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HnpUHUMAroTCs PexomeHnanuu.
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PEKOMEH/JIALIUSI MCD-R P.1238-8*

JlaHHbIE 0 pacIPOCTPAHEHUM PAINOBOJH U METOAbI IPOTHO3UPOBAHUSA JIJISI
IVIAHMPOBAHUS CUCTEM PAJHOCBSI3M BHYTPHU MOMeEIIEHU I U JIOKAJIbHBIX 30HOBBIX
paauocerteii B yactoTHOM auana3one 300 MI'uy — 100 I'T'u

(Bormpoc MCO-R 211/3)
(1997-1999-2001-2003-2005-2007-2009-2012-2015)

Cdepa npumenenust

Hacrosimas PekoMeHaanus COaep UT PYKOBOJASIINE YKa3aHUs, KaCAIOIIUECs PACPOCTPAHCHUS PaIOBOJIH
BHYTpHU nomelieHnii B yactotHoM amamnazoHe oT 300 MI' mo 100 I'Ti. Mudopmarus npepcrasieHa mo
CJICTYFOIIM TIOJOKCHHSIM

- MOJIENU TOTEPh Ha Tpaccax;
- MoJIeNu pa3dpoca 3aliepiKeK;

- BJIMSIHUE MTOJISIPU3AIIH U TUarpaMMbl HAITPABJICHHOCTH aHTCHHBI
- BJIMSIHUE PACIIONIOKEHUS TepejaTiiKa U TIPUEMHHUKA;

- BJIMSIHUE CTPOUTENBHBIX MaTepHaioB, 000PYA0BaHUS 1 MEOECIIH;
- BJIMSIHUE TIepeMelieHst 00BbEKTOB 10 MMOMEIICHUIO;

- CTaTUCTHUYCCKAaA MOACIIb NP CTATUYCCKOM UCIIOJIb30BaHUU.

Accambnes paguocsszu MCO,

yuumbvleast,

a) YTO B HACTOSIIIEEe BpPeMs pa3padaThiBaeTCsi MHOXKECTBO HOBBIX CHCTEM NEPCOHATBLHON palnoCBs3y,
paboTaromux Ha KOPOTKUX paccTOSHUAX (MeHee 1 KM) BHYTPH NTOMEIIEHHIA;

b) 4TO, KaK MOKA3a]IM yXKe UMEIOIIUecs pe3ysIbTaThl pa3padOTOK M MHTEHCHBHAs MCCIIENOBaTeNIbCKas
JeSITENBHOCTD, CYIIECTBYET HACTOSATENbHAsI HEOOXOJAMMOCTh B CO3/IaHMH JIOKAJIbHBIX 30HOBBIX PajroceTei
(RLAN) u 6ecnipoBoanbix opucHbix ATC (WPBX);

C) YTO JKENaTeJIbHO pa3paborark crTaHmapthl i RLAN, coBMecTUMBIE € CHCTEMaMU Kak
0eCIPOBOIHOM, TaK U IIPOBOJIHOM CBS3H;

d) YTO CHCTEMbI HEOOJNBIION NaNbHOCTH, paboTalomiue ¢ O4eHb HU3KUMH MOIIHOCTSMH, OONaNaroT
MHOXECTBOM IPEUMYIIIECTB IPU MPEIOCTABICHUN YCIYT B CPElie MOABHKHON M MIEPCOHAILHOMN CBS3U, TAKOH
Kak cetd PY-maTumkoB u OecrnpoBOJHBIE YCTPOMCTBA, padOTaroIIMe B MOJOcax OeIoro MpoCTpaHCTBa
TEJIEBU3MOHHOTO BEIAHUS;

e) YTO 3HAHME NMapaMeTPOB PACIPOCTPAHEHHS PAIMOBOJIH BHYTPH 3/1aHUN U XapaKTEPUCTUK MTOMEX OT
MHOYECTBA T0JIb30BaTENIel B MpejiesiaX TOW jK€ 30HBI 0OCITY>KUBAHHUS SBISCTCS OMPENeNIoNM GaKTopoM
P IPOEKTUPOBAHNH CHCTEM;

f) YTO CYIIECTBYEeT MOTPEOHOCTh B pa3pabOoTKe Kak o0mmx (TO €eCTh HE 3aBHCSIIHX OT
MECTOIIOJIOKECHIS) MOJICTIEH M PEKOMEHAAINN OTHOCUTEIHHO TIEPBUYHOTO TUIAHUPOBAHUS CUCTEM M OIICHKHU
IIoMeX, TaK M JETCPMUHUPOBAHHBIX (MU 3aBHUCSIINX OT MECTOIOJIOKCHHS) MOJIEIEH I 0ojiee TOUHBIX
OIIEHOK,

*

B 2016 rony 3-s1 MccnenoBarenbckas KOMUCCHS TI0 paUOCBsI3W BHECIA MTOTPABKH PEIAKIIMOHHOTO XapaKkTepa
B HacTosIIyr0 PekoMeHnamnmo B cootBeTcTBUH ¢ Pesomomueir MC3-R 1.
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ommeddast,

a) yto Pexomernnmarmus MCDO-R P.1411 sBisercs pyKOBOJICTBOM IO PAcTPOCTPAHEHUIO PaIHOBOJH Ha
KOPOTKHE PACCTOSIHUS IIPU NPHEME Ha HapyXXKHbIE CHCTEMBI (BHE ITOMEIICHHI) B YaCTOTHOM JHaIla3oHe OT
300 MI'n no 100 I'T, u k 3TOM Pexomenmanuu cienyer oOpamarhesi B TeX CUTYAIUsX, KOT/Ia CYIIeCTBYIOT
YCIIOBHSI IpHEMa KaK BHYTPH ITOMEIICHHUH, TaKk ¥ BHE TOMEIICHUI;

b) yto B Pexomenmanimu MCD-R P.2040 mpencraBieHO pPYKOBOJICTBO O BIIMSHHUU CBOMCTB
CTPOUTENLHBIX MAaTEPHATIOB H CTPYKTYP Ha PaCIpOCTPaHEHHE PaIHOBOIH,

pekomeHOyem,

9100bI HWH(pOpMAIMS W METOMbl, coiaepxamiiecs B IIpuwiokeHuH 1, HCMONB30BAIMNCH MPH  OIEHKE
XapaKTePUCTUK PACHPOCTPAHEHHS ISl PAAMOCUCTEM, PaOOTAIOIIUX BHYTPH IOMENICHHH B IHANa3oHe
300 MI'q — 100 I'Tw.

Ipuiaoxenue 1

1 Beenenne

[IporHo3upoBanue mapaMeTpOB PacHpPOCTPAHEHHS IS PAJAUOCHUCTEM, PaOOTAIOIIUX BHYTPH MOMEIICHHH,
HECKOJIBKO OTJIMYACTCA OT TAKOBOT'O JJIsI HAPYIKHBIX CUCTEM. Yro KacaeTcs Hapy>XHBIX CUCTEM, TO IJIA HUX
KOHEYHOH Ielbl0 sBIsETCS obOecriedeHne 3(PQEeKTUBHOTO oxBaTa TpeOyeMoil 30HBI (MM obecriedeHne
Ha/ICKHOM Mepeiayn Ha Tpacce B Clydae CHCTEM CBSI3U IYHKTA C IYHKTOM), a Takke 0oph0a ¢ moMexaMu Kak
B IIPEJENIax CUCTEMBI, TaK U JUIS IPYTUX CUCTEM. B cilydae ke npuema BHYTPU IIOMELIEHUI pa3Mepbl 30HbI
OXBaTa BIIOJIHE OIPEACIAIOTCS T'€OMETpHel 3MaHMs, NMPHYeM TPAHHUIBI caMOro 3JIaHus OyayT BIUATH Ha
XapaKTepUCTUKH pacpocTpaneHus. [[loMrMO TOBTOPHOTO HCIOIE30BaHMUS YAaCTOTHI Ha OJTHOM M TOM K€ 3TaKe
3[aHMA, TAaKOW cITOcO0 MCMOIB30BaHMSI YACTOT 3a4aCTYIO KeJaTeJICH U MEXIy Pa3HBIMU dTa)KaMH 3/1aHUsI, B
pe3yspTaTe 4ero mpoodieMa ONUCAHUS TOMEX CTAHOBHTCS TpexMepHoW. M HakoHel, pacrpocTpaHeHHe Ha
OYeHb KOPOTKHE PACCTOSHHS, OCOOCHHO MPU MCIOIb30BAHUH MIJUTUMETPOBBIX BOJH, CONPSDKEHO C TE€M, YTO
Jaxe HeOOJIbIINEe U3MEHEHHUS B CpeJie, HEMOCPEACTBEHHO OKpPYXKAoLeld pagroTpaccy, MOIYT CyIECTBEHHO
BJIMSATH Ha XapaKTEPHCTHUKH PACIIPOCTPAHEHHUSL.

Ecnu 3aHMMAaThCs KOHKPETHBIM INIAHUPOBAHUEM PAJAHOCHUCTEMBI, Pa0OTAOLIEe BHYTPY IIOMELLIEHHUH, TO U3-3a
CIIO)KHOU TIPUPOJIBI BCeX ITUX (PAaKTOPOB MOTpedyeTcs ToYHas MH(POpMAIHsi OTHOCHTEIBLHO XapaKTEePUCTHK
KOHKPETHOTO MECTa, TJie OHa OyJIeT MCIOJIb30BaThCs, HAIPUMED €r0 TEOMETPHH, MaTEPUAIOB, U3 KOTOPHIX
C/IeJaHoO 37aHue, MeOenH, MpeanojaraeMplX AUarpaMM HalpaBJIeHHOCTH U T. A. OQHAKO Ui MEPBUYHOTO
IUTAHUPOBAHUS CUCTEMBI HEOOXOMMO OLICHUTh KOJIMUECTBO 0a30BBIX CTAHIMH, YTO MO3BOJIUT OXBATUTh BCIO
30HY C pacIpe/IeIeHHBIMU MO/IBUKHBIMU CTAHIIUSIMHU U OIIEHUTh BO3MOYKHBIE TIOMEXH I APYTUX CIYXKO Min
MeXIy cucreMamu. i TakMX Cly4yaeB IJIAHUPOBAHMS CHUCTEM HEOOXOIMMBI MOJENH, ONMCHIBAIOIIUE B
00IIKX YepTax XapaKTEPUCTUKH PACIPOCTPAaHEHHUS B yCIOBUSIX KOHKPETHOM cpenibl. B To sxe Bpems pacuer mo
TaKO¥ MOJIENTU HE IOJDKEH TpeOOBAaTh OT MOJIL30BATENS OOJNBIIOr0 KOJIHYECTBA HCXOAHOW HHPOPMAITHH.

B wnacrosimem [IpunokeHur B OCHOBHOM TIPEICTaBICHBI OOOOIICHHBIE MOJCIN, HE 3aBUCSINUE OT
MECTOTIOJIOKEHHUS, U YHUCTO KadeCTBEHHAash WH(OpMAIWs, IMO3BOJIAIONMIAS OIEHUTH YXYIIICHUS YCIOBUN
pacIpocTpaHeHusI, KacaloIuecs paguonpreMa BHYTPH MOMEIIeHWH. TaM, I/1e 3T0 BO3MOXKHO, TPHUBOISATCS
MOJICJIH, TPUBS3aHHbIE K OCOOGHHOCTSIM MecTa. BO MHOIrMx ciydasx JaHHble, Ha 0a3e KOTOPBIX
pa3pabaThIBaIUCh MOJIENN, OBUIH OTpPaHUYEHBI, JTHOO 0 YacTOTE, TUOO0 MO YCIIOBUSAM UCTIBITAHHIA; BHIPAYKACTCS
HaJeKJa, YTO MPEATIOKEHUS, IPEICTABICHHBIC B HacTOsIIEM [[pritoxkeHnn, MOKHO OyIeT pacIIupHUTh, KOTAa
TIOSIBATCS HOBBIC JaHHBIE. AHAJOTHYHBIM OOpa3oM TOYHOCTh Mofelield OyaeT TOBBIMIATECS IO Mepe
HaKOIUICHUSI OIBITA WX HCIOJL30BAHUS, B HACTOAIIEM [IpMIoXeHWW MPEACTaBIICH HAWIYYIIUNA BapUaHT,
MMEIONIUHICSA Ha CETOMHSIITHNIN JICHb.

2 nyzmlelme pacnpocTpaHeHus U KPUTEPUH KadeCTBA PAIUOCUCTEM BHYTPH l'lOMelIIeHI/Ii/i

VYXyameHus: XapaKTepUCTUK paclpoCTpaHEHUs B paJWiOKaHAIC BHYTPH TIOMEIICHUS OOYCIOBIEHBI B
OCHOBHOM:
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OTpakeHHEM OT IPEAMETOB M audpakiueid Haj mpeaMeTamMu (BKIIIOYash CTCHbI WM IOJIbI) BHYTPH
TTOMEIICHHI;

MMOTEepAMU I€pEaavur IIPHU MPOXOKACHUN CUTHAJIA UCPE3 CTCHBI, IMOJIbI U APYTUC MMPCIIATCTBHUA,
KaHAJIM3UPOBAHUEM SHCPIvUU CUIHajla Ha BBICOKUX 4aCTOTax, 0COOEHHO B Kopuaopax;

HepeMeLeHUEM JII0JIEH 1 IPeAMETOB B IOMEILIEHUH, BKIIFOUasi, BO3SMOXKHO, OAHO MJIM 002 OKOHEUHBIX
YCTPOMCTBA JIUHUU CBSI3H,

1 BBI3BIBAIOT TAKUC YXYIAUICHHUA KaK:

IIOTEPH HA TPaCCE — TO €CTh HC TOJBKO IIOTEPU B CBO6OI[HOM IIPOCTPaHCTBE, HO U JOIIOJTHUTCIBHBIC
IMOTEepH 3a CUHCT HpeHHTCTBI/Iﬁ " IPOXOKACHHA CUT'HAJIa YepPC3 MAaTCPpUaibl, U3 KOTOPLIX IMOCTPOCHO
3JaHUC, a TaKXE BO3MOXHOC YMCHBIICHUC IIOTCPb B CBO60)IHOM MMpOCTPAaHCTBE 3a CUCT
KaHAJIM3UPOBAHUS,

N3MCHCHUC BCJIMYUHELI IIOTEPh HA TPACCC BO BPEMCHU U IMPOCTPAHCTBE,
MHOT'OJTY4€BbIC 3(1)(p€KTI)I, BbI3BAHHBIC OTPAKCHHUCM U I[H(I)paKHHGfI KOMITOHCHTOB paJHOBOJIHEI;

HECOTJIACOBAaHHOCTH TOJIIPU3AINI U3-32 CITYYaiflHON FOCTUPOBKH MOOHMIIFHOTO TEPMUHAIIA.

Cnyx0b1  OecrpoBOIHOM MTOMETIEeHU I

0COOEHHOCTSIMU:

CBA3HU

BHYTpHU MOTYT  XapaKTepH30BaThCS  CIICAYIOIIUMHU

BBICOKOH/CpeTHEe/HU3KO0M CKOPOCTHIO Iepeiadn JaHHbIX;

30HOU MOKPBITHS KaK01 0a30BOM CTaHIIMU (HAIIpUMEp, KOMHATa, 3TaX, 3aHUE);
CHUCTEMOH MOABHXHOMN/TIOPTAaTUBHOW/(PUKCUPOBAHHON;

paboToii B pealbHOM BpEMEHH/HE B peallbHOM BPEMEHH/B KBa3UPEaTbHOM BPEMEHH;

TOTOJIOTHEH ceTH (Hampumep, CBs3b MYHKTA C MyHKTOM, ITYHKTa CO MHOTHUMHM ITyHKTaMHM, KaXXJ10To
MYHKTA C KQKIbIM IIyHKTOM).

ITose3Ho onpeesuTh, KaKue XapaKTEPUCTUKH PacIIpOCTPAHEHHUsI KaHalla HanboJIee MOAXO/SAT TS OTIUCAHUSI
€ro KayeCTBa B pPAa3/IMUYHBIX IMPUMCHCHUAX, TAKHUX KaK peucBasd CBA3bL, ICpcaada OJaHHBbIX C pa3HI/I‘{HOI>'I
CKOPOCTBIO, TIepeiaya N300paKeHUI 1 BUIe0CTyK0bl. B Tabnuiie 1 nepedncieHbl HauboIee CyIeCTBEHHbIS
XapaKTEPUCTUKH JIJISI THITHYHBIX CITYXKO.

TABJIMLIA 1

TunuyHble cJayK0bl M BUABI yXyALIEHUS PacpocTpPaHEeHNs

PaccmaTpuBaemMble BUABI yXy/AIIEHHS

30HOBaAA CECTh

Cayx0b1 XapakTrepucTuku
pacnpocTpaHeHus
BecnpoBoHas Bricokast ckopocTh nepeaaun AaHHbIX, onHO | [loTepu Ha Tpacce — pacnpeneneHue Bo
JIOKaJIbHast WJIM HECKOJIBKO IIOMELICHUH, IOPTaTUBHASL BPEMEHH U IIPOCTPAHCTBE

cucreMa, paboTa He B peallbHOM BPEMEHH,
CBA3b ITyHKTA CO MHOTUMHU ITyHKTaMHU HJTH
KaX/IOTO ITyHKTAa C KOKIBIM ITyHKTOM

3a,I[Cp)KKa BCJICACTBUC MHOT'OJIYUE€BOCTHU

OTHONICHUE HATIPSHKCHHOCTH TIOJIS
JKeaeMol MOJBI K HexKelaeMoi

WPBX

CpenHsisi CKOPOCTB Mepenayl JaHHBIX,
HCCKOJIBKO l'lOMeH_IeHPIﬁ, OIWH 3TaX HIIN
HECKOJIBKO 3TaXkeil, paboTa B pealbHOM
BPEMEHM, IOABUXXHAA CUCTEMA, CBA3b ITYHKTA
CO MHOTUMH NYHKTaMH"

ITorepu Ha Tpacce — pacnpeaeneHue Bo
BPEMEHH U IIPOCTPAHCTBE

Iemxuur BHyTpH
MOMEIIEHUS

Huskas CKOPOCTD Iepeiavu JaHHbIX,
HCCKOJIBKO 3Ta)Keﬁ, pa60Ta HC B p€ajibHOM
BpPEMCHH, NIOABUIKHAA CUCTEMA, CBA3b ITYHKTA
CO MHOT'MMHU IYHKTaM#"

ITorepu Ha Tpacce — pacnpeaeneHue Bo
BPEMEHU U IIPOCTPAHCTBE

BecnpoBoanas ciyx6a
BHUJIE0 BHYTPHU
[IOMEILEHU I

Bricokas CKopoCTh Iepead TaHHbIX,
HECKOJIBKO MOMEIEHUH, paboTa B peaJbHOM
BPEMEHH, [TOJIBUKHAS WIIM TIOPTaTHBHAS
CHCTEMA, CBSI3b ITYHKTa C IyHKTOM

[MTotepu Ha Tpacce — pacnpeeseHue BO
BPEMEHHU U IPOCTPAHCTBE

3a11ep>1<1<a BCJIEACTBUEC MHOTOJTYYEBOCTHU
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3 Mopesan nmorepb Ha Tpacce

Hcnonb3oBanue MojeiH MOTEph Mepeiadd BHYTPU MOMEIICHUS MPEAIoaraeT, 4To U 0a3oBas CTaHIUS U
MEPEHOCHON TEPMUHAT HAXOJATCS BHYTPU OJHOTO ¥ TOTO e 37aHus. [loTepn Ha Tpacce Mexay 0a30Boil U
TO/IBHYKHOM/TIEPEHOCHON CTAHIIUSAMU BHYTPH TOMEIICHHS MOXKHO OIICHHUTH C IIOMOIIBIO JIF00O0M U3 MOJIenei —
00001IIeHHO, HE 3aBUCSAIIEH OT MECTa, WIH JeTEPMIUHUPOBAHHOM, yUUTHIBAIOIIEH 0OCOOEHHOCTH MECTa.

3.1 0O0001eHHBIE MOIEJIH, HE 3aBHCSIIHE OT MeCTa

Mopenu, 0 KOTOPHIX MOWJET pe4b B 3TOM pasjelie, CYUTAFOTCS 00OOIICHHBIMU, HE 3aBUCSIIUMHU OT MECTa,
MTOCKOJIBKY OHW HE TPeOyIoT Ooibmoro oobeMa WHGOpPMAIMH OTHOCHTEIFHO TPAacChl WM OCOOCHHOCTEN
MecTa, rjie pabotaer cuctema. [lotepu Ha Tpacce I PaIMOCUCTEMbI BHYTPH MIOMEIICHUS XapaKTEPHU3YIOTCS
KaK CpPEeIHUMH TOTEpPsIMH Ha Tpacce, TaK W CBSI3aHHOH C HHUMHU CTaTHUCTUKON 3aMHpaHHid BCIICICTBHC
3aTreHeHus. Heckoybko Mojieneit moTeph Ha Tpacce BHYTPH MOMEIIEHHSI YIUTBHIBAIOT OclabIeHre cCUrHala mpu
€ro MHOTOKPATHOM TMPOXOXJICHUHM 4Yepe3 CTeHbl W/WIM TOoNbl. Mojesb, ONMMChIBacMas B 3TOM pasfele,
YUUTHIBACT TIOTECPH MPU MHOTOKPATHOM TPOXOXKJICHUHM CHUTHAJIA Yepe3 TOJ, YTO MO3BOJSET MPEAYCMOTPETh
TaKUE XapaKTePHCTUKH, KaK IMOBTOPHOE HCIOJIh30BAHUE YAaCTOThI HA pPAa3NUYHBIX JSTaKaxX 3/aHusl.
JluctaHnMoHHbIe KO3(G(GUIMEHTH TOTEPH MOIIHOCTH, MPUBOJUMBIC HW)KE, BKIIOYAIOT B HESIBHOM BHJIC
IOIpaBKy Ha MNOTCPHU IPU MPOXOKACHUN CUTHAIA Y€PE3 CTCHBI U HAJ WJIN YCPE3 MPCIATCTBUA, 4 TAKIKC Ha
OCTaJIbHBIC MEXaHU3Mbl BO3HMKHOBCHUA IMOTEPHL, KOTOPHIEC MOI'YT BO3HUKHYTH B IPEACIaX OIHOI'0 3Taxka
3naHus. B Moessix, yAuThIBAIOIUX CHCHUPUKY MECTa, UMEETCS BO3MOXKHOCTh B SBHOM BUJIC y4ECTh IOTEPU
3a CUET KaXKJIO# CTEHbI, BMECTO TOTO, YTOOBI BKJIFOYATH UX B TUCTAHIIMOHHYEO MOJICIb.

OcHoOBHAas1 MOJIEITTb TTOTEPh UMEET CIICYIONTUIN BU/I:
d
Ltotal = L(do) + Nlogio = + Lf(n) Ab, (1)

rae:
N:  JMCTaHIMOHHBIN KOA(DDUIMEHT NOTEPh MOIIHOCTH;
gactota (MI'n);

d: paccrosHue pasHeceHHs (M) MeXIy 0a30BOM CTaHIMENW U MEPEHOCHBIM TEPMHHAIOM
(rme d > 1 m);

do:  sranonnoe paccrosiue (M);

L(do): morepu ma tpacce B do (1b) mnst stamonnoro paccrosiaus 0o Ha 1 M u mpuHHMas
pacripocTpanenue B cBoboaHoMm mpoctpancte L(do) = 20 logig f — 28, rme f

BhIpaxkaercs B MI'L;

Lf: koadduumeHT noTeph 3a cUeT MPOXOKACHHS CUTHala yepe3 1o (1b);

N:  KOJIMYECTBO dTa)kell MEXIy 0a30BOW CTaHIMEH U MepeHOCHbIM TepMuHanioM (N > 0),
Ls=0 nb mpu n = 0.

XapakTepHbIe MapaMeTpbl, OCHOBAaHHBIC Ha Pe3yJIbTarax pa3lUYHBbIX W3MEPEHH, IPUBE/ICHBI B TA0IUIaX 2
u 3. B KoHIIe pa3zena 1aHbl OCHOBHBIE PYKOBOISIINE YKa3aHUs.
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TABJIULIA 2

Ko duuuents: norepu MmomnocTH, N, ncnoab3yemblie
MpPH pacyeTe NOTeps Nnepeaayd BHYTPU MOMeIeHUs

Yacrora Kuiaoe CayxedHoe Ilomerienne TOPproBoro 3aBon Kopuaop
noMeIeHue noMeIeHue HA3HAYEHHUS

900 MI' - 33 20 — _
1,25TTu - 32 22 - _
1,9IT 28 30 22 - -
2,11ITn - 25,54 20 21,1 170
2,4TTn 28 30 - - _
3,5ITn 27 - - _

2,625 T - 440) - 330 _

4TT - 28 22 - -
52ITn 30@ 31 - - _
28@®)

58T - 24 - — _
28ITn - - 27,6©® _ _
60 I'Tu® - 22 17 - 16(M. ©
70 TTu® - 22 - - _

()

@

®

O]
®)
(6)

O]
®

©

IToxpasymeBaercs, uto Ha yactoTax 60 I'Tr u 70 I'Tm mpoucxoauT pacpocTpaHeHHE B Ipeieiax OAHOI KOMHAThI
WIN TIOMEIIEHHS, TIPH 3TOM IIONIPAaBKU Ha Mepenady MpH IMPOXOXKACHUM CUT'HANA 4epe3 CTEHBI HE yUUTBHIBAIOTCS.
[Normnomenne B razax Ha gactote okojio 60 I'T1 Takke BeckMa CymiecTBEHHO IS paccTosHuMiA 6osee 100 M 1 MOXxeT
BJIHMSATH HA PACCTOSHUS MIOBTOPHOI'O UCIIONIB30BaHMs 4acToT (cM. Pekomennanuio MCD-R P.676).

MHOFOKBapTI/IpHOC 3JaHUEC. OAHO- WJIN ABYXOTAXHOC KWIMIIC OJIsI HECKOJbBKUX ﬂOMOXO3XﬁCTB. Kak IpaBuJio,
OOJILLINHCTBO CTCH, PasJACIIAIOIINX KOMHATDBI, ABJIAIOTCA OETOHHBIMH.

HOMZ OAHO- WJIM [ABYX3TAXKHOC JKWIMIIC I OAHOro ,I[OMOXOBﬂﬁCTBa. Kak paBuiIo, OOJIBIIUHCTBO CTCH,
pa3acIArOIIUX KOMHATBI, ABJIAIOTCA ACPCBAHHBIMU.

KommnbroTepHsIif 3271, B KOTOPOM YCTaHOBJIEHO OOJIBIIOE YUCIIO KOMITBIOTEPOB.
[lepenaTynk 1 MpUEMHHUK HaXOASATCS HAa OJTHOM 3Taxke U 00e aHTEHHB! YCTAaHOBJICHBI HA BBICOTE MOTONKA 2,7 M.

Tpacca MexIy MepeJaTduKoOM M IPUEMHHUKOM HAIOJIIOBHHY JKPaHUPOBAaHA METALIMYSCKUMH MaTepHATaMH, U
BBICOTA 00€MX aHTEHH cOCTaBjseT 1,5 M.

[HupuHa myya nepegaromeii 1 MpueMHON aHTeHHBI cocTaBisieT 15,4°.

Keneznomopoxusrit Bok3an (170 m x 45 M x 21 M (H)) u repmunan aspomopta (650 M x 82 m x 20 M (H)): coydait
NLoS, anTeHHa nepeaaTyuka ¢ MUPUHONW Jyda 60° MO MOJTOBUHHOM MOITHOCTH YCTaHOBJIEHA Ha BBICOTE 8 M, U
aHTeHHa NPUEMHHKKa C IUPHHOM Jyda 10° ycraHOBIeHa Ha BbIcoTe 1,5 M Haj 1M0JIoM. DTO 3HaUeHHE ObLIO MOJIY4YEHO
Ha OCHOBaHMU MaKCUMAaJbHOT'O YCHJICHHUS Ha TPACcCce aHTEHH IepeaTunkKa U IPHeMHHUKa pa3HON OpUEHTAIINH.

[lepenatunk u npueMHUK HaxodsTcs B kopuaope LoS.
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TABJIMIIA 3

Koy puuueHTHI MOTEPh NPH MPOX0:KAEHNH CUTHAJIA Yepe3 moJ, Lt (1b), rae N — unciao
NPOiiIEHHBIX ITAKEH, MCMOJIb3yeMble IPU pacyeTe MOTeph Nepelavyn BHYTPU nomenrenus (N = 1)

Yacrora Kunoe nomenienue Cay:xeOHoe IomeweHue TOProBoro
NoMelleHme Ha3HaYeHUs
900 MTI'1g — 9 (1 atax) -

19 (2 sraxa)
24 (3 sraxa)

1,8 21Tu 4n 15+4(n-1) 6+3(n-1)
2,4TTn 10® (MHOTOKBapTHPHOE 3/1aHHE) 14
5 (nom)

3,51Th 18 (1 atax)

26 (2 ataxa)
521Tn 13W (MHOrOKBapTHpPHOE 3aHUE) 16 (1 aTax) —

7@ (nom)

58T 22 (1 atax)

28 (2 ataxa)

1) Ha ogny GeToHHYIO CTEHY.

@ JlepeBsHHBII 3aMOTHUTEND.

JInst pasmuuHBIX YACTOTHBIX JMAIA30HOB, IS KOTOPBIX KO3()(MHUIMEHT MOTEPH MOIIHOCTH B JKHIIBIX
MOMEIIEHUSIX HE YCTAHOBJICH, MOXKHO HCIIOJIb30BaTh COOTBETCTBYIOIIEE 3HAUEHUE ITOT0 KOIPPUIIEHTA IS
CITy>KeOHBIX TIOMEIICHUH.

CnenyeT OTMETHTb, 4YTO MOTYT CYIIECTBOBaTb OrPAHWYECHMs Ha W3OJLALMIO, IPEANONaracMylo IpHU
MIPOXOX/IEHUN CUTHAJIOB MEXIy dTakaMu. CUTHAJI MOXKET HalWTH Jpyrue, BHEIIHWE MyTH AJIs 3aBepIICHUs
JIUHUH CBSA3M C MEHBIIUMH OOLTUMH MOTEPSMH, YEM MPU MHOTOKPATHOM MEPECEUECHUH MEPEKPHITHI MEXTy
ITaKaMHU.

Ecnu »Tu BHeUIHue MyTH UCKIIOUUTH, TO U3MepeHus Ha dactoTe 5,2 I'T'1 mokasanu, 9To npu HOPMaJIEHOM
NaJICHUN PAJMUOBOJIH CPEIHUE IOIOJIHUTENIBHBIE MOTEPU IPU IPOXOKIACHUM THIIOBBIX MEKIY3TaXHBIX
XKeNe300€TOHHBIX MEPEKPBITHH C MOJABECHBIMU MTOTOJIKaMU cocTaBisitoT 20 ab mpu cTaHAapTHOM OTKIOHEHUH
1,5 nb. OcBerutenbHble TPHOOPH! YBEINUMBAIOT cpefHue notepu A0 30 ab npu craHIapTHOM OTKJIIOHEHUH
3 b, a BEeHTHJISIMOHHBIE KaHAIIBI O] TIOJIOM YBEJIMYMBAIOT CpefHue motepu 10 36 ab mpu crangapTHOM
OTKJIOHEHHH 5 1Bb. DT 3HaUEHHS TOJKHBI KCTIOIB30BaThCsI BMECTO K03 (huIreHToB Lt B MOIEIsIX, 3aBUCSIITIX
OT MECTa, TAKUX KAK CBSI3aHHBIX C IOCTPOECHUEM JTIyUEil.

CratucTtuka 3aMHpaHHi, BBI3BAaHHBIX 3aT€HEHHEM BHYTPH MOMEIEHUH, COOTBETCTBYET JIOT-HOPMAIbHOMY
3aKOHY, @ 3HAYEeHHS CTaHJIapTHBIX OTKJIOHEHUH (1b) npuBeneHs! B Tabnuie 4.



Pex. MCJ-R P.1238-8 7

TABJINIIA 4

CTraTHCTHKA 3aMUPAHUI BCJIeICTBHE 3aTeHEHHUsI, CTAHIAPTHOe OTKJIoHeHHue (1b),
AJISl pacyeTa noreps nepeaavyd BHYTPU MOMeIeHUs

Yacrora CayxedHoe ITomemenue TOProBoro
Kunoe nomelnenmne
(I'T’') noMeunieHue Ha3HaAYeHUs
1,8-2 8 10 10
3,5 8
5,2 - 12 -
5,8 17
28 6,7

@) Kenesnomopoxusrit Boksan (170 m x 45 M x 21 m (H)) u Tepmunan asponopta (650 M x 82 M x 20 m (H)): ciyuai

NLoS, anTeHHa nepenaryvka ¢ IUPUHON Tyda 60° 1O MONOBMHHON MOIIHOCTH YCTaHOBJIEHA Ha BHICOTE 8 M, U
aHTEHHA NPUEMHUKa C IUPUHOI Tyda 10° ycTaHOBJEeHa Ha BbICOTE 1,5 M Hal Moj1oM. DTo 3HaYeHHe ObLIO HOIYYEeHO
Ha OCHOBaHMU MaKCUMAaJBHOT'O YCHJICHHUS Ha TPAacce aHTEHH IepeaTunka U IPHEeMHHUKA pa3HON OpUEHTALINH.

XO0Ts UMEoLIMecs B HACTOALICE BPeMs PE3yJIbTaThl M3MEPEHUH OBUIN MOJIyYeHbI B Pa3sHbIX yCIOBUSX, YTO
JeNaeT 3aTPyAHUTEIbHBIM X IPAMOE CPaBHEHHUE, U JaHHBIC MMOCTYIWIN TOJBKO IS OTACIBHBIX YACTOTHBIX
JMATa30HOB, HEKOTOpble OOILIMe 3aKIIOYEHUs BCE K€ MOMKHO BBIBECTH, OCOOCHHO MJI JAuana3oHa
900—2000 MI'm:

Ha tpaccax ¢ kommoneHTo# npsiMoii BuauMocty (LoS) noMuHHUpYIOT oTepH Nepeaayn B CBOOOJHOM
NPOCTPAHCTBE, a JIUCTAHIMOHHBIH KO3(P(UIMEHT NOTEpU MOLIHOCTH Il HHUX PaBHSETCS
npumepHo 20.

I[HSI OOJIBIINX OTKPBITBIX HOMCHICHI/Iﬁ TAKXKXC  XApaKTCPHO 3HAYCHHUEC OHUCTAHIIMOHHOTIO
ko3 durmenTa moTepu MOIIHOCTH Topsaka 20; 3T0 MOXKET OOBSICHATHCS HAIWYMEM MOLIHOM
cocrapmstomieid LoS B GonpImrHCTBE 30H momereHus. [IpuMepamu MOTYT CIy>KHUTh MOMEIIEHWS,
PacCIiojio’)KCHHBIC B OOJIBIINX TOProBBIX CKJIaJaX, CIIOPTHUBHBIC ApPCHBI, 3aBOACKHWE MOMCHICHUA U
CITy’)KeOHbIe OTKPBITOH MJIAHUPOBKH.

B kopumopax OTMEUarOTCs MEHBIIME IOTEPH HAa Tpacce, 4YeM B CBOOOJHOM MPOCTPAHCTBE,
C TUITUYHBIM JUCTAHIIMOHHBIM KO3 (HUIIMEHTOM MOTEPH MOITHOCTH Hopsiaka 18. ['acTpoHOMBI ¢ X
JUIMHHBIMH, JIMHEHHBIMU MPOXOJaMHU MEXAY CTelJIa)KaMd MMEIOT XapaKTePUCTHUKUA IOTEpb,
COOTBETCTBYIOIIME KOPUIOPAM.

Pacnpoctpanenne oruOaHueM TPEMSATCTBMM W 4Yepe3 CTEHbl BEAET K 3HAYUTEIIbHBIM
JOIIOJTHUTENNBHBIM MOTEPSM, KOTOPBIE B OOBIYHBIX YCIOBHSX MOTYT YBEIWYHUTH AMCTAHLMOHHBIN
ko3 urment noreps MomtHocTH A0 40. [IprMepaMu MOTYT CITYy>KUTh TPAcChl MEXy KOMHATAMH B
CITy>KE€OHBIX MIOMELICHUIX 3aKPBITON IIAHUPOBKH.

Ha nnuHHBIX Tpaccax 6e3 mpensTCTBHi B epBoii 30He PpeHenst MOXKeT BO3HUKHYTH ""TOYKa U3JI0Ma
kpuBoi". Ha 3TOM paccTosIHUM TUCTaHIIMOHHBIH KOY()(UIMEHT MOTEPU MOIITHOCTH MOYXKET MEHSTHCSI
npumepHo ot 20 xo 40.

YMeHblenue k03¢ uIreHTa IoTeps Ha TPAcce NPHU YBEIMYEHUH YacTOTHI sl YCIOBUM IpueMa B
CITy’KeOHBIX NoMelleHnsx (Tabnuia 2) He Bcerga HaOiogaeTcsi Win Jerko oobsicauMo. C OfHOM
CTOPOHBI, NPH YBEJIIMYEHUH YacCTOTHI MOTEPH MPH MPOXOKACHUHM CKBO3b IMPEISTCTBUS (HAampuMmep,
CTEHBI, Me0ellb) BO3pACTaIOT, ¥ JU(PArdpOBaHHbIE CUTHANBI JAIOT MEHBIIHA BKJIAJ] B MOIIHOCTb
NPUHIMAEMOI0 CHTHajla; ¢ Apyrod CTOpoHbl 30Ha DpeHens MeHee 3akpbiTa Ha Oojiee BBHICOKUX
4acToTax, YTO MPHUBOAUT K MEHBIIUM NOTepsiM. PakThiyeckue MOTepH Ha TPacce 3aBUCAT OT THX
MPOTHUBOIIOJIOKHO JICHCTBYIOIINX MEXaHH3MOB.
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3.2 MOIle.]'ll/I, YuuThIBaKOIIUE 0CO0EHHOCTH MecTa

Juia ompeneneHus MOTEph Ha Tpacce WIM YPOBHS HANPSHKEHHOCTH IOJSI TIOJIE3HO TaKKe MPUMEHEHHE
MoOJIeTIel, YYMTBHIBAIOMNX OCOOEHHOCTH MecTa. CyIIecTBYIOT MOJENW Ji TPOTHO3WPOBAaHWS YpPOBHEU
HaIpPsDKEHHOCTU TOJII BHYTPH TOMEIICHUN, OCHOBaHHBIC Ha OgHOponHOW Teopuu mudpakiuu (UTD) u
METOJIaX IOCTPOeHUS Jiydeid. s pacuera HanpsHKEHHOCTH TOJIsl BHYTPH TOMEIIeHNH Heo0X0qiuMa IeTanbHas
rH(pOpMAITUS O CTPYKTYpE 31aHus. B 3THX MOAETSX IMIMPUIECKHE HIIEMEHTHI COYETAIOTCS C TEOPETUIESCKIM
ANEKTPOMAarHUTHEIM moaxogoM UTD. DTOT MeToj yYUTHIBa€T NPSMBIC OJHOKPATHO TU(PpPAarMpOBaHHBIC U
OJTHOKPAaTHO OTPKCHHBIC JYyYHM W MOXKET pPaCIpPOCTPAHITHCS HA MHOTOKPATHYHO JU(MPAKIUIO KU
MHOTOKPAaTHOE OTPaXKCHHE, a TaKXKe Ha COYETaHWW AU(PpParupoBaHHBIX W OTPaXKEHHBIX Jydei. 3a cyer
BKJIFOUEHUS] OTPAKEHHBIX W AU(PPardpOBAaHHHBIX Jy4ded TOYHOCTH IMPOTHO3WPOBAaHHUS TMOTEPh Ha Tpacce
CYILIECTBEHHO MOBBIIIACTCSI.

4 Mogean pa3opoca 3aaepikexk

4.1 MHOro/1y4€BoCTh

Pamnoxanan pacnpocTpaHeHHs BOJIH IJI TIOJIBUKHOMW/TIEPEHOCHON CTAaHIIMKM MEHSAETCS B 3aBUCUMOCTH OT
BPEMEHH, YaCTOTHI M MECTOTIOJIOXKEHHS B TPOCTPaHCTBE. Jlaxke B CTATHUECKON CHTyally, KOT/Ia TMOJI0KEHNE
nepeaaTynka ¥ NpUEeMHHKA 3aQUKCHPOBAHO, Ul TAaKOTO KaHalla XapakTepHa OIpe/efieHHas TUHAMUKA,
MIOCKOJIbKY PacCEeMBAIOLIME M OTpaXKalolIHe MpeaMEThl MOTYT MepeMenarbcs. TepMuH "MHOTrol1y4eBoCTh"
o0yCIIOBIIEH TE€M, 4YTO BCJIEACTBHE OTpPaXKEHUs, AU(paKIuu ¥ paccesHUs PAAUOBOIHBI MOTYT
pachpocTpaHAThCS OT MepeaaTInKa K MPUEMHHUKY 110 MHOTOYHCICHHBIM TpaccaM. J{JIs KaxKI0i U3 3THX Tpacc
XapakTepHa CBOSI BPEMEHHAs 3aJlepiKKa, MpOIMOpIHOHaNbHAs JUiMHEe Tpacchl. (Beckma TpyOyro omeHky
0KHAEMOTO MAKCHMAIBHOTO BPEMEHH 32/ISPKKH JIJIS1 KOHKPETHBIX OKPY KAFOIINX YCIOBHUH MOKHO TOTYYHTD,
3Hasg pa3Mephl MOMEMIEHHUS W YYHUThIBas TOT (akT, 4To Bpems (B HAHOCEKYHJaX) IS IPOXOXICHUS
paxnouMITyibcoM pacctostaus d (M) paBHO mpuMepHO 3,3 d). DTH CUTHAITBI € 3aIEPHKKOM, KaXKIBIH U3 KOTOPBIX
HUMeEeT CBOIO aMILIUTYy, 00pa3ytoT JIMHEHHBIA QUIBTP C MEHSFOIMMHUCS BO BPEMEHH XapaKTEPUCTHKAMHU.

4.2 HNmnyabcHas xapakTepucTukKa

Llens MonenMpoBaHUS KaHaa 3aKIIOYAeTCs B TOM, YTOObI 00€CIIeUnTh TOUHOE MAaTEeMaTH4eCKOe OIMHCAHUE
SIBJICHHSI pAaCIIPOCTPAHEHUS PaIHOBOJIH, KOTOPOE MOXKHO ObLIO ObI HCIIONIB30BATh IPH UMHUTALMN PAJAUOIMHAN
U CHUCTEM B INpOIECCE MOJACIUPOBAHMS pa3BEpTHIBAHUS CUCTEMBI. [IOCKOJIBKY paanoKaHal JHMHEEH, OH
IIOJIHOCTBIO OIMCHIBAECTCA CBOECH UMITYJIBCHOM XapakTEpPUCTHKOW. Ecin ke UMITyJbCHasi XapaKTEpPUCTHKA
W3BECTHA, TO MOXKHO OIPEEIUTh PEAKLUIO palMOKaHaIa Ha JII000H BXOIHON CHI'HaI. DTO M €CTh OCHOBA IS
MMHUTAIIMOHHOTO MOJIEIMPOBAHNUS XapaKTEPUCTUK JINHUU.

HNmnynbcHast XxapakTepucTUKa OOBIYHO MPEACTABISAETCS B BUE PYHKIIMOHAILHON 3aBUCUMOCTH IIOTHOCTH
MOIIIHOCTH OT JOTIOJIHUTENBHOM 3a/lep>KKH 110 OTHOIIEHHWIO K IMEePBOMY OOHApy>KEHHOMY CHUTHaIly. OTy
3aBUCHUMOCTh 4acTO Ha3bIBalOT HpoduieM 3amepx Ku MomHOCTH. COOTBETCTBYIOIIMI MpHUMeEp MOKa3aH Ha
pucynke 1 Pexomenmannu MC3-R P.1407, Tonbko BpeMeHHas IIKajia A KaHAJIOB BHYTPHU MOMEUICHHS
JOJDKHA M3MEPATHCS HE B MUKPOCEKYHJax, a B HaHOCEKyHJaxX. B 3Tol xe PexoMmenmanmy mpuBojsaTCs
OTIpeeSIeHUs HECKOJIBKHX MTapaMeTPOB, XapaKTEPU3YIOIUX NPO(HIN UMITYIECHON XapaKTepUCTUKH.

NmnynscHas xapakTepUCTHKA KaHalla MEHSIETCS B 3aBUCUMOCTU OT MECTOIOJIOXKEHHs MPUEMHHKA, a TaKKe
MOJKET MEHATHCS U BO BpeMeHHU. [103ToMy OHA OOBIYHO U3MEPSIETCS M MPEACTABIISICTCS B KAYECTBE CPEIHEr0o
3Ha4YeHUsI TPO(UIIe, TOTYYSCHHOTO B Pe3yJIbTaTe U3MEPESHHI Il OJHOW JITMHBI BOJHBI, €CIM HEOOXOAMMO
YMEHBIIIUTh BIUSHUE IIYMOB, WJIU IS HECKOJBKUX JUTMH BOJH, €CJIH TPeOYeTCS ONpPENeNIUTh CPEAHHN
MIPOCTPAHCTBEHHBIN MPOduib. OueHb BaXKHO YETKO OIMPEACIIUTh, KAKOH HMEHHO CPeIHUHN MPOGUIIb UMEETCS
B BHJIy W KaK MPOU3BOIMIOCH YCpeIHEHHE. PekoMeHayemas mpoleaypa YCPEeIHSHHsI 3aKI04aeTCsl B TOM,
YTOOBI CIEAYIONIMM 00pa3oM cOPMHUPOBATH CTATUCTHYECKYIO MOJIENb: JUIS OICHKH Ka)XJIOW WMITyJTbCHOU
XapaKTepUCTUKU (MPOQHIIS 3aJEPKKH MOIIHOCTH) YCTAHOBUTH OTPE3KH BPEMEHHW JI0 U TIOCNE CpeaHei
3agepxkd, Tp, (cM. Pekomermanmro MCO-R P.1407), 3a mpemenaMu KOTOPBHIX INIOTHOCTH MOIITHOCTH HE
npeBbiiaer 3aganneie 3Hadenus (—10, —15, —20, —25, —30 ab), ycraHOBIEHHBIE OTHOCUTEIHLHO MUKOBOTO
3HAYEHUsI TNIOTHOCTH MOIITHOCTH. MeinaHa 1, Ipy xellaHuu, 90-5 MpOIEHTHIIb PacIIpeIe]ICHUI dTHX OTPE3KOB
BPEMEHH U NPEJCTABIIAIOT COOO0M HCKOMYIO MOJIEIIb.
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4.3 CpennekBaapaTHyHOe 3HAUEHHE Pa30poca 3a/1ep:KKU

[Ipodunu 3agep>Kku MOLTHOCTH, KaK TOBOPUJIOCH BBIIIE, YACTO XapaKTEPU3YIOTCSI OHUM MM HECKOJIBKUMHU
napameTrpamMy. OTH HapaMeTpbl BBIYUCIAIOTCS MO NPOQUISLM, YCPEIHEHHBIM IO IOBEPXHOCTH, MMEIOIIEH
pa3Mepsl NOpsiiKa HECKONBKUX JUIMH BOJH. ([lapameTp cpenHekBapaTHYHOTO 3HAUYEHUsI pa3dpoca 3a1ep KU
MHOI'ZIAa ONPEENAOT 10 MHAMBUAYaJIbHBIM HNPO(QUISIM, a pe3yabTaThl YCPEAHSIOT, OIHAKO B 3TOM Cilydyae
OKOHYATENbHBIN pe3yiabTaT OyAeT, Kak NpaBWIO, OTIMYATHCS OT 3HAYEHHs], MOJIYYEHHOI'O C IIOMOIIbIO
ycpennerHoro npoduist.) [Topor uckiodeHus uryma, Ui KpUTepui pueMKy, HanpuMep BennunHa Ha 30 1b
HW>KE TIMKOBOTO 3HAYEHUsI MPOQUIIs, JOIDKEH YKa3bIBaThCsl BMECTE C PE3yIbTUPYIOIINM 3HaYCHHUEM pa3dpoca
3aJep)KKH, KOTOPOE 3aBUCHUT OT BEJIMYUHBI I10POTra.

[TockonpKy cpemHeKBagpaTHIHOE 3HAUCHHE pa3opoca 3aJep K1 OY€Hb ITUPOKO UCTIONB3YeTCs, OHO HE BCET/Ia
JlaeT MOJTHOE oNucanue Npouis 3aepxkek. B ciydae MHOT0Iy4eBOCTH, KOTIa pa30poc 3aIepKK1 PEBBILIACT
JUTATETFHOCTh CHMBOJIa, KOG (UITUEHT OMIIOOK 1O OUTaM JJIst MOTYJISIITUH ¢ (ha30BOM MaHUITYJISIIUEH 3aBUCUT
HE TOJBKO OT CPEIHEKBAIPATUYHOTO 3HAYEHHS pa3dpoca 3aJep>KK{, HO M OT OTHOIIEHHS MPHUHIMAaeMbIX
MOIITHOCTEW TOJIE3HOT0 U MEHIAIOLIETO CUTHAJIOB. DTO OCOOEHHO 3aMETHO B CUCTEMaX C BHICOKOM CKOPOCTBIO
nepeaaynu CHUMBOJIOB, HO OCTACTCsd CHPABCAJIMBBIM W IIPH HU3KUX CKOPOCTAX HX IE€pCAadyv, Koraa Cpeiu
MHOTOITYYEBbIX COCTABJISIFOIINX UMEETCs] MOIIHBIN TOMUHUPYIOIINHA CUTHAN (3amupanue Paiica).

Tem HEe MeHee, eclTi MPEATNONOKUT, YTO MPOPUIIb 3aTyXaeT 110 SKCIOHEHTE, TO TOCTATOYHO UCIIOJIL30BATh
CpeAHEKBaJpaTHYHOE 3HaUCHHE pa3dpoca 3allepKKH BMECTO MPOGUIIS 3aJep>KKH MOITHOCTH. B 3TOM cityuae
HUMITYJIbCHAS XapaKTePUCTHKA MOXKET OBITh MPeoOpa3oBaHa MPUMEPHO CICAYIOIIAM 00pa3oM:

s <t <
h(t) = e e 0 <t <t , @)

0 B IIPOTHUBHOM CITy4ae
rae:
S!  cpenHekBagpaTHYHOE 3HaYCHUE pa3dpoca 3a/lepKKH;
fmax:  MaKCHUMaJbHas 3aJEPKKa;
tmax >> S

[Ipenmy1iecTBO NCTIOIH30BAHUS CPEAHEKBAIPATHYHOTO 3HAUYEHUS Pa30poca 3aIep’KKH B KAU4ECTBE BBIXOTHOTO
rapaMeTpa MOJIEIH 3aKIII0YaeTcs B TOM, UYTO TaKyH) MOJENh MOXKHO MPEACTABUTH MPOCTO B BHJIE TAOIHUIIBL.
XapakTepHble 3HaUCHHS ITapaMeTpa pa3opoca 3a1epiKKH, MOJIyUEHHBIC C TOMOIIBIO YCPEIHEHHBIX MPpoduIei
3aJIep’KKH JJIs TPEX BHJIOB ITOMEIIEHUH, ITpe/ICTaBIeHBI B Tabmuie 5. B cronbue B Tabmutst 5 mpeacraBieHs!
HamOoJiee 4acTO BCTpeyaroluecs MenuaHHble 3HadeHUs, cronoubl A u C coorBerctBytor 10% m 90%
3HAYCHUI MHTErpalbHON (DYHKIIMU pacrpejiesicHus. 3HaYeHus, IPUBEJCHHbIC B TAOJUIIE, XapaKTePHBbI IS
MaKCUMAIHHOTO pa3Mepa BEPOSITHBIX MIOMEIIEHUH KaXI0T0 THIIA.
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TABJIMIIA 5

Pa3zpemenne IMupuna 11 T—
Yacrora Ycaosus Honsipusamus | ™© BPEMEHH nepeaauero . neMﬂgron w | A B C
(I'T') npuemMa prszan 3aePKKH Jy4da P y (uc) (uc) (HC)
(rpan.)
(ne) (rpan.)
Kinroe \AY 10 BcenanpagieH. Bcenanpagie. 20 70 150
HOMeLIEHHE
CaryxeOroe \AY 10 BcenanpagieH. Bcenanpagien. 35 | 100 | 460
1,9 MOMeILEeHHe
INomemenne
TOProBOro \AY 10 Bcenanpasien. Bcenanpagien. 55 | 150 | 500
Ha3zHa4YCHUA
13®
2,25 TB-cryaus \AY 4,2 BcenanpasineH. Bcenanpasnes. - 26 -
CryxeGHoe \AY; 1,8 Bcenanpasnen.!) | Beenanpasnen.M) | 8 11 | 125
TIOMEIICHHE \VaY; 1,8 Beenanpasnen.®? | Beenanpasnen.® |10,74| 13,74 | 20,15
2,625 Kopuznop \AY 1,8 BcenanpagieH. Bcenanpasnen. | 8,49 | 18,53 | 25,16
Kabnna \AY 1,8 Bcenanpagien. Bcenanpasmen. | 7,98 | 11,89 | 14,47
camonera
3aBox \AY 1,8 Bcenanpagien. Bcenamnpasnen. | 51,5 | 69,2 | 87,2
Kiroe \AY 10 Bcenanpagien. Bcenanpagien. 15 22 27
HOMELIEHHE
Ciryxebroe \AY 10 Bcenanpagien. Bcenanpagies. 30 38 45
3,7 MOMEIIEHHE
INomemenne
TOProBOTO vV 10 BcenanpagieH. Bcenanpasnen. | 105 | 145 | 170
Ha3Ha4YCHUA
Kiroe \AY 10 Bcenanpagien. Bcenanpagies. 17 23 30
HOMEIIEHHE
Crmyxebroe \AY 10 Bcenanpagien. Bcenanpagies. 38 60 110
52 MoOMeLIEeHHE
INomemmenne
TOProBOro \YAY 10 BcenanpagiieH. Bceenanpasmen. | 135 | 190 | 205
Ha3HA4YCHUA
5 5 5
30 KomnbroTepHbIi Dual® 0.45 35 35 1207] 2500 | 140
factep 0,45 35 35 1,60 (17,60 | 340
KOMIBIOTEpHET \AY 0,22 15,4 15,4 1,081 5208 110,6®
i KJIacTep vV 0,9 15,4 2,2 1,201 120 37,50
CryweGroe A% 0,22 Bceenanpasnen.19 | Beenanpasnen. | 0,68 | 1,7 4
nomemerne® \AY; 0,22 Bceenanpasyen.? | Becenanpasnen.™V | 0,45 | 1,77 | 5,2

@) AHTeHHBI MepeNaTINKa U MPUEMHHUKA YCTAHOBJIEHBI Ha BBICOTE MoToNKa 2,6 M 1 ®) Ha ypOBHe MaHe M Ha BHICOTE

1,5 M.

©) Bepxnmue ¥ HIXHHE 3HAYCHHS NPEACTABIAIOT ciydaii LoS u NLOS, cooTBETCTBEHHO.
@ Cpennee 3nauenue VV, VH, HV u HH.
® TIopor 20 b, ® 25 1b u ) 30 xb.

® Tlopor 30 b, NpueMHKK HaMpaBjieHa Ha TepeIaTyHuK.

© Tlopor 20 1B, anTeHHa NepeaTuMKa NoBOpaunBaeTcs Ha 360 rpaj.

(19 TTepeaTumk 1 MPUEMHHUK: Mepeaua Ha Tene — Ha Tene u ‘Y Ha Tene — BHe Tela.
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B mpepenax KOHKpETHOTO 31aHUs Pa30poC 3aJCPKKH, KaK MPAaBHIIO, YBEIMYUBACTCS IMPU YBEITUYCHUU
paccTosHUS MKy aHTEHHAMH U, CIIEZI0BATENBHO, IIPH BO3PACTAHUH MOTEPh pacipocTpaHeHus. YeM Oobiie
paccTosiHue MeX Ty aHTEHHAMH, TeM OO0JIbIIIe BEPOSTHOCTD TOTO, YTO HA TPACCE BOSHUKHYT MPETATCTBHUS U 9TO
MIPUHUMAEMBIH CUTHAJ OYJIET IIETUKOM COCTOSITh M3 PACCESIHHBIX CUTHAJIOB,

CpenHeKBaIpaTUYHBIA  pa3dpoc 3aliepKku, S, B TrpyOOM NPHONMKEHUU TPOMOPIHOHANICH TUIONIA M
MTOBEPXHOCTH 104, Fs, 1 onpenensercs ypaBHeHHEM (3).

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

2

A€ CAUMHUIbBI Fs uS BBIpa’XCHbI, COOTBETCTBCHHO, B M~ U HC.

3TO0 ypaBHEHHE OCHOBAHO Ha U3MEpPEHUSIX B Auana3zone 2 [T [y pa3nuyHbIX THIIOB MOMEIICHUH, TAKMX KaK
CITy>KeOHbIC TTOMEIICHHSI, BECTHOIOJIN, KOPUIOPHI U TUMHACTHYECKHE 3ajibl. MaKkCcUMalbHas TUIOMAab Moja
I IpOBeIeHUs u3Mepenus coctassia 1000 M%. MeauaHHOe 3HaUEHKE TIOTPEIHOCTH OLEHKU COCTABIAET —
1,6 Hc, a cTaHmapTHOE OTKJIOHEHHE 24,3 HC.

Ecnu pa3opoc 3anepxku, S, mpeacTasieH B 1b, To cTaHAapTHOE OTKIOHEHHE S ONpeIeseTCs B AUala30He OT
npumepso 0,7 a1b g0 1,2 ab.

4.4 CraTHCTHKA H30MPATEIHLHOCTH MO YACTOTE

MHoronyueBoe pacpocTpaHeHHEe 00YCIIOBIMBAECT U30UPATENBHOCTH 10 YyacTtoTe. CTeneHb n30MpaTeIbHOCTH
10 YaCTOTE XapaKTEPU3YETCsl KOTE€PEHTHOM IOJI0COM NPOIyCKaHUs, CPEIHEN IIMPUHOM T0JI0CHl 3aMUPAaHUs U
4acTOTOM MepeceueHns ypOBHS, Kak moapoOHo onucano B Pexomengammu MC3-R P.1407. 3nauenus cpeqHei
LIMPHHBI [I0JIOCHI 3aMUPAHMS, KOTOPBIE OKa3aluch HIKe mopora 6 nb mo pesynpratraM M3MepeHHH BHYTpU
MTOMEILEHHUH, TTPEICTABIIAIONINX JJA00PATOPHIO U CITy)keOHOoe noMerienue B nmosoce 2,38 [T, u TB-cryauto B
monoce 2,25 I'Tm, cocraBmstor 27% wu 21%, coorBercTBeHHO. COOTBETCTBYIOIIME 3HAYEHUS YaCTOTHI
niepeceuerns ypoBHs cocTaBisitor: 0,12 na MI'p u 0,24 nva MI'm.

4.5 Mopaenu, yYuThIBAKONINE 0COOEHHOCTH MeCTa

B TO BpeMs kak cTaTHCTHYECKHE MOJENTH BeChMa IIOJIE3HBI B Ka4eCTBE PYKOBOJICTBA NPU TUIAHUPOBAHHH,
JNCTCPMUHUPOBAHHbBIC (MM YYUTHIBAIOIINE OCOOCHHOCTH MECTa) MOJEIU OCOOCHHO IICHHBI JJIS TEX, KTO
3aHMMAETCS  MPOCKTUPOBAaHUEM  CHUCTEM. MOXKHO  BBIJACIUTh HECKOJBKO METOAOB  Pa3pabOTKH
JIETePMUHUPOBAHHBIX MOJeNell pacnpeaeneHus. J(ns mpruMeHeHu BHYTpH MOMEIIEHUH OBLITH W3Yy4YeHBI, B
YaCTHOCTH, METOJ KOHEYHBIX pa3HocTe BO BpeMeHHoW oOmactu (FDTD) m merom, ocHOBaHHBIN Ha
reoMeTpHUYecKOi onTuke. MeTo TeoMeTpUIecKoi onTHKU Oojiee 3pPeKTHBEH B OTHOIICHUH BBIYUCIICHUH,
gem FDTD.

B merone, OCHOBaHHOM Ha T€OMETPHUYECKON ONTHKE, CYIIECTBYIOT ABa OCHOBHBIX ITOAXOZA: MCIIOJIB30BAHNE
n300pakeHnH 1 BO30YKJeHue Nyda. B MeTone n300pakeHui NCTIONB3YIOTCS N300paKeH!sT PUEMHUKA 110
OTHOIIIEHHUIO KO BCEM OTPa)KaOIIUM TOBEPXHOCTSIM OKpYXKaroIel cpenibl. PaccunThIBaloTCS KOOPAUHATHI BCEX
n300paKeHnH, a 3aTeM OIPEACISIOTCS TPASKTOPHH JIydel 10 HalpaBICHHUIO K 3TUM H300pasKEHUSIM.

[Moaxon ¢ Bo30ykIeHHEM Tyda MpeAroiaraeT paBHOMEPHOE pacipe/elieHHe psiia Bo30YKACHHBIX JTy4eH B
MIPOCTPAHCTBE BOKPYT MepeAAoNIeii aHTEHHBI. T paeKTOpHsI KayKA0To JIyda MPOCIeXUBaeTCs A0 TeX Mop, MOoKa
OH HE JJOCTUTHET IPUEMHUKA, WIH €ro aMIUINTY/1a HE YIaJeT HIKE 33JaHHOr0 YpoBHA. CpaBHEHME NTOAX0]1a
¢ BO30Y>KICHUEM JIyya U MOJX0Ja C UCIIOJIb30BaHUEM M300paKCHUH MOKAa3bIBAeT, YTO MEPBBI MeToxa Ooliee
UOKUH, MOCKONILKY TU(parupoBaHHbIE M PAaCCESHHbBIC JIy9d MOXKHO PAacCMaTpPHBaTh BMECTE C 3€pKalIbHO
OTpaXKeHHBIMH. Jlasniee, UCIOb3ysl METOJ] PACHIECIIIEHNS JTyda WM BapUALMOHHBINA METOJ], MOKHO COKPAaTUTh
BpEMs pacueToB, COXpaHMB NPH 3TOM TpeOyeMoe pasperieHue. MeTtoa Bo30yKAEHUS JTyda MOAXOAUT IS
MPOTHO3MPOBAHUSI UMITYJIBCHOW XapaKTEPUCTHKH KaHalla, OOCITYKHWBAIOIIEro OOLIMPHYIO 30HY, TOTJa Kak
MeTO]T N300pa’keHUI XOPOIII JIJIs1 POTHO30B B CIIy4ae CBSA3M MYHKTA C ITYHKTOM.

JleTepMUHIPOBaHHEBIE MOJIEITH, KaK MPABHUIIO, OCHOBAHBI Ha PsJIC MPEATIONIOKEHUN O BIUSHUHA CTPOUTEIBHBIX
MaTepUaoOB 3/IaHWS Ha XapaKTEPUCTHUKH PaCIpoCTpaHEHHS Ha paccMarpuBaeMmoi dactore. (Cm. m. 7
0 CBOMCTBaX CTPOUTEIbHBIX MaTepHaioB.) Mojieb, yuuThIBaIOIIas 0COOEHHOCTH MECTa, J0/DKHA YUUTHIBAThH
YU TEOMETPHUIO TIOMENICHHUs, OTpaxKeHHe, Au(pakiuio, u Iepeaadyy CHrHala 4depe3 CTeHbl. MMmynbcHyro
XapaKTEePUCTUKY B 33/IaHHOM TOYKE MOXKHO IPEJICTABUTH KaK:
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N Mrn MD"
1 —jort
h® =3 || [ [Tx] [P | =™ 8- |, (@)
n=1 u=1 v=1l

n

rue:

h(t): wuMnynbCHAs XapaKTEPUCTHKA,;
N: 9mcnmo magaromux Jydei;

Mm:  YHCIIO OTpaKeHHH N-TO Jy4a;

Mpn:  9HCIIO IPOHUKHOBEHHH N-TO JIy4a;

I ko dummeHT oTpakeHus N-To Jy4a OT U-i CTEHBI;

Pnv: ko3¢ ¢uIMeHT MPOHUKHOBEHUS N-TO Jyda Yepe3 V-0 CTeHY;
lh:  JUIMHA Tpacchl N-TO JIydYa;
To:  3alep)KKa N-To Jryda.

TpaexTopun 1y4el, OTPaKEHHBIX OT CTEH M JAPYIMX ITOBEPXHOCTEW WM MPOHMKIIUX CKBO3b HHX,
paccUMTHIBAIOTCS C TMOMOIIbI0 ypaBHeHUl @penens. CrnemoBaTelbHO, KOMIUIEKCHAs AMAJIEKTpUYecKas
MIPOHULIAEMOCTb CTPOUTENBHBIX MATEPUANIOB 3JaHMS IOJDKHA OBITh MCXOAHBIM IapaMeTpoM. M3MepeHHbIE
3HAYEHUS TUDJICKTPUIECKON POHUIIAEMOCTH HEKOTOPBIX CTPOUTEIBHBIX MaTEpPUATIOB IPUBEICHBI B 1. 7.

J1ist aneKBaTHOTO ONMKCaHMS TPUHUMAEMOT'O CUTHANA, B MOJICIb, IOMUMO OTPaXCHHBIX U IPOHUKIINX CKBO3b
CTeHy JTydeH, KOTOpbIe MPHUCYTCTBYIOT B ypaBHEHHHU (4), MOJKHBI OBITh BKIFOUEHBI AM(parupoBaHHBIC U
paccestHHbIE JTydH. B 9acTHOCTH, 3TO OTHOCHTCS K CITydaro padOThl B TAKMX ITOMEIICHHUSX, KaK KOPHIOPHI, T/Ie
HUMEIOTCS YTJIbl, U B JPYTUX aHaJOTMYHBIX YCIOBHSAX pachpocTpaHeHus. s pacdera mudparupoBaHHBIX
Ty4eil MOKHO UCTIONB30BaTh OHOPOIHYIO Teoputo audpakimu (UTD).

5 Bausinue NNOJIApU3alMM U TUarpaMmMbl HANIPABJICHHOCTH AHTECHHDbI

B ycnoBusix mpuema BHYTpU NOMEIIEHUN CYIIECTBYET HE TOJIBKO MPsAMasi Tpacca paclpOCTPaHEHUS MEXIY
MepeaTIukoM M TPUEMHUKOM, HO TaKKe U TpPacChl OTPAXKEHHBIX M JU(QParupoBaHHBIX Jy4eH.
OtpaxaTenbHble CBONCTBA CTPOMTENBHBIX MaTEPHATIOB 3aBUCAT OT MOJSPHU3ALMH, YIJa MaJeHUs BOJHBI U
KOMIUIEKCHON JTUAJIEKTPUUECKON TMPOHUIIAEMOCTH MAaTepHaloB, YTO OTPaXEHO B (OpMyJe OTpaKeHHUS
®peness. YTIiIbl IPUX0/1a MHOTOJIYYEBBIX COCTABJISIOIIMX PACTIPEAEISIIOTCS B 3aBUCUMOCTH OT IIMPUHBI JIyda
AQHTEHHBI, CTPYKTYPHI 31aHUS U MECTONOJIOKEHUI NIEpejaTunKa U npueMHuKa. [loatomy Buj nonsipuzanuu u
s¢dexTrBHAsA OUarpaMMa HaIlPaBJICHHOCTH AHTEHHBI MOTYT CYLIECTBEHHO BJIMATh HAa XapaKTEPHUCTUKU
pacrpocTpaHEeHUs! BHyTPU IIOMEILEHHUS.

5.1 PacnpocTpanenue B nmpeaenax npsiMmoii BUIMMOCTH
511 BausiHue NOJSAPU3ANUHU

5.1.1.1 Pa30poc 3agepaxku

[lpusATO CUMTaTh, YTO HJs KaHAOB mpsiMod BuaumocTu (LoS) HampaBieHHbIE aHTEHHBI YMEHBINAIOT
CpeAHEKBaJpaTHYHOE 3HaYeHHE pazOpoca 3aJepKKU 110 CPAaBHEHHUIO C BCEHANPABICHHBIMU U YTO KPYroBas
nonsipuzanust (CP) Taxoke yMeHbIIAeT MX 10 CPaBHEHUIO ¢ InHeHoW nonspusanueii (LP). CnenoBarensHo, B
TAaHHOM CJlyyae HamnpaBJieHHAas aHTeHHAa C KPYTOBOHM MONIIpH3aIel MOXET CIYXHUTb 3(PQPEeKTUBHBIM
CPEACTBOM yMEHbBILIEHHS Pa30poca 3a1epiKKH.

OCHOBHOI MEXaHU3M 3aBUCHMOCTH 33JAE€P)KKH OT TOJISIPH3aLIIHU, MOXKET OBITh CBSI3aH C TeM (pakToM, 4YTO Koraa
CHUTHaJ C KPYroBOHM MoJsipH3alyel MajaeT Ha OTPAXKAIOMIYI0 MOBEPXHOCTH MOJ YIJIOM, MEHBIIUM YyTia
Bproctepa, oObIYHOE HAIpaBICHUE OTPAKEHHOTO Jy4a KPYroBOM MOJNSpU3AllMH MEHseTcss Ha oOpaTrHoe.
W3meHeHne HampaBiieHHs Jy4a ¢ KpyroBOi moyispu3anueil Ha oOpaTHOE NPH KaKAOM OTPaXCHWH O3HAYaeT,
YTO TPUXOASAIINE TIIOCIE€ OJHOKPAaTHOTO OTPAKEHUS MHOTOJIyYEBbIE COCTABISIONINE OPTOTOHAIHHO
TIOJIIPU30BAHBI TI0 OTHOIIEHHUIO K KOMIOHeHTe LoS; 3T0 mo3BogeT HCKITIOUNTh 3HAYUTENbHYIO YaCTh TIOMEX,
00YCIIOBJIIEHHBIX MHOTOJIy4eBOCTBIO. J[aHHOE SIBJICHME HE 3aBHCHUT OT YacTOTHI, 4TO OBUIO HpEACKa3aHO
TEOPETUYECKH U TMOJATBEP)KIEHO OJKCIEPUMEHTAMH II0 paCHpOCTPAaHEHMIO, IPOBEIACHHBIMU BHYTPH
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MOMEIIeHUH B yacToTHOM quana3one 1,3—60 I'T'i. /laHHOE yTBEpKACHNE CIPaBEAITUBO KaK JIsl CUCTEM CBSI3H
BHYTPH TMOMEIIEHH, TaK U IS HAPYKHBIX cuCTeM. [I0CKONBKY IUIsl BCEX CYIIECTBYIOIIMX CTPOUTEIBHBIX
MatepuaioB yroi bprocrepa mpeBbimaer 45°, MHOTOTy4eBOCTh 3a CUET OAHOKPATHOTO OTPaXeHHS (TO eCTb
OCHOBHOW MCTOYHHK MHOTOJYYEBBIX COCTaBISIONIMX) A(GPEKTUBHO TOJABISICTCS B OOJBIIMHCTBE
MTOMETIEHHUH, HE3aBICHMO OT XapaKTepa HHTephepa U KOHCTPYKTUBHBIX MaTepHaNIOB ITOMeteH!s. Bo3mokHOe
WCKITIOYEHHE COCTABIIAIOT IMOMEIICHUS, TaKWe KaK JUIMHHBIE KOPUIOPHI, B KOTOPHIX OYEHBb OOJBIIHE YTIIBI
MajeHus. JOMUHUPYIOT HaJ MHOTOJYYEBOCTHIO. M3MeHeHHMe CpeqHEeKBaJApaTHYHOTO 3Ha4YeHHs pazOpoca
3aIepKKU HA JIMHUAX TOJABIKHOM CBSI3U TaK)KE€ YMEHBIIACTCS, KOT/Ia MCIOIb3YIOTCS aHTEHHBI C KPYTOBOM
MoJsipu3aIuei.

5112  Crenens u3duparejbHOCTH N0 Kpocc-nospusanuu (XPR)

KommioneHnTsl curnama, oOyCIIOBJIEHHBIE KpOCC-TIOJSpU3anrel, BO3HWUKAIOT B Pe3yJlbTaTe OTPAKEHUS WU
mudpakmur.  OOIIEN3BECTHO, YTO XapaKTEPUCTHKA KOPPESIIMH 3aMUPaHWHA MEXIy OpPTOTOHAIBHO
MOJISIPU30BAHHBIMU AHTEHHAMH HMMeEET O4YeHb HU3KUH Koddduuument koppensuuu. PaspaboraHbl MeTOIbI
pa3HeceHus MO TOJSAPU3ANNU U CHCTEMBI C MHOXXECTBOM BXOJ0B M BbIX00B (MIMO) ¢ opToroHamsHO
MOJISIPU30BAHHBIMUA AHTEHHAMM, B KOTOPBIX UCIOJB3YETCS 9Ta XapaKTEpUCTHKA 3aMupaHuid. Mcnonab3oBaHue
METOJla pa3HeCeHHs] MO TNOJAPHU3aLMU SBISIETCS OJHUM U3 pEUIeHWH I YBEIMYEHUS MOIIHOCTU
NPUHUMAEMOI0 CUTHaJIa, a AEHCTBHE METOJa B 3HAYUTEIBbHOW CTENIEHU 3aBHCHUT OT XapakTepucTuku XPR.
Kpome Toro, eMKocTh KaHama MOXKET OBITh YBETMYE€HA COOTBETCTBYIOIIMM HCIIONF30BAHUEM KOMITOHEHTOB
Kkpocc-ronsipm3anuu B cucreMax MIMO. Takum 00pa3om, Ka4ecTBO CBSI3H MOXKET OBITh YITYUIIIEHO MyTEM
3¢ (HEeKTUBHOTO UCTIOJIb30BaHUS UH(OPMAIIUU OTHOCHTEIBHO KPOCC-TIOSPU30BAHHBIX BOJIH B OECIIPOBOTHOM
CUCTEME.

B Tabnuie 6 mpencTaBieHbl pe3yIbTaThl H3MEPEHU 111 MEAWAHbI ¥ cpeHero 3HadeHus X PR mis Bcex Trmos
YCIOBUH.

TABJIMLIA 6

IHpumepsi 3Hauenunii XPR

Yacrora XPR

YceaoBus Kondurypamusi aHTeHHBI 3ameuanus
(') rrypan (ab)
CnyxebHoe Cryuaii 1 N/A
MOMELIeHUE
N 6,39 (MenmaHa)
Cayuaii 2 6,55 (cpemHee 3HAUYCHUE)
Coryuaii 3 4,74 (mennana)

2 4,38 (cpenHee 3HaYCHHE) Uzmepenue

8,36 (MennaHa)
7,83 (cpenHee 3HaUCHNUE)

3ai 3acenanuit Cayuaii 1

6,68 (MeamnaHa)
6,33 (cpemHee 3HaUEHUE)

Ciyuaii 3 N/A

Cnyqaﬁ 1 Hepeaafomaﬁ U MprUeMHasl aHTCHHbI YCTAHOBJICHBI HAa BBICOTE, HpCBBIIHaIOHIeﬁ BBICOTY HpCHﬂTCTBHﬁ.

Cnyuaii 2

Cnyqaﬁ 2: Hepeaafomaﬂ AHTCHHA YCTAHOBJICHA HAa BBICOTE, HpCBBIHIaIOIIIeﬁ BBICOTY HpeHHTCTBHfI, a [MpueMHas
AHTCHHA YCTAHOBJICHA Ha BBICOTE, COOTBGTCTByIOIIICi;I BBICOTEC HpCHHTCTBHﬁ.

Cnyqaii 3: Ilepeaaromniasi ¥ IpUEMHAs aHTEHHBI YCTAHOBJICHBI Ha BBICOTE, COOTBETCTBYOMICH BBICOTE MPETISATCTBHA.

5.1.2 Buausinue AMArpaMMbl HANPABJIEHHOCTH AHTEHHbI

[TockonmpKy MHOTOIYYEBBIE COCTABIISIOIIME PACIIPOCTPAHEHUS PACHpelesIeHbl B 3aBUCHUMOCTH OT YIJia
MPUX0/1a, ATH COCTABIIAIONINE 3a TMpenejaMH IIWPHUHBI JIyda aHTE€HHBI MOJBEPTaloTCs MPOCTPAHCTBEHHOU
¢uIbTpauK 3a CYeT HCIOJIb30BaHUS HAINPABICHHOW aHTEHHBI, TaK YTO pa30poc 3aJepiKKU MOXKET OBITH
yYMEHBIIEH. 3Mepenne napaMeTpoB paclpOCTPAHEHHS BHYTPU MTOMEILIEHMS], a TAKKE UMHUTALUS TPAeKTOPHUI
my4a Ha yactore 60 '’ mpy Mconp30BaHUN BCEHANIPABICHHOW MEpe/IatoIIell aHTEeHHBI M IPUEMHBIX aHTEeHH
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YeThIpeX Pa3IUUHBIX TUIIOB (BCEHAIIPABICHHA, C IIMPOKUM JIy4YOM, CTAHAAPTHAS PYIIOPHAs U C Y3KUM JIy4OM),
HalpaBlIEeHHBIX B CTOPOHY TepeAaroliell aHTEeHHBI, ITOKA3hIBAIOT, YTO IIOJABIEHHE COCTABISAIOMINX C
3a/IepKKOi AP PeKTUBHEE OCYIIECTBIAETCS C MTOMOIIBIO O0Jiee y3KUX 3HAYeHNH MHUPUHBI Tyda. B Tabmwme 7
NPUBEACH TMPHUMEP 3aBUCHMOCTH CTaTHYECKOTO CPENHEKBAAPAaTUYHOTO pa3zdpoca 3ajgepKeKk IpHu
WCTIONTb30BAaHUH HANPABICHHOCTH aHTEHHBI, HE TMPEBBIIIaeMbIX Ha YpoBHE 90-1 MpOIEHTHIH, TTOTyYeHHBIN B
pe3ynbTaTe UMUTAUKA TpaeKTopuil yda Ha gactore 60 I'T1 B mycroMm ciyxeOHOM moMerieHnd. MOoKHO
3aMETHTh, YTO YMEHBIIEHHE CPEIHEKBAIPAaTUUYHOTO 3HAYEHUS pa3z0poca 3afepiKeK He BCera sIBISIETCS
KenaTeJdbHbIM, MOCKOJIBKY TPH 3TOM MOTYT YBEJIMYMBATHCS AMHAMHYECKHE HANa3OHbl 3aMHPaHUN
IIMPOKOIIONIOCHOTO CHTHAlIA B PE3YyJIbTaTe HEJOCTATOYHOIO YaCTOTHOTO pasHeceHus. Kpome Toro, MOxHO
3aMETHUTh, YTO HEKOTOPHIE CXEMBI TIEpeAadl HCIIONIB3YIOT IPENMYIIIECTBA MHOTOITyY€BOTO PACTIPOCTPAHEHHUS.

TABJINIIA 7

IIpumep 3aBHCHMOCTH CTATHYECKOTO CPETHEKBAIPATHYHOIO 3HAYEHHUSI pa3opoca
3a/iepKeK OT HANMPABJEHHOCTH AHTEHHBI

CraTuyeckoe
HMlupuna ayya cpeJHeKBaIpaTHYHOE Paswe
Yacrora AHTeHHa AHTEHHBI 3HaYeHHe pa3dpoca HoMe el-ll)l/lﬂ 3amedanust
(I'T’') nepeaaTYnKa NPHEMHHUKA 3ajiepiKeK (]1\]:)
(rpaaycsl) (90-s1 mpouenTHIL)
(uc)
60 Bcenanpasnennas | BcenanpasnenHas 17 13,5x 7,8 Tpaexropus
60 16 Iycroe myder
CITy>ke0HOe
10 S MOMEIICHUE
5
Bcenanpasnennas 22 3,0x8,6 Tpaextopust
60 21 Iycroe Tysei
10 10 CIIy’ke0HOe Bre npsamoii
HOMEICHUE BUJINMOCTH
5 6

5.2 IIpensTcTBUSA Ha Tpacce

Ecnmn Ha mpsmoii Tpacce MMEIOTCS MPEmsTCTBUSA, 3aBHCHMOCTH pa3z0dpoca 3aJepiKeK OT IMOJIApU3alU U
HaIPaBIEHHOCTH aHTEHHBI MOXKET OKa3aThCsl OOoJiee CIIOKHOM, 4eM JUIsl Tpacc MpsiMoi BUAUMOCTH. EcTh
HEMHOTOYHCJICHHBIE PE3yJbTaThl OSKCIEPUMEHTOB Ha Tpaccax C TMPEemITCTBUAMH. Bwmecte ¢ TeMm,
SKCIEPUMEHTAJIbHBIM PE3yNbTaT, MOJYy4YeHHbIH Ha wyactore 2,4 [T, mo3BOJsSeT MOPENIoNOXKUTb, YTO
3aBHCHMOCThH pa3z0poca 3a/iepKeK OT MOJIIPU3AINK U HATIPAaBIEHHOCTH aHTEHHBI JJISl TPACC C MPEMSITCTBUAMUA
nMeeT OoJiee CIIOKHBIM XapakTep, YeM JUIs Tpacc MNpsAMOWM BUAMMOCTH. Hampumep, coueTanue
BCEHAMPABICHHON TOPHU30HTAJILHO TMOJSPU30BAHHOW AHTCHHBI TEpeNaTUNKa W HaIpaBJIICHHONW aHTEHHBI
MPUEMHUKA C KPYroBOW TMOJISIpHU3alleil JaeT HauMEHbIIee 3HAYCHHE CPEeIHEKBAJPATUYHOTO pa3dpoca
3aJlep’KeK U HAaMMEHBIIIee MAaKCUMAIbHOE 3HaUeHUE M30BITOYHON 3a/IePIKKH Ha TPACCE C MPETATCTBUSMU.

5.3 Opuentanyus MOOMJIBHOIO TEPMHHAJIA

B cpene nmpuema Ha mopTaTHBHBIE PAJAHOYCTPOHCTBA OCHOBHBIMH MEXaHU3MaMH PaclpOCTPAHEHUS CHTHAJIA
SBJSIFOTCS €r0 OTPaKeHHe W paccesHue. [lossipusanys nepeiaBaeMoro CHUTHaia B PE3yNIbTaTe PACCEsTHUS
SHEPrUM YacTo NpeoOpa3yercs B OPTOTOHANBHYI. B 3THX YCIOBHSX BO3HMKHOBEHHE CBS3H 33 CYET
KpPOCC-TIOJISIPU3AIMY YBEIHYUBAET BEPOSATHOCTh TOTO, YTO YPOBHH MPUHUMAEMbBIX CUTHAJIOB C TIOPTATUBHBIX
PaaMOCTaHIINN, OPUEHTHPOBAHHBIX CIyYalHBIM 00Pa30M, OKaXKYTCS OJIMHAKOBBIMU. M3MepeHue CBSI3H 3a CUYET
KpOCC-TIOJISIpU3alliy, IpoBeeHHOE Ha yacToTe 816 MI 11, ToKa3amo BEICOKYIO CTEIIEHb TaKOH CBSI3H.
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6 Biansinne MeCTONOJI0KeHUS nepeaaTiuka v iIpueMHHUKa

Pe3ynbTarhl SKCIIEpUMEHTAITBHBIX U TEOPETHUYESCKUX WCCIICAOBAHUN BIMSHUS MECTOIOJIOKEHUS IepeaTdiKa
W MPUEMHHUKA Ha XapaKTePUCTUKU PACcIPOCTPAHEHUS BHYTPHU MOMEIICHUI HeMHOTOoYnCcIeHHbI. OMHaKo, Kak
MPaBUJIO, MOXHO MPEATOJIOKUTh, YTO 0a30Bas CTAHIHUS JOJKHA OBITh NOMEIICHA KaK MOXKHO OJIMXKE K
MOTOJIKY KOMHATBI, YTOOBI O0ECHEYUTh MAaKCHMAILHO BO3MOXKHYIO JUTUHY Tpacc NPSMON BHIUMOCTH.
B ciyyae mopTaTHBHBIX TEPMUHAJIOB TO3WIHS TEPMHUHANIA MOJL30BATENS, KOHEUHO K€, Oy/leT 3aBHCETh B
MEPBYIO OYepe/b OT MEPEMEICHUS TMOJIL30BATENsA, & HE OT OTPAaHUYCHHI, HAKJIAJBIBACMbBIX KOHCTPYKIIMEH
cuctembl. OJHAKO TPEIONAracTCsl, YTO JUIsl HE MOPTATUBHBIX TSPMHHAJIOB BHICOTA aHTCHHBI JIOJDKHA OBITH
JOCTATOYHOMU, YTOOBI IT0 MEPE BO3MOKHOCTH 00ECTIEYHTh MPSIMYIO BUAMMOCTH sl 0a30B0i cTaHImH. Beibop
MECTOTIOJIOXKEHHSI CTAHIIMH TaKXKe BEChbMa OIYTUMO 3aBHCUT OT KOH(UIYpalud CHUCTEMBI, B YaCTHOCTH
OT TaKUX €€ aCleKTOB, KaK CIIOCOOBI MPOCTPAHCTBEHHOI'O Pa3HECCHUs, KOH(HUTypaI¥si 30HBI U T. .

7 Bansinue cTpouTeIbHBIX MATEPHAJIOB, 000PYA0BaHUS U MebesIH

XapakTepUCTUKU pPACIpPOCTPAHEHUST BHYTPH IIOMEHICHHMS 3aBHCAT OT OTPAXEHHS OT CTPOMUTENBHBIX
MaTepHaoB U MPOHUKHOBEHUsI CUTHANA CKBO3b HUX. OTpakaTeNbHbIE CBOMCTBA U MPOIYCKHAs CITIOCOOHOCTh
MaTepHasoB 3aBUCIT OT KOMIUIEKCHOW TUAJIEKTPHUUECKOM MPOHHUIIaeMOCTH MaTepuaioB. EctecTBeHHO, UTO B
MOJIEJIIX TNPOTHO3UPOBAHUS PACIPOCTPAHEHHS, YUUTHIBAIOIIUX CHEIU(UKY MECTa, B KaueCTBE OCHOBHOM
HCXOIHOW MH(OPMAIUK MOTYT MOTPEOOBATHCS TaHHbIE O KOMIUIEKCHOM JAUAIICKTPUIECKOH MPOHUIIAEMOCTH
CTPOUTENHLHBIX MAaTEPUAIIOB, a TAKXKE O CTPYKTYype 3[aHUs, 1 3Ta WHPOpMaIus npuBeneHa B Pekomenaanum
MC3-R P.2040.

3epKalbHOE OTPAXECHUE OT PAa3JIMUHBIX MAaTEpPHaioB, U3 KOTOPBIX CAEIAH IOJ, TAKUX KaK I0JIOBAas 0CKA U
OETOHHBIC IUIMTHI, B MHJUTMMETPOBOM JTHANa30He CYIIECTBEHHO YMEHBIIAETCS, €CIM TOJ MMEET KOBPOBOE
MOKPBITHE € TPyOOHl MOBEPXHOCTHIO. AHAJOTMYHOI'O YMEHBIICHUS MOXKHO JOOUTHCS, €CIIM 3aKpPBITh OKHA
mropamu. 1lo3ToMy MOMHO OXHMIaTh, YTO KOHKPETHOE BIHMSHUE CTPOMUTENBHBIX MAaTepHajoB OyneT
BO3pacTaTh NpU YBETUYEHHUH YaCTOTHI.

[ToMumMO CTPYKTYpBl caMOrO 3[aHHWs, NPEAMETHl OOCTAHOBKM M apMaTypa TakKe CHIBHO BIUSIOT Ha
XapaKTEpUCTUKH PacCIpOCTPAHEHMs] BHYTPH IOMEIIEHUS. OTH MPEAMETHl MOXHO pPaccMaTpUBaTh Kak
MPETSTCTBUS, a MX BIMSHUE YYTEHO B MOJIEITH [TOTEPh Ha Tpacce, 1. 3.

8 Bausinue nepeMencHus 00bEeKTOB 10 NMOMCIICHUIO

JBwxkeHne moAed M NPEIMETOB MO IOMELICHHIO BbI3BIBAET BPEMEHHbIE H3MEHEHHs XapaKTEPHCTHK
pacnpocTpaHeHHs BHYTPU IOMEIIEHUS. OTH HM3MEHEHUS, OIHAKO, MPOUCXOIAT OYEHb MEJIEHHO IO
CPaBHEHHIO C BEPOSTHOW CKOPOCTHIO Mepeaayn JaHHbBIX, U MO3TOMY (aKTHYECKH MOTYT pacCMaTPHBAThCs B
KauecTBe ClydyailHON NepeMEHHON, MHBApUAHTHOU BO BpeMeHU. Kpome nepemeneHus aroaei, HaXoAsIuxcs
B HENOCPEJCTBEHHOH OJIM30CTH K aHTEHHAM WJIM Ha MpPsMOHM Tpacce Inepeaadd, NepeMelieHue JI0AeH B
CITy>KeOHBIX TOMEIIEHHUIX U B IPYTUX MECTaX, a TAKXKE MO 3/JaHUI0 U BHYTPH HET0, OKa3bIBAET IPEHEOPEKUMO
MaJIoe BO3/IEHCTBHUE HA XapaKTEPUCTUKU PACIPOCTPAHCHHUS.

I/ISMepeHI/ISI, BBITIOJIHCHHBIC B YCJIOBHUAX, KOT'1a oba TEpMUHAJIA JIMHUU CBA3U q)HKCHpOBaHLI, IIOKAa3bIBaKOT, 4YTO
3aMHUpPAHUS HOCAT XapaKTEp BCIbIIIKA (CTaTI/ICTI/IKa O4YCHb HeCTa6I/IJ'ILHa) U BBI3BIBAIOTCSA JTHOO
BO3MYIICHHUAMH, BHOCUMBIMHW MHOTOJJIYYCBBIMU CUT'HAJIaMU B 30HaX, OKPYXAKOIWX JAHHYIO JIMHUIO, 100
34aTCHCHUCM, BO3HUKAIOIIUM, KOrla JIFOJAU MEPECCKAIOT JIMHUIO NIEpCaAavu.

Wsmepenus Ha yactote 1,7 I'T'11 HOKa3bIBaOT, YTO YENIOBEK, TIEPECEKAIOLINM TPACcCy CUrHANA NPSIMON BUITUMOCTH,
BBI3BIBACT IMaJICHNE MOITHOCTH MPUHUMAEMOT0O CUTHaIa Ha 6—8 1b, a 3HaueHune mapametpa K B pactpeaeneHnn
Hakaramu-Paiica npu 3ToM CylIecTBEHHO yMeHbluaeTcsl. Ecnu Tpacca NMpOXOAWT 3a INpeAesiaMH MpsSMOM
BUJIUMOCTH, TO ABUKEHUE JIIOICH OKOJIO aHTEHH HE OKA3bIBAET CYLICCTBEHHOTO BIUSHUS HA XapaKTePUCTUKU
KaHaua.

B cny4ae mopratuBHOIO TepMUHAIIA HA YPOBEHD IIPHHUMAEMOTO CHTHAJIA BIUSET OJIM30CTh TOJIOBHI M KOpITyca
Tena nonw3oBarens. M3mepenus na yactore 900 MI'm mpu uMcnoib30BaHUM CHUMMETPHUYHOTO BHOpaTopa
[TOKa3bIBAIOT, YTO YPOBEHb IPUHUMAEMOT0 CUTHAIA yMEeHbIIAeTCs Ha 4—7 Ab, Korna TepMUHaJI HaXOAUTCS Ha
YpOBHE Tanmu deJoBeKa, M Ha 1-2 nb, xorma monbp3oBaTens OEPKUT TEPMUHAN Ha YpPOBHE TOJIOBHI,
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MO0 CPpaBHCHUIO C YPOBHEM MPUHUMACMOI'O CUTHAJIa, KOrJa aHTCHHA PACIIOJIOKCHA HAa PACCTOAHUUN NOPAJAKA
HECKOJIbKHUX JJIMH BOJIH OT KOpIIyCa T€jia YEJIOBCKaA.

Korna BeicoTa aHTeHHBI HIDKE IPUMEPHO | M, HallpuMep, B Cilydae MPUMEHEHUS! OOBIYHBIX HACTOJBHBIX WIIH
MOPTATUBHBIX KOMITBIOTEPOB, TPacca MPSMOW BUUMOCTH MOXKET 3aTCHITHCS MEPEMEIIICHUEM JIFOICH BOIU3U
TepMHHAJNA TOJb30BaTels. [lpn Takux MpUMEHEHUSIX MaHHBIX MHTEpPEeC MPEACTaBIAIOT Kak TIyOuHa, Tak |
JUTATETBHOCTh 3aMupaHuil. M3mepenns Ha wactote 37 I'Tm B ycrmoBMsSX mpueMa BHYTPH BECTHOOIS
CIIy>)keOHOTO TIOMELICHUsl TMOKa3ald, YTO uvacto HaOmogarorcs 3amupanus ot 10 mo 15 nb.
[IponomKUTENBHOCTh 3TUX 3aMHpAHHUM, OOYCIIOBJICHHBIX 3aTCHCHHEM 4YEJIOBEUSCKUM TEJIOM (KOTHa JIFOIU
MEPEeMEMAoTCs Yepe3 JIMHUIO MPSIMON BUAMMOCTH IIOCTOSHHO W B CIYYailHOM TOpPSZAKE), CIEIyeT
JIOT-HOPMAaJbHOMY paclpeeNieHHIo, MPUYeM 3HAYEeHHS CPeTHEeH NPOJODKUTENBHOCTH W CTaHJAPTHOTO
OTKJIOHCHHS 3aBHCAT OT TJTyOUHBI 3aMupanus. J{ns 3Tux u3smepeHwuii npu riryoune 3amupanuii 10 nb cpennsis
MPOOJDKHTENEHOCTE cocTaBisuia 0,11 ¢, a craunaptaoe otkioHenue — 0,47 c. [Ipu rimyOune 3amupanwii 15 nb
CpeaHss MPOaOJLKUTEIbHOCTE cocTaristia 0,05 ¢, a cranaaptHoe otkiaonenue — 0,15 c.

Usmepenust Ha uacrore 70 [T mokasamu, 4To 3HA4YeHUS CpegHEH NPOJODKUTEIBLHOCTH 3aMHUpaHMI,
00yCJIOBJIGHHOTO 3aTCHCHHMEM 4YeJIOBeYeCKMM TejioM, cocTaBistin 0,52 ¢, 0,25 ¢ u 0,09 ¢ npu riyOune
3amupanuii 10 n1b, 20 1b u 30 n1b COOTBETCTBEHHO, NPUYEM CPENHSSI CKOPOCTh MEPEMEILCHUS JIOICH B
MPOM3BOJILHBIX HAMpaBJICHUSAX olleHWBanach B 0,74 M/c, a TONIIMHA YeIOBEYECKOTO Tella NMPUHHMAIach
paBHoit 0,3 M.

W3mepeHust MoKas3bIBaIOT, YTO CPEIHEE YHCIIO CIy4aeB 3aTCHEHUS JI0OAbMHU B TEUEHHE 4aca, BEI3BIBAEMOI0 X
MEPEMEILEHHUAMHU T10 CIY>KEOHOMY IIOMELICHHIO, ONPEAETISIETCS KaK:

N =260xD,, (5)

rae Dp (0,05 < Dp < 0,08) — 370 yrcrio sroieii Ha KBaJApaTHBINA METp B MOMeNIeHH . Toraa o01mas UM TeIbHOCTh
3aMUpaHUi B TEUCHUE Yaca Onpe/erseTcs Kak:

T:-r_SXN’ (6)

rae T, — CpeIHss [UIMTEIbHOCTD 3aMUPAHHSL.

Yucro citydaeB 3aT€HEHUS JIOJbMHM B TEUCHHE Yaca B MPOXOJaxX BhICTABOYHOrO 3aya cocTarisio 180-280,
rae Dp 65110 ot 0,09 10 0,13.

3aBUCHMOCTh OT PAcCTOSHHUS MOTEpPh HAa Tpacce B MOA3EMHOM TOPTOBOM ILIEHTPE IOABEP)KEHA BIUSHUIO
3areHeHus aroabMu. Ilotepu Ha Tpacce B IIOJ36MHOM TOPIOBOM LEHTPE OILPENESAITCS C IIOMOILIbIO
CJICAYIOIIEr0 YpaBHEHHS C TapaMeTpaMHu, IPUBEICHHBIMH B Tabuuie 8.

L(X):—lO-oc{l,4—|Oglo(f )—Ioglo(x)}+8- x+C b, (7

rae:
f:  wacrora MI');

X:  pacctosHue (M).

[Mapametpsl i cinydas Henpsamoi Bunumoctd (NloS) noarsepxnatorcs B quanaszone 5 [T, a mapamerpsl
1utst cirydas LoS mpuMeHnMBl kK 9acToTHOMY auanasony oT 2 jo0 20 [T Jlnama3oH paccTosiHUN X COCTABIISAET
ot 10 10 200 m.

VYcnoBus paboOThl MOA3EMHOIO TOPrOBOTO IIEHTPA COOTBETCTBYIOT TOPIOBOMY LIEHTPY JIECTHUYHOTO THIIA,
COCTOSIIIIEMY U3 MPSIMBIX KOPHUJIOPOB CO CTEKIISIHHBIMH WM OETOHHBIMU cTeHaMH. OCHOBHOUM KOPHIIOpP UMEET
mupuHy 6 M, BeICOTY 3 M 1 muHY 190 M. OOBIYHBIC pa3sMephbl YeJIOBEYECKOTO Tella CUUTAIOTCS PaBHBIMU
170 cm BbicoTOM M 45 cM mo mupuHe 1ied. [IIOTHOCTh MOTOKAa MPOXOXKHUX COCTABISECT HMPUOIH3UTEIHHO
0,008 ven./m? u 0,1 yen./M? B CIIOKOWHBIH PO/ (PaHHEE YTPO, HE B YaC MHMK) U B MHOTOJIFOIHBIN MEPHOJL
(obenenHOE BpeMs MJIH Yac MUK) COOTBETCTBEHHO.
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TABJIWLIA 8

IHapameTpsl Aj1st MoaeMpoBaHusi QyHKIIUM NOTEPb Ha Tpacce
B MI0J;3eMHOM TOpProsom nentpe Hecy

LoS NLoS
o ) C o ) C
(m™) (1) (m™) (1B)
He gac mmx 2,0 0 -5 3,4 0 -45
Yac muk 2,0 0,065 -5 34 0,065 —45
9 Mopenn yrjioBoii pacxoaMMoOCTH

9.1 IlyukoBasi Mmogeab

B Momenu pacnpocTpaHeHHsT PagUOBONH, WCIOJNB3YeMOH Uil IIMPOKOTONOCHBIX CHCTEM C aHTCHHBIMHU
peleTKaMu, MPUMEHSIETCS ITyYKOBasi MOJIENb, COUETAIOMIasl Kak BPEMEHHOE, TaK U YIIIOBOE pPacIpecieHNsI.
[Tydox BKIIOYAaET pacCcesHHBIC BOJIHBI, IOCTYMAMOUINE B NMPHEMHUK B TEUYEHHE OTPAHHYCHHOTO IepHoIa
BPEMEHHU H TI0]I YTIIOM, KaKk H300pa)keHO Ha pucyHKe 1. XapaKkTepUCTHKH BPEMEHHBIX 3aJIepiKEeK CONEePKATCs
B paznene 4 Hactosel PexomeHmamuu. DTO paclpeaefieHHue yriia Impuxojaa Iydka i, OCHOBaHHOE Ha
OTOPHOM yriie (KOTOPBIH MOKET OBITh M30paH TPOHM3BOJBHO) JUIS MPOCTPAHCTBA BHYTPH IOMEUICHHH,
NpUOIM3UTETBHO BBIPAXKACTCSl PABHOMEPHBIM pacmpeneneauem 1o [0, 27).

PUCYHOK 1

Harasignoe npeacraBieHue My4YKoBoi Mojeu

ITyuox 2 ITyqox 3
PaccesiHuble BOJTHBI PaccesiHHbIE BOTHBI

—

Ilepenatomas
peuieTka

ﬁ..

Vposenb npuxoza (1b) Vposens npuxoza (1B)

Ilygok 1

PaccestHHbIC BOJTHBI Oroprit Hpuemtas Yroa mpixoza
yroia pereTka
©; ! Vron npuxona myuxa, i
Gj - CraHgapTHOE OTKJIIOHEHHE YIIOBOIl pacXOAMMOCTH B TIy4Ke, |
P.1238-01
9.2 Yri0Boe pacnipesiesieHre BOJH NPUX0Aa U3 i-T0 My4YKa

q)}/HKIII/ISI IIJIOTHOCTHU BEPOATHOCTU YIJIOBOT'O PACIHPEACIICHUA BOJIH IpUXOoAda B ITYYKE BBIPAXKACTCA
CIeayIomuM 00pa3oM:

Pi((p—®i)=ﬁ-exp(—\/§|(p;—_®i| : 8)

TJIe @ SBISETCS YIJIOM MPUXO0JIa MOCTYNAOUIMX BOJH B MyYKe B TPaycax 10 OTHOUICHHUIO K OTIOPHOMY YTy,
a Gj IpeJICTaBIsIeT CO0O0M CTaHIAPTHOE OTKIIOHEHUE YIJIOBOTO pa3dpoca B rpasycax.
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[TapameTpsl yrioBoro pa3dpoca B ycIOBUSIX OMEIIEHUH TTOKa3aHbl B Tadauie 9.

TABJIUIIA 9
IlapameTpbl yri10B0ro pa3opoca B yCJIOBUSIX MOMeIeHMIt
LOS NLOS
Cpenn. (rpaa.) JAuana3on (rpaa.) Cpenn. (rpan.) Auana3on (rpaa.)
3an 23,7 21,8-25,6 - -
CrayxebHoe 14,8 3,93-28,8 54,0 54
MOMEIIEHNE
Hdom 21,4 6,89-36 255 4,27-46,8
Kopunop 5 5 14,76 2-37
9.3 JBoiiHasi HANIPaBJICHHAS YIJI0Basi pacxXoAuMOCTh

B mopenn pacmpocTpaHeHUs PaguOBONH, UCIOIB3YEMON LIS IIUPOKOIOIOCHBIX CHCTEM C HECKOIBKHMU
AHTCHHBIMH pEIIeTKaMH B TIepelaTUhKe W TPHUEMHHUKE, NPUMEHSETCS YIJIOBOE pachpeselieHHe Ha
Mepeaaonnx U MPUEMHBIX cTaHIMAX. B Tabmune 10 mpuBeaeHbI MOMy4YCHHBIE HA OCHOBE M3MEpPEHHIU C
mmpuHon nojockl 240 MI't Ha wactote 2,38 I'T'11 3HaUeHUS CpeTHEKBAAPATUIHON YIIIOBON pacX0IUMOCTH BO
BHYTPEHHEM KOPHIOpPE U B CIY)KEOHOM TIOMEIICHNH [Tl 3HaueHus mopora 20 ab.

TABJINLIA 10
JBoiiHasi HanpaBJIeHHAsl YIJIOBasi PacX0AUMOCTb
Bricora CpeaHexBapaTu4Has Bricora CpenHexBaipaTHYHASA
yIJ10Basi pacXoANMOCTb Ha YIJ10Basi pacXoAUMOCTh Ha
crannuu 1 CTAHUMH 2
(M) cranmuu 1 ) CTAHIMH 2
(rpan.) (rpan.)

Kopunop n

ciyxebHoe 1,9 68,5 1,7 69,7
MOMeEIIEHIE

10 CraTtucTuyecKkasi MoJeJb MPH CTATHYECKOM MCIOJIb30BAHUU

Hcnonb3yemble BHYTPH TIOMENICHHH OECHpPOBOJHBIE TEPMWHANBI, TaKHE Kak COTOBBbIE Tele(oHbl |
OecnipoBonble okanbHble ceTd (WLAN), B OCHOBHOM HaXOSATCS B CTATUYECKOM COCTOSIHUM. becnipoBoiHbIE
TEPMHHAIBI NP CTATHYECKOM HCIOIB30BAHUH OCTAOTCSl HEMOJBW)KHBIMH, OJHAKO Cpelia, B KOTOPO OHHU
HAXOJISTCSI, MEHSETCSI BCIEACTBUE MepeMeIeHs OJIOKUPYIOMIUX 00BEKTOB, HAanpuMep Jrojael. s TouHoH
OILIEHKM Ka4yecTBa CBSI3W B TaKUX YCJIOBHAX MBI IIPEJACTABISAEM MOJENb KaHaja Il CTATUYECKHX YCIOBUH
BHYTPH NOMEILIEHUSI, KOTOPasi OJHOBPEMEHHO 00eCIIeYMBAET CTATUCTUIECKUE XapaKTEPUCTHKU KaK (QyHKLIUU
wioTHOCcTH BepositHocTH (PDF), Tak u aBTOKOppeIsIMOHHONW (DYHKIIMU KOJeOaHUsl YPOBHS MPUHUMAEMOTO
CUTHAaJA.

PaccMmaTpuBaroTcs Monienu kaHana Juid ycnoBuil BHyTpu nomerennit NLoS u LoS.

10.1 Omnpenenenune
Nperson:  9HICIIO IBMDKYIITUXCS JTFOJICH;
AW:  SKBHBAJECHTHBIN AHAMETP ABIKYIIETOCS YeIoBeKa (M);
Vi CKOpPOCTb JABHXKEHHS Jitojei (M/c);

Pm: O6H.Ia§[ MOIIHOCTb MHOT'OJIYUCBOT'O CUTI'HAJIA,



S(x,y):
fr:

Mp:

f:
P(rp.K):

K:
R(At):
Rn(At):
P(f):
Pn():
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TUTaH 30HBI JIBHKCHUS;
MaKCUMaJIBHOE CMEIICHUE YaCTOTHI JIJISl CTATUYECKOT0 MOOMILHOTO TEPMUHAIA;
MOITHOCTh IPUHIMAEMOTO CUTHAIa Ha MOOMITEHOM TepPMUHAIIE;

yacroTa (['m);

¢dbyakus  mwiotHoctu BepostHoctd (PDF) MomHocTH mpuHUMaeMoro curHania,
onpezeneHHas kKak pacnpenenenue Hakaramu-Patica ¢ K-daktopom;

K-daktop, onpeneneHHbIN B pactpeneiacHun Hakaramu-Paiica;
ABTOKOPPEIAIMOHHAS (PYHKIIUS YPOBHS MPUHUMAEMOT0 CUTHAJIA,
KO3 GUITUCHT aBTOKOPPEIISILIMK YPOBHS MPUHHUMAEMOTO CHTHAJIA;
SHEPreTUYECKUM CIIEKTP;

DHEPTETHUYECKHIA CIIEKTP, HOPMaIH30BaHHbIH Mo Mormaocta P(0).

10.2 Mopeanb cuCTeMBI

Ha pucynke 2 npezcraBiieHa MOEb CUCTEMBL. B kadecTBe NBHKYIIUXCSl 00BEKTOB PACCMATPHBAIOTCS TOIBKO
JIFOJTH; YCITOBEK | MPE/ICTABIISIETCS KaK UCK ¢ AuameTpoM Ay (M), OTCTOSIIHI 0T MOOMIIbHOTO TepMunana (MT)
Ha pacctossHuu Fi(M). Kakaplid IBIKYIIHICS YET0BEK UAET B MPOU3BOJIBHOM HampaBieHun Mexay 0 u 27 ¢
MOCTOSIHHON CKOPOCTHIO V (M/C) U TIepeMeIiaeTcs B mpeaeiax ciydaiitoit oomactu S(X,y) Bokpyr MT. Hucio
IOBYOKYIIUXCS JroAei cocTaBiseT Nperson, W JIOOOW NBIDKYITUICS YENOBEK IOTJIONIAET YacTh JHEPTHH,
HaXOJISAIIEHCs Ha Tpaccax, KOTOPhIE MePeceKaroT ero 1o mupuHe, Ay. MHOTOTy4deBbIe CUTHAIBI TIOCTYTIAI0T Ha
TEpMHHAI PABHOMEPHO 110 BCEM I'OPHU30HTAJILHBIM HAIIPpaBJICHUSM. Ha pUCYHKaX 3 u4 IIOKa3aHbl TUIINYHBIC
paccMaTpruBacMbIC MOMCUICHHUSA — MPAMOYTOJILHBIC U KPYTJIBIE COOTBETCTBCHHO.

Y EJIOBCK
S A B

PUCYHOK 2
Mopeab cucTeMbI

3ona aBrkeHus: S(X,Y)

JIBIK yLMiC S UeI0BEK

MoOuIbHbli TepMHUHAI

P.1238-02

PUCYHOK 3

IInan nmoMenieHust NPSIMOYToJibHOM (pOPMBI

A h
Lz ( _Xlr yz) Yo |—3(X25 _yz) Lz(_ Xlr yg) Yo L3(X25 _yz)

Q BS Tpsivas

JlBusKynmiics Tpacca JBrsKymiics
YesoBeK

MT

~€) <D

Ll(fxp 7y1) N I—4(Xza 7y1) L1(7X17 7y1) N L4(X25 7y1)

a) B orcyrctsue npsimoii Tpaccei(NLOS) b) [Mpu Hamwanu npsimoit Tpaccsr (LOS)

P.1238-03
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PUCYHOK 4

Ilnan nomereHust KpyrJoii ¢popmbi

a) B orcyrctsue npsimoii Tpaccbi(NLOS) b) IMpu Hamunm npsimoit Tpaccsr (LoS)

P.1238-04

10.2.1 OyHKOus NJIOTHOCTH BEPOATHOCTH MOIIHOCTH MPHUHAMAEMOT0 CHTHAJIA

PDF momiHoCTH NpUHMMAaeMOTo CUTHaja Fp Ha MOOWJIBHOM TEPMHHAJIEC OMPEACIASTCS paclpeacicHHeM
Hakaramu-Patica crneayrommm o06pa3zom.

p(rs K) = (K + 1) expl- (K +1)r, — K ]Iy (4K +DKr, ), 9)
rae lo(X) — momudumpoBannas ¢pyukius beccens mepBoro poaa HyseBoro mopsimka, a K mpeacrasisier

cnenyromuii K-dakrop.
N P_AWS
e ()+€, (0 / [“"W] (10)

K=K(x)= o

rac:

-y, Iog(— X + mj—xllog[— yl+mj
1 +vy, log (xz + mj—xz Iog(— A +mj

(% +x)0, + Y1) _y Iog(— X, + mj +xllog[y2 ﬂ/ﬂ)

S shape = +Y, Iog(x2 + m)+ X, Iog(y2 ﬂ/@) ' (1)

(st moMeltieHuss TPSIMOYTOIBbHO# GOPMBI)

2
— (st momertienust Kpyrioi popmbr )
r

max

31meck  €pirect(X) TPEACTABISET KOMIUIEKCHYIO OTHOAIOIIYI0 MPSMOM Tpaccel, a €s(X) mpeacTaBiseT
KOMILIEKCHYIO OTHOAOIyI0 MHOT'OJTYYEBbIX CUTHAJIOB B OTCYTCTBUE JIBHKYIIUXCS 00beKTOB BOKpyr MT B
MO3UIMH X, KOTOPAs 3aBUCUT TOJBKO OT OKPYKAIOMIMX CTATUYECKUX YCJIOBHI; WX 3HAYCHUS HE 3aBHCAT OT
BpemenH t. P ipeacTaBiser co0oit 001y MOIITHOCTh MHOTOJTYYE€BOT'0 CUTHAIIA. Sshape IBIISIETCS IIOCTOSTHHBIM
3Ha4YEeHUEM, OIpesielisieMbIM (hOpMOH 1 pa3MepaMu IIOMEIICHNSI.
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10.2.2 ATtokoppessinnonHas GyHKIUsS YPOBHS IPUHAMAEMOr0 CHTHAIA

Asrokoppensinnondas  ¢yukips R(At) ypoBHS NPHHHMAeMOro KOMIUIEKCHOTO CHTHAJAa C  Y4eTOM
pa3sHOBpPEeMEHHOCTH At IMEeT CIeyIONIH B

Cpirec (X)+e5 (X) ’
P ‘ Direct ‘ n N PersonAWSShape[l_ 2 fT |At|J (V|At| <AW)
P, 2n n

R(AD)={ r /(12)

P ‘eDirect (X)+e5 (X)‘z + N personAWSShape 1- 2 fT |At| _ECOS_1 L + 2 fT |At| sin| cos™ L

m Py 2n noon fr [ T frlad
- (v|At| <Aw)

rac:

f, =v/Aw. (13)

3nece fr ompemensercs CKOPOCTBIO TEpPEMEINECHUs V U IIHPUHOW AW ABHIKYIIETOCS YEIOBEKA U MOXKET
paccMaTpuBaThCs KaK MAKCUMAJIbHOE CMEIIEHUE YACTOTHI JJIs CTATUYECKOr0 MOOMIIBHOTO TepPMHUHAIA.

10.2.3 DHepreTHuYecKMii CIEKTP NPUHUMAEMOI0 CUTHAJIA

Ouepretuueckuii cnektp P(f) kak QyHKumsS dYacToThl, ONpeneNsiomas OTKIOHCHUS OruoOarolei
KOMIUIEKCHOTO CHTHaja, 3ajaercsi mpeobpazoBanueM Dypbe aBTOKOppensimonHoil (ynkuun R(At) B
ypaBHeHUU (12) crexyromum o0pazom.

P(f) = fw R(At) e 12747 gt . (14)

Oueprerunueckuii criektp Pn(f), HopmanuszoBanubiit mo mommaocti P(0) Ha gactore f = 0 I'ti, MOkeT OBITH
ANmpOKCHMHUPOBAH CIIEAYIOIIUM 00pa3oM.

Py(f)="P(f)/P(0)
K(x)5 (f)

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

_h
Sl N
N—

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

e

K(x)=0,02f, %%
3necs o(f) mpeacrasisier nenpra-Gynkuuio Jupaka.

10.2.4 3uavenus

PCKOMCHZLyeTCH YCTAaHOBUTL 3HAUCHHUC Aw PaBHbBIM 0,3 M KaK OpEACTABJIAIOMICC YCIIOBCKA CPECAHCTO POCTA.

10.2.5 [Ilpumepst

PDF p(rp, K(X)), aBrokoppensunonnas ¢pynkius Ry(At) u snepreruyeckuii ciektp Pn(f) st cimywas, korma
AW, V 1 Nperson paBabl 0,3 M, 1 M/c 1 10 COOTBETCTBEHHO, a 3HAYECHUE Imax YCTAHOBJICHO paBHbIM 10 M st
MTOMEIIEHUS KPYyTioi (GopMel, ompeaereHHbie ¢ moMontsio ypaBuenuit (9), (10) u (15), mokasaHsl Ha
pHUCYHKax 5, 6 u 7, COOTBETCTBEHHO.
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PUCYHOK 5

Hurterpanbnasi BepoSTHOCTH YPOBHSI IPHHUMAEMOI0 CHTHAJIA B MOMeENeHHH KPYTJ10ii ()OpMBbI

10 v ! T T TTT T
[IpsamoyronpHUK
5 10" b == 10m)
= =
2
2 =03 w | o9+ e |
z 107 W Pr
§ /7
s / = :—-101b
5 3
E 10 o 7 .- :—S,I[B
= / wese - —0 b
10° Lot 1 ||||"|||| L1
—40 -30 —20 -10 0 10
OTHOCHUTENBHBII yPOBEHb IPUHUMAEMOTI0 curtana (ab)
P.1238-05

PUCVYHOK 6

Ko puuuent aBTokoppessiiiy ypoBHsI IPUMHUMAEMOr0 CUTHAJIA B TOMELeHHH KPYIJ10ii popmbl

E _ ]
=1 i |
N -
=
% o
19 T 2
g 06 —— ——— - leoies ) + e ()
2 L o Pn
= 9 II -
=z [ [IpsmoyromeHEK
E 0,4 C (4 =%=10 M i 0
- (h=1%=10 " o
8 02 = Npersonzlo A
= AW=0.3 M - = - 0 1B
-
09 0,5 1 15 2

PazHocts BpemenH, At(Q
P.1238-06
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PUCYHOK 7

JHepreTu4ecKuil CeKTP B OMELeHNH KPYIJI0ii ¢popMbI

LD

T 1T 17 7r10 T LI I I N N I B |
77 Kpyrmas popma === == TounrIc 3HauCHA !
. r.=10 m =
—. max R m— ATINPOKCHMHUPO - __;
! Nperson =10 BaHHBIC 3HAYCHUS !
- v=1lwMc ' B

“ AW=03 M - SRRRERFAR LRt

—40 =+

n
S

4
S

2
| eDirPrt(X) + eq(x)l

P

:—10 nb
5 nb
-0 nb

P.1238-07
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