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MIGRACIJA RADONA IZ GRADEVINSKIH MATERIJALA I IZRADA
SOFTVERA ZA MODELOVAN]jE I MAPIRAN;jE

Rezime: Zivi organizmi na povrsini Zemlje stalno su izloZeni prirodnom
zracenju, koje moZze biti kosmickog i zemaljskog porekla. Ljudi mogu biti
ozraeni na dva nacina: eksterno, kada radioaktivne supstance ozracuju
organizam spolja, i interno, kada se radioaktivne supstance u organizam unesu
inhalacijom, te ingestijom, putem hrane i vode. IstraZivanja vrsena poslednjih
decenija pokazuju da u normalnim uslovima preko 70% ukupne godisnje doze
zracenja koju stanovnistvo primi potice od prirodnih izvora jonizujuéeg
zracenja, pri ¢emu je 40% uslovljeno inhalacijom i ingestijom prirodnog
radioaktivnog gasa, radona (222Rn), odnosno njegovih potomaka. Izuzetno je
vazno meriti koncentraciju aktivnosti radona u zatvorenim prostorijama zato
Sto danasnje ljudske aktivnosti (smanjenje prirodne ventilacije u cilju ustede
energije, koris¢enje recikliranih otpadnih materijala u gradevinske svrhe,
tendencija da covek vedi deo svog dana provodi u zatvorenoj prostoriji),
dovode do povecane potencijalne izlozenosti ¢oveka radonu i njegovim
kratkoZivedim potomcima. Istrazivanja su potvrdila da je radon odgovoran za
preko 20.000 smrtonosnih slucajeva obolelih od kancera pluéa godisnje u EU, t;.
za oko 9% svih smrtnih slucajeva uslovljenih kancerom pluéa. Glavni izvor
prisustva radona u zatvorenoj prostoriji je zemljiste ispod posmatrane
prostorije; medutim, neki gradevinski materijali takode mogu znacajno uticati
na povecanje koncentracije aktivnosti radona u zatvorenim prostorijama.

U ovoj disertaciji eksperimentalno su utvrdene stope ekshalacije 40 vrsta
granita komercijalno dostupnih na trzistu Srbije, kao i raznih drugih
gradevinskih materijala koji se koriste u Srbiji. Za potrebe istrazivanja
konstruisana je specijalna aparatura, koja, pored odredivanja stepena ekhalacije,
ima i posebne dodatke za odredivanje difuzije radona kroz razne gradevinske
materijale.

Aktivnim i pasivnim metodama, dugoroéno i kratkoro¢no, vrsena su
eksperimentalna istraZivanja migracije radona na terenu u atomskim
sklonistima.

Ovim metodama obuhvacden je set eksperimentalnih ispitivanja migracije
radona, i to: uticaj ventilacije na koncentraciju radona, prostorna distribucija
radona, visinska distribucija radona, kao i dnevno-no¢ne varijacije
koncentracije radona.



Na osnovu dobijenih eksperimentalnih podataka, postavkom odredenih
rezidencijalnih scenarija vrSene su estimacije koncentracije radona u
rezidencijalnim i radnim prostorijama. Koris¢enjem poznatih dozimetrijskih

modela vrSene su procene ozracivanja zivih organizama.

U cilju olakSavanja rac¢unanja doza, konstruisana je specijalna PHP/MSQL
internet platforma za izra¢unavanje doza za razli¢ite ulazne parametre, kaoiza

mapiranje radona.

Klju¢ne reci: radon, ekshalacija, gradevinski materijal, dozimetrija, web

programiranje.



RADON MIGRATION FROM BUILDING MATERIALS AND
DEVELOPMENT OF SOFTWARE FOR MODELLING AND MAPPING

Abstract: Living organisms on Earth's surface are constantly exposed to natural
radiation, which could be of cosmic or terrestrial origin. People can be
irradiated in two ways: externally, when irradiated with radioactive substances
from outside the body, and internally, when the radioactive material enters the
organism via inhalation or ingestion through food and water. Studies
conducted in recent decades have shown that in normal conditions over 70% of
total annual radiation dose received by the population comes from natural
sources of ionizing radiation, wherein 40% conditioned by inhalation and
ingestion of natural radioactive gas, radon (222Rn) and its progeny. It is
important to measure the activity concentration of radon indoors because
today's human activities (decreasing of natural ventilation in order to save
energy, using recycled waste material for construction purposes and the
tendency of a man to spend most of his day indoors), leading to increased
potential exposure to radon and its short-lived progeny. Studies have
confirmed that radon is responsible for more than 20,000 fatal cases of patients
suffering from lung cancer per year in the EU, ie. about 9% of all deaths caused
by lung cancer. The main source of the presence of radon indoors the land
under the residential object ; However, some building materials can also greatly
increase the activity concentration of radon indoors.

In this dissertation rate of exhalation 40 types of granite commercially available
on the market of Serbia is experimentally determined, as well as various other
building materials used in Serbia. For the study a special apparatus was
constructed, which, in addition to determining the exhalation rate, there are
special allowances for determining the diffusion of radon through a variety of
building materials.

Active and passive methods, long and short, conducted experimental research
in the field of migration of radon in bomb shelters.

These methods included a set of experimental testing migration of radon,
namely: the impact of ventilation on the concentration of radon, radon spatial
distribution, altitude distribution of radon, as well as day-night variations of
radon.

Based on experimental data, the setting of certain residential scenarios were
carried out estimation of radon concentrations in residential and working



spaces. Using known dosimetry models were carried out assessments of

radiation of living organisms.
In order to facilitate calculating the dose, has been specially designed PHP /
MSQL Internet platform for the calculation of the dose of the different input

parameters, and for mapping of radon.

Keywords: radon exhalation, building materials, dosimetry, web programming.
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1. YBog

JKuiBu opranmsMu Ha HOBPIIMHYM 3eMJbe HellpecTaHO Cy M3JI0KeHV IPUPOITHOM
3pauemy, Koje MoKe OUTM KOCMUYKOT 1 3eMaJbCKor TTopekiia. Jbyau mory 6utn
O3padeH! Ha [IBa HauMHa: eKCTepHO, KaJla pafMoaKTUBHe CyIICTaHIle o3padyjy
opraHusaM cIIOJba, ¥ VIHTEPHO, KajJa ce pafMoaKTUBHe CyIICTaHIle YHecy Yy
opraHu3aM MHXaJIalll[joM, Te VHIeCcTHjoM, IIyTeM XpaHe 1 BOjIe.

Josa o3paumBarba y XMBOTHOj CpeOMHM 3aBUCK oOf, Tpu d¢aKTopa: HMBOA
KOHTaMMHaIlije TepeHa, MUTrpalyje paJyoHyKINnaa y eKOCHUCTeMy W JIaHITy
UcxpaHe, Kao ¥ Off XMBOTHMX HaBMKa ¥ IIOHalllathba YIpoKeHe IIOITyJIalyje.
IIpoceuna roamiirsa J03a 3a CTAHOBHUIIITBO Ha CBETCKOM HMBOY IIpOlleHheHa je

Ha 2,4 mSv, y paciony 1-10 mSv.

[IpBa vHOVKanuja pasMaTparba Kako IPUPOAHa paayjanyja yTiude Ha 3apaBibe
Jbyau 3abestexxeHa je 1556. romuHe y mcrouynoj EBporm, Kaja je permcrposaH
BeJIMKM Opoj dpaTarHux pecnmpaTopHux Oostectnt pymapa y Erz Mountains, a
Tek je y XIX BeKy 3ak/bydeHO [a je y ImmTarmy KaHilep mwiyha. To je yseTo kao
TIOBOJI, J1a ce joHm3yjyhe 3pauerse 030M/bHMje cXBaTH U Jla ce KpeHe Y Mepere 1
V3y4daBarbe FerOBOI IIPUCYCTBA Yy JKMBOTHO] CPeIVHM W yTuIlaja Ha JbyHe.
ITocrernieHo, TOKOM IIpBe IIOJIOBMHE JBaZleceTOr BeKa, pa3Buja ce jacHMja CJIMKa O
rocjieiiaMa m3jarama joHusyjyhem s3pauemy. VlcTpakmsara BpllleHa
MIOCJIeIIb VX JIelleHMja IT0Kasyjy /la y HopMaIHUM yciioBuMa rpeko 70% yKyiiHe
TOAVIIbe [JO3e 3paderba KOjy CTAaHOBHWMIITBO IIPUMM IIOTWYe OfI IIPUPOIHMX
usBopa joHusyjyher spaudera, mpu uvemy je 40% ycjIoB/beHO WMHXasalllfjoM U
VIHTeCTVjOM IHPUPOIHOr paaMOaKTMBHOI Taca, pagoHa (222Rn), omHOCHO
FbeTOBMX II0TOMakKa. VI3y3eTHO je BaXKHO Meperbe KOHIIeHTpalyje aKTVMBHOCTU
pajioHa y 3aTBOPeHVM IIPpOCTOpUjaMa, 3aTO IITO JaHallibe JbyICKe aKTVBHOCTHU
(cMameme INpUpPOIHe BeHTWIallyje y LWby VIITelle eHepruje, Kopuiheme
peLVKIIpaHNX OTIIAJHMX MaTepujaja y rpabeBuHCKe CBpXe, TeHIeHIMja [1a
yoBeK Behm J1eo cBOr JaHa HPOBOAM Y 3aTBOPEHO] ITPOCTOPUjI), AOBOE /0
nopehaHe mOTeHIMjaJIHe W3JIOKEHOCTV 4YOBeKa pajioHy W HerOBUM
KpaTtkoxusehyuM mnortomimMa. VicTpaxkmBarka Cy IOTBpAwIa [1a je pajioH
oarosopas 3a npeko 20.000 cmpToHOCHMX CiTy4daja obosenvx of KaHllepa wiyha
roguibe y EY, Tj. 3a 0k0 9% cBrX cMpTHUX CJIydajeBa YCJIOB/beHUX KaHIIepOM
wiyha. [1] ImaBHM w3BOp HmpucycTBa pafioHa Yy 3aTBOPEHOj IIPOCTOpUju je
3eMJbMINITe WCIOJ IIOCcMaTpaHe IIpocTopuje; MebyTmmM, Heku rpabeBUHCKM
MaTepujaJi Takobe MOry 3HadajHO yTWIIaTV Ha IloBeharse KOHIleHTparyje
aKTVIBHOCTM paJIOHa y 3aTBOPEHVM IIPOCTOpUjaMa
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300r oracHOCTM KOjy IIpecTaB/ba M 300I cBOje CBeIIpUCYTHOCTU Yy IIPUPOAN,
npaheme HMBOa pajJiOHa je Of] BeoMa BeJIMKOr 3Hauaja, 1 300r Tora ce Hamehe
roTpeba 3a MCIUTHBa-EM CTOIle 3paderba y rpabeBUMHCKIM MaTepujajiiMa, Kao
U TEpeHCKMM MeperblMa, Kako Ov ce yTBpOAWIO [a JIM U Y KO0joj Mepu paioH
HpesicTaBsba 3 paBCTBEHN PU3UK.
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2. PagnoakTHBHOCT M joHM3yjyhe 3paueme

Ortkpuhe paaymoakTMBHOCTY yCIIeAWIO je HelocpeqHO HakoH oTkpmha PenTrenoBmx
3paka 1895. ronume. Hawmme, npu msBobemy excriepmmeHaTa ca KaTOOHWMM IieBUMa
npumeheHo je ga ce X- 3paly jaB/bajy Ha 3MO0BMMa KaTOAHe IIeBY, I7e M3as3uBajy
aymuHUCIeHIjy. OBO je HaBeslo Ha IoMwmcao Aa cy PennreHosu s3paiy HpoOmyKT
JIyMUHUCIIEHIIMje 1 [1a YBeK IIpaTe CBaKy JIyMUHUCIIEHIIV]Y .

OBakBuM ekcriepmMeHTHMa 0aBro ce u dpaniycku dusndap bekeper, ca mwbeM 1a
YTBPIIV €BeHTyaIHy 3aBVCHOCT u3sMeby jIyMuHUCIIeHITMje 1 T10jaBe X- 3paKa.

Haxon m3BecHOr BpeMeHa O3paumBamba, pasBuo je doTorpadcky miody, IIpu yemy je
IIPUIMETHO /1A je eKIICOHMpaHa. 3arpmerbe oTorpadcke mwiode cBeoun O IIPVICYCTBY
HeKMX pagyujalyja Koje eMuUTyje ypaHoBa co. bekeperl je youno 11a oBu 3paliy Iposiase
He caMo Kpo3 XapTujy seh 1 Kpo3 TaHKe jmcTuhe aayMuHMjyMa 11 6aKpa, Ipu yeMy Ha
dororpadckoj rioum nsasnsajy ucre edexre.

OBo peBosylIMoHapHO OTKpuhe MMaJIo je BeJIMKM OfljeK Y HaydyHOM cBeTy, a Mapuja
Kupn, paniyckm HayuyHMK IIOJbCKOI IIOpeKjla, OBOj IIojaBM [iaje  Has3uB
PaaVoaKTMBHOCT.

Jonusyjyhe spadere OTKpUBEHO je, 3aTVM, ¥ KOfI, ApyTux ejleMeHara. Tako cy Mapuja u
ITjep Kupu 1898. rogmse ycrenu fga u3 rnex0sieHsie (ypaHOB OKCHUIL) M3/IBOje IIOJIOHIjYM,
a kacHuje u pagujyM. [leOuvepH u ['m3j, He3aBUCHO jelmaH ofl ApPYTor, IpoHaase
aktvHUjyM. [Touerkom 1900. T'ogmue Patedopr je 13 TopujyMoBUX jevrbersa 10010
pazVoaKTMBHM Tac KOMe je J1aT Ha3uB eMaHallyja.

3a BpJIo KpaTKO BpeMe OTKpMBeH je 3HaTaH Opoj pa/ioaKTVBHIX ejleMeHaTa, Off KOjux
ce HeKM HaJlase CJIOOOIHM Y IIPUPOAM, JTIOK Ce ApyTH 100ujajy BellITaukKyM ITy TeM.
Ynopeno ca oTKpuBareM HOBUX PaaMOaKTMBHUIX ejleMeHaTa VCIIUTUBAHA je IIpupoaa
jonmsyjyher spauema. Kama cy paguoakTMBHa 3padera Owia IIOABPTHYTa
eJIKTPUYHOM ¥ MarHeTCKOM IIOJby YTBpDeHO je [a IIOCTOje TpW pasMunTe BpCTe
3paka, 1 To: ajida, OeTa 1 raMa 3pariu.

2.1. Vi3Bopm 3pavemna

PamyoakTviBHM ejleMeHTU ¥ joHM3yjyha 3padersa Ccy NpUCYTHM CByJa y CBeMUpY IMa 1
Ha Hamoj 1wiaHetn. Ha mosprimiHy 3emsbe J1ocmieBajy M3 AyOmHa KocMoca yecTuile
BeOMa BMCOKMX eHepriuja, KOCMWYKa 3paverba, 3aTUM eJIeKTpOMarHeTcKa 3paderba
pasIMUUTIX eHepruja ca 3Be31a, Kao 1 paayoakTVBHA 3paverba PagioHyKIInIa KOju Cy
AVICIEProBaHM y 3eM/bMHO] KOpU. PainoakTvBHM ejleMeHTH M3 CTeHa MUIPalyjoM
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IocCIIeBajy y Bofe M aTMocdepy, a Kpo3 Bux 1 y Omocdepy, XuBM CBeT Ha HallIOj
IUIaHeTA.

Jonumsyjyha 3pauera kKoja cycpehemo y XXMBOTHOj CpefViHM CBPCTaBajy ce IIpeMa
MeCTy HacTaHKa:
® 3pauerbe 3eMaJbCKOI IIOpeKyia (IPUPOIHU 3eMabCKM PaIyOoHYKIVAN,
BeIITauKy M3BOPY Kao INTO CYy MEOWUIVHCKO ¥ TeXHOreHO 3paderbe U
PaIMoaKTVBHM OTIIaf)
e 3paverbe KOCMUYKOI IIOpeKya (KOCMOIeHV pPaJgViOHYKINIV, KOCMWYKO

3payderse)

2.1.1. KocMu4Ko 3pavemne

KocMmmuko 3pauerse je BpcTa HpUpOOHOr joHMU3Yjyher 3pauera Koje CTvokKe 0
HOBpIIVHe 3eMJbe M3 KOCMOCa M CacToju ce Off T3B. TaJIJaKTMYKOI KOCMUYKOT
3pauerba ” 3pauverba ca Cynia. Y eHeprerckoM orcery op 1012 -101° eV,
KOCMUYKM 3pallyi KOju JOCeXy A0 MBuUlle 3eM/biHe aTMOcdepe cacToje ce of; ~
50% mpotoHa, ~ 25% ainda yectuia, ~ 13% C/H/O jesrapa, <1% enekTpoHa,
<0,1% rama 3paxa.

CeemMup je mpoXeT pagVOaKTVBHVIM 3paderbiiMa pas3/iuuTe BpCTe U MOopeKIa.
IIpema mpeTrmocTaBkaMa Hay4HMKa, Yy HajpaHMjoj MCTOPUjU CBeMupa Huje OnIo
MaTepuje KaKBy JlaHac II03HajeMO, Hero ce Iiejla Iheropa Maca cacrojajia 3arpaBo

Ol 3paydersa.

Tex He3HaTaH 10 KOCMIUKOT 3paversa ce Mpobduja Kpo3 3eM/bUHY aTMocdepy
VI HeHO MarHeTHO II0Jbe U JOCIIeBa [0 MOBpIIVHe 3eMsbe. Yciled, MarHeTHOr
rojba 3eMsbe, Je0 KOCMUYKOT 3paderba ce Bpaha Haszam y csemup, a sehuHa
MIpeoCTaJIOr 3paverka I'yOM eHeprujy y cydapyMa OPWIMKOM IIposlacka Kpo3
atMocdepy. Tako HacTajy m T3B. KOCMWYKM PaJVOHYKIVOV, aJly W IpaBa
KacKaJla CeKyHIapHOI 3padersa, Off KOjer 3HaTaH JIe0 IIPOAMpe y HIDKe CJIojeBe
aTMocdepe I1a 11 1O caMe IIOBpPIIHe 3eMbe.

CyHIle KOHTMHYMpPaHO eMWUTYyje decTulle, IIPBEHCTBEHO CII000He IIPOTOHe, Y
COJIapHOM BeTpy, a IIOBpeMeHO ce IMX IPOTOK HosehaBa oceTHO ca
KopoHasiHMM m3bauajuma (CME). Yectuiie m3 myGokor ceemupa ce japibajy
MHOro pebe aym ca MHOro Buille eHepruje. OBe decTuile cy Takobe yrlaBHOM
IIPOTOHM, ca MHOTO pasHMX OCTaTaka Koju ce cacToje of xemoHa (ajida
JecTuIla).
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Jonmsyjyha spadersa Koja gocreBajy Ha 3eMsby m3 AyOokor ceemmpa m ca CyHIia
cy Bermmkmx eHepruja (0,01-10 Gev) [1]. Osu 3paum nesyjy Ha >KMBOTHY
CpeaVHy ABOjaKo: OVPEKTHO ¥ MHIOVPEKTHO M3a3uBajyhn cekyHIapHO 3paderbe
1 obpas3oBarbe KOCMOTeHMX paanoHyKiInaa. PIyke KOCMUYKOT 3paderha, Kojiut
JoIVIpe Ha IOBPIINHY 3eMibe, paBHOMEPHO ce MeFba ca IIPOMeHOM reorpadcke
IIMpVHe ¥ HaJMOpPCKe BUCHHe-pacTe Of eKBaTopa Ka IOJIOBMMa Kao ¥ ca
nopeharbeM HagMopcke BucmHe. OBO 3padere ce OIVKyje YHMQPOPMHOM
pacriofieJioM ¥ peJaTMBHO MaIM WMHTE3WUTETVMA, FberOB yAeO y YKYIIHOM
O3paunBamy CTAHOBHUIIITBA je Marbe 3HauajaH y OIHOCY Ha IpyTe U3BOpe.

2.1.2. KocMoreHm pagvoHyKJIUAN

Y mHTepakxIjaMa KOCMIUKOT 3paderba ca 3eMaJbCKMM M3BOpMMa Y atMocdepu
1/ VIV Ha IOBPIIVHY 3eMybe Kpo3 ofroBapajyhe HykieapHe peakiyje oopasyjy
ce y MaJIVM KOJIMYMHAMa pas3IMInTI PaaMoHyKINan Kao cro cy: 3H, 7Be, 19Be,
1C, 2Al, 36i, 30CL3¥Ar, 3Mn, ®Ni, 8INi, 81Kr ca BpeMeHOM mojypacHaga y
orcery 1010 rogya. OB pagMOHYKIVAM Ce YKIbYUyjy Y TeoXeMmjcKe IIMKITyce
ogrosapajyhmx enemeHaTa UHpMIOPYXyjyhm ce BBWUXOBMM IIpUpOIHUM
m3oTommmMa. 300r CBOjUX MayIMX ¥ aIlCOIYTHMX VI PeIaTMBHMX W30TOIICKVIX
3aCTyIUBEHOCTV, OBU PaJVIOHYKIIMIM KPO3 reoXxeMVijcKe IIpollece He ITOCTVIKY
3Ha4ajHe IIPOIIeHTe HI Y jeTHOM OfI TeOXeMMjCKVIX IIMKITyca JaTiX eJleMeHara .

2.1.3. IIpupogan 3eMasbcKM (IpMMapHM) PagVOHYKIMAN

[TpuponHM 3eMabCKM PagVOHYKIMAM Cy Hajuemnhy M Haj3Ha4YajHWjU M3BOPU
joHM3yjyher 3pauerma y XXMBOTHO] CpeAVHN, KaKO Yy IIOIJIe[ly YKYIIHOT 3paderba
TaKO ¥ Yy IOmIeny JIOKaJIHMX BUCOKMX [o03a 3pademsa. VictpaxuBama y
MIOCIIeFLMX JleceTak TOMVHA IT0Kas3yjy Aa Y HOpMaJIHMM ycoioBruMa 1peko 70%
[2] yxymHe [103e, KOjy TOIMIIIEbe IPUMM IIPOCeUHO CTAHOBHUIIITBO, ITpeiCTaBsba
HpUpoAHO joHM3yjyhe spauerse. IIpyponHu pagvoHYKIMON Cy OpefcTaB/beHn
cee BehmuM OpojeM pafMoakTMBHMX M30TOIlA PasIMUUTHUX ejleMeHaTa, uuje je
BpeMe nojtypactazna (105-10'° rom.) moBosbHO Oyro y OHOCY Ha CTapocT 3eMibe
(4,6x 10° rom,): 40K, 30V, 57Rb, 15In, 129Te, 138La, 149Ce,44Nd, 147Sm, 1%2Gd, 176Lu,
174Hf, 187Re,10Pt, zatim 232Th, 234U, 25U i 28U u wiaHOBM HBUXOBUX cepuja
paguoakTuBHMX Ppacraga. OHM ce MeaycoOHO pasIMKyjy II0 BpeMeHuMa
rojlypaciiafia ¥ TWUIIOBMMa pacraga (a, B i y- emwTepwm), MHTeH3UTETVMA
3paverba, HauMHMMA II0jaB/blBarba, MUTPALIVU VI T€OXeMUjCKMUM LIMKITyCUMa.
leoxeMujckm mporec MOIy [a pPervMoOHaJIHO WM JIOKJIHO 3Ha4ajHO
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KOHIIEHTPUIIy HeKe Ofl OBMX paAMoHyKImMaa nosomgehn uwak o oOpasosama
BVIXOBUX MMHepa/mM3allja Wi pyaHux Jjiexuinra, kao Hop. U u Th.
Hajobuiauju npuponsm pagmnoHykions, y mrocdepn (3emspnaoj Kopn) je Rb-
87, a mo obwmHoctu ra ciepe Th-232, K-40 i U-238. Hajsehe pusuke 3a 3gpasibe
sbyau  nOpeacTtaspajy  U-238 u merosm mnoroMou Ra-226, ca BpemeHOM
nosyxusota of, 1600 rogyuaa 1 Rn-222 , ca BpeMeHOM IO/IyXnBoTa 3,824 maHa,
KojuM he ce 6GaBuTH HapeIHa IIOITIaBba.

2.1.4. Berrrauku n3Bopu jounsyjyher spadema

OcHOBHM M3BOPM BEINTAYKOI 3pauerba Cy HyKIeapHW peakTopy, HyKleapHe
eJIeKTpaHe, 3aTVM peHJIreHCK! arapaTty, Kao 1 HyKjleapHO OpyXje KopultheHo
NPWIVKOM TecTuparba. CBY OBM BellITauKy M3BOPY PaJyOaKTMBHOCTY 3HATHO
cy ysehayi yKyIiHe j03e 3padersa Koje IIpyMa CBaKy I10je/IiHall 11 YOBeYaHCTBO
y uenuHu. IIporemyje ce fa je 4OBeK CBOjUM aKTMBHOCTMIMA Y HYyKJIeapHO]
eHepreTuiy Beh /107120 3eMsbM Pa/IMOAKTUBHOCT Behy Hero IIITo Cy je cajipKajie
IbeHa npuponHa artMocdepa m xumgpocdepa, a Ja CBU JaHaIlbU HyK/IeapHU
peaKkTopy OfroBapajy yKyIIHOj PaJyiOaKTMBHOCTY Tjla ca KOjUM Ce HerloCpemHO
J0J1a3U Y SOAVP.

2.1.2. Bpcre 1 ocoOuHe joHn3syjyher spadema

Jonusyjyhe 3pauere MoXe M3a3BaTy jOHM3AIMjy aTOMa, a ca acleKTa /iejcTBa U
3allITUTe HajOUTHMje Cy YeTUpH BpCTe 3paderba: ajida (a), 6era ([3), rama(y) u
HeyTPOHCKO (1).

2.1.2.1. Anda 3pauerse

Emucuja anda 3paka HacTaje y Ipoliecy pacliaga paavoakTVBHUX ejleMeHaTa.
Anda uvectuile cy KOpHIUCKyJIapHe HpUpoOAe, jep Cy cacTaBbeHe oOf ABa
IpoToHa u aBa HeyTpoHa. OHe HpencTassbajy jesrpa aroma xeimmjyma. Maca
asidpa vecTutie nsHocu 6.64 x 10-1° C.

[IpupogHo anda paamoakTMBHM M30TOIM ce Hajdelrhe cpehy Kop TeIIKMX

eflemeHaTta Z >82. JenwHwu msyseTtak ce yodaBa kox Nd-144 m Sm-147 xoju
IpuIagajy eJleMeHTHMa Cpedbux peqHmnx Opojesa.
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IIpu mpornasy Kpo3 HeKy cpeduHy ajda decTulle Bplle joHM3AIMjy aToMa U
MoOJIeKyJla Te CpeJiiHe.

Jonusyjyhu Heky cpenuny anda vecTuiia ryou cBojy eHeprujy, a caMuM TUM U
Op3suny. Haxkon m3BecHor Gopaprbera y CpeduHM Kpo3 KOjy IIposiasy, ajida
JecTuIia IpVMa jefjaH eJIeKTPOH W3 JlaTe CpeAViHe W IpeJiasu y joH Xelujyma
He+. Hemro xacHwuje 1mipyiMa jolil jefiaH eJIeKTPOH M3 [JaTe CpefyHe 1 IIpeslasu y
aTom xenvjyma (He), koju Hema ciocoOHOCT joHM3atje.

JoHmsammona criocoGHOCT aida uecTuile, IpW IIPoJIasy Kpo3 HeKYy CpeluHy,
pacTe ma ce yKyllaH Opoj joHa He pacrojerbyje Ha liejloM IIyTy. Tako Ha
npumep, ajada dectumiia pagujyma Ha 1 mm nyta crBapa oko 2000 joHCKMX
naposa, a Ha Kpajy myTta oko 6000 jonckmx maposa. Ilosehare joHmsalione
crocoOHOCTM ajidpa yecTuIla Ma KBaHTHOMeXaHWYKM KapakTep M objallrbaBa
ce TMMe J1a criopuja ajidpa vecTuila J1y>ke BpeMeHa IIpOBOAM y OJIM3MHM aToMa,
Te je BepoBaTHONa joHM3aije Beha.

2.1.2.2. Tomet asidpa yecTna

HyxuHa nyTtame ajida decTuIle Kpo3 Bas3yX Hasuba ce gomer. [lomer asda
yecTuIle OOMYHO ce OIHOCK Ha BasgyX IO HOPMaJIHVM IPUTKUCKOM U COOHO]
Temrieparypu. /[loMeT y BasgyXy IIpM HOpMaJIHMM YycioBuMa Kpehe ce y
MHTepBaly of 2 1o 8 cm, IITO 3aBUCK Off eHepruje aiidpa dectuile. Y rymthum
cpenyHaMa JoMeT ajidpa YecTulIa je 3HaTHO MarbIA.

Mebycobuu onHOC ToMeTa 11 eHepruje, OMHOCHO Op3MHe ajida decTuIle MOXe ce
npukasati ['ajrepoBuM eMIMpPMjCKMM 3aKOHOM, IIpeMa KoMme je momMeT R
MpONOpIIMOHaIaH KyOy Op3nre v3 vom E3/2.

R=8.96x10-28 v3=0.318E3/2
rgeje: Rycm, vy cms!uE y MeV.
Enepruje asida vectniia jiexxe y mHTepsaiy of 4 mo 10 MeV.
Y moueTrky pasBoja aToMcke U HyKJleapHe pu3MKe cMaTpaHO je fa cse ajda

JecTuile, Koje IIOTUYy W3 WCTOI eMuTepa, MMmajy wucTy eHeprujy. Kacawmjum
MepemlMa OTKPMBEHO je Ja caMo Majm Opoj ajidpa eMuTepa eMUTYjy MOHO-
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XpoMmaTcke decTuile, Tj. YecTuile mcte eHepruje., 1ok BehmHa anda emurepa
Jaje yecTulile pa3IManTUX eHepruja.

Taxo je Pocenbirym ko, pagoHosor n3ororna ThC oTKpmo cjIoXeHy CTPYKTYpy
3padersa, KOja ce cacTOji y eMIUCHj! IIeT Irpyma ajidpa decTulla ca eHeprujama:
6,047, 5,764, 5,622, 5,603 n 5,478 MeV, rae nipsa u apyra rpyna cauntbasajy 97 %
YKyIIHe eMucuje 3padera. PuHa cTpykrypa ajsida 3padersa npumeheHa je un
KO7I, ocTasInx ajidpa eMuTepa, I1a ce TakaB HauMH eMucHje ajida decTuIla cMaTpa
Kao OIIIIITe TIPaBWIO.

Kop jomr mexmx pamonosux msorona (RaC’, ThC’) npumeheno je ma y Bpiio
MasimM nipyHocuMa (104 mo 107) emutyjy rpyre anda decTuiia ca eHeprujama
3HaTHO BehmM of eHepruje riasHe rpyie. Tako, Ha mpumMep , kog, RaC’ nHa
cBakmx 10¢ wecturia ca JoMeToM of, 7 cm eMuTyje ce 28 decTuIla ca JOMETOM O]l
9 cm u 5 wectniia ca momerom oz 11 cm. OBa 110jaBa emMuTOBara ajida decTuiia
ca BeJIMKMM JJOMeTOM HacTaje Kop, Op3mx IIpolieca, Tako Aa ajidpa decTuiia y
Ipollecy eMucHje y3uMa eHepIujy ca eKCUUTMPaHOr jesrpa IIpe Hero IITO ce
OHa eMUTYje y OO/IMKy raMa KBaHTa.

Teopujcku je yrBpbeno, a KacHUje 1 eKCIlepMMeHTaIHO IOTBpheHo, /la CBaKoj
KOMIIOHeHTW (prHe CTPyKType ojropapa IoceOHa pajyoaKTVBHa KOHCTaHTa.
Crora je Bpeme monypacmaga jemgHor aida emuTepa jegHako 30upy
MapIjaIHMX BpeMeHa II0JIypaciiaja cBake KOMIIOHeHTe [3].

KoncranTa paamoakTMBHOr pacmaga pagoHa Rn-222, xoju je mnpeamer
Ipoy4YaBamka OBe AucepTaumje, msHocu A= 2.1x 10 s1= 0.00756h1.

2.1.2.3. bera 3paueme

3a pa3nmKy of ajida JecTulile, Koje ce cacToje Off IBa IPOTOHA U [IBa HeyTPOHa,
OeTa 3paum IpencTaBsbajy CHOII ejleKTpoHa (P~ 3paum) wm mosurpoHa (P*
spanm). OGe BpcTe vecTuiia B~ u P+ mmajy ucTy macy koja je oxo 8000 myTa
Mamba o], Mace ajida vecTtuiia, a To je 9,108 x10-28g. HaesekTucame 1M je 1cTo
1,6x10-1° C, aym ce pasnukyje y 3HaKy. ObOe decTuile mMMajy M MCTV CIIVH KOjU
U3HOCK V2.

buTtHa pasimka mM3Meby HeraTMBHOI eJleKTpOHa W IIO3UTPOHA je Y BpeMeHy

KUBJberba. JlOK eJleKTpoHM  [3° MOry ersucTuMpaTyi HeOrpaHMYeHO [yro,
IIO3UTPOHM Cy BpPJIO HecTaOwiHM. Bprio Op3o mocie cBor crBapama (oko 10-

19



9s)IO3UTPOH 3axBaTa jeflaH eJIeKTPOH [3- , IpyM YyeMy HacTajy /iBa TaMa KBaHTa
of1, Kojux ceaku nma eHeprujy oz 0.51 MeV. Opaj riporiec ce HasuBa aHXwIaLyja
€JIeKTPOHCKOI Ilapa ¥ MO)XKe MOCIyXWUTM Kao CUTypaH [I0Ka3 [eKeTiyje

IIO3UTPOHA.

Kaga je 6mmo peun o anda 3panmma, HallOMEHYTO je J1a cy ajida 4decTulle
MOHOeHepreTcke WM CTBapajy AMCKPeTHM CIIeKTap Of orpaHudYeHor Opoja
roceObHMX rpyna. bera yecturie Hemajy TakBy pacrnopeiry eHepruje. Jomr 1900.
roguHe bekepes je mpumMetno fa OeTa decTulle Y MarHeTCKOM II0jby ckpehy
TaKo J1a 00pa3yjy KOHTUHYMpaHy pacrozeily eHepruja 1 o6psuHa.

IIpu opgpebusamy eHepruje [}~ yecTuila 3allakeHO je Ja CBe 4decTulle HeMajy
VICTy eHeprujy, Maja IOTHUYY OIl MCTOI eMuTepa, Beh IIOCTOju YUTaB CIIeKTap
eHepIuja off HyJle I1a 10 HeKe MaKC/MaJIHe eHepruje.

[Tocranak m emwucuja ajidpa dYecTuile M3 PaaMOaKTMBHUX jesrapa AoOwmia je
IIPUPOHO WU jeJHOCTAaBHO oOObjallliberbe KBAaHTHOM MeXaHUKOM. MebyTwm,
oOjamrmerse IIocTaHKa OeTa YecTuila Huje Tako jemHocTaBHO. Hanme, cariacHo
3aKOHVMMa pPafgMOaKTUMBHOI pacliafa IIO3HATO je Ja ce IpWu eMWUCHjU pB-
HaeJIeKTpucame jesrpa roseha 3a jeraH, a Maca ocTaje HermpoMereHa. Ilomrro
ce Haboj jesrpa Mema, IpoM3WwIasu A je eMmucuja OeTa uecTuIla jesrapHU
Ipolrec.

2.1.2.4. 'ama 3paueme

[Tpu pagyoakTBHOM pacmaiy rnopeq, ajida 1 6eTa 3paka HacTajy v TaMa 3pary
KOjU Cy 10 mpupoau cauam X -3paiymMa.

Ca miegymra KiIacuuHe uU3sMKe TO Cy eJIeKTpOMerHeTCKM 3pany Koju ce
IIPOCTHPY KpO3 BaKyyM Op3uHOM cBeTsiocTi. MebyTum, ca riefuinTa KBaHTHe
MexaHVKe TaMa 3pally IIpefiCTaB/bajy CTPYjy KBaHaTa Koju uMmajy eHepujy E=hv,
gde je v- dpeksentyja , a h=6,62 x 10-3* Js (IlzanKoBa KOHCTaHTA).

IIpema ToMe, Tama 3pany Majy AyaviCTUUKY IIPUPOAY, IITO IIOKa3yjy Y MHOIM
excriepuMenTn. Havme, rama 3paiy nHTeparyjy ca aromMyMa CJIMYHO 3paiMa
KOju ce cacroje m3 KopmmcKyna. Kako je mpema AjHINTajHOBOj Teopwju

penatuBuTeTa E =mc?, MoXe ce HammicaTy fja KBaHT MMa Macy of m=hv/c2.
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Mmnore nojase ykasyjy Ha TajlacHe ocoOOVHe rama 3paka. Y3ajaMHa Be3a msMeby
eHepruje ¥ TajlacHe IyXwuHe ¢oToHa 100mja ce Ha OCHOBY AjHIIITajHOBE
perianyje 1 eHepruje KBaHTa.

3a pasnuky of, X - 3paka Koju Cy aTOMCKe IIpUpOfie, jep HacTajy Kao pesyJsITaT
IIpoMeHe eHepruje ejleKTPOHa Yy aToMy, raMa 3paly Cy jesrapHe Hpupofe
IIOIITO CYy Be3aH! 3a eHepreTcke IpoMeHe yHyTap jesrpa. Crora rama KBaHTU
nmMajy Benuke eHepruje op 0,01 mo 10 MeV, onHocHO Bucoke dpekBeHIVje Te
crajajy y JoMeH 3paKa BpsIo MasIvx TaJlaCHMX Ty>rHa [3].

2.2.0nmITe KapakTepmucTUKe pagoHa

ITpoyuaBajyhmu ocobune pagujyma - 22°Ra  1900. romune, @puapux HopH je
OTKpMO [Ja OH eMaHMpa rac, Koju je ucrapsa Haszao “niton'”. OBaj rac je 1923
rogviHe Jo6mo Hasus “panoH”. PaioH je MHepTaH rac, Koju Kazi ce dpopMupa y
3eMJbMHO] KOPM Y HEKO]j Of, paJllloaKTUBHMX HM30Ba, CJI000AHO AudyHyje n3
sewsbMIiTa 'y aTMmocdepy.Pajion ce y mpupony Hajasm y ejleMeHTapHOM
OOJIVIKY jep 300T cBOje MHEPTHOCTM He I'paliy HMKaKBa XeMIjcKa jeInberba.

IIpema cBOM IIOpeKily, PpaJoH IIpullafga IPUPOAHUM PaAVOaKTUBHUIM
HU3oBMMa. Ha moueTky oOBMX HW30Ba Hajlase ce IIPUMOPOVjaIHU
panvonyxkmay. OHM ce KapakKTepwullly jako IyI'MM BpeMeHOM IOy pacriaja,
TaKo Ja ce A0 MaHallllbMX JaHa joIl yBeK Hucy pacnam. ITpucytHm cy y
3eM/bMHO] KOpM ¥ y BelIMKOM Opojy Marepmjasia. Csa Tpu HIpupomHa
pagVoaKTVBHA HU3A: YPaHWUjyMCKM, TOPUJYMCKM V1 aKTVHW]yMCKI HU3 CafpiKe
0 jegaH paaguoHyKmp pagoHa. Ha cmkama 2.3 mo 2.6 mpukasaHu cy
panvoaKTVBHM HM30BM Ca BpeMeHMMa IIojlypacHaja M OCHOBHUM 3padereM

BUXOBUX YWIaHOBA.

PajioH 1 meroBu W30TOIM II0jaBlbyjy ce Yy cienehmnM paamoaKTVHBHUM
HU30BUMa:

. Papgon Hacraje y ypaHmjymMmckoM Hu3y 228U u mma nomyxmsor 3,825
JaHa

. Topon 22°Rn motvde m3 Husa Topujym 22Th v viMa HoTyXnBoT 55,6 s

. AxtyHujym 21 Rn HacTaje y HU3Y 235U m mmMa 1toiry kmBoT 4,02 s

1 . .
Ha3ue noTuye o4 NaTUHCKE peyun nitens WITO 3HAUYM CMjaTn
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Pacniage 222Rn m 22°Rn Ha muxoBe KpaTKOXnBehe IIOTOMKe MOXXeMO ITpUKa3aTu

II1eMOM !

226Ra16205 — 2> 222R1 38244 — 2> 218 PO 3,05min — 214Pbg smin B% 214Bj 210Pb

Po\
//

210T;

N\

Cnmnka 2.1. Illema pacraga pagoHa 22Rn

212Pg

224Ra16205 — > 220R1 54,55 — 0> 216 PO 1087 i—> 212Pb1,09 min -p% 212 Bj / 212Bj

~N S

208Ti

Cnuka 2.2. [Tlema pacmiazra TopoHa 20Rn

OcyM 0BVIX M30TOIIa pazioHa, ITOCTOj jOII 23 M30TOoIIa pafioHa Off KOjiX HajmyKe
“xuBn” nsoront 2'"Rn u ehmHa ce pacrana aida pacranom, mebyTim moryhm
cy u GeTa pacraayt v 3axXBaT OpOUTATHOT eJIeKTpoHa [2] .

36or maste BeposatHOhe pacrama mpeko 219T1(RaC"), oBa rpaHa ce MoXe
3a"Hemaputn. “Pb(RaD) mma Benmko Bpeme mosypacnaga (Tabesa 2.1) m 360r
Ipolleca TajloXKea He MOXe ce HaroMwiIaTu y aTMmocdepu y 3HadajHUM
KomumHaMma. VIsoron 214Po je yBeK y paBHOTeXM ca CBOjUM ITPETXOITHVKOM
214Bi, Takobe 300r MasIor BpeMeHa I10JTy pacrasa.

YV tabermm 2.1. mpukaszaHe cy KapaKTepUCTMKe W30TOIa pafioHa ¥ HbUXOBUX
KpaTKoXusehnx rmoromaka.
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Tabera 2.1. KapakTepmucTuke m30TONa pafioHa M FbMUXOBUX KpaTKoxmpehrix

ITIOTOMaKa

Pamon Rn-222 3.3x 105 2,097x10-6 a 5,486 -
RaA Po-218 183 3.788x10-3 a 5988 -
0.350;
" -4 ’
RaB Pb-214 1608 4.310x10 0.7 0.294
0.609;
RaC Bi-214 1182 5.864x10+4 ﬁg 1.65 1.764
(77%) 3.17 1120
RaC' Po-214 0.00016 4.23x103 a 7.68 —
RaD Pb-210 6.94x108 9.98x10-10 £ 0.027 —
RaE Bi-210 433036 1.608x10-6 p1.17 —
RaF Po-210 1.19x107 5.8x10-6 a 5298 —
Toron Rn-220 54.5 1.27x10-2 a6.282 -—
ThA Po-216 0.158 4.387 a6.774 —
0.3;
ThB Pb-212 3.83x104 1.816x10-5 £ 0.37 0.238
a6.05 0.81
ThC Bi-212 3816 1.76x10-+4 (66.3%)
B 225 1.81
ThC' Po-212 1.0x10-7 106 a 8.476 —
ThC" T1-208 186 3.73x103 £1.792 %6533’
0.622;
AKTUHOH Rn-219 3.92 0.1767 a6.41 0.203
0.397
AcA Po-215 1.78x10-3 561 a'7.365 -
0.829
- -4
AcB Pb-211 2166 3.2x10 £1.23 0.425
AcC Bi-211 127.8 7.825x10-3 a6.56 -—
AcC" T1-207 287.4 2.412x10-3 P15 -—

Ca cmka 2.3. go 2.6. ce BuaM Aa je y cBa TpW padMoOaKTVWBHa HM3a IIPUCyTaH
pazioH, aj He ca MoJljeJHaKOM Ba’kKHOIIINY 3a pafujaliioHM PU3MK JbYIAU yCiIer
M3jlararba HbeMy U HBeropuM moroMiyMa. Pammonyximn 21°Rn (akTmHOH ) je
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wlaH aKTMHMjYMCKOI HM3a, M Majlo BpeMe Toiypacmaga (3.96 s ) my
orpaHmMyaBa MoOryhHocT Murpamyje Kpo3 cpeauHy. Tome nompuHOCH U
pejlaTVBHO HMCKa KOHIIEHTpallMja Heropor mperka 2¥U y mnpupogHOoM
OKPYXemy.

3uarHo Behy mMoryhHocT mpocTupama Kpo3 cpeanHy mMa 22’Rn  (TopoH), koju
npuiazga TOPUjYMCKOM HM3y W MMa BpeMme mHojypacnaga op 55,6 s. Y
reorpadpckM 30HamMa ca OoraTmm cagpkajeM TOpujyMa y TIIy, OH MOXe
3Hay4ajHO JOIPUHEeTU paaujalioHoj o3u Kof, jbyan. I'pabesuHck MaTepujain
Cy Takobe 3Ha4ajaH M3BOp TOPOHaA.

4 a1 83

a2 54 Ll o2 o3
A Tl Pb Bi Po

Niz (4n+2) s

N
N

Crmka 2.3. Ypaaujymckn 2113 [4].
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Crmka 2.4. Topujymckn HI13 [4].
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[IITo ce pagujamyoHOr pusMKa Tude, Hajpehy BakHOCT MMa m3oTon 222Rn
(pamon). OH mpumaga ypaHWjyMCKOM HM3y W Of, CBMX M30Toma 22?Rn  wmma
HajoyXxe BpeMe monypactaga on 3.3x10° s (3,825 mana). Ilpucyran je y
3eM/pMHO] aTMocdepu y CBUM reorpadckmMm o0yacTvMa, jep HeroBu
nperxomgHUIM ( pagujyMm 22°Ra u yparujym 228U ) npoxmnmajy camo 3eM/bMHY
kopy. Kaga ce TokoM pagymoaxkTmBHMX pachaga dpopMmpajy aTomu 222Rn, oHU
yTeM Ayudysuje TI0CTajy IPUCYTHY Y YOBEKOBOM OKPYIKEHbY.

2.2.1. I3Bopu pagoHa
2.2.1.1. Teonormja nojaB/pMBama

JoMyHaHTaH 13BOp pajloHa IIpesICTaB/ba 3eMJBUIIITe MCIIO/], cTaMOeHVX objeKTa.
Ypan u TOpujym ce II0OjaB/byjy y: CT€HaMa, pydamMa, 3eMJ/bUINTY, Kao M Yy
IIOJI3eMHMM ¥ IIOBPIIMHCKMM BofaMma. Y HajsehmM KOHIIeHTpalujama Cy
3acTyIUbeHM y py/ama (y COIICTBeHVM PYyIHWMM JISXUIITHMA VIV Kao IpyMece
y pyzama docdata, oji0Ba M IMHKa M APYTMX CUPOBUMHA), JOK Ce y CTeHaMa
3HaYajHMje KOHIIEHTPUIY Yy KVCeJIMM MarmMaTCKuMM CTeHama, IIKPVbLIMa U
rmrHama (Taberra 2.2). Y ceKyHIapHMM TeOJIOIIKMM CpefiiHaMa, Koje
KapaKTepuIIy IIpollecy IOBPIIVHCKOT pacliafara cTeHa v pyAa, TpaHCIopTa 1
ceflMeHTalVje Kao ¥ OvoreHu Irporiecy, IpUpPOAHY PaVIOHYKIIMAM MOTY fia
o0Opa3syjy KOHIIeHTpallMje y 3eMJBUINTY, BOAM, BasdAyXy M BereTauuju (Tabesia
2.3.) [4].

KonnenTtpanumja pagujyma 3aBucu of, TuUIla 3eM/bMINTa ¥ Moryhmx
KOHTaMMHEeHaTa W3 CIIOJballFboCcT. PaoH 10 IoBpIIMHe AocreBa IIPOLecoM
audysuje Kpo3 Mope u MIyIUbMHE y 3eM/BUIITY, IIPV TOMe ce Be3yje 3a BaslyX
VIV BOZY 0K je y HOA3eM/by. Ycilel MHTepaKIyje IIOA3eMHIX Bojla ca CTeHaMa
" pyfama fosiasu 1o mpesobersa ofpebeHnx pagyoHyKiIenaa y MOOWIHY dasy
U caMVM TVM U IO pasfiBajarba paJMOHYKIMa 300T pasInduTX TeOXeMUjCKIIX
ocobmHa. KoHrenTpaija pagujyma y 3eM/BUINTY 3aBUCK OfI KOHIIEHTpalyje
ypaHUjyMa 1 TOpUjyMa, IIpefaka y CTeHaMa 1 OfI FeOXeMUjCKIMX ITporieca’ Koju

cy Owv IpMCyTHM Ha ITocMaTpaHoj JIOKaIIyj/I TOKOM BpeMeHa.

2 . . . .

PaanoxeMmjcKkm cactas 3emsbuLITa (Tj. KOMBMHAaLM]ja YBPCTOr MaTepujana, Basayxa, BOAE M OpraHCKor
maTtepujana) nokasyje reonolwKy GopmaLmjy MecTa y30pKoBakba 4aTor 3eM/bMLLITA, MaZa M KIMMATCKM
YC/I0BM U jOL HEKM MPOLLECHM MOTY 3HaTHO 43 YTUYY Ha cacTaB 3eM/bUliTa. [5]
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ITpuponHa pacmpocTpameHOCT ypaHUjymMa-238 m Topujyma-232 ce Mema y

3aBMCHOCTM  Off TeOJIONIKMX CBoOjcTaBa, MeDyTuM wmak cy IIMPOKO
pacriopoctpareH y 3eMibrnHOj] Kopu. Cpenrba KOHIIEHTpalja ypaHujyMa u
TopujyMa y 3emsbuiiTy ce Kpehe msmeby 4-12 gt! , nok je, pagu nopebema,
cpenrba KOHIEHTpallMja peTKmx MeTasla y mHTepsaity of, 0,02-0,05 gt! [5,6].
Konrenrpanmja pammujymoBux wmsororna y 3embuinTy je oko 40 Bgkgl
YriaBHOM je meHa KoHIleHTpanuja nusmeby ~10-200 Bgkg! 3a semsbuiiiTa nssaH
Hnogpy4yja ypaHWjyMCKUX PyOHMKA.

paJJ;T/IjYMOBT/IX M30TOIIa, HerOBY ITIOTOMITM, PaJOHOBV M30TOIIN CY IIPUCYTHM N 'Y

300or ImIMpPOKe pacIpoCTpareHOCT!
drrymanmMa Koju ce Hajlase y HopaMa CTeHa U 3eMJbuITa. [5]

Tabesna 2.2. Cpenmsu cafgprKaj pagViOHYKIMIA y CeIMMeHTHMM CTeHaMma W

3€MJBUIITY.
Crene
3embMIIITa
Ivze INenrgapu KapbonaTtae

2.66 1.07 0.27 1.36
140 60 3 60

92 30 -4 -

12 1.7 1.7 6

3.7 0.45 2.2 1

Tabena 2.3. Cpearbu cazipikaj pagyioHyKIIMa y BojlaMma, BereTalyji, XX1Boj

Marepuju
Peuna Boma OkeaHcCKa Bererammja Kusa
BOIIA (rrerreo) MaTepwja
0.0023 0.0387 3.0 0.3
0.001 0.12 100 5
0.0001 0.00001 -- --
0.04 0.003 0.5 <0.010

HemiMraHo TopujyM, a HApOYMTO ypaH IpeJiase y XuapoTepMaIHe pacTBope 1
MOIy mHa o0pasyjy XwuapoTepMasiHe pyOHe KOHIIeHTpamyje y ¥ OKO
IPaHUTOVIHMX Maca . Ycjlel MHTepaklyje ITOJI3eMHMX BOoja ca CTeHaMa U
pyZlaMa J1051a31 [0 IIpeBoberba ofpebeHVx pagmoHyKiIvaa y MoOwIHy dasy u
caMMM TUM W JI0 pas[Bajarka paJMOHYKIMIa 300T pasjiKe Y IeoXeMUjCKUM

ocobmuamMa. Ha Taj HaumH ce ypaHOBM IIOTOMIIV - PaaujyM U pPaJoH pasaBajajy

* PenatvsHa o6unHoct K-40 je 0.018% K; Rb-87 je 27.85% Rb 1 La-138 je 0.089% La
4 HepocTajy nogaum
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O ypaHa "1 MO0CeOHO JIOKaJTHO KOHIIEHTPUINY Yy MMHEPAIIHVIM U TepMaJIHVIM

BOOaMa ¥ 3€MJbUIITY.

Murpanyjy ypaHa y IOBPIIMHCKMM YCJIOBMMa OIpaHW4aBa ITPUCYCTBO
KapboHaTHUX 1 docdaTHMX joHa, 0Opa3oBarbe HepaCTBOPHMX COJIV, Be3VBakbe
3a OpraHcKy ¢asy ¥ ajgcopIliyja Ha MyUHepaJMMa ITinHama. IIponec nndysmje
y YHYTpaIIHOCTU 3eMJBUIIITA je MOTyh yciler pasjivke KOHIIeHTpallrja pafoHa,
IIpY pasMaTparmy BepTukasHe pacriogesie. IIITo je semsbminTe Bullle OPO3HO
oHO mMa Behm KoedwurimjeHT Audysuje, a oxgpebeHe BpcTe 3eMbUINTa KOje
VIMajy BUIILY BpegHOCT KoedulmjeHTa Audysuje BuUllle IIPOHYIITajy PpaloH,
TaKo J1a ce Moxe pehu fa y 3aBMCHOCTM Off KapaKTepuCTKa CaMOr 3eéMJbMIIITa
3aBVICY KOJIMYMHA paJioHa KOju eMaHVpa u3 3emwbMinTa. KoHkpeTrHo, ce Mucym
Ha XeMUjcKM cacTaB, usnuke ¥ BOJHO-MexaHWYKe KapaKTepUCTUKe
3eMJbMIIITA, ajIVi HajBUIIIe 3aBVICK Off IIPOIY CTJbMBOCTV-IIOPO3HOCTH 3€MJBUIIITA.

Crene koje ocioGabajy Hajehy KoHIleHTpalujy pagoHa Cy TpaHUTHe U
ByJIKAHCKe CTeHe, aJlyMVHUYMCKM IIKPWBLV, a CeJVMeHTHe CTeHe cagpiKe
HVDKe KOHIIeHTpallije OBOI raca, ajli Cy OHe M Marbe IIOPO3He I1a 3aTO BpIlle
Marby eMWCHjy Y CIIOJballlFbOCT. 3aHMM/BMBO je HaIllOMeHYTW Ja KaMerbe
(mocMaTpaHO Kao IleJIHa) MMa Mamyi KoedullujeHT eMaHaHIIVje pajoHa Off
OoCTa/lMXx TWUIIOBa 3eMJ/bMINTA, jep 3eM/bMIOTa WMajy JajleKo Marbe
rpaHyJIoOMeTpujcKe IleqnHe. [leTajbHMje aHaIM3e MOKasyjy ma musmeby 10% u
50% yxyIHO HacTaJIMX jesrapa pajoHa y IIOBPIIVHCKOM CJI0jy 3eMJbUIITA ycIle
ma emaHupa y artmocdepy. Kam ce pamon Habe Ha mnospmmHM [gajbe
IIpocTVparbe paJjoHa Kpo3 Bas3[lyX 3aBVCK Ol MeTeOpOJIOIIKMX dakropa, Kao
IITO Cy TeMmIepaTypa, arMocdepcKmu INpUTHCaK U BeTap, a OBU aKTopu Cy
IoBe3aHM " ca AHeBHOM caTHuIOM. IloposHocT semsbmimnra ce pedpwiHmIe
IpemMa OfHOCY BeJI4MHe IIOpe-IIyKOTMHE y 3eMJBUIITY Y OAHOCY Ha BeJIMUYMHY
caMor ITocMaTpaHOT y30pka semsbuinTa. [TocToje 1Be Beoma OMTHe KOMIIOHEHTe:
, TeKCTypayiHI~ IIPOCTOp TIOpe U ,CTPYKTypHM IpocTtop nope. TekcrypamHm
IIPOCTOP IIOpe Ce OJHOCK Ha HauyMH I[aKOoBarba 4YecTuIla 3eM/bMINTa, JIOK je
CTPYKTYPHM IIPOCTOP IIOpe 3aBUCTaH Of, KOJVYMHE Bas3ayxa Koju ce Hajasu y
y3oplyMa 3eM/bUINTa. YoOudajeHe BpPeTHOCTM 3a IIOPO3HOCT 3eMJBUINTA ce
kpehy wsmeby 0.25-0.5, rme pasymunTe BapujaHTe 3eM/BMINTA Bapupajy
BPEIHOCT IIOPO3HOCT, Koja je Oe3mmmMensnoHaiHa BermamHa. Baa nep Crioer je
Ipery3HO JedMHMCca0 BPeITHOCT IIOPO3HOCTY TIIa.
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oV = oV, + aV,, + aV, (2.1.)

Vs, dV,,, 0V, TipeAcTaBibajy IOjefliHe KOMIIOHEHTe IIOPO3HOCTM I7le HaBelleHU
VHAEKCH IpeJcTaB/bajy CMMOOJI 3a arperatHo crame, s-solid omHOCHO
3eMJBUIIITe, W-water IIOPO3HOCT 3a BOAY M a- air 3a BasgyX. 3a caMy HOPO3HOCT
3eMJBUIIITAa MOXe Ce M3padyHaTy IIpeKo pesialiyje:

oVp = oV — 0V (2.2.)
ITa je ykynaH KoedpulijeHT JaT peslaryjoM:

- 23
e—aV (2.3.)

Tako ce cykilecMBHO MOXe M3padyHaTy KOeUIVjeHT IIOPO3HOCTY U 3a Ba3lyX
" 3a BOMy. 3emJbMINTa Cy KIacudUKOBaHA y 3aBUCHOTH Off AUCTpuOyIuje
BeJIMYMHe HajMamux fdeyvha-sesinanHa rpanysianyje. Osa qucTpubylivja YiHM
CTPYKTYpPy W TeKCTYpy TJa, Koje AVMPEeKTHO PyKOBOAM TPaHCIIOPTY pajoHa.
ITepMeabWIHOCT-TIOPO3HOCT 3eMJBUINTA IIPY M3ydaBamy Ipolieca audysuje
pa/ioHa 3aBICH Of] CTelleHa ¥ BeJI4MHa I10pa Y 3eMJBUIIITY, IITO Cy ITope Behe 1
ako je ydemthe mopa Behe onpa je crernen nudysuje pagona seha. Takobe je
OvTaH daKTOp BJIAKHOCT 3eMJBUINTA, I7le MaJlii CTelleH BJIAKHOCTY 3eMJbUIITa
omoryhasa Behu crenen nudysuje pagoHa Kpo3 3eMJbUINTe. YKOJIMKO je BUIIN
CTereH BJIAXKHOCTM 3eMJBMINTA, OHAA Cy IIOpe MONykheHe ca BOIOM U
oHemoryheH je mHTe3uBaH Iipollec nudysuje pamoHa Kpo3 3emsbuilTe. Y
3aBUCHOCTM Off pacropela ¥ BejrduHa IpaHyJIOMETPUjCKOr cacTaBa 3aBUCK
nudysuja pagoHa, I7e ako cy Behu KoMaay HPUCYTHU ca pPaBHOMEPHUM
pacriopefioM Takap cacTaB oMoryhasa sehm cremnen nudyswuje, IprKasaHO Ha
omuy 25, JIoKk y lIy4ajy Kaga je BeJIMKa pasMKa Yy BeJIMYMHNI
IPaHyJIOMETPUJCKOI cacTaBa ¥ 3a HeIIpaBWwIaH paclioper, Ihe je IPUCYyTHO
I'yCTO TPaHYJIOMETPUjCKO IIaKOBarbe, Y TOM CJIy4ajy je Maju cTeleH audysuije.
OBakaB mnpumMep je mpeacTabeH Ha oy 2.6. OBakaB HauMH TyMaderba
IIOPO3HOCTYU KOJ, 3eMJBUINTa MOXE C€ KOPUCTUTU IIPU TyMaderby IIOPO3HOCTM
KOZl VICIUTMBAaHMX MaTepujaja, Ife IIOPO3HOCT MaTepujasla 3aBUCKU  Of
BeJIUVHE YHYTPAIIbOCTM ITyKOTVHA VI CTelleHa XOMOTIeHOCTV VICIUTVBaHOT
MaTepujajla, ajli ¥ yCJIoBa y Koj/Ma ce BpIIM Meperbe KoedulmjeHTa qudysuje
pamoHa [7,8].
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Crmmxa 2.5. [Ipymep paBHOMEpHOT T'paHYJIOMeTPUjCKOTr ITaKOBarba 3eMJbUINTa, Y KOMe
je BuIIM cTerleH Andy3uje paoHa-BUIIN HMUBO IIOPO3HOCTH

Cimka 2.6. 1Ipumep rycror rpaHyJI0MeTpUjCKOT IIaKOBarba 3eMJBMIIITA Y KOMe je HM3aK
CTereH IIOPO3HOCTU-HIDKM CTelleH audysuje pagoHa.

2.2.1.2. I'pabeBuHCcKM MaTepMjal Kao M3BOP paJoHa

Kao mro je Beh HaBemeHO, pamujyM je IIMPOKO PpacHpOCTPAbEH Y 3€MJBIHO]
KOpM, Ia ce y oppebeHmM KommumHama Moxe Hahm m y rpabeBmHCKIM
MaTepujaiMa Kojui ce ToOMjajy IIpepamoM pasHMX MaTepujaia 13 3embe. [5]
Ousuyke BeMuUMHe Koje [J03BOJbaBajy KBaHTUTATVBHM OHMC TpaHCIIOpTa
pafoHa M Op3MHY eKcxataryje 13 rpabeBIMHCKIX MaTepujasia cy: KoeduIyjeHT
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eMaHallje IIpOAyKIMje pajioHa, KOja 3aBUCH Ofl KOHIIeHTpalyje paaujyMma,
IIOPO3HOCT, KOJIMYMHE BOe Koja ce Hajlasu y MaTepujajly M KoeduIjeHT
audysuje. JloMrHaHTaH IIpolleC IPWIMKOM TpaHCIIOpTa KpO3 3eMJBUIITE,
a/iBeKIlMja, MOXe ce 3aHeMapuTy 300r HUCKe BpeJHOCTH IrpajyjeHTa IIpUTICcKa
y menujymy. [9,10]

ITporiec poaykiiyje 1 IIOPeKIIO CMPOBOT MaTepujala HajOuTHUjI ¢y daKTopm
Koju ognpeDyjy KOHIIEHTpallMjy aKTMBHOCTVM pafdMOaKTUBHOI MaTrepujaja Y
rpabeBMHCKOM MaTepwujajly; IIpeMa TOMe, pPaJMOoaKTUBHOCT IpabeBUHCKOT
MaTepujajla 3aBUCM Of, MHUHepajla KOjU Cy VIOTpeO/beHU 3a HeroBy
nponssoarsy. O 0BUX MyHepasia, HIIp. FPaHWUT, aJTlyMUHVjYMCKV IIKPVWBIN U
ByJIKAHCKe CTeHe VMajy MOBUIIeH cajp)kaj NPUPOAHMX PpalVOHYKINUIA, TOK
Iecak ¥ IUbYHaK MMajy crielnuaHy BpeIHOCT aKTMBHOCTY pagujyMa OJIvcKy
Cpenmoj BpemHOCTM 3a 3ewbuinTa. IloBehan campxkaj —mpupomHMX
paaMoHyKIIenIa y MaTepujajiMa MOXKe HacTaTy ¥ Kao Hocjieguiia kopuiiherma
CeKyHJIapHVX CMPOBMHA U3 MHIYCTPUjCKMX IIOCTyIIaKa, a TO Cy MaTepujaIn Kao
IITO Cy eJleKTpopWwITepcKn Ilelleo, [AoOMjeH caropeBarbeM yIjba Y
TepMoeJleKTpaHaMa WM caropeBambeM OOKCUTHe pype, IUbaKe, M OPYTUX
CeKyHJIapHMX CHpPOBMHa KOje ce Hajlase y HPUPOAM WIM Ce KOPHUCTe Kao
KOHCTUTYeHT rpabesunckor MaTepujasia. [10, 11] Tumasa BpegHOCT KOJIMYMHE
paaujymMa 1 TopujyMa y rpabesuHckuM MaTepujaiiMa je 50 g/t v mamse. [5]
Martepujasii ce mesle mmpema HauMHY Ha Koju cy obpabeHm kako Om paim
ogrosapajyhm rpabeBumHCKM MaTepujaj, M TO Ha TepMu4ku oOpabeHe
MaTepujajie ¥ MaTepujajie Koju HUCY TepMuuky oOpabenn. Matepujaym xoju
cy obpabuBaHM Ha BUCOKMM TeMmIlepaTypaMa MMajy Makby jauiHy eKcxasalyje
pagoHa m3 rpabeBMHCKOr MaTepujaia, jep IIpU TePMUYKO] oOpaay Ao0jIasu [0
30Mjarba MUKpOUYeCTHIIA U A0 3aTBaparka IIYKOTVHA. 3aTo IpBeHa IIMIJIa, I1eTleo,
LIeMeHT, IUbaKa WMajy Mam KoeduiljeHT emaHaHluje (oko 1%), 1ok
MaTepujayi KOju TeK Tpeba ma ce TepMMuKmM oOpage (CWyIMKaTHa IINIJIA,
IIUbYHAK, ITecak) MMajy Aasieko Behm xoedwuiinjenT emananmje (oxo 10%). [10]
['pabeBurCcKM MaTepmjasi Cy IJIaBHV M3BOPYU TOPOHA Y 3aTBOPEHO]j IIPOCTOPAIL.
300r meroBor KpaTkor Iepmopa IHoiypactama (55 s), TOpOH Koju HacTaje y
3eMJBMINTY He CTVDKE Yy YHYTpallllby IIPOCTOPWjy W H-erOB yUMHAaK Cce MOXe
3aHeMapuTn. OBO je pa3JIor 3aITo ce Ha KOHLEHTpanyjy aKTMBHOCTV TOPOHa y
3aTBOpeHOj IpocTopujut obpaha Marba Haxiba, MaKoO HeHa BPeIHOCT y HeKMM

cJIy4ajeBMa MOXKe HOCTMhIM BpeHOCT KOHIIeHTpallyje aKTMBHOCTW pajloHa
222Rn . [6]
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YV IlpaBwiHnKy O MaKCMMaJIHMM IpaHMIlaMa pafMoaKTMBHe KOHTaMMHallyje
UOBEKOBe CpellMHe WU O Bpllewy [IeKOHTaMMHalije mgedwHNcaHe Cy
MaKCUMaJlHe TpaHHIle paaMoaKTUMBHe KOHTaMMHalije rpabeBUHCKOT
MaTepujajla KOji ce KOPUCTU Yy BUCOKorpazmi. Hasenene rpanuiie He cMmejy 11a
oyny Behe on Bpenrocti 400 Bgkg-! 3a 22°Ra, 300 Bgkg! 3a 22Th, 5000 Bgkg! 3a
40K 1 3a ykynaH 30up Bemrraukux pagnonykmga 4000 Bgkgl, ¢ TuMm ma ce
ucnyHm yciios 3a B.F. (Building Factor) [12]:

Cra , Crh Ck Cy
BF=—"+—4+—"-+4+—
400 300 5000 400

<1 (2.4)
r7e cy:

Cra-KoHIIeHTpaIIja 2?°Ra y Bgkg!

Crn -koH1IeHTpanmja3?3Th yBgkg!

Ck- xoHnenTpanmja*®K  yBgkg!

Cv- KOHIIeHTpallMjacBUX paJMOHYK/IV/Ia BellITaukor nopexiay Bgkg!

2.2.1.3. ITIoKpeT/bMBOCT pajioHa y 3eMJBUIIITY

AToMm pafioHa y 3eMJBUIIITY MOT'Y Aa ce Kpehy Kpos3 mwy mmyTeMm nudysuje (Huje
HeoIlxogHO pAa ce u duynn Kpehe y mnopama) win KOHBEKTMBHUM U
aJBeKTMBHIM TOKOM (pirynaa, Hocehm ca cobom pamoH. ITokpeTspmBocT pamoHa
yIJIaBHOM 3aBVICH Of BeJIMUMHE ¥ YHyTpallllbe Be3e m3MeDy mopa, IlyKoTMHa 1
KOJIMYMHEe IIPpUCyTHE BO/e, jep yIpaBO BOJa yTUUYe Ha IOKPET/bUBOCT

3eMJbUIIITA VI Basayxa.
2.2.1.4. Iudysnja

Tpancnopt pajioHa ce Koj, XOMOTeHMX M IOPO3HMX cpeanHa (Omso fa je y
NUTay 3eM/bUIITe WIM IpabeBMHCKM MaTepujal ), ofBMja Kpo3 CUCTeM IIopa
VICIYF-€HVX BasgyXoM. MaTeMaTuuko m3pakaBarbe 3axTeBa M3BeCTaH CTeIleH
arrpokcmManyja, mTo he 3a ceaku cirydaj 6uty HarmoMenyTo. [J1aBHM yc10B Ipn
u3BoDemy jeHauMHa je J1a ce mpoOsieMy pelllaBajy Kao jeJHOAVIMeH3VOHaIHN
rpo0sieM, ITie je OCHOBHA Oca z, Koja ce OJHOCK Ha OCy Koja je HOpMa/IHa Ha
MIOBPIIVHY IIOCTaB/beHOI MaTepujajla. JeTHauMHe y31Majy Y 003Up UMEbeHUITY
Jla ce paJloH pacliajia ¥ TOKOM Mepera 11 TOKOM 1@ y31OHOr IIporieca, Tako Jia
je yBakeH IpWIMB HOBMX aToMa pajioHa. Hajmpoctuju omic audysuje pagoHa
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je ma ce aToMu pamoHa Kpehy HU3 rpaaujeHT KoHIleHTpauuje. OBakaB HauMH
nudysuje onmcyje PUKOB 3aKO0H, KOjU II0Be3yje I'payjeHT KOHIIeHTpallyje ca
dirykcom pagoHa:

= DaC 2.5
]d_ 962 ()

Ja- dyke pagona m3paxkeHn y Bqm-2s-1
D, - xoedurmjeHT Ardys3uje n3pakeH y m?s
ocC

Py rpajyjeHT KOHIIeHTpalluje Ay>X IIpaBlia z n3pakeH y Bqm-.
z

HeratuBan npensHax wcnpern andysmoHor koeduryjeHTa OTHOCK ce Ha
UMbeHnIly fa ce audysuja BpIIM y Ipablly cMar-erba KOHILeHTpauuje. D, ce
MOXKe HaBeCcTU Kao edeKTuBaH KoedullMjeHT Audysuje, y KOju je ypadyHaT
edeKkaT MOPO3HOCTY MaTepujasla.

Hajsehn 1 edpextrBHM KoeduimjeHT audysuje pagoHa y MaTepujasiMa D i De,
PecIIeKTUBHO, y KopeJaluju cy ca IoposHomhy Marepujajia pt Uy CKJIajy ca
cireehoM jerHauMHOM:

D = p.D, (2.6.)

M3 excniepmmenTa Porepca n Huescona (1991) mpenyoxeH je ciaemehn mspas
KaJa je y IIMTamy VYTUIAj BIaKHOCTM Ha edeKTMBHM KoeduIlujeHT

audysuje[13]:
_ 14p
D, = Dyp, exp(—6p,R; — 6R;"?) (2.7.),
rieje Do=1.1 x 10 m?s, a Rs je 3acuhemse Bi1are y 3eM/bUIITY.
Trmiune BpegHocTn KoedunyjenTa nudysuje pajgoHa 3a Basgyx cy oko 1.2x10-
> m? s, mTO Ce MoOXe KOPUCTUTU Kao IIO4eTHa BPeJHOCT 3a UTepaTMBHU
IIOCTyIIaK padyHara KoedulyjeHTa audysuje pajoHa y eKCIIepUMeHTYy, a

MOXKe ce y3eTU U HioKa BpeqHocT, Hiap. 1 x 107 m? s

Y tabeym 2.4. mpukaszanu cy edpekTBHM KoeduiujeHTV Iudysuje 3a pafioH y
3eMJbaHVM MaTepujajiuMa 1 OeToHy.
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Taberna 2.4. EdextmBHU KoeduimjeHTM nmdysuje 3a pagoH y 3eM/baHUM

MaTepujajMa 11 6eToHy

_ Uwma |
. Twmc |

EdexTrBamM
KoedpuiyjeHT
1udysuje pazoHa KomenTap Pedepeniia
De (mZS'l)
Silker and Kalkwarf
. pr=0.32-0.39
(3.2¢1.5) 10 R. =0.09-0.55 (1983)
pe=0.32:0.39 Silker and Kalkwarf
t— U. =U.
(3.21.5) x 10% R. = 0.09-0.55 (1983)
(5.4-7.2) x 10 pr=0.32-0.43 Silker a?;isl?falkwarf
R, =0.06-0.34 (1983)
2.7 x10%
s w =1.5% cyse mace
25x107 — 1059 Strong et al. (1981)
6.0 x 104 w =10.5% cyse mace
(54-7.2) x 10¢ w =17.3% cyse Mace | Strongetal. (1981)
8 x 107 - Tanner (1964)

(1.1-4.0) x 107

12 x 108 pi=0.11-0.13 Culot et al. (1976)

3‘4 x 108 pi=0.25 Zapalac (1983)

3‘3 x 108 p:=0.05 Stranden (1988)
(0.8-3.0) x 107 - Stranden (1988)
(1.0-4.0) x 10 - Stranden (1988)

2.2.1.4. KonBek1iuja 1 agBeKIimja

KonBekTBHM (BepTMKaIHa) M aIBEKTUBHM (JIaT€PaI-XOPM30HTAIIHM) TOK Ce

jaBlba 300Tr TpammjeHTa HpWUTHCKA y iIymayMa Kojui ce Hajasu y Iopama

3eMJbMINTA M IIyKOTMHaMa. Y CJIy4ajy racoBa y 3eMJbUIITY, TPaaVjeHT IIPUTICKa

ce MOXe jaBUTWM Y Basdyxy y 3eM/bUINTy, mM3MeDy Basgyxa y 3eM/BUINTY U

aTMOcepCKOr Basmyxa WM y BIxoBoj komOnHanyjn. KoHnsekiiyja i anBekiivja

3aByCce O] YHyTpallllbe IepMeaOuIHOCTY 3eMJbUINTa, BUCKO3HOCTM irymia

Koju ce Kpehe kpo3 mope 3eMsbUIIITa M Of TpafgMjeHTa IpUTICKa Koju mokpehe
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dyna. IlepmeaOmitHOCT 3eMsbMINTa peMa ITIOKPeTIbMBOCTU BoOfle MOKasyje U
IpeMeaOVIHOCT 3eMJBMINTa Ha MHOKPeT/bMBOCT TacoBa. 3eMJbMINTe KOjiI MMa
BeJIMKY KOJIMYMHY BOfe Koja ce ci1o0omHOo Kpehe mopama 6m mmasno BeoMa
HVCKY IepeMeaOVIIHOCT IIpeMa racy, a cjIy4aj je oOpHyT aKo je 3eMJBUIIITe CYBO.

[5]
2.2.2. EmaHanmja pagoHa

CriocoOHOCT aToMa pajoHa [da ,I100erHe” 13 3eMJBUINTA VIV MUHEpPaIHMX
CTeHa ce KBaHTUTAaTMBHO HasmBa ,Moh emaHanuje” wm ,KoedulyjeHT
eMaHalje”, 1 OH 3aBUCK Off JIOKaluje ayroxusehnx npenaka pagoHa, Tj. Of
ypaHujyMa-238 1 pagmjyMa-226 y TpeHYTKy HbMXOBe [e3VHTerpaiyje, Te O
rocTojarba Bofe Onm3y paaujymMa y TpeHYTKy pAesmHTerpanyje. KoHKpeTHO,
MIC/IV Ce Ha XeMUjCKI cacTaB, PU3MUKe U BOTHO-MeXaHUUKe KapaKTeprCTUKe
3eMJBUMINTA, aI TO HajBUIlle 3aBUCK Off IIPOIyCTIBMBOCTU-IIOPO3HOCTHU
3emspuIIITa. [5, 7]

AToM panmjyMa ce pacriaja Ha aTOM XelljyMa M pajioHa y3 ociobabarmbe
KMHeTH4Ke eHepruje. Masn, ajii uitak BakaH J1e0 OBe eHepruje, Iromepa aToMme
pafioHa o7l MecTa IJie ce pacliaf, OOWUIpao M Kpo3 UBPCTM MaTpujajl. AKO Ta
IberoBa ITyTarba OfHece y 3pHO 3eMJbMINTA VIV IOPYy Koja cafpXXKu BOIy, OHJIa
MOXKe JIa M3ryOu CBy CBOjy eHepIvjy y BOIM U Ja OCTaHe y IIOpU, VIV MOXe Jia
“3akora” cebe y uBpcT MaTpujai U Oa Oylde HemocTymaH mopama. PamoH ce
yIJIJaBHOM CKJIQJIMIITVI OKO TpaHMIle TIopa 3aTo INTO 3eM/buIlTa y BehuHm
cJIy4ajeBa cajip)ke BOMOy y IyKOTMHaMa U Kamwlapuma. YmiasHoM, 10 go 50
OZICTO CBUIX ITIPOV3BEIeHNX aTOMa pajloHa OcTaje y Iopama.

Crene koje ocioGabajy Hajsehy KoHIleHTpalujy pagoHa Cy TpaHWUTHe U
ByJIKAaHCKe CTeHe, aJ[yMUMHUjYMCKM IIKPWJBIIM, a CeVMeHTHe CTeHe cajpxke
HVDKe KOHIIeHTpallyje OBOT Taca, ajIlii Cy OHe ¥ Marke IIOpO3He, Ia 3aTO BpIlle

Makby eMICHjy Y CIIOJballHoCT. [9]

Bermmumnna koja ommcyje “ociobabame” pamoHa 13 3eMJBUINTA WIM HEKOT
Apyror IHOpPO3HOI MaTepujajla HasMBa ce KoedWIMjeHT eMaHallyje paJoHa.
Koeduiyjent emaHairmje pagoHa je Oe3IVMeH3MOHM IlapaMmeTap, M MOXe
OwTy mpencTaBbeH 0110 Kao dpakmyja 1iIm Kao IpolieHar.

ExcriepymenTatHy nogaiy Koje je IpujaBiiIo HeKOJIVKO MCTpaXyBada yKasyjy
Ha TO Jda KoedulMjeHT eMaHallMje paJoHa 3aBUCU Of BJIXKHOCTU
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3eMJbMIITa/ MaTepujasia, mmocebHO mpu HUcKoM 3acuhemy (Nazaroff i dr. 1988).
Y oBMM eKcrieprMeHTVMa ITOKa3aHo je Ja TeMIlepaTypa HeMa HapOUuTy yTHUIIAj
Ha KoedUIIMjeHT eMaHallyje.

Koeduiyjent emaHatmje ce pauyHa nytem ciienehe jennaunae [20]:

S =€ p,Spsl (1;ft) 2.8.),

r7e je: S-yKyIHa MaceHa KOHIIeHTpallyja paJuou3oTolla, € - KoeduilujeHT
eMaHallyje paJoHa, Ps - TIyCTMHaA MaTepujasla, Sra - KOHIeHTpalyja Ra
(pammjyMm-226 vum panmjyM-224 'y pCikg), N - KoHcTaHTa paciiajza pajgoHa, pt—-
YKyITHa [IOPO3HOCT 3eMJBUIIITA.

Bpennoctn koedunyjeHTa emaHanyje pagoHa y 3eMJ/BUIITY 3aByce Off, M30TOIIa
pajgoHa KOju ce IocMaTpa, MaTepujajla 3eM/bMINTa WM cajp)Kaja Biare.
ExcriepuMeHTaiHa Meperba y pasIMunTM 3eM/bUINTIMA, CTeHaMa ¥ JPYIUM
MaTepujajiiMa Cy o0jaB/beHa Of CTpaHe MHOTMX WCTpaXupada. Tabera 2.5
IpeJicTaB/ba pe3VMe JIOCTYIHMX ITojjaTaka. 300r pasimke y MeTOOJIOTVjU
eKCIlepyMeHaTa OBMX VCTpaXuBarba, OBM IMOAAll HWUCY JIAaKO YIIOPeIVIBUL.
Vako HemoTIyHM, JOCTYIIHM IOJALE MOTY ATV VHAVKaLVje O O4YeKVMBaHVM
BpeJHOCTMMA Ha TepeHy.
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Tabera 2.5. Bpennoctu koeduiijeHTa eMaHalje pajioHa 3a HeKe MaTepujajie

Martepwjan Pedeperiia
Kommaxram 0.14 (0.06 - Sisigina
MYJbEBUTV TIeCaKk 7 Rn-222 0.18) (1974)
0.21 (0.10 - Sisigina
ITecax 7 Rn-222 0.36) (1974)
ITeckoBuTa 0.24 (0.18 - Sisigina
yIoBaua 12 Rn-222 0.40) (1974)
MyrseBuTa 0.20 (0.17 - Sisigina
vIoBaua > Rn-222 0.23) (1974)
Megumi and
WioBaua 5 Rn-222 0.23 i%lS ) Mamuro
40) (1974)
Megumi and
I'mvma 12 Rn-222 0'23 (7%? 2- Mamuro
) (1974)
Megumi and
berton 17 Rn-222 0'1§ i((])’)w- Mamuro
’ (1974)
Yparmjymosa 014(0.02- | Shu
pary 2 Rn-222 e Mishra (2014)
pyza(camieBeHa) 0.36)

2.2.3. Ilonamame KpaTKo>KuBehmx paJJOHOBUX M30TOIIa y aTMocdepn

PacniagoM jesrpa 222Rn HacTajy KpaTtkoxusehn pagorosu roromim 218Po, 214Pb i
214Bi /214Po. ITosHaBame MOHallIara pagoOHOBMX IIOTOMaKa y aTMocdepi je BpJio
3HAYajHO, jep je IBUXOB [ONPUHOC PagujaliOHOM 34pPaBCTBEHOM PU3BMKY
3HaTHO Behut Hero of camor pamoHa. Oko 80% HoBOodOpMMpaHMX IOTOMAaKa je
IO3UTMBHO HaeJIeKTPMCAaHO M XeMMjCKM Cy BeoMa aKTuBHN. OHM MHTeparyjy ca
HeraTUBHVM jOHMMa IIPUCYTHMUM y aTMocdepy, Iputajajyhu ce 3a mpuposiHe u
BelTauke aepocoste. IIpsu moromak 2'8Po, mom HopMaHMM CHOJbaIIE-VIM
ycrioBuMa, roctoju camo 20 s Kao caMocTalaH MOOWMIIaH jOH MJIM aTOM, a HaKOH
TOra ce IpwuIlaja MOJIEKyJMMa BOJeHe Ilape, KMCEOHMKa WM APYruX TIacosa,

gecTriaMa Vi YBpCTVM ITOBpIIHaMa.

Hemnpuriojeran moToMiy Kao cj10001HV KJIacTePH Of, CaMO HEKOJIMKO MOJIEKYJIa
71ebme y BasmyXy M VMMAjy Haju3pakeHWjyI HeraTMBaH 3IpaBCTBeHN edeKar.
Toxom crayEMx MebycoOHMX cymapa moasm OO IBUXOBOT CIajarba U
nopehaBarba, a Takobe 1 10 paciiazia U TajloXKema.
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222Rn (C,)

pacnag
Tanomemne A npunajarbe TanoMemne
< 18P0 (Cq) 18Po(Cx) >
pacnag pacnag
V: Tanomere As As Tanomeme V,
< HAPD(Cry)) ——14Pb(Cy2) >
npunajarbe
pacnag pacnag
Ap Ap
Vi Tanomere npunajarbe TanoMerme V,
< 214Bi (Crs) 214Bi (Cas) >
pacnag pacnag
Ac Ac

Crmmka 2.3. [loHamare KpaTKoXusehyix paioHOBUX IIOTOMaKa y aTMocdepu

BeposaTtHoha Tasioxema IOTOMaka y JbyJICKMM IuTyhmma 3HaTHO je Beha 3a
cs100071He, Hero 3a IIpuIlojeHe KiacTepe. leo pajioHOBMX ITOTOMaka Koji je y
pupoan y ci1o0oaHoj dpopMm 3aBUCK Off BUIlle Pa3IMUUTUX IapaMeTapa,
kpehe ce ox 0.3 mo 33% [24]. Illema mpotieca Koju1 ce oguUrpasajy y atmocdepn, a
y KOj/IMa y4ecTBYjy paJOHOBM IIOTOMIIV, ITpMKa3aHa je Ha cymiy 2.3. O3Hake Ha
cmam cy: Cr - KOHIIeHTpamyje i-Tor ImoTomkKa y ciobomgHo] dopmm, Cg -
KOHIIeHTpanuje j-TOr IIOTOMKa Yy HpwuiojeHoj d¢opmu, X Cy KOHCTaHTe
pagMoakTMBHOI pachama, Vi i Va cy OpsuHe Tasioxerma CI000ODHUX U
IIPUIIOjeHNX II0TOMaKa, PecIleKTUBHO. buTHa KapakTepucTyka paJyioaKTUBHMX
aepocosia, Koja ofpebyje HWMUXOBO TIOHallame, all U HUXOB 3HaYaj 3a
JO3VMEeTPUjy je IbMXOBa pacrofesa IIo [OyjaMeTpuMa. YBedeH je IIojaM
naje
paZMoaKTMBHMX aepocosia ca oppebeHwM IOujamMeTpoM U O3HaudaBa ce ca
ACi(d)/Ci[24]:

pelaTMBHa  pacliofejla  paAMOaKTMBHMX  aepocosa,  Koja 1eo
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AC(d) _ AZ(d)B(d)
Gy - Z

(2.9.),

Ipu 4yemy je:

¢ = ; AC(d) (2.10.).

Y ropmuM jenHaurHaMa KopulltheHe cy o3HaKe:

* d - nujamerap aepocosna y (m)

* AGj(d) - xoHIIeHTpallMja pagMOaKTUBHIX aepocosia aujameTpa d Koju Hoce j-
TV PalOHOB IIOTOMaK, y (m3)

* Z- yKyIlHa KOHIIeHTpallija aepocosa, y (m-3)

* (j - yKymnHa KOHIleHTpallija pPaJMOaKTMBHMX aepocojia KOoju Hoce j-Tu
pamonoB Kparkoxusehu moromaxk (j=1, 2, 3), y (m-3)

* P(d) - koedpunmjenT npumajarma 1 PyHKIIMja je BeJIMUIHe aepocosia.

Bpennoct koje ce Mory cpectu y JjmTepaTypu 3a Cpedry KoeduIlvjeHT
npunajarka cy ox 0.5 x1012  mo 2.3 x10-12 m3sl. PermaruBHa pacrionerna
paaMoaKTUBHMX aepocosia II0 OMjaMeTpuMa je JaTta Ha oy Opoj 2.4. [24].
PagmoakTuBHM aepocosu ca Aujamerpuma y uHTepBaity o 0.1 o 10 nm [25] ce
HajOosbe Tasioke y JbyOcKMM Iuiyhmma. Aepocorm Behmx nmmMeHsuja ce
3amprKaBajy y HOCY M YCHOj OyIUbM He Jonupyhu 10 oceTsb1BOr pecpaToOpHOT
ernmTesia OGpoHxMjaIHoOr cTabria.

Y 3aTBOPEHUM NPOCTOpMjama

Ha oTeBOpeHOM NpocTopy

PenaTuBHa pacnoaena
aKTUBHWX aepocoa

102 101 [vjameTap aepocona um

Cnmuka 2.4. PeytatuBa pacriofiesia pagyioakTVMBHIX aepocoria 110 gyjaMeTpyrMa
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[Topen mpumajarsa IIOTOMakKa aepocosivMa, IIOCTOjI ¥ OOpHYTM Ipoliec,
onpajame. IlpwmkoMm pacrama, 28Po emuryje andpa wectumily, mpu demy
HOBOHACTaJIO je3rpo AoXupBbaBa y3Mak. OBaj y3Mak je moBosbaH Aa gobe 10
oflBajarka aToMa of] aepocosia. BeposarHoha ma mobe go oxpajama (dpaxTop
y3Maka) je Bucoka 1 msHocu 0.81, ImITo je pasym/bMBO aKo ce 3Ha Jla eHepruja
y3MaKHYTOT je3rpa 3a 214Pb msnocu 117 keV, a eHepruja Be3e aToma y aepocoiry
je pema eV [3] . [do onBajarba He moj1a3u y CJIy4ajy Kajda je Y3MakHYTM aToM
ycMepeH IIpemMa caMOM aepocoily, 3a Kora je IIpuIIOjeH, U KaJa je IujameTap
aepocosia Behm op 1omera aroma y meMmy. IlpuriojeHu m HempuiojeHU
PpaZloHOBM IIOTOMIIM TaJIoXKe ce Ha IIOBpIIMHaMa YHYTap 3aTBOpPEHMX
npocropuja (3UI0BM, HaMellTaj). TakaB mpolec TajoXema (plate out) je
3HavajaH MexaHW3aM CMarmblBar-a KOHIIeHTpallyje paJoOHOBMX IIOTOMaka Yy
aTMocdepm 3aTBOpPeHMX IIPOCTOpHja. JaumMHa TajloXema ce mobuja y (Bqst) u
IpeJicTaB/ba HaTaJIoKeHYy aKTMBHOCT Yy jeqVHWUIM BpeMeHa Yy 3aTBOPeHO]
IIPOCTOPUjI. JaumHa Tajlokema ce Moxe gaTn mspasom: Cj A v [3]; roe je A
MOBpPIIIMHA Ha pacHosiaramy 3a Tajloxere y (m?), Cjje KOHIeHTpalja j-TOr
pagoHoBOr moTtoMKa y (Bqm=?) 1 v je Opsuna Tasmoxema y (ms?). Moxe ce
IpoydYaBaTV 3aBUCHOCT TaJIOXKeH-a Ofl Pa3/IMuMUTUX IlapaMmeTapa, Kao INTO CY
KOHIIeHTpallija aepocojia, paclojiejla aepocojla II0 BeJrduHaMa, jadrHa
BeHTWIalyje UTH. Y Ty CBpXy, KOHCTPYWIILy ce CIlellijaJiHe KOMOpe, Y KojuMa ce
OBYU ITapaMeTpy MOTy KOHTpoOJIMcaTH. 3araXkeHa je MHBep3Ha perlalja usmeby
fesla HaTaJIOKeHVX pavoaKTVBHMX aepocosia y W HuxoBe KoHIeHTparuje C

[24].

2.2.4. KoHneHTpaimmja pagoHa y 3aTBOpeHMM IIPOCTOpMjaMa ¥ Ha OTBOpPeHOM
IIPOCTOPY

300r BUCOKOI 3[IpaBCTBEHOI PpW3MKa, HMBOM pajioHa W  HeroBuX
KpaTKoxusehnx moTroMaka y Bas[ayXxy 3aTBOPeHMX IIPOCTOpHja CUCTeMaTCKU ce
UCInTyjy y 1eioM ceery. ITpema mpenopykama Komucuje ICRP [8] om 1994.
rofIyiHe JI03B0JbeHe KOHIIeHTpallyje pajloHa 3a 3aTBOPeH IIPOCTOp Cy:

* 200 Bqm 3a HOBe 3rpajie n

* 400 Bqm 3a crape 3rpase.

I'pabeBunckM cranpaps 3a msrpagry HOBMX craHoBa u Kyha je 100 Bqm-
pazoHa Kao mpoceuHm ropguiirsy HuBO, 200 Bqm? 3a npenopyky jedpTmHMX
caHarmonux Mepa 1 600 Bqm= 3a mpenopyky ckymomx caHalMOHMX Mepa [26].
Hamme, n y aiyuajy oBux mpernopyka M HOPMU, IpUMelbyje ce ITPUHIINIL
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ALARA (As Low As Reasonably Achievable - oHOMMKO HMCKO KOJIMKO ce
pasymMHO Moxe moctmhn). 3aTo, YKOJIMKO aflcoilyTHa OOMITHOCT y [IeJIOBMMa
mTocdepe WM TeOXEMMUjCKV IIPOIecH PervoHaIHO VIV JIOKAJIHO 3HadajHo
KOHILIEHTPUIIy IPUpPOOHEe PaayoHyKIVIe, TOJIEPUIIy ce Heu30eXHV BUIIN
HuBOU joHM3Yyjyher 3pauersa. KoHIleHTpalmje paoHa Ha OTBOPEHOM IIPOCTOPY
Cy HEeKOJIMKO IIyTa HIDKe HeTO Y 3aTBOPEHMM IIpocTopHjaMa U Y MHTepBaJly Cy
oz 5 - 15 Bqm [27].

KoHnenTpanmje y 3aTBOpeHMM IIpocTopujamMa Cy 3HAaTHO Bullle 300r
"HarommlaBara" pajioHa yciIe], CTJIHOT JOTOKA M3 3eMJbUINTA U rpabeBUHCKOr
Marepujaia ¥, IIpe CBera, ycilel] CMarberba IIPUPOJIHe BeHTIIaIje 3aTBOPEeHMX
IIpOCTOpYja, V Wby YIITelle TOIUIOTHe eHepruje. Y BeJIMKOM Opojy 3emarba
BpIIMI Ce IIPUKyIUbalbe IIOflaTaka O KOIEHTpalVjyi paJoHa W FberOBUIX
II0TOMaKa KaKO Ha OTBOPEHOM IIPOCTOPY, TaKO M Y 3aTBOPEHVM IIpOocTOpjaMa,
KapTorpaduilly ce TepeHM y ONHOCY Ha IPWUCYCTBO pajioHa, IIpOHajlase ce
obmacTit ca moBehaHOM KOHIIEHTpalyjoM Y 3TpafaMa, KapaKTepuile ce
rpabeBuHCcKM MaTepujail uTH. Y Tabemm 2.6. [5] maTe cy cpemrbe TommIiibe
BPEeIHOCTV KOHIIEHTpaIyje paoHa y 3aTBOPEHVM IIPOCTOpHjaMa 3a HEKOJIMKO
3eMajba. VI3BpiieHa je mporeHa u opapebeHe cy cpemre BpegHOCTHU
KOHIIeHTpallyje paloHa y 3aTBOPEHVIM IIPOCTOPVjaMa 3a I1e0 CBeT; OBa IIpOlieHa
nsHocu 37 Bqm3 [5].

2.2.5.YTnnaj BeHTMIIaIMje Ha KOHIIEeHTpallijy pagoHa

Jaunua BenTmIanMje (Av) je dpakTOp Koju yTMdUe Ha CMamele KOHIIeHTparllyje
pajioHa y 3aTBOpeHMM IIpocTOpujamMa, a Wu3paXaBa ce OpojeM m3MeHa
1IeJIOKYITHOT Basjlyxa y IpocTopuju y ToKy 3.6 ks (omHOCHO jeHor vaca - 1 h).
ITpu ToMe, BeHTUIIaIIMja Ce CaCTOjV W3

* uHWITpauyje - HEKOHTPOJIMCAHM MPOTOK BasgyXa W3 3aTBOPEHMX
IIpoCTOpUja KpO3 OTBOpe U IIYIUBMHE y yCJIOBMMa Kaja Cy IIpOo30pu U BpaTa
3aTBOpeHM,

* IpUpOHe BeHTWIallije - IIpoBeTpaBakbe IIPOCTOpHja KpPo3 OTBOpeHe IIpo30ope
Y BpaTa U

* BelllTauke BeHTWIallyje - KOja je n3a3BaHa eJleKTpoMexaHnukuM ypebajuma 3a
IpoBeTpaBarbe IIpocTopuja (KOja HUje HpelopywbMBa YKOIUKO je
IPOIYCT/BMBOCT OKOJIHOT 3eMsbuinTa Beha om 100 m, jep cHvbKaBa IIpuTHCaK
yHyTap IIpocTopuja 1 I0BOAM A0 "ycucaBama' pagoHa M3 semsbuinTa) [15]. Y
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HOpMaJIHVUM ycJIoBMMa (Tj. Oe3 BelllTauke BeHTWIallMje), jaurHa BeHTWIallje je

OKO jeflHe IpoMeHe IIeJIOKYIHOr Basgyxa Ha 3.6 ks. 3rpage ca jaumHoM

BeHTWIanyje mcrop 0.5 m3MeHa y Toky 3.6 ks cmaTpajy ce jiolile BeHTMIIMICAHWM,

a M3Ha/ jeflHe M3MeHe BasdyXxa y TOKy 3.6 ks mobpo BeHTwIMcanuM. Mepema

KOHIIeHTpallyje pajJioHa y 3aTBOPeHMM IIpocTopujamMa uecTo cy IrpaheHa

MepemeM ja‘H/IHe BEHTT/IJ'IaU;T/Ije, " TaKBa Mepema I'IOKaBy'jy 3aBVICHOCT

KOHIIeHTpallVje pajioHa Off jaurHe BeHTWIalyje, Kao Ha cmim 2.8. [5].
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Cruka 2.5. 3aBrICHOCT KOHIIeHTpallyje paJoHa Of] jaurHe BeHTwIallje

Bapujaninja koHIeHTpaluje  pajioHa y QYHKIIMjU BpeMeHa MoXe OuTHh

HpezicTaB/beHa cilefilehoM jeqHauMHOM:

dc YEjAj | q(Co=0)

—=—-AC + L+ (2.11.)
dt v 14
C = Ci _ ZEjAj+ZC0 e—(ﬂ"‘(q/v))t + ZEjAj+qu0 (212)
V+(A+V) V(ﬂ+;)
C o63mpoM Ha To 1a je A<<q/V, mobmja ce:
SE:A;
Clooy = Co +— (2.13)).
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Jennaumua 2.12. mokasyje TO J[da, ako cTamMOeHM MpoOCTOp MMa [00py
BeHTWIalVjy, KOHIIeHTpallja paJoHa je IpUOIVDKHA Kao U Y CIOJbAlIHOj
cpeguay. EMuicronn mojam Y E;A; y Be3u je ca VHMIIMjaIHVM pacTOM KpUBe,

riof1, mpetnocraBkoM Aa je Ci mpubimvkHo mcTe BpegHocT Kao 1 Co.

Hudepentmpamem jenHaumne 2.12., kaga t Texu Hynu, nobuja ce ciienehm
u3pas:

0dC _ LE;4

M =J == (2.14)
Axo jeqaaunny 2.14. 3ameHnMo y jeqHaumaM 2.12., mobuja ce:
M;V
Ciwo) = Co + ; (2.16.),
VAJIVA
C M;
) — 4 2L (2.17).
Co CoL

2.2.6. Bapujaunje KoHIIeHTpalyje pagoHa y Basayxy

[Topen Beh HaBemeHOr, KOHIIEHTpallMja paJioHA 3aBVICK M O MEeTEOPOJIOIIKIMX
yCJI0Ba ¥ TOOUIIELET J00a.

Merteoporomky ycaoBu y LeIMHM YTU4y Ha Op3mHYy M IpaBar, KpeTarba
KOHTaMVHVpaHe aTMocdepe, Ha OVMeH3Mje XOPM30HTATHOT pacIUIibaBarba U
Ha BpeMe ofIp)KaBarba ofipebeHe KOHIIeHTpanyje pagoHa [28,29].

Opn, BepTHKaJIHOT KpeTarba BasjyXa 3aBUCK Y KOjoj Mepu he pafgoH omIasuTu
yBuc vwm he ce pacmpocTrpaTii XOPM30HTaIHO, OJHOCHO COYIITATH IIpeMa TIIy.
Y Besm ca OucriepsnjoM TOKCMUYHMX MaTepuja, IIOCTOje TpU CTarba BepTUKaIHe
CTaOMIIHOCTY BaslyXxa: MHBep3uja, M30TepMuja 1 KOHBeKIIHja.
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VHuBep3uja HacTaje Kaja TeMIlepaTypa Basgyxa pacTe ca BUCHMHOM yMecCTO Jia
onaga. To je Hajiommja BapujaHTa y CMMOIY KOHTaMMHAaIMje, 3aTO IITO He
Moxe gohwm 110 aucnepsuje pagoHa. Pamon morasu go ompebeHe BucuHe U Ty
ocraje. Kama wmHBep3mja Tpaje IyXe, paJoH ce Haromwiasa, I1a Iberosa
KOHIIeHTpallija MoXke OMTU oIlacHa 3a Jeyle. [lo MHBepsuje Ios1asyu 3a BpeMe
Belpux HohM, Kaga je wcHjaBambe 3padera (y BUAYy [IyroTaJacHMX
uH@pallpBeHNX 3paka) MHTeH3MBHMje, IITO A0BOOM 10 Xxjlabera 3eMibliHe
IOBpIIVHE W 3padera eHepruje Hasayg y cBemup. OBo 3a mocienmily mMma
xjaberse cjl0jeBa Baslyxa HeIIOCpedHO y3 HoBpivHYy. VIHBepsuja HacTaje
NpuOIVDKHO jeflaH caT IIpe 3ajlacka CyHIIa, a IIpecTaje y TOKY jeJHOI caTa I1ocjIe
FbeI'OBOT M3JIacKa. Y KOT/IMHaMa ¥ JoJIHaMa XJ1aJHM BaslyX ce MOXKe CITyCTUTHU
ca oKolIHMX Opma. XimagHu BasAyx MMa Behy rycTuHy, caMuM TUM ¥ Macy, Iia
VICTIUCKYje TOIUIMjI, KOjU OfjIa3u yBUC, cTBapajyhm nHBep3ujy.

OsakBe MHBep3wMje ce 4ecTo jaBsbajy TOKOM 3UMCKMX Meceryt. [Tprmkom cymapa
Ba3AyIIHMX Maca PpasIMuuTHX TemIlepaTypa, XJIaJaH Ba3lyX TOHe VICIIOf,
TOIUIVjer Ha JoAuMpHOM ¢pPOHTY, a IIojaBa je IIO3HaTa Kao poHTa/IHa
VIHBep3uja.

[dpyro crame je HeyTpasiHO (M30TepMuja). Moxke HacTaTi Kako IIpu xjiabemy,
TaKo W IPY 3arpeBary 3eMJbVHe IOBpPINVHe, WIN KaJia ce OBYU IIpOllecy JlaraHo
o1BMjajy. 3a HayTpaJIHO CTare KapaKTepPUCTUYHO je TMyPHO BpeMe, JIOK ce KO,
Be[Jpor BpeMeHa MOXKe II0jaBUTM J[Ba Yaca MOcCJe M3jlacka WM [Ba 4Yaca Ipe
3aj1acka CyHIIa, OH[a Kaja MHBep3uja IIperasu y KOHBeKIujy u obparHo. C
acIieKTa 3allTHTe XXMBOTHe CpeJliHe, OBO Cy IOBOJbHWM]jM YCJIOBY O VIHBEp3Uje.

Tpehe crame je KOHBeKIIMja, KOja ce KapaKTepuille BeJIMKOM HeCTaOVIHOIIhy
Baz[lyxa no BepTukaim. Hacraje mpu WMHTEH3MBHOM 3arpeBamy 3eMJbiHe
MIOBPIIIIHE, OHOCHO Kajla IIPM3eMHM CJI0jeBU BasgyXa 300T 3arpeBarba I10CTajy
JIAKIIM M OVDKY ce Y BUC, a XJIaJHWjU ce CIIyINTajy Ha IIOBPIIVHY 3eMJbe.
KonBeknyja ce jaB/ba jieTH 3a BpeMme BeOpmx wim cj1abo oOrmauHMX AaHa.
Hacraje oko mBa cara mocie m3jiacka CyHIla, a IIpecTaje OKO JIBa cara Ipe
FberoBOT 3aJIacka. Y OBMM ycIoBMMa 3arabeHa aTtMmocdepa je M3JI0KeHa jaKoM

pacIIM-aBary, OJHOCHO pajIoH ce BeoMa Jlako pacIuimibyje y Bucuay [30].

JIHeBHe Bapujalyje KOHIIeHTpalyje pajioHa Cy IpuIlcaHe OBMM IIpoMeHaMa
crabmtHocT aTMocdepe. PaHo yjyTpy, KOHIleHTpallija pasioHa je MaKCuMasIHa
300r TeMIlepaTypHe WHBep3uje, KoOja CIIpedaBa BepTMKaJIHO Ba3IyIIIHO
CTpyjamse, IITO JIOBOAM [0 eKCTpeMHO cTabwiHe atMmocdepe. Ilocre msiacka
CyHIla, IIOYMIbe 3arpeBarbe Tjla U IIPU3eMHUX cjlojeBa aTMocdepe, HecTaje
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TeMIlepaTypHa MHBep3Mja M YyCIOCTaB/bajy ce BepTHKaJlHe BasfyIlHe CTpyje.
Yciien oBora, KOHIIeHTpallMja pajioHa y HPU3eMHOM CJIOjy aTMocdepe omaja.
Kacno mnomnogHe, crabwiHocT aTMocdepe pacTe, IITO OOBOAM [0 IIOpacTa
KOHIIeHTpallyje pajoHa.
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3. 3opaBcTBeHM epeKTH pazioHa

3.1.1. Vicropujckm mpersen 3gpaBcTBeHe IIpo0IeMaTHKe paJoHa

Pagon je jemaH op, OpBUX paaMOaKTMBHMX ejleMeHaTa ca KojuMa ce 4YOBeK
yriosHao, u To noderkoMm 20. Beka. MebyTum, doBek je 1 MHOro mpe Tora 6mo

M3JI0KEeH )]',ejCTBy paaoHa 1 yodaBao ):LejCTBO FETOBOT’ 3paydekba.

O Tome cBefoue ArpukonmHn pykonucu us 15. Beka. OHu Gesnexxe HeoOU4HO
BIICOKY CTOIy MOpTajluTeTa pydapa y IIOI3eMHVMM pyJHMUIIMa MeTajla Yy
wiaHnHaMa Epi, y cpenmwoj Espomm. Y3pok cMmptit cy Owie Oosectu
pecnMpaTopHUX OpraHa W IIpeficTaB/bajle Cy, BepOBaTHO, KOMOMHaIIVjy
wiyhsor kaHIlepa, cwiIMkose ¥ TyOepKysiose, IITO Cy, MHade, yoOudajeHa

oborperra Kop, pyzapa. OBe OortecT Cy jeqHVMM VIMEHOM O3HadeHe Kao ,TOpcKa
Gosect”[31].

ITouetkom 16. Beka nmpyumMeheHa je BrcOka CMPTHOCT MjIabux pydapa y pervioHy
[ITaebepr. Y3pok cmptu cy Owte Oostectn rwiyha. YuecrasocT mojaBe oBe
wiyhHe GostecTn paciia je ca mopehereM BpeMeHa ITPOBeIeHOT Y PYAHMKY.

T'ogmue 1898. Iljep 1 Mapuja Kupnu (Pierre & Marya Currie) cy ekcTpaxoBain
222Ra 1 2%Po n3 pyna u3 Joaxumosa. TakosBaHa pamujyMoBa eMaHalyja KacHuje
je HasBaHa pafoH. PamoH je MaeHTUPUKOBaH Kao payjyMOB IJIEMEHUTV Tac

KOj/ HacTaje IPWINKOM PaZIOaKTMBHOI pacraja pagyjyma.

ITouetrxom 20. Bexa (1901. ronyuue) Emmmrep n I'ajresnt (Elster i Geitel) cy mouemnn
ca MepemeM pamoHa y pyagauiMa y Ixebepry n Joaxmmosy. ITokasaso ce ma
y aTMocdepu pyIHMKa IIOCTOj1 BUCOK cafpikaj pagoHa (ox, 70 kBqm3 go mpeko
500 kBqm3?). dupexrop pymumka y lLlxeukay (Zwickau), wsBecHn Mwuiep
(Miiler), mpBu je youno Be3y msMeby pajioHa u rojase ruryhHMX KaHIlepa.

Y ToMm mepmopy jorn yBek Huje mpuxsaheHo J1a je pamoH y3pouHU ¢akTop 3a
ydectasie riyhne kanrepe, seh 11a je camo jeman o Moryhmx y3poxa.

Kacauje matosionike cTyauje Iokasajie Ccy Aa pydapu mmajy mosehaH Opoj
npuMapHOr KapayHoMa Ivtyha (Arnstein, 1913, Rostonski et al., 1926). Pamon
TIIOCTaje IIpero3HaT Kao BaXkaH YMHWIIALl y HoBehanoMm Opojy mryhamx kaHIepa
HaKOH CITpBODer-a IIpBVX eNnaeMIOJIONIKIX YiHWIalla TpuaeceTnx roavHa 20.
Beka (Pirchan and Sikl, 1932).
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Hakon [lpyror cBeTckor para, II04eJjIO Ce ca MHTEH3MBHMjOM eKCIIoaTallyjoM
ypaHVjyMOBe pyZie y MHOIMM 3eMJbaMa. Y TOM Hepuoy, KOju ce, MHaJe, Ha3/1Ba
paHoMm dpa3oM pypapcTBa ypaHMjyMa, IHocBehmBajio ce BpJIO0 Maylo IaKEbe
PaIMoJIONIKOj 3allTUTK pydapa. Takobe ce cmaTrpajio da je y OBUM
HOBOOTBOPEHVM pPyAHMIIMMa HMBO paJloHa 3HATHO HVDKM HEro y cTapuM

PyJapcKuM KOITOBMMa.

Tex je 1951. roguue Bumijem bejin (William Bale), o6jassuBarseMm cBor bejiosor
MeMOpaHJIyMa, M3HeO VIejy Ja Y3pOUHV areHTH 3a IUTyhHM KaHIlep MOTry OuTu
PaZiloHOBY IIOTOMIIM, a He caM rac pamoH. HemsocMmciieHO je mokasaHO [a
Pa/ioH ¥ F-eTOBY TIOTOMITV eMUTYjy ajidpa decTuIle Y JbyICKOM pecIpaTOpHOM
TPaKTy, IIITO M3a3uBa omTehera TKMBa 1 110jaBy KaHIiepa [32].

Y rommmama xoje cy monasmiie CIIpoBefleHe Cy eKCIIepVIMeHTaJIHe CTyhuje O
AeTo3uUIIMjU U 3aJlpXKaBamby PajloHOBMX oToMaka y mwiyhuma. Ose cryauje cy
oMoryhwie KBaHTUTaTUBHY IIPOLIeHy ajida 103e y OpOHXMjaITHOM eruTerTy.
OBa wcTpaxmuBarsa Cy 3a MOCJIEAMIy MMajla pa3Boj IIOY3JaHMjUX MeToda 3a
MOHUTOPMHI PpagoHa. 1957. romuue ysemeH je KoHmenT PAEC-a (koHienT
,KoHnenrpanmje moreHmyjasiHe asida eHepruje”). Ycpajarbe OBOr KOHIIEIITa
HAIIIJIO je CBOjy IIPVMeHY y ITPaKCI.

PesyiTaTyi MCIIPIHIMX TyTOTOAVUIIIERIIX CTYMja Koje Cy ce OaBuile 3 paBCTBEHOM
pobJieMaTKOM pajioHa y pyaHuimMMa oOjasrbeHn cy 1971. y CAIl n 1972, y
YexocsioBaukoj. 3aK/by4yak OBUX CTyAuja Ouo je ga pusuK of ITyhHOr KaHIlepa
pacTe yMHeapHO ca II opeharbeM YKyITHOI YOBEKOBOT WM3Jlararba paflOHOBUM

IIOTOMIIVIMA.

Heke kacHmje cTynuje wcTpaxwBajle Cy W KBaHTUTaTUBHY Be3y u3MeDy
v3Jlarara pajoHy M pusMKa of mojase IUIyhHor kaHiepa. Pesynratn oBmx
cryamnja objenubenu cy y [Tybmmkarmjn ICRP 65 [33,34,35,36].

Cryauje Koje cy y mpBoM Maxy Owsle 3acHOBaHe Ha WCTpaXkuBambliMa KOJI
pydapa IpommvpeHe Cy ¥ Ha OHINTY IIomynanujy. TpaxeHa je KsaMTaTuBHA U
KBaHTUTaTWUBHAa Be3a M3Meby 1m3jarama jbyIM pafoHy y yobudajeHoj cTaMbeHoj
aTMocdepm m nojase IUTyhHMX KaHIIepa, a 3aTVIM je BpllleHa IIpolleHa pu3MKa.
[Tomrro 5pymm mposoze 80% BpeMeHa y 3aTBOpeHMM IIpocTopujamMa, IoceOHa
naxma IocBeheHa je w3Iararmy CTAaHOBHMINTBA PpafioHY VY 3aTBOPEHUM
IIpocTopujama.
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ITocTojare mpobiemMaTiKe pafioHa y pe3uaeHLIVjaJIHUM OKOJIHOCTMMA IIPBU je
o0jaBno Xasnrksucer (Hultquist) 1956. I'oguee, Ha OCHOBY McHUTMBarba [IBecTa
nageceT et kyha y IlIsenckoj. MebyTtum, mebyHapogHa HayuHa yapy>kema
HUCY ToMe IIpuaasasia Behu 3Ha4aj, cMaTpajyhu a je To j1oKayIHM IIpooieM.

[BageceTak rofuHa KacHMje oOaB/beHO je MacOBHMje Mepeme pajioHa Yy
pesuieHIMjaJIHUM 00jeKTHMa y MHOTMM 3emibaMa. ObjeriubeHn pe3ysIraTt cy
o0OjasrbeHn y mmyormxkanmjama UNESCAR-a [37-40].

ITopeharmse mMHTepecoBarba 3a paJjlOH Y OFHOCYy Ha OCTajle M3BOpe 3padeiba
IIOTHYe OfI FerOBOT BEJIMKOT yjesla Yy YKYIIHOj O3padeHOCTV CTaHOBHUIIITBA Of]
CBUX WM3BOpa 3paderba. Ha ocHOBY m3BelTaja MebyHapogHMX opraHusalyja 3a
3padere, ToOMIIba edeKTVMBHA eKBMBaJIEHTHA J[03a CTaHOBHMIIITBA
npolierweHa je Ha 2.4 mSv [37,42 |. Ha ocHOBY mpolieHe IOIpUHOCA Ha CIIVIIU
3.1., mpuKa3aHa je T3B. Maria jgo3a [43].

3%

D

Cinuka 3.1. Maria gosa 3a OHINTY IIOITyJIalyjy

M PagoH

H Kocmunyko

B MepguumHcKo
B NHTepHO
Hama

® Octano

(rommima edpekTBHA [03a M3HOCK 2.4 mSvV)
Ca ciMke ce BUIM J1a M3pasuTo Hajsehy 103y paaujaliuje OImmTa IIOMyJIariyja
IIpUMI Of], PajloHa M F-erOBMX IIOTOMakKa, M TO ITyTeM WHXajlalyje, IITO MMa
JAVIPEKTHO J1ejCTBO Ha peclMpaTOPHU CUCTEM.

3.1.2. Ekcno3uiimja mHXasIanmjom

3a eKcHnosuiyjy WMHXaJalljyi pajioHa OOTOBOpPaH je caM rac, Te HeroBu
rorToMIy, Kao mro cy: 214Bi, 214Pb, 210Pb, 218Po, 210Po, xoju Mory outm y
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oOMKy cj10000HMX KilacTepa, WiIM HaK Be3aHM 3a aTMocdepcke dYecTHUIIe.
PayoHOBM mOTOMIIM KOjUI MMajy Ay’ke BpeMme moiypacnaga, nomyt 210Pb i
210Po, He pompuHoce ospaumBamy y Behoj Mepu 3aTo ImTo MMajy Behy
BepoBaTHONy fda Oymy dusmukm msbaveHu mn3 wiyha MykoIwIvjapHO WM
npexko helnjckux TpaHCIOPTHMX MexaHM3aMa IIpe Hero IITO Ce paclajHy U

VICIIOpYy4e 3Ha4dajHIjy O3y 3padersa.

Q@opmuparme aepocosia IIOTOMaka yK/bydyje pasianunTe (Qpu3andIKo-XeMujcKe
nporiece: (1) ogMax HakoH dopMuparka, IMOTOMIM pearyjy ca racopuma U
napama 1 popMupajy Klacrepe, OHOCHO HelIpUIIojeHy dpakLyjy, Koju UMajy
npeunuke oz orrapuimke 0.5- 3 nm mm (2) HenpuriojeHe dectuile popMmUpajy
KOMIUIEKCe ca JIPYTMM aepocoyIiMa WiIM decTuriaMa v popMupajy IIpUIIojeHy
dpakiyjy, 3a Kojy je KapaKTepucTHU4daH XUIPOCKOIIaH pacT, Te OBU KJlacTepu
Mory mMaty npednuke of, 50 mo 1.500 nm. Pasmepe HempuriojeHMx Kactepa y
VIHXaJIMpaHOM Bas[yXy 3aBuce Off KOHIIeHTpalluje M pacliofiejie BeJdnHa
aepocosla y >XMBOTHOj CPeIMHM, yCI0Ba WM3JI0KEHOCTM (HIIp. 3aTBOPEeHU WIN
OTBOpPeHU IIPOCTOP) M aKTMBHOCTY II0jeVHIIa (CIlaBambe, yOp3aHo Aycare, Kao
" aKTMBHOCTU Koje ocsiobabajy wecTuile y Basjayx). Bermumne m pacmnoperia
BeJIMYMHA dYecTMIla Yy IIyIIauKMM JIOMOBMMa W pPyIOHUIMMa MOTy OuTn
NpUOIVDKHO 1CTe, HOK Cy BeJIMYMHE YeCTHIla Make Y CTaHOBMMa HeITylladva.
Komunba nemnpuriojeHe dpakiyje 3a TUINIWYHe yHyTpallllbe IIpocTopuje je
nporier-eHa nsMeby 5-20%, nok EITA mponiemyje 1a je oko 50% [44]. ITymmeme u
ApyTe aKTMBHOCTM Koje mosehaBajy KolmumHy aepocosia (HIIp. ycHcaBarbe,
KyBame, KaMH 1 yrnoTpeba BeHTwIaTopa) mosehahe mpumojeny dpaxumjy,
KOja Ha oxrosapajyhm naunx nosehasa mosy|[45].

Henosuimmja, a KacHMje M ancopiyja MHXaJIMPaHOr pagoHa ¥ HheroBUX
II0TOMaKa, II0f yTulajeM cy dakropa Qu3MOIOMIKNX, KaO M XeMUjCKUX U
pusMuKMX  KapakTepucTMKa  pagMOHyKIIMJa, Hocada aepocosa,  Te
aTMocdepckmx dvecTuila. PaioH je mHepTaH, IUIEMEHWUT Tac, a TaJloXeme U
aricopriiuja cy ofgpebenn bpayHoBuM KpeTareM, HbeTOBOM pacTBOpsbMBOIINY y
wIyhHMM TeyHOCTMMa, Kao 1 HeroBoM HpoIrycTbusolthy kpos henmje miyha:
HMpKyJmiIyhe KpBu Kpo3 Tejio M MpOToKoM Kpsu 110 1wiyha. Koedwurimjent
HapTuIije Bas3lyxa 3a paJoH y KpBu je mpouemeH Ha 0,4, ma he, crora,
KOHIIeHTpallyja pajioHa Y KpBU y CTaky MupoBara 6utn oko 0,4 rmyTa Beha of
KOHueHTpaumje pamoHa y rmthOM Bas;:nyxy[47,48]. ITom mpetmiocTaBKOM fa ce
pacnofiernia pajoHa nsMebDy IuTyhHOr Basgyxa v KpBU BpIIV TOTOBO TPeHYTHO,
aricopmiija M IIpeHoC pajioHa U3 Iulyha cy peryymcaHyu IIPOTOKOM KpBU Y
ryhuMa (Tj. crona ancopriyje he Oty orpaHiyeHa IIpoTOKOM). AKO je JOTOK
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KpBu y 1ryha xop ogpacite ocoGe 5.3 Imin-!, 11 ruryha sanpemune 2,821, T1/2 3a
aricopniyjy pagoHa u3 mwiyha o xpsu he 6utm oko 0.4 muHyTa (cToma je
koHctaHTHa: 113 h') [48]. bBp3o uumihewe pamona w3 wiyha, mnyrem
aTICOpIILIVje ¥ F-eTrOBOT M3/ycarka he pe3yIToBaTyi MypoBarbeM KOHIIeHTparyje
pamoHa y kKpBu Beh HakoH 2-3 MMHYyTa o HO4YeTKa M3/Iarama racy. Ynirheme
pajioHa M3 KpBU je peryymcaHO IIPOTOKOM KpBHU JI0 OpraHa 3ay>XKeHUX 3a
FbeTOBO CKJIa/IVIIITEhe.

Ha ocHOBYy cTyauja cCHIpoBemeHMX Ha O KMBOTMEbAMA, OMCTpUOyIMja
arrcopOOBaHOT paJioHa yKasyje Ha FbeTOBY PacTBOPJBMBOCT y BOAM VM MacTMMA.
Hycbaym 1 Xypex (1957) cy wsinaraim IarioBe pajioHy (1eJIo Tejlo) 3a Iepuof,
o, 30 muHyTa 110 48 caTn M M3MepWIM HMBOE Pa/JiOHa y TKMBMMa Ha Kpajy
u3iarama. Hajsehe koHIleHTpalMje pagoHa youeHe cy y MacTumMa. VI3MmepeHe
KOHIIeHTpallyje pajloHa y TKMBUMa (Cpefba BPeIHOCT * cTaHHap/Ha Ipellka
[SE]): macHe Hacnare Ha cromaky 4.83 + 0.07, Bercka xps 0.405 + 0.016, Mmo3ak
0,309 + 0,008, jerpa 0,306 + 0,004, 6y6pesn 0,285 + 0.012, cpue 0.221 + 0.013,
tectuc 0.184 + 0.007, m ckenetam murmhm 0.154 £ 0.005. [46]

M3 oBor mcrpaxuBama Takobe cy mpujaB/beHe MHOpMallvje O KMHETUIIN
pecopIiyje MHXaJIMPaHOr pajloHa y TKMB/Ma. Y CBUM VMCOUTVUBAHUM TKMBUMA,
OC/M MacTV, KOHCTaHTHW HVBOW paJioHa Cy IIOCTUTHYTHU y POKY Of, je[THOI caTa
II0 IIOKpeTarby KOHTMHYMPAHOI  yAycarba. IToctuzame craOuiHe
KOHIIeHTpallyje Y CTOMayHO] MacTH je HeIlTo cIiopuje, M OBO ce objalllmaBa
HEIIITO CIIOPUjoM Hepdy31joM KpBY MacHOT TKMBA (II0 jeIVHUIIN Mace TKIBa) Y
nopebey ca gpyruMm MekmMm TKuBuMa. CJIMYHO TOMe, pelaTMBHO CIIOpa
nepdysuja MacTi Tpebasio 611 Ja IOIpuHece CIOPWjoj eVMMUHALMjM  pafoHa
73 TKVBa HAKOH ITpecTaHKa M3jlarama.

Yectuue ca moroMuyMa pajoHa Koje ce HaroMwiIaBajy y OVCajHVIM ITyTeBuMa
U3JIy4dyjy ce IIyTeM Tpu Ipolieca BaH Tena: (1) MyKommimjapHO, TPaHCIIOPTOM
70 TaCTPOMHTECTVHAJIHOT TpaKTa 3a IIOTOMKe [IelIOHOBaHe Yy IIMJIVjapHUM
aucajHUM IIyTeBuMa (Tj. Tpaxejama, OpoHXMjama w Oponxmorama); (2)
daronmTosom 1wryhamx Makpodara n henmjckuM TpaHCIIOPTOM A0 JIMMEHMX
ypopoBa (HIp. mo Iwiyha, TpaxeoOpoHXMjaIHO, MedyjacTMHaIHO);, wm (3)
aricopmiivja v TpaHcdep nyteM Kpsu 11/ v auMde y gpyra Tkusa. Hasemern
IpoIlecyl BaXke 3a CBe OOJMKe MIeIOHOBAHMX PaflOHOBVX IIOTOMAaKa, MaKo
pellaTMBHM Ve CBaKor IIyTa M CTOIe MOry BapupaTu ca (PU3NYKUM
KapaKTepucTKaMa (Ha IIpMMep, BeJIMuMHa 4YecTuIla), XeMUjCKMM OOJIMKOM

51



(CTel'IeH PacTBOP/BUBOCTIL Y BOZU/I) " paaMOJIOMIKVIM KapaKTepmCTVKaMa (Ha

HpuMep, creldyiHa aKTMBHOCT).

Mepemwa m3gucama pajioHa HAKOH y3MMarka pajJjloHa PacTBOPEHOr Y BOAU
yKa3yjy Ha TO [ja ce aricopOoBaHM pajioH yOp3aHO m3jIydyje IIyTeM U3gaxHyTor
Basayxa. Ymaxaymu 212Pb ce msnyuyje ypuHOM u dekanujamMa, a HaKOH
yaucama npuponaux 212Pb aepocora crBopennx on 220Rn, 3% o m3HOca ce
IIPBOOUTHO [IeIIOHYyje Yy PpecIMpaToOpHOM TPaKTy WU W3JIy4dyje YPWUHOM WU
dexanmmjama, 11 TO OKO 3 % THEBHO.

HyropouHa kmHeTHuka Jjiyderba 210Pb, Tj. XpoHWYHA M3JI0KEHOCT IIOTOMIIIMA
pazioHa MoOXe Aa HompuHece criopoM msacky 210Pb koju je akymysimpas y
KocTmMal[49].

3.1.3. Excrmio3mummja MHIecTHjoM

V310xeHOoCT palloHy OpalHMM IIyTeM MOXe ce jaBUTM Kao IocCjIe[iulia
pacTBOpeHOI PpaJoHa Yy BOAM. Y paBHOTeXM, KOHIIEHTpalyja pagoHa
pactBopeHor y Boau he Outu oko 0.25 y Basnyxy (Tj. XeHpujeBa KOHCTaHTa =
4.08 ma 20° C). PagmoakTmBHM paclian pafoHa y BOAM IIPOM3BOMAN H-erobe
IIOTOMKe; CTOra, VHOIIeHe Bofe Koja CafgpXM pacTBOpeHM pazoH he
pe3yJIToBaTH U MHTeCTUjOM H-eTrOBVX II0TOMaKa. PaioH ce aricopOyje y xenyiry
¥ TAaHKOM 1IpeBy, Majia aliCoOpIIyja MoXe fia ce jaBu 1 y febesioM 11peBy[50,51].

C o03upoM Ha TO [1a je paJlOH MHepTaH, Herosa arcopIiyja u3 Xejyiia he y
BeJINKO] Mepu Owtm oppebena cromoMm nmdysuje pamoHa M3 CTOMakKa [0
BaCKyJIapy3oBaHe CIIy30KOXe, HerOBOM pacTBOPIWBMBOIINY y CTOMaudyHUM
TKMBVMa ¥ KpPBU, Kao M IIPOTOKOM KpBM y CTOMaKy M IHpeBuma. Hudysuja
pazoHa of >KeJlyJayHOI cajp’kaja 10 TKMBa CTOMakKa MOXKe OrpaHu4aBaTu
Op3uHy amncopmimje. MebyTuM, o IpeTHIOCTaBKOM [a Ce PafoH TPeHYTHO
pacriofiesbyje M3 BacKyJlapu3oBaHe CJIy3HUIIe 10 KPBU, alcopIilyja pajoHa 13
CJIy3HUIle >Kejlylla peryJjmcaHa je IIPOTOKOM KpBM Yy cToMaky (Tj. croma
aricopryje he Ourn orpanmdena mporokoM). Ilo3HaTo je ma je mpOTOK KpBUL Y
cromMaky oko 1% cpuasor npotoka (1% oz 6.5 Imin! xox ompaciie ocobe) 1 3muma
xeryna 3anpemuHe ox oko 0,151, T1/2 3a ancopniinjy pamoHa 13 XeJTylia 3u/a
no kpsu he 6utn oxo 1.6 MmHyTa (koHcTaHTa crone = 0,43 min'). [Tomyspeme
aricopumje o 1-2 MuHyTa je y CKIagy ca 3anaXarbyMa O MaKCUMAaIHOj
KOHIIEeHTpaljii pajioHa y KPBM M MaKCMMaIHO] KOHIeHTpalluju pajoHa y
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BasAyXy Koja ce M3jaxHe y POKY of 5 MMHYTa HaKOH y3MMarba pafioHa y BOAW
of1 cTpaHe onpacimx [52,53].

Kunernka amcopmiyje moromaka pajioHa 3HaATHO je CJIOXKeHMja M ofpakaBa
pasauTe MexaHusMe (HIIp. TPaHCIOPT IpoTerHa Kpo3 MeMOpaHe 1 KaHaJle)
M MecCTa arcopIlliyje 3a paJoH ¥ IIOTOMKe. AIICOpmHIlMja IOTOMaKa pafoHa
HaKOH MHTecTUje ce y BeJIMKOj Mep jaBba y TaHKOM IIpeBy. Kao pesysirar Tora,
aricopmiivja MHIeCcTVpaHMX IIoToMaka Omhe mop yTuilajeM mpeHoca cagpikaja
CTOMaKa y TaHKO IIpeBO, Kao U ariCopIiyje IIoToMaKa 13 TaHKOT IIpeBa.

Mepema M3gaxHyTOr pajloHa HaKOH VMHIeCTUje pajoHa PacTBOPEHOr y BOOM
yKa3yjy Ha TO Jla je M3JaxHyT Ba3[lyX [IOMMHaHTaH NyT M3JIy4dVBarba YHETOr
pamona [54,55,56]. buoriomnika KnHeTuKa eJIMMMHAalIIMje allcOpOOBaHOr pafloHa y
V3HAaXHYTOM BasdyXy IIOKasyje Buie dasa. Y npsoj dasm, koja Tpaje 13
MUHYyTa, emMMuHUIIe ce 61% pagoHa, y Apyroj dasm om 19 munyTa
eymuHMIIe ce 34%, a y niocienroj dasu ox 207 MyHyTa eMMuHuIIe ce 5%
pecriekTrBHO; 95% no3e OuBa eymMuHMCcaHO Y poky of 100 munyra. Criopa
daza eMuHanMje je y CKIafly ca 3allakarbyiMa Ha eKCIIepVMeHTY ca I1alloB/Ma
VI peJaTMBHO CIOPOM aKyMyJlalyjoM pajloHa y MacHMM TKVBVUMA, Kao U
CTaJIHOj VIHXaJIAllMIOHO] W3JI0XKeHOCTV PaJoHy.

3.1.4. TeHOTOKCHMYHOCT

I'enoTokcruHOCT ajidpa 3paverba MOTEKIIOT Off PaJoHa ¥ H-eroBMxX IOTOMakKa je
UCIUTMBaHa Ko7l pydapa, Kop ocoba Koje XXMBe y JOMOBMMa ca M3MepeHVM
IIOBUIIIEHVM HMBOVMIMa paJioHa, Kao ¥ Ha JIabopaTOpMjcKMM XMBOTHIbaMa ifl
vIv0, Iy PasIIMUUTIM in vitro TecT cuctemuma. TaGerre 3.1 m 3.2 mpesicrasrbajy
pesyJITare in vivo u in vitro ca IpolleHaMa FeHOTOKCUMYHOCTY, peCIIeKTMBHO.

3HavajHo moBehaHa ydecTaJlocT XPOMO3OMCKMX alepallja OTKpuUBeHa je y
miMdonmTMa nepudepHe KpBu Majle rpymne rnojequHana y Hemaukoj koja je
OopaBiyta y AgoMOBMMa rfe Cy KOHIeHTpaluje pamoHa 4-60 myrta Behe on
HaroHayIHOr mpoceka ox 50 Bgqm? [57]. Yuecrarmoct omrrehewa [JHK y
aMMdonMTIMa 3Ha4dajHO je IoBe3aHa ca HoBehaHMM HMBOMMAa pajoHa y
Ba3AyXxy y craHoBuMa Ha HuBoy Behem op 200 Bqm-. Pesynratu jeqHe masie
cTyauje ca JiBajleceT IOjelMHalla yKas3a/lii Cy Ha HO3UTUBHY Be3y nsmeby XITPT
MyTaliyje y mmMmdormTiMa nepridpepHe KpBU 1 M3MepeHVX HiBoa pamoHa [80].
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Tabesa 3.1. [eHOTOKCMYHOCT paJoHa 1 H-eTrOBMX II0TOMaKa in vivo

Bpcra | Kpajrn nexop, I Pesynratn | Pedepenrtia
Cucapn
Yosek Bauchinger et al. 1994; Bilban and Jakopin 2005; Brandom et
(ot Xpomo3zomMcke al. 1978; Hellman et al. 1999; Pohl-Riiling and Fischer
nepridepHMX abeparyje 1979, 1982; Pohl-Riiling et al. 1976; Smerhovsky et al.
KPBHMX CYZ0BA) 2001, 2002; Stenstrand et al. 1979
Yopex
(v oI . .
nepudbepeiix MuxpoHyKIIeyc Bilban and Jakopin 2005
KPBHUX CyZIOBa)
Yosex
(madormi T'encke
MyTarnuje Cole et al. 1996, Albering et al. 1992, Cole et al. 1996
neprdepHMX
(HPRT)
KPBHMX CYHOBA)
lencke
ez MyTarge Shanahan et al. 1996
(xpB) (rmmxodopuH
A)
LS AHK Tuschl et al. 1980
(v ormaTin) TIoITpaBKa
ITartoB
(rpaxjarie XpOMO3OM.CKe Brooks et al. 1992
eIIiTeITHe abeparije
henwije)
3err X
(comatcke Eg:[O:OM.CeKe Leonard et al. 1981
henwije) pat
Mot XPOMOSOM.CKe Abo-Elmagd et al. 2008
(xormrTaHe CpXK) abeparje
Cupwjckm
(r);f;gim MuxpoHyKIIeyC Khan et al. 1995
pubpobiracTm )
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Tabesa 3.2. 'eHOTOKCMYHOCT pafioHa ¥ HeroBMX IOTOMaKa in vitro

Bpcta | Kpajwu ncxon, | Pesysratu | Pedepenrtia
Cucapu
Yosek XpOMO3OM.CKe Wolff et al. 1991
(v ot abeparyje
Honex XPOMO3OM.CKe Hamza and Mohankumar 2009
(rmmdormaTin) abeparje
“losex XPOMO3OM.CKe Loucas and Geard 1994
(pnbpobiracty) abeparyje
Kmeckn xprax Xpomoszomcke
ajHa herja . chwartz et al.
jajra hemj E6epam]e Sch 1. 1990
AAS)
Kmecxn xprax Xpomoszomcke
ajHa herja . chwartz et al.
jajra hemj 1;6epam]e Sch 1. 1990
EMD9)
Kumeckn xprax Xpomoszomcke
ajHa herma K- . chwartz et al.
jajra hermgja K p Sch 1.1990
1) abeparije
Kmecxn xpuax Xpomoszomcke
ajHa herja . - adley et al.
jajia hermj E6epaume Shadley et al. 1991
XRS-5)
Kuseckn xpuak Tercke
ajHa hesmga K- . + adley et al.
jajaa hemja K MyTanuje Shadley et al. 1991
1)
Kuseckn xpuak Tercke
jajHa hemmja . + Shadley et al. 1991
J v MyTanyje Y
XRS-5)
Kuneckn xpuak r
jajHa hemmja erieke + Shadley et al. 1991
J v MyTanyje Y
AAS)
Kuneckn xpuak r
jajHa hemmja erere + Schwartz et al. 1990
J v MyTarnyje
EMD9)
Kumeckn xpgax r
jajea hemvja erexe + Schwartz et al. 1990
14 v MyTarnyje
CM18)
My (L?178Y FEHCKe. + Jostes et al. 1994
henwije) MyTaIyje

Penocrien, porabaja koju [oBome [0 MoOjaBe MaJIMTHWTETa IIOApa3yMeBajy
joHM3anMjy Koja yspokyje omrehera hemmja, y xoja cramajy: JHK sombemse,
TayHa WV HeTayHa II0IpaBKa, arloIlTo3a, MyTalyje reHa XpoMo30oMa, IIpoMeHe
u reHercke HectabwiHocTy [89]. Crmka 3.2. pMKasyje ONIITY KOHIIEIITYaIHU
OviosIoIIKM MOfIesI Koju Boay of ajidpa 3paderba pajioHa M H-eroBUX ITOTOMaKa
1o passoja Tymopa. Ilporec oOyxsara HU3 MaHMdecTalja KojuMa 3paderha
VHAYKYjy MOJIeKyJlapHe IIpoMeHe W yTudy Ha HopMa/iHe dyHKIMje
peryjiaTopHmux TeHa, INTO JOBOAM JO HeCcTaOWIHOCTM TeHOMa, IyOuTKa
HOpMayTHVMX hesija 1 XoMeocTa3eKTVBa 1 Pa3Boj MaJIMTHUTETa.

ITosehare Opoja xpomoszomckmx abepanmja rrporabeno je n Meby ocobrbeM 1
CTaHOBHUINTBOM Yy obOsyactit bagracremH, Aycrpuja, Kojui Cy XPOHWYHO
V3JI0KeHW PaZIoHy 1 HeroBuM rnoromuyma [90].
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[Topact 0Opoja xpoMo3zoMcKux abepaiija y amMdoruTiMa 3alerieXxeH je U
MeDy ocaMHaecTOpo JbYAM pasIMuUTOr y3pacta y DPUHCKOj, XPOHUYHO
U3JIOKEHMX PafioHy y AoMahMHCTBY IIyTeM Boze y KOHIIeHTparpjaMa of, 2,9 X
104-1.2 x 106 pCil-! (1,1 x 103-4.4 10* Bql!), y mopebemy ca jbyamnma Koju HUCY
VIMaJI VICTOPUjy WM3JIOKEHOCTV BUCOKMM KOHIleHTpalljaMa pamoHa[65]. Osa
CTyauja je Takobe ykasaia ma cy dpekBeHIIMje XpOMO3OMCKMX alepaiivja m
XPOMO3OMCKM MHpeKuay dYemthm Ko cTapujux Hero Kon MiIabux Jbyaun
U3JI0KeHMX pafoHy. Vako je pamoH y momahmHCTBY OMo y BOMM, BepOBaTHO je
Jla je ucIlapaBao U Jla ce MOrao YHeTHM y OpraHmsaMm 1 IIyTeM aucamba. I[Ipema
TOMe, OBaj ITyT 13/larara yK/bydyje MHIecTHOHe U MHXaslallyiOHe ITyTeBe.

HocTynHu in vivo TIofay Koju Cy CIpoBefieH) Ha XXUBOTUE-aMa IOAp)KaBajy U
JIOCTyIIHe IIofjaTKe O JbyayMa. 3HadajHo roBehaHa ydecTasocT MMKPOHYKIIeyca
npumehena je y ¢dubpobiactuma 1wiyha xom Bucrap mariosa, cupujckmx u
KMHeCKMX XpyaKa KOju Cy yOucajM pagoH W Ierobe IOTOMKe IIpU
KyMYyJIaTUMBHOj m3joxeHocTr of, 115-323 WLM 3a manose, 126-278 WLM  3a
cupujcke xpuke 1 496 WLM 3a kuHecke xpuke [77].

3HayvajHo 1mopehaHa yuecTalocT XpPOMO3OMCKMX alepalija npoHabeHa je y
TpaxeaJIHUM ermTetHUM hermjama F-344 /N marosa Kojui ¢y yaycaIv IIOTOMKe
pagoHa mpM  KyMyJaTMBHOj m3tokeHoctr op, 900 wmm 1.000 WLM[77].
MsnoxenocT ajObuHO MuIleBa paJoHy M3 ypaHOBOI IIpaxa 3a 5-25 Hemerba
pe3yiTpa aKyMyJIMpaHOM [1030M pafoHa y omcery ox 13.01-65.05 WLM n
nopehaHoM Opojy CTPYKTypaJIHMX XPOMO3OMCKMX abepalivja, Te CMarbermheM
MUTOTCKOT MH/eKca y hesmjama KolTaHe cpXu 1 nosehameM MUKpOHyKIeyca
y IIpBeHVUM KPBHUM 3pHLMMAa[76].

3.1.5. MexaHmn3aM IreHOTOCKMYHOCTH

Jenna myTama Koja moBoau A0 dpopMuparka TymMopa 3allouuibe VHIYKIIMjOM
JHK omrehema o3pauennx hemmja (Cmka 3.2.). Asndpa gecTniia Ha CBOM Iy Ty
Kpo3 cdepuaro hermjcko jempo Moxe ma mpobe Kpo3 MHOTO IIOjeVIHAYHVIX
Hut JJHK, tamoxehm eneprujy y oGimky joHCKuX KilacTepa M mpomssorehn
oarosapajyhmu Opoj mpexkmpa y saniy JIHK, mosHaTmx M Kao BUIIECTPYKO
mokanHo omrehenmx wecra (MLDSs) [94]. [lBomaH4YaHW MPeKMAM Cy
HajuctakHyTUju  o0inmk omrehewa /IHK y hemmjama ospayenum anda
vecTniamMa pagoHa. [Ipoanuanu npexmau HIHK 1nipencrasmpajy  030mwbHY
IIpeTHYy TeHOMCKO] cTabwiHocTy hemmje, Kao 1 FeHOM ITpeXwBibaBamy. OBa
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BpCTa IIpekuja Ipesicrasba Behu mmpobiieM 3a henmjy of jeqHoaHuYaHMX, jep
KOMITJIEeMeHTapH! JIaHall HUje JIOCTyIlaH Kao MaTpulla J1a O6m ce omrehere

IIOITPaBIIIO.

Hakon HacTranKa [BOJIaHYaHOT ITpeKMa W IberoBe JeTeKlluje, yKbydyjy ce
CUTHaJIHU ITyTeBU 3aycTaB/baba hesIjckor HyKiIyca M aKTUBUpara IIpoTerHa
YKbyUYeHMX Yy HUXOBy mnonpasky. Henonpasmame WM — IIOrpentHo
HoIlpaBJbakbe [IBOJIaHYaHMX IIpeKua, YKOJIMKO He foBefle 110 cMpTu hemnyja,
MOXe Jia JIoBeJle JI0 BeoMa pas/INMIMTIX FeHOMCKMX IIpOMeHa, Kao 1ITo cy Behe
WM Mare [eJlellyje, TpaHCIOKaluje, dysuje XpomoszoMma, TybOmTak
XeTepO3UIOTHOCTH, KaO U TryOuTak Ilesior xpomoszoma. CBe oOBe IIpoMeHe
nosehaBajy HecTaOWIHOCT reHOMa ¥ KapaKTepuCTU4He cy 3a hejmje kaHIlepa.
IIpn xomosoroj mompasiy, croajajyhu mporemHmn monyT Rad51 wm cmnunm
Moy tapau nporenHu dpopmupajy JHK But ca HetaknyTiM JITHK xomororom.
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Crmka 3.2. KoHnenrryatam OMosI0IIKY MOfIelT KOji ITpMKasyje yTullaj ajida 3padersa Ha

Pa3sBOj MaIUTHUTETA

[mmaBHM curHasHM TIpoTemH (p53) Koju perymmiie KOHTpoyiHM hermjckm
IVKJIYC, allONTO3Y, VI TPAHCKPUIIIIN)Y IIpeocTasiX reHa, MoXKe MHTeparobaTi ca
Rad51 n maxmbuparn Rad 51 3aBucHO ymapusame. llmak, xoMosora mompasKa
JAHK je yrmiaBHOM mpersHa 300r ToTra IIITO ce 3a HOIIpaBKy IOKMIIAHOT JIaHIIa
KOPWCTU CeKBeHIle MH(OopMaIyja of, HeTaKHyTe XpoMaTuzIe.
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Hexomoriora pexkoMOuHalija yK/byuyje cCllajarbe KpajeBa IOKMAHMX JIaHalla
AHK y3 nmomoh mporemna Ku70, Ku86, p450 xmuuase n [JIHK smrase IV.
Kpajssu pesynraT mompaske HOKMOAHOI JlaHIIa MOXe cafpXaTu W3BecTaH
CTelleH Jeslelrja, MHCepIuja Wi peopraHvsaliijy reHeTCKOI MaTepujasia, Koju
ce MOXKe OfIpa3uUTV Ha MHOI'O reHepanyja hesmja.

Jounumsyjyhe spauemwe koje mupektHo He omrrehyje IJTHK moxe ga mpowmssene
peaKTUBHe KMCeOHYHe IToCpeHVKe KOjii IMPeKTHO yTUdy Ha cTabmIHocT p53,
IITO MpPOY3poKyje IOMMHO edeKkaT Ha heimjcKy peryianujy u axkTUBUpa
MOOWJIHe cucTeMe oceT/bUBe Ha hemjcku pefokc moTeHIMjal. PeakTuBHM
VHTepMeujepu KMCeOHMKa TaKobe MOry  [a IpowsBelly OKCHAaTVBHa
omrrehema nojenyHmx 6asa y JHK n Taukacre MyTaiyje TOKOM peIUIMKalyje
JHK.

IIporen pb3 wrpa KbydHy yJIOIy Yy peryjvcamy MexaHwu3aMa Of3VBa
nszasBaHux y omrehenuM hejamMa, KOHKpeTHO 3aycTaB/barba hesujckor
uMKiIyca wm amnonTose. IIporemn p53 Takobe wHTeparyje ca ocTaIMM
peryjalyioHuM IIpOTeMHMMa ¥ IIpOTeMHVMa 3ady’XeHVM 3a IIoIpaBke. Y
npucyctBy hesmjckor omrrehersa koje je m3assaHo aupekTuM ornrehemem JTHK
WIU IyTeM peaKTUBHUX VHTepMeaujepa, XUBOTHM BeK pS3 ce mosehasa, 1ITO
MOJXKe pe3yJIToBaTW ojjlarameM hemmjckmx HukiIyca u anomnrose. ITpexuserie
heymje Mory cagpxatu neselivje reHa, peKoMOwHaluje, aMIuMduKalyje u
reHoMcke HectabwiHocT. CBe OBO MoOXe pesyJIToBaTV MyTalljama y
OHKOTeHMMa, I'yOuTKOM QyHKIIMje y cylIpecopuMa TyMopa, Kao U IyowTax
XeTepO3UTOTHOCTY, IITO OIeT JOBOAM [0 VHULMjalije TYMOpa, Kao M Herose

aajbe Hporpecnje 1 THBA3VMIBHOI' MaJIMTHUTETAa.

3.1.2. Tepanmjcko gel0Bal-€ paJoHa

ITopen Tora mITO je Y3pOYHMK MHOTMX OOJIECTV, PaIVOAKTVIBHY rac pafloH MOXe
VI TIO3UTMBHO [eJIoBaTi Ha opranusam. OrpoMHa eHepruja Kojy paioH IToceftyje
yCJIOBJbaBa OpXKM OIIOpaBaK OpPraHM3Ma, jep AMPEKTHO yTude Ha hemvijckm
MeTabormsam. Jleuere pamoHOM je jeqHa of HajcTapujux Tepamuja KOjoM ce
spynu Kopucre. [TocToju HeKoO/IMKO eTalla y pas3Bojy OBe Teparuje, yKIbydyjyhm
M BpeMe KajJa je oBa Tepalluja Owla WMHOMPEKTHO IIO3HAaTa IIO CBOjUM
MO3UTUBHIM edeKTrMa, CBe [0 NpBUX [elleHMja Hay4dHOI WCTpaXyBara
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IeroBMX OCOOMHa ¥ HMBOAa KOHIIeHTpallyfje y pasIMuUTiM MUHepaIHUM
BOZlaMa HeIloCpeHO HaKOH H-eropor orkpuha, Ia /10 HmerobBor Kopuiihema y
CTapMM ¥ HOBUM TepamnujckuMm ycraHoama[92,93]. Tepammja pamgoHOM je
roce6HO GwIa pasBujeHa 1 nsydasaHa y OousineMm Cosjerckom Casesy 1 Jamnany,
I'7le je ToAuIiIbe 0110 U peKo MWIVOH TpeTMaHa. [IpBu TpeTManm pagoHCKMM
BogaMa wm3BefleHU cy jour 1906. romyunHe, BOOOM BejlvKe KOHIIEHTpalluje Koja
UCTUYe U3 pyJHMKa. Y MOIepHMM paJoHCKuM Oamama Espomne nanmjeHTU
OCTajy ¥ [0 TpWU Heleibe I7le, IIOpel JIEKOBUTe BOfe, MMajy HOPMaJIHy U
3[paBujy CpeyiHy, Te IPUCTYII CTPYYHO] MeAUIIHCKO]j ITomohn. CBe 0BO yTude
Ha OoJbe 3[paBsbe TallyjeHara.

Criextap MHOMKaIIMja KoOje yKasyjy Ha jlederbe Koje MOXKe OMTV Marbe VIV BUIIIe
yCIIEIITHO yKIbydyje: cp4aHe IIpoOiieMe 1 IIpoOsieMe ca IMpPKyJIamyjoM
(xumeproHuja), 1wiyhHe mpobrieme, OosecT cKejiera, 0Oo0JIeCT HepPBHOT
cucTeMa, CTepWINTET W TIVMHEKOJIOmKe IIpobiieMe, IpobriemMe ca KOXOM,
TacTPUTIC U CIL.

Hajbosem pesysratt ocTBapeHW Cy y JIeUelYy PeyMaTCKMX, T'MHEKOJIOMIKMIX,
KOXKHVIX OosiecTVt 11 XuIiepToHUje. Jlederse pajoHOM o0yxBaTa M MHXaIaIljy 13
IPVIPOIHMX M3BOPa VIV KyIIakke y BOOM OoraToj pamoHOM, MCHMparse HOca U
yCTa, Te BasAylIHO W3jlarame Tejla, OOK je CBe Marbe KopuinheH HaudMH
MHTrecTHje Bofle Oorarte pamoHoM [93,94].

lToguma edexkTmBHa [o03a 3a MHamujeHTe (YKbydyjyhm jemHy ceKBeHILy
TpeTMaHa pazioHoM) je o 0,1 mo 3mSv. Y 3aBucHOCTM OfI cTarba HallMjeHTa,
PajioH ce MOXe KOPUCTUTU M y KOMOwHaIuju ca apyrum racosuma. IIpema
VICTpaXkKuBarbyMa BplleHnM y Pycuju, pagoH y Boam 3a Kyllame Ipopupe y
KOXy 1 aricopOyje ce y TKuBY, a ImoTomim y Oybpesuma. Oprancka f103a 3a 15
MMHYTa KyHama y oAy, KoHneHTpauuje 15x10°Bq/m? wmsuocu 0,09mSv 3a
Koxy 1 0,03mSv 3a 6yOper. [IBa caTa HaKOH Kymama camo 10% yHeTor pajioHa
octaje y Teiy. Fberosu kparkoxusehn rnoromim gorprHoce oko 70% yKyITHO]
aricopbosanoj 1o03u. MeauimHcKo ocobsbe (JJOKTOpM, cecTpe) Kao M JpyTa
CTpy4Ha JInia, MOry npumuTy 103y of, oko 100 mSv.

3.2. To3umMmeTpuja paJgoHa
AKTVBHOCT KOja MpefcTas/ba jegHy Of OCHOBHUX KapaKTepUCTUKa

PaIVOaKTMBHMX M3BOPa He MOXe [a KapaKTepullle IIpOMeHe y IIPOCTOpY IO,
nejctBoM joHM3yjyher 3padersa. Pagy Tora ce medmHMINTY BeymmumHe y o01acT
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JeTeKIyje 1 Jo3uMeTpuje paaroaKTUBHOT 3padersa: /103a 3paverha, jaurHa go3e
3pauerba, MHTEH3UTeT 3paderba, I'YCTMHA ITPOTOKa joHM3Yjyhmx decTuiia 11 rama
KBaHaTa VI CTelleH paJroaKTBHe KOHTaMIHalluje.

IIpeko fo3e 3pauversa M jaumHe [03e 3padverba KapaKTepullle ce joHMU3yjyhe

3paderbe ca CTAaHOBUIITA H-erOBOI y3ajaMHOT JIejcTBa ca MaTepVjoM.

Jo3a 3pauersa KapaKTepullle IIITeTHO I€jCTBO CIIOJbEbEr 3paverba Ha OpraHm3aM
4JoBeKa I10CJIe M3JIarama 3paderby ToOKoM ofpebeHor BpemeHa. [lo3a 3padersa ce
yBeK IIOCMaTpa y TOKy ofpebeHOr BpeMeHa m3iarama 3padery (HaH, Mecell,
rofinHa UT/L.).

]a‘lVIHa H03€ 3pade€rba KapaKTepuIlme OIIaCHOCT O[f jOHT/ISij}.’—IeI’ 3pavderba Ha
HEKOM MeCTY. ]a‘H/IHa 103€ 3pavderba Ce yBEK IIocMaTpa y jeZH/IHVH_H/I BpeMeEHa,
OOMYHO YacoBMMa.

IIponas jonmsyjyher spauema Kkpo3 Marepujy IpaheH je joHM3aIIMjOM U
nobybusamem aToma Matepuje. IIpwmkom joHnsammje n modbybusama aToMa
3pauerbe TyOm meo cBoje eHepruje M arcopOyje ce y martepuju. KomrunHa
aricopboBaHe eHepruje 3paduersa ¥ CTelleH joHu3allije MaTepuje KOpucTe ce Kao
Mepa y3ajaMHOT [1ejCTBa U 3paverha ca MaTePVjOM.

Haxon pacrmama pagoHa, HeroBM IIOTOMIM, KOjU Ce Taja Hajlase y OOJIMKY
TOJIVIX aToOMa, BeoMa Op30 pearyjy ca IlapaMa v racopmumMa 1 ¢opMmpajy Kiacrep
HaHOMETAapCKOI pefla BelIuuMHe, KOjU ce J[pyraduvje 30Be WM IIPUIIOjeHa
dpaxumja. OBu KiIacTepu ce BeoMa Op30 Be3yjy 3a dUecTuIle aepocosia (3a

HajBUIIIe CTO CeKyHAM) 1 POPMIPajy PaaMoaKTMBHY aepocosl IIOTOMKa pajioHa
[95,96].

KonilenTpanuje pajoHa ¥ Heropux IIOTOMaka, OMI0 y CI000JHOM WU
Be3aHOM OOJIVIKY, HUCY y IIpeJla3HOj paBHOTeXMW. JKMBY opraHM3Mm Kojyi yAUIITY
OBaKBy MeIllaBMHY aepocosia y BeJIMKOj Mepu msgaxHy 222Rn, anu 3agpikaBajy
BeJIMKM Opo jIoToMaka y cBojuM Iuryhmma.

3a ycnocTaB/barse Be3a m3MeDy m3Jiarara JbyaM M APYTUIX XXMBUX OpTraHu3aMa
pagioHy, HEONXOOHO je WSBPIIUTM KapakKTepusauyjy KOHTaMuHallvje
aTMocdepe pajiOHOM ¥ H-eTOBUM IIOTOMIIMMA, ¥ OBJIe je HOTpeOHO 3Hame O
crrenehem:
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* TpaHcdep of Basmyxa A0 OpraHWM3Ma; ¢ 003MpOM Ha TO J1a Cce paiay O racy,
MexaHM3aM je MHXajlallja, a IJIaBHa IIPOMeHJbMBA je 3aIllpeMVHCKM IPOTOK
pecnupariuje,

* [o3MMeTpUja pecOHVpaTOPHOI TpaKTa - KaKoO M3padyHaTu 03y KOjy IpuMe
oceTsbMBa TKMBa Iuiyha (3110B1 TpaxeoOpoHXMjaIHOT cTadsia), a 3aTUM U 11eJI0

TeJIo.

Mudopmarnyje o ropeHaBeieHIM CTaBKaMa ce KOpICTe KakKo O ce mM3padyHasIa
mo3a 3a 11e510 Testo. OBae cy yBOAM IOjaM I03e IO jedMHMWIIM KOHIIeHTpallyje,
DPUC (Dose rate Per Unit of Concentration, nspaxeHor y pGy no Bq'h'm3).
[TocebHY maxmy Tpeba IIOCBETUTV OpraHM3MMMA IIOIYT OMybaka ¥ MHCeKaTa,
KOjy He AWIIY y IPaBOM CMHUCIIy Te pedy, Ia he ce 3a HUX KOPUCTUTHU
T10jeTHOCTaBbeH MOeTL.

3.2.1. BesimumHe 1 jeanHMIIE KOje KapaKTepuIlly KOHTaMMHaNMjy
aTMocdepe paJOHOM

[IporleHa reHepalije aeopocojia IIOTOMaKa pajJoHa KOju ce Hajase ¥y
AeJIVIMUYHOj PaBHOTEXM 3axTeBa YIOTpeOy CIeUMjalHMX jeduHWUIA Yy
BeJIMYMHaMa [o3MMeTpuje pafoHa. [J1aBHe IpoMeHIbUBE Cy: 3allpeMMHCKa
akTuBHOCT panoHa (C), KoHIleHTpaluja moTeHIMjasiHe a eHepruje (PAEC),
pagau HuBo (WL- Working Level), exBuBajieHT paBHOTeXxe pamoHa EER
(Equilibrium Equivalent Radon) [15].

3anpeMmmHcKa akTmBHOCT pamoHa (C) mpecraB/ba aKTMBHOCT paloHa Y
jenvIHUIIM 3amIpeMuHe. JemyHuIla je [Bqm3].

ITorennujasiHa a-eHepruja 22?Rn je ykyrnHa a eHepruja koja he Ha kpajy Ourtwm
eMMTOBaHa Off CTpaHe pacHajara paJoHa Ha moToMke lIspadyHaro je fa je To
oko 19.2 MeV no aromy, na he, camum 1M, 1 Bq 2?Rn (1 #erosux noromMaka)
IIPeKo CBOT JIaHIla pacrajga reHepucaTyi oko 9.15x106 MeV.

U3 oBe medpunMIMje mpomsiiasu jeqHuia 3a pagau Huso (WL). To je, 3amrpaso,
IOTeHIMjaJI d eHepruje paJoHOBMX IIOTOMakKa KOju Cy Yy PaBHOTEXM ca
KOHIeHTpanyjoM pagoHa ox 3700 Bqm3[15].

Jeman WL je jeqnax 3.70 x 10° Bqm EER. Y ciyuajy na je 222Rn y paBHOTeXH ca

CBOjM KpaTKoXupehyuM IIOTOMIIMMa, KOHIIeHTpallMja pafoHa IIpU Kojoj je
PAEC=1 WL wusnocu 3.7 kBqm3. OBa BpegHOCT KOHIIeHTpalije je mocTa
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BIICOKA: Cpe/ba BPEIHOCT KOHIIEHTpallyje paJiloHa y 3aTBOPEHOM IIPOCTOpPY je
37 Bqm3, 1ok je Ha OTBOpeHOM HITXa I1eT 10 AeceT IyTa. [97].

M3noxeHoCT mojenmHaria 100MjaMO MHOXeHeM pafHOI HMBOa ca Opojem
nepuoga (pagHmx Meceum) om 170 h, mpu Tom npuxasajyhm wmsinarame
nojenuHIia pagony kao WLM (Work Level Month).

Jemarn WLM je jeqnax 6.3 x 10° Bqm3 EER.

PaBHOTe)XXHa ekBMBaJIeHTHa KoHIleHTpanyja pagoHa (Equilibrium Equivalent
Radon, EER ) mMa ckpaheny osHaky C.. OmHOCH ce Ha HepaBHOTEXHY CMeIITy
KpaTKoXupehnx paJoHOBMX OTOMaKa y Basmyxy. ITpercrasba KoHIIEHTpalljy
pazloHa Koju je y paJMOaKTMBHO] PaBHOTEXM ca INOTOMIIVIMA, a KOjUI MMa VICTU
PAEC kao n HepaBHOTeXXHa cMela Ha Kojy ce EER omnocn. Cpenrba BperHOCT
EER y 3arBopeHNM IpocTopujama nzHocu 15 Bqm3.

@dakTop paBHOTeXe pasioHa 1 KpaTtkoxusehnx nmoromaka (F) nedumnmiire ce
V3pa3oM:

= Ce
F= e (3.1)
rae je:

Ce - paBHOTe)XHa eKBMBaJIeHTHa KOHIIeHTpalija pajoHa [Bqm-]

Co- cTBapHa KOHIIEHTpallMja pajloHa y Ba3ayXy.

Cpenspa BpenHocT F y 3aTBOpeHMM 1TpocTopujaMa je oko 0.4[98].

Cinobonna (Hemmpumojena) dpakiyja (Free, Unattached Fraction, f) mpencraspa
Jeo IIOTeHIMjajiHe ajidpa eHepruje Koja je y Buay ciaobomgHmx aTtoma. Ilon
cs1000mHMM (HeBe3aHMM) aTOMMMa IIOIpa3yMeBajy ce pafOHOBY IIOTOMIIV KOji

HUCY Be3aH! 3a JecTulle aepocosia aTMocdepe.

Bpennocti 3a f ce y 3arBopermM mpoctropujama kKpehy nsmeby 0.05 pm m 0.15
pm[99].

[Tpunojena dpakmmja (Attached Fraction) ce ogHOCM Ha pamoHOBe IIOTOMKe

B€3aHe 3a JecCTuliie acpocoJia.

AKTUBHOCT MeljaHa ayjaMeTpa aepocosia (Activity Median Aerosol Diameter,
AMAD) npepncras/ba OHY BpeJHOCT AMjaMeTapa pagOoaKTUBHIX aepocosIa Koju
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ce Hajlaze y arMocdepu KOHTaMMHMpPaAHO] paflOHOM, Y OIHOCY Ha KOjy ce
IOJIOBMHA pacIofiesle aepocosia Hajlasy WCIOf, e, a IIOJIOBMHa pacrozesie
M3HaJ Be. Y 3aTBOpeHMM IpocTopujaMa BpemHocTH ce Kpehy msmeby 0.15 pm
(6e3 mmma nurapera) n 0.25 pm (ca mpomykrmma mymiersa)[100]. Tummana
BpegHocT n3Hocu 0.17 pm.

EBupenTan paaujaiioHVt pusMK KOjU IIOCTOjU yilel, MHXajlalyje pafoHa U
HeroBUX KpaTKoXMBehix moroMaka KBaHTUTATUBHO je TI0Be3aH ca BpeMeHOM 1
yoIOBMMa M3jlarama. BermumHa Koja IoBesyje w3Jjiararbe IIOjedMHIA U
panujarmonn pusuk mojase mwiyhaor xaHiepa jecte DCF (Dose Conversion
Factor), wspaxen vy jemgmaumama [mSv/WLM]. 3apgatak Owio xor
JO3VIMETPUJCKOI MOJleJla pecIpaTOpHOr TpaKTa jecTe Ja TpaHcdopMuiie
u3jarame pagoHosuM roromimma y DCF.

3.2.2. 'naBHM NPVMHIIMIIM KOJI I03VMMeTpHje pagoHa

Kon nosmmMerpuje pamoHa Tpeba BOOUTY padyHa O CPelb0j VIV eKBUBAJIEHTHO]
nosu 3a ocersbuBe hemmje Tpaxeooponxujatsor (TB) m myimonapaor (P)
pernona mwiyha, pecriektrsro[101].

Kama je y mmramy 4oBek, [103e ce yIJIaBHOM OOpadyHaBajy KopuIIhermeM B
amoperna: JE (Jacobi-Eisfeld) i JB (James-Birchall).

Ho3y ymHOrome opebyje nucame.

Pagn mopebersa m pedpepeHIM, Bpeau WM3JIOXKUTM HEKOIMKO KOPMCHMX
nogartaka [102]:

1. Cpenme pose OporxmjaHO-Oa3aytHMX hermja xom ompacimx m3HOCe 3-9
mGy/WLM (0.9-2.5 Gy/Jhlm-3)

2. Ilymmonapse pose cy sHatHO Hipke: 0.3-1.2 mGy/WLM (0.08-0.3 Gy/Jh-
Im3)

3. Ilpenopyuenu pedepeHTHU KoedUIMjeHT KOHBep3uje 3a Cpemrby
Oponxujanny o3y je 4mGy/WLM

4. TIlpenopyueHu pedepeHTHU KoedUIMjeHT KOHBep3Uje 3a IIyJIMOHApHY
o3y je 0.5 mGy/WLM.
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3.2.3. Pentpe3eHTaTHBHeE JI03€ I10 jeJHUIIM KOHIIeHTpallnje Ko Jbyau

Llejmc (James) je 1988. roguue edmkacHO ycraHoBmo Ho3y of 1200 upSvy-!3a
spynde y Bermkoj bpuranmju. Y3 npocedan HuBo pamonHa o 20 Bqm-3 nobujajy
ce noHnepucaHe BpegHoctrt DPUC ox 60 pSvy! Bqlm2. Axko mpeTrnocTaBimo
Ha je pestleBaHTHM TeXUHCKM pakTop ( Rwr) 20 3a a-uectuile, HemoHAeprcaHU
DPUC wmssocu 2 pGy/Jh'm?3 wm 2.28x104pGy/Jh'm-3. V13 oBora ciienm fa je
7103a IIPOIOPIMOHAIHA caMoj KoHIleHTparyji[103].

W3 oBor ogHOca Koju je yctaHOBHMO Llejmc Moxe ce passutn citefiehm Mmoper:

fcl]:n 5 = Fli®@y = Do)+ Dalfr (3.2)

fc:,: ac QWBF[fP (Dy = Da) + Dalfy (3.3.)

I'me je:

c
F - pasroTexum daxrop, F="2%
Rn

fp - KoHIIeHTpalVja mpuIojeHe ppakiivje pagOHOBNIX IIOTOMaKa

Dvu - no3a 110 jeqvHuIM eKCIo3ullyje f Cggr dt 3a HempuIlOjeHe paJJOHOBe
riotoMke, 111To m3Hocn: 1.23x10- GyBq! (EER) y m-3

Du- posa mo jenyHUIM eKcHo3uiuje f Cggr dt 3a mIpuIIOjeHe pajloHOBe
roToMKe, 111To m3Hocu: 7.89x10° GyBq! (EER) y m-3

Q - dakrop kBasIMTETa pagujanuje 3a a yectmile =20

Wy, - TKMBHM TeXMHCKM pakTOp 3a KaHIlep wryha= 0.06

fi - my>xmHa excriosuiiyje (y TogyHama)

D, H - crona go3se 1 crona edpexkTnBHe 1103€.

Konsepsuja xonnenrpanymje ox, 20 Bqm3 y mpubmokao 1 mSvy-! usspiieHa je

kopucrehn f,~ 0.1, F ~0.35 i f; ~0.65 (Tmmm4as omHOC BpeMeHa IPOBEHEHOT Y
3aTBOPEHOM IIPOCTOPY Y IIePUOY Ofl TOAVHY IaHa).

65



3.3. AytoMeTpujcKO cKaJIMpame peleBaHTHMX IIapaMeTapa 3a Iuryha

Mssobewsa DPUC-a 3a pasmunTe BpcTe 3axTeBa W3padyHaBalbe 03e Ha
jenHOCTaBaH HauuH, y3 Kopulliheme dopMysia Koje ce OfHOCe Ha AVMeHs3uje
caMoT OpraHV3Ma 3a KOjU ce J103a padyHa.

AJjToMeTpUjcKO CKayIMparbe je HeoIXO[Ha MeTofa KOjoOM ce, 3allpaBo, Tpaxe
nponopumje n3Meby nyMMeHsmja ¥ cToIe pecnvipalivje KO XIMBIX OpraHy3aMa.
Osa Meroma moppasyMeBa mopeberme [aTtor CTpPyKTypajIHOI  WJIA
dynkimoHanmHor mapamerpa (Y) y &dyHkumju TesecHe TexuHe (BW) 3a
OpraHm3Me pasIMIuUTIIX BPCTa.

OynkiyonaiaHy napameTap (Y) ce Moxe mckasaTt ogHocoM: Y= AxBWSB, rje cy
A i B ocHOBa 11 eKkcIIOHeHT PyHKIIMje, pecrieKTuBHO. Jlorapuramcku o6JmK oBe
dysxumje Y=logA+BxlogBW moxe Outyi BeoMa KOpUCTaH akoO MMaMO Y BUIY
na Y pacTe IVPeKTHO IIPOHOPIMOHAIHO y OHOCY Ha dakTop A, Kaga B Texmn
JeVIHVILINAL

Y ciydajy fa cy excrioneHTH Behm vy Marsu of1 1, mpoMeHbMBa ce MeHba BUIIIe
VIV Makbe AVICITPOIIOPTUBHO Ca IIOPAaCcTOM TeJleCHe Mace, PeCIIeKT/BHO.

3.3.1. BesimumHa 1 Maca TpaxeoOpOHXMja/IHOT eITTesIa
TxuBo TpaxeoOpoHXMjaTHOT emMTela je HApOUMTO IOIJIOKHO aJIOMEeTPUjCKOM
CKayTMpamy. Y yrnporrheHOM ciIy4ajy, 0BO TKMBO ce MOXKe IIPeICTaBUTH Kao [IBa

npexianajyha momaapa npeunnka R i R+h, pecriektnsHO, 1 my>mute L (cmka

3.1.). VI3 oBora cjieqiu [1a je 3allpeMyHa [MJbaHOT HOApYyYja:

V =m(R + h)* L — nR*L=2nRLh (1 + -=) ~2nRLh (3.4)
Cazma ce MOXe IIPUMEHWUTH aJIOMeTPUjCKO CKaJlparbe, TaKo Ja OVMeHs3Vje
Oponxmja R i L ckaympamo mponoprmonHatHo Ha 1/3 kamarmrera Inryha.
Taxobe he ce xopucTuTH mpaBMIIo fa je BeInyMHa Iulyha y JIMHeapHOM OIHOCY

IIpeMa Macu TeJla. 3 oBora aiegn:

S, = 2mwhRL = KM*/3 (3.5
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R R+h

Cimka 3.1. KoHuenTyaaHu IIpuKas o3padeHor peclIMpaTOpHOr TKVBa

3a rpaHame TpaxeoOpoHXMjaJIHOT cTabia MOXe ce KamOpucaTi dpopmMysia Koja
3a pedepeHily mma 4osekas, rie je: Sy =SFM =2.69x107m? i M=Mgrw=70
kg, ma oryma e ga je k= 2.69x1071x70%/3 = 1.58x1072 i
Sp = SPM (-

3
MRM) = 1.58 x 1072M?/3 ; 3a TKMBO KOje MMa rycTuHy Boge (pt=103

kgm?3):
MTB = 158hTM2/3 (3.6.).

3a nospimHy OpoHxMjasiHOT enmTerla wiyha, dakrop 6u m3HOCHO 9.25, 1ITO je
jemaH peq, BemamHe Mcrof dpakropa 3a Oponxuje, Koju nsHocu k=1.71 x 10-3 :

Mg = 1.71h;M?/3 (3.7.).
3.3.2. 3anpemMnHa 1 Maca 1yha

3anpeMnHa 1wiyha je jMHeapHO 3aBMCHA y OJTHOCY Ha TejlecHy Macy [18], ma je
cTora M TUIOAJIHW BOJIyMeH (3allpeMMHa Basdyxa YHeTa y Iuiyha jemauM
yOycajeM - 3aBUCM Off y3pacTa, Iojla M BpCTe (pu3MUKe aKTUMBHOCTU) Y
Kopernaiuju ca 3ampemmHoM Iuiyha, m to: Vi=kiM. Ilpema pedepenTimM
BpenHOcTMMa 3a dYoBeka of 70 kg ki=1.25x10°% m3kg!, mna jemHOCTaBHMM
padyyHOM [I0JIa3MMO [I0 BpeAHOCTM TUOJIHOI  BojiyMeHa Vr1=1.79x10° M.
Kommnpomuic xojumM Om ce MOKpWIIM OPraHM3MM Of, MaFbMX Crcapa A0 YOoBeKa
jecTe ycpenmbaBarbe OCHOBE W €KCIIOHEHTa (PyHKIMje, IIa TaKO MMaMmo: Vi =
(1.28 £ 0.72)x1075M 1022003 e Gu maca twiyha Owia jemHaka [ycajHOM
KaraluTeTy IIOMHOXXeHOM ca I'yCTMHOM TKMBa (rporermenoM Ha 103 kgm), ma
VI3 TOTa CJIeMIM [1a je :

> OBa pedepeHua je aedurHMcaHa 3a YoBeKa o 20-30 roamHa, TexknHe 70kg, BucnHe 170 cm, Koju XKnBU
Y YMEPEHOM KJIMMATCKOM NoapyYjy.
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Vp = (1.28 £ 0.72)x1072 1024003 (3.8.).

OBa dopmyiia je mpakTn4HO MaeHTYHa popmysm Mek[onanma 1 PaBeHpoka
(MacDonalld & Lovenrock, 1998) a koja je mpeysera op Ilurepca [104]:
Mi=1.13x10-2M0-986,

3.3.3. 3arrpeMMHCKM IIPOTOK JOVcarba

dpekBeHIIMja pecnupanyje VR (s1) 3a cucape je y KopeJaluju ca TeJIeCHOM
macoMm M (kg), n msrocu v = 0.84M ~%26 11 koja 3a Mrm=70 kg mpwimmuro TayHO
onpebyje dpekseniyjy aucama 3a yoseka[105]. Kopg mrmia, vk ce ckaimpa
npubmokao  Ha M/4 [106]. V3 oBora ce UMHM IIOTIYHO pasyMHUM
mpeTriocTaBka fa je Vr= koM1/4 ma ce ¢ Tora MoXe 3aK/bydmMTH Ia je
3aIpeMIMHCKV IIPOTOK IIMcarba 3a XmBe opraamsMe Rp=Vrvr=kikoM3/4. OBo je
npornopiyoHaHo M3/4 3a KmuMerake.

KaymGpucamem oBe dopmysre 3a uoBeka ca Rp=REM =3.33x107*m3s! n
M=Mrm=70 kg [107,102], nobujamo Rp=1.38 x 10> M°®7. Opo ckaympame je
MPOIOPIIMOHAJIHO CTelleHy of ¥z Mace Kop, cucapa n norspbero je USDOE
(2002), roe 3amrpeMHCKY IIPOTOK Iycarba n3Hocy Rp=5.57x10-¢ M076 3a ciicape 1
KOITHeHe XMBOTUIbe, 11 Ko, IleTepca, rae sarrpeMyHCKY IIPOTOK AViCaka M3HOCKU
Rp=6.84x10-¢ MO78[104].

VI3 ropeHaBefieHOTr ce UMHM Kako ¢dopMysla HaMeHeHa JbyArMa MoXe OuTu
HeofroBapajyha 3a mMarme XMBOTHbe. PasyMHM KOIIMIIPOMIIC je yCpelrbaBaibe
Oase u excrioHeHaTa IIpUKa3aHMX jelHaYMHa Kako Oou ce mobwio:

Rp = (8.7 + 4.4)x10-6 M 076£0.02 (3.9)

Y Tabemu 3.1. mata cy Heka mopebema crome mmcarea 3a "oseka of 70 kg,
nantosa of, 300 g v moseckor Muma of, 75 g.
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Taberra 3.1. Kommapanpja crome Aucarkba IIPUMEHOM — PasIMUUTHX
IIOMeTPUjCKMX PopMyIia
Vsmepena | Yopek kao | Ilpenpubera croma mycarsa
Opraamsam crora peceperTHo Pedepenrtia
nvicara TEJI0 USDOE Peters Jenmaumta
(ms1) (m3s) (1992) (1983) 338
Yosex 3.34E-04 3.33E-04 1.41E-04 1.88E-04 | 2.20E-04 Yosex
Marios 3.90E-06 5.58E-06 223E-06 | 2.76E-06 | 3.49E-06 gggg;‘a“ et al.
Hormeir 6.67E-07 | 1.97E-06 7.78E07 | 9.07E-07 | 1.22E-06 PrewdcEisenbud
MVIIX (1966)

3.3.3.1. PedepenTHe cTONE OMicar-a KOI JbYAM KopuimlieHe y IIPOIIeHN J03€

3a 1polleHy yHOCa pajioHa M FherOBUX IIOTOMaka KO Jby[W, JKeHa, Jere U
OfI0jUay MPU PasIMuUTUM (PU3MYKMM aKTMBHOCTMMA Yy3MMajy ce y o03up
dusnonomkn n anaromcku daxkropu. OusMonomKn (GakTOpy IpeacTaBbajy
CTarbe peclMpaToOpHOr cucTeMa (31paB i omrehen HekoM Oosterthy), HauMH
Avicara, Kao ¥ HaBMKe IIOCMaTpaHOT cyOjekTa (mpe cBera: Iyieme). Hapuke
Avicarba, Ha HOC WIV Ha yCTa, 3aBlce Off BpCTe TejlecHe aKTMBHOCTK. Tako ce
y3uMa fa Ipu ¢j1aboj A0 yMepeHOj (pM3MUKOj aKTMBHOCTH, ITpocedHa ocoba
AVIe Ha HOC, JOK Ce IIPVMJINMKOM TeXMX Haropa AeJIMMIYHO AUIIe 1 Ha ycTa.
@®paxknuja Fn Basmyxa, Koju ce Ipu jeqHOM YANCajy yOaxHe VCK/BYUYMBO KpO3
HOC, oIlpejiejbyje HeKy ocoOy fa JIM ITpeBacxOHO JuIlle Ha HOC MJIM Ha ycTa.
Bpenroctut Fr 3a TMIIMUHe BpcTe dusmuke akTMBHOCTY aTe cy y Taberm 3.2.

Tabena 3.2. ®pakija Basmyxa ymaxHyTor Kpo3 Hoc, Fn, mipu jemHoM ynmcajy
[110]

Fn
Bpcta duisiake akTMBHOCTY HocHo nucame YcHo aucame
CnaBarbe 1.0 0.7
OmmMop 1.0 0.7
Jlake BexOe 1.0 0.4
Terke Bexx0e 0.5 0.3

Bpennoctu 3a Fn y TabGerm 3.2. mokasyjy KOIMKM ce [ieo Bas3lyXa yaaxHe Kpo3
HOC, KaKO KOJI HOCHOT, TaKO M KOJI, Aucarba Ha ycta. Tako msHoc 1.0 nokasyje ga
ce caB BasJlyX yJuille Kpo3 HOC, JOK BpegHocT of, 0.4 (3a ycHO [icarbe) 3HauM J1a
ce taga 40 % ynuiiie Ha HOC, JOK ce OCTaTaK yAuIlle Ha yCTa.

Kako Ha dwusmoronike mapaMerpe OMTHO yTwWdy IIOJI, y3pacT, Kao M BpcTa
Jusnuxe akTrBHOCTHM AaTor cyOjekra, y ICRP66 cy crierndrkoBaHe BpeIHOCTH
OBMIX IIapaMeTapa 3a IIeCT CTApOCHMX I'pyIla OMIITe IIOITyJlanyje, Kao v YeTupu
BpCTe PU3NUKMX aKTMBHOCTIA.
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CrapocHe rpy1e IpejicTaB/beHe Cy ITpeKO 4YeTupwu [oba yspacTa fene: of 3
Meceria, 1 rogune, 5 roguHa 1 10 ronuna, 1 ABa 106a ofgpacsior yspacra, 3a Koje
ce 1oceOHO HaBoJle MOAAlM 3a XKeHCKM M MYIIKM HOJI: y3pacT of 15 roguna, u
ofpacite ocobe. Baspa HarmacuTt fa ce crieumdwuIiMpaH IIogamyt He OfHOCe
CTPUKTHO caMO Ha Ty XXMBOTHY 100, Beh mpepcraBsbajy cpemrby BpemHOCT
n3Meby HajMamux 1 Hajsehmx BpemHOCTM marTor mapamerpa. Ilapamerpm cy
KBaHTM(MKOBaHM Ha OCHOBY BUIIIeflelleHMjcKor Iipaherma CIIMPOMeTPUjCKIX
BpeIHOCTHM, A0OMjeHM CTaTUCTUYKO MoOpaioM, Kako 3a 3paBy IIOHYyJIalujy,
TaKo ¥ 3a 0cobe onTepeheHe pecrimpaTopHUM OoJIecTVIMa.

ITopen, TwpanHor BojyMeHa V7,  3aIpeMMHCKOr HpOTOKa Aucama Rp,
dpexseHinje nmcarka VR, y dusuonomke dakrope cramajy i FRC
(pyHKUIMOHAIHYM pe3uIyalHN KallallUTeT - 3allpeMIHa Baslyxa Koju ocTaHe y
wiyhuMa mocie msgaxa) M BpegHOCT BeHTWIaluje Rg, Koja ce pauyHa Ha

cinenehn HaumH:
VrX vpX60
Rp =——— 3.10.).
R 1000 (3.10.)

Taberna 3.2. BpegHocTy aHaTOMCKMX 1 PU3MOJIONIKMX ITapaMeTapa Kop, Ity hHe

BeHTWIaje[110]

PE KwusoTtHO ot Dusnuka Vr VR Ry FRC*
P noba aKTUMBHOCT (m3) (min-) (m3s1) | (m3)
1. 0-5 oba CraBame 1,7 E2 23 1.33 E3 | 0,767
2. 0-5 oba Ceneme 2.13E=2 25 1.78 E3 | 0,767
3. 0-5 oba JTake BexxOe | 2.44 E2 39 317 E3 | 1.484
4. 5-10 oba CriaBatbe 3.04 E2 17 1.72 E3 | 1.484
5. 5-10 oba Ceneme 3.33 E2 19 211 E3 | 1.484
6. 5-10 oba JTake BexxOe | 5.83 E2 32 6.22 E3 | 2.677
7. 10-15 M CriaBarbe 5E2 14 233 E3 | 2.677
8. 10-15 M Ceneme 5.33 E2 15 2.67 E3 | 2.677
9. 10-15 M JTake Bex0Oe 10 E-2 23 7.67 E3 | 2.677
10. 10-15 M | Temxe sexce | 02 36 1622E 1 5 505
11. 10-15 X CrraBarbe 417 E2 14 1.94 E3 | 2325
12. 10-15 X Ceneme 417 E2 16 222 E3 | 2325
13. 10-15 X JTake BexOe 9.03 24 722 E3 | 2325
14. 10-15 K | Teme exce | 2 F 38 1428E 530
15. 15-64 M| Cemeretemas | ;5 g, 12 3 E5 | 3.301

arbe
16. 15-64 M JTake BexOe 12'520 E 20 8.33 E3 | 3.301
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17. 15-64 M | Teuke sexGe | 19.2 E2 26 1670E 1 5 681
18. 15-64 X Ceﬂe:’}izcna‘s 4.64 B2 14 217 B3 | 2681
19. 15-64 X Take Bexbe | 9.92 E2 21 6.94E3 | 2.681
20. 15-64 X Terke Bex0Oe 13'624 E 33 15 E3 3.301
21. >65 M CriaBame 6.25 E-2 12 25E3 | 3.301
22. >65 M Cenerpe 7.5 E2 12 3E® | 3.301
23. >65 M Take Bexbe | 12.5 E2 20 833 E3 | 2.681
24. >65 X CrraBame 4.44 E2 12 1.78 E3 | 2.681
25. >65 K Ceneme 4.64 E2 14 217 E3 | 2.681
26. >65 X Take Bexbe | 9.92 E2 21 6.94E3 | 2.681

3.4. AnomeTpujcka MeToJa y IIPOIIeHM 03a 3a ONINTY IIOMyJIauujy
3.4.1. ®opmysnanmja npobiema

Ha cmmmm 3.2, je mpukasaH KOHCTaHTaH YHOC Basayxa y Iuiyha; mmof,
IIPeTIIOCTaBKOM Jia IIOCTOji paBHOTeXa (paBHOoTexHMU dakTop F=1), I¢' ynasHu
TOK je KOHCTaHTaH " MOXKe ce IIpeAICTaBUTI Kao:

i BrA;
IL=—
0 A

(3.11)),
rae je:

i - MHOeKc pagnoHykMaa Koju uae oxg 1 mo 5 3a???Rn, 218Po, 214Pb,?14Bi i 214Po,
PecIieKTBHO

A; - axkTmBHOCT pammoHyKIMaa i [Bqm3]=A; (mpermocraBka ceKkyslapHe
paBHOTeXe)

Br - cTomma aucama [m3s!] (TrmasHM BoslyMeH X (ppeKBeHIIMja Aycarba)

\i - KOHCTaHTa pacHajga pagMoHykmaa i [s1].

W3 oBora ciieny audepeHIyjaiHa jeqHa4dMHa eJIor crcTeMa:

dN; i BrA;
dt = I(l) - AiNi = };i - AiNi (312)

VaTerpasbereM oBe ayidpepeHITMjaIHe jemHaurHe 1o0mja ce cienehmn m3pas:
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—Ae=Jy—mm = Ny =7 (1 — ™) (3.13).
T2 i
l

Ciiepehe mro Tpeba ypamuTu jecTe wu3padyHaBarbe KOJIMUMHE eHepruje
JernoBaHe y IuIyhmMa 3a cBaky pajlOHOBOT IIOTOMaK i (i=2-5):

N;()MEF

D; = My (3.14.)
I'me je:

i - MHAEKC pagVOHy KA

D; - aticopbosana n1o3a [Gys™]
N;(t)A; - Ni (Aiyjemraunan 3.10)
Mr - Maca oceTsbuBOr TKMBa = pr X St X ht [m?3 |;

Ef - yKyIiHa eMuTOBaHa eHeprija roromMaka2l'Pb = ¥>_; e[J]
a
&

Komb6uHoBamweM jenHaunHa: 3.7, 3.12. u 3.13. mobuja ce ciemehn nspas:

- eHepera d pacilaga pagioOHYyKIIMIa

BRAEf*

1—e Mt 3.14
AiprSThr ( ) (314)

Di:

I'me je:

Br - cTorra gucama[m3s1]

A - akTMBHOCT panvoHyKaa i [Bqm-3]

pr - TycTuHa TKmBa = 103%kgm-3

Sr- moBpmIMHa TpaxeoOpoHXMjasIHe IIOBPIIVHE [m?]; MHTepec OBOTr pama Cy
J03e IpUMJbeHe Yy TpaxeoOpoHXMjaJIHOM cTabiy Oe3 Tpaxee, Koja HuUje
HApO4YNMTO OcCeT/bMBa Ha paaMoaKIMBHY ekcrosumyjy. Ospge ce cabupa
OpoHxmjayiHa ToBpIIMHA (Of IIPBe A0 OCMe reHepaluje) U  OpoHXMOIapHa
HOBpIIIMHA (Of JIeBeTe [0 IleTHaecTe reHepanuje) = 2.9 x 102 + 2.4 x 102 m? =
2.69 x 10! m? 3a spype.

hr - akTmBHa myOvHa oceT/bMBOr TKMBA ; BUCMHA (M) JbYJICKOT OpOHXMjaTHOT
enmiresa (Oes mwimja) je 5.5 X 10> m, 7ok je 3a Oponxmoste 1.5 X 105 m [111].
YkymHa f03a ce, Jakile, padyHa Kao 301p /103a CBMX ITOTOMaKa:

D=Y5,b=—k_y5 A (1 -At) (3.15)
=21 pTSThT 1=2 )Li . .

[Tormrro  218Po, 214Pb, 214Bi, i 2!4Po mMajy KpaTka BpeMeHa IIOJIypacIiaja,
KOHCTaHTe pacliajia MMajy BeJIKe BPeJHOCTH, Ia 1 Ait IMa BeJIMKY BpPeIHOCT; Y
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II0YeTKY, ¥ OBJie je IOTpeOHO NPUMEeHUTN OfiroBapajyhut n3pas, 11of, ycjIoBOM J1a
je cucTeM y mperasHoj paBHOTeXM : 1 — e M~ 11 A1=A;=2-5.

5 5
B, BrAd; 1 _ BrA\DE _ FByEEy,Df
_ 2 } £ _

/1_1 TSThT prSrhr

j=2 " j=1

D, = (3.16.),
' pTSThTi > prSrhr

5

e je cyma Dg = 7= 2/1

-1 & TIOTeHLMjaJI O eHepruje KpaTKoXwsehnx

PaZloHOBMX IIOTOMAaKa y npena3Hoj paBHOTEXM, U ITe je A1 aKTMBHOCT Traca
panona = F x EER. IloTeHIjasiHa a eHepruja ce padyHa n3 ciiefehe Taberte:

Tabera 3.3. PauyHame noTeHIMjaiHe d eHepruje 1o Bq 3a moToMke pajgoHa

5
i Usoron Ai(s?) & ()) Saef () %Z e JBq™H)
=1
1 222Rn 2.10E-06 8.78E-13 3.07E-12 1.46E-06
2 218Po 3.73E-03 9.60E-13 2.19E-12 5.87E-10
3 214Pb 4 31E-04 0.00E+00 1.23E-12 2.85E-09
4 214Bi 5.86E-04 0.00E+00 1.23E-12 2.10E-09
5 214Po 4.23E+03 1.23E-12 1.23E-12 2.91E-16

Seor Y%, ef = 5.54E-09

DPUC ce noOuja Kaza TOpY jemHauMHYy IOOeIMMO ca akTuBHomhy 222Rn:

BrDp

DPUC = = =282 — 5545107922 (3.17.).

Rn Mr M7

Axo je moTpeOGHO pauyHaTV eKBUBaJIEHTHE [103€, jefHauMHy Tpeba IOMHOXUTHU

ca XXeJbeHVM TeXMHCKUM (aKToOpoM 3a a- eHeprujy (Rwr?, mompasymeBaHO =
20).

TotasHa arrcopboBata go03a 6 oxma npmbmokHO O6mta D=DPUCX ArnX T.
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3.4.1. IlpumeHa atoMeTpMjcKe MeTOOJIOTHje 3a padyHame J103a

KoMOunarmmjom jemnaumue 3.17. ca jenHaumuama 3.5-3.9 nobuhe ce ciiemehm

uspasiu:
DA 2
DPUCg = FyRr (P—%M§ﬁ> MPER™3
prhrSg
DFA 2
DPUCrg = FyRr <”—i§w Mﬁ,{j’) MBER3
prhrSrg
DfA
DPUCL = FUR;{VF< P BR M;;/?)MBBR_BLM
ALM
DPUCWB = FuR%/F(DgABR)MBBR_l (3.17. a"d),
rae je:

Fu- dakTop xoHBepsuje jequaMIa (3.6 X 109}1Gyh'1 po Gys1);
BR - 6ponxujasHmM enmTert
TB - 1eo TpaxeobpoHMjaIHN emTesn
L - mmesta ryha
WB - 11es10 TeJ10
Asr(ALm) - (Takobe 1 Brp(BLm) - 6asa n ekcrioHeHT asiomeTpujcke dopmyie 3a
CTOIly IyMcarba 1 Macy Iutyha y jemHaumHama 3.8, 3.7. pecrieKTUBHO.
SENM,SEM - nospmmmHa TpaxeoOpoHxujasHOr crabia Wi GpoHXMjarTHOT
emnTesIa
Ry r- panvjaiyoHy TeXXMHCKM PaKTOP 3a d eHeprujy (rmompasyMesaHo = 20).

3.4.2. OgppebuBame mo3e Kon OM/baka

IIpema Xwrimjy m bajTBepKy, cTomla mOTpOLIbe XpaHJ/BMBUX MaTepuja Kof,
Owpbaka je, Kao M KOJ XWMBOTHMIba, Cpa3MepHa y OJIHOCY Ha IbMXOBY Macy.
MebyTnmM, 0BO je OIOBPTHYTHO pafoBMMa KOjiI Cy 3aCHOBaHM Ha IIofallyiMa
nobujerM 13 oko 500 jraboparopuja n OmsbkaMa ca TepeHa. VlcniTrBaHoO je 43
BpCTe U TpeyIoXKeH je Mofel y KOMe Cy CToIle ycarba HpUOIVDKHO

M30MeTpUYHe ca YKYITHOM MacoM Onbke [111-114].

Kopucrehn nomarke ms Tabesne 3.1. Mory ce mspadyHaTy OFHOCK 3a CTOILY
pecnmpanyje kopn Owpaka. Hajmpe je morpeOHa wmHdopmarja o cromm
pectinpanyje (MepeHo je kao Hero COz ediykca u nmol CO2 u s') kao
dyuxumju cyse Mmace (g). Omasme ce moOmja mpoceuna ocHosa (1.19) u
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excrioHeHT (1.02) dynkimje. ILleo cer momaTaka Koju IIOKpMBa pa3sHOBPCHE
Owbke je wckopummheH 3a [JoOWjarbe UMTaBOI CIIeKTpa 3aBUCHOCTM 3a
M3padyHaBame jenHaunHe logio ( yKymHa crona pecnupariiyje y nmol COzst)
=eKcIIOHeHT X logio (cyBa Maca, g) + logio (0a3a). Ciienehe 1mrro Tpeba ypamuri
jecTe KOHBepTOBarbe y ofrosapajyhe jemmumite xopucrehn: (a) KOHBep3MOHN
daxrop ox 2.5 x 103 mol-a Baszgyxa 1o moiry CO2, (0) reHepruKM OHOC BJIKHE
U CyBe Mace y OHOCY Of ITeT; (B) MoJIapHa 3aripeMiHa of, 22.4 1. 113 oBora citeqn
dopmyiia ykyIiHe cTolle pecriiparyje OmspKe:

BRg, e (m3s™1) = 1.95 x 10™*M (kg)12 = Ap MBPL (3.18.).

Kop 6uspaka Hema cMmiciia IIocMaTpaTyi enmTesl OpoHxMja Kao IIM/BHO TKUBO, C
003MpoM Ha TO [la OHe HeMajy TakBy CTPYKTypy. YMecTo Tora, Moxe ce
IIPeTIIOCTaBUTH Jia je IIOBpIIMHAa Ilejle OWbKe cucTeM Koju je 3aykeH 3a
pasMeHy racosa ca armocdepom. dpakTaHy OMOIOMIKK Mofeu Ipeasubajy
Ja je cIiojbHa IIOBpIIMHA JIMCTOBAa CpasMepHa ¥4 YKyIIHe IIOBpIIVHe OwsbKe
[115,116].

Ca craHOBUINITa METOHOJIOTMje 3paderba M Ho3UMeTpuje, Ombke (Kao IITO CY
JMIlIajeBy,, MaxoBMHa, ApsBehe, TpaBa, KIMjaJio cemMe ¥ IJbUBE) Cy BeoMa
M3OyKeHa eJIUIICOMIIHA Tejla, allcTpaxoBaHa pellpe3eHTalyja “eKBUBaJIEHTHIIX
mwiMHAapa” Koja panuje pelpeseHTyje CeIMeHT KOpeHa Hero liejle OwbKe.
[1o3a of, cTpaHe pagVOHYK/IMAA Y 3eMJBUILTY VICIIOpyYyje ce IIyTeM TpaHcdepa
Kkpo3 hermmjcke 3umose kKopeHa. OBakaB BUI, pelrpe3eHTaIlyje je HermogoOaH 3a
PaaMOHYKIIMIIe Y TaCHOM CTamy, ajli ce, y3 onpebeHe ampokcuMariyje, mose 3a
OvbKe MOTy padyHaTH, IIOf], IIPeTIIOCTaBKOM Aa AoMeT ajsida dectuiia oxnpebyje
ayOuHy o3paveHOr TKMBa y 3M0BVMa KOpeHa.

PedepenTHn opraHmsaM ce MOXe IIOCMaTpaTV Kao WM3Ay>KeHW eJIAIICOW/, ca
I71laBHOM ocoM L m wmpeHTMYHMM MamuM ocama a=b. 3ampemwHa oBaksor
eJIIIcovaa je:
1 n n

Velipsoia = gﬂLa2 = 3ampeMHHa" eKBUBAJIEHTHOT UMIUHAPA Vi nyuapa = mR?L ; ma
. a

jé HOpeuYHMK eKBMBaJIeHTHOI LwmMHApa R = % [IwybHO TKMBO ce MOXe
MofelIoBaT  Kao 3ampemmHa wm3Mmeby gBa  mpekiamajyha  myummHapa
HoJIyIpedHyKa 1 u r+h peciektsHo 1 gyxunne L. Kopucrehu jemnaunmy 3.3,

Maca KpWUTMYHOI TKMBa mt ce MOXe M3pasuTu Kao (YyHKIIMja YKyIIHe Mace
opranmsma M:

75



Mpe \E npalh, = 26~ M (3.19)

3ameHoM jegHaumHa 3.18. 1 3.19. y jeqnaunum 3.1. goOuja ce Kpajibu U3pas 3a
DPUC Oowpaxa.

_ AI:)LCIMBPL_1

DPUC 0 sumxe = FuRWr = 2vene D§ =144 x 10'a (3.20.),
rae je:

Df - daxrop noreHumjaHe a- eHepruje 5.54x10-JBq!

Ap; —armomeTpuyka 0a3a 3a CTOIy pecnmpalivje Ko, Ovbaka, 1.95 X 104 m3s-1

a - Mama oca eluIcouzga y MeTpuMa (ako Cy J[Be Mame —oce
AVICIIPOIIPOIIMOHAJIHE, Y31IMa Ce HbIIXOBa apUTMeTIYKa CpelfHa)

hr- my6mna ocerspuBor TkmBa =5.5 X 10-°m

Fu - xouBep3nonu dpakrop (3.6 X109 pGyh-1mo Gys)

Ry - IO3HM TeXMHCKM (paKToOp 3a d 3paverse (mompasymesano = 20).

AKo ce 1IpeTIiocTaBy [1a je 1ejla OvbKa 3alpaBo HOBpIIMHA Koja BPIIM M3MeHY
racoBa ca CIOJBHOM cpednHOM, oHAa ce Moxe mpemsuperrt u DPUC 3a meny
owbky y pGy mo Bgsm-3ca msBecHUM arrpokcumalnyjaMa, IO YCJIOBOM fia je

MacCa KOHCTaHTHa.
a BrDP

DPUC = FyRfy 222 = 1.99 X 10'R{lAp, MPPL™1 ~ 3.88 X 107 Rfy; (3.21.).

76



EKCITEPMMEHTAJIHIM OEO

77



4. Marepwjanu v MeTOIe

ITocToju mMpoK criekTap pasHux ypebaja, MepHMX KOMILIeTa, MHCTpPyMeHaTa 1
Ip. 3a Mepelbe pajloHa 1 HheroBux Kparkoxmsehnx rmoroMaka. Behixa meprmx
MeTojla 3a pajfIoH 1 HeroBe IIOTOMKe 3aCHMBa ce Ha JeTeKIIMj/ o-uecTulla, Kao U

Mepemy y-3padersa, I0K ce Mepeme [B-3pauer-a MajIo KOPVCTIA.

Mertope ce pasiuKyjy 0 Ha4MHY U Tpajarby y30pKOBarba, I1a ce MOXKe TOBOPUTU
O TPEHYTHOM U JyTOBPEMEeHCKOM y30PKOBakby.

Kon TpeHyTHOr y30pKoBama BpeJHOCT KOHIIeHTpallyije ce 1o6uja 3a omgpebenn
TpeHyTaK.

Konm pnyroBpeMeHcKmx MepHMX TexHMKa [00uja ce cpefdrba BpPemHOCT
KOHIIeHTpalyje pajJoHa Yy jeJHOM Iy)KeM BpeMeHCKOM WHTepBaly, W OBe

TEXHUKE Cy HOFO,Z[HT/Ije 3a IIponeHy pa,E[I/IjaI_IT/IOHOF 30 PpaBCTBEHOI" PU3VIKa.

Ykonmko ce KopucTe ypebaju Koju KOprcTe M3BOp Hallajaka CTPYjoM, TOBOPH ce

O aKTMBHVIM MEPHVIM TE€XHVKaMa.

YKonmko ce mpm OBaKBOM Mepery He KOPUCTe aKTVBHE eJIeKTpUYHe
KOMIIOHEHTe, OHJIa Cy TO IacBHe MepHe TeXHUKE.

Y oxBupy oBe Te3e Meper-a akKTVMBHOCTH pajioHa 1 II0TOMaKa y Ba3ayXy BpIIeHa
Cy aKTMBHO KPaTKOPOYHO M JIyropouHo romohy Safety Siren Pro 3 gerekropa, n

nacuBHO ayropouno, uspcrum CR-39 Tpar gerekropuMma.

4.1. AKTUBHe MepHe TexHUKe

4.1.1. Safety Siren mepHU ypebaj

[TocToju Buile BpcTa €JIEKTPOHCKNMX JIeTeKTOpa 3a KOHTMHYJIHO Meperhe
KOHIIeHTpaluje pagoHa, kao mro cy: Alphaguard (Saphymo GmbH), Rad7
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(Durridge Co.), RTM-2100 (Sarad GmbH) i Safety Siren (Family Safety Products
Inc.).

[Ipsa Tpu OeTeKkTopa Cy BpXyHCKM ypebaju Koju KopucTe codpuCTULMPaHU
codTBep 3a oOpaay monaraka, Aok je Safety Siren jedpTuHMja BapujaHTa Oe3
MKaKBOT codTBepa .

Safety siren za geTekmujy pamoHa KOPUCTM IIYJICHY jOHM3ALMIOHY KOMOPY Kao
u BpxyHcku Alphaguard.

Ypebaj KopucTy CMIIMKOHCKY jOHM3alVIOHY KOMOPY (ajida CIIeKTpOcKoIja) 3a
KOHTMHYaJIHO Meperbe pajioHa, M IOrofaH je 3a MOHUTOPWHI KOHIIeHTpallija
o0 9999 Bqm3[117]. Vismen ypebaja mpukasan je Ha civmm 4.1, a merose
TeXHUUKe crienydukaryje y tTademm 4.1.

Ciika 4.1.Safety Siren Pro metekTop pagoHa

Tabesna 4.1. Texanuke kapakrepuctuke Safety Siren Pro gerexTopa

PagHo Hamajame 120V, 60Hz, 6.5. W

Yi1a3 3a merekTop raca 18VDC, 200 mA

Bosrraka ceHopa 250 VDC

Twr ceHsopa JoHM3anMoHna KoMopa

Oricer ounTaBama 0-999 Bqm-

Ycinosu pagHe cpenyHe 0-40°C

@dpekBeHIIVja OUMTaBaka caT BpeMeHa

KpaTtkopouHo Mepeme 7 naHa

Hyropo4so mepeme ITomaim ocrajy 'y Memopuju go 5
rojyiHa

Taunoct +20%, +37 Bqm-?

4.1.2. OgpebuBame ekcxaiamnyje paJoHa MeTOIOM 3aTBOpPeHe II0Cy/ie
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OnpebuBame eckxalalyje pajoHa 3acHMBa Ce MaxXxOM Ha 3aTBapamby WIU
IOKpUBamwy y3opkKa. ITocToju BelmKm BapujaTeT CIIMUHMX MeTO/Ia, a 3a HoTpebde
OBOT MCTpaXkuBara KopulltheHa je MeTozla 3aTBOpeHe IIocy/e.

KonnenTtpanmja pagoHa yHyTap IIocyfe MOXe ce IIpuKasaTu cilegehom
jemHauMHOM MaceHOT TpaHcdepa:

S = 10— 2, C = 1,C + 22+ 1,6 (4.1).
JIeBa cTpaHa jeqHauYVHe IIpefcTaBba CTOIy IIpOMeHe KOHIeHTpalyje pajgoHa y
nocyau. Ilpse Tpu BesmumHe ca JlecHe cTpaHe IIpeiCTaBlbajy I'yOuTak pajioHa
ycilen, IpUPOAHOr pachaja, Iypera M3 II0CyJle M CTOIle IHoBpaTHe audysuje.
ITocnenrba ABa WiaHa IpeCTaB/bajy CTOIly ociobabama pajioHa 13 n3BOpa, Kao
VI JOTOK pajioHa U3 CIIOJballlibe CpefyiHe y IIOCy/Iy.

Perierse rope jeqHadviHe je:

A
_ BogtMCor.  _(asa 4t
= [1-e p)t] 4.2),

JIOK je jelHaUMHa paBHOTeXXHe KOHIIeHTpallyje paJoHa:

A
A+dp+Ap

Coo (4.3)

4.1.2.1. Croma mypesa pagoHa U3 mocyae A,

Croma mm KoeduIMjeHT Iypera MOXe ce ommcaTii Kao oxpebeH cremen
BeHTWIanyje nocyde Ay [h], ogHOCHO c;10GoAHa pa3smMeHa racosa ca CIIOJBHOM
CpenVHOM ycilel ITyKOTMHA WIM mpolena Ha nocyan. KoedbummjeHT mypersa
MIPeBacXOIHO 3aBWUCK Of HauMHa M3pajie IIOoCyfe: IITO je 3alTuBeHOCT Oosba,
KoedunmjeHT he 6mTn Marbn.

ITonamame pacrazga pagona CL (ybydyjyhm u myperbe) MOXe ce IIpUKa3aTu
Kao:

ac
L= —(A—=2,)C+ 1, C (4.4.).

Pemterse jeqraunte 1o Cpje :
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_ _ MG —(A+A,+ )t AvCo
L= [Cb ,1+,11,] € e (4.5.),

rie je CpMHMIIMjaJIHa KOHIIEHTpallyja paJjoHa y IOCYAN.

MunnmjarHy Harub KpuBe pacrazia pafgoHa (ca mypemeM) je [118]:

_dg,
B dtt—>0

M,

AvCO
__Q+A”kh_a+@]
ML = _CbA - Av (Cb - Co) (46)

VmeanHa KpuBa pacraja pagoHa y IOCyAr He yKbydyje KoepUIVjeHT 1y perba
U IIpeJicTaBsba ce cjleflehoM jeTHauHOM:

C, = Cye ™ 4.7.).

Vinvmyjaimamy Haruo 3a ueaHy KpuBy M onpebyje ce us ctefehe pernanyje:

M, =L = —¢,2 (4.8)).

dtio

U3 jennaunHa 4.7. 1 4.8. croma 11y pemba je jeqHaka:

Mj—-M
Cp—Cy

A, = (4.9).

4.1.2.2. Cronia noBpatHe audysuje Ap

IToppaTtHa pmudysmja je d¢eHOMeH Koju ce jaBba Ha CaMOM IIOYeTKY
excrieprmenTa. OMax HaKOH 3aTBaparba I0CyZle, BeJIiKa je BepoBaTHONha Ja ce
PajioH Kojii ce y TOM TPeHYTKy ociobaba 13 Martepujasa nudyHayje Hazaz, y
y3opak [119].

HaromwiaBambe panoHa je ommcaHo jeqHaumHoM 4.2, [udepenumpamem

jenHaumHe 4.2., Kaja BpeMe TeXM HYJIM, JIoOMja ce jegHadMHa Koja OICYje
VIHUIIVjaJIHV HarnO HaromMmlaBarma pafoHa y nocyan, Me:
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M, = = Eo S+ 1,Cq (4.10.).

JenHaumna 4.3. ce pyraduje MoXxe IycaTy ¥ Kao:
EoZ + AyCo = Coo(X + Ay + 1) (4.11))
M3 jequaunza 4.10. 1 4.11. nobuja ce:
M, =Co(A+ Ay + 1) (4.12.).
Kana ce jeqnaunna 4.12. perm o A, JoOMja ce:

A =2e— (A+4,) (4.13.).

JennaunHa 4.13. vwIycTpyje 3aBUCHOCT CTelleHa HoBpaTHe Audysuje of, ogHoca
3arpemMyHa y30pKa 1 3allpeMVHe II0Cy/e.

4.1.2.3. Crona excxananuje E

Crona ekcxanaumje Eo meduHMcaHa je Kao KoIMUMHa aKTMBHOCTU pafoHa

ocsiobobeHa ca oxmpebene nospiHe MaTepujasia MO jeIVHUIIM BpeMeHa [Bqm-
2h-1]

U3 jeqHaumHe 4.3., cToIla eKcxaslalyje ce AMPeKTHO M3paXkaBa Kao
Eo = (Co(d+ Ay + 1) — 1,Co) = (4.14),

I7le ce paBHOTeXXHa KOHIIeHTpalMja pagoHa ofpebyje anpekTHo KopuithemeM
KoedpuijeHaTa Ay 1 Ap.

Haxon m3pauyHaBarba ekcxajiamjyje M3 Marepujajia, Moryhe je mspadyHatyi u
MaceHy eKcxaJIalijy IpUMeHOM dpopMyJie

Em = Eo = (4.15.),

Kao 1 edpeKTUBHU caJipXaj pafgujyMa y y30pKy, IIprMeHOM dpopMyIie
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4.1.2.4. VicnuTMBaHM MaTepujaan

3a norpebe oBOr MCTpaXnBarba MepeHa je eKcxaslallija U3 pasHMUX MaTepujasia
KOju Cy IpefcTaBbeHM Yy Tabeam 4.2, 3ajemHO ca KapaKTepucTHKama

peJIeEBaHTHUM 3a VM3padyHaBarbe IbIIXOBe echaJIam/Ije.

['panuT je myOmrcKka MarMaTcka CTeHa Koja HacTaje xjlabemeM 1 yuspiihermeM
yXXapeHe MarMe y  YHyTpalllFbOCT ~ 3eMjbe; caMMM TUM, IOWUPOKO je
pacrpocTpameHa y 3eMsbiHOj Kopu. C 00631poM Ha To [1a je jeaH off, HajTBpbux
U HajOTOIIOPHMjUX MaTepujajla, 4eCcTo ce KOpPUCTM Y TpabeBuHaApCTBY.
Hajcrapuje rpanutHe crene Hanase ce y IlIBenckoj, bpuranuju n Apusonmn.
ITopen oByx Hasa3wuITa, KOMepIIMjaIHO BpeIHM KaMeHOJIOMY I'paHNUTa HaJla3e
ce jour n y dunckoj, bpaswy, Vinouju, Vitaymmju n JyxHoj] AMepuiin.

I'panmTHN KOjU CYy MCIUTMBAHM y OBOj AVICEPTaLVji Cy KOMePLIVjaJTHO JOCTYITHM
y CpOuju, n Kao TakBM ce KOpWCTe 3a M3pajly II0/i0Ba, PajHMX IOBPIIVHA,
KYXVUEbCKIX eJleMeHaTa V1 CJ1. y pe3ueHIIMjaTHM O0jeKTHMa.

ITopen, rpanuTa, MCUTMBaHe Cy M HeKe Off MarMaTCKMX, CeAVMEHTHUX WU

MeTaMOP(HVIX CTeHa ca IofpyyYja IUIaHMHa JacTpebart 1 KomaoHuxk.

JacTpebarz ce Hanasm jy>xkHo o Kpymesiia n 3anagsao ox Hura. To je pomoricka
IUITaHVMHA WCTOYHO of nmHapckor Komaonmka. Jacrpebaukm xoper je
yHnopemHUUYKN m3gyXeH 45 km m umuHe ra Bermxm m Maym Jactpebarr,
msrpabenn ox mkpwpartia. To je IaHMHA cpefFbe BeIIiHe, KaKo II0 BUCHUHN
(Hajpum Bpx Benmka ‘Bymuia Bucok je 1491 m), Tako M 110 mpocTopy Koju
3aysuMa. JacTpebaill je BpJIo cTapa IUIaHMHa, IIOCTOjao je joIl y Tepuujapy u
V3AM3a0 Ce M3 TepLyjapHOI MOpa Kao BeJIMKO OCTpBO. Y BpeMe HacTajarba
Amma, Kapnara n [InHapupma gorogwie Cy ce BeIMKe ITpOMeHe Ha HbeMy:
VI3ANTA0 Ce CPpeVIIbU J1e0, a CeBePHM U jy)KHU Cy ce ciycTwm. ['eormomkm
cacTaB je pasHOBpCTaH: IpeoBilabyjy HIMCKO MeTamMopducaHV IIKPWBILIY,
MarMaTCKV TPaHIVIOPUTH U KJIaCTUYHE CeJIMMEeHTHe CTeHe.

Komaonuk je nHajseha mranmna menrpaise Cpouje. yr je oko 80 kM, nmpuHe
mo 10 xM, ca mpasHeM mpyxXarmba ceBep-jyr. Ha jyry ce mpyxa op Kocoscke
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MuwuTposulie n e Ha ceBep 110 Jomamuuke peke. Fberosa 3amagna rpanuma je
nyOoko yceuena monmHa VIbpa, a Ha mcToKy je omeben monmnama Pacune n
Torme. Koraonuk je cjioxkeHe reojiomike rpabe, pasHOIMKOTI MUHePasIOIKO-
JINUTOJIOIIKOT ~ cacTaBa, Ca WMHTEH3MBHOM BYJIKAHCKOM akKTuBHOWINY u
TEeKTOHCKMM KpeTamiMa. ITpema caBpeMeHVM cxBaTamyma OasvpaHuM Ha
TeOpWj O TeKTOHWMIIM IUIOYa, OCHOBM 3a WHTepIlepeTaljy TIeOJIOIIKIX
nporeca, KomaoHuk mpuriaga cJI0)KeHOM TepeHy BaplapcKe 30He 1 3axBaTa
nozpydje nsmeby KpajbeBaukor TepIujapHor OaceHa Ha ceBepy, JomHe VIbpa
Ha 3amajy, Iore3a Bpmauka bama-Bpsehe Ha mcToky, ca mckimmasameM Ha
jyry cesepHo on Ilpumntmne. Hajcrapuje creHe komaoHMUYKoOr Os10Ka cy
KapOOHCKM ceAVMeHTU MeTaMopducanu y daumju 3eleHux MIKpwbala, a
IIPEKO VX TPAHCTPeCUBHO JIeXe Tpujacku cequMenTn. 3HataH meo Kormaonnka
uyHe cepleHTUHICcaHe yiTpalasuuHe, Koje Cy JIOIUIe M3 Hajay0sbux jeioBa
3emsbe, OKeaHCKe JIMTocepe 1 roprer oMorada. TeKTOHCKM HajcJIoKeHuje Cy
cTeHe O(MUOINUTCKOr MeJIaHka, Be3aHe 3a 3aTBaparbe BapIapcKor OKeaHa Tj.
cybnykuyoHe 30He. ITpeko HUX TpaHCTpecMBHO JieXe KpegHU iImImHM
cequmMenTy [120]. VInTeHsnBaH MarMaTi3aM Ha OBVM IIPOCTOpMMA JelllaBao ce
y Toky onmronieHa[121]. VIuTpynoBaHu cy rpaHOAVMOPUTH, a Ha IIOBPIIMHU CY
M3JIVIBEHU JAllATU U aHAe3nTH, OoraTvi MuHepasmsanyjama Pb i1 Zn.
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TabGesna 4.2. ViciuTuBaHM MaTepujasiv ca pejleBaHTHUM KapaKTepycTuKaMa

5 Hasus ITopexiio, [ToBpiaa Maca
P-bp- MaTepujasia HaJla3uIITe MaTepujajia | MaTepujasia
Bpcra: I'paanTi 1 MarMaTcKke cTeHe
1. Hepo AcostyTo Viaguja 0.9 0.867
2. Acppura Adpuxa 0.9 1.345
LIPBEHU
3. Konaorraky Komaonuk, Cpbuja 0.9 0.73
rPaHUT
4. Vimniasta JyxHa Adpuka 0.9 0.821
5 JaGmanmukm ]a6HaHI/.[ua, 0.9 0.95
rpaHUT Cpbwuja
6. 3umbabBe Adpuka 0.9 0.623
7. Benrain VIanuja 0.9 0.92
g | baumum Duricka 0.8 0.82
OpaoH
9. Bendact 1ipan JyxHa Adpuka 0.8 0.92
10. | bendact ceein |  JyxHa Adpuka 0.75 1.212
berndacr
11. ey M Jyxna Adprka 0.5 0.78
berndacr
12. pedIIeKTOp JyxHa Adpurka 0.8 0.64
Gjenumeme
13. Carrriaro Awmepruke 0.9 0.87
Opaon
Hpxase
14. PocaGera Capruia, 0.9 0.64
Uranuja
15. | Pocobammopain PuHcka 0.9 1.23
16. Kirasa Bpasu 0.8 0.95
KJTaCVIKO
17. Hapazuco ViHmja 0.7 0.967
KIJTACVIKO
18, | Vhauepuan Vismmja 0.65 0.874
IIPBEHN
19. buanko capno Wramgja 0.9 1.132
Jymapana
20. adbpuiKa Adpuka 0.7 0.984
21. | ITapagyco nuHK Vupuja 0.8 0.845
22. ITapamyco bpaswn 0.8 0.765
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KoJmbpu
23. | Poco caHTHMaro YxpajHa 0.7 0.621
24. Tpormxar Vnnuja 0.65 0.8
ryapasa
25. Pocacapno VItaimja 0.7 0.86
26. I'panoguopur Jactpebarr 0.9 0.5
27. I'panopmopuTt Konaonmk 0.9 0.42
28. Tparmrovne Kormaoumk 0.9 1.3
CTeHe
29. Ipanmronye Jactpebarr 0.9 1.421
CTeHe
buoturckn
30. Fpativit JacTpe6ar 0.9 0.862
IUIaHITapaiesTHe
CTPYKTYype
Homomurexm Kormaonwmk 0.9 0.962
MepMep
[lernrruap JacTpebarg 0.9 0.6
Dwnur Jactpebarr 0.9 0.7
Bpcra: Uectn rpabeBuHCKYM MaTepujam
34. beron Jlokarmje 1,2,3 1 4. 0.9 0.6
Tlonme Komepurinjao
35. | mwiountie(suiIme Py 0.7 0.65
nobaBbeHe
mpon3sBobaya)
Cumnopexc 6710k KoMepItiaiio
36. (Bure PHv] 0.9 0.54
no0aB/beH
rpomssobaya)
Ileuena nmriia Kone IHO
37. | nyma (Bume PV 0.9 0.962
nobaB/beHa
rpomssobaya)
I'miaenn 0ok KoMepIitiatio
38. (Bt Py 0.9 0.654
no0aB/beH
rpomssobaya)
I'mmuenut npen .
39. (BuLIIe Komepupjario 0.9 0.623
nobaBibeH
rpomssobaya)
40. I'imic (Buime KomepnmjanHo 0.9 03
mpon3Bobaya) mobaBIbeH
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4.1.3. KpaTkopodHO Mepeme KOHIIeHTpaIlyje pajJoHa y pe3uaeHLMjaH UM
o0jeKkTMMa

4.1.3.1. 3aBMCHOCT KOHIIeHTpallije paJoHa of], cTelleHa BeHTuIalluje

Behwuna srpaga y Cpbuju koje cy msrpabene ox 1950. mo 1980. rogmne mmajy
CKJIOHMIIITa Of] MaCMBHOT UBPCTOI OeTOHa M YeJIMYHMX BpaTa.

CwIoHMINITa MOTy CIIyXXUTM 3a 3alllTUTy Off aTOMCKMX eKCIUIo3Mja Wi
XeMMjCKOT OpyXja. Y MMPHOOIICKMM YCJIOBMMA ¥ JTaHAIIF-UIIM, HeKa Ofl HbUX
ce KOpHUCTe Kao IIpoJaBHMIle HaMelllTaja, TepeTaHe, KIyOoBM W CIL.
CraHpgapaHO CKJIOHMINTe MOXKe cagpyKaTu Macy of oko 35 ToHa OeToHa, ca
TUOVMYHUM akTuBHoIIhy 22°Ra ox 40 Bgkg! [122,123].

OBa Maca OeroHa MoXe moBehaTn KOHIIEHTpallMjy pafjioHa y CKJIOHMIITY 300T
excxaslalyje ofi rpabesnHcKor MaTepujasia. ObjaBibeHe BpeTHOCTY eKcxaslalyje
us 6etona y CAJl n Esponu Bapupajy oz 0,5 (- 30) Bg-*h! [124,125].

Bpme Ce [IBa aKTMBHa KpaTKOPpO4YHa Meperba Y aTOMCKVIM CKJIIOHUIITIMA KOja ce

Hajlase y cacraBy craMmOeHe srpane y Kpymesity, v ymmm dparommpa I'ajuha
121 10.

CxyoHMIIITa Cy MCIIOA, HUBOA YJIulle U cacToje ce Off 4eTupu cobe ca deTMIHMM
BpaTuMa, Koja cy OwiIa IIMpPOKO OTBOpeHa Hajmamse 20 ropamHa, u Koja cy

ocTajla OTBOpeHa TOKOM IIpBe ¢pasze eKcllepyMeHTa.

Bpara ce Mory xepMeTnuKm 3aTBOPUTH, U TaJla BEHTWIIALVja TEXW HYJIN.
HaxoH ycrioctasbarba ycTasbeHVMX BpeqHocT (48-72 4daca), HMBOM pamoHa ce

Ipare aKTMBHO, KpaTKOPOYHO TOKOM 7 JaHa.

Haxon nobujama nojaTaka, cba BpaTa ce XepMeTHUUKM 3aTBapajy 1 obasiba ce
joIl jedHO Mepeme y Tpajamby of 14 mana, Te yTBpbyje ma im monasu [0
nopehara KOHIIEHTpallije pajoHa y IIpOCTOPMjM Kajla je BeHTwIaluja Y

IIOTIIYHOCTU eJIVIMVIHVICaHa.

Oba cwIoOHMINTAa ¥MMajy WIEHTWYaH pacroper IpocTopuja ¥ WAEHTUYHY
ApXUTEKTYPY.
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4.1.3.2. IIpocTopHO MamIMparbe pagoHa y pe3uaeHIIjaTHOM 00jeKTy
Meperse ce obaBiba IyrOpOYHO, aKTUBHO.
Y cBaky op mpocTopwuja IocTasba ce 10 jefJaH VIV BUILIe JIeTeKTopa.

HakoH ycriocrab/barba yCcTa/beHUX BpefgHocTH (48-72 uaca), HMBOUM pajloHa ce IIpaTe
aKTVBHO, KOHTMHYyVpaHo TokoM 30 1aHa.
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Cmxa 4.3. Ilpukas mpocTopmja CKJIOHWMINTa Kao W pacropeq, aKTMBHUX
JleTeKTopa

1. WC (jemmHa pasMeHa Ba3[yxa ca OKOJIHOM ce OAuMIpaBa Kpo3 BpaTa,
KOja Cy 3aTBOpeHa ToKoM Beher fer1a aHa)

2. Ilomohna mpocropwmja (KOHCTaHTaH IIPOTOK Basmyxa m3Meby mpocropuije
3ud)

3 u 4. I'maBHa coba (meTekTop 4 ce 1ocTasiba Oyvbke BpaTuMa Kako Ou ce

YTBPAVIIO [1a JIV je ¥ KOJIMKO KOHIIeHTpallija pajoHa HypKa off feria 3 )

5. Ilpemncobsbe (HecMeTaH IIPOTOK Baszyxa ca 6 u 4)

6. Yi1a3 y ckJIOHUIITe (BeJIKa pa3MeHa Bas/yxa ca CIIOJBHOM CPeIyIHOM)

4.1.3.3. BepTnkasza aucTpuOyIinja pagoHa y IIpocTopujaMa
Mepeme ce 06aBsba JyropoyHO, aKTUBHO.

[eTexTopu ce mocTassbajy Ha citefehvm sucrHama: 0.5 m, 1.5 m, 1.9m.

HaxoH ycrioctasparba ycTasbeHMX BpeqHocT (48-72 daca), HMBOM pafoHa ce
IpaTe aKTMBHO, KOHTHHYMpaHo TokoMm 30 1maHa.

4.1.3.4. Ce30HcKe Bapujalyje KOHIIEHTpallMje paJoHa

300r m3pakeHMX CE30HCKMX Bapujalja HWBOa KOHIIEHTpaluje pajoHa y
3aTBOPEHOM ITPOCTOPY, HEOIIXOJHO je W3MepUTH KOHIIeHTpallije TOKOM
TOAMIIIEBGVX 0Oa KaKo O ce IpaBWIHO OoffpeyIie JI03e€.

Mepeme ce 06aBba Jyropo4HO, aKTMBHMM TeXHMKAMA.

HeTtexTop ce mocrassba Ha BUCHHY of, 1.5 m.
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HaxkoH ycriocrassbarba ycTaJbeHMX BpegHocTH (48-72 waca), HUBOM pajjoHa ce

IpaTe aKTVMBHO, KOHTHHYMpaHO TokoM 30 aHa.

HPOMEHQ KOHHeHTpaHT/Ije panoHa ce IIpaTe YnTaBe I'oOHe.

4.2. ITacnuBHe MepHe TeXHMKeE

ITopen akTMBHVX MEPHIUX Te€XHMKa, ITIOCTOje U ITacBHe MepHe TexHUKe, Koje Cy
IorogHvje  3a  ecTUMalyjy  HOPUM/bEHMX  pagujallMOHMX  Jo3a Yy
pe3uIeHIMjaTHOM 00jeKTy WM palHOM MecTy.

Kama ce ropopm o IlacMBHMM [IyrOpOYHWMM TexHWMKaMa, IIOfpasyMmeBa ce
npaherse KOHIIEHTpallija paioHa y /Iy’keM BpeMeHCKOM IIepuroy (Ba Mecela
U Iy Xe).

Kama ce roBopm o HacmMBHMM KpaTKOPOYHMM TeXHMKaMa, IIOfpasyMeBa ce
npaherse KOHIIEHTpalyja pafioHa y KpaheM BpeMeHCKOM Iepuomdy (o Mecelr
JaHa).

4.2.1. Landauer alpha track nerexrop

IToctoju MHoOIITBO asidpa JIeTeKTopa pasINMUUTHX IIpom3Bobavda 3a MacMBHO
Mepere KOHIleHTpaluje pagoHa, Kao mro cy: Alpha Track AT-100 (AccuStar),
Alpha-track Radon Detector (RSSI's), Neutrack (Landauer) vi gpyTu.

3a motpebe oBor excriepmmeHnTa M3abpas je Landauer merexrop. V3rien osor
JeTeKTopa HpuKasaH je Ha amnu 4.4., NOK Cy meroBe KapaKTepHCTUKe
npuKasaHe y Tabesm 4.3.

Cmuka 4.4. VIsrnen Landauer asidpa Tpar geTekTopa - a) 3aTBOpeH jeTeKTop, 0)
OTBOPEH IeTEKTOP
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[Tpeunuk gerexkropa n3Hocu 58 mm (63 mm ca HocadeM), TOK f1eOsbMHa M3HOCKU

20 mm (33 mm ca IITUIIaJBKOM).

Tabesa 4.3. Texauuke crietndmkauyje Landauer anda Tpar geTeKTopa

CrambGeHnt/ pagHi 00jeKTr Kao

YmoTpeba merexTopa R a—
Oricer Mepersa (Bqm-3) 20-25 000 Ha 3 Meceria
Mepsm omcer (kBqhm-3) 0-25 000
HopMmaiHa my>XmHa eKcriosuiiyje (maHm) 7-30

6% 1a 400 kBq hm-3

Hemnoysmaroct Mepema( %) (3 mecera ma 200 Bqm-3)

OcHOBa HeIOy30aHOCTHI 1sd
Tvm gpxada 3atBopeH, ca prurTepoM
Hvzaja mpxada NRPB/SSI (mpa™M)
AHTHCTaTUUKE Mepe ITpoBogHVIK eleKTpUIINTETA
Matepwujast meTeKTOpa CR-39/PADC

OcempMBOCT eTeKTOpa 24
(rparoBa mo cm-2 kBg! h-lm3) g
Yobuaajero rmosagmrcko 3padere (kBq h m-3) 5

CranpapiHa fesujalyja IIpy 033 /THCKOM
3paverny 8
(kBq h m-)

YspcTu Tpar-geTeKTopm o-4ecTulia U3 paclaja pajioHa KOPUCTe ce 3a Mepemme
KOHIIeHTpalyje pajJjoHa TOKOM [Iy>Ker BpeMeHCKOI repuopa. Tpar reTekTop je
IUIaCTUYHY MaTepujajl Y KOMe o-4ecTHIle HacTajle pacliajloM OcCTaBJbajy Tpar.
Ilyr koju o-decTuila eMUTOBaHa ca HeKOr HYyK/IMOa Yy BasAyXy IIpesiasut u
JocrieBa 110 Herekropa je momer dectuile, R. Hajuemrhe ce xao merexrtop
kopuctu mommep CR-39 (polyallyl diglycal carbonate), xoju oceTrbuBOM
CTpyKTypoM oMoryhaBa f1a ce perucrpyjy 4ecTuile y IIMPOKOM €HepreTCKOM
vHTepBaly. [leTekTop ce Hajasu Ha Kpajy [Ado3MMeTapcke KOMOpe 4Yuja
BeJIMYMHA OfAroBapa AOMeTy, ¥ Ha Taj HauMH omoryhaBa MaKCHMaJIHY

JeTEeKLNjy CTBOPEHNX O-4ecTuIla y IITo KpaheM BpeMeHCKOM POKY.

[TpyHMn paga OBOT JIeTeKTOpa IIpuMKasaH je Ha oy 4.5, r1e ce yodasajy
cirenehe dasze [126]:

[eTekTop ce eKcrmoHMpa 3paverby Koje IIoTnde o, pagoHa-Rn
Yciien mejcrBa TOr 3paderba Ha AeTEKTOP A00Mjajy ce JITaTeHTHM TParoBu
XeMUjCKMM HarpmsameM TU TParosy ce PUKCKpPajy 1 II0CTajy BUABUBU

Ll s

bpojamem BubMBMX Tparosa ofpebyje ce muxoBa I'ycTMHaA M Haj3ajl,
Kao IoBpaTHa MHQoOpMallija, 100uja ce KOHIEHTpallija aKTMBHOCTU
panoHa.
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Vidljivi

Vizuealizacija _
tragovi

tragova

Latentni
tragovi

Gustina

Koncentracija radona

Crmxka 4.5. ITpuanumn paga Tpar gerekropa CR-39
4.2.2. Mexann3mMu popMmpama TparoBa, MeTo/10/I0Ivja ouMTaBakha Tparosa

Harprokenwn Tparosu mnocMmaTpaHM cy Ha MHOWITBY Marepujaia. OBu
MaTepujai Cy yIJIJaBHOM IIOJIMMEepM, MMHepa/lHM Kpuctaam W cj1adu
MIOJIYIIPOBOIHMIIN. 3aje THIYKO ¥ HajOUTHMje CBOjCTBO CBUX OBMX MaTepujasia je
Jla Cy OHV M3PasuTo JAVeJIeKTPUYHL.

Ci1000HM ejIeKTpOHM y MeTaJliMa YHUMINTaBajy JIaTeHTHe Tparobe Kojii Cy
dopMupaHu of cTpaHe MHIIMIOEHTUX joHa Yy IIpollecy peKoMOMHaluje ca
JOHCKMM IIpasHMHaMa MaTepujajla IIpe IIpolleca XeMMjCKOT Harpusamba.
['panvyHM OTIOp MCHOA KOra HeMa CBpxe IJIefaTV Tparose je eMIIVPUjCKU
ogpeber 1 msHocu 2000 Qcm. Octanmm KpUTepujyMu 1 TeOPUjCKM MOMEIN 3a
MexaHM3Me popMupara Tparosa OIVpKi ¢y PU3MUKO]j peaTHOCTH VI 3aCHOBaHU

Cy Ha MHTepaKIjaMa JecTuIla I1oj] HabojeM 1 MaTepujaia.

['yGuii eHepruje Ipoy3poKoBaHM Of CTpaHe MHIMIEeHTHMX joHa Cy pe3yITaT
VIHTepaKlyja ca eJIeKTPOHMMa U jesrpyMma caMor Martepujasa. 3a joHe ca
eHeprujama Behum of 1 MeV HykileapHu ryOunu cy mMaam y nopebemy ca
ejleKTpuyHMM Tyburmma. C fpyre cTpaHe, TeIIKM jOHM yIJIJaBHOM TIy0e
eHeprijy kpo3 Kymombose (Coulomb) wHTepakije ca opOuTamHUM

eJIeKTpOHMMa InbaHMx aToMa. OBe MHTepakiije cy ommcaHe y Bethe-Block
dopmymm [127]:
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()= () s] e

rae je:

Ci1=2mnce*, mpu uemy je:

Ne - KOHIIEHTpallyja eJIeKTPoHa,

m - Maca eJIeKTpOHa,

Wmax - MakcumyM TpaHcdepa eHepruje,

p=v/c - Op3uHa joHa,

I - cpen by moTeHIIMjaI joHV3a1Vje,

0 - KopeKIIyja ojIapu3alMoHor edpeKTa Ha MeAujyM 3a peJIaTUBHY Op3uHY,

U- xopexk1iyja 3a MaJie Op3uHe.

ITpBoOUTHO ObjarImere popMMparka Tparosa je OMIo Jla HIX0BO hopMuUpare
3aBUCK Off KOJIWYMHE eHepruje JleIIOHOBaHe IO jelVHWIIM AyXuHe. YKyITHU
ryounn eHepruje (dE/dx) y mHTepakiuju ca esleKTpoHMMa Cy Y (PyHKIIUjU
eHepruje joHa 1 Majy KapaKTepucTidaH 00K (civKa 4.6.).
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Cmuka 4.6. Pasymuautyi KpuTepujymu opMmupara TparoBa y QYHKIVU

eHepIuje TeIIKNX joHa

OBaj o0/MMK je y AMPEKTHOj Be3M Ca eMIOVPUjCKM MOCMAaTPaHOM KPUTHMYIHOM
spepuomthy (dE/dx)c. Kama (dE/dx) mpemamm oBy XpwWTWYHY BpemHOCT,
Tparosu ce dopmupajy. Osaj mpuctyn Huje Owio moryhe ombpanutn vy
oOs1acTVMa BUICOKe eHeprje, ITie ce popMIpa BeIMKI Opoj BMCOKOEHEePTeTCKIIX
O errexTpona. OBU eJIeKTpOHM OfAy3MMajy y3mMajy Behm geo mnpumbeHe
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eHepruje 13 obJ1acTy Tparosa, Koju ce 300r Tora 1 rybde Ipy mporecy XeMujcKor
Harpvsama.

M3 oBux pasora, pasHM ayTopu Cy IpemIoXWwIM Mofejle y Kojuma Ou
dopMuparse Tparosa 3aBUCWIIO Of, pasHNX apaMeTapa.

Jeman op oBux mapameTtapa je u Opoj mpMMapHUX joHM3allMja HaIlpaB/beHUX Y
IyTamV KpeTama joHa. Pearija 3a mpuMapHy joHM3anujy J, 3acHOBaHa je Ha
Bethe-Bloch dopmysn:

(&) = = |in (%) —p*-5-U| (4.18)

IoB? Iy

Ha cmmm 4.7. ipukasaHa je mpumapHa joHM3auuja ] 3a pasimaure joHe ”
eHepruje joHa Kao U IIpar jeTeKkIuje 3a ofpebeHe jeTeKTope.
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Cmuka 4.7. IIpumapna joHmsanymoHa eHepruja (Op3mHa) y dyHKUMjU Op3uHe
TEeIIKMX jOHa

Tparosu dpopmupanyt of1 cTpaHe TeIIKMX jOHA Cy BeOMa MaJIi (JIeceTul 1eo nm y
npeuynuky). OBM JlaTeHTHM TparoBu ce jeAMHO MOIY BuUOeTH IOfI

enektpoHckmM (TEM, SEM, itd.) Mukpockomom.

Komranaa omrrehersa, a caMmM THM M BeJIMdMHA TParosa, 3aBUCH OfI Op3vHe
mvHeapHOr eHeprerckor TpaHcdepa (LET) HaenmekTpmcane uyectuiie Iyx
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TpajekTopuje. OOIVK U AVjaMeTap HarpvDKeHOCTH 3aBUCe OfI Ba IlapamMeTpa:
Harpmsajyhmx KapakTepucTyKa IUIACTMYHEe CpeyiHe O3Ha4YeHNX Kao HUXOBa
Opsmuua Harpmsama (Vs) u OpsuHe Harpmsama Tparosa (V1) 3a gaTu
HarpmsuBad, KopuirheH mon onrosapajyhmmM ycimoBmMa: TWUII, MOJIApPHOCT U
TeMIlepaTypa HarpusuBada, ¥ IIpefcTaB/ba oOfrosapajyhly KapaKTepuCTUKY
MHTepaKIlyje HaeJIeKTpUCaHMX YeCTHIIa ca CpedMHOM, OyX myTame. OgHoc oBe
nse OpsuHe je mar mspasom: V=V1/Vp, u npeacrasba Ouran dakrop 3a
ofpebuBame KapakTepuCTVKa Harpusarba.

Bermmummna 1 oOimK Tparosa 3aBuce o7l BpeMeHa Tpajarba Harpumsama (CjmKa
4.7.) [128].

W 4

e B
R ATt
/‘ L

./

2 HOURS 6 HOURS
Crimka 4.7. VIsmen, Tparosa 11ocjie 11ojia 4aca, jeJHOr, [JBa M IIeCT JacoBa
eKCIIo3MIVje Harpmsajyhnm xeMmkavjama
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4.2.3. Ilocrymak Harpms3ama M MeTOA0JI0THja

[TocTrynmak Harpmusarma 3aBUCK Of HauMHa Opojarba Tparopa: OITUYKMM
MUKPOCKOIIOM (Py4HO VIV ayTOMAaTCKM/I10JIyay TOMaTCKM), I HEMUKPOCKOIICKI
MeTOo/IM, Kao IITO Cy Opojarbe BapHMIIAa ¥ MeTO[ IIOMONy CIMHTWIaTOpa Koju
VICITyH-aBa HarpvokeHe myIubuHe. Hajuenthe MeTosie Harpusarma cy XeMUjcKo U

esleKTpoxeMujcko Harpusarbe (Crinka 4.8. a 1 6 )[128].

tage 2 - Tree Formation

a) daza 1-y 00Ky jaMe - XeMMjCKO Harpu3arbe
0) daza 2- y o0ONMKY ApBeTa - eJIEKTPOXEMMJCKO HarpU3arbe
B) €IeKTPOXeMUjCKV HarpVDKeH Tpary oOJIMKY JIpBeTa

Ciika 4.8. Hajuerthe MeToze Harpusama geTeKTopa
4.2.3.1. Xemmjcko Harpmsame

Xemmjcko Harpusamse (CE) ce 00M4HO cripoBoay y TepMOCTaTHMPAHOM KyIIaTWITy
Ha TemiepaTypama y omcery of 40°C do 70°C (y Hekum ciayvajeBMMa U /10
90°C), y3 xoputheme BomeHor pacrsopa NaOH (vum KOH) monapraoct ox 2
mo 6 M (amp. 3a 6 M NaOH, 6 x 40 = 240 g NaOH y 1 | Bogenor pactsopa

(DecTwioBaHa BOAA).

Tumrano BpeMme Harpusama je o 2 go 6 h. Iloseharse MomapHOCTHM, BpemeHa
Tpajarba Harpusarba 1 TeMIlepaType yTude Ha BeJINYMHY Harpu3eHe IIyIUbMHE.
Y HexkmM ciydajeBrMa, pacTBOPYy ce [opdaje eTwlI alKoxoil y ompebeHO]
nponopuuju (Hp. PEW pacrsop og KOH, eTwt asikoxosia 1 Bofie), jep aJIKoXoJl
nosehaBa OCET/BMBOCT  permcTpoBarba y HEKMM BpcTaMa IUIACTUKe
(mormkapOoHaTMa), 40K y ocTayM cMambyje (CR-39).

HetexTopcke dormje cy pasiBojeHe XMYaHMM OIIpyraMa WM ce Hajase y
BepPTMKaJIHVM OKBMPMMa Ha QUKCUpaHUM pacTojamuMa. eTekropu cy
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yPOHeHM y pacTBOp Harpmsyubava ca wmm 0Oe3 Melllama/poTuparsa, YHyTap
3aTBOPeHNX elpyBeTa, Koje Cy CMellITeHe Y BOJAeHO KyIlaTWIO Ha KOHCTaHTHO]
Temrieparypu. HakoH 3aBpIiieHOr IIOCTyIIKa, AeTeKTOpU ce yKiIamajy U Iepy y
JecTWIOBaHO] BOIM M OCTaBJbajy HEKOJIMKO MMHYTa Y MaJlOM YJITPaCOHUYHOM
KyHaTwly WIN JecTUIOBaHOj BOAM J1a Ov ce OACTpaHWINM OCTallM Harpusamba.
Hakon cymerma, AeTeKTopu Cy CIpeMHM 3a Opojarbe MOA  ONTUYKMM
MUKPOCKOIIOM.

HujaMmeTrap HarpvKeHMX Tparosa je y IIpoceKy HeKoyMKo pm (ci1. 4.5. mecHo);
MebyTtum, Moxe ma ce yseha go 50 pm wiIn Bullle HaKOH IIPOAY>KeHOT
Harpusama.

4.2.3.2. EneKTpoxeMijcKo Harpms3ame

Enexrpoxemujcko Harpmsamwe (ECE) oryxm 3a npumpemy xom Opojarsa
MUKpoduCc uYnTadeM, CjIaja IIpojeKTopoM win «1abo  yBemuasajyhvm
MuKpockorioM (10x).

OcHoOBHM MexaHM3aM je IIpyMeHa BUCOKOPEKBEeHTHOr eJIeKTPUYHOI M0Jba 3a
pas[Bajare CyIpOTHO HaeJleKTpMCaHMX joHa y MHoJby. TUINMYHO eIeKTpudYHO
nosbe je 50 kVem! na 2 kHz dpekseHntiyje. 3a mwiactuuHe feTeKTope nebsbriHe
200 pm, mpumenoM HaroHa ox 1000 V mobwuja ce mosee ox 50 kVem!. Taxso
Iojbe [OBOOM MO eJeKTpUYHOr IIpoboja M BapHMYeHa Ha KpajeBrMa

HarpvDKeHMX Tparosa y IMeJIeKTPUYHOj CpeAHY, OIHOCHO Y IUTACTULIN.
@®uranHa BerimuriHa ECE HarprokeHnx mprba Moxxe ourn og 100 - 200 pm.

Tparosu HacTasi Ha OBaj HAYMH Cy BUJBMBU T'OJIIM OKOM, I1a C€ yBeI4JaBajy
3a paxtop 102
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Ciuika 4.9. VIsmien Tparosa goOujeH pedpiIieKCMOHM ONTUYKUM MUKPOCKOIIOM
a) JIeBO - eJIeKTPOXeMMjCKM HarpyvDKeHM Tparosu 0) J[ecHO - XeMUjCKU
HarpVDKeHW Tparosu

4.2.4. bpojame Tparosa

ITocToju Buiie ypebaja Ha TPXWMINTY KOjU ayTOMaTCKM O0OaBsbajy IIOCIIOBe
Opojara Tparosa 1 cTaTUCTUYKe 0Opajie IojjaTaka, Kao cTo cy Hip.: Quantimet
900; Magiscan 2; ELBECK, ITRACK wuTz, . [la Ou ce pasymMeo MeTo, pajga OBUX
ypebaja, ommcan je mocrymak Opojamsa Kop "pyuHe' MM IIOJyayTOMaTcKe
Metope. Ha cimrm 4.10. mpukasaHoO je BUIJHO IOJbe ONTUYKOT MUKPOCKOIIa Koje
je TozierbeHo Ha 9 nmkcesia obesexxeHmx Opojesuma. [la 6u ce osakiao mporiec
Opojama, poKyc MMKpOCKOIIa ce IToMepa ¢ JjieBa Ha JIecHO (ITpasall cTpesiiiia Ha
crmm 4.6.) y jeqHOM HUBOY Iy>K X oce, M 3aTMM ce TTIoMepa I10 IVKcesIMa JTyX
Y oce 11a 61 ce IIpeIuIo Ha APYTY HUBO.

Cimka 4.10. BugrHo nosbe oOTUMYKOr MMKPOCKOIIA M HauMH Opojarba Tparosa

ITocTraB/barbeM IUIOYMIIe IIOJ, MMKPOCKOII ca jakuM yBeharmeMm, Moxe ce
MaHYeJIHO M3padyHaT I'yCTHA Tparosa, p 1o Iloacornosoj cratncrmiim [126]:
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p=—2¥N (4.19.)

rie N oxnrosapa Opojy youeHUX TparoBsa, a A je BeJI4IVHa BUAJBUBOT I107ba peria
107m2. T'ycTHa TparoBa y [eTeKTOpy IpOIIOpIMOHaIHA je 3padery raca
pagoHa. KoHIleHTpammja akTMBHOCTM pamoHa onpebyje ce mpema dopMyim
[129]:
A=L"Po (4.20.
K-z

I7le je p TyCTMHA TparoBa 4YecTHIIa M3 pacanga pamoHa (Opoj Tparosa Ha 10-4m?
MIOBpPIIVHE [eTeKTopa), po POH IeTekTopa (Opoj Tparosa Ha 10-*m? mospimHe
npe ekcrioHupama), K om3uB nerekropa (KamOpalivoHn KoedpuiMjeHT) M T
BpeMe eKCIIOHVIparha JIeTeKTopa.

Kaymbparmonn koedpunmjeHT 3a nerekrop CR-39 je [126]:
K, = % R, cos® 0, = 3,2tragacm > /kBgm°h = 0,88cm, za CR-39,(0.~20°)  (4.21.).

I'pemika mpu Mepemy KOHIIeHTpalyje aKTMBHOCTM pajloHa padyHa ce ITpeMa

dpopmyrm:
o=AJo; +0y +0¢ (4.22)

I7e je A KOHIIeHTpallija aKTMBHOCTM pajoHa, 6p,=1/N%/2 + 0,004, a N je 6poj
Tparosa O-4ecTHIla y JeTeKTOpYy, Ok I'pelllka KaJmOpalloHOr KoedmulyjeHTa
(0,18) n ot rpemka 300r TpaHCIIOpTa JO3MMeTpa, U AedVHMIIIEe ce Kao OITHOC
n3Meby BpeMeHa Tpajarba TpaHCIIOPTa ¥ BpeMeHa Tpajarba eKCIIO3UIIje.
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5. PESYJITaTI/I EKCIIEpVMMEHTa/THUX MCTPpa’kK¥iBalba

5.1. OnpebuBame excxasialyje paJoHa 3 MaTepujasia

5.1.1. Croma nmypema pagoHa u3 mocyze Ay

3a npBy ¢asy ekcnepumeHaTa KopwuiheHa je 1oceOHO KOHCTpyucaHa allapaTypa,

npuKasaHa Ha oy 5.1.

Cika 5.1. V3ryien KoHCTpyMcaHe araparype 3a ogpebuBarbe exxaialiyje

Ha noueTky ekcriepmmMeHTa arniapaTypa je OTBOpeHa M M3MepeHe Cy BpeJHOCTHU
KOHIIeHTpalyja pafgoHa y IIOCyay w Yy JabopaTopwmju rae ce CIPOBOOM
eKCIIepVIMEeHT.

Haxon msBpIieHOr Meperba KOHIIeHTpallija, y IOCyy Cy CTaB/beHW JIeTeKTOPU
U amaparypa je, HaKOH YKJ/byulBamba JIeTeKTopa, XepMeTUUKM 3aTBOpeHa.
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V3MepeHe KOHIleHTpallMje IIpe modeTka ekcriepuMenTa cy: Co=16Bqm-3u Cp=12

Bgm?3.

[IpoMeHe KOHIleHTpallMje pajloHa yHyTap Iocyde cy HpaheHe KOHTMHYaJIHO

TOKOM Tlepmofa of, 72 h.

Ha rpadwuky 5.1. mpukasaHe cy mM3MepeHe eKCIlepVIMeHTaJIHe BPeHOCTH, Kao U

TeopujcKe BPeTHOCTY 3a UCTY IIOYeTHY KOHIIeHTpaLyjy.

18
16

Cpy = 1600075t NpaeanHa kKpuBea
14 pacnaja

0
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@ 12
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o
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I'padpuxk 5.1. Kpuse pacniazma pazoHa (MaeasiHa v eKCIIepVIMEeHTaIHA)

Y Ttabemm 5.1. mpukasaHe cy moOujeHe eKcIlepyMeHTaIHe BPEIHOCTU, Kao U

TeopUjcKe BpeJHOCTI PaJMOoaKTMBHOI pacliaja paJoHa.

TaGermra 5.1. ExcriepmMeHTasiHe U TeopwjcKe BPEOHOCTM  PaaMoOaKTVMBHOI pacraja

panoHa
Bpeme Ce](cne VIMEHTaJTHO
Yo | CreomiolBame] |~ poe
0 16 16
3600 15.87965 16
7200 15.76021 16
10800 15.64167 15
14400 15.52402 15
18000 15.40726 15
21600 15.29137 15
25200 15.17636 15

101



28800 15.06221 14
32400 14.94892 13
36000 14.83648 13
39600 14.72488 13
43200 14.61413 13
46800 14.50421 13
50400 14.39511 13
54000 14.28684 13
57600 14.17938 12
61200 14.07273 12
64800 13.96688 12
68400 13.86183 12
72000 13.75756 11
75600 13.65408 11
79200 13.55138 11
82800 13.44946 11
86400 13.3483 11
90000 13.2479 11
93600 13.14825 11
97200 13.04936 11
100800 12.9512 10
104400 12.85379 10
108000 12.75711 10
111600 12.66116 10
115200 12.56592 10
118800 12.47141 10
122400 12.3776 10
126000 12.28451 10
129600 12.19211 10
133200 12.1004 10
136800 12.00939 9
140400 11.91906 9
144000 11.82941 9
147600 11.74043 9
151200 11.65213 9
154800 11.56448 9
158400 11.4775 9
162000 11.39117 9
165600 11.30549 9
169200 11.22046 9
172800 11.13606 9
176400 11.0523 8
180000 10.96917 8
183600 10.88667 8
187200 10.80478 8
190800 10.72351 8
194400 10.64285 8
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198000 10.5628

201600 10.48335
205200 10.4045

208800 10.32625
212400 10.24858
216000 10.17149
219600 10.09498
223200 10.01905
226800 9.943695
230400 9.868903
234000 9.794674
237600 9.721002
241200 9.647885
244800 9.575318
248400 9.503296
252000 9.431817
255600 9.360875
259200 9.290466

e Yo § o) ie Y Ko ¥ o) e N No N N EIENEINE N R NEINERN RN RN

C obsupoM Ha TO Ja ce paJoH Yy WIeaJlHUM YyCJIOBMMa pachaja
eKCITOHEeHIIVjaJTHO , HaruO meaiHe KpuBe je M3padyHaT aupekTHO: Mi=-CpA= -
0.121 Bqm-3h-1.

3a wm3padyHaBarbe Harmba KpwBe pacliafja Ha OCHOBY HOOMjeHMX
eKCIlepyMeHTaIHMUX BpenHocTy, KopuitheHa je — “LINEST” dynkIIja
“EXCEL” nporpama 3a obpamy momaraka.

Harnb excnepmmenTaiHe kpuse n3sHocr Mp=-0.132 Bqm-3h-1.

3amenom BpenHocT Miu ML y jeqnaumnam 4.15. mspauyHaT je KoeduIyjeHT
cTorre 1y persa u nsHocu: Av= 0.0028 h-1.

5.1.2. Cronia moBpartHe audysmuje - Ap

ITpe nmoueTka ekcriepuMeHTa M3MepeHa je II0YeTHa I103aIMHCKa KOHIeHTpallja

pajioHa y j1abopaTopuju 1y Iocynu 6e3 y3opka.

Y3opum cy craB/beHm y mocypy, Koja je ofMax IIOTOM 3aTBOpeHa u IpaheHe cy
IIpoMeHe KOHIIeHTpallyje pasioHa yHyTap Iocyzle y mepuomay of 72 h xaxko 6mu ce
YCTaHOBWJIO J1a JIV IIOCTOjY HAaIJIM CKOK KOHIIEHTpalyja pajgoHa YHyTap mocype
y OPBUX HEKOJIKO CaTy eKCIIepVIMeHTa.
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Y Tabermn 5.2. mpukasaHe cy M3MepeHe KOHIIeHTpalluje pajoHa mgoOujeHe y
eKCIIepMeHTY MCIIUTVBaba CToIle IoBpaTHe Iudysuje.

Tabena 5.2. ExcnepuMmeHTajiHe BpegHOCTM WCHUTHBamba KoedulljeHTa
roBpatHe Audysuje pagoHa

ITpomena ITpomena ITpomena
Bpeme KOHILIeHTpalyje KOHILIeHTpalyje KOHILIeHTpaluje
(h) 3a y3opak 1 3a y3o0pax 2 3a y3o0paxk 3
[Bqm] [Bqm] [Bqm=]
0 25 28 38
1 25 28 38
2 25 31 38
3 26 34 38
4 26 36 39
5 27 36 39
6 27 39 40
7 27 40 41
8 27 40 42
9 27 42 42
10 27 46 43
11 28 49 44
12 28 49 45
13 28 53 45
14 28 55 46
15 29 55 46
16 29 58 47
17 30 60 47
18 30 60 47
19 30 61 47
20 31 67 48
21 31 69 48
22 31 68 49
23 32 72 50
24 32 74 50
25 32 76 51
26 32 78 51
27 32 78 52
28 32 84 54
29 33 86 54
30 33 90 56
31 33 90 59
32 34 94 60
33 35 98 61
34 35 98 62
35 35 98 64
36 35 101 68
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37 35 101 68
38 36 101 69
39 36 101 72
40 36 103 73
41 36 103 74
42 36 103 76
43 36 103 78
44 36 103 80
45 37 103 84
46 37 103 85
47 37 103 88
48 38 103 89
49 38 103 90
50 38 103 91
51 38 103 91
52 38 103 92
53 38 103 92
54 38 103 93
55 38 103 94
56 38 103 94
57 38 103 96
58 38 103 96
59 38 103 99
60 38 103 99
61 38 103 101
62 38 103 101
63 38 103 101
64 38 103 101
65 38 103 101
66 38 103 101
67 38 103 101
68 38 103 101
69 38 103 101
70 38 103 101
71 38 103 101
72 38 103 101

Ha rpadmuky 5.2. cy mpukasaHe mnoOmjeHe eKCIIepMMeHTaIHE BPEIHOCTV
ropacra KOHIIeHTpallije pagoHa 3a y3opke 1, 2 v 3.
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Bpeme [h]
I'paduk 5.2. IIpaheme mpomMeHa KOHIIeHTpalMja pafoHa y HOCYAu
Ha rpaduky 5.2. Bumm ce fa je mopacT KOHIIeHTpallyje pajoHa y IIOCyAu

paBHOMEPAH U [1a HE HOCTOjT/I Harjim CKOK KOHHeHTpaHVIja y IpBMM CaTMa
EKCIIeprMeHTa.

W3 oBora cienu mga ce KoedulMjeHT IOBpaTHe AMQYys3Mje MOXe 3aHeMapuUTH

PV IIpOpavyHy CTOIle eKCxaslalyje MaTepujaia.

5.1.3. OnpebuBame crome ekcxajdamyje pagoHa w3 TrpabeBMHCKMX
MaTepwujajia

3a mmoTpebe OBOT MCTpaXXMBamba MepeHa je eKcxalallyja 13 pasHux MaTepujasa,
KOj Cy IIpeJicTaB/beH! y Tabemm 4.2.

Ha modeTky ekcriepvMeHTa WM3MepeHO je II03aVIHCKO 3paderse pazoHa y
abopaTopujut.

Ysopuu cy ocymienun y nehnumm Ha 120 C xako OM ce eTMMMHMCAIIA BJIara, C

0o03MpoM Ha TO Aa Cce y HIPUCYCTBY Bjlare MOry jaBuTu Behe KoHIleHTpammje
pazioHa, 1 IIOTOM Cy y30pLM oxJIabereHn 10 coOHe TeMmIlepaType.
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Hakon mepema Mace m eMaHMpajyhe IOBpIIVHe, y30pIMi Cy CTaB/beHU Y
Iocy/ly y cepujama off II0 TpY, IToCy/a je XepMeTUUKM 3aTBopeHa u IrpaheHa je
KOHIIeHTpallyja pajioHa 10 caTypalliOHOI BpeMeHa.

5.1.3.1. IIpopadyH Ha OCHOBY WM3MepeHMX eKcIlepMMeHTaIHMX BpeTHOCTH

Hepo AcosIyTo rpaHuT:

Co= 25 Bqm3 , C,=38 Bqm?, m=0.867 kg , A= 0.9m?; A=2.1*10s1=0.00756 h-
1, Av=0.0028 h-1 V=0.45m3, \"’=0.01036 h1;

Excxamanpja:
Ey = (Co(A+ 2y +1,) — /1,,C0)£=(38 % (0.00756 + 0 4 0.0028) — 0.0028 *
0.45

ZS)E = 0.16165 Bql'l’l'2 h-1

MaceHa excxananyja:

Em = Eo = = 0.16165-—- = 0.167 Bqkgh!

EdextvBHM cagpkaj Ra:
Em _ 0.167

A 0.01036

Ragrr = = 12.42 Bgkg!

Adpuka peg rpauur:

Co= 36 Bqm? , C»,=58 Bqm3, m=1,345 kg , A=0.9m?; \=2.1*10-%s1=0.00756 h-
1, Av=0.0028 h-1 V=0.45m3, \'=0.01036 h'};

Excxarmanpja:

Eo = (Co(d+ Ay + 4,) — 2,Co) = =(58 % (0.00756 + 0 + 0.0028) — 0.0028 *

0.45

36)E = 0.24975 Bqm2 h!

MaceHa ekcxaianyja:

E, = EO% = 0.124975 > = 0.16711Bqkgh!

EdextvsHM cagpkaj Ra:
Em 0.167

Ragrr ==+ = = 12.37 Bgkg™!

A*  0.01036

KomaoHMYKM rpaHUT:
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Co= 38 Bqm? , C»=52 Bqm3, m=0.73 kg , A= 0.9m?; A=2.1*10-s1=0.00756 h-,
Av=0.0028 h-1 V=0.45m3, \'=0.01036 h-1;

Excxamanpja:

Eo = (Coo(d + Ay + 4) = 2,Co) = =(52 % (0.00756 + 0 + 0.0028) — 0.0028 *

0.45

38)3 = 0.2159 qu'2 h1

Macena excxananyja:

Em = Eo = = 0215922 = 0.266 Bqkgh'!

EdextvBHM cagpkaj Ra:
Em _ 0.266
2* " 0.01036

Raeff = = 19.71 qug’l

MMnasia rpa"duT:
Co= 26 Bqm? , C»,=49 Bqm3, m=0.821 kg , A= 0.9m?; \=2.1*10-6s"1=0.00756 h-
1, Av=0.0028 h-1 V=0.45m3, A*=0.01036 h-};

Excxarmanpja:

Eo = (Coo(d+ Ay + 4,) = A,Co) = =(49 % (0.00756 + 0 + 0.0028) — 0.0028 *

0.45

26)5 = 0.2171 Bqm2 h!

MaceHa ekcxaianyja:

Em = Eo > = 02171-"- = 0.238Bqkgh!

0.821

EdexTrsHM campxaj Ra:
Em 0.238

Ragpp =7 = = 17.63 Bgkg!

A 0.01036

JaOs1aHMUKM I'paHUT:

Co= 28 Bqm? , C=103 Bqm?, m=0.95kg , A= 0.9m?; A\=2.1*10°s1=0.00756 h-
1, Av=0.0028 h'1 V=0.45m3, \’=0.01036 h'%;

Excxananyja:

Eo = (Coo(A+ Ay + A,) = 2,Co) = =(103 * (0.00756 + 0 + 0.0028) — 0.0028
0.45

28) T2 = 0.493 Bqm2 h
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Macena excxananyja:

Em = Eo= = 0493 =2 = 0.467Bgkgh!

EdextvBHM cagpkaj Ra:
Em _ 0.467

A~ 0.01036

Rager = = 34.65 Bgkg!

3vMm0a0Be rpaHnT:

Co= 38 Bqm? , C.=101 Bqm3, m=0.623 kg , A= 0.9m?; \=2.1*10-¢s-1=0.00756
h1, Ay=0.0028 h'1 V=0.45m3, A"=0.01036 h'%;

Excxarmanpja:
Eo = (Coo(A+ Ay + A,) = 2,C0) = =(101 % (0.00756 + 0 + 0.0028) — 0.0028

38) T2 = 0.469 Bqm2 h'!

MaceHa excxananyja:

Em = Eo > = 0469 =" = 0.678Bqkgh!

0.623

EdextvBHM cafgpkaj Ra:
Em _ 0.678

A 0.01036

Ragrr = = 50.23 Bgkg!

benra:

Co= 28 Bqm? , C»,=119 Bqm3, m=0.92kg , A= 0.9m?; \=2.1*10-%s1=0.00756 h-
1, Av=0.0028 h'1 V=0.45m3, \"’=0.01036 h'%;

Excxarmanpja:

Eo = (Coo(A+ Ay + A,) = 4,Co) = =(119 * (0.00756 + 0 + 0.0028) — 0.0028

0.45

28)$ = 0.576 qu‘z h1

Macena excxasaImja:

Em = Eo= = 0576 = 0.564Bqkgh!

EdextvsHM cagpkaj Ra:
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Em _ 0.564
2* ~ 0.01036

Raeff = = 41.78 qug'l

BaakTmuky OpaoH rpaHuT:

Co= 26 Bqm=? , C,=72 Bqm3, m=0.82kg , A= 0.8 m?;A=2.1*10-s1=0.00756 h-,
Av=0.0028 h-1 V=0.45m3, \'=0.01036 h1;

Excxarmanpja:
Ey = (Co(A+ 2y +1,) — AUCO)£=(72 % (0.00756 + 0 + 0.0028) — 0.0028 *

26)2% = 0.3362 Bqm=2 h'
0.8 q

MaceHa excxananyja:

Em = Eo= = 0336 = 0.328Bqkgh!

EdextvBHM cagpkaj Ra:

_ En _ 0328 1
Raeff = T = 0.01036 = 2496 qug

bendacrt npHMU rpalHnT:

Co= 36 Bqm? , C.=96 Bqm3, m=0.92 kg , A=0.8m?; A=2.1¥10-%s1=0.00756 h-,
Av=0.0028 h-1 V=0.45m3, \*=0.01036 h-1;

Excxarmanpja:
14
Eo = (Coo(A+ Ay + A,) = 2,Co) % =(96 * (0.00756 + 0 + 0.0028) — 0.0028

0.45

36)§ = 0.3362 Bqm2 h!

MaceHa ekcxaianyja:

Em = Eo = = 0336 = 0.328Bqkgh!

EdextvsHM cagpikaj Ra:
Em _ 0.328
A* 0.01036

Ragrr = = 24.96 Bgkg!

bendacr cBetsiv rpaHmuT:

Co= 24 Bqm3 , Cx=69 Bqm3, m=1.212 kg , A= 0.75m?; A=2.1*10-4s1=0.00756
h-1, A\v=0.0028 h'' V=0.45m?3, A"=0.01036 h'%;
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Excxamanpja:
Ey = (Co(A+ Ay + 4,) — /1,,C0)£=(69 % (0.00756 + 0 4+ 0.0028) — 0.0028 *

0.45

24)22% = 0.323 Bqm?2 h!

Macena excxaianyja:
A 0.75
Em = Ep- = 0323 > = 0.200Bqkgh!

1.212

EdextvBHM cagpkaj Ra:
Em _ 0.200

A~ 0.01036

Raeff = = 14.82 qug'l

bendact MmeamnyMm rpaHmT:

Co= 28 Bqm? , C.=74 Bqm3, m=0.78 kg , A= 0.5m?; A=2.1¥10¢s1=0.00756 h-,
Av=0.0028 h-1 V=0.45m3, A*=0.01036 h-1;

Excxarmanpja:
Ey=(Co(A+ 2y +2,) — Avco)§=(74 % (0.00756 + 0 + 0.0028) — 0.0028 =

0.45

28) = = 0.343 Bqm2 h'!

MaceHa ekcxananyja:
0.55

Em = Eo > = 034372 = 0.220Bqkgh!

EdexTrsHM campxaj Ra:
Em 0.220

Ragpp =7 = = 16.32 Bgkg!

A 0.01036

bendacr pedsaexkrop rpaumnt:

Co= 36 Bqm3 , C»=79 Bqm=?, m=0.64 kg , A= 0.8m?; A=2.1*10-°s1=0.00756 h-,
Av=0.0028 h-1 V=0.45m3, \*=0.01036 h;

Excxananyja:
Eo = (Coo(A+ Ay + A,) = 2,C0) = =(79 * (0.00756 + 0 + 0.0028) — 0.0028 *
0.45

36)W = 0.358 qu—Z h1
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Macena excxananyja:

Em = Eo= = 0358 = 0.448Bqkgh-!

EdextvBHM cagpkaj Ra:
Em 0.448

Ragrr === = 33.18 Bgkg!

2 T 0.01036
CaHTHaro OpaoH rpaHUT:

Co= 34 Bqm? , C»=92 Bqm3, m=0.87 kg , A= 0.9m?; A=2.1*10-%s1=0.00756 h-,
Av=0.0028 h-1 V=0.45m3, \'=0.01036 h;

Excxarmanpja:
Eo = (Coo(A+ Ay + A,) = 2,C0) = =(92 * (0.00756 + 0 + 0.0028) — 0.0028

34)2% — 0.4285 Bqm=2 h!
0.9 q

MaceHa ekcxananyja:

Em = Eo > = 0428 = 0.443Bqkgh-!

EdextvBHM cagpkaj Ra:
Em _ 0.443

A 0.01036

Ragrr = = 32.83 Bgkg!

Poca Oerta rpanmut:

Co= 32 Bqm? , C»=89 Bqm3, m=0.64 kg , A=0.9m?; A=2.1¥10%s1=0.00756 h-,
Av=0.0028 h-1 V=0.45m3, A'=0.01036 h'};

Excxarmanpja:
14
Eo = (Coo(A+ Ay + A,) = 2,Co) = =(89 * (0.00756 + 0 + 0.0028) — 0.0028

0.45

32)E = 0.4677 Bqm2 h!

Macena excxasarnyja:

Em = Eo > = 04677 2= = 0.657Bqkgh!

EdextvsHM cagpikaj Ra:
Em _ 0.657
A* 0.01036

Ragpr = = 48.72 Bgkg!

Poco 6baiiMopasi rpaHuT:
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Co= 34 Bqm? , C.=87 Bqm?, m=1.23 kg , A= 0.9m?; \=2.1¥10s1=0.00756 h-,
Av=0.0028 h-! V=0.45m?3, \*=0.01036 h-l;

Excxamanpja:

Eo = (Coo(d+ Ay + 4) = 2,Co) = =(87 % (0.00756 + 0 + 0.0028) — 0.0028 *

34)22 = 0.452 Bgm2 hl

Macena excxananyja:

Em = Eo= = 04522 = 0.331Bqkgh!

EdextvBHM cagpkaj Ra:
Em _ 0331

A 0.01036

Raeff = = 24.55 qug’l

KuHaBa Kj1acMKo TPAaHUT:

Co= 31 Bqm? , C»=93 Bqm3, m=0.95 kg , A=0.8m?; A=2.1¥10-%s1=0.00756 h-,
Av=0.0028 h-1 V=0.45m3, \*=0.01036 h-1;

Excxarmanpja:

Eo = (Coo(d+ Ay + 4,) = 2,C0) = =(93 % (0.00756 + 0 + 0.0028) — 0.0028 *

0.45

31)& = 0.525 qu'z h1

MaceHa ekcxaianyja:

Em = Eo > = 0525 = 0.442Bqkgh!

EdexTisHM canmpxaj Ra:
Em 0.442

Rage =7 = = 32.77 Bgkg!

A 0.01036

Ilapamyrco Kj1acMKo IrpaHUT:

Co= 34 Bqm3 , Cx=94 Bqm?, m=0.967 kg , A= 0.7m?; A\=2.1*10s1=0.00756 h-
1, Av=0.0028 h'1 V=0.45m3, \’=0.01036 h'%;

Excxamanpja:

113



Eo = (Co(+ Ay + A,) = 1,Co) = =(94 % (0.00756 + 0 + 0.0028) — 0.0028 *

0.45

34)07 = 0.789 Bqm2 h!

Macena excxaianyja:

Em = Eo= = 0.789 = = 0.571Bgkgh!

EdextvBHM cagpkaj Ra:
Em 0.571

A~ 0.01036

Raeff = = 42.35 qug'l

Vimnepujaa ipBeHm:

Co= 36 Bqm3 , C,=98 Bqm3, m=0.874 kg , A= 0.65m?; A=2.1*10-4s1=0.00756
h-1, Ay=0.0028 h-1 V=0.45m3, \'=0.01036 h1;

Excxarmanpja:
Ey = (Co(A+ 2y +2,) — AvCO)£=(98 % (0.00756 + 0 + 0.0028) — 0.0028 *
0.45

36)@ = 0.513 BqIIl'2 h1

MaceHa excxananyja:

Em = Eo= = 0.513 == = 0.382Bqkgh!

EdexTrsHM campxaj Ra:
Em 0.382

Rager ==7 = = 28.30 Bgkg!

A 0.01036

BbmaHKO capo rpaHMUT:

Co= 38 Bqm? , C»,=65 Bqm3, m=1.132 kg , A=0.9m?; \=2.1*10-%s1=0.00756 h-
1, Av=0.0028 h'1 V=0.45m3, \"’=0.01036 h'%;

Excxananyja:
%4
Eo = (Coo(A+ Ay + A,) = 2,C0) = =(65 * (0.00756 + 0 + 0.0028) — 0.0028

0.45

38) 2= = 0.283 Bqm2 h!

Macena excxasarnyja:

Em = Eo > = 0.283 = = 0.225Bqkgh!
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EdextvBHM cagpkaj Ra:
Em _ 0.225
2*  0.01036

Raeff = = 16.67 qug'l

Jymapana acdbpmka rpaHuT:

Co= 24 Bqm? , C=75 Bqm?, m=0.984 kg , A= 0.7m?; A=2.1*10s1=0.00756 h-
1, Av=0.0028 h'1 V=0.45m3, \"’=0.01036 h'%;

Excxamanpja:
|4
Eo = (Coo(X + 2 + 4,)) = 2,Co) - =(75 * (0.00756 + 0 + 0.0028) — 0.0028 *

24)%5 = 0.354 Bqm2 h

MaceHa excxananyja:

Em = Eo > = 0.354=__ = 0.252Bqkgh!

EdextvBHM cagpkaj Ra:
Em _ 0.252
A* " 0.01036

Ragrr = = 18.68 Bgkg!

ITapaayco OMHK rpaHUT:

Co= 23 Bqm? , C»,=64 Bqm3, m=0.845 kg , A= 0.8m?; \=2.1*10-%s"1=0.00756 h-
1, Av=0.0028 h-1 V=0.45m3, \'=0.01036 h'};

Excxarmanpja:

Eo = (Coo(d+ Ay + 4,) — 2,Co) = =(64 % (0.00756 + 0 + 0.0028) — 0.0028 *

0.45

23) T2 = 0.299 Bqm2 h!

MaceHa ekcxaianyja:

Em = Eo > = 0.299—"- = 0.283Bqkgh!

EdextvsHM cagpikaj Ra:
Em 0.283

Ragrr ==+ = = 20.96 Bgkg!

2% 0.01036
ITapaayco Koamopy rpalmT:
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Co= 22 Bqm? , C=68 Bqm?, m=0.765 kg , A= 0.8m?; A=2.1*10s1=0.00756 h-
1, Av=0.0028 h-1 V=0.45m3, \"’=0.01036 h'%;

Excxamanpja:

Eo = (Coo(d+ Ay + A) = 2,Co) = =(68 % (0.00756 + 0 + 0.0028) — 0.0028 *

0.45

22) > = 0.361 Bgm?2 h!

Macena excxananyja:

Em = Eo= = 0361=—= = 0.377Bqkgh!

EdextvBHM cagpkaj Ra:
Em _ 0.377

A 0.01036

Raeff = = 27.98 qug’l

Poco canTnaro TPaHUT:

Co= 24 Bqm? , C»,=67 Bqm3, m=0.621 kg , A= 0.7m?; A=2.1*10-%s"1=0.00756 h-
1, Av=0.0028 h-1 V=0.45m3, \'=0.01036 h'};

Excxarmanpja:
Ey=(Co(A+ 2y +2,) — Avco)§=(67 % (0.00756 + 0 + 0.0028) — 0.0028 =

0.45

24) T2 = 0.402 Bqm2 h!

MaceHa ekcxananyja:

Em = Eo > = 0402 =" = 0.453Bqkgh!

EdexTisHM canpxaj Ra:
Em _ 0.453
A* 0.01036

Rager = = 33.61 Bgkg!

Tponmkas ryapaHa rpaHUT:

Co= 29 Bqm3 , C»=92 Bqm=?, m=0.8 kg , A= 0.65m?; A=2.1*10-¢s1=0.00756 h-,
Av=0.0028 h-1 V=0.45m3, \*=0.01036 h;

Excxamanpja:
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Eo = (Coo(+ Ay + 4,) = 2,C0) = =(92 % (0.00756 + 0 + 0.0028) — 0.0028 *

0.45

29)2% = 0.603 Bqm2 h!

Macena excxaianyja:

Em = Eo = = 0.603%22 = 0.489Bqkgh!

EdextvBHM cagpkaj Ra:
Em 0.489

Raery = 2 T 0.01036

Poca capao rpaHuT:

= 36.29 Bgkg!

Co= 32 Bqm? , C»=89 Bqm3, m=0.86 kg , A= 0.7m?; A=2.1*10%s1=0.00756 h-,
Av=0.0028 h-1 V=0.45m3, \'=0.01036 h;

Excxarmanpja:

Eo = (Coo(A+ Ay + A,) — 2,C0) = =(89 * (0.00756 + 0 + 0.0028) — 0.0028

0.45

32)? = 0.415 BqIIl'2 h1

MaceHa ekcxananyja:

Em = Eo = = 0415 = 0.338Bqkgh!

EdexTrsHM campxaj Ra:
Em _ 0.338
A* " 0.01036

Ragrr = = 25.06 Bgkg!

I'pamoomopwur ca JacrpeOiia:

Co= 36 Bqm?® , C,=82 Bqm?, m=0.5 kg , A=0.9m?; A=2.1*10-%s1=0.00756 h-,
Av=0.0028 h-1 V=0.45m3, \*=0.01036 h7;

Excxarmanpja:
14
Eo = (Coo(A+ Ay + A,) — 2,Co) = =(82 * (0.00756 + 0 + 0.0028) — 0.0028 *

0.45

36) == = 0.480 Bqm2 h!

Macena excxasanyja:

Em = Eo = = 048022 = 0.865Bqkgh!

EdextvsHM cagpkaj Ra:
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Em _ 0.865
2* ~ 0.01036

Raeff = = 64.105 qug’l

I'pamogmopwur ca Komaonmnka:

Co= 34 Bqm? , C.=79 Bqm?, m=0.42 kg , A= 0.9m?; \=2.1¥10s1=0.00756 h-,
Av=0.0028 h! V=0.45m?3, \"=0.01036 h-1;

Excxarmanpja:
Ey = (Co(A+ 2y +1,) — AUCO)£=(79 % (0.00756 + 0 4 0.0028) — 0.0028 *

34)22 = 0.406 Bgm2 hl

MaceHa excxaianyja:

Em = Eo = = 0406 = 0.87Bqkgh-!

EdextvBHM cagpkaj Ra:
Em 0.87

Raeff = = = 65.50 qug'l

A 0.01036

FpaHMTovae creHe ca Komaonuka:

Co= 28 Bqm? , C»=110 Bqm3, m=1.3 kg , A=0.9m?; A=2.1¥104s1=0.00756 h-,
Av=0.0028 h-1 V=0.45m3, \*=0.01036 h-1;

Excxarmanpja:

Eo = (Coo(d+ Ay + 4,) = 2,C0) = =(110 % (0.00756 + 0 + 0.0028) — 0.0028 *

0.45

28)$ = 0.596 BqIII’2 h1

MaceHa excxaianyja:

Em = Eo > = 05962 = 0.412Bqkgh!

EdextvsHM cagpkaj Ra:
Em _ 0.412
A* 0.01036

Ragrr = = 30.57 Bgkg!

I'paamnTomaHe cTreHe ca JacTpeOIra:
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Co= 29 Bqm? , C=98 Bqm?, m=1.421kg , A= 0.9m?; A=2.1*10s1=0.00756 h-
1, Av=0.0028 h-1 V=0.45m3, \"’=0.01036 h'%;

Excxamanpja:
Ey = (Co(A+ Ay + 4,) — /1,,60)£=(98 % (0.00756 + 0 4+ 0.0028) — 0.0028 *

0.45

29)3 = 0.379 qu'2 h1

Macena excxananyja:

Em = Eo= = 0379 = 0.379Bqkgh!

EdextvBHM cagpkaj Ra:
Em _ 0379

A 0.01036

Racsr = = 28.14 Bgkg!

ByvoTHTCKM I'paHUT IJIaHIIapaJieIHe CTPYKTIype:

Co= 28 Bqm? , C»=65 Bqm3, m=0.862 kg , A=0.9m?; \=2.1*10-%s"1=0.00756 h-
1, Av=0.0028 h-1 V=0.45m3, \'=0.01036 h'};

Excxarmanpja:
Ey=(Co(A+ 2y +2,) — /vaO)£=(65 % (0.00756 + 0 + 0.0028) — 0.0028 =

0.45

28) 72 = 0.411 Bqm2 h!

MaceHa ekcxaianyja:

Em = Eo > = 0411 = 0.429Bqkgh!

EdexTrsHM campxaj Ra:
Em _ 0429
A* 0.01036

Rager = = 31.82 Bgkg!

HoJIOMUTCKM MepMep:

Co= 32 Bqm? , C»,=65 Bqm3, m=0.962 kg , A=0.9m?; \=2.1*10-s1=0.00756 h-
1, Av=0.0028 h'1 V=0.45m3, \’=0.01036 h'%;

Excxamanpja:
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Eo = (Coo(d+ Ay + A,) = 2,Co) = =(65 % (0.00756 + 0 + 0.0028) — 0.0028 *

0.45

32)3 = 0.3674 qu’2 h-1

Macena excxaianyja:

Em = Eo= = 0367 = = 0.350Bgkgh!

EdextvBHM cagpkaj Ra:
Em 0.350

A~ 0.01036

Ragrr = = 25.97 Bgkg!

Jacrpebaukm memruap:

Co= 18 Bqm? , C.=62 Bqm?3, m=0.6 kg , A= 0.9m?; \=2.110s1=0.00756 h-,
Av=0.0028 h' V=0.45m3, A"=0.01036 h-!;

Excxaranpja:
Ey = (Co(A+ 2y +2,) — AvCO)£=(62 % (0.00756 + 0 + 0.0028) — 0.0028 *
0.45

18)3 = 0.295 BqIIl'2 h1

MaceHa excxananyja:

Em = Eo = = 0.295—" = 0.443Bqkgh!

EdexTrsHM campxaj Ra:
Em _ 0.443
A* " 0.01036

Ragrr = = 32.85 Bgkg!

®uanut ca JacrpebIiia:

Co= 20 Bqgm? , C,=72 Bqm?, m=0.7 kg , A= 0.9m?; A=2.1*10-%s1=0.00756 h-,
Av=0.0028 h-1 V=0.45m3, \*=0.01036 h;

Excxananyja:
%4
Eo = (Coo(A+ Ay + A,) = 2,Co) = =(72 * (0.00756 + 0 + 0.0028) — 0.0028

0.45

20) 22 = 0.344 Bqm2 h'!

Macena excxasanyja:

Em = Eo o = 0344 = 0.443 Bqkgh'!
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EdextvBHM cagpkaj Ra:
Em 0.443

A~ 0.01036

Raeff = = 32.81 qug'l

beron:

Co= 16 Bqm? , C.=45 Bqm?3, m=0.6 kg , A= 0.9m?; \=2.110s1=0.00756 h-,
Av=0.0028 h! V=0.45m3, A"=0.01036 h-L;

Excxarmanpja:
Ey = (Co(A+ 2y +1,) — /1,,60)£=(45 % (0.00756 + 0 + 0.0028) — 0.0028 *

16)= = 0.210 Bqm2 h!

MaceHa excxananyja:

Em = Eo == 021022 = 0.315Bqkgh!

EdextvBHM cagpkaj Ra:
Em 0.315

Ragrr === = 23.38 Bqkg!

A 0.01036

IHogHe ntoumiIe:

Co= 12 Bqm? , C»=32 Bqm3, m=0.65 kg , A=0.7m?; A=2.1¥10-%s1=0.00756 h-,
Av=0.0028 h-1 V=0.45m?3, \*=0.01036 h-1;

Excxarmanpja:
14
Eo = (Coo(A+ Ay + A,) = 2,Co) = =(32 * (0.00756 + 0 + 0.0028) — 0.0028

0.45

12)F = 0.1448 Bqm2 h!

Macena excxasarnyja:

Em = Eo= = 0.144—_ = 0.16 Bqkgh"!

EdextvsHM cagpkaj Ra:
Ragp = - = —=°— = 11.87 Bqkg!

2*  0.01036

Cunopekc 0J10K:
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Co= 18 Bqm? , C»=46 Bqm3, m=0.54 kg , A= 0.9m?; A=2.1*10-s1=0.00756 h-,
Av=0.0028 h-1 V=0.45m3, \'=0.01036 h1;

Excxamanpja:

Eo = (Coo( + Ay + A) = 2,C0) = =(46 % (0.00756 + 0 + 0.0028) — 0.0028 *

18)=2 = 0.212 Bqm2 h!

Macena excxananyja:

Em = Eo= = 021222 = 0.354Bqkgh!

EdextvBHM cagpkaj Ra:
Em _ 0.354

A 0.01036

Raeff = = 26.27 qug’l

ITeuena nmria:

Co= 17 Bqm? , C»,=46 Bqm3, m=0.962 kg , A= 0.9m?; \=2.1*10-%s1=0.00756 h-
1, Av=0.0028 h-1 V=0.45m3, \’=0.01036 h'};

Excxarmanpja:
Ey=(Co(A+ 2y +2,) — /1,,60)£=(46 % (0.00756 + 0 + 0.0028) — 0.0028 =

0.45

17) 22 = 0.214 Bqm?2 h'!

MaceHa ekcxananyja:

Em = Eo > = 0.214=—— = 0.200Bgkgh!

EdexTrsHM canpxaj Ra:
Em 0.2

Ragpp =7 = = 14.84 Bqkg!

A 0.01036

I'nivaesm 0J10K:

Co= 18 Bqm3 , C=52 Bqm?, m=0.654 kg , A= 0.9m?; A\=2.1*10s1=0.00756 h-
1, Av=0.0028 h'1 V=0.45m3, \’=0.01036 h'%;

Excxamanpja:
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Eo = (Coo(+ Ay + 4,) = 1,Co) = =(52 % (0.00756 + 0 + 0.0028) — 0.0028 *

0.45

18)3 = 0.3243 qu’2 h1

Macena excxaianyja:

Em = Eo = = 03243 =" = 0.335Bqkgh!

EdextvBHM cagpkaj Ra:
Em 0.335

A~ 0.01036

Raeff = = 24.86 qug'l

I'iivHeHM 1Ipen:
Co= 17 Bqm3 , C,=45 Bqm?, m=0.623 kg , A= 0.9m?; A=2.1*10-s1=0.00756 h-
1, Av=0.0028 h-1 V=0.45m3, A*=0.01036 h%;

Excxarmanpja:
|4
Eo = (Co(A+ A + 2) — 2,Co) = =(45 % (0.00756 + 0 + 0.0028) — 0.0028

0.45

17) 22 = 0.209 Bqm2 h'!

MaceHa excxananyja:

Em = Eo = = 0209 =" = 0.302Bqkgh-!

EdexTrsHM campxaj Ra:
Em _ 0.302
A* " 0.01036

Ragrr = = 22.37 Bgkg!

I'moc:
Co= 17 Bqm?® , C,=23 Bqm?, m=0.3 kg , A= 0.9m?; A=2.1*10-s1=0.00756 h-,
Av=0.0028 h-1 V=0.45m3, \'=0.01036 h};

Excxarmanpja:
14
Eo = (Coo(A+ Ay + A,) = 2,Co) = =(23 * (0.00756 + 0 + 0.0028) — 0.0028

0.45

17)$ = 0.095 qu‘z h1

Macena excxasanyja:

Em = Eo = = 0.09522 = 0.28Bqkgh!

EdextvsHM cafgpkaj Ra:
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Raeff =

Em _ 028
2* ~ 0.01036

= 21.16Bgkg!

Y taberm 5.3. mpeficTaBibeHe Cy BpeQHOCTM eKcxaslalluje, MaceHe eKcxalallyje,

Kao

"

edeKTVBHU

cagpaju

pamjyma

EKCIIepVIMEHTaIHO ,Z[O6VIj€HVIX ITI0daTaKa.

U3padyHaTH

Ha

Tabera 5.3. Crorme ekcxastaliyja MCIMTUBAHMX MaTepyjaia

OCHOBY

Crorra EdexTrBHM
Croria )
MsBop Maca T MaceHe cazipkaj
panoHa [kg] T2 ] eKcxasaryije pamvjyma
[Bgkgh'] [Bgkg ']
Hepo Aconyto | 0.867 | 0.1610.024 0.17+0.03 12.43+1.86
Adpprxa 1.345 | 0.249+0.037 0.17+0.03 12.38+1.86
IIPBEH
Komaornan | 75 0.215+0.032 0.27+0.04 19.7242.96
TpPaHuT
Vivmmana 0.821 | 0.217+0.032 0.24+0.04 17.63+2.65
Jabnarraxu 0.95 0.493+0.074 0.47+0.07 34.65%5.20
rpaHnT
3imMGabBe 0.623 | 0.469+0.070 0.68+0.10 50.24+7.54
Berran 0.92 | 0.57620.086 0.56+0.08 41.78+6.27
Bag;:f)‘;“ 0.82 0.336+0.050 0.33+0.05 24.3043.64
Bendbactuprm | 0.92 | 0.446%0.066 0.39+0.06 28.75+4.31
bendpact 1.212 | 0.323+0.048 0.20+0.03 14.83+2.22
CBeTJIN
bendpacr 0.78 0.343+0.051 0.22+0.03 16.3242.45
MeInyM
bendpacr 0.64 0.358+0.053 0.45+0.07 33.19+4.98
pedpekTop
C%‘;ﬁjf" 0.87 0.428+0.064 0.44+0.07 32.84+4.93
Pocabera 0.64 0.467+0.07 0.66+0.10 48.72+7.31
Pocobasmvopan | 1.23 0.452+0.067 0.33+0.05 24 .55+3.68
Kuriasa 0.95 0.525+0.078 0.44+0.07 32.78+4.92
KITaCMKO
Tapamico 0.967 0.789+0.11 0.57+0.09 42.36+6.35
KITaCMKO
Viumepuar 0.874 0.513+0.07 0.380.06 28.31+4.25
LIPBEHV
Buanko capio | 1.132 0.283+0.04 0.23+0.03 16.68+2.50
Jynapara 0.984 0.354+0.05 0.25+0.04 18.68+2.80
adprka
Hapamuco 0.845 0.299+0.04 0.28+0.04 20.97+3.15
IIMHK
Hapalg“" 0.765 0.361%0.05 0.380.06 27.98+4.20
KOymopm
Poco cauTMaro 0.621 0.402+0.06 0.45+0.07 33.62+5.04
Tpormmar 0.8 0.603+0.09 0.49+0.07 36.29+5.44
ryapasa
Pocacapzio 0.86 0.415+0.06 0.34+0.05 25.07+3.76
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Tparommopur | 0.5 0.480+0.07 0.87+0.13 64.11+9.62
T'parommopur 0.42 0.406£0.06 0.87+0.13 64.5019.68
Tparmromrie | ¢ 5 0.596+0.08 0.41+0.06 30.58+4.59
CTeHe
rpaff;jfm{e 1.421 |  0.599+0.08 0.38+0.06 28.14+4.22
buoturckm
rparT 0.862 | 0.411+0.06 0.43+0.06 31.82+4.77
IUIaHITapaJIeIHe
CTpyKTYype
Flomomutekit | g5 | () 37440.05 0.35+0.05 25.98+3.90
MepMep
Tenraap 0.6 0.295+0.04 0.44+0.07 32.85+4.93
Py 0.7 0.344+0.05 0.44+0.07 32.82+4.92
Beton 0.6 0.210+0.03 0.32+0.05 23.39+3.51
Tlogue
mwiounme(sume | 0.65 0.148+0.02 0.1620.02 11.87+1.78
npowssobadva)
Crmopexc 010K
(Bumme 0.54 0.212+0.03 0.35+0.05 26.28+3.94
npowssobadva)
Ileuena 1mria
nysa ume | 0.962 | 0.214+0.03 0.20+0.03 14.85+2.23
npowssobadva)
I'mrenn Gr1ox
(Bumme 0.654 | 0.243+0.03 0.34+0.05 24.86+3.73
mpomsBobada)
Immaenu npen
(Bumme 0.623 |  0.209+0.03 0.30+0.05 22.37+3.36
IpomsBobada)
Tyne (sime 0.3 0.095+0.01 0.29+0.04 21.1613.17
npowssobadya)

Ha rpadwuky 5.3. yrmopengHo cy IpuKasaHe CTOIle eKcxaslaruje rpabeBrHCKOT

MaTepMjana 3padyHaTe Ha OCHOBY €KCIIEpVIMEHTAJIHVIX ITOAaTaKa.
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Ha rpadwuky 5.4. ymopenHo cy IpuKasaHe MaceHe eKcxajlalyje TIpabeBMHCKMX

MaTepujasia, Koje Cy M3padyHaTe Ha OCHOBY eKCIIepMMeHTaIHMX I10/laTaka.
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I'padux 5.4. YrnopegHu mpukas MaceHMX eKcxalallvja MaTepujajla M3padyHaTHX Ha

OCHOBY €KCIIEPVIMEHTAIHVX IT0daTaKa
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Ha rpaduky 5.5. mpuxaszanm cy edekTMBHU cagpXKaju paaujyMa y y3oplinMma,
KOjM Cy M3padyHaTy Ha OCHOBY eKCIlep/MeHTaJIHVX IToflaTaKa.

=

- 0001

Hepo AcoayTo
AdcbhbprvKa wpsBeHM
HOoOMmaoHM4YHKM rpgpaaHmT
HMranana

Jab aarnrmuaKm rgaHmT
I atee

BeHra.n

BaakKTHmukKkmr Bpaon
BeadracT LpHM
BendpacT cBeT. M
Be.adracT men, My v
BeadracT pediexTop
CaHnTHmaro SpaoH
PocaGeTta

Poco Gaamo pa
HmHaBsa Ha1acrHo
Mapaamco aacrKEo
HMranepmrans upseHM
BrianxKo capao
Jynapana adprKka
NMapaammco MnMeyaHK
NMapaamco Koambpmr
PoCco caHTHMaro
TpPpOonMHKa.a ryapaHa
Pocacapoo
NpPaHoarMop KT
NeEaAdoamMop 1T
NEaHnMMToMAaHe cTeHe

MNPaHMTOMAOHEe CTeHe

BHMOTHMTCHM NEaaHMT ..

A0 MTOMMTCHM WE P We P
NMewiap

D ramT

BeToH

MoaHe maocoummue Bruwme .
CuHuNnopekc 50K (BmMuwe .
MeyeHa uMraa nyHa (BHMwe .
mRuvHeHmr 690K

rMuvHeHr upen (Buue. .

Nanc (Bemwe Nnpomzesohaua)l

I'padpmx 5.5. EdextmBHU camgpXaju pagujymMa y y3opHmMa OOOMjeHU Y
eKCIIepUMeHTY
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5.1.4. 3aBUCHOCT KOHIeHTpallje paJoHa y 3aTBOpPeHMM IIpocTopMjaMa O
BeHTWIalyje

VisBpieHa cy ABa aKTMBHA KpaTKOpPOYHa Mepera y aTOMCKVM CKJIOHUINTVMA
KoOja ce HaJjlase y cacTaBy crambeHe srpajge y Kpymesny, y yiaunm dparomupa
I'ajuha 12 11 10.

CxyIoHMIIITa Cy MCHO/, HMBOA yJINIle, U cacToje ce Ofl YeTHpu cobe ca YeIMIHUM
BpaTiMa, Koja cy OmJia IIMpOKO oTBOpeHa Hajmarbe 20 rofHa, 11 Koja cy ocTasia
OTBOpeHa TOKOM IIpBe ¢pasze eKcliepyMeHTa.

Haxon ycrocrapbarba ycTalbeHUX BpelHocTH (48 mo 72 daca), HUBOM pajioHa
cy nipaheHM aKTMBHO, KpaTKOPOYHO TOKOM 7 JlaHa.

Haxon nobujara riojjaTtaka, csa BpaTa Cy XepMeTHMUKM 3aTBOpeHa, 1 00aB/beHO
je joII jemHoO Meperse y Tpajarby of 14 maHa Kako O6u ce yTBpAWIO 11a JIU [10J1a3M
no nosehama KOHIleHTpallyje pajioHa y IPOCTOPWjM Kajia je BeHTualyja y
IIOTITYHOCTY eJIIMUHVCaHa.

Oba cwiIoOHMIITA ¥MMajy WIEHTWYaH pacroper, IpocTopuja M WAEHTUYHY

ApXUTEKTYPY.
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I'paduk 5.3a. IIpaheme koHIIeHTpalIMje paJgoHa y CKIOHUIITY 1.
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I'padpmx 5.36. ITpahere KoHIleHTpalje pafioHa Y CKIIOHUIITY 2.

Ha rpadwuimma 5.3a. n 5.30. nmpukasaHe cy KOHIIeHTpallyje pafoHa Koje cy
npaheHe y nepuomny of 7 HgaHa Ipy HOpMaIHOj BeHTHIauuju npocropuja. Ca
rpadpmka ce BUIM 11a Cy KOHIIEHTpallije paioHa ycTasbeHe, 11 Kpehy ce y oricery
ox 261 mo 311 Bqm3.

Hakon 3aBpmienor mepema of 7 JaHa, BpaTa CKJIIOHUINTa Cy 3aTBOpeHa U
Meperbe je HacTaB/beHO HapenHux 14 jaHa 1o, MCcTUM yCJI0BMMa.

PesysntaTyi ekcliepyMeHTaIHOI Mepera IIpMKa3aHu cy Ha rpadwumma 5.4a. n
5.46.
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I'padpux 5.4a. VIsmepeHe KOHIleHTpallje pajloHa y CKIOHuIITY 1 mpwm
OJICYCTBY BeHTWWIallje
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I'padpmxk 5.46. VI3smepeHe KOHIIEHTpaIlMje paoHa Y CKIIOHWUIITY 2 PV OACYCTBY
BeHTWIalVje

Ca rpadumxa 5.4a. n 5.46. ce Buay Ja KOHIIEHTpaIVja paJjoHa pacTe 10 BpeMeHa
3acuherba HaKOH IIpeKyia BeHTulalyje.
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Ha rpaduky 5.5. ynopeno cy mpukasaHe M3MepeHe KOHIIeHTpallyje pajioHa
IIpU OfICYCTBY BeHTWIallMje y CKIIOHUIITIMA.
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1000 Ve o

800 e CKNIOHMWTE 1.

== CK/IOHULUTE 2. /
600

400 /

200

KoHueHTpaumja pagoHa [Bqm-3]

O T T T T T
0 100 200 300 400 500

Bpeme [h]

I'paduk 5.5. Ynopennu nprkas nsmMepeHnX KOHIleHTpallyja y CKIOHMIITIMa 1
" 2 IIpV OAICYCTBY BeHTJIalluje.

Hakon xepmernukor 3aTsaparba IIpocTOopuja y mnepuomy opn 14 mana,
KOHIIeHTpallja pagoHa ce yehasia gsa myTa.

IIpe 3aTBapama CKJIOHMINTA M3MepeHe cy clefehe IpoceuHe KOHIIeHTpallvje
panoHa: ckiaoHumTe 1=303.04145.45 Bqm-3, cki1oanmTe 2=283.474£42.52 Bqm-3.
HakoH XxepMeTHYKOr 3aTBapara CKJIOHMIITa M3MepeHe cy clefehe mpoceuHe

KOHIIeHTpalyje pajoHa: ckjJoHumTe 1=585.67188.15 Bqm3, ckaoHMITe
2=606.91191.03 Bqm-.

5.1.5. IlpocTropHa aucTpubynmja pagoHa y pe3suaeHIIjaTHOM 00jeKTy

Y mwby onpebusarma mnpocTopHe OUCTpUOyIMje pafioHa Y pe3uIeHIUjaTHIM
o0jeKTVMa M3BPIIEHO je jefJHO AYyTOpOYHO Mepere y aTOMCKOM CKJIOHMIITY

KOje ce HaJjlasu y cacTaBy cTamOeHe 3rpane y Kpymesity, yamia [Iparomupa
Iajuha 12.

CwroHMINITe ce HajasM WCIOA HMBOA YyJiMIle M cacToju ce opn 4 cobe ca
JeIMYHMM BpaTuMa, Koja cy Owsla ImpoKo oTBOpeHa Hajmarbe 20 rommea, u
KOja Cy OcTajla OTBOpeHa TOKOM eKCIIepVIMeHTa.

HaxkoH ycriocrassbarsa ycTajbeHUX BpeqHocTH (48-72 daca), HUBOM pajioHa Cy
npaheHn akTUBHO, Ayropo4yHo TokoM 30 JaHa.
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Ha cmmm 5.1. npukasaHa je Iema ca JIOKalijama JleTeKTOpa Yy aTOMCKOM
CKJIOHMIITY I7Ie je BpIlleH eKCIIepyMeHT.

Cmxa 5.1. [Ilpukas mpocTopuja CKJIOHMINTa, Kao M pacHopesl aKTMBHMX
JeTeKTopa

1. WC (jemmHa pasMeHa Ba3[gyxa ca OKOJIMHOM Ce OIMIpaBa Kpo3 BpaTa,
KOja Cy 3aTBOpeHa ToKoM Beher fier1a maHa)

2. Tlomohna mpocropwmja (KOHCTaHTaH IIPOTOK Basmyxa m3Meby mpocropuje
3ud)

3 u 4. I';maBHa coba (meTexTop 4 ce 1mocTas/ba OyvKe BpaTmMa Kako Om ce

YTBPIMIIO 1A JIVI je VI KOJIKO KOHIIeHTpallija paZloHa HybKa off feita 3. )

5. Ilpencobrbe (HecMeTaH IIPOTOK Baszmyxa ca 6 m 4)

6. Y11a3 y ckioHMIIITe (BeJIKa pa3MeHa BaslyXa ca CIOJballllbOM CPeIITHOM)
[eTekTopm cy mocras/beHM Ha BUCHMHM off, 1.5 m o7 3eMJbe y CpeiyiHM CBake Off

pocropwja.

ExcriepuiMeHTasIHM pe3yiITaTii Meperba IIprKasaHm ¢y y Tabem 5. 3.
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Tabesa 5.3. I3MepeHe KOHIIEHTpalje 1 IIPOCTOPHa AUCTpUOYIIMja paJoHa 1o

HpOCTOpVIj aMa CKJIOHUMIIITa

CRn
Bpeme | mpocropuja G . = . Crn . Cin . Can .
[h] 1 mmpocTopuja2 mpocTopuja3 mpocTopuja4 mpocTopujad mpocTopujab
(Bqm}15% [Bqm3] £15% [Bqm-3] £15% [Bqm-3] £15% [Bqm-3] £15% [Bqm-3] £15%

0 741 420 365 220 170 70
24 751 412 358 212 168 62
48 749 396 361 218 164 61
72 760 398 354 214 163 29
96 762 372 360 219 170 64
120 759 386 361 224 172 62
144 690 389 378 226 176 69
168 720 399 364 215 168 67
192 726 409 368 209 164 68
216 731 401 359 214 165 62
240 729 412 359 207 167 65
264 718 415 362 209 162 59
288 719 398 367 216 172 59
312 721 398 376 217 174 52
336 723 415 378 216 169 61
360 742 419 374 218 164 57
384 731 432 368 217 165 63
408 736 429 369 216 162 52
432 740 418 364 214 163 57
456 736 417 368 219 169 58
480 739 426 376 226 174 56
504 728 432 378 221 173 60
528 718 428 362 227 168 61
552 714 417 368 224 164 61
576 726 425 364 220 163 59
600 723 419 360 216 169 58
624 730 416 352 224 172 64
648 734 421 359 226 173 71
672 731 418 360 220 178 72
696 726 413 364 221 176 69
720 736 424 368 219 174 68

Ha rpadwuky 5.6. mpukasaHa je mpocTopHa IOUCTpuOyIlMja pajgoHa IIO

IpocTopujaMa JIoOMjeHa Ha OCHOBY eKCIlepyMeHTaIHVX IojaTaKa.
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I'padpux 5.6. IlpocropHa mucTpuOyIiMja eKcCIIepyMeHTaIHO W3MepeHMX
KOHIIeHTpalyja pajoHa y CKJIOHUIITY

Ca rpaduka ce youaBa fAa je Hajseha KoHIIeHTpallMja M3MepeHa y IPOCTOpuju
6poj 1, Koja je 3arITpeMMHCKM HajMak-a M 1IMa Hajc1abujy BeHTuIaIjy.

Y npocropujama 2 1 3 nsMepeHe Cy HeIlITO HVDKe KOHIIeHTpallyje, Koje cy 4akK u
NPpUOIIVDKHVIX BPeTHOCTH yCIIell JoOpe pasMeHe Basayxa nsMeby muix.

Y mpocropuju 4 u 5 usMepeHe Cy HNpuXBaT/bBe BPEIHOCTU yciel Oim3uHe
v3j1a3a, OTHOCHO BeHTWIallje.

IIpocTtopuja 6 je 3ampaBo Be3a CKJIOHMINTA Ca CIIOJbAIIEbOM CPEIVIHOM,
KapaKTepuIlle je BeoMa JoOpa BeHTWIaIVja, Te je OTy[ U M3MepeHa I0CTa HypKa
KOHIIeHTpaIyja off IIPeTXOJHMX IIpocTopuja.

5.1.6. BepTukanHa aucTpmuOynmja pagoHa y IpocTopujamMa

Pagn mobujarsa pesieBaHTHMX ITOATaKa BepTUKalIHe OUCTpUOyIMje pafoHa Y
IIpocTOpUjaMa, U3BpIlleHa Cy TpM aKTVBHA KpaTKOpOYHa Mepera Y aTOMCKOM
CKJIOHMINTY KOje ce Hajla3M Y cacTaBy cTaMOeHe 3rpane y Kpymesiy, y yymiim
A paromupa l'ajuha 12 1 10.

Ha modeTky ekcrieprMeHTa [IeTeKOPH Cy II0CTaB/beH! Ha cileflehmm BrcHHaMa:
05m,1.5m,1.9 m.

HaxkoH ycrocraspatba ycTaJbeHUX BpedHOCTH (48-72 waca), HMBOWM paJioHa Cy
npaheHn akTMBHO, KOHTMHYMpaHo TokoM 30 maHa.
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Y Tabemn 5.4. mpukasaHe cy eKCIIepMMeHTa/IHO W3MepeHe BpegHOCTU 3a

BepTUKaJIHY AUCTPUOYIINjy pajioHa y aTOMCKOM CKJIOHUIIITY.

TabGemma  5.4.

EKCHepT/IMeHTaJ'IHO

M3MepeHe

AaucTpuOyIMje pajoHa y aTOMCKOM CKJIOHUIITY

BpeTHOCTU

BepTUKaJIHe

KoH1eHTpanmja pagoHa Ha ogpebennM sucuHaMa [Bqm-3]

Bipenela) h=0.5 m h=1.5m h=1.9m

0 451 428 578
24 438 424 784
48 442 426 869
72 450 425 918
96 430 418 1236
120 415 421 1190
144 428 442 1206
168 430 450 1278
192 426 442 1195
216 418 450 1018
240 430 448 1024
264 424 430 1018
288 418 442 1022
312 418 438 1029
336 415 432 1023
360 420 451 1015
384 423 441 1105
408 430 438 1078
432 435 432 1045
456 428 452 1062
480 419 440 1041
504 426 438 1028
528 422 426 1013
552 425 463 1005
576 418 431 998
600 412 427 1012
624 428 419 1028
648 419 426 1017
672 412 419 1013
696 419 417 992
720 451 428 998

Ha rpacduky 5.7. mpmkasaHa je BepTMKaJIHa AMUCTpUOyLMja pamoHa W3MepeHa Yy

CKJIOHMUIITY.
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I'padpmx 5.7.
aucTpuOyIiMje pajioHa y aTOMCKOM CKJIOHUIITY

V[3MepeHe EKCIIepVIMEeHTaJIHE BPEIHOCTM

BepTVKaJIHEe

Ca rpaduxka 5.7. ce Buan na cy msMmepete spegroctt Ha h=0.5 m n h=1.5my
CJINYHOM OIICery KOHIIeHTpallija 1 HaJlase ce y M3BeCHOj BpCTU paBHOTeXe.

Ha Bucrramn (018 1.9m msMepeHe Cy roToBO NYIUIO BUIIE BPENHOCTM 11 yOodaBa ce

ropacr KOHLIeHTpaLU/Ija, da HaKOH TOI'a IIOCTVIKE cCe€ CTarbe€ PpaBHOTEXE U

KOHIIeHTpalyje pagoHa ocTajy y orcery C=1000+100 Bqm-3.

5.2. ITacuBHe AyropouHe MepHe TeXHMUKe

5.2.1. ExcnepuMmenTaiao Mmeperse LANDAUER ALPHA TRACK petekTropmuMa

Y mwby onpebusama

KOHIIeHTpalyja pajioHa 3a J1y>KM BPeMeHCKM Mepuo]l

CIIpoBeJleHa Cy IacVBHa IyTopodyHa Mepera y Iepuoy oz, 3 Mecella Ha YeTUPU
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nokamyje y Kpymesily, 1 To y aTOMCK/M CKJIOHMINTMMA Koja ce Hajase y
OKBUPY cTaMOeHVIX 3rpaja.

Hetektopu cy moctaebenu 15. anpwia 2015. ropgyHe m eKCIOHMpaHW Cy
pamony o 15. jyima 2015. rogume.

Ha moueTky ekcrepuMeHTa [eTeKTOpU ce Baje W3 3allTUTHUX doavja u
II0CTaBsbajy Ha BUcKHM of, 1.5 m of T1a y cpenvnu nzabpaHe mpocropuje.

Ha cimvmm 5.2. ipepicraBbeHe Cy JIoKalyje CKJIOHUINITa y KojyMa Cy ce BPIIVJIV
eKCIIepUMeHTH.

A \ (e v e -
‘ I N b ;-// A W o .“.\". o By M: w4 A ~

Crika 5.2. JIokanyje Ha KojuiMa Cy ce BpIlvIa ITacVBHA JlyTOpOYHa Meperba

ApxutekTypa cxiIonumrTa 1 n 2 je Beh ommcana, a cxioHummnTra 3 1 4 mMajy
HEeITO Opyradnjy apXuUTeKTypy, Koja ce Tude BeHTwIanyje. Y CKIoHumTiMa 1
" 2, ceM yJasHMX BpaTa, He ITOCTOjM HUKaKaB APYTM BuUJ, pasMeHe BasgyXa ca
okoymmHoM. CxitoHminTa 3 u 4, mopeq yjIasHUX BpaTa, VIMajy jolll jedaH OTBOP,
KOju CIyXmu 3a yOalmpame ymba. Kopg cxionwminra O6p. 3 oBaj oTBOp je
KOHCTaHTHO OTBOpPEH, JOK je KOJ CKJIOHMINTa Op. 4 0OBaj OTBOp IOKpPVBEH
JIVIMOM Ha KOMe ITOCTOjiI M3BecTaH 3a30p Koju omoryhasa mpupomHu ,I1yr”
Bas/iyxa usMeby yiiasHuX BpaTa CKJIOHMIIITa M CrIojballlbe cpevHe. Ha camim
5.3. mpuKasaHa cy oBa CKJIOHMIIITA, 3aje/THO ca KapaKTepucTKaMa.
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Cmka 5.3. ®ororpaduje CKIOHMINTa TAe Cy BplleHa eKCcllepyMeHTaIHa

AyTopoO4YHa IlacViBHaA Meperba.

ITo mcrexy 3 Mecella of JaHa IIOCTaB/baiba, JAETEKTOPW CYy [IeMOHTVpPaHW,
yIIaKOBaHW Y aJIlyMMHMjyMcKy ¢onmjy n noctatn y Landauer maboparopujy y
[IIsernickoj, rme je BpIieHo Opojarbe Tparosa. PesynTaTm eKcriepyMeHTaIHMX
VICTpaXkVBarba JaTy cy y Tabemn 5.5.
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Tabesna 5.5. PesynraTit nacMBHOr eKcIiepIMeHTaJIHOT Meperba

S| e | Mo | ke e epena | G
JieTexTopa [KBghm?3] qm:3]
624762-1 L;zéii%% 2015-04-15 2015-07-14 164 38 75
624849-6 231?’;%?576% 2015-04-15 2015-07-14 1683 208 779
626244-8 231?;’%%9262' 2015-04-15 2015-07-14 1085 138 502
624934-6 Aigzgézgg 2015-04-15 2015-07-14 1120 142 518

5.3. HpoueHa A403a Ha OCHOBY €KCIIEpVMMEHTa/THUX I10JaTaKa

Y oBoMm ferty cy mpukasaHe IIpolleHe j03a Koje Cy padyHaTe Ha OCHOBY J100MjeHIX
eKCIIepYMEeHTaTHVX BPeTHOCT.

5.3.1. IIpo1ieHa 103a Ha OCHOBY eKcxaJlalyje MaTepujasia

ExcriepyMeHTasIHM TOfal O eKcxajlalljyi TpaHWTa yIoTpeb/beHM cy Kako Om ce
V3padyHasla J103a M3JI0)KeHOCTU pafloHy.

Ilopen, mpuMeHe NO3HATMX jeHauMHa 3a M3padyHaBar-e [103a, KOHCTPYMCaHU Cy
pasHU pesueHIIMjaJIHN ClleHapuji Kako Ou m3padyHaTe [103e Ovle HajupubIIvbKHMje
peasTHiM yCJIOBMMaA.

Cuoenapmo 1.

I'panuTHa 1UI04Ya AVIMeHsMja 3x2 m ce HajlasM y Kyxumby 3anpeMuse 20 m3 u cryxu
Kao pajgHa nosprmmHa. Ilop mpermocraBkoM ga ocoba mposerie 75% BpeMeHa Y
3aTBOPEHOM IIPOCTOPY, MOXe ce IIOCTaBUTU IO3VMeTpUjcKa jefHaumHa Koja Ou
IpopadyHajia J103e.

Hajmpe ce padyHa KOHIIeHTpallja pajloHa Ha OCHOBY IIoflaTaka [OOMjeHMX Y
eKIICIIepMeHTy IoMohy jenHaumHe 4.23., a IOTOM ce IIpMMeHOM jefHauvHe 4.24.
padyHa NpUM/beHa [103a 3a OBaKaB CLIeHapuo.

KonreHnTpanmja pazoHa je nspadyHaTa n3 jeqHaunHe [130]:

Crn = (4.23),
rae je:
Crn - KOHIIEHTpalIMja paJoHa
Ea - cTona excxaymanyje Mmarepujaia
A - moBpHIVHa MaTepujaia
V - 3anpemumHa npocropvje
Av - CTelleH BeHTWIallyje.
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[IpumipeHa mo03a je MOTOM padyHaTa IIPVIMEHOM [IO3VIMeTpPUjcKe jelHauyHe

[130]:

H, = C;F;0 x DCF
rae je:
H,- yHyTpariba ekcrio3uiyija pagoHa
Ci - KoHLIeHTpalyja pagoHa
Fi - paBHOTeXXHU dakTOop (0.4 32 pasion)
O- BpeMe eKcrio3uIIvje Ha TOOMIIE-EM HIBOY
DCF - no3au kousepsuonu dakrop (9 nSvBqEERh-Tm-3).

ITpuMeHOM OBUX jefiHauMHa, 03e Koje ocoba IIpUMI Off TpaHuTa Cy:

Hepo AcosiyTo rpaHuT:

A=0.1 h1

EqA 0,161 %6
Cpp, =2 == = 0.48 Bqm3
Rn ™ ya, = 20+01 9

H, = C;F;0 x DCF = 0.48 * 0.4 * 6570 * 9 =11352.96 nSvy-!
Av=0.3 h1

EqA 0.161 *6
CRn

— 3
=Vh = 20003 0.161 Bqm

H, = C;F;0 x DCF = 0.161 * 0.4 * 6570 * 9 =3807.97 nSvy"!
Av=0.5 h1

_ EqA _ 0.161%6 _ 3
Crn =45 = 59,05 = 0-0966Bqm

H, = C;F;,0 X DCF = 0.0966 * 0.4 * 6570 * 9 =2284.7832 nSvy-!

Adpuka pen rpauur:

Av=0.1 h1

(4.24.)
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_ EgA _ 0,249 %6
T vA,  20%01

Crn = 0.75 Bqm-

H, = C;F;0 X DCF = 0.75 = 0.4 * 6570 * 9 =17739 nSvy-!
Av=0.3 h-1
_ EgA _ 0.249%6

— 3
T VA,  20%03 0.249 Bqm

Crn

H, = C;F;0 X DCF = 0.249 = 0.4 * 6570 * 9 =5889.348 nSvy-!
Av=0.5 h-1
EqA _ 0.249 %6

Cp. = Zaf _
Rn ™ ya, = 20+05

= 0.149Bgm??

H, = C;F;0 x DCF = 0.149 * 0.4 * 6570 * 9 =3533.60 nSvy-!

Komaoumukm TPaHUT:

A=0.1 h1

EqA 0,215 %6
Cr, = 2+ =—"—""—=0.65Bgm?=
Rn ™ ya, = 20+01 9

H, = C;F;0 x DCF = 0.65 0.4 * 6570 * 9 =15373.8nSvy-!
Av=0.3 h1

EqA 0215 %6
Cpp, === = 0.215 Bgm?3
Rn ™ ya, = 20+03 !

H, = C;F;,0 x DCF = 0.215 * 0.4 * 6570 * 9 =5085.18nSvy"!
Av=0.5 h-1

C. = Fad _ 0215+6
Rn ™ ya, ~ 20%05

= 0.129 Bqm=

H, = C;F;,0 x DCF = 0.129 * 0.4 * 6570 * 9 =3051.108nSvy"!

mnasa rpaauT:
Av=0.1 h1
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_ EgA _ 0217 %6
T viA, 2001

Crn = 0.65 Bqm-

H, = C;F;0 X DCF = 0.65 = 0.4 * 6570 * 9 =15373.8 nSvy-!
Av=0.3 h-1

EjA 0.217 %6
=222 =222 = 0217 Bqm™?
Vi, 20% 0.3

Crn

H, = C;F;0 X DCF = 0.217 = 0.4 * 6570 x 9 =5132.84nSvy-!
Av=0.5 h-1
EqA _ 0.217 %6

Cp. = Zaf _
Rn ™ ya, = 20«05

= 0.1302 Bqm?

H, = C;F;0 x DCF = 0.1302 * 0.4 * 6570 * 9 =3079.494 nSvy-!

Jabs1aHMYKM rpaHUT:

A=0.1 h1

EqA  0.493 6
Cpp, == = 1.48 Bqm?3
Rn =™ ya, = 20+01 9

H, = C;F;,0 x DCF = 1.48 % 0.4 6570 * 9 =35004.09nSvy-!
Av=0.3 h1

C. = FaA _ 04936
Rn ™ ya, = 20+03

= 0.493 Bqm=
H, = C;F;0 X DCF = 0.492 % 0.4 * 6570 * 9 =11660.436 nSvy-1
Av=0.5 h-1

C. = FEaA _ 04936
Rn ™ ya, = 20+05

= 0.2958 Bqm?

H, = C;F,0 x DCF = 0.2958 * 0.4 * 6570 * 9 =6996.26nSvy-!

3um0OabBe rpaHMT:
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A=0.1 h1

EqA  0.576 %6
= = = 1.41 Bqm?
Crn VA,  20%0.1 9

H, = C;F;0 X DCF = 1.41 % 0.4 * 6570 = 9 =35004.96 nSvy-!
Av=0.3 h-1

EqA  0.576 %6
Crn

— 3
T VA, 20%03 0.469 Bqm

H, = C;F;0 X DCF = 0.469 % 0.4 * 6570 = 9 =11092.788 nSvy-!
Av=0.5 h-1

EqA _ 0.576 %6
Crn

= 3
=V = 20005 = 0.2814 Bqm

H, = C;F;0 x DCF = 0.2814 * 0.4 * 6570 * 9 =8174.13 nSvy-!

benra:

A=0.1 h1

EqA  0.576 %6
Cp, =2+ =—""—=1.73 Bqm?
Rn ™ ya, = 20+01 !

H, = C;F;0 x DCF = 1.73 % 0.4 * 6570 * 9 =40917,96nSvy-!
Av=0.3 h1

EqA  0.576 %6
CRn -

— 3
=V 20003 = 0.576 Bqm

H, = C;F;0 x DCF = 0.576 * 0.4 * 6570 * 9 =13623.552nSvy"!
Av=0.5 h-1

__ EgA _ 0.576%6 3
Crn = A z0n05 0.3456 Bqm

H, = C;F,0 x DCF = 0.2814 * 0.4 * 6570 * 9 =8174.13nSvy-!
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bajkTruky OpaoH rpaHUT:

A=0.1 h1

EqA 0336 %6
= = = 1.01 Bqm-3
Crn VA,  20%0.1 01Bq

H, = C;F;0 X DCF = 1.01 = 0.4 * 6570 = 9 =23888.52nSvy-!
Av=0.3 h1

EqA _ 03366
Crn =~

— 3
T VA, 20%03 0.336 Bqm

H, = C;F;0 x DCF = 0.336 * 0.4 * 6570 * 9 =7947.072nSvy-!
Av=0.5 h-1

EqA _ 03366
Crn

— -3
=i =2 s = 02016 Bgm

H, = C;F;0 x DCF = 0.2016 * 0.4 * 6570 * 9 =4768.24nSvy-!

bendacrt npHM rpaHnT:

A=0.1 h1

EqA  0.446 %6
Cpp, == = 1.34Bgm?
Rn ™ ya, = 20+01 !

H, = C;F;,0 X DCF = 1.34 % 0.4 * 6570 * 9 =31693.68nSvy-!
Av=0.3 h1

EqA  0.446 %6
CRn

— 3
=V = z0003 = 0.446 Bqm

H, = C;F;0 x DCF = 0.446 * 0.4 * 6570 * 9 =10548.79nSvy"!
Av=0.5 h-1

EqA  0.446 %6
Crn

= 3
= = z0n05 = 0.2676 Bqm

H, = C;F;0 X DCF = 0.2676 % 0.4 * 6570 * 9 =6329.2752nSvy-!
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Bendacr cBeT/IM rpaHuT:

A=0.1 h1

= Zad _ 238370 _ 0.97 Bqm?

Crn = VA,  20%0.1
H, = C;F;0 X DCF = 0.97 % 0.4 * 6570 = 9 =22942.44 nSvy-!
Av=0.3 h-1

EqA _ 0.323%6

Co. = Zaf _
Rn ™ ya, = 20+03

= 0.323 Bqm??

H, = C;F;0 x DCF = 0.323 x 0.4 * 6570 * 9 =7639.596 nSvy-!
Av=0.5 h-1
EqA — 0.323 *6

Cppy = —
Rn =™ ya, = 20+05

= 0.1938 Bqm?

H, = C;F;0 x DCF = 0.21938 * 0.4 * 6570 * 9 =4583.75nSvy"!

bendact MeamuyMm rpaHmT:

A=0.1 h1

EqA 0343 %6
Cpp, === = 1.03 Bqgm??
Rn ™ ya, = 20%01 !

H, = C;F;0 x DCF = 1.03 * 0.4 * 6570 * 9 =24361.56 nSvy-!
Av=0.3 h1
EqgA _ 0343 %6

— — 3
Crn = A 20003 0.323 Bqm

H, = C;F;,0 x DCF = 0.323 % 0.4 * 6570 * 9 =8112.636nSvy"!
Av=0.5 h-1

_ EgA _ 0.343%6 3
Crn = A z0n05 0.2058Bgm
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H, = C;F;0 X DCF = 0.2058 * 0.4 * 6570 * 9 =4867.58nSvy-!

bendacr pedsrekTop rpaHmut:

A=0.1 h1

C. = Fad _ 035846
Rn ™ ya, = 20+01

= 1.07 Bqm?

H, = C;F;0 X DCF = 1.07 x 0.4 * 6570 = 9 =25307.64 nSvy-!
Av=0.3 h-1
EqA _ 0.358 %6

= Zaf = 3
Crn = T = 2003 = 0.358 Bqgm

H, = C;F;0 x DCF = 0.358 * 0.4 * 6570 * 9 =8467.4166nSvy-!
Av=0.5 h-1
EqA _ 0.358%6

- Za- -3
Crn =75 = 59,55 = 0.2148Bqm

H, = C;F;0 x DCF = 0.2058 * 0.4 * 6570 * 9 =5080.44nSvy-!

CaHTMaro 0paoH rpaHMUT:

A=0.1 h1

EqA  0.428 %6
Cpp, =2 = = 1.28 Bqm?
Rn ™ ya, = 20%0.1 !

H, = C;F;0 x DCF = 1.28 % 0.4 * 6570 * 9 =30274.56 nSvy-!
Av=0.3 h1

C. = FaA _ 04286
Rn ™ ya, = 20+03

= 0.428 Bqm=

H, = C;F;,0 x DCF = 0.428 0.4 * 6570 * 9 =10123.056 nSvy-!
Av=0.5 h
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EgA  0.428 %6
=2 = = 0.258 Bqm-
VA,  20%05

CRn

H, = C;F;0 X DCF = 0.258 % 0.4 * 6570 = 9 =6073.8336 nSvy-!

Poca Oera rpaHut:

A=0.1 h1

EqA  0.467 %6
Cry, =2 =——=1.4Bgm?3
Rn ™ ya, = 20+01 9

H, = C;F;0 x DCF = 1.4 % 0.4 * 6570 x 9 =33112.8 nSvy-!
Av=0.3 h-1
EqA _ 0.467 %6

Co. = Zaf _
Rn =™ ya, = 20+03

= 0.467 Bqm?

H, = C;F,0 X DCF = 0.467 * 0.4 * 6570 * 9 =11045.48 nSvy-!
Av=0.5 h1
EqA _ 0.467 %6

— Zal = 3
Crn =45 = 59705 = 02802 Bqm

H, = C;F;0 x DCF = 0.2802 * 0.4 * 6570 * 9 =6627.29 nSvy-!

Poco bastMopaJ1 rpaHuT:

Av=0.1 h1

EqA  0.452 %6
Crn = 224 = 285250 _ 4 36 BamD
Rn ™ ya, = 20%0.1 !

H, = C;F;0 X DCF = 136 * 0.4 * 6570 * 9 =32166.72 nSvy-!
Av=0.3 h1
EqA _ 0.452 %6

Crn = = = 0.452 Bqm=

T VA,  20%03
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H, = C;F;0 X DCF = 0.452 = 0.4 * 6570 x 9 =11045.48 nSvy-!
Av=0.5 h-1

_ EgA _ 0452%6 _ 3
=V = Zon0s = 0.2712 Bgm

Crn

H, = C;F;0 x DCF = 0.2712 % 0.4 * 6570 * 9 =6414.422 nSvy-!

KuHaBa Kj1acMKO rpaHUT:
A=0.1 h1

C. = Fad _ 052546
Rn = ya, = 20+01

= 1.58 Bqm?

H, = C;F;0 x DCF = 1.58 * 0.4 * 6570 * 9 =37370.16 nSvy-!
Av=0.3 h-1
EqA _ 0.525 %6

Co. = Zaf _
Rn =™ ya, = 20+03

= 0.525 Bqm??

H, = C;F;,0 x DCF = 0.525 * 0.4 * 6570 * 9 =12417.3 nSvy-!
Av=0.5 h1

EqA  0.525 %6
Cpp, == = 0.315 Bgm?3
Rn =™ ya, = 20«05 !

H, = C;F;0 x DCF = 0.315 * 0.4 * 6570 * 9 =7450.38nSvy"!

ITapagrco KjaacMKo IrpaHUT:

Av=0.1 h1

EqA  0.789 6
Cr, = 2%+ =——=2.37 Bgm?3
Rn ™ ya, = 20+01 !

H, = C;F;,0 x DCF = 2.37 % 0.4 6570 * 9 =56055.24nSvy-!
Av=0.3 h1

__ EqA _ 0.789 %6

C =
Rn ™ ya, ~ 20%03

= 0.789 Bqm-
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H, = C;F;0 X DCF = 0.789 = 0.4 * 6570 x 9 =18661.42nSvy-1
Av=0.5 h-1

__ EqA _ 0.789%6 _

= = = 3
Crn A 20005 0.47 Bqm

H, = C;F;0 X DCF = 0.47 % 0.4 * 6570 * 9 =11196.85nSvy-!

Vimnepujaa ipBeHm:

Av=0.1 h1

EgA 0513 %6
= fad _ 051376 _ 4 54 Bqm®
Crn VA,  20%0.1 54 Bqm

H, = C;F;0 x DCF = 1.54 % 0.4 * 6570 * 9 =36424.08 nSvy-!
Av=0.3 h1

C. = Fad _ 0513+6
Rn =™ ya, = 20+03

= 0.513 Bqm??

H, = C;F;,0 x DCF = 0.513 * 0.4 * 6570 * 9 =12133.47 nSvy-!
Av=0.5 h1

EqA  0.513 %6
Cpp, === = 0.30 Bqm?
Rn ™ ya, = 20%05 !

H, = C;F;,0 x DCF = 0.30 * 0.4 * 6570 * 9 =7280.08 nSvy-!

buaHKoO capo rpaHuUT:

Av=0.1 h1

Crn = 22 = 22827 _ ( 85 Bqm3

T VA, 20%01

H; = C;F;0 X DCF = 0.85 % 0.4 * 6570 * 9 =20104.2 nSvy-!
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Av=0.3 h1

EqA 0283 %6
= = = 0.513 Bgm3
Crn VA,  20%0.3 0.513Bq

H, = C;F;0 X DCF = 0.513 x 0.4 * 6570 * 9 = 6693.516nSvy-!
Av=0.5 h-1

EqA  0.283 %6
Crn =7~

= = = -3
Vi 20% 0.5 0.16 qu

H, = C;F;0 X DCF = 0.16 = 0.4 * 6570 * 9 =4016.10nSvy-!

Jynapana adpmka rpaHuUT:

Av=0.1 h1

EqA  0.354 %6
Cr, =2 =—"—=1.06 Bgqm?3
Rn ™ ya, = 20+01 9

H, = C;F;0 x DCF = 1.06 * 0.4 * 6570 * 9 =25071.12nSvy-!
Av=0.3 h1

EqA 0354 %6
Cpp, == = 0.513 Bqm?
Rn =™ ya, = 20+03 !

H, = C;F;0 x DCF = 0.513 * 0.4 * 6570 * 9 =8372.80 nSvy"!
Av=0.5 h-1

EqA 0354 %6
CRn

— 3
T VA,  20%05 0.30 Bqm

H, = C;F;,0 x DCF = 0.30 * 0.4 * 6570 * 9 =5023.68 nSvy-!

Ilapagyco NMHK rpaHMUT:

A=0.1 h1

151



_ EgA _ 0.299%6
T viA, 2001

Crn = 0.9 Bqm?

H, = C;F;0 X DCF = 0.9 * 0.4 x 6570 * 9 =21286.8 nSvy-!
Av=0.3 h-1
_ EqA _ 02996

= = 0.299 Bqm??

T v,  20+03

Crn

H, = C;F;0 X DCF = 0.299 = 0.4 * 6570 * 9 =7071.948 nSvy-1
Av=0.5 h-1
EqA _ 02996

— Ead 3
Crn = Vi,  20%05 0.17 Bqm

H, = C;F;0 x DCF = 0.17 * 0.4 * 6570 x 9 =4243.16 nSvy-!

ITapagrco Koamopy rpaHuT:

A=0.1 h1

EqA 0361 %6
Crn = 222 = 239126 _ 4 08 Bqm
Rn ™ ya, = 20%01 9

H, = C;F;0 x DCF = 1.08 * 0.4 * 6570 * 9 =25544.16 nSvy-!
Av=0.3 h1

EqA  0.299 6
Cpp, === = 0.299 Bgm-3
Rn ™ ya, ~ 20+03 !

H, = C;F;,0 x DCF = 0.299 * 0.4 * 6570 * 9 =8538.37 nSvy"!
Av=0.5 h-1

EqA _ 0.299 %6 _

= 0.21Bgm™

Co. = Zaf _
Rn ™ ya, = 20+05

H, = C;F;,0 x DCF = 0.21 % 0.4 * 6570 * 9 =5123.02 nSvy-!

Poco ca"HTMaro rpaHmT:
Av=0.1 h1
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_ EgA _ 0.402 %6
T vA,  20%01

CRn

= 1.21 Bqm-

H, = C;F;0 X DCF = 1.21 % 0.4 * 6570 = 9 =28618.92nSvy-!
Av=0.3 h-1

EgA  0.402 %6
=2 = = =0.402 Bqm?3
VA,  20%03

Crn

H, = C;F;0 X DCF = 0.402 % 0.4 * 6570 = 9 =9508.1nSvy-!
Av=0.5 h-1
EqA _ 0.402 %6

= Zaf = 3
Crn = Th = 20005 0.24 Bqm

H, = C;F;0 x DCF = 0.24 * 0.4 * 6570 x 9 =5704.86nSvy-!

Tponmukasi ryapaHa rpaHUT:

A=0.1 h1

EqA  0.603 %6
Crn = 2a2 = 290326 _ 4 g1 Bqm®
Rn ™ ya, = 20%01 9

H, = C;F;0 x DCF = 1.81 % 0.4 * 6570 * 9 =42810.12nSvy-!
Av=0.3 h1

EgA  0.603 %6
Cpp, === = 0.603 Bqm?3
Rn ™ ya, = 20%03 !

H, = C;F;0 x DCF = 0.603 * 0.4 * 6570 * 9 =14262.15nSvy"!
Av=0.5 h-1

EqA _ 0.603 %6 _

= 0.36 Bqm?

Co. = Zaf _
Rn =y, = 20+05

H, = C;F;0 x DCF = 0.36 * 0.4 * 6570 * 9 =8557.29nSvy-!

Poca capgo rpaHut:
Av=0.1 h1
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_ EgA _ 0.415%6
T vA,  20%01

Crn = 1.25 Bqm-

H, = C;F;0 X DCF = 1.25 % 0.4 * 6570 * 9 =29565 nSvy-!
Av=0.3 h-1

E A 0.415 %6
=2 = = =0.415 Bgm-
VA,  20%0.3

Crn

H, = C;F;0 X DCF = 0.415 % 0.4 * 6570 * 9 =9815.58 nSvy-!
Av=0.5 h-1
EqA _ 0.415%6 _

— Zad 3
Cpn = Th = Z0m05 0.249 Bqm

H, = C;F;0 x DCF = 0.36 * 0.4 * 6570 * 9 =5889.348 nSvy-!

Y tabemmt 5.6. mpencraBbeHe Cy yIoperHe 03e Ha TOOUIIE-eM HUBOY Koje
ocoba IIpMMM OJI eMaHMpaHOr pafoHa U3 TpaHWUTa Ha OCHOBY clleHapuja 1, y
3aBVICHOCTM Of, BeHTWIallyje IIpocTopuje.

Tabena 5.6. Ymopenmnm mnpukas IpUMM/beHUX [03a Ha TOAMUIIbEM HUBOY
eMaHVpaHOr pafloHa 13 TpaHuTa (y 3aBVICHOCTY O] BeHTWJIalyje).

Av=0.1 h1 Av=0.3 h1 Av=0.5 h-1
P.bp. I'panur
ITpumrbeHa osa [nSvy-]
1 Hepo AcosnyTto 11352.96 3807.97 2284.78
2 Adpuka upseHU 17739.00 5889.35 3533.61
3 Komnaonmyaky rpasmr 15373.80 5085.18 3051.11
4 Vimrtaria 15373.80 5132.48 3079.49
5 JabGrragmuKy TpaHAT 35004.96 11660.44 6996.26
6 3umbabse 33349.32 11092.79 6655.67
7 Benrain 40917.96 13623.55 8174.13
8 bBarnkTrraky OpaoH 23888.52 7947.07 4768.24
9 bendacr 11pan 31693.68 10548.79 6329.28
10 bendacr ceeiin 22942.44 7639.60 4583.76
11 bendacr memmym 24361.56 8112.64 4867.58
12 berndact pedrexrop 25307.64 8467.42 5080.45
13 CaHtmaro 6paoH 30274.56 10123.06 6073.83
14 Pocabeta 33112.80 11045.48 6627.29
15 Poco Gaimopait 32166.72 10690.70 6414.42
16 KunaBa x1acmko 37370.16 12417.30 7450.38
17 ITapagyico K1acuKo 56055.24 18661.43 11196.86
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18 VIMIlepuat pBeHn 36424.08 12133.48 7280.09
19 BuaHKo capjio 20104.20 6693.52 4016.11
20 Jynapana adpyika 25071.12 8372.81 5023.68
21 TTapa/co IMHK 21286.80 7071.95 424317
22 TTapa/co Kombpu 25544.16 8538.37 5123.02
23 Poco caHTMaro 28618.92 9508.10 5704.86
24 Tponvkai ryapaHa 42810.12 14262.16 8557.29
25 Pocacapyio 29565.00 9815.58 5889.35

Ha rpaduxy 5.8. ymopenso cy mpukasaHe [103e Ha TOAMIIE-eM HUBOY Koje

ocoba IpMMM Ofl eMaHMpaHOr pajloHa 13 I'paHUTa Ha OCHOBY clieHapuja 1, y

3aBMICHOCTM Of], BeHTWIallyje IIpocTopuje.

NpumsbeHa roauwra gosa [nSvy]
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I'paduk 5.8. YriopegHu mpukas gosa (y 3aBUCHOCTH Off, BeHTWJIaLyje)
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Ha rpaduky 5.9. mpukasaHe cy 3aBUCHOCTM KOHIIeHTpallMja eMaHMpaHOr

pazioHa, y 3aBMCHOCTY Off, BeHTWIallyje.
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Ha crienapmo 1 Moxe ce Ha/joBe3aTy ClieHapuo 2, Koju IIpeTHocTaBsba fa ocoda
CTaHyje Y CTaHy Of] CUIIOpeKca, ITeueHe LuIJle 1 0j10koBa 3ampemyHe 110 m3,
yKyIlHe IoBpiinHe 3ugosa 70 m? uspabene o oBux MaTepujajia, Kao M IIo1a
nospumHe 64 m?, mspabeHor ox OeToHa, M y HWeMy HpoBoaM Takobe 75%
BpeMeHa. 3UJI0BM KyIlaTuia Cy IIpeKpMBeHN KepaMIUKUM IUIoYnIlaMa YKyIIHe
nospumHe 20 m?, 10K je 3anpeMmHa Kynatiiia 10 m3, y kome ocoba mHeBHO
nposefie car BpeMeHa. KoHIeHTpalmje M [o3e pajloHa ce padyHajy Ha
VICTOBeTaH Ha4yMH Kao 1 KOJl T'paHuTa.

beton:
Av=0.1 h!

EqA  0.21+64
Cpn = 228 = 9215 _ 4 22 Bqm3
Rn = y3, 7 110%01 9

H, = C;F;0 x DCF = 1.22 * 0.4 * 6570 * 9 =28855.44nSvy-!
Av=0.3 h1

EqA  0.21+64
Cr, =2 =—"—"——=0.40 Bqm?=
Rn = 3, ~ 110+03 9

H, = C;F;0 X DCF = 0.40 * 0.4 * 6570 * 9 =9632.81nSvy-!
Av=0.5 h1

C. = Fad _ 02164
Rn ™ ya, ~ 110+05

= 0.24 Bqm?3

H, = C;F;,0 x DCF = 0.24 % 0.4 * 6570 * 9 =5779.69nSvy-!

Cunopexc:
Av=0.1 h!

C. = FaA _ 021470
Rn ™ ya, ~ 110%0.1

= 1.35 Bqm=

H, = C;F;0 x DCF = 1.35 % 0.4 * 6570 * 9 =31930.20nSvy-!
Av=0.3 h1

C. = FEaA _ 021270
Rn =y, ~ 110+03

= 0.44Bgqm

H, = C;F;0 X DCF = 0.44 % 0.4 * 6570 x 9 =10636.23 nSvy-!
Av=0.5 h-1
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__EgA _ 0.21%70 _

3
Crn = VA,  110%05 0.26 Bm

H, = C;F;0 X DCF = 0.26 = 0.4 * 6570 * 9 =6381.74nSvy-!
Ileuena mmrsja nyHa:
Av=0.1 h1

EqA 021470
Cry = 2= = 1.36 Bqm3
Rn = y2, = 110%01 9

H, = C;F;0 X DCF = 1.36 x 0.4 * 6570 = 9 =32166.72nSvy-!
Av=0.3 h-1

EqA  0.214 %70
Cpp, = =———=0.45Bgm?3
Rn ™ ya, = 110%03 9

H, = C;F;0 x DCF = 0.45 * 0.4 * 6570 * 9 =10736.57 nSvy-!
Av=0.5 h-1
EqA _ 0214 %70 _

— Fad 3
Crn = VA,  110%05 0.27 Bqm

H, = C;F;0 X DCF = 0.27 * 0.4 * 6570 * 9 =6441.94nSvy-!

I'iimaeHM 0JI0K:
Av=0.1 h1

C. = Fad _ 0243470
Rn ™ ya, 7 110%01

= 0.73 Bqm?

H, = C;F;,0 x DCF = 0.73 * 0.4 * 6570 % 9 =17265.96nSvy-!
Av=0.3 h1

Con = EqA _ 024370 _ 0.243Bqm3

T VA,  110%03

H, = C;F;,0 X DCF = 0.243 * 0.4 * 6570 * 9 =5747.44nSvy"!
Av=0.5 h-1

_ EaA _ 0243470 _ (4, Bqm

C =
Rn ™ ya, ~ 11005
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H, = C;F;0 X DCF = 0.14 = 0.4 * 6570 * 9 =3448.46nSvy-!

KepMamuuke niioudmiie:
A=0.1 h1

__ EqA _ 0.148 %70
VA,  110%0.1

Crn = 3.7Bqm-

H, = C;F;0 X DCF = 3.7 = 0.4 * 365 x 9 =4861.80nSvy-!
Av=0.3 h-1

EqA  0.148 %70
Cpp, =2 =———=1.23Bgm?3
Rn =™ ya, = 110%03 9

H, = C;F;0 x DCF = 1.23 * 0.4 * 365 x 9 =1620.6nSvy-!
Av=0.5 h-1
EqgA _ 0.148 %70

= Zad = 3
Crn = VA,  110%05 0.27 Bqm

H, = C;F;,0 x DCF = 0.27 * 0.4 * 365 * 9 = 972.36nSvy!

Y tabermn 5.7. ymopeso cy npukasaHe IpyM/beHe /103e Ha TOUIIbeM HUBOY Y
pe3ugeHIMjalIHOM 00jeKTy M3pabeHOM of1 pasHUX rpabeBMHCKMM MaTepujasa,

y 3aBMICHOCTM Of, BeHTWIaIyje.
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Tabermra 5.7. YnopegHu mnpwkas OpUMIBEHMX [103a Ha TOOMIIE-EM HUBOY
eMaHMpaHOI' pajloHa M3 pasHMUX rpabeBUMHCKMX MaTepujaia (y 3aBUCHOCTU Off
BeHTIUIalvje)

Av=0.1 h1 Av=0.3 h1 Av=0.5 h1
P.bp. I'panuT
[TpumrbeHa f1o3a [nSvy1]
1 beron 28855.44 9632.81 5779.69
o | Monue wiownne(Bimme | jqq g 1620.60 972.36
npon3sBobaya)
3 Cuniopekc 6710k 31930.20 10636.23 6381.74
4 ITeuena 1yria nyHa 32166.72 10736.57 6441.94
5. Dmserin G0k 17265.96 5747.44 3448.46

Ha rpaduky 5.10. yropeno cy npukasaHe TOOUIIEbe J03€e KOja ocoba IIpyMM Off,
pasHuUx TrpabeBMHCKMX MaTepujajla, y 3aBUCHOCTM Of BeHTwIalluje Yy
pe3uIeHIIjaTHOM 00jeKTy.
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Martepujan

I'pacpuk 5.10. Ynopensn npmuka3s NpyMM/beHMX TOOMIIEBNX J03a 01, pa3HMUX
rpabeBuHCKMX MaTepujana (y 3aBMCHOCTH 0f1 BeHTHUJIallyje)

CabupameM TIpMMI/bEHMX A03a M3 OBUX CIleHapuja IOOoJIasy ce 0 YKYIIHe
NpUM/beHe [03e Y pesumaeHIjaiHoM oOjekTy. Y Taberm 5.8. mpmkasame cy
YKyIIHe TOIMIIIEbe JI03€ 3a pasHe peXXuMe BeHTwIalluje y cTaMOeHOM ITpOCTOpY
uspabeHoMm of, curopekca. Jlose mpuM/beHe Ofl IPaHWTHe IUIOYe M 3VUITHUX
IJIounila ce ypadyHaBajy 3a Ma Koju rpabeBMHCKM MaTepujal KopuiiheH 3a
usrpagy oljeKTa.
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Y Ttabemu 5.9. mpukasaHe cy yKymnHe IpuM/beHe TOOMIIIbe [I03€ 3a pasHe
peXxumMme BeHTWIalyje y cramMOeHOM HpocTopy wm3pabeHOM of myHe IledeHe
uurse. Jloze mpuMm/beHe Ofl TpaHUTHe IUIOYe M 3UIHMX IUIouYMIia Takobe ce
ypadyHaBajy 3a ofgpebeHl peXnM BeHTwIalyje.

Y Tabermm 5.10. mpukasaHe cy yKyIlHe IpuM/beHe TOAMIIEbe J03e 3a pasHe
peXxuMe BeHTWIalMje y cTaMOeHOM HpocTopy wu3pabeHOM off DJIIMHEHUX
6710K0Ba. [lo3e mpuMIbeHe Of1 TpaHMTHe IIoYe ¥ 3UIHMX IUIoYUNnIia ce ce TaKobe
ypadyHaBajy 3a ofpebeHl peXuM BeHTwIaIyje.

Ha rpadmky 5.11. mpukasaHe cy 3aBMCHOCTM [l03a Off MaTepujajla Koju je

KopuiiheH 3a msrpajmy craMOeHMx oOjekaTa, 3ajeJHO ca I'paHUTMMa KOju Cy
KopuitheHM 3a pajiHe IOBPIIHE WIN IeKOpaT/BHe eJleMeHTe.
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Tabesna 5.8. YkynHe romuinme IpuM/beHe JI03€e Y cTaHYy M3pabeHoM o1

curiopekc 6s10KkoBa (y 3aBMCHOCTM Of] BEHTWJIaIlNje)

Yxynma
YkymnHa roguiissa
. rpaHVIT TOOVIIIFba 103a VKynHa TOoOUIIIa 103a
Marepwijain or mosa
. KopwrheH y [nSvy1] [nSvy-]
Kora je m3pabeH [nSvy-]
ol cTaMbeHOM npn B npu
8 = -1 = -1
objexty A=0.1h =03 h1 Av=0.5h
Hepo Acosnyto 77000.4 25697.61 15418.57
Adpuxa 83386.44 27778.99 16667.4
IIpBEHU
Komaorreiu 81021.24 26974.82 16184.9
TrpaHUT
Vmmana 81021.24 2702212 16213.28
Jabranraxu 100652.4 33550.08 20130.05
TpaHUT
3umGabse 98996.76 32982.43 19789.46
Berran 106565.4 35513.19 21307.92
bayriian 89535.96 29836.71 17902.03
OpaoH
Bendact npumn 97341.12 32438.43 19463.07
Bendact ceiin 88589.88 29529.24 17717.55
bengacr 90009 30002.28 18001.37
MeInyM
bengacr 90955.08 30357.06 18214.24
pediexTop
Cumopexc Carrruaro 95922 32012.7 19207.62
OpaoH
Pocabera 98760.24 32935.12 19761.08
Poco Gaimopain 97814.16 32580.34 19548.21
Kunasa 103017.6 34306.94 20584.17
KJIaCMKO
Mapapyco 121702.68 40551.07 24330.65
KJIaCMKO
Vimmepuar 102071.52 34023.12 20413.88
LIPBEHN
buanko capo 85751.64 28583.16 17149.9
Jynapana 90718.56 30262.45 18157.47
adppuka
Tapaico miHK 86934.24 28961.59 17376.96
Mapazuco 91191.6 30428.01 18256.81
Kommbpm
Poco canTiaro 94266.36 31397.74 18838.65
Tpommxarn 103595.76 36151.8 8557.29
ryapata
Pocacaprio 90350.64 31705.22 5889.35

TabGerna 5.9. YkynHe ropuiime IpuMbeHe flo3e Y CTaHy m3pabeHOM of, ImyHe

IedeHe 1uriie (y 3aBUCHOCTM OfI BeHTWIalluje)
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YxymnHa

Yxynna roguiirsa

Marepyia o I'pasur TOOUIITEbA [103a o3 VYkymHa roguiba 103a
cpvjalt on KopwrheH y [nSvy-1] o [nSvy1]
Kora je m3paben [nSvy-]
ol CTaM.6eHOM npn . npu
objexty Av=0.1 h1 A=03 h1 Av=0.5 h-1
Hepo Aconyto 77236.2 25797.38 15477.83
Adpuxa 83622.24 27878.76 16726.66
IIpBEHU
Komaorrxu 81257.04 27074.59 16244.16
TrpaHUT
Vimnasa 81257.04 27121.89 16272.54
Jabranraxu 100888.2 33649.85 20189.31
TrpaHUT
3uMGaGBe 9923256 33082.2 19848.72
Benra 106801.2 35612.96 21367.18
Bamcrireki 89771.76 29936.48 17961.29
OpaoH
Bendact npum 97576.92 32538.2 19522.33
Bendact cBeiin 88825.68 29629.01 17776.81
Besgpacr 90244.8 30102.05 18060.63
MeInyM
Besgpacr 91190.88 30456.83 182735
pediexTop
Tlyna nedera Canrmaro 96157.8 32112.47 19266.88
yria OpaoH
Pocabera 98996.04 33034.89 19820.34
Poco Gaimopain 98049.96 32680.11 19607.47
Kurasa 103253 4 34406.71 20643.43
KJIaCUKO
Hapasuco 121938.48 40650.84 24389.91
KJIaCU1KO
Vmepuar 102307.32 34122.89 20473.14
LIPBEHN
buanko capyio 85987.44 28682.93 17209.16
Jynapaia 90954.36 30362.22 18216.73
adppuka
ITapagyco nmHK 87170.04 29061.36 17436.22
Hapauco 91427.4 30527.78 18316.07
Kombpm
Poco caHTHaro 94502.16 31497.51 18897.91
Tpomxar 108693.36 36251.57 21750.34
ryapata
Pocacaprio 9544824 31804.99 19082.4

Tabena 5.10. YxymnHe ropuimmse IpMIbeHe JO3€y CTaHy M3pabeHOM of IIyHe

IedeHe 1uriie (y 3aBMCHOCTM OfI BeHTWIallyje)
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Yxynma
Yxynna roguiirsa
. I'pasur TOOUIITEbA [103a VYkymHa roguiba 103a
Martepwijain ox mosa
. KopwrheH y [nSvy-1] [nSvy1]
Kora je m3paben [nSvy-]
GioxaT cTaMbeHOM npn . npu
o0 objexry Av=0.1 h1 03 Av=0.5 h1
Hepo AcoryTo 62336.16 20808.82 12485.29
Adpuxa 68722.2 22890.2 13734.12
IIpBEHU
Konaorreu 66357 22086.03 13251.62
TrpaHUT
Vnmara 66357 22133.33 13280
Jabranraxu 85988.16 28661.29 17196.77
TrpaHUT
3umGabse 84332.52 28093.64 16856.18
Berran 91901.16 306244 18374.64
bayriian 74871.72 24947.92 14968.75
OpaoH
Bendact npum 82676.88 27549.64 16529.79
Bendact cBeiin 73925.64 24640.45 14784.27
berdpact 75344.76 25113.49 15068.09
MeInyM
berndpact 76290.84 25468.27 15280.96
pediexTop
[rvrernm G110k Canmnaro 81257.76 27123.91 16274.34
OpaoH
Pocabera 84096 28046.33 16827.8
Poco Gaimopain 83149.92 27691.55 16614.93
Kunasa 88353.36 29418.15 17650.89
KJIaCMKO
Tapapyco 107038.44 35662.28 21397.37
KJIaCMKO
Vimmepuar 87407.28 2913433 17480.6
LIPBEHN
buanko capyio 71087.4 23694.37 14216.62
Jynapana 76054.32 25373.66 15224.19
adppuka
ITapagyco nmHK 72270 24072.8 14443.68
Mapazyco 7652736 25539.22 1532353
Kommbpum
Poco canTiaro 79602.12 26508.95 15905.37
Tpommxarn 93793.32 31263.01 18757.8
ryapata
Pocacaprio 80548.2 26816.43 16089.86
Cuenapuo 3.

Hocap, je m3BpIleHa IIpoIleHa O3paderba y cTaMOeHOM IIPOCTOpPY, Ia ce MOXe
rioctaBuTy criegehm crieHapmo: ocoba M3 OpBOr CIieHapuja paay y IIPOCTOpPY Y
KOMe je IO, HauuibeH of rpanurta. [loppmmua mopa je 100 m? pgok je
3anpemmHa mpocropa 220 m3. PagHu mpocTop omneT MoXKe OMTH HallpaBibeH Off
curiopekc OJI0KOBa, IedeHe InIyIe Wi OyokoBa. [IpermocTaBka je ma ocoba
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JHEBHO IIpoBelle MUHVMYM 6 caTyl Ha pajlHOM MeCTy, OJHOCHO IIpeocTaInx 25
% , HapoBe3yjyhwu ce Ha ciieHapuo 1, 220 pagHux gaHa y TogMHM, ofHOCHO 1320
catn. PauyHame /103a 11 KOHIIEHTpallyja pajioHa ce BPIIM Ha MCTOBeTaH Ha4YMH
Kao ¥ 3a IIPEeTXOIHY ClIeHap1o, ca OBUM M3MeHeHM apaMeTprMa, ra he 36or
paloHaM3aIMje OUTY IIpeicTaB/beHe caMo Kpajibe IIpolieHe J03a.

FOHT/IIHH)e IIpriMJb€HE 103€ eMaHNPaHOI' padOHa 13 I'paHWUTa aTe Cy Yy Taberm
5.11.

Tabesnna 5.11. YnopenoHu mpmukas HpUMJ/beHMX 1032 Ha TOOMIIE-EM HUBOY
eMaHMpaHOI paJoHa w3 rpaHura mnoppimmHe 100 m? (y 3aBMCcHOCTM O]

BeHTWJIaIyje)
Av=0.1 h1 Av=0.3 h1 Av=0.5 h-1
P.bp. I'panut
ITpumwbeHa gosa [nSvy-]

1 Hepo Acosnyto 3477.6 1159.2 695.52
2 Adpuxka 1ipBeHn 5378.4 1792.8 1075.68
3 Konaonmykm rpasur 4644 1548 928.8

4 Vmrrana 4687.2 15624 937.44
5 JaGraHmuky rpaHuT 10648.8 3549.6 2129.76
6 31mbabse 101304 3376.8 2026.08
7 Benran 12441.6 4147.2 2488.32
8 BasnkTruky 6paoH 7257.6 2419.2 1451.52
9 bendact npan 9633.6 3211.2 1926.72
10 berndact ceemiin 6976.8 2325.6 1395.36
11 bendact megnym 7408.8 2469.6 1481.76
12 Bendact pedexrop 7732.8 2577.6 1546.56
13 Canrnaro 6paoH 9244.8 3081.6 1848.96
14 Pocabera 10087.2 3362.4 2017.44
15 Poco Gaimopain 9763.2 32544 1952.64
16 Kunaba xj1acuko 11340 3780 2268

17 IMapaamco K1acuko 17042.4 5680.8 3408.48
18 Vimniepuas 1ipBeHM 11080.8 3693.6 2216.16
19 buanko capyio 6112.8 2037.6 1222.56
20 Jynapana adppuka 7646.4 2548.8 1529.28
21 IMapajyico mmMHK 64584 2152.8 1291.68
22 IMapayico konmnbpm 3477.6 1159.2 695.52
23 Poco canTnaro 7797.6 2599.2 1559.52
24 Tponmkain ryapasa 8683.2 2894.4 1736.64
25 Pocacapzo 13024.8 4341.6 2604.96

CrraHO Kao M KOfI, IIPeTXOIHOT CIieHapwja, MOTY ce IpopavyHaTH IIpeocTasie
TOAVIIEbe [103e ¥ 3a rpabeBMHCKM MaTepujasl y pagHOM IIPOCTOPY 3a
HOBOIIOCTaBJbeHe I1apameTpe. YiiasHu napameTpu €y : Paunosa=880m?, Prmagona=
100 m?2.

PesynraTty mporeHa yKyOHMX TOAMIIIBMX J03a 3a IIPOCTOP Y KOMe je IIof,

Ha4VIbeH Off IPAaHNUTa, JOK Cy 3WIOBV HAUMEbeHV Ol CUIIOpeKC OJI0KOBa, maTu
cy y Taberm 5.12.
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PesynTaTy mpolleHa YKyIHMX TOOMIIEBMX J103a 3a IIPOCTOP Yy KOMe je IIOf
Ha4MIbeH OfI TPAaHWUTA, JOK Cy 3VIOBV HAUMELEHW Off IleueHe IUIJIe, ATy CY Y
Taberm 5.13.

Pe3y'J'ITaTT/I IIponeHa VYKYIIHMX TOOUIIbVX O34 3a IIPOCTOP Y KOMe je 1100,

Ha4Mb€EH O I'paHNTa, JOK CYy 3MOOBN Ha4YMbEHV O ITIMHEHMX 6J'IOKOBa, JaTn

cy y Tabemm 5.14.
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Tabena 5.12.

Yxynne

roOMiiike IIpUM/beHe 03ey pagHOM IIpOCTOpY

n3pabeHoM ox cunopekc 6;10koBa (y 3aBMCHOCTM O] BeHTMIIaIIMje)

Yxynma
I'parnr YkymnHa roguiissa
. TOOVIIIFba 103a YKynHa TOoOUIIIa 103a
Martepwjain or, KopwmrheH Kao Iosa
: [nSvy1] [nSvy-]
Kora je m3pabeH nog, y [nSvy-] "
objekar cTaMbeHOM A i)p;/l ht npu A =I{)p5 B
objexty e Av=0.3 h e
Hepo AcoiyTo 49580.64 16526.78 9915.736
Adpuxa 51481.44 17160.38 10295.896
IIpBEHU
Komaorreiu 50747.04 16915.58 10149.016
TrpaHUT
Vmmana 50790.24 16929.98 10157.656
Jabranraxu 56751.84 18917.18 11349.976
TpaHUT
3umGabse 56233 .44 18744.38 11246.296
Berran 5854464 19514.78 11708.536
bayriian 53360.64 17786.78 10671.736
OpaoH
Bendpact upHu 55736.64 18578.78 11146.936
Bendact ceiin 53079.84 17693.18 10615.576
bengacr 53511.84 17837.18 10701.976
MeInyM
bengacr 53835.84 1794518 10766.776
pediexTop
Cumopexc Carrruaro 55347.84 18449.18 11069.176
OpaoH
Pocabera 56190.24 18729.98 11237.656
Poco Gaimopain 55866.24 18621.98 11172.856
Kunasa 57443.04 19147.58 11488.216
KJIaCMKO
Mapapyco 63145.44 21048.38 12628.696
KJIaCMKO
Vimmepuar 57183.84 19061.18 11436.376
LIPBEHN
buanko capo 52215.84 17405.18 10442.776
Jynapana 53749.44 17916.38 10749.496
adppuka
Tapaico miHK 52561.44 1752038 10511.89%
Mapazuco 49580.64 16526.78 9915.736
Kommbpm
Poco canTiaro 53900.64 17966.78 10779.736
Tpommxarn 54786.24 18261.98 10956.856
ryapata
Pocacaprio 59127.84 19709.18 11825.176
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Tabena 5.13.

Yxynne

roauilke NpUM/beHe JI03e Y pagHOM IpPOCTOPY

n3pabeHoOM on cumopekc 6;10k0Ba (y 3aBMCHOCTYM O]1 BEeHTWIIaIIMje)

Yxynma
I'parnr YkymnHa roguiissa
. TOOVIIIFba J03a YKynHa TOoOUIIIa 103a
Marepwijain or KopwmrheH Kao Iosa
: [nSvy1] [nSvy-]
Kora je m3pabeH nog, y [nSvy-] "
objekar cTaMbeHOM A i)p;/l ht npu A =I{)p5 B
objexty e Av=0.3 h e
Hepo Acomnyto 49960.80 16653.5 9992.16
Adpuxa 51861.60 17287.1 10372.32
IIpBEHU
Komaorrxy 51127.20 17042.3 10225.44
TrpaHUT
Vimnasna 51170.40 17056.7 10234.08
Jabranraxu 57132.00 19043.9 11426.4
TpaHUT
3uMbabse 56613.60 18871.1 11322.72
Benra 58924.80 196415 11784.96
Bamcrireki 53740.80 179135 10748.16
OpaoH
Bendact npumn 56116.80 18705.5 11223.36
Bendact cBeTyin 53460.00 17819.9 10692
Bencpact 53892.00 17963.9 10778.4
MeInyM
bencpact 54216.00 18071.9 10843.2
pediexTop
Teuena numia Carrruaro 55728.00 18575.9 11145.6
OpaoH
Pocabera 56570.40 18856.7 11314.08
Poco Gaimopain 56246.40 18748.7 11249.28
Kurasa 57823.20 19274.3 11564.64
KJIaCU1KO
Hapasuco 63525.60 211751 12705.12
KJIaCU1KO
Vmepuar 57564.00 19187.9 11512.8
LIPBEHN
buanko capo 52596.00 17531.9 10519.2
Jynapaia 54129.60 18043.1 10825.92
adppuka
Tapasyco miHK 52941.60 17647.1 10588.32
Hapauco 49960.80 16653.5 9992.16
Kormmbpm
Poco caHTHMaro 54280.80 18093.5 10856.16
Tpomxar 55166.40 18388.7 11033.28
ryapata
Pocacaprio 59508.00 19835.9 11901.6
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Tabena 5.14. YkynHe

roauilke NpUM/beHe JI03e Y pagHOM IpPOCTOPY

n3pabeHoM ox cunopekc 6;10koBa (y 3aBMCHOCTM O] BeHTMIIAIIMje)

YkymHa
I'parnr YkymnHa roguiissa
. TOOVIIIFba 103a YKynHa TOoOUIIIa 103a
Marepwijain or KopwmrheH Kao Iosa
: [nSvy1] [nSvy-]
Kora je m3pabeH nog, y [nSvy-] "
objekar cTaMbeHOM A i)p;/l ht npu A =I{)p5 B
objexty e Av=0.3 h e
Hepo AconyTo 55473.12 18463.94 11130.616
Adpuxa 57373.92 19097.54 11510.776
IIpBEHU
Komaomaxn 56639.52 18852.74 11363.89%6
TrpaHUT
Vimnasna 56682.72 18867.14 11372.536
Jabranraxu 62644.32 20854.34 12564.856
TpaHUT
3uMbabse 62125.92 20681.54 12461176
Benra 64437.12 21451.94 12923416
Bamcrireki 59253.12 19723.94 11886.616
OpaoH
Beichact nipau 61629.12 20515.94 12361.816
Bendact ceiin 58972.32 19630.34 11830.456
Bencpact 59404.32 19774.34 11916.856
MeInyM
bencpact 59728.32 19882.34 11981.656
pediexTop
Durerm Carrruaro 61240.32 20386.34 12284.056
0JI0KOBM OpaoH
Pocabera 62082.72 20667.14 12452536
Poco Gaimopain 61758.72 20559.14 12387.736
Kurasa 63335.52 21084.74 12703.096
KJIaCU1KO
Hapasuco 69037.92 22985.54 13843.576
KJIaCU1KO
Vmepuar 63076.32 20998.34 12651.256
LIPBEHN
buanko capo 58108.32 19342.34 11657.656
Jynapaia 59641.92 19853.54 11964.376
adppuka
Tapasyco miHK 58453.92 19457.54 11726.776
Hapauco 55473.12 18463.94 11130.616
Kommbpm
Poco caHTHaro 59793.12 19903.94 11994.616
Tpomxar 60678.72 20199.14 12171.736
ryapata
Pocacaprio 65020.32 21646.34 13040.056

Konauno, Mory ce mpeTmocTaBUTH VKyIIHe J03e KOjy ocoba HpuMu Yy

cramMbeHOM O00jeKTy M Ha paJgHOM MeCTy 3a rogmHy gaHa. OBO ce IOCTVDKe

cabupareM [J03a 13 CBUX CLieHapuja 3a ofpebeHn peXXnM BeHTuIallyje.
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[TpumkoM oBe mpolieHe Tpeba BOAMTM padyHa o MoryhmM koMmOwHalvjama
rpabesnHcKMX Matepujasia. Hamme, moryhe je ga ocoba >kxmuBu y cramMOeHOM
o0jexTy m3pabeHOM of1 curopekc 0jI0KOBa, a paau y oOjekTy m3pabeHOM 071
IledeHe ITUTJIe VIV ITIMHEHMX OJI0KOBa 11 0OpHYyTO. Y HapenHuM Tabestama Ouhe
cyMupaHe pasHe KOMOWHalIMje oO3pauiBama y pe3udeHIVjaJTHOM ¥ paJHOM

IIPOCTOPY.

Y taberm 5.14. cymmpaHe cy yKyIIHe TOIOMIIIbe IPVMIbeHe Jo3e Y cTaMOeHOM
npocropy nspabeHoM of1, curtopekc 6710K0Ba M pagHOT IIpocTopa Koju je Takobe
uspabeH ofj, cunopekc 6710K0Ba, Y 3aBYCHOCTM Off, peXXMMa M3MeHe BasilyXa.

Y taberm 5.15. cymupaHe cy yKyIlHe TOOMIIEbe IIPUMIbEHE J03€e y cTaMOeHOM
npocTopy nspabeHoM of curopekc 6710K0Ba 1 paJHOT IIpocTopa n3pabeHor o1
IledeHe IJIJIe, Y 3aBVMCHOCTU Of] peXXyMa M3MeHe BasyXa.

Y Tabemm 5.16. cymupaHe cy yKyIlHe TOAMII-e IIPUM/beHe JI03e y cTaMOeHOM

npocTopy nspabeHoM of curopekc 6710KoBa 1 paJHOT IIpocTopa nspabeHor o1
IledeHe IUIJIe, Y 3aBUICHOCTM Of] peXXyMa M3MeHe BasayXa.
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Tabena 5.14. yKkynHe roauilme IpUM/beHe O03y CTaMOEHOM IIpPOCTOPY
n3pabeHoM ox cumopekc 6JI0KOBa W pagHOT IIpocTopa Takobe m3pabenor

o1 CUIIOPEKC 0JI0KOBa (y 3aBVICHOCTU O pe€>KMMMa M3M€EHE Basnyxa)

Yxynma
I'pasur YxymnHa roguiissa
h TOIMIIERA /1032 VYky1Ha roguisa 1o3a
KopwuiheH y [1Svy-1] To3a [1Svy-]
cTaMbeHOM 1 T [pSvy] o
parrioM Av=0.1h1 e Av=0.5 h1
IIPOCTOPY Av=0.3 h1
Hepo AcomnyTto 130 40 30
Adpuxa 130 40 30
IIPBEHN
Komaonmaxkm 130 40 30
TPaHUT
Vimmasa 130 40 30
Jabsrarmukm 160 50 30
TPaHUT
3umMbabse 160 50 30
benrain 170 60 30
bankrakm 140 50 30
OpaoH
Bendact npum 150 50 30
Bendact cBeTiin 140 50 30
Bencpact 140 50 30
MeJIyM
bencpact 140 50 30
pedexTop
Canrtnaro 150 50 30
OpaoH
Pocabera 150 50 30
Poco Gamopain 150 50 30
Kuriaca 160 50 30
KITACVIKO
Hapaayco 180 60 40
KITACVIKO
Vivmepuan 160 50 30
LIPBEHN
buanko capo 140 50 30
Jynapana 140 50 30
adppmka
IMapagymco nmHK 140 50 30
Hapaayco 140 50 30
KOImMopm
Poco cantmaro 150 50 30
Tpomxar 160 50 20
ryapaHa
Pocacapmo 150 50 20
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Tabesna 5.15. YKkynHe roauinme NpuM/beHe O03€ Y CTaMOeHOM IIpOCTOPY
n3spabenoMm ox cunopekc 6;10KkO0Ba ™ pagHOM IHpocTtopy uspabeHom of
nedeHe nuriie (y 3aBMCHOCTM OJI pe>KMMa M3MeHe Bas3JIyxa)

I'panut YKynHa rogymea Yxynma roguiirsa
KopwirheH y [ ;:gosa_l] mmo3a yKym{a[rOSimT]}ba #1054
cTamMOeHOM M pn;jr}/ll [pSvy1] prrpt}/lx
L Av=0.1 h1 L Av=0.5 h1
IIPOCTOPY Av=0.3 h1
Hepo AcomnyTto 130 50 30
Adpuxa 140 60 30
LIpBEHU
KO‘;;::Z:K” 130 50 30
Vimmasia 130 50 30
J aiﬁi’:ﬁ" 160 50 30
3umbabse 160 50 30
benrai 170 50 30
Bag;:'g;‘{m 140 50 30
Bendact npum 150 50 30
Bendact ceTiin 140 50 30
Bencpact 140 50 30
MeIMyM
bencpact 140 60 40
pediexTop
C%g;‘gim 150 50 30
PocaGera 160 50 30
Poco Gamopain 150 50 30
Kuriaca 160 50 30
KJTaCMKO
Hapaayco 190 50 30
KJTaCMKO
Vivmepuan 160 50 30
LIpBEHU
buanko capo 140 50 20
Jynapana 140 50 20
adppmka
IMapagyco nmHK 140 50 30
Mapazptco 140 60 30
KOIMopm
Poco canTmaro 150 50 30
Tpomxar 160 50 30
ryapaHa
Pocacapmo 150 50 0.03
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Tabesna 5.16. YKkynmHe roauinme INpuUM/beHe A03€ Y CTaMOEHOM IIpOCTOPY
n3pabeHoM on cumopekc 0JI0KoBa M pagHOM HpocTopy wm3pabeHoMm of
IJIMHeHNX 0710KoBa (y 3aBMCHOCTM Of pe>XKuMa M3MeHe Ba3ayxa)

Yxynma
I'parur YxynHa roguissa
hert TOIMIIERA /1032 o032 VYky1Ha roguisa 1o3a
opr ey [uSvy1] ’ [1Svy-]
cTaMbeHOM M1 - [pSvy] .
L A=0.1h? L A=0.5 ht
IIPOCTOPY Av=0.3 h1
Hepo Acomnyto 130 40 30
Adpuxa 140 50 30
IIPBEHN
Komaonmaxkm 140 50 30
TPaHUT
Vimmasia 140 50 30
Jabsrarmukm 160 50 30
TPaHUT
3umMbabse 160 50 30
benran 170 60 30
bankrrakm 150 50 30
OpaoH
Bendact npum 160 50 30
Bendacrt cBeTiin 150 50 30
Bencpact 150 50 30
MeTIyM
bencpact 150 50 30
pediekTop
Canrtnaro 160 50 30
OpaoH
Pocabera 160 50 30
Poco Gamopain 160 50 30
Kriaca 170 60 30
KITACVIKO
Hapaayco 190 60 40
KITACVIKO
Vivmepuan 170 60 30
LIPBEHN
buanko capo 140 50 30
Jynapara 150 50 30
adppmka
IMapagymco nmHK 150 50 30
Hapauco 150 50 30
KOIMopm
Poco cantmaro 150 50 30
Tpomxar 160 60 20
ryapaHa
Pocacapmo 0.16 0.05 0.02
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Coenapwmo 4.

XUMOTeTNYKM, MOXe ce IIOCTaBUTI 1 MaJIo BepOoBaTHM CIleHapHro y KoMe ocoda
nposoaut 75% BpeMeHa, OOHOCHO 7952 caTu ToAuilEke, Yy HIPOCTOPUU Y
1esioctyt u3pabeHoj o rpa"uTa. IIpocTopuja MMa yKyIHY HOBPIIMHY 3MI0Ba
ozt 150 m? n1 santpemmHy of, 50 m3.

ITopen mocapanimsux peXxyuMa BeHTWIallyje, Y OBOM ClieHapujy Cy IIpolleHeHe
J03e U 3a MMUHMMaJIHY pasMeHy BasdyXa (XWwbaauTu [Jeo 3allpeMuHe
IpocTopuje " CTOTM [Ie0 3alpeMiHe IIpOCTOpWje Ha caT BpeMeHa) U3
IIPOCTOPVje ca CIOJballlFOM CPeIVTHOM.

KonnenTpanmje pagoHa 1 yKyIlHe IIpUM/beHe [I03e Ce pauyHajy Ha MCTOBeTaH
HauyMH Kao Yy mpebammsuM clieHapujuMa ca TOpeHaBedeHUM YJIa3HUM
IapaMeTpyMa.

Y Tabenu 5.17. pesicrapibeHe cy HpUMIbeHe J103e Ha TOIUIIIeM HIUBOY.

Tabes1a 5.17. IIpumsbeHe 103e Ha TOOUIIIE-EM HUBOY

YkymHa
I'pasut YxymnHa roguissa
TOMMIIIEHA [103a VYKyIiHa romuibsa 1o3a
KopuiiheH y [mSvy] To3a [mSvy]
cTaMOeHOM 1 y [mSvy-1] y
npu npu
PajiHoM Av=0.001 ht pu Av=0.1 h1
IIPOCTOPY Av=0.01 h1
Hepo Acomnyto 13.20 1.32 0.14
Adpuia 20.42 2.04 0.21
LIpBeHN
Komaomrxi 17.63 1.76 0.18
rpaHuT
Vmmana 17.79 1.78 0.19
Jabnarraict 40.42 4.04 0.42
rpaHuUT
SumbabBe 38.45 3.85 0.40
Benran 47.23 4.72 0.49
B 27.55 2.75 0.29
OpaoH
Berndact rpan 36.57 3.66 0.38
Besndact cBemin 26.48 2.65 0.28
berpact 28.12 2.81 0.29
MeIyM
beracr 29.35 2.94 0.31
pediexkTop
Casrruaro 35.09 351 0.37
Opaou
PocaGera 38.29 3.83 0.40
Poco GasMopait 37.06 3.71 0.39
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Kuriaga 13.20 430 0.45
KITACVIKO
Tapazco 64.69 6.47 0.44
KITACVIKO
Vhunepuar 42.06 421 0.24
LIpBEHU
buanko capro 23.20 2.32 0.30
Jynapara 29.03 2.90 0.26
adprka
ITapagymco mmHK 24 .52 2.45 0.31
Tapaayuco 29.60 2.96 0.35
KOImopm
Poco canTmaro 32.96 3.30 0.52
Tpormxar 49.44 0.02 036
ryapaHa
Pocacapmo 34.03 0.01 0.44

5.3.2. IIpo1ieHa 103a Ha OCHOBY IIPOCTOPHe AUCTpUOyIMje pagoHa

W3 tabene 5.3. mpumehyje ce ma KoHIleHTpaluje pajoHa MOTY BapupaTy Ofl
IpocTopuje [0 IIpOCTOpMje Yy pPe3uIeHINjayIHOM WIM PaJHOM IIPOCTOpPY Y
3aBVMCHOCTV Off apXUTEKType caMor IIpocTopa 1 pelllera BeHTwIalluje n3Meby
caMux IIpOCTOpMja WIM CIIOJballlibe CcpefuHe. Y CKIajy ca TUM, MOXe ce
rioctaBuTH ciiegehm crieHapmo.

Ocoba nposoam 1.5 cat nHeBHO Y WC-y, onHOCHO 547 caTu roguie, 8 caTw,
ogHocHO 2920 catu rommimbe HpoBonM croasajyhm y mpocropuju 2, 9 catn
JHEeBHO, OAHOCHO 3285 caTy TroOuIle IIpoBele Y BeJIMKO] HPOCTOPUjN.
IIpeoctasio Bpeme, ocoba mposoau Hamosby; MebyTmM, ako morpomm mo 30
CeKyHIIM y mpocTopujaMa 5 1 6, Koje cIy>Ke Kao aHTpe, [JojI1a3u ce 110 1udpe of,
1o 3 caTa roguirer OopasKa y OBUM IIpocTopujaMa IITo he, Mako BpeMeHCKU

MaJIo, MIIaK OUTY yK/by4eHO Y IPOLIeHy TOOMUIIIBIX 103a.

Ha ocHOBy mpoceuHmx KOHIIEHTpallja IIO0 IIpOCTOpMjaMa AOOujeHMM Yy
eKCIIEpMMEHTY O IPOCTOPHO] OWUCTPUOYIIMjU paoHa, MOTy Ce IIOCTaBUTHU
jeiHauMHe IIPUMJ/beHMX TOOMIIFGMX 10338, IIpY YeMy Cy HIpOMeHJbMBe
KOHIIeHTpalyje paJoHa II0 IIpOoCTOpMjaMa ¥ BpeMe MpOBeNeHO Y mbMMa.
YKynHa mo3a ce padyHa cabuparseM CBVIX TOOMIIIGIX 7I03a II0 IIPOoCcTOprjaMa.
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ITpocTopwuja 1.
CRnl=731.9 qu’3 7 texp=547 h y-1
Hy = C,F,0 X DCF = 731.9 x 0.4 * 547 x 9 = 1441257,48nSvy-1=1.44 mSy y-!

ITpocTopwuja 2.
Crn2=412.06 Bqm-3 , texp=2920 h y-1
H, = C,F,0 x DCF = 412.06 * 0.4 x 2920 * 9 = 4331574,6nSvy-'= 4.33 mSy y-!

ITpocropmuja3n4.

Crn3,4=291,74 Bqm3, texp= 3285h y!

H1 = C1F,0 X DCF = 291,74 % 0.4 » 3285 * 9 = 3450117,2nSvy-!= 3,45 mSv y-!
ITpocTropwuja 5.

Crn5=168,74 Bqm3 , texp=3 h y-!

Hg = CsF,0 X DCF = 168,74 % 0.4 x 3 x 9 = 1822,39 nSvy-1= 0,0018 mSv y-!

IIpocropwja 6.
Crn6=61,16 Bqm3 , texp=3 h y!
Hg = C4F,0 X DCF = 61,16 x 0.4 x 3 x 9 = 1822,39 nSvy-'= 0,00066 mSv y-!

YKYHHa TOoauIIIHa J103a ce paqua Kao:
H, = Y¢H; = 1.44 + 433 + 3.45 + 0.0018 + 0.00066 = 9.22mSv y-!

C o03mpomM Ha To /a cy II03HaTe JIMMeH3Mje CKJIIOHUINTA, a eKcxalaryja OeToHa
je mobujeHa ekcriepyMeHTaTHMM IToflalliMa, MOXKe ce M3BecTy ceT popMmysia m3
jenHaunHa 4.14. m 4.24. kako 6u ce ofIpeMIIa CTOIIa BeHTWIallyje y CKIIOHUIITY
II0 IIpOCTOpWjaMa VIV Y LIeJIOM CKJIOHUINTY Yy TPeHYTKy eKCIlepVMeHTaIHOr
Meperba KOHIIeHTpaluja pagoHa. Takobe, Ha ocHOBY m3BefeHUX dopmyiia ce
MOJKe M3padyHaTy CTOIIa BeHTwIallije Koja Ov cBesla CTOITy TOAMIIIGIX J103a Ha

IIprXBaTibVB HUBO.

Crona BeHTwIaluje mu3Meby mpocTopuja ce padyHa WU3paKaBameM Ay U3
jenHaunHe 4.14., Oynyhu na jemmaumna 4.23. Huje off 3Hauaja 3aTo IITO ce Y
OBOM CJIy4Yajy IIocMaTpa BeHTWIallMja Basgyxa m3Meby mpocTopmja Koje mMajy
pasmanTe KOHIeHTpauyje pagoHa. Croma BeHTwIanje m3Meby mpocropuja
ce ce M3padyHaBa Kao:
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_ EgA—C1AV

/1,, ©(C1=Co)V

(4.24.),

rye je:

Eo - excxastariija OeToHa off, Kora je CKJIOHUINTe M3rpabeHo

A - yKyIlHa DOBpIIVHA 31[I0Ba, IIoAa 1 IvTadpoHa KOji1 eMaHupajy pagoH
V- sanpemuHa vcriMTIBaHe IPOCTOPUje

C1- KOHIIeHTpalyja pagoHa y ripocrtopuju 1

C2- KOHILIeHTpalMja pafloHa y IIPOCTOPUjU 2.

Crona BeHTMIanMje M3Meby npocropmje 1 m 2
Eo-0.21Bqm2h71; A=16.5 m?% V=45m3  (C=731,9 Bqm3;,C;=412.06 Bqm=3;
A=0.00756 h1
EgA—C1AV  0.21¥16.5—731.9%0.00756%4.5
= = = — -1
Aoz (C1—-C)V (731.9-412.06)%4.5 0.015h

Crona BeHTWwIanMje n3Meby npocropwuje 2 u 3,4.
Eo-0.21Bqm=2h1; A=24.75 m? V=13.5m3 C=412.064Bqm=3; C54=365.29Bqm;
A=0.00756 h-1
EgA—CpAV  0.21%24.75—412.06%0.00756%13.5
/11712 = =2 2 = = —0.05 h!
(C2—C34)V (412.06—365.29)*13.5

Cromna BeHTMIanje M3Meby npocropuje 3,4 n 5

Eo-0.21Bqm2h71; A=126 m? V=80 m? (C34=218,19 Bqm?3; Cs=168.741Bqm;

A=0.00756 h1

1 _ EgA—-C1 AV _ 0.21126-218.19+0.00756+80
VIZ T (ci-Cy)V (218.19-168.741)+80

= —0.02 h?

Cromna BeHTMWIanuje mn3Meby nmpocropuje 5 16
Eo-0.21Bqm?h1; A=74 m? V=42 m3 (=412.064Bqm3; C;54=365.29Bqm>;
A=0.00756 h-

EgA—C2AV  0.21%74—412.06%0.00756%42

= = e -1
Av12 (C2—C34)V (412.06—365.29)*42 S

HeraTnsHe BpegHOCTM CTOIle BeHTWIAIlMje Cy IIOKas3aTesb Ja CKJIOHMIITe HeMa
HVKAKBY BEHTWIAIlMjy Te [0Ja3u [0 HaroMwIaBarka pajoHa, IITO je U
pasymspiBo, Oyayhm ma ce Haytasw VICIION MOBpIIMHE 3eMJbe U jefIMHa pa3MeHa
Ce BpIIM IIyTeM YJIa3HMX Bpara. MexaHW3MI MUTpalyje paZoHa Y OBaKBUM
ycsioBuMa Owmhe meTasbHMje pasMaTpaHu y cilefleheM IOIIaB/by, Ha OCHOBY
eKCIepVMeHTaTHOT MCTpakK/Batba MUTpaIiyje pajoHa.
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Kombunarjom jemnaunHa 4.23 n 4.24 MoXe ce M3pasuUTH CTONa BeHTWIAlyje
roTpeOHa 3a IPUXBAT/bUBY FOAMIIIGY H03Y, KOja M3HOocK 1.5 mSy.

E,AFOXDCF
A = a.— 4.25
V=T (4.25)

3a E.-0.21Bqm?hl; A=216 m?> V=140 m3u texp=7300 h y-1 mobmuja ce:

E,AFOXDCF 0.21%216%0.4*% 7300%X9
Ay = =2 = = 0.0056 h!

HV 1500000%140

ITpumMenoMm ucte jenHaumHe 3a Beh M3pauyHary no3y om 9.22 mSvy-! pauyHa ce
rofyIiiba CTOIla BeHTuIalyje.

E,AFOXDCF 0.21%x216%0.4* 7300X%X9
Ay = =2 = = 0.0009 h-

HV 9220000140

VI3 oBe jemHaumHe ce Takobe MOXe M3padyHaTy TOAMIIE-A IPUM/beHa J103a,
II0f], YCJIOBOM JIa je IO3HaTa CTOIla eKxaJlalije MaTepujajia, Kao M AVIMeH3uje
IpocTopa.

. EAFOXDCF
H=—"""- (4.26)
V*AV

ITpymenoMm oBUX jegHauMHa W3padyHaBajy ce J103€ Y 3aBUCHOCTU  Off
BeHTWIanyje. Y Tabemn 5.18. mpukasaHe cy MopeJIOBaHe [I03€e 3a pasHe CToIIe

BeHTWIalyja.

Tabemna 5.18. V3pauynaTe edeKTMBHe TOOMINEbe [03€ Yy 3aBUCHOCTV O]

BeHTWIIaLyje

Croma Av=0.0009 h1 | A,=0.001 h1! Av=0.005 h-1 Av=0.01 h! Av=0.05 h-1 Av=0.1 h1
BeHTWIalje

Tomunrba mo3a

9.22 8.51 1.7 0.85 0.17 0.085
[mSvy]
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Ha rpaduky 5.11. npukasaHa je 3aBUCHOCT edeKTUBHUX HPUMJBEHUX [103a Of]

CTerleHa BeHTwIalyje.

10L
9

== [1pMm/beHa rogmwma 403a

MNpumsbeHa rogulkba Ao3a [mSv]
(03]

0 : ——— - + .
0 0.02 0.04 0.06 0.08 0.1 0.12

Crona BeHTUnaumje [h1]

I'padpux 5.11. 3aBUCHOCT HpUM/BeHMX edeKTMBHMX [03a OJ CcTelleHa
BeHTWJIaluje

5.3.3. Ilpo1ieHa edpeKTHMBHMX J03a Ha OCHOBY AyTOPOYHMX IIAaCMBHMX Meperba

Ha ocHOBy ekcrepmMeHTa/THUX II0ofaTaka HOOMjeHMX IIyTeM Tpar AeTeKTopa,
AYTOPOYHVM IIaCMBHMM TexHMKaMa, Moryhe je m3padgyHatn mose o cienehem
peasTHOM CLieHapjy Ha OCHOBY CTBapHMX Aorabaja.

3a speme HATO arpecuje 1999. roguHe nomysiamyja je mposoawia sehu fieo
BpeMeHa y aTOMCK/M CKJIOHMIOTMMa TOKOM 3 Mecena. Ha ocHoBy jmunor
MCKYCTBa IIOCTaB/beH je BeoMa peajlaH CIleHapuo Kako Ou ce oppenmia
ecdbexTMBHA J03a PVMIbeHa 3a OBa TP Mecella, KOJIMKO Cy U JeTeKTopu Owm
IIOCTaBJ/beH Yy CKIIOHUIITVIMA.

C o63mpom Ha To Aa je KopuiitheH II0 jefaH IacUBHU AETEeKTOP 10 CKJIOHUIITY

(Tabena 5.5.), a merexkTopu cy OwmM IOCTaB/beHWM Yy BUCHHW PecIpaTOPHMX
opraHa, OBe BpeJHOCTM he ce KOpUCTUTHU 3a IJIaBHY edeKTMBHY J03y (Bpeme
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IIpoBENEHO Y CKIIOHUIITY )IaH:aY), a 3a O3paydMBarb€ HacCTaJIO 3a BpeMe CIlaBarba

pe3naeHaTa Ha BVICVHN O, 0.5mmu APYyIMX BpeMeHa O3padriBarba KOpT/IIlIheHT/I

Cy eKCIIepVIMEHTAIHO H,O6T/IjeHT/I Imogan aKTMBHVIM MEPHNMM TeXHMKaMa.

C oG3upom Ha To Aa je HATO arpecuja Tpajasia 72 maHa, mobuja ce yKyIIHO

BpeMe ekcriosuiyje of 1728 vacosa. Ako je ocoba craBajia o 8 caTu JHEBHO y

CKJIIOHUINITY, Hobuja ce 576 catn. Ony3nMmameM OBa JBa BpeMeHa eKCIOo3uIyje

JI0J1a3M ce 110 ImpeocTasior BpeMeHa of 1152 catu. Ilog mpetniocraBkoM fa je 70%

OBOI' ITPEOCTAJIOT BpeMeEHa IIPpOBEIEHO Yy CKIIOHMUINITY, OOJIa3n ce OO BpeMeHa

excriosunje ox 806.4 catu, o Kojux je ocoba Iposesia 72 cara y ToasleTy

CKJIOHWIIITA.

Cxionunre 1
CRn = 779[qu_3], texp= 734: h
Hy; = C;1FO X DCF = 779 % 0.4 * 734 + 9 = 2.05 mSv

CRn =731.9[qu-3] ’ texp= 72 h
H,, = C;,FO X DCF = 731.9 % 0.4+ 72 + 9 = 0.18 mSv

CRn =451 [qu_?)] ’ texp=576 h
Hys = C;3FO X DCF = 451 0.4 % 576 x9 = 0.93 mSv

YKynHa edpekTriHa TpoMecedHa J03a ce padyHa Kao:
Hy =Y3}H; = 2.05+0.18 + 0.93 = 2.47mSv

IV MeCedYHO

. 3.
H, =% — 1,05 mSv.
3

CxroHMIIITE 2
CRn = 518 [qu_B] , texp= 734: h
H11 = (C;1FO X DCF =518 0.4 %734 %9 = 1.36 mSv

Crn =628.9[Bqm3] , texp= 72 h
Hy, = C;,FO X DCF = 628.9 % 0.4 * 72 9 = 0.16 mSv

Crn =372 [Bqm?3] , texp=576 h
Hys = C;3FO X DCF =372 % 0.4 %576 x9 = 0.7 mSv

YkymHa edeKTrHa TpoMecedHa 03a ce padyHa Kao:
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Hy =¥} H; =136+ 0.16 + 0.7 = 2.22mSv

I MeCedyHO

S
. > H;
Hy =%= 0.74 mSv.

Ckioumare 3.
Crn=502 [Bqm?3], texp=1209 h
Hy; = C;1FO X DCF =502 % 0.4 + 1209 * 9 = 1.32 mSv 3a epuoy, of1 TPy Mecelia

CxitoHmUITe 4.

Crn= 75 [Bqm3?] , texp= 1209 h

Hy, = C;;FO X DCF =575 % 0.4 %1209 %9 = 0.36 mSv 3a nepuon, ofn TpU
Meceria

54. PHP/MYSQL wuHTepHeT matdopMa 3a MaOoupame W
pe3uaeHIIMjaTHO MOesIoBabe

Y 1mwpy MomepHMsamuje WCTpaXmuBarka W CKIaJWIITeHa pesysirara
VICTpaKyBada IPUCTYIUB€HO je W3paayl jeqVHCTBeHOr WHQOpMaIoHOor
crcTeMa KOji je HaMer-eH apXuBariujy, oopamny v MofiesioBary mofaTaka.

Ha ocHoBy oBuX 3axTeBa, ofaOpaHa je penamnmoHa 0Oasa mopgaraka - web
TexoJIorvja 3a FheH NPUCTyN U aXypuparme. Ha oBaj HaunH, mnopmanm Koju cy
MebycobHO y Kopealuju ONTHMAaIHO Cy IT0Be3aHM, a IIPUCTYII U aXypuparbe
je omoryheHo ca pas/mumnTIIX JIOKaIlMja ¥ ca Bullle KJIieHaTa MCTOBpeMeHo. 3a
pearm3aryjy je omabparna MySql 6a3a, a kao web jesuk 3a mporpamuparse PHP
n JavaScript mu HTML.

PHP (Personal Home Page) je jemno on Hajbospux server-side open source
pertiersa. Server Side Scripting 3HauM fa ce CKpuIITe M3BPIIABajy Ha cepPBEPY, a
He Ha KOpHMCHMKOBOM pauyHapy. PHP y xomOunarmmjm ca MySql je
HajIToITyJIapHIj| je3VIK 3a IIporpaMuparbe, 1 BehrHa BeJIMKux cajToBa, IIopTasia
v MH@OpPMaIMOHMX crcTeMa je pabeHa ympaso momohy php je3mka 1 1 mysql
6ase momaraka. Ono mrro PHP m3gBaja of octanix web ckpuitn jecte ¥werosa
MOJIpIIIKa 3a yIpaB/bame IIMPOKOM IajleToM 0asza moparaka. Ilogpkasa cse
nomysapHuje 6ase nmopgaTtaka kao mro cy MySQL, dBase, ORACLE, ODBC.
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MySql je mocimyxuresb Oase momaraka KojeM ce MOXKe IPVCTYIWUTH IIPEKO
Mpexxe, 00vaHO noMohy KOpMCHWYKOr MMeHa U jio3uHKe. Takobe, MySql nmMa
BEJIVKY IIPeIHOCT 300T Tora IITO IIOCTOje Bep3uje 3a CBe ollepaTvBHE CUCTeME U
300r Tora mTo ce m3aaje mox GPL ymmiieHIioM, mTo 3Ha4M fa je OecruiaTaH 3a
kyhny ynorpe0y.

HTML je jesuk 3a o3HauvaBarbe XMUIIEPTEKCTa W OIIMCHU je je3UK CIIellVjaTHO
HaMerbeH omvcy web crpanuia. [Tomohy mera ce jelfHOCTaBHO MOTY OIIBOJUTU
eJIeMeHTH Kao IITO Cy HacjoBy, naparpadu, uuratv u camdso. Ilopen Tora, y
HTML crangapacy yrpabeHu eeMeHTV Koju JeTa/bHUje OMNCYjy caM
JOKYMEeHTKaO INTO Cy KpaTaK OINC JOKyMeHTa, KJbydHe pedy, IOofallyl O
ayTopy u cavuro. OBy mojany Cy OIIITerno3HaT Kao MeTa oAl U jacHoO Cy
OJIBOjeHM O] cajipKaja JOKyMeHTa.

Ajax je ckpahenwmria 3a Asinhroni JavaScript 1 XML je rpyma mebycobno
IIOBe3aHMX TexHMKa 3a pa3Boj weba xopmiheHnX Ha KJIMjeHTCKOj CTpaHM 3a
IpaBJberbe CMHXPOHMX M acMHXpoHMX web arumkanyja. Kopunthemem Ajax-a,
web arImkalje Mory fa Iaby M IpuMajy IojjaTKe ca cepBepa acMHXPOHO (Y
1o3a/iiHn) Oe3 Memara TPeHyTHOT IpuKasa ¥ IoHalllama crpaHuile. ITogaim
Mory 6urtu mpeysern romohy objekra XMLHttpRequest. be3 o63mpa Ha nme,
kopumtherse XML-a Huje obaBe3HO, a 3axTeBM dYecTO He Mopajy OuTn
aCYHXPOHM.

3a peayMsalijy M MHTepHeT IporpamMmpare je omgabpan mporpam Adobe
Dreamwiever, Bep3uja CS6.

Ha cyimmy 5.3. mpukasaH je visIies; IToyeTHe cTpaHulle IIporpama.

PROGRAN ZA REZIDENGLIALNO
MODELOVANIE

| MAPIRANIE RADONA

lzraCunavanje ekhalacije materijala
Mapiranje radona
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Cauka 5.3. VIsrien modeTHe cTpaHMIe IporpamMa 3a pe3waeHIMjaTHO
MoJieI0BaK-€ 1 Malliipam-e pagoHa

Ha modeTHO] cTpaHwmIM ce Hajlase [Ba IIaBHa TaOysaTopa: “VI3spadyHaBambe
ekxaslalyje MaTepujasia” 1 “Mammpare pagona”. KimmkoMm Ha jemas of Ta fiBa
TabyslaTopa OTBapa ce CTpaHNMIIAa ca HOBMM TaboBuMa y KojuMa je Mmoryhe
YHOCUTV HOBe MaTepwujajie y Oa3y IofmaTaka, Kao ¥ BPIINTM MOAeIOBarba 3a
Io3HaTe MaTepujajle WJIM MOJesIoBaTy 03e ca IIO3HaTVM KOHIIeHTpalljama
pazioHa y pe3vIeHIIjaJTHOM 00jeKTy.

Ha cmmm 5.4. nmpukasaH je m3Ijleq] CTpaHMIle Koja ce 0aBM eKcxaslalljoM
MaTepujaia v pe3veHIIjaHIM MOJIe/IOBareM.

ITo oTBapamy OoBOr MeHUja II0jaBJ/byjy ce 4eTupu HoBa Taba, u To: “/lomaBarbe
HOBUX  MaTepujasia’, “VI3pauyHaBame ekxastanuje”, ”JlosumeTpujcko
MoiertoBambe” 11 “PesuieHITnjaTHO MozleioBambe” .

Y Ttaby “/lomaBarme HOBMX MaTepujasia’ BpIIM Cce YHOC HOBUX MaTepujajia U
HeOIIXO[THMX TIapaMeTapa 3a M3padyHaBame eKcxailaryje. HakoH yHoIema
CBUX IIOflaTaKa, YHOC Ce BPIIM jeqHOCTaBHMM KJIMKOM Ha JIyrme “YHecu
Martepujar”. Moryh je u mperien cBux MaTepujajia yHeTHx y Oasy HopaTaka
KJIMKOM Ha nyrMme “Ilpersien yHeTx MaTepujaia”.

PROGRAM ZA REZIDENCLIALNO
MODELOVANJE

| MAPIRANIE RADONA

lzracunavanje ekhalacije materijala

Dodavanje novih materijala

Naziv materijala Pareklo Povréina Masa

Granit- Roso Balmoral Afrka 09 mo 08 |k

o
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Cnuka 5.4. VI3ry1ed KOpMCHMYKOT I1aHesIa 3a pe3uaeHIIMjaTHO MoeI0OBamke

HaxoH yHoIIIera HOBOT MaTepujajia 1 HBeroBix IlapaMeTapa y 0asy mopgaraka,
Moxe ce mipehm Ha Ta® “V3pauyHaBame exkxajamuje’” W IPUCTYOUTU
ogpebuBamy ekcxajlanmje MaTepujayla II0 MaTeMaTWUKVM  MOJeIrMa
KopuitheHNM y IpeTXOmHMM Horas/byMa. Ha cammm 5.5. mpukasaH je msriten
IaHeJsIa 3a M3padyHaBarbe eKxaIalyje.

PROGRAM ZA REZIDENCUIALNO

MODELOVANJE

I MAPIRANJE RADONA

Izracunavanje ekhalacije materijala

lzraéunavanje ekshalacije ‘

UNOS PARAMETARA
Materijal:| ¥

Pocetna koncentracija Gy © Krajnja koncentracija Cy, Bgm- Zapremina aparature, V- w
Bgm’® B '

=(0.00756 ! \= 0075 W= |+l p!

Stopa ekshalacie:|(CK*(L+Lv}-LvCO|Bqm? b - Stopa masene ekshalacie: E0*A/m e e Em
! Bakg ! e

Cnuka 5.5. V3ryien KOpMCHMYKOI IIaHesIa 3a M3padyHaBambe eKxaslaluje
rpabeBuHCKOr MaTepmjana

PauyHarbe exxajialyje MaTepujajia BpIIM ce Ha jemHocTaBaH HaumH. Hajrpe ce
nszabepe >XeJbeHM MaTepujajl, yHecy II04eTHe ¥ Kpajibe KOHIeHTpalluje y
arapaTtypy, Kao M 3allpeMMHa alaparype, a IIOTOM ce YHecy KOHCTaHTa
PagMoaKTMBHOI pacmHaja pagoHa, Kao WM CTOIa Lypera ¥ YKyIlHa CTOIla

yKJIarbarba pajioHa.
ITputuckom Ha nyrme “VI3paudyHaj eKkcxasalyjy” Ha eKpaHy ce II0jaBJbYjy

V3padyHaTe BPeIHOCTV CTOIle eKxaslalyje, MaceHe eKxajlalyje 1 edeKTUBHOr

cagpikaja pagujyma.
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PROGRAM ZA REZIDENCUALNO
MODELOVANIE

| MAPIRANIE RADONA

lzraunavanje ekhalacije materijala

Dozimetrijsko modelovanje

40 200 0,005

Stopa doze = 2,261 psv/h
0 Godidnja stopa doze = 15.85 mSv/a
Kunulativna doza = 15.85 mSv
U periodu od 40 godina
1 i pri doznom faktoru za populaciju od |12 |—‘
OCF

Cnmnka 5.6. VI3rnien naHesa 3a I03MMeTPMjCKO MOJIeJIOBarbe

Ha cymmm 5.6. mpukasaH je m3Iiler] IaHesIa 3a JJ03MMeTPUjCKO MofesioBambe. Y

OBOM ITaHesy je Moryhe ogpenuTi crore go3e, TOOUIIEbE H03€ M KyMyJIaTVBHe

nose jenuHke. [lose je moryhe onmpemauTy 3a Owio koju MaTepujayl Koju je

yHeceH y 0a3y, asim je Moryhe mpopadyHaTm mdo3e M ako je IIO3HAaTa

KOHIIeHTpalyja pafoHa y objekty. OmaOmpom >kejbeHOr Mofiesla padyHarsa U

YHOCOM MOTpeOHMX IIapaMeTapa Te KIMKOM Ha ayrMe “VIspaudynaj mosy”,

pesyJsITaTi ce I0jaBlbyjy Ha ekpaHy. [Ipu mony rme cy mosHare KOHIIeHTpauyje

pafioHa y IPOCTOPUjI, HMje MOTPeOHO YHOCUTM apXMUTEKTOHCKe IapaMeTpe,

Beh camo paBHOTeXHe daKTOpe 1 pe3neHIIjalHe TTapaMeTpe.

Ha cyimmy 5.7. mpukasaH je v3Ivies] I1aHes1a 3a Maljparse pagoHa.
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PROGRAM ZA REZIDENCLJALNO

R MODELOVANIE

| MAPIRANJE RADONA

Izracunavanje ekhalacije materijala

Mapiranje radona

Greska .
merenja | Crn E”h‘“

KBghm3

Doza

Serijski broj detektora Geografska §irna | Geografska duzina Lokacija Pocetak merenja Kraj merenja Kaghm®

6247621 43 578670 21.334103 Krusevac 2015-04-15 2015-07-14 164 38 75
6248496 43578576 21.335560 Krusevac 2015-04-15 2015-07-14 1683 208 79
6262448 43 578696 21.335022 Krugevac 2015-04-15 2015-07-14 1085 138 502

6249346 43578244 21.335583 KruSevac 2015-04-15 2015-07-14 1120 142 518

Cmmxka 5.7. VI3rsien nmaHes1a 3a ManiMpambe pagoHa

[Taner 3a Marmmparse pajioHa ce cacToju off TabeJle y KOjoj ce Hayla3ul [IeBeT
KOJIOHA Ca HeOIIXOIHVM I1apaMeTpuMa y Mpoliecy Mamnuparka pajoHa. Y IpBY
KOJIOHY ce yHOce cepujcKu OpojeBu JleTeKTopa, 3aTMM ce yHoce reorpadcka
IIMpyvHa M JAyXWHa, Kao ¥ JIoKallja, ITOYeTak M Kpaj Mepema, J03a KOojy
JeTeKTOp MPUMH Ha 4ac, Tpellika Meperba 1, KOHauHO, KOHIIeHTpallyja pajioHa.
Kimnkom Ha myrme “YHoc nopaTaka” cBu Iofaliy ce yHOCe Y jeIMHCTBeHY 0asy
norataka. Kimikom Ha myrme “Ilpersien yHeTnx mmojgaTaka” y HOBOM ITpO30pYy ce
oTBapa reHepucana tabesa y pdf ¢popmary ca cBuM yHeTHM rojaryma.

YHere momatke je wMoryhe copTuMparv IpeMa HajBUINO] W HajHVDKO]
KOHIIEHTpalyji, Kao u IIpema JIoKauuju pAerekropa. Kimkom Ha pgyrme
“Ilpukaxu Taberry” mobuja ce Tabesta ca OBMM 3aaTvM HapaMeTpUMa.

5.4. Iacrastanmja mporpaMa Ha cepBepy

3a pam codrTBepa HeomxomaH je web cepBep WIM HEKO IPYro pellere IIOIyT
“XAMPP” xoju ce mpey3uMa ca MHTepHeTa.

186



Y oBoj aucepraumju xopuitthen je ynpaso XAMPP mporpam. VMHcrananmja Ha web
cepBepy je He3HaTHO JIpyrauja 1 IJlaBHa pasjIiKa jecTe y KOMeplVjaITHOCTV Y HauHYy
npeballvBarba IpojeKTa, Koju ce Moxe npebanmty Ha cepsep nytem FTP mportokora
v 13 Cpanela xocTHHT npoBajepa.

XAMPP je maxer xoju cagpxmu Apache, MySQL, PHP i FilleZilla FTP cepsepe 3a
TecTUpamel pa3Boj AMHAMIUUYKIX web cTpaHuila Ha BaireM padyHapy o, Windows
omepaTMBHMM cucTeMoM. [JlaBHe KapaKTepucTMKe IIakeTa Cy Jaka ¥ Op3a

MHCTaJIalja, CTabWIHOCT y pajiy M IIOTIIYHO je OecruiaTaH.

ITo macranmanuju XAMPP makera 1 ogabupa skeJbeHMX KOMIIOHEHTV IIPUCTYIUBEHO je
VMHCTaJIalijy IporpaMa Ha cepBepy.

IlestoxymnaH 1mpojekat je mpebadeH y ¢ommep htdocs, xoju XAMPP xopuctu kao
rofipasyMeBaHM poIIIep 3a IPUCTYII IIoaTaKa.

Y XAMPP nporpamy ce yxbyuayjy XAMPP 1 MySQL cepsepu 1 mipuctyna ce uspaimu
peraloHe Gase rojiaTaka u IojielllaBary IlapaMeTapa 3a 6asy.

— [Server 127 0.0 1
php
) : @ | Databases =[] SQL (@ Status =% Useraccounts =} Export [l Import | J° Settings || Replication ¢ Variables = Charsets (4 Engine:
@ U5
Recent Favorites
M Databases
8

%L information_schema
%) mysql 4 Create database @

#L ) performance_schema Radon Collation ~ Create
1) phpmyadmin
Dat¥tvwe

¥ radon Collation

) test information_schema utfs_general ci =g Check privileges
mysql latinl_swedish_ci a:|Check privileges
performance_schema  utf8_general ci a- Check privileges

[] phpmyadmin T8 bin = Check privileges

O

radon latinl_swedish_ci a:|Check privileges

[ test latinl swedish ci a:|Check privileges

Total: 6 latinl_swedish ci

t [ Check all With selected: [} Drop

Cnmnka 5.8. [lonaBame HOoBe 0a3e 1mmogaTaka rnpeko phpMyAdmin nanesa

ITo paBamy MMeHa pesalyoHO] 0asu Iojaraka MPUCTYIUbEHO je JIo/iaBamby
HOBOT KOpUCHMKa 0ase, 3aje/THO ca IlepMucHjaMa 1 OCTa/IM IlapaMeTpuMa.
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M fServer 127001

| Databases [Lf SQL (4, Status =% Useraccounts = Export [ Import 4 Settings | || Replication =< Variables = Charsets (g Engines

Global ~ Database  Change password  Login Information

Edit privileges: User account ‘root'@ ‘localhost’

/i, Note: You are attempting to edit privileges of the user with which you are currently logged in

Global privileges Checkall

Note: MySQL privilege names are expressed in English

Data Structure Administration Resource limits
CREATE Note: Setting these options to 0 (zero) removes the fimit
ALTER
MAX QUERIES PER HOUR |0
INDEX
DELETE TROP RELGAD MAX UPDATES PER HOUR |0
FILE CREATE TEMPORARY TABLES SHUTDOWN
MAX CONNECTIONS PER HOUR |0
SHOW VIEW SHOW DATABASES
CREATE ROUTINE TOCK TABLES MAX USER_CONNECTIONS |0
ALTER ROUTINE REFERENCES
EXECOTE REPLICATION CLIENT
CREATE VIEW REFLICATION SLAVE [] Require SSL
EVENT CREATE USER
TRIGGER SPECIFIED

REQUIRE CIPHER
REQUIRE ISSUER

REQUIRE SUBJECT

REQUIRE X509
® REQUIRE SSL

Cnmuka 5.9. [JonesbuBambe HOBOT KOPMCHMKA 0a3u v ogpebuBarbe merosmx
osjaurthema

ITo xpenpary HOBOI KOPVCHMKa KOjiI Ma CBa obJialiherba J1a yripasiba 6asoM,
1oraje, Mera 1 Opuille mopaTke m3 Oase, Aofmerbyje ce jeamMHCTBeHa Hmdpa

riomohy Koje KOPMCHUK MOXKe HPUCTYIUTV Oasn.

OBuMm je omoryheH yHOC pejleBaHTHUMX IIOjlaTaka O MaTepujaiMa U3
Iporpama, Kao v o3yBare VCTHX 3a M3padyHaBarba.
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5.4. Iuckycuja m yropebuBame pe3ysraTa ca JpyruM ayropmma

Y 1ipBOj ertamnm, Iipe modeTKa Meperba eKcxallallyje MaTepujaia, crelyjaiHa
araparypa je KOHCTpyMcaHa, 3allTMBeHa 1 IIOTOM je ofpebeHa cToma Ilypema,
OJHOCHO XepMeTuuKa edwmkacHocT. Oppebena je maeanHa KpumBa paclaza
pajioHa, Koja IofpasyMeBa MealHe XxepMeTHUKe yCJIoBe, a IOTOM je ofpebeHa
Y KpuBa pacnaja y anaparypu. Ha ocHOBy TaHreHTH Ha OBe JIBe KpWBe,
onpebeHa je croma mypera M3 mnocyae M oHa m3Hocu: Ayv= 0.0028 h-l. Oso je
HVICKa BPeHOCT CTOIle M3MeHe BasjlyXxa, ajli je Owla yK/byueHa y jeHauMHYy O
eKcxaJIallyjy MaTepujaia Kako Ov JoOvjeHM TTofIary OvIv IITO TauHMj .

Haxon 3aBpIlieHOr TecTupara Ha liypelbe, MCIUTaH je cienehm dpakTop Koju
MOXKe OBeCTV [0 HeTauHMX pesyJITaTa IPWIMKOM ofpebuBarma ekcxasalyje, a
TO je croma ImoBpaTHe naudysmje. ITpomeHe KoHIleHTpalije pagoHa 3a
HacyMI4He y30pKe cy IIpaheHe akTHBHO, CBaKOI' caTa, KaKO O ce yCTaHOBWJIO
Ja JI JIojasu J0 HamIor CKOKa KOHIeHTpalja y IIpBUM caTuMa, jep
eMaHUpaHW paJloH Targa mMa Hajpehy BepoBatHOhy nmdyHIoBarka Hasag y
y30pak. YCTaHOB/BEHO je Ja ce HaIJli CKOK KOHIIeHTpalyja Huje [1ecuo
IIPBEHCTBEHO 300r TOra IITO je 3allpeMMHa arapaType MHoro Beha on
3arrpemuHe y3opka. C o03upoM Ha TO J1a je cToma IoBpaTHe Oudys3uje paBHa
HyJII, OHa Huje Owla yK/bydeHa y IIpopadyH eKcxasiarlyje.

HakoH 3aBpireHor TecTpara Ha OBa [IBa IapaMeTpa, IIPUCTYIUbEHO je
eKCIIepMMEeHTaTHOM Mepery eKcxalallyja TpaHWuTa M OpPyrux rpabeBUMHCKIIX
MaTepujasia.

Y Tabemn 5.3. mpmukasaHM Cy — eKCIepUMEeHTaIHO HOoOujeHM Iojamm o
eKcxaJlaliyjy TpaHuTa ¥ TpabeBuHCKoOr MaTepujaia. VI3 mobujeHnx nopaTaka ce
MOXe BUIeTVM Ja CBM WCIOUTMBaHM MaTepujajii WMajy MaJu CTelleH
excxaslanmje, koju Bapupa ox, 0.789Bqm-2 h'! 3a rpanut “Ilapanmco xiacuk” go
0.161Bqm2 h'! 3a rparut “Hepo acormyTo”.

Hajsuia MaceHa cToIla ekcxasaliyje je m3MepeHa 3a rpaHuT “3umbabse”, Koja
msHocu 0.68Bgkgh’, mok je HajMarsa MaceHa cToIla eKcxaslallyje M3MepeHa 3a
rpanute “Hepo acoryto” 1 “ Adpuka upsero” n nsHocu 0.17Bgkgh.

Kana je peu o edexTnBHOM cajipkajy paaujyma, Hajsehu cajipxaj pagmjyma 1o
KmIorpamy je usMepeH kop “3umbabse 11 Pocabera” rpanura n msHocu 50.24
Bgkg'n 48.72 Bqkg! pecriekTmBHO.

MepemeM ekcxatanyje pagoHa 13 33 y30pKa IpaHUTa JOCTYIIHUX Ha TPXXUIITY
Kaname [131] m 32 y3opka rpaHuTa moctymHux Ha Tpxuimry Cayamjcke
Apabuje [132] mpeacTaB/beHe Cy BpeIHOCTY eKCXaIallyje CJIMYIHE ca M3MepeHVIM
BpeJHOCTMMa y OBOM pajly, M OHe ce Kpehy o7l 3aHeMapJbiBO MaJIuX 10 CKOPO
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11 Bgm? h', ca mpocekom MmamumMm of 2 Bgqm? h'l. EdexrtusHn campxaj
paaujyMa Ko MCOMTUBaHMX y3opaka Bapupa of, 13.3 Bgkglmo 225 Bgkg-l.

Kopn, ocramix mpupogHux cTeHa BYJIKaHCKOI IOpeKyIa KOf, KOjux je MepeHa
cToIla eKcxasallje, MaceHa eKcxajlalvja M edeKTMBHM caJpXKaj paaujyma,
Hajeehy cromy ekcxajlalyje VMajy I'pPaHUTOMIHE CTeHe W IPaHOIVOPWUTH ca
Komaonuka u Jacrpebua, u to: 0.596Bqm= h! , 0.406Bqm2 h'l, pecnexTusHO.
OBu y3opiuu yjenHo mmajy u Hajpehy maceny ekcxastarmjy ox 0.87Bgkgh un
cagpxaj pagujyma ox 64 Bgkgl.

Konm ocrasmx rpabeBuHckux Marepujajia WM3MepeHe Cy HICKe CToIIe
ekcxartariyje. Kom ysopaka GeroHa m3MepeHa je croma ekcxastaryje ox 0.210
Bgm2 hl, nok cy crome MaceHe ekcxasaimyje 1 cafgpkaja pagmjyma : 0.32 Bgkg!
u 23.39 Bgkg!l. MepemeM y3opaka OeToHa IIpeJicTaB/beHe Cy BPeIHOCTU Off
290 no 360 pBgm-2 h1[130]. Kop y3opaka IledeHe ITuIJie U IJIMHEHMX OJIOKOBa
M3MepeHe Cy IPUOIVDKHO CJIMYHE BPeIHOCTH Kao 1 Kofl, OeToHa.

[Tpu TepeHCKMM eKcIlepVIMeHTaIHMM MepebiiMa [100VjeH je ceT mmojaTaka Koju
yKasyjy Ha Bapujalluje KOHIIeHTpallija pagoHa. I[Ipu ompebusamy mnpocropHe
aucTpuOyIMje pafoHa, a KacHUje U IIpopadyHaBar-eM BeHTWIalllje Ha OCHOBY
II03HaTe CTOIle BeHTWIalyje 1 AVIMeH3Mja CKJIOHMINTA, OTKPMBEHO je [Ia CToIla
BeHTWIallVje Ma HeraTuBaH IIpe3HaK, IIITO yKas3yje Ha TO J1a ce pajioH FoMiuJIa
y CKJIOHUIIITY.

VcnmtrBarbeM BUCHHCKe OVCTPUOyIIMje pamoHa IIOKa3aHo je 1 Ia Cy HajBuIlle
KOHIIeHTpalyje pajioHa n3MepeHe Ha 1.9 MeTapa, IIITO jacHO yKasyje Ha TO 1ia,
TIOIIITO je JIaKIIV OfI BaslyXxa, PaJiloH TeXM Aa Wie YBUC, IITO je oHeMoryheHo

ycrter, cjiabe BeHTUIIALIVje.
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6. 3aK/py4ak

Ogaj paz ce ogHOCK Ha eKCIIepMMEHTaIHO VCOUTUBamke MUrpallyje pagoHa
Kpo3 pasHe rpabeBuHcKke MaTepujajie.

Y mwbpy edwmkacHor ompebusama u paga ca BehuMm Opojem y3opaka,
KOHCTpYMCaHa je cIlelljajIHa arapaTypa, Koja je McuTaHa Ha CBe IlapaMeTpe
KOju OV MOIJIM [1a yTUYy Ha IIOTpeIIHO Oo4YuTaBak-e pesysITaTa, U HAOILUIO ce 0
3aK/bydKa Jla arapaTypa JlocTa peajlHO CHUMYJIMIIe peaylHe CUTyallije Ha
TepeHy, yIpaBO 300T HeHUX jedVHCTBEeHUX KOHCTPYKTOPCKUX pellera, C
0031poM Ha TO Jla eJIMMMHWUIIe IOBpaTHY AMdY3Ujy U [a je cTelleH Ilypera
paioHa M3 H-e JI0cTa HU3aK.

ExcriepuMeHTasiHO JoOMjeHe BpeJHOCTM IIPU Mepery eKcxaslallije MaTepujasia
yKasyjy Ha TO Ja TIpaHWTM VMajy BUIIM CTelleH eKcXajlalyje Off OCTaJIuX
rpabeBMHCKMX MaTepujasia.

Hajsumra croma excxastarje msHocu  0.789Bqm? h! 3a rpanur “Ilapammco
K1acuK’ , IOK HajHIDKa WM3MepeHa crona ekcxasiamyje m3Hocn  0.161Bgqm-2 h-!
3a rpasut “Hepo acoryTo”.

Kon ocramix wmcnmtuBaHux rpabeBMHCKMX MaTepujajia  M3MepeHe CToIle
eKkcxaslaliyje 3a OeTOH, IleYeHy LIMIJIY, CUIIOpeKC OJIOK M IJIMHeHU OJIOK ce
kpehy y omcery 0.210 Bqm2 h-l. Hajmarsa cToma ekcxasiaiuje je mM3MepeHa 3a
ruric, u m3Hocu 0.095 Bgm=2 hl, a moroM cieme kepammuke IUIOUMIlE, ca

M3MepeHOM CTOIIOM ekxaslanyje of, 0.148Bqm2 hl.

Ha ocHoBy ekcrmepuMeHTaIHO J1I00MjeHMX CTOIla eKcxalalluje rpabeBUMHCKMX
Marepwjasia, IIOCTaB/beHN Cy PeaHV pe3uaeHMjaJIHN CLeHapyjyi U padyHaTe
Cy VIHTepHe rofuilIbe J03e IPUM/beHe Of paJoHa.

OTkpuBeHO je Ja v IIpy HajHEIIOBOJbHMjeM ClLieHapujy (IZie je Ieja mpocTopuja
IIOKpMBEeHa TIpaHWUTOM), Hpu BeHTWIanuju ox csera Av=0.1 h-l, Hajsuina
roguiba nHTepHa go3a nsHocu 0.52 mSv , mrro je 21.57 % of1 yKyIiHe Jo3e KOjy
ocoba HpMMM Of IPUPOIHMX M BeIITaukKuX M3BOpa 3padera, M IIpefaje je
rpaaut “Poco canTMaro”. Ca moBehameMm BeHTWIaIMje, A03e OIaajy
€KCITOHEeHIIVjaJIHoO.
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TepenckuM  eKkcriepMMeHTaIHMM — WCTpaXWBarbMMa, IIpU  UCOUTUBAILY
BepTUKaIHe AUCcTpuOyLyje paJjoHa OTKPUBEHO je fda cy y Irpoctopujit Ha 1.9 m
KOHIIeHTpaluje pajoHa Behe 1o 3 rryTa Hero Ha BucruHama of, 0.5 m 1 1.5 m.
[Ipy wcnouTuBaKy HOPOCTOpHE AUCTpUOyIMje pajgoHa OTKPUBEHO je
HaroMuiaBare pajioHa y IpocTopujaMa Koje Cy yaabeHwuje Off, BpaTa.

MoperoBarmeM, Ha OCHOBY eKIICepUMeHTaIHVX BPeIHOCTU eKxaslalyje GeToHa
U eKCIepVMeHTaJIHMX TepeHCKMX IofaTaka, OTKpUBeHe Cy CToIle M3MeHe
Basgyxa m3MeDy IpocTopuja M OTKPMBEHO je Ja MMajy HeraTuBaH IIpef3Hak,
IIITO yKa3yje Ha BeoMa JIOITy BeHTWIallljy.

MonenoBarbeM, Ha OCHOBY IIO3HaTe CTOIle eKxajlalyje OeToHa Koju je
KopuiiheH y M3rpaibyl aTOMCKOT CKJIOHUIIITA, IIOCTaBJbeH je ClieHapno KOjuM
je, MommdmKaljoM jeqHauwnHe, OTKpPVBeHa TIOAMIIF-a BeHTwIanuja y
CKJIOHUINTY, 1 Koja m3Hocu Av=0.0009 h-, mTo je 3a jeman pes BelMunHe Marbe
Hero OTKpVMBeHa CTOIla BeHTwIallyje y arlapaTypy 3a CIUTHBaH-e MaTepujaJia.

OrkpuBeHa cToIla BeHTWIallje Ha TepeHy oOjalllibaBa HaroMilaBarbe pamoHa
y IIpocTopwWjamMa yHa/beHVMM Of yJIa3HMUX BpaTa ¥ IeroBy BepTUKaIHY

AUCTPUOYIINY.

KonneHnrpanmyje m3MepeHe aKTMBHMM MepHUM TexHMKaMa Cy IIOTOM
KopuirheHe 3a IIpopavyH /103a ¥ OTKPUBEHO je J1a Impu 1nocrojehum yciosuma,
ocoba rogumme mpumy 9.22 mSy, IITO je TOTOBO TPM IIyTa BUIIe Off, YKYIIHe
TOAVIIIbE [I03€ KOjy 4YOBeK IPMMM Off WM3BOpa IIPUPOAHOr ¥ BeIITauKOr
ropexJIa.

PesunennyjaHuM MofeIoBarbeM je OTKPMBEHO Ja CTOIla BeHTIalyje Koja
obe3b6ebyje MMHMMaIIHe TpUMIbeHe [03e Y CKIIOHMINTY M3Hocu Av = 0.0056 h-l.
ExcriepymMeHTaIHMM ~ TpOMECeYHVM MeperbMMa IacMBHUM TeXHMKaMa Yy
CKJIOHMIITMMa OTKpPMBeHe Cy KOHIIeHTpallje paJoHa Koje Cy IIOTOM
KopuiiheHe 3a IIpopavyH g03a KaKo Ov ce yTBpAMIIO KOJIVIKO je CTAaHOBHMIIITBO
Owio o3paveno 3a Bpeme HATO arpecuje. VI3pauynare cy mose ox 2.47 mSv-
0.32 mSv 3a mepuop on 3 Mecena. 3a OBaKaB PacIlOH /103a je IIPBEHCTBEHO
3aciTy’)kHa BeHTwWIallja, Oymyhm a ce apxuTekTypa CKJIOHMINTa y KojuMa je
NpUM/beHa Marba 1033 Pas/IvKyjy IO HOIIeAy BeHTwIalyje Ofl CKJIIOHMINTA Ie
je mpuMsbeHa Beha o3a.

Ynopebusamem KoHIleHTpallMja M M3padyHaTHX 103a J00VjeHMX aKTUBHUM U
IIaCVBHVM TexXHMKaMa, 3aK/bydyje ce Jla Cy pe3yJITaTy OBe JBe MeTOe y CKJIaLy
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jedHM ca ApyruMma, Te ce U jegHa M Apyra TexHMKa MOTy KOPUCTUTU IIPU
JeTeKLINj| U T03UMeTPUjU paloHa.

Ha ocnHoBy cBrx mocayammsux msjiarara 3ak/bydyje ce Jia Cy M3MepeHe HVCKe
CToIle eKcxaslallyje rpabeBUMHCKIX MaTepujaia.

MaTtemMaTrukuM MoJIejIoBarbeM je YCTaHOB/beHO Ja M MHPY HajHeIlOBOJbHVjeM
cueHapujy, nipu BeHTwIatuju of 0.1 h'l, mocroju Beoma Maym 3gpaBCTBEHU
PV3VIK Of1 IITeTHOT JIejCTBa paJoHa.

TepeHckuM wcTpaXuBamlMa, y CKJIOHMIITMMA je OTKPWMBEHO Jia J0Jasu 10
HaroMmlaBala pajZioHa y IHpocTopujaMa 300r HMCKe CTOIle BeHTWIalluje,
Oynyhm ma cy cxIoHMINTa yKONaHa WCIOZ 3eM/be M [a Cy apXMUTeKTOHCKa
pelllerba y IIOIVIely BeHTwIallyje BeoMa Jiomia. Ilpwm TakBuM yciioBuMa,
VICOUTVBaHa CKJIOHWINTa MOIY IIpeJicTaB/baTV 3HadajaH 3[IpaBCTBEHU PU3MK
YKOJIVIKO Ce KOPVICTe CBaKOJJHEBHO.

Ha OCHOBY OTKPMBEHNX IIOJaTaKa HOTpe6HO je IIpOmMMpPUTV VICTpaXrBakba Ha

BriIe CKJIOHUINITA 1 IPYyTMX IIOA3E€MHIIX HpOCTOpI/Ija, IIOTOTOBY aKoO ce KOopucre
Kao YyTOCTUTEJbCKN TJIN CIIOPTCKM O6jeKTVI.
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-webkit-border-bottom-left-radius: 10px;

-moz-border-radius-bottomright: 10px;

-moz-border-radius-bottomleft: 10px;

border-bottom-right-radius: 10px;

border-bottom-left-radius: 10px;

}
)

.content {
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padding: 10px 0;

footer {padding: 10px 0;background-color: #EBEBEB;

font-size: 12px;
color: #6D84B4;
font-family: Arial, Helvetica, sans-serif;

-webkit-box-shadow: Opx 20px 12px Opx rgba(0, 0, 0, 0.53);
-moz-box-shadow: Opx 20px 12px Opx rgba(0, 0, 0, 0.53);
box-shadow: Opx 20px 12px Opx rgba(0, 0, 0, 0.53);

}

fltrt { float: right;margin-left: 8px;}
fltlft {float: left;margin-right: 8px;}
.clearfloat {clear:both;

height:0;

font-size: 1px;

line-height: Opx;}

table a:link {color: #666;
font-weight: bold;
text-decoration:none;}

table a:visited {color: #999999;
font-weight:bold;
text-decoration:none;}

table a:active,

table a:hover {color: #bd5a35;
text-decoration:underline;}

table {color: #666;

font-size: 12px;

text-shadow: 1px 1px Opx #fff;
background: #eaebec;

margin: 10px;

border: #ccc 1px solid;
-moz-border-radius: 3px;
-webkit-border-radius: 3px;
border-radius: 3px;
-moz-box-shadow: 0 1px 2px #d1d1d1;
-webkit-box-shadow: 0 1px 2px #d1d1d1;
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box-shadow: 0 1px 2px #d1d1d1;
font-style: normal;

font-weight: 400;}

table th {padding:21px 25px 22px 25px;
border-top:1px solid #fafafa;
border-bottom:1px solid #e0eOe0;

background: #ededed;

background: -webkit-gradient(linear, left top, left bottom, from(#ededed),
to(#ebebeb));

background: -moz-linear-gradient(top, #ededed, #ebebeb);}
table th:first-child {

text-align: left;

padding-left:10px;}

table tr:first-child th:first-child {
-moz-border-radius-topleft:3px;
-webkit-border-top-left-radius:3px;
border-top-left-radius:3px;}

table tr:first-child th:last-child {
-moz-border-radius-topright:3px;
-webkit-border-top-right-radius:3px;
border-top-right-radius:3px;}

table tr {text-align: center;
padding-left:10px;}

table td:first-child {text-align: left;
padding-left:10px;

border-left: 0;}

table td {padding:5px;

border-top: 1px solid #ffffff;
border-bottom:1px solid #e0eOe0;
border-left: 1px solid #e0e0e0;

background: #fafafa;

background: -webkit-gradient(linear, left top, left bottom, from(#fbfbfb),
to(#fafafa));

background: -moz-linear-gradient(top, #fbfbfb, #fafafa);}

table tr.even td {

background: #£66£6;
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background: -webkit-gradient(linear, left top, left bottom, from(#{8f8f8),
to(#{6£6£6));
background: -moz-linear-gradient(top, #{8{8f8, #f6{6£6);}
table tr:last-child td {
border-bottom:0;}
table tr:last-child td:first-child {
-moz-border-radius-bottomleft:3px;
-webkit-border-bottom-left-radius:3px;
border-bottom-left-radius:3px;}
table tr:last-child td:last-child {
-moz-border-radius-bottomright: 3px;
-webkit-border-bottom-right-radius: 3px;
border-bottom-right-radius: 3px;
color: #5B74AS8;
font-size: 9px;
font-weight: 200;
}
table tr:hover td {background: #{2f2f2;
background: -webkit-gradient(linear, left top, left bottom, from(#{2f2{2),
to(#£0£0£0));
background: -moz-linear-gradient(top, #f2f2f2, #f0f0f0);, }
.izborni
{-webkit-box-shadow:rgba(0,0,0,0.0.1) 0 1px 0 0;
-moz-box-shadow:rgba(0,0,0,0.0.1) 0 1px 0 0;
box-shadow:rgba(0,0,0,0.0.1) 0 1px 0 0;
background-color:#5B74A8;
border:1px solid #29447E;
font-family:'Lucida Grande',Tahoma, Verdana,Arial,sans-serif;
font-size:12px;
font-weight:700;
padding:2px 6px;
height:28px;
color: #£ff;
border-radius:5px;
-moz-border-radius:5px;
-webkit-border-radius:5px}
.izborni:hover { border: 1px solid #0a3c59;

text-shadow: #1e4158 0 1px O;

background: #dfe3ee;
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background: -webkit-gradient(linear, left top, left bottom, from(#3b5998),
to(#dfe3ee));
background: -webkit-linear-gradient(top, #3b5998, #dfe3ee);

background: -moz-linear-gradient(top, #3b5998, #dfe3ee);

background: -ms-linear-gradient(top, #3b5998, #dfe3ee);

background: -o-linear-gradient(top, #3b5998, #dfe3ee);

background-image: -ms-linear-gradient(top, #3b5998 0%, #dfe3ee 100%);

color: #fff }
.izborni:active {

text-shadow: #1e4158 0 1px 0;

border: 1px solid #52b3eb;

background: #3b5998;

background: -webkit-gradient(linear, left top, left bottom, from(#dfe3ee),
to(#dfe3ee));

background: -webkit-linear-gradient(top, #dfe3ee, #3b5998);

background: -moz-linear-gradient(top, #dfe3ee, #3b5998);

background: -ms-linear-gradient(top, #dfe3ee, #3b5998);

background: -o-linear-gradient(top, #dfe3ee, #3b5998);

background-image: -ms-linear-gradient(top, #dfe3ee 0%, #3b5998 100%);

color: #fff;

}

.izborni:hover {
background: #8b9dc3;
background-image: -webkit-linear-gradient(top, #8B9DC3, #8b9dc3);
background-image: -moz-linear-gradient(top, #8B9DC3, #8b9dc3);
background-image: -ms-linear-gradient(top, #8B9DC3, #8b9dc3);
background-image: -o-linear-gradient(top, #8B9DC3, #8b9dc3);
background-image: linear-gradient(to bottom, #8B9DC3, #8b9dc3);
text-decoration: none;

}

.click-nav {margin:1px auto;width:150px;}

.click-nav ul {position:relative;font-weight:100;}

.click-nav ul li {position:relative;list-style:none;cursor:pointer;}

.click-nav ul li ul {position:absolute;left:0;right:0;}

.click-nav ul .clicker {position:relative;background:#2284B5;color:#FFF;}

.click-nav ul .clicker:hover,.click-nav ul .active {background:#196F9A;}

.click-nav img {position:absolute;top:9px;left:12px;}
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clicknav ul li a ({transition:background-color 0.2s ease-in-out;-webkit-
transition:background-color 0.2s ease-in-out;

-moz-transition:background-color 0.2s ease-in-out;display:block;padding:8px
10px 8px 40px;background:#FFF;color:#333;text-decoration:none;}

.click-nav ul li a:hover {background:#F2F2F2;}

/* Fallbacks */
.click-nav .no-js ul {display:none;}
.click-nav .no-js:hover ul {display:block;}
.izbornil { border: 1px solid #0a3c59;

background: #3e779d;

background: -webkit-gradient(linear, left top,
left bottom, from(#65a9d7), to(#3e779d));

background: -webkit-linear-gradient(top,
#65a9d7, #3e779d);

background: -moz-linear-gradient(top,
#65a9d7, #3e779d);

background: -ms-linear-gradient(top, #65a9d7,
#3e779d);

background-image: -ms-linear-gradient(top,
#65a9d7 0%, #3e779d 100%);

padding: 3px 7px;

-webkit-border-radius: 10px;

-moz-border-radius: 10px;

border-radius: 10px;

-webkit-box-shadow: rgba(255,255,255,0.4) 0
1px 0, inset rgba(255,255,255,0.4) 0 1px 0;

-moz-box-shadow: rgba(255,255,255,0.4) 0 1px
0, inset rgba(255,255,255,0.4) 0 1px 0;

box-shadow: rgba(255,255,255,0.4) 0 1px 0, inset
rgba(255,255,255,0.4) 0 1px 0;

text-shadow: #7ea4bd 0 1px 0;

color: #edf3f7;

font-size: 15px;

font-family: helvetica, serif;

text-decoration: none;

vertical-align: middle;

background-color: #39F;

background-position: top;
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}
.tesktobavest {

}
</style>

width: 598px;

font-family: Arial, Helvetica, sans-serif;
font-size: 14px;

color: #3B5998;

background-color: #FFFFFF;
font-weight: bold;

height: 200px;

<link href="SpryAssets/SpryCollapsiblePanel.css" rel="stylesheet"

type="text/css">
<style type="text/css">
200 {

}

.ocena {

}

.statusl {

}

width: 200px;
border-top-style: none;
border-right-style: none;
border-bottom-style: none;
border-left-style: none;
border-radius:10 px;

width: 45px;

width: 60px;

.tabela {-webkit-border-radius: 10px;

-moz-border-radius: 10px;

border-radius: 10px;}

Jdspitnirokl {width: 111px;

)

.predmet2 {width: 476px;

)

.student {

}

.nevidljivo {

width: 300px;

font-family: Calibri;
font-size: 14px;

color: #3B5998;
border-top-color: #FFF;
border-right-color: #FFF;
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}

border-bottom-color: #FFF;
border-left-color: #FFF;
background-color: #FFF;
border-top-style: none;
border-right-style: none;
border-bottom-style: none;
border-left-style: none;
font-weight: bold;

@import url(http:/ /fonts.googleapis.com/css?family=Lato);

“{
margin:0;
padding:0;

}

.header .content

#Accordionl .AccordionPanel.AccordionPanelOpen

.AccordionPanelContent #CollapsiblePanell .CollapsiblePanelContent {

}

.header .content

font-size: 14px;

#Accordionl .AccordionPanel.AccordionPanelOpen

.AccordionPanelContent #CollapsiblePanell .CollapsiblePanelContent {

}

.header .content

font-size: 13px;

#Accordionl .AccordionPanel.AccordionPanelOpen

.AccordionPanelContent #CollapsiblePanell .CollapsiblePanelContent {

.izborniZeleno

font-size: 14px;

{

-webkit-box-shadow: rgba(0,0,0,0.0.1) 0 1px 0 0;
-moz-box-shadow: rgba(0,0,0,0.0.1) 0 1px 0 0;
box-shadow: rgba(0,0,0,0.0.1) 0 1px 0 0;
background-color: #99cc99;

border: 1px solid #617F61;

font-family: 'Lucida

Grande',Tahoma,Verdana,Arial,sans-serif;

font-size: 12px;
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font-weight: 700;

padding: 2px 6px;

height: 28px;

color: #{ff;

border-radius: 5px;
-moz-border-radius: 5px;
-webkit-border-radius: 5px

}

.izborniZeleno:hover {
background-color: #99CC99;

background-image: -webkit-linear-
gradient(270deg,rgba(153,204,153,1.00) 0%,rgba(195,224,195,1.00) 100%);

background-image: -moz-linear-
gradient(270deg,rgba(153,204,153,1.00) 0%,rgba(195,224,195,1.00) 100%);

background-image: -ms-linear-gradient(top,
#8B9DC3, #8b9dc3);

background-image: -o-linear-
gradient(270deg,rgba(153,204,153,1.00) 0%,rgba(195,224,195,1.00) 100%);

background-image: linear-

gradient(180deg,rgba(153,204,153,1.00) 0%,rgba(195,224,195,1.00) 100%);
text-decoration: none;

.izborniNar

{

-webkit-box-shadow: rgba(0,0,0,0.0.1) 0 1px 0 0;

-moz-box-shadow: rgba(0,0,0,0.0.1) 0 1px 0 0;

box-shadow: rgba(0,0,0,0.0.1) 0 1px 0 0;

background-color: #ECB464;

border: 1px solid #617F61;

font-family: 'Lucida
Grande',Tahoma,Verdana,Arial,sans-serif;

font-size: 12px;

font-weight: 700;

padding: 2px 6px;

height: 28px;

color: #fff;

border-radius: 5px;

-moz-border-radius: 5px;
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-webkit-border-radius: 5px;

background-image: -webkit-linear-
gradient(270deg,rgba(236,180,100,1.00) 0%,rgba(240,214,177,1.00) 100%);
background-image: -moz-linear-
gradient(270deg,rgba(236,180,100,1.00) 0%,rgba(240,214,177,1.00) 100%);
background-image: -o-linear-
gradient(270deg,rgba(236,180,100,1.00) 0%,rgba(240,214,177,1.00) 100%);
background-image: linear-

gradient(180deg,rgba(236,180,100,1.00) 0%,rgba(240,214,177,1.00) 100%);
}

.izborniNar:hover {
background-color: rgba(236,180,100,1.00);

background-image: -webkit-linear-
gradient(270deg,rgba(236,180,100,1.00) 0%,rgba(236,224,195,1.00) 100%);

background-image: -moz-linear-
gradient(270deg,rgba(236,180,100,1.00) 0%,rgba(236,224,195,1.00) 100%);

background-image: -ms-linear-gradient(top,
#8B9DC3, #8b9dc3);

background-image: -o-linear-
gradient(270deg,rgba(236,180,100,1.00) 0%,rgba(236,224,195,1.00) 100%);

background-image: linear-

gradient(180deg,rgba(236,180,100,1.00) 0%,rgba(236,224,195,1.00) 100%);
text-decoration: none;}
.izborniCRV
{
-webkit-box-shadow: rgba(0,0,0,0.0.1) 0 1px 0 0;
-moz-box-shadow: rgba(0,0,0,0.0.1) 0 1px 0 0;
box-shadow: rgba(0,0,0,0.0.1) 0 1px 0 0;
background-color: rgba(244,23,119,1.00);
border: 1px solid #E94F67;
font-family: 'Lucida
Grande',Tahoma,Verdana,Arial,sans-serif;
font-size: 12px;
font-weight: 700;
padding: 2px 6px;
height: 28px;
color: #fff;
border-radius: 5px;
-moz-border-radius: 5px;

213



-webkit-border-radius: 5px;
}
.izborniCRV:hover {
background-color: rgba(244,23,119,1.00);

background-image: -webkit-linear-
gradient(270deg,rgba(244,23,119,1.00) 0%,rgba(248,100,164,1.00) 100%);

background-image: -moz-linear-
gradient(270deg,rgba(244,23,119,1.00) 0%,rgba(248,100,164,1.00) 100%);

background-image: -ms-linear-gradient(top,
#8B9DC3, #8b9dc3);

background-image: -o-linear-
gradient(270deg,rgba(244,23,119,1.00) 0%,rgba(248,100,164,1.00) 100%);

background-image: linear-

gradient(180deg,rgba(244,23,119,1.00) 0%,rgba(248,100,164,1.00) 100%);
text-decoration: none;

/* SpryAccordion.css - version 0.5 - Spry Pre-Release 1.6.1 */
/* Copyright (c) 2006. Adobe Systems Incorporated. All rights reserved. */

.Accordion {
border-left: solid 1px gray;
border-right: solid 1px black;
border-bottom: solid 1px gray;
overflow: visible;
font-family: Arial, Helvetica, sans-serif;
font-size: 16px;
font-weight: lighter;
font-style: normal;
line-height: normal;
-webkit-transition: all 1s cubic-
bezier(x1,yl,x2,y2);
-moz-transition: all 1s cubic-bezier(x1,y1,x2,y2);
-ms-transition: all 1s cubic-bezier(x1,y1,x2,y2);
-o-transition: all 1s cubic-bezier(x1,y1,x2,y2);
transition: all 1s cubic-bezier(x1,y1,x2,y2);
overflow:hidden !important;
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.AccordionPanel {

.AccordionPanelTab {

HEDER {

margin: Opx;

padding: Opx;

font-family: Arial, Helvetica, sans-serif;
font-size: 20px;

font-weight: bold;

color: #FFFFFF;

font-style: oblique;

line-height: normal;

float: none;

visibility: visible;

background-color: #6D84B4;
border-top: solid 1px black;
border-bottom: solid 1px gray;

margin: Opx;

padding: 2px;

cursor: pointer;

-moz-user-select: none;
-khtml-user-select: none;

overflow: hidden;

font-family: Arial, Helvetica, sans-serif;

background-color: #FFFFFF;
color: #F00;

overflow: auto;

margin: Opx;

padding: Opx;

height: 200px;

font-family: Arial, Helvetica, sans-serif;
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font-size: 14px;

font-weight: bold;

color: #3B5998;
background-color: #FFFFFF;
visibility: visible;

}

.AccordionPanelOpen .AccordionPanelTab {
background-color: #DFE3EE;
color: #3b5998;
overflow: visible;
font-family: Arial, Helvetica, sans-serif;

.modul {
width: 200px;

.AccordionPanelTabHover {
color: #D2D3DD;
text-decoration: blink;

}

.AccordionPanelOpen .AccordionPanelTabHover {
color: #6D84B4;

.AccordionFocused .AccordionPanelTab {
background-color: #8B9DC3;

.AccordionFocused .AccordionPanelOpen .AccordionPanelTab {
background-color: #DFE3EE;

@media print {
.AccordionPanelContent {
display: block limportant;

overflow: auto !important;
height: 200px limportant;
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background-color: #FFFFFF;

}
}
.status {
width: 170px;
}
.godina {
width: 70px;
}
.predmet {
width: 500px;
}

.container  .content #Accordionl .AccordionPanel.AccordionPanelOpen
.AccordionPanelContent #form1 table tr td label {

color: #8B9DC3;

font-family: "Lucida Sans Unicode", "Lucida
Grande", sans-serif;
)
.container  .content #Accordionl .AccordionPanel. AccordionPanelOpen
.AccordionPanelContent #form1 table tr td {

color: #8B9DC3;

font-size: 14px;

font-weight: bold;

font {
font-family: Arial, Helvetica, sans-serif;
font-size: 12px;
color: #3B5998;
float: none;
background-color: #FFFFFF;
font-weight: normal;

}

.predmetuplate {
height: 100px;
width: 800px;
background-color: #F0F0FO;
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.tema {

}

fonttabela {

@charset "UTF-8";

.TabbedPanels {

}

.TabbedPanelsTabGroup {

.TabbedPanelsTab {

height: 30px;
width: 500px;

font-size: 16px;
color: #888888;

overflow: hidden;
margin: Opx;
padding: Opx;
clear: none;

width: 100%; /* IE Hack to force proper layout
when preceded by a paragraph. (hasLayout Bug)*/

margin: 0px;
padding: Opx;

position: relative;

top: 1px;

float: left;

padding: 4px 10px;

margin: Opx Ipx Opx Opx;
font: bold 0.7em sans-serif;
background-color: #DDD;
list-style: none;

border-left: solid 1px #CCC;
border-bottom: solid 1px #999;
border-top: solid 1px #999;
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.TabbedPanelsTabHover {

.TabbedPanelsTabSelected {

.TabbedPanelsTab a {

.TabbedPanelsContentGroup {

.TabbedPanelsContent {

border-right: solid 1px #999;
-moz-user-select: none;
-khtml-user-select: none;
cursor: pointer;

font-size: 12pt;

color: #ADA1AS5;

background-color: #CCGC;

background-color: #EEE;
border-bottom: 1px solid #EEE;
font-size: 12pt;

font-family: Calibri;

color: #6D84B4;

color: black;
text-decoration: none;

clear: both;

border-left: solid 1px #CCC;
border-bottom: solid 1px #CCC;
border-top: solid 1px #999;
border-right: solid 1px #999;
background-color: #EEE;

overflow: hidden;
padding: 4px;
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.TabbedPanelsContentVisible {
}

.VTabbedPanels {
overflow: hidden;
zoom: 1;

.VTabbedPanels .TabbedPanelsTabGroup {
float: left;
width: 10em;
height: 20em;
background-color: #EEE;
position: relative;
border-top: solid 1px #999;
border-right: solid 1px #999;
border-left: solid 1px #CCC;
border-bottom: solid 1px #CCC;

.VTabbedPanels .TabbedPanelsTab {
float: none;
margin: 0px;
border-top: none;
border-left: none;
border-right: none;

.VTabbedPanels .TabbedPanelsTabSelected {
background-color: #EEE;
border-bottom: solid 1px #999;

.VTabbedPanels .TabbedPanelsContentGroup {
clear: none;
float: left;
padding: Opx;
width: 30em;
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height: 20em;

/* Styles for Printing */
@media print {
.TabbedPanels {
overflow: visible limportant;
}
.TabbedPanelsContentGroup {
display: block limportant;
overflow: visible limportant;
height: auto limportant;

}

.TabbedPanelsContent {
overflow: visible limportant;
display: block limportant;
clear:both limportant;

)

.TabbedPanelsTab {
overflow: visible limportant;
display: block !limportant;
clear:both !limportant;

)

)

8.2. Java script kod
(function() { // BeginSpryComponent

if (typeof Spry == "undefined") window.Spry = {}; if
Spry.Widget = {};

('Spry.Widget)
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Spry.Widget.Accordion = function(element, opts)
{
this.element = this.getElement(element);
this.defaultPanel = -1;
this.hoverClass = "AccordionPanelTabHover";
this.openClass = "AccordionPanelOpen";
this.closedClass = "AccordionPanelClosed";
this.focusedClass = "AccordionFocused";
this.enableAnimation = true;
this.enableKeyboardNavigation = true;
this.currentPanel = null;
this.animator = null;

this.hasFocus = true;

this.previousPanelKeyCode = Spry.Widget.Accordion. KEY_UP;
this.nextPanelKeyCode = Spry.Widget. Accordion.KEY_DOWN;

this.useFixedPanelHeights = false;
this.fixedPanelHeight = -1;

Spry.Widget. Accordion.setOptions(this, opts, true);

if (this.element)
this.attachBehaviors();

¥

Spry.Widget. Accordion.prototype.getElement = function(ele)

{
if (ele && typeof ele == "string")

return document.getElementByld(ele);
return ele;

¥

Spry.Widget. Accordion.prototype.addClassName = function(ele, className)
{

if (‘lele || !className || (ele.className && ele.className.search(new
RegExp("\\b" + className + "\ \b")) !=-1))
return;
ele.className += (ele.className ? " " : "") + className;
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Spry.Widget. Accordion.prototype.removeClassName = function(ele,
className)
{

if (lele || !className || (ele.className && ele.className.search(new
RegExp("\\b" + className + "\ \b")) == -1))

return;

ele.className = ele.className.replace(new RegExp("\\s*\\b" +
className + "\\b", "g"), "");
¥
Spry.Widget. Accordion.setOptions = function(obj, optionsObj,

ignoreUndefinedProps)
{
if (loptionsODbyj)
return;
for (var optionName in optionsObj)
{
if (ignoreUndefinedProps && optionsObjloptionName] ==
undefined)
continue;
obj[optionName] = optionsObj[optionName];

¥

Spry.Widget. Accordion.prototype.onPanel TabMouseOver = function(e, panel)

{
if (panel)
this.addClassName(this.getPanelTab(panel), this.hoverClass);
return false;

¥

Spry.Widget. Accordion.prototype.onPanel TabMouseOut = function(e, panel)

{
if (panel)
this.removeClassName(this.getPanelTab(panel), this.hoverClass);
return false;
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Spry.Widget. Accordion.prototype.openPanel = function(elementOrIndex)
{

var panelA = this.currentPanel;

var panelB;

if (typeof elementOrIndex == "number")

panelB = this.getPanels()[elementOrIndex];
else

panelB = this.getElement(elementOrIndex);

if (panelB | | panelA == panelB)
return null;

var contentA = panelA ? this.getPanelContent(panelA) : null;
var contentB = this.getPanelContent(panelB);

if (!contentB)
return null;

if (this.useFixedPanelHeights && !this.fixedPanelHeight)
this.fixedPanelHeight > (contentA.offsetHeight) ?
contentA.offsetHeight : contentA.scrollHeight;

if (this.enableAnimation)
{
if (this.animator)
this.animator.stop();
this.animator = new Spry.Widget.Accordion.PanelAnimator(this,
panelB, { duration: this.duration, fps: this.fps, transition: this.transition });
this.animator.start();

else
if(contentA)

{

contentA.style.display = "none";
contentA.style.height = "Opx";

224



contentB.style.display = "block";
contentB.style.height = this.useFixedPanelHeights ?
this.fixedPanelHeight + "px" : "auto";

}

if(panelA)

{
this.removeClassName(panelA, this.openClass);
this.addClassName(panelA, this.closedClass);

this.removeClassName(panelB, this.closedClass);
this.addClassName(panelB, this.openClass);

this.currentPanel = panelB;

return panelB;

¥

Spry.Widget. Accordion.prototype.closePanel = function()

{
// The accordion can only ever have one panel open at any
// give time, so this method only closes the current panel.
// If the accordion is in fixed panel heights mode, this
// method does nothing.

if (!this.useFixedPanelHeights && this.currentPanel)
{

var panel = this.currentPanel;

var content = this.getPanelContent(panel);

if (content)

{

if (this.enableAnimation)
{
if (this.animator)
this.animator.stop();
this.animator = new
Spry.Widget.Accordion.Panel Animator(this, null, { duration: this.duration, fps:
this.fps, transition: this.transition });
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this.animator.start();
else

content.style.display = "none";
content.style.height = "Opx";

}

this.removeClassName(panel, this.openClass);
this.addClassName(panel, this.closedClass);
this.currentPanel = null;

|

Spry.Widget. Accordion.prototype.openNextPanel = function()
{

return this.openPanel(this.getCurrentPanellndex() + 1);

¥

Spry.Widget. Accordion.prototype.openPreviousPanel = function()

{

return this.openPanel(this.getCurrentPanellndex() - 1);

¥

Spry.Widget. Accordion.prototype.openFirstPanel = function()
{

return this.openPanel(0);

¥

Spry.Widget. Accordion.prototype.openLastPanel = functiony)
{

var panels = this.getPanels();
return this.openPanel(panels[panels.length - 1]);

5

Spry.Widget. Accordion.prototype.onPanel TabClick = function(e, panel)
{

if (panel != this.currentPanel)
this.openPanel(panel);
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else
this.closePanel();

if (this.enableKeyboardNavigation)
this.focus();

if (e.preventDefault) e.preventDefault();
else e.returnValue = false;

if (e.stopPropagation) e.stopPropagation();
else e.cancelBubble = true;

return false;

|

Spry.Widget. Accordion.prototype.onFocus = function(e)
{

this.hasFocus = true;
this.addClassName(this.element, this.focusedClass);
return false;

¥

Spry.Widget. Accordion.prototype.onBlur = function(e)
{

this.hasFocus = false;
this.removeClassName(this.element, this.focusedClass);
return false;

¥

Spry.Widget.Accordion. KEY_UP = 38;
Spry.Widget.Accordion. KEY_DOWN = 40;

Spry.Widget. Accordion.prototype.onKeyDown = function(e)

{
var key = e.keyCode;

if ('this.hasFocus || (key != this.previousPanelKeyCode && key !=

this.nextPanelKeyCode))
return true;

var panels = this.getPanels();
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if ('panels | | panels.length <1)
return false;
var currentPanel = this.currentPanel ? this.currentPanel : panels[0];
var  nextPanel = (key == this.nextPanelKeyCode) ?
currentPanel.nextSibling : currentPanel.previousSibling;

while (nextPanel)

{
if (nextPanel.nodeType ==1 /* Node. ELEMENT_NODE */)
break;
nextPanel = (key == this.nextPanelKeyCode) ?

nextPanel.nextSibling : nextPanel.previousSibling;

}

if (nextPanel && currentPanel != nextPanel)
this.openPanel(nextPanel);

if (e.preventDefault) e.preventDefault();
else e.returnValue = false;

if (e.stopPropagation) e.stopPropagation();
else e.cancelBubble = true;

return false;

¥

Spry.Widget. Accordion.prototype.attachPanelHandlers = function(panel)

{
if (!panel)
return;

var tab = this.getPanelTab(panel);

if (tab)
{
var self = this;
Spry.Widget.Accordion.addEventListener(tab, "click", function(e)
{ return self.onPanelTabClick(e, panel); }, false);
Spry.Widget.Accordion.addEventListener(tab, "mouseover",
function(e) { return self.onPanelTabMouseOver(e, panel); }, false);
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Spry.Widget.Accordion.addEventListener(tab, "mouseout”,
function(e) { return self.onPanelTabMouseOut(e, panel); }, false);

}
5

Spry.Widget.Accordion.addEventListener = function(element, eventType,
handler, capture)

{
try
{

if (element.addEventListener)
element.addEventListener(eventType, handler, capture);
else if (element.attachEvent)
element.attachEvent("on" + eventType, handler);

}
catch (e) {}

|

Spry.Widget. Accordion.prototype.initPanel = function(panel, isDefault)
{
var content = this.getPanelContent(panel);
if (isDefault)
{
this.currentPanel = panel;
this.removeClassName(panel, this.closedClass);
this.addClassName(panel, this.openClass);

// Attempt to set up the height of the default panel. We don't

want to
// do any dynamic panel height calculations here because our
accordion
// or one of its parent containers may be display:none.
if (content)
{
if (this.useFixedPanelHeights)
{
// We are in fixed panel height mode and the user
passed in
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// a panel height for us to use.

if (this.fixedPanelHeight)
content.style.height = this.fixedPanelHeight +

px
)
else
{
// We are in variable panel height mode, but since
we can't
// calculate the panel height here, we just set the
height to

// auto so that it expands to show all of its content.

content.style.height = "auto";

this.removeClassName(panel, this.openClass);
this.addClassName(panel, this.closedClass);

if (content)

{
content.style.height = "Opx";

content.style.display = "none'";

this.attachPanelHandlers(panel);
b

Spry.Widget. Accordion.prototype.attachBehaviors = function()
{

var panels = this.getPanels();
for (var i = 0; i < panels.length; i++)
this.initPanel(panels[i], i == this.defaultPanel);
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// Advanced keyboard navigation requires the tabindex attribute
// on the top-level element.

this.enableKeyboardNavigation = (this.enableKeyboardNavigation &é&
this.element.attributes.getNamedItem("tabindex"));
if (this.enableKeyboardNavigation)
{
var self = this;
Spry.Widget.Accordion.addEventListener(this.element,  "focus",
function(e) { return self.onFocus(e); }, false);
Spry.Widget. Accordion.addEventListener(this.element, "blur",
function(e) { return self.onBlur(e); }, false);
Spry.Widget. Accordion.addEventListener(this.element,
"keydown", function(e) { return self.onKeyDown(e); }, false);

}
|

Spry.Widget. Accordion.prototype.getPanels = function()
{

return this.getElementChildren(this.element);

¥

Spry.Widget. Accordion.prototype.getCurrentPanel = function()
{

return this.currentPanel;

¥

Spry.Widget. Accordion.prototype.getPanellndex = function(panel)
{

var panels = this.getPanels();
for(vari=0;i < panels.length; i++)
{
if( panel == panels[i] )
return i;

}

return -1;

Spry.Widget. Accordion.prototype.getCurrentPanellndex = function()
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return this.getPanellndex(this.currentPanel);

5

Spry.Widget. Accordion.prototype.getPanelTab = function(panel)
{
if (!panel)
return null;
return this.getElementChildren(panel)[0];

|

Spry.Widget. Accordion.prototype.getPanelContent = function(panel)
{
if (!panel)
return null;
return this.getElementChildren(panel)[1];

|

Spry.Widget. Accordion.prototype.getElementChildren = function(element)
{
var children = [];
var child = element.firstChild;
while (child)
{
if (child.nodeType ==1 /* Node ELEMENT_NODE */)
children.push(child);
child = child.nextSibling;
}

return children;

¥

Spry.Widget. Accordion.prototype.focus = function()
{

if (this.element && this.element.focus)
this.element.focus();

Spry.Widget. Accordion.prototype.blur = function()
{
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if (this.element && this.element.blur)
this.element.blur();

5

Spry.Widget. Accordion.Panel Animator = function(accordion, panel, opts)

{

this.timer = null;

this.interval = 0;

this.fps = 60;
this.duration = 500;
this.startTime = 0;

this.transition =
Spry.Widget. Accordion.Panel Animator.defaultTransition;

this.onComplete = null;

this.panel = panel;

this.panelToOpen = accordion.getElement(panel);
this.panelData = [];

this.useFixedPanelHeights = accordion.useFixedPanelHeights;

Spry.Widget. Accordion.setOptions(this, opts, true);
this.interval = Math.floor(1000 / this.fps);
// Set up the array of panels we want to animate.

var panels = accordion.getPanels();
for (vari= 0;i < panels.length; i++)
{
var p = panels[i];
var ¢ = accordion.getPanelContent(p);
if (c)
{
var h = c.offsetHeight;
if (h == undefined)
h=0;
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if (p == panel && h == 0)
c.style.display = "block";

if (p ==panel | | h>0)
{
var obj = new Object;
obj.panel = p;
obj.content = c;
obj.fromHeight = h;
obj.toHeight = (p == panel) ?
(accordion.useFixedPanelHeights ? accordion.fixedPanelHeight : c.scrollHeight)
1 0;
obj.distance = obj.toHeight - obj.fromHeight;
obj.overflow = c.style.overflow;
this.panelData.push(obj);

c.style.overflow = "hidden";
c.style.height = h + "px";

¥

Spry.Widget.Accordion.Panel Animator.defaultTransition =~ =  function(time,
begin, finish, duration) { time /= duration; return begin + ((2 - time) * time *
finish); };

Spry.Widget. Accordion.Panel Animator.prototype.start = function()

{

var self = this;
this.startTime = (new Date).getTime();
this.timer = setTimeout(function() { self.stepAnimation(); }, this.interval);

5

Spry.Widget. Accordion.Panel Animator.prototype.stop = function()

{
if (this.timer)

{
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clearTimeout(this.timer);

// If we're killing the timer, restore the overflow

// properties on the panels we were animating!

for (i = 0; i < this.panelData.length; i++)

{
obj = this.panelDatal[i];
obj.content.style.overflow = obj.overflow;

this.timer = null;

|

Spry.Widget. Accordion.Panel Animator.prototype.stepAnimation = function()
{

var curTime = (new Date).getTime();

var elapsedTime = curTime - this.startTime;

var i, obj;

if (elapsedTime >= this.duration)
{
for (i = 0; i < this.panelData.length; i++)
{
obj = this.panelDatali];
if (obj.panel != this.panel)
{
obj.content.style.display = "none";
obj.content.style.height = "Opx";
}
obj.content.style.overflow = obj.overflow;
obj.content.style.height = (this.useFixedPanelHeights | |
obj.toHeight == 0) ? obj.toHeight + "px" : "auto";
)
if (this.onComplete)
this.onComplete();
return;
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for (i = 0; i < this.panelData.length; i++)

{
obj = this.panelDatal[i];

var ht = this.transition(elapsedTime, obj.fromHeight, obj.distance,

this.duration);

|

obj.content.style.height = ((ht <0) ? 0 : ht) + "px";

var self = this;

this.timer = setTimeout(function() { self.stepAnimation(); }, this.interval);

N(; // EndSpryComponent

(function() { // BeginSpryComponent

if (typeof Spry == ""undefined") window.Spry = {}; if (!Spry.Widget)
Spry.Widget = {};

Spry.Widget.TabbedPanels = function(element, opts)

{

this.element = this.getElement(element);

this.defaultTab = 0; // Show the first panel by default.
this.tabSelectedClass = "TabbedPanelsTabSelected";
this.tabHoverClass = "TabbedPanelsTabHover";
this.tabFocusedClass = "TabbedPanelsTabFocused";
this.panelVisibleClass = "Tabbed PanelsContentVisible";
this.focusElement = null;

this.hasFocus = false;

this.currentTabIndex = 0;

this.enableKeyboardNavigation = true;

this.nextPanelKeyCode = Spry.Widget.TabbedPanels. KEY_RIGHT;
this.previousPanelKeyCode = Spry.Widget. TabbedPanels. KEY_LEFT;

Spry.Widget.TabbedPanels.setOptions(this, opts);

// If the defaultTab is expressed as a number/index, convert
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// it to an element.

if (typeof (this.defaultTab) == "number")

{
if (this.defaultTab < 0)

this.defaultTab = 0;
else

{

var count = this.getTabbedPanelCount();
if (this.defaultTab >= count)
this.defaultTab = (count > 1) ? (count - 1) : 0;

this.defaultTab = this.getTabs()[this.defaultTab];

// The defaultTab property is supposed to be the tab element for the tab
content

// to show by default. The caller is allowed to pass in the element itself
or the

// element's id, so we need to convert the current value to an element if
necessary.

if (this.defaultTab)
this.defaultTab = this.getElement(this.defaultTab);

this.attachBehaviors();

¥

Spry.Widget.TabbedPanels.prototype.getElement = function(ele)

{
if (ele && typeof ele == "string")

return document.getElementByld(ele);
return ele;

7
Spry.Widget.TabbedPanels.prototype.getElementChildren = function(element)

{

var children = [];
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var child = element.firstChild;
while (child)
{
if (child.nodeType ==1 /* Node. ELEMENT_NODE */)
children.push(child);
child = child.nextSibling;
)

return children;

|

Spry.Widget.TabbedPanels.prototype.addClassName = function(ele,
className)
{
if (lele || !className || (ele.className && ele.className.search(new
RegExp("\\b" + className + "\ \b")) !=-1))
return;
ele.className += (ele.className ? " " : "") + className;
b
Spry.Widget.TabbedPanels.prototype.removeClassName = function(ele,
className)
{
if (lele || !className || (ele.className && ele.className.search(new
RegExp("\\b" + className + "\ \b")) == -1))
return;
ele.className = ele.className.replace(new RegExp("\\s*\\b" +
className + "\\b", "g"), "");
b
Spry.Widget.TabbedPanels.setOptions = function(obj, optionsObj,

ignoreUndefinedProps)
{
if (loptionsODbyj)
return;
for (var optionName in optionsObj)
{
if (ignoreUndefinedProps && optionsObjloptionName] ==
undefined)
continue;
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obj[optionName] = optionsObj[optionName];
Iy

Spry.Widget.TabbedPanels.prototype.getTabGroup = function()
{

if (this.element)

{

var children = this.getElementChildren(this.element);
if (children.length)
return children[0];

}

return null;

|

Spry.Widget.TabbedPanels.prototype.getTabs = function()
{

var tabs = [];
var tg = this.getTabGroup();
i (tg)
tabs = this.getElementChildren(tg);
return tabs;

¥

Spry.Widget.TabbedPanels.prototype.getContentPanelGroup = function()
{

if (this.element)

{

var children = this.getElementChildren(this.element);
if (children.length > 1)
return children[1];

}

return null;

5

Spry.Widget.TabbedPanels.prototype.getContentPanels = function()
{

var panels = [];
var pg = this.getContentPanelGroup();
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if (pg)
panels = this.getElementChildren(pg);

return panels;

5

Spry.Widget.TabbedPanels.prototype.getIndex = function(ele, arr)
{

ele = this.getElement(ele);
if (ele && arr && arr.length)

{

for (vari=0;i<arr.length; i++)

{
if (ele == arr[i])
return i;

return -1;

¥

Spry.Widget.TabbedPanels.prototype.getTabIndex = function(ele)

{
var i = this.getIndex(ele, this.getTabs());

if (1<0)
i = this.getIndex(ele, this.getContentPanels());
return i;

¥

Spry.Widget.TabbedPanels.prototype.getCurrentTabIndex = function()
{

return this.currentTabIndex;

7
Spry.Widget.TabbedPanels.prototype.getTabbedPanel Count = function(ele)

{
return Math.min(this.getTabs().length, this.getContentPanels().length);

Spry.Widget.TabbedPanels.addEventListener = function(element, eventType,
handler, capture)
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try

if (element.addEventListener)
element.addEventListener(eventType, handler, capture);
else if (element.attachEvent)
element.attachEvent("on" + eventType, handler);
)
catch (e) {}

|

Spry.Widget.TabbedPanels.prototype.cancelEvent = function(e)
{

if (e.preventDefault) e.preventDefault();
else e.returnValue = false;

if (e.stopPropagation) e.stopPropagationy();
else e.cancelBubble = true;

return false;

¥

Spry.Widget.TabbedPanels.prototype.onTabClick = function(e, tab)

{
this.showPanel(tab);

return this.cancelEvent(e);

¥

Spry.Widget.TabbedPanels.prototype.onTabMouseOver = function(e, tab)

{
this.addClassName(tab, this.tabHoverClass);

return false;

¥

Spry.Widget.TabbedPanels.prototype.onTabMouseOut = function(e, tab)
{

this.removeClassName(tab, this.tabHoverClass);
return false;
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Spry.Widget.TabbedPanels.prototype.onTabFocus = function(e, tab)
{

this.hasFocus = true;

this.addClassName(tab, this.tabFocusedClass);

return false;

5

Spry.Widget.TabbedPanels.prototype.onTabBlur = function(e, tab)
{

this.hasFocus = false;

this.removeClassName(tab, this.tabFocusedClass);

return false;

|

Spry.Widget.TabbedPanels. KEY_UP = 3§;
Spry.Widget.TabbedPanels. KEY_DOWN = 40;
Spry.Widget.TabbedPanels. KEY_LEFT = 37;
Spry.Widget.TabbedPanels. KEY_RIGHT = 39;

Spry.Widget.TabbedPanels.prototype.onTabKeyDown = function(e, tab)
{
var key = e.keyCode;
if ('this.hasFocus || (key != this.previousPanelKeyCode && key !=
this.nextPanelKeyCode))
return true;

var tabs = this.getTabs();
for (var i =0; i < tabs.length; i++)
if (tabs[i] == tab)
{
var el = false;
if (key == this.previousPanelKeyCode && i > 0)
el = tabs[i-1];
else if (key == this.nextPanelKeyCode && i < tabs.length-1)
el = tabs[i+1];

if (el)
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this.showPanel(el);
el.focus();
break;

return this.cancelEvent(e);

|

Spry.Widget.TabbedPanels.prototype.preorderTraversal = function(root, func)
{

var stopTraversal = false;

if (root)

{

stopTraversal = func(root);
if (root.hasChildNodes())

{
var child = root.firstChild;
while (!stopTraversal && child)
{
stopTraversal = this.preorderTraversal(child, func);
try { child = child.nextSibling; } catch (e) { child =
null; }
}
}

}

return stopTraversal;

¥

Spry.Widget.TabbedPanels.prototype.addPanelEventListeners = function(tab,
panel)
{
var self = this;
Spry.Widget.TabbedPanels.addEventListener(tab, 'click", function(e) {
return self.onTabClick(e, tab); }, false);
Spry.Widget.TabbedPanels.addEventListener(tab, "mouseover",
function(e) { return self.onTabMouseOver(e, tab); }, false);
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Spry.Widget.TabbedPanels.addEventListener(tab, "mouseout",
function(e) { return self.onTabMouseOut(e, tab); }, false);

if (this.enableKeyboardNavigation)
{

var tabIndexEle = null;
var tabAnchorEle = null;

this.preorderTraversal(tab, function(node) {
if (node.nodeType ==1 /* NODE.ELEMENT_NODE */)

{
var tabIndexAttr =
tab.attributes.getNamedItem("tabindex");
if (tabIndexAttr)
{
tabIndexEle = node;
return true;
}
if ('tabAnchorEle &&
node.nodeName.toLowerCase() =="a")

tabAnchorEle = node;
}

return false;

};

if (tabIndexEle)

this.focusElement = tabIndexEle;
else if (tabAnchorEle)

this.focusElement = tabAnchorEle;

if (this.focusElement)

{

Spry.Widget.TabbedPanels.addEventListener(this.focusElement, "focus",
function(e) { return self.onTabFocus(e, tab); }, false);
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Spry.Widget.TabbedPanels.addEventListener(this.focusElement, "blur",
function(e) { return self.onTabBlur(e, tab); }, false);

Spry.Widget.TabbedPanels.addEventListener(this.focusElement,
"keydown", function(e) { return self.onTabKeyDown(e, tab); }, false);

}
|

Spry.Widget.TabbedPanels.prototype.showPanel = function(elementOrIndex)
{

var tpIndex =-1;

if (typeof elementOrIndex == "number")
tpIndex = elementOrIndex;

else // Must be the element for the tab or content panel.
tpIndex = this.getTabIndex(elementOrIndex);

if (tpIndex <0 | | tpIndex >= this.getTabbedPanel Count())
return;

var tabs = this.getTabs();
var panels = this.getContentPanels();

var numTabbedPanels = Math.max(tabs.length, panels.length);

for (var i = 0; i < numTabbedPanels; i++)
{
if (i = tpIndex)
{
if (tabsl[i])
this.removeClassName(tabs][i],
this.tabSelectedClass);
if (panels[i])
{
this.removeClassName(panels][i],
this.panelVisibleClass);
panels][i].style.display = "none";
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|

this.addClassName(tabs[tpIndex], this.tabSelectedClass);
this.addClassName(panels[tpIndex], this.panelVisibleClass);
panels[tpIndex].style.display = "block";

this.currentTabIndex = tpIndex;

Spry.Widget.TabbedPanels.prototype.attachBehaviors = function(element)

{

¥

var tabs = this.getTabs();
var panels = this.getContentPanels();
var panelCount = this.getTabbedPanel Count();

for (vari=0; i< panelCount; i++)
this.addPanelEventListeners(tabs[i], panels[i]);

this.showPanel(this.defaultTab);

D(); // EndSpryComponent

if (typeof Spry == "undefined") window.Spry = {}; if (!Spry.Widget)
Spry.Widget = {};

Spry.Widget.CollapsiblePanel = function(element, opts)

{

this.element = this.getElement(element);
this.focusElement = null;

this.hoverClass = "CollapsiblePanelTabHover";
this.openClass = "CollapsiblePanelOpen'";
this.closedClass = "CollapsiblePanelClosed";
this.focusedClass = "CollapsiblePanelFocused";
this.enableAnimation = true;
this.enableKeyboardNavigation = true;
this.animator = null;
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this.hasFocus = false;
this.contentlsOpen = true;

this.openPanelKeyCode = Spry.Widget.CollapsiblePanel. KEY_DOWN;
this.closePanelKeyCode = Spry.Widget.CollapsiblePanel. KEY_UP;

Spry.Widget.CollapsiblePanel.setOptions(this, opts);

this.attachBehaviors();

|

Spry.Widget.CollapsiblePanel.prototype.getElement = function(ele)
{
if (ele && typeof ele == "string")
return document.getElementByld(ele);
return ele;

|

Spry.Widget.CollapsiblePanel.prototype.addClassName = function(ele,
className)
{
if (lele || !className || (ele.className && ele.className.search(new
RegExp("\\b" + className + "\ \b")) !=-1))
return;
ele.className += (ele.className ? " " : "") + className;
b
Spry.Widget.CollapsiblePanel.prototype.removeClassName = function(ele,
className)
{
if (lele || !className || (ele.className && ele.className.search(new
RegExp("\\b" + className + "\ \b")) == -1))
return;
ele.className = ele.className.replace(new RegExp("\\s*\\b" +

className + ”\\b”’ "gll)’ Hn);
b

Spry.Widget.CollapsiblePanel.prototype.hasClassName = function(ele,
className)
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if (lele || !className || lele.className || ele.className.search(new
RegExp("\\b" + className + "\ \b")) == -1)
return false;
return true;

5

Spry.Widget.CollapsiblePanel.prototype.setDisplay = function(ele, display)

{
if( ele)
ele.style.display = display;
Iy

Spry.Widget.CollapsiblePanel.setOptions =  function(obj, = optionsObj,
ignoreUndefinedProps)
{
if (loptionsODbyj)
return;

for (var optionName in optionsObj)

{

if (ignoreUndefinedProps && optionsObjloptionName]
undefined)
continue;
obj[optionName] = optionsObj[optionName];

¥

Spry.Widget.CollapsiblePanel. prototype.onTabMouseOver = function(e)

{
this.addClassName(this.getTab(), this.hoverClass);

return false;

¥

Spry.Widget.CollapsiblePanel.prototype.onTabMouseOut = function(e)
{

this.removeClassName(this.getTab(), this.hoverClass);
return false;
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Spry.Widget.CollapsiblePanel.prototype.open = function()
{
this.contentIsOpen = true;
if (this.enableAnimation)
{
if (this.animator)
this.animator.stop();
this.animator =
Spry.Widget.CollapsiblePanel. Panel Animator(this, true,
this.duration, fps: this.fps, transition: this.transition });
this.animator.start();
}
else
this.setDisplay(this.getContent(), "block");

this.removeClassName(this.element, this.closedClass);
this.addClassName(this.element, this.openClass);

¥

Spry.Widget.CollapsiblePanel.prototype.close = function()
{
this.contentIsOpen = false;
if (this.enableAnimation)
{
if (this.animator)
this.animator.stop();
this.animator =
Spry.Widget.CollapsiblePanel. Panel Animator(this, false,
this.duration, fps: this.fps, transition: this.transition });
this.animator.start();
}
else
this.setDisplay(this.getContent(), "none");

this.removeClassName(this.element, this.openClass);
this.addClassName(this.element, this.closedClass);

{

{

Spry.Widget.CollapsiblePanel.prototype.onTabClick = function(e)

new
duration:

new
duration:
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if (this.isOpeny())

this.close();
else

this.open();
this.focus();

return this.stopPropagation(e);

|

Spry.Widget.CollapsiblePanel.prototype.onFocus = function(e)
{
this.hasFocus = true;
this.addClassName(this.element, this.focusedClass);
return false;

|

Spry.Widget.CollapsiblePanel.prototype.onBlur = function(e)
{

this.hasFocus = false;
this.removeClassName(this.element, this.focusedClass);
return false;

¥

Spry.Widget.CollapsiblePanel. KEY_UP = 38;
Spry.Widget.CollapsiblePanel. KEY_DOWN = 40;

Spry.Widget.CollapsiblePanel.prototype.onKeyDown = function(e)

{
var key = e.keyCode;

if ('this.hasFocus || (key != this.openPanelKeyCode && key !=
this.closePanelKeyCode))
return true;

if (this.isOpen() && key == this.closePanelKeyCode)
this.close();

else if ( key == this.openPanelKeyCode)
this.open();
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return this.stopPropagation(e);

5

Spry.Widget.CollapsiblePanel.prototype.stopPropagation = function(e)
{

if (e.preventDefault) e.preventDefault();

else e.returnValue = false;

if (e.stopPropagation) e.stopPropagation();

else e.cancelBubble = true;

return false;

|

Spry.Widget.CollapsiblePanel.prototype.attachPanelHandlers = function()
{
var tab = this.getTab();
if ('tab)
return;

var self = this;

Spry.Widget.CollapsiblePanel.addEventListener(tab, "click", function(e) {
return self.onTabClick(e); }, false);

Spry.Widget.CollapsiblePanel.addEventListener(tab, "mouseover",
function(e) { return self.onTabMouseOver(e); }, false);

Spry.Widget.CollapsiblePanel.addEventListener(tab, "mouseout",
function(e) { return self.onTabMouseOut(e); }, false);

if (this.enableKeyboardNavigation)
{

var tabIndexEle = null;
var tabAnchorEle = null;

this.preorderTraversal(tab, function(node) {
if (node.nodeType ==1 /* NODE.ELEMENT_NODE */)

{
var tabIndexAttr =

tab.attributes.getNamedItem("tabindex");
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if (tabIndexAttr)
{

tabIndexEle = node;
return true;

}
if ('tabAnchorEle &&

node.nodeName.toLowerCase() == "a")
tabAnchorEle = node;

}

return false;

};

if (tabIndexEle)

this.focusElement = tabIndexEle;
else if (tabAnchorEle)

this.focusElement = tabAnchorEle;

if (this.focusElement)

{

Spry.Widget.CollapsiblePanel.addEventListener(this.focusElement,
"focus", function(e) { return self.onFocus(e); }, false);

Spry.Widget.CollapsiblePanel.addEventListener(this.focusElement,
"blur", function(e) { return self.onBlur(e); }, false);

Spry.Widget.CollapsiblePanel.addEventListener(this.focusElement,
"keydown", function(e) { return self.onKeyDown(e); }, false);

}

Spry.Widget.CollapsiblePanel.addEventListener = function(element,
eventType, handler, capture)
{

try

{

if (element.addEventListener)
element.addEventListener(eventType, handler, capture);
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else if (element.attachEvent)
element.attachEvent("on" + eventType, handler);

)
catch (e) {}
Iy
Spry.Widget.CollapsiblePanel.prototype.preorderTraversal = function(root,
func)
{
var stopTraversal = false;
if (root)
{
stopTraversal = func(root);
if (root.hasChildNodes())
{
var child = root.firstChild;
while (!stopTraversal &é& child)
{
stopTraversal = this.preorderTraversal(child, func);
try { child = child.nextSibling; } catch (e) { child =
null; }
}
}

}

return stopTraversal;

¥

Spry.Widget.CollapsiblePanel.prototype.attachBehaviors = function()
{

var panel = this.element;

var tab = this.getTab();

var content = this.getContent();

if (this.contentIsOpen | | this.hasClassName(panel, this.openClass))
{
this.addClassName(panel, this.openClass);
this.removeClassName(panel, this.closedClass);
this.setDisplay(content, "block");
this.contentIsOpen = true;
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else

this.removeClassName(panel, this.openClass);
this.addClassName(panel, this.closedClass);
this.setDisplay(content, "none");
this.contentIsOpen = false;

this.attachPanelHandlers();
¥

Spry.Widget.CollapsiblePanel.prototype.getTab = function()
{

return this.getElementChildren(this.element)[0];

|

Spry.Widget.CollapsiblePanel.prototype.getContent = function()
{

return this.getElementChildren(this.element)[1];

¥

Spry.Widget.CollapsiblePanel.prototype.isOpen = function()
{

return this.contentIsOpen;

¥

Spry.Widget.CollapsiblePanel.prototype.getElementChildren =
function(element)
{
var children = [];
var child = element.firstChild;
while (child)
{
if (child.nodeType ==1 /* Node. ELEMENT_NODE */)
children.push(child);
child = child.nextSibling;
}

return children;
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5

Spry.Widget.CollapsiblePanel.prototype.focus = function()
{

if (this.focusElement && this.focusElement.focus)
this.focusElement.focus();

Spry.Widget.CollapsiblePanel. Panel Animator = function(panel, doOpen, opts)
{

this.timer = null;
this.interval = 0;

this.fps = 60;
this.duration = 500;
this.startTime = 0;

this.transition =
Spry.Widget.CollapsiblePanel.Panel Animator.defaultTransition;

this.onComplete = null;

this.panel = panel;

this.content = panel.getContent();

this.doOpen = doOpen;
Spry.Widget.CollapsiblePanel.setOptions(this, opts, true);
this.interval = Math.floor(1000 / this.fps);

var ¢ = this.content;

var curHeight = c.offsetHeight ? c.offsetHeight : 0;
this.fromHeight = (doOpen && c.style.display == "none") ? 0 : curHeight;

if (!doOpen)

this.toHeight = 0;
else
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if (c.style.display == "none")

{
// The content area is not displayed so in order to calculate
the extent
// of the content inside it, we have to set its display to
block.
c.style.visibility = "hidden";
c.style.display = "block";
)
c.style.height ="";
this.toHeight = c.offsetHeight;
)

this.distance = this.toHeight - this.fromHeight;
this.overflow = c.style.overflow;

c.style.height = this.fromHeight + "px";
c.style.visibility = "visible";
c.style.overflow = "hidden";
c.style.display = "block";

¥

Spry.Widget.CollapsiblePanel.Panel Animator.defaultTransition =
function(time, begin, finish, duration) { time /= duration; return begin + ((2 -
time) * time * finish); };

Spry.Widget.CollapsiblePanel. Panel Animator.prototype.start = function()
{

var self = this;
this.startTime = (new Date).getTime();
this.timer = setTimeout(function() { self.stepAnimation(); }, this.interval);

Spry.Widget.CollapsiblePanel. Panel Animator.prototype.stop = function()
{

256



if (this.timer)

{
clearTimeout(this.timer);
this.content.style.overflow = this.overflow;
)
this.timer = null;
Iy
Spry.Widget.CollapsiblePanel. Panel Animator.prototype.stepAnimation =
function()
{

var curTime = (new Date).getTime();
var elapsedTime = curTime - this.startTime;

if (elapsedTime >= this.duration)

{
if (!this.doOpen)
this.content.style.display = "none";
this.content.style.overflow = this.overflow;
this.content.style.height = this.toHeight + "px";
if (this.onComplete)
this.onComplete();
return;
}
var ht = this.transition(elapsedTime, this.fromHeight, this.distance,

this.duration);
this.content.style.height = ((ht < 0) ? 0 : ht) + "px";
var self = this;

this.timer = setTimeout(function() { self.stepAnimation(); }, this.interval);
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Spry.Widget.CollapsiblePanelGroup = function(element, opts)
{

this.element = this.getElement(element);

this.opts = opts;

this.attachBehaviors();

5

Spry.Widget.CollapsiblePanelGroup.prototype.setOptions =
Spry.Widget.CollapsiblePanel.prototype.setOptions;
Spry.Widget.CollapsiblePanelGroup.prototype.getElement =
Spry.Widget.CollapsiblePanel.prototype.getElement;
Spry.Widget.CollapsiblePanelGroup.prototype.getElementChildren =
Spry.Widget.CollapsiblePanel.prototype.getElementChildren;

Spry.Widget.CollapsiblePanelGroup.prototype.setElementWidget =
function(element, widget)
{
if (lelement | | !'widget)
return;
if (lelement.spry)
element.spry = new Object;
element.spry.collapsiblePanel = widget;

¥

Spry.Widget.CollapsiblePanelGroup.prototype.getElementWidget =
function(element)

{

return (element && element.spry && element.spry.collapsiblePanel) ?
element.spry.collapsiblePanel : null;

¥

Spry.Widget.CollapsiblePanelGroup.prototype.getPanels = function()
{

if ('this.element)
return [];
return this.getElementChildren(this.element);
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Spry.Widget.CollapsiblePanelGroup.prototype.getPanel = function(panellndex)
{

return this.getPanels()[panellndex];

5

Spry.Widget.CollapsiblePanelGroup.prototype.attachBehaviors = function()
{
if ('this.element)

return;

var cpanels = this.getPanels();
var numCPanels = cpanels.length;
for (vari= 0; i < numCPanels; i++)
{
var cpanel = cpanels[i];
this.setElementWidget(cpanel, new
Spry.Widget.CollapsiblePanel(cpanel, this.opts));

}
¥

Spry.Widget.CollapsiblePanelGroup.prototype.openPanel =
function(panellndex)

{
var w = this.getElementWidget(this.getPanel(panellndex));

if (w && !'w.isOpen())
w.open();

¥

Spry.Widget.CollapsiblePanelGroup.prototype.closePanel =
function(panellndex)

{
var w = this.getElementWidget(this.getPanel(panellndex));

if (w && w.isOpen())
w.close();

7
Spry.Widget.CollapsiblePanelGroup.prototype.openAllPanels = function()

{

var cpanels = this.getPanels();
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var numCPanels = cpanels.length;
for (vari=0; i < numCPanels; i++)
{
var w = this.getElementWidget(cpanels[i]);
if (w && !'w.isOpen())
w.open();

|

Spry.Widget.CollapsiblePanelGroup.prototype.closeAllPanels = function()
{
var cpanels = this.getPanels();
var numCPanels = cpanels.length;
for (vari=0;i < numCPanels; i++)
{
var w = this.getElementWidget(cpanels[i]);
if (w && w.isOpen())
w.close();

I
D(); // EndSpryComponent
8.3. IIpuka3s xoga rpadpMIKO-KOpUCHUYIKOT MHTepdejca

<IDOCTYPE html PUBLIC "-//W3C//DTD XHTML 1.0 Transitional//EN"
"http:/ /www.w3.org/TR/xhtml1/DTD/xhtml1-transitional.dtd">

<html xmlIns="http:/ /www.w3.0rg/1999/xhtml">

<head>

<meta http-equiv="Content-Type" content="text/html; charset=utf-8" />
<title>Program za rezidencijalno modelovanje i mapiranje radona</title>

<link href="css/radon.css" rel="stylesheet" type="text/css">

<link rel="stylesheet" type="text/css" href="css/style.css" />

<link href="css/SpryAccordion.css" rel="stylesheet" type="text/css" />

<link href="css/SpryTabbedPanels.css" rel="stylesheet" type="text/css" />
<link href="css/SpryCollapsiblePanel.css" rel="stylesheet" type="text/css" />
<link href="http:/ /fonts.googleapis.com/css?family=Lato:300,400,700'
rel='stylesheet' type="text/css' />

=13

<script src="js/SpryAccordion.js" type="text/javascript"></script>
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<script src="js/SpryTabbedPanels. js" type="text/javascript"></script>
<script src="js/SpryCollapsiblePanel.js" type="text/javascript"></script>
<script type="text/javascript" src="js/modernizr.custom.79639.js"></script>
<noscript><link rel="stylesheet" type="text/css" href="css/noJS.css" />
<style type="text/css">
body,td,th {

font-family: Lato, Arial, sans-serif;
}
</style>
</noscript>

</head>

<body>

<div class="container">
<div class="header">
<div align="left">

<p>
<script type="text/javascript"
src="http:/ /ajax.googleapis.com/ajax/libs/jquery/1.8.2/jquery.min.js"></scri
pt>
<script type="text/javascript">
</script><img src="untitled.png" alt="" width="443"
height="120" /></p>
</div>
<div class="content">
<div id="Accordion1" class="Accordion" tabindex="1">
<div class="AccordionPanel">
<div class="AccordionPanelTab">Izra¢unavanje ekhalacije materijala</div>
<div class="AccordionPanelContent" id="posalji">
<div id="TabbedPanels1" class="TabbedPanels">
<ul class="TabbedPanelsTabGroup">
<li class="TabbedPanelsTab" tabindex="0">Dodavanje novih materijala</li>
<li class="TabbedPanelsTab" tabindex="1">Izra¢unavanje ekshalacije</li>
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<li class="TabbedPanelsTab" tabindex="2">Dozimetrijsko modelovanje</li>
<li class="TabbedPanelsTab" tabindex="0">Rezidencijalno modelovanje</1i>
< / ul>

<div class="TabbedPanelsContentGroup">

<div class="TabbedPanelsContent">

<p>&nbsp;</p>

<p>&nbsp;</p>

<form id="UnosMaterijala" name="UnosMaterijala" method="post" action="">
<div align="center"></div>

<div align="center">

<table width="1027" border="1">

<tr>

<td width="328">Naziv materijala</td>

<td width="361">Poreklo</td>

<td width="171">Povrsina</td>

<td width="139">Masa</td>

< / tr>

<tr>

<td><label for="Materijal"></label>

<input name="Materijal" type="text" id="Materijal" size="50" /></td>
<td><input name="MaterijalPoreklo" type="text" id="MaterijalPoreklo"
size="50" /></td>

<td><label for="A"></label>

<input name="A" type="text" id="A" size="5" />

m<sup>2</sup></td>

<td><input name="m" type="text" id="m" size="5" />
kg</td>

</tr>

<tr>

<td colspan="4"><div align="center">
<input name="UnosMaterijala2" type="submit" class="izborni"
id="UnosMaterijala2" value="Unesi materijal" />

<input name="PregledMaterijala" type="submit" class="izborniZeleno"
id="PregledMaterijala" value="Pregled unetih materijala" />

</div></td>

</tr>

</table>

</div>

</form>
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<p>&nbsp;</p>

<p align="center">&nbsp;</p>

<p align="justify">&nbsp;</p>

<p>&nbsp;</p>

<p>&nbsp;</p>

</div>

<div class="TabbedPanelsContent">

<form id="Izra¢unavanjeEkshalacije" name="I[zra¢unavanjeEkshalacije"

method="post" action="">

<div align="center"></div>

<div align="center"></div>

<div align="center">

<table width="839" border="1">

<tr>

<td colspan="3"><div align="center">UNOS PARAMETARA</div></td>

< / tr>

<tr>

<td colspan="3"><div align="left">Materijal:

<select name="select3" class="CollapsiblePanelTab" id="select3">

</select>

</div></td>

</tr>

<tr>

<td width="269"><div align="left">Pocetna koncentracija C<sub>0</sub> :

<input name="C0" type="text" id="C0" size="10" />
Bgm<sup>-3</sup></div></td>

<td width="283"><div align="left">Krajnja koncentracija C<sub>b</sub>:

<input name="Ck" type="text" id="Ck" size="10" />
Bgm<sup>-3</sup></div></td>

<td width="265">Zapremina aparature, V:

<input name="V" type="text" id="V" size="10" />

m<sup>3</sup></td>
</tr>
<tr>
<td><span style="font-size: 12px"><strong style="text-align:

center">\</strong>=</span>
<input name="L" type="text" id="L" value="0.00756" size="10" />
h<sup>-1</sup></td>
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<td><p><span style="font-size: 12px; color: #666;"><strong style="text-align:

center">\</strong><sub>v</sub>=</span>

<input name="Lv" type="text" id="Lv" value="0.00756" size="10" />

</p>

<p></p></td>

<td><span style="font-size:

12px"><strong>\</strong><sup>*</sup>=</span>

<input name="L*" type="text" id="L*" value="L+Lv" size="10" />
h<sup>-1</sup></td>

</tr>

<tr>

<td colspan="3"><div align="center">

<input name="IzracunajEkshalaciju2" type="submit" class="izborniZeleno"

id="Izrac¢unajEkshalaciju2" value="Izracunaj ekshalaciju" />

</div></td>

</tr>

<tr>

<td><div align="left">Stopa ekshalacije:

<input name="E" type="text" id="E" value="(Ck*(L+Lv)-LvC0)*V/A" size="10"

/>
Bgm<sup>-2</sup> h<sup>-1</sup></div></td>

<td><div align="left">Stopa masene ekshalacije:

<input name="Em?2" type="text" id="Em2" value="E0*A/m" size="10" />
Bgkg<sup>-1</sup>h<sup>-1</sup></div></td>

<td><div align="left">Efektivni sadrzaj radijuma:

<input name="Ra2" type="text" id="Ra2" value="Em/L*" size="10" />
Bgkg<sup>-1</sup></div></td>

</tr>

</table>

</div>

<div align="center"></div>

</form>

<p>&nbsp;</p>

<p>&nbsp;</p>

<p>&nbsp;</p>

<p>&nbsp;</p>

<p>&nbsp;</p>

<p>&nbsp;</p>

<p>&nbsp;</p>
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<p>&nbsp;</p>
<p>&nbsp;</p>
<p>&nbsp;</p>
<p>&nbsp;</p>
<p>&nbsp;</p>
<p>&nbsp;</p>
<p>&nbsp;</p>
</div>
<div class="TabbedPanelsContent">
<form id="form1" name="form1" method="post" action=""align="center">
<div align="center">
<p>&nbsp;</p>
<table width="1236" border="1">
<tr>
<td width="171"><input type="radio" name="radio" id="materijal2"
value="materijal" />
Koncentracija </td>
<td  width="277"><input  type="radio" name="radio" id="materijal"
value="materijal" />
MATERIJAL</td>
<td colspan="2">RAVNOTEZNI FAKTOR</td>
<td colspan="2">ARHITEKTONSKI PARAMETRI</td>
</tr>
<tr>
<td><label for="C"></label>
<input name="C" type="text" id="C" size="10" />
Bgm<sup>-3</sup></td>
<td><select name="select2" class="CollapsiblePanelTab" id="select2">
</select></td>
<td width="196"><div align="left">
<input type="radio" name="radio" id="materijal3" value="materijal" />
Za zatvorene prostorije
<input name="C2" type="text" id="C2" value="0.4" size="5" />
</div></td>
<td width="185"><input type="radio" name="radio" id="materijal4"
value="materijal" />
Za otvoren prostor
<input name="C3" type="text" id="C3" value="0.6" size="5" /></td>
<td width="187"><div align="left">Povrsina izvora
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<input name="C4" type="text" id="C4" size="10" />
m<sup>2</sup></div></td>

<td width="180"><div align="left">Zapremina prostorije

<input name="C5" type="text" id="C5" size="10" />
m<sup>3</sup></div></td>

< / tr>

<tr>

<td colspan="4"><div align="center">REZIDENCIJALNI PARAMETRI I

DOZNI FAKTORI</ div></td>

<td colspan="2"><div align="center">Stopa ventilacije

<input name="C6" type="text" id="C6" size="10" />
h <sup>-1</sup></div></td>

</tr>

<tr>

<td colspan="4"><div align="left">

<input type="radio" name="radio" id="materijal5" value="materijal" />
Radni vek u trajanju od

<input name="C7" type="text" id="C7" size="5" />
godina, pri

<input name="C8" type="text" id="C8" size="10" />
radnih sati godi$nje i doznom faktoru od

<input name="C9" type="text" id="C9" size="5" />
mSv/WLM </div></td>

<td colspan="2" rowspan="4"><p align="center">

<label for="DozeRezultati"></label>

<textarea name="DozeRezultati" id="DozeRezultati" cols="45" rows="5">Stopa

doze =2.261 uSv/h

Godisnja stopa doze =15.85 mSv/a

Kumulativna doza = 15.85 mSv

</textarea>

</p>

<p align="center">

<input name="Izra¢unajDozu" type="submit" class="izborniZeleno"
id="Izra¢unajDozu" value="Izra¢unaj dozu" />

</p></td>

</tr>

<tr>

<td colspan="2"><div align="left">

I =1 =

<input type="radio" name="radio" id="materijal6" value="materijal" />
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Vreme provedeno na zatvorenom prostoru
<input name="C10" type="text" id="C10" size="5" />
% godisnje
, </div></td>
<td colspan="2" rowspan="3"><p class="tabela">U periodu od
<input name="C11" type="text" id="C11" size="5" />
godina,</p>
<p class="tabela"> i pri doznom faktoru za populaciju od
<input name="C13" type="text" id="C13" size="5" />
DCF</p></td>
< / tr>
<tr>
<td colspan="2"><div align="left">
<input type="radio" name="radio" id="materijal8" value="materijal" />
Vreme provedeno na otvorenom prostoru
<input name="C12" type="text" id="C12" size="5" />
% godisnje </div></td>
</tr>
<tr>
<td colspan="2"><div align="left">
<input type="radio" name="radio" id="materijal7" value="materijal" />
Kontinualna ekspozicija</div></td>
</tr>
</table>
<p>&nbsp;</p>
</div>
<div align="center"></div>
</form>
</div>
<div class="TabbedPanelsContent">
<p>&nbsp;</p>
<form id="form?2" name="form2" method="post" action="">
<div align="center">
<table width="200" border="1">
<tr>
<td><div align="center"></div></td>
</tr>
</table>
</div>
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</form>

<p>&nbsp;</p>

</div>

</div>

</div>

</div>

</div>

<div class="AccordionPanel">

<div class="AccordionPanelTab">Mapiranje radona</div>
<div class="AccordionPanelContent">

<p>&nbsp;</p>

<form id="MapiranjeRadona" name="MapiranjeRadona" method="post"
action="">

<div align="center"></div>

<div align="center">

<table width="910" border="1">

<tr>

<td width="156">Serijski broj detektora</td>

<td width="86">Geografska Sirina</td>

<td width="91">Geografska duzina</td>

<td width="155">Lokacija</td>

<td width="98">Pocetak merenja</td>

<td width="99">Kraj merenja</td>

<td width="57">Doza KBqhm<sup>-3</sup></td>

<td width="65">Greska merenja KBghm<sup>-3</sup></td>
<td width="49">C <sub>Rn</sub> Bqghm<sup>-3</sup></td>

</tr>

<tr>

<td><label for="SerijskiDetektor1"></label>

<input name="SerijskiDetektor1" type="text" id="SerijskiDetektor1"

value="624762-1" /></td>

<td><input name="geografskasirinal" type="text" id="geografskasirinal"
value="43.578670" size="12" /></td>

<td><input name="geografskaduzinal" type="text" id="geografskaduzinal"
value="21.334103" size="12" /></td>

<td><input name="Lokacijal" type="text" id="Lokacijal" value="Krusevac"
/></td>

<td><input name="startmerenjal" type="text" id="startmerenjal" value="2015-

04-15" size="14" /></td>
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<td><input name="krajmerenjal" type="text" id="krajmerenjal" value="2015-
07-14" size="14" /></td>

<td><input name="Dozatragl" type="text" id="Dozatragl" value="164" size="5"
/></td>

<td><input name="GreskaTragl" type="text" id="GreskaTragl" value="38"
size="5" /></td>

<td><input name="koncentracijatragl" type="text" id="koncentracijatragl"
value="75" size="5" /></td>

</tr>

<tr>

<td><input name="SerijskiDetektor2" type="text" id="SerijskiDetektor2"
value="624849-6" /></td>

<td><input name="geografskasirina2" type="text" id="geografskasirina2"
value="43.578576" size="12" /></td>

<td><input name="geografskaduzina2" type="text" id="geografskaduzina2"
value="21.335560" size="12" /></td>

<td><input name="Lokacija2" type="text" id="Lokacija2" value="Krusevac"
/></td>

<td><input name="startmerenja2" type="text" id="startmerenja2" value="2015-
04-15" size="14" /></td>

<td><input name="krajmerenja2" type="text" id="krajmerenja2" value="2015-
07-14" size="14" /></td>

<td><input name="Dozatrag2" type="text" id="Dozatrag2" value="1683"
size="5" /></td>

<td><input name="GreskaTrag2" type="text" id="GreskaTrag2" value="208"
size="5" /></td>

<td><input name="koncentracijatrag?" type="text" id="koncentracijatrag?2"
value="779" size="5" /></td>

</tr>

<tr>

<td><input name="SerijskiDetektor3" type="text" id="SerijskiDetektor3"
value="626244-8" /></td>

<td><input name="geografskasirina3" type="text" id="geografskasirina3"
value="43.578696" size="12" /></td>

<td><input name="geografskaduzina3" type="text" id="geografskaduzina3"
value="21.335022" size="12" /></td>

<td><input name="Lokacija3" type="text" id="Lokacija3" value="Krusevac"
/></td>
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<td><input name="startmerenja3" type="text" id="startmerenja3" value="2015-
04-15" size="14" /></td>

<td><input name="krajmerenja3" type="text" id="krajmerenja3" value="2015-
07-14" size="14" /></td>

<td><input name="Dozatrag3" type="text" id="Dozatrag3" value="1085"
size="5" /></td>

<td><input name="GreskaTrag3" type="text" id="GreskaTrag3" value="138"
size="5" /></td>

<td><input name="koncentracijatrag3" type="text" id="koncentracijatrag3"
value="502" size="5" /></td>

< / tr>

<tr>

<td><input name="SerijskiDetektor4" type="text" id="SerijskiDetektor4"
value="624934-6" /></td>

<td><input name="geografskasirina4" type="text" id="geografskasirina4"
value="43.578244" size="12" /></td>

<td><input name="geografskaduZzina4" type="text" id="geografskaduzina4"
value="21.335583" size="12" /></td>

<td><input name="Lokacija4" type="text" id="Lokacija4" value="Krusevac"
/></td>

<td><input name="startmerenja4" type="text" id="startmerenja4" value="2015-
04-15" size="14" /></td>

<td><input name="krajmerenja4" type="text" id="krajmerenja4" value="2015-
07-14" size="14" /></td>

<td><input name="Dozatragd" type="text" id="Dozatrag4" value="1120"
size="5" /></td>

<td><input name="GreskaTrag4" type="text" id="GreskaTrag4" value='"142"
size="5" /></td>

<td><input name="koncentracijatrag4" type="text" id="koncentracijatrag4"
value="518" size="5" /></td>

</tr>

<tr>

<td><input type="text" name="SerijskiDetektor5" id="SerijskiDetektor5"
/></td>

<td><input name="geografskasirina5" type="text" id="geografskasirina5"
size="12" /></td>

<td><input name="geografskaduzina5" type="text" id="geografskaduzina5"
size="12" /></td>

<td><input type="text" name="Lokacija5" id="Lokacija5" /></td>
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<td><input name="startmerenja5" type="text" id="startmerenja5" size="14"
/></td>

<td><input name="krajmerenja5" type="text" id="krajmerenja5" size="14"
/></td>

<td><input name="Dozatragb" type="text" id="Dozatragb" size="5" /></td>
<td><input name="GreskaTragb’" type="text" id="GreskaTragb’" size="5"
/></td>

<td><input name="koncentracijatragh" type="text" id="koncentracijatragb"
size="5" /></td>

</tr>

<tr>

<td><input type="text" name="SerijskiDetektor6" id="SerijskiDetektor6"
/></td>

<td><input name="geografskasirina6" type="text" id="geografskasirina6"
size="12" /></td>

<td><input name="geografskaduzina6" type="text" id="geografskaduzina6"
size="12" /></td>

<td><input type="text" name="Lokacija6" id="Lokacija6" /></td>

<td><input name="startmerenja6" type="text" id="startmerenja6" size="14"
/></td>

<td><input name="krajmerenja6" type="text" id="krajmerenja6" size="14"
/></td>

<td><input name="Dozatrag6" type="text" id="Dozatrag6" size="5" /></td>
<td><input name="GreskaTrag6" type="text" id="GreskaTrag6" size="5"
/></td>

<td><input name="koncentracijatrag6" type="text" id="koncentracijatrag6"
size="5" /></td>

</tr>

<tr>

<td><input type="text" name="SerijskiDetektor7" id="SerijskiDetektor7"
/></td>

<td><input name="geografskasirina7" type="text" id="geografskasirina7"
size="12" /></td>

<td><input name="geografskaduzina7" type="text" id="geografskaduzina7"
size="12" /></td>

<td><input type="text" name="Lokacija7" id="Lokacija7" /></td>

I —n

<td><input name='"startmerenja7" type="text" id="startmerenja7" size="14"
/></td>
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<td><input name="krajmerenja7" type="text" id="krajmerenja7" size="14"
/></td>

<td><input name="Dozatrag7" type="text" id="Dozatrag7" size="5" /></td>
<td><input name="GreskaTrag7" type="text" id="GreskaTrag7" size="5"
/></td>

<td><input name="koncentracijatrag7" type="text" id="koncentracijatrag?"
size="5" /></td>

</tr>

<tr>

<td colspan="3"><div align="left">

<input name="UnesiTrag" type="submit" class="izborni" id="UnesiTrag"
value="Unesi podatke" />

<input name="PregledMapeRadona" type="submit" class="izborniNar"
id="PregledMapeRadona" value="Pregled mape radona" />

</div></td>

<td colspan="6"><div align="left">Pregledaj po:

<label for="Pregled"></label>

<select name="Pregled" size="1" id="Pregled">

<option value="Najvisoj koncentraciji">Najvisoj koncentraciji</option>
<option value="NajniZoj koncentraciji">Najnizoj koncentraciji</option>
<option value="Mestu">Mestu</option>

</select>

<input name="StampajTabelu" type="submit" class="izborniZeleno"
id="StampajTabelu" value="Prikazi tabelu" />
</div></td>

</tr>

</table>

<p align="right">&nbsp;</p>

</div>

<div align="center"></div>

</form>

<p>&nbsp;</p>

</div>

</div>

</div>

<h1>&nbsp;</h1>

<!-- end .content --></div>
<div class="footer">
<p align="center">&nbsp;</p>
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<!-- end .footer --></div>

<!l-- end .container --></div>

<script type="text/javascript">

var Accordionl = new Spry.Widget.Accordion("Accordion1",
{useFixedPanelHeights: false, defaultPanel: 0});

var TabbedPanels1 = new Spry.Widget. TabbedPanels("TabbedPanels1");

var CollapsiblePanell = new Spry.Widget.CollapsiblePanel("CollapsiblePanel1",
{contentIsOpen:false});

var TabbedPanelsl = new Spry.Widget.TabbedPanels("TabbedPanels1",
{defaultTab:1});

var CollapsiblePanel2 = new Spry.Widget.CollapsiblePanel("CollapsiblePanel2",
{contentIsOpen:false});

var TabbedPanels3 = new Spry.Widget.TabbedPanels("TabbedPanels1");

var TabbedPanels4 = new Spry.Widget.TabbedPanels("TabbedPanels4");

</script>

</body>
</html>
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