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HOJ'Iy‘IeHI)I COOTHOLICHUS, ONPECACIIAIOMINC CBA3b BHCKTPOMaFHHTHOﬁ HArpy3kv Ha TCppUTOpPHULO,
CO3HaBa€MOI>i a00HEHTCKUMHM CTaHIOUAMH COTOBOK CBA3HU, C CyMMapHOﬁ MHTCHCHUBHOCTBIO 06pa—
3yeMOro MMM 3JICKTPOMArHuTHOI O (1)0Ha y 3eMHOI HNOBCPXHOCTH, a4 TAKIKC C BEPOATHOCTBHIO IIPC-
BBIIICHUA 3aJaHHOTO IPEACIIbHO AOIIYCTUMOI'O YPOBHSA JJICKTPOMArHUTHOTO ITOJIA COBOKyHHOﬁ
HWHTCHCUBHOCTBIO DJICKTPOMAIrHUTHBIX roseii oT abOHEHTCKHUX U 0a30BBIX CTaHHI/Iﬁ COTOBOM CBSI3H.
HpI/IBC,HeHLI COOTHOMWICHUA JI1 OLUCHKU MPEACIIbHO AOIMMYCTUMOI'O YPOBHSA SHGKTPOMaFHHTHOﬁ Ha-
TPY3KU HA TCPPUTOPUIO OT a0OHEHTCKHX CTaHHHﬁ, Ipu KOTOPOM BCPOATHOCTDH IPCBLIIICHUSA 3a-
JAAHHOT'O MPEACTIbHO JOMMYCTUMOI'O YPOBHSA MHTCHCUBHOCTHU 3JICKTPOMATrHUTHOI'O IOJIA B paccMart-
pHBaeMOﬁ TOYKEC Ha6J'IIO,H€HI/I$I COBOKyHHOP'I HUHTCHCHUBHOCTBIO J3JICKTPOMArHUTHBIX mosneit abo-
HEHTCKHX U 0a30BBIX CTaHHI/Iﬁ COTOBOH CBA3H, 4 TAKIKC BHCIIHCTO 3JICKTPOMAIrHUTHOT'O (bOHa, Ha-
XOAUTCA B JOITYCTUMBIX IpEACIax.

Kniouesvle cnosa: coroBast CBA3b, abOHEHTCKas CTaHIUA, DJICKTPOMAaruuTHass Harpy3ka, 3JCKTpO-
MarHuTHasl 5KOJIOrvs, 3JICKTPOMAarHuTHas 0e30MacCHOCTb.

BBenenue

HccnenoBanue 3MEKTPOMAarHUTHOW JKOJIOTHH U 3JEKTPOMArHUTHOW O€30MaCHOCTH CHCTEM
paanoTENIEKOMMYHUKAIUA CBSI3aHO C aHAJIM30M JJIEKTpOMarHuTHoW Harpy3ku (OMH) kxak uHTe-
IpaJbHON XapaKTEPUCTUKH IEKTPOMAarHUTHOTO 3arps3HEHMS OKpY KaroIled Cpembl.

B [1] BBeneno nousstue OMH Ha TeppUTOpHIO KaK MHTErpajIbHON CUCTEMHOI XapaKTEepHUCTH-
K{ 3JICKTPOMAarHUTHOM 3KOJIOTHH B paccMaTpUBaeMol 00J1acTH MPOCTPAHCTBA, M AaHBI OLIEHKU BIIHS-
HUS JaHHOW XapaKTEPUCTHKH, (OPMUPYEMOH COBOKYITHOCTBIO BJIEKTPOMATHUTHBIX W3Iy4eHHUN
(OMMN) 6a30Bbix cranuuit (bC) coroBoil cBsA3M, HA XapaKTEPUCTUKU JIEKTPOMArHUTHON 0OCTaHOBKU
(OMO) BOAM3M 3eMHOW MOBEPXHOCTH: HCCIEIOBAaHBI CBSI3M 3TOH Xapakrepuctuku ¢ DMH Ha opra-
HU3M YeJIOBeKa, OMpeessieMOil CyMMapHOH WHTEHCHBHOCTBIO dJIeKTpoMarHuTHEIX nojiei (OMII) Ga-
30BbIX cTaHnuit (BC) coToBO cBsA3M BOIM3U 36MHOM MMOBEPXHOCTH, a TAKXKE C BEPOATHOCTHIO MOMaa-
HUSI IPOM3BOJIILHO BBIOPAHHOTO MECTa CTPOUTENHCTBA B 30HY OIpaHHUCHHS 3aCTPOMKH OrpKaimen
BC.

Onnako DMH Ha TeppuTOpHIO B 30HE 00CTYKHBAaHUS CETEH COTOBOW CBS3U ONPEACISETCS HE
toneko OMU BC, Ho m OMMU aGonenrckux craHumii (AC) — COTOBBIX paguoTenc(oHOB U
paiuoOMOIEMOB Tepeladyd JaHHBIX. OJTOT (aKTOp dJIEKTPOMATHUTHOTO 3arps3HEHHsS Cpelbl
MOTEHLHAJIBHO SIBIISIETCS HE MEHee OMacHBIM XOTs Obl BcaencTBue Toro, 4ro OMU AC umeror MecTo
WMEHHO B MeCTax Haubosee BEpOSTHOIO MPUCYTCTBUS JIOCH.

OMH na teppuropuio or AC COTOBOH CBSI3M UMEET CIIEAYIOIINE OCOOCHHOCTH.

1. AC coroBoif CBsI3M pa3MeIleHbl IO TEPPUTOPUM CIy4aiHO, CpemHAs TeppUTOpHabHAsS
miotHocTh AC B akTUBHOM cocTossHUM (B coctostHun OMU) wu3MeHsieTcss cO BpeMeHeM H
MaKCHMaJbHa B YaChl MAKCUMAJIbHON Harpy3KH.

2. Momroctt OMUM  AC Takxke ciaydailHbl, H3MEHSIOTCA B IIHPOKUX TMpenenax M
NPUHYJUTENBHO yCTaHaBiMBaloTcs oOcimyxuBaromeld bC. OHM 3aBUCAT OT MHOTMX (DaKTOPOB: OT
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paccrosiHus 10 obciyxuBaomei bC, oT ypoBHsI BHYTpHCETEBBIX MTOMEX, OT YCIOBUN PaguoCBsI3H (U3
MOMEILIEHHUH, C OTKPBITOI MecTHOCTH), OoT Hanuuus Mexxay AC u BC npensTcTBuil pacnpocTpaHeHUIO
pamuoBonH (PPB) B Buae 3maHwii, COOpYyXEHHMH, HEOAHOPOAHOCTEH penbeda MECTHOCTH,
PacTUTENBHOCTH U T.II.

B sroii cBa3u OMH Ha Teppuroputo Lrys o OMU AC coToBoM CBSI3M, XapaKTEpU3YIOIIUXCS
CPEIHUM 3HAYCHHEM SKBHBAJICHTHON M30TPOITHO M3Ty4YaeMble MOIIHOCTH (3.M.U.M.) P,y U cpenHen
TEPPUTOPHAIEHOHN MIIOTHOCTHIO Pys AC, MOXKET OBITH OIpesiesieHa CIEAYIOIUM 00pa3oM:

L

rus = DorsPus

A=F, Porss> Ports =PusAs (1)

FAC P,ys — CPCAHAS TCPPUTOPHATIBbHAS ITJIOTHOCTH AC B aKTHBHOM COCTOSHHH (B COCTOSAHHUH

OMMN), en./Mz; BeMMYHMHA L7)5 MOXET OBITh BBIpaXKCHa B BT/Mz, kBr/km® u T.IL.; A — ynenbHas
a0OHEHTCKAast Harpy3Ka B CETH COTOBOM CBsi3U. B uacer HaubomnkIei Harpy3ku 4 = 0,025...0,08 [Dpin];
3THM YCJIOBHSIM COOTBETCTBYET «muKoBas» OMH Ha Tepputopuro, cozgaBaemas OMU AC.

Lens nanHOM paboThl — yCTaHOBJIEHUE CBSA3U XapakTepucTuku (1) OSMH Ha Teppuropuio ot
OMU AC cotoBoii cBsizu ¢ xapakrepuctukamMu OMO, ucnonb3dyemMblMH ans onucanus OMH Ha
OpraHU3M 4YelOBEKa, a TaKKe C BO3MOXHBIMH OTPaHHYCHHSIMA Ha WHTCHCHBHOCTH HMCIIOJIB30BAHUS
COTOBOM CBA3M B MECTaXx MAacCOBOIO CKOIUIEHUS JIOAeH, B TOM 4YHCIE€ B HPHUCYTCTBHU
aneKTpoMarHuTHOro GoHa oT BC coTOBOM CBS3M M IPYTrUX PagHOCHCTEM.

Hcxognbie MOAEIN M COOTHOIIEHUS

1. B xadecTtBe mpocTpaHCTBEHHOM Monenu pasmenieHuss AC B NMPOCTPAHCTBE UCIONB3YEM
W3BECTHYIO MOJIeNIb PAaBHOMEPHOI'O IyaCCOHOBCKOTO ciydaiiHoro pacupeaeneHuss AC — TOUYEUHBIX
uctouHnkoB OMMU 110 1m10CKOl NOBEPXHOCTH CO CPEAHEN TEPPUTOPUATBHON INIOTHOCTBIO P,/

Pe(Nyg) =(Nis exp(=Nyo)) k1, Nyg =poys -AS )

rie pr(Nas) — BEPOITHOCTH TOMAaIaHus B HEKOTOPHIN 3eMeHT AS MOBEPXHOCTH POBHO k TOYCUHBIX
WCTOYHHUKOB, €CITU CPEIHEC YUCIIO UCTOYHUKOB B 3TOM JJIEMEHTE paBHO N,s. JlomomHuTtensHO Oynem
CUMTAaTh, YTO ciyyaiiHoe pasmeleHue AC — TouedHbIX UCTOYHHUKOB OMU 1o mI0CKoi MOBEpXHOCTH
03Hauaer pacronokenue kaxaoro u3 AC Ha Bwicote 1 M<H)<2 M HaJi IOBEPXHOCTHIO (A0OHEHT B
TOJI0KEHUH CTOSI UJTH CUIS).

2. B kauectBe Mopenu ycinoBuii PPB or AC, pacnonoxkeHHod Ha BbICOTE Hys HaL
MMOBEPXHOCTHIO, B TOUKY HAOJNFIONEHUS CO CIYYalHBIMU KOOpIUHATAMH, PACIIONIOKCHHYIO HA TOH Ke
BbicoTe | M<H);s<2 M HaJ MOBEPXHOCTHIO, UCIOIB3YEM H3BECTHYIO COCTaBHYI0 Moaens PPB [2, 3],
JUTSI KOTOPOU XapaKTEpHO CIEAYIOIIee:

— Ha HEeOOJBIIOM yajdeHnHu R 0T TOYKU HaOmroAeHus ycinoBust PPB cooTBeTCTBYIOT yCnoOBUSAM
PPB B cBoOOmgHOM mpocTpaHcTBe (IWIOTHOCTH MoTroka mormHoctu 11 OMIT AC yOwiBaeT oOpaTHO
MPOMOPLUMOHAIBEHO KBaJpaTy pacctosguusi R 1o AC);

— HAYMHAs C HEKOTOpoM aucTtaHuuu Rpzp ycinoBus PPB MeHSIOTCS: MIIOTHOCTH TOTOKA
momtaoctu 1 DMIT AC yOpiBaeT 00paTHO MPOMOPLUHOHAIBHO YETBEPTON CTENEHU PACCTOSIHUSA R 110
AC B cBs3u ¢ MHOronmyueBocteio PPB;

— YOAIIGHHOCTh Rpp TpPaHHUIBI MEKIY OO0JacTIMH CBOOOJHOTO H  MHOTOJIYYEBOTO
(uaTepdepenunonnoro) PPB (monoxenne touku «breakpoint» [2]) 3aBucut ot BbIcOTEl AC U TOUKH
HaOmronenust Hys Han 3eMHOW TIOBEPXHOCTHIO U OMNPEICHSACTCS  CISAYIOIIUM HW3BECTHBIM
COOTHOIIICHHUEM:

R,, =4H} [A=4n’\, H,,=n\, 3)

rae A — aauHa Boaasl OMU AC.

Ha ynmanennoctu AC or TOuku HaONIONEHUS MEHEe Rpp HCIOIB3YEM CICIYIOUTYIO
OOMICTTPUHATYIO MOJIeNb ycnoBuii PPB.

PPB B cB0OOAHOM IIpOCTpaHCTBE Rgp OKPECTHOCTH
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H=PeMS/(47tR2), R< Rpp, &)

MHorony4deBoe PPB 3a npenenamu Rgp OKpECTHOCTH:

I = RgpPoys /(47TR4): R2 Rppy » ()

rae I1 — mnotHocTs moToKa MomHocTd OMII Ha yaaneHHocTH R, BT/Mz, ot AC.
Hwuxe B Tabmuie mpUBEICHBI pacueTHBIE AaHHBIE O 3Ha4YeHUsX Rpp st AC COTOBOU CBSI3U

cragnapra GSM B paszmnuHbIX monocax vactotr (A = 0,16...0,17 m ms GSM-1800, A= 0,32...0,33 M
it GSM-900) u [utst pa3nuyHbIX 3HAUCHUH Hys .

Hyg, M GSM-1800 GSM-900
n RBP: M n RBP: M
1,0 6,2 6 3,1 3
1,5 9,3 14 4,7 7
2,0 12,5 25 6,2 12

3. B kauectBe xapakrepuctuku OMH Ha opranusm denoBeka or OMU AC ucnomszyem
3HaueHHe cyMmmapHoi wuHTeHcuBHOcTH [Iy OMII, BoO3#eicTBYIONIMX Ha OpraHU3M 4YelOBEKa,
OIIpENeNsIeMON B BUJIC CKAJIIPHOH CyMMBI aOCOJIOTHBIX 3HAYEHUH TUIOTHOCTH IMOTOKa MOIMHOCTH [1;
OMII ot Bcero muoxkecrBa N AC-ucrounuko OMMU:

N
My =Y I;, B’ (6)
i=1

4. Cnenys pexomengarusam [4], OMH Ha opranu3m uenoBeka B TOUKe HaOmoaeHus or DM
AC, pacnionaraeMbIX B €€ OKPECTHOCTH pajinyca Rgp , pa3enumM Ha JIBa CIaraeMbIX:

—OMII or Ommxkatimero AC, WHTEHCUBHOCTH KoTOoporo Il choydaitHa W sBIseTcs
CylIecTBeHHO npeobnanaromed o otHomeHno kK OMIT apyrux AC u3 okpecTHOCTH paguyca Rpp ;

— coBokyrmHoe OMII or Bcex mpounx AC w3 Rpp-OKPECTHOCTH TOYKH HAONIOACHUS C
HMHTEHCUBHOCTHIO [/, KOTOpOE MOXKET CUNTATHCSA KBA3UCTALMOHAPHBIM MO OTHOUICHUIO K MEPBOMY
cllaraeMoOMy U MOXET pacCMaTpUBATbCS B KaueCTBE OJHOW U3 COCTABIIAIONIUX 3JIEKTPOMATHUTHOIO
¢oHa.

5. Eciu a.mmm. AC P, 5 B Tipenenax caifta caydaifHa U yCTaHAaBIIMBAETCS OOCTYXHBAIOIIEH
BC B npenenax [Pusminy Pusmaxls Puss maxc>>Pys min » TO IUIOTHOCTh PACIpPEICIEHHsT BEPOSITHOCTH U
MaTeMaTHYecKoe  OXHUJAHWE  BEIUYUHBI P,y s  OymoyT  ONpEAensaThCs  CICAYIOIIUMU
COOTHOILICHUAMH [4]:

— pu perynupoBke 3.u.1.M. AC B ycnoBusax ceodonsoro PPB mexny AC u BC

WP, ) :l/PMSmax s my(By) :PMSmaX/z’ 0<P 5 <Pl > )
— pu perynupoBke 3.u.1.M. AC B ycnoBusax untepgepenunonHoro PPB mexny AC u bC
W(PeMS) = \[PeMS /(2 P s max )’ ml(BMS) =PMSmax/3’ 0<P s <Bisma- ®)

Cas3pb natencuBaocT DMII AC ¢ cozpaBaemoii umu DMH Ha TeppuTopuio

B pamkax mpuBeneHHBIX BBILIE MOAEIEH U COOTHOUIEHUH, NCHIONB3YyA [4], MOXKHO MOIYYHUTh
CIIEAYIOUINE COOTHOIIEHUS, CBS3BIBAIOIINE CTATUCTHUUECKUE XApAKTEPUCTUKH HHTEHCHUBHOCTH
OTAENBHBIX cllaraeMbix OMH Ha opranusm yenoBeka B Touke HaOmoneHus: or OMU AC ¢ BenmuuuHON
(1) obpazyemoit umu DMH Ha TeppuTopuIO:

1. Ilnotnocte W(Ilys;) u dynkuuio P(Ils,) pacnpenenennus BepOITHOCTH IUIOTHOCTH MOTOKA
MomrHocTH OMMU ot Omkaiinieii k Touke HaOmroaeHuss AC ¢ 3.0.U.M. P, y5 TS P, yrs

Ly Ly s
W(HMS1)= > SXp| — o ALy >0, Lyys = PysPosso ©)
411, 411,
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L L
P(”MSl)ZF[L 41T7MS Jzexp(—;i} r(ot,x)=.|‘e"t“'1a’t, (10)
1

MS1 MS

X

rae ['(*) — nemonmHas ramMmma-(yHKIHsI BTOPOTO BHJA.
2. Cpennee 3HaueHHE WHTEHCUBHOCTH 1155, KBa3HCTAIMOHAPHOT'O 3JIEKTPOMArHUTHOrO (OHa,
obpazyemoro Bcemu npouuMu AC B Rpp -OKPECTHOCTH TOUYKH HAOMIOACHUS:

L. 7 int{N,}

1
1Ly, = TZS A Z ﬁ’ NA:npeMSRliP’ (11)

(S}

rjae int{N,} o3HavaeT 1enyw 4acth N4 3nech u ganee OMH Ha tepputopuio ot AC co cirydalHOM
3.M.U.M. OIIPEAENSETCS C UCIIONb30BaHNEM CpeaHuX 3HadeHui (7), (8):

Ly ys zpeMSml(PeMS)' (12)

Cpennee 3HaueHue WHTEHCUBHOCTH (11) KBa3uCTallMOHAPHOI'O AJIEKTPOMATHUTHOTO (OHA,
obpazyemoro BceMu AC B Rpp-OKpPECTHOCTH TOYKH HAONIONCHUS 3a UCKIOUeHHeM Ommkainmenn AC,
CPaBHHUTEIILHO CJ1a00 3aBUCHT OT Pa3MEPOB 3TOW OKPECTHOCTH, IMPUYEM 3Ta 3aBUCUMOCTH TeM ciabee,
YeM BBIIIE€ MpocTpaHCcTBeHHas mioTHocTh AC u co3gaBaemas umu OMH Ha Tepputopuio, u, B
KOHEYHOM cuere, 4eM Oombuie cpexHee uucio Ny, AC B stoii okpectHoctu. Ha puc.l mpuBenen
rpaduk 3aBUCUMOCTH MHOXUTENS Z OT BENIWYUHBI N4, U3 KOTOPOTO CIEAYET, YTO B YCIIOBUSX
cBoboxHoro PPB yBennuenne Rpp B 2 pasa (yBenuuenue Ny B 4 pasza) npu N,=10 npuBOAUT K pocTy
[spss> mpumepno Ha 50%, npu N,=100 — k pocty Ilss, npumepno Ha 25%, a npu N,=1000 — x pocTy

IIs)s> Bcero Ha 20%.

W v v N

1
1 10 100 1000 N,

Puc.1. Xapaxrep 3aBucumocty nHTeHCHBHOCTH (11) anexkrpomarautHoro ¢ona, odpazyemoro SMU AC,
ot cpexnero unciia AC B Rpp-OKpeCTHOCTH TOYKU HAOFOICHHS

3. BepostHocts  p(Ilys; <Ilax) TOrO, YTO  TUIOTHOCTH  TMOTOKA  MOIIHOCTH [l
npeobnanaromero OMIT AC ve npeBbicut ypoBHS [, B paccMaTpuBaeMOi TOUKE HAOIIOICHUS, SCITH
B CETU MMeeTCs IIaBHasl aBToMaThueckas perynupoBka 3.u.u.M. AC B ipenenax 0<Pps<Ppus max:

P"/[Ymﬂx _y
o PerrsDouss 2( pP, Y (2 pP
I, <II = exp| ———22 (P NP . . ==| - MSmax = o Msmax |
p( MS1 maX) _([ p[ 411 j (P, p1s )P, 15 V[ ATl j Y(V AT

max

v (a,x)= je"t“'ldt,

0
rze y(*) — HemonHas raMMa-()yHKLHKS [IEPBOro BUJA; V — mapaMeTp Moaenu ycinosuii PPB mexny AC
u BC: v=2 (crenens R B (4)) B cityyae, Koraa peryaupoBka 3.u.u.M. AC oCyIIecTBIIsSIeTCS B YCIOBHSIX
csobomnoro PPB mexny AC u BC, v=4 (ctenenp R B Mozaenu (5)) B ciaydae, KOrja peryiupoBKa
s.1.u.M. AC ocymectBisiercs B ycnoBusix nntepdepenunonnoro PPB mexny AC u BC.
s cnydas perynupoBkd 3.1.1.M. AC B ycnoBusix cBobonHoro PPB ¢ yuerom (7):
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LTMS
211 .
=T e e, (13)

TMS

Perts Prss max

411
<M )=—22|]—¢ =
p( MS max) peMSP e

MS max

s cnydas perynupoBkd 3.1.u.M. AC B ycnoBusix uatepdepenunonsoro PPB ¢ yuerom (8):

Perts Pass max 3Ly
4 max 4 Hmax
411 411

n
p(M <M, )= |[—m= e dt=
( " ) Poush '([ 3Lrys

MS max

e dr. (14)

4. Tlpyn HanmMuuu B paccMaTpUBaeMON TOYKE MPOCTPAHCTBA DIIEKTPOMArHUTHOrO (hOHA OT
JIPYTUX Paguocioy’k0 C WHTEHCUBHOCTHIO Ilgs cTaTUCTHUYECKHE XapaKTEPUCTHUKU CyMMapHOU
nateHcuBHoctTn OMII  I1,=Ilps+I1,, omnpenensrorcs monacraHoBkoii B (13), (14) 3HaucHHA
Hmax:Hm_HBG .

s cnydas perynupoBkd 3.1.1.M. AC B ycnoBusix cBobonHoro PPB ¢ yuerom (7):

Ly ps

211, - 11 oI —Ier)
s <1, 1)) = AT n )2 | as)
T MS

s cnydas perynupoBku 3.u.u.M. AC B ycnoBusx untepdepennuonsoro PPB ¢ yuerom (8):

3Ly ps

4 T —7I1 4(17/717HBG) 2
Iy <(1T, — ;)= |82 .[ e’ dt. (16)
\  3Lrus 0

Baunsane MU AC u3 30861 HHTepdepenuuonnoro PPB

Hns ouenku Brimaga OMU AC, pasMelieHHBIX 3a TpeaenaMu 30HBI cBoOogHoro PPB mo
OTHOIIICHUIO K TOYKE HaONIONeHUs, ucnoindyem mojaens PPB (5). PaccMorpum KomblieBYyIO 30HY
BHYTpPEHHETO paanyca Rpzp M BHEUIHErO pajguyca mRgp BOKpYr TOYKM HabmroneHws, B kotopod AC
pa3MelleHbl cay4ailHO paBHOMEPHO € TOW € CpEAHEN MIOTHOCTBIO P, pss, YTO U B OKPECTHOCTH TOUKHU
Habmopaenus. I[lockonbky anst AC wu3 3TOoH 30HBI IJIOTHOCTH MOTOKa MommHocTH II B Touke
HaOMIOIGHUS B COOTBETCTBUU ¢ (5) yObIBaeT oOpaTHO NPONOPLHMOHATIBHO YETBEPTOM CTENeHH
paccTosiHus, TUIOTHOCTH pactpenencHus BeposatHocTd w(I1) natencuBHoctr OMII atux AC B Touke
HaAOJIOACHHUS UMEET BU]I TUIIEPOOIMUECKOT0 pacpeaeneHus crenenun —3/2 [4]:

w(Il)=— VI e z\'H‘;i“, I, <I<I,,;
ot (I, -1, ) 2

P P P
ml (H) = Hmax min = ZEMS 2 5 min EMi >~ Tmax = 48MS 2 " (17)
4m R 5, 4nR 5, 4m R,

Bxuag I[1y; DMU AC 3T0#t KONBIIEBO 30HBI B 3JIEKTPOMArHUTHBINA (DOH B TOYKE HAOIIOICHHS
omnpenenrM OYEBUAHBIM 00pa3oM Kak MpousBeneHue cpeanedl mHreHcuBHoctH OMU AC (17) Ha
cpenuee uncino Ny OMU AC B 3TOM 30HE:

P ’-1 P L
My, Z’EB;IO(NAsmI(H)):EE}O eMspezz;(T ) _ eMS4peMS _ T4Ms . (18)

Takum 00pa3oM, U MHTEHCUBHOCTH 3JEKTpOoMarHuTHOro ¢ona or AC uHTEepdepeHIHOHHOI
30HBl TIPSIMO BBIpa)KaeTcsl depe3 co3zaBaemMyro nMu OMH Ha TeppuTOpuio; BBIpaXEHHE UIS
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COBOKYITHOM WHTEHCHUBHOCTH 3JEKTpPOMAarHUTHOro ¢oHa I[lzgys oT Bcex AC, 3a HCKIIOYCHUEM
ONvDKaIel K TOYKe HaOIOICHHSI, MOXKET OBITh TToNy4eHa nononHeHueM (11) ¢ yuerom (18):

L...(Z+1 it}
I g5 = iyysy + gy, ZMa Z= Z ;a N,= npeMSRliP' (19)
4 i H -1

[IpakTnuecknii MHTEpeC MPEACTABISET SKBUBAJICHTHBIA pamumyc obmactu cBobomHoro PPB
BOKDYT TOYKH HaOJIIOJCHUs, AAlOMMi Takol ke ¢oH, kak (19). nst ero ompeneneHus paccMOTpUM
HEKO€ KOJIBLIO BHYTPEHHETO paauyca R, =Rzp 1 BHEUIHETo panauyca R,>=qRpp, g>1, TeppUTOpHATIBHYIO
IUIOTHOCTB P, s CAy4daiiHoro pacnpeneneHns AC 1o TeppUTOPUM KOJbIA NPUMEM IOCTOSHHOM H
paBHOI1 TeppuTopHaibHOi OTHOCTU AC B Rpp-OKPECTHOCTH TOUKM HaOIIONEHU, U OyaeM mojarath
afgekBatHOM wmoxenb (4) cBobomHoro PPB s paccrosHuii R<R,. B nanHOW curyarmu
pacnpesnereHne BEpOATHOCTH TUIOTHOCTH ITOTOKA MOIHOCTH OT AC, pacmoIoKEHHBIX BHYTPH KOJbIIa,
B TOYKE HAOJIOACHUS UMEET BHUJI TUIIEPOOTMUECKOT0 pacpeneneHus crernenn —2 [1, 4]:

HminHmax ~ H
(T, — 11

e, I <II<II__, II _>>II_;

W(H): )Hz ~ 2 min *

e = B /(47':R§P)a i = Pus /(4nqu§p);
MaTEeMaTHYECKOe OXKUIaHUe BeTMYHHEI [1 ompenenseTcs cneay oM COOTHOIICHUEM
my (M) I, In(TL,,,, /11, ) = Ps n(q° ) /(4ng° R}, ), 10, >>T1,, .

HUcnonesys (18), momyuum cienyroliee ypaBHEHHE:

I _ Ly s
EMS3 T

=1.

ﬂpR;P(qz—l)Pngln(qz):M N @h}(qz)

=N I1
qml( ) - 4nq2R§P 4 qz

OT0 ypaBHEHUE UMEET YUCIICHHOE perieHne g = 1,964 = 2 . Takum 00pa3om, IKBUBAJICHTHBIN

paanyc obnactu csodbonHoro PPB Bokpyr Touku HaOMoACHUS, MO3BOJIAIOMINN ydaecTs BKiag OMU
AC u3 30HbI nHTEp(epentnonnoro PPB, paBen R,~2Rgp .

Ipeneasno nonycrumeie ypoBau IMH Ha TeppuTopuio or IMU AC

IIpu onenke npenensHO HomyctuMoil OMH nHa tepputoputo or OMU AC cotoBoil cBs3u
ClIeyeT IPUHUMATh BO BHUMAHHUE CIEAYIOLIEe:

— MIPUHATHIE B CTpaHE KPUTEPHH BBIHYKIEHHOTO SKOJIOTHYECKOT'0 PHCKa, O0YCIOBIEHHOTO
npucyTcTBHeM B cpeae obutanuss OMII or obopynoBaHHs COTOBOM CBA3M M PaIUOCHCTEM IPYTHX
paanocityk0, B 4aCTHOCTH, MPUHATOE 3HaUeHHE MpenensHo qonyctuMoro yposHs (ITIY) ODMII I,p,
B JMAala30HAaX 4YacTOT, MCIIOJIb3YeMBIX CHCTEMaMH COTOBOM cBsizu. B coorBerctBum c¢ [5] Ha
Teppuropuu Pecrry6muku Benapych neiictsyer Hopmatus 1y, = 10 MxBt/em® = 0,1 Br/m?;

—IIJIY onpenenens! st CyMMapHOH HHTEHCUBHOCTH Bcex OMII, mpHCyTCTBYIOMIKX B TOUKE
HaOJIFOICHUSI, BKITFOYAS AJIEKTPOMATHUTHEIN ()OH WHTEHCUBHOCTHIO [136cy 0T OMU AC u BC coroBoit
CBSI3H, ONpeneNsieMbli Kak cymMmMa 3JeKTpoMarHuTHOro gona Ilxys, o Bcex AC B OKpECTHOCTH TOUKU
HaOmronenust, kpome Ommkanmend AC, u snekrpomarautHoro (ona [lszs or BC cotoBoii cBs3w,
omnpeaensemoro OMH Ha Tepputoputo Lrgs or OMU BC, wumetonmx »>u.uUM. P.ps U
TEPPUTOPHUAIIBHYIO MIIOTHOCTE Pps [1]:

int{ N
LTMS i} 1 LTBS 4H or
sps =——| 1+ + In

4 H=2 H _1 2 }\.
— MaKCUMallbHasi WHTEHCUBHOCTh [l OMII Ommkaiimero AC B paccMaTpuBaeMoOil TOYKE

HaONMIOACGHNS, TPU KOTOpOW cymMmapHas uHTeHcMBHOCTH OMII ot Bcex ucrounnkoB DOMU He
npesbicut [11Y, ¢ yuerom ¢ona ¢ naTeHcUBHOCTHIO [156 0T POC mpyrux pamuocnyx0 Oyner paBHa

Hmax = HMPL - HBGCN _HBG . (21)

Mooy =y, +11

j» Ligs =PasFlsss (20)
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Takum o6paszoM, BepoaTHOCTb p(Ilysi < Ilyax) TOro, 4TO MIOTHOCTH MOTOKA MOIIHOCTH Tz
npeobnagaromero OMIT AC He npeBbicHT ypoBHs (21) B paccMaTpruBaeMoil TOUKe HaOMIOAEHUS, €CIn
B CETH HMeEETCs IUIaBHAasi aBToMaruueckas peryaupoBka 3.1.u.M. AC B mpenenax 0<Pus<Pusmax
MOXET OBITh ompenencHa mojactaHoBkod (21) B (13),(14), nubo 3amenoit pasHoctu [1,—Ilz; Ha
npaBylo vacte (21) B (15), (16). 3aBucuMoOCTH UpEAETbHO IONYCTHUMBIX 3HaueHnid OMH Ha
Teppuropuio, odpazyemoit DMU AC coToBoil cBs3u, OT BenMuUHBI (21) s pa3iauyHBIX ypOBHEH
o6patHoit BeposaTHOCTH P(ITyzs1 > Minay) = 1-p(Iyss1 < Iinax), TPUBEIEHBI HA PHUC. 2.

1

10
P=01
/ P =005
10”
/////// P =001
/ / P =0,05
- 3
% 10
=
" / / P =0,001
q% 10-4 / /
10°
10° : : : :
-30 225 220 15 -10

I, I[BBT/MZ
max
Puc.2. 3aBucuMocTH mpeienbHO OMycTUMBIX 3HadeHni DMH Ha Tepputoputo, obpazyemoit 9MU AC, ot Be-
TUauHbI [, Ut pa3nungabix ypoBHEH BepoSTHOCTH P(I151>T1max)

Honyctumeiii ypoeHb OMH Ha TeppUTOPUIO Ly s 0T OMU AC coToBOMl CcBSA3M, MpHU
koTopoM BeposTHOCTh P(ITys > Il.x) TIPEBBIICHUS B paccMaTpUBAaEMON TOYKE HAONIOICHUS
MHTEHCUBHOCTBIO [1)/51 DMII Onmxkaiimero AC 3amanHoro ypoBHs I, , paBHa P, ¢ mpuemiieMoii yis
MPAKTUKU TOYHOCTHIO MOXKET OBITh OMPEACTICH U3 CIASAYIOIIUX YITPOIICHHBIX COOTHOIIICHUH.

s cnydas perynupoBkd 3.1.1.M. AC B ycioBusix ceobonsoro PPB ¢ yuerom (7)

Lowons 4P (1+2P/3). (22)

max

s cnydas perynupoBkd 3.1.1.M. AC B ycnoBusix uatepdepenunonsoro PPB ¢ yuerom (8):

Lous 4PIL (14 P). (23)

'max MS max

Cootnomenus (22), (23) no cpasaenuto ¢ (13)—-(16) obecrneuynBarOT MOTPEMIHOCTH OLEHOK
BEITHYUHBI Loy s MeHee 1% mist P<0,1. Ilpu Oonee 000CHOBaHHBIX TPEOOBAHUSAX K YPOBHIO 3aIUTHI
(P<0,01), npuHATHIX B [6], IpUeMIIeMblld YPOBEHb MOTPEIIHOCTH OLEHOK MOXKET OBITH MOJYYEH NpHU
WCIOJIB30BAHUH CIEAYIOLIET0 YIPOIIEHHOTO COOTHOIIEHUS:

LmaxMS ~ 4PHmax 5 (24)

2
B MIPUBECHHBIX COOTHOMICHUSX BEMUYUHBI Loy ars U [liax BEIpaXkeHbI B BT/M™,

3akjoueHmne

BBuay Oonpiioil mpakTHUECKOH 3HAYMMOCTH IOJYYEHHBIX PE3YJIBTATOB C TOYKH 3PEHHS
aHanmM3a W OO0ECIeYeHUs DJICKTPOMArHUTHOH O€30MacHOCTH HAceNeHHs U 3JICKTPOMarHUTHOU
9KOJIOTHH TEPPUTOPUH, TOKPHIBAEMOI CHCTEMaMH COTOBOH CBSI3H, OECIIPOBOAHOTO MIMPOKOIIOIIOCHOTO
JIOCTyNa W APYTMMH PaJgdOCUCTEMaMH WH(POPMALUMOHHOTO OOCTy:XHBaHHUS oOIIecTBa, CIEAyer
MPUHUMATh BO BHUMAaHUE TPAHUILBI aJICKBATHOCTH CTPOTMX aHAIUTHYECKUX BbIpaxkeHui (13)—(16) u
ux anmnpokcumanuii (22)—(24). DTH TpaHMLBl ONPENENsIOTCS aJeKBATHOCTBIO MCIOIb30BaHHBIX
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OOILENPUHSTHIX MOAEINEH, B YaCTHOCTH, aIeKBaTHOCTBIO:

— HCIONb3yeMbIX Mofeneil ycnoBuii PPB (momenn (4) cBoGognoro PPB B Rpzp-okpecTHOCTH
TOYKH HaOmoaeHus 1 Moaenu (5) unrepgepenunonnoro PPB 3a npenenamu 3Toi OKpecTHOCTH);

— MOJIENMM PAaBHOMEPHOro ciy4yaiiHoro pacmpeneneHud AC MO IUIOCKOW IMOBEPXHOCTH B
OKPECTHOCTH TOYKM HaONIOJEHUSI C IYaCOHOBCKHMM BEPOSTHOCTHBIM pPE&XHMOM (2), a Takke B
ONpeeTICHHOW Mepe — aJeKBaTHOCThI0 Mozenei (7), (8) pacmpeneneHust BEpOATHOCTEH cIydaiiHON
s.u.u.M. OMU AC, nonydeHHsIX B [4] A peryispHONH NpOCTPaHCTBEHHON TOMOJIOTMH COTOBOM CETH
C caliTaMM OJMHAKOBBIX pa3MEpOB, CO CIy4alHBIM paBHOMEpHBIM pacnpeneneHueM AC 1o
TEPPUTOPHH 30HBI O0CTYKMBAHUS U C YPOBHEM BHYTPUCETEBBIX ITOMEX, pH KoTopoM AC Ha rpaHuie
caiiTa UCNONB3yeT MAaKCUMANBHYIO 3.1.U.M. OMU Py/g ).

AHanu3 NOTy4YEeHHBIX COOTHOIIEHUI TIO3BOISIET CAENATH CIEAYIOMNE MPAKTHUECKUE BBIBOIBI.

1. OMH na Ttepputoputo or OMU AC sBnsercss OYCHb BaXKHOW M OYCHb yJO00HOW B
WCTIONIb30BAHUH XapaKTEPUCTHUKON 3JIEKTPOMAarHUTHOW O€30MacHOCTH COTOBOM cBsi3u. OmpeneneHue
(12) »TOif XapaKTEpUCTHKH OOECHEUMBACT YHHBEPCAIBHOCTb CHUCTEMHBIX OLEHOK CYMMAapHBIX
ypoBaeii OMII npu aHamu3e >IEKTPOMArHMTHOM JKOJOTMU U AJIEKTPOMArHUTHOM O€30MacHOCTH
COTOBOM CBSI3M, MX HE3aBUCHMOCTh OT MOKOJEHHUsS coToBOi cBsizu (2G, 3G, 4G,...) U TEXHOIOTUU
peanu3anuu MHOrocTaHImoHHoro Aoctyna (FDMA, CDMA, TDMA, ...), BO3MOXXHOCTh BBITIOTHEHUS
3THX OLEHOK B YCIOBMSX MCIIOJIB30BAHNS HECKONBKUX PaJNOTEICKOMMYHHUKAIIMOHHBIX MMOKOJIEHUHN 1
CTaHJIapTOB.

2. [lonyuennsie coorHomenust (13)—(16) u (22)—(24), xapaxTepusylomue BepOATHOCTH
npebitienus [1JIY OMII mnorHOCTRIO MOTOKA MortHOCTH [1)/5 mpeobmamaromero OMIT AC, nmubo
cymmoil 3HaueHu# Ilys; M1 MHTEHCUBHOCTH 3JIEKTPOMATHUTHOTO (POHA, MPUCYTCTBYIOIIETO B TOYKE
HaOJIOAGHNS, €CIIM B CETH MMEETCS IUIaBHAas aBTOMaTH4ecKas perynupoBka 3.u.u.M. AC B mpenenax
0<Pus<Ppuismax, c1a00 3aBucar ot ycnosuii PPB mexay AC u BC, B KOTOpPBIX OCYIIECTBIISIETCS
aBTOMaTHU4ecKas peryaupoBka 3.M.U.M. AC. DT0 NMO3BONAET OrPAaHUYUTHCS UCTIOIb30BAHUEM MOZEIU
(4) mpu BBIIONHEHUW OICHOK JOMYyCTUMOro ypoBHs OMH Ha TeppuTOpHIO L.y us 0T OMU AC
COTOBOM  CBSI3W, MpH  KOTOpOM  obOecreumBaercsi  TpeOyeMblii ~ YpOBEHb  3aIIUTHI
P = p(Iys1 > Mimax) < 0, 1.

3. [lomy4yeHHbIe pe3ynbTaThl CBUETENLCTBYIOT 0 BakKHOCTH ydueta OMU AC coToBoi CBsI3U
MPH OLEHKE 3JEKTPOMArHMTHON 0€30MacHOCTH HaceleHHs, OCOOCHHO B YCIOBHAX HPUCYTCTBHUS
JJIEKTPOMAarHUTHOrO  (oHA, 00pa3yeMoro pajuoCUCTEMaMH  Pa3lIW4HBIX  Paguociyxk0 u
TEXHOJIOTUYECKUMH BBICOKOYACTOTHBIMU YCTPOWCTBAMHU pA3NIMYHOIO Ha3HaueHMs. [lake ypoBHH
OMH ua Ttepputopuio or AC mopsika emuHMIl MBT/M® B YCIOBHAX MPOCTPAHCTBEHHOTO
nepemenieHuss AC B COOTBETCTBUU C MPHHATHIMH KPUTEPUSAMH 3JICKTPOMArHUTHOW 0€30MacHOCTH
nacenenns (IIY OMII 0,1 Br/m?, P=0,01) B yClOBHSAX IPUCYTCTBHS 3IEKTPOMArHHTHOIO (OHA C
MHTEHCUBHOCTHIO 10 10—50% I1J1Y MoryT ObITh MPU3HAHBI ONTACHBIMHU.

4. TTomyueHo o6o6menue (19) mpuBeneHHoro B [4] coortHomenus (11) mis cpemHero
3HAYeHUS! MHTEHCHBHOCTH KBa3WUCTALMOHAPHOTO 3JIEKTPOMAarHuTHoro ¢oHa, obpazyemoro AC wu3
OKPECTHOCTH TOYKH HaONIOJIeHus, 3a HCKIIoueHneM Onmxaiiniero AC, mo3BonuBIIee y4ecTb BKIa B
AIIEKTPOMarHuTHEIA ¢GoH coBokynmHocth OMUM AC u3 obmactu uHTepdepeHuuonHoro PPB Ha
JMATBHOCTAX R>Rpp. [TokazaHOo, 4TO SKBUBAJICHTHBIN pamuyc obmactu cBoooHoro PPB Bokpyr Touku
HaOmoAeHNs, To3BoNsOmMi yaects Bkiaanx OMU AC u3 30HbI uHTepdepenunonHoro PPB, pasen
YIBOCHHOMY panuycy 30HbI «breakpoint» Ry~2Rpp .

5. Ilomy4yennsie pe3yabTaThl HJUTIOCTPUPYIOT OTBETCTBEHHOCTb JIunensmnapa
(AomuHuCTpaumu cBsi3u) U JIMIeH3MaToB (OMepaToOpOB) COTOBOW CBS3M 3a €€ 3JIEKTPOMArHUTHYIO
6e3zomacHoCTh, TocKoIbKY OMH Ha Tepputopuio or IMU AC coToBOIl CBA3M B 3HAUMUTENBHON Mepe
omnpeznesnsiercss cpeaHUM ypoBHeM 3.M.M.M. AC B cerH (KOTOpBIH, B CBOIO OYEpElb, OMpPEACIseTcs
Pa3BUTOCTBI0O HH(MPACTPYKTYpHI CETH (pa3MepaMH CaWTOB) M yPOBHEM BHYTPHCETEBBIX IIOMEX,
CBSI3aHHBIM C KayeCTBOM YacTOTHOTO IUIAHMPOBAHHUS M HACTPOMKH ceTel), a Takke mapaMerpamu U
00bEMOM BBIJENSIEMOr0 OIepaTopaM pajuodacTOTHOTO pecypca (BBIICIECHHBIM CETH YHCIOM
paavoKaHaloB, MPENENbHO IOMYCTMMOM 3.W.M.M. B KaHaiax BC Ha TeppuTOpusAX € pa3nTudHON
IUIOTHOCTBIO HACENCHHSA U T.11.).

6. [lomyuenHble pe3ynbTaThl, B YacTHOCTH, cooTHomeHus (22)-(24) wmoryr ObITH
WCIIONIB30BaHbl MPH MPOBEAECHUM YTOYHEHHBIX OLEHOK BBIHY)KJIEHHBIX PHCKOB JJs 3/0POBBS
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HaCeJIeHUs! OT BO3JCUCTBHS DIIEKTPOMATHUTHBIX TTOJICH, CO3AaBaeMbIX 000PYIOBaHUEM COBPEMEHHBIX
CHCTEM PaJUOTEIEKOMMYHHUKAIUH, C HCIIOIb30BaHUEM METOIUKH [6].

B umenoM, mo MHEHHMIO aBTOpa, MPEACTaBICHHBIE PE3YyNbTaThbl, B YaCTHOCTH, TpauKH Ha
pHC. 2, CBHIETENBCTBYIOT O L1E1ec000pa3HOCTH OLIEHOK, KapTorpadupoBaHus U, BOSMOXHO, BBEICHHUS
orpannuennidt OMH na Tepputopuio or OMU AC coToBOH CBs3HM, OCOOCHHO Ha TEPPUTOPHAX C
BBICOKOH IIJIOTHOCTBIO HACENEHHS; LEeNeCOO0pa3HOCTH pa3MELIeHUs] MECT MacCOBOTO CKOIUICHUS
JIo/IeH 3a MpezelaMy 30H € TIOBBILIEHHBIM YPOBHEM 3JIEKTPOMAarHUTHOTO (oHa.

ELECTROMAGNETIC FILLING ON THE TERRITORY, CREATED BY USER'S
STATIONS OF CELLULAR COMMUNICATIONS

V.I. MORDACHEV

Abstract

The equations defining the relationship of terrestrial electromagnetic filling created by mobile
user's stations of cellular communications, with the total intensity of an electromagnetic background
created by these stations at a terrestrial surface, and also with probability of excess of the maximum
permissible level by cumulative intensity of electromagnetic fields generated by user's and base sta-
tions of cellular communications are given. The equations for an estimation of maximum permissible
level of terrestrial electromagnetic filling created by user's stations at which the probability of excess
of the given maximum permissible level of field intensity in a considered observation point by cumu-
lative intensity of electromagnetic fields generated by user's and base stations of cellular communica-
tions in presence of an external electromagnetic background, is admissible, are resulted.
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