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IIpemokeHa MHTErpanbHas CUCTEMHAsl XapaKTEPUCTHKA HIEKTPOMArHUTHON SKOJIOTUU M DJIEK-
TPOMAarHUTHOW 0E30MaCHOCTH PaJMOIEKTPOHHON O0OCTAHOBKM Ha MECTHOCTH — JJIEKTPOMAarHUT-
Hasi Harpy3Ka Ha TeppPUTOPHUIO KaK CyMMapHasi SKBHBAJCHTHAS! MOIIHOCTh AJICKTPOMAarHUTHBIX U3-
Jy4eHHid 0a30BBIX CTAHLMWH, MPHUXOASAIIASACS HA €IUHUILY IUIOLIaJH paccMaTpHUBAEMOI TEpPPHUTO-
pun. IlonydeHs! COOTHOLIEHMS, ONPEEISAIONINE KOITUUYECTBEHHYIO CBSI3b 3TOM XapaKTEPUCTHKH C
CyMMapHOH MHTEHCHBHOCTBIO JIEKTPOMArHUTHOro ¢oHa, oOpazyeMoro 0a30BbIMH CTAHIWSIMH Y
3eMHOI ITOBEPXHOCTH, a TAaKKE C BEPOSTHOCTHIO IOMAJaHUs IPOU3BOJIBHO BHIOPAHHOTO MecTa
CTPOUTENBCTBA B 30HY OrpaHUUYCHHUS 3aCTpOikM Omkaimen 6a3oBoil craniuu. [IpuBenens! co-
OTHOILIEHHS, XapaKTEPU3YIOIINE OrPAHUYEHUS HA MPEJEIBbHO JOMYCTHMBIE IapaMeTphl pajyo-
JIEKTPOHHOM 00CTaHOBKH, CO37aBaeMOl 0a30BBIMH CTAaHIIMSIMHU, ITPY ACHCTBYIOMINX OrpaHUYEHH-
SIX Ha MPEJEIbHO JOMYCTUMBIE YPOBHU 3JIEKTPOMATHUTHOIO MOJS Ul HACEIECHUS.

Kniouesvie crnosa: coroBas CBsI3b, DJIEKTPOMAarHUTHAS HArpy3Ka, JIEKTPOMAarHUTHBIN (oH, Iiek-
TPOMAarHUTHAS SKOJIOT WS, SJIEKTPOMarHuTHast 6e3011acHOCTh

BBenenue

HccnenoBanne MHOTHMX BOMPOCOB AJIEKTPOMAarHUTHOW 3KOJOTHUH M 3JEKTPOMAarHUTHOU Oe30-
MACHOCTH PajiMOCUCTEM WH(POPMALMOHHOTO OOCITY>KUBaHMS OOLIECTBA CBA3aHO C aHAJIHM30M JJIEKTPO-
MarHMTHOM Harpy3kd KakK HHTErpalbHOM XapaKTEPUCTUKU SJIEKTPOMArHUTHOTO 3arpsi3HEHUS OKpY-
xaromel cpeapl. TeM He MeHee, B HAacTosIIee BpeMs OOIICNIPUHSITOE ONpeeleHNe TEPMUHA «IJICK-
TpoMmarHuTHas Harpyska» (OMH) orcyrcrByer. Kak mpaBuio, mOHATHS, OMUCHIBAEMBIE 3TUM TEPMHU-
HOM, MOT'YT OBITh OTHECEHBI K OZHOH 13 ABYyX rpymi: «9MH Ha opranusm denoBeka» u «9MH Ha Ha-
ceneHue (MPOU3BOACTBEHHBIIN MIEPCOHAN).

Tepmun «OMH Ha opranu3M denoBeka» B pa3IMYHBIX NCTOUHMKAX MPUMEHSIETCS IS Ompe-
JIeNIEHUS CIENYIONINX BEINYMH.

a. CymmapHoil uHTeHcuBHOCTH 1 anexkTtpomarnutHbix noneit (OMII), Bo3aeiicTByromux Ha
OpTaHK3M YEIIOBEKa, ONPEAETIEMON B BUI€ CKAJIIPHON CYMMBI 3HAYEHUH MJIOTHOCTH TIOTOKAa MOITHO-
cru I1i OMII ot kaxka0ro n3 N UCTOUHMKOB AJIEKTPOMArHUTHOTO u3nyueHus (OMU):
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0. CymmapHoii sHepreTuieckoi sxcrnosunuu Wy Bo3aeticteus DMII Ha yenmoBedeckuii opra-
HU3M KaK [IPOU3BEICHUS CyMMapHOoU uHTeHcHBHOCTU 11, OMII, Bo3meicTBYIOMEr0 HA OPraHU3M de-
JIOBEKA, Ha MPOAOJKUTENBLHOCTD 1 3TOT0 BO3JCHCTBUS BO BPEMEHH:
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B. OTHOCHUTENBHON cymMMapHOU uHTeHCUBHOCTH DMII, BO3ACHCTBYIONMX HA OpPTraHU3M Yelo-
Beka, oT M+N ucrounnkoB OMMU, kak cymmsl
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rie Eviprp m, [ypr » — puHSITEIE TIpenenbHo qomyctuMble ypoBHU (ITJ1Y) DMII, BeIpakaembie 00 B
enuHnnax HanpsokenHoctd OMIT [B/M] (anst rpynmsl u3 M uctounnkoB OMMU, At KOTOPBIX HCIIONb-
3YIOTCS 3HaUeHUS HanpspkeHHoctd ux OMII £, m={l,..., N} ), 1u00 B eqUHUIIAX TUIOTHOCTH ITOTOKA

2
MomHocTd [B1/M7] (s rpynnsl u3 N ucTOYHMKOB DOMMU, miIsi KOTOPBIX HCIONB3YIOTCS 3HAUYCHUS
IIOTHOCTH MOTOKa MomrHOCTH uX OMII IIn, n={l,..., N} ) B 3aBUCHUMOCTH OT TMana30Ha YacTOT, BU-

Jia paanoCiIyKOb! (paanoBeaTeNbHasl, paAnoiIoKaoHHasl, (UKCUpOBaHHAS, TTOIBWKHAS H T.II.), BU-
Jia MOAYJSIUH M PEKHUMA 3JIEKTPOMATHUTHOTO U3JTy4eHUs (HEMPEphIBHOE, UMITYJIbCHOE, UMITYJIbCHOE
Y3KOHAIPABJIEHHOE C KPYTOBBIM CKAHHUPOBAHUEM H T.II.).

Tepmun «OMH Ha Hacenenue (MIPOM3BOJACTBEHHBIH MEPCOHAN)» B PA3IMYHBIX MCTOUYHHKAX
MIPUMEHSETCS ISl ONPEAETCHHs CIEAYIOMNX BETUYHH:

r. MHO)kecTBa (MaTpuibl) 3HaueHu cymmapHoii maTeHcuBHOCTH DOMII (1) OT coBOKymHOCTH
ucTouHnkoB OMU, pacronokeHHBIX Ha MECTHOCTH (B MPOCTPAHCTBE), 00pa3yoLIero KapTy cyMMap-
Holi uHTeHcHBHOCTH DMII Ha MeCTHOCTH Ha orpeeNeHHOH BhICOTe (HaJ 3¢MHON MOBEPXHOCTHIO, HAJ
YPOBHEM MOpS U T.I1.), INOO KapTy CyMMapHO# nHTeHCuBHOCTH DMII B MIIOCKOM ce4eHUH HEKOTOpOH
o0nacTy MpocTpaHCTBa (30HBI CKOIUIGHHS JIFOAEH, OTASTBHOTO TIOMEIICHHUsI, 30Hbl ONMKHEH HaBWUTa-
LUH U TIOCaJIKU CaMOJIETOB, U T.11.).

1. MuOXecTBa (MaTpUIlbl) 3HAUCHNUN HEPreTHYECKOW dKcno3unuu (2) Bo3aeticteus DMII Ha
YEIIOBEYECKUI OpraHu3M OT COBOKYITHOCTH MCTOYHMKOB OMU, pacronoxeHHbIX Ha 3aJJaHHOH Teppu-
TOpPUH, 00PA3YIONIEro KapTy 3HAYCHHUN YHEPreTUYCCKON dKCro3uimy Bo3zaericteus OMII Ha denoBe-
YeCKUH OpraHu3M Ha TEPPUTOPHUHN MPOU3BOICTBEHHOIO MOMEIIEHNS, IPOMBIIIUIEHHONW 30HbI, HACEIEH-
HOTO ITyHKTA M T.II.

e. MHOxecTBa (MaTpHLbl) 3HAYEHHH OTHOCHUTEIBHOH cyMMapHOW mHTeHcHBHOCTHU (3) OMII,
BO3/ICHCTBYIOIIMX HAa OPraHU3M YeJOBeKa, OT COBOKYMHOCTH HcTOYHMKOB DMU, dhopmupyrommx pa-
JHMO3JIEKTPOHHYIO 00cTaHoBKYy (PDO) Ha onpeneneHHON TeppUTOpHH, 00pa3yIOIIEro KapTy 3HauYeHUH
OTHOCHUTENBHOI cymMmMapHOW HHTeHcuBHOCTH OMII Ha 3T0i TeppuTopun.

[IpuBeneHHbIe BBIIE W MOJOOHBIE UM BapHaHTHI omnpenencHus OMH, GezycioBHO, MMeIOT
MpaBo Ha cylecTBoBaHue. OHAKO cIenNyeT OTMETUTb, YTO:

— 11 0003HAYEHUS KaKIOTr0 M3 MPUBEACHHBIX BBINIE BapHaHTOB onpeaeieHus OMH B xeii-
CTBYIOIIMX HOPMAaTHUBHO-TIPABOBBIX aKTaX, B HAYYHO-TEXHUYECKOM M y4eOHOH JIuTeparype, Kak mpa-
BUJIO, UCIIONB3YETCS IPYTOil TEPMUH KOHKPETHOTO (PU3UYECKOTO COACpPIKaHMUs, TAaKOH, KaK «CymMMap-
Has MHTeHCUBHOCTh OMII», «3HEepreTndeckas SKCHO3UIM», KOTHOCUTENbHAs CyMMapHas HHTEHCHB-
HocTh OMII», «penbed SMID» u T.11.;

— OYEBHJIHO, YTO BCE MEPEUUCIIEHHBIE BEIUYNHBI SBIIAIOTCS XapaKTEPUCTUKAMHM 3JEKTpOMar-
HUTHOM 00ctaHoBkU (OMO), T.e. ancam6Onst OMII B oTAENBHON TOUKE MPOCTPaHCTBA (BapUAHTHI a, 0,
B) MO0 Ha OMNpeneNeHHON TEePPUTOPUH (BapuUaHTHI T, A, €). OHU JTUIIF KOCBEHHO XapaKTEPHU3YIOT
CBOWCTBa TEPBONPHUYUHEI oOpasoBanuss OMO — cBoiictBa POO Ha paccmaTpuBaeMOil MECTHOCTH
(oHepreTHuecKkre W BPEMEHHbIE XapakTepucTuku OMM MHOXKecTBa paJnOdIEKTPOHHBIX CPEACTB
(POC) u mpyrux ncrounukoB DMU, pa3MmelieHHBIX B pacCMaTPUBAEMOM 00IaCTH MPOCTPAHCTBA).

[locnenHee MokeT cuuTaThCsl HEmOCTAaTKOM ompeneneHns OMH «mo momio», MOCKONBKY
WMEHHO SHEPreTHMYECKHe W BPEMEHHBIE XapaKTepUCTUKU UCTouHMKOB OMU, obpasyrommx POO B
paccMaTpuBaeMol 00JacTH MPOCTPAHCTBA MPEACTABISAIOT cOO0OH MCXOAHYI0 MH(POPMAIUIO, COEpKa-
LIYIOCSI B COOTBETCTBYIOMIMX 0a3axX AaHHBIX, UCTIONB3yEMBIX IJIS PEIICHHS 3a1a4 YyIPaBICHUS UCIIOIb-
30BaHMEM paJMOYacTOTHOTO ciiekTpa. M mMeHHO 3Ta ucxoxHas HHGOpMAanus O TEXHUYECKUX XapakK-
TEPUCTUKAX, peKUMax (YHKIMOHUPOBAHHUS U TIapaMeTpax pa3MelieHusl B paccMaTpHUBaeMol 00J1acTh
MIPOCTPAHCTBA COBOKYMHOCTH TEXHHYECKUX CPEACTB, SBISIIOMINXCS MPUUMHON BOZHUKHOBeHHs OMH,
B COUETAaHUU ¢ WH(pOpPMaLUel 0 XapaKTepUCTHKaxX cpelsl pacrnpocTpaneHus paauoBonH (PPB) B pac-
CMaTpHBaeMOi 00JIaCTH TPOCTPAaHCTBAa (HAa paccMaTpUBaEMON TEPPUTOPHH) HEMOCPEACTBEHHO HC-
MOJIb3YETCS:
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— nns ynpasineHnss OMH Ha OTIENnbHBIX y4acTKax TEPPUTOPHH ITyTEM M3MEHEHUS MOIIHOCTU
OMMU u BpeMeHHBIX XapakTepucTuk (yHkunonupoBanus POC u apyrux ncrounuko OMU, pasme-
LICHHBIX paccMaTpUBaeMOi 00JIacTH MPOCTPAHCTBA;

— JUI MaTeMaTU4ecKOro MOACITUPOBAHMS U OLIEHOK dHEpreTndeckux xapakrepuctuk (1), (2),
(3) DMO B OTaENBHBIX TOUYKAX MPOCTPAHCTBA JINOO HA ONPENEICHHON TEPPUTOPHH.

B a0t cBA3H, MO KpaliHEW Mepe IpH ONHMCAHUU BIMAHUS COBPEMEHHBIX CHUCTEM PaaUOTENE-
KOMMYHHMKAIIMH Ha 3JIEKTPOMArHUTHYIO O€30MacCHOCTh HACEIEHHS U 3JCKTPOMArHUTHYIO HKOJIOTHIO
HaCeJIeHHBIX ITYHKTOB, TI0 MHEHHUIO aBTOpa, TpeOyeTcs NonmomHuTeNbHOe paccMoTpenre DMH Ha Tep-
putopuio «1o MomHoctTn DMU» B dopme ynenbHON cymmapHOi MormHoctd OMU POC, mpuxons-
mielicd Ha eIMHUIly IUIOMAau 3Toi TeppuTopuu. KonmdectBeHHast cBa3b xapakTepucTuk OMH Ha
teppuropuio 1 DMH Ha HaceneHue OynieT ycTaHOBJICHA HHXKE.

OMH na tepputoputo Lrzs or MU BC coToBOM CBSI3U, UMEIOIMKX OJWHAKOBBIC SKBUBAJICHT-
HBIC H30TPOITHO U3Ty4YaeMble MOIIHOCTH (3.M.1U.M.) P, Ipy OJJMHAKOBBIX IJIOAAAX Ss CAalTOB (IIpH pe-
TYJISIPHOM MPOCTPaHCTBEHHOW TOMOJIOTMU CETH), JUOO0 OJMHAKOBBIE 3.M.M.M. Pe mpH mocTOsIHHON
cpenHeil TepputopuaibHoil wiotHocTH p BC (B obmem ciydyae HeperyisipHOH MPOCTpaHCTBEHHON

TOIOJIOTHH CETH, B T.4. IPU CIy4aliHOM JINOO ONM3KOM K CIy4aifHOMY TEPPHUTOPHAIEHOM pa3Melle-
Huu BC). MoxkeT OBITH ompereneHa ciaeayomuM 00pa3oM.
Jlnis peryasipHOi MpOCTpaHCTBEHHON TONMOJIOTHH CETH:

) (4
Lpps = Pe/ Sgs )
ISl HEPETYJISPHO# MPOCTPAHCTBEHHOW TOIMOJIOTHHU CETH:

Ly s =Fop. 5)

Hens nanHON paboOThl — yCTAaHOBJIEHUE CBSI3H XapakTepucTuk (4), (5) OMH Ha TeppuTopuio
ot OMU BC cotoBoii cBsizu ¢ xapaktepuctiukamu OMO (1)—(3), ucrmonb3yeMbIMu AJsl ONMUCAHUS
OMH Ha opranu3M 4enoBeka, a TaKKe C BO3MOKHBIMH OIPaHHUYCHUSMHU Ha TOPOACKYIO 3aCTPOIMKY B
30HE 0OCITYKUBAHUS CETH COTOBOHM PaJlOCBS3H.

Hcxognbie MOAEIN M COOTHOIIEHUS

N3BectHo, uto B PPB or BC, aHTEHHBI KOTOPBIX YyCTAHOBJIEHBI Ha ONpPENEIEHHOW BBICOTE
HBS Hax 3eMHOI MOBEPXHOCTBIO, K TOYKE HAOMIOAECHUS BOJHM3M 36MHOM MOBEPXHOCTH Ha BBICOTE
HOP, cooTBercTBYIOIIEH yCIOBHON BEpXHEH rpaHuIie 00IacTH BO3MOXKHOTO PACIONIOKEHHs JIIOIEH, a
TaKXKe MOJIOKEHUIO A00HEHTCKUX CTAHLWK B aKTHBHOM COCTOSIHMM, HMEETCS CIEAyIolas BaxkHas 3a-
KOHOMEpPHOCTH [1]:

— Ha HeOombioM yaanenu R ot BC ycnosust PPB cootBercTBytoT yenosusim PPB B cB0oOOA-
HOM mpocTpaHcTBe (HanpsbkeHHOcTs DMIT BC yOpIBaeT 00paTHO HpONOPLIHOHATBEHO PACCTOSHHUIO 10
BC, mnotHocTs moroka Momuoctu I1 OMIT BC yOpiBaeT 00paTHO MPOMOPLMOHAIBHO KBaJpaTy pac-
crostaus R 1o bC);

— HauMHAs C HEKOTOPOH AMCTaHIUHU Rpp (Touku «breakpoiny Ha ocu abCIUCC 3aBUCUMOCTH
HanpsbkeaHoctd OMII ot paccrosHus no BC) yenosus PPB menstorcs: nanpsbkernocts OMIT BC
HauMHaeT yObIBaTh 0OpaTHO MPOMOPLUOHAIBHO KBajapaTy pacctosHust R 1o BC (ImoTHOCTh moTOKa
mottaoctu I1 OMIT BC yOpiBaeT 00paTHO MPONOPLUOHATIBLHO YeTBEPTON cTeneHn paccrosHus 10 bC),
4T0 00yCI0BIEHO MHOTONMy4YeBbIM PPB;

— paccrosHue Rpp Mexny bC n MC, Ha KOTOpOM NMPOUCXOIUT AAaHHOE U3MEHEHHE YCIOBHI
PPB, 3aBucur ot mauusl BoaHbsl A DM BC, BBICOTHI ITOABECA €€ aHTEHH U BLICOTHI TOYKH HAOIIIOIE-
HUS HaJl 3eMHON MTOBEPXHOCTBIO U ONPEAEIAETCA CIEAYIOIUM N3BECTHBIM COOTHOILIEHUEM

R,, =4H H,,/\. (6)

Huxe B Tabi1. 1 nmpuBeneHbl pacueTHbIE NaHHbIe 0 BenmuunHe Rpp st BC coroBoii cBs3n GSM
B pa3MyHbBIX mosocax 4actoT (A=0,16 m mis GSM-1800, 2=0,32 m mis GSM-900) u uist pa3inuaHbIX

BBICOT TOYKU HaOIIOAEHUS HaJl IOBEPXHOCThIO (H ,p =2 Mu H ), =1 m).
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Ta6muma 1. Pagnyc RBP -okpecTtHocTH Toukn Had oaenus aist BC GSM-900 u GSM-1800

RBP, km
HBS, m H,=2wm 2=0,16 M | H,, =2m A=032 m | H,, =1 20,16 m | H,, =1In;, 20,32 u
20 1.0 0.5 0.5 0.25
40 2,0 1,0 1,0 0.5
60 3,0 1.5 15 0,75
80 40 2,0 2,0 1.0

Crenyer npuHATH BO BHUMaHHE, YTO sl OONBLIMHCTBA MpakTHUeckux ciaydaeB RBP>0,5 km
MOCKOJIBKY

1) xak mpaBmIIO, M B CEITLCKONH MECTHOCTH, M B TOPOZACKOH 3acTpoiike Hps>(20...30) M;

2) B TOPOACKOH 3aCTpOiKe, I'/ie BBICOTHI oaBeca aHTeHH bC penko mpeBhIaoT BHICOTY MHO-
TO3TaXXHOH TOPOJCKOHM 3aCTPOWKH, MpeodIalalomuM SBISIETCS HCIOIb30BaHNE YaCTOTHBIX KaHAJOB
GSM-1800 A=0,16 M) B cuiy MEHBILETrO 3aTyXaHWs PaJWOBOJH B cTeHax 3aaHuil BOmu3u bC u myd-
LIEr0 SKpaHHUPOBAHUS PaIUOBOIH 3JIEMEHTAMH TOPOACKOM 3aCTPOWKH M PaCTUTENBHOCTBIO MPU UX
pacmnpocTpaHeHHH Ha TEPPUTOPUN COCEIHUX CANTOB (ITOciIeaHee MO3BOISIET CHU3UTh YPOBHU BHYTpPH-
CETEBBIX MTOMEX);

3) uncno kanHanoB moaguamnazoHa GSM-1800 A=0,16 m) B 3 paza Oomnblle Yuciia KaHaJIOB
GSM-900 2=0,32 ™) [2],

4) ocHOBHOH UHTepec MpejcTaBiser ciydail H,, =2 M, IOCKOJIbKY B COOTBETCTBHH ¢ [3] Ha
3TOH BBICOTE HaJl MOBEPXHOCTHIO aHAIM3UPYETCS HATMYHNE CAHUTAPHO-3aIIMTHOH 30HbI BC, 1 114 3T0-
ro 3HaueHus H,, paauyc Rgzp MaKCUMAJIEH).

3T0 00CTOATENBCTBO B IIEJIOM HAXOIUTCA B COOTBETCTBHH C 3MITUpUYECKOd Moxensio PPB
«Oxamypa-Xatay», uMmetomeii odnacts omnpenenenns 1 kM <R< 20 kM, U B 3TOi 00JaCTU B 3aBUCHMO-
CTH OT XapaKTepa MECTHOCTH (CelIbCcKasg MECTHOCTh, IPUTOPOJI, TOPOI) aroliel yObIBaHUE MIIIOTHOCTH
noroka wmomHocti II OMII BC obpatHo mnponopuuonansHo paccrosiHuio 10 BC B crenenun
3,2...4,0 [L4].

[IpuBeneHHBIE 0OCTOATENHCTBA MO3BOISIIOT OIPAaHUYUTHCS BIMSHUEM Ha CyMMapHYIO MHTEH-
cuBHOCTh OMII B TOUKe Ha BbIcOTE Hpp HaZ 3EMHOU MOBEPXHOCTHIO AIEKTPOMArHUTHBIX U3IYydEHUN
BC, pacnionaraembIx B KpyroBOM OKpECTHOCTH paauyca Rzp BOKPYT JaHHOW TOYKH, rne ycioBus PPB
cootBercTBYIOT PPB B cBOOOAHOM mpocTpancTBe (cBoOomHOMY PPB), mockonbky [4,5]:

— s BC 3a mpenenamu naHHO# obnactu 3atyxanue PPB mpu ux pacmpocrtpanenuu x pac-
CMaTpUBAEMOM TOUKE PE3KO BO3PACTAET, U UX BKIAJOM B CyMMapHyI0 HHTeHCUBHOCTh OMII B naHHOMI
TOYKE MOKHO IIpEeHeOpeyb;

— IpU TEPPUTOPUATBHOM pa3MeIleHnH NCTOYHUKOB DMII ocHOBHOM BKJIaJ B CYMMapHYIO HH-
TeHcuBHOCTH OMII B Touke HaOMIOAECHHUS HAa 3eMHOM MOBEPXHOCTH BHOCAT ONIDKAWIINE HCTOYHHKH
OMII, a cymMMapHBIi BKIaJ OCTAIBHBIX UCTOYHUKOB OMII OTHOCUTENBEHO HEBENHK.

Takum 00pa3zoM, MpH AaNbHEHIIEM aHaJIW3€ MCIOIB3YeM CIEAYIOMIYI0 OOMIEHPUHATYIO MO-
nenb ycnosuii PPB B cBobogHom mpoctpanctBe Mexay BC u Toukoi HaOmonenus Ha Beicore HOP
HaJ| 3MHOH MOBEPXHOCTBIO:

M=P/(4nR*), R<R,, (7)

rae P, —»3.uu.M. BC, Br, I1 — mnotHocTs noroka Momuoct OMII BC Ha ynanennoctu R, Br/m>.

Cpenuss cymmapHas uHTeHcuBHOCTH DMII BC B 30He cBOGOgHOTO PPB

[Ipu cnydaitnom pasmeniennn bC Ha oanHakoBoW BeicoTe HBS ¢ MOCTOSHHON TEppPUTOPH-
aJBHOU TUIOTHOCTBIO P, en./M%, B KpYyroBoii obnactu pamuyca RBP BOKPYr TOYKU HAOMIOJCHUS TIOT-
HOCTB PACIIPENEIICHUs BEPOATHOCTEH ToTHOCTH ToToka MomHoctH DMIT BC Oyaer umers Bu TH-
MepOOTMIECKOr0 pacipeeNieH s, CTEIeHh KOTOPOro MHBapUAaHTHA K BhICOTE NojBeca anTteHH bC [4]:
W(H) — Hminnmax ~ Hmin , H )

(H —1II )H2 12 o

J<I<In ., I, >>TI s (8)

min ?

max min
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P P PA\?

max —e’ min . = 5 9
4nH 4nR;, 64nH, H, ®

MATEMATHUYCCKOC OXKNIAaHUE BECIIMYNHBI I1 ONpeaACIACTCA CIACAYIOIINM COOTHOIIICHUCM !

ml (H) = (Hminnmax (Hmax - 1_Imin )) 1n(l_lmax /Hmin ) ~ 1_[min ln (Hmax /Hmin ) (10)

Cpenuss cymmapHas MHTeHCUBHOCTE OMII y 3eMHOI MOBEPXHOCTH NIPHU CIy4yallHOM pa3Me-
menun bC B 30ne cBobonHOro PPB pagnyca RBP mMoxxer ObITh onpeseneHa o4eBUAHBIM 00pa3oM Kak
npousBezicHrne cpearero uncia N,, BC B 3T0i 30He Ha MaTemaTHueckoe oxunanue (9) HHTEHCUBHO-
ctu I1 OMII otnensno B3sTOM BC:

I g :Navml(H)' (11)

Pasmemenne BC oTHOCHTENBEHO TOUKM HaOIOAEHHS B KOHKpeTHoe unciio bC B 30He cBo6OA-
Horo PPB panunyca RBP aBnsiorcs ciydailHBIMU B CHITy CIIEAYIOIIUX PUYMH:

— IpU KJIACCUYECKOU PETYIISIPHOM reKcaroHaabHON MPOCTPAHCTBEHHOH CTPYKTYpE CETH COTO-
BOM CBSI3M — B CHJTY CIy4ailHOrO BBIOOpa MOJOXKEHHs TOUKH HaOmoaeHus otHocutensHo bC, uro ne-
JIaeT ciydyailHbIM MHUHHUMAaJIBHOE PAacCTOSHUE MEXAY TOUKOH HaOmonenus u ommwkaiimeit bC, a Taxke
JenaeT caydailHbIM monajganue B 30Hy cBoboguoro PPB BC, pacnonaraempix BOJIM3HM TpaHULBI 3TON
30HBI;

— Tpu ciiydaiiHoM pa3MmeieHn bC mo TeppuTopun — CiiydaiiHOCTBIO B3aUMHOIO pa3MELeHUS
BC u Touku HabmioneHus. B o0oux ciydasx MOCTOSHCTBO CPENHEH TEeppPUTOPHAIBHOMN MIOTHOCTH P
BC nozBonger onpenennuts cpennee yncao N,y BC kxak npoussenenue

N,, =pnR;,. (12)

Taxum obpaszom, monenu (8)—(10) axekBaTHBI ¥ PH PABHOMEPHOM CIy4allHOM, U MPH paB-
HOMEpPHOM peryispHoM pa3merieHnu bC, ecim B mocnenHeM ciyvae Touka HaOmMoIeHus BEIOUpaercs
CIIy4alfHO OTHOCHUTENBHO pasmeleHus bC.

[Ipu xnaccuueckol peryasipHON reKcaroHaJbHOW MPOCTPAHCTBEHHON CTPYKTYpE€ CETH COTO-
BOH CBS3M IUIOIIAAb CalTa CBs3aHa C IPOCTPAHCTBEHHOW IMJIOTHOCTHIO p BC oueBHOHBIM COOTHOIIE-
HUEM:

Sy =1/p. (13)

[Tnomanes 30HEI cBOOOaHOrO PPB, mMmeromeli pamuyc (7), Takke ONpeeTUTCS OYCBHUIHBIM
o0pazom:

Smax :TER;P :16TEH;SH3P/7\‘2‘ (14)
Ortcrona cpemnee uucio N4y BC B 30He cBoOOHOTO PPB
N,y =Smax/SS =16an§SH(2)P/7\‘2' (15)

re Benuaunbl Hyg, Hop, A BBIPAXEHBI B METPax, p — B ¢1./M".

Ipumep 1.
H, =40 M, H,, =2 m, A=0,16 M (GSM-1800), p =5-10° BC/M* (5 BC/xv’).
B sTom criyuae R,, =2 kM, S, =12,6 xm’, N,, =62,8 en.

Omnpenenum cootnomenue (11) ¢ yuerom noacranosku (9) B (10):

I g z(p})e/z)ln(él'HOP/}\‘)’ pE, =L, 4. (16)

OTO COOTHOILLIEHHE YCTaHABIMBAET HEMOCPEACTBEHHYIO 3aBUCUMOCTh Mexay OMH Ha opra-
HU3M yenoBeka 1 OMH Ha okpyxaioinyio TeppuTopuio. BaxHbie 0OCTOATENBCTBA, BBITEKAIOLIHE
u3 (17), coctosT B ToM, uTo cymMmmapHast uHTeHcuBHOCTE DMII BC, pacmonaraeMbix B KpyroBOi 30HE
cBobogHoro PPB Bokpyr Touku HaOmiogeHus, xapakrepusyoomas OMH Ha opranusMm yeioBeka B
3TOMN TOYKE:
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— IIPaKTUYECKU HE 3aBUCHUT OT BLICOT nojseca anTeHH bC,
— IIPAMO  Ompeensercss cyMmMapHod 3.uu.M. BC-pP =L, ., NpUXOIALICHCA Ha CAUHUILY

TUTIOIIAAN YKa3aHHON 30HBI, T.C. 3JICKTPOMArHUTHOM HArpy3KOW Ha eMUHUILY IJIOMAAN B OTOH 30HE B
orpeneneHuu (5).

peneasno nonycrumeie napamMerpsl IMH Ha TeppuTopuio ot BC coToBoii cBsizn

Ecmu cymmapryro unteHcuBHOocTh OMII 11, BC, pacnomaraembIx B KpyroBOd 30HE CBO-
6oxnoro PPB Bokpyr Touku HaOmIoaeHUs, IPUHATH PABHOM MPENENbHO ITOMyCTUMOMY YpOBHIO [14p,
MHTEHCUBHOCTH OMII, To MOXHO ONpeAenuTh 3HaUEHNS CIEAYIOINX TapaMeTPOB CETH COTOBOM CBA-
31, MPEeNeNbHO JOMYCTUMBIE C TOYKH 3PEHUS 3JEKTPOMArHUTHOH 0E30MacHOCTH €€ CTallMOHAPHOIO
paanoo0opyaOBaHUS:

— MIPeIeNbHO AOIMyCTUMYIO TEPPUTOPUANBHYIO INOTHOCTE p,  BC crmu.m. P,:

Pomax = 21 Lypp (Pe ln(4H0P/7\‘)); (17)
— OpeACIbHO JOIMYCTUMYIO 3.U.U.M. BC, pacnojiaracMbIxX C MJIOTHOCTBIO P @
B =2HMPL/(p1n(4HOP/}\‘))‘ (18)

OueBugHO, 4TO oreHka (18) sBisieTCs ONTHMMHCTUYECKOHN (3aBBINICHHOMN), MOCKOJBKY, Kak
MpaBwWIo, MpH pa3MemieHuu bC B ropoJckol 3acTpoiiKe JOKHO BBITOMHATHCS YCIOBHUE OTCYTCTBUSA
CaHUTApHO-3aIUTHON 30HBI, T.€. Ha BbICOTE Hpp<2 M HaJ MOBEPXHOCTHIO CyMMapHBIH ypoBeHb OMII
JOJDKEH OBITH HE BBIIIE MpenensHo gomyctuMoro ypoBHs IIMPL |, 4uro wactuuno oOecrieunBaercs
IrarpaMMoil HanpaBieHHOCTH aHTeHH bC B BepTukanbHOM miiockocTd. Huke paccMoTpuM mpHUMephI
oueHku napamerpoB (17), (18) mnst THUMOBBIX XapakTepucTuk cereli GSM Ha TeppuTopun MuUHCKa
(P~2 xBr, p~5 BC/kM?) 110 cocTosHmio Ha 2012 T

Ipumep 2.

H,=2wm, }=0,116wm (GSM-1800), P =2000 Br, TII,, =0,1 Br/M. B otom ciydae
... =(4-0,1)/2000-6~33-10"° BC/m> = 33 BC/km’

Ipumep 3.

H,, =2 M, 2=0,16 M (GSM-1800), p =5-10° BC/™" (5 BC/km), I1,,,, =0,1 Br/™’.
=(4-0,1)/5-10°-6~13300 Br~13,3 xBr.

B paccmoTpeHHBIX BbIlE TNpUMepax ucnonb3oBaHo 3Hauenne [IMPL =0,1 Br/m2
(10 mxBt/cM?), ¢ cepemuubt 80-x npunatoe 8 CCCP u B HACTOsIEE BPEMsl HCIIOIb3yeMOe Ha TeppH-
TOPHHM MHOTHX TOCYAapcTB, B 4acTHOCTH, B Poccuiickoit @enepanuu u B Peciybnuke benapycs. Pe-

3yJbTaThl MPUBEICHHBIX BBILIE OLICHOK B MpuMepax 2,3 mus psaa Apyrux 3HaueHud Ilyp; u3 uucna
PEKOMEHTyEMbIX K PACCMOTPEHHIO B [4] IPUBEICHBI HIDKE B Ta0. 2.

B »Tom ciiyuae P,

max

Ta6numa 2. Kpurepuu BhIHY:KIEHHOI0 3K0JIOTHYECKOr0 PUCKA B I0JI0CAX YACTOT COTOBOM CBA3HU

3HaueHue Pmaxs BC/KM2, Pe maxs KBT:
Iypr, Ob6nacts npuMeHeHHs 3HaYeHUS [1p; npu npu

MKBT/cM? P =2xBr p=5 BC/xm>
0,1 PexomenmoBaHo [6] B kauecTBe MpeIBAPUTEIHHOTO MPO(IIAKTHIECKOro 3HAYe- 0,33 0,133

uus [11Y s «cyMMapHBIX O0IIUX 3IeKTPOMAarHUTHBIX OOTydIEeHUH OT BCEro
BBICOKOJACTOTHOT'O 00OPYIOBAHUS C OUSHb HU3KOI ITyIIbCUPYIOIEH MOYIISIH-
ei»

1,0 PexomenmoBaHo [7] B kKauecTBe YCIOBHOH BEPXHEH IPaHUIGI HHTEHCHBHOCTH 33 1,33
0€30MacHOro ISl HACEJIEHHs MEKTPOMAarHUTHOrO (hoHa. COOTBETCTBYET paHee
npunasatomy B CCCP IT1Y OMII s nacenenwus [8]

2,0 ITJ1Y mast MecT KpyrJIoOCyTOYHOr O peObIBaHMS JIIoieH, MpuHATHI B [lapioke 6,6 2,66
it GSM-900 [6] m mpy IpOEKTHPOBAaHUN COTOBOII CBsI3H B Mockse [9]

2,5 I mst nacenenus, npuHATHIN B Ykpanue [10] 8,3 3,33
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Crnenyer OTMETHTH, YTO TUIOBBIE MapaMeTpsl ceteld GSM Ha TeppuTopun MHHCKA MO CO-
crosHuio Ha 2012 r. He BBIXOAAT 3a PaMKU JO3BOJCHHOro naxke s 3Hayenuit [IMPL 2,0 u
2,5 MxB1/cM”. B TO e BpeMsi 3TH THIIOBbIE MapaMeTph cereit GSM, mo-suauMomy, B 1,5-2 pasa mpe-
BBIIIAIOT JOIYCTUMBIE YPOBHH, UCXOs U3 HOPMATHBOB [7], paHee npuHATHIX Ha Tepputopun CCCP.

BeposiTHOCTHL MONTAIAHUS B 30HY OTPAHUYEHHS 3aCTPOMKH

B ycnoBusx COBpEMEHHOrO ropoja, XapaKTEpU3YIOIIMXCS MHTEHCUBHBIM KOMMEPYECKHM U
JIOJIEBBIM CTPOMTENBCTBOM BBICOTHBIX O(QHCHBIX U KHJIBIX 3[aHUI O BCEH TEPPUTOPUU TOPOJICKON
3aCTPOMKHU C BBICOTaMH, COM3MEPUMBIMHU C BbIcOTaMHU nozaseca bC, a Taxke TeHAEHIMEN K YMEHbIIe-
HUIO BBICOT MojBeca aHTeHH bC B IeNAX HCIOIB30BAaHUS DKPAaHUPYIOIIMX CBOICTB TOPOJCKOW 3a-
CTPOWKHM JUIsl YMEHBIIEHUS YPOBHEH BHYTPHCETEBBIX IIOMEX, HHTEPEC MPENCTABISIET OLIEHKA BEPOSAT-
HOCTH TOT'0, YTO MPOU3BOJIFHO BHIOPAaHHOE MECTO CTPOHUTENLCTBA MOMAJacT B 30HY OrpaHHUYCHUS 3a-
crpoiiku (303) onmmxkaiinieit BC. DTa oljeHKa MOKET OBITH BBITIOJHEHA C UCIOIb30BAaHUEM MOJEICH U
COOTHOIIEHUH, IPUBEIECHHBIX BBIIIE.

[Ipu cBobomnom PPB pamuyc Ry v mutomans Sgy 30HBI OTpaHUYEHHs 3acTpoiiku (restricted
area) Bokpyr BC ¢ KpyroBbIM U3Ty4eHHEM U 3.1.1U.M. Pe onpenensercs 04eBUIHBIM COOTHOILICHHEM:

Ry, :\/Pe/(4nHMPL)’ Ses =Ry, = Bz/(4HMPL)'

Crnenyer oxxuaarth, 4To:

— tepputopuu 303 otnensHbiXx BC He mepecekaloTcst B CBA3M ¢ TEHACHIIMEH peryispu3aluu
CTPYKTYPHI CETH;

— mwiomaas 303 3HaYUTENHHO (HA MOPSIOK M 00JIee) MEHBIIIE IUIOMAAN 30HBI 00CTYKHBaHUS
BC (mommanu caiira).

[TosToMy BeposSTHOCTH Vg4 TOTO, YTO CAy4ailHO BBHIOpaHHAs TOYKA TEPPUTOPHH TOMAJacT B
303 ommxaiimeir BC, MokeT OBITH Onpe/eNeHa Kak OTHOCHTEIbHAS YaCTh IUIONIAN 00CITYKUBAHUS
CETH COTOBOM CBSI3H, coBIamaromed ¢ miomanasio 303 BC »Toi cern:

Via =Sy = pPe/(4HMPL):LTBS (4HMPL)' (19)

Takum 00pa3oM, 3Ta BEpOATHOCTb, JOCTATOYHO IOJHO XapaKTepH3YIOIlas MOTEHLUATbHBIC
9KOJIOTUYECKHE PUCKU B COBPEMEHHOM TOPOACKOM 3aCTpPOMKE, ONMpEAEseTCs] OTHOIIEHHEM cymMMap-
Hoil OMH Ha TeppuTopHro ropoackoit 3actpoiiku oT bC coToBoil cBsA3M M npuHATOro 3HaueHus 111y
OMIL

3akjoueHne

B nanHoii paboTe paccMOTPEHO MOHATHE JIEKTPOMATHUTHON Harpy3kd Ha TEPPUTOPHUIO Kak
WHTErpalbHON crcTeMHOU XapakTepuctuku POO B paccMaTpuBaeMoi 00JacCTH MPOCTPAaHCTBA, U Ja-
HBI OLEHKH BIMSIHHUA AaHHOM XapaKTEepUCTUKH, GopMupyemoii coBokynmHocTeio DMU BC cotoBoit
CBsI3H, Ha xapakTtepucTukun OMO BOIU3M 3eMHOI MOBEPXHOCTH. B pamMKax orpaHW4eHHH, IPUCYIIX
npunsToil Monenu PPB ¢ ncnons3oBanmem orpannuenus (6) Ha obnactp yuera bC-ucrounnkos OMIIT
u npuMennMocT Moaenu PPB B cBoOOAHOM mpoCTpaHCTBE, a TaKKE B paMKax TUIOTE3BI O TOCTOSH-
crBe 3.u.1.M. BC B HanpaBieHNH Ha TOYKY HaOIIOIEHNS, IOTYUEHBI CIEAYIOLIHE PE3yIbTATHI.

1. Ycranosiens! GpyHKIHoHaIbHBIE cBsi3n OMH Ha Tepputoputo, cozgasaemoit O9MU BC co-
TOBOM CBSI3H, CO CIECAYIOIIMMHU XapaKTEPUCTHKAMH AJIEKTPOMArHUTHON 0€30MacHOCTH U KOJIOTUH Pa-
I0000pynoBaHHs HHPPACTPYKTYPBI COTOBOH CBSI3H:

— B ¢opme (16) ¢ DMH Ha opraHu3M uYenoBeKa, XapaKTepHu3yeMoi CyMMapHOH MHTEHCHBHO-
croto (1) OMII BC B Touke HaOMOACHUS Y 3eMHOW MOBEPXHOCTH;

— B ¢opme (19) ¢ BeposTHOCTBIO TIONaaHKs POU3BOJIBLHO BEIOPAaHHOTO MECTa CTPOUTENBCTBA
B 30HY OrpaHWYeHUs 3acTpoiiku Onmmxkaieit bC.

2. Onpenenensl cszu (17), (18) npenensHO qomycTUMBIX MapameTpoB POO, onpeaenstonmx
OMH Ha Teppuroputo, cozgaBaemyro bC coToBo cBA3M (MaKCUMaJIBHBIX 3HAUYEHUH 3.M.U.M. U Cpell-
Hell TepputopransHoi miotHocTH bC), ¢ AEHCTBYIOMNUMHU CaHUTAPHO-TUTEHUYECKUMH OTPaHUYEHHSI-
MU Ha NpeNeNbHO TOMYCTUMBIN cyMMapHbIi ypoBeHb OMII i1 Hacenenus..
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Cootnomenus (16)—(19) Morytr ObITb OYEBHIHBIM 0Opa30M CKOPPEKTHPOBAHBI Ml JPYTHX
¢dopm ompenenennss OMH Ha opranusM udenoBeka — B (OpMe CyMMapHOH SHEPTeTHYECKON IKCIIO3U-
nuu OMII (2) u B popme oTHOCHTEeNnbHON cymmapHOi nHTeHcuBHOCTH OMII (3) B Touke HaOmoae-
HUS, a TaKKe pa3BUTHI I O0Jiee CIOXKHBIX IPOCTPAHCTBEHHBIX CTPYKTYP COTOBOH CBSI3H, B YaCTHO-
CTH, TIOKPBITUSL TEPPUTOPUH HECKOJIBKUMH CETSIMH COTOBOH CBA3M YaCTUYHO C COBMECTHBIM pa3Me-
menneM BC Ha oTnenbHBIX 3maHuAX. Takum o0pa3oM, cooTHotneHus (16)—(19) mosBomsiroT pa3pabdo-
TaTh NPaKTUYECKYIO METOAUKY yueTa BiausHUS OMH Ha tepputopuro ot bC coToBOH CBS3M Ha 2J€K-
TPOMAarHUTHYIO KOJIOTHIO U 3JIEKTPOMArHUTHYIO 0€30MacHOCTh MPH BBHIMOJHEHWH MPOLEAYyp MIaHH-
POBaHMS U YIpaBJIECHUS HCIOIB30BAHUEM PAMOYaCTOTHOIO CIIEKTPa, a TaKKE€ METOAMKY 3KCIIpecC-
aHaJM3a dIEKTPOMArHuTHON Oe3omacHocTy B 3aaaHHOi POO Ha paccMaTpuBaeMoil TeppUTOPHH.

Crnenyer noT4epKHYTh, YTO MOITYUEHHBIE BBIIIIE COOTHOLIEHHSI M OLIEHKH MOJTyY€EHBI C UCIIOJIb-
3oBanueM (10), T.e. mpeacTaBiIAIOT cOOOW OLEHKH SKOJIOTMYECKUX PHCKOB «B cpemHem». IloaTomy
JaJIbHENIINN WHTEpeC MPEACTaBIsIET pa3BUTHE JAHHOIO MOAXO0A C YUETOM CIy4yalHOCTH psfa KOM-
noHeHT OMO B Touke HaONIOEHNS U C OLIEHKOH BepoaTHOCTH Henpesbimenus [11Y OMII coBokym-
Holi nHTeHcuBHOCTBI0O OMII, Bkmtouass ypoBau OMII coroBbix Tenedonos, UMTS/LTE moaeMoB u
POC apyrux pamuocnyx0, B Tom uncie POC ¢ ocTpoHanpaBiIeHHBIM U3TYYCHUEM.

TERRESTRIAL ELECTROMAGNETIC LOADING CREATED BY
ELECTROMAGNETIC RADIATIONS OF CELLULAR BASE STATIONS

V.I. MORDACHEV

Abstract

The integrated system characteristic of electromagnetic safety of terrestrial radio electronic
environment — terrestrial electromagnetic filling as the total equivalent power of electromagnetic ra-
diations of the radio equipment, falling to unit of the area of considered territory is offered. The equa-
tions defining quantitative relationship of terrestrial electromagnetic filling formed by cellular base
stations with total intensity of an electromagnetic background, formed by this stations at a terrestrial
surface, and also with probability of hitting of building location into the restriction area of the nearest
base station are received. The equations describing the restrictions on maximum permissible parame-
ters of radio electronic environment, created by base stations at valid restrictions on maximum permis-
sible levels of electromagnetic fields for the population are resulted.
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