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IIpenucaosue

Ponps  CekTOpa paguocBs3M 3akiodaeTcss B OOECIEUYEeHHH pPalMOHAIBHOTO, CHpaBeIBOro, 3dgdexkTuBHOro u
9KOHOMHYHOTO HCIOJIb30BaHUS PAJMOYaCTOTHOIO CIIEKTpa BCEMH CIIy)KOAMHU PaJHOCBSI3H, BKIIOYAs CITyTHHUKOBBIC
Cﬂy)KGbl, U TMpOBECACHUHM B HCOIPAHMYCHHOM YaCTOTHOM [JUAIIa30HE HCCﬂeﬂOBaHHﬁ, Ha OCHOBaHUMH KOTOPBIX
MIpUHUMAaIOTCsl PekoMenanum.

BCGMI/IpHLIe U PCruOHAJIBHBIC KOH(I)epCHIII/II/I paguocCBiaA3n U accaMmOieu paguocCBiaA3n 1pUu  MOAACPIKKE
HUCCICA0BATCIBCKUX KOMUCCHH BBIIIOJHSIOT PEriIaMCHTApHYI0 U MMOJIUTUYICCKYTO (I)yHKIII/II/I CeKTopa PaguoCBiA3U.

IHosmTHKa B 00;1aCTH MPAB HHTEJLIEKTYaabHOI codcTBeHHOCTH (ITMC)

ITomutuka MCD-R B obGmactu IIMC wm3naraercs B oOmieil mareHtHod mnomutuke MCDO-T/MCDO-R/MCO/MDK,
ynomuaaemoir B Ilpmnoxenmn 1 x Pesomommun MCDO-R 1. ®@opmbl, KOTOpble BiajAeibllaM MATEHTOB CIEIyeT
HCII0JIB30BaTh JId MPEACTABIICHHUA IMaTCHTHBIX 3asiBJICHUN U )IeKﬂapaI_ll/Iﬁ O JIMOEH3UPOBAHWUU, MPCACTABJICHBI I10
aapecy: http://www.itu.int/ITU-R/go/patents/en, rae Takke coiepikarcss PyKOBOISAIIME MPHUHIUIBI MO BBIMOJTHCHHIO
o61eit narentHol nmonutuku MC3-T/MCO-R/MCO/M3IK u 6a3a nanHbIx natenTHoi nndopmanun MCO-R.

Cepuu Pexomenaanuii MCI-R

(ITpencTaBneHsl TAKKE B OHIAMHOBO#M (hopme 1o ampecy: http:/www.itu.int/publ/R-REC/en.)

Cepus Ha3zBanue

BO CIIyTHUKOBOE paJfiOBeIIaHue

BR 3anuch JIsl MPOU3BOICTBA, APXUBUPOBAHUS U BOCIPOU3BEICHMSI; TUNIEHKHU JJIs TEIEBUICHUS

BS PagmoBemarensHas ciayx0a (3ByKoBasi)

BT PagmoBemarensHas ciayx0a (TeIeBU3NOHHAS)

F ®dukcupoBaHHas ciryx0a

M [MonBrxHas CITyTHUKOBAsI CITy>K0a, CIIyTHUKOBas Clly»x0a paguioonpeieineHus,
JIIOOUTENBbCKas CITyTHUKOBAsSI CITy)K0a M OTHOCSIIMECS! K HUM CITyTHUKOBBIE CITYKOBbI

P PacnpocrpaneHue pajnoBoJIH

RA Panuoactponomus

RS CucTeMbl TUCTaHIIMOHHOTO 30HIUPOBaHUS

S DuKcupoBaHHAs CITyTHUKOBAs CITy»X0a

SA Kocmuueckne mpuMeHeHNsT ¥ METEOPOIIOTHs

SF COBMECTHOE UCTIOIB30BaHUE YaCTOT U KOOPAMHAITUS MEXKTy CHCTEMaMHt (PUKCHPOBAHHON
CITyTHUKOBOH CITYKOBI U (PUKCHPOBAHHOM CITY>KOBI

SM YpaBieHue UCNO0Jb30BaHUEM CIIEKTPA

SNG CrryTHUKOBBIH cO0p HOBOCTEH

TF [Tepenaya curuasoB BpeMEHH U 3TAJOHHBIX YaCTOT

\% CrnoBaps U CBSI3aHHBIE C HUIM BOIPOCHI

Ilpumeuanue. — Hacmosawas Pexomenoayus MCO-R ymeepaicoena Ha aneautickom s3vike
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Dnexmponnas nyoaukayus
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Bce mpaBa coxpanensl. Hu onHa u3 gacTel n1aHHOH IMyOIMKAaMy HE MOXKET OBITh BOCIIPOM3BEICHA C MOMOIIBIO0 KaKUX
OBI TO HU OBLIO CPENCTB O€3 MpeaBapUTEIHLHOTO MMCEMEHHOTO paspemenus MCD.
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PEKOMEHJIALIUSL MCD-R P.1816-1

IIporuo3upoBaHmne NPOCTPAHCTBEHHO-BPEMEHHOT0 NPOQUJIA 1Sl IIUPOKONOJIOCHBIX
CYXONYTHBIX MOJABUKHBIX CJIYK0 ¢ HCIOJIb30BaHueM quana3zonos YBY u CBY

(Bommpoc MCD-R 211/3)

(2007-2012)

Cdepa npumeneHusn

Lenp HacTosmield PexoMeHmanuyu — mpenocTaBUTh PyKOBOJICTBO IO MPOTHO3WPOBAHUIO MPOCTPAHCTBEHHO-
BPEMEHHOTO MPOQUIsl JJIi IIUPOKOIOJIOCHBIX CYXOIYTHBIX TOJBHIKHBIX CIIy)KO C HCIIOJIb30BaHUEM
muarazona yactot ot 0,7 no 9 I'T'y anst paccrostauii 0,5-3 kM st yenoBuid BHe nipsaMoit Buaumoctu (NLOS)
u 0,05-3 kM ams1 ycnoBuid psimoit BunuMoctd (LoS) kak B yCIOBHSAX TOpoJia, TaK U IPUTOPOJIA.

Accambies pagnocssizu MCO,

yuumwléas,

a) YTO CYyMECTBYeT TOTPEOHOCTE B  PYKOBOJACTBE ISl HWHXKEHEPOB IO  IUIAHHPOBAHHIO
LIMPOKOTIONIOCHBIX MOABUKHBIX cyk0 B muanazonax ¥YBY u CBY;

b) YTO 3HAHWE MPOCTPAHCTBEHHO-BPEMEHHOTO MPOGUIT MOXKET OBITh Ba)XKHO TPH OIICHKE BIIMSHUS
MHOTOJIy4€BOT'0 PACIPOCTPAHCHHUS,

c) YTO MOJCIUPOBAHUE MPOCTPAHCTBEHHO-BPEMEHHOTO MPOGWIsI MOXHO HAWIYYIIUM 00pa3oMm
OCYIIECTBUTH MIOCPENICTBOM YUeTa YCIOBUH pacrpoCTpaHeHHs, TAKHX KaK BBICOTA 3aHUH, BEICOTA aHTEHHBI,
paccTostHIEe MK Ty 0a30BOM CTAHITUEH M MIOABMKHOW CTaHIIMEH W TI0JI0CA MPOITYCKaHUS IPUEMHHMKA,

ommeda:t,

a) gyTto MeTonbl Pekomennanmu MCO-R P.1546 pekomeHnyeTcs UCIONB30BATh AJISl POTHO3ZHPOBAHUS
HaNpsOKEHHOCTH TIOJIS Ha TpaccaxX MyHKT-30HA ISl PaJiiOBEINaTEIbHOM, CYXOIyTHOHN MOJABIYKHOW, MOPCKOU
W HEKOTOPBIX (PUKCHPOBAHHBIX CIyKO B amama3one dactoT oT 30 mo 3000 MIm m mis amama3zoHa
paccrostauii ot 1 1o 1000 xMm;

b) yro Meroabl Pexomenmannu MC3-R P.1411 pexoMmeHOyeTcs HCIIONB30BaTh NMPH IPOBEACHUU
OLICHKH XapaKTEPUCTHK PACIPOCTPAHEHHUS ISl HApY>KHBIX CHCTEM Masoil AanbHOCTH (1o 1 KM) B Anamas3oHe
yactoT Mexay 300 MI'uu 100 T'T';

c) yro Meroabl Pexomenmannu MC3-R P.1411 pexoMmeHAyeTcs HCIIOIB30BaTh NMPH IPOBEACHUU
OLICHKH yCpeAHEHHOH (opMbl mpoduist 3a0ep KKK B ciiyyae padOThl Ha JUHUAX npsMoi BuaumoctH (LoS)
B YCJIOBHUSIX MHOTO3Ta)XKHOW T'OPOJICKOH 3aCTPONKH JUISL CTPYKTYPhl MUKPOSIYEEK U UKOSIEEK;

d) gyTto Metonsl Pexomenmammm MCD-R  P.1407 pexkoMeHIyeTcsi HCHONB30BAaTh IS TOYHOTO
OTpe/ICTICHUS. TCPMUHOJIOTMA MHOTOJTYYEBOCTH, a TaKXe Il BRIYUCICHUH pa3Opoca 3ajepxek u pasdpoca
YIJIOB TIPUXOMa TIOCPEICTBOM HCIIOIB30BAHUSA MPOGHIS 3amepkeK W mpoduias YIIOB TMPHUXOAa,
COOTBETCTBEHHO;

e) yto Metonsl Pexomenmammun MCD-R M.1225 pekoMeHOyeTcsl HUCHOJIb30BaTh MJIsl OLEHKU
SKCILTyaTallMOHHBIX XapakTepucTuk cucteMbl IMT-2000, KoTOpble HCHBITHIBAIOT BO3ACHCTBHE H3-3a
MHOT'OJIy4€BOr'0 PaCIpPOCTPAHEHHS CUTHAJIOB,

pexomenoyem,

1 YTOOBI NMPU NPOBENEHUU OIEHKH JIOJITOCPOYHBIX MPOQUIeld TPyNIOBOM 3aJepKKU U 3alEpiKKH
MOIIHOCTH TS ITUPOKOTIOIOCHBIX TOJBMKHBIX CIYXKO B TOPOJICKHUX U MPUTOPOJHBIX pallOHaX B AMAITa30HaX
YBY u CBY ucnons3oBanoch coaepxkanne [lpmmoxkenns 1;
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2 YTOOBI MPHU TPOBEJCHUH OIEHKH JOJTOCPOYHOTO YIIIOBOTO TPOGWIS MPUXOJa MOIIHOCTH Ha
6a3zoBoii ctannmy (BC) mist MMPOKOIIONIOCHBIX MOABIKHBIX CTYkKO0 B TOPOACKUX U MPUTOPOAHBIX pailoHaxX B
nmuanaszonax YBY u CBY ucnons3oBanocs coaep:xxkanue [Ipunoxenus 2;

3 YTOOBI MPHU TPOBEJCHUH OIEHKU JOJTOCPOYHOTO YIIIOBOTO TPOGWIS MPUXOJa MOIIHOCTH Ha
noaBwkHONW cTraHmuu (I1C) mIs IMHUpPOKOIONIOCHBIX TOIBIKHBIX CIIYKO B TOPOJICKHX M IPUTOPOIHBIX
paiionax B quanazonax ¥ BU u CBY ucnons3oBanock coaepxkanue [Ipunoxenus 3.

Ipunoxenue 1

1 Beenenne
Baxxaoe 3HaueHue nmpoduiis 3aaepkku ormedaercs B Pekomenganmun MCO-R P.1407 cnenyrommm o6pazom.

XapakTEepUCTUKH MHOTOJYYEBOT'O PACIpPOCTPAHEHUS! — 3TO OCHOBHOW (hakTOp B BONpPOCE YIPaBICHUS
Ka4ecTBOM LU(POBON MOABIKHON cBA3U. C QU3MUECKON TOUKH 3pPEHUS, B XapAKTEPUCTUKH MHOTOJIyYEBOTO
pacnpocTpaHeHHs BXOSAT KOJIMYECTBO JIy4el, aMIUTUTyJa, pa3sHHIa B JAJHHE Tpacc (3alepikKKa) M yroi
npuxoaa BoJHBL. WX MOXHO ommcaTh nepenaTOYHON (yHKUIMEH Tpacchl paclpoCTpaHEeHUs! (aMILIHTYIHO-
YaCTOTHBIC XapaKTEPUCTUKN) U IIUPUHOHN ITOJIOCHI KOPPEIISLIHY.

Kak yxazpiBasioch paHee, OCHOBOIIOJIATAIOIIMM ITapaMeTPOM JUIsl OIIEHKH XapaKTEPUCTHK MHOTOIYyYEBOCTH
siBysieTcst mpodwib 3aaepxkku. [lociie Toro kak npodunbs OyJAeT CMOACTUPOBAH, €T0 MOXHO HCIOJIb30BATh
IUTA BBIBOJIA TTApaMEeTPOB MHOTOIYYEBOCTH, TAKMX KaK pa30poc 3a/epiKeK W IIHPHHA IOJIOCH KOPPEISIHA
YacTOTHI.

Ha ¢opmy npoduis oka3slBaloT BIMSHHUE MapaMeTPbl PaclpOCTPAaHEHHUs], CBSI3aHHBIC C YCIOBHSIMU TPACCHI
npoxokaeHus BodH. [Ipoduins cozmaercss MHOTOKpaTHBIME BOJTHAMH, HMEIOIIUMHE Pa3IMYHbIC aMILUTATYIbI U
pa3Hoe BpeMs 3ama3bIBaHus. M3BECTHO, YTO BOJHBI CO 3HAUUTEIBHBIM 3ala3JbIBaHIEM UMEIOT HEOOJIBIIYIO
aAMILUTUTY Ty BCIIEJCTBUE PACTIPOCTPAHECHHUS BIOJb MPOTSHKEHHON TPAcChl. Y CpelHEHHBIH MPOQUIb 3aIePKKH
(monrocpouHbIil TPOoHIb 33ACPKKU) MOKET OBITH aPOKCUMHUPOBAH B BUE SKCIIOHCHIIMATIBHOW (HYHKLIUH
iy GYHKUMH MOLTHOCTH, KaK MOKa3aHO B NIPEIIECTBYIOMIUX padoTax.

Uwrcno ¥ mepuoj IpUXOASIINX BOJH B COCTaBe MPOGMIA 3aIepKKH 3aBUCIT OT IIMPHHBI TOJIOCH pUEMa,
IIOCKOJIBKY Pa3pelIaroniasi CiocCOOHOCTh M0 BPEMEHH OIPaHHYMBAETCS IMOJIOCOM MPOIMYCKaHHS NMPHUEMHHKA.
Juis Toro 4ToOBI OLEHUTHh MPOQPIIIL 3aJEPKKHA, HEOOXOANMO YYUTHIBATH OTPAHWYCHHE IIUPHUHBI TTOJOCHI
4acTOT. DTO OTPaHWYEHHE TECHO CBSI3aHO C METOJIOM, HCIOJB3YEMBIM IS pasfelieHus] MPUHUMAaeMOH B
MHOTOKPATHBIX BOJTHAX MOIITHOCTH.

Hns ydera TONOCH TPOIyCKaHWS WM pa3peliarolieil cnocoOHOCTH MO Tpacce, Mpoduiib 3aaepikek,
COCTOSIIINI U3 OTHACNBHBIX JIy4eH, onpeneseTcs Kak mpouib 3aepKKH Ty deH.

B Pexomenmaruu MC3-R P.1407 pasznudnbie mpoQuiin 3aIep>KKA U UX METOJbI 00pa0OTKH OMPEICIISIIOTCS,
Kak MOKa3aHo Ha pucyHke 1.

MrHoBeHHBIH MPO(UIL 3aIeP>KKA MOITHOCTH — 3TO OJJHOMOMEHTHAS IJIOTHOCTH MOIIHOCTH UMIYJIHCHOTO
OTKIIMKa B OnXHOW Touke. Kparkocpounble TpodMId 3aIepXKKH MOIIHOCTH TIONYYaroTCsd ITyTeM
MIPOCTPAHCTBEHHOTO YCPEIHEHUsS MTHOBEHHBIX NMPO(UIICH 3aJep>KKH MOIIHOCTH HA WHTEPBaiax, PaBHBIX
HECKOJIbKHM JeCATKaM JJINH BOJH JUI YCTPaHEHUS M3MEHEHHU M3-3a OBICTPHIX 3aMHUPaHHIA; JOITOCPOYHBIC
mpoMiIH 3aAEP>KKH MOITHOCTH TIOTYYaroTCs IIyTeM IPOCTPAHCTBEHHOTO YCPETHEHHsI KPAaTKOCPOYHBIX
npouiIeii 3aIeP>KKU MOIIHOCTH MPUOIM3UTEILHO Ha TOM JKe paccTossHuM oT 6a3zoBoii cranimu (BC), 4To0bI
YCTPaHUTh U3MEHEHUS, BBI3BAHHBIC 3aTCHEHUEM.

Yro KacaeTcsl HOJITOCPOYHOro Npoduis 3afep>KKH, TO MOTYT OBITh ONpENeNeHBbl BAa Pa3HbIX MPOGUIS.
OnuH — npoduis TPyNIOBOH 3aepKKH — OCHOBAH HAa MEAMAHHOM 3HAYEHUH KaXKJIO0TO MPOGMIL 3aJePiKKH;
OH WILTIOCTpUpYeT GopMy Npoduis B paccMaTpHUBaeMoOl 30HE, KaK MOKa3aHO Ha pucyHke 1. Bropoit — ato
npoduiab 3aIepKKH MOIIHOCTH, OCHOBAaHHBIM Ha CpEeJHEM 3HAYCHHHM MOIMHOCTH KaXXAOro Mpoduis
3aJIePIKKH.
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Kpome TOro, uto kacaercs OOJATOCPOYHBIX TPYIIOBBIX Hpoduieid U mpoduieii MOIIHOCTH 33AEPKKH,
MpOoGHITN 3aJepKKH JIyda, COCTOSIINE U3 OTACTBHBIX Jy4el, TaKk)Ke ONpPEAesIFoTCs, C TEM YTOOBI MOJTYYHTh
M3MEHEHHUE YUCIIa JIy4eH ¢ pa3pelieHueM Mo JIydy, KOTOPOe 3aBUCUT OT IIHUPHUHBI NTOJIOCH! 4aCTOT.

PUCYHOK 1
I[Ipoduan 3agepxku

Paccrosmue (M)

JonrocpouHbiit TpoguITs JonrocpouHbii poQuIts
/ TPYIIIIOBOH 3a/IepKKI IPYIIIOBOM 3a/Iep)KKH JTydet]]
PaccrosiHue (M)
Yepemaern

Bpewmst 3anepxku i I
Bpewms 3anepxku Bpewms 3anepixku
3a/Iep’KKA MOIIHOCTH

Bpemst 3anepxkn ycpe eHne At Jlyu
0 [ [P
Kpatkocpounsblit mpoduib

MOoI1Ho CTh

3a1CP’KKH MOIITHOCTH BpeMﬂ 3aICPIKKHI Bpewmst 3anepxku
JlonrocpouHslit mpoduIIb Jonrocpounbiit TpoQuits
3a7IePIKKA MOIITHOCTH 3a7IePIKKH MOIITHOCTH JTydeit
P.1816-01

2 ITapameTpsl
T: JONOJHUTEIhHAS 3aJeprKKa 10 BpEMEHH (MKC);

i JOTONHUTENbHAs 3aJep)KKa MO0 BPEMEHH, HOPMalH30BaHHAs C yYETOM BPEMEHHOIO
paspemenns 1/Bui=0, 1, 2... (30ech i = 0 03HaUaCT NMEPBBIA MPHUOBIBAIOIIHIA JTyY 6€3
JIOTIOJTHUTENIBHOM 3aJlep’)KKu 0 BpPEMEHH, a i = Kk oO3HauaeT JOMOJHUTEIbHYIO
3a7Iep KKy 110 BpeMeHH k/B (MKc));

<H>: cpemusas BeIcOTa 3maHusa (5-50 M: BBICOTa Haa YpPOBHEM 3eMJIM IOABIKHOMU
CTaHIMH) (M);

h,: BbicoTa aHTeHHBI 0a3oBoil cranimu (20-150 M: BBICOTA HAg YPOBHEM 3EMIIH
MTOABM)KHOM CTaHITHH) (M);

d:. paccrosaue ot GasoBoi cranmmu (0,5-3 km g ycnmosmit NLOS; 0,05-3 kM s
ycnoBuit LoS) (km);

mupuHa yiunsl (5-50 M) (m);

S

yactota cnepoBaHus dumoB (0,5-50 Munm/c) (Muun/c) (3aHumaemasi IIUpHUHA
MOJIOCHI MOXKET OBITh TIPe00pa30BaHa U3 YaCTOTHI CIICJOBAHUS YUIIOB B U MPUMEHEHUS
(UIIBTpa MOJIOCHI TPYIIIOBBIX YacTOT);

f- wmecymas gactota (0,7-9 I'T) (I'Tm);
<R>: cpenHuil KO3PUIUESHT OTPAKEHUS IJHEPTUN OOKOBO CTeHbI 3Manus (<1);

mocTostHHOE 3HaueHue (oT —16 nb mo —12 nb) (nb);

=<

AL: pa3HOCTHh YPOBHEH MEKIy MMKOBOW MOIIHOCTRIO JIyda ¥ MOITHOCTHIO OTceukH (Ab).
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3 Joarocpounslii npopuiab 3agep:xku A ycjaosuid NLOS B ropockux U NpuropoaHbIxX 30HaX

3.1 IIpodunas rpynnoBoi 3ajep:KKM Jy4ded, HOPMAJU30BAHHBI 10 MOIIHOCTH TMEPBOro
NPUOBIBAIOIIET0 JIy4Ya

[Ipodune rpynmoBoi 3afepKKH JTy4ei PDPNLOS’ew(i,d), JIeNICHHBI Ha BpeMeHHoe paspemieHue 1/B,

HOPMAaJIM30BaHHBII IO MOIIHOCTH TEPBOTO TPHOBIBAIONIETO Jy4a HA PACCTOSHUM d, ONpeaeseTcs
CIIeIYIOmUM 00pa3oM:

PDPNLOS,env (lsd) = IOPDPdB(iad)/lo’ (1)

rac:

PDP,, (i,d) =—{19,1+9,681og (1, /< H >)|BE030+0120eth <tk g Losssotos®hyoo (14)  pb. (2)

[Ipopune rpynmosoii 3anepxku PDPy; s .., (r,d ) C HEMpPEepHIBHON JOMOJHUTEILHON 3aJep>KKOH 10

BPEMCHH, HOPMATM30BaHHBIN 110 MOITHOCTH IIEPBOTO MPUOBIBAIOIIETO JIy4a Ha PACCTOSIHUU d, ONIPEEISIeTCs
CJIEYFOIUM 00pa3oM:

PDPNLOS,env (T’ d) = PDPNLOS,env (BT’ d) . (3)

[Ipu BeIBOZIE YpaBHEHHS (3) UCTIONB3YETCSl OTHOIICHHUE (r =i/B=i= Br).

3.2 IIpodnas 3agepKKH MOIIHOCTH, HOPMAJHM30BAHHBIH N0 MOIHOCTH MEPBOro NMPHObLIBAIOIIETO
Jy4a

ITpodunp 3a1epKKM  MOIIHOCTH, PDPNLOS,pow(i’d ), nmeneHHmli Ha BpemeHHOe paspemrenue 1/B,
HOPMAJIM30BaHHBIA 110 MOIIHOCTM HEPBOrO IPHOBIBAIOLIErO JIyda Ha PACCTOSHMU d, ONPENENIeTCs

CIeIyIomuM 00pa3om:

PDPy, (i,d)=c(i)-10"PrasG-DN0 “

OS, pow

rac:

[ (i=0)
c(i)= {min(0,63, {0’59670,01723 + (0’0172_'_ 0,0004B)< H >}e{(0,077—0,000963)—(0,0014—0,0000185’)<H>}i) (i>0) . (5)

3nech yHKIHA min(x, y) BEIOMpaeT MUHAMAILHOE 3HAUCHHE X U ).

[Ipodune 3amepxkn mormnoctn  PDFy, o pow(r,d) C HENPEepHIBHOM IONOJIHUTENbHON 3aJepXKKOH 10

BPEMCHH, HOPMaJIM30BaHHOM 110 MOIIHOCTH IIEPBOT0 MPUOBIBAOIIETO JIy4a Ha PACCTOSHUU d, ONIPEIEIsIeTCs
CJIEYFOIIUM 00pa3oM:
PDP,,

(t,d)=PDP,, (Bt,d). (6)

OS, pow 0S, pow

33 IIpumepsl

3.3.1 Ipodwuan rpynmnoBoii 3aiep:KKu, HOPMAJTHU3O0BAHHBIH 10 MOIITHOCTH TEPBOr0 MPUOLIBAIOIIETO
Jiy4a

Ecnu BeicOoTa /), aHTEHHBI 0a30BOI CTaHIIMH, PACCTOSHUE d OT 0A30BOW CTAHIIUU U CPEIHSIS BBICOTA 3IaHUS

<H> cocraBmstor 50M, 1,5xkM u 20 M, COOTBETCTBEHHO, TO NPOQHIb TPYIIOBOW 33JEPKKU JIyda

PDPy; o5 eny (i,d) mokasan Ha pHCYHKe 2, TJie TTapaMeTpOM SIBJISETCS YaCTOTA CJIeOBAHHS THIIOB B.
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Ecnu BbicoTa 4, aHTEeHHbI 0a30BOM CTaHLMM, PaccTOsSHUE d OT 0a30BOM CTAHIMU M YacTOTa CIIEIOBAHUS
yurnoB B coctaBistoT S0 M, 1,5 kM u 10 Mumuri/c, cOOTBETCTBEHHO, TO MPO(WIb TPYMIIOBOH 3aJepiKKU
PDBy; o5 eny (1:, d ) MOKa3aH Ha PUCYHKE 3, T1e apaMeTPOM SIBIISICTCS CPEAHss BBICOTA 3HaHUsT <H>.

PUCYHOK 2

Tpous rpynnosoii sanepsin ayueii PDPy; o (i, d )
14 yeaosuid NLOS

g 0 1

= I

e A B =50 Muun/c |
5 | B=30Muuq
o

10 \\ —
g \ —————

5 - T

z <H>=20m el
520

£ h, =50 M B =10 Munn/c

3 - d=1,5xkm

T \

£ s
o -30 )

0 10 20 30 40 50

UYucno nyueit

P.1816-02

PUCYHOK 3

TMpodun rpynnosoii saxepxkn PDPy; o . (‘E, d )
s yeaosuid NLOS
0 T T T T T T

<H>::30M 7

—-10 \\\ rg 3

20 B =10 Muun/e 1 ——
h, =50 M /

i d=15xm <H>=10m

-30 1 i 1 1 : 1 : 1
0 1 2 3 4 5

OTHOCHTEIIbHAS MOIIIHOCTD (1b)

JlomonmHUTETBHAS 33/ICPKKA TT0 BPEMEHH (MKC)

P.1816-03

3.3.2 IlIpoduab 3aaep:KKH MOIIHOCTH, HOPMAJTHU30BAHHBIA M0 MOIHOCTH MEPBOr0 MPUOLIBAIOIETO
Jy4a

Ecnu BbicoTa /i, aHTEHHBI 0a30BOl CTAHIUK, pAacCTOSIHUE d OT 0Aa30BOM CTAHIMU U CPEIHSS BBICOTA 3IaHUS
<H> cocrapmsror 50M, 1,5kM m 20 M, COOTBETCTBEHHO, TO NPOMOHIL 3aIepPKKH MOITHOCTH Jyda
PDP; . pow(i,d ) moKa3aH Ha pUCYHKe 4, Tie IAPaMETPOM SBJISETCS YACTOTA CJIEIOBAHUS YMIIOB B.

Ecim BBICOTa /), aHTEHHBI 0a30BO¥ CTaHITHMH, paccTosSHHE d OT 0a30BOM CTAHIIMH W YacTOTa CIICTOBAHUS
yunoB B cocrasisiior S0M, 1,5kM u 10 Muun/c, COOTBETCTBEHHO, TO MPO(UIb 3aJCPKKH MOIIHOCTU
PDPy; 05 pow (t,d) mokasan Ha puCyHKe 5, T/le TApaMeTPOM SIBJISAETCS CPEIHsAA BBICOTA 31aHus <H>.
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PUCYHOK 4

TMpopus 3anepxkn mommoctn aywa PDPy, ¢ ., (i, d )

naist yeaosuii NLOS

G 0 T T T T T 1 T
= B =50 Munn/c <H>=20M
’.D —
5 ‘/ B, =50 M
E ~10 - d=15xm .|
S
= - —
<
: T
2 20
% i B =30 Muun/d /'\ |
2 B=10Mumnle |
o 30 | i | |

0 10 20 30 40 50

Yucno myuent

P.1816-04

PUCYHOK 5

Tpoduus 3anepaxu mommoctn PDPy; o (‘C, d )

s yeaosuii NLoS

T T T T
B= ldMlmn/c_
h,=50M
d=15km -

-10 g ‘
- x\k <H> LZOM 1

\

~—_ _
| <m>Z10m \ T
-30 I 1 I I \ I

0 1 2 3 4 5

OTHOCHTENIbHAS MOIIHOCT (1b)

JlomoTHAUTENEHAS 3a/IepIKKa [0 BPEMEHH (MKC)

P.1816-05

4 Jlorocpo4HbIii NPopuIb 3a1ePKKH A1 ycJI0BHi LoS B ropockux U NpUropoaHbIX 30HAX

4.1 PaccmaTpuBaemble yciaoBusi LoS

Ha pucynke 6 npezacraBieHsl paccMarpuBaeMblie yenoBus LoS. Ha pucynke 6a) bC pacnonoskena B BepxHei
TOYKE 3[aHus1, 0OpalIeHHOT'O Ha JIEBYIO WM MIPaBylo cTOpoHy ynuibl, [IC HaxoquTces B cepeuHe YIUIbl, U
BC moxer HenocpencTBenHo Habmroaate [1C. Ha pucynke 6b) BC pacnonoxeHa npuMepHO B IIEHTPAILHOM
YacTH KPBIIIH 3[]aHUs1, 00paIeHHOro B KOHel yiuIlbl, a [IC HaXoAuTCs B CEpeIMHE YITUIIBL.



Pex. MCJ-R P.1816-1 7

PUCYHOK 6
PaccmarpuBaemsle yciaosus LoS

3manue, 3manue,
obpamennoe bC bC obpareHHoe
Ha JICBYIO Ha MPaBYIo
CTOPOHY - L CTOPOHY
YAMLBI 1 f YIULBI

v v

Iic (@

a) BC, oOpaieHnas Ha IpaByIO WM JEBYIO CTOPOHY YJIHLIBI

BC 31aHue,
/ oOparlieHHoe
B KOHEI|
YITHIIBI

I1C

P.1816-06
b) BC, oOpameHnas B KOHEIl YIIHIBI
4.2 Ipoduas rpynnoBoii 3aep:KKu, HOPMAJIU3OBAHHBINH 0 MOIIHOCTH MEPBOro NPHOLIBAIOIIETO
Jy4da

[Tpoduns rpynmosoi 3anepxku PDE, g ., (r,d ) , HOpPMaJIM30BaHHBIH 110 MOIIIHOCTH IIEPBOTO MPHUOBIBAIOIIET0
JTy4a Ha PaCCTOSIHUU d, OTIPEIEIIAETCS CIETYIONTIM 00pa3oMm:

a) BC, oOparieHHas Ha MpaByIo WM JIEBYIO CTOPOHY YJIMIIBL,

+v-PDPy10s, env (T.d)

[J 1+8(10004 )-(3007)/ W2 -1 ]
2

PDI)LOS,env (T’d) = <R> ? (7_1)
b) BC, oOpamenHas B KOHEIT yJIHIIHI,
PDP, (r,d)z <R> 2(10004 )-(3007)/W> .(2_e—SAz(IOOOd)»(3001:)/W2 )+Y'PDPNLOS (‘E,d)
’ | (7-2)

J1+8(10004 1(3007)/ W21
R 2 +y'PDPNLOS,env(T’d)‘

3nech PDPNLOS,enV(r,d) — npodunb TpynmoBoi 3anepxkku ansa  ycnosuit NLOS, onpenpesnsiemsrit

ypaBHeHUEM (3), HOPMAJIM30BaH IO MOIIHOCTA TIEPBOrO NPUOBIBAIONIETO JIy4a HA PACCTOSHUU d.
Y — MOCTOSIHHOE 3HayeHue, paBHoe OT —12 b nmo —16 nb B 3aBHCHMOCTH OT TOPOJACKOM CTPYKTYpPHI.

<R> — cpeqHuid KOXPPUINEHT OTPaKEHUs SHEPTHU OOKOBOW CTECHBI 3[aHUS, UMEET MOCTOSIHHOC 3HAYCHUE
ot 0,1 10 0,5.
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Pexomenayetcst, 4TOOBI A1 TOPOACKHUX 30H, TJI€ CPeHss BbICOTa 3AaHui <H> mpebiinaer 20 M, 3HaUSHUS Y
u <R> coctaBimsum —15 1b u 0,3 (=5 ab), COOTBETCTBEHHO.

4.3 IIpopuian 3axep:KKH MOITHOCTH, HOPMAJIU30BAHHBIH 10 MOIIHOCTH NMEPBOT0 MPUOLIBAIOIIETO
Jy4a

Hpodune  3amepkku  mowmoctn, PDPp s . (’C,d), HOPMQJIM30BAaHHBIA II0 MOIIHOCTH IIEPBOTO

MpUOBIBAIOILETO JIy4ya Ha PacCTOSIHUM d, OTIpeaeIsieTcs CIeAYIOMNUM 00pa3oM:

a) BC, oOparieHHas Ha IpaByO WIH JIEBYIO CTOPOHY YJIHIIEI,
N T 2_ -
. g d)_<R>[J1+8(1oood)2(3oo )W 1J+YAPDRWSW(T’€I); (8-1)
LoS,pow \ *» -
b) BC, obOpainieHHast B KOHEI] YJIHUIIBI,

PDP,

LoS, pow

(r,d): <R> 2(10004)(3007)/ > .(2 _ o~ 5:2(1000a)(3007)/w )+Y - PDPy; 5. pow (r,d)

J1+8(10004 }(3007)/ W2 -1
=(R

(8-2)
2 j"‘Y'PDPNLos,puw(Tad)-

3nech PDPNLOS,pOW(r,d ) — mpodumb 3amepKKH MOmHOCTH Ui ycioBuidi NLOS, onpenensemsiii

ypaBHeHUeM (6), HOPMAJIM30BaH 10 MOIIMHOCTA TIEPBOrO NPUOBIBAIONICTO JIy4a HA PACCTOSHUU d.
Y — MOCTOSIHHOE 3Ha4deHwe, paBHoe OT —12 b mo —16 nb B 3aBHCHMOCTH OT TOPOJCKOW CTPYKTYpPHI.
<R> — cpenuuii k03hHUIUEHT OTPAKECHUS IHEPTUU OOKOBOU CTEHBI 3JIaHHSL.

Pexomenayetcst, 4TOOBI A1 TOPOACKHUX 30H, TJI€ CPeHsS BbICOTa 3AaHui <H> mpebiinaer 20 M, 3HAUSHUS Y
u <R> cocrasysui —15 nb u 0,3 (=5 nb), coorBeTcTBEHHO.

4.4 IIpumepsl

4.4.1 IIpoduan rpynmnoBoii 3aiep’KKu, HOPMATU3OBAHHBIN 110 MOIITHOCTH NEPBOro NpUOLIBAIOIIET0
Jy4a

Ecnu BeicoTa /1, aHTEHHBI 6a30BOI CTaHIMH /1, CPETHSISI BRICOTA 3aHKUs <H>, 4acTOTa CJIeAOBaHMS YHIIOB B,
Y 1 <R> coctapustor 50 m, 20 M, 10 Muun/c, —15 ab u 0,3 (=5 nb), cooTBeTCTBEHHO, MPOGHIL TPYIIIOBOR
3aJepIKKH PDPMS’E,W(T,d ) COOTBETCTBYET IIOKa3aHHOMY Ha PHCYHKE 7, TJe MapaMeTpoM sBISETCS

paccrosinue d ot 6a30BOil CTAaHITUH.
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PUCYHOK 7

IIpoduis rpynnosoii 3agep:kku PDPL oS env (’l?, d )

aJis ycaoBuii LoS

= 0 T T T n 0 ‘ T ‘
> hy =50 m 2 hy =50 M
5 d=0,1xm <H>=20M 5 d=0,1Km <H>=20Mm 1
=} o
£ -10 e W=20m £ 10 - W=20wm
g \\ d=02xm B =10 Muurn/c g \ d=02xm B =10 Muun/c
= - >< <R>=0,3(-5 1B = - >< <R>=0,3(-5 1B
e} =
=15 1B =-15 1B
E 20 ! e 5 20 ! !
= £
=
Q Q
g [ e i
S 4 S ‘
0 0,1 0,2 0,3 0,4 0,5 0 0,1 0,2 0,3 0,4 0,5

JIOmOMHHUTENbHAS 3aEPXKKa TT0 BpeMEHH (MKC) JlononHuTenbHas 3a/1EpKKa 110 BpeMEHU (MKC)

P.1816-07

a) BC, oOpareHHas Ha mpaByIO WM JIEBYIO CTOPOHY YJIHILIBI b) BC, obpaiiieHHast B KOHEIl YJIHIbI

4.4.2 HpO(l)l/lJ'[I) 3aICPKKM MOIIIHOCTH, HOpMaJ’[HinBaH]—[bIﬁ M0 MOIIIHOCTHU MEPBOIo npnﬁbmammero

Jy4a

Ecnu BeICOTA /1;, aHTEHHBI 0A30BOW CTAHIIMU, CPEITHSS BBICOTA 3[aHUsl <H>, 4acTOTa CIICJOBAHUS YHUIIOB B, Y
u <R> coctaBmsior 50 M, 20 M, 10 Munn/c, =15 nb u 0,3 (=5 nb), cooTBeTCTBEHHO, TPOPIIH 3aACPKKH
mownoctn  PDP, ., (r,d ) COOTBETCTBYET TIOKa3aHHOMY HAa PHUCYHKE §, TJ€ MapaMeTpoM SBISICTCS

paccrostaue d oT 0a30BOI CTAHITHH.

PUCYHOK 8
Tpodus 3anepaxkn momnoctn PDP, ¢ (’E, d )
aJis1 ycsaoBuii LoS
G 0 T T T ! T ! T G O T T T ! T ! T
= h,=50m =2 hy =50 M
[l [l
5 =01 <H>=20m S d=0,1 xm <H>=20M
% 10 s KM‘ W=20m 4 % _10 i W=20m _____ |
s & d= 0,2‘ KM B =10 Maum/c g \ d=02xm B =10Muur/c
= - >< <R> =03 (-5 1B) = - < <R>=0,3 (-5 1B
i = -
3 y=-15n1b A M Y=-151b
5 20 - E 20 ‘ p— i
2 ~_ 2 ~_ |
2 - 5 i | ]
£ £ 1 ‘
o -30 1 1 o -30 1 1 1 | 1 }
0 0,1 02 03 04 05 0 01 02 03 04 05

JlonoHUTEbHAS 3aIePIKKa 110 BpEMEHH (MKC) JlononHUTEIbHAS 3a/IepIKKa 110 BpeMeHH! (MKC)

P.1816-08

a) bC, oOparenHas Ha IpaByIO WX JICBYIO CTOPOHY YJIUIIEL b) BC, obpamenHas B KOHEIT YIB!
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Ipunoxenune 2

1 BBenenune

Baxxnoe 3HaueHuwe mpoduis yriaoB mpuxoaa otMmedaercs B Pekomennmamun MC3-R P.1407 ciemyromumm
o0Opa3om.

XapakTepUCTUKA MHOTOJYYEBOTO PACIPOCTPAHEHUS] — 3TO OCHOBHOW (PAakTop B BOMNpOCE YHpPABICHUS
Ka4ecTBOM LU(POBOH MOABIKHON cBsA3U. C PU3MUECKON TOUKH 3pEHUS], B XapaKTEPUCTHKH MHOTOJYyYEBOTO
pacrpoCTpaHeHUs] BXOAST KOJMUYECTBO Jyded, aMIUIMTYyZAa, pasHULA B JUIMHE Tpacc (3alepXKa) M yroi
mpuxoAa BOJHBL. WX MOXHO ommcaTh NepelaTOYHON (yHKIMEH Tpacchl paclpoCTpaHEeHUs! (aMILTUTYIHO-
YacTOTHBIE XapaKTEPUCTUKHN) U IIUPUHOHN TTOJIOCHI KOPPEIISIHU.

Kak yka3pIBasioch paHee, OCHOBOIOJIATAOIIMM IapaMETPOM ISl OLIEHKU XapaKTEPUCTUK MHOIOIY4E€BOCTH
spisiercss npoduist yroB mpuxona. [locme Toro kak mpodwib OyAeT CMOJICIMPOBAH, €r0 MOXHO
HCTIONB30BaTh LIS BEIBOJA TTapaMeTPOB MHOTOJIyUEBOCTH, TAKUX KaK pa3dpoc YIioB MPHUXO0Ja U PaCCTOSIHUE
[IPOCTPAHCTBEHHOM KOPPEJIILKY.

Ha gopmy npodmist oka3bIBarOT BIMSHUE ITapaMeTPhl PaclipOCTPAHEHHs], CBSI3aHHbIE C YCIOBUSIMH Ha Tpacce
npoxokaeHus BodH. [Ipoduis cozmaercss MHOrOKpaTHBIME BOJTHAMH, HMEIOIIUMH Pa3IMYHbIE aMIUTATYIbl U
pasHblil yron mpuxofa. M3BecTHO, YTO BOJHBI ¢ OOJBIIMMH YIVIAMH NPUXOAa MMEIOT Myl aMIUIUTYAY
BCJIEJCTBHE IPOXOXKIEHHS BJIOJb NMPOTSHKEHHOM Tpacchl. B mpensiaymux paboTax ycpenHEHHbIH Mpoduiib
YIJI0B MpHXOAa (IONTrOCpOYHbIM Tpoduiab yrioB mpuxoaa) Ha OazoBoit cranumuu (BC) npubnmxeHHO
BbIpakeH B Buze ¢pyHkuuit ['aycca mim Jlannaca (skcroHeHIHaNbHbBIE C 00€UX CTOPOH).

B Pexomengammmn MC3-R P.1407 ompenensroTcss pasnudHble TPOoGUIN YIJIOB MPUXOIAa W METONBI HX
o0Opabotku. Ilpoduns yrimor npuxoma Ha BC omnpenensercs corjacHO PUCYHKY 9 €O CCBUIKOW Ha
Pexomenmanuio MCO-T P.1407. MrHoBeHHbIE TPOQHIN YIIIOB NPUX0/a MOIIHOCTH — 3TO OJHOMOMEHTHAs
IUIOTHOCTH MOIIHOCTH MMITYJICHOTO OTKJIMKA OTHOCHTEJBHO yIila IpUXoja B 0HOH Touke. KpaTkocpouHsit
npoduiab yIioB IPUXOJA MOIIHOCTH IIOJSY4YaeTcsl IyTeM IPOCTPAHCTBEHHOI'O YCPEIHEHHUs MIHOBEHHBIX
npoduieil yrioB Mmpuxoja MOLIHOCTH Ha WHTEpBajax, PaBHBIX HECKOJIBKUM JEeCATKaM JUIMH BOJH MJIS
yCTpaHEHHs U3MEHEHHH HM3-3a OBICTPBIX 3aMHUpPaHUil; JONTOCPOUYHBINA MPOGMIb YIIOB MPUXOJa MOIIHOCTH
IIOJIy4aeTCsl IIyTeM IPOCTPAHCTBEHHOI'O YCPEIHEHUSI KPaTKOCPOUHBIX IpoduiIel yIriaoB Npuxoja MOIIHOCTH
MpUOJIM3UTENLHO HAa TOM e paccTossHuu oT 6a3zoBod cranmuu (BC), 4TOOBI yCTpaHWTh W3MEHEHUS,
BBI3BaHHBIE 3aTEHEHHUEM.

PUCYHOK 9
IIpodusn yrios npuxoga Ha bC
P
accroie (M) JlonrocpouHbiii pouitb Jlonrocpounsiit poduits
/ IPYIIIOBOI 3a/IEPIKKU TPYIIOBOM 3alep KKK JTy4eit

Paccrosue (M)

Jlyua

AR

Memmana I
/ VYron npuxona ‘Yron npuxoza
Yepenuenne
AO Jlya
‘Yron npuxona
LN g [
C(paTKocpqubuﬁ npodu

b
VIJIOB MPHXO/IA ] Vron npuxoza VYron npuxozna

MomHoCTh
\g\
=
%
a
T
=
«,

Yron npuxoza

MTrHOBEHHBI IPoHIy
YIJIOB IIPHXOJIa

JlonrocpouHbIit poduIth JlomrocpouHbli TpodIIs
YIJIOB TIPHXOJIA YIVIOB TIPHXOJA
MOIIHOCTH MOILHOCTH JTydeit

P.1816-09
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2 ITapameTpsl
h,: BbicoTa aHTeHHbl 0a3oBoi cranmuu (20-150 M: BBICOTa HAJX YPOBHEM 3€MIIH
TTOABMKHOM CTaHITHH) (M);
<H>: cpenanss BeicoTa 3manus (5—50 M: BbICOTA HAJl YPOBHEM 3€MJIM TOJBIKHON CTAHIINH)
(m);
d. paccrosaue ot OazoBoi craHmmu (0,5-3 km mus ycnmosmit NLOS; 0,05-3 kM jyis
ycaoBuit LoS) (km);

s

mmpuHa yiuusl (5-50 m) (m);

B: dactora cnemoBanms uumoB (0,5-50 Muwmm/c) (Muun/c) (3aHMMaeMas IIHPHHA
MOJIOCHI MOXKET OBITh IPe00pa3oBaHa U3 YaCTOTHI CIICJIOBAHUS YHIIOB B U MPUMEHEHUS
(GUIBTPa MOJIOCHI TPYIIOBBIX YaCTOT);

f: necymas yacrota (0,7-9 I'Ty) (I'T1);
<R>: cpemuuii K03hHUIHESHT OTPAXKEHUS YHEPTUU OOKOBOM CTeHBI 3manus (<1);
Y: mnocrossHHOE 3HaueHue (o1 —16 ab mo —12 nb) (ub);

AL: pa3HOCTHh YPOBHEH MEKIy MUKOBOW MOIIIHOCTHIO Jyda U MOIITHOCTHIO oTceuku (Ib).

3 Joarocpounslii npoduias yraos mnpuxona Ha BC masa ycaosmii NLOS B ropoackux mu
NPUTOPOAHBIX 30HAX

3.1 IIpopuan yraos npuxona Ha BC, HOpMATU30BAHHBIN M0 MOITHOCTH MAKCUMAJILHOTIO JIy4ya

Hpodpuns yrnos npuxoma mommuoctu Ha BC, AODy, . ,,, (AD,d), HOPMaNM30BaHHBIA MO MOLIHOCTH

MAaKCHUMAJIBHOTI'O JIy4da Ha paCCTOSIHHUN d, OMpeACIACTCA CICAYOIIUM 06pa30M:

| | —B(d)
AODNLOS,pow (Ae: d) = [14_%} » (9)
rac:

a(d)=-02d +2,1 (@Jw

b

(10)
B(d)=(~0,015(H)+0,63)d —0,16+0,76log(h, ).

MaxcumanbHbIi yron npuxoaa Ha bC, a,, (rpagycsl), npencTaBiseTcs Kak:

ay =—G¢-d+n, (11)
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G ¥ M — 9TO MOCTOSHHBIE, KOTOPBIE MPEICTABISIFOTCS Kak (DYHKIIMK BBICOTHI aHTCHHBI 0a30BOM CTaHIUM, /;, U
CpeIHEeH BBICOTHI 31aHusl, <H>, 1 IOPOroBoro ypoBHs AL (1b) ciieayronmm oopa3om:

H
(- 7,67+O,98AL)-exp(<h—>-(2,66—0,18AL)] (AL <15)
b

7 (AL >15)- (12)

(;:

b

o cexn| S (176
n=(-35,8+41,11log(AL))-exp p (1,76 — 0,034AL)

ITo pe3ynbraTaM SMIUPUYECKUX UCCIENOBaHUMN i Hecyux yacToT Mexay 0,7 I'Tu u 9 [Ty npumensiercs
ypaBHeHue (9).

3.2 IIpumep

Ecnu BricoTa ), aHTEHHBI 0a30BOM CTaHIMH, paccTosiHUE d OT 0a30BOM CTaHIIMU cOCTaBISIOT S0 M 1 1,5 kM,
COOTBETCTBEHHO, TO Mpo¢uiis yriaa npuxoia Momuoctd Ha BC, AODy; s 0, (A8,d), nnst ycnosuit NLOS

IoKa3aH Ha pucyHke 10, rae mapaMeTpoM sBJISETCS CPeAHssl BBICOTA 3AaHUd <H>.

PUCYHOK 10
Ipoduis yraos npuxona na bC nusa ycaosuii NLOS
1

el
)
o
=
2 ol
=
B
=
A
s
5 0,01
o
=}
S
0.001 | | | | |
=30 -20 -10 0 10 20 30
VYron npuxona (rpagycsl)
—— <H>=10M h,=50m
-B— <[>=20m d =1,5km
-—=<[>=30Mm
P.1816-10
4 Joarocpounbiii npoduas yraos mpuxosa Ha BC pnsa yciaoBuii LoS B ropoackmx u
NMPHUTOPOIHBIX 30HAX
4.1 PaccmaTpuBaemsble yciaoBust LoS

Ha pucynke 11 npencraBiensl paccmarpuBaemble yciaoBus LoS. Ha pucynke 11a) BC pacmnonoxena B
BEpXHEW TOYKe 37aHusi, 0OPaLICHHOTO Ha JIEBYIO WM IpaByl0 CTOpoHy ynuusl, [IC HaxoaurTcs B cepeanHe
ymunel, © uMmeercs npsmas sunumocth ¢ bC Ha [IC. Ha pucynke 11b) BC pacnonoxena mpumepHo B
LEHTPAJIbHOM YacTH KPBILIK 3aHKs, 00palleHHOro B KoHel yiulsl, a [IC HaxoauTcs B cepeanHe yIuIsl.
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[poduns yrmoe mpuxoma Ha bC, 40D
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PUCYHOK 11
PaccmarpuBaemsle ycaosust LoS

3gaHI/Ie, 5C 3nanue,
oOpalleHHoe BC oOpareHHoe
Ha JIEBYIO e / Ha MPABYIO
CTOpPOHY ) / CTOPOHY
YITHLIBI i F YITULIBI

v v

I1C I1C

a) BC, oOpaieHnas Ha IpaByIO WM JEBYIO CTOPOHY YJIHILIBI

BC 3panue,
/ oOpalleHHOe
B KOHEI]
YIIHLB

[1C

P.1816-11

b) BC, obpaieHHas B KOHELl YJIHIbI

[po¢puas yriaos npuxona Ha BC, HOpMATU30BAHHBIN 110 MOITHOCTH MAKCUMAJILHOTO JIy4ya

oS pow(AO,d ), HOPMATH30BaHHBIH TIO MOIIHOCTH MaKCHMATBHOTO

Jdy4a Ha PacCTOSHUH d, ONIPEAEISIeTCs CIeIy oM 00pa3oM:

a)

b)

BC, oOpameHHas Ha IpaByIO WIH JIEBYIO CTOPOHY YJIHIIEI,

i)  BC, oOpaimenHas Ha IpaByIO CTOPOHY VIIHIIBI, COTJIACHO PUCYHKY 11a):

( ) V- AODy;05 pow (46,d) (A46>0)
AOD, ¢ 0., \A0,d )= . (13-1)
LoS, p <R>1000d\A9\ /180W +Y'AODNL05,pow(A9,d) (A9 < O);
ii) BC, obpaiieHHas Ha JIeBYI0 CTOPOHY YJIMLBI, COTIACHO PUCYHKY 11a):
1000d[A0]x/ 180 S

40D, (00.0)= {1 +1 AODugs m00d) - (2020) (132)

’ ' AODNLOS,pow(Ae’d) (Ae < O) )
BC, oOpaieHHas B KOHeI] yJIULbI,

AODLOS’pOW(Ae’d):<R>1000d\Ae\-n/(180W) +V'A0DNLOS,pow (Ae,d). (13-3)
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3nech AODNLOS’pOW(AG,d) — npoduns yrioB mpuxoma Ha BC mma yemomit NLOS, ompenensembrit

ypaBHEeHHEM (9), HOPMAJIN30BAaH 1O MOITHOCTH MAaKCHMAaJbHOTO Jy4da Ha PAcCTOSIHUH d. Y — IMOCTOSHHOE
3HaueHue, paBHoe OT —12 nb no —16 1b B 3aBUCHMMOCTH OT TOPOJCKOM CTPYKTyphl. <R>— cpeaHui
KO3(QPULIMEHT OTpakeHHUs] SYHEPTUU OOKOBOW CTEHBI 3/aHMs, MMeeT moctosHHoe 3Hadenue ot 0,1 mo 0,5.

Crnenyer 3ameTuTh, 4to ypaBHeHue (13-1) m ypaBuenwue (13-2) aOCONOTHO CHMMETPHYIHBI OTHOCHTEIHLHO
yraa npuxonaa Ha bC.

Pexomenayertcs, 9TOOBI 17151 TOPOACKHX 30H, TJIe CPEIHsS BhICOTA 31aHuil <H> npeBbimaet 20 M, 3HAUCHHS Y
u <R> coctaBimsum —15 1b u 0,3 (=5 ab), COOTBETCTBEHHO.

4.3 IIpumeps1

Ecnmu BbIcOTA /) aHTEHHBI 0a30BOW CTaHUMWM /i, CpedHssl BbICOTa 37aHus <H> W mwMpuHA yaunsl W
cocraBisiioT 50mM, 30m m 20 M, cooTBeTcTBeHHO, a <R> m 7y cocrasmsitor 0,3 (=5 nb) m —15 nb,
COOTBETCTBEHHO, TO Mpoduin yrios mnpuxoja momsoctu Ha bC, 40D, ¢ pow(Ae,d ), B cily4ae pucyHka 11

IUTst yesoBwit LoS mmokaszanpl Ha pucyHKe 12, T/ie mapaMeTpoM SBIISIETCS pacCTOsTHUE d OT 0a30BOM CTaHITHH.

PUCVYHOK 12

Mpo¢uas yraos npuxoga na BC, A0D, (Ae, d ) ,

oS, pow
a4 ycaoBuii LoS

—~ 0 w T T =~ 0 \ \ \
! ! [2)
G hy, =50 M ‘ G d=0,1 km
b d=0,1 xm ‘
%] - > - el | -
5 <H>=20m™m 3 5 d=
8 B ‘ 3 =0,2 km
= ~10 + W=20Mm v T 1) b A NN 4
g <R> =03 (-5 1B) g | .
= - z h, =50 M
= rYy= —15 ZIB B g b i
‘% ; = <H>=20Mm
5 5 W=20M X 7
S | S <R>=0,3 (-5 1bB) |
o =] [ _
E E Y= —15 )ILB
o i o 30 | | |
20 40 —40 =20 0 20 40
VYrox npuxona (rpagycsl) Vron npuxona (rpamgycsl)
P.1816-12
a) BC, obpariieHHast Ha IPaBYIO WU JICBYIO CTOPOHY YJIHIIbI b) BC, obpariieHHast B KOHEII YJIHIIbI

IHpunoxenune 3

1 BBenenue

[Ipoduns yrnos npuxona va noaswkHoi cranuuu (I1C) onpeaensiercst cornmacHo pucyHKy 13 co ccbuikoid Ha
Pexomenmanuio MC3-R P.1407. MrHoBeHHbBIE TPO(HIN YIIIOB MPHUX0/Ia MOIIHOCTH — 3TO OJTHOMOMEHTHAs
IUIOTHOCTh MOIIHOCTH MMITYJIbCHOTO OTKJIMKA OTHOCHUTEJIBHO yIla IpUXoja B oJHO# Touke. KpaTkocpouHslit
npoduias YIioB NPUX0Ja MOIIHOCTH IONYYaeTcsl MyTeM NPOCTPAHCTBEHHOTO YCPEAHEHHS MIHOBEHHBIX
npoduiaei yrioB mpuxoja MOLIHOCTH Ha HHTEpBajax, PABHBIX HECKOJBKUM NECATKaM [UIMH BOJH AJIS
yCTpaHEHHsT U3MEHEHHMH M3-32 OBICTPHIX 3aMHUPAHUil; JONTOCPOUYHBIN MPOGMIb YIIO0B NMPUXOJa MOIIHOCTH
MOJTyYaeTcsl MyTeM MPOCTPAHCTBEHHOTO YCPEAHEHHSI KPATKOCPOUHBIX MPOQHIICH YIiOB MPUX0/a MOIIHOCTH

OpUOMU3UTENLHO HAa TOM Xe paccTosHuu oT 0azoBod cranuuu (BC), 4TOOBI yCTpaHWUTH H3MEHEHUS,
BbI3BaHHBIC 3aTCHEHHEM.
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PUCYHOK 13

Ipoduin yrios npuxoaa na IIC

Paccrosue (M)

TPYIIIOBOIO YIIa IPUXOJA TPYIIIOBOIO YIIIa IPUXOJA

[ Ha [1C ayueii Ha I1C
Paccrosinue (M)
Jlyu

/ Yepemen /
Vron npuxosa //\/Vc)man' I$ m

JToATOCPOUHEIT TIPO(HITH j [ JT0ATOCPOUHEI TIPODHITH ]

MormmHOCTh

MrroseHHbi npoib Yron npuxona Vron npuxoa
YIJIOB IIPHXO/1a MOIIHOCTH Vepenpenne
Ha [IC AY Jlya
Yron npuxoza I I \, I /
Kparkocpousblit mpoduiib > I$ T 2 AT T £ t'
YIJIOB MPUXOJIA MOIIHOCTH Vron npuxona VYron npuxona
Ha [IC
JlonrocpouHsilit mpoduitb JlosrocpouHblit mpouiib
YITIOB npwxona MOIIHOCTH YIVIOB NPHX0/1a MOLHOCTH
nyyeii Ha [1C

P.1816-13

ITapameTpsl

h,: BbicOTa aHTeHHBl 0a30BoM cranmuu (20-150 M: BBICOTa HaX YPOBHEM 3EMIIU
MTOABMKHOM CTaHITHH) (M);

<H>: cpemusis BeIcOTa 3maHus (5-50 M: BBICOTa HaA YpPOBHEM 3EMJIM IOJBIKHON
cTaHIumn) (M);

paccrosinue ot 6a3oBoii craniyu (0,5-3 kM) (KM);

S

mupuHa yiunsl (5-50 M) (m);

B: dacrora cinenoBanus umnoB (0,5-50 Muun/c) (Muur/c) (3aHMMaeMmasi UIMPUHA
MOJIOCHI MOXET OBITh Pe0Opa30BaHa U3 YACTOTHI CICIOBAHUS YUIIOB B U MPUMEHCHHUS
(UIBTPA MTOIOCH TPYIIIIOBBIX YacTOT);

f: mecymas yacrota (0,7-9 I'Ty) (I'T);

©: yron otHocuTensHO Aoporu (0—90 rpaxycoB: ocTpelil yron mexay HampasiaenueM 11C
Y HarpaBJIeHHEM JI0pOTH) (Fpagychl);

hg:  cpemHsAA BBICOTA 3AaHUHN BAOIB qoporu (4-30 M) (M);

yron npuxonaa (ot —180 mo 180 rpamycoB: yros mpuxoja, KOrjaa yrojl OTHOCHUTEIIEHO
JIOPOTH YCTaHOBJICH paBHBIM 0 TpaxycoB) (Tpamychl).

HJoarocpounslii mpoduin yriaoB nmpuxoaa Ha IIC B ropoacKux U MPUropoIHbIX 30HAX

Ipodnas yraos npuxona Ha IIC

ITpoduns yraos npuxona momHoct Ha I1C, 40A4,,,(9"), onpenensercs ciemyomumM o0pazom:

rac:

404,,,(6)= 1 : (14)

2 2
T . T 2

R S |y
\/cos(¢ 180] s1n(¢ 180] n

1= Min(l, [2,6/4%5 - {1 —exp(~0,03-©)}+ 0,05]1’5) . (15)
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3.2 Ipumep

Ecnu cpeausist BeicOTa, A, 37aHUN BAOJB AOPOTrH coctasiser 10 M, mpoduib yriioB NpUxoja MOIIHOCTH Ha
I1C, AOA4,0,(9"), moka3an Ha pucyHKe 14, rae napameTpoM sBISETCS YToJ OTHOCUTENIBLHO 10poru ©.

PUCVYHOK 14
[po¢uius yriaos npuxona na IIC
0
h,=10m
O =90 rpamycoB |
-10

OTHOCHTEIbHAS TIpUHATASA MOIIHOCTH

2t v, £
s —
=30 1
|
© = 15 rpagycoB © =0 rpaxycos
—40 :

-180 -135 90 45 0 45 90 135 180
Vron npuxozna (Cparycsl)

P.1816-14
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