MCO-R

CekTop paagnoceA3n MC3I

PexomeHpgauma MC3-R P.1816-3
(07/2015)

NMporHo3npoBaHue NPOCTPaHCTBEHHO-
BpeMeHHOoro npodpunsa gnsa
LUMPOKOMOJZIOCHbIX CYXOMNMYTHbIX
noABMXHbIX CNYXX6 ¢ ncnonbsoBaHmeMm
Avana3oHoB YBY u CBY




ii Pex. MCJ-R P.1816-3

Ipenncnosue

Pomp CexTopa pagmoCBs3W 3aKIIOYAaeTCs B OOCCIIEYEHHMH PANHMOHAIBHOTO, CIIPABEIUITHBOTO, A(PQEKTHBHOTO U
9KOHOMUYHOTO HCIOJIb30BaHMS PAAMOYAaCTOTHOTO CIIEKTPAa BCEMH CIY)KOAMHM DPaJMOCBS3H, BKIIOYAs CITyTHHKOBBIC
CIIyXKOBI, W TPOBEACHHM B HEOTPAaHMYCHHOM YacTOTHOM JWAalla30HE MCCICIOBAaHUM, HAa OCHOBAaHHH KOTOPBIX
HnpUHUMAroTCs PexomeHnanuu.

BcemupHBIe 1 perHoOHATBHBIE KOHPEPEHIINMH PaIUOCBSI3U U accaMOIIen paJfoCBsI3H P MOJIEPIKKE HCCIIEI0BATENBCKIX
KOMMCCHH BBIIOJIHSIOT PErjaMeHTapHYI0 M NOJIUTHYeCKyIo pyHkunu CeKkTopa paanocBs3y.

[HosmTHKa B 00;1aCTH NIPaB MHTEJLIEKTYaJdbHOH codcTBeHHOCTH (ITUC)

ITonmutuka MCD-R B ob6mactu IIMC wm3maraercs B o0mieii matentHoii moinutuke MCO-T/MCO-R/MCO/MDOK,
ynomuHaemoir B Ilpumoxkenmnm 1 k Pesomommm MCDO-R 1. ®opmbl, KOTOphle BiaAeibllaM IATCHTOB CIEIyeT
UCIIONIHb30BAaTh AJIS IPEACTABICHMUS TATCHTHBIX 3asBICHUN U ACKIAPALHii O TUIIEH3UPOBAHIH, TPEACTABICHBI IO aJpecy:
http://www.itu.int/ITU-R/go/patents/en, rae Takke coziepkarcss PyKOBOJsIME MPHHIMIBI 110 BBITOIHEHHIO 00IICH
nateHTHON moutukd MCO-T/MC3-R/MCO/MOK u 6a3a maHHBIX naTeHTHOH nHpopMmarmu MCO-R.

Cepun Pexomenpanmii MCI-R

(TIpencrasneHsl Takxke B OHIaHHOBOH opMme 1o aapecy: http://www.itu.int/publ/R-REC/en.)

Cepus HaszBanue

BO CnyTHHKOBOE paJMOBELIAHUC

BR 3anuch A7 NPOU3BOJACTBA, apXUBUPOBAHHS M BOCIIPOU3BEICHUS; TNICHKH IJIsl TEICBHICHUS
BS PannoBemmarenbHas ciryx0a (3BykoBas)

BT PannoBemaTensHas ciyx0a (TeIeBU3NOHHASN)

F duxcupoBaHHas CiIyx0a

[TonBrxHBIE CITY>KOBI, CIy*k0a paguooIpeaeeHNs, JIOOUTEIbCKast CIyk0a 1 OTHOCAIITHECS
K HAM CITyTHHKOBBIE CITY>KOBI

P PacnpocTpanenue paauoBoIH

RA Panuoactponomus

RS CucreMbl JUCTAaHIIMOHHOTO 30HUPOBAHUS

S @duxcupoBaHHAs CIyTHUKOBAS CITyK0a

SA KocMuueckue npumMeHeHUs] 1 METEOPOIIOTHS

SF CoBMeCTHOE MCIIOJIb30BaHUE YaCTOT U KOOPIUHAIMS MEXKITY CUCTeMaMH (PUKCUPOBAHHOM
CIIyTHUKOBOI1 CIIy>KObI U (PUKCUPOBAHHOM CITyKOBI

SM VYnpaBneHue UCIOIb30BAHUEM CIIEKTPA

SNG CnyTHUKOBBIH cOOp HOBOCTEH

TF Ilepenaua curHanoB BpEMEHU U STAIOHHBIX YaCTOT

V CrnoBapb U CBSI3aHHBIE C HUM BONPOCHI

Ilpumeuanue. — Hacmosuwas Pexomenoayus MCI-R ymeepoicoena Ha aHeIULLCKOM 3bIKe
6 coomeemcmeuu ¢ npoyedypou, usnoxcenrnou 6 Pesonoyuu MCO-R 1.

Onexmponnas nyoauxayus
XKenena, 2016 r.

© ITU 2016

Bce mpaBa coxpanenbl. Hu o1Ha U3 yacTeli TaHHOM My OIMKAIIMN HE MOXET OBITh BOCIIPOU3BEICHA C TOMOIIHIO KAKUX OBl
TO HH OBLIO CPEICTB 03 MPeIBapUTEIHLHOTO MUCBEMEHHOTO paszpemnerns MCD.


http://www.itu.int/ITU-R/go/patents/en
http://www.itu.int/publ/R-REC/en

Pex. MC3-R P.1816-3 1

PEKOMEHJJAIIA MCD-R P.1816-3"

IIporuo3upoBanue MpoOCTPAHCTBEHHO-BPEMEHHOT0 NPOQUJIs I HUPOKONOJOCHBIX
CYXONYTHBIX MOJABHKHBIX CJIY:K0 ¢ HCIOJIb30BaHUeM quana3onos YBY u CBY

(Bommpoc MC3-R 211/3)
(2007-2012-2013-2015)

Cdepa npumenenust

Lenp HacTosmieli PexomeHnanum — npeoCcTaBUTh PYKOBOJCTBO IO MPOTHO3MPOBAHUIO MPOCTPAHCTBEHHO-
BPEMEHHOTO TIPOQHIIS JIJIS IMUPOKOIIOIOCHBIX CYXOIYTHBIX TIOIBIKHBIX CITYKO € UCTIONIb30BAHUEM JIHATIa30Ha
gacrot ot 0,7 mo 9 ' xnst paccrosiamii 0,5-3 kM Jutst yenoBuit BHe npsiMoit BuauMoctd (NLoS) u 0,05-3 km
JUTSL yCITOBHH TipsiMoid BuauMocTH (LoS) kKak B yCIOBHSX TOPO/a, TaK M MIPUTOPOJIA.

Accambnes paguocssizu MCD,

yuumbvleast,

a) YTO CYIIECTBYET MOTPEOHOCTh B PYKOBOJICTBE IS HEYKEHEPOB IO TUTAHUPOBAHUIO ITUPOKOTIOIOCHBIX
MOJIBIKHBIX CITy0 B quamnazonax YBY u CBY;

b) YTO 3HAHWE MPOCTPAHCTBEHHO-BPEMEHHOTO MPOQWIS MOXKET OBITh BaKHO MPHU OLECHKE BIHSHUS
MHOTOJIy4€BOTO PaCIIPOCTPaHEHHS,

C) YTO MOJEJIUPOBAHHE IPOCTPAHCTBEHHO-BPEMEHHOTO MPOGMIS MOKHO HAaWIy4ylldM o0OpasoMm
OCYIIECTBUTH MOCPEICTBOM YUeTa YCIOBHUI paclpoOCTpaHEHHs], TAKMX KaK BBICOTA 3/1aHUH, BBICOTa AaHTEHHBI,
paccTosiHue Mexay 0a30BOM CTaHITNEH 1 TIOBIKHOM CTAaHIMEH U TI0J0ca MPOITYCKaHUS PUEMHHKA,

ommeddast,

a) yto MeToabl Pexomenganuu MC3-R P.1546 pexomeHayeTcss UCHOAB30BATh ISl IPOTHO3UPOBAHUS
HaIIPSHKEHHOCTH I10JIs1 HA Tpaccax IYHKT-30Ha I PaAMOBEIATENbHON, CYXOIYTHOM MOJBUXKHOM, MOPCKOU 1
HEKOTOPBIX (PUKCUPOBAHHBIX CIIYKO B nuana3one yactoT oT 30 g0 3000 MI' u s quama3oHa pacCTOSHUM
ot 1 mo 1000 kwMm;

b) yT0 MeToibl Pekomennarin MC3-R P.1411 pexomeHayeTcst HCTIOIB30BaTh IPH MIPOBEACHUN OLIEHKH
XapaKTEepUCTUK PAaCIpOCTpaHEHH U1 HAPY>KHBIX CUCTEM MaJoi JanbHOCTH (10 1 KM) B AMAana3oHe 4acToT
mexay 300 MI'a u 100 I'To;

C) yTo MeTo 16l PekoMennanuu MC3-R P.1411 pekomenayeTcs HCTI0Ib30BaTh PU IPOBEACHUH OLIEHKU
YCPEAHEHHOH (hopMBbI IPOGHIIS 3aACPKKH B cliydae pabOThI Ha IMHUIX npsamoid BuauMoctu (LoS) B ycioBusix
MHOT03TaKHOH TOPOJICKOH 3aCTPOMKH ISl CTPYKTYPBI MUKPOSTYEEK U MIUKOSTYCEK;

d) yto Metonabl Pexkomenpammu MC3O-R  P.1407 pekomeHayeTcss HCHONB30BaTh MJII TOYHOTO
OMpeie/iCHUsT TEPMUHOIIOTMA MHOTOJIYYEBOCTH, a TaKXKe JJIS BRIYUCIICHUH pa30dpoca 3a7epkek u pazdpoca
YIJIOB TIpUXOJa TOCPEACTBOM HCIOJIb30BaHUS Npoduiis 3aaepkek W npoduis YIJIOB NPHUXO.a,
COOTBETCTBEHHO;

e) yto MeToipl Pexomenmanmm MCDO-R M.1225 pekoMeHAyeTcsl HCIONB30BaTh I OLEHKH
IKCIUTyaTallMOHHBIX XapakTepucTuk cucrembl IMT-2000, koTOpble HCHBITBIBAIOT BO3AECWCTBHE H3-3a
MHOT0JIy4€BOT0 pacpOCTPaHEHHS CUTHAJIOB,

*

B 2016 romy 3-s HMccnenoBarenbCkas KOMHUCCHS 110 PAaIdOCBA3M BHECA IOMPABKH PEIAKIIMOHHOIO XapakTepa
B HacTosIyro PekomeHnamnmro B cootBeTcTBUH ¢ Pesomomueir MC3-R 1.
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peKxomenoyem,

1 YTOOBI IIPU NPOBEICHUU OLIEHKU IOJrOCPOYHBIX NPO(UIeH TPyNIOBON 3aIepKKH U 3aIEPKKU
MOIITHOCTH ISl HIMPOKOIIOJIOCHBIX MTOABMKHBIX CIIYKO B TOPOJACKUX U IPUTOPOJHBIX PaliOHaX B IMAIa30HAX
YBY u CBY ucnons3oBanock coaepxanue [Tpunoxenus 1;

2 YTOOBI TP IPOBEACHUH OIIEHKH JIOJITOCPOYHOTO YTIIOBOTO MPOGUIIs MPUX0a MOIITHOCTH Ha 6a30B0it
craammu (BC) Anms MMPOKOIONIOCHBIX TOJBMXHBIX CIYXO B TOPOJCKHX W TPHTOPOIHBIX palOHAX B
muanasonax ¥YBY u CBY ucnone3oBanock cogepxanue [punoxenus 2;

3 4TOOBl MPHU TMPOBEJACHUHM OLEHKU JOJTOCPOYHOTO YIJIOBOIO TPOQMIS MPUXOAA MOIIHOCTH Ha
noaBmwkHOU ctaHiuy (I1C) 11 mrpOKONOIOCHBIX MMOABMKHBIX CITYKO B TOPOJCKUX M MTPUTOPOTHBIX pailoHax
B nuamna3onax ¥YBUY u CBY ucnons3oBanocs coaep:xanue Ipunoxenus 3.

IMpuaoxenue 1

1 Beenenue
Baxxnoe 3nauenne mpodwis 3anep:kkn ormedaerca B Pekomernamun MCO-R P.1407 cnemyrommm oOpazom.

XapaKkTEepUCTUKA MHOTOJYYEBOI'O PACIPOCTPAHEHUS] — 3TO OCHOBHOH (akTop B BONPOCE YHPABICHUS
KadecTBOM HU(POBOH MOABMKHON cBsi3U. C PpU3HYECKON TOUKH 3pEHUS, B XapaKTEPUCTHKH MHOTOTYYEBOTO
pacnpocTpaHeHHs BXOJAT KOJIMYECTBO JIyded, aMIUIUTyAa, pa3HMIA B JJIMHE Tpacc (3aAepikka) M yroi
npuxoaa BoiHbL. VX MOXHO ommcaTh nepenaToyHoil (QyHKUMeidl Tpacchl pacnpoCTpaHEeHUs (AMIUTUTYAHO-
YaCTOTHBIE XapaKTEPUCTHKH) U IIUPHUHOM MOJIOCH KOPPESALIUH.

Kak yxaspiBasioch paHee, OCHOBOIIOJIAraloIllM MapaMeTpoM JUIsl OLIEHKH XapaKTePUCTHK MHOTOJIyYeBOCTU
sBIsieTcst mpo¢ ik 3anepxku. Iloce Toro kak npoduas OyaeT cMoeINpOBaH, €r0 MOXKHO HCIIONb30BATh IS
BBIBOAA IapaMEeTPOB MHOTOJIYYEBOCTH, TaKMX Kak pa30poc 3aJepKeK W IIHMPHHA MOJOCHl KOPPESLUU
YacTOTHI.

Ha ¢opmy npoduns oka3bplBalOT BIMSHUE NapaMeTpbl PacIpPOCTPAHEHHUS, CBSI3aHHBIE C YCJIOBHSMHU TPacchl
npoxokaeHus BoiH. [Ipoduie co3naercss MHOTOKpaTHBIMU BOJTHAMH, MMEIOIIMMH Pa3IHYHbIE aMIUIUTYIbl U
pasHoe BpeMs 3ana3ablBanus. MI3BeCTHO, YTO BOJHBI CO 3HAUYUTEIBHBIM 3aIa3[bIBaHIEeM HMEIOT HEOOJIBIIYIO
aMILTUTYly BCIIEJICTBUE PACIPOCTPAaHEHHUS BJOJb MPOTSHKEHHON TPacchl. Y CPEIHEHHBINH MPOQWIb 3aePKKH
(moNrocpouHbIi NPOGHIb 33ACPKKHI) MOKET OBITh AMMPOKCHMHUPOBAH B BUJIE SKCIIOHCHI[HAIBHON QYHKIINH
WK GYHKIUH MOITHOCTH, KaK IMIOKa3aHO B MPEIIECTBYIOIINX padoTax.

Umcno U mepros MpUXOAANINX BOJH B cOCTaBe MPOQUIIst 3a/IepKKH 3aBUCAT OT HIMPHHBI MOJIOCH [TPHEMA,
MOCKOJIBKY pa3pelIaronasi CriocOOHOCTh N0 BPEMEHH OIpaHMYMBAETCS TOJIOCOM MPOITyCKaHUsI IPUEMHUKA.
Hnst Toro 4ro0bl OLEHUTH NMPOQMIL 33aAEPKKH, HEOOXOAMMO YYUTHIBATH OIPAaHUYEHHE IIUPUHBI HOJIOCHI
4acTOT. DTO OTPaHUYEHHE TECHO CBSI3aHO C METOJOM, MCIOJB3YeMBIM IS pa3felieHus] MPUHUMaeMON B
MHOTOKPATHBIX BOJIHAX MOIIHOCTH.

Jnst ydera TOJNOCH HPOIYCKAaHUS MM pa3pellaroiieil crnocoOHOCTH MO Tpacce, MpoQuib 3aJepikex,
COCTOSIIINN U3 OTIIENILHBIX JIyueH, onpeeNsieTcs Kak NpoQHiIb 3aJIepKKH JTydeH.

B Pexomenmanmun MCO-R P.1407 paznudanbie podrui 3aAepKKA U UX METOIBI 00pabOTKH OIPEIEISIOTCS,
KaK TI0Ka3aHo Ha pucyHke 1.

MrHoBeHHbIH MPOMUIL 33JCPKKHA MOIIHOCTH — 3TO OJHOMOMEHTHAs IUIOTHOCTh MOIIHOCTH HMITYJbCHOIO
OTKJIMKa B OJXHOM Touke. KpaTkocpouHble NpOPHIN 3aIEPKKH MOIIHOCTH TOJIYYarTCsS IyTeM
MIPOCTPAHCTBEHHOT'O YCPEIHEHNUsT MTHOBEHHBIX IMpOoduiei 3aJep>KKH MOIIMHOCTH Ha WHTEPBalaX, PaBHBIX
HECKOJIBKHMM JIeCSITKaM JJIMH BOJH IS YCTPAHEHUS M3MEHEHHUU M3-3a OBICTPBIX 3aMHUPaHUA; JOJITOCPOYHBIC
npoQUIN 3aJeP)KKH MOIIHOCTH IOJYYalOTCS IMyTeM MPOCTPAHCTBEHHOTO YCPEIHEHMsI KPaTKOCPOYHBIX
npoduieH 3aAePIKKH MOIIHOCTH MPUOIM3UTEILHO Ha TOM K€ paccTossHuK OT 0a30Boit craniuu (BC), uToOb!
YCTPaHUTh U3MEHEHUS, BI3BAHHBIE 3aTCHEHUEM.
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Uro kacaeTcs JOATOCPOYHOTO MPOQIIIS 33ISPIKKH, TO MOTYT OBITh OTIPEICICHBI JBa Pa3HbIX mpoduist. OauH —
MpOo(HIIh TPYMIIIOBOH 3aJepKKW — OCHOBAaH Ha MEIMAHHOM 3HAYEHHH Ka)XIO0Tro MpOoQmis 3aJepiKKH; OH
wuocTpupyet GhopMmy mpoduiisi B paccMaTpUBaeMOW 30HE, Kak IMOKa3aHo Ha pucyHke 1. Bropoit — 3T0
PO(UITB 33JICPIKKH MOIITHOCTH, OCHOBAHHBIN Ha CPEIHEM 3HAYCHUH MOIIHOCTH KaXK/IOTO TPOQHIIS 3aICPIKKH.

Kpome Toro, 4ro kacaercsi AOITOCPOYHBIX TPYMIOBBIX Mpoduiedl M mpoduield MOIIHOCTH 3aJEPiKKH,
PO UIH 3aJePXKKU TTyda, COCTOSIINE U3 OTACIBHBIX JIydeH, TaKKe OMPEIeINIOTCs, C TEM YTOOBI MOTyYUTh
M3MEHEHHUE YUCTA JIy4el ¢ pa3pelieHueM 10 JIydy, KOTOPOE 3aBUCUT OT IIUPHUHBI TTOJIOCH YacTOT.

PUCYHOK 1

[Ipoduau 3aaepRKu

Paccrosiue (m)

MomHo CTh

MrHOBeHHBII PO
3aIePIKKN MOIITHOCTH

2 IHapameTpsl
T.
i

<H>:

hbi

<R>:

YdB -

AL :

TPYTIIIOBOH 3a7IepKKN PYIIIOBOH 3a/IepKKH JTydeld

OJITOCPOUHBII npocpmﬁ [[lonmcpoqﬂbn?l npoq)nm,)
by

pil
// \ Paccrosmue (M) (
/ %e‘aﬂe}m

At Jlya
'[ ‘[ r ’ /
Bpemst sanepxku //WGIH/IB.H I$
g‘

Bpewms 3anepxkn Bpewmst 3anepxkn
Bpewms sanepxkn  Vepenn Ar Jlyu
e
Kpatkocpounsiii npoduis
3a/ICPKKH MOLIHOCTH Bpemst 3anepixkn Bpemst 3anepixkn

JlonrocpouHblii ipodutb JlonrocpouHbiii ipoduiis
3a/IePKKH MOIIHOCTH 3a/IepyKKH MOIIHOCTH JTydei

P.1816-01

JAOMOJHUTCIIbHAA 3aACPIKKaA 10 BPpEMCHU (MKC),

JIOTIOJTHUTENbHAS 3a/IepKKa TI0 BPEMEHH, HOPMAaJM30BaHHAS C yYETOM BPEMEHHOTO
paspemienust /B ui=0, 1, 2... (3mech | = 0 03HaUaeT mepBblii MPUOBIBAIOIINIA JTyd O3
JIOTIOJTHUTENBHOM 3aJIepPXKKHU 110 BPEMEHH, a | = K 03HaYaeT JIOMOTHUTENIBHYIO 331CPKKY
no Bpemenu K/B (Mkc));

cpenuss Bbicota 3maHus (5-50 M: BbIcOTa HajJ YPOBHEM 3€MJIM IOJBH)KHOW
CTaHIMH) (M);

BBICOTa aHTEHHBI 0a30Bo¥ cTannuu (5—150 M: BbICcOTa HaJl yPOBHEM 3€MJIH TTOIBHKHON
CTaHIMH) (M);

paccrosiaue oT 0Oasopoi craniuu (0,5-3 kM s ycmoBuit NLoS; 0,05-3 kM mus
ycnoBuii LoS) (km);

umpuHa yiuie! (5-50 m) (M);

yacrora cienoanus yunoB (0,5-50 Mywr/c) (Muun/c) (3aHumMaeMasi IIUPHUHA TIOJIOCHI
MOKeT OBbITh MPeoOpa3oBaHa U3 YaCTOTHI CIICJIOBAHUS YUIIOB B U MpUMEHEeHHUs QUIbTpa
HOJIOCHI TPYIIIOBBIX YacTOT);

Hecymias yactora (0,7-9 I'T'm) (I'T);

cpeaHnii K03 GHUIUEHT OTPAKEHHS SHEPTHH OOKOBOI CTeHBI 3aauus (<1);
nocTostHHOE 3HaueHue (ot —16 n1b 1o —12 n1b) (ab);

10vdB/10.

Pa3HOCTh YPOBHEH MEX Ty IMMKOBON MOIIHOCTHIO JIyda M MOIITHOCTBIO OTceukH (1b).
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3 JloarocpovHblii Mpopuab 3agepkku A ycjaosuid NLoS B ropoackux U NpuropoaHbIX 30HaX

3.1 IIpodunas rpynmoBoil 3aaep:KKW Jyded, HOPMAJIHU3OBAHHBIA 110 MOIIHOCTH IEPBOro
NPpUOBIBAIOLIEr0 JIy4a

[Ipodune TpynmoBoi 3alepXKKH JIydei PDPNLosvenv(i,d), JICTICHHBI Ha BpeMeHHoe paspemienue 1/B,

HOPMAQJIM30BAaHHBI 10 MOIIHOCTH IEPBOrO TMPHOBIBAIONIEr0 Jyda Ha paccrosHuM d, ompenensercs
CIIETYFOIINM 00pa3oM:

PDPNLOS,enV (|1 d) = 10PDPdB(i,d)/10, (1)

re:
PDF:e (i,d) =a(i)- PDR,, (1. ) (nb) (2
PORal0)= _{19'1+9,68|Og(hb /(H >)}B{£'36+0’12'°g(h"/<H>)}d o3e02104B) |og(1 1)  (ub) (2-1)

a(i)=(0.4+ @-04)exp[-02(H)/h )+ ((<H )/ hb)ﬁ—exp[— 0,4((H)/h, ﬂ)ki /B) (2-2)

Hpoduns rpynnosoit 3agepxkn PDP ., (1:, d) C HETIPEPBIBHOM TOTIOJIHUTENBHOH 3aI€P’KKOM 110 BpEMEHH,

HOPMAJIM30BaHHBEIA 110 MOIIHOCTH TEPBOrO MPHOBIBAIONIETO0 Jy4a Ha pacCTOSHUU O, ompeensercs
cleayIomuM 00pazoM:

PDPNLOS,env(T’ d ) = PDPNLOS,env(BT7 d ) ' (3)
[Tpu BeIBO/IC ypaBHEHUS (3) UCTIOIB3YETCS OTHOLICHHE (1: =i/B=i= B’E).

3.2 IIpoduans 3anep:KKH MOUIHOCTH, HOPMAJIU30BAHHBINA 110 MOIIHOCTH NEPBOro NPUObLIBAIOLIET0
Jy4a

[Ipoduns 3amepxku  mommuoctd, PDP pOW(i,d), JIeTICHHBI Ha BpeMeHHoe paspemeHue 1/B,

HOPMAJIM30BaHHBEIA 110 MOIIHOCTH TIEPBOTO TPHOBIBAIONIETO0 Jy4a Ha paccTOSHUU O, ompeensercs
CIeIyIonUM 00pazoM:

PDPNLDS,pow(i’ d ) =C(i) 'lOPDPdB(ivd)/lO , (4)

rac:

[ (i=0)
c(i) _{min(0,63, {0,59e-0,01728 -|—(0,0172—|— 0,0004B)< H >}e{(0,077—0,000963)—(0,001&0,000018)<H >}i) (i>0) . (5)

3neck GyHkiums Min(x, y) BeIOHpaeT MUHUMAILHOE 3HAYCHUE X H Y.

[Tpodmis 3amep kK MOIITHOCTH PDPNI_Os'pOW(r, d) C HEMPEPHIBHOM JOTIOTHUTEILHOHN 3aIePXKKOM TI0 BPEMEHH,

HOPMAQJIM30BaHHOW MO MOIIHOCTH MEPBOr0 MPHUOBIBAIONIErO Jiyda Ha paccTosHuu O, ompenensercs
CIICAYIOIIMM 00pa3oM:

PDPy s, pow(T’ d) = PDR

NLoS, pow

(BT, d). (6)
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3.3 IMpumepsnl

3.3.1 IIpo¢uas rpynnoBoii 3aaep:KK1, HOPMAJU30BAHHBINH M0 MOIIHOCTH NMEPBOr0 NPUOBIBAIOIIET0
Jy4da

Ecnu BoicoTa hy aHTeHHBI 0a30BO# CTaHIMH, paccTosiHue 0 0T 6a30BOM CTAHIMK U CPEIHSSA BBICOTA 3MaHUS
<H> cocraBmsror 50 M, 1,5 kM u 20 M, COOTBETCTBEHHO, TO NPOQIIb TPYIMOBONH 3aAEPKKH ITyda
PD PNLOs’enV(I, d) mokazam Ha pucyHKe 2, T/ie TTApAMETPOM SBIISIETCS HACTOTA CIIEIOBAHHS THTIOB B.

Ecmu cpennss Beicota 3manus <H>, paccrosuaue d oT 6a30BOH CTaHIMM M YacTOTA CIEIOBAHHSA YHIOB B
coctaBisAoT 20 M, 1,5 kM 1 10 Muwur/c, COOTBETCTBEHHO, TO NIPO(UIIL TPYNIOBOH 3aJEPKKH PDPNLOS,env(T’ d)

MOKa3aH Ha PUCYHKE 3, TJe MapaMeTPOM SIBIIAETCS BBICOTA aHTCHHBI 6a30BOM cTaHIHH, Np.

PHUCVYHOK 2
IIpodus rpynnosoii saxep:kku ay4eit PDPy| os oy (i, d )

nJist yeaoBuii NLoS

B=50 Muun/c

i / B=30 M!mn/c-
/

\
e S e
\

[

OTHOcUTENb HAst MOLITHOCTD (11B)

\
\
20 | <H>=20m
h, =50 m
| | d=15km B =10 Muun/c i
_30 1 1 1 1 1
0 10 20 30 40 50
Yucno nyueit
P.1816-02
PUCYHOK 3

IIpodnan rpynnosoii 3aaepxku PDPNLos,env(T- d)

s yeaosuid NLoS

<H>=20wm
B=10 Muwun/d 1
M d=1,5 kM

hl=5
10 |
I \\l\\
|~

L - /
hy,F 10 M hb=2TM

OTHOCHUTEIb Hast MOIHOCTH (1)

0 1 2 3 4 5

JlomonHuTeBHAS 3aJ1ePIKKa TI0 BpeMEHH (MKC)

P.1816-03
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3.3.2 IIpo¢uasn 3aaep:KKH MOUIHOCTH, HOPMAJHM30BAHHBINA M0 MOIIHOCTH MEPBOro NPHOLIBAIOIEr0
Jyda

Ecnu BoicoTa hy aHTeHHBI 0a30BOM CTaHIMH, paccTosiHue 0 0T 6a30BOM CTAHIMK U CPEIHSSA BBICOTA 3MaHUS
<H> cocraBmsror 50 M, 1,5 kM m 20 M, COOTBETCTBEHHO, TO NpPOQHIb 3aACp>KKH MOIIHOCTH Iy4a
PD PNLoS,pOW(I’ d ) ToKasaH Ha pUCYHKe 4, TJIe TApaMeTPOM SABIIAETCA YACTOTA CIIEIOBAHHS YHUIIOB B.

Ecnu cpenusisi BeicoTa 3maanust <H>, paccrosiuue d ot 0a30BO CTAHLMM M 4acTOTA CJICAOBAHMS YUIOB B
cocrapnsror 20 M, 1,5 kM u 10 Muun/c, COOTBETCTBEHHO, TO NPOQUIIL 3a1ePKKK MOIHOCTH PDP,, pow('c, d)

MOKa3aH Ha PUCYHKE 5, TJIe TTApaMEeTPOM SIBJISIETCS BRICOTA aHTCHHBI 0a30BOM CTaHIUH, Np.

PUCYHOK 4

Mpodus 3anepxkn mommocrn aysa PDP pow(i, d)

14 yeaosuii NLoS

0 T T T T T

B =50 Muun/c

B =30 Mpun/c

RN

<H>=20m
hb:SOM /
B=

[
T
\

d=15xkm

10 Muwun/c
1 I 1 1 1 \I

OTHOCUTEb HAst MOIIIHOCTE (1B)
L
/ 7( )
N

0 10 20 30 40 50
Yucno myueit
P.1816-04
PUCYHOK 5

[Ipoduan 3a1ep:KKH MOUTHOCTH PDPNLoS, pOW(T ) d)

naist yeaoBuii NLoS

0 T T T T I T

<H>=20wMm |-
B =10 Muwun
hb:'50 M d=15km

«

> ></\

hb:lJ M

OTHOCHUTEIb Hast MOTIIHOCTH (11B)

o
-
N
w
s
3]

JlononmHuTenpHas 3a1epikKa 110 BpeMEeHH (MKC)

28 P.1816-05
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4 JlorocpovHbIii NpopuIb 3a1epKKH A1 ycJoBui LoS B ropoackux U NpuropogHbIX 30HAX

4.1 PaccmaTpuBaemsble ycaosusi LoS

Ha pucynke 6 npeacraBiieHsl paccMarprBaeMble yeioBust LoS. Ha pucynke 6a) BC pacnonoskeHa B BepxHe
TOYKE 3JIaHMs, 0OpalICHHOTO Ha JICBYIO MM MPaBylo CTOpoHY ynuibl, [IC HaxoauTcs B cepelHe YIHIIbI, U
BC moxer nenocpenctsenHo Hadmonats [IC. Ha pucynke 6b) bC pacnonoskeHa IpruMepHO B IIEHTPATEHOU
YaCTH KPBIIIH 3/IaHUs, OOPAIICHHOTO B KOHEI[ yiuiibl, a [IC HaxoauTcs B CepeiMHE YIIHUIIBL.

PUCYHOK 6
PaccmatpuBaemble ycaosus LoS
3nanue, 3nanue,
00 pameHHO e —— BC BC obpaleHHOe
Ha JICBYIO / HAa [IPaByio
CTOpPOHY CTOpPOHY
VIIIIBI YITHIIBI
Inc 1§(@
a) BC, obpariieHHas Ha IPaBylO UIIH JIEBYIO CTOPOHY YJIAIIbI
BC 3nanue,
/ obparieHHOe
B KOHEII
VITHIIB
C
b) BC, obpariieHHas B KOHEIL YU IIbI
P.1816-06
4.2 IIpoduas rpynnoBoii 3aaep:KK1, HOPMAJIM3OBAHHBINH 10 MOIIHOCTH MEPBOT0 NMPHOBLIBAIOIIET0

Jy4a
[Ipoduns rpynmnosoit  3azepixkun  PDP| o env(r,d), HOPMAaJU30BaHHBIA MO MOIIHOCTH IEPBOTO

HpHOBIBAIOIIETO JIyda Ha PaCCTOSHUH d, OTPEeIeNsieTCs CIACAYOLINM 00pa3oM:

a) BC, obpareHnHas Ha MpaByIO WIH JEBYIO CTOPOHY YIIUIIEI,
J1:+8(1000d }(3000 )/ W21 - .
PDPLOS‘enV(T, d ) — <R>[ 2 t4 PDPNLos,env( ,d) : (7_1)
b) BC, obparienHast B KOHEI] YIIHIIE,
2(1000d )(300¢)/W 2 5. ' 2
I:)DPLOS,env(T’ d ) = <R> ( )( ) ’ (2 —€ 52(100&1)(30&)/\,\/ )+ Y ' PDPNLOS,env (L d)
J1+8(1000d )(3007)/W 21 (7-2)

z<R> 2 v IDDI:)NLOS,env(T'd)'
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3nech PDPNLos,env(T1d) — mpoduib TPYNNOBOH 3amepkku st ycimoBuit NLoS, ompenensembrit

ypaBHeHHeM (3), HOpPMalHM30BaH IO MOIIHOCTH IIE€PBOTO MPHUOBIBAIONIETO Jyda Ha paccTosHuu d.
Y — IOCTOSIHHOE 3HaueHue, paBHoe OT —12 nb mo —16 ab B 3aBUCMMOCTH OT TOPOJCKOW CTPYKTYPHI.
<R> — cpenunii K03)PUIMEHT OTPaKCHHSI SHEPTUH OOKOBOW CTEHBI 3AaHUS, UMEET MOCTOSHHOE 3HAUCHHUE
ot 0,1 1o 0,5.

PexomenayeTcst, 9TOOBI A1 TOPOACKUX 30H, TAE CPenHss BbIcoTa 3gannidi <H> mpespimaer 20 M, 3Ha4eHUS Y
u <R> cocrasmsun —15 nb u 0,3 (=5 nb), cooTBeTcTBEHHO.

4.3 IIpoduin 3amep:KKH MOITHOCTH, HOPMAJM30BAHHBIH 110 MOIIHOCTH NMEPBOro MPHOBLIBAIOIIETO
Jy4ya

[poduis 3a1epKKH MOIIHOCTH, PDP, og ¢ny(T,d ), HOPMAIM30BaHHbIIT 10 MOLIHOCTH IEPBOrO MPHOBIBAOLIETO

Jy4a Ha paccTosHUU 0, ompeenseTcs CIeay0IUM 00pa3oM:

a) bC, oOparteHHas Ha IPaByIO WM JIEBYIO CTOPOHY YJIHUIIbI,
J1+8(1000d (3007 )/W2-1 - .
PD PLOS' pOW(T, d ) — <R>[ 2 Y PDPNLDS,DDW( d) : (8'1)
b) BC, obpariieHHast B KOHEI] YJIHIIbI,
PDPLOS,pow(T’ d ) _ <R> 2(1000d )-(3007)/W '(2 _ g5 2(1000 )(3000)/w? )+ Y- PDPyos pow(r’d)
{\/1+8(100&1)~(3001)/W21] (8-2)
~(R 2 +v- F)DPNLoS, pow(T’ d ) .
3nech PDPNLOS,pow(T’ d) — mpodmms szamepwku mommHocTH ama ycnosmit NLoS, ompenensembrit

ypaBHeHHEM (6), HOPMAaM30BaH II0 MOIIHOCTH II€PBOTO TPHOBIBAIONIETO0 Jy4a Ha paccTosHum (.
Y — IOCTOSIHHOE 3HaueHue, paBHoe oT —12 ab mo —16 nb B 3aBUCMMOCTH OT TOpPOJICKOH CTPYKTYpBHI.
<R> — cpenuuii K0O3QGUIHEHT OTPAKEHHS YHEPTUN OOKOBON CTEHBI 3/1aHUSI.

PexomenmyeTcst, 9T00BI ISt TOPOICKUX 30H, T€ CpeaHss BhIcOTa 3qaHuii <H> mpesrimaer 20 M, 3HAYCHHS Y
u <R> cocraBnsumu —15 1b u 0,3 (=5 ab), COOTBETCTBEHHO.

4.4 IIpumepsl
441 TIpoduan rpynmnoBoii 3aiep:KKu, HOPMATH30BAHHBIN M0 MOIIHOCTH NMEPBOr0 MPUOBIBAIOIIETO
Jy4a

Ecnu BeicoTa hy anTeHHBI 0a30Bo# cTaHiuu Ny, cpeHss BbicoTa 3aanus <H>, qacToTa cienoBaHus 4umos B,
v 1 <R> cocrasmstor 50 m, 20 M, 10 Muun/c, —15 ab u 0,3 (=5 1b), cooTBeTCTBEHHO, MPOGUIIB TPYIIIOBON
3aniepKk  PDP oo env(—c, d) COOTBETCTBYET IOKa3aHHOMY Ha pPHUCYHKE 7, TJe MapaMeTpoM SIBJISETCA

paccrostane d oT 6a30B0O# CTaHITH.
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PUCYHOK 7
Ipoduib rpynnosoii 3agep:xku PDPLoS,env(T' d)

aJist ycsaosuii LoS

0

h,=50m | h,=50m
d=[0,1 xm <H>=20m =01 kM <H>=20m
L W=20m - W=20m
10 e B= 10 Munm/c  H 10 - B= 10 Mun/c  H
\ d=04m | <R =03 (-5ab) \\ d=02lm |<R =03 (-58)
A >< y=-15 1b i - v=-15 1b I

S~ S~

OTHocHuTenbHAS MOIITHOCTH (15)
OTHocHTEIBHAS MOIIHOCTS (15)

- — . - —— -
————| —]
30 1 1 1 1 1 -30 1 1 1 1 1
0 01 02 03 04 05 0 01 02 03 04 05
JlononuuTenbHas 3a/1epXKKa 10 BpeMEeHHU (MKC) JlononHuTesnpHast 3a1epiKKa 1o BpeMeHH (MKC)
a) BC, obpariieHHast Ha TPaByIO UJIK JIEBYIO CTOPOHY YJIHIIbI b) BC, obpariieHHas B KOHEI YJIUI[bI
P.1816-07

442 Tlpoduan 3aaepKKH MOIIHOCTH, HOPMATHU3OBAHHBIN MO0 MOIIHOCTH NMEPBOr0 MPUOLIBAIOIIETO
Jy4da

Ecnu BoicoTa hy aHTeHHBI 6a30BOM CTAHIINK, CPEAHSSA BbIcOTa 3MaHus <H>, yactora ciemnoBanus 4umnos B, y u
<R> cocrasmsaror 50 M, 20 m, 10 Muun/c, —15 n1b u 0,3 (-5 nb), cooTBeTcTBEHHO, MPOPMIIL 3aCPKKU
MmouHocTH  PDP oo pow(r,d) COOTBETCTBYET ITOKAa3aHHOMY Ha PHUCYHKE §, TAe¢ MapaMeTpoM SBISCTCA

paccrosiaue d 0T 6a30BO¥ CTAHIIHH.

PHUCYHOK 8
Ipoduis 3apepxkn momnoctu PDR ¢ o, (r, d )

a4 ycaosuii LoS

0

hy=50m i h,=50m i
<H>=20Mm d=0,11<M <H>=20m
d+0,1 xkm W=20m A W=20m
—10 =

re B= 10 Muwurr/c
d=0,2km | <R>=0,3(-51b)
- < =-15 1b .
o
-20

R N _

-10 /,‘ B= 10 Muwuri/c B
_ <R>=03(-515)
i \z 0,2 xm =_15 1P |

OmHocurensHas MOMHOCTH (1b)
OmocurensHas MOmHOCTh (1B)

30 1 1 1 1 30 1 1 1
0 01 02 03 04 05 0 0, 2 03 04 05
JIOmoMHATEbHAS 3a/1CPXKKA [0 BpeMEHH (MKC) JIONOMHUTEIbHAS 3a1ePXKKA 110 BpeMEHH (MKC)
a) BC, obpaiieHHast Ha MPaByrO WIIH JICBYFO CTOPOHY YJTHIIBI b) BC, obpatiieHHas B KOHEIl YIHIIbI

P.1816-08
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IIpuaoxenne 2

1 Beenenne

Baxxnoe 3HaueHue mnpoduis yrioB npuxona otrmedaercs B Pekomenmanmm MCD-R P.1407 cnemyromnm
obpazom.

XapaKkTepUCTHKH MHOTOJIYIE€BOTO PACIPOCTPAHEHHWS — 3TO OCHOBHOHM (DakTOp B BOMpOCE YIPaBICHUS
KauecTBOM I (ppoBoii moaBmxkHON cBsi3u. C pu3mueckoit TOUKU 3peHus], B XapaKTEPUCTUKA MHOTOJIYICBOTO
pacmpocTpaHeHHs BXOISIT KOJIHYECTBO JIy4el, aMIUTUTyAa, pPa3HHIa B JJIMHE Tpacc (3alepikKa) M yrou
MPUX0/1a BOJMHBL VX MOXHO omucaTh MepenaTodyHol (yHKIMEW Tpacchl PacIpOCTPaHEHUS (aMIUIUTYIHO-
YaCTOTHBIC XapPAKTCPUCTHKH) U IIUPUHOMN MOJIOCHI KOPPEIISIIUY.

Kak yxaspiBasioch paHee, OCHOBOIIOJIAraroIlM MapaMeTpPoOM JUIsl OLIEHKH XapaKTEPUCTHK MHOTOJIyYeBOCTU
spisiercss npoduist yrioB mpuxona. Ilocie Toro kak mnpodunb OyAeT CMOIENHMPOBAH, €r0 MOXKHO
WCTIONB30BaTh sl BBIBOJIA TTApAMETPOB MHOTOJIYUEBOCTH, TAKUX KaK pa3dpoc YIioB MPHUX0Ja M PacCTOsIHUAE
IPOCTPAHCTBEHHOM KOPPEISILIUU.

Ha ¢opmy mpodmuiast oka3pIBaoT BIMSHIE HapaMeTpsl paclipoCTpaHEeHHs, CBSI3aHHbIE C YCIOBUSMHU Ha Tpacce
IpOXOXKIeHUS BOJH. [Ipodriib co3maeTcst MHOTOKPATHBIME BOJIHAMHU, HMEIOIMMH Pa3INIHbIe aMIUTUTY Bl U
pasHbIid yros mpuxoja. M3BecTHO, 4TO BONHBI ¢ OOJBIIMMHU YIJIaMH MPUXO0Ja UMCIOT MaIyl aMIUIUTYIY
BCJIEJICTBHE MPOXOXACHUsI BIIOJb MPOTSHKEHHON Tpacchl. B mpensiaymux pabotax ycpeaHEHHBIH Mpoduiib
YTII0B IpUX0/a (ONToCcpOUHbIH MpodUiIh YIIIOB puxoaa) Ha 6a3osoii cranimu (bC) npubimkeHHO BRIpaXeH
B Buje ¢pynkuuii ['aycca wnm Jlamnaca (SkCnoHEHIMAIBLHBIE ¢ 00EMX CTOPOH).

B Pexkomenganmn MCDO-R P.1407 onpenpensirorcsi pazinuuHble NMPOQUIM YIJIOB MPUXOJa M METOABI HX
obpaborku. IIpoduns yrmoB mpuxoma Ha BC ompenensercs cormacHO PUCYHKY 9 cO CCBUIKOM Ha
Pexomenmanmio MCD-T P.1407. MrHOBeHHBIE TIPOGUIIN YTIIOB MPUXO0/1a MOITHOCTH — 3TO OJHOMOMEHTHAS
IJIOTHOCTH MOITHOCTH UMITYJIbCHOI'O OTKJIMKA OTHOCUTCIIBHO YTJIa IMPpUXoJa B OI[HOﬁ TOYKE. KpaTKOCpO‘-IHbeI
npoduib YIioB NPUXOAAa MOIIHOCTH IOIY4aeTcsl MyTeM MPOCTPAHCTBEHHOI'O YCPEAHEHHSI MIHOBEHHBIX
npodusieil yrioB mpuxoja MOLIHOCTH Ha HHTEpBajax, PaBHBIX HECKOJIBKUM JECATKaM JUIMH BOJH MJIS
yCTpaHeHHs M3MEHEHHMH M3-32 OBICTPBIX 3aMHUPaHWH; JONTOCPOYHBIA MPOQWIH YIIIOB MPHUX0Ja MOIIHOCTH
MOJTy9aeTcsl MyTeM MPOCTPAHCTBEHHOTO YCPEIHEHHST KPATKOCPOUHBIX MPOoQHIel yIiIoB MPUX0Aa MOIIHOCTH
NpUONM3UTENPHO Ha TOM Xe paccTosHuM oT 0azoBoii cranuuu (BC), 4TOOBI yCTpaHWUTH W3MEHEHUS,
BbI3BAHHBIC 3aTCHCHUECM.

PUCYHOK 9
Ipodpusm yrios npuxoga Ha bC
P
accromme (v) JlonrocpouHblii poGuIb JloarocpouHslit mpoduiib
/ IPYIIIOBOM 3a/IepXKKN TPYIIIOBOH 3aIepIKKH JTydel

Paccrosiue (m) Jlya

| o 1T

//\,/\/\>/ VYron npuxozna VYron npuxona
YepenHenve
AD Jlya
VYron npuxona
L g LA
Kpatkocpounsiii npo@mnﬂ

YIJIOB IIPHUXOJIA Yron mpuxoza VYron npuxona

Pe

MormrHocTs

VYron npuxoza

MrHoBeHHBI Ipouy
YIJIOB IIPHXOJIA

JloarocpouHbIit poduiib JlonrocpoyHblii TpodHIb
YIJIOB MPHXOJIa YIJIOB NIPHXOJIa
MOIIHOCTH MOILHOCTH JIyyei

P.1816-09
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2 ITapameTpsI

ho:  BbIcOTa aHTeHHBI 6a30BO¥ cTanmu (5—150 M: BeICOTA HAZ YPOBHEM 3€MIIH MTOABUKHOM
CTaHLUM) (M);

<H>: cpemuss BeicoTa 3manus (5-50 M: BeICOTA HaJ YPOBHEM 3€MITH MOIBHYKHOM CTAHIIMN)
(m);
d: paccrosaue ot 6asosoii cranimu (0,5-3 kM mis ycnosuit NLoS; 0,05-3 kM mis
ycnoBuit LoS) (km);

W:  mmpuna ymuis (5-50 m) (m);

v )

yactoTa ciaeaoBanus yumos (0,5-50 Muun/c) (Muur/c) (3aHuMaeMast IHUPHUHA ITOJIOCHI
MOKeT OBITh MPeoOpa3oBaHa U3 YaCTOTHI CIICIOBAHNUS YUITOB B U MpUMEHEeHUs QUITbTpa
HOJIOCHI TPYIIIIOBBIX YacTOT);

f: wecymas gactora (0,7-9 I'T'y) (I'T);
<R>: cpenuuit K03HULKEHT OTPaXKEHUS SHEPTHH OOKOBOM CTeHbI 31aHus (<1);
Ye8 . TocTostHHOE 3HaueHue (ot —16 nb no —12 nb) (ub);

y: 10vIB/10,

AL:  pa3HOCTb ypOBHEH MEXIy MMKOBOI MOIITHOCTHIO JTyda M MOIIIHOCTEIO0 OTceukH (nb).

3 Joarocpounsiii npodguab yriaoB npuxoga Ha BC pas yciaoBuii NLoS B ropoackux u
MPUTOPOIHBIX 30HAX
3.1 IIpoduan yriaos npuxona Ha bC, HOpMATU30BAHHBIN 10 MOUTHOCTH MAKCUMAJILHOIO Jy4ya

IMpoduns yrinos mnpuxoma momHoct Ha BC, AOD (A6,d), HOpMAIM30BAaHHBIA IO MOIIHOCTH

NLoS, pow
MaKCUMAJIBHOTI'O JIy4a Ha paCCTOAHUN d, OIIpeACIACTCA CICAYIOIIUM o6pa30M:

—B(d)
a0
AODy 45 pow (46,d) = (1“‘ a(d) , 9)

I (K

a(d)=-0,2d +21 [<:_>Jo,zs

b

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

MakcumanbHbiit yrou npuxoga Ha bC, am (rpaaycsl), mpeacTaBiseTcs Kak:

ay =—¢-d+n, (11)
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G M 1 — 9TO TIOCTOSIHHBIC, KOTOPBIC MPEACTABISIOTCS KakK (DYHKIIMH BBICOTHI AaHTCHHBI 0a30BOM CTaHIMH, Np, U
cpeHel BEICOTHI 3aanus, <H>, u moporosoro yposust AL (1B) cinenyrommm oGpazom:

(-767+ 0,98AL)-exp(<lh_|—>~(2,66—O,18AL)J (AL<15)

7 (AL >15)- (12)

g:

n=(-358+411log(AL))- exp[<lh_|—> (1,76- 0,034AL)J

b

ITo pe3yabpTaTaM SMIMPHYECKUX UCCIEAOBaHUM i Hecyux 9acToT Mesxay 0,7 T u 9 I'T'u mpumensiercs
ypasuenue (9).

3.2 Ipumep

Ecnu BeIicoTa hy aHTeHHBI 6a30BOH CTaHIUH, paccTosuue d 0T 6a30Bo# cTaHIMK COCTABIAOT 50 M u 1,5 KM,
COOTBETCTBEHHO, TO Mpoduip yriaa mpuxoaa momHoctd Ha BC, AOD (AG, d), g yenosuid NLoS

MoKa3aH Ha pucyHke 10, rie mapaMeTpoM SBISETCS CpeJHssI BEICOTa 30aHus <H>.

NLoS, pow

PUCVYHOK 10

po¢uas yriaos npuxona na bC nas ycaoBuii NLoS

1
=
) /; \
% ,'I \\\
01 < -
s 4 )
= x| ¢ s
£ -7 & g \‘m S~
B -~ .7 N e
= =t i \ N
§ 0,01 ‘/.u- / \ .~ N
ool
=
g / \
0,001
30 —20 -10 0 10 20 30
Yron npuxozna (Tpaxycsl)
—— <H>=10m h,=50wm
-8— <H>=20m d=15km
-o— <H>=30m
P.1816-10
4 Joarocpounsiii mpoduas yriaos mnpuxoxa Ha BC pasa ycaosuit LoS B ropoackmx u
MPHUTOPOAHBIX 30HAX
4.1 PaccmaTpuBaemsble ycaosus LoS

Ha pucynke 11 mpencrasnensl paccmatpuBaemble ycioBus LoS. Ha pucynke 1la) BC pacnonoxena B
BEpXHEH TOYKE 3/aHusl, OOPAIIEHHOr0 Ha JIEBYIO HJIM MpaByio cTOpoHy ynuipbl, [IC HaxoauTcs B cepennHe
ymunpl, © uMeetca npsimas BuauMocts ¢ bC na IIC. Ha pucynke 11b) BC pacnonoxkena npumepHo B
LEHTPaJbHON YacTH KPBIIIH 3JaHHs, 0OpaleHHOro B KoHel ynuupl, a [IC HaxoauTcs B ceperHe YIINLBL.
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PUCVYHOK 11
PaccmatpuBaemble ycaosus LoS
3nanue, 3nanue,
00palleHHO e=~—, B5C B5C oOparieHHOE
Ha JIeBY 10 Ha MpaBylo
CTOPOHY CTOpPOHY
YIULIBI YIHILIBI
TIC TIC
a) BC, oOparieHnas Ha PaBY O W JIEBY IO CTOPOHY YJIHIIBI
BC 3nanue,
/ ob6partieHHoe
B KOHECIL
YAULBI
Tic
b) BC, o6parennas B KOHEII YIUIIBI
P.1816-11
4.2 Ipoduas yraos npuxoaa Ha bC, HopMaaTu30BaHHBIN M0 MOITHOCTH MAKCMMAJIbHOTO Jy4a

[Ipoduns yrnos npuxona Ha bC, AOD| g pOW(AO, d), HOPMAJIM30BaHHBIA 110 MOIIHOCTH MaKCHMAaIbHOTO

Jy4a Ha pacCTOsIHUHM O, onpenernsieTcs: CIeayomuM 00pa3oM:
a) BC, obparenHas Ha IpaByIO WK JIEBYIO CTOPOHY YJIHIIHI,

i) BC, obparienHas Ha MpaByrO CTOPOHY YJIHIIbI, COTTIACHO PUCYHKY 11a):

Y AODNLOS, pow(Ae7 d) (Ae 2 O)
<R>1000d\Ae\n/180N

AO DLoS, pow(Ae’ d ) =

+v-AOD (A0,d) (A0 <0);

NLoS, pow

ii) BC, obparienHas Ha JEBYIO CTOPOHY YITHIIBI, COTJIACHO PUCYHKY 11a):

1000d[A0| /180N ‘
AOD, ou(80,d) =L +7+ AODyi06,50,(40,0) (40>0)
'Y : AODNLOS, pow(Ae’ d ) (Ae < O) ,
b) BC, obparienHast B KOHEI] YIIHII,
AO DLoS,pow(Ae’ d ) = <R>1°OW\A9\‘“/(180N) +v- AODNLOS,pow(Ae, d) .

(13-1)

(13-2)

(13-3)
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3nece  AOD

ypaBraeHueM (9), HOpMaJIU30BaH MO MOIIHOCTH MAKCHMAJIBLHOTO Jiyda Ha PacCTOSIHUHM 0. Y — MOCTOSHHOE
3HaueHue, paBHoe oT —12 b mo —16 nb B 3aBUCHMMOCTH OT TOPOJACKOH CTPYKTYypbhl. <R> — cpemuwmii
KOd(DPHUITMEHT OTpaKeHHUs dHEPTrUr OOKOBOW CTEHBI 3MAaHWs, UMEET HocTosHHOoe 3HadeHue oT 0,1 mo 0,5.
Crenyer 3ameTuTh, uro ypaBaenue (13-1) u ypaBuenue (13-2) aGCOIOTHO CHMMETPHYHBI OTHOCHTEIBHO YTIJIa
npuxona Ha bC.

NLoS,pOW(AG'd) — npoduns yraoB mpuxoaa Ha BC mns ycmosuit NLoS, ompenpensemsrii

PexomenayeTcst, 9TOOBI A1 TOPOACKUX 30H, TA€ CPenHssi BbIcoTa 3gannid <H> mpespimaer 20 M, 3Ha4eHUS Y
u <R> cocrasmsuu —15 nb u 0,3 (=5 nb), cooTBeTcTBEHHO.

4.3 IIpumepsI

Eciu BeicoTa hy aHTeHHBI 6a30B0O# cTaHImu Np, CpeHss BhIcOTa 3AaHusa <H> u mmmpuna yaums W cocTaBIsoT
50 M, 30 M u 20 M, cooTBeTCTBeHHO, a <R> u ¥ cocrasnstor 0,3 (=5 nb) u —15 ab, cooTBEeTCTBEHHO, TO
npodumm yrinos npuxona momunoctu Ha BC, AOD| ¢ pOW(AG, d), B ciyyae pucyHka 11 ans ycnosuit LoS

MoKa3aHbl Ha PUCYHKe 12, rie mapamMeTpoM sBisieTcst paccTostuue d oT 6a30BOi CTaHIINH.

PUCYHOK 12
Mpodunn yrios npuxona na BC, AOD 5 (a0,d),

s ycaosuii LoS

0 T T T T
hb:50M —
L <H>:20M C—O,lKM N
W=20 m /
-10 H<R>=0,3(-5 nb) S
=15 1B \

/.4_|\

OTHOCHUTENbHAS MOTITHOCTH (11B)
OrHocuTenbHast MOLIHOCTE (1B)

d=

0,2 x 7 i
730 é 1 1 730 1 1 I 1 I 1
-40 -20 0 20 40 40 -20 0 20 40
Yron npuxozna (rpagychbl) VYron npuxozna (rpagychl)
a) BC, obpatiieHHas Ha IPaBYIO HIIM JIEBYFO CTOPOHY YIIHIIBI b) BC, obpatieHHast B KOHELL YIHIbI
P.1816-12
I[Ipunoxenue 3
1 Beenenne

[Ipoduns yrmos npuxoxa Ha moasmxkHOM ctanimu (I1C) onpenensiercs cormacHo pucyHKY 13 co ccbuiKoi Ha
Pexomenpanuio MC3-R P.1407. MrHoBeHHbIe TPOQHIN YITIOB NPUX0/1a MOITHOCTH — 3TO OJHOMOMEHTHAs
IUIOTHOCTH MOIIHOCTH MUMITYJICHOTO OTKJIMKA OTHOCHTENBHO yIla NpUXo/a B OAHOM Touke. KpaTkocpouHsiit
npoduIib YIIOB MPUXO0Ja MOIIHOCTH TONY4YaeTcsl IMyTeM MPOCTPAHCTBEHHOTO YCPEAHEHUS] MIHOBEHHBIX
npodusieil yrioB mpuxoja MOLIHOCTH Ha WHTEpBajaX, PaBHBIX HECKOJBKAM JECATKaM JUIMH BOJH MJIS
yCTpaHeHHs M3MEHEHHH H3-3a OBICTPBIX 3aMHMPaHWH; JOITOCPOUHBIA MPOQMIb YIJIOB MPHUXOJa MOLIHOCTH
MOJTy9aeTcsl MyTeM MPOCTPAHCTBEHHOTO YCPEIHEHHsT KPATKOCPOUHBIX Tpoduiiell yriioB MPpUX01a MOIIHOCTH
MPUOM3UTENILHO Ha TOM e pacctossHuu oT 0azoBoi cranmuu (BC), 4TOOBI yCTpaHWTh W3MEHEHUS,
BbI3BaHHBIE 3aTCHEHUEM.



Pex. MC3-R P.1816-3 15

PUCYHOK 13
IIpodusm yrios npuxoaa na IIC
PaccTostaue (M) JIOITOC POUHBIN NPOQUITL JI0ITOC PO HBIN TPOPUITH
IPYIIOBOTO yIvla Npruxojia TPYIIIOBOTO yIjla MPHUXoja
E Ha [1C sydeii Ha T1C
) Paccrostnue (M) i
= AO’ yH
EI /./Yc penHeH
=
VYron npuxona emana
MruopenHbIit npoduis yrios //w Vepementie Yron nprxona Vroan npuxona
npuxozaa morHocTd Ha [1C AO’ Jlyu
Vroi npuxoza I /
Kparxocpounslii npopunb [#
YIJIOB IPHUXOJa MOIIHOCTH Vrou npuxo/ia VYron npuxona
Ha [1C
Jlonrocpounslii poduib Jlonrocpounsiii mpoduiib
YIJIOB MPHX0/]d MOIIHOCTH YIJIOB MPUX0/{a MOIIHOCTH
ma I1C nyueiipa [1C

P.1816-13

2 IHapameTtpbl

ho:  BBICOTA aHTeHHBI 6a30BO# cTaHImu (5—150 M: BRICOTA HA YPOBHEM 3€MITH MOABHKHON
CTaHIUHN) (M);

<H>: cpeanss Bbicota 3manHus (5-50 M: BbIcOTa HaJ YPOBHEM 3E€MJIM IOJBHIKHOU
CTaHIUHN) (M);

d: paccrosaue ot 6a30Boii ctanumu (0,5-3 kM) (km);
W:  mmpuna ynunsr (5-50 m) (m);

B: wacrora ciemoBanust unnioB (0,5-50 Myur/c) (Muwur/c) (3aHuMaeMasi IHUPHHA TOTOCHI
MOKeT OBITh MPeoOpa30BaHa U3 YaCTOTHI CIICTOBAHUS YUIIOB B U MpUMEHEeHUs QUIbTpa
HOJIOCHI TPYIIIOBBIX YaCTOT);

f:  wecymas gacrora (0,7-9 I'T'y) (I'T);

®: yrox orHocuTenbHO noporu (0—90 rpamycoB: ocTphlil yroi Mexay HanpasieHuem [1C
Y HarpaBJIeHUEM JI0pOTH) (TPagychl);

hs:  cpennss BeicoTa 3manuii Boosb goporu (4-30 m) (m);

¢ yroa npuxoxaa (ot —180 no 180 rpagycoB: yros mpuxoja, KOrjia yrojl OTHOCHUTEILHO
JIOporu ycTaHoBJeH paBHbIM 0 rpagycoB) (Tpaaycsl);

<R>: cpennuit k03D GUIKEHT OTPaXKEHHUS SHEPTHK OOKOBOM CcTeHbI 31aHus (<1);
Yee . mocTtosiHHOE 3HaueHue (ot —16 nb no —12 nb) (ub);

3 Joarocpounsiii npodguiab yriaos mpuxoga Ha IIC gas ycnoBmii NLoS B ropoackmx m
NMPHUTOPOXHBIX 30HAX

3.1 IIpodunas yraos npuxona Ha IIC

[Tpoduns yrnos npuxona momuocty Ha IIC, AOAy, o5 pow((p'), oTpeieIisieTcs CIEAYIONINM 00pa3oM:

AOANLOS, pow((P') = L ' (14)

, T 2 . , T 2 2
cos cp-ﬁ +sin (p-m In
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rac:

n= Min(l, [2.6/h% - {L—exp(~0,03-©)} + 0,05]1’5) | (15)

3.2 Ipumep

Ecnu cpennsis BeicoTa, hs, 3manuii Boone noporu coctasiseT 10 M, mpoduib YrioB NpUxoaa MOIIHOCTH Ha
IIC, AOAy o5 pow((p'), MOKa3aH Ha pUCyHKe 14, rae mapaMeTpoM SIBISIETCS YIoJl OTHOCUTENBHO J1oporu O.

PHUCYHOK 14

[po¢puis yriaos npuxoaa Ha IIC aas ycaosuii NLoS

0
ol
5 N, =10
% ©®390 rpgnycos
= -0 A
=
)
%
o]
= »y N— 7 N 7
= A
5 -30 v \
z 0 = 15 |rpaaycps ® F 0 rpagycos
@)

—40
-180 135 90 45 0 45 9 135 180

Yron npuxozna (rpagycer)

P.1816-14

4 Hoarocpounsiii npoduias yrjaoB mpuxoga Ha IIC ans ycaoBuii LoS B ropoackux u
MPUTOPOIHBIX 30HAX

41 PaccmaTpuBaemble ycaoBus LoS

Ha pucynke 15 mpencrasnensl paccMmatpuBaemble ycioBus LoS. Ha pucynke 15a) BC pacnonoxena B
BEpXHEH TOUKE 3[aHusl, OOPALIEHHOr0 Ha JIEBYIO WM NpaBylo CTOpoHy ynuipl, [IC HaxogurTcs B cepeanHe
yiuiel, © uMmeercs npsmas Buaumocth ¢ bC Ha IIC. Ha pucynke 15b) BC pacnosiokeHa HpuUMEpHO B
HEHTPaTFHON YacTH KPBIIIH 3[aHusI, 00pallleHHOTo B KOHel ynuIbl, a [IC HaxoauTcs B cepeinHe YIUIIBI.
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PUCYHOK 15
PaccmatpuBaemble ycaosus LoS
3nanue, 3nanue,
00paIEHHOE ——0, BC 5C obpaleHHO e
Ha JIEBYIO / Ha TPaByIo

CTOPOHY CTOPOHY
YITHIIBI YIIHLIBI

[1C I1C

a) BC, obpamieHnast Ha IIPaBYIO MM JIEBYIO CTOPOHY YJIHLIBI

bC 3nanue,
/ o0OparieHHoe
B KOHEI[
VIULIBI

13(@

b) BC, obparieHHast B KOHEII YIUIIBI

P.1816-15

4.2 IIpoduas yraos npuxona na IIC
Hpodunsb yrnos npuxoaa momuoctu Ha [1C, AOA og pow((p' ,d), onpenensiercst cireyromiM 06pasom:

a) BC, oOparieHHast Ha IPaByIO WM JIEBYIO CTOPOHY YIIULIBI

i) BC, obpariieHHas Ha IPaBytO CTOPOHY YIIHIIBI, COTTIACHO PUCYHKY 152)

(RO 1y AOALos ponl@)  (¢>0)

AOA o5 pow((P| d ) = 1 (16-1)
' 1000d |o'|c/(180W)) ™ ! !
<R>( ol /¢ ) +v- AOANLOS,pOW((p) ((P <0)
ii) BC, obparienHas Ha JEBYIO CTOPOHY YJIHIIBI, COTJIACHO PUCYHKY 15a)
(1000d || /(L8ON))_ . .
. <R> ol Ly AOAos, pow((P ) ((P 2 0)
AOA s, pow((P d ) = (16-2)

<R>100(11\(p'\1c/(18(w) +v- AOANLoS, pow((Pl) ((Pl < O)

b) BC, obpamieHHas B KOHEl[ yJIHIbI

AOALOS, pow((PI d ) = <R>100(I1 || /(180N +7v- AOANLOS, pow((P') (16-3)
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3nece  AOANos. pOW((p',d) — mpopunp yrmoB mpuxoaa Ha IIC mns ycnosuit NLoS, ompenenseMbrii

ypaBaeHueM (14). y — mocrossHHOE 3HadeHne, paBHoe OoT —12 nb 10 —16 nb B 3aBHCHMOCTH OT TOpPOJICKOI
CTPYKTYpBL. <R> — cpenuuii k03 PUIHMEeHT oTparkeHUs SHEPrUU OOKOBOM CTEHBI 3[]aHMsI, HIMECT MOCTOSHHOE
snauenune ot 0,1 mo 0,5. Cruemyer 3ameruth, uto ypaBHenue (16-1) u ypaBHenue (16-2) abGcomoTHO
CUMMETPUYHBI OTHOCUTENHHO yria mpuxoza Ha [1C.

PexomenayeTcst, 9TOOBI A1 TOPOACKUX 30H, TAE CPenHss BbIcoTa 3gannidi <H> mpespimaer 20 M, 3Ha4eHUS Y
u <R> cocrasmsun —15 nb u 0,3 (=5 nb), cooTBeTcTBEHHO.

4.3 IIpumepsl

Ecnu cpenusis BbICOTa 31aHMI BIOJIb TOPOTH, Ns, yron OTHOCHUTENBHO J0oporu, ®, m mmpuHa yiuisi, W,
coctaBisitoT 10 M, 0 rpagycoB u 20 M, cooTBeTCTBeHHO, a <R> u y coctaBustoT 0,3 (—5 ab) u —15 1b,
COOTBETCTBEHHO, TO o yria npuxoaa momuoctd Ha IIC, AOA| 4 pow((p' ,d ), B clTy4yae pucyHKa 15 mist

ycnoBuii LoS moka3aHbl Ha pucyHKe 16, rae mapaMeTpoM siBiseTcs paccrosHue d oT 0a30BOW CTaHIUH
CpemHsisl BBICOTA 3MaHus <H>.

PUCVYHOK 16

po¢uas yriaos npuxona na IIC ans ycaoBuii LoS

0 1 1
ey e
o Hw=208 " A o
<R>=0,3 (-5 1B) / \X’(’
=-15 nb
-20 /-

0

23:1OIM I A /dzO,LKM

=0 rpagycos _

20 M WZZOII)VI ¥ ./ d=0.,2 xm
<R>=0,3(-5 1) @
=-15 nb

20 7

30 / \

o
1
o
iRy
g

[
D

L\ 8]

vt

OTHOCHTENbHAS MOTITHOCTD (11B)

OTHOCHTENbHAS MOTITHOCTD (11B)

-40 -40
-180 -120 -60 0 60 120 180 -180 -120 -60 0 60 120 180
Vron npuxoza (rpagychl) Yron npuxozna (rpaaychl)

a) BC, obpatienHas Ha paByl0 WM JICBYIO CTOPOHY YIIUIIBI b) BC, oOpamieHHas B KOHELL YIIHIbI

P.1816-16
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