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To 1895 o Roentgen avordl,oye rorL no tc oroio: <6Xa ro oci;poro, eivo.r

0ruzeporri, crv ror oe 6urpopetx6 Bo0po. @a oog 6riroco peprrd zopoSeiypozo : To

trop,i eivor 6uitepc. 6to"repor6. fli601 arr6 eva prptrio mlicov ot,i60)v 6i64. 
"rl

q0oci(ooos o06r,11 vo qor,oBo?,,ei 6r,'tovo.... Xov6pri xoppdaa $rloo eivcr eriory;

Stnitoptrd, roppr&ao oz6 $rlo zeriroo roloog 3t1o rcr tpr<irv eKffioot(bv

cfioppoqorjv cfui1roro.. Evo roppdtr olouprvio'u ttoywq rapwou 15 6l,roorrbv, w
rot efue 6paonrcrl eri6poorl, 6ev lzcv apret6 riore vo e{aqolrorei zawe}*i4 o

q0oprop6q oz6 rqv o06vq.>

fIpogav6q ezp6<eno na pu oz6 ag ewrru:oro.r6tepeg worofuiye4, oqorj yc

zrprirtrl gopo. rapeTorw 11 51:vot6rrpc va <6o!pe> zrioo: oz6 o6uqavrl o?"rrri. H

ovotdL.oy:1 ourl, 0[o16 oulvd ouppoiver, ouvo6zur4re rot ono tapefty4oeq, 6zro:q

q.!r6q rov (dabloid> egqpepi6ov r4g ero1r16 or ozoieq araloulouoov ptizcog 1 prlori

torv v6o-warol,o<p06worv orriv@v trc€'cpent Bapw. lrup6voug svep6TrorE vo

goivovrol lrpvoi (l I I).

A?Oa. q rvordi,uyrl rov oKriv(ov cruzdrv Drlprorlplrloe zpoBfipmo ro.r crov

onorrlpovtr6 r6opo. Arpo6owq on65e{ri 1 oyo}rq.qio rooq : ordveq-X. O iStog o

Roentgen qr6ro1€ vc npooSropioer rq quorl rov orcdvrov zou cworcloye.

Xperdo, qrce vn zepooouv oprerd. p6vur (1912) 6ozou o Max yon Laue xotdgepe vo

o:ro6ei(er 6tr or orriveq-X qrw <rpro9, d,.?uri pe aopo rofili pxp6 prlxog rripctoq.

Oi orriveq-X 61or-rv a<tote Bpei urJ.aani p1or1, 11 6e rupo1or11 rouq e(arolou0ei vo

crqpi(ear Kl)pi(l)g oq p1o1 ro0o6xcirv oeoprbv or ozoieg poppopS(oov razoro

o-c6peo cc61o. llporeuor ou6erprp6vo. .yrc 1larcp6vro to ozoio zopolol'rur p6oo:

Oepprovrrrjg erorogzrlg ort6 wo 0eppo.rv6psvo vqpo or4v r&0o6o, einrogivowor oq
ouv6lero X.i,1or r4g Srorpopag 6ovoprrori petofr-r avo6ou-ro065oo rm re0rbE

ztpoocpotioov oqv 6vo6o ouw€l,o{v Trop&yolv oKr[v€q-X. H o\ 6ro6xooio

tr-cpBover girpo oe oeporcevo o<ol,4vc rot 1 opponrrl rrlg 6dtaft6

8iveror cro X6po I



H epplveia t1q 1evr.1oq6 tox arrivrov-X alcarii ae rpbao orriSro rqv ratav61o1

tor o orpBoivet 6zov 6vo llerrporro rpoorporier oro ul,x6 r4g av66ou.

EXtlpa 1. E74yaar4 cvoaapamao4 6nta$7E amtx4; ).oytiaq uoivav-X

flo)..Lo o16 ro. r1).acp6vw 6ev T.poKqloiv rizorq. €r,T zcoorc16 roe6g npooKpollouv

6rqv ovo6o. To zeprooorepo o,!o u):!s. NovoDv '4rlpctrro p6ool rpo6oerov pe ro

ocog&ao tou ulrrou qv €v6p'J€1d. rooq 1 oaoio petog6petar oro o<,:poti6ur rou

olrrou rrlg ov65oo ire orodleopa r4v quhol qg pr6oqq rLvrpxl6 w6p1€raq 10)v

oorpotr6iorv tou ulxou. Ao16 ouvezoletcr o"ft"tl ttlE 0epporpooiog r1q ov65or-l

ror €vero tor.nou rpiveror wolxeio q 6naph loo pllor, opou yrifi1g rrlq crv66ou

(x64pa 1). Eyet Bpelei 6n to pelol.r,rtepo p6poq qq ev6p'yeroq qq 66op1g

ll,ertpovirov {pora.X,ei teX,lKd otq1on rnq Oepporpooiog z4q ov65ou qq },o1vioq.

Meprrri oa6 ro qLercp6vro 6porg lovouv rqv zep6q6lEprl rl Ko1 611 qv w6pleut

tooq oe pia p6q rporioq. To. ltrerzp6vro ourd rmore['rcr ouvezrbq oe'yp11opr1

€7rlBp66rtvon gr ozoz6leopo qv emogarl c<rLvopoXiog, ro pr6oq rtpwoq rlg

ozoio.g eivar cravd. ouvoepevo pe to zoo6 o1g w6p'yeroq zrou river ro zpoonimov

1trercp6vro. H 6ro.6xcoio xoru rqv o:roio 6vo lLactp6r,ro loyol enppri6uvorlq lcrver

to pe'yfirepo p6poq rriq ev6pledg rot.l q?ro6iSowdq arlv ow evtplero ev6q zol,tr"ro0

1).erctpoproplorqg or,rvoBol,iog lo.porrrlpi(etcr cog cn, iocpogo rpotoq).crrprr6

nl,Kr.tDt'iq



ea1v6[evo, qQou Kot' ounlv 6vo q).srczp6vro oul're?wi orqv rnPal{rJfi €eOq

qoxoviou.

Eter6rl ra zpoorpotlowo crqv avo6o ll'1.tp6v[c, pzopotiv vct ldoouv 6?u1 rqv

Ev€pT 6lo rollq ps pru povo rponq i1 pxa wd oerp6, noT0rirv 6ro6oprrbv rporioeolv'

ro rpoo[o tnq er.zregt6p^er,4g ornvoBoli.oq 0o eivor olvelEg H p' our6v tov rpoto

a<nepz6pr.evr1 o<rrvoBol,ici ovopri(etor orovoBol'ic ze51or1g ror oulvti

wo<pepopoo-re o' ouolv pe q yeppovrrq ovopooio brcrnsstratdung' EzazlEov 6po4

eivo.r 5l:vo'r6 la ldBer 6i:po rat rovlop6q torv or6prov r4q av6Sou O tovrop6g propei

vo. ezrtzu10ei peT qv onopp6tplol T19 ev6gleurq too zpoozrizrowoq lL€(rpovioo sitE

crrt6 qlercp6vrcr to:v e{coteprtriv oap66olv ttov ot6polv Trlq avo6ou (o:t6re

orlollorivro1 ?rpoorrimowo r1).ercp6vto. pe rLvrltrrl ev6pleu zoX'ri l'1"fo?€pl ro)v 100

eV) eire rqr uz6 llacpdvLo eoolreprrciv g)orrix, aropo Kc'1 ?o! K Qlomt (n=1)

(ozote czoneirot ru,1arr1 ev6plero, yro oprop6vo ul,xo, p61pt ror 120 KeV)'

Erqv tepiztc,roq too rovropou, ev6q 1l:rrpovio! 0r!6 Tov K glolo p6vet pro <orr4>

o-cqv rll"ertpovrorrl 6op1 zoo nopoyopwou r6wog, I otoiq KqX'6?rc€rq1 F€

perd.mcocq o'cllrr1 rdzoror rii.lou ll"ertpovroo on6 t4 wirepeq onpdSeq pe

tout6xporl €rorogrll oKitvopoi,ioq wep'yeroq hv ioqg ps rliv svEp'yaqKrl 6u9ope rrlg

oplLrlq rcr te)'uo1q o-crpoSoq €mrr" 2). OL evep'leroriq 6ur9op6g petoftl cc'lv

6rorpoprov ozrBo6o:v sivot qrrol,llx@g 1opcKznploflr<Eg "yro KoO€ otopo' I1 Sro6rrooicr

olrrl, 6uv&to1'€rol evc ypopprr6 rpriopo erooprqq, agorl zporiznel oz6 peta:rcrioeq

perosi Sronprrriw ctoprrri:v aveplerorci>v ezut6Srov, ovo.ptvetcr 5e oe p1q nlpotoq

lopor, rlprornd.'yro. r<o0€ !?,1K6 rto! Xprl6qlo?.o1€i1q1 oov ovo6og

Ta rpoavarpep06wo efiloriv lori to rgd.opa trlg },tl1viog lo)v oKr'vo)v-X eivol

atal,L1tr io Too ouvelotiq <paopozog ne61or1q (ove(ripn'1to s7x6 ro uXrr6 zou

1:lorponotirct coq rivoOoq) Ko1 Evog TpogplKoi goopo,oq to oaoio givcr

lOpCrrrlprcan o ror, utrrrou qq ovo6ou.
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\ipq. 2. (a) l€Ktpovntc\g p&o$xbottE Kar6,ap dnoppog1o4 dJ<tiv(Dv-X

(!) Hlewpovtoxtq 1e',@tt(boeq rmd.t4v erutoptt4 axrivotv-X wto mopa

Ero Iglpo 3 ropooou(atru to griopo, €Kzopzrlq lrro'q Xlpiog oK"ivcov-X p€ crvoSo

polup6eviou. H ql.tr,eri oqv Stogopd 6uvopxori av66oo-ro066ou 61el 6pcoru<r1

ed6paorl cnlv zapo16per,1 oKtlvopol,io r66lonE (l oriftorl rrlg 6rorpopri4

Duvoprrori ouvezolercr prrp6repeg ap6q 1o to L* ), ev6 6w wop6vear rcpicr

ed6poorl oto prlKoq K0pctoq rov 1opoK"rlplo"tKcirv 'ypolrpiov (IQ ror I$ )

Exrcsni (M.lott GlMPoIiqs
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>€ 6?t q.qopa 1o ouppol,lop6 r(Dv lapoKrlp1orlKdv qqopoflK(Ov Kopuqdrv zo)v

orrivov-X G", K o L ,..) ouz66 ro0io'cotor rozavolt6q o:l,,o 'co 74lsn 2 'fo

rerpu.laio ouyBol.o crvorp6peto.t ccov 9lo16 orov ozoio Slproopleho 1 or(' ev6 or

6eirteq oler(owot pe touq rploror-lq o:16 toog ozroiouq pszozrlrrer to ll'Krp6vrc ,Ito

14 oupr),qproo1 r4g ozqq. Or Seirteq ouzoi (o, p, T, ) crvoQ6powol p'€ rn oapd 1ta

r60e rplod pe uliqlotepl ev€pyero o:r' ott6v orov ozoio 61proup1elrar q oznl'

xqv ztpolpcttx6ttpcr 6poq ro gdo1ro rtov oKrivov-X eivor zro r'epirloxo' 1cr[ r1

err6vo too }Xiyp'caq 2 zepropi(erm otoug qlorori6' fuXa51 p6vo oTov n)pto

rBowx6opr0po,<onorptzrowagTqvimcp(4u:roglouix(e(6prqor1q6w6p1aoq

o:t6 I rur s). H exovq.lou tflpotoq 4 eivor zro peoltorLrq ror p6ool ourrlg eivor

Dovurrl 1 epprpeio o1q lezrolq urprlg zo:v urrivox-X'

6LGrygE\ro

,plltct 1. ,4aat7 oqi rtctiYcoY-X

Eov 0e<oprlooupe 6t.L 1 ozrl Slproopyeito'r oto 91o16 L (n=2)' qrorraitel vc

6rarxprvrorei eav 11 anopLorpuvorl 61we o16 tov 2s 11 tov 2p o7Eoqlr6 H

onop&rprxorl qrr6 Tov 2s ouvezo'letul pra 6lot oSl -2s2ps"' 1 ozoio uwro'cotxei oe

25, roroorool, Evd) 1 qropdxfl)vori evoq lLsrcpoviotr un6 tov 2p unoqlor6

ouvez&1etor prcr 6ratoft 2s'zzps... nou ur''notorlei oe rotoorooeq 
2Puil2P:v,Erot11

qnop&Kplvanl w6q llarrpovioo o;16 rov L 9)o16 ouveroletor 4v uT op€Tl rpl6v

6rcrtpoperrrrilvrcrtooro,oeo>v'Ilopopoicoglargoipeoqw6glxx,upoviouozotovM

9lo16 o611ei oe 5 6roqopeor6q K(noc'd'oElq Or peromri:oeq roD ctKoloeoljv

pezo(i ouriov torv raroo-rooeolv 'livowor pe B6,o11 touq porroug rov6veq erlo1i1q



Kol oSITolv oqv €pocn.rorl lrratg urprtq oro loparrrptonr6 p6poq uoo griopotoq

arnvan-X. r.7. or Kcr ror Kp eivor 5ur"1€q ropuq6g, 1 Lo ortonl,4 r<.o.rc.

fleprypogl crpopoarqq Oft o(nq

H €Pyoo-trlptor<rl ep'yooio 'yiveror p€ irl oDo(anl TEL-X-OMETER TEL580. A!"rl

rcpt1er Xulvia Cu pre 6uvar6, rpa Lenoupyioq uz6 taol 20 KV rcr 30 KV. H tyu(4

ing crv66ou /vetu.r pa evu ouvel6g peupc o6pog lou onorptmr r4v cvo:ru(4

oylkirv 0epporpoorri:v. Aot6 goorrri eivor 6uvoz6 lotr,: rrlg tupnlqq rofuo€ Erl6

l,uXyioq ror eiver loporrrlprcnr6 on yrlr z4 ou7.<erprph,1 Srozo(1 1 ttprq tou

evo6rrou per)paroq rrlq)ayywq np&xt gfug vo eivcr prrpdteprl t(l)v 80 pA.

H ovii"r'fllaq ro)v EKrreya6pevcov orcivo:v-X 'yiveror pe wrlveutrl Geiger-Mullet (G-

M) o ozoioq tozoOeteftar oe rl,qr6 Bpo/ov4 rou tmrpLrer pr, rato)tl4l,1

Sre6rxo.oio t<o.r rlv rozolparpl rou gdopotog tory qr"ivov-X. H zriol 2'ertoupTicg

roo €ivu,1370-450 V Ker 4 pr-r0pro1 rqE Tivezcr oz6 ro 6pyovo zou 1:lo4rotorodwor

'ylo arlv KorqTpogl rou opr0pol rov q(Droviolv-X (zoo ro ra0&c rapala 6n

ll.ertpovu<6 rol"p6).

H hpio Cu roOci:q rc.r o ovrlveur4q G-M BpioKowol p6oo oe gbpo roo

zeprBd)..1eror un6 ro),op6l,!86o, Io vo oTro, p6teror 1 6t&6oor1 to:v arrivrrlv-X orov

zreprBdlJowo 1rbpo. H ouoceurl 6e paopei vq teOei oe kuoupliq crv 6ev 61et

rczoOerr10ei to zepiB\po uo?,op61,uB6oo ari rrlg 6uita{r1q rq,t 6sv K}€ioet 6vo

nirtrropLo ooqo).eiog (ouvo6eueto.r oz16 loporr4ptonr6 tilo). 'Otcv rl ouoKEurl

oov6e0ei gr'co 1Lercprr6 6irruo, &aE lap:rcrlpag la:rori prilpoto6 ri0eto.r oe

lenorplio. H zqpqo11 oKrivolv-X €T1ru1lovtrol ps q p1q Ev6q qi\x.o! 6roKo?rt1

rcn rcrcrSetrrteto.r p6oor ev6g epu0pod Xaprnlpq 6i:rls ornv lupio arrivox-X.

Meto t4 o0v6eor1 pe ro 1lcrtpx6 Eirruo ror evooo Xsrtooplei o tr;ur6q Xrprrrlpog

oDvio'ro?or cvopovrl w6g l::ttor.r zprv Ev€p'rolroq0€i o 5nr6:rcr1g ttopo?olfrlq

orrivtov -X. H Trpoe6ppov<r4 oo,rl ow.reki cqv croprirpr.xorl uSporpril x.}"r., or

ozoior 61orx ougarrwro0ei ew6q rou zepflrlpatog niq l,u1.daq.

H 7ropol@fi arcriv<ov-X 8roprei 1a 6vo 1:ovrr6 EuroTrlpa zou apoenllletor pe

lrovo6ror<oun1, o ozoioq ppioceror cuo oripc 1116 Suira$1q (o p6llo'coq 6oveu6q



Ir6voq €ivo1 pio rbpog). Ave(6ryr1ta 6pclq autou roto rr1 6ro6rrooio l'1y1q

6e6o!r6vtov rmripxer q avriryr4 lcovropori rox petp{oeolv. 2qv r'Xcroqrqqic to:v

zepurrriroeorv xplqrpozol€irol xpovoSror6zrqg (povriSa Teltron 085) ouvde6eprevog

g.e rov G-M 1o rrlv eznlo1rl qg 11:olrr<rlg 6rdprerog zrlg p&p1or1g' H 6(o5oq tou G-

M lmopei va 6uv6s0ei evol,l,orcrx& pe 6to ouo-qpcta perfiorlg, ro Teltroo 806, P€

qn1grorr1 w6erff1 rl ro Teitron 807 Fe avaXcrflrrl ev6er{q' Or povriSeg am36

6ro06roov ozo6o16q 1o rq priOprorl rou crvodrrot peupotog rrlq X'l:picq Cu raOri4

rorqq taorlg lenoopyiog rou G-M.

A. trcpi0).ao1 ortivorv -X. M6tpr1o1 T oo prixooq rdpatog pr zll Fi0o6o Bragg

H zepi0laol rcov orrivolv-X tltav 'co rprbto zu;ipapa ror-r €6e(e tolg zp6reror no

llerzpopoparl orrLvoBol,io. 7101,6 pKpoli plxor.rg rtpotoq. O Max von l-aue

ovo(lrorioe 6vo tpouro no. tov zpoo6toprop6 tou plroug rfpozoq ps trt Po1e€u rrlq

nepiO).ooqq rc,v uno ,pprilpo pe pooq rr1 o1iot1 :

aldsin0 (1)

H rotooreq opoq rcov avoTroiov qpolpdt<ov 1a t6oo prrp& pi6q rupazoq (X<

peprrrirv A) aivor e(orpearo 6ioroX1, evril rl 61€(o6oq zou 0o p:topofoe vo'

rpoogtper. I cvo(tifllol peyifuav ap<ilv 1,1o trlv .oh rcpiotraor1q n ouvez&1ezor

onolopzunr4 Trolurl,oK6qla orqv cvdA,torl ttov gcopdrolv To zp6p\pa

(ezepoocrlre pE rq fl{otpominq rpuordlkov 1la qpo'J}rota 7r€pie}'aor1q lrlpepo

olor 1"vopi(oupe oa or o:rocrcooeq pezosi ro:v rpuorollrrcbv enz6Sov zot-l

oplpcr(ouv ot Eoprroi 1.i0or (&topq r6wa r1.z) rorv rpuo-cdL1rr>v (Emllo 5) sival

rrlg roft1q too 1A' KCr oov€7td)€ zpoo<l6powot o€ (qp6"fpoza r€pig?lqol? 'ylo qv

zcpropl orrq roo llactpopon,r1trori tpoopozog.

6Ci

ZX4pa 5. Avcmapaoao1 mfxoit rpnadloo

KCI



Aiyo apyotepo o W. L. Bragg Emv61o€ plo dA.trr1 telwrrl rtpiOlaorlq rcov ortivov-

X. ArT i vo zaponlpei qv atpiOl,oor1 petri q 6te2€uo,n touq o:ro tov rptlorol)o,

6rorq 6rove o Laue, pel6rqoe rr1 o166oo11 Tolv cx,lvov-X 016 ro KpucrolJ"rro

nliy1ta. Zto lfipa 6 orerrovi(erar 1 o166oo11 petrbzou rriporoq cxdvox-X o:16 to

&ropo too rpocrol.Irrori etrz66ou rqg eznq&vercq ev6g rpuo"ailiotl.

Ex4pa 6. Dd\ootl crtttivav-X azo t4v mryavru tpoozd))oo

Ka0e ritopo cororelei oreS&(ov Ke\'"rpo Ko1 'ylo vo 61oupe wroptrrrl ouppotr'1, 0o

rp6rer or 6rorpop6q 6p6poo pLeto$i totv oce6o(6gevrov rupotolv (qc ror be) vo eivar

or6poro roMcn)aoro ro! prl(olq rupotog trlq rpoanirnolouq 66opqq (ae +b =

m1.), 6r1)a61 rp6m va roper

d'cosa-d'coso=m}, (2)

6zoo d' q on6orool petofri 'yeitovrxriw ot6polv ror 0, a or lorvGqT rlg rpoorircrotoug

ror rqq oceSu(6geyr1q 66opi1q ge rrlv enr<odvero T or: xpuoroi,Xou owio-cor1o. 'Opo:q

ore6o(6pweq 66opeq 6e 0a zpor6:rrouv p6vo az6 rqv ern.q&verc zotr rpoord.L)'otl,

ql.lrr rsr qr!6 6piorc rpuotoL)'rra ezrlaa6c oro eoolmprr6 tou. fiq vq sivqr

erroprLr{ I cuppolTl <ot eotorv torv oreSo(6pevrov rcuporolv (X1r1po 1) npinet 1

6raqopd

1---c----:o'-- AlotrtKo €T ft'6o
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IXqpa 7. Zri6ao4 wafuav-X dno rq c.opwA flin€da. tpootdJoo

6p6poo peto{ri rupotov orceScr(6pwo:v oz16 6ra5o1rra 6poto xpoocq}.f,,lr& gEhglg

vo. eivor or6pau. nolnanrl.o,oro roo plxoog riputoq ,61)o51 vo lopet

dsin6+dsina=nl" (3)

H ruur6por,r1 xevozroiqorl torv ol6oeov (2) ror (3) caoreki zpotz66eorl zou

6rlo<oLq trovozol€ftul !rr1v zepiz"rroo4 6pco-c rota Triv oroio 0=o 1 o16on (2)

6{a}dg€ro! 6rq 7rpoiiz60eor1, 1 5e o16o1 (3) fvetot
nL = 2dsinO (4)

6mu n 1 to(r1 Trcpiekoqg, d I e?ioqtao"q lov 51o6oXLKd)v 6;rotolv rpucroXar<bv

elur6Srov rur e I lovio lretqh) rnq 6re6guvolg 6ra5oor1q torv or,ivow-X ror rqq

ezrrpaveuq rou rpucrdX,lol. H ouvOqr<4 0=o 6proq zcpoa6p:ter orqv rovovrrrl

ova<traoq orctrvoBo),ioq ozo ezrgovero. ror 6tor zoLliq 9op6g 4 o165oo11 Bragg, zou

zepryp&geror qr6 fllv (4), rqi-€itor xct (evor<La6,n) B.aIE, l.ptnzt 6po4, 1tc vu.

onoqa4erot q erull€ov oly1uaq, vcr rovi(etor otr Tl 'y@vio 0 oqv zporeiper.T l

mpirrcoroq eivor oupzXlporpearq rqq loviog zp6o-;nroor1q, 6tolg cur4 opi(etcr

r.laorxd oalv avor).co1 66op4q 9orog.

H re1rut1 Bragg, ozo4 Xplotpozouiro.t oqpepo, rgoivetar oro Eplpa (8) Or

oKriv€q-X zo! nopolovtor o:16 rr1 trupia, ogori eo0u'ypoplrloeoxv, zpoorirurouv ezrl

rco rpoorotr-1,o1:, o ozoioq 61etT q Suvcn6rqto vo zepro, p6geror. 'Orw o rpriold,loE

orpcrgei rcot& yoxie 0, 1 ewoptrrll oopBol,rj, zoo 0a reprypoqetur o16 rr1 o16o1 tou

Bragg, avolrwecor va aralvzurei on6 tov G-M oe 'yovio 20.

'--,--o--,



EXfipa 8. EX4paatiT rtztxovto4 t49 ttywrc4q Btagg

XploLpozotirwoq zq 6rotoft1 otlq eo Trpoq6lopiooopa to pr6oq rtpctog trov

lupo.rrrlptoatrirv ypoprpritv rov sKrivcov-X noo nop6'yowor o:t6 q oryrerptp6rl

Iupio.

Ileroouotrtol r\udrxooio

1. ToTroeercag€ rotdlJl1L,o to 6oopEvo rpricrd0o (aval'or4) zou svr6er oro

ruPiro rpuoto-).1x6 oumrl gct.

2. @6to!!re tov euOulpopprool 582.001 rnq qffu<rlq 66oplq orrlv rctdi'l'1X'1

uroSolit xovtri oro toilopo rqq 1,q6vioq zopolo:1r1g artivolv -x pe q oFoprl rou

lmm KoroN6fl)ql.

3. O6xoupe rolq su0D'ypoppror6g 562.016 (pe opoprl 3rnrn) Kot 562 015 (ps o.6of"l

1mm) orq 06oerq 13 Kol 18 wriqroqo rou r6prou 9op6o'

4. Elillorpe rar puOpi(oope qv rliporo p6tp1o1g r4q lodoq 0.

5. Etr4lolpe ozrxcq av 1 5ler!0tvor1 qq op1rKTlq 0€op1q ouvawo rqv ezoqoveu

roo rpoord.?0ou.

6. Torooeroupe tov crvlpsurl Geiger-Miiller o-trl eeorl 26 rou l(uplou 9op6o'

7. E9opp6(or.rge toorl 30 kV orn l,tr1vio. Cu ro.r ragop(oupa ro pzupo oua 50-60

pA

8. Xplorpozoroupe tov q4rpror6 roropetpltl rol,p<ilv tor perpope to poOpo

rol.pcirv 1o 14 Srorpopeq ap6q rqq yo:viag 20 (oz6 1l' pfupr 124" Trepiro!) tro

olpeio 6zotr 61oope ar.r(1o1 tou puOpou tcov urul'pcilv roipvoop€ perploeq crvd'

10', evrir ccrq rm6l,or:rtq aeprol6q npciw rqg 20 cvd 1" p61pl 5"' Ie ro0e ropug1

A*,,,,



9po}"t(o!p€ vo l.l&prlooope 1o p6ytaro p1)ep6 ?Eolp6v Kot qv cA,"iaiolfrl nprl

rqq 2e 600 flo qKpf6o-capc paopoope. !r4 6uiLprera rov peploeo:v gpow(oupe

riro-ce ro pzupo rorv ltrerrpovi.crrv ozq trupio Cu vo g-6ver otc0ep6.

9. Kotaoreuo(oupe rqv roprull ro! poepori zol,pcirv oov ouvrlpr4orl qE 1tov.aS

2e.

10. EnovologB&voope to Blpota 8 ror 9 pe zriorl 20 kV ror to i6ro pzupo.

I 1. Ma zd.or1 30 kV ppio(olp€ flq 66oeq rorv ropurp<itv roo tprioporoq perprbwcrq t4
'yorvieq rmd, qv ow[0err1 gopri.

Yzo7,o'y(oopc rq p6oeg op6q ts:v ic,:<" Kul LuJ.p Ko1 ro ogrliLpo looq. IIpoE

tor)ro prero(eror vo. ozrol,olccei 4 ar6orool d petc$) tolv 'yeuovrrriw ct6prov totl

nLe'yparoq xou ouyKeKp4r6vou mpxori rpuoro.Xl,rrori :r},.e1porog Xplopoaotrirwoq

q flp6g 1o to popuro Bdpoq ro.r qv 7luKv61.lza too ul,rrolr roo 6oogevou

xpooro?Oor-r, or ozoieg zopouoro(owor orov zopcr&tor rcivorcl

MB

KCt

LiF

NaCl

Rbcl

74.56

25.94

58.44

120.92

1.984

2.635

2.163

2.80

B. YzoToyropdg r4q oto0eprig too Planck

To 1915 or Duane Kq,r Hunt acparqprloav orL urripler pra ol6oq wcLo/og peto$-r

r4q Srarpopri4 ouvo.prrcor-r Ua av66ou-ro066oo qq lqvioq or, iv<,lv-X ro.r rr;q

p6'yrcrrlg aprlq vr, ou1v6qlqq rcu o'uv€Iolg rpdoporog to>v, 511a61

U.r-v* 1 6rL L,i' * 1ruA

Me Bd.ori to pllovropo lsvqcnq'qq crrrLvoBol.iog r€61oqq, nou atprlp&grye

rpolloopworg, 1 p6'7rorq oulvorqto o'ro qdopo Otr ,rpemt vc cno'corlei oe

6to6u<o.oieg rord. ng onoieq perorpinetor oe lltxrpopoploxrl orrLvopolio ro



p6lrqro rnq K&'I"uql6 sv6p'ye1sq rov €zwq1uv6pev@v ew6q r4E ),opio6

1la<tpoviotv, ozr6te

hcl
eUa =hv = L,i, = € r,t

An6 'cr1v twpurara o16o1 eivo.r 9ov€p6 on o zpooEoprop6q ?o! Xrnin plop€i vo

oSrfyTlo& orov oTro?.oy1op6 znq orae€poq ?o! Plarck, oqo! Tv6)pi(oog€ alq lpul/,e

zopap6rpoog.

O apooSroptotrog roo l,*,, oz16 rq perprloe4 p€ rrl 6rvfKffp4*q ouot(a:li Tivetol l.ls

rot6i..I1),4 rpo6rroorl 
"nq 

opfu<rlq ropznilrlq tou ouvelooq rp&opatog futipffi
erpozzophng on1 ragzru\ zoo Srolpogeror roOcbg opli(er vo au(over ewovotepa

ro ouveleg rpoopra)

flsroouqtroi [ro6rrooi0.

1. Tozo0ezoipe to Bo101o16 9op6u eai r!6 Xu1vio.q Cu pe trl poqOeto zot-r

argulpqpplorn 582.001 rl1g oplxrlq 66o1r1q pre tr1 opopl too lrnm KoraK6pugl.

2. @6toope rov eo0uypopprari 562.015 o'.1 06611 4 ro! polftaroo rpop6cr rot tov

qJoqpoppro-nl 562.016 or4 0€o1 13 tou rripror gop6o.

3. Torooeroupe zov rpuorol"l,o LiF Kal oKoXooeoupe rq Sro6xooio totv letptopcirv

ozro:g oro rporl'yor.rpero aeipopo(plpora 4 6<o9 6).

E9app6(oupe rriori 30 kV orrl Lopic Cu rot ro0op(oupe to petpo o'ro 80 pA.

XplotponoLor-rpe rov yqqrc<6 roroperplr4 zolp6v ror perpor-rpe zo),pooq oe

xooe 06o11 qq 2e Trc 30 sec rolLiIlorov. Apli(oope qr6 rl lt1Kp6t€Prl 6ovod

'Jovio (-11' 30') r<s1l.po1opoDp€ wd 30' cnp rfiporo rrlq 20.

EaovolapBrivoopre rq perploeq.yro trio4 20 kV rcr zo i6ro peupo.

Ezavoi.appwoope re Bllporo 4 60lq 6 perp6woe rq'fovieq 20 roto rqv crw[Oer4

90p0.

8. Kovoupe rr1 'ypogrrrl zopooroorl tou puOproo to:v zrol,prirv getri rqg 'ytrtvittg 20 rot

Bpio<oopre 14'yorvio 20 rou m.,nororlei o'ro opur6 (d*ipo-ro) plroq niporog 16"

too ouvelorig qcropotog ro:v orrivrov -X. YroXoyi(oope to 1,*, rsr ro ogolpo.

tou 1o rq 6r.ro trp6g dorlq 20 kV ror.30 kV, orpoo rpiozo Bporipe qv o:r6cruor1

d tow 'pnovrrrirv or6prov roo zli.ypozoq zol LiF. Meto o16 cruto uzolofi(oupe

r"qv trprl r4q orooepdq h ro1) Plaock Kq.r ro oedJ,po fllg.

(s)

4.

5

6.

7.



f. Anopp6q{6l qKriv@v -X

'Ozrcr:q ele10q 1 ei,ntroour<6tepq ?.opqtnpl6ll no! ouv6Ssuo€ fllv (rvoK61,D!rl ro)v

orrivov-X, , tltuv 1 Sovot6r4to zoug vo zl€pvo{v az6 o8roqavrl trl'u(tt. Oor6oo ozo

qv opgrl zoporqplelK€ orL 1 p-eprrrl otropp6rplorl rooq (ror ouvezri4 rar r1

{ao0h.1or1 niq e(ep16peqq 66op1q) lzov o'revo 6uv6e6ep6\,T l lrs ,o ?E&1oq qr&i Kot

rc ei6og roo ui,rrori. E'cn,ri0eorl p€ro gotol'lo orrlv1m€p1661Tt opatrl 7r€Plofi ro1)

HM rgdopotoq, 6zou rot0 rq 6ro6xooio qnopp6qlonE tooq 1 w6plero toug

perag6petor crq qXerzpor,rc<€q, Sovrpx6g rcr 7r€p1o-tpoq1,(6q rctocraoe4 To:v

ul,rrrbv, 1a aq ordveq -X X,o1or rrlg zohr pelo),frep1g ev6plerog touq, or pllcvtopoi

crroi 61ouv urKprl m0av6qro. ve MBouv lcirpo. To rport6vrc tou6 oz'euoeioq eivat

m0u.v6rcpo va aLlrl).,em6paoouv pe to llertp6vu lalv K Kq1L Qlorbv. Etoq mav

or orrlveq-X npoozrinroov oe 6vo u],x6 q moovor4-ro va uL1,r;]ezn6pooouv pe zcr

I).€rcp6vro G06vo!q, notr Ko?oJa'ppdvoov rov n€ploo6tspo gilpo too ulxoti, eivcr

pxprl evrir 1 coropp6rpqoq rouq qTroTo eooteprrd 1).ertp6vto (rupioq qurd zov K

Kor L glo16v), ov rcr oprerd. lolopor€pl trapBaver ybpo opcoq oe prrp6 aooocr6

zou o6ou rotr ul,rrori 161or rou prrpou lcbpoo zou rcoto.).appov€Tor o?to aD?&. Kord

ouvezero r1 o:ropp6g1or1 zorv o.rrivcov-X cvd. povcOo prlrcouq tou ul,txo0 eivar prrprl

ror 1 6rcio6otx6rqza touq pe1ol1 .

fu. evo crorlerifeg 6roo"a1pa zalooq dx 1 e(oo0h,1oq dI zqg ortrvopol,ioq opprqg

twoorlq I 6iveror on6 qv o16o11

dI =-P I d.x

6zoo p irio zopopetpoq. Eov o}orl,qpciroolpe 1a 61,o ro tclog x roo ul,xori 06vcr

i9= i -u*=,=uo*
i" t i,

(6)

6zrou 16 1 6waoi rqq 66og4q rprv to u1"1(6. H roprig-erpog p ovopd(etol ouooepri

lpoprprrrlq ozopp6rplorlg ror e(o.ptoru oz6 ro prrog rripatog ?' zolv sK"iv{Dv-X rcr

to o:roppo<p6v 1)),rro. H p eivor zepino! crvriloyq roo fo 6tav 'ylo qv qnoPp6gndn

n1g ornvoBo?'iog elvor ure0olvo to rportolltxtprr6 qqwoFsvo. H wololia auoi

oror6oo aqped(eror Spcorxo o16 zr1 gucq totr ul,xori zou ozloppoqdr rqv

orovoBotrio.



H crohon qq p pe to X, crvap6veror, crpot areiveg-X P€ peYdAo l' ozoppoqotwol

o.16 ta lX.actp6vto zolv rLo e(ozeprrrilv q')ait't, ta onois ror rorui'appdloov

uuprooorepozoooor6tou6lrooroou},xoti,evripeprrp6},artoppogiowarrupiroq

oz6 tc.lXacrpovu rcov zLo rtproprolr6vclv oe 6'yro eoorepxrilv qloriw '

H e€&prrlol 6e u:r6 co u1"n6 pnopei vo rurcvolOei zoroord" EtoL u}'xti pe

popricepo 6ropo aaoppoqo6v zreproo6tepo Xrr/@ rqg psful6cplq mrcv6t1tu4

1la<tpovtow. E7.i6!q 1 onopp6flq oa6 evo o6pro etvcr prrp6tepl olt6 clrn rov

oreperirv ul,trciw. O ffe€flK6q opoq 'tnq (6) p:ropei vo lpoqei

p(= ( !/p) xp

6rou p 1 arrcvotqts roo olxoo. H roo6,qtu p- =p'lp ozrawetar olg po(rr6q

ouwetreorllq uopporploqq rur e{aptoror ror o116 tov oroprr6 opr0p6 Z too

ororleiou nol onopporpo qv oravopo)'io. ( au(ovetor peto too Z' ozroq eftyr1Oqre

mo ruvco), eivor 6e poror4 oe olouq 1 xp1ol [o]'605ou ylc Oopri<roq o116 orriveq-

X. Mzopoupe npooel'yrotrrd vo czo6cbooupe oo"rl rlv e(dptrloq p€ r! ox66rl

th = K i'rzr

6zou r pio zroo6rqto noo eivcn o1e66v o'co0epr] e9' 6oov ro X' 6w zcipver rqr6q crrqv

mptolrl tov oxpcitv o:ropp6<p1or1g ml ul,xori IpoS Mi oK}lli

T5000

4000

1000

6

a

E

=

B

txilpa 9. AaolLa aroppotp4o4g axtivav'X too )'totcbpttooo ev\e ntto.tnE Pezd|d'ie @o

**ale*i '*ippiqaoaq artiva'*-X oav ava7qal too pfirotE rbpaoq utv

qoxal)i@Y'

H eziSpoorl or! flprl ?otl ouvreX.eo-crl lpofrp$qq q'lopp6qlolq Jo)r sKI-t'Dv

onopp6qlorlq rrov Sro'qopa:v otopurilv qloui:v goivercn ev6errrucc oro Xplpo 9'

o.: 0.4 0.6 a E 1.0
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Evrb 1c rriOe rmoqLoi6 1 r4r1 zou p percpriAl"eml apooeryrorx& pe ro X.3

napanlpeuu oouv6leu orq nepwyic, rort cvnolor1o{v or4 orp6q uopp6q4oqq

rrov gXor<ix.

flerpopmrrrl Slg6rxooio

1. Touro0eroripe rcv <p6o-co1,1o LiF orrl 06o11tou.

2. Toro0eto6pa zo poq0qrx6 pop6e oro toilorpc rrlE lupio6 Cu pe 14 po1Oeu

rou erouypopprorq 582.001 rnq appr4q 66opqq pc tI onopli rou 1 mm

rotoroplgl. @6toupe rcor rov zugqpapprorrl 562.016 oxl 06o11 4 tou

ForleI'rrKor.l qop6o.

3. Tonooero6pt rov zuOqpopptofil 562.015 otl106oq 18 too rctptoo tgopio <ar

rov ozopr0grlq C-M aq e6on 26.

4. A6'yo) rou prrpoi oprOpou rol,pri:v zou 61oope, 0o rato'ypoqoope too6

m),lroriq 1o. lO sec zoolatr1olov oqv rooe o€crltou ralproo 9op6o.

5. Erpoppo(oop-e tool 30 kV oq l,ulvio rar rppowi(oups 6ore ro ovoSlKo psupo

vo eivor 30 |rA oe rsooE l.l€rploTl.

6. Kato1pdgoupe tov opr0p6 torv zo)'ptirv N"'yra rrq rrp6q lrlq 2e qrd 30" 6roq 50"

cvo. 1". Kotulpdrpoope aziorlq tov opropo rov lolpci:v rar r4 1ovie6 ong

ozoieg iT"oope 14 roporp6g torv orrivcov IC ror I$ rou Cu.

7. @6roope to rpl?'zpo Cu 564.006 oq e6drl 2 to! porlolaKo! gopea rat

r-zovoLappdvoupe T o prtparq 4 6rrlg 6 Kolo1po{powqq tov opr0p6 zow ro},ptciv

Nc. tro! 66letsr r<i:pa o azoproprpqq G-M. ,rrP rcprop1 nou oh'ld(er

(oo(&ver) oz6topa to Nc, Trulpvolpe petploel5 tou Ng' avd 10' 1'ro vc 5o6pe

zor tu<prBcirg ol.Xa(er to Ns,.

8. Yto}o'yi(orrpe co loto N",rN" Icr flq 6lo9op€q flp6q rlE 20 Kol

rcoroo:<ard(otpe irl 'fpqqrt.n Trupoo-rool rotr TEooooroi rrlq 6up1op^ew1q

orcrvoBotriog pero rrlg Tol!'ro.g 20.

9. YnoL!1i(olpe to prlrog nipc'lo6 1c', ozoo zoPouoo(€rctl 1 oouv61elo 6rrP

ropatll4 rou Trocoo-roi ilq 5rep16gaa1g orovopoltrg. Iloro. arprl

{zoppogrloqg roo Cu eivot otrrl; Tr. 6ro.gopo eler to }c' qrI6 to k,Jtu Kqt k!,LF

ro.r.yrori:



l0.Aqopollr€ to gi},tpo Cu r<ol rozo0etolipc SuSopni ro gii,cpo Zn (564.009),

N (564.004) Kql Co(654.008) or4 06011 2 Ko! 11q. to ra06vo q,.' oot&

ezcrvoLappcrvoupre rc lnpula 7 tloq9.

1 l.Aroloo0ouge 14 Srcdrrooio tow Blpi, ov .A.1 (ol A7 Kol €lori'yolp€ StodoltK&

rooevq 07!6 ta qi)"rpa Cu, Zn, Ni, Co orq 06o1 14 rou rdpto! qop6q

Iloponlpotipe ror o"lolui(oope'uo otrot6ieopo zou 61ouv zo <pil,tpa ourc cro

po0p6 zrcr),pci:v zoo crflo-roryoliv oro ltliKrl lol.rffioq Lujia Ko1kL,,K!.

A. Ipopt.ruc{ ar.opp6grlaq oxtivtov -x.

1. @6?o!lie tov qrqpleplrrl Geiger-Mnller orq 06o11 22 tou <upto! qop6o Kol 0=0.

2. Tozoe€roop€ co polftaxo 9op6o eri qq lu1yloq Cu trre 
Tq Bol0ero tou

zuOuypopgLorrl 582,002 rrlq opprclg 56op1q.

3. Erpopp6(oupe o-q Xul.rio Cu trion 30 kV ror puOpi(oupr to p€!!.tq 6ore o

pu0p6q uroiprbv ztoo rota'ypriger o oncpt0plrqq G-M vo eivor too)-riltotov rord

10OO zq.Ipoi/sec prrporepoq o:t6 rqv rrpq zoo pl0iroti (peuporoq) ropeolroi rou

G-M. To peuFo TEpEr€r vo Eivor < 80 pA.

4. Tozro0etoope ru 6ugopo q!?Ao qlooplviou p€ trl oepo ro.r ccrg 0€oe4 tou

8eipet o zr[varaq zou orololOei ror petpope qv 6"v"rooq u4q Srepl6peqg 6r

outrirv mcnvoBo)"ioq. H flpri rou crvosroi peupotoq zpizer vo eivor lcwc 1 i5ro.

5. Arop0ciwor.rpe rq og6q tor I zrou petprloupe XoBcivowo4 ur6yr1 to verpo xpovo

L ro1) orqpleprlirl G-M aou eivo.t or4v mpizroorl paq iooq pe 100 Fsec. O

zpo'ypaar6g puopog I,, to:v zrol,p<irv oivetol qrto iov rilzo I,, = V(11t.)

6. Bpio(olpe rq nu6q log(Lp,"{.p) xor ag ozerxovi(oope oov ouvd,prrlol rou ztiloug

x too Al. Aopoivoope rm6qn1 ror ro orpdl,po orqv trprl tou logUl.

7. Tozooetoupe rov xp6oro.?O,o LiF ror orcv r6pro qop6o o€toupe touq

eueuypel.lplo 6q 562.016 <q.1562.015 oTroq oro p{pa 3 too zpr.iroo zrepdpctoE.

8. Avoro0roroupe tov et0u'ypopprrq tng ap1xng 66oprlE p€ tov 582.001 pe

rator6pugq zr1 o;ropn to! 1mm.

9. ErcrvoJapBrivoupa to. prlpmo 4 6o:9 6 too rpri*oo zstpopotog.



l0.Bpioroope rq 06oq r4q 20 o"cqv ozoie avrXver-rotrpe r4v IQ qoopcrlol 1popp1 roo Cu Ko1

ezcrvo).ap.privoupe ro Br]p.azc 3 6o19 6 po cr1 6reper.rvrlorl rrlg ozopp6qolq rqE

l.rovoXporpaancriq :O,eov oKrlvoBo).ioq -x priroog rtporog k,.<".

11.426 14 6to rcogz0)eg zou ppiocoupe rt oupurepriopota pyaivottv ytc rq npEq rcu

lpqrprroo ouwel-eorr1 anoppoglorlq p rou 6iveror o116 rq o16o11

I = Le'F

Apr0p6q

961Jou Al

@6o11 oro

Porlel"!x6

rpop6o

Ilo;1oa

rpuLl"oo Al

(mm)

I

cps

lnp IogLp logla"-loglne

562.033 4 0.00 0

.0t7 4 0.10

.018 4 0.25

.017

.018

3

4

0.35

.019 4 0.50

.017

.019

3

4

0.60

.018

.019

3

4

0.75

.020 1.00

.018

.020

3

4

L<

.019

,020

3

4

1.50

.021 4 2.00

.019

.021

3

4

2.50

.020

.021

3

4

3.00


