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IIpenucaosue

Ponp  CekTOpa pagvocBs3M 3akiodaeTcss B OOECIEUYEHHH pPalMOHAIBHOTO, CHpaBeUIBOro, 3ddexkTuBHOro u
9KOHOMHYHOTO MCIOJIb30BaHUSl PAIMOYACTOTHOTO CIIEKTPa BCEMH CIIy)KOAMHU PaJvOCBSI3H, BKIIOYAs CITyTHHUKOBBIE
Cﬂy)KGbl, U TMpOBECACHUHM B HCOIPAHMYCHHOM YaCTOTHOM [JUAIIa30HE HCCﬂeﬂOBaHHﬁ, Ha OCHOBaHUH KOTOPBIX
MIpUHUMAIOTCsl PekoMenanmy.

BCGMI/IpHLIe U  PCrUOHAJIBHBIC KOH(I)epCHIII/II/I paguocCBiaA3n U accaMmOieu paguocCBiaA3n 1pUu  MOAACPIKKE
HUCCICA0BATCIBCKUX KOMHCCHH BBITIOJHSIOT PEriIaMCHTApHYI0 U MMOJIUTUYICCKY O (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,
ynomuaaemoir B Ilpmnoxenmn 1 x Pesomommun MCDO-R 1. ®@opmbl, KOTOpble BiajAeibllaM MATEHTOB CIEIyeT
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 BOCIIPOU3BECHMSI; TUNIEHKHU JJIs1 TEJIEBUICHUS

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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S DuKcupoBaHHAs CITyTHUKOBAs CITy»X0a

SA Kocmuueckne mpuMeHeHNsT ¥ METEOPOIIOTHs
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Bce mpaBa coxpanensl. Hu onHa u3 gacTel n1aHHOH IMyOIMKAaMy HE MOXKET OBITh BOCIIPOM3BEICHA C MOMOIIBIO0 KaKUX
OBI TO HU OBLIO CPENCTB O€3 MpeaBapUTEIHLHOTO MMCEMEHHOTO paspemenus MCD.
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PEKOMEHJALIMA MCO-R P.1410-5

JlaHHbIE 0 pacIpocTPaAHEHUHU PATUOBOJIH U METO/IbI IPOrHO3UPOBAHMUS,
Tpedyrouuecs /sl MPOEeKTUPOBAHUS HA3eMHBIX IIMPOKOMOJOCHBIX CHCTEM
paguogocTyna, padoTapmux B Auana3zone 4acror ot 3 10 60 I'T'u

(Bommpoc MCD-R 203/3)
(1999-2001-2003-2005-2007-2009-2012)

Cdepa npumeneHus

[IupokonoaocHbI OECIPOBOIHON JOCTYIT SIBIISIETCS BaXKHBIM METOJOM O0ECIEUCHUs IMUPOKOMOIOCHOCTH
JUI OTACTBHBIX JOMAITHUX XO3SMCTB, a TaKkXkKe HEOONBIINX KOMMEpPUECKUX MpeAnpusTuii. B HacTosmen
Pexomenmanmu paccMaTpuBalOTCS CHUCTEMBI, paboTaronue B auamazoHe vacTtor or 3 go 60ITm, u
MIPUBOJIATCS PYKOBOSIINE YKa3aHWS JUIS BaXKHBIX MEXaHH3MOB pPaCIpPOCTPAHCHUS HAa JUHUM MPSIMOU
BUJIMMOCTH M B YCJIOBHSIX OTCYTCTBHS MPSIMOW BUAMMOCTH. J[Js 3aTPOHYTHIX CHCTEM MPUBOIATCS METOIBI
JOXIISl, JUIE TOTO YTOOBI OMPEACTUTh Pa3IMYHOTO pojia YIIYUYIICHHsS MyTeM BBIOOpa HAWIydIled M3 JBYX
0a30BBIX CTAHLUWH W yMEHBIIEHHE MOKPBITUA B YCIOBHAX NOXIA. [IpuBomsTca pyKoBoAfIIME yKa3aHHA,
KacaroIuecs NIMPOKOOJIOCHOTO HCKAKEHHS.

Accambies pagnocssizu MCO,

yuumvléas,

a) 4TO JI HaJJICKAIIETO IUIaHMPOBAaHWA HA3CEMHBIX MIUMPOKOIIOIOCHBIX CHCTEM pPaauoJ0CTyIia
HGO6XO}_'[I/IMO, YTOOBI HMMEINCH COOTBCTCTBYIOIIMEC MOAHHBIC O PACHPOCTPAHCHHUU PAAUOBOJIH U MCETOABI
MPOTHO3UPOBAHUS;

b) yto PexomeHmamwm, paspaboTaHHbIE UII TPOCKTHPOBAHHWA OTIENBHBIX JMHUA CBS3H, HE
OXBAaTHIBAIOT ACIIEKTHI 30H,

pexomenoyem,

1 YTOOBI MPHU MPOSKTUPOBAHUN HA3EMHBIX IMUPOKOTIOIOCHBIX CUCTEM PaTUOOCTYIIa, paOOTAIOIINX B
rostoce gacToT oT 3 mo 60 ['T'1r, ncrmosb3oBaiich HHPOPMAITHS O PACTIPOCTPAHCHUH PATUOBOJH W METOIBI
MIPOTHO3UPOBaHMS, H3M0xKeHHBIC B [Iprnoxenun 1.

IIpuiaoxenune 1

1 BBenenue

PacteT nHTEpEC K MPEIOCTABICHHUIO YCIYT IUPOKOMOIOCHON CBSI3H 110 MECTHBIM CETSM AOCTYIa OTACIbHBIM
JOMaIlTHAM XO3SIICTBaM, a Tak)ke HeOOJIBIINM KOMMEPUYECKUM NpeAnpusTusaM. Bce damie TexHUYeCKHe
PELICHHs C MCIIOTb30BAaHUEM PAJHOCBI3U PACCMATPUBAIOTCS B KAYECTBE CUCTEM JIOCTABKH, M 3TH CHCTEMBI
CerofHs MMEIOTCS Ha pBIHKe. PaccMaTpuBaloTCs W BHEAPSIOTCS HECKOJIBKO TaKMX CHUCTEM, HampuMep
MeCTHasl cUcTeMa MHoroaapecHoro pacmpexaenenus (LMDS), mecTHas cucreMa MHOTO3IpECHOW CBSI3U
(LMCS) u cucreMa cBSI3M IyHKTa cO MHOTHMH TyHKTamM# (P-MP). B COBOKYITHOCTH 3TH CHCTEMBI MOXKHO
Ha3BaTh  CHCTEMaMH  ILIMUPOKOMOJIOCHOTO  OecmpoBogHoro  gocryma (BWA).  PaspabatwiBarorcs
MeXIyHapoIHble cTannapTel, Hanpumep WiMAX, ocnoBannsiii Ha IEEE 802.16 u HiperMAN.

EcTh moTpeOHOCTh B yMENIOM PYKOBOJCTBE IO MPOSKTHPOBAHKIO, KACAIOIIIEMCS] BOIPOCOB PaCcpOCTPaHECHUS
panvoBOIIH, HEOOXOIUMOM B paMKax CETEBOIO IUIAHUPOBAHWUS, IJIsl TPYIII OIEPATOPOB U MPOU3BOIUTEICH,
a TaKXKe PeryJIsATOPHBIX OPTaHOB.
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2 IHoxpbiTHE 30HBI

[Ipn nnaHMpOBaHMM COTOBOW CHCTEMBI CBSI3M OIEpaTop IOHKEH TINATENbHO BBIOMpATh MECTOIOJIOKEHHE
0a30BOli CTAaHLIMHU U BHICOTY HaJ YPOBHEM 3€MJIH, C TEM YTOOBI HUMETh BOZMOKHOCTb IPEAOCTABIATH YCIYTH
HaMEUYEHHOMY YHCITy NOJIb30BaTeNIel B MpeAesax 30Hbl. Pa3Mep sueek MOKET BapbUpOBAThCS B 3aBUCHMOCTH
oT Tonorpauyu MECTHOCTH, a TAK)Ke OT YMCJIA I0Ib30BaTeel, KOTOPhIM IPeAaraloTcs yCiayrd paJioCBsi3y.
B nanHOM pazfene mpencTaBieHa CTaTHCTUYECKas MOJIENb 3aTCHEHUs 3laHUSAMH, OCHOBaHHAs Ha O4YEHb
MIPOCTBIX XapaKTePUCTHUKAX PACIOJOKEHHBIX B 30HE 3/1aHUM, U MPUBEJEHO PYyKOBOJCTBO, OCHOBAaHHOE Ha
JeTanbHBIX pacueTax. B HeMm Takxke IpuUBEICHA MOAEIb OCIa0JICHUS PAAMOBOJH 3a CUET PACTUTEIIHLHOIO
MTOKPOBa M HEKOTOPHIE IIPOCTHIE NMPaBUIIa MPOEKTHPOBAHMSL.

2.1 3aTeHeHHE 3MaHUAMH

BepOHTHOCTL 3aTCHCHUA 3JaHUAMHU MOXXHO JIYYHI€ BCEro OLCHUTH NPHU IMOMOIIXW METOIO0B OTCJIICKHMBAHUSA
TPaeKTOPHHU JIyYa C HCIOJIB30BAHUEM PEaJbHBIX NAHHBIX, COJEPXKALIUXCs B MOAPOOHBIX 0a3ax NaHHBIX O
30aHUSX U pebede MeCTHOCTH. TpeOoBaHHs K METOaM OTCIIC)KUBAHUS TPACKTOPHHU JIy4a KPaTKO OMHCAHbI
B m.2.1.1. OgHako BO MHOTHX 30HAaX MOIAXOJSNIME Oa3bl TAHHBIX OTCYTCTBYIOT, M B 3TOM Ciydae
PEKOMEHIYIOT UCIIONB30BaTh CTATUCTUYECKYIO MOJIETh, IIPEICTaBIeHHYIO B I1. 2.1.2.

2.1.1 TpeOoBaHUS K OTCJIEKUBAHHUIO TPACKTOPHHM JIy4a

TouHbIi ITPOTrHO3 MOKPBITHUA MOYXHO IMOJIYYUTH C UCIIOJIL30BAHUEM METO0B OTCIIC)KUBAHUA TPACKTOPHHU JIyda
B TCX 30HaAX, ra¢ HMMCECTCA baza JaHHBIX O MOKPBITUU MCECTHOCTHU. B CHUJIy BBICOKHX YaCTOT MU TpaccC
HEOOIBIION JJIMHBI MOXXHO HMCIIOJIB30BaTh HpI/I6J'H/I)KCHI/I$I FeOMeTpI/I‘IeCKOﬁ OIITUKHU C MPEACTABJICHHUCM
IpAMBIMU JIMHUAMHU.

[lpn omeHke MOKPBHITUS AJs TOJNyYeHHS TNPHONMKEHUS IEPBOrO MOpSAKAa JOCTATOYHO ONPEACIHTH
ONTHYECKYI0 JNUHMIO mpsiMoil BuzumocTtu (LoS) B mpexenax 60% mpocsera 1-it 30Hb1 ®penens, 4ToObI
o0ecIeunTh MPEHEOPEKUMO Mallble JOTONHHUTENbHEIE ToTepu (CM. pucyHOK 1). B cimydae oTcyTcTBHS
MPSMO BUAWMOCTH BO3HHMKAIOT CHUJIbHBIC AU(PAKIMOHHBIC MOTEPH. TOYHOCTH 0a3bl NAHHBIX IUIS 3JaHUN
OTPaHMYHUT TOYHOCTh MpeACKa3aHus JIyda, ¥ OATOMY 0a3a IaHHBIX JOJDKHA COAEP)KaTh TOUHBIC CBEACHUS O
penbede MECTHOCTH M 3IaHUSIX Ha Tpacce pacipocTpaneHus. s Tpace > 2 KM JOJDKHA yUUTHIBATHCS TAKKE
KpUBU3HA TOBEepXHOCTH 3eMiu. [[ns sToro Merona 374aHMS W PACTUTENBHBIM TOKPOB CIEIyeT CUYUTATh
HENPO3pavyHBbIMHU.

PUCYHOK 1

Bcee 31aHuA T0KHBI HAXOIUTHCS HIMXKE JIiydya LOS, COCNIUHAKIIEI0 NepeIaTIuK U MPUEMHHUK

Tx

MHOX€ECTBO 31aHUI

TLos

P.1410-01

PCBy.TH:TaTLI I/IBMGPCHI/II‘/'I XapaKTCpUCTUK CUTHajla HOpHU CpPpaBHCHUU C pPE3yJibTaTaMU, MNOJYYCHHBIMU C
HCIIOJIB30BAHHNEM MOZ[GJ'ICﬁ OTCJIC)KUBAHUA TPACKTOPHUU JIy4dad, TIIOKa3ajiu XOpolmee CTATUCTHYICCKOC
COOTBETCTBUEC, HO UBMEPECHUA ITPOACMOHCTPUPOBAJIN CYIIECTBEHHYIO U3MEHUYUBOCTE CUI'HAJIa C UBSMEHCHUEM
MOJIOKCHUA U CO BPEMCHEM JIsI Tpacc 6e3 uetkoit LoS. HOSTOMy C yUcTOM OI‘paHH‘lCHHOﬁ TOYHOCTHU
PCaIbHBIX 0a3 AaHHBIX O 3JaHUAX IHPOTrHO3bI Ka4dCCTBa 06CJ'Iy)KI/IBaHI/I$I 4TI KOHKPCTHBIX TpacC IOYTH
HpHMOfI BHUINMOCTH HCBO3MOJKHBI.
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PacTUTebHOCTh, B YaCTHOCTH BBICOKHE JEPEBbsS W KYCTAPHHKH, MOKET BBI3bIBATh 3HAYHTEIBHOE
YXYILICHUE KauecTBa 00CTy)KUBAHUS, U B HJIcalle JaHHbIC [0 PACTUTEIBHOMY MMOKPOBY CIIEAYET BKIOYATH B
0a3y IaHHBIX.

W3mepeHust mokas3ayiy, YTO HPU NPENOCTABICHUHM YCIYr B THUIOBBIX T'OPOJICKUX/IIPUTOPOAHBIX paioHax
CHIDKEHHE Ka4ecTBa 00CITy )KHBaHUSI 110JIb30BAaTENEH 3a CUET BJIUSHUS MHOTOJTYYEBBIX OTPaXKCHUI BO3HUKAET
HaMHOTO peXe, 4eM 3a CUeT 3aTE€HEHHs 3JaHUSAMH WIH PAaCTUTEIBbHOCTHIO M3-3a Y3KOTO Jyya aHTEHHBI, U
MO3TOMY HET HEOOXOJMMOCTH PAaCCUUTHIBATE OTpaxkeHus (cM. 1. 4.2.1).

JU1s1 OLIeHKH C MCIIOJIb30BAHUEM METOJOB OTCIIECKUBAHUS TPACKTOPHUHU JIyda MOKET IPUMEHSThCS MOIpOOHas
00BEKTHO-OPHEHTHPOBaHHAs 0a3a JaHHBIX C yKa3aHHWEM BBICOTHI pelibeda, KOHTYPOB OTIENBHBIX 3IaHUM,
BKJIIOYAsl BBICOTY KpBIIIM M JaHHbIE O (GOpMe, M C MPEICTABICHHUEM DPAacCTUTEIBHOTO IMOKpOBa B BHIE
OTICTBHBIX JCPEeBbEB WIM Ipymi AepeBbeB. Mnm ke, mpm onpemeneHud LoS MOXHO HCHONB30BaTh
pacTpoByI0 0a3y HaHHBIX C OTMETKaMHU BBICOTHI, TAKYIO KaK MOJY4ar0T C caMoJIeTa ¢ IIOMOIIbIO OOPTOBOTO
paznapa c cuHTe3upoBaHHOI anepTypoit (SAR) (cM. Tabmuny 1).

TABJINIA 1
MunnMasibHble TpeOOBaHus K 0a3e JaHHBIX
Pa3pemienue no Pa3pemienue no
O0bekT ®opmart TOPU30HTAJIH BEPTHKAJIHA
(m) (m)
Penbed CeTka OTMETOK BBICOTHI 50 1
3naHus IToo6BbexTHOE MpeACTaBIEHUE UIH PACTPOBOE
PacTHTeIbHbL n300pakeHHEe C BEICOKMM pa3pelieHreM 1 1
MIOKPOB

2.1.2  PaccmoTpeHMe OTpaKeHUI M paccessHUs!

B ycioBusx TOpOACKOH Cpeasl OTPaKEHHS OT CTOSMIMX MOONHM30CTH 3JaHUA MOTYT SIBIATHCS
MpeobIaAalomM  MEXaHU3MOM  paclpoCTpaHEHHs B YCIOBHSIX OTCYTCTBHSI TPAMOM  BHUIMMOCTH.
D¢ dexTrBHBIE METOBI pacuyeTa OTPaXCHUH B KPYMHBIX 0a3ax JaHHBIX CTANU MPEIMETOM MHOT'OYHCIEHHBIX
HAy4YHBIX HWCCIIeZIoBaHWH W craTeil. [Ipum paccMOTpeHHMH MHOTOKPATHBIX OTpaXeHWH W IU(paKiuil 3Ta
mpo0JiieMa CTaHOBUTCS TPYOHOPA3pPEIINMON U BCEX, 32 MCKIIOYEHHEM CaMbIX MPOCTHIX, CIIEHapueB. Bot
MoYeMy PEKOMEHIYeTCS MOJeib OJHOKPAaTHOTO OTpPaKeHHs, MpHUUYeM Kaxaas Tpacca B HalpaBJICHUU
OTpaXkaTeNss W OT OTpaxkaress TOABEPKEHa CBOMM COOCTBEHHBIM BEPTHKAIBHBIM K TOPU30HTAIHHBIM
TU(GPaKITMOHHBIM TTOTEPSM.

Mogeib paccessHHs HA HEPOBHOM OBEPXHOCTH

,Z[J'IS[ TOTO YTOOBI CBECTH K MHUHUMYMY OONOJHUTCIBHBIC PACUCThI, IPEAJIaracTtcsa HCIO0JIb30BaTh
MPUBOJUMYIO 3]IECh IPOCTYIO MOJIENb. JTa MOJEIb SBISCTCS CKAJISPHON MOJAEIBIO A OECIOpsI0YHOrO
paccesHusl OT HEPOBHOW MOBEPXHOCTH. TO €CTh B HEW paccMaTpHBaeTCs TOJNBKO PACCESHHAS MOIIHOCTh U
HE YYHUTHIBAIOTCS (DA30BBIA U MOJISIPU3AMMOHHBIA d(DPEKTHI.

I'eomeTpus

HomyctuM, 4to £ — 3T0 rpaHb HEPOBHOM MOBEpXHOCTH 30HHI A. [Ipennonoxum, uto 7' v R — 3TO nepeaaTiuk

U IPUEMHUK. i M M — eIUHUYHBIE BEKTOPHI B HanpaBieHusx TF u FR, a n — NEPIEHIUKYIIAP K DTOM IpaHu,
KaK 3TO MPEeICTaBICHO Ha PUCYHKE 2.
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PUCYHOK 2

I'eomerpust oTpaskeHus

P.1410-02

P, u P’ — mepenaHHble M NPHHATHIE MOLIHOCTH PaccesHHs, COOTBETCTBEHHO, B T u R, u, 6e3 morepu
OOIIHOCTH, AOMYCTUM, 9TO 7 ¥ R UMEIOT BCEHAIIPABIICHHBIC aHTECHHBI.

Pacnpocrpanenue paguosoiH or 7 no F

Ecnn mpenmnonoXnTh, YTO PacpoOCTpaHEHHE IPOMCXOAUT B CBOOOJHOM IPOCTPAHCTBE, TO IUIOTHOCTD
notoka MomHocTH (1.m.M.) S (BT/M%) Ha pacctostauu dy 0T T COCTABUT:

4 A

=2 p, 1
M \dnd, ) ! M

rae A — niuuHa BoiHbL. Toraa MomHocTs Py, najaronias Ha F, COCTaBuT:
: (2)

JlaHHBII pe3yibTaT Mmpenrnoaraer, 4ro ool pasmep A4 << d TakoB, YTO I.I.M. [0 BCEH TpaHU SBISETCS
TIOCTOSTHHON. DTO OTPaHWYCHHE HE SIBJSETCS CTPOTHM: B NPUHITUIIE MOXKET OBITh BhIOpaHa CTONb Majas
rpaib A, HACKOJIBKO 3TO HEOOXOAMMO, ISl TOTO YTOOBI JOoCcTUYh menu. OMHAKO B JAHHOW MOJENTH MBI
HCXOJMM W3 TPEAINOJIOKEHUs, uTo F (hakTuyecku mpeacrasiser co0oil monHbld (acan 3ganus (Wid, 1O
KpalHeW Mepe, €ro OCBEICHHYI0 YacTh) W YTO 3TO OTPaHUYCHHE YIOBIIETBOPEHO. DTATIOHHOW TOYKOW IS
paccesHus ABJIAETCS IEHTP TPaHHU.

P, =541 i

Mogesb paccessHMsI HA HEPOBHOM OBEPXHOCTH

Ota Mopenb SIBISETCS TOW MOJENBIO, KOTOpas MCIONb3yeTcs I u300pakeHus TUQQPy3HOro paccesHHus B
KOMIIBIOTEpHOH Tpaduke. B Hell mpennonaraercsi, YTO HEKOTEPEHTHAs! MOILHOCTb, PACcCEesIHHAs HEPOBHON
[IOBEPXHOCTHIO [, siBiIsieTCs 1aMOepToBOH. To ecTh 3Ta MOIIHOCTh BHOBB M3JIy4aeTCsl BO BCEX HANPaBIICHUAX
(B OMYMJIOCKOCTH), @ €6 MHTEHCUBHOCTh KosIeOeTcs, Kak cos 0, rae 0 — yros n3iaydeHus 10 OTHOLLIEHHUIO K
HNEPIEHIUKYISIPY. DTO KojeOaHHe MONHOCTHI0 HEUTPaIU3yeT 3aBHCHUMOCThH 1/cos O OT M3Iy4eHHOH M.ILM.
(BBHIly IPOEKLIMOHHOI'O WIEHA |ﬁ1-ﬁ| ), obecrieurBasi HEHANPABICHHOE U3JIyUY€HHE C PAaBHBIM YCHJIIEHUEM BO

BCEX HANPaBICHHUAX. DTO COOTBETCTBYET TOMY, YTO MPOUCXOANUT HA MPAKTUKE ISl ONITUYECKOTO PACCESTHHSL.
HexorepeHTHass MOIITHOCTh, U3NTyYeHHas F, UMeeT BUJL:

Pﬁ = 2pnonspecpﬁ . (3)

MHOXuTeNb 2 y4uThIBA€T TOT (DAKT, YTO BCS MOLIHOCTH H3Iy4aeTcs B KaKy-THOO MOTychepy. Pronspec
YUHUTBIBAET OO KOI€PEHTHON MOIIHOCTH, Najaroulell Ha £, KoTopas BHOBb M3Iy4aeTcsl KaK HE3EpKaJIbHOE
paccesHue.
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Pacnpocrpanenue paguoBoaH ot F 10 R

Ecnu  mpennonoxurh, dYTO pacHpoCTpaHEHHE MPOUCXOAUT B CBOOOJHOM NPOCTPAHCTBE W IpHU
BCEHAIPABIEHHOW aHTEHHE, TO MOJIyY€HHAs! MOLIHOCTb PACCEsIHUSA B R COCTABUT:

2

” A
scat — P . 4
r 4TCd2 St ( )
IMo1HBIMH HepreTHYECKUl NOTEHIUAJI JINHUHU CBA3H
O6benunenue ypasaenui (1) u (2) naer:
4TEA‘T : ﬁ‘ N 2 A 2
scat __
R’ - 2pn0nspec (5)

2 \4nd, ) \4nd, ) "

Unens! (M4nd)* — 5T0 yCloOBUs PacIpOCTPaHEHHS B CBOOOJHOM MPOCTPAHCTBE, KOTOPhIE B GOJIBIIMHCTBE
Clly4yaeB MOTyT OBITh 3aMEHEHbl (AKTHYECKHMH YCIOBHAMH paclIpOCTpaHEHus. Tawke MOIyT ObITh
BKJTIOYEHBI JWarpaMMbl HANpaBICHHOCTH yCHJIeHUs aHTeHH B 7 u R. EquHCTBEHHOE MOMYyIIeHHe, KOTOpoe
HEOO0XOIUMO MPHHATH, 3TO JOMYIIEeHHE MaJeHHUs TNIOCKOI BOJIHBI B F.

IToTeps paccessiHust

Bo3MoxxHO, OBUTO OBI IIEeJecoO0pa3HO paccuMTaTh HEKOTEPEeHTHYH '"MmoTepro" paccesHus Ha HEpOBHOU
MIOBEPXHOCTH. JTO €Ille OJWH BUJ MOTEPh Ha Tpacce, KOTOPOMY IOABEPraeTcsl PacCesHUE B OMOJIHEHUE K
TOH 1oTepe Ha Tpacce, KOTopas Mpou301LIa Obl B TOM CIIydae, eclii Obl TpaHb ObLIa aOCONIIOTHO 3€pKaIbHOM,
T. €. C 3€pKaJbHBIM OTPa)XCHHUEM NpH Kod3(huiueHTe oTpaxeHus, paBHOM 1. UTOOBI 3TO OCYIIECTBHTS,
HE00X0IuMO OyIeT NMpeIoNoXnuTh, YTO PAcIpPOCTPAaHEHUE IPOUCXOAUT B CBOOOIHOM IPOCTPAHCTBE Ha
Tpaccax TF m FR. MoIHOCTb, NOJy4eHHass B R OT mepenaTdyuMka, Haxozgsuerocs B 7, HMpU yCIOBUU
abCoMmOTHOro oTpaxenus P,", cocraur:

[ p—_— (6)
4n(d, +d,)

Torma norepst paccestHUs Ly, (ONpenenena TakumM o0pa3om, 4ToOb! st TOTepH L., > 1) cocTaBuT:

C_pe [ a4 @
R,LDS 27_t nonspec dlz d22 °

L

scat

Bce unmensl B 3TOM BBIpakeHUHM cTporo < 1, KpoMe TOCIETHET0 4YieHa, KOTOPBI MOXeT cTath > 1, ecim
3HaueHHNE A CIMIIKOM BEJIWKO, TI0 CpaBHEHHUIO ¢ d| U d,. OgHAKO, KaKk OTMEYaloCh BHIIIE, NaHHAs MOIENb
JIEHCTBUTEIRHA TOJHKO B TOM CIydae, eClIM Kakoh-mbo napamerp 4 << dj, T. €. mpuMeHeHue ypaBHeHus (7)
JOJKHO 00ecIeunTh COOMI0ICHHE CIIETYIOIIETO YCIOBHUS:

(¢+@fA<1 ®
2 42 -

dl d2
D10 yciaoBue OyaeT HapyIIEHO TOJLKO B TOM Cjydae, €CId IEpeaaTddK M IPUEMHHUK PAaCIOIOKEHBI
CJIMIIKOM OJIH3KO K F.

VYpaBHenue (7) MOKa3bIBaecT, YTO MOTEPsS HE3EPKAIBHOI'O pAacCEesHUSl OBICTPO YBEIMYMBAETCA MO Mepe
yAajdeHus IMyHKTa MpHEeMa OT IMOBEPXHOCTH paccesHus. llockombky d) — eo, TO moreps (B aeunbenax)
— 10 log(d,*/A). Takum o6pasom, npu (acaje 3AaHUA IOManbo 100 M> IOTEpPs TOIBKO OT OJHOTO 3TOTO
yinena coctaBuT 20 ab Ha paccrostauu 100 M 1 40 1b Ha paccTosiHuM 1 KM OT 3/1aHUSL.
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Onpenenenne P, nspec

Omnpenenss Pgec U Prans KaK JOJIIO KOTEPEHTHOH MOLIHOCTH, NMAJAIOIIEH Ha F, KOTOpas OTPakaeTcs Kak
3epKajgbHOE (KOTEPEHTHOE) OTPAKEHUE M, COOTBETCTBEHHO, MEPEACTCsl Yepe3 3Ty IPaHb, MOXKHO OBbLIO OB
WCTIONB30BaTh COOTBETCTBYIOIIYI0 MOJENh IpoIlecca TOJTHOTO pacCesHUS sl COXpPaHEHUsS HHEPIHH,
JTAIONTYTO:

pspec + ptrans + pnonspec = 1 * (9)

K coxanmenuto, Hama MOTYIMIAPUIECKAs MOJCIH I 3TOTO HE IOIXOIUT, W TOATOMY IS KaKIOTO
MEXaHU3Ma JISIA0TCS Pa3IMYHbIC TOMYIICHUS:

— Pspec: Hanboee 000CHOBaHHOM € TEOPETUUECKON TOUKH 3PEHHUS ABJIAETCSA MOJEINb JJIs 36PKaJbHOIO
paccesHus. s Tiiagkoidl TpaHH OTpa)Ke€HHAs MOIIMHOCTH OMPEIENIeTCS MyTeM HCIOIb30BaHMUS
K02 pHUIHEHTOB PPEHENTEBCKOTO OTPaKEHHS (KOTOPBIE 3aBUCAT OT yIJIa 3epPKAIBHOTO OTPAKECHUS U
ANEKTPUYECKUX CBOWCTB COOTBETCTBYIOIIMX rpaHei). OJHako JUis pacCcesHUss Ha HEPOBHOM
MOBEPXHOCTH IPOCTOTO TMPOJODKEHUST HE CYIIeCTBYeT, W JIaHHas MOJENb HCHOJIb3yeT
MTOJIYDMITUPHUECKUA WIEH, KOTOPHIH W3MeHseT (YMeHbIaeT) Kodh(HUIHMEeHT QpeHeIeBCKOro
OTpa)kK€HMs Ha IIaJKol MoBepXHOCTH. [Ipeanaraercs onpenenuThb Pypec, KaK MOKa3aTeIb CHUKEHUS
MOIITHOCTHU TOJIBKO B PE3YJIbLTATC BO3I[eI>'ICTBPI$I HepOBHOﬁ IMOBECPXHOCTU, T. €. OH HC YUUTHIBACT
KoJieOaHWe OTPaKCHHOW MOIIHOCTH, BBI3bIBACMOE HM3MECHEHHEM (peHeleBckoro koddduimenTa.
[locnenHuii 3aBUCUT OT yria OTPaXXeHHWs W TOJSAPU3ANNN, W TMO3TOMY OT HEro e 3aBHCHT
muddy3HasT paccessHHAs MOITHOCTB; 3TO OBLTO OB HECOBMECTHMO C JIAMOSPTOBBIM JOITYITICHUEM.

- Puans: B TIpUHIWIIE TepeaBaeMblii KOMIIOHEHT TakKXe MOXKET OBITh pacCYWTaH Ha OCHOBE
(peHEeIeBCKOW TEOpUU JUIsl TJIAJKOW MOBEPXHOCTH C CIUHCTBEHHBIM HHTepdeiicoM. OpaHako Ha
MPaKTHKE CHUTYyallWs CIUIIKOM CJIO0XHA JUIS CO3JaHWs MojAenu (HEepOBHAs MOBEPXHOCTH,
MHOTOYHCIICHHBIE HMHTEPQEHCH W OTPaKeHHS), U MOITOMY UL Ppgps CIEAYET HCIHONB30BAThH
AMITPUYECKOE 3HAUCHUE, BBIIBICHHOE DKCIIEPUMEHTATHHBIM Ty TEM.

TeopeTnuecku Kaxkaoe p OODKHO yHOBIETBOPATH ycinoBuio 0 < p < 1. Her HUKakMX OCHOBaHUM IMOJIaraTh,
4To ypaBHeHHUe (9) OyJeT yl0BIETBOPEHO, U €CIM €ro MCHOJIB30BaTh IS TOTO, YTOObI MOIYUUTh Pongpec U3
Pspec U Piranss TO BOIMOXKHO, UTO Ponspec CTAHET OTPUIIATENBHBIM, YTO OBLIO OBl HeeCcTeCTBEHHBIM. IToaTOMYy
JOJI0O C OTCYTCTBHEM 3EpPKAIBHOIO OTPAKEHHs MNpEeAaraeTcsi MOJMYYUTh HENOCPEACTBEHHO W3 JIOJIU C

3epKalbHBIM OTpakeHHeM, 0e3 ydyera rnmepejaBaeMoro KOMIIOHEHTa.:
(10)

pnonspec =1- pspec .

Ha mpaktuke pqms MOKET OKa3aThCsl HEOONBIIMM (HampUMep, MOTepH MpH NPOHUKHOBEHHH B 3JaHUE Ha
ypoBHe 10 nb npeamnonaratoT Pyg.s = 0,1).

Pacuer pgp..

Pspec — ITO TOKA3aTEIb CHIXKCHUSI MOIHOCTH, IPUMEHSAEMBIH K KO3 (PUIMEHTY 36pKATBbHOTO OTPAKCHUS IS
TOT0, YTOOBI Y4ECTh BO3/ICHCTBHE HEPOBHOW MOBEPXHOCTH Ha 3epKalibHOe oTpakeHre. OH paBeH:

Pypec =Ps - (11)

[lpu pacuere xoddduIMEHTa 3epKaTbHOTO OTpaxeHus KkoddduuueHt Qakrudyeckoro oTpaxkeHus R
MoJy4aeTcst MyTeM YMHOKeHUs GpeHeneBckoro koadduiuenrta Ry Ha py:

R=p,R,, (12)
ps MOXeET OBITh PACCUUTAH CIEAYIOMINM 00pa3oM:

p, = max[exp(—%gz), 0,1 5] , (13)
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rIe:

g= 4£COS ¢, (14)
A
O — CTaHJApTHOE OTKJIOHEHHE BBICOTHI HEPOBHOCTH IIOBEPXHOCTH B OKPECTHOCTH JIOKAJIBHOW CpenHel
BEJIMYMHBI B TIpeleNiaX MepBOH (PEHENeBCKOW 30HBI, a () — YroJ TaJeHHs K HOPMald IOBEPXHOCTH.
O6pe3anue B 0,15 B ypaBHeHnu (13) npu3BaHO HE AOMYCTHTH TOTO, YTOOBI Py CTANO CIIHUIIKOM MAaJICHBKUM.
(OKCIIOHEHITMANBHBIA YJICH HMMEET TCHICHIMIO K 3aHIKEHUIO pacCesHUs JJii O4YEeHb HEPOBHBIX
MTOBEPXHOCTEIA. )

Pacuer xorddunmenTa 3epkaibHOTO OTpakeHUs B ypaBHeHUHU (13) croxeH. @peHeneBCKUi KOIPHHUITHSHT
3aBHCHT OT yTJa, AEKTPUICCKUX TIOCTOSHHBIX U NOAApU3ayuy. 3aBUCUMOCTh OT TOJSPU3AIUN 03HAYAET, YTO
OOBIYHO HEOOXOJMMO PACCUUTATh KOIP(UIMEHTHI KaK MNapaIeNTbHOTO, TaK M MEPIEHAUKYJISIPHOTO
(peHEeNeBCKOTO OTpPaKEHHsI, a TEeOMETpPHUs TpacChl Jiyda JOJDKHA YYUTHIBATH BpAallleHHE IUIOCKOCTH
NoJIIprU3alru Ipyu pacueTe CUrHajia B IpueMHUKE.

C y4eTroM >MITMPUYECKOro XapakTepa AaHHOW MOJENH, eCId MOJACIHPOBAHHE KacaeTcsl TOJIBKO MOIIHOCTEH
cursanga (M MOXKET UTHOPUPOBaTh (azy), TO MOXKHO CAENATh YHPOLICHHE IIyTeM PacdeTa BCEX 3ePKaJIbHBIX
OTPaXCHUH TOJBKO HAa OCHOBE MapajlIeIbHOTO (peHeneBckoro koddguienta. Eciu anexTpuuecKuit
BEKTOP JICKHT B IUIOCKOCTH MAJAlOIINX U OTPAKEHHBIX JIydel (roiay0ast iy BepxXHsis KpuBas, Ha puc. 3), To
BEIMYMHA 3TOr0 KOd(pQHLIMEHTa BCErAa KOJMYECTBEHHO OOJblle, YeM IaHHBIH KO3()(UIMEHT, Koraa
IEKTPUIECKUN BEKTOP NEPIEHIUKYIIIPEH IUIOCKOCTH (KpacHasl WM HIWKHsS KpuBas). B TpexmepHoii 6aze
JAHHBIX, KaK MPaBWIO, OyJeT MPOUCXOAUTh CMEIICHUE IBYX KOMIIOHEHTOB IMOJISIPU3AIUK, U TapajuleibHas
KOMITOHEHTa Oy/IeT CTPEMHUTHCSA CKPBITh "HYJIb" B IEPIICHIUKYIIPHONH KOMITOHEHTE.

PUCYHOK 3

BeaununHa napajniesibHOro (royrydasi TUHHS) M NePHEeHANKYJISIPHOTO (KpacHast JIMHUA) K03 unuenta
(peneneBckoro orpaxkenus Ry kak pynknus yria (3,5 I'T'n, noBepxHoOCTh cpeHeli CyXocTH)

= 10
o]

0,9
=
a2 0,8
5 \ — |
< 0,7 \
= |
g 06 —
- \ —
g 05 \
k=3
S 04
[e]
Z 0,3
<
E 02
£
5 0,1
M 0,0

0 10 20 30 40 50 60 70 80 90

VYron orpaxeHus (TpaLychl)
P.1410-03

Pacuer pyns

Pirans —TO JOJMSI MOIIMHOCTHA TANAIONIETO Jyda, IepelaHHas CKBO3b CTeHy. B /JaHHOM IpUMEHEHUH
MIPENIONaraeTcsi, YTO 3HAYEHHUE [jqys SBIAETCH IMOCTOSHHONW HE3aBHUCHMON BEIMYMHON yTia mepenadu
OTHOCUTEJIHHO TPaHM U YTO dTa rpaHb HE M3MEHSAET YToJl Tyda 10 Mepe TOro, Kak OH IMPOXOJUT CKBO3b HEE.

Bonpocel, koTopble ciieayeT 0TMETHTD

1 IMotepst paccesHusl HA HEPOBHOW MOBEPXHOCTH ompenenseTcs ypaBHeHueM (10), a 10519 MOIHOCTH
HE3epKAILHOTO OTPAXKEHUS OTIpeesseTcs ¢ moMombio ypasaenuit (11), (13) u (14).
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2 Ly IPSIMO HE 3aBHCHUT OT A, @ 3aBHCHT TOJIBKO OT YACTOTBI YEPE3 Puonpec- KAK U 0KHUAAIOCH, ITO —
CKaJIsipHAsl MOJIENTb MOIITHOCTH, a MOJIEJIb UCTOYHHKA 110 JlaMOepTy He 3aBUCHUT OT YacTOTHI.

3 Mogenb, KoTopasi KOPPEeKTHO MpercTaBisiia Obl Gazy u momspuszauuio, Obuta Obl Topazno Oonee
CJIO’)KHOW ¥ HECOBMECTHMOM ¢ MOZAEJBbI0 HEKOTEPEHTHOTO paccessHus. bonee Toro, ona morpebosana
OBl meTanpHOTO 3HAHWS (POPMBI HEPOBHOCTEH MOBEPXHOCTH, UTO, MO-BHINMOMY, HE YIIAIOCh OBI
MOJIYIUTh HUKOTIA. (BO3MOXKHO, 3TO yIaJIoCh OBI cIeiaTh AJisl MOBEPXHOCTH C "HE3HAYUTEIHLHBIMU"
HEPOBHOCTSIMH, IyTEM HCIOJIb30BaHU MOAXO0MA, CBSI3aHHOTO C BO3MYILEHHSMH, OJHAKO TaKyIO
MOJIeJTh KOTEPEHTHOTO PacCesHHs JIydiie ObUI0 OBl UCIOIh30BAaTh B paMKaX W3MEHEHHOW MOJIEIH
3epKAIBHOTO OTPAKEHUSI. )

4 Ha ocHOBaHMM TyHKTa 3 JenaeTcs BBIBOJ, 4YTO OTY MOJENIb pAaccesHus JICHCTBUTEIBHO
1eNecoo0pa3Ho UCIONB30BaTh TOJNBKO JIISI MOJCITHUPOBAHUS HOMEXU, TIOCKOIBKY TpearoaraeTcs,
YTO MOIIHOCTh TOMEXH J00aBIIsIETCS HEKOTepeHTHO. Il TOJIE3HOTO CUTHAJIA 3TOT PE3yJbTaT
MOXeT OBITh WCIIONb30BaH JUIA OLEHKH pa3Opoca 3amepkkd. [y Toro 4toObl OCYLIECTBUTH
CyMMHpPOBaHHE, HEOOXOIUMOE I TOMydYeHHUs oOIeil MOITHOCTH CUTHANa, HeoOXxomuma Oolee
noipoOHast orieHka (assl (MM, SKBUBAJIEHTHO, PA3HOCTH JJIMH TPacce).

5 MO,Z[eJ'IL HE3CPKAJIILHOI'O0 pACCCsAHUA HE YAOBJICTBOPACT B3dUMHOCTH. Ha camom aciae, nodmu

yaoeﬂemeopﬂem, OJJHAKO BKJIIOUCHHUEC 4YJICHa ‘l ﬁ‘ IIpyu OTCYTCTBUM COOTBETCTBYIOHLICTO 4YJICHA

|ﬁl~ﬁ| HapymaeT CHUMMeETpHUio. BriOpaB HMHYI0 MOIENb HCTOYHHKA pacCesHHs, OTIMYHYIO OT

HaMGGpTOBOﬁ, MOXXHO HUCIIPABUTH 3TOT HEAOCTATOK. OI[HaKO 9Ta MOJCJIb B JII000M cl1ydac ABJISICTCA
HOJ'IySMHI/IpI/I‘-IeCKOI\/’I, U MPOCTBIMU JOMYIMICHUAMHA B3aUMHOCTH HE JOCTHUYb.

2.1.3 Ilepexaua BOJIH CKBO3b 3JaHUS

Wsmepenust, o koTopeix coobmanock B Pekomenmanmu MCO-R P.1411 u (ccbuiku Ha OMyOJIMKOBaHHBIC
pe3yNbTaThl U3MEPEHHMIA) TTOKA3bIBAIOT, YTO MMPOHUKHOBEHNE CHTHAJIA CKBO3b 3[aHUS BBIIIE HIDKHETO YPOBHS
COOTBETCTBYIOIIETO JHamna3oHa YacTOT MOXKET CTaTh BaKHBIM MEXaHW3MOM pPacIpOCTpaHEHUs (ToTeps
nononautensHO 20—40 1b), ecim qudpakoHHas MoTeps BOKPYT COOTBETCTBYIOIIETO 3[AaHUSI WK HAJl HUM
nmocTaTouHo Benwka. [logoO0HO koaddunmenTaMm ocinabiaeHus OTpa)KeHHS STH MOTepd OyIyT 3aBHCETh OT
Marepuaia, U3 KOTOPOTO W3TOTOBIICHO 3MIaHWE, PAJMOYacTOTHI, a TAaKXKEe BHYTPEHHEH CTPYKTYpHI 3IaHWN
(BHyTpenHue ctenbl). [ToTepu MOryT OBITH JTHMOO CMOCIUPOBAHBI, KaK HEKas MOCIICI0BATEILHOCTh TIOTEPh B
cTeHax (KOTJla MMEIOTCS IOCTaTOYHO TOJIHBIC IaHHBIC), THOO0 PACCYMTAHBI KaK MOTEPH HA OJWH METP uepe3
Bce 3maHue. B ciydae ecnam mpAMyI0 Tpaccy MperpaKIaroT HECKONBKO 3IaHWil, TO Iiydine Obuio OBl
UTHOPUPOBATH 3TOT MEXaHU3M, IMTOCKOJILKY B IPOTHBHOM CIIydae MPUIIIOCH OBl YIUTHIBATH TAK)KE COUCTAHNE
Tpacc AudparupoBaHHON, OTPAKEHHOM U MPOILEIIIEH CKBO3b 3[JaHHE BOJIH.

2.14 CraTucTnueckasi MojaeJb

Mg 3amanHoro nonoxenud nepenatunka (Tx) u npuemanka (RX) BepoATHOCTD HATHUUSA MEXIY HUMH JIyda
LoS ompenensiercs coueTaHHMEeM BEPOSITHOCTEH TOro, 4To KaXAO€ 3JaHHE Ha Tpacce paclpoCTpaHEHUs
HaXOIUTCA HWXKE Jyda, COCOUHSAIOLIETO NEPeNaTdMK M NPUEMHUK, B TOYKE, B KOTOPOH JIyd IepeceKaeT
3nanue. Ha pucynke 1 mokasaHa reoMeTpusi pacrloiIOXKeHHUsS U OmpesiesieHbl ieHsl ypaBHeHus (15). B atoi
MOJIENIU MPENIOIaraeTcs, YTo penbed IIOCKUN MM UMeeT MOCTOSHHBIN YKIOH BO BCEH paccMaTpHUBaeMOM
30HE.

BricoTa iryda B TOUKE pacroioKeHHsI IPETSITCTBUSA /1,5 3aJTAETCSI CIEIYIOIINM BhIPAKEHHUEM:

o o(h. —h.
hLoS =h,:x M, (15)

rx
rae:
h,:  BBICOTa MepenaT4rKa Hajl YPOBHEM 3EMIIU;
h,::  BBICOTA MPUEMHHUKA HA PACCTOSHUU 7'y

V'LoS- pacCTOAHUE OT NE€pEAATUNKA 10 HIPECIIATCTBUSA.
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Ecan npennonoxutb, 4TO B CPEOHEM 3[aHUSl PACHPEICICHBl PABHOMEPHO B IPOCTPAHCTBE, TO MOKHO
OIICHUTPH YUCJIO 3IaHUN, HAXOISAIINXCS MEXKIAY IByMs Toukamu. BepositTHocTh Hammuwmst iyda LoS paBra:

by
P(LoS)=] [ P(building_height</,,) (16)

b=1
rje b, — YUCIIO MepPeceKaeMbIX 3JIaHUM.

Jlnist 9TOM TpOCTON MOAETH TPEOYIOTCS TPU MapaMeTpa:

- 0. OTHOIIEHHE IUIONIA U, 3aHSITON 3aHUSIMH, KO BCEH TUTOMIAAN 30HBI (6e3pa3MepHoe);
- B: cpeHee YKCIIO 3AHMI HA €AMHHILY MIOMIAIM (YMCIIO 3IAHMH/KM");

- Y:  TlepeMeHHasl, ONpeIeIIIoNas pacipeielIeHIe BLICOThI 3IaHHH.

Juia mpennonaraeMoro pacrpeneneHus Panes mepeMmeHHast Y paBHa HanOoJiee BEPOSTHOUW BBICOTE 3aHUS
(Mozme). TlpuumHBl pasnuyeHUs: O ¥ [3 WLIFOCTPUpYIOTCs Ha pucyHke 4. Kak Ha pucyHke 4a), Tak ¥ Ha
pucyHke 4b) MOKpbIBaeMbIe IDIOMIANNA OJWHAKOBHI W, CIEIOBATENbHO, OJAMHAKOBHI 3HAYEHHUS O, HO Ha
pucCyHKe 4a) MOXHO OXHIAaTh OOJIBIIETO B3aUMOJEHMCTBHS JIyda, 4eM Ha pHCYHKe 4b). OmHako OJHO
OTHOIIIEHHE (. HE T03BOJIAET OTJIIMYHUTH [IB€ CXEMBI, INpHBEACHHBIe Ha pucyHke 4. Ecnmu 3maHms Ha
pucyHkax 4a) u4b) UMEIOT OJMHAKOBYIO BBICOTY, BEPOSATHOCTH TalllCHUS JUIsI MHOXKECTBA HEOOJBIINX
31aHuil OyIeT CYIIECTBEHHO HUXKE, YeM TallleHUs sl OJTHOTO OOJIBIIOTO 3/IaHMsI.

PUCYHOK 4

JIBa cuieHapus ¢ 0AMHAKOBOM 30HOH NOKPBITHSA, HO C PA3HBIM
YHCJIOM B3aUMOJEHCTBUM JTy4a

Muoro HeOONBIINX 31aHNI OjHa Oosblas KOHCprKHI/IVI

Jlyu

P.1410-04

JInsi TPUTOPOIHBIX PAaHOHOB W pPAilOHOB MHOTOITaXHOW 3acTpoiiku o Mmensercs ot 0,1 mo 0,8, a [,
cooTBeTCTBEHHO, — 0T 750 10 100.

Pacnpenenenue BepositHocTy Pases P(h) anst BEICOTHI /i onpeAessieT mapaMeTp Y
h2

P(h) = ezy—zh (17)
Y

2.1.5 AnaropuT™ M pacuet

ITpu 3amaHHbIX O, 1 Y mOKpbITHE LOS paccunThIBAIOT CIIEMYIOIINM 00pa3oM:

.qu I[JIHHOﬁ 1 xm OpoXOoAuT Hall \/B 3AaHUAMHU, €CJIM OHU PACIIOJIOXKCHBI 1O perynﬂpHoﬁ PCLICTKE. Eciu

IIOKPBIBACTCA TOJBKO YacCcTh O/ 30HBI, OXHOAEMOEC YHCJIO MNPOXOAUMBIX 3,Z[aHI/Iﬁ Ha 1 KM OMpeaACIsACTCA

CJICYIOIIUM BBIPOKEHUEM:
b =Jop (18)
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Y TIOTOMY JIIJIsl TPACChl [UTHHOM 7, (KM) YHCIIO 3JaHUN PABHO:

b, = floor (.. by), (19)
rae Gyukmus floor BBeaeHa 1 00ecTieYeHHs TOTo, YTOORI B ypaBHeHHE (16) BXOIHIIO IIETI0€ YHUCIIO WICHOB.
Pacuem eeposmnocmu nanuuus nyya LoS 0715 Kaxc0020 paccmoanus 1y
Illae I: PaccuwTaiite 4ncio 3qaHuii b, Mex 1y Toukamu Tx u Rx ¢ ucnonb3oBanuem ypaBHenus (19).

Ulae 2: Ecau npeanonoXuTh, YTO 31aHUS PAaBHOMEPHO paclpeiesieHbl B IPOCTPAHCTBE MEXIy TOUKaMu Tx
u Rx, To paccTosiHre 10 3JaHHs OIpeesieTcs CIeaAyIoM 00pa3oMm:

d=(i+12)8,  ie{ol,...(b -1}, (20)
rie 8, = r,,/b, — paccTosHUE MEXIy 3TaHHUSIMHU.

PUCYHOK 5

PacnoJioxkenue 31aHnii oTHOCHTEILHO RX Ha paccTrosinuu 7, ot Tx

P.1410-05

Hlae 3: ns xaxnoro d; BbICOTa h; 3[4aHus, KOTOpoe OyIeT co3aaBaTh MpemsTcTBHE i Jiyda LoS,
TIOJTy4JaeTcsl IPH MOICTaHOBKE d; B ypaBHeHue (15).

h=h — di(htx — hrx) . (21)
I,

rx

0 (22)
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Llae 5: BepositHOCTb Pp,s; Hanmuuus gtyda LoS B monoxxeHuu d; onpenensiercs Kak:
i
P =] P jedo, ..., i} (23)
=0

llaz 6: PesynpTHpyroliee MOKPBITHE MOMYUYAIOT ITyTEM YMHOXKEHUs KaXKA0H BepoaTHocTU Pp,s; Ha Beca W,
3aBUCSLINE OT PACCTOSHUS OT MEPEAATYUMKA. OTO TO3BOJIAET YYeCTh YHUCIO 3JaHUI Ha KOJbLEBOM
MPOCTPAHCTBE, KOTOPOE PACTET C YBEIIMUCHUEM PACCTOSTHUSA.

W.=2i+1. (24)

Illaz 7: Ecnm cyMMHpPOBaTh B3BEIICHHBIC BEPOSITHOCTH IJISl 37JaHUH M HOPMUPOBATh Ha OOMIYIO IUIOIIATH
KOJIBIICBOTO yYaCTKa, YMHOXKEHHYIO Ha IJIOTHOCTh 3/IaHUM, TO IOJYYUTCS TPeOyeMOoe MOKPBITHE JUTS sIYCHKA
PaIUYyCOM 7y

b1

ZPLOS,i VVz
i=0

Trx = b2
r

(25)

Hcnone3yemas B HacTosiIee BpeMs MOJEIh UMEET PsJl OTPAaHUYEHHUH, M CYIIECTBYET HECKOJIBKO CIIOCOO0OB
paciMpeHus Takoi MoaemH.

- B oToli Momenu He ydTeHBI M3MEHEHHUS penbeda MECTHOCTH. SICHO, UTO WM3MEHEHHE Hake Ha
HECKOJIBKO METPOB MOXKET HWMETh CyllecTBeHHbIH Jddekr. CoyeraHHe CTATUCTUYECKUX
XapaKTepUCTUK MoOJenn ¢ TpyOoil 0a30i HaHHBIX O penbede MECTHOCTH MyTeM n00aBIeHHS
cpeHeN OTCTPOMKH JJIsl BBICOTHI 3aTEHEHUS JIJIs KaXKJI0M KOHTPOJIBHOM TOYKH B MOJIEIH MO3BOJISIET
PaCIIPUTH TPOTHOCTHYECKHIE BO3MOKHOCTH MOJICIIH.

— [T1OTHOCTH W BBICOTA 3[AaHUI 3aMETHO M3MEHSIOTCS OT palloHA K palioHy, W MOITOMY TMPOTHO3 B
OOHOM HAIIPaBJICHUU AOJDKEH OTJIMYATHLCA OT MPOTHO3a B APYIOM HAIIpaBJICHUU. J4 K3 N3MCPCHHBIX
pacrpeieneHuii 3JaHUl 10 BBICOTE SICHO, YTO 3JaHHS HE COOTBETCTBYIOT HICANBLHO IMPOCTOM
cTatucThieckoil Mozenu. Pa3buBka 0a3bl JaHHBIX HA MEHBINHE PAHOHBI M MPHUCBOCHUE KAXKIOMY
paiioHy coOCTBEeHHOro Habopa MmapaMeTpoB MO3BOJSIOT CYIIECTBEHHO MPOJBHHYTHCS B PEHICHUU
9TOU MPOOIEMBI.

- B neiicTBUTENHHOCTH MPHEMHUKH yCTAHABIMBAIOT HAa KPBIMIAX 3aHUM, IOSTOMY paclpeaeiieHue
MPUEMHUKOB TI0 BBICOTE MOJYUHSIETCS TOMY K€ paclpeiesieHHI0, YTO U PaclpeesiecHne OTMETOK
BBICOTHI 31aHuii. B Mopenu mpeamnonaraercs, 4To MPUEMHUKHA HAXOAATCS Ha MOCTOSHHOMN BHICOTE
OTHOCHUTENFHO 3eMJTH. AJIbTEpHATUBHBIA BAPHUAHT COCTOUT B ITOyYE€HUH BBICOTHI MPHEMHUKOB U3
pacmpeneneHus 3JaHUi 110 BRICOTE; M BHOBB 3TO OyJET 3aBUCETh OT paiioHa.

- [Tomy4deHHBIH C TOMOIIBIO TAKOTO aJTOPUTMa METOJI JaeT XOPOIIIHE OIIEHKH ITOKPHITHS B CPAaBHEHHUH
C pe3yibTaraMy, MOJYYEHHBIMH C HCIIOJH30BAHWEM OTCIEKHWBAaHUS TPACKTOpPHH Jyda Ha Oaze
peanbHBIX JaHHBIX, cM. 1. 2.1.6. Pactipeneneuue Panest s BEICOTHI 37aHUI 0Ka3aJ0Ch TOYHBIM TSI
HEKOTOPBIX BBIOOPOK JaHHBIX NPHU PACCMOTPEHUM OTPAaHWYECHHOH 30HBI, HANpUMeEp HEOOIBIIOTO
ropona. Kpome Toro, mist moimydeHus pe3yJIbTaToB MOKPBITHS, OMMCAHHBIX B 1. 2.1.6, HE00X0ANMO
Iar 3a IaroM MCHoJb30BaTh MOJENIb PAacIONOKEHUs 31aHUH U MPOCBETa TPACChl, KaK yKa3aHO B
MIPUBEICHHON BHIIIE MPOLIETYPE.

2.1.6 IIpumepbl NPOrHO3UPOBAHMS MOKPBITUSA

Annpokcumanusa Poanmes Obila monydyeHa Aisl KyMYJSITUBHOTO —PaclpeseieHUs BBICOTHI KpbII B
npuropoaHoM paiione B CoenuneHHom KoponesctBe (Mansepn). nsi sToro maccuBa AaHHBIX ObUIH
[IOJIyY€HBI CIIEAYIOIINE YCPEAHEHHbIE TapaMeTPbl MOJEIHN AJIsl OCHOBHOT'O F'OPOJICKOr0 paiioHa:

a=0,11; B=750; y=7,63.
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Ha pucynkax 6 1 7 mpuBeAeHBI HOJXy4YEHHBIE C IIOMOLIBIO MOJENH pe3yibraThl. Ha pucyHke 6 mokasaHo

MOKPBITUE B 3aBUCUMOCTU OT BBICOTHI IICpPEAAaTUYMKa, a Ha pI/ICYHKe7 — B 3aBHCHMOCTH OT BBICOTHI
MNpUCMHUKA.

Mopenb O3BOJISET MOMYYUTh IMPOTHO3BI C TOW K€ OCHOBHOH (popMOil 1 00IIMM YpPOBHEM MOKPHITHUS, KaK U
pe3yNbTaThl, OTy4YaeMble C MTOMOIIBIO TTOJPOOHOTO MOJIETUPOBAHNUS 110 METOAY OTCIIE)KUBAHUS TPACKTOPHH
gyda. DTa MOJETH MOJIe3Ha TEM, UYTO C €€ TIOMOIIBI0 MOYKHO CJIENaTh MPOTHO3 MOKPHITHA HA OCHOBE BCETO
TpeX MapaMeTpoB, KOTOPbIE MOKHO MPUOTU3UTEIBHO PACCUUTATh AJsl JIIOOOr0 TOPOJCKOrO paioHa, MpH
YCIIOBHH 4YTO 00 3TOM paiioHEe Koe-dTO M3BecTHO. Ilpm Hammuum OonbIIero Yucia TPeXMEPHBIX JaHHBIX
MOKHO COCTAaBHUTH TaOJUIIBI TAPaMETPOB IJISl PA3HBIX TOPOJIOB, KOTOPBIE MOYKHO MCIIOJB30BaTh B KaUeCTBE
CIPaBOYHON MH(OPMAIMK NP OLIEHKE MOKPHITUS B HEU3BECTHOM MecTe. Moaenb MOXHO HUCIONb30BaTh HE
TOJILKO TSI OIIEHKH TIOKPBITHS B OTAEIHHON sSUelKe, HO M, OObEIUHUB PE3yNbTAThl ISl MHOTUX SY€eK, IS
MIOJTyYEHUS TIOKPBITHS B OOJIBIINX CETSIX, BKIIOYAs BIHSHIE Pa3HECEHNS.

PUCYHOK 6

CMopeIMpoBaHHOE KYMYJISITHBHOE MOKPBITHE )15 IPHEMHUKA HA BbicoTe 7,5 M
U NepeJaTynKa Ha BbicoTe 5, 10, 15, 20, 25 u 30 m
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PUCYHOK 7

CMoe1upoBaHHOE KyMYJISTHBHOE MOKPBITHE /Il epeIaTYnKa Ha BeicoTe 30 M
M NpUeMHHUKA Ha BbIcoTe 6,5; 7,5; 8,5; 9,5; 10,51 11,5 m
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P.1410-07

2.1.7 YBeauueHHe NOKPBITUS NIPU UCIOJIb30BAHMY JABYX U (0Jiee 0230BbIX CTAHIUIA

CoroBas APXUTCKTYpa, NO3BOJIAOIIasd NPUEMHUKY BBI6I/IpaTL MECXKAYy HECKOJIIbKUMU 633OBI)IMI/I CTaHIIUsAMH,
o0ecrieunBaeT 3HAYUTENBHOE YBEIMUEHHUE MOKPhITHS. Hampumep, cormacHO pacderaM C HCIOJIb30BaHUEM
METO/a OTCJICKHUBAHUS TPACKTOPUH JIydya, MPHU BBICOTE aHTCHHBI Mepeaatdyrka 30 M MOKpHITHE B suciike
paarycoMm 2 kM yBennumuBaercs oT 44% ans omHO# 6a30B0it cranmuy 10 80% st AByX 06a30BBIX CTAHIHHA H
90% guis YeThIpeX CTaHIMA, Jake eciu 0a30BbIe CTAHIMM HE BBIOMPAIOT CHEIUAIBLHO IJIS JOCTHIKEHUS
XOPOIIEeH BUIMMOCTH JUIsi KOHKPETHOTO MTPUEMHHKA.

Ecnmn mpeamonoxuth, 9TO BEPOSTHOCTH Tpacc LOS K pa3HBIM MPEeNCTaBIAIONIAM HHTEpeC Oa30BBIM
CTaHLMSAM CTaTHCTUYECKH HE3aBHCHMA, MOXXHO PAaCCUUTATh BEPOSTHOCTh HATUYUSA XOTSA OB OJJHON TpPacChl.
CHauana cieflyeT pacCUuTaTh KaKAyI0 BEPOSITHOCTE Pp,s; 0 ypaBHeHHIO (23). Torna BeposSTHOCTh HATHYUS
XOTs OBI OJTHOM TPacChl MPAMOI BHINMOCTH TPH 33JaHHBIX /1 BO3MOXHBIX 0a30BBIX CTAHIMIX PaBHA:

PLoS,i =1- H (1 - PLoS,i,k ) (26)

k=1

3ameHuB Pp,g; B ypaBHeHuH (23) Ha ypaBHeHHE (26) B onucaHHOM B 1I. 2.1.5 mpoueaype, MOXXHO pacCulTaTh
MOKPBITHE IIPU HCIIOJIB30BAaHMU JABYX Wiu Oonee craHuumil. CrexyeT OTMETUTb, YTO Ui KaXIoro k
HEOOXOTUMO BBITIOJHUTH IIark ¢ 1 10 5 TpU HCTIOJIB30BAHUH PACCTOSHHSA 7', 10 KAXKIOW 0a30BOW CTAHIIHH.

2.2 Ocna0sneHue 3a c4eT PAaCTUTEJBLHOTO MOKPOBA

3aTeHeHHUe AePEBBIMHU MOXKET CYIIECTBEHHO OTPaHUYUTH YHCIO TOMOB, I/Ie MOTYT HPEIOCTABIATHCS YCIIyTH
paauocssizu. CrieI0BaTeIbHO, OYCHb BAYKHO UMETh HAJICHKHYIO MOJICIb MOCIEACTBUN U CTEIICHU OCIa0ICHHUS
32 CYeT PaCTUTEINHHOTO TMOKpPOBA, MOCKOJBKY Ui MPHEMHWKOB BOJM3W TepelaTYnKa CHUCTEMHBIN 3arac
MOXKET OBITh TAaKWM, YTO YPOBEHBb CHTHaja TOCJIE MPOXOXKICHHS 4Yepe3 OTHEIbHOE IepeBO OKa3bIBAETCS
HEJIOCTATOYHBIM IS IPEAOCTABICHUS YCIIYT.
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HccnenoBanne mo MeToAy OTCIEKUBAHUS TPAEKTOPUH JIyda, IPOBEACHHOE B IecTH Topoaax CoennHEHHOTO
KoponesctBa ¢ ucmonp3oBanrneM 6a3 JaHHBIX, BKIIOYAIOIINX BCE 3/IaHUS M JepeBbs, TOKa3alo, 9To 10 5%
3mannii B pamumyce 1000 M OT IeHTpaJIbHOH 0a30BOM CTAHIIMM 3aTCHSIOTCS PAcTHUTENBHOCTHIO. bazomas
CTaHIWA HAXOMJIACh HA KPBIIIE CAMOTO BBICOKOTO 37aHHUS B 30HE, 00BIYHO Ha BbicoTe 30—40 M Hax ypoBHEM
3eMJIH, ¥ 37JaHHE CUUTAJIOCh HE3aT€HEHHBIM, €CIIM CYIIEeCTBOBaJa Tpacca MPSIMON BHUIAMNMOCTH K KaXKIOU
KOHTPOJIGHOM TOYKE Ha JaHHOM 3/aHuH. KOHTpOIbHBIE TOYKM Ha 3IaHWHU PAcIojarainch Ha paBHOMEPHOU
peleTke ¢ maroM 1 M B BBICIIEN TOUKE B Mpejeax 3aHUMaeMOM 3/1aHleM Iuloiaay 3eMiau. Ha paccrosHusx
6omee 1200 M TPOIEHT 3aTEHEHUS PACTUTEIHHOCTHIO HE MEHSJICS, TPH YCIIOBUU YTO COXPAHSIIACh BBICOTA
0a30BOi craHIK. Ha GONBIIUX PacCTOSHHUSX 3a CYET KPUBHU3HBI MTOBEPXHOCTH 3€MJIM OCHOBHOU TIPHUNHOMN
3aTeHEHUs CTAHOBWIINCH JIPyTHE 3/IaHWs, a UHOT/A U penbed MecTHOCTH. B mpuropogHoi 30He 3aTeHEHHe
PaCTHTENHHOCTHIO TOCTUTIIO MPUOIU3UTENBHO 25%.

st omipeenieHusT 3HAYUMOCTH OCIabJIeHUs 32 CUeT "MECTHBIX JepeBheB" OBUIH MPOBEACHB M3MEPEHUS Ha
gactore 42 ITu. Cpemmee ocmabiaeHHE OKa3ajloCh COOTBETCTBYIONIUM OXKHIaeMOMY 3HAYCHHUIO I10
Pexomermanimm MC3-R P.833, HO co 3HaunTEenbHBIM 3(PQPEKTOM MHOTOIYIEBOTO pPACIPOCTPAHEHHS,
BBI3BIBAIOIIMM TJIyOOKHE HYJIH CHTHaja, KOTOPBIE HW3MEHSJINCh CO BPEMEHEM II0 Mepe IBIKEHHUS
PaCTHTEIBHOCTH Ha BETPY. bBBUIO YCTaHOBIEHO, YTO OSTH MHOTOJNYYEBBIE HYJIH MOXXHO C YCIEXOM
JIEKOPPETUPOBaTh ITyTEM HCIIONB30BaHUS JABYX aHTeHH Ha paccTrosHum npumMepHo 60 cm m OGonee. Ilpu
MEHBIIIEM PACCTOSHUW TIOJydaeTcs Oomplnas KOppewsmus, a OONbIINEe pacCTOSHUS HE3HAYUTEIHHO
VIyYIIaloT — JEKOPPEIIUi0  OocilabiieHus. OJTO TO3BOJSIET  MPEANOJOXKUTh, YTO  HCIOJIH30BAHHE
MIPOCTPAHCTBEHHOTO pa3HECEHHWs] MeXIy JBYMsS AaHTEHHAaMH MOXET O00eclednTh BO3MOXKHOCTH
TIPEAOCTaBICHUS YCIYT B TaKOH CHTyaruu. DKCHepuMeHT Ha dactore 42 [T ¢ mcmonan3oBaHWEM JIBYX
AaHTeHH Ha pPacCTOSHWM 62 CM IMOKa3ad CYIIECTBEHHOE OTIMYWE ISl OTHCNBbHBIX AaHTEHH, a TakKkKe
BO3MOXXHOCTh YIYYIIEHHUS 3a CYeT pa3HeceHHsA. JlMTeNbHbIE W3MEpEeHHs PaclpOoCTPaHEHWs PaHOBOIH
yepes JepeBbs C INCTBOW MOKA3aJIH, 9TO OOBIYHO MOYKHO TOIYYHTD BBIUTPHINI 3a c4eT pasHecenus 10 nb.

Ocnabnenue 3a CYET JEePEeBbEB BEChbMa BEIMKO Ha MUJUIMMETPOBBIX BOdHaX. Koaddwuiment ocmabneHms
3aBHUCHUT OT THIIA JIEPEBLEB, COJCPKAHUS BIIAard M T€OMETPUU TPACCHl, HO B Ka4eCTBE OPUEHTHUPA MOXHO
HCIIONB30BaTh KodddumuenT ocnadnenus 4—5 nb/M (X0Ts mpu HEKOTOpoM 3HaueHuHM mopsinka 20—40 nb
BO3HHKAET HACBHIIIEHHE Oociadnenus). [ onpeaencHus 3HaYMMOCTH OcTa0IeHus 3a CYEeT PacTUTEIHHOTO
TTOKPOBA TIPEITOJIaracTCs UCIOIb30BaTh MOJIEIb, IpuBeAeHAYI0 B Pekomernmanmun MC3-R P.833.

2.3 TemaTn4yeckoe ncciae0BaHNe MEXaHU3MOB PaCIIPOCTPAHEHNS

[Ipennaraemoe B HacTosIIEM pa3jelic UMUTAIIMOHHOE MOJCIUPOBAHHE OCHOBBIBACTCS HA PE3YJbTaTax
TEMATHYECKOTO HCCIICJOBAHUS, HCIOJB3YIONIEr0 0a3y JaHHBIX PEalIbHOM TOPOJICKOW MECTHOCTH. B Hem
MPEJICTABJICHBl  PE3yJIbTAThl, MOKA3bIBAIOIIUE TNPeo0IaaoNIie MEXaHW3Mbl PACIPOCTPAHCHUS IS
MOKPBITHSI, & TAKXKE CTATUCTUYECKOE PACTIPEICICHIE OTHOIICHHS] MOIIIHOCTH HECYIIeH K MOILTHOCTH TOMEXHU
(CIR) myist kakoro-1u0o cligHapus TOMeEX.

2.3.1 Onucanne MECTHOCTH

B kauecTBe MeCTHOCTH Ul NPOBEACHHUs HCCIEOOBaHUS ObUT BbIOpaH TOpoOACKOil paiioH Manuectepa,
CoenunenHoe KoponeBctBo, miomanpio 2 kM X 1 kM. Ha Tepputopun gaHHoro pailoHa pacmnoiaoKeHbl TpU
30aHMA, 3HAYUTEIbHO BO3BBIIAIONIMECS HAJ OKPYXAOIMMHM UX 3HaHusIMU. CTaTUCTHYECKHE AaHHBIE
MOKPBITUS OBUIM OLICHEHBI C MepeAaTINKOM, PACTIONIOKEHHBIM Ha 15 M BBIIIE, 4eM caMOe BBICOKOE M3 3THX
3naHuid. CTaTHCTUYECKHE NaHHBIE B OTHOIIEHHMHM IMOMEX OBUIM OLEHEHBl C MEIIAIOIIMM IepPEeIaTIHKOM,
PacIooKeHHBIM Ha OHOM W3 APYTHX BBICOTHBIX OamieH. [loTepu Ha Tpacce ObLIM OLIEHEHBI B pABHOMEPHON
pelIeTKe, pacloyioKeHHOW Ha BBICOTE 2 M HaJ MCCIEAyeMOH MECTHOCThIO. Bee Touku Obutn monapasaeneHsl
Ha JIBa BUJA: TOYKM HA KPbIILIaX 30aHUI U TOYKH HA YPOBHE YJIHLIBL.

2.3.2 CmoaeaupoBaHHbIe MeXaHM3MBbI PACIPOCTPAHEHUS

Pacuer pacnipocTpaHeHust UCHIOIB3YeET:
- Pexomenpanuro MC3-R P.526 ¢ nudpakuueii B 1 qenenne mo Manoi mkane
- Judpakuus BOKpyT
- Ilepenaua yepe3 3manus
—  Jwdnextpuueckas IPOHUIIAEMOCTb TOBEPXHOCTH = 5

— Tlorepu BHyTpH 3manus = 2,1 n1b/m
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- OTpakeHUsI U paccesHus

— OpHOKpaTHOE W JBYKPAaTHOE OTpaKEHUE.
C BKJIIIOUCHHOU qudpaknueli/mepenaqen

Tpaccel OTCYTCTBHS TpAMONl BUAMMOCTH

—  JlusnexTpudeckas IPOHULAEMOCTh IOBEPXHOCTH = 5

—  CraHgapTHOE OTKJIIOHEHHE HepOBHOCTH noBepxHOCcTH = 0,001 M.

2.3.3 HOKpLITHe C HCITOJIB30BAHUEM PA3JIUYHBIX MEXAaHU3MOB PACIIPOCTPAHCHUSA

B Ttabmume 2 moka3aHO, KaK yBeIHUYEHHE KOJIMYECTBA CMOAEITHUPOBAHHBIX MEXAHM3MOB PaCIPOCTPAHEHUS
HU3MEHHJIO TTPOTHO3BI OKPHITUS HA yacToTe 2,4 ['T11. Pa3sHuimp! moTeps Ha Tpacce MPUBEACHBI OTHOCUTEIHEHO
nporuo3oB Pekomenganiuu MCD-R P.526 nist onHO#M TOUKY.

TABJINIIA 2

CBoaHasi Ta0JMIa Pa3HHUI MOTEPh HA Tpacce MU Pa3JIMYHBIX MEXaHU3MOB PACPOCTPAHEHH S
Pexomenpamuun MCI-R P.452 njs oqHoi TOYKH

MC3-R452 ¢ ogHoM TOUKOMN

MC3-R452 ¢ 3 Toukamu

npOHMKHOBEHME 3[aHUA + ropM3oHTanbLHasa AMCbpaKLlMiI

Bce TOYKM 1-1 30Ha 1-a 30Ha T-7 3oHa
LZI)BSTK: ;Dl/o ng%/?)m % BbilLE Ll'(l)eSTKEa ﬁ‘/u mp: t!/fnﬂ % Bbllle LL(IZveSTK;1 gAy d)p: };Zm % Bolwe % Brtount. % npubnuma.
45,57 9,03 45,40 45,57 9,03 45,40 4557 9,03 24,85 6,86 13,70
cpenH. pacxoxa. —3,56 b cpenH. pacxoxgd.2,18 ab
CTaHA. OTKIMOH. 8,42 nb cTaHp,. OTKMOH. 547 nb
4753 TOveK 4753 Touek
TONLKO TOUKM, cpenH. pacxoxa. —11,62 nb cpenH. pacxoxs. 10,60 nb
umewLme CTaHA. OTKMOH. 11,74 ob cTaHf. oTKNMoH. 7,51 nb
PasHuly 1455 Toqex 976 To4eK

CneKTpanbHble OTpaXeHUA + paccessHUe + NPOHMKHOBEHWUE 34aHunA +
ropusoHTanbHas aAudpakumsa

Yerkas ~ J-soHa

LOS B % ®p§r§/§nﬂ % Bbille % BKMoUAT. % NPUEIN3.

45,57 8,21 17,99 3,85 8,46
cpeaH. pacx. 5,05 ab
cTana. otkn. 10,45 nb
4753 TO¥EK

Tonbko ToukmjcpesH. pacx.17,93 ob
umerowme [crana. otkn. 12 54 nb
pasHuuy 1338 To4ek

Bce Toukn % CrneKTp. %

OTpaKEHWUA  paccesiHusl
15,93 0,00

Bxiarouenue JOMNOJHUTCIIBHBIX MCXAaHU3MOB PACIIPOCTPAHCHUA MOXKET KOPCHHBIM O6p330M IIOBJIMATH Ha
MPOTrHO3bI NOTEPL HAa TpacCax, B CPCAHCM IOYTH HaA 18 ):[B. XOTs 3TO M MOJKET OKa3aThCs KPpUTUYCCKUM JJIL
IIpOrHo3a IOKPBITHA, 3TO OKas3ajlio OBl 3HAYMTEILHOE BIIMSHHE Ha pa60q1/1e XapaKTCPpUCTUKU CUCTEMBEI,
KOTOpOI‘/'I CO3Jar0TCA NMMOMEXH, U TOITOMY IMPABUIIBHOC COCTABJICHUEC MOJCIN UMECT BAXKHOC 3HAUCHUC.

2.3.4 IlokpbiTHE C HCHOJIb30BAHHEM PA3JINYHBIX YACTOT

ITokperre Ha wactorax 2,4 ITm, 58ITu m 28,0 Tm Obulo paccuuTaHO C HCHOIB30BAHHEM BCEX
CMOZETMPOBAaHHBIX MEXaHW3MOB pacnpocTpaneHus. Ha pucyHke 8 mpeacTaBieHO HOKPBITHE, PACCUMTAHHOE
Ha BCEX TPEX 4acToTax. IHTepeCHO OTMETUTb, YTO MOTEPH LI Tpacc AUParupoBaHHBIX BOJIH 3HAUYUTEIHHO
Beimie Ha yactore B 28 I'Tu. OgHako motepu Ha Tpaccax sl 4acToTel B 28 [Tl BO MHOTHMX MecTax
3HAUUTENIFHO MeEHbIE. OTO OOBACHAETCS NEHCTBUEM MEXaHHM3Ma pacCesHHsA, IMOCKOJIBKY HEPOBHOCTH
MIOBEPXHOCTH 3JaHUH BBI3BIBAIOT TOpa3o OoJbllee paccesHie Ha BEICOKMX YacTOTax.

Ha pucyHke 8a) B IpoLleHTHON pa30uBKe IpeAcTaBiIeHbl IPeo0I1afaoniue MEXaHU3Mbl PacIpOCTPaHEHUs Ha
Kaxnaoil vacrore. CreKkTpajbHbIE OTpaKeHHs OCOOEHHO 3HAYMTEIbHBI HA HHM3KHX 4YacToTax. PaccesHue
CTAaHOBUTCS CYIIECTBEHHBIMH TONbKO Ha dYactoTe 28 [Tu. Pucynkm 8b) wu 8c) mensat pe3ynbTarhl
pHucyHKa 8a), I0Jy4eHHbIE, COOTBETCTBEHHO, C OTMETOK Ha KpBIIIax 37aHUH U Ha YPOBHE YJIUIIBI.

LemnecooOpa3HO IOMOJIHUTENHFHO HM3YYHTh 3HAYMMOCTh MEXaHWU3MOB pACHpPOCTPaHEHHs, KakK (yHKIHUH
JOTIOJHUTENIFHBIX MOTEPh Ha TPacce, MOCKOJBKY, XOTSI TOT MJIM MHOW KOHKPETHBIM MEXaHH3M MOXKET OBITh
JOMHUHMPYIOIIMM, II0 KpaWHEell Mepe Ui Leneil MOKPBITUS, €ro MOXET OKa3aThCsl HEAOCTATOYHO, €CIIU
JIOTIOJIHUTENIbHBIE TOTepH Ha Tpacce Benuku. Ha pucyHke 9 mpezicTaBieH NOMHHHUPYIOIIMN MeEXaHU3M
pacmpocTpaHeHus B KaKI0W TOUKe Ha KpBIIaX 3JaHUN Ha KaxJod yactore. OHa 0ojee YeTKO MOKa3bIBaeT
BIIMSIHUE PacCesHUsI Ha BHICOKUX 4acTOTaX.
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OcCHOBHBIE MOMEHTHI, Ha KOTOpBIE ClleAyeT 0OpaTUTh BHUMAHUE NMPH U3YUYEHHH 3THX PUCYHKOB, COCTOST B
TOM, YTO CHEKTpaJbHblE OTpaXeHHss © AUQPaKIHs BOKPYr MOTYT O0OECHEeYHTh 3HAYUTEIHHOE
JOTIOJHUTENIFHOE MOKPHITHE (IOTONHUTENbHBIE MTOTepH Ha Tpacce Ha ypoBHe < 10 n1b) Ha Bcex yacToTax.
Hpyrue mexaHu3Mmbl (mepenada uyepes 34aHusi, JU(pakus CBEPXY, PacCesiHUE) UMEIOT Topa3fo MEHbIIee
3Ha4YeHUe A pacdera NOKpeITUs. OIHAKO NpH HM3YYEHHH IIOMEX JaXe€ TPacChl CO 3HAYUTEIbHBIM
ocnabjeHreM CUTHajla CTAHOBITCA Ba)KHBIMH, OCOOEHHO B TEX CIIydasx, KOTJAa JOJDKHBI HCIIOJIB30BaThCS
CXEMbI MOAYJISIIUY BBICIIETO MOPSIKA.

PUCYHOK 8
JloMuHUpYIOIIMii MEXaHU3M PACIIPOCTPAHEHHUS B CPABHECHUHU € IOKPBITHEM

MexaHU3MBI pacpOCTPaHEHHS C Pa3IMYHON YaCcTOTOM
JUIs cLieHapHsi (TopoIcKoro) paiiona MaHuectepa — Bce TOUKU

£ 100
=
E 90 + -
=
g, 80 1 -
3]
g 701 — O Paccesinue
S
2 60 1 || O CrekrpabHbie OTpaKeHHs
; O JTudpakuyst BOKpYT
= 50 1 O [IpoHMKHOBEHHE CKBO3b
g 40 T B JTudpakis Haz
,E B 1-1 LoS ®pecnens
E{ 30 1 ® Yerkas LoS
2 20
=
= 10 1
=
X0

2.4 5.8 28

Yacrora (I'T1)

a) Bce Toukn

&£ Mexanmsm pacnpocTpaHeHus C pa3IMIHON 4YaCTOTOMN S Mexamusmsl pacmpoCTpaHEeHUs C PA3IMYHON YaCTOTOM

& g cueHapus (TOpOJICKOro) pakiona Mamuectepa — E JUISL CIeHapHs (TOPOICKOTo) paiiona Manuectepa —

= TOYKH Ha KPBIIIAX JTOMOB = TOYKH Ha YITHIIC

= =

£ 100 £ 100

3 90 g 90 1 i — =

£ 3

s 80 5 80 1+ — — *
<

;‘ 70 ;- 70 1 — — =

% 60 E 60 T — — —

S 50 s 50 — — *

S 40 g 40

§ 30 =30

a 20 E 20

£ 10 £ 10

s 0 - ‘ E 0

S 2,4 5,8 28 z 2,4 5.8 28

Yacrora (I'Tm) = Yacrora (I'T)
b) TonbKo TOYKM Ha KPbIIIE 31aHHI ¢) Tonbko TOYKY Ha YPOBHE YIIHIIBI

P.1410-08
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PUCYHOK 9

I[OHOJ]HI/ITe.]Ibl-lbIe MOTEPH HA Tpacce B 3aBUCUMOCTH OT JOMUHHUPYIOIIUX MEXAHU3MOB PacnpoCcTpaHeHUA

KymynstuBHasI BEpOSITHOCTD

B TOYKaX Ha KpbINIax 3MaHUi

KymynsatusHas ¢yHkims pacnpenenenus (CDF) KymymstusHast ¢yHkiwms pactpenenetust (CDF)
JIOTIONHUTENBHBIX MOTEph Ha Tpacce Ha yactore 2,4 [T JIOTIOJTHUTENBHBIX MOTePh Ha Tpacce Ha actore 5,8 [T
C JOMHMHHUPYIOLIUMHU MEXaHU3MaMH PacpOCTPAHECHUS — C IOMHHHPYIOLMMA MEXaHU3MaMH PACIpOCTPAHEHHS —

TOYKH Ha KPBIIIAX 3TaHUH TOUYKH Ha KPBIIIAX 30aHAH
1,0 1,0
0,9 1 0,9 1
0,8 1 2 08 1
Q
0,7 1 2 07
=
=
0,6 1 g 0,61
Q
0,5 - 20,5 4
g
0,4 - z 04 1
=
0,3 1 & 03
=S
0,2 1 z 0,2 1
0,1 - = 0,1 1
0,0 0,0 -
JlonmonauTensHbBIe TOTepHu Ha Tpacce (ab) JlononuutenpHbIe TOTEpH Ha Tpacce (1b)
24 T 5.81Tn

KymynsatusHas ¢yHkums pacnpenenenus (CDF)
JIOTIONIHUTEIIBHBIX MOTEPh Ha Tpacce Ha gactore 28 ['T1y
C IOMHHHUPYIOLTMMH MEXaHU3MaMH PaclpOoCTpPaHCHUS —

TOYKH Ha KpPbIIIAX 3MaHUN
1,0

0.9 1
0.8 1
0,7 1
0,6 1
0,5 1
0,4 1
03
0,2 1
0,1
0,0 -

KymynsTiBHas BEpOSITHOCTH

JlononuurtenbHbIe 0oTepu Ha Tpacce (1b)

28ITn P.1410-09

Kparkoe 0000111eHuEe pe3yJIbTATOB TEMATHUYECKOT0 UCCJIe0BAHUSA

TemaTudeckoe UCCIEIOBAHUE BBISIBIIIO PSJl UHTEPECHBIX PE3YJIbTATOB B OTHOIICHUU BIMSHUS PA3IUYHBIX
MEXaHU3MOB PACIPOCTPaHEHH MPH pacdeTax MOKPHITHS U IOMEX.

Ha mnoHMmXEHHBIX 4YacTOoTax 3CPKAJIBHOC OTPAXCHUEC U Z[I/I(i)paK]_II/IH BOKpPYT 00BEKTOB MOTYyT
OKa3bIBaTb 3HAYUTCIILHOC BJIWSIHUC Ha TOKPBITUC.

BrelsicHmiioch, 4YTO paccesHue ABAAETCS 3HAUMTENBHBIM TOJNBKO Ha dactore 28 IT.
JononauTtensHble notepu Ha Tpacce (00bl4HO > 25 nb), MpUNUCHIBaEMble 3TOMY MEXaHU3MY,
JEeNal0T €ro MEHEEe BAXKHBIM IIPH OOECIIEYEHUM IOKPBITUS, XOTS €ro CIEAYeT Y4YUThIBaTh IPHU
OLIEHKE ITOMEX.

BxiroueHue 3epKaabHBIX OTPaXEHUI B MOJEIMPOBAHUE IIOMEX OKa3bIBAET 3HAUUTEIBHOE BIHSHUE
Ha TMPOTHO3MPYEMBIH YpOBEHb TIOMEX, OCOOGHHO B TeX CllydasX, KOrJa HCHOIB3YIOTCS
HanpaBlieHHbIE aHTCHHBL. J[J1s1 UKCHPOBAaHHBIX CeTEeH C HaNmpaBJICHHBIMH aHTEHHAMH B CLIEHApUH
TOPOACKOI MECTHOCTH, [UI TOYHOI'O IPOTHO3a IIOMEX HEOOXOAMMO CMOJEINUPOBATH OTPAKEHUSL.
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BaxxHo NOHSTH OrpaHuyeHus TOro cueHapus. lIpexxne Bcero MoJydeHHbIE PE3YyJbTaThl MPUMEHUMBI K
TOPOJCKOM 30HE C MEepeJaTunKOM, PacIONOKEHHBIM Ha BO3BBIIIEHHOCTH, C OONBIIMMH yIJaMH MecTa Ha
HeOOoIbIINE PACCTOSHUS, KOTOPBIE ObLTH paccMOTpeHbl. C MOHMKEHUEM MeCTa PaCIOIOKEHH IepeJaTyiKa
MOJIyYEHHBIE BBIBOJBI MOTYT HU3MEHHUThCs. llpeamosaraercsi, 4yTO CUEHApUM ISl CEIbCKOW MECTHOCTH U
mpuropona fgand Obl  3HAYATEIHHO OTJIMYAIOIIMECS pe3yJlbTaThl B OTHOIIEHUHM PacIpeleeHus
JOMUHHUPYIOUINX MEXaHU3MOB pacrnpocTpaHeHusa. OTCyTCTBHE KPYNHBIX OTPaKaIOMIMX OOBEKTOB
3HAYUTEIFHO YMCHBIIWIO OBl BIMSHUE 3EPKAIBHOTO OTPAXKCHHsSI, XOTS PACCESHUE MOXKET OCTaBaThCs
CyIIECTBEHHBIM. [/l BKIIIOYEHHS CIEHApUEB MPUropofa MU CEIbCKOM MECTHOCTM U IPABHUIBLHOTO
MOJIETTMPOBAHUS PACTUTENBHOCTH, TAKKE OUEHB OOJIBIIIOE 3HAUEHHE UMEIOT JTaHHBIE.

2.4 3aBHCHMOCTB OTEPb HA Tpacce OT BBICOTHI aHTEHHBI a00HeHTCcKoM cTannuu (AC)

Ha pucynke 10 m300pakeH MeXaHW3M pPaCIpOCTPAHCHHs PAJAMOBOIH HAJ KpPBIIIAaMH, OCHOBAaHHBIA Ha
FeOMETPUYECKOW MOJENN paclpoCTpaHeHus. BpICOTHO-3aBHCMMOE H3MEHEHHE TIOTeph Ha Tpacce,
00yCIIOBIIEHHBIX TOPU3OHTAIBHBIM pacCTOsSHUEM Mexay 0azoBoii cranmmer (bC) u aboHeHTCKON CTaHIMEeH
(AC), MOXHO pa3meNuTh IO TPEM O0JIACTAM, B 3aBUCHMOCTH OT TIPUXOMISIICH BOJIHEI, KOTOpas IMpeodiagaeT
Ha BceM ypoBHe. Ha pucyHnke 11 n3o0pakeHbI TeOMeTpUYECKUE MapaMeTphbl, UCIIONb3yeMbIe sl pacdera
BBICOTHO-3aBHCHUMOTO MU3MEHEHUS MOTEPh Ha TPacce MO YKa3aHHBIM HIDKE TPEM O0JIACTSIM.

a) O6macth ¢ mpeoOamanueM MPsIMOI BOJHBI, Koraa ropusoHTanbHoe pacctosane bC—AC sBrsercs
OUYEeHb KOPOTKHUM (pUCYHOK 11(a)).

B aT0if oO6macTu npsimasi BoJTHa MOXeT ocTHYh aHTeHHBI AC mpu o0oii ee BeicoTe. B moTepsax Ha Tpacce u
UX BBICOTHO-3aBUCHMOM M3MEHEHHH B MecTe pacrnonoxeHuss AC mpeobiagaer BIUSHUE MOTEPh
pacmpocTpaHeHus MpsIMOit BOJTHBI (001acTh npsiMoit BuauMocty (LoS) npu 10001 Beicote anTeHHB AC).

b) O6macte ¢ TmpeobIagaHWieM OTpPaKEHHOW BONHBI, Korma paccrosaue BC—AC  sBisercs
OTHOCHUTETHHO KOPOTKUM (pucyHok 11(b)).

B 3T0# 00nmacTu cuibHas OTpayKeHHAS BOJHA, HAIPUMED, OJTHO- MJIM JBYKPATHO OTPaKEHHAS BOJTHA, & TAKKE
mudparupoBaHHas BOJHA, MOTYT TOCTHYh aHTeHHBI AC Tipu JI000H €€ BBICOTE B OOJIAaCTH BHE MPSIMOU
Bupumoctt (NLoS). B o6mactu NLoS mortepu pacnpocTpaHeHHs BOJHBI C MHUHHUMAJIbHBIM YHCIOM
oTpaxxeHu#, pocturatomerd anteHHel AC npu 11000 ee BBICOTE, MEHbILE, YeM MOTEPU PaclpoCTPaHEHHs
IudparupoBaHHBIX BOTH. B 3TON 00macTy B MOTEpsSX HAa Tpacce M MX BBICOTHO-3aBUCHMOM H3MCHCHHH B
Mecte pacrionoxkenns AC mpeoOnagaer BIMsSHAE OTPaKEHHBIX BONH. [loTepu Ha Tpacce B OTHOCHUTEIBHO
ONMM3KO PACMOJIOKEHHONH 00JacTH COOTBETCTBYIOT KOMIIOHEHTaM MPSMOW BOJHBI M OAHO- M JBYKPATHO
OTPXCHHOW BOJHBI Ha MHUHHMAIBHOW BBICOTE, NMPH KOTOPOW MpsiMas BOJNHA W OJHO- M JBYKPATHO
oTpakeHHas BoytHa nocturaeT AC.

c) Obnacte ¢ mpeoOnagaHueM IUPpParvpoBaHHOM BONHBL, Korga paccrossaHue BC-AC sBisercs
OTHOCHUTEIHHO JUTMHHBIM (pucyHOK 11(c)).

B aT1olt oOnactu cunbHas OTpaKEHHAs BOJIHA, HANPUMEp, OMHO- WK ABYKPATHO OTPa)KCHHAs BOJIHA C
TpyAOM MOxeT noctuub aHTeHHel AC B obmactu NLoS, rae Boicota anTeHHBI AC HHXKE BBICOTHI
OKpYy)Karmux 31aHuid. Todapko citabble MHOTOKPATHO OTPa)KEHHBIE BOJHBI M JU(PPAarHpOBAHHBIE BOJHBI
MoryT noctudb aHTeHHbI AC. Ilorepm pacmpocTpaHeHHs BOJHBI ¢ MHUHHMAJIbHBIM UYHCIOM OTPaXKEHHH,
nocturaomeii AC, CTaHOBATCS BBIIIE MOTEPh AUGParMpOBaHHON BONHBL B moTepsax Ha Tpacce M HX
BBICOTHO-3aBHCHMOM HM3MEHEHWH B Mecrte pacrnonoxkeHus AC mpeoOnagaer BIMSHHE  BOJH,
mudparipoBaHHBIX Ha Kpasx KpeImH 3naHus. [lotepw Ha Tpacce M WX BBICOTHO-3aBHCHMOE M3MEHEHHE B
Mmecte pacrionokeHuss AC NpUOIM3UTENEHO COOTBETCTBYET MOTEPSIM M M3MEHEHHIO IS TU(PparupoBaHHOM
BOJTHBI.
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PUCYHOK 10

MexaHu3M pacnpocTPpaHeHHs1 HA/l KPBIIIAMHU, OCHOBAHHBINH HA reOMeTPHYEeCKOil MO/IeJIM PACIPOCTPAHECHHUS

Ipeobnanaromias BoHa
Bosnna, He sIBISOIIAsICS

H3meHeHHe BBICOTBI

npeobianaromeit
A
h 3nanue
BS = )
aHTeHHbl AC, A
# Xyl v
SS .
>
y d
- > « <)<) > <)<)
OnHo-
TpeoGia- Ipsamas  kparno JIByKpaTtHO k-xkpatHO
Jaromast BOJIHA | > JubparupoBaHHas BoJIHA
BOJIHA OrpakeHHas BOJNHA
[otepu Mpsma IloTepu BOIHBI ¢ MUHHMAJIbHBIM [Torepu BONHBI C MUHUMAJILHBIM
pacmpocTpa- ; o (gIH o YHCIIOM OTPaKEHUIT YHCIIOM OTPaKEHUIT
HEHUS MEHBIIE MOTePb OTPAKCHHOM MOJIHBI OOoJIbLIIE TOTEPb OTPAYKESHHOH ITOJHEI

P.1410-10
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PUCYHOK 11

Mopeab pacnipocTpaHeHUsI HA OCHOBe Mpeo0dajaloeiil BOJIHbI, KOTOPasi OKa3bIBaeT BIUsIHHE
HA BBICOTHO-3aBMCHMO€ M3MEeHeHUe 0Tepb HA Tpacce

(a) O6mactb ¢ mpeobiagaHueM IPSMOI BOJIHBI, KOraa ropuzoHTansHoe pacctosaue bC—AC aBisiercs oueHb kopoTkuM (LoS).

i Ilonepeunoe
3narue ceuenue
hgs
\ s

v 3

>

dsinip

IInan
BS
d
¢
SS

(b) O6nactk ¢ mpeobiiafaHueM OTPaKEHHOM BOJIHBI, Koraa pacctosiine BC—AC sSBNseTCS OTHOCHTEIBHO KOPOTKUM.

+ IMonepeunoe
/3/:[aHI/Ie CE4YCHUE
his 0N A
hy e IAhss
A 4 A i hSS
T dsing W,
W W, Ilnan
BS 0 P>
K
4 LA
SS

(c) O6nactk ¢ mpeobiaaanueM audparupoBaHHOM BOJHBI, Koraa pacctosiane BC—AC sIBIsieTCS OTHOCUTENILHO JTTHHHBIM.

B Ionepeunoe
o, ceueHne
\ 3nanue g
BS RN 4
hb vAhSS
v v 1 hss
dsing
wyw,  Than
BS v
tﬁ?« B
d o
/T SS

P.1410-11
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Huxe MNPUBCACHBI COOTBECTCTBYIOIINEC IMapaAMETPhI IJIA Ka)K,HOﬁ CUTyaluu:

f yactota (')

o: YTOJI MEXTy TUHHEH 31aHus 1 inHuel Buaumoctu/LoS (rpagycos)
hps: BBICOTA aHTEHHBI 0a30BOH CTAHIUH (M)

hss: BBICOTA aHTCHHBI A0OHEHTCKOH CTaHIMH (M)

Ahss:  TiyOmHA 0071acTH TEHH (M)

hy: CpeIHss BBICOTA 3/IaHU (M)
w: paccTosiHie MeXAy 3TaHUAMHU (M)
d: TOPU30HTAIBHOE PACCTOSTHUE MEXIAY aHTEHHAMH (M).

B Hamem ciyqae pabouyuMu nmapamMeTpamMy MOJEIH SABISIOTCS:

f 2-30I'T

0: 10-90 rpagycoB

hps: 1o 70 M (BbIIIIE YeM /)
hss: or2 1o (hy+3)M

w: 10-25 ™

d: 10-5000 m.

(ITPUMEYAHMUE. — /Inana3on BeicoT aHTeHHBI AC obecrieunBaeT HenpephIBHBIM oxBaT obiacteit LoS u NLoS).

Hcxons m3 3TUX MEXaHH3MOB PacHpOCTPaHEHWUs, MMOTepH, 00yCIOBIEHHBIE BHICOTOW aHTeHHBI AC, MOXHO
pacnpenenuTs Ui HW30TPOIHBIX aHTEHH MO TpeM o0JacTsaM, B 3aBHCHMOCTH OT MPeoOagaromnx
MPUXOASIINX BOJH B MecTe pacnonokeHust AC. TakuMu 00macTsIMu SIBISIIOTCST 007acTh ¢ MpeodiagaHneM
psiMoit BostHBI (00macth LoS), obnacts ¢ mpeobnaganneM oTpakeHHON BoiHBI (00macth NLoS), u 06macTts ¢
npeobmananneM nudparupoBanHo BomHBI (oOmacte NLoS). B obmactu LoS BBICOTHO-3aBHCHMOE
M3MEHEeHHe MOoTeph Ha Tpacce NMPUOIU3UTENHHO paBHO Hym0. C npyroii croponsl, B obmactu NLoS BeICOTHO-
3aBHCHMOE M3MECHEHHUE TIOTEPh Ha TPACCE 3aBUCHUT OT Mpeodianaromiet npuxoasiieii Boiaabl. Clie0BaTenbHO,
JIOTIONIHUTENIbHBIC TIoTepu B obOmactd NLoS mo cpaBHenuto ¢ morepsmu B obmactu LoS, L(Ahss), MOXKHO
oTpenenuTb HOpMyIIou:

L(Ahss ) = min{LR (Ahss )a Ly (Ahss )} (ub). (27)

3nech Lp(Ahss) n Lp(Ahss) — TOTIOTHUTENBHBIE TIOTEPH, 0O0YCIOBICHHBIE, COOTBETCTBEHHO, MPUXOISIITAMHI
OTPaXEHHBIMHA BOJIHAMH W TPUXOAAIUMH TUGparupoBaHHBIMU BoiHamu B obOmactu NLoS. Lg(Ahgs) u
Lp(Ahss) BRIpaxaroTcst CICIYOIIUM 00pa3oM.

IIpu

Ahgg o < Ahgg < Ahgg

LR (Ahss) = LR (AhSS,k )+ LR (AhSS’kH )_ LR (AhSS,k ) ) (Ahs - AhSS,k ) (k =0,1,2,3,- ) (HB)- (28)
Ahss,k+1 - Ahss,k

2kw-(hgs —h
Ahgg Z—(. = h) (M) (29)
2d -sin@—w
d
Ly (8hgs )= 20log — - | (aB) (30)

0p
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R=04
2
dkp=;~ (d-sin@+kw) + hBS+AhSS,k—hb+M (M) 31)
sin @, 2d -sin@—w
1 dsin(p
¢, =tan m -tan@ | (TpamycoB) (32)
) . (~0,003559- £ +0,65122)
{5.8947 -1og(f)+0,31519}x Ahss (0 < A <1n)
3,7432-1 19,245} log(Ahgg )+ 5,8947 -1 0,31519
L, (Al )= B, 0g(/)+19,245}- log(Ahgy ) + 5, og(/)+0, (1 < Ay, <10 ) (3B) (33)
24,5-log(Ahg )+9,6379-log(f)—4,93981 (10 M< Ahg)
Ahgg =hy —hgg — —W(hBS — hb) (m). (34)
2d —w

Ecmm Ahgs mpuHUMaeT oTpHUIlaTeIbHOE 3HAUYCHHE, TO eCTh MeXay anTeHHaMu bC 1 AC mmeeTcs mpsiMas
BHIUMOCTB, TO L(Ahgss) IpuHUMAaeTCs paBHbIM —6 1B, HE3aBUCHMO OT BHICOTHI aHTeHHBI AC, TIOTOMY 4TO
L(Ahss) HOpMEpYETCS TIOTEpsSIMU Ha Tpacce Ha rpaHuie Mexay obmactsmu LoS u NLoS. R — koadunment
OTpaXEHUs I MOBEPXHOCTH CTEHBI 3[JaHUS B MUKPOBOJHOBOM [HAaNa30OHE; OH YCTAHABIMBACTCA PaBHBIM
—8 nb, He3zaBHCHMMO OT yrja MajeHHs, U COOTBETCTBYET YCPEAHEHHOMY 3HAUEHHUIO, MOJTYYEHHOMY U3
pe3yNIbTaTOB U3MEPEHUH.

2.5 MeToa NpPOrHO3MPOBAHUA NOTEPh HA TpPacce € Y4eTOM BBIUIPHILIA O BbLICOTE B MeCTe
pacnoJioxenuss AC

B merone, onmcaHHOM B TyHKTE 2.4, IPOTHO3UPYETCS BBICOTHO-3aBUCMMOE OTHOCHTEIbHOE H3MEHEHHE
TIOTEPh Ha TPACCE C yUIeTOM BHICOTHI aHTEHHBI AC. MOXKHO Tak)ke CIIPOTHO3UPOBATH CaMH TTOTEPH Ha Tpacce
IIyTEM OJHOBPEMEHHOTO y4YeTa BHIUTPHINIA O BHEICOTE B MecTe pacmojiokeHuss AC Mpu NpOU3BOIBHBIM
oOpa3oM BbeIOpaHHOW BbICOTe aHTeHHBI AC, WCIONB30BaB JUIS 3TOTO METOJ| pacyera, ONHCAHHBIA B
myHkTe 2.4, a TaKKe IOTeph HA Tpacce, OINPEACNECHHBIX ¢ TIOMOIIBI0 TPATUITMOHHOTO METOoa
MIPOTHO3UPOBAHMS JJISl PACTIPOCTPAHEHUS HaJ KphIIaMu B ycloBusx NLoOS, mpHBeAEHHOTr0, HampUMep,
B Pexomengamun MCD-R P.1411.

ITotepu Ha Tpacce L(hy) pu 3amanHol BeicoTe aHTeHHBI AC, Ay (€cm 3Ha4YEeHUE /iy BEIXOTUT 3a BEPXHUU
TpesieN, ONpeAeNeHHBI M0 METOAy IPOTHO3MPOBAaHHS MOTEpPh HAa Tpacce Uil paclpoCTpaHEHUs Haj
KpblllaMu B ycnoBusax NLoS, npuBenensslii, Hampumep, B Pexkomenmamn MCDO-R P.1411) moryT ObITh
paccuMTaHbl, KaK yKa3aHO HIXKeE:

1) Pacuer noreps Ha Tpacce npu Majoi BeicoTe aHTeHHBI AC, A

[ToTepu Ha Tpacce, L(hy, d), npu onpenenenHoi Beicote aHTeHHBI AC, /g, 1 3aTaHHOM PaCCTOSHUH
BC-AC, d, paccuuThIBaloTCs ¢ MCIOIB30BAaHUEM METOJa MPOTHO3UPOBAHUS MOTEPh HA Tpacce IS
pacipocTpaHeHus Haa KpellaMu B ycnoBusx NLoS, npuBeaenHoro, Hanpumep, B Pekomennaunu
MCD3-R P.1411.

2) Pacuer BeIMTpEIIIA IO BEICOTE MPH BHICOTE aHTEHHBI AC, paBHOM /i, HA OCHOBE /.

JlonomauTenbpHBIE IOTEpH B 00TacTi NLoS 1o cpaBHEHHIO ¢ TOTepsMu B 06iacTi LoS mpu BeicoTe
aHTCHHBI, PaBHOU /g U /i, MOTYT OBITh PACCUMTAHBI C MCIIOJIb30BAHUEM METOJIa MPOTHO3UPOBAHHUS
BBIUTPHIIIIA IO BRICOTE, OMMUCAHHOTO B MyHKTE 2.4, Kak L(Ahy, d;) u L(Ahss, d),), COOTBETCTBEHHO,

rae dj, — ropuzoHTanbHOE paccrosiaue mexay bC u AC, a Ahy u Ahgs — 3HaYCHUS TITyOUHBI 00JIACTH
TEHU M0 CpaBHEHUIO ¢ oOnacThio LoS, rae BbicoThl anTeHHB! AC paBHBI Ay U /g, DTH 3HAYCHHS
PACCUYHTHIBAIOTCS 11O CIEIYIONUM (hOpMyIaMm:

d, :‘Vd2 _(th _ho)2 (35)
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w(hgs —h,)

Ay =h, —h, ——25 b/ 36

0o =M —hy 2d—w (36)
Wlh,e —h

Ahgg = hy, — hgg — —(225_ Wb ) (37)

hgs, hy 1 w onipeJieNieHbl B TyHKTE 2.4 1 IMOKa3aHbl HA pUCYHKe 12.

Pacuer noreps Ha Tpacce, L(k,), ipu BbicoTe anTeHHBI AC, paBHOI /g,

L(hss):L(hOsd)_L(AhOadh)+L(AhSS:dh)~ (38)

PUCYHOK 12

PaCCManﬂBaeMaﬂ MoOJeJIb PaclpOCTPaHEHUS U IIePEMEHHbIe

BS
IIpsiMas BunumMoCTH

V”SS B 7ﬂ~'ﬂ\ﬂﬂﬂﬂﬂﬂﬂﬂ/ggﬂﬂﬂﬂﬂT 777777
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AN
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OO0mue pekoMeHIaAMA

C moMormpi0 HEeCKONbKMX 0a3 maHHBIX a1 CeBepHOW EBpombl OBUIM BBISABICHBI HEKOTOpHIE OOIITHE
TeHaAeHIuU. [l pacueTa MOKPBITHS KCIOJIB30BAIM METOJ OTCIICKHBAHHS TPACKTOPUHU Jiydya (Ha OCHOBE
YpOBHSL 3aTCHEHUs 3JaHUSMH W PACTHTEIBHOCTHIO MEXJTy 0a30BOW CTaHIMEW W TOMEIICHUSIMU
MOJIb30BaTeNeil) B 3aBUCUMOCTH OT BBICOTHI AaHTCHHBI TIEpeIaTUMKa U MPHUEMHUKA C YIETOM MPEUMYIIECTB
pasHeceHHsl HECKONbKUX CEPBEPOB M 3HAYMMOCTH 3aTCHEHUS PACTUTENHHOCThIO. BBUIM OTMeueHb
CJIeIYIONTUE OOIINEe MOMEHTHI:

3

ITokpeITHE MOKET B 3HAYMTENBbHOW MEpe 3aBHCETh OT MECTa, OCOOCHHO B Cllydyae BO3HHUKHOBEHHS
3aTeHeHMsI, OOYCIIOBJICHHOT0 TOMOrpa@UYeCKMMH OCOOCHHOCTSMH WM HEOOBIYHBIMU 3IaHHUSIMH
BONMM3M mepepatunka. OmHAKO B XOJAE HCCIEAOBaHUN, MPOBEJCHHBIX B HECKOJBKHX Pa3TUYHBIX
TOPOJACKUX/TIPUTOPOAHBIX 30HAX, OBUIM MOMy4YeHbl 3Ha4deHus HOKpbITHA 40-60% mns stueiku
paanycoM 2 KM IMpHU BBICOTE MauThl nepenardrka 30 M.

[MokpeiTie yBenuumBaeTcst Ha 1-2% Ha KaXAblii METp YBEIMYEHHUS BBICOTHI MauThl 0a30BOii
CTaHLHH.

IToxperTHe yBennuuBaercs Ha 3—4% Ha KaXAbI METp YBEIHUEHHUS BBICOTHI MAuThl B MOMELIEHUH
MIOJIB30BATES.

CoToBasi apXWTEKTypa, TO3BOJSIONIAs TPHEMHUKY BBIOMPATh MEXTy HECKOJIBKHMMHU Oa30BBIMU
CTaHIMUSIMH, 0OCCTIICUNBACT 3HAUUTEIILHOE YBEIIMUCHHUE MOKPBITHs. HanpuMep, corinacHo pacderam ¢
HCIIOJIb30BAHUEM METOJa OTCICKHBAHUS TPACKTOPHU Jyd4a, MPU BBICOTE AHTCHHBI MepeaaTdyhKa
30 M TOKpEITHE B s4eiike paaumycoM 2 KM yBenmunBaetcs oT 44% st omHOM 0a30BOM CTAHIMH 10
80% nmnst aByx 06a3zoBbix cranmuid U 90% IS YeThIpex CTaHIMH, Hake eciau 06a30BbIe CTAHIIUU HE
BEIOMPAIOT CIEIUANILHO JUIS JOCTHXKEHUS XOPOIIel BUAMMOCTH JUII KOHKPETHOTO MPUEMHHUKA.

BiMsinMe 0caIkoB Ha JOCTYNHOCTD YCJIyT

ITocne Toro Kak OyIeT YCTAaHOBJIICHO, UTO IS IONB30BaTeNsi uMmeercs LoS Ge3 mpensaTcTBuii mo 6a3oBoi
CTaHIMM C JOCTaTOYHBIM CHCTEMHBIM 3allacOM TIPU pPaclpoCTpaHEHHH B CBOOOJHOM IPOCTPAHCTBE,
HEOOXOJMMO pacCUuTaTh MPOIECHT BPEMEHH, B TCUCHHE KOTOPOrO yciyra OyJeT AOCTYIHA, C Y4YeTOM
BIIMSIHUSL OCAJIKOB.
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s mo0oi TMHAY CBS3H B 30HE 0OCITYKUBaHUS 0a30BBIX CTAHINH JTOCTYMHOCTh YCIYT B YCIOBHIX OCAJIKOB
MOXHO OIICHUTH C UCIIOIH30BAHUEM METOJIOB, IpuBeACHHBIX B Pexomenmammmu MC3-R P.530.

3.1 OnHoBpeMeHHOe MOKPbITHE 30HBI

ITockonbKy HDOXIb SBISIETCS HEOJHOPOAHBIM B JBYX H3MEPEHHMSX B TOPU30HTAIBHOM HAIPABIECHUH, TO
OJTHOMEPHYIO MOJIENb JJIi HEOJAHOPOJHOTO MOXKAS Ha JMHUSX CBS3U IyHKTa C IIYHKTOM, NMPUBEICHHYIO B
Pexomennmanuu MC3-R P.530, Henb3sl UCHOAB30BATh AJIA CIy4YacB CBSI3HM ITyHKTA C 30HOH. DTy ABYMEPHYIO
HEOJHOPOJHOCTh MOXKHO YYECTh IyTE€M HCIIOJIb30BaHUS PACHPEAETICHUS CpeAHell MHTEHCUBHOCTH OCaIKOB
JUTsL UcclienyeMor siaeviku. st saeiiku paamycoM L ¢ IeHTpalbHOM 0a30BOM cTaHIMEd Ha pUCyHKE 13
MOKa3aHa SKBHUBAJICHTHAsI 30HA, OllpeelnsiemMas paAnycoM dy, C TOKPBITHEM B TEUEHHE 3aJaHHOTO MPOIIEHTa
BpPEMEHHU.

PUCVYHOK 13

Juarpamma siueilKH ¢ HeHTPAJIbLHOI 02a30B0H CTaHIMEl, MOKA3BIBAIOLIAsS PAHYC
KBHBAJICHTHOIi 30HbI NOKPLITHSA B YCJIOBHAX HOMKIS

Basosas cranmus

P.1410-13

[Ipouenypa mTpPOTHO3UPOBAaHUS 30HBI TOKPHITHA ObUTa pa3paboTaHa Ha OCHOBE PaJAHOIOKAIMOHHBIX
n3MepeHnii Bo BpeMs goxasa B CoequHeHHOM KoposieBecTBe 3a NBYXJIETHUH TTEPHOI.

st staeviku pagmycoM L (KM) C yeHmpanvHou 60430601 cmanyuel W 3alacoM Ha 3aMUpaHHS B
cucreme F (1b) Ha Kparo 30HBI:

Ilaz 1: Onpenenutb CPeIHIOI MO 30HE WHTEHCHBHOCTH OCAAKOB R, (p), IPEBHIIAEMYIO B TeueHHE Ooiree
p% BpEMEHH C IMOMOIIbI0 YPaBHEHHUS, T/Ie R — TOYKa MHTEHCUBHOCTH OCAJKOB ISl JAHHOHN 30HBI:

10,2

R, =(0317L0% 4+ )RS (39)

[Ipumepsr 3TOoro mapamerpa NpUBeneHbI B Tabnuue 3 AN PagHOJIOKALMOHHBIX AAaHHBIX, MOJYYCHHBIX B
CoennnenHom KoposesctBe. Ilo OTHOWmIEHHIO K TOYKE MHTEHCUBHOCTH OCAJKOB MOXKHO OTMETHUTh, YTO
CpeAHss IO 30HE HHTEHCHBHOCTb OCAJKOB CHIDKAaeTCs O4YeHb Majo npu yposHe mnpesbimeHus 0,1%,
npubIU3UTENbHO Ha TpeTh — npu ypoBHe 0,01% u mpubmusutensHo BAaBoe — mpu ypoBHe 0,001% ms
KpyTOBOH 30HBI pailycoM 2,5 KM.

Llae 2: Haiiti paccTosiHUE OTCEUKH IS dy A7l p% CpemHero To/1a, YICIeHHO pemnB ypaBHeHnue (39) s d.

kRU(p)d (15+(1,1(2d % ~225)) log(R,(p))) +20log(d/L)=F (40)
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rae k u o — mapaMeTpsl, ONpPENeIIoNe yIaeabHoe ociabieHne B NOXKIAE, MpHUBEICHHOE B PekomeHmarmu

MCD-R P.838. Umen (1,5 + 1,1 (2d "™ — 2,25)) log(R, (p))) mnpeacrapmser coboii Ko HIHEHT
YMCHBUICHHUA IYTHU JJIA paCcucTa 30HEI.

Llae 3: ]JIns paccTosiHUS OTCEUKHU d > (L, p, F) HOKpBITHE 30HBI IJIs 3TOM SYEHKH paBHO:
AL
C(L,p,F) =100 [Toj %. (41)

Ha pucynke 14 mpuBeneHsbl, NOJyYeHHBIE C TOMOIIBI0 ypaBHeHHUH (39), (40) m (41), pe3ymbTarhl 3TOMH
MPOLIEYPHI IS ABYX sIUE€EK paguycoM 2,5 U 5 KM ¢ IEHTpaTbHON 0a30BOM CTaHIUEH U IS ABYX CHCTEM,
HCTIOJIB3YIONIMX BEPTHKAILHYO ToJisipu3anuio Ha yacrtore 42 I'T'w, ¢ 3anacom Ha ociadiienue B noxae 10 u
15 nb Ha Kkpar sueliku. 3mech TakKe TPEIIojiaracTcs, YTO YCHIICHHE aHTCHHBI IepeIaTdHKa SBIISCTCS
OJIMHAKOBBIM JJIsi BCEX IIOJb30BaTeieit. B »Tux pacuerax ydTeHbl MOTEpH B CBOOOJHOM IMPOCTPAHCTBE
(ypaBnenue (40)).

TABJINIIA 3

HNHTEeHCHBHOCTDH 0CAIKOB B NMYHKTE U CPEIHAA HHTCHCUBHOCTD 110 30HE, MOJYYCHHAsA 10 J1aHHBIM
PAaAHOJIOKAIMOHHBIX n3MepeHuﬁ B COeI[l/lHeHHOM KOpOJ’IeBCTBe B TCUCHUE NBYX JIET

IIpouent WutencusHocTs Cpenusist no 30ne R
BpeMeHH ocaHKO?Ml?wI/[Z;l KTe, R (Mm/9)
Paguyc =2,5 km Pagnyc =5 km
0,001 65,6 36,0 33,0
0,003 46,2 29,0 23,4
0,01 29,9 19,4 17,1
0,03 18,1 16,3 12,6
0,1 9,8 9,5 8,5
0,3 5,0 4,9 4,8
1 2,0 2,1 2,1
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PUCYHOK 14
IIpumenenune npouenyps! B nynkre 1,5° B. a., 51° ¢. m1.
100 7 7
g /
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90
] /
/ / /
1 :
] v
80 7 7
i / p
~ / / /
X 70 z
< ] / / A
L g y . /1
z ; d L/ /
a
g 60 / /] /
: g / /
8 f R4
5 50 = : 4 4 /
z v ¥ /
g / y
£ / v
S 40 < ;
/ 't
/ b
30 e -,
’ - //
N 1
- 1
- ‘/
B //
10 = ) |
10 10 10 1
IIpoueHT BpeMeHu
=— =— — — Pajmyc sueiiku 2,5 kM, 3anac 10 1b
Pannyc sueiiku 2,5 kM, 3anac 15 nb
Pannyc stueiiku 5 kM, 3anac 10 nb
—_—— e — Paguyc siueliku 5 xm, 3anac 15 1b P 141014
3.2 YiydieHue 3a c4eT pa3HeceHUs Tpace

Ocanky 3HAYATENHHO HW3MEHSAIOTCS BO BPEMEHH W TMPOCTPAHCTBE KAaK B BEPTUKAIbHOM, TaK H B
TOPU3OHTATHHOM HampaBieHUH. J[Is OTHenpbHOW JMHUHM CBSI3M MEXKAY [BYMS TEpPMHHAIAMU JTa
U3MEHYHMBOCTb OTPAXKAeTCsl B UCIOJB3YyeMON B HACTOSIIEE BpeMs MPOIEAype MOACTUPOBAHUS, HAIIPUMED,
IyTeM HWCIONb30BaHUSA J(PQPEKTUBHOW IIWHBI Tpacchl. [Ipenmonokum, dYTO TMONB30BATENh MOXKET
TIOAKIIOYUTHCS B JIIO00M MOMEHT BPEMEHH K IBYM WM Oojee 0a30BBIM CTAaHIMSIM. B 3TOM ITyHKTE
OIMKCHIBACTCS, HACKOJIBKO YBEIIMYUTCS JOCTYITHOCTh YCIIYT, €CJIU OyIeT YCTAaHOBJICHA TaKas CUCTEMa.

PaccmaTpuBaetcs 3Be3ngoo0Opa3Has ceTh ¢ OOIIMM Y3JIOM, COCTOSINAs W3 JIByX NEPEAaTYNKOB U OJHOTO
MIPUEMHHKA, B KOTOPOH JUIMHA JBYX TPAacC CUMTAETCSA OJMHAKOBOM, a YIIIOBOE pa3HECCHHE BapbUPYETCS B
mpenenax 0°-360°.

B cBs13u ¢ HEOAHOPOJHOCTHIO AOXK/IS B FOPU30HTAIBHOM HalpaBiIC€HUN CTATHCTUKA OCIabiIeHus Uil OJHON
Tpacchl W JBYX pa3HECEHHBIX TpacCc OKasblBaeTcsi pa3nnyHod. Ha pucynke 15 mpuBenena Tumosas
CTaTUCTUKA OCNA0JICHUS Ul OAHOW HE3aLIMLICHHONW TPacChl U COUYETaHMS Pa3HECEHHBIX Tpacc. YIIydlleHue
3a CYeT YIJIOBOTO Pa3HECEHUs, KOTOPOE MOXKHO IPEACTaBUTh KaK yJIyUIICHHE 3a cueT pazHeceHus /(4;) niu
KaK BBIMTPBINI 32 cueT pasHeceHus: G(A4;) OTHOCHUTENHbHO OIHOM M3 ABYX albTepHATHBHBIX Tpacc i = 1,2
(HecOanaHcupoBaHHas! KOHGUTYpalys pa3HECeHHs ), ONPEeIseTCsl CIeLyoIUM 00pa3oM:

_P4)

1= Py(4)

i=12 (42)
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G(A4)=A@)-A4,@), i=1,2 (43)

rne P;(A4;) — IpoOLEHT BpEMEHHU IJIsl COUYETaHHs Pa3sHECEHHBIX Tpacc ¢ MIyOWHOW 3amupanus Oonblie A4;, a
P(4;) — mpoueHT BpeMeHHU Uil HE3aIIMIIEHHOW Tpacchl. AHaNOru4yHO, A,(f) — riyOMHA 3aMHpaHus IS
COYETaHMs Pa3sHECEHHBIX Tpacc, UMEIOLIEro MecTa B TEUCHHE IPOLIEHTa BpeMeHH ¢, a A(f) — 3Ta BenuunHA
JUUISl HE3allIUIIIEHHOW TpacChl.

PUCYHOK 15

HpnMep CTATHCTHKH 0CJIA0IeHHS AJIsI TPACCHI € YIVTIOBBIM Pa3HECEHUEM

A

IIpouent Bpemenu

3aryxanue (1b)

P.1410-15
Uro0pl MONyYNTh 3HAUEHUS VIYYIIEHHWS 3a CcUeT pa3HeceHus [ M BHIUTPHINIA 3a cueT pasHeceHus G
HEOOXOAMMO BBITIOJTHUTE CJICIYIONTHE TITary:

Illaz 1: AnnpokcUMHUpOBaTh TOJOBOE pacmpeseiieHue ociadnenus B noxnae A; (dB) mo kaxmoii Tpacce
i=1,2, ucnomas3ys TOTHOPMAJILHOE pacIpeieleHUE:

P(4,)= Lerte Ind, —Ind,,

ekl Bk 44
. o) (44)

o 2
rae erfc(x)= 2/ \/7rJ. e dz — nononnutensHas GpyHKIUs ommOoK. s pacuera A,,; u S,;, PEKOMEHIYETCS
X

HCTIOJIb30BaTh NPOLEAYPY AlIPOKCHUMALMK JIMOO MO HMEIOIUMCS JIOKAIBHBIM HM3MEPEHUsIM, JH00 IO
pacrpeziesicHHUI0 OCTallieHus B J0XKJe, npuBeAcHHOMY B nyHkte 2.4.1 Pexomenmarmu MCD-R P.530.
Hannas nponenypa noapo6bno onucana B [Ipunoxennu 2 Pekomengaunn MCO-R P.1057.

[laz 2: Onpenenuts MOCTOSHHYIO HEOJAHOPOAHOCTH NOXIS D,, TO €CTh pacCTOSHHE B KWJIOMETpax, Ha
KOTOPOM KO3()(HUIIHEHT KOPPESILHUN CTAHOBUTCS PaBHBIM /2 / 2 . IIpoctoe npaBmiio pacuera D, 3aBUCUT OT
a0CONFOTHOM MUPOTHI |/at| MECTOTIONOKEHNS:

D, =0,6441In(lar])-1,02,  5°<lar<90°. (45)

Illae 3: OnpeaenuTsh XapaKTePUCTUYCCKOE PACCTOSIHUE 30HBI A0k s 110 hopmyie D, =20x D,.

Llaz 4: OuieHUTh NPOCTPAHCTBEHHBIN NapaMeTp H;, i=1,2 mo Kaxx10il anbTepHaTUBHOU Tpacce AIUHOM L;:

Hl.:2LiD,sinh‘l(L,./D,,)+2D,,2(1— (Li/Dr)2+1j, i=1,2 (46)
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Ulae 5: TlpuMeHUTb METOA YHMCICHHOI'O MHTEIPUPOBAHUS ISl OLICHKU IMPOCTPAHCTBEHHOrO mapamerpa Hip
MEXJy IByMS TPACCaMM:

L1,
Hy= I J-Po(d)dgldfz ) 47)
00
rae:
D _a<p
JD? +d?
pold)=4" " : (48)
< d>D

a PaCCTOAHUC MCKAY ABYMA TOYKAMU aJIbTCPHATUBHLBIX Tpacc, O6paByIOH_II/IX yroa @, 3a4acTcCs q)OpMyHOﬁi
d> =0 +05-200,cos0, 0<(, <L, 0<l,<L,. (49)

Illaz 6: Paccuanrtath K03 QHUIHEHT KOPPETSAIUN OCITA0ICHHS B TOXKIC:

12 12
p, = ——n| — 2 (esfl—lj (esgz—lj +1. (50)
SalSa2 \/Hle

llaz 7: CymmapHasi BEpOSTHOCTh TOTO, YTO MPH OOBETUHEHHOH (HecOalaHCUPOBAaHHON) KOH(HUTYpaIUH
pasHeceHUs ITyOMHA 3aMUpaHUs IPEBBICUT A;, 3afaeTcst GopMyIoii:

17 1 u’ U, —p,u
P,(4)=— —exp(——Jerfc —L e ldu , (51)
214[“7‘ 2 V2 y1-p;
rie:
In4,—-In4,,
u, =——"\——-""
S

ai

,i=12. (52)

Ulae 8: YnydmieHue 3a c4eT pasHeceHHs / P ONOPHOM ypOBHE ocllabieHusi 4; MoilydaeTcsi HCXOAs U3
OIIpeaeNiCHNs, IPUBEICHHOTO B ypaBHEHUH (42).

lllaz 9. Bpmrpeim 3a cueT pa3HeceHHs G IPH OMOPHOM TIPOIEHTE BPEMEHH ¢ TIOMYdYaeTCs HCXOIs
13 OTpeeNieHus], TPUBEIECHHOTO B ypaBHeHHHU (43), mocne pemieHusi oOpaTHBIX ypaBHeHuit (44) u (51)
(cm. ITpumeuanue 1).

[MPUMEYAHUE 1. — [lns peuienusi o0paTHbIX ypaBHEeHUi (51) 1ODKHBI IPUMEHSTHCS YUCICHHBIE METOIbI aHAJIM3A.

4 Hckaxxkenne B KaHajle pacnpoCTPaHEHUs

B »stom IMYHKTC pacCMaTpuBarOTCsI MI'HOBCHHBLIC 3(1)(1)CKTBI B KaHAJIC pacClpoOCTpPpaHCHHA, BbI3BIBACMBIC
ABUIXCHHUEM DPACTUTCIBHOTO IMOKPOBAa U MHOT'OJIYUCBOCTBHIO 3a CUCT 3HaHHﬁ nu pem,eq)a MCCTHOCTH. BBI/I,Z[y
MaJIOro KOJHUYECTBAa HUMCIOMIUXCA CCTrOoAHsA JaHHBIX B KauC€CTBE OPHCHTUpA YKa3aHbl PE3YJIbTAThI
MIPOBCACHHBIX H3MCpCHHﬁ. CBe,I[eHI/ISI 00 HU3MEHYHMBOCTH CHUTHAlla H CTaHAAPTHOM OTKJIOHCHHU IIpU
pacnpoCTpaHCHUn  4epe3 KOJ'IBIH.IyI.LIPIﬁCSI paCTHTeHLHLIfI INOKPOB  MPUBEACHBI B PeKOMeH,Z[aI_II/II/I
MC3-R P.§833.
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4.1 M30upaTesibHOE MO YACTOTE OcIa0JIeHne 32 c4YeT PACTHTEIbHOr0 MOKPOBa

st uccnenoBaHus BO3MOKHOCTH BO3HUKHOBEHHS B KaHajle M30MPATENBHOTO M0 YacTOTe 3aMHUpaHus ObLIN
MpOBENEHBl M3MEPEHUs] C HWCIONb30BaHHEM Oyioka (GUIBTpOB Hpu mepeaade B monoce 34 MI'm. Bmok
(bMITBTPOB BKITFOUAT BOCEMb KaHAJIOB ¢ MIMPUHON NoJock! 1,6 MI'1 (1o ypoBHIo —3 1b), pasnenennsix 3 MI'mg
U pa3MEILEHHbBIX B CEpEeIUHE KaHaja.

Uzmepenust npoBoawim 3a Oepe3oi Ha paccrosHuu 15 M. BeiOopky ocymiecTBisuii ¢ uHTepBasiom 100 Mmc.
[lockonbky BO BpeMs HM3MEpEeHUIl He OBUIO BETpa, YCIOBHS BETpa MOJCTUPOBAIHNCH C MOMOIIBIO
NPUBS3aHHBIX K JepeBy BepeBoK. Ha pucyHke 16 mpuBeneHO CpaBHEHHE ypOBHS CHI'Hala B KaHANaX B
YCIIOBUSIX CHIILHOTO BeTpa. HeOonblioil ypoBeHb H3MEHEHMId, HAOJI0JaeMbIX B KaHaie, I03BOJISET
MPEINONIOKUTh, YTO 3HAYUTEIBHOTO HM30MpAaTeNbHOrO IO YacToTe 3aMupaHus HeT. CrenoBaTenbHO,
M3MEHEHHUS YPOBHS CHTHAJIA CO BPEMEHEM MOTYT OBITh CBSI3aHBI C M3MEHEHUEM TPETISTCTBUS WIN ITIOTHOCTH
BETBEH M JINCTHEB MEXKIY NMPUEMHHKOM H TEPEAAaTINKOM JIMOO C MHOTOJIyYEBBIM PACHPOCTPAHEHHEM IIPH
OYEHb MAJIBIX Pa3JInUMAX BPEMEHH PaclpOCTPaHEHHUS.

Juia nmanpHeWmed mpoBepKH HAOMIOAeHH OBUT IMOCTAaBIIEH SKCIIEPHUMEHT C HCIOJB30BaHHEM CyMMaropa
MakcuManbHOU MomHOCTH (MPC) 1 1ByX OTHENBHBIX aHTEHH, pa3HeCeHHBIX Ha 72 cM. Ha wactote 42 I'T1x
OCYIIECTBISUIACh HCIBITATEbHAST TEJIEBU3MOHHAS Tiepenadya DKCIIEPTHOW TpPYMIbI MO KWHeMaTorpapuu-2
(MPEG-2) ¢ ucnonnp3oBanueM GopmaTta CIyTHHKOBOTrO nugposoro tenesuaenus (DVB-S) ¢ kBagpaTypHoii
(hazoBoit marumymsnueit (KOMH) yposHs 1/2 ¢ ynpexaaromeii koppeknueit ommbok (FEC)). Curnansr ¢
KaXIOW aHTEHHBI, a TAK)KE Pe3yNbTUPYIOLINE CUTHAIBI OT CyMMAaToOpa MaKCHUMaJbHONH MOIIHOCTH TOJaBallnd
B TPH TeJICBU3MOHHEIC npUcTaBku DVB-S u Ha BuneomMonuTopsl. ['eomeTpus Obuta BEIOpaHa Tak, 4ToObI 00¢
AHTEHHBl NPUHMMAJIM CHUTHANbl 4Yepe3 IBIKYIIMecs BeTBU aepeBa. B kaxnoil cucreme DVB-S s
OTJIENBHON aHTEHHBI PETyISIpPHO MPOUCXOOWiIa moTeps makeToB. KoadduimeHRT moTeppr makeToB OBLI
CIIMIIKOM BEJIMK, YTOOBI €r0 MOKHO OBUIO CKOPPEKTHUPOBATH C MOMOIIBIO JIEKOIEPa, U MPUBOIII K YaCTOH
morepe W300pakeHWs. B oTimyme OoT 3TOro, UIA CHrHala CyMMaTopa MaKCHMalbHONH MOIIHOCTH
KO3 PHUIMEHT TTOTeph MaKeTOB OBLI CYIIECTBEHHO HIXKe, U nekonaep MPEG-2 6p11 criocoOeH obecrednTh
KOMIICHCAIIHIO, TIOZICPKUBAsi CTAOMILHOCTh H300pasKeHUsI.

PUCYHOK 16

CpaBHelme YPOBHA CUTHAJIa B KaHAJ/IaX B YCJI0BUSAX BE€Tpa

25

VYposens curnana (1b)

Bpewms (¢)

—————- MakcuMaJIbHbI}{ — MUHUMAaJIbHbI} YPOBEHb
— 18MI'g
- 12 MI'y P.1410-16
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4.2 MHoroJ/y4eBoe pacpocTpaHeHHe 32 CYeT 0TPaKeHUs

4.2.1 Pe3yabTaThl MeTOAA OTCJIEKUBAHUS TPACKTOPHH Jy4a

MopnenupoBaHre ¢ HWCHOJIB30BAaHHEM OTCIEKHBAHWA TPACKTOPHHM Jiyda IIOKa3allo, dYTO MmpolieMa
MHOTOJTy9€BOTO PacIpOCTpaHeHHsS HE3HAYMTENhHa B YCIOBHAX padOTHI cucTeMmbl. Hamuume y aHTEHHBI
MIPUEMHUKA OYEHb Y3KOTO JIyda MPUBOAUT K TOMY, YTO OOJBINAsl YaCTh MHOTOJMYYEBHIX CHUTHAJIOB CHIIBHO
3aryxaeT. B mpueMHHUK MomajgaroT cO 3HAYUTEIHHBIM YPOBHEM TONBKO HU3KHE TMAJAONINE CO CKOJB3SIIAM
YTIIOM JIY9H C COCEOHHX KPBIII U 3eMJIH. B pe3ynbpTare 3TOro ycTaHOBJIEHHBIH Ha OCHOBE MOJENH pa3dpoc
3HAYCHUU 33JICPKKU OUEHBb HEBEIHK.

[Ipn MoaenupoBaHUM C HCHOJB30BAHMEM OTCIICKHBAHMS TPACKTOPUH JIyda IOIy4daeMble B pe3yJbTare
Iudpakauy Ty4d HE YUUTBHIBAIKCH, HO B OoJiee paHHEH padoTe ObUIO YCTaHOBIEHO, YTO YHUCIIO MOJIOKEHUH,
B KOTOPBIX MOTYT HCIIOJIb30BaThCS AU(parupoBaHHBIC JIyYd, HEBEIHMKO, M TO3TOMY, BEPOSTHO, UMEETCS
MaJI0 MECT, B KOTOPBIX AH(parupoBaHHbIE TyYH CIIy>KaT OCHOBHBIM HCTOYHUKOM MOMEX.

[Ipumep pacueToB METOMIOB OTCIEKUBAHUS TPASKTOPUHU JIyda pa3dpoca 3alepKKH Ui  pPa3HbBIX
MECTOIIOJIOKCHH TPUEMHHKA C TIOMOIBbI0 Oonpmroit 0a3bl maHHBIX (M3 Oxcdopaa B CoennMHEHHOM
KoponeBcTBe) maer KkpaiiHe Maible 3HAYeHHs H3-32 OUYEHb HHU3KHUX YPOBHEH MHOTOJIYYEBOCTH.
CpenHexBaIpaTHUHBIA pa3dpoc 3aaepKku okazancs okono 0,01 Hc, 4To MpUOIM3UTENBHO COOTBETCTBYET
KOTepeHTHOH mmpuHe mojockl 15 I'Tm. OTo He HOMKHO co3daBaTh TPYAHOCTEH IS IIMPOKOTIOIOCHON
CHCTEMBI PaJMoJIOCTyna. MaloBeposSTHO, YTO UCTUHHBIN pa3dopoc CpeIHEKBAAPATUYHON 3aJepKKH CTOJb
MaJl B JEHCTBUTENBHOCTH M3-32 YIOMSIHYTBIX BBIIIE AM(PAardpOBaHHBIX Jy4ed, HO KOTE€PEHTHAas ILMpUHA
momocel 10 SITTm Bce ke ™oxker ObITh peanmuctuuHoi. CTaHAapTHOE OTKIOHEHHE pa3dpoca
CpPEeIHEKBaAPATHIHON 3aAepKKH cocTaBisieT okoio 0,01 He.

4.2.2  Pe3yabTaThl H3MepeHU N

OTtpaxeHne OT 3TaHUK MOXKHO pacCMaTpUBaTh OJJHOBPEMEHHO KaK BO3MOXKHOCTB MTOKPBITHSI 30H OTCYTCTBHS
npueMa CHUTHaja M Kak BpeAHOe MHOToJy4YeBoe pacmpocTpaHeHue. Hekoropble HaOmoneHus ¢
HCIIONBb30BaHUEM pa3BepTku 1o yactoTe Ha 80 MI'1 mokazanu, 4To ¢ MOMOIIBIO BKIIOUEHHS OTPAKEHHBIX
CUTHAJIOB MOXXHO IOJTyYWTh yBeNMYeHrne Ha 9% 4uciia MecT mpreMa TOCTaTOYHOTO JIJIsl MTOKPHITHS CUTHAIIA.
OnHako clieyeT OTMETHTh, YTO MIPH HCIOJb30BAHUU OTPAKEHHBIX CUTHAJIOB JUIS oOecreueHus
o0CITyKMBaHHS BO3HUKAET Psii MpoOsieM. Bo-mepBbIX, CUTHAN JOJDKEH ObITh CTAaOMIIBHBIM, a 3TO O3HAYaeT,
YTO TaJleHue CHUTHAJa Ha OTPaKaIoMMi OOBEKT MOJKHO MPOMCXOMuTh Ha Tpacce LoS. Ecmu kakas-nmi6o
4acTh TPAcChl TPOXOMUT HYepe3 pPaCTUTENFHOCTh WM IO IyTH, KOTOPBIA MOXET OBITh OJOKHPOBaH
JBUOKYIIUMCS TPAHCIIOPTOM, TO PE3YIbTHPYIOIIUN CHTHAII OYJeT MEHSATHhCS CO BpeMeHeM. Bo-BTOphIX, caMm
OTpaXKkaroIuil 00BbEKT JOIKEH OBITh MMOCTOSHHBIM M CTAOMIIEHBIM.

[IpOoTsAKEHHOCTh U HEPOBHOCTh OTPAXKAIOIICH IMOBEPXHOCTH 3IAHHUS OKa3bIBACT PEIIAOIISe BIUAHHE Ha
YaCTOTHBIC XapaKTePUCTHKH KaHasa. Ha pucyHke 17 npuBeeHbl H3MEPEHHbBIE YaCTOTHBIC XapaKTEPUCTUKU
KaHaja JUisg TpeX Pa3HbIX OTPAKEHHBIX CHUTHAJIOB: OT OKHA 3aBOja, OT JILIMOBOM TPYOBI JJOMa JICHTOYHOU
3aCTpOMKH (BKIIOYAs YCTAHOBICHHYIO HAa HEl TEJICBH3MOHHYIO AHTEHHY THIIA BOJHOBOTO KaHajga) U OT
roppupoBaHHONH METAIMYECKON CTEeHbl OOJILIIOrO 3aaHus MarasuHa. CreayeT OTMETHTh, 4YTO
ropupoBaHHasi CTeHa TOCIEIHET0 3JaHHS JaBajia PACIIUPEHHOE OTPaXCHHE B YroJ, a HE OTACIbHOC
3epKaIbHOE OTpakeHHe. PaccTosHUE OT 3THX OOBEKTOB IO MEPEAaTUYMKA COCTABISIIO, COOTBETCTBEHHO,
1,34 kM, 1,57 xm 1 616 Mm.
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PUCYHOK 17

YacToTHbIC XapAKTEPUCTHKHU /ISl H3MEPEHHBIX OTPAKEHHI1 OT TPeX pa3sHbIX 00bEKTOB
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MO>XHO BHETH, YTO 3aBOJICKOE OKHO JaeT JIOCTATOYHO IJIOCKYIO YaCTOTHYIO XapaKTEPHCTHUKY, HOCKOJIBKY
OHO JIEHCTBYET KaK IUIOCKOE 3€PKaI0 W MMEET TOJNBKO OJHY KOMIIOHEHTY 3epKaJbHOTO oTpaxkeHus. OxHaKko
ro)pupoBaHHas CTEHA M IIMOBas TpyOa HAIOT YETKUE ITyJIbCAIlMH, COOTBETCTBYIOIINE PAa3HOCTH IJTUHBI
MyTH (B MPEANOJIOKEHUH MOAETH ABYX Jydeid) B 6 u 60 M, cooTBeTCTBEHHO. [y OTpakeHus1 OT IBIMOBOM
TpyOBI OOJNBITIAS THHA ITyTH MOXKET OBITH OOYCIIOBJICHA CIIOXKEHHEM C OTPaXCHHEM OT APYTroro oOBLEKTa,
Haxogsuierocs npubmm3nTensHo B 30 M mo3anu TpyOsl. B cinyyae rodpupoBaHHO# CTEHBI pa3HUIA IJTUHBI
OyTH B 6 M MOXET HOJIy4aThcs OT Pa3HBIX YacTed caMoOW CTEHBI, MOCKOIBKY OTPa)KEHHBIE CUTHAIBI MOXKET
JlaBaTh BCE 3/IaHKE, a HE TOJIHFKO HEOOIBIION YYaCTOK 3€PKAITEHOTO OTPaKESHHUS.

W3mepeHust HIMPOKOIOIOCHOTO CIEKTpa OBbLIM OCYIIECTBIEHBI B IIPUTOPOJHOM 30HE KAaK B MOJOCAX YacTOT
5ITu, tak u 25 I'T'n. 3ansTas mojoca 4acToT CIeKTpa mepenadn paBusercs 26 MIm, a 10 MI'n auanazon
LEHTPaJIbHOM YacTH CIIEKTpa MOYTH POBHBINA. B KaXIoM criekTpe MakCUMaJbHbIH pa30opoc BHYTPUIIOIOCHON
aMIUIUTY bl MOXET OBITh PAacCUUTaH Ha OCHOBE MAaKCHMAaJIbHOI'O M MMHUMAJIBHOTO YpPOBHEH B Iuamna3oHe
10 MI'n auamazoHe LEHTpalNbHOW 4acTu crekTpa. [Ipu mpeanonokeHuu MoJenH JBYXBOJHOBOW MOMEXHU
cootHomenue (D/U) BonHbl-D Takoe, kak mpsMas BoiHA, W BOJHBI-U Takoil, Kak OTpa)keHHasl BOJIHA,
SBIISIETCS. BaXHBIM (AaKTOPOM TMIpU OLEHKe pa3dpoca BHYTPUIOJIOCHOM ammiuutyael. Ha pasbpoc
BHYTPHUIIOJIOCHOW aMIUITUTYABl B TEpPMHHAJE BIHAET OKPAaHUPOBAHHE, BBI3BIBAEMOE INPENSTCTBHUIMH,
HalpyuMep, OKPY)KaloLMMH JOMaMHU U JepeBbsAMH. lIpenmnonoxus, 4ro ypoBeHb BOJIHBI-U NOCTOSHHBIMN,
MO>KHO CKa3aTh, 4To 3HaueHue D/U tpaccel pacnpoctpanenus pasHo 20-30 nb. Oto ykasbIBaeT Ha TO, 4TO,
€CIIM MBI UCIOJIb3YeM aHTEHHY TepMHHAJA C YCHJICHHEM aHTCHHbI NpuOIn3uTensHo B 15 n1bu n nomydaem
skpaHupoBanue cBbiie 20 nb, TO KoyebaHKe BHYTPHUIIOIOCHONW aMILIUTYAbl UMEET Ype3MepHbIH pa30poc.
VYcuneHne HampaBieHHOM AaHTEHHBI BIMAET HA YPOBEHb I[OJABIEHMS MEIIAIOUMX BOJIH. MOXHO
TIPEATIONOKNTE, 4T0 3HaueHue D/U paBHo 50 nb mns anteHHsl ¢ ycwinenueM mis 32 abu u 30 nb mms
aHTEeHHBI ¢ ycuieHueM Uit 12 nbu. Pa3zHuia B yCHJIEHHMSIX 3THX JIBYX aHTEHH COOTBETCTBYET Pa3HHIE B
BBIILIEYIOMSIHYTHIX 3HaueHusx D/U.

M3mepenust ¢ pa3BepTKOM Mo 4acTOTe AJIS CUTHAJla ¢ BEPTUKAJIbHOU moyspu3auuei Ha yactore 26 [T npu
yriaax oTpaxeHus oT 87,5° mo 89° (T. e. HOYTH MEPIEHANKYIISPHO K MOBEPXHOCTH CTEHBI) JaJId MEAMaHHOE
ociabnerwe B 7,5 nb. llepemaTtunk W TpPHEMHHK HaXOIWINCh B OJHOM MecTe. PaccTosHHMe 1O CTEHBI
MeHsUIoch B uHTepBasie oT 37 nmo 402 M. Hcmonbp3oBainch 4YeTHIpE 3[aHHS CO CTEHAMHM W3 CTEKIa,
KepaMH4YECKOH IITUTKU ¥ METalljla C HEpOBHOCTBIO IIOBEPXHOCTH B HHTepBaje oT 3 10 75 cm. CnenyeT UMeTh
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B BUJIy, YTO BEKTOP 3JCKTPUUECKOrO MO ObUT MapaiuieneH creHe. KyMynaTUBHOE pacmpe/elieHHe MoTeph
Ha OTpaKeHHE MOKa3aHo Ha pucyHKe 18. Beuto ompeneneHo, 4To CTaHAAPTHOE OTKIOHEHUE PACXOXKICHHS B
M3MEPEeHMSX, KacaroIuxcs pacupeaenennii Penes, cocrasiser 6 = 0,53 nb.

PUCVYHOK 18
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Ha yactote 26 I'T'
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5 ITomexu

COTOBBIE CHCTEMBI PAUOCBSI3M CIPOCKTUPOBAHBI TaK, YTOOBI JOOUTHCA KOMIIPOMHCCA MEXKIY CXEMOM
TIOBTOPHOTO HCIIOB30BAHUS YAaCTOT M OTHOIIeHHeM Hecymas/momexa (C/I). g yooBIETBOPUTEIBHON
PpabOThI OMPEICIICHHOW CUCTEMBI, T. €. B COOTBETCTBHHU C 33JJaHHBIMU XapaKTEPUCTUKAMU, MOXKET OKa3aThCs
HE00XO0JMMBIM MUHUMaJIbHOE oTHOMmeHue C/1.

Ecnu 3anano tpebyemMoe MUHUMAaNbHOE oTHOIIeHHe C/I, JIETKO MOMYyYHTh COOTBETCTBYIOIIYIO TPEOOBAHUAM
CXeMy peryJsIpHOTO TIOBTOPHOTO WCIONB30BaHMS 4YacTOThL. OmHaKo, d9TOOBI 0OecrmednTh TpedyeMoe
KauecTBO pabOThl CHUCTEMbI PAJAMOAOCTYIA, CIEAYeT YYHUTHIBATH OCOOCHHOCTH peibeda H THIATEIHHO
BBIOUPATH MOIXOAIIECE MECTOIOJIOKECHUE IS OA30BOM CTAHIIHH.

B OonpmmHCTBE CilyyaeB M3-3a AHTEHH TEPMMHAIOB C Y3KHM JIy4OM MOJXKET OBITh 3aTPOHYTO TOJIBKO
HebonpIoe unciio nosip3oBatenei. Illupuna myda cocraBiser mopsaka 2°-3°. Ilonp3oBaTenu, KOTOpbIE
MOTYT OBITh 3aTPOHYTBI, MOTYT BOCIOJB30BaThCs MozensiMu u3 Pexomenmaimmii MCO-R P.452 u
MCD3-R P.530 s onieHKHM mpoleHTa BpeMEHH, B TEYEHHE KOTOPOTr0 BO3HHMKAIOT CO3/jaBacéMble MEIIaroIine
0a30Boli cTaHIMEN yCUIICHHbIE BpeIHbIe CUTHANBI He Ha Tpacce LoS u tpacce LoS, cootBercTBeHHO. OHAKO
JUTSI TIOATBEP K ICHUS TIPOTHO3UPYEMBIX 3HaUeHMH BhIte 37 ' maHHbBIX HET.

[IpoGyieMy moMeX OIICHUBAJIHU C MCIIOJIb30BAHUEM JaHHBIX st 111 MecT, M3y4yaBIIUXCS B X0/1€ KaMIIAHUU 110
n3MepeHnro 30H MoKpbITHsS B CoennHeHHOM KoponeBcTBe. BO3MOXHBIM UCTOYHHKOM IOMEX OBLI COYTEH
BTOpPOH TepenaTyuk. Bo BceM MaccuMBe MAHHBIX TOJIBKO B OJHOM ITOJOKEHHUH OOHAPYKWIM CHTHAT OT
MEIIAIOIIEro TMepefaTuyrdka BBIINIC MMOpora IMyMa B TpeaeNiaX IIMPUHBI JIyda aHTEHHBI, HAIEJIEHHOW Ha
MOJIE3HBIA MIEPEeNaTUuK, U JaKe B ’TOM CIIy4yae OTHOIIEHUE MOJE3HOIO CUTHANIA K MEIIAIOIIEMY COCTAaBJISIIO
15 nb. D10, KaK TMpeACTaBISAETCS, MOATBEPKIAET TOT (AKT, YTO IOMEXH MEXIY sSUeiiKaMu, BEPOSTHO, OYIyT
AMETh HEeOOJIBITIOE 3HAYCHNE U3-32 Y3KOTO JIyda aHTEHHBI IPUEMHHUKA.
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