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Ipenncnosue

Pomp CexTopa pagmoCBs3M 3aKIIOYAaeTCs B OO0CCIIEYEHHH pPANHMOHAIBHOTO, CIIPABEIUITHBOTO, 3(PQPEKTHBHOTO U
9KOHOMUYHOTO HCHOJIb30BaHUS PaAHOYacTOTHOTO CIIEKTpa BCEMH CIy)KOaMH paIHOCBsI3H, BKIIOYAs CIyTHUKOBBIC
CIIy)KOBI, W TPOBEACHHM B HEOIPAHHMYCHHOM YacTOTHOM JAWana3oHe HCCIEeIOBaHUH, Ha OCHOBAaHHH KOTOPBIX
npuHUMAaroTcs PexomeHnanuy.

BcemupHBIE W permoHanbHBIC KOH(EPEHIMH paAMOCBA3M W accaMOlen pPaguoCBA3M IPH  MOJJIEPXKKE
HCCIIeI0BATEIbCKUX KOMUCCHI BHIIIOJHAIOT PETJIAMEHTAPHYIO U MOJUTHYECKYI0 QyHKIMU CeKTopa pajnuocBs3y.
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PEKOMEHJIALIUSI MCD-R P.1238-9

JlaHHbIE 0 pACIPOCTPAHEHUM PATNOBOJH U METOAbI IPOTHO3UPOBAHUS
IJI51 IJIAHUPOBAHMSI CHCTEM PAJTUOCBSI3H BHYTPH MOMeIIeHU i
U JIOKAJIbHBIX 30HOBBIX pajuoceTei
B auana3one yactor 300 MI'n — 100 I'T'x
(Bommpoc MCD-R 211/3)

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

Cdepa npumeHeHust

B Hacrosmeit PexoMenmanny TpuBEINEHBI PYKOBOJSAIINE yKa3aHUs, Kacalolluecs paclpOCTpaHEeHUS
PaJMOBOJIH BHYTPHU MOMEIICHMIA B Arana3oHe 4actoT oT 300 MI't go 100 I'T'u. Mudopmarus npeacrapieHa
10 CJICTYIOIINM TTOJIO0XKEHUSIM:

- MOJIENIU TOTEPh Ha Tpaccax;
— MoJenu pa3dpoca 3allepiKeK;

— BJIMSIHUE MOJISIPU3ALIY U TUarpaMMbl HAIIPaBJICHHOCTH aHTCHHBI;
- BJIMSIHUE PACIIONIOKEHUS TTepejaTyiKa U IPUEMHHUKA;

— BIIMSIHUE CTPOUTENBHBIX MAaTepHaIOB, 000PYIOBaHUA U MeOeNH;
- BJIMSIHUE MIepeMeleHst 00BbEKTOB 10 MMOMEIICHUIO;

- CTaTUCTHUYCCKAaA MOACIIb NP CTATUYCCKOM UCIIOJIb30BaHUH.

Accambies paauocsszu MCO,

yuumeoledas,

a) YTO B HACTOSIIIIEE BpeMsl pa3padaTbIBaeTCsS MHOXKECTBO HOBBIX CHCTEM IEPCOHAIBHOM PaaHOCBsI3H,
paboTaromux Ha KOPOTKUX PAcCTOSHIX (MeHee | KM) BHYTpH ITOMETIEHHIA;

b) YTO, KaK MOKA3aId yXKe MMEIOIIUECsS Pe3yibTaThl pa3paboTOK ¥ MHTCHCHBHAS UCCIIEIOBATEIbCKAS
JeSITENIBHOCTD, CYIIECTBYET HACTOSATENbHAS HEOOXOJAMMOCTh B CO3/IaHHH JIOKATBHBIX 30HOBBIX PajHoceTei
(RLAN) u 6ecripoBonubix oprucHbix ATC (WPBX));

C) YTO JKeJaTrenbHO paspabortarh craHmaptel it RLAN, coBMmecTuMble C cHUCTEMaMH Kak
0ecTpoBOHOM, TaK U TIPOBOJTHOW CBSI3H;

d) YTO CHCTEMbl HEOOJBIIOW AAJIbHOCTH, paboTalouive ¢ OYeHb HU3KUMH MOIIHOCTSIMH, 00JIaZaioT
MHOECTBOM IIPEUMYIIIECTB MPH MPEIOCTABICHUH YCIYT B Cpeie NOABMKHON U MEPCOHATIBHON CBA3H, TAKOH
kak cetu PY-maTumkoB u OecrnpoBOAHBIE YCTPOMCTBA, padOTaroIIde B IOJ0cCax OEJIoro MpOCTPaHCTBA
TEJIEBU3NOHHOTO BEILAHMS;

e) YTO 3HAHHE M1apaMEeTPOB PACIPOCTPAHEHUS PAJUOBOJIH BHYTPHU 3JaHUN U XapaKTEPUCTUK MTOMEX OT
MHOX€ECTBA I10JIb30BaTElIel B Mpeesiax TOW jK€ 30HBI OOCITY>KUBAHHUS SBJISCTCS ONPeNeNIiomrM (HaKTopoM
MIPY IPOEKTUPOBAHUU CUCTEM;

f) YTO CYIIECTBYET IIOTPEOHOCTh B pa3paboTKe Kak oO0mmx (TO €CcTh He 3aBHUCAIUX OT
MECTOTIOJIOKEHHS) MOJIeIe M PEKOMEH Al OTHOCUTENIBHO IIEPBUYHOTO IJIAHUPOBAHUS CHCTEM H OIICHKH
MOMEX, TaK M JETEPMUHUPOBAHHBIX (MM 3aBUCSAIIMX OT MECTOIOJOXKEHHS) MOJEIeH Juis OoJjiee TOYHBIX
OLICHOK,

ommeva,

a) yto Pexomernnarus MCO-R P.1411 sBasierca pyKoBOJICTBOM IO PacTipOCTPAHEHUIO PAJHOBOJH Ha
KOPOTKHME pAcCTOSIHHS TPH NpPHEME Ha Hapy)KHBIE CHCTEMBbI (BHE IOMEIIEHWI) B IMala3oHe 4acTOT OT
300 MI'r mo 100 I'T'mi, 1 k 3TOM PexoMenaamnuu ciieayeT oOpamaThCs B TeX CUTYaIUsIX, KOI/ia CYIIeCTBYIOT
YCITOBHS TIpHeMa KaK BHYTPH TIOMEIIEHHH, TaK ¥ BHE TIOMEICHHIA;

b) yto B Pexomenmanmu MCD-R P.2040 mpencraBieHO pPYKOBOJICTBO O BIMSHUU CBOICTB
CTPOHUTENBHBIX MaTEPHUAJIOB U CTPYKTYP Ha PacIpOCTpaHEHHE PaInOBOIH,
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peKxomenoyem,

WCIIONI30BATUCH TIPU OICHKE XapaKTEPHCTHK PACHPOCTPAHEHHS JJIsl PAJMOCUCTEM, PaOOTAIONIMX BHYTPH
momerienuit B auwamaszone 300 MI'm — 100 ITu wuHbpopmanuioo M METOABI, KOTOPHIE IIPUBEACHBI B
[Mpunoxenun 1.

IMpuaoxenue 1

1 BBenenune

[IporaHo3upoBanre mapamMeTpoB PacHpOCTpaHEHUs I PAaAHOCHUCTEM, pabOTarOmNX BHYTPH MOMEIICHHMH,
HECKOJIBKO OTJIHYAETCS OT TAKOBOTO IS HAPYXKHBIX cHCTeM. UTO KacaeTcsi Hapy»KHBIX CHCTEM, TO JJISI HHUX
KOHEYHOH LeNnblo sBisieTca obecrieueHue 3¢QdekTuBHOro oxpata Tpebyemoil 30HbI (oM oOecredeHue
Ha/ICKHOM MepeAayn Ha Tpacce B Clydae CHUCTEM CBSI3H IyHKTA C MyHKTOM), a TaKkke 0opbba ¢ moMexamu
KaK B TIpeJeNiax CHCTEMBI, TaK U IS APYTUX CHCTeM. B cirydae jke mpuema BHYTPU MOMEIIEHUH pa3Mepsl
30HBI 0XBATa BIIOJIHE ONPEACISIFOTCS TEOMETPUEH 3IaHHs, PHYEM IPAHUIIBI CAMOTO 31aHus OyIyT BIUSATH Ha
XapaKTEepUCTUKU pacrpocTpaHeHus. [loMuMo MOBTOPHOIO MCIHOJIB30BaHMS YacCTOTHI HA OJHOM U TOM e
dTake 3[aHMs, TAKOH CIIOCOO WCIIONBb30BaHUS YaCTOT 3a4acTyIO KellaTeJeH M MEXAY Pa3sHBIMHU 3TaKaMH
3MaHus, B pe3yibTare uero mpodJiemMa ONWCaHWS IIOMEX CTaHOBUTCA TpexmepHoil. WM HakoHer,
pacmnpocTpaHeHue Ha OYCHb KOPOTKHE PACCTOSHHUS, OCOOCHHO IMPH MCIIOJIB30BaHUH MHJUIMMETPOBBIX BOJH,
COMPSKEHO C TEM, UTO Jaxke HeOOIbIINEe H3MEHEHHS B Cpeie, HEMOCPEICTBEHHO OKPYKAIOIIeH pagroTpaccy,
MOTYT CYIIECTBEHHO BIMATH Ha XapaKTEPUCTHKH PACIIPOCTPAHEHUSI.

Ecnu 3aHMMaTbhCs KOHKPETHBIM IUTAHUPOBAHUEM PaIUOCUCTEMBI, paboTarouield BHYTPH TOMENICHHH, TO
W3-3a CJIOXHOH MpHPOABI BceX OTHX (aKTOpoB mOTpedyeTcs TouyHAas HWHQPOPMAMs OTHOCHUTEIBHO
XapaKTepUCTUK KOHKPETHOTO MecTa, IJe OHa OyJeT HCIHONb30BaThCsA, HAIpPHMEP €ro TIeOMETPHH,
MaTepuanoB, U3 KOTOPHIX CHIEJNAHO 3[JaHue, MeOeNH, MpeAnoIaraeMpIX JHarpaMM HarpaBiIeHHOCTH H T. .
OnHako Uit IEpBUYHOTO TUIAHUPOBAHUS CUCTEMBI HEOOXOAMMO OLICHUTH KOJIMYECTBO 0a30BBIX CTAHILIUH, YTO
MO3BOJIUT OXBAaTHTh BCIO 30HY C pacIlpeAeICHHBIMU ITOJIBIDKHBIMHA CTAHIMSMU M OLCHHUTh BO3MOXKHBIC
MOMEXH [UIS JIPYTHX CIOY)XO WM Mexay cucreMamu. Jg Takux cilydaeB IUIQAHHPOBAHUS CHCTEM
HEOOXOIMMBI MOJIENIM, OIMCHIBAIOIINE B OOIIMX YEpTaxX XapaKTEPUCTUKU PACIPOCTPAHEHUS B YCIOBHSX
KOHKPETHOH cpenbl. B To ke Bpems pacueT mo Takod MOJENH He JOJDKeH TpeOOBaTh OT TOJB30BATEIIs
OOJBILIOrO KOJIMYECTBA UCXOJHOH MH(OpMAIIHH.

B wnacrosimem [lpunokeHMM B OCHOBHOM NPEICTaBIEHBI OOOOIICHHBIC MOJCNIM, HE 3aBUCAIIME OT
MECTOIIOJIOKEHHUS, U YHUCTO KadeCTBEHHash HMH(OpMAIIUs, IO3BOJIAIONIAS OICHUTh YXYIIICHUS YCIOBUH
pacnpocTpaHeHHs, Kacarolliecs: paaronpreMa BHyTPH NoMelieHnid. Tam, rj1ie 5T0 BO3MOXKHO, TPUBOIATCS
MOJIeTIN, TPUBS3aHHbIE K OCOOEGHHOCTAM MecTta. Bo MHOTHX cCiy4asx [aHHble, Ha 0a3e KOTOPBIX
pa3palaThIBAJIUCh MOJICNIM, OBUIM OrpaHHuYEHBbl JHUOO 10 4YacToTe, JUOO 1O YCIOBHSM HCIBITAHHIA;
BEIpaYKaeTcs HA/EX/a, YTO TMPEUIOKEHUs, MPEACTaBICHHbIe B HactosmieM llpuioxeHnn, MoxHO Oymer
pacmpuTh, KOT/a TIOSBATCS HOBBIE JaHHBIE. AHAIOTUYHBIM O0Opa3oM TOYHOCTh MOJeNed OyneT
TIOBBINIATHCS] TI0O MEPE HAKOIUICHHS OIBITa WX HMCIOJIh30BAaHUSA, B HacTosimeM [IpuiokeHuu MpencTaBlieH
HaWIy4IlIUil BapUaHT, UMEIOLIUKCS Ha CETOIHAIIHUM JICHb.

2 YXynamenne pacnpocTpaHeHUs M KPUTEPUH Ka4yecTBAa PaAnOCHCTeM BHYTPH NOMeeHHi

YXyameHus: XapaKTepUCTUK paclpoCTpaHEHUs B paJWOKaHAIC BHYTPH IIOMEIICHUS OOYCIOBIEHBI B
OCHOBHOM:

— OTpakKCHHEM OT IPEAMETOB M audpakiuei Haj mnpeaMeramMu (BKIIIOYash CTEHbI W IOJIbI) BHYTPH
TTOMEIISHHI;

- IMMOTEPAMU IEPEAAYU ITIPH MMPOXOKIACHUN CUTHAJIA YE€PE3 CTCHBI, ITOJIbI U APYTUC MMPEIIATCTBHA,
- KaHAJIM3UPOBAHUEM SHCPIUU CUI'Hajla Ha BBICOKUX YaCTOTax, 0COOEHHO B Kopuaopax;

- NepeMelieHeM JIIoJIed M IPEIMETOB B IOMEIICHHM, BKJIIOYas, BO3MOXXHO, OJHO WM 00a
OKOHEYHBIX YCTPONUCTBA JTMHHUH CBSI3H,

1 BBI3bIBAIOT TAKUC YXYAUICHHUSA KaK:
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— MOTEPH Ha TPAcce — TO €CTh HE TOJIBKO MTOTEPU B CBOOOHOM MPOCTPAHCTBE, HO U JIOTIOTHUTEIBHEIC
MOTEPH 3a CUET MPEMATCTBUHA W MPOXOXKICHHS CUTHAJA Yepe3 MaTepHallbl, U3 KOTOPBIX MOCTPOSHO
3MIaHWe, a TaKke BO3MOXKHOE YMEHBIIEHHE NOTepPh B CBOOOJHOM TMPOCTPAHCTBE 3a CYET
KaHAJIU3UPOBAHUS,

- W3MEHEHUE BEIIMYHMHEI IOTEPh Ha TPacce BO BPEMEHH U IIPOCTPAHCTBE;
- MHOTOITy4deBbIe 3 (EKThI, BEI3BAHHBIE OTPAKEHUEM U AU(paKireii KOMITOHEHTOB PaFiOBOJIHEI,

— HECOTJIACOBAaHHOCTH MOJIIPU3AINI U3-3a CITyYalfHOM FOCTUPOBKH MOOHMIIFHOTO TepMUHAIIA.

Cnyx0b1 OecrpoBOIHOW CBS3M BHYTPH TIOMEIIEHWH MOTYT XapakTephU30BaThCS — CIEIYIOIIHMHU
OCOOCHHOCTSIMH:

— BBICOKO#/CpeTHel/HI3KOH CKOPOCTHIO TIepeIau JTaHHbIX;

— 30HOM TTOKPBITHS KaKI0¥ 0a30BOI CTaHITUH (HampuMep, KOMHATA, 3TaX, 3aHUe);

— CHCTEMOH TIOIBIKHOM/TIOPTAaTUBHOM/ (DHKCHPOBAHHOM;

- paboToli B pealbHOM BPEMEHHU/HE B pealIbHOM BPEMEHH/B KBA3UPEATLHOM BPEMCHH;

- TOIIOJIOTUEN CeTH (HaHpI/IMep, CBA3b ITYHKTA C IMYHKTOM, IIYHKTa CO MHOTMMU ITYHKTaMH, KaXKJOT'O

MYHKTA C KaXIbIM ITyHKTOM).

ITose3HO OnpeaesnTh, KaKUe XapaKTEPUCTUKH PacIIpOCTPAHEHHUsI KaHalla HanbosIee MOAXO/AT TS OMUCAHUSI
€ro KayeCTBa B pPa3/IMUYHBIX IMPUMCHCHUAX, TAKHUX KaK peucBasd CBA3b, ICpcaada AaHHbIX C pa3ﬂH‘-IHOI>i
CKOPOCTBIO, TIepeiaua n300paKeHui 1 BUAeoCTyK0bl. B Tabnuiie 1 nepedncieHsl HauOO0JIee CyIeCTBEHHbBIC
XapaKTePUCTUKH JIJIsl THITOBBIX CITYKO.

TABJINIIA 1
TunoBbie c1y:X0bl U BUbI YXYIIIIEHUS PACHPOCTPAHEHUS
Cyx6m1 XapaKTepHCTHIH PaccmarpuBaembie BUABI yXY/AIICHAS
pacnpocTpaHeHus
BbecnipoBognas BeIcokast ckopoCTh nepeiaun AaHHbIX, oqHO |IloTepu Ha Tpacce — pacnpenenenue
JIOKaJIbHas WJIH HECKOJIBKO MOMEILEHH, TOPTaTUBHAS BO BPEMEHH U NIPOCTPAHCTBE
30HOBAs CETh cucreMa, paboTa He B peallbHOM BPEMEHH, 3anepxKKa BCIEICTBHE MHOTOIYYEBOCTH
CBAA3b ITyHKTa CO MHOTMMU ITyHKTaMH WX OTHOIIEHUE HANPSKEHHOCTH MO
KQ)KJOT'0 ITyHKTA C KaXK/IbIM IIYHKTOM JKEJIAEMOM MOJIBI K HEXKEJIAEMOU
WPBX CpenHsisi CKOPOCTb NEpefauy JaHHBIX, Iotepu Ha Tpacce — pacnpeaencHue
HCCKOJIBKO HOMGH.[CHPIﬁ, OJIVH 3TaX UJIN BO BPEMCHH U MPOCTPAHCTBE
HECKOJIBKO 3TaXkeH, paboTa B pealbHOM
BPEMCEHH, NIOABUXKHAA CUCTEMA, CBA3b ITYHKTA
CO MHOTHMH IYHKTaMH
IlelixuHr BHYTpH Huskas ckopocTh epeayu JaHHBIX, IloTepu Ha Tpacce — pacupeeneHue
MOMEIIECHUS HECKOJIBKO 3TaXkeH, paboTa He B pealbHOM BO BPEMEHHU U NIPOCTPAHCTBE
BPEMCEHH, NIOABUXKHAA CUCTEMA, CBA3b ITYHKTa
CO MHOTHMH IIYHKTaMH
BecnipoBonHas ciryx06a | Beicokast ckopocTs nepesaun 1aHHBIX, Iotepu Ha Tpacce — pacnpeaencHue
BUJIEO BHYTPHU HECKOJIbKO MOMEIIEeHUH, padoTa B pealbHOM | BO BPEMEHH U MTPOCTPAHCTBE
HNOMEIIEHU I BPEMEHHU, [TOJIBUKHASL WU IOPTaTUBHAS 3azepxKa BCIEACTBUE MHOTOIYYEBOCTH
CHUCTEMA, CBA3b ITYHKTA C ITYHKTOM

3 Mozesin moTepb Ha Tpacce

Hcnonp3oBanue MozenH MOTEPh Nepeiayd BHYTPH MOMEIICHHUs MpPEAIoJiaraeT, 4To u 0a3oBas CTaHUUS U
MEPEHOCHON TepMHUHAJ HaXOJATCS BHYTPH OIHOIO M TOTO ke 3aaHus. [lotepu Ha Tpacce Mexay 0a30Boil
MOJIBM)KHOW/TIEPEHOCHON CTaHIMSIMHA BHYTPU TOMEIICHUS MOXHO OIEHHTh C TIOMOIIBIO JH000# 13
Mojenei — 00001eHHON, He 3aBUCAIICH OT MECTa, WM IeTEPMHUHUPOBAHHOM, YUNUTHIBAIONIEH OCOOCHHOCTH
MecTa.

3.1 O0001IeHHbIE MOJIE/IH, He 3aBHCAIINE OT MecTa

Mopenu, 0 KOTOPBIX MOWAET pedb B ATOM pasfielie, CUUTAIOTCS OO0OOICHHBIMU, HE 3aBUCSIIIUMH OT MECTa,
MTOCKOJIbKY OHU HE TPeOYIOT O0NbIIoro o0beMa WHGpOpPMAIMK OTHOCHUTEILHO TPAacChl MM OCOOCHHOCTEH
MecTa, rje pabotaer cuctema. [lotepu Ha Tpacce s paIMOCUCTEMBI BHYTPH TIOMEIICHHS XapaKTePU3YIOTCs
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KaKk CpEeJHUMHU MOTEPsIMH Ha Tpacce, TaK U CBS3aHHOW C HUMHU CTAaTUCTUKOW 3aMUpaHUN BCICICTBUE
3areHeHus. Heckompko Mojeneill moTepb Ha Tpacce BHYTPH IOMEIICHUS YYATHIBAIOT OciablieHHe CHTrHaa
IIPH €r0 MHOTOKPATHOM IPOXOXKICHUH Yepe3 CTEHBI W/WIIN OBl Moenb, OmuchiBaeMas B 3TOM paszelie,
VUUTHIBAET MOTEPU MPU MHOTOKPATHOM MPOXOXKACHUM CUTHATA Yepe3 IMOJI, YTO MO3BOJSET MPEeayCMOTPETh
TaKue XapaKTePUCTHUKH, KaK ITIOBTOPHOE WCIIOJIb30BAHME YAaCTOTBI HA Pa3IUYIHBIX JTaKax 3IaHMUs.
Jucranmmonaple KO (PUIMEHTH MOTEPH MOITHOCTH, NMPUBOAMMBIC HIDKE, BKIIOYAIOT B HEIBHOM BHIIC
MIONPABKY Ha MOTEPH MPHU MPOXOKICHUU CUTHAJA Yepe3 CTECHBI U HAJ WIH 4Yepe3 MPEIMITCTBUS, a TaKKe Ha
OCTaJIbHbIE MEXaHW3Mbl BO3HHUKHOBEHHUS IMOTEPhb, KOTOPHIE MOTYT BO3HUKHYTH B NpEEiIaxX OJHOIO dTaxka
3naHus. B Mogensax, yauTHIBAIOIMINX CIIETU(PUKY MECTa, UMEETCSI BO3MOKHOCTh B IBHOM BHJI€ YUECTh MOTEPU
3a CYeT KaKAOH CTeHBI, BMECTO TOTO, YTOOBI BKIIFOUATh MX B IUCTAHIIMOHHYIO MOJIENb.

OCHOBHaﬂ MOACIb HOTepL NUMEECT CJ‘IeILyIOHII/Iﬁ BU/.
d
Ltotal = L(do) + N log1o i L(n) nb, (1)

rIe:
N: JMCTaHIIMOHHBIA KOA(PPUIMEHT OTEPh MOIIHOCTH;
gactota (MI'n);

d: paccrosHue pasHeceHus (M) MEXIy 0a30BO# CTaHIMEH M MEPEHOCHBIM TEPMUHAIOM
(tme d > 1 m);
do: oTamoHHOE paccrosiHue (M);
L(do) : morepu Ha Tpacce B Uo (ab) mis sTamoHHOrO paccTosiHus (o Ha 1 M M MpUHAMAs
pacrpocTpanenue B cBobomaHom mpoctpanctBe L(do) = 20 logig f — 28, rme f
BhIpakaeTcs B merarepuax (MI'm);

Lf: xo3hdumpeHT notepsb 3a cUeT MPOXOKACHUS CUTHaNA yepe3 1ol (1b);

N: KOJMYECTBO dTaKeH MKy 0a30BOM CTaHIUEW M MEPeHOCHBIM TepmuHAIoM (N > 0),
L+=0 ab mpu n = 0.

TunoBble mapaMeTpbl, OCHOBAHHBIC HA Pe3yNbTaTaX pa3IMYHbIX U3MEPEHHH, PUBEICHBI B Tabmumax 2 u 3.
3T TabnuIBl paccUUTaHbl B OCHOBHOM Ha yactory a0 100 I'T'w, uro coorBercTByeT chepe mpuMEHEHHS
HacTosieil PekoMeHnanuy, oHaKo Ha ciay4ail BO3MOXHOTO B OyZAyIlIeM pacLIMpEeHusl Auana3oHa 4acToT,
HCTIOJIb3YEMOTO B MOMEUICHUSIX, TIPUBEICHBI TAKKE KO GUIMEHTHI ToTepr MomHocTH Ha yactote 300 ['T.
B koHIe pa3zaena 1aHbI JOIOJIHUTENIBHbBIE OOIIIE PYKOBOAAIINE YKA3aHUSL.

TABJINIIA 2

Koy puuuentsl morepu Mmournoctu N, ucnosib3yembie
NMPHU pacyeTe NOTEpPh NepeIayd BHYTPHU MOMelleHU s

Yacrora Kunoe Cayxeonoe | Ilomemenue 3aBog Kopunop ooa
(I'T) NnoMelieHne | MnoMenieHue TOProBOro
HA3HAYEHUS
0.8 _ 22,5014) _ _ _ _
0,9 - 33 20 - — -
1,25 - 32 22 - _ _
19 28 30 22 - _ -
2,1 - 25,54 20 21,1 179 _
2,2 - 20,744 - - - -
2,4 28 30 - - - -
2,625 - 446) - 330 — -
3,5 - 27 - - - -
4 - 28 22 - — -
4,7 - 19,844 - - - -
2

5,2 3223; 31 — - _ _
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TABJINIIA 2 (oxonuanue)
Yacrora (I'T) Kunoe Cayxeonoe | Ilomemenue 3aBoa Kopunop ooa
noMeumeHue IMOMCIICHHE TOProBoro
Ha3HaA4YCeHUus
5,8 - 24 - - - -
26 - 19,544 - - - -
27,6©)
28 - 1847 17,902.19) - - -
29,92 '
' 24,8(12’ 13)
37 - 15,614 - - - -
20,312 18,612 19
38 B 29,612 25,912 13 B - B
13019

51-57 - 1510 - - 16,3619 _

60 - 220) 170 - 1679 -
164D

6773 - 194 - - 17,6610 -
70 - 220 - - - -
300 - 2019 - - 19,50 15) 20,205

)

2)

3)

4)

5)

6)

0]

8)

9)

(10)

(1)

(12)

(13)

(14)

(15)

IToapasymeBaercs, uro Ha yactorax 60 I'Tn u 70 I'T'n mpourcxoauT pacnpocTpaHeHUE B peAeaax OJHOW KOMHATBI
WM TIOMEUICHUs, TIPA TOM TIONPAaBKH Ha Hepegady NMpH MPOXOXKICHUH CHTHAla depe3 CTEHbI HE YUUTHIBAIOTCSL
[Mornomenue B rasax Ha yacrore okoio 60 [T Takke BecbMa CyLIECTBEHHO Ui paccrostHuil Oosiee 100 w
¥ MOXKET BJIMSITH HA PACCTOSHHUS MOBTOPHOTO MCIIOJIB30BaHusI 4acToT (cM, Pexomennanuio MCO-R P.676).

MHOFOKBapTI/IpHOG 3JaHUC — OAHO- WJIKM ABYXOTAXKHOC KXWINIIEC IJI1 HECKOJBbKHUX JIOMOXO3SIHCTB. Kak IpaBuUJIo,
OOJILIINHCTBO CTCH, PA3ACIIAIOINX KOMHATBI, ABJISIFOTCS OCTOHHBIMH.

I[OM — OJHO- WKW JABYX3TAXKHOC JXWIHWLIIC I OAHOTO HOMOXOSﬂﬁCTBa. Kak IpaBUJIO. OOJIBIIMHCTBO CTCH,
pasacaromnuX KOMHAThI, ABJIAIOTCA ACPCBAHHBIMU.

KoMIbroTepHBIi 3aj1, B KOTOPOM YCTAHOBJICHO OOJIBIIOE YHCIIO KOMITBIOTEPOB.
[epenaTunk 1 NPHEMHHUK HaXOIATCS Ha OTHOM 3Ta)Ke M 00€ aHTEHHBI YCTaHOBJICHBI Ha BBICOTE ITOTOJKA 2,7 M.

Tpacca Mexay nepeqaTdukoM M MPUEMHHUKOM HAMOJIOBUHY OHKpPaHUpPOBAaHA METAUTMYECKUMH MaTepHuajamHu,
U BBICOTAa 00E€MX aHTEHH COCTaBIsIeT 1,5 M.

[[Mupuna nyya nepenaroie 1 IPUEMHON aHTEHHBI cocTaBisier 15,4°.

Kenesznonopoxusiit Bok3an (170 m x 45 M x 21 m (B)) u 3manue asponopta (650 m x 82 M x 20 m (B)) — ciyuai
NLoS, anTeHHa mepemaTdivka ¢ MUPUHOHN Jyda 60° MO MOJOBUHHOW MOIMHOCTH YCTaHOBJIEHA Ha BBICOTE 8 M,
W aHTeHHA TPHEMHUKA ¢ MHpUHOHN yda 10° ycTaHoBieHa Ha BeIcoTe 1,5 M Hax moimoMm. DTO 3HAYEHHUE OBLIC
MOJy4YeHO Ha OCHOBaHMM MaKCHMAaJbHOTO YCWJICHHS Ha Tpacce aHTEHH NepelaTidka W TNPUEeMHUKA Pa3HOW
OpHEHTALHH.

Ilepepatunk u npueMHUK HaxXoAsATCs B Kopuaope LoS.

IIupuna nyda nepemaromield anTeHHBI 56,3°, cuaTe3 Ha 360° MO a3uMyTy Ha YpOBHE MPUEMHUKA C IIUPUHON JIyda
19,7° no yriy mecra.

IIupuna nyuya nepenatouieii anrenusl 40°, cunres3 Ha 360° o a3uMyTy Ha YpOBHE IIPHUEMHMKA C IUMPHUHOM J1yda 14,4°
IO yTIIy MeCTa.

BepxHee 4HCI0 COOTBETCTBYET ciydasim LoS, a Hmkuee — NLOS.

YcmoBust Te ke, uTo U 1A (8), mepearonias aHTeHHa ¢ IUPUHOH Jryda 60° ycTaHOBIIEHa Ha BBICOTE 8 M, a IPUEMHUK
CO BCEHANpaBJICHHON aHTEHHON — Ha BhICOTE 1,5 M.

OtkpoIToe cirykeOHoe nomerienue (50 M x 16 M % 2,7 M (B)) — ciyuait LoS. YcpeaHeHHbIe pe3ynbTaThl U BBICOTHI
YCTaHOBKH Mepeaammeid aHTteHHsl 2,6 M u 1,2 M. BpicoTa ycTaHOBKM NpPUEMHOW aHTEHHBI cocTaBisia 1,5 M.
Ilepenaromias U npueMHasi aHTEHHbBI — BCEHAIIPABJICHHBIE.

[upuna myya nepearomeii u npueMHoi anterH 10°.
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TABJIMIIA 3

Koy puiuueHTnI MoTEph NPH NPOXO0:KAEHHH cCUTHAJA Yepe3 moJa Lt (1b),
rjae N — Yucjao NpoiiIeHHBIX ITaMkKel, HCNOoJb3yeMble IPU pacyeTe NOTePh Nepeaavyu
BHYTPH nomerneHus (N> 1)

Yacrora 7Kuoe nomemenne Cay:xedHoe IloMelenue TOProBoro
(I'T'w) noMeleHue Ha3HAYeHUS
- 9 (1 srax) -
0,9 19 (2 sTaxa)
24 (3 sTaxa)
1,82 4n 15+4(n-1) 6+3(n-1)
24 10® (MHOrOKBapTHpHOE 3/1aHKE) 14
' 5 (mom)
35 18 (1 aTax)
’ 26 (2 sTaxa)
59 13W (MHOrOKBapTHpPHOE 3aHUE) 16 (1 stax) -
’ 7@ (nom)
58 22 (1 arax)
! 28 (2 sTaxa)

1 Ha omHy GeTOHHYIO CTEHY.

2 JlepeBsAHHbIH 3aMO0IHUTEND.
JIst pasIMyHbIX TUANa30HOB YaCcTOT, I KOTOPHIX KOA(MOHUIIMEHT OTEPH MOIIHOCTH B KHJIBIX TTOMEIIECHHSX
HE YCTAHOBJICH, MOKHO HCIIOJIb30BaTh COOTBETCTBYIOIIEE 3HAUYCHHE ITOT0 KOG (UIMEHTA IS CIYKEOHBIX

MOMEIIECHUH.

Cnez[yeT OTMCTUTH, YTO MOTYT CYIIECTBOBATH OrPAHUYCHHA Ha H30JALUI0, IIPpEAIoJaracMyro Ipu
MMPOXOXKACHUN CUTHAJIOB MCXKAY STaKaMu. CurHan MoOXKeT HaiTh ApYyTUe, BHCIIHUEC ITYTU IAJId 3aBEPLICHUA
JIMHHUHA CBA3H C MCHBIIUMH O6H_II/IMI/I noTepsAMHU, 4€M IIPU MHOTOKPATHOM IICPECCUCHUN HeperLITI/Iﬁ MCKAY
OTaXaMMu.

Ecnu 3T BHeUIHHME MyTH MCKIIOYHUTH, TO U3MepeHus Ha yactore 5,2 ['T'1 mokazanu, 4To NMpH HOPMaJIbHOM
MaJCHUHA PaJUOBOJIH CPEJHME AOINOJHUTENBHBIE MOTEPHU NPU NPOXOKICHUHM THIIOBBIX MEXKIYITaKHBIX
KeJe300€TOHHBIX TEPEKPBHITHH C IOABECHBIMM TNOTOJNKaMK cocTaBisiior 20 nb mpu  cranmapTHOM
orknoHeHnu 1,5 nb. OcBeTturenbHble MPUOOPHI YBENUUUBAIOT cpeanue norepu A0 30 n1b npu cranpapTHOM
OTKJIOHeHHH 3 b, a BEHTUJISAIMOHHBIE KaHAJbI MOJ TOJOM YBEIMYUBAIOT CpeAHHE moTepu a0 36 nb npu
CTaHIAPTHOM OTKJIOHeHMH 5 nb. DTH 3HaueHHMs MOJDKHBI HCIIOJIB30BAThCA BMECTO KO3 GHUIMEHTOB L¢
B MOJIEJISAX, 3aBUCSIINX OT MECTA, TAKUX KaK CBA3aHHBIX C IOCTPOCHUEM JIy4deH.

Cratuctrka 3aMUpaHUi, BRI3BAaHHBIX 3aTEHEHWEM BHYTPU ITOMEIICHHH, COOTBETCTBYET JIOT-HOPMAIHHOMY
3aKOHY, a 3HAYEeHUs CTAaHJIAPTHBIX OTKJIOHEHUH (1b) npuBeneHs! B TabmuIe 4.

TABJINIIA 4

CrarucTuka 3aMHpaHHﬁ BCJICACTBUE 3ATCHCHUSA, CTAHAAPTHOC OTKJIOHCHHUE (}IB),
JIS pacdeTa nmorepb nepeaavv BHYTPU NOMEIICHUSA

Yacrora Kunoe nomeuienue CayxeOHoe IHomerieHue TOProBoro
(I'T') noMeunieHue Ha3HaAYeHHUs
0,8 - 3,44 —
1,8-2 8 10 10
2,2 - 2,34 —
3,5 - 8 —
47 — 2,74 —
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TABJINIIA 4 (oxonuanue)
Yacrora Kunoe nomeuienue Cay:xeOHoe IHomelenue TOProBoro
(I'T’') noMeunieHue Ha3HaAYeHHUs
52 - 12 -
5,8 - 17 -
26 - 2,84 -
6,7
2 )
. + o
’ 6,4@3
37 - 2,49 -
4,6 1,629
38 N 6,8 5523
51-57 - 2,7 -
67-73 - 2,1 —

Kenesnomopoxusrid Bok3an (170 M X 45 M x 21 M (B)) u 3manme aspomopra (650 M X 82m x 20 m (B)) — ciyqai
NLoS, aHTeHHa mnepenaTdyuka ¢ MAPUHON Jiyda 60° MO MOJOBHHHOW MOIIHOCTH YCTAaHOBJICHA HAa BBICOTE 8 M,
W aHTeHHA PUEMHHUKA ¢ LIMPUHOI Jiy4a 10° ycraHoBNIeHa Ha BbicoTe 1,5 M HaJl 10JI0M. DTO 3HaUYEHHE OBLIO IMOTYUeHC
Ha OCHOBAaHMM MAaKCHUMAaJIbHOTO YCHJICHHS Ha Tpacce aHTEHH IepelaTyiKa U IPUeMHHUKA Pa3HOW OpUeHTaIHH.
Bepxnee uncno coorBeTcTBYeT ciay4aro LoS, a HmkHee — NLOS.

VYcmoBust Te ke, uro u mns (1), mepemaromas aHTeHHa ¢ IMUpUHOW JTy4a 60° ycTaHOBIICHa Ha BBICOTE 8 M.
a IPHEMHUK CO BCEHAIIPaBJICHHON aHTEHHO! — Ha BbICcOTE 1,5 M.

OTtkpeiToe cmyx)ebHoe momerienne (50 M X 16 M X 27 m (B)) — cmywait LoS. YcpenneHHBIE pe3yibTaThl
JUI BBICOTHI YCTAHOBKHU Ieperaronieil anteHHs! 2,6 M 1 1,2 M. BplcoTa ycTaHOBKM IPHUEMHOM aHTEHHBI COCTaBIIANIA
1,5 m. Ilepenaromas u npueMHasi aHTEHHBI — BCEHAIIPABIICHHBIE.

XoTs1 UMerolIrecss B HACTOAIIEe BPeMsl Pe3yJIbTaTbl M3MEPEHUH OBbLIN MOMyYeHBI B Pa3HBIX yCIOBUSX, YTO
JIeNaeT 3aTPyAHUTEIILHBIM UX MPSIMOE CPAaBHEHHUE, U JaHHBIC TOCTYITHINA TOJIBKO ISl OTACIBHBIX AHANa30HOB
4acTOT, HEKOTOPhIE O0IINE 3aKII0YEHHUS BCE )K€ MOXKHO BhIBECTH, 0coOeHHO it auanazona 900—2000 MI .

Ha tpaccax ¢ kommonenToi npsimoii Buaumoctu (LoS) noMuHMpYIOT OTEpH nepeadd B CBOOOAHOM
IPOCTPAHCTBE, a JUCTAHIMOHHBIH KOA()(OUIMEHT TOTepM MOIIHOCTU JUIi HUX PpaBHSETCS
npumepto 20.

Jy1st GONBIIMX OTKPBITHIX IOMEIICHUH TAaKXKE XapaKTePHO 3HAUCHHUE AUCTAHIIMOHHOTO K03 duimenra
MOTEPU MOIIHOCTH Topsiika 20; 3TO MOXKET OOBACHITHCSA HAJTMYMEM MOIIHOM cocraBiisitoiiei LoS B
OONBIIMHCTBE 30H ToMemleHusd. [lpuMepaMu MOTYT CIYXHTh ITOMEIICHUS, PAacIOiIOKEHHBIE B
OOJBIINX TOPTOBBIX CKJIaaX, CIOPTUBHBIC apeHbl, 3aBOJCKHE U CITy)KEOHBIC TTOMEIIEHHS OTKPBHITOM
TUTAHUPOBKH.

B xopuaopax oTMeuaroTcs MEHbIIINE MOTEPH Ha Tpacce, YeM B CBOOOHOM ITPOCTPAHCTBE, C THIIOBBIM
JTUCTAHIIMOHHBIM KO3(PHUIIMESHTOM MOTEPU MOIIHOCTH Topsiaka 18. IIpo10BOILCTBEHHBIC Mara3uHbl C
WX JUIMHHBIMM JIMHEMHBIMM MPOXOJaMHU MEXIY CTeJIaXKaMHd HMMEIOT XapaKTepUCTUKU MOTEPb,
COOTBETCTBYIOIIHME KOPUAOPAM.

Pacnipoctpanenne orrndaHreM NPENSTCTBANA U Yepe3 CTEHBI BEIET K 3HAYUTENbHBIM JONOTHUTEEHBIM
MOTEPsIM, KOTOPBIE B OOBIYHBIX YCIOBHAX MOTYT YBEJIMUYHTH OUCTAHIMOHHBIA KO3(QQUIMEHT NOTEePh
momHocT 10 40. Ilpumepamu MOTYT CIYKHUTb TPacchl MEXIy KOMHATaMH B CIY)>KEOHBIX
TTOMEIIEHUSX 3aKPBITOH TIaHUPOBKH.

Ha pnunHBIX Tpaccax 0e3 mpensTcTBUi B iepBoii 30He DpeHens MOKET BOBHUKHYTh TOUKA M3JI0Ma
KpHuBOH. Ha 3TOM paccTosiHUM AUCTaHIIMOHHBIN KOI((MUIIMEHT MMOTEPH MOIIHOCTH MOXKET MEHSThCS
npumepHo ot 20 o 40.

YMeHbleHne ko3 QHITeHTa NoTeph HA Tpacce MPH YBEIWYESHUH YacTOTHI JUIs yCIOBHU NpHeMa B
CITy’)keOHBIX TIOMeIeHHsx (Tabmuma 2) He Bcerja HaOMIoJaeTcsl WM JIETKO 00biAcHHMO. C OJHOM
CTOPOHBI, MPH YBEJIMYEHUU YaCTOTHI MOTEPHU HPH IMPOXOKIEHUM CKBO3b MPEISITCTBUS (HAIpHMED,
CTEHBI, MeOeNb) BO3pACTAIOT, U AU(PAarMpoOBaHHbIE CUTHAJIBI JAIOT MEHBIIMH BKJIAJ B MOLIHOCTb
NPUHAMAEMOTO CHTHaNa; ¢ JPyroil cropoHbl, 30Ha @DpeHenss MeHee 3aKphiTa Ha 0ojee BHICOKHX
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JacCToTax, 4TO INPUBOAUT K MCHBIINM IMOTCPAM. dakTryeckue IMOTCPU Ha TPACCC 3aBUCAT OT ITUX
IIPOTHUBOIIOJIOKHO HeﬁCTBYIOHIHX MCXaHHU3MOB.

3.2 Mogpean, yuuThIBalouue 0COOEHHOCTH MeCTa

Juia ompeneneHuss MOTEph Ha Tpacce WIM YPOBHS HANPSHKEHHOCTH IOJS TIOJIE3HO TaKKe MPUMEHEHHE
MoOjieTIiel, yYMTHIBAIOMNX OCOOEHHOCTH MecTa. CyIIecTBYIOT MOJENH i TPOTHO3WPOBAaHUS YPOBHEH
HaINpPsOKEHHOCTHU TOJIE BHYTPH TIOMEIICHUN, OCHOBaHHBIC Ha OqHOpoAHOW Teopuu mudpakinuu (UTD) u
METOJIaX TMOCTpoeHUs Jydeil. Jlyis pacyera HamNpsHKCHHOCTH TOJIl BHYTPH TOMCEHICHHMN HEoO0XOoauMa
neTanpHas WH(pOpManug O CTPYKType 37aHus. B 3THX MOIENsIX IMIHUPUYECKHE IIIEMEHTHl COUYETAIoTCA C
TEOPETHUUECKUM D3JIEKTPOMArHUTHbIM TonxogoM UTD. DToT MeToA YYUTBIBA€T MPSMBIE OJHOKPATHO
TU(pParupoBaHHBIE W OJHOKPATHO OTPAKCHHBIC JIydd M MOXKET PacCHpOCTPaHIThCS HAa MHOTOKPATHYIO
TUPaKIUI0 WIA MHOTOKPATHOE OTpPaKEHHE, a TakKe Ha codeTaHwe NU(ParupOBAaHHBIX M OTPAKEHHBIX
mydeil. 3a cueT BKIIIOYEHHS OTPaKEHHBIX U MU PardipOBAaHHHBIX JIydeld TOYHOCTh IMPOTHO3UPOBAHUS TTOTEPh
Ha TPacce CYIECTBEHHO MOBHIIIAETCS.

4 Mopaenu pa3dpoca 3aep:KeK

4.1 MHorosy4eBocTh

Panuokanan pacnpocTpaHeHHs BOJIH JJIs TIOJIBUKHOMN/TIEPEHOCHON CTAaHIIMUM MEHSETCS B 3aBUCUMOCTH OT
BPEMEHH, YAaCTOThI U MECTOINOIOKEHHSI B IPOCTpaHCTBe. JlaXke B cTaTUUECKOM CUTYyalllH, KOT/Aa MOJI0XKEeHHE
nepeaaTyuka U NMpUEeMHHUKa 3a(UKCHPOBAHBI, Ul TAKOrO KaHaja XapaKTepHAa OIpelesieHHAs IUHAMUKA,
MIOCKOJIBKY PAcCEUBAIOIIKE U OTPAXKAIOIIKME MPEIMEThl MOTYT HepeMelaTbes. TepMUH "MHOrOJy4eBOCTh"
OOyCJIOBIIEH TEM, UTO BCIIEACTBUE OTPaXEHUs, AU(pakIuu W paccesHUs PaTUOBOIHBI MOTYT
PacmpoCTpaHAThCS OT MepefaTinka K MPHUEMHHUKY [0 MHOTOYHCICHHBIM TpaccaM. sl KaXOOHW U3 3THX
Tpacc XapakTepHa CBOsI BpEMEHHAs 3aJiep)KKa, IPONOpLUOHAIbHAs AIHHE Tpacchl. (BecbMma rpyOyro oneHKy
OKHJAEMOT0 MaKCHMAaJIbHOTO BPEMEHU 3aJE€pPKKH JJs1 KOHKPETHBIX OKPYXKAloIIUX YCIOBHH MOXKHO
MOJYYHTh, 3HAs pa3Mepbl TMOMEUICHUS M Y4YUTHIBas TOT (akT, 4YTO Bpems (B HAHOCEKYHIAX) JUIs
MPOXOXKICHUS PaTHOMMITYJILCOM paccTosiuus d (M) paBHO mpuMepHO 3,3 d.) DTH CHTHAIBI C 3aICPHKKOH,
KaX/IbIi M3 KOTOPBIX UMEET CBOIO aMIUTHTYJY, 00pa3yloT JHHEHHBIH QUIBTP ¢ MEHSIONIMMUCS BO BPEMEHH
XapaKTepUCTUKAMHU.

4.2 HNmnyascHasi XapaKTepUCTHKA

Lenp MomenupoBaHus KaHalla 3aKIFOYAETCS B TOM, YTOOBI 00ECIIEYNTh TOYHOE MAaTEMATHYECKOE ONMCAHUE
SIBJICHUSL PACIPOCTPAHEHHUS PATUOBOJIH, KOTOPOEC MOXXHO OBUIO OBl HCIOJNB30BAaTh MPH HMHUTAIUH
PaaUOIMHUNA M CUCTEM B MPOLECCE MOJCIMPOBAHUS Pa3BEPTHIBAHUS CUCTEMbI. [I0CKOJBKY paanoKaHal
JINHEEH, OH IIOJIHOCTBIO OIMCHIBAETCA CBOEH HMMIYJIBCHOM XapakTepucTHUKOW. Eciu xe uMIyiIbcHas
XapaKTepUCTUKa M3BECTHA, TO MOYKHO ONPENEIHTh PEaKIMI0 paJnoKaHana Ha JO0O0N BXOIHOHM CHUrHal.
DTO ¥ €CTh OCHOBA JIJISI UMUTAITMOHHOT'O MOJIETMPOBAHMS XapaKTCPUCTHUK JITHIH.

WmnynbcHast XxapakTeprUCcTUKA OOBIYHO MpPEACTaBiIsAeTCS B BUAE (PYHKIHMOHAIBHON 3aBUCUMOCTH TUIOTHOCTH
MOIITHOCTH OT JOTIOJIHUTEIBHON 3aJepKKH [0 OTHOUICHHIO K TIEPBOMY OOHApYKEHHOMY CHUTHAlTy. JTy
3aBUCHUMOCTh YacTO Ha3bIBalOT TMpoduieM 3amepkKu MomHOCTH. COOTBETCTBYIOIIUI MpHUMep MOKa3aH Ha
pucynke 1 Pexomenmaunn MC3-R P.1407, Tonbko BpeMeHHas IIKajga A KaHAJIOB BHYTPU IOMELIEHMS
JOJDKHA M3MEPATBCA HE B MUKPOCEKYH/IaxX, a B HaHOCEKyHJax. B aroil ke PexomeHmanum mpuBoaarcs
oIpe/ieNieHHs HECKOJIBKHX MapaMeTPOB, XapaKTEPU3YIOIUX MPO(UIH UMITYIILCHON XapaKTepUCTHUKH.

HNmnynbcHas xapakTepUCTHKA KaHalla MEHSETCS B 3aBUCUMOCTH OT MECTOIOJIOKCHHS MTPUEMHHUKA, a TaKKe
MOJKET MEHSTHCS U BO BpeMeHHU. [103ToMy OHa OOBIYHO U3MEPSIETCS U MPEICTABISACTCS B KAYECTBE CPEITHETO
3HAYCHUS MPOPIIICH, TTOTYISHHOTO B Pe3yJbTaTe U3MEPEHUHN JJIsT OJTHOM JJTMHBI BOJHBI, €CIIM HE0OXO0INMO
YMEHBITUTh BIUSHUE IIYMOB, WJIA JUISI HECKOJBKMX JUIMH BOJH, €CITH TpeOyeTcs ONMpeaeNuTh CPEeIHUH
MIPOCTPAHCTBEHHBIN MPodminb. OueHb BaXKHO YETKO OMPE/EIIUTh, KAKOH UMEHHO CPEeIHUHN MPOQUIh UMEETCs
B BUJY U KakK NPOU3BOJWIOCH YCpeAHEHHE. PexoMeHayeMas mpoueaypa YCpeAHEHUS 3aKII04aeTCs B TOM,
YTOOBI CIEAYIOMMM 00pa3oM chOpMHUPOBATH CTATUCTHYECKYIO MOJIENb: JJISl OIEHKH KaKIOW MMITYJIbCHOM
XapakTepucTuku (PO 3aJepKKH MOIIHOCTH) YCTaHOBUTH OTPE3KHM BPEMEHU 10 W TOCIE CpeaHel
3anmepkku Tp, (cM. Pekomenmanmio MC3O-R P.1407), 3a mpenenamMu KOTOPBIX TUIOTHOCTH MOIIHOCTUA HE
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npeBbiiaer 3agannpie 3HaueHus (—10, —15, —20, —25, —30 nb), ycTaHOBIEHHBIE OTHOCUTEIHLHO ITHUKOBOTO
3HAYCHMs IUIOTHOCTH MOIIHOCTH. MennaHa u, npu skeidaHuu, 90-s1 NPOLEHTWIb PACIpPEACICHUH 3THX
OTPE3KOB BPEMEHH U TPEJCTABISAIOT cOO0H UCKOMYIO MOJICITb.

4.3 CpennekBaapaTHYHOE 3HAYEHHE Pa30poca 3a1ep:KKU

[Ipodunm 3aaepKKK MOITHOCTH, KaK TOBOPHJIOCH BBIIIE, YACTO XapaKTEPHU3YIOTCS OJHUM WM HECKOIBKHMU
napameTrpamMy. OTH HapameTpbl BBIUYUCISAIOTCS MO MPOQUISM, YCPETHEHHBIM IO MOBEPXHOCTH, MMEIOIIEH
pasMepsl NOopsiiKa HECKONBKUX JUIMH BOJH. ([lapaMeTp cpenHeKBaApaTHIHOrO 3HAYCHUs pa3dopoca 3a1epiKKU
WHOTA OMPEAETAIOT 10 WHANBHIYATHFHBIM NPOQMIAM, a PE3yNbTaThl YCPEMHSAIOT, OJHAKO B STOM CITydae
OKOHYATENbHBIN pe3ynabTaT OyHeT, Kak MpaBHIO, OTIMYATHCS OT 3HAYEHHs, MOJIYYEHHOTO C IOMOIUIBIO
ycpenHeHHoro npogwis.) [lopor UCKIOYEeHUs HIyma, WM KPUTEPUH NMPUEMKH, HApUMep BENIWYMHA Ha
30 nb HMKe MUKOBOTO 3HAYCHUS MPO(UIIS, TOHKEH YKa3bIBAThCS BMECTE C PE3yIbTUPYIOIINM 3HAYCHUEM
pazbpoca 3aIepKKH, KOTOPOE 3aBUCUT OT BEJTMIHHEI TOPOTa.

[Tockonbky cpenHeKBaZpaTHUHOE 3HaueHHWE pa3dpoca 3aZepiKKU OYEHb IIMPOKO HCIONB3YeTCs, OHO He
BCET/Ia JaeT MOJHOE onucaHue Nmpodwmiist 3a1epkek. B ciydyae MHOrOIydeBOCTH, KOTa pa3dpoc 3aJepiKKH
MPEBBIIAET JIUTETFHOCTh CHMBONA, KOd(h(UIMEeHT OomuOOK To OwurTam s MOIYNSAIUH ¢ (a3oBor
MaHHITYJSIUEeH 3aBUCHT HE TOJIBKO OT CPEIHEKBAJAPATUYHOTO 3HAYEHHUsS pazdpoca 3afepKKH, HO U OT
OTHOUICHUS] MPUHUMAEMBIX MOIIHOCTEH IOJIE3HOTO W MEIIAIOIIEr0 CHUTHAIOB. DTO OCOOCHHO 3aMETHO B
CHCTEMaX C BBICOKOH CKOPOCTBIO II€pelayd CHMBOJOB, HO OCTAaeTCsl CHPABEUIMBBIM M HPU HU3KUX
CKOPOCTSIX MX ITIepeaadd, KOTrJa CpeJrd MHOTOIYYEBBIX COCTABIISIOIINX MMEETCS MOILIHBIA JOMUHHUPYIOIITHA
curHai (3amupanue Paiica).

Tem He MeHee, eclii MIPEIIOJIOKUTD, YTO NPO(UIIb 3aTyXaeT IO 3KCIIOHEHTE, TO AOCTaTOYHO HCIOJIb30BaTh
CpeAHEKBaJpaTHYHOE 3HaUCHHE pa30poca 3alepKKH BMECTO MPOQHIIA 3aA€P’KKU MOLTHOCTH. B 3TOM ciydae
WUMITYJIbCHAsI XapaKTepHCTHKA MOXKET OBITh IPeoOpa3oBaHa MPUMEPHO CIEAYIONINM 00pa3oM:

—t/S
h(t): e npu 0<t< tmaxv (2)
0 HHa4Ye

rae:
S:  cpeaHeKBaJpaTHYHOE 3HAUCHUE pa30dpoca 3aIePIKKH;
tmax ©  MaKCHUMaJIbHAsS 3aJICPIKKA;
tmax >> S-

[IpenmyniecTBO HCIONB30BaHUS CPETHEKBAJIPATUYHOTO 3HAYEHMs pa3dpoca 3allepKKH B KadecTBe
BBIXOJJHOTO IIapaMeTpa MOJEH 3aK/II0YaeTCsl B TOM, YTO TaKyl0 MOJENIb MOXHO MPEACTaBUTh IPOCTO B BUJE
Tabmuubl. THUMOBBIE 3HAYEHHs Tapamerpa paszdpoca 3aJepKKH, MOJyYSHHbIE C MOMOIIBIO yCPETHEHHBIX
npoduieil 3aJepKKU i TpeX BHUIIOB MOMEINICHNH, Tpe/cTaBlieHbl B Tabnuie 5. B crondue B tabmuim: 5
MpeACcTaBIeHbl Hanbojee YacTo BCTpEYarolluecs MeIUaHHble 3HaueHHs, cToyoubl A U C COOTBETCTBYIOT
10% u 90% 3Ha4deHH MHTETpaNbHON (QYHKIMM paclpeleleHus. 3HAUEHUs, NMpHUBEICHHBIE B Talnumie,
XapaKTepHHI JIJIs1 MAKCUMAaJIbHOTO pa3Mepa BEPOSTHBIX MOMENIEHUIH KaXKI0Tro THIIA.
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TABJIMLIA 5
CpeaHekBaJpaTH4YHbIE 3HAYEHHUS IapaMeTpa pa3dpoca 3aiep:KKu
Hlupuna npuna Ilpumevanue
Pa3zpemenue
Yacrora nepeJaIero | NMPUEMHOr0 A B C I
VYciaosus npuema | Ioasipusaumsi | Mo BpeMeHH
(I'T) Jy4a Jay4da (uc) | (uc) | (ue) A,B,C
3aep:KKH (HC)
(rpan.) (rpan.)
HKunoe \AY% 10 Bcenarp. Bcenanp. 20 70 150 -
[IOMEIIICHUE
CryxeGroe \AY% 10 Bcenarp. Bcenanp. 35 100 | 460 -
1,9 TIOMEILIEHHE
TTomemenune
TOPTOBOTO A\AY 10 Bcenarnp. Bcenarmp. 55 150 | 500 -
Ha3HAYCHUS
13 ®
2,25 TB-crynus VvV 4,2 Bcenanp. Bcenarp. - 26 -
CanyxeGroe w 18 Beenanp. Beemanp. | 8 | 11 | 125 @
TIOMCILCHHC vV 1,8 Bcenanp. Beenanp. | 10,74 | 13,74 | 20,15 @
2,625 Kopunop \VAY 1,8 Bcenarp. Bcenarp. 8,49 | 18,53 25,16 —
Kabuna camonera VvV 1,8 Bcenamp. Bcenarp. 7,98 (11,89 14,47 -
3aBox AVAY 1,8 Bcenarp. Bcenarp. 515 | 69,2 | 87,2 —
HKunoe \AY 10 Bcenarp. Bceenarp. 15 22 27 -
MIOMEIIICHUE
37 Cayxebroe \AY 10 Bcenarp. Bcenarp. 30 38 45 -
, MOMEIIEHUE
TTomemenue
TOProBOro \AY 10 Bcenarp. Bcenarp. 105 | 145 | 170 -
Ha3HAYCHUS
Kunoe wW 10 Beenanp. Beenanp. | 17 | 23 | 30 -
MOMEIIIEHUE
Cayxebroe W 10 Boenanp. Boewanp. | 38 | 60 | 110 -
52 MOMEIIEHHE
TTomemenne
TOProBOro \AY 10 Bcenarp. Bcenarp. 135 | 190 | 205 -
Ha3HAYCHUS
TTomemenne 17 34 64
28 TOPrOBOTO vV 2 60 Bcenarp. I 6 86 @9
Ha3HAYCHUS 5
®)
29,3 KommnerotepHsbiit S— 0,45 35 35 1.2 25 14
315 KJactep Awoiinas
' 0,45 35 35 16 | 176 | 34 ™
TTomemenne 4 26 55
38 TOProOBOTO \AY% 2 40 Bceenarp. 42 69 82 @9
Ha3HAYCHUS
i 18,4 0,69 | 0,96 | 2,89 ®
KommbroTepHsIit VV/HH 05 56,3
KacTep 184 2,14 | 10,7 | 29,7 612
CrnyxebHoe 18,4 0,56 | 0,65 | 4,29 ®
51-57 nomeere/ VV/HH 05 56,3
K1accHas 18,4 16 | 158 | 26,7 6.12)
KOMHAra
18,4 0,54 10,72 | 1,34 ®
Kopunop VV/HH 0,5 56,3
18,4 0,81 | 89 | 44,6 6.12)
KomrioTepHiii W 0,22 154 154 10 | 52 | 106 ®
587 KJ1acTep vV 0,9 15,4 2,2 1,2 12 | 375 ©®
63.1 CrnyxebHoe W 0.22 Bcenarnp. Bcenarp. 068 | 17 4 o
(6)
ToMeIlIeHHe wW 0,22 Beenanp. Beeranp. | 045 | 177 | 52 ay
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TABJINIIA 5 (oxonuanue)
HIupuna Ilupuna Ipumeyanue
Paspemenue
YacroTa YcaoBus nepeaamuiero | mpuemMHoro | A B C s
Honsapusanus | 10 BpeMeHHU
(I'T’'m) npuema Jy4a Jy4da (ue) | (uc) | (ue) A,B,C
3a/1ep:KKH (HC)
(rpan.) (rpan.)
i 14,4 0,36 | 057 | 24 ®
KomnbrotepHbiit VV/HH 05 20
KIacTep 14,4 1,1 | 10,9 | 28,1 6.12)
Cryxe6Hoe 14,4 0,33 | 05 | 6,39 ®
67-73 rometexue/ VV/HH 05 40
KiaccHasi 144 1,59 | 12,6 | 25,9 6.12)
KOMHara
K VVIHH 05 20 14,4 0,36 | 0,47 | 1,2 ®
opuzo '
PHIOP 14,4 0,49 | 6,11 | 352 612

(@) AHTeHHBI MepeaTuMKa U MPMEMHHUKA YCTAHOBJICHHI Ha BBICOTE ToTonKa 2,6 M u @ Ha yposHe cToma Ha BEICOTE 1,5 M.
3)  BepxHHe U HIDKHHE 3HAUEHHS IPEACTABIAIOT caydait LoS 1 NLoS cooTBeTcTBEHHO.
4 Cpenuee 3nauenue VV, VH, HV u HH.

5 Topor 20 a5®, 25 157 u 30 nb.
8 Tlopor 30 b, mpHeMHNK HAIpPaBIeHA HA EepeIaTUHK.
9 Tlopor 20 1B, anTeHHa IepeIaTYnKa IOBOpaYNBacTCa Ha 360°.
10)  TlepenmaTuuk ¥ MpUEMHUK: Tlepeaada Ha Tene — Ha Tenel™) u Ha Tene — BHe Tena.
12) IIpuemnas antreHHa Bpamaiack Ha 360° maramu no 5°. Korga npuemHas aHTeHHa HE HaBeJCHa Ha MepeiaTyHK, 3HAYCHHUE
COOTBETCTBYET Paz0opocCy 3aJePiKKH, 3aBUCSIIEMY OT HAIPaBICHHUS.

B mpenenax KOHKPETHOro 3AaHusl pazOpoc 3alepKKH, KaK MPaBHIO, YBEIWYMBAETCS NPH YBEIUYCHUH
paccTosiHUSI MEXAYy aHTEeHHAMH M, CJIEOBAaTelIbHO, NIPU BO3PACTAaHUHM MOTEPh PACHPOCTPAHEHHUS.
UYeM Oonbllle pacCTOSIHUE MEXAYy aHTCHHAMH, TeM OOIbIlIe BEPOSITHOCTh TOTO, YTO Ha TPacce BOZHUKHYT
MPENATCTBUS U UTO IPUHUMAEMBIN CUT'HAJ OYIET LIETMKOM COCTOSITh U3 PACCESHHBIX CUTHAJIOB.

CpenHekBampaTHdHbId pa3Opoc 3amepkKku S B TpyOOM TNPUONMKEHHH MPOIMOPIUOHATICH TILIOMIAN
moBepxHOCTH noJia Fs u onpenensiercst ypasaeHuem (3):

10 log S = 2,3 log(Fs) + 11,0,

A€ CAMHUIIBI Fs uS BBIPa’KCHbBI COOTBCTCTBECHHO B M2 Hn HC.

©)

DTO ypaBHEHHE OCHOBAHO Ha M3MEpeHHUsIX B nuamnazoHe 2 I'TI juis pa3nuduHbIX TUIIOB MOMEIIEHUHN, TaKUX
KaK CIy)KeOHbIC MOMEIIEHHS, BECTHOIJIM, KOPUAOPhl U TMMHACTHYCCKHE 3ajibl. MakcuMalbHas TUIOIIA/h
nona Ui NPOBeAEHUS u3MepeHus coctaBinsia 1000 M°>. MenuaHHOe 3HAUYEHME IMOTPENIHOCTH OLIEHKH
cocrasiser —1,6 Hc, a cTaHmapTHOE OTKIIOHEHUE 24,3 HC.

Ecnu pa3dpoc 3amepxku S mpeicTaBieH B b, TO CTaHAapTHOE OTKJIOHEHHE S ONpPENessIeTCs B JUana3oHe
ot npumepHo 0,7 a1b no 1,2 ab.

4.4 CraTHcTHKA H30MPATEJTHLHOCTH MO YaCTOTE

MHorouyueBoe pacpocTpaHeHne 00yCIOBIUBAET N30UPATENLHOCTD M0 YacToTe. CTeneHb N30UPaTenbHOCTH
10 YaCTOTE XapaKTepU3yeTCsl KOT€PEHTHOM M0JIOCON NPOIYCKaHuUs, CpEAHEN IIMPUHOM MOJIOCHI 3aMUPaHUs U
JacCTOTON IepecedeHrs] ypOBHSA, Kak ToJapoOHO ommcano B Pexomenmanmun MCD-R P.1407. 3nauenus
CpeIHel MHMPUHBI MTOJIOCH 3aMUPaHUs, KOTOPBIE OKAa3aJIMCh HIDKE rmopora 6 Ab mo pe3yapTaTaM U3MEpeHni
BHYTPH TOMEUICHUH, MPEACTABIAIOMINX J1a00paTopuio U cioyxeOHoe momemieHne B nojoce 2,38 I'Tw, u
TB-crynuio B mosnoce 2,25 I'Tu, cocraBisaoT 27% u 21% coorBerctBeHHO. COOTBETCTBYIOIIME 3HAYEHUS
4acTOTHI iepecedeHus ypoBHs cocTaBisiioT 0,12 xa Ml u 0,24 ma MI 1.
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45 Moaesn, yYuThIBAKOIIHE 0COOEHHOCTH MeCTa

B TO BpeMs kak cTaTHCTHYECKHE MOJEITH BeChMa IIOJIE3HBI B Ka4eCTBE PYKOBOACTBA NPU TUIAHHUPOBAHHH,
JIeTepMUHUPOBAHHbBIE (VM YUYUTHIBAIOIINE OCOOEHHOCTH MECTa) MOAETH OCOOEHHO IEHHBI IS TeX, KTO
3aHMMAETCS IMPOCKTUPOBAaHUEM CHUCTEM. MOXHO BBIJCIUTh HECKOJBKO  METOJO0B  Pa3pabOTKH
JIeTepMUHUPOBAHHBIX MOJeNel pacnpeaeneHus. [ mpruMeHeHu BHYTPH MOMEIIEHUH OBLIM W3YyYeHBI, B
JaCTHOCTH, METOJ KOHEYHBIX pa3HocTeld BOo BpemeHHoOW obmactu (FDTD) m merom, OCHOBaHHBI Ha
TCOMETPHYECKON ONTHUKE. METO/ TeOMEeTpUIecKol onTHkU Ooliee 3(pPEKTHUBEH B OTHOIIEHUM BBIYHUCICHUM,
yeM FDTD.

B MeTosie, 0CHOBaHHOM Ha reOMETPUIECKON ONTHKE, CYIIECTBYIOT JIBA OCHOBHBIX ITOJIX0/1a — UCTIOJIb30BaHHE
n300pakeHni U Bo3OykaeHue nyda. B Merome m300paskeHNH MCIIONB3YIOTCS N300pakeHNsT IPUEMHUKA TI0
OTHOIIICHUIO KO BCEM OTPAXKAIOIIMM ITOBEPXHOCTSAM OKPYXKAIOIIeH cpenbl. PacCUMTHIBAIOTCS KOOPAUHATHI
BCEX U300paXKCHUH, a 3aTeM ONPEACISFOTCS TPACKTOPUH JIy4eH 10 HANPABJICHUIO K 3TUM W300paKCHHUSIM.

ITooxon ¢ BO30yXaeHHEM Jyda HpPEAINoiaraeT paBHOMEPHOE paclpelesieHHe pana Bo30YKICHHBIX Tydel B
MIPOCTPAHCTBE BOKPYT IMEpenarolieil aHTeHHBl. TpaeKkToprs KaKIOoro jy4ya MpOCieKHBAETCA 0 TeX IMOop,
M0OKa OH HE JIOCTUTHET NMpHEeMHHUKa WM €ro aMIUTUTyAa He yhajaeT HWXKe 3aJaHHoro ypoBHA. CpaBHEHHE
MOJX0/Aa C BO30YXIEHHEM JIyda M IOAXOJAa C HCIONb30BAaHMEM H300PaKCHUH IMOKa3bIBAET, YTO MEPBBIN
MeToA Oosiee THOKHH, MOCKOJIBKY TU(parupoBaHHbIC M PACCESHHBIC JIyYd MOKHO PacCMaTpPHUBaTh BMECTE C
3epKaJbHO OTpakeHHBIMHU. Jlanee, UCIOb3ysl METOJ pacIIeNIeHHs JTyya WM BapHallMOHHBINA METOJ], MOXKHO
COKpaTUTh BPEMSl PacieToB, COXPAaHMB NPH 3TOM Tpedyemoe paspemieHue. MeTon BoO30OYyXAEHHUsS Tyda
MOIXOAUT ISl MPOTHO3UPOBAHUSI MMITYJILCHOM XapaKTEpUCTHKM KaHalla, OOCIy)KMBAIOLIEro OOIIMPHYIO
30HY, TOT/Ia KaK METOJl H300pakKeHUI XOPOIIl AJ1s POTHO30B B CIy4ae CBS3M MMyHKTa C TyHKTOM.

JleTepMUHIPOBaHHbBIE MOJEIH, KaK IIPABHIIO, OCHOBAHBI Ha PSJE MPEATION0KEHAN O BIUSHUY CTPOUTEIBHBIX
MaTEepHaJIOB 3JaHMS Ha XapaKTEepUCTUKU PAaCHpOCTPaHEHMs Ha paccMaTpuBaeMoil yactore. (CM. MyHKT 7/
0 CBOWCTBaxX CTPOMTEIBHBIX MaTepHanoB.) Mojemnb, yYUTHIBAIOIIAs OCOOCHHOCTH MECTa, OJDKHA YUUTHIBATh
W TEOMETPHUIO MOMEIICHUs, OTpaKeHHe, Nudpakiuio, 1 Tepeaady CHUTHANa 4Yepe3 CTeHBL. VIMITyIbCHYIO
XapaKTEepPUCTUKY B 3aJaHHOW TOUKE MOYKHO MPEJICTABUTh KaK

N Mrn MD" 1 )
"O=2 || LTt 1P e 8- (4)
n=. V= n

u=1

rue:
h(t: wuMnoynbcHas XapaKTepUCTHKA;
N: ducno magaromux JTydei;
M @ 9MCIO OTpaXkeHuil N-ro Jiyya;
Mpn ©  9HCIIO MPOHUKHOBEHHH N-TO JTy4a;
e  xo3bduIEeHT oTpaxkeHust N-ro Jy4a oT U-i CTeHBbI;
P KO3 QHUIHEHT NPOHUKHOBEHUS N-TO JIyda yepes3 V-I0 CTEeHY;
I © JUIMHA TpacChl N-T0 JIy4a,
Tn:  3aJepKKa N-TO Jyda.
Tpaektopun ny4eid, OTpaKEHHBIX OT CTEH W APYrHMX IOBEPXHOCTEH WJIM TNPOHHUKIIMX CKBO3b HHX,
pacCUMTHIBAIOTCSl C TMOMOINBI0 ypaBHeHWH @penens. CrenoBaTenbHO, KOMIUIEKCHAS JUDIIEKTPUYECKAs
MPOHHUIIAEMOCTh CTPOUTEIHHBIX MATEPUANIOB 3JJaHUs JIOJDKHA OBITh MCXOJHBIM MapaMeTpoM. M3mepeHHbIe

3HAUEHUs] JUAJIEKTPUUECKOM MPOHUIIAEMOCTH HEKOTOPBIX CTPOMTENBHBIX MaTEpHaJOB IIPHUBEJEHBI B
ITyHKTE 7.

s anexkBaTHOrO ONMCAaHWS IPUHMMAEMOrO CUTHajla, B MOJEINb, IIOMHUMO OTPaXKEHHBIX W IPOHMKIIHUX
CKBO3b CTEHY JIy4eH, KOTOpblE NPUCYTCTBYIOT B YypaBHeHMH (4), [OJDKHBI OBITH BKJIIOYEHBI
nudparupoBaHHble M paccesHHbIE Jy4d. B 4YacTHOCTM 3TO OTHOCHTCS K CIy4al pPabOThl B TaKHX
MIOMELIEHUSX, KaK KOPUAOPHL, IJIe UMEKOTCS YIJbl, U B IPYTrUX aHAJIOIMYHBIX YCIOBUIX PaCIpOCTPaHEHUS.
Jiist pacueTa qudparupoBaHHBIX JTy4el MOKHO UCIOJIb30BaTh OJTHOPOAHYIO Teoputo qudpakiuu (UTD).
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5 Bausinne NOJIApU3allMM U TUarpaMMbl HANTPABJICHHOCTH AHTCHHbI

B ycrmoBmsax nmprema BHYTpH MTOMEIIEHUH CYIIECTBYET HE TOJIBKO MpsSMasi Tpacca PaclpoCTPaHEHUS MEXKIY
MepelaTInKOM W MPHEMHHKOM, HO TaKK€ M TPacChl OTPaXEHHBIX H OU(ParupoBaHHBIX JTy4ei.
OTpakaTenbHbIe CBOMCTBA CTPOUTEIBHBIX MATEPUANIOB 3aBUCIT OT MOJSPHU3ALUU, YIJa TMaJACHUS BOJIHBI U
KOMIUIEKCHON JHANIEKTPUIECKON IPOHMIIAEMOCTH MAaTepHalioB, YTO OTpPakeHO B (opmyne oTpakeHus
Openens. YTIbI IPUX0a MHOTOJIYIEBBIX COCTABIISIONINX PACTIPEIEIAIOTCS B 3aBUCUMOCTH OT IIMPUHBI JTyda
AQHTCHHBI, CTPYKTYPHI 3IaHUSI K MECTOIOJIOKEHUH NepeaTunKa U mpueMHuka. [1oaroMy B MONSIpU3aiu 1
s¢(ekTUBHAS nuarpaMma HaNpaBJICHHOCTH AHTCHHBI MOTYT CYIICCTBCHHO BJIMITh Ha XapaKTEPUCTUKU
pacnpocTpaHeHHs BHYTPH ITOMEIIEHUSI.

5.1 PacnipocTpanenne B npeaesiax npsiMoil BUIAMMOCTH
51.1 Bausinue mossipuzanumn

51.11 Pa3opoc 3anepxku

[lpunaTO cumTaTh, 4TO I KaHANOB mpsMod BumuMmocTé (LoS) HampaBieHHbIE aHTEHHBI YMEHbBIIAIOT
CpeAHEKBaJpaTHYHOE 3HAYCHUE pa30poca 3aJCp>KKU 10 CPABHEHHUIO C BCEHANPABICHHBIMHU M YTO KPyroBasi
nomnsipuzanyst (CP) takxke ymeHbIIaeT WX MO CPaBHEHHIO ¢ JMHEHOM nomspuszanueii (LP). CnenosatensHo,
B JAHHOM CJy4ae HalpaBJICHHAas aHTEHHA C KPYroBOM HOJSpU3alMEd MOXET CIYXUTh 3()(eKTuBHBIM
CPEIICTBOM YMEHBIIIEHHs pa30poca 3a1epKKH.

OCHOBHO#M MEXaHHM3M 3aBUCHMOCTH 33JICPKKH OT TOJISPU3ALNN, MOXKET OBITh CBSI3aH C TeM (DaKTOM, 4TO
KOT/Ia CUTHAJ C KPYTOBOW MOJISIPHU3AIlNei MMajaeT Ha OTPAKAIOIIYI0 MIOBEPXHOCTH O] YTJIOM, MEHBIITNM YTIIa
Bprocrepa, oOBIYHOE HampaBieHHE OTPAXKEHHOTO JIyda KPYTOBOHM IOJIAPU3AIMN MEHSETCS Ha OOpaTHOeE.
W3MeHeHune HanpaBiIeHU Jyda ¢ KpyroBOM mossipu3anueii Ha 00paTHOE MPH KaKIOM OTPAXKCHUH O3HAYaeT,
YTO TPUXOMSIINAE TIIOCIE€ OJHOKPATHOTO OTPaKEHUS MHOTONYYEBBIE COCTABISIONINE OPTOTOHAIHHO
MIOJIIPU30BAHEI TI0 OTHOIIECHHUIO K KOMIOHEHTe LOoS; 3T0 M03BOIISIET NCKIIOUYNTh 3HAYNTENBHYIO 9aCTh TIOMEX,
00yCJIOBJIGHHBIX MHOTOJIYYE€BOCThIO. JlaHHOE SIBIICHME HE 3aBUCUT OT YacTOTHI, YTO OBUIO MpPeaCcKa3aHO
TEOPETHUYECKH U TOATBEPKACHO OKCICPUMEHTAMU II0 PACHpPOCTPAHCHHIO, IMPOBEICHHBIMH BHYTPHU
nomemneHnit B auamasone yactotr 1,3—60 I'Tn. /laHHOe yTBepikIeHue cChpaBeUIMBO KakK ISl CUCTEM CBS3U
BHYTPH TIOMEIICHUS, TaK U I HAPYXKHBIX CHCTeM. [IOCKONBKY HJIsi BCEX CYIECTBYIONIUX CTPOUTEIHHBIX
MartepuaioB yroia bprocrepa mpebimaeT 45°, MHOTOy4€BOCTh 3a CUET OJHOKPATHOTO OTPaKCHUS (TO €CTh
OCHOBHOW WCTOYHHK MHOTOJYYEBBIX COCTaBJISIOMNX) JPQPEKTUBHO TOHABISIETCS B OOJBIIMHCTBE
MMOMEIIEHN HEe3aBUCUMO OT XapakTepa WHTEpbepa W KOHCTPYKTUBHBIX MaTEPHAaJOB IOMEIICHHUS.
Bo3MoOXHOE HUCKITIOUEHHE COCTABIIAIOT TIOMEIIEHHWS, TaKWe KaK JUIMHHBIE KOPHAOPHI, B KOTOPHIX OYCHBb
0O0JIBININE YTIIBI TAaJIeHUS TIOMHUHHAPYIOT HaJl MHOTOJIY9€BOCThIO. MI3MEHEeHrEe CpeTHeKBaIpaTUIHOTO 3HAYCHUS
pa3bpoca 3a7iepKK1 Ha JHHUSX TOJIBUKHON CBS3HM TAK)KE€ YMEHBINAETCS, KOTJa MCIIONB3YIOTCS aHTEHHBI C
KpyTrOBOH IOJISIPU3aLUEH.

5.11.2  CreneHb u3duparteIbHOCTH N0 Kpoccnosipuzauun (XPR)

KommoHeHTsl curHana, oOYyCIOBJIEHHBIE KpOCCHOJSpU3alMel, BO3HUKAIOT B pE3yJbTaTe OTPOKEHHS H
mudpaxiun.  OOIEN3BECTHO, YTO XapaKTEPUCTHKA KOPPENSIUH 3aMHpPaHHHA MEXIy OPTOTOHAIBHO
MOJISIPU30BAHHBIMU AHTEHHAMU HMEeT O4eHb HU3KUH Koddduiment koppensuuu. PazpaboraHbl MeTOABI
pasHeceHus] M0 MOJSIPU3alMKd U CUCTEMBI C MHOKECTBOM BXOIOB M BbIXx0AoB (MIMO) ¢ opToronamsHo
MOJIIPU30BAHHBIMY aHTEHHAMH, B KOTOPBIX HCIIONB3YETCs 3Ta XapaKTepUCTHKa 3aMupanuil. Mcmonp3oBanne
METOJIa pa3HECEHHs] MO TNOJSAPHU3ALMU SBISETCS OJHUM U3 PEUIEHMA s YBEIMUYEHHS MOIIHOCTH
MIPUHUMAEMOro CUrHajla, a JeHCTBUE METOAA B 3HAUMTENBHON CTENEHU 3aBUCUT OT XapakrepucTuku XPR.
Kpome Toro, eMKoCTh KaHama MOXKET OBITh yBETMYE€HA COOTBETCTBYIOIIMM HCIIONB30BAaHUEM KOMIIOHEHTOB
Kkpoccrongpuzanuu B cucremax MIMO. Takum 006pa3om, Ka4ecTBO CBSI3M MOXKET OBITh YIYYIIEHO ITyTEM
3¢ GEKTUBHOTO UCIIOJIb30BaHKsI MH)OPMAIMH OTHOCHTEIBHO KPOCCIIOJIIPU30BAaHHBIX BOJIH B O€CIIpOBOIHOM
CHCTEME.

B Tabmuiie 6 mpeacraBieHbl pe3yibTaThl M3MEPEHHUH Ui MeAMaHbl U cpeaHero 3HadyeHus XPR mis Bcex
THIIOB YCJIOBUH.
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TABJIWLIA 6

IIpumepsl 3Havennii XPR

Hacrora YcaoBus Kondurypauusi anTeHHbI XPR 3ameuanus
(') YP (aB)
Cnyuaii 1 Het nannbix
CuayxeGHOE Cuyuaii 2 6,39 (mepmana)
6,55 (cpemHee 3HaUCHUE)
MOMETIIeHHE
Coyuaii 3 4,74 (Mmennana)

4,38 (cpenHee 3HAUCHHE)
5,2 Uzmepenne
8,36 (Mmenuana)

Cayuai 1 7,83 (cpemHee 3HAUCHUE)
3ai 3acenannit . 6,68 (MenmaHa)

Coryuaii 2 6,33 (cpemHee 3HAUCHUE)

Cnyuaii 3 Her nannbix

Cnyqaii 1. Ilepenaromias u npueMHas aHTEHHBI YCTAaHOBJICHB! Ha BBICOTE, MIPEBBIIIAIONIEH BEICOTY NPENSTCTBUH.

Coyuait 2. Ilepenarolasi aHTEeHHA yCTaHOBIICHA HA BHICOTE, MPEBBILIAIONIECH BHICOTY MPEISTCTBUIMA, a PUEMHAsI
AHTCHHA YCTAHOBJICHA HA BBICOTE, COOTBETCTBYIOLIECH BBICOTE NPEISATCTBUM.

Cayuait 3. Ilepenaromas 1 npueMHasi aHTEHHBI YCTAHOBIICHBI Ha BBICOTE, COOTBETCTBYIOIIEH BBICOTE MPETISITCTBUIA.

5.1.2 Bausinue AnarpaMmbl HANMPABJICHHOCTH AaHTCHHDbI

[TockonbKy MHOTOJIyYeBbIE COCTABISIOLINE PACIPOCTPAHEHHUsI paclpelesieHbl B 3aBUCUMOCTH OT yIjia
NpUX0Ja, ATU COCTABILIOIIME 33 IPEAETaMH LIMPHUHBI JIyda aHTEHHbI IMOJBEPrarTCi MPOCTPAaHCTBEHHOMH
GbuIbTpanuy 3a CYET UCIIOIb30BAaHMS HAIPABICHHON aHTEHHBI, TaK 4TO pa30poc 3aJIepsKKU U YIII0BOH pazopoc
MOXHO YMEHBLINTh. V3MepeHne mapaMeTpoB pacHpOCTpaHEHHs BHYTPH IOMELICHHUS, a TaKKe HMHTaLUs
TpaekTopuil nyda Ha yacrore 60 T mpu uCHOIB30BaHMM BCEHANPABICHHON IEpeNarollell aHTEHHbI U
MPUEMHBIX AaHTCHH YEThIPEX Pa3UuHbIX TUIIOB (BCEHATIPABICHHAS, C IIMPOKHM JIy4OM, CTaHAApTHAsI PyMOpHAs
W C Y3KHM JIy4yOM), HAmpaBIE€HHBIX B CTOPOHY I€peNaroliell aHTEHHbI, MOKAa3bIBAIOT, YTO IOJIABJICHHE
COCTaBISIIOIINX C 3a/ePKKOH 3(PQeKTUBHEE OCYLIECTBISETCS C IMOMOLIBIO OoJiee Y3KHUX 3HAYCHUH IIUPUHBI
ny4da. B tabnune 7 npuBeneH npuMep 3aBUCUMOCTH CTATUYECKOTO CPEeIHEKBAAPaTHYHOIO pazdpoca 3a1epKeK
TIPY UCTIONIb30BAHMH HAIIPABJICHHOCTH aHTEHHBI, HE PEBbIIIaeMbIX Ha ypoBHE 90-i1 MPOIEHTHIIN, TOTyYeHHBIH
B pe3yNbTaTe MMHUTAIUI TpaekTopuid yda Ha wactote 60 [Ty B mycToM ciry:keOHOM TMoMerieHur. MokHO
3aMETUTh, YTO YMEHBIIEHHE CpEIHEKBAaApPaTUYHOIO 3HA4YECHHS pa30dpoca 3alepKeK He BCeraa SBISeTCS
JKeNaTeNbHbIM, ITOCKOJBbKY TIPM 3TOM MOTYT YBEIMYHMBATHCS JWHAMMYECKHE IHANa3OHbl 3aMHUpaHUN
HIMPOKOIIOJIOCHOIO CUTHAja B pe3y/bTaTe HEJOCTaTOYHOIO pa3HeceHus mo udacrore. Kpome Toro, MoxHO
3aMETHUTb, YTO HEKOTOPBIE CXEMBI IIepeauy UCIIOIb3YIOT IPEUMYIIIECTBa MHOTOJIyYEBOIO PACIPOCTPAHEHHSI.
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TABJINIIA 7

Ipumep 3aBUCHMOCTH CTATHYECKOTO CPETHEKBAIPATUYHOTO 3HAYEHUS
pa3dpoca 3ajep:KeK 0T HANPABJIEHHOCTH AHTEHHBI

15

CraTuyeckoe
Mupuna ayya cpeJHeKBapaTHYHOE Pasme
Yacrora AHTeHHa AHTEHHBI 3HaYyeHHe pa3dpoca HoMe e}Il)Plﬂ 3aveuanms
(I'T) nepeaaT4YnKa NpHEeMHHUKA 3aJepiKeK (I;:)
(rpan.) (90-st npoueHTHIIB)
(uc)
Bcenanpasnennas 17 13,5x 7,8 Tpaexropus
60 16 Iycroe Tyden
ciry>xe0HOe
10 5 MIOMEIICHNE
5
60 Bcenanpasnennas
Bcenanpasnennas 22 13,0 x 8,6 TpaexTopust
60 21 [Iycroe Tyden
10 10 CITy’)ke0HOe BHE NpsMOH
HOMEICHUE BUJINMOCTH
5 6

O>kuzaeTcst, 9TO PaIlOCHCTEMBI, paboTaroIye B JUaa30He MHJUTMMETPOBBIX BOJH, OYAYT HCIOIB30BaTh
HaHpaBHCHHble AHTCHHBI I/I/I/IJ'II/I pa3HHqHBIC METOAbI q)OpMI/IpOBaHI/Iﬂ nyqa C HUCIIOJB30BAHUECM HECKOJIBKHUX
AQHTCHHBIX PEIIeTOK IS MPEOJIOJICHUS OTHOCHUTEIHFHO BBICOKMX TMOTEPh B TPakTe MepeNadyd M CO3JaHus
HAJCKHBIX JIMHUN cBs3u. HeoOXommMo W3ydnTh BIHMSIHME IIMPUHBI JIyda aHTCHHBI HA XapaKTEPHCTHUKU
pacnpocTpaHeHHs paroBOJIH. Pa3paboTaHbl METOIbI TIPOTHO3UPOBAHUS 33JICPIKKH U YIIIOBOTO pazdpoca 1o
HIMPHUHE JIyYya aHTECHHBI HA OCHOBE M3MEPEHUH B THUIIOBBIX YCIIOBHSAX CIYKEOHBIX M TOPTOBBIX MOMEICHHI
COOTBETCTBEHHO Ha yactoTax 28 m 38 I'T'm.

Jia  modydeHHs  XapaKTepUCTHK MHOTOIY4E€BOIO  pAcHpOCTpaHEHHs pPAaJUOBONH I Y3KO- H
HIMPOKOJTYYEBBIX AHTEHH MPOBOJMIIOCH COMOCTABJICHHE UMITYJILCHBIX XapaKTEPHCTHK KaHaia, COOpaHHBIX
ITyT€M IIOBOPOTA Y3KOIy4eBOW aHTeHHBI Ha 10°, ¢ TaHHBIMHU O MOIITHOCTH, 33JI€PKKE U YIIIy.

CpenHexBanpaTHYHBIA pa30Opoc 3amepkku DS 3aBUCHT OT IIMPHUHBI JIyda IO TIOJIOBUHHOW MOITHOCTH
aHTeHHHI O (Tpan.):

DS(6) =axlog,, 6 e, ®)

rjae o — KO3(PQUIMEHT CPEeIHEKBAPATUYHOIO pa3dpoca 3aJepKKU, a JMara3oH 3HaYeHud 0 cocramiser
10°< 6 <120°. B rtabmune 8 mpuBeneHBl THIOBBIE 3HAUCHHS STHX KOI(DOUIMEHTOB W CTaHAAPTHOTO
OTKJIOHEHHS G, TIOJyYeHHBIE IPH BCEX YCIOBHIX u3MepeHus. Koapdummentsr pazdpoca 3aaepxKu
COOTBETCTBYIOT CIIy4asiM, KOT/Ia aHTEHHBI HalpaBJieHbl TaK, YTOOBI IMOIYYUTh MAKCHMAaJbHYIO MOIIHOCTb
IIprieMa COOTBETCTBEHHO B cuTyanusx LoS u NLoS.
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TABJINIA 8
Tunosbie K0O3(pPUIIHEHTHI CPETHEKBAIPATHIHOTO Pa3dpoca 3a1ep:KKU
Koa¢ppuuneHnrnbt
cpenHe-
YcioBus U3MepeHust KBa/IpATHYHOT0
pa3opoca
3aePKKH
Iupuna
Pac- Jy4ya I]J;pql;ﬂa
f .| ht h2 cTosi- nepeaan- yaa -
(I'T') YcaoBust Cuenapuii o | o) HHe e npHeMHOit o o (uc)
(M) AHTEHHbI AHTCHHE!
(rpar) (rpan.)
LoS 8,25 16,11
XKeneznomopox- 880
Has Cramt NLoS 3754 | 27,22
28 8 15 60 10
3nanme LoS 7,53 15,98
8-200
asporiopra NLoS 63,9 96,57
Kenesnonopox- LoS 8-80 4,18 4,33
Has CTaHIMs NLoS 24,85 28,48
LoS St 0 10 4,46 14,13
3nanue 0 : ,
38 8-200
a’ponopra NLoS 54,54 80,72
LoS 1,16 12
Crryxe6roe 25 | 12 | 7-24 | Boenamp. 10
[OMEIICHUC NLoS 15,13 21,8

CpenHekBaipaTHIHbIN pa3dpoc 1mo yriry AS 3aBUCHUT OT IMIMPUHBI Jyda 10 MOJIOBUHHON MOIHOCTH aHTEHHBI
0 (rpan.):

AS(0) = a.x 0" rpan., (6)

rae o u B — k0d3GHIMEHTBI CpeJHEKBAIPATHYHOTO pa3dpoca 1o yrily, a AUana3oH 3HadeHui 0 cocTaBisier
10°<0<120°. B Tabnmume 9 mpuBeneHH THIIOBBIE 3HAYCHHS OSTUX KOA(D(UIMEHTOB W CTaHAAPTHOTO
OTKJIOHCHHS G, TMOJyudeHHBbIE MpPH BCEX YCiaoBHAX u3MepeHus. Koadduimentsl pazdpoca 1o yriy
COOTBETCTBYIOT CJIy4asM, KOTJa aHTCHHBI HAMpPAaBJICHbI TaK, YTOOBI MOMYYHTh MAKCHMAIBbHYIO MOIIHOCTb
IpueMa COOTBETCTBEHHO B cuTyanusx LoS u NLoS.
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TABJINIIA 9
Tunosslie K03 (PUIHEHTHI CPeTHEKBAAPATHYHOI0 pa3dpoca 1mo yriy
Koa¢ppuuneHtnbt
YcaoBus nzmMepeHus cpeines
KBa/IpATHYHOT'0
paz0poca no yriy
Iupuna IMapnna
Pac- Jy4a
Jy4a
f Cuena- hi h2 crosi- nepena- . o
('T'n) Ycaosus pHi o) | o) HHe Tomei NpUEMHOI | « B (rpan.)
AHTCHHBI :
(M) AHTEHHbI (rpan.)
(rpax.) pat
K LoS 0,5 | 0,77 2,3
eIIe3HOJOPOKHASI 8-80
CTAHHI NLoS 025| 1,0 | 232
28 8 15 60 10
LoS 12 1049 | 218
3nmaHue a’poropra 8-200
NLoS 03 | 096 | 312
XKenesnomopoxuas LoS 8-80 114 1054 | 336
CTaHLHA NLoS 0,16 | 1,1 3,24
8 15 40 10
LoS 20 [ 0,34 | 1,36
38 3naHue a3pornopra 8-200
NLoS 0,34 1 093 | 2,99
LoS 0,07 | 1,22 | 5,558
Cryxe6roe 25 | 12 | 7-24 | Beenanp. 10
HOMEIICHUC NLoS 0,17 | 1,07 | 481
5.2 IlpensTcTBUS Ha Tpacce

Ecmu Ha mpsMOl Tpacce MMEIOTCS TPErsITCTBUS, 3aBUCHMOCTh pa3z0poca 3a/iepKeK OT MOJSpU3aliud |
HaIpaBJI€HHOCTH aHTEHHBI MOYKET OKa3aThCs OoJjiee CIIOKHOM, 4eMm JUIsl Tpacc mpsMol BuaumocTH. Ecth
HEMHOTOUYMCIICHHBIE PE3YyJbTAaThl JKCIIEPUMEHTOB Ha Tpaccax C MPEnsaTCTBHAMHA. BMecte ¢ TeM
SKCIIEPUMEHTAIbHBIM pPE3yJbTaT, MONy4YeHHbIH Ha uactoTe 2,4 ['TH, MO3BOISET NPEANOIOXKUTh, YTO
3aBHCHMOCTh pa3z0poca 3a/iep>KeK OT MOJIAPU3AH U HATIPaBJIEHHOCTH aHTEHHBI JJISl TPACC C MPEMSITCTBUAMU
uMmeer OoJiee CIIOKHBIH XapakTep, YeM sl Tpacc MpsAMOW BUAMMOCTH. Hampumep, coueTtanue
BCEHAIPABJICHHON TOPU30HTAIBHO MOJSPU30BAHHON AHTEHHBI IepefaTuvKa W HalpaBICHHON AaHTEHHBI
MpUEMHHKAa C KPYroBOM TNOJSpH3alvell JlaeT HavMeEHblliee 3HAYCHHE CPEeIHEKBAAPaTUYHOTO pazdpoca
3aJiep)KeK U HauMeHbllee MaKCHMaIbHOE 3HauYeHHe N30BITOUHON 3a/IepP’KKU Ha Tpacce C MPENsTCTBUIMHU.

5.3 OpueHTanyus MOOMJIBHOIO TEPMHHAJIA

B cpene nmpueMa Ha MOpPTATUBHBIE PAUOYCTPOHCTBA OCHOBHBIMH MEXaHH3MaMHU PACIPOCTPAHCHHSI CHTHAa
SBISIIOTCS €r0 OTpakeHUe W paccesHue. [lonspuzanms nepepaBacMOro CHrHaia B Pe3yNIbTaTe PACCESHUS
SHEPruM 4YacTo NpeoOpa3yercs B OPTOTOHANBHYI. B 3THX YCIOBHSX BO3HMKHOBEHHE CBSI3M 32 CUET
KPOCCIIOJIIPU3AIUY YBEIIMYMBACT BEPOSITHOCTh TOTO, YTO YPOBHU NMPUHUMAEMBIX CUTHAJIOB C TMTOPTATHBHBIX
pPaIuOCTaHIINA, OPHCHTHPOBAHHBIX CIyYalHBIM 00pa3oM, OKaKYTCS OAMHAKOBBIMH. M3MepeHume cBs3HM 3a
CYeT KPOCCIOJIIPU3AIIAH, TPOBeIeHHOE Ha yacToTe 8§16 MI 11, moka3aio BRICOKYIO CTEIIEHb TaKOH CBS3H.

6 Biansinne MeCTONOJI0KEeHUS nepeaaTynka 1 NIpueMHUKA

Pe3ynbpraTel 3KCIEPUMEHTAIIBHBIX U TEOPETHYECKUX UCCIIEIOBAHUIN BIMSHNSA MECTONIOJN0KEHHS IEpeaTunKa
Y TIPUEMHHKA Ha XapaKTePUCTHKHN PACIIPOCTPAHEHHUS BHYTPU MOMEIICHHH HEMHOTOYHCIeHHBI. OIHAKO, KaK
MPaBUIIO, MOXKHO TPEAINOJIOXKHUTh, 4T0 0a30Bas CTaHUMS JOJDKHA OBITH MOMeEIIeHa KaK MOXKHO OJIMKe K
MOTOJIKY KOMHATBI, YTOOBI 00ECHEeYUTh MaKCHMAIBHO BO3MOXKHYIO IJIMHY TpacC NPSIMOM BHIMMOCTH.
B cityuae mopTaTUBHBIX TEPMHHAIOB MO3MIIMS TEPMUHANIA TTOJIL30BATENS, KOHEYHO ke, OyJeT 3aBUCETh B
MEPBYIO OYepeb OT MEPEMEIEHUS MOJIb30BaTeNsA, & HE OT OTPAaHUYEHMH, HAKJIaJbIBAEMBIX KOHCTPYKIMEN
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cuctembl. OJTHAKO TPEAIIONIATACTCS, YTO JIJIsi HEMOPTATUBHBIX TSPMUHAJIOB BHICOTA AHTEHHBI JOJDKHA OBITH
JOCTATOYHOM, YTOOBI ITO MEpPe BO3MOKHOCTH 00ECIIEYHTh NPSAMYIO BUANMOCTD ISl 0a30BOM cTaHIMA. BeiOop
MECTOTIOJIOXKEHHSI CTAHIIMH TaKXe BEChbMa OIYTUMO 3aBHCUT OT KOH(HIYpalud CHUCTEMBI, B YaCTHOCTH
OT TaKUX €€ aCleKTOB, KaK CIIOCOOBI MPOCTPAHCTBEHHOI'O Pa3HECCHNUS, KOH(DHUTYpaIl¥st 30HBI U T. .

7 Baunsinue cTpouTeIbHBIX MATEPHUAJIOB, 000PYA0BaHUS U MebeIH

XapaKkTepuUCTHKH PACIPOCTPAHEHUS BHYTPH TIOMEIICHHWS 3aBHCAT OT OTPAXEHHS OT CTPOHTEIHHBIX
MaTepUaIoB U MPOHUKHOBEHUS CUTHAIA CKBO3b HUX. OTpakaTeNbHBIC CBONCTBA U MPOITyCKHAS CIIOCOOHOCTh
MaTeprajIoB 3aBUCIT OT KOMIUIEKCHOW MUAJIEKTPHYECKON MPOHUIIAEMOCTH MaTepranoB. EcTecTBeHHO, 4TO B
MOJIETISIX TPOTHO3MPOBAHMS PACIPOCTPAHEHHSI, YIHTHIBAIOIINX CHEIH(PHUKYy MecTa, B KaueCTBE OCHOBHOU
MCXOJHON MH(OPMAIIMK MOTYT MOTPEOOBATHCS NaHHBIC O KOMIUIEKCHOW JUAICKTPUUYCCKON MPOHHUIIAEMOCTH
CTPOUTEIBHBIX MAaTCPUAJIOB, @ TAKXKE O CTPYKTYpE 37aHUsI, ¥ 3Ta HH(pOpMaIus npuBejcHa B PekoMenaanun
MCD-R P.2040.

3epKaJbHOE OTPaKEHUE OT Pa3IMYHBIX MaTepHaliOB, U3 KOTOPBIX CHEIaH IMOJI, TAKMX KakK IMOJIOBasl JOCKA U
OETOHHBIC IUIMTHI, B MMJUIMMETPOBOM [HANa30HE CYIIECTBEHHO YMEHBIIAETCS, €CIIM MOJI UMEET KOBPOBOE
MOKPBITHE C TPyOOHl MOBEPXHOCTHIO. AHAJOTMYHOIO YMEHBIICHUS MOXKHO JAOOWUTHCS, €CIH 3aKpPBITh OKHA
mropamu. [lo3ToMy MOMKHO OXHJaTh, YTO KOHKPETHOE BIHSHHE CTPOHUTENBHBIX MaTepHajoB OyneT
BO3pacTaTh NpU YBETUUYEHUH YaCTOTHI.

[loMumO CTPYKTYpBl CaMOro 3AaHuUsl, NPEAMETHl OOCTAHOBKHM M apMaTypa TakXe CHJIBHO BIHSIOT Ha
XapaKTepUCTUKU PACIPOCTPAHEHHs] BHYTPH IOMELIEHHUs. OTH MpeAMeThl MOXHO paccMaTpuBaTh Kak
MPEMSTCTBUS, 8 UX BIUSHUE YIYTEHO B MOZEIH MOTEPh HA TPacce, IMyHKT 3.

8 Biausinue nepemMenieHnsi 00beKTOB M0 MOMELICHUIO

[BmxkeHue noged W MPEAMETOB IO TOMENIEHUIO BBI3BIBAET BPEMEHHBIE M3MEHEHUSA XapaKTEPHUCTHK
pacrpoCTpaHEHUs] BHYTpU MOMEUICHUs. OTH HU3MEHEHHS, OJHAKO, IMPOUCXOASIT OYEHb MEMJIEHHO IO
CPaBHEHHIO C BEPOSATHOW CKOPOCTHIO Mepeayll JaHHBIX, U MO3TOMY (PaKTUYECKH MOTYT PacCMaTpPUBATHCS B
KadecTBe CIydyailHON NEpeMEHHON, MHBApHAHTHOM BO BpeMeHu. Kpome nepemenenus Jio/iei, HaXOoasIuXcs
B HEIMOCPEJCTBCHHOM OJMM30CTH K aHTCHHAM WJIM Ha MPSAMOW Tpacce IMepelnayd, MEepPeMELICHHE JII0ACH B
CIIy’)KeOHBIX TIOMEIICHHWSX W B JPYTMX MeCTaX, a TaKkKe [0 3MaHWI0 W BHYTPU HEro, OKa3bIBaeT
MIPEHEOPEKUMO MaAJIOE BO3JIEHCTBIE HA XapaKTEPUCTHKH PACIIPOCTPAHEHHUS.

I/I3MepeHI/I$I, BBITIOJIHCHHBIC B YCJIOBUAX, KOI'Jld 00a TEpMHUHAJIA JIMHHUU CBA3U (1)I/IKCI/IpOBaHI)I, IIOKa3bIBaKoT,
4YTO 3aMHpPAHUA HOCAT XapaKTEp BCIHbIIIKHA (CTaTI/ICTI/IKa O4YCHb HeCTa6I/IJ'IBHa) M BBI3BIBAIOTCA 0O
BO3MYIICHHUAMH, BHOCUMBIMHA MHOTOJIYYCBBIMU CUTHAJIaMU B 30HAX, OKPYXAIOUIUX JAaHHYIO JIMHUIO, mbo
3aTCHCHUCM, BO3HUKAIOUIUM, KOrJa JIFOJAU NIEPECCKAIOT JIMHUIO IIE€pCaavn.

Mamepenuss Ha wyactrore 1,7 [T mnoka3piBalOT, 4YTO YENIOBEK, MEPECEKAIOIIMH Tpaccy CHUrHaja MpsIMOM
BUMIMOCTH, BBI3BIBACT MaJCHIE MOITHOCTH NMPUHUMAEMOT0 CUTHaIa Ha 6—8 nb, a 3HaueHue mapamerpa K B
pacnpenenenun Hakaramu-Paiica mpu 3TOM CyllIeCTBEHHO YMeEHbIIaeTcd. Eciu Tpacca NpoXOoauT 3a
MpeielaMy PSIMON BUIMMOCTH, TO JIBYDKEHHUE ITF0JIEH OKOJIO aHTEHH HE OKa3bIBAeT CYNMIECTBEHHOTO BIIUSHUS
Ha XapaKTepUCTUKHU KaHala.

B ciygae mopTaTMBHOrO TepMHHANlA HAa YPOBEHb NMPUHUMAEMOI0 CHUTHAJIa BIMSAET ONHM30CTh TOJIOBHI U
Kopmyca Tena moJb3oBarens. M3mepenuss Ha uvactore 900 MI'm mpu HMCHOIB30BAHUM CUMMETPUYHOIO
BHOpaTOpa MOKAa3bIBAIOT, YTO YPOBEHh IPHHUMAEMOTO CHTHAjJa YMEHbIIaeTcs Ha 4—7 nb, xorma TepMuHA
HaxOJIWTCA Ha YPOBHE TAJIMH YeJIOBEKa, M Ha 1-2 nb, kKorma moian30BaTelh NEPKUT TEPMHHAT HA yPOBHE
TOJIOBBI, 0 CPABHEHUIO C YPOBHEM NPUHHMAEMOTr0 CHTHaja, KOIJla aHTEHHA PacIoJIOKeHa Ha PAacCTOSHUU
MOPsIIKA HECKOJIBKUX JIIMH BOJH OT KOPITyca Teja YeIoBeKa.

Korna BbicoTa aHTEHHBI HHXKE IPUMEPHO 1 M, HaIPUMEpP B Cllydae MPUMEHEHHUS OOBIYHBIX HACTOJBHBIX HIIH
MMOPTATUBHBIX KOMITBIOTEPOB, Tpacca MPSMON BUUMOCTH MOXET 3aTCHSTHCS IEePEeMEIEHIEM JIF0JIel BOIU3N
TepMHHAJA ToJb30BaTeNs. [Ipu Takux MpUMEHEHUSIX MaHHBIX MHTEPEC MPEACTaBISAIOT Kak TIyOWHa, Tak U
JUITATENBHOCTh 3amMupanuii. M3mepenuss Ha dactore 37 I'T1 B ycinoBuAX mnpueMa BHYTPH BeCTHOIOIS
CIIy’)keOHOTO TIOMEIICHWs II0Ka3ajld, 4YTOo 4YacTo HaOiromarorcs 3amupanus ot 10 go 15 nb.
[IponomKUTENPHOCTh 3TUX 3aMHUPaHUK, OOYCIIOBJICHHBIX 3aTCHEHHEM YEJIOBEUECKMM TelIOM (KOT/a JFOIH
MIepEMEIIAOTCSl 4Yepe3 JIMHHUI0 MPSMON BHUIUMOCTH TIOCTOSHHO M B CIy4alHOM TIOPSIIKE), CIEAyeT
JIOT-HOPMAJILHOMY pacIpeneseHUuIo, MPUYeM 3HAYCHHUS CPeAHEeH MPOAODKUTEIFHOCTH W CTaHIAPTHOTO
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OTKJIOHEHHS 3aBUCST OT TIyOUHBI 3aMUpaHus. it 9TUX u3MepeHuil npu riayoune 3amupanuii 10 nb cpennss
MPOJIOJDKHTENbHOCTL coctarisiia 0,11 ¢, a cranmaptHoe otkionenue — 0,47 c. Tlpu riyOune 3amupanuit
15 nb cpenuss npomospkuTeasHoCTh coctaisiia 0,05 ¢, a crangaptHoe otkionenue — 0,15 c.

Wsmepenust Ha wactore 70 ['T1y mokasamu, 4TO 3HAYCHUS CPEIHEH NPOJOIDKUTECIHLHOCTH 3aMHUPAHHS,
00yCIIOBIIEHHOTO 3aT€HEHHEM deJoBedeckuM TenoM, coctasismm 0,52 ¢, 0,25c¢ u 0,09 ¢ npu rmyOune
samupannii 10 b, 20 1b u 30 1b COOTBETCTBEHHO, MpHUYEM CPEIOHSSI CKOPOCTH TEPEMEICHUS JIIOICH B
MTPOU3BOJIBHBIX HANpPAaBICHHUSX oOlleHUBaiack B (0,74 M/C, a TOJIIMHA YEJIOBEUSCKOTO Tejia MPHUHUMAIACh
paBHoii 0,3 M.

I/I3MepeHI/I$I ITOKa3bIBAKOT, YTO CPEAHEEC YHCIIO CITYYacB 3aTCHCHUA JIFOAbMHU B TEUCHUE YacCa, BbI3bIBAEMOT'0 UX
NEPEMEUICHUAMU 110 CJ'Iy>KC6HOMy IMOMEMICHUIO, OIIPEACIACTCA KaK

N =260xD,, (7

rne Dp (0,05<D,<0,08) — sro uymcno mroseil Ha KBaapaTHBIA MeTp B momemnieHun. Torma oOmrast
JUTHTEIILHOCTD 3aMUPaHU B TCUCHUE Yaca OMPEeessieTCs KakK

T=T,xN, (8)

rae T, — CpeHss IUTENbHOCTh 3aMUPAHHUL.

Uwcrno cirydaeB 3aTeHEHUS JIOABMH B TEUEHHE Yaca B MPOXOJaX BHICTABOYHOTO 3ayia cocTaBisuio 180-280,
rae Dp 6s10 ot 0,09 10 0,13.

3aBHCUMOCTDb OT PACCTOSHHS IMOTEPh Ha Tpacce B MOJA3EMHOM TOPIOBOM IIGHTPE MOJBEp)KEHA BIIHSHUIO
3aTeHeHns JroapMu. IloTepn Ha Tpacce B TMOJA3EMHOM TOPrOBOM LEHTPE ONPEACISIOTCS C ITOMOIIBIO
CIIEIYIOIETO YPaBHEHHS C TTapaMeTpaMu, MpUBeIeHHBIMA B Tabmuie 10:

L(x)=-10-ail,4~log,, (f)-log,, (x)j+8-x+C 1B, 9)

rae:
f: wacrora MI'm);

X! paccrosHHE (M).

[Tapametpsl aist ciryyast Henpsimoii BuaumocTH (NLoS) noarsepxkaatorcst B auanasone 5 [T, a mapamerpsl
Ut cimydast LoS mpuMeHuMBI K Auana3ony 4actoT oT 2 A0 20 I'T. nana3oH pacCTOSIHHA X COCTaBIsSET OT
10 mo 200 m.

YcnoBus paboOTHI TOJ3EMHOTO TOPTOBOTO IIEHTPAa COOTBETCTBYIOT TOPTOBOMY LIEHTPY JIECTHHYHOTO THIIA,
COCTOSIIIEMY M3 MPSMBIX KOPUIIOPOB CO CTEKIISIHHBIMHU MM OETOHHBIMH cTeHaMi. OCHOBHON KOPHJIOp UMEET
IUPUHY 6 M, BBICOTY 3 M u JiuuHy 190 M. OOBIYHBIC pa3Mephbl YEJOBEYSCKOTO TeJia CUMTAIOTCS PAaBHBIMU
170 cm BBICOTOM U 45 ¢cM 1O mHpHHE Iied. [IMOTHOCTh MOTOKAa MPOXOXKHUX COCTABISAECT MPUOIM3UTEIHHO
0,008 uen./m? u 0,1 yen./m? B CIIOKOMHBIH Mepro| (PaHHEE YTPO, HE B YAC TUK) U B MHOTOJIIOAHBIN TIEPHOJT
(oOenenHOE BpeMs MM Yac MTUK) COOTBETCTBEHHO.

TABJIUIIA 10

IHapameTpsbl AJ1st MoaeMpoBaHusi QyHKIIUM NOTEPb HA TPacce
B MI0J;3eMHOM TOpProsoM nentpe Hecy

LoS NLoS
o ) C o ) C
(™) (nb) (m™) (nb)
He yac nuk 2,0 0 -5 3,4 0 -45
Yac nuk 2,0 0,065 -5 3,4 0,065 —45
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9 Mogesu yriioBoi pacxoguMocCTH

9.1 IIyuykoBas moneab

B Mognenu pacnpocTpaHeHHs PagHOBOIH, WCIONB3YEeMOH Ui HIIMPOKOMOJOCHBIX CHCTEM C aHTCHHBIMHU
penreTkaMy, IPUMEHSETCS ITyJKOBasi MOJIeNIb, COYETAIONMasi Kak BpEMEHHOE, TaK U yIJIOBOE PacIpeieIeHHs.
[Tydox BKIIOYAET paccesHHBIC BOJHBI, ITOCTYMAIONINE B NMPHUEMHUK B TEUYCHHE OTPAaHWYCHHOTO IEpHOIa
BPEMEHH H I0]] YIIIOM, KaKk H300payKeHO Ha pUCyHKe 1. XapaKTepUCTHKH BPEMEHHBIX 3aJiepKeK COllepKaTcs
B NyHKTe 4 HacTtosmeld PexomeHnmammu. DTo pacmpeleneHHe yriia Npuxoja mydka i, OCHOBaHHOE Ha
OTIOPHOM yTJie (KOTOPBIA MOKET OBITh M30paH MPOM3BOJIBHO) JUISI TPOCTPAHCTBA BHYTPH ITOMEIICHHH,
NpUOTM3UTENHHO BBIPaXKaeTCsl pABHOMEPHBIM paciipeaenennem 1o [0, 2m].

PUCYHOK 1

Harasignoe npeacraBieHue My4YKoBoil Moaeau

ITy4ok 2
PaccesiHHbIC BOJIHBI

ITy4ok 3
_ Paccesinnbie BOTHBI

ITy4ox 1
ITy4ox 3

iE TTyuok 2

R s

Bpewms npuxoza

Ilepenaromas
pemeTka

Vposens npuxoza (1b) VYposens npuxoxa (1B)

<

ITyyox 1
PaccesiHHBIC BOJTHBI

OmnopHbIit TpuemHas Yron npuxoaa
yron peueTka

©®; —yroa npuxona my4Ka i

Gj —CTaHAAPTHOE OTKJIOHCHNE YIIIOBOM PACXOAMMOCTH B Iy4Ke i
P.1238-01

9.2 Yri0Boe pacnipeiesieHre BOJH NPUX0/a U3 i-ro My4Ka

OYHKIUS TUIOTHOCTA BEPOSTHOCTH YTIOBOTO PACIPENCICHUST BOJH TPHUXOAa B IYYKE BBIPAKACTCS
CJIETYFOIINM 00pa3oM:

1 lo—©
P(p-0,)=—exp —v2—1 |, (10)
|((P |) \/Eci ’{ s
rac (p ABIIACTCA yFJ'IOM anxo;[a HOCTyrIaIOI]_II/IX BOJIH B Hy‘lKe B rpaL[ycax I10 OTHOLICHUIO K OHOPHOMy yFJ'Iy,

a Gi IpeJICTaBIsIeT CO0O0M CTaHIAaPTHOE OTKIIOHEHUE YIIIOBOTO pa3dpoca B rpasycax.

[MapameTtpsl yrioBoro pa3zdpoca B yCIOBHUSIX OMEICHUH TOKa3aHbl B Tadmuie 11.



Pex. MC3-R P.1238-9 21

TABJINIIA 11
IlapameTpsbl yri10B0ro pa3opoca B yCJIOBUSIX MOMeIeHHIt
LoS NLoS
Cpenn. (rpaa.) JAuanason (rpag.) Cpenn. (rpan.) JAuana3on (rpaa.)

3an 23,7 21,8-25,6 - -
CnyxeOHOE 14,8 3,93-28,8 54,0 54
HOMEIIEHHE
oM 21,4 6,89-36 25,5 4,27-46,8
Kopunop 5 5 14,76 2-37
9.3 J/{BoiftHas1 HanpaBJIeHHasI YTJIOBasi PACX0AMMOCTh

B monenu pacnpocTpaHeHHs PaguOBONH, UCMOIB3YEeMON Ui HIMPOKOIMOIOCHBIX CHCTEM C HECKOJIbKHMU
AQHTEHHBIMH pELIETKAaMH B IIepelaTiuKe W TNPUEMHHUKE, NPUMEHSETCSl YIVIOBOE paclpelnesieHHe Ha
MepelaloIinX W MPUEMHBIX CTaHIUAX. B Tabmuie 12 mpuBeneHB! MONyYeHHBIE HA OCHOBE M3MEPEHHH C
mupuHor mosiockl 240 MI'm Ha wactote 2,38 I'T'11 3HaUueHHs cpeHEKBAIPAaTUIHON YIJIIOBOM PacXoAUMOCTH
BO BHYTPEHHEM KOPHUIOPE U B CIIY’)KEOHOM MMOMEIICHUH 15 3HaueHus nopora 20 nb.

TABJIMIA 12
JBoiiHasi HanpaBJIeHHAS yIJI0Bas PacxXoauMOCTh
CpeanekBajgpaTuyHast CpeaHexBaapaTuYHasa
Bricora rﬁoiaﬂ ag?o HMOCTD Bricora rﬁolll;aﬂ ag?o HNMOCTh
cranuum 1 y p A CTAaHUHH 2 y P A
() Ha cranmuu 1 () HA CTAaHIHUU 2
(rpan.) (rpax.)
Kopunop
U ciyxeOHoe 1,9 68,5 1,7 69,7
[IOMeIIEeHUE
10 CraTtuctuyeckasi MOJieJIb IPH CTATHYECKOM MCII0JIb30BAHUHU

Hcnonp3yemple BHYTPH TOMENICHH OECHpOBOJIHBICE TEPMHHAJBI, TaKWe KaK COTOBBIE Tele(OHBl U
OecnipoBoziHbie  JiokanbHble ceth (WLAN), B OCHOBHOM HAaxOJiTCS B CTaTUYECKOM COCTOSIHHU.
BecripoBoaHbIE TepMHUHAIBI IPH CTATHYECKOM HCIIOIB30BAHUH OCTAIOTCS HETOABIMKHBIMH, OJHAKO Cpefa, B
KOTOPOW OHU HAXOMAATCS, MEHSETCS BCIECTBHE TIEpEMEIICHHUS OJIOKUPYIONINX 00BEKTOB, HAIPUMED JIOICH.
JL1st TOUHO# OIIEHKU KauecTBa CBSI3U B TAKUX YCIOBUSAX MBI IIPEICTABIISIEM MOJIETh KaHaja Ui CTATHIECKHIX
YCIJIOBUI BHYTPH NOMEIICHHS, KOTOPasi OHOBPEMEHHO 00ECIICUNBAET CTATUCTUICCKUE XaPAKTEPUCTHUKU KaK
¢byskmun miotHoctH BepositHoct (PDF), Tak u aBTOKOppensimoHHON (QyHKIMK KoIeOaHWS ypPOBHS
MIPUHUMAEMOTO CUTHAJIA.

PaccmaTpuBaroTcs Mojieny KaHana g ycaoBuid BHyTpH nometienuit NLoS u LoS.

10.1 Onpenesienue
Nperson :  YHICIIO IBIDKYIITUXCS JTIOJICH;
AW :  DKBHBaJEHTHBIH JHaMeTp ABMKYIIETOCS YejoBeka (M);
V:  CKOpOCTb JBWXEHHs JItozieit (M/c);
Pm: oOmas MOIIHOCTH MHOTOJIy4€BOTO CHI'HAJIA;
S(X,y): mIaH 30HBI IBUKCHUS;
fr:  MakcuMaabHOE CMEIEHHE YaCTOThI IS CTATHYECKOr0 MOOMIBHOTO TEPMHHAIIA;
!  MOIIHOCTh IPHHUMAEMOT0 CUTHAJIA HA MOOMJIBHOM TEpPMUHAJIE;

f: uacrora (I'm);
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p(rp, K) :  ¢yukums twiotHocTH BepositHocTH (PDF) MONIHOCTH NPUHAMAaEeMOro CHTrHaa,
ompeneneHHas Kak pacupeneiaeHue Hakaramu-Paiica ¢ K-pakropom;

K: K-takrop, onpeneneHnslii B pacnpeaencnnu Hakaramu-Paiica;
R(At) :  aBTOKOppensILMOHHAS (QYHKIHS YPOBHS IPHHUMAEMOr0 CHI'HAIIA;
Rn(At) © k03 duIMeHT aBTOKOPPEIAIMN YPOBHS IPUHUMACMOTO CHTHAIIA;
P(f): sHepreTuyeckwuii CrieKTp;

Pn(f) :  sHeprermyeckuii ciektp, HopManu3oBaHHbIi o MomHocTH P(0).

10.2 Mopeab cHCTeMbI

Ha pucynke 2 mpezacrtaBieHa MOJENb CHCTEMBL. B KadecTBe ABIKYIIMXCS OOBEKTOB PAacCMaTPUBAIOTCS
TOJIBKO JIIOJM; YEJOBEK | MPEACTaBISACTCS KaK JUCK C JUaMeTpoM AW (M), OTCTOSIIMKA OT MOOHJIBHOTO
tepmuHania (MT) Ha paccrosHum i (M), Kaxaplii ABWKYIIMHCS 4YeNOBEK HWAET B IMPOU3BOJIEHOM
HanpasjieHun MeXIy 0 ¥ 27T ¢ MOCTOSHHOM CKOpOCThi0 V (M/C) M TepemeniaeTcs B Mpeneiax CirydaHoi
obmactu S(X, Y) Bokpyr MT. Uunciio ABHKYIIUXCsI JTt0ei cOCTaBIACT Nperson, ¥ JTFOO0H IBHKYIIIUACS YETOBEK
MOTJIONIACT YacTh DHEPIHH, HaXOISMICHCS Ha Tpaccax, KOTOpBIE IEPEeCeKaroT ero MO IMIHpUHE AW.
MHoroy4eBble CHTHANBI TIOCTYNA0T HA TEPMHUHAI PABHOMEPHO MO BCEM TOPU30HTAIBHBIM HAIIPABICHHSM.
Ha pucynkax 3 m4 mokazaHbl THIIOBBIE PAacCMaTPHBAEMbIC ITOMEIICHUS — MPSMOYTOJIBHBIE M KPYTJIbIE
COOTBETCTBEHHO.

PUCVYHOK 2

Mopeab cucTeMbI

3ona gBrokeHus: X, Y)

MoOuibHBII Te pMUHAIT

P.1238-02

PUCYHOK 3
Ilnan noMeleHust NIPAMOYTOJbHOM (hOPMBI
A A
L (% %) %2 L% %) Lx, ¥) V2 L(%. ~ %)
& BS Tpsvas
JIBroKynmiics ) Tpacca JBrKyumiics

Y CJIOBCK Y CJIOBCK
— Hﬁ —> —] —>

MT MT 6
) <€)
Li(*Xl, - y]_) ! L4( X5 — y]_) Ll(fxl’ 7yl) ! L4( X5 — yl)
a) B orcyrcBue npsmoii Tpaccesr(NLOS) b) Ipu Hammamu npsimoii Tpaccs(L0S)

P.1238-03
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PUCYHOK 4

Ilnan nomereHust KpyrJoii ¢gopmbi

\ 4

a) B orcyrctBue mpsimoii Tpaccsr(NLOS) b) Mpu namwamm npsamoii Tpaccwi(L0S)

P.1238-04

10.2.1 ®OyHkous NJIOTHOCTH BEPOAATHOCTH MOIITHOCTH MPHHAMAEMOTO CHIHAJIA

PDF momrHOoCTH NpUHMMAaeMOTO CUTHajla Fp Ha MOOWJIBHOM TEPMHHAJIEC OMNPEACIASTCS paclpeacicHHeM
Hakaramu-Paiica cnegyronmm obpazom:

p(re K) = (K+1) expl- (K +2)rs — K]i, (JAK DK, ), (11)

rae lo(X) — MomubunupoBannas ¢GyHkuus beccens mepsoro poma HyjeBoro mnopsiaka, a K mpeacrasisier

cnenyromuii K-dakrop:
Cors 00+, (0] / M | (12
T
-y, log (f X+ A% Y )fxl log (f Yy XYY )
1 +y, log (Xz +\/X§+yf)fleog(fy1+\/><§+yf)
O+ %)+ 1) |~y log [, + ¢ +y2 |+ logly, + 7+ 7 ) 13)
S shape = +Y, log (Xz + %3 +Y; )+ X, log (yz X +Y; )

K =K(x)=

TIe:

(m1st momeneHust MPSAMOYTOIBHON (POPMBI)

2

r

max

(n1s nomemenus kpyrioi hopmbl)

31mech  Epirect(X) TPEACTABISET KOMIUIEKCHYIO OTHOAIOIIYI0 MPSAMO Tpaccel, a €s(X) mpeicTaBiseT
KOMIUIEKCHYIO OTHOAOIIYF0 MHOT'OJYYEBBIX CHTHAJIOB B OTCYTCTBUE JBIKYIIUXCS 00bEKTOB BOKpYr MT B
MO3ULINHU X, KOTOpas 3aBUCHUT TOJIBKO OT OKPYXAaroUIUX CTATHYCCKHUX YC.HOBI/II‘/'I; HUX 3HAYCHHUA HE 3aBUCAT OT
Bpemenu t. Pn mpencrasnsier co0od OOIIyF0 MOIIHOCTh MHOTOJYYEBOTO CHUTHANA. Sghape SBISETCS
MOCTOSTHHBIM 3HAYEHUEM, OIpeIesIieMbIM (DOPMOI 1 pa3MepaMu TIOMEIICHHSI.

10.2.2 AsTtokoppeiasinnonHas GyHKIUsS YPOBHSI IPUHAMAEMOro CHTHAIA

ABTokoppensuuonHas QyHKous R(At) ypoBHS NpPHHUMAaeMOro KOMIUIEKCHOTO CHTHaJAa C  y4eTOM
Pa3HOBPEMEHHOCTH At MMeeT CIeAYIOUIN BU:
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2
Pm ‘eDirect (X)+e5 (X)‘ + N personAWSShape [1_ 2 fT |At|\] (V|At| SAW)
P, 2n T

R(AD)={ (14)

P ‘eDirect (X)+es (X)‘z + N personAWSShape 1— 2 fT |At| 73(:05*1 L + 2 fT |At| sin C057l L ,

m P, 21 T T fr |At| T fr |At|
- (v|At| <Aw)
rac:
fo=v/Aw. (15)

3HCCB fT OIIPCACISICTCSI CKOPOCTBIO IICPEMEIICHUA V U HIHpHHOﬁ AW ABWIKYHICTOCA YCIIOBCKA U MOKET
paccMaTpuBaTLCA KaK MaKCUMaJIbHOC CMCIICHUEC YaCTOTHI AJIA CTATUYCCKOT' O MOOHILHOTO TCPpMUHAJIA.

10.2.3 DHepreTHuYecKMii CIEKTP NPUHUMAEMOI0 CUTHAJIA

Onepretuueckuii crmektp P(f) kak QyHKIMS 4acTOTh, ONpenesnsionas OTKIOHCHUs OTruOaroIei
KOMIUIEKCHOTO CHTHaja, 3amaercs mpeoOpazoBanmem Dypbe aBTOKOppemsunoHHOW ¢yHKmmn R(At) B
ypaBHeHuu (14) crexyromum oopazom:

P(f) = f‘; R(At) e 127AT gt . (16)

Dueprerndeckuii criektp Pn(f), HopmamuzoBanusiii o momaoctr P(0) Ha wactore f=0I'ti, MOkeT OBITH
ammpOKCHMHUPOBAH CIIEAYIOIIUM 00pa3oM:

P,(f)=P(f)/P(0);
K(x)5(f)

(@-0.78% ) 5(n+0,78% " expl-5,3|/ ;) (| fl<
+0,02f, %% x

_h
R E
N—

0,0092f | f|* (|f|>

] . 17)

K(x)=0,02f %%
3necsk 6(f) mpeacrasisier nenbra-Gynknuio Jupaka.

10.2.4 3uavenus

Pekomennyercst ycraHoBUTH 3HaueHHe AW paBHbIM 0,3 M Kak MpPEICTaBIISAIONIEE B3POCIOTO YEIOBEKa
CpEIHEro pocTa.

10.2.5 TIIpumepsi

PDF p(rp, K(x)), aBrokoppessinnonnas pynkimst Ry(At) u suepreriueckuii criektp Pn(f) mwis cyuast, koraa
AW, V 1 Nperson paBHBI 0,3 M, 1 M/c 1 10 COOTBETCTBEHHO, & 3HAUYEHHE I'max YCTAHOBICHO paBHBIM 10 M ams
MOMEIIEHU KPYTJIo QopMbl, ompeneieHHble ¢ momomslo ypaBHeHui (11), (12) wu (17), moka3aHsbl
Ha pHUCYHKax 5, 6 1 7 COOTBETCTBEHHO.
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PUCYHOK 5

25

Hurterpansnasi BepoSITHOCTH YPOBHSI IPHHUMAEMOT0 CHTHAJIA B TIOMEIleHHH KPYTJI0ii ()opMBI

10 prv7r ! L | TTT T
IIpsiMoy ronpHHK
5 10" b == 10 M)
S (y1 = y2_= 10 M)
% Nperson_lo
5 R Aw=0,3m
M . L
5 10 o
E 7/
5 10° ‘
/
. A ‘
10 A M R N N
-40 =30 -20 -10 10

OTHOCUTENIBHBII yPOBEHb IPUHUMAEMOTI0 curtana (ab)

PUCYHOK 6

| eommec (9 + €09 I°
— P,

- : —10nb
-- :=51b
:—0nb

P.1238-05

Ko puuuenT aBTokoppessiiiy ypoBHsI NPUMHUMAEMOr0 CUIHAJIa B TOMeLeHHH KPYIJ10ii ¢popmbl

1 =T e =
: . :
= 08 == ]
=
% -
19 T 2
2 06| e o 1 eoes @+ &)
g L 4 Pn
E [ Tpsvoyrombauk h
E 04T (4 =%=10 M o .10 1B
_g 3 (ylzyzzlow C '5 ’;
8 02 == Nperson=10 ==
E2 R AW=03mMm - wem 20 1B

- I -
09 0,5 1 15 2

Pasnocts Bpemenu At(¢)

P.1238-06
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OTtHocuTesbHAS MOIIHOCTH (1B)

3

40

n
=

4
S
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PUCYHOK 7

JHepreTU4YecKuil CeKTP B OMELEHNH KPYIJ10ii ¢popMbI

Kpymas popma === oo TouHbl e 3HAYEHUS
r =10m
ma ==, AINPOKCHMHPO - _ |
10

........... -

BAaHHBIC 3HAYCHUA

2
......... .. .. . | enirprt (X) + e< (X)l

Yacrora f (I')

Pr

:—10 nb
5 n1b
-0 nb

P.1238-07
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