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[IpuBeneHs! pe3ynpTaThl MMHUTAIIMOHHOTO MOJENHPOBAaHUS (parMeHTa CEeTH COTOBOHM CBS3H C
WCIIOJIb30BAHUEM MOJICTM THIIOBOM TOPOJCKOW 3aCTPOWKH, OOECIeYMBAIONINE BO3MOKHOCTD
OIIGHKM YpPOBHS SKBHBAJICHTHOW H30TPOIHO W3JIydYaeMOH MOIIHOCTH B YAacCTOTHBIX KaHaJax
0a30BBIX CTaHIMI cOTOBOW paawoceTH ctanmapra GSM-1800, HEOOXOAMMOTO M JOCTATOYHOTO
JUIA 0OecTrieueHNsI BBICOKOTO Ka4eCTBa CBSI3M C YIETOM 3aTyXaHHs PaJlOBONH B 3aHUSAX U YPOBHSA
BHYTPHCETEBBIX  IIOMEX, ONpEAETsieMbIX KadeCTBOM  oOecnedeHWs  BHYTPHCHCTEMHOU
AIEKTPOMArHUTHON COBMECTUMOCTH CATOB, HCIOJIB3YIONINX OJMHAKOBBIC YaCTOTHBIC KaHATIBI.

Kniouesvie cnosa: coroBas CBA3b, 6azoBas CTaHIY, 3KBUBAJICHTHAA H30TPOIHO HU3JTydacMas
MOIIHOCTD, DJICKTPOMArouTHas COBMECTUMOCTD, 3JICKTPOMAaruuTHas 0e30IMaCHOCTb.

BBenenne

B CBsS3M C TIOCTOSHHBIM POCTOM TEPPUTOPHATBHONW IUIOTHOCTH 0a3oBbIX cranmmii (BC)
COTOBOW CBSI3W OOJBIIONH WMHTEpPEC MPEACTABIIAET BOMPOC O OE30MaCHOCTH UX 3JIEKTPOMArHUTHOTO
nznydenus (OMU) nnsa HaceneHus. DKBUBAJICHTHAS W30TPOITHO M3My4yaemasi MmomHocTs (QVMM) BC
coToBoii cBs3u crannapra GSM B ropogax Pecniybnuku benapyce nocturaer 53...54 nbm/kanan, aro
CYIIECTBEHHO BHIIIE (AKTUIECKH HEOOXOMUMOW IUIi HOPMAaJIbHOTO (YHKIIMOHHUPOBAHUS ceTel
COTOBOH CBSI3M B MECTaX C BHICOKOM MJIOTHOCTHIO HaceneHus [1].

3aBeimieHHas MomHocTh OMU BC B ropogax MOXET MPEeACTaBIATb OMNACHOCTh JJIs
HaceJIeHUs, TTIOCKOJBLKY COTOBBIE PAIMOCETH — HE SIUHCTBEHHBIN HCTOYHUK DMMU B MecTax ¢ BBICOKOI
IJIOTHOCTRIO HaceneHus. 3aBbimieHHble OVMMM BC MoryT pealbHO TPHUBOAWUTH K YBEIUYCHHIO
pa3MepoB CaHUTAPHO-3aIIMTHBIX 30H JAEHCTBYIOIIMX MEPEAAIONINX PAJAUOTEXHUYECKUX OOBEKTOB
(paguoTeNneBU3MOHHBIX TIEPEJAroIUX [EHTPOB, JOKAIbHBIX TpymmupoBok PJIC u T.1.), KOTOpBIE
TIPUHATO OTPEEIATh 10 cymmapHoi mHTeHCHBHOCTH DOMII [2, 3]. KpoMe TOTrO, B CHITy M3BECTHBIX
0CcOOEHHOCTEH YacCTOTHO-TEPPUTOPHUAIFHOTO IUIAHUPOBAHUSI COTOBBIX PaaHOCeTei, 00yCIOBIEHHBIX
MHOTOKPAaTHBIM TIOBTOPEHHEM MCIIOJIb30BaHUS OJHUX M TeX JKE€ YacTOTHBIX KaHaJlIOB B
TePPUTOPHAITEHO pa3HECEHHBIX CalTaxX CeTH, pealbHO Hucmoib3yemble MomrHocTH OMU m BC, u
aboHeHTckux craHiMii (AC) OKa3bIBaIOTCS 3aBBINICHHBIMU  M3-32 TOSIBJICHUS  MPOOJIEMBI
BHYTPUCUCTEMHOM asieKTpoMarHuTHO# coBmectuMoctu (OMC), T.e. BclneAcTBHE MPUCYTCTBUS B CETH
BHYTPHCETEBBIX ITOMEX.

Oco0yr0 aKkTyaldbHOCTh BOIIPOC 00 OIpeNelIeHnH HAayYHO OOOCHOBAaHHOW HW)KHEH TpaHUIIBI
JranazoHa Bo3MOKHBIX ypoBHeil OUNM BC, noctaTouHbIX AJsl HOPMAJIbHOTO (YHKIMOHHUPOBAHUS
COTOBOM CBSI3M B MECTaX C BBICOKOW IUIOTHOCTBIO HACEIEHUs, IPUOOPETAET B CBSI3U CO CIIEAYIOIIHIM.
[Ipu mpuHSATON MeTOIWKE B3UMaHUS TUIATHI 32 UCTIOJIh30BAHUE PATUOYACTOTHOTO CHEKTpa 0a30BBIMHU
CTaHIIMSAMU COTOBOW cCBsi3u [4] 1uiata B rocOrojpker nponopiuoHaibHa OWWM BC. JlanHoe
MOJIO’KEHUE HAXOTUTCS B MPOTHUBOPEYHH KaK C caMOM MJieeil COTOBOM CBSI3U (ITOKPBITHE TEPPUTOPHU
He 3a cuer yBemmuenns OWHWM BC, a 3a cder cOTOBOH CTPYKTYpHI CETH C MHOTOKPAaTHBIM
MMOBTOPEHUEM HCITOJIb30BaHUS OHUX M TeX K€ YaCTOTHBIX KaHaJoB MaloMomHbIMU bC mpu ycmoBun

53



WX TEpPUTOPUATBHOIO pa3HOoca), Tak M C TpPeOOBAaHUSAMH DJIEKTPOMAarHUTHOW O€30MacHOCTH
HacesnieHus. bonee Toro, JaHHOE 0OCTOATENBCTBO NPEISTCTBYET NPUHATHIO JIMIIeH3napoM pereHni o
camwxennn DVMUM BC 1o MuHUManbHO HEOOXOAWMBIX YPOBHEH B CBSI3H C TEM, YTO TaKHE PEILICHHUS
MPUBEAYT K CHUKEHHUIO TIOCTYIUICHHI B TOCcOIO/KeT. VI3MeHeHNe CIIOKUBIICHCS CUTYallul BO3MOYKHO
TOJIBKO HAa OCHOBE OINpEleseHUs] HayYHO-OOOCHOBAHHOI'O MHMHUMAJIBHO HEOOXOAWMOIO YPOBHS
OUNHNM BC B HaceNeHHBIX MyHKTaX.

Panee Obun BhIMONMHEHB! oueHKH [1] ypoBheit OUMM B wactoTHbiXx KaHamax bC GSM
900/1800, HEOOXOAMMBIX M JOCTATOYHBIX JuIs oOecneueHUs 3(P(GEKTUBHOrO HCIONb30BAHUS
BBIIETICHHOTO CETH PaJuO4acTOTHOTO pecypca MpH pPAa3IMYHBIX BBICOTaxX mojaBeca aHTeHH bC,
IUIOTHOCTU HACEJIEHUs, YPOBHAX peajbHON YyBCTBUTEIBHOCTH PAaJHONpPUEMa B CETH, Pa3MEPHOCTH
KJlacTepa YacTOTHOTO IUJIAHUPOBAHMS M YACIbHOM HHTEHCUBHOCTH TpaduKa. OTH OLCHKH ObLIH
BBITOJIHEHBI C MCIOJIb30BAaHHMEM MOJENHU YCJIOBH pacnpoctpaneHus paauososiH (PPB) B ropoackoii
3acTpoiike (urban area) Ha OCHOBE aMmupuyeckoil Mmoaenu Oxamypa—Xarta [5,6] ¢ ee nHTepHOIALKECH
Ha Tpaccel PPB mmHo# MeHee 1 kM, 7151 KOTOPBIX €€ TOYHOCTh CYIIECTBEHHO 3aBUCUT OT MMapaMeTpOB
FOPOJACKOM 3aCTPOMKH.

Lenpto manHOW paboTHI SABJIAETCS YTOYHEHHE OLEHOK [ 1] HeoOxomumbix ypoHeir JUUM BC
B TOPOJICKOH 3aCTpOiiKe Ha OCHOBE MMHUTAIIMOHHOTO MOACIMPOBAHUS (pparMeHTa CETH COTOBOM CBS3H
C HCIOJIb30BAHUEM MOJIENIM TOPOJICKON 3aCTPOUKHU LIEHTPaIbHOW YacTh r. MMHCKa U MHOTOJIy4€BOM
monenu PPB, peann3oBaHHBIX ¢ IpuUMeHEHHEM [7], a TakkKe C Y4eTOM YTOYHEHHBIX TpeOoBaHHil
BHyTpucucteMHoi OMC (TpeOoBaHMH K OTHOLICHUIO «CUTHAJI/BHYTpPHCETEBas IOMEXa») H
XapaKTePUCTHUK [5,6,8] 3aryxanus curaamoB GSM B 3maHusIX.

XapakTepuCTHKH HMMUTAIMOHHOTO MoeTupoBanns pparmenta cetu GSM

[Ipn mmuTanmoHHOM MopenupoBaHuH (parmMeHta ceTd GSM HCMONB30BaHbI CIETYIOLINE
MOJIEJIU U UCXOJIHBIC TaHHBIE.

1. Mogzenb hparMeHTa ropoJICKO# 3aCTPOHKH LIEHTPAIbHOM YyacTy . MUHCKa, H300paKEHHOTO
Ha puc. 1, ero pasmeps! 1,5%1,5 kM. B Moaenu yuTeHa Tonmosorusi pa3MeIieHus 31aHui U UX BBICOTA.
JlaHHasi TeppuTOpUs ABJISIETCSA ILIEHTPAJIBHOM YacThlO TOpoJa C IUIOTHOM 3acTtpoiikoil. B momenu
MIPUHATHI CIELYIOLINE XapaKTepUCTHKY, Biusitone Ha PPB B paccMaTpuBaeMbIX yCIIOBUAX:

— OCHOBHOW MaTepuall CTe€H 3[JaHUH — KHUPIHY, THUI TOKPBITHA 3€MHON MOBEPXHOCTH —
acdanbT, TOTOAHBIE YCIOBHS ABYX BHIOB: HH3Kas BIaXHOCTb (COJHEYHO, SICHO) W BBICOKas
BIIQYKHOCTB (IIOKIIb);

— BbIcOTa A0MOB §...30 M MCXOAS U3 STAKHOCTH M apXUTEKTYphl 3AaHUI; IIMPUHA TITaBHOU
TpaHCHOpTHOW MarucTpaiu (mpocnekra) 50 M, mupuHa yaun 20...30 M B 3aBUCUMOCTH OT
KOJTMYECTBA TI0JI0C IBIKEHUS TpaHcmopTa (2...8) U MHpUHEI TPOTYapoB;

— TeppUTOpHUsl pa3fiejieHa Ha TPU YCJIOBHbIE KAaTETOpPHUU: JBOPOBAs TEPPUTOPHs, MpOe3xKas
qacTh, nemexonHas 3oHa. Pacrpenenenne AC mo JBOPOBBIM TEPPUTOPHAM M IMEIMIEXOAHBIM 30HAM
MPUHATO PaBHOMEPHBIM ciaydaiiHbeIM. Pacnonoxxenue AC Ha mpoe3kel 4acTH MPHHATO PaBHOMEPHBIM
CIIy4JaiiHBIM 10 TToiocaM aBkeHws. KommdectBo Touek HaOmomeHus — 10000 Touek i Kakaoro
TUTIA TEPPUTOPHH;

— TepputopuaibHas mwiotHoctk BC  2,5...3,0 en/km? (6 BC wa paccMarpuBaeMoit
TEPPUTOPHH);

— KPBILIM 3[aHUH HPUHSTHI IJIOCKUMH, B Ka4e€CTBE OCHOBHOTO KOHCTPYKTHBHOI'O 3JIEMEHTa
KpBIII ~ TIPUHATO  KEJe300€TOHHOE  TMEpeKphiTHE  (JaHHOE  MPEANONIoKEHHE  00YCIOBICHO
OTpaHMUYCHUAMHU (YHKIHMOHAJBHOCTH HCIIOJIB30BAHHOTO IIPM MOJEJIUPOBAaHUU IPOIPAMMHOTO
obecrieuenus [7].

2. Tpexmepnas moaens X3D [7] muoromydeBoro PPB B ycrnoBusix IJIOTHOH TOPOJCKOM
3aCTPOMKH, HE UMEIoIasi OTPAaHUYCHUI Ha HCIOJb30BaHUE B MPHUHATHIX YCIOBHUSX M YUHTHIBAIOLIAS
MHOKECTBO BO3MOXHBIX IyTed mpoxoxaeans OMU BC, pasmemaemMbIx Ha KpBIMIax 3JaHUN Ha
BBICOTE 25 M HaJl 3eMHOH MOBEPXHOCTHIO, B KAXIYI0 U3 PaccMaTpUBAaeMbIX Touek pasmenieHus AC y
MOBEPXHOCTH Ha BeIcOTE 15...2,0 M.

Mopnenp ocHOBaHa Ha UCTIOIB30BaHUH TpexmepHoro anroputma SBR (Shooting and Bouncing
Ray). JlaHHBII anropuTM HCMONB3yeTCs Ui ompeaeneHus Tpaekropwii ityderr PPB or BC x AC B
TPEXMEPHOM TPOCTPAHCTBE. TpaeKkTopus NMPOXOKACHUS KaKJIOro Jyda IO HANpaBIEHUIO K TOYKE
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Habmronenust (AC) HaunHaetcs B uctounuke manyuenus (bC) u npogomkaercs, 3epKanbHO OTpaXKasich
OT CTEHOK 3/IaHHH M 36MHOM MOBEPXHOCTH He OoJiee 3aJaHHOrO KONMYECTBa pa3 (JaHHBIA Iapamerp
UCTIONB3yeTcs Uil oTOOpa Jydel, yYMThIBAEMBIX HPU CYMMHpPOBaHMHM Ha Bxone npuemHuka AC),
JTUdparupys Ha yriax ¥ Kpasx KpbIil 31aHui.

Puc. 1. Monens ¢pparmeHnTa ropofcKoil 3aCTpOHKHU IICHTPaIbHOM YyacTu T. MHHCKa C pa3MEICHHBIMY B HEM
mecthto BC cetu GSM-1800 (Tx1-Tx6).

[Tapamerpsl Momenn PPB X3D: konuuecTBO oTpakeHMH Jydya — 70 6, KOJIMYECTBO TOUYEK
Judpakiuii He 6omee 1, yroa Mexay AByMs COCETHUMU JIydaMH, HCXOAAIIMMU U3 OJHOTO UCTOYHHUKA
0,25°, KOMMYECTBO JIy4eH, UCXOALIUX U3 OJJHOTO UCTOYHUKA — 110 10.

1. MogenupoBaHue BBITIOIHEHO AJISl YCIOBHH 0OECriedeHns] Ka4YeCTBEHHOTO MpHeMa CHTHajia
BC mpuemankom AC, COOTBETCTBYIOIIETO BBICOKOH BeposTHOCTH cBs3m («Grade of Service», GoS)
B =0,98...0,99 npu paznu4HbIX YpoBHIX kaHanbHOU DM BC.

2. Ananmuz mpoBonutca ans bC GSM-1800, mockonbky Ha UX Joi0 mpuxoautcs 75 %
o0BEMa paIMOYacTOTHOTO CIIEKTpa, BhiAemsieMoro ceTsiMm GSM. [lmama3oH aHaIM3UPYEeMBIX YpOBHEU
OUNM BC 40...53 nbm Ha yacToTHbIi Kanan GSM.

3. Koapdunuent mryma npuemurkoB bC u AC GSM-1800 pernameHnTrpoBaH Ha ypoBHe 7 1b,
YTO COOTBETCBYET YpoBHIO Py=-—114 nbm moporoBoil 4yBCTBUTENBHOCTH NMPHUEMHHKA — YPOBHIO
MPUBEICHHOTO KO BXOAY IMPHEMHIKA COOCTBEHHOTO IITyMa B Tiojioce paguorprema 200 k.

4. ITpuHATO, YTO MONIE3HBIM CHUTHAIOM, IpuHIMaeMbiM AC, SBISETCS CUTHAI TPE00IIaTatone
BC, nnst kotopoit norepu ripu PPB B Touky pasmenienust AC sSBISIIOTCS HAUMEHBIIIUMU.

Pe3yJII>TaTbI HMUTAUUOHHOTO MOJCTUPOBAHUSA

Hmxe B Tabn. 1-4 mpuBeneHb OIEHKH TpaHWIl [AWAla30HOB YPOBHEW CHUTHAJIOB
npeobnagarommx BC Ha Bxoae npuemHnkoB AC TONyYeHHBIE B pe3yibTaTe CTaTUCTHYECKON
00paboOTKH pe3ylbTaTOB MOACTUPOBAHUS (YHKIHMOHHPOBaHMs (hparMeHTa COTOBOW pPaJMOCETH IMpH
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Pa3IMYHBIX MOTOJHBIX YCIOBHMSX (CyXo, JOXAb) W MpH pacnojoxkeHun AC Ha TeppUTOpHUH
pasnuYHOro THUHa (ABOpPOBas TEPPUTOPHS, MPOE3NKAas YacCTh, MENIEXOHAs 30HA) I BEPOSTHOCTH
cBs3u (GoS) B=0,99 u B=0,98.

[Tony4deHHbIEe pe3yabTATHI CBUIETENLCTBYIOT O CIEAYIOIIEM.

1.Ilpu DUUM BbC 53 nbm/kanan (200 Br/kanan), ucnonb3yemMoil B HacTosIee BpeMs
ormeparopamu GSM B PecnyOnuke bemapych Ha TOpPOACKHX TEpPPUTOPHSX, HWKHSASA TpaHuna Pp
3HAYEHHUH ypOBHS MMOJIE3HOT'0 CUTHANA Ha BXoje mpueMHuka AC cocTaBiser:

— st 1BOpoBoM Tepputopuu Pp=-70,9...—68,2 nbm, T.. Ha 43,1...45,8 nb BbIIE
MTOPOrOBOH YyBCTBUTENBHOCTH IprueMHuKa AC;

— s npoekedt wactu Pp=-60,7...-57,2 nbwm, T.e. Ha 53,3...56,8 nb BblIe moporoBoi
YyBCTBUTENIbHOCTH TpueMHuKa AC;

— Ui TlemexoqHou 30Hbl Pp =—63,2...—60,4 nbMm, T.e. Ha 50,8...53,6 nb BbIIIE MOpOroBOM
YyBCTBUTENIBHOCTU pueMHuKa AC.

2. VxecroueHne TpeOoBaHUI K kadecTBY cBsizu Ha 1 % ¢ B=0,98 no B=0,99 casuraer
HWKHIOIO TPaHMIly 3HA4YE€HUI YPOBHS IOJIE3HOT0 CUrHaja Ha Bxone npuemHuka AC Ha 2,6...3,4 1b,
W3MEHEHHE MOrOJIHBIX YCIOBUN U3MEHsIeT 3Ty rpanuiy Ha 0,1...0,5 nb.

3. I[Ipu BUNM BC 43 nbm/kanan (20 Br/kanain), B 10 pa3 MeHbIlIeH, YeM HCIOIb3yeMas B
Hacrostiee Bpems orepaTopamu GSM B PecriyOnnke benapych Ha TOPOJCKUX TEPPUTOPHUAX, HIKHUE
TpaHUIbl 3HAYCHWI YpPOBHS TOJE3HOIO CHUTHalda Ha Bxoje mnpuemHuka AC ams Tepputopwmii
pasnmuyHoro  Buja  coctraBnser Pp—Po=33,1...35,8 b s ABOpoBOl  TeppuTOpuH,
Pp—Py=43,3...46,8 nb mst npoe3xeit wactu, u Pp—Po = 40,8...43,6 n1b 114 memexoaHoi 30HEI.

4. B mensx oOecriedeHus: BBICOKOTO KauyecTBa CBS3M 3amac Pp—Po M0 ypOBHIO TOJIC3HOTO
CUTHaNa JIOJDKeH OBITh JIOCTATOYHBIM JIIS TIPCOJIOJICHWS 3aTyXaHWs pPaguoOBONIH TIPH  UX
NMPOHUKHOBEHUU BHYTPhL 37aHusA. B 3ToM ciyuae pasHuua Dp= Pp—Py uMeeT Tpu ciaraembix U
CBs3aHA C MHHUMAlbHO HEOOXOJMMBIM OTHOIICHUEM «CHTHAI/COOCTBEHHBIH IIyM» Ha BXOJC
npueMHuKa Qy 1 3aTyXaHUEeM PaJIMOBOIH B 3aHUU Sp CIACIYIOIINM 00pa3oM:

Dp|dB]= PpldBm]~ Py [dBm]> Oy [aB]+ S pldB)], - OyldB]=OldB]+A0laB]. (1)

rae (O — MUHUMaJbHO HE0OXOAMMOE 3alluTHOE OTHOUIeHWEe Ha Bxoje mnpuemMHHka AC, paBHOe
OTHOIIIEHWI0O MHUHUMAJIBHO HCITOJIb3yeMOW MOIITHOCTH IIOJIE3HOTO CHTHala P,min [BT] Ha BXome
npuemMHuka AC K MOIIHOCTH cymmapHoi momexu (Po+Psrin) [BT], 3aBHcsmeld kak OT ypoBHsS
COOCTBEHHBIX IITYMOB IIPUEMHUKA P, TaK U OT YPOBHS BHYTPHCETEBON MOMEXH Py jn/:

P_. P .
— >0 =2 dB|=101gQ, dB|=101 ; 2
B +PR,, 0, Oy A Q[ ] g0 QN[ ] g0y (2
AQ - [ONOJHHUTEIBHOE CcllaraeMoe, OMpeleNIIeMOe KauyeCTBOM YaCTOTHO-TEPPUTOPHAIBLHOTO

MJIaHUPOBAHUA CETHU (Ka‘{GCTBOM obecreueHus BHYTpHCGTeBOfI BHCKTpOMaFHHTHOﬁ COBMCCTI/IMOCTI/I).

Tabmuna 1. /Inana3onsl ypoBHeli curuaios npeodaagaomux BC na Bxoae npuemunkoB AC npu HH3KOH BJIAKHOCTH
(cyxue moroaHble ycJioBusi) 1Jst BepositHocTH cBsizu (GoS) B = 0,99

OUNM uyacToTHOTO Yposens curnana npeobnanaronieit bC na Bxone npuemanka AC, nbm
ka"ana bC, n1bm JIBopoBas TeppuTopus [Ipoe3kas yacTh [emexonnas 30Ha
40 —83,8...-22,1 —73,2...-229 -76,2...-23,3
43 —80,8... 19,1 -70,2... -19,9 -73,2... 20,3
47 —76,8... 15,1 —66,2... -15,9 —69,2...-16,3
50 —73,8... 12,1 —63,2... 12,9 —66,2...-13.,3
53 -70,8... 9,1 —60,2... 9.9 —63,2...-10,3

Tabnuna 2. /inana3onsl ypoBHel curaaios mpeodiaagaomux BC na Bxoxge npueMankoB AC nMpu HH3KOIi BJIAKHOCTH
(cyxue moroaHble ycJIoBusi) 1Jsi BepositHocTH cBsizu (GoS) B = 0,98

OUUNM uacroTHOrO Yporens curnana npeobnanatomeii 5C Ha Bxone npuemnanka AC, 1bm
xanana bC, nbm JBopoBas TeppuTopus [Ipoeskas yacTh [lemexonnas 30Ha
40 -81,2...-22,1 -70,2...-22.9 —73,6...-23,3
43 -78,2...—19,1 —67,2...-19,9 -70,6...-20,3
47 -74,2..-15,1 —63,2...-15,9 —66,6...—16,3
50 -71,2..-12,1 -60,2...-12,9 —63,6...—13,3
53 —68,2...-9,1 -57,2...-99 —60,6...-10,3
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Tabmuma 3. Jluanazonbl ypoBHeii curnanos npeodjagaomux bC Ha Bxoae npueMHukoB AC npu BbICOKOM
BJIA’KHOCTH (102K1b) 1J1s1 BeposiTHOCTH cBsi3u (GoS) B = 0,99

OUNM yacToTHOTO Yposens curnana npeodmnanaronieit BC na Bxone npuemnanka AC, nbm
kaHasa bC, nbm JIBopoBas TeppuTopus IIpoeskas yacTh [lemexonHas 30Ha
40 —83,9...-20,8 —73,7..-21,5 —76...-22,5
43 -80,9...-17,8 —70,7...-18,5 —73...-19,5
47 -76,9...-13,8 —66,7...-14,5 —69...-15,5
50 —73,9...-10,8 —63,7..-11,5 —66...—12,5
53 -70,9...-7,8 —60,7...-8,5 —63...-9,5

Tabnuua 4. lnana3onsl ypoBHei curnaaoB npeodaaaawmux bC na Bxone npueMHukoB AC npu BbICOKOIi
BJIA’KHOCTH (10:K1b) 1JIs1 BepositHocTH cBsi3u (GoS) B = 0,98

OUHWM gacToTHOTO Yposens curnana npeodmanaroniei BC na Bxone npuemuanka AC, nbm
xanana bC, nbm JIBopoBas TeppuTopus IIpoesxas yacthb [emexognas 30Ha
40 —81,3...-20,8 -70,3...-21.,5 —73,4...-225
43 —78,3...-17,8 —67,3...-18,5 -70,4...-19,5
47 -74,3...-13,8 —63,3...-14,5 —66,4...-15,5
50 -71,3...-10,8 —60,3...-11,5 —634...-12,5
53 —68,3...-7,8 -57,3...-8,5 -604...-9,5

Ecnu tpeGyeMoe MUHUMANBHOE 3allUTHOE OTHOIIEHUE () MeHbIlle 3HaYeHus ¢y 3aIlUTHOTO
OTHOIIECHUS JUII CYMMAapHOH BHYTPUCETEBOW ITOMEXH, XapaKTEepHOTo JJIsi BEIOPAHHOTO TUIIA KiIacTepa
YaCTOTHO-TEPPUTOPHANBHOTO IJIAHMPOBAHHS COTOBOM painoceTn

0<Qc = PPu ;

Yint
rae P, — obecrieunBaeMblil B CETH YPOBEHb IMOJIC3HOI'O CHTHAJA IIPH BHYTPUCETEBOM IMOMEXE YPOBHS
Psiy , TO MOXHO HaWTH MHWHUMAJIBHO MCIIOJIb3YEMYIO MOIIHOCTH TIOJI€3HOTr0 CUrHala Pymin ,
MPUBS3aHHYI0 K COOCTBEHHBIM myMaMm mnpreMHuka AC W ompenensionyro GpakTuieckoe 3Ha4eHUe
peanu3yeMoii B CeTU YyBCTBUTEIBHOCTH paguonpueMa AC:

3)

P Pumin Bfmin > Q
Sint — b = .
QCL Po + umin
CL
Otcroma
00y
Bin 2 F s 0<0q, 4)
O =0
B,tmin QQ
Oy=—"r2—C, 0<Q0y. (%)
PO QCL _Qo

[Tocneanee cooTHOIICHUE TIO3BOJSET ONEHUTH BenuunHy AQ B (1), 3aBHUCSIIYIO OT Ka4ecTBa
JaCTOTHO-TEPPUTOPHATBHOIO TUTAHUPOBaHUsA ceTH. Ha puc. 2, a mokasaH rpaduk 3aBUCUMOCTH (y OT
3HaueHus () Ans 4yeThipex 3HaueHuil Qcr, B3ITHIX ¢ maroMm 0,5 nb B aumamazone 16,5...18 nb; Ha
puc. 2, 6 okasaH rpadpuk 3aBucuMocTd AQ 3HadeHWH O I YeThipeX 3HaueHWH (c;, OTMEUEHHBIX
BBINNIC. YCTAaHOBIICHHBbIE 3HA4YeHUs (Jc; XapaKTEepHBI [UIsi YacTOTHOTO IUIAHUPOBAHUS CETH C
pa3MepHOCThIO Kinactepa 4...7 peryiaspHoit cotoBoili cetu [9]. CoracHo rpadukaM 3aBHCHUMOCTH Ha
pHC. 2, MOXKHO YTBEPXKAATD CIETYIOIIEE:

—B obmactu  Qci—Q >51b, COOTBETCTBYyIOIIEH  BBICOKOMY  KauyeCTBY  YaCTOTHO-
TEPPUTOPHAITLHOTO TUIAHUPOBAHUS ceTH, HeoOxomumas mo6aBka AQ K YpOBHIO TOJIE3HOT'O CHTHANA,
KOMIICHCHPYIOIIAsl BIMSHUAE BHYTPUCETEBOM MMOMEXH Ha KAUECTBO CBS3H, HE MpeBbIIacT 2 1b;

—1npu Q << Qcr, 04EBUIHO, YTO () MPUOTMKEHHO paBHO 3HAUYCHHIO Oy

—nobaBka A(Q K YpOBHIO TIOJE3HOTO CHTHAala COMPOBOXKAAETCS COOTBETCTBYIOIINM
«CUHXPOHHBIM» YBEIUYCHUEM YPOBHS BHYTPHCETEBOW TOMEXU Pri W CHIKCHHEM BIIVSHHS
COOCTBEHHOI'O IITyMa MPUEMHHUKA Ha 3HaueHue () (CHIKEHHUE JI0 MPUEMIIEMOr0 YPOBHS 3Ha4YeHUs Py B
3HaMEHAaTeIe);

— IIpY YXYALIEHHH Ka4ecTBa YaCTOTHO-TEPPUTOPHATIHHOTO TIAHUPOBaHMS cetn nobaBka AQ
MOJKET pe3Ko Bo3pactaTs u gocturaet 10...15 nb u 6onee;
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—IpU HU3KOM KauyecTBE YaCTOTHO-TEPPUTOPHAIBHOTO IJIAHUPOBAHUS CETH AJII HEKOTOPBIX
obyiactel 30HBI MOKPBITHA ycioBUEe (c;>() MOXKET HE BBINOJMHATHCS; B 3THUX OOJACTSAX BCIIEACTBHUE
HHU3KOTro ypoBHS BHyTpHuceTeBoil OMC TpebyeMoe KauecTBO CBSI3M OCTAHETCSl HEYJOBIETBOPUTEILHBIM
Mpu JI000M yBEJIMYEHNH YPOBHS nose3Horo curaaia (ysenmueanu OUUM BC).

50 20

40 15

10

Qv dB
=
AQ,

_

=l

20

= e
m____— ()%
o 1 12 03 14 15 16 17 18 o 11 12 13 14 15 16 17 18
0,dB ¢).dB
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Puc. 2. I'paduku 3apucumoct Qy (a) u 3aBucumoctt AQ=0n—Q (6) ot 3nauenus Q ayist Qcr = 16,5...18 nb ¢
marom 0,5 nb (Qcr = 16,5 — neBble kpailinue kpusble, Oc; = 18 — mmpaBble KpaiiHHe KpHUBBIE)

B pesynprare oka3piBaeTCSd BO3MOXKHBIM OIICHWTH, HACKOJBKO 3alac M0 YPOBHIO IMOJIE3HOTO
CHTHajIa Ha BXoje paauonpueMuuka AC, OTMEUYECHHBIH BblliIe B I1.11. 1,3, HCOOXOAUM U TOCTATOYCH IS
obecrieueHus TpeOyeMOoro KauecTBa COTOBO CBSI3H, IPHHUMAS BO BHIMAaHHE, YTO

—B cerax GSM Q >9n1b [10];

— B THUIOBBIX KBa3HWPETYIAPHBIX TPEXCEKTOPHBIX COTOBBIX paaumoceTsx GSM, B KOTOPBIX
YHCIIO BBIIEJCHHBIX CETH paAuoKaHaioB B 4...7 pa3 TpeBHIIaeT 4YHUCIO pPaIlOKaHAJOB,
UCTIONB3YeMBIX B TPEXCEKTOPHOM caiiTe, BHyTpucucTeMHass OMC olecrieunBaeTcsi Ha YpPOBHE
Qcr=15...20 n1b. C »TuM cornacyercsi omnpeAeieHHe YpPOBHS UYBCTBUTEIBHOCTH NMpUEeMHHKOB AC
GSM na ypoBHe —104 nbm [10], uto Ha 10 b mPEBOCXOIUT YPOBEHH COOCTBEHHBIX ITyMOB
npuemHuka AC;

—mnpu onenke HeoOxogumoro ypoaa OUNM BC cerm GSM B ropoickoi 3acTpoiike
HEOOXOAMMO YUHUTHIBATh 3aTyxaHue curaanoB bC B 3ganmsax. [1o qanaeM [5] 3aTyxaHue paaroBOH B
3MaHMUSX Ha YPOBHE 3eMu cocTaBisieT nmpumepHo 18...19 nb ms GSM-900 u mpumepno 16...17 nb
st GSM-1800, mo naHHBIM [6] OCHOBHBIE MOTEPH HA MPOHUKHOBEHUE paanoBosH quanazoHa UHF na
ATaXW 3MaHMS 3aBHUCAT OT HOMEpa dTaXka M NMPUHUMAIOT 3HA4YeHWs B mpenemax 2,5...16,5 nb, B
COOTBETCTBHH C [8] MeAraHHOE 3HAYEHWE ITOTO 3aTYXaHHUA MOXET COCTABJIATH ISl TIOMEIICHUH Ha
ypoBHe 3emuu nopsaka 11 nb ams GSM-900/1800 npu cpeaHEeKBaApaTHUECKOM OTKJIOHEHWH 6 1b.
[Ipu TeppuropuanbHOl mioTHOCTH 3...5 BC/kM? cliefyer cuutathess ¢ TEM, YTO B MOMENIEHUH
MPUCYTCTBYIOT CHTHAJIBI OT HECKONBKHX OKpykatommx bC, W CBA3b yCTaHaBIUBAaeTCS IO
«HamTydmemMy» kaHaiy. [loaToMy peanbHBINH Tipenen 3aTyxaHus paJHoOBOJH B 3JaHMSX JJIS COTOBOU
CBSI3U MOXKET OBITh MPUHAT paBHBIM 18...20 nb.

Takum o00pazoMm, TpHUBENEHHBIE PE3YNIbTAThl MOJEIUPOBAaHUS (parMeHTa COTOBOM CeTH
craamapta GSM CBHIECTENBCTBYIOT O CIIEAYIOIIEM.

1. [Tpu DUUM BC 53 nbm/kanan, ucnoian3yeMoil B HacTosiee BpeMs oneparopamu GSM B
Pecnybnuke Benapyck Ha TOpOACKHX TEPPUTOPHSIX, 3aIlac MO YPOBHIO MOJIE3HOTO CHT'HAja Ha BXOJIE
pamnonpuemunka AC, OTMeUeHHBIA BbIme B TL.I. 1,3 W co3maBaeMblil [UTsI KOMIIEHCAIINN BIIVISTHUS
BHYTPHUCETEBON NMOMEXH Ha KauecTBO COTOBOM cBs3H, coctaBiseT 13...15 1b nna AC Ha nBopoBoif
Tepputopuu, 22...26 nb ana AC Ha npoesxeit yactu, u 20...22 n1b nnsa AC B mpenenax nenexoaHon
30HBL. Takoii OOMBIIOI 3amac 1Mo YPOBHIO MOJIE3HOTO CUTHAIA Ha BXoje paguonpueManka AC ¢ 0THOM
CTOPOHEI SBJSETCA MPUYMHON 3aBbieHHBIX 3HaueHnit UM BC, a ¢ apyroif cTOpOHBI JOITyCKaeT
HU3KO€ Ka4yeCTBO YAaCTOTHOIO IJIAHUPOBAHHUS CETH B TOPOICKON 3aCTpOMKe.

2. IlIpu OUUM BC 43 nbwm/kanan (20 Bt/kananm) 3amac mo ypOBHIO ITOJIE3HOTO CHTHAalla Ha
BxoJle panuonpuemManka AC, co3maBaeMblil T KOMITEHCAIIMH BIWSHUS BHYTPHUCETEBOW IMMOMEXH Ha
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KauyecTBO COTOBOM CBs3H, cocTaBisieT 3...5 nb mis AC Ha aBopoBoit Tepputopun, 12...16 a1b ansa AC
Ha mnpoe3zxked uactu, u 10...12 16 gna AC B mnpenenax mnemexonHod 30HbL. Takod 3amac
OpPUEHTHPOBAH Ha 00JIee BHICOKOE, HO BIIOJIHE JOCTHKAMOE Ka4eCTBO YAaCTOTHOTO TUTAHUPOBAHUS CETH
B TOPOJICKOM 3acTpoiike, oOecreuynBacMOe KakK 3a CYET YBEIMYCHHS O0beMa pPaJro4acTOTHOTO
pecypca, HCIONB3YyeMOTO0 CeThlo, TaK W 3a CYeT pa3BUTUSA HH(DPACTPYKTYpHl  CETH,
COTIPOBOXKIAIOIIETOCS POOJIeHNEM CalTOB (YTO IMO3BOJISET YBENWYUTHh 3HaueHHe (Jcr), a TaKKe 3a
CYET ONTUMHU3AINH CCTH.

3. Ilomy4yeHHBIE PE3yNbTAThl MO3BOJSIOT OMPEICIUTh BO3MOXKHBIC IyTH CHIKCHHS YPOBHS
BHYTPHUCETEBOH TIOMeXH U yBenudeHus QJcy , TuO60 yMeHbIleHnsa 3HadeHust 1ooaBku AQ. B yactHocTH:

— YMEHBIIICHHE Pa3MepOB CalTOB (YMEHBIIEHHWE 30H OO0CITyKuBaHUS OTAenbHBIX BC) mpu
(hMKCHpOBaHHOW MPOCTpaHCTBEHHOM OTHOCTH AC (IIPOCTPaHCTBEHHOW TIOTHOCTU TpaduKa B 4achl
HanOoIbINeH HArpy3KH) MO3BOJIAIOT CHU3UTh 00beM Tpaduka, 00CITy)KMBaeMOTo KaKJOH OTAEIbHOM
BC, ¥ yMEHBIIMTh YHCJIO YaCTOTHBIX KaHAJIOB, HeoOxomumoe s e¢ (QyHKUHOHHpoBaHus. Ilpu
(uKkcupoBaHHOM 00BEME PaTUOYACTOTHOTO PEcypca, BBIIEICHHOTO Ui PacCMaTpUBAEMON COTOBOMN
CeTH, OTO TO3BOJSECT YBEJIMYUTh Pa3MEPHOCTh KJacTepa €€ YacTOTHO-TePPUTOPHUATHLHOTO
TUTAHUPOBAaHUSA (MM YBEIWYUTHh OTHOIIEHHE OOIIEro 4Ymhciia YacTOTHBIX KAaHAJOB CETH K YHCIY
YaCTOTHBIX KaHAJIOB, HCIOJb3yeMbIX OTAelbHOM BC, Mmpu UCHOIBb30BaHUM «ONTUMHU3ALUOHHBIX)
METO/IOB YaCTOTHOTO IIAHUPOBAHUS COTOBBIX CETEH HEPETYISIPHON MPOCTPAHCTBECHHOMN TOMOJIOTUH) H
YBEIUIHTH 3HaUCHUE Jcr;

— orpaHMYeHHe TpeOOBaHMN K KayeCTBY COTOBOW CBSI3M Ha HEKOTOPOM pPa3yMHOM
(cTraHmapTHOM) YPOBHE, YpPE3MEPHOCTh JTHX TpPEeOOBaHWH MOXKET OBITh OYEBHIHOW MPUYUHOU
Heo0xoauMoro pocta AQ W UCHONIB30BaHMS COTOBBIMH OIEpPATOPAMH CYIIECTBEHHO H30BITOYHBIX
ypoBHeli DOUMM BC, uTo KpailHe HeXenaTeabHO C TOYKHU 3PEHHUS SJICKTPOMArHUTHON HKOJOTHH
T'YCTOHACEJICHHBIX TEPPUTOPHUH U SIEKTPOMArHUTHON 0€301aCHOCTH HACEJICHUSI.

3akiouenue

IIpuBenenHble pe3yabTaThl CBUACTENBCTBYIOT O ToM, uro OWHUM BC Ha ypoBHe
53 nbm/kanHai, ucnojib3yemasi B Hacrtosinee BpeMs omneparopamu GSM B PecnyOnuke Bemapychs Ha
TOPOJICKUX TEPPUTOPHSIX, SBISETCSA CYIECTBEHHO N30BITOYHON M OPUEHTHPOBAHA HA HIU3KOE Ka4eCTBO
4acTOTHO-TEPPUTOPUABHOTO INIAHUPOBAHUS CETH B TOPOJICKOM 3aCTpOKe.

IlpuBemenHnble B JaHHOW  paboTe  pe3ysNbTaThl  WLUTIOCTPHUPYIOT — CTICH(PUICCKUI
COCTSI3aTebHBIA XapakTep oTHomeHu Jlumensuapa u Jlnmen3nata B 00JaCTH CTPOUTENBCTBA CETEH
coToBOW CBs3U. Bemmumaa AQ mnpencTtaBisier coOol pesepB, 00eCIeUHBAIOMINNA BO3MOXKHOCTD
Jlunensnary SKOHOMUTh Ha WHBECTHIHAX B HH(PPACTPYKTYpy COTOBOM cBsizu. K coxkanenwio, 3ta
SKOHOMHSI ~ OCYUIECTBIISETCS 33 CUeT OJJIEKTPOMArHUTHOM OKOJIOTMM  COTOBOM CBSI3U H
3IEKTPOMArHUTHOM 0€30MaCHOCTH HACEJIEHUS! TEPPUTOPHH, Ha KOTOPBIX 3Ta SKOHOMHS UMEET MECTO.

Camkenne DMMM BC Ha Topoickux TEeppUTOpHSX 10 ypoBHA 43...45 nbwm/kanan mpu
OJHOBPEMEHHOM YBEIMYEHHUH 00beMa HMCIOIb3yeMOro KaIol U3 ceTel paanoyacTOTHOrO pecypca,
BBICBOOOXKJAEMOT0 32 CUET KOHBEPCHH PaAMOYaCTOTHOTO CIIEKTPa, M MPOJOLKEHHH OIepaTopaMu
paboT Mo JanmpHeHeMy pa3BUTHIO MH(PPACTPYKTYPHI CETEil 3a CUeT yBETWYEHHUS TePPUTOPHATBHOM
miotHoctd BC B ropozackoii 3acTpolike ¢ yueToM TpeOOBaHM ONTHMHU3ALMH TOPOJACKUX (PParMEeHTOB
CeTel, MPEeJICTaBIsAETCs BIOJIHE peabHBIM, TaK KakK MpPH 3TOM 3allac MO YPOBHIO MOJIE3HOTO CHTHalla
Ha BXoje pamuonpreMHUKoB AC, co3laBaeMbIid Il KOMIICHCAITMH BIUSHUS BHYTPHUCETEBON TTOMEXH
Ha Ka4eCTBO COTOBOH CBS3H, OCTAETCS JOCTATOUYHBIM I 00€CTIeYeHUsT BBICOKOTO KauecTBa CBSI3H.

[IpencraBieHHble pe3ynbTaThl MO3BOJSIOT OLIEHUTH BO3MOXKHOCTH CHIDKEHHS MOIIHOCTHU
m3nyudeHnst bC B ropojckoit 3acTpoiike HapsAy C BBICOKUMH TPeOOBaHUSAMH K BHYTPHUCHCTEMHOM
AIEKTPOMArHUTHOM coBMecTHMOCTH. OHH TTOKa3bIBAIOT, YTO 3aBBIICHHBIN cpenHuil ypoeHsr DM
BC MokeT OBITh pacCMOTpPEH KaK OJIUH W3 BaXKHEHIINX (aKTOPOB, MPUHHUMAEMBIil BO BHUMaHHE TIPH
JIMarHOCTHKE KauyecTBa BHYTPHUCUCTEMHOM 3JIEKTPOMarHuTHONH COBMECTUMOCTH B CETH COTOBOM CBSI3U.

KonmaecTBeHHBIE PE3yNbTaTHL, MPHUBENECHHBIE BHINIE, TMOIXYYECHBI IS CETH COTOBOU CBS3U
cragmapra GSM. OpnHako B HacTosliee BpeMs TEXHOJOTHYECKas 3BOJIOLMS COTOBOW CBA3U
aCCOIMUPYETCS CO Bce 0Ooyiee IIMPOKMM HCIOJIh30BaHHEM COTOBOM cBsizu Tperbero (UMTS) wu
geTBepToro (LTE) mokoiieHnii mpy CyIECTBEHHOM CHIDKCHHH JOJH YCIIYT, pealnu3yeMBIX B paMKax
cotoBoil cBsi3u BToporo mokoneHus (GSM). Ilo sToif mpudurHe aBTOPHI HaMEPEHBI MPOIOIIKHUTH
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WCCIICIOBAHNUS, Kacarolluecs MONyuYeHHS KOJIMYECTBEHHBIX OLIEHOK HEOOXOAMMBIX M JOCTaTOYHBIX
ypoBHeil OUMIM BC B ceTsx cOTOBOH CBSI3U TPETHETO, YETBEPTOrO U MOCIETYIOIUX MOKOJIEHUM.

ESTIMATION OF ACCEPTABILITY OF REDUCTION THE RADIATED POWER
OF CELLULAR BASE STATIONS IN URBAN AREA AT HIGH REQUIREMENTS

TO THE INTRASYSTEM ELECTROMAGNETIC COMPATIBILITY

V.I. MORDACHEV, A.S. SVISTUNOV

Abstract

Results of estimation of necessary and sufficient levels of radiation power of base stations of

cellular communications on urban area are resulted. Analysis is made on the basis of the behavior
simulation of the fragment of a GSM network executed with the use of multibeam radiowave
propagation model and the topological model of a fragment of urban area of the central part of Minsk.
The results indicate that a high communication quality can be achieved at levels of base stations
equivalent isotropic radiated power which are essentially less than the corresponding levels actually
used by GSM/UMTS operators in considered territory.
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