CBA3b W TENEKOMMYHUKALHUHK
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OLEHKA OCJIABJIEHUS CUrHAJIOB CETENA NOABUMXXHON CBA3U

HA KOPOTKUX TPACCAX NPIMOW BUAUMOCTU

MocTosHHbI pocT yncna abOHEHTOB ceTeil noa-
BWXHOIA cBa3u (CIC) n orpaHU4EHHOCTb YaCTOTHO-
ro pecypca 3acTaBnsiioT OnepaTopoB yBeJn4nBaTh
yucno 6a3oBbix cTaHumit (BC) Ha eanHMLY nnowa-
AM, T. €. YNIOTHATb ceTU. Mpu 3TOM nnowaab 30HbI
o06cnyxuBaHua ogHol BC ymeHbluaeTcs n ogHO-
BPEMEHHO pacTeT NPOLEHT TEPPUTOPUIA NPIMONA
sugumocTthu (MB) mexay BC u aOOHEHTCKUMM CTaH-
unsmu (AC). ipyrum cnosamm, COOTHOLIEHMWE NJo-
Wwapaein «0CBELEeHHON» U <HEeOCBELLEeHHON» Teppu-
TOpuii yBenuynBaetcs. B pesynbrate 3Ha4MTENbHO
BO3pacTaeT NOTPe6HOCTb B TOYHOM NMPOrHo3e 0c-
nabneHus curHana npu npamoi BugumocTun. Yacto
MCcnosib3yembiid AN NOCTPOEHUS PaaMONOKPbITUS
CINC OBY- u YBY-gnana3oHOB CTaHAAPT (PEKOMEH-
Aauum) MexpayHapoaHoro Coto3a 9nekTpocBa3u —
ITU-R Recommendation P.1546 [1] — He no3BonseT
NoJly4yuTb AOCTOBEPHBIA NPOrHo3 notepb. MonbiTa-
emcq pa3obparbce, B YeM NpU4YMHaA 3TOro.

MOJENb PACYETA P.1546
Ha nepBblit B3rnsa MOXET NOKa3aTbCsl, YTO 3aada onpenene-
HWUS ociabneHus curHana npu Npsamoi BUAMMOCTM kyaa bonee
npocTasl, HeXenu NPorHo3 ocnabneHus B OTCYTCTBUAW NPSIMONA
BMAMMOCTW. HO [eno 3mech BOBCE HE B CNOXHOCTM MU Mpo-
CTOTE MOMENMPOBAHNS CPefibl PacrnpoCTPaHeHus, a B Cnocoo-
HOCTW MOJENN pacyeTa afiekBaTHO pearnpoBaTb HA M3MEHEHUS
cpenbl. CpaBHeHUe pesynbTaToB pacyeta no Haubonee 4acto
ucnonb3yemoii mogenu P.1546 ¢ akCnepuMEHTanbHbIMM JaHHbI-
mun B amanadoHax 460, 950 n 1850 Ml [2], a Takxe ¢ aHano-
TMYHBIMU U3MEPEHUSIMU, NPOBEJEHHBLIMI ABTOPOM B AManaso-
He 2110 MIu, nokasano, yto npu B v B cuTyauumn 6nm3Koit
K Hell mopenb P.1546 3aBblaeT ocnabneHue pagvocurHana.
Mpu 3TOM C yBEAMYEHMEM YACTOTbl HEOCTOBEPHOCTb MPOTHO-
3a Bo3pacTaet: B anana3oHe 460 ML, noTepu 3aBbIlLAOTCS HA
7—10 5, Ha Yactotax 2110 Ml — yxe Ha 13—16 ap.

[ns pacueta ocnabnenus curHana Ha Tpacce bC—AC cra-
TUCTUYECKUE AaHHbIE O HANpPsSXeHHOCTM nons B [1] npuBepe-
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Hbl B BUAE CEMeICTBa TabynmMpoBaHHbIX rpadpuyecknx 3aBucu-
MOCTEN HanpsXeHHOCTW OT paccTosHus. Kpome Toro, npuee-
JIEH psf, NONPaBOK, OTPaXatoLLMx 0COOEHHOCTU PacnpOCTpaHe-
HWS PAIMOBOMH B TEX UMM MHbIX YCNOBUSIX. [nsi Tpacc, npoxo-
JSIMX B rOPOACKO MECTHOCTM, ILTMHOW He Bonee 3—5 kM (4o
XapakTepHo ans cospemenHblx CIC) atu 3aBucumocTu, nepe-
CUMTaHHble B 3HaYeHus ocnabneuus (B aeumbenax), XopoLio
annpoKCUMUPYIOTCS  W3BECTHBIM AHANUTUYECKMM  BbIPAXeHM-
em mogenn Okamypa-Xata [3] A9 MECTHOCTM Tuna "CpeaHuii
1 mManblid ropog™:

L = 63,35—13,82lg(h, ) +27,721g(f) — (1, 1lg(f) — 0,7)h,
+(44,9-6,55Igh, )lg(d),

rae d — anmHa Tpacesl, kM, f — yactora curHana, Mru, hy — ag-
dekTMBHAg BbicOTa aHTeHHbl BC. [ng Tpacc ¢ He3HAYMTENbHO
MeHSIoWMMCS penbedoM MEeCTHOCTU (nockux Tpacc) addek-
TMBHas BbiCOTa aHTeHHbl BC onpenensetcs no dopmyne

h, = h,-R, 2)
rae h, — BbicoTa aHTeHHsl BC Haj, rpyHTOM B MecTe yCTaHoB-
Ku cTaHumu, M; R — BbICOTA NOACTUNAIOLLEN NOBEPXHOCTH, On-
penensieMas YCpPeHEHHON BbICOTOW 3aHWiA U COOPYXEHMUIA.
[na paccmarpusaemoro Tna mectHoctn R = 15-20 m. Ipa-
bVKU MOAENM MOCTPOEHb! B NPEANONOXeHUM, YTO BbICOTA aH-
TeHHbl AC Haj, YPOBHEM rpyHTa B MECTe ee pacnosioxenus h,
cocrasnset 10 m. Ytobbl nepecunTatb ocnabneHue B yCnoBu-
X ropoja Ans Apyrux 3HayeHuii BbICOTbI hy, Heobxoaumo npu-
MEHWUTb NOMPaBKy:

(1)

6,03 —J(v)
K., lg(h, /R’)

s h, <R

,(3
s h, >R’ ©

C,=—K_, lg(10/min[R’,10]) +{

roe
K., = 3,2+6,2g(f),

v =0,08165 \/f-h, -6, , hg= R-h,. 4

Bxopswwe B (4) napametpul O, = arctan(hyg/a), hy n
a = 27 M COOTBETCTBYIOT Yr/y NAAAOLLEN HA 3aTeHstoLLIee npe-
NATCTBUE BOJHbI, BbICOTE 3TOTO MPENATCTBUSA M PACCTOSHMIO 10
HEero, COOTBETCTBEHHO. DyHKUMA J(V) B BbipaxeHum (3) onucl-
BaeT AONOJHUTENBHOE 0CNabieHne curHaia npu ero amdpakumm




Ha cocenHeM ¢ AC 3naHum B HanpaeneHun BC. YucnenHoe Boipa-
xeHue ana J(v) npusegeHo B craHaapte ITU-R Recommendation
P-256 [4]. 3HaueHne Bxopsieii B Boipaxehus (3) u (4) moondu-
LIMPOBAHHOIA BbICOTHI NMOACTMNAIOLIEN NOBEPXHOCTU R pekoMeH-
[yeTcst paccumTbiBaTh ceayiowmm obpasom [1]:
R'=max[1,(1000dR-15h,)/(1000d-15)]. )
3ameHa R npu BblumcneHusix Ha R* no3sonsieT Gonee Tou-
HO OLIEHMTb Yron NajatoLLeid pagnoBosHel. BmecTe ¢ Tem, 4
CEeNbCKON U OTKPBITOM MECTHOCTU PEKOMEHAYETCS WUCMOMb30-
BaTb koHcTaHTy R'=10 M, a pacyeT nonpaeku NpoBOAUTbL CO-
IMACHO YNpPOLLEHHOMY BblpaxeHuio [1]
Ci=Kp21g(hy/R™=10). (6)

HeobxoauMMo OTMETUTb, YTO B BbpaxeHuu (3) nepeoe cna-
raemMoe SIBISIETCS OrpaHNYMTENEM, He JOMYCKAIOLMM NPEBbILLE-
HUSI 3HAYEHWS MONPABKK AN FOPOACKOIA MECTHOCTM U 3HAYEHUS
MONpPaBKu ypaBHEHWS (6) ANns CenbCckoit MECTHOCTH.

[ns Toro, yTobbI NpM pacyetax 0cnabneHns Ha KOPOTKUX
MNOCKNX TPacCax, COrMacHO BbipaxeHuto (1), MOXHO Oblno uc-
nosb30BaTh He 3HaueHne apHeKTUBHO BLICOTHI hy, @ 3HaYeHne
h,, B [1] npeaycmoTpexa cneaytoLias nonpaska:

C,=-3,3lg(f)(1-0,85Ig(d))(1-0,46lg(1+h,-R)). (7)

MoXHO cka3aTb, Y4TO BblpaxeHusi (1—7) COCTaBNIAMOT CYTb

mopenu P.1546 ans kopoTKMX NNOCKMX Tpacc. Takum 006pasom,
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Puc.1. K pacuery napamerpoe monenu P.1546

MOHATHO, MOYEMY BO3MOXHA 3HAYMTENbHAA NepeoLeHka Oc-
nabneHus curHana npu NPsIMOM MCMONb30BaHWN 3TON Mope-
nn ans yenoswii MB.

Bo-nepBbiX, yxe W3Ha4anbHO CTaTUCTMYECKUE KPUBLIE MOJIe-
1 P1546 nocTpoeHbl B MPEANONOXEHUM, YTO CUrHAN pacnpo-
CTPaHIETCS B YCPEAHEHHO "ropoackoi” MecTHOCTU. Ho BHYTH
ropoAa MoryT ObiTb OBLIMPHBIE OTKPBITLIE Y4ACTKM, KOTOPLIE, CO-

rMacHo knaccudukaumm [3], ckopee CTOUT OTHECTY K "NPUropoa-
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Puc.2. 3xcnepumeuranbuue W pacyeTHbie 3HAYEHHS ocnabnexns
pagnocuriana

HOW" Mnn naxe "Cenbckoii” MECTHOCTW, YTO NOATBEPXAAIOT pe-
3ynbTathl U3MEPEHUin Ha Tpaccax ¢ M1B, npueeaeHHbie B [2].

Bo-BTOpBIX, HA Tpaccax, GopmManbHO PACcMONOXEHHbIX B r0-
POACKON yepTe, BOOOLE MOryT OTCYTCTBOBaTh OObEKTHI 3a-
CTPOViKM MO0 MX BAMSIHUE MOXET 0Ka3aTbCsi HE3HAYUTENBHBIM.
Ho ucnonb3oBaHue B BoipaxeHun (5) dbopmanbHbIX 3Ha4eHnid R
1 MOAMOULIMPOBAHHOM BbICOTHI R, @ Takxe OrpaHu4MBaioLLero
MHOXMTENS B (3) HE NO3BONSIET C NPUEMAEMON TOYHOCTBIO OLe-
HWUTb 0BCTAHOBKY Ha Takux TPaccax.

Cnepyet 0c060 NMOAYEPKHYTb, YTO CPABHEHWE PE3yNbTaToB
pacyeTta u aKcnepumeHTa B amanasoHe yactor 950 u 1800 MIy
[J19 Y4aCTKOB OTKPHLITOM MECTHOCTM BHE FOPOACKOiA U NpMropoa-
HOM 30H MOKA3ano, YTO NPUMEHEHME nonpasku (6) NPMBOANT K
nepeoLieHke norepb npumepHo Ha 10—15 ab npu hy= 1,5 m.

Mpn pacyeTe pagvonokpbITUa ¢ nomoLblo Mogenn P.1546
0e3 fetanbHoii MHGOPMaLIMK 0 XapakTepe MeCcTHOCTH, T.e. 6e3
umndpoBbIx kapt mectHocTu (LIKM), nony4eHHoe BO3MOXHOE 0C-
nabneHne pagnocurHana MOXHO paccMaTpuBatb Kak Hawxym-
Wwee 3HayeHue. Takon Mmopaxod [OMYCTUM MpW MepBOHayasb-
HOM NAaHUPOBAHUU CETW WU HA JTane TEXHUKO-3KOHOMMYEC-
koro 060CHOBaHMS €€ MOCTPOEHUS, KOFAA HYXHO OLEHUTb Npu-
mepHoe uucno bC u ux mectononoxenve. OgHako korga pac-
YeT NPOBOAMTCS Ha 3Tane NOCTPOEHUS OKOHYATENLHOrO Teppu-
TOPMaNLHOTO MNaHa, 4T, KOHEYHO XE, Ha COBPEMEHHOM YPOB-
He HeBo3MoxHO 6e3 LIKM, ToyHocTb nporHo3a mopenu P.1546
MOXHO YNyuLUMTb, M3MEHWB NOPSAOK U Cnocob pacyeTa BXoas-
LUMX B Hee napameTpoB.

ONPEAENEHUE NAPAMETPOB MOJAEJIU P.1546
Ha puc.1 nokasaH cnocob onpeaeneHns napameTpoB MOAENM
P.1546, B TOM uncne n ans pacyeta MoaMdULMPOBAHHON BbICO-
Tbl MOACTUNAIOLLEN NOBEPXHOCTU Ha Tpacce. MonoxeHune 0Ob-
€KTOB 3aCTpoiiku onpepensetcs ¢ nomouwpio LKM. Ananutu-
YeCcKoe BbIPaXeHUe IS BbUCIIEHMSt HAbopa 3HAYeHWit 3anu-
CbIBAETCA CneaytoLmm o06pasom:

R'=max[1, min[R; (dR-ah;)/(d-a)]], (8)
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rae i — yncno oObeKToB 3aCTPOMKK Ha Tpacce. PasMepHOCTb
BCEX BENMYMH B ypasHeHuw (8) — meTpbl. [lng pacyeta non-
paBku (3) cnepyer MCnonb30BaTb MakCUManbHoe 3Hayerme R,
T. . R=maxR’;, a Takxe COOTBETCTBYIOLIEE EMY 3HAYEHME a,.

MOHATHO, 4TO B YCNOBMSIX NPSIMOA BUAMMOCTM, KOrHa BCE
00BLEKTHI 3aCTPONKN HAXOASATCS HUXE IMHAW BU3MPOBAHWS aH-
TeHH BC—AC, 3HayeHne MoaMUUMPOBAHHOI BbICOTHI, Paccyu-
TaHHOE No ypasHeHuio (8), bymet pagHO 1 m.

B xome 06paboTkn 3kCnepUMeHTaNbHbIX AAHHbIX HA 3aKpbl-
ThbIX TPaccax C NNOTHOI 3acTpoiikoii (bonee 50 % Tpacchl 3a-
HATO JOMaMU, AN KOTOPLIX XapaKTEPHO BECbMa Manoe, He
6onee 5 M, 0TIMUME OT CPEAHEli BLICOTbI HA TPAcCe) yaanoch
00HapyXuTb cnabyto Koppenauuio Mexay ocnabneHneM u 3Ha-
YEHUAMMU, NOJTYYEHHbIMU U3 ypasHeHus (7). Npumenerne non-
paBku (7) B YCNOBUSIX PA3HOBLICOTHOM 3aCTPOIAKM, MO MHEHMIO
aBTopa, TpebyeT AONOAHUTENLHOIO M3yyeHus crnocoba onpe-
Jenenus R. B ycnosuax npsmoit BUAUMOCTY NPUMEHSTb YKa-
3aHHYI0 MOMPABKY He PEKOMEHAYETCS.

06 owwmbke nporHo3a Moaenu P.1546 B Lenom, 6e30THOCHK-
TENbHO YaCTOTHOTO AUanasoHa, B YCNOBUSX NPSIMON BALUMOC-
TW MOXHO CYAMTb MO 3KCIEPUMEHTAJIbHBIM M PACYETHBIM 3Ha-
yeHusM ocnabnenms (puc.2). 3HavyeHns ocnabneHus, nonyyeH-
Hble MPK NPOrHO3€e N0 He BUOOM3MEHEHHON MOLENM, HaHece-
Hbl B BU[IE TOYEK, TPEYTONbHUKAMK OTMEYEHbI Pe3ynbTarThl, No-
NYYEHHbIE C UCMONb30BAHUEM NPELIOKEHHBIX M3MEHEHMI. bo-
nee 6713KOe MX PACMONOXEHWE K AUAroHanM rosoput o bonee
TOYHOM MPOrHO3e 0CNabneHus pagnocurHana.

PaccmoTpeHHas B pabote [1] mogenb P.1546 yacTo ucnonb3y-
€TCS NPOEKTUPOBLLMKAMU CETEi NOABUXHON CBS3W NPU pacye-
Te pagmonokpeiTua. Mogens Takxe ABNSIETCS HEOTbLEMIIEMON
YacTblo PsAa METOAMK pacyeTa 3NeKTPOMarHUTHO COBMECTH-
MOCTU PaanoCpeacTB, UMEIOLLMX CTATyC HOPMATUBHBIX AOKY-
meHToB PO, MpoBeaeHHbIin aHanua mopenu P.1546 nosgons-
€T BbIIBUTb BO3MOXHYIO NOrPELLHOCTb pacyeta YPOBHS CUrHa-
na B YCNOBMSIX MPSAMOIA BUAMMOCTM Mexay 6a3oBbiMK 1 abo-
HEHTCKMMM CTaHLMAMM CEeTeil NOABUXHON CBA3KU. BHeceHHble
npeanoxeHns obecneymaioT 6osee TOYHbIA NPOrHO3.
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