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O,opet)HBaH>e e(j)HKacHocTH nojiynpOBo^HHHKHx ^exeicxopa
npeKO e(J)eKTHBHor npocxopnor yrna

3a I^HJIHH^PHHHC yaopice pasjiHHHTor cacxasa



1. YBO#
CpeAHHOM npouuior BeKa, Ka#a cy peayjiraxH HCxpajKHBaita y HyioieapHoj cj)H3Hu,H

cBojy MacoBHy npHMeny y BOJHOJ HHAycxpHJH H ejieicxpo-eHeprexcKOM ceKxopy, no npBH nyx je AOIIIJIO
AO BemxaHKH HsasBane KOHxaMHH3UHJe >KHBOXHC cpeAHne. Flouixo HH AO Aansc HHJB npeqrono
OApeljeH AOH>H npsr uixexnor Aejcxsa joHroyjyher 3paHen>a, peracxpoBafte H npahen>e H naJM3H>Hx
npOM6H3 SKXHBHOCXH y npHpOAH je OA HsysexHOP 3H3H3Ja. V xy cBpxy ce H3 AaHa y AaH npojeKxyjy H
npOH3BOAC CaBpUICHHJH H OCeXJbHBHJH ACXeKXOpCKH CHCX6MH, a X3KOl)e H npOyH3B3Jy HOBC M6XOAC

MepeH>3 joHHsyjyher

KoHuenxpsuHJe aKXHBHocxH paAHonyKjiHAa y ysopuHMa H3 npHpOAe cy MOJIC, na je HeonxoAHO
Aa ce MepeH>3 spme HS aehoj KOJIHHHHH MaxepHJajia, xj. na BOjiyMHHO3HHM ysopUHMa. Ms xor p33jiora
Ce H K3JIH6p3UHJa 6(})HK3CHOCXH AeXCKUHJC BpUIH nOMOfiy BOJiyMHHOSHOP KajIH6paUHOHOr H3BOpa. Ha

xaj HaHHH ce nocxicKe Aa cy ycjiOBH HOA KOJHMa ce spiun Mepen>e Ha ysopKy npH6jiH»HO HCXH
ycjiOBHMa HOA KOJHM ce spurn KaJiHSpaqHJa Aexexxops, na ce nocxroKe H Beha XSHHOCX Mepeaa.

flpn Mcpen^y KOHi^eHxpaqHJe aKXHBHocxH y ysopuHMa BejiHKe sanpeMHHe, snanajaH npo6jieM je
axeHyauHJa y -3paKa y Maxepnjajiy ysopKa. Ta nojasa je HaJHspaacennja na HHCKHM eneprHJaMa
( < 1 00 keV ) H3 pasjiora mxo je y xoj o6jiacxn Koe(})Hi|HJeHx axenyauHJe pejiaxHBno BCJIHK. YnpaBO 36or
xora je no»ceji>HO Aa ce npn nocxynKy KajiH6pauHJe e^HKacnocxn KOPHCXH KannGpauHOHH H3Bop KOJH
HMa Hcxy reoMexpHJy H eJieiwenxapHH cacxas Kao H ysopaK. riocxH3aH.e HCXC reoMexpHJe Kao KOA
ysopKa HHJe npo6jieM, ajiH je HHcncxHpaH>e na noxnyno HCXOM xeMHJCKOM cacxasy
H3BOpa Kao KOA ysopKa HCKaA Beoiwa cKyno H

PemeH>e OBOP npo6jieMa je y KopHiiiheH>y MexoAe Koja naM OMoryhasa Aa ce H3 H3Mepene
e(})HKacHocxH 3a K3JiH6pauHOHH H3Bop OApe^eHe reoMexpHJe H nosHaxor cacxasa Hspanyna
e({)HKacHocx 33 ysop3K Hcxe HJIH cjiHHHe reoMexpHJe H Snjio Kor cacxaaa, aKO je no3naxa (H3Mepena,
HJIH H3 nosHaxor cscxaBa H3paHyHaxa) 33BHCHOCX axeHyauHOHor Koe^HiiHJeHxa y -spaKa y
H3Bopy/y3opKy OA eneprHJe. Y OBOM paAy je xaKBa panyHCKa MexoAa, nosnaxa HOA HMBHOM MexoAa
pejiaxHBHor e^eKXHBHor npocxopnor yrjia, AexajbHO paspa^ena 33 HSsope/ysopKC UHJIHHAPHMHC
reoMexpHJe H Hanncan je oArosspsjyhH panynapCKH nporpaM.

HpaKXHHHH UHJb OBor paA3 je Aa ce ys novioh cnoMenyxor nporpaMa npHnpeMe 4>ajjioBH KOJH
caAp»e noAaxKe o e^HKacnocxH AexcKUHJe sa HCKOJIHKO HaJHeuifie KopHiiiheHHX KaxeropHJa ysopaK3 y
HBKOJIHKO CXSHASPAHHX reoMexpHJa, Kao H Aa ce npoucHe rpeuiKe KOJe Hacxajy npn OACxynaH>y OA
cxaHAapAa. OBH noAauH 6n xpeSano Aa cMSfte HJIH yiaione HBKB OA HCAOCJieAHOCXH y CBSKOAHCBHOJ
panynapcKoj oGpaAH pesyjixaxa MepeH>3 na ABa nojiynpOBOAHHMKa AexeKxopa y Jla6opaxopHJH 3a
HHCKC 3KXHBHOCXH KaXCApe 33 HyKJlCSpHy (J)H3HKy.

Y OAejbKy 2 onHcano je OA nera 33BHCH e(J)HK3CHOCx perncxpsqHJe y -KBanaxa npH Mepen>y
3KXHBHOCXH p3AHO3KXHBHHX H3BOpa HOMOhy nOJiynpOBOAHHHKHX ACXCRXOpa. FlOCe6HO J6 HCX3KHyX

npo6jieM c3MoancopnuHJe y -3p3K3 y H3Bopy.

Y OAejtKy 3 paspa^en je nojaM e(})eKXHBHor npocxopor yrjis H AexajbHO npHKasano fteroBo
H3p3HyH3B3H>e 33 uHJiHHApHHHy reoMexpHJy. TsKO^e cy npHKasane HajaaacnHJe KOMnonenxe
panyHapcKor nporpsMa OMEGA , KOJH HyMepHHKH H3BpuiaBa osa H3panyH3BaH>a 33 p33JiHHHxe
nap3Mexpe H3Bop3 H AexeKxopa, a KOJC cy neonxoAHe 3a pa3yMeB3H>e H nposepy HcnpaBHOCXH fterosor
paAa.

KapaKxepHCXHKe ABa noJIynpoBOAHHHKa AexeKTops KOJH ce Kopncxe y Jla6opaxopHJH 33 HHCKC
aKXHBHocxH KaxeApe 33 HyioieapHy (J)H3HKy npHK333He cy y OACJbKy 4, ca HSTJISCKOM Ha OHHMa KOJe cy
peJiesaHXHe 33 H3p3HyH3B3H.e e(})eKXHBHor npocxopHor yrjia.

OAeJtaK 5 onHcyje nocxynaK H npHKasyje pesyjixaxe MepeH>a e(J)HKacHocxH AexeKunje na osa
Asa AexeKxopa 33 HCKOAHKO pacnoJioKHBHX UHJTHHAPHHHHX KajiHGpauHOHHXjrajppa

, nanpaBJbeHHX OA Msxepnjana nosnaxe cneuH^HMne aKXHBHocxH.



6 onHcaH je nocxynaK H npHKasann pesyjixaxH Mepen>a eneprHJCKe 3aBHCHOcxH
axeHyauHOHHX Koe(j)HU.HJeHaxa sa paflHoaKXHBHe MaxepHJane KOJH cy ynoxpeGjteHH Kao KannGpauHOHH
H3BopH, Kao H 3a Maxepjijajie KOJH Haj6ojbe penpe36HTyjy pasHOjiHKocr cacrasa ysopaKa HHJa
cneuH(})HHHa aKTHBHOCT ce oflpe^yje y CBaKO^HeBHOj jiaGopaxopHJCKOJ npaKCH. PesyjixarH Mepen>a cy
ynopeljeHH ca pesy^rarHivia HspanyHaBaita noMohy nporpaiwa XCOM , KOJH eneprHJCKy saBHCHOCT
areHyauHOHor Koe^HUHJenrra aaje Ha ocnosy nosnajor e^eMeHxapHor cacxasa axeHyaxopa.

7 npHKasyje pesyjixaxe HSpanynaBaita C^CKXHBHHX npocxopHHx yrjiosa, xe
pesyjixaxe e(J)HKacHOcxH aexeKUHJe sa yaopKe paanHHHXor cacxasa (cKpo6, MCCO, PCHHH
3CMJba, necaK), 3a 4 KOHKpexne URfiHHApHHHe reoMexpHJe. Pesyjixaxn cy npo/iHCKyxoBaHH ca
cxanoBHiiixa KopeKUHJa H viepHnx HecnrypHOcxH o KoJHiwa xpe6a BO^HXH panyna y ^a6opaxopHj'cKoj
npaKCH.



2. EOHKACHOCT nOJIYIIPOBO^HHHKHX #ETEKTOPA

2.1. PA4HOAKTHBHH H3BOPH
noJMOM "HSBOP" noApasyMCBaMo HCKy MaKpocKoncKy KOjiHHHHy MaxepHJajia Koja ca,np>KH

axoiwe KOJH CMHTyjy HyicneapHO H axoiwcico 3panen>e, yKJtynyjyhH, aaioie, H Hocane paAHonsoxona H
MaxepHJajie MaxpHKca. 3a y -cneKxpoMexpHJy, OA snanaja cy, nopeA H>HXOBC aKXHsnocxH H cacxasa
spaneita, H ftnxoBe onmxe oco6HHe Kao IJITO cy yHH(J)opMHOcx, axenyauHJa spaneita y caiwoM nsaopy,
cxaGmmocx, reHepHcaite ceKyHAapHor 3paHen>a ynyxap H3Bopa H FteroBor apacana HXA.

H3BOpH npeACxaBjbajy KaTeropHJy OA noceSnor HHxepeca.

pa3JiHKOBaTH ABC niaBHe KaxeropHJe H3BOpa: one KOJH cajjpace
MarepHJaJi H KOHTHHyHpaHO eMmyjy 3paneH>e, H one KOJH eMHiyjy (J)OTOHe Ka^a ce ospaMyjy cnojta
MCCTHUaMa H/HJ1H (})OTOHHMa. PaflHOaKTHBHH H3BOpH o6HHHO CaflpJKC paflHOaKTHBHe aTOMC HJIH y

cra6HJiHOM MaxepHJajry Hocana OA HCTOF eJieMCHTa, HJIH y MarpHKcy OA flpyrnx ejieMenara HJIH
je,aHH>eH>a. H3Bopn noGy^eHH cnojbaiiiH>HM 3paneH>eM caAp>Ke axovie neaKTHBHor MaxepHJajia KOJH
naKOH AejcTBa necxHua HJIH 4>OTOHa npoMnTHO eMHxyjy j HJIH X -3paKe.

lllTO C6 THH6 H.HXOBHX AHM6H3HJa, H3BOpH C6 MOiy ITOAejIHTH Ha TaHKaCTC, nOBpIUHHCKC H

npocTopne. HaKO cy, crporo roBOpehn, CBH HSBOPH npocropHH, TpoAHMCH3HOHajiHH, HCKH OA H^HX
iwory ce xpeTHpaxH Kao xaHKacTH HJIH HOBPIUHHCKH. OBO CBpcraBaibe sasncH OA AHM6H3HJa H3Bopa y
OAHOCy H3 AHMCHSHJe ACTCKTOpa H y OAHOCy Ha paCTOJaftC HSBOp-ACTCKTOp. ITOA XaHKaCTHM H3BOpOM

noApa3yM6BaMO xaicaB H3Bop HHJB cy AHMCH3HJe AOBOJBHO Maae Aa je 3a Aary eKcnepHMCHxajiHy
nocraBKy e(})HKacHOCT AereKUHJe npaKTHMHO acra Kao sa HAeajiHH TaHKacrn H3Bop. CJIHHHO TOMB,
nOBpIIIHHCKH H3BOp je T3KaB H3BOp HHJ3 J6 Ae6jbHH3 AOBOJbHO M3JI3 A3 C(j)HKaCHOCT, yKJbyHyjyhH H

reoMerpHJe H e(})eKT axeHyauHJe, 6yAe npaKTHHHO Hcxa Kao 3a 6ecKOHanHO xanaK HSBOP Hcxe

CKOPO csa Mepeita 6p3HHe eMHCHJe 4>oxoHa y y-cneKxpOMexpHJH cy pejiaxHBna Mepeiba.
KOJH ce Mepn ynope^yje ce HJIH AHPCKXHO ca cxaHAapAHHM HssopoM eMHxepa HCXHX Corona, HJIH,
Hemhe, HHAHpeKXHo ca cxaHAapAHHM H3BopHMa eMHxepa Apyrnx 4>oxoHa, KOpHiuheHHM sa npaBJbeite
KajiH6pauHOHe Kpnae e(j)HKacHOCXH cneKxpoiviexpa. V HAeauHHM OKOJinocxHwa H MepeHH H3Bop H
KajiHGpauHOHH H3BopH HMajy HCXH o6;iHK, rycxHHy H xeMHJCKH cacxaB. TaAa je caMoaxenyauHJa, xj.
axenyauHJa (})oxoHa ynyxap H3Bopa Hcxa. V peajiHHM CHxyauHJavia pasJiHKe nocxoje H o6nHHO cy
noxpe6He OAroBapajyhe

<I>OXOHH KOJH noAJieacy xaKsoj Hnxepa^HJH y caMOM H3Bopy, HJIH y MaxepHJajiy KOJH npeKpHBa
He Mory Aa cxnrny AO AexeKxopa ca CBOJOM opHrHHajiHOM eneprHJoM H xaico ne AonpHHOce

Bpxy yKynne eneprHJe. YKynna axenyaunja, xj. yAeo (J>oxoHa KOJH HHxeparyjy ynyxap H3BOpa
nesaBHCHO OA npasua HOA KOJHM je $OXOH eMHXOBaH, o6HHHO HHJB HHxepecaHxna. OA npasor
HHxepeca je yAeo ^OTOH3 eMHxoBaHHX y npocxopHH yrao Ae(J)HHHcaH AexeKxopoM, a KOJH cy
axenyHpaHH y H3BOpy.

2.2. #E«I>HHimHJA E^HKACHOCTH /JETEKTOPA
VoniiixeHO ysesiiiH, e(J)HKacHOcx ce Ae(})HHHiiie Kao OAHOC peaKunje HCKOF HHCxpyMCHxa H

BpCAHOCXH (})H3HMKe BCJIHHHH6 KOJa C6 MCpH. Y Y -CnCKXpOMeXpHJH B^HKaCHOCX C6 MOJK6 Ae4>HHHCaTH

Kao OAHOC 6p3HHe 6pojan>a H 6p3HHe eMHCHJe (J>oxoHa Aaxe eneprHJe, a pasJiHKyjeMO cjieAehe Bpcxe
e(j)HKacHocxH:

• PejiaTHBna e4>HKacHocT Aexeicxopa je HOMMHajina nep4)opMaHca AeTeKxopa Koja npeAcxaBjta
OAHOC e(J)HKacHocxH AexcKUHje y -spaKa OA 1332keV H3 60Co npeiwa e<J)HKacHocxH
cxaHAapAHor cuHHXHJiaqHOHor AexeKxopa ca KpHcxanoM Na(Tl) BeJiHHHHe 3"x3".



• AncojiyTHa e^HKacuocr AexeKijHJe Bpxa yKynne eneprnje je OAHOC noBpuinne Bpxa yKynne
CHeprHJe y MepenoM cneicxpy npeMa 6pojy Y -3paKa CMHxoBaHHX HS H3BOpa. Ms H,e ce
OApeljyje aKXHBnocx paAHOHymiHAa y H3Bopy, a ona, nopeA ocxajior, saBHCH H OA

; nocxaBKe

AncojiyTHa Torajina e$HKacHOCT AereKiiHJe je OAHOC OA6poja Ha Ma ROM Mecxy y cnexxpy
npeMa 6pojy Y -spaKa CMHXOBaHHX H3 H3Bopa. OBAC ce ysHMa y o63Hp H Bpx yKynne eneprHJe
H cse HeKOMruiexHC ancopnuHJe npeACxaBjbene KOMHXOHCKHM KOHXHHyyMOM.

ConcTBeua e(j)HKacHOCT AexeKxopa je OAHOC OASpoja y cneKxpy npeivia 6pojy Y -3paKa KOJH
naAHy na AexeKxop. Moace ce A6(})HHHcaxH Kao concxBena e(j>HKacHocx spxa yKynne eneprHJe
HJTH Kao concxBena xoxajiHa e^HKacnocx. Osa ecjmKacnocx je OCHOBHH napaMexap AexeKxopa H

OA reoMexpnje H3Bop-AexeKxop.

Axpn6yx "ancojiyxna" oGniHO ce Hsocxasjia, aKO xo ne flOBOflH 0,0 3a6yne. E(})HKacHOCx,
ae(})HHHcaHa na GHJIO KOJH OR ropftHX HaHHHa, 33BHCH oa eneprHje Y -3paKa H noxnyHa KajiH6paiJ(HJa
aexeKxopcKor CHCxeMa saxxesa oflpeI)HBaH>e e^HKacnocxH y 4>yHKUHJH eneprHJe.

2.3. H3PAHyHABAH»E EOHKACHOCTH

E(j)HKacHOCx AexeKxopCKor CHCxeMa Mopa aa ce oape^H eKcnepHMenxajmo, OJIH nnaK je KOPHCHO
nOKymaxH HspanynaxH ec})HKacHocx. E(J)HKacHocx Bpxa yKynne CHeprnje saBHCH 04 eHeprnje na BeoMa

H3HHH.

Ha HHCKHM eneprnjaMa, r^e npeoBJia^aBa ^oxoejieKxpHHHH e(J)6Kx y MaxepHJany flexeKxopa,
MOJKC ce HSpanynaxH HJIH 6ap npoqennxH eneprexcKa saBHcnocx Kao npoHssoa BepoBaxnohe j\a (J)oxoH
CXHFHB flo aexeKxopa H Beposaxnohe aa 6y^e ancop6oBaH. YKOJIHKO (J>oxoHH yna^ajy HOpMajiHo na
noBpuiHHy Ge aexeKXOpa y o6jiacxH ^o 70 keV e(J)HKacHOCx MOMCCMO anpoKCHMnpaxH ca:

je /j. - JiHHeapHH axenyaunoHH Koe4)HUHJeHT Ge , a d - Ae6jbHna ^exeKxopa. Ofi^e ce
npexnocxasjba aa 4>oxoH HJIH npojiasn Kpos aexeKxop 6e3 HHxepaKqHJe, HJIH aora^aj ^onpHHOCH spxy
yKynne CHeprHJe.

Ha BHUIHM eneprHJaiwa jom H KOMnxoHCKa pacejan>a H npOH3BOjj(H>a naposa flonpHnoce spxy
nyne eneprHJe, xaKO m je Kopniiiheifce npexxo^He jeflHaHHHe neMoryhe. 3a aHajiHXHHKH H3pas
(jjynKUHJe Koja 6n na 3a^OBOJi>aBajyhH naHH onncana eneprexcKy 3aBHcnocx e<j)HKacHocxH spxa
yKynae eneprnje Hsnaa lOOkeV npeAno»eHO je HeKOJiHKO H3pasa ([Freeman66], [Mowat69],
[Harvey70], [Euler70], [Sanchez-Reyes87]).

HepcneKXHBHHJH npHjias HspaHynasaiby e4>HKacHOcxH je MCXOZI Monxe KapJio KOJH ce sacHHBa
na CHMyjiauHJH Hcxopnja nojeflHHannHX (J)oxoHa. CBBKH (J)oxon ce npaxn na nyxy 04 eMHcnje y HCKOJ
xaHKH H3BOpa, Kpos H3BOp, flo ^exeKxopa H y flexeKxopy. OOXOH HHxeparyje 4)oxoejieKxpHHHOM
ancopnuHJOM, KOMHXOHCKHM pacejan>eM HJIH npOH3BOAH>OM napa, a cxsapajy ce ejieKxpoHH,
nosHXpoHH H ccKynflapHH ejieKXpoHH KOJH ce xaKolje npaxe Kpos aexeKxop. fla 6n ce ao6HO pesyjixax
HHxepaKUHJa, y csaKoj xaHKH HHxepaKunje Kopncxn ce BepOBaxnoha csaKor Moryher xnna nnxepaKUHJe
H CBaKH MoryhH yrao pacejaita. YKOJIHKO H6Ka necxHqa nanycxH aexeKxop, HJCHO npaheH>e ce
npeKH^a, yKOJiHKO CMO saHnxepecoBaHH caMO sa ecJmKacnocx spxa yKynne eHeprnje.
HH(J)opMauHJe HeonxoAHe 3a nocxynaK Monxe KapJio cy

H3BOpa H pacxoaH>e AO

AHMCH3HJe Kyhniiixa Aexeicropa H ocexjtHBHx H HeocexjbHBHx 3ona AexeKxopa,

eJieMCHxapHH cacxaB H rycxHHa CBHX MaxepHJajia Kpo3 KOJC npojiasH 4>oxoH,

axenyauHOHH Koe^HUHjenx 3a <J)oxoHe 3a ose MaxepHJajie,



• npouecH sa pasjiHHHxe HHxepaKUHJe 4)oxona y MaxepHJany AexeKxopa y 4>yHKUHJH eneprHJe H
yrjia pacejaita,

• HH(J>opMauHJe o xpancnopxy ejieRTpona H nosHxpoHa Kpos MaxepHJan Aexeicxopa.

PesyjrraxH Monxe Kapjio H3paHyHaBaH,a cnajKy ce ca MepeHHM BpeAHocxHMa ca OKO 90% , na H
. Pa3JiHKe ce Mory npmiHcaxH CHCxeiwaxcKHM rpeuiKaiwa AHMensHJa Aexexxopa H HecHrypHOCTHMa

floK H3panyHaBan>e e(j)HKacHocxH HMa orpaHHHeny npHMeny 33 Ao6HJaH,e xanHHX
ancojiyrne e^HKacnocTH, HnaK ce ycneiimo KOPHCTH sa p,o6njan>e pejiaraBHHx etj)HKacHocTH.

2.4. EKCHEPHMEHTAJIHA KAJIHBPAI^HJA E<E»HKACHOCTH

Uoa, eKcnepHMCHTajiHOM KannGpauHJOM e(})HKacHOCTH noapasyMCBaheMo
Ha e(J)HKacHOcx spxa nyHe eneprHJe £ , npn qeMy osa e<J)HKacHOcx npe^cxaB^a O^HOC

o^6pqja N&t nofl BpxoM (sa y -KBanxe o^pe^eHe eneprHJe) y xoicy HSBCCHOP BpeMeHCKor HHxepBana
At , H yicynHor Spoja y-KBanaxa N^t ^axe eneprHJe, iiixo HX je H3Bop eMHxoBao y HCXOM HHxepBany

r_
8 — •

A [Bq] cpeAH>a aKXHBHOCx H3Bopa y xoicy xor BpeMencKor Hnxepsajia:

A-•*i —

a PJ BCposaxHoha eMHCHJe oaroBapajyhnx y -spana. VBoaehH cpeAH>y 6p3HHy 6pojaH>a noA BPXOM y
xoKy Hcxor BpeMeHCKor HHxepBajia R [s"1]

At

R
£ =

AKXHBHOCX KajiH6pauHOHor Hssopa je nosnaxa Be^HHHHa, Kao H speflHocxH py sa y -JIHHHJC
Koje ce Kopwcxe npHjiHKOM KaJiH6pauHJe e<J)HKacHocxH, AOK ce BPCAHOCXH R Ao6HJajy MepeH>eM. Ha
xaj na^HH je Moryhe H3paHyHaBaH>e etJwKacHocxH £ sa pas^HHHxe (nosHaxe) eneprHJe y -spaKa Koje
eMHxyje KannGpauHOHH H3Bop. HaKOH xora ce KOHCxpynme KajiHGpauHona KpHBa e(J)HKacHocxH, Koja

rpa<))HK saBHcnocxH ecJjHKacnocxH Off, eneprHJe.

xora uixo KajinGpauHOHH H3BOp xpe6a %a je BHCOKOF KBajiHxexa, Mopa ce BOAHXH panyna
o eKcnepHMemuriHHM ycnoBHMa noA KOJHMa KarrnGpauHOHH H3Bop xpe6a Aa ce MepH, H^H y K3KBOJ
(j)opMH xpe6a Aa 6yAe. Y HAeaiHOM cjiynajy HMajiH GHCMO xaHKacxe Hssope KOJH eMHxyjy jeAHy Bpcxy
y -spaica npn Majioj 6p3HHH 6pojafta H Ha BBJIMKOM pacxojafty H3BOp-AexeKxop.

flocxoje cHxyauHJe y npaKCH KaA HHJC noxpe6na uejia Ka;iH6pauHOHa KpHBa, xe ce MepeH>a
ysopKa H cxaHAapAa Bpiue KOMnapaxHBHO, OOA HACHXHHHHM ycJioBHMa, na ce noapiuHHC spxoBa y
H>HXOBHM cneKxpHMa nopeAe AHPCKXHO. OsaKBa Mepen^a cy snaxno xaMHHJa Hero Aa ce BpuiH
HHxepnojiauHJa KajiH6pauHOHe KpHBe, saxo mxo csaKa HHxepnojiauHJa ynocH AOAaxne necHrypnocxH.
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i 2.1. KpMBa ecpMKacHOCTM sa KoaKCHja/iHH flereirrop p-rnna ca satBopeHMM Kpajewi.

3a cpMToaaHy cpyHKMnjy edpuKacHOcra OR eHepraje OBAB je yser HajjeflHocraBHHJn o6/inK -

i npase, Mcnofl n MSHBA waKCMwanHe edpuKacHOcru Ha OKO 130 keV ("knee").

3A2.5. E«DHKACHOCT
TAHKACTE H3BOPE/Y3OPKE

HHTCHSHrer y-3paKa CMHTOBanHX H3 H3Bopa ona^a ca pacxojaHbCM no
saKOHy. OBO ce 33 ecJmKacHocx flereKUHJe ca cmypHomhy MO»B pehn caMO 3a raHKacre

H3BOpe H xaHKacxe ^ercKTOpe. Ha CJIHUH 2.2.a je npHKasana onuixa nocraaKa
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2.2. a) reowerpuja oniure nocrasKe MSBOp-flereKrop. Pas/iuMMTH npocropHM ymosn

nofl KOJMM ce BMflM M3BOp: raMKacTor 6) n BonywuHOSopHor u) ysopKa

KaKO ce noxnyHa ancopnunja y-3paKa cacxoJH oa BHUiecrpyKor pacejaita ynyrap
ny^Tor pacejaita Mopa GHTH ynyrap aKTHBHe sanpeMHHe KpHCxajia. Osa ranKa ce

eKcnepHMem-aiiHO. AKO ce npernocxaBH «a Ba»H HHBCPSHH KBaapaTHH 3aKon, 6p3HHa

6pojaH>aje:

Sx-p-
rae je d 36HP nosHaxor pacTojafta off. H3Bopa flo Kane Aexeicropa D H do, Henosnaxor pacxojaH,a OA

Hyjixe xaHKe ynyxap ̂ exeicropa ^o Kane ^exeicxopa, na ce Mo»ce nanncaxH:



na KOM6HHOBatt>eM npexxo,aHe

~ = kD +

r^eje k KOHCTanra.

AKO ce 3KTHBHOCT H3Bops MepH ca pasjiHHHTHx pacTojaH>a D H l/V/2 naupxa y <j)yHKu,HJH TOP
pacToJ3H>3, oflcenaK na ancuHCH 6nhe d0 . 3a R ce MO»e ysera yKynna 6p3HHa 6pqJ3H>a Y -spara HJIH
6p3HH3 6pOJ3H>3 H3 H6KOJ fl3TOJ BHeprHJH H3 HOBpIlIHHe Bpxa y CHCKTpy.

2.6. EO>HKACHOCT nOJiynPOBO#HHHKHX #ETEKTOPA 3A
BOJIYMHHO3HE H3BOPE/Y3OPKE
YKOJIHKO ce, ne MeitajytiH paerojaite HSBOp-AexeKrop, pa/iHoaKTHBHH MarepHJaji pacnope#H y

KOHSHny 3anpeMHHy, Hacynpox TSHKSCTOM HSBopy, MOJKC ce sanasHTH onaflaite HHTeHSHrexa Y -spaica.
Ha CJIHUH 2.2.6 H 2.2. u je ynope^en TaHKacTH H3Bop ca BOJiyMHH03HHM. Kao UITO ce ca CJIHKB BH^H, 33
BOJiyMHHO3He H3Bope H3panyHaBaH>e npocxopnor yrjia je KOMruiHKOBaHHJe, jep csaKa T3HK3 y H3Bopy
HMa apyraHHJH norjiea Ha flereicrop H crora pasjiHHHro aonpHHOCH ynynHOM HHTensHTery Y -3paKa.

V npaKCH sehHHa jia6opaTopHJa pa^H ca MBJIHM 6pojeM craHgap^HHX reoMerpHJs y3Op3K3.

2.7. CAMOA^COP^^HJAy-3PAKAyH3BOPy

^3 ynyrap pacnpocTpaftenHX nssopa Mops j\a HOCTOJH H caMO33KJiaH.aH>e
sncopnuHJe Y -3p3ica, noce6HO 3KO je H3Bop BCJIHKC rycTHHe. 3aro je 6m-HO m ce y KajiH6pauHJH
e(J)HKacHocTH ynope^yjy AHPBKTHO K3JiH6p3UHOHH HSBOPH H ysopqH npnnpeMjbeHH y HCTOJ
reoMerpHJH H C3 HCTOM rycTHHOM. MefjyroM, y npaKCH nocxoje BspnjauHJe rycTHHe oa ysopKS AO
ysopKa, na je ynyrHO pasMorpHTH Moryhnocx pa3pet)eH>3 ysopKa y Behy sanpeMHny noMohy
neaKTHBHor MaTepHJajia. 3a OBO ce oSHHHO KOPHCTH npax ueJiyjiose KOJH HMa Many rycTHHy H BOOMS
Majio AonpHHOCH ancopnuHJH. FIpHJiHKOM npaBJben>a MemasHHe Mopa ce BO/IHTH pa^yna js,a ona 6y/ie
xoMorena.

36or ec})eKT3 c3Moancopnu,HJe ynyrap H3Bopa, e^HKacnocT aexcKropa ce He
npOCTO K30 npOH3BOfl He33BHCHHX (j)3KTOpa, Beh C3MO npH6jIH>KHO K3O:

«B)=_^^_.
rae je R(E) HSMepena 6p3HHa 6pojaH>a, T(E) T3B. xpancnapeHUHJa Hssopa [Kaplanis82], a npoH3Boa
Pj(E) H A je 6p3HH3 CMHCHJe Y-3P3K3, CBC H3 OflrOB3p3Jyhoj CHeprHJH Y-3p3K3 E .

Moryhe je H HspanynaBaite ecJmKscnocTH 33 pscnpocTpsHjene H3BOpe nojiasehn OA no3H3re
KajiH6pauHJe CCJJHKSCHOCTH 33 T3HKacre H3Bope. Bpjio npoMHiiuteH MCTOA 33 H3paMyH3B3H>e
6(})HK3CHOCTH KO3KCHJ3JIHHX ACTCKTOpS 33 UHJIHHflpHHHO (})OpMHp3He y3OpK6 p33psheH je y [MoensSl].

OB3J M6TOA y3HM3 y o63Hp aT6Hy3UHJy 4>OTOHa y H3BOpy/y30pKy H y CB3KOM pejI6B3HTHOM

axenyauHOHOM cjiojy yKJbynyjyhH KyhHiiixe #exeKxopa H HeaKXHBHe Renose sanpeMHne aexeKxops H
6nhe aexajbHO HSJIOHCBH y cjie/jeheM o^ejiKy.

Mexofl je 3acnoB3H HS H3p3HyH3B3H>y xoxajine e(J)HKacHocxH £t, AC(j)HHHcaHe KSO sepoBsxHoha
A3 4>OTOH noro^H aKXHBHy 3ony aexeKxopa 6es npexxoane HHxep3KUHJe y HSBOpy HJIH OKOJIHHM
CJiojeBHMa H fla HHxeparyje ca MaxepHJanoM aexeKxops (J)oxoejieKxpHqnoM sncopnuHJoM,
KOMHTOHCKHM p3ceJ3H>6M HJIH npOH3BOfln>OM napa. Y paMyH yjiase CBB flHMCH3HJe aexeicropa (npeHHHK
H fle6jkHHa 3KXHBHC 3OH6, BCJIHHHHa J63Fpa ACXeKXOpa, MpXBHX H KOHXaKXHHX CJIOJCBa,

H y3OpK3/H3BOp3, X6 M3C6HH aX6Hy3UHOHH KOe(J)HUHJeHXH CBHX peJICBSHXHHX MaxepHJajia.



panyHCKOJ npou,eAypH peuiaBajy ce HyMepHHKH. /Ja GH ce AoGmia e(f)HKacHOCx spxa yKynne CHeprHJe
s , ayxopn npexnocxaajtajy H AOKasyjy na je OAHOC s/£t HesaBHcan OA reoMexpHJe H3Bop-flexeKxop H
OA reoMexpHJe H3BOpa H #a je cBojcxBena KapaKxepHcxHKa caiwor AexeKxopa.

AKO je ecjiHKacHOCx Bpxa yKyime eneprHJe £P OApefiena eKcnepHMenxariHo 3a reoMexpHJy
H3Bopa, ecJ>HKacHocx Bpxa yKynHe eHepraje 3a npOH3BOJt>Hy reoMeTpHJy £-y MOJKe GHXH

H3

cy £t y H stp oflroBapajyhH pesynxaxH HSpaHynaBaita XOXSJIHB C^HKSCHOCXH. Tpe6a HMaxH na
Aa OBAC KopHiiiheHa xoxsuna e^HKacnocx £t HHJC Hcxa Kao ona Ae(j)HHHC3H3 p3HHJe y [§2.3].

HaHMe, eKcnepHM6HX3JiH3 xoxajina e(})HKacHocx, Koja ce Ao6HJa Kao OAHOC yKynnor CHHMJbenor
o^6poja npeMa yKynHOM 6pojy CMHXOBaHHX MOHoeneprHJCKHX 4>oxoHa, OGHHHO je seha, jep CBH
(J)OXOHH p3ceJ3HH HeKoxepeHXHO y H3Bopy H y oKpyMcyjyhHM MaxepHJsjiHMS AonpHHOce cneKXpy, a
HHcy cajip>K3HH y OBAC Kopniuhenoj speAnocxH ft . ITpeAHOcx OBOF MexoAa je y XOMC mxo ce panyna
odnoc ecj)HK3CHOcxH, X3KO Aa rpeiiiKe yjissnnx HH(J)opMauHJa HM3Jy xeHAenuHJy noxHpafta. CaMO
H3paHyHaBaH>e SSCHOBSHO je Ha Konuenxy XSB. e(J>eKXHBHor npocxopnor yrjia Q sa
KOH(J)HrypaiJiHJy H3Bop-AexeKxop, KOJH he GHXH AexajbHHJe paspa^en y [§3]. Mo^ce ce noKasaxH Aa je

xaKO Aa, SKO ce 33 Aaxe KOH(J)Hrypau,HJe Mory nspanyHaxH C^CKXHSHH npocxopHH yrjiOBH /2p H
Moryhe je na ocHosy Mepene e<J)HKacHocxH sa xaHKacxH H3aop £p panyncKH OAPCAHXH e(})HKacHOcx sa

H3BOp £y \ je y opHrHHajiHOM paAy [MoensSl] H3paHynaB3fbe orpaHHHCHO na cjiynaj KaAa je

HjiHHApHHnor H3Bopa M3H.H OA no^ynpeHHHKa AexeKxopa, j??s < RD , y [Lippert83]
P33BHJCH je CJ1HH3H MOA6JI 663 OBOF

Osaj MCXOA je xecxapan ca xaMKacxHM, HOBPIUHHCKHM H UHJIHHAPHHHHM H3BopHMa na
pacxojaH>HMa 33 pa3JiHHHxe nojiynpOBOAHHHKe AexeKXOpe H flo6HJeHO je cnaraH>e

CKcnepHMeHxanHHX H H3paHynaxHX BPCAHOCXH ynyxap 3% , KaAa cy AHMensHJe AexeKxopa AoSpo
nosHaxe. KOA H3panyH3XHX BPBAHOCXH Hnane Mory HacxaxH rpeuiKe ycjreA norpeuiHHx npexnocxasKH
o AHM6H3HJaMa AexeKxopa H axenyauHOHHx Koe({)HUHJeHaxa. riposeps yxHuaja OBHX HecHrypnocxH
y^a3HHx noAaxaKa noKaaaaa je Aa je npeMHHK AexeKxopa naJKpHXHHHHJH napaMexap. AKO HMaMO Ha
pacnojiarafty eKcnepHMenxajine KajiHdpaqHJe e(j)HKacnocxH 3a ABC HJIH BHUIC MepHHX reoMexpHJa,
ynopehHBaite H3payMH3XHx e(J)HKacHocxH OMoryhass no6ojbiii3B3H>e yjiasHHx napaMexspa,
no6ojbiiiaB3JyhH na xsj naHHH xaHHOcx H3p3HyH3B3H>a 3a cjieAehe reoMexpHJe. KOPHCHHHKH
opHJCHXHcaHH nporpaM ANGLE 33 nepconajiHe panynape sacHOB3H H3 OBOM npHHiymy npHKasaH je y
[Jov3novic97].

Ha ocHOBy HCXHX npHHHHna na KaxeApn 33 Hyicjiespny (j)H3HKy p33BHJeH je cjinnaH nporpaM 33
H3p3nyH3B3H>e e(})eKXHBHHX npocxopHHx yr^oB3 OMEGA . IlporpaM je xecxHpan 3a cjiynajeBe KaAa je
H nojia3HH pe(j)epeHXHH H3sop y HMJIHAPHMHOF reoMexpHJH, ca MaxpHKCOM nosnaxor cacxsss, na ce
H3paHyH3B3 6(})HKaCHOCX 33 UHJIHHApHHHH H3BOp/y3Op3K ApyrHX AHM6H3HJ3 H CaCXaB3. Pe3yjlX3XH,

ynope^enn ca pesyjixaxHMa OArosapajyhHx Monxe Ksp^o HSpaHyHasaita, npHKasanH cy y
[KrstonosicOO]. ^exajbH osor nporpaMa H H.eroBa Aajba npHMena y ^a6opaxopHJCKoj npaKCH xeMa cy
OBOF



2.8. METOfl E0EKTHBHOF HPOCTOPHOr YFJIA
ce npiuH ancojiyrno Mepette y -aKTHBHOCTH, norpe6HO je nosHaBHTH ancojiyTHy

e(j)HKacHOCT Bpxa yKynne eHepruje £ SpojaHKor ypefiaja 33 AOTHHHY eneprujy y -spana Ej .

EKcnepHMenrajiHO o/apehmaifce e(j)HKacHOCTH Bpxa yKynne eHepruje Kao (f)yHKu,HJe oj\y je
npocTO CBC florae ROK cy y nnxaifcy TanKacra HSBOPH H eejiHKa pacrojaita H3Mel)y H3Bopa H
3a pacnpocTpaifeene H3BOpe H Majia pacTojaita, eKcnepHMeHTaJiHO oApel)HBaH>e nocxaje
H o,zry3HMa MHoro BpeMCHa. Sancra, npHnpeiwaite npeuH3HO HCKajinGpHcanux y -H3BOpa
o6jiHKa H cacraBa je re»aK nocao. IloHeKafl TO naK H HHJC ocTBapHBO, Ha npHMep, 3a c^ynaj Kap,a
xpe6a aa ce oapeflH e<j)HKacHocT 33 moMasan MerajiHH y -eMurep.

H3 ror pasjiora HHHH ce fla je noBOJtHHJe ̂ a ce npo6jieiviy ancojiyrne e^HKacHocxn Bpxa yicynHe
eHeprHJe npHtje panyHCKHM nyreM. Y jTHTepaxypH nocrqJH MHoro HjianaKa KOJH ce 6aBe OBHM

HCKH ayropH HspanyHaBajy caMO reoMexpHJcKH npocropHH yrao nofl KOJHM ce aereKTop
H3 H3Bopa. 3a AereKUHJy y -3paKa TO je HesaAOBOjtaBajyhe, OOIIITO ce T3KO H3OCTaBjta pasMaTpait
niaBHa npoQjieMa, TJ. arenyauHJa y-3paKa H oflsus ^eTeKTopa Ha yna^ajyhe y-spane. OB^C he 6HTH

aa ce y cyiiiTHHH TH C^CKTH He Mory KOpHrosaTH 3ace6nHM npopanyHHMa.

ayropn cy nnaK .qpyrH OA OBHX 4>aKTopa yiobyHH^H y CBOJC npopaHyne,
orpaHHnaBajyhH caMO na oapefiBBaite TOTanne e<})HKacHOCTH et . To je ypaheHO 3a j
UHJlHHApHHHe ^CTCKTOpe, K3O I1ITO Cy Nal(Tl)- KpHCTOHH, HJiaHapHH Ge(Li)- flCTCKTOpH, HJ1H

Ge - ACTCKTOp ca concTBeHOM npOBO/ytHBomhy (iutriusic), Kaico 3a TaHKacTe H3BOpe, T3KO H 3a
H3BOpe o6jIHKa ^HCKa.

ToTaima e^HKacnocT BCJTHKHX KoaKCHJanHHX Ge(Li) aeTCKropa, ca JC^HMM HJIH ca o6a OTBOpena
Kpaja, TaKofie je HspaHynaTa na TaKas H3HHH, anH caMO 33 TanicacTe H3Bope nocTaBjbene H3 OCH
CHMerpHJe fleTCKTOpa. HnsK, HH je^H3 oa rope HaBeaenHx Mexo^a HHJC y npopanyHe

Y [Gunnik72] H [Cline79] je pasBHJena ceMHeMnHpHJCKa MeTO^a sa HajiaMceFbe ecJmicacHOCTH
spxa nyne eneprnje KoaKCHJanHor Ge(Li) ^eTCKTOpa yiubyMyjyhH eKcnjiHUHTHe HJIH
KopeKUHJe 33 aTenyauHJy y -spaica. PasMOTpeHH cy TaHKacTH H3BOpH, aim H H3BOpn y o6jiHKy
KaO H UHJIHHApHMHH H C(J)6pHH H3BOpH. HnaK T6 T6XHHK6 Cy 33CHOBaHe H3 anpOKCHMaTHBHOM

MOAejry, KOJH aeTCKTope H H3Bope npefleraBJta Kao (J)H3HHKe TanKe.

U,HJb paaa [MoensSl] 6no je npe^CTaBjbafte HOBOF H TannHJer npmiasa npopanyny
e<J)HKacHOCTH Bpxa nyne eneprnje KoaKcnjaJiHHX Ge(Li) flereKTopa. Mero^ je OHHrjie^HO npHMeaitHB
H na aeTCKTOpe 6es p-jesrpa ( p- core) [Kao UITO cy Nal(Tl) , Ge- ^BTCKTOP ca COHCTBCHOM

(intrinsic) HT^.]. Ysera cy y o63Hp TaMKacTH H3BopH, H3BOpn y o6jiHKy AHCKa H
HSBOpH. HHJ6 KOpHIIlheH HHK3KaB HOJeflHOCTaBJbyjyhH MOflBJl, a TCOMeTpHJCKH aCHBKT,

6pojan>y ACTeicropa H aTenyauHJa y -spaKa y H3Bopy H y ancop6yjyhHM MehycuojeBHMa
TpeTHpanH cy HCTOBpeMeHO. Maga je MCTOA ceMneMnnpHJcKH, eKcnepHMCHTajmH nocTynaK HOTpeGan
y fteroBoj npHMBHH je KpaTaK, je^HOCTaBaH H KOPHCTH ce y BehHHH nyKJieapHHX Jia6opaTopHJa.

J\a 6n ce AeTeKTOBao Kao ^oraftaj HCHOA Bpxa yKynne eHeprnje, y -(})OTOH eMHTOBaH H3 H3Bopa
Mopa m saaoBo^H Tpn saxxesa:

• Tpe6a jia noro^H aKTHBny 3ony AereKTopa Qe3 eneprercKHx rySm-aKa y caMOM H3Bopy HJIH y
MaTepHJajry Meljycjioja,

• Tpe6a m HHTeparyje ca ABTCKTOPCKHM MaTepHJanoM na namw ApyraHHJH OA KOxepeHTHor
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CROTCH rpe6a %a npenece csy cBojy eneprHJy Ha MaxepHJan AexeKxopa AonpHHOcehn xaKO
o#6pojy HcnoA Bpxa yKynHe eneprHJe (jioiiie npHKymtafbe Hocnnau,a HaejieKrpHcaH>a HHj'e
yaexo y oSsnp y OBOM npHJiasy).

paHynafbe ec})HKacHOCXH Bpxa yKynHe eHeprnje e BOAH y Bpjio cjioacene npopanyne.
Ca Apyre cxpane, xoxama ecjwKacnocx £i ce Moace HSpanyHara MHOFO JiaKiue. 36or xora OBAB
H3HeceHa MexoAa Aaje e(j)HKacHocx spxa yKynHe eHeprnje nojiasehn OA npopaiyna xoxajme
ecj)HKacHocxH. Ilpso ce Aaje C^CKXHBHH npocxopHH yrao Q , KOJH ysHMa y o63Hp BepoBaxnofiy Aa
6yAy HcnyiteHa npsa ABa rope HaseAena ycjiosa. Toxanna e<})HKacHocx je Aaxa Kao:

n
£t= - .

471

st je noBesaHO ca e Ha cueAeftH nanHH. 3a e^HKacnocx spxa yKynne eneprHJe ce MOJKC ysexn Aa je
cacxaBJbCHa OA pasjiHHHXHx KOMnoHenxH:

S = gf + £ c + £ p ,

cy £f , sc H £p yAejiH £ KOJH pecneKXHBno OArosapajy (j)oxoeJieKxpHHHOM e(j)eKxy, BHiiiecxpyKoj
KOMHXOHOBOJ HHxepaKUHJH H npOH3BOAftH napa.

AnanorHO O , MOJKCMO Ae^HHHcaxH e(J)eKTHBHe npocxopne yr/ioBe /2f , Qc H £2p KOJH
pecneKXHBHO onncyjy BeposaxHohe ff,a eMHXOBanH y -(})OXOH HHxeparyje 4>oxoejieKxpHHHHM,
KoMnxoHOBHM HJIH nap e(})eKxoM. TaKO Moaceiwo nanncaxH:

s = —
471

K H v BOAC panyna o HHH>eHHU,H Aa caMO orpaHHHCHH Aeo KoMnxonoBor H nap-e(j)eKxa Aaje
AonpHHOc OA6pojy yKynHe eHeprnje.

Moace ce AOKasaxn Aaje:

n Of nc A>

A Af A: -"p

je //t xoxaJiHH JiHHeapHH ancopnuHOHH KoeqwqHjenx AexeKxopCKor MaxepHjana 3a y -3paKe
pasMaxpane eneprHJe Ey , a /Jf , jic H //p cy ancopnuHOHH KoecjwuHJeHXH 3a (J)oxoejieKxpHHHH,
KoMnxoHOB H nap e(})eKx, pecneKXHBHO.

Ao6HJaMo:

^ , ̂ .. , npV|- = _j_P- = ;P

4;ct jut ) 4nT T l

PAC je P/T "BHpxyejiHH" OAHOC oA6poja y Bpxy yKynHe eneprHJe npeMa yKynHOM OA6pojy, a KOJH ce
OAHOCH na TOJIH AexeKXOp 6e3 OKOJIHOF MaxepHJajia (Kyhnuixe OA Al, MPXBH CJTOJ Ge ,...).

t nosnaxo, npoSjieM ce CBOAH na npo6/ieM OApe^HBaHja OAHOca P/T. Ho BPCAHOCX K
H v cy neno3Haxe H Moryhe HX je Ao6nxH caMO anpOKCHMaxHBHO H3 Monxe Kapno npopaHyna.

OHHrjieAHO je Aa ce npexxOAHO Ae(J)HHHcaHH OAHOC P/T ne MO^ce eKcnepHMenxaAHO OApeAHXH.
Tpe6a cxsaxHXH Aa yo6HHajeno A6(})HHHcaHH OAHOC spxa npeMa yKynHOM OASpojy, KOJH Ba>KH 3a
aKxyeuHH AexeKUHOHH CHCXCM, HHJC npHMenjbHB y OBOM cjiy^ajy; sanpaso, yKynnoj noBpiiiHHH
cneKxpa AonpHHOce y-3pauH HeKoxepenxno pacejaHH y Me^ycjiojeBHMa H OKOJIHHM MaxepnjajiHMa,
KOJH cxH»y AO AexeKXOpa ca AerpaAHpanoM eneprHJOM. EKcnepHMeHxanno AOSHJCHH OAHOC Bpxa
npeMa yKynHOM OASpojy je cxora saBHcan OA ysopKa H AexeKunone reoMexpHJe. OAHOC P/T y
jeAHaHHHH (2.1) OAHOCH ce Ha oroJbeno, aKXHBHO xejio AexeKxopa. Ha xaj nanHH cxsaxaMO Aa Ha
"BHpxyejiHH" OAHOC Bpxa npeMa yKynHOM oASpojy, napoHHXo y o6;iacxH HHCKHX eneprHJa,

C^CKXH, Kao iiixo je jiouie caKynjtafte nocRnaua HaejieKxpncaH>a HXA. Met)yxHM, y
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[MoensSl] je npernocraBJbeHo #a je osaj O^HOC nesaBHcaH 04 ysopKa H .aereKUHOHe reoMexpHJe H
je CBOJCTBena KapaicrepHCTHKa KopHiiiheHor

oApefjHsaite s sa GHJIO KaKaB ysopaK H GHJJO KaKey ACTeKUHOiiy reoMerpHJy
MOJKC Ce H3B6CTH H3

1) EKcnepHMeHxaJiHO ce oape^e KpHBe £Tef = f ( E j ) sa xaHKacre nssope Ha BCJIHKOM
pe4>eHTHOM pacrojaiby 04 aereKTopa; OBO je CTaH#ap,aHa npoue^ypa Koja ce Mo»e KOPHCTHTH 33
BHmejiHHHJCKe y - H3Bope Kao UITO cy 152 Eu , 226Ra , 182Ta , 166mHo HT^., HOIIITO ce y TOM cjiynajy
npase KOHHUHfleHUHJe Mory 3aHCM3pHTH.

2) Hspanyna ce Q 3a osy eKcnepHMeHTajiHy pecJ)epeHTHy KOH(J)HrypaiiHJy, Kao H sa
saxTesaHO pacTOJafte Hssopa 04 flCTeKTopa H reoMCTpHJy nssopa, TaKo aa ce OMoryhn
KPHBHX £ = f ( E y ) , UITO ce Mopa yHHHHTH 3a flOBOJtaH 6poj y -eHepraja.

3) E(})HKacHOCT Bpxa nyne eneprHJe £ 3a 6Hjio Kojy pa3MaTpaHy KOH<j)Hryp3UHJy H sa 6H^o Koje
eHeprnje ce MOJKC nspsnynaTH HS:

(2.2)

npeTnocTaBKa je KOHCTaHTHOCT BHpTyejiHor oanoca spxa
eHeprHJe npeMa yKynnoM OASpojy P/T . EKcnepHMCHrajiHH pesyjiTaTH HaBCACHH y [MoensSl]

oay npeTnocT3BKy ca HecHrypHomhy ofl nap npoqenaTa.
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3. EOEKTHBHH HPOCTOPHH YFAO

3.1. nOJAM TEOMETPHJCKOr H EOEKTHBHOF IIPOCTOPHOr
yrjiA

noJMOM reoMerpHJCKOr npocxopeor yma Q ce noflpasyMeaa yrao no/i KOJHM nssop
. VKOJIHKO y npexxo^ny ,ne(j)HHHUHJy yicibyMHMO H <J)H3HHKe (J>aKxope Kao UITO cy e<|)eKT

caMoancopniwje H3Bopa H axenyauHJa flexeKXopa, ^o6HJaMO C^CKXHBHH npocxopHH yrao Q .
FeoMerpHJCKH npocropHH yrao ce y npHHUHny HspanyHasa H3 peJiaanje:

&= Jd/2

vs

r^e cy: V - sanpeMHna H3BOpa, a S - noBpuiHHa ^ereKTopa Koja ce BH^H H3 H3BOpa.

3.2. H3PAHYHABAH»E TEOMETPHJCKOr HPOCTOPHOr YTJIA

3.2.1. FeoivieTpHJCKH npocropHH yrao Q 3a raHKacxH H3Bop
Hana>KeH>e reoMerpHJCKor npocropHor yr^a 3a raHKacxH H3Bop T KOJH ce najiasH na OCH

flexcKTOpa (cjiHKa 3.1.a) je je^HOcxaBHO. Taj npoSjieM ce CBO^H na jeflHocTpyKy HHrerpauHJy no yrjiy
9 y rpanHijaMa 04 0 ^o a , UITO je yrao nofl KOJHM ce H3 xanKe T BH^H rpannua H3Jio»eHe noBpuiH

a) 6)

Slika 3.1. nonoxaj ra-HKacTor M3Bopa y OAHOcy na nospwHHy fleieirropa

a) aKo ce M3Bop Hanasn Ha OCM flereicropa, 6) BKO ce nanaaw san oce flereicropa

Me^yxHM, npo6jT6MH ce jaajtajy aKO noKymaMO aa HspaHyHaMO npocxopHH yrao 33 H3Bop
flHMCH3HJ3. ^a SH floiiuiH flo »cejteHor uHJta, npoGjieM heMo peuiaaaxH KopaK no KopaK.

noxpaiKHheMO reoMexpHJCKH npocxopHH yrao 33 xanKacxH H3BOp T Ban oce cHMexpHJe ^exeKxopa,
Kao mxo je npHKasano na CJIHUH 3.1.6. HeKa BeKXOp y npe/icxaBjba raMa 3paK KOJH Kpehe H3 xanKe T
H npoflnpe y AexeKxop y xanKH P. EJICMCHX npocxopnor yma dl7 je:

_dS-\cosj3\_

72
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H

BH OBM AJHtlBAxHO HlfBWH Hg BtfBX MOHtf JIBHBX OHhBHOM09g OB* HirHaBXOtfedu doaEH HQ

MOHtf HHHBX B£ fj OBJjC HHCloX3Odu

z/& z
0 0

•/'
°N

- IfJ

lOHhBHOM H

BH BMOBUadU £B>IMd|J

•( Q = (t) ) HOO- X BH X 9 ' Q = Ifi '

^o; af (j-£ -iro)
' ̂  UlS Jf = dfi ' ̂  SOO y =

OMBX

BWBXBHHfdoON

9f BIT OWBWH 94TB1TBH '

ftp • xp •

X BdOXS9X9lT 9fHdX9WHO 900 HB8 dOBEH HXOBMhBX BE OBjX HHdoXOOdjJ

• ftp • xp • lz = fip-xp- y- y- lz- = gp • /,

:9fBl/B^ • 0 = dz '^doxN9X9l/ Hmdaou BH <j 9f oxmoii B ' dp • xp • y = gp
- dz) + C( Ul - dfi) + i(iX - dx) = X OBN HXHHBXOfgdll 9SCOW 90 /,

U
s

•1 =
:BdOX»9X9tf 9JHdX9WHO 90O HB8 dO8£H HXOBMhBX BE OBJ/{ HHdOXOOdlJ HHUXM/C 9f MOtf



3.3. nono>Kaj 6ecKOH3MHO raHKor wseopa o6/iMKa AHCKB u noepwHHe Aereiaopa
y

Kao IIITO ce BHAH, cjiy^aj je cjiHHan npeTXOAHOM icafl CMO HMajiH TanKacTH H3Bop Ban oce CHMeTpnje,
caMO IIITO ce Mopa HSBPIUHTH H HHTerpaijHJa no noBpuiHHH.

1 2«
Jdpj/

0 0

DOIIITO /2j rdr He 33BHCH OA yrjia q>,

71 r

r0 r0 n R0

= — -2zT Jrdr

r« 0 0 c

. o n 04zT r r f=— J- rdr d^
rO 0 0 0

RdR

» \i

H

a)
C/iMKa 3.4. a) flonoxaj useopa

6) npuKaa npoAOpa spara Kpos Aereiaop

*
L

y
»

d

*

V2

"1 '

H
i

\

S2

~^

'1

1

S2

"RO"

:3~

V2

z=c

6)
n Aereirropa,
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3.2.3. FeoMeTpHJCKH npocropnii yrao Q sa H3Bop UHJiHH^pHHHor
PeaJiHH cjiynaj y npaKCH je Aa H3Bop HMa KOHanne AHM6H3HJe, Hajneiuhe u,miHHApHHHor

HMaMO CHxyau,HJy Kao Ha CJIHIJH 3.4.a:

KoopAHHaxa z-\e caAa Moace npeAcxaBHXH Kao 36np pacToja^a HacnpaMHHX nospuiH H3Bopa H
d H pacrojaja reKyhe xaHKe T OA flwa H3Bopa / , ZT = d +1. HpocTOpHH yrao Oc 3a H3Bop

oSjiHKa Ao6HJaMo, nojiasehn OA npocxopHor yrjia f2D sa AHCK, Ha

RAR

o 0
3/2 '

Lr2
Jrdr
0 0

RdR

Jd/ Jdr
0 0 0

l)rRAR
(3.1)

H3pa3 e npHMeHJBHB 3a c^ynaeBe KaAa e nojiynpeHHHK H3BOpa isia^H OA
nojiynpeHHHKa aKTHBHor AexeKxopcKor xe^a /{) < RQ . 3a ysopKe URUHHAPHMHOF o6^HKa KOA KOJHX je
TO > RQ , reoMexpHJCKOM npocxopnoM yr^y Oc MopaMO Aa AOAaMO H npocxopHH yrao KOJH xpexnpa
npoAOpe raMa 3paKa Kpos OMOxan AexeKxopcKor uHjiHHApa Kao Ha CJIHUH 3.4.6).

' z

a) 6)

Slika 3.5.a) rio^o>Kaj raMKacror nsBopa y OAHOcy Ha BoHHy MMnHHflpHMHy noepujiiHy flereiaopa sa cnynaj r0>Ro ,

6) rpaHMHHM cnynaj KaAa je y-3paK raHreHia Kpy>KHor npeceKa MM/iMHflpa Aereiaopa
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reoMexpHJCKH npocxopHH yrao 6nhe:

^ V2,S2

je Vj yHyrpauiH>n UHJIHHAPHHHH ACO sanpeMHHe H3BOpa KOJH HMa nojiynpeHHHK Kao aKXHBHH fleo
AexeKxopa, AOK je F2 ocxaxaK sanpeMHHe H3BOpa. 5j je noBpuiHna AexeKxopa OKpenyxa H3BOpy, a S2

OMOxana Aexeicxopa, KOJH caAa nocxaje BHAJBHB H3 Aejia V2 3anpeMHHe Hssopa. Hspas 3a
noKJiana ce ca (3.1). fla 6n CMO AOUIJIH AO ropasa 33 npocxopHH yrao /?C2 KpenyheMO OA

xanKacxor H3Bopa T2 , KOJH ce najiasn Ban oce AexeKxopa Ha pacxojatfey r OA oce, KOJC je sehe
OA nojiynpeHHHKa AexeKxopa (r > RQ) . d/?^2 HahH heMO na cjiCAehn HaHHH. Ca CJIHKB 3.5.a) ce BHAH
Aaje:

r
EJICMCHX noBpiiiHHe d52 MOJKCMO Aa npeAcxaBHMO Kao
KoopAHHaxe (y CHcxeMy XOY na AHy CJIHKB 3.5.a)

r
=Rod0dh . FIpe^acKOM na

y -spaKa MOKCMO onncaxH pejiaijHJOM y = (xp2 - XT., )« + (yp2 - yx2 )j + (2P2 ~ 2T2 )^ > Y KOJy
heMO 33M6HHXH KoopAHHaxe xanaK3 T2 H ?2 Koje cy Aaxe Ha CJIHUH 3.5.a), ysHMajyhn y o6sHp Aaje
ZT =d + l :

TaAaje:

= RQ d</>dh (RQ cos2 <f> -

• dS'2 1 = /Jo d^d/z (r cos ̂  - .Ro )

TaKol)eje:

/i je y HHxepBajry [0,H]- AKO yBCACMo CMeny h'= -h xaAaje h' y nnxepBany [-//,0]. O63npOM Aaje
CBCJCAHO KOJy OA OBC ABC BCJIHHHHe fieMO KOpHCXHXH, npeMa KOOpAHHaXHOM CHCXCMy H3 C^HUH 3.5.a),

Ja d/?j- je xaKO
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a npocropHH yrao O^2 je

/?T2 = R, J<¥ ]dh

-A -ff

3naHeH>e rpanHu,a HHTerpaujye -<fo H (fo MOJKC ce cxBaxHTH ca cjiHKe 3.5.6). V rpaHHMHOM cjiynajy,
y-3paK je TaHrenra KpyjKHor npeceKa u,HJiHHflpa flereKTOpa. Jacuo je fla H3Bau THX OKBnpa TanreHTe,
3paK npoMauiyje flereKTOp. Tpaunua $> ce Moace H3pa3HTH na

CHMCTpHJe rpaHHua HHrerpaunje no <j>

0

AKO npeTnocTaBHMo ^a H3Bop HMa oSjiHK 6ecKonaHHO TanKor mynjter /(HCKa (Kao npcTCH) HHJH
je yHyrpaixiHiH nojiynpeHHHK je^naK nojiynpeHHHKy aeTCKTOpa R0 , a cnojbauiH.H r0 ,
sa npocTopHH yrao

]rdr

flo 0 _

AKO cafl TOM 6ecKOHaHuo TaHKOM npcTeny ^aMO fle6ji>HHy L , flo6HJaMO unjiHHflap - anulus, a H3pa3
33 npocTopHH yrao 6Hhe:

L

0

0
,,

rdr
f

3, KOH3HHH H3p33 33 npOCTOpHH yraO, 3KO J6 H3BOp UHJlHHflpHHHOF o6j!HK3 nOJiynpCHHHKa

i , KOJH je Behn ofl nojiynpeHHHKa flCTeicropa -Ro Je:

L r0 n R0

1 f4(d + /) ,, f . f , , f
nc=— •- 0 dl rdr d^ -

L J r2 •* J J
0 ° 0 0 1

RdR
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iv 'o yo u

Jd/ Jrdr jd<2> J

0 Ra

(3.2)

3.2.4. E4>eKTHBHH npocropHH yrao /?
^o ca#a CMO pasMarpaiiH caMO reoMexpHJCKe (baicxope H HSBBJIH H3pa3 33 reoMexpHJCKH

npocTOpHH yrao. MetjyxHM, jom HHCMO floxaicriH (JmsHMKe (baicxope TJ. etbeicax caMoancopnunje y
H3BOpy H axenyauHJy y cuojeBHMa ncnpea aexeicxopa, O.ZJH. cy^a y KOMB ce HanasH H3BOp, nocxojba,
sas^yxa, Al -nocyae Koja OKpyacyje ^ereKrop, MpTBe sone /jereKTOpa, ... J\& GHCMO KopHroBajiH nspas
3a reoMerpHJCKH npocropHH yrao Ha ecbeicr arenyauHJe y Me^ycJiojeBHMa, yHyrpaiiiH>e
4>yHKL(HJe je^HaHHHe (3.2) MOpaMO nOMHO>KHTH (baKTOpOM

(3.3)

je St - Ay^nna cJio6o/iHor nyra y -3paica Kpos i -TH ancop6ep, a //j - JiHHeapHH
Koe(f>HUHJeHT i -ror ancopGepa, HCKjtyMyjyhH KoxepenTHo pacejaH>e. OsaKO

a^cop^^HOHH KoecbHijHJeHT Tpe6a pa ce KOPHCTH cfiy^a y OBOM KonxeKcxy, nouixo CBaica
HHxepaicuHJa Koja nacxaje y HBKOM Me^ycJiojy CBaKano BOAH y eneprajy y -3paKa M3tt.y 04 nyne
eneprHJe, ca HsysexKOM Koxepenxnor pacejaita, nomxo OHO ne npoyspOKyje .gerpaflauHJy eneprHJe, a
npoqec pacejaH>a je, nopea xora, jaKO ynepen npeMa Hanpea, xaKO j\& y -spaic He CKpehe snanaJHO ca

nyxaH>e.

pejiesaHXHH (baKxop je BepoBaxnofia aa y-3paK KOJH naaa na aKXHBHy sony
HHxeparyje ca MaxepHJanoM flexcKxopa npe HO mxo je HanycxH. fla GHCMO je Oflpe^HJiH, nocMaxpaJMO
nyxaH.y y-3paKa Kpos Aexeicxop y Hajcjro>KeHHJeM cjiynajy, Ka^a nyxaita npo^npe Kpos neaKXHBHy
uenxpajiny 3OHy aexeKXOpa H HOXOM HOHOBO yjia3H y aKXHBHy sony (CJIHRB 3.6.). Heica je IQ
HHxcHSHxex y -3paKa Ha Mecxy ynaaa, a A\a nyxa on Mecxa ynana 40 Mecxa npo^opa y
HeaKXHBHy uenxpaJiHy 3OHy r^e je HHxensHxex cnao Ha I\a

r^e je ju^ xoxajiHH ancopnuHOHH KoecbHUHJenx (H3y3HMajyhH Koxepenxno pacejaH>e) MaxepHJana
flexeicxopa.

CJIMKB 3.6. riyratba y-apaKa Kpoa flereKiop, MHTeHsmeTM Kpoa nojeflMHe cnojeee

Aerexropa (70, 7j, 72, /3) n AVKHHB npefjeHor nyra (A^, A2,rj)

EneprHJa ocxaajbena y aexeKxopy fly» A] nponopuHOHajinaje:
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HpoJiacKOM Kpo3 HeaKTHBHy uempanHy sony, na Ay*HHH nyra jj , HHTensHTex onaAHe na

FAB e //p TOT3J1HH sncopnuHOHH Koe4>HUHJeHT (H3y3HM3JyhH KoxepeHTHo paceJ3H>e) M3TepHJ3Jia
ijeHTpariHe neaKTHBHe 30He, KOJH iwoace 6HTH Ge KOA Ge(Li) AcreKropa HJIH npasan npocxop KOA
HPGe AereKTOpa. HHTeH3Hrer Ha Mecry KonanHor HanyurraH>a AereKTopa je

TSKO A3 je eneprHJs OCT3BJB6H3 y

/ - / =

H3 riyra A2 '

• h = k ' e"^d > +^ • h = /o ' /'/2 , /' =

eneprHJa ocraajbeHa y SKTHBHOJ SOHH Aerejcropa 6nhe T3A3

n3 noAHHrerpajine (J)yHKUHJe jeAHanHne (3.2) MopaMO noMHo»(HTH jom H (J)aKTOpOM

(3-4)

Ha ocHOBy OBOF MoaceMO Aa HanHiueMo nspase 33 C^CKTHEHH npocxopHH yrso 33 TSHKSCTH
H3BOp:

0 o [-R -2Rrcos0 + rz +ZT

33 UHJIHHAPHMHH H3BOp:

3a

33 r0>JR0:

0 0 0 (d + /)2 j

FFRdR

fd/ J
/

3.2.5. HspanyHaBaibe ^, xlj , A2 H 7

3a cjiynaj raHKacxor H3Bopa nocTSBJbenor HS OCH AereKTops H3p3HyH3B3H>e S j , A\, A2 H TJ je
pejiarHBHO JiaKO. Me^yrnM, 3KO je HSBOP B3H oce Aereicropa CHxyauHJs ce KOMnjiHKyje. Ilpo6jieM je
peuieH TaKO UITO cy yseTH y o63Hp KapaKTepHCTHHHH nyxesH npoJiacKa y-3p3K3 KpO3 AcreKrop. Hs
CJiHKaMa 3.7.3 H 3.7.6 A3TH cy npoAOpH 33 cJiyHajese K3A3 je 1$ < RQ H ?])>/?o y ^Be H TPH

AHMCH3HJ6.

CJIHHSH npo6jieM ce J3Bjb3 npH H3Ji3CKy y -3p3Ka H3 H3Bopa. OHM Mory Aa Hsnycre HSBOP HJIH
Kpos AHO HJIH Kpos OMOxaH nocyAe, a xe nyraibe cy npHKasane Ha CJIHUH 3.8.a. fleraibHO pasMarpafte
nyrafta HHrepaKunje y CBHM SKTHBHHM H HeaKTHBHHM CJiojeBHiwa naBOAH nac Ha HAejy Aa 3a CBB
OOJCKTe y3MCMO J6A3H OnillTH O6JIHK - UHJIHHApH^IHH CJIOJ H3 JCAHOM Kpajy 33TBOp6H AHCKOM, KOJH

heivio y AaJbeM TeKCTy 3B3TH "UHJIHHAPHHH3 Kana". Vs noMoh (j)opMyjia aHajiHTHHKe reoMerpHJe
npoAope nyrafte y -spaKa Kpos OMorane H/HJIH 6a3e CB&KG UHJIHHAPHHHB K3ne, a
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BUBX XMHhMdb'HMi/Kih ehBiowo n acBQ codx Mhaoadu MHhmondaixedBX (g

lAtMoou codx edoaen CM BXBdc-A S'HBI/U aHhuiondeixedex (B -g'C BNMI/O
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3.3. nPOFPAM OMEGA

3.3.1. YjiasHH nojjauH

OMEGA je nporpaM y3 noMoh Kora ce HspanynaBa e<j)eKTHBHH npocropHH yrao 3a xaMKacxe H
UHJ1HHAPHHHC H3BOpe Ha OCH Y -ACTeKTOpa 33 A&Ty CHeprHJy URTIHHApHHHOr H3BOpa KOHaHHHX

AHMCH3HJa, HHJH npeHHHK MOJKc AS 6yAC H MaFtH H BefiH OA npeHHHKa AeTeKTOpa. TlporpaM je nanncaH
y je3HKy Object Pascal, y nporpaMCKOM OKpy>K6H>y Delphi, 3a onepaTHBHH CHCTCM MS Windows.

J\a SH nporpaM Morao Aa naM H3panyHa C^CKTHEHH npocxopHH yrao /2 , y ynasnoj AaTOTeuH je
norpeGno npeuH3HO Ae(j)HHHcaTH CHCTBM H3Bop-AexeKTOp. IloA THM ce noApasyMesajy noflaun o
AHMCH3HJaMa CBHX cacraBHHX ejieMenaxa KOJH HHHB CHCTCM H H.HXOBHX axeHyauHOHnx Koe^HunjeHaTa
na HcejbCHOJ eHeprexcKoj cicajiH. CjieAefia raGejia naM npHKasyje jeAHy xaKsy yjiasny AaxoxeKy ca CBHM
norpeGHHM noAauHMa sa H3paHyHaBaH>e e(J)eKTHBHor npocropHor yrjia.

GEOMETRY

cylobj

core
inlayer
detector
outlayer
mount
shield
vacuum
can
window
canring
windowgap
capring
capgap
cap
airring
bag
air
platform
container
source

MATERIAL
material
(g/cirTS)

DATA (dimensions

zLow zHiln

0
0
0
0
0
6
0
0
6
6
6
7
7
5
0
0
0
7
7
7

.00

.00

.00

.00

.00

.52

.00

.00

.83

.88

.88

.01

.01

.73

.00

.00

.00

.57

.59

.75

0
5
5
6
6
6
6
6
6
7
6
7
7
7
5
7
7
7
7
7

.00

.71

.80

.52

.52

.52

.53

.88

.83

.01

.88

.43

.01

.43

.73

.55

.57

.57

.75

.75

in cm)

zHiOut

5
5
6
6
6
6
6
6
6
7
7
7
7
7
5
7
7
7
10
10

.71

.80

.52

.52

.52

.53

.83

.88

.88

.01

.01

.43

.43

.55

.73

.57

.57

.59

.60

.60

0
0
0
2
2
0
2
3
0
2
0
2
0
3
3
3
3
0
3
0

rln

.00

.46

.55

.80

.80

.00

.85

.37

.00

.97

.00

.80

.00

.50

.50

.81

.83

.00

.48

.00

rOut material

0.
0.
2.
2.
2.
2.
3.
3.
3.
3.
2.
3.
3.
3.
3.
3.
5.
5.
3.
3.

46
55
80
80
85
85
37
50
37
50
97
50
50
81
81
83
05
05
60
48

vacuum
Ge
Ge
Ge
Al
PE mylar

vacuum
Al
Be
Al
air
PE

air
PE

air
PE
air
PE acetcel
PE

fosfat Si02+Ca3 (P04)2

DATA:

5
Ge
.32 2

Al
.70

E~(keV) total attenuation

20.87
26.24
30.78

3.
1.
1.

69E+01
96E+01
25E+01

2.
1.
9.

Be
1.85

coefficients

85E+00
47E+00
51E-01

1
1
1

PE(CH2) fosfat
0.93 1.499

without coherent scattering (cm"2/g)

.85E-01

.67E-01

.61E-01

3.52E-01 4.16E+00
2.68E-01 2.15E+00
2.37E-01 1.38E+00

3.3.2. YBOAHH aeo nporpaMa
,0,a 6n nporpaM ycneumo Hspanynao C^CKTHEHH npocropHH yrao Q , KOJH je, Kao UJTO CMO

BHACJIH y npexxoAHOM nomaBjty, sanpaso HeTBOpocrpyKH HHxerpaji, noxpe6Ho je npao Ae^HHHcaxH
ocHOBHe CTBapn Besane 3a nporpaM. TaKO cy AetJmnHcaHe nporpaMCKe 6n6jiHOTeKe H3 KOJHX he GHTH
KOpHUlhCHH OApetjCHH HOAnpOPpaMH, 33THM Cy A6(J)HHHCaHe KOHCTaHTC (HM6, THn H BpeAHOCT) H Ha

Kpajy cy Ae^HHHcane npoueAype Koje he GHTH HMnjieMCHTHpane y nporpaMy.

unit RunOnit;
interface
USES SysUtils,Centrols,WinProcs,Classes,Graphics,Forms,ExtCtrIs,Math,

DOGRAPH, FVIEW, USTRFN,USYSTR,WANSWR,MTHFDN,aGRAPH,aPLOT, {JSCTYP,JSCMTH,JSCFRM,JARRMT,
GSLGQDTR;
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CONST cmwidth:SINGLE=12.0; cmheight:SINGLE=12.0; dpi:INTEGER=300;
stretchfactor:SINGLE=0.165; fontpt:INTEGER=13;

PROCEDURE CreateVariables;
PROCEDURE FreeVariables;
PROCEDURE RunKeyDown(kbcode:WORD);
PROCEDURE RunMouseMove(x,y:INTEGER);
PROCEDURE RunTimerl;
FUNCTION Drawlt:BOOLEAN;
PROCEDURE ComputeAngle;

implementation
PROCEDURE RunMouseMove(x,y:INTEGER);
VAR xr,yr:SINGLE;
BEGIN WITH Forml DO BEGIN
xr:=Round(x+0.5)/Image1.Width; yr:=(y+1)/Image1.Height;
PanelX.Caption:=ValOfPixSt(bottom,Round(picturewidth*xr) ,6,3);
PanelY.Caption:=ValOfPixSt(aPLOT.left,Round(pictureheight*yr),6,3) ,
END; END;

V cjie^eheM cerivieHxy nope^ ae<J)HHHcaH>a KOHCxaHXH MAXITEMS, ox, oy ysofle ce H HOBH, 3a
nporpaM OMEGA cnem«j)HHHH THOOBH npoweHJbHBHx BeJlHHHHa Kao IIITO cy POINTS, ITEMS H CYLCAP.

3anHC POINTS penpeaeHTyje xaHKy y npocxopy, Koja ce KapaKrepHiiie CBOJHM KoopAHHaraMa x,
y H z. ITEMS ae(J)HHHiiie HHS KOJH je orpaHHneH KOHcraHTOM MAXITEMS, a Koja y cxsapn
6poj oojeKaxa xnna uHjiHHapHHHa Kana y cwcxeiviy H3Bop-flexeKXOp. CYLCAP ,ae<J)HHHiiie
Kany Kao OOJCKX KOJH MOJKB ̂ a 6y/ie pasjiHHHXHx AHMensHJa, KapaKxepncxHKa, MaxepHJajia H

3.9. flnMeH3nje oSjeicra CYLCAP, MunnHApuMHa Kana. Kafla je rin=o n zHin=zLow, oSjeicr nocraje
, Hanp. source. MayaerHO, aKO je MMe o6jeicra container, aa qmiHHflpuHHy Kany ce ciwaipa fla je

OKpeHyra OTBOPOM Haeniue. 3araMiteH>e oSjeirra (256 HnjaHcn CUBC) nponopquoHariHO je rycrnHn Marepujana.

CONST MAXITEMS=20; ox:EXTENDED=6; oy:EXTENDED=0.5;
TYPE POINTS=RECORD x,y,z:EXTENDED END; ITEMS=1..MAXITEMS;

CYLCAP=RECORD
name,material:STRING[10]; zLow,zHiln,zHiOut,r!n,rOut,density,mu,d:EXTENDED;
col:INTEGER; icl,ic2:POINTS
END;

Crce,neftH KopaK je ^e(J)HHHcaH.e npoMeajbHBHx KOJC ce jaBJtajy y nporpaMy. npOMCHjbHBe Koje
^e(})HHHiiiy npe^ene nyxese (c^HKa 3.6), xnna EXTENDED, cy:
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ddeltal - npeljeHH nyr Kpos H3sop,
ddelta2 - npeljeHH nyx Kpos xojiflep,
eta - npeljeHH nyr Kpo3 jesrpo Aexeicxopa.

,ae(})HHHii]eMo npoMCHJbHBe xHna POINTS Koje npeflCTaBjtajy xanice npoflopa j -spaxa Kpos
nospuiH (cjiHK3 3.7) Koje npnnsflajy pasjiHHHXHM cjiojeBHMa ^exeKxopcicor CHcreivia:
pointT - X3HK3 T y KOJOJ Ce H3J133H H3BOp J -3p3Ka,

point P - xamca P y KOJOJ 3paK npo^npe y .aexeicxop,
det i cpt - T3HK3 npoflopa Kpo3 6a3y ^exeicxopa (roppta),
coricptu - TaHKa npoflops Kpos 6aay j esrpa aexeicxopa (ropita),
coricptl - T3HK3 npoflopa Kpos 6asy jesrpa £exeKXOp3

fle<})HHHcaH,e npoiweHjbHBHX Koje cy Be3ane sa ^HMensHJe aexeicxopcKor CHcxeiwa:
SrcZ - 2 -KOOpflHHaxa H3BOpa (flOH>3),

srcR - nojrynpeHHHK H3Bop3,
srcL - BHCHH3 H3BOpa,

detR - nojiynpeHHHK AeTCKxopa,
detMu - Koe(})HUHJeHX ancopnunje
corZ - z-Koop^HH3X3Je3rp
corR - nojiynpeHHHKJesrpaflexeKxopa,
corMu - Koe(})HUHJeHX sncopnujHJe jesrps

Kso HyiwepHMKH Mexofl 3a H3paHyH3B3H>e BHiueAHMeH3HOHajiHHx HHxerpajis KOpHiufieHS jc Fayc-
Jle>K3H4pOBa KB3flp3Xypa, KOJ3 C6 nO3HB3 H3 M3X6MaXHHK6 6n6^HOXeKe UNIT GSLGQDRT.

Besane sa osaj nocxyn3K cy:

integral - BpejjHocx HHxerpajis Ka^3 je nojiynpeHHHK H3BOpa M3H.H o^ nojiynpeHHHKS ̂ exeKxopa,
integra!2 - Bpe^Hocx HHxerpana K3^3 je nojrynpeHHHK H3sop3 Behn o^ nojiynpenHHKS aexeKXOps,
p - cxenen pesojiyqHJe KB3^p3xype
a - AOFb3 rpaHHua HHxerpsqHJe 3a detR<srcR,
b - ropn>3 rpaHHU3 HHxerpsimje 33 detRorcR,
a2 - flOH>3 rpaHHi;a HHxerpaunje sa detR>srcR,
b2 - ropH.a rpaHHM3 HHxerpauHJe 3a detR>srcR,
phi21ow - aoH.3 rpaHHqa HHxerpsunje HHxerpana no ynxy <f>
phi2hi - ropfta rp3HHU,3 HHxerpsunje HHxerpana no yrjiy (j)

FIpOMeHJtHBe absZl, absZu H absMu cy HHSOBH oa 4 ejieMenxa xnna SINGLE:
abszl - 2 -KOOp^HHaxa ancop6ep3 (flOH>3)
absZu - z -KOOp^HHSxa ancop6ep3 (ropH>3)
absMu - JlHHeapHH XOXOJIHH axenysuHOHH Koe(j)HUHJeHX ancop6eps

Ha Kpsjy cy fle(j)HHHC3He flsxoxeKe xnna TEXT ca yjiasHHM (input file) H H3JI33HHM
(outputf ile) no^3UHM3. OpOMeHJbHBe XHHS STRING chword H line nporp3M KOpHCXH y o6p3AH
X6KCX3.

VAR cylcaps:ARRAY[ITEMS] OF CYLCAP; nitems:INTEGER;
material:STRING[10]; adensity,zeroz,att,r,1,rr,phi,h:EXTENDED;
ddeltal,ddelta2,eta:EXTENDED;
pointT,pointP,deticpt{A,B},coricptu{01},coricptl{02},testpoint:POINTS;
srcZ{d},srcR{rO},srcL{L),detZ{H},detRfRO},detMu,corZ{D},corR{RO'},corMu:EXTENDED;
integral,integral2:EXTENDED; p:RESLPWRS; a,b,a2,b2,phi21ow,phi2hi:HYPERECT; called:LONGINT;
inputfile,outputfile:TEXT; chword,line:STRING;

3.3.3. DrawCylCap

nporpaM OMEGA, H3 ocHOBy yjiasHor (J)3JJia renepHiiie CJIHKy aexeKxopCKor cncxeivia, KOJa c;iy>KH
KSO BHsyejina Konxpo^3 npsBHjinor ynocs CBHX flHM6H3HJ3 nocxaBKe H3Bop ^exeRxop. 3a upxaH>e

CHCX6M3 o^roBopHS je npoue^yps DrawCylCap.
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PROCEDURE DrawCylCap(i:INTEGER);
VAR x,y:INTEGER; gray:INTEGER;
BEGIN WITH cylcaps[i] DO BEGIN
gray:=255-Round((cylcaps[i].density/adensity)*125);
aCanvas.Brush.Color:=RGB(gray,gray,gray);
IF Pos('container',name)>0
THEN BEGIN

Line2D(ox-rOut,oy+zLow,ox+rOut,oy+zLow);
Line2D(ox-rOut,oy+zLow,ox-rOut,oy+zHiOut); Line2D(ox+rOut,oy+zLow,ox+rOut,oy+zHiOut);
Line2D(ox-rln,oy+zHiln,ox+rln,oy+zHiln);
Line2D(ox-rln,oy+zHiln,ox-rln,oy+zHiOut); Line2D(ox+rln,oy+zHiln,ox+rln,oy+zHiOut);
Line2D(ox-rOut,oy+zHiOut,ox+rOut,oy+zHiOut);
x:=Pix(ox); y:=pictureheight-Pix(oy+(zHiln+zLow)/2);
aCanvas.FloodFill(x,y,clBlack,fsBorder);
END

ELSE BEGIN
Line2D(ox-rOut,oy+zLow,ox-rOut,oy+zHiOut);
Line2D(ox-rOut,oy+zHiOut,ox+rOut,oy+zHiOut);
Line2D(ox+rOut,oy+zHiOut,ox+rOut,oy+zLow); Line2D(ox+rOut,oy+zLow,ox+rln,oy+zLow);
Line2D(ox+rln,oy+zLow,ox+rln,oy+zHiln); Line2D(ox+rln,oy+zHiln,ox-rln,oy+zHiln);
Line2D(ox-rln,oy+zHiln,ox-rln,oy+zLow); Line2D(ox-rln,oy+zLow,ox-rOut,oy+zLow);
x:=Pix(ox-(rOut+rln)/2); y:=pictureheight-Pix(oy+(zHiOut+zLow)/2);
aCanvas.FloodFill(x,y,clBlack, fsBorder) ;
x:=Pix(ox+(rOut+rln)/2); aCanvas.FloodFill(x,y,clBlack,fsBorder);
END;

END END;

3.3.4. SetRayPath

FIoMohy npoueaype SetRayPath Ae(})HHHiiiy ce xaHKe pointT H pointP Kpos KOJe npoJia3H
y-3paK. y xaHKH T ce najiasH H3BOp Y-spaKa H H>eroBe KOopAHHaxe cy T(r,0,zT). z-j- je sanpaso
pacxojaH>e o^ ^exexxopa AO H3BOpa, a y npoue^ypn je OHO fle<J)HHHcaHO 36npoM pacxcjan^a oa
AexeKxopa ^o nnstrfyopMe H 04 njiax(J>opMe RO H3Bopa 1. KoopAHHaxa y=0 3axo mxo ce
CHCxeM Mo>Ke oKpeHyxH xaKO Aa npopanyH

TaHKa P(R,0,0) je nocxasjteHa na noBpuiHHH aKXHBHor flexeicropCKor xeJia, a H.CH nonoacaj je
pacxojafteM oa Koop^HHaxnor nonexKa H ymoM <f> . Koop^HHaxHH nonexaK je na noBpuiHHH

aexeKxopa na je z - 0 . #aKjie, aa GHCMO nocxaBHJin xanice P H T , a xHMe H fle(J)HHHcaJiH 3paK,
noxpe6no je Kao yjisane BejiHHHHe /jara r , I , R H <f> (H^H y nporpaivty: r,l,rr H phi).

PROCEDURE SetRayPath(r,l,rr,phi:EXTENDED; VAR pointT,pointP:POINTS);
VAR sinphi,cosphi:EXTENDED;
BEGINfpostavlja koordinate tacke T u izvoru i tacke P na lieu detektora)
SinCos(phi,sinphi,cosphi);
WITH pointT DO BEGIN x:=r; y:=0; z:=srcZ+l END;
WITH pointP DO BEGIN x:=rr*cosphi; y:=rr*sinphi; z:=0; END;
END {SetRayPath};

nocxaBKa je Moryha y cjinnajy KaAa je nojxynpeHHHK ysopKa Matbn on nojiynpeHHHKa
AexeKxopa, H3 pas^ora mxo CMO xa#a cnrypHH Aa 3paK Mopa Aa yAapa y JIHUC AexeKxopa. MeljyxHM,
aKO je cHxyauHj'a o6pnyxa, xaAa je peajino Moryhe Aa 3paK yAapa KaKO y JIHUC AexeKxopa, uixo je Beh
onHcano, xaKO H y OMOxan AexeKxopa (uHjiHHApHHHa nospiuHHa), na je xaHKy P HeonxoAno
A6(J)HHHcaxH na ApyrH H3HHH. To je OHHcano y npoueAypn SetRayPath2 Koja xanKy npoAopa y
UHJIHHAPHHHH OMOXaH A6(})HHHIlie K3O P(-R() COS(f>,Ro Sin<p,h) . IlpH XOM6 JC KOOpAHH3XHH HOMBXaK H

A3JBC H3 HOBpIIIHHH JlHUfL ACX6KXOpa.

PROCEDURE SetRayPath2(r ,1 ,h,phi :EXTENDED; VAR pointT,pointP:POINTS);
VAR sinphi,cosphi:EXTENDED;
BEGINfpostavl ja koordinate tacke T u izvoru i tacke P na omotacu detektora}
SinCos(phi,sinphi,cosphi);
WITH pointT DO BEGIN x:=r; y:=0; z:=srcZ+l END;
WITH pointP DO BEGIN x:=detR*cosphi; y:=detR*sinphi; z:=h; END;
END {SetRayPath2};

3.3.5. GetRayPoint

floMohy npoueAype GetRayPoint ce Mory HspaiynaBaxH KoopAHHaxe SHJIO KOJe xaHKe Koja ce
Hana3H Ha npasoj Koja npeACxaBJta Y -3paK, a Ae<|>HHHiiie ce y npoqeAypn SetRayPath.
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PROCEDURE GetRayPoint(z:EXTENDED; VAR point:POINTS);
VAR zeta:SINGLE;
BEGINfza dato z odredjuje x i y na pravoj TP}
zeta:=(z-pointT.z)/(pointP.z-pointT.z);
point.x:=zeta*(pointP.x-pointT.x)+pointT.x; point.y:=zeta*pointP.y; point.z:=z;
END {GetRayPoint};

Kao mxo BHflHMO, 3a flaxy apeflHocx KoopflHHaxe z (KOJR je yjiasna BejiHMHHa) floGnjaiwo KoopflHHaxe
xaHKe point Kao HSJiasny BejiHHHHy. H3pa3H no KOJHMa ce nspanyHasajy KoopflHHaxe xanKe jiaKo ce
H3BOfle aKO KpeneMO Ofl jeflHanHHe npase Kpo3 flaxe

x —

PeuiaBajyliH no x H y , y3 yr - 0 , HMaMo:

x =

y = -yp =

rfleje zeta:

s- Zj -Z

3.3.6. InBase
OyHKUHJa InBase, XHna BOOLEAN, npOBepasa fla JIH flara xaHKa, Koja je fle^HHHcana z -

KoopflHHaxoM H pacxojaH>eM ofl z -oce (nojiynpeHHHKOM neKe nocMaxpane KpyjKHHqe r ) JTCJKH Ha
6a3H K a c H o r o6jiHKa.

FUNCTION InBase(z,r:EXTENDED; VAR basicpt:POINTS):BOOLEAN;
BEGIN{da li zrak TP prolazi kroz krug radijusa r na visini z}
GetRayPoint(z,basicpt); WITH basicpt DO InBase:=( Sqr(x)+Sqr(y)<=Sqr(r) );
END {InBase};

GetRayPoint ce floGHJa xaHKa npoflopa Kpo3 pasan na BHCHHH z , basicpt, na
InBase noiwohy cjiefleher KpnxepHJyMa Hcnnxyje fla JIH ce xa xaHKa HanasH ynyxap Kpyra:

x2 +y2 <r2 .

3.3.7. SolvQuadrEq

IlpoueflypoM SolvQuadrEq H3panyHaBajy ce pemeH>a x{ H x2

ax2 + bx + c = 0.

PROCEDURE SolvQuadrEq(a,b,c:EXTENDED; VAR xl,x2:EXTENDED);
CONST singinfty=lE35;
VAR discr,sqrtd,bhalf:EXTENDED;
BEGIN
IF a=0
THEN IF b=0 THEN BEGIN xl:=singinfty; x2:=-singinfty END

ELSE BEGIN xl:=-c/b; x2:=xl END
ELSE BEGIN

bhalf:=0.5*b; discr:=Sqr(bhalf)-a*c;
IF discr<0 THEN BEGIN xl:=singinfty; x2:=-singinfty END

ELSE BEGIN
sqrtd:=Sqrt(discr); xl:=(-bhalf+sqrtd)/a; x2:=(-bhalf-sqrtd)/a;
END;

END;
END {SolvQuadrEq};
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3.3.8. GetLaterlcpts

Opoueaypa GetLaterlcpts PBpanyHaea r/je cy GOHHH npo,a,opH npase (TJ. y -apaica)

GecKOHaMHo fsyror qwitmapa Aaror paaHJyca r . KoopflHHare xaHKe npojopa ( x , y H z )

y ce pemaBafteM cHcreMa oa rpH jeflHaHHHe ca xpn

PROCEDURE GetLaterlcpts (r: EXTENDED; VAR uicpt, licpt : POINTS) ;
VAR zetal, zeta2, zl, z2,xtp, ztp:EXTENDED;
BEGIN {odredjuje tacke prodora (uicpt, licpt) kroz omotac cilindra radijusa r}
xtp:=pointP.x-pointT .x; ztp:=pointP . z-pointT . z;
SolvQuadrEq( Sqr (xtp) +Sqr (point P. y) , 2*xtp*pointT.x, Sqr (pointT.x) -Sqr (r) , zetal, zeta2
zl:=pointT.z+ztp* zetal; z2 :=pointT. z+ztp*zeta2;
GetRayPoint ( Maior (zl, z2) , uicpt ); GetRayPoint ( Minor (zl, z2) , licpt );
END {GetLaterlcpts};

YCJIOB npoaopa je:

x = -
Zp -ZT

- (xp -XT) + XT

j
= —

2 2 2x +y -r

npse ABB je/iHaMHHe y rpehy je^naHHHy flo6HJeMo:

'**-*<- -— V+Uz^J2=^2
(ZP-ZT J

ZT~Z \ 0 zT-z (
\ P ~ X T ) + ^ I-3'? •

xp - XT =

z -

= L, ,

ce KBa^paxHa je^HanHHa

CnnKa 3.10. ropn>a n AOtta ranKa npoSoja noepwii
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Koja ce AaJbe peuiaea noMohy npoueAype SolvQuadrEq, OAaicne ce AoSHJy pemefta^, H ̂ 2 na je

Moryhe BpaxnxH CMeny H HSpanyHaxH zl H z2 . J\K& pemefta KBaApaxne jeAHaHHHe snane Aa nocxoje

ABB xaHKe npoAopa, UITO je H pasyivutHBo jep spaK, aKO yt)e y u,HJiHHAap nerAe Mopa H Aa Hsarje. Ha
CJIHIJH 3.10., na KOJOJ je npHKasan AexeKxopCKH umiHuaap, BHAH ce Aa je jeAHa xawa npoGoja roptta
(uicpt - upper intercept), a Apyra Aoita (licpt - lower intercept). Koja je ropita, a Koja AOita
OAperjyje ce noMohy 4>yHKUHJa Maior H Minor, a noMohy paHHJe onHcane npoueAype GetRayPoint
Ao6HJajy ce KoopAHHaxe x H y ropier H Aon>er npoAopa.

3.3.9. GetCyllcpt

Opou,eAypoM GetCyllcpt HcnHTyje ce AanH spate npoAHpe Kpos 6asy umiHHApa sa
(y^a3He) noAaxKe z H r, a aico HC npoAHpe OHAa ce xpaace GOHHH

PROCEDURE GetCyllcpt (z,r: EXTENDED; VAR uicpt, licpt : POINTS) ;
BEGIN IF InBase(z,r, uicpt) THEN licpt:=uicpt ELSE GetLaterlcpts (r, uicpt, licpt) END;

3.3.10. Dist
Dist H3paHyHaBa ce pacxojafte ABC

Ona cjiyacH sa HspaHynaBaite nperjennx nyxesa 7 -spaKa Kpos pasjiHHHxe cpeAHHe AexeKxopcKor

CHcxeMa Aa 6HCMO KacHHJe HspanynajiH axeHyau,HJy Kpos xe cjiojeBe.

FUNCTION Dist(pi,p2:POINTS):EXTENDED;
BEGIN Dist:=Sqrt( Sqr(pi.x-p2.x)+Sqr(pi.y-p2.y)+Sqr(pi.z-p2.z) ) END;

3.3.11. BetweenBases

BetweenBases, XHna BOOLEAN, AoGnja ce OAroBop Aa JIH ce nocMaxpaua
point HajrasH HSMe^y HCKB ropite H AOH.C BpeAHOcxH KOOpAHHaxe z.

FUNCTION BetweenBases(upperz,lowerz:EXTENDED; point:POINTS):BOOLEAN;
BEGIN BetweenBases:=( (point.z<upperz) AND (point.z>lowerz) ) END;

3.3.12. Atten
OyHKUHJOM Atten HspanynaBa ce (Jmicrop axeHyauiije Kpos CBC oojeKxe XHna

Kana. OApe^yjy ce npOAOpH ca UHJIHHAPHHHOM noBpuiH (GetCyllcpt), a SBXHM ce noMohy Dist
HspanyHasa npe^eHH nyx y -spaKa Kpos CJioj. /],OK cy CBC ocxajie UHJIHHAPHHHC Kane OKpenyxe

oxBOpenHM KpajeM naAOJie, UHJiHHApHHHa Kana Koja npeACxaBJba Ap>Kan ysopKa OKpenyxa je o6pHyxo,
na Mopa Aa ce xpexHpa noce6no. CaM HSBOP je xaKorje nsysexaK, nomxo je npasn UHjiHHAap, xe ce
xpexnpa Kao AerenepHcana UHjwHApHHHa Kana.

FUNCTION Attend: INTEGER) : EXTENDED;
VAR icpt:POINTS;
BEGIN WITH cylcapsti] DO BEGIN
IF density<lE-30 THEN BEGIN Result:=0; Exit END;
IF Pos('source',name)>0
THEN BEGIN GetCyllcpt {zHiln, rOut, icpt, icl) ; d:=Dist {pointT, id) END ELSE
IF Pos('container',name)>0
THEN BEGIN

GetCyllcpt(zHiln,rIn,icpt,icl); GetCyllcpt(zLow,rOut,icpt,ic2); d:=Dist(icl,ic2);
END

ELSE BEGIN
GetCyllcpt(zHiOut,rOut,icl,icpt);
IF r!n<lE-30
THEN GetCyllcpt(zHiln,rOut,ic2,icpt) ELSE GetCyllcpt{zHiln,rln,ic2,icpt);
d:=Dist(
END;

Result:=d*mu;
END END;
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3.3.13. FAtt
FAtt HspanynaBa ce ynynna KopeKUHJa npocropHor yrjia ycjieA e(j)eKTa aTenyauHJe

no CBHM cjiojeBHMa (3.3).

FUNCTION FAtt:EXTENDED;
VAR i:INTEGER; dmu:EXTENDED;
BEGIN
dmu:=0; FOR i:=nitems DOWNTO 4 DO dmu:=dmu+Atten(i); Result:=Exp(-dmu);
END;

3.3.14. FEf f

BepOBaTHohy Aa ce y -KBaHT cyAapH ca aKTHBHOM SOHOM ACTeKTOpa npopaHyHasa (j)yHKunja

FEff (3.4).

FUNCTION FEff : EXTENDED;
VAR fd, fc, f , fl, f2:EXTENDED;
BEGIN
fd:=Exp(-detMu*ddeltal) ; fc:=Exp (-corMu*eta) ;
f l := ( l - fd ) ; f:=fc*fd; f2 := {1-Exp (-detMu*ddelta2)
END;

FEf f := f2;

3.3.15. GetDetDistances

GetDetDistances HSpaHyHasaMO Ay^HHy nyra spaKa Kpos pasJiHHHre cjiojese
ACTCKTOpCKOr CHCTBMa (CJIHKB 4.1 .a H 4.1.6).

,H,OK y -spaK npojiasH OA TaiKe T AO TaMKe P , TJ. AOK He ynaAne y aKTHBHy ASTCKTOpcKy

sanpeMHHy peJiaTHBHO je JiaKo HspanyHa™ npefieHH nyr, a Kacnnje H cjia6jteH>e. OHO IIITO je TBJKB H
HHTepecaHTHHje je KOJOM nyraitOM y-spaK npojiasH Kpos ABTCKTOP H KOJH cy npeheHH nyreBH Kpos

pasjiHHHTe cjiojeBe aKTHBHor ACTCKTopCKor Tejia, na ocHosy nera heMO HSpanynaTH cjia6jteH>e spaKa,
IIITO je GHTHO s6or Tora IIITO je HSHOC ancop6oBane eneprHJe y ACTCKTOpy AHPCKTHO cpasMepan
BHCHHH cnrnajia Hs AGTCKTOpa. Bpoj Mopyhnx nyraH,a je 16 H one cy AaTe na CJIHUH 3.7. y npeTxoAHOM
norjiasjby. Kao IIITO ce H BHAH Ha CJIHUH, TB KapaKTepHCTHHHe nyraH>e cy noAeJBena y ABB rpyne no 8.
AjiropHTaM no KOMB ce Hcnmyje KOJOM KapaKTepHCTHHHOM nyraH^OM spaK npojiasH Kpos AeTBKTOp
jeHacjiHan3.il.

A,B,C,D,E,F,G,H

A,C,D,F,G B,E,H

B,H

F,G B
HJ

CnnKa 3.11. LUeMarcKM npnKaa anropnTwa sa ncnuTMBatbe KapaKrepucrnMHe nyratbe

Ca CJIHKC 3.7. BHAHMO Aa nyra^e A, C, D, F H G ceKy AOH>y Gasy AeTCKTopa, na he npBH IF
KpHTepHJyM Aa Hcnnra ^HKUHJOM InBase Aa JIH spaK npOAHpe Kpos AOfty 6asy ACTeKTOpa. AKO je
TaKO, sHann A& Ham span HMa nyraH>y Koja ce noicjiana ca JBAHOM OA cjieAehnx: A, C, D, F, G. Ca
CJIHKC 3.7. BHAHMO Aa OA OBHX n6T nyTatbG C H D npoAHpe Kpos ropH>y 6a3y jesrpa AexeKTopa, a ocTane
TPH (A, F, G) ne. CfieAehH ycjios je sesan 6am sa TO, a <j)yHKHHJa InBase he naM pehn Aa m spaK
npoAHpe Kpos ropity 6asy jesrpa AeTeKTopa HJIH He. AKO npOAHpe BHAHMO Aa nyraiba C npoAHpe Kpos
AOH>y 6asy jesrpa AeTeKTOpa, a D He. Ha Kpajy join JCAHOM npHMeHHMO IF ycJioB na AOfty 6asy jesrpa
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H nperxoflHo onHcaHH nocrynaK Haiw aaje o,zjroBOp ca KOJOM OA OBC ABB KapaicrepHCTHMHe
nyraH>e ce noicjiana y-3paic. Ka^a ycTaHOBHMO KapaicrepHCTHHHy nyraiby, MoaceMO #a <})yHKUHJOM
Dist HspanyHaMo ay>KHHy nyraite Kpos aKTHBHO AexeKTOpCKO TCJIO (A) H KpO3 jesrpo AeTeicropa,
(77) na ocHOBy nera KacHHJe HspanyHaBaivio ancopnuHJy.

eta:=Dist(coricptu,coricptl);

PROCEDURE GetDetDistances(VAR ddeltal,ddelta2,eta:EXTENDED);
BEGIN
IF InBase(detz,detR,deticpt{=A})
THEN BEGIN {a,c,d,f,g)

IF InBase(corZ,corR,coricptu{=C})
THEN BEGIN <c,d}

IF InBase(detz,corR,coricptl)
THEN BEGIN {c}

ddeltal:=Dist(pointP,coricptu),
ddelta2:=0;
END {c}

ELSE BEGIN {d}
GetLaterlcpts(corR,coricptl,coricptl{=D});
ddeltal:=Dist(pointP,coricptu{C});
eta:=Dist(coricptufC},coricptl{D}) ;
ddelta2:=Dist(coricptl{D},deticpt{A}) ;
END; {d}

END {c,d}
ELSE BEGIN {a,f,g}

GetLaterlcpts(corR,coricptu{=01},coricptl{=02}) ;
IF BetweenBases(corZ,detz,coricptu{Dl})
THEN BEGIN {f,g}

IF InBase(detz,corR,coricptl{=A})
THEN BEGIN {f}

ddeltal:=Dist(pointP,coricptu{01} ) ;
eta:=Dist(coricptu{01},coricptl{A});
ddelta2:=0;
END {f}

ELSE BEGIN {g}
ddeltal:=Dist(pointP,coricptu{01});
eta:=Dist(coricptu{01},coricptl{02});
ddelta2:=Dist(coricptl{D2},deticpt{A})
END {g}

END {f,g}
ELSE BEGIN {a}

ddeltal:=Dist(pointP,deticpt{A}); eta:=0; ddelta2:=0;
END {a}

END {a,f,g}
END {a,c,d,f,g}

ELSE BEGIN {b,e,h}
GetLaterlcpts(detR,deticpt, deticpt{=B}) ;
IF InBase(corZ,corR,coricptu{=C})
THEN BEGIN {e}

GetLaterlcpts(corR,coricptl,coricptl{=D});
ddeltal:=Dist(pointP,coricptu{C});
eta:=Dist(coricptu{C},coricptl{0});
ddelta2:=Dist(coricptl{D},deticpt{B})
END {e}

ELSE BEGIN {b,h}
GetLaterlcpts(corR,coricptu{=01},coricptl{=02}) ;
IF ( BetweenBases(corZ,detz,coricptufDl))

AND BetweenBases(corZ,detz,coricptl{02}) )
THEN BEGIN {h}

ddeltal:=Dist(pointP,coricptu{01}); eta:=Dist(coricptu{Dl},coricptl{D2});
ddelta2:=Dist(coricptl{D2},deticpt{B})
END {h}

ELSE BEGIN {b}
ddeltal:=Dist(pointP,deticpt{B}); eta:=0; ddelta2:=0;
END {b}

END {b,h}
END {b,e,h}

END {GetDetDistances};

3.3.16. dOmegaP

OynKUHJOM dOmegaP (j)opMHpaMO yHyrpaiiiH>y noAHHTerpanHy (J)yHKUHJy (3.5) 3a
H3Bop, Koja he nocjie HHxerpauHJe aa naiw j\a Bpe^HocT 33 e(})eKTHBHH npocropHH yrao:
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dOmegaP
[R2 -

ce 4>opMHpa nyraita y-3paKa Kao IIITO je OHHCSHO y KOMenxapy 33 SetRayPath, npopanyHajy
ce pacTOJaH>a noiwohy GetDetDistances H Kaaa ce yiobyHe FAtt H FEff , Ao6HJaMO

FUNCTION dOmegaP(ndim:DIMS;VAR x:HYPERECT):EXTENDED; {Point source on axis}
VAR rrr:EXTENDED;
BEGIN
rr:=x[l]; SetRayPath(0,0,rr,0,pointT,point?); GetDetDistances(ddeltal,ddelta2,eta);
rrr:=Sqr(rr)+Sgr(srcZ);
Resu l t :=FAt t*FEf f* r r / (Sqr t (Sqr ( r r r )* r r r ) ) ;
END {dOmegaP};

3.3.17. dQmegaC

<J>yHKU,HJOM dOmegaC (J)opMHpaMO ynyrpauifty noAHHrerpajmy cjtyHKUHJy sa H3BOp
UHJIHHApHHHOr o6jIHK3 HHJH je npCHHHK M3H>H 0,0, npeHHHK3 ACTeKTOpa (3.6), H3 H3HHH CJ1HH3H

IIITO je TO onHcaHo 33 TanicacTH H3Bop.

dOmegaC =
\

FUNCTION dOmegaC(ndim:DIMS;VAR x:HYPERECT):EXTENDED;
VAR rrr,dl:EXTENDED;
BEGIN
l:=x[l]; r:=x[2]; phi:=x[3]; rr:=x[4]; dl:=srcZ+l;
SetRayPath(r,l,rr,phi,pointT,pointP); GetDetDistances(ddeltal, ddelta2, eta) ;
rrr:=Sqr(rr)+Sqr(r)+Sqr(dl)-2*rr*r*Cos(phi) ;
Result:=FAtt*FEff*dl*r*rr/(Sqrt(Sqr(rrr)*rrr));
END {dOmegaC}; _^___^__

3.3.18. dPhi2
OyHKUHJOM dPhi2 (J)opMHpaMO yHyrpaiiiFby noflHHrerpajiHy 4>yHKUHJy apyror HHrerpajia (3.7)

33 H3BOp UmiHHflpHHHOr o6jTHK3 HHJH JC npCMHHK BCftH O^ npCHHHKa ACTeKTOpa, H3 CJ1HH3H H3HHH K3O

IIITO je TO onHcaHo 33 npeTxo^He

L U \j T \ j

FUNCTION dPhi2(ndim:DIMS;VAR x:HYPERECT):EXTENDED;
VAR rrr,dl,cosphi:EXTENDED;
BEGIN
phi:=x[l]; dl:=srcZ+l; cosphi:=Cos(phi);
SetRayPath2(r,l,h,phi,pointT,point?); GetDetDistances(ddeltal,ddelta2,eta);
rrr:=Sqr(detR)+Sqr(r)+Sqr(dl-h)-2*detR*r*cosphi;
Result:=FAtt*FEff*r*(r*cosphi-detR)/(Sqrt(Sqr(rrr)*rrr));
END {dPhi2};

3.3.19. dOmegaC2

OyHKUHJa dOmegaC2 npHnpevia noAHHTerpajiny <j)yHKU,HJy Apyror HHrerpana (3.7) 3a H3BOp
UHJIHHAPHHHOF 06J1HK3 HHJH JC npCHHHK BefiH OA npeHHHKa ACTeKTOpa H3 CJICAefieM HHBOy

HHTerpaiiHJe, TJ. BpuiH HHrerpsuHJy no h ynyrap HCTBOpocTpyKor HHTerpana:

0
dOmegaC2= J -

— ^
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HnTerpauHJa ce epiiiH HyMepnmcH noMofiy Fayc-JIeacaHApoBe KBaApaxypne (j)opMyjie, no3HBan>eM H3
MaTCMaTHHKe 6H6jlHOTCKe UNIT GSLGQDRT.

FUNCTION dOmegaC2(ndim:DIMS;VAR x :HYPERECT) :EXTENDED;
BEGIN
l :=x[ l ] ; r : = x [ 2 ] ; h :=x[3 ] ;
phi21ow[l]:=0; phi2hi[l]:=ArcTan2(Sqrt(Sqr(r)-Sqr(detR)),detR);
Result:=GaussLegendreQdrture(dPhi2,I,phi21ow,phi2hi,p)
END {dOmegaC2);

3.3.20. ComputeAngle

FIpoueAypa ComputeAngle KonanHO HspanynaBa e(J)eKTHBHH npocropHH yrao no (J)opMyjiaMa
(3.5), (3.6) H (3.7). OBAB ce Ae<J)HHniiiy rpaHHue HHTerpauHJe H nosHBajy npoueaype Koje cy
npexxoAHO o6jauiH>eHe, Aa 6n ce na Kpajy BHuiecrpyKOM HyiwepHMKOM HHrerpauHjoM no Fayc-
JleacaHApOBOJ KBaAparypHoj (JjopMyjiH Hspanynao rpaaceHH HHrerpan, a caMHM THM H e4)eKTHBHH
npocTopHH yrao. Hs OBC npoueaype ce npncxyna y^asnoj aaxoTeuH, Koja ce yHHTasa Off, cxpHHra
"=====" KOJH o3HanaBa noneraK xa6ejie y y^asnoj AaxoreuH, na AO HCTOF xaKBor cxpHnra, KOJH,
Ka^a ce flpyrH nyr nojaBH, osnanaBa Kpaj raSene. HaMe^y Ta asa crpHHra, npoue^ypa ComputeAngle
no HspanyHaBafty nnxerpajia, TJ. e(})eKTHBHor npocropHor yrjia, y xy TaGejry Aoaaje BPCAHOCT 3a
e4>eKTHBHH npocropHH yrao H ̂ opMHpa ce HSJiaana, pesy^xyjyha xa6ejia y H3Jia3noj AaTOxeuH. OHa ce,
AaKjre, pasjiHKyje OA ynasne cauo no JCAHOJ AOAaroj KO^OHH, y KOJOJ je ynncaaa BpeAHOCT e(})eKTHBHor
npocTopHor yrjia na Aaroj eHeprHJH.

PROCEDURE ComputeAngle;
VAR i,j:INTEGER; starttime:INTEGER; computime:EXTENDED;
BEGIN
a[l]:=0{l}; a[2]:=0{r}; a[3]:=0{phi}; a[4]:=0{R} {donje granice integrala};
b[l]:=srcL; b[2]:=srcR; b[3]:=Pi; b[4]:=detR (gornje granice integrala};
a2[l]:=0{l}; a2[2]:=detR(r}; a2[3]:=detZ{h};
b2[l]:=srcL; b2[2]:=srcR; b2[3]:=0;
Form2.BringToFront; Form2.Update; Screen.Cursor:=crHourGlass; starttime:=GetTickCount;
REPEAT
ReadLn(inputfile,line); Wr(line); chword:=FstWrd(line,[' ']);
IF (NOT Eof(inputfile)) AND (Pos('======',line)=0)
THEN BEGIN

j:=0;
REPEAT

att:=NextVal; Inc(j);
FOR i:=l TO nitems
DO IF cylcaps[i].col=j THEN cylcaps[i].mu:=att*cylcaps[i].density;

UNTIL linend;
FOR i:=l TO nitems
DO BEGIN

IF Pos('core1,cylcaps[i].name)>0 THEN corMu:=cylcaps[i].mu ELSE
IF Pos('detector',cylcaps[i].name)>0 THEN detMu:=cylcaps[i].mu
END;

IF (srcL=0) AND (srcR=0) {point source on axis}
THEN BEGIN

a[l]:=0; b[l]:=detR;
integral:=2*Pi*srcZ*GaussLegendreQdrture(dOmegaP,l,a,b,p);
END

ELSE BEGIN
integral:=47(Sqr(srcR)*srcL)*GaussLegendreQdrture(dOmegaC,4,a,b,p);
IF srcR>detR
THEN BEGIN

integra!2:=4*detR/(Sqr(srcR) *srcL)
*GaussLegendreQdrture(dOmegaC2,3,a2,b2,p);

integral:=integral+integra!2;
END;

END;
WrLn(' '+St(integral,8,3));
END;

UNTIL (Eof(inputfile)) OR (Pos('======',line)>0);
computime:=(GetTickCount-starttime)/1000;
WrLnC'); WrLn (St (computime, 10, 2)+ ' s'); WrLn(Bye);
Screen.Cursor:=crDefault; Forml.Runl.Enabled:=FALSE;

END;
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4. HOJiyHPOBOflHHHKH ^ETEKTOPH Y JIAEOPATOPHJH
3A HHCKE AKTHBHOCTH

y JlaGopaTopHJH 33 HHCKB aKTHBHOCTH flenapTMana 33 <J)H3HKy y HOBOM CaAy KOpHcre ce ABB
nojrynpOBOAHHHKa ACTCKTOpa: CTSHAapAHH HPGe AeTeicrop npOHSBohana CANBERRA H ACTCKTOP
cneuHJanHO HaMen>eH sa Mepen>e y ycJiOBHMa HHCKOF ^ona GMX - GammaX npoHSBohana ORTEC .
O6a AeTeKTOpa cy KO3KCHJajiHor THna ca 33TBOpeHHM KpajeM.

HPGe ACTeKTOp Canberra je nonynpOBOAHHK BHCOKC HHCTohe, ajiH HnaK npeoBjiahyje p-ran;
AOMHH3HTHH HOCHOUH Hae^6KTpHC3H>3 Cy UiyilJbHHe. CnOJBaiIIH,H KOHT3KT JC H3np3BJbeH AH(J)y3HJOM

Li T3KO Aa HHHH n+-cjioj AeGjbHHe OA OKO 0.6 mm. Osaj cjioj je, napSBHO, nesKTHBan H (jwrypHme
caMO Kao ancop6ep y-3paK3. ynyrpsiiiFbH P+-KOHTSKT Ao6HJ3 ce HanomefteM Bpjio TanKor cjioja Au HS
3HAOBC uiyrubHHe Ao6HJene yioiaH>aH>eM jesrps KpncTana Ge. CTora ce Moace CMarpara Aa STCHyaunje
y-3paKa npH npojrasy Kpos jesrpo ACTCKTOps neMa. Ha>KajiocT, cneuH(J)HKauHJa npOH3Bor)ana OBOF

ne caApMCH AHM6H3HJe uryruter jesrpa A^TCKTOpa, na cy KOpHiuhene AHMCHSHJC uiynjtHHe
ce KOA AeTCKTopa npH6;iH5KHO HCTC Be^HHHHe KpHCTana Mory Hahn y jiHTeparypH. y [MoensSl]

noKasano je Aa TannocT H3paHynaBaH>a e(})eKTHBHor npocTOpnor yr^a cJia6o saBHCH OA TaHHOCTH
AHM6H3HJa jesrpa ACTeKTOpa. KyhniiiTe AeTeicropa je OA Al Ae6jbHHe 1.5 mm, AOK je yna3HH nposop
npeMa (})pOHTy ACTCKTOpa Ae6jbHHe 0.5 mm.

GMX AeTCKTOp ORTEC je TaKO^e noJlynpoBOAHHK BHCOKB HHCTohe, anH HnaK npeoBjiarjyje n-
THH; AOMHHaHTHH HOCHOUH HaejieKTpHcaBta cy ejieKTpoHH. CnojbauiH>H JOHCKH HMnjianrHpan KOHTaKT

B H HMa Ae6jtHHy 0.3 \im , T&KO Aa je Kao nacHBHH ancop6ep cacBHM saneMapjbHB.
H TOMC, osaKBH ASTCKTOPH HMajy MHOFO Behy e(J)HKacHocT na HHCKHM eneprnjaMa FAC cy

axenyauHOHH KoecJjHUHJeHTH BC^HKH, na ce Mory KOPHCTHTH H sa cneKTpOMeTpHJy X-3paKa H
HHCKoeneprHJcKHx y-3paKa. fla 6n ce OBO uorjio HCKOPHCTHTH, yjia3HH nposop na KyhHuiTy je
HanpaBJbeH OA Be AeSjbHHe 0.5mm, Koe^HUHJenra TpancnapeHUHJe « 95% Ha 5.9 keV . MoryhnocT
MepeH>a na cacBHM HHCKHM eneprnjaMa y CKcnepHMenrHMa onncanHM y OBOM paAy nnje KopHiiihena;

ACTeKTopa je ca (j>pOHTajme cTpane, npeKO nposopa, 6wio CTOJIHO HOKPHBCHO njiacTHHHHM
KOJH IIITHTH HHane Bpjio OCCTJBHBH Be-npo3op. yHyrpaiiiH>H KOHTaKT je cjioj y Kora je

Li, Ae6jbHHe 0.9 mm, TaKO Aa y OBOM cjrynajy Mopa BOAHTH panyna o aTenyauHJH y
jesrpy ACTCKTopa. Cneu,H(J)HKau,HJa nponsBohana y OBOM cjrynajy caAp^ui CBB pejieBanrne
AereKTOpa H KyhHiirra.

a) 6)

CnMKa 4.1. (lonpeMHM npeceK HPGe (a) w GMX fleTeiaopa (6) y CBOJUM KyfimirrMwa, ca npoaopuMa n

GMX
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Ta6ena 4.1. YnopeAHM noflaun GMX M HPGe flereirropa

npoH3Bol)aH
Mofleji

FeoMCTpHJa

KpHCTaji nojiynpoBOflHHKa
^oMHHaHTHH HOCHOUH HaejieicrpHcaH>a
PejiaxHBHa e(J)HKacHOCT
PaAHa TCMnepaxypa [K]
Pa#HH HanoH [kV]
CnOJbailllfeH KOHT3KT

yHyrpauiH>H KOHTaKT
VJ133HH npO3Op

DpeHHHK Kpncrajia [mm]
BHCHHa KpHcraJia [mm]
AKTHBHa sanpeMHHa KpHcrana flereKropa [cm3]
noJiynpeHHHK jesrpa [mm]
BHCHHa jesrpa [mm]
,ZJe6jtHHa KyhHiiixa
fl,e6jbHHa nposopa

GMX
ORTEC

LLB-GMX-HJ
KoaKCHJaJIHH ca

3axBopeHHM KpajeM
n-THH

ejlCKTpOHH

32%
77

-2.5
0.3 ^m Ge(B)

0.9 mmGe(Li)
0.5 mm Be

56
65.2
155
4.6
57.1

1.3 mm Al
0.5 mm Be

HPGe
CANBERRA

G.C.2520-7600
KoaKCHJaJIHH ca

sarBopeHHM KpajeM
p-THH

uiyiubHHe
25%
77
4.0

0.6 mm Ge(Li)
1 jum Au

0.5 mm Al
51

58.5
110
4.6
38

1.5 mm Al
0.5 mm Al
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5. EOHKACHOCT #ETEKIJHJE 3A IJHJIHH^PHHHE
V3OPKE

5.1. H3BOPH 3A KAJIHEPAIJHJy V IJHJIHH#PHHHOJ
FEOMETPHJH

5.1.1. KajinGpauHOHH meop <J)oc<|>aT

I~Io,n HMCHOM "<j)oc(j)ax" OB,fl,e ce noflpasyMCBa Maxepnjaji Ao6HJeH MJieBCFteM H
xoMoreHHsauHJOM cnpOBe pyzje 4>oc(J)aTa, Koja ce, saxBajbyjyhn BHCOKOM ca#p>Kajy Ca3(PO4), KOPHCTH
y HHaycxpHJH BemxaHKHx l)y6pHBa 3a Ao6HJaH>e cynepdwcdmxa. OsaKae pyoe necxo caap)Ke SHanajne

7^R
npHMece paAHOHyKJiHaa H3 HH3a U. O63HpOM ,a.a pyqa nacxaje y GCSBOAHHM ycjioBHMa, HOXOMUH y
HH3y U cy y pa^HoaKTHBHOJ paBHOTOKH ca poAOHane^HHKOM. Maa>e HapyuiaBaH>e paBHoreMce MO^CC
nacraTH npnuHKOM M^eBCH>a s6or MoryhnocTH eMaHauHJe ruieivieHHTor raca 222Rn H3 MarepHJajia. OBO
ce KOMneHsyje THMC mro ce MarepHJaji nysa y saTBOpeHHM KOHTeJHepHMa OKO 40
~\QTif2\, HHMe ce paBHore>Ka npaKTHHHO OOHOBO ycnocxaBjba. KoHqeHxpaunja

238U y MaxepHJany KOJH oBfle cnyjKH Kao KanH6pauHOHH H3Bop HSHOCH 1.54Bq/g H oflpe^ena je y
OHSHHKOJ JiaGopaxopHJH HHCXHxyxa sa HyicneapHe nayne y BHHHH.

5.1.2. KajiHSpauHOHH H3Bop SRM

OsHaKa SRM HOXKHC oa CxaH,aap,zjHH Pe(J>epeHXHH MaxepHJan (Standard Refereuce
Material). V JlaGopaxopHJH sa HHCKC aKXHBHocxH Kopncxn ce cepXH(j)HKOBaHH SRM 4350B ca

KOHueHxpauHJaMa aKXHBHocxH paflHOHyKJinaa Kora je npnnpeMHO HauHonanHH Enpo 3a
CAfl, (NBS), janac HauHOHajiHH HHCXHxyx 3a CxaHjap^e H TexHOJiorHJy (NIST). To je

MaxepHJan AoGnjeH cymeH>eM, M^eBeiteM H xoMoreHH3au,HJOM pennor ce^HMeHxa. CneuH(J)HqHpaHe
KOHiienxpauHJe aKXHBHocxH BeuixaHKHX H npnpoflHHX pa^HOHyiaiHaa ynope^HBe cy ca
KOHuenxpauHJaMa aKXHBHocxH y ysopUHMa HS npnpofle. CnncaK paAHonymiH^a ca
aKXHBHocxH, no^y»HBoxHMa, H eHeprnjaMa H HHxensHxexHMa CBHX pejiesaHXHHx y-
npHnpeMjbCH je y xeKcxyanHOM dpajjiy SRM.SGL. ITpOHSBO^aH xaxo^e cneuHdwiwpa H XCMHJCKH
cacxas, afiH caiwo npeKO OKCH^a naKOH KajiuHHauHJe, mxo snann aa je y^eo oprancKHX MaxepHJana
Hcnosnax.

5.1.3. KajinGpauHOHH meop KC1
KC1 ce Moace KOPHCXHXH Kao pajHoaKXHBHH MaxepHJan nosnaxe KOHuenxpauHJe aKXHBHocxH

saxBaJtyjyhH nosnaxoM caAp>Rajy 40K y ejieMeHxy K. MaxepHJajr KOJH osae KOPHCXHMO ao6HJeH je
MJieB6H>eM KpncxajiHor KC1 HHCxohe n.a.

Bpoj axoMa ejicMenxa K no JCAHOM rpaMy je:

N = _ ^ __
39 1 mo1

mol
Ynemhe axoMa 40K y ejieMemy K je:

a(40K)^ 0.01 17(1)% = 0.01 17(1). 10~ 2 =1 17(1). 10-6nukl'da K
atomu K

a 6poj axoMa 40K no jeflHOM rpaMy ejicMenxa K je:

0-6. 1.5402- 1022=

AKXHBHOCX ce aediHHHiiie Kao A = X • N , ryje je A = 1 n2/T . FlepHOA nojiypacnaaa K je:

T = 1. 277(8) -109 -a = 1. 277(8) -10 9 - 365.25- 86400 = 4.030(25) -1016s, 1 = 1.720(1 l ) . 1 0 ~ I 7 s ' .
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= 1.720(ll)-10~17-1.80(2)-1018=31.0(4)-Bq
gK

Mojiapna Maca K je 39.102 g/mol, a 3a Cl je 35.453 g/mol. Ha ocnosy Tora MOJiapna Maca KCI je
74.555 g/mol. V JCAHOM rpaMy KCI HMa 0.52447 g K:

39.102
74.555

= 0.52447gK.

flaicne, cneuHcJwHHa aKTHBHOcr KCI je:

A(KC\) = 0.52447 • 31.0(4) = 16.3(2)

5.2. OAPEBHBAH.E EOHKACHOCTH 3A
IJHJIHH^PHHHHX H3BOPA

Bq
gKCl

YSOPKE

KajiH6pauHOHH H3BopH ((J>oc(})aT, KCI , SRM) npHnpeMjbeHH cy 3a HCKOJIHKO KyrHJa
(KOHreJHepa) pasjiHHHTHX AHMCH3HJa. 3a CTaHAapAHy KyrHJy y3HMa ce ona nnja je BHCHna 3ajeAHO ca
noKjionijeM 31 mm , a npenHHK 67 mm (6731). fla 6n ce MOPJIC MCPHTH H Matte H Behe sanpeMHne
ysopaica, CTanAapAHa KyrHJa ce cicpahyje no BHCHHH, TJ. na nojia BHCHHC (6715), na HeTBpTHny BHCHHC
(6707), HJIH ce ABC CTaHAapAHe Kyrnje nocTase jeAna na Apyry H Ao6HJe ce ABOcrpyKa BHcnna (6762).
IloiiiTO je KyrHJa 6762 4>opMHpana OA ABC Kyrnje 6731, GHTHO je narjiacHTH Aa y -3paK, KOJH je
eMHTOBan H3 ysopKa CMeuiTenor y ropitoj KyrHJH, Ha CBOM nyry AO AeTeKTOpa HMa ABa ancopGepa
BHiiie, nero y -3paK H3 AOH>B HJTH ocTane TpH KyrHJe. flaioie, Mopa A3 npo^e Kpos AHO ropite Kyrnje H
noicjionau, Aoite KyrHJe. fla SH ce H TO na HBKH naHHH ysejio y o63Hp, npeTnocTaBJieno je je Aa je AHO
KyrHJe 6762 Aynjio Ae6jte OA CTaHAapAHe KyrHJe, IIITO ce BHAH na CJIHUH 5.1 .

6707 6715

n n n
6731

6762

HPGe

n
6762

6707 6715
6731

n n
GMX

5.1. CraHAapAHe reoMerpiije cucreMa
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3a npopanyn cy H3M HCOHXOAHH noAauH o yHyrpamubHM AHMCHsnjaMa Kyrnje H
KyrHJe, Aa 6u ce y o63Hp yseo e(})eKT ancopnuHje. Ha CJIHUH 5.2. je npHKasan nonpenHH npeceK

Kyrnje 6731, a y ra6ejiH 5.1. cy AaTe H>eHe AHMCH3HJe. y npnnpeMH ysopKa noTpe6no je
naaoty na AHO Kyrnje H CXOAHO TOMB H3a6para TaKBy Koja HMa nesHarny HJIH 6ap UITO

MEH>y .neBHJauHJy AHa. VnpaBo H3 Tor pasjiora je Bpuieua npoqena rpeuiKe npopanyna npocTOpnor
yrjia H Ha 6a3H AeBHJauHJe ana KyrHJe, a pesyjiTaTH cy npeseHTOBaun y OAejtKy 7.1.3.

Flo npnnpeMH KajinGpauHOHHX Hssopa, OHH ce nocTaBJtajy y noce6no npnnpeMJbeHH nocan,
MHJa je reoiweTpHJa npeunsuo nosnaTa H noHHfte npouec Mepeu^a OA6poja no KananHMa BHuieKauajiHor
Y -cneKTpOMCTpa. Flo saspiueHOM Mepeay noAaun ce H3 ACTeicropcicor CHCTeiwa npenoce y panynap H

Ja ce AaTOTexa ca eKCTensHJOM *. SPC, Koja y ce6n HOCH noAaTKe o OAGpojy no

h

D

CjiHKa 5.2.flonpeMHM npeceK Kyrnje (KOHTeJHepa) sa ysopaK

H

Ta6ena 5.1. CTaHflapAHe icyrnje 6731

OpeHHHK D [mm]
yHyrpauiH>H nojiynpeHHHK r [mm]
fle6jbHHa CTpanHue s [mm]
BncHHa H [mm]
yHyrpauiH>a BHCHua h [mm]
,ZJe6jtHHa AHa b [mm]

Crapa
69.52(19)
32.56(13)
2.19(8)
32.3(7)
30.5(4)
1.8(8)

Hoea
72.27(22)
34.79(24)
1.34(21)
29.8(4)

27.98(29)
1.8(5)

5.2.1. DporpaM GAMAR

flaTOTCKa ca noAauHMa o MepeH>y, KOJH cy npeHCTH y panyHap no3HBajy ce y nporpaM GAMAR
KOJH, noMohy ynanpeA npHnpeMjbeHe Ta6ejie ca Y -JiHHHJaMa paAHOuymiHAa (KOJC oneKyjeMO y

aHajiHSHpanoM ysopKy) Tpaacn spxcse, o6pa^yje HX, HAeuTH(J)HKyje eHepraje ua KOJHMa ce OHH
H sa TB HAeHTH«J)HKOBaHe eneprHJe OApe^yje 6p3Huy 6pojaH>a.

y pany ca nporpaMOM GAMAR noTpe6no je KOPHCTHTH H cjieAehe

• 6H6jiHOTCKa Y -JiHHHJa Koje ce oneKyjy y ysopKy (* . lib),

ca noAauHMa Koja 33 oApe^eny eneprHjy HMa noAaTKe o uasHBy
BepoBarnohH Y-pacnaAa PJ H nojiy^KHBOTy 7]/2 (*-grl),
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(])3JJi cs napaMexpHMa saBHcnocxH eHeprnje OA Kanana (*. ecp),

(Jmjji ca napaMexpHMa KOJH onHcyjy saBHCHOcx o6;iHKa JIHHHJB on eneprHJe (*. scp),

no,#au,H o cncKipy KOJH »cejiHMO ma. o6paAHMO (*. spc)

Bpe^HOCXH 6p3HHe 6pojaH>a (JwxoBaHHX BpxoBa ce ynncyjy y xeKcxyajiHH (Jmjjr * . pkr.

5.2.2. IlporpaM CLCYEFF

Cjie,aefiH nporpaM KOJH KOPHCXHMO je CLCYEFF noiwohy Kora npopanynsBSMO e<j)HKacHocx
AexeicropCKor cncxeivia sa UHJiHHApHHHe ysopKe. OH Kao yjiasne HOAaxKC Kopncxn HSJiasne noflaxKe H3
nporpaMa GAMAR, xj. xa6e:iy * . pkr H 33 nosnaxe cneqH^HHHe aKXHBHOcxn H M3ce K3JiH6pau,HOHHX
H3Bopa HspanynaBa ec})HKacHOCx na ^HCKpexHHM eHeprnjaMa Koje cy npncyxne y KanH6pauHOHOM
H3BOpy H xo yrmcyje y xeKcxyajiHH (J)ajji *.efm. E^HKZCHOCT /jexeKUHJe H3panyHaB3 ce noMofty
<j)opMyjre:

£ = •

ro.e je a - 6p3HH3 6poJ3H>a, A - aKXHBnocx H3Bopa, a

ce £o6Ha Kao:

N
a =

r#eje N -yKynHH o^Gpoj noa BpxoM, t - BpeMe

-BepoBaxnoha j -pacnsma. Bp3HHa 6pojaH,a

5.3. EKCHEPHMEHTAJIHA KAJIHBPAU^HJA E«>HKACHOCTH
CA HPGe #ETEKTOPOM

3a HPGe jjexeKxop H3MepeHH cy noaaun 33 KajinGpauHone H3Bope: <J)oc(J)ax, KCI H SRM 33
HJiHHflpHHHe KyxHJe, 3 nperjicfl noAaxaKa Aax je y xaGejiH 5.2. EKcnepHMenxajiHO

e(J)HK3CHOCx AexeKu,HJe npHK333Ha je na OAroBspajyfiHM rpa<J)HijHMa Ha cji. 5.3 H 5.4.

Ta6e/ia 5.2. nperneA craHflapflHux KyrMja ca KannOpaqnoHMM naBopuwa wepeHnw Ha

Ooc(|>aT

KCI

SRM

6707
mc6707p

cxapa KyxHJa, 39.1 g
p = 2.07 g/cm3

mc6707k

cxapa KyxHJa, 23.8 g
p = 1.19 g/cm3

-

6715
mc6715p

cxapa KyxHJa, 85.3 g
p = 1 .73 g/cm3

mc6715k
cxapa KyxHJa, 47.2 g

p = 0.95 g/cm3

-

6731
mc6731p

cxapa KyxHJa, 162.5 g
p = 1.60 g/cm3

mc6731k
cxapa KyxHJa, 93.8 g

p = 0.9 g/cm3

-

6762
mc6762p

cxapa KyxHJa, 321.1 g
p=\.61 g/cm3

mc6762k

cxapa KyxHJa, 187.6 g
p - 0.9 g/cm3

mcsrm!2
HOBa KyxHJa, 201 .4 g

p = 0.94 g/cm3
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CswKa 5.3. EHeprercKa aaBucHocj eKcnepuMeHrariHO oflpeFjeHe edJUKacHOcru HPGe flereKropa aa

a) cpoccpar y KyrnjaMa 6707 n 6731 n 6) cpoccJ>aT y KyrMJaMa 6715 n 6762
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SnuKa 5.4. EHeprercKa saencHOCT eKcnepmvieHTaJiHO

ecpHKacHOcru HPGe flereirrops 33

SRM y KyTMJH 6762

TaSena 5.3. BpeflHOCTM eKcnepuMeHranHO
edJMKacHOCTM 33 HPGe flereicrop 33 KCI sa
ofl 1460.832 keV

Tun KyxHJe
cxapa
6707

6715

6731

6762

^exp [10-3]

7.95(14)

6.69(11)

5.39(9)

3.59(6)

5.4. EKCHEPHMEHTAJIHA KAJIHEPAHHJA EOHKACHOCTH
CA GMX ^ETEKTOPOM

3a GMX H3Mepenn cy no^aun 3a KannGpaunoHe n3BOpe: 4)oc(})aT, KCI H SRM 3a
Kyrnje, a nperjiea no^axaKa ^ax je y xa6enn 5.4. EKcn

ec})HKacHocx ^exeKUHJe npHKasana je na OAroBapajyhHM rpa(})HUHMa ea cji. 5.5 H 5.6.
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Ta6ena 5.4. FlpemeA CTaHflapflHMX «y™ja C3 KannSpaqnoHMM uaeopuMa MepenuM Ha GMX flereKropy

Oocc|>aT

KCI

SRM

6707
Icf6707

CTapa KyxHJa, 39.1 g
p = 2.07 g/cm3

-

-

6715
Icf6715

cxapa KyTHja, 85.3 g
p = 1 .73 g/cm3

Ic6715k
CTapa KyTHja, 47.2 g

p = 0.95 g/cm3

IcsrmlS
Hoea Kyrnja, 41.2 g

/? = 1.39 g/cm3

6731
Icf6731

CTapa KyTHja, 162.5 g
/? = 1.60 g/cm3

Ic6731k
CTapa KyTHja, 93.8 g

p - 0.90 g/cm3

Icsrm28
HOBaicyTHJa, 101.1 g

p = 0.95 g/cm3

6762
Icf6762

CTapa KyTHja, 321.1 g
p = 1 .67 g/cm3

Ic6762k

CTapa KyTHja, 187.6 g
p - 0.90 g/cm3

Icsrml2
Hosa KyTHja, 201.4 g

p = 0.94 g/cm3

Ta6e/ia 5.5. BpeflHOCTM eKcnepuMeHTsriHo oflpe?)eHe ediMKacHOCTM 33 GMX fleTeicrop

33 KCI 33 eneprnjy ofl 1460.832 keV

THII KyrHJe:
cxapa
6715
6731
6762

^exptlO-3]

9.49(18)
7.29(27)
4.97(11)

. " 4
i •• .

:J
+ ' + 1 %
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Crmxa 5.5. EHeprercKS SSBMCHOCT eKcnepuweHTaJiHO oflpePjeHe ecpuKacHOCTM GMX fleTeicropa 33

a) cpoccpar y Kyrujsivia 6707 n 6731 u 6) cpoccpaT y KyrnjaM3 6715 n 6762
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Crimea 5.6. EnepreTCKa saBMCHOcr eKcnepuweHTariHO oflpefjeine edpuKacHOcru GMX ASTeiaopa aa

a) SRM y Kyrnjaivia 6715 n 6762 n 6) SRM y KyrMjn 6731
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6. O#PEBHBAH>E ATEHYAUHOHHX KOEOHIIHJEHATA

6.1. MEPEH»E ATEHYAIJHOHHX KOEOHIIHJEHATA

OApet)HBaH>e aTenyauHOHHx Koe<j)Hu,HJeHaTa ce o6aBjta npeKO Afia Mepen>a.
npBO OA ftHX ce cacTOJH OA Tora m ce ysopaK y eraHAapAHOJ KyraJH noeraBH na MCCTO ancopGepa, a
Kao H3Bop ce KopHcre TaHKacTH KajinSpauHOHH H3BOpn noce6no OAaGpann Aa y CBOM cneinpy HMajy
IIITO BHine ynoTpe6jBHBHx jiHHHJa y UCJIOM HHrepBajry eneprHJe y-3paKa. V TOM unjty cy Tpn raHKacxa
H3Bopa ( Eu , 133Ba , 241Am ) na»otHBO cnojena H nocTaBJbeHa y Hocan. flpyro Mepen>e je
o6aBJteHO na npasnoj KyrHJH HCTOF THna Kao UITO je Kyrnja

Hocan je KOHCTpyHcan OR ABa KOJlHMaTopa OA Pb nocTaBjbena TaKO j\a je je^an H3Hafl, a
KyrHJe ca ysopKOM (cjiHKa 6.1). Ha Taj HaHHH o6e36eI)eHo je aa CHOH y-spaKa H3 H3Bopa

ysan H HopMajian na aTenyaunoHH cjioj, jep je TO npejjycjioB ^a ce sa H3panyHaBaH>e
Koe<J)HitHJeHTa MTOKC ynoTpeGn™ saKOH aTenyaiiHJe y jeaHocTaBHOM oSjiHKy (6.1):

M3BOpM

Kyrnja ca ysopKow
nneKCMrnac

/ Baaflyx
fleTeicrop

6.1. HocaH-KonnMarop n tteroB nonpeMHM npeceK

J -Jt\ C6 \\ — J.Q C r , V"-1/

! je /o - HHT6H3HTeT y-3paKa npe yjrasa y aTenyanHOHH cuoj, / - HHTCH3HTeT y-3paKa no H3JiacKy
H3 aTenyaiiHOHor cnoja, //m - MaceHH aTenyauHOHH Koe4)HUHJeHT, p - rycTHHa ysopKa, a d -
Ae6ji>HHa ysopxa.

Kao pesyjrraT Mepeaa csaKor ysopKa Ao6HJy ce no ABa cneKTpa. O6pal)eHH noMohy nporpaMa
GAMAR, OHH Aajy ABa * . pkr (J>ajjia y KOJHMa cy 6p3Hne 6pojaH>a 6e3 ysopKa R$ H ca ysopKOM R , 3a
CBe pejiesaHTHe JTHHHje y cneKipy. HOIIITO cy Gpsnne 6pojafta nponopuHonajiHe HHreHsmeTy y -3paKa

j eHeprnJH, TJ. R/RQ = ///o ,

ce MaceHH Koecj)HUHJeHT

1

H3 6p3Hna 6pojaH>a:

RQ
jpd R
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Ta6e/ia 6.1. Flpernefl KanuBpaMnoHnx naeopa n ysopaio KOJuwia cy oflpefjeHM areHyauiMOH

H3Bop/y3opaK

Ooc<})ax
SRM

Cicpo6
Meco

CeAHMCHT

SeMjta
RecaK

Kyraja

S-6731
N-6731
N-6731
N-6731
N-673 1
N-673 1
N-6731

Maca m [g]

160.6
101.1
86.1
111.7
101.1
134.7
194.7

FycxHHa p

[g/cm3]
1.60

0.95
0.82

1.10
0.94

1.26

1.86

IIIn4)pa

maeuph

maeusrm
latskr

latmes
maeusrm

latzem

latpes

3a saBHCHOcx H3MepeHnx axeHyauHOHHx Koe<J)HUHJeHaxa
ysexa je CMOHpHJcKa (J)yHKUHJa ca 5 napaMexapa:

c dlnEv

eneprHJe y UCJIOM eHeprujcKOM

(6-2)
2 '

ITapaiviexpH OBC <})yHKUHJe no^emaBaHH cy MexoflOM oxe>KaHHx naJMaitHx KBa^paxa. PesyjixaxH
(})HxoBaifca Mepenux BpeanocxH, npHKasaHH rpafymtm na cjiHKaMa o^ 6.6 AO 6.11, noKasyjy m je
H36op OBor o6;iHKa <f>yHKOHJe cacBHM onpaB^aH, o63HpoM aa ona He yHocn SHanajno OACxynaite ofl
saMHiujteHe HHxepnojiHpane KPHBC, aKo ce HMajy y Buoy HecnrypHocxH H pacHnait-e peayjixaxa
Mepeita.

6.2. H3PAHYHABAH>E ATEHYAI^HOHHX KOEOHI^HJEHATA
HPOFPAMA XCOM

XCOM je nporpaM sa n3panyHaBaH>e axenyauHOHnx Koe^HaHJenaxa XCMHJCKHX ejieMCHaxa,
je/jHtteita HJIH H>HXOBHX cMeuua [Berger99]. Vsopaic, 3a KOJH ce HspanyHaBajy
axenyauHOHor Koe<|)HLiHJeHxa, XCOM xpexnpa Kao:

• ejieMCHx npeAcxaBJben axoMCKHM 6pojeM,

• CJICMCHX npeacxaBJteH XCMHJCKHM CHMGOJIOM,

• jeAHH>eH>e npeflcxaBjteHo XCMMJCKOM <J)opMyjioM,

• cMemy ejieMCHaxa H/HjTHJeAHH>eH>a,

na je CXO^HO xoiwe noxpe6HO oaa6paxH Hajnoro^HHJH nanHH H ynexH H>eroB xeMHJCKH cacxaB.

ITocjie ynouieiba xeMHJcKor cacxasa ynoce ce no^auH o eHepmjn, ^upeKXHo y nporpaivty HJIH
efteM HMena AaxoxeKe y KOJOJ ce HaiiasH ynanpe^ npHnpeivuieHa eneprexcKa CKana. Ta .naxoxeica

je sanpaBO HHS 6pqjeBa, xj. enepraja H3pa>KeHHx y MeV , ,O,OK npBH 6poj y HHsy npe^cxaBJba yKynan
6poj HjianoBa xor eneprexcKor HH3a. Bpe^HocxH HH3a cy o/iBOJeHe pasiwaKOM. Ha cjiHKaMa OA 6.2 AO
6.5 cy npeflCxaBjtene yjiasHe ^axoxeKe 3a KajinGpauHOHe Hssope H paflHoaKXHBHe ysopKe KOJC ce
Kopncxe y nporpaiwy XCOM .

63 0.04652 0.05013 0.05323 0.06329 0.09259 0.11281 0.14376 0.16336 0.18600 0.20531 0.23597

0.24200 0.25625 0.25887 0.26946 0.27123 0.29522 0.32387 0.32985 0.34892 0.35106 0.35193 0.38677

0.38888 0.45483 0.47441 0.48043 0.48709 0.53366 0.58013 0.60931 0.66545 0.70311 0.71986 0.76638

0.76836 0.80617 0.82118 0.83201 0.83904 0.93406 1.00103 1.05196 1.06996 1.12029 1.15519 1.20768

1.23811 1.28096 1.37767 1.38531 1.40150 1.40798 1.50923 1.53850 1.54332 1.58322 1.59473 1.59931

1.66128 1.68399 1.72960 1.76449C

Cnuxa 6.2. Hsmefl flaroreKe en-exp-f .xci ca eKcnepmvieHTa/iHUM epeAHOCTuwa eHepraja sa 4>occpaT
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1 1.4608320

6.3. l/lamefl AaroreKe en-exp-k.xci ca eKcnepuweHTanHMM BpeflHocrnMa eneprnja aa KCI

31 0.039522 0.040118 0.063288 0.1217817 0.129065 0.1859 0.209253 0.235971 0.238632 0.240986

0.241997 0.270245 0.295224 0.3442785 0.351932 0.583191 0.609312 0.661657 0.665453 0.794947

0.860564 0.911204 0.964766 0.968971 1.001 1.11061 1.112074 1.120287 1.23811 1.460832 1.764494C

Crimea 6.4. Msrnefl flaroreKe en-exp-s. xci ca eKcnepuMeHra/iHUM epeAHOCTHMa eneprnja sa SRM

18 0 .03 0.035 0 . 0 4 0 . 0 4 5 0 .05 0.055 0 . 0 6 0 .07 0 .08 0 . 0 9 0.1 0.11 0.12 0.13 0.14 0.16 0.18 0.2 u

6.5. Msrnefl AaroreKe energy. xci ca TeopujcKMM BpeAHocrnMa eHeprnja sa paanoaKTMBHe ysopKe

HHS eneprHja je Ofla6pan xaico #a AOBOJBHO rycxo n npH6jin>KHO paBHOMepHo y jiorapuxaMCKOj
nonyitaBa pasMaxpann oncer eneprHJa ofl 30 keV 40 2000 keV.

Ha Kpajy pa#a ca nporpaMOM XCOM je noxpeGno nasecxH HMC ^.axoxeKe y Kojy XCOM xpe6a
#a ynHine pesyjixaxe H3panyHaBaH>a. Hsrjiefl je^ne H3JiasHe

Ca3(P04)2

Constituents (Atomic Number:Fraction by Weight)

8:0.41264 15:0.19971 20:0.38764

Partial Interaction Coefficients and Total Attenuation Coefficients

PHOTON SCATTERING PHOTO- PAIR PRODUCTION TOTAL ATTENUATION

ENERGY COHERENT INCOHER. ELECTRIC IN IN WITH WITHOUT

ABSORPTION NUCLEAR ELECTRON COHERENT COHERENT

FIELD FIELD SCATT. SCATT.

(MeV) (cm2/g) (cm2/g) (cm2/g) (cm2/g) (cm2/g) (cm2/g) (cm2/g)

4.652E-02 6.276E-02 1.541E-01 4.656E-01 O.OOOE+00 O.OOOE+00 6.824E-01 6.197E-01

5.013E-02 5.533E-02 1.538E-01 3.690E-01 O.OOOE+00 O.OOOE+00 5.782E-01 5.228E-01

5.323E-02 4.996E-02 1.535E-01 3.060E-01 O.OOOE+00 O.OOOE+00 5.095E-01 4.595E-01

6.329E-02 3.700E-02 1.518E-01 1.780E-01 O.OOOE+00 O.OOOE+00 3.668E-01 3.298E-01

9.259E-02 1.863E-02 1.446E-01 5.372E-02 O.OOOE+00 O.OOOE+00 2.169E-01 1.983E-01

1.128E-01 1.290E-02 1.393E-01 2.880E-02 O.OOOE+00 O.OOOE+00 1.810E-01 1.681E-01

Kao iiixo ce BHJI,H, aaxoxeKa ce MOJKB noae^HXH Ha flBa fleJia: sarjiaBJte H xa6e:iy ca pesyjixaxHMa

Y sarjiaBJty je HaBeAeno HMe ysopKa, H>eroB ejieiweHxapHH npouenxHH cacxas, a saxnM cy
KOJIOHB xa6ene ca Bpe^HOCXuMa eneprHJe 4>oxoHa H HCKOJIHKO oflroBapajyhHX napUHJajTHHX

axeHyaunoHHx Koe^HUHJenaxa: sa KoxepenxHO H neicoxepeHXHo pacejafte, 4>oxoejicKxpHHHy
ancopnuHJy, nap e4>eicax na jesrpy, na ejieKxpony, H na Kpajy xoxajiHH axenyauHOHH Koe<J)HUHJeHx ca H

6e3 KoxepenxHor pacejaita.

npexxo^HO je o6jauiH>eHo aa je eKcnepHMenx pa^eH 3a cjiynaj KOJiHMHcaHHx y-spaKa, na he ce
pe3yjixaxn eKcnepHMenxa nope^HXH ca pesyjixaxHMa XCOM -a us OCMC KOJIOHB, xj. xoxajiHH
axeHyauHOHH KoecjmuHJeHX 6es KoxepenxHor pacejaita. Ynpaao xaj HaM je H noxpe6an KO/I
HspaHyHaBaH.a ec})eKXHBHor npocxopnor yrjia (3.5),( 3.6) H ( 3.7).

HapanyHaxHx axenyamronHx Koe^HUHJCHaxa 0/4 eneprHJe y UCJIOM eneprHJCKOM

npeAcxaBJiena je HCXOM CMOHPHJCKOM 4>yHKUHJOM (6.2) Kao H 3a
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oapel)eHe axeHyauHOHe KoeffmnHJenxe. HapaMexpn ose oj)yHKu,HJe no^euiaBaHH cy onex
oxe>KaHnx naJMaitHx Ksaopaxa, c XHM R& cy 3a BPC/JHOCXH necHrypnocxH ysexe one KOJe HMOJIHUHXHO
npOHSHJiase H3 3aflH>e snanaJHe nH<j)pe. Pesyjixaxn <})HxoBaH>a HspanyHaxHx Bpe^HocxH, npHKasann
rpa(J)HHKH na cjinicaMa op, 6.6 AO 6.11, noicasyjy p,a ona yHOCH HssecHa Malta ofl,cxynaH>a o^
saMHixiJteHe HHxepnojinpaHe KPHBC, BH^jtHBa KO^ ysopaKa Majie rycxuHe. MeljyxHM, oea cy
oflcxynaita 3Haxno Man>a o ;̂ pasjiHKe H3Mel)y HspanyHaxHx H Mepeanx Bpe^HocxH, xaico aa je npHMena
OBC eMnnpHJCK6 <|)yHKLuije cacBHM onpas^aHa H y cirynajy axenyauHOHnx Koe(})HLiHJeHaxa
HspanyHaxHx nporpaMOM XCOM.

6.3. ATEHYAUHOHH KOEOHIJHJEHT 3A KAJIHEPAIJHOHH H3BOP

HaKo ce pajjH o MHHepajiHoj CHPOBHHH, sa cacxaB dpoccjmxa ysexa je xeMHJcKa <J)OpMyjia HHCXOF
, ca cjie^ehHM eneMenxapmiM npouenxHHM oanocoM:

0-41 .264%, P - 1 9.97 1 %, Ca - 3 8.764%,

na cy no^auH ynecenH y XCOM Kao CMema ejieMenaxa.

Ha CJIHUH 6.6.a ynopel)eHe cy Bpe^nocxH ao6HJeHe eKcnepHMenxajinHM nyxeM (upseHo) H
noMohy nporpaMa XCOM (njiaBo). Ha CJIHUH 6.6.6 npmcasaH je o^noc eKcnepHMenxajiHor H
HspanyHaxor axenyauHOHor KoecpHUHJenxa, ca KopH^opOM rpeixiKe. BHAHMO aa ce oflcxynaite Kpetie y
rpanHiiana OKO ±5% . HoKjranaH>e je, flaKJie, Ao6po, na heMo 3a H3paMynaBaH>e e(|)eKTHBHor
npocxopnor yrjia KopncnxH BpeflHocxn axenyauHOHor Koe<j)HiiHJeHxa ^o6HJeHe nporpaMOM XCOM .

10'

10-

1.10-

1.05-

'100

0.95

£(keV)
10J

a) 6)

C/iMxa 6.6. nopefjette eKcnepwMeHTanHMx M XCOM BpeAHOcm aieHyaqMOHor KoecpnqujeHia sa dpocdpaj

(fosfat-fitatten.tif, fosfat-mu-muxcom.tif)
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6.4. ATEHYAHHOHH KOEOHUHJEHT 3A KAJIHEPAUHOHH H3BOP
KCI

HOIIITO ce pa.au o HHCTOM XCMMJCKOM je^Hiteity, axeHyauHOHH Koe^mjHJeHT KCI HHJC MepeH,

Hero ce KOPHCTH Derosa Bpe/iHocx H3panyHaxa noMohy nporpaiwa XCOM sa jeAHHy pejiesaHXHy

eHeprnjy o^ 1460.8 keV:

//m - 5.089 -10-2cm2/g.

6.5. ATEHYAI1,HOHH KOEO»HI1^HJEHT 3A KAJIHEPAIHIOHH H3BOP
SRM

Opeivta cneu,H(j)HKauHJH npon3Bol)aHa, xeMHJCKa aHanH3a SRM noicasyje

cacxaB H3pa>KeH npeico oKcu^a:

SiO2-73%, A12O3 - 14.5%, Fe2O3-7%, CaO -2.3%, MgO - 1.5%, Na2O-1.7%

mxo je nocjxyjKHJio Kao yjrasHH no^axaK sa npopanyH nporpaMOM XCOM .

Ha CJIHUH 6.7.a ynope^eae cy BpeanocxH /joGnjeHe CKcnepHMeHxajTHHM nyxeM H noMohy

nporpaMa XCOM , ^OK je na CJIHIJH 6.7.6 npHKasaH H.HXOB O^HOC, ca KOpH^opoM rpeuiKe.

noKJianaite je RoQpo ynyxap -5% , na heMO 3a HspaHynaBaibe ecfieicraBHor npocxopnor yrjia

Bpe^HocxH axeHyauHOHor Koe(j)HUHJeHxa ao6HJeHe nporpaMOM XCOM .

10"

0.90-

E(keV)

a) 6)

CiiMKa 6.7. riopef]etbe eKcnepnMeHTanHnx n XCOM epeAHOc™ areHyaMMOHor

33 KaJlM6paMMOHM M3BOP SRM

(FITATTEN-SRMEuBa.wmf, mu-muxcom-SRMEuBa.wmf)

103
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6.6. ATEHYAIJHOHH KOEOHIJHJEHT 3A MECO
Meco je CBOK opraHCKH Maxepnjaji HHJH xeMHJCKH cacras MTOKB m Bapnpa:

BOfla 49-75%, npoxeHHH 15-21.5%, MECTH 3-35%, MHHepajme COJIH 1-2%, rjiHKoreH 0.3-0.5%.

HpeMa [Smiljanic04], Kao cxaHA3pAHa Bpe^Hocx MOJKC ce ysexn:

- 75%, npoTeHHH - 18.5%, Mac™ - 4%, MMHepanne COJIH - 2%, rjiHKoren - 0.5%.

EjieMenxapHH XCMHJCKH cacxas npoxeHHa je C - 55%, O - 21%, H - 7%, N - 16%, S - 0.5%, P -
0.5%, flOK je ejieMenxapHH xeMHJCKH cacxaB Macxn: C - 79%, H - 10.9%, O - 10.1%. Kao MHHepajma
co y cacxasy Meca ysexa je Kyxmtcica co NaCl , a 3a 6pyxo <f>opMyjiy rjiHKorena C6.Hi0O5. Ka^a ce CBH
OBH no^auH o6jeflHHe H npep3HyH3Jy, ao6HJe ce cjie^ehn ejieMenxapHH cacxas Meca, KOJH KOPHCXHMO
Kao yjiasne noflaxKe 33 XCOM :

H -10.162%, O -70.897%, C -13.796%, N -2.960%, S -0.093%, P -0.093%,

Na - 0.787%, Cl- 1.2 13%.

Ha CJIHIJH 6.8.a ynopefjene cy BpeflHOCXH ^o6HJ6He eKcnepHMenxajiHHM nyxeM M noMohy
nporpaMa XCOM , TJOK je na CJTHUH 6.8.6 npHKasan H>HXOB O^HOC, ca KopH^opOM rpeiiiKe. BH^H ce %a
je noKJisnaite eKcnepHMenxajiHHx H npopanynaxHx pesyjixaxa npHJIHHHO ao6po H ̂ 3 ce oacxynaH>e
Behe 04 10% jaBJba JC^HHO OKO 50 keV. 3a HSpaHynaBaae ec})eKXHBHor npocxopHor yma

OHCx Bpe^HocxH sxeHyauHOHor Koe(J)HiiHJeHxa AoGnjeHe nporpaMOM XCOM .

10
S(keV) B(keV)

a) 6)
C/iKiKa 6.8. nopeTje^e eKcnepnwieHTaiiHMX n XCOM epeAHOCTM areHyaunoHor KoedDnqujeHTa sa ysopaK Meca

(Fitatten-meso . tif , mu-muxcom-meso . tif)

6.7. ATEHYAE[HOHH KOEOHIJHJEHT 3A CKPOB
Bpyxo xeMHJCKa <})opMyjia CKpo6a je C6HioO5 H xo je aoBOJbHO Kao yjiasHH noaaxaK aa

nporpaM XCOM . Ha CJIHIIH 6.9.a ynopel)eHe cy Bpe^HocxH ^o6HJeHe eKcnepHMCHxajiHHM nyxeM H
noMohy nporpaM3 XCOM , flOK je na CJIHUH 6.9.6 npHKasan H>HXOB OAHOC, ca KOpnaopOM rpeuiKC.
MOJKB ce yonnxn BCJIHKO ORCiynaibe, npeKO 40%, 33 KOJC OB^e HBMSMO o6jaiuffceH>e. 3axo heMO 33
H3panyHaB3H>e e(|)eKXHBHor npocxopnor yrjra KOPHCHXHXH eKcnepHMenxajiHO
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10-

102 103
E(keV)

0.8-

0.7-

10-
Er(keV)

a) 6)

C/iMKa 6.9. nopefjetbe eKcnepuMeHianHMx n XCOM BpeflHOCTM areHyaqnoHor KoedJuqHJeHra sa ysopaK CKpoSa

(FITATTEN-skrob.wmf, mu-muxcom-skrob.wmf)

6.8. ATEHYAI;HOHH KOEOHIIHJEHT 3A CE^HMEHT
KaKO je SRM ycTBapn ocymeH ce^HMenx, Myjt, 3a npHnpeMy e(j)HKacHOCTH 3a ysopKe

ceflHMCHra KopHCTHheMo Bpe^HOCTH axcHyainHOHHOHor Koe(J)Hi];HJeHTa npHKasane y oflejtKy 6.7 sa

SRM Kao KajiH6pauHOHH

a) 6)
6.10. nopefjetbe eKcnepHMeHia/iHHX n XCOM speflHoc™ areHyaqMOHOr KoedpuMMJem-a sa ysopaK seivute

(zem-FITATTEN.wmf, zem-mu-muxcom. wmf)
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6.9. ATEHYAIJHOHH KOEOHIJHJEHT 3A 3EMJBY
SeMJta Moace HMaxH pasnoJiHK XCMHJCKH cacxas, ariH OBfle heisio ce nocjiyaarra XCMHJCKHM

cacxaBOM KOJH o^roBapa HCKOM cpe^iteM ysopKy:

O - 47%, Si - 35%, Al - 8%, Fe - 3 .9%, C - 2. 1 %, Ca - 1 .4%, K - 1 .3%, Na - 0.6%,

Mg-0.6%, N -0.1%.

Ha CJIHUH 6.10.a ynopefjene cy Bpe^HocxH ^oGHJeHe eKcnepHMCHxajiHHM nyxeM H noMohy
nporpaMa XCOM , AOK je na CJIHUH 6.10.6 nptncasaH H.HXOB OAHOC, ca Kopn^opoM rpeuiKe. BHZIH ce
ff,a je noKjianaite eKcnepHMenxajiKHx H npopaiyHaxHx pesyjixaxa Ao6po H ̂ a ce oacxynaite Behe oa
5% jasjta caMo Ha cacBHM HHCKHM eneprHJaMa. 3a HspanyHaBaFte e(})eKXHBHor npocxopHor yraa

onex Bpe^Hocxn axeHyauHonor Koe(|)HUHJeHxa ,go6HJeHe nporpaMOM XCOM .

6.10. ATEHYAIJHOHH KOEOHU^HJEHT 3A HECAK
DecaK ce o6Himo cacxojn OA KBapua, jiHCKyna H opxoKjiaca. 3a Ham npopanyn CMC

OAHOC:

KBapu - 50%, jiHCKyn - 25%, opxoKJiac - 25%.

H opxoicnac cna/iajy y rpyny anyMOCHJIHKaxa. XeMHJCKa (J>opMyjia opxoioiaca je KAlSi3Og , a
jiHCKynaje AB2.3(X,Si)4Oio(O,F,OH)2, r^e A MO>Ke GHXH K, Na, Ba, HJIH Cs, B Moace 6nxH Al, Li, Fe,
Zn, Cr, V, Ti, Mn, HJIH Mg, a X MO>Ke SHXH Al, Be, HJIH B. V HameM npopanyny CMO KOPHCXHJIH
jienHAQJiHx Kao jeaan oa jeflnocxaBHHJHx H HBCXHX jiHCKyna ca xeMHJcKOM (J)opMyjioM
KLi2(AlSi3)Oio(OH)2. HpopanyH eJieisieHxapHor xeMHJCKor cacxaBa necKa, y KOJH cy yiotyHene CBC xpn

Si - 36.8%, O - 49.2%, K - 6.2%, Al - 4.3%, Li - 1 .0%, F - 2.6%.

a) 6)

6.11. nopef)e4>e eKcnepuMeHtanHnx u XCOM epeAHOc™ areHyaMMOHnx KoecjDMMHJeHaja aa ysopaK necKa

(FITATTEN-pesak.wmf, mu-muxcom-pesak.wmf)
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Ha CJIHU.H 6. 11. a ynopeljene cy Bpe^HocxH #o6HJeHe eKcnepHMeHxajiHHM nyxeM H noiviohy
nporpaMa XCOM , ,HOK je na CJIHUH 6.1 1.6 npnicasaH H>HXOB O^HOC, ca KOpnaopOM rpeiiiKe. Mo:ace ce
saKJtyHHXH fla HOCXOJH 3HaHaJHO o^cxynaite eKcnepHMeHxaJIHHX H npopanyHaxMx BpeflnocxH. C
o63HpoM fla ce 4>nx eKcnepHMeHxaJIHHX BpeanocxH HairasH HCHOA npopaHynaxHx, OBO oacxynaite
MOJK^a ce MTOKC oojacHHXH XHMC mxo je necaK rpanyjinpaH, xj. HMa je flocxa "npaanor" npocxopa.
XeMHJCKH cacxas necxa ysex je ^oneKjie npoHSBOJtHo, HO y sehnHH cjiynajesa npoMena cacxasa Hiujia
6n y cMepy Beher y^ieiuha XOKHX ejieMenaxa, mxo 6n nocxojehe Hecjiaran>e jom yBehaJio. OflcxynaH>e
Kpehe H ^0 25%, na heMO saxo sa H3panyHaBaH>e e(})eKXHBHor npocxopnor yrna KOPHCHXHXH
eKcnepHMCHxajiHo Ao6HJeHe

6.11. HPEFJIE^ ATEHYAEtHOHJIX KOEOHIIHJEHATA

Ta6ena 6.2. ripernefl axeHyauMOHkix KoedpuqujeHaxa

Ooc(j)aT

KC1
SRM

CKpo6

Meco

CeflUMenx

3eMJta

necaK

EKcnepHMeHxaime onxmiajiHe BpeflHocxH napaMexapa y 4>yHKiiHJH

(6.2)

a
0.06(4)

0.03(7)

0.08(4)

0.10(3)

0.03(7)

0.083(25)

-0.01(6)

b
-2(4)E-03

0(5)E-03

^(4)E-03

-4.8(28)E-03

0(5)E-03

-3.9(21)E-03

3(6)E-03

c
30(11)

35(18)

11(8)

18(6)

35(18)

25(5)

24(10)

d
-5.6(15)E+03

-3.1(14)E+03

-4(4)E+03

-0.85(25)E+03

-3.1(14)E+03

-12.2(25)E+03

-1.5(4)E+03

e
13(3)E+03

8(3)E+03

1.0(8)E+03

1.8(5)E+03

8(3)E+03

5.3(5)E+03

3.7(7)E+03

oflcxynafte

XCOM-eKcn.

-7%, +5%

-3%, +5%

-45%

-12%, +5%

-3%, +5%

-10%, +5%

-25%

ycBojeno

XCOM

XCOM

XCOM

CKcn.

XCOM

XCOM

XCOM

CKcn.

1 -

0.1-

100
T

1000

1 -

0.1 -

100

Ey [keV] E [keV]

Skrob
Meso
Sedim.
Zemlja
Pesak

1000

6.12. TpadDUHKH npviKas yceojeHnx areHyaunoHnx KoedDHMnjeHaxa sa naeope/yaopKe
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7. OPEftHBAH»E E<DHKACHOCTH ^ETEKIJHJE 3A
Y30PKE PA3JIHHHTOF CACTABA

7.1. H3PAWHABAH>E EOEKTHBHHX HPOCTOPHHX YFJIOBA
HporpaM 3a HspaHynaBaifee e^eKXHBHor npocxopnor yrjia OMEGA yjiasne noaaxKe o

reoMexpHJH CHcxeMa HSBop-flexeKxop H MaceHe axeHyauHone Koe^nqujenxe y saBHCHOcxn oa
enepraje, sa cse CJIOJCBC cucxeisia Kpos Koje npojiase y -spann, ysHMa HS xeKcxyajinor (})ajjia ca
npo^y5KexKOM HMena * . inp, KOJH ce npHnpeMa noMohy GHJIO Kqjer e^nxopa npocxor xeKcxa, H3Ban
caMor nporpaMa OMEGA . Ha CJIHUH 7.1. a npHKasann cy HOSHBH oGjeKaxa xnna umiHH^pHHHa Kana
sa flexeKxop GMX, a na CJIHUH 7. 1 .6 sa ^exeKxop HPGe.

xsource
. container (PE)
platform (PE)

...air (air)
^airring (air)
cap (PE)
capgap (air)

—capring (PE)
windowgap (air)

- canring (Al)
— window (Be)
- can (Al)
— vacuum (vacuum)

shield (PE)
mount (Al)
outlayer (Ge)

-detector (Ge)
- inlayer (Ge)
— core (vacuum!

— source
container (PE)

.-platform (PE)
air (air)

"-—windowgap (air)
canring (Al)
-can (Al)

.—vacuum (vacuum)
^.-outlayer (Ge)
...-detector (Ge)

core (vacuum)

7.1. DpuKas ancopntiMOHMX c/iojeBa y o6a CMCTewia M3BOp-fleTeKTOp; a) GMX (neBO), 6) HPGe

s Run

l

Ffe

sid-si
jSOOj.jjWIvJePch.j.J

2.11.2004 19:25:48 D : \diplomsk i^ev OmegaN24-Q6-04xEO*e9aClV.e*e (ver. 2 4 . 6 . 2 0 0 4 10:55:46) by -
Effective solid an le of a cylindric source

GEOMETRY DATA (dimensions in cm)

cylobj zLow z iln sHiOut rln rOut material

core 0 0
inlayer 0 . 0
detector 0 0
out layer 0.0
mount 0 (
shield . 5

can f
window . t
canring . t

capring (
capgap 1
cap .7

air .(
platform 7
air .8
container 9

KATERIAL DATA
material Ge
(g/cm"3) 5 .32
E-(keV) total

0 .00 71 0 .00 0 . 4 vacuum
0 .71 .80 0 . 4 6 0.5 Ge
0 80 52 0 .55 2.8 Ge
0 .52 .52 2 .80 2.8 Ge
0 52 52 2 80 2 8 Al

.52 .53 0 . 0 0 2.8 PE nylar

.53 83 2 .85 3 3 vacuum
88 88 3 .37 3.5 Al
83 88 0 00 3 3 Be

.01 .01 2 . 9 7 3.5 Al
88 01 0 00 2 9 air

01 7 43 0 00 3 5 air
.43 7.55 3 .50 3 .8 PE
73 5 73 3 50 3 8 air

.55 7 .77 3.81 5.0 air
77 7 89 0 . 0 0 5 .05 PE plesy

8 17 8 76 3 18 3 40 PE
8 17 8 76 0 . 0 0 3.13 Ca3(P04)2

Al Be PE(CH2) Ca (P04)2
2 . 7 0 1.85 0.93 .07

4.1S4E+01 3 237E+ 0 . 897E-G 3.751E-0 6.2 OE+00 0.16278
2 242E+01 1 690E+ 0 701E-0 2 B11E-0 3 2 4E+00 0.32163
1 . 347E+01 1 . 019E+ . 61SE-0 2 . 414E-0 1 . 9 8E+00 0 . 52113

2 . 423E+00 2 . 756E- . 464E-0 1 . 921E-0 4 . 2 6E-0 . 21053

80 8.7S4E- 01 1 817E-0 .372E-D 1 . 773E-0 2.3 OE-0 .36612

100 5 045E-01 1 572E-0 310E-0 1 687E-0 1 8 8E-0 .37527
110 4.068E-01 1 498E-0 .281E-0 1 649E-0 1.7 2E-0 .36559

T

7.2. l/lamefl paflHe noapwMHe y nporpaiwy sa napaMyHaBatte ecpeicrnBHor npocropHor yrna OMEGA
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HaKOH yHHxaBaita yjiasnor 4>ajjia, y rpa4>HHKOM nposopy nporpaMa npuKasyje ce npeceic

HSBop-flexeKxop ca CBHM pejieBaHXHHM o6jeKXHMa y oaroBapajyhoj cpasMepw (cjimca 7.2).

O6jeKXH cy saceHHenH nponopuHOHaiiHO CBOJOJ rycxHHH. TpaifiHHKH npHKas je KopncxaH KOJI nposepe

reoMexpHJcKHx flHMeH3HJa o6jeKara, H>HXOBOF pacnope/ja H cacxasa, nouixo OMEGA HeMa

yrpaljeiry ^exeKUHJy norpemnor ynoca

Pesyxax nporpaMa je xeKcxyajiHn 4>aj;i ca npo/iy^exKOM * . out, KOJM ce ofl yjiasnor

caMO no xoMe mxo Hiwa je^ny KOJioay BHiiie, y KOJOJ je ynHcana Bpe/jnocx e<J>eKXHBHor npocxopnor
yrjia y saBHCHOcxH oa eneprHJe y -3paKa. Ha CJIHUH 7.3. je npHKaaan aeo Hsiiasnor

11.10.2004 16:02:49 D:\diplomski\New Omega\24-06-04\EOmegaClV.exe (ver. 24.6.2004 10:55:46) by
J. Slivka:
Effective solid angle of a cylindric source
Quadrature resolution power = 4
GEOMETRY DATA (dimensions in cm)

cylobj

core
inlayer
detector
outlayer
mount
shield
vacuum
can
window
canring
windowgap
capring
capgap
cap
airring
air
platform
air
container
source

MATERIAL
material
(g/cm~3)

zLow

0.
0.
0.
0.
0.
6.
0.
0.
6.
6.
6.
7.
7.
5.
0.
0.
7.
7.
8.
8.

DATA
Ge

00
00
00
00
00
52
00
00
83
88
88
01
01
73
00
00
77
89
04
39

zHiln

0
5
5
6
6
6
6
6
6
7
6
7
7
7
5
7
7
7
8
8

5.32
E~(keV) total

20 4.
25 2.
30 1.

.00

.71

.80

.52

.52

.52

.53

.88

.83

.01

.88

.43

.01

.43

.73

.55

.77

.89

.39

.39

2.

zHiOut

5
5
6
6
6
6
6
6
6
7
7
7
7
7
5
7
7
8

13
13

Al

70
attenuation

154E+01
242E+01
347E+01

3
1
1

.71

.80

.52

.52

.52

.53

.83

.88

.88

.01

.01

.43

.43

.55

.73

.77

.89

.04

.80

.80

0
0
0
2
2
0
2
3
0
2
0
2
0
3
3
3
0
0
3
0

L

rln

.00

.46

.55

.80

.80

.00

.85

.37

.00

.97

.00

.80

.00

.50

.50

.81

.00

.00

.25

.00

Be
.85

rOut material

0.
0.
2.
2.
2.
2.
3.
3.
3.
3.
2.
3.
3.
3.
3.
5.
5.
5.
3.
3.

coefficients

.237E+00

.690E+00

.019E+00

1.

1.

1.

46
55
80
80
85
85
37
50
37
50
97
50
50
81
81
05
05
05
47
25

vacuum
Ge
Ge
Ge
Al
PE mylar

vacuum
Al
Be
Al

air
PE
air
PE
air
air
PE plexy
air
PE

me so

PE(CH2) meso
0.93 1.22

without coherent scattering (cmA2/g)

897E-01
701E-01
615E-01

3.751E-01 7.641E-01 0.17531
2.811E-01 4.673E-01 0.27212
2.414E-01 3.410E-01 0.34274

7.3. flpuwep najiasne AaroreKe nporpawa OMEGA; noc/ieAfta KonoHa je e4>eKTMBHM npocropHM yrao
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7.1.1. E(j)eKTHBHM npocxopHH yrjioBH 3a Kaanf>pauHOHe H3BOpe

Pe3yjixaxn nspanyHaBaita e(f>eKXHBHHx npocxopHHX yrJiOBa y <j)ymaj,HJH eneprHJe sa cse
reoMerpHJe 3a KanuGpauHOHe n3Bope (J>oc(})aT H SRM 3a flexeicxop GMX npuKasann cy rpa(J)HHKH

7.4). E(})eKTHBHH npocTOpHH yrao 3a Kajra6pau,HOHH H3Bop KCI je npeflcxaBjteH Kao u,pBena
na HCXOJ

1 -

G~ cf

100 1000 100 1000

E[keV] E [keV]

1 -

-n—
100

1 -

a

1000
~n—

100 1000

E [keV] E [keV]

7.4. EdpeKTMBHM npoCTOpHM yrnosn y cf)yHKMMJM eneprnje 33 Kann6paqnoHe ussope 33 AereKTOp GMX
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7.1.2. E(J)eKTHBHH npocTOpHH yrjiOBH sa y3opice pasjiHHHxor cacraea
PesyjixaxH HspanyHaBaita e(J)eicxHBHHx npocropHHX yrjiosa y (fjyHKijHJH eHepraje sa cse

reoMexpHJe sa Aexeicxop GMX npnicasaHH cy rpa<J)HHKH Ha CJIHUH 7.5.

1 -

0.1

6707
Meso
Mulj
Pesak
Skrob
Zemlja

E[keV]

6731
Meso
Mulj
Pesak
Skrob
Zemlja

1000

E[keV]

1 -

0.1

6715
Meso
Mulj
Pesak
Skrob
Zemlja

1000

E[keV]

Meso
Mulj
Pesak
Skrob
Zemlja

100

E[keV]

7.5. PeaynraTM napaMyHaeahba ecbeKTHBHux npocropHnx ymoea y cpyNKqujn eneprnje aa Aereicrop GMX
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-ri
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9HHXOXJ 91J93

fo o/0gg xooHl/gda
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'90
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BH '(033W) 3HHX3XJ 3<HBW XlHtlHEXOIlXo XHl/9f BE H (XB4>OO(|))
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'B<HBfOXOBd

VO UIUJ I BE 91J93 g'HBfOXOBd BH XfaxXM HllXfBSU-aBXOOU HITBdHlfXwHO OJVO HXOOHl/9irOOb'9H

•XfBajKXj smna HITH aimn 90 9fos 'BWBHH09M wn>iOH9irHX9Hirou X doxaaxol/ BH XfBiraBxoou
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B 'H9XOdu HHSHUXUOH XHtf BH XfBIMH ofaxXx 9M9H ^OHITBMHXdga WH30BO M9aX HfOXO 3H BJHXX)! BdOXM3X3t

JOHlTBXHOEHdOX tfO^J -BH9mdaBO 3JHH BdoXM9X9fi' fSdllOH 9fHxX» BqiBiraBXOOU

• jdy 9f BMBHEQ 'BMdOEX XHHW3dUBE HXBHXhBdEH fBO M9X H (BfHdX9WO9J BKhMdlTHHITHH HXBaXhO

90 BdOW) BHDOiraOU H BHf HXOOH9ir8HdNB£ 9HHOH8 XHH8OITOU B£ HXHqiBwX BdOW 9fHxX>I 9HirB9fH

BHHOH8 90 BU 'MBdOEX HEBITBH 9H 9O BWH'HgqfaHdMBE j{ 'BnUOirMOU H BHf B'HgifaHdjIBE HITHHSHOdll

owo oxm O»BX dnegX HirgsX owo oxm 'HBIJOIDIOU H OHf oHasd XfBW9H oxosh 9fHxXji 9H1TB9J

• P!£j 9f B<HBaBHXhBd£H

BWHXBXirX£9d X BSBHEQ 'BMHirgO JOHhHdfHHITHn JOHITB91/H HfaxXM X 'BXH3lHnH(f)3O>I JOHOHHBXH3XB

JOH90BW JOXBf MBdOEX HITH dO8£H HHOHHBdgHITBM 9f X9EX g^HBaH^gdOuX B£ B3OHOO OB>[

•HXOOHf9IfOOb'9H XHHJK9g£H3H

HITB XHITBW XH3MB8O tfetfoX 91TBXOBH Hg 9fOM BITjX JOHdoXOOdu JOHaHXM9({)9 3>Hn9dj-3H9l\[odu

OWHH9HOdH Bf HITBIIlXMOII OWO BU 'BaOITOX XHHBaOEHfdBtTHBXO OMB8O I/O B^HBuXxOtfO Of ONBJIBaO

HEBIfOf HOJIBdu fOMOfHdoXBdogBi: ^ "BMBdOEX BfHdoJ9XB>I OMHITOM9H H BfHdX9WO9J XHHOHlDI9X9f

XHHtfdBfHBXO ONHirO)I9H B£ HXOOHOBNHC^g 9IT9gBX XfBdHWdO(j) 90 Bf 9f Bl/Bd JO3O ITH^

BIT l£ JOHdOX30dU



Ca CJIHKC 7.7. MO}Ke ce samtyMHXH na HaJBehe o,o,cxynaH>e no GHJIO KOM OR osa xpw OCHOBa, Koja
ce pasMaxpajy He npejiasn ± 7.5% 3a KaiiH6paijHOHH H3Bop <})oc(J)ax H ± 3% sa ysopaK Meca. Ooc(J>ax
je, y OBOM cnynajy, nocMaxpaH Kao npHMep Kajin6pau,HOHor HSBopa H Kao cyncraHU,a BejiHKor
axeHya^HOHO^ Koe(J)HUHJeHxa, a MCCO je nocMaxpano Kao ysopaK, H Kao cyncxanua Manor

Koe(j)nu,HJeHxa.

pa^y cMaxpaMo ^a je Kyxnja ca ysopKOM npasH^Hor reoMepHJcKor o6:iHKa.

S 1-05-
ga

1.00

0.95

100

Fosfat-6731

a In
1mm id i

1000

1.10-

5 1.05-

a

O Q R -

~~~ — — _____^

Meso-6731

"p/0!,)

1mm id

n95%/Q,d

nid/Qid

-

100

E [keV] E [keV]

a) 6)
7.7. OflHOC yMMtfeeHe rpeiuKe y OflHocy na Mfleanny Kyrnjy 33 6731

1000

1.10-

g
G

1000 100

E [keV] E [keV]

a) 6)

CnnKa 7.8. OAHOC ynufbene rpeiuKe y OAHOcy Ha Mflea/iny Kyrnjy 33 6707

1000

56



7.2. TPAHCHAPEHTHE EOHKACHOCTH 3A CTAHflAP^HE
TEOMETPHJE

7.2.1. TpancnapenTHa e^HKacnocT H nocrynaK ii3pan\a

OcHOBHa Hfleja Koja ce cnpOBOAH y OBOM pa^y je ^a ce e(J)HKacHOCT 3a neKy Bpcxy ysopKa s
o/tpeflH nojiasefrH o^ eKcnepHMCHxajmo aoGHJene ecj)HKacHOCxH KajiH6pauHOHor H3Bopa £•<, , H>eroBor
e(j)eKTHBHor npocxopHor yrjia /2S , H e<})eKXHBHor npocxopnor yrjia ysopKa /2 [§3]:

Mel)yTHM, na HeKOM HHBoy o6pa/ie no>KejbHO je s6or noBehaita xannocxH yjeflHHHXH pesyjixaxe
Mepeita H3 csa xpn KanH6pauHOHa H3BOpa (4>oc(j)ax, KC1 , SRM). To je Moryhe ynnHHXH xaKO mxo
heMO nspanyHaBaifce 3a CBaxy Bpcxy ysopKa no ropuboj (J>opMyjiH HOHOBHXH 3 nyxa, na saxHM nahn

oxoKany cpe^ity Bpe^nocx e<J)HKacHocxH ysopKa. Ho, onpeAejimin CMO ce 3a nocpe^HH
KOJH npy>Ka Gojty KOHxpojiy npoueca yxanitaBaifca. no^axKe o e<|)HKacHocxH sa flaxy

reoMexpHJy 3a csa xpn KannGpaiiHOHa H3BOpa yjeflHHHheMO H3panyHaBajyhn npso e(J)HKacHocx 3a
BHpxyejiHH ysopaK KOJH He ancop6yje y-3paKe; Ha3BaheMO xaico floGnjeny e^HKacnocx "xpancnapeHXHa
e<J)HKacHocx":

e*=etSl-, (7.2)

je /3tr e(J)eKXHBHH npocxopHH yrao H3panyHax 3a npasny nocy^y 3a ysopaK (KyxHJy).
TpancnapeHXHa ec|)HKacHocx ne saBHCH oa axenyauHOHor Koecj)HUHJeHxa ysopKa, nero caMo o^
reoMexpnje aexeicuHJe, xaKO j\a ce y npaKCH pexKO Mefta. Ona caa npe^cxaBJBa "jia6opaxopHJcKH
cxanflap/i" H3 Kora ce no noxpe6H Moace H3panyHaxH e<j)HKacHOCx aexeKU,HJe s 3a 6njro KOJH ysopaK,
aKO My ce nosnaje e(J)eKXHBHH npocxopHH yrao O [O^H. saBHcnocx axenyauHonor Koe<f)HijHJeHxa o^
eneprnje jum(Ey)]:

£ = £ * - - . (7.3)

Jacno je m ce yBpmxaBaH.eM (7.2) y (7.3) ao6HJa nonasna pejiaunja (7.1).

Hs (7.3) ce £tr floGnje y xaGenapnoM o6jiHKy 3a one BpeanocxH eneprHJe E^ KOJC eMHxyjy
KajinGpauHOHH HSBOPH. V onuixeM cjiynajy OHH ne eMHxyjy y-spaKe na CBHM eneprHJaivia Ha
xpe6a oflpe^HBaxH cneuH(j)HHHe aKXHBHOcxn ysopaKa. 3axo je noxpe6no xa6ejiapny
npexBopnxH y KOHXHHyanHy KajinGpauHony KpHBy HHxepnojiau,HJOM, HJTH npHfl,py>KHBaH)eM
CMnnpHJCKe (J>yHKUHJe. OBAC CMO ce onpe^ejinjiH sa nojiyeMnnpHJCKy <})yHKUHJy npeacxaBJbeHy y
[Sanchez-Reyes87],

str (Ey ) = exp{pj - [j?2 + p3 exp (- p4Ey )Jexp (- p5Ey )ln Ey } , (7.4)

je Ej y keV, sa Kojy ce noKasano ^a ynocH Hesnaxna flo^axHa oacxynafta o
HHxepnojiHpane 4>yHKHHJe. <J)yHKU,HJa je (JjHXOBana Mexo^OM oxeacannx HaJMan.HX KBa/ipaxa na
xaGejiapne no^axKe %. Vsexo je fla npn xpaHC(J)opMauHJH pejiaunjoM (7.2) pejiaxHBne necnrypHOCXH
siT ocxajy na HHBoy peJiaxHBHHX necHrypnocxH fs , xj. j\a. n H /2S ne ynoce aoflaxne HecHrypnocxH.

7.2.2. TpancnapeHTHe e^HKacHOCTH 33 ACTCKTOP GMX

HoflauH xpancnapenxHe ecj)HKacHocxH zi,o6HJeHH xpanc(j)opMauHJoM (7.4) HS
ec()HKacHOCXH npHKasanH cy na CJIHUH 7.9 sa cse cxanji,apAHe reoMexpHJe na aexeKxopy GMX
CHM6o^HMa npeMa KOJHMa ce MO>Ke BH^CXH H3 Kojer KajraGpauHonor H3Bopa HOXMHC no^axaK. BCJIHKO
oflcxynan>e HSMe^y BpeflHocxH % na GJIHCKHM eneprHJaivia HS pasjiHMHXHX H3Bopa yKasano 6n na
CMCxeMaxcKe rpeuiKe y KoniieHxpauHJH aKXHBHOCXH KanH6pau,HOHHx H3Bopa, Kao H/HJIH na
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cHcxeMaxcKe rpeiiiKe y axenyauHOHHM Koe(j)Hi;HJeHXHMa Maxpmja KajiH6pauHOHnx HSBopa. KaKO ce ca
cjiHKa BHAH, OBa cy oflcxynaita HCXOF pejja BenHHune Kao H pacmiaite Bpe^HocxH HS je^Hor H3sopa,
xaKO /ja nocxynaK ycpeflH>aBaH>a MO^KCMO CMaxpaxH KOPCKXHHM.

OflroBapajyhHX (j)yHKUHJa, ao6HJeHHX rope onHcaHHM nocxynKOM, npeacxaBjteHH cy
ca CBOJHM KopHflopHMa HecHrypHocxH na HCXOJ CJIH^H 7.9, AOK cy Bpe/jHocxH napaMexapa

xa6ejiH 7.1.

0.1 -

100

E[keV]

0.01 -

100

E[keV]

E[keV] E[keV]

CnMKa 7.9. SaencHocT rpaHcnapeHTHe edJUKacHOCTn OA eHeprnje sa GMX

Ta6ena 7.1 OnrosaHe epeAHOc™ napaMerapa cpyHKMnje (7.4) aa AereKTOp GMX

IlapaMeTap

Pi

P2

P3

P4

Ps

TeoMexpHJa
6707

-2.7(5)

1.31(8)

1.08(10)

20.5(2 1)E-03

50(8)E-06

6715
-4.4(4)

1.05(7)

0.88(9)

23.1(25)E-03

35(9)E-06

6731
-3.0(4)

1.30(8)

1.12(9)

20.6(16)E-03

51(8)E-06

6762
-4.9(4)

1.03(7)

0.80(8)

19.7(20)E-03

14(10)E-06
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7.2.3. TpaHcnapeHTHe et^HKacuoci'ii 3a flereKTOp HPGe

TpancnapeHXHe e<})HKacHocxH 3a AexeKxop HPGe, Ao6HJene HCXHM nocxynKOM KOJH je
npHM6H>eH KOA AexeKxopa GMX, npHKasane cy rpa(})HHKH na CJIHHH 7.10, AOK cy OAroBapajyhe
(})HXOBaHe BpeAHOcxH napaiviexapa Aaxe y xa6e;iH 7.2. Kao mxo ce ca cjiHKa BHAH, HH OBAC neivia
npHMexHHx cHCxeMaxcKHX HecjiaraH>a HSMe^y noAaxaKa KOJH noxHny OA pasnnx KanH6paii;HOHHx
HSBOpa.

100 1000

E[keV] E[keV]

o.i -

E[keV] E[keV]

7.10. SaBMCHOCT TpaHcnapeHTHe ecpMKacHOCTO OA eneprnje sa HPGe fleTeicrop

Ta6ena 7.2. cDnTOBane speAHOCTM napaweTapa dDyHKUnje (7.4) sa AeTeicrop HPGe

TlapaMexap

Pi

P2

P3

P4

P5

FeoMexpHJa
6707

-3.4(5)

1.25(8)

3-3(5)

33(3)E-03

60(8)E-06

6715
-3.4(5)

1.27(9)

2.6(3)

27.7(27)E-03

54(9)E-06

6731
-4.4(5)

1.12(8)

3.3(6)

34(4)E-03

40(10)E-06

6762
-5.0(4)

1.06(7)

2.7(4)

32(3)E-03

25(10)E-06
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7.3. EOHKACHOCT flETEKIJHJE 3A IJHJIHH#PHHHE Y3OPKE
PA3JIHHHTOF CACTABA

IlouiTO CMO oflpe^HJiH TpaHcnapeHTHy ecj)HKacHOCT sa HexHpn cxaimapAHe Kyrnje, MO5KCMO
noMohy (7.3) HspanynaTH ec|)HKacHOCT flereicHHJe sa GHJIO KOJH ysopaK. V3CTO je #a osa
TpaHC(|)opMa^Hja ne ynocn ^oflaTHe HecHrypnocxH ycjie^ Q , IIITO npaKTHHHO 3H3HH aa pejiaxHBHa
HecHrypnocT s ocraje na HHBoy pejiaxHBHHx necHrypnocTH ss, HOIIITO CMO pannje ysejiH p,a HH ns

ne ynocH flo/jaTHy HecHiypnocT.

Ta6ena 7,3. flpernefl KOHaHHMX eKcnepHMeHTariHux peayniara no flaroreKaMa

flexeKTop

GMX
(L)

HPGe
(M)

YsopaK

CKpo6

Meco

CeanMeHT

SeMjta

FlecaK

CxpoG

Meco

CeflHM6HT

3eMJba

IlecaK

Hivie flaxoxeKe
L 6 7 0 7 s k . e f f
L6715sk.eff
L6731sk.eff
L6762sk .e f f
L6707me.e f f
L6715me.eff
L6731me.eff
L6762me .e f f
L6707mu.e f f
L6715mu.eff
L6731mu.eff
L6762mu.e f f
L 6 7 0 7 z e . e f f
L6715ze.eff
L6731ze.eff
L6762ze . e f f
L6707pe .e f f
L6715pe.eff
L6731pe.eff
L6762pe .ef f
M 6 7 0 7 s k . e f f
M6715sk.eff
M6731sk.eff
M 6 7 6 2 s k . e f f
M 6 7 0 7 m e . e f f
M6715me.eff
M6731me.eff
M6762me .e f f
M6707mu.e f f
M6715mu.eff
M6731mu.eff
M6762mu.e f f
M 6 7 0 7 z e . e f f
M6715ze.ef f
M6731ze .ef f
M 6 7 6 2 z e . e f f
M6707pe .e f f
M6715pe.eff
M6731pe.eff
M6762pe .e f f

TlpejicTaBJBeHO na CJT.

7.11
7.13

7.12
7.14
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7.3.1. E(J»iKacHocTH
GMX

3a ysopice cacraea 3a

SaBHCHOCTH ecjmicacHocxH flexetcmije 3a ysopKe CKpo6a, Meca, ceAHMeHxa, 3eMjte H necKa sa
KyxHJe, 3a aexeKXop GMX, npHKasane cy na CJIHUH 7.1 1.
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7.11. Pesynrarn ecpMKacHOC™ 33 GMX ASTeicrop 33 unriMHApHHHe ysopKe (cKpo6, weco,

n necaK) ca Kopuflopow rpemKe n pesynraTvi ecpuKacHOcru 33 GMX ASTeicrop sa Kyrnjy 6731
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3a UHJIHHAPHHHC ysopice7.3.2. E<J)HKacHocin
HPGe

e(J)HKacHocxn ACTCKUHJe 3a ysopice cxpo6a, Meca,
Kymje, 3a aexeKTOp HPGe, npHKasane cy na CJIHUH 7.12.

cacraea 3a

seivute H necxa 3a
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7.12. Pesynra™ edpnK3CHoc™ 33 HPGe Aereiaop 33

£ [keV]

ysopKe (cKpo6, Meco,

sewnn^a n necsK) ca KopnAopow rpeiuKe n pesynrsTn edJUKacHOcru 33 HPGe AereicTOp 33 Kyrnjy 6731
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XIAIO ee 'afmAM SHtfdBtfHBio BE 'afuJdaHe nfuhxHAcp A 'iscpoocp BE af

MlOOHOBNMCpa M B9B10BO JOlKlhMUEBd 8>ldoeA BE afuhxaiatj1 MiOOHOBXMCpa BOOMO mOOHOHaB£
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7.14. SaencHOCTM OAHOca ecpMKacHoc™ AereKLinje 33 ysopice pas/iMMHTor cacrasa n ec(DMKacHOCTM

sa cfioccpaT, y cfcyHKLiMjM eHeprnje, sa craHAapflHe Kyrnje, sa HPGe Aereicrop

7.4. ^HCKycHJa pesyjixaxa

Kpajfte pesyjiTaxe npopanyna 3a Ao6HJaH>e e(J)HKacnocTH ztexeicuHJe 3a
cacxasa najjiaKiiie je KOMenxapHcaxH na ocnoBy rpa(|)HKa npeflcxaBJbeHHx y npexxo^HOM oflejticy, xj.
na OCHOBy oflHoca Hspanynaxe e(J)HKacHOCxH H ^o ca^a KopHiuhene "ynHBepsanHe" e<})HKacHOCxM
^oGHJCHe na ocnoBy KOJiH6pauHOHor Hssopa 4>oc(j)ax. Tpac^HUH noKasyjy fla je
e<j)HKacHOCx 3a cse XBHOBC ysopaxa npaicraHHO yseK Beha o« one flo6HJeHe H3 4>oc<J)axa. Y

, oea KOpeKUHJa, Koja ce, 36or ynopehHBan>a y npaKXHHHO HCXOJ reoMexpnJH
caMO na KopeKUHJy na caMoancopnuHJy y ysopicy, MHOFO je snaHaJHHJa sa UHJIHHAPHHHC ysopice

ca
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Behe Ae6jbHHe. TaKO, na npHMep, 33 ysopice y reoMexpHJH 6762 xa KopeKUHja je rpyGo 3 nyxa Beha
Hero 3a ysopKe y reoMexpwJH 6707.

Onex y cmraAy ca oneKHBaiteM, KopeKUHja y OAnocy H3 ecjwKacnocx H3 (j)oc(J)axa ysHMa BCJIHRC
BPCAHOCXH Ha eneprHjaMa HCHOA 120 keV (FAB je oxnpmiHKe MaKCHMyM KpHBe e4>HKacHocxH), OA
rpy6o 1.5 AO 3 nyxs H3 40 keV, AOK je H3 BHIIIHM eneprHJaivia xa KopeKijHJa snaxno M3H>a, H M3H>e
33BHCH3 OA eHcprHJe, OA HeKOJiHKO npouBHaxa 33 X3H>e ysopice, AO rpy6o +30% sa Ae6jte.

H3 nopefieH.a ca HecHiypHocxHMa na Koje yicasyjy necHrypnocxH npopaHynaxHx B^CKXHEKHX
yr^oaa [§7.1.3], BHAHMO ^a cy KopCKunje ec})HKacHOcxH y oflnocy Ha ecJmicacHOCx HS (J)oc({)axa
yrjiaBHOM snaxno Behe, anH cavio KOA ysopaica sehnx ae6jbHHa. KOA ysopaKa MSH.HX ae6jbHH3,
napOHHxo Ha BehHM eHeprHJaMa, npoueftCHe HecnrypnocxH HCXOF cy pe^3 BejiHHHHe Kao KopeKunje y

na e(})HKacHocx H3 (J)oc(J)axa.

Hs ABa npHiwepa, xHHHHHa y jia6opaxopHJcKoj npaKCH, noKasaheiwo KOJIHKO npHMena OB^e
KOpCKUHJa yXHM6 H3 Kp3JH>H pC3yjIX3X MepeH>3 KOHU6HXp3UHJe 3KXHBHOCXH

, y reoMexpHJH 6762 (ABB cx3HA3pflHe KyxHJe), H3 AexeKxopy HPGe. Kao npHMep
Beher axenyaunoHor Koecjmjenxa y3eheMO ysopaK raHHe, Kojy heMo cspcxaxH y KaxeropHJy
H ynope^HXH KOHuenxpsuHJe aKXHBHOCXH HCKOJIHKO HajsacxyrubeHHJHX paflHonyicjiHAa

H3p3nyH3xe Ha ocHOsy ecfmicacHOCxH AexeKUHJe OApehene caMO 4>oc(})axoM, mxo je aocan 6Hjia npaKcs,
H OBAC H3panyHaxe 6(})HKacHocxH 33 3CMjty. Pesyjixsxn cy npHK333HH y xsGe^H 7.4.

Ta6exia 7.4. nopefjefce KOHqeHTpaquje aKTMBHOCTM n MHfleKca paflMoaKTMBHOCTM Marepujana ysopxa

(MGL7A) wepeHe y reoMerpujn flse KyrMJe nspanyHare npera ecpMKacHOCTM sa fyocdpar v\3 36Mn>y. MepHe HecurypHocTM cy npHKasane Ha Husoy noaepefta ofl 95%.

HH3/paAHOHyKJIHA
238u/2,0pb

238U/234Th
238U/234mPa
238U/(234Thi234mPa)
238U/214Pb
238u/2,4Bi

226Ra HH3

235U
232Th HH3
40K

137Cs

E(|)HKaCHOCX K3O

(J)oc(})ax
(M6762fo .EFF)

E(})HKacHocx Kao
3CMJb3

(M6762ze .EFF)

KoHH,eHxpauHJ3 aKXHBHOCXH As [Bq/g]

0.28(11)
0.44(12)
0.27(12)
0.35(14)
0.281(11)
0.294(21)
0.287(12)
0.017(7)
0.291(15)
1.140(21)

O.0017

0.16(6)
0.31(8)
0.25(10)
0.28(7)
0.253(9)
0.268(18)
0.258(11)
0.015(6)
0.263(12)
1.060(19)

0.0018

MHACKC paAHoaKXHBHOCxH MaxepHJana
33 BHCOKOrpaAH>y

33 HHCKorpaaity
2.79(10)
1.67(6)

2.52(10)
1.51(6)

Kso XHHHH3H npHMep y3opK3 M3H>er 3xeHyaHHOHor Koe<J)HUHJeHxa yseheMO npauiKacx H
KOF3 HOCXOJH 3H3H3JH3 KOHucHxpauHJa 137Cs H cBpcxaheMo pa y K3xeropHJy CKpo6. PesyjixaxH cy

y xa6ejiH 7.5.
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Ta6e/ia 7.5. nopeTjette KOHMeHTpam-ije aKTMBHOCTM yaopKa naja (MCHAJ) Mepene y reoMerpujn

ABB Kyrnje MSpanyHare npeKO ecpMKacHocTM sa cpoopar n ecjMKacHoc™ sa ci<po6. MepHe

HecMrypnocTM cy npuKaaane Ha HMBoy nosepefta OA 95%.

HH3/pa,fl,HOHyKJlHA

226Ra HH3

232Th HH3
40K

137Cs

E(j)HKaCHOCT KaO

4»oc(j)aT
(M6762fo.EFF)

Ec})HKacHocT Kao
CKpo6

(M6762sk .EFF)

KOHHCHTpaLlHJa aKTHBHOCTH A<, [Bq/g]

<0.0029
0.0024(13)
0.54(4)
0.0290(26)

<0.0024
0.0019(10)
0.47(3)
0.0239(21)

H3 OBHX npHMepa BHAHMO fla cy KopeKunje y o^HOcy na ecj)HKacHocT oApe^eHy H3 (J)oc<J)aTa, y
ca OHeKHBan>eM, najsehe KOA OHHX paflHOHyioiHAa MHJa ce KOHuempauHJa o^pe^yje H3 y-
HHCKC eHeprHJe (210Pb, 234Th). Koa OCTBJIHX paAHonyKJinaa OBB cy KopeKUHje MaH,e

paflHOHyKJiHfla KOJH cy CTaTHCTHHKH floGpo o^pe^eHH, KopeKUHJa HnaK 3H3THO
Mepny HecHrypnocT KOHueHTpauHJe SKTHBHOCTH, OB^C npHKasane na HHBoy noBepen>a off, 95%
(1.65cr). OBO TaKo^e BaacH H 3a paanoaKTHBHe HHSOBB ca npeTnocTaBjbenoM paBHOTe>KOM, HHJe ce
KOHuempauHJe aKTHBHOCTH oape^yjy H3 BejTHKor 6poja y-jiHHHJa pa3HHX eneprnja, Kao H sa HHACKCC
pa^HoaKTHBHOCTH rpa^eBHHCKHX MaTepHJajia, KOJH npeacTaBJtajy jiHHeapHy KOM6HHaunjy
KOHUCHTpaUHJa aKTHBHOCTH HpHpOAHHX H BBlllTaHKHX

Fpa(J)HUH Ha c^HKaivia 7.13 H 7.14 ynyhyjy
y3OpK6 CHHMJbCHe H3 fleTCKTOpy GMX.

Bpjro CJIHHHC KopeKUHje MO>KeMO OHCKHBaTH H sa
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8. 3AKJLYHAK
Pe3yjrra™ eKcnepHMeHaxa H HspanyHaBafba HSBCACHHX y OBOM paAy noicasyjy y KOJIHKOJ

je noysAano oApel)HBaH>e KOHueHTpaunje aKTHBHOCTH paAHonyKJiHAa y y3opu,HMa paanHHMTor cacrasa
y A3TOJ reoMerpHJH ycjiOBJbeno no3HaBaH>eM aTCHyauHOHor KoecJmuHJeHTa y-spaKa y MaxepHJajiy
ysopKa. Taicolje, npou,eH>eHo je KOJIHKO Majia OACTynaH>a OA cxaH^apAHe reoMerpHJe H npHXBahenor
aTenyauHOHor Koe<})HU,HJeHTa sa OApefjeny Bpcxy ysopKa yrnny Ha necHrypnocT Kpajfter pesyjixaxa

aKTHBHOCTH.

cy oflpe^ene e(J)HKacHocTH AeTCKUHJe, KopncTehH H3BOpe no3H3THx aKTHBHOCTH, sa 4
reoMCTpHJe sa <J)HKTHBHH TpancnapeHTHH ysopaK, sa o6a nojiynpOBOflHHHKa ACTeKTOpa

Koja ce KopHCTe y JIaGopaTopHJH 33 HHCKB aKTHBHOCTH ^enapTMana 3a (J)H3HKy.

V nocTynKy Mepert>a KonueHTpauHJe aKTHBHOCTH 3a KOHKPCTHH ysopaK, y apyroM KOpaKy TpeSa
o/ipeflHTH H>eroB aTenyauHOHH Koe<J)HqHJeHT. AKO ce sna H>eroB ejieivieHTapHH xeMHJcKH cacxas,
Moryhe je noiwohy nporpaivia XCOM HSpanynaTH Macenn aTenyauHOHH Koe<J)HLi,HJeHT, ajiH je OBfle
noKasaHO aa y HCKHM cJiynajcBHMa HSpanyHaTe Bpe^HOCTH SHanajno o^cTynajy OA CTBapHHX. CTora 6n
cacTaBHH ffieo npaKce Tpe6ano m 6yae npomnpefce 6ase no^aTaKa CKcnepHMeHTaiiHO
MaceHHX aTenyauHOHHX KoecJ)HUHJeHaTa, noce6Ho 3a ysopKe HajiHK necKy.

3a A&TH xeMHJcKH cacTaB rycTHHa npHnpeMJteHor u,nnHH,qpHHHor ysopKa MO^KC 3HaTHO
BapnpaTH. flaicne, noTpeGno je H^H yjeaHanHTH naHHH npHnpeMe TaKO }\a ce ao6HJy UITO yjeAHaneHnje
rycTHHe, HJIH npHnpeMHTH AeTCKUHone ecfiHKacHocTH 3a HCKOJIHKO Bpe^HOCTH rycTHne aaTe spcxe
ysopKa.

y cjiefleheM KOpaKy Tpe6a oapeAHTH e(J)eKTHBHH npocTOpHH yrao noviohy nporpaivia OMEGA 3a
ysopaK AaTe rycTHHe H flaror iviacenor aTCHyaunoHor KoecJ)HUHJeHTa, na, nojiasehn OA e(J)HKacHocTH

33 TpaHcnapeHTHH ysopaK, HspanyHaTH KpaJH>y e(J)HKacHocT AeTeKunje 3a AaTH ysopaK.

npoueHe oacTynafta OA CTaHAapAne reoMerpHJe H cacTasa noKasyjy Aa 3a ysopKe KOA
KOJHX ce pacno^a>Ke MaiioM KO^HHHHOM Tpe6a AOCJieAHHJe nosecTH paMyna o naKOBaay y TaHKOM
cjiojy. OpopaHyn KOJH osa ocTynan>a y3HMa y o63Hp Morao 6n noicasaTH Aa JIH je ca CTanoBHiiiTa
npaKTHHHe HecnrypHocTH pesyjiTaTa noBOjtHHJe yseTH uHjiHHAap MaH^er npeHHHKa, a Behe Ae6jbHHe,

ce caivia e<j)HKacHOCT TaKO MO5KAa

TOKOM HspaAe OBOP paAa npHnpeivubene cy H KonaHHe e<J)HKacHOCTH AeTBKUHJe sa CBC
reoivieTpHJe 3a HBKOJIHKO KaTeropnja y3OpaKa, ann caMo 3a no jeAny rycTHHy. HnaK,

ce Aa pesyjrraTH OBOP paAa Mory nocjiy>KHTH Kao OCHOB sa Aaibe noSojbuiaBafte MeTOAOJiornje
Jia6opaTOpHJCKOJ npaKCH.
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(dawD nHaBiDBH) B»nenc(j ^aot/o 'B±a±i/A>iB<j) joihuiBwaiBw-OHt/odndu ADMUA oy
^1/63 woaoH A MHMuAu oi/fBxnHvx AdiHati wo»Di/oxm wo»hHHxa±odi»ai/g

A a'HBaoEBdgo a'Ht/adD B 'BWHtiaoi/dB^ wn>iDwad3 A //n[neBHwnj
Co>ihBaoi/dB>|w A OBQBXOU atHBaoeBdgo M a«HBinuDBa a^t/adD oihMHt/afBg

^^Hdn - LiMaaQdAg. B>KAdu mo ^ BwntiaoHEJ-doh H onaB±DBH
B ^yuaoiHMdBw 6^03,, mo ^ AnAwag A oahouee a<wBaoeBdgo OHBOHDO

A 'J'sgST'SI'ET HaQod BrinaB>iDadi dBeo±aa3



YHHBEP3HTET Y HOBOM CAflY
nPHPOflHO-MATEMATMHKH CDAKY/1TET

KJbYHHA flOKYMEHTAUMJCKA MHOOPMAUMJA

6poj:
P5P

6poj:
H6P

Tun flOKyMeHTauMje: MoHorpacJDCKa
Tfl

Tun 3annca: TeKcrya/iHM luraMnaHH Majepnja/1
T3

Bpcra pafla: flun/ioMCKH pafl
BP

Ayrop: TpecKaenua CBerosap; 6p. flocujea 408/84
AY

MeHTOp: npoc}). flp. Japoc/iae C/iMBKa
MH

Hac/iOB pafla: OflPEBUBAhbE EOHKACHOCTM nO/lYnPOBOflHMHKMX
flETEKTOPA nPEKO EOEKTMBHOf nPOCTOPHOr YP/1A 3A
UH/lMHflPUHHE Y3OPKE PA3/1HHMTOr CACTABA

HP

ny6/iMKaunje:
jn

Je3MK MBBOfla: cp/en
JM

3eM/ba ny6/iMKOBahba: Cp6nja n Upna fopa
3P1

Y>Ke reorpacfDCKO noflpyMje:
yrn

ToflUHa: 2005
ro

: AyropCKM penpunr
H3

Mecro M aflpeca: FIMCD, TprflocMteja O6paAQBnfia 4 , HOBM
MA



CDM3HMKH oni/ic pa,qa : 6poj nornaB/ba-9, 6poj crpaHa-68, npn/iora-0, cnnKa-46,
Ta6ena-13
(DO

Hay-ma o6/iacr: On3MKa
HO

Hay-ma flucunn/iMHa: HyicneapHa c})i/i3MKa
HA

OApeAHi/iua/ K/byMHe penn:
raMa-cneKTpoMerpuja, ectJUKacHocrflereKTOpa, Bo/iyMMHO3HM

no

Hysa ce: 5n6/inoreKa MHcrnryTa sa 4>H3HKy, HMO HOBH Ca,q
HY

Ba>KHa HanoMena: HeMa
BH

MeroflOM pe/iarnBHor ec})eKTHBHor npocropHor yr/ia noMoFiy paMyHapcKor
nporpaMa OMera nspaMynarn cy ecpeKTHBHM npocropHM yrnoew M
npMnpeMAseHM cy dpajnoBW KOJM caflpwe noaaTKe o ecJ)MKacHOCTM
3a HeKQJinKO HajMeujhe KOpniufteHMx Kareropnja ysopaio y HeKO^M
ciaHflapflHux reoMerpuja. npouen>eHe cy rpeiuKe Koje Hacrajy npn
Oflcrynahty ofl craHflsp^s, MMMB ce CMahtyjy v\nv\y HCKC ofl
nefloc/ieflHOCTM y csaKOflHeBHOj paMynapCKOj o6paAH pesy/irara
na Asa no/iynpoBOAHMMKa AereKtopa y /laGoparopujn sa nucKe
KareApe 3a HyK/ieapny 4>M3MKy.

M3

npuxsarahba reMe OA crpana HH Befia:

/ , . / * . . ' •»• ' , .

OA6pane:

H/ianoBM KOMHCMje:
: flp. MiiiTBan BHKUT, PeAOBHM npocpecop HMO-a y HOBOM
flp. MMpe fyr, flouenr na FIMO-a y HOBOM CaAy
flp. Japoc/ias CnkiBKa, P€AOBHH npoc|5ecop llMO-a y HOBOM
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