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CmepwiU3aifuja u xpanejOHU3yjyhu.M

1
HyKJieapne xexHonornje, paAHoaKXHsnocx, spaneifce, cy HOJMOBH KOJH y iirapoj, y

Hajsenoj Mepn Hecxpynnoj, jaBHOcxn H3a3Hsajy BCJIHKO nenoBepeite. ripoHSBOAita
nyicjieapHor opyscja, noBpeMene, naKO spjio pexKe, xasapHJe HyKJieapHHX
nocxpojeita, Kao H no3naxe, H Henosnaxe, nocjieAHije spaneita Ha SApaBJte JtyAH
npeACxaBjbajy oojeKXHBne pasnore 3a cxpax. HCKC OA Moryhnx pasjiora 3a npexepaHH
cxpax xpe6a xpa^cnxn y HeynyhenocxH JtyAH y HyKJieapne xexHOjioraje H nocneAHue
H>HxoBe ynoxpe6e, Kao H HSBecna, sa JianKe, MHCXHHHOCX HCBHAJBHBHX 3paKa, KOJH
Mory Aa ycMpxe. YnpKOc cseMy XOMC npHMene nyKjieapHHx xexnojiornja, na npeMa
XOMC H joHHsyjyhHX spaneifca cy y cxannoM pasBOJy. Pas^osn cy, pasyMJbHBo, npe
CBCra 6KOHOMCKH.

IlpHMeHa joHH3yjyher spaqeaa ce yrjiasnoM 3acHHBa Ha HHjryKOBaHHM
XCMHJCKHM, HJIH HCKHM ^pyrHM npOMeHaMa KapaKxepHcxHKa cpe^HHe Kpo3 Kojy
npojiaan spaHeite, npoMCHH nnxensHxexa nponyinxennx (axenyaunoHH
3paKa, Kao H MepeH>y aKXHBHOcxH eMnxoBanor 3paHeH>a ysopaKa (npHMena
aaxnpaH>a apxeo^ouiKHx yaopaKa). Haponnxo je Banna BHCOKa 6es6eAHOcx H
eKOHOMHHHOcx OBHX nocxynaKa. y xy cspxy Kopncxe ce H3Bopn 3paHen>a H3a KOJHX
HC ocxaje ayroxpajaH paflHoaKXHBHH oxnajj, a ao6po nosnaBafte OBHX nponeca
rapanxyje oflroBapajyhH KBajinxex H Henocxojaibe mxexHHX nocjieAHua npnMene

IlosHaxe cy npHMene joHHsyjyhnx spaqetta y o^ysafty xpane, npHMene y
MC,HHUHHH (AHarHOcxHHKe, xepaneyxcKe, Kao H npnMene y cxepHjiH3annJH
(JjapMaueyxcKHx npoH3BOAa H Me^HiiHHCKe onpeMe), aexeKUHJH flHMa y
npoxHBnoacapHoj samxHXH, npHMene y pa3HHM MepeftHMa y HH/iycxpHJH H naynn,
npehHinhaBaay sozia H oxnaflHHX Maxepnja, npouecynpaHjy Maxepnjajia (npe csera
nonHMepa) H en..

IloxpeSa 3a xpanoM je jejma OA naJBa^HHJHx noxpe6a y >KHBoxy Jby^H. 36or
xora je H npoH3BOAH>a AOBOJLHHX KOJinnnna KBannxexHe xpane ycnos
4)yHKUHOHHcaH>a ApyuixBCHnx 3ajeAHHi^a (ap^caBa), H sa H>HX HMa cxpaxeuiKH snanaj.
ripOH3BOAH>a H xproBHHa xpaHOM, s6or xora, HMa H nsysexan CKOHOMCKH 3Hanaj.

npoSjieM y BCSH ca BehHHOM naMHpHHua je orpaHHHen poK ynoxpe6e s6or
xeMHJcKO-6HOjiouiKHX npoueca KOJH AQBOfle ^0 HjHxoBor KBapeaa,

OAHOCHO HeynoxpeOjtHBOcxH sa jty^CKy ncxpany. Hope/i eKOHOMCKe uixexe Koja
nacxaje na osaj na^HH, neonpesHo KOHsyMnpaae osaKBe xpane MO»C AOBCCXH (H

AO mxexHHX nocjieAHtta no sApaajte JByAH ca ne ManHM 6pojeM CMPXHHX
. npeMa noAauHMa CBCXCKC SApaBCxsene opraHHsaunje (WHO) KOHsyMHpaH>e

noKBapene xpane (xpOBan>e xpanoM) je Haj^emhH yspOK cMpxn y csexy (OKO 35%),
HaKO ce npexemno jasjBajy y HepasBHJeHHM KpajeBHMa. HpnMepa paAH, y CA^-y ce
caMO cajiMonejioM sapasH OKO 2 MHiiHOHa jtyAH roAHinjbe, a ympe HSMe^y JCAHC H
ABC xHjbaAe oSoiiejinx, a xpouiKOBH Aeneita npouen.yjy ce Ha 2 MHJiHJapAe Aonapa
roAHUiH.e [1 J.

Flocxoje ,,KJiacHHHH" nocxynuH onyBaH>a xpane Kao uixo cy xepMHHKa o6paAa,
CMpsaBaae, AHMJbeH.e, cojbefte, cyuieH>e H XA., KOJH, y HSBCCHOJ Mepn, Men>ajy H>ene
KapaKxepncxHKe: MHpnc, yKyc H cacxas. OBH ̂ ocxy^^H nopeA xora uixo Ayro xpajy
HMajy H BHCOKy neny. 36or xora je pasyMJtHBa BenHKa na>KH>a Koja ce nocsehyje
HCxpa»HBan>HMa Ha npoHajia^ceay HOBHX nocxynaKa, KOJH 6n noBehajin e^HKacnocx
(eKOHOMHHHOcx) nocxynaKa OHyBaaa xpane, ca into MaftHM ry6nxKOM K.CHHX
npnpOAHHX CBOJcxasa. JeAan OA XHX nocxynaKa Jg^^B|LHPaHje xpane

g^l



Cmepwiu3atiuja u xpane

3paHen>eM, U.HJB OBor pazia je Aa ^exajbHHJe o6jacHH ^enoMen cxepHjiHsauHJe H
xpane joHHsyjyhHM 3paneH>eM: e<J)eicxe spaneifca xpane, caM npou.ec

SApaBcxseHH acnexx spaneifca, Kao H 3aKOHCKy peryjiaxHBy Koja ce OAHOCH
na osy o6;iacx.

2 JoHHsyjyfte spaneite
,,JoHH3yjyhe 3paneH>e" je yo6nHajeHH nasHB 3a CBC spcxe spaneita (xaJiacHHX HJIH

HCCXHHHHX) Koja Hoce AOBOJBHy eHeprHJy, Aa y HHxepaKUHJH ca MaxepnjoM
(cyncxaHUOM) Hsasose joHHsainijy axoMa, MOJienyjia HJIH rpyna MoneKyjia. J\a GH ce
joHHsauHJa Morjia ABCHXH, A&KJIC, spaun (necxHue spaneifca) Mopajy HMaxn AOBOJbHy
eneprHJy, O^HOCHO eHeprnjy Koja je Beha o/i o/j,roBapajyhe eneprnje joHH3au,HJe 3a
oapeljeHy MaxepHJajiny cpe^HHy [2]

J\o, 6n ce 6ojB6 pasyMeo (J)eHOMeH joHHsyjyher 3paneH>a, a y BCSH ca XHM H H>eroBa
npHMena y 3paneH>e xpane, Heonxo^HO je pasyMexH nojasy paziHoaKXHBHOcxH, 3Haxn
HCUIXO o H3fiopHMa H BpcxaMa joHH3yjyher spaneita, H nosHaBaxn ocnoBHe

HHxepaicuHJe OBOF spaneaa ca MaxepnjoM.

2.1 IIojaM
Ca acneKxa cxa6njiHOCXH CBH xeMHJCKH ejieMenxn ce Aene y ABC rpyne:

H Hecxa6HJiHe, OAHOCHO paAHoaKXHBHe. He nocxojn ouixpa rpannua H3Me!)y ose
rpyne noinxo ce H ejieMeHXH KOJC CMaxpaMO cxa6HJiHHM Mory pacnaAaxn, ann je
SpSHHa xor pacnaAaaa cyBHUie Mana Aa 6n ce Morjia perncxpOBaxn.

PaAHoaKXHBHH ejiCMenaxH ce Mory noAennxH na npnpoAHe H BeuixaHKe.
BeuixaHKH paAHoaKXHBHH ejieMeHXH ne nocxoje y npnpOAH, seh cy nponsBOA
jbyACKHM AeJioBaKbCM HsasBaHHX HyKJieapHHx peaKunja, H AO caAa HX je
perncxpoBaHO OKO 2000. Y npHpoAH je perncxpoBano uiesAecexaK HecxaGnjiHHX
Hsoxona KOJH ce pacnaAajy [2]. PaAHoaKXHBHH ejieMeHXH (HSOXOHH) cy,
Hecxa6njiHHH ejieMeHXH, GHJIO npnpoAHor SHJIO BenixaHKor nopeKJia, nnje je
nojiypacnaAa (speMe sa KOJC ce pacnaAne nojioBHHa nonexnor 6poja jesrapa)
npH6jiH>KHO y HHxepBany -12 JO ,10" ceKyHAH AO 10 roAHHa. Behnny

235U, mU H 232 Th.ejieMenaxa nnne ejieMeHXH H3 je/jnor o,n xpn paflHoaKXHBHa HH3a:
7 2 p

HH3 U je npHKasan Ha Cn.2,1,1, Csa xpn HH3a saspmaBajy HCKHM
OA cxa6njiHHX nsoxona ojioBa. Jlopea anx HOCXOJH join HCKOJIHKO
pa^HoaKXHBHHX Hsoxona KOJH He cxsapajy HHSOBC Hero ce o^Max xpaHC(J)opMHiHy y
HCKO oa cxa6njiHHx jesrapa. Hajno3HaxHJH o^ H>HX je 40K, KOMC je
nojiypacnaAa 1,4 -109 ro^HHa [2].

npnpOAH nocxoe H HCKH paanoaKXHEHH HSOXOHH KOHMa e
nojiypacnaaa pejiaxnBHO KpaxaK (MHOPO Man>H OA 235U, 238U, 232Th HJIH 4 K). OHH ce
KOHXHHynpaHO cxsapajy y BHIUHM cjiojeBHMa axivroc(J)epe aejioBaH>eM KOCMHHKHX

( H , 7Be H I4C, na npHMep) [2].
(BejiHKor) Spoja jesrapa paanoaKXHEHor nsoxona y 3aBHcnocxH

speMena ce Aemasa no cjieaeheM

e ^ 6poj HepacnaAHyxHX jesrapa sa BpcMe t, NO 6poj axoMa KaAa je t=0, a X
KOHCxanxa KapaKxepHCXHHHa sa CBaKH nojeAHHH paAHoaKXHBHH ejieMeHX.

KapaKxepncxHHaH XOK paAHoaKXHBHOr pacnaAa MOMCC ce Bpjio sepHO npeACxaBHXH
noMohy BpeMena nojiypacnaAa T//2, KOJC npe^cxaajba BpeMe sa Koje ce nonexHH

6poj axoMa cBeAe nyxeM xpanc(|)opMauHJa na nonoBHny. npeMa XOMC y
t= T\a, N=N(/2 H
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y npaKXHHHOM pa^y ca pa^HoaKXHBHHM MaxepnjajioM 6poj TV ce HC

HenocpeflHo. yo6HnajeHH nocxynaK je #a ce npeKO ejieKxpHHnor, 4>oxorpa4)CKor HJIH
HeKor flpyror e(J)eKxa oape^H KojiHHHHa Koja je nponopunoHajiHa IN, a Koja ce
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{. dt )

X3KO3BaHH ^eXeKUHOHH K06(|)HUHJeHX 3aBHCH Ofl OpHpOAC HHCXpyMCHXa 3a

aexeKXOBaae, e(J)HKacHocTH ^exeKxoBaH>a HOJCZIHHHX spanefta y ^axoM HHCxpyMeHxy
H reoMexpHJCKor pacnope^a ysopKa H aexeKxopa [3]. 3axo je yoGHHajeno #a ce CBH
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Oz. 2. 1. 1. PaduoaKmuenu HU3 U

2.2 BpCTe H H3BOpn joHHsyjyher
Je^na OA Moryhnx no^ejia joHH3yjyher 3paneH>a je Ha npnpOAHO H BemxaHKO

(HOBCKOBOM aKXHBHOuihy cxBopeno).
HajneuihHX noaejia joHH3yjyhnx 3paneH,a je na necxHHHa: a.i(|ia spaneite

(jesrpa xejiHJywa), 6era 3paneH>e (eJieKxpOHH H no3HrpoHH), npoTOHH, JOHH H
HeyrpOHH, H ejieKxpOMarnexna (4>OTOHCKa): x-3paneH>e H rawa



Cmepunuzaifu/a u OHysatbe xpane jonusyjyhuM 3pcmeH>eM

2.2.1 A.i(J)a
Aji<j)a necxHiie (3paneH>e) npe^cTaBjtajy jesrpa xejiHJyivta Hacxajia pacna^OM

Hecxa6njiHHX jesrapa (ypana, na npHMep). MexanioaM nacxaHKa anfya qecxHua (aji<J)a
pacnafl) ce oflBHJa xaKO mxo ce jesrpo npe^aK xpaHC(j)opMHiiie y jesrpo noxoMaK
CMHCHJOM jeane an4>a HCCXHUC no cJie^ehoj UICMH

, aji(J)a pacnaaoM nacxaje CJICMCHX (jesrpo) pe^nor 6poja MaH>er 3a 2 H
Macenor 6poja Man>er 3a 4. Y cmiajiy ca XHM ce xpaHC(J)opMHUie H ejieKxpoHCKH
OMOxan, npn HeMy ce ocjio6o.zie ABa eJieKXpona zia 6n ce o6e36e/iH^a
ejieKxponeyxpajiHocx axoMa.

Ha npHMep, an4)a pacnaa IIjiyTOHHJyMa Pu ce o^BHJa Ha

npH neMy Hacxaje ypan pe^nor 6pqja Matter sa 2 H Macenor 6poja MaH.er sa 4, Kao H
an(j)a necxHua (jesrpo xejinjyMa).

Aji(J)a necxHua eMHxoBana o^ 239Pu HMa eneprHJy oa OKO 5 MeV, XHiTHHHy
eHeprHJy ajujja pacna^a. Osa ^ecxHua je penaxHBHO BeuHKa H Kpehe ce penaxHBHO
cnopo, OKO 15 000 000 Mexapa y ceKyn/iH (nex nocxo Gpanne CBCX^OCXH), ajin
renepHine OKO 44 000 JOHCKHX naposa no aenxniviexpy nyxa. Ona npH xoMe csy CBOjy
eneprnjy H3ry6n na OKO 3,5 cm nyxa (y saa^yxy), mxo 3H3HH aa Hanpasn yKynno
OKO 150 000 JOHCKHX naposa [3]. HaKOH ry6nxKa eneprnje ajifya necxnua saxsaxa zisa
ejieKxpoHa H Hacxas^a >KHBOX Kao HopMajinn xe^njyM.

y rymhoj MaxepnJH, Kao mxo je ji>y,a,cKo XKHBO, nyx aji(J)a necxHue eHepraje
5 MeV je caMO 32 jj,m, mxo npe^cxaBjta caMO nospinHHCKH CJTOJ KOHCC [3].

CaMO 20%-40% CBHX joHHsauHJa roasBannx aji(J)a necxHuaMa cy AHPCKXHB, a cse
ocxane cy ceKyH^apHe joHHsaunje HsasBane CJieKxpoHHMa BHIUHX enepnija (100-
200 eV), Koje cy ao6njiH y anpeKXHHM cyaapHMa ca ajicjm necxHuaMa [3].

AKO je H3BOp aji4>a spanefta Ban jty^cKor xejia OH nehe H3a3Baxn mxexne
nocne^HLte, jep he ce joHHsaunja ^ecHxn H3Me^y H3Bopa H Rome na nehe GHXH
ancopnanje eHeprnje ynyxap xeira, seh y Baa^yxy H3Ban xejia. Cnxyaunja je cacBHM
^pyraHHj'a ano je HSBOp aji(J)a spanefta ynyxap xejia (nporyxan, y^axnyx H CJL), jep ce
eHeprnja Kojy eMHxyje HSBOP y noxnynocxn ancop6yje y GJTHSHHH caMor H3Bopa, na
ce jaBJta HHxeH3HBHa joHHsannja y Manoj sanpeMHHH. O63HpOM na BenHKy eneprajy
y Manoj sanpeMHHH (MacH), ancopSoBana aosa je nspasHxo senHKa, na je H mxexnocx

Hajsehn ry6nxaK eneprHJe aji(J)a necxnua HMa npn Kpajy CBOJC,
nyxaae (BperoB HHK).

2.2.2 Eera spaneifae
6exa pacnaa je Hajneinhn o6^HK cnoHxane xpanc(J)opManHJe jearpa.

nojiypacna/ia no3Haxnx 6exa eMHxepa cy o^ naJMaK-er, KOJH je pe#a
10'2 s, na #0 Hajseher 4 • 1012 ro^HHa. Eneprnje ocxBapene y 6exa pacnaziy

cy y HHxepBany o^ 18 keV AO 16,6 MeV [2]. npHJiHKOM 6exa pacna^a ao^asH /to
xpaHC<f>opMau,HJe noje^nnaHKHx nyKJieona npn neMy ce cxsapajy Mecxnne Koje npe
pacna^a nncy nocxojane y jesrpy.

EjieMCHXH KOJH eMHxyjy 6exa spaneae ce xpanc^opMHmy y eireMeHxe KOJH
HMajy pe^HH 6poj 3a je^an sehn H je^HaKy axoMCKy Macy, mxo ce MOJKC
Kao:

AX— > AY + e~A —*i -re .



u onyeatbe xpaiie jonmyiyhuM

Hs ropite HICMC ce JiaKO Moace saKjtyHHXH fla jesrpo noxoMaK, AoSnjeHO 6exa
pacnaAOM, HMa jeAan npoxon y jesrpy BHUIC OA jesrpa npexKa, a nomxo je 6poj
HyKJieona ocxao HenpOMeiteH, snann Aa ce jeflan neyxpon xpaHc4>opMHcao y npoxon,
ys eMencHJy ejieKxpona (6exa necxnue). To AaJte snaHH Aa y 6exa pacnaAy ynecxByjy
H3o6apH (ejieMCHXH KOJH HMajy J6AH3K 6poj nyKJieona y jesrpy).

P ce ejieKxpOHCKHM 6exa pacnaAOM xpaHc<j)OpMHiue y 32S

32

Ha npHMep <l>oc<|>op
no cjieAehoj UICMH

Kofl BemxaHKC paAHoaKXHBHocxn Moryhe je Aa Hecxa6Hjma jesrpa eMHxyjy
nosHXpone (nosnxHBHe 6exa qecxnue). ITpH XOMC je npoH3BO^ pacna^a jesrpo Koje

npoxoH Man>e ofl jesrpa npexKa H xo 6e3 npoMene axoMCKOr 6poja.
FIosHxpOHCKH 6exa pacna^ ce flemasa no cjie^ehoj IUBMH:

z
Ha npHMep, nosnxpOHCKH pacnan C ce Mo^e npe/i,cxaBHXH cue^ehoM UICMOM:

"C^>"Be + e+,
KoHKypenxcKa peaxunja nosnxpoHCKOM 6exa pacna^y je saxsax ejieKxpona

HajGjiH^cer, K ejieKXpona) ca HCTOM nocjie^HUOM-noxoMKOM ca HCXHM
MaceCHHM 6pOJ6M H jeflHHM M6CXOM yJICBO y nepHOAHOM CHCXCMy. Ofifle HCMa

eMHCHJe 6exa necxniie Beh <J>oxoHa s6or npeuacKa eneKxpona ca BHiner eneprexcKor
HHBoa na ynpaacH>eno MCCXO nacxajio K-saxsaxoM [2].

y 6exa pacna/iy flojiasn H ̂ o CMHCHJC aHXHneyxpHHa ys eJieKxpoH (neyxpHHa ys
n03HXpOH), KOJH y npOHSBOJBHHM O^HOCHMa ACJIC CHeprHJy Ca ejICKXpOHOM

(nosHxpoHOM), na je s6or xora eneprexcKH cneKxap ejieKxpoaa, na npHMep,
KOHXHHyanaH. To je AO xeopnje neyxpHHa (FlayjiH 1930.) s6yHjHBano nayHHHKe.

3a npaKXHHHe noxpeSe, sa flo6HJaH.e CHonosa BncoKO-eneprexcKHX eneKxpona,
KopHCxe ce aKaenepaxopn ejieKxpona.

3a flaxy eneprHJy GpsHHa ejiCKxpona je MHOFO Beha OA 6p3HHe aji(J)a necxnue, na
je 36or xora cneunijjHHHa jonnsanHJa (6poj JOHCKHX naposa no JCAHBH^HOJ fly>KHHH
nyxaH>e, npn HopMajmoM npnxncKy H xeivmepaxypn 15°C) sa eneKxpone Mafta [3].
3a pasjiHKy OA aji(|)a necxnua, 6poj eneKxpona y cnony ce, s6or HCCXHX cKpexaaa,
3H3XHO

2.2.3 Taivia spaneite
FaMa spaneae je ejieKxpoMaraexHo 3paneH>e, xanacne flyxHHe Koja ce Kpehe,

npn6jiHacHO, y oncery OA 10"'° AO 10"12 m. Enepraja raMa spaneaa ce Kpehe y oncery
OA AecexaK keV-a na AO npH6jiH>KHO 5 MeV-a [2]. FaMa spaneae nacxaje y npouecy
npejiacKa jesrpa H3 noGyhenor cxaaa y HH^ce HJIH OCHOBHO cxaite, FloOyheno cxan>e
jesrpa je nocneAHHa HyKJieapnHx peaKunja, npnuHKOM nnxepaKitHje ca
HaeneKxpncaHHM HJIH HenaejieKxpHcaHHM HecxHnaMa HJIH (JjoxoHHMa. FIoxoMaK aji<f)a
HJIH 6exa pacnaAa Mo»ce fla nacxane y noGyheHOM cxaay, KOJH ce eneprnje no6yfle
ocjio6afia raMa spanefteM.

FaMa spann ((J)oxoHH) nacxajy y HyKJieapHHM (Hajneuihe aji4)a HJIH 6exa
pacnaflHMa) peaKunjaMa Kao nocjieAHua AeeKCHxannje jesrpa noxoMKa. y npaKCH ce
Hajneinhe Kopncxn Co, H iteroB 6exa pacnaA, KOJH ce oABnja no UICMH

Flpn XOMC aacxaje 6 Ni y no6yfieHOM cxan>y. y OCHOBHO cxarte npejiasH
CMHCHJOM rawa 4>oxona pasjinwrax eneprnja. 60Co je Hajnemhe KOpHiuheHH HSBOP
raMa spanefta KOA npHMena y HHAycxpnJH, MeAHnnHH, KOHsepBaunJH xpane H XA..
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Cpe/jita cneuH<})HHHa joHH3auHJa Kojy H3a3HBajy (JJOXOHH je 10-100 nyxa Malta
o,n one Kojy H3a3HBajy ejieKXponn ncxe enepnije [3], Koa spaneiba MOJIHX eneprHJa y
cpe^HHH BejiHKor pe^nor 6poja, naJBaacHHJH e<J)eKax y HHxepaKunJH ca MaxepnjoM je
4>oxoejieKxpHHHH e<j)eKax. Ha cpe.zni.HM eneprajaMa AOMHHanxaH je KoMnxonos
e(J)eKax, a Ha eHeprajaMa 04 HCKOJTHKO MeV (naJMaH>e 1,022 MeV) H BHUIC
AOMHHanxHO je KpeHpaite ejieKxpoH-no3HxpoHCKHX naposa.

2.2.4 Axipanesbe
X 3paxe je 1895. ro^HHe oxKpno PeHxren. H>eMy y nacx necxo ce Ha3HBajy H

,,EpeM3iiixpajiyHr" (neMaHKH Bremsstrahlung=3aKOHHO
3paneH>e), nacxaje Kao;a ce ejieKxpoHH ycnopasajy ejieKxpHHHHM noJteM axoMCKOr
jesrpa. Osaj XHH paUHJaunje nacxaje Kaaa ro^ 6p3H ejieKxponn npojraae KpO3 HCKH
MaxepHJan, a e<J)HKacHocx npexsapaita KHHexHHKe eneprnje y saKonno 3paneH>e pacxe
ca pacxyhOM eneprnjoM ejieKxpona H noBehaiteM pe^nor 6poja MaxepHjana. Y
Boji(J)paMy, Ha npHMep, ejieKXpOHH o^ 10 MeV ry6e na spaneite OKO 50 %, a npH 100
MeV OKO 90% CBOJe eneprnje [3]. Hssopn x 3paKa Mory GHXH 6njio KOJH y6p3aBanH
ejieKxpona y KOMGHHaunJH ca MBXOM Kojy XH ejieKXponn norahajy. CsaKH
aKae^epaxop ejieKxpona ce M0»ce, aaKJie, KOPHCXHXH Kao H3Bop x spaKa, Ma^a ce y
OBe cspxe Hajnemhe Kopncxe BaKyyMCKe peH^reHCKe ueBH, rj^e ce ejieKxpoHH
eMHxoBaHH ca Kaxo^e (xepMoejieKXponcKa eMHCHJa) y6p3asajy nanonoM H
ycMepasajy na ano^y (aHXHKaxoay) Koja npe/tcxasjBa Mexy caHHaeny o^
OflroBapajyher MaxepHjana. YKynna eneprnja nacxajinx x 3paKa saBHCH o^ nanona
y6p33BaH>a (eneprnje eneKxpona) H MaxepHJajia (axoMCKor 6poja) o^ Kora je
caHHPbeHa Mexa (aHXHKaxo^a).

Cjia6jB6H.e cHona x HJIH raMa 3paKa npn nponcKy Kpos HCKH MaxepHJaji
(axeHyauHJa) ce o/^BHJa no 3aKOHy

N osnanaBa 6poj (J)oxOHa y cnony naKon nponacKa Kpo3 HCKH MaxepHJaji
Zie6jtHHe x, NO je nonexHH 6poj (Jjoxona, #OK je axenyaiiHOHH Koe<J)HiiHJeHX, //,
npoH3Boa e(J)HKacHor npeceKa H 6poja axoMa no je^HHHUH sanpeMHne Maxepnjana.

2.2.5 HeyrpOHCKo
JacHO je ^a HeyxpoHH 36or CBOJC eJieKxpOHeyxpajinocxH Mory jiaKme aocnexn y

jesrpo off. HaejieKXpncaHHX Hecxniza. TepMajiHH (cnopn) Heyxponn, xj. neyxpoHH
ManHX eneprnja HMajy BejiHKy BeposaxHohy aa pearyjy ca jesrpOM-MexoM. FIoKaaajio
ce Aa ce seha seinxanKa pa^HoaKXHBHocx Moace Hsassaxn aKO je npncyxan MaxepHJan
KOJH canp)KH BO^OHHK (napa^HH, Ha npHMep) KOJH Mo>Ke ^a ycnopn neyxpoHCKH
cHon. OepMH je ncnpaBHO npexnocxaBHo ,na he 6p3H HeyxpoHH ryGnxn eneprajy y

ca npoxonnMa (npH6jiH>KHHX cy Maca), xe aa he HM ysacxonnn cyztapn
eneprajy flo xepMHHKe, H fla he XH cnopn HeyxpoHH HMaxn 3naxno sehn

e4)HKacHH npeceK sa ancopnuHJy [3j.
FjiaBHH H3sopH neyxpona cy HyKJieapne peaKiinje y KOJHMa ce HeyxpoHH CMnxyjy

H3 jaKO eKCUHxnpaHHX jesrapa H 36or xora HMajy y nonexKy spjio BejiHKe KHHexHHKe
eneprnje. CJIDJ napa4)HHa /;e6jbHHe 12 cm OKO H3Bopa neyxpona flOBOJbaH je aa
CMaitH eneprHJy sehHHe neyxpona no xepMajine pacnoaene eneprHJe, 3a Maite oa
0,001 ceKyHOT [3].

BepoBaxHH Moryhn Kpaj xepMajinor neyxpona y BOAOHH^HOJ cpe^HHH Kao raxo je
BOfla HJIH napa(j)HH je xaKaB inxo ca npoxonoM, naKon OKO 150 cyaapa y xepMannoM
cxaay, Haztrpa^H ^eyxepon [3].
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Bpcxa HHxepaKUHJe Heyxpona ca jesrpOM 3aBHCH OA eneprnje HeyxpoHa:
- EjiacmuHuo pacejane je flOMHHanxHO 3a spanefte Mane eneprnje (HCKOJIHKO

MeV) y cpeflHHH Manor pe^Hor 6poja. Heyxpon pearyje ca jesrpoM aTOMa H
M6H>a CBOJ npasau Kpexaaa.

- HeenacmuHHo pacejane je flOMHHanxHo 3a Heyxpone BCJIHKHX eneprHJa y
cpeAHHH eenHKor pe^nor Spoja. Heyxpon npe^aje aeo eaeprHJe jesrpy, KOJC
nocxaje Hecxa6Hjmo H pacna^a ce y HOBO jesrpa ys eMHCHJy aeyxpona H raiwa
(J)oxoHa.

- 3axeam neympona ce o^BHJa y cjiynajy neyxpOHa BeoMa Mane eHeprnje
HCKOJIHKO eV). Jesrpo "xsaxa" neyxpon H 4>opMHpa cuoaceno H
jesrpo. OHO ce pacna^a y HOBO jesrpo ys eMHCHJy raMa spaHefta.

HeyxpOHH, ^aKJie, ne joHHsyjy cpe^Mny anpeKXHO Beh
, 36or KOJC flOJiaan ̂ o joHH3aunje cpe^Hne Kpo3 Kojy ce Kpehy.

2.3 HHrepaKUHJa 3paneH>a ca iviarepHJOM
OCHOBHH MexaHHSMH nyxeM KOJHX 3paH6H>e HHxeparyje ca MaxepnjoM Kpo3 Kojy

ce npocxHpe cy joHHsaunja H CKCiiHxaiiHJa. Ilocxoje, napaBHO, H apyrn MexaHHSMH
nyxeM KOJHX necxnue 3paneH.a ry6e eneprHJy npHJiHKOM HHxepaKunje ca MaxepnjoM.
Taxo na npHMep, 6exa Hecxniie npnjiHKOM npojiacKa KpO3 neKy MaxepHJy Mory ^a
eMHxyjy eneKxpOMarnexHO 3paneH>e. TaKo^e, $OXOHH BHCOKHX eneprnja Mory m
cxBapajy ejieKxpOH-no3HxpoHCKH nap. Y o6a Base^ena npHMepa He AOJia3H ao
.znipeimie joHHsaunje axoMa cpe^HHe Kpo3 Kojy ce spaneae npocxnpe, Ma^a ce

Mo»ce jasHXH Kao ceKyH^apna nocjie,mma OBHX nojasa [2].
3paneH.a ca MaxepHJOM ce y naJBehoj MepH OABHJajy y

oMoxany nocpeACXBOM ejieKxpoMarnerHexHHx cnjia, a HHxepaKUHJy ca
je3rpOM, sSor 3aKjioH>eHOcxn ejieicxpoHCKHM oMoxaneM Kao H 36or caMHx /tHMeH3HJa
jesrpa (OKO 10000 nyxa Man>a o^ ^HMensHJa axoMa) Mory HMaxH caMO spauH
(necxHue) BHCOKHX eneprnja. HpoxoHH, aoaaxno, Mopajy H ^a caBJia^ajy o/j6oJHH
noxeHiiHJan jesrpa.

OcHOBHe HHxepaKUHJe nyxeM KOJHX HaejieKxpncane necxnue HHxepearyjy ca
cy [2]

pacejaH,e

eiJ)eKax,
a 4>oxoHH npa npojiacKy Kpos cyncxanuy Mory n

- Pacejaae (TOMHCOHOBO, KoMnxonoBo)

cxBapan>a naposa.
H HaejieKxpncane necxnue H (}JOXOHH Mory nsasBaxn H nyKjieapne peaKunje aKO

HMajy ^oBOJbHO BHCOKe eHeprHJe
y npouecHMa eKCUHxaunje, HJIH joHH3au;HJe, noje/mHe necxnue HCKOF 3paneH>a

npe/iajy eneprajy opGnxajiKHM eJieKxpoHHMa, npn neMy ce HaKOH csaKor xaKBor
npoueca enepraja necxnue 3paneH>a CMaH>n sa H^enxMHaH HSHOC eHeprnje npe^axe
ejieKxpony. Ha xaj Hannn HecxH^e 3paneH>a xpome CBojy eHeprnjy cse ^o HHsoa Ka^a
joHH3auHJa BHine Hnje Moryha. Bexa Hecxnije (ejieKxponn Koa npHpo/mnx nssopa)
xa^a 6nBajy saxsaheHH OR axoMa H nacxaBJbajy )KHBexn Kao ,,o6HHHH" eneKxpoHH.
Anfya necxHue (jesrpa xennjyMa) saxsaxajy ppa ejieKxpona H npexsapajy ce y axoMe
xenHJyMa [2].
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je eneprnja joHHsyjyhnx 3paneH>a y nnxaity XHUHHHC eneprnje cy pe^a
Co eMHxyje raMa t|)oxoHe eneprnja 1,33 H 1,17 MeV, 6exa1 MeV. TaKo, na npHMep

3pauH 90Sr HMajy
5,49 MeV [1].

60

222eneprHJy 0,55 MeV, a an(J)a 3paKe Rn eneprnjy o.a

2.3.1 /JeJioeaifce spaneita na HCHuy Marepnjy
Ca cxanoBHiiixa HCKHX ynoxpe6a joHHsyjyhnx spaneiba, Kao H samxnxe oa

H>HxoBor uixexHor AejcxBa 3a sApaBjte JtyziH, noce6no cy Ba>KHe KBaHxnxaxHBne
npouene XCMHJCKHX e(})eKaxa xaKBHX 3paHeita Ha >KHBy Maxepnjy. OaKxopn KOJH
yxHHy na cxenen ouixehejta opraHH3Ma cy ancop6oBaHa ao3a 3paneH,a, spcxa
3paneH>a, 6p3HHa upHMaaa £036, pacnojiejia AO3e, Kao H ocexjbHBOCxH XKHBa na Koja

IlpH AO3H OA 1 kGy na csaKHx MHJIHOH MOJieKyjia BOAC joHH3yje ce Man>e OA
npouenax AHPCKXHHX joHH3aunja, .aecexaK 40 cxoxHH>aK na MHJIHOH

npn AOSH OA 1 kGy, upexpue H MaH>e opraHCKe MOJieKyjie nnja Maca ne
HCKOJIKKO cxoxnua axoMCKHx je^KHHua. KOA sehnx opraHH3aMa
^HK, MOJieKyjicKe Mace OKO je^ne MHJiHJapae, Ao6nja HeKOJiHKO

XCUIKHX oiuxeheH.a (Cji.2.3.1.1.) npn AO3H OA 1 kGy, mxo Bpjio BeposaxHO y3poKyje
OMexaae SnojiouiKe ^yHKUHJ6. na H CMpx hejinje [1]. JeanocxpyKH upeKH^H ce
e4)HKacHO H 6p3o nonpaBjtajy, 6e3 rpeuiKe. AKO cy npeKHHyxa o6a Jianua RHK
MOJieKyjie 3a BpeMe Koje je noxpeSuo hejiHJn m nonpaBH je/mocxpyKH JIOM, a JIOMOBH
cy nacxajiH na yAajteHocxn Maaoj on xpn napa 6a3a, nacxajy ABOJiaHHann JIOMOBH.
/Jeo XHX npeKH^a he ce nonpaBHXH, aiin nonpaBKe nehe GHXH 6e3 rpeuiKe.

/],HpeKXHO aejioBaH>e joHroyjyher 3paneH>a, npn xaKBoj AO3H na >KHBO XKHBO ne
XCMHJCKH HMnpecHBno, ajiH cy GHOJIOIXIKH C^CKXH

Omfeheite 6a3c JIOM

,3.1.1. LLIeMe ouimehetba flHK,

xeMHJcKH e(|)eKax .neJiOBafta 3paHeH>a MOMCB 6nxn
E(J>eKax ce yrnaBHOM orjie^a y XOMC aa na opraHCKe MOJieKyjie

paaHOJiH3e BO^e. HaKou 3paHeH>a y BOAH nacxajy pa^HKann, KOJH cy Bpjio
peaKXHBHH. Cjio6oflHH pa^HKajiH cy ACJIOBH MOJieKyjia, rpyne axoMa HJIH
nojeAHHanHH axoMH KOJH noce^yiy necuapCHH eneKxpon. OBC (J)opMe cy Bpjio
Hecxa6HJine H H3 xor pa3Jiora H Bpjio peaKXHBHe. Cjio6o/jHH pa^HKajiH pearyjy

HJIH ca apyrnM MOJieKyjiHMa. CJIOOOAHH pajiHKaJin ,,nanaAajy" heJinjcKe
(npoxeHHH, (JJOC^OJIHHHJTH) H renexcKH Maxepnjan (/],HK H PHK)..
je ^a caapacaj paanojinxKHKHx npo^yKaxa pacxe jinneapHO c

ancopSoBanoM AOSOM Y ospanenoj oprancKOJ Maxepnjn ca BehHM caap>KajeM BOAC,
OBH npoH3BOAH paflHOJiH3e H3a3HBajy 3naxHo sehe xeMHJcKe npOMene nero

3paneH>e [12].
noce6na ua>KH>a npH HpaflHJaunJH xpane ce nocBehyje MoryhnocxHMa cxBapan>a

pa/inoaKXHEHOCXH y 3paneuoj xpann. HajocexjtHBHJa Mepeaa Mory
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paAHoaKXHBHOcx Koja je 1% OA npnpoflHe pazmoaKXHsnocxH y xpann
[4], flanac cy, npeMa Codex Alimentarius Commission (KoMHCHJa sa npexpaM6eHH
KOflCKc), flosBOJBena spaneiba xpane eneprHJaMa ,ao 10 MeV, 3a 6p3e ejieKXpone, H
flo 5 MeV, 3a 4>oxoncKa spaHeaa, MaKCHMajiHHM aosaivia /to 10 kGy. OBaKBH
paflHOaKXHBHH H3BOpH Hehe HHflyKOBaXH MCpJtHBy paflHOaKXHBHOCX y XpaHH, a

noKasyjy fla je GHJIO Kaxsa HHflyKOBaHa paflnoaKXHBHOcx MHOFO Maita
[4].

TpH cy rjiaBHa nanHHa 3a HimyKUHJy pa^HoaKXHBHOcxH y xpann: H3OMepHJCKa
aKXHBauHJa, (jjoxo-HyKJieapna aKxusauHJa H neyxponcKa aKxusauHJa.
noKasyjy m y cjiynajy HpaOTJaipije ejieKxpOHHMa ao 10 MeV H 4>OTOHHMa
5 MeV, HeyxpoHCKa aKxHBaanja, naKO 6e3HanaJHa, je seha oa

Ha ocxana asa nanHna, H aa je HeyxponcKa aKXHBamija
^0 5 MeV OKO 60 nyxa Beha nero nponsBe^ena ejieKxpOHHMa eneprHJe ^o

10 MeV [4].
FpanHHHa eneprnja 3a raMa-neyxpoHCKy peaKijHJy (neyxpoHCKy aKXHBannjy) je

10 MeV sa Behnny H3oxona y xpann. FpaHHHHe eneprnje sa 4>oxoHCKy
neyxpona y yrjBCHHKy, KHCeoHHKy H asoxy cy 18,72 MeV, 15,67 MeV H

10,55 MeV, pecneKXHBHO. HCKOJIHKO H30xona HMa HHCKy eneprnjy (|)OXOH-
HeyxponcKe peaKi(HJe: 2,225 MeV 3a aeyxepHJyM, 4,85 MeV 3a 13C H 4,15 MeV 3a
17O, KoHneHxpauHja OBHX nsoxona je seoMa Majia, a HSOXOHH KOJH o,n H,HX Hacxany
cy cxaGnnnH [4].

HeyxpoHH eMHxoBaHH y OBHM npouecHMa oSnHHO HMajy HHHnHJajiny eneprajy
OA HCKOJIHKO MeV, Koja ce nocxeneno CMattyje y cy^apHMa ca axoMHMa xpane H
OHH ce ,,xepManH3yjy". HCKH OA OBHX neyxpona he H3ahn H3 xpane a HCKH he 6nxn
ancop6oBanH y xpann. OKO 89,4% OBHX neyxpona, ancopGoBannx y xpann
ancop6oBahe BO^OHHK H Haarpa^Hhe ^eyxepHJyM, OKO 8,5% he SHXH ancopGosano

ce (bopMHpa C HUH N, OKO 1,1% he SHXH ancop6oBano o^ Cl npn
ce 4>opMHpa 6Cl H 3000 nyxa Maite 35S , ca nojiy>KHBoxoM
he 6nxH ancopSoBano y 39K npn neMy ce

I2 I3

4°
86,7 ^ana, OKO 0,54%

K, H 0,17% he GHXH
ancopGosaHO y C ^a ce HaarpajiH C. OcxaxaK he SHXH ancopGosan y apyrnM
axoMHMa ^opMHpajyhH cxaSnune nsoxone HJIH (jjopMnpaxn H3oxone KOJH ce
pacna^ajy y MHRpoceKyn^n, a HeKOJiHUHna he OHXH ancop6oBana axoMHMa
4>opMHpajyhH H3oxone nojiy^CHBOxa o^ HBKOJIHKO Mnnyxa [4],

2.4 Pa^HJaiiHOHe BejiHHHHe H je/jHiiHue
MeflhynapoaHor cncxcMa MepHHX je/iHHHua (CH), Kao H HCKB cxape

, Koje ce Kopncxe y MepeibHMa BesaHHM sa pa^HoaKXHBHocx H jonHsyjyha
Kao H e(J)6Kxe KHxepaKunje spaneiba ca MaxepnjoM (^O3HMexpHJcKe

2.4.1 AKTHBHOCT
AKXHBHOCX je 6poj nyKneapHHx xpanc(f)opMan.HJa HJIH pacna/ia y j

BpeMencKOM HHxepBajiy, xj.:
dTV

~~~d7'

aKXHBHOCXH je BeKepe.i (IBq), a je^naKa je aKXHBHOcxn HCKOF
nssopa KOMB ce csaKe ceKyn^e pacna^He xanno je^HO jesrpo. To

IBq-ls'.
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y ynoxpe6n je join cxapa jeAHHHua KnpH (1 Ci) Koja je AecJjHHHcana Kao
aKXHBHOcx jeAHor rpaMa 226Ra H HSHOCH 3,7 • 10'° pacnaAa y JCAHOJ ceKyHAH [2].

KoHcranTa pacna.ua, X, je BejiHHHHa Koja noKasyje Beposaxnohy pacnaAajesrpa
y jeAHHHHHOM BpeMBHCKOM HHxepBany. To 3H3HH Aa aKXHBHOcx oKapaKxepHcana
KOHCxanxoM pacnaAa A, 33BHCH JCAHHO OA KOJiHHHHe paAHoaKXHBHor
OAHOCHO Spoja paAHoaKXHBHHX axoMa y xoj KOJIHHHHH, N [2], tj.,

IlepHOA nojiypacna^a, T\a, npeAcxaBJta BpCMe sa Koje he ce xaHHo
nojioBHHa nonexne KOJiHHHHe paAHoaKXHBHor eABMCHxa pacnacxn. Besa H3Mel)y

i nojiypacnaAa H Koncxanxe paAHoaKXHBHor pacnaAa je:

Tv2= — • (In 2-0,693)

2.4.2
EKcno3HUHona AO3a je KOJiHHHHa HaeJieKxpHcaH.a Kojy HCKO

npojiacKa Kpo3 jeAHHHHHy Macy HCKOF xena. Ftpeivia XOMC,
ce Ae(J)HHHUie Kao:

Y _ &q
- - ,

A/n
HMajyhn npn XOMC Ha yMy Aa je Ag ancojiyxna speAHOCx yKynne KOJIKHKHB
HaejieKxpHcaH>a ncxor snaxa Koja ce cxBopH y BasAyxy Mace Aw y oApefjenoj
sanpeMHHH. JeAHnnua 3a eKcnosnuHOHy A03y je 1 CVkg (KyjioH no KHJiorpaMy). Jom
ce KOPHCTH H cxapa jeAHHHiia PeHAren H HSHOCH 1 R = 2,58 • 10"4 C/kg .

IToinxo je qecxo Baacna H 6p3HHa KOJOM spanefte Aenonyje csojy eHeprnjy y
cpeAHHH Kpos Kojy ce Kpehe, yBBACHa je H 6p3HHa eKcnoiiiiuioHe AO3e. Qna ce
Ae(|)HHHnie Kao:

Ao
X =

Am- At
FAB je A? Ay>KHHa BpeMencKor HHxepBana y KOMC je AOIIIJIO AO cxeapaifca KOJIHHHHC
HaejieKxpHcaaa A^ y KOJIHHHHH sasAyxa A/n. y CH cncxeMy jeAHHHua 3a 6p3HHy
6KCn03HHHOHe AO36 je Ckg'V.

EKcnosHUHona Aosa, Kao H Spsnna eKcnosHUHone Aose onncyjy HHxepaKUHJy x H
raMa 3paKa ca MaxepHJOM H ne nopncxe ce sa an(})a HJIH 6exa spaHetfce [2].

2.4.3 Ancop6oBana
36or xora mxo e<J)eKax 3paneH>a Ha xKHBa npseHCXBeno saBHCH OA eneprnje Kojy

je 3paneK.e AenonoBajio y H>HMa, yseAena je Hosa BeJiHHHHa-ancopGoBaHa Aosa
AncopSoBana A03a je KOJiHHHna eHeprnje Kojy 3paneH>e npeAa jeAHHHitH Mace

xejia Kpo3 Koje ce Kpehe., xj.,

D-**-.
Am

3a ancop6oBany Aosy je 1 J/kg H nasHBa ce Fpej (Gy). Kopncxn ce H cxapa,
rad,

lrad=100erg/g=0,01 Gy.
(rad-radiation absorbed dose)

6p3HHH CKCn03HUHOHe AO36 MOJKC CC TOBOpHTH H O 6p3HHH

ancopOoBane AOSC, xj.,

12
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D =

JejrHHHua 6p3HHe ancop6oBaHe ^O3e je Gy s"
HsMefiy eKcno3HUHOHe H ancopSuHOHe #036 y Basayxy nocxojn

B63a. rioinxo je cpeAH.a enepraja 3a cxBapaae jeanor JOHCKOF napa y
33,7 eV, sa cxBapaite je^Hor Kyjiona HaejieKxpncaH.a HeonxoflHO je
33,7 J eneprHJe. To 3HaHH aa je lGy=33,7 C/kg, HJIH y cxapHM
1 rad=0,87 R. /tosa Koja 6n ce ^enonoBajia y HCKOM ApyroM MaxepHJany no^ HCXHM
reoMexpnjcKHM ycuoBHMa Kao y sasziyxy ce Mo^ce flo6nxH H3

r/i;e je Dv ancop6oBana ^osa y Baa^yxy, Dm ancopGosana ^033 y Maxepnjajiy, a (ua)v

H C"a)m cy o^roBapajyhH Macenn Koe(J)HUHJeHXH [2].

2.4.4
pasjiHHHXHX Bpcxa joHHsyjyhnx 3paneH,a Ha GHOJIOUJKH CHCXCM nnje

je.zmaKo. YBo^eH>eM paAHauHonor xe^cnncKor 4>aKxopa (VVR) Kao oanoca SnonouiKe
e(J)HKacHocxH H3a6panor spaneHaa H GHOJIOUIKC e<j)HKacHocxH x 3paneK.a eneprnje
250 keV oMoryhnjio je 4>opMyjiHcaH>e eKBHBaJienxHe /lose 3paneH>a.

//=£> WK

AKO HCKa necxHua npe^a 3,5 MeV npn 1 |xm npeI)eHor nyxa onaa he H>en
XCMCHHCKH pa^nauHOHH ^aKxop GHXH 1. YKOJIHKO Bume eneprHJe npeaaje WR he GHXH

H o6pnyxo [5].
mad. 2. 5. 4.1. Paduaiiuonu meztcuucKU (paKmopu 3a nojeduue epcme zpavefba [6]

Tiin H eiiepnija 3paMCH>a, R

OOXOHH CBHX eneprHJa
EjieKxpoHH H MHOHH CBHX eHeprHJa
HeyrpOHH
<10keV
Ofl lOf lO 100 keV

Ofl2 flo20MeV
> 20 MeV
OpoxoHH, > 2 MeV
Aji4)a necxHue, (})HCHOHH (j)parivieHXH,
xeuiKajesrpa _

TC7KHHCKH (|>aKTOp,

1

5
10
20
10
5
5

20

eKBHBajieHxne ^ose y CM cncxeMy MCPHHX jeannHua je CHBepx, Sv.
1 Sv=lGy \VK

rioinxo je Cnsepx npoH3BOfl Fpeja H pa/niainiOHor xeacHHCKor (J)aKxopa, a xaj (Jmicxop
3a (J)oxoHCKO H ejieKxpoHCKo 3paneH>e je je^an, on^a sa ^OXOHCKO H ejieKxponcKo
3paneH,e ne HOCXOJH pasiiHKa HSMefiy ancop6oBaHe H eKBHBaJieHxne aose. Cxapa

sa eKBHsaneHXHy aosy je rem H je^HaKaje CXOXOM ̂ eJiy CnBepxa, xj.:
1 rem=0,01 Sv

aosa ce OZI;HOCH caMO Ha cnoj&auiHje 3paHeH>e.

13



Cmepunu3aiiuja u onyeatbe xpane jonusyjyhuM

mad.2.4.4.2. ICRP (Metyyuapodna KOMucuja sa paduonouiKy saiumumy)
npenopyKe 3d zpanuife eKeueajienmHUx dosa na ^o^UHy

rpaiiHiia mSv/god

npo<J)ecHOHajiHo
ospaneite

50mSv
5 mSv
1 mSv

2.4.5
36or pasJiHHHXor aejcxBa je/mor HCXOF spaneaa na paajiHHHxe oprane H

yBe^eH je H XKHBHH xoKHHCKH <J)aKxop WT, na je 36or xora yseAena e<J)eKXHBHa
3paneH>a HJIH eKBHBajieHxna e<J>eKXHBHa

Ha npHMep, aKO u,eno xejio (caa XKHBa) 6yzie KonxaMHHHpaHo 3paHeH>eM
HHxensHxexa 1 Sv, PHSHK OA cxoxacxHHKHx ynnnaKa he GHXH 1 (100%), A, aKO ce
HOBCK nnjyhn MJICKO KOHxaMHHHpao ca 13!I H aKO je caMO HixHXH>ana npHMHjia
OA 1 Sv uixexa (onacnocx oa mxexe) he SHXH xaKBa Kao j\& je ueno
npHMHO A03y OA 0.05 Sv. Ty CMO .aosy ao6HHH xaKO uixo CMO ^osy KOHxaMHHaunje
IHXHXJfeaHe HOMHO>KHJIH C xe^CHHCKHM (J)aKXOpOM [5].

EtJ)eKXHBHa ^O3a sa ueJio xejio ^o6HJa ce ca6HpaH>eM e<J)eKXHBHHX #o3a 3a
XKHBO [16]:

R r
HCXpa*HBaH>a cy HeflBocMHCJieno noKaaana ^a cy XKHBa H H C ce

neuihe aejie ocexjtHBHJa Ha 3paneH>e. "Rejinje KOJC rpa/ie MHuinhna, nepBHa,
H cjinnna XKHBa, c oGsnpoM ^a ce Bpno pexKO, OAHOCHO FOXOBO HHKaa ne

, Man>e cy ocexjtHBe na H3Jio)KeHocx 3paneH>y [7].

mad. 2. 5. 5.1. TKUBHU meatcmcKu tpanmopu 30. nojedme epcme rnnuea (opzana) [8]

TKIIBO HJIH opraii

FoHa^e
Koiuxana cp>K
/J[e6ejio upeeo
Ffjiyha
CxoiwaK
BeiiiHKa
Tpy^H
Jexpa
Je/iH>aK
LUxHXH>aHa

Ko>Ka
nOBplIJHHa KOCXHJy

OcxaxaK

Uejio TCJIO yKynno

TKHBHH rcjKHHCKii <j)aKTOp, WT

0.20

0.12

0.12

0.12

0.12

0.05

0.05

0.05

0.05

0.05

0.01

0.01

0.05

1.00
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Cmepu/iioaifuja u onyeai-be xpaue jouusyjyhuM 3pcmen,eM

AncopSoBana A03a ce Mepn, a eKBHBaneHTHa H e(J)eKXHBHa HspanynaBajy.
Jloza Kojy npHMH nojeflHHau, us 6HJio KOF Hssopa, 6poj H3Jio>KeHHx oco6a

OAHOCHO BepOBaxHocx H3jiaraH>a joHHsyjyheM spaneity, Mopa ce oapacaBaTH TOJIHKO
HHCKO KOJIHKO je pasyMHO Moryhe, a y CKJia/jy ca npHBpe^HHM H couHJajiHHM
HHHHOUHMa KOJH ce Mopajy ysexH y o63Hp. 3a osaj npHHUnn necxo ce Kopncxn
CKpaheHHua ofl eHmecKor As Low as Resonably Achievable, ALARA.

3 tlpHMeua joHioyjyher 3paneH>a y CTepii. nnami jn H
OHyeaiby xpane

BejiHKe KOJiHHHHe xpane ce ,,noKBape" npe Hero iiixo cxHray AO noxporaana, iiixo
BCJIKKC eKOHOMCKe uixexe MO)Ke HsaasaxH H BCJIKKC szipaBCXBene npoGjieivie,

ce xaKBa xpana, 36or nponycxa y flHcxpHSyunJH, KonsyMHpa. V cspxy
H36eraBaH>a OBaKBHX UIXCXKHX nocjie^Hua xpana ce cxepnuHUie H KOH3epBHpa.
Ilopefl Beh no3HaxHX Mexo^a xepMHHKe cxepHJiHsaitHJe H KOHsepsHpatta, y xy cspxy
ce CBC BHine Kopncxn H joHHSHJyhe spaneite.

3.1 E4>eKTH 3paneH>a xpane
SpaneiteM xpane joHHsyjyhnM 3paneH>eM ce nocxnace jiaKtue (AyroxpaJHHJe)

HyBaite xpane, ^ejiHMHHHa HJIH naK noxnyna cxepHjiHsaunja, Konxpojia KJinjaita,
caspesaiba H UIXCXKHX HHceicaxa, Kao H Konxpona 6onecxn HHJH je y3poK HHH
npenocHJiaq xpaua.

3paneH,e xpane y cspxy ayroxpaJHHJer nyBaiba ce yrnasHOM Bpmn
ejieKxpoHCKHM HJIH ejieKxpoMarHexHHM 3paneH>eM. 36or H36eraBaH>a HH^yKOBane,
BeuixaHKe paflHoaKXHsnocxH nocxaBJbena je ropn>a rpaHHqa eneprHJe 4>oxoHa (#0
5 MeV) H eneKxpoHa (flo 10 MeV). OrpanHHeiteM flose, saBHCHo OA Bpcxe,
npnnpeMe H HaMene xpane (naJHemhe OKO 1 kGy), He Hapyniasa ce npexpaMSena

HaMnpHHija. OAroBapajyhHM H36opOM AQ3e nocxH^ce ce paBHoxeaca
HaiviexHHKa H MHKpoopraHH3aMa, H AeJiHMHHne pa3rpa#H>e

cacxojaKa. Ta aeJiHMHHHa pasrpaAiba HMa H CBOJHX npeAHocxH-no6oJBmaHa je
npo6aBJtHBOCx HCKHX KOMnoneHXH, ajin, CJIHHHO Kao H KOH cxepHJiHsaunje
3arpeBau>eM, ca BehHM aosaivia spaneaa, oraxehyjy ce HBKH BnxaMHHH: A, B-l, C, E,
K[l].

XeMHJcKa pasrpaflHja je MaH>a KOZI Matter ca#p>Kaja so^e y
(cyinene HaMnpHHue, sajie^ena xpana) H 6e3 npncycxBa KnceoHHKa
naKosaita). Iloinxo ce npenopynenHM orpanHneitHMa /josa ne nocxn^e noxnyna
cxepHJiH3aynja xpane, neonxo/iHo je npHflp^caBaxa ce yoSnHajeHHX npaBHJia
nocxynaaa ca xpanoH (o/iroBapajyhH XHrnjeHCK ycjiOBH H pacxjia^HBaite).

3paneH.e je noce6HO ynoxpe6jtHBo y cnpenaBafty KJinjaita HaMHpnHua Kao uixo
cy JiyK H KpOMnnp, npHMeHOM ao3a oa caMO 0,05-0,15 kGy, XHM npe mxo je
ynoxpe6a XCMHJCKHX cpe^cxasa y OBC cepxe cse nenonyjiapHHJa. BehHM ^O3aivia
(1-2 kGy) ycnopasa ce npe3peBaH>e H o/tp^caBa cBe^cHHa jaro/ta, rjtHBa, H CUHHHO

[1].
HHceKaxa y xpann spaneiteM je, xaKol)e, npHBJiaHHHJe o^ xeMHJcKor

. HnceKXH ce Mory noxnyno HcxpeSnxH y HBKHM naMHpHHuaMa npHMCHOM
0,25-0,5 kGy. Y YKpaJHHH, na npnMep, SBQ. seha nocxpojeita ca ejreKxpoHCKHM

aKuejiepaxopHMa npouecynpajy OKO 400 000 xona ^cnxa ro/i;HinH>e.
HaMHpHHue nonyx sannna H cysor noBpha Haponnxo cy no^ecne 3a

36or Manor caapacaja Bo^e (Mory ce KopHcxnxH H ̂ ose sehe OA 10 kGy).
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Cmepwiusaiiuja u onyea/be xpane jonusyjyhuM 3pcwehbeM

MHKpoopraHH3aMa y xpann, BHpyca H 6aKxepnja npe CBHX, ce
o/niHJa nyreM .zjHpeicxHor AeJiosaiba jonioyjyhHX 3paica Ha H>HxoBy
cxpyKxypy, npe csera KHZtaiteM sesa y ffHK MOJieicyjiaMa, OJTH H
aejiosaiba nyxeM HHflyKOBaHHx, cjioGoanux pa^HKana, KOJH xaKol)e pasapajy
henHJCKy cxpyKxypy. Oopezi AnpeKXHor yxHuaja Ha KBapeite xpane OBH
MHKpoopraHHSMH cy jom onacHHJH Kao yspo^HHUH xpoBaH.a H pasnnx o6oJi>eH)a.
npnSjiH^CHe cMpxoHOCHe AOSC 3a HHCCKXC H noje^HHe MHKpoopraHH3Me cy ^axe y
xa6.3.1.1. PesHCxenxHocx ^CHBHX opraHHsaMa na 3paneH.e 33BHCH, npe csera, oa
senH^HHe JJHK MOJieKyjia H HJHXOBC cnoco6nocxH penapaunje (nonpaBJtaH>a)
ouixeheH>a na XHM MOJieicyjiaMa Hacxajinx ACJCXBOM 3paHeH>a. BaKxepnje s6or
penaxHBHO BBJIKKHX ffHK MOJiexyjia HHcy MHOFO oxnopne Ha 3paneH>e. Mel)y
HajoxnopHHJe opraHH3aMe, H3y3HMajyhn Bnpyce KOJH cy Hajpe3HcxeHXHHJH na
3paneH>e, cna^a 6aKxepnja Deinococcus radiodurans Rl, 36or cnocoGnocxH 6p3or
nonpaBJBaH>a MHOinxBa jeflHocxpyKHX H^H ^socxpyKHX npeKH^a na JianuHMa ZtHK
[9]-

ma6.3.1.1.npu6jiu3KHe cMpmoHocne dose jonu3yjyhee 3pctHen>a 3a nene

OpraHH3MH npH6jiM5Kiia CMproHOcna AOSH (kGy)

HHCCKXH

BnpycH

KEBCUH

IljieCHH

0.22 no 0.93

10A040

3,7^0 18

1 .3 AO 1 1

BaKxepHJe:

Mycobacterium
tuberculosis

Staphylococcus aureus
Cornybacterium

diphtherias
Salmonella spp.

Escherichia coli
Pseudomonas aeruginosa
Pseudomonas fluorescens
Enterobacter aerogenes

Lactobacillus spp.
Streptococcus faecalis
Leuconostoc dextranicum
Sarcina lutea

BaKxepHJCKe cnope:
Bacillus subtillus
Bacillus coagulans
Clostridium botulinum (A)
Clostridium botulinum (E)
Clostridium perfringens
Putrefactive anaerobe 3679
Bacillus stearothermophilus

1,4

1.4^0 7.0

4.2

3.7 AO 4.8

1.0ao2.3
1.6ao2.3
1.2 0.0 2.3
1.4flo 1.8

.23ao 0.38
1.7A08.8

0.9
3.7

12 ao 18
10

19ao37
15^0 18

3.1
23 w> 50
lOao 17

* Upunazoheno od Frazier, W.C., and Westhoff, D.C. 1988. Chapter 10. Preservation
by radiation. In Food Microbiology (Fourth edition). McGraw-Hill. New York, NY.
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T
Cmepujiusaituja u OHyeatbe xpam jonitsyjyhuM

36or HIXO MaitHx IIIXCXKHX e(J)eKaxa spaneita xpane Kopncxn ce H KOM6HHOBaHH
xpexMan ca KjiacHHHHM MexoaaMa onyBaita H cxepHJiHsaunje xpane: 3paHeft>e
KOM6nHOBaHO ca xjiafjeiteM HJIH rpejan>eM, spaneite y BaKyyMHpanHM naKOBaitHMa H
cji., pa#H nocxH3aH,a cnneprnHKor e4>eicxa.

ripHMCHa 3paneH>a je noceGno noBOjtHa 3a cxepHJiH3au,HJy ozipefjenHx
npexpaM6eHHX npoHssoaa, HHJH je xeMHJCKH cacxaB ocexjtHB Ha .aejioBaite BHCOKHX
xeMnepaxypa (y cjiynajy npHMene xepMHHKe cxepHjnoaijHJe), nomxo ce xeMnepaxypa
spanene xpane npn xpexMany Hesnaxno noseha (1-2 °C).

y saBHCHOcxH 0^ A03e 3paHetta, KOPHCHH e(J)eKXH 3paneH>a xpane, ce naJHemhe
KJiacH<j)HKyjy na cjie^ehn HaHHH:

PaAanepTH3amija je 3paneH>e xpane eneprnjoM spaneita y oncery 25-45 kGy,
flOBOJtnoM aa ce cnpenn KBapen>e HJIH xpoBan>e oa cxpane MHKpoopranH3aMa, 6e3
o6sHpa na HanHH CKjianmxeita naKon xpexMana 3paneH.eM, JC^HHO no# ycJiosoM aa
ce cnpenn peKOHxaMHHau,HJa, Osaj nocxynaK ce xaKo^e SOBC H cxepHjiH3auHJa H
Hajnemhe ce Kopncxn 3a cxepHjiHsaanjy Meca H MCCHHX npoH3BO/ia.

C o03HpoM ^a BejiHKe ^036 3paneH,a Hajnemhe HMajy H CBOje HeraxHBHe yxnuaje
na censopna csojcxBa xpexHpanor npoH3Boaa, Heonoxo^HO je 3paneH>e BpuinxH na
xeMnepaxypaMa HCHO/; 0 °C. Haj6ojbH pesyjrxaxn cy nocxHrnyxn na xeMnepaxypn
-30 °C. npOH3BOflH sanaKOBaHH BaKyyMOM H spanenn na HHCKHM xeMnepaxypaMa H
nocjie ^BC ro^HHe nysaaa Ha xeMnepaxypn o/; 20 °C HMaJin cy ^o6pe censopne
oco6nHe H noxnyHO o^cycxBO naxorennx SaKxepHJa. MnoroSpoJHa ncxpa^(HBaH.a,
xeMHJcKe aHanH3e H eKcnepnMeHxajmo xpaH>eH>e )KHBoxHH>a nncy noKa3ajia uixexne
eiJieKxe spaneaa [10]. KOA nac 3paneH,e xpane osaKO BHCOKHM #O3aMa HHJC
fl03BOJB6HO, aiiH je flosBO-jBCHa cxepHJiHsauHJa (^eKOHxaMHHauHJa) aM6ana>Ke.
PaAanepxHsauHJa je, y cxsapH, noxnyna cxepHJinsannja xpane. y npaKcn ce He n^e
na noxnyno yHHinxaBafte naxorennx MHKpoopraHH3aMa joHH3yjyhHM spaneaeM,
36or mxexHHX H HeaoBOJtno HcnnxaHHx e<J)eKaxa xaKBor xpexMana, Beh ce H#e na
H,HXOBy peAyicuHJy (90%-99%), xj. CMaaeHje ao Mepe Ka^a ne npeacxaBJtajy
onacHocx no sapaBcxBeny HcnpasHocx xpane (PaAHUHAanHJa H PaaypH3aiiHJa) [9].

PaAHUHAaunja je spaneae xpane /IOSOM joHH3yjyhe eneprnje ^OBOJBHOM %a
CMaftH 6poj MCHBOXHHX o6jiHKa cnoco6HHX 3a >KHBOX, Kao H acnoporeHHx H
naxoreHHX 6aKxepnja /jo HHBoa m ce HH je^na oa OBHX ijjopMH ne MOJKC ^exeRxoBaxn
npnjiHKOM HcnnxHBaH>a xpane GHJIO KOJOM nosnaxoM 6aKxepHOJiouiKOM MCXO^OM.

xpexMan HnaKXHBHpa H napasnxe npncyxne y xpann. ^O3e KOJC cy
cy y oncery 2-8 kGy. RocxynaK ce Moace npHMennxn H na yHHmxaBaH>e

napasHxa, Kao IHXO cy xpnxHHejia H nanxjtHHapa y Mecy, ann ca MaitHM ^osaMa, 0,1-
1 kGy [10].

Pa^ypHsauHJa je xpexnpaifce xpane ^osaMa 3paneH>a, 0,4-10 kGy, AOBOJBHHM sa
noBehaH>e H o^p^aBaite KBannxexa xpane KOJH Moace 6nxH yrpo^cen OA cxpane
yspoHHHKa cyncxaniiH peay^nje KOJC ce cxsapajy noBeheiteM 6poja MCHBHX
MHKpoopraHHsaMa yspoHHHKa KBapeita xpane [10].

^esH^ecxauHJa je npouec yHHUJxaBafta HHceKaxa jiapBH H jajamau,a CMeiuxennx
y H6KHM )KHxapnuaMa H flpyrHM BpcxaMa xpane, /i,o3aMa MaitHM o^
1 kGy, KaKO 6n ce H36erjio AeJiosafte XCMHJCKHX arenaca na xpany.

KoHxpojia 4)H3HOJioniKHX nponeca Kao mxo je cnpenaBaKbe Kjinjafta HCKHX
nojbonpHBpe^HHX nponsBOJja, noce6no KpOMnnpa H jiyKa, 3a mxa cy noxpe6ne BpJio
HHCKC aose joHH3yjyhur 3paneH>a H xo 0,06 kGy 3a jiyK H 0,1 kGy 3a KpoMnnp. Osaj
HaHHH KOHXpOJie 4)H3HOJIOUIKHX npOHBCa C6 3aCHHBa Ha flCCXpyKUHJH 6H3HMa, HHMC

ce npo^yacasa BpeMe caspesafta Boha, a XHMC ce npo^yacaBa H BpeMe xpancnopra H
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/a u onyeaibe xpane jOHU3yjyhuM

(imp. Ganane ospanene fl030M oa 0,1-0,4 kGy caspesajy 10 ao 20
KacHHJe OA HeospaneHHx danana) [1].

AKO ce jaro/je, innaprjie HJIH maMnnibOHH Hsuoace aejcxBy jonioyjyher 3paneH>a
ofl 0,5 - 2 kGy, oMoryhasa ce .aynjio BpeMe cKjiaAHiiixeH.a. Y Jy>KHoj A^PHUH ce
36or xora apane 6anaHe, Manro, nanaja, ypMe H flpyro sohe.

HaMnpHHue »HBOXHH,CKor nopeKJia Mory ̂ a cazip»e KaKO naxorene (cajiMOHene,
cxa4)HnoKOKe, Knocxpn^HJe), xaKo M Henaxoreny MHKpcxjwopy, a Mory caap^asaxH H
pasne napa3Hxe (xpnxHHejie, exHHOKOKe). TaKBe HaMHpHHue cy PHSKHHC 3a s^paBJte
HOBeica. SpaneibeM OBHX naMHpHHua aosaMa oa 5-10 kGy yHHinxasajy ce H napasHxn
H canMone^e, cxa<J)H^oKOKe H CJT [10] [9],.

Y Hape^Hoj xa6ejiH (xa6. 3.1.1) aax je npHKas HCKHX <J)yHKUHJa 3paneH>a ca
.zjosaMa H ospanenHM

WHO (1988))ma6.3,1.2.0yHKifuje 3pcmen>a xpane

OyHKijHJa
(kGy)

HHCKC flose Hcnoa 1 kGy

HHceKaxa H

npoueca (speita Hnp.)

1-10 kGy
rpajafta

naroreHHX
MHKpOOpP. H MHKpOOpr.

KBapeH>a

ocoSHHa xpane
BHCOKC ^O3e 10-50 kGy*

Ja (y
JH ca 6jiarHM

npoBepeHHX
xpaHe H cacTojatca

0,05-0,15 KpoMnnp, jiyK, KopeH ^yivi6Hpa H

1,0-3,0

A I <5 A r }KnxapHue H MaxynapKe, CBOKB H cymeHO Bohe,
' ' cymena pH6a H MCCO, csexa cBHH>exHHa H x/i.

0,5-1,0 CseJKe Bohe H noephe

pH6a, jaro^e H TO.

f - 7 0 CBe>Ka H CMpsnyxa MopcKa xpana, cseata HJIH
' ' CMpSHyxa JKHBHH3 H MCCO •"""

fpejncj)pyx (noBehaH>e npHHOca coxa), cymeHO
' " ' noBphe (peAyKOBafte BpeMena Kysafta) H TO..

_n -^ Meco, KHBHHa, wopcKa xpana, roxosa je/ia,
cTepHJ7H3OB3Ha AHJexajiHa xpana 3a ̂

. - i _ _ 3anHHH, CH3HMCKH npenapaxH,
HTO.

ryiwa,

caivio sa cneunjajiHe norpeSe (FAO/IAEA/WHO)



CmepwiU3aifuja u xpane jomi3yjyhuM

mad. 3.1.3.Xpana doseo/bena da 6yde mpemupana 3pauen,eM npema FDA
nponucima [11]

Bpcxa xpaHe HaMena /Josa [kGy]

Cseaca CBHitexHHa

CsoKa xpana

CyBH 6H3MMCKH npenapaxH

CyBH 33HHHH

YcnopaBafte pacxa H
,ZJe3HH(j)eKU,HJa

0,3 MHH, 1 M3KC

1 M3KC

1 M3KC

10

30

3

MCCO

SaMpsnyxo iweco

3aJiel)eHo Meco (NASA)

KoHxpojia naxoreHHX opraHHsaMa

KoHxpona naxoreHHX opraHHsaMa 4,5 NWKC

KoHxpojia naxoreHHX oprannsaMa 7

CxepHJiH3au,HJa 44

H KOA xpexMana xpane 3paHCH>eM y cspxy H>eHor onyBafta npncyxHH cy HSBCCHH
HenoacejtHH e<J)eKXH. FySHxaK xnaMHHa (BHxaMHH B|) (xa6.3.1.2.) H nojiysacnheHnx
MacHHX KHcejiHHa je je^an oa HajmxexHHJHx e<f>eicaxa spaneita. FydnaH sasnce oa
xeMnepaxype H ^ose 3paneH>a. Pa^H CMaiteifca ryGnxana spann ce npn HHCKHM
xeMnepaxypaMa (-30°C flo -40°C) 6e3 KHCeoHHKa, naKOBafteM y BaKyyMy HJIH
axMoc^epn asoxa. Spaneibe y npHcycxsy KHceonHKa yxHne na oKCH^auHJy JiHnH^a H
CTsapaH>e KapSoHHJia, KOJH pearyjy ca npoxenmiMa H aMHHOKHce^HHaMa H xano ce
ry6n caap^aj npoxenna. SpaneibeM Boha H nospha CMaftyje ce caap^aj BHxaMHHa C
H Kapoxena. Fy6nxaK BHxaMHHa E ce Mo^ce cMan>HXH naKOBaiieM y BaKyyMy.

mad. 3.1.2. Ynopednu npuna3 sadpotcanoe muoMuna (eumoMun B/) [12]

M HpoueHar y apanenoM
ysopny KoiuepBiipaiiOM yaopicy

FoBe^HHa
FlHJiexHHa
CBHH>eXHHa

21
22
12

44
66
57

mad. 3.1.3. Vnopednu npuKa3 sadpytcanoe eumoMunay 1 kg Kyeane nwiemune y
u nespanenoM ysopny [12]

BuTaMinj HeipaneHH y3opaK 3palienn ysopaic

BnxaMHH A (Me^yn.jeA.)
BnxaMHH E (mg)
TnaMKH (mg)
PH6o(J)JiaBHH (mg)
HnauHH (mg)
BnxaMHH Be (mg)
BnxaMHH 612 (mg)

2200
3,3

0,58
2,10
58,0
1,22
21

2450
2,15
0,42
2,25
55,5
1,35
28

FlapaMexpn KOJH o^pe^yjy ca^p^aj paziHOJiHXHHKHx npo^yKaxa, KOJH cy
HaJ3acJiy>KHHJH 33 neraxHBHe etJjeKxe spaneita, cy: paanjauHOHa aosa Koja je
ancopSoBana, xeMnepaxypa xpane, cacxas, BHCKOSHXCX, H oKonHHa 3a
xpexMana.
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Cmepiuiiaatfuja u xpane jomisyjyhuM

3.2 IIpouecH 3paneH>a xpane

ejieKxpoHa, raMa 3pauHMa H, pel)e, x 3pauHMa.
npHKaa HCKHX KapaKxepucxHKa 3paHeH>a npHKaaan je y Ta6.3.2. 1 .

mad. 3.2.1. Vnopednu npmas WKUX mpaKmepucmuKa 3paneH>a xpane pasnuM
MemodoMa [13]

(aKXHBHOCX) H3BOpa

THnHHHa
npouecHOHa 6p3HHa

EHeprHJa H3Bopa

Jfy6wia npo^Hpaita

XOMOrCHOCX 4036

BejiHHHHaaoae

1 aMa 3pau.H

3,5 MCi
(1 MCis 15kW)

12t/h
4 kGy

1,33 MeV

80- 100 cm

BwcoKa

HHCKa

X-3pauH

25 kW

l O t / h
4 kGy

5 MeV

80- 100 cm

BncoKa

Bncoi<a

Bp3H eJICKXpOHH

35 kW

5-10t/h
4 kGy

5- 10 MeV

8-10 cm

HncKa

HaJBHiua

Haj6ojta ripouecHpatte
pacyror repera y
B6JTHKHM KyTHJaMa

HJIH npoH3Boaa
aonpeMJbeHHX Ha
naneraivia y
CKJiaflHllIHHM

FIpouecHpaite pacyxor
repera y

HJIH
HJIH

aonpeMJteHHX na
najieraivia y
CKJiaflHLUHHM yCJTOBHMa

y J1HHHJH HJTH H3

JIHHHJH

IjeHe nocxpojeH>a 3a 3paneH>e xpane je nemxo Beha oa KJiacunnHX nocxpojen>a
3a Hcxy HOMeHy. HpHiviepa pa^H, y CAJl H3rpa/iH.a je^nor KOMepuHJanHor
nocxpoje&a 3a xpexivian xpane 3paHeH>eM ca 6 Co Kao H3sopoM Koinxa oa 3 ^o 5
MHJiHona ao^apa, sasncHO oa BenHHHHe, npouecHonor Kanaunxexa H ocxajinx
(})aKxopa. llocxpojefte yMepene BejiHHHHe, ca HCXOM 4>yHKUHJOM, ca
BHCOKO-xeMnepaxypHHM xpexManoM xpane, KOiuxa OKO 2 MHjiHona aojiapa [14].

YnpKOC HCUIXO sehoj aenn ype^ajn 3a spaneite xpane cy CKOHOMCKH
36or cBoje e(})HKacHocxH.

3.2.1 Spaneite xpane 6p3HM
YcMepeHH CHon BHcoKoeneprpxcKHX

cjieKxpona, energije 5-10 MeV H cnare ^o 10 kW,
ce ,,Hcnajbyje" H3 aKuejiepaxopcKe anapaxype
(oGHHHO jiHHeapHH aKue^epaxop), H OH ce MOHB
no noxpe6H HCKJtyHHXH H yKJtyHHXH. ITope/i ose
H3pa3Hxe npe^HocxH y o^nocy na raMa 3paneH>e,
npeflHOCx je H o^cycxBo noxeHuanno onacnor
pa^HoaKXHBHor MaxepHJana. HajsehH He^ocxaxaK

Cji.3.2.1.1.3paHen>e xpane eucoKo-OBOT Hannna spanefta xpane je, 36or Mace
enepeemcKUM ejieKmponuMa eJieKxpona, Mana npo^opna Moh-csera OKO 3-6 cm
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Cmepwiusatfuja u onyeai^e xpane jOHUsyjyhuM 3paveH>e.w

(3aBHCHO oa Bpcxe xpaHe). E(J)HKacHocT ce MOKe noBehaxH nocxaBjbaH>eM ABa cnona
y ono3HHHOHH nojio>Kaj HHMe ce #e6jbHHa spanenor y3opKa MO>Ke noBehaxn.

36or HaBe^eHHx orpaHHHeita naKOBaite xpane Koja ce spann Mopa HMaxn Mane
#HMeH3HJe (Cji.3.2.1.1.). He/jocxauH OBOF HaHHHa 3paneH>a cy H KOMiuieKCHocx H
3axxeBHO OApKaBaifce ype^aja, Kao H BejTHKa norpouipfca ejieKTpHHHe eneprHJe.

YnpoiuheH na^HH paaa OBaKBor ypel)aja je cjie^ehn: noKpexna xpaKa
npexpaM6ene npoH3BO^e ncno^ ejieKTpoHCKor cHona (Cji.3.2.1.2.) npe/iofl
6p3HHOM, Koja OMoryhasa npHJeM OAroBapajyhe aose 3paneH>a, a noKperna xpaKa,

3paneH>a, OABO^H npoH3Bo^e Ban 3one spanefta [15].

Cn.3.2.1.2. LUeMamcKu npui<a3 ypetyaja 3d enenrnpoHCKO O3paHuean>e xpaHe

3.2.2 VnoTpeSa raivia 3paneH>a y rperiviaHy vpaiie
rTpe^Hocx spaneaa xpane ynoxpeGoM raMa spaKa ce omeaa y sehoj

npoflopnocxH OA 6p3Hx ejieKxpona (npeKO 50 cm), KOJH ce Kopncxe y npexxo^no
onHcanoM nocxynKy spaneita xpane 6p3HM eneKxpOHHMa. 36or xora ce Ha osaj
HaHHH Mory 3paHHXH Behe KOJIHHHHC MaxepHJajia y pacyxoM cxaity y
KyxHJaMa, HJIH npoH3BO^H na najiexaMa cnpeMHH 3a npeBO3 HJIH cKJia/iHHixeH>e.

Cn. 3.2.2.1.3panett>e KpoMnupa y Janany
zi HeztocxaxaKa ynoxpeGe raMa 3panefta je ynpaso H>HXOBa
H uixexHocx no 3^paBJbe ^y^H. Mana OBOF HaHHHa 3paneH,a xpane je,

HCMoryhnocxH ^a ce H3Bop 3panefta no noxpe6n HCKJbyHH, noxpe6a 3a
MepaMa samxHxe OA 3paneH>a, KOJC ce orjie^ajy y noxpe6n 3a spjio Ae6ejiHM
6exoHCKHM 3HAOBHMa (1,5-1,8 m) OKO npocxopHJe 3a 3paneH>e (Qi.3.2 2.2.), Kao H
noxpe6n 33 cnymxaiteM H3Bopa HOA 3eMJLy (OKO 6 m) y BOACHH 6a3en y speMe Ka^a
nocxpojen>e ne pa^H HJIH Ka^a ce xpana nocxaBJta 3a 3paHeH>e. FTpoSjieM je H
noxpe6a 3a pejiaxnBHO necxHM AonyK>aBaH>eM H3BOpa, Kao H CKJia.miinxefi.eM
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Cmepunusaifuja u onyacv^e xpane joHU3yjyhu.\i 3pcwen>e.w

oxna^a (naKo je BpeMe nojiypacna^a Kpaxxo).
60 f

137

Kao H3Bop spaneita y OBHM ypefjaJHMa ce najneinhe KOPHCXH ouCo, a MHOFO pefie
Cs.

60Co je OXKPHBCH 1930. Ha KajiH(J)opHHJcKOM yHHBepsnxexy
BepKjiH. OH ce 3a KOMepuHJajmy ynoxpe6y Ao6nja y jiHHeapnHM aKuejiepaxopHMa
HJIH H3JiaraH>eM 5 Co neyxponcKoj paAnjaiiHJH. H>eroB nojiy>KHBOX je 5,27 roAHHa a
pacnaAa ce y cxaGnjian HHKJI y3 eMHcnjy 6exa necxnue H raMa spaHeaa. FIpeKo 80%
°Co Aocxynnor na CBBXCKOM xp)KHmxy npOH3Beaeno je y KanaziH. Ocxaim

npOH3Bol)aHH cy PycKa Oe^epaunja, Hapoana Peny6jiHKa Knna, HnAHJa H Jy>KHa
A(J)pHKa.

PaAHoaKXHBHH 137Cs ce Ao6nja Kao je^an oa Moryhnx (J)parMenaxa (JmcHJe ypana
HJIH njiyxoHHJyMa naKOH ancop6uHJe neyxpona (HeH36e»an je saocxaxaK
HyKJieapHHx npo6a). BpeMe nojiypacnazia OBOF H3oxona je 30,17 roAnna, a pacna^a
ce eMHCHJoM 6exa necxnue H raMa spaneifca na '" 7mBa, a osaj,
3paKay 137

eMHCHJOM raMa
Ba.

H3Becne

Cn.3.2 2.2.IJocmpojen,e 3d 3panen>e xpane ^aMa

3.2.3 YnoxpeGa X 3paica y spaneity xpane
Hocxpojeifca Koja Kao H3BOp

Kopncxe x 3paKe o6jeAHfi>yjy
npeAHOcxH Asa npexxoAHO onncana
3paneH>a: pejiaxHBHO BCJiHKy npoAOpny Moh

raMa 3paHeK>a) H Moryhnocx
H yKJbyHHBaita ype^aja no

noxpe6n (oAJiHKa 3paMeK,a 6p3HM
ejieKxpOHHMa), ajin H anxoBe Mane: 3axxeBHo
OAp>KaBan>e nocxpojeaa, BCJIHKH yxpomaK
ejieKxpHHHe eneprnje (Kao KOA 3paneH>a
ejieKxpOHHMa) H noxpe6a 3amxHxe OACji.3.2.3.1. LLleMamcKU npmas npOAOpnor 3paneH>a (Kao KOA raMa 3paneH>a).

ypenaia 3a 3pcmen>e xpane x spauuma , .Mana OBOF nocxynKa je H Mana eqmKacHOCx
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Cmepuftusaifu/a u onyeai^e xpane joHU3yjyhu.vi

npexsapaiia eneprnje 6p3nx ejieKxpona y eneprajy x spaKa. Osa spcxa xpexMana
xpane je Maite KOMepijHJajmo sacxynjteHa oa xpexMana 6psHM eneKxponoMa H raMa
spaneiteM [13].

3.3 3/jpaBCTBCHa HcnpaeHocr ospanene xpane
npHJiHKOM carjieaasaiba s^paBCXBene 6e36e#HocxH spanene xpane noceSna

naacH>a je nocBehena yxnuajy spanepta Ha sapascxBeHy HcnpaBHocx
MoryhnocxH cxsapaifce XOKCHHHHX H KaHueporenHX cyncxaniiH no/;
spaneita H Moryhnocxn aa ospaneHa xpana nocxane pa^HoaKXHBna.

EHeprnja rana spaKa, x spaica H ySpsannx ejieKxpona nnje flOBOJBHa
0,0 axoMCKor jesrpa, jep Ae^yjy caMo na nepn^epHH ciioj ejieKxpoaa, na
oapanene OBHM nocxynuHMa, HC Mory nocxaxn pa^HoaKXHBHe.

fla 6n ce ospanena naMHpHHua osnanHJia Kao neiiiKo/tJbHBa, Mopajy OHXH
ycjiosa:

y H>OJ HeMa HtmyKOBane pa^HoaKXHBHocxH,
neivia naxorennx MHKpoopraHH3aMa H H>HXOBHX xoKCHHa,
HeMa 3HanaJHHx ry6nxaKa xpaftHEHx cacxojaica H
HeMa XOKCHHHHX, MyxareHHx HJIH KaHiteporenHx

xpH ycjiosa ce Mory nposepHXH /lexaitHHM XCMHCKHM H
xpexnpaHor npoH3BOAa. Spaneae xpane ce orpaHHnaBa na KopHiuhepte

raMa H x spaica, Kao H 6psHx eneKXpoHa, KOJH npH npoJiacKy Kp03 Maxepnjy HC
HH^yKyjy pa^HoaKXHBHocT. no^auH o o/icycxsy XOKCHHHHX, Myxarennx H
KaHueporeHHx je^Hftefta, ^oSHJajy ce H3 eKcnepHMenaxa ca xpaH>en>eM acHBoxHH>a
ospanenoM xpanoM.

WHO (1981) je flajia npejiHMHHapnH HSBeinxaj y KOMC ce Kaace na je saje^HHHKH
KoMHxex eKcnepaxa y OKBHpy FAO/IAEA/WHO saKJtyHHO m 3paHeH,e 6njio KOF
npexpaM6enor apxHKJia y pacnony npocenne aose spaneifca p.o 10 kGy nnje
XOKCHKOHOUIKH onacHO, xaKO ^a XOKCHKO^OUIKH XCCXOBH oaaKO xpexHpane xpane
HHcy flajbe oSasesHH. SaKJbyniiH eKcnepxnor KoMnxexa cy, aaKJie, jacno 3acHOB3HH
H Ka>Ky j\a. je ospaneHa xpana .H030M 3paneH.a ao 10 kGy s^paBcxBeno HcnpasHa H
ocJio6o^eHa je HcnHXHBaita Ha XOKCHHHOCX, KaniiieporeHocx, pa/iHoaKXHBHocx H
anxHrenocx [1].

3.4 3aKOHCKa peryjiarnea
/l|yrorojiHinH>a ncxpa»cHBaH>a H npoynasafta ospaneHe xpane oapeflH^a cy

OKBnpe y KoJHMa ce Mo^ce rapanxoBaxH HeuiKOAJbHBOCx xpane npouecynpaHe
joHH3yjyhHM spanefteM. Me^ynapoflHo ycKJia^ene cxanAapae y OBOJ o6jiacxn
oSjaBHJia je 1983. roAHHe KoMHCHJa 3a npexpaM6eHH KO^CKC (CAC), 3,zjpy5KeHor
nporpaMa opraHH3ai^HJa FAO H WHO [1].

y nanioj 36MJBH je 28.12.1984. ro^HHe, na ocnoBy npexxo^HO HaBe^ene
npenopyKe KoMHxexa eKcnepaxa FAO/IAEA/WHO, a no npe^Jiory namnx
cxpynH>aKa sa nyKjieapne nayKe, AOHBX FlpaBHJiHHK (Cji. ^HCX COPJ 6p. 68/84),
KOJHM ce o/to6paBa ynoxpe6a joHH3yjyher 3paneH,a 3a cxepHJtHsauHJy cueAehnx
Bpcxa xpane: >KHxa, JieryMHHose, upHH H GCJIH JiyK, KpOMHHp, ^exH/tpHpano Bohe H
noBphe, cymene nenypKe, jaja y npaxy, najesn, saHHHH, CBCKC MCCO nepa/iH, Kao H
aM6ana>Ke 3a HaMnpHHi^e, cpeacxasa 3a OAp>KaBaH>e JIHHHC xHrajeHe, nery H
yjiemnaBafte jnma H xejia.

y cJiyac6enoM Jincxy 6p. 42/98 Casesne PenySjiHKe JyrocjiaBHJe, H3 1998.
, je Aonecen npaBHJiHHK o yc^oBHMa no/i KoJHMa ce Mory cxaBjBaxH y npoMex
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H npe/iMexH onmxe ynoxpeGe KOJH cy KOHsepBHcanH joHH3yjyhHM
HHMC je npecxao #a sa>KH npaBHJiHHK H3 1984. ro^HHe. CacxaBHH aeo

npaBHjiHHKa je Jincxa naMHpHHua H npe^Mexa oniiiTe ynoxpeGe KOJH ce Mory
KOH3epBHpaxH joHHsyjyhHM spanepbCM, r#e je sa csaKH iipeztMex npHKasana cspxa
3paneH>a, Kao H oflroBapajyha MaKCHMajina ^o3BOJBeHa #o3a 3paHett>a (xa6.3.4.1)

Hopea ocxanor, y nuany ocaM OBOF npaBHUHHKa CXOJH aa npaBHO JIHUC Koje ce
6aBH KOH3epBHcaH>eM HaMHpHHiia H npeaiviexa onmxe ynoxpe6e j
3paneiteM Mopa /ja noceayje aoKyMeHxauHJy H m. BO^H eEHflemjujy 3a

cepnjy npOH3BO,aa, H xo:
1 . na3HB npoH3BOAa H K.eroBo xproeaHKO HMC aKO ra npoH3Bo/i HMa;
2. H33HB H ce^Hiuxe npon3Bo^aHa, OOTOCHO npe^y3eha Koje naKyje HJIH npcmaje

Koje
3. 6poj cepHJe
4. ycJiOBe HyBan>a H CKJia^Hiuxeita Koa OBJiauihenor npaBHor

joHHsyjyhe ospanHBaibe npoH3BO^a;
5. no^axKe o KBannxexy H s^paBcxBenoj HcnpaBHocxH npon3Boaa npe

o3paHHBan>a, Koje o6e36e^yje napynHJiau ycnyre
6. noMXKe o onxHManHoj ao3H m. GH ce nocxnrao e<|)eKax
7. xnn aM6ajia>Ke Koja ce KOPHCXH 3a BpeMe ospanHBaita;
8. aaxyM o3paHHBaH>a, HMC H npe3HMe jiHua o^roBopHor H oBJiainhenor 3a

9. no^axKe o pa^y nocxpojeifca H Konxpojin npoueca, yKJbynyjyhH H pe3yjixaxe
ao3HMexpHJCKe KOHxpone;

10. apyre noaaxKe KOJH Mory GHXH oa snanaja 3a oueny o3paneHor npoH3Boaa.

3 HCXOF npaBHJiHHKa nponncyje nanHH KaKO ce npe^MexH H3 JIHCXC
(xa6. 3.4.1.) Mory KOH3epBHcaxH:

1 . raMa spauHMa paaHOHyKJin^a 60Co H n?Cs;
2. peH^rencKHM 3paneH>eM HS ypefjaja KOJH pa^e Ha eneprexcKOM HHBoy o^

5 MeV HJIH Hnace;
3. eneKxpoHHivta npoH3Be^eHHM ypel)aJHMa KOJH paae na eneprexcKOM HHBoy on

1 0 MeV HJIH HH>Ke

Ko^ nac ce spaneae xpane, HJIH HBKHX apyrnx Maxepnjajia, o6aBjta y HHCxnxyxy
3a HVKjieapHe nayKe "BHHna" y BHHHH. Kao H3Bop raMa 3paKa Hajnemhe ce Kopncxn

HeMajy cse 3CMJi>e HCXH O^HOC npeMa 3paieH>y xpane. Csera ne^ecexaK 3eMajba
^03BOJbaBa xpexMan xpane 3paneH>eM.

Xpana Koja je HSJioxena 3paneH>y ce o6aBe3HO osnanaBa CBCXCKH npH3naxHM
CHM6ojiOM KOJH ce Ha3HBa "paztypa" (Cji.3.4.1.). Ilopea xora 03paneHa xpana Koja ce
npo^aje Mopa GHXH osnaHeHa HaxnncoM

RADIATED, TREATED WITH IRRADIATION
(3PAHEHO, TPETMPAHO SPAHEtiEM)

Cn. 3.4. LPadypa-cuMdon spanene xpane.
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ma6.3.4.1, HoMUpnuife u npeduemu oniume ynompede KOJU ce Moey Konsepeucamu
jonusyjyhuM spcmerbeM u MaKCUMOjino doseo/bene dose 3pcwen>e
(Cji.nucmCPJ6p 42/98),

pi •
Kr.op.

1.
2.

3.
4.

5.

6.

7.

8.

9.

10.
11.
12.

13.

14.

15.

16.

17.

18.

HaiviiipHime H
npcaiyiem oniirre Cepxa ojpaiieH>a

ynorpeSe
"Kma yHHinxaBaite nnceKaxa
MJICBCHH npOHSo^H OA yHHinxaBaite HHcenaxa
>KHxa AeKOHxaMHHaunja *
JleryMHH03e yHHinxaBaae HHceicaxa
MJICBCHH npOH3BOflH DA yHHUixaBaite HHceicaxa
neryMHHosa AeKOHxaMHHaiiHJa
T^exHApHpaHO Bohe H yHHinxaBaite HHceKaxa
noBphe, cyuiene nenypice ^eKOHxaMHHauHJa
IIpHH H 6enH JiyK, cnpeHaBaibe KUHjaftaKpoMnnp
HajeBH H eKcxpaKXH yHHiuxaBaH>e nnceKaxa
Hajesa y npaxy AeKOHxaMnnaimja

yHHinxaBaite nnceKaxa
33HHHH H CMCUie 33HHHa

CypyxKa H jorypx y
TTf*TrOTTT*fllV/f WHFtTTLTI f\y

Ha-Kasennax y npaxy AeKOHxaMHnaiiHJa
Jaja y npaxy ACKOHxaMHHauHJa
Pn6e H npoHSBO^H OA yHHiuxaBaH.e HHceicaxa
pH0e AGKOHxaMHHauHJa

ITHJiehe Meco

T^eXHApHpaHH npOH3BOAH

OA KPBH saK^aHHx AeKcmxaMHHauHJa

ApancKa ryMa AeKOHxaMHnau;HJa
fleXHApHpaHH 6H3HMCKH A^^OHxaMHHaiiHianpenapaxH
CpeAcxsa sa o,znmaBaH>e
JIHHHC xHrHJene, nery H AeKOHxaMHnauHJa
yjiencaBaHjenHua H xejia
AM6ana>Ka 3a naMHpHHue ACKOHxaMHHaiiHJa

MaKCHMajiHO
r(01BOJl,eHa flO3a
ipaneita (kGy)

1
1

10
1
1

10
1

10

0,15

1
10
1

10

2

6
3
1

2,2

3

8

10

10

10

25
* fiairrpnwir.K'ji CVianwnTrarTpnwifmwifl naTrwnr.TpnwTTinaTTwia^
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Henocpeflne ruxexe oa Ksapeita xpane y seMjtaMa y pasBojy npou.eH>yjy ce na
MHJiHJap/Ki .gojiapa. FlpeMa no,aau;HMa CBCXCKC sztpaBcxBene oprammuHJe

sapascxBeHo HeHcnpaBHe xpane je Ha npBOM Mecxy yspoHHHKa
H pa3HHX oSojieita, ca CMPXHHM HCXO^OM Kao nocjie,mmoM [1].

noxpeSa 3a aaitHM yHanperjHBafteM nocxynaKa 3a onyBaibe xpane.
HaKO flo ca^a Mano KOpnuiheHa, ynoxpe6a joHH3yjyher 3paneH>a y OBC cspxe MOFJIO
6« ^a Aose^e ao no6oibinaH>a y OBOJ o6jiacxH, napOHHxo y HCKHM npHMeHaMa, Kao H
y KOM6HHauHJH ca apyrHM MexoziHMa.

Spaneite xpane o6e36e^yje cHrypnHje cna6,aeBaH>e cxanoBKHiiixBa xpanoM,
ry6nxKe xpane nocne ncexBH H yGnpaita, CMaHbyje 6poj o6oneJiHX H yivrpjinx

naxoreHHM opraHH3MHMa HS xpane, ycnopasa 3peite H cnpenaBa
HCKHX 6HJBHHX Kyjixypa (KpoMnnpa H JiyKa) na XHMC noBehasa Moryhe

BpeMe cKJiaaHiuxeiba.
YnpKOC xexHOJiouiKHM H ApyraM npe^HOcxHMa, MCXOA xpexHpan>a xpane

3paneH,eM je onxepehen MHornM npe/ipacyzjaMa, H pejiaxHBHO Mano je
. H noxpoiuaHH H npexpaM6ena HimycxpHJa noKasyjy oxnop OBOJ

xexHOJiornJH. Pa3Jio3H cy npBCHcxBeHO y c^a6oj HH<j)opMHcaHocxH H eayKauHJH, na
je sa npoMeny xaKBor cxaita neonxo^HO HHHHXH Hanope ynpaso y XOM CMepy.

npHMena xpexMana xpane spaneiteM he «o»CHBexH ycnex caMO Ka^a ce cjio)Ke
saKOHOAasau, npexpaM6ena HH^ycxpHJa H noxpouianH m je xaj naHHH xpexMana
xpane e4)HKacaH H cnrypan. O/i,roBapajyha Konxpona H HHcneKiinjcKe npoue^ype cy

ycjioBH sa xy caraacnocx.

US FDA-US Food and Drug Administration (AMepHHKH BJia.aHH ype^ 33 xpany H

IAEA-International Atomic Energy Agency (MerjyHapOAHa ArenuHJa sa
AxowcKy EHeprnjy)

WHO - World Health Organization (CsexcKa SApascxeeHa OpraHHsaunja
FAO-Food and Agriculture Organization (of the United Nations)

(OpraHHsaimja YjeAHH>eHHX Hannja 3a xpany H no^>onpHBpeay)
CAC-Codex Alimentarius Commission (MerjyHapoflHa KOMHCHJa 3a

npexpaMSeHH KO^CKC)
ICRP - International Commission on Radiological Protection

KOMHCHJa sa paflHOJioniKy 3aiuxHxy)

26



Cmepwiusat^uja u onyeatbe xpcme joHUsyjyhuM

JlHTeparypa
[I] JoHusupajyhe zpavetbe y ceaKodneeHUifii, HBHua JlesaHT
[2] CKpunma U3 HyKjieapue cf)U3UKe,npofy op Mnoapar Kpiviap, HMO HOBH
[3] HyKJieapna u paduoxeMuja, Gerhart Friedlander, Joseph W. Kennedy, Haynna

KfbHra, Beorpafl, 1962.
[4] The development x-ray machines for food irradiation (proceedings of a consultants'

meeting), Vienna, Austria, 16-18 October 1995.
[5] http://www.radiobiologija.vef.hr/skripta/RADl l-20.htm
[6] http://www.euronuclear.Org/info/encycIopedia/r/radiation-weight-factor.htm
[7] http://www.mans.edu.eg/facscim/english/courses/zoology/Radiobiology-1 /L%207.ppt
[8] http://www.gla.ac.uk/services/radiationprotection/rp4.doc
[9] http://www.tehnologijahrane.com/mikrobiologija/metode-konzervisanja/primena-

zracenja-kao-metod-konzervisanja-namirnica
[10] www.consumer.org.rs/saveti/hrana/iradijacija/ekons.htm
[II] http://www.tempusl6140.rs.sr/seminars/modul5/jonizacija_5.pdf
[12] http://www.physics.isu.edu/radinf/food.htm
[13] http://www.reviss.com/products/pdfs/File/Food/Food_Key%20to%20Units.pdf
[14] http://www.cherry.gatech.edu/mot/97/group/food_irrad.pdf
[15] http://www.extension.iastate.edu/foodsafety/irradiation/index.cfm?articIeID=23&pa

renr=3
[16] http://www.npl.co.uk/server.php?show=ConWebDoc. 1526

27



Cmepwiifsatfuja u onyeaibe xpane joHusyjyfiuM 3pcwen,e.\i

KpaTKa 6norpa(|)HJa

PoljeH caM y ceny Jlosna, oniiiTHHa EaHOBHhn, Peny6jiHKa Eocna H
XepueroBHHa, 15.09.1963. ro^HHe. Y HCTOM MecTy caM saBpuiHO ocHOBHy uiKojiy.

FHMHa3HJy caM saBpuino y BanoBHhHMa, a neaaroiiiKy aKa^eMHJy, na CMepy
•̂•••••̂ î 1* MaT6MaTHKa-(})H3HKa saspiiiHO caM y TysjiH 1986. ro^Hne.

Pa^Ho caM y OCHOBHHM uiKOJiaMa y Xaj^epoBHhHMa
(oniiiTHHa 3aBH,aoBHhH, B H X), BanoBHhHMa, Cejio
BaHOBHhHMa, JlosHoj (B H X) H Boposy Cejiy (Peny6jiHKa
XpsaTCKa-1995-1997. ro^Hna), Kao HacTaBHHK MaTCMaTHKe H
(j)H3HKe.

pa/niM y OCHOBHOJ IIIKOJIH ,,HBan Fopan KoBannh" y
hy (KO^ CoMSopa) Kao HacTaBHHK MaTCMaTHKe H

4)H3HKC.
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