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PEKOMEHJALIUA MCD-R P.1238-12

JlaHHbIE 0 paCIPOCTPAHEHUH PAJMOBOJH U MeTOAbI IPOTHO3MPOBAHUA ISl
IUVIAHUPOBAHUSA CHCTEM PAJIMOCBSA3U BHYTPH NMOMeEIIeHU U JTOKAJbHBIX 30HOBBIX
paauocereii B nuana3one 4actor 300 MI'u — 450 I'T'u*

(Bommpoc MCD-R 211/3)
(1997-1999-2001-2003-2005-2007-2009-2012-2015-2017-2019-202-2023)

Cdepa npumenenust

B Hacrosmeit PekoMenpanuy mOpHBENEHBI pPYKOBOISINIME YyKa3aHMs, Kacalolluecs paclpoCTpaHEHUs
PanuoBOJIH BHYTPH MoMenleHuit B quanasone yactoT ot 300 MI'm mo 450 I'T'u. Madopmanus npencrasieHa
0 CIEAYIOIINM MOJIOKEHHM:

— MOJENIM OCHOBHBIX MOTEPh Mepeayy;
— MOJIeNH pa3dpoca 3aJePKKH;

- BIIUSTHUE MTOJIAPU3AIMH U JUArPaMMbl HAITPABIICHHOCTH aHTEHHBI;
- BIIMSIHUE PACTIOJIOKEHUS TTepeaaTynKa U PUEMHHUKA;

- BIIUSTHUE CTPOUTEIIEHBIX MaTEPHAIOB, 000PYI0BAaHUS 1 MEOECTH;
- BIIUSTHUE MTEPEMEIICHUS 00BEKTOB 110 TIOMEIICHUIO;

- CTaTUCTUYCCKAad MOACJIb NP CTATUYCCKOM UCIIOJIL30BaAHUU.

KiroueBkle cj1oBa

Pacmipoctpanenue paaroBoiH BHYTPHU MOMEILCHUI, OCHOBHBIC TIOTEPH MEpeiauu, pa3dpoc 3aIepiKKu.

Coxpamenusi/I'noccapuii

CP Circular polarization Kpyrosas nonspuzanus

FDTD  Finite difference time domain MeTo KOHEUHBIX pa3HOCTEN BO BpEMEHHOM
obnactu

HH Horizontal to horizontal I'opuzoHTanbHAA-TOPU30OHTANIBHAS

HPBW Half power beamwidth [[IupuHa 1y4ya Mo ypOBHIO OJOBUHHON MOIIIHOCTH

LoS Line-of-sight JInnus npsMol BUIMMOCTH

LP Linear polarization JIuneitnas nmonspusanus

MIMO  Multiple input multiple output MHorokaHaIbHbBIH BX0J/MHOTOKaHANbHBIN BBIXOA

MT Mobile terminal MoOunpHBIH TepMUHAT

N/A Not available JlaHHBIE OTCYTCTBYIOT

NLoS  Non-line-of-sight Bre nuHMM npsiMOI BUAMMOCTH

PDF Probability density function @OyHKIHS IIOTHOCTH BEPOSITHOCTH

r.m.s Root mean square CpenHexBaIpaTHIHBIN

RF Radio frequency PYU Paguouacrora

RLAN Radio local area networks JlokanbHas 30HOBast paIlOCETh

Rx Receiver [Ipuemuuk

Heo0XoauMbl TOMTONHUTEIBHBIC Pe3YIbTATEH H3MEPSHUN [T TPOBEPKU MTPUBECHHBIX B HACTOsIICH PexoMennanum
Moeneit Ha yactorax Beime 100 I'T', kak npemmaraercs B8 Borrpoce MCD-R 211-7/3.
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vV Television TB TeneBunenue

Tx Transmitter [Tepenatunk

UTD Uniform theory of diffraction OnHopoanas Teopust AMPPaKLIN

\'AY Vertical to vertical BeprukanbHasg-BepTUKaIbHas

WLAN Wireless local area networks BecnipoBoaHbIE TOKAIBHBIE CETH

WPBX  Wireless private business exchanges BecnipoBoanbie oducHbie ATC

XPR Cross polarization discrimination Crenenp H30UPaTENFHOCTH MO KPOCCTIONIIPU3aLUT
ratio

CootBercrByomue Pekomenganuu, Oryerst MCD
Pexomenmanuss MCD-R P.676

Pexomenmanuss MCD-R P.1407

Pexomenmaniug MCO-R P.1411

Pexomenmanust MCO-R P.2040

Otyer MCD-R P.2406

Accambnest paanocBsizu MCD,

yuumbvleast,

a) YTO B HACTOSIIIEE BpeMs pa3padaThiBaeTcss MHOXKECTBO HOBBIX CHCTEM IEpCOHATBLHON paguoCBs3y,
paboTaromux Ha KOPOTKUX PAacCTOSIHUAX (MeHee | KM) BHYTPU TOMELICHUH;

b) YTO, KaK MOKa3aJli yXe HMEIOIIHecs Pe3yibTaThl pa3padOTOK M MHTEHCHBHAS HCCIIEIOBaTeIbCKas
JeATENIbHOCTh, CYIIECTBYET HACTOSITENbHAass HEOOXOAUMOCTh B CO3/IaHUH JIOKAJTBHBIX 30HOBBIX paguoceTei
(RLAN) u 6ecipoBoanbix opucaeix ATC (WPBX);

c) YTO KejaTrenbHo paszpaborarb craaaptel 11t RLAN, coBmMecTuMBble € CHCTEMaMd Kak
0ecrpoBOAHOM, TaK M IPOBOAHON CBSI3H;

d) YTO CHUCTEMbI HEOOJBIION NaTbHOCTH, PA0OTAIOIIUE C OYEHb HU3KUMH MOIIHOCTSIMH, OOJIaJaroT
MHO>KECTBOM IPEHMYIIECTB MPU MPEIOCTABICHHH YCIIyT B CPE/IC MOIBIKHOM U TIEPCOHANBHOM CBSI3U, TaKOH
kak cetn PY-maTumkoB M OecripoBOJIHBIE YCTPOWCTBA, padoTaromue B I0J0cCax OeNoro NpocTpaHCTBA
TENICBU3HMOHHOTO BEIIAHHS;

e) YTO 3HAHUEC MapaMETPOB paClpOCTPaHCHUSA PaJUOBOJIH BHYTPpH 3):[aHI/If/'I 1 XapaKTCPUCTUK ITOMEX OT
MHOKECTBa MOJIb30BaTelICH B npeaciax TOH XK€ 30HBI 06CJ'Iy)KI/IBaHI/I$I SABJIACTCA OIPEACIAONUM q)aKTOPOM
IIpU MPOCKTUPOBAHUU CUCTEM,

f YTO CYIIECTBYET IMOTPEOHOCTh B pa3paboTke Kak oO0mux (TO eCTh HE 3aBUCAIIUX OT
MECTOTIOJIOKEHHS) MOJIeel U PEKOMEHIAINIA OTHOCHTENBHO MEPBUYHOrO MJIAHUPOBAHUS CHCTEM M OIIEHKH
MOMeX, TaK W JETePMHUHHUPOBAHHBIX (MM 3aBUCSIINX OT MECTOIOJIOKEHHUsS) Mojened st 6ojee TOYHBIX
OLICHOK,

ommedast,

a) yto Pexomennaus MCO-R P.1411 sBaserca pyKoBOJICTBOM IO paclpOCTPaHEHUIO PAJUOBOJIH Ha
KOPOTKHE pAacCTOSHHUSI MPH TpHEeME Ha Hapy)KHbIE CUCTEMBbl (BHE IMOMEIICHHWI) B JHana3oHe 4YacTOT OT
300 MI'q mo 100 I'T'w, m k aT0it Pekomennanuu cienyer oOpamaThcs B T€X CUTYaIHsIX, KOTJa CYLIECTBYIOT
yCIIOBHS NpUeMa Kak BHYTPH ITOMEIEHHUH, TaK U BHE TOMELIEHUI;

b) yro B Pekomenmanuu MCO-R P.2040 mnpencraBieHO pyKOBOJICTBO O BIMSHUU CBOICTB
CTPOUTEIBHBIX MaTEPUAJIIOB U CTPYKTYpP Ha PaclpoCTpaHEHUE pPaHOBOIIH;

c) yro B Otyere MCD-R P.2406 comepkutcs nomosHMTENnbHAs 0a3oBask WHPOpPMAIUS O TOPSIKE
MOJIy4€HUs U BBIBOJIA JAHHBIX U3MEPEHUI 1 Mosienel B Pekomennanumy,
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pexomeHoyem,

YTO TPH OLIEHKE XapaKTePUCTUK PACIPOCTPaHEHUs Ui PaldOCUCTEM, paboTaIOIINX BHYTPY [TOMELICHUN B
nuarnazoHe 300 MI'n — 450 [T, cnenyer ucmonb30BaTh HHQOPMALIMIO U METOBI, KOTOpPBIE IPUBEICHEI B
[punoxenun 1.
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1 BBenenne

[IporHo3upoBaHue MapamMeTpoOB PACHPOCTPaHEHHs I PAJAUOCHCTEM, PabOTAIOMUX BHYTPH MOMEIICHHIA,
HECKOJIBKO OTIMYACTCS OT IMPOTHO3UPOBAHUSI ISl HAPYXKHBIX CHUCTeM. UTO KacaeTcsl HapyKHBIX CHUCTEM, TO
JUTSI HUX KOHEUHOU LIEJIbI0 SBIIseTCs oOecnieueHue 3¢ (heKTUBHOTO 0XBaTa TpeOyeMoii 30HbI (M1 obecrieueHue
HaJIC)KHOM Mepelaun Ha Tpacce B CIIydae CHCTEM CBSI3HU IyHKTA C IyHKTOM), a TaKkke 00ph0a ¢ moMexaMu Kak
B Ipe/eNiaX CUCTEMBI, TaKk U JJs APYTUX CUCTEeM. B ciydae ke nmpueMa BHYTPU MOMEIIEHUN pa3Mephl 30HbBI
0XBara BIIOJIHE OMPEACISAIOTCS T€OMETPUCH 3[aHus, MPUYEM TPAaHUIBI CaMOT0 3JaHus OyayT BIHUATH Ha
XapaKTePUCTUKH pacTipocTpaHeHus. [[oMrMO MOBTOPHOr0 UCIIOIb30BAHMS YAaCTOTHI HA OJTHOM U TOM K€ 3TaXKe
3JIaHUs, TAKOW CITOCOO MCIIONB30BAHUS YACTOT 3a4aCTyIO XKEJIATeNIEH U MEXIy Pa3HBIMU dTaKaMH 3JaHMUSI,
B pe3yJbTaTe 4ero mpoodiieMa OMUCAHMS MTOMEX CTaHOBHUTCS TpeXMepHoiu. M HakoHell, pacrpocTpaHEeHUE Ha
OYCHb KOPOTKUE PACCTOSIHUSI, OCOOCHHO ITPH UCIIOIH30BAHUY MUJLTUMETPOBBIX BOJH, COMPSDKEHO C TEM, YTO
Jlake HeOOJBIITNE U3MEHEHUS B Cpefie, HEMOCPEICTBEHHO OKPYKAIIEH paroTpaccy, MOTYT CYIIECTBEHHO
BITUSITh HA XapaKTEPUCTUKU PaCIPOCTPAHCHHSI.

Ecnu 3aHMMAaThCs KOHKPETHBIM ITAHUPOBAHUEM PAJAMOCUCTEMBI, paboTarolIell BHYTPU MIOMELCHUH, TO U3-3a
CIIO’KHOM MPUPOJIBI BCEX ATUX (PAKTOPOB MOTpeOyeTCs TOUHAS HH(POPMALIUS O XapaKTEPUCTUKAX KOHKPETHOTO
MecTa, B KOTOPOM OHa OYyZET MCIHOJIb30BaThCs, HAPHUMEP €r0 TeOMETPHsI, MaTepHalibl, U3 KOTOPBIX CAEIaHO
31aHue, MeOenb, MpeanojaracMple JuarpaMM HampaBieHHOCTH. OAHAKo Ui NEpBUYHOrO TUIAHUPOBAHUS
CHCTEMBl HEOOXOIMMO OLEHUTh KONUYECTBO 0a30BBIX CTAHIIMIA, KOTOPOE MO3BOJUT OXBAaTHTH BCIO 30HY C
pacrpeaeIeHHbBIMU TOABHXHBIMH CTaHIIUSIMU U OLIEHUTH BO3MOYKHBIE TOMEXH JUIS APYTHX CITYKO WM MEXKIY
cucreMamu. JIns Takux ciydaeB IUIAHUPOBAHUS CHCTEM HEOOXOIMMBI MOJEIH, OMMCHIBAIOIIME B 0OIIEM
XapaKTEPUCTUKH PACIIPOCTPAHEHUS B YCIOBUSAX KOHKPETHOM cpenibl. B TO jke Bpemst pacueT 1o Takoil Moaenu
HE JI0JDKEH TpeOOoBaTh OT MOJIB30BaTelIsl OOJIBIIOTO KOJIMYECTBA NCXOIHON MH(opManuu.

B macrosmem [IpunoxkeHWM B OCHOBHOM IIPEICTAaBICHBI OOOONICHHBIC MOJETH, HE 3aBUCSIIUE OT
MECTOMOJIOKEHHS, ¥ YHCTO KadyeCTBEHHas WHQOPMAIKs, IO3BOJIIONIAS OIEHUTh YXYALICHUS YCIOBUH
pacmpoCTpaHEeHUs, KacaroIIMecs PaguolprueMa BHYTpU MoMmelieHuil. Tam, rae 3TO BO3MOXKHO, HMPUBOASTCA
MOJIENI, TIPUBSI3aHHBIE K OCOOEHHOCTAM MecTa. BO MHOTMX ciydasx JaHHble, Ha 0a3e KOTOPBIX
pa3padaThIBaIMCh MOJIENH, OBLTH OrpaHUYEHEI JIM0O TI0 YaCcTOTeE, JTMOO IO YCIOBUSM HCIIBITAHHIA; BRIPAKACTCS
HaJEeXK/Ia, YTO TPEIIOKEHHUS, IPEICTaBIeHHbIE B HacTosIeM |IpunoskeHnn, MOXKHO OyeT pacHIMpuTh, KOTIaa
TIOSIBSITCSl HOBBIE JJaHHBIE. AHAJIOTMYHBIM 00pa30M TOYHOCTH MOJIeNel Oy IeT MOBBIIIATHCS TI0 MEePE HAKOTLICHHS
OTIBITa WX WCIIOJIL30BAHUS; B HacTosIIeM [IpriioeHnu mpecTaBieH HAMIy4IIni BapuaHT, UMEIOIIUICS Ha
CETrOHSAIIHNN IE€Hb.
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YXyameHnue pacnpocTpaHeHUsI H KPUTEPHH KaYyecTBa PagloCHCcTeM BHYTPH IOMelleHUii

yxyZ[H_IeHI/ISI XapaKTECpUCTUK PACTIPOCTPAHCHUA B paIMOKAHAJIC BHYTPU MTOMCUICHUA 06yCHOBJ'ICHI:I B OCHOBHOM:

OTpPaXXEHUEM OT MPEAMETOB M IudpaKiueld Haja NnpeaMeTaMy (BKIIOYas CTEHBI U TIOJIbI) BHYTPH
IIOMEIICHHI;

NOTCpsAMU MICPpEeaavdn NPU NPOXOKACHUN CUTHAIA YEPE3 CTCHBI, IMOJIbI U APYTUC MPCIATCTBUA,
KaHAJIM3UPOBAHUCM SHCPIrUr CUTHAJIa HAa BBICOKHUX YaCTOTax, 0COOEHHO B Kopuaopax;

MNepeMCIICHUEM HIOZ[eﬁ U IMpeaAMETOB B IIOMCIICHNUH, BKJIIO4YasA, BO3MOXXHO, OAHO WJIN 00a OKOHEUHBIX
YCTPOfICTBa JIMHHUH CBA3H,

1 BBI3BIBAIOT TAKUEC YXYAIICHUS KaK:

OCHOBHBIC MOTCPU TMEpeaavu — TO €CThb HE TOJIBKO OCHOBHBLIC NOTCPU II€peaavu B CB060)_IHOM
MPpOCTPAaHCTBC, HO U NOTIOJHUTCIIBHBIC ITOTCPHU 3a CUCT HpeHHTCTBI/Iﬁ 1 IPOXOKACHUSA CUTHAJIa Y€pPEC3
MaTtcpualibl, U3 KOTOPBIX MOCTPOCHO 31aHNC, @ TAKXKC BO3MOXHOC YMCHLIIICHUC OCHOBHBLIX IMMOTCPb
nepeaaiu B CB060}_'[HOM MPOCTPAHCTBC 3a CUCT KaHAJIU3UPOBAHUS

HU3MCHCHHC BCIMYMHBI OCHOBHLIX IMOTCPh ME€peaavn BO BpCMCHHU U MMPOCTPAHCTBE;
MHOT'OJTY4YCBLIC S(b(l)eKTBI, BbI3BAHHBIC OTPAKCHUCM U ,ILI/I(l)paKLII/Ief/’I KOMITOHCHTOB paJIMOBOJIHBI;

HCCOIJIaCOBaAaHHOCTb nonﬂpmaunﬁ n3-3a cnyqaﬁﬂoﬁ FOCTUPOBKHU MOOHUIIEHOTO TCPpMUHAJIA.

CJ'Iy)K6I:I 6eCHp0BOHHOﬁ CBsA3U BHYTPU HOMGH_ICHI/Iﬁ MOTYT XapakTepu30BaTbCA CICAYIOINMU 0COOEHHOCTSIMU:

BBICOKOW/CpeIHeH/HIU3KOM CKOPOCTBIO Mepeaadn JaHHbBIX;

30HOH MOKPHITUS KaKJ0H 0a30BOI cTaHIMM (HAapuUMep, KOMHATa, 3TaX, 34aHue);
CHCTEMOM MMOABMXHOM/MOPTAaTUBHOW/ (PUKCUPOBAHHOM;

paboToii B pealibHOM BpeMEHH/HE B peajbHOM BPEMEHH/B KBa3UPEAIbHOM BPEMEHU;

TOTIOJIOTHEH CeTH (HAIpHMeEp, CBA3b IYHKTA C MMyHKTOM, IIYHKTa CO MHOTUMH ITyHKTaMH, Ka)KJOTO
MYHKTa C KaXIbIM ITYHKTOM).

Ilone3no ONpCaAC/INTb, KAKUC XAPAKTCPUCTUKU PACIIPOCTPAHCHUA KaHaJla Hanbosee IOAXOIAT OJIA OIIMCaHUs
€ro KadeCTBa B pa3/IMYHBIX NPUMCHCHUAX, TAKHX KaK peyeBas CBA3b, IICpCAada AaHHBIX C pa3J'IH‘IHOI>i
CKOpPOCThIO, II€pecaava I/1306pa)KeHI/If/’I n BI/I}_IGOCJ'IY)K6I>I. B Ta6m/1ue 1 MEpCUNCICHBI Hanboee CYIICCTBCHHBLIC
XapaKTCPUCTUKU TJId TUIIOBBIX CJ'Iy>K6.

TABJIMLIA 1

TumnoBble ci1y:K0bl U BUABI YXYAILIEHHS PACHPOCTPAHEHHS

PaccmaTpuBaeMble BUABI yXyAILIEHUS

Cryx0b1 XapakTepuCcTHKH
pacnpocTpaHeHust

BCCHpOBOﬂHaSI JokaneHas | Beicokast CKOpPOCTBh NI€pE€aavu TaHHBIX, OHO UJIA OCHOBHBIC TIOTCPU NICpEAaYUN — PaCIPEaACIICHUC

30HOBas CETh HECKOJBKO IOMEILICHUH, IOPTaTUBHASL CUCTEMA, BO BPEMEHU H TIPOCTPAHCTBE
paboTa He B pealbHOM BPEMEHH, CBA3b ITYHKTA CO | 3ajiepikKa BCIEACTBIE MHOTOJIYYEBOCTH
MHOTHMH ITyHKTaMH MITH KOKIOTO IIyHKTA C OTHOIIeHNe HANPSDKEHHOCTH OIS JKeJlaeMOoit
KaKJbIM ITyHKTOM MOJIbI K HEXKeJlaeMon
WPBX CpenHsisi CKOpOCTh Tepeadll JaHHBIX, HeCKONMBKO | OCHOBHBIC TIOTEPH Mepeladyl — pacIpeesicHue
MOMEILEHUH, OJIUH 3TaX UM HECKOJIBKO 3Taxei, BO BPEMEHH U MPOCTPAHCTBE
paboTa B pealbHOM BPEMEHH, TIOABMKHAS CUCTEMA,
CBS3b ITYHKTa CO MHOTHMU ITyHKTaMH
[eitmxuaT BHYTPH Hwuskast ckopocTh Tiepeiauu TaHHBIX, HECKOJIBKO OCHOBHBIC TTOTEPH NEPETAuN — pacIpeeIcHIe
MIOMEILICHUS JTaxkel, paboTa He B pealbHOM BPEMEHH, BO BPEMEHH U TIPOCTPAHCTBE
MTOJIBMKHAS CHCTEMA, CBSI3b ITyHKTA CO MHOTHIMHU
MTyHKTaMH
BecnpoBogHas ciryx06a BeIcokast ckopocTh mepeiauyl JaHHBIX, HeCKOIBKO | OCHOBHBIE MOTEPH Mepeiadll — paclpeieiCHIe
BHJICO BHYTPH MMOMEIICHUH, paboTa B peaJbHOM BPEMEHH, BO BPEMEHH U MPOCTPAHCTBE
TTOMEIICHU I TIOJTBMKHAS FJTH TIOPTAaTHBHASI CUCTEMA, CBSA3b 3aepKKa BCIEICTBHE MHOTOTYYEBOCTH

IIyHKTA C IyHKTOM
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3 Mopesin OCHOBHBIX IOTEPH Nepeaadn

Hcnons3oBanue MOZACIN MOTCPh Mepeaavyn BHYTPU NOMEHICHUA MPCEAIojgaract, 4To u 0a3oBas CTaH s, U
HepeHOCHOﬁ TCPMUHAI HAXOAATCA BHYTPU OAHOT'O 3JaHUA. OCHOBHEIE MNOTCpHU nepeaavn MCKAYy 0a30Boi U
HOHBH)KHOﬁ/HepeHOCHOﬁ CTaHIIUAMU BHYTPH MOMCHICHUA MOXHO OLUCHUTH C ITIOMOIIBIO TII000H K3 Moneneﬁ -
0606HICHHOI>’I, HC BEIBI/ICSIH_Ieﬁ OT MCCTOIIOJOKCHHA, NN ﬂeTepMHHHpOBaHHOﬁ, y‘IHTLIBaIOH.[Cﬁ 0COOEHHOCTH
MCECTOIIOJIOXKCHU .

3.1 O0001eHHBbIE MO/IEJIN, HEe 3aBHCAIINE OT MECTOMOJI0KEHHS

OO0o0O0IIeHHBIE MOJIENH, HE 3aBUCAIIME OT MECTOMOJIOKCHHS, MPUMEHSIOTCS B CHUTyallusX, KOrja |
Nepeaarolas, U MpueMHasi CTAaHIIMK PAcIONI0KEHbI B Ipeiesiax OAHOro ATaxka. MeanaHnHble OCHOBHBIE TOTEPU
repeadn OmpeAestoTcs mo GopMyIe:

Ly(d, f) = 10alogyo(d) + B + 10y logyo(f) nb (D
C aJUTUTUBHBIM T'ayCCOBCKHM CITydaiiHbIM wieHoM N(0, G), UMEIOIINM HYJIEBO€ MaTeMaTHYECKOE OKUJIaHNUE,
U CTaHAapTHOE OTKJIOHEeHue G (ab),
rue:
d: TpsAMOe pacCTOSHUE MEXKIY Iepelarolieldl W NMPUEMHOW CTaHIMSIMH B TPEXMEPHOM
cucTeMe KoopauHar (M);
fi pabouas wacrora (I'T);
o: K03 (uIMEHT, CBSI3aHHBIH C yBEINYEHHEM OCHOBHBIX TIOTEPh MEpeIayn B 3aBHCUMOCTH
OT PacCTOSIHUS;
B: KO3 QUIMEHT, CBSI3aHHBIA CO 3HAYEHHEM CMEIICHUS OCHOBHBIX TIOTEPh IepeIadH;
y: KO3 HUIHEHT, CBSI3aHHBIN C yBEINYCHHEM OCHOBHBIX IIOTEPh NepeIayr ¢ YaCTOTOIL.

[Ipu mopenmpoBanuu merogoM Monte-Kapno mnst cimydaeB BHe juHuHM mpsimoil Bugumoctu (NLoS)
W30BITOYHBIE OCHOBHBIE IOTEPH MEpeldadd OTHOCHTENBFHO OCHOBHBIX MOTEph Ieperadyd B CBOOOJHOM
npoctpanctse Lpg (Lps = 201logqo(4 X 10°1df/c), rae ¢ — ckopocTh CBeTa B METpax B CEKYHIy, HE
npesbicat 101og;q(10%4 + 1) (1B), rne A — ciyuaiiHas TepeMeHHas ¢ HOPMaIbHBIM pachpeelicHueM
N (W, 0), co cpenrum 3uauennem W = Ly (d, f) — Lgg ¥ CTaHAAQPTHBIM OTKIIOHEHHEM O.

B Tabnuiie 2 mpuBeaeHBI peKOMEHyeMbIe 3HaUeHUS KO3 (UITUSHTOB [Tl yCIOBUN paCIpOCTPAHCHUS BHYTPH
MOMEIIEHUH.

TABJINLIA 2
Ko3¢pnuneHnTsI 0CHOBHBIX OTEPH MEepeAavn
LoS/ Jnamna3on 4acToT I[nana:mnu
Tun cpeabl NLoS (') pacc(T;;;mnn o B Y c
Ciyxe6Hoe LoS 0,3-83,5 2-27 1,46 | 34,62 | 2,03 3,76
HOMEIICHHUE NLoS 0,3-82,0 4-30 2,46 | 29,53 | 2,38 5,04
LoS 0,3-83,5 2-160 1,63 | 28,12 | 2,25 4,07
Kopunop
NLoS 0,625-83,5 4-94 2,77 | 29,27 | 2,48 7,63
TIpOH3BOACTBEHHOE LoS 0,625-70,28 2-102 2,34 | 24,26 | 2,06 2,67
[omeleHue NLoS 0,625-70,28 5-110 3,66 | 22,42 | 1,34 9,00
3ai s LoS 0,625-82,0 2-21 1,61 28,82 2,37 3,28
KOH]epeH i/
JNEKIMOHHBIH 321 NLoS 7,075-82,0 4-25 2,07 | 28,13 | 2,67 3,67
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3.2 Mogpenu, y4UThIBAKOIIHE 0COOEHHOCTH MECTOIOJIOKEHH I

Jna ompeneneHHs OCHOBHBIX MOTEpPh NEpelauyd WM YPOBHS HANpPsDKEHHOCTH MOJSA TOJE3HO TaKKe
MpUMEHEHHE MOJeJel, YUYMTHIBAIOIINX OCOOCHHOCTH MeCTOnojoXeHusl. CylecTBYIOT MOIENH A
MIPOrHO3UPOBAaHUS YPOBHEN HANPS>KEHHOCTH TOJIsl BHYTPHU MOMEIIEHUI, OCHOBAaHHBIE Ha OJTHOPOTHON TEOPHH
mudpaxuuu (UTD) u MeTomax TpaccupoBku ydel. s pacdera HanpspKEHHOCTH TOJsl BHYTPH MTOMELIEHUH
HeoOXxoauma aeTanbHasg MH(GOpMAIMA O CTPYKType 3AaHus. B 3THX MOMENsAX SMIHUPHYECKHE 3JICMEHTHI
COYETAIOTCA C TEOPETHYECKUM 3JIEKTPOMarHuTHBIM mnoaxogoM UTD. DToT MeTox y4YMTBIBAET MHpsIMbIE
OJHOKPAaTHO IU(pParvpoBaHHbIE M OJHOKPATHO OTPKEHHBIE Jy4YM M MOXKET PaclpoCTpaHATbCS Ha
MHOTOKPaTHYIO JU(QPaKLUI0 WIK MHOTOKPATHOE OTPaKEHHE, a TakKe Ha codeTaHWe MU(PpParupoBaHHBIX U
OTpPaXEHHBIX Jyded. 3a cueT BKIIOYEHUS OTPHKEHHBIX M AWQParMpoBaHHBIX Jy4deld TOYHOCTD
MIPOrHO3UPOBAHNS OCHOBHBIX IMOTEPH MEPEAAYH CYIIIECTBEHHO MTOBBIIIAETCS.

B cnyuae wucnonb3oBaHUS HalpaBIEHHOM AHTEHHBI OCHOBHBIE NOTEPH IE€peaud BHYTPU IOMEIICHHUA
XapakTepU3yIOTCs KaK CPEIHUMHU OCHOBHBIMU IOTEPSIMU NEpeauy, TaK U CBA3aHHOH C HUMHU CTaTUCTHKOU
3aMUpaHuil BCIeACTBUE 3aTeHeHHs. Heckolbko MoJienell OCHOBHBIX NOTEPDh MEpeJadyl BHYTPU IOMEUICHHUS
YUUTBIBAIOT OC/IAa0JIeHNEe CUTHAIA TIPU €r0 MHOTOKPAaTHOM NPOXOXKICHUU Yepe3 CTEHbl /Wi nonbl. Moaenb
YYHUTBHIBAET TOTEPU MPU MHOTOKPAaTHOM IMPOXOXKIECHUHM CHTHAJIA Yepe3 IOJI, YTO MO3BOJIAET MPENyCMOTPETh
TaKMe XapaKTePUCTUKH, KaK IIOBTOPHOE MCIIOJB30BAHUE YACTOTHl Ha PA3IMYHBIX 3TaXax 3IaHHA.
JucranunoHHble KO3()(UIMEHTH MOTEPH MOIIHOCTH, NPUBOIUMBIC HWKE, BKIIOYAIOT B HESIBHOM BHJIE
MOTPaBKy Ha MOTEPH MPH MPOXOKACHUHM CUTHANA Yepe3 CTEHBI M HaJ WM Yepe3 NPENSTCTBUS, a TaKkKe Ha
OCTaJIbHBIC MEXAaHU3MBbl BO3HMKHOBEHHS IOTEpPh, KOTOPbIE MOTYT BO3HHMKHYTHb B IpEAETax OAHOIO dTaxKa
3nanua. OpHopomnas Tteopust gudpakuuu (UTD) u MeTompl TpacCHpPOBKHM JIyded MNPedoCTaBISIOT
BO3MOXHOCTb B SIBHOM BHJIE€ YUUTHIBATh IIOTEPH 32 CUET KAKIOH CTEHBI, BMECTO TOTO YTOOBI BKJIIOUATh UX B
JMCTAaHIMOHHYIO MOJIEIb.

MenuanHble OCHOBHBIE ITOTEPH TIEpeladr OT HAMPABIEHHBIX MEPEAaloNNX aHTeHH C MHUPHHOHN yda 40° 1o
BCEHANPABIIEHHON TPHEMHON aHTEHHBI, PACIOJOXXEHHOH Ha OJHOM W TOM STaXke B NpeienaX OJHOTO
TTOMEIIEHNS WITH MPOCTPAHCTBA, HE BKIIFOUYAIOT KaKUX-THOO0 JTOIYCKOB Ha Tepenady depe3 CTEHBI, U HMEIOT
BHJl 00OOIIEHHOW MOMENH, HE 3aBUCSIIEH OT MECTONOJOXKEHUs, KOoTopas mpuBereHa B ypaBHeHun (1), c
rapaMeTpaMu, IPUBEICHHBIMH B Ta0HIE 3.

TABJILIA 3
Ko3¢ppuuneHThl 0CHOBHBIX IOTEPH NEPeAAYH AJs OT HANPABJIEHHBIX /10 BCEHANPABJIEHHbIX AHTEHH
Tun cpeabl LoS/NLoS JAunanazon JAunanazon a p Y c
paccTosiHui 4acToT
(M) (I'Tw)
Kopunop LoS 4-21 1,43 29,3 2,38 2,92
NLoS 5,8-23 3,19 16,9 2,71 4,28
CryxebHOe LoS 4,9-21,5 1,29 32 2,32 2,75
73 ()
noMellleHHe NLoS 142-292 0,6-73 3,46 14,1 2,61 3,04
Tpoussozct- LoS 5,8-25,7 1,84 24,6 2,43 2,29
BEHHOC NLoS 6,5-25,9 2,92 223 3,34 6,14
HoMelieHue

M Tloapasymesaercs, uro Ha yactotax 60 I'Tu u 70 [T MpoHCX0MT PacpOCTPAHEHHUE B TIPEETIAX OIHOM KOMHATHI
UM MOMEIIEHNUs, IIPU 3TOM MONPABKU Ha Nepefady MpU MPOXOKJEHUU CHTHAlla 4epe3 CTCHBI HE YUUTBIBAIOTCS.
[Nornomenue B razax Ha yactoTe okoio 60 I'T' Taxske BecbMa CyIIeCTBEHHO It paccTossHui 6onee 100 M 1 MoXxeT
BJIMSITH HA PACCTOSHUS IIOBTOPHOTO MCIOJIb30BaHus YyacToT (cM. Pekomenmarmio MCO-R P.676).

MOZ[CJ'II: OCHOBHBIX TIOTCPL IEpcaavu, B KOTOpOfI YYHUTBIBAOTCA 0COOEHHOCTH MCECTOIIOJIOKCHHA, TAaKXKC
MOXKET UMCTh CJ'IC}_IYIOH_II/Iﬁ BUI:

d
Ltotar = L(do) +N 10g10 d_o + Lf(n)v (2)



rac:

Tunossle nmapaMeTpbl, OCHOBAHHBIC HA PE3YyJIbTATaX Pa3IMYHBIX HBMGI)CHHPJI, MPpUBCACHLI B Ta6nnuax 4us.

dy:
L(d,) :

Lf:

n:

JCTAHIIMOHHBIN KOA((HUITUEHT MOTePh MOITHOCTH;
gacrota (MI'm);

paccrosiHue pa3sHeceHUs (M) MEXIy 0a30BOH CTaHIMEH M MEPEHOCHBIM TEPMUHAIOM
(rne d > 1 m);
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3TaJIOHHOE paccTosHuE (M);

OCHOBHBIC TIOTEepU miepenaunl B d, (1b) s sTanoHHOro paccrosHus d, Ha 1M U
MPUHUMAs pacIpoCTpaHeHre B cBOOOiHOM nipocTpancTBe L(d,) = 20 logig f— 28, rue
Jf BoIpaxkaetcs B Mmerarepuax (MI'm);

K03 PUILIMEHT TOTEPh 3a CUET MPOXOKICHUS CUTHaJIa yepes no (1b);

KOJIMYECTBO dTakel MeXIy 0a30BOW CTaHIMEW W MEPEHOCHBIM TepMUHAIOM (1 > 0),

Ly;=0 nbnopun=0.

B KOHIIC pa3jciia IPpUBCACHBI JOTIOJIHUTCIBHBIC 06H_II/IC PYKOBOIAMNIUC YKa3aHUA.

TABJINIIA 4

Kos¢gdununenTsl norepu MomuocTH N, HCNOJIb3yeMble
NPHU pacyere NOTeph Nepeayu BHYTPH MOMelleHu s

Yacrora CayxebHoe Homemenne
(I'Tw) noMeleHHe TOprosoro 3asox Kopunop noxa
Ha3HaA4YCHUSA
27,60
28 17,9 @-® _ 3 -
24,8 @
2.0)

3% ;28 2.0) - - -
250 20,1® - - 19,0 @-© _
275 20 - 19,2 @.© _
300 20 - - 19,5 @ 202@
325 19,8©® - - 19,6 (-© _
340 20,8 19,9 (2™
410 20,6 © 20,1 @ ©®

(e))

(2
3

(C))
5
6)
(©)

Keneznonoposxusiii Bok3ain (170 m x 45 m % 21 m (H)) u Tepmunan asponiopra (650 M x 82 m % 20 M (H)): ciryqait
NLoS, anTeHHa nepegaTuuka ¢ WUPUHOHN J1yya 60° 10 MOJOBUHHOW MOIIHOCTH YCTAHOBJIEHA Ha BBICOTE 8 M, U
aHTCHHA [TPUEMHUKA C UPHUHOM Tyda 10° ycTaHOBIICHA Ha BEICOTE 1,5 M HaT ITOJIOM. DTO 3HaYeHHE OBLIO MOITyYeHO

Ha OCHOBAHUH MAKCUMAJIBHOT'O YCUJICHU A HA TPACCC aHTCHH IIEpeAaTIMKa U IPUCMHUKA pa3H0171 OpUCHTALlUU.

Bepxnee unciio cootBeTcTBYeT citydasm LoS, a HmkHee — ciryuasm NLoS.

VYcnoBus Te xe, 4To u 11 (2), epenaromniasi aHTeHHA ¢ MMPUHOH Jiyda 60° ycTaHOBIIEHA Ha BBICOTE 8 M, @ IPUEMHHUK

C BCEHAIIPaBJIEHHOM aHTEHHOW — Ha BbIcoTe 1,5 M.

Ilupuna s1yya nepenaronieil ¥ IpUEMHON aHTEHH cocTaBiseT 10°.

IMupuHa Jryya nepenaromeil ¥ IpUEMHON aHTEHH COCTaBISET 8°.

IMupuHa Jryya nepenaromeil 1 IpUEMHON aHTEHH COCTaBISET 7°.

[[MupuHa sryya nepenaronieil ¥ IpUEMHON aHTEHH COCTaBIsET 9°.
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TABJINIIA 5

Ko pununenTsl moTepb Npu NPOX0KACHAN CUTHAJA Yepe3 noa Ly (nb),
I/ie 1 — YU CII0 MPOHICHHBIX 3TaKel, HCIOoJIb3yeMble IIPH pacyeTe NOTePh NepeJadn
BHYTpH noMemieHusi (n > 1)

Yacrorta CayxedHoe IMomemeHue TOProBoro
Kuioe nomemenune
(I'T') nomMelleHue Ha3HaAYeHUs
9 (1 atax)
0,9 - 19 (2 staxa) —
24 (3 sTaxa)
1,8-2 4n I5+4(m-1) 6+3(mn-1)
(1)
2.4 10" (MHOTOKBapTHpPHOE 31aHKE) 14 _
5 (mom)
35 _ 18 (1 atax) _
’ 26 (2 aTaxa)
131 (MHOTOKBAPTHPHOE 31aHKE)
5,2 7® (10m) 16 (1 stax) -
53 _ 22 (1 atax) _
’ 28 (2 aTaxa)

1) Ha omay GeToHHYIO CTEHY.

@ JlepeBSHHBIIA 3aTI0THATED.

Jlis pa3nuyHBIX TUANa30HOB YacTOT, JUISI KOTOPBIX KO (UITUEHT IMTOTEPU MOITHOCTH B JKUJIBIX TIOMEIICHUSIX
HE yCTaHOBJICH, MOXHO UCIIOJb30BaTh COOTBETCTBYIOIICE 3HAUCHUE 3TOT0 Ko3duIirenTa sl CIry:KeOHBIX
MOMEIIEHUHN.

CnenyeT OTMCTUTH, YTO MOT'YT CYHICCTBOBATH OrpaHUYCHUA Ha H30JALUI0, IIPCAIoJaracMyro ImIpu
MPOXOKACHNUN CUTHAJIOB MCXKAY OTaXKaMU. CurHaia MOXKET HalTH ApPYTUC, BHCHIHUC ITYTU AJId 3aBCPHICHU
JIMHHUHN CBA3KW C MCHBIIIMMH 06H_II/IMI/I MOTepsIMU, UCM IMPU MHOTOKPATHOM MCPECCUCHUUN HeperBITI/Iﬁ MCKOY
OTaXXaMH.

Ecnu »TH BHENIHME MyTH UCKIIOYMTH, TO U3MEpEeHMs Ha dactore 5,2 I'T1 mokasanu, 4To NMpu HOPMAIBHOM
MaJCHUH PATUOBONIH CpPEIHME IOIMOJHUTENbHBIE TOTEPU IPU MPOXOXKJIECHUHM THIOBBIX MEXTy3TaXKHBIX
JKeNe300€TOHHBIX TIEPEKPBITUI C TOIBECHBIMH OTOIKaMU cOCTaBysIoT 20 b mpy cTaHAapTHOM OTKJIOHEHUU
1,5 nb. OcBerurensHbie pHOOPH! YBeMUUMBaIOT cpenHue norepu a0 30 n1b npu craHmapTHOM OTKIOHEHUH
3 1b, a BEHTWISILIMOHHBIE KaHAJIBI O] [TOJIOM YBEIMYMBAIOT cpenHue norepu ao 36 n1b npu cranmapTHoM
OTKJIOHEHMH 5 1b. DTH 3HaYeHHs JOJDKHBI MCIOJB30BATHCS BMECTO KOO(QOUUMEHTOB Lf B MOZAEIIX,

3aBUCANIUX OT MCCTOIIOJIOKCHU A, TAKUX KaK CBA3aHHBIX C IOCTPOCHUCM nyqeﬁ.

CraTucTHKa 3aMHpaHUH, BBI3BAaHHBIX 3aTEHEHHEM BHYTPHU IOMEIIEHUH, COOTBETCTBYET JIOT-HOPMAJIBHOMY
3aKOHY, a 3HAUeHHsI CTaHJapTHHIX OTKIOHeHUH (1b) mpuBeneHs! B Tabmuie 6.
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TABJINIIA 6

CraTHcTHKa 3aMHPaHU# BCJIeICTBHE 3aTeHEeHHMs, CTAHAAPTHOe OTKJI0HeHue (1b),
IJISl pacyeTa MoTeps nepegavyu BHYTPH NMOMeEIeHH S

Hom HH
Yacrora CayxeGHoe OMeIleHHe
(I'T) noMeneHmne TOprosoro 3ason Kopuop
Ha3HaA4YCHUSA
m
340 6,7
28 ’ 1.4 @.0
6.6 ,
’ 6,4 2.0
4,6 1,63
38 5
6,8 @ 55@.0

(e))

(2
(3)

Keneznonoposxusrid Bok3zaa (170 m x 45 M x 21 m (B)) u 3qanue asponopra (650 M x 82 M X 20 m (B)) — ciyuqaii
NLoS, anteHna nepeaatyrnka ¢ MUPUHOHN Tyda 60° Mo ypOBHIO IOJOBUHHON MOIIHOCTY YCTAHOBJIEHA HA BBICOTE
8 M, 1 aHTeHHa IpHEeMHHKa C IUPHHOM Jiyda 10° ycTaHOBIeHa Ha BbICOTE 1,5 M Haj mmosoM. DTO 3Ha4YeHHE OBUIO
MIOJ[yYeHO Ha OCHOBAaHMM MAaKCHUMAaJbHOIO YCUJIEHUS Ha Tpacce aHTEHH IepejaTddka M NPUEMHUKA pa3HOU
OpUEHTALUH.

Bepxnee unciio cooTBeTcTBYeT citydasm LoS, a HmkHee — ciryuasm NLoS.

Ycnosus Te ke, uro u i (1), nepeparomas aHTeHHa ¢ IMUPHHON JTyda 60° ycTaHOBIIEHA HA BBICOTE 8 M, @ TPUEMHHUK
CO BCEHAIIPABJICHHON aHTEHHON — Ha BBICOTE 1,5 M.

XoTs UMEroIecss B HACTOSILEE BpeMs pe3yIbTaThl U3MEPEHUH OBUIM MOMyYeHBl B PAa3HBIX YCJIOBHSX, YTO
JeTaeT 3aTpyJHUTENbHBIM UX MPAMOE CpaBHEHUE, U AaHHBIE TIOCTYIHIIHA TOJIBKO ISl OTACTBHBIX THAMa30HOB
94acTOT, HEKOTOPHIE OOIIME 3aKII0YEHHUS BCE )K€ MOXKHO BBIBECTH, 0COOeHHO 1y1st quanazona 900-2000 MIw.

Ha tpaccax ¢ kommnonenTo# npsamoit Buaumoct (LoS) noMuHUPYIOT mOTepH nepeaayu B cBOOOIHOM
MPOCTPAHCTBE, a MOUCTAHIMOHHBIA KOX(Q(QHUIMEHT MOTEPU MOILIHOCTH [y HHUX paBHACTCA
npumepHo 20.

I[J'ISI OOJIBIINX OTKPBITBIX HOMCH.[CHI/Iﬁ TAKXKC  XapaKTCPpHO 3HAYCHHUC OUCTAHIUMOHHOTO
KOB(l)(l)HLIHeHTa NOoTepru MOMIHOCTU MOPsSAJaKa 20, 9TO MOXKET OOBICHATHCS HAIMYUEM MOH.IHOfI
COCTaBJ’IHIOH.IefI LoS B OOdBIIMHCTBE 30H IIOMCIICHMU . HpI/IMepaMI/I MOTYT CIIYKHUTb IMOMCHICHUS,
PacCIIOJIOKCHHBIC B OOJIBIINX TOProBbIX CKJIaJiaX, CIIOPTHUBHBIC apCHBI, 3aBOACKHE U CJ'Iy>Ke6HBIC
ITOMCIICHUA OTKpLITOﬁ IJIaHUPOBKH.

B KOpruaopax OTME4YarOTCsA MCHBIIIUE OCHOBHBIC ITIOTCPU IIEpCavu, YEM B CB060}_IHOM MMpOCTPAHCTBC,
C TUIIOBBIM JUCTAHIIMOHHBIM KOB(l)(l)HI.II/IGHTOM MOTECPpHU MOITHOCTH MOPAAKA 18. HpOZ[OBOJ'IBCTBeHHBIe
MarasvHbl C UX OJIMHHBIMA JIMHEHHBIMHU npoxoaaMu MEXKAYy CTCIUIa)KaMH MMCHOT XapaKTCPHUCTHUKU
MMOTCpPb, COOTBCTCTBYIOLIUC KOPpHUAOPAM.

Pacnpoctpanenne oruOaHueM TNPENSTCTBMA W 4Yepe3 CTEHbl BEAET K 3HAYUTEIbHBIM
JONOJHUTENBHBIM TOTEPSAM, KOTOPBIE B OOBIYHBIX YCIOBHSX MOTYT YBEIMYHMTH JUCTAHLIMOHHBIN
ko3 dument norepp MomHocTH 10 40. IIlpumMepamMu MOTYT CIIy>KUTH TPacChl MEXy KOMHATAMH B
CITy>KE€OHBIX TIOMELICHUSX 3aKPHITOH MIIIaHUPOBKH.

Ha pnuaHBIX Tpaccax 0e3 mpensTcTBUi B epBoii 30He DpeHesis MOKET BOBHUKHYTh TOUYKa U3JI0Ma
KpuBoi. Ha 3TOM paccTosiHMM OUCTaHIMOHHBINA KO3((PUIIMEHT NOTEpH MOLIHOCTH MOXET MEHSTHCS
npumepHo ot 20 go 40.

VYmenbuienne k03¢ UIHeHTa OCHOBHBIX MOTEPh Mepeaady Ipy YBEIHMUCHUN YacTOTHI I yCIOBUH
npueMa B CIIy>KEOHBIX IMOMeIIeHUsX (Tabnuiua2) He Bcerja OYeBHIHO WIIM JIETKO OOBSICHUMO.
C oHOH CTOPOHBI, IPU YBEIWYEHHH YacTOTHI MOTEPU INPH IPOXOXKAECHHUH CKBO3b MPEISTCTBHS
(HanpuMep, cTeHbl, MeOellb) BO3pacTaioT, U AU(GParupoBaHHbIC CUTHAIbBI JAIOT MEHBIINI BKIaJ B
MOIITHOCTh NMPUHUMAEMOT0 CUTHANa; C APYroil CTOpOHBI, 30Ha PpeHernsi MeHee 3aKpbiTa Ha Oolee
BBICOKMX YacTOTaX, YTO MPUBOAUT K MEHBIINM HOTepsM. DakTHUeCKHe OCHOBHBIE TOTEPU Mepetadn
3aBUCAT OT 3TUX IPOTHBOMOIOKHO JEHCTBYIOLUIMX MEXaHH3MOB.
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4 Mogpeau pa3dpoca 3aaepKu

4.1 MHoroJ1iy4eBocThb

Pagnokanan pacnpocTpaHeHUs! BOJH AJIS TOABMYKHOWM/TIEPEHOCHON CTaHIMKM MEHSETCS B 3aBUCHMOCTH OT
BPEMEHM, YAaCTOThI 1 MECTOIOJIOKEHHS B IPOCTpaHCTBE. J[axe B CTaTUYECKOH CUTyallH, KOrJga MOJOXKEHHE
nepeAaTinka U MpUEeMHHUKA 3a(UKCHUPOBAHBI, Ui TaKOro KaHaja XapaKTepHa OmpelelieHHas IWHAMUKa,
MTOCKOJIbKY PAcCEMBAOLINE M OTpayKalOIMe MPEIMETHl MOTYT NepeMenarbes. TepMuH "MHOTrOIy4eBOCTh"
OOYyCIIOBJIGH TEM, 4YTO BCJIEACTBHE OTPaXEHHs, IU(pakuud ¥ paccessHUS PagdOBOIHBI MOTYT
pacnpocTpaHsThcs OT NepeaTunKa K IPUEMHHUKY 110 MHOTOUYHMCIIEHHBIM TpaccaM. [ kakIo1 U3 3TUX Tpacc
XapaKkTepHa CBOslI BpeMEHHas 3aliepiKKa, MPOIOpLHMOHaJIbHAs JuIMHE Tpacchl. (Beckma rpyOyio omeHky
0’KNJJAEMOT0 MaKCUMAJIBHOTO BPEMEHH 3a/I€P’KKH JIIs1 KOHKPETHBIX OKPYKAIOIUX YCIOBUN MOYKHO MOJIYYHUTh,
3Hasi pa3Mepbl TOMELICHHS M YYHUTHIBas TOT (akT, 4To BpeMs (B HAaHOCEKYHJax) Al MPOXOKACHUS
PanTuouMIyIbCOM paccTossHus d (M) paBHO IPUMEPHO 3,3 d.) DTH CUTHAIIBI C 3aEPKKOH, KAXKIBIH U3 KOTOPBIX
HUMEET CBOIO aMILIUTYly, 00pa3yloT JUHEHHBIA (QHIIBTP C MEHSIOIMMHUCS BO BPEMEHH XapaKTEPUCTHKAMHU.

4.2 HmnyabcHas XxapakTepucTHKA

]_ICJ'II) MOZACIUPOBAaHUA KaHaJla 3aKJIKOYaCTCA B TOM, yTOOBI 00ECIEUYNTh, TOYHOE MATEMATHUYECKOE OMUCAHHUE
SABJICHUSA PACIIPOCTPAHCHUA paIMOBOJIH, KOTOPOC MOXKHO OBLITIO OBI UCIIOJIB30BATh I[Ipyu UMUTALITUN pa,Z[I/IOJ'H/IHI/Iﬁ
h CHCTEM B IIpoLeCcCcC MOACIUPOBAHUA Pa3BCPTbIBAHUSA CUCTCMBI. HOCKOHBKy paguokaHal JHMHCCH, OH
IIOJIHOCTBIO OIMCHIBACTCS CBOCH HMHy.]'II:CHOﬁ XapaKTepHCTHKOﬁ. Ecmu xe HUMITYJIbCHAS XapaKTCPUCTUKA
HU3BCCTHA, TO MOKHO OIIPCACIUTD PCAKIIUIO paAlOKaHAIA Ha TIFO00H BXOILHOﬁ CHUTHAJI. ITO U €CTh OCHOBa JJIA
HUMUTALIUOHHOTI'O MOJACIIUPOBAHUA XAPAKTCPUCTUK JIMHUU.

WmnynbcHas xapakTeprCcTHKa OObIYHO MpPEACTaBIIseTCA B BUAE (PYHKIHOHAIBHON 3aBHCUMOCTH TUIOTHOCTH
MOIHOCTH OT JOMNOJHUTENBHON 3aJepKKW IO OTHOLIEHHIO K IIEpBOMY OOHApY)KEHHOMY CHTHANY.
3Ty 3aBUCHMOCTb YacTO Ha3bIBAIOT NPOQuUIIeM 3a1epKKH MOITHOCTH. COOTBETCTBYIOIIMHI TPUMED ITOKa3aH Ha
pucynke 1 Pexomenmanmun MCO-R P.1407, Tonpko BpeMeHHas IIKaja JUIsl KaHAJOB BHYTPH MOMEIEHUS
JNOJDKHA M3MEPATHCS HE B MUKPOCEKYHAAX, a B HAaHOCEKyHIaX. B 3Toil ke PexomeHnmanuu npHBOASTCA
OIpeaeNIeHUs HECKOIBKHX MapaMeTPOB, XapaKTePU3YIOINX TPO(UIN UMITYIbCHON XapaKTePHUCTUKH.

NMnynbscHas XxapakTepuUCTHKa KaHAlla MEHSETCSA B 3aBUCHMOCTH OT MECTOIOJIOKECHHS PUEMHUKA, a TAKXKE
MOJXKET MEHSTHCS U BO BpeMeHHU. [103ToMy oHa OOBIYHO M3MepsieTCS M MPEACTABISAETCS B KAYECTBE CPEITHETO
3HAa4YeHUS MPO(]UIIe, TOTYyUYEeHHOTO B pe3ysibTaTe U3MEPEHHH Il OJHOW JITMHBI BOIHBI, €CITH HEOOXOIUMO
YMEHBIIUTh BIHUSHUE IIIyMOB, WJIA JJIS HECKOJBKUX JJIMH BOJH, €CIH TPeOyeTcs OMpeNeNuTh CPeaHHM
MIPOCTPaHCTBEHHBIN MPOodniab. OUeHb BaXXKHO YETKO ONPEIENUTh, KaKO UMEHHO CpeTHUH MPOQUIb UMEETCs
B BUJY M Kak MPOU3BOIOCH ycpenHeHHe. PexoMeHyeMas mpoueaypa YCpeaTHeHHs 3aKIF0YaeTcs B TOM,
YTOOBI CIEAYIOMIUM 00pa3oM c(pOpMHUPOBATH CTATUCTHUYECKYIO MOJENb: IS OIEHKH KaKIOW WMITYJIbCHOM
XapakTepucTUKN (PO 3aep>KKA MOIIHOCTH) YCTaHOBUTH OTPE3KH BPEMEHH NI0 W TOCIE CpeaHein
3agepxkku Ip, (cM. Pekomenmanuio MCO-R P.1407), 3a mpeaenamMu KOTOPHIX IUIOTHOCTH MOIIHOCTH HE
MpeBbIIaeT 3aaanHble 3HaueHus (—10, —15, —20, —25, —30 nb), yCTaHOBJICHHBIE OTHOCHTEIHLHO MTHUKOBOTO
3HAUEHHUS TUIOTHOCTU MOUTHOCTU. MeauaHna u, mpu skefianuu, 90-s MpoLEeHTUIb pacpeeICHUM 3TUX OTPE3KOB
BPEMEHH U TIPEJICTABIISIOT COOON MCKOMYIO MOJICb.

4.3 CpenHexkBaJpaTHYHOe 3HA4YeHH e Pa30Opoca 3aep:KKH

[Ipodunn 3agep>KKu MOITHOCTH, KaK TOBOPUJIOCH BHIIIE, YACTO XapaKTEPU3YIOTCSl OJHUM MM HECKOJIBKUMHU
napameTpaMu. OTH HapaMeTphbl BBIYMCIAIOTCS MO MPOQHIISM, YCPEIHEHHBIM MO MOBEPXHOCTH, MMEIOIIEH
pasMepsl opsiika HecKoJIbKUX JUTHH BoJH. ([TapaMeTp cpenHekBagpaTHUHOro 3HaYCHUS pazdpoca 3aAep:KKU
WHOT/Ia ONPEACIAIOT 10 WHAWBUAYAIBHBIM TPOQHIISM, a Pe3yJbTaThl YCPEAHSIOT, OJAHAKO B 3TOM Ciydae
OKOHYATEeNbHBIA pe3ysbTaT OyAeT, KaK MpPaBWIIO, OTIAMYAThCA OT 3HAYCHHUS, MOJYUYEHHOTO C IMOMOIIBIO
ycpenHeHHoro npoduis.) [Topor uckimodeHuns uryma, WM KpUTEpUi IpueMKy, HarnpuMep BenuuuHa Ha 30 nb
HWOKE TTMKOBOTO 3HAUYEHUS MPOQHIIs, TOJDKEH YKa3bIBaThCS BMECTE C Pe3yJIbTUPYIOIINM 3HaUCHHEM pa3dpoca
33JEpKKH, KOTOPOE 3aBUCUT OT BETMYMHBI [TOPOTra.
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HOCKOHBKy CpCAHCKBAAPATUIHOC 3HAYCHUC pa36p0ca 3aJCPKKU OUYCHBb N POKO UCIIOJIB3YCTCA, OHO HC BCCraa
JacT ITOJITHOEC OITMCaHHEC HpO(l)I/IJ'ISI 3aICPIKCK. B CJIydac MHOTI'OJIy4CBOCTH, KOT1a pa36p0c 3aCPIKKU MPCBLINIACT
JJIIUTCIBbHOCTE CUMBOJIA, K03(1)(1)I/ILII/ICHT OIIMOOK 10 OHuTaM U MOAYJIAINU C (1)2130130171 MaHI/IHy.]'IHLII/Ief/’I 3aBUCHUT
HC TOJIBKO OT CPCAHCKBAAPATHUYHOI'O0 3HAUCHHSA p.':136p003 3aJCPKKU, HO U OT OTHOUICHUSA MPUHUMACMBIX
MOH.IHOCTCﬁ IIOJIC3HOI'O U MCIIAarOIICro CUrHaJI0B. DT0 0COOEHHO 3aMETHO B CUCTEMAX C BBICOKOMU CKOpPOCTBIO
nepeaain CUMBOJIOB, HO OCTACTCA CIIPABCIJIMBBIM W IPH HU3KUX CKOPOCTAX HMX IEpcaaydu, Koraa Cpeau
MHOT'OJTYYCBbIX COCTABJIAIOMINX UMCCTCA MOH.[HBIfI }_IOMI/IHI/IPYIOH_[I/Iﬁ CUTHAJI (3aMI/IpaHI/Ie Paﬁca).

Tem nHe MCHEC, CCJIM MPCAIIOJIO0XUTh, YTO HpO(i)I/I.TIB 3aTyXacT MO 3KCIOHCHTC, TO AOCTATOYHO HUCIIOJIb30BaATh
CpCAHCKBAAPATUIHOC 3HAYCHUC pa36p0ca 3aCPKKU BMECTO HpO(l)I/IJ'ISI 3aJCPKKU MOIIHOCTH. B sTtom cjrydac
HUMITYJIbCHAsA XapaKTCPUCTUKA MOXKET OBITH npe06pa30BaHa MNPpUMEPHO CICAYIOIIUM 06p330MI

-t/S
h(t) = {e npu0 <t < tmax, 3)
0 HHaue

rac:
S: CpCAHCKBAAPATUIHOC 3HAUCHUC pa36poca 3aACPIKKHU,
tmax - MakKCHuMaJIbHas 3aICPIKKaA,

tmax >> 8.

[Ipenmy1iecTBO HCIIOIB30BAHUS CPEIHEKBAAPATUIHOTO 3HAUYSHHS pa3dpoca 3aIep>KKHU B Ka4eCTBE BEIXOTHOTO
napameTpa MOJETH 3aKII04aeTcs B TOM, YTO TaKyl0 MOJAEIb MOKHO MPEICTaBUTh MIPOCTO B BUAE TaOJUIIBL.
TumoBble 3HAYeHUs MapaMeTpa pazOpoca 3aJepiKKH, MOMYyYEHHBIE C MOMOIIBIO YCpPEOHEHHBIX Mpoguiieit
3a7Iep’KKU JJIS1 TpEX BUIOB MOMEIICHHH, TpeicTaBIeHbl B Tabnuue 7. B ctonbie B tabnuis! 7 npeactaBneHbl
HanboJiee 4acTo BCTpeyaroUuecs MeAuaHHble 3HadeHus, cTondnsl A u C coorBerctByoT 10% u 90%
3HAYeHUI MHTETpajJbHON (YHKIMM pachpeneieHrs. 3HaueHusl, MPUBEJCHHBIC B TaOnuie, XapakTepHbl A
MaKCHMaJIBbHOTO pa3Mepa BEpOSTHBIX IOMEIEHUH KaKA0T0 TUIIA.

TABJINIIA 7
Cpez[HeRBaz[paanHble 3HAYCHHUA IMapaMeTpa pa36poca 3aICPKKHA
Pa3zpemenne IMupuna IMupuna
IIpumeyanue
Yacrora Ycenosus Honspn- 110 BpEMEHH | NepeJaloliero | MpHeMHOro A B C -
(I'Tw) npuemMa 3anus 3a/1epPKKH Jy4da Jy4da (ae) | (me) | (me) n
A,B,C
(CO) (rpan.) (rpan.)
Kunoe \'A% 10 Bcenarmp. Bcenarmp. 20 70 150 -
[IOMELICHNE
CnyxebHoe \'AY% 10 Bcenarmp. Bcenarmp. 35 100 | 460 -
1,9 MOMEIICHNE
Iomemenne \'A" 10 Bcenarmp. Bcenarmp. 55 150 | 500 -
TOPTrOBOTO
Ha3HA4YCHHUS
TB-cTynns \'AY% 4,2 Bcenarmp. Bcenarmp. - 13 - ®
2,25
26
CiryxebHOe \'AY% 1,8 Bcenarp. Bcenarp. 8 11 12,5 O
MIOMEIICHHE
\'AY% 1,8 Bcenamp. Bcenarmp. 10,74 | 13,74 | 20,15 @
2,625 Kopunop \A% 1,8 Bceenamnp. Bceenamnp. 8,49 | 18,53 | 25,16 -
Kabuna \AY% 1,8 Bceenamnp. Bceenamnp. 7,98 | 11,89 | 14,47 -
camoiera
3aBoj \AY 1,8 Bceenamnp. Bceenamnp. 51,5 | 69,2 | 87,2 -
Kunoe \A% 10 Bcenamp. Bcenamp. 15 22 27 -
IIOMEIICHHE
CiryxebHOe \AY% 10 Bcenamp. Bceenamnp. 30 38 45 -
3,7 oMeleHue
Iomemenne \'A% 10 Bcenamp. Bcenamp. 105 145 170 -
TOPrOBOTO
Ha3HAYCHUS
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TABJIUIIA 7 (npooonoicenue)

13

Pa3zpemenne IMupuna IMupuna
IIpumeuanne
Yacrora Ycenosus Honspn- 110 BpEMEHH | NepeAaluiero | MpHEeMHOro A B C -
(I'Tw) npuemMa 3anus 3a1epPKKH Jy4da Jy4da (ue) | (me) | (me) n
A,B,C
(uc) (rpan.) (rpan.)
Kumnoe Vv 10 Bcenarmp. Bcenarmp. 17 23 30 -
MOMEILCHUE
CrnysxebHoe \AY 10 Bcenarmp. Bcenarmp. 38 60 110 -
52 TOMEIIEHNE
IMomemenne \AY 10 Bcenarmp. Bcenarmp. 135 190 205 -
TOPrOBOrO
Ha3HAYECHUSI
3aBoj \'A% 1 18 Bcenarmp. 2,9 49 16,7 G
12,65 7,5 21,6 26,4
14,15 KommbrotepHsrit \'AY% 1 18 Bcenarp. 1,2 2,8 8,7 ®)
KJ1acTep 7,6 14,3 22,9
Kopumop \'A% 1 Bcenarp. Bcenarp. 4.7 12,9 23,7 3
7,2 11,4 16,3
3ai 3acenaHuit AAY 1 Beenanp. Beenanp. 12,36 | 16,53 | 20,63 Cayuait LoS
14,9 KommbroTepHbIit \'AY 1 Bcenarp. Bcenarp. 53 20,5 | 33,5 ®
16,4 KJacTep 12,6 21,6 26,5
3aBoj AAY 1 Bcenarmp. Bcenarmp. 4.4 11,6 19,4 3
18,0 233 28,1
CuityxebHoe \'AY% 1 Bcenarp. Bcenarp. 9,7 17,5 255 3
MOMEIICHUE 12,3 17,8 232
Kopunop \A% 1 Bcenanp. Bcenanp. 38 11,9 19,8 @)
6,5 11,8 18,3
3ai 3acenaHuit A\AY 1 Beenanp. Beenanp. 12,16 | 18,73 | 23,56 Cayuait LoS
16,82— KommbroTepHbIit \'A% 1 Bcenarp. Bcenarp. 4,7 134 | 259 ®
18,32 KJacTep 13,3 21,3 26,3
3aBon \A% 1 Bcenanp. Bcenanp. 4,7 8,5 15,4 @)
17,5 22,9 28,9
CuityxebHoe 'A% 1 Bcenarp. Bcenarp. 9,9 18,5 249 3
MOMEIIICHUE 13,3 21,6 27,7
3aBoj \AY 0.5 18 Bcenanp. 4,9 7,7 12,1 S
5,1 17,2 29,8
KomrbroTepHblit \'A% 0.5 18 Bcenarmp. 0,9 14,8 26,2 G
KJacTep 8.4 16,9 23,1
Kopumop 'A% 1 Bcenarp. Bcenarp. 3,7 11,6 16,9 3
5,9 12,0 17,4
25,3— 3an 3aceanuii 'A% 1 Beenanp. Beenanp. 13,83 | 17,56 | 21,80 Cayuaii LoS
28,3
KowmmbrotepHsrit \'AY% 1 Bcenarp. Bcenarp. 6,5 17,0 29,3 G
KJacTep 13,1 16,7 23,6
3aBoj 'A% 1 Bcenarp. Bcenarp. 53 9,5 15,6 3
15,9 22,5 28,5
CayxebHoe \AY 1 Bcenanp. Bcenanp. 9.4 153 20,9 3
MOMEIICHHE 8,6 16,0 21,2
ITomemieHne AAY 2 60 Bcenarnp. 17 34 64 G.9)
28 TOPrOBOTO 36 65 86
Ha3HAYCHUS
KommbrotepHsrit Jsoiinas® 0,45 35 35 1,2 2,5 14 ®)
29,3 KIacrep
315 045 35 35 16 | 176 | 34 Y]
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TABJIUIIA 7 (oxonuanue)

Pa3zpemenne IMupuna Mupuna
IIpumeyanue
Yacrora Ycenosus Honspn- 10 BpEMEHH |mepeAalouero | mpueMHOro A B C -
(I'Tw) npuemMa 3anus 3a/1epPKKH Jy4da Jy4da (HC) (uC) (uc) n
A,B,C
(uC) (rpan.) (rpan.)
Kopuznop \'A% 0,67 Bcenanp. Bcenanp. 58 13,2 23,1 @)
4,0 13,2 19,8
3ai 3ace1aHui \'AY% 0,67 Beenamp. Beenamp. 10,84 | 1521 | 18,97 Crywaii LoS
36-40.5 KommbrotepHsrit \'AY% 0,67 Bcenarp. Bcenarp. 6,5 17,0 31,0 G
= Kiacrep 10,7 16,7 22,3
3aBoj \'A% 0,67 Bcenarmp. Bcenarmp. 5,8 93 14,5 3
15,7 19,8 25,2
CuityxebHoe 'A% 0,67 Bcenarp. Bcenarp. 5,6 9,7 17,1 3
MOMEIIICHUE 9,8 12,6 16,7
ITomernenne AYAY 2 40 Bcenarp. 4 26 55 (.5
38 TOPrOBOT0 42 69 82
Ha3HAYCHUS
KommbrotepHsrit VV/HH 0,5 56,3 18,4 0,69 0,96 2,89 ®)
KacTep 18,4 2,14 | 107 | 297 5.12)
CayxebHoe VV/HH 0,5 56,3 18,4 0,56 0,65 4,29 ©)
51-57 rmoMenienue/ 18,4 1,6 15,8 26,7 5,12)
KJaccHast
KOMHara
Kopunop VV/HH 0,5 56,3 18,4 0,54 0,72 1,34 ©)
18,4 0,81 8,9 44.6 G.12)
KomrbroTepHblit 'A% 0,22 15,4 15,4 1,0 5,2 10,6 ®
58,7— Karactep A% 0,9 15,4 2,2 1,2 12 37,5 ©)
63,1 CnyxebHoe 'A% 0,22 Beenamp. Beenamp. 0,68 1,7 4 (10)
©®
TOMCIHeHIE vV 0,22 Beenanp. Bcenanp. 045 | 1,77 | 52 an
Kopuop \'AY 0,5 Beenanp. Beenanp. 1,7 2,6 4,7 Crydaii LoS
3an 3aceanuii 'A% 0,5 Beenanp. Beenanp. 8,76 13,17 | 17,45 Crywai LoS
59,6— KommbrotepHsrit \'AY% 0,5 Bcenarp. Bcenarp. 2,5 6,8 16,4 Cryuaii LoS
65,6 Kiactep
3aBon \A% 0,5 Bcenanp. Bcenanp. 5,5 7,4 12,5 @)
5,5 11,6 21,7
CuityxebHoe \'A% 0,5 Bcenarp. Bcenarp. 5,1 8,7 20,9 3
MOMEIICHUE 35 10,1 17,9
KoMmbrotepHsiii VV/HH 0,5 40 14,4 0,36 | 0,57 2,4 )
Kiactep 14,4 1,1 10,9 | 28,1 ¢.12)
CnysxebHoe VV/HH 0,5 40 14,4 0,33 0,5 6,39 ©)
moMeIeHKe/ 14,4 1,59 | 126 | 259 .12
KJIaccHast ’ ’ ’ ’
KOMHaTa
Kopumop VV/HH 0,5 40 14,4 0,36 | 0,47 1,2 )
14,4 0,49 6,11 35,2 G.12)
3aBoz vV 0,5 18 Beenanp. 0,6 1,8 8,2 G3)
3,9 10,2 26,4
67-73 = (3.5)
KomnbroTepHslit \'A% 0,5 18 Bcenanp. 6,5 10,1 17,1 ’
KJ1actep 6,6 13,8 24,1
Kopunop \A% 0,5 Beenanp. Beenarnp. 1,7 7,6 14,9 Cryuaii LoS
3an 3acenanuit A\A% 0,5 Beenamp. Beenamp. 7,59 | 13,71 | 20,06 Cayuaii LoS
KoMIbloTepHBbIii VvV 0,5 Beenanp. Beenanp. 5,8 15,0 30,3 Cayuaii LoS
Kiactep
3aBojn vV 0,5 Bceenarp. Beenanp. 4,4 11,1 17,3 ®
6,2 14,7 22,8
CryxebHoe vV 0,5 Beenanp. Beenanp. 32 7,0 13,6 ®
MOMEIEHUE 5,9 9,1 16,8

>

>
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Ipumeyanus k mabauye 7

(M AHTEHHBI MepeaTINKa U MPUEMHHKA YCTAHOBIIEHBI HA BBICOTE MOTONKA 2,6 M.

@ AHTEHHBI MepeIaTINKa U MPUEMHUKA YCTAHOBIIEHBI HA yPOBHE CTONA HA BBICOTE 1,5 M.
) BepxHue U HIKXHWE 3HAYCHUS TIPECTABISIOT cinydaii LoS u NLoS COOTBETCTBEHHO.

@ Cpennee 3nauenue VV, VH, HV u HH.

& Topor 20 1B, © mopor 25 ab u  mopor 30 1b.

®  Topor 30 1B, MprEMHHUK HaTIpaBJeHa Ha TIEPEIATYHK.

© " Tlopor 20 1B, aHTEeHHA MEpeIATIMKA IOBOPAYMBAETCS HA 360°.

(10" Tlepenarunk u npuemHuK: nepenava Ha Teie — ua tene(!) u Ha Tene — BHe Tema.
(2 TIpuemuas anTeHHa Bpamanack Ha 360° maramu 1o 5 rpagycos. Kora mpuemMHas aHTEHHa HE HABEJICHA Ha TIEPEIaTIuK,
3HAYCHUE COOTBETCTBYET Pa3bpoOCy 3a/epIKKH, 3aBUCAIIEMY OT HANPABICHHS.

B npeaciax KOHKPETHOI'O 3JaHHA p336p0C 3aICPKKH, KaK IPaBUJIO, YBCIIMYMUBACTCA IPU YBCIMYCHUU
pacCToAHUsA MCXKAY QaHTCHHAMU HW, CJICAOBATCIIbBHO, IIPA BO3pPACTAHHMKU OCHOBHBIX IOTCPL IICpEAayvu.
UeM Ooubiire pacCToAHUC MCKAY aHTCHHAMH, TCM Oomblie BCPOATHOCTH TOr'0, YTO Ha TpPacCC BO3HHUKHYT
MNpenATCTBUA U YTO HpI/IHI/IMaeMBIf/’I CUTHAJI 6y,J_IeT LEINKOM COCTOATH U3 pACCCIHHBIX CUTHAJIOB.

CpennekBaapaTHUHBIA pa3Opoc 3afepkXkd S B TrpyOOM NOpUOMIKEHHHM NPONOPUHOHANEH IJIOMIAAN
MOBEPXHOCTH 10J1a Fs M onpeAessieTcsl ypaBHEeHHEM (4):

10 log S =2,3 log(Fy) + 11,0, )
rac CANHUIBI F\' nu S BBIPA’KCHBI COOTBCTCTBCHHO B M2 " HC.

DTO ypaBHEHHE OCHOBAHO Ha U3MEpeHUsX B quana3zoHe 2 ['T'1y anst pa3nuyHbIX TUIOB MOMEIICHUH, TAKUX KaK
CITy>)kKeOHBIC TTOMEIICHIS, BECTUOIONIA, KOPUIOPHI U TUMHACTUYECKHE 3aIbl. MaKkCUMalIbHAsS TIIOMIAb MOJa
JUISL IPOBEIEHUS M3MepeHus coctapsna 1000 m*. MemanHOe 3HaYEHNE MOTPEITHOCTH OLEHKH COCTABIISET —
1,6 Hc, a crangapTHOE OTKIOHEHUE 24,3 He.

Ecmu pa3bpoc 3anmepxkku S mpeacraBieH B 1b, TO cTaHAapTHOE OTKIIOHCHHE S ONPENeNsIeTcs B IUara3oHe
ot npumepHo 0,7 nb no 1,2 nb.

4.4 CraTHcTHKa H30MPATEJTBHOCTH 10 YACTOTE

MHorory4eBoe pacnpocTpaHeHrne 00yCIIOBIMBAECT H30MPATENBLHOCTD 10 YacToTe. CTeneHb H30UpaTenbHOCTH
10 YaCTOTE XapaKTEepU3yeTCsl KOTEPEHTHOM MOI0CON NMPOIYyCKaHUs, CpeAHEN IMPUHON MTOJIOCHI 3aMUpaHUS U
4acTOTOH MepeceueHust ypOoBHSI, Kak moapoOHo onucano B Pekomengannu MC3-R P.1407. 3nauenus cpeaneit
HIMPUHBI NOJIOCH 3aMUpaHus, KOTOpbIE OKa3aJMCh HIKE Mopora 6 n1b mo pesynbraTaM U3MEPEHHI BHYTpH
MOMEIICHHUH, TPEeACTaBISIOMNX Ja00paTOpHIo U ciy)eOHoe nmomenienue B nojoce 2,38 I'T'u, u TB-ctyauto B
nonoce 2,251Tu, cocraBmsitor 27% u 21% coorBercTBeHHO. COOTBETCTBYIOIIME 3HAYEHUS YaCTOTHI
nepeceueHus ypoBHs coctaBisitor 0,12 Ha MI'n u 0,24 na MI'w.

4.5 Mogenu, y4UTHIBAKOIIHE 0COOEHHOCTH MECTOIOJIOKEHH I

B 1O BpeMsi Kak CTaTUCTUYECKHME MOJIECIM BEChbMa IOJIE3HBI B KAYECTBE PYKOBOJCTBA MpPH IJIAHUPOBAHUU,
JCTEPMUHUPOBAHHBIC (MM YYUTHIBAIOIINE OCOOCHHOCTH MECTOIIOJIOKEHHUSI) MOJIEIA OCOOCHHO IEHHBI IS
TeX, KTO 3aHUMAaeTcs MPOEKTUPOBaHUEM cHCTeM. MOXKHO BBIJCIUTh HECKOJIBKO METOJOB pa3pabOTKH
JETePMUHUPOBAHHBIX MoJeNell pacnpeneneHus. s nmpuMeHeHn BHYTPHU TOMEIICHUH ObLTH WU3YYCHBI, B
YaCTHOCTH, METOJ KOHEYHBIX pa3HocTed Bo BpeMeHHOM oOmactu (FDTD) m merox, OCHOBaHHBIH Ha
TeOMETPUYECKON ONTHKE. MeTo reoMeTpUIecKol onTuKU Oosiee 3PPEKTHBEH B OTHOIICHUU BBIYMCICHUIA,
yem FDTD.

B METOAC, OCHOBAHHOM Ha FeOMeTpH‘IeCKOﬁ OITUKE, CYHICCTBYIOT IBA OCHOBHBIX MMOAXO0AAa — UCII0JIb30BAHUC
H306pa)KeHI/Iﬁ n B036Y)K)_ICHI/IC JIy4a. B METOALC I/1306pa)KeHI/Iﬁ HCIOJIb3YIOTCA I/I306pa)KCHI/I$I MNpUEMHHKA I10
OTHOLICHUTIO KO BCEM OTpaKaroUuM MMOBCPXHOCTAM 0pr>1<afomeﬁ CpCabl. PaccunrrsiBarorcs KOOPANHATHI BCCX
I/1306pa)KCHI/Iﬁ, a 3aTCM OIPCACIAOTCA TPACKTOPUHN nyqeﬁ 10 HAITPaBJICHUIO K 3TUM I/I306pa)KCHI/I$IM.
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HOZ[XOZ[ (¢ B036Y)KI[6HI/ICM JIy4da mnpearnoJjaract paBHOMCPHOC paClpCACIICHUC psAaa BO36y>K,Z[eHHBIX nyqeﬁ B
MMPOCTPAaHCTBC BOKPYT nepenaromeﬁ AHTCHHBI. TpaeKTOpI/IH KaX0ro Jyda IIpoCIC)KUBACTCA A0 TEX MOp, MMOKa
OH HC NOCTUTHET NPHUEMHHUKA WJIM €TO aMIUIUTYJla HC YIIAACT HUKC 3aITaHHOI'0 YPOBHA. CpaBHeHI/Ie noaxonaa C
B036Y)KZ[CHI/ICM Jydya 1 noaxoaa € HMCIOJb30BaHUCM I/1306pa)KeHI/H>’I IIOKa3bIBA€T, YTO HepBBIﬁ METO Ooiee
FI/I6KI/H>’I, IMOCKOJIbKY I[I/I(l)paFI/IPOBaHHBIe 1 PACCCAHHBIC JIYUYU MOKHO pacCMarpuBaTb BMCECTC C 3CPKAJIIBLHO
OTpa’KCHHBIMU. I[aﬂee, HCIIOJIB3Yd MCETOJ pAaCHICIVICHUSA JyYa UJIN BapI/IaLII/IOHHBIf/i MCTOJ, MOKHO COKPATHUTH
BpeMs pacCy€TOB, COXpPAHUB IMPU 3TOM Tpe6yeMoe pa3peuIcHuc. MCTOZ[ BO36y>K}1€HI/I$[ Jiyda NOoAXOAUT IJIsL
MMPOrHO3UPOBAHUA PIMHy.TII:CHOﬁ XapaKTCPUCTUKMU KaHaJla, 06CJ'Iy>KI/IBaIOH_[eFO 06H_II/IpHYIO 30HY, TOrJa Kak
METO I/1306pa)KCHI/II>i XOopoul JJ1s ITPOrH030B B CJIy4dac CBA3U MYHKTA C ITYHKTOM.

JleTepMHMHMPOBaHHBIE MOJIENN, KaK MIPaBUJIO, OCHOBAHBI Ha Psi/ie MPETOI0KEHUH O BIUSIHUN CTPOUTEIBHBIX
MaTepHajloB 3/aHHS Ha XapaKTepHUCTUKU PaclpoCTpaHEeHHs Ha paccmarpuBaeMoi yactore. (Cm. myHKT 7
0 CBOWCTBaX CTPOUTENBHBIX MaTepHajIoB.) MoJesb, yUUTHIBAIOIIAs OCOOCHHOCTH MECTOIOIOKEHHS, TOTKHA
YUUTBIBATh U TEOMETPHUIO IOMELICHHs, OTpakeHue, AU(QPaKkuuio, W IepeAady CHrHaja yepe3 CTEHBI.
HMnynbcHYI0 XapakTepUCTHKY B 331aHHON TOUKE MOXKHO MPEICTaBUTh CIEAYIOMINM 00pa3oM:

N M,, M,, 1 )
W)=Y | T x[ ]2 | = e -8-1,) |, )
n=1 u=1 v=1

P

rae:
h(f): WMIyJIbCHAs XapaKTEePUCTHKA;
N: 4HCIO MaJaIoIIUX JIydei;
M, ©  4HCIO OTpaXeHUH 1-TO JIy4a;
M, © 4HCIO MPOHUKHOBEHUH K-TO JIy4a;
I  xoddduumerT oTpakeHus 7-ro JIyda OT U-i CTEHBI;
P, Ko3(hOUIHMEHT MIPOHUKHOBEHUS 1-TO Jyda Yepe3 V-I0 CTeHY;
F»:  JJIMHA TPAcChl n-TO JyYa;
T, :  3aAepKKa n-ro Jyya.

Tpaexkropun Jnydel, OTpak€HHBIX OT CTEH W JAPYIMX IIOBEPXHOCTEH WIM MPOHUKIIUX CKBO3b HHX,
paccUMTHIBAIOTCA C MOMOUIbI0 ypaBHeHuN @penend. CienoBarenbHO, KOMIUIEKCHAs AMAJIEKTpUYECKas
MPOHHUILIAEMOCTh CTPOUTENBHBIX MAaTEPUANIOB 3JaHMS OJDKHA OBITH MCXOAHBIM MapaMeTpoM. M3MepeHHbIe
3HAYEHUS JUAIEKTPUIECKON TPOHUIIAEMOCTH HEKOTOPBIX CTPOUTENIBHBIX MATEPHUAJIOB IIPUBEICHBI B ITYHKTE 7.

Jl1g afeKBaTHOTO ONMCaHMs MPUHUMAEMOT0 CUTHAJIA, B MOJIENb, TIOMUMO OTPaXEHHBIX U MPOHUKIINX CKBO3b
CTEHY JIy4eH, KOTOpble MPUCYTCTBYIOT B ypaBHEHUH (5), JODKHBI OBITH BKJIIOUCHBI NU(PpardupoBaHHbBIE U
paccesiHHbIC JTy4d. B 4acTHOCTH 3TO OTHOCHTCS K CIIydaro paboThl B TAKUX MOMEIIEHHSIX, KaK KOPUIOPBHL, I'1Iie
HUMEIOTCSl YTJIBL, U B JIPYTUX aHAJOTWYHBIX YCJIOBHSX pacmpoctpaHeHus. s pacdera audparupoBaHHBIX
JTy4deld MOXKHO HCIOJIB30BaTh OAHOPOIHYIO Teoputo mudpakmuu (UTD).

5 Baunsiaue mossipusanuu

B YCIIOBUAX IpUEMa BHYTpHU HOMCH_ICHI/Iﬁ CyHIECTBYCT HC TOJIbKO IpsAMaAd TpacCa PaCIIPOCTPAHCHUA MCKAY
nepeaaTimukoM W IMPUEMHUKOM, HO TaKKC€ W TpacChl OTPAKCHHBIX U }_II/I(i)paFI/IPOBaHHBIX nyqeﬁ.
OTpa)KaTCJ'IBHI)IC CBOMCTBa CTPOUTCIBbHBIX MATCPHUATIOB 3aBUCAT OT MOJJApU3ALUHA, yTJia MMaJCHUSA BOJIHBI U
KOMILICKCHOM I[I/IBJICKTpPI‘ICCKOﬁ MNPOHUIACMOCTH MATCpUuaioB, 4YTO OTPAKCHO B (1)opMyne OTpaXCHU
d)peHeJm. Vsl MMpuxoJa MHOTI'OJIYYCBbIX COCTABIIAIOIINX PACIPCACTAIOTCA B 3aBUCHUMOCTHU OT CTPYKTYPBI
3AaHUusA KW MCCTOIIOJIOKCHUSA NepCAaTiIMKa W IMPUCMHUKA. CJ'IC}_IOBaTCJ'IBHO, BUJ TOJIApU3allMU MOXKET
CYHICCTBCHHO BJIMATH HA XAPAKTCPUCTUKU PACIPOCTPAHCHUA BHYTPU ITOMCIHICHHA.
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5.1 PacnipocTpanenne B npenesax npsiMmoil BUIMMOCTH

5.1.1 Pa30poc 3aaep:Rku

[lpunsATO cumrtarth, 4TO I KaHaitoB mIpsmMod BuammocTH (LoS) HampaBieHHbIE aHTEHHBI YMEHBIIAIOT
CpelHEKBaIpaTUYHOE 3HAYCHHE paz0Opoca 3aJEPKKU MO CPAaBHEHUIO C BCEHANPABICHHBIMH M YTO KPYroBas
nonsipusanyst (CP) Taxoke yMeHbIIAeT MX 1O CpaBHEHUIO ¢ MHelHon nonspuzanueii (LP). CrenoBarensHo, B
JaHHOM Ccllyyae HampaBjCHHas aHTEHHAa C KPYTOBOM MOJSpU3AlMEeld MOXET CIyKUTbh 3(deKkTuBHBIM
CpEeACTBOM YMEHbBILICHHS pa30poca 3aAep>KKH.

OCHOBHO#1 MEXaHW3M 3aBUCUMOCTH 33JICPKKHU OT MOJIIPU3AINH, MOXKET OBITh CBSI3aH ¢ TeM (DaKTOM, 4TO KOT/ia
CUTHAJI C KPYTrOBOM MOJSIpU3alleil MagaeT Ha OTPaKAIOLIyH0 MOBEPXHOCTh IMOJ YIJIOM, MEHBIIUM yTia
Bproctepa, 0OBIYHOE HampaBICHHE OTPAXKEHHOTO Jiyda KPYroBOH MOJSpU3allMd MEHsSeTCs Ha oOpaTHoe.
W3MmeHenune HampaBlieHus Jiy4a ¢ KpyroBO# moJsipu3anueii Ha 00paTHOe MU KaXKIOM OTPaKEHUH O03HAJaeT,
YTO TMPUXOJAUINE TMOCIAE OJHOKPATHOTO OTPa)KEHUS MHOTOIYYEBBIE COCTABJSIOIIUE OPTOTOHAIBHO
MOJISIPU30BAHBI IO OTHOIICHUIO K KOMITIOHEHTE LoS; 3T0 MO3BOJIAET UCKIIOYUTH 3HAYUTENBHYIO YaCTh TOMEX,
00yCIIOBIIGHHBIX MHOTOJIYY€BOCTHIO. J[aHHOE sIBIIEHWME HE 3aBUCUT OT YacTOTHI, YTO OBUIO TPEICKa3aHO
TEOPETUYECKA M TOATBEPKACHO SKCHEPUMEHTAMU IO paCHpOCTPaHEHUIO, MPOBEACHHBIMH BHYTPHU
noMenieHuil B auanazone vactot 1,3—60 I'Tn. JlanHoe yTBep:kKI€HUE CIPaBEIMBO KaK Ui CUCTEM CBSI3U
BHYTPHU MOMEIICHUS, TaK U JUIsI HAPY>KHBIX cucTeM. [I0CKOJBKY Al BCEX CYIIECTBYIOUIMX CTPOUTEIbHBIX
MarepuaiioB yroia bproctepa mpeBsimaer 45 rpagycoB, MHOTOIY4YE€BOCTh 32 CUET OJHOKPATHOI'O OTPAXKEHUS
(TO ecTh OCHOBHOI MCTOYHHMK MHOTOIYYEBBIX COCTABISIONNX) 3(()EKTUBHO MOAABISAETCS B OOJBIIMHCTBE
MTOMEIIEHII He3aBUCUMO OT XapaKkTepa HHTEepPhepa U KOHCTPYKTUBHBIX MaTepPHAJIOB TOMeleHus. Bo3moxkHOe
WCKITIOYEHHE COCTABIIOT TIOMEIICHUS, TaKhe KaK JJIMHHBIE KOPHUIOPHI, B KOTOPHIX OYEHBb OOJBIIME YIIIBI
MajeHus JOMWUHUPYIOT HaJ MHOTOJIy4eBOCTHIO. VI3MeHeHwe CpemHeKBaApaTHIHOTO 3HA4YeHHs pa3dpoca
3aJIepKKN Ha JTUHHSIX TOJBIKHON CBS3HM TAaK)KE YMEHBIIAETCs, KOTJa UCTIONB3YIOTCS aHTEHHBI C KPyroBOH
nojsipu3anueil.

5.1.2  CreneHns u3bupaTeJbHOCTH 10 Kpoccnoaspusamnu (XPR)

KomnoneHnTsl curHana, oOycJOBJICHHBIE KpPOCCHOJSpH3aLMel, BO3HUKAIOT B PE3yJlbTaTe OTPAXEHUS U
mudpakaun.  OOMIEU3BECTHO, YTO XapaKTEPUCTUKA KOPPEJSLIUM 3aMHpPaHUH MEXAy OPTOrOHAJIBHO
MOJISIPU30BAHHBIMU aHTCHHAMH HMMeEET OYeHb HU3KUN KodduuueHT Koppemsiuuu. PaspaboTaHbl MeTOABI
pasHeceH s M0 MOISAPU3ALUHI U CUCTEMBI C MHOT'OKaHAJIbHBIM BX0Z0M/MHOTOKaHAIBHBIM BeIXx00M (MIMO) ¢
OPTOTOHAJIBHO MOJISIPU30BAaHHBIMU AHTEHHAMH, B KOTOPBIX HCIOJIB3YETCSA 3Ta XapaKTePHCTUKA 3aMHUPAHHUM.
Hcnonp3oBanne MeToAa pa3sHECEHHs IO IMOJAPU3aLUU SBJSIETCS OJHMM M3 PELICHUH A yBEIWYCHUS
MOIIHOCTH TNPHUHUMAeMOro CHIHaja, a JeHCTBUE MeToJa B 3HAYMTENbHOW CTENEHHM 3aBUCHT OT
xapakrepuctukn XPR. Kpome Toro, eMkocTh KaHama MOXET OBITh YBEIWYEHA COOTBETCTBYIOIIUM
WCIIONTb30BaHNEM KOMIIOHEHTOB Kpoccroisipu3anuu B cucreMax MIMO. Takum o6pa3om, Ka4ecTBO CBS3H
MOXXeT ObITh ymydimeHo myTeM d(GQGEeKTUBHOTO  HWCHOJIB30BaHHWS WHGPOPMAIMM  OTHOCHTEIHHO
KPOCCIIOJIIPU30BaHHbBIX BOJIH B OECIIPOBOJHOM cucTeMe.

B tabmuiie 8 mpencraBieHbl pe3yibTaThl M3MEPEHWH Uil MeAuaHel W cpeaHero 3HaueHuss XPR s
BCEX YCIIOBUH.
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TABJINIIA 8

IIpumepsl 3Ha4enunii XPR

Hacrora YciaoBus Kondurypanus anTeHHbI XPR 3ameuanus
(') ypat (B)
Cryuaii 1 JlaHHBIE OTCYTCTBYIOT
CryxebHoe Cryyait 2 6,39 (mepmana)
6,55 (cpemHee 3HaUCHUE)
MIOMeIIeHHE
Cotyuaii 3 4,74 (memuana)

4,38 (cpennee 3HaYCHUE)
5,2 N3mepenue
8,36 (Meanana)

Coyuait 1 7,83 (cpemHee 3HaUCHUE)
3ai 3acenaHuii . 6,68 (Menrana)

Cayuait 2 6,33 (cpemHee 3HaUCHUE)

Ciyuaii 3 JlaHHBIE OTCYTCTBYIOT

Cnyqaﬁ 1. Hepe,uafomaﬂ 1 MIPpUCMHAA dHTCHHBI YCTAHOBJICHBI Ha BBICOTC, HpeBBIHIaIOHICﬁ BBICOTY HpeHHTCTBHﬁ.

Cnyqaﬁ 2. Hepe,uafomaﬂ AHTCHHA YCTAHOBJICHA HA BBICOTC, HpeBBIHIaIOHICﬁ BBICOTY HpeHHTCTBHﬁ, a [mprueMHas
AHTCHHA YCTAHOBJICHA HA BBICOTC, COOTBeTCTByIOHIGﬁ BBICOTEC HpeHHTCTBHﬁ.

Cnyqaﬁ 3. Hepe,uafomaﬂ 1 MPpUCMHAA aHTCHHBI YCTAHOBJICHBI Ha BBICOTC, COOTBGTCTByIOHIeﬁ BBICOTC HpeHHTCTBHﬁ.

5.2 IIpensitcTBUSA Ha Tpacce

Ecin Ha mpsiMoii Tpacce MMEIOTCS MPENSTCTBHsI, 3aBHUCUMOCTh pa3dpoca 3aJCpKKH OT TMOJISPU3AIUN U
HaIPaBICHHOCTH aHTEHHBI MOKET OKa3aThCs OoJiee CIOKHOMN, YeM JUIsS Tpacc MpsiMOd BuauMocTh. MiMerorcs
HEMHOTOUYUCJICHHBIE PE3yNbTaThl HKCIIEPUMEHTOB Ha Tpaccax C MpensaTcTBUsIMH. Bmecte ¢ TeMm
SKCIIEPUMEHTAIBHBIA pPE3yJbTaT, MONy4YeHHBIH Ha yactore 2,4 'Th, NO3BOISET MPEANONOKUTH, YTO
3aBHCHMOCTH pa30opoca 3aJepKKH OT MOJIIPU3AINH U HAITPABJICHHOCTU aHTEHHBI [Tl TPACC C IPEHSATCTBHSIMH
uMeeT OoJiee CIOXKHBIM XapakTep, 4YeM s Tpacc MpsMoi BuguMmoctu. Hampumep, coderanue
BCCHAMPABJICHHON TOPU30HTAIBHO MOJISPU30BAHHOM AHTEHHBI NepeJaTidka W HalpaBlICHHON aHTCHHBI
MPUEMHUKA C KPYTrOBOW TMOJIApU3aIleil NTaeT HaWMEHBIee 3HAYCHHE CPEAHEKBAIPATUYHOTO pa3dpoca
3aJIepKKH U HAMMEHbIIIee MaKCUMAIBHOE 3HaUYeHNE H30BITOYHON 33IePIKKH Ha TPAcCce C MPEMSITCTBUSIMHU.

5.3 Opuenranus MOOWJIBHOTO TEPMHUHAJIA

B cpene mpuema Ha nmopTaTuBHBIE PAIMOYCTPOMCTBA OCHOBHBIMUA MEXaHU3MaMU PACIIPOCTPAHEHUS CUTHAJA
SIBJISIIOTCSL €0 OTpakeHue U paccestHue. [lonmspusauus mepeaaBaeMoro CUrHaja B pe3ysbTaTe paccestHus
SHEPTUM YacTo MpeoOpa3yercs B OpPTOTOHAIBHYIO. B ATHX yCIOBHSX BO3HHKHOBEHHE CBS3H 33 CYET
KpPOCCHOJISIPU3aLUK YBEIUYUBACT BEPOSATHOCTh TOTO, YTO YPOBHU IMPUHUMAEMBIX CUTHAJIOB C MOPTATUBHBIX
PaaroOCTaHIINN, OPUEHTHPOBAHHBIX CITyYaiiHBIM 00pa30oM, OKaXyTCsl OIMHAKOBBIMU. VI3MepeHre CBsI3U 3a CUeT
KpOCCHOJISIpU3alluy, IpoBeaeHHOE Ha yacToTe 8§16 MI'1, mokasano BBICOKYIO CTEIEHb TaKOM CBS3H.

6 Bausinue AMarpaMMbl HANIPABJICHHOCTH AaHTCHHbI

Osxupgaercs, 4To B palioCUCTEMax, padOTaIOLIMX B IHara30He MUUTUMETPOBBIX BOJIH, OYAYT HCIIOIB30BATHCS
HampaBJICHHbIC AHTEHHBI W/HIIM pa3iMYHble METOAbI (POPMHUPOBAHHS JIyda C MCIOIB30BAaHUEM HECKOJIBKHUX
AQHTEHHBIX PELIETOK AJIS IPEOJOJIEHNSI OTHOCUTENIBHO BBICOKMX OCHOBHBIX IOTEPH NEPEAAYN H YCTAaHOBIICHUS
HAJKHBIX JMHUNA CBs3M. HeoOXoOuMoO M3Yy4WTh BIMSHHME IIUPUHBI Jydya aHTCHHBI Ha XapaKTEPHCTHKH
pacipocTpaHeHus paAnOBOJH.
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6.1 IHoTepn npuHUMaeMoOi MOITHOCTH B 3ABMCHMOCTH OT INHPHHBI JIy4a HANIPABJIEHHOH aHTEHHBI

HpI/I MMpUueMe CUTHAJIOB Ha aHTCHHY, JIY4 KOTOpOfI HUMECT OIPEACIICHHYIO IIUPHUHY, KOJIMYECCTBO KOMIIOHCHTOB
MHOT'0JTYy4YC€BOI'O CMTHa/Ia YMCHBIIACTCA IO CPABHCHUTIO C CUTHAJIOM Ha BCCHaHpaBJ'IeHHOﬁ HpHeMHOﬁ AHTCHHC.
910 MNPpUBOAUT K JOIMMOJTHUTCIBHBIM ITOTEPSAM MOIMIHOCTH, KOTOPBIC MOKHO paCcCUUTATh CICAYIOINUM 06p330M2

Lbeamforming(d’ £ W¢) = [°™i(d, f) + AL(W¢.) (ab), (6)

rae L™ — o3HauaeT OCHOBHBIC TIOTEPH TepeIaul B CIyvae BCCHANPABICHHOW aHTCHHBI B ypaBHeHuH (1), a
AL paccuMThIBaCTCS CIEIYIONM 00pa3oMm:

AL(Wy) =1 (Wiq)_ o) 107 < W <3607 ()

rie Wy — mmpuna syda no ypoBHIO mojoBuHHOW MommHoctd (HPBW) HampasieHHOW aHTEHHBI

(popmupoBanue nyua). B Tabnune 9 npuBeneHsl 3HaYEHUS 1), MOJYYEHHBIE MPU M3MEPEHUSAX Ha YacTOTax
28 ITuu 38 I'T'y B ycnnoBHUsX BHYTPH MOMEIIEHUS TOPTOBOI'O Ha3HAYEHUS.

TABJINIIA 9

IocTosiHHAsS 1| A1 TOMOJIHUTENBHBIX NOTEPb MOITHOCTH
B 3aBHCHMOCTH OT INMPUHDI JIy4a W, npu popmupoBanuu jiy4ya

YcaoBus Yacrora (I'T'w) Tun Jauauu n
’8 LoS 28,46
Hovmewenne NLoS 70,54
TOPrOBOTO
Ha3HAYCHUSA 38 LoS 26,66
NLoS 76,77
6.2 XapakTepucTHKH pa3dpoca 3a/iep:KKH U YIJI0BOro pa3dpoca

[TockonbKy MHOTOJTyY€eBbIE COCTABIISAIOIME PACTIPOCTPAHEHHUS pacipeIesieHbI B 3aBUCUMOCTH OT yTJIa IPUX0/a,
9TH COCTABIIAIOLIME 32 TpeleflaMy IIMPUHBI JTyda aHTEHHBI TTOIBEPraloTCsl NPOCTPAHCTBEHHOH (HIBTpaluy 3a
CUET HWCIOJB30BaHUS HANpaBICHHOW AHTEHHBI, TaK YTO pa30poc 3aJepKKM M YIJIOBOH pPa3Opoc MOXKHO
yYMEHBLINTh. M3MepeHne napaMeTpoB paclipoCTpaHEHHsI BHYTPU MOMEIEHNS, a TaKKe UMHTaLMs TPacKTOpUil
myda Ha yactote 60 [T mpu ucnonbp30BaHNM BCEHANPABIEHHOM MEpENaroIell aHTEHHBI U TPUEMHBIX aHTECHH
YeThIpEX PA3IMYHBIX TUIOB (BCEHANPABJICHHAs, C IIMPOKUM JIy4OM, CTaHIapTHAS PYTIOPHAsl U C Y3KUM JIy4OM),
HaIpaBJIECHHBIX B CTOPOHY MEPEIAOIIEH aHTEHHBI, TOKa3bIBAIOT, YTO [TOJIABJIIEHHE COCTABIIAIONINX C 3a€PHKKOH
s¢peKTUBHEE OCYIIECTBISIETCS C TIOMOIIBIO OoJiee y3KMX 3HaYCHUH MMpUHBI Jiyda. B Tabmuue 10 npuBeneH
IpUMep 3aBUCHMOCTH CTAaTUYECKOTO CPEAHEKBAIpaTHUYHOTO pa3dpoca 3aJepKKd TNPH  HCHOJIb30BAaHUHU
HaMpaBICHHOCTH aHTEHHBI, HE MPEBBIIAEMbIX Ha ypoBHE 90-H MpPOIEHTWIN, MOMYyYEHHBIH B pE3yNbTaTe
UMHTAIMK TpaekTopuil my4ya Ha yactote 60 [T B mycTtoMm ciyxeOHOM NMoMemeHn:. MO)KHO 3aMETHTh, Y4TO
YMEHBILICHHE CPEOHEKBAAPATHYHOTO 3HAUYEHHsA pa30poca 3aJepiKKW HE BCET/Aa SBISIETCS >KENATEIbHBIM,
MTOCKOJIBKY IIPY 3TOM MOT'YT YBEITHUYMBATHCS AMHAMHUYECKHE TUaNa30Hbl 3aMUPaHUi IIMPOKOIOIOCHOTO CUTHAIA
B pe3yIbTaTe HEJOCTATOYHOIO pa3HECEHUs MO0 yacToTe. KpoMe Toro, MOXKHO 3aMETHTb, YTO HEKOTOPBIE CXEMBI
nepeady CHOoNb3YIOT MPEUMYILECTBA MHOTOJTyYEBOIO paclipOCTPaHEHUSL.
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TABJINIA 10
IMIpuMep 3aBUCHMOCTH CTATHYECKOI0 CPEIHEKBAAPATHYHOI0 3HAYEHUS
pa3dpoca 3a/1ep:KKH 0T HANIPABJIEHHOCTH AHTEHHbI
CraTtnueckoe
Mupuna ayua CpeIHeKBA/IPaTHIHOE Pasmep
Yacrorta AHTeHHA AHTEHHBI 3HaYeHue pa3dopoca
(I'Tw) nepeJaT4nka NPHEMHHKA 3aJePKKH ToMEIICHITs 3ameuanus
(rpan.) (90-1 npoUEeHTWJIb) ()
(ne)
BcenanpasnenHas 17 13,5%x7,8 Tpaexropus
60 16 IMycroe Tyuent
ciry>xeOHOe
10 S TIOMEIICHNE
5 1
60 BcenanpasnenHas
BcenanpasnenHas 22 13,0 x 8,6 Tpaekropus
60 71 IMycroe JTyuent
ciry>xeOHOe BHE ITPSIMO
10 10 IIOMeIIeHn e BUJMOCTH
5 6

MeTopI IPOTHO3UPOBAHUS 3a/ICPKKH U YTIIOBOTO pa3dpoca B 3aBUCHMOCTH OT IIMPUHBI JIyda aHTCHHBI ObLTH
pa3paboTaHbl Ha OCHOBE M3MEPCHUH, MPOBEJCHHBIX B THIIOBOHM Cpesie CIIy)KeOHOTO MOMEIICHHSI, KOPHUI0pa,
neHTpa oopabotku manubx (ILIO/]) u ToproBoro nomerieHus Ha yactorax 28; 28,5; 38; 60 u 83,5 I'Tn. dns
MOJIyYCHHUST XapaKTEPUCTUK MHOTOJIYYCBOI'O PACIPOCTPAHCHUS PAJMOBOJH U y3KO- M IIMPOKOIYYECBBIX
AHTCHH TIPOBOJIMJIOCH COTIOCTABJICHUE MMITYJIBCHBIX XapaKTEPUCTUK KaHala, COOPAaHHBIX C MCIOIh30BAaHUEM
pEIISTKH PYMOPHBIX aHTEHH WM MyTeM IOBOPOTA Y3KOJIYYCBOW PYIOPHONH AaHTEHHBI, C JAHHBIMHU I10
MOIIHOCTH, 3a/ICPKKE U yTIIy.

CpenHekBaapaTHUHBIN pa3dpoc 3aaepKu DS 3aBUCHT OT IUPUHBI JIy4a M0 YPOBHIO MOJIOBUHHON MOIIHOCTH
aHTeHHHI O (rpan.):

DS(0) = a x log,, 0 HC, (8)

rae o — Ko3(QQULIUEHT CpeAHEKBaApaTHYHOTO paz0poca 3alepKKW, a AWana3oH 3HaueHWi 0 cocraBisieT
1°<6<360°. Brabnuue 11 mpuBeAeHB THUIIOBBIC 3HAYEHUS S3THX KOIP(GUIMEHTOB M CTaHIAPTHOTO
OTKJIOHEHHSI G, TOJYYCHHBIE NPH BceX ycioBusAxX usMepenus. Kospdumuentsl paszdpoca 3amepxKu
COOTBETCTBYIOT CIyd4asM, KOT/Ia aHTCHHBI HAIpPaBJICHBI TaK, YTOOBI MOJIYYHUTh MAaKCHMAaJbHYIO MOIIHOCThH
MIpHeMa COOTBETCTBEHHO B cuTyanusax LoS u NLoS.
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TABJIMIIA 11
Tunosslie k03¢ PpUIHEHTHI CPeTHEKBAAPATHYHOI0 pa3dpoca 3aJepPKKH
Ko3¢punmneHTsi
cpeaHe-
YcaoBust U3MeEpeHust KBaJIpaTUYHOIO
pa3opoca
3a/1ePKKH
Hupuna Hupuna
f Ycaosust Cuenapmit I b2 Paccrosnue nepgl};:smeﬁ anl;Z:a?loﬁ a °
(FFII) (M) (M) (M) AHTCHHbI AHTCHHbI (HC)
(rpaxn.) (rpaxa.)
HKenesromopoKHmas LoS 2 80 8,25M 16,11
CTaHIuA NLoS 37,540 | 27,22
28 8 1,5 60 10®
LoS 7,531 15,98
3pmanue asporopra 8-200
NLoS 63,90 96,57
Caryxeonoe LoS 3,5-15 1,33 0,22
MIOMETIICHIE
28,5 LoS 2,5 1,6 6—159 BCCHaHp. 454 3.96 3.02
Kopunop
NLoS 13-37 1,02 0,31
JKenesnonopoxunas LoS 280 4,18 4,33
CTaHOMA NLoS 24,850 28,48
8 1,5 40 10®
LoS 4,460 14,13
38 3manue a3pomnopTa 8-200
NLoS 54,54 80,72
CiyxebHOE LoS 55 = 704 B 10® 1,160 12
TOMEIIEHHe NLoS ’ ’ h ceanp. 15,130 | 218
Caryebiioe LoS 3,5-15 1,67 1,10
MOMETIICHIE
60,5 Kopizop LoS 25 1.6 11-159 180®@ 22,50 1,20 8,44
NLoS 13-37 1,38 0,60
nona LoS 2,2 2,2 4-14,5 1,86 0,95
CayxebHoe
HOMeIIeHHe LoS 3,5-15 2,79 0,91
83,5 LoS 2,5 1,6 6-159 Bcenamp. 454 444 121
Kopuzop - -
NLoS 13-37 3,01 1,19

() 3pauenue felicTBUTENBHO, KOTA qUana3oH O coctapnser 10°< 0 <120°.

@ B u3MepeHnsx UCTIOJB30BANACK PEIIETKA W3 BOCHMH PYTIOPHBIX aHTEHH, IMPHUHA JIyda 0 a3UMYTY KaXkIOH U3 HUX COCTABISUIA
22,5°.

®) Pynopnas aHTeHHA ¢ MMPHHOM y4a 10° MOBOpavMBaIack Ha MPHEMHHUKE Ha 360°.
@ B mpueMHHKE MCTIONB30BATACH PENMIETKA U3 16 PYMOPHBIX AHTEHH, NIMPHHA JIyda 110 a3UMyTy KaXKIOW U3 HUX COCTaBsuIa 45°.

©®) B mpueMHHKE HCTIONB30BATACH PENIETKA W3 16 PYMOPHBIX aHTEHH, ITUPHHA JTyda 110 a3UMyTy KakIOH U3 HUX cocTasisia 22,5°.

CpeaHekBaapaTHUHBINA pa3dopoc 1Mo yriry AS 3aBUCHT OT HIMPHUHBI JyYa 10 YPOBHIO TOJOBHHHOW MOIIHOCTH
aHTeHHHI O (Tpa.):

AS(0) = ax6” rpa., )

rae o v B — K03 PUIMEHTBI CpeHEKBAIPATHYHOTO pa3dpoca Mo Yrily, a AWana3oH 3HaueHuil O cocTaBisier
1°<0<360°. B rabnuue 12 mnpuBeaeHbl TUIOBBIE 3HAYCHHUA OTHX KOIPQPHUUIHUEHTOB M CTaHIAPTHOTO
OTKJIOHEHHsSI G, MOJyYeHHble MpH BceX ycioBusX usMepenus. Kosddummentst pasdpoca mo yriy
COOTBETCTBYIOT CIIy4asiM, KOTJIa aHTEHHBI HalpaBJIeHbl TaK, YTOOBI MOJIYYHUTh MaKCUMAaJbHYIO MOIIHOCTH
MIpHeMa COOTBETCTBEHHO B cuTyanusax LoS u NLoS.
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TABJIMLA 12
Tunossie k03¢ pUIHEHTHI CPeTHEKBAAPATHYHOrO pa3dpoca mo yriy
Kosdpuunenrtsl cpenne-
YcaoBust u3MepeHust KBaJpaTHYHOrO pa3dpoca
10 yriy
Hupuna Ilnpuna
Jy4ya ayua
(Flj: ) YeaoBus Cuenapuii (};:) (};:) Pacc(T;:;l e | mepend | L nemmoii o B °
X O TenHbI (rpax.)
AHTCHHbI (rpan )
(rpajn.) ’
LoS 0,5 0,77 2,3
YKenesnomopoxnas 380
CramL NLoS 025 | 10 | 232
28 8 1,5 60 10
LoS 1,2 0,49 2,18
3manue a’pomnopTa 8-200
NLoS 0,3 0,96 3,12
CyxebHOE 0,005 | 1,53 0,91
noverene LoS 3:5-15 1,959 | 022 | 028
0,68% 0,47 2,15
_ ) ) ; ,
28,5 . LoS 2,5 1,6 6-159 Bcenamnp. 45 6.1 0.07 0.47
opuIop
0,11® 0,89 1,27
NLoS 13-37 0,654 | 034 | 0,17
JKenesnomoposxknas LoS %80 1,140 10,54 | 3,36
CTaHL NLoS - 0,160-® | 1,1 3,24
8 1,5 40 10
LoS 2,003 | 034 1,36
38 3manue a’pomnopTa 8-200
NLoS 0,340-® 1 0,93 2,99
LoS 0,073 | 1,22 5,58
Cryxceonoe 25 | 1.2 7-24 Beenanp. | 100
HOMEIICHHE NLoS 0,173 1 1,07 4,81
CyxebHOE 0,008 | 1,44 0,72
novermene LoS 3:5-15 0.8% | 026 | 0,08
4e-120) | 448 | 442
LoS 25 | 1,6 | 11-159 242 | 007 | 021
60,5 Kopumop 180@ 22,50
NLoS 1337 6,425® | 0,28 2,56
0,92® 0,25 0,19
0,094% | 0,99 1,47
(0| LoS 22 | 22 | 4145 L83 | 014 | o4
CyxebHO0E 0,038® | 1,19 0,62
noMermene LoS 3:5-15 1,059 | 028 | 0,19
0,13® 0,89 1,71
— (6) s s B
83,5 . LoS 2,5 1,6 6-159 Bcenamnp. 45 2,94 0.16 0.29
opuzIo
PHAOP NLoS 1337 0,084% | 1,05 1,01
0,96@ 0,31 0,23

(M 3npauenue felicTBUTENBHO, KOTA Auana3oH O coctapmser 10° <0 < 120°.

@ B u3MepeHnsX UCTIOJB30BANACK PEIIETKA W3 BOCHMH PYTIOPHBIX aHTEHH, IIMPUHA JIyda M0 a3UMYTY KaXkI0H U3 HUX COCTABISUIA
22,5°.

) Pa36poc mo yriry B a3UMyTalbHOM HATIPABJICHUH.

@ Pa36poc mo yrity B HATIPABJIEHHUH yTJIa MECTA.

) Pynopnas aHTeHHA ¢ MMPHHOM y4a 10° MOBOpavMBaNack Ha IPHEMHUKE Ha 360°.

© B mpueMHHKe MCTIONB30BATACH PENIETKA W3 16 PYMOPHEIX aHTEHH, MUPHHA Jlyda 110 a3UMyTy KaxIoH U3 HUX COCTaBsa 45°,

@ B mpuemMHHKe MCTIONB30BATACH PENIETKA M3 16 PYMOPHEIX aHTEHH, ITUPHHA JIy4a 110 a3UMyTy KaXKIOW U3 HEX COCTaBsuIa 22,5°.
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7 Biausinne MeCTONOJI0OKEHUS nepeaaTynka u NpueéMHUKa

PeByJ’ILTaTI:I OKCIICPUMECHTAJIBHBIX U TCOPECTUYCCKUX I/ICCJ'Ie):[OBaHI/Iﬁ BJIMAHUSA MCCTOITOJIOKCHU IIE€peAaTInKa
1 INPpUCMHUKA Ha XapaKTCPUCTUKU PACIPOCTPAHCHUSA BHYTPHU HOMC]J.[CHI/IfI HCMHOTI'OYUCJIICHHBI. O,I[HaKO, KakK
MMpaBUJIO, MOXHO IMPCAINOJIO0XUTh, YTO 0a3oBas CTaHIIus OOJIDKHaA OBITH noMeluicHa KakKk MOXKHO ommnke K
IMOTOJIKY KOMHATBhI, yTOOBI 00ECIECUHUTHL MaKCHMAJIBHO BO3MOXHYIO JIMHY Tpacc HpHMOfI BUIHMMOCTH.
B ClIydac MOPTATHBHBIX TCPMUHAJIOB MO3UIHA TCPMHUHAJIA IMOJIB30BATCIISI, KOHCYHO XKC, 6YZ[CT 3aBHUCCTh B
MNEpBYHO OYCpPCb OT MCPCMCHICHHA IMOJIB30BATCIAA, 4 HC OT OFpaHH‘{eHHﬁ, HaKJI1aabIBACMBIX KOHCTp}IKL[I/Ieﬁ
CUCTCMBI. O)_'[HaKO npeamnojaracrcd, 4To Ajd HCIIOPTAaTUBHBIX TCPMHWHAJIOB BbBICOTA aHTCHHBI NOJI?KHA OBITH
Z[OCTaTO‘lHOI;’I, YTOOBI 10 MEpPC BO3MOXKHOCTHU o0ecrneunTh OpsAMYIO BUAUMOCTD IUIA 0a3oBoi CTaHIIUHN. BI)I60p
MCCTOIIOJIOKCHHUA CTAHIIMU TAKKEC BCCbMa OINYTHMO 3aBHCUT OT KOH(i)I/IpraL[I/II/I CUCTCMBI, B 4aCTHOCTHU
OT TaKHX €€ aCIICKTOB, KaK CITOCOOBI MMPOCTPAHCTBCHHOI'O Pa3HCCCHUA, KOH(bI/IpraL[I/ISI 30HBI U T. 1.

8 Bausinne cTpouTeIbHBIX MAaTEPHAJIOB, 000PYI0BAHUA H MedeH

XapakTepuCTUKU pPaCOpOCTPAHEHUS] BHYTPU IIOMELICHUS 3aBUCSAT OT OTPaXKEHHUS OT CTPOUTEIbHBIX
MaTepUaIOB U TPOHUKHOBEHHS CUTHAJA CKBO3b HUX. OTpaXkaTelIbHbIE CBOKWCTBA U MPOITYCKHAs! CIIOCOOHOCTh
MaTepHaJIOB 3aBUCIT OT KOMIUIEKCHOMN JUAJIEKTPUUYECKON MPOHUIIAEMOCTH MaTepuaioB. ECTecTBeHHO, UTO B
MOJICIISIX TPOTHO3MPOBAHHS PACIPOCTPAHEHUS, YUYUTHIBAIOIIMX CHEIUPUKY MecTa, B Ka4eCTBE OCHOBHOM
MCXOAHON MH(OPMAIUK MOTYT IMOTPEeOOBATHCS JaHHBIE O KOMILIEKCHOW JUAICKTPUIECKONH MPOHHUIIAEMOCTH
CTPOWTENBHBIX MAaTEpPHaJoB, a TaKKe O CTPYKType 37aHusd, W 3Ta uHPOpMAIMs TpHUBEACHA B
Pexomenmarmuun MCD-R P.2040.

3epKaJ'IBHOG OTPa’KCHHUC OT PA3JIMYHBIX MATCPUAIOB, U3 KOTOPBIX CACIIAH IIOJI, TAKMX KaK ITOJIOBAasA JOCKa U
OCTOHHEIC IJINTBI, B MUJUIMMCTPOBOM JUAINA30HC CYIICCTBCHHO YMCHBIIACTCA, CCJIU I1OJI UMCECT KOBPOBOC
IOKPBITUC C FPY60ﬁ MMOBCPXHOCTHIO. AHaorugyHoro YMCHBIICHUS MOXHO ,Z[O6I/ITI>C$I, CCJIN 3aKpPBbIThb OKHa
mTopaMu. HOBTOMy MOKHO OXHWJaTb, YTO KOHKPCTHOC BJIHUAHUC CTPOUTCIILBHBIX MATCPpUAIOB 6y,7_IeT
BO3pacCTaTh NpH YBCINYCHUHU YACTOTHI.

[ToMumMO CTPYKTYpBl CaMOro 3AaHusi, NPEAMETHl OOCTAaHOBKM M apMaTypa TakXe CHJIBHO BIIMSIOT Ha
XapaKTePUCTHKH PACHPOCTPaHEHHs] BHYTPU TOMELICHUS. OTH NPEAMETHl MOXKHO pacCMaTpuBaTh Kak
MPEISATCTBUSA, a MX BIMSHUE YYTEHO B MOJEIIM OCHOBHBIX MOTEPh NEepeaayn B MyHKTE 3.

9 Bausinue nepemenieHnsi 00beKTOB 10 IIOMeEIIEHHIO

JBrmxeHne mronedl M NpPEeIMETOB MO TOMEIIEHUIO BBI3BIBACT BPEMEHHBIE HM3MEHEHHS XapaKTEPUCTHUK
pacrpocTpaHeHHs BHYTPH IOMEIIEHUSA. OTH H3MEHEHUS, OIHAKO, IMPOHUCXOIAT OYEHb MEAJEHHO IO
CPaBHEHHIO C BEPOSITHOW CKOPOCTBIO Mepeady JaHHBIX, U T03TOMY (DaKTHUECKH MOT'YT PacCMaTpUBAaThCS B
KauecTBE CIy4yallHON nepeMeHHON, MHBApHaHTHOW BO BpeMeHU. KpoMme nepeMerieHus aoaeil, HaXoasImuxcs
B HEMOCPEICTBEHHOH ONMM30CTH K aHTEHHaM WM Ha NPsSMOW Tpacce INepeAadd, MepeMelleHHe Jroneil B
CITy>K€OHBIX MIOMELICHUAX U B IPYTUX MECTax, a TAKXKe 0 3AaHUI0 U BHYTPH HET0, OKa3bIBAaeT IPEHEOPEKUMO
MaJloe BO3/ICHCTBHE HAa XapaKTEPUCTHKH PaclpoOCTPaHEHHUSL.

I/ISMepeHI/IH, BBITNIOJIHCHHBIC B YCJIOBHUAX, KO 1a 00a TEpMHUHAJIA JIMHUHA CBA3U (1)I/IKCI/Ip0BaHBI, IIOKa3bIBAIOT, YTO
3aMUpPAHUA HOCAT XapaKTEp BCHBIIMIKA (CTaTI/ICTI/IKa O4YCHb HeCTa6I/IJ'II>Ha) M BBI3BIBAIOTCA MO0
BO3MYUICHUAMH, BHOCUMbBIMHA MHOTOJIYUYCBBIMU CHUTHAJIAMU B 30HAX, OKPYKAOMIUX HNAHHYIO JIMHUIO, 0o
3aTCHCHUCM, BO3HUKAIOIIUM, KOrla JIFOAU IICPECCKAOT JIMHUTIO ICpCaavn.

Wzmepenus Ha yactote 1,7 ['T1] mOKa3bIBAIOT, UTO YENIOBEK, IEPECEKAIOIINI TPACCy CUTHAIA IPSIMOU BUIUMOCTH,
BBI3BIBACT MMaJICHUE MOIIIHOCTH IPUHIMAEMOr o CUrHajia Ha 6—8 b, a 3HaueHue napamerpa K B pacpeaeineHun
Haxaramu-Paiica mpu sTOM cyliecTBeHHO yMmeHbliaercs. Eciu Tpacca mpoXoIuT 3a mpenesiaMu NpsiMOi
BUIUMOCTH, TO [BIDKEHHME JIIOAEH OKOJO aHTEHH HE OKa3bIBAaeT CYIIECTBEHHOIO BIMSHUS Ha
XapaKTEPUCTHKH KaHaua.

B cnyuae moprarrBHOro TepMUHAa HA YPOBEHb NPUHUMAEMOTr'0 CUTHAJIA BIIMSET OJIM30CTh TOJIOBBI M KOpITyca
Tena monb3oBarens. M3mepenus Ha wactore 900 MI'T mpu HCMONB30BaHWM CHMMETPUYHOTO BHOpaTopa
MOKa3bIBAIOT, YTO YPOBEHb IPHHUMAEMOr'0 CUTHAJIA YMEHbIIaeTcsl Ha 4—7 nb, Korja TepMUHAaI HaXOAUTCS Ha
YpOBHE TaluM 4YeloBeka, W Ha 1-2 gb, xorma mnomp3oBaTenb OEP)KUT TEPMUHAI HAa YPOBHE TOJIOBHI,
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10 CPAaBHCHHIO C YPOBHCM IMPUHUMACMOI'0 CHUT'HAJId, KOr'/la aHTCHHA PACIIOJOXKCHA Ha PACCTOAHUU IMOPAAKa
HECKOJIBKUX JJIMH BOJIH OT KOPITyCa TCJIa YCJIOBCKA.

Korma BrIcoTa aHTEHHBI HIKE TTPUMEPHO | M, HalIpuMep B CIIyyac MPUMEHEHHUS OOBIYHBIX HACTOIBHBIX MU
MOPTATUBHBIX KOMITBIOTEPOB, Tpacca MPsIMOW BHIUMOCTH MOKET 3aTEHSTHCS TIEpEMEIICHUEM JIFO/IeH BOIM3H
TepMHHAJA TOJIb30BaTeNs. [Ipu Takux MpUMEHEHUSX NaHHBIX MHTEPEC MPEICTABISAIOT Kak TiyOWHa, Tak U
JUIUTENBHOCTh 3amupanuii. M3mepenus Ha vacrore 37 ['T1 B ycnmoBwsix mpwemMa BHYTPU BECTHOOIS
CIIy’)keOHOTO TIOMEIICHUs I0Ka3aldd, 4YTO 4YacTo Habmomarorcs 3amupanus ot 10 mo 15 nb.
[IponomKUTENPHOCTh 3TUX 3aMHpAHUM, OOYCIIOBICHHBIX 3aTCHCHHEM YEJIOBEUSCKUM TeNIOM (KOTHa JIFOIU
MEepPEeMENIAloTC 4Yepe3 JIMHUI0 MPSAMONH BUIUMOCTH IIOCTOSHHO W B CIy4YailHOM TOpPSAKE), CIeIyeT
JIOT-HOPMAJIbHOMY pAaCIpeNeieHUI0, MPUYEeM 3HAUCHUs CPEAHEH MNPOAOIKUTEIBHOCTY U CTAaHAAPTHOTO
OTKJIOHEHHMS 3aBUCST OT TIyOHHBI 3aMupanus. st 5THX n3MepeHui npu riayoune 3amupanuii 10 a1b cpenusis
MpoaoJDKUTENbHOCTE cocTasisiia 0,11 ¢, a crangaptHoe oTkiionenue — 0,47 c. [Ipu riryOune 3amupanuii 15 nb
CpelHss MPOAOLKUTENbHOCTh cocTaBisiia 0,05 ¢, a crangaptHoe otkinoHeHue — 0,15 c.

WMsmepenuss Ha uactore 70T mokasanu, 4To 3HAYEHUA CpeIHEH NPOAOHKUTEIBHOCTH 3aMHUpPaHUs,
00yCIIOBIIGHHOTO 3aT€HEHHWEM 4eloBeuecKuM TesioM, coctaBisu 0,52 ¢, 0,25c¢ u 0,09 ¢ npu rirybune
3amupanuii 10 n1b, 20 1b u 30 b coOTBETCTBEHHO, MPHUYEM CPEOHSS CKOPOCTh MEPEMEIICHUS JIIOAEH B
MIPOM3BOJIBHBIX HAaNpaBleHHUSIX olmeHuBanack B (0,74 M/c, a TONIIMHA YEIOBEYECKOTO TeNa MPHHUMAIACh
pasHoii 0,3 M.

I/IBMepeHI/ISI MMOKAa3bIBAIOT, 4YTO CPCAHECC YHUCJIO CJIIyYacB 3aTCHCHUS JIFOJAbMHU B TCUYCHUC YacCa, BbI3BIBACMOT'0 UX
NEepeMCUICHUAMU 11O CJ'Iy>Ke6HOMy IMOMCHICHUTIO, OIPCACIIACTCA KaK:

N=260xD,, (10)

rne D, (0,05<D,<0,08) — 3T0 umcio moAck Ha KBaApaTHBIAH METp B TOMEIICHHMU. Torda oOras
JUTATENBHOCTh 3aMHUPAHUI B TEYCHUE Yaca OMPEIeNIIeTCs KakK:

T:FSXN’ (11)

rae T s — CpeaHssa IMTCIbHOCTD 3aMUPAaHUs.

Uucno ciyyaeB 3aTeHEHUS JIOJbMHU B TEUCHHUE Yaca B MPOXOJaX BBICTABOYHOIO 3ajia cocTaBisuio 180-280,
rae D, 6su10 ot 0,09 1o 0,13.

3aBUCHMOCTb OT pacCTosAHUA OCHOBHBLIX MOTCPL MNEpCAavyu B IMOJA3CMHOM TOProBOM LCHTPC IMOABEPIKCHA
BIIMAHHUIO 3aTCHCHU S JTIOAbMH. OCHOBHEIE NoTepu nepeaavr B NOA3ECMHOM TOProBOM LCHTPEC OIMPECACIAOTCA C
MOMOLIBIO CICAYIOIICTO YPAaBHCHUSA C IMapaMEeTpaMu, IPUBCACHHBIMU B Ta6J'II/IL[e 13:

L(x)=-10-a{l,4~log,, (f)~log,, (x)}+8-x+C 1B, (12)

rae:
f: ugacrora MI'm);

X: paccrosHHE (M).

[Mapamerpsl s cnydas BHe auHuM npsmol BuauMocti (NLoS) moarsepknarorcst B nuamazone 5 I'Tn, a
napaMeTpsl Uit ciydas LoS nmpuMeHumsl K nuana3ony yactoT oT 2 go 20 I'Tu. /InamasoH paccTosHuil x
cocrasisier ot 10 7o 200 M.

YcnoBus paboThl MOJA3EMHOTO TOPTOBOTO IIEHTPA COOTBETCTBYIOT TOPrOBOMY IIEHTPY JICTHHYHOTO THIIA,
COCTOSIIEMY U3 TPSIMBIX KOPHUOPOB CO CTEKISHHBIMH WM O€TOHHBIMU cTeHamu. OCHOBHOM KOPUIOP HMEET
mupuHy 6 M, BeicoTy 3 M 1 AmuHy 190 M. OOBIYHBIC pa3Mephl YE€TOBEUSCKOTO Telld CYMTAIOTCS PaBHBIMH
170 cm BBICOTOM U 45 cM 10 mwpuHE wied. [LIOTHOCTh MOTOKA MPOX0XKHUX COCTABJISACT MPUOIIM3UTEIHHO
0,008 uen./m* 1 0,1 yen./mM* B CIIOKOMHBIH Hepro (paHHee YTPO, OOBIYHbIE Yachl) B B MHOTOJIIOIHbIH MEpHO
(obenmeHHOE BpeMsl HITU Yac MHK) COOTBETCTBEHHO.
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TABJINIIA 13

IMapamertpsl Ass1 MoeIUPOBaHUs (PYHKIIMH OCHOBHBIX NOTEPH Neperayn

B [03eMHOM TOProBoMm 1entpe Uecy

25

LoS NLoS
o 6 C o 8 C
(m™) (1b) (m™) (1b)
OOBIYHBIE YaCHI 2,0 0 -5 34 0 —45
Yac muk 2,0 0,065 -5 34 0,065 45
10 Mopesn yriioBoii pacxoaMMOCTH

10.1 I[IyuxoBasi Moxenb

B mopenu pacnpocTpaHeHHs paluMOBOJH, HCHOJIB3YEMOM Ul IIHMPOKONOJIOCHBIX CHCTEM C AHTEHHBIMH
peleTKaMu, MPpUMEHSIETCS My4YKOBas MOJIENb, COUETAIOIIas KaK BPEMEHHOE, TaK U YIJIOBOE paclpeeiIeHHUs.
[Iydok BKIIOYAaeT paccessHHBIE BOJHBI, MOCTYMAMOIIME B NMPHUEMHUK B TEUEHHE OIPaHMYEHHOTO MEpHOAa
BpPEMEHH H I0J1 YTIIOM, KaK U300paskeHO Ha prCyHKe 1. XapaKTepHUCTUKU BPEMEHHBIX 3aJCPiKEK COAePIKATCS
B NyHKTe 4 Hactosimed Pexkomenpmanuu. OTO paclpeneneHue yria Npuxoaa Iydka ®;, OCHOBaHHOE Ha
OMOpHOM yriie (KOTOpBI MOXKeT ObITh M30paH MPOM3BOJBHO) IUIA MPOCTPAHCTBA BHYTPH IOMELICHUM,

NpUOJIN3UTENHLHO BEIPAXKaeTCsl pABHOMEPHBIM paciipenenenuem 1o [0, 2x].

PHUCYHOK 1

HarusiaiHoe npeacTaBJieHHe MYYKOBO MoJe/IU

q Ilyuok 2
PaccesiHHBIE BOJIHBI

IMydok 3
PaccestHHBIe BOTHBI

]

ITyyok 1

=

Iy4ox 3
Ily4ox 2

VYposens npuxona (1b) Yposens npuxona (1b)

Ilepenaromast .
pemieTka Y
ITyuox 1 4 .
PaccesiHHbIE BOJHBI Oropriit [puemnas
yrox peureTka

©®; —yron npuxosia myuKa i

G, — CTaHIapTHOE OTKIOHEHHE YIIIOBOH PacXOAMMOCTH B IyUKe i

10.2 Yri0Boe pacnpeniejieHre BOJIH IPAX0AA U3 i-T0 MMy4YKa

RIS

R

H]
®
2
El
]
2
]
2

ITyuox 1.4

Bpewms mpuxona

IMy4ox 3

QP

VYrox npuxona

P.1238-01

q)yHKLII/ISI IJIOTHOCTHU BEPOATHOCTU YIJIOBOI'O pacOpeAcsiCHHUA BOJIH IIPUXOAa B IIYYKE BbIPAXKaACTCA

CIEIYIOIIIM 00pa3oM:

P(p-0,)=——exp —\/5-|(P;®i‘|,

V2o, ;

(13)

rac ¢ ABJIACTCA YITIOM MPUXOJa MOCTyHaronuX BOJIH B ITYYKE B I'paJgyCax MO0 OTHOUICHUIO K OITIOPpHOMY YTIIIY,
a O; NpCACTaBJIACT coboi CTaHAApPTHOC OTKJIOHCHUC YTJIOBOI'O pa36poca B I'pagycax.
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[Tapametpsl yrioBoro pa3dpoca B ycJIOBUSX IOMEIEHUH NTOKa3aHbI B Tabnuie 14.

TABJIMLIA 14
ITapamMeTpsbI yri10B0ro pasopoca B yCJI0BHSIX MOMeIeHH I
LoS NLoS
Cpean. (rpaa.) JAuana3on (rpaa.) Cpean. (rpaa.) JAuana3on (rpaa.)
3an 23,7 21,8-25,6 - -
CryxebHoe 14,8 3,93-28.,8 54,0 54
ITOMELIEHNE
Jom 21,4 6,89-36 25,5 4,27-46,8
Kopunop 5 5 14,76 2-37

10.3 JBoiiHas HampaBJICHHAs YIJIOBas PacX0AMMOCTh

B mopnenu pacnpocTpaHeHus pasiuoBOJH, MCIOJIB3YEeMON JUIsl IIMPOKOMOJIOCHBIX CHCTEM € HECKOJBKHMH
AHTCHHBIMH peEIleTKaMH B IepefaTYuKe W IPUEMHUKE, NPUMEHSETCS YIJIOBOE paclpeAcieHue Ha
MepeAaloiX W TNPUEMHBIX CTaHUUsAX. B tabnmue 15 mpuBeneHsl MmolydeHHbIE Ha OCHOBE HM3MEPEHHI ¢
mupuHon nosiocel 240 MI' Ha wacrote 2,38 I'T'11 3HaYeHNs cpeAHEKBAIPAaTUYHON YTTIOBOM pacXoJIUMOCTH BO
BHYTPEHHEM KOPUIOPE U B CIIy>KEOHOM MOMEIIeHNH 111 3HaYeHus nopora 20 ab.

TABJIMIA 15
JBoiiHas HampaBJICHHAs YIJIOBas PacxoAMMOCTh
CpeaHekBaapaTuuHast CpeanekBaapaTuuHas
BbICOTa FﬁOIlliaﬂ aél)g) HMOCTH BBICOTa Fﬁolll}aﬂ aél)g) HMOCThb
crannum 1 y p A cTaHIMH 2 y P a
(M) Ha craHnuu 1 (M) Ha CTaHIMH 2
(rpan.) (rpan.)
Kopunop
U CITy’keOHOE 1,9 68,5 1,7 69,7
ITOMEIIICHUE
11 CraTtucruyeckasi MoJieJib IPU CTATHYECKOM MCI0JIb30BAHUYI

Hcnonb3yemble BHYTpM NOMELICHWH OECHpPOBOJHBIE TEPMUHAIBI, TaKHE KaK COTOBBIE Tele@OHBl U
OecnipoBoansbie okanbHbIe ceTH (WLAN), B OCHOBHOM HaXosTCs B CTATHUECKOM COCTOSIHUH. becnipoBoaHbIe
TEPMHMHAJIBI P CTATHYECKOM HCIOJB30BaHHM OCTAIOTCSl HEMOJBWKHBIMH, OJHAKO Cpena, B KOTOPOW OHH
HAXOITCSA, MEHSCTCA BCIEACTBUE MEPEMEIICHUS OJOKUPYIOMNX 00BEKTOB, HanmpumMep Jronei. st Tounoi
OLIEHKU Ka4ecTBa CBA3H B TAKUX YCJOBHUAX MpEACTaBIeHa MOAEIb KaHaua Jisl CTATHYECKUX yCIOBUI BHYTPH
MOMEIIEHHS, KOTOpas OJHOBPEMEHHO O0ECHEeYMBAECT CTATUCTUYECKUE XapaKTepUCTUKU Kak (YHKLIUU
wiotHoctd  BepoatHoctH (PDF), Tak u  aBTOKOppemsIUMOHHOM (YHKUIMM KojieOaHUs  YPOBHS
MPUHUMAEMOTO CUTHAJIA.

PaccmarpuBarorcs Monenu kaHana A yciaoBuid BHyTpu noMerneHuit NLoS u LoS.

11.1 OmnpenesieHue
Nperson :  UUCIO OBUKYIIUXCS JIIOACH;
Aw :  SKBUBAJIEHTHBIA AUAMETP JBMKYILIETOCS YeloBeKa (M);
V:  CKOPOCTb JBMKEHHS Jrozeil (m/c);

Py : 06H.Ia§[ MOIIMHOCTb MHOT'OJIy4YCBOI'O CUT'HAJIA,



S(x, y):
fr:

Fp:

prp, k) :

R(AY) :
Rn(AY) :
P(f) :
Py :
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TUTaH 30HBI ABMKEHHUS;
MaKCHMaJIbHOE CMEIICHNE YaCTOThI I CTATHIECKOT0 MOOMIBHOTO TEPMUHANIA;
MOIITHOCTH MPUHHUMAEMOT0 CHTHaJIa Ha MOOMJIBHOM TepMUHAJIE;

gactota (I'n);

¢yHkuus mioTHocTH BepositHoctd (PDF) MomHOCTH NpUHUMaeMOro CHrHajia,
orpeneNieHHas Kak pacnpenenenue Hakaramu-Paiica ¢ K-aktopom;

K-dakrop, onpeneneHublil B pactipenenennn Hakaramu-Paiica;
ABTOKOPPEISIIMOHHAS (QYHKIHS yPOBHS IPHHUMAEMOT0 CUTHANA;
KO3 PHULHEHT aBTOKOPPEISILIMU YPOBHSI IPUHUMAEMOT'0 CUTHAJIA;
SHEPreTHUUYECKUH CIIEKT;

9HEPTeTHYECKHUH CIEKTP, HOPMaIM30BaHHBIM 10 MouHocTH P(0).

11.2 Mopaean cucTeMBI

Ha pucynke 2 npeacrasieHa MoJenb CUCTEMBI. B kauecTBe ABMKYIINXCS 0OBEKTOB PACCMATPUBAIOTCS TOJIBKO
JIIO/IW; YeTIOBEK i MPEACTaBIIETCA KaK JUCK ¢ AuaMeTpoM Aw (M), OTCTOSIMHA OT MOOHJIBHOTO TepMUHAIIA
(MT) na paccrostauu #; (M). Kaxxaplii JBIKYIUKACS YEIOBEK HIET B IPOU3BOJILHOM HaIpaBiIeHUU Mexay 0 u
27 ¢ TIOCTOSTHHOM CKOPOCTBIO Vv (M/C) U mepeMelaeTcsl B Ipeaeiax ciydaiinoit odmactu S(x, ) Bokpyr MT.
Uucno OBrKyIMXCsl TIOAEH COCTaBISCT Nperson, B TO00H ABMKYIIMICS YETOBEK MOTIIOMAET YacTh YHEPTUH,
HaxoJsIIeics Ha TpaccaX, KOTOpPbIE IEPECEKAIOT ero Mo mupuHe Aw. MHOrogy4YeBble CHTHAJIBI IOCTYIIAIOT Ha
TEpMHUHAJl PaBHOMEPHO IO BCEM TOPU3OHTAIBHBIM HampaBieHusM. Ha pucynkax 3 u 4 moka3aHbl THUIIOBBIC
paccMaTpHuBacMble TOMEIIEHUS — IPSIMOYTOJIBHBIE U KPYTJIbIE COOTBETCTBEHHO.

PUCYHOK 2

Moaesb CHCTEMBI

3oHa nBrKeHUS: X, ))

CropocTth
v

JIBwK ymuiicst 4yenoBek

MoOWIbHBIIA Te pMUHAT

P.1238-02
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PUCYHOK 3
IInan nomenienus: NpsaMoOyroJibHoi GopmMbl
A A
lQ (7-x1’ yz) by L_;(Xza 7y2) 12(7)C1, )ﬁ) » L3(X2, 7)/2)
@L PS  Tpsvas QL
T Brskynmiics Tpacca JIBroKytmiicst
Y CIOBEK Y CJIOBEK
o Q B 2 o (QA ¥ =
MT CS MT 6
~) <)
L](fxl > 7y]) el L4(-)ﬁa 7)}]) L] (7x1 ] 7y1) N L4( X 7_)/1)
a) B orcyrctBue npsimoii Tpaccsi(NLoS) b) [1pu vanmaun npsimoit Tpaccoi(LoS)
P.1238-03

PUCYHOK 4

IInan nomemienus: Kpyriaoi Gpopmsl

[ HIKYITHCANICIIOBCK

rm {33

v

a) B orcyTterBre npsamoit rpaccsl (NLoS) b) IIpu Hammaum upsamoii tpacest (LoS)
P.1238-04

11.2.1 ®OyHKOMSA NIOTHOCTH BEPOATHOCTH MOIHOCTH MPUHAMAEMOIr0 CUTHAJIA

PDF MOIMHOCTHU NPHUHUMACMOI'0 CUrHajla rp, Ha MOOUIBEHOM TCPMUHAJIC ONPCACIACTCA pPaACIIPCACICHUEM

Haxaramu-Paiica cnemyromum oo6pazom:

plrp K) = (K + 1) exf- (K +1)r — K1, (JAK DK ),

rae Io(x) — mogudunmposanHas QyHkus beccenst mepBoro poga HyJeBoro mopsaka, a K mpeacTaBiisieT

crnepyromuii K-akrop:

K = K(x)=

2 N ersoanAWS ape
€Direct (x) + e (.x)| / [17271:3’717} ,
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(*xl + \/xlz+yf)*x1 10g(fy1 X )
i +) log(xz + \/x§+yf)*xz log(fyl X ) )

G+ )05+ 10|y log

s = +y;log (3, + 437 |+, log (v, +x 07

(U1 nOMeIeHUs TPSIMOYT0JIBHOM (pOpMBI)

— (nns momerneHust Kpyrioi GopMer)

31eCh  epireci(X) TPEACTABISET KOMIUIEKCHYIO OTHOAIOIIYI0 MPSIMOM Tpacchl, a es(x) mpeacTaBiseT
KOMILJICKCHYIO OT'HOAIOIIyI0 MHOTOJYYEBbIX CHTHAJIOB B OTCYTCTBHE IBIKYIIMXCS 00BeKTOB BOKpYyr MT B
MO3HUIUHU X, KOTOpasi 3aBHCUT TOJBKO OT OKPYXAIOIINX CTaTHUECKHX YCIIOBHM; MX 3HAYEHHUS HE 3aBHCAT OT
BpPEMEHU ¢. P, IpecTaBIsieT co00i 0Oy 0 MOIHOCTE MHOTOJIy4E€BOI'0 CUTHANA. Ssjape ABIISETCS HOCTOSIHHBIM
3Ha4YeHUEM, olpeaessieMbIM (POpMOH U pa3MepaMu MOMEIICHHSL.

11.2.2 ABTOKOppeJsiOHHAsA (YHKIMS YPOBHSI IPUHAMAEMOI0 CUTHAJIA

ABToKOppenmsinuoHHas QyHKUUs R(Af) ypoBHS NPUHMMAEMOrO KOMIUIEKCHOTO CHTHAJla C Y4eToM
Pa3HOBPEMEHHOCTH Af IMEET CIIECAYIOLINI BUI:

2
P, o (D) +es (x)‘ " N prson 5 s [1 - 2fT|At|] (Al <Aw)
P, 2n T

R(At)= r 17

P €Direct (x)+es (x)‘ ’ + NpersonAWSShape 1— 2fT|At| *200871 1 + 2fT |At| sin COSil L ’ ( )

" P, 2n LI fr|ad T frld
B (v|At| <Aw)
rue:
fr=v/Aw. (18)

3n1ech fr onpenensieTcss CKOPOCThIO TEPEMEIEHUsT v U IIMPUHOW Aw JBHXKYIIETOCS YEJIOBEKa U MOXKET
paccMaTpHuBaThCs Kak MaKCHMAaIbHOE CMEIIEHUE YaCTOTHI JJIsl CTATHYECKOT0 MOOMIIBHOTO TePMUHAIA.

11.2.3 DHeprernyecKHii ClIeKTp NPUHUMAEMOI0 CHTHAJIA

Ounepreruuecknii cmektp P(f) kak (QyHKUMS YacTOTHI, ONpENeNsiomas OTKJIOHEHHS oruOaromei
KOMIUICKCHOTO CHTHaja, 3ajgaercsi mnpeoOpa3zoBanueM @Dypbe aBTOKOppensunoHHOW ¢(yHkumu R(Af) B
ypaBHeHnuu (17) crnenyromum oOpazom:

P(f)=[" R(atye ¥ dar. (19)

OHepreTuueckuii cnektp Pa(f), HopManmzoBaHHbIH 1Mo MommHocTd P(0) Ha wactoTte f= 0 ', MoxeT OBITH
anmpOKCUMHUPOBAH CIIEAYIOINM 00pa3oM:

P,(f)= P(f)/ P(O);
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K(x)8(f)

((1 —0,78 £, ) 8(H)+0,78 £, exp(— 5.3
+0,02 % x

71, Oﬂﬁj%}

0,009 £,/ (|f |>\%j . (20)

K(x)=0,02 f, ¥

Q

3nech O(f) mpencrasiset nenbra-QyHknuio upaka.

11.2.4 3nauyenus

PeKOMeHZ[yeTCH YCTAaHOBUTL 3HAYCHUC Aw PpaBHBIM 0,3 M KaK MpCEACTaBJIAIOMICS B3POCJIOIO YCIOBCKaA
CpCAHCTO pocCTa.

11.2.5 TIpumepsl

PDF p(ry, K(x)), aBTOKOppensiunonHas GyHKuus Ry(Af) u sHepreTrueckuil criekTp Pa(f) s cioydas, koraa
Aw, v 1 Nperson paBHBL 0,3 M, 1 M/c 1 10 COOTBETCTBEHHO, a 3HAUEHHE 7nqx YCTAHOBICHO paBHBIM 10 M ams
MOMEIIEHUS Kpyrinoi (opmbl, onpeaeneHHble ¢ momombio ypaBHeHuid (14), (15) m (20), mokasansl Ha
pUCYHKax 5, 6 U 7 COOTBETCTBEHHO.

PUCYHOK 5
HuTerpajabHas BepOsATHOCTh YPOBHS IPUHUMAEMOI0 CUTHA/IA B IOMELIEHUU KPYTJI0il (OpMbI
10 Erroropoo l LA I S B B | /JI'I T3

: : i

 IIpsamoyrombuuk 7+ i
s o[ men-low .
§ F G =»=10m -/ s 7
g E Npemm =10 "r E ‘ 2
& - Aw=03wm £or . Epirect () T €(%) ‘
2 o ’ r Y
= ] 0 I - m
3 E 7 ] E
= B Ve r E
B C ' ]
iy - Ve ’ . — :—10x1b
5] 3 !
£ 10 ¥ Va i E -- :=5n1b

S r 3
= : / . 1 - :-0sb

10" L1 /\[ NI AR AT AT SN AT N BN
—40 =30 20 -10 0 10

OTHOCHTENBHBINA YPOBEHb IPUHUMAEMOTO curnaia (1b)
P.1238-05
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PHUCVYHOK 6

Ko3¢pdpunueHT apTokoppe/sinuu YPoBHsI IPHHHMAEMOI0 CUTHAJIA B MIOMeIlleHUH KPYTJ1oii popMbl

| —TT —T—T —T—
= r . [ e .
L - i i
= 0.8 e -
5 L \ i
=3
5} r i 2
2 06 = 1 ln@re®
g - - Plﬂ
= - -
z _._. IpamoyrombHuk
E 0;4 L (X] :x2:10 NI) _ .0 ;[B
= r 0 =rn=10m - '
< TN =10 7 --:51b
S 02 /= person
SR Aw=03m - e 0 1B
1
C 1 1 1 1 I L 1 1 1 1 1 1 L 1 1 L ]
09 0,5 1 15 2
Paznocts Bpemenu At( ¢)
P.1238-06
PUCYHOK 7
JHepreTHYeCKHii CMeKTP B MOMeIleHUN KPYTJ1o0ii popMbl
0 T T T T T T 1 T T T T 11 1
=] 0= Kpymas popva | 2222 Touste snasenms ]
ve B o =10m A -
E 90 f—-- - max )l —— MMPOKCUMHPO- _|
2 Noyerson = 10 | BAHHbIC 3HAYCHIS
I B : i ! - 2
= il
5_30 vl | | e () + e ()
% Pm
z 40
5
= — :—10 o1b
5 50 .
[% -= :51b
O —60 «= =0 1B

4
S

Yacrora f (I'm)

P.1238-07
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