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Annoranusi. [IpuBesneHbl pe3ynbTaThl CpaBHEHHUS! OLIEHOK CpeJHEH WHTEHCHBHOCTH 3JIEKTPOMAarHutHoro ¢owa,
co3JaBaeMoro 0Oa30BBIMH CTaHLMSMU COTOBOW CBSI3HM, C HCIHOJNB30BAHHUEM MPEATI0KEHHOM aBTOPOM METOMIMKH,
C OIyOJIMKOBaHHBIMHU PE3yJIbTaTAMH M3MEPEHHH YPOBHEH 3JIEKTPOMArHUTHOTO (JOHA B PA3IMIHBIX CTpPaHAX. JTH
JAHHBIC TIOATBEP)KAAIOT aJCKBATHOCTH IPEAJIOKEHHOM METOAMKH M €€ NMPAKTUYECKYI0 3HAYUMOCTh AN OLEHKH
3JIEKTPOMArHUTHOM SKOJIOTUH TEPPUTOPUH H AIIEKTPOMArHUTHON O€30MTaCHOCTH HACEIICHHSI.

Kniouesvie cnosa: coroBas CBA3b, DJJICKTPOMArHuTHass Harpyska, C-)J'IeKTpOMaFHPITHLIfI (I)OH, DJICKTPOMAaruuTHas
9KOJIOT s, DJICKTpOMAarHuTHas 0€30IaCHOCTb.

Abstract. Results of comparison estimations of average intensity of the electromagnetic background created
by base stations of cellular communications, performed with use of the technique offered by the author, with
the published results of measurements of levels of an electromagnetic background in the various countries,
are presented. This data confirms of adequacy of the offered technique and its practical importance for an estimation
of electromagnetic ecology of different areas and electromagnetic safety of the population.
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Verification of the worst case model for the estimation of average intensity

of the electromagnetic background created by base stations of cellular communications
V.1. Mordachev

BBenenue

B [1, 2] npemnoxkena ciemyromas npoctas GopMmyia sl MeCCHMUCTHYECKOW OLEHKN (OICHKH
HaMXYJIIEro ciydas) CpelHell CyMMapHOH WHTEHCHBHOCTH JieKTpoMarHuTHoro ¢oHa (DOMO),
co3naBaeMoro B Touke HaObmoaerus (TH) y 3emMHoit moBepxHOCTH BceM MHOKeCTBOM N 0a30BBIX CTAHIIHIA
(BC)  cotoBoit  cBasu  (CC), pacmonoXeHHBIX  CiIy4alHO 1o  oTHomeHnmto Kk  TH
B €€ OKPECTHOCTH, BKIIIOYAIOLIEH KaK 30Hy cBOOOIHOTO pacnpocTpaHenus paanososH (PPB) mexny BC u
TH, Tak u obnacts uaTepdepenmonHoro PPB mex iy HUMH:

6,6-H N
ZzBs ~ LTZBS In( 2 o j’ L’TBS = Pes PeBS' Zzss ZZ|HBSi|’ EzBs :\flzonzzss ) (1)
i-1

rae Zsss — CyMMapHas MHTEHCHBHOCTH DM [BT/MZ], cozpaBaeMoro bC B TH, ompenensiemMas Kax
CKaJIsipHAs CyMMa 3HaueHUH IoTHOCTH oToka MotHOCTH (I1IIM) Igsi anexTpoMarautHbix oneit (OMII)
Bcex N BC B TH; Hop — Beicora TH Hajm moBepXHOCTBIO; A — JuiMHA BOJIHBI M3nydeHus bC; Ligs —
seKTpoMarauTHas Harpyska (OMH) ma Tepputoputo, [Br/m?], coznasaemas BC B okpectnoctu TH; pgs —
cpeuss TeppuTopuanbHas miotHocTs BC, [BC/M?], B okpectHocT TH; Pegs — 3KBUBaIeHTHAS H30TPOIIHO
m3ny4yaemass mourHocts (QUUM) snextpomarautaoro wminydenns (OMMUM) BC; Esgs — cymmapnas
MHTEHCUBHOCTh DOM®D B enunuiax HanpspkeHHocTH DMII [B/M] (cpemHexBagpaTHieckoe 3Ha4CHUE ).

Cootnomenue (1) TOMy4eHO C WCHOJIB30BAaHUEM CIEAYIONINX JOMYIIEHUH (YyIMpoIIeHun
WCITOJIb30BAaHHBIX MOJICTICH ):

a) BBICOTA TOYKH HAOMIOJICHHUS HAJ TOBEPXHOCTBIO CYIIECTBEHHO MEHbBIIE MUHHMAIBHO
BO3MOXKHOTO PaCCTOSHUS MEXKIy TOYKOW HAOIIOEHNS U aHTeHHOU Ommkaiiieit bC;




6) OMU BC siBisietcst nuzotporasiv ¢ IUNM, pasroit DVTMM BC B ri1aBHOM JIETIECTKE AHarpaMMBI
nanpasieasoctr (JIH) ee aHTEHHET;

B) MUHHMMAaJIbHO BO3MOXKHOE paccTosiHue oT (a3oBoro meHtpa anteHHbl BC mo TH mpessimaet
panuyc Ommxuelr 3ouHp1 OMU BC, ycnosus PPB or Gmmxkadimmx BC B TH coorBerctByror PPB B
cBoOoHOM TIpocTpancTBe; Monens PPB mexay TH u BC cooTBeTcTBYeT HIbXKHEH rpanute 3aryxanus PPB
B FOPOJICKOI 3acTpoiike B [3, hopmysl (1), (2)]:

Pees /(4TCR2)’ R<Rgp;
RZ, P /(47R*), R > Ry

rae Hgs — BeicoTa anteHH bC Haja moBepxHOCTHIO; R — paccrostaue mexxay TH u BC — ucrounukom DMIT;
Rep — pagnyc oxpectHoctr TH, B koTOpoii ast pacnionoxeHubix B Helt bC ycnoBus PPB B8 TH moryT Ob1Th
OPUHSATH cOOTBeTCTBYONMME PPB B cBOOOAHOM mpocTpancTBe («breakpoint distancey);

r) mpu ompeaeneHun Lrgs B (1) 3HaueHHs Pess NTPUHUMAIOTCS COOTBETCTBYHOLIMMH
peructpanmonabiM  3HaueHusiM OUKMM  BC. Ilockombky ¢daktuueckas cymmaphHas OWHNM  BC
IpUOIMDKACTCA K PETUCTPALMOHHBIM 3HAYEHHUSIM TOJIBKO B 4aChl MAKCUMAaJIbHON Harpy3ku ceTu (Korza B
BC wucnone3ytorcst Bce paamokanansl GSM u 3arpy3ka kaHamoB UMTS Onu3ka K MakCHManbHO
JOITyCTUMOI1), olleHO4HbIe YpoBHU (1) cymmapHOW mHTeHcHBHOCTH OM® ciemyeT, Mo BO3MOKHOCTH,
CpaBHHUBATh C U3MEPEHHBIMU CPEAHUMH 3HAYEHUSMH MHTEHCUBHOCTH DM@ B mepuopl MaKCUMaIbHOM
Harpy3K{ CeTH MO0 ¢ MaKCUMaJIbHBIMU U3MEPEHHBIMH 3HAYCHHUSIMH.

[lepeuncnennple AOMYIIEHUS ONPENENAIOT B IEJIOM IECCUMUCTHUYECKUH XapaKTep OLEHOK
cymmapHoid uHTeHcHBHOCTH OM® B TH ¢ wmcmomb3oBanmem (1), MOCKONBKY B CHIIy YyKa3aHHBIX
norymeHuit cootHomenue (1) coorBeTcTByeT nMukoBoi Harpy3ke cetu CC u dakTHIeCKH HEe yIUTHIBAET
3areHeHust bC npyrux caifToB aneMeHTaMH FOpPOJCKOM 3acTpoiiku, a Takxke ymeHbluenus OMUM BC B
HanpaBneHre Ha TH mpwm npuOmvmkeHnn mocieHed K OCHOBaHHWIO aHTeHHOW mauThl bC BciemcTBue
HanpaeneHHOCcTH DOMMU BC B BepTukanbHOU 1ockocTi. C Apyroi CTOPOHEL, K (aKkTopam, CHIKAIOIIUM
MECCUMM3M OIIeHOK (1), ciieyeT oTHeCTH (DyHIaMEHTAILHOE CBOMCTBO AJICKTPOMArHUTHOW OOCTaHOBKH
(BMO) B TeppUTOpPHAIBLHO pacHpee/ICHHBIX PaJUOCHUCTEMax, 3akKirouarorieecs B Haimuumun B TH
npeobnanaromero DMII, coznaBaemoro OmkaiimmmM rcroannkoM DMMU (yemosust PPB kotoporo B TH,
KaK MpaBWIo, cOOTBETCTBYIOT (2) mpu R<Rgp) [4], a Taxke TOT ¢akT, 4ro Moaens (1) He yduuThiBaeT
yBenuyeHuss uHTeHcuBHOCTH OM® B TH 3a cyer cyMMmupoBaHus OpSIMOTO M OTPAKEHHBIX OT
MTOBEPXHOCTEH (3eMIIH, CTEH 3[JaHHi) JTyqeH.

[IpuaMMas BO BHIMaHUE HAIMYHE TyOIUKAIINH C pe3yIbTaTaMy N3MEPEHH HHTEHCHBHOCTH DM D
OT CHUCTEM COTOBOH CBS3M B Pa3iIMYHBIX IOPOAaX M CTpPaHaX, OICHKY aJeKBATHOCTH (BEpUPHKAILHUIO)
npeiaraeMoi MeTOIMKH PorHo3a nHTeHCUBHOCTH DM@ 110 hopmyste (1) MOIKHO BBITTOTHUTD, UCTIONB3YsI
oIyOJIMKOBaHHbIE PE3yJIbTaThl H3MEPEHU, 1 onupasick Ha oueHkM OMH Ha TeppuTopuio, co3naBaeMoil
BC CC B mecrax npoBefeHus 3TUX U3MepeHnid. Hmke npuBoasTes pesynsTarhl Bepudukanu Moaenu (1)
Ha OCHOBE HCIIOJIb30BaHHsI Pe3yJIbTATOB U3MEPEHHUIA, MpHUBeIeHHBIX B [9—11].

g = RBP:4HBSH0P/7‘1 (2)

Tunossle ncxoanbie faHHbIe UIA oneHKH DMH Ha TeppuTopuio

[IpuBenenubIX B [5—7] nanHbIx 00 ycnoBusix GopmupoBanusi MO, kak MpaBuio, HEAOCTATOUHO
Iu1s otlenkn DOMH Ha Tepputopuio, co3nanHyro coBOKymHOCTRI0O BC B okpectHocTr TH, U BBITOTHEHUS
omeHOK ¢ wucronb3oBaHueM (1). Ilosromy 3mech W Janee WCIONB3YeM CIEAYIOIIUE THUIIOBEIE
xapaktepuctukun  CC, OCHOBaHHBIE Ha  JKCIIEPTHOM  OIIGHKE  CJIOXHBIICWCS  TPAKTUKU
U pe3yJbTaTax HMCCIEAOBaHUS BapHaHTOB BBICOKOKAUYECTBEHHOI'O IJIAHMPOBAHHSA COTOBBIX paanoceTeit
B TOPOJCKHX VYCIOBUSX, OOECHEUNBAIOIINX KOMIPOMHCCHBI YypOBEHb BHYTPHUCETEBBIX IOMEX
OpU BBICOKOM KadyecTBe MpeaocTaBieHuss yciayr [8, 9], a Takke Ha u3BecTHbie naHHbie [10-12]
0 TeppuTopualibHOM IIoTHOCTH aboHeHTOB CC M 00 ynenbHOM HMHTEeHCHMBHOCTH Tpaduka G [Dpi.]
B COTOBBIX CETAX:

— Oyzmem mojaraTb, 4YTO B TOPOJCKOH 3acTpPOMKE eBPONEMCKOT0 THMa HCIONB3YIOTCS
npeuMyInecTBeHHO Tpexcektopuble bC ¢ ypoBHamu OUNM 50-53 dBm B wacTOTHBIX KaHamax
GSM-900, 47-50 dBm — B kananax GSM-1800 u 53-57 dBm — B xananax UMTS;

— B CETAX COTOBOM CBS3M yJeJbHAs MHTEHCHBHOCTH PEYEBOro Tpaduka B yachkl HanOOJIbLICH
Harpy3ku 3a nociennue 20 net Bospocna ¢ 0,02—0,04 Opi. [11] no 0,08-0,1 Dpxa [12] u 1t KOHKPETHOTO
MepHoJIa U3MEPEHUH MOXKET OBITh OIICHEHA C UCITOJIH30BAaHUEM JIMHCWHON MHTEPITOJISIIIHN;

— TeppUTOpHANIbHAS TIOTHOCTH aboHeHTOB CC, mMeromas ompenesitoniee Biusane Ha OMH,
co3zaBaeMyro COBOKymHOCThI0O BC Ha naHHOH TeppuTOpHM, M3MEHseTcs B Hpokux npenenax: 3000—



100000 ex./xkm? — nsa yenosuii ropoaa (Urban area), 300-3000 ex./xkm? — a1 yenosmii mpuropoza (suburban
area) u 10-300 ex./km? — B cenbekoit mectHocTH (rural area) [10, 12], uro TpeOyeT yTOYHEHHS B KaXkKI0M
KOHKPETHOM CJTydae C MCIOJIb30BaHHEM CIPABOYHBIX JAHHBIX O IUIOTHOCTH HACEJICHHS M €ro OXBare
yCIIyraM# COTOBOM CBS3U B IIEPHOJI IIPOBEICHUSA H3MEPEHHUI.

Bepuduxauus (1) no skcnepuMeHTAIbHBIM JaHHBIM [5]

B [5] conmepxatcs ciemyromuye pe3yiabTaThl H3MEPEHHIA U HCXOIHBIE JaHHbIE:

d) CpeaHEKBaJpaTUUSCKUE 3HAUCHHS HAIPSDKEHHOCTH COBOKymHOro OM®, co3maBaeMoro
cuctemamu cotoBoit cBssu GSM-900, GSM-1800 u UMTS-2100 B (GuKCHPOBaHHOW TOYKE Tropoja
(Demirtepe-Ankara, Typuusi), TmOJy4eHHbIE B pe3yjibTare aBTOMATH3UPOBAHHBIX HM3MEPEHUI
B TeueHue 4 mecsies B nepuoy 01.06.2011-01.10.2011: cpennee 3nauenue 1,53 B/M, muanmansHoe 1,18
B/M, makcumansHoe 2,36 B/M; mpu 3TOM 3HaueHHs MakKCHMAalbHBIX M3MEPEHHBIX ypoBHeil DM mpu
HaOmOacHM B TeueHue aHs coctaBwin 1,97-2,09 B/m (m. 4.1 B [5]), npu HaOm0acHHM B TEUYECHHUE
OTJIENBHBIX HEeIeb U MecsIeB cocTaBmim 2,13-2,28 B/m (mm. 4.2, 4.3 B [5]);

0) Touka HaOOAEHHS (PACIIOIIOKESHUS IPUEMHON aHTEHHBI) PacHoyiaraiach Ha BBICOTE 2 M HaJ
MOBEPXHOCTBIO Ha KpbIme 37aaHus. [locKombKy 3Ta BBICOTA CYIIECTBEHHO MEHBIIE MHHHUMAIBHO
BO3MOXKHOTO PAaCCTOSHHS MEXAy [aHHOW TOYKOW M aHTeHHOW Ommkaiimeir bC, ycmoBus
ee pa3MelleHHs aJJeKBaTHbI YCIOBHSAM Pa3MEIICHUs] TOUKH HAOMIOACHHUS TI0 OTHOUICHUIO K aHTeHHaMm bC,
MIPUHATHIM TIPH BBIBosIe Moaend (1);

B) Teppuropus Demirtepe-Ankara (Typumsi) xapakTepu3yeTcss BbICOKOH TmIoTHOCThIO BC
¥ BBICOKMM YPOBHEM pedeBoro tpaduka. B okpectHocTH pamuyca 3,54 kM (40-50 KM?) BOKPYT TOYKH
HaOJI0/IEHHsI B MEPUOJ MPOBEAEHUS M3MepeHui pacnojaraiuchk 1586 oanocextopHsix bC (okono 530
TpexcekTopubix bC) ¢ mpumepno 6000 TtpaHcuBepamu, T. €. IpuMepHO 4 TpaHcHBepa (WU
4 panuokanana) Ha cekrop bC. Cpennsas TeppuTopHaibHas IUIOTHOCTh TpexceKTopHbiXx bC
B paccMaTpuBaeMoii o6nactu cocrasuna 10-12 BC/km?,

[IpuarMass Bo BHUMaHHWE TPHUHATHIE BBHIIIE THUIIOBBIE HMCXOJHBIC IaHHBIE, OyJaeM TIOJaraTh,
yTo B KaxaoM cektope bC mmeercs oamH dactoTHbM kKaHan GSM-900 ¢ DUMM 50-53 dBm, nBa
yacToTHRIX KaHama GSM-1800 ¢ DUUM 47-50 dBm m omun 4dactotHbli kaHaa UMTS ¢ DUUM
53-57 dBm (cymmapnas DUUM BC cocrasur 0,4-0,9 kBT npu mnpakrtudecku kpyrosoir IH DMU
tpexcektopHoit bC). DTo mpexamonoxeHne oOcHOBaHO Ha naHHBIX (puc. 4, Tadbm. 4 B [5)),
cBujeTensCcTBytonmMX o npeodnamanuu OMII or BC UMTS u mo3BOJISIONIMX OIIGHUTh COOTHOIICHHE
yposueit OMU bC GSM-900, GSM-1800 u UMTS.

B okpectHOCcTM TOYKM wu3MepeHmH IUOoTHOCTE BC B 2-3 pas3a Bblle, YeM B CPEIHEM
Ha paccMaTpUBaeMOU TEPPUTOPHUH, YTO CIeAyeT W3 KapThl pacmpeneneHuss bC B OKpeCTHOCTH TOYKH
Habmonenust (puc. 3 B [5]). bynem momarath, 4To yBeNmMYeHHE TeppuUTOpHabHOM ToTHOCTH BC
B OKPECTHOCTH TOYKM H3MEpPEHUs, IPHUBOJIIIEe K YMEHBIICHHIO pa3MEpoB CANTOB M MpeneabHOU
JAJIBHOCTU CBSI3U, COMPOBOXKIAETCS COOTBETCTBYIOIINM yMeHblieHueM OUNM B pamguokananax bC ms
CHIDKEHHSI ypOBHEHW BHYTPHCETEBBIX TIOMEX IPH COXpaHEHMH Ha TpexHeM ypoBHe cpeaneit OMH Ha
TeppuTOpHIO, coznaBaemoit bC.

C yderoM BWJIOYHOTO XapakKTepa WCXOJIHBIX JaHHBIX, BBINOJIHHM oOleHkn OMH
Ha TEPPUTOPUIO U OLIEHKH MHTeHCHBHOCTH (1) OIMD, coznaBaembix otaensao bC GSM-900 ¢ DVMM 50—
53 dBm {LTBSQOO, ZzBsgoo}, BC GSM-1800 ¢ DMUM 47-50 dBm (LT851800, ZEBSlBOO) u BC UMTS
¢ DUNM 53-57 dBm (Lteszi00, ZsBs2100), @ TaKKe CPEIHIOK HHTEHCHBHOCTH COBOKYMHOro DM@
B equannax [1[IM Zsgs u B enuaumax HanpspkeHHOCTH OMIT Esgs

Ltesooo = 1,0-2,4 kW/km? = 0,001-0,0024 W/m?, Zzpsooo =0,0019-0,0044 W/m?;
Lresisoo = 1,0-2,4 kW/km? = 0,001-0,0024 W/m?, Zzpsisoo = 0,0022-0,0053 W/m?;
Ltes2100 = 2,076,0 kwW/ km? = 0,002*0,006 W/mz, Z5BS2100 = 0,0045*0,014 W/mz;
Zsps = Zspsooot+ Zspsisoot Zepsz100 = 0,0086-0,024 W/m?, Esss = 1,80-3,01 V/m.

HwxHss rpannia nHTEpBajia 3HaueHni Esgs, moiyueHHoro ¢ ucnonb3oBanuem (1), Ha 18 % (1,4
nb) BbIIIE MPUBEJICHHOTO B [5] cpeanero 3HaueHus wHTeHcHBHOCTH DM@ 1,53 B/M; manHbIi HHTEpBaI
OXBaThIBACT  3HAYEHHMS  MAKCHUMAJIbHBIX  HW3MEPEeHHbIX  ypoBHed OM®  1,97-2,09 V/m
npu HaOmrofeHUM B TedeHue aHsA, 2,13-2,28 V/m npu HaOmroaeHUSX B TCUCHHWE OTIACIBHBIX HECTh
u Mecsres u 2,36 V/M 3a iepro HabroIeH i B TEUeHHE 4 MECSAIIEB.



Bepudukanus (1) mo sxcnepuMeHTAIbLHBIM TaHHBIM [6]

B [6] npuBeneHbI pe3ynbTaThl H3MEPECHUH Ha OTKPHITON MeCTHOCTH B LIIBeiiapun HHTCHCUBHOCTH
DM, coznaBaemoro cucremamu CC (GSM900, GSM-1800, UMTS) u Beuranust (FM Radiom DAB, TV),
npu npeodiagannn IMII GSM-1800, B ycnoBusix ropojackoii 3actpoiiku bazens, u uatencusHocTH DM O,
coznaBaemoro cucreMamu GSM 900 B Bybennopde (cenbckas MecTHOCTh). M3MepeHus: IPOBOMIIHCH B
2005 TOmy Ha BBICOTE 1,5 M HaL 3eMHOH TTOBEPXHOCTEIO;
B basene cpeanuii ypoBens OMD coctasui 0,50 V/m, MakcumanbHblit yposeHb OIM® cocrasui 1,50 V/m;
B ByOenopde cpennuii 1 MaKCUMAaIbHBIN YPOBEHb cocTaBiiik cootBeTcTBeHHO 0,15 V/m 1 0,50 V/m.

[IpuBeneHupIXx B [6] MAaHHBIX HEIOCTATOYHO I OICHKHA cpemaner DOMH Ha TeppuTopuio,
co3maBaemyto coBokymHocTelo BC B baszeme wu  byOGenmopde, ©  BBIOJHEHHS  OIICGHOK
c ucrionibzoBanueM (1). [loaToMy, Kak 1 B IpeABITyIIEM CIydae, CIeNaeM psijl IPEAIOI0KEHNUH, CBI3aHHBIX
¢ mporao3oMm OMH Ha TeppuTOpHIO 3THX HACEIEHHBIX ITYHKTOB:

a) B Toii yactu bases, rie npoBOHIIMCH UCCIICA0BAHUS, — INIOTHAS CPEIHEITAKHAS 3acTpoiika (3—
4 oraxa); B byOenmopdhe — ManmodTaxkHas 3acTpoOHKa; MOXKHO TMPEAINONOXKUTh, uto OMH
Ha HCCIIEyeMbIX TOPOJCKOW M 3aropoJHOW TEPPUTOPHUAX OTIMYAETCS MPHMEPHO HAa MOPSJIOK,
YTO B IIEJIOM COOTBETCTBYET MH(OPMAIINHU, COAepKaiIeiics B [6];

0) yzaenbHas WHTEHCHBHOCTh peueBOro tpaduka B 4ac HamOomblueir Harpy3ku cereit CC
B 2005 roay mMoxer ObITh puHsTa Ha ypoBHe G ~ (0,05-0,07) Dpa.;

B) IUIOTHOCTh HaceieHus B baseme B 2005 romy, mo manubiM [13, 14], paBHa mpHMEpHO
5000-7000 uen./xm?, B Bybenmopde (c yueToM cooOpa)keHHii 11.a) MIOTHOCTh HACEIEHHUS MOYXKET ObITh
npunsta Ha ypoBHe 500-700 uen./km? C yueToM HpejmnonaraeMoro oxmara HacejieHus Illseiinapuu B
2005 romy ycayramu CC Ha ypoBHe 75-85 %, mpuUMeM CpEeIHIO TEPPUTOPHAIBHYIO IIOTHOCTD
abonentckux cranmuii (AC) CC B nepuo/ MpOBENEHUs U3MEPEHHH TPUMEPHO paBHOM puvs = 5000/km? B
Basene u pus = 500/xm? B By6ennopde;

3aecs W Janee UCHOJb3yeM CIEAYIOIIyH METONuKy oueHkn OMH Ha Teppuropuro,
Ha KOTOPO# MPOBEJCHBI M3MEPEHUS UHTEHCUBHOCTH DM O:

a) uCMoNb3ys JaHHbIE 00 yOCHbHOW HWHTEHCUBHOCTH pEUYEBOr0 TpaduKa, OLCHUM
TEPPUTOPHATBHYIO TIOTHOCTh AC B pexuMe M3mydeHus pams = G -pwvs: 1 bazenst momyaum p ams = (250—
350) /xkm?, mis By6enmopda pavs = (25-35) /km?;

0) manee OICHMM MHMHHUMAJIBHOE CpeaHee YMCIIO YacTOTHBIX KaHamoB GSM, Tpebyemoe s
obecnieuenus paauocBsasu ¢ AC Ha momanu 1 kMm% Ne = paws/8; mug cetu GSM-1800 Basens nomy4nm
Nc = (32-44) /xm?; s gpparmenta cetu GSM-900 By6ennopda nonyuaum Ne = (3-5) /km?;

B) HCITOJIB3YS M3BECTHYIO METOAMKY [11], OlleHMM OPHEHTHPOBOYHOE YHCIIO YACTOTHBIX KaHAJIOB
GSM, tpebyemoe mist obecrieuenus: oocmyxnuBanus Na aDOHEHTOB ¢ BBICOKMM KauecTBoM («grade-of-
service» B = 0,98-0,99) B uac Hambombmieit Harpy3kd Naos = KgosNec, Kagos > 1: mms basenst momyunm
Naos = (36—53)/xm?; mis By6ennopda nomyunm Naos = (4-7)/km?.

Ipumeuanue: 3nauenns Nc , Noos OnpesieNieHbl OPUEHTHPOBOYHO 0€3 ydyeTa HaJIu4Hsl KaHAJIOB
CHUHXPOHM3AIIUH, APOOIIeHHS 00IIeH 30HBI 00CITYKHBAHHUS CETH Ha OT/AeNbHbIe cekTopa bC u T. 11.;

r) ucnonb3yst ganHbie o kaHanpHO DUHNM Pc BC GSM Ha paccMaTpuBaeMoil TeppHTOPHUH,
BBINIOJIHUM OLIeHKY cpenneit OMH Ha nannyro teppuropuio Ltss = Pc'Noos. s bazens cpenusist OMH na
Teppuroputo, coznasaemas bC GSM-1800 npu kanansaoit UM Pc = 50-100 W, coctasur Lyss =~ 1,8—
53 kW/km? (0,0018-0,0053 W/m2). Js By6ennopda cpenHss OMH
Ha Teppuropuio, co3naBaeMas BC GSM-900 mpu kananeHOit DUUM Pc = 50-53 dBm (100-200 W),
coctasut Lrgs = 0,4-1,4 kW/km? (0,0004-0,0014 W/m?);

I) sl TIONYYEHHBIX 3HA4eHHH Ltgs MOJNy4MM ClIeIylOUIMe OIECHKH HHTeHCHBHOCTH MO
Ha Beicote Hop = 1,5 M: myisa Teppuropun basens Zsgs = 0,0037-0,011 W/m?, Esps = 1,18-2,04 V/m; nns
tepputopuu By6ennopda Zses = 0,0007-0,0024 W/m?, Ezgs = 0,51-0,87 V/m.

[Nony4eHHbIe pe3yabTaThl XOPOIIO COTIACYIOTCS C OMyOIIMKOBAaHHBIMH Pe3yJIbTaTaMH U3MEPEHHIA:
MakCUMaJlbHass  W3MEpeHHas  WHTeHcuBHOCTH OM® B bazeme (1,5 B/mM) mnonamaer
B wuHtepBan 1,18-2,04 V/M mneccMMUCTHYECKOW OIGHKHM C HCIOab30BaHueM (1); MakcuManbHas
u3MepeHHas WHTeHcHBHOCTE OM® B bybenmopde (0,5 B/M) cooTBeTCTByeT HIDKHEH TpaHHIlE
MOJIy9YEeHHOT0 pacueTHoro narepsana 0,51-0,87 V/m.



Bepudukanus (1) mo sxcnepuMeHTAIbLHBIM TaHHBIM [7]

B [7] comepxutcs 0030p pe3yabTaTOB W3MEPEHHH CyMMapHOW WHTeHCHBHOCTH OMII,
BhIMONHEHHBIX B 2006-2012 rr. B 19 eBpomelickux cTpaHax; B 0030pe NPHUBEIACHBI CJCIYIOIINC
000011IeHHBIE JaHHBIC CPAaBHUTEILHOTO aHaJIM3a PEe3yJIbTaTOB M3MEPEHUH B cTpaHax EBpocotosa: cpennue
YPOBHU HANPsHKEHHOCTH TTOJIST I3MepeHui moiy4yensl B mpeaenax ot 0,08 mo 1,8 B/m, menee 1 % 3nauennit
npesbiany 6 B/mM u menee 0,1 % 3navenuii npessimnany 20 B/M. ABTopamu [7] oTMedaeTcst pa3nudne
yCIOBUH u crnabast COITOCTaBUMOCTD pe3yabTaTOB W3MEpPEHUH, MO3TOMY
st Bepudurarmm Moaenn (1) mpousBeneH ordop maHHBIX [7], xapaktepusytonmx OM® bC coroBoit
CBSI3W, U BBITIOTHEHBI ONIeHKH (1) 17t oxumaeMbix ypoBHei DM B ClIeyromnX TUTIOBBIX YCIOBHSIX:

— B ycnoBWsX ropoaa npu ¢yHkuumonupoBanuu ceth GSM-1800 c¢ kanampnoii DOUNM
bC 47-50 dBm gans pa3nuuHOl TeppUTOPUATIBHOW IUIOTHOCTH AOOHEHTOB  (9KCTpEeMalbHOMN
pms = 10%-10° /xkm? u ycnoBHo cpenneii pws = 10°-10* /km%, npunumas Bo BuuManue nanusie [10, 12] u
Ip., B TOM 4HCIE [aHHBIE MPENbIAyIIero pasfena), BBICOTHI TOYKH HaOmomeHus Hop = 15 ™
U yIenbHo# naTeHcuBHOCTH Tpaduka G = 0,08 Dpi. (tadm. 1);

— B ycnoBusx mnpuropoja npu ¢ynkuuonupoBanun GSM-900 ¢ xanamsnoit DUNM BC
50-57 dBm gns  pa3nuuHONl  TEpPUTOPUATIBHOW  IJIOTHOCTH  AOOHEHTOB  COTOBOW  CBSI3U
(pms = 10%-10° /km?), Hop = 1,5 M u G = 0,08 Dpu1. (Tabmn. 2);

— B YCIIOBUSIX CEIIbCKON MeCTHOCTH NpH (pyHKITMoHnpoBanuu cetu GSM-900 ¢ kanansHoit JUNM
BC 57-60 dBm mist pasnuuHoOi TeppUTOPHATIBHON IUIOTHOCTH abOHEHTOB COTOBOHM CBs3M (pms = 20—
80 /km?), Hop = 1,5 M u G = 0,08 Dpu. (Tabmn. 2).

Ta6nuua 1. Pacuernast unrencuBuocts IM® (ycinoBusi ropoga, GSM-1800, kananbuas IUUM 0,05-0,1 kBT)

pms [AC/km?] 100000 25000 10000 5000 2500 1000
pams [AC/km?] 8000 2000 800 400 200 80
Nc [en./xm?] 1000 250 100 50 25 10
Naos [en1./xkM?] 1100 280 120 60 32 14
Ltes [kB1/xm?] 55-110 14-28 6-12 3-6 1,6-3,2 0,7-1,4
(Ltes [Br/v?]) | (0,055-0,11) | (0,014-0,028) | (0,006-0,012) | (0,003-0,006) | (0,0016-0,0032) | (0,0007-0,0014)
Zsss [B1/M?] 0,11-0,23 0,029-0,057 0,012-0,25 0,006-0,012 0,0033-0,0066 0,0014-0,0029
Fsgs [B/m] 6,4-9,2 3,3-4,6 2,1-3,1 1521 1,1-1,6 0,7-1,0
Tabsuua 2. PacueTHast nuHTeHCHBHOCTH DM ® (GSM-900)

[puropon, kananeHas UMM 0,1-0,5 kBt Ceinbckast MECTHOCTB, kKaHaibHas DM 0,5-1,0 kBt
pms [AC/xkm?] 500 250 100 80 40 20
pams [AC/km?] 40 20 8 6,4 3,2 1,6
Nc¢ [en./km?] 5 3 1 0,8 0,4 0,2
Naos [en1./xkM?] 8 5 2 1,2 0,7 0,4
Lres [kBT/xm?] 0,8-4,0 0,5-2,5 0,2-1,0 0,6-1,2 0,35-0,7 0,2-0,4
(Ltes [Br/M?]) | (0,0008-0,004) |(0,0005-0,0025)| (0,0002-0,001) |(0,0006-0,0012)| (0,00035-0,0007) | (0,0002-0,0004
Zsss [B1/M?] 0,0014-0,007 | 0,00085-0,043 {0,00034-0,0017| 0,001-0,002 0,0006-0,0012 |0,00034-0,00068
Esss [B/M] 0,73-1,6 0,57-1,3 0,36-0,8 0,36-0,8 0,36-0,8 0,36-0,8

Pesynbprarhl cpaBHEHHSI SKCIIEPUMEHTAIBHBIX JaHHBIX, IPUBEIEHHBIX B [7], ¢ JaHHBIMU Ta0I. 1, 2
cBeqeHel B Tabn. 3. B 9roif  Tabnmue — MCHONB30BaHBI  CIEAyOmue  00O3HAUCHHS:
Emex — MaxkcuManbHBIA 3aperucTpupoBaHHbli  ypoBeHb OB® [B/M], Emin — MuHUMaIbHBIHA
3aperucTpupoBaHHblii ypoBeHb DOB®, Ea — cpenuuii ypoenb OM®, Euay — cpeanuii yposens OMOD
B YCJIOBUSIX TOpojia, Esuay — cpeannii ypoeHb DM B ycia0BHUAX PUTopoa, Eray — cpenuuii ypoen MO
B YCIIOBHUSIX CEIIbCKOM MECTHOCTH; HAJCTPOUYHBIE CCHUIKM B MEPBOM CTOJIOIE Tadyl. 3 COOTBETCTBYIOT
HOMEpY CCBUIKM B Onbimorpadun [7].

Tabmuma 3. Pe3yabTatsl Bepudukanuu (1) mo IkcnepuMeHTaJIbHbIM JAHHBIM [7]

Ne | Mecto u Bpems Pesynbrarhl KommenTtapuu u 3aKIIroueHne 0 COOTBETCTBUH PE3YNIbTaTOB
/11 | K3MEepeHuii, U3MEPEHUI yrouHeHus [11] OLIEHMBAHUS ¢ HCIOIb30BaHueM (1) u
MCTOYHHK JaHHBIX 0INyOJIMKOBAHHBIX PE3YJIbTATOB U3MEPEHUN
1. | ABcrpus, 2006; CootHomrenne Eray 1 3naueHne Emax Xopo1o cormacyercs ¢ JaHHBIMI
Hutter et al.3 Euav 00BsIcHSIETCS TEM, Tabn. 1. 3HaueHus Erav 1 Evav cymiecTBeHHO HIKE
Emax=1,24 B/M |4TO aHa1IM3 MPOBOAWICS | OI[EHOYHBIX JAHHBIX TA0N. 2, YTO COOTBETCTBYET
Erav = 0,13 B/M |Hemanexo ot bC, aB TIECCHMUCTHYECKOMY XapaKkTepy OleHOK (1) 1 MoxeT
Euav = 0,08 B/M | cenbckoit MecTHOCTH OBITh 0OBSICHEHO TEM, YTO U3MEPEHHMS TPOBOANIIICH
OUKM BC Beiiie, yuem Ha | Heqaieko oT bC Hibke rimaBHoro jenectka JIH,
rOpoACKON TeppuTopun | a taxxke orpannueHussmu Ha VM roponckux bC




2. |Ascrpus, 2009;
Tomitsch et. al.*

Emax = 0,42 B/m

Hwxusist Ascrpus, 85 %
TOYEK HAOJIIOICHUS — Ha

SKCHepI/IMeHTaHBHHe JaHHBIC XOPOIIO COrIacyroTCs

Ea1 = 1,42 B/m
Eavz = 1,31 B/m

00IIeCTBEHHBIX MeCTax
(OGONBHUIIBI, IIKOJIBI)

Eav = 0,39 B/™m . C pacyeTHBIMH JaHHBIMU Ta0J. 2
OTKPBITON MECTHOCTH
3. |epmanus, 2007; |Emax = 3,88 B/m
4 - Wzmepenus oxono bC u B
Bornkessel et.al.> |Emin = 0,03 B/m DKCIepUMEHTATBHBIC JaHHBIC XOPOIIIO COTJIACYFOTCS

C pacyeTHBIMH JaHHBIMH Ta0. 1, 2

4. | Uramus, 2008;
Troisi et.al.b

<1 B/m (68,8 %)
1-3 B/m (22,6 %)

JlaHHbBIE HAMOHATBHON

97,7 % »5THX pe3yJbTaTOB H3MEPEHHIl XOpOLIO
cornmacyrorcss ¢ gaHHbiMH Tabm. 1, 2. Mogens (1)

Hunepnannst u
Iserus, 2012;
Joseph et.al.®®

Evav = 0,74 B/m
Esuav = 0,46 B/m
Erav = 0,09 B/m

311 Toukax, B T.4. 68 —
BHYTPH NOMEILEHUI
u 243 — BHE TOMEIIECHUH

3-6 B/M (6,3 %) ceTH pamoMoHuTopura | S FCKTI0HacT HaHms BBIOPOCOB MHTEHCHBHOCTH
6-20 B/m (2,2 %) paiu P SM® na yposte 6-20 B/m (0,1-1,0 Br/m?) u Gornee
>20B/m (<0,1 %) [IpU U3MepeHusixX B raBHoM Jenectke JIH maxpo-bC
5. |Ucnanwms, 2011; Onennts  ycmoBusi  QopmupoBanuss OMOD B
7 N3mepenus B mosoce 10
Rufo et.al. CUTyalllsIX, B KOTOPBIX IIPOBOAWINCH H3MCPEHUS,
2,2 ITu, 18 Touek — BHE
_ . HEBO3MOKHO; HU3MEpPEHHbIE YPOBHH OM®
Eav=0,17 B/™m IIOMEIICHUI,
. Ha 10-20 nb HWXKe OLEHOYHBIX B YKa3aHHBIX
npeolIagaronuii BKIas .
o TabNMIAX, YTO MOATBEPXKAACT IECCHMUCTHYECKHUIT
MOOMIIEHOH CBSI3H
xapakrep (1)
. | Benbrus TH TIBTAThl XOPOLII TIIACYIOTCS C JJAHHBIMU
6 C > Emax = 3,9 B/m; N3amepenuss DM BC B ITH pesy. OpotIO corac caL e

Tabu. 1, 2 nust ycnoBuii ropojia u mpuropoa, u Ha 10—
14 nb HmwKe OLEHOK TaOuMUBl 2 IS CEIbCKOM
MECTHOCTH, YTO COOTBETCTBYET IIECCUMUCTUYECKOMY
xapakrepy oneHok (1)

7. |I'peuns, 2008;
Gotsis et.al.1°

Pesynbrarel n3mepenuit
HAI[MOHAJIBHOM CeTH

DKcrepuMeHTalbHbIE JaHHBIE XOPOIIO COTTIACYIOTCS

cpeaHuil ypoBeHb
DM cocraBui
Eav = 0,52 B/m

CC, npoBeJIeHHBIX 3a
nepuox 10-11 ner;
173000 usmepennii (20
CTpaH, 5 KOHTUHEHTOB

Eav = 1,64 B/m MoHuTopuara OMII B 46 |c pacueTHbIME JaHHBIME Ta0I. 1, 2
PAa3NIHYHBIX MECTax
8. | BenukoOpuranus, | IamepeHHbIe Mecra obuiero ngocryna
2006: BN — B oKou10 20 CIvaaiiHo DKCIepUMEHTAIbHbIE TAHHBIC XOPOILO COITIACYIOTCS
' by .1, 2 s ycnosuit
Cooper et.al. 1t UHTEpBAe BBIOpanHbIXx BC GSM C paCUCTHBIMHU JAHHbIMH TaOI1. 1, 2 Ju1s y
0,003-1,8 B/™m MHKpPO- U TUKOCAHTOB ropoJia 1 pHropoza
9. [2000-2012; Pesysnprarel u3MepeHuit | AHaJIM3 OXBATHIBACT TO/IbI, KOT/Ia YPOBEHb Pa3BUTHS
Rowley et.al.'® I'mo6anbHbIH ypoBHeit OM® ot bC CC cyIecTBeHHO YCTyIan COBPEMEHHOMY YPOBHIO,

a TaKXkKe pe3yJIbTaThl U3MEPEHUil B MecTax ¢
HEBBICOKOI INIOTHOCTHIO aboHeHTOB CC; yKa3aHHBIH
rI00aneHbIH cpeqHuii ypoBeHs DM® xoponio
coriacyercsi ¢ JanHpiMu Tabdu. 1, 2

3akiaouyenue

CpaBHeHHE OIEHOK C UCTIONB30BaHueM (1) M SKCIIepUMEHTAIBHBIX TaHHBIX [ 5—7] CBUIETEIBCTBYET
00 angexBaTHOCTU MozenH (1) 1 ee OOJBIION MPAKTUYECKON 3HAYMMOCTH. B TO e Bpems, mpuHUMas BO
BHUMaHHE TOT (aKT, 4To JaHHas Bepudukanus mozaenu (1) morpedoBana npornosuposanus DMH Ha
TEepPPUTOPHIO, co31aBaeMoil cucreMamu CC B MecTax MpoBeAeHUs u3MepeHuil nuurencuBHoct DM [5—
7], oTa mpoBepka ajgekBaTHOCTH Mozenu (1) He MokeT ObITh HpU3HAHA JOCTATOYHOM. B 3THX memsix
TpeOyeTcss TPOBEACHUE JIOTOJHUTEIBHBIX HW3MEPEHUH HMHTEHCUBHOCTH OM®D B yCIIOBUSX MOJHOU
JIOCTYITHOCTH 00BEKTUBHON UHPOpMAIUH
00 OMH Ha TeppuTOpHIO, Ha KOTOPOH NpoBOIATCS H3MepeHus. B wactHocTH, Oojee riryOokue
uccienoBaHusl afekBaTHOCTH (1) MOryT OBITH BBIIOJHEHBI C HCHOJIb30BAHHMEM MOOWIIBHBIX CHCTEM
PaZOMOHUTOPUHTA U 0a3 PETUCTPAIIMOHHBIX JaHHBIX 0 XapakTepuctikax bC CC.

HeratuBHoe BnusHUE HCIONB30BaHUS MporHo3Hbix 3HadeHudn DUHWM BC B kanaiax GSM
u UMTS Ha oO0bekTuBHOCTH BepuduKkauu (1) ¢ ucrons30BaHueM JaHHBIX [5—7] B 3HAUHTEIHHON Mepe
ocna0ieHo B CHITy OTHOCHUTEINILHO 1200 YyBCTBUTEIBHOCTH OIIEHOK HHTEHCUBHOCTH DM®, BBIpaKEHHBIX
B eauHMIAX HampspkeHHOCTH OMII, k. m3MeHeHnto ucxoaubeix naHueix 00 DUHUM BC CC, mocKonbKy,
Hanpumep, n3menenne UMM BC na 6 1b (B 4 pasa) Bieuer 3a co0Oi COOTBETCTBYIOLIEE N3MEHEHUE
HanpspkeHHocTH OM® Beero B 2 pasa.

B cBs3u ¢ Tem, uto onenku (1) mATeHCHBHOCTH DM@ OCHOBaHBI Ha OIEHKAaX cpemner OMH Ha
Tepputoputo, coznaBaemoit OMU BC CC, nannas MeTouKa sSBISIETCA YHUBEPCAIIBHOW U IPUHIUIIHAIBHO
NpUMEHHUMA JUIS OLECHKH cpefHel nHTeHcuBHOCTH DM® nipu mr00bIX COOTHOLICHUSIX peueBOro Tpaduka u
Tpaduka nepenaun nanHbix u st CC Beex nokonenuit (3G, 4G, 5G), a Taxoke 1715l OLIEHKH HHTCHCHBHOCTH
OMO, C0371aBa€MOT0 JPYyTruMu paauociy:;x0amMu (Bemanwus, HaBHUraluu
U T.IL.), 9TO HE MPOTHBOPEYHUT PACCMOTPEHHBIM BBIIIE YKCIIEPUMEHTAIBEHBIM JJaHHBIM [6, 7].
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