdy,
Ti ponbeicc fvioyuTol, AertoupyolvTos pE fAexTpovikds Auxvias, v
xerapueTpnBody of omvenpiopol U Lopghv peupaTIKGY GBTGEY.

OUteo eis TowlTos dmagedunris cmydnoioudy
QMOTEASITON K KpUOTGAAOU TIvds STTTIKGS £paTTTONEVOY
iml pwTomoMAarAcgiaoTikel  dpydvou (oy. 161). ‘Ev
ouveyeiar TO oUoTNUa ToUTo ouvdieTan TrPdS TPOEOBOTI-
KNV OUOKEUTIV T&oewv kel EvioxuTikiy Bi&tagiv. Al Tehi-
kol pevpaTikal dBfosis ite TpokoAoly duodauTds elg -
kpds Auyvies depiou véou fj Trporadoly KIViioels TiAexTpo-

Tpoxi&a
GOPTIOpEVLY
SwpaTdiwy

DQuwrdviov

"HAeutpovior

T

Zy. 161, Axaolunris  crwbyoopdy,

(Grnpatizor  Sudyoappa). A, meoifidn-

aoyiiiov. K, =ovotraiios.

DK, gwroxdfodos. DI, pwromeliazia-
GLacTHS.

Hu Ex priion

BayvnTIKGY KOTOPETPNTEY  TOU TUTTOV T@V KATGMETPTEY TNAL@wVIKGDY ouvBiaAéfewy, OTTOTE Kol
KaTay pd@ovTal of UTd ToU QuTOoTOAAGTIAGGIGoTOU TTapaTnpovHEvol omivenpiopol ToU KpUuoTEAAOU.
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"E@’ doov of omivnpiopol TpoépxovTan &mrd T& PouPapdicavTta ToV kpUoTaov cwuaTidia B A pwTé-
via y, EmITUYXAVOopEY TEAIKES THY KaTauéTpnoly T&v TpooPodidvtwy Tov KploTaAAov cwuaTiBicy.

Ol &mapibunTai omulnpiopdy elvon ofjpepov edmabéoTaTol guwpaTal dxTvoBoMddv pé &pioTnv
&médoaiv B1d TS dxTivas v, B1& Tas omolas GAAOL TpdTTol duiyveUosws Kal KaTausTpiioews Biv uds &6u-
TnpeToUy Téoov kaAdds. ToUto dgeideTon efs TO &Ti ol xploTadhol omivinpiopol, G5 TTeped CLUATE
drroTeAoupeva 8§ &Téuwv P&AAov peydAou drouikol dpibuol, Tapousiadouy EVTovov &moppdenaly el
Tds dxTivas ¥ kai €@’ Soov Tas &moppogolv, T Evépyeld Twy elkoAdTepov duiyveveTtal. “Ev dAhe TAco-
VEKTTIUG TGV OTuepvédv aplbunTév omvinpiapol elvon ) ikavdTng adtév v Siokpivour T& Tpoka-
AfoovTa TOV oTTVETPIoUOY QoTovI, 510T1 dvakdyws THs Evepyeias THV uToviwy Trapéyouv kal dAkng
Tiufis pevdaTIKAY WOnov. Kat’ alrdv Tov Tpdirov &mé 16 ThAffos kai To Jyos Tév dingecv ouutrepai-
vouev émi Tijs éuTdoews kai Evepyeias TV pwTovicov Té& dmoia TpooiBoiov ToV oTVBNMSTHY (pacua-

TookéToY dxTiveov ).

108. OdAapog Wilson. Mi& cuokeun) 1) oOTrola ETITPETTEL TNV TTAPXTNPNO IV TEV
Tpox1&y TV owuaT1iwy elvon & BdAapmog Wilson, OUtos drroTeAeiton v Tf) &rAou-
oTépa aUToU popdf] &mo Ev peToAAIKOV Quroypaguur
Soyelov éutds ToU OTrolou  TrEpIEXETA pnxavh
ulypa dEpos Kol KEKOPEoUEvev UBpo-
Tudv (oy. 162). "Evtds Tol ywpou Tou-
Tou ToTrofeTelTan ouvreos TO padievep-
yov TmapackeUooua kol  gooTileTon &
oAos Bahapos TTAeUpikES, Héow Tapobu-
pou, Bi& Aeukol @owTds. ‘H mopoucia
ToU padlevepyol TTOPAOKEVATUXTOS £v-
TOs ToU yopou BEv  slvanl  dvarykaic,
Topd povov STtav BfAcwpev va eibuwuev
Tas dkTivoPBoAias ToU év Adyw mopa-
OKeVAopoTos, GAAws & BdAapos éxkTife-
Tar GTAGS eis dkTivoPoliav Twvd, E§wbey
TpoEpYoutuny, TLX. Els THY KOGUIKNW
dxtwoPoAiav  (PA. Kep. AB') ©| &AAnv
Twd OUCKEUTIV Trapdyoucsav daxTivoPo- 3
Aas. Kavovikéds oUbty mroapoarnpolpey v- :r:oc'); T?‘ji" g;z_rdy(:mw ';HII'ET(IL’HC((‘ !!yts)rlo;tgciqmacg 7:'0

3 R ol A S Hiextouir medlov yonowueder S tov zalagiGpor
feUSELEL  CUp CURTCOVAHEROPET HSVCOV CETHIGEL RS B Ouldpov and idvra 700 ExdoTIC EXTOVAOEWS.
“OTtav Spws TrpoKoAECwWHEY GTOTOUOVY
gxToveeotv Sic Tayelas peTakivrioews 10U EuPdiou, Tol ppaooovTos & TGV kdTw T Bo-
xelov, TOTE 7 Tieois EAaTToUTal &ToTONNS Kol TpokaheiTon Wiigis & dkTovwoews (dro-
Topos alifnois TolU &ykou Tod Kekopeopévou ywpou). Of &tuol kafioTavTen Utépkopor
kal Tefvouv v& oxnuaTiocouy oTayovidia. Ta oTayovibix duws sivan dUoxkorov va oxn-
uomicholy évTds ToU &épos ToU SaAduou, B10T dév Umdpyel koviopTos, GAAG oUTe Kai
idvTa, T& oTrola v& &TroTeAéoouy KéVTpa gTaryovoTrolfoews. 'Eg’ doov Suws BiépyeTan
cwpaTiSidv T1 TO dtroiov foviler ToOV &fpa, TopoaTnpolUuey oeipdy oTayoviiwy, dTiva
oxnuaTifovTan TépIE TéGV tduTeov, T& drroiar édnpioupynoev 7 SioBos ToU cwuaTiBiov.
Kot altov Tov TpdTrov mopatnpolpey &mi Ppoyy ypovikov SidoTnua piav Asukiy
ypauuny, f &moic 8év elvan &AAo T1 Trapd pic celpd oTayovidiwy UbaTos.

Zy. 162, Odlapos  Wilson (doyi). Zvyyeove:
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‘0 oynuaTionds Ths vepoosws aUTRs elvar dvdoyos TTPos TV VERWOIV TToU
TapaTnpeiTal ToMGks Smioley Evds TUpUAOKIVTITOU &EpOTTAGVOU, iTTTapévou Elg
dpreTov Uwos, EvTds eldikddy ouvlnkdv &tpooeaipikol depos. Ta loviopéva Sepuc
Géplor Kal TA pépix ToU
UBaTtos T& OTroia EkTi-
vaocel & KivnThp Aoy
THis koUosws THs Pevii-
vns  (ouvTeAolons kol
THs wuxpds &Tpocgal-
pPIKT)S  KATAOTACEWS ),
Snuioupyolv gelpaV
oTayondiwy  Smodev
ToU &epomrAdvou. OU-
T EXOUEV ASUKTV Tal-
viav vépous Tv oTroicv
dnuioupyel 7 kivnols
= ToU &epoTrAdvou, 1O O-
Zy 163. Toopai couaridior a fvrog Suiduov 1Vilson. Troiov, oxedov &opa-

Tov Aoyw ToU Uwous,

coplokeTen &l kepaATls  THS  SMUIOUPYOUREVTS  VEQWOEWS.

"AkpIpéds TO oaitd oupPaivel kai gls Tov GdAapov Wilson, &mou Tov pdAov TolU
depoTrAdvou Trailel TO fovifov cwuaTidiov. Suyxpoves pE THY &TOTopov TT&oW THs
mécews poToypageiTal © BdAauos kol oUTw AapPdvovTa pwToypapial, s oi ToU
oyfparos 163, "Eav & BdAapos Tedf) dutds payvnTikol mebiou, TOTE Eouey Kol Kom-
TUAGoE TEY Tpoxi@v (ay. 156), Adyw Embpdoews ToU payvnTikoU mediou émi wi-
voupévou AAexTpikoU gopTiou, &rmoTedolv B¢ ai ueTproels TGV &rokAioswy oTY
dpioTny péBodov Bioryvdioews ToU Tolol ToU TTpokaAéoavTos THV VEPWOIY cwpaTidiov.

109. @uwroypainy péboSog mupatnefcews xivoupévwv cwpatidiwy. H
SioBos MAEKTPIKGS QopTIouéveoy cwuamBiwy Bi1& ptoou Tfis UAns elven SuvaTov v
gpwToypaendfi es THv TepimTwow goToTabols yoAaKTWUTOS.

"Otav tv cwpaTiSlov o bmolov iovign, BitpxeTal 81 péoou gwToTrabols oTpo-
HaTOs PWTOYPaPIKTs TTAckds €iBikfls kaTaokeufls, TOTE CUVCVTE KaTX Ty Siaxdpo-
uv Tou pikpd KpuoToAAIBIa Ppopolyou &pyUpou kai TpokoAel Bi&oTacty ToU po-
piou Tol Ppeapiolyou &pylpou, olTws GoTe weTE TN Eupdvioly TS QWTOYpaPl-
Kfjs TAaKSs kai Umd peyéduvory ik pikpooxoTriou, v TapaTnpolUuey Oeipay HeAo-
VY oTrypdTev ueTaAAikolU dpyUpou (ox. 164). *ATd Thv ueAétnv T&V ixvédy olrédv
Suvdpeba ofjuepov v BlamioTdowpey Tolov fiTo Té cwpaTiSlov TO &Tolov Tpoekd-
Aeoe TH dvaywy v ToU &pyUpou. Elvar edvénTov 811 pia SiaBpoun TOAAGDY EKaXToaTiOV
glg Tov &épx duTicTorKEl £ls TO pwToTaBis oTpGua pE pikos SAlywv wkpdy (I.X.
50— 60 u), 516T1 1) TUxVSTNS ToU oTpwUaTos Blapépel T&pa TTOAU &Trd THv ToU &épos.
‘H péfobos olrn fgnpudotn pé peyddnv émTuyiav els THv WEAETTIV TV KOOHIKGV
dxTivoBohidy (BA. Kep. AB') kol Tév cwpaTidioy, T& émoia TapdyovTal &To peyi-
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oTns  évepyeias EMITCHUVTIKGS pnyovds, &mws TO wéopoTpov (PA. Kep. KE').
ﬂpom—:wsvou S1& TTv MeEAETTV 'rng KOOWIKTS AxTIVOBOA \1org, TomofsToUvTal Guun—
Seos i TTAGKES EVTOS s
PWTOOTEY®V K- i
Tibiwv sls Kopueas |
Uynidy  Sptwv 1
el depooTaTa 1) €l
TupaUAous Kal HET
Trapopovny £t co-
plopévoy Y POVIKOV
SidoTnua  Els  pl-
cuévov Uyos  Euga-
vifovton ai TrAdxes

Kol AETITOMEpECTO-
Ta di& ToU HIKpO-

: . Iy, 164. "Iy toozudby qooTiGuivey  Goparidienr  STe;  poToyoapod
JKOTTIOV TapLVoOV- = 5 = 3 2

Tai, f)TOl EpEVVEOV-

Tan oeip& Tpeds oelpd&v. Al gwToypagikal TAdkes ékmibéuevan els Tag dxTivas y
tugaviouy picv &uopwaiy (8x1 fxvn Tpoxi@w), Smws drpiBds Kol el T dxTivas
Réntgen. ’Amd Ty PabitnTta Tis duauporws TauTns Suvdueda Sid ouykpioews v

SOAUATEaTOS

oupTepdueopey &l Tijs Sdoews &g povadag
réntgen (PA. ogA. 180). OUrw of épyaldue-
vol gls T& droukd {pyacThpia fi TAngiov
unyovnuaTewv  dxctivev  Rontgen, Gmo-
ypeolvTan v& pépouv &g TOV xapmodv TS
Xepos Twv T gls 70 Buddxiov THs pTrAoUCas
TWV WIKPE TEUAXIC QWTOYPAPIKGY TTAC-
KGHV EUTOS QTOoTEYOUS TepIPANUaTOS, 6-
Teos o wikped pwToypagikal TAGKES TV
dBovTioTpddv. MeTd TO Tépas TS Epyacias
Tov 7 elg TO TEAos EkdoTns EPBopddos, ai
pwToypagikal TAdKes  EugavifovTon &g
eldikd épyaoTripie, Sieufuvopeva &md eldi-
koUus Duoikous, Tols kaAoupévous “Yyero-
guaixotc, ol &molot kal UmoAoyilowv ik
THs duoaupmoews TV TAakGy THY UTo
tx&oTou Epydrov i tmoTuovos Angleioay
: = éPBopcdiaiav Soo1v.
Zy. 165. Adropadoypagia giliov Topdras. XpnoipoTrolobvTal ETHUT]S eibikal geo-

Toypagikad TAdGKes 816 TNy adrogadioyoa-
@lav. Yo Tov dpov airogadiwypaplu, Evveoluev onuepov Thv Tomefernaw &1 KeKa-
Avppgvns pwToypagixis TAcKos pabievepyol TIvos TOPOTKEVATUATOS, T.X. OpUKTOU
Tvos i pUAAoU uTol, Smrep EmoTiodn ué paBievepydy AlTaoua fi Tepoyiou &Bévog fl
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ioTol, fwou 1| dvlpomou, & &mrolos EAaPev EgwTepikds padlevepyodv lodTotov, Tr.X.
paBioiwdiov. To TomofeToUpevov &vTikeiuevov drTivoPolsl drod dpiopévas Treploy&s Tou,
&Trou Exel ExAexTINGS oUoTwpeVET] TO pabievepyov iodTotrov, OToTE ko Aappdvopey eikd-
ves, of dmolon uds kaBopiZouy Trv eidikny Btow TpoTiufoews ToU icotdmou(ox. 165).

110. ’Anapfunths Cerenkov. *Amd THv *AspoBuvapikiy tlvan yveoTh f i816pop@os KUpaTI-
®f) oupTrepigopd ToU &épos, dTav SiaoxifeTal &md &v odpa, T.X. goaipay STTACY, Exouoav TaXUTNTX
peyalutépay  Tfis ol fixou, BnAcdf weyaAutépav Tdv 340 m/sec. ‘O Pdoos Quoikds Cerenkoc
( Tocoévaeg ), Epehétnoe xaTa 10 1934 THY ouumepigopdy  AAekTpovicw kai dAAWY  QopTiguévwy
cwpamdicv, étav TalTa kivelvral évtds évos dmTikoU Siaxgavols UAikol, Tr.x. tutos UBaTos, Udhou
7] TAaoTikoD Tivos, UTO Ta)UTNTas MHEyoAUTEpas TTis TaxUTnTos ToU ¢wTds £vTods ToU pé-
g ov ToUTou.'H TaxuTns Tol pwTds €ls T& UAIKG TaUTta Betv elvan TTpopavds 1 yvwoTh TayuTns Tod
QuTds gis TO kevdy, B1dT EfapTdTan olTn &wo Tov SeikTtnv SiabAdotws (PA. osA. 56). Eilvon Aoimov
BuvaToy vé Eywpey  HAKTPOVIX TayUTNTOS MeYaAUTEpas Tiis TaUTNTOs ToU owTds v T USari.
OUrw, 1) TaxiTns 1ol guwtds évtds Tou U8aTog eivon keerd péoov Spov 225 000 km/sec. *HAextpd-
via Bueos Evepyeias mepimou 300 keV Exouv TayiTnTa peyciuTépav Tis dvogepopévns. ‘Emopéves,
Tapovoi&bouv Kivouueva Evtds Tol UBaros, el mikpdw PePaicos Siadpouny, TO eavéusvov Cerenkov,
T6 omolov ouvicTaTo eis THV Tapaywyhv idics pwTeviis dkTivoPolias, kuavifovtos ypduaTos. Ak
7ol gaivopévoy Cerenkov elvan Buvatdv va BiamoTwdi) f Taylrns Tédv cwuambicoy kai TO kuavi-
Lov xpdua sivan yapaxTnpioTikov Tis AaTtoupyias Tdv dvmidpacTthpwy ToU olpaviou, T&Y ixdvTwv
T&s pdBbous ToU oupaviou EuPamrTiopévas fvTds UBaros (PA. Keg. A'), omdTe kai mapdyovton Ta-
¥Ews  KiwoUpeva TAexTpovia BiaBiBdpeva évTos ToU USarTos.

111, "Anapibpntig Geiger - Miiller. To mAéov yvwoTtov dpyavov Sid Tol &-
Tolov SiamaToltan 1) Urapéls drkTvoPoAidy, elvan & &mapi@unTths (Geiger - Miller
(Lrdiyzeo - Miiieo, 1928). *AmoTtereitan (o). 166) ouvnfeos &Trd KAsloTOV UdAvov §y
peETGAAIVOY KUAIWSPIKOY GwAfjve, & dmrolos @épel gis TOV &fovd Tou poveopévov AeTrTov
cuppa (y), Suvduevov v ouv-
5e0f) TTpos TOV BeTikdv TréAov
Tnyfs otabepds Taoews (400 -
1500 V). O &pvnTikds TdAos

Tipde THS TNy Tis cuvBéeTal TTPOS TNV
RZ tvioxutdy Ty ko TTpos EowTEPIKOY &y -
Yiwwov Toixwpx, eUpioxdusvou

’II. F & gvTos ToU VaAivou ocwAfivos #
TPOs  TOV  PETOAAIKOV  KUAIV-
Zy. 166, Lvrdeopwioyin dxaglpyrot Geiger - Miller. Spov, &&v O &mropibunThs slvan

‘O aovyTizoe adloc crvdéerar oo v I'ijv. e " 3 N a2
chalia it 3 el j EK peT&AAoU. To 2&vtds ToU

amapifunTol &épiov elvan ouvhiBws piypa dpyoU petd pikpds ToocdTnTos STUGY
opyavikTis oUaias, Tr.X. olvotvelpatos, SAikfs Tiécews Tepitou 0,1 Tfis dTuoopaipas:
To Uahvov 1) petaAAwov Toiywpa elvar p&AAoV AeTTToV, doTe vé& pfy dToppoed Tas
&k TV E§w TpooPaiioloas TOV &mapiBunThv dkTivoPoiics.

Mpoxeipévou Tepl cwpaTidicy B, | mepl owpamidicov o, TGV &Toiwv 1) ikowdTns
BielobUoews elvan TTOAU pikpd, XpnoluoTroleiTanr &maplbuntrns, @épwv eiBikdy AerTodv
TapdBupov ék papuapuyiou 7 &AANs Twos oloias. T Tréyos TGV TTapadUpwy alTdy
gmekpdTnoe v peTpfitan oUyl els KAdopoaTa ToU xihooTopéTpou, &AAX els mgr v
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TeTpay@VIKdY EkaTooTédy, OUTw, Bi&k T& cwpaTibia o, ypnoipoToioluey ouvnfics &ma-
p8unTds, ol &moiol ppdocovtal uE pUAAoV papuapuyiov Téyous 1,5 myr /em?, fTol
To10UTOU TréyOUs, CHoTE &V KTTOKSOWWEY £V TETPOry@VIKOY EKaTooTdV ToU Aemrtol al-
Tol TapafUpou &k pappopuyiou, vé fuyiln 1,5 yihootd Tol ypapuapiov (1,5-1077
ar). Adyw Ths peydAns oxeTik®s Sixpop&s Suvapikol petall dvddou - kabdbou, ©
&mapifpnTns eUploxeTal €is TOAU &oTabi] kaTdoTaow &d TAsupds HAekTpIkTS Exke-
vooews kal eUBUs s B1EAON péow alTol lovifov owuaTidlov, TpokoeiTal pic Tayms
éEamAoupévn ko SAov TO gUppa Tou ékkévwols kai oUVETElQ ToauTns SiEpyeTal peUpa
S1& pécou GuTioTdoEws Tivos, &preTdy MQ, fi dmola elven dv oeipd ouvBedeuévn Tpos

(a) (8)

Sy. 187, (a) Zvoxevi) ariyvetoems »al peroijoems copatidior o oxal dxtivor v
! 4 HETQH} / f

v, dmoredovuévy 5
amaoljoret, éncyutod wal petgnrod. () Noyouyomolyoe draoflugreeis durdiens dud Tir dvei-

OEGIY  DUMEVED YDV TETOMHUATON.

Tov &rrapiBpnThv. Adyw Tiis dvTicTdoews ToTns Kl TV &Tudy Tis dpyavikils oboias,
Tfis Urapyovons &V pwiyuaT: peTd ToU depiou ToU dmapiBunTol, f ékkévawots Biv ouv-
TrpeiTal, f) Téols els T& &xpa Tou TriTTEl K popId Tva Tiis dpyavikiis ouoios SiioTavTal
cls &mAoUoTepa ouoTaTIK (Y. 8K TGOV &TUGY TolU oivoTveluaTos TRoKUTITOUY Bio-
Eeiiov ToU dvBpakos, Udwp, peBdviov, kAm.). OUtw 6 &mapibuntns dmooPévvuton
kai EavépyeTat gls THY &pyx Ky Tov KaTdoTacty EToinos v& Emavahdfn To alTo pohis
Bieyepbfi &md véov iovifov cwuaTidiov.

‘0 &mapidunTtns Geiger - Miiller qumiBp& elxdheos els Ta owuoTiSic o xoi B,
gved els Tas dxTivas ¥y f) &modoois Tou elven oAU yepnAf xkoi &g TolTo, g
TTpoTyounéveas &uePEpaUEy, xpnoipotrololuey &1 aUTds  ToUs GmapldunTas aTiv-
Snplopddv.

‘0 &mrapibunThs Geiger - Miiller dM\oicovetar oby T8 ypove kal petd Tol dpib-
uol TV G oEwY peUpaTos. ZuviiBws dTav TANGIaLn 6 dpifuos T koTapeTpnBévTwy

Wneprorc
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swpaTidicov T& 108, TéTe & &mapibunTns dpxifel v xaTaoTpépeTan kad Sév SiaTmpel
mhéov TRV Trpomyouptvny oTafepdTnTa Tou, ARG dirobifer S1TTAGS 1) weuBels pevua-
Tikds el kod Tovel TTAfov v&t elvan Spyavov TTOCOTIKGY HETPTITEWVY.

‘O &mapifunTns eivan dkpiPns, étav 7 Yo Tol kaTaokevooTol dvarypago-
pévn Tipn Tdoews tpyoaoias Tou, v peTaPANGT xoata = 50 Volt, Bév Tapouosi&-
oe1 Blagopdy &pibucl wbfoewy peychutépay Tév 1— 2% mpd Trnyfis oTodepds
poBievepyeics.

112. Odrapor ioviopod. O S&hapos ioviouol elvai els peTaiiikos cuvnBus Saha-
pos, &vtds Tol &mrolou Umrdpyous BUo HAekTpodia (oy. 168) ék TGV dTroicov TO &v elvan
Suvartov v eivan O péToAAov ToU BoAduou. TO Etepov HAekTpodiov elvan KaADS pova-

] I ‘ II I *HAeutpocudmov

Zy. 169, Ai 716 Tijs oudieregyot obcius éx-
Zy. 168, Zwieopoioyia Oalduov lomowod. Ai o mepndpevar axrivofioriay mpoxalody lomauor

700 pudievepyoi mapaczevdouatos Exaeumduevar dxti-  TOD petald Tdvr S flexroodiey Tob Balduoy
vofloriae eioeoyopevar érvog Tot Oaldpov mpoxaloty  deplov xal 7] amdxiicis TOY gUikwv ToT goo-
lomcuoy Tod deplov aiTod. Tigérov fisxTouoxomion éiarTolTar.

pévov Kai ouykolvwvel pé popTiopévov NAexTpookatiov. ‘O fdAauos ioviouolU eival T
ioTopikéds Tp@dTov Spyavov peTEnoewy TV dxTivoPoAIdy kai é§oxoAouliel va xpnoipo-
ToifjTan kol onfuepov Ut Bragdpous Biauoppidaels. OUrtw elvan SuvaToy TO povwuévoy
HAekTPOBIOY TOU V& GUYKOIWWVT HETS POPTIOHEVOU TAEKTpoCoKOTTioU, TO &Trolov eUdus
Ss Bnmioupynb &vTods TolU BoRdpou & foviouds, dpyiler va éxpopTileTan (oy. 169).

‘H peychuTépa TaxUTns EkpopTioews u&s Beikviel TO UeyaAUTepoy ud SeuTepoie-
TrTov oxnuaTidopevoy UTd Tiis dxTivoPoiias TAfifos {dvTwy kel ék TouTou cuuTe-
paivopey 81 ToV puBPOY Tiis Sdoews els TNV Béow Strou Exel Tebf] & BdAauos ToU lovi-
opol. “‘Ocov 7| EkpopTITNs TOU TIAEKTpooKOTIOU Elvai HEYQAUTERT, WETX CIpIoHEVOY X pO-
vikdy SidoTnpa éxBéoeds Tou els dxTivoPoAiav, Téoov TO TAfBos T&HY {ovTwy, Ta oTrola
toynuoTiofnoav kaTd TO & Adyw Ypovikdy SidoTnua fiTo peyaAuTepov, SNAXdT 7
Bbo1g UTrfipEe peyahuTépa.

Mikpds gopnTods BdAapos loviopel, cuvBedepévos pe pikpol émions oxnpaTos
AAeKTpOoKSTTIOY, GOTE TO SAOV CUYKPATNHG V& Suoldln Tpos oTuAoypdgov, Xpnol-
poToteiTon s dtoutxor docipueToor, gepoucvov kaf OANV TNV Bidpkelav THS
fpyaoias &Tdpou Tvds TATCiov TNy s dxTivev y | Rontgen.

WnepionoBnke andé 1o lvetirouto EkmaideuTikrg MoMTikng



H ENEPTEIA TOY IITPHNOX 189

KA’ H ENEPTEIA TOY NYPHNOZX

113. Aop# To® mupfivog. Qs dvepipawev Tponyoupdvers (BA. § 40), &k TRV
tpyaciédv ToU Rutherford &mi tdv &moxicewy Tds dmoias Ucplc'ro:v'rm T& CwUa-
Tidla o, SiepyxOueva B1& AeTTEOV HeTCAAMIKEY QUAAwVY, cuvdyeTal TO CUUTTEPOOL

&t1 T &Tompov Exel TTU-
pfiva kol TéEp§  adTol
oTpégovTal TA TJAEKTPO-
vix. ‘O Tupny glvan KaTd
Bi&peTpov 50 £ws 100 xi-
MéBas popds HIKPOTEPOS
ToU d&ropou. Eav Ty
Bswpriowuey  Slo &Topa
fpamTéuEVa KT TAS
Tpoxlas TGV ETEpIKGOY
Teav  HAekTpoviewv, TOTE
of Tupfives Twv &Tréyxouv
Téoov, G &&v elywpev Buo
KePOALS KAPPITTGDV &TTE-
youcas katd 100 péTpa.

Mapd TabTa & TTUPTY
KaTéyEl oYedov SAnv TTV
udlov TOU &Topov  Kai
dmoTeAeiTol GO BUo  Ei-
8oV cwpaTidia, T& TpRw-
ToVIa Kol VETpOWVIY, B&-
{ns Tepimou {foms Trpos
™Y uovdda TGV &TOMI-
KOV paldv, fiTot

1,659 10—2% gr.

"ExkaoTos TTUpTiV Xo-
paxTnpileTon &mo Vo &-
xepafous &pi1Buovs Kal TO
cUupohlov ToU gToixeiou
€ig TO Omroiov &vnket, &TTas

Sy, 170, “Exdoty oryps avuaroizel 7gog Gpiouévor atallepor v

7ij Diger igdromor. “H Tezujuévy Oidee Tov dmﬂ,m)v TGV &g TU-

/()l"!a qvpijra 7ol igordmov mepLEyoNEvLY ngwrov.'coy & 7 Teray-

'Nb!’)j TO? UDIO’HGI’ Ty VETOOV l(’)1 UiTO’l En" TOC ‘!OHJTU O"L'O!/EI“ G

daoibuos Tdv mpwroviwy 7 eivas ioog 005 ToV doiudr TAY veTporiey
N, év eis td Jotma 6 N piveray peyaiiregos Tov Z.

1.y, SEuydvoy (08, @ddpiov (I, dpyihiov ;AlY KA. xad yevikdTepoy 114, &vba
7 & drrouikds kad A 6 padikos &piBuds.

*Ex Tév dxepaicov ToUTwv &pifipdv & uiv A dxgpdler TOV cuvohikoy &pifpov
TEV TUPTVIKEY owiaTiBiwy, TGV voukAsoviny Tov, gv@p O £ dnAol oV &p1fudy TGV
TpwToviwy Tou., MeTpfoels yevoueval Bi cowpomdiov «, Sk Tayiwy veTpoviov kol

WnionoBnke amod 1o ivotirouto EknmaiSeuTikrg MoAmkrg
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FAwv TUpnVIKGY PANuETwY, kaTéAnfav eis TV elpeciv T Tiufis THs dxTivos ToU
Tupfivos, s ions mepiTrou Tpos

3
R=15-VA-10—1 cm

‘O mupnv meploTpégeTan Trepl &Gfovd Tiva Biep)Opevov pECEY CUTOU, ETTOHEVLIS
yapakTnpileTan [dmod piav dpiopévny Tiphy  (Sias oTpogopufis (oTriv). ‘Emaidn &:
siven TavToTE BETIKGS QOPTIGHEVOS, EXEl Kai MayvnTIKSS (BidTnTas, al émoicn Tov é§o-
UOLLVOUV TTPOS PIKPOY poryvnTikoOv BimroAov. *Akopn 6 Tuphy dUvaTol va TTOROUTIATT)
xai dovppeTpiav fAekTpikoU mediou, Umodeikviouoav &T1 S eival TTAVTOTE GQEIPIKOU
oxNuaTos, &AL Tapouvoiddel Tapauopewoiv Tva. Ty, eiven memAaTucuéves el o
Axpa, 6es Tepiou 1) M.

"Eme1d1) ExaoTov oToixeiov v Tij PUoer  dmroTeAeiTol KoTd TO TrASioTOV &TTO
icoToma, Exopey 8E KaTaokeudoEl TIPOOETI TexvnTas TOAAG padievepyd lodéTomra, &
uvoAikos &pifos TéV yvwoeTdy Tupfivwy UtrepPaivel Tous 900.

Ol orabepoi Trupfives Tfis PUoews SuvavTal vé Ta§ivounBoly dvoAdyws ToU &pis-
uol T@V VeTpoviwy Twv s TTpds Tov &p1Bpdv TGV TpwTovicoy Twv (ox. 170). Oftw
ToapaTnpoluey KaT' dpxds 6T ol TpdTel Tupfives, of EAappdTEpol TrUpTives, @5 TILX.
76 iAoy, Aifiov, &vipag, dEuydvov, Eyouv TOV alTov TepiTrou &pifuov veTpoviwy wal
TpwToviwy, ATol & Adyos N/Z elven loos pds Thy povéBa. AUEavoupévou Suws ToU
dropikol &piBuol Z, fitor Tol &pibuol Té&v TpwTovicoy Tol Tupfivos, cUfavel TTOAU
ToXUTEPOV O Gp1fuds TGV veTpoviwy, doTe tls Tous PapuTépous TTupfivas & Adyos vem
TpOVIa TPO§ TpWTOVIa va yivn peyaAUTepos Tis povddos, @fdveov péypt THs Twufls
1,6 (B1a 10 oupdviov 1,58). *Ex ToUTou cupmepaivopey 871 ol #Aagpol Trupfives elvan
KUpiws KOTAOKEVGOREVOL &TTO fely T TpwTovity - veTpoviwy, Evdd oi BapuTepor TTupTives
ypeiaGovTon peyohUTepor dpiBudy vetpoviwy Sid va Siarnpnolv év oTabepd kaTaoT&oE!
xod v uf SiaomaoBolv. AUT &y els THy oxéyiv 671 T& veTpdvia B THS TTapovoias
Twv ouvTeholv es TV oTalepoTnTa ToU Tupfivos, & &molos 8& Etsive va SiraAudd,
Aoy TéY dmmogewy of dtroiat UpioTavTon PETOEY TGV OUWVUNWLS QOPTICUEVCV TToG-
Toviwv.,

114* ., Iugnvirat Suvdpelrg. 'O yvooTos ik Tol fjAekTpiopod véuos Tod Loulomb foyiea ik 1a
Zeis petaby Tol Tupijvos ol TéW MEME alTol HAekTpovicov."ANAG Biv gaiveTan v& foyun tvTds ToU Ty
vos, 16 gls améoTaow Tis Téees 1071 o, dnAadn Ths dxTivos ToU Tupfjvos, & EmpeTre va Bnp
yiita kata Coulomb TepaaTic dmweis petafl TéY TpwTovicey Tol Tupfivos, doTe TolTa v& ph &
vauTal va Utrdpouv évTds altol. ‘Emropévess Seyoueda GAANS QUoEws tAkTikGs Suvapers, al dToTa o
NhexTpikai eivan, olte Toykoopias EAGews. Al véon Buvdpeis, kahoUpsvat mvenrixal Surduseis, doxkolv-
Toi1 Tégov peTafl gopTicuivey cwpaTiSicwy, UmeproyUovoat T@Y dmwoTik®dy Suvapewy Coulomb, doov

«al peTafl TGV dgopTioTwy, Snhadh peTafl TV veTpovicwv f

181cdTEpOV Y APAKTNPIGTIKOY TGV TUpTVIKGY Suvdpewy eiven 1 HIKPS TV
do TpwTovIa dTopckpuvBolv kaT' $AGKIGTOV TEPICTOTEpOY Tiis TURTVIKTS BIaHET
Spaois TéV TUpnuIKEY Buvduewy Tavel, & vopos Tol Coulomb ioxve, ket T& TpwTovia &mwdo
ueTofU Taav loyupds. “OTav Ev veTpéviov TANGIGon TOV Trupiiva, SiépyeTal TANGIoV cUToU dKWAUTWLS,
SeBouévou ST slvan &pdpTioTOV Kal Biv TapoucidfovTal ioyupal ¢ aUTol Embpdoas. MoAs Sucs To
VETpOVIOV TrposeyYion Tov Tupfive, els &méoTaov Tfs T&fews THs Tupnvikis &xTivos, ToTE dpécws
Spolv ol Tupnvikai duvéiels kel TO veTpoviov cUAAauBaveTal UTTS TOU TUpTives.

To oUTod ouuPaiver kai pé TG cwpaTidia « T cwuaTidiov o sivan, ds dvepépapey (BA. oeA. 166),

Vidov.

Tpoviov Kol TTpwT

BéAsicx

OUrew
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Trupnv NAlov 4. *ETropéveas gpéper SUo aToryeicodn feTikd gopTia kal @3 ¢k ToUTOV dTaw TTAnTIdaT TOL
pfiva dmmwBeitar € aUToU dvTovmTaTa, Pdost Tol vépou Tob Coulomb. Kai Suws tav 1 kivnTicy
ToU cwpaTidiou o yivn dpkeTd peydAn kal katopbhon vé TANOIGoT dpreTd TOV Tupfiva, ToTE Bpoly
oA al Bpayeias uPeAcias (BeAnvexols) Tupnuikai Suvausls kai TO gwpaTidiov a évgwuaTodtal TEds

TTUpfive.

Ta meipapoTikg abtd SeBopéva kabds kai 7 pabievipyeia B i) B, kaT& Thv omolav Ev vetpduiov
peTamiTrTEl 5 Ev TpWTSVIOY T} Ev TTpwTOVIOV pETaTPETTETA €l BV veTpoviov, WHynoav Tov fleisenbery
( Ndilevpmeoyx) €is ThHy Srarimeoy Tis Tupnvikiis Becopias Tou.

nberg al Tupnvikad duvdpers sivan

115 =. PVoig Thv wuenvikdy duvapewy. Koata tov e
Suvvdpers avraiiayijs peTagU TOV TUpnUIKGY owpamidinv. Oswpolpey 6T évTos ToU Trupfivos T ve-
Tedvia Kai T& TpwTévia Siv BuvavTal gagids va Sia- .
kpiBolv  &AANAwyY, émrews gupPaiver wpdyuaT s THY ?
TEPITTTWOI OTou T& cwpaTidiax aUTd elven eldepa #

i TS revdv.

Aeyoueho onpepov 6T peTaEU TV TrpwToviv Kai
VETPOVIV TOU Trupiives dvTarAdooeTton Binvekds Ev ow-
uaTidiov, TS oTroiov dvopddsTal uegdyior. TO pegdviov
ciye B1& mpwTnY gopav TpoPheedf SewpnTikds &md
Tov lamwva Duaikov Yukawa (ovzdfia, 1935), doTig
Si&x v tEnyion THY Ppaxeiav EuPikaiay TGV TupnvIK®DY
Suvapewv dvTaAaydis, €8éxbn 611 TO petaly TpwTo-
vicov f) veTpovicwv 1) TpwToviou kal vetpoviou avTadAag-
souevov cwiaTidiov Bév 1)To BuvaTtov vd  Eeival Spoiov
RaTa p&lav TTpos TG HAEKTpOvIoy, EAAL paEns TToAy
pEyoAUTEPaS THS My.

MpdypaTt, katd 7O 1936 eixov mmopaTnenéh eis
TTv KOOUIKNY axTivoBohiav Bagée njlexrpdria, TG O-
mola eiyov KANOT pecorpdwia, palns Npepias mepiTou
200 qopas peyaAuTipas TTis ToU fAskTpoviou. “Apyd-
1oTdOn TEIpapaTIKGS T TX PEgoOVIa
kaT& Yukawa 8y siven T& pesoTpévia Tiis KOoUHIKTS
axTivoPolias, Ta oTrola kKai peTwvoudcsfnoav els ueod-
ma p N pedvea, GAAG PapUTepa pecdvia, BeTikd, dp-
VITIKG 1) oUdéTepa Ta OTrola EKATOnoay uesdria T 1
sedyea, ‘Erropévios onuepov mopadexopeda 6T al upnvikal Suvdusis SuTaAhayfis ouvioTavTal el TRV
peTall TGV voukAsovicov duradhayfiv T pecovicov. *Edv mpdyuaT Umdpyouv dvTds ToU Tupiivos oa-
pdds Sloywpiopéiva T& mdvia, Ta OToix kal cuvTehodv eis THY dAAnAoaivBecw TéY vouxkheoviwy, Biv
uEs elval yvwotov. TlavTes, moapabeyduevol Ty o X N uaTIK (v EQ K v a Tis dvtahAayfs Tau-
Tns, Suvdueba v UTrohoyicwiey Tas Tupnvikas Buvdpels kol vé Epunvelocpey koTd lkavoTroinTikow
TPOTTOV THY TIUPTIVIKTV YEVIKGS ouptepipopdv. Mé &AAous Adyous ai mupnuikai Buvdpers dvTahhayds
Suciafouvy pe Tas Snuioupyovpivas Suvduels els 1865 T1 onywiSiou pi oeaipas, dmou of TaikTan THY
SUo duabwy ouptrAékovTal peTady Twv dv T TpooTrabea Twv vd kpatioouv Tés ogaipas S1& Tov

ov Gucos Bie

EKl YUKAWA (éyev. 1907)

toruTéy Tew kol olTe Tres ai opaipan dvtaAAacodueval petabl TV TokTéY, guvtehody sc Thv Bn-
wioupylov TV ouvekTik®V BSuvdpewv (TapdBoaie asA. 127, dupoiomolixds Seauds).

116, "EAReippoa wélng. 'Evépyela ouvvéésews. 'Ymodeiypata mupivwv. To
TTAfoV ETTITUXES UTTOSeryua (MovTéAAov) Trupfivos eivan 1 éfopoiwots alTol Tpods oTa-
yova Uypol, &ToTeACUUEVOU EK TTUPTVIKGY cwuaTiBiwy. TTpdypaT!, émas &md picy
oTaydva Uypol ik va &moomdowpey Eva poplov, Bid va xwplowpey alTthv &g pikpo-
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Tépas oTaydvas, kataPdAiwpey Epyoy, oUTw Kal Sid V& TOCTIATWHEY TWRaTIBIOY Ti

&rd ToOV TUphive, Ypeialdpela v Trpoogépwouey Evipyeiay.

* AVTIoTPOPS, STaV TPOTPEpwHEY TwUaTIBIOV T1 gl Tov Tupfiva, ToTE pds diro-
BieTan dvépyeia kaTd THY dvowpdTwoy TauTny, TIpémel v& onpelcowpey 8T1 ad yvwoTai
udlat Tév cwpaTidicov TTpwToviou kal veTpoviou, Ev EAeuliépa kKaTaoTdoel, SEv ioyUouv
B1d TS dvTds ToU TUPTIVOs eUPIoKOUEVE 2y BECHEUEVT) KXTAOTAGCEL TIOWTOVIX T) VETPOVICK.

By, 171, 43X 1 dcv zapvovr 4 !

OUte, &v Bewprjowpev v
VETPOVIOV Kai €V TTpwTo-
viov paxpdv GAANAwY, Ev
fipepic eUplokOpeva, EXO-
pev TipGs pabdv ékppado-
pévag  eis povddas MAM
(BA. ceA. 27), 1,007 597
MAM &1 16 TpwTdVIOY,
1,008 987 MAM &i& 7o
veTpdviov. ZUveTrdds  EAv
Pepoopev aUTa els  wkpav
drdoTacty, TOoOV MKPAY,
SoTe v& Sphoouv al Tru-

prvikad Suvapers, ToTe B oxnuaTicwpey 1O cwuaTidlov BeuTepoviov, TO OTolov
frrpeme v& Eyn &roukiy pd&lav TO &Bpoloua TEV Ev Adye paldv. Al peTprioels Spws
Seikvlouy &T1 TO SeuTepdviov Eyer uddav 2,01419 MAM, &mopdves Traparnpolpey 811
KOS TRV OUCOWUETWoIY VETpoviou kol TrpwToviou Trpds KaTaokeunv ToU SeuTepo-
viou, #xet xabf pdla ki Emopévws Exopev ExAvoty dvTioToiyxou, kat& Einstein, EVEp-
yeiag. *Avéhoya ioxvouy kal Bid Tov oxnuaTiopdy Tol Tupfivos ,He! ik 8lo mpwTo-
vicov kad Vo veTpoviwv (oy. 171).

Thv mapousialopévny Siapopdy peTafy Tol &poiopaTos TV palddy TV ENeu-
Bépeov vourkheovicoy kol ToU ouyxpoTruaTos alTéy UTTe popefiv Trupfivos dvopdlopev
Fhetppa pdlng (Am) ToU wupfivos, THY B& Tpos TO EAAeiupa ToUTo Tfis palng ioo-
SUvapov Evipysiav kahoUuey gvépysiav cuvdéecws ToU Trupfivos.

TS EAAeiupa példns Zxppdlopey ouvnbuws els xiAlooTd  THs povddos MAM wad
Thy fvépyelav auvdioews els uovddas MeV (1 MAM = 931 MeV).

*Edw Z elvan 6 &ropikds dpifuds, A & palikds &pibuds kal A* ) dropikr pé&fo Tu-
pfivos Tivés, B& elval
Z-1,00814 -+ (A—7Z)-1,00898 == A* 4 Am

Eis v oytow TaUTn, X&piv elkoAias, dvti THs u&ins tol mpwToviov, xpnoipo-
Trolotipey T &ropikhy pddav ToU &rdpou Tol USpoydvou, SnAadt cuvuttoAoyilouev
Ty pdlav ToU HAekTpoviou Tol &rduou ToU USpoydvou. Aedouévou Spcws OTL el THV
Growkny pilav A* Tol oxnuaTicbévtos &rduou xel ouvutroAoy1offj kal 7| uala TGV
Z fyhektpoviny, TpokUTTel TeAkdS &pfn f) Tiun 81& 76 Am ToU Trupfivos.

Hapdderypa. “O wupty 1ol AiMov (He! ) &moTedeitan &k 4 vouxAeoviwv, fiTot
ik 2 TpwToviwy kal 2 vetpoviwy. Té &Bpoicpa TV &Toumkdy pal&dv icobTan pods
2-1,00814 4 2-1,00898 = 4,03424. *Evd 1) TeipauaTik®s TTpoodlopllouévn &TOMIKT
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p&la ToU fAfou eivan fon mpos 4,00386, fiTol pikpoTépa THs dvwTépew Utoloyiodei-
ons kot 0,03038. *H Siaxgopd adrn drroTeAsl T6 EAAelupa pd&dns ToU Tupiives Tol fiou.
’Ex Tol s &uw EAAsippaTtos pé&lns Umoroyilouev, &mi T Péoer ToU TUTOU
E = m-¢?, Thv évépyeiav ouvdéoews Tol Tupfivos TolU fHAiou fonv wpos E = 28,3 MeV.
’Ex ToU TrapadelypoTos ToUuTou kaTagaiveTon 1) iSicaTépes peydAn éxAubsioa
tvépyaix KaTd THY KaTookeuny Tol mupfivos ,He! ék tév ovoTaTikév Tou, Umo-
Bewviouca TN EcupeTikny oTabepdTnTa ToU cwpoaTiBiou .

L 3
38 ] f £oCu® PR —
= 5C = 52 o=
i 24 Cr
e 4.
= T yzHe
9.
.§_6
.2
E
o]
£
fale]
o
8
=53
B
5
=2
W
=
fiv}
> 1bH?
| 4
20 o 120 440 160 7
o Sc &piipde (A)
Sy, 172. Merafoliy 1ijs évepysius cuvdécems ava voviledvior avrapticer Tob paliwod aoifipod.

Me Ty afnow Tiis u&dns TéV Tupnvey avfdvel Tpogavdss kol To ENAetpuer n&ins
A 7 tvipyeia cuvBioeds Teov. ‘H alifnols Suws altn Bév yiveTan katd Suchov puludy
(ox. 172), &AA& &&v Sicapéowpey TN tvépysiav ouvbécecos Sia Tol &piBuol Tév daro-
TeAoUvTev TOV Trupfiva voukAeoviowv, eupiokousy kot dpyas Thv Tiwny 7 MeV dva
vourheoviov. Aid T péoa oToryeiar ToT Treplodikol ouoTNUaTos, 1) pEon Evepyela ouv-
Séoews Gud voukAedviov UtepPaivel T& 8 MeV, Bid v& SharTodij méAw s T& 7 MeV
Tept TO TéAos ToU TreploBikolU OUTTNUXTOS.

‘H mopeia aftn Tfs dvepyeias ouvBéoecws &vd voukhsdviov Exel ueyioTnY onpaoicy
gls TV dToAoPnv dvepysias &md etvrnin muoijror EAappdv Tpds BapuTépous kal
& oydow PopuTéprv TUprivey Trpds EAappoTépous Kkai By Tpds ikefvous of dmolol

13
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yapakTnpibovtal &md Thv peyaAuTépay otalepdTnTa év 7@ Kdouw, SnAadh ThHv peya-
AuTépav Evépyeiov cuudécews &vd voukAedviov, 7 OTola, dxs &k ToU oyxnupaTtos 172
aiveTan, duTioToryel eis TG pecaia oTorxela ToU Treprodikol cucTripaTos. "TAv Ao1Trov
fTo Buvatov ol Tupfives va tfavaykactdoly it Biapdpwy peTaEU Twv GuTiBphoewy
v& E6eluyBolv Tpods oTadepwTépas kaTaoTaoEls, TOTE Bd KaTéAnYey & Kdopos va &ro-
TeAfjTon povov &md ororyela ToU péoou ToU TreprodikolU ouoTnpoTos, T.X. O pete-
TpéTovTO GAa T& oToIXEia €is OTPOVTIOV, &PYUPOV, KACCITEPOV KATL.

“Qore Buvdpeba va AdPwpev tuipyeiay, E&v kaTopbwowuey va ouvthifwuey EAa-
Pppovs Tupfjvas, Y. UBpoydvou, Beutepiou kal va KaTookeUdowUey Trupfivas fiAiov,
1), avmiBéTeos, v& BryoTopnowuey Tupfivas ualikol &pibpol &ve Tijs Tipfs 200 kai v
KaTaokeudowpey dUo Trupfivas pagikol &pipol mAnciov Tfjs Tiufs 100.

‘O &vbpwTros Eyel fxueToAAeudT kal TS BUo TreprrTdoels. ‘H pgv TTpdTn &roTeAsl
TNV Tapaywyny évepyeias katd Ty éxpnliv Tiis USpoyovoBouPas, 7| B¢ SeuTépax uds
8ider ThHY fvépyeiav LGS GTopikfs PopPas oUpaviou kai Thv évépysiav TNy OTroiav uds
Tapéyxouv o dvTiSpaoTiipes ToU oUpaviou Bi& kivnolv HAEKTPIKGY YevwnTpI®dY KATL.
(PA. Kep. AA").

117 %, “Ynéberypa THg xatd ¢pAoiobg Soufig Tod mupfiveg. 'Extds ToU UmodBelyuaTos Ts
oTaryéves, Exel SramuTwdi] TeEAeuTaicos kai v dGAAo UTrdBerypa, TO OTroiov TTpoUTroBéTel THV KT QAOIOUS
Sopfv ToU Trupfjvos.

*Edv peetiiowpey 1O TATBoS TGV dv T} Qloet Trupfiveov TéGY &rdpwy, B& edpuwpey 8T1 UTrdpyxouy uévov
4 otafepoi Trupfives, xapoxTnpifdpevor &d TEpITTOV  &pifudv
veTpoviwy  kal TEPITTOV &pifudy TrpwTovieoy (Tupfives T-TT).
OU7o1 eivar xupicos of 1112 (wpwoTdviov 1, verpdviov 1), gLié
(TpwTévia 3, veTpévia 3), sB10 (TpwTévia 5, veTpévia 5), ;N14
(mpwTdnia 7, vetpdvia 7).

"AtavTes of UrdAciTrol - TrUpfives elven pabievepyoi, s
T.X. & 19K40, éxwv 19 pwTénia kai 21 veTpdvia.

O1 ouyvoTaTa &mavTduevol TTupfijves sivan éxeivol ol dmwolot
kai SrakpivovTan iBiaiTépws &md THv oTaBepdTnTd TwWwy EvavTt
Biagdpwv dvTiBpaaswy, YapakTnpifovTtal 8¢ &ard dpTious apiS-
Hous veTpovieov kai TrpwToviewy (Trupfives o-a). To peyadutepov
TogooTov (80 9;) T&v oTabepdv Truprivawv Tiis Dioews siva
TpdypaTt Tupfives o-a. “OAMydTEpoy ouxv& &mavTdvTan ol mwu-
pfijves ToU TUTToU : TEPITTOS &p1Buds TpwToviwy, &pTios dp1Buods
veTpovieow (T-a), i GwTioTpdpus Tep1TTds dpifuds veTpovicwow
xai dpTios ambuds TpwToviwy (a-r).

*EvBiagépov eivanr 671 peTafU TV oTalepwTiépwy TUpHVLY
ouykaToAéyovTan fkeivor ol &moiot Exouv &piBudv TpwTovicow i &mbudv vetpovicov 2, 8, 20, 28, 50,
82, 126 (uoywoi &mbuoi T@V TUpivv).

Mé Baow Tous dpifucls alToUs kai Tpds EENY NoIV XapaKTNpIoTIKGY Tivwy peyeddv Tol mupijvos,
oTrws T oTriv, Blepopewdn Tupnvikey UToBeypa, KaT& TO ¢Trolov T voukAedvia edpiokovTal EvTds Tol
Tupfivos SlameTayuiva KT @Aoiols, UmevBupilovTas Tous @hoiols T@V fiAskTpoviwy mepl TOV Tupfjva
(ox. 173). OUrw, Sexoueda Bid xdbe vouxhedviov 4 kPavTikoUs &piduols, kaBds kal THY dpyhv Tod
Pauli (BA. Kep. A7), né dpiopévag Tpotromromjoels Soov &popd TAV EAAnAouyxicy T&V gAoidv Kai
Umrophoitov. TS povTéhdo cird Tol Tupfives Biv Trpémal vd uds 68nynon els ThHv topaApdvny sikdva 11
Umdpxe EvTods ToU Tupfives 1810v T kévTpov, Trepi TO Stroiov SiaTdooovTan KaTd @AOIOUS T VOUKAsOVIX,

*Ev éoT) Heos TEPITITCO0E! BEXOUEVOL THY KAT QAOIOUS KATaVORNv TV vousAsoviwy, THY dvd CeUyn
otuBeoiv Twv, Suvdpela v& EEnynowper TOAAGS TTEPITITCOOEIS CTPOQOPHEY Kal UXYVNTIKGY poTTdY TOU

Zy. 173, Aid T Cacdena i

zaTd ghowis dopijs TOT TUOINes.
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Tupfives. 'ETraidf] qv& BUo vourkAedvia TrpéTtel v& Exouy, i’ Soov elpiokovTal iml Suoiwy Evepyeiariy
orafudy, &vTifeTa aTriv xal yevikds al oTpopopuai Twv vi éfoudeTepolvTal, TTPOKUTITEL TO  CUNTTEPOTHX
&T1 Tupfives pé &pTiov dp1Budy TpwTovicov kal &pTiov dpibudy veTpovicow Exouv ol ouvolikds unbiv
kal SVEpYEIGKESS Elval oTafeploTepor.

‘H Becopia Speos T1is oA01B0US KaTaokeuTis Tou Trupfivos GBuvaTel va EEnyfion Td goavduevoy i
oxéosws ToU oUpaviou, Tiis dmoiag 1 épunueia Eyive kaT& ikavomoINTIKOY TpdToV UTd Tol Bohr Baoe
ToU UmroBelypaTos THis oTaydvoes.

*ExTos ToU xaTr&x @AotovUs Utrodelyparos ToU Tupiijves fxouv mrpoTadfi kai &MAa, owdudlovta T
UéSerypa ToUTo pE TO TS oTaydvos, fi BewopolvTa TOV Tupfiva s gUyKeipEVoV GITO MIKPOTERT TUYKEO-
THuaTe voukieovicov (IVildermuth xai Kavelldmovios, 1957).

KE EINIITAXYNTIKAI AIATAZEIZ

118. *HAextpootatixh yevwhtpta Van de Graaff. Aix tov PouPapdiouov
Tupriveoy Bi& PANuGTWY Y1 TTOAU peydAns Evepyeias (péypt 10 MeV), xpnaipomoiod-
HEV umyovny Trapdyoucav UYnAnv Taolw,
Six Tfis omolas &mmofnkelousy TAEKTPIKG
QopTia &is Ev £i8os TrukvewToU, &TroTEAOU- 4
pévou &mod Ev peydAng dmigaveias xoiAov &
HETOAMKOY  povwpévoy  odpa  (OTAIoROS
U Taow) kol THv [Hv. Mg v v Adyw
Taow TpogodoToUuev AaxpodékTny eidikol
owlfivos, &vtds ToU OTroiou Umdpyer 1)-
paiwptvov  &prov  (lovTikds cwAnv), 10
Biamupov vijua (oeAny kevolT), 1] yevikéds
YN ovTwy T) NAskTpovicv.

Ta Bemika 1ovTa, UTd ThH Emidpaciv ToU HAEKTPI-

+

MeTahhun
oeaipa 4|

Moywnyo’v
= [ 2 . , . - GAwor
kol Trediov, émTayUvovTal kai 68eUouv EvTos ToU gw-

Afjyos TTpGs TG Trpooyeiwlévoy  T)AekTpoSiov, &Trou

T

T A
s

: . b
Utrépxst © Tpos PouPapdiopdy oTd)os. ; B

Miav ik TGOV kaAuTépwy yevwnTpiddy UynAfis Ta- + &
gews KaTeokeUaoey & kabnynTns ToU TToAuTeyveiou e

Tfis Maooayouoétns Van de Graalf.

‘H AAextpooTaTikn yevwnTpix (o). 174) Aertoup-
yel s &Efis. MeTafU Tév HAexTpodicov A wkai II, dmou
TO A @épel dkiSas, épapudleTal ouvexTs UWnAT
Ta&ois, OToTe els TAs aiyuds TOV AkiSwv oxn-
paTifeTal oTEUUaTOUOPPOS Ekkévawats (*). Te kata
THY fkkéveolv Trapayopsva BeTika idvta (o).
175), mpiv @bdcouv eis 10 fAekTpdSiov I, dma-
yovTal Utd ToU &trépuovos ipdvtos I. ‘O ipdg
QUTds slvanl TeTapévos peTalu TV TEpITTPEQo- Ey. 7 Elsegboratiayerijesie Van
pdveov Tupttdveor T; kad T, kal &mwoTeAsitan & de Graaff.

ety
=
PO TITTTITE S
s z

=+

.;”l

*) Zrepparduoogor dvoudiousy TH éxxévawoiv uetall Buc fAexTpobicov évtos dépos Lrd guvndn
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poveoTikoU Tivos UAkoU, Tr.y. MeT&Ens, BAaoTikoU kAT, "Omes paiveTtan eis 7O oyxfjua
174, 16 pév TOumavov T, eUpiokeTan &vtds Tiis kolAng peToAAikTs oeaipas X, 16 8¢ T,
Tapé THY Péow THs yevwnTplas Kal TepioTpépeTan Bl KwnTRpos. Ta Umd ToT iudw-

Tos Tpds T& dvw @epdueva QeTikd @opTia
T pfdvouv Trpd ToU cuoTrpaTos TéV dkidwy B
B kad 2Kel Trpokaolv €€ Erary oy fis SeTikiv @op-

TIGW TAS MeTcAAIvns ogoipas, &mayopévou
ToU &pvnTikolU @opTiou Sid Tév &kidwv B
TpoOs TOV ipdvTa.

Ao ObTw & ipds kaTépyeTal oxXeddv &pdpTi-
oTos ik va peTaeipn &K viou &Aa OeTikd
popTia Tpds THV oaipav. Kat' alrov ToV
TpoTov 1) T&ols THs opaipas avfavel kai &v
kar& Tva aTrypny 7 810 adTHs TToodTng HAek-
Tpiowol elvan Q kai ) xwpnTikdTns s G,

Iy, 176, Il oynuarilopéry iz TO dmgoy 44 &uTioTolyov BuvaUIKOY  Cog TTP‘OS Thv [fv
Ti5 .(.{2“)0; .«lm OTE’U‘IIUL?‘FJ{!OQ"EC‘O; 52:‘/.&‘1'(»)‘6(;;, B ETVCII Q/C
gootiiet OeTeeds TO éxdovore mod  adTiiS

‘||[

‘O pubuds Spws Ths avEfjoews ThHs TA-
oews BEv pével oTalepds, 81011 &pyilouv Siap-
poai péocy TV LOVWTEV, EKKEVWIOEIS gk Ths opaipas Tpds TG TolXwHaTa THs oi-
Bovons &v TH omoig AerToupysl 1 pnyevn, tkphifes omvdfipeoy KATT. Ad Tols Adyous
alroUs Sév BuvdueBa v UmepPdduev T&S TAOEIS TS TdEewos TGV 2 ékaToupupioov Volt
(2 MV). *Eév 8ucs ) 8An Si1&ralis dykheiodii &vtods peToAhikol Saddiou pe &bpavis
déplov Umd Tieo v, ToTE dvTds Tol TepiPEAhovTos TouTou ol &reoAsian peroUvTa
kal FmiTUyYdvousy Taosls uéxpet 5 MV, OUtew ). ué di1oBevii idvTa fHAlov (cwpa-
{61 @) B4 Exoopev el THY TepiTTwo aUThv Evepyeias uéxpt 10 MeV.

Tufpe T dréopoves indrros.

119+, Fpappixel émrayxvuvral. Ol ypapuikol tmiToyuvtal givonl guokeval, ol dtolan BlvavTan
ions v pés Bdoour (popTiopive) cwpaTidia YynAOY duepyeiddy, 817 dmiTayUvoews olT&Y £l
eUfuy pappou TpoxI&s.

“Ev &rhomompévey Bidypanue ypaupikol émitayuvTol Sekvleten el TO oxfipx 176. OUtos &To-
TeAsiTal &mo piav oeipdy SpoaoVIKGY HETEAMIKEY CwANVwY 1,2,3,4, KA., ouvBeBepévwv EVaAA&E
mpds Tols éhous TNyis dvaRhaooopivns Taoews UynAfis ouxvoTnTos, oUTws choTe duo SraBoy kol
ceohfives v Elven GUTIBETOU TTOAIKGTITOS KATd TV XPOVIKAY oTiypnv. ‘Ymobécwuey Topa OT1 EvTds
100 ydpou A K maphyopey idvTa kai £ oltd@y T feTixd, KivoUpeva TTpos TH k&Bodov IL, BiépyovTan
51 THs TrRs, KE KaeuBuvoty Tpds ToV swhfiva 1. *Edv TH oTiyufv kaTd THy dtrefav Ev Too0Tov gop-
Tiopévo BeTIkGs gwpaTiBiov TANoI&LT eis ToV cwhfiva 1 & cwAfv obtos sivan &uTibéTou ToAKOTN-
Tos, TOTE TO TwpaTISI0V 8 Yoot EAEw Tpds TO EocaTepikdy Tol cwhfjves, fiTot & gmiTayuveq). "Evros
10U Guwhijvos oUbepia EmiSpaois & Tol cwpaTiSiou TapaTnpeiTar (kAwPos Faraday). To ufjkos ToU
cwhfivos 1 eivar Téoov, GaTe THY oTiypdy kad’ fiv TO cwpaTidlov égépyxeTan ¢ onlToU, v Eyn dARGEa
# ToAKSTNS TéV cwAfvwy. OUTw To cwpaTiSlov UpioTaTar &mwow Umd Tol cwAfjvos 1 kal AL

e, &tav 1o fv i€ abT@Y elvan dxls (dvopotoyevis HAekTpikoy Tediov). Katd THv kkéveow 1) dxis
KeAUTITETan UTTO guaTeviis aTipé&Bos. ‘H els Thy yewwhTpiav Van de Graalf xpnowdomooupivn &pxikh
e Téos (Y1) Tpds Taparyy Ry THS CTERHXTONSPOOU EKKEVAITEWS HETGEY TV AAexTpodicov A kai
II eiven mepimou 10 =20 kV.
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UTS ToU gwAfivos 2, kaTd THV oTiyunv ka8’ fiv TolUTto Savier 76 Sidkevov HETaEU TGV SUo gwArvay.
"Eraidh) Teopa TO owHaTiBov Exel ueyahuTépay TaxUTnTa, & cwAny 2 Exel peyaAUTepov piikos, oUTas

Tpog otoxov | |

Zy. 176. Avitafic ypappuxod

ETayvvTod.

@oTe ToUTO vt eUpedfj els TO Bidkevov peTafl TéYV cwAnvwy 2 kai 3 pdhis GAAGEN éx véou 1y TOAIKSTNS

TGV CWANVWV.

TotouTtoTpdress EmiTuyXavopey KAipakwThy abfnow Tis TaUTNTOS TEV gwuaTiBieov ko TeAkdds
HEydhas Tipds KWNTiks évepyeias, yowpls va SiaBétwpey mnyds dynhiis Téoews.
Aéov va onuelwdd &1 fi 8An Sidtabis Ths TNy s TGV cwpaTiBitv kal TéY cwAfvay ebpiokeTal
gvTOs Emipnkous KUAWSpikoU Boyeiou U kaTdAANAOY kevdv.

120. To wOxAotpov. To 1931 & I Lawrence (Adoer;) xareoxebaoe 16 TpdTov

kUkAoTpov. To xdxloroor &moTeieitan &k
BUo koiAwv TMUKUAIVEEIKGY TAskTpobiwy
TomofeTnuéveov EvTds KUMVEPIKOU depoké-
vou Boysiou eis wikpdy & GAATAWY &Tro-
oTaocly kal ouvBeopévwv  TTPOS  TIMYNV
tvaAdaooopéuns TAoews UYNAfs ouyvo-
TnTos. TO dJdepdkevov Boyelov PeTd TV
dUo  TAekTpodicwv TomoleteiTan  petalu
TRV TTOAWY 1oYUPOTATOU TAEKTPOMUOY VT)-
Tou (ox. 177).

Eis t& kévtpov ToU Siakévou peTaby
TGOV BUo nNAeskTpodiwy TomobeTeiTan pia
Ty OeTikGy 1ouTwov  (TpwTovicv, Seu-
Tepovicov KAT.). Ta {ovTa, Adyw TS &v-
TIBéTou TToAIKSTNTOS TV NAekTpodicoy A
kai B, émiTaxUvovtal, foTw ¢k Tol A TTpos
16 B, €ls Tov peTadU TdV 8Uo fAekTpobdicov
x&pov, kal eiofpyovTon &v guvexeiq EvTos
ToU B. ’Evtds TOV MKUAIVERIKGY TIAEK-
Tpobiwy UploTaTon pévov TO GUOYEVES pa-

ERNEST LAWRENCE ( 1901

-1958)

yvnTikdy Tediov, Umd Thv Emidpaciv ToU dmoiou Ta kwoupeva iévTa Siorypdgouv
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xuidikds Tpoyids. Metd Biadpouty Toéfou 1800 évrds Tol B, T& idvTa elofpyovion
els TO Bidkevov TGV 7-

AexTpodiwy, &Trou Emi-

ToyUvovTal EX  VEOU,

- B16T1 &v T peTalU Exel
*Evarhaooopern s 2 2 . 2
i ETéABe1  &AAAocyny  TTIS
Synificouxvdtrog  TTOAIKOTNTOS TSV TJAEK-
Tpobiwv, &pa 7| ou-

7 xvéTng Ths EvaAAao-
couévns Taoews TpETEl v& pubuicdR
KaTeMAAws Tva Emigépn TO Embieo-
kopevov &moTéAsopa. ‘Emadn t& idv-
Ta, elospydpeva els TO Etepov Tfhex-
TpoSlov A, EYouv Tdpa UEyCAUTEpOY
KIWNTIKNV Evépyeiay, EKTpETToVTal OAl-
yoTEpoy UG ToU  poryvnTikoU TrE-
Blov, Biayp&eovta olTw fuiKUKAL-
KAs TPOXIGS UEYCAUTEpQS  GKTIVOS.
‘Exdatnv popav ko’ flv & idvta
eUplokovTan els ToOv peTa€U TGV -
AekTpodicv x&pov (*) UeloTavTon ol-

MagvmTiudy
mediov

Iy, 177. Zpjuotizoy Sdyoaupa xviiitoov. Meras
Tiv dlo mbiwv Tob flextgopayvirov elgloxovTal Td o 3 , e !
sheomibpera Sto xotia niexTpédia oyfuaros D, peralv Enow Tijs TaUTNTOS Teov Ked ETTOME-
7w drolewy Epaguoletar Dylovyvog évaliacoopéim Tdog, VOIS gyousv aUénotv TTs &xTIvos TS
tiic dmolag 7 auyvéTys evoioxeTar ér cuppwmvia meds  TPOYISS Twv EVTOs TGOV fAskTpodicov.
n']v,auxwd_rnr‘u e zuwjom-’; T ér‘ura;{wo;r.évcuf o’ru,mf- ‘H &Akd Aormdv  Tpoyid tvde
ﬂdlwli. E'f t.vjj' :u:my;mrxzar‘r}ra ;rn avvoﬂ.’.&zov HHOG TS {6uTos 8& Spoidldn Trpds oTElpoElST
Tpoyidc Ty dmolay Owaypdpse £y TowiToy dwuatidiov i % e "
&rdc TOT depoxévov ydoov peralld 1@y Odo mddwv Ka”um?\nv‘ Otav 4 UK;r‘s s TP‘O'
elvar pijovs modidiw ylwopétowy (m.y. 260 km). i85 Tév idvtwv yivy ion ud Ty
&iTivae TGV HAekTpodicwv, T& idvTa
thkovTan &1 idicfis Siatagews kal EfpyovTan &' fvos AstrTol TraxpadUpou.
Qs dvepipdn Trponyovutvews, T& {dvta duaykédlovTar Yo TolU 68Ty oU uayvnTikoU mediou
v& Biayphyouy duTds TV AAekTpoBicov kuxAikny Tpoyiav, fi Bt Umd Tol Tediou dowouuévn Emi T&V
iévTeov xevTpopdhos Buvapts (Laplace) elvan fon mpods
F=DB-q-v
&mou B 1) Evtaais ToU duoyevols peyvnTikel meBiov, ¢ T& gopTiov Tol idvTos kai v 1) TeyUTns auTol.
Els Thy Suvaiv TauTnv 8& dvmiBpdon guydkevtpos Blvos F =m - u2/r, émou m f| p&la ToG
idvTos kad r 1) dTis THs KUKAIKAS Tpoyids, TolUTn GoTE va eivan
= mv
B-gq-vu=mu/r il r=—B_—q (L
*ETeIdn piTel ) ywviarn TaxUTns @ TRV idvTwv v elvan Ton wpos TH kukAiknv ouxvoTnTa (2Tv)
10U évoAAaooouivoy MAekTpikoU Trediou, Exouev kai THV oyxéow
e =21y = ;’ = 2; (2
*) "Omreos &moBekvieTon KaTwTEpw & Xpévos SiaBpopfis évds évds Nukukhiou elvan &ve€apTnTos
THs TayUTnTos THV idvToov.

WnionoiBnke amod 1o ivotirouto EknmaideuTikrg MoAmkrg
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'Ek t@v (1) xai (2) TrpokitrTeal 611
2wT-m
q-B
Aoy, 7 wegiodos T xvxludic xvijoems TdY IdvTaw slvar dvelderyTos Tij: TayitiTes alTdr.

To xUKACTPOV OUYKPIvOHEvoY Trpds TOUS YPQUMIKOUS $TITaYVVTAS HEIOVEKTED G5 PSS THY AeTTo-
ThTa xai dpoyéveiav Tiis Efepyoutvns Slouns. *Ev TouTos, T kUKAOTpOV s Tapéyer dvTaTikhy (TTOAAGY
microampere) Séopny idvTwv peydAns dvepyelas, xpriciov 8i& ToAAols okomous, &ews f Tapaokeun
lgoTéTeov 8i1&x PouPapdiopol Siagdpwy oKWY, fi Enuioupyia Seopddy veTpovicw kai pecoviwy péow
TUPMVIKGY AVTIBP&OEwY HeTa TGOV Trupfvcov Tol oTéxow KAT. To kimhoTpov &tv pds Efutrnpetei B
Y EmTdyuvoty TOV HAekTpoviwy, 516TI Td fAekTpduia elkdAws dirokTolv peydhas TayUTnTas, dmoTE
1) CUpEVWs TPds THY Bewpiay Tfis oxeTIKOTNTOS WeTPOAN THs P&LNS Twv TpokaAel peTaBoAfy. Ths
meprobou T, xai s éx TolTou Biv ouyypovifeTan f) KUKAIkY kivnais pt THY oTadepdy ouyvéTnTE TS
EvaAAaooopEVNS TAOEWS TGOV TMAekTpodicwv.

“Ev T®v peyaduTipuwv kukhoTpwv eivar ToU goundikol épyactnpiov Nobel &v Etoxyoiun. Mapéyet
TpwTévia dvepyeias 12,5 MeV, cwpatifix a 50 MeV kai Trupfivas dfuydvou évepysics 200 MeV.

121, Toé ovyyxpoxdxrotpov. ‘Qs ciouev mponyouuéves, f Tepioos T Tis ku-

KAIKTis kivnoecos TGV {ovTwov tls 1O kUkAoTpov &ibeTanr UTd TS oxtosws

st 27T

IS M
fiTot, 81° OpoYyEVES payvnTIKOV Trediov kad oTadepdw padav, 1) mepiodos T elvan oTafepd
kal ion Tpos TNV Trepiodov Tol ypnoipomolouptvou Efvahlaooopivou HAEKTPIKOU
Trediou.

“Otav Spws ol TaxUTnTes T&Y EmiTayuvoptvey cwpaTiBicov AdBouv Tipds Tapo-
TAnoias TS TayuTnTos ToU @wTds, TOTE Travel TAtov 1| pn&fo va Trapaévt) TTPOKTI-
KGs orafepd Kai ETTopévws KaTd ToV dveoTépw TUTTov Exouev aUfnotv Tis mepidSou T.

Olrw, &av Exwuev Beutepdvia évepyeias 20 MeV, Toalta 8 &youv TayUtnTa 0,15
e (¢ | TaxuTtns ToU QwTos els TO Kevdv) Kai p&lov niEnpévny xatd 19;. "Otav
Sucos GéAcopev SeuTtepdvia tvepyeias 200 MeV, tév dmoiwv ) TayuTns elvan Tepimou
0,5¢, TéTe N} w&Ga Teov avbdveTan kata 149 kai émoptves 7 meplodos T Tapousid-
Ca1 dvéhoyov alfnow. ‘H «lnois Tfis mepiddov ouvemdyetan koBuoTtépnow Tidv
iovTeov gvTos TGV MAekTpodicov kal dg ék ToUTou Eepydueva TaUTa £is TO Sidkevov
HeTaEU TQOV MAekTpodiwv els THv pf kaTdAAndov oTrypry, UpioTavtal UikpoTépay
gmiTdyuvoty, 9 dxoun kai emiPpdSuvoiv.

Aix v& SraTnpriowpey ouvemds oTtabepdv v TepioSov T, Topd THy alfnoiv
Tfis ualns, dpkel va aEnacousy THy Evtaotv Tol poryvnTikeld mediou, 7, ép” doov GAAG-
Cer N Trepiodos T, va dAAGEwpev Tnv TepioSov THs évoAAacoopévns Tdoews, GoTE
TEAIKGS v& OUyxpovifeTal ) évodAoryt) Tfjs ToAkSTNTOS Mé T E§odov TV idvTwv
glg TO EMITOXUVTIKOY B1&KEVOV,

Ofrw ednuioupyndn 16 cvyxeoxdxlozoor, SnA. kixhoTpov &ls T6 dmoiov Exopey
Aua TECQV CGTIYUNV CUYXPOVIoUOV THis KUKAIKAS Kivhoews T&v cwpambiov kel Tis
KUKAIKTs évorAayTis ToU NAexTpikol mediou, Sik petaPorfis Tfis ouyvdTnTos Tijs dvoit-
Aagoopévns T&OEWS.

To oxfipa 178 mapioTd TO cuyypoxUkioTpov Tou « Epyaotnpiov *AkTivoPo-
Aidvy ToU TlavemoTnuiov 1fis Kahigopvias év Berkeley.

WnionoBrke amod 1o ivotirouto EknmaideuTikrg MoAmkrg
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Ev Edpcomn, TO peyoAUTepov oUyXpOoKUKAOTPOV TIOPREXEL TIpwTovia évepyeias
600 MeV, éys1 Pépos payvitou 2 500 Tévvwy kai dviikel els TO év [Neveun) E8pebov EU-
pwTaikoy ZupPotitov TTupnvixév "Epsuvédv (C.E.R.N.), ToU omoiov i8puTikdv péAos
ueT” &Awv 11 Kpatév elven kad ) “EAMGS.

Iy, 178, Doroypagia 100 guyyooxviidroov 1ot Havemwornuiov 1ijs Kuligooviag v Berkeley. ITugé-
yer Oevreodvi évegyelag 190 MeV xal coparidia a 380 MeV. Mé modoleror uiiinow 1ol prayvnrizot
zediov xarwoldly dvépyewa 730 MeV dw aowmrdra.

122. To Bjratpov. To fiitatooy xareokeudodn Bid v 8187 fAekTpdvia peyddns
KivnTikis évepyeias. Qs &vepépln mpenyouptves, | alfnois Ths wdlns TV EmiTa-
yuvoutvey 1dvtwy els TO kUkhoTpov BéTel TrepropiopoUs els Tds tvepyeias Tds Omrolas
Suvépueda va poadicwisy es alrré. TToAU TrepioodTepov Teplwpiopeval elvan ol évép-
yeicn, T&s Omolas 8& ABUVAVTO V& &TTOKTNIGOUY T& fHAskTpovia els TO kUKAoTpov. A’
autd Grpipdds KoTeokeudobn kal EAeToUpynos ¢mTuxds TO PriTatpov To 1940 eig
16 MavemoTrwov Tod Illinois (H.IT.A.).

*H Aertoupyic ToU PrTéTpou PBacifeTal &l ToU gouvoupévou TRV E§ EmaywyTis
peupdTey kol Exel ds €75, "EoTw 6T Exoupev Eva petaPodAdpevov Loy VN TIKOY  TTE-
Biov, ToU &moiou 1) pot) BitpyeTon Si& peToAAkolU SoaxTuhiou. Efvan Trpogaves 611 kab’
dv ypovov Biapkel ) peTaPodn, B& yevwndR gvTds ToU BaxTuhiou pelina € Emarywy s,
SnAadh 8& petaxivnBolv AAexTpovia Ud ToU oTpoPirol fAexkTpikol Tediou péow
ToU SakTuAiou.

"Av duTi ToU SoxTuAiou fewpriowuev €AeUfepa NAekTpOvia €vTOS KevoU BoKTu-
AloeiBols cwAfjvos, ToTe altd 6& kiwnbolv Bik Tév alrdv s dvwTépw Adyov. Qg
BerkwueTal gls TO oxfua 179 (xdTw), HAekTpdvia ik Tol Bepuaivoutvou vruamos évyEov-
Tan el ToOV epdrevov BaxkTuAloeldf cwAfjva. ‘O SokTuAloedh)s clTods cwAny eUpioxe-
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Ton peTafU TGV ToOAwY AAEKTpopay v Tou, BnuioupyolvTos uetafalldpevor payviti-
xov zediov, ToU &moiou of TéAor elvan Siopoppopévor G s TO oxfina 179 (Gvw).
TO 6dyyov payvyTizor webloy &voryk&lel T& AAexkTpdvia, Omes &5 TO KUKAGTpOV,

va Siarypd@ouv KUKAIKNV Tpoxiav. To

HEVTOLXOY HayVHTIzov Tedloy TTPOKCAEL Kevrpiudy
ik TAs METaPOAfls ToOU TAEKTPIKOV MagvnTiudy
Baxtuhioeides (oTpoPiAdv) Tediov, TO "55‘01"/, MagynTiud

bmoiov  EMITaXUVEL T& TAEKTPOVICAL, S pon
T& fhekTpovia ETITo uUvoUeva  Tei-
Vouv V& Blaypdyouv TPOXIGV PEYo-
AuTépas  AKTIVOS. ZUyXpovws  Ouws

aUbver TO OBmyov Tediov, &vay-

=p .‘ < TepiEMiLg

xafoutvwoy TV TAekTpovicv  &trws 5 0511301/ s
Sixypapouy T&VToTE TNV aUTHY Tpo- Mctyvn‘nuoy
Y14V, medlov

!

T& fAskTpovia  EmTayivovTal
kaTa 1O 1/4 Tfis TrepioBou ToU éval-
Accoopévou peUNaTOS TTOU TPOPOdo-
Tel TOV TAEKTpoPay VTNV Kol pél-
oTa &md THV oTiypnv ko fjv 7
ZvTools ToU peUpoTos eiven undev pé-
Xpt Ty oTiyunv kaf’ fjv 1o pelpax
8& A&Pn THV peyioTnv Tou Tiunv,
Atol katdk ThHY Sidpkeiov TRs ol Zx. 178, (TAvw). pjpazcov ddyeapud
oecas TR vTdoews Tol uayvrTikod (& Toud). (Kdrw ). Elewria) buvop vod duxrulioes:

. S 3 et ; dodic owlijrog xai dadoous) Tdy Eyrés alrod EmTayv-
Trediov. Kata TO ypovikov alTd dia-
otnua  T& MAEKTpovia  Exouv  §d1
SUUTIAN poTEl Lepikds YIMEBas oTpopds, &mokTAoavTa ikavhy évépysiav. ToTe, &Y
&rroTéuou aUfNnoews THs fvTdosws ToU xevTpikolU mediou (&méTopos umeTaPoAd Tiig
payvnTikils pofis), BiaoTéMlopey THY Tpoxldv Kal dverykdlousy Té HAekTpovia STras
A our TOV oTdyov GoTis TpdkeTal vi PouPapdiodi.

‘Etropévwos T& RAskTpdvia TrapéryovTon KT opfvr, S10TI &V THpryovTo ou-
vex@s, 1 2voAAayf Tol poryvnTikoU mediou 6& T& EmePpdBuve kal 8& dvéoTpege
TEAIKEDS TRV opdv THS KIvioeds Twvy, &mas dkpiPdds oupPaivel es T& pelpara E§
imaywyfis, T& Topaydueva Bi& TohavTdoews Evds paPSopdppou payviTou EvTds
peTcAAikoU SaxTuAiou. "Apa, | 8An AsiToupyla Biapkel povov émi 1/4 Tfis mepidSou
kal oUxl ouveydds.

To wpdTov kaTaokeuaoBiv BriTaTpov EB18ev HAekTpovia évepyeias 2,3 MeV. -
pepov gls TO peydAov PATatpov ToU Illinois Tév H.IT.A. siodryovtan nhekTpdvia &p-
yixfis evepyeias 100 keV kai gmToyUvovTal, doTe va &mokTroouy évépyeiav 300 MeV.

‘O Treplopiopds Soov &eopd TAs évepyeias Tas omoias Tpoobidopey els T& fAek-
Tpovia uE TO PriTaTpov, dgeideTal els TO yeyovds STI T& HAsxTpdvia KivoUpeva Emi
KUKAIKEY Tpox1&v &rTivoPoroly évépyeicy (BA. oeA. 92).

Pyrdroov

vopsvwy fiexroovimy.

WniomnoiBrke amoé 1o ivotirouto EknmaiSeuTikrg MoAmkrg
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123, Té obyypotpov RHAextpoviwv. ‘H &pyf Aatoupyias Tol gvyyedtoor 7iex-
Toor{wy &TOTEAEl cuvBuaoudy T&Y dpyx@v AsiToupylas ToU PntdTpou kai Tol ku-
KASTpou.

OUrw, émws els 16 PriTaTpov, £xopey TOv depdkevov BaxTuAiloeldf OdAaupov pe-
TafU TV TOAwV  HAsKTpoucryviTou, 8m-
uovpyoUvTos UeTaPoAASUEVOY sevTotxdy Kal
6onyov payvnTixoy medlov. ‘H Biagopd Eykel-
Tal gl TO OT1 & BakTUAI0e1BT)s BdAauos elvon
ywplopévos els o Hulon, ¥pPNOIHOTIOIOUHEVE
@s NAexTpoSix, &mi TV OTroicwv épapudleTon
EvaAAQoTOPEVT] TAOIS copiopévns UWnAfis ou-
xvoTnTos (oy. 180).

T& fAexTpovia, Smreos kol els TO PrTo-

y Tleproxn
[ émraxivoswg

Tpov, KivolvTtar Eml KUKAIKTS Tpoxids oTa-
Oepds dxtivos. TolTta Siepydueva Sk TéV
Zy. 180. Ziyyporgor ficxtoovion (dozr). OOKEVOOV peTafu Tév 80o AAexTpodicov Emi-

TaXUVOVTal UTTS ToU UPIoTOMEVOY peTafy ad-
TGV NhekTpikoU medlou, &pol &pyikds émiTayuvBolv Umd ToU AAexTpikol Trediou,
TOU Trpospyouevoy ék ToU peTaPaAlopévou kevTpikoU poryvnTikoU mrediou.

Eis 10 ’lvomitolrov Teyvoroyias Tfjs Kahigopvias év Pasadena Asitoupysel 16
peycAUTepov oUyypoTpov AAskTpovicv, Trapgyov AAekTpdvia Evepyeias 1200 MeV
(1,2 GeV). 'H Biduetpos Tfis kukAikfs Tpoxi&s elven 7 m, &po TOAY peychuTtépa THs
ToU PnTdTpov, EmTpémouca TV ueyahuTépav Tiufv dvepyeias, Tropd THv € dkTi-
voPolias dmaAsiav tvepyeias. NedTepan oyedidoes ouyXpdTpwv AAekTpoviwv Tei-
vouv mpds THY Emiteugiv ymAoTépoov Evep-
yewdov, 6 £ws 7,5 GeV,

124, T5 obyypotpov mpwToviwy. Ak
v& TpooBdawuey el cwpa-
Tibx PapUtepa TGV fAek-
Tpoviwy, xupiws 8¢ &is Tpoo-
TOVIQ,  ueycAuTépas  Evep-
yeios, ypnoidomoloUpey T
Gty ypoTooy TOWTOVIWY.

Eis 1o aUyxpoTpov Tpew-
Toviewy, O &epdkevos SakTu-
Aoeibts OcAapos Exel yowpi-
ofif els Téooapa TETaPTOKU-

Jdhapog

whic, ouvBedeuéva peTafl Teov  Zx. 181 Diyygotgor mpmroviow (doyi). (deid), Awdgopr tor
B e0BUYpAIOY  CEAT VLY. TwTOriWY EvToG ToT degoxévov duxtvioeidots Buaidpuov.(’ Agioteod),
T& TetaprokiKAic ebpioxoy- Awrtops) 10D HAexrgopayvitov xal Tol daxrviwedols Bulduov.
Tor peTafl TEV ToAwv fHAexTpouayviiTou Biopopowpévou s eis TO oyfipc 181
(&proTepd). "EBG dér Eyouer TO wevTpikdv Tredlov To¥U PnT&Tpov A ToU ouyypd-

WnepromoBnke amné To lvatitouto Exmaideutikrg MoMmkrg
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Tpou TAskTpoviwy. Ta TpwTdvia elodyovtal éparmrTopevikés els v TETAPTOKUKALOV
ui tvépyeiav 10—50 MeV (TpokaTapkTikd Fmitéyuvals o SiardEsws ypaupikol em-
TayuvTol) kad dvanyk&lovTar dTws Siaypdyouy PovabiKhy KAELGTHY TROXIG. TadTa
peTd TNV S1a8pouny Twv &vTos TGV TeTapTorukAiwy kivolvTal elfuy paupes dvTog TOV
sfuypaupwy owAnvwy (oy. 181, 8e§ik), di1oTt eis avTous Bev UgioTaTal POy VI TIKOV
mrebiov TO &molov vé Guarykdln T TpwTdvia &mws kivolvTar &l kukAIKfis TPOXIES.

Eis fva 7 8Uo &k TGV elBuypdupwy cwhfvwy T& TpwTévia UpioTavTtan EMITA-
ywvoy Umd évoAAaogopévou fAexTpikol Trebiou. T 88myd weyvnTika medic TGV
TEOO&PWY TETXPTOKUKAIWY, OTrws €is TAs TTPOTYOUPEVas ETTITayUVTIKAS Y oves,
ovfdvovtal kaTaAARAws Bi& v& duerykddouv T& AhekTpdvia &Tws Biaypipouv ThHY
Qv TAVUTOTE TPOXIAV.

Zy. 182. “Azoyis Tob cvyyedtoov mpwtoviey (xéaoroor) Toi *Epyactiyefov Breokhaven év H.IILA.

Auaxpivovrar TG Técoaga TeTagroxtxiia Tod SnuoveyoTITos T Gyor payviTidr medior fiezTgopayvi-

Tou. Oitog &et fdpos 2 200 Téwwaw xal ToogodoTeitar ¥a0 yevrolas pepiatns Tyims ingtos 40 000 kW.
“H Sidperoos 100 ovyypstpor eivar 18 m.

T& dvd ToHv Kdéopov olyypotpa TrpwTovicy Exouv AdPel Siapdpous dvopaaias.
OUrw Eyopev T6 xdouoreov (3 GeV) s 10 Epyaotipiov ToU Brookhaven (oy. 182),
1O wnéBfargov (6 GeV) es v Kohigdpviav, TO cwyyeopdlorpoy Tis ZoPie-
TiKfjs *Axadnuias "EmoTnudy es 16 mopd v Méoyav Dubno (10 GeV) kal T pe-
yoaAUTepov SAwv cUyxeotgov ToU CERN els v Meveunu (25 GeV).

BeATicooeis Tol ouyyxpdTpou doTte v& un Slaomelpetan f Séoun TGV TpwTOViKV
(uéBoBos ioyxupds EoTidoews) Emépepey 6 "EAAnV N, Nowtdgiiog, "Hhextpohdyos -
Mnyovikds ToU "EfvikoU M. TToAuTtexveiov, gpyadouevos SecopnTikéds 1o 1950 &v *Adf-
vaus. Thw épyaoiav Tou &méoteidey dpyikds eis T Epyactrpia Tol TlavemoTnuiov
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ro
=3

ToU Berkeley (tfis KeAipopvias), dAA& 8tv ToU £866n évBappuvTiky &mdvtnols. To
1952 épeuvntal Tol épyaotnpiov ToU Brookhaven év H.TT.A. é8nuocicucav Suoiav
&pxhyv foTidoews kai TOTE Aueyveopion eis Tov Nowtdpdior f TpoTepondTns kol 7

(o) (B) (%) (8)
KduAotpov Brivarpor Zoyxpotpov ZHyxpotpov
‘ﬁxEu'rpovfmv rrpm'rovfwv

1. 08nydv payvnmudy mediov

IL Haeutprudy mediov Emraxvvoswg

Kevtpiudy pagynriudy mediov
mpoucolY EmTaxvyrTiudy
ﬁ%eutpmév medlov
Zy. 183, "Aoyui latovoyiug xal diaposal 1oV xvotwTéony diurdSewy SuiTaytvaems
GOTLaLEYOY GepuTdiwy,

&fia Tis perétns Tou, EAcPe Bt dpoiPds xai Béoeis els T& ‘EpyacThpia Tiis Apepi-
kavikfls ‘EmiTporfis *ATomks ‘Evepyeias.

Eis 10 oxfiva 183 ouvoyifovtan T& KUPIOTEPS YOPOKTNPIOTIKS TGV &V TG Ke-
podaiey TOUTE TEPLY PaPEITEY ETITAXUVTIKDY UTYavédy.

AZKHZIEIZ

90. "Ev mpwTdviov Ekxivel éx Tiis fipepias Ex Tivos ompeiou AAekTpikol Trediou kal EmiTayUveTa
fvTos orirol, peTakivoupevoy Umd Thy émiBpoaoiv ToU mebiou &md Tol onueiou TolTou péypis Evds dAAou
anpeiov ToU mebiou. Metabl Tév BUo onueiwv UpioTaTan Sicgopd Buvauikol 105 V. N& UmoAoyiobi
A KIWNTIKD évépyaia kai f TayUTns THY Smrolav &TToKT& TO TpwTdviow tis TO TéAos Tijs SiaBpopfis Tou.
Irorkeddses AhexTpikdy popTiov = 4,8. 10710 11XM — gopriov, pale ol TpwToviou = 1,67 - 10724 g1,

CAT. Buw=1,6-10"7 erg, v=4,38. 108 cm/sec)

91. o) Tlola mpeémel v eivan 1) Siapopd Suvapikol peTafy BUo onusicov NAexTpikoU Tediou MoTe

& gwuaTidiov a TO dmolov dkxivel &k Tiig Npepias ik Tol Evds xal dmToayUveTan UTd Tol Tediov Siaviov

Ty petafl ciTdy dmdoTaciy, v& &moktion els TS TEéAos Tiis Siadpoufis Tou KivTiKNY dvépyEiav

105 eV. P) Moix #) Tedikn TayxuTns Tol cwpaTiBiov sis THY TepimTTwow alThv. STOIXEIGSEs AAEKTPI-
xov gopTiov = 4,8. 10710 geM —qopTiov, pdlx fvds ceopamidioy a=6,7. 1024 gr.

CAm. U=50 kV, v=2,18.108 cm/sec)

WnionoBnke amod To ivotirouto EknmaiSeuTikrg MoAmkrg
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92, "Ev popiov duydvou gépov Ev aTorxe1dddes BeTikdv HAekTPIkOV gopTiov, ékkivijoay &k Tis fpe-
pias €k Tvos onueiov NAexTpikoU Tediov, fmiTayUveTan UTTO THY émipaoiv Tol mediou kol KiveiTan EvTds
aUTol, Siavov Thv &méoTactv peTall Tol onueiov Tiis dkkivAgews kal évds &AAou onueiou Tol Trediou,
peTady TéV OToiwy UpioTaTm Siapopd Suvapikod 105 V. Tloix fi TaxuTns THY émolav &mokT& T uépiov
els T6 Téhos THis Bradpoufis Tou. T dEuydvov B Becopnbi] s dmoTehoUpevoy &mmd dpola padikéds &Topa.
*Atopied] &l 6§uydvou — 16,000, 1 MAM = 1,66- 10724 gr. CAT. u=79-107 em/ser)

93. "Ev cwpaTiblov a xiveltan pé taxutnTa 1,52 . 109 em/sec, kabétws mpos Tas Suvapikds ypoi-
uds dupoyevols uayvnTikolU Tediou évtaoews 30 000 Gauss. N& Umoloyro€fj 16 pétpov Tis ém’ aUTol
tEaorovpéuns Suvapews. e = 1,6. 10720 [IMM — popTiou. CAm. F=146. 10—8 dyn)

94 . "Ev AAexTpoviov kal &v gwpaTiSiov o KwolvTan pé TayUTnTas KaTd péTpov aTabepas kai
loas EvTos OpoyevolUs payvnTikol Tediou kabéTws Tpds Tag Suvapikdas ypapuds. N& Gmohoyiodi
& Aoyos T@V oUXVOTATWY TGOV KUKAIKGY Kivioswy T&v §Uo cwpaTidiowv. Mala éves cwpambiou
c=6,68- 10724 gr, up&fa (Apepics) Evds AAexTpoviou — 9,1.10728 gp. (CAw. 3670)

95. "Ev SeuTtepdviov kivelTal pE Spadfy kukAikhu kivnow éutds Spoyevols poayvnTikoU mediouév-
Taoews 15000 Gauss kabétws mpos Tas Suvapikds Tou ypauuds, Slorypdgov mepigépeiay kUkAou &xTi-
vos 40 em. N& UtroAoy1o8i 1) TaxUtns Tol SsuTepoviou s kai & xpdvos & drrolos dmarTeiTan Sk vex ic-
ypdyn ToUTto flpiceiow Tepipépeiay. To TpwTdviov kai TO veTpdviov B fewpnlolv ds ExovTa THy abThy
u&gav, fonv wpos 1,67 10724 gr, QAT u=2,9-109 em/sec, T=43. 107 se)

96 . “"Ev &Ttopov vaTpiou gipov v oToiysiddbes BeTikdy AAekTpikdy popTiov, fkkivel &k Tiis nipepiag
£ Twos onpeiou MAEKTpIKOU Tediou xal EmiTaylveTan fvtds clrol, peTaxwolpevoy &md ToU onpsiou
THis fxxivicews péxpls Evds EAAou onusiou Tol TreBiov, netafl TéV omoiwv UpioTaTan Bixgopd Suva-
wikoU 120 'V, &v guveyeia 8 xiveitan dvTds dpoysvols nayvnTiked mediou évtdoews 378 Gauss, kadéTws
Trods Tas Suvanikds Tou ypaupds. ‘Edv fi dxtis THis kukhikfs Tpoxids, T dTroiav Siaypdgel TO &ToLOV
fvds ToU payvnTikoU TeSiou elvan fon mpds 20 em, v& UmoloyioBf A &rowikn pEda Tol vaTpiou.

(A* = 22,99)

KET° INYPHNIKAI ANTIAPAZEIZ

125. Mupnvixal dvtidpdoetg. Els Tés Tupnuikds dvmibpaoeis Siaxpivopey 10 owpaTidiov - PAfipo,
Tov gTdXoV — Trupiiva, TOV
fuBidpeocy Tuydvy Tupfive,
TO EKTIVOACOOUEVOY CWPO-
TiSiov, TOV QTTOMEVOVTX
véiov mupfiva  (&oTabff 1
sioTabfi fi  Simyspuévov)
kai TEAOS TRV EKAUOUEVTIV
svépysiav Q (ox. 184).

ZupBoAikdds (oTevoypa-
QIKDS) yp&@OpEV TRV &VTi-
Spactv pe TPOTOV TOV OTO-
xov - Tupfive, &uoiyopev
Tapévleoty, ypdpousv  TO
cwpaTibiov - BAfjux, BéTo-
pev  KOUHo Kai  ypagopev
TS &moPaMASUEVOY CUMATI- Zy. 184, Xyyuarixiy  duiyoagiia ooy armidodcens.
Siov, KAglopev THv Tapév- )
fsowv xal onueiolpev Efw oUThs TOv dmopévovTa mupive. Eav & véos Tuphy elvan paBievepyds, Bé-
Topsv ouvABws TAnoiov ToU palikol Tou &pifuol Eva doTepiokov.
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* MMapadeiypara . 1. ‘H mphdtn tmrevyfeioa petaoToxsiwols SgeideTon els Tov Rutherford
(1919) xai oupPaivel katd ThHY TPoTPOATY Tupfives &ldToy FN14 ué owpoTibia o ggovTa tvEpyeilav
dvwtipav piov Twds (kaTdghiov dvTiBpdaews). “EvBiapeows oxnuaTifeTan Truphv glopiou —18,
BlaoTpeves dua TG oxmucTiopd Tou s Tupfiva oTabepol looTémou ToU SEuydvou (g017) ko
TpwTéviov (4111). ;

Kaitor els Tag mupnvikas dvTibpdoels peTexouv pévov ol Tupfives, év ToUTo1s Yypapouey Kai UTre-
Aoyilopey T& EMAeippoTa paldv Péost TéY &Tomikév naldy kal ToUTo BidT1 T& NAEKTPOVIC TGV &T6-
Lwv TTapapévouy guvolikés T& clTd els dupdTepa Té péAn Ts thiodosws, dpa Stv Emrnpedgouy TV
Uohoyifondvnv Biagopdv padns (PA. oeh. 192).

Katd Thy petaoToryeicwow Rulherford T& mpoidvta Tfis dvmiSpdoews Exouv MIKpOTEpaw SA1-
«Av kTR dvipyeiay, &me 8T Eixe TO cwuaTiSiov a. ‘Emoutves pépos Tiis kivnTikAS tvepyeias
100 cwuamibiou Eypnomoromin Si& THY alfnow Ths pa&lng TGV TTPOKUTITOVTMV TUPTVV.

Towximn dvTidpacts dmoppogioa tvipyelav (— Q) dvopddeTat, Kard THY XMUIKAY Spohoyiav, ér-
dileguo:, tvi ouviBns duTidpacts ui EkAuow dvepyeias (EAAeipua udlns) xadeiten éSvifeouos. °Ofev

N L Gled > (gF18) > gO17 L HI
1 ouppoixds

7 N1 (a,p)g017 Q= —1,16 MeV
*Ap1BunTiKéS
14,00750 - 4,00389 == 17,00450 -+ 1,00814 4- Am
®act
Am = —1,25. 1072 MAM  § Q= — 1,16 MeV (3vd&€epuos).
2. Avridouces D-D. A& Thv &vTiBpaow Todtny PopPapdifopey ut mupfivas Seutepiou oTdyov

ik BeuTtepiou, fiTor
1H2 ++ 3 HE > olled |- gnt
7 oupPolixkds
H2 (d,n) gle3 Q = 3,26 MeV
TAp1IBpnTIKGS
2,01473 - 2,01473 = 3,01698 |- 1,00898 - Am

Am = +3,5.107% MAM i Q= -1 3,26 MeV (&cBepuos).

*H dvriSpaois D-D mapdryer edkdAws veTpdvia kal droTeAel piov €k TV TTALOV XPT|TIHOTTCIOVHEV WV
gls A Tlupnvikiy Quoikiv TTNy&y vetpoviwy. T& SeuTepduia, s Evepyeickd PANUGTS, TPOEPYOVTaL
&mo pnyoviy Van de Graafl f) kikAoTpov kai Trapdyouv veTpdvia TTARTTOVTX gTOYOV &TO EVWOELS
Seutepiou (.x. Tayov Papios UBaros). ‘H almh dvTidpacis Tapdye kai pabievepydv iocdTomor Tol
J8poydvou (TpiTiov), TToL

LH2(d, p)ylI3* Q=+ 4MeV, T = 12,3 &m.
3. Lhvtidpaoiz (n, 7). Kara Thv &vTiSpaciv TalTtnu ém &pylpov —109 mapdystan B padievep-

vés &pyvpos —110 Slo kaTaoTéoswvy Hapdpou tvepysias (Tupnvikhy loomépsix, Seixtns m). OUtw
TapouoiGlovTal SUo Ambwal kai Eyopev

AgL0Y (n, y) srAgiiom T = 270 Auépen

=ad
17AglO9 (n, y) jrAgllo® 1= 24,2 sec
Tevikdds Srakpivouev T dxohoubous dvmibpdoers @
u) “Avridpdee; wé copatidia a. TUmor: (&, p) TTpooPoAf pé cwpaTidia &, EKTTOPTT TpwToviou
(a, n) TpooPolf Nt cwuaTibia o, fKTopTr veTpoviou,
(o, d) TpooPoln ut cwpaTiSia a, éxkTrouTn) SevTepoviou.
) midpdoe; ué Sevregdra. Timor: (d, «), (d, p), (d,n), (d,y)...
) CAvnidedaers ué mowréva. Tumer: (p, ), (p, d), (p, n), (p,y)---
D) Thmdodee; pé verodra,  Tiémor: (n, ), (n, p), (m,y), (n, 2n) ...
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£) hrmidpdoets ué gwtirw, fiextedria, peodra xix. Elven ai éAryddTepov els Thy mp&€v ypn-
TIPUOTTOLOVHEVAL.

*ATO THY HEAETNIV TéSV &vTiBpdoswy KaTapaiveTal 8T1 dkxivoluTes ik Tol alrol mupfivos Suvdueda
va karoAnfwpev is Biapdpous TooUTous s LY.

13A127 (o n) 5P30% 134l
1

27 (p, n) 145127
13A127 (d. o 1,Mg2s 130127

(n, o} 11Na24* kox.

"H, i Siapdpwv TUpriviov v& KaTaokeudowusy TO autd igéTotov, STres T.X.

1oMg25 (o, p) pgAl2s* 145128 (n, p} paAl28*%
13127 (n, y) gA]28% 13131 (n, o) 13AI28%  xox

AZKHZEIZ

97. Tlotos & &ropikds kai & pagikds &piBuds ToU Tupfives & dmolos oxnpaTifeTan KaT& THY Evocw-
péTwow &vds veTpoviou (gnl) els Eva Tupfiva oupaviou (go17238). (Am Z=792 M =239
98. Tuphiv yeubapyUpou (3,7nb6) PouPapbifopevos &1’ tvds vetpoviou (gnl) UeioTarar Sidoma-

ow UTo éxmoumnv Evos cwpaTidiov o (plled). N& ypaefi 1) éficwois Tiis Tupnvikiis dvTiSpdoews.
(AT 5oZn66 L onl — 55Ni63 4 511ed)

KZ' PAAIO'I'ZOTOITA KAI EQAPMOTIAI AYTQN

126. Tevixd mepl igotdémwyv. "lodrora dvouddopev T& groryela TGV omoiwy T
&Topa Exouv TOv aUTov ApiBudv TrpwToviwy, Epa kal HAeKTpoviwy, Siopépouv OpHws
@5 Tpos TOV Ap1fudv TV veTpoviwy ToU Trupfivos.

T& els ThHv @Uov &mavTdpeva oToixela slvan piypaTa T&Y Siagopwy lgoTomwy
ToU dvTioToixov otoixeiou. OUtw Tr.x. T Udpoydvov elval piypa Tol Udpoydvov
(HY) xai ToU Beutepiou (H? fj D2), 6 &uipaf uiypa toU C'? kai ToU C1?, 10 oUpa-
viov ulypa tédv U288, U233 [J23

ExTds TéY pUOIKGY aUmdv looTémwv & &vBpwos EméTuyxe pé iy Pondeiav
TGV EMITCUVTIKGY pnxavédy (PA. Kep. KE') kai Tév dvmidpactripwy (BA. Kep. A')
v& Snuioupynon kai TexvnTd iodTome. OlTw Sid 16 UBpoydvov Ty, EmeTelybn 1
Snuiovpyia ToU towrlor (H?), Bix Tov &vBpaxa, dxTds TéY (12, (1%, Exouev Tols
C19, C', CM kad C13, 2v@® 70U oUpaviou SiabéTopev onuepov 14 &v She lodTomo.

Padioiodroma. ‘Qpiopévar Biatdfels TGV ouvioTwvTwy Tov Tupfiva &Tduou
TIvds OTOIXEIWSDY cwpaTiiwy, fupavifovTol @F KATAOTATES TpoTiunTéal  UTO
THis puoews. Al xaTaoTdoes alTal yapakTnpifovrar s fvepyeiards oTadepad, T&
8t lodtoma T& eYplokdpeva els TolaUTas KXTaOTECES KaAoUvTal gradegd lodroma.

‘H rAciovdTns Suws TGV iooTdTwy XapoakTnpifeTon &md mwupiivas EVepyEiomkds
uf) oTafepoUs. Ta iodToTra TaUTA Teivouv va peTamégouv s oToBepdy TUPTVIKNY
KQTaoTaow, &TmoRdAAovTa tvépyelay UTTO Hopenv dkTivoPorias xai kaAolvtal pa-
dioigdroma. Znuspov slvan yvwoTd Tepimov 270 oTalepd IodTome, v mAtov
T6v 900 padioicoTétv Exouv SiamioTawd.

127. Kdprot tpémol X pnoipenolfcews padioicoténwy. a) "Enideadis wijs dxti-
vofolias t@v padioicorémwy &nl tijg Hlne. Tpos Tov oxomov alTdv, TO pabioico-
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<oTrov yenaioTeitan s My dxTivoPorias. Ak Tfjs dxTwvoPorics ToiTns TPOC-
BéAhouev TO Uhkoy - oTéyov. To GAkdY aimod duvartan vd elven Y. kapkivos dolfe-
vous UToPaiiopévou els Bepareiov 810 dxTivoPolidv, f TAGCTIKOV, ToU &Troilou Tas

816N T BéAouEY V& UEAETT-

Baowal dpxal xpnowonomnoewg padioicotdmuy cwpev §) v peTaPdAwupey, T

/*\ TrocéTns oiTicov (Y. YEWUN-
énidpaoic enidpagig Awv) dxTivoPoloupéveov  Trpods
5“';]25?3):2@ aift:gé;’)&ag QVXVEUTELS ouvThpnolv KAT. (oy. 185, «).

B) 'Enidoaocis ziic tAnc
énl  1ijc dxTivo-
Bolias v pa-

G

i
ol

s I Stoicordmeor. Katd
i / 5 ’ .
Tov  BeUTepov TpoO-

Pl L

p Metpning Metpnrnig W e
(B) (%) cews  padioicoTo-

- . . .
Zy, 185. Tu pubdwiodroma yoncyorootvtar : () Ad amooteigmow Too-  TWY, TO ATTOTEAE-

i, EEdieqpr aTarizod hextoiopot, Tyhelepueiar, sig Ty yeveTvaly, 2. T4 oua €k TTS EMBpa-
(3) ik sehwveiy xal Propojgavey gadioyoapiar, TazupETenow, TYO00W0-  ecne  ToU  UAIKOU -
Guov ardluns vyodv, %.t.h. (y) A peiéras peraforicpon, petoaes glio- 5 Seel o
g EDXOU ETTL TNS -
0ds zai dafovoems, peiétas pnypaviepot arTdpdoemy #.T. A,

xTivoPoAias, uas Ta-
péxel mAnpogoplas Tepl ToU YAkoU. EvTalfa i Epapuoyty oTnpileTan émi Tfis peTpn-
cews Tiis dxTivoPohias, 1 6moix Siamepd A okeS&feTon 2l ToU UAkoU. ‘H ovokeut
ATis B& évrtotion kad B& peTpron THY &xTivoPoiiav BuvaTon v elvan €iTe Evas aTra-
piunThs Geiger, site pwToypagikf TAGE, tfapTwpévn EkdoToTe &k TS EQapuoyTis
xai ToU €idous TV Embupouptveov TAnpogopitdv (ox. 185, B).

*Emi Tiis dpyfis TaUTns Pocileton A larpikd) kal Propnyavikn padioypagia (188
oeh. 211 kad 226), T Tayvuétpnols, & kaBopiopds THs Béoecs Emgaveias Uypol EvTos
KAEIoTOU BoyEiou KATT.

y) “Aviyvevoig gadtoicordmav éx tijc padievepysias Twv. Katd thv péfodov
Uty dofivousy T& padloicdToma v droAoulficwol T& oTafepd iocdToTd Twv Els
QUOIKAS Kol UnYavIKES pETapopds, fi nuikds Kol PloAoyikds dvTidpdoels, OmoTE, Ao-
yor s padievepyeias Toov, Suvépeba v TTapakciovBolpey TS KIvNoels Twvy, EoTw
kai &v TaUTa eUpiokwvTon gl TTOAU pikpds ToodtnTas (o). 185, ¥).

*Ek Tfis XpNOIMOTIOINGEWS TaUTNS TpotpyeTan 7 dvopaoia TV padlolcoTomwy
&5 iyrpderdy, BnAcdh T& &Toud Twv Spolv & eidos xoaTaokoTWY, OiTIves ocuvodey-
ouciv €ls TES HETOKIVATEIS Toov T SpoId Twv XMUKESs pf padievepyd &toua. “‘Otrou-
BAmoTe Spws peTaPoly dgivouv Ty v THs Bpdosws Twv Kal EKTTENTIOUY CTIHATX TIPS
T& €, OTOTE fluels B TEOV FVIXVEUTIK®V uas dpydvev Ta TapakoAoufoUpev
kol TANpogopoUpela Bid THy Bpdotv kol Topeiav EAns THis TToodTNTos TOU XMpikoU
ororyelou €ls & dvfixouv.

128, ’Aviyvevoig axtivofoAldy. Al ypnoipomoloUusval &k T&Y padloicoToTrwy
dxTivoPohial slvar kupiws Tesodpwy TUTwy: ¢ ) Swparidia a. TalTa EKTENTTOVTON S
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émi TO TAeloTov &k TGV IooTdTwy TéY Papiwy oToixsiwv. Td cwuaTidic o mapdyou
ugv Evtovov ioviouov, GAAX Exouv TTOAU pikpdy SieioBuTIkY ikavdTnTe. B) Jwuati-
dca B. TaUta EYouv HikpoTiépav fovigTIKNY ikavdTnTa TTap’ 6T1 T& swuaTidia o, TARY
Suws elvar TweplocdTepov BIEIoBUTIKG. y) “Asntives y. Al dxTives y elvar fiAekTpoua-
yvnTikn) dxTivoPolia peyddns SieioduTikéTnTos. ‘O loviopds Tov Smoiov mapdyouy
ai dxetives y, SpeiAeTan Kupiws sis T& fiAskTpduvia psyddng KivnTIkis dvepyeias Té OToia
gxBilookouy Ex TQV &Touwv i TGV otroiwy mpoomimTouv. §) Holiredvia. “H pa-
Sievépyeia pé EkopTtriy oliTpovicov elvan omaviwTipa TV PO YOUMévoV.

Al dxTivofoAicnl aUtal duixvelovTal gk TdY &moTeAeopdrov Twv & Tiis UAns.
“Otav axTivoPoiia SiépxeTan wéoe UAIkoU Tivos, Siaod ToAAX éx TGV popiwv Tou,
Taparyopiveoy DeTikdds kol &pvnTikGS gopTiopivwy owuaTiBiwy, T& &moia kaAoluey
@s yvwoTov idvTa. ‘O loviouds aUtds &ToKaAUTITETal €iTe gk TGOV HAKTPIKGY
&roTeAsopudTwy, £iTe €k TV &moTeAsopdTeov £ émavaguvdécsws TV 1ovTwv (EkTo-
T oToviov).

Al drTwoPolicn ouvnfws dviyvelovTon kol KaTapeTpddvTal UMo edcioBriTowv
AAsKTpOVIKGOY dpyavwy, ds ol dmapifunTal Geiger 7| oi &mapifunTai omvinpioudv.

“Otav v cwpaTidlov Tfis dxTivoPolrias padioigoTdmou Tivos elgéAdn els &ma-
piBunThv Geiger, ioviler TO vtds avrolU &épiov kal TrpoxaAel plov fAeKTPIkTY fKké-
vedaty. To mpokUtrTov dofevéoTaTov pelua dvioyUetal Six va Beon v omTikOv T &-
KOUOTIKOV Ofjua, T) v& KaToapeTpnbfj unyovikés.

Eis Tov &mapiBunTiiv omvbnpioudy, o cwpatiBiov Tapdye fva duubpdTaTov
omwvlnpiopov eis Uypdv f els kploTariov. “Ev euwTotuaictnTov Spyavev ueTaTpémel
Tov omivBnpiopov eis pikpdy Golv peYpaTos, i dtoia év ouvexsia vioxUeTal kel xaTa-

YpageTal.

I. EPAPMOTAI TQN PAAIOI-ZEOTOIIQN EIZ THN IATPIKHN
129. ’Ecpappoyai eig v *Iatpixhv xal Biodoyixv €pevvav.

Tevixd, OUBEv TeBiov épelung éxst GeeAnd Téoov ik THs YpnoweToosws Ty paboigoTe-
v, doov TO TeSiov TV EmioTnudv ol dmoian doxoAoUvTal pe THv {&oav UAny. T& dropa Tédv pa-
SioiooTdmww s Ix vn 8 éTat slven onuspov povadikd péoa Bia THY Adow mpoPAnudTwy Em’
aUtol ToU Tediou, doTe v& pds 5iSouv THv dvrUmrwo 6T1 Exouv Bnuwoupyndii B almdv Tov
cxoméy. T& padioicdTomme, Kotk Tds Piohoyixds Siepyacios kai Tas XMuikds QvTiSpdoels, oup-
TepigépovTatl 8Tws Ta ouvAbn oTafepd &Topa, i pévny Ty Siagopay ST dkmépmouy dxTivofolias,
Geiger A TpoBidovTa olTw THY Tapouciav Twv.

Meiérn tis =vxlopopias rot varplov £is té odpa, TO vaTplov elval ouoTaTikow T&V Uypdv
kal ioTédv ToU cdpaTes. ‘H xuklogopia Tou els TO o@pa Blvatar va pehetnd pé Thy Porifecy
Tol padioigoTdTov vaTpiou — 24 fi varpiov — 22, OUTw, v els Sidhvpa &haros varpiov, w.x. NaCl,
Tpooficwpsy Hikpdy ToodTnTa &hatos pablovaTpiou kal sloaydywpey alTd B’ évdophepiou vigews
els Tov dpyavicpov (oy. 186), Buvéusba ék TGOV dxTivewy y Tas dmoiag ekménme 1O igdTomov TolTo
v& Tapakohoudiowyuey THy Tropsiav Tou évtds Tol dpyaviouol pé ThY Bendeav évos dmapidunTol
xaAAiTepor 81 &rapiBunTol omvbnpiopdv.

OUrw & THs HEAETTS Tiis Ta)UTNTOS KaTavopfis ToU padlovaTpiou évTods Tév dywyv Tob aiuaTos,
sUpEdn LeTd peyioTns dxpiPeics Y. O Xpovos ToV OTroiov YpeidleTar TO aipx i va petagepdi dmo
Tov fva Ppayiova péocw THs xapdias kal Tdv Tveupdvwy els Tov eTepov Ppayiova. *Emions moapeTnpnén

14
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5T1 ) peTagopd Tol varpiou &is Tous iBpwToToloUs &Bévas eivan Takele, v TolvavTiov & pulipos Tiis
xukhopopias Tol vaTpiou els T& Uypd T@v d¢Bahudy, sis Tov fyképalov kai TOV vwTixiov pueAov eival
uétpros, E§onpeTikd 8% pikpds Tpokeipévou Bid T& OoT& Kal Tous &dSdvTas.

MeraPoliouds tot dofeoriov. 'Ex Tév 88 oroiyeicov T& Omoix &veupioxopev eis THY @uow, 15
£os 20 slvan oUo1dn 81 T&s AsrToup-
= yias Tdv Lovtwv dpyavioudv. T
Amku};? ! ‘ Tep1ocOTEpa EE alTddv EypnoioTroNn-
CeNa : fncav dv SicAupaTi, peTd TEV &vTi-
oToixwyv padioicoTdmwy, 81k THV e-
AéTnv ToU guoikoU petaforicpol Twv

els 70 odpa. Oltw, peAdétar Sidk pa-
] i SioaoPeoTtiou (Cads) E8eifav 6T1 T&
Asn’ypo‘:o‘ 909%, ToU eicaryouévou els Tov épya-
viopov &GoPEecTiOU ouyKevTpovETa EiS
TG o1& TOV veEapdv OpyavioH®dV,
v povov 40 9 els T& doTd& THV
yepovToTépawv. TolouTtoTpotws Efomn-
8191 onpavTikds 1) BepaTreuTik Kai
STk ToU &vlpdmov, GoTe v
EMITUYXGVeTal  AeAoyiouevn kai i
17 Péoet Bichoyikiy BeBopdvwy Sepa-
Tela UTép - i UmoaoPecfoadv f TGV oxETIKGY Twv voonpdv EKSNADoEwWY.

Merafoliouds t@v mowrzeivdy, "Ev onuovTikdy Tpfjue Tiis laTpikiis Epetvns &xer doiepwdfy eis
ThHy Epeuvay TGV oloidv TouTwv, al émolct elvan kepaAcidBous onpacias Sik Tas opyavikas Kai
Biohoyikas AeiToupyias TOY Lovtwy Opyaviopdy fi mapdyovTan QuoiloAoyikdds i TafoAoyikdss
xaT’ altas (petaPoiiTan).

MetpnTng

PR ”

=

Zy. 186. Hagaoratizir Sudppappa pelétns Tijs xvxlogooiag

Tob vargiov el o cdpa. AC évdoglefior évécews elodyerar

SudAvpa  pudtevepyod ghwpwolzov vatplov xai uetd Twa 706-

YOI RUTAUETPEITAL U160 TOD NETOHTOD 1] oadtevépyela deLydTwy

Srgpdoey Sypdr Tob adparos. G elvae el axaplpntiic Geiger
75 amwbnowoudr.

‘H dxpiPhs yvdois Tédv Pabpibuv Tol peTaPoMouol T@V AeVKWHETWY Trpds SAas Tas KaTeuduv-
ges puoioAoyikfis kai TaBoloyikfis kaTaoTdcews, 8& Bdan fows THv xAelda Bix THY Algw Tdv dei-
pwv TpoPANUETwY, &Twa oyxeTifovtal Wé TAV Uyeiav ToU &vfpdmov kai pdAloTa els TO upéyicoTov
TpOBANH TO dTToTov dTraoyohel onuepoy THV GvlpwTéTNTa, Tas reomia o (a g xai 81 T&s Ka-
xonfeis TowauTas.

*Edv elpeboliv m.y. Siagopai dog Tpods Tas dvdykas peTafU TV KAPKIVORATWEOY Kal QUTIOAOY 1KV
KUTTOpwV TGV loTédy, iows vd Buvnddpey v dvaoTeidwpey Kal v& dpmodicwpey Thv avdamrubiv T&v
XAPKIVGWRATWVY, Xwpls va émnpeacbolv T& Uyei& kUTTOpa Kai dxopn va &miTUywuevy Kai THv SiaTmi-
gTwaw Tis altiodoyias Tis dvamrTifeds Twv. Tlpds TolUTo PePaiws &meipol Tpoomabeion xaTaPdA-
hovTal, oTe kafl’ EkdoTnv va épxwvTtal els @dds vewTepa oToixeia £l ToU fépaTos alTol.

Adyw Tol BenehicdSous pdAou Tov dTolov SiabpapaTifouy ol TpwTelval v yEveEl KaT& TAS WiKaS
Aertoupyiag, kateBAfifnoav kai xaraPdddovtal TpooTmrddeial Trpds peATNV Teov. Atk TV padlolgo-
ToTwy EvicyUinoar T& EMOTNHOVIKG pos HECQ OMUAVTIKOTATE, GoTs fi8n va Exwuey els TOAAGS
TepiTrTeogers &idAoya  dmoTedéopaTa.

TTpos Tov gkomdv ToUTov YenaipoTokiTal T.¥. TO loéTomov (14, tvowuaToduevoy tuTds pids Paai-
®fjs S1& TOV Spyaviopov Evioews, .. ToU &uwvoféos yAukivns, fiTis évepyel s peTagopeUs Tou (14
xai yopnyeital m.x., els puolcAoyikous dpovpaious kai els dpoupaious TaoxovTas £k kapxivou ToU
fimaros. Ol dpoupaior govelovTal kaTd Siapopa kafwplopéva EkdoToTe Ypovikd SiaoTripaTa olTws
DoTe & peTaBoRiopds v EAéyyeTan kaTd Sidgopa oTddia. T évBidpeca TpoidvTa Kal TapaTTpoidvTa
Tol peTaPorionol Ths Eviagecws els tkdaTny Ypovikhy oTryunv pds 8ifouv oAdTipa oToikeia THY yevo-
HEVEOV v QUTOTS BI0OTTAOEWY, UETOOXTUATIoN®Y, ouvBéogewy kAT. (ioToxmukn dvdAucis).

T& olre Acupoavépeva Belypata égerafovron tmi T Péoer Tiis padievepyeias ToU &vBpakos — 14
(C14) kai pés Bidowv TolouToTPdTWS piav elkdva ToU petaPoAiopol Tiis yAukivns. T& &moTteAéopara
TV PéXPI oTHEpOV yevopévov TreipapdTwy & alTdy BuoTuxés v dmedaifav Siapopds peTafoAiouol
Tfis yAukivns els ToUs {ryiels kai kawonBeis loTous.
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Merafolicuds rod cedijgov xal Sidoxeta {wijs tdy Spvdody aiuospargiowy. To aipx, & po-
vaBikos cUTds HETA @ O p EUS, TTPOoaywYyos JpemTik@y Kkai ¥pnoinwy ovoi@v els Tols ioTols TdHv
TOAUKUTTAPwY SpyavIou&y Kai amaywyds BAaPepdv fi kal ypnoiuwy £ aurdv, ds ol dpudval, ya-
pakTnpiGduevos kal dog Spyavov UTd Thv yevikav évvolav, Adye Tiis eUpeias XpnowdTnTos Kai Xpnot-
HOTTOI0Ews, TTOIKIAOTPATTwWS éTrnpedleTal kol KaT dvaAoyiav vogel.

A& T&v padioicoTdTrewv EpeAeTrOn IkavoTromTikds, T.X. 7| TayxUTns kukdogopias Tol aipaTos, &
cis éxGoTny KapdlaknV How EkTTepTTopsvos &ykos aipaTos, ¢ dykos Tol TAGoUaTOs TOUTOU, TO TTOOGY
10U xuxAogopolvTos aipaTtos els Siapdpous Teploxds ToU cwpatos (el oTevaoels dyyeiwy, amoppa-
£e15 ToUTWV KAT.), T) KUkAogopia eis Ta Tpryoedf dyyela, dAAG wai voompai xaTaoTdoes ol

SuomnuaTikal véogor Tol aipares, s ai dvaipianr kai kapxivoeiBels kaTaoTéoss TouTou (dpulpar-

pier, Asuyaipia), peAe- 3

TdVTa1 oTjUEpOV TH} guv- g100| EpuIpaipia

Spoufy T@®V padloicoTo- 2

Treov. OTw T, TO po- ’ Imaiv &

SioigéTomoy I'e3® (pa- Metpnmg -g 50 duaiodoyiun

Biocidnpos)  xpnoipo- ,,:g“ UaTATTATIG
a § 0 TTEss=aaa=s

T
TrotelTal S1&x THV PEAETNV }Im “
ToU peTaPoAiopol  THS 9 s
E il |2 JIEI
dapxelag Zwijs TGOV Epu- N\
Bpddov alpoopaipicv. EU- to (B)
P81 TOOUTOTPOTTLS OT1
els &ropa mwaoyovTa €€
tpubpanpias, Goféverav
xKaT& THV dTroiav TO xa-
pOaXTNPIOTIKOV Elven 1)
alfnois ToU  &pifpol
TV tpudpokuTTdprY TIOAU Trépav ToU guoloAoykol, UploTator aufnois xpnoipomoimoiws Tol o1
SHpov. Babutépa peAéTn Bid yAuxivns mi dropa &vBpokos — 14, EBaifer 6T TG xaTa THY dofeveiaw
TV Tapaydueva Epubp& aipcogaipia i TAéov TV guoloAoyik@y Exouv [whv pikpoTipav T
xavovikiis (T@v 120 fuepdv). EUpédn émions 6T aipoogalpia wikpds feofis eivar 1) aitia Tis dvaipias,
ATIs ouvnBws EupavideTan els TAS TEPITITCOOE KApKivou.

*Aviyvetoers Bi1& paBiocidripov EBaifav ardun, 6T1 gl THY TepiTTLoow TS gpubpanpias, & aTARY
Tapéye mepioosiav ipudpdy alpogeapicv. ToUTto émoTomoridn ué Thv ponbeicv &mapiBunTold ToTO-
SeToupévou dxpiPds Gvwdev ToU omAnues (ox.187), &oTe TapeTnpnbn alfnois Tol pubuol KPOUGEWY
&uéows PeT& THY Yopmyndeicay Séow kol év ouvexeiq TT@cls aUtol, Adyw peTaPoriouol Tod a1bfipov.

Kuxlopogia tod aiuaros els tov yxépalor. ‘H ixavétng Tdv pabioicoTtdmewy Smes uls
Trapéyouv TAnpopopias Tepl Tiis pofis T@V Uypév els To odpa, eiven peydhns onposics ik ThHY
BioryveoTikiy Kai BepamreuTikfy kad 57 Tpokeiuévou Si& pehéTas dpopwoas THY kukhogopiay ToU aipe-
Tos &ls TOV éyképaiov.

‘0 puBuds &roppogricews pabicicoTédTrou Tivds Ui Tol Eykepihou efapTdTal &k ToU puduol pofis
1ol aluaros #vTds alTol, STrOTE Bid YPNOIMOTTOMoswSs iooTédTov ékTréuTovTos dxTivas y, Buvaueda
va kefopicwopey TalTny &k T&V E€w Bt vds dmrapifunTol. Aidgopa paBloiTdToTa EXOUV XPNGIHOTIO-
19} xaT' aUTdV TOV TpdTrov Bid Tov kabopiopdy T.Y. Tis kKukhogopias ToU aipaTos els Tov dyxépadov
KOT& THY YEpOvTIKAY WX oy, fykepaAikhy Trapdiuay kal émnyiov. Mapdpow peréTan GSfynoav
cls TANpecTEpaY KaTavénaw Tijs TafoloyoguoioAoyias ToU Anfdpyou, Umvou, dvanglnoios kai Tijs
oxoToBivns TV TASTWY KaTd TaS UTEPNXMTIKGS TITTOES.

Adropadioypapiny dEérasts roi Bvgsosidols ddévos, To UIKPOTKOTIIOV GUXV& X PTIOIHOTION
giTal &v owvbuaopd® uE THV padloaviyxveuoiv gl Thv Biohoyiav kai thv latpikiv. ‘H ouvbuaouévn
xpfios altdiv u&s Tapéxel év iSinTépaws loxupov EPEUVTITIKOV péTOV.

Kat& v adrogadioypagiay TV ioTdv (ox. 188), f kaTaveph ToU padievepyol oToieiou e

0 2 4 6 8 I

Zy. 187, (u) Melétn tijc apuoiijypens owijoor vaé Tod arinds i Poy-

Oeiq pudwicersmor. (TO yonowonowdpevos amaglpnric G Owyelostan

w6 axtwefoldv datopévys Owvbivaews). (f) Kara iy éevfpauiar &

aaiiy aaoovawilel vaeomagaywyiy sgvlody aipocpatpiow, o adrd 6 aidnoog

ougomorteTar sic TOTTOY Oxed0v AuéGm: pETa THY Eloaywyiy Tov els Tor
Goyavicudy (abinoz gvued xgotgewv ).
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T KUTTApA 7] dKOUT EKAEKTIKGS UeTAlU aiTdw Ko &koun eidicdTepor xai évTos TolU iSiov kuTTdpOU
SlvaTal va yivn dvmiAnTT).

Kot piov Tumknv époppoynv
TH§ TeXVIKis aUTHs, Xopnyouuev eig
Tov &obevij Ev padioicdtomov xai &
@oU ToUTo AdPn THY XSEaKTNEIOTI-
KMV TOU KATQvopfv &uTds T@v ioTdv,
d@opolUuey XEIPOUPYIKGS Ev Teudy1ov
ToU ioToU ToUuTou. OftTouev TO Efan-
pedtv ToUTo Tepdyiov T gwToypa-
kol @iAp, TO OTolov TpocRdiheTal
duTioToiyws £k TV onueicov STTov
Exel dvamoTelli TO padoicoéToTrov.
OUtw &meikovifovTar émi ToU @lAW ol
Teploxal éxkeival el Tas OToias EXEl
elwdrer 1 xal 2 pdc Oewvder ola péony T (oTdr Ezovy &moTedfj 16 lodTomov wad Sﬁ‘&?{.\o\'j

agookdfer iddwr. Tep1ocOTEPOY Kai dAACU dpoidTEpOV.

A& ouykpiTikiis BE  &EeTdoews ToU

tupavicBévTos ¢iAp kal THis pikpookomikfis EfeTdoews TV ioTdv, O épeuvnTns SUvatal va Efa-
yayn oupmepdopaTa i ToU QuotchoyikoU 1 uf) Tiis Bopfis TV loTdv kal TV kuTTdpLov.

=3
Bupeoeidnic adny
aolevoic eic 1oy
omoiov €860 1™

THOTUROS, 0TOTE TAPATIOOTHEY TG 20TTUD (e €10 THY Elxdra
TEdr 1o Tepdyov aito tellfj éxi qotoyoupuxot piin, Od

wuer pera Ty dupdviow Ty eixdva 2. Xiyxpicic Tov

130. *Epappoyal tiv padloicoténwy elg v *Tatpuhv Siayvwoiv.

YOpxog ot aiuazos. TToAhal Siayvmaes oTnpifovren &mi peTpricecwy ToU Syxou 7 ToU Toool
UhoU Twos Tol owpaTos, Tij Ponfeix Tfis dpatwosws THV {goTdmwyv. Oltw wapi-
oTaTan Y. dvdykn kabopiopol To¥ Eyrkou ToU aipaTos &ofevols Tivos (TrpoeyxeipnTikédS) i THS
XOPTYTOEws Kai ETOVCXOpTyT|oews aipaTos kAT,

‘H elpeais ToU Sykou yivetar s iEfjs : "Oppods mepiéywv Risa (TpwTeiviknv Evawotv peTd padioiw-
Siov) elodyeTon dvBogAeBics i Tov deTaldpevov, petd 10 f 15 min (Emapkhs xpdvos &1° dvamiv) Aap-
PéveTon Beiypa aipartos kol petpeiton 7 padievépyeid Tou. Ao 1o ooy THs pabievepysias ls  TO
Belypa Utrohoyifetan & Sykos Tol afparros, TTpopavéss, doov uikpoTépaw padlevépyeiav eUpopev eis TO
Belypa, Tooov peyaAuTépa dpaiwals e kal guvetrdds Toéoov peyahlTepov Od eiven TO Troody Tol
BiraAlTou — alpaTos.

"Opxog tob Hdarog. Els mOAAGS ui) QUOI0AOYIKGS KaTaoTaoels, 6TTws Té Oidnua, sivan Gudnykn
S5 yveopifwpey Tov SAkov Sykov Tol USaros ToU owpatos 1| TOv dykov ToU UBatos évTos 1 KTOS
T&Y KuTTGpwv  (EvBo - ka  EEwWKUTTEPIOV  Uypdv).

Tipés ToUTo els 1O USwp Tol Spyaviopel elodyopey Evwaow Seutepiou fi TeiTiou. "H duambis Tod
ixvnBéTou pi 16 Ubwp Ghou ToU odhpaTos kai TO Ubwp TGV KUTTEpwWY, yiveTon EvTos mds TepiTrou Mpas,
owoTe AapPdvopev Selypa. *Ex ol moool ToU Sevteplov (lodTomov aTabepdv) 1) ik Tiis pabievepyeics
ToU TpiTiov eis T6 Belypa, Umoloyifopevy Tov Sykov ToU UdaTos.

KorrdhAnhos pébobos Bi&k Tov &’ elleias Tpoodiopiondy Tol évTds TV xuTTapwy UBaTos S&v U-
apyer. ‘O &ykos ouTos TpooBiopileTan éupéows G5 Srxpopd peTaly TolU SAkol Sykou kai ToU Sykou
ToU UBarros £ T@v kuTTépwv. ‘O TedeuTaios TrpocdiopifeTan T Ponbeiq Evdboecov THVY padicicoTdmwy,
ai omoian Biv BlvavTtan va eloywpenoouy dvTds TEOY KUTTEpwY, fi IdvTwy oToixeiwy dmva sloywpolv
Ppadéws, &mws TO varpiov — 24 (Na2d) kai 16 Ppdwov — 82 (Brs2).

Bldfat tdv mepipegstandy dyyelwy. ET xaTdyuaTes ToU alyévos ToU unpiaiou doTol, Adyw
Tis coPapéTnTos TGV cuverraiddy, Sk Tov kaBopiopoy Tiis PAGPns, SnAadn &v TpdkeiTan Tepi TeAsiou
KaTéypaTos pt Siakotriy Tiis Kukhogpopias els TO kevTpikoy kai Mepipepeiaxdy Tufjpa EvBev kal éxelfev
7ol kaTdypaTos T pepikfis ToloUTns, Tvar dmépPooey dvohdyws, kaToplolTal Bik TV pabioicoToTww
v& AngBolv Alav ixavorromTikai TAnpogopial.

TodTto BirmoToliton xeTémiv elooywyfis tvBopheBicns Gpiopivns Bdoecws padicigoTéTouy, STéTE
pe peTpnTnv Tpogblopifouey TV padievépyelav Gvwiev kai xaTwbev ToU KaTdypaTos.
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Mapopoia épyacia yivetan, ds Savietan els 16 oxfiua 189, sis mepimrwow katd THy doiav Ume-
TrTeudpeda OMIKNY 1) pepiknV &Toppagiv aTeAéyous TIVdS TEV aitopdpwy dyyeicy. Kot almiy slodyo-
uev 2vBogAepins BicAupa xAwpiolyxou padlovatpiou (CINa24) kai mapakohoufolipey ouyypdves ThHy
pofy ToU aipaTos kaTd pfikos Tis Swabpoufis ToU dyyeiou ToU Umd EEéTaciv okéAous.

Zyediopodpnua oy Soydywy, TToAAKIS elvan dvdykn va yvwplfwuey To TpaypaTikdy péyedos
kal oxfipa fvds dpydvou, &rdun kKol THv dxp1Bf] Biow kal EkTaow ¢ dAAo1boEeds Tivos, &mews Tr. Y. &Tav
fAwpey v Siayviowpey piav TaBoAoyiknv KaTdoToow &vds dpydvou kol va EmépPoopev, mifovoy
XEIPOUPYIK&S, T va& Spdowuey kaTorAnAws BepatreuTinds.

OUrw, Tpokeipévou Bik Tov Bupsoedfj &Béva, Sibopev eis Tov doBevi] padiciddiov — 1o idSiov e
™V 1810TNTE V& CUCTwEeleTal EKAEKTIKES
fupece1df] — kai &1°. d&mapifunTol
SAas T&s BrevBivoes

Aicdvpa

gls ToOV
peTaxivoupévou ko’
&uewbev Tijs Teploxfis ToU Bupeoaiols &Bé-
vos, Suvaueba va TTpooBiopigwpsy TO  péye-
To oxfipa  auToU.

Bos  xai

*Evromiouts xal £xTacts Xagxive-
pdrwy, ‘O EvToTopds pf)  QUTICACYIKGDY
foTdv BlvaTen va yivy elte Pdoe ToU ye-
yovéTos &Ti1 pepikol  kakorifers ioTol ouo-
cwpelouv EKASKTIKGDS dplouévov aTorysiov fi
fvewotv, €lTe €K TOU pubucl guoowpeloews

TV dvaykaicwv 817 alToUs CUCTOTIKGV.
Mveopilopey 8T1 T VEOTTAAGUAT KAT-

povouoUv YXOpaKTNPIOTIKE Tivo TV unTpl-

K@V Ty ioTdv. OUTw Tr.¥. T& VEOTA&-

Sy, 189. wi Ty EvTOomIeHOY MEQLOOIGNOT TijG HuxAo-
3@ TEQLoplyEews alpopépor Tves

poplac 10U aiuuros, Ad
ayyelov, yonoyionowodiey 1O ylwoobyov gadiordrowy,
To gmoioy siodyopey fvdoplefiowe tmd poppiy duivue-

tos. “H puxpd &vdeifis ot daaplburot Gy, vmodylel
6T 1) meplapryEs xeitar uetalt Tor oypelor 4 xat 1.

‘H msoicpepéi; dvromiletar daxpfide did petasurijcens
v Gy zai Gy mpdc dAljlovs.

ouaTa ToU Bupeceidols &bivog Exouv TTOA-
Adxis THv 1816TNTa v& kKaTakpaTolv ETTapki]
TToooTnTa iwdiou.

‘H ouykévtpwaois Suws UT  adTidv
lwbiov, Btv eival TTQUTOTE By VWOTIKOV
oTo1Elov, kafoTI kai T TEPIS TAY VEOTTAGGUATIKGDY OTOIXEIWY KUTTapa BUvavTal va oUoTwpsUouy
Ewions moodTnTas iwdiou. Ak xapkivov ToU BupeoeiBous dBévos dvanTuxfivra els &AAas Séoeis ToU
owpaTos, TapaTnpoUpey 6T1 al peTacTdosls ToUuTou SiaxTnpolv TTOAAGKIS TG XSPOKTNPIOTIKG TOU un-
Tpkold loTol &treos kal THY 1B16TNTa vi ouoawpevouvy idhdiov. H 1B16Tns altn sivan oAy ypfioiuos
elg THy laTpikiy SioyvaoTikny, kaBoTi 81k ToU padioicotomou I 181 SuvdpeBa v dvakeAlywpey Kai
EVTOTOWHEY TOIGQUTaS HPETTTTATES.

Td aivdpevov ToUTo yiveTan EppavéoTepov G EEqipéowiey XEIPOUPYIKGS OAOKANpoY TOV Bupeo-
€187 &Bfva, O6TOTE T OUYKEVTpwOoIs ToU icoSiou — 131 TmrepropifeTon eis ToUs peTaoTaTiKoUs igTous.

Té oyfiux 190 Beikviel cuoxeunv Aemrtopepols ETIOKOTIOEWS OAOKANPOV ToU GWUaTOS,

*Evromiouds xagxivov tod épxepdlov. ‘H dxtopolria P ol guwopdpou — 32 dtv Slvatar v
Biamepdon) TOV Eyképaov kad TO Kpaviov Sk v dvixveubi) ik Tdv Efco, Ev@ 1) ik ToU padioiwbiov
axTivoBoia y, s €dxws BierobuTtind, dmebeixdn ypriowos Bk ToV fuTomiopdy TAV  EyKEQUAIKGY
Sykwv (oy. 191).

Ol foToi ToU tyxepdhou TrpoguAdocovTan &md THY eicofov évtds ciTol oloidv, kai &7 fxhe-
KTIKES, B1& EykepaAikddy NBR@Y, ofTives EummoBifouot Tas un xpnoipous fj BAaPepds oloias v eiodh-
Souv els alrrous (Tols foTous). Of fBuol duws oUTol ToAoTpoTIwS UTdkewTal €ls PA&Pas, dmoTe BU-
vavTon v& eloywpricouy els Tov dyxépaRov kai ousicn EmPAaPels. Ak Tdv TpooTATEUTIKGY TOUTWY
ABucy Slvavtal Adyw PAGPnNs 7| &GAANS Tivds aiTias va §iEABour kol KapKIVOUOT@EN KUTTOPX HeTo-
pepdpeva E€ &AANS Treproy s, va dykaTacTabolv 2vTos ToU éykeedAou kai va moAdamhaogiactolv év-
Tos airrol, ikTods PePaiws TEY TpwToTaddY KakonBwy Sykwy To fykepdhou. M ThY dmordAuypv

WnionoiBrke amod 1o ivotirouto EknmaiSeuTikrg MoAmkrg



214 IIYPHNIKH ©®YIIKH

kol EVTOTMIOHOY TV VEOTTAGOHATIRGY {0TIGV YPTOIMOTIOIOUHEY padioicdToma EKTTEUTrovTa GKTIVAS
v, Bi& v Topokdppwuey & TO Enmddiov ThS oKeBEOEWS TGV &KTivwY Yy ¥pNoiIoToIoUpey Tpos &vi-

Merpni

OO

Zy. 190, a)Zvoxevi) iearopegots éferdocms dhoxiijgor Tod adparos
(scanner) did Tov EvTomTIGNY pETAOTdOEWY .y, 2agxivov ToT Bupeoer-
doiiz, peTa iy ik gewovoyiils Enepfdacnms faigeoy Tob TelevTaiov.
‘0 araglbpyris sawbnowpdr X ddvatar va cupdoy avTopdrog 6-
2éxlnpov TO odpa i) pfoos adrol, Taguatpwy ic Ty wivyol Tov atTip
i yoapida K."Orar 6 axagiunojs dweyeipetean, 1) yoapis zarépyerat
2l ppdiper pogdy yoaupiy éxi ot ydotov, lapfavoudrov ofite Tob
cawlbygoyoapipuros Tob B) Zmnbneoypd-

e 670

sralopuérov THIjpUTOS.

djoov ToT  odparoc.

xveuow &mapBunTtas, ofTives
BieyeipovTal povov &mmod évep-
yeilas TV TRWTOYEV®Y GuTo-
viwv Y.

Mic &MAn  Texvikn, TTIS
Sev emrnpeddeTan &k THs oxe-
Salouévns dxTivoPohias, elvar
1) tkueTéMAeuots mds 1510ppUs-
pou iSidTnTos T&v ToliTpo-
vicov, ‘H 2aliwors Evds Tro-
Zitpoviou HET& THY
ExTTOpTV Tov UTro padioico-

&uéows

ToTTOV, oUVOBEVETal & EK-
TrouThv SUo guwToviwv (dxTi-
vav  y), G&riva SBelouct

kaTd SUo dvmiBétous Bieublv-
oris (PA. ogA. 163). To ypm-
olpoTroloUpEvoy Spyavoy PEPEL
dvTiBéTws
trarépoober

Blo &mopiBunTas,
ToTtofeTnuévous

s xepcAfis ToU &oBevols (of
&Eoves TdV BUo dmapiiunTédv
ouptiTtTouv).  Katapérpnow
dxTivoPorias  Exopev  pdvov
étav  &kTives y TrpokaAolv
guyypodvous loviopols eis Tous

B0 dmapiBunTds. Olrw Buvdueba va TpooBiopicwuey alhwoels TwoliTpoviwy ywpls va pas éptro-

Siln ) &k okebdaoews dwTivoPoria. T ypnopormololpeva  padioicéToTa (ExTéuTrovTa ToliTpovia)

elvan & yokds — 64 kol TO dpoevikdy — 74, &TIVG OUTOWPEUOVTaL UTIO TEV KAPKIVUETWY.
Padtopgapia,"H Afiyis dxtvoypagédv pé dutivas Rontgen éx gwinveov Coolidge dmoTehel omou-

BandTaTov péoov Siayveoews. Al ouokeuai
Buees olmen Tév dkTiveov Rontgen eivat
Samavnpai, SuopeTaxdMcTol Ko dmenTolv
UynAds TAgES.

ZAuepov Exour KaTaokeuaodi] ToladTal
ovokevad, £UypnaTol kai GTAQT, ¥pnoipoTTor-
olicat padioiodToma ExmmépTOV TR GKTIVAS ¥
Tiis aUTTs dvepyeias Wi dkTivas Réntgen. Mia
ToenU TN oUTKEUT) YpnoldoTrololoa padiofol-
Aov (Tm170) (BA. oeA. 174), &rroTeheiTon o

fvar xUAIWBpoY NOAUBBoU pE oripayya Kema
ufikos ToU &fovds Tou, évTés Tiis omolas
Suvaren v OhcBaivyy Tepdyiov padiofou-
Alou pE Ty BonBeiay Evog eUKEUTITOU Kahw-
diou. "OTtav T épyavov Bév ¥pnoiHomoIlEl-
Tal, ) TNYn TV dktivwy  ebpioketan els
T6 KévTpov ToU poAuPSBivou kuAivBpou, 1) B

Aovu,

ATTOPEOPOTITOS (HOIOV

MetpnTrc

Zy. 191, Awa tov EvTomcor zagxivoy ToD Eyrepd-

— 131. O zonowo-

Towovpevos dmaglfunric G tomolereivar fxdoTote
sic a oraleoa onueia X xzai Aapfdvortar ai évdel-
Eetc TOU  pETONTOD.

ofipary§ v pporypvn. "OTaw BEAwpey vi TO Ypnotuomoifjowuey, &voiyopey TO Ev &xpov Tiis of-

payyos kaifut Thy,Porifeicy ToU xchwodiou

wfolipev THY TRyHY Tpds TO dvoryua. TolouTtoTpdTrws,
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2&v f) Tnyh eUpiokeTan TepiTou 50 ecm &md ToU oduaTos dvlpdmov, Suvdpela va AdPwuev pobio-
ypaoiav (dxTivoypagiav) oalTol évtds SAlycwv BeuTepohemTwv.

Al olTw AapPavépevan  padloypagict sivan GpkeTd ikavomomnTikai &i' dpiouévous BiayvwoTi-
xoUs oxotrous, al 8: dvTioTolyot ovokeval Alav elfnval.

*Exe1 kaTaokeuac 8 Trapouoia ouokeun, xpnotpotrotoloa 16 padioicoTomov oTpdvTiov — 90 (Sr90),
Eis THv ouoxeuniy ToU Bouhiou ai dxTives y &EemépmovTo Umd padicicoTémou Tol UTTepPiou (Buya-
Tpikol ToU Tm), oxnuaTiiopévou katd THv Sidomacw Toi Tml70. Tobvavriov 76 Sr 90 Somwdra
Trpds Ev lodTomov TO Smolov dkmépel dtions cwpatibia B. Ta cwpaTiSix B wpoowimTovTa éri Tod
Aol ToU kUuMvBpou, Trpokaoly dxTivas Ronlgen, dmws dxkpiPéds sls Tous cwiijvas Coolidge.

131. ‘’Ecappoyal Tév padloicoténwy elg v Oepamevtiviv 1).

Ospamela deglettoveyias Tov Bugeoeidoiis, s Exopey dvagipe els Ta TponyoUeva, & Bupeost-
8hs &BHv Trapoudidlel ueyddnv cuyyivelay Trpds TO fabiov. ‘H ikpeTdAAeuots Tis ExhexTikg ertiis
iB16TnTos B1& TH eloaywyhv onpavTikel Troocol padiciwdiou ey Tov &Béva, Sewpeitan onpepov G
fvos TTOAU xaAds TpéTos B THv Bepameiav Tiis UmrepheiToupyias Tol Bupeonfols. ‘H ouykévrpoots,
Umdp TO  kowovikdy, poadioiwdiou &ls
Tov  BupeosBf], TTPOKOAEL KXTXOTPO-
@flv TroooU Tivos &Bevikol  ioTol,
GoTe f U ool Tapayw Yy SpHé-
vns v& kaTéAOn  eis q:umo?\oymc‘:( &ri-
TreSa.

Els mrepimTwow pdhioTa, &1rov
A yepoupyikt emépuPacis  elven Emi-
xivBuvos fi &BVvaTos wai Btv Suva-
peba v Spdowpev  ¥mpiofepoareuTi-
wds, N GvwTipw pébobos elvan ovoid-
Sous onuacias. “Exs1 UmroAoyiofij 611
ele T& 909, T&V ToaoydévTwy &mod
yrrephaiToupyiav Tol Supeoeidols kal
Beparrevopévay Bi& padicicwdiov, Ta-
parmnpolivTen PeATicooErs kal  pubui-
oeis Ths AsiToupyias ToU BupeoeiBols
&bevos EvTos 2—4 pnuddv.

Ozpomela xagxivov Tob Svgeosidodis.”Av kai 10 idBiov —131 xpnotpoTarfitan Si& TV xaTacTpo-
q:ﬁv Ty ioTédv ToU Bupeosabols, omaviws SuvaTan v& ypnoipotromdi ETTOTEAECUATIKGS KAT& TOU
kapxivou ToU &Béves adTol. Kod TolTo 51071 kal &v EmiTeuyBij karaoTpoen ToU &pyixel (knTpixol)
tolUTou KapkivopaTos, &’ Soov UTapyouv HETAoTATES Tov, ofTal TTPAKTIKEDS PEVOUY GUETINPEXTTON
AtéTi pdvoy TrepiTou T& 109, ouykevTpvouy 1O padioidbiov els dmoTehtouaTik Tood kai BuvavTar

Mstdo‘ramfg MetpnTng

Zy. 192. "0 acleviis wiver doaioy Sdivpa elz Fowp  dhurol

aeptéyovros 1181, moss dudyvwcw (1-50 pc) 1 apos Begumeiay

(1—100me). To iddoy — 131 drrogpogdrae &xlexTids vag

108 xagzivov Tob Gupeosidois xal ¥mo ToB éx peTucTdosm:
TowiToy #ai EifyyeTar O &vog dmagliunTol G.

tropéveos va kaTaoTpagdow (ox. 192).

AUEnots dv ToUTols TS CUYKEVTPOTEWS Tol padiciwdiou UTd TGV peTacTabivTeov KEPKIVOPETY
SuvaTar va UtroPBondngi Si1& Tév E6fis TpodToov ) A pucos 6ob. Katd thy pbobov ctiv fi &mrou-
sia THs dpuévns ToU BupeoeiBols abivos, peTa THV KaTagTpoNY ToU Tehsutaiou, Sieysiper TOV dBéva
g UTrogUoews eis UTrepTrapary oy v Tis SupeoTpdTou dpudvns, fiTis Bieyeiper Tov Bupson8ii. TotouTo-
TpoTws N dppovn aUTn Bieyeiper T #K HETQOTAOEWS KAPKIVEOMATI Kai KUTTAPS TpdS GUTTWPEUTTY
repioooTipoy iwdiou. B) At Tije agoyijs éx vav Ew Tz 60pdvys Seeyéncem; Toi Juocosidois adévos.
y) Awa mapareTaugvng Oeoameiag pé 16 gdopaxoy Oetovgazilioy (thiouracl), 70 oolov Exel TV i810-
TTa v& oTanaTd THV TpoéoAnyv lw3iov Trapd ToU SupeosiBols dBévos. Tote al petaoTdoss dvaln-
&0t 16 oToxeiov ToUTo (idSiov) kal pdhis fuels & Yopnynowusy, TS TpoohauPdvowy deddvas,
SiamigToupévns oUTw TS Béoews Twv.

1) B. Malduov : « Xpnopomoinois padievepy@v looTomey eis TV SlayvwaTikAv Kai feparrey-
iAv» , ixdoois E.E.A.E., 1959.
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Oegameln tijs Bgvdoaruing, TO oToIXEIOV PLOPOPOS elval dvarykalov GUSTATIKGY SAwv TRV fdv-
T KUTTEpwY, olTws GoTe dpiopévn 8éots puwogdpou —32 (P32) va xaravépeTal kaTaAAnAws els SAS-
khnpov TO odpe. ‘O puedds Tév doTédw, of aluomoinTikol ioTol kal of Tayéews dvaTrTUoodpevol loTol
TEIWOUY V&  TOV GUYKEVTRLGOUV.

Ofrw 6 pwopdpos — 32 Blvarton vé Xpnoiwomoindfj Bix Thv karamorépngiv T&w &ofeveiddv Tol
ouoTANaTOS Taraywyfis aipaTos kol péMoTa pé peyoAuTépav émTuyiaw, Trpokelpévou Bid ThHv épu-
Spanpiav (oy. 193).

T& cwpatidia B Tol guoedpou — 32 Biv Separretiouv THv Epulpcapiay TeAsios, dAAG EAaTTVOUY
v Tapaywyhy Tév fpulpiv alpcopaipicy mepiTrov els TO puolcAoyIxoy EmiTeSov, oTdTE, Bkt yo-
onynoews s peydhns ddoews pwogdpou — 32 ) Bi& pikpidv Booewv els Sidpopa ypovika SiacTHnaTa,
ouykpaToUpey Tov dpifipdy Tdv alposaipiwy els TO alrd mepitTou guoiloAoyikdv EmiTedov.

Xorjoeis pudioxolioetddy Sialvudrwy. Kol-
Eudeutiun Aloetdj Scalbuara AéyovTes, EvvooUpey pT Trpaypa-

T anoppdenaic P37 Tik& BihlpoTea, s T& bTola ) dv Slauepiond ol-
Siddhupa cia eUpioketan Sieomapuévn UTTO pop@nv AeTTTOTG-
&Aqmg p32 Twv ceapidicv (BiapéTpou mepiTou 5 pikpdy, 5p)

&vTds TTis Siapepifovons ovoias (s &mi TS TAEi-
gTov Uypds). OUrtw ). AéyovTes padievepydv
koMAoebis Tol ypuool, évwooluev 611 & padioypu-
ods eUpiokeTal UTO POPPTIV HIKPOTATWV CWHATI-
Zy. 193, Ilpoc pelétipp 100 GyHuaTiGuod TGv By BieoTaputvioy  EuTos T Siapepifovons ol-
sueTuTix®y Tod aipatos xul mgog Oegameluy .y gias, Wy, Uypou Twos. Edv TO Uypdv eivon EE
fovllopuynias zal Tijs yooviag Aevgaulas, yomer  pxelveov T& &Tola XproimoTolel & Spyaviouds Tol
tomowotper Tov P32 0 guogpdoos — 32 yoonyei- &ulpddbmou, TéTE KaTd THV Yophynoiv Tol padio-
T &5 vy aglerij 626 poppry U0aTizol dwlt-  woAAosiBoUs T& uEv coaipidix THs v Biacmopd
[aTes dLaTos Tepuégovrog (puopsgo. ovUcias KaTaKpaTOUVTal EKAEKTIKGDS UTTd TéV loTdy,
Ev@d & Qopeus oUTGV, TO Uypdv, UeTAQEPETON TTE-
paiTipw el TOV kalBdhou Spyaviondv. "Otav sliodyetan Tr.¥. koAAoeaidNs Xpuods els TO aipa, T ow—
doTidix ToU padloypuool ouykpaTolvTan ExAekTIKGS UTTO TGV &ofevdv opydvwv kai TrayiBsvovTan
TolouTOTPOTWS UTTd TGV ioTdv,

T xoAAoedis ToU pabioypuool ékméutel cwpaTidix B, pmikpds épPeAcias, émnpedlov olTw podvov
Tobs forous &l Tév dmoicow Exouv Emkadfioen T& &v SiaoTrop& cwaTibla ToU padioypuool. ‘O ypd-
vos fmgeotis arol (2,7 fuépar) pds EmiTpémer v TOV YpnoipoToloUpey, 816T1 1) padievépyeld Tou Eu-
TEs SAlywv Huepdv ifagavifeTal, deoli Tponyoupéves Exel EKTTANPWOEL TOV OKOTTOV TNS, TO &t odupa
ToU dofevols dvexsTtan TOV GBpavi] xpuoov Sik TO Umdhormrov TS Lwis Tou.

To wUprov petovikTnua ToU koAhoeidols Tol pabioxpucol sival STl EKTTEUTIEL GUYXPOVWS PE T
swpatidiax B, Ty Siswwbutikiy drTivoPfoliav y, fiTis émnpedler T& TEpIE Spyava, Soov kal TOV Tom-
xov ioTév, ékTds TS émPaplvoews ToU Spyaviopol Sic Papéog peTdAAou.

To xohhoeibes ToU pablogpwogopikol  Ypwpiou elvar ypnotpwTaTtor &’ dOpopévas  Beporreias,
810T1 & padlopwadpos EKTTEUTTEl povov cwuaTidiax P.

Qepasala xagxivov Tob mgocrdrov. ‘H &1’ elfeias eloaywyn &1 fvécews ToU padiokoAAoei-
Bolis Exe1 dmoderydfj s ypfioinos Tpdmos Sk THY BepaeuTikiiy TOAAGY TUTTwy kakonBwyr &yxw.

‘O Tiros oUTos Beparreias épapudleTon onuepov kail els T&s TEpITTTdOES Kapxkivou Tol TTpooTa-
Tov. "EvBappuvTikd &moTeAdouaTa Exouev Kuplws STav TO KOAA0£1Bis YPNTILOTIOIETTAl TTPO THS HeTa-
OTATEWS.

Ol ypnoipomololivtes THY Texvikiy oiThy Exouv TapaTnpfioer &T1 tis 7 — 10 fuépas & Sioyxw-
Bels TpooTdTng ouoTEAReTan PéXPt TOOUTOU onueiou oTe SuokdAws va Buvdieda va TOv Siakpives-
pev kot SyKov &To QUTIOAOYIKOV ToloUTov.

Kaputviduata vrds xotdorfrwy vol aduaros. “Exer mapatnendfy T el Té&s mepimTdoes
KapKIVORETWY TGOV KoAoTATwY Tol cwpatos, s ToU UtefokdTos kai ToU TepiTovaiou, & &afevis
UTropéper 4o Tovous, Ady e Tiis Tiégews THV OToiavr dokolol TaUTa Eml T@V yerTovikdy dpydvev )
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kai Adyw NUENPEVNS fkxpicews &vTds TGV KoloThTwv TouTwy. ‘H dxTivofolia m.y. Tol pabloypu-
ool, Exel &5 &moTédeopa &’ fvds piv  THV EAGTTWOW QUT@Y ToUTWy T&V Sykwy, GAAX kol Tov
Teploplopdy TGV Exxpicewy 1) Uypdv, ToAAdxis B xad Thv Tehsiow BlakoTiv Tis Tapaywyfis ToUTwy,
ué &moTéAecua THY dvakoUgiow Tol d&odevols.

*Eupitevois padieveoydy cwudrwy Evtdg iorav. ‘H eloaywyn Pedovidy padiov s kaxonders
ioToUs &moTeAel &To paxpoU Xpovou yvwaThv xai dpkeTd kaAnv péfodov Bepameias, ToAAdxis B¢ kai
drrokAeloTiKNY TowadTnv. ‘H Texvikd) olrn Exer fmextadl &Si& Tév padioicoTémwv. OfTw, olpuata
xoPoATiou ¥pnolpomololuTal Bik ToV okoTéy ToUTov. To koPddtiov SUvatal vé yivn mepiocéTepoy
paBievepyov Tol padiov, GoTe vd ¥pnopomorfitan Yo Hop@HY AETTTOTETWY oUpHETWY. T& oUpuaTtx
TaTa TepiBéARovTal YT uf) pabievepyol dvofaiddTou xdAuPos kol TépvovTan els T& EmbupnTd
ufkn. T mepiPAnue ToU duofeadhTou XdAupos &moppoed Tiv drTvoPoriov B, évé Siamepdran &md
Té&s dxTivas ¥, ywpls va émnpeddeTan Xnuikds Ud Tév Uypév Tol odpaTos.

‘Ouoiws Ypnoipomoiolvral 1& ipidiov — 192 kai T Tawtdhiov — 182, pé dpiopéva TheovekTAaTa
kal pslovekTripaTa EvavTt ToU xoPfaiTiou — 60.

*Efwregixal dxrevofolioets, Ta pkpds fnPedeias cwpatibia B § dpopivov padloiseTdmwy,
Zyouv &moBeix8f &moTeAsouaTikg O Emipaveiaka kaprivipata. TMoMdai wadfoes ToU Bépuatos
kaAonBers (BulcpoaTta KAT.) kai kaxondes
Bykol aUTol, TpocPdAiovTan UTd dxcTiveov
Rontgen. Ex ToUTtwv Spcos pdvov al oAl
poAckal  GkTIves BUvauTal va ¥pNGIHOTION -
Golv B1& T& EScbTEpa oTpwpaTa Xwpis Kiv-
Buvov kaTacTpogfis TV PablTtipov xepé-
vev lot@dv. ‘Avmifétows, T ocwpatibia B,
T.X. ToU pabiopwogdpov, Bieigdlouv pdvov
waTd éva fws Tpia TrepiTrov X1A100TE, Xwpis
v& BivavTen dog EK.TO"JTOU vé& gddoouy Tols Zyx. 194, Ta coaparidia B tob oroovriov — 90 yonayo-
Urexeipévous ioTous. zototrrae et Ty Oepameiny Tod zuoxivov Tob aplaluob.

Kapuivog

Kora Tnv 9eparreiav  kaAofifous Sykou
7 xakomfous veoTAacias ToU d¢BaApol, ypnoiHotroriTa 1 duwTipw Texvikn, Bid cwuandiwy B Tod
icoTéou aTpovTiou —90 g il TO TAelgTov (oy. 194).

Tnledegameia. ‘H EE &ooTtdaoews Bepareiar Si&k Siouns &xTivwy y &k Twos padioicoTdmou &o-
TeAel EEEMIEWY TS BepamreuTikiis Texvikils &1’ dxtivwv Rinlgen xal pabiou. *Emeidh éuws fy Sioun Sweu-
BUveTal Péow TOU COPATOS KaTd TEV KapkivepdTwy, BideTan ueyddn mpoooxn s Tov kivBuvov Tov
Smrolov BiaTpéyouv kai ol Uyiels fotol. ‘Qpioptva padioigdToma TheoverToly 5 TPds aUTHV THV G-
moyv, BidTt SAa TG guwTévia THs dkTivoPoAias Twv Exouy Tas aUuTas vepyeias kal ETTopéveds dpiguevnv
BieloBuTikAY IkavoTnTa, vd eis Séouny dxtiveov Réntgen af vépyeien TGV dxTivewv mowiidowv kal
TIPETEl V& KATAKpaTAoWHEY € alTdv Tas eUKGAWs &moppogoupévas UTS ToU SépuaTos kad THV
x&Twf alToU Uyeiddv ioTdv. Atk v AdPowpey  Séopny dkTtivoPorias Rinlgen Téoov  SieebuTikiy,
Soov 1) &eTwoPoria ¥y ToU koPaitiou — 60, xpsaiddetan eibiki Bamavnpd  EykaTdoTaois dxTivey
Réntgen, Tdoews Aertoupyias mepimou 2 éxaToppupicow POAT.

‘H BouPa koPaiTiou — 60 elvon Pacikdds Ev wikpov Tepdyiov padievepyol kopahTiou &is TO kévTpov
wmds peyéAns opaipas HoAUPSov, §f dAAou UAikeD Bopaxicews peté BupiBos. "“Otav 1) nyn Bev xpn-
gipcToieitan, 1) Supis Bik THv EEoBov THs Séouns THY dxTivew y éx Tol koPahTiou gpdogeTan UTS KI-
vnTol TapaBUpou Bwpaxioews. ‘H PBéuPa Tol koPaiTiou oTnpileTal kaTd ToleUTOY TEOTOV, BITE f
txrrepTropévn Séoun v dUvaTan va kareubuvBi) Trpos olavbfmoTe émbuunTav SievBuvoiv.

Al cuoxeuai xoPoATiou Tafiveopolvrar dvahdyws Tol mosol pabwvepysias This TTnYTs. Olrw
EyOHEV TAS OUOKEUGS TGV EKaTOKIOUPT, TéY &troiwv f padievépyeia eivan pepixal éxarovtaBes curie (gu-
okeval slpeTakduioTol) Kai TaS guokeuds TdY YiAioxioupi. Al Tmyel T@v ouokeudy yilokioupl yo-
paxTnpiovTan &To paBievéipysiav pEpIKGdY XIAMGSwY curie kai &oTeAoUv povipous EyKaATACTACES.

‘H Bepormeic BlvaTan v yivy kard deehipdTepov Tpomov BI& TeploTpoghs TS ouokeutls TEpIE
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ol dobevols, Tis Béouns kaTeubuvouéuns TauToTE TPOS TOV Kapxivouw. OUTw pia peydAn 8dois pa—
Swevepyelas Suvaral vé yopnyndij els TO kapkiviopa, ywpis vé UmepekBécwopev els THY axTivoPoAiav:
Tepropiopévny EkTaow ToU SépuaTos kal TEV Uyaidv ioTédv. Mia ToialTn mepioTpegopévn PouPa ko-
RohTiou BewvieTan el TO axfina 195.
ZravitoTepoy, ¥pnoluoTrotoivTal Tapduoial ouokeual pabiov kal keoiou — 137, Td kaigiov — 137
Exs1 TO TAeovékTnUG 8T1 & Ypovos Hmbwiis alTtoU (33 &Tn) elvar ToAU peyoAUTepos ToU Xpodvou fpi-
Lwiis ToU koPaATiov (5,3 #tn). 'ETeidA 5t ai drkTives y almol eiven dAydoTepov BisigbuTikal, dronTel-
Ta GArydoTepov UAkby Bwpakicews, Tapd eis 16 koP&ATiov — 60 THs alTiis TroogdTnTos &ls Kioupi(c). ‘H
Co®® axkTivoPoria ToU kaigiou kaiTol eivan
poAakwTépax THis ToU xoPaiTiou, Biv-
Siagépel TT&pa TTOAU, doov deopd T
&rmoTeAéopaTa aUTs & ToU &vpdd-
Tou, &mwd TRV ToU koPaATiou kai
mbavoTaTta & Ypnowomondi ei-
pEws, TapaAAnAws Tpods THY Tol Cobo.

AL wy i

" mpiotogs |

Oepameia dia ocvAdlhywews ve-

1 rgoviwy, Mia EvTeAds BiapopeTikty
Texvikf EEeAicosTon agfjpepov Bid ThHv
Bepateiay, eibikdds, TOV Syxwv TOU
tykegddou. KaT althv Ev oTabepov
fooéTomov  yiveTon pabdievepyodv, dool
ToUTO oUYKevTpwOf] Proyxnuikéds el
TO kapkivwpa. To XpTNoipoToioUE-

Zy. 195, Hepmorgeqopdvy Bopflu xofalriov. "¢ anyi) dxrivwr  vov otaBepdv lodTotrov slvat o Po-
v, yoyGuomoEttar 1o zofdltior — 60. “H Ovois 1T xieler 10 prov —10, T6 &Troiov SibeTtan eis TOV
arorpe Grar 081 Z0NCYoTOOTHEY THY TP, &obevi] UTTO popeflv  SidAUpaTos Bé-

paros kai Exe1 plav  douwvndn |ikavd-
T v& ouAAapBéun vetpdvia. To Béprov — 10 ouykevtpoUtan el TO kapxivotradis Tufiua TolU éyxe-
pddou. *Ev ouveyeia, 7| kepaf) ToU dobevols ExTiBeTon els Séopny fepuikddv veTpoviwv TTpoepyopiviov
€€ dvmiBpaaTiipos Twos, OmOTE TO Bopiov — 10 cUAAXUPEVE VETpOVIQ TAXUTEPOV ATTO TA YEITOVIKE
oToiyela, kaBioTaTtar padievepyodv kai ékméutrel §v owpaTidlov o, wikpds EuPeAeias.
OUrew kataoTpépovTan of kaxonfels Sykor pt #AayioTas Buvards &mwAeias Uyeidy loTdv. ‘O Tpd-
Tos aUTds Bepamreias elpiokeTan dkdpn els TO oTaSiov é€eAifews, GAAX T péyxpl orfjpepov dmoTeAéopo-
T& ouvnyopolv UTép Tiis ouvexioews TGV Epeuvdy 81 Epappoyfv Tis ueBdSou TavTns.

132. Brohoyuuy) Spdoilg TtV dxtivoBoAidv 1). Al ék Tév pabioicoTdmwy, duTiSpacTipwy,
EmiTayuvTiGY pnyavdy kad Trupnuikdy Ekphfewv  loviousan  dxTwoBoAici, TTpokaAolv onpovTikds
HeTaBOAGS £ TAV KUTTARWY TV LOVTWY dpyaviopdv.

Al peToPorad alre, fi af xaraoTpogal TéY kuUTTEpwY, E€apTdyTa £k Tol TroooU xai ToU pubuol
Béoews TGOV drTwofoAiddy Tds doias dmoppogolv TalTa.

Meralddfers. Al veToPorai Tas omroias UpioTavTar T& xUTTapa, STV ETTOPPOPTICOUY pITHEVTV
Béawv dxTvoPolias, onusiclvten kuplws el Tov TTupfiva alTédv kol péAioTa els T XpwuHaToTOUOTE
kai T& yovidia. OUtw S Bpaioecos, dvacuvdioews kal dvakaTaTdfews TGV BpauoudTwy TRV X pwua-
ToowpdTwy dnwoupyolvtan wetaPohal eis TNV Sounv adTdv, peTaPifalopevon els T& BuyaTpike kUT-
Tapa. Al TolouTou eibous peTaArdgers (XpwuaToowuaTikal PETOAAGEES) d8nyoUv &s il TO TTAsioTov
el xpUMio TéY KUTTEpLoY.

Al peTodhd€ers afiTives 08nyolv els Snuioupyiav TrowiAias dpyaviopddy, ogeilovTtan el peTaPords
T&VY popiwy 1@V yowiSicw (yowidiaxal patodAdes) T& &Tola eUpiockovTal & TGV YXPWHATOCWUETWY
kai &moTeAolv ToUs gopels TS KATPOVOMIKSTNTOS.

1) I'. Havralij: «<Mafjpata PoaSioPiohoyiasy, &kdoois E.E.A.E., 1959.
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*Qfsio dxrivomrdBeta, “H ofeia dxTivomddeaia eivan dmoTéheoua Tiis dhiyoypovou ixbigews Sho-
xAfjpou Tol cwpaTos gls UynAnv 8écw dxTivoPoiias. Kat’ abtnv, duéows peTd Thv dkTivePéAnciy, éu-
pavileTan YTTéTaO1s Kl &v ouveyeig EpeTor, Sidppoia, ounTURVwols ToU afpcTos, ainoppay i, yaoTpey-
Tepik& EAxn kai HOAUvoEls, Adyw ToU yeyovoTos 8T1 & dxTivoPoAnbels dpyaviouds xabioTaton elai-
ofnTos €l Tous uikpoopyaviopous, ol émoior &AAws Bev eivar mafoydvor Bk Uy1& Gropa (BAGTTWOIS
Tfis dvTioTdoews ToU dpyavicuol).

T& cupmTduaTa auTd TapeTnphfnoay &l &rduwy éktedévtav els loyupds Sooers drTwoPohias,
caTd Tas ikpnifels dropkéy Poupdv Tiis Xipooina kai Tol Naykaodk.

007w, «) *ATopa BexBévTa Bdow 600 r | kal peyahuTipay, TTapousiasay dKaTaoYETOUS Epétous
Shiyas Gpas peTd THY Ekpn v kal Tas ETopEvas NEPas HeYSANY KaTaPoAfy TV Buvauewy, Sigppoiav,
QAeyHovily oTOpaTOs Kal @dpuyYos VEKpWTIKOU YapakTipos MeTa TrupeTol, pet’ OAiyag & fpépas
irfnGey & OdvaTtos (Urepofeia Hoper)).

B) “ATopa BexbévTa 300 — 400 r Tepitrou, Tapougiaoav vauTiav kai éuéTous Ohiyov peTS TNV
gxpniiv, oUyi ucos waxpds Siapkeias, Meta piav Eog Tpels ipBopdadas tvepaviohn TpixdTTWOIS, EpU-
gnug, Sidppoia (cuvnBes alpaTnpd), £€eAkcroels ToU BépuaTos, ToU oTOMATOS Kal TOU apuyyos, HoAlY-
seis xai dvoapia. Els Tés TrepirTdoes i éykaipou BepomeuTikdis dmepPdoscs tonueidinoav Bdvarot
gmi 509, TéV TANYivTwv (Ofeix Hopen).

v) Téhos, &mi &rduwv BexBevtwv 100 —200r tonuembnoay T& CUUTTTOHATA THiS TPOTYyoUpévns
(B) xaTnyopias, GARG tAcppdTepa. Ta &ropa TolTa Eméinoav &g’ oov f) dxTivomadeia Biv fouvodeleto
GTrd EyKoupdTwy T TPaUPaTIoHGY.

‘H BvnotudTns &k Tijs ofelas drtwomadeias Syvaran va EAaTTwE B’ GuEgOU YOPNYTITEWS KUOTER-
uivns, 81 EravelAnpuévewy pETayYioewy aipaTos kai 81& Xopnynoews GuTiIB1oTIKGY.

Xpovia dxrivomddera. AUTN elvon dmoTéAeoua Ths mepoBIkg grri Ikavdv ypovov, 1) cuveyols
ixbiotws Evods dpyavicpolU els wixkpas éoeg axTvoPohics. Xpoviav dxtworddeiav Trapoud&Louy Kupicws
Sroua yeipiGdpeva T yds 1 ouokeuds dxTivoBohidy, fi drope Urokeipeva els padiobepareiav i pakpov,

T& tnpovifdpsva CUNTITLOHATA  Eival dvopefia, voutia, EpeTol, Bidppola, kepohahyic, TAryyor,
GuTrvia, alodnua koTwoews, YTToTaos xai kapdiakn dppuduic. Té& oupTrTopaTe adTd elval EvTovdTepa,
Srav dxTvoBorfiTen 1 kownia, Tapd & fbpat, kai cuvodelovTat Urd affoews Tdv olpwv.

Adyw Tiis PAaPepas émbpdaoecws TV &rTwoBoriddy &l TEV Spycvioudy katebeikvlisTan Tégov
uaryraic glvan | AfjWis TTPOO TATEUTIKEY PETpLoV S1&x ToUs yeipifopévous dpyava | TRy ds drTivoPohidy.
OUTw Exer &obery8f 611 ol doyoAoUpevol pt Epyaoiag oxeTikds pé dxtivas Ronlgen xal paBioiodTo-
o, Bov v pf Béxwvran BéoEs dvwTipas Tiis mey ioTns &vexTiis Sooews, 1 émola &vip-
yeTau &ls 0,1r xa®¢pdopdda. Eis alrhv Thv 8dow, 7 KapKvoyovos Spdois T dkTivoPoMév eivat pn-
Sapivi, © 8¢ yeveTikds kivBuvos doTjHavTOS.

Afov v& onpeaidi 811 dAo1 of [&vTes dpyaviopoi, Adye TRV &kTvoPoAddY & THs KOTMIKTS &KTIVO-
BoAias, K QuUOIKGDY padlevepyddv ovoiiv, sUp1oKopéveo els THY dTudopaipay, els TO ESagos Kol 2UTOS
00 TlpaTos auTY, Acupdvouy kat Etos 5o 0,15 r. *H 8do1s aln glven oAU wikpd B1& v& TTpoKa-
Aton PA&Pas, &v kad TOAAal K TGV yoviBiarésy peTaAAdEecov &rodiBovTat gis THY uokiy alThY SKTI-
uopéhncw.

II. EPAPMOIrAI TQN PAAIO-I'SOTOIQN EIZ THN I'EQPTTAN

‘H fpeuva els THY yewpylav Pacifetar ofpepov els THYV Xpiioiv TGV oraBepidv kai pabievepy v ioo-
correv. T vix TalTa péoa AUouy IKavoTrOImTIKES TpoPAfpaTa Tis &voaTrTUens TEV puUTEY kal TEY
Leowov s Erions kal Tév dofeveidv ToUtev, of &Troian T& PAGTTTOUY i T& KaTaoTpépouy. Al épappoyal
&V paBioicoTéTwy els THY yewpyiav oTpégovTan xupless yUpe &rd usAétas TéV Bapddv kal TéY Mra-
Su&TwY, TV pwTooUveaty, THv tvTopochoyiay kai ThHv Opéyiv TV QUTEY Kal TGV Lwwv.

133. "Epappoyal tdy padleicoténwy énl TV @utdyv.

Merafolionds tdy diapdpwy odoidy. ‘H petaxivnows Tév TpochauPavopévey Ex ToU E5agous
fpeTTIKEY oUTI&Y els T& QuTA peAeT&Ton TH Ponfeiq TéV padioicoTdTww TOU pwagdpov, Beiou, dope-
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oTiov, YoAxkol, HoAuBSaiviov kai weuBSapyUpou, S1& THY AUcIV TrPoPANUETwY &pophdvTwy THY Spéyrv.
01 ixvnBéTon (pabioicétoma) Yprotwomololvtal S1&x Tov xabopiopdy Tis Siabpopfis, ToU pulpol THs
&moppogroecds kal Tol TpdTTOU peTaKIVACEWS oUTias Tivds dTds TEV QUTHV.

To padievepydv &oPéoTiov xpnoipoTroEiTal mTuy s Bid THY peAéTnv Tijs TTpooAnyews Tol dofe-
oTiou UTS TV pILGY Kal TEY kapTrdv TGV uoTikidy (&payis 1y Udyeios). ‘H peAéTn E8eifev &T1 TTapa

Metpritig

llllllllllllllmlf ""

il

.

Sy, 196, a oy pekétyy T moocinypsmg
U0 ToU @uTol Quopogolyou Aurdouartos,
sonGuyomowtuey Tov P32, T padievegyor go-
apovetyov Almnacua tiletar eic dtuq"oou néon
Zug ToD purod =al OO évds dma-

Padievepyov Almaoua

oilluyTod dwwmmotoduey Ty mogelar Tol padio-
guepooor dvd Td dudgpoga puégn ToT quToD.

TO yeyovds dT1 TO doPéoTiov dmmoppogliTan UTd TEV
pitdv kal TGV xapmdy, TPOCATYIS aUToU pdvov U
TV p1fdy  Bév Erapkel Si1&k THY &vdrTugiv TGV Kap-
TV,

‘O oidnpos —55 (Feds) ypnopotoitan Sid ThHy
peAéTnv T HeToTotioews ToU oibfpov gl TO Loxa-
poxopTov.

’Etrions & oifnpos — 55 (Fed3) kai & yweubdpyupos
—65 (Zn 65) ypnoipomoloUvtal 81& Tov kafopioudv
TV ToparydvTwy, oiTives ETrmpedlouv TRV TTPSTANYIv
Kal THV KaTavouny TV dvopy &vwy EVWoewy EvTos TV
foT&@v ToU @uTol kai THV Ypnoipomoinoiv Twv i1k
TNV ouvbegw TAV Spyavikdy Evdoewy EvTOs TOUTOU.

pdedngyie Aemacudrwy, ‘H TAtov ékTevi)s Xpfi-
o15 TAV padioicoTéTwy els THY yewpyiav deopd Tos
HEAETaS TIPOOANWEWS TV AlTTacpdTwy UTtd TV pu-
TV,

Mé Tous ixvnBétas eivar BuvaTdv va HEAETT|Ow-
pev &x1 pdvov T TexvnTd, SAA& xal T uolkd TOI-
alra (ox. 196 xai 197).

"Eqw éml mapadeiynaty, fxwusy gwopopolyov AiTacpa pi pwopdpov padievepyov (P32), Suvdueba
v& TAnpogopnddiuey s O& TomoBeTAowley (k&TwlEy TGV oTEpp&TwY, BrxomdpTws els TO EBagos f

fmi ToU QUAADpaTOs) TO AlTaoua
Sid v Exeopev T& KaAUTEPX &TOTEAE-
opaTa.

A& THs ¥prioews TV padioigo-
ToMWY  GmeBeiyfn Wy, OTI T& ouTd
TpocAapPdvouy Tas GpemrTikds oUalag
&1 povov Bid Ty pigédy, dAAG kad Bk
ToU QuAAwpaTO:, TGV KAPTTdV, THOV

Merpnng

T

PAacTévy, Tol xopuol, dxdun &t kad
ik TV dvbécov.

ZUyKpITIKN TpoaAnyis Tol goo-
oedpoy —32 Gmd TéV pilddv kal Tod
PUAA@BaTos (oy. 198), Sewwier 8T
al pifen &moppogotv T& 109, ToU
TPOTPEPOUEVOU Quopdpoy, #d TO
QUM wpa (81" Embioews) T& 95 0.
levikdss Exe1 &moBeiyBii 671 TS @UARov
sival dpyavov  peyding IkevdTnTOS
TPOCATWEwWS IPeTTTIKGY oUTIGY.

ﬁ \ﬁ% " 1 IIlIIil;IlIII il mm
@ @

padieveoydv Almacua. Eic iy Aesdvipy
Aw yonowomowdbvres s Almacua Ta
vijc Aexdyng 1.

Aetypa
owudAewe

Zy. 197, Tov padopwopdgor (P32) yoncuiomowiusy Sut Tip
pedérny Ty guTixdr Amacudron.
peev gig Ty Aexdvny 1 Gitov évrog ydpatos ué pwogoectyzor

ITooc

Tolto =alitcoypod-
2 xallieoyotuer oixa-
Enod gura ol oitov
Awi vob dnaglBuntot G moocdiooilopsy TOW
PWOPGQOY £l Td gUTA T mirdliews (Seiyua).

"OTav & oméppoaTa oynuaTifwvTa UTOs TGV KapTdv, T& padoicdToTa Saikviouv &Ti & . TA

TPOPOS TayUTATH ouykevTpoUTal eis adTd. Els THv TERITTWOIY TGV PAAWY, & PWOPOpos SpoU LE pa-
yviiolov ouykevtpolTar s T oméppaTa. Tolto £Enyel To povdpsvov THis EAAeipews Tol payvnoiou éx
ToU UAAGUETOS KaTd TO Bépos. Mehétan Bik pc:&ocxc'ﬁec‘rlou &mederfav &T1 ol Si1& ToT PUAADBGaTOS
sloaydpevan Bpemrrikal ovoicn Siv HeTakwolvTan Trpos Tas pifeas.
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Meiérar Bni @y Godeverdy tdv @urady, Els To oxfjpa 199 Sexvieton Tpdmos pehétns &abe-
verov TV guTdy Six padloicoTdmev. Mé Thv | Porifeiav Tév pabioicoTémwy Told pohupdavioy,

Mo®3 kai Mo99, (16 poAuPdaiviov eival
Suvdusia va kaBopicwiev Troix guykévTpow-
o5 ToU oToiyelov olToU BiakdTTE THv
TpdoAnwiy oiBfipou kai EToudvws Emipipet
THy xAwpwaoiv Tol guToU.

*Es'8puots dutevofoldias. Al igapuo-
yoi  Tév paBioicoToTrov els THYV YEVETIKIY
<&y puTddv pds Tapéxour UTrooyioels ipea-
vigews vécow TrapoAAay®dy QuTiY, &g’ fvds
uty ixovédv va dvlicTavTtan els Tas dobeveiag,
S¢@° ETépou BE &MOBOTIKWTEPLV.

Quokal peTaAA&Eels 7 Biogopomoin-
s &lg TX OMEPHATIKE KUTTapa, &Twa
clva of Qopels TAV KANPOVOMK&Y 181071~
Tov, ©f kai  els SAAC pépos cwepépbn, Aou-
Bavouv Ywpav Tuyxaics uE TOAU  dpydv
puBpdv. ‘H lovidouoa (ix TV paBioicoTé-
reov) drTivoPolia aufdvel Tov puBpdy TV

To0UTwY peTaAAGEEwY.

Oi ¢moTRpoves ol dmolel &oyxcAolvtat
ué ToloUTou Eidous MeEAETas kaTwpiwoov
wx xafopicwatv Emakpipdds Tov Tpdmov ué

oo 168es EBaIkov OpeTTIKGY OUCTATIKOV TEV QUTEV),

:Tmpcu
Zy. 198, i iy 2

Tol qoopipor U6

GUYHOITUZNY HEASTIY Tij2 A00GAjpems
T gl rzal Tol gulidpares
sonoworowiper tov P82, Ai cyetical petojoeis det-
saiovr 61 10 mheioTor Tob pwogdgor, Tov Telévrog éxl
TN @UAior, aroppepdrar (drw xapmily), érd pdrov
oy aecooTor Tob mupd Tag elfas TeldvTos poogd-
pov moochapfidreTar 6 abtdy (wdre zapmiiy ).

Top dmolov 81° drTiveBoAias Suvdpeda va émi-
Spdowuey il TEY QUTOY &l B1agopous TERITTIOE, TS Prohoyikas ouvBnkas aiTives TPETEL va TTAT-
colvTan, TOV EmTepeAéoTepoy TUTTOV dxTivoPolias xai TTOAAOUs &Ahous Tapdyovtas Sik THY &TOTE
AsoUATIKNY GQUTILETGOIOW TOoUTWY TpoPAnudTwv.
“Ev &Trd T& TTAfOV TIEIGTIKE EMTEUYHaTa Eiven ) Snuioupyia Bi1& TpooPoAils pE veTpovia Evds viou
iSous Ppwpns, Gvbi-

G oTopévng £l TAV
7 orwpiaow.
MEIFH‘EI‘?Q Merpning Eis Thv B. Ka-
UITH IR ’ - .
poiivay Tév “Hwvw-
m““ mi Héveov MoArtaiéow
. A Taphxnoay, KaTé-
< mmﬁn"" L mv &xTivoPohias,
/93 puoTikia TEY drroley
Mo 1) TapEy wy ) wepou-

BpenTiudy Sradupa .
c14der abfnow kaTd

Zx. 199, A Ty pelivny 15 Emidpdosws TEHY GoveT®Y 0D016Y YorctpoTowodiey 30 9 To B oxijue
4 padwigéronia poivpdaivior =93 xal poivpdaiviey =99."Otav 76 mgooTilépe-  xai péysdos aUTGY
vor poivfdalvior iz T foemTedv ddivpa elvar TEPIOTOTEQEY TOD #yovizod,  TpooapuéleTal  Ka-
AUTepov Bi& pmycw-
Kfjv cuyKkomdfv.

GucewosleTal gic T gliiwpa xai oTapatd T OSEAMpr 1o ((ZAdowas).

*Emreidn 1) pUoIs ouvex s Snpoupyel peTaAMGEels Spyaviondy (1Gv, pukATLY KAT.), TpokahoUvTwY
&ofeveics TEV QUTRY, XPNCITHOTIOWUNEY GTjUEpOV T& padioigéToTa Sidr va TpoPAépcopey THY BuvaTéT-
+a pEAROVTIKGY dofevaidoy. OOTw ExBeTopey £lg diTivoPoliav fous kol pUKTTOS 81& V& TTPOKTAETWHEY
perahA&Ees auTdy. T véa alrd eldn Tév idv ka pUKA TV KaAAiEpyoluey €S uTa §i& va iBwuev
Troicu £iBous dofeveias Trpokaholy Kal Tréds Buvdpeba BepaTTEUTIKGS var ErrepPoopev.

*Amodénara darog, [veopifousy STt 1 Enpacia émnpedlel oNUAVTIKES THY yewpy Ky oikovopiov.
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*Eme1df) ol mapaywyol yewpyikdy TpoidvTwy TpETel v& yvwpifouy & drobéuata &pdeucipou U8aTos,
T& dmola SiaféTouw KaTd Tés TEP16BOUS KaTd Tas oTroias Bév EXOHEy PPOYOTITCOEIS f) KATG TAS TEPIO-
Bous dmpodtTou Enpacias, yprnowomoioUuey T pabioigéToma ik TOV oromdv TolTov.

Al TTAnpogo-
piar  TEplt  TOU
w&yoUs TTS X16-
vos xai ToU U-
wous ToU UBaTos
£x BpoxoTrrd-
i H oewv  Elven ou-
5 | vnbws  dverrap-
xeig, B16T1 TTOA-
Acl  peydAat As-
xavai guppofs
elvon  &mrpdorTol
Co®? KT TOUS  YEIpE-
pvous pfjvas. T
pabioicdToTrar £-
TTPETOUY To10U-
Tou eibous TnAs-
UETPTIOEIS, 605 TT.X.-
B1& TOV TTPOTdio-
plropdv Tol Trepie-
Xouévou el UBwo
CTPWHATWY Y10~

MeTpnTng

Zy. 200, [Hoo: aocdwoondy 100 megeyondrov &ic Gdwe, m.y. orompudTor o=

vog, yonowozewipey Ty elzoviopdvny dudrafw. “H  daxtwofoila Tod xofaitiov

— 60 dzoggopovpéry &y péoer Uno Tijs qudvos, elofoyeTar eis Tov draplBunTiy G.

Hgopaviys, 1) &rracie Tijc dxuwrofoiias ftie xarapeTgeltal 676 100 peronTod ESap-

TaTwe 4o To Adyoc 100 6TedpMaros Tis yovos. To peroorusvoy péyelos perafe-

fdlerar dit Tob Topmod 1L eig Tov OfxTiy 2 ToT oralpot xai avayryvdoxetar eig
Tor zaraperontiy K.

vos. TTpods Tov oxomdv TolTov épapudleTal f) Sidragis Tol oyxnuaTtos 200.

‘Avdmrvbig Tdy peldv, M va  EMITUXMEV peyaAuTépas &TOSOTEIS TGV QUTOV, TTRETTEN V&
yvwpitwper T&s Aartoupyias Tol GUoTARGTOS TGY PiGdy, ds kal TOV pududy ué Tov éTroiov duaTrTUc-
oeTen ToUTo. ToladTan TAnpéoTepon yveooes &mekTrfnoav 2k peAeTdV pé padioiocdToTa.

"Emri wapadeiy o, pabioavixveuTikad pehéton ESeifav 61 T& puTE TolU dpaPociTou, Ta dTola Exouv
SKTETQEVOY OUCTNHG PIL@Y, KaTd THY Emoxnv Tiis peyioTns dvamTtigecs, Biv xpnopomololy v ueydio
uépos ToU peoedpoy, T6  omroiov UTd popety  ArdopaTos ETERN
els TO x@ua kaT& Thy Emoxnv THs oTopds. ToUTo dgeieTan elg
T6 yeyovds 6T al pifor ToU dpaPositou, kat& THY EmoxnV Tis
Gpdvoews. éxTeivovTal kdmwley Tol BaBous TO dTroiov oxrdTTTEl
TO GpoTpov kal émopivess 1) ouykomdh TpigeTal pévou pé Tov
Pa@dpoV SoTIs UTrdpyEl QUOiKdds gl TO ESagos.

Els épedvas Emi Tis dvamrTUfecs @Y piidy, & pablogwas-
pos TomoBeTelTan els Bidpopa Pabn kol Béoeis kéTwley Kal YUpw
amd Ty Paow Tol utol. ‘H tupdviors podievepysics els T
PuTOY Bndol &1 ol pifan Exouv gB&oar TS AlTracpa, ETTITPETTONE-
vou olTw 8Tws dmokTowuey AeTTTopepes Tépav elkdva THS dva-
TTUEEwS TV pigddv.

Pwzogvrdecis, Pwroolvledis elval 7 Sipyacic 514 Tis
Smolas (xAwpopuiholya kol {@vTa) puTd cuvdéTouy Tds 6pe-
Tk B alTd elolags (G8atévBponas) ik Biofeibiou Tod Gvbpa-
o5 kol UBaros i) Spdoel THs dxTivoPdhov tvepyeias ToU ‘HAiou.
Hro yvwoTov E€ dpxfis, 6T1 xaTd THY pTocUvBeoy EKAUETAL
Suydvov, Biv fiTo bpws yveoTh fi TNyn ToU 6§uydvov ToUTou.
TOC'TD drmekaAUpln UTd SpdBos Auepikavisy moTnEdvwy, of &moiot ExpnotpoToinoay G8wp, Tou
otoiou To Sfuydvoy fTo TS oTabepdy iodTomov dfuydvov —18 kai kaTéAnfav el TO CUNTTEPOT R

Zyx. 201, Ilgoc pelérny tijs gei-
rosuvldoews yonouomolouey Tov
Cl4 $76 pooghny CL40,.
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311 Tnyn ToU ofuydvou HTo TO dfuydvov ToU UBatos kai Syt TO ToU Biofaidiov Tol dvEpaxos.

’EE &AAou #mioTripoves eis Ty AyyAiav éméTuxov T Emouevov péya Phipa mpds efixviaoiv Tiig
owToouviicews. 'ETepdyicav T& @UAAa Euds puTol kai ETomobiTnoav cUTd EvTos UdaTos UTtd THV Emi-
Spaciv TV HAlaxdy dxTivev. TTapetipnoay Téte 611 f) XAwpogUAAn owvexile Thv &khuov ToU 6Eu-
yovou xal TV TrpdoAnyiv ToU Siofabiov ToU &vbpakos.

Ao ToU 1946, 8Te 6 paBiodubpag (C14) fipyioe va TrapdyeTal els ey dhas TosoTNTaS, ETPOXwWN-
gev 1 Epeuva eis TNV 2akpiBwaiv TEY ynukdY dvTiBpdaswy aiTives AauPavouy Xwpav KaTd TAV gTo-
guvbegw. OUTew ESeixBn 8T1 #v éx TGV TpdTwv TpoiduTwy sivan T 2 — progopoyAukepwikoy &EU,
ClI,O0HCH (OPOgz=) COOH.

‘H pwTooUvlecis AauPdver xdpav (Sews Tohhat wikal AerToupyict) Tayéws, Sivavta §& v& oxi-
uaTiofoUv dpkeTal £VoEls 2vTOs BEUTEpoAémTwov TIvédy. T oyijua 201 Seixvler Tov TPSTIOV XpNoipo-
Trotfjoews TV padloicoToTwy Sid TNy Siepelvnow THs ewToouvbicsws.

134. E@appoyal Tdv padloisoténwy éni tov Lwwv.

Al pifoBor ¥pnoipoToloews Ty pabloicoTomwy Bk peRéTas dpophoas TV pualchoyiay Kal Bpé-
W TEY fedwv, elvan el TOAAGS TEPITTTEOOES Spolan TTpos TS TV QUTEY. Eivan yeyovds 671 pedéten émi
Zdbwv 88nyolv els cupTepdonaTa xproiua o Paoes 81’ Epapuoyds éml ol avlpamou.

Ta& pabicigétoma slval fows ofjpepov Té& povadikd péoa Sik Thv pehétny ToU petaPoliouol Tév
KGACUMEVGOV H1KPpOBpe T TIK® v 0V o1 @®v. MikpodpemTikai oboial, ds T6 koPdhTiov (ouoTaTIKOY
Tiis Prrapivns B-12)kai &AAan Tivés, AdyovTan ol oboicnai émroiat ypnoiuomoedytear U0 TGV SpycVITHEY
=i Aav pikpds TooéTnTas (Td TpdPaTa kai ol Poes xpeidlovral xoPdATiov 4 - 108 g 7- 1078 dmi
Tois ékaToV TrpocAcuBavouéuns Tpogfis) kai ETrouévas povoy pE padioigdToTa SlvavTat véx duiyveutolv.

Ak ToU poAuPSaiviou — 99 &mebeixfn 611 TO oToixeiov woAuPdaiviov elvan ouoTaTikby ToU Y-
AaxTos TGOV &dyeAddoov.

M& ToU Befou —35 &meBelydn 6T T& &mwofia xuoTiv kel peBeiovivn ouvTifevtar UTro TéV
wpoPdrwv kal Podv, TpochauPavopivou Tol Bsiou EE dvopydvou Beiikol &haTos.

Av EpuPoriaopol TGOV dyeAdduwv pE UAka TrepixovTa padlodvipare kai B1& peTphoews Tijs pabdievep-
yeias ToU &xmveopévou Bio€eiBiou Tol dvBparos (COy) xal Tév Biagpodpwy ousTaTik@dY ToU ydharTos,
of tpeuvnTai BuvavTal v& kabopicouv Tov pubudy pé Tov dmoiov opyavikal Evhoes SixoT@UTL EVToS
ToU opaTos kai THY gupPoAny ToU &vBparos els TOV OYNRaTIOHOY ouoTaTIKGY Tol yaAaKToS.

Al &xTivoBorial B ToU oTpovtiov — 90 ¥propoToolvTal B1& THv Beparmeiov poAUvoewy TGV 6elai-
udv kal ToU BéppaTos dypoTikdy Gy, s kai S THY Sepaeiay KOPKIVWUETWY TV dplaipdy Tatpwv.

Téhos, T& padioicdToTra XpnotpotoolvTal Si& Thy ueAéTny THs Embpaoews THs padlevepyeias
ri TTjs QvaTrapany oy is kal THs yeveTikijs TGV Leowv. O spuiioTpopol, #rl TapaBelyuaTl, xpnoIHoTowiy
dxTvoPoAias, kaTd Tés TpooTadeias TwY TPOS grriTeu§ v yeveTkGY LeTaBoAGY, dBnycuady s avEnow

Trapaywyfis Uy dav.
135. *Egappoyal tév padoigotémwy éni TV EvTouWY .

Tevind. Al xaraoTpemTikal émiBpaoss TG piKp&dY aUTdy fewapicy, ouxvd rnpediouy fi kafo-
pifouv TS olkovouIkov xal Kowwkoy Emimedoy TV TTANBuoR®dY. Al KATAOTPOAI TUYKOUIBHY UTTO TRV
dxpibwv, al tEarmAoels &obeveliov ¢l &wbpcomoov kol Loy UTIO TRV KoveoTwv Kai Tédv puidy ame-
TeAoUY peydha kaBnpepivd TrpoPAfjuaTa ué &uutroAoyioTous ouveeias. g

T& TpoPAfuaTa cUTa HeAsTOVTAL ofjpepov Ko TO Suvatdr kai pi THV Poffeiav TdV pabioigo-
TOTTWV.

Zrelpwots. AV EmépPacty eis TOV KUKAOY GuaTapaywyfis Gpiopivev Eminuicoy EvTORWY Xpn-
cipoToloUvTar ofuepoy ol &xTives y i TGV paBloigoTomwy. ‘H péboSos PacifeTan émi ThHs gTeIptooEws
HEYGAwY TTOOOTATWY &PPEVOV tvtopwy, Eidous Tves, ép’ doov Ta SnAed Twv ouledyvuvTal piav po-
vov gopav kal pe Ev povadixov Gppev. ‘Qc éx ToUTOU T& TpoKUTTOVTR wé Biv EKkOAGTTOVTXN Kai
Emopéves & TAnBuouds Tiis émouduns yeveds EAaTToUTAl.
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*Evropoxtdva, ‘H ypiicls Tév padisvepydov EvTopokTovey dmebeixfn xpnowwTtdrn Six ThHv
peAETTY Tiis dmoppogricews, kaTavopfis kal dmoTeAsoudTwY ToUTwy émi TV évTdpcwy, iBiws Tdv PAa-
Pepddv EE clTdv 1k T& QUTAL

‘O &vbpaf —14 &g Sixgopous dpyavikds Evcdoels eival TO TAéov xpnoipotroinfiv oToixelor Bia Toi-
alrras gpsivas. “Ouoics, AN els pikpoTépay EKTaOW, XPNOIROTOIOUVTAl T& padicicdToma hS1ov —131
kai Beiov —35. OUTeo &mekTh8n péypl OTHEPOV ONMUXVTIKN Yvddols Soov &eopd THY TaPATNPOVHEVTV
&uTioTaov TEY EvTouwy £is T& dvTouwoxkTédva kad ToOV Edopdy Twv sls aldtd.

Meravdorevors tdy éviducor, T padloicdtoma @wogopes — 32 kai oTpdvtiov — 89 ypnoipo-
TowUvTal Si1& THY TrapakoAoUbnow TV fvTépwv el TS HETAKIVIOEIS TOV.

Olra .. of puic gls Tas droias desideTan 2v péper A EEamAweis Tiis SucevTepias, ToU TupoeiBols
TUpETOU KATE. Kal mlavdds kai Tiis ToAlouueAiTiBos, yivovTan padievepyoi i T& padioicédToTa Kai Tapa-
koAouBolvTan eis Tas TTHOEIS Twvy, oUAAeycuevan 8¢ gis Siapépous TOTTOUS pakpdv Tiis Treploxiis Srou
apébnoav éAeUfepat, uds BiBouv THV EKTAOW TS HETAKIVIOEWS TWV.

Katoapides, ai omoicn éppavrtiofnoav pé SioAdvuaTta padiopwoedpou, eUpinoav 60 péTpa pokpdy:
TRV QALY Twv, PeTaKIVOUUEVal Trpds iSpuoiv vésv pwAeddv Sid pécou UTrovduwy, cuvdsouodv oixias

1} &Aheov dywydv.

III. EGAPMOIr'AI TQN PAAIO'I'SEOTOIIQN EIEZ THN BIOMHXANIAN

T& padicicdtoma xpnopowoolvTan &s THy Prounxaviay, kusios Si1& petphsis, padloypagias.
dvixveloels kai GuoAvoes.
136. Metpricelg.

Hayvuérgnots. Ta paBicicoToma &medeixbnoav xpnowdTaTa Bi& cuveysls HETPToES TOT TTdyXOUS
Ghikédv, 1Bicos s Tag TeprTTdhoEls KaTd Tés STroias Biv Suvdpeda v XproipoTToIfowuEY T Ko Ty -
METPQ, s M.X. Elven af TEpiTTTdOES Exelvean,
KaTdx Tas OTmoias T YAkov  KiveiTan TayUTeTe
7l ) Sepuckpacia Tov eivan UynAN H TO UAikov
givar wodakoy  xai Urépyer xivBuvos Trapapop-
PLOEWS.

Of petpntal mdyous 81 pabicicoTdmeoy
Pacifovtan émi Ths dpxiis Tiis pepixiis &op-
pogrigews Tiis dxTwoPolias UTS Tii UAns xai
TafivopolvTan els  Suo xaTnyopias. Eis TAv
TpWTNY  kaTnyopiav To pa-
BioiodTomoy xal & dviyveuTths
TomobeTolvTan o Tiis clTiig
Syeeos ToU  GAikoD (o, 202),

Metpntrc
T

&MoTE KaTapeTpeiTal # < OXe- EmudAuppa

Baosws (dvorAdosws) drTivo- A

Pohic:  (iEoproopivn ik Tol Yhudy

Tayous ToU  UAioU). Els thy  Zx. 202. id Tow Eleygov Tijs Guotopoogo Erualbipews Auxob yonoi-
Beuipay  kaThyopiaw (ox. HMomowbuer Tds axtwofoiias Tdw padtoicorézwr. H éx TS ;m;'r}.;
203), 76 podicicéTtomovr To-  GxTwofoilu exeddletal éxvi Tod Vo, “H éx oxeddoews axtwofoila,
moleTelTan Y. k&Twlew ToU  E50Twéry éx Tod mdyovs Tod xalluparoc, zarapsrpeitar Vs Tot
Uhixol, & 8t amapBuntis due-  METERTOD Tol Gurdedepévov wpds Tov draplbunrip G.° Eav vé wdyoc
Bev oimol, oméTe kai AW f 70D xaiduparog ivar arojtotduopgor, 9 Erdetfiz Tod HETOYTOT Oér efre
Biepxopévn  Bi& ToU  UAikoD oraleod. T6 (a) mugiord Tov aragluntiy G ér ueyebivoer.

axTivoPoMia ESapTaTar &k Tol
'rr::rx'oug TOU, Uhikol. Al ouvBéoews ToU etpnTol TPpos  ouokeuny  EAéyyou Buvdpeda i Exeopey
autopaToy  EAeyxov Tol Trénious.
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TolxUTas oUTKeUdas TTaXUHETPNOEWws YpnoipoToolow of Plopnyavicn ydpTov, FAcoTikod, Tha-
oTIK@V, émipeTaAAwoEwy Kai UANwY pETEAROU, 81671 olTw émTuyydvetar @ ) olkovouic els TpdTny

Metpnimic

UAnv, B) éuoiduopeov Tréyxos Kat y) #mi-
Téywvois ToU pubuol ouveyous Trapayw-
yiis kai ouvexoUs éAéyyxou.

ITuxyouérenois. “Yrapyouv Pioun-
yavial B1& Tas omoias 1) wéETpNols kal O
airropaTes EAsyxes TS TrukvoThTos Evos
UAixolU, UypoU 1| oTepeol, eivar oUoiddng
S1x Thv oikovopiov Twv. TowxUrar émi-
yeiphoss eivan kupicos ol Prounyaviat Padevepyds
YTHIKOY TpoidvTwy, TeTpsAaioy, Sioryw- TTna-ri "Eraotpov
piopol  OpUKTGV, HETEAAwY, Tpogiuwy
kol gryapéTTwv.

O petpnTad  TUKVOTNTOS  AEITOUp-
yoUv xaT& Tov olrov Tpdmov uE Tous
psTonTas waxous. ‘H Siagopd Eykerten
gis 70 OT1 SicTnpeiTar TO Tr&yos Tol
UAlkoT oTafepoy  Kai  ETTopévos K TR
&rroppopnoEws TGV AKTivwy Tpocbio-
piferan 1) mukvéTng TOUTOU.

Eis Tas Prounyavias oryapETTwv TPOs TOV CKOTIOV oUTOV YXPTOIHOTIoIOUV @S TMyfHv TO oTpdv-
Tiov —90. 'H muxvéTng TV gryapéTTiov LY. GUyKplveTal Tpds THv mukvdTnTa TpoTUTow  To1oUToy
rod aUToudTws pubuileton TO oupTATipwupa kamvol Si1& TO yépiopa EK&OTOU OTYapETTOU.

Els 1as Prounyavias mwpoidvTwy meTpeAxicaidiv ypnoipoteital Té Kaiotov —137 &Si& Thv wukvo-
uétpnow TAV Slapdpwy TPoidvTwy Tis KAATUaTIKTs dmooTdfews pé drpiPeiav 4+ 0,005 gr/cm3.

e Al HTIXEIPAOES KAXTAOKEVTS TI-
Tnyn aurivwy -y LEVTIVEV  KTIOUGTWY XPTOIHOTO100V

meqm G =9 peTpNTAS TTUKVOTNTOS S1a THY QiUTo-
| &

Zx. 203, T mdyos tol perallucod fhdeparog if idlov

AAACTIX0T, ElacTixol, ydptov x.T.A., EAfyyerar ouvveyds

Zwols va Epyiowuer 6 tAxde. "Edv 16 mdyos ddv elvac

arallepdy, Ha Egmpey Swapoperieny dmogpdgnow TOY dati-

vew xal Emopfrws xvpawoudvas évdeifeis vot ueronTod.

"0 peronris dbvarar va ovwdelfj mpos Soyavor adroudrov
ovbpioews Told mdyovs.

Metpntrg

T

T

pectov puBuicy tol U8ates Tol dva-
Hryvuopévou pé TO TowpévTo xafds
kal B1&x Tov Eeyyov Tfis TukVETNTOS
ToU EBdpous BepeAicooews (ox. 204).

Eis T& opuxeia olpaviou Tol
KavaB& ypnowomowoldol  ouakeuny
TTUKVOMETPNOEws S1& ThHv adTopaTov
puBpiow Tol moool xoviemeindévros
dpuxTol TO &moiov dvapiyvieTal pE
doplopévey TTogdv UBaTos kol &Tro-
oTeAAeTan €5 TOV BiaxwpioTiv  Kkék-
kv Srapdpwv peyeddy. ToUro Evéyet
peydAny onuaciav, ST &g Trepi-

Zy. 204, poc 7pocdiogondy Tijs avardtyros ToT odpovg Oe-

JEMGE®S, FONGILIoTOI0TIEY QudIolcoTOmO ExTépmoVTd AXTi-

vaz y. A0 fvog  amaollunrot G ovvdedeuévov mpoc petoi-

v, toocdiogiloper THY £ Gxreddoems dxrrofoiiar, yric ifap-
TaTQL €% Tijs TUXVETHTOS ToU VRESPOUS.

Trwoty Tukvel piypaTos, & Siaywpiouds T@v kdkkev Tol peTahAeupaTtos SuoyepaiveTat.

Igoodiogionds ordPuns dypod eis xdstordy doyelor,'H Aartovpyia Tdv ouskeudy mpoodiopi-
ouol THs oT&Buns Uypdv #vTds KAeioTév Soxeiwy Pacifetan Emi Tiis dmoTopou petaPoddis Ths vta-
gews Biopns dxTiveov, &Tov petafl mmyfis kol Svixveutol mrapeuPAndii Uhiké,

Qs BakvieTon els TO oxfjua 205, 16 padioicoTotrov (guribs xopdAiTior — G0) TifeTat els TV piav
Thevpdy THs defapevfis ki TO dvixveuTikdy Spyavov els TV &AM, ‘H mTnyn kal & dviyveuTtiis xivolv-
a1 cuyypévws Trpds T duee 7 k&Tw Emi Tol alTol tmmidov, olrws doTe va elpiokwyTal mdvToTe
rrévavm GAAAAwv. To twos Ths émigaveias ToU UypolU rkabopifetar ¢k Tis Séoecs myfs - dvixveutad,
THY oTiypfv koTd TRy Omolav 8& onueiwdi] &méTopos petafoln Tov evBel§ecov ToU TeAeuTaiou,

15
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Bpetravikt) Blopnyavia xpnotuomorl To kafgiov — 137 B1& Tov auTdpaToy EAsyyKov Tiis oTdduns
<00 #Aaiou EvTds EIBIKGV povwTRY, Bik xoAmBia UynAfs Téoews. "Edv TO EAciov eis Tols vovwTds Ka-
TENBT) w&Twley dpopivou dpioy, UpicTavTtan xiviuvor

Tnyn

Metpnrrig

A

2y, 205, Awr tor xaloguepov Tijs oTdbung vygot Evtog xler-

a0t doyeiov, 7 myyn Cob xai 6 dragluntis G xuotvrae Tad-

Toyodvwg mods Ta dve 1) xdrw. "H 0écis told amaglbprnrod

i oriyuny zatd vy dmofay Oa qugatrioficwmusy dmdtouor

werafioiiy Taw ivdellecy Tod  uerontod, ndc Sider TO Tyog
rij: ordlung rod dyool.

Toupyias 400 — 600 kY, 76 raiciov — 137 wpds 1 MV xai 10

T Epganodéy eidp
Padievepydg mnym

Zy. 206. Padoygagia yuted avriceyévov. " Eugavialir
@ilu Odsvtor gwypy.

Utroyeiwy xai Umofahaooiwv kaAwdinv peTagopds MAEKTEIKAS

AAKTPIKGY Blaxppoddv Kal KaTaoTpoefis TV  KUKAwW-
péreov. ‘H guokeun) altopdTs EAEyxer kai pubuiler
TO Uyos Tou EAaiou.

137. Padloypacpic.

Padioypapla. Al ocuoksuai &xTiveov Rontgen
kai pabiou ypnowpomoolvrar &mwd  éTddv Umo TGV

Bropnyavidov Si& padioypagikdy EAey-
YoV TGV TTpoidvTwy Twv. Al ouorsual
Suws edral givan Alav Bamovnpeal ked
SugypnoTol, 81 aUTd onuepov &vTe-
kateoTaBnoav, els peydhnv Khipaxa,
UTrO CUOKEUGIV ¥ PTO1HOTIOIOUVTWV pa-
BioicoToTCR.

T& padicicéToma €kTds ToU &U-
8ol oXeTIKGDS KOTTOUS Twy Kai TGV
SuvaTeT|TwY eUKGAOU  XPTCIHOTTONN -
otws, M5 Trapéxouv axTivas Afav
SieoduTikGs. OUtw, TO ipidlov — 192
TTapéxEl axTivas, TV droiwy fi Sieto-
BuTikéTns elvan icoBlvapos kaTdr wé-
gov Spov upE  Tas TV dxTivesy
Ronlgen éx ouokeuf]s Tdoews Asi-
koPB&ATIoV — 60 Trpds 2 MY

Eis 70 oxfijua 206 Seikvietan 1
péboBos pabloypagikol #Aéyyxou Nu-
ToU GuTikeipévou. Els 10 éocoTepikov
«UToU TotofeToUpey THV TIMYnV, TS
omolas ol &xTives TrpooPdAiouy TH
TEpIPEANOY TS &uTIKEpEVOV  @LITO-
ypogikdy gidu. ‘E&v 1O }uTdv olrtd
dvTikeipevoy  Exel puwynds ) guoaAii-
8as, ol dxTives Bifpyovtan B1° olrdv
SAydbTepov &TTroppo@oUpEval, OTToTE
TpoocPdAiouv 1O @iAp fvrovdiTepov.

TTapopoiws yivetan & padloypagi-
kds EAeyxos TOV cUykoAAfioewy TV
a18npdv  Acuapivdv TV  TTAciwv,
XpNoipoTToloupévoy kupiws  TolU ipt-
Slov — 192.

M& ToOv Eheyyov TOU OHOKEV -
Tpou kai ToU Opolopdpeou  TeU
TaYoUs TAs HoAuBBivng Buwpakicews
tvepyeias UTO UWnATv T&ow, Aaufa-

vouTon ouyypdves padloypagicn 8Uo émiméSwv xabéTeov T dAANA@Y. TO ypnoiotooupevey padle-
icdToTrov Elval TO koPdATiov — 60, B16TI ai dxTives Y alToU elvan TepiocdTepoy SlEIcBuUTIKAl TV &-
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wrivey Y &AAwv ouviiBuwv padioicoTémooy, & 5 poAuBSos eiven 1d1anTépers dmoppoenTikOy UAIKOY,
Adyey TolU  peychou &ropkoU Tou  Gpidpel.

138. *Aviyvedoelg xal dvaldoels.

Sthpspov oxebov SAcn ol Prounyavien YpnopeTrolchy T& padioigéToTrar G5 ixvnBiTas, Bk pehé-
o & TR dvTox s TGV UKV tis ThHY TEIPAY Kol BraPpuaiy, wpos duTomiondy Tév onpeicov Siappofis
cwAnVdoewy, di1& peAéTas Eml TGOV Xnukdy dvmiSpdoewy kel Six XTHIKAS QUaAUsEs.

Melérar éxi tijs Toefiijs »al Swafodiosws. Tlpo Ths XpnaIHoTToIgEws TdY padloicoTéwy ai
petproers  Ths ¢Bopds,
Aéye Tpipfis T SroBpd-
oews, Eyévovto Pdoel
7is peTaPoifis ToU Pa-
pous 1) TéV BlaoTdoEwy
ol UTTd EAeyyov SuTI-
weipévou,  TowalTanr  6-
peos  PETPTIOEIS GTTyTOUV
oAby Ypovov Kkai ou-
yv& foav  dvaxpiPeis.
KoTwTépw  TEpLypapo-
UEV  MEPIKAS & TGV
tpappoy@v TV padloi-
coTémmwy Bi&x TowUTOU
sibous Epevvav.

Tlpds mpocSiopiopdy Ths ¢lopds THy Smoiaw UploTaTton 1) émgdusia ToU EuPodov, Evexa TpIBs,
ouvapTHoEl Blagdpwy TUTTLY MTTQVTIKGY Bhaicov, drTwofololpey TO Eupodov sis cumiBpaoTiipa xal
kaTé xoupovUs AcpPdvouey BelyuaTa TV (ENOIHOTIOIOVHEVLY ATV TIKEV. Metpnoeis ¢l Tijs poabievep-
yelas 16y SerypdTwy TouTwy katioToly yvwoTdy TO Togdv Tol pabievepyol ueTdhlou EvTds TGV M-
TavTikiY Kol Emopévess Trapéxouv TO upétpov Tiis ofopds ToU éupotov.

Tlpds EAeyyov Tiis ¢Bopds HETGAAIKESY TPUTTAVGIY, KOTITIKGY Kol TOPVEUTIKGY épyaheiny, ouvap-
THoEL TV VAIKEY peTd TGV oTeiwy xpnoipoToiclvTal, axTivopohoUpey ToUTe el dvTidpaoTiipa kai
peTpoUpey THY padievépyeiav TV pIvIoudTLOY TGV PETEMAwY T TmeTpwpdTay, T& ool émefepyd-
fovTtan (oy. 207), fimis eiven dvddoyos Tiis plopas ardv. OUTw, TreipaparTifousvol pé Bidpopx Kpa-
pectar, Suvdpefa v delpoopey TO recrchAnAGTEpOY S18 ToV EMBILKGHEVOY TKOTTOV w5 kai Tas KaToA-
AnoTépas ouvlnkas XPT|OHOTOINoEwWS, @S Y. TOXUTNS KoTTii5, TopveUoews, Tpumaviouod s kai Tpo-
rous kai péoar WiBecos.

TchaidTepov T& EpyooTéOIa TapaywYyTs iAaoTIKéY aUToxviTwy SifeTor peydda mook Sk
Ty Soxipfy TV TrpoidvTwy Twv. OlTw Y. Hi& vé Bheyyx8i N dvToxh £vos EaoTikod, Empeme ToUTO
va Bievdon ToUAdyioTor 8 000 km 81 v tEayBolv Umoheyroina oupTepdouaTa. Zipepoy, B1ér Tpoo-
pi€ecos els To EAaoTikOV EAayioTns rroadTTos padiopwagspou (P32), al TowoiTou elous TapaTn-
photis yivovTon TaUTeTa Koi drpipéoTaTa, BT Gprel v pooSiopiowpey THy poBievepyelow pikpol
TpRuaTos Tou Spdupou &l Tol dmoiou kUMeTan TO EAaoTikdy, Bi& vé Tpocbiopiowyey TTéToV oTP@MH
EAaoTIkoU drepakpuvln ToU EmowTpou Kal Aoy plopds Eperve TIPOCKEKOAATIHEVOY els 1O KaTdoTpwpa
Tol Bpdpou.

Els Tés TepimTcdoes KaTa Tds SToias peuoTd S1aPiPdlovTal KT HETCAMKGY gwAnvwy, fubia-
pepdpeda va yvoopifeopey Tov pubpov BiaPphocws THY JWANVEY TOUTWY. Tlpds ToUTo kabioTdpey v
Tufipa THs cwAnvdosws pablevepydy Kai TrpooSicpifouey Ty padisvipyeiav ToU tfepyopévou peuaTol,
gp’ Goov TOUTO Topaoupn &TOHa EK BraPpcocews TOU ueTdANou ToU GWATjvos.

KaBopiouds tod gviuod gois xal évromiopss diaggodv. Elg T& SwhioTthpla meTpehaiou
XpercdeTan TTOAAES QOPas v& yvepifwuey THY TaKUTHT pofis Tév Biagépwy TpoidvTww tls Tas gw-
Avdoes. Tipds ToUTo, s Saxwietan els 7O oxfjua 208, pkpdy Tooov pabevepyol Uhikol TpooTi-

Metpntmig
T i

Zy. 207. Hod: mpocdiogropdy i qlhopds zoxtiod foyalelov, v dxTi-
voflodotper  eig avridpustijoa, mdte xalicratar vadwveppor. Merpotvres
i pudievényeiay T@Y gwioudToy P 1ol &

Pdvouey Tagéoms axofeis miqgogponins Ouk Ty glopar 1ot Enyalefov,

sEeoyulopdvon dvtizeyifvon, Aau-
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Geten &fs T1 onpeiov Tol cwhfivos, &TéTE Sk Tpoodioplopol TS XPOVIKiS Sixgopds petaly TV
évbeifecov TGV BUo petpnTéV Suvdpeda v kafopicwpey THY TaxUTnTa pofis.

Mix &md Tas omouBaio-
Tépas Xprioels TV padioico-
TéTwv  els TX SwhioThpia,
elvan &  TrpocBiopiouds TS
BraywpioTikiis Emeaveias (oy.
209) Bvo Bixgdpwy TrPOIdV-
Twv el TOV aTov  cwfjva.
ToUto émTuyydvetan &1 eloa-
YWYTs HikpolU TocolU padioi-
coTdTrov eis Thv eicodov (K)

MetpnTric Katagpageic
i = 3

Padio—xvnTPéne

ToU owhfivos B Thv oTiyuny

kaT& TV Smroiav SioyeTeleTan

Zyx. 208, Hpic apoadopioucry Tijs TayiTyTes poijs typel évros cwlii-  TO viov Tpoidv. Els Sidpopa
voc mgoadiopllopey Tov yodvor perald Tav Evdeltewy Taw dbo dmapil- onuelx ToU kevTpikoU owAfj-
prtér G (dadorage Tév Slo xogupdv THs xapmiln: Tod xara-  vos (AA) Umapyouv drraryce-
youpéws ) Tomoletovpéver el yvooriy dn’ allijior drdoraco. yoi owhfjves (I') TV Sixgd-

pwv TPOIoVTWY Kal TTpd  au-
TV s dmapiBunTis Geiger (Gg). MéAis & dmrapiBunThs Gia Bieyep8fi (8 Tis dxTivoPolias ToU Biep-
xoutvou  ixvn@éTou), dvoiyousv THY oTpdpryya ToU ThAsupkoU cwhfives I kai  xAsiopev THY 1ol Kev-
Tpwel A, &moTe BioxeTebopsy B ToU owhiijvos I' 1o émbupolpevov Trpoidv.

Metpnrnc 4. Metpnmic 2.

Kevrpiuse aywyde

Padio-ixvnUgtne

Zy. 200, "Otar dut 108 zevtou<oi awlivos A €y v Gyeoy (a.y. palodt) xai Béiwusy ra nerafi-
Bdowper and i aegoyic B sic I' érepov dypov (m.y. merpélatov), xiefoner Ty oTodguyya A =al
dvolyouey Ty B. Zvygodvws dd i Parfidoc E, elodyouey juxpar moogdrnra padioicorémor dur i
TuEdowpey T0 Gowov (rata mpocéyyom) perafd Tav So Tyedr. Médie 6 amupluntic Gy Steyenldi
=heioper Ty oTedpryya A ai dvolyoper iy T, Japifdvortes ofitw 16 Embupodperor dyoér (16 weTofiaor).

T& poSicigéToma ¥pnoipoTrooUuey ki Si& ToOV TPOoBIOPITUOY pwypdy UToyeiwy cwAfvoy
ueTagopds UbaTos, pwTaspiou kAT, (oy. 210). "Apkel Tpos ToUTo v& elocydywuey ToodTnTd Tiva
padicicoTdToV EkTrénTovTos dxTivas Y els TS UBwp 1) is TO poTaipiov, omdTE els TS onueiov dTrou Exopev
Sxpponv Adyw priylaTos f Bpalicews Tol cwhijvos, TO £8agos, T6 TEpIBdAiov TOV TwAfvx, Siamo-
TileTon pé padievepydv UAkSY Kad ETropéveos Eav Padicwpey duryveUovTes KaTd Pfjxos TV cwAnvd-
gEwy, kpaToUvTes Eva dmrapiBunThv Geiger, SuvapeBa maxpiPdds v TTpocSiopicwuey TO onueiov Biap-
pofis. Zuvibaws TO ypnolwoToloUpevor paSicicédTomov TpéTEl va XN RIKpOV Xpovov AHuilds, TPOS
EATTWOW TEV KIvBUvey K Tiis pabievepytics. Ofrew T.x. Bi1& ToUs cwAfvas UBpeUoews pids TToAews
Buvduebar ver ypnoipoofowpey T Na2d (G &as CINa24), tol dmoiou 1 fiugeon eiven 15 Hpean.

Kopral émidpdosis. Al Propnyavion Tapaywy s péowy kabaplouol (&oppuTravTikGY) Kai &ro-
Auvpdvoecos S1& AUV TApIG, XpnaipeTTololy T padioigdToTa PSS peAéTNV ToU TpdTrou Bpoews ToU-
Twv Eml pUTev (AskéBwy) THY UoaopdTmy.
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Al gapuaxevTixal Bropnyavial xpnoipwomootv T& &idgopa padioiodToma el T& émoTnpovIKG
Twv toyaoTipia Epeluns, Tpds SiamioTwow Ts Topeias xai Tis Spdoecos Tawv papudrev s Tév doya-
VIoUO.

Xnuenal dvaldoeg, Katd THY dviyvevtoapy dedlvew dgivopey 16 pabioigdTomov vk TOPAKOADU-
8fon Ty xnpixfy &vTiSpaoiv kai kaBopifouey THY TEAKAY KoTavoudy Tol TapakcAoufouptvou ou-
oToTkoU els TG Sikgopa wpoidvTa kaT& T& Sidpopa oTé&Eix Ts dvTiSpdoecos. Mpéer 52 v Exwpey U’
Sy ém1 Six TdOV paBioicoTédmwy Suvdusba
v& TpooBiopicwey  &relpoeAayioTous ouy- Metpnh
KEVTPOOEIS TTOAU pikpoTépas &rd Ekelvas Tiis
HIKpOX MMIKTS &vaAUscews.

‘H avédwvois 81 asatdhcews ioordmwy
¥PNOIHOTTOIEITC TRds Trpogdiopiopudy dpi-
ouévns ovoias € wiypa. ‘H  Texvikh Tiis
dvahboews oTnpifetan el THY eloaywyny
2uTds ToU piypaTos Wikpds TToodTnTos po-
SievepyoU oUoias, Spoias Trpds fkeivnv THv
dmoiav TpéKeITal v& Trpoodiopicwuev. To
ulypa dvatapdooeTal MéXpPs dTou & Adyos
Tijs padievepyol oUgias Tpds THV pf) pa-
Brevepyov elvar & alTos els SAov TO uiypa.
'Ev ouvexeiq, AcuPdvopev  Beiypa K ToU
aiypaTos kal  d&mopovdovopsy THy oloiav
S1x Thv dmoiav évBiagspdueda. ‘O Adyos Tiis
pabievepyeias Tfis ovUoias eis TO Seiypa mpods
Thv oMy padievépyeiav Tiis TpooTelelons padievepyoll ToodTnTos sivan icos pé Tov Adyov Tiis olaiag
els 7O Belypa pds TO SAkdY Troody THs ovcias eis TO dAdy piype.

‘H dvéAuois 81 évegyomonjoews eivan pia véa Texvikd pds kabopiopdy xai wéTpnow Tol ool
dryvadoTou Tvds oToixeiou dvTds ynuikoU SelypaTos. TTpds ToUro, dxtwoPoholpey T Selypa els dvTi-
SpacTiipy, OWOTE T& &Topx ékdoTou oToikeiov els TO Selynx kabioTavuTan padievepyd dvehdyws Tis
eidikfis Twv oupTepigopds TTRds T& veTpduia. ‘Ex TV xapakTnpioTikdy Tiis pabievepyeias Teov Suvd-
ueba va kabopigwpey EkacTov TGV oToKEiwY TouTwy. *H péBodos almn eivan xpnotuwTdrn els Tés mepi-
TTWOES KAT& Tag OTolas f) ToodTns ToU &yvoTou oToixsiou slval TOAY pikpd Tpds duiyveuow émi
i Baoe Ty XNk peBSBwy dvadloews. ‘H dudducis 81’ dvepyomoiioews  xpnolpoTIoEiTal Tpos
UEAETTIY TAY fiuaywydy, STrws TO yepudviov (Ge) kad 16 TupiTiov (Si), els Tous dmoious xun dxa-
Gapoidv (ewoedpos, Gpoevikoy, &uTipdvioy, YaAkos) émnpedloucty Tapd TOA  Tas NAEKTPIKAS Twv

id16TnTOS.

Zx. 210, "Eav ¢i; 10 $dwp t0b Boavelévros cwiirog
agocbéowuer dhiyor CINa24, 16 Edagog eig 16 anueiov
dwaggois vaotiletar Gnd dowol daivparos CLNa,

gx6te OC évdg dmaglpnrot G Svvdueha va wpocdogi-
capier O anueiov tijc fhdfye.

139. "Etepal xgfoeis v padloicoténwy.

*Efdletypic oratixod flextpiopod. “Ymdpyouv ToAA& Brlopnyovik TrpoidvTa, dmws & X&pTns,
TAOTIKE Kal UpdopaTa T& oTrola slvan poveTikd UAka GAAG gopTifovTar HAEKTPIKES, AdYw TS Ku-
Algecos alrrdov 2l kuAivBpowv ) Adyw TPiPTis alTdv pd Sidgopa pépn T@V pnyavidv, f Bik Enplvosws
Uty ik Sepuol Kivoupévou &épos. Ta oUTw cuoowpeudkeva HAekTpikd popTia &’ fvds pév EvoyAoly
TOUs épydTas, &g’ ETépou Bt of U alTdV TrpokaAoUpEVol aTivliipss SuvavTar va TpokaAiéoouv Trup-
Koids kai ¢ &k ToUTou eiusfo Utroypewpévor vé EfoudeTtepddowpev T gopTia. Els dAAas Trepr-
TTROEIS & OTATIKOS AAEKTPIoNOS YiveTan dvoyAnTikes éx ToU &T1 &lxer T& cwpaTidix TeU koviepToU.
’EE SAwv alt@dv Thv dvemiBupnTwv kaTaoTdoewy dadlaoodpeda Sii TV pabioicoTéTwy, T& dToia
TomofeToUuev TANGiov ToU gopTifouévou povwTikoU UMikel, olTws doTe Si1d Tol Tapayopévoy Um’
aUTév loviouol ToU &épos, T& &’ alTédv @opTia va Siagedyouv Tpds Thy v, T& Xpnotpomololpe-
va padioigdToTra TTpds TOV okoTov auTov sivanl To §&Aov — 204 xai 16 oTpovTiov — 90, &uedTepa Ek-
TERTIOVTR GKTIVOPOAIGV P.

Beltiwots flexzoovixdy Luyvidy, Al Prounyavial NAEKTPOVIKGY AUV Tapayouv PehTicopé-
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vous TUous Auxvidi, ai dmrolan ypnotdoTrooly jovicuéva &éprx, 617 eloayy s Eis TS EowTEPIKOY Cl-
TéV pkpdY TogoTHTWY padioicoTémwy. ‘H PeATicos SykerTa is 16 671 T& VTS TAY Auyvidoy &épla
SrrnpotvTan els kaTdoTaogw pepikol ioviopol, Adyw TS pabievepysias T&Y looTdmwy, OUTw T.X-
§v doaywyfis 2—5 ikpoxkioupl kaioiou —137 els Tas Auyvias oTafepoTroIfoews TEOEWS EMITUY X &VE-
To1 @UEnals ToU Pabpol oTabepomomosws kol EEdAenyts Biagopldv KaTa THY Asitoupylav Tiis Auxvias
UTd TO @lds fi orodTOS.

Pdogionds, ‘H ixavdTns TGOV dxTvoPolity TV padioigoTédTwy vi Sieysipouy &ls ghoplopdy -
pioptvas ovoias YpnoipoToreitan Umod Biaeépwy Blopnyamndy. Oftw Brounyavian dpohoyiev Xpn-
cioTroloty T& B pabievepyd [GOTOTC Tpds KOTAoKeUTV QwTEIVEY &piBuddy Kol BelkTddv. TToAcioTepoy
EyprotpoToleiTo TO p&Biov xal Té ToAMVIoY, T& STola foav EmiPAcPii Bk THY Uyeiow.

Eis Thv 'AuEpikiy XpnolpomoEiTan To padlevepydy dépiov kpumTov — 85 i1k v& TpoxAne Umo
Gpiopévev glopiloucdy oloidy @i Bid onpaTa dogadeias kol geTaivds ETiypagds peydAns Adu-
mpdTnTes. OUTw katd THY TepimTeoty Siakorils THs AAekTpIKTS Tapoxiis, ol E€oBor xwdlvou Tr.X-
BedTpou Tivds E§ akohouboly guTiLduEval.

Hveywxs) orjln. H 0o 1é@v padioicotémey dmobiBopévn évipyeia UTTd popehv KivnTiKfs évep-

yelos TV cwpambicovr o kol cwpanidicov B, A e
/_ Hopehv AAexTpopeyvnTikTs drTivoPohias (&xkTives y), BU-
Kevdv

vaTal vé METaTpaTTi kaTaAATAs ls AAEKTPIKAY Evipyaiay
gl Tds TupnViIk&s oTNHAas.

"Evas &Ads TUTTos Tupnvikiis oTAANS SeikvleTon gis
& oxfipa 211, AUTn &moTsAeiTan ik SUo  peToAAIKGV
Biokeov TANCiwY EAANAWY, KekAsIopivwy EuTds &epokévou
Soyeiou. Avo MAekTpdBiax ouvbedspéva pE  Tous Siokous
iEtpyovTan TolU Soysiou kai &rroTeAclv ToUs Téhous TS

S / mnyfs. ‘H fowTepikd Emedveix ToU fvds Blokou elvar

\ Padievepydy SAludy ) kekaAuppévn Uo padievepyol UAIKoU EXTTERTTOVTOS OwHa-
T B (frekTpovia). Ta fAAekTpdvia aiTd TPOoKEOUOV-

Iy, 211, MMvgrpuzhy orijlay. To yonou- Ta émrl ToU ETépou Biokou TOV @opTifouv &pvnTIkGs, EVEd
poTototperor padoiodromoy eivar f§ pa- & EkmépTreov Siokos gopTiteTan OeTikéys. OUTew Exouev piov
Sevegyor. HAEKTRIKAY oTAANY, 7 éToia SUvaTal v& uds Bwon HIKpS

Trood AAekTpIKks Evepyelas kal THg omoias ) Tdols ouve-
yés itrTer, pE puBpdy EapTdousvor ik Tis Auiwils ToU YpnomwomomEivros padioigoToTrou.

“Etepos TUTOs oToixeiou Xpnoipotowl ds Tmynv dxTivoPolies TO pabBicicéTotov Tpourbeiow
—147, fnleds 2,6 v, Ta U alTol Ekmenmdpsva gwopaTidix P wpooPdAiouy glopifov odpa. *H
i ToU qlopiopol gwtevhy drTwoPolia TwpooPidier Eva @wTokUTTapov, Eeis ToUs dxkpodékTas TOU
omoiou EpgavileTan AAEKTPIKT TAOIS.

TowoUTou €idous oTRAc Slvavtan va xpnotpgoroinbolv els T& padidgwva ué xpuoToAAoAuyvias,
¢l Tas ouoksuds Papuroias, f| dmoudnoTe GAAoU drrartolvTan pikpal Téoes kal loyes.

Arariignors Toopinwy 8u° dxrevofolidy, ‘H Siatipnois (ouvTnpnois) Tpogiuwy Umijpfev dvéka-
ey peyloTns onuacias JfiTnua, dracyohfioaca colapdds Tous eidikdds &oyxolouptvous kai &mod dard-
wews BpeopxTtoynusias, Urd THY Evvoiay Tis SlaTnprioews ToUTwy UTo dvaAdoiwTov popeny, Xrkikéds kal
Prohoyixéss.

’EK_T&:; T fi8n yvwoTdv PeBoBuwv (puoikddv kal xmuikév) TeAeuTaics yprnoipomoiiTon xal
uéfodos Tis Siatnpiioews T@Y Tpogiuwy 811 dxTivoPohrias, peT’ &moTeAsoudTwyv &AAOU UTrepexdvTwov
Kkal GAAOU peioverToUVTwY, Ev oxécel Tpos TaS EARas yvwoTds peBdBous. BePaicos 1 Trelpa Sid ToU ¥ pd-
vou 8& &modeifn 1o péTpov Ths émTuylos T peBdBou TalTns.

Mpos Tolro ¥pnowomoleltal &kTwvoPoldia B, Tpospyxopévn ik padiolgoTomawy fj EmTayuvTiKGY
unyavédy AlskTpovicov, T.x. ToU Tutou Van de Graall. "Extos Tév dxtwoPoldv B yproipomorsital
kal dxTwoPoria v, & tcupeTikds loyupdv Tmydy (TS TaEews TGV Yi1Aiokioupi), s koPaiTiou — 60
7 xenoiou — 137.

Al Umd TéY Tpopinwy doppogolueval Booels sivan oyETikGS peyddhen, dvepydusvan els ToAAds

WnionoBrke amod To ivotirouto EknmaiSeuTikrg MoAmkig



TA TEXNHTQOQY KATAYKETAEQENTA ETOIXEIA 231

yiuadas r (rontgen). Thy. Bi1& v& dvoxdweousy ThHv ofiyw yewpnhwv xpnowomotoluey boces 4 000—
14 000 r.

Extds TV dvagepoudvav Tmydv Suvdpela va ypnoipoTolifjcwuey Kol Tas dxTivoPoiias y évos
drmBpacTiipos | TGV XpnoipoTomBivTwY (xavaipwy orovgeimry (p&BBwv Tol oUpaviou).

Katd thv dxTivoPoAnoiv TéGv Tpogipwy Tapoucidabovtal gs ToAAG $§ auTidv Seutepoyeveis dhha-
yai yevoews, XpwHaTos KAT., kafioTdueva dg éx TolTov olyi elydpioTa Tpds Ppdow kai TolTo evan
OTUCVTIKOV HEIOVEKTT)BCK.

‘Avagépopsv év ouveyeig SAiya yapoxTnpioTikd Ef émiBpdosws THs dxTivoPolics :

a) To fidior xpéac dxTivoBoholpsvov pé 750 000 r (onuawTéov &11 600 — 800 r &moTeAolv dava-
necpov Séow Bix ToOV Gvlpcotrov) &mokTd GenpoTépav Ypdow xkai petaAMknv yelow. Els pikpoté-
pars Booers ol peTaPoAci slvanl dArydTepov EvTovol Kal Buvdueda va SiaTnpligwpey To Kpiag e GpKeTOV
ypdvov. P) Els mepimrreooers dhirdotor 0wy ebpédn &t ) Boots 1000 000 ¢ Sreernpei adrols émi
TToAAous pijvas, els Bepuokpaciav wepiPédAovTos 20 0C. Eis yauniotépas Bepuokpacias 7 Sixrrpnois
yivetan &mi peyalTepov Ypovov. ¥) Tod pdia sivan efanpetiréds svalofnTov els Tds dxrwoPolias, dudpn
kai els pikpds Soosis, &AAoloupévng TeAsiws THs yeUoees Tou. &) Tlapouoias Siatapayds GAA” &l peya-
AuTipas Sooels UploTavTan T Aslikwua kal To KiTpwov T&Y v, £) Adosis 20000 — 300001 ypnoiuo-
TrocivTal Bik THY TrapeptréBiow Tis ekPAaoTrioEws TV yewunAwy Ywpls alohnTds petaPohds. Metd
4 ufjvas Biarnpiosws, f| YEUGIS Tov TTapoucidlel k&olay YAuKUTNT év oyxéoe pt THy yedow T&V i
dxcrivoPoindévtrv. To adtd mapoarnpeitan Kal Sia 1& xkpdppua. o) Els Td xepdoix ESwoav mohl kahd
&weTsAéopaTa 86écoeis 1000 000r. ’Emions upfijAa dxTivoPoAnBévta pt 100 000r, Gwernprifinoay i
9 ufjvas els Beppoxpaciav 2 0C. Y

‘H Swxriipnois TéY Tpogipcwy psAetdton ofjpepov v owduaoud kai Tpds T& mepPAfpaTe EvTds
T&v bmoicov 8& Biatnpnfolv T& TP, T.X. MeTcAAIK& Boyeic | TAaoTikd TUAiypaTa, T& dmoilx
givar SuvaTdv dxTivoBolovpeva vd dAAotwbolv.

Eis T& dxtivoBoroUpsva Tpdpipa Siv padveTan v& TrapoucifwvTal paivopeva padevepyelas, ofe
sUpiinoav Toik& TrpoidvTa pETR TAY AKTIVOBOANCIV.

Al Prrapivan &redelydn &mions 671 kaTaoTpépovTal Ev pépsl, CAAX OAIyTEpOY &TTO ST1 TaS KaTa-
opigel ) dvipwos Tis Bepuokpoaoias.

‘H BperrTikd ikavdTns TéV dxTivoPohoupéveov Tpogiuwy 5iv dAhotoUral. TolTo émotomomfn B
TEipapdTwY T ooy, onpepov 8t dxTeholuTan els sUpslov kAipoxa ToloUToi melpouaTiopol Ewi ife-
AovTédv.

“Ev TGV KUPLWOTEPWY PEIOVEKTNUGT®Y THs Siarnpricecss TévV Tpogipwy 8" dxtivofolias slvar 4
tugdnots yeloews, OoUTs Kad Syews Slagdpou Tiis QUGIOAYIKRS Twv.

“Evepov TpdPAnua TO &Troiov peAeT&Ton ofjuepov, eivar Ty miSpacis Tdv dxTvoPohidy i Tdv
tvlipcov TGV Tpogiuwy kalds kal TGV pikpoopyavioudy, ol émoiot Tpoxakolo dAACIGES Twv.

*Arooreipwotg, ZNuEpoV YpnoluoTololyTar ai ik Tév paboicoTomwv dxTivoPodicn Tods dame-
aTeipwotv Tepayicv OGTOY Kal dpTNPIGY KaTX TS ReTaMOoXEUTEls (XSIpovpYikai Tpémelan).

’AxTivoPoricn y xad B (f fAexTpovicv éx Siardgewv ut Van de Graall) xpnowomeoivrar Bio-
pnxevikdds 51 THY ETOoTEIRLOIV GMPITHEVEY QEPUAKEUTIKGY TPOTOVTW@Y, Tr.Y. kohhupiwy TV Splah-
uddv kal dvéoswv.

‘H padwamonrsipwo: cuvBualopévn ui TacTepiwow gaivetar 6T1 3a dwokTAoN eUpETav  dpap-
poynv els Td Trpooexts péAdov, IBianTépas Bi Tpokeipivou HBi& THY TaoTeplwaw TEY SuTIBoTIKGDY.

KH’ TA TEXNHTQZ KATAZKEYAZOENTA ZITOIXEIA
KAI TA AHMIOYPI'OYMENA EN TH ATMOZOAIPA,
140. Té& eéAAeimovta oToiyeio. O& mepiypdwwuey, kot dpxds xai fv ouvTtopic Tas iBi16TToY
xai ToUs TpéTToUs KaTaokeuTis U ToU dvlpdiou Tdv 4 ENAaITOVTWY SToKElwY i Tdv 92 oToryelny

ToU, Tpd ToU B' Tlaykoopiou ToAduov, Tmeplodikol GUOTTUATOS
Tsyviriov, Z — 43, Kartaokeudfetan xama Tov Popfapdiouov uoAupBawiov Six vetpoviwy i
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Ghhov TrupnvikGY PAnuéTwy, éméTe émoupBaivouv Sidoopor Tupnvikal dvmiSpdoets, xaTaAfyousat
els lodtoma TolU  TexvTiou.

Té Texvimiov TapousidieTan kad o5 TPoidV oxdoews Tol obpaviou xai ¥NUIKS cupTeppépeTan
Suoiws Tpds TO  pétaAAov prjviov. s

MTgoundeior, Z =61, Té mpopreiov sUplokeTon kal oltd els T& TpOTOVTS TS oYX &oews Tol oU-
paviou, kataokevdletan 8t £mions kaTd Tov BopBapSioudy veodupiou Trpaceobuuiou UTS Biagdpwv
TUpnvikéy BAnudTewv. ObTw, veodUpiov —148 TposBaiAsuevor drd TpwoTovia Bidet, Trpopnifeioy — 148
xai veTpduiov. Xnuixdss duriker els T&s omavias yaias kal SuokéAws — &v ply ot pet’ Ty — &mmoyc-
piCeTan.

"doraroy, Z =85, To oToyelov Tolto woAAdkis dveypdon &Ti ciye SrxmmioTwsh els Quokd pa-
Sievepyd SpukTd, GAAG peT& TréoTs PeBadTnTos TTapECKEUGSON &Td TOY Seaborg xai Tols ouvepydTas
ToU T 1940, &1& BouPapSiopcd ToU Piopoubiov —209 pé cwpaTibic o Tpospxdueva &TTd KUKAOTpCY
xal &mmoBohfis 2 veTpovicov. Xnuikéds kel els Té dhoydva, Biagépel Spws ToUTwy 51671 TapoTE-
piCer, BnA. &MAoTe TapouotdleTan pE HAeKTPoBETIKOY ko SAANOTE  pE TASKTPOXPUNTIKOY X ApaKTHpE.

Podyxiov, Z=387. Té ppdvxiov clye SiomoTwsdf &md THy Aida Perey, Tpd ToU 1940, dx
padievepydy Ppayipiov oToiysiov (T = 21 Aemwrtd) pafixod &pi1Bpol 223. ‘H mrapathpnots adTn émrepe-
Pencofn moAAamAGs kal yvwpilopey ofipcpor dpreTd lodTomd Tou. ‘Avriker sl THv oikoyévelay T&V
ahraicov kel By Exet dxdpm dmopovwdd els kaBapdy kaTdoTOCV.

TIsvinn mwaparfonoes.” A-
TavTa Ta lodtoTrar T&Y oTo1-

IIINAE VII

Xeiwv 43, 61, 85 xai 87 elven
padievepy &, Bpayx Ui, 6 Tpss
YODEPOYPANIA STOIXEIA Th fidwicv THs s, dore xod
» n Zoupo-| ’lodToTra | Evosmpos-[ - BV SPXIRNRS e Bn‘woup“/?—
Z | Ovouacia A i Mazibe At | Tns kaTa- 07, Bév &mrépsvay BEXpPl TEVY
| L ite __T R K_s 2 L_lfs | oxeufis fuep&dY pas els ikavds Tood-
i :

93 | T[Mooeibdvioy Np | 11(231-241) 1940 EEE
| ) 141. “Ymepovpdvia otol-
94 f TMAouTdviow Pu 14(232-246) 1940 xele. Té& péxpr ofjuspov (1959)
95 | ’Apepixiov Am 10(237-246) | 1944 KaTaoKevaoBiuTa UTrepoupdvia

| it ity % &wd

%6 \ KioUptov Cm | 13(238-249) | 1944 i i axeRoutc
97 ‘ MrepkeAiov Bk 7(243-250) 1949 a) Hooeiddrioy, Z— 93,
98 | Kahipépyiow ar 11(244-254) 1950 To mpdTov & Ty Umepoypa-
| [ | viwv oToryeicov TpofiAfey éx
99 ; *AlvaTaviov E 11(246-256) 1953 Tis TpooBoAfis oUpaviou — 238
100 ] Déppiov Fm 7(250-256) 1954 UTrd Bpadécov veTpoviwy, dmdTe
| Sens M 162 , toxnuaTictn dpyikds TO oUpc-
1 | MavbeA oy 4 (256) | Leos viov — 239. ToUto &1’ éxmrouTriis
102 : Noptréhioy No (251-253;) L 1957 cwpaTiSiou B peTacTosloUTa!

els TO xaTtd povédBa peycAu-
Tépou drourkol  &pifpold ico-

Papts oTorysiow, T dmoiov & Mc Millan dwdpaocsy Tooce1 s wviov, & dvaloyix TROS TOV
TAavATnV TogeiSdva, eipiokdpevoy Tépav  Toilr ThaviTou OUpavod.
‘H uetaoToigsiwots ToU oUpaviou — 239 mpds TO TrogeiSdvioy — 239 &xoAouBest TV &uTiSpagv
92U2%8 + gnl > o, U238 - (1)
92239 —> 93Np239 L _ 0 @

Té U239 elven coixeiov P padievepyd, fHulwis 23,5 Aertév. Té mooniSdvioy — 239 givai kai ToTTo B
padievepydy peTagTOTKEOUEVOY Mt by 2,33 fuepdv els To dpéows Emépsvov oToixEiov, TG TTACU-
TOVIoOY — 239,
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Xnpikdds oxnuaTigel TeTpacbeveis oTabepds éveooels, Tapouaiddel Spws kai dAAx afévn (3, 5 kai
5). *H 6An xnuiki ovuTrepipopd Tov ouvTauTIZETal pé T& TpOTyoUNEvG Tou aTotyela, dpxTis yevoudvns
&mwd 16 oToixeiov dxTiviov (£=89).ToUto nynfn wé Thv SicmicTwow 6T T& &md oToiysioy s oTor-
Xglov TpooTibéueva fAskTpdvia Biv kaToAauPdavouv Tas EfwTtdTas Béosis (gAoids ) ), GAAK T&s fow-
Tépas (@Aowos O).

"Avédoyov cupPaiver kal €l Thy oepav TV otaviey yaidy, Ty doiwy dpxnyos sival T6 Aav-
Saviov (AcvBavidan). Aia ToUs Adyous alTovs T& &md ToU dxTiviou kai Tépav gToixela &rroTeAolv
vlav viav osipdy, THY oelpdv TV dxrunddr kai Sév TomofetoluTan el YwpioTd TeTpaywvibia Tol
Tep1odikol ovoTruaTes, GAAG Sha paly els T U &pibudy 89 Tetpaywvibiov (BA. mepiodikév ou-
STNHE Kai Tivakx AAEKTPOVIKHS KaTavouds).

B) Hlovrddviov, Z = 94, To icéTomov Pu2d? mpoipyetan éx Tiis B Siaomrdosws Tol Tooado-
viou —239 xai exAn8n oUTew &mod Tov Seaborg xal ToUs ouvepydTas Tov, eis YOV TOU TTAGVATOU
TMhoUTeves, sipiokopévou eis 16 fHMoxév olUoTnua Tépav ToU [MooaiSévos:

93Np38¥ - o,Pu239 L _;e0 3

TS mAouTwviov — 239 elven pEAROV wakpdPiov o padlevepyov igdtomov, Ariwis 24 400 iTév Kai
=xel omoudaioTdTny onpagiay, 5167 slven Erions oydoipoy hixkdy, duoidlov pt T oupdviov — 235, rpog
TO OTolov peTaoToiygloUTon 51’ éxToutfis cwpaTidiov o :

aaPu2s9 > U285 4 oo @

Qs ix TdV dveoTépw dvTiBpdoswy (1),(2), (3) ol dmola dpyifouv &md T oUpdviov — 238 -+ veTpo-
viov, Ixvn TAouTwviou ociveTar & Umdpyouv eis SpukTtd olpaviou,

Suepov, peydda Tood TAouTwviou — 239 kaTaokeudovTal &g Tous SvmipaoTiipas &k Tiis émi-
Spaoecws TAOV veTpoviwy i ToU ovpaviou — 238 kai ypnoipsvouv eite §1” &Ahous dvnidpagTiipas, fi Six
Youwow &Touik@v BopPdv. TMoAAk igéToma Tel TrAouTwviou Exouv xaT& Blapdpous Tpdmous kaTa-
orevaotn, wé ualikoUs dpiBuols &md 232 Ewg 246 kol TomiAiav Aoy, Y. Bi& 16 mhouTdviov
— 232, 36 Aemrrd kal S1& TO TrAouTdvioy — 244, 80 fxoToppupiax ET.

v) 'Apegixiov, Z = 95. Kareokeudobn t0 wpdTov Umd Tob Seaborg kad Tév quVEpYaTEV TV,
Svonaobiv olTw fv dvaoyia Tpds TO oToixelov Elpdmiov THs ceipds Tév AavBonbov. MpoépyeTat
<o Tov PouPapdiondv olpaviov Bi& Tayiwov cwpaTidiov a, mTayuvdivtow s KUkAoTpov. Ket’
&pxas o¥nuaTiCeTan TAouTwviov — 241, Smep Bix padivepyeics P HeTaoTOIYEOTTOl TTPdS  duepi-
=xlov — 24] :

02U238 o ot > g Pudl L it

13 &t
oqPu2dl — — 5 gAML el
To Guepixkiov — 241 elvan iocdToTrov o padievepydv, fiumlwiis 461 trdw. T HakpoPiTepov igdTo-
TToV TOU Guepikiov eivan TO duepixiov — 243, fudeotis 8 000 drév TepiTrou.
8) Kiodpiov, Z = 96. Td oroiyxeiov TolTo dvopdodn oirew TPOs Tiuny ToU Ledyous Curie ko
sv dvadoyig Tpos TO oroixelov yabohiviov THs ompds TéV AcvBowviSav, Hi& Tol dmroiou eTipribn T
Svopax ToU g@wvAavBou Xnuikel Gadolin.
‘H kaTaoxeun) Tou émeTeUxfn TO TpdTov UTo ToU Seaborg Si& Boupapdiopol Tol mAcuTwviow
— 239 pé gouaTidix a &wd kUkAoTpov :
0PU2 oot > g Cm242 fgnl
To rxicUpiov éxel ToAA& lodToTra, TrapoudidlovTa  HeydASS Biapopas eis THY Audwny v,
m.x. Si1& T kiovplov — 249, T = 65 AemrTd, &id 1O Cm242 T = 163 fuépon xed Sk 76 Cm24s
T =400 000 &rn.
£) Ta groyela Z = 97 fwg 102. To oToiysiov piepkédiov dvopdodn olrw ik TS TWOAEws
Berkeley Tfs KoAigopvias, &mou slpioketon 10 Mavemothmoy  Tfis TroArTeias TaUTRs TRV H.ITA.
'Exel dMAwoTs kaTeokeuGodnoov OO TAV ouvepyaTdy  Tol Seaborg kol  T& oTorgeia xehipdpviov,
PepuIoY kal divoTdviov, ‘H dvouacia pmepxéhov Exst dvTioToya Td dvéuoTa TépProv xai UTTépPiov
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Tiis oaipds TAV AcvloviBiv, SvdpaTa TposABévTa &wd  THV ToAw Ylterby THs Zoundias, &mow
UTapYouV OpuxkTd oTravicv  yomédv.

TpotpysTan &mod TpocPoAfiy ToU &uepikiov pé owuaTidia o &MO KUKADTpoOV

gsAm24l L o3 > ¢;Bk243 - 2 nl ]

Téd paxpoPidhrtepov Tév icoTdmwy Touv sivon TO Bk247, a pxdievipydv, T =7 000 Emm.

TS arowyeiov kehgdpviov 7 = 98 Blvoren v& kataokevasdj kad® Spolov TpdTov Tpds TO WUTEP-
kéhov, GAA& dvTi v ypnoiporroindf Am2dl AcuPdveTon ds gTdYo § TEY cwpamBicov o 1o Cm242,

*IS1anTépws Suws TpEmel v E§apbT TO yeyovds Tiis véas Texvikiis, fiTis fipxioey &md Tol ororysiou
ToUTou v& Kookt Ebapos. TTpdkertan epl PouPapBionol oToryeicov &1 ué oropaTiBiax o, GAAE pé ToAU
Baputépous Trupfivas, émws Tol &vlpaxos, &liTou, ofuydvov, EmTayuvdivras B elBikédv EmTonuv-
TIKGY  PNXavEY,

O1 Papels ofro1 Trupfives vowporToluTon Trp &5 Tols Trupfivas Tol oUpowiou, TrAouTwviou KATT-
smée dvaPiPélouv oAU ToUs &ropikous Gpibuous ué ouyyxpovov EkAVoIv TTOAAGY veTpoviwv.

Kort” v Tov TpdTrov kaTeokeudobnoav T& oToixeia 99 fws 102, eidikdTepov B

02288 | ,N14 5  F247 45 onl
02 U238 4 4016 >, Fm250 4 4 ,nl
9gCm24d 1 (C18 5 | No253 4 4 onl

To orotygiov pevdeAéfrov kareoxeudodn Sid PouPapdionol EAayicTns TrocdTnTos ToU looTdmoU
polB288 H1& copambiov o

‘H Trpdodos ToU TepioBikol ouoThuaTos eaivetar &1 Biv 9& ouvexio8f, Bi16TL Umdpyxouv Adyor
doTafeias ko 18l almoudTov oy doews Ty Papicov ToUTwy Trupfvwy. TlpdypaTt, &wo Tol kioupiow
(Z = 96) tngavifovtan &preTd lodToma oxalousva els SUo Bpalopara alTopdTws, UTroTiBeTen péAioTa
81 Ev 2§ Ty, T kahgopviov ¢¢Mif234, fmlowis oydoews 55 fuspdv, elvan | aiTiax THS xoAoooiaias
tvepyelas ToU TrapouciddeTal els véous doTipas, kahoundvous Umepkawopaviis: (supernovae I). Kod
TolUro 5161 peTd THY UwioTnv Towv Adpwiy (Ekpniv) oPlvour PBpaSiws wi pubpdv 55 Auepddv
fmoeiog vraoews.

142. T& pabievepyd lodtroma év Tf dtpoopaipe. ‘H mapousia ocwpomiBicov UwnAfis évep-
yeias &l THg &veoTaTns Blws &ToTgaipas, TRoEpXOMivWY EK TRS KOTUIKTS &xTIvoBoAixs, Snoupyel
KQTQTEPGYIoHOY TEY TUpHvov TV oUVIoTLVTWY THY &THOCQXIpAV OTOoLxEiwy.

O0tw #upavifovten veTpdvia kal TUAUATE TUpAVwY, ATOTEAIVT & padlevepyous TTUPTIVAS KXTw-
Tépewv — EAapoTEpov — oToieicov. T éAeudepoupeva veTpduia Buvatdy vx EvowpaTwdolv Tpds TO
&LwTov ol va Sdgouv BeuTepoyevels duTiBpdoess, vdd | oUAANWis Tewv Urd Tol dSuydvou pihAov ei~
van &rrifavos.

‘O kaTaTepayIoH0s Tapdryel Kupicws Tupfivas TpiTiou, Pnpuiiiov — 7 kai PnpuAiiov — 10, T& BE
veTpduie, dvmiSplvra mpds To dGwTov, BiBouv TpiTiov, USpoydvov kai dvBpaxas — 12 kad — 14, keTd:
Tas dvmiBpaotis

NI il e pUA2LogHA%
sN14 L ol —  GCle* L G111

‘H mpdTn TéV dvmiBpdoewy EmTuyxave ran pé Tayéa veTpovia (Bvepyeios SAlywv NeV), vd
Beurépa ui Bepuikds. "Emra1dh) 88 oA &dmd Té veTpduia kot THY Siadpouniv Tewv péo Ths dTpogpaipas
Xévour THY TaXUTNTE TwV Adyw ouykpousiwy Kai ylvovtan Bepuikd, Emeten 871 dpreThy TOgdTns
&vlpaxos — 14 Brpoupyeitan vuxbnuepdv v Ti &rpoogaipa.

YYroAoyifeTan 871 kaTd péoov Spov dvd Taw see xai cm?2 TS fmipoveias TR s SnuioupyolvTal
gls TOv Umepkeipevov dvTioTorkov &épx 0,4 &ropax TprTiov kol Tepi T& 2,2 &Toua Svpaxos — 14.

‘0 &vBpag — 14 elven padievepyds, fiulwiis 5570 &1, ué peyiorny dvipyeaiav 16V ocwpaTibiov B
0,155 MeV.

Tapodeydpeveor 6T1 ) EvTaots Tiis xoopikiis dkTivoPolias kal f) oUoTacis Tiis druooaipas Biv Exouv
&NGEe kot T Teheutoda 50 000 £rn (mepimou 10 fiwmdwai Tob C14), ocupmepaivopev Thv Umap§iv
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padievepyol igopporrias, 8. doos C14 mopayeTtan, Too0s kai Sraow&Tean, ToU mososTeU ToU dvlpe-
xos — 14 &v Tf &ruooeaipg TapopévovTos TAfov oTabepal.

‘O &vBpaf aUTds yiveTan elxdAms C140, kal Sia Tév gutdv elgipyeTan ey THY TpopAv Ledwy kai
SuBpTToV, ZUVETTES els Tav fwovTavdy dv Umdpyel pévipov TrogooTédv TiI poablevepyeias, Osidpevov
sis Tov &vlpara — 14. OUTw kaTd péoov dpov ls L@dvTas dpyaviouous Eyouev 15,3 Biagmwaoes dvd As-
oy kol ypoupdpiov &vBpoxos dpyavikfs Evcoecos.

Fevikéss UrohoyifeTan 6Aos & &vlpaf —14 Tis s sis 80 Tévvous, 7 && paBievipyeit Tov ls 3,6 - 108
curie.

143 . Pobloypovordymoig 85U dvBpaxog — 14. ‘0 dvegépapey, kard péoov Spov, 15,3 gwuari-
Biax P &xméumrovTan uTds TEV [WvTwv dpyavicpdv dvd AemTOV xad ypappdplov &vdpaxos. MsTd Tov
SdvaTov ToUEl §) SUTAAAGY) HE TO TEpIBEAAoY Kkad & dvbpag — 14 peroUTon kaTd ToodTNTY, Sid V& peivy
# Auicaia woodTns Tov 5570 #rn peTd Tév BdvaTov Tol [Roavtos ToTE SvTos.

‘H paBievépysic TéTe TphuoaTos Tol SpyaviouolU mepiéxovTos dufpaka 8% yivn 7,6 Siaomdoes
Gvd min xad gr.

Iyemikai pehéTan els TEpdy ElMou kuTTapicaou £k TGV TapY TGV Dapacd, amédafav, fvTos TOV
Spicav @Y AaB@By, TV &xpiPerav Tiis peBoBou ToU kadopiopol THs HAkias SpyaichoyK®dY dpyavikidy
eUpnudTwv (ElAa, 40T, Vpdopata) 8ia ToU dvipaxos — 14,

TpoUTroTiBeTan f pf eigodos viou dulpaxos—14 els 76 Selypa wou 8 CeTasd, m.x. T Tepdylon
<ol EUhou v& piv Exn SiomoTiodf dmo vewTipas fAkias UBaTa mepiéxovTa Spyavikds ouzias, B10Tt
téte 7 HAkia 8& @avi] vewTépa & §,T1 TpoyHaTIKES Eivon.

Ak Tdv &xotPéoTepov TrpoaBiopiondy Tiis pabievepyeias es Seiypara Tohods fxias, Exouv emi-
vondf eibikad péBodor kai cuokeual padloxpovoloyiioews, uf Suvduevan Spcas vd iagpadicouv Tpds
<5 Tapov BePandTnTa &roTeAsopdTwy Sk SeiyuaTa HMkias Gvw TV 40 000 #tdv. TereuTtaxiws, Aoy
<&y éxphEecov TEV &Touikdv PouPdiv kal TdY AsToupyouvTteov dviSpasTipwy, | TogdTns Tév Hipui-
x&v veTpoviwy yiveTon ouvex@®s peycuTspa TS KAVOVIKIS ik THs xoopkiis dxTwoPolics kad KeT& ou-
vimelay TO TooooTdv Tou dvbpokos —14 abfdweTon.

Bdos dvaldywv peTpnocwy padievepyady Tol padiov dv loopperia pds 1o olpdviov kol Thg
TEPIEKTIKOTT TOS els iodToTrx TOU pOAUPBoU G5 TeAkoU TTpoidVTOS Tiis Blaxomagews TOY PUIIKEDY padi-
svepyaidy (PA. § 84), Umohoyiletan kal f) fiAwkic TGV Siapdpwy  padievepyddy SpukTdy Kxi K TaUTNS
A AMkic ToU oTepeoU gAoioU Tis IMfis, xupcivopévn mepl T& 4 SioexkaToppUpix ETGV.

‘H Tiph aUTn ouneeovel pé doTpovopika Sedopiva M Tijs &TopaKpUVoEs TEV yahafiév kal udh-
Aov Exgl yiver yevikéds &mrodekTr.

K®’ H ZIXAZIZ TOY ATOMOY OYPANIOY

144, “IoTtopuudv. Maetd Ty &vardAuyiy 1ol vetpoviou (1932) moidol EpeuvnTal
ypnoigomololvTes Tmyds vetpovicov (BA. oeA. 153) eipydfovTo mi Tfis émdpdoews
aUrT@v els Si&popa oToryEla TPOS KaTooKeUTY icoTdmwy, Ssdouévoy &T1 TO veTpduioy,
@5 HAexTpIkGs &opTioTov, HdUvaTo vd TAncidon Tov mupfive, ph dmodoluevov
U ofrToU, émws TO owuaTidiov o f| TO TrpwTéviov.

Orw, TO veTpdviov, EoTm Kal Ppadéws kivolusvov, £p’ doov ETUyYave V& CUVaV-
o Tupfivar Twvd kal 81 v& TOV TAnoiaoT els améoTacty THs Tafews TGV TUpn-
vikédv Siapétpeov (10—12 cm), 8& eUpioxeTo els THy weployfiv Spdoes TGV TUPTVIKGOY
Suvdpewy kal B& #veowpaToUTto pt ToOv Trupfiva. Ex Tfis dvTidpdosws TawTng Tpo-
KUTTTEL véos lodToTros Trupry, B14TL 1) EvowudTwots ToU veTpoviou v dAAoichvet TOV
dropxdy &p18udy, dAA& alfdver ko povada Tov ualikév. TS véov icdTomov Suvatdy
va efvan oTaBepdy, &AAE ouvnifuws elval pablevepydy, petamimrov 8 dxTivoPohiog
(kupicos B) els oTabepdv.
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‘O meplovdTepoy SAwv CUOTIUETIKES MEASTHOOS ToS &vTiBp&oels ToU veTpoviou
Tpds Tupfivas fTo 6 ltanss Quoikss Fermi, 8oTis &pydTepov Eoxediace TOV TrpGy-
Tov TrEIpapaTIKOY dvTiSpacThipa (1942).

‘O Fermi (Péoue) ved of OUVERYATO TOV TrapeThpnoay &T1 TO oUpdvioy, Tpog-
PoAAopsvov &e veTpduix, £818e véa iod-
ToTre pablevepyd, ExTrépTrovTa &kTivoBo-
Afav B, mwp&yua &mep onuaiver psTortdTTi-
ow ToU oToixelou Trpds Ta Befix THs é-
ogs ToU oUpaviou gis TO Tepiodikdv oU-
oTnue. ‘Emropévers Eyxopev vEx oToixsia
&TopikolU &piBuol peycduTépou &mo o 92,
T& dmola kal wvopdoinoav dmwegovodyia
orotxela.

Met& iy SiamrioTwow TaiTny Hpxi-
oev f) TpooTrdbeix TolU ¥nuikol  Sioyeopt-
opol TédV véwv aliTdv oTolysicov kal 5o
Kupicws Ouades ¢peuvnTédv (PaBioynuixév)
eipydofnoav éml ToU 8fucros, fjTol ) &v
Topioiols éuds Omd to Zelyos Joliot -
Curie xai 1) &v BepoAives Umd vov Hahn
(Xav) xai Thv Lise Meilner (Mdirveo ).

; H xnuwikf ocupmepigopd TEV  vécow
ENRICO FERMI (1901 - 1954) aUtdhv — v BoxioTy TocdTT — oTON-
Xelwov, o TolalTn doTe B& ABUvavTo v
TomobeTnBolv ¢l Béoels ToU Teplodikol ouoTHUaTOS EUpIoKOUEVaS K&Twdey ToU Ba-
piov xal Aavboviou. (BA. mreplodikév oUoTnux sis Td TéAos Tol BipAlou). “Qs éx
ToUTou évopioln ém T& Umepoupdwic otoixeia Epavav péxpt ToU &pibuol Z = 96.
ToUTte Spws ATo topaiuévov, S16T1 T& Umrepoupéwic oroixsla pi Z =95 kad 96 xare-
okeudonoav oAU &pydTepov, olBels Suws ko TO 1935—1938 tpavT&leTo 4TI
T& veupioxopeva oToixeia pd Suoias i§16TnTag Tpds TO Pdpiov kai AcvBdviov foov
TPAyHaTE XUTE TalTa T& yvwoTd pas Bdpiov kal Aavddviov.

To 1938 Ay Iréne Curie - Joliot &uexoivewaoey &1 £v Tév TPoidVTwY TolU PopPap-
Blouol ovpaviou &i& vetpovicov, fimgwis 3,5 dpdv, Stv fiTo SuvaTdy v elvar iodTo-
mov ToU dxTiviou, oToixeiou ExovTos Béoly K&Tw &TTO TO AavBduiov, &Trws dvouileTo,
AN &T1 oupTriTTEl TAfpws PO TG AcvBdviov. Ady ETéhunosy Suws vé EEnynom
Téds HTo SuvaTdv v Eupavicdii T Aavbdviov, 8nAcd) Ev oToixelov u drouikdy &pi18-
uov Z =57, éxel &trou dvepdvovto oToryeiar uovov dvw Tol Z — 92. H fpyaoia alrn
Emégepe eYGATV oUyXUowv eis  ToUs doyoAouuptvous wé To Béna TV Umepoupavicow
kel & Haln pé tov Strassmann (Erodoonav) Tés TpodTas Huépas ToU ’lavouapiou
1939 dnpooisvouv &, GvaBecopolivTes Tas TPOTYoUévas &TTOwels Twy &l Tév Tpo-
idvtwv ToU PouPapdiopol Bi1& vetpoviwy ToU gToiyeiov oUpaviou, elvan Utroypeco-
pévor vé EykaToReipouy TOV Y apaKTNPIcudY « véa OTOIYEIX XMUIKGS Ouola Trpos TO
axtiviov i TO p&Biov kTA.» kol v& SnAdicouv &t TpoKEITal Trp&ypaTt Tepl &TduwY

WneionoBnke ané 1o lvetirouto EkmaideuTikrig MoMTikrg
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Bopiou, Aavbaviou, SnunTpiou kTA., oXnHaTiobivTwy dpéows T Eppéows kaTd TAV
SvTiSpagiv ¢, U8 L nl |

Meta piav RSopdda ) TéTe Bv Komeyx&yn evpioxopévn Lise Meilner petd ol
ouvepydTou Tns Frisch (Doiz) Epunvedouv T épyaoiav Tév Hahn - Strassmann
ME TV gy doey, fiTol THY BixoTdéunoiv
— Trepitrou gls Svo icopeyiln TphpaTa —
ToU mupfivos olpaviou.

Tas pyaoias T@Y dvwTépe épeuvn Ty
Svexoivaoe AfyovTos ToU “lavouapiou 1939
& Bohr eis Zuvédpiov Duoikédv v Auepiki
kai TayUTaTa oi eifikol éAou Tol kdopov,
dxoroufolvTes Tas uebdSous ToU Hahn, &
veUpov &vTds SAlywv unvédv mAfifos oToi-
X€icov ToU péoou ToU TrepioBikol cuoThpa-
Tos, WS TX Bpopiov, KpuTTdY, oTpduTiov,
uoAuBSaiviov, pouPidiov, dvtipdvioy, TEAAGU-
piov, Eévov, kaiciov, 1dSiov, dg TTpoidvTa
Tis duégoU oydoEws ) &5 Eppeca TpoidvTa
paBievepyol peTacTOIXEIdOEWS TGV  dpyi-
x@v SpauoudTwy ToU TUpfives Tol olpaviou,

ETnAnSelfn oUtw Treos évrods Bpayu-
T&Tou YXpdvou pix &ToO TS peyoAuTépag | :
avexaAUyels Tou dvBpddtrou, 7 ayd&ois Tév OTTO HAHN (é&yev. 1879)

Baptwov mupfiveov kai ) & altfis Trpoé-
Asvois oToixsiwv ToU péoou Tol cuoThuaros Mendelejew, Tepl TAOV Stolwv 1) Bewo-

pla édeikvuev 611 &moTeAoUv T& eboTadéoTepa oToiyela ToU Kdopou. "ApkeTol Sucog
gmioTHuoves Bieidov &md TOTE xad THY XpPnoipotoinov Tfs katd Thv oxdo iKAvo-
uEvns évepyeias, Gpkel va dveupiokovTto al cuvBijkan wids GAvowTRs  &vTiBpdosws,
fitor v& ouveyifeTo alropdTws ) oxdois &Td Tupfiva els TTupfiva, yowpis TV ék TV
£ emépPactv Bi1dx véwv veTpovicv. ‘Otws drp1Bés pic &pxikn loyupd TardvTwols,
.Y el TO péoov TroocdTnTEs Tivos TRIVITPOYAUKEpivns, Tpokadei, SiaBiBopévn &kTi-
vorad@s TayUTaTa kel SATV Thv u&lav, THY Sidomactv SAhwv THY popiwv Tns, olTew
&uepgveTo va oupBf kad pE TO olpdwiov.

"AvTiBéTeos, &AAol EpeuvnTal émioTevoy ST ToUTo Biv elven Buvatdy, BidT T &K
Tis ox&osws fpalopaTa kal T& kaTd THY o}&Gv EKTIvacoouEVa veTpovia Bev fijoav
GpreThis fvepyeias, oTe vd cuvTnpnoouy GAuowThY duTiSpaciv Kked &v &pykéds
gxouv TNV ikavny Trpds ToUTo Evépyaiav, Adyw Siapuydy, cuykpolstwy S1apdpmv
TuTTwv, Ba Ty x&oouv kal TeAkds & &SuvaTolv v ouvTnpngouw thy &vTi-
Spaow.

MpdypaT, duedTepon ai &mdyels Bikauwbnoay, 51671 ué T xabapdy olpdviov
—238 8tv ouvTnpeiTal, &res O 18opey kaTwTépe, ) dvTiSpaais, dud ) Tapousia Tol
icoTéToU  oUpdviov — 235, oxaloutvou L8 iws pé puKkpds KwnTIkds gvepyeias ve-



238 IIYPHNIKH ®YEIKH

Tpovia, BUvaTtal vd guvTnpnon UTO KITEAANRAoUS ouvbnkas THv &uTidpaotv.

145. T5 odpdvioy xal & pNYavIowdg THE oX&oeds Tov. To év 77 puoel olpa-
viov GveupiokeTon UTO popohiv GpukT&Y EVCIOEWV ToV, dvapsurypévor peT SAAwv
fvhoewy Slagdpwy oToiyeiwy. Té TAoUoIhTEpov dpukTéy Tou slval & TMoToupovi-
s, XpouaTos wéhaves, TpacivifovTos B Teppoypdou Tpos péAav. Tlepiexer &Eeidiov
700 oUpavioy (U,04) 30 — 70%, xai dmavtdran xupiws els BeAyixov Koykd, Toexo-
ohoPakiaw, TMoptoyahiov wai Kavoddw.

“Ev &AAo dpuxTdy elvar & xapvoTiTns, Evewots olpaviou ué xdAlov kai Pavédiov.
Eivan kiTpivov dpuxToy, epiokeTan sl ToAA& pépn THs IMis kol i8iws els 76 Kohop&do
6w H.ITA. Cevikéds Umdpyouv mépe ToAA& dpukTta Tol cUpaviou xai TToAU Siabe-
Soptver ¢l THs IMHs. “Axrdpn kal meTpopaTa, OTTes ol ypaviTal (TnyuaTiTar) Bei-
xwiouv padievépyaiay dpelAopéviy els TO oUpdviov.

‘H ékueTdAAeuots Opws TV OpukT@v Tou oUpaviou dev elvon r&vToTe oikovoui-
65 cupotpouca kol iBicos STav f) TEpiekTIKSTNS els oUpdviov elval pikpd. ‘H onpe-
pivfy Tou &fia dos ¥nuikdds xaBapol peTdAAou xupaiveTon TrEpl TX 30 SoAidpia dva
yihidypaupoy, i@ Bk TO isoTomikds kofapdy oUpdviev — 235, f T adfaveTan
®omd YiAios @opds.

Td oUpéviov, UTO Wop@fv TEV Evioedv Tou, ExpnoilpoTroleito Tipd ToU 1940 «ig
BayioTas Prounyavias, &Tres THy Uahoupyiav, Sia Tov XPWUTIoUSEY UGAWY, T EQUa-
AduporTa, £l ¥NUIKSS Tivas dvTiISpagels dg kaTaAUTng Kat THY QUTOYPPIKTV TEXVIKTV.

To pétaArov oupdviov eival dpyupdypouv, EkTaibépevov els ToV dépa kabioToaTan
iwBo-kaoTavoypowy, Bapy éTws & xpuods, mukvéTtnTos 19,1 gr/em?®, Tnrduevov eis
1133 °C. "AvekcAugln To 1789, 76 8t Svou& Tou dgeidetan el oUyypovov Trepitrou
Zvaxdhuyiy Tol TAavniTou Olpavol.

‘H icoTomikn Tou ouvBaois Eyel s €67 :

U (U 9939 T =45 -10° #rn A* = 238,1249
U (AcU) 079 T=7,13.10% &rn A* = 235,1170
wUB  (UID  fxvn T =25 -10° &tn A* = 234,1138

*Extds TG tv T Duoel supiokopévwov 3 looTdTrasy Tou(F), Exouy TeXVNTOS KITS-
oxeucoBf] &preTd lodToTra, fk TGv dmolwv [BiaiTepov fvBiagépov Trapovoialer TO
oUpdviov —233, TpospySusvoy &t ThHy Emidpaciv veTpoviwv Emi Bopiou— 232 ko
v &vtidpaciy (Bdpiov ——> TpWTAKTIVIOV —> oUp&viov)

o

Hu'rh‘.!:iz + Dn'l‘). nuTh:‘ﬁ:! - ,,4._.‘_>_91 Paﬂﬁﬁ ——, — 7233

a

: . 92
23,5 min 27,4 Tjpepan
To oUpdviov —233 elvan Omews xad T& TeplocdTepa TV iooTémwy ToU oUpaviou
oToixelov o padievepyov, fmbwis 1,6 - 10° &rddv.
‘O TpéTros KT TOV OTreiov Evas faods mtworr, ¢ ouvnfws kaAsiToal Evas Trupnv
ui padikov &piBudv dvartepov Tol 200, oxddetxi, fusAeTnOn BecopnTikdds &TO TOW

*) T dwtds wapevdioews oupPora, olpdviov I, oUpdviov Il kai &kTwoupdviov civen 7 wa-
AcioTépa ypagth T&v 3 looTéTwy Tol ovpaviou.
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Bohr xkai ToUs cuvepy&Tas Tou, s duéows peTd TV dvakdAuwily ToU paivopévou
TTjs oY aoEws.

Q% Paois éxpnoivsuce TO Tupnvikdy UTBaypa THs oTaydvos (BA. ofA. 191),
xare 7O dmolov ai Suvdpes émpaveiokiis TaoEws ouykpaTolv THv oTaydva el eloTal
KOT&GoOTao Kol Telvouv va E§ouBeTepddoouy TUXOY Trapaudpewaiv Tns.

A& v& TrpokaAécopey AoLTIOV Trapapdpwoty Tol coalpikol oyfuaTes, T &moiov

Zy. 212, Tynuarees slzav 1or Swdogixdy maoapoopdoemy Tob  Tveivos oloaviov, cugpdves
TG TO TRoNMROY Gndderyua Ti aTaydvos.

XopoxTnpifeTon s TO oxfiua Tiis wikpoTépas Empaveias Ud BeBoutvov Sykov Kai va
Podowuey els BryoTdunocv Tfis oToydves, TpEmEr v kaTaPdAwpey Epyov.
Mpdrypam, éav Exconev SUo Opolas oraydvas, pikpds SiopéTpou kol oépopey els
Tupny
Bapiou

ITupn' v U-235

I
Tupnv
Kpuntob
Zy. 213, Tydow; fvée mvpippog oteurivv — 235 (oynpatueds). “Ev vetodrior évompurottar a0ds Tov
datatloliz  awvorpoz eboaviov — 236, Obro; gydlerar sic

aupipa otpaviov — 2335, oxnuatiSopdvor Evog
0 e 4 s ¢
o peydia zal droa Opadopara, fvd talteoyodvws Exzipmovtar 3 vetodvu,

gmagnv TNV piav pé THv GAANY, & TApATNENCWUEY THY CUYXWVEUsIY auTddv s wiav
ueycAuTépas diapéTpou kai SimAaciou puoikda &ykou, £ép° doov 7 TukvdTns ToU Uypol
Tapapével oTadep.

‘AMAG BUo oTarydves ocuvatroTehoUoon piav, Siatnpolv pev 10 &fpoloua TEV
SyKwv Twv, Ol Suws kol TGOV Emeavedy Twv, §10T1 1) Emdavelx Tiis véas oTaydvos
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Bév looUTan pé 16 &fpoioua TGV dUo émeaveldy, dAAG elvan pikpoTépa. TIy. opalpikiy
oTarydv drTives 2 mm Exer Sykov 33,5 mm?. "Av 8Uo ToiaUTan oTorydves droTeAéoouy:
oTayova dyxou 67 mm?, 1| dxTis Tiis véas oxnuaTioBelons k cuy K wveloets TWY oTa-
yovos, 8a elvan mepimmou 2,5 mm. Qaivetan duéocws 6T 1) vea Emigdveia elval HikpoTépa
Tol &poiguaTos TéV Em@avelddy T&Y SUo lowv oTaydvwy kal 87 katd 209, Tepimou.
"Apa ai Emgavelaxal Suvaels déSwoav Epyov, EAaTTwoaoal THy émigdveiav. Todvav-
Tiov, &Tav fuels GsAniowpey
Thv piav oTaydva va ThHv
Biaipéocwpey gis SUo &AAcs &-
poias, Trpétrel v& kaTaBaAc-
uev  Epyov floov Trpds TS
TrpoTyouuéves drrodobév.
Kord 10 mrdderyua Tiis
oTorydvos B& Emrpemre va U-
moféowpsy o1 Pabpiaicws o-
Aol ol Trupfives, s ECopor-
OUUEVOL TTpos OTarydvas « Tru-
pnvikoU UypolU », drobidov-
Tes  Evépysiav, O& ouvexw-
VEUOVUTO Trpos &TTOTEAECIY Evg
uwovov Tupfivos  (mds povov
oTaydvos). ToUto Suws Sév
elvon BuvaTdy, 81611 ExTdS
TOV BUVEUEWY TTS ETIPQVEIT—
Kfjs T&oews ol Trupfives £xouv
TIAEKTPIKOV @opTiov kal ocu-
veTréds éutrodifovTanl v& TTAT-

Zy. 214, dwwziormes

voc olpaviov & fopflapdiopod ui verpdma, Kic 16 pédoor Tod

i Daddpov Wilson i aydosms mvoij-

Baldpov Ymdgyel lewrdrator @iiior otgaviov (zaTaxdprpos zev- A 5
woud) yoapal). Ta arnlléiver devlivvoeoy aidpa iy eivar Ta OIETOUV ueTa€U  Toov, ouy-
gy TOY Tgopn ThY ExTwraccopivey 0o avicer Hpaveudtov.  Xpovws &E els TO éO‘LOTEleéV
(Al Tooyal r‘:- : z ; s copatidioy ) Twy l‘JT\"deOU‘J Suvdpels TO-
oresoyTon, Aer Zfl(j{“TfU’T!ll UF_)HT’II’). ooV éTl‘C.OCFTIKGi 60—0\) KCX‘I
ovvekTikad  (BA. ogA. 190).

Kerée tov Bohr, 8tav &v vetpduiov EvocopaTawdij pé tov Tupfiva &rdpou Tives,
TOTE TpoCEpeTal Els aUToY dvépyeix, Son sivan ) Evépysix ouvBécews Tol veTpoviou
Tpos TOV Tupfiva almdv kal ) Tuxdv KivnTikh dvépyeix Tol VeETpoviou.

‘H évépyaiax olimn Bieyeiper ToV Tupfiva TTpds ToV dtroiov EvowuaTolTal TO VETPO-
viov, BUvatal 8¢ va dmodobf, a) dg dxTivoPoiria vy, &moPocAAouévn peTd THv tigoBov
7ol veTpoviou el Tov Trupfiva, B) ¢ drTivoPoiia cwuaTiBiou Tivds, Y. 1) dvowpd-
TWAlS veTpoviou Tpokoel &roPefiv TpwToviou, owuaTidiou o KAT., Y) s évépyeia
TOAVTOEWY TIEPAUOPPITERDS ToU TTupTivos.

ZAENTONEVOY VETOOVIMY, o)

Eis Thv TeAeuTtalay mepimTwov 6 ouvhBus oeaipikold oxfuaTos Tuptv UpicTa-
Tal Topapopgwaty, fTis miavis vi ¢bdoT uéxpr Tol oyruaTos oo (ox- 212), omdTe
fugavilovTal dUo KexwploHéva KEVTpa AAEKTPIKGY &TTdoewy, pt Suvapdvoy v gEou-
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Setepwbolv &md Tos Trupnvikds Suvduers EAEews Ppayeics duPeAeios. Kardmiv TodTou
TO ouykpOTNHa Teivel Trpds BIXoTOUNGCIV Kad pE EKAUCIY peydAoU OXETIKES TOTol
tvepyeias. Ta BUo Bpatouata ioxupdTata &rwlolpeva EkTivdoooUTal SpUNTIKWOTATS
pE oUYXpovov EKTTOUTIIV KaT& TO TAeloTov 2 §| 3 verpovicov (oy. 213 kol 214).

‘H éxreeloo eikdov
Tfis oxGoews TpoPAé-
TEl OUMMETPIKNV Biyxo-
Téunow Tol Trupfjvos,
tvd® els TV Trpayua-
TIKOTNTA TOAU HIKpOV
elval 16 TTocooTOV TSV
ioopeyedddv  Bpauopd-
Toov. MbavwTépa o=
pouUTIalETal 1) &OUUUE-
Tpos oxacis (ox. 215),
TTis omolas 1) £€Rynois
5tv elvar &xodpn ikavo-
moinTikn. ‘H  ouppe-
TPIKY  oY&ols cupPai-
VEL OUYVOTEPOV pE T
ToKEQ VETpOVIAL

’Ek  Tév  icoTd-
Teov ToU  oUpaviou TS
pé¢  olacdnmoTe Evep-
yeias veTpévia oxald-
pevov iocdTtomrov slvan
T6 oUpd&viov — 235.

“Oress paiveTan €k
ToU oyfuartos 215, 1o
oUpdviov — 235 Trpoo-
PoAAdpevov  &mo  ve- - 5 : el
Tpdvia  WIKpES  Evep- Zyx. 216, Meraflois) ol mocgootoll 10w Gydoemy quoijrwr U235, Tar dro-

. ! o ; Sedovrwr Opadopara dowpdror palueot aollpod, ewaptijost Tol pali-
YELOS, UXGE;ET?" ?ls o 200 apibpot. “H dvaloyia téw cvupetpide oyalopévor qvoijrer U235,
fpalopaTa  GunkovTa firor Tav  amodwdvrwr Opaicuara palocov dpdluot 118, eivar ioy
elg BUo kupicws opddas, agog 0,01 9

TV élapodr dudda pe

palikols &piBpovus A =95+ 10 wxai THY Fugeiar dudda pE podikols apiBuoug
A =139+ 10. Eis ToUs palixous &p1fuovus 95 kai 139 mapoucidleton ) ueylorn
&médoots, mepitrou 6,59, 51 EkaoTov €€ alTdv.

A& TOV Adyov cUTdY EkAyousy s Tapadelypa TS oXaoews T& ioéToma UTTplov
—95 kal idBiov — 139, &uedTepa SiamioTwlévTa £ls T TpoloVTE THs oY &oews. Tooov
16 YrTprov Soov kai TO idBiov Bév Exouv iooToma oTafepd yvwoTd év T MUoer pé
Téoov UwnAdy paldikdv &pibudy, kal Adye Tol mepiTTol Z (BA. og. 194), 10 UTTpiov

16
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kol TO idiov Tfis PUosws dmoTeholvTan 2§ Evds pdvov icoTdTou kad Stv elven

Zy, 216, Ta agoidrta Tijs oydoems Tol aveiros odgariov — 235
elvar avoipes pé aplpdv verooviow zolt pepaiitegor €xsivov T@v
craflegan ér 1jj Diver avoiper Tob abTod dropizob dobuod. Qs
& TodTov T Howdouura Exméumovy Swdoyixd: emparidia fi
6rdte pevarpénovra el évégovs iooflageiz mvegivag, pé idyow
VETQOI{WY TQOS TYWTONIU [1QOTEQOY TOT TROIyOvUEOY 11éyols GToY
=uzraliforr elz 0o orafeguis mupiras icotémmy Ti: Dioewe.

»

piyuaTta TTOAAGDY iooTdTrwv.
Tabta elvan T&

39 Y% A*= 88,9340
(TpwTduix 39, veTpdvia 50)
2l 22T AR —126.5450
(TpwTdvia 53, veTpdvia74).

‘Emouévars 10 UrTpiov
THS ox&oews pE pagikov &-
p18uov A = 95 kaofidos kai TS
iw8iov pé A = 139 Trepiéyouy
T&pot TOAAG veTpdvix  £v
oxéoel pg T év T1) Ploel oTa-
Bep& Teov iodTomra. Qs &k
ToUuTov, Trpémel & &piBuds
TGV veTpoviwy, §&v &vaAo-
Yig Tpods Ta TpwTovia, vk
perdf. Autd 8& AdUvaTo
va yivy xatd BlUo kuplws
TROTIOUS : o) v éxTivayBolv
veTpdvia &mrd T& SpalopaTa,
Qaivouevov TO dTroiov Trpdoy-
HaT1 oupPaivel eis TTOAU pi-
Kp&v dvodoyiav (0,65 9%,
kafuoTepnuéva veTpdvia) kai
B) v& éxmépwouv T& Bpay-
ouaTa cwuaTidiax B, omdTe
alfdvel & dTopikos &p1Ouds
Z kol & Adyos &piBuol ve-
Tpoviwv TTpds &p1Budy Trpo-
Toviwy yiveTal HKpSTEPOS.

‘H &xmrouTr?) B elvan Tro-
AU mbovewTépa THis  EkTrop-
s TV  xafuoTepnuéveov
veTpovicov  kal | ox&ois
YpageTan Bid TO Trapdderypa
pas cos eis TO oxfna 216.

‘Eav Twpa fecopriowpey
6T T& BUo BpalicuaTa 59 Y9
wail 55,1139, pohis  Eoymue-

Tiobnoav &me Ty ioxupdy Tapaudppwoiy TolU TUpfivos 4,U 286, dmeTéAsocy SUo opai-
pidix gopTicov Z; = 3% kai Z,=53e &v Emagpd eUpioxdueva (ox. 217) kai Bex b6~
uev (P&oel ToU TUTOU TAS oeA. 190, doTis pds 5iSa TV &xTivae ToU Trupfjvos
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3
r=15.10—12 A 1/3) Bi& Tds dxTives Twv TE Twds rp=1,5. 101 V95 xal
3

s = 1,50 1048 V139, Buvdueda v Utrohoyicwpey T Epyov TO bmolov B& Tapayfi
&k Tis HETACY Twv ATTOCEWS (5 OHWVUHLS
popTIoptvewy cwpaTidiwy.

MpéoypaTi, T Epyov Bik peTapopdw &
ToU dmelpou els &mwdoTaciy d=r; 41,
SUo onueloxkdy gopTiwv Ze kai Z.e elvan
xard Ty fswpiov  ToU fAskrpooTaTtikel
Trediou

E 218 Zee

*AvTIKoBIoTAVTES TaS TINAS TV Zg,
Z,, e kai d eUpiokopev 10 Epyov TO Swrol-
ov B pd&s 5087 kaTd THV &mopdkpuvoly
Tév Blo goptiwv ioov Tpds 3,2.10—
erg mepimrou, fitor 200 MeV. Zupmepaivo-
pev &Bev 8T1 kot TV ax&ow B& Tapoybf
Epyov UTTO TGV ATMWOTIKOV MAEKTPIKGY
Suvdpewy, Tas oOmrolas 8iv H& Suvnfolv
Aoy va E§oudeTepcicouv ai Ppayeias fu-
PeAsias TUpnUIKal EAKTIKS Suvauels.

o ¢ z A Zx. 217, H =ava iy avojpuap oydow &xlvo-

TovAdyioToy 40 B1&popol TpdTol ox&- pévn Evéoyeta magovoidlerar dpyixiic s Egyov
oews EXouy SiamoTwdR kad Tepl T 200 @ NAexTot@y dmmatizin Svvduewmy, ToOv Efa-
Sidgopa iooToTma EXOUV Blaywplodf, G- axovudrov pevali Tév Sto Boavopdrwy, ds due-

vipwes pogrioudvay ougandiov. To &oyov Toito
peratpéneran £ig xwnTiy évéoyeiay Tdv Boav-
GuATOY.

kovTa eis oToryelx &me Z =30 (weuddpyu-
pos —72) #ws Z = 66 (Suotrpdoiov — 161).
*Emrions Exel Tapoatnpenfi] kai TpixoTounoIs
ToU Trupfivos Tol oUpavioy, T&pa oAU omravia, dvTiféTws, cuyvoTepa dvapaivovTa
peTabl TV BpauopdTov owpaTiSia o f kol peyouTepor Tupfives péxpr Tol Tupfivos
Toly &vBpakos. Els SAas Sucs Ts TepimrTddoss 1) tkAvopévn Evépyeia Biv Siagépsl To-
AU &mrd Thy Tipfv Tév 200 MeV dvd oxdow, Tiphv yevikéds yevoudvny &TOSEKTvV.

146. ‘H &xAvoig tijc évepyelag xal T6 EAAerppa pdlne. ‘Omos dvepépapey
Tponyouptvas (PBA. Kep. KA" xai KET), ) dvépyaix fiTis &kAUeTon korrdr TS TTUpT-
vikds Sicomdoels, &vTioToixel eis icoSUvapov EAAsippa p&dns wetay TV Tpoicv-
Twv THs oydoews xal ToU &pyixol Sixomacdivtos mupfives. ‘Emopéves kol els
THY mepiTTwoy Tis ox&otws ToU oUpaviou ) &AAou Twos mupfivos, Tpémel va
dvalnTiowuey TO EAAsippa aUTd dos Ty v Tiis éxAuopévns évepyeias. OUTw Eyouev
51k To oUpdviov — 235 - veTpdviov

9o 7285 A*= 2351170
on? At = 1,0090
Uzss Tovohov  236,1260 MAM

a2\
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Eis 10 mopdberypd uas Eyxouey TeAikd Tpoidvta TO woAURSxiviov — 95 kai Acvld-
viov — 139, yvwotd otaBepd {odToma Tfis PUoews, kaBoxs xai SUo dmofaiAdusva ve-
TPOVIX

12 Mo A*= 049362
57Liats® A* = 138,9502
2 ont A% — 2,0180

Zuvodov  235,9044 MAM

"AgaipolvTes TO Beltepov gUvotov &k ToU TrpcdToy Exoucv EAAsiupa 0,2216 MAM
Kkat peTaTpemovTes aUTo els MeV, ué Baow &T1 1 MAM =931 MeV, kataAnyouev &is
206 MeV dva oxalopevov Tupfiva,

Mapatnpolipey &uéows THY TaUTOTHTG TV TIRGY es Tas &Troiag KaTeAN| Expey
&1 Buo Tpdmwv Utrodoyionel kal THY BiamioTwoly Tol Tdlev TTpoépxXsTal 1) EKAU-
ois Tiis évepyeias.

"Hroy, 1) xorax v oxdow éxduouéun évépyeia dpeideTan els TO EAAsippa pédng
peTafU ToU ouoThpaTos TUpTv odpaviou - veTpduiov kal TV TrpoidvTwy THs oy doEws.
H tvépyeic alrn fppavilerar &g épyov Buvdpewv HAskTpixiis dmdoews(*), &modi-
Boptun TEAIKGS Kol kaTd TO TAsioTov UTd poppfv GepudTnTos.

MeTpricels yevdpevan els T& TrpoidvTa Tfis oxdoews kel Tds U alTév dv ouve-
xelg &moPoidoptvas dxTivoPohics, &méBwoav THY EEfis kaTavophv Tiis Evepyeias
Tév 200 MeV :

Kintikn tvipysia 1év SUo SpauoudTwv 168 MeV
Kwntikn évépyeia 1év 2 7§ 3 veTpoviwv IR
’Evépysia v dxTiveov y Tfis ox&oews 5 »
"Bvépytia TV cwuaTibicov Pk TGOV BpauoudTeov 6  »
‘Evépysia T@v dxTiveov y &k TGV SpavoudTeov (5500 20
"Evépyeia Tév veTpiveov ik TéV SpauoudTeov 10 »

Syvorov 200 MeV

Eis &Ahogs oAU dviaxgépwov TpdTros UtroAoyiouol THs v oyaldusvov TUpfiva
cUpaviou &hvouéuns evepyeias Tév 200 MeV, eivan & &xdroubos.

Kdbe mupry, Stav B kaTaokeuaotf] €k TGV TPOTWY TOU CUGTATIKGY, TTpedTo-
viow kad veTpovicv, eUpioxopéveov pakpdv dAARAwv év EAeubépa xoTaoTdosl, &To-
PadAer évépysiav yvwoThy s évéeyeray cuwdéoewe (BA. Kep. KA'). *H tuépyeia guv-
Btoecos, duTioTolyolUoa els EAAeiupa pddns peTafl ToU d&BpoioucTos T&Y paldv TV
Beubépov voukAeovicov kol THs udgns ToU €€ aUmdv oxnuaTicBivTos Tupfivos, Siv
Paiver eUBcos dvoRdyws Tol padixol &pbuol kal dvé eis T& péoa gTolxela ToU Trepi-
oBikol ouoThuaTos elvan Tepiou 8,5 MeV dvd vouxhAedviov, sis Ta Bapéx oTorxeia
EartoUTat els 7,6 MeV (PA. ox. 172).

ToUto méAw nhol 611 T& TehevTalar voukAedvia, TpooTiBéusva gis To #8n oxn-
HamioBiy ouykpoTnug, dTodiBouv ET1 uikpoTépay tvipyeiay (5 — 6 MeV), oltws GoTe,

*) Znusiobpey iBicnTépcos &1 1) Exhuopévn dvépyeia TrapoustdleTal &pYIKGS 5 fpyov nNAekTpi-
K&V Suvdpewy.
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1| péon &vd vouxkAedviov Evépysia &d 8,5 MeV v KaTéABn sis 7,6 MeV 8Si& 1&
Papta oToiyeia. “Eva mrepddaypa 8 kataoTtron cagéoTepa T& oupBaivovTa.

"BEorew ST eineba gpyor&Por oikoBouddv kad xTilousv UEY&ANY TTOAUKATOIK QY.
ToTe dev Paivel TO kdoTos eUféews dvdAoyov ToU &p18pol TGV SwpaTicmov, dAAK s (ulelt}
. 51 118 BeopdTix ¢bdon 1O péoov kdoTos dvd SwudkTiov 8,5 1Ai&Bas Spayuddy,
dpyxiler ke EAarTdveTon 1) &vd TpooTiféusvoy SwpdTiov Batravn, GoTe TeAKGDS B1d
236 dwpamiax va kaTEAln s 7,6 yiAiddas Spayudv &vd dwudmiov. ‘Etropdves,
8x TAnpwldpey &v kTiowpsv piav TroAukaTowkiav TdHv 118 SwuaTicov Spaypds
118 X 8,5 = 1003 x1Ai&das. "Eve &v xTicwuey piav peydhiny molukatoikiay Téov 236
Swuoricov B AdPoonev 236 X 7,6 = 1794 yihdbas. “Ag gavraodduey Twpa 6Tt
KOTQ KOOV TPOTTOV PETETPATN 1) ToAukaTolkia Tév 236 Swuaticov eis SUo TV
118, T&v oOmolwv 1) kaTaokeun) 0& uds gmAnpaveto 2 X 1003 = 2006 yihdSas
Spoudov.  AwcnoUpebar Aormdv vk InTrowper vd TAnpwddpey TV Siagopav
2006 — 1794 = 212 y1\i&des Spayudv, 2p° doov TXPeSOoaPEY TTEAIY 2 TTOAUKATOI-
kias T@v 118 ScopoaTicov.

Kéti rapdpoiov oupPaiver kad pé v Guov. Ak TNV KOTAoKEUNY &k TV PG~
Twv oUSTaTIKEY TolU Trupfivos odpdior —236, dotis oynuaTiletal TWPA &G TOV TTU-
piiva oUpaviou —235 kad T6 wpods alTdv dvowuaToUpevoy veTpdioy, i BUGIS el ou-
VOMKES TrpocA&Per fvépyeiav 236 X 7,6 = 1794 NMeV. ‘H gvtpyaia alrn &medodn
Tpds ThHy Ducww kuplws Stav dpyikés els Tov Kdouov kareokeudieto & TUpnv Tol od-
poviov —235 kol Tdpa ToU fveowpoaTddln Tpds olTov TO TeAsuTodov veETpOVIOY,
@oTe v& oxnuaTicod & Tuphy U236,

“Otav duws kaTeokeudobnoav k&moTe SUo mupTives ToU péoou ToU TepioBikol
CUCTHHATOS, T.X. BUO YwploTol Trupfives ualicol &pibuol 118, EAaPs TéTE ) DUog
23X 118 X 85 =2006 MeV, of 8 oynuancdivrs TrUpfives sivan yevikdds eUoTa-
BéoTepol TGV Papieov, @5 dmoddoavTes HeyahUTepov Toody vepysias mpds THY
Quow. 'E@’ Soov Aormdy  kaTd Ty oyxdow Tapovsidlovtar SUo Tupfives ue A =118
(dpbdTEPOV,BUO TrUpTives Tol péoou ToU Trepiobikod ouoTNuaTos), EmeTan 11 B &mo-
Boff) =is Ty Guow TO dgaiddusvor Tooov Fuepysias, BnAadh 2006 1794 =212
MeV dva oyaldpevov mupfiva oUpaviou — 236,

Of Papeis Tupfives elvan &v €idog darobrkng YmoAoiteoy fvepysics, T& &moix -
erAov va gixov amododf] kard ToV dpyikdv oXNHaTIoNdY Twv Ev T OUoel kal &ro-
BiBovten &k TV UoTipwv TPos alThy, KaTaAfyovTa TeAks i fepuoTnTa Sraye-
opévny &v TR Kdopwm.

147. "H xpiowpog évépyela tiig oxdoews. Al kdle Bapliv Tupfiva ¥paiddeTal
pic dpiopévn ToodTns Evepysias, kKaAoupdvn xelotuee évéoyeia oxdoswme, THs GTolas 7
TipooAnys gEpsr Tov Trupfivar gl TolTnY KaTdoTacw, GoTe f) Tapaidppwols ToU
oxfuaTds Tou v UtepPi] dpiopévov kpicipov oyfina, SméTe ai Buvdpsis Emipaveio-
Kijs Taoews kal 18icos af Tupnvikai Suvdpels pikpds uBeieiog Umroxwpotiv Tpd THY
NASKTPIKGY &TTCOCEIV.

H &rreoomikh) SUvanns EapTdTon &mmd Tov dromkdy dpifpdy, Sniadn Tov &pidudy
TGV TpoTovicoy ToU oxafouévou Trupfivos, vg ol Tupnvikal Suvdpers dmd 1o alvo-
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Aov T&Y voukheoviwv ToU Trupfivos, BnAaST &md TOV padikdv &pifudv. TATrodeikvisTal

oUTw kard Tov Bohr xad Péoel Tol mrupnvikel TrpoTUTrou Tiis Uypds oTaydvos 8Ti,

8100 Z2/A peyehiTepov ToU 45, of Trupfives adlrropdras 8& UpioTavTal oxdow dxoun

o ¥ wpls olavBnToTe TTpooPoAiy (TTpocgopdw évepyeias).

r Emre181) of palikot &pifipol Telvouv Sik TS Trépas ToU Tre-

prodikol cuoTripaTos v& @bdoouv T&s Tipwas 260— 270,

gmeTan 6T 8&v B& Umépln oToiyeiov dww TolU Z =115,

B316T alTopdTws B& oxdleTon &ua TT) KAXTOOKEUT) Tou.

Auwvdpefa Aotrdy  va  Bewpricwuey, &o  TAsupds

oydoews, Tous PBoapeis Tupfjvas dos  eUpiokoutvous EvTog

KpoTripov &Paldov, eUpiokopéveoy els TS KOpUPas Adpuv

A (ox. 218). "Ocov mAnocidiopev €ls TO uegov ToU Treplo-

T Sikol ouoTnuacTos, Téoov To Bdlos ToU kpaTiipos clfd-

Sy 218. Myyavizdy avdiopov Vel xai & Trupfv XpetdleTon peycAuTépav fvépysiav oy&-

Sty zatavénow Tic zeeinor  cews, Brhabl Tpémal vé ToU TPOCPEpwWHEY HEYSAUTEPY

evegyefas ozdosws. Aid vd za- guioveicy GoTe va Oywdi] wéxpl TEV XeAdwv Tol kpa-

mz'ﬂnfwmaﬁ._tﬁ Wm_g".om)'.'ué_ THpos kol 2kel V& UTTOOTH) OX&OV, KOTOKET|UVIGOUEVWY
70t T moddv A Tol Aogpdpia- ‘

T0G, APETEL TPONYOVUEVDS Vi - TGV fpavoudTov Tou.

ropdowuer adté dad o0 awl- A& Tupfivas  &vnkovTas el oToyela ToU TrpcTou

uévoz AB péyor tawv yeldéwy  fiuiceos Tol Treplobikol ouoThuaTos, oladriroTe TEpiTT T

Laon #gatijgos, xatafulloné-  gie gy o dmorAsieTen, EkTds &v Trpooeepdi] TooT Evip-

vov mpos TovTe Eoyou E. o B s v ~ e ~ '

= yeia, ©oTe O TTUpTv va kararun€d eis TwAfifos Tepay18icov

(wixpoTépwv TTUpTveoy) f) kad els adTa TalTa T& voukAed-

vid Tou. TT.y. &poevikdy ,,As™, BouPapdiféuevoy pé cwpaTidia o évepyeias 400 MeV,

&motepoyideTon els 41 vourAsdvia kai dmopével Tuptiv XAwpiou — 38. To goivdusvov

ToUTo Biv elvan ox&ols AN «iEdTutos» pépous

]
E
'

IIINAE VII ToU Tupfivos kad kadeiTon dmoteuayiopos (&mwo-

I I | KOTIT] TTOAAGV MIKp&V TepoXiwv &mmo éva odpa).
ZWB"?‘O"; Eotus. | Evou. | Atagopa A& ToUs TTAfoV XPTOIHOTIOIOUMEVOUS B1& THV
e ; — ox&ow Tupfivas Exouv UtroAoyloBfi ai els ToL
9Th282 | 54 | 7 | —1,6 TapoTiBiuevoy  mivaka VIIT Tipai Tfis kpioipou
ggU238 i 66 ! 6 | woe éUEEYEiO:S o"xé:cem‘g E‘w, T'F]S~ gvepyeias o'\qufcrEmg
|2 | | iy | T ety gt b et B Kt

i ‘ . | piocelas i pf) This Eow &5 Tpos Ty E,.

9217238 ‘ 5.3 : 7 =5 ’Ex TolU Trivoxos kaTapaiveTon duéows 6T po-
44Pu238 | 6,6 51| +1,5 vov T oUpdviov — 233, 16 oupdviov — 235 kal dkd-

un keAUTepov TO TAouTwviov — 239 BuvavTtal v&
oyacolv 81° évowpaTdoews, €0Tw kai PpadlTtaTa
Kivoupévou vetpoviou. Kal TolUto &idTi 1] &vépyeia Tijs ouvSéoews ToU veTpoviou
Emapkel va gépn TOV Tupfive els xpioilov KaTdoTaoY oY &OEWS.

TedvavTiov 81 To oUpdviov— 238 7| To 86piov — 232, ypsialdueba TpdodeTov
tvépyeiav Trhtov ToU 1 MeV, 8nAadi) ypeialduefa Toayéx veTpdvia kad &x1 Ppadéews ki-
voUpeva(Beppikd). Zvvendis ta foudéms xwodueva vetodvia dév oydlovy T6 ododvior — 238
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Gida aydlovy T6 oBodvior — 233 § 16 wiodiior — 235 xal 16 mhovtdwior — 239, T rayéa

verpovia oydlovy Tovs voiras § A w v Tdr ivotéaoy Tod odoaviov, fogloy xai miovTariov.

T& verpovia, 18ieos T& peTpias TaxuTnTos, fxouv idintépav mpoTipnow (ouv-
Toviguds, Evépysiax PANUXTOS CUNTITITOUCa Trpds Evepysickny oTdfuny Tupfivos)
Tpds T& oupdviov — 238, cuAAauBdvovTtar U aUTol, Biv Trpoxaiolv oydoiv, dAAX
oxnuaTifouv véov iodTomov, TO oUpdviov— 239. Tolto eivar padievepydy kol petd
8Uo diaomaoels P kaTaAfyel els TO véov oToiyelov TAouTwvIoY, dmep elvon & paBie-
vepy oV, UETaoTOIXEloUpEvoy pé fiuleony 24400 itédv is oUpdviov — 235.

148. "‘AlvowTy) &vTidpuoig xal fi EE adtiig évépyera. ATO TV TpdTWY Un-

o0

Zy. 219, Alvowts) drridoacts cydoeomy avoiror xabagot 17— . Kall &edoriy opdow éxadumc
2— 3 verodria, Oeyopeba 08 GTe 2 € abTdv mpoxaioly viug cyuceis. OFTe éx Tijg devrépns yperedac

TOITHS N GyuGErs #.0.5.

verooricy Ba mooxiypovy 4 cydoets Tvoipey U — 233,

vév Tis dvakaAUyews ToU gaivouévou Tiis oydosws ToU obpaviou kal Thv Siami-
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otwow &1 Ta Beppik& veTpovia Trpokaroly TalTny els TOV Trupfivar 4, U 235, Errpo-
T&inoav Bidgopor Tpdmol dvamTUfews wmds dlvowzic  dvridpdoewe, SnAadh
dvmiBpdoecos EEeMocopévns &’ EouTiis Kol KaTd TOAAGTAXTIACTIKOY pubudy, &t
Y. Ml ylovooTiPds. .

Ko thy oxd&ow 1ol Trupfivos Tol oUpaviou elxev mpdoypaTt SiamioTwdf &mrd
T& TpGTa TElpdpaTa ST1 AKTTENTTOVTN KT péoov Spov 2 — 3 veTpdvia &k oxX&TIV.
‘Eg’ doov T& veTpdvia altdr elvan Emapkols Evepyeias Bid va Trpoxaiioouv oy&oly,
TOTE elvan BuvaTdy v T EkpeToAAeuBiduey s véa PAfuaTa kol v& Trpokaddcoopey
véas oy dosls.

leved Aptiude
VE'I:pO'UIthV
1 2= 2t
2 ool
3 8 =23
4 @ 16 = 2%

Zyx. 220. Awdoyizal yeveal verooviwy eig dlwowTny dvridgacw oydoswv mvpHror odouviov U 238
Kal® éxdoryy opdow éxadumovrar Sto veTgéwma, Exaatov & EE avrav mpoxaiei pluv véav oydow.
Ta opaoidwa magiatoty oyalopévovs mvgivas odpaviov, ai 8¢ yoapual T00)1ag ExmeEuPBETIY veTgoviam.

Kot cdmov Tév Tpémov, Beyduevol xat’ dpxds Ev pdvov veTpduiov, TO &-
Tolov Umrfipev &ooppty oydoews Tupfivos Tivds, AauPdvopev € adTol, EoTw 2 VETPO-
via (oy. 219). AUTté TdAw évowpaTolusva Trpds 2 Trupfivas Trpokciolv oydoes, £k
TéY Strofev TpoépyovTal 4 veTpdvia kal £§ alT&Y, UTO TARET) TT&VToTE EKUETEAAEU-
ofv Tev, 8& Bnuoupynfoly 8 vetpdvia kel oUrtw xal’ £€fis, fitor &ud yevedw VETpO-
viwv Exopev Bimhaoiaopdy Tol Tponyoupivou &pidpcl Twv (ox. 220). “Ofev, perd
80 yeveds 8& Eycopev mATiBos 2 80 vetpovicov (Trepitou 10 %), Suvauévwv va SiacTrov
HeydAo Tood oUpavioy, THs T&Eews Tol xihioypdupou (235 gr oVpaviou TEpIEXOUV
6,023 . 1023 &roua).

‘0 ypdvos &md yeveds eis yevedw efven oAU wikpds, 16T elven & péoos xpdvos drd
This EAeubepcacews veTpoviou TIvds &rd ToV oxaldpevoy Tupfiva péypr THg CUAATIWECS
Tou &mo Evar &Ahov. ‘O ypovos clds B1° &v TaU veTpéviov slvan Trepitou 10—8 sec,
dpax ol 80 yevead xpovikids poAis pbdvouv 1O 1 pikpodeutepdAemrtov (1 wsec). Eis v
Aotmrdy  ExarTopuuplooToY Tol SeuTepoAéTTou, YT TANPN XPNOIMOTIOINCIY TV ve-
Tpoviwv Tfis oydoews kot pé Gpy1xkdv Evauopa povov év vetpdviov &S PAfjug, ETITUY -
Xéwopey oydow moool péins Ths T&Eews ToU X1Aloypaupou oUpaviou — 235,

AN olfTe yperdleTat TO veTpdviov aUTd v TrpofAln &Te TO TEptBEAAov TS
p&lns Tol olpaviou, 816T1 s Exel SlamioTwdT, TS oUpdviov UpioTaTon pdvov Tou
(omavias) oydoes, 6 &piBuds T&v bmoicov &vépyeTan els 25 TepiTou oxdoels dvd
YPouudplov quoikoU oUpaviou dvd dpav.
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"QoTe elvan &BUvaTtov va kpatnBf] olpdviov — 235 els peydAas ouptrarysis Tood-
TnTas, Ywpeis va aitooyachij 81’ &AvcwTfs dvTiBpdosws Pouvouons yewHeTPIKDS
(Bivams o0 2 A 3).

*AvTioTolyws 1) kaTd YiAMdypappoy oUpaviou — 235(*) ékAuopévn évépyeia BUva-
Ton v UTroAoyloff) cos €Efis:

’E@’” doov dva oxaloduevov Trupfivar éxopev amrodafnu évepysias mépt§ Tadv 200
MeV, 1éTe 81x N mrupfjvas 6 Excopev dvépyeiav N - 200 MeV (N ) otafepd Loschmidt).
Ag’ éTépou 1 ypoppodToupov olpaviou — 235 (8nhadn 235 ar Tol icoTdmou ToUToU)
Tepiéyel N &ropx, €mmions 88 1 xiMidypapuov oUpaviou — 235 mepiéxel Trepitrou 4,2
ypaupo&Topa. “QoTe Si&k TANEN oxdoiv 1 xiAloypdupou oUpaviou —235 O Eycopev
EkAvoiv dvepyeias

6,023.10% . 4,2.200=5,1-10% MeV ==9-10% erg
& 25-10% kWh 7 1 gr éAdeippa p&ing

TpémovTes T& KiAoPardpia els Bepuidas éxopev 21,5 1012 Bepuibas kad Ewaidh &pi-
a1 ToidTns AMB&vBpaxos &modider 8,6 109 fepuidas &vd Tovvov, Exouer TeAkGs 2 500
Tovvous GvBpakos S1& kdfe oxadopevoy Y1IAMSypaupov oUpaviou — 235.

Edv Thv &vépyeiav T&v 25-10° kWh iy fewprijowpey &rodiBoptvny obyi &mo-
Topws &vTos 1 pikpodeuTepodémTou, dAAG EuTds 1 ETous kol UTTd duoidpopgov pubudy
dvd Gpav, TéTE B& Trpokuyn loyxls 2850 kW A 3900 &rpoimmaov.

Mapatnpolpsy Aoimrov 6T1 ouvTnpolvTess plov GAVowTnY avTiSpaov ox&oews
tvds iAoy péppou oUpaviou —235 ) oupaviou =233 fj mAcuTwviou —239, VA& &n-
Aadh oxaoipwy pt olcodhmote Evepysias veTpdvia, Oa TapohauPdvopey évépyelav
igo8Uvapoy BeopnTikdds Tpos Tapoxfnv  pnxaviis 3900 &tpoimmwy AsiToupyouomns
émi &v ETos.

Emeidny ) ouvnfns popet (Trnyn) THs évepyeias el TolaUTas mepimTddaets elvan
) Bepuikn, TTpoepxomévn Y. &mwd xkalov &vlipoxoUywy oUoibv, weolTal, Adyw TV
Siapopoov &mewAsiGv GeppdTnTos, 1 &modBoois ls AhekTpikny Ioyxuv mepimou el TO
1/4.

Aeydpevor v B1x TO oupaviov &dvahoyov peiwotv THs &moddoews, KaTaATyouey
gls TO oupmépaopa 8T, GAUGWTH GuTiBpacls oydoews Evds  YIMOYpAMMOU o}aoTi-
pou TupmvikoU YAkoU, émoupPaivovoa pé Ppadlv pubuov évtos Etous, SUvaTtal dvé-
Tws v& ouvTneNoT yevvhTplav fAekTpikfs ioxvos 700 kW. OUtw, 8i1& T épyooTtdaiov
Tol *ANiPepiou, AAexTpikfis loxuos 70 000 kW, 7 cuvexns &l &v Etos Aeitoupyia Tou
8& &mATal oydow 100 kgr oUpaviou — 235.

*AvTiféTws, Edv &eTiowpey va E€eMxB | &AvowTh dvTipacis Evos  yiAlo-
yeduuou oUpaviou s xpdvov BpayUTaTov, k&Tw ToU £vds MIKPOBEUTEpOAETITOY
(1 psec), B Excopev TOTTIKNY CUCCWpPEVTTIY Evepyeias, fiTis & Trpokadéon Ekpn&iv.

OUrew ai dvé y1Adypapuov olpaviou Tapayopsvan 2,15+ 1010 yihiobepuides (keal)
duTioToiyoUv eis TroooTnTa 20000 Towwwy THs EkpnrTikils UANS TpwiTpoToAOUOANS

*) ’EmcvehapPévopey 81 f| xpnoipomoinois Tol oUpaviou — 235 mpoTiudral, B0t oxdeTal pt

olaobhmoTe fvepyeias veTpovia, évd TO oUpdwiov —238 Exel kaTwTaTov Splov (KaTweAiov)
tvépEees TR oydoecws THy Evépyeiav Tol 1 MeV (mepimou).
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(TNT), n 8¢ Gepuokpooia &is 1O kévTpov THs Expnfews B GvEADT &ve ToU Evds Eko-
Toppupiou Babudv KeAoiou. lMevikds, t& 909, Tfis éxAuvouduns Evepyeics 9& &modo-
ol Umo nopeny BepudTnTos xad Ta 109, s dxTivoPoria kuples P okai y.

148, Zuvtipnoig tijg dAvowrig &vrtidpdoewsg. To kUplov ‘rrpé?:?\ﬁucc TS O-
Tolov  TApOUTIGZeTal KaTd THv GAucwThv &uTiBpaciv elvan 1] kaTakpdTnols TV
vetpoviwy xal 1) ypnotpoToingls alTév s PAnudTwy Bid ox&ow AWy TUpTvav.
"Emeidf) Btv s ouugépel 1) Xpfiols kaBoapol igoTdmou U, B14T1 dos dvepépauey TTpo-
Nyouptveos, kooTifel Tr&pa oAU, wpémel vd &valnThowmuey ouvBkos &AUCLTRS
AuTIBp&OEWS  CUVTTpOU-
pévns el BuvaTdv pE pu-
TIKOV oUpdviov TrEpiéyov,
&5 yvwoTdy, T°/,, oU-
paviov — 235.

A&k va peAsTricwpey
eldike>TEpOV TO TTPSPANL
ToUTo, &5 Oewpriowusv
opaipav €K pUCIKOU oUpa-
viou kai &g Sexbdpev &r
gls TO kévTpov alTfis TrU-
pfivés Tives  UmréoTnoav
a¥TdyaTov oxdow (o).
222). Tote, ouupmvws
_Trpds TO oxfjux, 8& Exeo-
pev Sk T &k TS oxé-
oews TaUTns TrapoyBivra
&py k& veTpoviar TS EETS
TEAIKGS QAOCEIS: o) Sx&-
oIV TUpnvwvu  oUpaviou
— 235, ToUs omolous 8& ouvavTrcouv els THY SiaBpopnu Twv duTds TRs ogaipas.
B) Zxdow mupriveov oUpaviou —238, Tols dmrolous B cuveTHoOUY EvTds Tis opai-
pas T& veTpouvia Ekelvar Ta &Trolar Eyouv évépyelay dvw ToU 1 MeV. Y) Alcguyn
Ew Tfs opalpas kai &yprioTevols Bk THY GAUgwTHV &vTiSpaoiy (oyx. 221). &)
Aicguyn Ew THs coalpas, dvdkiacts sis TO TEPIBEAAor  THY opaipav UAIKOV Kad
&k véou EMOTPOQT) veTpovicoy &vTds Tol oxaoipou UAikoU UTrd pelwpévny  guvnBos
evipyelaw. €) "Amoppdenats (&xprioTeucts) TV veTpovicoy U Biapdpwy  TTpoo-
pi€ecov ToU guoikol oUpaviou, STov ToUTo Biv elvan ATTOAUTWS XNUIk®Ds kabor-
pov. oT) 'Amoppdenols &mwd TO oUpdviov — 238 Tév veTpoviwy Ekelvewov T&  6-
moler év Exouv GpreTniv fvépyeiav  Bi& v Trpoxkaiicour oxdoty, &AAL TO UETOTPE-
Touv el oUpdwiov —239. £) *Amoppdenals & T6 olpdviov — 235 veTpoviwy, T dStrola
8tv ASuvnBnoav v pépouv TV TUpfiva uéxpl TS kploipou TTXPAUOPPLICECS TOV,
&oTe va oxach. TTpoidv THs EvowpaTdoecos TauTns elval TS oUpdviov — 236, oTol-
Xelov & paBievepyov, Huilwiis 2,4.107 étév. ‘H mwapaywyn ToU icotémou Tovrou

Zy. 221 "Alwowry avtidoucis aydoemy mvgiverv  ebdgaviov &vric

ROTGTHTOS Guotol otparioy (oppatizms ). Méoog vdw mapayouévew

vetpovitoy dwagelyer Extos Tij; pdlns Tob oyacipov iixed xal diia
ATOpoOPOYTAL dren oydoEms.
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yivetan év &vadoyig 1:4 oyaoes, SnAadn &mod 5 oynuaTicBévtas Tupfvas oupo-
viou—236, oi 4 oyd&lovrtal Adyw TS TapAUOPPHOEDS Twv koi & &5 dvaAauPavel
TO CEAUPIKOY OXTjka Xwpis va oxachi.

ATrd Tas mfavds aUTds ETd KaraAiSeis TGV veTpoviwy T& dmola Tapryinoav
els 10 wévrpov Tfis ggaipas Tol olpaviou, pdvov ai (&) kal (B) uds 2§umnpeTolv.

Zy. 222, Mbaval zavalijfes T@v vergovioy, Tér magayopdvoy xard twa divcwtiy dvtidpacw ayd-
cewy vgiproy odpariov, laufavotons yoeav Evtéc oguious €2 graizet olomviov (Gynuotizde).

*Erions xad 7 (8), B16T1 T& tmioTpépovTa veTpdvia UTrdkelvTal &k véou elg SAag oyE-
Bov Tas BuvaTOTNTAS ATTOOKOATIOEWS TWV.

Té Tocdy TéY SiageuydvTwy veTpovicv ék Tfis empavelas Tfis opalpas EapTa-
Tai Tpogavds &Td T péyelos Tis Emeaveics, &pa &To TO TeTpdywvov THs &kTIVs
(tmpbveix opaipas 41rr?). To Troody Spws Té@v vetpovicv STivar TapdyovTan EvTog
Tfis opaipas B& ESapTaTan &o TOV &PiBudy TV TUpnvwy, of dmoiol Umdpyouy dvTds
Toli Sykou Tiis opaipas, BNAaSN &md ToV kUPov THs dxTivos (&ykos opaipas 4/3 wr?).

Suvettdds auEdvopev TNV Tepiocelav TGV veTpoviwy év oyéoel Tpds T& Biogeu-
yovte, Soov aUfdvouev THv dkTiva Tiis ogaipas Tol obpaviou (oy. 223).

Av Gpioptvnyy gy T &xTivos THs ogaipas, ai dmmdddsicn veTpovicv Adye
Sicpuydy kel &moppognhioewy B dvTioTadpifwvTal &TO THY Taparywyny véwy ve-
Tpovicov, TO &vTioToixov 8 Toody pdlns 8 kahfiton xeicipos pala.

A& palav peycduTépav TR kpioipou (Umepkpioiuos), i qhuowTh dvTidpaois
8o ko, v Bi1& pdGow k&Tw THs Kploivou (UTokpioiuos), 1y dvTidpaos Biv cuv-
TrpeiTan, GAAG kad ) TuxOv Exovoa dpyioel va EediooeTan, Trader Eedigoouivn Troh-
ACTAQCIOOTIKGS Kal &TrooPévvuTal.

‘H wpiopos pdla tEaptdren: o) "ATd TO TosooTov Tol olpaviou — 235, TO &-
Toiov Utdpyet sls T p&lav. B) ‘Ao THv kofopdTnTa ToU YAkoU pas. “Ydpyouv
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Bidpopa oToiyElx TapoucidlovTa EalpeTikNY IkavéTNTa dTOpPPoPnoEws TRV ve-
Tpoviwy, &px pdEs dypnoTelouv veTpdwia kaTakpaTédvTa olTd. Tly. TO Bédplov,
TO k&8piov, TToAAal
omévian yaial, KATL.
Y) Ao TO oyfjuax
TO OToiov  EYOUEv
Swoer  gls THY pa-
Cav, BnA. ogaipav,
KUAIVEpov,  TTAGKX
KATT. &) Tolav Tipnv
évepyeias Eyxopev U’
Sy pas va &tro-
KTT|OOUV T& VETPOVIX
TS ox&oews. AnAa-
8N va T& yprnoipo-
TIOIT|OWMEY 5 T~

Zy. 2238, Lyjpatea) aepdorace i émbdpdaems Tod peyélovs tijs pdine Xg A v Tx -

100 ayacii $hixol ént 1ol dplped Taw duapevyirTar xal Ty Tapapever-  PpadUvopey kol v

Tw Eyrog adtis vergovior. "Otav 70 péyebos Tob dgioTapivev cydow cv- T XPTOIHOTIOIT| Ot~

onjputog xulliotarar peyalivegor ¢ dpllpds Taw Evroc uitod mupayopé-

vov veTgoview adidvetar, évd 1 cyeTiy dadiew vergoview, ibym daguyiic

cig 1o msoifdliov Elartottae. "Orav 1) mosdTne TOD oyuciuov Shixot eivae v o :

nixod, Tf; TUPUYGEVL VETOOIIA elval GyeTixde OAlya xal 1) dadlew Léyom Bous Ko Toia. Bid-

MUy @y peyulvrépa, Tagis é’]TlEPCXBUUTOU

i , o~

TTs Ta)UTnTOos TGV

vetpovicov 8& pds Eumnpetion kaAUTepov kai oT) Ti eidous kai Trola 7 Sidrabis
dvarhaoTiel TGV veTpoviwy UAIKoU 8 TepIPdAn Ty kplotpov paElov.

Edv mopadeyfdpev Sid kaflapdy oUpduiov — 235 (xwpis Trapouoiav EmpBpaduv-
TEV THs TaxUTNTOS TGOV veTpovicov THs oydosws), péony Ta)UTNTa TV VETpovicov
10" em/see xai ypdvov 81 80 yeveds vetpoviwy 0,5 HIKPOBEUTEPOAETITC, TOTE Trpo-
xUTrTEl Si&oTnna Sovubiv &rod T VETPOVIC BETOEU o) ATEds TIvos kai véas oXACEWS
(yeveds eis yevedv):

pEoov BléoTnua = TaxUTns X ypdvov,/80 =6 em (repitrou).

A va efpeba BEPanot, &g AdPoopev Tepitrou 9 em, SmrdTe opaipx oUpaviou dacTi-
vos Trepimou 9 cm, SnAadn p&Ela opaipikol oxfuaros Tepitrou 50 kgr, #xer UmepPi
7o Kploipev péyedos kad & Exparyfi. "Av T& 50 kgr T& Sraywpicwpey els 5 Tepdyia
Tev 10 kgr, TéTe @oPos alToTupoBoThoEws Biv UploTaTal, Hi16TI T& SiagelyovTa
VeTpoviar &k THS émigoveias TEV Tepayiov lvan oA ko 7 &uTiSpaois &&v ouvTn-
peITal KaTa TOAAATAGCIOOTIKGY (&TroxAivovTa) pubudy,

pev s Beppik& A
évBidpeca. ) Ti el-

Olrw mws paivetan &1 QUAGooOVTAl T& OoYAOoIpa kabopa 1) EumrAouTiopfva
UAik&. To méon eivon drpifdds A xpioipos p&la, Troiov TO oxfiua Tns, Tola T& Tepl-
BdAhovTa aUThY odpaTa kAT, elvan &TTo T& TEPIOTOTEPOV SAWY QUAXCTOUEVT pu-
TTIKE TGV HEy&AwY GTOMKEY épyooTacicwy.

‘O dveoTépew Yevopevos &mrAols UTTOAOYIoUOS pdvov €5 TToAY XOovBpoelBT)s TrpéTrel
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va Becopn 6], Erapkns Sucos St var pds Scoon piav idtav Tis oxeTIkGs Hikpds TogdTN-
TOS TTis youdoews wds Boupas oUpaviou — 235,

TMpogaves &8ev elvan &1, 1) kplowwos p&la Bi& 1O guoikdy oUpdviov, Td &molov
mepikheiel pévov 70/, oUpdviov — 235, Tol olpaviou — 238 ufy oyaloutvou pé Ppadic
VETPOVIX, TTpETrEL v elvan peyddn xal 81 altd &pdPws puAdooeTal,

AZKHZIEIZ

99. Tloix 1y évépyeix (eis erg, cal xai MeV), 7 éxAvopévn katd THY oydo évos Tupfives Tol ioo-
TéTTOU  9oU285, &dwv kot arThv Té§agavileTan 1 0/gq TS pddns Tou. ‘ATopikn p&la Tol iooTédmou
gU235 = 235,11, 1 MAM = 1,66 . 10~2% gr.

CAm. E=352.10"%¢erg, B=220MeV, B -—84.10~'2cal}

100. Kot Thv oxdotv évds mrupfivos ToU iooTdTrou ¢,235 ékdUetan Evépyeia fom mepitrou pog
200 MeV. Na UmohoyioBolv : «) f) owvohikt) fvépyeia fiTis B& flaeubepolito katd THv oxdow SAwy
Tiv Tupfiveoy, T&Y Tepleopiveoy dvtds 1 kgr ToU kaBapol fooTdmou 4, U235, B) mapadeydusvol 5T1 R
tvépyeia alTn EppaviCeTon E§ SAoxkAnpou g BepudTns, vé UtioAoyiobi 1) n&la ol dvbpakos BeppdTn-
To§ Kauoews 3 - 107 Joule/kgr, fiTis konopévn TANpLs Tapéyel TO adTd Toodv dvepyeias. ‘ATowkd pila
Tol looTdmou ¢,17235 — 235, 11, orofepd Loschmidl = 6,02 . 1023 &ropa/ypaupodTopov.

CAT I8, == 8,2 - 1020 erg, m = 2660 Tovvor)

A" H EKMETAAAEYZIZ THZ IIYPHNIKHXE ENEPTEIAZ
EK ZXAZEQY ITYPHNOZ U235, [IYPHNIKOI ANTIAPAXTHPEE

150, 'O avtidpactip xai 6 moAAamAaciooTindg Tapdywy k., ThHv v wmas
TUpnVIKfs &vTiBpdosws Trpos &rrodaPnv évepyeias émiTeholuey EvTos eiBikév SiaTé-
Cewv, KaAOUpEvwV sruenvix@y dviidpactifoowv ().

HMuonpixd: dvtidpaocthg dvopdletar pyaveddy oiotijue évtog To? dmolov To TvpIj-
wHdy oydoipor ebploxeTar Omo xatdiinloy mocdTiTa, icotomuy xabugdryTa, yeope-
Toua ratavoury wal eidixov meofidllior, oftw: dote va dtvara va covtyoyli div-
ol dvridoacis oydoedds tov, fleyyouévis loydoc.

Ak xéfe dvmiBpacTiipa (TTohaudTepov, dToukny oTAANY) Tpémel vé UoAo-
Y1097 & Tap&ycov éxelvos, 6 otroios kabopifer Tov pubndy, ko’ v Paiver Egehiooopévn
f| mMupnvikn &vuTidpaais, xaholuev & medlasmlaciacrixdy magdyovra k Tov Adyov

I &p1Buds veTpoviwv yeveds Tivos
YT &p1buos veTpoviwy dpéows Tponyoupévns yeveds

Eqv f) Tipn) ToU k eivan wikpoTépa Tfis povédos, TéTe PBabmiadws 1 dvTiSpeois
optvwutal. Al k=1 Exouev Ty xpiciuoy xardoracty ki O GVTISPAGTNP AelToupysl.

*) ZnueloUpey (SianTépws OT1 dvagepousBa  els  Tous ouvnBeoTépous, Tous AeiToupyolvTeas pi
Beplikd veTpdvian
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A k=1 7 &hvowth dvTiSpaois tEeaiooeTon &moriivouca, & &vTiBpooThp
elotpyeTan eis Umepkpioipov kaTdoTaov kal Paivel Tpds THY KATAOTPoPNV Tou, Adye
TGV UWnA&Y Bepuokpacidy aiTives dvarmrtUooovTar (ox. 224).

’Eqw Ty, Seyfdpey k=1,05 xad BeAfiocoopev va pd@owpev petd méoas yeveds ()

Ymoup Cmpog
uat&otaog

“Ymepupicipog Kpiowpog)

UATACTGON

BopThH

Thp =Ty 72"y

3. 73 n
Kemid Kege=i keZ<d

Zy. 224, (a) Kara tiy Svapsw wijs Aaroveylas avti-
dpuctigos Twdg ¢ Adyos Tol doBuol TEY verooview
TvR0LONG T0S TOY Tije mponpovié-
¥ TOwiTHS Jupfidver foadims Eml Ti yoorixov Sud-
T TYas zat Eldyiotor peyalutépas Tod 1 (Vmeo-
#ioywos  zuardotacis). ) Kara vy lewovopiar vmo
atafegar ioyor of dolupol T vergovior o Tvyovad

yeveds vergovion

Sadoyixdy yevedy vetgovioy elvar foou (2oloyiog wa-
raotacis). ) Karda oy dwxoaiy  tis  Autoveylag
Tol artdpactijpos ¢ Adyes Tol apWiod Tdr vetgorivy
s yeveds vETQOVIWY YOS TOV TIjS TOOIYOVILEYIS ToaD-
tys xalioTarar Owoxds pxodtepos Tod 1, Adyw droo-
ooprjgews avr@y. “Exaotos xizlog mapotd play oyd-
aw avpijres olgaviov, fxdory 0¢ ypauud) Ty TooyLaY

frdg verpoviov.

pol oUpaviou —235, 16 omoiov Tdoov oAU
oUpdviov.

Karémv 1év dvwTépw 1) Aertoupyia Tév

& &p1fpos TéV vetpovicwv 0& SirrAc-
olacdij, 0& Exwpev Tpogavéds kt =2
i n.log 1,05 =log 2, &mdre eUpi-
okopev n= 14 (mepiTov), &v@ Six
k =1,0006 TrpoxUTrTel &T1 n= 1160
(TrepiTrou).

Emeaidn & ypovos &mo  yeveds
els yeveaw elvar yevik@®s pikpds ko
S1d T Ppodta (Gepuikd) veTpodvia
elven 15 T&Eews ToU 0,001 sec, EmeTcn
Ot xal pE pikpay UtrépPactv Tol Tra-
pdyovTos k &vw THs povddos, & &v-
Ti8paoTne pudAAov Btv B& &mégeuyev
THV KXTXOTPOPTV TOU.

Elven mpdrypaTt oAU BUokoAov
va KaTookeuaoff) TAEKTpovIKY Kol
pnxavikty Sidtadis, 1 omoia Spddoa
aUTopdTews poAls & &vTiSpacTthp U-
TepPT dpiopévny ioxUv, v peToki-
vion ToayxuTtata p&PBous fj TAdKas
€K KPOMATWV TrEpIEXOVTWY Poplov f
k&Bpiov, va Tas winfjon £fvTds ToU
GuTIdpacTiipos, woTe ) loyupd &mrop-
péenols TGV veTpoviwy vé peicoomn
gykaipws k&Tw Tfis povdados ToOV
Tapdyovta k.

‘O dvmidpaoTthp Bev elvar &ro-
wkn PouPa oUpaviou Bk v& Emi-

Biofwpey TV doov TS SuvaTdv
peycAuTépav  Tipnv  ToU k, ToUs

tAayioTous xpdvous Spdoews veTpo-
vieov kol TV ¥pnolpomoinoiv kaba-
KooTifel év oxfoel TPSS TO QUOIKOV

avTiBpaoTnpwy 81’ eipnvikous okoTroUs

B& o pEAAov EmikivBuvos kad Texvikds Suokolos, &v 1) DUals Btv EppdvTile v Booom
el Tov dvlBpcotrov THy SuvaTdTnTa va a€fon) TV &S yeveds els yeveky péoov Xpovov
&md 1o 1 yihootdy ToU SeuteporémTou (1 msec) els TO 1 SeuTtepdetrTrov (1 sec).

"Otres dvepépapev Trponyouptves (BA. ceAd. 242) kot TRV oxX&ow TapdyovTal
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2 -3 vetpovia i kal TrepiocdTepa, 3 - 5, &AM TO TAsioTov KelTal TEepl THV péony Ti-
unv 2,5 ) omoia kad AapPavetar U Swiv kaTd  Tols UtroAoyiouols. *Extds Suos
TGV veTpovicov afTédv Exouev kol Ta KoafuoTepnuéva VETPOVIY, TpoEpyOUEVa
&méd T& i8N &monakpuvlévta dAMAwY BpaliouaTa Tol Trupfives. Mepikds ueMoTa
o Tas OpdBas TV kaBuoTepnuéveov  veTpoviwy yvwpilouev  orjuepov el Toia
fpolouaTa TpéTel v& Tas &moddowpev  (kputrTdv — 87, Eévov — 137).

T& kabuoTepnuéva vetpovia &roTeholv 2v ouvdAw TTOAU WIKPOV TOTOOTOV TEV
Gpéoov veTpoviewy, SnA. TGOV kaTd THV oxdcv Tapayopévwy vetpovicov, Mévov 6,5:
1000 elven 1) &vadoyia Tév kaBuoTepnuéveov s mpds T Gueoa vetpévia (0,65%).
AUTO Spws TO TTocooToV uds tmapkel Si& v yivwuey kUplol ToU #Aéyyou Tol &uTi-
Spaaiipos, 8161 & Y povos Ths Tapaywyis Twy (SpbdTepov, T A Tapaywyfis
Tov) kupadvetan petafy 0,1 kai 55 sec, &mdTe kal & péoos ypdvos Tol kUkAou TGV
veTpovicov clfdvel kol Epyxetan EvTds T&V Opiwov THS TexVIKAS pos.

O ppovTicwuey AorTrov kaTd ToUs UTTOACYITUOUS KarTaokeutis Tol duTiSpaoTiipos
v oTnpix8duev eis Ta kaBuoTepnuéva iBicos veTpduia xal v Biowplowuey TOV Tap&-
yovta k eis &Uo &AAous ki kal ky. O piv k, vé dvagépeTon gis T dpeca veTpduia kai
va UmoheiTreTan kot EAdyloTov Tfis Hovddos, doTe v eipefa PERaiot 8T T BuokdAws
EAeyxOpeva veTpovia 8Ev 0a kaTaaThoouy kpigipov fi Umeprpioiuoy Tév dvTiBpaoTiipa.
"0 k; v& oupPB&An kol lTods TolouToTPoTws, GoTe TO &fpotopa k =k; ks v
UtrepPBaivn ko’ dAlyov TNV uovdda, 516T1 Bév mpémel v Ancpoviduey Téoas &whcias,
&moppognoels, oxeS&oels KTA., TEV veTpoviwy 8& Tpémel v& dvTipeTwmiowpey kaTd
ThHv AerToupyiav TolU dvmidpagTiipos. Ev mr&eom mepimTdoe Biv Trpémel 6 k v UmeppR
Tnv Tipnv 1,0065, 81611 TolTo 8& onpaivy Tipdy Sik Tév k=1, SeBopévou ET1 6 k.
Bev dUvaTan va  GuéAfn Tépav ToU  0,0065.

151. Aopy 7oh avrtidpactijpeg. Els Tov dvmiSpaotiipa ypaaldpeda, mpdTov,
TO TUpTVIKOVY oX&oipov. TolUTo KaTd TpoTiuno Tpémel v elvan 1O puoikdy olUpdvioy,
516m Bev kooTifer TOAU (30 BoAAdpia dvdr YiAdypauuov).

’Edv Btv p&s &vdlagépn ) &&la ol xavaluov (¥) T Exouev &AAous olxovopixous
Adyous, TéTE O& AdPoopev EumAouTiopévoy oUpdviov, fiTol olpdviov Tol Smoiou 7
TEPIEKTIKOTNS els oUpdviov — 235 ninin mépav 1ol guoikel mosostol Tév 0,7 %.

Aeltepov, TOV EmPpabuvtny, Tr.x. Kowov U8wp, T kaAhUTtepov Popy UBwp A oTe-
peoUs EmiPBpaduvTtds, o8eidlov Tol Pripuddiou kal ypagitnv. ‘O Adyos ik Tov dmolov
ypnoipotToloUuey EmPpaduvtiy elvar & dxdhoubos. 'E@’ Soov 8tv BioBéTwusy ko-
Sapov oUpaviov —235, Omep oydleTan pE oicobrimoTe dvepysics veTpdvi, §& Tpémer
v& &mopUywpey TNV EvowpdTwoly TGOV KIvouuévwy EvTos Tol oxeoipou UAikol
veTpovicov pé TO oUpdviov —238. AldTI TOTe Tapdyopev uEv oUpdwiov —239 kal év
guveyeie TAouTVIoY — 239 (ox. 225), SAAG T& veTpdvia Tiis dAvowTiis dvTiBpdoews,
peloUvTan kot &plbudy kal 1) &uTiSpaois &mooPévvutal.

‘Etropéveos BéTopev Tov émPpaduvTiv Six va EAaTTwdi 1) évépyeia TV vetpo-

*) "Ovopacia AneStioa &k Tiis yvwoTils Opoloyias Tév kowdv kaiopévew UAikdy, dvlpakos,
TMeTPEAXioU KTA.

WnionoBrke amoé 1o ivotirouto EknmaibeuTikrg MoAmkng
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viwy, v& yivouv ToUTa SepHIKa TO OUVTOMWTEPOV BuvaTov, OToTE, &¢  Evds pev Sia-

geUyouy Thy gUAANYiv Twv &md 1o oUpdviov — 238, Adyw cuvTovicuoU, &’ éTépou

Bpabopx

7
TXQACEWS

VeTpoVioy

Emppadurtig
4 Larp:;:ﬁ'ﬁ;nv

Bpabopa

Bpatopa
oxaoewg

oxX&oERg

0-0-0.6

2y, 225, "Nivowry avridoaciz

ovoaviov. Mépog Taw maowyopdroy

aetg avpivew oboarvion — 235, fvd & ETEpOY T0G0GTOY dyonoTE E-
rar dd T d Ty avtidpacwy, eite Aoy Staguyis elg T
TEQUFAAAOY, EITE Ay EvGOparicems Tegiras  ovpariov

238 (ofrwes peraroémovrar év 1élher & TiovToriov

Fvoira

lee magevliéoems Tob émifipadvrtot évros Tijs pudlns Tov

oyacipon Diuzol pewoitae 1 € e TV rEToor{mY xaTa THY Slo-

v v & abrdy, dadte EmTvyydveTal aifyois Tow aobijiot TV

Gydeeen oovon otomioy — 235,

8¢ yivovran Foadvximra xai
dpoty Eai TEOY Fvoijrer TOT
otpaviov — 235 anoteleoua-
TIHAOTEQOV.

ToUTo ouws Bev onuai-
ver OT1 TOOOV TO OUpd&viov
— 238 Goov kal 6 emiPpaduv-
s B&v 8& pds droppodn-
o Bepik& vetpovia, TTavToTs
8a Exowpev dmwAsias, &mop-
popnoEls, Siapuyds, dAAX 8&
PPOVTICWHEY
oTafuiowpey uE TEPICTOTE-
poV KOUGCIUOV.

v& Tas &uTi-

Tpitov ouo1éddes cuoTa-
TikOy  TOU  &vTiBpacTiipos
glvar ol p&Pdor 7| TAGKeS
gEAeyxov. “YTrdpxouv, s Gve-
pépauey, TTOAAS oTorXela, O-
Tws TO Poplov, TO k&Buiov,
gTavial Tives yoiol, XXpa-
KTNpifopsva  amrd TMOAU  Ue-
Y&Anv ixkavoTnTa Seoueu-
oEs veETpovicov, Bepuikdv 1
émBeppikddv (BN, oA, 156).
’Edv Aoitrov EuTds ToU dvTi-
UTrdpyouv  p&-
Bdo1 Tepiéxovoal T& Q5 &veo
orolyxela, TéTE ) sloaywyn
| Eaywyh alitédy | Tuiua-
Tos aUTdY puduiler THV Kpt-
cpdTNTa ToU dvTidpaocTih)-
pos kol THv Utép TNV Ho-
v&da Tunv ToU k.

SpaoTiipos

TéAos, TO TéTapTov Yo-
paKTNPICTIKOY TOU &vTiSpa-
oTfipos elvon TO WukTiKOV
UAikov, Sedopévou 61 & &Ti-
SpaoTnp eivat kupics Oeppi-
KN TTNynN. ToUTto SuvaTal v

glven UBwp ) Uypov pétarhov fi &éprov, ueTagépov THY BeppdTnTa Tpds T& Ew Tol

WnionoiBrke amod To ivotirouto EknmaiSeuTikrg MoAmkrg
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dvTiSpacTiipos TRos &moppiwiv Tns els 1O TepIBdAtov fj Tpds ypnoiwoToinoiv s,
B1&x Topaywynv NAeKTPIKTs &vepyeias.

“Ev mapdderypa meptypdgov EoTw Kai kaTd Tpoctyyigv TV KUKAOY TEV veTpo-
viev 9& kaTaoTnon oa@éoTepov TOV unyoviopdv ToU dvTiSpacTipos (ox. 226).

"Eoreo 611 BiaféTopev katd Tva oTiyunv 1000 Bepuikd veTpdvia, Gha ikavér va
TrpokaAtoouy oydosls gis 1000 Tuptivas oUpaviou —235, 16 btoiov eYpiokeTan dvape-
HiyHévov pé oUpdviov —238. O& Exwpey, dvapepduevorl sis oo EAéxOnoav Tpomnyoupé-
veos (BA. g, 250), tThv k&Twd &by «) O Snuoupyndolv ik T@v 1000 oydoewy
2500 veTtpdvia, oxeTikés Tayéa pe mlavwTépav Evépyeiav epl T 1 MeV. B) Tlpiv
pelwbiy kaTw ToU 1 MeV 1) évépyeaid twv, 8& Tpogbdoouv va Spdoouv kal &l TdY Tu-
priveov olpaviou — 238 kai va oyd&oouv Eva oo é§ altédv. Oi Ymoloyiouol Seikviouy
811 aiTO TO TTOCOV Elval YEVIKGS HIKpOV kai Bik THY TrepiTrTeootv guoikol oUpaviou pi
emiPpaduvTiv ypagiTtny B Excopsv alifnotv ToU &piBuol TV veTpoviwy ué ouvTEAET TNV
1,03. Zuvetrdds T& 2500 veTpovia & yivouv mepitrou 2570. y) Ta 2570 8& peiwbolv eig
T& 2450, B16T1 &pre-

e : - 1000 2500 2570
T& 6& SicglUyouv E- :
g U A 5} A Beputrg Tayéa i it
w ToU avTISpaoTii- o . xéa R ainoig
5 @ . 5 & K gyaocwy 4 Taxtwy
pos, kaf’ Sv xpdvov | oxaocg W s
’ x 255 - ¢ P
f&miBpadlvovtal Bid Ly L
TGV GAAsTTOAAT| Aoy 'Y
CUYKPOUCEWVY UE TOV
5 . cuAAnyecig .
emiPpadbuvTniv. &) 200 ety Biaguyai 120 5
& fAaTTwlolv  &- (U i b S
>
KOun TEPIoCOTEPOV “§
y 8d F 2 700 ouAAAyeig ouhAndeig — ©
kai Ba peivouv 2250, ELLIE e Ex ouvTovIopoD g £
81611 Tpiv va yi- W ™y
vouv Bepuukd, B
S1EAfouy Bix TIpGV LI [ Y
tvepyelas, Smou O | o
oUpdwiov— 238 Tro- Beppixa & Beppikd
A 5 R -
oucidlel  EEanpeTi- l 1
p‘ - . seig 3 G 300 s0 e
KNV IKovoTT T EV- 1900 oulAAdierg Biaguyal 2250
TWUOTWIEWS  TWV BeppIkOY Beppikdy
; 5 ano émiBpaduvThy,
{W"\?\T‘I\PHS EK GUV- HETaAAa dvridpaorhpog
ToviopoU). €) Ox A,
E],o;qa\h}/ouu |_|5P1Kc'); Zy. 226. Kixzdog verpoviowv dvris avridpuatijpos.

Beppikd €€ TOU dv-
TIBpacTipos, BlaXeSUEVA MECE TEV TOIYWHATWY Tou Kal éoTw &T1 pds pévouv 2200.
o1) 'Ev ouvexsia & y&oowpev oA dpkeTd, &idT1 & emPpaduvtrs, Td Sidgopa
pETCAAQ TS kaTaokeuTis ToU dvTiSpaoTiipos, al pdPdol EAéyxou kTA. 6& kpaTroouv
pépos THY Bepuikdv veTpoviwv kal foTw 6T1 B mepioceUoouy 1900. ) CAme T&
tvamropévovta 1900 Beppuks, Téoov TO oUpdviov —238, Soov kal T6 oUpdviov — 235
8& kpaTnoouv peydio TooooTéy, B16TI Y wpls va oyxacBolv, 8a petarpatoly
17
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258 IHIYPHNIKH ®YXIKH

el Ta lodTomd Twov U kad U2%, Tehixdds 6& peivouv dxdpn mepimou 1000, n) Al
& 1000 mpémsr va pés Bcocouv p Tous Trupfjvas oUpaviou — 235 &k véou 2500 veTpd-
vig, oUTws doTe & Tapdywy k &md yeveds eis yevedw va Siornpni) els thv mpfv 1.

Tav of Sikpopol &Toheial, &TOPPOPTOEls KTA. elvan peydic, ToOTe Bdv Ba -
yoouev els TO TéAos T& 1000 Bepika (R T& 2500 THV oydoewy) kal 1) &AvcwTh &vTi-
Spacis &To KUkAov veTpovicov els kUkAov 8& Poaivn peroupévn. To &urifetov B& ouppd
Sid k>1.

To mapdderypa To Omolov duepépapev  &TéXEl THS TpaypaTikoTnTos, 581671
TOAAG aiTia peTaPoAfs ToU k Exouv TapapeAndf, omws Ty, 1| aUfnols THis feppo-
xpaoias, ) Topovoia &vTos ToU &vTidpaoTiipos TV SpavopdTwy, SNAadN TV Tpoi-
SvTwv TRS ox&oews, Tva TV omoiwy, 6Tres TO §evov, elvon E§dxws &TToppo@nTIKS
T@V veTpovicwy (BnAnTnpia Tol TupnvikoU oxacipov), 1) Trapoywyn TV kaxbuoTe-
OTUEVEOV  VETPOVIWY  KTA.

EE &Ahou 7) ¥nupikrn oucTaols ToU kauoipouv &AAoloUTal, 81611 EpgavifovTon
tkTos TGV oToixEiwv ToU péoou ToU TeplodikoU guoTnuaTos Kol UTEpoupdaviy, OTrws
70 TAouTdviov kai Troceidwviov. Tolrto onuaivel 611 T& kaloipd pos, SnAadn ai
paPdor, al TAGkes ToU oupaviou, Tpétel &TTO Kaipol ls kaipov va «&vadwTupolvTaly,
va kafapifevTal xnpikds &me Ta tugavicBévTa véa oToIXElX, £k TGOV OTroiwy TG TTACU-
Twviov BuvaTar va Xpnoipomoind) émions s oxdaoipov el dvmiSpacTiipas.

152, TYmor &vmidpacthpwy. O dvmidpaoTiipes SiaipolvTal &md TTAEUpds ve-
Tpoviwy £ls Buo xuplews TEEELS ¢

1) Bpadeic # Pepuixol. Netpdvia Sepuika pé dvépyeiav E v Tf Treploxq
0,025V —0,070eV. TMheovexthuara: Xpfiols puoikol oUpaviou 7 dAiyov EummAouTioué-
VOU, KOOTOS KQUTIUOU OXETIKGDS HIKpOV, eUkoAos pubiois. MesiovektripaTa: “Axpr-
OTEUCIS HEYGAWY TOCOTNTWY VETPOViwY, SYKOS KATAOKEUGY Kai UAIKGY pey&ios.
ZyadeTon gxedov pévov TO moAUTipov U2 (R U2 f Pu?3?).

2) Taystc dvudpaotioes. NeTpovia évepyeias [ &vw tév 0,1 MeV. TTAeovek T~
paTa : Zydletan apreTov ame 1o U 16 oTrolov £xopev &ofovov gv T1) Pucer év oxéaer
mpos To U2%. Afv ypnoiporroloUpey EmiPpaduvTds, HIkpds Sykos &S Trpds Thv xpi-
gwov ualav, Sev dypnoTelovTan &' ATTOPPOQNCEWY VETPOVI, SUvaTOTNS XPTOLIHO-
TOIOEWS HEPOUS TGOV vETpOVicow BI V& UETOTPEWWHEY UT) eUKOAWS TYACING OTOIXEIC
gis ToAUTIHG OXAOIMA, Y.

Th2z | .nl 5 . Th22s g Pa®s® R

90
(Svamapaywyixos avTibpaaThp). MeovekThiuara @ *Av&ykn XpnoipoToifoews loxu-
plds EumrAouTionEvou UAkeT, &vw ToU 259, kol Buokohia EAéyyxou kai pubpicsws Tiis
loyUos Tou. ‘Emxivbuvos Aeitoupyia. 'Emi ToU TeAsuTaiou Utrdpyxouv Siapovial,
816 oMol oyeBiaoTal UTeoTnpilouy &Ti ¢’ Soov Angfolv dplouévar TrpoUTro-
Gtoeis Bix Tov mapdyovTa k, 6 dvmiBpacTnp épydletan 2§ Toou &opaAdds STreos kad
S ik Deppikddv veTpovicov.

H loyus &vos dvmiBpaoTiipos UmohoyifeTan &md Tov &p1fpdv TV oydoewy dvd

WnionoiBnke amod 1o ivotirouto EknmaideuTikrg MoAmkng
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BeutepoAettTov. TEmeldn T vetpdvia Siamepolv 16 oxdoiuov YAk KaTd Sixpopous
BieuBUvoeis kai £p” Soov 7 pakpoTépa Siapoun Bi& Tol Yhikol onuaive: ueyaAuTépay

P&B3og dopahelag PaB3og éAtyyou
/
| + *EmBpaduvTig
: Sy T TTTY] x 6apto

©dhapog foviouol | - Gluqu :\\ Nopa | g ,Uﬁcnog C
napakohouBrjoewg | . : TS e, e y
AziToupylag -\ P/é:Sch oupaviou

©dhapog ol

axTivoBoAloewg

—

B e

BXTAY PN AN AN N (A

'Avakhaotip ypagltou
2y, 227, Hvoyvizos wvridpactio (doyi).

mfavdTnTa v& cuppi dvTiSpaots, opileTan &ia THY loxUv Tol dvmiBpooTiipos dvd-
Aoyov péyebos, M verpowxs pon (P).

Zx. 228, Dovoypapia ArTidouoTiigos fordryc (frepoyerois, pi fmfipadmmiy i pouplron),

Aetrovoyotrros eis 1o & Harwell (" lypila) Kévroor Hvpyrociy *Epsvrdn.

‘H por) @ 8tv Trpétrel va TowTifeTan pE THY UXyVNTIKNY TT.X. pofy, B1dTL kel vo-
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sitar weyioTn B1& k&deTov TpdomTwowv Emi Emdveiay Twa. Eis Thv mepimTwoiv
TGV veTpovicov ToUTo Btv Exel onuaciav, S10TL Tepdry16v T1 UAIkoU &uTos ToU «depiou»
&Y veTpoviwy Siaoyifetan U alTtédv kKaTd Tokidas Sieubuvoers.

2y, 229, Atidoactio Témov zolvufyridis Oefupendls, 1. mlval aagaxolovthicems laroveyiaz, 2. xi-
3. pdfidoe
aogaieiac zal pvipioews ieoveyias, 6. cwliy dwe Tip Efodor vergorion, 7. pdfider otoarviov, 8. émxi-

viri) yéguoa, 3. fmupdvea ddatoc, 4. obornpa ornpifews orouyeimy oyaciiov Vlixod

Poadevric

toaros, 9. Owmoak

2 eidod  axvpoxeviduartoes, 10, devtepor dwpépiona Tis dsfape-
vije mAf) iy Cdaroz, Ot grialw oretyeloy oyacipov vhixol, S wepduara Evtoc Bdatos xTh.
‘H vetpovik) pofy @ elven ywdpevov TTukvoTnTOS VeTpovicow &l TNV MéoTv TorU-
T Teov, fitol @ —=n - v, AlacoTaTikés ) por] P SnAol n veTpdwviax TA STrola eUpi-
okovTo EuTds Evos kuPikoU éxarooTol &l THv peTakivnoly Twv, Thv omolay &geTéAe-
cav &ls Ev SeutepohemrTov. ‘Emropévas
o VETPOVIX cm VETPOVIX
—mn = ——— - —_ —
cm? sec em? - sec
BEg’ doov xdBe oydois &modiSer 200 MeV, fitou
200- 1,6 - 10-%erg = 3,2 - 10—% erg = 3,2 - 10— Joule = 3,2 - 10— Watt - sec

EmeTen 6T1 B vé Exeousv foyuv | Watt yxpeialdpea 3,1- 1010 oydoes dvd Seute-
pPOAETTTOV.

Mt P&ow ThHY Ty ToUTv UmoAoyifeTan éT1 Bk cuvtrhpnow  Tiis loyUos

WnionoBrke amod 1o ivotirouto EknmaiSeuTikrg MoAmkrg
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Tév 1000 kW (R &AAws 1 Megawatt) &manteiton Sorrévn oyaociwou GAikol 1 gr
dvd fuépav.

‘H dos &ve loyls voeitan Geppixt] kai oUxi fAekTpikn. Atk vd THY veTaTpéywpey
gls HAskTpIKNY TIpéTrel v& TV TToAAGTTAGCIdowpey €l Tov ouwvTeAsoTnv 0,25 — 0,30,
Adyw TGV Blapopwv &TwAeGY Tiis OepudTnTos KTA. &To Tol dvmiSpaoTiipos péxpt
ToU RAekTpikoT SikTUou.

Téhos, ol &vTiISpaxoTiipes &woO TAeUpds karavopfis ToU émiPpaduvTtol kai Tol

oxaoipou UAkol, Sixipolvran s
qqq

« duoyevels » Kal « érepoyeveicn.
| |

O 6poyevels &uTiSpaoTripes &-
Xouv T& ox&olpa UAIKE Twv TAN-
pws Kol OUOIOUOPPLWS  AVALEUTYHEVa
peTa Tou EmiPpaduvTol, OlTtw Exo-
pev Aot oUpaviou SiodeAupéve Ev-
Tds Papéos USaTos 1) oUpdviov évTos e =
TeTnyHévou PBiropouliiou kATT. = g

Eis ToUs &Tepoyeveis TO oybol- PSBSoc N ElE N Sroweiov
pov UAkov SrapopgolTaon eis Tepdyia puduioews i b - |1 1-]- -} |~ uavoiuov
KOAOUHEVD  « OTOIXEIC », OXTNPOTOS ST Shwes
p&PSwv ) TAaKGDY Kol TepIPcAAeTon N -

Umd ToU EmPpaduvTol  (ox. 227 Suhiv | ; ”
kal 228). , Eddou g —

'Emre187) TO oUpdviov dEeidoUTan CiEsivabading N i
kol yevikdds elval Xnuik&s évepyov *:“fmré,up =
oTolyEioy, €mions 8¢ S va pf Sia- _\\K =
gUyouv &k T&V oToixelwv Tou T&

Bdhapoc
&utwopohioewg

Bopat u
TpoiduTa  THs oxdoews, &mevdUopey Surpetovaparos
aliTtd 81" dpyrAiou. Té  dpyihov Zy. 230, Lynjpatixov dudypappa 1ol éamTegixod ari-
Bty TpoopueTal KoAS Emi ToU ou- dpuotijges Tinov xolupfyrixie debaperi.
paviov kai 81& ToUTo YpnoipomoloU-

Hev KpSux oUpaviou - &pythiou, T Strolov émevBlopev Bt &pyiiiou,

Kot alrov Tov Tpodmov 1O oxdotuov UAikdv TpoguidaoeTa &mo Ty &EeiBuwatv
kol BiéPpeootv, TO 82 &pyiliov slven &’ Evds piv kadds dywyods THs BspudTnTos, &g
ETépou BE Btv &Toppo@d TOAU T veTpdvia. AuaTuyds els Uynhds Bepuoxpaoics Ta-
poudialel uelovekTNUaTa kad &vTikaBioTaTonr Umd Tol oAU &kpifwTépou UAikol,
ToU peTé&AAou Clpkoviou.

’Ev ouvexelg &vorypdopev Tous kuplwTépous TUTrous &vTiSpacTrpwy, ol &molot
¢l Tf) Pdoer TGOV ETTOMEVV XOPAKTNPIOTIKGY Twv Slaipolvtal @5 GKoAOUDwS ;

1. IIgoogiopo®: «) #peuvns, Exkmrandevoews, P) loyxUos, mopoaywyds tvepyeios
Bepuikfis 1) AAexTpirfis, y) Topoywyfis ThouTwvicy, &) dvamapaywyds oycoipoy
(U2, pyu239).

2. Newgoviov: ) Bepmikddv (Bvépyeia péxpt 0,07 eV), B) évBicpéowv (Bvépysia
Tepi & 1000 eV), y) Toyxfwv (Bvépyeia dvw Tév 0,1 MeV).

WnoiomoBrke amod 1o ivotirouto EknmaiSeuTikrg MoAmkig
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3. Zxacipwv: «) ovpaviou uoikoU, PB) olUpaviou utrAouTicutvou elg 1233,
Y) TAouTwviou, §) olpaviou — 233,

4. Svvdéoses : o) dpoyevols
(BraAupa, alwpnua olpaviou § Te-
TnyHévey kp&ux), B) Etepoyevols.

5. "Emufoadvvidv: o) xoi-
voU UBoros, B) Paptos UBaros, y)
YpagiTou, &) PnpuAiiou, €) dp-
Y QVIK®V oUo1&V.

6. ¥ikews: a) &’ deplow
(&np, CO,, He), B) kowol USx-
705, ¥) Papios UBaTes, 5) USpap-
YUpov, €) TeTnyuévou vatpiou §
KaAlovaTpiou.

7. 'Ioxvoc: «) undevikiis
xaunAtfs (<< 1000 W), B) petpias
1—1000 kW, y) peydins 1—10
MW, 8) UynAfis >10 MW.

8. Zxrjuatog: o) ogeaipikol,
B) xupixoT, y) kuAwdpikel, §) &-
volkTfis (koAupPnTikfs) Sefape-
viis (o). 227, 228 kai 231), €) kAei-
oToU AéBnTos.

S 153. “O &vtidpacthp xal Td L=

2y, 231, Pwroypagia 100 EGmTERIOT WTIDUCTTIDOZ TV pnvixdv xévTpov « Anpdxpitogn. ‘H

TOU ROAUHUOTIC & Saueriis. ‘EAAnvikdy Emitpotrdy  ATouxfis 'Evep-

yeias (E.E.A.E.), i5pubcioa 16 1954, &re-

paoige THY Snulovpyiav évds Kévrpou Tre-

Tos fva dvmiBpacTipa épedvns ioxuos 1000 kW xai 5 EpyacTnpicov peuvddv (Puoikis,

Anueias, Biohoyios - 'latpikfis, 'HAextpovikdv xai Teyvohoywddv) &v ‘Ayia Tlapaokeufj 'ATTikis,
TAngiov Tadv 'Afnvdv.

praicuPave

‘O txheyels avTiBpaoTip elvan TUTroU KoAUPNTIKTS Sefaueviis (BA. oX. 229) xai fyopdotn tv H.IT.A.,
TS "Avepikavikiis KuPepvroecss Utrooyedeions, Pacel kowfis oudpwvias peta Tfis *EAAGSos, THv TTapoxnv
Seopeds 350 000 BoMAapicwy ebfiug s Aertoupynam, TTpdryua STep TPoPAETETG! V& Yivn KaTd TO TEAos
ToU 1960.

‘0 dvmibpaaTip B& épyaodi] ue kevoiuov UAikov oUpdwiov EpTAouTicuévoy katd 209 els oUpdviow
-235, ) 8¢ &€ia Tou Siv B& koTaPAndd eis THY A kaviknv E.A.E., &AAa 8 BiBetan éTnofws upikpdv
ooy 6 eldos fvoikiou. Zuyypdvws Bia vias Beopeds €€ 125000 BoAAapicwv, 1) 'Auepikavikdy E.A.E.
Tapéayey & pov « AnuokpiTogy THY BuvaTdTnTa EyKaTOOTEOEwS Evds MIKpOU dwTi-
Spaotiipos ékanSeuTivod TUTTOU Uttokpiaipou uddns &k puoikol olUpaviou.

TO Kev

fvtpov 8o efuTrnpeTnon Tas KpaTikas UTnpsoias, T& TAvaTaTe "ExmonSeuTixg ‘ISpUparta
Tiis ‘EARGBos, kafids xai THY Uyelav Tdv ohtdv, Six ToU EAdyyou Tiis TpooTacias EvavTi TV
dxtwoBohiddv, ToU EAéyyou émi Tis sicaywyfs Tdv pabioigoTémwv kAT, Tevikés f E.E.A.E. 8¢& ékpe-
TahAewdR) aoav Tpoogepopévnv alTh B1sdvi] ouvepyaciav éml Tiis XpNoIMOTIOIRCEWS, Goov TO Su-
vaTov edplTepov, Tiis véas Tnyfs évepyeias, Ths Tupnuikiis fvepyeias tv ‘EAA&SI.
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154 . Mupnvixy) évépyela. "Otav katd 16 1955 owijABey év Meveln ) mpoTn Aueburs Sidoxeyis
ti Tiis elpnvikfis YpnotpoTromoews Tis &roukis évepyeias (SpBdTEpov, Trupnvikiis fvepyeias), Biv
Umiipyov Tapd pévov BUo dvmiSpacTipes loyUos UTd ékpeTdAAeuoy, & ToU duepixavikol UrroPpuyiou
NavTiAos xal évds pikpol pwoikoU épyootaciou fAexTpikiis fvepyeias.

Q

Mipds

Puduiotiun ; ]
4 ‘Atpoatpopirog Siutvov

OQ\

\ .
v Tevvnipa

“Empoaduving |
(ypopiong)
Xupnuuvm:riq
il okl
Ixdoipov
VAuov

Odpal {u cuvpouoViapaTog

Zy. 233, Dyniatixn) 7a0doracis SyxuraoTdosms yooylonowions Iuprisdy avmidoaotijon mooc

yopy flextouns Evegyelag. I évépyaa djtis dievlegoitar xavd Tdg oydoe mugiren Tob ogaci-

pov Sluxo® Tou dvridpastijgos fupaviletar dg Deppdtns, 1T drdyetac Um0 ToU woxTixob Glixod (.

Sofeidlov Tod dvbpaxos) xai dxolodlms pégetar évrds toi dvradddxrov Oegudrnros. ) magaydpevos
drude Tpopodorel drpoaredfidor, Gori; xvel flextosaly yewwijtpiar.

“ExTote kaTeokevaonoav woAloi dvtibpaoTiipes, Téoov eis UoPpuyia kai Aol émgaveias, daov
kal émmi Tol éSdpous, TTapéxovTes NAek TPk Evépyeiav. Of kupidTepot TouTwy elvatl & dyyAikds év Calder
Hall xai 6 *Apepikavikos év Shippingport. “Ywohoyietar &1 évtds Tiis TpooexoUs mevTaeTias B fyKa-
TaogTabolv kai B& AsiToupynioouv oyebov els SAas Tas TpoTyHivas Plounyavikds ywpas kai Tas oTE-
poupévas Kowdv kaugipwy, &uTiBpaoTiipes oUpaviou fi mAouTwviou, xaAUTTovTes ikavov pépog TG
SAovev avuSavopéviv duaykdy els NAexTpikiy évépyelor Tol ToMmiopivou Kéouou (oy. 232 xod 233).

Zfuepov, fy peydin &ia ToU guaikol olpaviou, ) drdun ueyahuTtépa ToT euhouTiopévou olpavioy,
7 Utrepviknois Suokohidv opeidopévwy el TG ElBIkG PETOAAQ TEV KATATKEUGY, THY TposTagiav évavT:
TGY dxTivoBolidy xTA., Bnuioupyolv guvolikdds nUEnuévor kKOGTOS EyKaTaoTATEWS Kal Trapaywyis,
@oTe va UmepPaivaopey ThHy &iav Tiis 51 owvnfov kavoiuwmy Tapaywyfs AAeTpIKRS ivepyeias.

TMapa 16 yeyovds Tolto T& Kpdrn xatackeudfouv dvTibpactiipas loyiss, 516T1 dvsu Tiis AaiToup-
yias aut@v &év SUvaran v& amokTndij meipa kad va AvBolv rAsioTa év T Trpater dvak(TovTa TTpoPAn-
poTa, Ta dmola Tponyoumivws fv oxediw Biv slvanl Buvatov va mpoPhesdolv. "Extos TouTou, oy TS
Xpove, Ty EkTraiBevots TpoxwpeEl, PeATIoUvTan T& UAIKE, peroUTa f) dfia Teov kad Umdpyouy ToAAa ivEei-
Eeig OT1 peTd TrevToETiOV | dvd KIAOPAT TIpf) EYKATAOTATES Kol 1) dvd kiAoBaTipiov TipR mapays-
yis 8¢ ebpiokwvTal els TO aUTS EmimeBov pé Tds ouvnders Tiuds TGV fpuikdv EpyoaTaciuy f| TGV USps-
TAEKTPIKGDY TOIOUTWY.

WniomnoiBrke amod 1o ivotirouto EknmaibeuTikrg MoAmkng
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"EE &Mhou, Btv mrpimer vd Anopovpey OTI T& yhiva &rmobfpaTa TeTpeAdiwy kal yoiowBpdkov
petclvral ouveyds kai &v Sév dpyicwuey THv EkpeT&AAEUoIY véwv TMy&v évepyeias 8 &vorykaoddpey,
EvTos Tol TpooeyoUs ald@vos, va TepIkdywuey THY al§now Tijs Prounyavikfis pas Tapaywyiis, TTapary w-
Yfis TéoOV oTevds ouvedeptuns pE TRV ednuepiav kal &veciv pas. ‘H Trupnvikd évipyeia Trpoceéper véav

Zyx. 233, Hagasratiz eizdv foyocraciov mapaymyijs niexvowxijc fveoyeias dia
avppxel ArTidpuoTions.

Tnyfv tvepyelas Emapkii Bid Yi1MeTnpibas, pn dmoxAeiopévns Tis fv T peTtafl yprnoipoTroiioews kal
&N\Awv popeddv évepyeias, OTTwS N Tév &vipwy (alohikt)), | ToU “HAlov, Tév TTaA1pPOIGdY KATT.

AZKHZEIZ

101. TTupnvikds GuTiIBpacTnp XPNoiHOTIoY G5 oydoipoy UAkdv TO lodTotov 4,235, Aeitoup-
yel Umo foxiv 1 W, CEdv kotd Thv oxdow fuds mupifivos goU235 &kddeton Evépyeix fom Trpds 200
MeV, va Umohoyiofolv o) Tdoan oy does Tupfivaov ¢,U235 AapBdvouv xdpav 2vtds Tiis uddns TolT
oyacipov UMkol Tol duTiSpaaTiipes, évTds xpovikol SixoThuaTtos 1 sec. B) Tloia f p&la ToU looTd-
Tou o U233, 3 UpioTauévn ox&otv Evtos ToU dwTiBpaoTiipos, s kai ) Erepyopévn EAGTTWOIS THg M&-
Ins Tol oyacipou Uhikol kaTd ThHv émi piov fuépav cuvexfi AeiToupyiav ToU dvTiBpacTfipos, Umd THY
&5 dve Toyv. 'ATowmkn e ToU looTémov goU235 = 235, 11, 1 MAM = 1, 66 - 1024 gr.
CAT. o« n=312.1019 8" m=1,06-10"°% gr, y' Am = 9,6. 101 gr)
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155. BépBa odpaviov . Ak vi mriywpey plov ducwTtv &utibpaow Toykws tEedigoopévny
“rpeTiel, 6mos dvepépapev i8N (Keg. A, oeh. 253) va KaTAOTAOWHEY TOV TTOAAXTTAQCIAGTIKOV TTOPEY OVTA
k peyaduTepov Tiis wovddos. ‘H dvrioToiykos kploipos wala mpémer vé Exn Emedverav doov TO Buva-
TOV piKpoTépav Ev oyéoel TTpds TOv Sykov Tns (oxfiHa gpaipas) kal vé mepiPddAeTon OO dvokAaoTi-
kv ToryopdTww Bk T Sixgelyovta Tis wadns vetpdvia. *EE dhdov, imeidh maoa mpoombis kabi-
oT& Tov Sykov peyoahlUTepov, ai mibavoTnTes Siaquyfis veTpoviwv Ek Tiig émigaveias Tou yivovTon pe-
yahUtepan, ai 8¢ SraBpopal TGV veTpoviwy &md Tivos axacdévTos Trupiijvos pExpls STou GUVOVTHGOUV
&Mov Tva yivovTanl pokpUTepan. “Apc, 1| Tpoomiis GA-
Awv UAKEGY TrpéTel v& elven kaTwTépa dpiov Tivds.

KaTtd m&oav mbavéTtnTa 1) kpioipos p&ia Tol ou-
paviou — 235 elvanr mepimou 50 kgr, éhaTToupdvn &v Tu-
¥ov TepIPEAAeTal UTTO KoAoU, &VoKAGOTIKOU TEV VETpO-
vioy UAikoU., Mi& TO TAcuTdviov — 239 elvan  Trepimou
18 kgr.

"OAan ol AetrTopépeion kaTagkeufis BouPdv oUpaviou
7] ThouTwviov eivan E§oupeTIK®DS MUOTIKa, TaUTwS elvan
Tpegavis 6T1 TO gxdoipov UAkov Tpémel va Siaywpile-
Tan elg UTTOKpIoipous TToodTNTAs, TAS OToIas WNYavIopds
TI§ V& OUVEVOVT) Ta)UTaTa eis Umepkpioipov.

“lows 1) towTepIKN KaxTaoKeun Tis &Topikiis BouPas
v& oporaln pE THY TOU oxnuatos 234. Tlaparnpoluev
Buo Umrokplopa Tepdoia oxacijou UAikol, Tty Tiva
BonfnTikév T éxprifecos veTpovicov, &Bpavis UAKOY Tre-
pifAfjuaTos ypnoipelor kol G dvaxkiaoTnp, kayUAiov
dva@héews kal yopwoiv kool ekpnrTikol UAkoU, oko-
oV EXoVTOS TV {oXupoTaTny Wincww Tol évds Utrokp-
aipou Teporyiov & ToU &AAou.

‘Avtt TV BUo updvov Umrokpioiuwy Teporkicov elvon
SuvaTdy v& UTdpyxouv TOARG EKTIWWTES BiaTeTorypéva,
guvevoUpeva ouyXpovws €l Kowdv kévTpov, eUplokdpevoy
els 16 péoov Tiis PouPas, xaTd THY Opiopévny oTiypny
THis Exp1Eews.

‘H xatd Ty &kpnlw THs dropkiis PouPas ikAvopévn Evépyeia EapTdtal ik Tol ToooU Tol oYa-
oipou UYAkoU xal éx TolU TroogooTol Tou To OTroiov toybobn. To Umdhorov Ak, aydopov f) pr, 8
tEaTodil, Aoy T UyioTwy Beppokpaciiv al émoic 8¢ dvamtuxfolv els T kévTtpov Tiis tkprifews,
voelTan 5¢ &T1 Twpémel TO TePiPANua va eivan oKy, GoTe v& dvermTuybi} 1) dmartoupivn loyupoTdrn
Tigows kol v& pf ¥oAapedii duéows ) Ekpnfis.

‘H mwpdetn Soxipf) &romkol émhou éyéveto Tov 'loUhiov Toli 1945 eis 1o Alamogordo Tiis TToAr-
Teias ToU Néou Me€ikoU év H.IT.A. Tlpdros mohepikds oréyos Umrfipfe Thy 6ny AbyouoTou 1945 §
{areovikd) TéAis Xipooipe, éx Tév 260 000 katoixwy Tiis dmoias mepimou 70 000 dmébavov xai 80 000
étpavpaTionoay ) Emadov éykatpaTa Biagdpwy Pabudv i dktwomAniav petplas Séoews. ‘H PopPa
ppipdn &mmd depomrAdvov ki Efeppiyn els Uwyos 600 mepiTou péTpeov Gvedey Tiis ToAews. H dpyikn
AaprpdTns Tfis tkprifecs fiTo ToAU peycwTépa Tiis ToU ‘HAilou kai TpoekidBnoav Tupkdaial el dmavta
T& ko UATKE EvTos dTrooTdoees 3,5 yihopétpowv. *H ioodlvapos loyus Tiis mpeTns dromkiis Boppas
fite 20 000 Tévvwv Tiis EkpnkTIks fvddasws TpWiTpoToAoudAns (T N T). To oxfiua 235 mapiotd So-
KipaoTikiv EkpnEiv &Topkfs Poupas.

"Evavopa

= l *Eupnutiun vAn

- Lﬂspiﬁwlnuﬂ
Ix&opoy

HAudy

Magm

vETpOViWY

Zy. 234. Zynuatixir dudyoapyia mbavij
dwapogpdoems  Tou pupzavapot fiopflag
i@y oxdorwy (dropijc Poufac).

156. “H Beppomupnvind évrtidpaoig. ZovtnEig. Qs eidopey els v mepl éAAeipuaros pélns
Tap&ypagov (BA. oeA. 192), ol fhagpol mupfives Tol Teplodikol  ouoThpaTtos f dkdun koAUTEpoV

WnionoiBnke amod 1o ivotirouto EkmaibeuTikrg MoAmkrg
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ot TaUTa T& MedTa gugTaTikd ToU Tupfivos, SnAadn Ta TpwTévia kal veTpdvia, cuvevolusva
Tpds &moTéAsow BapuTipwy TTupnvowv, EkAlour dvipysiav (EAAelupa padns).

XapaktnploTikfy elvarl 1
Ty ToU EAAsippaTos TouTou
Six Tov Tupfiva ToU fAiou
sHet, doTis TapousiddeTet pd
THY  OXETIKDS  upeyaAuTépav
Exduow fvepyeias, Tap’ Soov
ol ysitovikei Tov Trupfives {HS
A gli6 (rupfv pt 5 owperti-
Bia Bév UgioTaTal), Adyw TS
E5aipeTikils  oTafepdTnTos Kal
ToU KOpou TV Tupnwik®dy Bg-
oudv  ToU  OUYKPOTHHQTOS
a=2p-42n.

'Edv Aoimév  karwpBolTo
KaT& Tive TpoTrov EAsyyopévn
Umo dvfpdTrwov  ouvivwots -
Aagpdy  Tupnvwy, fi &AAws
kadovuivn cdvrnbis EAappiov
Tuptivewv, Y. Tol USpoydvov,
TPOS  KATAOKEUTIV  TIUPTVOV
fidlov, Ha eiywuev Eva Udpoyo-
vikov  &vmiSpaoTiipa pe ci-
PETIKDS HEYAANV EVEDYEIOKNV
Tapoynv Kai  Uikpdv kdoTog
TpdTns UANS.

‘AvTiBpaoTip TOolUTNS
ouvtnews UYgloTaTar v T
DUos kai sivar & "Hitos, &mo-
TeEADY Eva TepdoTiov EpyooTa-
olov  Tupnvikiis dvepyeios. O
"HAos Exer ¢l This dmgoveias
Tou Bepuokpaciav  TrepiTrov
6000 °C, &v® 1 @eppokpacia
ToU kévTpou TS H&lns Tou
GvépyeTan els 20 ékaTopuipia
BoBudv. Ta ripix ouoTaTikd
Tou oToikEla slval TS Udpo-
yovov kal fjdtov, eis oAU B
wikpoTépav  dvahoyiav  eUpi-
okevTal Ta Aeima oroiyeia Ths Quoews. ‘s ik TR UynAfs Sepuokpacias T oToiyeia elven Tapa
oM loviopéval kal T EAappéTepa ik TOUTWY Exouv Y&oEl A T NAskTpOVI& Twv, T& dtrola Kwolv-
Tal EAeuBipeos kal dmepevay dvTi dTdpcv kafapol of Tupfives. ‘H xaTdoTacs oltn Tis loviopévns
UAns &moTeel wiav 181dTuTrov popehv depioy, piav TeT&pTNV XaTdoTaow Tis UAns, f), s Svopdde-
Tal ofpepov, TO mldoua,

2y 235, Dwroyagin doxyiaaTial: fxonfeom: areuxis foppac,

Té Gypos 101 crypariliévros vEpors arvéoyerae eic 9 km sEDiTOL.

‘H OynAf Suws Sepuokpacia TpoUTTodiTe HeydAas XIVNTIKGS &vepyeias TV cuoTaTikGy Tol “H-
Alou kai 87 Téoov peydias, oTe ai CUYKpOUTEs T&V EAappidv [8iws TUPTIVWVY KXTA THV &TakTov Kal
&ppubpov xivnaiv Twv (bs é&v &meTéAouy Bepudy &épiov) va elvan opodpai kal ikavai vé TpokaAisouy
OUYKGAATGIV TOV TUYKpPOUOUEVLV EACQP&EY Tupfivev, Utepvikovitvir olTw TéY TwoTIkGY Buvd-
Hewy, al omolan éugavifovtal petall 8o TwAnGiov &AANAwY eUpioxopiveoy Kol OpWYVUHWS POPTITHE-

WnionoBnke amod To ivotirouto EknmaiSeuTikrg MoAmkig
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vy Tupfiveov. Ak BapuTépous Tupfivas &TrarToUvTan, G eival edvénTov, dkéun peyahliTepat Bepuo-
xpacoial.

Al dvewTépw oréyels kal ol Yevouevor UTTohoyiouoi £8a1fav OT1 eivan BuvaTn 1) KATAOKEUT) TTUpTIVOV
fAlou &mé 4 TpwTdvia, ék

&y émoiwv &meAsuBepolvTat “F““’"m"w @wmvmv

2 molitpévia (+e) kal &lo 1)

vetpiva (vp), fiTor upé Thv Big :

tppdvioly TR dxkTwoPolAias ‘-—h

+ PB. ‘O Teppavds Duoikds :

Bethe (Mnaére), &bscdpnoey s GC "iﬂ_"‘lN {-evapgsioc

eifos kaToAUTOV TS OouvTH- (6) (2)

£ews, fj GAAws Ths QeppoTTupn-
vIKfis TaUTns dvTiBpdoews, Tov
Trupfiva ToU dvfpakos kaTa TO

drdAouliov oxfina @ «) &v TTpw- = -. :
Téviov elobust  els TTupfiva Gu- ._,. : @-—-’r .
fpaxos — 12 Uméd HQvow y &- :

1Tpu'co.mov Tt mri&mv ﬁd}*‘m&‘” {3

xTivoPolias kai TOV peTtaoTol- ‘3N +1H ““'ac oy He ;N“_.__.scﬁ* e'*
yeiwovel  gls  &feotov — 13, B) A *
16 &GwTtov — 13 UgioTdpevov

: : L S
dxtwoPoliay - B petaTpé- o Zm;s.an&ov ,!3 Towrdvior ~ Purdmo

TmeTan gls &vBpaka — 13, SoTis 4_ : i g'X -

gUAAapBéveov &y BelTepov e
TpwTéviow  UTS EKAuciv Y . @ @ e
pwToviwy, yivetan  &fewTov =

— 14, y) & TpiTov TpwTéVIOY ; 5015—-— ;P{i e +1H'—V}N{4+?—VEQF“1
pstaTpémel T &lewTov — 14 (5) (3)
glg ¢fuydvov — 15, Bmrep Ugi-
oraTal dxTwoPoriav |- P rai
petarritrTe! el &foTov — 15 xai
8) TO TeAsuTaiov TrpwTOVIOV
u¢ TS &fwtov — 15 Bider dfu-
yévov — 16, éx ToU émoiou &-
Toow&Tal TO cwpaTiSlov «, &
Trupfiv BnAadn ToU  fiAlou xkad
tmavépyeTan olTw & kikAos els Zy. 836. Kixloc ot Bethe.
Tov dvlparka — 12 (oy. 236).

‘H xard THy odvmniv TalTny Téhv Tecodpwy TpwToviny Trapoyopévn Evipysia Adyw AleiupnaTos
padns, pe T Tapaboxnv o &ueAnTéas THs n&Lns TV SUo veTpivev, 8& igolTtan TRos

—
burovioy

(4)

4 {H1 — 2 slled Am
4.1,00814 — 2-0,00055 — 4,00390 = 0,02730

&vmimpoogwTeovoax mepl Ta 25,5 MeV (PA. osA. 193).

"Eweidn ta 4 gr fAiou (8nA. TO ypappodTropov ToU HAiov) mepigxouv 6,023 . 1023 dtopa HAtoy
eis 1 000 gr fAiou 0& mepiéxcovtar 1,5- 1026 &Topa. "Apa KaTd TOV OXMUATIOUOY, GULPGOVGS TPOS
TOV xixior ToU Bethe, &vds y1Aloypdupou fiiou &§ UBpoydvou, 8 éxAuBd évipyeia 1,5 1026. 255
MeV 7 &vmioToixws 148 « 10 9 yxihiobeppibes, dvahoyoloam els katow 18 500 tévwvwy dvbpaxiTou.

’ExTds ToU kUkAou Bethe trpoTteivovton xai &AAov Titrou kiAol oxnpaTicuol fiiou i USpoydvou
s mifavwTepol v& wpﬁcxivouu els Tov "HAiov, wévToos ol UtroAoy1opol Beikviouy GT1 TTOAAS EkarToupy-
pra Téwvweov USpoydvou cuvTiikovTon kabe SeutepdAemTov Tpds dmoTéAegiv Hhiov kol Tapd ToUTo 1
p&a Tol NAiou Emapkel Si1& v& diaxTnpndij fi dvTiBpaols pé Tow cliTdw TrepiTrou pupov émi 10 11 En.

WnionoBnke amod To ivotirouto EknmaiSeuTikrg MoAmkig
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‘H Bspuokpacia Tédv 20 ékaToppupicv Pabduddv ToU ‘HAlou elven PePaicss Trdpa oAU peydAn
B1& Tév Gvlpwroy, &g’ ETépou Spws i Tas Emi Ths [fis ouvbrkes i dikpds padas koi TTUKVSTTTOS U-
Spoydvou fj TGV icoTdTwY Tov, eiven GueTTapKis Tpds ouvTrpenow wmds SeppoTTUpnVIKAS GvTiBp&oews.
Al drmradhercn yevikés elvan oAl peydidan, doTe pdvov &uw Tav 40 fkaToppupicov Pabpdv Kedoiou el-
val SuvaTtov va dpylon ocuvtnpovuévn pic oUvTnEis Towy pepddv SsuTepiov xal TpiTiou (R &ve T&HV 300
sxoToppupicor  Pabpdv Bik Seutéprov pt Beuteprov). Al dvtioToixer dvmiBpdoeis 8& elvan rapouoig
Aidiou

otled - gnl 4 3,3 MeV
1H2 - g H 2
1H3 4 jH1 -4 MeV
1 H2 413 > oHet -4 gnl 4+ 17,6 MeV
sLi6 4 gnl —> o,Hed 4 ;H32 + 4.8 MeV K.C.K.

MapaTnpolpey 6T1 al peychitepon moapoxai fvepyelas imouuPaivouy koaTd ToV oxmuaTiondY
Tupfiveov fiAlou — 4, 8Tes TOAAGKIS SIETTICTOOXPEY.

Karémv tév BuokoMév alrédy, ol dmoTrhpoves foképinoav va xpnoipomorioouy Tds UyloTas
Seppoxpacias aiTives dvamTiooovTan KaTd THY Ekpniv wids &Tomkfs Poufas oUpaviou T TAouTwvi-
ov, Bix va karopdwdi) 1) Evaplis kal dv ouvexsig f ouvThpnols — oTw kai Emml PpayUTaTov Ypdvov —
Tiis Beppromupnuikis dvTiBpdoews. TolTo kai émeTeUydn, xaTackevacleions THs “dpoyeriiis fonfas.

‘H kaTagreun évos Bepuotupnvikol dvTiBpaaTiipos TpooKpoUEl dkdun Els TTOAAG Epmédia Kai Héxp1
onpepov Bév Eyel EmiTeuyff], Tapd T& peydha oikovopikd kai dMoTnuovik péoa &Tiva SiadéTouv Ta
ueydAa “ESvn.

Eis &var Bepuomrupnuikdy dvTiBpaoTiipa 6& dvapévwusy Y. vé Umédpfouv Séopan TaxUTATE Ki-
vouuEvev kol loviouéver &rdpwy Uspoydvou kai Tév igoTédmwy Tov, SnA. TAdoua Tayiwy UBpoydvewy,
TO dmofov 81k Twos TpéTTou v guoplyyeTal kol vd xatopfolTar olTw 1) ouyxkdAAnois, A cUvtniis
TRV TUpnvey Tpds anuaTioudy fHAiou.

TowxbTn ologryfis wpokaheUoa THY yertviaow TéV Tupfvwy kai THY dvTicToryov clfnaiv Tis
TukvSTNTos Tol fAekTpikoU pepaTos, TO dToiov SmpioupysiTal & THV kivnow THv idvTwv, elvat
oAy Bugkdhws TpaypaToTToINoIes. "Apkel Tipds TolTo v& onueiwdd ST S Tapaywyhy loxlos
100 Walt dva cm® mhdopatos & ypeioofolv TukvéTnTes pelpaTos Truprvwy Beutepiou 160 000
Ampére dvd em? kol peyddan oyeTikés dmooTéoeis &md T TolWHaTa ToU Soxeiou évtds Tol émoiou
8a dpyion v yiveten f) ouvTnEis. *AMes af dardbAeicn 8& elvan peydhan kai Siv O KaTopBwhf v
dvarTukdi] | kaT&oTaots Tis UynAfis Sepuoxkpacias THY dmroiav imbupoluey v& Snuioupyndii tuTds
Tiis Wepreoprypévns Séouns TV 1dvTwv.

Al TeipapaTival abten Suokodiar Si& THY kaTaokeunv évds BepuoTupnviked GvTiBpaaTiipos pubui-
Lopévns UTro Tol dvlpomrou loyUos kal olyi PopPas Upoydvou, £xouons évauoua pikpdv BouPav oU-
poviou, Bev &ouv, &5 dvepépapey, dxdun UmepriknB.

"AvagépovTal Sidgopot SiaTdEes, ai oToiol TPOKGACUY KATAGTEGES, &UTIOTOIXOUS TTpos HEPIKE
Hovov Exaropnlpia Pabudy (dyyhin ouokeul Zela, duepwavikn Perhapsatron, dpepicavikh xard
N. Nowzdgiior Aslron, pwowd Ogra «Am.), xpnoiporrolofoat payvnTik& Tredia TokiAns EvTdoews
xai Tposheuoes Bidk Ty oUogry§iv TGV Seopdv EmiTayuwléivTiov 1évTwv kupiws BeuTspiou f TpITioU
i Ty 81" &\Awv TpdTwy Bnuioupyioy TéY EmbuunTdv kol dvaykaicwy cuvBnKEY TVKVOTT|TOS, KIvT)-
TIKGY KATACTATEWY, UEIDTEWS GTwAadY KA., Tpods Evapfv kal cuvThpnow BepUOTTUPNVIKEY &vTi-
Spdoecwv.

157. "H RépPa Gbpoydvou. ‘H USpoyovikf fi Bepuomupnuiky POpBa sivan mroAepikov  &Trhov
ompigdpevoy els THY EKAugiv Evepysias, Tpospyopévns EK ouVTREEwS TUpfiveov igoTéTrwy Kupiws Tod
UBpoydvou Tpds oXNUATIoHSV fiAiou.

Thv BuvarotnTa wds ToixUTns &uTiBpdoews éxouons s Evauoua THY UyiocTnv Beppokpaciav
Wds dropikfis PouPas oydoews, TpoiPheyey i8N &md T 1942 & Fermi.
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‘H BéuPa U8poydvou Exel dpiopéva TORERIKE TASOVEKTANGTA EVawT! Tiis GTOMIKTS poupas: &) H

Svd YiMdypappov  pa&ins Tns  éxAvopéun Evép-
yeix elvan peychuTépo. P) Abv Umdpyer mepio-
piouds els v alfnow s foyles Tns. y) At
Utrdpysl kpioipos f Umokpioipos pada. §) "Ava-
pAbyeTal pdvov Adyw Tiis Beppokpaoias fitig
dvatrTUoosTal & Kkpay PopBav oy doews kai
cuvTnpeital 1| &vtidpacis Tns £¢° doov tfaxo-
Aoubii 1) UynAn Bspuokpagia (PA. geA. 268). €)
Atv BnuioupyolvTal TTPoiovTa Ox&osws EvTo-
vos padievepya («kabapar» PouPa) Trapd povov
T& ToU fvadouaTtos. oT) Elvan Buvatdy va ypn-
gigotronBolv s UAIKG TEPIPAT|UOTOS CPIopEva
oTotyEle, 6TTws TO KoPaATiov (BouPa xoPo-
Tiou), T& OTola kaBioTovTol OYETIKGDS HAKPO-
pix podievepy& iodToma UTTO TEV  veTpoviwy
Ths PéuPas Upoyovou. TalTa ba putrdvouy ik
Tfis KOVIOTIOIMoEWSs Tewv THY &Tudcexipay, i1k
TS $MITTTAOOEWS Twv i ToU £Bdgous kad  Tas
kaTwknpuévas TEplox&s. OUTw B& yivy &1k ToA-
A& £Tn £mkivBuvos 1) Trapapovt) fovTwy dpya-
vicudv els PouPapdiobivtas vouols 1 Emap-
xios. Alcteivovtar modrol &t 10 —20 Upo-
yovixai Bopfai pé kopddTiov Emapkoly Sid TAN-
pn Eapéviow Tfis cvBpwmdTnTos émi Tiis I'fs.

1 euvtnéis
drantoloa  pikpoTépav

‘H kupia Ty dvepyeias elvan
TprTiou  pé Seutéprov,

TepipAnpa

AevtepLobxov

I Adov
Miup&

4P
&ropiun poupa

Zy. 237

Boppa oovmi&eme  avpijron td00yoror
(all i e

{daoysj)

gepuckpaciov (40 éxoroppdpix 0C), Tap& 1) oUvTnis BeuTepiou pé BeuTipiov (300 ixoroputpia 0C).

JHZ 4 1113 = yHed - gnt -+ 17,6 MeV

Zy. 238. Doroyoupic éxgnfems fouflas vdpoyirov.
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To TpiTiov, s WM eUpiokduevov v T DUoel, KaTaoKeUAGETa &Py IKEDS v T7] POpPa &md vetpovia,
SpddvTar i BeuTepioUyou Aibiou, dmoTeAolvTos THv ydpwaow Tiis PéduBas USpoydvou :

aLi6 - gnl o> ,Hed L 13 1 4,8 MeV

NeTpdvia Tapayel 10 Evauoua, SnAadh A wikpd PéuPa ovpaviou fi TAouTwviou, i EykAsiouévn
fords TS UBpoyovikis. To évavopa 7y 1) dropkn TrupoBéTnols, &moTeAsiTan &md TOAAG UTrokpioipa
Teudryia oy acivov UAkol, SiaTeTaypéva Eml kofAns oealpas, T& émola dv SeSopévn oTiypd EkopevBovi-
fovtal Protata mpds TO kévTpov Tiis ogaipas Smrou ouoowuaToUpeva  dmoTeAolv  UTrepkpioipov
ooéTnTa (ox. 237). 'Exxwvolong TéTe Tis drowkis Ekpnfews dvamTUooeTat f) UynAd Beppokpacic
bix 1&g GvTidpdoes Tiis ouvTnecos.

‘H mpoTn "Auepixavikhy  Soxipf Beppomtupnvikiis éxphiSecos (*) éytveto els Eniwetok, vnoida ToU
Elpnvixol "Qxeavol, Tov NoéuPpiov 1952 (oy. 238).

‘H mpwtn Boupa éppighn ThHv Inv MapTiou 1954 Guw THs kopadhioyevols Tepioyfis ToU Bikini ToT
Zipnvixol "Oxeaved, fiTo Bt Iooduvduou foyxlos pos 15 peyaTtdvvous (ExaToppdpia Tdvvous) TpviTpo-
TeAoueAns. H ik Tiig tkprifews TpoeAfolioa puTravais o EapeTikGs pEY AT, §10T1 ExproioTromfn s
mepiPBAnUa oupavior — 238 fva kol alrd oxacdij Sik T@v Taxéwv veTpovicov THs duTi8pdotws. TuveTéds,
i mpwTn Poupa UBpoydvou iTo TPIMAfS Trupnvikiis duTiBpdoews, fTol a) fepuikV VETpOViwy ox&-
cews 11235 7 Pu2dy, B) Gepuomupnuikiis ouvTngews iooTdmwy UBpoydvou kai y) Tayfwy VETpoviwy
oxaoews L2398 (Bnh. oydois - obvtnEis - o dois).

"H dpyéTepov Soxpaobeioa pwoikn Péppa ATo dwions TpimAfs tvepyeias uE TeAeuTaiov gTdSiov
Thy oxaow fopiov dvTi oUpaviou — 238,

levixdds els Tas Tupnuikds 7 SepuoTrupmvicds Péupas, T& 50 %, THs ivepyeias &rodiSovtan s pnxe-
Ky Epyov kaTacTpoedv, 357, ds BeppoTns ¢ &xTivoPolias, 5% dmoTeAoly ol TpwToyevels KaTd
TV oTykAy THs fxprifecos Tupnuikal dkTvoPoricn kai 109, i SeuTepoyevels 7 kaBuoTepnuévan Tu-
anuikai dxTivoPorian (o, B, ¥, gnl, vO, wAm).

AZKHZEIZ

102, Kora thv éxpnéiv &ropixfis PouPas ékAUETan TToody evepyeias igov Trpds TO éAeufepovpcvov
<are v éxprifiv 20 000 mrepitou Tévvewv TS dxprkTikfs UAns TPWITpoTOAOUOANS. “H dvéipysia ol
TpoepyeTal ¢§ dAckAfpou &k Tiis peTaTpoTriis pépous TTis uddns Tou YAikoU THs Poupas eis Evépysiav.
Eqv katé Thv dmooluleoiy fvds YPoHpapiou TRIVITPOTOAOUSAT)S EKAUETAN TTog oV évepyeias 1 keal, va
srohey1oii 16 pipos Ths u&dns Tol Aol Tiis PduPas, T &Tolov tfapavifeTar kaTd THV Ekpnfiv
2UHe CAm, 0,932 gr)

103. Kara thv ékpnéiv &roukds PopPas s THv dmoiav AapPdver xdpav &AugwTh avTidpaois
eis goU235, EAeuBepoltal Trogdv tvepyeias foov Trpos 2,11 107 kWh. "E&v xard THY ox&ow tvds
Tupfivos o235 Edetan bvépyeia fon mpos 200 MeV, va UmoAoyioBolv : «) mdoar oydoels ToloU-
Ty upnvev EAafov xdpav dvtds ToU UAikoU THs PopPas xerk THY Expnév, B) moia | p&la ToU
looTdmTOU 451235, fiTis UméoTn oydow KaTd THY ExpnEiv s xai 1) émeAfoloa EAdTTWONS THS H&Ens
700 UhikoU Tiis PopPas. "AToukd pada Tol looTdtrou 92U235 = 235,11, 1 MAM = 1,66. 1024 gr.

CAT. o n=2,37.1024, B’ m = 925 gr, Y Am= 0,845 gr)

104 . Kerres iy guvtn€iv piypatos 8Uo lootdmrwy Tod UBpoydvou ouvohixfis pé&lns 1 kgr, ai TIEPIE-
xouevan ey aUTo WOoSTNTES TGV U0 icoTémwy dvTiBpoly TANpWS, tapavileTar 8 koaTd THY &vTi-
Spacwv mepimou 0,79, Tis pddns ToU uiyueros. TTéon évépyeia els kWh &xAleTon kar THY eUvnEiv,
+=3.1010 cm/sec. CAm. 1,75 108 kWh)

*) "0 &pos beppomvpnriey v uh TadTiletan wk THY &TopIknY §) dpBéTepov, THY TUpnVIKAY Expn-
S, THY TpospxoubMy &K oxX&oEws Kal ph oxeTIGopivny e bynids feppokpaciag fvaloews.
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105 . Tleoomns Trupnvey USpoydvou guvehikils padns 4,032 gr UpioTatar oUvTnEw, xad fv obTol
wetarpémovTan el Tupfivas HAlov ouvorikfis padns 4,002 gr. Aexbuevor T f) kaTd THY oUvtnE EAvo-
pévn évépyera eppaviCeTon £§ SAorAfpou s BepudTng, v Umohoy o€} 1) pala Tol dvBpaxes, BepudTnTos
xavoews 8 keal/gr, fiTis UproTapévn Teheiav xalow Tapéxer fvipyaiav fony mpds THY KaTd THY oUv-
v dAuopédvny. ¢ =3 - 1010 cm/sec., (A, 80 Tdvvor)

106. 'H p&fa toU ‘HAiou siven ion wepimov Trpods 2 - 1027 tévwous. 'Eav évtds ypovikol BiaoTi-
watos 1,5-1010 é1&v peraTpémeTan els dxTivoPoAov évipyeiav TO Ev yiAlooTov Tiis pédns Tou, UTo
Tolav foyiv dxTivoPoiel & “Hhios. (AT, Nawr — 3,8 1033 crg/sec)

AB" KOZMIKH AKTINOBOAIA

158. Tevaxd. "H dvoxdAuyis THs koouikiis dxmvoPoiics mpofitfey éx T TrEIpa-
uamikfs HEAETNS kad TRS BecopnTikiis Siepeuviioews TOV pouvopévev THs HAEKTRIKS
Xy wyIHOTNTOS Kaxi ToU ioviopol Tdv depicov.

Ex Brapopwv peTpricewv katedeixdn 6T & &np mwAnolov THs Emeavsias THs g
glval oxeBov povwTikOY odpa, S10TI KEKTNITan WiKpdy pévipov dywypdtnTea, &vTi-
oroiyoUoav mpds oxnuatioudv 10 feuydvy idvrwv (10 Bemiké, 10 dpuntikd) dud
sec tvtds 1 em? &épos kabapol, Enpol kal kavovikév cuvBnkdy miéoews kai Bepuo-
Kpaoias.

‘O povipos s joviopos OgeileTan év péper eis yniva aiTia (padievepyd Spu-
KT& gvTos Tiis [is, padievepyds xoviopTos £vtds Tiis Tpoopaipas), B alrod xai thar-
ToUton Gveofev Tfis Emigaveias Tfs GaAdoons, GG STwodnToTe Tapapével Toco-
oTOV TI, TPoepxduevoy &TTO kooulkd aiTia, aufavopevov petd ToU (yous, évéd dvTi-
OéTws M) émidpaois Tfis ynivns poBievepyeias Padvn peloupévn kel TpokTIKGS Unde-
vigetan gis Uwos 1000 pérpeov.

TS ouvohov T&V TpwToyevdy cwuaTiBiav T& ool TpooPddiouy &k Tév E€w
Tnv v &5 kai T&v Tapayopéver Beutepoyevidy cwpaTibioy évTos TRs &Tuoopa-
pas, Aoyw Blx@odpov ouykpolUoswy, BlaoTraoewy Kai &Ahwy &uTiSpdoswy TV TpwTo-
yevddv cwpaTidicov TTpos Tous Tupfivas Ty &rdpwy Ths dTuoopaipas, dmoTeAst
TNV nooutxnv drrivofoldiav 1| TAS xocuixdg dxrivac,

a) ‘H mowroyevis dxtvofolla xal al uerafolal avris. ‘H mwpwToyevns ko-
ouikT] &rTivoPolria EyeveTo duTikeipevov (BianTépas peAéTns koTd T TeAsuTaia 18l
#1n), ka® Goov & &ulpwTtros ABUVABN vd drooTeidn peTEMTIKG Spyava els péyioTa
Oy &mod ThHs Emgaveias Ths [Ms.

To mAsioTov T@V gwuaTidicwy Tow TpooBdAiouy Thv v ik Tév £€w elvon Trpe-
Tova (909%,) ueyioTns évepyeias (uéxpr 10 GeV), Emearta fpyovtan T4 owpaTidio
a (8—99%) xai TéAos PapuTepol Truptives, iBiws uE dToukous &pifipols 7 — 3 Ews 8.

‘H gppnueia Thjs TTapousias Papewy cwupaniBiwv els Ty TrpwToyevfi dkTivofo-
Aav elven SUoxohos, B16TI mupfives Aibiou, Pnpuihiiou, Popiou, &mavtdduTes eis TH
TpwTOYEvT] Koopiknv dxTivoBohiav, Bév SiamioTolvTal el peydda mood e TO Zuu-
Trav. Kard Tiva £§mynoiv wpotpxovTal O KaTaTepaylopdy ET1 Paputépwy Tupt-
voov kaf’ v ypdvov oUTor xivolvtal évtds ToU évBoaoTpikol SiaoThporTos.

“Ev TrpwToyeves owpaTidiov, &pikvoluevov eis THv Treployfv Ths s, eloépyeTan
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futds ToU poryvnTikol Tns Trebiou, Smep Tapd TO yeyovds &Ti elvan &obevés, v Tou-
Tols ExEl TOAU peydAnv ExTacty, ddoTe va SUvaTal va émnpedoTn) TNy Tpoxidy Tol
cwpaTiBiov. s ék ToUTou TO cwpaTidiov
tkTpémeTan Kol E§apTaTon &wod THY Evép-
yei&v Tou, &mo TO pfjkos Tis SicBpoutis
tvTos ToU mebiou, TRV &pxikNv Tou BieU-
Buvowy s Tpods ToOV  payvnTikéy &fova
Tfis s KA., dv 6& ¢Bdon Thv Emed-
vetav Tfis [fjs 7] &x1, Sixgelyov T.x. éx véow
£€w Tiis [is (oyx. 239).

"Ex T1év dvewTépw TrpokutrTel &T1 elg
TéTTOV TIva TTis [fis elvan BuvarTtov vé pBa-
COUV TTPWTOYEVT] CcwuaTiblor  OpIoPévns
gvepyeias pévov €€ dpiopévwy Sievbivoewv

Zx. 239, Tooyui copavidley  mowtoyerods kol 6f Si& OeTik oeopaTidix i TpoTIH-
roopuxijc  dxrwofoling Ertdc TOU payynTixod pévn karebuvots elvon N &k Auopdv.
nediov tije Tijz. 'EE &ANou, Emre1dn) eis ToUs uworyvnTi-
koUs TéAous 1 kivnois &vds TpowToyevols
cwpamidiov yiveTar Tapadificws Teds TAS Suvauikas ypaupas ToU poryvnTikoT Tre-
Biou Tfis Ifis, olbepiar &mdérAlors 6& AGPT ywpav Kai émopévews GAa T& TTpTOYEVT
owpaTidia, foTw kal HIKpaS évepyeias, O&
pbdvouv  eis  ToUs paryumTiKOUS TTOACUS,
dprel 1) Evépyerd Twv va elvon &pkeTn 81 f |
v& pfy amoppognoly &rd THY &Tudopa- T 450 Torr /
pav. OUtw, | EvTaols TAV KOOMIKGY &- /
kTiveov  oUfdver Soov  peTaxivoupsbo  Ek |
ToU lonuepvol Tpds Tous TroAous (peyaiu-
Tepov yewparyvnTikdy TA&Tos) (ox. 240).
MeTprioeis évtdoews dxTivoPoiias TH
BonBeict TupaiAeov pepdvTLY €iBikoUs &Tra-
pifunTds, EmeTelyOnoay uéypis Uyous 200
km. "ESeifav 8¢ alifnow Tis xoopikiis &-
KTIvoPoAlas kad petd Ev péyloTov Tepl T
© 20— 30 km, dgethdépevov gis TV yéveolv
TOAAGY BeuTepoyevév cowupaTiBlwy, 7 ko-
oukn akTivoPoria &okTd TepiTOoU oTa-
espmli"lgs:ﬁ;}z:;(:é. Cii;)laum i 300! L _Z:x-240::leraﬁolﬁ Tijs évrdoews s #OCHITTE
- . : dxTvoffollas  GuragTIjoEL TOT YEWpPUYINTIZOT
Bywaw Suvaral xapis els ToUs TEXVNTOUS  widrovs xul toi dpovs (midosws) tod Témov
Bopugopous. AlemioTwln &T1 puoiis & Sopu- BV peTpricemy.
gopos UmepéPanvey mepitmou T& 1000 km,
) koouikn dxtwoPoricr niE&veTo &ToTOMwWS TEpa TOAY, ToooV, GoTe gyéveto 1000
popas peyalutépa Tis TV Ve TETwY oTpwpdTwy Tfs dTuoopalpas.
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‘H alfnows Tfis évtdoews Tfis koouikfis dkTwoPolias cuveyifetal dvrovwTtdTn

kol poiveTan 6T @Bdvel Ev uéyioTov mepl T 9000 km dmwod Tfis émeavelas THs M.
Ev ouveyeia, #AaTTol- :
Ton kol &uagépsTan OTL
el T& 30000 km éExel
ueeob gis 16 1/2  Tijs
usyioTns Tiufs.

OUte, kaTedeiydn
&1 fy ' mepiPdAisTan
UTrd  Lwovns  TTATipovs
KOOULIKGVY dxTivwov TTol-
KiAwy fvepyeaiddv (o).
242), 1 88 peAéTn Tiis
foovns TaUTns  yiveTal
crjuepov {B1a1Tépoos Ev-
Slapépouca  fv  OWEL
TS ETaVBpLOoEwS TIU-
PD"'J?\(“)V kol THs 8n- Zy. 241, Merafioly vz évvdorms Tis =ocpmizis dazreefioiias peta
proupyias SiamAavnTi- TOb Hpors.

K&V oTaduddv.

B) Ilpoélevoig tijc mewroyevois dxrtivofolias. "Extds Ty petaforidv Tis &-
kTivoPorias év oxfoer TPOs TO yewuayvnTikOY TA&TOS, TO Uwos kai Tiis douppeTpios
Avcuddv - *AvaToAGY, TEPIOBIKN Tis BeTaPoAN HETd TTis fuépas - vukTds, 1) Tol kikAou
Tfis Zehfung, fi TS mepioTpoefis ToU ‘H-
Alou, 1) T&Y fHAlakdy knAiBew xAT., Siv
EXEl ATOAUTWS SiaxmioTwd.

Yrdpyouv PePaicws mhpa ToMAa év-
Beleis, AAAG yevikdds Shan oi QuwTEpE Tre-
prodikai  petaPoral TR EvTdosws elvan
KaT@Tepal ToU * 29 ked kot mpddTnY
Tpootyy1oy Suvdueda va Bewphowusy Th

Zdyn (maggl) dutwvofoiay TPWTOYEVT] KoCWIKNY dxTivofoliay ¢ vu-

Sy, 242, Tyyparizor Ouiyoappia Sowgs 2o XOnuepdy kal karé oo Emox v, mapapé-
»ic axtwofoliiug, Aty magovewiler Ty pepl-  VOVOAV orabepav. ‘H oTafepdtns alrn Bio-
GTHY ErTacm £ic TOV PEmAVNTIZOT IGHREpGY. KOTTTETO TTOAAGKIS &0 ATPOATITOUS UEI-
oe1s T abfnoes Tis évTdoews, mhaveds Gyé-

v Eyovocas i E§apoeis TTis SpacTneioTTos TEY fAlokdy knAiBuwv, Tols A Ala-
KoUs TupooUs T &AAx whéov drrouepaxpuopéva el T6 mapeAdoy ACTPIKS oiTiax.

Tpeis meployad Tol ovpmavTtos SUvavtor v GewpnBolv dos mbavol kUplor Témot
Tapaywyfs Tis TpwToyevols dxTivoPolics. 1) ‘O “HAies, 2) & yohatics, els Tov
&Trolov dvnkel TO NAlaKOV cuoTnua kai 3) &Tepor yohoial. ]

‘H alfnois Tfis évtdoews Tiis TrpwToyevols &xTwvofolics #Tis ouvodeys
THY dugdviotly NALlakK®VYV TUpo Gy, UTodelkviel &TL pépos TI TV TPWTOYEVEY

18
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cswpaTiBicwv £xel TNy TpotAeuciv Tou eis Tov "HAlov. To gUvoAov Suws adTtdv Btv
BUvaTon v& mpotpyeTan ¢k ToU ‘HAlou, olUre va #yn &miTayxuvdf &mmokAsioTik®s UTTO
TGOV &ToToHwS peTaPoAAopéveoy poryvnTikéy Tedicov, TV cuvodsudvTwy Tas MAla-
kas KNATBas kal mepgod:. xaf’ Soov els TaUta dvmiTifevtal T k&Twh TEIpapoaTirg
Bedoptva: o) ‘H dmoucia onpavTikiis fjuepnoias peTaBoAfis THs évtdoews THs Tpow-
ToyevoUs koopikiis dxTivoPoAias. B) ‘H EAAewpis cuoTnuaTikfis peTafoAfis THs évTd-
OEWS PETE TOU KUKAOU TGOV HAIakGDY KnAiSwy.

SuveTds @adveTal 6TI T TpWToYEVT ogwpaTiSia TapdyovTal &vTos ToU yoAa-
Eiov, s 8¢ mbaval TTnyal ceopaTidicov tvTds alTol Bewpolvtan eidikai T&Eeis doTé-
POV, KOAOUMEVOl dGTEQE: #OOXGW (AxTivemr.

'Eqw Spcos GAGKATIpOS 1) TTpwTOYEVTS AxTivoPoAia xel TNV TTpoAsuciv Tng éuTds

ToU yoAafiou kai SiobideTon

Sy eUBuypduuws, ETpeTre v Upi-
,  oTaTal pia éugovns peTaPo-
:/ AT TTs évT&oEcds TS HETX
ToU &oTpikol xpdvou. ToraU-
TN OHws WeTaPoAT) Biv E£xel
eloéTt E€okpIPwbfi peTd Pe-
pBowdtnTos. Tapatnpoluey 8-
Bev, &T1 1) TTpoéAsucis THs Ko-
oumkfs dxTivoPoiias kai ©
TUXOV ETITAYUVOIS Koi ad-
Enois TS Evepyeias TOV cow-
paTidicov Tng Bév Exel &xodun
TANpws EENynoTn, dvauéveTan
&8¢ 1| ¥pnolpoToinocls TV vé-

\
\

wv deBopEvor TV TEXVT| TGV
Bopueopwy iva oupTrAnpuwdi
TO KevOv kol Biapopewbi
ikavoTroin Tk Tis épunveia.

|
| 159. 'H Seutepoyevg
f . \ ®oGuLxY] axtivoBoria. ‘H
|! \ R BEUTEPOYEVTS KOOUIKT] &xTi-
i A b ? voPoliia TrpofpyeTon gk TGV
I! \ 3 TUPTIVIKEY duTiBpdotwy, Tds
i Stroias Tpokaholy T Tpos-
Zy. 243, AoTio dwoadosms  TUoires poTeysapi£ot puiut- TOYeEvT] cwpaTidlay, cuvav-
uares Exvelévros sic tyos 3000 m, 6w quyxpoticems HeTd aom-
Turion peplotys dveoyslac Tii: ApwTO)

i

TOVTA El§ T& Qv TaTa oTRd-
i o = el ; - aTa THS & { -
Alaz. To iyvos iz Teoyds tod apwToyerolts Goparidiov deri- U~ ns O'tTuOCT(PC(lpO(S uny
sTar Ol TOd filov:. pnves SIC“PDPCOV &ropcv. El-

var oAU SUckoAov Bk T&

owpaTibic TaUTtax va Sicmepdoovy Ty dTpdo@aipay kal v& @Bdoouv TRV Emipd-

WnionoiBnke amod 1o ivotirouto EkmaiSeuTikrg MoAmkrg
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vaav Tiis [fis dveu duTiSpdoecds Tivos, Emoptvws 6,11 Bdvel els TO ESagos dmroTeAel

kupltws TNy Sevregoyevii xoouixny dxrivofoliav.

‘H BeuTtepoyevns drTivoPoAia SiaipeiTon eis BUo ouvioTdoos, TRV «oxiyodrs,
TepidapPdvovcay dxTvoPolias Suvapévas va Siamepolv oTpdua uoAUBGou Trdyous

peycduTépou &tro 12 em kol THY «upalaxgys.
ATIS ATOPPOPATAL UTTO TTPWHATOS HOAURBoU
uikpoTépou TGV 12 em.

‘H oxAnpd ouvioTdoa &TTOTEAE] TO -
yoAUTEpoV TTooOCTOV THis Beutepoyevols -
kTivoPoAias (80—90 9, ), T dTroiov ebdver &mi
ToU £8apous kal ouvioTaTal &md oToLXEdN
cwpaTidix, KANDEvTa &pYikdss uév «uecorod-
vian, vOv 88 «ueodviar. ‘H pdla T&HV owpa-
Tidleov ToUTwv gival TTOAY  peycduTépa Tiis
Tol fAekTpoviou xal &’ alTd dvagépovTta
els mohcnoTépav  PifAloypagicy s «Bagéa
nNAextodviar.

Ta wpwToyevf] ocwpaTidia Uyiotns évep-
yelags ouykpovovTal pé ToUs Trupfivas &rdpwv
Tfis QvwTépas dTuoopaipas kal Tous kaTa-
Tepayifouv. TAv el UynA& pépn (xopugds
Opéwv) T KEAUTEpOY WE &epdoTaTa, Gvuyoupe-
va els SexdBas Y1Ai&Bwv pétpwy, ExBéowuey
€Ml Dpas PWTOYPAPIKES TTAKKAS TTaryE0s Oy E-

PATRICK BLACKETT ( éyev. 1897 )

TIKGDS  gwToTraBols oTpopaTos kal fppavicwpey elTa alrtds, §& TapaTneRowyey
TOAAGS OUYKPOUOEIS TIPWTOYEevEY drTivePoMédy pé Tols mupfivas dpyUpou # Bpeo-

piou Tol gwroTrafols oTpdpaTos Tiis TAakss.

Al Tpoylal T&Y OpavoudTwv kol TV TUYOV TPy OUEVLOV VEWY cwuaTIBiwy,

% 5
E o
£y
bl
;;Q
LT
¢
3 = &
~
P i
g7 mm e ST
g3 SR ]
Ty
2
”
= 4. Kara iy dudcmagw £vo; qwoviow aaodyetar & mdmor, 16 oroiop v
% 7 ] 0 / B
TUrEFElE OLUoTATar 0oy Er gleEToorioy

04 gavolv ds peAaval otipal oTiyudTwy (kokkwy ToU dvaydévtos &pyUpou). Outw
UTTS peyéBuvoiy pE piKpookdTTiov Trapatnpolvral TATIGos «dotépwry BSlaomdoecs
kol peAeT@®VTON T& TrpoidvTa TGV Tupnuikéy dumidpdotwv (oy. 243). Eis ToiodTag
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Tapaywyds SeuTepoyevddy  dxTivoPohiddv  SnuioupycUvTal ked Ta  pecdvia,  &Tmo
UeTaTpOTIV évepyeias cis looBivapov palav.

‘H wpcrTn TapaThpnols psooviou gyeveto TO 1936, amo Tov Anderson (YAvrep-
cor), & oOTrolos éToTioE TO
véov ocwpaTidlov pE TO UTtro-
BeTikdv cwpaTiSiov ol Yulkawa
{Dovxdfa), TO Exov oxfowv U
TAS TTUPTVIKAS BUVAMELS QVTOA-
Aayfis peTablU TGV voukAeoviwov
tuTds ToU  Trupfivos. Katd Todv
Blackelt i Tapoywyn TV
pegovicow  ylveTon wkuplws el
Uyos 15 yiAlopéTpwy TrepiTrou.

‘ApydTepov (1947), & "Ay-
yAros Powell (Haoveld) Bierri-
oTwoevy 4TI TO pecdviov ToU
Anderson 7To Trpoiov SixoTT&-
cews Evos ETI PRpUTEPOU WECO-
viou, ToU Tr-pecoviou (oy. 244),
kai 6T1 TO m-mecdviov, T &v
guvTopia TO mdviov, HTO TO
kata Yukawa cwuaTtidiov TéV
TUpnVIKGY  Buvdpewv.  Tlpos
Sidxprioly wvopdobn EkToTe TO
EAQPPOTELOV UETOVIOV, f~pead-
veov ) medveor. T modviax sivan
feTikd 1) dpunTiKE 1) kal oUdé-
Tepa, i Bt BlaoTAoES UTEV
dvaypagovtal  els TOV Trivaka
TOV oToIXeElwd®Y  cwpaTiBiwy
(PA. mivaxka IX, oeAis 282).

TToAU poxpoPicoTepx TV
Tiovicov elvan Ta TpoidvTa Sia-
omdoecys Towv, T wdvia, Tox
omoix  kaxTopfcovouv v @Bd-
oouwv TO €dagos TNs s, ‘H ror-
TOoKEUT) TGV Trioviwv xkai ou-
3. 245. Doroypagia autucpicpot érvo: Oalduov Wilson,  yetrdds TGOV wiovicov EXEI 2TT1-

Teux B TexvnTdS pé PopPap-

Blowols peydAns fvepysias PAnuéTwy (Y. cowpaTidiwy o Tv 380 MeV) émi

Blopopwv oToxwy, Sedoptvou 6T pEla 300 m, SmonTel Evépyeiav dvwTépav TGV
150 MeV.

‘H palaxy cverdoa TS BeuTepoyevols koouikfis &xTivoPolias &mroTeAeiTon

WnionoiBrke amod 1o ivotirouto EknmaideuTikrg MoAmkig
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Ao pwTOVIA, Taxéx NAEKTpOVIX kai ToliTpévix, dnA. &mo &18Uuous yevéoels (BA.
aeh, 163). ThOavés T pwTovia TrpogpXovTal &TO TNV PETATEOTNY Els puToVIa TGV
oUBeTépeov Tiovicov. T pwTdvia év ouvexela elvan Tkavd vax « dlozouflodr » Tpds Ledyn
+ fAekTpovicv, T& omola Jigpxdueva péow TS &Tpoopaipas UploTavTan médnon
&mo ToUs Tupfivas TV &Téuwy kal dxTivoBoiolv véo puwTovia (dxkTivoPoAic medn-
oews). AUT& TéAw, 20’ Soov 1) dvépyeaid Twy EEaxohoubel v elven mapkrs, 8& Trpo-
kahégouy véas S18UpoUs yevéoels K.0.K., Ews STou UToPiPaotil TANpws 1) dpyikh évép-
yela, KaToavepopévn eis ToAAG kol Toikidar gwpaTidia. AnuioupysiTal oUTw Eva eibos
kApoakwToU kaTxiyitouol, fv eiBos dxTwwTds EEeAoTopéVTS YEVECEWS Qw-
Toviy kol cwpaTidicov te dhovév peyoiuTépou dpifpol kal pikpoTépos ko)’ fxa-
otov dvepyeias (ox. 245). TowolTol kaTanyloupol elvar cuvmifels kol XapoxTnpIoTIKOL
s SeuTtepoyevols uaAoxiis (eikEAws &oppogouuévns) Koouikis dxTivoPorias, Ute-
BewvlovTes THV WeyioTny fvépyeiav TEV ToMGY GeV, Thv omolav émperre vi lyov
T& &pyikd cwpaTiSia Trou Utfipav «i &eoppai Tiis Tapaywyis Twv.

*Akdun peycAuTépas Evepysios slvon of xaTalylopol ékTdoews, kaTadau-
BavovTes MeydAas oXETIKES EkTdoEs. CAvagipovTan LY. KaTalylghol cwpaTiBiwv
BiamoTwlévTes &d cUyypovov TpocBoiny TodAdY &maplbuntdy Geiger edpioko-
ubveov el ATTOOTACIV EKXTOVTABWY PETRWVY.

TéAos, £meldn) ) BeuTepoyeviis Koopikn &xTivoPoAia TapdyeTal év T &Tuoopaipg
&1k ToUTo EmmpeddeTan &md Siapdpous peTaPolds, miéoews, Heppoxpaoias, TTUKVO-
TnTos, Tediwy KAT. kol év guvexeiq TpokUTTOUY Braraporyal aUTiis, s 1) Ewoyiky
A Bepuoxpaciokny (Tov yepdva kol gs xaunids Bepuoxpacios augdveTan 1 tvTaois),
A Popopetpikhy (aUEnois Tiis miéoecs, EA&TTWAS THs EvTdoews), fuepnoio (aUgn-
o5 Tepl Tas 2 W) kAT “Ev méom mepiTioe Stov vé onuewbi 6T dmaco ai peTa-
Pohai &mroTeAoUy TTOAY UikpdY TTocooTOV T évTdoews kol kaTd ouveTsiay 7| KOoMI-
Kk dxTivoPolic Trapapével év yéver povipws oTaBepds EvTdoews.

AT ZTOIXEIQAH ZQMATIAIA

160. T& otolyelddy cwpatidia. TIpd Tol 1930 & Mikpokoouos Efcwpeito dg
&moTeAoUMEVes &TTO BUo NAekTpIKs QopTicpiva oTolyEiddn (ddiadpeTe, wm Biee
oT&oIua) coopaTiSia &melpou Gowfis, T& Detizd momTdrie kol T& aornTixG Hlextocria
kal & &popTioTov, TO KB&vTov THs QuoTewds fv yéver dxTwoPohlas, TO ouBitepov
@oTOVIOY.

Yrrijpyxov PePatws Suoxépeian gls THv EENynoi Tév Sicdpov dropkév kel 18-
TEPGIS TTUPTIVIKEIV poavopévawy, GAAG Sedopévou OTi Bt foav yvwaTd ETepa oToIXEIOEN
cowpaTidia, #yévovto TroMhal dvaykaoTikad moapadoyal kal PePiaopéver Epunvelat,

‘H xardoTaots HAAaEe kupicss &md ToU 1932, omdte & dpibuds Tédv oToIKEwbGY
ouoTaTIKGY Tol Mikpokdopou fipyloey aufavopevos Bic va ¢Bdon petd moAAds Sia-
kupdvaoers gis Tov &pibudv 30 (BA. mivarx IX, oeh. 282).

*Ex 16y 30 cwpomibioy (kal dvTicwpaTidiov) 5 Exouv BewpnTikés mwpoPiepdi,
GM& Biv EYOUV TIEIPOHATIKGS SramoTwdii ) TexynTdS KaTaokevaoth). *Ex Tdv Uo-

WnionoBrke amo 1o ivotirouto EknmaiSeuTikrg MoAmkrg
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Aofmreov 25, povov 9 sivan Suvartédy vé {igouv TrepioodTepoy Xpdvov kal va un Siaotra-
afolv évTos EAayioTou KAGopaTos ToU SeuTepoAéTrTou, 3 8¢ E§ alrTdv KaTooTpépovTal
duéows poAls EABouv els Eapny pé VAoV oddpa (Trolitpéviov, &uTITTpwTéVIOV, &UTI-
vetpdviov). Téos, Buo &mo alra (W xad v?) elvon Técov &mibavov va dvmiBpdoouv
Trpods TV Aormodv Kdouov, dote SUvevTtal vt BiépymwvTal Tukve oTpwpaTta UANS Y-
pis v& TpokoAolUv clovBnmoTe @aivopsvov.

To omoudaidTepoy OUws Yeyovos TRV VEWTEPWV ¥povewvy &Trd TAsUpds UeAETTS
TRV oTOIXEIWdOY cwuaTdiwy kal TGV TTpos alra ouvBedepévaoy UWnAddy Evepyelddy
elvon 7y dvoxdduygis (10 1932) ToU vetpoviov xal  molitgoviov pE THY oUyypovov
mepiTou mpdTaoty ToU  Pauli Tepi Tiis Topadoxfis ToU wverplvov (PA. oeA. 171)
o5 cwpaTidiov ouvobol Tol flAekTpoviou kard TRV padlevépyeiay B. Kol 1o pév ve-
Tpoviov pds E8woev ikavotTroNTiKNY AUGy ToU TpoPAruaTos Tiis Soufis ToT TTUpfivos,
T 8¢ moliTpdviov Thy TrpwTnv EvBafiv Tept THS Uméplews oelpds cwpaTiBicov &vTi-
BéTou — TPSTOV TIVK — OUNTIEPIPOPES TTPds T& Spold Twv kKol yvwoTd &ls fuds cwuc-
Tidir. OUtw Eyopev amo ToU 1932 Thv 1pdTnY Trapouciav TGV dvtiowpatidlov
N YEvikcdTepov TRS dvrididng.

"Ev dvmiowpaTibiov Siapépel ToU cwpamiBiou kard TO &uTiBeTov onueiov Evds
ToUAdK1oTOY peyéBous yapaxTnpioTikol ToU cwuamidiou. Eteadf Té& TrAsloTa TGV
owpcTdieov elvan popTicuéver kal &N TavToTE pE TO aiTd oTorkEIGEEs gopTiov (Be-
TKéY, f &pvnTikdy), Buvépeba va dvmirapotdEoopey Tpds aUTd, UTd ToV TiTAov
ToU dvTiowpaTidiou, T& dpoid Twv cwuaTidia pt 1o &vTifeTov gopTiov. Kat® alrrov
TOV TPOTOV EYopev  TrLY.

NAekTpoviov (— ) { ToliTpdviov -+

- M- pegoviov (— ) , . u- pecdviov (>

cwuaTiSia - peodviov (- ) AVTICWUOTIBI ol (—
mpwTdviov (4 ) avTipwToviov (— )  K.0.K.

Ymapyouv Gpws cwuaTidia, dTws TO veTpdviov, B1d T& dTrola Stv UgioTaTon
gopTiov TI, &pa TpéTEL GANO YopoKTNEIOTIKOY uéyedos ToU cwpaTidiou v eUpedn)
s dvnibéTou onpeiov kol ds TooUTov AcuPdvetal cuvnifws f gopd THis Moy vnTIKTS
Tou potriis (BA. oeA. 107). Eis Ty mepitrrwoiv kb’ fiv EAkelel Tdoov TO popTiov docov
kal ) poyvnTikd pom, 1) katérabls dmoTuyydvel kol TO cwpoTiSiov Siv Exel dvTi-
gwpaTibiov, dTws TpdypaTl aivetan 811 cupPaivel P TO @wTdVIor Kol TO T - pe-
ooviov, dpgdTepa oUSETepar AASKTPIKGY Kad pE poayvnTikAY poTrfv pnSsvikdv.

2Upgaves Tpos T& dvwTépo, kv yvwpiloper olTe dvTigwTévia, olTe oUStTepa
dvTIména, TOUAGKIOTOV Trpos TO Tapdy kol EuTds TV onuepvév pas Secopiédy kod
TelpapaTIikGy deboptvwv. Tolvavtiov Bid T &uTveTpoviov Beydueba &vtiBeTov TV
HOYVNTIKAY TOU poTMy 5 Tpds THy TolU veTpoviou kol Si& Td GvTivetpivo &uTiBe-
Tov TO oTriv Tou dg Tpds TO ToU verpivou (*).

T teAeuTola Sékar €T Kol peTa THy UTd ToU Powell GvaxdAuyv gis THV xooui-
kfv dkTwoBohiow TGV Toviey, dveupéinoov TOMG cwuaTiSic OeTiké, &PUNTIKE
kal oUdéTepa, Tafvopnbévra eis SUo wupless KoTnyopias

*) "ApioTepdaTpogos Trpoywpoloa EME kai SeCidoTpogos Tpoyxwpoloa EALE.

Ynepiomoir}Bnke amoé To votirouto Exmadeutikrig MoMmkrig
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a) Te K - peadvia # xadwa, u&ins fpepios TpimAacias mepitou Tiis TV Tio-
vicov, Taparyoueva Kal SlaoTopsva kaTd TTOAAOUs  TPOTTOUS  TEAEIWS Souupipa-

Zy. 246. Hapaywyn A0 dxegoviov zal KO jecoviov zarda miy drvidoacer petash ¢ o2 moviov ()
piepdine évepyelus, sicepyoudvor £z Tdv dven xal évos ( fogpodvtos ) mowtoriov. Ta Gynuatialérta
Gwuatidue xotrTar ErTos Tot Octhdipiov, Eqetdn 08 elvan NieaToms ot0fTE0m (0] foviZorta ), 0cr £yoper

Tyn Tan Teoxidn Tow. Aot Tatta dwrdcomr duiotypd T, T4 AY dasadrac i

v owtorior (p)

xai & dovyTixdy vy (t— ), 1o 0f KO eig fv Oereeor zai & agvyrizer wveor (At o — ) Ai

Oéoeiz elz Taz omoiag Zapfdvovy zooay ai OlAGTATES €IV «f Zoovgil T

¢ o ayyndTon /N, T o0l

GynuatiiovTar dad Tas Tooxas TAY lonIorTenr Goparidlon.

oTous Tpos Gploktva dfiwpaTa TR Duoikils TGV oTOIXEIWSOY cwuaTIBitY. Tou-
To UTripEev 1) adTiax ToU v& dvopaoBolv « Tapdfeva » cwuaTidia, kai BewpnTiés ve
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&modoff) &is k&fe cwpaTidiov éva eldos kPavTikel &piBpol, & « dowlucs idtotvalas »
(sirangeness), &v ouveyela 8¢ v& Siatumwdf] v véov &iwux, To £Efis: « O dntbuc:
idwrvalo: S zard e drtidgacw ) dudemaoty oTotzetmdGy coatidiow yevoufy o
byloty évégyeiav zai Eidyiotov yodvov (<< 1020 sec) Advew ioyvods diinhemtidod-
arez Tov, datigoeitar otaleods. “Allw:, uerafdiletar 6 S zara - 1 f — I».

B) Ta dregdvia. Toalta Exouv pdlav fpepias peyoduTépay Tiis Tol wpwToviou
ki pikpoTépav THs ToU Beutepoviou. Elven BeTikd f) dpunTikd | oUBérepa, &moTe-
AolvTa peTd TGV yvwoT®dv Vo ousTaTikGy ToU Trupfivos, T&V SUo voukAsovicov
(mpwToviou kol veTpoviou) THv oikoybveiov T&V Baguovicwy, BnA. TéV Papéwv oTol-
XElwddy cwuaTidicov, év dvTiBéoer Twpds TA Ehappx cwpoaTiBia, pélns péxpr 210
popars THY p&iav fpepics Tol fAskTpoviou, T& Omola kAnBnoav Aemrdvia.

Al Gvakodlyeis T&Y Umepovicoy Apyioay &mo ToU 1948, &mréTe, s xal Sik
& K - peodvie, Evepavichnoav meplepyol oupmepipopal  doTe 7 dvouacia « TTapd-
Sevay cwpaTibie va SikanoAoyfiTon TANpS.

"Apxikéis Tapougidotnoay tvtds Baiduwy Wilson Siyaléuevar Tpoyiai oxfuaTos
A Ta 8o oxéAn ToU SixdAou foav cuvhiBws SUo cwuoTidic PoOpTIoHEVT GV TIOETWS
kol 81 Ev TpeoTédviov kai &v dpvnTikOv Tidviov, ETopévis ETrpeTre v £8nuioupyolvTo
& oUbeTepdy T cwuarTiBiov padns peycduTépas THs ToU TpwToviou, SnA. & Ev
Umepdviov. To owuatidiov Tolro, xAnbtv A - dmeodviov, SUvaTon v KaTaokevaoth
KaTa TH dvTidpaoy UyioTns tvepyeias miovicov peTd TpwTovicow, omoTE TapdyeTal
kai oUBéTepov K - pecoviov, peyddng dvepyeios (T~ - p - A0 -L K0),

'EE oltdv 10 A° BixoméTon, dmodiSov wEAW p ke T HIKpoTépas dvepysias,
2 1o KP Bider Selrepov Biyeov Siaomdpevov g5 SUo mévia (ox. 246), fiTot
no i m( =

N T

Aeybuevor Bix TNy oUykpouoy TéV UyloTns fvepyeias cowpaTiSicov p kal T -
AdyiaTov Tov xpdvov Adye ioyupds GAANAsTISpdotws, Exousy Sid T& pfy Tapdfeva

swpaTidia p kad T, 5 =0, tv® Six TO A® S=—] kai && O K, S— —+ 1, &modTs
0= (—1)+ (+1). Tedwavtiov &1 THv oxeTIKES BpaduTépav SidoTaciy Tol A° 7
ToU K°® B& Eyeopev petaPorfy AS=--1 7 —1.

‘H ol obykpouots T—+p Slvatar va Topdyn kol PapUTepov Umepduiov,
wo I~ dregdviov (S=—1), xar& Ty qvTiSpaov wioTns tvepyeics (oy. 247) :
M=o e B LUk
0 +0=(-D+D
“Akoun PopUTepa elvon T& E dmegdvia, ud dpifudv S = —2, SiaoTrdopeva pEoC
ToU EAappoTépou Umepoviou A Trpds &mAoUcoTepa oeoporTiBic. 657
/B

'\\ i

H Bewplat 10V « mapagivewy » cwuamiSicov TpoPAémel Sid T A-Umepdvia udvov

= >4 A°
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1O oubtTepov AP, Bix T& X - Umepdviar (6eos kaid Bik T midvia) BeTikdv, &pvnTikdy
kol oUdéTepov. Ak T E -Umepdvia, T &pvnTikdv Kai TO oUbETepov kal dik T& K-pego-
via TO fsTikov kai TG oUbéTepov.

Elvar oAU xapoxtnpioTikov 6T1 &macar ol &vawTépw TpoPAéyers eixov péypl

By, 247, Hagaywyny X — Saegoriov zal K+ peooviov xavd Tyy otypxponsy fro: peplarys éveoyel

Fioviov (T ) Feyonirov fx Tow dvw, 002 &

ToU TéAous ToU 1959 émroAnfeutii kai S1a TTOAAG éx TGV &v Adyw cwuaTiBicv Utfipyov
gvBeifeis Trepl This UpSecos T@OV dvTicwuaTidicov Twv. Tlpokeipévov B T& dvTiow-
uaTidix, 65 dmoTeAoUvTa mBawdds k&tou els TOv Kdopov ThHY duTiUAny, SnA. &Toux
pé Tupfivas SpYnTIKG TPWTOVIA Kol SUTIVETPOVIE, UE TIEPICTREQSHEV Trepl TOV TIUpRTi-
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va oliTpoviy, foxUouv T& kdTwdi: o) Els kébe cwpatidiov dvTioToixel fva &vTi-
cwpcaTidiov. B) ZwpaTidia kal dvTiowpaTidic Exouv THv cdthv p&fav fpepios, dAAS &v-
TiféTOUS poryvnTikas potrds. CEAAeiyel poryvnTikfis porfis, 7 Sicgopa mifovés v
ogeideTon gls T omiv. y) ZopoTida kal dvTicwpaTiBia TapdyovTal UTd Kivoupé-
vou owpaTidiov kora Bi8uuov yéveow TAnciov Tupfivos Tivds T ém8pdoel ToU Tre-
Siou Tou. Zuvavtopsva peTafU Twv KaTd TS KIVHOES Twv EkundevilovTal, EkAUOUE-
vns Tiis &vTicToiyou Tpods THV pafav Twv fvepyeias. 8) ZupPoAifovTal T& pév oco-
poTiBia pé BeTikov onuelov fvtos TapevBéoewv, T &8 dvTicwuaTiSia pé &punTIKOV.
To &Bpoiopa 1@V oupPorwy (4) kai (—) 81 T Be§1ov kai &pioTepdy péros THs &uTi-
Bpaoecs Trpémel va SiatnpfiTal oTabepdy.

ITIINAE IX. ETAOEPAI TON ETOIXEIQAON ZOQOMATIAIQN

! Male 3
Zopatidy | Avnicopatifiov | ZdpBolov hoeuteg Mé’o‘, Soo hu;u‘b—.:pu‘,—.; e
mg elg sec SLAGTAGEWS
Powzdviow Y 0 sTxfegdv
-
'; Nezplvo AvTwvesplve MUV =0 szxlzpiy
é *Hienszgduay ITofisgdviay e=, et 1 gmergos sralzgiy
2 | Moy (—) | Mibwov (4) p—, pt 207 10—° et Lol
ITiédviav (0 =0 264
< | Iibviow (1) ITwdveow (—) 7k 273
§ Kadwovw () Kadwiov (0} Ko, Ko 975
2 | Kabwoy (+) Kedwov (—) | K+, K— 966
Ipwrduoy "AvTimpooTivioy . D P 1836 dmeLpoc szxBepdy
Nevgdwoy " AvtiveTobvioy ! n, n 1839 103 e— -+ p-Lyo
~ | ‘Tmegbviov A0 “Yrmegdwiow A0 E A0, AO 2182 107=17 p+=— A n--x0
= i
.-% | “Tregbvrow X0 = N0, i 2339 <|“—11 A0
5 Trepdvioy Tt | — ! it 2328 10—10 p+=°%ntnt
& Trepbviov T~ — ., — 2342 10—10 e e
‘ “I'repburov E0 - 20, — 2566 1o—Y \O L 0
f Tregoviov = — =, — 2583 1010 A0 L m—
‘H p&la fipepics éxdoTou cwuamidiou Tov Tivoxa X §iSeTan i ToAAaTTAdOL

Thsu&Lns fpepias ToU HAskTpoviou.
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EITOIXEIQAH ZOMATIAIA 283

OUtw Beyxouevor Thv Sidomaciy n=p -+ e~ &g TpaypaTikés cupPBaivovgay B
yodyouey (+)=(+) + (+)=2 (+).

TapatnpolUusy &uéows 6T Exousy éopoduévny Eficwoiy, évd &v sloaydycwusy
kol TO veTpivo 8& Eycopsv oplfiy Tipfy éTav ypdywpey

n=>p 4+ e 4+ W

)=+ + )
&pa TO veTpivo THis P - pabievepyeias sivon TO dvTicwuaTidiov avTivetpivo (v?). Tol-
vavtiov &md ThHv &vTiSpaoiv
p—>n® 4+ et 4 0
CRY =GR G006 )

mpokuTrTel &T1 TS V0 elvan mpdyuam TO vetpivo, 16T TO molitpdviov et elvan
AvTiowUaTiB1ov.

‘H Quoik) Tév oTolyeiwddy ocwuaTiiwy, §j 7 Guolkn TV UWioTwv Evepyeldw,
elvan el & Tous vewTdTous KAGSous THs TTupnvikfis DQuoikiis, ToAA& Utmooyduevos,
Bx1 wovov eis Tov kaBapdds éTrlcrrnuomk‘qu Topée, &AN foes kal els TpoKTIKAS épappo-
yas, &mes T.x. 1) Evopis Ths dvmiSpdosws ouvthews Tdv USpoydvwy Tf Ponbeiq
pecovicov.

Tepaivovtes THY Trapolioay ouyypagry, vouifopey 611 BUo elval T& Tpoogexis
dvapevopsva dyoBa Bix v "EmoThunv Tpds Sgehos Tiis TAvBpomrdTnTos ¢ ) H
dvoxdAuyis Tiis pubuilopévns dvmiSpdaesws THs ouvTthfecs TGV Udpoydvwv, Trpdyua
S1rep eUySpeda v& oupPij T TayUTepov Sid TO keAov kai TNV ednpepiav Tol dvpdmou
kal P) 1) fpunveia TéV TEPIEPY WY TUUTTEPIQOPGY Kail BlaoTraoewy TGOV oToIXEIwd&Y
cwpaTidicov, TéY dTroiwy & &piBuds galvetan v uf cupPiBddetal ue 10 Shrydpibuov
TéV BepeAioSddv guotkddy peyedddv, Ospeiicov Tol Duoikol Koauou.

‘H Si1x TGV veWTETWY EMITOXUVT®OV SuvaTdTns TS TEXVNTHS KATACKEUTS TV
TEPIoCOTEPWY OTOIXEIWTGV ownoambiwy G Bwon — ds EAifopey —Thy Ao Tol al-
viyparos kad Thy Bidplpwoiv véias Ta§ournoews, drokahuTTouons &v T amASTNTI
Tns TO ueyahelov THs PUoews kal ToU Anuioupyol Tngs.
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284 ETOIXEIA IITPHNIKHYE OYTEIKE
PYZEIKAI ZTAQGEPAI
Shuforov £
Tatys 0% pwThs v TH wIvh. .. c 7 2,9979 . 1010 cm /sec
Soulzpd Loschmidl... ... ....... N 6.02486 - 1023 Mol !

e 4,803 - 10~10 HEM - popTion
1,602 . 1020 HNIM - coprion
[THaicoz-Me = 0
m 9,1083 - 1078 gr
| 0,510976 MeV
| | 5,48763.10—% MAM
1,67239 . 10724 gp
| 938,211 MeV
1,007593 MAN
mp 1,6747« 10724 gp
939,505 MeV
1,008982 NAM

Dogziov fhex

SYzafized dpncews 7on Planck. ... . h 6,62517 - 1027 erg. sec
Yralcpe Faraday. .. oon cewninas i 96522 Cb (1',:'4;1;10?093‘3~;:¢'_Lo'aJ'"l
Eifueiy pogrtiov tob fasxTpovicy. .. e/m <1017 HEM - sopziou - (gr )4

89107 MM - gopion - (gr)—
1,7589 - 108 Ch . (er)—t

mp/m 1836,12

IO R A A ro 5,20172 - 40~% ¢m
ket re | 2,81785. 101 cm
Eralepd 7ub Boltzmant......... Ik 1.38044 - 10718 erg - (grad )=t
Uabopoc oraleps w6y deghav. ... | R 8,316 107 erg- (Mol)~'. (zrad)~"!
"Oryxog teheiou gepiov elg 0 0C xal

BT o i ot i Vg | 22420,7 cm3.(alol)—!

Srallzge Stefan - Boltzmann . ., . S 0.56687 - 10 % erg - (sec) L (cm = {grad)—*
Meywnzévn Tob BohPe .o oo on ] =2l erg « (Gauss !

Amp -em 2
Zrabflepd Rydberg Sk <4 dzomov w0l
OBPOYOVOU . v es e Ry 109677 em™! (Srogbeudvn uud)
R 109737 em ™! (mugty dmivnzoz)
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286 STOIXEIA IITPHNIKHE ®YTEIKHE

KATANOMH TSN HAEKTPONIQN ITEPI TON IIYPHNA

i T M N (&) 72
z seton Is|2s 2p|3s 3p 3d |ds 4p 4d df | 5s 5p 5d 5f|6s 6p 6d
1 “T8puydvov 1
2 " Hawow 2
3| Aibov 214
4 Brighaneoy 212
5 Béprov 2214
6 " AvOpuk L [ )
7 5 e
8 24 [l s
9 21218
10 il =Zalie
11 | Nazprov 219 6] 4
12, 9lal6]2
13 | 2laoi6|21
14 | a2 G 2| 2
15 | 220 6] 23
16 212 612 4
7 2 2 6|25
18 20120 6] 20 G
: K4 o T L
*AaféoTiow 21216]21 6 2
Yxsvdtov 212|862 6]112
Tzdviov 212161216212
2|2 6 2| 6| 3] 2
212461 2]6| 51
20216021 6| 5] 2
212162 6612
2 2 6 2 B 302
21216126 2
212 62|86 (10] 1
20 316l 216 10| 2
\LoY 20 20 Gilee e et 2.
FVLOY P24 6] 26 ol 2le
2l12/6]l2/ 6(10] 2| 3
21261206 (10]2 | &
$5 2 261216 (10] 25|
36 2002006 |02 e a0s] 2l G
37 2)12/6]2|6110] 27 6 1
38 21216026 102! 6 2
.'ﬁii 2012 626 oL 2. 6 1 2
40 22|62/ 6/M0| 26| 2 2
41 hca 212162 6ol 2|6l & 1
42 ModwBdutwov | 212 6]2 610{2 g/ 5 1
43 Ty 21216]l2(610|2|6| 5 2
44 Pouliwoy 2261264012 | 6| 7 1
-:1.‘; Pédrov 2021 6]l2|6H0LS |6 8 1
':EJ 212 (612 (6/110f2 | 6|10
47 21 2|612|6 1012 | 6|10 1
-'n“ | 21216126 10] 2| 6|10 2
49 ‘Ivoy 2126126102610 2
gill }\\7\.:: 0g .' _i b 2 61012 6 10 212
Avme v 212/ 6[2'6/10] 2 610 271k8
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ITOIXEIA IITPHNIKHE ®TEIKHE

KATANOMH TQN HAEKTPONIQN IIEPI TON IIYPHNA

K| L M N [0} /2
Z Srouyetov Is| 2s 2p| 3s 3p 3d|4s bp 4d 4| &s 5p sd 5f| 65 6p| 6d
52 | Te Terhodprow 2121 6]2]6[10] 2[6[10 %] &
53 | Tndrov 24 2o 6ol 20 6 Lol 2|6 10 28
54 Ne Edvov 2]l2|6)2|6|10] 2|6 |10 216
35 Cs Kaiowy 22602 e o 2906 [0 2.1 8 1
56 Ba Bigrov 2|l2;6|2|6(10]216 |10 2 {6 2
57 La Aavlsvioy 2l2le6flz|6j10]2]6 |10 264 2
38 Ce Anuntotov 221612016 |10]2[6110] 1] 26| 1 2
59 Pr Ieaszoddpiovw 2420 & °2 6 |ae] 26 [ 16) 312 |6 2
60 | Nd Neodburov 212|162 (6 107126 [10! 412 |8 2
61 Pm TTpown0ztoy 2121626 [10]2]|61(10; 5}216 2
62 | Sm Doprplov 2127612161012 |6 10 6} 2|6 2
63 | Hu Edgomiov 212 61216 10] 216 {100 7} 2|86 >
64 Gl Tadohiviou 22 W S (LRG]S T o o ] e 2
65 Th Tépfrov 2la2ie|2l6l10]2]|6 10 216 1 2
66 Dy Avesmpdoiow 2121601216 (20]2]6 (10 216 2
67 1o TOAuLov 2] 24 612 ke | 104 2 e H10 216 5
68 r "Eefiov 2] 2.0 sl g L0 206 [ 4012 [ 2
69 Tm Gloviioy 20020 6 2 o] 2|6 108 2 |6 2
70 Yh Yrrépfiov 20 24 6 126 | Lo 2 106 P k]2 56 2
71 Lu Kxooiimeiow 201 20006 126 o) 2 Le o] e 1 )
72 1If " Agviow 20 2.1 61216 102 6T10[24] 2| 6] 2 24
73 Ta Tavzarov 21216126 |10] 2610114} 2+6]| 3 4
74 W Bohpgariov 2021 6126102 b L0ida] 2! 6] & 2
75 Re Piioy 212(6]|2|6|20]2|6 (10014126 5 2
76 Os ooy 212 |16]2|6|10]2|6|10/14) 216! 6 2
7171 Ir Toldov 2126|2640 2| 6j40]14) 2.1 6 7 2
78 Pl G EIGaS 2| 2162|6102 6110/14]2 16| 9 1
79 Au 2121612161012 6[10/14] 2|6 |10 1
80 Hy pepYIPOC 2126|2610 2|6(10{14]:2 |6 |10 2
81 T1 [OE PRI 212626110126 110j14]-2 | 6 |10 S |
82 Ph Ménufdog 212 6) 2|6 {120]216|10i44L2 | 6 10 a9
83 Bi Bopoioy 2l2 6]l21611012 6 |10114]2 |6 |10 23
84 Po [ EYNGVIoW 220 62 G A0k 06 |10 1At 2 |6 |40 9
85 At TAGTaToy 24 20 612611208 2 176 {10 1412 |6 | 10 213
86 Rn Paddviov 22626 [20] 2|6 2014]2 |6 |10 2186
87 Fr Y 22626 110] 216 |10]14af 2|6 |10 216 1
88 Ra 2l2|6]2]6110}2!6 10(14a] 26 10 216 2
89 \c 212 |6]2|6|20)2 |6 | s0j14] 2 | 6 |10 20 B 2
90 Th QdbpLov 2126216 (1026 [10[8a]2]| 610 2 612] 2
91 Pa ITewzaxtivioy 22 |G e o 2 6 |l aE] 2 16 10] 219 b i
92 [ Odgsvion g2 |6 |2 16 |10 2 6 [10ja5] 2 |6 |10 3] 2| 6:F 1| 2
93 Np Ilooedavioy 20216126 (10] 2] 6 (402521 6 |10 5] 21 6 2
94 I'u Haouzdveoy 2l 26 E2 % (200 2 6 [10{14] 2 | 6 |10 612 | 6 Z
95 Am *Auepiniov 212|626 {10] 2| 6 (10|14f 2 | 6 |10 7] 2| & 2
96 Cm K 2et=20 g2 |6t 0] 20 6 o] 2 | 6 140 2] bl 2] 2
97 Bk AL LoV Z N2 6 2 16 1 10] 2| 6 (10 A%] 2 1 61101 812 6:] 1 2
98 cf Keorigpboviow 2012 (6126 (10] 2] 6 110144] 216 |10[10) 2| 6 o
99 i) *AivoTaviov 919 (6|26 {10] 216 |10044] 2|6 |[1041]2| 6 2
100 I 21216126 [10] 2|6 |10{14]2 |6 [10(12]2 |6 4
101 AMn 221626 [10} 2 610|141 2 | 6 (10/13]2| & 2
102 No 2029 G2 |6 |10 26 | A0|15]) 2 {16 (104142 6 2
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288 ETOIXEIA HYPHNIKHY OYEIKHX

ININAZ ATOMIKQN MAZQN
ZTAGEPQN TINQN I[Z0OTOIIQN

\ropueh;,  pila JHES =) = ‘ATopuen pd
v L VLY
(4) [ {M—Z)
|

10e8882 ( + 3 (Cad0 20 20 | 39,97334%

1,008142 ( + 3) R 30 | 55,95272

2014732 (+4) (63 29 34 { 62,94862
ITed 2 | 2 i 1.003860 [ £ 12) \s75 33 2 | 74,9532
Li7 3 4 " 701818 ( + 12) Sr86 38 48 ' 85.93533
Beo \ 1 5 901497 ( £ 16) Srss 38 30 . 87,93374
R0 5 5 | 10016110 ( + 10 Ao9s i P2 36 I 97.93610
B ‘ 5 6 ! 11,012811 ( - 9) Snlie | a0 G6 115,93852
ciz | 6 | 6 12,008807 ( 4 11) Snl17 | 50 67 116,95208

| |
13 6 | 7 13,007338 ( + 13) Snl2o 50 70 119,94012
N1 g ! 7 | 14,007525 + 15 Nel2d 54 70 123,9458
Nis - F L 8 13,004928 ( + 20 Neldo | 54 76 129,9450
016 | 8 i 8 16.006000 Nelis I 5 | 82 | 1859505
017 g | 9 17,005507 (4 13) Nd1s | o 84 i 1413,9560
018 b i i 18.004875 | +13) Ndl1s0 60 ‘ a0 1499687
Fre | 9 i 10 19,004414 (£ 17) | wpze | 72 | 104 | 175,9923
Ne2o 10| 10 19998771 ( + 12) Wis2 1 74 108 | 182,0033
Ne22 10, | T2 201.998329 ( 4+ 19) \Wiss | T4 109 183.0059
‘ i
Al27 13 | 44 26,990109 ( + 23) Wisd : 74 110 | 18%,0052
Sj28 1 1 14 27,985792 | Ptiod ' 78 116 | 194,0256
a1 Iy | 16 30,983622 ( £ 23) Plies E 78 | 118 ‘ 196.0274
N3z 16 | 16 31,982272 (4 19) Ph20s 82 126 208,052 2
G135 17 I 18 34,980064 ( + 22) L 234 | 92 142 234,1138
Cl37 17 ‘ 20 (e ) 235% | 92 143 235,1170
Ardo 18 i 2% 39975022 ( + 29) 1238 g2 146 238,1249
| |

WnionoiBnke amod 1o ivotirouto EknmaibeuTikrg MoAmkig
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289

BPABEIA NOBEL ®YEIIKHE

“Brog "Ovopa Kpdros |
I
1901 | W. C. Réntgen Degpovic ' Avaxdiobig dxrivey Rontgen
1902 P. Zeeman "ORhevdie weidpoolc poryvTingl T B
H. A. Lorentz Tndv ypouudy. Bswple Hlextp
1903 s A Bccquo:el Tadnio " Avoddolis e guoufic pudievepyelus val Epeu-
Ple]re Curie var &% atiic
Marie Curie
1904 Lord Rayleigh *Ayyila "Beguvar &nl Tév edyeviv dephov wal dvand
(J. W. Strutt) <6 dpyod
1903 Philipp Lenard Peppavia Kaboduxal gurives
1906 J. J. Thomson *Ayyite Qeopnrinal TEOULa T
TAexTp Y evdboswy Bud Thv 4
1907 A. A. Michelson "Apspied *Orrixal pety
TOGHOTIXAL é; uvee
1908 G. Lippman Tardix 5 puToypagix, Bdost Tob gawvopivou
—q; 54'15011"
1909 G. Marconi Tranio *Acbppatos Thheypapio
C. F. Braun Teppovia
1910 | J. D. Van der Waals | ‘Oionvdix | Kazaozarind $owoe deglew
1911 Wilhelm Wien Peppavia "AxtvoBorle uflavos sdpatos
1912 N. G. Dalén ZovnSic Eosupsm' abTopdrey guluiatdy, yeneiuomon-
pévav it gdgoug xxl ohuete
1913 | H. Kamerlingh Onnes | ‘Omavdiz | "Egevvas il 6v IS
Ua,..w/o.r.rru., woel oy
1914 Max von Laue Teppavia IlepiOnacts dusivov Rinlgen &t tév spuotdn-
hav
1915 = W. H. Bragg "Avyyae | Mendwq <ig
W. L. Bragg | Rontgen. M
| Rontgen
1916 Adv dmevepnby |
1917 C. G. Barkla *Ayyiio '\acpoc/ ThpLaTi) dxtwefokle Rontgen tév otot-
yetwv
1918 Max Planck Teppoavie | Néuog =i dumwvoBering. Kpavruch Ozwpin
1919 J. Stark Tepuovic _\.u,'m;'cmog QROPOTLNGY Ypouputv ele Fhexrpi-
| xdv medlov
|
1920 | G. E. Guillaume ‘Erperin Duorehy, &Y wpapiTe:v vieeiiou-ydaufos  (In-

var)

19
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STOIXEIA IITPHNIKHEZ OTZIIKHIT

1936

1937

1938

1939

1940
1941
1542

1943

1944

"Ovops

Albert Einstein

Niels Bohr

R. A. Millikan
M. Siegbahn

James Franck
Gustav Herlz

Jean Perrin

A. H. Complon
C. T. R. Wilson

0. W. Richardson
L. de Broglie

C. 5. V. Raman
Aty dmeveuhn

W. Heisenberg

E.
T

chradinger

M. Dirac

Aty ameveufily
J. Chadwick
V. F. Hess

G D. Anderson

I. Davisson
P. Thomson

Enrico T'ermi

E. 0. Lawrence

Ady amevepiiin

Asv dme

Olto Stern

I. I. Rabi

Kodzog

Tegpomio

Anvin

*Apeptny

*Ayyhia

Tarnie

*Todion

*Apepuen
>Arvyala

“Trorale

s o
Auepueh

'Apepuny

*Apegiuy

*Beyooto
ot v Malnuacueny Quexty (Bzw-
SETLROTAT »ol épunveia  ToD QwToy-

WEXTOLAOY QULVOUIVOU

v drdpwv xol tppnvela

Mé=protg 708 orotyerddovsg Hhexteixol goptiou
Pucuartoononio axtiveoy Rontgen

Kpolorg fhextgovicoy xol dtdpwmy

Mogioxt, Bucuedh. "Acvveytc Soudi thHe Ghng

Qarvépevoy Compton
Odapog vepwosws

Ozpurovindy guwdprevoy
TYhovd xdporto

Dovbusvey Raman

KBavropwnyavieh

Kupatournyavid
KBRavroprnyovixt,

*Avadaudine veTsoviou

ooutxfe duTivoBoiiag

N

* Avog g
*Avaxddodie 108 molitrpoviou

IMerpapazind dverddudic weptbidosws Hrextpo-
viwy OmH xeuGTIRALY

TMugnuixal avnidpaosic EmouuPaivovsal xate THy
EVOWUETWOLY VEToOoviwY UE TLPTVXG

Koraoreuh xuxibtpou xal mopoyoyd) Texvqtdv
padizvzpydv oTotyElwY

Zopfoiy ele Thv mupayyhv goplaxév xal &to-
Braudrav. Metphioeig payvnminédy pormdy

Moyvhrixad i8brnree Tév mupfivev
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TTOIXEIA TITPHNIKHE GTEIKHE 201

*BErog "Ovops Kpdrog 'Beyaotio
1945 Wolfgang Pauli Adortpla ' AmaypopeuTind, %oy 7ob Pauli
1946 P. W. Bridgman *Apepuny Dugreh Tiy Hlmidy

1947 E. V. Appleton ? Arpyhbe “Epewva i loveosgaipog

1948 P. M. 8. Blackett P Ayl

2y ouvdus-

1949 Hideki Yukawa Tamovio
1950 C. F. Powell *Avyyhio

1951 John Cockroft *Ayyiioe
E. T. 8. Walten

1952 Felix Bloch 'Apepuen TTugnueeh dmayoyh. Metghoas spin
E. M. Purcell
1953 F. Zernike ‘ORrowdin | Musgoondmioy guoxis dvrilivees
1954 Max Born P Ayyiio Tlugrnuueat Epzuvan
Walter Bothe Teppovia
1955 W. E. Lamb *Apspuxt; Avxzagayol hemtis LpRs ghoputos Higoyduon

Polykarp Kusch

1956 John Bardeen, > Apepiny
W. H. Brattain
W. B. Shockley

703 orepeoh oopatos. Kpustaldual

1957 Chen Ning Yang Auspunr, duatos THE GULLETRLTS
Tsung Dao Lee , Parity]

1958 Pavel A. Cherenkov Powoix > Avesddngng wod Ozeprmuer Sppnvein Ths dxte-
Igor E. Tamm voPoniag Toepévrwg
Ilya M. Frank

1959 E. Segré Apeginn Magaywyh dvtveuieovioy

0. Chamberlain

IZOAYNAMIA MONAAQN ENEPTEIAZ

YOvopz  Shufolov erg eV J 7 Wsec cal kgr#m kWh

1 "Beywov loobrar mede 1 6,26-1012 107 [2.39.10781,02.10 8278107 3.107"
1 Hysiepoviapie. o 1610722 4 1,6-10719'3,83.407% 1,63.107 24,4510~ 4,76-107"
| TCovh » 107 6,24 - 1018 1 0,239 0,102 [2,78-10~7 3.10—%
1 Ospple » 4,19-107 2,61-101% 4,19 1 0,427 1,6-107° 1,25.1077
1 Xouoypaupbuerpov » 9,81 107 6,12-1019 9,81 2,34 1 272,40~ 92,9510~
1 KuooBaroetov » 8,6-1013 2,25.1025 3,6-108 §,61.105 3,67 103 1 0,108

1 kgr dvBgaxiton

XLOWEVOL » |3,34.1014 21.10263,34.107 8-108 | 3,4.108 938 1
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ANTIZTOIXIAI APIOMHEEQE ATKHEIEQN

Al Aboetls T8y doxnoewv Tol  Trapdvros PipAiou, TEpExoVTal ls T kukAogopolvTa BifAla :
Z.T. Ileprotepdnn « Aoxnricers Newtépog Puouiign, Ekdoois In kol « Acuijoelg DuaLuniigy,
Topos SeuTepos, Ekboois 11, KoTwTépw onueicovetan | dvtioToryia petafy Tév Svo &pifunoewy.

1 75 22 7 44 62 65 137 | 86 129

2 76 23 8 45 63 66 93 87 130

3 77 25 39 46 Gh 67 94 88 131

4 78 26 40 47 G5 68 100 89 132
5 79 27 41 48 66 69 101 90 108

6 80 28 42 49 67 70 102 91 109

7 81 | 29 43 50 68 71 103 92 111

8 1223 30 an 51 69 72 104 93 112

9 1224 31 45 52 71 73 105 94 113

10 1225 32 46 53 84 74 106 95 114
11 27 33 47 54 85, 75 a7 96 116
12 29 34 54 55 86 76 98 97 138
13 31 35 35 56 87 77 118 98 145
14 i8 36 36 57 88 78 11 99 146
15 9 37 57 58 89 29 121 100 147
16 1 38 462 59 90 80 122 101 148
17 2 39 463 60 91 81 123 102 149
18 3 40 467 61 133 82 124 103 150
19 & | 4 59 | 62 134 83 125 104 151
20 5 &2 60 63 135 84 127 105 152
28 106 153

21 6 43 61 | 64 136 | 85 14
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