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IIpenucaosue

Ponps  CekTOpa paguocBs3M 3akiodaeTcss B OOECIEUYEeHHH pPalMOHAIBHOTO, CHpaBeIBOro, 3dgdexkTuBHOro u
9KOHOMHYHOTO HCIOJIb30BaHUS PAJMOYaCTOTHOIO CIIEKTpa BCEMH CIIy)KOAMHU PaJHOCBSI3H, BKIIOYAs CITyTHHUKOBBIC
Cﬂy)KGbl, U TMpOBECACHUHM B HCOIPAHMYCHHOM YaCTOTHOM [JUAIIa30HE HCCﬂeﬂOBaHHﬁ, Ha OCHOBaHUMH KOTOPBIX
MIpUHUMAaIOTCsl PekoMenanum.

BCGMI/IpHLIe U PCruOHAJIBHBIC KOH(I)epCHIII/II/I paguocCBiaA3n U accaMmOieu paguocCBiaA3n 1pUu  MOAACPIKKE
HUCCICA0BATCIBCKUX KOMUCCHH BBIIIOJHSIOT PEriIaMCHTApHYI0 U MMOJIUTUYICCKYTO (I)yHKIII/II/I CeKTopa PaguoCBiA3U.

IHosmTHKa B 00;1aCTH MPAB HHTEJLIEKTYaabHOI codcTBeHHOCTH (ITMC)

ITomutuka MCD-R B obGmactu IIMC wm3naraercs B oOmieil mareHtHod mnomutuke MCDO-T/MCDO-R/MCO/MDK,
ynomuHaemoir B Ilpmnoxxenmn 1 x Pesomommu 1 MCDO-R. ®@opwmbl, KOTOpble BiaAeibllaM MATEHTOB CIEAyeT
HCII0JIB30BaTh JId MPEACTABIICHHUA IMaTCHTHBIX 3asiBJICHUN U )IeKﬂapaI_ll/Iﬁ O JIMOEH3UPOBAHWUU, MPCACTABJICHBI I10
aapecy: http://www.itu.int/ITU-R/go/patents/en, rae Takke coiepikarcss PyKOBOISAIIME MPHUHIUIBI MO BBIMOJTHCHHIO
o61eit narentHol nmonutuku MC3-T/MCO-R/MCO/M3IK u 6a3a nanHbIx natenTHoi nndopmanun MCO-R.

Cepuu Pexomenaanuii MCI-R

(ITpencTaBneHsl TAKKE B OHIAMHOBO#M (hopme 1o ampecy: http:/www.itu.int/publ/R-REC/en.)

Cepus Ha3zBanue

BO CIIyTHUKOBOE paJfiOBeIIaHue

BR 3anuch JIsl MPOU3BOICTBA, APXUBUPOBAHUS U BOCIPOU3BEICHMSI; TUNIEHKHU JJIs TEIEBUICHUS

BS PagmoBemarensHas ciayx0a (3ByKoBasi)

BT PagmoBemarensHas ciayx0a (TeIeBU3NOHHAS)

F ®dukcupoBaHHas ciryx0a

M [MonBrxHas CITyTHUKOBAsI CITy>K0a, CIIyTHUKOBas Clly»x0a paguioonpeieineHus,
JIIOOUTENBbCKas CITyTHUKOBAsSI CITy)K0a M OTHOCSIIMECS! K HUM CITyTHUKOBBIE CITYKOBbI
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PEKOMEHJALIMA MCO-R P.1238-7

/laHHbBIE 0 paCPOCTPAHEHNH PAJTUOBOJIH U METO/AbI IPOrHO3UPOBAHUS IS
IVIAHMPOBAHMS CHCTEM PAJMOCBA3H BHYTPH OMEIIEHUH M JIOKAJIbHBIX 30HOBBIX
paaunocereid B 4acToTHOM auanasone 900 MI'uy — 100 I'T'

(Bommpoc MCD-R 211/3)
(1997-1999-2001-2003-2005-2007-2009-2012)

Cdepa npumeneHus

Hacrosmas Pexomenaanmsi CoIepKUT pyKOBOISIINE yKa3aHU, KacArOIIHecs] paclipoCTpaHEHUS paTuoBOITH
BHYTPH TIOMEIICHUH B dacToTHOM amama3oHe oT 900 MI'm mo 100 I'Tm. Mudopmaris mnpeacTaBieHa 1o
CJIEYFOIIIUM TIOJOKCHHSM:

- MOJIEJH MTOTePh Ha Tpaccax;
- MoJenH pa3dpoca 3aaepiKek;

- BIIUSIHUE TOJIAPU3AIIMH U TUArPaMMbl HATIPABJICHHOCTH aHTCHHBI;
- BIIUSIHUE PACIIOJIOKEHUS TIepeaTuyrKa U MPUEMHHUKA,

- BIIMSTHHE CTPOUTENHHBIX MaTepPHaIoB, 000pPYyIOBaHUS U MeOenw;
- BIUSHHE TIEpEMEIIeHUsT 00BEKTOB IO MTOMEIIEHHIO;

- CTATUCTUYCCKasA MOACIIb IPHU CTATUICCKOM HUCIIOJIb30BAHUU.

Accambnes paauocssizu MCD,

yuumuléas,

a) 4TO B HACTOALIEE BPEeMS pa3padaThIBaeTCsI MHOXKECTBO HOBBIX CUCTEM IIEPCOHAIIBHOM paIuoCBs3y,
paboTaromuyx Ha KOPOTKUX PAacCTOSIHUAX (MeHee | KM) BHYTpHU IOMELICHUH;

b) YTO, KaK MMOKa3all YK€ UMEIOLINECs Pe3ysbTaThl pa3pad0TOK W MHTEHCHBHAS HCCIIEOBATEIbCKAs
JEeSITebHOCTh, CYIIECTBYET HAaCTOATENbHAs HEOOXOIUMOCTh B CO3/IaHUM JIOKAJIHHBIX 30HOBBIX pagHoceTen
(RLAN) u 6ecnipoBoanbix oduchHbix ATC (WPBX);

c) 9TO OKEeNaTeNbHO pa3paborarth craHmapThl a1 RLAN, COBMECTHMBIE C CHCTEMaMH Kak
0eCnpOBOHOM, TaK U MPOBOIHON CBSI3H;

d) YTO CHUCTEMBI HEOOJBIION JaJIbHOCTH, pa60Tanume C OYCHb HU3KHMMH MOIITHOCTSIMHU, O6J'IaIL8.IOT
MHOXCCTBOM MNPEUMYIICCTB IPU MMPEAOCTABIICHUU YCIYT B CPCC MOABMXKHOU U HepCOHaJ'IBHOfI CBs3U,

e) YTO 3HaHHE NapaMeTPOB PACIPOCTPAHEHHS PAIMOBOJIH BHYTPH 3AaHUN U XapaKTEPUCTUK TIOMEX OT
MHOJKECTBA I0JIH30BaTENCH B IMpeenax TOH ke 30HBl OOCIYKMBAHHUSA SABISETCS OMPEAENIIonM (akTopoM
IIPY IPOEKTUPOBAHUU CUCTEM;

f) YTO CYIIECTBYeT MOTPEOHOCTh B pa3padOTKe Kak oOmmx (TO ecTh He 3aBHCAIUX OT
MECTOIOJIOKEHHUS) MOJICNICH ¥ PeKOMEHIALNH OTHOCUTEIBHO MTEPBUYHOTO TUIAHUPOBAHUS CHCTEM U OLICHKH
MOMeX, TaK U JACTEPMHUHHUPOBAHHBIX (WM 3aBUCSIIUX OT MECTOIOJIOKEHHUS) Monened g 0oiee TOYHBIX
OLICHOK,

yuumuléas,

a) yto Pexomennmanus MCD-R P.1411 sBasieTcss pyKOBOACTBOM IO PaclpOCTPAHEHUIO PaJAMOBOJIH Ha
KOPOTKHE PACCTOSIHUA IPH MpUEME Ha HapyXKHbIE CUCTEMBI (BHE NOMEIEHHI) B YaCTOTHOM JHara3oHe OT
300 MI'n mo 100 I'Tmr, u x 3TO¥ Pexomenmamuu ciemyeT oOpamaThCs B TEX CUTYyaIUsIX, KOT/Ia CYIIECTBYIOT
YCIIOBHS TpHeMa KaK BHYTPH MTOMEIIEHUH, TaK U BHE TIOMEIIIEHUH,

pekomenoyem,

1 yToOBI MH(OPMAIMSI U METOIbI, colepxauuecs B [IpunoxeHuu 1, HCTIONB30BATUCH MPU OLCHKE
XapaKTepUCTUK pacCIpOCTPaHEHUs U1 PaJAMOCHCTEM, DPAa0OTAIOUIMX BHYTPHM IOMEIICHHH B IUara3oHe
900 MI'n— 100 I'T'w.
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Ipunoxenue 1

1 BBenenune

[IporHo3upoBaHue MapaMeTPOB PACHPOCTPAHEHHS U PAJUOCUCTEM, PAOOTAIOIIMX BHYTPH MOMEIICHH,
HECKOJIBKO OTJIMYAETCS OT TAKOBOTO JIJISI HAPYXKHBIX crcTeM. UTO KacaeTcs Hapy>KHBIX CHCTEM, TO JUIS HHX
KOHEUHOW IEeNbI0 sBIIAeTCS obecredeHne 3¢ ¢GEeKTHBHOTO OXBaTa TpeOyemoil 30HBI (Wim obecreueHne
HAJICKHOM Tepesiaun Ha Tpacce B Cllydae CHUCTEM CBSI3M MyHKTA C IYHKTOM), a Takxke Oopbba ¢ moMexaMu
KaK B IpejeNiaX CUCTEMBI, TaK W JJIs JIPYTHX CHCTeM. B cilydae ke mpuemMa BHYTPH MOMEIICHHUH pa3Mephl
30HBI OXBATa BIIOJIHE OTPEJICISIOTCS TCOMETPUCH 3[JaHMUs, PUYEM IPAaHMIIBI CAMOTO 3/1aHHsI OYIyT BIUSATH HA
XapaKTePUCTUKU PaCTpOCTpaHeHUsl. [IOMHMO MOBTOPHOTO HWCIIOJIL30BAHUS YaCTOTHI Ha OJHOM W TOM JKe
9TaXke 3JIaHMs, TAKOH CIOco0 MCIONB30BAHUS YACTOT 3a4acTyl0 KENaTeleH M MEXKIY Pa3HBIMU 3TaKaMu
3MAHMS, B pe3ylibTare dYero mpoOJieMa OIUCAHWS IIOMEX CTAaHOBUTCS TpeXMepHoi. W HakoHer,
pacrnpocTpaHeHue Ha OYCHb KOPOTKHE PACCTOSIHHS, OCOOCHHO MPH HCIOJNBF30BAaHUN MIJUIMMETPOBBIX BOJIH,
COTPSKEHO C TEM, YTO JaXke HeOOIbIINE H3MEHEHHS B CpeJie, HEMOCPEICTBEHHO OKPYXKAOMIeH pagroTpaccy,
MOTYT CYIIECTBEHHO BIIHMATH HA XapaKTEPUCTHKH PACTIPOCTPAHCHHSI.

Ecnu 3aHMMAaThCs KOHKPETHBIM TUIAHUPOBAHUEM PaJHOCUCTEMBI, pa0OTaoMel BHYTPH TOMEICHHH, TO W3-
3a  CIOXHOW TPHUPOIBI BceX OTUX (AKTOPOB TMOTpedyercss TOYHAsS WHGPOPMALUS OTHOCUTEIHHO
XapaKTepUCTUK KOHKPETHOTO MecTa, TJe¢ OHa OyJeT WCIONb30BaThCs, HANpUMEp €ro T'eOMETPHH,
MaTepHajoB, U3 KOTOPBIX CHENAHO 3/aHue, MeOelH, MpeanoiaracMbelxX JrarpaMM HarpaBlICHHOCTH U T. II.
OnHaKo /ISl IEPBUYHOTO TUIAHUPOBAHMS CUCTEMBI HEOOXOMMO OIICHUTH KOJMYECTBO 0a30BBIX CTAHIIUI, UTO
MO3BOJIUT OXBATUTh BCIO 30HY C PACIPEACICHHBIMH IMOJBWKHBIMU CTAHIMSIMUA U OICHUTh BO3MOXHBIC
MOMEXH JUIsl JAPYTHX CIYKO WM MexXIy cucreMamu. JIisi TakWX CIydaeB IUIAHUPOBAHUS CHCTEM
HEOOXOUMBI MOJICITH, OIUCHIBAIOIINE B OOINIMX YepTax XapaKTEPUCTUKU PACIPOCTPAHEHUS B YCIOBHIX
KOHKPETHOU cpenbl. B To ke Bpemsi pacdeT Mo TakoW MOJENH He JOJDKEH TpeOOoBaTh OT MOJIb30BaTElNs
OOJIBITIOr0 KOJIWIECTBA UCXOAHONW HH(OPMAIIHH.

B macrosmem IlpuioxeHnn B OCHOBHOM TIpeACTaBIeHBI OOOOIICHHBIE MOZENH, HE 3aBHUCSIINAE OT
MECTOIIOJIOKEHHUS, U YMCTO KadecTBeHHas WH(OpMAaIus, IMO3BOJIAIONIAS ONEHWTH YXYIIICHUS YCIOBHUU
pacmpocTpaHeHHs, Kacaroliecs paguonpreMa BHyTPH NMOMeIIeHnid. Tam, Tae 3T0 BO3MOXHO, MTPUBOISITCS
MOJIeJIW, TPWUBSA3aHHbIE K OCOOEHHOCTAM MecTta. Bo MHOTMX ciydasx [maHHBIE, Ha 0a3e KOTOPBIX
pa3pabaThIBaIICh MOMEIH, OBLIM OTpPaHWYCHBI, JIMOO IO dYacToTe, JHMOO IO YCIOBHSIM HCIBITAHUML;
BBIp@KaeTcsd HANeXK/Ja, YTO MPEIOKEHHS, TPEACTaBIeHHble B HacTosmeM llpumoxxeHun, MOXXHO Oyzaer
pacmMpuTh, KOT/a TIOSBATCS HOBBIE JIaHHBIE. AHAJIOTHYHBIM O0Opa3oM TOYHOCTH Mofenedl Oyner
MOBBIIIATECSA IO MEpPEe HAKOIUICHHWS ONbITa WX HWCIOJIB30BAHMS, B HacTosmeM llpninoxeHnn mpencTaBieH
HaWJIy4IIui BapuaHT, UMEIOUIUNCS Ha CETOIHAIIHUM JIeHb.

2 YXxyauenne pacnpocTpaHeHUs1 U KPUTEPUM Ka4eCcTBA PaAUOCHCTEM BHYTPH NMOMellleHu i

VYXynmeHus: XapakTepUCTHK pacHpOCTpaHeHHWS B paJdOKaHalle BHYTPH IIOMEIIEHUS OOYyCIOBIEHBI B
OCHOBHOM:

- OTpaXCHUEM OT TPEAMETOB U Iu(pakiueil Haj MpeaMeTamMu (BKIIOYas CTCHBI U TIOJbI) BHYTPH
IMOMEIIICHHUIA;

- MOTEPSIMH TIepelavy MPH MPOXOXKACHUN CUTHAJIA YepPe3 CTEHBI, OB U IPYTHE MPETISITCTBHUS;
- KaHAJIM3UPOBAHUEM DHEPTHUU CUTHAJIA HA BRICOKMX YaCTOTaX, 0COOEHHO B KOPUIOPAX;

- MEpEMECIICHUECM HIOﬂeﬁ U nOpeaMEeTOB B TIOMCHICHUH, BKJIIOYad, BO3MOXHO, OJHO WA oba
OKOHCYHBIX YCTpOI)'ICTBa JIMHHUH CBA3H,

1 BBI3BIBAIOT TAKUC YXYAIICHUA KaK:

- IMOTEPH HAa TpacCe€ — TO €CTh HE TOJBKO IIOTEPU B CB060,I[HOM IIPOCTPaHCTBE, HO U JOIMOJTHUTEIIBHBIC
OTEepH 3a CUHCT HpeHHTCTBI/Iﬁ U MPOXOXKACHUA CUTHAJIA YCPE3 MATCPHUAJIbI, U3 KOTOPLIX IMOCTPOCHO
304aHuC, a TaKXE BO3MOXKXHOC YMCHLBIICHHUC IIOTCPh B CBO6OILHOM MMPpOCTPAaHCTBE 3a CHUCT
KaHAJIM3UPOBAHUA;

— HN3MCHCHUC BCJIMYUHBI TIOTCPb HA TPAaCcCe BO BPEMEHU U IPOCTPAHCTBE;
- MHOTOJIYY€BbIC Sq)(peKTLI, BbI3BAHHBIC OTPAXCHUCM U Z[I/I(l)paKLII/IeI‘/'I KOMITIOHCHTOB paJAOBOJIHBI;

- HECOTJIACOBAaHHOCTD TOJISIPHU3AIINH H3-3a CITyJaifHOM FOCTHPOBKH MOOMIIBHOTO TEPMHHAIA.
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CnyxObl  OeCIIPOBOIHOM CBS3M BHYTPHM IIOMEIICHHH MOTYT XapaKTEPU30BaThCS  CICAYHOIIUMU
0COOEHHOCTSAMU:

- BBICOKO/CpeAHEH/HU3KOH CKOPOCTHIO Mepeiavun JaHHBIX;

- 30HOM TOKPBITHS KaXXI0H 0a30BOM cTaHIMK (HApUMep, KOMHATA, 3TaX, 37aHHE);

- CUCTEMOH TTOIBHKHOM/TIOPTATUBHOW/(HPUKCUPOBAHHO;

- paboToii B peaiIbHOM BpEMEHHU/HE B peabHOM BPEMEHH/B KBa3HpeaIbHOM BPEMEHHU;

- TOTIOJIOTHEN CeTH (Hampumep, CBsI3b MYHKTA C MMyHKTOM, ITYHKTa CO MHOTHMH ITyHKTaMH, KaXKJIOTO
MTyHKTA C KaXIbIM ITyHKTOM).

[TonesHo onpenenuTh, KAKHE XapakTEPUCTUKU PACIIPOCTPAHEHUs KaHasla HanOoJiee MOAXOAAT AJIsl ONUCAHUS
€ro KayecTBa B Pa3IMYHBIX NPHUMEHEHMSAX, TaKMX KaK peueBas CBA3b, Iepelavya AaHHBIX C Pa3IU4YHOM
CKOPOCTBIO, TIepefaya H300pakeHU 1 BUaeocy>k0bl. B Tabnune 1 nepeunciensl Hanbosee CylecTBEHHbIE
XapaKTEPUCTUKH [T TUIIUYHBIX CITyXkO.

TABJINIIA 1

TunuyHble ca1y:k0b1 1 BUIbI YXYALLIEHUs PACTIPOCTPAHEHUS

PaCCManI/lBaeMble BUABI YXyAUICHUSA

Ciryx0bI XapakTepucTUKH
pacnpocTpaHeHusd
BeCHpOBOHHaH Bricokas CKOPOCTDb IIepcaavu JaHHbIX, OAHO HOTCpI/I Ha Tpacce — pacrpeaciCHUE BO
JIOKaJIbHas HJIX HECKOJIBKO HOMemeHHﬁ, TIopTaTuBHasA BPEMEHU U IIPOCTPAHCTBE
30HOBas CCTh CHCTEMA, paGOTa HE B pCaJIbHOM BPEMEHH, 3aﬂep)KKa BCJIEJICTBUE MHOT'OJIy4EBOCTH

CBA3b IIYHKTAa CO MHOTUMHU ITYHKTaMH WA
KaXX10ro ImyHKTa ¢ KaXXJAbIM ITYHKTOM

OTHoOIIEHUE HAMPSKEHHOCTH OIS
JKeJaeMor MOJBI K HexKelaeMoil

WPBX CpenHsisi CKOpOCTh Mepeaadu NaHHbIX, Tlorepu Ha Tpacce — pacnpeesieHue BO
HECKOJIBKO ITOMEIICHNH, OIWH 3TaXK WIN BPEMEHH U IIPOCTPAHCTBE

HECKOJIBKO dTaXeH, paboTa B peasibHOM
BpEMEHHU, MOABMKHAS CUCTEMA, CBSI3b ITYHKTA
CO MHOTHMH ITyHKTaMHU

IlelKuHT BHYTpH Huskas ckopocTh nepenayu J1aHHbBIX, Ilorepu Ha Tpacce — pacnpeesieHue BO
MOMEIICHUS HECKOJIBKO 3TaKel, paboTa He B pealbHOM BPEMEHH U MIPOCTPAHCTBE

BpPEMCHHU, NOABUIKHAA CUCTEMA, CBA3b ITYHKTA
CO MHOTHMH ITyHKTaMHU

BeCHpOBO,Z[HaH CHy)K6a Bricokas CKOPOCTB I€peaavyu JaHHbIX, HOTepH Ha Tpacce — pacrnpeaciC€Hmue BO
BHUJACO BHYTPHU HCECKOJIBKO HOMeHIeHHﬁ, pa60Ta B p€AJIbHOM | BPEMCHH U IPOCTPAHCTBE
HOMeL[IeHl/Iﬁ BpPEMCHH, NOABUIKHAA UJIK TOPTAaTHUBHAA 3aﬂep>KKa BCJIEICTBUE MHOT'OJIy4EBOCTH

CUCTEMaA, CBA3b IIYHKTA C IYHKTOM

3 Moaenu norepb Ha Tpacce

Hcnonp3oBanue Moneny MOTEph Nepefadd BHYTPH MOMEIICHUS MPEeAIoiaraeT, 9To U 0a3oBas CTaHIMS U
TIEPEHOCHON TEpMHUHAT HaXOAATCS BHYTPH OJHOTO M TOTO ke 3maHus. Ilotepu Ha Tpacce Mexay 0a3oBoi U
MTOIBIKHOW/TIEPEHOCHON CTaHIMSAMH BHYTPH TIOMEIICHUS MOXKHO OIICGHWTh C IOMOMIBI0 000 U3
MozeIeld — 0000IeHHON, He 3aBUCAIIEH OT MECTa, WM ACTCPMUHUPOBAHHOM, YIUTHIBAIONIEH 0COOCHHOCTH
MecTa.

31 O000IeHHbIE MO/IE/TH, He 3aBUCSIIIIUE OT MeCTa

Mogenu, 0 KOTOPBIX MOWAET pedb B 3TOM paszzesie, CUNTAIOTCs 00OOIEHHBIMU, HE 3aBUCSIIUMH OT MECTa,
MOCKOJILKY OHH HE TpeOyIoT Oonbmoro odbeMa MH(OpMAIMKW OTHOCUTEIBHO Tpacchl WM 0COOEHHOCTEH
Mecra, rjie padoraer cucrema. [lotepu Ha Tpacce Uil paJoCHCTEMBI BHYTPH TIOMEIICHUS XapaKTEPU3YIOTCS
KaKk Cp€AHMMU IIOTEpAMH Ha Tpaccc, TaK H CBSI3aHHOM C HHUMH CTaTHUCTUKOU 3aMHpaHHﬁ BCJICACTBUC
3aTeHeHMsI. Heckonpko Mozenell moTeps Ha Tpacce BHYTPH MOMEIICHHS YYUTHIBAIOT OCNA0JICHUE CUTHAja
IIPU €r0 MHOTOKPAaTHOM MPOXOKACHUH 4Yepe3 CTEHBI W/HIIH MOJbl. Moienb, ONuckBacMasi B 3TOM pasJiele,
YYUTBIBACT TIOTEPH NP MHOTOKPATHOM IMPOXOKACHUHM CHUTHANA Yepe3 I0JI, YTO TO3BOJISET MPEyCMOTPETh
TaKUC€ XapaKTCPUCTUKH, KaK IMOBTOPHOC HUCIOJB30BAHUC YaCTOTblI Ha PAa3IMYHBIX JTa)kax 3JaHUusd.
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Jucranmuonnaple KOod3()(OHUIMEHTH TOTEPU MOIHOCTH, MPHUBOAWMEBIE HUXKE, BKIIOUAIOT B HEIBHOM BHIIC
TIONPABKY Ha IMOTEPH MPH MPOXOKICHUN CUTHAJA Yepe3 CTEHBI W HaJ WM depe3 MPEIMATCTBHS, a TakkKe Ha
OCTaJIbHBIE MEXaHW3Mbl BO3HHKHOBEHHUS IOTEPh, KOTOPHIC MOTYT BO3HHMKHYTH B Mpeleiax OJHOTO 3Taxka
3maHus. B MoJesIX, yIUTHIBAIOMNX CIICTH(PUKY MECTa, IMEETCSI BO3MOXKHOCTE B SSBHOM BHJIE YUECTh MTOTEPH
3a CYET KaXKIOW CTEHBI, BMECTO TOTO, YTOOBI BKITIOYATh UX B TUCTAHITMOHHYIO MOJIEITb.

OcCHOBHAs MOJICITb TOTEPh UMEET CIICTYFOIIHIA BUI:
Lioar = 20 logyo f+ Nlogiod + Lf (n) — 28 b, (1)
rue:
N:  IHUCTaHITHOHHBIA KOA()(PHUIMEHT TOTEPh MOIITHOCTH;

gactota (MI');

paccTosiHue pa3HeceHus (M) Mekay 0a30BOW CTAaHIMEH M MEPEHOCHBIM TEPMHHAIOM
(rme d > 1 m);

Li:  xod(hduImeHT norephb 3a cueT NPOX0XKECHHs CurHaia uepes noiu (ab);
n:  KOJIMYECTBO dTa)kei Mex 1y 0a30BOW CTaHIMEH U MEPEeHOCHBIM TepMUHaIOM (1 2 1).

XapakTepHble MapaMeTphl, OCHOBAaHHbBIE HA PE3yJIbTaTax Pa3IHyHBIX U3MEPEHHH, IPUBEICHHI B Ta0MUIax 2
u 3. B xoHI1Ie pa3nesna 1aHbl OCHOBHBIE PYKOBOSIINE YKa3aHUs.

TABJIMLIA 2

KosdduuneHTsl MOTEPH MOIIHOCTH, [V, HCI0JIb3yeMble
NP pacyeTe NOTePb Nepeayd BHYTPH NOMeIIeHUs

Yacrora Kunsbie toma Oducel IIpoMblIJIeHHBIE 3AaHUSA

900 MI' - 33 20
1,2-1,3 T - 32 22
1,82 1ITn 28 30 22

24TTn 28 30

3,5TTn 27
4T - 28 22
521ITn 30 (MHOTOKBapTUPHOE 3/1aHKE) 31 -

28 (om)?

581Tn 24
60 I'Tu” - 22 17
70 I'Tu"” — 22 -

" Tlompasymesaercs, uto Ha actorax 60 I'T'iy u 70 [T IPOMCXOMMT PACHPOCTPAHEHHE B MPEIENaX OHOMH KOMHATHI

I TTOMEUICHUs, TIPH 3TOM IIOTPAaBKU Ha TIepenavy Hpu MPOXOXKACHUN CHTHAJA Yepe3 CTEHBI He YUHUTHIBAIOTCS.
[ornomenue B ra3ax Ha wactore okomo 60 I'Tm Taxke BechbMa CyIIECTBEHHO s paccrosHuil Oomee 100 M u
MOJKET BIUSATH HA PACCTOSHHS MOBTOPHOTO UCIIONB30BaHMs 4acToT (cM. Pexomenmanmio MCO-R P.676).

@ MHOFOKBapTI/lpHOC 3JaHUEC: OAHO- WM ABYX3TAXHOEC KUIMIIC I HECKOJbKUX ZlOMOXOS}IﬁCTB. Kak ImpaBuiio,

GOJILIIMHCTBO CTCH, pas3ACIIAIOIINX KOMHATHI, ABJIAIOTCA OETOHHBIMH.

JoM: omHO- WM ABYX3Ta)XHOE JKWIWINE JUIA OJHOTO JOMOXO03siicTBa. Kak mpaBmio, OONBIIMHCTBO CTEH,
Pa3IeNMIOMMUX KOMHATEI, SIBJSFOTCS ACPEBIHHBIMH.
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TABJIMIIA 3

Ko>(puunenTsl moreps nNpu NpoxXo:KAeHHH CUTHAJIA Yepes noJa, Ly (ab), rae n — ynciao
NMPOIiIEeHHBIX ITAKell, HCIOJIb3yeMble IIPU pacyeTe NOTephb NepeJayu BHYTPH noMeeHus (n > 1)

Yacrora Kuubie noma Odmucel IIpombInLIeHHbIE 31aHUSA
900 MI'g - 9 (1 arax) -
19 (2 araxa)
24 (3 sTaxa)
1,82 I1Tn 4n 15+4(n-1) 6+3(mn-1)
241Tn 1o (MHOTOKBapTHUPHOE 3[IaHKE) 14
5 (mom)
3,51Tn 18 (1 aTax)
26 (2 sTaxa)
521Tn 13" (MuOTrOKBapTHPHOE 31aHIKE) 16 (1 aTax) -
7P (mom)
5,81Tn 22 (1 atax)
28 (2 aTaxa)

)" Ha ozny GetoHnyIo cTeHy.

@ JepeBaHHbBIN 3aI0JTHUTEb.

Jlns pasnmUuYHBIX YACTOTHBIX JIMATMA30HOB, IS KOTOPBIX KOA(GGUIMEHT MOTePH MOIIHOCTH B JKUIIBIX
MOMEIICHHUSIX HE YCTAHOBJICH, MOKHO HCIOJb30BaTh COOTBETCTBYIOIIEE 3HAUCHHE 3TOr0 KoddduIueHTa as
CITy>KEOHBIX TIOMEIICHUH.

Cnenyer OTMETHTb, YTO MOTYT CYIIECTBOBaTb OTpPaHMYEHMs] Ha HW3OJALMIO, IPEANoJiaraeMylo IpHU
MIPOXOXIEHUU CUTHAJIOB MEXIY dTakaMu. CHUTHal MOXKET HaWTH JIpyrHe, BHEIIHHE IyTH IS 3aBEpIICHUS
JIUHUM CBS3M C MEHBIIMMH OOLTMMH MOTEPSIMH, YeM IPHU MHOTOKPATHOM IEpECeUEHUH MEePEeKPhITHA MEXTY
3Ta)kamMu.

Ecnu 5TH BHeIIHME MyTH UCKIIIOYHUTH, TO U3MEpEHUs Ha dacToTe 5,2 I'T mokaszanu, 4To Npu HOPMaIbHOM
[aJICHUM PAAMOBOJH CPEAHUE IONOJIHUTENbHBIC IIOTEPU INPH MPOXOKACHUH THUIIOBBIX MEKAYITaXKHBIX
JKEJIe300€TOHHBIX TMEPEeKPhITUH C TOABECHBIMH TMOTOJKaMH cocTaBisiior 20 1b mpu  cranmapTHOM
otrknoreHnu 1,5 nb. OcBetrurenbHbIe MPUOOPHI YBEMHUYNBAIOT cpepHue notepu A0 30 nb mpu cranmaprHOM
OTKJIOHEHWHU 3 b, a BEeHTUJIALIMOHHBIE KaHaJbI MOJ TOJIOM YBEIWYUBAIOT CpeaHue motepu 10 36 n1b npu
CTaHJApPTHOM OTKJIOHEHUM 5 1b. DT 3HaueHHs JOJDKHBI HCIOJIB30BaThCAd BMECTO KOd(QOUIUEHTOB L, B
MOJIENSAX, 3aBUCAIINX OT MECTA, TAKUX KaK CBA3aHHBIX C TIOCTPOCHUEM JTy4deH.

CraTucTHKa 3aMUpaHWH, BBHI3BAHHBIX 3aTCHECHHEM BHYTPH MOMEIICHHUH, COOTBETCTBYET JIOT-HOPMAILHOMY
3aKOHY, a 3HAaYCHUS CTAaHIAPTHBIX OTKJIOHEHHUH (1b) mpuBeneHs! B Tabnmiie 4.

TABJIULIA 4

CraTucTHKA 3aMHPaHUil BCJIeICTBHE 3aTeHEHH, CTAHAAPTHOe oTKJIOHeHue (1b),
AJ1s1 pacyeTa MOTeph Nepelayd BHYTPH NOMeLeHUsI

q(z}c;;)sa Kunnie noma Oducer IIpoMbIlIeHHBIE 3TAHUS
1,8-2 8 10 10
3,5 8
52 - 12 -
5,8 17
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Xots HMCIOIINECCS B HACTOAILICEC BPEMS PC3YJIbTAThI I/I3M6peHI/Iﬁ ObLIH IMMOJIYYCHBI B pa3HbIX YCJIOBUAX, YTO
ACJIACT 3aTPYAHUTCIBbHBIM UX NPAMOC CPABHCHUC, U JAHHBIC MMOCTYINIIN TOJBKO AJIS1 OTACIBHBIX YaCTOTHBIX
AUana3soHOB, HCKOTOPLBIC O6H_[I/Ie 3aKJIIOYCHHUA BCC KEC MOXHO BBIBCCTH, 0COOEHHO U1 Jruara3oHa
900-2000 MI'u:

- Ha Tpaccax ¢ kommoHeHToil mpsimMoii BuaumocTd (LoS) noMuHHpYyrOT moTepu mepenadd B
CBOOOJTHOM TIIPOCTPAHCTBE, a IUCTAHIIMOHHBIH KOY(Q(OUIMEHT MOTEepU MOIIHOCTH U HHX
paBHseTcs mpumepHo 20.

- Jnst  OGONBIIMX  OTKPBITHIX TIOMEIIEHHWH TakKe XapakTEepHO 3HAUYCHHE JHUCTaHIIMOHHOTO
KO3 GUIMEHTa MMOTEPH MOIIMHOCTH MOpsiaka 20; 3T0 MOXKET OOBSICHAThCS HAJTUYUEM MOIIHOM
cocraBistomed LoS B GonpmmHCTBE 30H momemieHus. [IpuMepamMu MOTYT CITy>KWTh ITOMEIIEHIS,
pacroNoKeHHbIe B OOJNBIINX TOPTOBBIX CKIIA/IaX, CIIOPTUBHBIC apeHbI, 3aBOJICKHAE MOMEIICHHS H
O(UCHI OTKPBITOH TIIAHUPOBKH.

- B kopumopax OTMeYaroTCs MEHBIIME IOTEpPU Ha Tpacce, YeM B CBOOOJHOM IPOCTPAHCTBE,
C TUMUYHBIM JUCTAHIMOHHBIM KO3 duIMeHTOM moTepu MoIHOCTH nopsaka 18. ['actpoHoMmsl ¢ ux
JUITMHHBIMH, JIMHCWHBIMH TPOXOJaMH MEXIy CTeIUIa)KaMH HMCIOT XapaKTePHCTHKH IOTEpb,
COOTBETCTBYIOLIHME KOPHIOPAM.

— Pacnpoctpanenne orubaHuMeM TPEmsATCTBUH M 4epe3 CTEHbl BeAeT K 3HAUYUTEIbHBIM
JIOTIOJTHUTENIBHBIM TIOTEPAM, KOTOpBIE B OOBIYHBIX YCIOBHSAX MOTYT YBEIHYHUTH TUCTAHLIMOHHBIH
ko3 durment noreps MourHocTu A0 40. [IppumMepaMu MOTYT CITY>KUTh TPAcChl MEXIy KOMHATAMH B
O0(UCHBIX MOMEIIEHHUIX 3aKPhITOH INIAHUPOBKH.

- Ha mmmHHBIX Tpaccax 0e3 MpensSTCTBUHN B IepBOii 30He DpeHEST MOKET BOSHUKHYTH "TOYKa H37I0Ma
kpuBoi". Ha 3TOM pacCTOSHWHM IUCTAaHIMOHHBIH KOA(D(UIMEHT TOTepH MONTHOCTH MOXKET
MEHATbCs npuMepHo oT 20 1o 40.

- VYmMenbinenne ko3hGUIMEHTa IOTEPh HAa TPACCE MPH YBEIUYESHUU YaCTOTHI IS YCIOBHH IprUeMa B
oducax (tabmuma 2) He Bcerga HaAOMIOJAeTCd WM JIETKO OO0BsiICHUMO. C OJHOW CTOPOHBI, IMPH
YBEITUYCHUH YaCTOThI MOTEPH MPH MPOXOKICHUN CKBO3b MPEMSATCTBUS (HAPUMED, CTEHBI, MeOEIb)
BO3pacTarT, U IuparupoBaHHbIC CUTHAIBI JAlOT MEHBINIWN BKJIAJ B MOIIHOCTH MPHHUMAEMOTO
CUTHAJIa; C Jpyrol cTOpoHBI 30Ha DpeHens MeHee 3aKphiTa Ha 0ojiee BBICOKMX YacTOTaX, UYTO
MPUBOJAUT K MEHBIIUM TOTepsM. @DakTHYecKWe TMOTepU Ha Tpacce 3aBUCAT OT OTUX
IIPOTHUBOIOJIOKHO IEHCTBYIOIINX MEXaHU3MOB.

3.2 Moaenu, yYuThIBaOIue 0COOEHHOCTH MeCTa

Jns ompeneneHus NOTeph Ha Tpacce WM YPOBHS HAIPSDKEHHOCTH IOJS IIOJNIE3HO TAaKXKe NPUMEHEHHE
MoOJIeNell, yYUTHIBAIOMMX OCOOCHHOCTH MecTa. CyIecTBYIOT MOJENH Ul MPOTHO3HPOBAHMS YpPOBHEH
HaNpsDKEHHOCTH TIOJIE BHYTPH INOMEILEHHWH, OCHOBaHHBIE Ha oxHopoAHoil Teopuu audpaxuuu (UTD) u
METOAaX MOCTpoeHus mnyded. [ns pacyera HampsHYKEHHOCTH MOJS BHYTPH IOMELICHHH HeoOXoxuma
neTanbHas MH(pOpManus o CTPYKType 34aHus. B 3TUX MOIENsIX SMIMPUYECKHE DJIEMEHTHl COYETaloTCs C
TEOPETHUYECKUM DJIEKTpOMarHuTHeIM moaxoaoM UTD. 3DTor MeTon y4HTHIBaeT MpsMble OJHOKPATHO
IudparupoBaHHble M OJHOKPATHO OTPAXKEHHBIE JYyYM M MOXKET pACHpPOCTPAHSTHCS HAa MHOTOKPATHYIO
IU(PaKIUI0 WM MHOTOKPAaTHOE OTPa)KEHHE, a TaKXKe Ha COYETAaHHHM OU(PPAarupoBaHHBIX M OTPAKCHHBIX
Jdyded. 3a cyeT BKJIIOYCHUS OTPAKCHHBIX U JU(PpParupoBaHHHBIX JIyueil TOYHOCTh MIPOTHO3UPOBAHUS TIOTEPh
Ha Tpacce CyIECTBEHHO MOBBIIIACTCS.

4 Mogpeau pa3opoca 3aepixex

4.1 MHOro/1y4¢BoCTh

Pagmnokanan pacrpocTpaHeHUs] BOJIH JUIsL MOJBHKHOW/TIEPEHOCHON CTAaHIIMM MEHSETCS B 3aBUCHMOCTH OT
BpPEMEHH, YacTOTHl U MECTOIIOJIOKEHHUS B TIpOoCcTpaHcTBe. Jlake B CTAaTMYECKOM CUTyallMH, KOT/Ia MOJI0KEHUE
mepenaTinka M MpHEeMHHKa 3a(UKCHPOBAHO, [UIS TAKOTO KaHaja XapaKTepHa OIpe/elieHHas AWHAMUKA,
ITOCKOJIbKY PacCEeMBAOIIUE U OTPAKAIONINE MPEIMETHl MOTYT IepeMeniarbcs. TepMuH "MHOTOIY4eBOCTh"
o0yCIIOBIIEH TeM, 4YTO BCIEACTBUE OTPaXEHHUs, AU(PpaKIUU W paccesHUS PagUOBONHBI MOTYT
pacmpocTpaHsIThCsL OT MepeAaTyuka K MPUEMHHUKY MO MHOTOUHCICHHBIM TpaccaM. s KaxIoil u3 3Tux
Tpacc XapaKkTepHa CBOsSI BpeMEHHas 3aJiepKKa, IPOMOpIIHOHaIbHas AMHHe Tpacchl. (Beckma rpy0Oyio OIeHKy
OKMJA€MOTO MaKCHMAJIbHOTO BPEMEHH 3alepKKH IS KOHKPETHBIX OKPYXAloIIWX YCIOBHH MOXKHO
MOJTyYnTh, 3HAs pa3Mephl TMOMEUICHWs W YYHTHIBas TOT (akT, 4To Bpems (B HAHOCEKYHIAX) s
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MIPOXOKACHUS PaJANOUMITYJILCOM paccTosHUs d (M) paBHO NpUMEpHO 3,3 d). OTu cUrHaiBl C 3allEePXKKOH,
KaXIbI U3 KOTOPBIX UMEET CBOIO aMIUIUTYIy, 00pasyloT JUHEHHBIN (QMIBTP C MEHSIOLIMMUCS BO BPEMEHHU
XapaKTePUCTUKAMH.

4.2 NMnyabcHasi XapaKTepUCTUKA

Lens MomenmpoBaHus KaHalla 3aKII0YAE€TCS B TOM, YTOOBI O0ECIIEYNTh TOYHOE MaTeMaTHYECKOe OMHCAHWe
SBIICHUS] PACIpPOCTPAHEHHS] PAAMOBONH, KOTOPOE MOXHO OBIIO OBl HCIONB30BaTh NPH HMHUTALHN
PaAMONMHUN W CHUCTEM B MPOIECCE MOIEIHPOBAHHUS PAa3BEPTHIBAHUA CHUCTEMBI. [lOCKONBKY paroKaHa
JINHEEH, OH IMIOJHOCTBIO OIUCHIBAETCS CBOEW HMMIYJILCHOM XapakTepucTUKOW. Eciam ke wummynabcHas
XapaKTEepUCTHKA M3BECTHA, TO MOXKHO OMPEIENIUTh PEaKIiio paArnoKaHaia Ha JJF000i BXOIHOW CHUTHAN. DTO
1 €CTh OCHOBA /ISl IMHTAIIMOHHOTO MOAETHUPOBAHMS XapaKTEPUCTHUK JIMHHH.

NwmmynecHast xapakTepucTHKa OOBIYHO MPENCTaBIsIeTCsS B BUAE (DYHKIIMOHAIHHON 3aBUCHMOCTH TIOTHOCTH
MOIIIHOCTH OT JOIOJIHUTENFHOW 3alep’KKH IO OTHOIIEHWIO K TepBOMY OOHApyKEHHOMY CHUTHANY. OTY
3aBHCHMOCTh 9acTO HAa3bIBAIOT MpoduiieM 3aiepKKu MOIHOCTH. COOTBETCTBYIOMIMI NpHUMEpP MOKa3aH Ha
pucynke 1 Pexomengammm MC3-R P.1407, Tonpko BpeMeHHas IIKaia Ui KaHAJIOB BHYTPH ITOMEIICHUS
IOJDKHA HM3MEPATHCS HE B MHUKPOCEKYHAaX, a B HaHOCEKyHHax. B arToif ke PexomeHmamwmm mpuBOAATCS
OTIpe/ieTIeHus HECKOJIbKHUX ITapaMeTPOB, XapaKTePU3YIOINX MPOQHIA UMITYIBCHON XapaKTEPUCTHKH.

NmmynscHast XapaKTepUCTHKa KaHajla MEHSETCS B 3aBUCHMOCTH OT MECTOTOJIOXKEHHS MTPHEMHNKA, a TaKkKe
MOJKET MEHSTHCS M BO BpeMeHH. [1oaToMy 0HA OOBIYHO M3MEpSIETC U MPEACTABISETCS B KAUeCTBE CPETHETO
3HaYeHUsI MPo(UiIed, OJYUYEHHOTO B pe3yJibTaTe W3MEPEHHUN Il OJHOW JITUHBI BOJHBI, €CITH HEOOX0IUMO
YMEHBIIIUTh BIWSHUE ITyMOB, WM JIJS HECKOJIBKUX IJIMH BOJH, €CH TPeOyeTcs OIMpEeNeNHuTh CPeIHHM
MIPOCTPAaHCTBEHHBIN PO mitb. OueHb BaXKHO YETKO OMPENENNTh, KaKOH HMEHHO CpeIHUH MpodriIb MMeeTcs
B BHJIy U Kak MPOM3BOIIIIOCH yCpelnHeHHe. PexoMeHayeMas mpoleaypa yCpeaIHeHHs 3aKI0YaeTCsS B TOM,
YTOOBI CIEeAyIOMHM 00pa3oM c(hOpMHUPOBATH CTATUCTUYECKYIO MOJIENb: JJIS OICHKH KaXXIOW WMITYyJIECHOU
XapaKTepUCTUKHA (PO 3aJep>KKA MOIIHOCTH) YCTAaHOBUTH OTPE3KM BPEMEHHM IO W TOcie CpeaHen
3anepxku, Tp, (cM. Pexomenmanmio MCD-R P.1407), 3a mpenenamMu KOTOPBIX IIOTHOCTH MOIIHOCTH HE
npeBbImaeT 3amanneie 3HadeHms (—10, —15, =20, —25, —30 ab), ycTaHOBJIICHHBIE OTHOCHUTEIIBHO ITHUKOBOTO
3HAYEHUs IUJIOTHOCTM MOIIHOCTA. MeauaHa u, npu >kenaHuu, 90-s NpoUEeHTUb pachpeiesieHUud 3THX
OTPE3KOB BPEMEHH U MPEICTABISIIOT CO00I HCKOMYIO MOZEITH.

4.3 CpennexkBagpaTHyHoOe 3HAYEHHE pa3dpoca 3a1epKKH

[Ipodunm 3aaepKKH MOIIHOCTH, KaK TOBOPUJIOCH BHIIIE, YACTO XapaKTEePU3YIOTCS OAHUM HMIIU HECKOJIBKUMU
napamMeTpaMy. OTH TapameTpbl BBIUUCISIOTCS MO MPOQUISM, YCPETHEHHBIM O TMOBEPXHOCTH, MMEIOIICH
pa3Mepsl opsiiKa HECKOIBKUX UIMH BoH. (IlapameTp cpeaHekBaipaTUYHOrO 3HaYSHHS pa3dopoca 3a1epiKKH
WHOI/Ia OIPEeNeNSIIoT M0 MHAWBUAYAJIbHBIM MPO(UIIAM, @ pe3yNbTaThl YCPEIHSIOT, OJHAKO B 3TOM Clyyae
OKOHYATENbHBINA pe3yibTaT OyneT, Kak MpaBMJIO, OTIMYAThCS OT 3HAYEHHA, MOJyUYEHHOTO C IOMOIUIBIO
ycpenHerHoro npo¢wis.) [lopor uckimoyeHus: HIymMa, WM KPUTEPHH MPUEMKH, HAlpUMEp BEIHYMHA Ha
30 nb HWKe MUKOBOTO 3HAYCHUS MPOQUIIS, TOJDKEH YKa3blBaThCS BMECTE C Pe3yJbTHPYIONIMM 3HaYCHUEM
pa3bpoca 3a1epKKH, KOTOPOE 3aBUCUT OT BETMYHMHBI ITOPOTa.

ITockonbpKy CcpemHeKBaApaTUIHOE 3HAYCHHE pazdpoca 3aJEpKKU OYCHHb IMUPOKO HCIOIL3YETCS, OHO HE
BCErJia JaeT IMOJIHOE omucaHue npoduis 3anepxek. B ciayyae MHOTONIYy4eBOCTH, KOT/Ia pa30dpoc 3aiepKKU
MPEBBIIIAECT JJIUTCILHOCTh CHMBOJIA, KOA(OUIMEHT OMUOOK MO OuTaM [Uiss MOIYJISALUU ¢ (a30oBOU
MaHUITYJISIIHEH 3aBUCUT HE TOJBKO OT CPEIHEKBAAPATUYHOTO 3HAYCHUS pa3zdpoca 3aJepX Kh, HO U OT
OTHOIICHUSI NMPUHUMAEMBIX MOIIHOCTEH MOJIE3HOTO M MEMIAIONIET0 CHTHAJIOB. JTO OCOOEHHO 3aMETHO B
CHUCTEMaX C BBICOKOH CKOPOCTBIO Iepefadyd CHUMBOJIOB, HO OCTAeTCSl CIPAaBEUIMBBIM W TPH HHU3KUX
CKOPOCTAX WX Tepeadyu, KOTJa CPeId MHOTOIYYEBBIX COCTABIISIONIUX UMEETCS MOIIHBINA JOMHHHUPYIONTHI
cursai (3amupanue Paiica).

Tem He MeHee, eClM TPEOI0KUTh, YTO MPOQUIIb 3aTyXaeT MO FKCIOHEHTE, TO JOCTATOYHO HCIIOJb30BaTh
CpelHEKBaJpaTHYHOE 3HAUCHHE pa3dpoca 3allepKKH BMECTO MPOHIIs 3aepKKH MOITHOCTH. B 3TOM cityuae
UMITYJIbCHASI XapaKTEPUCTHKA MOXKET OBITh IIpeoOpa3oBaHa MPUMEPHO CIACAYIOMUM 00pa3oM:

s i 0 <t <t @)

h(t)=1° :
0 B IPOTUBHOM CJIy4ae
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rue:
S:  cpemHEKBaJApaTUYHOE 3HAUECHHE Pa3dpoca 3aePIKKH;
Lmax:  MaKCHUMaJIbHAS 3a€PIKKa,
>> .

Zmax

[IpenMyIiecTBO HCMONB30BAHUS CPETHEKBAIPATUYHOTO 3HAUCHHS pa30dpoca 3aJiepKKH B KadecTBe
BBIXOJTHOTO TIapaMeTpa MOJICITH 3aKTI0YaeTCsl B TOM, YTO TaKYI0 MOJIENIb MOYXHO TIPEJICTABUTH MPOCTO B BHJIE
Ta0MIbl. XapakTepHbIe 3HAYCHUS MapamMeTpa pa3opoca 3aJepKKH, MOMYyYSHHbIE C MOMOIIBI0 YCPETHEHHBIX
npoduIei 3aepKKH I TPEX BUIOB OMEIEHHH, PEICTABIICHBI B TA0NHIIE 5. DTH 3HAYCHUST OCHOBaHBI HA
mMepernsx Ha gactorax 1,91Tm, 3,7 I'To m 52T ¢ ucrmonp30BaHHEM BCEHANPABICHHBIX aHTEHH.
(EcTh HEMHOTOUHUCIICHHBIC JIAHHBIC, CBUJICTENBCTBYIONIME O TOM, YTO €CITH HCIOJIb3YIOTCS BCEHAIPABIICHHEIC
AQHTEHHBI, TO 3HAYEHHsI STHX MapaMeTPOB CHIBHO 3aBUCAT OT YacTOTHI. VICTONb30BaHWE aHTEHH C JIPYTUMH
IuarpaMMaMH HaIlpaBJICHHOCTH oOCykmaeTcs B I 5.) B cronbiie B Tabmumer 5 mpepcraBieHsl HanOosiee
4acTo BCTpevarolluecs MeIUaHHbIe 3HA4YCHWs, B cTONOmEe A — Oolee HH3KHE, HO HE MUHHMAIbHBIC,
3HAYCHUS, KOTOPhIE TAaKXe BO3HUKAIOT JOCTATOYHO 4acto, a B ctoibie C — caMble BBHICOKHE 3HAYCHUS
3aJIep)KKH, KOTOphle BO3HHKAIOT BEChMa PEIKO. 3HAYCHWS, MPHUBEJCHHbIC B TaOJHIlE, XapaKTepHBI IS
MaKCHUMAaJIbHOTO pa3Mepa BEPOSTHBIX MOMEIICHUHN KaKI0TO TUIIA.

TABJINIIA 5
CpenHekBaJpaTHYHbIEe 3HAYEHHUs TapaMeTpa pa3dpoca 3aJep:KKH

Yacrora YcaoBus npuema A B C
(uc) (uc) (uc)
19T BHyTpeHHHE OMEIEHUS JKUIBIX TOMOB 20 70 150
1,9TTn BryTpennue ciry>xeOHbIE TOMEIICHUS 35 100 460
1,9TTn BHyTpeHHHE TOMETIeHHS TPOMBITIICHHBIX 30aHUH 55 150 500
3, 71T BryTpeHHHE OMEILEHUS KUIIBIX IOMOB 15 22 27

3, 71T BryTpennaue ciry>keOHbIE TOMEIICHHUS 30 38 45
3, 71T BHyTpeHHue nomeneHys MpOMBIIIICHHbIX 30aHUI 105 145 170
521Tn BHyTpeHHNE TOMEIIEHHS KUIIBIX TOMOB 17 23 30
521ITn BHyTpeHHHME ci1y)keOHbIE ITOMEIIEeHHS 38 60 110
521Tn BHyTpeHHHe nomeneHus POMBIIIICHHBIX 30aHNI 135 190 205

B npeaecjiax KOHKPETHOI'0 3aaHuA pa36p0c 3aJCPIKKH, KaK IIPpaBUJIO, YBCIMYHUBACTCA IMPU YBCINUCHUU
pacCTodHus MCKAY QaHTCHHAMHM U, CJICAOBATCJIBHO, IIPU BO3pACTAHHUU TMOTEPL pPACIIPOCTPAHCHUA.
Uewm Goitbiire pacCTossHUE MCKAY aHTCHHaMH, TEM Ooblire BCPOATHOCTL TOI'0, YTO Ha TPAaCCE BO3HHUKHYT
OpeIATCTBUA U YTO HpI/IHI/IMaCMLII‘/'I CUTHaJI 6YZ[CT LEJIMKOM COCTOATH U3 PACCCAHHBIX CUTHAJIOB.

CpenHekBaapaTHUHBIA pa3Opoc 3aAepkku, S, B TpyOOM NpHONMKEHWH NPONOPLUHOHATICH IUIOLIA
MIOBEPXHOCTH 1o1a, Iy, 1 onpezenseTcs ypaBHeHueM (3).

10 log S =2,3 log(F,) + 11,0, 3)
re equHUIEl £ 1 S BRIpaKeHbI, COOTBETCTBEHHO, B M’ ¥ HC.

OT0 ypaBHCHHE OCHOBAaHO Ha M3MepeHusAX B AuanazoHe 2 [T ad pa3iuyHBIX THIIOB ITOMELICHHUH, TAKHX
Kak o(QHChl, BECTUOIOJIM, KOPUIAOPHI W THMHACTHUYECKHE 3ajbl. MakcHMajbHas ILIOMAAb I10JIa IS
IpoBeneHNs m3MepeHust coctapmsuia 1000 M°. MenuaHHOE 3HAYEHHE MOTPEIIHOCTH OLEHKH COCTABISET —
1,6 HC, a cTaHmapTHOE OTKIIOHEHUE 24,3 HC.

Ecmm paszbpoc 3amepxku, S, npeactasieH B 1b, To cTaHIapTHOE OTKJIOHEHHUE S ONpeessieTcs] B Tuana3oHe
ot npumepHo 0,7 nb o 1,2 ab.

4.4 CraTucTnueckue MoaeIu

CrarucTruecKre MOJICIH SIBIISIOTCS PE3YJIbTaTOM 0000IIEH s OOJIBIIOTO YHCIIa H3MEPEHUH, TIPUYEM TaKUM
00pazoM, 4TOObI MX MOXXHO OBUIO HCIOJB30BaTh JUIS MMHUTALMHU Tepelad CUTHAIOB. Hampumep, MOXKHO
OCYIIECTBUTh UMHUTAIIMIO C TIOMOIIbI0 MOJIENIM AUCKPETHOTO, B IIMPOKOM CMBICIIE CTallMOHAPHOTO KaHaia C
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HekoppenupoBaHHbIM paccessaueM (WSSUS). Omnua m3 cmocoO0B Takoi HMHUTAIIMM COCTOWT B 3aMeEHE
MHOTOYHCIICHHBIX TpPacC pacCesHHs, KOTOpPbIE MOTYT CYIIECTBOBATH B pEalbHOM KaHANE, JIHIIb
HECKOJBKMUMHU N MHOTOJIYYEBBIMU KOMITOHEHTAMH B MOJIEITH. 3aTeM € TIOMOIIBIO CIIOMHBIX, MEHSIOIIUXCS BO
BpeMeHH ['ayccoBBIX TMPOILECCOB g,(f) MOJCTUPYETCS] CYIEPHO3MIUsS HEpa3pelIeHHbIX MHOTOIYYEBbIX
COCTAaBIISIOIINX, TIPUXOJISAIINX O] PA3HBIMHU YITIAMH U ¢ BPEMEHHBIMH 33JIep>KKaMH, OJIM3KUMU 110 BETUUHHE
K 3a7epXKKe T, /- MHOTOIIyIEBOM COCTABJISIONICH Mozenn. Toraa UMITyIbCHAsT XapaKTepucTuka A(t) Oymer
OTIPEIeNAThCS KaK:

N
w0=>" p, g, 8t-t,), (4)

race p, — nNpuHUMaceMasd MOINHOCTb n-u MHOFOqueBOﬁ COCTaBJ’IHIOH.ICﬁ MOACIH. Takass crarmcThdeckas
MOACIb Tpe6yeT COOTBCTCTBYHOIIHUX MMapaMCTPOB JIA Ka)K,I[Of/'I COCTaBHﬁIOmeﬁ.

4.5 Mopesiu, yYUTHIBAIOIIHE 0COOEHHOCTH MeCTa

B To BpeMs kak cTaTHCTHUYECKHE MOJETH BeChMa ITOJIE3HBI B KA4eCTBE PYKOBOJCTBA NPH TUIAHUPOBAHHH,
JNETEPMUHUPOBAHHBIC (WM YYUTHIBAIOIIHE OCOOCHHOCTH MECTa) MOJEIH OCOOCHHO IICHHBI IJIS TEX, KTO
3aHMMAaeTCsl MPOEKTHPOBAaHWEM cHUCTeM. MOXHO BBIJENUTh HECKOIBKO METOJOB  Pa3pabOTKH
JNETEPMUHUPOBAHHBIX MOJIEeH pacmpenencHus. [ mpuMeHeHNH BHYTPHU NMOMEIICHUN OBLIM W3Y4YEHBI, B
YaCTHOCTH, METOJ KOHEYHBIX pa3HocTed BO BpemeHHoW obmactu (FDTD) m Merom, OCHOBaHHBIH Ha
TEOMETPUIECKOI onTruKe. MeTo TeOMEeTPUIECKON onTHKH OoJiee 2P (EeKTHBEH B OTHOIICHUH BBIYHCIICHUN,
yem FDTD.

B meroje, OCHOBAaHHOM Ha T€OMETPUYECKON ONTHKE, CYNIECTBYIOT JIBA OCHOBHBIX TIOJIX0JIa: UCIIOIH30BaHUE
n300pakeHN U BO3OYKIeHHE Tyda. B MeToae m300pakeHHI HCIOIB3YIOTCS H300paKeHHs MPUEMHUKA TI0
OTHOIICHUIO KO BCEM OTPAXKAIONIMNM TOBEPXHOCTSIM OKpYKaroled cpelpl. PaccUMThIBAIOTCS KOOPAWHATHI
BCEX U300paKEHUH, a 3aTeM ONPEICISIIOTCS TPACKTOPUH Jydel 110 HAMPaBJICHUIO K 3TUM H300paKSHHUSIM.

[Hoxxon ¢ BO30YyKACHHWEM JIyda TIpeIojaracT paBHOMEPHOE pacipeesieHue psiaa Bo30yKICHHBIX JIydel B
MIPOCTPAHCTBE BOKPYT IEpenaroniel aHTeHHBI. TpaekTopusi KaKAOTO Jyda MPOCIEKHUBAETCS A0 TEX IOp,
[I0OKa OH He JOCTHUTHET NMPHEMHHUKA, WM er0 aMIUINTyla He ymaaeT HUXKe 3afJaHHoro ypoBHS. CpaBHeHHE
moaxoja ¢ Bo30y)KIEHHEeM Jlyda W MOJIXOAa C HCIIOJIb30BaHUEM HM300paKEHUH MOKa3bIBAET, UYTO TEPBBIN
MeToJ Oosiee THOKHUH, TOCKONBKY MU(parupoBaHHBIE M PACCESHHBIE JIYYH MOKHO paccMaTpHBaTh BMECTE C
3epKaJbHO OTpakeHHBIMH. Jlanee, UCIIONb3ysl METO | PACIICTICHHS JIyda WIH BapUAIlIOHHBIA METOI, MOXXHO
COKpaTUTh BPEMs pacieToB, COXpaHUB MpPH 3TOM Tpedyemoe paspemieHHe. MeTon BO30YXKACHHS ITyda
MTOAXOMUT JJIsl TIPOTHO3MPOBAHUS HMITYJIBCHON XapaKTEepHUCTHKH KaHaia, OOCIY>XKHBAIOIIETO OOIIMPHYIO
30HY, TOT/Ia KaK MeTO]T M300paykeHUI1 XOPOIII IJISl IIPOTHO30B B CIIyYae CBS3H ITyHKTA C TYHKTOM.

JeTepMIHMpOBaHHBIE MOJEIH, KaK IPAaBHUJIO, OCHOBAHBI Ha PAE MPEATIOIOKEHUN O BIUSHUN CTPOUTENBHBIX
MaTepraoB 3/aHUS Ha XapaKTepUCTHKU pACIpOCTpaHEeHHUs Ha paccMarpuBaemoi dwactorte. (Cm. m. 7
0 CBOICTBax CTPOUTEIHHBIX MaTEepHaioB.) Mozens, yYUThIBaIOIIasi 0COOEHHOCTH MeCTa, JOJDKHA YUYUTHIBATh
U TEOMETPHUIO TIOMEIIeHHUs, OTpaKeHue, AU(pakinio, ¥ TMepeaady CHWrHajla depe3 CTeHBL. MmyibcHyio
XapaKTEepPUCTUKY B 33JaHHOM TOYKE MOKHO MPEJICTABUTH KaK:

N M,, Mpn .
=3 || TIr.<T ], Lo -, . (5)

u=1

re:
h(t): WMIyIbCHAs XapaKTEPUCTHKA,
N:  4uCJ0 MajaroluX JTyden;

ni  UMCIJIO OTPaXXEHUM n-ro J1yya;

£ 5

YHCIIO TPOHUKHOBEHHH /-TO JIyYa;

I.:  xoddduiuenT oTpakeHusl 7-TO JIyda OT U-i CTEHBI,

P,  KO3(pOUIMEHT TPOHUKHOBEHUS 1-TO JIy4a Yepe3 V-I0 CTEHY;
r,:  JUIMHA TPACChl A-TO JIy4a;

T, 3aJepXKKa n-ro Jryda.



10 Pex. MCJ-R P.1238-7

TpaexkTopun myd4el, OTPaKEHHBIX OT CTEH M APYIMX IIOBEPXHOCTEH WM IMPOHHUKIIMX CKBO3b HHX,
paccuMTHIBAIOTCA € TMOMOIIbI0 ypaBHeHUl @penens. CnemoBaTeNbHO, KOMIUIEKCHAs AWAIEKTpUYECKas
MPOHHULIAEMOCTh CTPOMTEIBHBIX MaTEpUANIOB 3[JaHMs JOJDKHA OBITh MCXOIHBIM MapaMeTpoM. M3MepeHHbIe
3HAYEHUS TUDJIEKTPHUECKON MPOHUIIAEMOCTH HEKOTOPBIX CTPOUTENIBHBIX MAaTEPHaIOB IPUBEACHBI B II. 7.

[ns anexkBaTHOTO ONMCAaHWsl NPUHUMAEMOTO CHUTHaja, B MOJENb, IOMUMO OTPAKEHHBIX W MPOHMKIIMX
CKBO3b CTEHY JIyded, KOTOpble MPHUCYTCTBYIOT B ypaBHeHMH (5), JO/DKHBI OBITh BKIIOYCHBI
TU(pparupoBaHHBIE W PACCESHHbIC JIydd. B YacTHOCTH, 3TO OTHOCUTCS K Clydard pabOThl B TakKuX
MIOMELICHMSX, KaK KOPUAOPBL, [A€ UMEITCS yIJIbl, U B APYIHMX aHAJOTMYHBIX YCIOBUSAX PACIPOCTPAHEHUSI.
Jliig pacueTa qudparupoBaHHbBIX Jy4ei MOXKHO HCIIOJIb30BaTh OAHOPOAHYIO Teoputo nudpakiuu (UTD).

5 Biausinue NOJApPU3aAlMA U JHArPAMMbI HANTPABJACHHOCTH AHTCHHbI

B ycnoBusix npuema BHYTpU IMOMELICHUH CYIIECTBYET HE TOJNBKO MpsiMas Tpacca paclpoCTPaHEHUST MEXIY
[epeAaTiINKOM M MPHUEMHHUKOM, HO TaKKE€ U TPacchl OTPaXEHHBIX M IU(PPAarvpoOBaHHBIX JIydeH.
OTtpakaTenbHble CBOWCTBA CTPOMTEILHBIX MaTEpUAlOB 3aBUCAT OT MOJSPU3ALMHU, yIia MaJCHUS BOJNHBI U
KOMILJIEKCHON U3JEKTPHUUYECKON NPOHUIIAEMOCTH MAaTEepHajoB, YTO OTPaXEHO B (OpPMyJe OTpa)KeHUs
Openens. Yiibl IPUX0a MHOTOJIYYEBbIX COCTABIIAIOLINX PACIIPENCIISIOTCS B 3aBUCMMOCTHU OT IIMPUHBI JIydya
AHTEHHBI, CTPYKTYPHI 31aHUS U MECTOIIOJIOKEHUN NepeaTyuka U pueMHuKa. [loaToMy B mOspr3anuy U
¢ exTrBHAsS OuarpaMMma HaIllpaBJICHHOCTH AHTEHHBI MOTYT CYIIECTBEHHO BJIHATH HA XapaKTEPHUCTUKU
pacnpocTpaHeHus! BHyTPH [TOMEIIEHUS.

5.1 PacnpocTpanenue B npeaeax NpsiMoil BUIMMOCTH
5.1.1 BuausiHue moJasipu3auuu

5.1.1.1 Pa3opoc 3agepaxkn

[IpunsTo cumTath, 4TOo IUIA KaHanoB npsimMod BuaumocTH (LoS) HampaBieHHBIE AHTEHHBI YMEHBILAIOT
CpeIHEeKBaJpaTHYHOE 3HaUeHHe pa3z0poca 3alepiKKH 10 CPAaBHEHHIO C BCEHAIIPABIEHHBIMU U YTO KPyroBas
nossipu3anust (CP) Taxke yMeHbIIaeT UX MO CpaBHEHHIO ¢ TUHeHHOH nonspu3anue (LP). CnenoBarensHo,
B JJaHHOM CJy4ae HalpaB/IeHHAas aHTEHHa C KPYyrOBOM MOJSIpU3alMell MOXET CIyXuTb 3((eKTuBHBIM
CPEIICTBOM YMEHBIIEHHS pa30poca 3a1epxKKH.

OCHOBHO# MEXaHHM3M 3aBUCHMOCTH 33JICPXKKH OT TOJSAPU3ALUU, MOXKET OBITh CBS3aH C TeM (haKTOM, 4TO
KOTJIa CUTHAJ C KPYTOBOM MOJIAPU3AIMel MajaeT Ha OTPAKAIOIIYI0 TTOBEPXHOCTD IO YTIIOM, MEHBIIIUM yTJIa
Bprocrepa, oObIYHOE HampaBieHHE OTPAKEHHOTO JIyda KPYTOBOHM MONSIpU3aIlMM MEHSETCS Ha oOpaTHOe.
W3meHeHue HanpaBiIeHHS JIyda ¢ KpyroBOU MoJsipu3aieii Ha o0paTHOE NMpY KaKJOM OTPaKCHHH O3HAYaeT,
YTO TPUXOMSIINE TIIOCIE€ OJHOKPATHOTO OTPAKEHUS MHOTOJNYYEBBIE COCTABISIONINE OPTOTOHAIBHO
TIOJISIPA30BAHEI 110 OTHOIIEHHIO K KOMITOHEHTe LOS; 3TO MO3BOJISAET UCKITIOYUTH 3HAYNTENFHYIO YaCTh IIOMEX,
00YCIIOBJIIEHHBIX MHOTOJyYeBOCTBIO. JIaHHOE SIBJICHHWE HE 3aBHCUT OT YacTOTHI, YTO OBUIO MpEACKa3aHO
TEOPETHUUECKH U TOATBEPHKACHO OSKCIEPUMEHTaMU IO paclpOCTPaHEHUIO, MPOBEACHHBIMU BHYTpPH
TIOMEIICHU B YacTOTHOM pauamna3zoHe 1,3—60 [T JlanHOoe yTBEepKIACHHE CIPaBEIMBO KaK JUISI CHCTEM
CBA3UM BHYTpHU IIOMCHICHHUA, TaK MW I HAPYXKHBIX CHCTEM. HOCKOJII)Ky 14 BCEX CYIECTBYIOHIUX
CTPOUTENBHBIX MaTepuanoB yron bprocrepa mpesbimaer 45°, MHOTOIy4eBOCTh 3a CYET OJHOKPATHOTO
OTpakeHUs! (TO €CTh OCHOBHON HMCTOYHHUK MHOTOJYYEBBIX COCTaBISIONINX) 3()PEeKTHBHO TOAaBIsIeTCS B
OOJBIIMHCTBE TIOMEUICHWIA, HE3aBHUCHMO OT XapakTepa HHTEephepa M KOHCTPYKTHBHBIX MaTepHAIOB
nomeneHs. Bo3aMoxHOE UCKITIOUEHUE COCTAaBIIAIOT TOMELIEHH, TAKHE KaK JJIMHHbBIE KOPUAOPHI, B KOTOPBIX
OoueHb OOJIbIINE YTIBI MAJACHUS AOMUHUPYIOT Hall MHOTOJIYYeBOCTHIO. V3MeHeHHe cpemHeKBagpaTHIHOTO
3Ha4YeHHs pa30poca 3alepKKH Ha JIMHUSAX TOABIKHOM CBSI3M TAaK)KE€ YMEHBIIAETCHA, KOTJA HCIIONb3YIOTCS
AHTEHHBI C KPyTOBOM NOJISIPU3aLUEH.

5.1.1.2 Crenens u3duparteabHOCTH 0 Kpocc-noasipusauuu (XPR)

KomnonenTs!l curxama, oOyCIOBJIEHHbIE KpOCC-TOJsSpU3aliueii, BO3HUKAIOT B pe3yJbTare OTpPaKeHUs U
mudpakauy.  OOIIEU3BECTHO, YTO XapaKTEepUCTHKA KOPPEISIIUHM 3aMHpAaHUH MEXIy OpPTOrOHAJIbHO
MIOJIIPU30BAHHBIME AaHTEHHAMH HWMEET OYeHb HU3KUI KOX(pQUIMEHT Koppemlsanuu. Pa3zpaboTaHbl METOIBI
pa3HeceHwsI N0 TOJSIPU3AlMU U CHCTEMBI C MHOXXECTBOM BXOJ0B M BbIX00B (MIMO) ¢ oproroHamsHO
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MOJISIPU30BAHHBIMU aHTEHHAMH, B KOTOPBIX UCIONL3YETCS 3T XapaKTePUCTHKA 3aMupaHuid. Mcrmons30Banne
METOJla pa3HECCHMs] MO TMOJSPHU3AIMU SBJISICTCS OJHUM W3 PEUICHHHA I YBEJIMUEHHUS MOIIHOCTH
MIPUHUMAEMOT0 CHTHAJIa, a JICHCTBUE METOJa B 3HAYUTEIIBHON CTEIICHU 3aBUCUT OT Xapakrepuctuku XPR.
Kpome Toro, eMKoCTh KaHalla MOXKET OBbITh YBEIHMUYEHA COOTBETCTBYIOIIMM HCIOJIb30BAHUEM KOMITOHEHTOB
Kpocc-nioysipu3anuu B cuctemMax MIMO. Takum 00pa3oM, KadecTBO CBSI3U MOXET OBITH YIYUIICHO ITyTEM
3¢ (HhEeKTUBHOTO UCIONB30BaHUs UH()OPMAIIUH OTHOCUTEIBHO KPOCC-TIOISPU30BaHHBIX BOJH B OSCIPOBOIHON
cHCTEME.

B tabmuime 6 mpemcTaBieHBl Pe3yNbTaTHl M3MEPEHHUH I MEIMaHbl M cpeaHero 3HadeHms XPR i Bcex
THUIIOB YCJIOBUI.

TABJIMLIA 6

IIpumepsl 3Hayennii XPR

YacroTa YcaoBus KoH}urypauust aHTeHHbI XPR N
- P (ab)
Ogue Crnyuyaii 1 N/A
Cotyyait 2 6,39 (MenuaHa)

6,55 (cpenHee 3HaUCHNUE)

4,74 (Mmenuana)

4,38 (cpennee 3HaYEHUE)
5,2 N3mepenue
8,36 (Menmana)

7,83 (cpennee 3HaUCHNUE)

Cryyaii 3

3an 3aceaHui Crnyuyaii 1

6,68 (Menunana)
6,33 (cpenHee 3HaUYECHUE)

Crnywyaii 3 N/A

Cryuaii 1: [lepenaromas i mprueMHasi aHTCHHBI yCTAaHOBJICHBI Ha BBICOTE, MPEBBIIIAIOINIEH BEICOTY IPETSTCTBUI.

Cryyaii 2

Cﬂyqaﬁ 2: Hepe,uafomaﬂ AHTCHHA YCTAaHOBJICHA Ha BBICOTC, npeBLImanmeﬁ BBICOTY HpeHHTCTBHﬁ, a [npruemMHas
AHTCHHA YCTaHOBJIEHA Ha BBICOTE, COOTBCTCTByIOH.[eI\/‘I BBICOTE HpCHHTCTBHﬁ.

Cnyqai/'l 3: Hepe,ualoma;{ 1 NIpUEMHasl aHTCHHbI YCTAaHOBJICHBI Ha BBICOTE, COOTBCTCTByIOHICﬁ BBICOTC HpeHHTCTBHﬁ.

5.1.2 Biausinue AnarpaMmbl HANMPaABJICHHOCTH AaHTCHHBI

[lockosnbKy MHOTOJyYEBBIE COCTAaBJISIOLUIME DPACHPOCTPAHEHMS pPAcHpeAcieHbl B 3aBUCHMOCTH OT YyrIja
MIPUX0/Jia, ATH COCTABIIAIONINE 32 IpeneiaMH IIUPHUHBI JIyda aHTEHHBI MOJBEPTaloTCs MPOCTPAHCTBEHHON
¢GuIbTpaMy 3a CUET HCIOJIb30BaHUS HAINPABICHHOW AaHTEHHBI, TaK YTO pa3dpoc 3aIep:KKU MOXKET OBITH
yMeHbIIIeH. V3MepeHue napaMeTpoB pacrpoCTpaHEHUs] BHYTPH IIOMELIEHHUS, a TAKXKE UMUTALUS TPACKTOPUI
nyda Ha "gactoTe 60 [Tl mpm WCIONB30BaHUM BCEHAINPABICHHOW TNepearoniell aHTeHHBI W MPHUEMHBIX
AQHTEHH YeTHIPEeX DPA3JIMYHBIX TUIOB (BCEHAIpaBlEHHAs, C IIUPOKHUM Jy4OM, CTaHJApTHAas PYIOpHAas U C
Y3KUM JIy4OM), HAIpaBICHHBIX B CTOPOHY Iepelaloliell AHTEHHBI, IOKa3bIBAIOT, YTO IOAABJIICHUE
COCTABJISIIOIIUX C 3aAEP’KKOH 3(PPEKTUBHEE OCYILECTBISETCS C MIOMOILBIO 00Jiee Y3KUX 3HAYEHUM HIMPHUHEI
ay4da. B Tabmune 7 mpuBeNeH TNpuUMep 3aBUCHMOCTH CTaTHUYECKOTO CpEIHEKBAAPATUYHOrO pazdpoca
3aJiepKeK MPHU UCIOIb30BaHUM HANpaBICHHOCTH aHTEHHBI, HE MPEBBIIIaeMbIX Ha ypoBHE 90-1 mpoueHTmIH,
MOJlyYeHHBIA B pe3yNbTaTe HMHUTANWK Tpaekropuid nyda Ha dactore 60 [T B mycrom ciyxeOGHOM
nomenieHn. MOKHO 3aMeTUTh, YTO YMEHBIIEHNE CPEeTHEKBAAPaTUYHOTO 3HAUEHUsS paz0poca 3aepikeK He
BCEr/a SBISAETCS JKeNIaTelbHbIM, MOCKONBKY NPH 3TOM MOTYT yBEJIWYMBATHCA TUHAMMUYECKHE AMAINa30HBI
3aMUpPAaHUH IIUPOKOIIOJOCHOTO CHTHAla B Pe3yjbTaTe HEJOCTAaTOYHOI'O YacTOTHOro pasHeceHus. Kpome
TOr0, MOXXHO 3aMETUTh, YTO HEKOTOPBIE CXEMBbl Iepelauyd HCIHOJb3YIOT NPEHMYILECTBa MHOT'OJIYYEBOI'O
pacipocTpaHeHHsI.



12 Pex. MCD-R P.1238-7
TABJINIA 7
IIpuMep 3aBHCMMOCTH CTATHYECKOT0 CPeIHEKBAAPAaTHYHOr0 3HaYeHHUsI pa3dpoca
3a/iep:KeK OT HANPABJIEHHOCTH AHTEHHbI
CraTtnyeckoe
Mupuna ayya CpeIHeKBaApaTHIHOE
Pasmep
Yacrora AHTeHHa AHTEHHbI 3HaYeHMe pa3dpoca
MOMeIeHHsT 3amMeuyaHnus
(I'Tu) nepegaTyMKa NpUEeMHUKA 3ajepaeK
) (M)
(rpagycsoi) (90-s1 mpoLeHTHIIB)
(me)
60 Bcenanpasnennas | BcenanpasieHHast 17 13,5%x7,8 TpaexTopus
60 16 Iycroe y4en
10 5 ciy)xe0HOE
MoMelleHne
5 1
Bcenanpasnennas 22 13,5% 8,6 TpaexTopus
60 21 Iycroe ydein
10 10 ciry>keOHOe Bue mpsmoit
IOMeIleHne BUIUMOCTH
5 6
5.2 IIpensiTrcTBUSA Ha Tpacce

Ecnu Ha mpsiMoii Tpacce MMEIOTCS MPEMSTCTBUSA, 3aBUCUMOCTh pa30dpoca 3alepikeK OT MOJIAPU3AIUU U
HaIpPaBJICHHOCTH aHTEHHBI MOXKET OKa3aThCs OoJiee CIIOKHOM, YeM JIs Tpacc NpsMOM BUAMMOCTU. EcTh
HEMHOTOUYHCIIEHHBIE Pe3yJbTaThl JKCHEPUMEHTOB Ha TpaccaX ¢ TpensTCTBHsIMH. Bwmecte ¢ TeM,
AKCIIEpUMEHTAIBHBIA pe3yJIbTaT, IMOJNyYeHHBIH Ha dactoTe 2,4 I'T1, TO3BONSIET NPEINONIIOKHUTH, YTO
3aBUCUMOCTb pa36poca 3aICPKEK OT MOJAPU3aAIUN U HAIPABJICHHOCTH aHTCHHBI JJI TpacC C NPCIATCTBUAMU
nMeeT OoJiee CIOXKHBIA XapakTep, 4YeM s Tpacc MpsMOW BUAMMOCTH. Hanmpumep, couertanue
BCEHAIPABIEHHONW TOPHU3OHTAJIBHO MOJSPU30BAHHOW AaHTEHHBI IEpelaTiNKa W HANpPaBICHHONH aHTEHHBI
pPUEMHUKA C KPYroBOW MoJisipu3aiuedl JaeT HauMeHbIllee 3HAYCHUE CPEIHEKBAAPaTHUYHOTO pazdpoca
3aJiep’KeK U HAMMEHBIIIEe MAaKCUMAIBHOE 3HaUCHUE U30BITOYHOM 3a/ICPIKKH HA TPACCE C MPCIATCTBUSIMHU.

5.3 OpuenTanuss MOOWJIBLHOIO TEPMHUHAJIA

B cpene nmpuema Ha mOpTAaTUBHEBIE PATUOYCTPOMCTBA OCHOBHBIMU MEXaHU3MaMU PACIPOCTPAHCHUSI CUTHAJA
SIBIIIOTCSL €r0 OTpakeHue W paccestHue. llonmsipuzanus mepemaBaeMoOro CHUTHajla B PE3yNIbTATe PACCESHES
SHEPTUH YacTo TpeolOpa3yercs B OPTOTOHAIBHYIO. B 3THX yCIOBHAX BO3HHUKHOBEHHE CBSI3W 3a CYET
KpOCC-TIoJiApru3aliii YBECIIMYMUBACT BEPOATHOCTL TOI'0, YTO YPOBHU NPUHUMACMBIX CUTHAJIOB C IMMOPTAaTUBHBIX
PaaMOCTaHIINN, OPHUEHTHPOBAHHBIX CIIydallHBIM 00pa3oM, OKa)XyTCsl OJMHAKOBBIMHU. M3MepeHue cBszu 3a
CYET KpOCC-TIONIAPU3aIliH, IpoBeIeHHOe Ha yacToTe 816 MI 11, Toka3ano BEICOKYIO CTEIIEHE TaKOH CBSI3H.

6 Biausinne MecTONMOJI0KEHUS NepelaTUNKa U IPUEMHUKA

Pe3ynbTaThl 9KCIEPUMEHTANBHBIX U TEOPETUYECKUX UCCIETOBAHUN BIUSHUS MECTOMONIOKECHUS TIepeJaTInKa
Y TIpUEeMHHKA Ha XapaKTePUCTUKH PACIPOCTPAHEHUS BHYTPH MOMENIEHHI HEMHOTOYHCIeHHBI. OHAKO, KaK
MIPaBIJIO, MOXHO IPEAINOJIOKUTh, YTO 0a30Bast CTaHIHWS MTOJDKHA OBITh TOMEIIEHAa KaKk MOXKHO ONMKe K
MOTOJIKY KOMHATBI, YTOOBI OOECHEUNUTh MAaKCHMAaJIbHO BO3MOXHYIO JJIMHY TpPAcC MPSMOW BUIMMOCTH.
B cnyyae mopTaTHBHBIX TEPMUHAIOB MO3WIMS TEpPMHUHANA TOJH30BATEN, KOHEYHO XKe, OyJIeT 3aBHCETH B
MIEPBYIO OYepenb OT MepeMemIeHIs T0b30BaTelNsl, & He OT OTPaHWYCHHN, HAKIIAJBIBAEMBIX KOHCTPYKIMEH
cucteMbl. OHAKO TPEIOaracTcsi, 4To Uil HE MOPTATUBHBIX TEPMHHAJIOB BhICOTA aHTCHHBI JIOJKHA OBITh
JIOCTATOYHOM, YTOOBI [0 MEPE BO3MOKHOCTH 00ECIIEYUTh MPSIMYIO BUAMMOCTb JIsl 0a30BOM cTaHmu. Beibop
MECTOIIOJIOKEHHUST CTAHIIMH TAaK)Ke€ BEChMa OIIyTHMO 3aBHCHT OT KOH(WTYpalnyd CHCTEMBI, B 9aCTHOCTHU
OT TaKUX €€ aCleKTOB, KaK CIIOCOObI MPOCTPAHCTBEHHOI'O Pa3HECEHUs, KOH(DUTYpalyst 30HbI U T. 1.
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7 Bansinue cTpouTeIbHBIX MATEPHAJIOB, 000PY10BAHMSA M MedesIn

XapaKkTepUCTHKH pACIpPOCTPAHEHUS BHYTPH IIOMEIIEHHS 3aBUCAT OT OTPAXKEHHS OT CTPOUTENBHBIX
MaTepHajoB U IPOHUKHOBEHUsI CUTHANA CKBO3b HUX. OTpakaTeNbHbIE CBOIICTBA M MPOIYCKHAs CIIOCOOHOCTH
MAaTepHaIOB 3aBUCSIT OT KOMIUIEKCHOM AUAIEKTPUUYECKON MPOHULIAEMOCTH MaTepUaioB. EcTecTBeHHO, UTO B
MOJIEJISIX TIPOTHO3MPOBAHHS PACIPOCTPAHEHHS, YUHTHIBAIOMINX CHENH(PHUKY MeCTa, B KaueCTBE OCHOBHOW
HCXOIHOW MH(OpPMAIUK MOTYT TOTPEOOBATHCS JaHHBIE O KOMIUIEKCHOW JUAIICKTPUYECKOW MPOHUIIAEMOCTH
CTPOMUTEIBHBIX MAaTEPUANIOB, a TAKXKE O CTPYKTYpE 3/1aHusl.

3HavYeHWs] KOMITIEKCHON IUAJNIEKTPUUECKONW IPOHHUIIAEMOCTH THIIMYHBIX CTPOUTEIBHBIX MaTEepHAIIOB,
MOJIyYeHHBIC SKCIEpUMEHTAIbHBIM MyTeM Ha uactotrax 1; 57,5; 78,5 m 95,9 I'Tu, mpencraBieHb B
Tabnuie 8. OTH MOKa3aTenu B 3HAUUTEIILHOW CTEIICHW MEHSIOTCS B 3aBHCHMOCTH OT BHJIA Marepuaia, HO
3aTO MaJjlo 3aBUCAT OT YacTOoThl B auanazone 60—100 I'T1, 3a uckiIroueHneM I10JIOBOT'O HACTHIIA, ITOKA3aTeH
10 KOTOpoMy KoJebanuch B rpenenax 10%.

TABJIUILIA 8

KoMIuiekcHast IU3JIeKTPUYeCKAs IPOHULAEMOCTH BHYTPEHHUX CTPOUTENLHBIX MATEPHAJIOB”

1T 57,5TTu 70 TTu 78,5 Ty 95,9 Ty
Beton 7-j0,85 6,5-j0,43 - - 6,2-j0,34
Jlerxwuii 6eToH 2-j0,5 - - - -

Honosoit Hacti - 3,91-j0,33 3,64-0,37 3,16-j0,39

(cuHTeTHYECKas CMOJIa)

IItykarypHast minra - 2,25-0,03 2,43-0,04 2,37-0,1 2,25-0,06

IToTomOYHBIM HACTHIT

1,2-0,01 1,59-0,01 - 1,56—0,02 1,56-j0,04
(MuHEpanbHas BaTa)
Crexito 6,76-j0,09 6,76-j0,16 6,76-j0,17 6,76-j0,18 6,76-j0,19
CTEKIIOBOJIOKHO 1,2-0,1 - - - _

3HayeHns A1 CTEKJIa MOyUYeHbI U3 ypaBHeHHH (6a)—(6d). [Ipyrue 3HaAYCHNUS TOTYICHBI U3 U3MEPEHUI.

OMmnupuueckas GopMmyia KOMITICKCHOW TUAIEKTPUYECKON MPOHHUIIAEMOCTH 1) CTEKJIa JIJIsl IUana30Ha 9acToT
ot 0,9 I'T'u no 100 I'T'1; onpenensercs CleAyONMM 00pa3oM:

n= (ncr - jnci)2 P (63)
rae:
n, =2,60 (6b)
n. = 10—1,773+O,153x—0,027x2—0,011x3+0,014x4 (60)
x=1logiof, 0,9 T < /<100 I'Tw. (6d)

Ha ocHOBanmm omyONMKOBaHHBIX pE3yJbTaTOB W3MepeHHWH Obula BBIBEJCHa mpocTas ¢GopMmyna s
(mefcTBUTENFHONM YacTH) OTHOCUTENHHON JAUANEKTPUIECKON MPOHUIIAEMOCTH, €, ¥ TIPOBOAMMOCTH, G, Psa
CTPOUTENBHBIX MaTepuanoB. OTHOCUTENbHAS TUAICKTPUUYECKAss MPOHUIIAEMOCTh 3aBUCUT OT YacTOTHI, a
MIPOBOAMMOCTH MOJICIHPYETCS CISAYIOIUM 00pazoM:

o=cf"’ C/m (6¢)

f— dacrora B I'T1. 3HaueHNs OTHOCHUTENBHON NHMAJECKTPHUICCKOW MPOHUIIAEMOCTH W TIOCTOSHHBIX ¢ U d
MpUBEICHBI B Ta0OMIIE 9.
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TABJINIIA 9

ITapaMeTpbl OTHOCUTENBHOI AUIJIEKTPUUYECKOH IPOHUIIAEMOCTH
U MPOBOAUMOCTH CTPOUTETbHBIX MATEPHAIOB

OTHoCHUTeBHAS JAuana3zon
Kaace
IHIJIEKTPUYecKast [IpoBogumocTs YacTOThI
MaTepHajia
NPOHHLAEMOCTb (I'T')
c d

Bberon 5,31 0,0326 0,8095 1-100
Kupruu 3,75 0,038 0,0 1-10
ITykatypHas minTta 2,94 0,0116 0,7076 1-100
Hepeso 1,99 0,0047 1,0718 0,001-100
Crekno 6,27 0,0043 1,1925 0,1-100
IToTomoYHBINH HACTHIT 1,50 0,0005 1,1634 1-100
JpeBecHocTpyxKeuHas 2,58 0,0217 0,7800 1-100
[IJIMTa
IToJioBOM HaCTHI 3,66 0,0044 1,3515 50-100
Meratn 1 10’ 0,0 1-100

IIpenensr gacTOTHI, TpUBEIACHHBICE B TAaOIHUIE 9, HE SBIAIOTCS >XECTKUMH TIpenejamMH, HO CIyXKar s
yKa3aHUs IPEe/IEOB JaHHBIX, KOTOPBIE HCIIOIH30BAIHCH JIJISI TOCTPOCHHS MOJIEIICH.

HpI/I HGO6X0):[PIMOCTI/I MHHMAasl 9aCcTh OTHOCHUTEIHLHOMN HHBHGKTPHHGCKOﬁ MNIPOHHUIACMOCTH, &;, MOKCT OBITH
II0JIy4y€Ha Ha OCHOBaHHWU ITPOBOJAUMOCTHU U YaCTOTHI:

e, =1798¢6/f. (66)

Koaddumment 3aryxanus, 4, >IeKTPOMarHUTHONW BOJIHBI, PACIIPOCTPAHSIONIEICS Yepe3 MaTepuail B CHILY
OMHYECKHUX MOTEPh, OMPECISICTCS] BRIPAKCHUEM:

4 =1636> B/, (62)
€

r

XapaKTepI/ICTI/IKI/I OTpaXCHUd U Mnepeaavyu MOryT OLCHUBATLCA C IMOMOILIBIO KOS(I)(I)I/ILII/ICHTOB OTpaXCHUA U
nepeaavu, KOTOPLIC OMPEACTIAOTCA KaK:

EV r Et
=—r, RP=E—f.’, T, =—%
E', E. E'

B

R -
N b

» Tp , (6h)

rae £ — 3TO KOMILIEKCHOE 3HA4YCHHE aMIUIUTYAbl E-mojiel, a BepXHUE HMHIEKCHL i, 7 U ! O3HAYaroT
MaJAI0IYyI0, OTPAXEHHYIO U IIepefaBacMyto cocTasisitomue E-nonel, coorBerctBeHHo. Huxane nHaekcsl N
n P o3HaudaroT cocTtaBigomue E-mois, HOpMalbHBIE WIH IapajlleNbHBIE IUIOCKOCTH OTPAaKEHUs, IIe
IUIOCKOCTh OTPAYKEHUS ABJISIETCS INIOCKOCTBIO, B KOTOPOM PACIIOIO0KEHBI KaK MAa0IINAN, TaK U OTPAKEHHBII
ayun. (Cm. pucyHok 1 ¢ reomerpudyeckuMu mnoctpoeHusMu). Ilagaromme u  orpaxkenHsle E-mons
OINPENEIAIOTCS Ha OTpaXkarollled MOBEPXHOCTH, B TO BpeMs Kak IepenaBaeMoe E-morne ompenensercs Ha
MTOBEPXHOCTH, IMPOTHUBOIMOJIOXHON OTpakaromied moBepxHocTH. OmnopHble HampaBieHus it Ep, Ey u
HampaBlIeHHE pAacIpOCTpaHEHUs Bcerna oOpa3yloT JIOKaNbHYH) MNPaBOCTOPOHHIOID OPTOTOHAJIBHYIO
KOOPAMHATHYIO CHCTEMY B 3TOM mnopsanake. OmopHble HampaBieHus Ey UId NafarollliX OTPAXKEHHBIX H
nepenaBaeMblx E-1oseil cunTaroTes OMHAKOBBIMH.

KOB(I)(bI/ILII/IeHT OTpaXCHUusd JId KOMILICKCHOM Z[I/IBJICKTpI/I'{eCKOP'I MPOHUIACMOCTH T] OIMpeacIsaCTCA

ClenyIomuM o0pa3zom:
. cocraBisitonias E - mons,
cos®—+/n —sin’ O ( H

= \/ = MEePICHIUKYIIAPHAST (7a)
€086 +4/M—sin” 6 TUIOCKOCTH OTPaKCHU)

N
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cos — /(1 —sin® 8) /17 (cocraBmsromas E - mons,
R, =

) > napaenbHas (7b)
cosf + \/(T] —sin” 0)/m IUIOCKOCTH OTPaKEHHS)

rae 0 — yros Mexay oTpakaromiel MOBEPXHOCTBIO U MAIaloIIiM Ha Hee JIydoM, KaK IMOKa3aHo Ha PUCYHKeE 1.

Jst ocoboro cirydast, korja najaromniee E-mose mMeet KpyroByro HOISPU3AINI0, H3MEHEHHUS B aMILUTUTY 1€ U
(aze MPUHATOTO CUTHANA M3 OTPAXKEHHOTo E-mojst MOryT OBITh MPEACTaBIEHBI C IOMOLIBIO K03 duirenTa
OTpaXKeHus1 R¢ U1 KpYTOBOH NOJISIPU3ALMH, ONPEAEIIEMOro KakK:

Ry +R,

R 5

(kpyroBas NOJsIpU3aLNA). (7c)

PUCYHOK 1

T'eomeTpust 1151 pacyeTa XapaKTEePUCTHK OTPAKEHHUS

Hopmans k
MTOBEPXHOCTH

5
)T
S
3
E
I
w
g
g
\

\

P.1238-01

Brrmeykazanasie hopMyIel IPUMEHHMBI, KOT/Ia TOTEpH MPH MMPOHUKHOBEHHH B CTPOUTENBHBIN MaTephal
HACTOJILKO BEJIMKH, YTO HHKaKas 3aMETHas BOJIHA HE OTpakaeTcsd 00OpaTHO Ha OTPaXKAIOUIYIO MOBEPXHOCTb.
Ecnu 5T0 He Tak, HEOOXOAMMO YUYUTHIBAThH BJIHMSIHHE MHOKECTBA BHYTPEHHHX OTPAKEHHUH B CTPOUTEIHHOM
Matepuaie.

Ecou CTpOHTCHBHI:IfI Marepuaia COCTOUT U3 N OUBJICKTPUYCCKUX IUJIMT, a TOJIIMHA W KOMIIJICKCHAA

JOURJIeKTpUYecKas MPOHUIAeMOCTh m-ro ciog (m = 1, 2, ... N) 3amaioTca Kak d,, U 1, COOTBETCTBEHHO,
TO K03()(PUIIMEHTHI OTPAXKEHUS U Ilepelaur ONPEAeISIIOTCS KakK:
B G 1 1
Ry=—"", R,=—2, Ty=—, Tp=—1. 8a)—(8d
N AO P FO N AO P FO ( ) ( )
3nech Ao, By, Fo 1 Gy onpenesitoresi U3 peKyppeHTHBIX (OpMyII CIEAYIOIKUM 00pa3oM:
exp(o,,
Am =# [Am+1 (1+Ym+l)+Bm+1(1_Ym+1 )] (93)

m

B, =S8 oy, )5 B0, (9b)
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exp(d,,
En = % [En+l (1 + I/Vm+1 ) + Gm+1 (1 - Wm+1 )] . (9C)
exp(— 6m)
Gm = T [Fm+l (1 - Wm+1 ) + Gm+1 (1 + Wm+1 )] . (9d)
Aya =1, By, =0, Fy,=1L Gy,=0. (102)—(10d)
cos® + m cos em-*— m+
m+l = Ténl T:]_’ m+l = T@l %, Mo =Ny =1. (11a)~(1lc)
m m+l1 m m
_ 2n 2n
9, =jk,d, cosb, , 8, =0, k, = Tqmm , ky=ky, = o (12a)—(12d)

rue:
A:  JUIMHA BOJIHBI B CBOOOHOM IPOCTPAHCTBE;
0,  yrox; pedpakiiu B m-M CJIOE;
On+1:  yron pedpakiuu B BO3AyXeE CIIpaBa OT MOCIEAHEH TPaHUIIBI TNIOCKOCTH.

Jlnst ocoboro ciydasi, KOrjia MMEETCsl TOJBKO OIUH CIIoH, (opMysy 8 MOXHO YMPOCTHTH CIEAYIOIIAM
oOpa3oM:

1—exp(—;29) R

= KO>(p(PUITMEHT OTpakeHHS ), 13a
1= R” exp(—29) (k0o P ) (13a)
(1- R”*)exp(— )
T= K03 PULIMEHT IIepeaayun ), 13b
1_ R/2 exp(—]25) ( (1)(1) p ) ( )
rIe:
8:% n-sin?, (14)

a d — 3TO TOJIITHA CTPOUTEIbHOTO MaTepuana. B ypasuenusx (13a) u (13b) R'3amaercs B Buae Ry win Rp, B
3aBHCUMOCTH OT MOJISIPH3aLWH nagatouiero E-mos.

Ry ¥ Rp MOTYT HCIONB30BaThCsl B KadecTBe Kod(duimentoB orpaxenus [, Torma kak Ty u Tp MOTYT
HCTIONBb30BaThCsl B KauecTBe KOA(PGUIMEHTOB NMPOHUKHOBEHHs P,,, Kak omnpexaeneHo B 1. 4.5, ecnu Bce
TUIOCKOCTH OTPa)KSHMUSI, ONPE/ICICHHBIC BJIOJIb TPACCHI JIyda, MACHTHYHBI, TaK KaK B CIy4ae ABYXpa3MepHOI

JETEPMUHHPOBAHHON MOJENN. Rc MOXET HCIOIB30BaThCs Kak 1, TOJIBKO UIS IEPBOTO OTPAKEHHS Ha
Tpacce, MOCKOJIBKY BOJHA C KPYTrOBOW MOJspH3anyell B OCHOBHOM IIpeoOpasyeTcsl Mocie OTPaXKEeHUsS B
JJUIATITHYIECKA TIONSAPHU30BAaHHYI0 BOJMHY. B o0mem ciyuae mamaromiee E-mome pacmieruisercs Ha
COCTaBJIAIONINE, KOTOPbIE HOPMAaJIbHBI WJIM TNapajliesibHbl MJIOCKOCTU OTpaykeHusi, a Ry u Ty win Rp u Tp
MPUMEHSIOTCS K KaXKIOM COOTBETCTBYIOUIEHM COCTaBIIAIOLIEH [UJIl ONPEACIIEHUS OTPaXEHHOTO H
nepeaaBaemMoro E-mosns.

B MunnuMerpoBbIX JAvana3oHax BOJH OTAEIKAa MHOBEPXHOCTH, KakK, HampuMmep, MOKpacka, JOJKHa
paccMaTpuBaThCs KaK OIMH U3 JUIEKTPUUYECKUX CIIOEB.

3epKanbHOE OTPAXKEHUE OT PA3NIMYHBIX MaTepHallOB, U3 KOTOPBIX CHIENAH MOJI, TAKMX KakK MOJIOBasl JOCKA U
OETOHHBIE IUIUTHI, B MUJUIMMETPOBOM JIHaNa30HE CYIECTBEHHO YMEHBIIAETCs, €CIM I10JI UMEET KOBPOBOE
MIOKPBITHE € TPyOOil MOBEPXHOCTHIO. AHAJOTHYHOTO YMEHBIIEHUS MOXHO JOOWMTHCS, €CITU 3aKPBITh OKHA
mropamu. [lo3TOMy MOMKHO O0XHMIaTh, YTO KOHKPETHOE BIHMSHHE CTPOMTENBHBIX MaTepHaloB OyneT
BO3pAacCTaTh IIPYU yBEIUYEHUH YACTOTHI.

[ToMuMO CTPYKTYpBl CaMoOro 3AaHus, NMpEeAMEThl OOCTAaHOBKM M apMaTrypa TaKKe CHIBHO BIHSIIOT Ha
XapaKTepUCTUKH PACIpPOCTPAaHEHHUs BHYTPU IOMEIIEHUS. OTH TNPEeAMEThl MOXKHO pacCMaTpHUBaTh Kak
MPEMATCTBUSA, a X BIUAHUE YITEHO B MOJEIH ITOTEPh Ha Tpacce, . 3.
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B I[OHOJ'IHGHI/II/I 1 IpeaACTaBJICH METOA PACUYCTa XapAKTCPUCTHUK OTPAXXCHUA U NEpCaavn IJId MHOTOCIIOMHBIX
MarepuajioB MYTEM MCIIOJIbB30BaHUA MATPUYHOI'0 MPEACTABICHUA ABCD B kauecTBe AJIBTCPHATUBHOT'O
BBIYHUCIUTCIIBHOT'O ME€TOJA.

8 Binsinue nepemenieHusi 00beKTOB 110 MOMEIIEHUIO

JIBwkeHne mOAel W TNPEeAMETOB IO TMOMENIEHHWIO BBI3BIBAET BPEMEHHBIE H3MEHEHHS XapaKTEpHUCTHK
pacrpoCTpaH€Huss BHYTPU IIOMCHICHUS. Ot HU3MCHCHUA, OIOHAKO, HNPOUCXOAAT OYC€Hb MCIAJICHHO II0
CPaBHEHUIO C BEPOSTHOW CKOPOCTHIO MEpelayn JaHHBIX, U MMO3TOMY (haKTHYECKHA MOTYT PacCMaTpPHUBAThCS B
KadyecTBe cly4ailHOM epeMeHHON, MHBapUaHTHOM BO BpeMeHU. KpoMe nepemernieHus ato1ei, HaXoaa1uxcs
B HEIMOCPEJCTBEHHOW OJM30CTH K aHTEHHAM HWJIM Ha MPSIMOM Tpacce Mepeaadd, NMepeMelleHue JIoAcH B
CIIy’)KEOHBIX TIOMEIICHUSAX ¥ B JPYTHX MeECTaX, a TaKkKe II0 3JaHUI0 M BHYTPU HErO, OKa3bIBaeT
MIPEeHEOPEKNMO MaAJIOe BO3JIEHCTBIE HA XapaKTEPUCTHKH PAaCIIPOCTPAHEHUSI.

W3mepenus, BHITIOTHEHHBIE B YCIOBHUIX, KOTa 00a TepMHUHANA JIMHUM CBSA3HM (PUKCHPOBAHBI, TTOKAa3bIBAIOT,
YTO 3aMUPaHUs HOCAT XapakTep BCHBIIIKK (CTAaTHCTUKA OYCHb HECTAaOWIbHA) W BBI3BIBAIOTCS JIMOO
BO3MYIIIEHUSIMH, BHOCUMBIMI MHOTOJyY€BHIMH CHTHAJIAMH B 30HAaX, OKPYKAIOUIMX NAaHHYI JHHHUIO, JINOO
3aTeHeHNeM, BO3HUKAIOIINM, KOT/Ia JIF0JIN TIEPECEKAIOT JINHUIO Tiepeadn.

Usmepennst wa wactote 1,7 I'Tl moka3plBaroT, YTO 4YeNIOBEK, IMEPECEKAIOUINI Tpaccy CHUTHala MpsMOU
BUJIUMOCTH, BBI3BIBAET MaJ€HHE MOLUTHOCTH MPUHMMAEMOro curHaia Ha 6—8 nb, a 3HaueHue napamerpa K B
pacnpenencHun Hakaramu-Paiica mpu 3TOM CyIIecTBEHHO yMeHbIIaercsa. Ecim Tpacca HpoXoauT 3a
HpeAesiaMy MpsIMO BUAMMOCTH, TO JBUYKEHUE JIFOAEH OKOJIO aHTEHH HE OKa3bIBAET CYIIECTBEHHOIO BIUSHUS
Ha XapaKTEPUCTUKU KaHaa.

B cnyuae mopraTMBHOTO TEepMHHATIa Ha yPOBEHb NMPUHHUMAEMOTO CHTHAJA BIHSIET OJM30CTh TOJIOBBI U
Kopiyca Tena mnojs3oBatens. M3mepenus Ha dactore 900 MI'm mpu HMCHOJIB30BAaHMM CUMMETPUYHOIO
BUOpaTopa MOKa3bIBAIOT, YTO YPOBEHb MPUHHMAEMOTO CHUTHAJIa YMeHbInaercss Ha 4—7 nb, Korja TepMHHAT
HaXOJWTCS Ha YPOBHE TallUM YelloBeKa, M Ha 1-2 nb, korma mosip3oBareih JAEPKHUT TEPMUHAI HAa YPOBHE
TOJIOBHI, 110 CPaBHEHHUIO C YPOBHEM NPHHUMAEMOTO CHTHAJIa, KOTJa aHTEHHa PacIoJOXKeHa Ha PacCTOSHHH
MOpSKa HECKOIBKUX JJIMH BOJIH OT KOpITyca Tejla YeloBeKa.

Korna BbICOTa aHTEHHBI HIKE IPUMEPHO | M, HAapUMeEp, B CIIydae NPUMEHEHHsI OOBIYHBIX HACTOJIBHBIX WU
MTOPTAaTHBHBIX KOMITBIOTEPOB, Tpacca MPsIMON BUJUMOCTH MOXKET 3aTSHSTHCS MepeMeIeHIeM TIFoIei BOMH3N
TEepMUHAJA MoNb30Barens. [Ipu Takux MpUMEHEHUsIX NaHHBIX MHTEPEC NMPEACTABISIOT Kak ryOuHa, Tak U
JUIMTETIbHOCTD 3aMupaHuii. M3mepenns Ha dactote 37 T B ycloBusiXx mpuemMa BHYTPH BECTHOOIS
CIIy’)keOHOTO TIOMENIeHWsl IIOKa3zajiW, 4YTo 4dacTto HaOmromarorcs 3amupanus ot 10 go 15 gb.
[IponomKknuTeNbHOCTh 3TUX 3aMHUpaHHiA, 00YCIIOBIEHHBIX 3aTEHEHHEM YeJIOBEUECKMM TelloM (KOTa JIFOIu
MepeMeIaoTCsl 4epe3 JHWHUIO0 MPSIMON BHUAMMOCTH IOCTOSHHO M B CIy4YailHOM MOpSAKE), CIexyeT
JIOT-HOPMaJbHOMY paclpeieieHnIo, MPUYeM 3HAu€HUs CpeAHeld NPOAOKUTENBHOCTH U CTaHAAPTHOIO
OTKJIOHCHHS 3aBUCST OT TUIYOMHBI 3aMHUpaHus. JJIg 3TUX W3MEpeHuH py riryounne 3amupannii 10 nb cpemxmsisa
MIPOJODKUTENBHOCTh cocTaBisia 0,11 ¢, a crangaptHoe oTkioHenue — 0,47 c. Ilpu rmybune 3aMupanuit
15 nb cpennsasa npoaomxuTensHOCTh coctapisa 0,05 ¢, a crannapTHoe oTknoHenue — 0,15 c.

M3mepenuss Ha yactore 70 ITn mokasanu, 4TO 3HAYEHUSA CpeNHEH NPOAOIHKUTEIBHOCTH 3aMHUpAHUs,
00YCJIOBJIEHHOTO 3aTCHEHHEM YelIOBEYeCKUM TenoM, coctaBistd 0,52 ¢, 0,25¢ m 0,09 ¢ mpu riryOmae
3amupanuii 10 1b, 20 1b u 30 n1b cooTBeTCTBEHHO, MpUYEM CpEAHSS CKOPOCTh NEpEeMEIleHus JIoAeH B
IIPOM3BOJIBHBIX HaNpaBlIeHHUsX oleHuBamack B 0,74 M/c, a TOJNIIMHA YEIOBEYECKOTO Tella NMPUHUMANAch
paBHo#t 0,3 M.

I/ISMepeHI/IH IMMOKa3bIBaIOT, YTO CPEAHEE YUCIIO CITy4YacB 3aTCHCHU JIFOJAbMU B TCYUCHUEC YacCa, BbISBIBAEMOT'O UX
NEepEeMCUICHUAMU 11O CJ'Iy>K€6HOMy MMOMCHICHUIO, ONPCACIISICTCA KaK:

N=260xD,, (15)

rne D, (0,05<D,<0,08) — 370 umcno moaedl Ha KBaapaTHBI MeTp B mnomemieHud. Toraa oOmas
JUTUTEIILHOCTH 3aMUPaHUi B TEUEHHE Yaca OMpPenesieTCs Kak:

T=T,xN, (16)

rae T, — CpeHsist JUIMTENbHOCTD 3aMUPAHHS.
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Hucno ciyvyaeB 3aT€HEHUs JIOAbMHU B TEUCHUE Yaca B MPOXOAaX BBHICTABOUHOIO 3ajia cocTapisuio 180280,
rie D, 6p110 ot 0,09 10 0,13.

3aBUCHMOCTh OT PACCTOSHMS MOTEPh Ha TPacce B MOJ3EMHOM TOPTOBOM LIEHTPE IMOABEP>KEHA BIIHSHHUIO
3aTeHeHUs moApMu. lloTepu Ha Tpacce B IMOA3EMHOM TOPTOBOM IIEHTPE OIPEACISIOTCS C ITOMOIIBIO
CIIEYIOIIET0 YPaBHEHHUS C TTapaMeTpaMH, IpuBeIeHHBIMU B Ta0mmie 10.

L(x)=-10- ol 4 ~log, ()~ log,, (x)}+8-x+C b, (17)

rae:
f: dgactora (MI'm);
X: paccrosHHE (M).

ITapametpsl s ciydas Henpsimoit BuamMoctd (NloS) moarBeprxkaarorcst B nuamazone 5 [T, a mapameTpsl
st cnydas LoS mpumenmMBl K yacToTHOMY pauana3oHy ot 2 g0 20 I'Tu. [Iuamazon paccTosHH X
coctaBysieT oT 10 g0 200 M.

YcnoBust paboTHl MOJ3EMHOTO TOPTOBOTO IIEHTPA COOTBETCTBYIOT TOPTOBOMY IEHTPY JIECTHHYHOTO THIIA,
COCTOSIIEMY U3 MIPSIMBIX KOPUIOPOB CO CTCKIITHHBIMU WJIM OETOHHBIMH cTeHaMHu. OCHOBHOM KOPUAOP UMEET
mUpuHy 6 M, BeicoTy 3 M U AnuHy 190 M. OObIuHBIE pa3Mephl 4eJIOBEUYECKOro Tela CUUTAIOTCS PaBHBIMHU
170 cm BeIcOTOM M 45 cM 1o mmpuHE Iied. [ITOTHOCTh MOTOKAa MPOXO0KUX COCTABIISET MPUOIU3UTEIHHO
0,008 wexr./m” u 0,1 gen./m”> B CIIOKOHHBI eprox (paHHee YTPo, HEe B Yac IHK) H B MHOTOIOAHBIN MEPHOL
(obOeneHHOE BpeMs WU Yac MUK) COOTBETCTBEHHO.

TABJIUIIA 10

I[MapameTpsl AJst MoaeanpoBaHusi GyHKIUM NOTEPh HA TPacce
B I0/13¢MHOM TOProsoMm uentpe Hecy

LoS NLoS
o ) C o d C
(m™) (ab) (m™) (ab)
He yac nux 2,0 0 -5 34 0 —45
Yac nuk 2,0 0,065 -5 3,4 0,065 —45
9 Mogaenu yriioBoii pacxoammMocTH

9.1 IIyuykoBas moxeab

B Mopnenn pacnpocTpaHeHHsS PagvOBONH, WCIONB3YEeMOH AJsl IIMPOKOMOJOCHBIX CHCTEM C aHTCHHBIMHU
peleTKaMu, MPUMEHSIETCS] TyYKOBask MOJIENb, COYETAIONIAs KaK BPEMEHHOE, TaK U yIIIOBOE paclpe/elICHHS.
[Mydok BKJIOYAET paccessHHBbIE BOJIHBI, MOCTYMAIOIIME B NMPHEMHUK B TCUCHHWE OTPAHUYEHHOTO IMEpUoja
BpPEMEHH U TI0J] YTJIOM, KaK H300paXCHO Ha PUCYHKe 2. XapaKTepHUCTUKU BPEMEHHBIX 3a/ICPIKEK COICPIKATCS
B pasgene 4 Hactosmeil Pekomenmamuu. DTo pacmpefencHue yria nmpuxojaa mydka ©, OCHOBaHHOE Ha
OTIOPHOM yTJie (KOTOPBIA MOXET OBITh M30paH MPOM3BOIBHO) ISl TPOCTPAHCTBA BHYTPH TIOMEIICHUH,
MpUOTU3UTETHHO BBIPAXKAETCsl PABHOMEPHBIM pactpeaesneHueM 1o [0, 2x].
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PUCYHOK 2

Harasignoe npeacraBiieHue My4KoBOil MoJe/IH

7 Ilydoxk 2
PaccestHHbIE BOJIHBI

ITyuok 3
PaccestHHbIE BOJIHBI

g
3
3
EEIR T a
s ST %
= . <
Y- g
L =
N 3 g
T i 3 2
} ‘ =
] 3 8
i v ilﬂ"""""m'""‘ = 3 o
% ~ s ",,.-up---""‘ ‘"«.‘“"-«.,. ;‘ §‘
| e = 3 3 —~
: 3
: ti7 2
<17 &
= S
- - R
.=
. o
Ilepenaromas =
=)
pereTka | F g
v 2
[Tyuok 1 . -~ Vrom I
puxona
PaccesiHHbIC BOJIHBI Omoprpiii Tpuemnas
yroi peureTka
®i : Yron npuxona myuka, i
O; : CTaHnapTHOE OTKIOHEHHE YIIIOBOH PACXOMMOCTH B ITyUKE, I
P.1238-02
9.2 YriaoBoe pacnpenesieHue BOJH NPUX0Aa U3 i-ro My4Ka

OYHKIUS IUIOTHOCTH BEPOSTHOCTH YTIOBOTO PACHpPENCICHUs] BOJH MPHUXOAAa B Iy4YKE BBIpAXKaeTCs
CJIEYFOIUM 00pa3oM:

1 -0.
f;(w—@i)=ﬁ—6~exp —ﬁkpcst , (18)

1

IJIe O SBISICTCS YIJIOM MPHUXO07a MOCTYMAIOIINX BOJH B MyYKe B rPpajycax Mo OTHOIICHUIO K OMIOPHOMY YIIIY,
a O; IPEJICTaBIsAET COOON CTaHIAPTHOE OTKIOHEHHUE YTIIOBOTO pa3dpoca B rpaaycax.

[MapameTpsl yrioBoro pa3dpoca B ycJIOBUSX IOMEIIEHHH TTOKa3aHbl B Tadmuie 11.

TABJIMLIA 11

IIapaMeTpsI yri10Boro pasopoca B yCJ0BHSX MOMeIIeHHIA

LOS NLOS

Cpenn. (rpaa.)

JAuana3on (rpan.)

Cpenn. (rpaa.)

JAuana3on (rpan.)

3an 23,7 21,8-25,6 - -
Oduc 14,8 3,93-28,8 54,0 54
Jdom 21,4 6,89-36 25,5 4,27-46,8
Kopunop 5 5 14,76 2-37
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10 CraTtucTuyeckasi MoJeJib IPU CTATUYECKOM MCIOJIb30BAHUU

Hcnonp3yemple BHYTpU TIOMEIICHHH OECHpOBOAHBIE TEPMHUHANBI, TaKHE€ KaK COTOBBIE TeleQOHBl |
OecripoBoanbie JokanbHbIe cetd (WLAN), B OCHOBHOM HaxOASATCS B CTATUYECKOM COCTOSIHUU.
BecnpoBoiHbIC TEPMHUHANBI TIPU CTATHYECKOM HCIOJB30BAaHUN OCTAIOTCS HETMOBIKHBIME, OJJHAKO cpea, B
KOTOPOI OHU HaXOJISITCS, MCHSIETCSI BCIICICTBHE MEPEeMEIeHHs OIOKUPYIOIUX 00BEKTOB, HAPHMED JTFO/ICH.
,Z[J'IS[ TOYHOM OLICHKHM Ka4Y€CTBA CBA3U B TAKUX YCJIOBUAX MbI IIPEACTABIAEM MOACIIb KaHalla IJId CTaTUYCCKUX
YCIIOBUI BHYTPH TIOMEIICHUS, KOTOpasi OJTHOBPEMEHHO O0CCIICUMBACT CTATUCTUUCCKUAEC XapPaKTEPUCTUKH KaK
¢byaxkmum mwrotHOCTH BeposTHOocTH (PDF), Tak m aBTOKOppensnmuoOHHOW (YHKIIUN KojieOaHWUS YPOBHS
MIPUHAMAEMOTO CUTHAJIA.

PaccmaTpuBaroTcs Moaeny kaHana JJis yciaoBui BHyTpu nomernenuiit NLoS u LoS.

10.1 OnpeneJieHue
Nyerson:  9UCIIO ABIKYIIHXCSA JIOIEH;
Aw:  SKBHUBaJICHTHBIH IUaMETpP ABHXKYLIETOCS YesioBeKa (M);
V. CKOPOCTb JIBUXKCHUS JrOICH (M/C);
P,: o0mas MOIIHOCTh MHOTOJIYYE€BOTO CUTHAJIA;
S(x,y):  TUIaH 30HBI IBHKEHUS,
fr: MakcMMallbHOE CMEIIEHHE YaCTOTHI AJIsl CTAaTUYeCKOr0 MOOMIIBHOT'O TEPMUHAIIA;
¥p:  MOIIHOCTH IPMHUMAEMOI0 CHIHala Ha MOOMIIbHOM TEPMUHATIE;
f: gacrora (I'm);
p(rp,k):  dynkius mmotHocTn BeposTHocTH (PDF) MomHOCTH NpHHMMaeMoro CHUrHana,
ompezeneHHas kak pacnpenenenue Hakaramu-Paiica ¢ K-dpaxTopom;
K: K-dakrop, onpeneneHnslii B pacnpenencanu Hakaramu-Paiica;
R(A?):  aBTOKOppenAUMOHHAs (PYHKIHS YPOBHS IPHHAMAEMOTO CUTHAIIA;
Ry(Af):  ko3ddHULKEHT aBTOKOPPEISIIUN YPOBHS IPUHUMAEMOTO CHTHAIA,
P(f): sHepreTuueckuii CIieKTp;

Py(f): aHepreTHdeckHil CEKTp, HOpMaTU30BaHHbIHN 110 MottHocTH P(0).

10.2 Mopeanb cucTeMbI

Ha pucynke 3 mpencraBiieHa MOJelb CHUCTEMBI. B KkadecTBe ABMKYIIUXCS OOBEKTOB PacCMaTpUBAIOTCS
TOJIBKO JIFOJH; YEJIOBEK [ TPEACTABIIETCS KaK AWCK ¢ guamMeTpoM A, (M), OTCTOSIIHANA OT MOOHMIBEHOTO
tepmuHana (MT) Ha paccrostauu r(M). Kaxapiidi qBMOKYIIIMKACS YETIOBEK UIET B MPOU3BOIBHOM HANPaBICHUU
Mexny 0 U 2T ¢ MOCTOSHHOW CKOPOCTBIO v (M/C) M TepeMeniaeTcs B mpejaenax ciaydaiHoi oomactu S(x,))
BOokpyr MT. Uucno nBmKymmxcs Iroaed cocTaBIsAET Npyerson, U JIO00H JBUKYLIMIACA YEIOBEK IMOTJIONIAET
4acTh JHEPrHU, HAXOMSIIEHCS Ha TpaccaX, KOTOPbIE IMEPEeceKaroT ero mo mwmpuHe, A,. MHOTOIy4YeBBIe
CUTHAJIBI TMIOCTYMAIOT Ha TEPMHUHAT PAaBHOMEPHO IO BCEM TOPU30OHTAIBHBIM HampaBieHusM. Ha pucynkax 4
1 5 TOKa3aHbl THITHYHBIE PacCMaTpHUBaEMbIe TTIOMEIIEHHS — MMPSMOYTOJBHBIE U KPYTIIbIE COOTBETCTBEHHO.
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PUCYHOK 3
Moaeab cuCTEeMbI

3oHa aBuxeHus: S x,))

CkopocTb
v

JIBIKYIIHUICS UeI0BEK

MoOWIBHBIH TepMHUHAI

P.1238-03

21

PUCYHOK 4
IInan noMemeHust NpPsIMOYToJibHOM (popMBbI
A A
L, (=, ») » Ly(x,, =y,) Ly(—x, »») Y2 Ly(x5, =»,)
A B tpouas Qo
JIBroKymmiics Ipacca JIBroxymmiics
YECJIOBEK E YECJIOBEK
-x, Q E X, > X, (QA X,
MT MT 6
L](fxls 7y1) Ed L4(X2, 7y1) Ll(fxp 7y1) I L4(x23 7y1)
a) B orcyrctBue npsmoii Tpacest (NLoS) b) Ipu Hammuun npsimoii Tpaccest (LoS)
P.1238-04
PUCYHOK 5
Ilnan nomemeHnusi KpyrJioii ¢popmbl
Tpacca R
»>

<O

a) B orcyrcTBue npsimoit Tpaccst (NLoS)

b) [pu Hamauuu npsimoii Tpaccel (LoS)

P.1238-05
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10.2.1 PyHKOMA NIOTHOCTH BEPOSITHOCTH MOLHOCTH MPUHAMAEMOI0 CUTHAJIA

PDF MOIIHOCTH NPHHMMAaeMOIo CUTHajla 7, Ha MOOWIBHOM TEpPMHUHAJIE ONpENeNseTcs paclpeielieHueM
Hakaramu-Patica cnemyromnmm o6pa3om.

Pl K) = (K + 1) expl- (K +1)r, — K1, (JAK+1)Kr, ), (19)

rae Iy(x) — momudummpoBanHas QyHKIUA beccens mepBoro ponia HYJIEBOrO MOpsSAKa, a K TpeacTaBisaeT

cnenyromuii K-daxkrop.
N P AwS
K = K(x)=|ep. (¥)+e, (?C)|2 /(WWSWJ, (20)

21

rac:

(<3 et )oxtog(-y i+t )

N N R R EEA T G TN Ry

(o +2)02 7|y log (f X + x/xf+y§j + X, log[yz +y/x; 3 )
Shape = +y, log (xz + x§+y§j+x2 log[y2 +4X3+y3 j ' @D

(11 TOMeEIeHHs TPSIMOYTOJILHOM hopMBI)

2
—_— (U1 TOMeEIIeHHsT KPYTJION (POPMBI)

rmax

31eCh  €pjrecX) TPENCTaBISET KOMIUICKCHYIO OTHOAIOIIyI0 MpsAMOM Tpacchl, a ey(X) NpeacTaBisieT
KOMIUTIEKCHYIO OTHOAIOIIYI0 MHOTOJyYEeBBIX CHTHAJIOB B OTCYTCTBHE JABWKYIIHXCS 00BEKTOB BOKpyr MT B
MO3UIMU X, KOTOPasi 3aBUCHT TOJBKO OT OKPYKAIOMINX CTaTHYECKUX YCIIOBHIl, NX 3HAYCHUS HE 3aBUCAT OT
BpeMeHH f. P, mnpeicrapiseT co0oi OOLIyr0 MOIIHOCTh MHOIOJYYEBOTO CUTHANA. Ssugpe SABIACTCS
MOCTOSIHHBIM 3HAU€HHEM, ONpeiesIieMbIM (POPMOI M pa3MepaMy TOMEIICHUS.

10.2.2 ABTokoppensimuoHHAas (PYHKIUA YPOBHSI MPUHMMAEMOI0 CUTHAJIA

ABToKoppensinuoHHas (yHKuMs R(Af) ypoBHS TPUHHMAEeMOrO KOMIUIEKCHOTO CHTHajla C y4eToM
Pa3sHOBPEMEHHOCTH Af UMEET CIIEAYIOIINI BUL:

2
Pm |eDirect (x)+es (x)| " N, personAWSS/’mpe (1 . 2f T|At |j (v| At| < AW)
P, 27 T
R(AY={ r ,(22
» |eDirect (¥)+e, (’C)|2 +N personWSShape - 2fr|Ad Zeos | L +2f | sin| cos!| — ()
m P, m T T fr |Al‘| T Jr |At|
B (V|At| <Aw)
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rue:
Jr=v/Aw. (23)

3meck fr ompenernsieTcs CKOPOCTBIO MEPEMEIIeHHs V U MIHPUHOW Aw IBIKYIETOCS YeOBeKa W MOXKET
paccMaTpUBaThC Kak MAKCUMAJIbHOE CMEIIEHHE YaCTOThI JIsl CTATUYECKOT0 MOOUIIBHOTO TePMHUHAIA.

10.2.3 DJHepreTnyecKHii ClIeKTp NPHHAUMAEMOI0 CHTHAJIA

Ounepreruueckuii crnektp P(f) kak QYHKOUS YacTOTHI, OIpEIeNsionas OTKIOHEHHS Oru0aromei
KOMIUIEKCHOTO CHTHaja, 3ajaercsi npeoOpazoBaHueM @Dypwe aBTOKOppensunoHHoW ¢yHkumu R(Af) B
ypaBHEHUH (22) creayommmM 00pa3oMm.

P(f) =] R(Atye 2" dAr. (24)

Ounepreruueckuil cnektp Py(f), Hopmanu3oBanHblid o MomHoctH P(0) Ha vactoTte f= 0 ['m, MoxeT OBITH
aNIpOKCUMHPOBAH CJIETYIOIINM 00pa3oM.

Py(f)=P(f)/ P(0)
K(x)o(f)

(1 -0.787, 8¢+ 0,78£,°%" exp(- 5,311/ 1)) (| 1< jl]
+0,02/, " x 2

0,092,472 (lf > 5%) . (25)

K(x)=0,02f,

3neck o(f) npeacrapiseT nenbra-GyHkiuio Jupaka.

10.2.4 3Havenus

Pexomenmyetcst ycraHoBUTh 3HaueHHE Aw paBHBIM 0,3 M Kak MPEACTaBISIONICE YEIOBEKa CPEIHETO POCTa.

10.2.5 TIpumepsl

PDF p(r,, K(x)), aBTokoppensunonHas GyHkius Ry(Af) u sHepreTudeckuil cnexTp Py(f) Ui citydasi, Koraa
AW, v U Nperson PaBHBL 0,3 M, 1 M/c 1 10 COOTBETCTBEHHO, a 3HAUEHHUE F)yqe YCTAHOBJIEHO paBHBIM 10 M 114
MIOMEIIEHNs] KPYTIIOi (OpMBI, OmpeseNeHHble ¢ MoMoIlpio ypaBHeHui (19), (20) u (25), moka3aHbl Ha
pucyHKax 6, 7 1 8 COOTBETCTBEHHO.
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MuTterpanbHast BEpoATHOCTh

KoaddurmeHT aBTOKOppesImu
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PUCYHOK 6

HHTerpaabHasi BepoOSITHOCTH YPOBHSI IPHHHMA€EMOI0 CHTHAJIA B MOMeIeHNH KPYTJI0ii (hopMBbI

1

0.8 [

0’6 ==
[___ Ipsmoyromsauk i

04 [ (x, =x, =10m) i
B 0 =3, =10m) T
-—--w Npem’on =10 ]

02 L Aw=03wm

09 0.5 1 1.5 2

OTHOCHTEJIHBIN YPOBEHb IPUHUMAEMOT0 cHrHaa (1b)

PUCYHOK 7

Kos¢pduuuent aproxkoppesinuy ypoBHs IPHHUMAEMOr0 CUTHAJIA B IOMEIICHUH KPYI10i (popMbl

10 | LI L) | LI 1 LI rrri /,_Z-I L=
;
[psMOyTOTBHUK /r
. (o, =x, =10m) / ‘.r
= (0 =y, =10m) ol / ” 3
- N =10 , =
L person /. ; a
T Aw=03wm ; 7
-2 /
E - 7 ) 5
= 7/ v 3
- ] -
C / , ]
-3 p)
v 7 T
/ ;
4 L1 1 /lf L1 1 1 11 |I‘ L1 1 1 L1 1 1
40 =30 =20 -10 0 10

Pasznocts Bpemenu, At (¢)

| e () e, @) |

P’ﬂ
— :—10 1B
- :=5n1b
wem =0 1b
P.1238-06

|eDirect (x) x es (xj ’
P

m

— :-101b
-- :-5n1b
- :—-0nb

P.1238-07
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PUCYHOK 8

JHepreTHYecKUii CeKTP B IIOMELIeHUU KPYTJ10ii popMbl

OTHOCUTEJIbHAST MOITHOCTH (11B)

|
[*))
(]

L
o
!

o
o
!

Kpyrmas popma

r =10mM

max

N =10

person

p!

AJIbTepHATHUBHBII MeTO/ NoJy4eHHs] KOI(PPUIHEHTOB 0TPAKEHHUS U NepeIayn
JJIS CTPOMTEIbHBIX MATEPHAJIOB, COCTOSIIIUX U3 [V INIJIEKTPHYCCKHUX IIUT,

Yacrora, f(I'mx)

Jlonoanenue 1
K IIpnioxennro 1

lep e )
P

m

— 10 1b
-- :-5n1b
~-= -0 b

P.1238-08

OCHOBAHHBII HA MATPUYHOM npeactaBiaeHun ABCD

25

Hwxke mnpuBeneHsl anbTepHaTUBHBIE (GopMynbl ans ypaBHeHHi (8)—(14) B m.7 c LENbIO HOIy4YeHUs
koauenToB otpakeHus (R) u mepemaun (7) Ui CTPOUTENHHOTO MaTepuana, COCTOsIero u3 N
TUDJICKTPUYECKHUX TTUT, HA OCHOBaHMHM MaTpuaHoro npenctasierns ABCD. IIpeanonaraercs, 9ro obmactu
o 00e CTOPOHBI OT CTPOUTENFHOTO MaTepuala MpeCcTaBiIsIIoT co00ii cB0OoIHOE MpocTpaHcTBO. OTMETHM,

YTO 3TOT aJIBTCpHaTHBHLIﬁ METOJ AaCT TOYHO TAaKHC K€ PC3YyJIbTAThI, KOTOPLIC IIPUBECACHEI B I1. 7.

_ B/Zy-CZ,
24+B/Zy+CZ,

N

__BlZ,-CZ,
2A+B/Z,+CZ,

P:

2
" 24+BI/Z,+CZ,

N

2
T 24+B/Z,+CZ,’

P

(26a)

(26b)

(26¢)

(26d)
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3nech A, B u C — 310 31emenTsl MaTpulibl ABCD, onpeanensieMble Kak

A B — Al Bl Am Bm AN BN
Ry -
rac:
Am = COS(Bmdm)’ Bm = jZm Sin(Bmdm) > (27b)—(27C)
C, =L ) Sm(ZBmdm), D,=4,, (27d)-(27¢)
By, =k, c05(0,,) =k, [1- (1-5in8,)°], @70
Mo
2n
kO =79 km =kO nm . (27g)_(27h)

B ypaBaenusx (27b)—(27h) A — mnuHA BOTHBI B CBOOOJHOM MPOCTPAHCTBE, Ky — BOJHOBOE YWCIIO MJIS
CBOOOJHOTO MPOCTPAHCTBA, M, U k;,, — KOMIICKCHAS! AUAJIEKTPUUYECKas IPOHULIAEMOCTh U BOJIHOBOE YHMCIIO B

m-i 1Te, 3, — MOCTOSHHAS PAcCIpPOCTPAHEHUs B HAMPABIECHUH, NEPIEHIMKYISPHOM ILIOCKOCTH ILIMTHI,
a d,, — MpUHA M-¥ TUTATBL.

3Ha4yeHusT BOJHOBOTO CONPOTHBIEHUS Zy U Zp Ui E-moneil, NeprneHAMKYJSPHBIX M MapajjieNbHbIX
IJIOCKOCTH OTPAYKEHUS, ONPEIEIIAIOTCS KaK:

Zy=%,/cos0, (28a)

Zy,=%,c0s0,, (28b)
TJI€ ), — BHYTPEHHEE IIOJHOE CONPOTHBIICHHUE M-I IUTUTHI U OLPEIeNseTCs Kak:

_120m

Xon :
Vi

(28¢c)

rac:

Mo =Nyu =1, 0,=0y,, =01 Z,=2Z,,,.
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