MCO3-R

CekTop paanocsasun MCI

PekomeHpaumna MC3-R P.1411-5
(10/2009)

[aHHbIe O pacnpoCTpaHEeHUU paanoOBOJIH
M MeToAbl NPOrHo3MpoBaHusa Ans
NJ1IaHUPOBAHUSA HaPY)XXHbIX CUCTEM
pPaAMoOCBA3M MaJIoro paauyca Aemcrems
U JIOKaNIbHbIX paguoceTen B AnarnasoHe
yactoTt ot 300 MI'y Ac




ii Pexk. MCJ-R P.1411-5

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.
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HCII0JIB30BaTh JId MPEACTABIICHHUA IMaTCHTHBIX 3asiBJICHUN U )IeKﬂapaLll/Iﬁ O JIMOEH3UPOBAHWUU, MPCACTABJICHBI I10
azpecy: http:/www.itn.int/ITU-R/go/patents/en, rae Takxke coiepkarcs PykoBoasiue MPUHLMILL 110 BBINOJHEHUIO
o61eit narentHol nmomutuku MCO-T/MCO-R/MCO/M3IK u 6a3a nanHbIx natenTHoi nndopmanun MCO-R.
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PEKOMEHJALIMA MCO-R P.1411-5

JlaHHBIE 0 pACTIPOCTPAHEHUH PATHOBOJIH M METOIbI MPOTHO3MPOBAHUSI
151 TVIAHUPOBAHMS HAPYKHBIX CHCTEM PaHOCBSI3M MAJIOTO Pajauyca JelCcTBUA
U JIOKAJIbHBIX paauoceTeil B quana3zone 4actot oT 300 MI'u g0 100 I'T'x

(Bommpoc MCD-R 211/3)

(1999-2001-2003-2005-2007-2009)

Cdepa npumeneHus

B mnactosmeit PexomeHmanuu TNPUBOAUTCS PYKOBOACTBO, KAacCalOUIEECs pPACHpPOCTPAHCHUS PaTUOBOIH
Hapy>KHBIX CUCTEM PAaJHUOCBA3M Majoro paauyca AeHcTBUA B auanazoHe yactoT ot 300 MI'm go 100 I'Tu. B
HEH TPUBOAUTCS MH(pOPMAIHMS O MOJCINIAX TMOTEPh HA Tpacce B YCIOBUAX mpsmoi Bugumoctd (LoS) u BHe
npsimoit Buaumoctu (NLoS), o moTepsix Ha BXOAe B 3[JaHUE, O MOJAEISAX MHOTOJIYYEBOTO PAaCIpOCTPAHEHUS
KaK Ui yIUYHBIX KaHOHOB, TaK M HAJ KPBIIIAMH, O KOJHMYECTBE KOMIIOHEHTOB CHUTHANA, XapaKTePUCTHKAX
TTOJISIPH3AITNY B XapaKTEPUCTHKAX 3aMUPAHHUS.

Accambnes paguocssizu MCO,
NPUHUMASL 80 6HUMAHLUE,

a) 4yTO paspabareiBaeTcs OOINBIIOE KOJMYECTBO HOBBIX NPWIOKEHHU MOABIKHOW W MEPCOHAIBHOM
CBSI3U MAJIOTO paanyca AeUcTBus (¢ pabounm auama3zoHoM A0 1 km);

b) BBICOKHMI crmpoc Ha JokanbHble paguocetd (RLAN) u cucremsl OecripoBOIHOTO aOOHEHTCKOTO
JOCTyIa;

C) YTO CUCTEMbI MAJIOTO paauyca I[eﬁCTBHSI, HCIOJB3YHOIHUE OYC€Hb HU3KYIO MOIIHOCTh, UMCIOT MHOT'O
OpeUMYIICCTB NPpHU NPEAOCTABJICHUN YCIYI' B CpCAC HO,I[BI/I)KHOI‘/'I CBsA3U U 6CCHpOBOZ[HOFO abOHEHTCKOrO
AOCTYyIa,

d) YTO 3HAHWE XapaKTEPHCTHK PaCHpPOCTPAHCHHS PATUOBOJIH M TIOMEX, BO3HHKAIONIUX TpH paboTe
HECKOJIBKMX IIOJIb30BAaTENeld B OJHOW 30HE, SBISETCS KPUTHUYECKH BaXXHBIM s 3(dekTuBHOrO
MIPOEKTUPOBAHUS CHCTEM;

e) HaJM9ue TMOTPEOHOCTH KaK B OOMMX (TO €CTh HE 3aBUCSIINX OT MECTOIOJOKCHHS) MOICISIX H
PEKOMCHAAIMAX  JJIA IEpBOHAYAIBHOI'O IIJIaHUPOBAHUA CHUCTEM u OLICHKHN IIoOMEX, TaK H B
JETEPMUHUCTUYCCKUX (T. €. 3aBUCSIIUX OT MECTOIMOJIOKEHUS ) MOJICIISAX JJIs1 HEKOTOPBIX JCTalbHBIX OICHOK,

ommedast,

a) gto B Pexomengarmmu MC3-R P.1238 comepkutcs pyKOBOACTBO IO PACTIPOCTPAHEHUIO PAIHOBOIH
B quana3zoHe yactoT oT 900 MI'n go 100 I'Tu BHyTpu 3MaHUN M YTO €€ CIeAyeT MCIOJb30BaTh IS TE€X
CUTYyaIlii, B KOTOPBIX TpeOyeTcs yUNUTHIBATh YCIOBUS BHYTPHU U BHE 3JaHUI;

b) gTo B Pexomennarmmu MC3-R P.1546 comepxutcs pyKOBOACTBO IO PACTIPOCTPAHEHUIO PATHOBOITH

JUTSL cUCcTeM, paboTaronux Ha paccTosHun 1 KM u 6osee B nuara3one 9actot ot 30 MI'y mo 3 [T,
pexomenoyem

1 WHPOPMAIMI0 M METONbI, TMpHUBEIcHHbIC B I[IpunokeHuwu 1, criemyer TPUHUMATh I OICHKH

XapaKTEPUCTUK PACTIPOCTPAHCHUS HAPYKHBIX CHCTEM PaTUOCBSI3H MAJIOTO paauyca JACHCTBUS B IUAIa30HE
ygactoT oT 300 MI'ty mo 100 [T, Tie oHM PUMEHUMBI.
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Ipunoxenue 1

1 BBenenue

Ha pacmpoctpanenue paarioBOJIH Ha Tpaccax JIWHON MEHbIE | KM TJIaBHBIM 00pa3oM BIUSIOT 3HaHUS U
JIEpeBbs, a HE HM3MEHCHHS OTMETOK BBICOTHL. [Ipw 3TOM mpeobnamaeT BIUSHUE 3[aHUHA, MOCKOJIBKY
OOJIBIIMHCTBO PAIMOIUHUM C KOPOTKOM Tpaccoil HaXOIATCS B TOPOACKUX U PUTOPOAHBIX 30HaX. BeposarHee
BCET0 MOJBMKHBIN TEPMHUHAT HAXOTUTCS B PyKax MelIeXxoa WK YCTAHOBJIECH B aBTOMOOMIIE.

B Hacrosimeil Pexomenpanyy Onpenesnsitorcs KiIacChl KOPOTKHUX TPAcC PAacIpOCTPAHEHUS W IPUBOIATCS
METOABI OLICHKH TIOTEePh Ha Tpacce U pa3dpoca 3aJep KKK Ha ITHX Tpaccax.

2 du3znyeckue padouune cpeabl U onpeieieHe THIIOB COT

OmnwuceiBaeMble B Hacrosimeil PexoMmenmaiuu cpefpl KIACCHQUIMPYIOTCS TOJNBKO C TOYKH 3PEHHS
pacnpocTpaHeHus panuoBoiH. Cpezda, T. €. KOHCTPYKIMS M BbICOTA 3JaHHUU, MCIONB30BAHME IMOJBUKHBIX
TEPMHUHAJIOB (VI TIELIEXOJOB/aBTOMOOMIBHBIX) M IIOJOKEHHE aHTEHH, OKa3bIBaeT BIMSHHE Ha
pacnpocTpaHeHHE pPaJvMOBOJH. BBINENdioT weTsipe pasiuyHble Cpelbl, KOTOphle CUUTAIOTCA Hanbojee
TUNUYHBIMH. Hampumep, He paccMaTpuBaroTCsl XOIMHCThIE palOHbI, MOCKOIBKY OHHM MEHEe TUIIMYHBI B
KPYIIHBIX Topojax. DTHUX YeThIpe cpeabl nepeurcieHsl B Tadbmuue 1. IIpusHaBas mmpokoe pasHooOpasue
Cpel BHYTPHM KaXAOrO KJacca, HE CTAaBUTCA LENbI0 CMOJEIHUPOBAaTh BCE BO3MOXKHBIE CIIydau;
mpeamnojaraeTcss JaTh TOJIBKO MOJENM pPAclpOCTpaHEHHs, XapakTepHble i1 Hauboiee dYacTo
BCTPEYAIOLINXCS Cpes.

TABJINIIA 1

duznyeckue pagouune cpeabl — yXyallleHHe pacpocTPpaHeHUs PaHOBOJIH

Cpena Onucanue ¥ paccMaTpuBaeMble YXY/IIIEHUS PACHPOCTPAHEHHS PAHOBOJIH
T'oponckasi 3oHa | — T'opoacKol KaHbOH, XapaKTEPUBYIOLIUICS yIULIaMU, BIOJIb KOTOPBIX CTOSIT BBICOKUE
MHOTO3Ta>KHOM MHOTO3Ta)KHbIE 3/1aHUS
3aCTpONKHU

— bonpmias BeicoTa 30aHAN /I€TaeT MaJOBEPOSTHRIME CYIIECTBEHHBIE BKIABI OT
pacrpocTpaHeHHs] BOJH HaJ| KPIIIaMH

— Pszpl BRICOKHX 3/1aHUIT 00€CIICUNBAIOT BO3MOXKHOCTE OOJIBIINX 33/ICPKEK HA TPacce

— DBonpmroe uncino ABMKYIIMXCS TPAHCTIOPTHBIX CPEACTB B TAKOH 30HE UTPAET POJIb
OTpakaTelsel, KOTOpbIe BHOCST JAOTIICPOBCKHH CIIBUT B OTPA’KCHHBIE BOJIHBI

T'oponckas/ — Tunu4Hbl UPOKUE YIULIBI
TIpHropoAHas — BbIcoTa 37aHMi B IIEJIOM MEHBIIE TPEX ATAXKeEH, 4TO 06YCIOBIHBAET BEPOSTHOCT
30Ha . I paKIuy HaJl KPbILIaAMH
MaJI03TaXKHOU
3acTpoiiku — VHorzna Bo3MOXHBI OTpayKCHHE U 3aTEHEHHE, BBI3bIBAEMBIE ABIDKYIIUMCS TPAHCIOPTOM
—  OCHOBHBIMH 3(1)(beKTaMI/l SABJIAKOTCA IJIMTEJIbHBIC 3aACPKKU U MaAJIbIC JOIJIEPOBCKUEC CABUTH
XKuas 30Ha — OpHO3Ta)KHBIC M IBYXITaXKHBIE )KUIIBIE TOMa
— Joporu oOBIYHO IBYXPSIHBIE C IPUIIAPKOBAHHBIMY 10 000YHHAM aBTOMOOHIISIMH
— Bo3MoxHa rycras Wi peakas JUCTBa
— JIBmXeHue aBTOTPAHCIOPTa OOBIYHO HEMHTEHCHBHOE
Cenbckast 30Ha — Hebounbine 3naHus1, OKpyKEHHbIE OOJIBIINMHU CaJlaMU

— BumstHue BeicoTHI penbeda MecTHOCTH (Tororpadus)
— Bo3moxHa rycras wim peakas IMCcTBa

— I[BI/DKCHI/IC ABTOTPAHCIIOPTAa NHOTJa UHTCHCUBHOC
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Ji KaxJ0M U3 YeThIpeX Pa3MYHBbIX Cpell B OTHOIIEHWH MOIBM)XHBIX TEPMHHAIOB PAaCCMATPHBAIOTCS JIBa
BO3MOXHBIX cCIleHapus. 1l03ToMy WX MONB30BaTENHM MOAPA3NCIAIOTCS Ha TIOJH30BaTEICH-TICIIEX0I0B |
MOJIb30BaTeNICH, eAyIMUX B aBTOMOOWIAX. JIJIs OSTHUX JBYX NPHIOKCHHWHA pa3iInyaeTcss CKOPOCTh
TepeMenIeHns] TOBMKHBIX TEPMUHAIOB, YTO MPUBOJUT K BEChbMa PA3IMYHBIM JIOTLICPOBCKAM CIIBUTAM.
B tabmurie 2 mokazaHpl THITHYHBIE CKOPOCTH JIJIS OTUX CIICHAPHUEB.

TABJIMLIA 2
dDu3nyeckue padoune cpeabl — THIHYHAS CKOPOCTH NMepeMenieHusl NOJABUKHBIX TEPMUHAIOB
CxopocTh
Cpena N0J1b30BaTeJIei- CxopocTh m0JIb30BaTeNIel, exyIuX B aBTOMOOHIe
nemexooB (m/c)

TI'opoxackast 3oHa 1,5 TunuuHas CKOpPOCTh JBUKEHHUS B IIEHTPE rOpOJia COCTABIISET
MHOTO3TaKHOU okoto 50 km/gac (14 m/c)
3aCTPOUKHU
Topoxnckas/ 1,5 Oxkomo 50 km/gac (14 m/c)
[IPUTOPOIHAS 30HA Ha ckopoctroit mopore — 1o 100 km/gac (28 m/c)
Kunas 30Ha 1,5 Oxkomo 40 km/gac (11 m/c)
Cenbckast 30Ha 1,5 80-100 km/gac (22-28 m/c)

[Ipeobnamaromuii TUM MeXaHW3Ma PACIPOCTPAHEHWS PAIAMOBONH 3aBUCHUT TaKXe OT BBICOTHI AHTEHHBI
0a30BOIi CTaHIIMH OTHOCUTEIHLHO OKPYXKAIOIINX 3AaHui. B Tabnuiie 3 mpuBeneH CIMCOK XapaKTEPHBIX THITOB
COT (s14eeK) 11 paclpoCTpaHeH s PaJHOBOIH HA KOPOTKUX Tpaccax BHE 3/1aHH.

TABJIMIIA 3
OmnpeaesieHue THIIOB COT
Tun coTsl Pagnyc cotnl TunoBoOE M0JI0:KEeHHE AHTEHHBI 0230B0M CTAHIUH
MuxkpocoTa Ot1 0,05 10 1 kM | BHe 31aHMs; yCTaHABIMBAETCS BBIIIE CPEHETO YPOBHS KPBIII, BHICOTA

HeKOTOple Opr)Ka}OHJ,I/IX 3]18.Hl/ll‘/‘l MOXET l'[peBI)ILlIaTI) B])ICOTy AHTCHHBI
0a30BOM CTaHIUU

Muxpocora Ot 0,05 10 0,5 xm | BHe 31aHus; yCTaHABIMBAETCS HUXKE CPETHETO YPOBHS KPBILI

TOpPOJICKOM 30HBI

IJIOTHOM

3aCTPOUKHU

ITuxocora Jlo 50 m BuyTpu unn BHe 31aHMs (YCTaHABIMBAETCS HUKE CPEIHETO YPOBHS KPBIIII)

(ObparuTe BHUMaHKE HA TO, YTO "MHKPOCOTa TOPOACKOH 30HBI TUIOTHOH 3aCTPOMKH" TIPsSIMO HE OnpezieTicHa B
Pexomennmarmu 8- MccnenqoBaTenbckoil KOMICCHH 110 PaJROCBSI3N. )

3 Kaaccnl Tpace
3.1 Onpenesienne cuTyauuii pacnpocTpaHeHusi PpaIuoBOJIH

Ha pucynke 1 moka3aHBI 4eThIpe BapHaHTa reoMeTpun 0a30Boi craniuu (BS) u moasmxHOM cranmuu (MS).
BazoBas cranius BS; ycraHoBiieHa Bbilie YpoBHsS Kpbill. COOTBETCTBYIOIIAS COTa MPEACTABISET COOOU
MUKpOCOTY. PacmpocTpaHeHue pajHOBOIH OT 3TOW 0a30BOH CTAaHIUM IPOUCXOAMT TIABHBIM 00Opa3oM
moBepx Kpoinl. ba3oBas cranius BS, ycTaHoBIeHa HHXKE YPOBHS KPBIIL; OHA OMpPEAEISICT MUKPOCOTOBYIO
Cpeiy TOpOJCKOM 30HBI TUIOTHOW 3aCTPOMKH WIIM MUKOCOTOBYIO cpely. B corax 3Toro tuma pajaHOBOJHEI
pacipoCTpaHsOTCS TIaBHBIM 00pa3oM IO yJIWYHBIM KaHbOHaM. [l JMUHHIA CBSI3U MEXKIY TOJIBUKHBIMU
TEpPMUHATIAMUA MOXHO TMPEINOJI0KUTh, YTO 00a KOHIIA JIMHHUM HAXOMATCS HUXKE YPOBHS KPBIII, U MOXHO
WCTOJIb30BaTh MOJIEITH, OTHOCsAIIHECS K BS,.

3.1.1 PacnpocTpaHeHHe PAANOBOJIH HAJA KPbIIIaMu BHe mpsiMoii BuaumMoctu (NLoS)

Turmmunetii cnyvait NLoS (mmmamst BS,—MS; Ha pucyHke 1) mokazaH Ha pucyHke 2. Hmxe 3TOoT cimydait
Ha3biBaeTcss NLoS1.
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PUCYHOK 1
TunuaHas CATyalusi PacpocTPaHeHNsI B TOPOJCKHUX 30HaX
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PUCYHOK 2
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CoOTBETCTBYIOIINE TAPAMETPHI JUISI TON CUTYAIIVH:

h,:  cpemHss BBICOTA 3MaHHMA (M)

Ww:  UIMpUHA YIULBI (M)

b:  cpemHee pacCcTOSHUE MEXKITY 3TaHUIMH (M)

(:  OpHEHTAaLHs yJIUIBI OTHOCUTEIHHO MPSAMOI Tpacchl (Ipaaychl)
h,: BbIcOTa aHTEeHHBI BS (M)

h,,: BBICOTA aHTCHHBI MS (M)

/1 jnmuHA y4acTka TpacChl, 3aHUMAEMOTO 3MaHUSIMHA (M)

d: paccrosaue ot BS mo MS.

Crayuaii NloS1 dyacTo BCTpedaeTcss B JKUJIBIX/CENBCKUX 30HAX JUIT BCEX THUIOB COT M MpeodiagacT B
MHKPOCOTaX B TOPOICKUX/TIPUTOPOIHBIX 30HAX MAaJOdTaXHOW 3acTpoiiku. Ilapamerps! 4, b u [ MOXHO
MOJIYYHUThb U3 JAaHHBIX O 3JJaHUAX, PACIIOJIOKCHHBIX HA JIMHUU MCXKIY aHTCHHAMMU. OZ[HaKO OIpEeACICHNUE W U
¢ TpeOyeT IBYMEpPHOTO aHallM3a 30HbI BOKPYT MOJBIKHOTO TepMuHana. CieayeT OTMETHTh, UTO [ — 3TO He
00s13aTeIbHO HOPMAJTh TI0 OTHOIICHUIO K OPUCHTAIIUY 31aHUS.

3.1.2 PacnpocTpaHeHHEe PAAMOBOJIH N0 YJIUYHBIM KaHboHaM, NLoS

Ha pucynke 3 noxaszaHa cuTyanus ajas TUOUYHOTrO ciaydyas NLoS MHKPOCOTBI TOPOJICKOW 30HBI INIOTHOU
3actpoiiku (muuus BS,—MS; Ha pucyske 1).

PUCYHOK 3

Onpenenenne napaMmerpos Juist crydast NLoS2

X2
|
W,
X
w MS
o
BS 1411-03

CoOTBETCTBYIOIINE TAPAMETPHI IS ATON CUTYAIHH:

W) : UIMpWHA YJIHIBI B TOYKE pacronokenus BS (M)
W, UIMpWHA YJIHIBI B TOYKE PACIIONOKeHUus MS (M)
x,: paccrosaue oT BS mo nepekpecTka (M)

X,: pacctosiHEE OT MS 10 nepekpectka (M)

ol  YroJ mepekpecTtka (pam).

NLoS2 — 3710 npeobagarontuii THIT TPAcChl B TOPOACKUAX 30HAX MHOTO3TaKHOW 3aCTPONKH JJIST BCEX THUITOB
COT U 4acTO BCTPEYAETCAd B MUKPOCOTaxX IOpOJCKOW 30HBI IJIOTHOM 3aCTPOMKHM M MHKOCOTaX B TOPOACKHUX
30HaxX MalOATaXHOU 3acTpoiiku. OmnpeneneHue Bcex mapameTpoB g ciaydas NLoS2 tpebyer AByMepHOro
aHaJIM3a 30Hbl BOKPYT MOABMXKHOIO TEPMHUHAIIA.
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3.1.3  Tpaccol npsimoii Bugumoctu (LoS)

Tpaccer BS,—MS, u BS,—MS, Ha pucynke 1 sBisroTcs mpuMepamu cutyanuid LoS. OnHy U Te ke Moaenn
MOTYT IPUMEHATHCS A1 000MX TUTIOB Tpacchl LoS.

3.2 TpedoBaHMSA K JaHHBIM

I[J'IS[ 3aBUCAINIUX OT MECTOIIOJOXKCHUA pacdy€TOB B TOPOJACKHUX 30HAX MOXHO HMCIIOJIb30BaTh JAHHBIC
Pa3IMYHbIX THUIIOB. Camas TouHas HHq)OpMaHHH MOJXKET OBITh nmojrydyeHa #H3 OaHHBIX C BBICOKHM
pa3pCUICHUEM, KOTOPBIC BKIIIOYAIOT:

- “H()OPMAITHIO 0 KOHCTPYKITUN 3IaHUM;
— nH(pOPMAINIO 00 OTHOCHUTENEHOM U aDCOFOTHOM BBICOTE 3[aHHUIA;

- WHQOPMAIHIO O PACTUTEIHLHOCTH.

JlanHBIe MOTYT OBITH KaK B PacTPOBOM, TaK M B BEKTOPHOM ¢opmare. TOYHOCTH MECTOIOJIOKEHUS IS
BEKTOPHBIX JAaHHBIX JOJDKHA OBITh Topsmka 1-2 M. PekoMmeHmoBaHHas pa3pemaronias CIOCOOHOCTh
pacTpoBBIX JaHHBIX cocTaBisieT 1—10 M. TouHOCTH BBICOTHI IS 000MX (DOPMATOB JaHHBIX JOJDKHA OBITH
nopsaka 1-2 m.

Ecnu He MOCTYIHBI JaHHBIE C BBICOKUM Pa3pellieHHeM, TO PEKOMEHTyeTCsl UCTIONb30BaTh JIaHHBIE C HU3KUM
pasperiernem (paspemierne 50 M), MpeaHa3HAYCHHBIS )11 ONTUCAHUS UCIIOIB30BaHs 3eMIH. B 3aBucumocTu
OT OMNpeAeTCHHUs KIACCOB HCIONb30BaHU 3eMJIM (TOPOJICKas 30HA IUIOTHOW 3acTPOMKH, TOpPOJCKAs,
MPUTOPOIHAS U T. J.) MOTYT OBITh MPHUCBOCHBI MapaMeTphl, TpeOyeMble I 3TUX KJIACCOB MCIOIB30BAHUS
3eMJIH. DT JIAHHBIC MOTYT HCIIONB30BaThCs BMECTE C BEKTOPHOH MH(opMarmel 00 yIumax s moaydeHus
YIJIOB OPUEHTAIIUHU YJITUII.

4 Mopesn noTepb Ha Tpacce

JUId TUNWYHBIX CLIIEHApHEB B TOPOJACKHX 30HAaX MOXKHO NPHUMEHHTH HEKOTOPBIE AITOPUTMBI 3aMKHYTOH
(dopMBI. OTH MoOJenu pacHpoOCTpaHEHHS PAIMOBOJH MOTYT HCIOJB30BaThbCcs Kak JJS 3aBHCALINX OT
MECTOTIOJIOKEHHS, TaK U Ui OOIIMX JAJISl BCEX MECTOMOJIOKEHHH pacyeToB. COOTBETCTBYIOIINE CUTYaluu
pacnpocTpaHeHus PaJuoBOJIH onpeneneHsl B 1. 3.1. Tun Moaenu 3aBUCUT TakKe OT JAvamna3oHa yacTtot. Jis
pacmpocTtpaHeHuss B juamnasoHe YBY u mus pacnpocTpaHeHUs B JAMANA30HE MUJUIMMETPOBBIX BOJIH
HEOOXOIUMO HCIONB30BaTh pazHble Moaenu. B nuanazone YBY paccmatpuBarotes cutyanuu LoS u NLoS.
[Ipu pacnpocTpaHeHUH B JUana3oHe MHIUIMMETPOBBIX BOJIH paccMaTpHUBAETCs TOJIBKO citydail LoS. B stom
IMalla30He 4acTOT HEO0OXOAMMO YYWUTHIBATh AOIOJHHUTEIBHOE OCIa0JIEHHE, BBI3BIBAEMOE MOIVIOLICHUEM
KHCJIOPOAOM U THIPOMETEOPaMHU.

4.1 Curyanuu LoS B yIMYHBIX KAHbOHAX

Pacnpocmpanenue 6 ouanazone YBY

B mmamazone wactor YBY ocHOBHBIC MOTEpH NpH Iepenade, Kak ompeaeieHo B Pekomenmaruu MCDO-R
P.341, wmoryr ObITh OXapakTepH30BaHbl JBYMs HAakKJIOHAMH M OJHOW TOYKOH TpepbIBaHUS.
[Tpubnu3uTENHLHBIN HIKHIHA PeAes ONpenesIeTcsl CIeAYIOMNM 00pa3oM:

20 log,, 4 wist d <R,
R,,
Ly =Ly, + , (1)
d
40 log,, | — wist d >R,
bp

rae R, — pacCTOSHHUE OT TOUKHU IPEPHIBAHMS U ONPEIETACTCS KaK:

— 4hbhm

Ry =7 2)



Pexk. MCJ-R P.1411-5 7

rae A — auuHa BOJIHBL (M). HKHUE mpesen omnpezessieTcss Ha OCHOBE JIBYJIYYEBOU MOJENN OTPAKEHUS OT
TIOBEPXHOCTHU 3EMJIU.

[TpuGM3UTENLHBIN BEPXHUAN TIPEIeTT ONPEACIIIeTCs KakK:

25log,, A wist d <R,
R,
Lips, =Ly, +20+ . (3)
40 log,, a4 wist d >Ry,
R,

pr — 3HAUYCHUC OCHOBHLIX IMOTEPHb IIPU NEPEAaUuC B TOUKE MIPCPbIBAHNA, OIIPECACTIACMOC KaK:

2

A
L_=|20log,,| —— ||. 4
bp g1o 8 b 4)

Jist BepxHero mpeaena uMmeeTcs 3amac Ha 3amupanne 20 nb. B ypasuenun (3) koadhpumment ocmabaenus 10
TOYKHU TNPEPHIBAHUS MPUHUMAETCSI PaBHBIM 2,5, IOTOMY YTO KOPOTKOE PAcCTOSIHME MPHBOAUT K clabomy
BITUSTHUIO 3aTCHCHUS.

B cooTBeTcTBHU C KpHBOﬁ IOoTephL B CB06OILHOM MIPOCTPaHCTBC MECANAHHOC 3HAUCHUC ONPCACIISICTCA KaK:

20log,,| — mist d <R,
L, =L, +6+ : (5)

40 log,,| — mis d >R,

bp

Pacnpocmpanenue 6 ouanazone vacmom CBY 0o 15 [Ty

B mmanazone CBY mpu miwHE Tpacchl MPUONMH3UTENBHO 10 1 KM JTOPOXKHOE IABMXKEHHE OyaeT OKa3bIBaTh
BIMsHUE Ha 3()(HEKTUBHYIO BBICOTY AOPOTH H, CIIEIOBATENBHO, HA PACCTOSHHE 10 TOYKH NpPEphIBaHUS. DTO
paccTosiHue, Ry,, pacCuuThIBaeTCA 10 hopmyie:

:4 (hb _hs)(hm _hg)
x s

(6)

rie h, — 3¢ ¢deKTUBHAsS BBICOTA JOPOTH W3-332 BIHMSHUS TaKUX OOBEKTOB, KaK TPAHCIIOPTHHIC CPEICTBA Ha
JIOPOTE M MEIIeXO0/IbI PSIOM C MPoe3xkKel yacThio moporu. ClenoBarenbHo, /i, 3aBUCUT OT TpaduKa Ha J0pOre.
3HaueHus h,, IpUBeeHHBIE B TabMUIaxX 4 U 5, MOMy4YeHBl HA OCHOBE U3MEPEHUH B THEBHOE W HOYHOE BpeMs
Y OTPaKAIOT YCJIOBWS MHTEHCHBHOTO M HEWHTEHCHBHOTO IIBHKEHHS, COOTBETCTBEHHO. lIpyn mMHTEHCHBHOM
JBIDKEHUU TPAHCIOPTHBIE cpeacTBa 3aHuManu 10-20% rtutomanu mpoeskei gactu, a nemexonsl 0,2—1%
wiomany Tporyapa. [lpu HemHTeHcHBHOM nBMX)eHHH ObUIO 3aHsATO 0,1-0,5% momany mpoesxei 4acTu u
menee 0,001% mnomanu tporyapa. lllupunaa moporu cocrasisiza 27 M, BKIIOYasi TPOTyapsl IMUPHHON 6 M ¢
00eHX CTOPOH.
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TABJINIIA 4

JddexTUBHAS BHICOTA J0POTH, /i, (MIHTEHCUBHbIH TPapUK)

Yacrorta hy, hg
('T'm) (m) (m)
hy =27 hy=1,6

3,35 4 1,3 ()]

8 1,6 2

8,45 4 1,6 (@)

8 1,6 (@)

15,75 4 1,4 @

8 (6] @

(1) Paccrostaue 10 TOYKH NpepLIBAHKS TIPEBHIIAET 1 KM.

() Touka npepbIBaHHUS HE CYLIECTBYET.

TABJIMLIA 5
¢ dexkTUBHAS BHICOTA T10POTH, i, (HEMHTEHCUBHbIN TPaduk)
YacroTa hy hy
(I'Tw) (M) (M)
hy =27 hy=1,6
3,35 4 0,59 0,23
8 M M
8,45 4 @ 0,43
8 @ M
15,75 4 @ 0,74
8 @ M

M I/I3Mep€HI/IH HE MMPOU3BOAUIHACE.

(2) PaccrostAMe 10 TOUKH MpEpHIBAHHS TIPEBBIAET 1 KM.

Ecnu A, > hy, To IpuOMMKEHHBIC 3HAYCHHS BEPXHETO U HIDKHETO MPE/ICIIOB OCHOBHBIX MOTEPh NIPU Mepeade
1 quanasona CBY MoxHO paccuntaTsh, Hcnonb3ys ypasHeHus (1) u (3), rae Ly, 3a1aercs Kak:

L, =

}\’2
2°1°gl°{8n<hb—hs)<hm—hs)H' 7

C npyroil CTOpoOHBI, Korma A, — h, TOYKa MPEPBHIBAHHUS OTCYTCTBYeT. B 30He okoio cranmuu BS (d < R,)
OCHOBHBIC IIOTCPU IIPU PACHIPOCTPAHCHHUU AHAJIOTMYHBI OCHOBHBIM IOTCPAM IIPpU PACIHIPOCTPAHCHHUU B
muarazone YBY, omHako 30Ha, yiaineHHas oT BS, uMeeT xapakTepHCTUKH paclpOCTpaHEHUS, B KOTOPBIX
K03 PHUITHEHT OCNTabICHUS UMEET KyOUYEeCKYIO 3aBUCUMOCTh. [109TOMY MPHOIU3NUTENBHBIN HIKHUN MTpeesn

pu d > R, 3a7aeTCs KaK:

d
L;,s,=L;+30log, (R_J . 3

s
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[Tpubnu3uTenbHBIN BepXHUN Tpeen npu d = R, 3a1aeTcs ciaeLyonuM 00pa3om:

L;,s,=L;+20+30log), % . )

S

OcCHOBHEIE MOTEpH NpU paCcpoOCTPaAHCHUN Ls OIMPEACTAOTCA KaK:

A
L. =|20lo — . 10
s Z1o mR (10)

N

OKCIEPUMEHTAILHO YCTaHOBJICHO, UTO 3HaUeHHE R, B ypaBHEHIIX (8)—(10) paBHO 20 M.

C ydueToM u3MepeHuit MeANaHHOe 3HAUYCHUE OMPECIIICTCS KaK:

L5 =L +6+30log,, Ri . (11)

PacnpocmpaHeHue 6 ouanazomne MUTLITUMEMPOBBLLX 60JIH

Ha wacrorax Bbmme mpubmusutensHo 10 I'Th paccrosnue OT Touku mpepbiBaHus R,, B ypaBHeHHH (2)
HaMHOTO TIPEBBINIAET OXHIAEMBIH MaKCHUMaJbHBIH pamuyc coTsl (500 m). DTO O3HayaeT, 4yTo B ATOM
JUara3oHe 4acTOT HE OXKUIAaeTcs JEHCTBHE 3aKOHa 4eTBepTod creneHH. I1oaToMy CKOpOCTH YMEHBIIEHUS
MOIIIHOCTUA TPW YBEIHYEHWH PACCTOSHUS OyAeT IMOYTH TOYHO COOTBETCTBOBATH 3aKOHY CBOOOJHOTO
MIPOCTPAHCTBA C TIOKa3aTeJieM MOTepb Ha Tpacce MpuOmm3uTensHo 2,2. CiemyeT Takke y4ecTh OCiallieHne B
aTMOC(EpHBIX Ta3ax U J0XKIE.

Ocnabiienne B razax MOXHO paccumurtath u3 Pexomenmanmu MC3-R P.676, a ocnabnenune B moxae — w3
Pexomenmaniun MCD-R P.530.
4.2 Monenn qis cutyanuii NLoS

B ciyuae NLoS curHaimbsl MOTYT JocTUTaTh cTaHiuu BS nim MS ¢ moMomsio MexaHu3MOB TU(PaKIul W
MHOTOJIyY4E€BOTO PACIPOCTPAHEHHUS, KOTOPbIE MOTYT IMPEACTABIATh COOOH KOMOMHAIIMIO MEXaHH3MOB
TUPPaKIMA U OTPaXKCHHs. B 3TOM MyHKTE CTPOSATCS MOJEIH, KOTOPHIE OTHOCITCS K MEXaHHW3MaM
U PAKIINY.

Pacnpocmpanenue ons 2opodckoti 30mbi
Omnpenenensl MOJICTH TS IBYX CUTYAaIlUi, OMUCAHHBIX B M. 3.1. DTH MOJIENN PUTOTHBI JIJISL:
hy: 4-50m
h,, 1-3m
f 800-5000 MI'u
2-16TTu nmns hy < b, wy < 10 M (vt TpoTyap)
d: 20-5000 wm.

(OOparure BHMMaHWE Ha TO, YTO, XOTS 3Ta MOJENb JCHCTBUTENBbHA 10 5 KM, HacTosmas Pexomennmarus
MpeHa3Ha4YeHa JJIsl pAaCCTOSTHUN TOIBKO 10 1 KM.)
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Pacnpocmpanenue paouosonn 0ns npuecopooHotl 301bl
Onpenenena MOAENs sl CUTyaluu A, > h,, omucanHoi B 11. 3.1. DTa MoJeNb IpuroHa Jyis:

h,:  1mr000i1 BBICOTEI B M

Ahy: 1-100 m

Ah,: 4-10 (MeHbIIE, YeM h,) M
hy:  h.t+Ahym

hy:  h.— Ah, M

f 0,820 TTny

w: 10-25m

d: 10-5000 m.

(OOparure BHMMaHHE Ha TO, YTO, XOTS 3Ta MOJENb JEHCTBHTENBbHA 10 5 KM, Hacrosmas Pexomennmarus
TIpeaHa3HadeHa IS PacCTOSHUH TOIBKO 70 1 KM.)

PacnpocmpaHeHue 6 ouanasome MUTITUMEMPOBBLLX 60JIH

[TokpbITHE CUTHAJIOM MIJITUIMETPOBOTO JHara3oHa BOJIH pacCMaTpUBAeTCs TOJBKO It cutyarmii LoS u3-3a
OonbmMX  AUGPAKUUOHHBIX TOTEPb, MCIBITHIBAEMBIX, KOTJa TMPEMATCTBHA MPEBBILAIOT — Tpaccy
pactpoctpanenust B NLoS. na curyanuii NLoS MHOronydeBble OTpPa)k€HUS U PACCESHUE CTAHOBSTCS
HaunOoJiee BEPOSITHBIM METOIOM PACHPOCTPAHEHUS CUTHAJIA.

4.2.1 PacnpocrpaHeHHUe NOBePX KPbILI JJIsI TOPOACKOI 30HbI

[IpuBenennas Huxe Moaens AUGPAKIUK HAa OONBLUIOM YMCIIE KPAHOB MPUTOAHA, €CIH BCE KPBIIIN HUMEIOT
OJMHAKOBYIO BBICOTY. EcIM NpeamosoXuTh, YTO BBICOTA KPBIII BAOJb TPACChl paclpoCTpaHEeHUs [
pasnuyaercsl JHUIIb HAa BEIMYMHY MEHbIIE paauyca NnepBoi 30HbI DpeHens (PUCYHOK 2), BbICOTA KPBIII,
WCIONIb3yeMast B ATOM MOJeNH, — 3TO CpelxHsAs BbhICOTa Kphlml. Eciy pa3HHIa BBICOTHI KPBIII HAMHOTO
MIPEBBIIIAET paguyc NepBoi 30HbI DpeHens, To NPEANOYTUTENBHBIM METO/ 3aKIII0YaeTCs B UCIOIb30BAaHUU
BMECTO MHOTO3KPaHHOM MOJIENHU CaMbIX BBICOKMX 3JaHMH BIOJb TPACCHI AJIS pacueTa AU(GPaKkLUuU Y OCTPOTo
Kpasi (Ha OCTPOKOHEYHOM MPEMATCTBUH), Kak onrcaHo B Pexomengannn MC3-R P.526.

B mopenu noteps npu nepenaue B cirydae NLoS1 (cM. pucyHOK 2) Ui KpbII OJUHAKOBOM BBICOTHI MTOTEPU
MEXKTy HM30TPONHBIMHA AHTEHHAMH BBIPAXKAIOTCA KaK CyMMa IOTEPh B CBOOOJHOM IIPOCTPAHCTBE Ly,
I paKHOHHBIX TOTEPh HAa MYTH OT KPBIILIHU 10 YIUIBI L, W ocnabieHus u3-3a Iuppakuud Ha OONBLIOM
YUCIIE 3KPAHOB IIPU NPOXOKICHUNA MUMO PSIIOB 31aHUM L ;.

B oroit mogenu Ly, u L,,; HE 3aBUCAT OT BBICOTHI aHTEHHBI CTaHLIUK BS, a L,,;; 3aBUCUT OT TOTO, PaCIoI0KeHa
1 auTeHHa BS Huke WiIH BhIIIE BBICOTHI 30aHMUIA.

L,+L, +L,., o L, + L,,>0
Lussi =1, ’ e (12)
bf AT Lrts + Lmsd <0
[ToTepu B cBOOOIHOM MPOCTPAHCTBE OMPEACIAIOTCSA 0 HOopMyJIe:
L,?f =32,4+201log,, (d /1000) + 20 log,, (), (13)

rue:
d: nnuHa Tpaccsl (M)
f+ gacrora (MI'm).
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Uien ypaBHeHUS L,, ONMUCHIBACT B3aMMOJCHCTBHE BOJHBI, PACHPOCTPAHSIONICHCS MO Tpacce ¢ OONBITUM
YUCJIOM 3KPAaHOB Ha YIHIlY, II€ HAaXOJUTCS MOABMkHAas craHuusa. OH y4YHUTHIBACT IIUPUHY YU U €
OpHEHTAIIHIO.

L, =-82-10log) (w)+10log,, (f)+20log,, (Ah,) +L,, (14)
—10+0,3540 ms 0°<p<35°
L, =12,5+0,075(¢ —35) s 35°<p<55°, (15)
4,0-0,114(p - 55) st 55°<@<90°
re:
Ah,=h. —h,. (16)

L,,; — 3T0 monpaBo4HbIN KO3(D(OUIIMEHT HA OPUCHTAIIUIO YJIUIIBI, KOTOPBIA YYUTHIBACT BIHMSHUC AUDpaKIuu
Ha MyTd "KpeIma—yiura" Ha YyJWIB, KOTOphle HE MEPHCHAMKYJSIPHBI HApPaBICHUIO PaCIpOCTPAHEHHUS
BOJIHBI (CM. PUCYHOK 2).

Hudpakuronneie moTepu Ha OOJBIIOM KOJMYECTBE HKPaHOB Ha MyTH OT craHuud BS wu3-3a
pacmpocTpaHeHHUs] MUMO PAJOB 3[aHUH 3aBUCAT OT BBICOTHI aHTEHHBI BS OTHOCHTENBHO BBICOTHI 34aHUI U OT
yriia najgenus. Kputepuii CKoNb3sIIero najeHus — 3To "paccTosiHiEe YCTaHOBHUBLIETOCS mmouist”, d:

Ad’
== 17
Ve (17)
rie (CM. pUCYHOK 2):
Ahy=h, —h, . (18)

st pacuera L, pacCTOSIHUE d; CPAaBHUBAETCS C PACCTOSIHHEM [, KOTOpOE 3aHMMAIOT 31anus. J[is pacuera

L,,q WcCHONB3yeTca clieAylomas mpouenypa Ui YCTpaHEHUs JI000TO pa3pbiBa MEXKAY pa3iuYHbIMU
UCTIONb3YEMbIMH MOJETSAMH B CIy4asX, KOTAa JUIMHA 3JaHUi OoJblle WIM MEHbIIe "pPacCTOSHUS
YCTaHOBUBIIIETOCS MO

OO6ume noTepu cornacHo MoAeu Audpakuuy Ha OONBLUIOM YHUCIIE SKPAaHOB ONPEAEIAIOTCS 1Mo GopMyIe:

log(d )—logld
- tanh( Og( ) og( & )j : (lesd (d)_ Lmid )+ Lmid AT [> ds H dhbp >0
X
logld )—1logld
tanh[ Og( ) Og( d )J ’ (Lzmsd (d)_ Lmid )+ Lmid LS [< ds ! dhbp >0
X
Lmsd = Lzmsd (d) A dhbp =0 H (19)

log(d)— log(d,,p )
g

,,,(d)- tanh( j Ly = Loia )= Lupy + Loy 18 1>, wdhy, <0

log(d ) - log(dbp )
g

Lzmsd (d) + tanh[ J : (Lmid - Llow ) + Lmid - Llow A [< ds n dhbp <0
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Tac:
dhbp = Lupp - Llow )
C = (Lupp - L[ow) -V N
_ (Lupp +Llow) .
‘mid 2 H
Lupp = lesd (dbp )’
Llow = Lzmsd (dbp)
u

/
dy, =|Ahb|\/;

v =[0,0417]
x =1[0,1],

(20)

21

(22)

(23)

24

(25)

I7ie OTHEIbHBIE TOTEpH coriacHo maHHOM Mmogmenu, L1, (d) m L2,.(d), onpenenstorcs ciemyrImuM

obpazoM:

Pacuem L1, ona cayuas | > d

(ObpaTtuTe BHUMaHWE Ha TO, YTO 3TO BEIYHCIICHUE CTAHOBHUTCS 00JIee TOUYHBIM, Koraa [ >>d..)

L1,,(d)=L,, +k, +k, log,, (d /1 000)+ k, log,, (f)—91log,, (b),

rac:

bsh —

{— 18 log,, (1 + Ah,)

st hy >h,
0 mis by <h,

SABJIACTCS IOKA3aTCIIEM IIOTCPb, KOTOpBIfI 3aBHCHUT OT BBICOTHI BS:

71,4

73— 0,8Mh,
73—1,6Ah, d /1000
“ 54

54—0,8Ah,
54—1,6Ah, d /1000

18
18 -15—+%

wis hy>h u f>2000 Mo
wis hy<h, f>2000MI'g ud=500m

wis hy<h, f>2000MI'g ud<500m

wis by >hou f<2000 MI'g
ans by <h,, f<2000MI'n nd =500m
s by <h,, <2000 MI'm nd <500m

wis hy, > h,

s hy <h,’

(26)

27

(28)

(29)
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-8 s f>2 000 Ml
_|=4+0,7(f/925—-1)  mis roposa CpeAHUX Pa3MepOB, a TAKKE IPUTOPOJa
ky = LEHTPBI CO CpeaHEN TNIOTHOCTBIO JiepeBbeB < 2 000 MI'n (30)

—4+1,5(f/925-1) JUUIS LIEHTPaJIbHOM 30HBI TOpoaAcKoM arsioMmepainuu v /< 2 000 MI'1g

Pacuem L 2, 6 ciyuae | < d

B sToMm ciydae cienyer npoBecTH JanbHEIIee pa3Iuire COTIACHO OTHOCUTENFHBIM BBICOTaM cTaHInu BS n
KPBIII:

12,,(d)=-10log, (0 ). (1)
rac:
an, 5
2,35| —L . |— mas h, > h, +0h,
d VA
0, =12 wis by <h +8h uw hy 2 h +h, (32)
b AL ws by <h, +h
2nd \p \® 2m+6
u
0 = arctan (A—hbj ; (33)
b
p=+/AR} +b* (34)
u
b logip(d) 10 b
—logio| 4= |-——=——+—logio
8h, =10 [‘m 0 (2’35]; (35)
2_ —
&h, = 0,0002367 ~0.18275=9.4978 |, 1007815 +0,06923 (36)

(10g10 (f ))2’938

4.2.2  PacnpocTrpaHeHHe MOBePX KPbINI JJIsl IPUTOPOIHO 30HBI

Mogens pactpocTpaneHust paauoBonH ans ciaydas NLoS1, ocHoBanHas Ha reomerpudeckoil ontuke (GO),
IpeJcTaBlIeHa Ha pucyHke 2. Ha 3ToM pucyHKe MoKa3aHo, YTO COCTaB MPUXOAAIIUX BOJIH HA MS n3Mensaercs
B 3aBUCUMOCTH OT paccTtosiHusi Mmexxny BS u MS. Tlpsimast BonHa MOeT 10CcTUYb MS TOJBKO B TOM cllydae,
ecnu pacctosiare Mexxay BS u MS odenb xopotkoe. OTpaskeHHBIE HECKOJIBKO pa3 (OIWH, JBa WM TPH pas3a)
BOJIHBI, UMEIOILIME OTHOCUTENIBHO BBICOKMH YPOBEHb MOIIHOCTH, MOTYT AOCTHYb MS B TOM ciyuae, eciu
paccrosare Mexay BS u MS ortHocutensHO HeOombioe. Ecin ske paccrosiHre mMexay BS u MS Gombimoe,
TO BOJIHBI, OTPAXXEHHBIE HECKOJIBKO Pa3, HE MOTYT JOCTHYb CTAaHLUHU M TOJBKO MHOTOKPAaTHO OTPa)KEHHBIE
BOJIHBI, MMEIOIINE HU3KUH YPOBEHb MOIIHOCTH, IO CPABHEHHIO C YPOBHEM MOIIHOCTH J(parupoBaHHBIX
BOJIH OT KpbIII 31aHuH, nocturatror MS. Mcxoast U3 3TUX MEXaHU3MOB PaclpOCTPAHEHUS PaJUOBOJIH, IOTEPU
13-3a PACCTOSHUSI MEXIY HM30TPOIHBIMU AHTEHHAMH MOJKHO IIOZPA3JENUTh 110 TPEM pailloHaM C TOYKHU
3peHHsl MPeodNaNaoIMX BOJH, MOCTyHammmx Ha MS. DrTo palioHbl mpeoOnagaHusi NPSMBIX BOJH,
OTPaXXCHHBIX BONH W AudparupoBaHHbIX BosH. lloTepu B Kakaom paifoHe, ocHoBanHble Ha GO,
BBIP@XKAIOTCS CIEAYIOIINM 00pa3oM.
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Lyios1 =

TIe:

Ldk +

djc+1

20- loglo(%j

LOn

32,1 1ogw(di] +Ly,

RD

dk+1 - dk

L

dRD _dk+1

Ldk+1 _Ldk (d_dk)
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s d<d,

s dy <d<dg, (PaiionnpeobnanaHus OTpaKEeHHBIX BOJIH)

s d 2dy),

dy = 1 'VBkz +(hy = h, ) ;

VIS

(k=0

+M‘(d_dk+l) rﬂe

sin @

L, =20- logm{

(Pation npeoOnaganus MPSIMBIX BOJIH)

(37

(Paiion npeobnaganus 1upparupoBaHHBIX BOJIH)

d, <d<d,, <dy,<d,,,

,1,2..)

dk+1 < d < dRD < dk+2

4md i
0,45 . A

2

dep(f)=0,625-(dy —d,)-log,,(f)+0,44-d, +0,5-d, +0,06-d;_

L

dpp —

d

k

(08TTu< f<20ITn)

L

djc+1 d
k+2

- dk+1

(dk+l Sdpp < dk+2) 5

sin @,

1
b= '\/Akz"'(hb_hm)z;

_we(h,—h,)-(2k+1)

=

2-(

hr _hm)

3 =w-(hb—hm)~(2k+1)_

2-(h,—h,)

(08 :tan_l[

ﬁtan(p
k

] |

b

k-w

- L
"‘M'(dm_dm);

b

b

(3%)

(39)

(40)

(41)

(42)

(43)

(44)

(45)

(46)
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4.2.3 PacnpocTpaHeHMe PpPaAWoOBOJH B  YJIHYHBIX KaHbOHAX [UI JAWANAa30HA  YacTOT
800-2000 MI'

Hnst curyanumii NLoS2, xoraa o0e aHTeHHBI HaXOISATCS HUXKE YPOBHS KpBIII, HEOOXOIMMO YUYHUTHIBATH
IudparupoBaHHbIC M OTPa’KCHHBIE BOJIHBI B YTJIaX MEPEKPECTKOB YU (CM. PUCYHOK 3).

Lypass =—101og, (107510 +10741°) 15, (47)
rac:
Lr . HOTepI/I Ha 0Tpa>KeHI/Ie Ha Tpacce, Onpez[eJ'DICMLIe KakK:
L, =20Tog,, (x, +x,)+ x5, 2% 420 10g10(4—nj 15, (48)
wWW, A
rac:
386
fo) =—3 b, (49)
o

rae 0,6 <o [pan] <.

L, : nmudpakuuoHHBIE IOTEPH HA Tpacce, ONpenesieMble CIeIyIOMIM 00pa3oM:

L, =101log,,[x,x, (x, + x,)]+2D, —0,1(90— a@] +20 10g10(47nJ 1b. (50)
T

D, :[ﬂ) arctan| -2 |+ arctan| - _r 1b. (51)
27 w, w ) 2

4.2.4 PacnpocTrpaHeHUe PAJMOBOJIH B YJINYHbIX KAHBOHAX JIS1 IMANa30HA yacToT oT 2 10 16 I'T'y

Mogens pacnpocTpaHeHMsi paavoBoiH s cuTyauumd NLoS2, omucanHeix B myHkre 3.1.2 ¢ yriom
nepeKpecTka o = /2 paj, IoIy4eHa Ha OCHOBE U3MEpPEHHH B Anana3oHe yactot ot 2 1o 16 [T, tae A, < A,
a w, He npeBbimaetr 10 M (M TpoTyap). XapakTepUCTUKU MOTEPh Ha TPacce MOXKHO MOAPa3IeNuTh Ha JBE
JacTH: palioH moTeph B ymiax u paiioH NLoS. Paiion moreps B yriax MpOCTHPASTCS IS d,pmer OT TOUKH,
pPacToJIoXKeHHOM Ha pacCTOAHMHU | M BHU3 OT Kpas ynuubl LoS B Hampasnenun ynuisl NLoS, B koTopyto oH
BruBaercs. [lotepu B yrinax (Lomer) BBIPQXKAIOTCS KaK JOMOJHHUTENIFHOE 3aTyXaHWE Ha PACCTOSHHU oo
Paiton NLoS nexuT 3a npejenamu paiioHa motepb B yriax, rie IpuMeHsieTcs mapamerp koddumuenta ([3).
OTO MOKa3aHO Ha MpUMEpPE TUIHYHON KPUBOM, NMPEACTABICHHON Ha pucyHke 4. Mcnone3ys x;, x; U w, Kak
MOKa3aHo Ha pUCYHKE 3, ompexaelsieM oOmrue motepu Ha Tpacce (Lyrosy) 3a TpeaeiaMy paioHa ¢ yTiaMu
(x> wy/2+1) ¢ TOMOIIIBIO YpaBHEHUI:

LNLoS2 = LLOS +Lc +Latt; (52)

L’Urner
Lo={Tognrd. ) logyo(r, —wi/2)  w/2+1<x, <w/2+1+d

corner

corner ; (53)

corner

X, >w /2+1+d

corner
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X +x
L2 X, >w /2+1+d

10B1o
Ly = B S0 x1+w1/2+dmme,,

0 X, >w [2+1+d

corner
", (54)
corner

rne Lp,s — motepu Ha Tpacce B ynuue LoS st x; (> 20 M), B COOTBETCTBHH C pacueTaMu, IpUBEACHHBIMH B
nyHkre 4.1. B ypasaenuu (53) 3Hauenue L., IpuBeneHo Ha ypoBHe 20 1b B ropoackoii 3one u 30 1b — B
Kuoi 30He. B ypaBHenun (54) 3HaueHue [3 3a1aHO MIECTBIO, @ 3HAYCHHE oy PABHO 30 M B 00eHX Cpe/ax.

PUCYHOK 4

Tunu4YHAasi TEeHIEHIMSI PACHPOCTPAHEHHs PATUOBOJIH BAOJIb YIUYHBIX KAHHOHOB IPH He0OJIbIIOI BBICOTE
02a30BOI CTAHIIMH JIJIs1 HANA30HA YacToT oT 2 10 16 I'T'n

Paiton moteps B yriax

Paiion LoS | Paiton NLoS
A AS

v

L NLoS2

d

corner

OTHOCUTEIILHBIN YPOBEHE CUT'HAJIA

JlimHa my T oT 6a30BOH CTaHITHH
1411-04

B >xunoil 30He norepu Ha Tpacce HE BO3PACTal0T MOHOTOHHO C YBEIMUYEHHEM DPACCTOSHUS, U I103TOMY
JAHHBINA MapaMeTp Kod(pPHUIHEHTa MOXKET OBITh HU)KE €r0 COOTBETCTBYIOIIETO 3HAYEHUS B TOPOJICKOW 30HE
M3-32 HAIWYHS IEPEYIIKOB U Pa3phIBOB MEXKIY TOMaMH.

[Ipn HanuuuM BBHICOKOH aHTEHHBI 0a30BOH CTaHIMM B HEOONBIION Makpocore 3(dexT mudpakuuu Hag
KpBIIIaMU OoJiee 3HAYUTENbHBIH. TakuM 00pa3oM, XapaKTEpUCTHKH PaclpOCTPaHEHUs] PaJAMOBOJNH HeE
3aBUCAT OT NTOTEPH B yIiax.

4.3 PacnpocTpaHenue paguoBoJIH MeK1y TEPMUHATIAMU, PACTI0JI0KEHHBIMUA HUKE YPOBHSA KPbIII,
B Auana3one YBY

Monens, onuceiBaeMas HWXKe, MpelHa3HaueHa JJIs pacueTa OCHOBHBIX MOTEPh MpH Nepenade MexXIy ABYMs
TEpMHUHAJaMd HEOONBLIONH BBICOTHI B TOPOACKMX 30Hax. OHa BKIIIOYAeT Kak padOHBI JMHUU TPIMOM
Buaumoctd (LoS), Tak u paiionsl nuHuM He npsiMoil Buaumoctu (NLoS), u Monmenupyet OBICTPBI POCT
YPOBHSI CHTHaJIOB, 3aMKCHPOBAaHHBIM B yriry Mexny padioHamu LoS u NLoS. Dra mozens BKiItodaeT
CTaTHCTUYECKHE JaHHble U3MEHUMBOCTH B 3aBHCHUMOCTH OT MecTa B paioHax LoS m NLoS u npeanaraer
CTaTHCTUYECKYI0 MOJENb JUIs YIJIOBOTO paccTosHus Mexnay pailoHamu LoS u NLoS. Ha pucynke 5
HarJsaaHo npeacraieHsl pailoHsl LoS, NLoS, palioH ¢ yriamu, a Takke CTaTUCTHYECKas MU3MEHYUBOCTD,
CIIPOTHO3UPOBAHHAs C UCTIOIB30BAHUEM JAAHHON MOJEIH.

OTa MOAENb PEKOMEHIYeTCS IS PAaclpOCTPAaHEHHUS PAJAMOBONH MEXKIYy HEBBICOKMMH TEPMUHAIAMH B
CIIy4asix, KOTJIa BBICOTAa aHTEHH OOOWX TEPMHHAJIOB HAXOJUTCS MPHOIM3UTENFHO HA YPOBHE YIIUIIBI,
T. €. 3HAYATEIBHO HW)KE BBICOTHI KPBIII, M WHBIM 00Opa3oMm He ompeneneHa. OHa JKBUBaJeHTHA KaK B
OTHOUICHUM MEpEeAaTunKa, TaK U NPUEMHUKA, U JEHUCTBUTENbHA Uil yacToT B nuamnazone 300-3000 MI'n.
OTa MOJeNnb OCHOBHIBACTCS HAa M3MEPEHHUSX, NMPOU3BENEHHBIX B jauanazoHe YBUY mpu BeicOTe aHTEHH OT
1,9 no 3,0 M Hajg ypoBHEM MOBEPXHOCTH M PACCTOSHHUSAX MEXAYy NEepeJaTdukoM U TNPUEMHHKOM, HE
npesbimamux 3000 M.
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PUCYHOK 5

KpuBble 0CHOBHBIX I0Teph NPH Nepefaye, He NpeBbIleHHbIX 14 1, 10, 50, 90 n1 99% mect
(4actora =400 MI'u, npuropoaHas 30Ha)

OcHoBHBIE IOTEPH 1IPH Ttepeaade (ab)

160 T T T T T T T T T
0 200 400 600 800 1000 1200 1400 1600 1800 2000

Paccrosiame (M)

1411-05

TpeOyemMbIMu TapaMeTpaMH SIBISTFOTCS gacToTa f (MI'11) 1 paccTosHIe MEXIy TepMUHAIAMH d (M).

Hlac I:

Hlaz 2:

Hlac 3:

1lac 4:

Hlac 5:

PaccuursiBaercs CpCAHCEC 3HAYCHUC IMOTEPh HA JIMHUN HpHMOfI BUIHUMOCTH!

L% (d) =32,45+20 log,, f +20 log,,(d /1 000). (55)

PaccunteiBaercs mompaska Ha MecTo HaxoxaeHus: LOS s Heo0XoauMoTro IpoteHTa MecT, p (%):

AL, (p)=156240(\=2In(I— p/100) —1,1774),  rtae 6 =7 1B. (56)

AnpTepHaTuBHBIE 3HadeHus momnpaBku mnst LOS mma p=1, 10, 50, 90 u 99% mnpuBogsTca B
Tabnuue 6.

ITompaBka Ha MecTo HaxoxaeHus: LoS mobaBiseTcs K cpeHeMy 3HaUeHUIO oTeph Ha LoS:
Lyys(d, p) = L5 (d) + AL, (p) (57)

PaccuurtniBaercs CpE€AHEEC 3HAYCHUC ITOTEPL HA IMHUHN HE HpHMOﬁ BUINMOCTH:

Lielan (d)=9,5+45 log,, f +40 log,,(d /1000)+ L, . (58)

Lyypan 3aBUCHT OT KaTETOPUM TOPOACKON 30HHBI U paBHsAeTcs 0 nb s npuropoaHoit 3oHsl, 6,8 b —

IUISL TOpOICKOM 30HBI W 2,3 1b — mns TOpOACKOW 30HBI INIOTHOW 3aCTPOHKH/MHOTOITaXKHOM
3aCTPOMKH.

JloGasnsiercst monpaBka Ha MecTo HaxoxeHus NLoS miis HeoOxoaumoro nporerTta mect, p (%):
ALy;,s(p) = GN?I(P“OO) ) rae 6 = 7 nb. (59)

N'() — obparsas (yHKIHS HOPMANLHOIO COBOKYIHOTO pachpeielneHus. IIpubmmkeHHOe
MIpeJICTaBICHNE JaHHOW (YHKIWH, IPUTOIHOE IS p B MHTEpBaie Mexay | u 99%, omuceiBaeTcs
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Hlaz 6:

Hlac 7:

Hlaz §:

Pexk. MCJ-R P.1411-5

(yHKIMEe W3MEHYMBOCTH B 3aBUCHUMOCTH OT Mecta (fx) Pexomenmammm MCD-R P.1546.
AnbTepHaTHBHBIE 3HAUYEHUS MOIMpaBKK Ha MecTo HaxoxaeHus NLoS mia p =1, 10, 50, 90 u 99%
MIPUBOJIATCS B TabuIie 6.

TABJIMLIA 6
Tabanna nonpaBok H3MEHYMBOCTH B 3aBUCHMOCTH 0T MecTa LoS n NLoS
p (%) AL, ,s (n1B) ALy;,s (nB) dres (M)
1 -11,3 -16,3 976
10 -7.9 -9,0 276
50 0,0 0,0 44
90 10,6 9,0 16
99 20,3 16,3 10

[TompaBka Ha MecTo HaxoxaeHuss NLoS nobasnsiercs k cpenHeMy 3HaueHHio noteps Ha NLoS:

i
Lyy,5(d, p) = Lyos (d) + ALy, 5 (P) - (60)
s HeoOxoaumoro mporeHTta MecT p (%) pacCUUTBIBAETCSI pacCTOSTHUE dyps, A1 KOTOPOTO 4YacTh

LoS Fj,s paBHa p:

d,,s(p)=212[log,,(p/100)} — 64 log,,(p/100)
d,;,s(p)=79,2-70(p/100)

ecnu p <45 1)

B IpYTUX CIly4asix

3uauenus dj,s mia p=1, 10, 50, 90 u 99% mnpuBonmarcs B Tabmuie 6. laHHas Mojens He
npoBepstnacek it p <0,1%. CrarucTudeckne NaHHBIE OBUIM TIOJNyY9E€HBI W3 ABYX TOPOAOB B
CoenunennoMm KoposieBcTBE M B JIPYrHX CTpaHax OHU MOTYT ObITh pasnmuuHbiMu. C Jpyroit
CTOPOHBI, €CJIM B TOM HJU MHOM KOHKPETHOM CIIydae YIJIOBOE PACCTOSHUE H3BECTHO, TO di,s(p)
BBICTABJISICTCS] HA 3TO PACCTOSHUE.

[Tocse 3TOro0 MOTEPHU HA TPACCE HA PACCTOSHUM ¢ IPEICTABIISIFOTCS KaK:
a) Ecmud <d,s, 10 L(d, p) = L1,5(d, p)
b) Ecmud>d;,s+w, 10 L(d, p) = Lyros(d, p)

¢) B nporuBHOM CiTydae MPOBOIUTCS JTHHEHHAS HHTEPIIOJIAIHS MKy 3HAUCHUSIMH Ly ,5(dros, p) 1
LNLoS(dLoS + w, P)

Lys =Liys(dpos,p)
Lyios = Lygos(d s + W, p) .
L(d,p)=Ly,s + (Lipos = LppsNd —dp,5) /W

upuna w BBOAMTCS AJsl TOTO, YTOOBI 0OECIIeYnTh NEepEXOIHBIN pailoH Mexay paiioHamu LoS u
NLoS. O10oT nepexoaHblii pailoH BUJEH U3 COOTBETCTBYIOLIUX NAHHBIX U TUIIMYHO UMEET IIUPUHY
w=20 M.
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4.4 IlapaMeTpsl 0 YMOJYAHUIO JIA OOLIMX JJI5l BCEX MeCTOIOJIOKEHUH pacueToB

Ecnu nanHble 0 KOHCTPYKIWU 3IaHUI U TOPOT HEW3BECTHHI (00IIas ISl BCEX MECTOIONOKEHHUH CUTYAITHs),
TO PEKOMEHTyEeTCS MCIIOIL30BaTh CICAYIONINE 3HAYSHUS 110 YMOITYaHUIO:

h, = 3 X (4ucino sTaxeii) + BbICOTa KPBIILIHU (M)
BBICOTA KPBIIIKM = 3 M JAJII CKaTHBIX KPBIII
= 0 M A7 IIOCKUX KPBILI
w = b2
b = 20-50m
¢® = 90°.
4.5 Biusinue pacTuTEeJbHOCTH

OddeKTh pactpocTpaHeHUS BOJIH Yepe3 pacTUTEIHHOCTH (TJIaBHBEIM 00pa3oM depe3 JepeBhs) BaXKHBI IS
IIPOTHO3UPOBAHUA KOPOTKHUX TpacC BHE S,HaHI/Iﬁ. MoOXHO BBISIBUTH JBa OCHOBHBIX MCXaHH3Ma
pacnpocTpaHeHUs BOJIH:

- pacnpocTpaHeHHe CKBO3b JI€PEBBs (HE BOKPYT HUX WM HAJ HUMH);

- pacnpoCTpaHCHUC HaA ACPCBbsIMU.

[lepBrIit MexaHM3M MpeoOagaeT i TeOMETPUH Tpacc, MPU KOTOPOW 00€ aHTEHHBI PACIONIOKEHBI HIDKE
BEpITMH JEPEBBhEB, & PACCTOSHHE PACIPOCTPAHEHUS CKBO3b JEPEBbsl HEBEIMKO, B TO BpeMs KaK BTOpOH
MEXaHU3M TIpeodIaiaeT aJisi TEOMETPHUH TPacC, MPU KOTOPOH aHTEHHA HAaXOAWTCS BBIIIE BEPIIUH JICPEBHEB.
Ha 3aTyxaHue CWJIBHO BIUSICT MHOTOJIyY4€BOE PAacCEsHHUE, BBI3BAHHOE MU(PAKIMEN YHEPTHMU CUTHAIA TIPH
MIPOXOXICHUU KaK HaJl JEePEeBBbSMH, TaK M CKBO3b HUX. J[Js pacmpocTpaHEHHs CKBO3b JEPEBbS MOXKHO
OTIPEIICINTh YACIBHOE 3aTyXaHHE 3a CUeT PAaCTUTEIHLHOCTH, MCIoib3ys Pexomenmarmio MCO-R P.833. B
CUTyaIUsiX, KOTJa BOJHBI PACIPOCTPAHSIOTCS HaJ IEPEBbSIMH, TU(PPAKIHS SBISCTCS OCHOBHBIM BHIOM
pacipocTpaHeHUs HaJl KpasMH JCPEBbEB, HAXOISAIIMMUCS OJIMKE BCEX K HU3KOHM aHTEeHHEe. JTOT BUJ
pacipoCTpaHEeHUs MPOIE BCErO CMOJACIUPOBATH, HCIONB3YS HICAIBHYI0 MOJACTh AU(PPAKIUUA Y OCTPOTO
kpas (cM. Pexomernmariro MCO-R P.526), xoTs Takast MOJelTb MOXKET HEJOOIICHUBATh HAPSKEHHOCTb ITOJIA,
TTOCKOJIBKY B HEH HE YUUTHIBACTCSI MHOTOKPATHOE PACCESTHIE BEPXYIIKAMHU AEPEBHEB; ITOT MEXAHU3M MOYKHO
CMOJIETTUPOBATH C TMTOMOIIBIO TEOPUH PACIIPOCTPAHCHUS U3TYUCHUSI.

5 IToTrepu Ha BXoae B 31aHue

[ToTtepu Ha BxoJie B 37JaHWE — 3TO JONOJHUTEIHHBIE ITOTEPH M3-3a HAJMYWS CTEHBI 3[aHUs (BKJIIOYasi OKHA U
Ipyrue 3yeMeHThl). OHU ONpEeNessaioTcsS Kak pa3HOCTh MEXKIY YPOBHSMH CHUTHAJIa BHE 3HaHUS M BHYTPH
3aHHUS HA OJJHOM W TOM ke BbicoTe. HeoOXxommumo Taxke yuuThiBaTh yron majenus. (Eciu manuna Tpaccel
MEHBIIIC YeM TPUOIN3UTENbHO 10 M, pa3nudre moTeph B CBOOOIHOM MPOCTPAHCTBE U3-32 U3MEHEHUS JJIUHBI
MyTH U1 3TUX ABYX U3MEPEHHH OJDKHA YUUTHIBATHCS MPU ONpPENETICHUU MOTEeph Ha BXoA B 3aaHue. [lpu
HaX0XJIEHUM aHTEHH BOJM3W CTEHBI MOXET TakXKe MOTPeOoBaThCs ydeT 3(PpQeKToB Mol B OIMKHEH 30HE.)
JonoysHuTENbHBIE TIOTEPU CBS3aHbl MPOHUKHOBEHHWEM BHYTPH 3/aHUS; COOTBETCTBYIOIHME PEKOMEHIAINU
npuBeneHbl B Pexomengaruun MCO-R P.1238. [onarator, 4To 00bI4HO Hpeo0iajacT BUI pacCIpOCTPaHCHHUS,
IIPH KOTOPOM CHUTHAJIBI TIPOHUKAIOT B 3JaHUE MPHOIM3UTEIHLHO TOPU3OHTAIBHO Yepe3 MOBEPXHOCTh CTEHBI
(BKJIFOYAst OKHA), ¥ YTO JJIS 3[aHUH C OJTHOPOTHONM KOHCTPYKIMEH MOTEpPH HA BXOJIE B 3[aHUE HE 3aBHUCST OT
BBICOTEI.

[ToTepu Ha BXOJe B 3JaHUE CIEIYET YUUTHIBATh MIPHU OLICHKE 30HBI PAIUONOKPHITUS HAPYKHON CUCTEMBI IS
TEpPMHHANA, HAXOJdIIerocs BHyTpW 3maHus. OHM Takke BaXKHBI I ydeTa IpoOJieM TOMeX MEXIy
CUCTeMaMH BHE W BHYTpH 3AaHUH.

Pe3ysbTarhl 3KCHEPUMEHTOB, NMPHUBEACHHBIC B Tabiuile 7, ObulM moiiydeHbl Ha dvacrore 5,2 [T npu
MIPOXOX/ICHUU BOJIHBI Yepe3 BHEIIHIOI CTeHY 3/aHWs W3 KUpNH4Ya M OeTOHA CO CTEKISHHBIMU OKHAMU.
TommiHa cTeHBI cocTaBisa 60 cM, a OTHOIIEHUE TUTOIIAIA OKOH K TUTOIIAH CTEHBI — IPHOIN3UTEIRHO 2:1.
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TABJINIIA 7
IIpumep nmotepb HA BXOJAE B 31aHHE
AJIMHUHHCTPATHBHOE
Yacrora Knnoe 3nanne A P Toprosoe 3nanue
31aHHe

Cpennee CranpmaptHOE Cpennee Cranpaptaoe | Cpemmee | CrammapTHOE

3HAYCHUE OTKJIOHCHHUE 3HAUCHHUE OTKJIOHEHHE | 3HAa4YeHHE | OTKIOHEHHE
521Tn 12 nb 5 nb

B tabmune 8 mpuBeneHsl pe3ynbTaThl U3MepeHHH Ha dactoTe 5,2 I'T'm mpu mpoXoKIeHWH BOJHBI 4epe3
BHEILHIOIO CTEHY M3 KaMEHHBIX OJOoKoB mpH yrie magenus ot 0° go 75°. TonmuHa CTEHBI COCTaBisIa
400 MM, OHa coOCTOsIIa U3 ABYX ClI0eB 0I0kOB TommmuHOH 100 MM co CBOOOAHON 3aCBHITKOW MEXITY HUMHU.
[Totepu Ha mpoXOXkIEHHE Yepe3 CTeHY ObUIM UYpe3BhIYAiHO UyBCTBHUTEIBHBI K IMOJOKEHHUIO MPHUEMHHUKA,
0cOOEHHO TpH OONBIIMX yIiax MaAeHUs, O YeM CBHJCTEIbCTBYET OOJBIIOE 3HAUYEHHE CTaHAAPTHOTO
OTKJIOHEHHSI.

TABJINIIA 8
IloTepu HA MPOXO3KAeHHE Yepe3 CTEHY U3 KAMEHHBIX 0JI0KOB MPH Pa3JIMYHBIX YIjax najJaeHust
Yron nagenus (rpamycsl) 0 15 30 45 60 75
[Torepu Ha poxoxneHue yepes creny (1b) 28 32 32 38 45 50
CranpapTHOE OTKJIOHEHHE (1b) 4 3 3 5 6 5

JomonHuTensHas WH(GOPMALIMS O MOTEPSX Ha BXOJE B 3[aHUE, NMPEAHA3HAYCHHAS TJIABHBIM 00pa3oM s
CIYTHUKOBBIX CUCTeM, coaepxkurcs B Pexomenmarmuu MCD-R P.679 m moxer ObITh UCHONB30BaHA IS
OTICHKHY TIOTEPh Ha BXOJIE B 3[IaHUE IS HA3EMHBIX CHCTEM.

6 Moaeiu MHOT0JIy4eBOT0 PACTIPOCTPAHEHUS

Onucanue MHOTOJyY€BOTO PaclpOCTpaHEHUs U OIpeleNeHuss TepMUHOB JaHbl B Pekomenpanun MC3O-R
P.1407.

6.1 Moge MHOT0JIy4€BOr0 pacipoCTPAHEHUsI AJIsl YIUYHBIX KAHbOHOB

XapakTepuCTHKU pa3dpoca 3aJepKKU IIPU MHOTOJYYEBOM PACIpPOCTpaHEHUH B ciaydae LoS B ropojckoii
30HC MHOTOITKHON 3acTPOMKH i1 MHKPOCOT M MHUKOCOT (Kak oOmpejaeneHo B Tadmuie 3) Obur
pa3paboTaHBl Ha OCHOBE M3MEPEHHBIX NMAaHHBIX Ha dactoTax 2,5-15,75 I'T'm mpm paccrosaumsx ot 50 mo
400 m. CpenHekBaJIpaTUYHBIH pa3dpoc 3aAepKKU S Ha PacCTOSHUM ¢ M TMOMYUHSICTCS HOPMAIbHOMY
pacnpeesieHUIO CO CPEAHUM 3HAYCHHEM, OIIPEIEIISIEMBIM 10 (opMyJIe:

- v
a,=C,d'" HC (62)
U CTAHJAPTHBIM OTKJIOHEHUEM, OIIpeesieMbIM 110 (hopMyie:
— v
o,=C,d'" HC, (63)
rae ko3punments! C,, Y,, C; ¥ Y5 3aBUCIT OT BBICOTHI aHTEHHBI U Cpelbl pacnpocTpaHeHus. B Tabnue 9

MEPEYNCISIOTCS HEKOTOPhle THUIWYHBIE 3HA4eHHsl STHX Kod(puuueHToB s pacctosauin 50—400 M,
[I0JTy4YE€HHBIE HAa OCHOBE U3MEPEHUI B TOPOACKHX M JKUIIBIX 30HaX.
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TABJINIIA 9

Tunuvnbie KOIPPUUUEHTHI IS XapPAKTEPUCTHK 3aBUCUMOCTH CPeIHEKBAIPATUYHOI 0
pa3dpoca 3a1ep:KKH 0T pacCTOSIHUA

YcaoBus uamepenus ag O,
f hy, h,, C C
3ona (') o) o) a Ya c Yo
2,5 6,0 3,0 55 0,27 12 0,32
2,7 23 0,26 5,5 0,35
3,35-15,75

Tl'oponckas 4,0 1,6
10 0,51 6,1 0,39

3,35-8,45 0,5
8,05 5 2,5 0,97 0,78 1,42 0,52
3,35 2,7 2,1 0,53 0,54 0,77

Kumnas 4,0

3,35-15,75 1,6 5,9 0,32 2,0 0,48

Ha ocHoBe nmanHbIX u3Mmepenuid Ha vactore 2,5 I'T'm Obula momydeHa cpefHsisi 3aBUCUMOCTH TMPOQHIsSL
3aIepKKHU, paBHasL:

P(t)="P, +50(c " 1) 15, (64)

rac:

P,: mmkoBas MourHOCTH (0b)
T: KO3(QPHUUUEHT OcIabIIeHHs,
a f u3MepsIeTCA B HC.

Ha ocHOBe maHHBIX W3MEpPEHHH Uil CPEJHEKBAJAPATHYHOTO pa3dpoca 3aJepKKu S 3HA4YeHHE T MOXKHO
paccumTaTh CIEAYIOMNM 00pa3oM:

1=45+266 HC. (65)

JluneitHas 3aBUCUMOCTb MEXAY T U S JeHCTBUTENbHA TOJNBKO B ciiydae LoS.

Ha ocHoBe Toro e HaboOpa JaHHBIX U3MEPEHMH ObUIM IMOJIYYEHBI TAaKXKe MITHOBEHHbIE CBOICTBA IPOQUIISL
3aJepKKM. OHeprus, InocTynawoomas B nepble 40 HC, uMeeT paliCOBCKOE paclpeleleHue C
kodpduumentom K, mpuOIU3UTENLHO paBHBIM 6—9 b, B TO BpeMsi Kak 3HEPTrHsl, MOCTyNaouias MOo3/Hee,
HMEET PAJICEeBCKOE WJIM PalCOBCKOE pacmpeneneHue ¢ kodpduuumenrom K no npubimsurensHo 3 ab.
(Onpenenenust pacnpeneneHni BEpoATHOCTH NpuBeeHbl B Pexomengannn MCO-R P.1057.)

6.2 Mopaen MHOT0JIy4eBOr0 paclipoCcTPaHeHUsl Ha/l KpPbIIIaMH

XapaKkTepucTHKH pa3dpoca 3a/lepKKH IPU MHOTOIYYeBOM pachpocTpaHeHun ais ciaydaeB LoS u NLoS B
TOPOJICKOM 30HE MHOTOATAKHOM 3aCTPONKH ISl HEOOIBITIX MaKPOCOT (Kak oIpeaesieHo B Tadnwie 3) Obutn
MOJIYYCHBl HA OCHOBE M3MEPEHHBIX NaHHbIX Ha dyactorax 1920-1980 MIm m 2110-2170 MI'm mpu
WCTIONb30BaHUH BCEHAIPABIEHHBIX aHTeHH. CpemHUH CpeqHEeKBaJApaTHYHBIA pa3dpoc 3aiepkku S B dTOU
cpene ompenernsercs mo popmyIe:

S, =exp(4-L+B) HC, (66)
rne A =0,038, B=2,3, a L — notepu Ha Tpacce (ub).

Hus Toro sxe Habopa HAaHHBIX M3MEPEHUIl 3HAYEHUS CPEAHEKBAJAPAaTHUYHOTO pa3dpoca 3alepXKKd B
Pa3IMYHBIX MOJ0cax 4acToT (pa3sHeceHHBIX Ha 190 MI'1) cpaBHMBaNIKCH U1 KaXXA0H TOUKH (MecTa). bosnbiie
yeM B 10% MecT pa3HOCTh 3HAUYEHHUH CpeAHEKBaApaTHYHOTO pa3dpoca 3azepkku mpebimana 300 HC ¢
roporom 25 nb, a pa3HOCTh HHTEPBAJIOB 3aICPXKKH MTPEBBINIAIa 2 MKC IPU UCIOIB30BaHuH mopora 15 nb.
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Pacnipenenennst xapaKTepUCTHK 3aJepXKKHA TP MHOTOJIYYEBOM PACIPOCTPaHEHHWH B JWANAa30HE YacTOT
5,2 I'Tu B mpuropoaHoii 30He 1pu BbicoTe aHTeHHBI BS 20 M u BeicoTe aHTeHHBI MS 2,8 M OBLIM HOJTYYCHBI
Ha OCHOBE pe3ylbTaToB m3MepeHuil. B Ttabmure 10 mnpuBeseHBl  U3MEPEHHBIE  3HAYCHUS
CPeIHEeKBaJpaTUIHOTO pa3dpoca 3afepKu s auarnasoHa 5,2 T mis cimydaeB, xoria WHTerpaibHas
BepoATHOCTH cocTaBisier 50% u 95%.

TABJIVIIA 10

TunuYHbIE 3HAYEHUST CPETHEKBAIPATHYHOIO pa3bpoca 3a1epKKn”

CpennexkBaapaTHYHBII

YcaoBus u3mMepeHus pa3opoc 3aaepKKu
(He)
BpicoTa aHTEHHBI

Yacrorta JAunana3zon o o

3oHa (T hgg h, (M) 50% 95%
(m) (m)
IIpuropoguas 5,2 20 2.8 100-1000 189 577
30HA

ITpu pacuere cpeqHEKBaAPaTUUHOTO pa3dpoca 3a1epKKH UCTIOIb30BAIOCH IIOPOroBoe 3HaueHue, pasHoe 30 nb.

7 KoanyecTBO KOMIIOHEHTOB CHTHAJIA

[Ipy TpPOEKTUPOBAHUKM BBICOKOCKOPOCTHBIX CHUCTEM Tiepeladd JaHHBIX C HWCIOJIb30BAaHHEM METO0B
pasHeceHHss 3a CUeT MHOTOJYYEBOrO0 PACHPOCTPAHEHHS W CHHTE3a BAXKHO OICHUTH KOJIUYECTBO
KOMIIOHEHTOB ~ cHrHana (T. €. JOMUHHUPYIOUIMH KOMITIOHEHT IUIFOC KOMIIOHEHTHI ~MHOTOJYYEBOTO
pacnpoCTpaHeHus1), KOTOPbIC IIOCTYMAIOT B MPHEMHUK. KOIWYeCTBO KOMIIOHEHTOB CHUTHAlIa MOXKHO
MOJYYHUTh U3 MPOQUISA 33JCPKKUA B BHJEC YUCIA MHKOB, aMIUIUTYIbl KOTOPBIX OTIHYAIOTCS OT AMILTUATY/IbI
CaMoro BBICOKOTO IUKa He Oosiee yeM Ha A b ¥ KOTOpbIe MPEBHIMAI0T MHHUMAIIBHBIN YPOBEHb IIyMa, Kak
MOKa3aHO Ha PUCYHKE 6.

PUCYHOK 6

Onpeueﬂelme JJIS1 MoJACYeTa YHCjla NUMKOB

=

[

S
=]

o]

=

=]

s

5=

B A

-~

[}

<

2 A

=~

=1

=

g

Z MuHHMAIb-
§ HBI{ YPOBEHb
° ymMa

& S WY S I S e
>

Bpemennas 3aznepixka 1411-04



Pexk. MCJ-R P.1411-5

23

B tabmmme 11 mpuBemeHBI pe3ynbTaThl ISl psga KOMIIOHEHTOB CHTHAJA, TOJTy4YeHHbIE Ha OCHOBAHHUU
M3MEPCHHI B PA3JIMYHBIX CIICHAPUSX JUIS Pa3IMYHBIX BBICOT aHTECHH, CPEJI U Pa3iIMYHbIX 4aCTOT.

TABJIMLIA 11
MakcuMaJjibHOe KOJIN4eCTBO KOMIIOHEHTOB CUTHAJIA
Paspemenue BebicoTa
YacroTa MaxkcuManbHOe KOJIHYeCTBO KOMIIOHEHTOB
Tun cpeasl 3alePKKHA anTeHHbl | JImama3zon (M)
I'Tu) CHTrHAaJIa
BpeMEHHU (M)
hy, | h, 3ab 51b 10 nb
80% | 95% | 80% | 95% | 80% | 95%

Toponckast 200 He 1,9-2,1 46 | 1,7 100-1 600 1 2 1 2 2 4
30Ha
IIpuropoguas 175 ne 2.5 12 1 200-1 500 1 2 1 2 2 4
30Ha
Toponckast 20 HC 3,35 4 1,6 0-200 2 3 2 4 5
3oHa 0-1 000 2 3 2 4 5

55 | 2,7 150-590 2 2 2 3 3 13
Kunas 3ona 20 HC 3,35 4 2,7 0-480 2 2 2 2 2 3
IIpuropoguas 175 ne 35 12 1 200-1 500 1 2 1 2 1 5
30Ha
[Tpuropoanas 50 HC 3,67 40 | 2,7 0-5 000 1 2 1 3 3 5
30Ha
IIpuroponnas 100 HC 5,8 12 1 200-1 500 1 2 3 5 4 5
30Ha
T'oponackas 20 HC 8,45 4 1,6 0-200 1 3 2 3 4
30Ha 0-1 000 1 2 2 4 4

55 | 2,7 150-590 2 2 2 3 3 12
I'oponckas 20 HC 15,75 4 1,6 0-200 1 3 2 3 4 5
30Ha 0-1 000 2 3 2 4 6 10

g u3MepeHuii, oruMcaHHbIX B MyHKTE 6.2, B Tabnuie 13 npuBoauTcs WHTEPBaAl pa3HOCTHOM 3aJIep:KKU
BpeMeHH Uil 4 HanboJjiee CUIIbHBIX KOMIIOHEHTOB OTHOCHTEIBHO KOMIIOHEHTA, OCTYUBILETO MIEPBIM, a
TaK)X€ UX COOTBETCTBYIOIUE AMIUIUTYAbI.

8 XapakTepuCTHKHU MOJISPU3AIUT

UzbuparensHocts 1o kpoccnonsipuzanuu  (XPD), ompenenennas B Pexomenmaimu MCDO-R  P.310,
paznuyaercs B 30Hax LoS u NLoS B mukpocoroBoii cpene B CBY nuanazone. U3mepeHus nar0T MEAMAHHOE
3Hauenne XPD 13 ab ans tpace LoS u 8 nb — nns tpacc NLoS u crannaptHoe otkinonenue 3 n1b ans tpace
LoS u 2 n1b — mys tpace NLoS B quanazone CBY. DTu MeanaHHbIe 3HAUEHUS COMIOCTABUMBI CO 3HAUCHUSIMU

mist YBU  nguanazoHa Uit OTKPBITBIX U

Pexomenmaniun MCDO-R P.1406.

ropoaCKux

30H,

COOTBE€TCTBCHHO,

NPpUBCACHHBIMHU B
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TABJIMLIA 12
Tun cpeapt | AHTeHHa BS Hacrora Bricora antennpt | Jluanazon MakcuMaJibHOE KOJMYeCTBO KOMIIOHEHTOB
(') (M) (M)
hy h, A=3n1b A=5nb A=10 nb
80% 95% 80% 95% 80% 95%

l'oponckas Huskas 3,35 4 1,6 0-200 2 3 2 4 5 6
30Ha

0-1 000 2 3 2 5 9
l'oponckas Huskas 8,45 4 1,6 0-200 1 3 2 3 4 6
30Ha

0-1 000 1 2 4 4
T'oponckas Husxkas 15,75 4 1,6 0-200 1 3 2 3 4
30Ha

0-1 000 2 3 2 4 10
l'oponckas Bricokas 3,35 55 2,7 150-590 2 2 3 3 13
30Ha

8,45 55 2,7 150-590 2 2 2 3 3 12
JKunas 3oHa Huszkas 3,35 4 2,7 0-480 2 2 2 2
[Tpuropoanast Bricokas 3,67 40 2,7 0-5 000 1 2 1 3 3 5
30Ha
TABJIMLIA 13

HNuTepBaj pa3HOCTHOM 32/1eP:KKHM BpeMeHU /1M 4 Han0oJiee CUIbLHBIX KOMIIOHEHTOB OTHOCUTEIbHO KOMIIOHEHTA,
NMOCTYNUBIIET0 MEPBBIM, 2 TAKHKE UX COOTBETCTBYIOIHE AMILIUTYAbI

Paszpewenue BricoTa
Yacrora JAunana3on
Tun cpeasl 3aJ€PKKH AHTEHHBI JlonmoJIHuTeIbHAS 32/1ePKKA BpeMeHH (MKC)
(I'r'm) (™)
BpeMeHHU (M)
hy, | h, 1-i 2-i 3-it 4-if

80% | 95% | 80% | 95% | 80% | 95% | 80% | 95%

T'opoxckas 200 =He 1,9-2,1 46 | 1,7 100-1 600 0,5 1,43 1,1 1,98 1,74 | 2,93 2,35 3,26

30Ha

[IpuBeneHHAas MOIITHOCTH OTHOCHUTENFHO HAanOOJIee CHIIBHOTO KOMIIOHEHTA 0 0 -7,3 -9 -8.5 -9,6 -9,1 -9,8

(1b)
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9 XapakTepuCTHKH HaNpaBJeHHs NPUOBITHSI CHTHAJIA

CpenHekBanpaTHUHBI pa3dpoc 1Mo yrioy, Kak ompeneneHo B Pexomenmarmun MCDO-R  P.1407, B
A3UMYTaJbHOM HAaNpaBICHUH B MHKPOCOTE WM IHKOCOTE B TOPOJCKOW 30HE OBUI MOIy4eH Ha OCHOBE
pe3yNbTaTOB W3MEpEeHH, Tpom3BeAeHHBIX Ha 4vactore 8,45 I'Tm. IlpmemHas Ga3zoBas craHIUs HMela
apaboJINYeCKy0 aHTEHHY C IIMPUHOW Jyda IO YPOBHIO INOJOBHMHHOHM MommHocTH 4°. BbicoTa aHTeHHBI
NepearoIiel MOBUKHON CTAaHI[MM COCTaBisu1a 2,7 M, a BbICOTAa aHTCHHBI NMPUEMHON 0a30BOM CTAHIIMU —
4.4 m.

B curyammum LoS cpemHekBampatWdHbBI pazdpoc 1o yriry Obur paBeH 30° (mpw  cTaHZApTHOM
otknoHenuu 11°). B curyaumu NLoS cpennekBagpaTuuHblii pazdopoc mo yriy Obsi1 paBeH 41° (mpu
CTaHAAPTHOM OTKJIOHEHHH 18°).

10 XapaKTepUCTUKHU 3aMUPaAHUSA

I'myOvHa 3amMupanus, omnpeaenseMas Kak pa3HOCTh Mexay SO-TPOIEeHTHBIM U |-TIPOLEHTHBIM 3HAYEHHSIMH
WHTETPAILHOW BEPOSITHOCTH YPOBHEHW MOJYYCHHBIX CHUTHAJIOB, BBIPAXAeTCs KaK (PYHKIHS TPOU3BEIACHUS

(2AfAL,, s MT'11-M) mIMpUHBL TOJIOCH! mpomyckanus npueMHuka 2Af (MI') u MakCHManbHOW Pa3sHOCTH
JUTHH Tpacc pacrpoctpanenust AL, (M), Kak moKa3aHo Ha pucyHke 5. AL,,,, — 3TO MakCHMasbHas Pa3HOCTh
IUIMH TPacc paclpOCTPaHEHUsI MEXy KOMIIOHEHTaMH, YPOBEHb KOTOPBIX MPEBBIIIAET IOPOrOBOE 3HAUCHHE,
KoTopoe Ha 20 nb HM)Xe HaMBBICIIETO YPOBHS OTPaXXEHHBIX BOJH, Kak IOKa3aHO Ha pucyHke 6. Ha stom
pucyHke @ (B Ab) — 3TO OTHOILIEHHE MOIIHOCTH MPSMOM BOJHBI K MOIIHOCTH CYMMBI OTPaKEHHBIX BOJIH,
a =—oo b TpeCTaBISIET CUTYALMIO OTCYTCTBHS mpsmMoit Buaumoctd. Ecmu 2AfAL,,,. menbiie 10 MT 1M,
TO YPOBHHU IOJIy4YEHHBIX CUTHAJIOB B CIIy4ae MPsIMOM BUIUMOCTH U B ClIydae OTCYTCTBHS MIPSIMOM BUIMMOCTH
CIeNYIOT pacnpeneieHuio Pames u  pacnpenenenuto Hakaramu—Palica, CcOOTBETCTBYIOIIUM 00JIacTH
y3KomnosiocHoro 3amupanus. Ecmu 2AfAL,, mnpessimaer 10 MI'mM, OHO COOTBETCTBYET 00JIaCTH

IHUPOKOIIOJIOCHOI'O 3aMUpaHus, B KOTOpOfI I‘J'IyGI/IHa 3aMUpaHUs YMCHBIIACTCSA, @ YPOBHU IMOJTYYCHHBIX
CHUTI'HAJIOB HEC COOTBCTCTBYIOT HU PACIIPEACIICHNUIO PBJ’IeH, HU paCHIpCaACIICHUIO Hakaramu—Patica.

PUCYHOK 7

Coornomennst Mex1y I1yOuHoi samupanus u 2AfAL,,
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PUCYHOK 8
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