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PaccmaTtpuatoTcs BOnpochl 0becrneyeHuns anekTpo-
MarHuUTHOM 6e30nacHOCTM B COBPEMEHHbIX YCMOBUSX
WHTEHCUBHOrO ~ WUCMONb30BaHUS  SNEKTPOMAarHUTHOM
3HEPrum, 3arpasHAIOLLEN dNEeKTPOMarHUTHbIN (OH OKpY-
Xawowen cpefpl. YuuTblBas, 4TO MCTOYHWKNA SNEKTPO-
MarHUTHbIX MOnen nonyvatoT BcE Bonee Wwupokoe pac-
NpoCTpaHeHue B pa3nnyHbIX cdepax XusHeaesTenbHo-
CTU YenoBeka, BKMOYas MPOM3BOACTBEHHbIE W KOMMY-
HanbHO-6bITOBbIE 0OBEKTBI, YCUIUBAETCH BO3AEMCTBME
Ha Bce Guonornyeckne 06bEKTbI, YTO MOBbILIAET aKTy-
anbHOCTb HOPManM3aLun ANeKTPOMarHUTHON 0bCTaHoB-
ku. ins obecneyeHns anekTpoMarHuTHoN 6e3onacHoCTy
B pasnuuHbIX cdepax npou3BoacTsa v B ObITy Npu He-
ONPeAEeneHHOCT YacTOTHbIX Auana3oHoB M XapakTepa
pacnpefeneHns B MpOCTPAHCTBE 3NEKTPOMArHUTHOTO
nons NpeafioXeHO MCMOoMnb30BaHWe WHTENneKTyanmam-
POBAHHOWM CMCTEMbI, MO3BONSIOWEN MO pesynbTatam
OLEHKM OMaCHOCTW  SNEKTPOMArHUTHbIX  M3My4YeHNN
obocHoBaTb MEPONPUATHS MO 3aLLMTE BPEMEHEM U pac-
CTOSHMEM, @ TaKKe C MOMOLLbIO NakeTa cneyuanvampo-
BaHHbIX MpOrpaMM NPOWU3BOAUTL aBTOMATU3MPOBAHHbI
BbIOOP 3aLMTHBIX MEPONpUATUIA. Tpu 3TOM WCMONb3Y-
€TCA MPUHUMNWANbHO HOBLIM NOAXOA, YUMTbIBAKOLMNA
BO3MOXHOCTb OJHOBPEMEHHOMO BIUSIHUS U yCUIEHne

h 4

Pe3ynbTUPYIOLEro OeACTBUS HECKONMbKAX MCTOYHWUKOB
9NEKTPOMArHUTHbIX U3nyYyeHuin. PaccMOTpeHbl NpuHLK-
Mbl KOHTPONS W HOpPManu3auun 3neKTpOMarHUTHoOM 06-
ctaHoBKkM. [lpefcTtaBneHbl pe3ynbTaTbl KCNEPUMEH-
TanbHbIX W3MEPEHUA HaMPSHKEHHOCTU 3NEKTPUYECKOro
nons Ha yactote 30 k'L M NAOTHOCTM NOTOKA SHEPruy
Ha vactote 2450 My B6nm3an onbiTHo CBY-ycTaHOBKH
AN npegnoceBHol 06paboTkn cemsH. [puBeaeHbl
KOMMbIOTEPHBIE MOAENM ANEKTPOMArHUTHON 0BCTaHOBKM
B BMAE KapTWH pacnpeaerneHns HanpskEHHOCTU dnek-
Tpuueckoro nonst Ha yactote 30 kIl ¥ NAOTHOCTM NOTO-
ka 3Hepriu Ha vacTtoTe 2450 MIu. MpeacrtasneHsb! Lu-
NIMHOPUYECKNE KapTUHBI OMACHOCTK 3NEKTPOMArHUTHbIX
nanyyeHuit (B popme KapT AOMYCTUMOrO BPEMEHM npe-
ObiBaHms) Ha vactotax 30 kl'y v 2450 My go akpaHu-
POBAHWS YCTAHOBKM 11 MOCNe BHEAPEHUS CUCTEMbI JKpa-
HUpoBaHus. lNponsseaeHa oLeHKa 3PEKTUBHOCTN Bbl-
BpaHHOM CUCTEMbI 3aLLMTHOTO SKPAHUPOBAHMS.

Keywords: electromagnetic radiation, electromag-
netic safety, intellectualized system, computer modeling,
electromagnetic environment visualization, danger pic-
tures of electromagnetic radiation, automated protection
selection, protective shielding.

This paper discusses the issues of ensuring electro-
magnetic safety under modern conditions of intensive
use of electromagnetic energy that pollutes the electro-
magnetic background of the environment. Normalization
of the electromagnetic environment is relevant since the
sources of electromagnetic fields are becoming more
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widespread in various spheres of human life (for exam-
ple, industrial and municipal facilities) and the impact on
all biological objects is increasing. The use of an intellec-
tualized system of the electromagnetic environment is
proposed to ensure electromagnetic safety in various
areas of production and in everyday life with uncertainty
of frequency ranges and the nature of distribution in the
space of the electromagnetic field. This allows justifying
the protection measures by time and distance based on
the results of the assessment of the danger of electro-
magnetic radiation. It will be possible to use a package
of specialized software to make an automated selection
of protective measures. A fundamentally new approach
is used which takes into account the simultaneous influ-
ence and amplification of the resulting action from sev-
eral sources of electromagnetic radiation. The principles

of control and normalization of the electromagnetic envi-
ronment are considered. The results of experimental
measurements of the electric field strength at a frequen-
cy of 30 kHz and the energy flux density at a frequency
of 2450 MHz near the experimental microwave installa-
tion for pre-sowing seed treatment are presented. Com-
puter models of the electromagnetic environment are
presented in the form of pictures of the distribution of the
electric field intensity at a frequency of 30 kHz and the
energy flux density at a frequency of 2450 MHz. Cylin-
drical pictures of the danger of electromagnetic radiation
(in the form of maps of the allowed stay time) at the fre-
quencies of 30 kHz and 2450 MHz before the shielding
of the installation and after the introduction of the shield-
ing system are presented. The efficiency of the selected
protective shielding system was evaluated.
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BsepeHue

Poccuitckne 1 MexzgyHapogHble HopmaTuB-
HO-NpaBOBble AOKYMEHTbI B 0Bracti anekTpo-
MarHWTHOW ©e30MacHOCTW  pernameHTUpYIoT
NPOBEAEHNE 3aLUUTHBIX MEPONPUATUI OT BRMS-
HWS ANEKTPOMarHUTHbIX nonen (M), koTopble
B BOMbLUMHCTBE CryvaeB npedycMaTpuBatoT
3alUMTy BPEMEHEM M PacCTOSIHUEM, a Takxe
akpaHupoBaHue [1-6]. OgHako M3BECTHbIE TEX-
Honoruun [7-15] npobnematnyHo MCnonb3oBaTh
B YCNOBWSX OJHOBPEMEHHOTO BO3AENCTBUSA
pasnuyHbIX coctasnsowmx IMM ¢ pasnunyHbl-
MW 4aCTOTHbIMW AnanasoHamu. JTO CBSA3AHO C
HeobX0ANMOCTbI0 0BOCHOBAHUS U peanusaumm
COBOKYMHOCTU  MEPOMNpUSATUNA,  Y4UTHIBAKOLLMX
napameTpbl  JEACTBYIOLMX  COCTABMSHOLMX
OMI1 v aneKkTpu4eckme 1 MarHUTHble CBOMCTBA
MaTepuanoB 3KPaHOB, UX KOHCTPYKTUBHbIE W
reomMeTpuyeckue napameTpbl v T.0. [5, 6].

PelleHune BbISBNEHHbIX Npobnem cyutaeTcs
[OCTATOMHO TPYAOEMKUM. [0STOMY Lenbko UC-
CnefoBaHUA  SiBUNMacb aBTOMAaTM3aUMA  KOH-
TPONS 3NEKTPOMArHUTHOW 0BCTAaHOBKM M Mpo-
Lecca Bblbopa COOTBETCTBYIOLLEN 3aLUMTbI, B
4aCTHOCTU, 3 PEKTUBHOTO IKPAHMPOBAHMUS, C
NOMOLLbI0 pa3paboTaHHOM C y4acTMEM aBTOpPOB
WHTENNEKTYanmampoBaHHon cuctembl [16-18],
NCMoNb30BaHNe KOTOPOW MO3BONSET  Cylue-
CTBEHHO YNPOCTUTb TEXHOMOTUI0 BHELPEHUS
3aLUMTHBIX MEPONPUSTUIA.

O6beKTbl U MeToAbI
Mpu obecneyeHnn anekTpoMarHUTHon Ges-
OMacHOCTU CriefyeT PYKOBOACTBOBATLCS MPUH-
Unnamm BbIGOpa Mep 3alnTbl B OTHOLLEHUM
nogen, nNpogeccMoHanbHO He CBSA3aHHbIX C
aKCnnyaTaumuen n obCnyxmBaHneM UCTOYHUKOB
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9NEKTPOMArHUTHbIX u3nyyeHun (OMU) u, npo-
W3BOACTBEHHOrO NepcoHana [6].

B OTHOWEHMM HaceneHus npoBOASTCA Me-
PONpUATUS MO 3alnUTe BPEMEHeM, 3aKmnioyaro-
Lmecs B onpeaeneHun 4onyCcTMOro BpeMeHm
C y4eTOM BNMSIHWS TemnepaTypbl 1 BMaXHOCTM
BO34yXa, B TEYEHME KOTOPOr0 BO3MOXHO AnM-
TENbHOE NpebbiBaHME B BbISBNEHHbIX OMACHbIX
30HaX KOHTpOnMpyemoro npocTtpaHctea. [lo-
NOMHMTENBHO BbINOMHSAETCS NEPEMELLEHME UC-
TOYHMKOB W3My4YEHNS] HA MaKCUMamnbHO BO3-
MOXHO€ PacCTOsiHME OT 30H AMMTENbHOMO npe-
BbiBaHKS.

[N NpOM3BOACTBEHHLIX YCMOBUIA  KpOME
BblbOpa KOMOWHMPOBAHHBLIX MEPONPUATUNA MO
3aluTe BpPEeMEHeM M pacCTOsHWEM, Kak U Ans
HaceneHns, QONOMHUTENbHO MOrYT MCMOMb30-
BaTbCS PasfMyHble CUCTEMbl SKPaHWPOBAHUS
[7-15, 18].

PaspaboTaHHasi MHTENNeKTyanMaMpoBaHHas
cucTemMa MO3BOMSIET OLEHMBATb  OMACHOCTb
OMMU [16-18], a ¢ nomoLlblo pa3paboTaHHOMo
nporpammHoro obecneyexus (bonee 30 cneum-
anuanpoBaHHbIX Nporpamm) BblGupaTb napa-

METpbI 9 (EKTUBHbBIX 9KpaHUPYHOLLMX
YCTPOMCTB B 30HAX BIMSHUA MEPEMEHHbIX
ANEKTPUYECKUX UMM MarHUTHBIX, UMK Snek-
TPOMArHUTHbIX NOMEN B YCHOBUSX UX KOMBUHK-
POBaHHOIO BO3LENCTBUS.

TexHonorns oueHku onacHoctn IMU cxe-
MaTUYHO npencTaBneHa Ha pucyHke 1 [17-19].
[Mpn 3TOM TOYEYHYIO KapTUHY OMacHOCTH yao6-
HO WUCNONb30BaTL MPU OLEHKE 3NEKTPOMArHMT-
HOW 0BCTaHOBKM B HEMPOU3BOACTBEHHBIX YCI10-
BUSX, @ [Nnd NPOM3BOACTBEHHbIX OOLEKTOB
npegnaraeTcsa UAnMHApuYeckas kapTuHa onac-
HocTu [19], npeacTaBnsoWas NpoCTPaHCTBEH-
HYI0 COBOKYMHOCTb LMIIMHAPWUYECKMX 30H MO-
MeLLEHMNS C 3apaHee 3aaHHbIM PagnycoM.

[MonyyeHHble C NOMOLLBK paspaboTaHHOM
CUCTEMbI KapTUHbl onacHocT OMWU ncnonb3y-
toTcs Ans 0B6OCHOBaHWS MeponpuaTWA No 3a-
LUMTE BPEMEHEM U pacCTosHUEM, a paspabo-
TaHHbIA NakeT  CheuuanuanpoBaHHbIX Mpo-
rpamm Mo3BONnseT NpoBOAMTL aBTOMATU3UPO-
BaHHbIN BbIOOP 3PEEKTUBHOMO 3KPaHMPOBa-
HWS, CxeMa KOTOPOro NpeacTaBfieHa Ha PUCYH-
ke 2.
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Busyamisaiina

Hamepenne H OTHOCHTENBHOM YTouHeHHE IPAHHYHBIX
TEOMETPHYCCKIX BIIAHHOCTH BO3OYXA }'CJTOBHI“( MOﬂe..‘!HP}'E.\{Oﬁ
napaMeTpoB 00nacTH MPOCTPAHCTEA
Bl \I )
CnexTpansHas IHATHOCTHEA Hamepenne napamerpos
3MEKTPOMArHHTHOM “‘:b 4':-‘ 3MII B 4acTOTHRIX
namasonax go 300 I'T)
0BCTAHOBKH Komnerotepras A A o
) 0'3?360TK8 OAHHBIX

pacnpeneneHis
HMHTCHCHBHOCTH
cybuuuMeTposore M

notoka DMII B ananazone
gacToT 300 [Tu - 3TT

Hamepenne nmuoTHOCTH

Kaprunsl pacnpencnesns
napamerpos JMII

i

TU‘!C‘-IHI:IC KapThl
onacHocTH DMIT

Iunuuapudeckne
KapTe! onacHocTH JMH

L

\

— —

P

Bribop 3amuTHEIX Mep
ANA HOPMATH3ALHH
SHCKI'p{).\larHHTHOﬁ obCcTaHOBKH

\

Puc. 1. MpuHyunbi o6ecnevyeHus anekmpomMazHuUmHoul 6e3onacHocmu
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Bridop ctannapTHOTO
akpana N

Br1dop cTannapTHOTO
sxpana | cemee

N N

BRrOI reoMeTpHYSCKAX
TAPAMETPOR

OnpenencHue 3aimMTHOTO
MaTEepHaATE

Brrmcnenne spderTHEHOCTH
IKPAHHPOBAHNS

Pacuér croumocti AKpaHd

N

OnTAMATLHE BapHAHT
sxpanuporarns IMH

Puc. 2. Cxema ebibopa
3ahghekmueH020 IKpaHUPOBaHUS

JKcnepUMeHTanbHas YacTb

Hwxe npeacTaBneHbl pesynbTaTbl MpaKTu-
4eCkoro NpUMeHeHns pa3paboTaHHON CUCTEMbI
Ans Bbibopa 3awutel ot IMU Ha npumMepe aKc-
nepuMeHTarnbHOM YCTaHOBKM ANS Npeanoces-
Hon 06paboTkn cemsiH (puc. 3), paspaboTaHHOM
B KpacHosipckom rocygapCTBEHHOM arpapHOM
yHuBepcuteTe [20].

2 3
Puc. 3. SkcnepumeHmanbHasi ycmaHoeka:

1- 610k nodayu 3epHa; 2 - paboyasi kamepa;
3 - ebIxodHoU 650K

Mo pesynbTaTaM aHanu3a CNEKTPanbHOro
coctaBa QMW BbisBNeHbI ABe Hambonee onac-
Hble YaCTOTHble COCTaBMSOWME 3NEKTpoOMar-
HuTHoro nonst: 30 KMy u 2450 Ml'y. B pesynb-
Tate uamepeHwin napametpoB OMI Ha aTnX
yacTtoTax BONM3N Kaxaoro M3 BrokoB aKcnepu-
MEHTasbHOM YCTaHOBKM 3adpMKCMPOBaH BbICO-
KW YpOBEHb OnacHocTh (Tabn.), noatomy Tpe-
Byetcs npoBefeHNe MHXEHEPHO-TEXHUYECKNX
MeponpuaTUin ans obecneveHns anekTpomar-
HWUTHOW BesonacHoCTw.

Pe3ynbTtaThl  UX 06CyxaeHue

PesynbTtaTbl KOMMBIOTEPHOrO MOLENMPOBa-
HWS NpefCTaBneHbl B BUAE KapTUH pacnpege-
nexus napameTpoB OMI1, Ha3blBaEMbIX 3MEK-
TPOMarHUTHbIMKW nopTpeTamu (puc. 4, 5), a
TaKkKe KapTuH onacHoctn OMW B Buae UnnuH-
APVYECKMX KapT AOMYCTUMOro BpeMeHu npebbl-
BaHus (puc. 6, 7) [19].

C Y4YETOM BbISBIIEHHbIX OMACHbIX U3MTy4YeHNN
NpOM3BEAEH aBTOMATWU3WUPOBaHHbIN  BbIBOP
9KpaHMpyloLWero Matepuana:  anioMUHUEBON
CeTKM C warom 5 Mm. ocrne ycTaHOBKM 3KkpaHa
BbINOMHEHbI MOBTOPHbIE WCCIEAoBaHNS 3fiek-
TPOMarHUTHOM 06CTAHOBKM 1 ee KOMMbIOTEPHOE
MoZenupoBaHue.

Ha pucyHke 8 nokasaHa kapTa 4OnycTUMOro
BpeMeHu npebblBaHMs B 3MEKTPUYECKOM Morne
yactoton 30 Kkl'y nocne akpaHuposaHus [19].
Bpems gonyctumoro npebbiBaHns B TeuYeHue
paboyeit CMeHbl, KoTopoe Bo3ne Grnoka 1 go
aKpaHupoBaHus coctaensano 30 MuH., yBenu-
Yynnocb A0 2 Y, a Bo3ne 6rnoka 3-¢ 24406 u.

C y4ETOM BbISIBIIEHHbIX OMACHbIX U3MTy4YEeHNN
NPOM3BEAEH  aBTOMATWU3WUPOBaHHbIN  BbIBOP
9KpaHMpYOLWero Matepuana: anioMUHUEBON
CETKM C Warom 5 Mm. ocne ycTaHOBKM 3kpaHa
BbINOMHEHbI MOBTOPHbIE WCCIEA0BaHUA 3rlek-
TPOMarHUTHOM 06CTAHOBKM U €e KOMMbIOTEPHOE
MOZENMpoBaHue.
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Tabnuua

Pe3ynbmambi usMepeHusi ypoeHel u3fy4eHusi ycmaHoeku

Wccrnenyembiit
0bbekT

ObnacTb KOHTpONA

HanpspkeHHOCTb
3NeKTPUYECKOTO nons
(vactoTta 30 k'y), B/m

[MnoTHOCTb MOTOKA

SHepriu (YactoTa 2450
Mry), MkBT/cm?

brnok nogaun
3epHa

LleHTpanbHas BepxHss

LleHTpanbHas HUKHAS

3anagHas

BocToyHas

KOxHas

Pabouyas kamepa

LleHTpanbHas BepxHss

LleHTpanbHas HKHSS

3anagHas

BocToyHas

[1aHHble 3MepeHHil Mpn
t¢)aKT=+24°C, hakT q:qu =43%

[aHHble N3MEPEHNI NPy
tpac=+24°C, @ .= 43%

BbixoaHon 6nok

LleHTpanbHas BepxHss

LleHTpanbHas HUKHSAS

3anagHas

BocToyHas

CeBepHast

[MpeaensHO 4ONyCTUMBIN YPOBEHD [5, 6]

Mpumeyanue. MpenensHo JONyCTUMBIA YPOBEHL NPUBEAEH ANs 8-4acoBoro paboyero AHs; KpacHbIM LBETOM
BblJeNieHbl 3HaYeHus, npesblwatowyye MAY.

E, B

198,419
176,373
154,326
132,280
110,233

| 88,186

66,140
44,093
22,047

0,000

Puc. 4. 3nekmpomazHuUMHbII nopmpem 31ekmpu4ecko20 nonsi 01 yacmomsi 30 kl'y

BecTHuk AnTaickoro rocynapcTBeHHoro arpapHoro ynusepcuteta Ne 5 (187), 2020



NPOLIECCHI U MALLWHBI ATPOUHXEHEPHbIX CUCTEM

}1

I3, uxBr/cw®

270,457
I 213,644
163,654
120,203

83,443
53,449
30,051

13343

3345
0,000

Puc. 5. SnekmpomacHumHbIii nopmpem 3MI1 dns yacmomsi 2450 My
~

} 1M |

T,a

30 mun
1920 vur

24 10 MpE
3 900 MaE
3 9 50 MpE
44940 MpE
51 30 Mpr
6920 MEE
7110 MpE
8 9 00 upE

Puc. 6. Kapma donychMoao epemMeHuU npe6bI83HUﬂ 8 dJIeKmpu4YeCcKom nosie yacmomoli 30 Kl'u
T,u

44 unE
14933 uun
292] ume

3910 umE
3458 MuH
44 46 NuE
5935 MmH
6423 uEn

7912 MmE

Puc. 7. Kapma donycmumozo epemeHu npebbieaHusi 8 AMIT vacmomoli 2450 My,

Ha pucyHke 8 nokasaHa kapTa JonycTuMoro
BpeMeHu npebblBaHUs B 3MEKTPUYECKOM More
vactoton 30 Kl'y nocne akpaHuposaHus [19].
Bpems gonyctumoro npebobiBaHus B TeYeHWe
paboyeit CMeHbl, KOoTOpoe Bo3ne Groka 1 Ao
aKkpaHupoBaHus coctasnsano 30 MuH., yBenu-
4nnock 4o 2 4, a Bosne 6noka 3—c 2470 6 Y.

Ha pucyHke 9 nokasaHa kapTa JonycTUMoro
BpeMeHu npebbiBanna B OMI vactote 2450
MI'y nocrne akpaHupoBanus [19]. ns aton ya-
CTOTHOW COCTaBISAIOWEN 3NEKTPOMArHUTHOro
nons TaKke 3aUKCUPOBAHO CHUXEHWE YPOBHS
OMacHOCTU: BpeMst JONyCTUMOro npebbiBaHWs
Bo3ne 6noka 1 Bospocno ¢ 44 muH. go 1 v
36 MuH., a Bo3ne 6noka 3 — ¢ 14 12 muH. go
2419 MuH.
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T,q
.2'102MBH
2942 MuH

3412l MEH
4101 MuH
4428 MHH
5421 MHH
6101 MuH
6 140 MHH

T 920 MHH

8 9 00 MHH

Puc. 8. Kapma donycmumoz0 epemeHu npebbieaHusi
8 anekmpuyeckom nosie yacmomol 30 k'y nocne akpaHuUpoeaHus

-IHSGM

24919 MuH
3401 mHH
3 u44 MHH
4127 MHH
5427 MHH
5452 MuH
6435 MHH
7417 MHE

8 1400 MuH

Puc. 9. Kapma donycmumozo epemeHu npebbieaHus
8 AMIT yacmomoli 2450 MI'y nocne akpaHupoeaHus

3aknroyeHue

CornacHo Mosy4YeHHbIM  3KCNEpUMEHTasb-
HbIM [JaHHbIM, MOXHO cfenatb BbiBog 06 yBe-
NIMYEHNN BPEMEHU JOMYCTUMOrO NpebbiBaHWs B
Hanbonee OnacHbIX 30HaX KOHTPONMPYEMOro
NpOCTpaHCTBa Moyt B 3 pasa. ATO nogTBep-
XaaeT 3pdeKTMBHOCTb BbIBPAHHOTO 3kpaHa W
LenecoobpasHocTb MCMonb3oBaHus paspabo-
TAHHOW CUCTEMbI [N aBTOMATU3MPOBAHHOIO
KoHTpons onacHoctn OMW 1 BbiGopa nHXe-
HEPHO-TEXHUYECKMX MeponpusTuii no obecne-
YEHMIO 3NeKTpOMarH1THoM 6e30MacHOCTH.
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