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Kateropwuja HoBoO TexHUYKO peluere NPUMMeHEHO Ha HaLMOHaNIHOM HuBoy (M82)

K/byuHe peun | MOHUTOPMHT e/IeKTPOMArHeTCKUX NoJba; U3NOXKEHOCT HejoHu3yjyhem 3paderby

3a Kora je peluere paheHo (npaBHO AuLe Uam rpaHa npuepese):

TexHUUYKO pellerse je ypaheHo 3a noTpebe HauMoHanHe MHPOPMaLMOHE MPeXKe 38 KOHTUHYaNHU MOHMU-
TOPWHT enekTpomarHeTckmux nosba — CEMOHT (Serbian Electromagnetic Field Monitoring Network), Kojy
pa3Buja UCTPaXKMBaAUYKM TUM ca PaKynTeTa TEXHUYKUX HayKa, YHuBep3uTeTa y HoBom Caay.

FoauHa Kaaa je pelwerbe KOMNIETUPAHO:

TexHUYKO peluere je KomnaetTupaHo y anpuay 2016. roanHe.

FoauHa Kaaa je noyeno Aa ce npumerbyje U o4 Kora:

MHMuMjanHa npMmeHa OBOT TEXHMYKOT peLletsa je nodvesay jyHy 2015. roauHe, y oKkBUpY MHPOPMaLMOHE
mperke CEMOHT, Ha ®akynTeTy TEXHUYKUX HayKa, YHMBep3uTeta y Hosom Cagy.

061acT U HayuyHa AUCLMNAMHA HA KOjy Ce TEXHUUKO pellerbe OAHOCHU:

TexHUYKO peLletbe NpeacTaB/ba NPOrPamMcKo, O4HOCHO COPTBEPCKO peLleHe, OTBOPEHOT M3BOPHON KOAQ,
Koje noKpmBa 061acTu TeleKoMyHMKaumMja M MHGOPMaLMOHUX TEXHO/IOTW]ja, ca cneuMPpuUyHOM opujeHTa-
LMjom Ka oapehusarby M3N0XKEHOCTM NONyNaLmMje eNeKTPUYHOM NOJbY BUCOKUX PPEKBEHLMjA, HA OCHOBY
pe3yaTaTa WMPOKOMOjaCHUX MepeHa HMBOA EIEKTPUYHOT NOJba.

KaKo cy pe3ayntatu BepuduKoBaHu (oa cTpaHe Kor Tena):

TexHUUYKO pellerbe je BepupoKoBaHO y OKBMpPY JlabopaTopuje 3a eNeKTPOMarHeTcKy KomnaTubuaHoCT,
dakynTeTa TEXHUUYKMX HayKa, YHMBep3uTeta y Hosom Cagy.

1Y cknagy ca oppesnBama “MpasunHuKa o MOCMYynRKy, HAYUHY 8peAHO8AHA U KEAHMUMAMUBHOM UCKA3UBAHsY HAYYHOUCMPAMUBAYKUX
pesynmama ucmpaxcusaya”, 6p. 110-00-29/2016-04, Koju je MMHMCTApCTBO NPOCBETE HayKe M TeXHOIOLWKOr pa3Boja ycBojuio aaHa 01.
03. 2016. roguHe (“Cny6eHn rnacHuk PC” 6p. 24/2016).
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Mpo6nem Koju ce TEXHUYKMM peLleHem peLuaBa:

Y 061acTM meperba eNeKTPUUYHOT, MarHeTCKOr M e1eKTPOMArHeTCKOr NoJba, TPeHYTHO Cy 3acTyrn/beHa ABa
NPUCTYNa: TaKO3BaHO LWMPOKOMOjacHO N GPEKBEHLUMJCKU CENEKTUBHO MEPEHSE.

Kog WnpoKonojacHor meperba, MePHU MHCTPYMEHT MePU HMBO NOJ/ba Koje NoTMYE 04, CBUX aKTUBHMX U3BO-
pa y OKONMHKM MepHe fioKauuje, 1 To y ogrosapajyhem dpekseHumjckom oncery, AedUHUCAHUM MEPHOM
COHAOM CaMOT MHCTPYMEHTA. M31a3HM NogaTak Meperba jecTe jeaHa BpeAHOCT, Koja NpeacTaB/ba CBEYKYn-
HY M KYMynaTMBHY BPeAHOCT HMBOA NOJ/ba. JeAHa TaKBa M3MepeHa BpeaHOCT NPeacTaB/ba A4ONPUHOC CBUX
n3BOpa, U3 AaTor GPEKBEHLUM]CKOT OMNCcera, U YecTo Ce Karke Aa je pe3yaTaT OBaKBOr HauMHa Meperba Hesa-
BMCaH o4, dpeKBeHuMje.

OBa BpCTa Mepetrba HUje y CTakby Aa Pas/inKkyje ppeKkBeHLMje Ha Kojuma NPUCYTHU U3BOPU EMUTY]Y eNek-
TPOMArHeTCKO NoJbe, O4HOCHO, HUje y MoryhHOCTM Aa pa3fBoju foNpUHOCe NojeauHadYHux ussopa. Crora
Ce 0Ba BPCTa Mepetba Hajuelwhe KOPUCTU y CUTYaLMjama Kaja je noTpebaH NogaTak O CBEYKYNMHOM HUBOY
NnoJba, Y HEKOM TPEHYTKY UAN Y UHTEPBaNy BpemeHa.

3a pas3/vKy oA, LUMPOKOMNOjacHOT Meperba, PPEeKBEHLMJCKN CENEKTUBHM NPMCTYN mepery omoryhasa aHa-
/M3y HMBOA MNoJba No PppPeKBeHUMnjama, 0OAHOCHO oapehMBarbe NojeaMHaYHOr AOMNPUHOCA CBaKe GpeKBeH-
unje, y oarosapajyhem ¢pekseHumjckom oncery. Kao M3nasHM nogatak oBor TMna mepetba ce Aobuja HK3
MepeHMnX BpeaHOCTH, O KOjUX CBaKa nNpeAcTaB/ba HMBO MoJba 3a oarosapajyhy ppekseHumjy.

MpUAMKOM NpouEgHe U3N0XKEHOCTU NOMyAaLMje eNeKTPOMArHeTCKMM No/buMa, somaha akpeamToBaHa Te-
J1a U CTPYYHa jaBHOCT Cce 0CNarbajy Ha HauWoHaHe NpaBUIHMKeE, KOojuMa je peryamncaHa obaacTt ncnutmnea-
Hba eNEeKTPOMArHETCKMX NOJ/ba, NPBEHCTBEHO Ha “TpaBUAHUK 0 2pAHULUAMA U31a20Ha HEjoHU3Yjyhum 3pa-
yerbuma”, “Cnysk6eHu rnacHm PC”, 6p. 104/2009 (y aasbem TekcTy MpaBuaHUK).

Y oKBUPY OBOT NpPaBUIHMKa geduHUCaHE Cy ABe KaTeropuje: 6asnMyHa orpaHnyerba U3narakba CTaHOBHULT-
Ba U pedpepeHTHU rpaHNYHM HNBOU. BasnyHa orpaHuYerba n3narakba eNeKTPUYHUM, MAarHeTCKUM U enek-
TpomarHeTckum nosbmma (y oncery og 0 Hz o 300 GHz) jecy orpaHuyerba y U3narakby BPEMEHCKM MPOMEH-
JoMBUM M3BOPMMA eIeKTPOMArHeTCKMX Mosba, Koja Cy 3aCHOBaHa Ha yTBpheHMm 3apacTBeHnM edbeKTuma
1 BMONOLIKMM MOKa3aTe/bMma.

PedepeHTHM rpaHNYHM HUBOM NpeacTaB/bajy HUBOE M3Narakba Nonynaunje enekTpUuYHMM, MarHeTcKUm 1
€/1eKTPOMArHeTCKMM NosbnUMa, KOju CNy¥Ke 3a NPAKTUUYHY NPOLLEHY M30XKEHOCTHM, Kako b1 ce yTBpAWUAO Aa
v nocTtoju BepoBaTHoha Aa 6a3nyHa orpaHuyersa byay npekopayeHa. PepepeHTHU rpaHUYHM HUBOWU ce
WCKa3yjy y 3aBMCHOCTU o4 dpeKkBeHUMje, yobuyajeHo nomohy BENMYMHA: BEKTOPA jaunmHe eN1eKTPUYHOT no-
sba E [V/m], BekTopa jaunHe marHetckor nosba H [A/m] nnu BekTopa marHertcke nHaykumje B [T].

Y cnyyajy npoueHe N3N0MKEHOCTU eNeKTPUYHOM MOJby BUCOKUX GPEeKBeHUM]a, Kada cy TEPMUYUKU edeKTH
n3nararba AOMUHAHTHK, NPOBepa Aa /im cy 6asnyHa orpaHMyerba npexkopayeHa ce 06as/ba Ha OCHOBY Clie-

aeher Kputepunjyma:
2

1MHz 2 300GHz
> (EJ + Y & <1, (1)
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npu Yyemy je E; UHTEH3UTET BEKTOPA jaunmHe eNeKTPUYHOT Nosba Ha GpeKBeHUM|U i, E;; pedepeHTHU rpaHny-
HW HMBO BEKTOPA jauMHe eNeKTPUUYHOT Nosba Ha ppekBeHUnju i, aeduHucaH Tabenom | u camum MpasunHu-
KOM, [,OK 3a OMLTY NOMyAaLujy, KOHCTaHTa ¢ usHocu 87/fY2 [V/m], Takohe y cknaay ca llpasusHUKom.
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Tabena | — PedpepeHTHM rpaHUYHN HUBOM

T BeKkTop jauMHe enekTpuyHor | BeKTop jauMHe marHeTcKor BeKkTop marHeTcke Bpeme ynpoceyera
nosva E [V/m] nosba H [A/m] MHAYKuMja B [uT] t
<1Hz 5600 12800 16000
1-8 Hz 4000 12800/f2 16000/f2
8-25 Hz 4000 1600/f 2000/f
0,025-0,8 kHz 100/f 1,6/f 2/f
0,8-3 kHz 100/f 2 2,5
3-100 kHz 34,8 2 2,5
100-150 kHz 34,8 2 2,5 6
0,15-1 MHz 34,8 0,292/f 0,368/f 6
1-10 MHz 34,8/f1/2 0,292/f 0,368/f 6
10-400 MHz 11,2 0,0292 0,0368 6
400-2000 MHz 0,55 f1/2 0,00148 f1/2 0,00184 f1/2 6
2-10 GHz 24,4 0,064 0,08 6
10-300 GHz 24,4 0,064 0,08 68/f105

Moske ce younTu Aa je oBaj Kputepunjym 6asmpaH Ha ogpehunBarby U3/10KEHOCTU MO NojeANHUM GPEKBEH-
LUMjama, o4HOCHO Aa je npuaaroheH ¢ppeKBeHLUNjCKM CEIEKTUBHUM MEPEHMMA MoJba, NOLWITO Ce 3a CBaKy
dpekBeHUMjy NojegmMHadyHo ogpehyje MHTEH3UTET BEKTOPA jaunHe eNeKTPUYHOT No/ba M Nopean ca nponu-
CaHUM pedepeHTHUM rPaHUYHMUM HUBOOM 3a Ty GpPEKBEHLMU]Y.

Y cnyyajy Aa ce KOpUCTU LIMPOKOMNOjacHO Mepekrbe, Koje He MOXKe Aa pas/iMKyje GpeKBeHUMje, HUTU MOoKe
[a pasnukyje gonpuHoce nojeanHadHux GpekeeHuMja, 360r YnbeHnLe 4a ce U3 AobujeHe KymynaTueHe
BPEAHOCTM NO/ba HE MOXKe A06UTU MHPOPMaLMja O CNEKTPANHOM CagpiKajy, Taaa Huje moryhe M3BpLWINTK
NpoLeHy U3N0XKeHOCTH nonynaumje kopuctehu kputepujym (1). Pasnor 3a To je WTO ce He 3HA Kojy Bpea-
HOCT pedepeHTHOT rpaHNYHOT HMBOA Tpeba y3eTn y 063up. [lo4aTHO, HM HAUMOHANHW [TpaBUIHUK He Hyau
O/,rOBOP KAKO Aa ce NPOoLLeHa U3N0XKeHOCTM 06aBK Y C/ly4yajy LWMPOKOMNOjacCHOT MepeHsa.

OBMM TEXHUYKUM peLLerbem Npeanake ce ogrosapajyhm metoa npoueHe nsnoxKeHocTu, 6asmpaH Ha rpa-
HULAMa U3/TOXKEHOCTU, KOjU Ce& MOKE KOPUCTUTU Y CyYajy WNMPOKOMOjacHUX Meperba HUBOA eIeKTPUYHOT
NnoJ/ba BUCOKMX GpeKBeHUM]a.

Crarbe peweHocTu Tor npobnema y ceerty:

Umajyhu y Buay noTeHUMjanHy WTETHOCT U3Naraka eNeKTPUYHUM, MarHETCKUM U eNeKTPOMArHeTCKMM Mo-
JoMa, mehyHapoHa He3aBuCcHa opraHmnsaumja International Commission on Non-lonizing Radiation Pro-
tection (ICNIRP) ycBojuna je HA3 npenopyKa 1 ynyTcTaBa Koja ce 04HOCe Ha 34paB/be onwTe nonynauumje,
W Ha 3alWTUTY KMBOTHE CpeanHe, ycnes noTeHLMjaHO WTETHOr U3narama HejoHn3yjyhum 3pavermnma.

Mpenopyke Koje je ICNIRP ycBojuo, npeacTaB/beHe cy Kpo3 AoKymeHT “Guidelines for limiting exposure to
time-varying electric, magnetic, and electromagnetic fields (up to 300 GHz):1998”, (y aasbem Tekcty ICNIRP
OOKYMEHT), Koju je, y Hajsehem Bpojy 3emasba, NOCTa0 OCHOBA 3aKOHCKe perynatuse Kojom ce ypehyje
061aCT UCNUTUBAHA €/IEKTPOMArHETCKMX NOJba.

Y oKBMpPY OBOI AOKYMEHTa ce Takohe pasnuKyjy ABe KaTeropuje: 6asmMyHa orpaHuYerba U3nararba CTaHoB-
HULWTBA M pedepeHTHU rpaHUyYHK HMBOU. Mopen Tora, ICNIRP doKymeHm 6a3npa NpoLEeHy U3/I0KEHOCTH
Ha GPEeKBEHLMJCKN CENEKTUBHOM Mepery HMBOA NOJba, KopUcTehu KpuTepujym aat jeaHauymHom (1), Kako
6u ce npoBepwusao Aa Au je AOWNO A0 NpeKkopavera 6asnyHUX orpaHuyersa. Haxanoct, 0Baj JOKYMEHT
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TaKOf)e He HyOun O4AroBop Ha NnUTake: Kako Aa Ce U3BpLwun npoueHa n3noxXeHoCTn, Kaga ce KOpuctm Wwnpo-
KOMOjaCHO meperse HUBOA e/lIeKTPOMarHeTCKor nosba.

Hawa gprkaBa je npuxeatuna npenopyke gate y ICNIRP 0okymeHmy v yrpagmnia ux y HauMoHaAHy 3aKOH-
CKYy perynaTuBy, ajin je Npu TOM YCBOjM/1a cOncTBeHe pedepeHTHEe rpaHMYHe HUBOE, KOjU Cy CTPOXKUjU, U TO
ABa 1 no nyTa, o4 pedbepeHTHUX FPaHUYHNX HUBOA AeduHUcaHnx y okeupy ICNIRP dokymeHma.

Mopepn yceajatba ICNIRP npenopykKa, Hajsehu aeo eBponcKkux ApKasa je 061acT UCNUTMBaKbA eNIeKTpoMar-
HETCKMX M0Jba YPeamo Kpo3 HU3 APYrnx SOKYMEHATA, Y OKBUPY cepuje cTaHgapaa European Standard (EN).
HajsaHuju ctaHaapa 13 ose cepuje je “Basic standard on measurement and calculation procedures for
human exposure to electric, magnetic and electromagnetic fields (0 Hz - 300 GHz)” — EN 50413:2008, ca
CBOjUM M3MeHama gednHucaHMm gokymeHtom EN 50413:2008+A1:2013.

Y okBupy EN 50413 ctaHaapaa, Tadyka 5.2.4, Koja ce 04HOCK Ha NPOLLEHY U3/10XKEHOCTUN J,06MjeHY Ha OCHOBY
Mepetba, Takohe ce No3mBa Ha GpPeKBEHUM|CKM 3aBUCHE pedepeHTHE rpaHUYHe HuBoe. [loaaTHO, 0Ba Tau-
Ka npegnaxe ynotpeby ¢untepcknx 6aHaka nam 6pse Pypujeose TpaHchopmaumje (Fast Fourier Trans-
form —FFT), 3a ogpehunBatrbe CNeKTpanHOr caaprkaja MU3MepeHOor CMrHana, Kako bu ce ,obujeHe BpegHOCTH
Mor/ie ynopeamTu ca GpeKBeHUMjCKM 3aBUCHUM pedepeHTHUM FpaHMYHUM HMBOMMA. Ha oBaj HauMH ce u
cam 6a3Hu ctaHaapa EN 50413, nocpegHo, ocnarba Ha ICNIRP dokymeHmM n GpeKBEHUMJCKM CeNEKTUBHO
Mepetrbe, 04HOCHO Ha KpUTepmjym nposepe aAeduHuUcaH jegHaunmHom (1).

Haxanoct, y MHOrMM cuTyaLmjama, 0BM Npeasio3n cy BEOMA HemnpaKTMYHKU 1 36or Tora ce He Kopucte. Ca
Apyre cTpaHe, npoussohaym MepHUX MHCTpyYMeHaTa HacTaB/bajy ca pa3Bojem M NPoaajom KOMepLmjasHo
OOCTYMHUX MHCTPYMEHATa Koju Aajy camo jeHY U3n1a3Hy MepeHy BPeAHOCT, Kao KYMyNaTUBHU JONPUHOC
CBWX M3BOPA NOJba Y oaroBapajyhem ¢pekseHumnjckom oncery. MNpu Tome je KOPUCHULMMA OCTAB/bEHO A3
camu cnposesy oaroapajyhu noctynak npoueHe U3N0XKeHOCTH.

JegHa o moryhux ngeja 3a NpoueHy M3N10XKEHOCTU KOZ, LULMPOKONOjaCHOT Mepetba je NpeaoKeHa y CTaH-
napay “Basic standard for the in-situ measurement of electromagnetic field strength related to human
exposure in the vicinity of base stations” — EN 50492:2008 n ooKymeHTy ca oarosapajyhum nsmeHama EN
50492:2008+A1:2014.

OBaj cTaHAapA ce 04HOCU Ha Meperba HMBOA e/1EKTPUYHON NO/ba BUCOKMX GPEKBEHLMja Y OKONMHU KOH-
KpeTHOr n3Bopa Nosba, 0A4HOCHO Ha3HUX cTaHMLLA MobuHe TenedoHuje. Y cBom oaesbKy Annex K —“Exam-
ples of implementation of this standard in the context of Council Recommendation 1999/519/EC”, Koju je
MHbOPMATUBHOI KapaKTepa, ctaHgapg EN 50492:2008 Kaxke ga 6 nsmepeHe BpegHOCTU UHTEH3UTETA
BEKTOPA jauMHe eNeKTPUYHOr nosba Tpebano nopeanT ca MUHUMANHUM pedepeHTHUM rpaHUYHUM HUBO-
OM u3 GpeKBEHLMCKOT orncera mepHe coHae KopuwheHor MHCTPYMEHTA.

OBaj cTaHgapa je cneumduyaH, c 063Mpom aa je OpUjeHTUCAH Ka Meperby Y OKOZIMHMU KOHKPETHOT N3BOpa
nosba, U TO Nog, NPeTnocTaBKOM Hajroper moryher cay4aja, o4HOCHO Hajsehe moryhe cHare 3payera gaTor
nssopa. OBe NpeTnocTaBKe He NPeACTaB/bajy reHepanusaunjy moryhnux mepera v ctora, H4 0Baj CTaHAAPA
He geduHMLIE jJaCHO M HEABOCMUCIEHO HAYMH NPOLLEHE MU3/IOKEHOCTH, Y C/IyYajy LMPOKOMNOjacHUX Mepe-
Hba.

ICNIRP dokymeHm v nomeHyTU cTaHgapau, EN 50413 n EN 50492, npeacTassbajy onwTe npuxsaheHe AoKy-
MeHTe Kojuma ce ypehyje obnact ucnutMBarba e/1eKTPOMArHETCKMX MoJba, MOrOTOBO Ha €BPOMNCKOM TAY.
Hakanoct, y 0BUM OCHOBHUM AOKYMEHTUMA, HWje NpeLmn3HO U HeABOCMUCNEHO HaBeAeHO Ha KOjuU HaunH
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Tpeba U3BPLUNTM NPOLLEHY M3NOKEHOCTM CTAHOBHULITBA, KopUWwherem MepHUX MHCTPYMEHTATA ca mep-
HUM COHAAMA 3a LUMPOKOMNOjaCHa Meperba, LWTO oTBapa MoryhHoCT npeaiarakba HEKMX HOBUX M afeKBaT-
HUjUX peLlema.

Mopea noMeHyTMX 1 onwTe npuxsaheHWx AOKyMeHaTa U CTaHAapAa, NoCToje U nojeaMHavyHa AOKYMeHTa
M aKTa M3 HalMOHaIHe 3aKOHCKe perynaTuBe nojeaMHuX ApKasa, ca BepoBaTHOhOM Aa je y HeKOM 0f, HbuX
npeasioxeHa moryha metoga npoLueHe 1310KEeHOCTM Ha OCHOBY LUMPOKOMOjacHUX Mepersa. Mehytum, ay-
TOpPMMa OBOT TEXHWYKOT pellerba HUje No3HaTa HY jeAHa TakBa MeTO4a, HATY je y Al0CTYMNHOj Hay4YHOoj AnTe-
paTypu oHa npuxBaheHa Kao adeKBaTHa.

Y HauMoHaNHOj 3aKOHCKOj perynatuen Penybnvke Cpbuje, y 061acT NCIUTUBAHbA €1EKTPOMArHETCKUX
nosba, Koja je gednHucaHa saxxehum npasunHmumma us 2009. rogmHe, Kao 1 ogrosapajyhum HauMoHan-
HUM CTaHAapAMMa U3 oBe 06/1aCTH, He NOCTOjU HU jeiHa METOAA NPOLLEHE U3NI0XKEHOCTHM 3a CNYYaj LIMPO-
KOMOjaCHMUX MepeHba.

Onuc TEXHUYKOT peLlerba ca KapaKTepucTuKama, ykbyuyjyhu npatehe unycrpauymje u TexHuuKe yprexe:

MpeanoxeHo TEXHUYKO pellerbe NPoLUEeHe U3T0XKEHOCTU eIeKTPUYHUM No/bUMa BUCOKUX GpeKBEHUM]a je
6a3mpaHo Ha ogpehuBarby rpaHMLA U3OKEHOCTU, OAHOCHO OMNCEra y KOM Ce PeasiHa U3/I0KEHOCT e/iekK-
TPUYHOM NOJbY MOXKe Hahu.

Umajyhn y Buay Aa WnpokonojacHa mepera HUCYy y moryhHoOCTU Aa npyKe nHbopmaumjy o ppekBeHLmj-
CKOM cafp»ajy nosba, NPUCYTHOT Ha MCNUTHOj I0KaUKju, naeja je aa ce Ha ocHoBy GPEKBEHLMCKOr oncera
MepHe coHAe, KopuwheHOr MEPHOT MHCTPYMEHTA, M NPONUCAHNX pedepeHTHUX FPAaHUYHUX HUBOA oapene
rpaHuLLe CTBAapPHE U3/1I0XKEHOCTU MOJbY.

OBMM TEXHMUYKUM peLlerbem ce npegnae ogpehusarbe MUHUMANHUX U MAKCUMaTHUX NponucaHnx pede-
PEHTHUX FPAHUUYHUX HUBOA, Erefmin W Eref max, Y GPEKBEHUM]CKOM ONCery MepHe COHAE, OA fmin 8O fmax, KO
LUTO je NPMKasaHo Ha canum 1.

+Erefmax +Erefmin

(DpE‘KBeH LI,VIjCI-(VI oncer mepHe coHae
*fmin fmax*

Cnuka 1. dpeKBeHUMjCKM ONcer mepHe coHAe U pepepeHTHU rPaHUYHMU HUBOM.

PedepeHTHU rpaHUYHN HUBOW, Eref min W Eref max, HE MOpPAjy BUTK, U y ONWITEM CAyYajy Cce He jaB/bajy, Ha
rpaHuuama ¢peKkBeHLMjCKOT oncera MepHe coHAe, 04HOCHO Ha dpeKBeHUNjama fmin U fmax. OBE ABE Bpea-
HOCTW Cce MOTYy NOojaBUTN Ha HEKMM APYTMM PpeKBeHLMjamMa U3 ONcera o4 fmin A0 fmax-

Ha ocHoBy pedepeHTHUX rPaHUYHUX HUBOA Erefmin N Eref max, NPEANOKEHOM METOA0M ce oapehyjy Aorba U

ropkba rpaHuua ceeykynHe usnoxkeHoctu (Global Exposure Ration — GER), Kao:
2 2

GER, =|-Em | 4 GER.  =|_Em | 2)

donje gornje
ref max ref min

roe je Em n3mepeHe BpeAHOCT YKYNHOM BEKTOPA jauyMHe eNleKTPUYHOr Nosba, A06uMjeHa LWMPOKONojacCHUM
MepereM, Koja y cebun cagpm gonpuHoce ceBux GppeKkBeHLMja M aKTUBHUX M3BOPA ENIEKTPUYHON NOJ/ba, Y
OKOZIMHW MEpPHe JI0Kaluuje, a Koje je mepHa coHAaa y moryhHOCTK aa geTekTyje.
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Y cnyyajy Aa eneKkTpUYHO MoJbe Koje ce UCMUTYje Cafp*KN KOMMOHEHTE Ha pPasnnuyntum ¢peKBeHumnjama,
MaTeMaTUYKUM NyTem, KOMBMHOBaHEM jeaHaumnHa (1) 1 (2), moxke ce NaKo NokasaTu A4a ce peanHa usso-

XEeHOCT OBaKBOM MNOJby, MOpPa HaNa3nNTU y oncery:
2 2 2

fmax
GER. . —|_Em SZEsGER:i. (3)

donje E gornje E

ref max i=fn Li ref min
Yy n3pasy (3) je NnpPeTnocTaB/beHO Aa ped)epEHTHVI rPaHNYHN HUBOU Erefmin n Erefmax BaXXe 3a CBe d)peKBeHLl,M—
je, OOHOCHO 3a YNTaB d)pEKBEHU'MjCKVl oncer mepHe coHae KOjOM ce obaBsba LUleOKOﬂOjaCHO MepEFbEJB“lM'

He MoJba, NOLWTO He NOCTOjU AeTasbaH yBUA Y GPEKBEHLMJCKMN CagpiKaj NPUCYTHOT eleKTPUYHOT NoJba.

[oKas: Ha 0CcHOBY NPeTNOCTaBKe Aa Erefmin U Eref max HABOW BaKe 3a cBe PppekBeHuMje, Aobuja ce:

2 2 2
f f foax 2 2
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WTO HaM yKazyje A3 GERdonje U GERgormje NPEACTAB/bAjY FPAHULE, Y OKBUPY KOjUX CE MOXKE Ha/la3uTu CTBapHa
N310XKEHOCT eJIEKTPUYHOM MOJbYy BUCOKUX dpeKkBeHUMja, Y GPEKBEHLMJCKOM OMCery mepHe CoHAe Koja ce
KOpWCTK 3a ogroeapajyhe WMpOKoNojacHO Meperse.

Ha oBaj HauuH, Npeg/ioKeHa MeToAa nopes rpaHuLa U3/10XKeHOCTU NpPYKa M 4043aTHY MHGOPMALMjy O LWK-
PWHM OMNcera y KOM ce peasiHa U3/10KEHOCT MOXe Hahu, Kao LWTO je NpMKa3aHo Ha camum 2.

gornje
< GERrealno
GERdOI’IjE’
Cnuka 2. FpaHuLe M3/1I0KEHOCTU €NEeKTPUYHOM MOJby BUCOKMX GpeKBEHLM]a.

Mopea KOHBEHUMOHANHUX MepPeHa MHTEH3UTETA BEKTOPA jauMHe eNeKTPMYHOT Nosba, Koja ce obassbajy
TPEHYTHO, OAHOCHO Y KPaTKOM BPEMEHCKOM MHTEPBany, NPeasorKeHa MeToAa NPoLEeHe U3/0KEHOCTH je
NPMMEH/bMBA U 33 MOAEPHM NPUCTYN KOHTUHYAIHOT LUMPOKOMNOjacHOT Mepekba e/IeKTPUYHOT NoJba, Y AY-
YKEM BpeMEHCKOM nepuoay.

OBaj NpWCTYN je NO3HaT M Kao WWPOKOMNOjaCHU MOHUTOPUHT eNeKTPUYHOT NoJba, Y OKBMPY KO 61 nmnie-
MeHTaLuMja npeanoxkeHe metoae omoryhuna ogpehnBarbe KOHTUHYANHUX, OAHOCHO AHEBHMX rPaHMLa CT-
BapHe U3/T0KEHOCTU eIeKTPUYHOM MOJbY, Kao LUTO je NPUKa3aHo Ha canum 3.

AGER
] GER gornje

| GER donje

Cnuka 3. [JHeBHe rpaHuLLe N310XKEHOCTN.
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KOHTMHYa/IHU LUIMPOKOMNOjaCHM MOHUTOPUHT NPUKa3lyje AHEBHE NPOMEHE NOJba, KA0 U MPOMEHE Y HEKOM
OPYrom BpeMEHCKOM UHTepBay (Heae/bHOM, MECEYHOM), Ha OCHOBY Kojux je moryhe ogpeautu n GayKTy-
aumjy rpaHuLa U3N0XKEHOCTH, 3@ AaTK Nepuos BpemeHa. OBa gosaTHa MHbopmauuja o dayKTyaumju rpa-
HUMLA M3/IOKEHOCTU MOXKe BUTM BeOMa KOpPUCHA, NOrOTOBO Y CUTyalMjama y Kojuma je 3a ogpeheHy noka-
LMjy HeonxoAaH UCTOPMjaT NPOMEHE HUBOA MOJba, KA0 M OMNCEMXKHA AaHANM3A U3/I0KEHOCTU ENEKTPUYHOM
Nnosby BUCOKMX GpeKBEHUM]a.

AHanusupajyhu penaTusHy pasinKy nsmehy rpaHuua M3noxKeHocTH, aedprUHUCaHY Kao:

GER,,,, - GER
oM%l=—¢Er

2
. E et mi
donje‘IOO%Z 1_(&} -100%, (5)

gornje ref max

n Bogehu padyHa 0 HaUMOHANHUM NPONUCAHUM pPedEePEeHTHUM FPaHUYHMM HMBOMMA, 3@ OMCEr BUCOKMX
dpeKBeHUMja, y cKnaay ca [TpasuaHUKoOM, NpuKasaHum y Tabenu |l

Tabena Il — PepepeHTHU rpaHUUYHU HUBOW NPONMUCAHU HAUMOHANHUM [1pa8UAHUKOM

100 kHz-1 MHz 1-10 [MHz] 10-400 [MHz] | 400-2000 [MHz] | 2-300 [GHZ]

34.8 34.8 f1/? 11.2 0.55 f4/2 24.4

8obuja ce pa ce penatrBHa pasanka uamehy rpaHMLA U3N0KEHOCTU NPEA/IOKEHE METOLE MeHa, KaKo No
$pPEKBEHLMjCKMM ONCE3UMA, TAKO U Ca NPOMEHOM OAHOCA HUBOA Eref min/ Eref max, KAO LUTO je NPWKa3aHO Ha

canum 4.
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Cnuka 4. PenatmBHa pas/sinKka rpaHmLLa M3N0XEHOCTU.
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YouaBa ce fa ca noseharem LWMpUHE GPEKBEHLM]CKOT ONCera MepHe CoOHAE, Y Kom ce 06aB/ba LLMPOKONO-
jacHo mepetrse, peflaTMBHA pas/ivKa rpaHMLLa M310KEHOCTU UMa 3HaYvajHuUjy BpeaHoCT. Ha npumep, y dpek-
BeHUMjcKom oncery mepetrba o 100 kHz go 3 GHz, kao ny oncery og 100 kHz ao 6 GHz, penatMBHa pasiuka
namehy rpaHmua nsnoxeHoctm nsHocm 90% o BpegHOCTU rophse rpaHuue, GERgormje, LUTO PE3YATYje 3HAT-
HO LUMPUM OMCEroM y KOM Ce peasiHa U30KEHOCT MmoxKe Hahu. HarkanocT, npolwmperse oncera y Kom ce
N3/10’KEHOCT MOKe Hahu, yTnye NocpesHO U HA MPELM3HOCT NPeaioKeHe MeTOe 33 MPOLLEHY U3/10XKeHOC-
™.

MehyTum, oBaKae pesynTaT HUje HeouyeKuBaH. MNpowmnperbem GPEKBEHLMJCKOT ONcera y KOmM Ce Mepeksa
BPLUE, MOE Ce OYEKMBATU CBE CIOKEHMjU GPEKBEHLUM|CKM CaZpiKaj N0/ba, O KOjeM LMPOKOMNOojacHa mepe-
Hba HEMAjy HMKaKBUX MHopMaumja. [JoaaTHo, NpowmpeHoM GPEKBEHLM]CKOM OMCery oAroBapa M cKyn
oarosapajyhunx pepepeHTHUX rpaHUYHUX HMBOA, O KOjUX Ce NO NpeasioXKeHoj metToam bupajy camo ase
BPEeAHOCTU, OOHOCHO Eref min W Eref max, 33 KOjE CE CMATpa 4a O4rosapajy cBUM bpeKkBeHLUMja, WTO HUje y
noTnyHocTu ucnpasHo. OBaj npobaem cBe BULIE [,0/1a3M 0 U3PaKaja, KaKo ce ppeKBEeHLMjCKM oncer me-
perba NpoLmpyje, WTO 3HAYajHO YMmatkbyje NPeunsHOCT NpeasioKeHe MeToAe 33 NPOLEHY U3N0KEHOCTH,
Ha OCHOBY rpaHUL,A U30XKEHOCTU.

MehyTum, y cutyaumjama Kaga je GpeKBeHUMjCKM ONcer MepHe CoOHAE CYXKeH, Kao LWTOo je npumep oncera
oA 1 ao 10 MHz, oaHocHo og 400 MHz do 2 GHz, moske ce youuTu Aa penatuBHa pas/iMKka rpaHuua usno-
YKEHOCTM oMnaja, ca NPOMEHOM OAHOCA Eref min/Eref max- I1OCAEAMUA OBOrA je Aa Ce rpaHuLLEe U30KEHOCTH
cBe Buwe mehycobHo NpnbanKaBajy, YMe CyKaBajy ONCer y Kom ce peasiHa U3N0XKEeHOCT MoKe Hahu, 1
nocpeaHo nosehaajy NpPeunsHoOCT NpeasoKeHe MeToge.

KaKo je peann3oBaHo u rge ce npumerbyje, 0A4HOCHO Koje cy moryhHoCTU npumeHe (TexHuuYKe moryhHocTu):

MpepnoxKeHo TEXHUYKO peLlere, TAYHMje METOAA NPOLLEHE U310KeHOCTU Ba3mpaHa Ha rpaHnLama U3no-
YKEHOCTH, NPeacTaB/ba NPOrPamMCKO, OAHOCHO COPTBEPCKO pellere, Koje je peasM3oBaHo Ha NpuHUuuny
OTBOPEHOT M3BOPHOT KOAA, Y CKAaay ca Mpunorom 2 — TeXHUYKO pellerse, ”[IpasuaHUKaG o nocmynky, Ha-
YUHY 8pe0HO8AHA U KBAHMUMAMUBHOM UCKA3UBAHY HAYYHOUCMPAHUBAYKUX PE3yaAmama ucmpaxusa-
yg”, 6p. 110-00-29/2016-04, Koju je MUHUCTaPCTBO NPOCBETE HAayKe 1 TeXHO/IOLWKOT pa3Boja ycBojuao Aa-
Ha 01. 03. 2016. roauHe (“Cny»6eHn rnacHuK PC” 6p. 24/2016).

MpepnoxeHa meToaa NPeACTaB/ba A0AATAK WMPOKONOjaCHUM MeperbMa, U KOPUCTYM ce Y 3aBPLIHOj $asu
0bpage camux pesynTaTta mepetrba, Kaja je HeoNXoAHO U3BPLLUMTM NPOLLEHY U3/10KEHOCTU. MeToaa He 3ax-
TeBa HMKaKBe nocebHe pecypce, U 0CNarba ce Ha yobuyajeHe apMTMeETUYKe onepaumje, LOCTYMNHE y NpakK-
TUYHO CBMM NMPOrPaMCKMM anaTuma 3a obpagy nogaTaka.

MpeanoxeHa meToaa noceayje N3y3eTHO Masly apUTMETUYKY KOMMIEKCHOCT, NMOLITO Ce KOPUCTe Camo ABe
apUTMETMYKe onepauuje No jeaHoj rpaHnLM U3T0XKEHOCTU, OAHOCHO, YKYMHO YeTUPU apUTMETUYKE onepa-
umje 3a obe rpaHuLe U3noxKeHocT. OBa UMHbEHMLA Pe3yATyje jeAHOCTaBHOWhY Yy NPUMEHN NpesosKeHe
MeToZAe, Koja Moxe 6uTu KopuwheHa 1 y TOKY, a/iv U HaKOH 3aBPLUETKA, LUIMPOKOMNOjaCHUX MepPeHba UHTEH-
3UTETa BEKTOPA jaunHe eNIeKTPUYHOT Nosba.

MpenoxeHa meToAa je afieKBaTHa 3a NPUMeHY npu Kopuwhery MepHUX MHCTPYMeEHaTa Koju obaBsbajy
KOHBEHLMOHAMHA LWMPOKONOojacHa Mepera y oapeheHOM TPeHYTKY BpeMeHa, anu U Kog, HajHOBMjUX CUCTe-
Ma 3a LWMPOKOMOjaCHNU MOHUTOPUHI HUBOA EIEKTPUYHOT NOJ/bA, KOA, KOjUX CE Mepera BPLLE Yy AyXKeMm Bpe-
MEHCKOM nepuoay.
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Y cuTyaumju Kaga ce MeToaa KOPUCTU Y CUCTEMMMA 33 KOHTUHYAJTHU MOHUTOPUHT, moryhe je ,obuTn aHeB-
He NpoOMeHe rPaHuLLA U3N0XKEHOCTH, WTO omoryhasa yBua y uctopujat GbayKTyaLmja U3N0KEHOCTHU efek-
TPMYHOM NOJbY 3a oarosapajyhy mepHy sokaumjy.

Umajyhu y Buay aa je npegnoxkeHy metoay moryhe Kopuctntn y ¢asm obpage pesyntata mepera, Kaga
ce nojaum nssnadye, OLHOCHO EKCMOPTYjy U3 CaMor MepHOr MHCTPYMEHTA, HEOMXOAHO je HarnacuTu aa
NpYMeHa NpeanoXeHe MeToae He 3aBMCU O, KOHKPETHOT MEPHOT MHCTPYMETHA U MOXKe Ce KOPUCTUTU ca
CBMM KOMepUMjasHO AOCTYMHUM MEPHUM UHCTPYMEHTUMA.

MapanenHo ca ynotpebom Kog, MepHUX MHCTPYMEHaTa, NpeasioXKeHa MeToha NPOoLLEHE U3/I0KEHOCTU ce
MOe KOPUCTUTU Ny CUCTEMMMA 32 06paay M BU3yanm3aLmjy pesyntaTa Mepetba, rae ce nomohy rpaduko-
Ha 1 Tabena moke epuKacHUje NPMKas3aTU TPEHYTHA U3OKEHOCT, 3N U U3I0KEHOCT KOja je Y NPeTXog4HOM
BPeMeHCKOM nepuoay nocTojana Ha ogrosapajyhoj mepHoj noKauuju.

[opatHo, umajyhu y Buay v passujeHe TEXHWKE 3a CTAaTUCTUYKY 0bpady nogataka, moryhe je oBy metogy
KOPUCTUTU U Y CBPXY NPpeanKkunje, Kako 61 ce npessuaena noTeHumMjaaHa U3N0KEHOCT eIeKTPUYHOM NoJby
y HeKom byayhem BpemeHCKoM nepuoay.

Y 0BOM MOMEHTY, NpeasioXeHa MeToAa NPoLEeHEe N3TOXKEHOCTU ce KopucTu y okenpy CEMOHT cuctema,
KOjM je KOHCTPyMCaH 1 AM3ajHMpaH Aa 06aB/ba KOHTUHYA/IHM LWMPOKOMOjaCHY MOHUTOPUHT, U KOZ, KOr ce
HameHCKM MHTepHEeT nopTan KOpPUCTU Kako bu ce nyTem rpadMKoOHa NpUKasana U3oKeHOCT Ha oAroBapa-
jyhoj nokauumiju, rae je obaB/beH UK je joll YBEK Y TOKY MOHUTOPUHT HUBOA €/IEKTPOMArHeTCKOor noJba.

Mopea CEMOHT cuctema, npeanoxeHy metoay je moryhe KOpUCcTUTU U Y CBUM aKpeANTOBAHMM OpraHu3a-
LMjama 3a UICNUTUBAHE e/IEKTPOMArHeTCKMX Nosba, a/iv Uy OHUM labopaTtopujama Koje obassbajy ogrosa-
pajyha mepetba y Hay4He cBpxe.

KoHayHo, NnpeanorKeHa MeToaa NpoLeHe U30KEHOCTN Ha OCHOBY FPaHMLLA U3/10XKEHOCTM CE JIaKO MOMKeE
NPMMEHUTM KaKo 3a NPOLEHY U3/10XKEHOCTM OMNLWTE Nonyaaumje, Tako 1 npopecmoHanHor ocobsba, Kopuc-
Tehu ogrosapajyhe nponucaHe pedepeHTHe rpaHMYHE HUBOE 3a OBe JBe KaTeropuje CTaHOBHULLTBA.

[opaTtHo, MeToda ce MOXKe NPUMEHUTU U Ha mehyHapoaHom HUBOY, Kopuctehun pedepeHTHe rpaHuYHe
HWBOE nponucaHe y okBupy ICNIRP 0okymeHma, Kao 1y CBUM HaLuMOHAIHUM 3aKOHOA4aBCTBMMA, KOpUCTe-
hu rbuxose, afgekBaTHoO NpunaroheHe, pedepeTHe rpaHNYHE HUBOE.

Mmajyhu y BUAy fa je meToaa HacTana Ha OCHOBY HayYyHMX PafoBa, 06jaB/beHUX Y EMUHEHTHUM HayYHUM,
MehyHapoAHMM YaconucMma, HeH OTBOPEHU KOZ je A0CTYNaH CBUM 3aUHTEPEeCOBaHUM KOPUCHULMMA.

Mpunosu:
MpeanoskeHa meToda NPoLUEHe N3/10XKEHOCTU je Aesiom 0bjaB/beHa U y Hay4HOM paay:
1. N. buri¢, D. Kljajié, K. Kasas-Lazeti¢ and V. Bajovi¢,“The SEMONT continuous monitoring of daily EMF
exposure in an open area environment “, Environmental Monitoring and Assessment, Springer; April

2015, pp. 187-191, ISSN 0167-6369, ISBN 0167-6369, DOl 10.1007/s10661-015-4395-8 (kaTeropuja
M22, IF: 1.679, no3unuuja 107/216, n3 2014. roguHe),
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rae cy Aetasbyu Be3aHu 3a camy meToay objawkbeHu y nornassby “The SEMONT procedure for the exposure
assessment”, Ha CTpaHM YeTMPU OBOT Hay4YHOT paja.

[opaTHo, NnpeanoXKeHa MeToaa je AeTa/bHO aHaAM3MpaHa U Yy HAayYHOM pagy Npe3eHTOBaHOM Ha KoHde-
peHuujun:

2. N.Dburi¢and D. Kljaji¢, “Assessment of Daily Exposure in the Broadband Continuous Monitoring System
—SEMONT”, 11th IEEE AFRICON 2013 Conference, Mauritius, 9-12 September 2013, pp. 903-907. ISBN:
978-1-4673-5943-5/13, ISSN 2153-0025.

HaBeaeHM pagoBu NpeacTaB/bajy NpUore oBor TEXHUYKOr peLlersa.
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NabopaTtopuja 3a eN1eKTPOMarHeTcKy KomnatubuaHocr
[lenapTmaH 3a eHepreTuky, efIeKTPOHUKY U TeleKOMYHUKaLuje
DaKynTeT TEXHUYKUX HayKa

YHusepsuret y Hosom Caay

Tpr Ai. O6paposuha 6

21000 Hosu Cap,

Y cknagy ca ogpepnbama “lpasusHuKa 0 nocmynky, Ha4YuHy 8pedH08AaHA U KBAHMUMAMUBHOM UCKQ-
3UBaHbY HAYYHOUCMPAXCUBAYKUX pe3ysamama ucmpaxcusaya”, 6p. 110-00-29/2016-04, koju je MUHUCTApCTBO
NpocBeTe HayKe U TEXHONOWKOT pa3Boja ycsojuno 01. 03. 2016. roguxe (“Cnyxbenu rnacHuk PC” 6p. 24/2016),
Nabopatopuja uspaje oy

noTerPAY

o BepuduKaumju Metoae nNpoueHe U3N0KEHOCTU ENEKTPUYHUM NO/bUMa BUCOKUX dpeKkBeHuuja basupaHe Ha
rPaHULLAMa U3/I0KEHOCTU

Ha ocHoBy HM3a 06aB/beHUX Kamanakba MOHUTOPUHIA eNIeKTPUYHOT Mo/ba BUCOKUX PpekBeHUMja, 3a
notpebe MHGOpMmaLMOHE MpeXxe 33 UCNUTUBAHE eNIeKTPOMArHeTckux nosba — CEMOHT (Serbian Electromagne-
tic Field Monitoring Network), Kao u cnpoBeAeHUX NOCTynaka nposepe u Baaugauuje “Memode npoyeHe u3sno-
HEHOCMU eneKmpu4YHUM MOosbUMA BUCOKUX hpekeeHyuja 6asupaHe Ha 2paHUyama ussnoxceHocmu”, OBUM
[OKymeHTOM noTtephyjemo A3 je metoda BepudukoBaHa y OKeBupy JlabopaTopuje 3a e/1eKTPOMAarHeTcKy
komnatnbunHoct TH Hosu Caa 1 y3 kopuwhere mepHe onpeme Koja npunaga Slabopartopuiju.

Y Hosom Capy, aaHa 28.04.2016. roguHe

Pykosogunauy Jlabopatopuje

J U/[ ;44(//_7@/@ J of

npo¢. ap Heaa Nekapuh-Hah
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ITPEJIMET: Hmenosare peuenzenama u npuxeamarve peyensuje za Texnuuko
peuierve

HacrasHo-Hayuno Behe [lemapTrmana 3a eHepreTvKy, €leKTPOHHMKY M TeJeKOMyHHKaluje Ha 25.
cemrrum on 19.04.2016., na unuumjatuBy KaTenpe 3a TEOpHjCKy €NEKTPOTEXHHKY jeHOTIACHO j€ JOHENO
OZUTYKY O HIMEHOBalby PELICH3eHaTa U NPUXBaTaby pPeLeH3Hje 3a ciefehe TEXHUUKO pellietbe, Koje je pe3yniTar
pana Ha npojekty TP-32055.

Haciio: MeToz npoueHe U3foKeHOCTH eNEKTPHYHUM M0JbHMA BUCOKMX (ppeKBeHIMja 6a3upaH Ha rpaHMLiaMa
H3J105K€HOCTH

Ayropu: Hukona Bypuh, Jlparan Kibajuh, Kaponuna Kacai Jlasxkeruh, Bepa Bajosuf.

IIpennosxeHu peleH3eHTH:
1. np 3nara IpeTkoBuh, pen. npod., Enexrponcku dakynrer, Huu,
2. np bpanucnas Bynesuh, nayun. capanuuk, Enexrporexanuku Uncturyr "Hukona Tecna", beorpan.

C noiuroBamemM,
/] —

y A A {
Ohrs g 1) pPesr?
C]‘L! FA 3 ) (A ;
Hou. ag’ Bbopuc ymuanh
pykoBoaunan JlenaprmaHa

JlocTaBuTu:
1 Jacmuna Jlumuh, Cnysx6a 3a omiure ¥ NpaBHe MoCI0BE
2 apxwuea Jlenaptmana EET.
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N3BOJ U3 3AIIMCHUKA

HacraBHo-Hay4yHor Beha ®Dakynrera TexHuMukux Hayka y Hoom Cany, Ha 14. penoBHO]
CeHUIM oJp>kaHoj AaHa 27.04.2016. roauue, noHeno je caeaehy omyKy:

-HenompeoOHOo U30CMaeLeHo-
Tauka 12.1. Bepugukayuja HO6UX MEeXHUYKUX peuierva
U UMEHOBaIbe PeUeH3eHama
Tauka 10.1.1: Y yuny sepugpukayuje Ho602 mexHU4UKoZ peuierva yceajajy ce peueH3enmu:
1.  TIpod. np 3nata LiBetkoBuh, Enexrponcku dakyarer, YHusepsuter y Huy
2. Jlp bpanucnas Bynesuh, HayuHu capaJHuK, EnekTpoTeXHUUKH UHCTUTYT ,,Hukona
Tecna®, beorpan

Ha3uB TexHuukor peucma:

“METO/ IIPOLEHE U3/IO’KEHOCTH EJIEKTPHYHHUM I10/bUMA BUCOKHX
@PEKBEHIIHJA BASUPAH HA I'PAHHI[AMA H3/10’KEHOCTH”

AyTopu TexHuukor pewerwa: Hukona Bypuh, Iparan Kssajuh, Kaponuna Kacaw Jlaxeruh u

Bepa bajosuh.
-H€l’l0mp€6H0 U3zoCmae. beHo-
3anuCHUK BOAMIIA: TauHOCT noJaTaka oBepagp
% Cexperap
R s~ NI g2 2% -
— -

Jacmuna Jlumuh, Q. npaBHUK Wsan Hemkosuh, aurun. npaBHuR O



PeueH3unja TeXHUYKOr pewera
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AyTopm Hukona bypuh, Aparan Kmwajuh, KaponuHa Kacaw-/laxketuh, Bepa bajosuh

Kateropwumja HOBO TEXHUYKO pellere NPUMEHEHO Ha HaLMOHaHOM HuBoy (M82)

Peanusatop ®daKkynTeT TEXHUYKUX HayKa, YHuBep3uTeT y HoBom Caay

OCHOBHM NOZALUM O PELLEe3eHTY

Ume 1 npesume, 3Barbe Mpod. ap 3nata LisetkoBuh, pegosHu npodecop
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Teopujcka eneKkTpoTexHuKa, 12.12.2012.

YcraHoBa rge je 3anocseH EneKkTpoHcKku ¢pakyntet, YHuBep3utet y Huwy

CTpy4HO MULL/bEHbE peLie3eHTa:

TeXHUYKO peluere NpeacTaB/ba MHOBATUBAH AONPUHOC Y AOMEHY UCNIUTUBAHbA EIEKTUPYHMX NO/ba BU-
COKMX DpeKBeHUMja, NPBEHCTBEHO 3@ NPOLEHE NOTEHLM]jaNEe U3/TOKEHOCTU OBUM NOJbUMA, Y CUTYyaLMja-
Ma KaZla Ce KOPUCTU LUMPOKOMOjacHO Mepere HMBOA NoJba, 3a Koje A0 caja Huje NocTojana afgeKBaTHa
MEeTO/a 3a NPOLEHY U3/I0XKEHOCTMU.
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U3/103KEHOCTU, NPEAJ/IoNKeHa OBUM TEXHUUYKMM pelirem, 360r CBoje jeaHOCTaBHOCTU noceayje moryh-
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[lofaTHO, TEXHUYKO pellerbe U cama MeToAa NPOLEeHe U30XKEHOCTU, Nnopes NPUMeHe Ha HauuoHan-
HOM HUMBOY, Y A0Mahoj MHGOPMALIMOHO] MPEXKN 38 UCMUTUBAHbE €NEeKTPOMArHeTCKmMx noba — CEMOHT
(Serbian Electromagnetic Field Monitoring Network), moxe aa ce npumetrsyje n Ha mehyHapoAHOM HU-
BOY, Y HaLMOHA/IHUM 3aKOHOZABCTBMMA APYrMX ApXKaBa, Kopuwherwem aaeKkBaTHUX pedepeHTHUX rpa-
HUYHUX HMBOA.

TexHWYKOo pelwiere je 4obuno NoTBpay BanuAHOCTU, 06jaB/bMBAbEM Y HAYYHOM pajy, Yy Yaconucy me-
hyHapoaHor kapakTepa. Ctora, cmaTpam Aa OBO TeXHWYKO peluere uUcnyhasa cBe yciose 3a “Hoso
MexXHUYKO pewekre npumereHo Ha HayuoHaaHom Hueoy (M82)”, npeasuheHe ogpeabdama "lpasus-
HUKQ O rocmyrnKy, HaQ4YuHy 8pedH08aHa U K8AHMUMAMUBHOM UCKA3UBAHY HAYYHOUCMPAHUBAYKUX
pesynmama ucmpaxusaya”, 6p. 110-00-29/2016-04, Koju je MUHUCTAPCTBO NPOCBETE HAyKe M TEXHO-
NOLWKOT pa3soja yceojuno 01. 03. 2016. roanHe (“Cny>k6eHun rnacHuk PC” 6p. 24/2016).
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HU jeAHa afeKBaTHa MeToAa 3a NPOLEHY U3NI0XKEHOCTU KO, OBOT TUNa Mepera HMBOa Nosba.

MeToa, npoueHe M3N0XeHOCTH 6a3upaH Ha rpaHuuama u3noxkeHoctTn ogpehyje oncer moryhe cTeapHe
M3/10’KEHOCTU Y BEOMa je NPaKTUYaH 3a NPUMEHY Yy PEeasIHUM YC/I0BMMA, KaKo 3a NPOLLEHY U3/10XKEHOCTH
onwTe nonynayuje, Tako u npodecroHanHor ocobsba y OKBUPY HUXOBUX CBAKOAHEBHUX AY>KHOCTHU.

TeXHUYKO peLlere U cama MeToAa NPoLLeHe U3/I0XKEHOCTU MPeACcTaB/ba NMPOTrPAMCKO pellerbe, Npu ye-
My CYy TEXHWUYKM AeTa/bu MPUMEHE OBE METOAE Y PeasIHUM yC0BUMa 06jaB/beHM Y Hay4HOM pajy ayTo-
pa, y yaconucy mehyHapoaHor Kapaktepa. OTBOpPeHU U3BOPHU KO OBE METOAE j& YUHU NaKO NPUMEH-
/bUBOM ¥ Ha Meh)yHapOo4HOM HUBOY.

MuL/berba Cam Aa TEXHUYKO pPeLlere UCNyHaBa CBe yCioBe 3a “Ho80 MexHUYKO peulerbe npumerbe-
HO Ha HayuoHanHom Hueoy (M82)”, npeasuhere oapenbama "lpasusnHuKa o mocmynKy, Ha4uHy epeod-
HOBAHQ U KEAHMUMAMUBHOM UCKQ3UBAHY HAyYHOUCMPAXUBAYKUX pe3ynmama ucmpaxcusa4a”, 6p.
110-00-29/2016-04, Koju je MUHUCTapCTBO NPOCBETE HAayKe M TEXHONOLWKOT pa3Boja ycBojuno aaHa 01.
03. 2016. roguHe (“Cnyxbenun rnacHuk PC” 6p. 24/2016).

Y beorpapay, aaHa 27.04.2016. roauHe

F/2pte -

ap Bpauu&naa Bynesuh, gunn.uHx.en.




S5, YHUBEPSUTET ¢, (HAKY (ITET
By HOBOM CAAY ¥7¥ TEXHUUKHUX HAYKA

Tpr Jdocureja O6pazosuha 6, 21000 Hon Cazx, Peny6smixa Cpouja

Jlexcanar: 021 6350-413; 021 450-810; Llentpana: 021 485 2000 ot ovnons |
PauynoBoacrso: 021 458-220; Crynenrtcka ciayxba: 021 6350-763 MEHAIIMEHTA _ Sl
Tenedare: 021 458-133; e-mail: ftndean/a uns.ac.rs N IPYRNIAREAR SV

Ham 6poj:  Ol.ca

Bam 6poj:
Harym: 2016-05-26

HN3BO/ U3 3AIIMCHUKA

HacraBHo-HayuHo Behe ®akynrera TexHuykux Hayka y Hosom Cany, Ha 16.
pPeloBHOj ceTHUIIM oap)kaHoj Aana 25.05.2016. roauue, noHeno je cneaehy omnyKy:

-HEenompeOHO U30CmaebeHo-
TAYKA 13. Iumara HayyHOUCMPasXcusaukoz paoa u mehynapoone capaore

Tauka 13.1.1.: Ha oCHOBy NO3WTHUBHOI H3BellTaja peleH3eHaTa BepuUKyje ce
TEXHUYKO pelerme (M82) moa Ha3uBoM:

“METON IIPOLHEHE U3/I0/KEHOCTH
EJTEKTPUYHUM I10JbUMA BUCOKHUX ®PEKBEHIIHUJA
BA3SHUPAH HA 'PAHUIIAMA U3/1I0 KEHOCTH”

Ayropu: Hukoma DBypuh, [paran Kieajuh, Kapomuna Kacam-Jlaxxetnh u Bepa
bajosuh

-HenompeoHo u30Cmae/beHo-

[y, St
3anuCcHUK BOJMIA: TauyHocT nonaraka oaepasa:(*

CereTap \\ "

Jacmuna Jlumuh, aumul. npaBHUK I/IBaH HCLUKOBHh JUATUL. TIPABHUK I[TIpod. np Pane JlopocnoBauku




Environ Monit Assess (2015) 187: 191
DOI 10.1007/s10661-015-4395-8

The SEMONT continuous monitoring of daily EMF exposure

in an open area environment

Nikola Djuric - Dragan Kljajic -
Karolina Kasas-Lazetic - Vera Bajovic

Received: 30 March 2014 / Accepted: 4 March 2015 /Published online: 20 March 2015

© Springer International Publishing Switzerland 2015

Abstract Wireless networks traffic has experienced a
considerable growth in recent years. Likewise, it is to be
expected that billions of objects will be connected to the
Internet in years to come, many of them wirelessly. Such
increase in a number of wireless connections and the
inevitability of wireless communications in proximity of
users highlight the healthcare concern on electromag-
netic field (EMF) exposure. Thus, the intelligent moni-
toring systems, such as the Serbian Electromagnetic
Field Monitoring Network—SEMONT—have been re-
quired to be developed and utilized for continuous and
real-time EMF monitoring, as well as for the assessment
of'the potential in situ daily exposure of population. This
paper presents the results of the SEMONT initial cam-
paign of continuous monitoring of the high-frequency
electric field strength over the campus of the University
of Novi Sad, as an open area environment. Several
locations, most frequently visited by the student popu-
lation in their everyday activities, have been monitored
during the rush hour in order to determine the fluctua-
tion of daily exposure on this, usually considered, highly
sensitive area. The results of monitoring suggest that
potential exposure is far below the allowable limit,
regarding reference levels prescribed by the Serbian
legislation for the general population.
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Introduction

Rapid technological progress over the past century has
multiplied the sources of electromagnetic field (EMF),
which possess diversified characteristics. The environ-
mental exposure to such man-made artificial sources of
EMF has therefore increased dramatically, especially
since users are nowadays progressively reliant on per-
vasive wireless connectivity for a number of communi-
cation devices. Consequently, the population is likely to
be increasingly exposed to EMF of these additional
wireless connections, along with well-known sources
as high-voltage power lines, radars, radio and tele-
vision broadcast facilities, and some other EMF
sources (EUROBAROMETER 347).

The predicted increase in the density of the wireless
connected objects will require wireless small cells to be
omnipresent in communication infrastructure, as well as
in the environment, enabling users’ devices to transmit
at a lower power, though consequently and unfor-
tunately being closer to the users. This fact, as
well as the appearance of new EMF sources, along
with their proximity to users, constantly arouses
the public concerns on potentially dangerous expo-
sure to EMF radiation (EUROBAROMETER 347).

In recent years, such concerns have initiated a num-
ber of EMF surveys and measurements campaign on
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international scale, testing the compliance of various
EMF sources with national and international standards
(Henderson and Bangay 2006; Rowley and Joyner
2012; Aerts et al. 2013; Gajsek et al. 2013). Moreover,
the rapid development of modern wireless-based EMF
monitoring systems, as a valuable tool for environmen-
tal EMF monitoring, has been required for prevention
and population protection against nonionizing EMF
radiation (Fabbri et al. 2001; Yalofas et al. 2003;
Oliveira et al. 2007; Gallo et al. 2009).

The Serbian Electromagnetic Field Monitoring
Network—SEMONT (Djuric et al. 2011; 2013a)—pre-
sents one of such EMF monitoring systems, newly
developed and intended for the continuous and broad-
band monitoring of the overall and cumulative EMF
strength over the open area, without the necessity for a
prior knowledge on present EMF sources.

The concept of monitoring in this system is quite
diverse than the classic compliance testing of existing
or newly installed EMF sources, such as the base sta-
tions. The conventional compliance testing is oriented
toward a particular source, trying to determine the field
strength distribution in the vicinity of that EMF source
and then to assess if the field strength level reaches or is
above the prescribed level. On the other hand, the
SEMONT system is oriented toward the location and
long-term observation of EMF in only one particular
spot of location, the so-called hot spot, which is suitably
determined. The location itself can be surrounded by a
number of different EMF sources, and the SEMONT
system is responsible to provide information on the
daily fluctuation of EMF strength and corresponding
exposure on the location.

Moreover, the conventional compliance usually uses
the short-term measurement in a number of spots around
the source, evaluating by extrapolation of the possible
maximal radiation power and consequent exposure that
the source can produce, as suggested in (EN 50492 2010).
Later, the compliance testing to the relevant standard is
based on the assessed maximal exposure. Contrary, the
SEMONT system performs monitoring without assessing
any maximal level of potential exposure, rather showing
the in situ exposure as it is. Additionally, this system offers
the insight on the in situ daily variation of EMF strength
and EMF exposure, without intention to offer any com-
pliance conclusion for surrounding EMF sources, nor the
particular EMF source.

Recently, the SEMONT system has started with some
initial monitoring and functionality testing, acquiring
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information on the real-time EMF strength and
performing the assessment of the population exposure
on particular in situ spot. The assessment in the
SEMONT system is based on the boundary exposure
approach, where the real-time upper and lower exposure
limits are determined (Djuric et al. 2013b), regarding
broadband monitoring and reference levels prescribed
by the Serbian legislation for the general population
(Bajovicetal. 2011). The idea is to offer the range where
potential in situ exposure can be positioned, calculating
it from the moment to the moment and presenting those
exposure limits as daily curves. Using such approach,
two items are available: the daily exposure fluctuation
and the long-term history overview of the general public
exposure. Regarding the exposure, the SEMONT sys-
tem can be quite simply upgraded for occupational
exposure applications as well (Djuric et al. 2013c;
Djuric and Kljajic 2013d).

The SEMONT system is designed as a sensors net-
work that uses remote and autonomous field sensors.
However, the system is capable of incorporating the
results of measurements obtained by the handheld mea-
suring equipment, extending its basic functionality of
monitoring with the aid of remote sensors. This paper
presents the SEMONT system as a daily observation
system over an open area, as well as a public tool for the
dissemination of the present EMF levels and potential in
situ daily exposure (Kljajic et al. 2013a).

The paper is organized as follows: The concept and
measuring procedure of “The SEMONT system” is
reintroduced briefly, presenting the process for the de-
termination of the spot where long-term monitoring will
be performed. “The SEMONT initial monitoring” pre-
sents several locations over the University of Novi Sad
campus where this initial monitoring was conducted.
“The measurement results” considers the obtained re-
sults, statistical processing of collected data, and expo-
sure assessment. Finally, “Conclusion” section is pro-
vided on this paper.

The SEMONT system

Detailed description of the SEMONT monitoring sys-
tem, its concept, main functionality, and the measure-
ment procedure have been specified in previously pub-
lished papers (Djuric et al. 2013a, 2014). In this section,
only the brief reintroduction on the system will be
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presented before explaining the results of this initial
monitoring.

The SEMONT system is based on wireless sensors
network technology, utilizing autonomous, and spatially
distributed EMF sensor nodes with appropriate broad-
band field measuring probes for remote and permanent
supervision of the real-time and overall EMF strength,
over the area that is covered by the sensors network, as
shown in Fig. 1.

The SEMONT system applies sensor elements that
contain two interchangeable field probes capable of
monitoring the electric and the magnetic field strength
in a corresponding frequency range (Narda 2007). The
EMF field sensors perform isotropic and broadband
EMF monitoring from all active EMF sources around
sensor nodes, continuously 24/7 (Milutinov et al. 2011a,
b; Narda 2007). At certain intervals, the acquired data of
monitoring are transferred over the GSM network to the
centralized database of the SEMONT Internet portal, to
be available for public dissemination.

Furthermore, the system was designed to be capable
of incorporating the measurement results obtained by
the handheld measuring equipment, as presented in
Fig. 1 (Kljajic et al. 2013b; Milutinov et al. 2013). In
this paper, the utilization of Narda NBM 550 handheld
broadband field meter (Narda 2006a), equipped with the
electric field probe EF 0691, with the frequency range
from 100 kHz to 6 GHz (Narda 2006b), has been

GSM network

.l Power

o

Internet
portal

lines
Gy

Gathering results over,

U be?

presented. This equipment possesses almost identical
capabilities of continuous monitoring as the
SEMONT’s sensors; however, the NBM 550 was more
easily handled in this initial monitoring campaign. The
additional reason for utilizing the equipment was related
to the fact that the focus was on the continuous EMF
monitoring and the assessment of corresponding real-
time exposure boundaries, though normally, the corre-
sponding sensors would be installed in the hot spot. On
some future occasions, the monitoring results obtained
from the SEMONT’s sensors would be presented.

The measurement procedure utilizing the handheld
equipment

The SEMONT system uses the measurement procedure
described in Djuric et al. (2014), implementing the
following steps on every in situ location:

» First of all, a preliminary spatial field scan over the
grid of measurement points, as shown in Fig. 2, has
been performed using the handheld instrument, in
order to determine the spatial distribution of the
EMF strength, according to the standard (EN
50413 2010), and further to detect the location of
the local maximum of the EMF strength, the so-
called hot spot, according to the standard (EN
50492 2010).

Radio and TV

Sensor
1 broadcasting

“
- & EMF source

Handheld
) GSM base
User measuring . Sensor
. station
equipment

Fig. 1 The SEMONT implementation over an urban area
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Fig. 2 Example of measurement grid

e Secondly, a field-averaging protocol is applied,
evaluating the potential whole human body expo-
sure, according to EN 50492 (2010), in order to
determine the potential dangerous body exposure
of the person that can stand at this spot for a longer
period of time, especially the technical personnel
who handle the equipment at the site.

* Finally, the long-term detailed measurements within
the hot spot, as shown in Fig. 3, use the continuous
isotropic and broadband EMF monitoring approach.

The first two steps of this procedure and their results
are independent of the SEMONT continuous monitor-
ing. They can be used to indicate the spatial variation of
the field strength and exposure on location, as well as for
some other purposes. However, in the SEMONT sys-
tem, their primary role is a safety issue and a necessity to
determine the hot spot for the continuous monitoring
that will follow.

The final step of this procedure is a main objective
and feature of the SEMONT system, offering the real

P5
°
1.7m
Iy
o7 %1y Opiy
T P22
P1 P6 P11 P16 P21

Fig. 3 Example of monitoring in the hot spot
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insight in EMF strength fluctuation on particular loca-
tion, without any extrapolation to the possible maximum
radiation of sources. This feature also offers the history
record of the real EMF strength changes, as shown in
Fig. 4, and not the extrapolated maximal one, given by
the conventional compliance testing, which is assumed
to exist during the entire day on the location, even
though it is possible for the maximum never to happen
on that location.

At this early stage, the SEMONT performed mea-
surements in an open area, in the so-called unperturbed
field (without the presence of people), as suggested in
standards (EN 50413 2010; EN 50492 2010). The mea-
surement results were acquired during a period of 4 h,
from 10 a.m. until 2 p.m., using 6 min averaging, as
suggested in the guidelines (ICNIRP 1998; ITU K.83
2011).

The period from 10 a.m. until 2 p.m. is a rush period
in the university campus, when numerous students are
passing through the area of the campus, attending their
daily activities. Thus, there is a strong belief that the
EMF radiation from various sources, as well as from
active personal cell phones, reaches its peak during this
period. The continuous EMF monitoring is able to pro-
vide a clue on the real highest level of the field strength
rather than some extrapolated, as well as the indication
on the daily filed strength fluctuation and the open area
EMF pollution of this highly sensitive students’ zone.

The SEMONT procedure for the exposure assessment

The SEMONT system with broadband sensor provides
only one field strength value per measurement and per
time instant, e.g., the cumulative field strength, for fre-
quency range enclosed by the broadband measuring
probe. In addition, the broadband approach is not capa-
ble to distinguish the emitting frequencies of EMF
sources in the vicinity of the sensor. Therefore, the
exposure assessment cannot be performed by applying
the mostly used frequency selective measurements and
calculating the exposure per frequency, as suggested in
ICNIRP (1998). Consequently, the exposure assessment
method requires modifications in order to offer exposure
for the entire frequency span of the field probe, taking
into the account the cumulative field strength and all
present EMF sources.

The SEMONT exposure assessment is based on the
boundary approach, calculating the lower and the upper
level of the global exposure ratio (GER) (EN 50492
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Fig. 4 Comparison of the
SEMONT monitoring and
conventional compliance testing

Internet
portal

2010), in order to determine the range where real expo-
sure can be located. In the case of the high-frequency
electric field strength monitoring, the following expres-
sions are used for GER levels assessment, regarding
standard EN 50492 (2010) and Djuric and Kljajic
(20134d):

E 2
GERpyer = ( n ) and (1)
ref max
En \’
GERupper = (Ef> )
ref min

where E,, is the measured value and E,./ ,,;,=11 V/m
and E,f uq=34.8 V/m are minimal and maximal refer-
ence levels of the electric field strength, over the fre-
quency range of EF 0691 field probe (Narda 2006b),
prescribed by the Serbian legislation for the general
population (BAJOVIC et al. 2011; REGULATION
2009). It should be emphasized that those reference
levels are related to the Serbian legislation, though the
SEMONT system is able to incorporate reference levels
from any other legislation easily, such as ICNIRP (1998)
or others.

Since it is unable to recognize frequencies, the
SEMONT system assumes that some of present EMF
sources emit on working frequencies that match the
frequencies for which the reference levels E,.r ,,;, and
E,er max have been prescribed. Consequently, the moni-
toring results are simultaneously compared with those
reference levels, producing the lower and the upper level

-
-

E[V/m] Sensor Extrapolated

O maximal field
strength

SEMONT monitoring | Time

oh ™ 24h
Conventional compliance
measurement in one moment

of GER, e.g., the boundary approach of the exposure
assessment. This approach is used to assess the range
where the real in situ exposure can be located, at any
moment, as presented in Fig. 5.

The introduction of this exposure range was neces-
sary, because the system cannot offer exposure per fre-
quency, as usually expected accordingly by ICNIRP
(1998). Therefore, the application of the E,.s ,,;, and
E,ef max variables was essential, helping us to roughly
determine the range in which the real exposure can be
located in the case of the broadband monitoring.
Moreover, the broadband sensors are not capable to
determine the lowest and the highest emitting frequen-
cies of sources, nor the existence of frequencies that
correspond to E,.r yin and E,.r na values.
Consequently, it can lead to the overestimation of the
upper exposure border level and the underestimation of
the lower exposure border level, in in situ situations
where EMF sources do not radiate on frequencies related
t0 Eyof min and E,or pay levels. However, using boundary
approach, the SEMONT system enables users to keep the
track on fluctuation and the range of the potential expo-
sure during a long period of time, by continuously pub-
lishing the daily boundaries.

In cases when the compliance consideration of the
cumulative field strength level is required, only the
upper border level should be taken into account.
Unfortunately, if GER,,,,>1, no definitive conclusion
can be drawn on the compliance of the exposure. Such
situation requires additional and comprehensive fre-
quency selective testing on the observed location, in
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Fig. 5 The SEMONT boundary
approach of exposure assessment

order to determine which of the existing sources are
most problematic. In this paper, the compliance testing
was not the objective of the SEMONT system, although
our current research efforts have been oriented toward
that goal.

The SEMONT initial monitoring

The initial monitoring campaign was performed
over the open area of the University of Novi Sad
campus. Unfortunately, in the past, the university
campus did not have any systematic testing of
EMF pollution, even though it has been usually
considered as a highly sensitive area with almost
constant presence of student population. Therefore,
our motivation was to try, for the first time, to
obtain an overview of the present EMF levels on
campus locations and to generate the so-called
EMF register of the campus which will record
and keep the history of EMF fluctuation (Djuric
et al. 2012).

Besides the EMF testing, the student population will
be able to introduce the SEMONT system as a modern
and state-of-the-art EMF monitoring system.
Furthermore, the SEMONT, as a unique EMF monitor-
ing system at the Serbian national level, can be promot-
ed as a respectable monitoring tool for the daily super-
vision of overall and cumulative EMF level, from all
active field sources over the area of interest.

Locations of monitoring

Ten locations, which have been included in the moni-
toring campaign, were carefully selected in order to

@ Springer
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cover the most frequently visited places in the campus,
as shown in Fig. 6.

Generally, on these locations, a high daily student
fluctuation exists, and moreover, the students usually
stay for a period of time on these locations. Therefore,
these locations require a detailed and continuous EMF
monitoring, having in mind the sensitivity of the campus
area. Some details on the monitored locations are pre-
sented in Table 1.

Each of these locations were enclosed during moni-
toring activities, restricting access to pedestrians, in
order to achieve measurement conditions as in an area
with the so-called unperturbed field.

Preliminary field scan over the grid

On each location, the measuring grid contained 25 mea-
surement points and had a matrix form, comprising five
rows and five columns, as shown in Fig. 2 and Table 2.
The measurement points were positioned equidistantly,
with a distance of 1 m between them, as suggested in
standard (EN 50492 2010).

The grid was usually positioned to be in the closest
possible proximity to the pavements, or to partially
cover them, to avoid the entire pedestrian pathway
blockade. The measurements were performed in realis-
tic conditions, with a number of students in the vicinity,
so that any kind of blockade was not possible nor
wanted.

Unfortunately, at location no. 4, we decided to sus-
pend measurements in the last column of the grid, in
order to avoid the possible influence of the trees located
near the pathway. The alley of equidistantly positioned
trees, of the height of nearly 5 m, was at about 3-m
distance from the last column; however, counting the
width of treetops, the real distance was about 1.8 m.
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Fig. 6 Test locations in the university campus

Thus, there was a possibility for the treetops to shelter
certain grid spots, resulting in the situation that the
planned measurements were not in the open area.
Moreover, in the case when the location was in the
vicinity of parking lots, the nearby parking lots were left
empty during EMF measurements in order to provide an
open area, without presence of any metallic objects that
could cause reflection and interference with the

measuring equipment. Additional reason for this was
the safety issue of the measurement equipment, since
the frequent traffic on such lots and a possible intention-
al stay of car drivers near the equipment may also affect
validity and the accuracy of the measurement procedure.

The standard EN 50492 (2010) suggests at least 50-
cm distance of probe from metallic objects in order to
avoid electromagnetic induction or the coupling effects

@ Springer
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Table 1 Description of the campus locations for EMF monitoring

Location Location description

1. Area near the students’ library and reading room at the
Faculty of Philosophy in front of the new building of
the University of Novi Sad headquarters.

2. Space on D. Obradovic Square, in front of the Faculty
of Agriculture, which is the gathering place for
students during breaks between lectures.

3. Space on D. Obradovic Square, in front of the Faculty
of Law, the Department of Biology and Ecology,
Faculty of Sciences and the Faculty of Technical
Sciences, which is a place of students’ assembly and
a variety of students’ performances.

4. The entrance to the campus, at the corner of Cara Lazara
Boulevard and V. Peric Street. Due to the bus station
with few lines of public transport, this location is the
busiest location of the campus and a place where
students enter and exit the campus.

S. Space at the end of V. Savic Street, in front of a small
student cafeteria, where a number of students pass or
stay during the period provided for meals.

6. Space between the buildings of the Novi Sad Business
School and the Student Sports Centre. In this area,
there is a great fluctuation of students, and in
addition, it is of close proximity to the primary
school Jovan Popovic and the day nursery and
kindergarten—Happy Childhood.

7. At the corner of S. Milosevic Street and 1. Djuricic
Street, next to the dormitory Slobodan Bajic, close to
the new building of the Department of Civil
Engineering, Faculty of Technical Sciences, a place
that represents the intersection of roads leading to or
from the dormitory Slobodan Bajic, the Novi Sad
Business School and the Faculty of Economics.

8. Space between the students’ dormitories Slobodan
Bajic and Veljko Vlahovic, the space behind the
main cafeteria. This area is the crossroad to the
dormitories and also a place with a high
concentration of student population.

9. Space in front of the main student cafeteria on the
campus, which itself is one of the central campus
places and the position of everyday gathering of
students.

10. On the square in front of the Faculty of Technical
Sciences (next to the building of ITC), a place that is
a crossroad toward the faculties at the University and
the main cafeteria. Furthermore, this is a location for
selling used books, which is an additional reason for
students’ gathering.

with the measurement probe, if the measurements are
performed for frequency above 300 MHz. Since we
were not aware in advance on the existing EMF sources
in vicinity of the campus, nor their working frequencies,
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Table 2 Position of
measurement points in
the grid

Particular location

P5 P10 P15 P20 P25
P4 P9 P14 P19 P24
P3 P8 P13 P18 P23
P2 P7 P12 P17 P22
P1  P6 P11 P16 P21

we decided to use this minimal distance as a preventive
restriction for all locations.

Measurements for the averaging protocol at the hot spot

After finishing the preliminary field scan over the grid
and declaring one of the grid points as the hot spot,
additional measurements were performed, applying
three height measurements for the assessment of the
potential whole body exposure at the hot spot, according
to the standard (EN 50492 2010).

The three height measurements were taken at the
heights of 1.1, 1.5, and 1.7 m above the ground surface,
while the spatially averaged field value was calculated
using the following equation:

where E; is the broadband measured electric field
strength at height 7, while N is a number of heights (in
our case N=3). The corresponding E,, value was later
used for the whole body exposure assessment at a par-
ticular location.

Additionally, the measurements were performed in a
manner that the technical personnel held the instrument
at a particular height and performed one short time
measurement. Between consecutive measurements at
different heights, the short pauses were taken in order
to prevent electromagnetic induction, due to the fact that
the equipment was moving vertically through the space.

Monitoring at the hot spot

For the purpose of monitoring at the hot spot, the mea-
suring equipment was placed on a wooden tripod, and
the field probe was set at a height of 1.7 m, as presented
in Fig. 3. This height was chosen as the average human
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height, in order to perform monitoring on the highly
sensitive position of the human head.

The test monitoring was conducted during the period
of 4 h, from 10 a.m. to 2 p.m. We are aware that this
period should be extended, and we are planning it for the
next monitoring campaigns. In this initial experiment,
we believed that 4-h monitoring during the rush hour
could be quite appropriate to obtain an overview of
EMF levels and potential exposure over the university
campus.

The measurement results

The test measurements and the monitoring were per-
formed using the electric field probe Narda EF 0691
(Narda 2006b), in the frequency range of 100 kHz to
6 GHz. The measuring probe is an isotropic probe with a
flat frequency response, whose parameters are partially
presented in Table 3. Those parameters are in full con-
sistency with the requirements of the standard (EN
50492 2010), enabling an adequate broadband in situ
measurement.

Measurements over the grid

On each location, the preliminary field scan was per-
formed over the appropriate grid of measurement points,
in a way where technical personnel moved from one
measurement point to another, as presented in Fig. 2.
The equipment was held 50 cm from a personnel’s body,
on 1.1 m above the ground, conducting one time mea-
surement in each grid point.

At each point of the grid, the personnel would stay
for a short period, holding the equipment, taking the
measurement and moving forward. Short pauses be-
tween consecutive measurements were taken in order

Table 3 Parameters of the electric field probe EF 0691

Parameter Value

100 kHz to 6 GHz

0.35 to 650 V/m

0.5 dB (2 to 400 V/m)
+1.5 dB (1 MHz to 4 GHz)

Frequency range
Measurement range
Linearity

Frequency sensitivity

From Narda 2006b

to avoid possible electromagnetic induction that could
be caused while moving the probe horizontally through
the grid.

Unfortunately, there is not any official national data-
base with EMF sources near the campus, so the visual
inspection was the only way to detect their presence.
Preparing the measurements, we noticed that dominant
EMF sources in vicinity of the campus were GSM base
stations.

The results of preliminary field scans are presented
in Table 4, from which it can be observed that
electric field strengths are similar over all monitored
locations, except at location no. 6. This location lies
in the direction of the main beams of GSM900 and
GSM 1800 base stations and is directly exposed, as
presented in Fig. 7.

These two base stations cover three sectors, and their
technical data is presented in Tables 5 and 6 (Prsa et al.
2004; Milosevic and Pascan 2008). It can be noticed that
location no. 6 is at the intersection of the main beams
from the first sector antennas of both base stations, as
shown in Fig. 7. Furthermore, there is a direct optical
visibility between both first sector antennas and this
location. The distances between the antennas and the
location center are 187 and 201 m, respectively.

Relating to the technical data of the antennas, the
height where the main beam passes near the test location
can be easily calculated, as presented in Table 7. It can
be seen that the main beams are highly above the aver-
age human height, on 19.85 and 4.18 m above the
ground, reaching the ground far behind the location, at
distances of 188.82 and 119.73 m from location, for
GSM900 and GSM 1800, respectively. Thus, these base
stations cannot be seen as a direct threat for population,
but rather as sources which can increase EMF level on
this location.

Measurement at location no. 6, together with tech-
nical characteristics of base stations as dominant EMF
sources in the vicinity of location, has been presented
in detail in the previously published paper (Djuric
et al. 2014). Moreover, the comprehensive compli-
ance analysis of these two base stations with relevant
standards, including the field strength estimation
around the stations, as well as measurement in a
number of spots in their vicinity, has already been
performed, confirming their full compliance with the
requirements of the standard EN 50413 (EN 50413
2010; Prsa et al. 2004; Milosevic and Pascan 2008).
Unfortunately, the page restriction does not allow us
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Table 4 Results of the preliminary field scan over the grid on a particular location

Location 1—F [V/m]

0.26 0.23 0.30 0.29 0.28
0.24 0.24 0.21 0.20 0.29
0.28 0.22 0.18 0.23 0.29
0.28 0.21 0.23 0.23 0.26
0.21 0.34 0.24 0.29 0.17
Location 3—F [V/m]
0.23 0.29 0.24 0.22 0.15
0.2 0.31 0.17 0.25 0.16
0.22 0.2 0.2 0.22 0.1
0.2 0.25 0.24 0.26 0.15
0.26 0.15 0.22 0.26 0.15
Location 5—F [V/m]
0.18 0.2 0.18 0.13 0.24
0.26 0.13 0.18 0.18 0.21
0.33 0.18 0.2 0.18 0.25
0.21 0.26 0.2 0.23 0.13
0.29 0.2 0.17 0.16 0.2
Location 7—F [V/m]
0.25 0.32 0.39 0.38 0.36
0.33 0.21 0.32 0.38 0.3
0.32 0.31 0.35 0.36 0.37
0.29 0.34 0.35 0.36 0.32
0.27 0.3 0.32 0.34 0.37
Location 9—F [V/m]
0.16 0.22 0.15 0.18 0.26
0.29 0.25 0.24 0.1 0.23
0.17 0.21 0.21 0.14 0.19
0.22 0.24 0.15 0.38 0.18
0.26 0.22 0.24 0.22 0.16

Location 2—F [V/m]

0.31 0.26 0.23 0.24 0.22
0.26 0.34 0.23 0.24 0.26
0.3 0.31 0.2 0.28 0.24
0.24 0.22 0.19 0.21 0.24
0.25 0.27 0.28 0.26 0.26
Location 4—F [V/m]

0.14 0.13 0.17 0.27 -
0.15 0.18 0.14 0.23 -
0.18 0.13 0.16 0.2 -
0.16 0.13 0.16 0.21 -
0.22 0.18 0.15 0.26 -
Location 6—FE [V/m]

0.73 0.85 0.63 0.79 0.93
0.72 0.79 0.8 0.74 0.93
0.67 0.74 0.79 0.85 0.84
0.64 0.73 0.82 0.89 0.89
0.65 0.67 0.74 0.86 0.68
Location 8—F [V/m]

0.18 0.26 0.25 0.24 0.29
0.18 0.21 0.2 0.29 0.24
0.16 0.19 0.22 0.24 0.26
0.27 0.2 0.22 0.19 0.29
0.29 0.18 0.26 0.32 0.34
Location 10—F [V/m]

0.21 0.16 0.29 0.26 022
0.23 0.2 0.21 0.21 0.19
0.18 0.23 0.16 0.24 0.27
0.27 0.2 0.21 0.22 0.2
0.28 0.26 0.24 0.24 0.22

to show details on their compliance testing in this
paper.

Analyzing the minimal, maximal, and averaged
values of the electric field strength over the grid points,
presented in Table 8, it can be observed that all locations
have a standard deviation, over spatially distributed
points in the grid, lower than 6 %, except for location
no. 6, for which it is 9 %. The 6 % of deviation in the
field strength indicates that the area of the grid, which is
5x5 m* of space, as presented in Fig. 2, is equally
exposed to the EMF radiation. Additionally, the average
value of the standard deviation for all test locations is
4.92 %, suggesting that the campus area is also almost
equally exposed during rush periods.

@ Springer

Measurements for the averaging protocol at the hot spot

The preliminary scan resulted with the spatial distribution
of the electric field strength on locations, as well as with
the position of the local maximum of the field strength,
the so-called hot spot, as bolded in Table 4.
Unfortunately, on several locations, we had to declare a
near point to act as a hot spot, since we faced certain
practical problems related to the installment of the equip-
ment on the real hot spot position. In order to justify this
slight changes and such decisions, one should bear in
mind that a small standard deviation of the electric field
strength, lower than 10 %, is present at all locations,
resulting that the movement of a hot spot from one
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Fig. 7 Positions of the dominant EMF sources in the vicinity of
location no. 6

position to the neighboring position will not cause con-
siderable errors and will still provide accurate results of a
long-term monitoring for that location.

The results of measurements for the averaging proto-
col and the whole body exposure assessment in hot spots
are presented in Table 9, where the spatial averaging of
the electric field values, E,;,,, was calculated from three-
height measurements using the Eq. (2). The calculated
values for the lower and the upper GER limits, using the
E,,, value instead of the £, in the Eq. (1), show that the
potential whole body exposure is beneath the value of
8.87x107% ie., of 0.887 %, which is far below the
allowed limit of GER ,;,,,.a=1, prescribed by the legisla-
tion (Bajovic et al. 2011; REGULATION 2009).

Continuous monitoring

The idea behind the SEMONT system is a permanent
EMF monitoring, recording field fluctuation through an

Table 5 Technical data for GSM 900 antennas

Sector 1 Sector 2 Sector 3
Type K739495 K739495 K739495
Azimuth 45° 200° 290°
Electric down-tilt 2° 2° 2°
Mechanical down-tilt 4° 1° 4°
Antenna height 39.5 m 37.5m 375 m

From Prsa et al. 2004

Table 6 Technical data for GSM 1800 antennas

Sector 1 Sector 2 Sector 3
Type K742241 K80010292 K742241
Azimuth 105° 225° 350°
Electric down-tilt 2° 2° 2°
Mechanical down-tilt — — - —
Antenna height 112 m 11.2 m 11.2 m

From Milosevic and Pascan 2008

EMF register of the observed area (Djuric et al. 2012;
2013d; Djuric et al. 2014).

During the initial monitoring over the campus, the
maximum, minimum, and average values of the high-
frequency electric field strength were observed. The
results have been presented as time curves in Fig. 8.

Since this monitoring has resulted in a number of
data, we conducted certain statistical analyses of the
behavior of the minimum, maximum, and averaged
values of the monitored electric field strength.
Considering them as continuous curves, we found the
minimum, maximum, and average value, as well as the
standard deviation of those curves, as presented in
Table 10.

It can be noticed that most locations have a small
variation of the field strength, lower than 8 % for
minimum, less than 12.4 % for maximum, and 5.4 %
for average values. Only locations no. 6 and no. 9
have a considerable fluctuation of the maximum of
the electric field strength, which are 35.58 and
81.76 %, respectively. The reason for this lies in the
fact that location no. 6 is on the direction of main
beams of two base stations, while location no. 9
represents the space in front of the main student
cafeteria at the campus, which itself is one of the
central campus places and the position of everyday
student gatherings. A number of students regularly
pass through location no. 9 using their cell phones

Table 7 The main beam over location no. 6

GSM Azimuth Passing on the Reach the Behind the
service height of ground at  location
GSM 900  45° 19.85 m 37582 m 188.82 m
GSM 1800 105° 418 m 32073 m  119.73 m
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Table 8 Electric field strength fluctuation over the grid points

Location  E,,;, [V/m] = E,q [Vim]  Ege [VIM]  Egg gey, [%]

1. 0.170 0.340 0.248 4.143
2. 0.190 0.340 0.254 3.593
3. 0.100 0.310 0.212 5.025
4. 0.130 0.270 0.178 4.204
5. 0.130 0.330 0.203 4.862
6. 0.630 0.930 0.775 9.066
7. 0.210 0.390 0.328 4.289
8. 0.160 0.340 0.239 4.816
9. 0.100 0.380 0.211 5.715
10. 0.160 0.290 0.224 3.476

switched on for calls or Internet surfing. Thus, it
should be expected that the measuring equipment
would notice the increased EMF strength, especially
maximal values, in a moment when someone passes
with their cell phones switched on, or when a cell
phone is trying to establish a communication with
nearby base stations.

However, analyzing the standard variation of
average values, it can be noticed that it is below
3.89 % for all locations except for location no. 9,
where a slight increase is detected, having a value
of 5.37 %. Such results suggest that sporadic peaks
in the maximum field strength should not be con-
sidered as dominant in the case of thermal effect
analyses of the human tissue long-term exposure to
EMF. Therefore, for the assessment of the lower

and upper limits of the daily exposure, the
SEMONT system uses the averaged field values.

Boundary exposure assessment

The SEMONT system performs boundary exposure as-
sessment (Djuric and Kljajic 2013d), defined by the
Eq. (1), and regarding the Serbian-prescribed reference
levels. The exposure limits are presented in Fig. 9.

As it can be noticed, the lower and upper GER limits
show certain levels of variation at all locations; howev-
er, during the period of time from 10 a.m. until 2 p.m.,
all levels of the potential exposure are far below the
maximal allowable level of GER ,;,veq=1.

Analyzing those GER limits as curves, the minimal,
maximal, and averaged values can be found, as well as
the standard deviation, as presented in Table 11. At
location no. 6, the calculated GER,,, limit is lower
than 5.5573x 10>, which is 0.5573 %, while the daily
standard deviation possesses a quite small, almost neg-
ligible variation, which is below 0.0031959 % for
GERjoyer and 0.031986 % for GER,,,,.,, respectively.
For all other locations, the values are even smaller.

However, even though the monitoring period
encompassed only the rush hour at all locations, the
results of test monitoring illustrate that the potential
exposure of general population, as well as student pop-
ulation that gathers and stays at those locations, is very
small and far below the allowable levels, considering the
unwanted health effects.

Table 9 Measurements for the averaging protocol and exposure assessment in the hot spot

Location/hot spot E [V/m]
1.1 m 1.5m 1.7 m Egpa GER;pver GER,pper

1. P6 0.34 0.35 0.29 0.328 8.8684x107° 8.8760x 107
2. P9 0.34 0.25 023 0.277 6.3582%107° 6.3636x107*
3. P9 031 0.17 0.26 0.253 53012x10°° 5.3058x107*
4. P20 0.27 0.26 0.25 0.260 5.5875%x107° 5.5923x10°*
5. P3 0.33 0.43 0.55 0.446 1.6413x107* 1.6427x107*
6. P22 0.89 0.84 0.86 0.864 6.1581x107* 6.1634x107*
7. P15 0.39 034 0.36 0.364 1.0936x107* 1.0945x107*
8. P21 0.34 0.30 027 0.305 7.6656x107° 7.6722x10°*
9. P17 0.38 0.29 0.29 0.323 8.6042x107° 8.6116x10™*
10. P15 0.29 021 0.23 0.246 49847x107° 4.9890x107*
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Table 10 Values of minimum, maximum, and average electric
field strength

Min (E-field) [V/m]

Location (Emin)min (Eml'n)max (Emin)avg (Emin)std. dev. [%]
1. 0.000 0.048 0.001 0.751

2. 0.000 0.000 0.000 0.000
3. 0.000 0.000 0.000 0.000
4. 0.000 0.000 0.000 0.000
S. 0.000 0.207 0.089 5.738
6. 0.564 0.727 0.648 3.375
7. 0.000 0.277 0.120 7.935
8. 0.000 0.242 0.141 7.212
9. 0.000 0.000 0.000 0.000
10. 0.000 0.000 0.000 0.000

Max (E-field) [V/m]

Location (Ema.x)min (E”I[IX)M[IX (Ema.x)avg (Emax)std.dev. [%]
1. 0.269 0.580 0.338 6.211

2. 0.207 0.926 0.348 12.316
3. 0.207 0.496 0.307 6.208
4. 0.228 0.507 0.306 4.379
S. 0.343 0.489 0.424 3.176
6. 0.819 1.248 0.888 6.642
7. 0.411 2.529 0.622 35.577
8. 0.392 0.529 0.460 3.779
9. 0.269 2.834 1.186 81.756
10. 0.260 0.684 0.363 10.273

Avg (E-field) [V/m]

Location (E a vg)m in (E uvg)max (E a vg)avg (E avg)std. dev. [%]
1. 0.101 0.244 0.176 3.417

2. 0.052 0.187 0.119 3.288
3. 0.072 0.214 0.139 3.395
4. 0.066 0.210 0.149 3.131
5. 0.217 0.355 0.290 2911
6. 0.718 0.820 0.766 2.522
7. 0.275 0.421 0.337 3.705
8. 0.252 0.377 0.323 3.887
9. 0.126 0.405 0.210 5.367
10. 0.053 0.227 0.149 3.268
Conclusion

The SEMONT broadband monitoring system, as an
advanced and modern application of the wireless sen-
sors network for the daily supervision of EMF sources,
over an area of interest, is intended to be a respectable,

@ Springer

valuable, publicly available online tool for systematic
activities related to the healthcare protection of popula-
tion. Moreover, it can be a significant support for the
authorities in their efforts to conduct efficient preventive
actions considering unwanted effects of the EMF
radiation.

Recently, the system has begun with initial monitor-
ing, and the results of the monitoring campaign over the
campus area of the University of Novi Sad have been
presented in this paper. Unfortunately, in the past, the
campus did not have any systematic activities for EMF
pollution testing, even though it has been considered to
be a highly sensitive area with the daily presence of
student population.

The initial monitoring and measurements have been
conducted on ten locations over the campus, carefully
chosen to cover places that are most frequently visited
by student population. Intention of this campaign was
to obtain a clear overview of the daily fluctuation of
the EMF strength, as well as the EMF pollution over
the campus, looking forward to determine the poten-
tially dangerous spots on this highly sensitive students’
area.

The high-frequency electric field was monitored,
using the continuous approach during the period from
10 a.m. to 2 p.m., which represents a rush hour in the
campus, considering students’ daily activities and class
attendance.

At all ten locations, during the monitoring period, the
measurements show that the electric field strength is far
below the reference levels, prescribed by the Serbian
legislation. Furthermore, using the SEMONT boundary
approach for the exposure assessment, the measure-
ments show that the potential exposure at all locations
is significantly below the maximal allowable level of
GER jpwea=1, With an almost legible standard devia-
tion, which is lower or equal to 0.031986 % for
GER,,e, during the entire monitoring period.

The results of this initial campaign suggest that the
levels of the high-frequency electric field strength, dur-
ing the campus rush period, do not represent threat on
human health and safety, since they are far below the
prescribed reference levels. However, a better overview
could be obtained by monitoring over a longer period of
time, which is the intention for campaigns that are to
follow.

The obtained results of measurements are stored
into a centralized database of the SEMONT Internet
portal and are available for public dissemination,
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Table 11 Values of the GER
limits for exposure

GERpver
(GERiower)min
1. 8.3973x10°°
2.1907x107°
42406x10°°
3.6174x10°°
3.8762x107°
42625x1074
6.2415x107°
5.2526x107°
1.3095%107°
2.3264x107°
GERpper

(GERpper)min
8.4046x107°
2.1926x107°
42443x107°
3.6205%x107°
3.8795x107*
42661x107°
6.2469x10~*
5.2571x107*
1.3106x107*
2.3284x107°

Location

O X Nk wDd

._.
e

Location

O 0N kLD =

._
e

(GERiower)max (GERipwer)avg (GERiower)sa.ev. [70]
4.9229x107° 2.6604x107° 9.8072x107*
2.8956x107° 1.2548x107° 6.4274x107*
3.7871x107° 1.6882x107° 7.9691x10~*
3.6343x107° 1.9213x107° 7.6604x107*
1.0403x107* 7.0181x107° 1.3789%1073
5.5526x107* 4.8538x10°* 3.1959x107°
1.4648x107* 9.4971x10° 2.1208x107°
1.1766x107* 8.7164x107° 2.0505%107°
1.3516x10* 3.8576x10°° 2.2114%1073
42551x10°° 1.9218x10°° 7.9589x107*
(GER.pper)max (GER pper)avg (GER pper)sid.dev. [%0]
4.9271x107* 2.6627x107* 9.8156x107°
2.8981x107* 1.2558x107* 6.4330%x1073
3.7903x10~* 1.6897x10°* 7.9760x102
3.6374x107* 1.9230x107* 7.6670x107°
1.0412x107° 7.0242%107* 1.3801x1072
5.5573x10° 4.8579x10°° 3.1986x1072
1.4661x1073 9.5053x10°* 2.1226x1072
1.1776x107° 8.7239x10°* 2.0523x1072
1.3527x1073 3.8609x107* 22133x1072
42588x107* 1.9234x107* 7.9657x1072

serving to interested users to track the fluctuation of the
EMF strength and the potential exposure during a period
of time, as well as to generate the EMF register of the
campus area.
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Assessment of Daily Exposure in the Broadband
Continuous Monitoring System — SEMONT

Nikola Djuric and Dragan Kljajic
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Abstract — The Serbian electromagnetic field monitoring net-
work — SEMONT, has recently started taking initial broadband
continuous measurements of electromagnetic (EM) field in sur-
rounding environment. The SEMONT system is designed to per-
form daily observations of EM field sources present in the area
covered by sensors network. The measurement results are col-
lected and stored into a centralized database of EM field register
and will be used to timely inform the public on real-time level of
EM field and to determine the potential exposure of the general
population, in accordance to the Serbian legislation and ICNIRP
recommendations. An approach for the assessment of daily expo-
sure limits, regarding the high-frequency electric field, is consid-
ered in this paper as a solution for the EM field broadband moni-
toring system — SEMONT.

Keywords— EM field monitoring; radiation exposure; wireless
sensors network.

L INTRODUCTION

Considering almost constant public concerns about poten-
tially dangerous effects of long-term exposure to electromag-
netic (EM) fields [1] and the enforcements of the Serbian legis-
lation and the existing Law on non-ionized radiation protection
[2], [3], the initial measurements have begun in the Serbian
electromagnetic field monitoring network — SEMONT [4]-[6].

The SEMONT monitoring system is based on wireless sen-
sors network technology (WSN), designed to acquire real-time
information on instantaneous, the in-situ EM field strength, as
depicted in Fig. 1.

_ Sensor

Radio and TV
) broadcastmg(@ ))>

Internet
portal

o

a‘%

&

H ©)

81 ? gg Cbé
User Measuring GSM base Urban‘area Source of
equipment station EM field

Fig. 1. The SEMONT implementation over an urban area.

The SEMONT network utilizes wireless sensor nodes [8],
[9], which are to be spatially distributed over an area of inter-
est, performing continuous broadband EM field monitoring.

This research is supported by the Ministry of Education, Science and Techno-
logical development of the Republic of Serbia, under the grant for project TR
32055.
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A sensor element contains two interchangeable field probes
that are able to monitor the electric and the magnetic compo-
nent of EM field, in particular frequency range [9].

The central control station of the SEMONT system controls
and coordinates activities of remote sensors, collecting data and
storing them into a database of an Internet portal [10].

The communication between the central control station and
a remote sensor relies on digital cellular network infrastructure
of the Serbian mobile phone companies. The autonomous sen-
sor node communicates with the SEMONT Internet portal over
a quad-band GPRS modem for data upload/download [11].

Aside from that, the SEMONT system is designed to and is
able to incorporate measurement results obtained using some of
the handheld measuring equipment [12].

The SEMONT monitoring system is intended to be a valu-
able tool for municipal agencies for environmental protection,
in their efforts to timely inform the public on present EM pollu-
tion. This system is able to offer the respectable answers on
current field levels, as well as on the potential exposure of the
general population, in accordance with the Serbian legislation
[2], [3], and with recommendations of the International Com-
mission on Non-Ionizing Radiation Protection (ICNIRP) [7].

This paper is organized in a manner that Section I briefly
explains the ICNIRP guidelines for the exposure assessment.
Section II considers an approach for assessment in broadband
monitoring system — SEMONT, and Section III offers real-time
measurements and corresponding assessments of daily limits of
exposure. Section IV brings the conclusion of this paper.

II.  EXPOSURE ASSESSMENT ACCORDING TO THE ICNIRP

The ICNIRP document “Guidelines for limiting exposure to
time-varying electric, magnetic, and electromagnetic fields (up
to 300 GHz)” [13], appears to be the most important document
in non-ionizing radiation protection framework of many coun-
tries, as well as of the Republic of Serbia.

The intention of this document is to establish the guidelines
for limiting EM field exposure that will and that can provide
protection against known adverse health effects. An adverse
health effect causes detectable impairment of the health of the
exposed individual or of his or her offspring. A biological ef-
fect, on the other hand, may or may not result in an adverse
health effect [13].
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The ICNIRP Guidelines recognize two classes, the basic re-
strictions on exposure to time-varying electric, magnetic, and
EM fields that are based directly on established health effects,
and reference levels, which are provided for practical exposure
assessment purposes to determine whether the basic restrictions
are likely to be exceeded.

Some reference levels are derived from relevant basic re-
strictions using measurement and/or computational techniques,
and some address perception and adverse indirect effects of the
exposure to EM field [13]. The derived quantities are electric
field strength (E), magnetic field strength (H), magnetic flux
density (B), power density (S), and currents flowing through
the limbs (/7). In most practical measurements, the electric field
strength (£) and magnetic field strength (/) are most usable.

The ICNIRP Guidelines, in addition, highlight the fact that
compliance with a reference level will ensure compliance with
a relevant basic restriction. If the measured or calculated value
exceeds the reference level, it does not necessarily follow that
the basic restriction will be exceeded.

However, whenever a reference level is exceeded it is nec-
essary to test compliance with the relevant basic restriction and
to determine whether additional protective measures are neces-
sary [13].

Considering the growing number of EM field sources, it is
most likely that simultaneous exposure to multiple frequency
fields will be present on a particular location, initiating the ef-
fects of thermal and electrical stimulation. This paper will con-
sider only the thermal effects, relevant above 100 kHz [13].

Practical applications of basic restrictions require that crite-
ria regarding reference levels of field strengths should be ap-
plied. In case that thermal effects are considered, and in order
to tell if the exposure is below the allowed limits, the following
two requirements have to be met:

| MHz 2 300GHz 2
P e I = (1)
ilOOkHz(C [ J

i>IMHz \ "~ Li
| MHz 2 300GHz 2
H. H.
— | + I <1 2

and

i=100kHz i>I MHz L,j

where E; is the electric field strength at frequency i, £ ; is the
electric field strength reference level for frequency i, H; is the
magnetic field strength at frequency j, H, ; is the magnetic field
reference level for frequency j, the ¢ is 610/ [V/m] (f in MHz)
for occupational exposure and 87/f"? [V/m] for general public
exposure, while d is 51.6/f [A/m] (f'in MHz) for occupational
exposure and 0.73/f[A/m] for general public exposure [13].

The equations (1) and (2) assume the worst-case conditions
among fields radiated from multiple sources. As a result, typi-
cal exposure situations may, in practice, require less restrictive
exposure levels than indicated by equations (1) and (2).

The Government of the Republic of Serbia mainly adopted
the ICNIRP Guidelines recommendations in 2009, through the
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set of laws in the framework of non-ionizing radiation protec-
tion of the environment [2]. Moreover, the new national refer-
ence levels were introduced, which are 2.5 times more restric-
tive than those set out in the ICNIRP Guidelines [2], [14].

III. THE SEMONT EXPOSURE ASSESSMENT APPROACH

It should be noted that the criteria in equations (1) and (2)
are mostly suitable for frequency selective measurements, re-
sulting in a comprehensive exposure assessment [15]. How-
ever, in many situations broadband equipment is used, being
unable to discriminate signal frequencies. Thus, some different
approach should be followed in order to evaluate the compli-
ance of the broadband measurements with the reference levels.

The SEMONT monitoring system is primarily designed for
remote, automated and continuous broadband measurements of
the instantaneous EM field level. Monitoring is performed at an
open area, taking into account all active sources of EM field in
the vicinity of sensor nodes.

Furthermore, the SEMONT system does not have the abil-
ity to quantify individual contributions of specific field sources
to overall the in-situ EM field level, neither to identify frequen-
cies at which field source emits. Consequently, the system does
not know the reference level to which the measurement results
have to be compared. Thus, the SEMONT system and, in gen-
eral, the broadband monitoring approach, has to take into ac-
count the entire frequency range of the used field probe.

A. The SEMONT Exposure Limits

The SEMONT monitoring system is designed to compare
measured values with the lowest and highest reference levels in
a frequency range covered by the sensor’s field probes.

The assessment of the lower and upper level of the global
exposure ratio (GER) [15], is performed using expressions

2 2
]andGERup:[EE’” ] 3)

ref min

GER,,,, :[ Ey

ref max

where E,, is the broadband measured value, E,f yin and Eof max
are minimal and maximal reference levels of the electric field
strength, prescribed by the Serbian legislation for the general
population [14], over the frequency range of the field probe.

The intention is for the SEMONT system to be able to as-
sess the limits of possible exposure, and to present them as a
daily curves over the Internet portal, as depicted in Fig. 2.

ii ié

Database Sensor &
- Source of

GER EM field

Upper GER level
! Lower GER level

Internet
portal

User Daily limits of GER

Fig. 2. Limits of the GER as daily curves.



The SEMONT monitoring system was designed to meet the
requirements of relevant standards for EM field testing [15],
[16]. The standard SRPS EN 50492:2010 suggests that in case
when broadband equipment is to be used, the measured value
should be compared with lowest reference level in a frequency
range covered by the probe [15].

Unfortunately, such an approach will result in a large over-
estimation of real-time exposure and, consequently, the result
of such estimation can be far from the real exposure. Therefore,
this paper proposes an extension, so that the comparison of the
measured values shall be made with the highest reference level
in an associated frequency range of a field probe, in order that
lower boundary of potential exposure can be determined.

Using such an approach, the SEMONT monitoring system
will be able to offer daily limits of exposure, where real expo-
sure should be in range

GER,,,, < GER, ., <GER,,, (4)

resulting in a much clearer overview of the exposure of the in-
situ location. Additionally, considering the necessity to restrict
the exposure, the requirement GER,,, < 1 shall be met. Other-
wise, the comprehensive exposure assessment, i.e. the investi-
gation of the contribution from each of EM field sources, using
frequency selective analysis, should be performed [15].

B. Error Analyses in the Proposed Exposure Assessment

The proposed approach for the GER assessment, using the
broadband measuring method, can result in insufficiently accu-
rate results. Thus, it is highly important to quantify errors that
can be encountered. By defining the relative error between the
proposed exposures limits as the following

GER,, - GER,,,
§=—2 " 100%=1-

GER,,

2
E - .
ﬂ] 100%, (5)

ref max

it can be shown that, in the frequency range from 100 kHz to 6
GHz, suggested by the standard SRPS EN 50492:2010 that the
measurement system shall cover [15], and using Serbian refer-
ence levels for this range E,of i = 11 V/m and E,f e = 34.8
V/m, the difference between limits is 90% of the upper expo-
sure limit GER,,,.

Unfortunately, the tendency is for the measurement equip-
ment to cover a wider frequency range in order to encounter
the variety of commercial sources in different telecommunica-
tion services. In that case, the proposed exposure limits, using
broadband measurement approach, will be substantially distin-
guished and real exposure will be positioned in a wider range.

The Serbian legislation prescribes national reference levels,
which are partially presented in Table I, for the high-frequency
electric field strength [2], [14].

TABLE I. THE ELECTRIC FIELD STRENGTH E [V/M] [2],[14]

100 kHz- 1-10 10—-400 | 400—2000 | 2-300
1 MHz MHz MHz MHz GHz
34.8 34.8 /2 11.2 0.55 /2 244

where particular frequency is marked with .
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It can be observed that minimal and maximal reference lev-
els can change with frequencies, affecting the relative error and
distance between the proposed GER limits, which can and will
change with frequencies, as depicted in Fig. 3.

Relative error of the proposed GER assessment
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Fig. 3. Relative error of the proposed GER assessment approach.

It can be observed that this relative error can be decreased
in two frequency ranges, from 1 MHz — 10 MHz and for 400
MHz - 2 GHz, by shrinking the frequency range of probe in
which the measuring equipment will perform measurements.

Unfortunately, the sensor elements and handheld measuring
equipment planned for the implementation into the SEMONT
system, work in the high-frequency range of 100 kHz — 6 GHz
[9], [12]. Thus, the SEMONT broadband measuring approach,
regarding Serbian prescribed reference level, will result in a
constant discrepancy of 90% between the proposed daily limits
of GER. The proposed limits represent the over and under es-
timation of the real exposure to EM field, but they can help to
detect boundaries of the real in-situ exposure.

Furthermore, the reference values of ICNIRP are 2.5 times
higher than the Serbian prescribed levels, but the relative error
of the GER assessment will be in same range, as depicted in
Fig. 3. This conclusion is valuable when the proposed approach
is to be considered for an accomplishment in the non-ionizing
legislation framework of some other countries.

IV. MEASUREMENT RESULTS

In order to test the proposed approach of the daily limits as-
sessment, the initial monitoring was performed in an open area,
in an unperturbed field (without the presence of persons), at a
high traffic location on campus of the University of Novi Sad.
The measurements were conducted on June 25, 2012, from 10
AM until 2 PM, in good weather conditions, with the tempera-
ture of about 30" C.

The corner of Dr S. Milosevica Street and Dr V. Savica
Street was chosen as the location for test measurement. It is a
crossroad between buildings of the Higher School of Profes-
sional Business Studies, the Faculty of Economy and the Stu-



dent’s Sport Center. Also, in the vicinity of this location there
is an elementary school and a kindergarten, as shown in Fig. 4.
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Fig. 4. Test location and dominant EM field sources.

As dominant EM field sources, two base stations were iden-
tified, which are intended for GSM 900 and 1800 services, both
covering three area sectors, as shown in Fig. 4.

Considering the technical data of these base stations, pre-
sented in Table I and II [17], [18], it can be additionally noted
that test location is at the intersection of the main beams radi-
ated from first sector antennas of both base stations, as shown
in Fig. 4.

TABLE I. TECHNICAL DATA FOR GSM 900 ANTENNAS [17].

Sector 1 Sector 2 Sector 3
Type K739495 K739495 | K739495
Azimuth 45° 200° 290°
Electric down-tilt 2° 2° 2°
Mechanical down-tilt 4° 1° 4°
Antenna height 39.5m 37.5m 37.5m

TABLE II. TECHNICAL DATA FOR GSM 1800 ANTENNAS [18].

Sector 1 Sector 2 Sector 3
Type K742241 | K80010292 | K742241
Azimuth 105° 225° 350°
Electric down-tilt 2° 2° 2°
Mechanical down-tilt - - -
Antenna height 11.2m 11.2m 11.2m

Additionally, there is a direct optical visibility between the
first sector antennas and the test measurement location, while
the distances between the antennas and the location are 187 m
and 201 m, respectively.

The test measurements were performed using Narda NBM
550 broadband field meter [12], and an electric field probe EF
0691 [19]. The probe is an isotropic probe with a flat frequency
response and with a frequency range of 100 kHz — 6 GHz.
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The measurement campaign was performed in two stages:
first, a preliminary scan was conducted over the grid of meas-
urement points [16], to determine the spatial distribution of the
field strength, and further to discover the location with the local
maximum of field strength, the so called hot-spot [15].

Later, detailed measurements were carried out within the
hot-spot, by installing the measuring equipment on a wooden
tripod, as shown in Fig. 5, and using the continuous monitoring
mode of the instrument [12].

1.7m

P1 P6 P11 P16 P21

Fig. 5. Measuring equipment.

The field probe was set at a height of 1.7 m, which is the
average human height, in order to perform monitoring at highly
sensitive position of the human head.

The “Timer Logging mode” of the NBM-550 measuring in-
strument was used [12], while the results were recorded with-
out interruption during the time period of 4 hours and with an
averaging interval of 6 minutes [1], [20].

During this test monitoring, the maximum and average field
values were observed, as shown in Fig. 6.
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Fig. 6. Results of the continuous monitoring.

It can be noted that the average values were very close to
0.8 V/m, throughout the entire monitoring period. Moreover,
the recorded values show the presence of the unvarying electric
field, in spite of a peak in sequence of the maximal field. This
peak probably occurs due to mobile phone signal of person that
passed the test location.



The SEMONT monitoring network is designed to use aver-
age field values for the assessment of GER limits, according to
(3). The results are presented in Fig. 7.
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Fig. 7. The GER according to the Serbian prescribed reference levels.

The performed test measurement shows that the real expo-
sure level of the general population at hot-spot ranges between
0.00043 and 0.00556, having in mind the prescribed reference
levels in the Republic of Serbia. These values are, also, far be-
low the allowed limit of the GER,,,, = 1, prescribed by the leg-
islation for the general population [2], [14].

Moreover, during the entire monitoring period, the upper
exposure level was around 0.005, suggesting that the test loca-
tion has a small level of potential exposure, without sudden and
substantial changes. However, a far better overview of the re-
sulting exposure level at this test site can be obtained through
monitoring that will last more than a few hours. It will be one
of the main tasks of the following monitoring campaigns.

V. CONCLUSION

The SEMONT monitoring network introduces an advanced
and modern approach of wireless sensor network implementa-
tion for daily broadband supervision of overall and cumulative
level of EM sources, over an area of interest.

The SEMONT system is designed to record fluctuations of
EM field on a daily basis and to store them indefinitely into a
centralized database of the Internet portal. The intention for the
SEMONT network is to be considered as an adequate solution
for EM field register of the observed area.

Furthermore, the SEMONT monitoring system and accom-
panying Internet portal are able to offer a respectable response
to the public concerns about long-term exposure to EM radia-
tion. Thus, this paper proposes the assessment of daily limits of
the GER, as an approach which could help enhancing the esti-
mate on the potential long-term exposure to EM radiation.

The GER limits will be presented as daily curves over the
Internet portal of the SEMONT system, as a part of the effort
for the in-situ broadband observation and the exposure assess-
ment of the general population.

In the future, the continuous EM field monitoring and con-
sequent assessment of daily exposure limits will be the base of
the SEMONT monitoring campaigns to follow.
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