-

View metadata, citation and similar papers at core.ac.uk brought to you by .{ CORE

APYHITBO 3A BALITUTY O 3PAYEIHA
CPBUJE N IIPHE I'OPE

SBBORPAIMIL
PO B3/

XXIX CUMITO3UJYM /33CIUTI
CpeOpHo je3epo
27-29. centembap 2017. roqune

beorpaa
2017. roaune


https://core.ac.uk/display/227342351?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

SOCIETY FOR RADIATION PROTECTION OF
SERBIA AND MONTENEGRO

PROCGEEDINGS

XXIX SYMPOSIUM DZZSCG
Srebrno jezero
27-29. September 2017

Belgrade
2017



350PHUK PAJIOBA

XXIX CUMIIO3UIJYM J33CLI"
27-29.09.2017.

N3naBauu:
WNHceTuTyT 32 HyKIeapHe Hayke ,,BuHua®
HpymtBo 3a 3amTuty of 3padewma Cpowuje u Lpae ['ope

3a U3BPILUHOT U3/aBaya:
Hp Bopucnas I'py6op
Ypenuuiu:

Hp Jenena Crankosuh IleTposuh
Hp l'opnana [Mantenuh

ISBN 978-86-7306-144-3

Institut za nuklearne nauke ,,Vinga*

Texuuuka oOpana:
Jenena Crankosuh IlerpoBuh, I'opnana [Tantennh

[Irammna:
Wucturyt 3a HykneapHe Hayke “Bunua”, Muke [lerpoBuha Amaca 12-14, 11351
Bunua, Beorpan, Cpbuja

Tupax:
150 npumepaxa

T'ognna n3pama:
Cenrrem0ap 2017.



Onuity Npo6JeMu 3alTUTE Of 3padyerha

JAWJIEMA LNT WJIM HORMESIS MOJIEJT Y BAHITUTHU O/
3PAYEIbA U HYKJVIEAPHO OPY’KJE

Mapko M. HUHKOBUR,
Hncmumym 3a nyxneapue nayke, Bunua, beoepad, CPBUJA, markon@yvinca.rs

CAJIP/KAJ

Janyapa meceya 2015. 2ooune y CAJ] je npuxeaheno nokpemare nocmynxa mozyhe
s3amene mpenymuo eaxcehee LNT mooera y 3awmumu 00 3pauersa, HORMESIS
mooenom. Paznuxa uzmely o06ux mooeia je wmo npema HPEOM, C8AKO 000AMHO
uznazarse 3payversy, 6e3 o03upa Ha HUBO, je ONacHo, 00K npema Opy2om je CynpomHo —
He camo 0a Huje onacHo eeh Moodice Oumu U KOPUCHO, aKO je 0080/6HO HUCKO.
Hcmoepemeno y ceemy ce cee ueuihe nomure u HyKIeapHo opyicje ca HA2lACKOM HA
mwe206om ycagpuiagary. Ilpu uemy ce noo ycaspuiasarbem noopaysmesa uzpaoa npe-
YusHUjez opycja mare cHaze OOHOCHO, Marez paoujyca HAKHAOHe ONACHOCU NO
cmanosHuwmeo nozohene noxkayuje. Ilocmasma ce noeuuno numaree 0a iu ce oge 0ge
akyuje, Koje cy nokpeHyme NpuOIUNCHO V UCMO 8peme, Mo2y MelycobHO noee3amu.
002060p 6u Mo2cao bumu npe nO3UMUBAH He20 Heeamusan, jep, yceajarvem HORMESIS
MoO0ena HeCcyMmwU8o OU ce ONaKwialo npuxeamare, 00 CMpaHe CMAHOBHUWMEA, YNO-
mpebe HyKIeapHoz opyxicja y CReyuuUHUM XUNOMemudKumM oKoaHocmuma. Y paoy cy
npuxazame OCHOBHE KApaKmepucmuke U HAYYHA 3ACHOBAHOCH NOMEHYMUX Mooend
3awmume 00 3paversa, Kao U HeKu OOCMYNHU NOOAYU O PACHOLONCUBOCIIU U PACHPOC-
MPpareHOCMU HYKIIeapHO2 OPYIHCja Y c6emy OaHac.

1. YBOJ

[Touerkom 2015. ronune y CAJ] je 3BannyHO nprxBaheHO MOKpETame MocTynKa Moryhe
3ameHe, fanac ommre ycBojeHor LNT monena y 3amruté ox 3pauersa, HORMESIS
mozenoMm [1]. Kao mo je mobpo mo3HaTo pasnuka uzMel)y oBa jaBa Mojiena je CyIITHHCKA
jep, carjlacHO IIPBOM, CBAKO JI0JIATHO U3JIarame 3pademy, 0e3 0031upa Ha HUBO, j€ OTIACHO
[2], mox mpemMa 1pyrom Moske OUTH M KOPHUCHO aKo je J03a u3jarama JOBOJFHO HHCKa [3].
OBa unmeHuIa je cama 1o cebu 6uia qoBOJbHA J1a TOOY/IU BEIMKO HHTEPECOBAE UCTPa-
’KMBa4a y 00JIaCTH 3alITUTE O] 3pauckhba 3a UCXOJ] OBOT NPUCTYTa. FICTOBpEMEHO IMPOM
cBera ce uelhe MOMHIbE HYKJICapHO OpYXKje, BeroBo yHampeheme u yak moryha ymo-
tpeba [4] y nornenHoj Oynayhaoctu. To je 60 OCHOBHH pasiior Ja c€ y OBOM pajly Moc-
BeTu nocebHa nmaxkma ogHocy LNT u HORMESIS mognena y 3amrutu of 3padyema U
IBUXOBOM MOTyheM OJHOCYy TpeMa EeBEHTYyallHOj YIOTpeOM HYKICapHOT OpyXkKja y
oynyhHocTu.

2. LNTMOJEJ Y 3AIITUTHU Ol 3PAYEIBA

Jluneapuu 6e3-mpara monen (LNT) je Momen Koju ce KOPHUCTH Y 3aIlITUTH O 3paycha 3a
MPOLIEHY TyTOPOYHMX, OMOJIONIKUX IITETa 0] joHn3yjyher 3pauema. [Ipema oBoM Mojie-
Jy MPEeTHOCTaBJba Ce Ja je MTeTa AUPEKTHO (IMHEApHO») MPONOPLUOHAIHA 03U 3pa-
4yema, 0e3 003upa Ha BenuuuHy ao3e. LlTo 3Haum n1a je 3paueme yBeK HITETHO U Ja He
MOCTOjU Oe30macHa JI0Wma TpaHuIa. BHIIECTPYKO W3Narame MajluM J03aMa 3padcka
cMaTpa ce J1a u3a31uBa UCTHU ITETHH eeKaT Kao U jeTHOCTPYKO u3arame Behoj 1o3u 3pa-
gema. Mako je LNT Mmozmen w3noxeH KpuTukama, jep ae]akTo He MOCToje MOoy3aaHu
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JI0Ka3M 32 OCHOBE Ha KOjUMa Ce 3aCHMBA, HITaK OBaj MOJIEN C€ KOPHUCTHU Yy TeKyhoj mpakcu
3alITUTE O] 3pavyetba IUPOM CBETA.

VY HemocTaTKy Moy3JaHHX J0Ka3a 0 OAHOCY PH3HKa Off M3a3UBamba ITETHUX edekarta of
MaJMX 1032 3payera, HAYYHHWIM Cy MPETIOCTABMIIM Jla YaK W HajMamkU H3Jarame
3pauerwy Hocu pusHK. Jlo oBe mpernoctaBke (LNT xumnorese wim mojena) JIOUUIO ce
eKCTpaIoJalrjoM OBE 3aBHCHOCTU U3 00JIACTH BHCOKHUX 1032 3pauerha, 3a KOjy MOCTOjH
CUT'ypHa MOTBpJa 100MjeHa H3y4yaBambeM yUYeCTaHOCTH KaHIEpa KO/ MPEKUBEINX aTOM-
CKe eKkcIuiosuje y Jamany [5].

Nwmajyhu y Buny momenyte Heoapehenoctu y LNT- mozmeny, mpeanaxe ce oba3puB
MPUCTYIl OBOM IMpobiieMy npuxBarajyhu craB amepuukor JlpymrBa 3a 3aIliTUTY Of
3padema Koju riacu: "l[locmoje snauajuu u yoeomue HayyHu 00OKA3U 3a 30pABCHEeHe
pusuKe Ha UCOKUM 003ama s3paderba mehymum y obaacmu maiux 003a ucnoo 100 mSv
(npupoonu on u npogecuonarHo usznazarbe 3pavery) pusuyu no 30pasme UlU Cy
ucysuuie maiu oa o6u oumu oemexkmosanu, uiu He nocmoje” [6]. Ipyrum pedmma
HEOITXO/HA Cy JaJba UCTPaKMBama J1a Ou ce jeHa 01 OBUX TBPIAIHY JI0Ka3aa.

Kao noTBpy npeTxoHO n3peueHe TBPAmbE Y JaJjbeM TEKCTY heMO M3I0KHUTH 3aKIbYUKe
TpH BeoMa 3HavajHa, HEJAaBHO IITAMITaHA Pajia KOju ce 0aBe OBUM MPOOIEMOM.

BEIR — Komutert 3a 6uosnomke epekre jonnsyjyhux 3paueama Axanemuje Hayka CA/Jl,
WHAYe UJICJHU TBOPAI] OBOT MOJIeJIa, HAIIA0 je 32 TOTPEOHO Ja TOHOBO U3JI0KH CBOj CTaB
peMa OBOM IMpo0JieMy, Y jeTHOM O/ HajHUBHjUX CBOjUX M3BEIITAja, KOJU TJIACH:
Komumem 3axmyuyje 0a cy mpeHymHo pacnonoxcusu HayuHu OOKA3u y CK1ady ca
npemnocmasKkom 0a NOCMOju JuHeapHu, 6e3-npaza 00Hoc usmehy 0oze jonusyjyhee
3payerpa u nojase u pazeoja UBPCMUX Kauyepa Koo /byou noo 0ejcmeom moe 3paversa
[7]. Kako ce MOoxe BUIETH y TOM TPEHYTKY, pe oko 10 roanHa oBa TBpAmba, peepeHTHe
MHCTUTYLIMjE, fana je nmyHy noapmky LNT-mozxemny.

VY mehyBpemeny, ymopeao ca moKpeTameM THocTynka 3a Moryhy 3ameny LNT-mozena,
10pacTao je MHTEePEC 3a HCIUTHUBAILE IEroBe 3acHoBaHocTH. Ha oBoM mMecTy ykpaTko he-
MO U3JIOKHUTH KJbYUHE pe3yNTaTe U3JI0KEeHEe Y HeIaBHO Iy OIMKOBaHUM pajoBuma [8, 9].
Ha mpBom mecty Ty cy pesynratu INWORKS crymuje (INWORKS — International
workers study) y okBUpY KoOje Cy aHaIM3UpPAHE BEIHMKE Ipymalyje paJHuKa y HyKIeap-
HUM uHaycTpujama ®@pannycke, bputanuje u CAJl y Toky Bume ox 30 roguna, Kao mTo
ce MOXe€ BHJIeTH y Tabenu 1.

CakynJbeHH CTaTUCTHYKHU MOAALN OMOTYhmiIM Cy pelaTUBHO Mpenu3He MPOICHE PU3HKa
CMPTHOCTH O] KaHIIepa KO/l paJlHUKa YHja je MpOoceyHa KyMyJaTuBHA J03a 6umia oko 20
mGy. JlobujeHn pes3ynraTH HpeAcTaBbajy 3HAuYajaH JOAAaTaK HAyYHUM OCHOBaMa 3a
pasyMeBame pU3MKa O] KaHIEpa y YCIOBHMAa IYrOTPajHOT HM3Jarama MaldM J03ama
3pauema. Ha oCHOBY OBHX MojaTaka, MOTJIO C€ 3aKJbYUUTH Ja OHU TOKa3Yjy JUHeapHy
3a8UCHOC NOPACMA CMPMHOCMU 00 KaHyepa ca nosefiarbem uznodceHOCmu 3payersy.
HcToBpemeHo ce ykasyje Ha YHECHUILY Jia Cy OBHU Pe3yJITaTH CIIMYHH OHUMA JT0O0UjeHUM
W3 aHaJM3¢e TOCTEINIIA IO JallaHCKO CTAHOBHHUINITBO KOj€ j€ MPEKUBEIIO aTOMCKY O0MOY,
a KOjU Cy TIOCITY>KWJIM Kao OCHOBa 3a ycBajatbe LNT — mozena.

VY mehyBpemeHy 1mojaBuo ce jouI jeaH BeoMa UCIPIaH U BpelIaH paj Ha OBY TeMy, KOjU
Cy HeaBHO ypaauau HayuyHunu u3 Jyxue Kopeje [9]. buxoB ocHOBHU 3akib34ak je 1a
0e3 003Mpa Ha HEJAOCTaTaK HAYYHOI 3HAWa O 3JPABCTBEHOM PH3HKY OJI MAJUX 034
3pauewa, LNT — npucmyn npemcmas/oa HajpazyMHUujiL MOOel PU3UKA Ha HUBOUMA MATUX
003a ¥ BepoBaTHO he ocTaTH OCHOBHU MPHHLMI y 00JACTHMA 3alITUTE U CUTYPHOCTH Yy
pany ca u3BOpUMa 3pauema u 'y 0yayhHOCTH.
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Tabesa 1. OcHOBHH noAany KOju cy aHAJIM3MpaHu y okBupuma INWORKS

cryauje [8]
AHaJIM3MPAHU NIEPHOI 1968-2004 | 1946-2001 | 1944-2005 | 1944-2005
Mecto (3eMiba) ®pannycka | B.bpuranuja CAL INWORKS
Pagunum 59003 147 866 101 428 308 297
Yoek-roanHa(MHJIMOHA) 1,5 3,4 3,3 8,2
CMPTHOCT (CBH y3pOILIH) 6310 25307 35015 66 632
CBu KaHLepH 2552 7558 9638 19 748
UBpceTHn KaHUEpH 2356 6994 8607 17 957
Jleykemuja (0e3 CLL) 56 167 311 531
Mzaaranu pagannn® 42 206 130 373 84 587 257 166
Cp.kyMyJIaTHBHA /1032
ne6eso pero (mGy)® 17,6 22,5 20,0 20,9
Cp.kym. RBM j03a (mGy)" 16,2 20,6 18,3 19,1

(a)-Pagauim ca perucCTpPOBAHOM CIIOJHAIIEHLOM KyMYJIATHBHOM J030M > ().

(b)-Cpenma mponemeHa KyMmMyJaTHBHA CIOJballllba J03a Ha Je0CIOM IPEeBY KOJI
W3JIaraHuX. PAJHHKA.

(c)-Cpenma mpolremeHa KyMyJIaTUBHA CroJballmka 103a Ha RBM, mely wm3maranum
panHumMa.

Ca nmpyre crpane, Harjamasa ce 1a Tpeba OUTH BeoMa ONpEe3aH NpU TyMadewy HHUBOA
pHU3UKa y 00JacTH MaJIMX J103a 3payema, A0 KOjUX CE JI0JIa3U TEOPHjCKUM MPOpadyyHuMa
Ha ocHOBY LNT xumotese, jep OHU HE MOpajy OJArOBapaTH CTBAPHOM HHUBOY PU3HKA.

Paznmuuuti OMOJNONMIKKM TYTEBU TPOU3BONEHAa 3IpaBCTBEHHX edekaTa MPH JEIOBaAbY
MaJlUX M BEJIMKUX 7032 3payema CMaTpajy ce JOKa3aHUM IyTeM CO(PUCTHLIUPAHUX
UCTIHUTHBamka Ha HUBonMa henuja u monekyna. OcuM Tora, MOCTOjU BellMKa BepoBaTtHoha,
Kako TBpAe Ouono3u, mehycoOHe MHTEpaKlMjeé TeHETCKHX CKJIOHOCTHM M MalluX 103a
3pauema. Mako paamoOuonoruja He MOXe TPEHYTHO Ja NMPYXKH JAUPEKTHE JI0Ka3e O
epexTIMa MaluxX J03a 3padema Ha JbYJICKO 3[paBJbe, CBEOOYXBATHO pazyMeBame
PaaroOHONONIKMX MeXxaHn3ama he BepoBaTHO OJIAKIIIATH MUIESMHOJIONIKA H3yYaBamha U
mo0OO0JBIIATH TPEIU3HOCT TPOICHE OHOca 103a — edekar y oO0llacTH Maliux J03a
3padema, y Oyayhunoctu. Ca npyre crpaHe, MOBe3WBamke OMOJIOMIKUX U SITHIEMHUOJIONI-
KX pe3yliTara UCIHUTHBAMKka, 33jeIHO Ca HCTPaXHUBAbHMa y JPYLNITBEHHUM HayKama,
omoryhu he noy3nanuje 3akjbydyKe 0 3aKOHUTOCTHMA Y OBOM JIOMEHY /1033 U PU3HKA.

3. HORMESIS MOJEJI

VY Teopuju U IMpaKcu 3aIITUTE O] 3paucrha, IpU aHaJU3U pU3MKa oJ] Moryher mrerHor
JIeJI0Bakba OBOI' areHca Ha 4OBeKa OJ1 MOCeOHOr MHTepeca je OMiIo yTBphuBame OBOT
0JIHOCA Y JOMEHY MalluX 71032 3pauerma. Y ToM norieay Hajpehy naxmy cy modyhusaie
Tpu Moryhe Xunorese Ui MoJiela, KOje Cy KBaJUTaTUBHO MPUKa3aHe Ha CIAULHU 1: Mogen
3aBUCHOCTH ca mparom omnacHoctd, LNT — monen 6e3 mpara u HORMESIS mozen, kao
IITO j& KBaJTUTATUBHO MIPUKA3aHO HA CIIAIH 1.
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Moaen ca NPAIToOmM LNT - moagen 6e3 npara

Pusmg
Puitk

Oo=a Oo=za

 HORMESIS moaen

Puug

Ooza

Cauka 1. KpaauraTuBuu NMpUKa3 3aBUCHOCTH BCJINYHHE pannjaunonor pu3uKa o
A03€ 3pavucma 'y 00J1aCTH MAaJINX A03a nmpemMa Tpu Mojaejia

Mopgen ca mparoM y mpakcu je KOpuiiheH BpJIO Ayro, oj MPBUX 3alakamba INTETHOT
JIEJIOBalkba 3pavyckma, MOYETKOM MPOLUIOr BEKa, na cBe a0 npernacka Ha LNT mpe
yerpaeceT roauHa. MehyTum, mpoTOKOM BpeMeHa M CTUIIAEEM HOBHX Ca3Hamba CTAJIHO je
CHIDKaBaH BUCHHA TIpara, OJJHOCHO BEJIMYMHA JI03€ KOja pa3[Bajaja yCIOBHO Oe30macHe
0]l ONIAaCHMX HHBOA M3Jlarama Ja Ou Ha kpajy ycajameM LNT monena mpar 6uo cBeneH
Ha HYJTY J103Y.

“HORMESIS” mozen, kao mTo je mokasano Ha ciunu 2, aaje U-3aBHCHOCT, TIPH KOjOj
m3mel)y Hynre m exBuBaleHTHe HyinTe Tauke (ZEP), pusuk on mojaBe KaHiepa je
HeraTHBaH OJIHOCHO Jia JISjCTBO 3paucikha Ha TOM HUBOY M3Jarama, HE caMo Jia HUje
mTeTHO Beh je M KoprcHO 3a opraHu3am YoBeka. Tek Kaj 103e u3iarama nocrany Behe of
ZEP-n103e, pU3HK ONET pacTe JUHEAPHO.

Onnoc npema HORMESIS edexty je Bpio 3HauajaH 3a 3alITUTY O[] 3padycma. 3aTo HE
gyau mrto je Komurer 3a edexre jounsyjyhux 3pauema Axanemuje nayka CAJl (US -
BEIR) namao 3a moTpeOHO Ja ce eKCIUIMIUTHO HM3jaCHU IO TOM MUTamy. Y CBOM
HeZaBHOM u3BeTajy. Komurer 3akibyuyje cienehe:

«/la je npemnocmaska 0 KOPUCHUM, XOPMEMUUHUM eQeKmuma Maiux 003a 3paverba no
/bYOCKO 30passme, Koju npesasuidze wmemHo oenosarve jonusyjyhee 3pavera, oOauac
Heocrosanay [10].

CMpTHOCT
OA KaHuepa
Buwe |
KaHLep ‘ W

HopmanHo

Mame

kaHLepa HORMESIS

bod 4 A A

Hosa (mG);)

Cauka 2. Ynopeanu npuKa3 KBAJTUTATHBHOI TOKA KPMBHU PH3HKA 0]l KaHIepa NPH
n3naramy 3pademy, npema HORMESIS u LNT moaneanma



Onuity Npo6JeMu 3alTUTE Of 3padyerha

Carmacno LNT moxmeny Hema "OesomacHe" m03a ako ce "Oe3omacHO" CXBAaTH Kao
oTcycTBO pu3uka. HapaBHo na HumTa Hije "6e30macHo" y TOM CMHCITY, TOCEOHO Kajia ce
uMa y BUJIy Jia Cy PU3HIM KOJ jaele Behu ut.
Anu, Mopa ce UMaTH y BHJIY M YUHHCHUIIA J1a OMOJIOIIKU MPOIIECH 3aBUCE O] BUIIC
¢axTopa, 1a Tpajy JAyro BpeMEHa U Jia Ce He MOTY MCKJbYYHTH e(eKTH NpuiarolaBama
henmuja u xopmesuc edekru, mTo je cynpoTrHo ox LNT — tBpame. Te uumenure
MpeTCTaBIbajy monaszne ocHoBe kpuruyapuma LNT — monena. To je BepoBaTHO OO jeaH
on pasnora na Hykneaapna perynatopna Komucuja CAJl HemaBHO MpUXBaTH MPEJIOT
XLNT rpyne [11] nma ce mokpene moctynak moryhe zamane LNT ca HORMESIS
Mojenom [1].
XLNT rpyny uune cnenehu uranoBu, Behunom u3 CAJl u mo jeman u3 Benuke
bpurannje, Kanane u Caynujcke Apabuje:

1. W. Allison, Oxford Univercity, UK

2. J. Jhon Bevelacqua, Bevelacqua Resources,USA

3. M. Cohen, Indiana University, USA

4. ]. Cuttler, Cuttler & Associates, Canada

5. L. Corrice, Publisher: The Hiroshima Syndrome, USA

6. C. Davey, King Abdullah Univ. of Sci. and Technology, S.Arabia

7. Mohan Doss, Fox Chase Cancer Center, USA

8. V.J. Esposito, University of Pittsburg, USA

9. A. Fellman, Dade Moeller & Associates, Ink., USA

10.P. Lewis, Free Enterprise Radon Health Mine, USA

11.J. Mahn, Sandia National Laboratories (Retired) USA

12.C.W. Pennington, Executive Nuclear Energy Consultant, USA

13 B. Sacks, FDA's Center for Devices and Radiological Health (Retired), USA

14.J. Shanahan, Go Nuclear, Inc. and Envoronmentalists for Nucl. Energy, USA.

PyxoBogunan I'pyne je Mohan Doss. UnanoBu XLNT rpyme y mpujor cBOr cTaBa
HaBojie HU3 ynmbeHMIa [12]. Ha npumep, yka3yjy Ha mojaTak Jga pe3yJiTaTH HEIaBHUX
NPEUCIUTHBAkA CMPTHOCTU TPEXKUBEIMX aTOMCKy OomOy He mnoTBphyjy omHOC
noza-edexat, koju ciean u3 LNT monena Beh cy 6mmxu 3aBucHocti npema HORMESIS
Mozeny. YKasyje cé M Ha YHICHHIy Jla j€ jOIl Mpe BWINE OJf TPHUISCET ToJuHA
npennoxeHo kopuntherse HORMESIS edekra 3pauema y cripeuaBamy IojaBe KaHIepa
aJIi J1a TO HAKaJ1a HUje ucTpeakuBaHo 300r Hagmohue nomunanuje LNT monena. [Tomto
KaHIIEp HacTaBJba Ja Oyje TJIaBHH 3paBCTBEHH POOIIEM, IIPH YeMY je CTOIa CMPTHOCTH
O]l KaHIIepa cMameHa caMo 3a 10% y mporekiux 45 roguHa, cMaTpa ce 1a Ou OUiio Myapo
uctpaxxusatu HORMESIS edekar 3pauema W Kao MNOTEHIMjaTHH alTEPHATUBHU
MPUCTYT y 60pOM MPOTUB KaHIIEpa.

VY npunor HORMESIS Mozena HaBoze ce u pe3ysiTaTu UCTPaKuBamba CMPTHOCTH Mel)y
HEKOJIMKO Tpyma Mpo(eCHOHAIHO U3JI0KEHUX MalluM Jl03aMa 3padyera Kako Ce MOXKe
BUJIETH HA CIIMLHU 3.

Kako ce Ha ciunu 3, MOke BUIETH aHAJTU3UPaHa j€ CMPTHOCT KOJ] YETUPHU IPpyIe paJHUKa
(TAIWAN [13], NSWS [14], BRITISH RADIOLOGIST [15] u MAYAK [16]). Axo ce
Kao pedepeHTHa Y4eCTaHOCT CMPTH y3Me€ NMPUPOJHA, OHAA, KAaKO C€ BHJIW HA CIIUIH,
YUECTaHOCT CMPTH KOJ| aHAIM3UPAHUX IPyTa je Mama Of MPUPOJHE U OmNaja ca J030M
3padema, mWTo oAaropapa odekuBamwy npema HORMESIS a ne LNT mogeny (upBena
taukacra auHuja). [lopen TBpame o HeanekBatHocTd LNT Mozena HaBojie ce moIamu 1 o
weroBoj mrerHoctu [17, 18]. Haume, HakoH akmuneHara npaheHMX KOHTaMUHAIIM]OM
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OKOJIMHE TIpUMEmbYje C€ Tpakca €BaKyallje CTAaHOBHUINTBA M3 KOHTAMHHUPAHUX
MOJIpyyYja, 9aKk ¥ OHUX re Ou OMIIM U3II0KEHU MAmbUM J03aMa 3pauemha «XOPMETHIHOT
HuBoa. Kao mpumep y tabemu 2, maTtu Cy mojamu O Opojy CMpPTHUX cliydajeBa MpHU
€BaKyallju CTAHOBHHUIIITBA U3 OKOJIMHE HyKJIeapHe enekTpane PyKyIu muma 0JHOCHO,
u3 npedextype Oykymunma u cycennux npedexrypa Meate u Mujaru, HakoH akIuIeHTa
2011. rogusne [17], koje cy carmacho HORMESIS mozneny Ouiie HenmotpeOHe.

| T T :
LNT Model Prediction
[ R e T T S —
\"\ NSWS+
80 - Taiwan \\.‘
Blitish‘ oo
Radiologists Mayak
60
40
20 —
0 l | | |
0 50 100 150 200 250

Cauka 3. CMPTHOCT 071 KaHIepa Y 3aBHCHOCTH 0O/i MAJIMX 1032 3padema (<150 mSv)
[12]

Tabena 2. Jbyjacke :kpTBe ycjieq 3eM/bOTpeca, HYHAMHUja U eBaKyaluje 300r
paaMjanuoHe onacHocTH nocje Oyxkymmnme[17]

[Ipedexrypa JupexTHO o1 NunupexTHO YKynHo NunupexTHO
3eMJbOTpeca U TOKOM %
IyHaMHja eBaKyaluje
WBare 4669 446 5115 8,7
Mujaru 9596 900 10496 8,6
Qykymmma 1559 1793 3352 53,5

HctoBpemeno XLNT rpyna npeanoxuina je, Ha ocHoBy HORMESIS monena, cnenehe
IpaHulE 3a IPUMEHY Yy IIPAaKCH paja ca U3BOpPUMa 3padera U y 1nojbuma 3pauema [11]:

(1) 50 mSv/a, rpanuna noze 3a npodecuoname ca gomymremem a0 100 mSv/a
e(eKTHUBHE J]03€ YKOJIMKO j€ U3Jarame XPOHHYHO.

(2) ALARA oadauuTu, moTIyHO. Jep, HeMa CMHCIIA J]a C€ CMamby]jy J103€ 3padycmka Koje
HE caMo J1a cy 6ezonacHe Beh Mory OUTH 1 XOpMETHYHE (KOPUCHE).

(3) do3e 3a cTAaHOBHUMIITBO, U3jCTHAYNTH Ca Ji03aMa 3a MNpodecuoHalie. Jep ako cy
MaJie J103€ XOPMETHYHE, 3aITO JUIIABATH CTAHOBHUIITBO T€ BPCTE MOTOIHOCTH.

(4) ITocedHe rpanmie 1032 3a TPYAHUIIE, eMOpUOHE U deTyce, Kao U 3a aemy mualy ox
18 roguHa, He YBOAUTH.
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4. HYKJVIEAPHO OPYXKJE

VY HOBHje BpeMe, peIaTUBHO YECTO, HA HAYYHHM U CTPYYHHM CKYIOBHMA M3 00JacTH
3allITUTE O]l 3paycka Ce MOMHUEEC HyKIIeapHO opyxje. To je MpuBYKIIO Maxmy ayTropa
OBOT paJia ¥ HaBEeJIO T'a JIa [IOCBETH MaKiby OBOM Ipo0Iiemy.

Ha nmpumep, Beoma je ymedarspuBa u3jaBa yraeanor uimana NCRP (USA National
Comeetee of Radiation Protection and Measurements) nmpodecopa Metller-a, uspedena
Ha 50, jyOmiapHOM peJJOBHOM TOIMIIEKBEM CKymy oBor Komutera, koja rimacu: «Huje 6uno
ynompebe HyKleapHoz2 Opycjd MOKOM NpomeKaux euuwie 00 65 200uHa, anu, moje
npeosuharve je, buhie ynompebe nykieaproe opyoicja y cieoehux 50 coouna (unu panuje) »
[19]. OBy cBojy u3jaBy npodecop Mettler je y mpenaBamy HIycTPOBaO ca JBE CIUKE, O]
KOjUX IpBa MpeACTaBba CKIAAUIITE OPOJHUX HYKJICApHUX OOMOH, a IpyTa mpeaceIHIKa
Cesepne Kopeje y monosxkajy crpenia. Pa3yMibuB je cMICa0 T CIIHMKE, alli OMACHOCT Off
ynoTtpebe HyKJIeapHOT Opyja JIOTUYHO, He moTuye camo on CeepHe Kopeje, Hero o
CBHX OHHX KOjH Paclojaxy THM OPYKjeM.

IIpoyena pacnonoxcugux 3aauxa HyKieapHoe opyxicja y cemy 0aHac

[Ipema moctynmHuM mopanuma, uMa ykynHo 16 300 komaa HyKJIeapHOT OpyXkja Koje ce
Hana3u Ha 98 mecta y 14 3emaspa cBera. O Tora 10 000 ce Hana3u y BOjHUM apceHAINMa;
JIOK TIpeocTalIo 4eka qeMoHnTaxy. OmnepatuBHo je pacrnonoxuBo 4 000 a 1800 ce Hanazu y
BucOKOM creneny npurnpaBHoctd. CAJl u Pycuja mocenyjy oxo 93% on yKymHUX
CBETCKHUX 3amxa HykieapHor opyxkja. CAJl cy cBoja HykJieapHa opyXkja pa3MecTuie Ha
ykynHo 18 nokanumja: 12 y 3emibH, a octanux 6 y met 3eMasba EBporne. Pycko HykieapHo
opykje Hama3u ce Ha 40 mecta yHyTap Pycwuje.

Ha cnunu 4, rpaduuky je nprukazaHa pacrojielia CTpaTeliKuX HyKJIeapHUX IJIaBa y CBETY,
y BUAy OasioHa, Yyvja BEJIMYMHA j€ TPOMOPIIMOHATHA OpOjy PACIIONOKUBUX OpYXKja, IO
3eMJbaMa Koje ux mocenyjy [20]. Ha oBoj ciumm miaBom 00joM O3HA4YCHE Cy 3eMJIbE
ynaHuie /[oeocosopa o Hewupery HyKieapHoe opyicja a IPBEHOM, 3eMJbe KOje Cy BaH
Tor noroBopa. [Ipema moganmma gatum Ha oBoj cimim CeBepHa Kopeja pacmonaxe ca
Mame oa 10 mykieapaux 6omoOu. Cmatpa ce 1a je pacmojaraiga ca KOJIWYHMHOM HYK-
JICQPHOT €KCIIO3MBA M3 KOTa je MOTJIa MPOM3BECTH YKyHHO 12 HykieapHux 60omOH, o1
Kojux je uetnpu Beh yHumTmia, y npoOHum excrio3wjama. Ho, ouurnmenno je ma
Cesepna Kopeja He mpeTcTaBiba jeiMHy HYKJICapHO, IO CBET ONACHY 3EMJbY.

@ HnaHoen JoroBopa 0 HeLWpeHsY HYKNeapHOr HaopyKaksa
cag BE | |dpaHuycka (Pyamja (HKuka
2200 160| | 300 |2 800 120
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Cauka 4. Crparenike HyK/J1eapHe 0ojeBe IilaBe Koje IoceaAyjy HeKe 3eM/be y CBeTy
(Ynanune 10roBopa 0 HelIMpPewYy HYKJIEAPHOT HAOPYKalkha U BaH wera) [20]
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Cnenehu 3aHUMIBHB IOJIATAK HA OBY TEMY HOTHYE Ca MPOILIOTOIUIIEHET PEJOBHOT CKyIIa
JlpymiTBa 3a 3amtuty of 3pauetmha CAJl, Ha KOMe je OJIp)KaHO MpeJaBame 1o MO3KMBY, Ha
TeMy HykJeapHor opyxja [21]. Cagpxaj mpenaBama 00yxBaTHO je yriaaBHOM Beh 100po
MO3HATE MOAATKE O HyKJICAPHOM OPYXK]y.

Jeman on TuMx mojartaka je W ynopehuBame M3HOCA €HEpPruje Koja ce ociobaha mpu
caropeBamy MOJICKYJa KIACUYHOT €KCIUIo3uBa (Tpu-HUTpo-ToNyosna - TNT) u ducuje
jesrpa ¢ucubmmHor Marepujana (235U, 239Pu wnm SNM (cnenmjamHor HyKJI€apHOT
MaTepujana):

C3H5 (NO3)5 + N02 — C02+ Hzo + NOX +..+t~20eV
n+2% 5 X +Y +~200 MeV

npu yemy cy ryctune enepruja 4,2 MJ/kg xon Ki1lacHuHOT eKCIUI031uBa o1HOCHO, 74 TI/kg
koj ¢ucubmiHor Marepujasia. Kako ce Moke BHIIETH M3HOC OclioboheHe eHepruje mo
JEIMHUIIN Mace KOJl HyKJIeapHOT je 3a 0ko 10 Musinona myta Behu Hero Koj KIacHuHHX
eKCIUIO3MBHUX MaTepujaa.
Mely octanum nojanuma U3JI0KEHHM Y OKBUPY UCTOT MPEJaBakbe MOXK/Ia C€ MOCEOHO
3aHMMJbMBa mojacehama Ha HykieapHe OomOe Oauene Ha Xwupomumy u Haracaxw,
NpUKa3aHe OB/ Ha ciukama 5 u 6. [lopex crioJbHET OPUTHHAIHOT U3TJIeNa Y3 CIHKE CY
JaTH OCHOBHU TOJAIM O JMMEH3HMjamMa OBHX OOMOM Kao U HHUXOBH CHEPreTCKHU
CKBUBAJICHTU U3PAKCHU Y KUJIOTOHAMA TPUHHUTPOTOIIYOJIA.
Ha peoBHOM TrouII-eM CacTaHKy HaydyHHKa U octayor ocoosba CAJ] OKyIJbeHHX OKO
NCRP, nodetkom mporie roguHe, jeaan o] yuecHuka [22] ropopehu o morpedama
pa3Boja 3aITHUTE OJ1 3payea Harjamasa cieiehe pasiore:

- bp3o mmpeme KoMILIeKca HyKJIeapHOT OpyKja;

- AT™Mocdepcko TecTupama HyKIIeapHOT OpYXKja;

- Usrpanme HykiieapHe MOPHApHUIIE,

- Pa3Boja MeTUIIMHCKUX M MHAYCTPHjCKUX ypeheja;

- U3rpanme HyKkIieapHHX €JIeKTpaHa 3a IPOU3BO/IbY CICKTPUYHE CHETH]a,;

- Utn.
Jlakie o]l meT eKCIUIMIIMTHO HaBEJICHUX Pasjiora IpBa TPU Ce OJJHOCE Ha HYKIICapHO
opyxje.

Ynabau Kaacnunn DOucndouianm
€KCILIO3UB eKCILIO3MB

Cauka 5. lllemaTcku npuka3 aromcke 6omoe MK I, «Manu 1e4ko» eBHOT THIIA,
O0auyene Ha Xupomnmy. Kapakrepucruke: npeynuk 0,71 m; xyxuna 3,05 m; maca
4045 kg; exB. cuara 15 kT
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Ciauka 6. Cno/bau u3rien Atomcke 6omoe MK-I1 «/ledesbk0», MMILIO3MOHOT THIIA,
0ayene Ha Haracaku. Kapakrepucruke: npeynuk 1,53 m; gy:xkuna — 3,25 m, maca:
4680 kg u exkBuBasienTHa cHara 21 kT

Jomr jenan mogaTak, y Be3u HyKJI€apHOT OpyXja, jeé BeoMa 3aHUMJBUB, a moTu4e ca 50-or
jyounapaor NCRP roxumimer ckymna o1 mpe Tpu roaune. Haume y jemHom of u3narama
[23] roBOpH ce 0 pagujycuMa OMacHOCTH O] PAIMOAKTUBHUX MMaJaBUHA TIPHU €KCTUIO3U]jU
HYKJICApHOT OpyXkja Mamux ekBuBajeHTHux cHara ox 0,1; 1 u 10 kT, kao mTo je
MOKa3aHO HA CJIULHU 7.

[ -~y -

Benuko pasapate
Cpeame pasaparme
Mare paszapare
OnNacHOCT 0A paa. Naa.

/

0AKT 1kT 10 KT

Cauxka 7. Tpu penpe3eHTATHBHE 30He pa3apama U 30He PaHe U HeNocpeIHe
OMACHOCTH 0/1 PAAHOAKTHUBHHUX MAJABUHA MOCJIEe eKCII03HMje AaTOMCKUX 00MOM
exBuBajieHTHuUX cHara: 0,1 kT, 1 KT u 10 KT[23]

Kako ce Ha 0OBOj CIUIM MOXE BHJIETH, PaJHjyCc OMACHOCTH CE JIOTHYHO CMamyje ca
CMamkeM CHare eKCIuio3uje. Ta YMIEHHIA OTIPHIMKE yKa3yje Ha OYEKHBAHH CMEp
pa3Boja HyKJIeapHHX OpyKja - o Behux ka MambuM cHarama. To je joIr ounrieHuje Kaaa
ce yropeJe paaujycu ONacHOCTH MPHKA3aHU Ha CIMIM 7, ca pacTojambuMa JI0 KOjUX je
J0Ceria PaJMOaKTUBHA OIACHOT, MPHKa3aHa Ha CIUIHM 8, HAaKOH MPOOHE HYyKJIeapHE
eKCIIO3Mje MaKCHMaJIHE CKBUBAJICHTHE CHare 10 caia u3BeneHe. Paam ce o mobpo
MO3HATO] EKCIUIO3Uju Ha MapimaickuMm ocTpBuMa [24], koja je mpowusBena Hajehe
U3JIaramke 3padeby CTAHOBHUINTBA OJ] CBHX aTOMCKUX MPOOHUX €KCIUIO3Hja Y CBETY JIO
caga. HanMe, HeoYeKkrBaHM MpaBal] BETpa U KCIUIO3UBHH MTPUHOC Behy 01 0O4eKMBaHOT,
YCMEPHO j€ paauoaKTHBHHU 001aK, GopMHpaH MpU €KCIUIO3UjU HA TOJUTOHY BUKHHH,
IpeMa HaceJbeHUM KOPAJHUM OCTPBHMA y MOAPYyYjy Mapmmanckux octpsa. Jloze of
CTOJpAIllbEr u3Narama ouie cy oko 1 —2 Gy Ha HajOIMKUM OCTPBHMA, a J103€ THUPOUIE
KpeTajie Cy ce 0]l HEKOJIHMKO JIECETUHA, 3a ojpacie, 1o npeko 100 Gy, 3a nemy crapy 1o 1
TOAUHC.
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W3 npeTxoaHX mojaraka ClIeIy CACBHM JIOTHYAH 3aKJbydak, Jla aKO CE€ JKEJIM CMambHTH
yCIIyTHA LITETa, IPU €BEHTYAJIHO] YIMOTpeOu HYyKJIEapHOT Opy’Kja, OHO Tpeba na Oyne
Mame CHare M ImiTo Mperu3Huje.

W 3aucra, cpeauHoM aBrycra mecena npouuie rogune y naesHom aucty [TOJIMTUKA
[25] mTamnaHa je BECT O OYCKMBAHUM HOBHM HYKJIEAapHUM 0O0jeBUM IiaBama y 0a3zama
NATO cage3a y Hemaukoj u EBponn. HaBoau ce na ce panu o HykieapHuM OomOama
tuna B61-12, koje pazsuja CA/Jl. OBe 6ombOe Tpeba na Oyay Beoma Mperu3He U 1a uMajy
exBuBasieHTHY cHary ox 0,3 no 300 kT, Te na Oyay cripemue 3a pacnioneny y EBporu of
2020. roguse.

Bpente gonacka pag nagaeusa (h)
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. : ) l :
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Pacrojarse og mecta excrutosme (ki)

Cauka 8. BRAVO ekcmiiosuja 15-meratoncke TepMoHykJjaeapne 6omoe 1. maprta
1954. ronune [24]

W3 cBera mpeTXOAHO HM3JIOXKEHOT CIEAM 3aKJbydaK Ja je MPHCYCTBO BEITUKOT Opoja
HyKJIeapHUX 00jE€BHX IJIaBa HIMPOM CBETa, KA0 M BbUXOB Pa3Boj JaHAC PEATHOCT, Koja ce
HE CME 3aHEMapHTH.

5. 3AK/bYYAK

VY mpeTxogHOM TEKCTy M3IIOKEHe cy Hajmpe, ocHoBe LNT — monema. Ykazano je na
npeMa KOHLIENTY TOT MOJieNa, He MOCTOju Oe30macHa 103a 3padeha, ako ce 0e30MacHOCT
CXBaTH y CMHCIy OTCYCTBa PH3HKa 3a MOjaBy KaHIllepa. HaBeneHa je HegaBHa moapIKa
LNT — moneny, kojy je Hamao 3a nmoTpedHo na moHoBo wmckaxe Komurer BEIR, kao
IEroB ayTop W mpeiarad mnpe Buiie on 60 roguHa. Takole je ykazaHo Ha pesynrare
JIBa HEJABHO IyOJMKOBaHA UCLPIIHA M BPEOHA paja YMjU Pe3ylNTaTH WUAY Y HPUIOT
LNT - monena

MebhyTtum, ckpeHyTa je nakiba U Ha YUHHCHUILY J1a OMOJIOIIKH MTPOLIECH 3aBHCE OJ1 BHIIE
¢axTopa, 1a Tpajy Ayro BpeMeHa U Jia ce He MOTY MCKJbYUYHUTH e(eKTH mpuiarohaBama
henmja u xopmesuc, mwro je cynpotHo o LNT — tBpame. Te unmeHuIie npercraBibajy
nojazHe ocHoBe kputndapuma LNT — mozgena. To je BepoBaTHO OMO jegaH 01 OCHOB-
HUX pasyiora jaa ce mokpene nocrymnak moryhe zamene LNT - monena HORMESIS-
MojenoM, Ha yeMy je Beoma aktuBHA XLNT — rpyna y CA/l. OBa rpyma, Kkao mrTo je y
TEKCTY IPUKa3aHO, MOpPE/ apryMeHaTa 3a 3aMeHy MOJIeNa, IPEJIOKUIIA j€ eKCIUTUIUTHO

12



Onuity Npo6JeMu 3alTUTE Of 3padyerha

Y HOBE T'paHHUIIe 1032 3paderma, 3acHoBane Ha HORMESIS mopeny, 3a cBe kareropuje
u3naranux. Mely Haj3Ha4ajHHje MPOMEHE JaTe y OBOM IMPEAJiory, clajga CUTYPHO
noBehame TpaHWlle WHAMBHUIYaJIHE TOMUINILE J03€ 32 MNpodecHoHaIe Kao U
ondanuBame ALARA npunnuna

VY tpehem ey TekcTa paja U3JI0KEHU Cy HEKU JaHAC IOCTYIHU MOJIalld O HyKJIEapHOM
OpYXjy, 0 KOME C€ peJIAaTUBHO YECTO TOBOPH Ha CKYTIOBUM 3AIITUTE O] 3pauctha 1 MHIIE y
JaBHUM TJacWinMa. YKa3yje ce Ha TeHAEHIM]Y pa3Boja HOBUX THUIIOBA OBOT OpYXja uuje
Cy JIBe OCHOBHE OJJIMKE: Mama cHara u Beha nmpenusnoct. [locTtaBiba ce muTame Ja Jiu
OBaKaB CMEp pa3BOja HYKJIEAPHOT OpyXXja U eBeHTyanHo ycBajarse HORMESIS monena
MOT'Yy UMaTu HeKy Be3y. OAroBop OM MOrao OMTH Ipe MO3MTUBAH HEro HeraTHBaH. Jep,
jenaH neo Hen30eKHE KoJlaTepaliHe INTETe, Ha MECTy ymnorpebe HyKJIeapHOT OpyXKja,
NpEeTBOpHUO O ce Yy NPEeTHOCTaB/bEHY KOPHCT OJf MaluX J03a 3paucrma, IITO Ou
HECYMILMBO JIONIPHHENO Behoj MPUXBATIFUBOCTU YNOTpeOe OBOT OpYXja y XUIOTETHY-
KM OKOJIHOCTMa.
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DILEMMA LNT OR HORMESIS MODEL

IN RADIATION PROTECTIONAND NUCLEAR WEAPONS

Marko M. NINKOVIC
Institute of Nuclear Sciences — Vinca , Belgrade, SERBIA

ABSTRACT

In January 2015, the United States has accepted the institution of proceedings as
possible replacement of the existing LNT model in radiation protection by HORMESIS
model. The difference between these models is that according to the first, each
additional radiation exposure, regardless of level, is dangerous, while according to
another it is the opposite - not only dangerous but can be useful, if it is sufficiently low.
At the same time the world is increasingly mentioned and nuclear weapons with an
emphasis on his training. Whereby the improvement of the thought of making precise
weapon or less power, smaller radius subsequent risk for the population affected by the
location. The logical question is whether these two actions, which were launched at
around the same time, be interconnected. The answer could be more positive than
negative, because, by adopting HORMESIS model would undoubtedly facilitate the
acceptance by the population, the use of nuclear weapons in specific hypothetical
circumstances. The paper presents the basic characteristics and scientific foundation of
these models of radiation protection, as well as some available data on the availability
and distribution of nuclear weapons in the world today.
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