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IIpeauciiosue

Pome CekTopa paawioCBsi3uW 3aKIFOYAECTCs B OOCCIICUYCHUU PAIlMOHAIBHOTO, CHPaBEMIUBOrO, S((EKTUBHOTO H
SKOHOMHUYHOT'O HWCIOJB30BaHUS PAJMOYACTOTHOTO CIIEKTPa BCEMHU CIY)KOaMU paiHOCBS3U, BKIIOYAs CITyTHUKOBBIC
CIy’)XOBI, W TPOBENCHNH B HEOTPAHMYCHHOM YaCTOTHOM JHAalla30HE WCCICOBaHUH, Ha OCHOBAaHHH KOTOPBIX
MIpUHUMAIOTC PekoMeHmanmn.

BcemupHbIe 1 pernoHanbHbIe KOH(EPEHIINH PAANOCBA3M U acCaMOJIen pallOCBsI3U PH MOJIEPKKE HCCIIEA0BATEICKIX
KOMHCCHH BBITIOJIHSIFOT PErJIAMEHTAPHYI0 ¥ MOIUTHUYeCKyI0 (pyHKInu CekTopa paanocBsI3u.

IMouTHKa B 00J1aCTH NPAB HHTEJIEKTYaabHO# codcTBeHnocTu (ITUC)

ITomutuka MCD-R B oOmactu IIMC wm3naraercs B oOmieil marentHod mnomutuke MCD-T/MCDO-R/MCO/MDBK,
ynomuHaemoir B Pesomrormu MCD-R 1. ®opMmbl, KOTOpBIC BIafeibIlaM IATCHTOB CIEAYEeT WCIOIb30BATh IS
MPEICTaBIICHUS TMATCHTHBIX 3asBICHUA W JEKJIapalWid O JIMIICH3UPOBAaHUM, TPEACTABICHBI IO  aJpecy:
http://www.itu.int/ITU-R/go/patents/en, rae Takxke coiepixarcs PyKOBOASIINE MPUHLUIBI MO BBIMOJHCHUIO OOLICH
nateaTHOU omutukd MCO-T/MCO-R/MCO/M3IK u 6a3a nanHbIX nateHTHON MHpOopMarmm MCO-R.

Cepuu Pexomenaanuii MCI-R

(IlpencraBieHbl TAaKKe B OHIAWHOBOM (hopMme mo aapecy: http://www.itu.int/publ/R-REC/en.)

Cepus Ha3Banue

BO CIyTHHKOBOE paJHOBEIIaHue

BR 3anuch 1715l IPOU3BOJICTBA, ADXUBHPOBAHUS M BOCIIPOM3BEICHUS; TUICHKH IS TEJICBUICHUS

BS PanuoBemarensHas ciayx0a (3ByKoBasi)

BT PanunosemarensHas ciayx0a (TeleBU3HOHHAS)

F OuKcHpoBaHHAS CITYKOa

M [MonsukHbIE CiTyX)OBI, CIyX0a pagrooNpeeNieHs, TIOOUTENbCKas CITy>)K0a M OTHOCSIIUECS
K HUM CITyTHHUKOBBIE CITY>KOBI

P PacnipocTpanenne pajHoBoJIH

RA Papnoactponomust

RS CucreMbl TUCTAaHINOHHOTO 30HIUPOBAHMS

S dukcupoBaHHas CITyTHUKOBas Ci1yX0a

SA KocMuueckre npuMeHeHNs! 1 METEOPOJIOTHS

SF CoBMeCTHOE HCIIONB30BAHME YaCTOT U KOOPJMHALUA MEXKy CHCTEMaMy (PMKCHPOBaHHOM
CITyTHUKOBOH CITYObI 1 (PUKCHPOBAHHON CITY>KOBI

SM VipaBiieHue UCIONb30BaHUEM CIICKTPa

SNG CryTHHKOBBIN cOOp HOBOCTEH

TF [Tepenaua curHasoB BpEMEHHU U 3TAIIOHHBIX 4aCTOT

\% CroBaphb ¥ CBsI3aHHBIE C HIM BOIPOCHI

Ilpumeuanue. — Hacmosawasn Pexomenoayus MCO-R ymeepoicOena na aHeautickom s3vike
6 coomgemcmeu ¢ npoyedypou, uznoxcennou 6 Pesonoyuu MCO-R 1.

Dnexmponnas nyoauxayus
XKenena, 2020 1.

© ITU 2020

Bce mpara coxpanenbl. Hu o1Ha u3 yacteil TaHHOH MyOIMKaIUU HE MOKET ObITh BOCIIPOU3BEICHA C TIOMOIIBIO KAKHX OBl
TO HH OBUIO CPENCTB Oe3 MpeBapUTENbHOTO MMChbMEHHOT0 pa3pemenns MCO.
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PEKOMEH/JALIMS MCD-R P.1238-10

JlaHHbIE 0 pacpocTPaHEHUH PAJUOBOJIH U METO/bI POTHO3HMPOBAHMS
JJIS IVIAHUPOBAHMS CUCTEM PAJUOCBSI3H BHYTPH IMOMeIeHU i
U JIOKAJIbHBIX 30HOBBIX pajuoceTei
B auanaszone yactor 300 MI'y — 450 I'T'*
(Bormpoc MCD-R 211/3)

(1997-1999-2001-2003-2005-2007-2009-2012-2015-2017-2019)

Cdepa npumeneHus

B mHacrosmie#t PekoMeHmaruu TpHBEACHBI PYKOBOIMIINE YKa3aHWSA, KacarollHecs pacipoCTPaHCHUS
PaaMOBOJIH BHYTPH MOMEIICHHI B Auana3oHe 4actoT oT 300 MI' xo 450 I'T'u. Mudopmariust npeacraBicHa
T10 CJICTYIOIINM IOJOKEHUSM:

- MOJIEJI OCHOBHBIX TIOTEPh MEPEIavH;

- MOJEIH pa3dpoca 3aaepKKH;

- BIIMSTHHUE TIOJIIPU3AIIMY U TUarpaMMbl HAPABJICHHOCTH aHTCHHBI,
- BJIMSIHHUE PACIIOJIOKEHUS TIepeaTyrKa 1 MPUEMHUKA;

— BIIMSTHHUE CTPOUTEIHHBIX MaTEepPHUajIoB, 000pyIOBaHHS U MeOemH;
- BIIMSIHUE TIEPEMEIICHUST O0BEKTOB IO MOMEIIEHHIO;

- CTaTUCTHUYECKAA MOACIIb IIPHU CTATHYECKOM HUCIIOJIb30BAHUU.

KuroueBble cioBa

PacmipocTpanenue pannoBOIH BHYTPY IOMENICHUH, OCHOBHBIE TTOTEPH Tepeaadn, pa3dopoc 3a1ep:KKu

Accambnes paguocssizu MCD,

yuumbsledast,

a) YTO B HAcToAIICe BpeMs pa3padaThiBaeTCs MHOKECTBO HOBBIX CHCTEM IEPCOHAIBLHOM PagroCBsI3y,
paboTaromyx Ha KOPOTKUX PACCTOSIHUAX (MeHee 1 KM) BHYTpH MOMEUICHUH;

b) 4TO, KaK IIOKa3ald YK€ UMEIOLIUECs Pe3yJbTaTbl pa3pab0TOK U MHTEHCUBHAsS MCCIIE0BaTeIbCKasl
JeSITeNIbHOCTD, CYIIECTBYET HACTOSTENIbHAsE HEOOXOAMMOCTh B CO3/IaHHMH JIOKAJIBHBIX 30HOBBIX PaHOCETeH
(RLAN) u 6ecnipoBoanbix opucHbix ATC (WPBX);

C) YTO OKEJNaTenhbHO paszpaborare crtaHmapTel st RLAN, coBMmecTMMBIE C CHCTEMaMH Kak
0ECIIPOBOIHOM, TaK U TIPOBOJIHON CBSI3H;

d) YTO CHCTEMBbI HEOOJBIION NaNbHOCTH, paboTaloliue C O4eHb HM3KMMH MOLIHOCTSIMH, 00JagaroT
MHOKECTBOM NPEUMYIIECTB MIPH MPEIOCTABIECHUH YCIYT B CPE/E MOABMKHON U MEPCOHATBHON CBSI3H, TaKOH
kak cetd PU-maTumkoB u OecnpoBOAHBIE YCTPOKMCTBa, paboOTaromIde B MOJOcax OeIoro MpoCTpaHCTBa
TEJIEBU3MOHHOTO BELIaHUS;

e) YTO 3HAHHE [TapaMEeTPOB PACIPOCTPAHEHHS PAHOBOJIH BHYTPH 3AaHUN U XapaKTEPUCTHUK TIOMEX OT
MHOXECTBA T0JIb30BATENCH B MpeJiesiaX TOH K€ 30HBI OOCITYKHBAHUS SIBIISICTCS ONPECISIONINM (aKToOpoM
IIpH IPOEKTHPOBAHUHU CHCTEM;

f) YTO CYIIECTBYeT MOTPEOHOCTH B pa3paboTke Kak oOmmux (TO €CcTh HE 3aBHCAIUX OT
MECTOTIONIOKEHUST) MOJICIeH U PEeKOMEHIAIINH OTHOCUTEIIEHO TIEPBUYHOTO TNIAHUPOBAHMS CUCTEM U OIEHKH
MOMeX, TaK U JETCPMHUHHPOBAHHBIX (WJIM 3aBUCAIIUX OT MECTOIMOJIOXKEHHUS) MoJAene ams 6oiiee TOYHBIX
OILIEHOK,

Heo0xoauMBbl 1ONIOTHUTENbHBIC PE3YJIbTAThl H3MEPEHHH U1 IPOBEPKH IPUBEACHHBIX B HAacTOAIIEeH Pexomennanuu
Mogeneit Ha yactotax Boime 100 [T, kak npeaaraercst B Bompoce MCO-R 211-7/3.
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ommedast,

a) gto Pexomenmanms MCO-R P.1411 sBisercs pyKOBOJCTBOM IO PACIIPOCTPAHEHUIO PaJMOBOIH Ha
KOPOTKHE pacCTOSHUS MpPH MpHEMe Ha Hapy>KHbIe CUCTEMBbI (BHE MOMEIICHHI) B JMANa30He YacTOT OT
300 MI't mo 100 I'T'mt, m x 3TO¥ Pexomenmanuu ciemyeT oOparaThCs B TEX CUTYalHsIX, KOTJa CYIIECTBYIOT
YCIIOBUS MPHEMa KaK BHYTPH MOMEIICHUH, TAK H BHE TOMEIICHUIA;

b) yro B Pexkomenganuu MCDO-R P.2040 npencraBieHO pPyKOBOJCTBO O BJIMSHHUKW CBOWCTB
CTPOUTEIHHBIX MAaTEPUAIOB U CTPYKTYP Ha pacIpOCTPaHEHHE PaTUOBOIIH,

pexomenoyent,

1 9TO MPH OIICHKE XapaKTePUCTHK PACIPOCTPAHCHUS [UISI PATUOCHUCTEM, pPabOTAIONINX BHYTPH
nmomerienuii B quanaszone 300 MI'm — 450 [T, cnexyer ucmonb3oBath MHPOPMAIMIO U METOJBI, KOTOpHIC
npuBeneHs! B [Iprmoskennn 1.

IMPUMEYAHME. — HccnenoBaHus COBMECTHOTO UCIONB30BaHUS 4acToT, npoBoauMele MCO-R B paMkax pa3nuyHbBIX
nyHKTOB noBecTku Hs1 BKP-19, ocHoBBIBasiuCh Ha TeKCTe HacToAlIeH PekoMeHaaim, KoTopas JeiicTBoBajia HA MOMEHT
MPOBEICHUS 3TOH JCATEIBHOCTH WIIH Ha MOMEHT BPEMEHH, KOT/a 3Ta ISATeITbHOCTh ObLIa 3aBEpIICHA.

IHpuiaoxenue 1

1 BBenenue

[IporHo3upoBaHue MapaMeTpOB PACIPOCTPAHEHUS I PATUOCUCTEM, PabOTAIONIMX BHYTPH IOMEUICHUH,
HECKOJIBKO OTJIMYAETCsl OT MPOTHO3UPOBAHUS JJI Hapy>KHBIX cucTeM. UTo KacaeTrcd Hapy)KHbBIX CHCTEM, TO
IUIs1 HUX KOHEYHOM LENbIO sBiIsieTcs obecneueHne 3(h(HeKTHBHOTO 0XBaTa TpeOyeMoi 30HbI (Mik o0ecrieueHue
HaJEKHOW Nepeiadn Ha Tpacce B CIIydae CHCTEM CBSI3M ITyHKTA C IMTyHKTOM), a TaKkke 60pp0a ¢ moMexamMu Kak
B IIpeJie]ax CUCTEMBI, TaK U JUIsl APYTHMX CUCTEM. B ciydae ke nprema BHYTPH ITOMEIIEHUM pa3Mephbl 30HbI
OXBaTa BIIOJHE ONPEACIAIOTCS T'€OMETpUEH 37aHus, NMpUYeM TIpaHHULBl caMoro 3JaHus OyIyT BIUATH Ha
XapaKTECPUCTHUKHU PACTIPOCTPAHCHHUS. TTommmo ITOBTOPHOT'O UCITIOJIB30BAHUA YaCTOTHI HA OAHOM U TOM K€ 3TaXKE
3lIaHHS, TAaKOW cIT0co0 MCIOIB30BaHMS YACTOT 3a4acTYIO JKeJlaTeJIeH H MEXIy Pa3sHbIMU dTa)KaMH 3/1aHMUsI, B
pesyJbTaTe 4ero mpodjemMa OmMcaHHs IMOMEX CTAaHOBUTCS TpexMepHOH. M HakoHel, pacmpocTpaHeHHE Ha
OYEeHb KOPOTKHE PAcCTOSHUS, OCOOCHHO MPH UCIIOIb30BAHUH MUJIJIMMETPOBBIX BOJIH, COIPSIKEHO C TE€M, YTO
Jaxe HeOOJIbIINEe U3MEHEHUS B CpeJie, HEMOCPEACTBEHHO OKpYJKaloLlel paguoTpaccy, MOryT CYIIECTBEHHO
BIIUSITH Ha XapaKTEPUCTUKU PaCIIPOCTPAHEHMS.

Ecnu 3aHMMAaThCst KOHKPETHBIM IJIAHUPOBAHUEM PaIMOCUCTEMBI, paboTaroliell BHyTpY MOMELIECHUH, TO U3-3a
CIIO)KHOM MTPHUPOJIBI BCEX 3THX (HaKTOPOB MOTpedyeTCst TouHasi HHPOPMAITUS O XapaKTePUCTHKAaX KOHKPETHOTO
MecTa, B KOTOPOM OHa OyZeT MCIIOJIb30BaThCs, HAPUMEP €0 TEOMETPHSI, MaTepUaIIbl, U3 KOTOPBIX CACTIaHO
3naHMe, MeOenb, MpenanojaracMble JUarpaMM HalpaBlICHHOCTH M T.J. OJHako A NEepBHYHOTO
IUTAHAPOBAHUS CHCTEMBI HEOOXOANMO OIIEHUTH KOIMYECTBO 0A30BBIX CTAHITNI, KOTOPOE TIO3BOJIUT OXBATHTh
BCIO 30HY C pacIipe/IeICHHbIMU TTOIBUKHBIMH CTaHIIUSMH M OLICHUTH BO3MOKHBIE IOMEXH JJISl JPYTUX CITYKO
WA MEXIY cucTeMaMi. J{Jsl Takux ciydaeB IUIaHUPOBAHUS CHCTEM HEOOXOAUMBI MOJIEINH, OMMCHIBAIOLINE B
00111eM XapaKTepUCTUKU PAaCIPOCTPAaHEHHUS B YCIOBHSIX KOHKPETHOH cpeabl. B To jxe BpeMs pacueT 1o Takon
MOJIEJIU HE I0JIKEH TPeOOBATh OT M0JIb30BATEIIS OOJIBIIOTO KOJINYECTBA UCXOAHON HH(OpMALUH.

B Hacrosimem IlpuioxkeHnr B OCHOBHOM TIPEACTaBICHBI OOOOIICHHBIC MOJETH, HE 3aBHCAIINEC OT
MECTOIIOJIOKEHUS, U YUCTO KadecTBeHHas WH(OpMAIus, MO3BOISIONIAS OICHUTh YXYIIICHUS YCIOBUH
pacrpocTpaHeHHs, KacaloIluecs paguornpreMa BHYTPH MOMENIeHHA. TaM, Tie 3TO BO3MOXKHO, TIPUBOIATCS
MOJICNIA, TPUBSI3aHHBIE K OCOOCHHOCTSM MecTa. Bo MHOTMX cioydasx [OaHHBIe, Ha 0a3e KOTOPBIX
pa3pabaThIBaINCh MOJIENH, OBLIN OTPAHUYCHBI JTHO0 MO YaCTOTE, JTMOO IO YCIIOBUSAM UCIIBITAHUI; BEIpaXKaeTCs
HaJeXK/1a, 9TO TPEIOKEHUS, IPEACTaBICHABIC B HACTOAMIEM | IpritoskeHnH, MOKHO OyAeT pacIIupUTh, KOTaa
MOSIBATCS HOBBIC JaHHBIE. AHAJOTHYHBIM O0pa3oM TOYHOCTh MOJeNeH OyAeT MOBBIMIATECA IO Mepe
HaKOIUJICHUSI OMBITa MX HCIOJb30BaHUs; B HacrosmieMm [IpunokeHun mpencTaBieH HAWIYYIIUA BapHaHT,
UMEIOIIUNICS Ha CETOMHIIIHUN N€Hb.
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2 YXyaumeHnune pacnpocTpaHeHUs M KPUTEPHH KadecTBAa PaANOCHCTeM BHYTPH NMOMeIleHHii
VYXynmieHus: XapakTepUCTUK pACIpOCTPaHEHHs B paJdOKaHale BHYTPU IIOMELICHHs OOYCIIOBIICHBI B
OCHOBHOM:

— OTpaXEHHEM OT TPEAMETOB M Mudpakiueid Haja mpenMeTamu (BKIIOYasl CTEHBI W TIOJBI) BHYTPHU
TTIOMEILIECHHI;

- MOTEPSIMHU TIepelavy MPH MPOXOKJACHUU CUTHAIIA Yepe3 CTEHBI, TIOJBI U IPYTHE MPETSATCTBHUS;

- KaHAJM3UPOBAHUEM DYHEPTHUHU CUTHAJA HA BRICOKUX YaCTOTaX, 0COOEHHO B KOPUIOPaX;

- MepeMelIeHreM JIF0JIeH U TPEeIMETOB B TOMEILIEHUH, BKITIOYast, BO3MOXHO, OJTHO WJIH 002 OKOHEYHBIX
YCTpOICTBA JIMHUU CBS3H,

Y BBI3BIBAIOT TAKUE YXYAIICHUS KaK:

- OCHOBHBIE TOTEPH IEperadn — TO €CTh HE TOJHKO OCHOBHBIE IOTEpU Mepefadd B CBOOOIHOM
MIPOCTPAHCTBE, HO U JOMOJHUTEIbHBIE IOTEPH 33 CUET MPETATCTBUI U IPOX0XKACHUS CUTHANIA Yepe3
MaTepuanbl, U3 KOTOPBIX IMOCTPOCHO 3/IaHUE, a TAK)KE BO3ZMOKHOE YMEHBIIIEHHE OCHOBHBIX MOTEPh
nepesayy B CBOOOAHOM IIPOCTPAHCTBE 32 CUET KAHAIU3UPOBAHMUS;

- WU3MEHEHHNE BETMYMHBI OCHOBHBIX IOTEPH MEPEJadr BO BpEMEHH U IIPOCTPAHCTBE;

- MHOTOJTy4eBbIe A (EeKThI, BEI3BAaHHBIE OTPAKEHHEM U Au(pakiiueii KOMIIOHEHTOB PaAHOBOJHEL

- HECOTIaCOBAaHHOCTH MOJISIPU3ALUH U3-3a CIy4allHON IOCTHPOBKU MOOMIIBHOTO TEPMHUHAJA.

CayxObl  OecipoBOIHOW CBA3M BHYTPM IIOMEIICHUH MOTYT XapaKT€pPH30BaTbCsi  CIEXYIOLIMMHU

0COOEHHOCTSIMHU:

- BBICOKOI/CpeIHe/HN3KOH CKOPOCTHIO MTepelaun JaHHbIX;

- 30HOH MOKPHITUS KaXKA0i 6a30BOH CTaHLMH (HaIIpUMep, KOMHATa, 3TaX, 31aHHe);

- CHCTEMOM MOABMKHOM/TIOPTaTUBHOW/ (PKCHPOBAHHOIA;

- paboToii B peaJlbHOM BpEMEHHU/HE B PealbHOM BPEMEHH/B KBa3UpeaJbHOM BPEMEHH;

- TOTIOJIOTHEN CeTH (HampuMep, CBsI3b MyHKTA C ITyHKTOM, ITYHKTa CO MHOTMMH ITYHKTaMH, KaKJOTO
MyHKTA C KQXIbIM ITyHKTOM).

[Tosie3HO ONpenenTh, KAKHE XapaKTEPUCTHKH PACIIPOCTPAHCHHSI KaHalla HanOoJIee MOAXOIAT IJIsl OMUCAHUS
€ro KadeCTBa B PA3JIMYHBIX IMPUMCHCHUAX, TAKUX KaK pe€yucBas CBA3b, IEpcladya JaHHBIX C paanqufI
CKOPOCTEIO, TIepeiada N300paKeHUH 1 BUACOCTYKOBI. B Tabmuite 1 mepeuncieHsl Hanboiee CyneCTBEHHBIC
XapaKTCPUCTHUKHU JJIA TUITOBBIX C.HY)K6.

TABJINIIA 1
Tunosble ci1y:K0bI U BBl YXyIII€HUSI PACIPOCTPAHEHUSI
Coysnt XapaKkTepueTHKH PaccmaTpuBaemMble BUBI YXyAIIEHHST
pacnpocTpaHeHust
BecnpoBonHas Bricokas ckopocTh nepeiaun JaHHBIX, 01HO | OCHOBHBIE MMOTEPH MEepeaadn —
JIOKaJIbHAs WJIN HECKOJIBKO TTOMEIIEHHH, TOPTaTUBHAS | paclpe/ieieHHe BO BpEMEHH 1
30HOBas CETh cucreMa, paboTa He B peajibHOM BPEMEHH, HPOCTPAaHCTBE
CBSI3b IIYHKTA CO MHOTMMH ITYHKTaMH HJIH 3ajieprkka BCIeICTBUE MHOTOJTY4€BOCTH
Ka)KIOTr0 IyHKTa C KaXKIBIM ITyHKTOM OTHOIICHNE HAIPSHKEHHOCTH OIS
KeJTaeMOU MOJIbI K HeXeNaeMon
WPBX CpenHsisi CKOPOCTB TIepeadu TaHHbIX, OCHOBHBIE TIOTEPHU TIEpEIATH —
HECKOJIBKO MTOMEIEHNH, OJJH 3TaX WIIH pacnpezeneHe Bo BpeMEHH U
HECKOJIBKO ATaXeH, padoTa B pealbHOM HPOCTPAaHCTBE
BpPEMCHHU, NOABUIKHAA CUCTEMA, CBA3b ITYHKTA
CO MHOTUMH ITyHKTaMH
[eWmKxuHr BHYTPH Huskas ckopocTs Iepefayn JaHHbIX, OCHOBHBIE TIOTEPH HIepeIadn —
MOMEIIEHUS HECKOJIBKO dTaXel, padoTa He B pealIbHOM | paclpe/ieieHHe BO BpEMEHH 1
BpEMEHH, MOJBIKHAS CUCTEMa, CBS3b IIYHKTa | IPOCTPAHCTBE
CO MHOTUMHM ITYHKTaMH
becripoBonnas ciryx6a | Beicokast ckopocTh Iepeaun JaHHbIX, OCHOBHBIE TIOTEPH HIepeIadn —
BUJIEO BHYTPH HECKOJIBKO ITOMEIIEHUH, paboTa B peajlbHOM | paclpe/ieieHie BO BpEMEHH 1
HOMEIICHUH BPEMEHH, ITOJBIKHAS WIIH IIOPTATHBHAS HPOCTPAHCTBE
CHCTEMa, CBS3b IYHKTA C MYHKTOM 3ajieprkka BCIIeICTBUE MHOTOJTY4€BOCTH
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3 Mopen 0CHOBHBIX MOTEPh Nepeaavn

Hcnonp3oBaHue MoOJeny MOTeph Mepeqadyrd BHYTPU TOMEIIEHUS MPeaIoaraeT, 9To U 0a3oBas CTaHIUs, U
TIEPEHOCHON TePMHHAT HAXOAATCS BHYTPH OXHOTO 3maHus. OCHOBHEIE IMOTEPH Mepeaadnd Mexay 0a30BOH U
TOIBHYKHOW/TIEPEHOCHOH CTAHI[USIMU BHYTPU TIOMEIICHUS MOYKHO OIICHUTH C MTOMOIIIBIO JIF000H 13 Mozeei —
0000IICHHO, HE 3aBUCSIICH OT MECTa, WIX JACTCPMHUHUPOBAHHOM, YUYUTHIBAIOIICH OCOOCHHOCTH MECTa.

3.1 O0001eHHbIE MOIEJIH, HE 3aBHCAIIME OT MECTa

Mogenu, 0 KOTOPBIX MOWAET pedb B 3TOM pasjieie, CUUTAIOTCS 000OUICHHBIMU, HE 3aBUCALIMMHU OT MECTa,
IIOCKOJIbKY OHU He TpeOyIoT Oosbmioro oobeMa MHPOPMAIMA OTHOCHUTEIBHO TPAacChl MIM OCOOCHHOCTEH
MecTa, Tae paboraer cucrema. OCHOBHBIE TOTEpPH Nepedadd UIsl PagdOCHCTEMBl BHYTPH IOMEIICHUS
XapaKTepu3yloTCs Kak CPpeIHUMHU OCHOBHBIMH IOTEPSAMHU Iepeiau, TaKk U CBA3aHHOM ¢ HUMHM CTaTUCTHKON
3aMHpaHMid BCIEICTBUE 3aTeHeHUs. Heckolbko Mojeneli OCHOBHBIX MOTEPh Mepeayd BHYTPU MOMEIICHUS
VYUTHIBAIOT OCJIA0JIEHNE CUTHAJIA TIPY €T0 MHOTOKPAaTHOM MPOXOXKISHUH Yepe3 CTEHBI W/WIIK okl Moens,
OIHCBhIBaeMas B 3TOM pa3Jielie, YIUTHIBAET IIOTEPU P MHOTOKPATHOM MPOXO0KISHIH CUTHAJIA Yepe3 MO, YTO
MI03BOJISIET MPEyCMOTPETh TaKUE XapaKTePUCTHUKH, KaK MIOBTOPHOE MCIIONb30BAHNE YACTOTH HAa Pa3IUYHbIX
dTaxkax 3faHus. J{MCTaHIMOHHBIE KOA(PQUIMEHTH MOTEPU MOIIHOCTH, NMPUBOJUMBIC HUXKE, BKIIOYAIOT B
HESBHOM BHJI€ TIONIPABKY Ha IMOTEPHU MPHU MPOXOKISHIH CUTHAJIA Yepe3 CTEHBI M HaJ| WU Yepe3 MPETsITCTBUSA,
a TaKKe Ha OCTAJIbHbIE MEXaHU3Mbl BOZHUKHOBEHHS TOTEPh, KOTOPhIE MOTYT BO3HUKHYTH B MIPEJIENax OJHOIO
dTaXxka 3/aHus. B MoJensax, y4UTHIBAIOMIMX CHEIU(HUKY MECTa, UMEETCS BO3MOXHOCTh B SIBHOM BHJIE YUECTh
MIOTEPH 32 CYET KKAOH CTEHBI, BMECTO TOTO, YTOOBI BKJIFOUATh UX B IUCTAHIIMOHHYIO MOJIENb.

OcHOBHAasI MOJIETTb TIOTEPh UMEET CIICTYIOITII BU:
d
Ltotal = L(do) + N log1o ot L(n) nb, (1)

rie:
N: aucTaHIMOHHBIA KO3(PPUIIMEHT MOTEPh MOILHOCTH;
gactora (MI'm);

d: paccrosHue pasHeceHust (M) MKy 0a30BOM CTaHIMEH M MEPECHOCHBIM TEPMHUHAIOM
(rme d > 1 m);

do: oTamonHoe paccrosiHue (M);

L(do) : ocuoBubie moTepu mepenaun B o (ab) mist sranmorHOro paccrosiaus do Ha 1M m
MpUHUMas pacipocTpanenne B cBoboaHoM mpoctpanctse L(dg) = 20 logqo f — 28, rae f
BEIpaxkaeTcs B merareprax (MI'm);

Lf: ko3¢ ¢dunmeHT morepp 3a cueT NPOXOKACHUs curHana depes noi (ab);

N: KOJMYECTBO dTaXKel MexTy 0a30BOU CTaHIMEH M MepeHOCHBIM TepmuHaioM (N > 0),
Li=0 nb mpun =0.

TurnoBble mapaMeTpbl, OCHOBaHHBIC Ha Pe3yNibTaTaxX Pa3IMYHBIX U3MEPCHUH, IpUBEICHBI B Tabnumax 2 u 3.
B koHIIe paziena nmpuBeeHbI JONOJIHUTENBHBIE 00IIME PYKOBOISIINE YKA3aHHSI.

TABJIULIA 2

Koy puuuenTsl morepu Mournoctu N, Mcnosib3yembie
MPHU pacyeTe NOTePb NMepeAayu BHYTPH MOMeLleHus

Yacrtora Kunoe Cay:xeoHoe | Ilomemienue 3aBoj Kopuaop noa
(I'T'm) noMelieHue | MoMenieHne TOProBOro
Ha3HAYeHHUS
0,8 — 22,504 - _ _ _
0,9 - 33 20 - _ _
1,25 - 32 22 - - -
19 28 30 22 - - -
2,1 — 25,54 20 21,1 17®) -
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TABJINIIA 2 (npodonsicenue)

Yacrtora Kunoe Cay:xeoHoe | Ilomemienue 3aBoj Kopuaop noa
(I'Tu) noMelieHue | MoMenieHne TOProBoro
Ha3HAYEHHS
22 - 20,744 — - - —
2,4 28 30 - - - —
2,625 - 440 = 330 - -
35 - 27 - - - -
4 - 28 22 — - -
47 - 19,89 - - - -
300
52 28® 31 - - a B
5,8 - 24 - - - -
26 - 19,544 — - - -
19,5(12, 18) 18,3(4’ 12, 18)
12,65-14,15 - - - 39,3012 18) 44 5(4.12,18) B
19,0012.18) 19,2(4.12,18)
25,3-28,3 - - - 37,8012.18) 37.7(4.12.18) -
27,6®
28 - 18479 17,9142.13) - - -
29,942 '
’ 24,8(12' 13)
37 — 15,644 — - - -
20,3(12) 18,6(12' 13)
38 - 29 6(12) 25,9(12.13) - - h
1310
51-57 - 1510 - - 16,3410 -
60 - 220 170 - 1679 -
18 3(12, 18) 18 8(4, 12,18)
_ (11) _ ’ I —
67-73 19 38,8(12.18) 35,1(4/12.18)
70 - 220 - - - -
250 20,1(16) 19,0(9’ 16)
275 20(16) 19,2619
300 ~ 20() _ _ 19,50 15) 20,209
325 19,847 19,6¢ 17

1)

2)

3)

4)

5)

5)

7

8)

[onmpasymesaercs, uro Ha gactotax 60 I'Tm u 70 I'T'1 mporcXouT pacipocTpaHEeHHE B IpeAeax OJHOW KOMHATE)
WINA TIOMEIIEHHS, TIPH 3TOM TONPaBKH HA Iepenady Iph MPOXOKICHUH CHUTHAJIa Yepe3 CTEHBI HE YUHUTBHIBAIOTCS.
ITornmomenue B razax Ha yactote okojio 60 I'T1y Taxke BecbMa CyIecTBEHHO ISl paccTosiHui 6onee 100 M 1 MoXke1
BJIMSTE HA PACCTOSHHS TIOBTOPHOI'O UCIIOJIb30BaHus 9acToT (cM, Pekomenparmio MCD-R P.676).

MHOFOKBapTI/IpHOG 3JaHHUC — OAHO- HJIKM ABYXOTAXKHOC KWUINIIC IAJI HCCKOJbKHUX HOMOXOSHﬁCTB. Kak IpaBuUIIo.
OOJIBIINHCTBO CTCH, pa3AC/IAIOIINX KOMHATBI, ABJIAOTCA OCTOHHBIMH.

Jlom — omHO- WM JBYXATaKHOE JKUJMINE JJI OJHOTO JoMoxo3siiicTBa. Kak mpaBuiio. OOJBIIMHCTBO CTEH.
pasIensromX KOMHATHI, SIBJISIFOTCS IEPEBIHHBIMU.

KOMHLIOTCpHLIﬁ 3aJ1, B KOTOPOM YCTAHOBJICHO 0OJIBIIIOE YUCIIO KOMIIBIOTCPOB.
Hepe,[[aT‘-II/IK 1 IIPUEMHHUK HAXOJATCA HA OOHOM JTaXE U 00¢ aHTCHHBI YCTAHOBJICHBI Ha BBICOTE ITOTOJIKA 2,7 M.

Tpacca MEKAY MNEPeAAaTINMKOM W IMPUEMHHUKOM HAIIOJOBUHY J3KpPpAHHPOBAHA METAJUIMYCCKUMU MaTCpUATIaMU,
M BBICOTA 00E€HMX aHTEHH COCTABJISET 1,5 M.

upuHa ryya nmepenaromeil ¥ MpueMHON aHTEHHBI cOCTaBiseT 15,4°.

Kenesnomopoxusiid Bok3an (170 M X 45 m x 21 m (B)) u 3manue asponopra (650 m x 82 M X 20 m (B)) — ciryuaii NLoS,
aHTEHHA MepefaTdynka ¢ HMpUHON Jyda 60° 1O ypOBHIO NMOJOBHHHOW MOIIHOCTH YCTAaHOBJIEHa Ha BBICOTE § M.
Y aHTCHHA NIPUEMHUKA C ITUPUHOM Jyda 10° ycTaHOBJIEHA Ha BBICOTE 1,5 M Haj| moJoM. DTO 3HAYCHUE OBLIO TOTYYSHC
Ha OCHOBaHUM MAaKCUMAJIbHOTO YCHUJIEHUS Ha TPAacce aHTEHH MeperaTunka U MPUEeMHUKA pa3HO OPUEHTALIH.
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©  TlepemaTunk u MPUEMHHK HAXOAATCA B Kopuaope LoS.

(9 IMlupuna 1yya nepenarouiei aHTeHHb 56,3°, cunTes Ha 360° MO a3MMYTy Ha YPOBHE IIPUEMHHUKA C IMMPHHOM Tyya 19,7°
10 YIIIy MecTa.

D llupuna nyua nepenaromeii antenus 40°, cunTes Ha 360° M0 a3UMYTY Ha YPOBHE MPUEMHHKA C IIMPHHOM Tyuda 14,4°

0 YTy MEcTa.

(12 BepxHee 4MCIIO COOTBETCTBYET cTydasM LoS, a Hmkaee — NLOS.

(%) Ycnosus Te xe, 4To U 114 (8), Hepearouias aHTeHHA ¢ IMPUHOI MTyda 60° yCTAHOBIEHA Ha BBICOTE 8 M, a IPHMEMHHK
CO BCEHAIPaBIICHHON aHTEHHOH — Ha BeIcOTe 1,5 M.

(4 OrkpeiToe ciysxke6HOe momernenue (50 M x 16 m x 2,7 m (B)) — ciyuaii LoS. YcpenHeHHbIe pe3yabTaThl [isl BHICOTHI
YCTaHOBKH Iepenaromell anteHH! 2,6 M U 1,2 M. BpicoTa yCTaHOBKM NPHEMHOW aHTEHHBI cocTaBuia 1,5 M.
[Nepenaromas 1 npueMHasi aHTEHHBI — BCEHATIPABJICHHBIE.

(5 llupuna nyua nepeparomeii 1 npueMHol anTeHH cocTasnser 10°,

(18 Ilupuna nyya nepearoLieil U IPUEMHOM aHTEHH COCTaBIseT 8°.

() llupuna myua nepenaromeii 1 MPUEMHOM aHTEHH COCTABJISET 7°.

(8 llupuna nyua nepepaTanka cocTapiser 18°, MpueMHUK — BCeHANPaBJIEHHBbIH.

TABJIULIA 3

Koy dpuuueHTHI MOTEPH NPH MPOXO0KIEHNH CUTHAJIA Yepe3 moJ Lt (nb),
rjae N — YucjI0 NPoiAeHHBIX ITAMKEH, HCMOJb3yeMble IPU pacueTe NOTEPh Mepeaavn
BHYTpH nomemenns (N > 1)

Yacrtora Kunoe nomenenue CayxedHoe Ilomelenue TOProBoro
(I'Tm) noMelieHue Ha3HAYEHHUA
9 (1 arax)
0,9 — 19 (2 araxa) —
24 (3 sraxa)
1,8-2 4n 15+4(n-1) 6+3(n-1)
@
24 10" (MHOTOKBAapPTHPHOE 37aHNUE) 14 B
5 (mom)
_ 18 (1 aTax) _
35 26 (2 sraxa)
13® (MEOrOKBAapTHPHOE 3/1aHHUE)
52 7@ (1om) 16 (1 atax) -
58 _ 22 (1 arax) _
’ 28 (2 sraxa)

D Ha omHy 6ETOHHYIO CTEHY.

2 JlepeBAHHBII 3aTIONTHUTEND.
JIst pasiMyHbIX TUala3oHOB YaCTOT, I KOTOPHIX KOA()MHUIMEHT OTEPH MOIIHOCTH B KHJIBIX TIOMEIIECHHSX
HE YCTaHOBJICH, MOYKHO HCII0JIb30BaTh COOTBETCTBYIOIIEE 3HAUYCHHUE 3TOr0 KO3 (MHUIMEHTa IS CITYKEOHBIX

HOMEIIEHUH.

CHC}IyeT OTMETUTH, YTO MOTYT CYIICCTBOBATH OrPAaHUYCHUA Ha H3O0JALUI0, IPEANojIaraCMyro IIpu
MPOXOKACHUN CUTHAJIOB MCXKAY 3TaXaMU. Cursajg MOXET HauTH Apyrue, BHCIIHUEC IMYTU AJid 3aBCPUICHUA
JJMHHUH CBA3M C MCHBIINMHU 06H_II/IMI/I MNOTEepsAMHU, YCM IIPU MHOTOKPATHOM IICPECCUCHUN HepCKpLITPIﬁ MCKOY
OTaXaMH.

Ecnu 3Ty BHEmIHKE MTyTH UCKIIOYHUTH, TO U3MEpeHus Ha yactote 5,2 I'T1 mokasamu, 9To Ipu HOPMAJIEHOM
MajJeHUU PaTUOBOJH CPEIHUE HOMOJHUTENbHBIC TMOTEPU MPU MPOXONKICHUH TUIOBBIX MEXKIYITAXKHBIX
JKeJIe300€ TOHHBIX IEPEKPBITHH C TIOJJBECHBIMHU IMOTOJIKAaMU cocTaBisitoT 20 1b mpu cTaHIapTHOM OTKIIOHEHUU
1,5 n1b. OcBeturenbHble MPUOOPHI YBEIUYUBAIOT cpeanne notepu A0 30 a1b npu craHAapTHOM OTKIOHEHUH
3 nb, a BeHTWIALMOHHBIC KaHAJIBI TIOJ] TIOJIOM YBEIMYUBAIOT CpelHUe notepu no 36 n1b npu craHmapTHOM
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OTKJIOHCHUH 5 ,I[B. OTU 3HAYCHUA JOJDKHBI HCIIOJB30BAaTHCsA BMECTO KO3(1)(1)I/ILII/I€HTOB Lf B MOJCIIAX,
3aBUCALIIUX OT MECTA, TAKUX KaK CBA3AHHBIX C IOCTPOCHUCM nyqeﬁ.

CrarucTuka 3aMHUpaHU, BBI3BAHHBIX 3aTCHEHHEM BHYTPH IIOMEIIECHHUM, COOTBETCTBYET JIOT-HOPMAJIBHOMY
3aKOHY, a 3HaUeHHs CTaHIAPTHBIX OTKIOHEeHUH (1b) npuBeneHs! B Tabmuie 4.

TABJIMLIA 4

CraTHcTHKA 3aMHPaHHUi BCJIeCTBHE 3aTeHEHHs, CTAHAAPTHOe OTKJIOHeHHe (1b),
AJ1s1 pacyeTa MoTeph Nepelayd BHYTPH NOMeLeHUsl

Yacrora Kunoe Cay:xedHoe IHomemenue 3aBoj Kopunop
I'Tu) MOMelIeHne noMenieHme TOProBoOro
HA3HAYEHUSI
0,8 - 3,44 -
1,8-2 8 10 10
2,2 - 2,39 -
3,5 - 8 _
4,7 - 2,74 -
5,2 - 12 -
58 - 17 -
1,79 2,59
12,65-14,15 - - - 1429 1829
1,4@9 12,59
25,3-28,3 - - - 1,725 1,325
26 - 2,84 -
6,7
(@) !
28 B 272(2) 1,49
' 6,423
37 - 2,44 -
4,6 1,6@9)
38 - 6,89 5,523
51-57 - 2,7 -
1,3¢:9 2,10.9
67-73 - 2,1 - 1629 2525

5)

XKenesznompopoxusiii Bok3ai (170 m X 45 m x 21 M (B)) u 3manue aspomnopra (650 m x 82 m X 20 m (B)) — ciyuai
NLoS, aHTeHHa nepefaTdiKa ¢ UPUHOH J1yda 60° 10 ypOBHIO MOJIOBHHHON MOIIHOCTH YCTaHOBJICHA Ha BBHICOTE 8 M.
W aHTEeHHa TIPHEMHWKa ¢ mupuHON myda 10° ycraHoBinena Ha BpicOoTe 1,5 M Haj mojoM. DTO 3HAYCHHE OBIIC
MOJy4eHO Ha OCHOBaHMM MAaKCHMAJBbHOTO YCWJICHHS Ha Tpacce AHTEHH IepeflaTiuka U TMpPUEMHHUKAa pPa3HOU
OpHUEHTALUH.

Bepxnee uncino cootBercTByeT ciydato LoS, a HimkHee — NLOS.

YcnoBust Te ke, uTo u ik (1), mepenaromas aHTeHHa ¢ IMUPUHOMN Jyda 60° ycTaHOBJIEHA Ha BBICOTE 8 M, 8 IPUEMHUK
CO BCEHAINpaBJICHHON aHTEHHOHN — Ha BhICOTE 1,5 M.

OtkpsiToe ciryskeOHoe omererne (50 M x 16 M x 2,7 m (B)) — ciryuaii LoS. YcpeaneHHbIe pe3ynbTaThl A7l BEICOTE
YCTaHOBKM mepenaromieil antenusl 2,6 M u 1,2 M. BbicoTa ycTaHOBKM NMpHEMHOM aHTEHHBI cocTaBisuia 1,5 m
[lepenaromas 1 mpreMHasi aHTCHHBI — BCCHATIPABJICHHBIC.

[IIupuHa nyya nepegaTdyuka cocrapisier 18°, npueMHHK — BCEHAIPABICHHBIMH.

XOTsI MMEIOIIUECS B HACTOSIIEE BPeMsI PE3yJIbTaThl U3MEPCHHUH OBLIHM MOJYYEHbI B Pa3HBIX YCIOBHUSX, YTO
JICNIAeT 3aTPyAHUTEIILHBIM UX MPSIMOE CPaBHEHHUE, U JAHHBIC MTOCTYIIHIN TOJIBKO IS OTACIBHBIX THAITA30HOB
9acTOT, HEKOTOPhIC OOIIHE 3aKITFOYCHIS BCE K€ MOYKHO BBIBECTH, 0COOCHHO /1 quarnaszona 900—2000 MIm.
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- Ha tpaccax ¢ xomnoHenToi npsamoii BunuMoctH (LoS) ZoMHHHPYIOT MOTepH mepeaadr B CBOOOTHOM
MPOCTPAHCTBE, & AUCTAHIIMOHHBIN KO3 (PUIIEHT TOTEPH MOLIHOCTH JUIs HUX paBHsieTcs mpuMepHo 20.

— Jyist GONBIIMX OTKPBITHIX TOMEIICHHUI TAK)KE XapaKTePHO 3HAUCHHE AUCTAHIIMOHHOTO K03 duiueHTa
MOTEPU MOIIHOCTH mopsiaika 20; 3TO MOXKET OOBSCHIATHCA HATMYHEM MOIIHOM cocTaBiisitoniel LoS B
OOBIIMHCTBE 30H MoMerieHus. [[prMepaMu MOTYT CITy>KUTB ITOMEIIIEHHS, PACTIOJIOKEHHBIE B OOJTBIIINX
TOPTOBBIX CKJIaJIaX, CIOPTHBHBIE aPEHEI, 3aBOJICKUE U CITYKEOHBIE TIOMEIICHUS OTKPHITOU IIAHHPOBKH.

- B xopumopax oTMeJaroTcs MEHBIIIME OCHOBHEIE MTOTEPH TMEpPEIavn, 4eM B CBOOOTHOM MPOCTPAHCTRBE,
C THITOBBIM AVCTAHITHOHHBIM KO3(GHUIIMEHTOM MTOTepH MOIITHOCTH mopsinka 18. [IpomoBoIsCTBEHHBIC
MarasuHbl ¢ UX JJIUHHBIMU JIMHEHHBIMHU MPOXOJAMH MEXAY CTeJUIaKaMH HMEIOT XapaKTePUCTUKH
MOTEPb, COOTBETCTBYIOIIIE KOPUAOPAM.

- Pacmipoctpanenue ornbaHueM NpensSTCTBUIA U Yepe3 CTEHBI BEJET K 3HAYUTEIBHBIM JIOMOTHUTEIbHBIM
MOTEPsIM, KOTOPbIe B OOBIYHBIX YCJIOBHUSIX MOTYT YBEJIHYHUThH JTUCTAHUMOHHBIA KOI(PPHULIUECHT MOTEPh
MmotHocTH 110 40. IIpuMepamu MOTYT CITy>KUTh TPAacChl MEXIy KOMHATaMH B CIIYKEOHBIX TIOMELIEHHUIX
3aKpBITOHN [NIAHUPOBKH.

- Ha mauHHBIX Tpaccax 0e3 IperaTCTBHHA B ITepBOi 30He DpeHeNIsT MOKET BOSHUKHYTh TOUKA M3JI0Ma
KpuBOii. Ha 3TOM paccTosiHHUM IUCTAaHIMOHHBIN KO3 (HUIMEHT MOTEPH MOUTHOCTH MOXET MEHATHCS
npumepHo ot 20 1o 40.

- YMensbIeane KodhGUITMEHTa OCHOBHEIX MOTEPh TMEpeadr NP YBEITHUYEHUN YaCTOTHI JIST yCIIOBHIA
npreMa B CIyKeOHBIX MTOMEIISHHX (TabauIa 2) He BCerja OY4eBHTHO MM JIETKO 00bsicHUMO. C OTHOM
CTOPOHBI, NMPHU YBEIUYEHUU YaCTOTHI MOTEPU MPHU MPOXOKICHUU CKBO3b MPENSATCTBUS (HAIIPUMED,
CTEHBI, MeOeITb) BO3PACTAIOT, U MU(PArdpOBAaHHBIC CHUTHAIBLI MAIOT MEHBIIHNH BKIaJ B MOIIHOCTH
MPUHUMAEMOTO CHUTHAJa; C APYroi CTOpOHBI, 30Ha DpeHenss MeHee 3aKphiTa Ha 0Ojee BBICOKHX
9acTOTax, YTO MPUBOANUT K MEHBIIUM TOTEpsiM. DaKTHUECKHUE OCHOBHBIE MIOTEPH MEPEAaYH 3aBUCST OT
3TUX MPOTUBOIOJIOKHO JEHCTBYIOIIUX MEXAHHU3MOB.

3.2 Mopesn, yYuThIBaOIIue 0COOEHHOCTH MecTa

Hns onpeneneHuss OCHOBHBIX MOTEPh NEPEAAuYd WM YPOBHS HAIPSIKEHHOCTH IMOJS IOJIE3HO TaKkKe
MIPUMEHEHUE MOJICJICH, YYUTHIBAIOIINX 0coOeHHOCTH MecTa. CyIIeCTBYIOT MOJCIH JUIsS IIPOTHO3UPOBAHUS
YPOBHEH HANPSHKCHHOCTH T0JISI BHYTPH MIOMEIIICHU, OCHOBaHHBIE Ha 0JJHOPOIHOM Teopuu audpakiuu (UTD)
U METOJaxX NOCTpoeHMs Jyyded. Jyis pacuera HANpPSOKEHHOCTH TOJS BHYTPU IOMEIIECHHH HEoO0Xoauma
JeTanbHas MH(pOpPMaIUsA O CTPYKType 37aHus. B 3THX MOJENSX 3MIUPHUUSCKUE IJIEMEHTBI COYETAIOTCS C
TEOPETUYECKUM DJICKTPOMarHUTHeIM mojxogom UTD. DtoT MeTom yduTHIBa€T MpPSIMBIE OIJHOKPATHO
TU(PPardpOBaHHBIE W OJHOKPATHO OTPAXKEHHBIC JIydd M MOXKET PACHpOCTPAHAThCS HA MHOTOKPATHYIO
JTUQPPAKIMIO UIIK MHOTOKPATHOE OTPaXKCHHE, & TAKXKE Ha COYeTaHUE JU(PPArMPOBAHHBIX U OTPAKCHHBIX JTYUCH.
3a cuer BKJIFOUEHHUS OTPaXKCHHBIX M JAU(PPArMPOBAHHHBIX JIydel TOYHOCTh MPOTHO3UPOBAHHS OCHOBHBIX
MOTEPh MEPEJAUYM CYIIECTBEHHO MOBBIIIAETCS.

4 Mopnenu pa3opoca 3a1epKKI

4.1 MHOro0/1y4€BOCTh

Pagnoxanan pacrnpocTpaHeHUs] BOJH JUIsl MTOJIBH)KHOW/TIEPEHOCHON CTaHIMK MEHSIETCS B 3aBUCHMOCTH OT
BPEMEHH, YacTOTHl U MECTOIIOJIOKEHHUS B TIpocTpaHcTBe. [lake B CTaTHYECKON CUTYyallnH, KOT/Ia MOJI0KEHHE
nepeAaTyrka M MpHEeMHUKa 3a)MKCHPOBAHBI, Ul TAKOTO KaHaja XapaKTepHa OIpeelicHHas TUHAMUKa,
MIOCKOJIBKY PAacCEUBAIOIINE U OTpakarollle MpeAMEeThl MOTYT IepeMemaThes. TepMuH "MHOroiay4eBocTs"
OOyCJIOBJIGH TEM, 4YTO BCIICACTBHE OTpakeHHs, MAUDPAKIUKA ¥ paccesHHs PagUOBOIHBI MOTYT
pacripocTpaHIThCA OT NepeaaTyuka K IPUeMHHUKY [0 MHOTOUNCIIEHHBIM TpaccaM. [l Kaaoi U3 3Tux Tpacc
XapakTepHa CBOS BpEMEHHas 3aJepkKKa, NMpOINOpLMOHaJbHas AauHEe Tpaccel. (Becbma rpyOyio oleHKy
0’KMa€MOT0 MAaKCUMAJIbHOTO BPEMEHH 3aJIeP>KKH JIIsI KOHKPETHBIX OKPYKAIOIIUX YCIOBUN MOYKHO HOJTYUIHTD,
3Hasi pazMephl MOMEUICHUS W YYHUTBhIBas TOT (akT, 4TO BpeMs (B HAHOCEKYHAAX) JUISL MPOXOXKICHHS
pagrouMITyIbcoM pacctossaus d (M) paBHO mpuMepHO 3,3 d.) DTH CHTHAIBI ¢ 3aIEPIKKOM, KaKIBIH U3 KOTOPBIX
MUMEeT CBOIO aMILTUTYAY, 00pa3yIoT JIMHEHHBIN GUIBTP ¢ MEHSIOMIUMUCS BO BPEMEHH XapaKTePUCTUKAMHU.
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4.2 HNMnyabcHas XapaKkTepHCTHKA

Lenp MogenupoBaHus KaHana 3aKIIOYaeTCsS B TOM, YTOObI 00ECIEYUTh TOYHOE MaTeMaTHYECKOe OMHCaHUE
SIBIICHUSI paCTIPOCTPaHEHUs PaJUOBOIH, KOTOPOE MOKHO OBbLIO ObI MCTIONB30BATh IPH UMHUTALMN PaJAUOIMHAN
U CHCTEM B IIPOLIECCE MOJECIMPOBAHUSA pa3BepThIBaHUSA CUCTEMBI. 1IOCKOIBKY pajuoKaHall JIMHEEH, OH
IIOJIHOCTBIO OIMCHIBAECTCS CBOEM UMITYJIbCHOM XapaKTEPUCTUKOW. Eciu ke MMIIyJIbCHAast XapakTEpPHCTHKA
W3BECTHA, TO MOKHO ONPEACTUTh Peakio paJioKaHala Ha JII000H BXOJHON CUTHAI. DTO U €CTh OCHOBA JJIs
MMUTALIOHHOTO MOJENUPOBAHUS XaAPAKTEPUCTUK JTUHUU.

WmnynbcHast XxapakTeprcTUKa 0OBIYHO TpeACTaBisieTcs B BUIE (PYHKIMOHATIBHON 3aBUCUMOCTHU TNIOTHOCTH
MOIITHOCTH OT JOTOJIHUTEIBHOW 3aJep)KKH O OTHOUICHHIO K TEePBOMY OOHApYKEHHOMY CHUTHANy. OTy
3aBUCHUMOCTh YacTO HAa3bIBalOT MpoduiieM 3alepkKd MOImHOCTH. COOTBETCTBYIOIIUI NMpUMep MOKa3aH Ha
pucynke 1 Pexomenmannu MC3-R P.1407, Tonpko BpeMeHHas IIKaja JJIs KaHAJOB BHYTPHU MOMELIEHUS
JOJDKHA M3MEpATHCS HE B MHUKPOCEKYHJAaxX, a B HaHOCeKyHJax. B asrtoi xe PexomeHmanum mpuBoaarcs
OTIpeeNieHHs] HECKOJIBKUX MapaMeTPOB, XapaKTePU3YIOMIMX MPO(UIN UMITYyTLCHON XapaKTePUCTHKH.

NMnynbcHas XapakTepUCTUKA KaHajla MEHSETCS B 3aBUCUMOCTH OT MECTOIOJIOKCHUS MIPUEMHUKA, a TaKiKe
MOJKET MEHSThCSI M BO BpeMeHH. [103TOMy OHa OOBIYHO U3MEPSICTCS U MPEACTABISICTCS B KAYECTBE CPEIIHETO
3HauYCHUsI MPOMUIICH, OTYYCHHOTO B PE3yJIbTaTe U3MEPECHUN JIJIsl OJHOMN JUIMHBI BOJHBI, €CIH HEOOXOAMMO
YMCHBIIUTh BIUSHUE LIYMOB, WM JUIsl HECKOJIbKMX JJIMH BOJIH, €CIIU TPeOyeTcs OMpeNeIuTh CPEeIHUMN
MIPOCTPAHCTBEHHBIN PO uib. OueHb BaXKHO YETKO OMPE/CIIUTh, KAKOH UMEHHO CPEeIHUN MPOQUIb HMESTCS
B BUJIy M Kak MPOU3BOIWIOCH yCpeaHeHue. PekoMeHyemas mpoleaypa YCpeIHeH s 3aKII0YaeTCs B TOM,
YTOOBI CICAYIOMIMM 00pa3oM c(HOPMHUPOBATH CTATUCTUYCCKYIO MOJICIIb: JIJIS OLICHKH Ka)IOW UMIYJIbCHOMN
XapaKkTepuCTUKU (TPOPUIIS 3aJePKKA MOIIHOCTH) YCTAaHOBUTh OTPE3KHM BPEMEHH 10 U TOCJIE CpenHei
3anepKku Tp, (cM. Pekomennmammio MCO-R P.1407), 3a mpenenaMu KOTOPBIX IUIOTHOCTh MOIIHOCTH HE
npeBbliaer 3aganneie 3HaueHus (—10, —15, —20, —25, —30 nb), ycTaHOBIEHHBIC OTHOCHTEIBHO MHKOBOTO
3HAYCHMSI TNIOTHOCTH MOIIIHOCTH. MeinaHa u, ipu xkesaHuu, 90-s MPOLEHTHIIb PACIIPEICIICHUN STHX OTPE3KOB
BPEMEHH U TPECTABISIOT COOON UCKOMYIO MO/IEINb.

4.3 CpeaHexkBaapaTHuHOe 3HAUEHHE Pa30poca 3aJdepPKKH

[Ipodunu 3agep’KKr MOITHOCTH, KaK TOBOPUIIOCH BBIIIE, YACTO XapaKTePU3YIOTCS OIHUM MM HECKOJIBKUMHU
napameTpaMu. OTH HapaMeTpbl BBIUUCISIOTCS MO HNPOQUISIM, YCPEOHEHHBIM IO ITOBEPXHOCTH, WMEIOLICH
pa3Mepsl NOpsiIKa HECKOJIBKUX JUIHH BoJH. (IlapameTp cpenHekBaapaTH4HOro 3Ha4eHUs pa3dopoca 3a1epKKU
HMHOI'ZIAa ONPENesIoT 110 MHIUBHIYaJbHBIM NPOQUIsIM, a pe3yabTaThl YCPEAHAIOT, OJHAKO B 3TOM Cilydyae
OKOHYATEJIbHBII pe3yibTaT OyAeT, Kak NPaBWJO, OTIMYATHCS OT 3HAUCHMS, HOJIYYEHHOTO C IIOMOIUIBIO
ycpennenHoro npoduis.) [lopor uckmouenus mryma, uiau KpuTepuil NpueMKH, Hanpumep BennunHa Ha 30 b
HIDKE TIMKOBOTO 3Ha4YEHUS MPOoGUIIs, TOIDKEH YKa3bIBaThCS BMECTE C Pe3yJIbTUPYIOIINM 3HaYeHueM pa3dpoca
3aJep>KKH, KOTOPOE 3aBUCUT OT BEJIMYMHBI I1OpOTa.

[TockonpKy cpemHeKBaApaTHIHOE 3HAYCHNE pa30opoca 3aAep KKH 0U4eHb MIMPOKO HCIIONIb3YETCs, OHO HE BCer/ia
JIaeT IOJTHOE OTMcaHue Mpoduis 3a/iepKeK. B cirydae MHOTOITy4eBOCTH, KOTa pa3opoc 3aep»KH MPEBIIIaeT
JUTATENBHOCTh CHMBOJIA, KO3 UITUEHT OMMOOK 10 OMTaM JUTst MOAYJISIHH ¢ Pa30BOH MaHUITYIISIIIUEH 3aBHCUT
HE TOJBKO OT CPEIHEKBAJIPATUYHOTO 3HAYEHHUs pa3dpoca 3aJep> KW, HO M OT OTHOIICHHS MPUHUMAaEMBIX
MOIIHOCTEH TOJE3HOTO U MEIIAIOIIET0 CUTHAJIOB. DTO OCOOEHHO 3aMETHO B CHCTEMaX C BBICOKOW CKOPOCTHIO
repeayd CUMBOJIOB, HO OCTaeTCsl CIPaBEJIMBBIM U MPH HU3KUX CKOPOCTSIX WX Tepeladyd, KOraa Cpeau
MHOTOJTyYEBbIX COCTABIISIFOIINX UMEETCS MOIIHBIA JOMUHUPYIOIHA cCUTHaN (3aMupanue Paiica).

Tem He MeHee, eci NPEAIIONOKHUTh, YTO MPOGHMIIL 3aTyXaeT 110 IKCIOHEHTE, TO TOCTaTOYHO HCIOJIB30BAaTh
CpeAHEKBaJpaTUYHOE 3HaUYCHHUE pa30poca 3a1ep KKK BMECTO PO 3aA€PKKU MOLTHOCTH. B 3TOM ciydae
HMITYJIbCHAs XapaKTEPUCTUKA MOXKET OBITh ITpeoOpa3oBaHa NPUMEPHO CIIEAYIOIUM 00pa3oM:

—t/S

HnHa4ye
rae:
S: cpenHeKkBagpaTUYHOE 3HAUCHUE pa3dpoca 3aJePiKKU;
fmax 1  MakcUMalIbHas 3aJICPKKa;

tmax >> S.

HpCI/IMyII_ICCTBO HCIIOJIB30BaHUs CPCAHCKBAAPATUIHOI'O 3HAYCHUS pa36poca 3aACPIKKH B KaUYCCTBE BHIXOAHOT'O
napamMeTpa MOJACIHN 3aKIIIOYACTCA B TOM, UTO TAKYHO MOJACJIIb MOKHO IPCACTABUTH IPOCTO B BHUIC Ta6J'II/ILII:I.
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TumoBbie 3HaUeHUs mapaMeTrpa pazdpoca 3aAEepiKKH, TOITYUYCHHBIE C TIOMOIIBI0 YCPEIHEHHBIX MpOoQuiieit
3aJIepKKHU I TPEX BUIIOB TIOMEIICHUH, TIPeICTaBICHBI B Tadymie 5. B cTonbme B Tadauier 5 mpencraBieHb!
HamboJiee YacTo BCTpeJaroIuecss MeauaHHble 3HadeHus, cToidbuel A m C coorBercTtByoT 10% u 90%
3HAYeHWH WHTErPANbHON (PYHKIHMH pacrpeneieHus. 3HaueHUs, IpUBEJIeHHbIe B TaOJuIe, XapaKTepHbI s

MaKCHUMAJIBHOT'O pasMeEpa BEPOATHBIX IMOMENISHHUH KaKI0TO THIIA.

TABJIUIIA 5
CpennexBagpaTHYHbIe 3HAYEHHS MapaMeTpa pa3dpoca 3a1epKKH
npuna Iupuna IIpumevanune
Pa3zpemenue
Yacrora nepeJammero | MpHEMHOI0 A B C s
VYciaoBus npuema | Moasipusauusi | 10 BpeMeHH
(I'T) Jay4ya Jy4a (ue) | (ve) | (HC) A,B,C
3aiepKKH (HC)
(rpan.) (rpan.)
WKuoe W 10 Beenanp. Beemanp. | 20 | 70 | 150 -
MOMEIICHHE
Cayxebroe W 10 Beenanp. Beewanp. | 35 | 100 | 460 -
1,9 IOMEILEHUE
ITomemenue
TOPTrOBOTO A\AY 10 Bcenarp. Bcenarp. 55 150 | 500 -
Ha3HAYCHUS
13 ®
2,25 TB-crynus A\AY 4,2 Bcenarp. Bcenarp. - 2% -
CanyxeGiioe wW 18 Beenanp. Beenanp. | 8 | 11 | 125 @
frometenme wW 18 Beenanp. Beenanp. | 10,74 | 13,74 | 20,15 @
2,625 Kopumop WV 18 Beenarp. Beenanp. | 8,49 | 18,53 | 25,16 -
Kabuna camoiera \"AY 1,8 Bcenarp. Bcenarp. 7,98 | 11,89 | 14,47 -
3aBoj \"AY 1,8 Bcenarp. Bcenarmp. 515 | 69,2 | 87,2 -
Kuoe W 10 Beenanp. Beemanp. | 15 | 22 | 27 -
MOMeIIeHHE
Cryxebroe \AY 10 Bcenarp. Bcenarp. 30 38 45 -
3,7 TIOMEIIEHNE
ITomenenue
TOPTOBOTO \AY 10 Bcenarp. Bcenarp. 105 | 145 | 170 -
Ha3HAYCHUS
Kuoe \AY 10 Bcenarp. Bcenarmp. 17 23 30 -
MOMeTIeHne
CyxeGroe \AY 10 Bcenarp. Bcenarp. 38 60 110 -
5,2 TOMEILEHHE
ITomemenne
TOPTrOBOTO \AY 10 Bceenarp. Bcenarp. 135 | 190 | 205 -
Ha3HAYEHUS
29 | 49 | 16,7
3 \AY 1 18 B . ' ' ' ®
12,65 apot cemamp 75 1 216 | 264
14,15 o
' KommnbrotepHbrit 1,2 2,8 8,7 @
Kractep \AY 1 18 Bcenanp. 76 | 143 | 22,0
49 | 7,7 | 121
3 \AY 0,5 18 B . ' ' ' @
25,3 aBOJ ceHarp 51 | 17.2 | 208
28,3 o
' KomnblorepHsrit 09 | 148 | 26,2 @
KacTep w 05 18 Beenanp. | ¢4 | 169 | 231
[Tomemenne 17 34 64
28 TOPrOBOTO \A% 2 60 Bcenarp. 36 65 86 @5
Ha3HAYCHUS
(5)
29,3— KommnerotepHsbrit L@ 045 35 35 12 25 14
31,5 KJ1acrep Asoiinas
' 0,45 35 35 16 | 176 | 34 M
[Tomenienue 4 26 55
38 \AY 2 40 B . @5
TOProOBOTO ceHarp 42 69 82

Ha3HA4YCHUA
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TABJINIIA 5 (oxonuanue)
Mupuna upuna IIpumeuanne
Paspemenue
Yacrora YcaoBus nepenamuiero | mpuemMHoro | A B C st
Hoasipu3auus | 10 BpeMeHHU
(I'T) npueMa Jay4da Jay4a (ue) | (uc) | (me) A,B,C
3a/1epKKHU (HC)
(rpan.) (rpan.)
i 18,4 0,69 | 0,96 | 2,89 ®
KomnbrorepHslit VV/HH 05 56,3
KJacTep 18,4 2,14 | 10,7 | 29,7 ¢.12)
CryxeOHoe 18,4 0,56 | 0,65 | 4,29 ®
51-57 nometexHe/ VV/HH 05 56,3
KJIacCHasd 18,4 16 | 158 | 26,7 12
KOMHara
18,4 054 | 0,72 | 1,34 ®
Kopumop VV/HH 0,5 56,3
18,4 0,81 | 89 | 44,6 12
KoMribloTepHbIii \AY 0,22 15,4 15,4 10 | 52 | 10,6 ®
58.7- Kjacrep vV 0,9 15,4 2,2 1,2 12 | 375 ©
631 CiyxxebHoe W 0.22 Bcenanp. Bcenanp. 068 | 17 4 €
(6)
TIOMEIeHHIE A% 0,22 Bcenamp. Bcenamp. 045 | 1,771 52 w
i 14,4 0,36 | 057 | 24 ®
KommneroTepHsiii VV/HH 05 40
Kacrep 14,4 1,1 | 109 | 28,1 ¢.12)
CryxeOHoe 14,4 0,33 | 05 | 6,39 ®
nomeexHe/ VV/HH 05 40
KJIacCHasdt 14,4 1,59 | 12,6 | 25,9 12
KOMHara
67-73 14,4 0,36 | 0,47 | 1,2 ®
Kopumop VV/HH 0,5 40
14,4 0,49 | 6,11 | 352 .12
06 | 1,8 | 82
vV 1 B . ' ! ' 9
3aBoj 0,5 8 CeHarp 39 | 102 | 264
KomrmsroTepHsiii 6,5 | 10,1 | 171 @5
Kractep \AY 0,5 18 Bcenarmp. 66 | 138 | 241

() AuTeHHBI IepeIaATUMKA M TIPMEMHUKA YCTAHOBJIEHBI HA BbICOTe MoTonka 2,6 M 1 @ Ha ypoBHe cTosa Ha BeicoTe 1,5 M.
©  BepxHue u HWKHUE 3HAYEHUs MPECTABIAIOT cTyyait LoS 1 NLoS cooTBeTCTBEHHO.

@ Cpenmee 3nauenne VV, VH, HV u HH.

®  Topor 20 a6®), 25 15() u 30 ab.

®  Topor 30 b, IPUEMHUK HATIpaBJeHa Ha TIepeiaTuHK.

©  TIopor 20 1B, anTeHHa IepeaTYMKa IOBOpaYNBaeTCa Ha 360°.

(19 TlepemaTumk u mpuEeMHHK: Tlepeaada Ha Tene — Ha Tene™)) u Ha Tene — BHe Tena.
(12)  TIpmemnas anmTeHHa Bpamanach Ha 360° maramu mo 5°. Korma mpuemHas aHTeHHA He HaBe[eHAa HA TEPEATUMK, 3HAUCHIE
COOTBETCTBYET Pa3dpoCy 3aJIEP>KKH, 3aBUCSIIEMY OT HallPaBJICHHUSI.

B mpenenax KOHKPETHOTO 37aHUSl pa3Opoc 3aepKKH, KaK TMPaBHJIO, YBEIMYMBACTCS TNPH YBEINYCHUH
paccTOsSHUsL MEXIY AaHTEHHaMU W, CII€JOBaTEIbHO, NPH BO3PACTAHMM OCHOBHBIX MOTEph Iepenad.
Uem GombIlie pacCTOSTHHE MEXy aHTEHHAMH, TeM OOIbIIEe BEPOSTHOCTH TOTO, YTO HA TPACCE BO3HUKHYT
MPEMSTCTBUS M YTO IPUHUMAEMBIH CUT'HAJ OYJIeT IIETMKOM COCTOSITh U3 PACCESTHHBIX CUTHAJIOB.

CpenHekBaapaTHUHBIA pa30Opoc 3afepXku S B rpyOOM NpUOMIKEHHHM NPONOPUUOHANCH IUIOMAAH
MTOBEPXHOCTH T1011a Fs u orpenensiercs ypaBHeHuHeM (3):
10 log S = 2,3 log(Fs) + 11,0,

2 4 He.

3)
rJie eAUHUIBI Fs 1 S BRIpaKEHBI COOTBETCTBEHHO B M

910 YpaBHCHUC OCHOBAHO Ha U3MCPCHUAX B JUAITIa30HC 2 T gns Pa3JINYHBIX TUIIOB HOMemeHHﬁ, TaKHX KaK
CJ'IY)KC6HLIC IIOMCIICHHUS, BCCTI/I6IOJ'II/I, KOpHUIOPBI U TUMHACTUYCCKUEC 3aJIbl. MakcumanbHasl IUIOIaab Imoia
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JUISL IPOBEIEHNS M3MepeHus coctapisna 1000 M%. MeuaHHOe 3HAUYEHHE TOTPEITHOCTH OLEHKH COCTAaBIISET —
1,6 Hc, a cTanmapTHOE OTKIIOHEeHHE 24,3 HC.

Ecmm pa3bpoc 3amepkku S mpencraBieH B 1b, TO cTaHZapTHOE OTKJIOHEHHE S ONMpenesseTcs B IUala3oHe
ot npumepHo 0,7 nb no 1,2 ab.

4.4 CraTucTKa H30MPaTEeJIbHOCTH 10 YaCTOTe

MHoTO0Iy4YeBO€E pacpocTpaHeHUE 00yCIIOBINBACT N30MPATETHLHOCTH 1O YacToTe. CTeneHs n30upaTeIbHOCTH
10 YaCTOTE XapaKTEPU3yeTCsl KOTEPEHTHOU MTOJIOCOM MPOIYCKaHUs, CPEAHEN IUPUHOM ITOI0CHI 3aMUPaHUs U
4acTOTOU MepeceueHus ypoBHsl, Kak noapoOHo onncano B Pekomennannu MC3-R P.1407. 3nauenus cpeaneit
IIMPUHBI TTOJIOCH 3aMUPaHUsl, KOTOPhIE OKa3aJMCh HIDKE Topora 6 nb mo pe3ynpTaTaM W3MEpEeHHH BHYTPH
MOMEIIEHHI, TIPEJICTABIIAIONINX JIA0OPATOPHIO U CITy:KeOHOe nmomerneHue B mosoce 2,38 I'T, u TB-crynuto B
nonoce 2,25ITn, cocraBmsitor 27% u 21% coorBeTrcTBeHHO. COOTBETCTBYIOIIME 3HAYCHHS YaCTOTHI
nepeceueHus ypoBHs coctanisitor 0,12 va MI'n u 0,24 Ha MTI'1.

4.5 Mopesn, yYUTHIBAIOIIHE 0COOEHHOCTH MeCTa

B To BpeMs kak cTaTHCTHUYECKHE MOJETH BeChMa IOJIE3HHI B Ka4eCTBE PYKOBOJCTBA NPHU IUIAHUPOBAHHH,
JNETEPMUHUPOBAHHBIC (FJIM YIUTHIBAIOIINE OCOOCHHOCTH MECTa) MOJEIH OCOOCHHO IEHHBI IS TEX, KTO
3aHUMAeTCsl NPOCKTUPOBAaHMEM CHCTEM. MOXHO BBIACIHTH HECKOJIBKO METOAOB  pa3paboTKH
JIETEPMUHUPOBAHHBIX MOjeNell pacupeneneHus. [ nmpuMeHeHu! BHYTpH TOMEIICHWH OBLTU W3YYCHEI, B
YaCTHOCTH, METOJ KOHEYHBIX pa3HocTeld Bo BpeMmeHHoM obmactu (FDTD) m Meronm, OCHOBaHHBIH Ha
reoMeTpHYEeCcKOil onTuke. MeTo reoMeTpruieckoi onTHKH Oonee 3 (pekTUBeH B OTHOIICHUH BBIYMCIICHUH,
yem FDTD.

B MeToze, 0CHOBaHHOM Ha r€OMETPHUYECKON OITHKE, CYIIECTBYIOT IBa OCHOBHBIX IT0JIX0/1a — UCIIOJIb30BAHUE
n300pakeHni U Bo3OyxaeHue ay4da. B mMerone m3o0paskeHUIl HCITONB3YIOTCS M300payKeHHsI MPUEMHHKA 10
OTHOILIEHHUIO KO BCEM OTPaXKaIOIIIM ITOBEPXHOCTAM OKpY Karoliel cpeibl. PaccHuThIBatOTCS KOOPAWHATHI BCEX
n300paXeHuH, a 3aTeM ONPEACIIOTCS TPACKTOPUH JTy4yel IO HalpaBJIeHUIO K 3TUM H300paKeHUSIM.

[Tonxon ¢ Bo30y»XA€HNEM JIyda TpEeroiaraeT paBHOMEpPHOE paclpeziesieHie psijia BO30YKICHHBIX JIydel B
MIPOCTPAHCTBE BOKPYT MepeAatoeil aHTeHHBI. TpaeKTOpHs KaXKA0To Jiyda MpOoCIeKUBAETCS 10 TeX MOop, MoKa
OH HE JIOCTUTHET IPUEMHHIKA UM €T0 aMIUIUTY/1a HE YIaJeT HUXKe 3aJJaHHOro ypoBHs. CpaBHEHHE IOJX0Aa C
BO30Y)KJCHHEM JIyya M MOJIX0/Aa C MCIIOIb30BaHUEM HM300pa’keHUH MOKAa3bIBAeT, YTO MEPBbIM MeTox Ooiee
THOKHIA, TTOCKONBKY AW(pParnpoBaHHBIE W PACCESHHBIC JIy9d MOXKHO pPacCMaTpPHBATh BMECTE C 3€pKajIbHO
OTpaXeHHBIMU. Jlajiee, UCIOIb3Ysl METO/| PACLIECTIIIEHHS JTyda WM BapHallMOHHBINA METOJ], MOXKHO COKPaTUTh
BpeMs pacueToB, COXPaHMB NPH 3TOM TpedyeMoe pasperieHre. MeTox Bo3OYyXKAEHHS Jiyya HOOXOIUT IS
MIPOTHO3WPOBAHUS MMITYJIbCHON XapaKTepUCTHKH KaHajla, 0OCIY>KHBAIOIIET0 OOIIMPHYIO 30HY, TOTJAa Kak
METO]T 1300paKEHUM XOPOUI JUIs TPOTHO30B B CIIyYae CBSI3U IMYHKTA C ITYHKTOM.

JleTepMHUHMPOBaHHBIE MOJIEIH, KaK MPaBUJIO, OCHOBAaHbI Ha A€ MPEANIOJIOKEHUHN O BIUSHUM CTPOUTENBHBIX
MaTEepHaJOB 31aHHUS Ha XapaKTEPUCTUKU PAacHpOCTpaHEHHs Ha paccmarpuBaeMoil yactore. (CM. myHKT 7
0 CBOICTBaxX CTPOUTEIBHBIX MaTE€pHajoB.) Moenb, yUYUTHIBaIOIast 0COOEHHOCTH MeCTa, JOJKHA YUYUTHIBATh
U TEOMETPHUIO IOMEIICHUs, OTpaXXeHue, AM(PaKIMio, W Ieperadyy CUTHala uyepe3 CTEHBL. VIMIyJlbCcHYIO
XapaKkTEePUCTUKY B 33JaHHON TOYKE MOXKHO IIPEICTABUTH CIEAYIOIINM 00pa3oM:

N M Mon
m p! 1 Ciot
h®=3 || T[T x[Pu | —e ™80t . (4)
n=1 u=1 v=1 n

rae:
h(t: wuMmmynbCHAs XapaKTEPUCTHKA,
N: 4uCcIo majarImux JIydeu;
M @ 9HCTIO OTpaKeHHUI N-TOo JTyda;
Mpn ©  YHCIIO IPOHUKHOBEHHH N-TO JIy4a;
Iy k03(hOHUIKEHT OTpaXKeHUst N-TO Jyda OT U-il CTeHBI;

Pw: Kk03ddunreHT IpOHUKHOBEHHSI N-TO JIyda uepes V-10 CTCHY;
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lh: JUIMHA TPAcchl N-TO JIy4a;

Tn - 3aJiepKKa N-ro jJyya.

Tpaexkropun Imydeidl, OTpaKEHHBIX OT CTE€H M JPYTHX MOBEPXHOCTEH WM MPOHUKIIMX CKBO3b HHX,
paccYMTHIBAIOTCSL C TMOMOINBI0 ypaBHeHuil ®dpenens. CrenoBaTenbHO, KOMIUIEKCHAs IUAJICKTPUYECKast
MIPOHHUIIAEMOCTh CTPOUTENBHBIX MaTEPHUalOB 3[JaHHs JOJDKHA OBITh MCXOAHBIM IMapaMeTpoM. V3mepeHHbIE
3HAYEHMSI AUITEKTPUUECKON TPOHUIIAEMOCTH HEKOTOPBIX CTPOUTENBHBIX MaTepHalIOB IPUBEICHBI B IYHKTE /.

Jn1s anexBaTHOro ONMCaHUs IPUHUMAEMOT0 CUTHAIIA, B MOJIEIIb, IOMUMO OTPaKEHHBIX U IPOHHUKILIUX CKBO3b
CTeHy JIydei, KOTOpbhIe MPHUCYTCTBYIOT B ypaBHEHHHU (4), JOJDKHBI OBITH BKIIOYEHBI IU(parnpoBaHHBIE U
paccesHHbIe JTy4H. B 4aCTHOCTH 3TO OTHOCHTCA K CIIydalo paOboThI B TAKUX MOMEIIEHHSIX, KaK KOPUIOPEI, I'1ie
HUMEIOTCSl YIJIbl, U B OPYTMX aHAJIOTWYHBIX YCIOBHSX pacmpocTpaHeHus. [ms pacuera audparupoBaHHBIX
Tydeit MOJKHO MCIIONIE30BaTh OMHOPOIHYIO Teoputo mudpaknuu (UTD).

5 Bansiaue mossipusanun

B ycnoBusix npuema BHYTpU MOMELICHUH CYLIECTBYET HE TOJBKO MpsiMas Tpacca pPaclpOCTPaHEHUS MEXKAY
[epeAaTINKOM M INPHEMHHKOM, HO TaKKe€ W TpPacchl OTPAXEHHBIX M IU(PAarMpOBaHHBIX Jy4deH.
OTtpaxarenbHble CBOHCTBA CTPOUTEIHHBIX MATEPUAIOB 3aBUCAT OT MOJSPHU3AINMU, YIJIa MaJeHHUS BOJHBI U
KOMIUIEKCHOM JUAJIEKTPHUUYECKON NPOHHUIIAEMOCTH MAaTEepPHajoOB, YTO OTPaXeHO B (OpPMYJie OTpaKEHHs
@®peHend. YIUbl IpHUX0Ja MHOTOIYUYEBBIX COCTABISIOIIMX PACIpENEsIOTCS B 3aBUCUMOCTH OT CTPYKTYpBI
3MaHUS W MECTONOJIOXKEHHS IMepenaTdnka W mnpueMHuka. CienoBaTenbHO, BHUA TOJSAPU3ALUNA  MOXKET
CYIIIECTBEHHO BJIUAThH HAa XapaKTEPUCTUKU PACTIPOCTPAHEHUS] BHYTPHU MOMEILICHMS.

5.1 PacnpocTpanenne B npeaeax NpsiMmoil BUIAMMOCTH

5.1.1  Pa3s0poc 3aaep:KKH

[MpuHsATO CcUMTaTh, YTO JUIS KaHANOB mpsmMol BuaumocTH (LoS) HampaBieHHbIE AHTEHHBI YMEHBINAIOT
CPEIHEKBAAPATUYHOE 3HAUCHHE pa3dpoca 3a[eP:KKH M0 CPABHCHHIO C BCEHAITPABJICHHBIMH M YTO KPyroBas
nossipusarys (CP) Takke yMEHBIIAeT UX IO CpaBHEHUIO ¢ THEHHON nonspusanueii (LP). CienoBaTensHo, B
JAHHOM CIy4yae HAaNpaBJCHHAs AHTEHHA C KPYroBOM MOJSpU3aAlMed MOXET CIYXKHTh 3((HEKTHBHBIM
CpPEJICTBOM YMEHbBIIIEHHS pa3dpoca 3a1epiKKH.

OCHOBHOI MEXaHH3M 3aBUCUMOCTH 33/ICP’KKHU OT TOJISIPH3aLiH, MOXKET OBITh CBsI3aH ¢ TeM (DakToM, YTO KOTAa
CUTHaJ C KpyroBoW mojspu3anMedl MaJaeT Ha OTpa)karolllyl0 MOBEPXHOCTh MO YTJIOM, MEHBUIMM YIja
Bprocrepa, 0ObluHOE HampaBiCHUE OTPAKCHHOIO JIyda KPyroBOil MOJSIpU3ALMM MEHSAETCsl Ha oOpaTrHoe.
W3meHeHne HampaBieHUs yda ¢ KpyroBoi moysipu3anneil Ha oOpaTHoe MPpH KaXKAOM OTPa)KeHUH O3HAYaeT,
YTO TPUXOSIIME TIOCJIE€ OJHOKPAaTHOIO OTPaK€HUS MHOTOJIyYEBbIE COCTABISIONIME OPTOTOHAIBHO
MOJISIPU30BAHBI 10 OTHOLICHUIO K KOMIIOHEHTe L0S; 3T0 M03BONIAET HCKIIOUNUTh 3HAYUTENbHYIO YacTh IIOMEX,
00yCITOBIIEHHBIX MHOTOJIy4€BOCThIO. JlaHHOE sBIIEHHE HE 3aBUCHUT OT YaCTOTHI, YTO OBUIO IpencKa3aHo
TEOPETHUYECKH U TIOATBEPKAECHO OSKCIEPHUMEHTAMH TI0 pPaclpOCTPaHEHHUIO, TPOBEIECHHBIMU BHYTPH
nomMernieHni B auanasone yactoT 1,3—60 ['Tu. [danHoe yTBep)kAeHME CIpaBeIMBO Kak IJIsi CUCTEM CBSI3U
BHYTpPH TOMEIIEHH, TaK W JUISI HApY>XHBIX cucTeM. 110CKONBKY M1l BCeX CYHIECTBYIOMIMX CTPOUTENBHBIX
MaTepuanoB yroa bprocrepa npesbimaeT 45°, MHOTOIYy4YeBOCTh 3a CUET OJIHOKPATHOTO OTPaKeHUs (TO €CTh
OCHOBHOM HCTOYHHMK MHOTOJIyYEBBIX COCTABIISIIOIINX ) 3 PEKTUBHO MOAABISIETCS B OOJBIIMHCTBE MOMEIICHUH
HE3aBUCHMO OT XapaKTepa HHTephepa U KOHCTPYKTUBHBIX MaTepHaioB NoMeleHst. Bo3MokHOe HCKITIOUeHnE
COCTaBJISIIOT TIOMEIICHUS, TaKkWe KaK JJIMHHBIE KOPUIOPHI, B KOTOPBIX OYEHb OONBIINE YTIIBI TaJeHUS
JOMHUHHPYIOT HaJ MHOTOJIy4eBOCThIO. M3MeHeHne cpeaHeKBaJpaTHYHOTO 3HaYCHUS pa3dpoca 3aJepKKH Ha
JMHUSX TOABMKHOHM CBSA3M TaKKE YMEHBLIAETCS, KOTJa UCIIOJIb3YIOTCS aHTEHHBI C KPYTOBOH MOIApH3anueil.

512  Crenenpb u3doupaTeabHocTH 10 Kpoccnosipusanun (XPR)

KommnoneHTsl curHama, oOyCIOBJIEHHBIE KpOCCIONApHU3aIMel, BO3HWUKAIOT B pe3yjbTaTe OTPaXEHUS U
mudppakiuyd. OOIIEN3BECTHO, YTO XapaKTepUCTHKA KOPPEJSIMH 3aMHUpPaHUA MEXIy OpPTOTOHAJIBHO
MOJISIPU30BAHHBIMU AHTEHHAMH HMEeT O4eHb HU3KWH koddduimeHT koppensuuu. PazpaboTaHbl MeTOIbI
pa3HeceHHs MO TMOJSIPU3ALUU U CHUCTEMBl C MHOXKECTBOM BXOJIOB M BbIX0J10B (MIMO) c opToroHaipHO
MOJISIPU30BAHHBIMU AHTEHHAMH, B KOTOPBIX MCIOJb3YETCS 3Ta XapaKTepUCTUKa 3aMHupaHuil. Mcronb3oBaHue
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METOJla pa3HeCeHHWs IO TOJSAPHU3AlH{ SBIAECTCS OIHUM U3 pENIeHHH MJIs YBEIWYeHHS MOITHOCTH
MPUHUMAEMOI0 CUTHAJIa, a JACHCTBUE METOJa B 3HAYUTEIHLHON CTENEHU 3aBHUCHUT OT XapakTepucTuku XPR.
Kpome Toro, eMKocTs KaHama MOXKET OBITh YBETMYEHA COOTBETCTBYIOIIMM HCITOIE30BAHUEM KOMITOHEHTOB
kpoccrnossgpuzanuu B cuctemMax MIMO. Takum 00pa3oM, Ka4eCTBO CBS3M MOXKET OBITH YIYUIIICHO ITyTEM
3(PEKTHBHOTO MCIOIB30BaHMUS WH(POPMAITUN OTHOCUTEIEHO KPOCCITOJISIPU30BAHHBIX BOJH B OECIIPOBOTHOM
CHUCTEME.

B tabmurie 6 npeacTaBiIeHB pe3yIbTaThl U3MEPEHUH sl MEAMAHBI U cpeaHero 3HaueHus XPR 111 Bcex THITOB
YCJIOBUH.

TABJIUILIA 6

IIpumeps! 3navennii XPR

Hacrora YciaoBus Kondurypauusi aHTeHHBbI XPR 3aMeyaHus
(T P (1B)
Cryyaii 1 Her manaeix
CuayxxeGHOE Cayuaii 2 6,39 (memuana)
6,55 (cpenHee 3HaYCHUE)
IIOMEIIECHUE
Coryuait 3 4,74 (MmequaHa)

4,38 (cpenHee 3HaUCHIE)
5,2 Msmepenue
8,36 (Mmenunana)

Cayuait 1 7,83 (cpennee 3HaUCHUE)
3ai 3acemanuii . 6,68 (MenmaHa)

Cayuaii 2 6,33 (cpenHee 3HaYCHHE)

Cryqaii 3 Her nannsix

Cayuait 1. Ilepenaromiast 1 npueMHasi aHTEHHBI yCTAaHOBJICHBI HA BBICOTE, PEBBIIAIOIIECH BBICOTY TPETISITCTBUI.

Cayuaii 2. Tlepenaronias aHTeHHA yCTAHOBJIEHA HA BBICOTE, IPEBBIMIAOIICH BHICOTY MPEISITCTBUIMA, a PUEMHAsI
AQHTEHHA YCTAHOBJIEHA HA BBICOTE, COOTBETCTBYIOIIEH BBHICOTE MPETIATCTBHH.

Cayuait 3. Tlepenaroiiasi 1 npueMHasi aHTCHHBI YCTAHOBIICHBI HA BHICOTE, COOTBETCTBYIOIICH BBICOTE MPETISTCTBHUIA.

5.2 IIpensTcTBUA Ha Tpacce

Ecom Ha mpsMoit Tpacce MMEIOTCS TPENSTCTBHS, 3aBHCHMOCTh pa3dpoca 3aJepKKU OT TOJIPHU3ANNHA U
HaIpaBJICHHOCTH aHTCHHBI MOJKET OKa3aThCs O0JIee CIIOKHON, YeM IS TPACC MPSMON BUANMOCTH. MIMeroTcs
HEMHOTOYHMCJIEHHbIE PE3yJbTaThl SKCIEPUMEHTOB Ha Tpaccax C TMpensITcTBUIMU. Bwmecrte ¢ Tem
AKCTIEPUMEHTAIBHBIA pPE3ybTaT, TOJNyYeHHBIH Ha dactore 2,4 I'T1, mTo3BONSIET NPEANONIOKHUTH, YTO
3aBUCUMOCTH pazdpoca 3aIepKKU OT MOJISAPHU3AIUN M HAPABICHHOCTH aHTCHHEBI IJIST TPACC C MPETSITCTBUSIMHU
nMeeT OoJiee CIIOXKHBIA XapakTep, YeM Ui TpacCc NpsIMOW BHUAMMOCTH. Hampumep, codeTaHue
BCEHAIPABJICHHOW TOPU30HTAJILHO TMOJISIPU30BAHHOW AHTEHHBI MEpeJaTidka W HamnpaBICHHOM aHTEHHbI
TIPUEMHUKA C KPYTOBOW TOJSpH3aIliell TaeT HaWMEHBINee 3HAaYeHUE CPEIHEKBAIpaTHUYHOTO pa3dpoca
3aJIEpKKU U HAaMMEHBITIEe MAKCUMATBHOE 3HAUYCHNE N30BITOYHOM 3a/IEPKKH Ha TPAcCe C TMPETSITCTBUSIMHU.

5.3 OpueHTanus MOOHJILHOT0 TEPMHHAJIA

B cpene nmpuema Ha mopTaTHBHBIE PaIMOYCTPONCTBA OCHOBHBIMH MEXaHH3MaMH PaclpOCTPaHEHUs! CHTHAla
SIBIITIOTCSL €r0 OTpakeHue W paccestHue. llonspusanys nepenaBaeMoOro CUTHaia B PE3yNIbTATE PACCESHHS
SHEPrHHM YacTo NpeolOpa3yercs B OPTOTOHANBHYIO. B 3THX YCIOBHSX BO3HMKHOBEHHE CBS3U 32 CUET
KPOCCIIOJIIPU3AIH YBEININBAECT BEPOATHOCTh TOTO, YTO YPOBHHU NMPUHUMAEMBIX CHUTHAJIOB C IMMOPTATHBHBIX
PaaAMOCTaHIINH, OPUEHTHPOBAHHBIX CITYYaiiHBIM 00Pa30M, OKaXKYTCs OJIMHAKOBBIMU. MI3MepeHne CBs31 3a cHeT
KpOCCHOJISIpU3alliY, IpoBeleHHOe Ha yacToTe 8§16 MI 11, moka3ano BEICOKYIO CTENEHb TAKOH CBSI3H.

6 Bansinue AnarpaMmbl HANPaBJICHHOCTH AHTCHHBI

O)KI/IIIaeTCSI, 4TO B paauoCHUCTEMAX, pa60Tanumx B IMA11a3oHC MUJIJIMMCTPOBBIX BOJIH, 6YILYT HCIIOJIB30BAThCA
HAIpaBJICHHBIC aHTCHHBI H/UIH pa3JIn4YHbIC METOABI (l)OpMI/IpOBaHI/IH JIydya € HUCIIOJB30BAHHUEM HCCKOJIBKUX
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AHTEHHBIX PEIIETOK IS MPEOONCHHUS OTHOCUTEIHLHO BEICOKMX OCHOBHBIX MOTEPh MEPEIaud U YCTAHOBICHHSI
HAQJICKHBIX JTUHUN CBs3H. HeoOXOQMMO WM3YyYWTh BIHMSHUE NIUPUHBI JTyda aHTCHHBI HA XapaKTePHUCTHUKU
pacrpocTpaHeHUs paIuOBOJIH.

6.1 INoTepu npuHUMaeMoOii MOIIHOCTH B 3aBHCHUMOCTH OT IIMPHUHBI JIy4a HANPABJIEHHOH AHTEHHBbI

[Ipu nmprieme cUTHATIOB Ha AHTEHHY, JIyd KOTOPOW UMEET ONpeAeTIeHHYIO IHPUHY, KOIMIECTBO KOMIIOHEHTOB
MHOTOJIy9€BOTO CHUTHAJIa YMEHBIIIAETCS 110 CPABHEHUIO C CUTHAJIOM Ha BCEHAIPABIICHHOHN MPUEMHOM aHTEeHHE.
OTO MPUBOJUT K JOMOJHUTEILHBIM MOTEPSIM MOIIHOCTH, KOTOPBIE MOKHO PacCUUTATh CIICIYIOIIUM 00pa3oM:

Lbeamforming(d, £, W¢) = Lomni(d,f) + AL(W(I,) (nB), (5)

rae L°™™ — o3HavaeT OCHOBHBIC MIOTEPH Iepe/lauul B Cllydae BCCHANPABICHHOI aHTeHHBI B ypaBHeHuu (1), a

AL paccUMTHIBACTCS CIICAYIONUM 00pa3oM:

AL(Wy) =1 (WL(D _ 36100), 10° < Wy, < 360°, )

rie Wy — mupuHa Jlyda 1O YPOBHIO MOJNOBMHHOM MomHoctH (HPBW) HanpaBieHHOH aHTECHHBI

(bopmupoBanue sy4a). B Tabauie 7 npuBeACHBl 3HAUCHUS 1), MOJIYYCHHBIC MPU M3MEPEHHUAX HA YacTOTax
28 IT u 38 I'T1 B yclOBUSIX BHYTPU TIOMEIIEHHSI TOPTOBOTO HA3HAUCHHSI.

TABJIMLIA 7

IlocTosiHHas N AJ11 JONOJTHUTEJIBHBIX IOTEPh MOLIHOCTH
B 32aBUCHMOCTH OT WIMPUHBI Jdy4a Wy, npu ¢popmuposanuu jy4a

Ycaosus Yacrora (I'T'u) Tun JuHun n
TTomemienne 28 LoS 28,46
TOPTOBOTO
Ha3HAYCHUS NLoS 70,54
38 LoS 26,66
NLoS 76,77
6.2 XapakTepuCTHKH pa30poca 3aJiep:KKH 1 YIJIOBOro pa3dpoca

ITockonbKy MHOTOJIy4eBbIE€ COCTABIISIOIINE PACIIPOCTPAHEHHUSI PacIIpeesIeHbl B 3aBUCUMOCTH OT YIJla IPUXO0/a,
9TH COCTAaBJISIONINE 32 TPE/IEIaMH IIMPHUHBI JTyda aHTEHHBI TT0IBEPTalOTCs MPOCTPAHCTBEHHOH (MIBTpaIN 3a
CUET WCIOJIB30BaHMs HANPaBICHHONW AHTEHHBI, TaK YTO Pa30OpOC 3alep>KKH U YIJIOBOH Pa3dpoC MOXKHO
YMEHBIINTE. V3MepeHue nmapamMeTpoB pacipoCTpaHEHUs] BHYTPH IIOMEIIEHHS, a TaKKe UMUTALUS TPAeKTOPUI
my4a Ha gactoTte 60 [T mpy ncnosap30BaHNM BCEHANIPABICHHON MTEPEaroNIell aHTEHHBI U TPUEMHBIX aHTEHH
YeThIpeX PazINYHBIX THIOB (BCEHANpPAaBIEHHAs, C IIMPOKUM JIy4OM, CTaHAapTHAas PYNOPHAsA U C y3KUM JIyHIOM),
HalpaBJICHHBIX B CTOPOHY NEPEAAIOIEH aHTEHHBI, TOKa3bIBAIOT, YTO [10JIABIIEHUE COCTABIIAIOIINX C 3a/1€PIKKOM
3¢ QeKTUBHEE OCYILIECTBISETCS C MIOMOLIBIO OoJiee Y3KHUX 3HAYCHUH IIUPHUHBI Jydya. B tabnune 8 npuseneH
MpUMEp 3aBUCUMOCTH CTaTUYECKOTO CPEIHEKBAJIPaTHYHOTO pa3dpoca 3aJepKKH TPH HUCIIOJIH30BAaHUU
HaNpaBIEHHOCTH aHTEHHBI, HE IpPEBbIMIAEMbIX Ha ypoBHE 90- MpOIEHTWIN, MOJyYEHHBIM B pe3yibTaTe
AMUTAIUI TpaekTopuil yda Ha yacrtore 60 [T B mycToMm ciy:keOHOM moMenieHnd. MOoKHO 3aMEeTHTh, Y4TO
YMEHBIIIEHHE CPEeTHEKBAIPATUIHOTO 3HAYEHHS pa30poca 3aJep)KKH HE BCETIa SBISETCS IKeNaTelIbHBIM,
MTOCKOJIBKY TIPY 3TOM MOTYT YBEIHYHMBATHCS AUHAMUYECKHE TUara30Hbl 3aMHPaHUN ITMPOKOIIOIOCHOTO CUTHAJIa
B pe3yJIbTaTe HEIOCTATOYHOTO pa3HeceHHs o YacToTe. Kpome TOro, MO>KHO 3aMETHTh, YTO HEKOTOPHIE CXEMBI
Iepeiadyl UCTIONb3YIOT IIPEUMYILECTBA MHOTOIY4E€BOI0 PACIPOCTPAaHEHHS.
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TABJIUIIA 8

IIpumMep 3aBHCHMOCTH CTATHYECKOTO CPEHEKBAAPATHYHOI0 3HAYEHHS
pa30poca 3a1ep>KKH OT HANPABJEeHHOCTH AHTEHHBI

CraTtndeckoe
HIupuna ay4a CpeIHeKBaIpaTHYHOE Pasme
YacroTa AHTeHHA AHTEHHbI 3Ha4eHune pasdopoca [oMe ell:I/IH 3aveuaHus
(I'Tw) nepeJaT4YnKka NPHEMHHUKA 32 e€PKKH (I;:)
(rpan.) (90-s1 mpoueHTHIIB)
(nc)
Bcenanpasnennas 17 135x 7,8 Tpaexropus
60 16 [Tycroe nyden
ciryxe0HOoe
10 S MOMeIlleHne
5
60 Bcenamnpasnennas
Bcenamnpasnennas 22 13,0 x 8,6 TpaexTopust
60 21 IIycroe Ty4eit
10 10 ciry)xe0HOe BHE IPSMOU
NoMeLIeHHe BUIIUMOCTH
5 6

Ha ocHoBe m3MmepeHH B THIOBBIX YCIOBHSX CIy’KEOHBIX W TOPrOBBIX IOMEIIECHHH, COOTBETCTBEHHO Ha
gactoTax 28 u 38 ['T, pazpaboransl METOIBI IPOTHO3UPOBAHUS 33/I€PXKKH U YTIIOBOTO pa3dpoca Mo muprHe
Jy4a aHTEHHBI.

g momyyeHus XapaKTepUCTUK MHOTOITY4eBOTO PACIIPOCTPAHEHHUS PAIHOBOIH JJIS Y3KO- M ITUPOKOITYIEBbIX
AHTEHH TPOBOIMIOCH COIIOCTaBJICHUE WUMITYJbCHBIX XapaKTEPHCTHK KaHajda, COOPAaHHBIX IyTEM ITOBOPOTA
y3KOIy4eBoi aHTeHHBI Ha 10°, ¢ TaHHBIMH 110 MOIITHOCTH, 3aJICPIKKE U YTIIY.

CpenHekBaipaTU4IHbIN pa3opoc 3auep:kku DS 3aBHCUT OT MIUPHUHBI JTy4Ya [0 YPOBHIO MOJOBUHHOW MOIITHOCTH
aHTeHHH 0 (Tpan.):

DS(6) =axlog,, 6 uc, (7

e o — KOdQUIMEHT CpelHEeKBaJpaTHIHOTO pa3dpoca 3aJep)KKd, a AWara3oH 3HadeHud 0 cocraBiser
10°<0<120°. B Tabauie 9 mnpuBeACHB TUIIOBBIC 3HAYCHUS OTHX KOI(PPHUIMEHTOB M CTAHIAPTHOTO
OTKJIOHEHHsI G, TOJyYCHHbIE IPH BCEX YCIOBHIX wu3MepeHus. Koadpduumentsl pa3dpoca 3ajepiKku
COOTBETCTBYIOT CJIy4asiM, KOTJa aHTCHHBI HalpaBleHbl TaK, YTOOBI MOJYyYHTh MAaKCHMAIbHYIO MOIIHOCTb
IIpreMa COOTBETCTBEHHO B cuTyanusax LoS n NLoS.
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TABJIUIIA 9

Tunosble KO3 GPUUHEHTHI CPEJHEKBAAPATHYHOT0 Pa3dpoca 3a]epKKu

Koy punueHTb
cpenqHe-
YcaoBust u3mepeHus KBaJIPATHIHOT O
pa3opoca
3aIePsKKH
HIupuna
Pac- Jy4a lll:pqulna
f .| hs ha2 cTosi- nepeaan- yaa -
(T Ycaosus Cuenapuii ™) | () e e NpUeMHOi a o (Hc)
(M) AHTEHHBI ANTCHHDI
(pan) | P
LoS 8,25 16,11
Keneznonopox- 8-80
Hasl CTaHIHs NLOS 37,54 27,22
28 8 1,5 60 10
3nanue LoS 8200 7,53 15,98
a’pornopra NLoS 63,9 96,57
Keneznomopox- LoS 8-80 4,18 4,33
Hasl CTaHITH NLoS 24,85 28,48
LoS 8 15 40 10 4,46 14,13
3nanue 0 ' d
38 8-200
asporopra NLoS 54,54 80,72
LoS 1,16 12
Cryxebaoe 25 | 1,2 | 7-24 | Bcenanp. 10
MTOMETICHIE NLoS 15,13 21,8

CpenHekBaipaTU4HbIN pa30opoc 1o yriry AS 3aBUCHUT OT IIUPUHBI JIy4a IO YPOBHIO TOJOBUHHOM MOIIIHOCTH
aHTeHHH 0 (Tpan.):

AS(0) = ax 0" rpan., (8)

rae o u B — ko3 PUIMEHTBI CPEHEKBAPATHYHOTIO pa3dpoca Mo yriy, a Juarna3oH 3HadeHuit 0 cocrapiser
10°< 60 <120°. B rabmune 10 mpuBeneHsl TUIOBBIE 3HAYEHUS OSTHX KOI()PHUIMEHTOB W CTAaHAAPTHOTO
OTKJIOHCHUSI G©, TOJNYyYCHHBIE TIPH BCEX YCIOBUAX wu3MepeHus. KoaddummenTtsr pazdpoca mo yriy
COOTBETCTBYIOT CJIy4asM, KOTrJia aHTCHHBI HANpPaBICHbI TaK, YTOOBI MOJYYHTh MAKCHMAIbHYIO MOIIHOCTb
TpueMa COOTBETCTBEHHO B cutyarusx LoS u NLoS.




18 Pex. MC2-R P.1238-10

TABJIMUIIA 10
Tunosbie k03¢ GUIHEHTHI CPeJHEKBAIPATHYHOI0 pa3dpoca 1o yriay
Ko3punuentol
YcnoBust usmepeHus cpenne-
KBa/IpATHYHOT0
pa3dpoca no yriry
Iupuna Mupnaa
Pac- Jy4a n pqa
f Cuena- ha ha cTos- nepena- yua - c
(T YcaoBus pii ™) | () e fomteii NpHEeMHOH | « B (rpar)
(M) AHTEHHBI AHTEHHD! .
(rpan) | P
LoS 0,5 | 0,77 2,3
Keneznonopoxuast 8-80
Cranis NLoS 025| 1,0 | 232
28 8 15 60 10
LoS 12 | 049 | 218
3n1aHue a’pornopra 8-200
NLoS 03 {09 | 312
XKenesnomopoxuas LoS 8-80 1141054 | 3,36
CTaHLuA NLoS g L5 40 10 0,16 | 1,1 3,24
LoS ’ 20 (034 | 1,36
38 3naHue a’pornopra 8-200
NLoS 0,34 1 093 | 2,99
LoS 0,07 | 1,22 | 5,558
Cryxeonoe 25 | 12 | 7-24 | Beenanp. 10
[oMeIIeHHE NLoS 0,17 | 1,07 | 481
7 BiusiHre MecTONMOJI0KEeHU NepelaTYuKa U IPUEeMHUKA

Pe3ynbTaThl 3KCIIEpUMEHTAIBHBIX U TEOPETUUECKUX UCCIEAOBAHUN BIMSHUS MECTONOJIOKEHHUS TIEpeAaTUNKa
Y IPUEMHHKA Ha XapaKTEPUCTUKHU PACIPOCTPAaHEHUS BHYTPU MOMEIICHUN HEMHOTOUMCIeHHBI. OMHAKO, KaK
MPaBWJIO, MOXHO IPEIINOJIOKUTh, YTO 0a30Bas CTAHIUS JO/DKHA OBITh MOMEIECHA KaK MOXHO OJIMKE K
MOTOJIKY KOMHATBhI, YTOOBI OOECIEUUTh MAKCHMAaJbHO BO3MOXHYIO JUIMHY TpAcc MPSMOW BUIAMMOCTH.
B cydae mopTaTHBHBIX TEPMUHAIOB MO3UIIMS TEPMHUHANIA TOJIH30BATEINA, KOHEYHO *Xe, OyJeT 3aBUCETh B
MEPBYIO OYEPEAb OT MEPEMEIIEHUS T0JIb30BATENA, @ HE OT OIPAHUYECHUI, HAKIAAbIBAEMbBIX KOHCTPYKIUEN
cuctembl. OJIHAKO MPEANOIaraeTcs, YTo AJs HEMOPTATUBHBIX TEPMUHAJIOB BHICOTA AHTEHHBI JOJDKHA OBITH
JIOCTATOYHOM, YTOOBI [0 MEPE BO3MOXKHOCTH 00€CIIEUUTh NPSIMYI0 BUAMMOCTb Jisi 0a30BOY cTaHIUU. Beioop
MECTOITOJIOKCHUSI CTAHIIMKM TAaKXXE BEChMa OIIYTUMO 33aBUCUT OT KOH(UTYpAIlUHM CUCTEMBI, B YaCTHOCTH
OT TaKUX €€ aCIEeKTOB, KaK CIIOCOObI MPOCTPAHCTBEHHOT'O Pa3HECCHUs, KOH(DUTYpallHs 30HbI U T. 1.

8 Bansinue cTpoUTEeIbHBIX MATEPHAJIOB, 000PYAOBAHMS H MeOeJIH

XapaKTCpI/ICTI/IKI/I pacnpoCTpaHCHuss BHYTPHU MNOMCHICHUSA 3aBUCAT OT OTPAXKCHUSA OT CTPOUTCIBbHBIX
MaTepuaioB U NPOHUKHOBCHHA CUI'HajIa CKBO3b HUX. OTpa)KaTeJ'ILHBIC CBOMCTBA U IMpOonyCKHasa CIIOCOOHOCTH
MaTepuaioB 3aBUCAT OT KOMIIJICKCHOM ,I[I/IBJ'ICKTpI/I'{CCKOI‘/'I MMPOHNUIACMOCTH MAaTCPUAJIOB. ECTCCTBGHHO, 4TO B
MOZACIIAX MPOTHO3UPOBAHUA PACIPOCTPAHCHUA, YUYUTBIBAIOIINX CHGL[I/I(l)I/IKy MECTa, B Ka4€CTBEC OCHOBHOH
HCXOTHOM I/IH(I)OpMaL[I/II/I MOTYT HOTpe6OBaTLC}I JaHHBIC O KOMILJICKCHOM ):[I/IBJ'ICKTpI/I‘lCCKOI\/'I MMPOHUIIaCMOCTH
CTPOUTCIBHBIX MATCPHUAJIOB, a TAKIKE O CTPYKTYPC 3[JaHUA, U 3Ta I/IH(I)OpMaL[I/Iﬂ OpuBEACHA B PCKOMCH,I[EIL[I/II/I
MC3-R P.2040.

3ep1<anLHoe OTpaXCHUC OT PA3JIMYHBIX MATCPUAJTIOB, U3 KOTOPBIX CACIIAH IOJI, TAKHMX KaK I10JIOBad NOCKa U
OCTOHHBIE MJIUTBI, B MUJUIMMECTPOBOM AUANA30HC CYHICCTBECHHO YMCHBIIACTCHA, CCJIM IMOJI UMEET KOBPOBOC
MOKPBITHUE C FPY60ﬁ MMOBCPXHOCTHIO. AHaI0ruIHOI0 YMCHBIICHUA MOKHO ,I[O6I/ITBC}1, €CJIM 3aKpLITh OKHa
mTopamMu. HO3TOMy MOKHO OXHWJAaTb, YTO KOHKPCTHOC BJIHUAHHUC CTPOUTCILHBIX MAaTCpHaIOB 6y,Z[€T
BO3pacCTaTh NpH YBCINYCHUHN YaCTOTHI.
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[loMrMO CTPYKTYpBI CaMOTO 3JaHUWs, TPEeAMETHl OOCTAaHOBKM W apMaTypa TakKe CHIBHO BIHAIOT Ha
XapaKTePUCTUKHA PACIpPOCTPAHEHHUs] BHYTPH IIOMEMIEHHs. OTH TPEAMETH MOXKHO paccMaTpuBaTh Kak
MIPETIATCTBUS, a X BIUSHUE YITEHO B MOJIEIM OCHOBHBIX TIOTEPH MEpeadn B MyHKTE 3.

9 Biausinue nepeMenecHus 00bEeKTOB 10 MOMEIEeHHI0

JIBrkeHue Jofed U IPEeIMETOB [0 IIOMEIIECHUIO BbI3BIBAET BPEMEHHBIE H3MEHEHMSI XapaKTEPUCTHK
pacnpocTpaHeHHs BHYTPU IOMEIIEHUS. OTH H3MEHEHHs, OJHAKO, IMPOUCXOIAT OYEeHb MEJIEHHO IIOo
CPaBHEHHIO C BEPOSTHON CKOPOCTBIO Mepefadn NaHHBIX, U MOTOMY (PAKTUYECKH MOTYT pacCMaTpUBaThCs B
KauecTBe cly4yailHOM nepeMeHHON, MHBapHaHTHOM BO BpeMeHU. KpoMe nepemereHus J1tojiei, HaXoqAIIHuXCst
B HENOCPEACTBEHHOH OJM30CTH K aHTEHHAM WM Ha MPsIMOM Tpacce MNepeaadd, NepeMelleHue JIoJeH B
CITy>K€OHBIX TTOMEIICHHSIX U B IPYTHX MECTAaX, a TAKKE 10 3JaHHI0 M BHYTPU HET0, OKa3bIBAET PEHEOPEKUMO
MaJIO€ BO3/ICUCTBHE HA XapaKTEPUCTUKU PACIIPOCTPAHECHMUSL.

WzmepeHust, BHITIOTHEHHBIE B YCIOBUSX, KOTIa 00a TepMHUHANA IMHUU CBSI3H (PUKCHPOBAHbI, TOKA3bIBAIOT, YTO
3aMUpaHUsl HOCST XapakTep BCHBIIKM (CTaTUCTUKA OYCHb HECTaOWIbHA) W  BBHI3BIBAIOTCA JTHOO
BO3MYIICHUSMH, BHOCUMBIMH MHOTOJYYEBBIMU CHUTHAJIaMHU B 30HAX, OKPYXKAIOMIMX AaHHYIO JUHHIO, THOO
3aTCHEHMEM, BOSHUKAIOIUM, KOI'1a JIFOAU IEPECEKAIOT JINHUIO IIepeJadH.

Wzmepenus Ha yactote 1,7 I'T'11 MOKa3bIBarOT, UTO YETIOBEK, IEPECEKAIOIINI TpacCy CUrHaIA MPSAMOI BUIUMOCTH,
BBI3bIBAET MaJIeHNE MOIIIHOCTH MPUHIUMAeMOro curHana Ha 6—8 nb, a 3HaueHue napametpa K B pactipeneneHuu
Haxkaramu-Paiica npu 3TOM CylIecTBEHHO yMeHbHIaeTcs. Eciii Tpacca HMPOXOAMT 3a HpeaesaMu INpsSMOMR
BUJIUMOCTH, TO JBUKCHUE JIFOJEH OKOJIO aHTEHH HE OKa3bIBACT CYIIECTBEHHOI'O BIMSHHS HA XapAKTEPUCTHKHU
KaHaja.

B cny4ae mopTaTuBHOTO TepMUHAaJa Ha YPOBEHb IPUHAMAEMOT'0 CUTHAJIA BIUSET OJIM30CTh TOJIOBHI M KOpITyca
Tena monb3oBarens. M3mepenus Ha vactore 900 MI'm mpu HCMoib30BaHUM CHMMETPUYHOTO BHOpaTopa
[TOKa3bIBaIOT, YTO YPOBEHb IPUHUMAEMOI'0 CUTHaNIa yMeHblIaeTcs Ha 4—7 a1b, korna TepMuHan HaXOIUTCS Ha
YpOBHE TaluMu YenoBeka, U Ha 1-2 nb, Korza monb3oBaTenb ACPKUT TEPMHUHAT Ha YPOBHE TOJIOBHI,
10 CPAaBHEHHIO C YPOBHEM IPUHUMAEMOr0 CUTHAJIA, KOTJIa aHTEHHA PACIIOJIOKEHA HA PACCTOSHUHU IOPSIKA
HECKOJIbKMX JJIMH BOJIH OT KOPILyCa TeJla YEJIOBEKA.

Koraa BricoTa aHTEHHBI HUKE IPUMEPHO | M, HapUMep B ciiydae MPUMEHEHUs] OOBIYHBIX HACTOJIBHBIX MU
MOPTaTUBHBIX KOMIBIOTEPOB, Tpacca MPsSMON BUANMOCTH MOXKET 3aTCHSTHCS MIepeMeIIeHIeM JTroIei BOIH3H
TEpMUHAJA MoJib30Barens. [Ipyu TakuxX NMPUMEHEHUSIX JaHHBIX MHTEPEC MPEACTABISIOT Kak TyOHHA, TaK W
JUIMTETIbHOCTD 3aMupanuii. M3mepenus Ha dactote 37 [T B ycnoBusix mnpuemMa BHYTPU BECTHUOFOIIS
CIIy’)keOHOTO TOMEMICHUS TIOKa3ald, 4YTO 4YacTo HaOmogarorcs 3amupanus ot 10 mo 15 ab.
[IpoomKUTENEHOCTh STHX 3aMHpaHUN, OOYCIOBJICHHBIX 3aTCHEHHEM YEJIIOBEUECKHM TeJIOM (KOTZa JIIOIH
MepeMelIaoTcsl 4Yepe3 JWHUI0 NpSIMON BUAMMOCTH IIOCTOSHHO W B CIy4YallHOM TIOpSJKE), CIEdyeT
JIOT-HOPMaJIbHOMY paclpeseleHN0, MpUYeM 3HaueHHUsl CpelHed MPOJOJDKUTEIBHOCTH M CTaHAapTHOTO
OTKJIOHEHHSI 3aBUCSIT OT TIIyOUHBI 3aMupanus. s 9Tux nuaMepeHuit npu riryoune 3amupanuii 10 a1b cpequsis
MPOIOJKHUTENLHOCTH cocTaisiia 0,11 ¢, a crangaptHoe oTkionenue — 0,47 c. [Ipu riryOune 3amupanuii 15 n1b
CPeIHSS MPOIOJKUTEIBLHOCTE cocTarisiia 0,05 ¢, a crangaptHoe otkinonenue — 0,15 c.

Wsmepennst Ha uwactore 70 [T mokasamu, 4YTO 3HAUEHHUS CpPETHEM MPONOJDKUTEIBHOCTH 3aMUpaHHA,
00YCIIOBIIGHHOTO 3aTCHEHHEM 4eJoBeueckuM TenoMm, coctaBimsui 0,52 ¢, 0,25¢ u 0,09 ¢ mpu rimyOune
3amupanuii 10 1b, 20 n1b u 30 n1b cooTBeTcTBEHHO, MpUYEM CpEeAHSsI CKOPOCTb MEepEeMEIEeHUs JIoAeH B
MPOM3BOJIBHBIX HAIpaBJICHUSIX oleHuBajack B 0,74 M/c, a TOJNIIMHA YeIOBEYECKOTO Tesla NMPUHUMAIIACH
paBHoii 0,3 M.

M3mepennst moka3pIBaIOT, 9TO CPEIHEE YHCIIO CIIyIaeB 3aTCHEHUS JIIOABMH B TEUCHHUE Yaca, BBI3BIBAEMOI0 UX
MIEPEMEIICHISIMU TI0 CITY>KEOHOMY TTOMEIIICHUIO, OTIPEIEIIETCS KaK

N=260xD,, 9)

roe Dp (0,05<Dp<0,08) — ar0 umcno mromeit Ha KBampaTHBI MeTp B mnomemnienun. Torma oOmias
JUTATEIBHOCTh 3aMUPAHMI B TSUCHHUE Yaca ONPEICIIAeTCs KaK

T=T,xN, (10)

rae TS — CpeaHsAA JJIIUTCIIbHOCTD 3aMUPAHU.

Uwuco cirydaeB 3aTEHEHUS JTIIOABMH B TEUCHHE Yaca B MPOXOJaX BRICTABOYHOTO 3aia coctasisuio 180—280,
rae Dy 65010 ot 0,09 1o 0,13.
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3aBUCHMOCTh OT PAacCTOSHHSI OCHOBHBIX TOTEPh MEpeladyd B MOJ3EMHOM TOPTrOBOM IICHTPE IOJBEPIKCHA
BIIMSIHUIO 3aTCHEHUs JII0AbMU. OCHOBHBIC MMOTEPH TIePEIaud B OJ3EMHOM TOPTOBOM IIEHTPE OMPEICISIOTCS C
TTOMOIIBIO CIICAYIONIETO YPaBHEHUS C TTapaMeTpaMu, MPUBEIeHHBIME B TabmuIe 11:

L(x)=-10- L4 log,,(f)—log,q(x)j+8-x+C 1B, (11)

rae:
f: wacrora MIm);

X: paccrosiHHE (M).

[TapameTps! s coaydas HenpssMoit BuamuMocTH (NLoS) moareepkmatores B quanaszone 5 I'T1i, a mapameTpsl
Uit cydast LoS mpuMeHuMBI K auama3ony 9actoT oT 2 g0 20 I'Tn. Jlmama3zon paccTOsSHUNA X COCTaBISET OT
10 mo 200 m.

YcnoBust paboThI TOJI3EMHOTO TOPTOBOTO IIEHTPAa COOTBETCTBYIOT TOPTOBOMY ILIEHTPY JISCTHUYHOTO THIIA,
COCTOSIIIIEMY M3 MPSAMBIX KOPUIOPOB CO CTCKISHHBIMU WA OCTOHHBIMU cTeHaMU. OCHOBHOM KOPHIOP UMEET
mupuHy 6 M, BeICOTY 3 M U [uiuHY 190 M. OOBIYHBIE pa3Mephl YETOBEUYECKOTO Tela CUUTAIOTCS PAaBHBIMU
170 cm BBICOTOH ™ 45 cM TO mmHpHHE TUied. [ITOTHOCTh MOTOKA MPOXOXKUX COCTABISIET MPUOIUIUTEIHLHO
0,008 uen./m? u 0,1 4en./M? B CHIOKOMHEIH Hepnos (paHHEee YTPO, He B Yac MHK) U B MHOTOJIOHBIH HEpHON
(obOeneHHOE BpeMs MM Yac MHUK) COOTBETCTBEHHO.

TABJIULIA 11

IMapameTpsl A MoaeTUPOBAHUSA (PYHKI[UH OCHOBHBIX MOTEPH Mepeaayu
B N013eMHOM TOProBoM 1entpe Hecy

LoS NLoS
o ) C o ) C
(™) (1b) (™) (ab)
He yac nux 2,0 0 -5 3,4 0 -45
Yac nuk 2,0 0,065 -5 3,4 0,065 —45
10 Mogenu yriioBoii pacxoaMMoCTH

10.1 IlyukoBasi Moeb

B Momenu pacnpocTpaHeHHsT PagHOBOJNH, WCIOJNB3YEMOH UIS HIMPOKOIOJOCHBIX CHCTEM C AHTCHHBIMH
peleTKaMu, NPUMEHSETCS IyYKOBasi MOJIe)b, COUYETAIOMIasl Kak BPEMEHHOE, TaK M YITIOBOE pacHpeaesieHusl.
[Ty4ox BKJIIOYAaeT paccesHHbIE BOJIHBI, ITOCTYMAMONIME B NMPHUEMHUK B TEYEHHE OTPAHWYEHHOIO IIEepHOJA
BpPEMEHH H I10]1 YIJIOM, KaKk H300paKeHO Ha pHCyHKe 1. XapaKTepUCTUKU BPEMEHHBIX 3aJIepIKEK CONEPKATCS
B NyHKTe 4 Hacrosmeil Pexomenpanuu. DTo pacmpeneneHue yria mnpuxojaa mydka ©j, OCHOBaHHOE Ha
ONOPHOM yriie (KOTOPBIH MOXET OBITh M30paH MPOW3BOJIBHO) U MPOCTPAHCTBA BHYTPU ITOMEIICHHUH,
MpHOIM3UTENHHO BhIpaXkaeTCsl paBHOMEPHBIM pactipenenenuem mo [0, 2x].
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PUCYHOK 1

Hal"J]SIIIHOG npeacraBjeHue l'[y‘lKOBOﬁ MOACIN

IMyuox 2
PaccesiHHBIE BOJTHBI

ITyuox 3
— PaccesiHHbIe BOTHBI

ITyyok 1

SIS SIS LIISLD

PRRIRIRRAIY,
by ]

Iepenaromas
peleTka

<

Vposens npuxoza (ub) VYposens npuxoxa (ub)

ITy4ox 1

VYrox mpuxozaa
PaccesiHHbIe BOJHBI

OmnopHbIit
yrox

[Ipuemnas
pemeTka

©®; —yroa npuxona my4ka i

Gj — CTaHJapPTHOE OTKIOHEHNE YIIOBO! PAaCXOAMMOCTH B ITyUKe i
P.1238-01

10.2 Yri0Boe pacnpeeiieHne BOJH NPUX0/1a U3 I-ro my4Ka

(DyHKLlI/ISI IIJIOTHOCTU BEPOATHOCTHU YIJIOBOTO pPACHPEACIICHHUA BOJH IPHUXOJa B IIYUYKE BbIpaXXacTCAa
CIIEAYIOIIUM 00pa3oM:

le-oi) (12)

(o}

Rlo-0,)=—oxp -2

rZIe @ SBISETCS YIIIOM MPUXO0/a MOCTYIAOMINX BOJH B IyYKe B TPAycax IO OTHOIICHHIO K OIIOPHOMY YTIIy,
a Gj IPeJICTaBIIsIeT COOOM CTaHIapTHOE OTKIOHEHHUE YIIOBOro pa3dpoca B rpaaycax.

[MapameTps! yriioBoro pa3dopoca B yCJIOBHSX MTOMEIICHUH MOKa3aHbl B TaduIe 12.

TABJIMIIA 12
IHapameTps! yriioBoro pazépoca B ycJ10BUSIX IOMelIeHH
LoS NLoS
Cpenn. (rpaa.) Auana3on (rpaa.) Cpenn. (rpaa.) JAuana3on (rpaa.)
3an 23,7 21,8-25,6 - -
CrnyxeOHOe 14,8 3,93-28,8 54,0 54
MOMEIeHNE
Jom 21,4 6,89-36 25,5 4,27-46,8
Kopumop 5 5 14,76 2-37
10.3 JBoiiHasi HaNpaBJIeHHAs yIJ0Bas pacxXoauMoCTh

B mogmenu pacrpocTpaHeHUs PaguOBONH, UCHOIB3YEMOM IJI HIMPOKOIOJIOCHBIX CHCTEM C HECKOJIBKHMHU
AQHTCHHBIMHM pELIETKaMH B TepelaTYUKe W TNPHEMHHUKE, NPUMEHSETCS YIJIOBOE paclpelelicHue Ha
[EPeAAONINX U NPHEMHBIX CTaHIMIX. B Tabnuue 13 mpuBeneHs! MOJy4YeHHBIE Ha OCHOBE H3MEPEHHH C
mpuHOH nonocs! 240 MI'n Ha yactote 2,38 I'T'11 3HaUeHNs cpeAHEKBaIpaTUYHON YITIOBOM pacXoIUMOCTH BO
BHYTPEHHEM KOPUAOPE U B CIIy>KeOHOM MOMEICHUH 151 3HaueHus nopora 20 ab.
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TABJIMLA 13
JBoiiHasi HanpaBJeHHAA YIJIOBasi PpACXOAMMOCTh
CpenHekBajapaTuuHas CpenHekBajapaTHYHasi
Bricora FﬁOil}aﬂ acH)?o HMOCTb Bricora FEOIlliaﬂ ag::) HMOCTb
cranuuu 1 y p a CTAHIMH 2 y p a
(M) Ha ctannuu 1 (™) HA CTAHIUM 2
(rpan.) (rpax.)
Kopumop
U CIIy’)KeOHOe 1,9 68,5 1,7 69,7
IIOMCIICHHEC
11 CratucTuyeckas MoJe/b NPU CTATHYECKOM HCNOJIb30BAHUU

Hcnonb3yemble BHYTPH TIOMELICHWH OECHpOBOAHBIE TEPMHUHAJBI, TaKhe KaK COTOBBIE Tele(OHBI U
OecnpoBoanblie TokanbHBIE ceTd (WLAN), B OCHOBHOM HaXOATCS B CTATHUECKOM COCTOSTHUH. becrpoBomHbIE
TEPMHHAJIBI TIPH CTATHYECKOM HCIIONB30BAHWN OCTAIOTCA HETOABIKHBIMH, OJHAKO Cpefia, B KOTOPOW OHHU
HaXOJISTCS, MCHSIETCS BCJICACTBUE MEpEeMEIeHNs] OJOKUPYIOMNX 00BbEKTOB, HapUMep Jroaei. st TouHoH
OLIEHKHM Ka4ecTBa CBS3U B TaKUX YCIOBHAX MBI MPEACTAaBIAEM MOJENIb KaHala JUId CTATUYECKHX YCIOBUHI
BHYTPH TIOMEIIEHNUS, KOTOPast OJTHOBPEMEHHO 00€CIIeYNBAET CTATHCTUIECKIE XapaKTePUCTUKN KaK (PYHKIIUN
mwioTHocTH BepoaTtHOcTH (PDF), Tak n aBTOKOppENALMOHHONH (YHKIUH KOJIeOaHUS! YPOBHS MPHHUMAEMOTO
CUTHAIA.

PaccmarpuBaroTca MoJienu KaHaia i yciaoBui BHyTpu nomemienuit NLoS u LoS.

11.1 Onpenenenue
Nperson :  IHCIIO JABHKYIIHXCS JIFOICH;
AW :  SKBHMBAaJEHTHBIH JUaMETP IABHKYIIETOCs deaoBeka (M);
V: CKOpOCTb JIBMKCHUS Jronei (M/c);
Pm: oOmias MOIIHOCTH MHOTOJIYYE€BOTO CUTHAIA;
S(X,y): IUIaH 30HBI ABMIKEHUS;
fr:  MakcuMmanabHOE CMEICHUE YaCTOThI ISl CTATUYECKOT0 MOOMIBHOTO TEPMHUHAIIA,;
!  MOIIHOCTh MPUHMMAECMOT0 CUTHAJIA HA MOOMJIBHOM TEPMHUHAJIE;
f: gacrora (I'm);
p(rp, K) :  dyukius miotHoctH BepositHocTH (PDF) MONHOCTH TPHHMMAEMOro CHTHANA,
ompezeieHHas kak pacnpenenenue Hakaramu-Paiica ¢ K-aktopom;
K: K-gakrop, onpenencunsiii B pacnpenenennn Hakaramu-Paiica;
R(At) :  aBToKOppensiuoHHas QYHKIUSA YPOBHS MPUHAMAEMOTO CHTHANA,
Rn(At) © k0o dHITHEHT aBTOKOPPENSAIUE YPOBHS IPUHUMAEMOT0 CUTHANA;
P(f): sHepreruueckuii crekTp;

Pn(f) :  oHepreruveckuii ciektp, HopManu3oBaHHbiid 1o MomaocTH P(0).

11.2 Moaeanb cucTeMBI

Ha pucynke 2 nmpencrasieHa MoAesb cCUCTeMbI. B kauecTBe IBIKyIUXCSl 00BEKTOB PACCMATPUBAIOTCS TOJIBKO
JIFOJIW; YENIOBEK | TMPEACTABISETCs KaK JUCK C AUaMeTpoM AW (M), OTCTOSIIHMN OT MOOWIIBHOIO TepMHHAJA
(MT) na paccrosiauu i (M). Kaskaplid ABHKYIIMNACS YSTOBEK HICT B MPOM3BOJILHOM HAIpaBICHUH Mekay 0 1
27 ¢ MOCTOSIHHOM CKOPOCTBIO V (M/C) U mepeMelnaeTcs B mpeesax ciuydaitnoit oonactu S(X, y) Bokpyr MT.
Uwmcno nrmxymmxcs moaei cocTaBisieT Nperson, ¥ JTFOOOM IBIKYITHICS Y€JI0BEK IOTIIOMAET YaCTh SHEPTHH,
HaxXOJsIIEeHCs Ha Tpaccax, KOTOPhIE MepeceKaroT ero Mo mupuHe AW. MHOroy4YeBble CUTHAIIBI TIOCTYIIAIOT Ha
TEpMHUHAJ PaBHOMEPHO MO BCEM TOPH30HTAJIbHBIM HampaBieHUsM. Ha pucyHkax 3 u 4 mokazaHbl THIIOBBIE
paccMaTpuBacMble IOMEILECHHS — IPSIMOYTOJIBHBIC U KPYTJIbIE COOTBETCTBEHHO.
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PUCYHOK 2

Mopeab cuCTEMBbI

3omna gBrKeHus: X, Y)

CropocTtb
Vv

JIBIDK yIIMIAC ST UeTI0BEK

Mo6unbHBIiT TepMUHAT

P.1238-02

PUCYHOK 3
IInan noMemeHus: NPIMOYroJibHOii (opmMbI
L (% %) Tyz L% —¥) L% ¥) TVz (%, —¥)
& BS Tpsvas QL
JBroKyumiics m JUBroKyumiicst
Y E€JIOBEK Y EJIOBEK
X X —X X,
G\ MT é) ' Qg MT é) ’

A

Li(*Xl, - yl) I M L4( Xos — yl) Ll(*Xl, 7y1) I ! Ln( X — yl)
a) B orcyrctBure npsimoii Tpaccsi(NLOS) b) IMpu Hammuanu npsimoii Tpaccsi(L0S)
P.1238-03
PUCYHOK 4

Ilnan nomeleHus1 KpyrJioi popmsl

\ 4

a) B orcyretsue npsimoii Tpaccsi(NLOS) b) Mpu namuunn npsimoit Tpaccr(LOS)

P.1238-04

11.21 @yHkuus NJI0THOCTH BEPOSITHOCTH MOUTHOCTH MPHHUMAEMOTO CHTHAJIA

PDF momHOCTH NpPUHMMAaeMOro CUTHalda Iy Ha MOOWJIBHOM TEPMHHAJE OMPEACISACTCS paclpeieicHUEM
Hakarammu-Paiica ciemyromum obpazom:

plrs, K) = (K + 1) expl- (K +2)r, — K (JA(K+DKr, ), (13)
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rae lo(X) — MomuduumpoBannas ¢ynkuus beccenst mepBoro poaa HyneBoro mopsiaka, a K mpencrasiser
cenyromuii K-daxrop:

raec:

Shape =

K=K(x)=

27

—yllog(—xl +m)—xllog(—yl+m)
1 +y1Iog(x2 +\/W)—x2 Iog(—y1+m)
(%, + %)Y, + Y1) | —y,log (— X, + m)+ xllog(y2 +m) (15)
+y,log |x, + x§+y22)+x2 Iog(y2+m)

N P AWS
eDirect (X)+e5 (X)|2 /(personmShaDEJ ’ (14)

(nu1 mOMeIeHus MPSIMOYTONIBHON (POPMBI)

2

r

max

(nu1s nomermenus Kpyrioi Gopmbr)

31mech  Epirect(X) IPEACTaBISET KOMIUIEKCHYIO OrMOAIOIIyI0 MpsSMOM Tpaccel, a €s(X) mpencTaBiseT
KOMIUIEKCHYIO OTHOAONIyI0 MHOTOIYYEBBIX CUTHAJIOB B OTCYTCTBHE JABIKYIIUXCA 00BEKTOB BOKpyr MT B
mo3ulu X, KOTOpas 3aBUCUT TOJIBKO OT OKPYKArOMINUX CTATUYCCKUX YCHOBHﬁ; HUX 3HA4YCHHA HE 3aBUCAT OT
Bpemenu t. P, mpencraBnseT co0oii 001y MOIITHOCTE MHOTOJIY4€BOTO CUTHANIA. Sshape IBISIETCS IIOCTOSTHHBIM
3HAYECHUEM, onpeesieMbiM (OPMOU B pa3MepaMy MOMEIICHUS.

11.2.2 AsTtokoppessinnoHHast GyHKIUSA YPOBHSI IPUHMMAEMOro CUrHAIa

ABTOoKOppensanronHas ¢GyHKIUI R(At) ypoBHS NpHHAMAeMOTrO KOMIUIEKCHOTO CHTHaja ¢ YyYeTOM
pa3HOBPEMEHHOCTH Al IMEeT CIeAyIOmni BUT;

R(At)=

rac:

€pirect (X) +€ (X)‘ 2 N person AWS Shape (1 2 fT |At|J
+ —

At <A
Pm 2n T (V| | < W)
2 (16)
€oret (%) +, (X) N | 260080 2 (1 ) 2faf (1 ,
P, 2n T fr|at] T fr[aq
(v|At| <Aw)
f. =v/Aw. (17)

3nech fr ompemenseTcs CKOPOCTBIO TEepeMeEIeHust V U MINPUHOM AW IBIKYIIETOCS YeIOBEKA W MOKET
paccMaTpUBaThHCS KaK MAaKCUMaJIbHOE CMEIIEHUE YaCTOTHI JUISI CTATUYECKOTO MOOUIFHOTO TepMUHATIA.
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11.2.3 DHepreTHyecKHi CHEeKTP NPHHAMAEMOr0 CUTHAIA

Ouepreruueckuit  crnexktp P(f) kak ¢GyHKIMS 9acTOTHI, ONMPENENSIOMIAs OTKJIOHCHHS OTHOAaromieH
KOMILIEKCHOTO CHTHaja, 3amaeTcs mnpeobpazoBanneM Dypre aBTOKOppelssnuoHHOW ¢GyHKInH R(At) B
ypaBHeHuH (16) crieayronmm o0pa3om:

P(f) = fw R(At) e 127AT gt . (18)

Ouepreruueckuit cekrp Pn(f), Hopmanuzosanusiii mo moruaoctd P(0) Ha wactote f= 0 I'i, MokeT OBITH
anMpPOKCUMHUPOBAH CICTYIONIIM 00pa3oM:

P.(f)=P(f)/P(0);
K(x) & (f)

(@-0.78% ") 5(H+0,781, % exp(-53 |/ T, ) [| f|< \];TE)
+0,02 f, %% x

18] -2 f
0,0092 | [|f|>\/%j | )
K(x)=0,02 f, %

Q

3nech o(f) mpeacrasnser nenpTa-dynkino Jupaka.

11.24 3uavenus

Pexomennyercst ycraHoBUTH 3HaueHHe AW paBHbIM 0,3 M Kak IpeJCTaBIAIOLIEe B3POCIOr0 YeloBeKa
CPEIHEro pocTa.

11.25 TIIpumepsbl

PDF p(rp, K(x)), aBTokoppensironnas Gyukims Rn(At) u sueprerudeckuit criektp Pn(f) anmst cyuas, xoraa
AW, V 11 Nperson paBabl 0,3 M, 1 M/c 1 10 COOTBETCTBEHHO, a 3HAYEHUE I'max YCTAHOBIIEHO paBHBIM 10 M s
MOMEIICHUsT KPyTiioit (opmel, onpenenenubie ¢ nomoinsio ypaBueruit (13), (14) u (19), mokaszanbl Ha
pPUCYHKax 5, 6 1 7 COOTBETCTBEHHO.

PUCVYHOK 5

HHTerpajibHasi BepOSITHOCTh YPOBHSI IPHHHMA€EMOI0 CHTHAJIA B MOMeIeHHH KPYTJ10ii (hopMBI

10 v I L . | [ T T T T T 111 /J’I‘I‘I’
A -
TIpsMOy TOIBHUK ) b
2 o[ g=g=10m 7.
é 10 (y, =y,=10m) // ! 1
= N, =10 ”
§‘ A\DI;rS:oO 3M / , r o | eDirect(X) + es(x) |2
g 10*2 ’ L r Pm
3 7 h |
: N =
2 Ve ’ d — : 1015
5 10° ! :
& > 7 7 -- :=51b
= / N ewes =0 1b
4 A .
10 | . | 1 3 3 1 1 1 1 “ 1 0 1 1 3 0 1
—40 -30 -20 -10 0 10

OTHOCHTENBHBIN yPOBEHb IPUHUMAEMOT0 curtana (ab)
P.1238-05
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PUCYHOK 6

Ko3¢pdunuent aprokoppesinuy ypoBHsl IPHMHUMAEMOIr0 CHTHAJIA B IOMEIIeHUH KPYIJ10ii (hopMbl

OTHOCHUTE BHAS MOTIHOCTH (1)

2

KoaddrmenT aBrokop pensunn

—40

by
=

4
S

08 — T
b 2
06 [ e —— 1 leoiea 0+ e )
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