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KpaTtak cagpxaj: Y pagy je npukasaHo mefhynabopatopujcko nopehere
pesyntata Mepera MarHeTcke MHAYKUMje Hag3eMHOr BOAA HamoOHCKOr
HuBoa 400 kV, y kome cy yyecTBoBane Tpu uUcnuTHe nabopatopuje.
MehynabopaTtopujcko nopehene je cnpoBefeHo y unrby obe3behera
nosepera y KBanuTeT pesynTtarta ucnuTuBara. Pe3yntatn mepewa cy
aHanuanpaHu ctaHgap4HoOM MeToAoM, npumeHom E, 6poja, Ha ocHoBy
yera je U3BPLLEHO oueHVBane nabopartopuja.

KrbyyHe peun: wmarHetcka wuHAyKumja, HejoHusyjyhe 3pavetse,
mehynabopartopujcko nopeheme.

1. YBop

Y pagy je npukaszaHo mehynaGopaTopujcko nopeherwe pesyntata
Mepera MarHeTcke MHAyKuuje Haa3eMHor Boga HamoHckor Husoa 400 kV. Y
mehynabopaTopujckom nopehewy cy nopesa fNlabopaTtopuje 3a ucnutuBame u
eTanoHupatwe EnektpotexHudkor nHcTuTyTa ,Hukona Tecna”, koja je yjeaHo
ouna u koopguHatop mehynabopaTopujckor nopehewa, ydecTBoBarne joLu
aBe ucnutHe nabopatopwje: JIM ,HykneapHu o6jektn Cpbuje” n ,3aBog 3a
30paBCTBEHY 3awWTUTYy pagHuka’. OnvcaHo nopehewe npeacTtaBrba MNpBO
mefynabopartopujcko nopehere cnpoBefeHO of CcTpaHe EnekTpoTexHuuykor
MHcTUTyTa ,Hukona Tecna” Kao  koopauHatopa, Kao W MpBO
mehynabopartopujcko nopehere y obnactn ncnmtrBarwa enekTpoMarHeTcKor
nosba MHAYCTPUjCKe y4eCTaHOCTH Koje je cnpoBeaeHo y Penybnuun Cpbujn.
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2. HauwumH u noctynak meflynaboparopujckor nopefewa

2.1. MepeHa Benu4yuHa

MepeHa BenuuMHa je WHTEH3UTeT BekTopa MarHeTcke uHaykuumje (B).
MHTeH3nTeT BekTopa MarHeTcke WHAYKUMje MepeH je  M30TPOMNCKK,
NCTOBPEMEHUM MeEpPEHEM CBE TpU MPOCTOPHE KOMMOHEHTE BeKTopa Y
ONCKPEeTHUM TpeHyurMa BpeMeHa.

2.2 MepHa onpema

Cee Tpu nabopaTopuje Cy BpLMNe Meperwa MarHeTcke uHaykuuje y
oncery HUCKnX y4eCtaHoCT NpumMeHOM eTarioHMpaHe MepHe ornpeme.

JlabGopatopuja 1 je 3a Meperwe MarHeTcKke WHAYKLMje KopucTuna
aHanusaTop enekTpomarHetckor norsa ,EFA - 300", npoussohada ,Narda
Safety Test Solutions” 1 ekcTepHy coHay 3a Meperwe MarHeTcke WHAyKuuje.
EkctepHa coHpa je cdepHor obnuka, nospwwuHe 100 cm?. OnucaHu MepHU
cucteM omoryhaBa M30TPOMHO Meperwe MarHeTcke WHAYKUMje HUCKe
yyectaHocTh y opekBeHTHOM oncery of 5 Hz go 32 kHz.

Jlabopatopuja 2 je Takohe kopuctuna ypehaj ,EFA - 300", nponssohaua
.Narda Safety Test Solutions”, anu je ymecTo ekctepHe coHOe 3a Mepewe
MarHeTcke WHAyKuMje KopuwheHa WHTEepHa CcoHAa, Koja je WHTerpucaHa
yHyTap camor ypehaja.

Jlabopatopuja 3 je 3a Mmepere kopuctuna uHcTpymeHT MASCHEK
ESM - 100, koju omoryhaBa mepewe MarHeTcke uHaykuuje og 10 nT o
10 mT, y dppekBeHTHOM oncery o 5 Hz no 400 kHz.

CsBe Tpu wucnuTHe nabopaTopuje Cy NPUIIMKOM Mepera KopucTune
M30TPOMHE COHAE 3a Mepewe MarHeTcke uHAykuumje. M3oTponHa coHpa
06e3behyje MCTOBpEMEHO MepeHe CBe TpU NPOCTOPHE KOMMOHEHTE BEKTOpa
mMarHeTcke MHOYKUMje, Tako Ja MHCTPYMEHT MNpuKasyje HMXOBY pesynTaHTHY
BPEAHOCT.

2.3. M360p nokauuje 3a Mepere

3a ogpxaBare Mehynabopartopujckor nopeherwa nsabpaHa je nokauuja
Koja ce HanmasM Ha Tpacu HaaseMHor Boga HanoHckor Husoa 400 kV,
.beorpag 8 — ObpeHoBay A”, 6p. 412. lNo3nuunja nsabpaHor mepHor npasua P
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ca GPS koopauHaTama, ka0 M pacnopen MepHUX MecTa, npukasaHu cy Ha
cnvgm 1.

S

Cnuka 1. lNosuyuja uzabpaHoe MepHoz2 npasuya U MepHUX Mecma

Ha n3bop nokauuje 3a meperbe MpuUMapHoO je yTuuana koHdwurypauwmja
TepeHa, nNpu Yemy je 6uno og uHTepeca Aa y 6nuM3nHM nzabpaHor mepHor
npaBua He byge objekaTa koju GU CBOjMM NPUCYCTBOM MOMMKU Aa yTuUdy Ha
HVMBOE MarHeTcKe uHayKuuje.
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Mepeh-a cy cnpoBefeHa Ha npaBLy Koju je NpubnmkHO HopMaraH Ha ocy
Hag3eMHor Boda (T3B. naTepanHu npodus) 1 Koju ce Hanasm npubnmxHoO Ha
cpeavHn gartor pacnoHa [1], [2], [3].

Y cnepehoj Ttabenn cy gatM OCHOBHM MojauM O MEPHOM Mpasuy.
Meperba BUCUHa (ba3HVIX M 3alUTUTHUX NPOBOAHUKA UCNNTUBAHOI Hag3eMHOr
BOJa Cy M3BpLUEHA JTACEPCKUM AarbUHOMEPOM.

Ta6ena 1. OcHOBHM NoJauun 0 MepHOM Npasuy

Brone | Menyooouo | Bre | enycoore
Moanora HDOBOAHVIKA pacTojare MDOBOAHMKA pacTojahe
(Tro) POBOA hasHmx POBOA 3aLUTUTHUX
n3Hag MepHor W3Hag MepHor
npoBoAHMKA NpoBoAHMKa
npasLa npasLa
hi=22,6 m _ _

BnaxkHa hy=22.2 m d12_—10 m hz1:30,8 m dy1z,=19.8 M

3eMsba hs=216 m d3=7,6 m hz=30,1m

24, MNMoctynak Mmepera

Mepetba cy BpLUeHa Ay MepHor npasua P koju je npubnukHo HopmanaH
Ha ocy HagsemHor Boga [1], [2], [3]. Ayx mepHor npaBua je usabpaHo 55
MEpHMX MecTa, uuju je pacnopeq npukasaH Ha crimuu 1. CBe Tpwm
nabopaTtopuje Cy WCTOBPEMEHO Mepwune MarHeTCKy WHAYKUWMjy Ha CBUM
MEpHMM MecTMMa, Kako by ce envMMHMCANoO OACTynawe pesyntarta ycneg
BPEMEHCKE MPOMEHE MarHeTcke uHAykuuje, 360r npomeHe cCTpyje
ontepehewa HagsemHor Boga. Ha cBuM MepHMM MecTMMa CnpoBeneHO je
Mepere eeKTUBHMX BPEOHOCTU MarHeTcke MHAykumje Ha BuUCMHM 1 m oA
Tna.

2.5. CrtpyjHo onTepehele nssopa 3payera y Bpeme Mepera

N3mepeHe BpeaHOCTU MarHeTcke MHAYKUMje Y OKOMNMHN Haa3eMHOr Boda
Cy Cpa3MepHe cTpyjama Koje cy npoTuuane Kpo3 ¢asHe NpoBOAHUKE Y BpemMe
Mepera MarHeTcke nHaykumje. BpegHoctu ctpyja ontepeherwa ganekosoga
y Bpeme mepemna, koje cy gobujeHe op ctpaHe JIMT EMC, npukasaHe cy Ha
cnium 2.

212



20471111
12:40 12:42 12:44 12:46 12:48 12:50 12:52 12:54 12:56 12:58 13:00 t

Cnuka 2. Cmpyje onmepeherba 0aniekosoda y speme Mepera MazHemcke UHOyKyuje

3. YnopeaHu npukas pe3ynrtata Mepeta MarHeTcke
MHAYKLUMje

Ha cnvum 3 n y Tabenu 2 je gart ynopeaHu npukas pesynrata Mepemwa
MarHeTcke uHAyKuuje cBe Tpu nabopartopuje. O3Hake y Tabenu 2 umajy
cnepehe 3Haveme:

n — pegHu 6poj MepHor MecTa;

X [m] — Xopun3oHTanNHo pactojakbe MepHor mecta Ha npasuy P oa npojekuuje
cpefhe ghase Ha HMBO TNa;

B; [UT] — edhekTBHaA BpegHOCT MarHeTcke uHaykunje nadopatopuje i.

Tabena 2. YnopegHu npvkas pesynrtata Mepera MarHeTcke UHaykumje
cBe Tpu nabopatopuje

n | x[m] | B/pT] | Bo[uT] | Bs[uT]
1 -50 0.620 0.684 0.620
2 -45 0.647 0.701 0.638
3 -40 0.701 0.742 0.694

213



n | x[m] | By[uT] | Be[uT] | Bs[uT]
4 -35 0.782 0.806 0.779
5 -30 0.927 0.935 0.916
6 -28 1.015 1.017 1.002
7 -26 1.090 1.097 1.073
8 -24 1.146 1.147 1.137
9 -22 1.223 1.209 1.199
10 -20 1.350 1.352 1.341

11 -18 1.473 1.483 1.459
12 -16 1.586 1.595 1.557
13 -15 1.592 1.616 1.577
14 -14 1.621 1.647 1.592
15 -13 1.733 1.772 1.706
16 -12 1.689 1.749 1.679
17 -11 1.751 1.814 1.723
18 -10 1.801 1.869 1.768
19 -9 1.884 1.957 1.858
20 -8 1.861 1.936 1.834
21 -7 1.877 1.958 1.858
22 -6 1.898 1.993 1.863
23 -5 1.878 1.963 1.847
24 -4 1.911 2.012 1.871

25 -3 1.948 2.046 1.917
26 -2 1.921 2.003 1.894
27 -1 1.927 2.011 1.908
28 0 1.850 1.950 1.833
29 1 1.786 1.855 1.769
30 2 1.835 1.896 1.806
31 3 1.774 1.831 1.767
32 4 1.722 1.761 1.708
33 5 1.637 1.669 1.622
34 6 1.634 1.661 1.616
35 7 1.649 1.660 1.642
36 8 1.598 1.606 1.586
37 9 1.581 1.588 1.577
38 10 1.537 1.526 1.523
39 11 1.524 1.520 1.516
40 12 1.388 1.382 1.394
41 13 1.407 1.395 1.403
42 14 1.303 1.289 1.288
43 15 1.249 1.245 1.245
44 16 1.253 1.246 1.241

45 18 1.225 1.219 1.218
46 20 1.154 1.160 1.137
47 22 1.104 1.131 1.092
48 24 1.006 1.035 0.986
49 26 0.969 1.001 0.951
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n | ximl | B/[WT] | Bo[uT] | Bs[uT]
50 | 28 0.935 0.982 0.915
51 30 0.895 0.941 0.875
52 | 35 0.828 0.902 0.814
53 | 40 0.769 0.828 0.754
54 | 45 0.760 0.833 0.754
55 | 50 0.791 0.848 0.791

B[uT]

.| —*— NaGopaTtopuja 1 |-------
1 ] +— JlaBopaTopuja 2
L o TR —e— INaGopaTopuja 3 [

T T -
-0 -40 -30 -20 -10 0 10 20 30 40 50 x[m]

Cnuka 3. YriopedHu npuka3s pesynmama Meperba MazHemcke UHOyKyuje
cee mpu nabopamopuje

HakoH cnpoBegeHor mehynabopatopujckor nopehewa nabopaTopuje
yyecHuLEe Cy He3aBUCHO M3BpLUMME MPOLEHY MepHEe HECUrypHOCTU CBOjUX
pesyntata. Y TEKCTY KOju Criegu yKpaTKo je onmncaH nocTynak npoLeHe MepHe
HECUI'YpHOCTU pe3yrnTata Mepewa MarHeTcke uHaykumje Jlabopatopuje 3a
ucnuTuBamwe U eTanoHnpamwe EnekrportexHuykor nHctutyta ,Hukona Tecna”
[4], [5].

Y KOHKPETHOM chy4yajy nocToje YeTUpn KOMMOHEHTE MepHE HECUTYPHOCTH
Koje cy 3HaudajHe 3a npopayvyH KOMOVMHOBAHE MEpPHE HECUTYPHOCTU:
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Uy - KOMMOHEHTA MEpPHE HECUrypHOCTU YyCnea TMoKpeTawa CeH3opa, 4uvja
npouereHa BpeaHocT nsHocu 2 %;

Up - KOMMOHEHTa MEpHE HECUTYPHOCTM ycrnen BPEeMEHCKE KOHCTaHTe MepHOr
WHCTPYMEHTA, Ymnja npoLereHa BpegHoCT n3Hocu 2 %;

Uz - KOMMNOHEHTa MepHe HeCUrypHocTth ycnen aM6I/IjeHTaJ'IHOF MarHeTckor
norea, Koja nsHocu 5 %;

Uy - KOMNOHEHTA MEpHE HECUrypHOCTM Koja YyBaxaBa TayHOCT MepHor
WHCTPYMEHTA, YTUUAj] Temnepatype W BIaXHOCTM Basgyxa, YyTuuaj
aHU30TpOMnuje, HENMHEeapPHOCT U OPEKBEHTHN 043MB. OBa KOMMOHEHTA MepHe
HecurypHocTu faTta je of ctpaHe npowussohaya n usHocu 3 %.

CBe komnoHeHTe npunagajy Tvny B wuspadyHaBawa MepHe
HECUIYPHOCTU, Na UM ce JoAerbyje NpaBoyraoHa pacnogena, Tako aa je 6poj
cteneHn cnobope: V4 =Vo=vi=vy=~. KoeduumjeHTM OoCceTsbMBOCTM  CY:
C1=CQ=C(3=C4=1 .

KomGrHOoBaHa MepHa HecuUrypHoOCT ce u3padyHasa npyMeHoM 1spasa:

uc:\/cf-uf+---+ci2-ui2+---+c§.u§ (1)

KOju Y KOHKPETHOM Chyyajy rracu:

uc=\/cf-uf+c§-u22+c§~u§+c§-u§ (2)

Kagpa ce y wu3pas (2) yBpCTe BpegHOCTM KOMMOHEHaTa MepHe
HeCurypHocTu n koeduumjeHaTta oceTrnBoctn gobuja ce:

2 2 2 2
u. = i + i + i =+ i = 4—32:3,742 (3)

“WVe) VB V3 (B

MpolunpeHa MepHa HecurypHocT U npeacrtaerba nponsson kKoMGUMHoBaHe
cTaHaapaHe MepHe HECUTYPHOCTU M KoedmumjeHTa npolunpetsa k:

U=k-u (4)

KoeduumjeHT k MOxe umaTu BpedHOCT Yy WHTepBany of \/§ o 3,
3aBWCHO of ycBojeHe pacnogene. C 003uMpoM Aa je ycBojeHa npaBoyraoHa

pacnogena koeduuUMjeHT npowupewa wumMa BpeaHOCT k=\/§, na
npoLMpeHa MepHa HECUTYPHOCT U3HOCH:
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U=k-u,=+/3-3742=6,481%~6,5% (5)

MpouereHe BpedHOCTU MNPOLIMPEHUX MepHUX HecurypHoctu (U) csux
nabopartopuja yvyecHuua cy gate y Tabenu 3.

Tab6ena 3. lNpouereHe BpegHOCTU NpoMpeHe MEPHE HECUTYPHOCTU
nabopaTtopuja yyecH1ua

Jlabopatopuja U [%]
1 6,5

19,8

8,9

4. OueHa pesyntaTta mehynabopaTtopujckor nopehewa

3a BpeaHoBake (oLenuBane) nabopartopuja kopuctu ce E, 6poj koju ce
n3payvyHaBa Ha OCcHoBY crnefeher uspasa [6]:

E — Xi = Xpet

n fi2 2 (6)
Ui +Uref
npu Yemy cy:

X; - naMepeHa BpeaHocT nabopaTopuje j;

Xref - DOOEIbEHA BPEAHOCT MEPEHE BENMYMHE (YCBOjeHa TayHa BPe4HOCT);
U; - npowumpeHa mepHa HecurypHocT nabopartopuie i;

Uyer - NPOLLIMPEHA HECUTYPHOCT A0AErbeHe BPEOHOCTMU.

Y cnyyajy nopehewa pesyntata Mepewa MarHetcke WHAyKuuje
NPeTXOAHN N3Pa3 Ce MOXeE HanucaTh Kao:

Bi - Bref

§ = ——— 7
JUZ+UZ )

C ob3vpom ga TayHa BpeQHOCT MarHeTCke WHAYKUMje Huje nosHaTta,
nocTaBrba ce NuTame koje 6u BpeaHoCcTn B 1 U,r Tpebano yceojutn. Kaga
jeaHa ncnutHa nabopaTopuja BpLUM MEpeHe ca TavyHMjOM MEPHOM OMpeEMOM
W MMa 3HATHO HWXY MEPHY HECUrypHOCT, OMNpaBOaHO je€ KOPUCTUTU HoeHe
pesyntaTte 3a NpoueHy CTBapHOr HMBOA MepeHe BenuuuHe, [6]. MefyTtum, y
ONUCaHOM criyyajy cy cBe Tpu nabopartopuje BpLUMIIE MEPEHE NCTOBPEMEHO,
Ha UCTUM MEPHMM MecTUMa U y3 Kopuwwhere eTanoHMpaHe MepHe onpeme
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CMMYHUX KapakTepucTuka. [lopeg Tora, ouuarnegHo je 4da  nocToju
nogynoapawe pesynrata, LITO Ce MOXe 3aKibydMTW Ha OCHOBY nofaTaka
aatnx y tabenn 2 n Ha cnvum 3. VI3 HaBegeHUX pasnora je y OBOM Cryvajy
onpaBAaHo 3a Jo4erbeHy BpeOHOCT YCBOjUTWM CPefy BpeaHOCT pesynTtata
Mepena cBe Tpu nabopaTtopuje, Kao LUTO je U NpenopyyeHo y [6]:

_ B +B,+B,

B
ref 3

(8)

3a npolmpeHy HeCUIypHOCT JoferbeHe BpedHOCTU YCBOjeHa je cpedrba
BPEAHOCT MPOLUMPEHNX MEPHUX HECUTYPHOCTM CBe Tpu nabopaTtopuje:

Uref:U1+U2+U3 ©)
3
npu Yemy cy:
U, U, Us - npoueneHe MepHe HecurypHocTu nabopatopuja 1, 2 n 3.
Mpema [6] kpuTepujym 3a ouewnBame je cnegehu:
| E,| < 1 - kopekTaH pesynrar;
| E,| > 1 - HesapoBorbasajyh pesyntar.

M3padyHaTte anconyTHe BpegHocTh E, Opoja 3a cBe Tpu nabopaTopuje cy
npvkasaHe Ha HapegHuUM rpaduumma.

[E

0.26

0.24 1M

0.22 1
0.20 4
0.18 -
0.16 -
0.14 -
0.12 ]
0.10 4
0.08 -
0.06
0.04 -
0.02 -
0.00 -

0

Cnuka 4. N3payyHame aricoriymHe epedHocmu E, 6poja Jlabopamopuje 6p. 1
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E |
0.28 -
0.26 -
0.24
0.22 1
0.20
0.18 -
0.16 -
0.14 -
0.12
0.10 4
0.08
0.06 -
0.04 -
0.02

0.00 -]
0

Cnuka 5. N3padyyHame aricoriymHe epedHocmu E, 6poja Jlabopamopuje 6p. 2

E |
0.28 -

026 .-
0.24
0.22 4r1
0.20
0.18
0.16 -
0.14
0.12
0.10
0.08 -
0.06
0.04
0.02

0.00 |

0

n

Cnuka 6. VspauyyHame anconymHe epedHocmu E, 6poja Jlabopamopuje 6p. 3
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Ha ocHoBy pesyntata npopayyHa 3akrbyyyje ce ga cy BpegHoctn E,
Opoja marbe og 1, Ha CBMM MepHMM MecTuma M 3a cBe Tpu nabopaTopuje,
LUTO 3Ha4M fa cy cBu JobujeHn pe3yntaTn KOPeKTHH [6].

5. 3akrbyuak

MefhynabopaTtopujcka nopeferwa MMajy BENukM 3Hadaj 3a BpeAHOBae
nepdgopmaHcu nadopartopuja n yTephiMBame pasnvka mehy nabopaTtopujama.
MNMpema 3axteBuma AxpegutaumoHor Terna Cpbuje cBe akpeguToBaHe
nabopatopuje 1 nabopaTopuje koje Cy NoAHEene npujaBy 3a akpeguTauujy
MOpajy ydecTBoBaTM y AOCTYMHUM W oproBapajyhum mehynabopaTtopujckum
nopehewmnma. Pesyntatn mehynabopaTopujckux nopehewa ce Takohe mory
KOPUCTUTM 3a Banuaauunjy msjaBe 0 MEpPHOj HECUTYPHOCTU, Kao U 3a CTasiHO
npahewe nepgopmaHcu nabopaTtopuja. 3Haya] MehynabopaTopujckmx
nopeherwa je Takohe y o00e3behewy noBepewa y KBanuTeT pesynraTa
ucnutmBakwa, Kao W y pasMeHuM wuckyctaBa Mehy nabopatopujama
yyecHuLama.

JINTEPATYPA

[1] Measurement of low frequency magnetic and electric fields with regard to
exposure of human beings - Special requirements for instruments and
guidance for measurements, IEC Standard 61786, 1998.

[2] Standard Procedures for Measurement of Power Frequency Electric and
Magnetic Fields from AC Power Lines, ANSI/IEEE Standard 644,1994.

[3] CIGRE Working Group C4.203: “Technical guide for measurement of Low
Frequency Electric and Magnetic Fields near Overhead Power Lines”, April
20089.

[4] M. 'pbuh, A. MNaenoswuh: ,MepHa HECUIYPHOCT MPW Mepersy ENEKTPUYHOT 1
MarHeTHoOr nosba mHaycTpuvjcke ydectaHoctn’, 30. casemosawe CIGRE
Cpbuja, 3natnbdop, 2011. rognHa, 36opHuk pagoea R C4 07;

[5] WsBewTaj EnektporexHuukor uHctutyta ,Hukona Tecna” ©p. 3412018:
.Mefhynabopatopujcko nopehewe pesyntata Mepewa MarHetcke
nHAyKumje Hucke yyectaHoctn”, 2012. roguHa;

[6] Ouernuearme ycaznaweHocmu — Onwmu 3axmesu 3a UCIUMUBaH-E
ocrnocobrseHocmu, SRPS ISO/IEC 17043, 2011.

220



Abstract: The paper presents a comparison of measured results of
magnetic field near 400 kV overhead power lines obtained by three
laboratories. This interlaboratory comparison was performed to ensure
confidence in the quality of the test results. The measured results were
analysed with standard methods, using E, number, based on which the
evaluation of the laboratories was performed.

Key words: magnetic field, non-ionizing radiation, interlaboratory
comparison.

Interlaboratory Comparison of Measuring Results
of Magnetic Field near 400 kV Overhead Power Line
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