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NPUHLIUMDBI dJOPMI/IPOBAHVIﬂvOE'bEMHbIX KAPTUH OMACHOCTU
ANEKTPOMAIHUTHbIX U3NYYEHUKX ANA NPOU3BOACTBEHHbBIX YCIIOBUA

THE PRINCIPLES OF FORMING THREE-DIMENSIONAL PICTURES OF THE DANGER
OF ELECTROMAGNETIC RADIATION FOR PRODUCTION CONDITIONS

Kntoyeeble crosa: KOHMpPOmb 31eKMPOMacHUMHbIX
usny4eruti, CBY-ycmaroeka, KoMnbomepHoe mModenupo-
8aHue, 8U3yanusayusi 3meKmpoMasHUmHol 0bcmaHo8KuU,
00BEMHbIE KapmuHb! onacHocmu SMU.

PaccmartpuBatoTcs BOMpockl 0becneyeHnst 3nekTpo-
MarHuTHO 6e30MacHOCTM B COBPEMEHHbIX YCIOBUSX WH-
TEHCUBHOTO MCMONb30BaHUS UCTOYHUKOB 3MEKTPUYECKON 1
SMNEKTPOMArHUTHON 3HEPruu. VICTOUHMKM SMEeKTPOMAarHuT-
HbIX NONeR nonyyaroT Bce bornee LWMPOKoe pacnpocTpaHe-
HWe B pasnnyHbIX cdepax Xu3HeLesTenbHOCTM YenoBexka,
ycunuBaeTCs BO3gencTBuMe Ha Buonorndyeckue 0bbEKTHI,
4TO MOBLILIAET aKTyanbHOCTb KOHTPONS U BU3yanusaumu
9MEeKTPOMarHUTHON O6CTaHOBKW. 3BECTHbIE MPUHLMMbI
BM3yanu3auun anekTPOMarHUTHOM 0BCTaHOBKW HE Y4WTbI-
BalOT MPOCTPAHCTBEHHYO KOH(MIypaLmio 30H C pasnmyHom
WHTEHCMBHOCTBLIO COCTaBMAOWMX 3MIEKTPOMArHUTHOrO Mno-
ns. Mpu atom paHee pa3paboTaHHas opma npeacTasne-
HWS UIMIMHAPUYECKO KapTUHBbI OMAcHOCTU B BUAE MPOEK-
LW Ha TOPWU3OHTANBHYI MOCKOCTb HE MO3BONSET 0ObEK-
TMBHO OLEHMBATb OMAaCHOCTb 3MEKTpOMarHuTHoi obcTta-
HOBKM B MHOTO3TaXHbIX 34aHUSX U BbICOKUX COOPYXEHNAX
C HepaBHOMEPHO Pa3MeLLEHHBIMM MO BbICOTE UCTOYHMKaMM
SNEKTPOMArHUTHbIX WM3MYYEHWUA C YY4ETOM MPOCTPAHCTBEH-
HOW KOHJMrypauun 30H C ONacHbIMW YPOBHAMU 3MEKTPO-
MarHuTHbIX nonei. MpueeaeHbl NPUHLMMLI (POPMUPOBaHUS
0OBbEMHBIX KapTUH OMacHOCTU 3NEKTPOMArHUTHbIX U3nyye-
HAA ANs NPOM3BOACTBEHHbIX Ycrosuid. [lpeacTaBneHb
pesynbTaTbl U3MEPEHUA HAMPSIKEHHOCTU SMEKTPUYECKOTO
nonst vactotbl 30 K'Y ¥ NAOTHOCTW NOTOKA 3HEPTMM Ha
vactoTe 2,45 Iy B6nman CBY-yctaHoBkM Ans npegno-
ceBHoit obBpabotkn cemsaH. CchopmmpoBaHbl O0OBEMHbIE
KapTuHbI pacnpeaeneHnst HanpsHKEHHOCTW ANEKTPUYECKOrO
Mnons 1 NMOTHOCTM MOTOKA 3HEPrMM Ha MCCrneLyemblx Ya-
CTOTax W MOMy4YeHbl TOYEYHbIE MHOMOCMONHbIE KapTWHBI
OMacHOCTW 3MEKTPOMArHUTHbIX U3MyYeHWI, NO3BONSIOLLME
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BM3yan1avpoBaThb 30HbI AOMYCTMMOrO BpemeHu npebbiBa-
HUS! B BbICOKIX COOPYXEHMSIX C HEPABHOMEPHO pa3MeLLeH-
HbIMI MO BbICOTE MCTOYHMKAMI SMEKTPOMArHUTHBIX W3ny-
YEHWI C Y4eTOM MPOCTPAHCTBEHHOM KOHGMIypaLmmu 30H C
ONacHbIMM YPOBHAMM 3NIEKTPOMArHUTHbIX NONeA.

Keywords: control of electromagnetic radiation, micro-
wave installation, computer modeling, visualization of elec-
tromagnetic environment, three-dimensional pictures of
electromagnetic radiation danger.

This paper discusses the issues of ensuring electro-
magnetic safety under modern conditions of intensive use
of sources of electrical and electromagnetic energy. The
sources of electromagnetic fields become more wide-
spread in various spheres of human life and the impact on
biological objects is increasing, so the control and visuali-
zation of electromagnetic environment becomes more rele-
vant. The known principles of the visualization of electro-
magnetic environment do not take into account the spatial
configuration of zones with different intensities of the com-
ponents of the electromagnetic field. The image of cylindri-
cal pictures of the danger as a projection on a horizontal
plane does not objectively evaluate the danger of the elec-
tromagnetic environment in tall buildings with uneven
height sources of electromagnetic radiation taking into ac-
count the spatial configuration of zones with dangerous
levels of the electromagnetic fields. The principles of form-
ing three-dimensional pictures of the danger of electro-
magnetic radiation for production conditions are presented.
The results of measurements of the electric field strength at
a frequency of 30 kHz and the energy flux density at a fre-
quency of 2.45 GHz near a microwave installation for pre-
sowing seed treatment are presented. Three-dimensional
pictures of the distribution of the electric field strength and
the energy flux density at the studied frequencies are
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formed. Multilayer point pictures of the danger of electro-
magnetic radiation that allow visualizing zones of the al-
lowed stay time in tall building with uneven height sources

of electromagnetic radiation taking into account the spatial
configuration of zones with dangerous levels of the elec-
tromagnetic fields are obtained.
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BBepeHue

LLInpokoe MCNonb3oBaHNE UCTOYHUKOB SNEKTPU-
4eCKOW W 3NEKTPOMArHUTHON SHeprun B XuHedes-
TENbHOCTW YenoBeka MPUBOAWT K HenpepbiBHOMY
BO3LEMCTBMIO  ANEKTPOMArHUTHbIX  M3MTyYeHWN
(OMW) Ha 6uonornyeckne obbekTbl [1-4]. M3BecT-
Hble MPUHUMNbLI BU3yanu3auuy dneKTpoMarHUTHOW
0BCTaHOBKM He Y4MTbIBAIOT MPOCTPAHCTBEHHYIO
KOHOUrypaLmio 30H C pasnmyHON MHTEHCUBHOCTbIO
COCTaBNAOLMX 3nekTpomarHutHoro nons (SMIT)
[5-8]. MMpu atom paHee paspabotaHHas ¢opma
NPeACTaBNeHNs LMNUHAPUYECKOA KapTUHbI onac-
HOCTW B BMAE MPOEKLMN Ha FOPU3OHTarbHYI0 NMOC-
kocTb [9, 10] He No3BoNSET 0OBEKTUBHO OLEHNBATD
OMacHOCTb 3NEKTPOMArHUTHON OBCTaHOBKM B MHO-
FO3TXHbIX 30AHWSAX W BbICOKMX COOPYXEHUsX C
HepaBHOMEPHO pa3sMeLLEeHHbIMI NO BbICOTE MCTOM-
HWKaMW 3NEKTPOMArHUTHbIX W3IYYEHUA C Y4eTOM
NPOCTPAHCTBEHHOW KOHMIypaLun 30H C ONacHbIMY
ypoBHamu AMIT [9, 10].

Llenbio unccnegoBaHnid sBuUnach paspabotka
HOBOrO MOAX04a K BM3yanm3aLuu 3rekTpoMarHuT-
HOW OBCTAHOBKM Ha MPOWM3BOACTBEHHbIX 0ObEKTax
WK B MOMELLEHNAX C MCTOYHMKaMn MW, akcnnya-
Tauus 1 obCnyXuBaH1e KOTOPbIX OCYLLECTBNSAIOTCS
NepcoHanom ¢ HeobXoaMMbIMK NPOECCUOHABHO-
KBanWUUKaLMOHHBIMW XapaKTEPUCTUKAMMU.

06beKkTbl M MeToAbI
[N MOAenupoBaHMS 3NEeKTPOMarHUTHOM 06-
CTaHOBKM B 3TUX YCNOBUSX LenecoobpasHo wc-
nonb3oBaTb OObEMHbIE KapTWHbI B BWAE MHOrO-
CMOMHOW BW3yanu3aumu 30H omacHoctn SMU ¢
oTOBpaxXeHem TPeX FOPU3OHTaNbHbIX pPa3pe3os
MOZENMPYEMOro NPOCTPaHCTBA Ha pernameHTupy-

€MON CaHuTapHbIMK mpasunamu 1 Hopmamu [11]
BbicoTe koHTpons (0,5; 1 v 1,4 m ana paboyeit no-
3bl «cuas» unm 1,7 M ans paboyeit Nosbl «CTOSA» OT
OMNOPHOI NOBEPXHOCTH). [pn 3TOM MOXET WUCNOIb-
30BaTbCA Kak TOYEYHOE MPOeLMpoBaHue, Tak 1 Lu-
nuHapuyeckoe [10].

Mpegnaraembin nogxon K 0B6bEMHON BU3yanu-
3aUMM SNEKTPOMArHUTHBIX WU3MTyYeHUn PacCMOTPEH
Ha npuMepe nomeweHuss C onbiTHon CBY-
YCTaHOBKOW NS npeanoceBHON 06paboTkm cemsH
[12], obbémHas mogernb KOTopomn (momnyyeHHas c
NCMONb30BaHWEM  NpOrpamMMHOro  obecneyeHus
[13]) npeacraBneHa Ha pucyHke 1.

JKcnepuMeHTanbHas YacTb

OKCnepuMeHTanbHble WCCNeaoBaHNs npoBefe-
Hbl Ha paccTosHun 10 cm [11] OT Kaxzgow rpaHm
kaxgoro 6noka CBY-ycTaHOBKM € 1CMONb30BaHUEM
namepuTenbHblx  Npubopos  BE-meTp-AT-004 1
M3-41. B Tabnuue 1 nokasaHbl pe3ynbTaTthl Uccne-
[0BaHus anekTpuyeckoro nons vactotoi 30 Ky u
3NEKTPOMArHMTHOro nonst yactoton 2,45 IMu, kak
npeacTasnsiowme Hanbosblyld OnacHOCTb Mpw
Temnepatype +45°C 1 OTHOCMTENbHON BNAXHOCTM
Bo3ayxa 32%.

PesynbTathl U nx obcyxaeHue

KomnbloTepHOE  MOAENMpOBaHWE  arekTpomar-
HWTHBIX MOPTPETOB BbLINOMHEHO C MoMoLb [13],
pesynbTaTtbl KOTOPOrO NPeACTaBneHbl B Buae 06b-
EMHbIX KapTWH pacnpefeneHns HanpsKEHHOCTM
anekTpuyeckoro nons  Ha vactote 30 «kly
(puC. 2) 1 NNOTHOCTW MOTOKA 3HEPrK Ha YacToTe
2,45TTy (puc. 3).
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Puc. 1. CBY-ycmaroeka:
1- 610k nodayu 3epHa; 2 - paboyast kamepa; 3 — ebix00HOU 610K
Ta6nuua 1
Pe3ynbsmamsi uccnedoeaHusi anekmpomazHumHol ob6cmarHoeku e6nuzu CBY-ycmaHosku

HanpshkeHHOCTb anekTpudeckoro | MnoTHOCTb NOTOKA SHEPTUM
Homep [MonoxeHwve nons E, B/m M3, mkBt/cm?
Bnoka KOHTpOns KOHTpOnMpyemas yactoTa

30 Ky 2451y

Bepx (ueHTp)
Hus (ueHTp)
1 3anag
Bocrok
tOr
Bepx (ueHTp)
Hu3 (ueHTp)
3anag
Bocrok
Bepx (ueHTp)
Hu3 (UeHTp)
3 3anag
Bocrok
Cesep
MpegensHo AonyCTUMbIN ypoBeHb [11]

MpumeyaHue. MpegenbHo LOMyCTUMbIA YPOBEHb ykasaH Ans 8-4acoBoro paboyero [Hsi; LIBETOM BblaeneHbl 3HaYeHMS,
npeBbILLaoLLMe NPeenbHO A0NYCTUMbINA YPOBEHD.
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Puc. 2. 06véMHas kKapmuHa pacnpedenieHusi HanpsKeHHOCMU 3nekmpu4ecko20 nossi Ha Yacmome 30 kl'y, (B/m)

Puc. 3. 06néMHas kapmuHa pacnpedesnieHusi nnomHocmu nomoka aHepauu AMIT Ha yacmome 2,45 Ty,

(MkBm/cm?)

PesynbTaTbl  KOMMBIOTEPHOM  BU3yanu3auum CnegyemMoro MoMeLleHUs Ha BbICOTE KOHTPONs B
onacHbIx 30H B6nm3n CBY-ycTaHOBKW nmpuBeaeHbl 0,5; 1 n 1,7 m ot onopHow nosepxHoctn [11]. O6b-
ANs AByX M3 Haubonee 4acto (PUKCUMpyeMbix 4Ya- €MHbIE KapTWHbI OMacHOCTU CPOPMMPOBAHbI C UC-
CTOTHbIX cocTanstowwmx IMIT (30 kl'y n 2,45 M) nonb3oBaHMeM pa3paboTaHHOrO  MPOrpaMMHOr0
C oTobpaxeHnem 3 ropu3oHTanbHbIX Pa3pe3os Uc- obecneyenus [14] B cootBeTcTBMM C [11].
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Puc. 4. ToueyHas MHO20cCnOlIHas kapmuHa onacHocmu MU Ha yacmome 30 kI'y (4)

[ns MOBbIWEHUS HArMSAHOCTU  Pe3ynbTaToB
MOZESMPOBAHNS  SNEKTPOMAarHUTHOM  0BCTaHOBKM
LOMOMHUTENbHO MpeanaraeTcs ykasblBaTb rOpu-
30HTarnbHyK NPOEKUMI0 06BLEMHOM KapTWHbLI onac-
HOCTW Ha MNOCKOCTb NOTOMKa WCCregyemoro no-

MeLleHus (puc. 6 a) uiunu ee poHTarnbHyK npo-
eKUMo C MIIoCKOCTU [BepHoro npoema (puc. 6 6)
WK NPOXOAAa B KOHTPONMPYEMYH 30HY C UCTOYHM-
kamu OMU, pasameLLEHHbIX BHE MOMELLEHNIA.

Puc. 5. ToyeyHass MHO20CnOUHasA KapmuHa onacHocmu AMU Ha yacmome 2,45 Ty (4)
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a

6

Puc. 6. lopuzonmansHas (a) u ppoHmansHas (6) npoexyuu
moyeyHol MH020C/10lHOU KapmuHbl onacHocmu MU Ha yacmome 30 kI'y (4)

3aKnyeHue

To4eYHble MHOTOCMONHbIE KAapTWUHbI OMACHOCTY
3NEKTPOMArHUTHBIX W3My4YeHUn MO3BONSIT BU3ya-
NM3MpOBaTh 30HbI AOMYCTUMOrO BpemeHu npebbl-
BaHWS HE TOMbKO B BbICOKUX COOPYXEHMSIX, HO U Ha
obbekTax C HepaBHOMEPHO pa3MeLLEHHbIMM MO
BbICOTE WCTOYHMKAMU BMEKTPOMAarHUTHbIX U3nyye-
HAW C Y4E€TOM MPOCTPAHCTBEHHOM KOHUrypauum
30H C OMacHbIMM YPOBHSIMW 3MEKTPOMArHUTHbIX
nomnen, YT0 MOXHO Y4MTbiBaTb Npu 0BOCHOBAHHOM
BbIOOpE 3aLYMTHBIX MEPONPUSATHIA NO 0BECNEYEHMIO
AneKTpoMarHuTHoi 6e3onacHoCTm.
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