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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.)
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http://www.itu.int/ITU-R/go/patents/en
http://www.itu.int/publ/R-REC/en

Pex. MCJ-R P.530-14 1

PEKOMEHJALIMA MC3-R P.530-14

JlaHHbIE 0 pacIpocTPaAHEHUHU PATUOBOJIH U METO/IbI IPOrHO3UPOBAHMUS,
Tpedylouuecs AJsi NPOEKTUPOBAHUS HA3eMHBIX CUCTEM NMPSAMOI BUANMOCTH

(Bommpoc MCD-R 204/3)

(1978-1982-1986-1990-1992-1994-1995-1997-1999-2001-2001-2005-2007-2009-2012)

Cdepa npumeneHus

Hacrosimast ~ Pexomenpmamust  COOepXKUT ~ METOABI  NPOTHO3MPOBAHMS  SIBICHUH,  CBSI3aHHBIX
C pacrpoCTpaHEHHUEM pPaIUOBOJIH, KOTOPHIE IOJDKHBI MPUHUMATHCS BO BHUMAHHE INPH TNPOCKTHPOBAHUH
cucteM (HUKCHPOBAHHBIX LUGPOBBIX JHHUN CBS3M, paboTalOUMX B NpeAeiax HOpsAMOH BUAMMOCTH,
B YCIOBUSX KakK $ICHOM, Tak M AOXKIUIMBOW MOroxasl. B Hel Takke HpPeAOCTaBISIIOTCS B BHAE YETKHX
MOLIArOBbIX NPOLEAYP PYKOBOISIINE NMPHUHLMUIBI IPOSKTUPOBAHUS JIMHUH CBSA3H, BKIIIOYasl HCIIOIb30BAHUE
METOZAOB, MO3BOJIOIIMX CBOAUTH K MUHHUMYMY IOMEXH PaclpOCTPaHEHUIO paauoBONH. OKOHYATEIBHBIN
MIPOTHO3UPYEMBIA COOH CIIy>)KUT OCHOBOW Aisl Apyrux PexkomeHpmauuii, B KOTOPBIX paccMaTpUBaIOTCS
BONPOCHI OLTMOOK B OKA3aTENIAX KA4eCTBA U TOTOBHOCTH.

Accambnes paguocssizu MCD,

yuumbuleast,

a) 4TO JId NPAaBUIIBHOI'O IJIAHUPOBAHUSA HA3€MHBIX CHCTEM HpﬂMOﬁ BUIUMOCTHU H€O6XO,I[I/IMO HUMCTb
COOTBCTCTBYIOIINEC MCTOABI IIPOTHO3UPOBAHUA U JAHHBIC O PACTIPOCTPAHCHUN PAAUOBOJIH,

b) 4qTo pa3pa60TaHLI METO/Ibl, KOTOPLIC IMO3BOJIAIOT IMPOTHO3UPOBATH HECKOTOPLIC HanboJjee BaKHBIE
napaMeTpbl PaCpOCTpaHCHUSA pPaJUOBOJIH, BJIHUAIOMIUC HA IJIAHWUPOBAHUEC HA3E€MHBIX CHUCTEM, pa60TaIOI_LII/IX
B rIpeaciiax HpHMOﬁ BUIUMOCTH,

C) 4TO IO MCPE BO3MOXHOCTU MNPOBOAWIIACH IPOBEPKa I3THUX MCTOAOB Ha HUMCIONIUXCA HJAaHHBIX
H3MepeHHI>i, KOTOpad IOKasaja, 4TO HUX TOYHOCTbH COU3MEpHUMaA C HpHpO,[[HOﬁ W3MCHYHBOCTBIO SBJICHHUU
pacnpoCTpaH€Huss PpaadoOBOJIH, a TaKXE COOTBCTCTBYCT OOJNIBIIIEH YacTH HpI/IMCHGHI/Iﬁ B CHCTEMC
MJIaHUPOBAaHUA,

pexomenoyem,

1 YTOOBI 715 TNIAHUPOBAHHS Ha3eMHBIX CUCTEM MPSIMON BUAMMOCTH B COOTBETCTBYIOIIUX JHAMa30HaX
yKa3aHHBIX MapaMeTpoB OBUIM NMPHUHATHI METOIBI MPOTHO3UPOBAHUSA U JPyTHE METOJBI, MPEACTaBICHHBIC
B [Ipunoxenun 1.

Ipnioxenue 1

1 BBenenue

[Ipr npoexkTHpoBaHMU PAAMOPENICHHBIX CHUCTEM MPSIMOMl BUOMMOCTU CIEAyeT YUYUTHIBATh DAL SIBICHHH,
CBSI3aHHBIX C PACIPOCTPAHEHHEM PAAUOBOJIH, BKIIIOYAs CIEAYIOLIHE:

- JUQpaKIHOHHOE 3aMHUpaHKe, 00YCIOBICHHOE 3aKPBITHEM TPACCHl HA3eMHBIMHU IMPETISITCTBUSMH TIPU
HEeOIaronpUATHBIX YCIOBUAX PacIpOCTPaHEHUS PaIHOBOIIH;

- 3aTyXaHHC B aTMOC(I)epHI)IX rasax;

- 3aMupaHus, 00yCIOBICHHBIE MHOTOJIyUeBBIM PACIPOCTPAHEHUEM B aTMOC(epe MU PACXOKICHUEM
aydeid (0ObIYHO Ha3bIBaeMbIM AC(OKYCHPOBKOW JIyueil), KOTOpBIE CBS3aHBI C CYIIECTBOBaHHEM
AHOMAaJIBHBIX CJIOEB pedakuny;

- 3aMUpaHusd, O6YCJ'IOBJIGHHI>IG MHOTOJIY4€BOCTEIO, BOSHHKaIOHIeﬁ BCJICACTBUEC  OTPAXKCHUA
OT IMOBEPXHOCTH,
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- 3aTyXaHHUe, O6yCJ'IOBJ'I€HHO€ OCaJKaMU UJIK TBEPAbIMH YaCTHLaMU B aTMOC(l)Cpe;

- KoyieOaHusl yria NpUXOJa paJWOBOJNH HAa NPUEMHOM TEpMHHAlIEe M yIia BHIXOJa PaJHOBOJH
Ha MepeAaroieM TepMHUHae, 00yCIIOBICHHBIE pedpaKkuueii;

- yMeHbIIIEHHe W30MpaTeNnbHOCTH To Kpoccnoispuzauuu (XPD) B ycloBHSX MHOTOIYYEBOCTH WIIH
IIPU HAJIMYUU OCATKOB;

- HCKaXCHUEC CHUI'HAJIa, O6YCHOBH6HHOG T-IElCTOTHO-I/I36I/Ip(clTeJ'IbHI)IMI/I 3aMUpaHUAMU U 3ana3bIBAHUECM
B YCJIOBUAX MHOJIYYEBOI'O paClIpOCTPAHCHUA.

Onna u3 1eneit Hacrosmero [IprokeHus 3aKIr09aeTcsl B TOM, 9TOOBI B CKATOMW TOCTIEA0BaTeIbHON popme
npeaACTaBUTb IMPOCTBIC METOABI MPOTHO3UPOBAHUA SIBIICHUM pacrpoCTpaH€Husa paaruoBOJIH, KOTOPBIC
HEOOXOJMMO YYUTBHIBATH IPH NPOCKTHPOBAHUU OOJBIIMHCTBA (UKCUPOBAHHBIX JIMHUH CBSA3H TMPSMOM
BHIUMOCTH, a TaK)Ke TMPeJOCTaBUTh HHPOPMAIIHIO O AUANa30HaX UX MPUMEHUMOCTH. Jpyras 11e1b, KOTOpYyIo
npecneayeT ganHoe llpunoxenne, — 3TO MPeACTaBUTH AOMOTHUTEIHHYIO HHPOPMAIIMIO M METOJBI, KOTOPHIS
MOXHO PEKOMEHIOBATh [JIsl KCIOJb30BaHUSA B IMPOILIECCE IIAHUPOBAHUS HA3EeMHBIX CHUCTEM MPSIMOU
BHIUMOCTH.

MeToasl IPOTHO3UPOBAHUS, pa3padOTaHHBIE ISl TEPPUTOPUIl KOHKPETHBIX aJIMAHUCTPAIUN C yUETOM HX
cnenupUUecKuX KIMMATHUYECKUX M TOmorpaduueckux OCOOEHHOCTEH, MOTYT HMETh OINpeAeiCHHbBIC
MIPEUMYIIECTBA [0 CPABHEHUIO C U3IOXKEHHBIMU B HacToseM [Ipunoxenuu.

3a WCKIIOUEHHEM TIOMeX, SIBISIONIMXCS CiencTBieM yMeHblneHuss XPD, B Hactosmiem [lpunoxenun
paccMaTpHuBaeTCs TOJIKO BIMSHHME Ha IMOJIC3HBIM curHasl. HexoTopbie oOIine cooOpaKeHHss OTHOCHUTEILHO
BHYTPUCUCTEMHBIX TIOMEX B HH(POBBIX CHCTEMaxX HU3JOXKEHBI B 1. 2.3.6, ofHaKo OoJjiee NETANILHO 3TOT
Bompoc He oOcyxkmaercs. Jlpyrne acmekThl BIMSHUS IIOMEX pacCMaTpPHBAIOTCS B OTIENBHBIX
PexomMmenmanusx, a HIMCHHO:

- B Pexomenmannu MCD-R P.452 paccmaTpuBaroTcss MeXCHCTEMHBIE TIOMEXH, CBSI3aHHBIE C IPYTUMHU
Ha3€MHBIMHU JINHUSIMU M 36MHBIMHU CTaHLIUSIMY;

— B Pexomenmammmun MCD-R P.619 paccmarpuBaroTcsi MEXKCHUCTEMHBIC IOMEXH, BO3HUKAIOIIHE
13-32 pabOTHl KOCMHUYECKUX CTAHITUH.

Urobsl crenath 30 [IpunokeHne Hanboee MoJe3HbIM ISl IUTAHUPOBAHUS U TIPOSKTUPOBAHUS CUCTEM, BCS
nHpOpPMaIU PpaclofioKeHa B COOTBETCTBUM C PAacCMaTpUBAaEMBbIMHU SIBICHHSMH PpaclpOCTPaHEHUS
paznuoBOIIH, a HE COITIAaCHO (PU3MYECKUM MEXaHW3MaM, BBI3BIBAIOIIUM 3TH SBJICHUS.

Crenyer OTMETHTh, UYTO TOHATHE "HAMXYAIINA MeCAI"', WCIOIh3yeMoe B HacTosmed PekoMeHmaruwy,
SKBUBAJICHTHO MOHATHIO "M000# Mecsan" (cM. Pexomengaruio MCD-R P.581).

2 IMoTepu npu pacnpocTpaHeHUH PATHOBOIH

Ilotepu npu pacnpoCTpaHEHUH PAJMOBOJIH Ha HA3eMHOM Tpacce MPSAMOM BHUJIUMOCTH, IO OTHOIIECHUIO
K IOTepsiM B cBOOOAHOM mpocTpaHcTBe (cM. Pexomenmammio MCO-R P.525), aBistoTcst CyMMON pa3smIuIHBIX
COCTAaBIIAIONINX, TAKUX KaK:

— 3aTyXaHHe B aTMOC(EPHBIX ra3ax;

— JTUQPaKIHOHHBIC 3aMUPAHUS, 00YCIOBICHHbBIC 3aKPBITUEM WIIH YACTUYHBIM 3aKPBITHEM TPACChI;
- 3aMUpaHue, 00yCIIOBICHHOE MHOTOJIY4EBOCTBIO, PACHIHPEHUEM JIyda U MEpIaHUEM;

- 3aTyxaHue, 00yCIOBICHHOE KoieOaHueM yTiia TIPUX0.1a/BBIX0/1a;

— 3aTyxaHue, 00yCIOBICHHOE OCaIKaMHU;

- 3aTyXxaHue, 00yCIIOBIEHHOE MeCYaHbIMU U TIBIEBBIMU OypAMHU.

Kaxkgast m3 5TUX COCTaBIAIOIUX MMEET CBOM XapaKTEPUCTUKH, 3aBHCAIINE OT YaCTOTHI, JUIMHBI TPACCHI
1 reorpaduaeckoro Mectononoxenns. OHu OyIyT OMHMCaHBI B CIEAYIOMNX IMyHKTaX.

I/IHOFIla HMHTCPEC NMPEACTABIIACT ABJICHUC YCUIICHHUA CUTHAJIA IMPU PaCIIPOCTPaHCHUU. B takux clIydadx OHO
paccMaTpuBacCTCA BCJICA 3a COOTBCTCTBYIOIIMUMU IMOTEPAMU PACIIPOCTPAHCHUSA.
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2.1 3aTtyxanmne B aTMOc(epHBIX ra3ax

HekoTopoe 3aryxaHue, BBI3BIBAEMOE IMOTJIONIEHHEM B KHCIOPOJE M BOASHBIX IMapax, BCerga MPUCYTCTBYET
U IOJDKHO YUYHUTBHIBATHCS MPH pacueTe OOIIUX MOTEeph NPU PaclpOCTPaHEHUH PaIHOBOIH Ha 4acTOTax BBIIIE
npumepHo 10 I'T'm. 3atyxanue Ha Tpacce IUTHHOM d (KM) BBIUUCISIETCS IO (hopMyIie:

A4,=v,d nb. (1)

[oronHoe 3aryxanue v, (1b/kM) nomkHO OBITH onpeneneHo u3 Pekomengannu MCO-R P.676.

[NPUMEYAHUVE 1. — Ha mnuHHBIX TpaccaX Ha 4acrorax Bbime mpuMepHo 20 I'T'm MoXeT OKa3aTbesl JKeNnaTeIbHBIM
y4eCTh U3BECTHBIE CTATUCTUYECKHE JAHHBIE 11O IUIOTHOCTH BOASHBIX MTAPOB U TEMIIepaType BOMM3H Tpacchl. Hekoropas
nH(pOpMaIHS 0 TNIOTHOCTH BOJSHBIX TTapoB puBoauTcs B Pexomenmarun MC3-R P.836.

2.2 JAudpaxiuuonnbie 3aMupaHus

W3menenus ycnoBuii peppakiuy B atMocdepe BBI3BIBAIOT OTKJIIOHSHUS SKBUBAJICHTHOTO PaNyca 3eMIIH HITH
kod(dummenTa £ OT ero MeAMaHHOTO 3HAYCHHS, PaBHOTO MPHOMU3HTENLHO 4/3 &M CcTaHmApTHOU
atMocgepbl (cM. Pekomenmanmio MCO-R P.310). B ycrmoBusix mocTaTouHo O00JbIION aTtMochepHOi
cyOpedpakuun (OonbLIMe MOJOXKHUTEIbHBIE 3HAYEHHUS] TPaJucHTa MHIACKCA pePpakiuH, HU3KUE 3HAUCHHS
KoahuUIeHTa k) TpaeKTOpHUs Jy4ya OTKIOHSAETCS TaKUM 00pa3oM, 4To 3emiisl Kak Obl 3aKpBIBACT MPSIMYIO
Tpaccy MeXIy MepeJaTdyMKoM W MPUEMHHKOM, B PE3YJIbTATe Yero M BO3HUKAIOT 3aMHpaHHs, Ha3bIBacMble
nudpakIoHHbIMH. Takue 3aMUpaHus ABISIOTCS (aKTOPOM, ONPENEIISIONINM BBICOTY aHTEHHBI.

Cratuctuueckue naHHbIE O KOd(GQUIMEeHTe k& B OJHOW TOYKE MOXKHO TMONYYUTh W3 H3MEPEHUH WU
pe3yabTaTOB TPOTHO3a TpaJWeHTa WHIAeKca pedpaknuu B Tnpemenax TmepBbix 100 M atMochepsl
(cm. Pexomennaruio MCO-R P.453 o Bimusnuu pedpakuuu). [lomyueHHble 3HaUeHHs TPaJUeHTa CIEAyeT
yCpeOHHUTh, YTOOBI TONYy4uTh S((EeKTHBHOE 3HaueHWe k /I paccCMaTpUBAEMOW JITUHBI TPACCHI, K.
3Hauenus k., mpeBbimaemMble B TeueHHe 99,9% BpemeHH, 00CYXTAIOTCS B CIEAYIOMEM ITyHKTE C TOYKH
3pEHHsI KPUTEPUS IIPOCBETA TPACCHI.

2.2.1 3aBMcHMMOCTH IM(PAKIHMOHHBIX MOTEPh OT MPOCBETA TPACCHI

JudpakuroHHbIe TOTEPH 3aBUCAT OT THUIIA MECTHOCTH M pacTUTEIbHOCTH. lIpu 3a1aHHOM TIpOCBETE TPacCHI
IuQpaKIHOHHbIE TOTEpH OYyAyT BapbHUpPOBATHCS OT MUHHMAJIBHOTO 3HAYCHHWS B Cllydyae eIWHHUYHOTO
KJIMHOBHIHOTO MPEMATCTBUA A0 MAaKCUMaJbHOTO B Cllydyae Iaakoi cdepudeckoir 3emin. Metonsl pacuera
IU(PaKIMOHHBIX NOTEPh AT ABYX 3THUX CIy4aeB, a TaKXKe A Tpacc HaJll NEPEeceueHHON MECTHOCTHIO
obcyxnatorcs B Pekomenmanmn MCD-R P.526. Bepxuuit u HWKHUE nipenenbl TUGPaKIHOHHBIX MOTEPh
MOKa3aHbl Ha PUCYHKeE 1.

JudpakunoHHple TIOTEpH HAJ CpeJHEH MECTHOCTBIO, €CIM HMX BeJIHMYWHA MPEBHIMAeT MPHUOIM3UTEIHHO
15 1B, MO’XHO aNMPOKCUMUPOBATH ClEAyIOLIeH GopMynoii:

A,=—20h/F, +10 1B, )

rae h — pasHUIA BBICOT (B MeTpax) MEXIy HauOolee 3HAYHTEIHHBIM IMPEMATCTBUEM Ha Tpacce
U ee TpaeKTopuei ( nMeeT oTpuIaTeIbHOE 3HAYSHHE, €CIIH BEPXHSS 4aCTh PACCMaTPHUBAEMOTO MIPETISITCTBUS
HAXOJUTCS BBIIIC (PAKTHUESCKOM JIMHUU MPSMOU BUIUMOCTH), a F'| — paanyc nepBoro sjuiuncounaa Openens,
orpeensieMbli 10 hopMyJie:

d d,

F =173 M, 3)
rue:

f: wyacrora (I'T);

d: nnawHA Tpaccel (KM);

d] n dz . pacCTOosAHUA (KM) OT TCPMHHAJIOB 10 NPETATCTBUA HA TPACCEC.
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Ha pucynke 1 moka3sana Taxxe KpuBasi, OCHOBaHHas Ha ypaBHEHUH (2) U 0003HaUeHHAs Kak 4, JTa Kpusas,
KOTOpasi, CTPOro TOBOps, CIIpaBeJIiBa I MOTeph, MpeBsImamux 15 1b, B nHTepecax MpoeKTHPOBIINKOB
JMHUH CcBSA3M OblIA SKCTPANOINPOBaHa Ui 3HaUeHUH noTeps 10 6 1b.

PUCYHOK 1

JuppakuuoHHbie NOTEPH AJIi MUKPOBOJHOBBIX PaHOTpPAcC
NPSIMOii BUANMOCTH € MPeNsITCTBHSIMH
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Hopmuposansslii npocseT A/F,

B: Teopernyeckas KpuBas MOTeph B Cllydae KIMHOBHIHOTO MPEISTCTBUS
D: TeopeTHyecKas KpuBas OTeph B CiIyyae TaaKoil cepudeckoin 3emim
Ha yacrote 6,5 [Tuuk, =4/3
A, SMIMpuyecKkas KpuBas JU(PaKIHOHHBIX T0T€Ph, OCHOBAHHAsI
Ha ypaBHEHUH (2) B Clly4ae CpefHel MeCTHOCTH
h: BeNMYMHA, ONPEEISIONIas MPOCBET PaMOTPACCHI HA/l 3eMHO OBEPXHOCTHIO
F,: paauyc nepsoii 30ub ®penens

P.0530-01

2.2.2  Kpurtepuu nJIaHMpPOBaHUs NMPOCBETA TPacchl

C mu¢pakIMOHHBIMH TTOTEPSMH TAKOTO THIIAa HAa 4acTOTax cBhinie 2 I'T' B mpomuioM 00poIHCh ¢ TOMOLIBIO
JOCTATOYHO BBICOKMX aHTEHH, TaK YTOOBI IPH MAaKCHMAJIFHOM NCKPUBIICHUH JIy4a IPHEMHHK HE OKa3bIBAJICS
B 30HE OUdpaknyd B TOM CiIydae, €CIM SKBUBAICHTHBIA paguyc 3eMiid ObUI MEHBIIE ero OOBIYHOTO
3HaueHus. CormacHo Teopur AM(PaKIMK YCIOBHA pACIpPOCTPaHEHHs PaAAMOBONIH B CBOOOTHOM
MPOCTPAHCTBE O0OECIIEUMBAIOTCS B TOM CIydae, €CIM IMPOCBET HaJ 3€MHOW ITOBEPXHOCTBIO IS HPSMOIf
Tpacchl MEXIy MepelaTuIuKoM U NMPHEMHHUKOM cocTaBiseT He MeHee 60% panuyca nepBoii 30HbI PpeHens.
B nocnennee Bpems, koraa Hakonmuiaock Oonbine wH(GOpMAaLUU 00 3TOM MEXaHM3ME M CTaTUCTHYECKHUX
IaHHBIX O k,, HEOOXOIMMBIX JUIS CTaTUCTUYECKHX MPOTHO30B, HEKOTOpPBIC AJMHHHUCTPALMH CTaJH
yCTaHABIMBAaTh AHTEHHBI Ha BBICOTAX, HPH KOTOPHIX IPOMCXOAAT Tepedom B paboTe B HEOOIBIINX
W3BECTHBIX Tpeeiax.

B ycnoBumsx orcyrcTBus 0O0IIeil mpoueaypbl, KOTopas HO3BOJisIa Obl MPOTHO3UPOBAaTh IUGPAKLUOHHBIC
[OTEpU VISl Pa3JIMYHBIX HEOOJBIINX IPOIIEHTOB BPEMEHH, a CIE0BATENILHO, ONPENENATh CTATUCTUUECKUI
KpUTEpU IIPOCBETA TPACChl, PEKOMEHIYETCS BOCIIOJIb30BAThCS CIEAYIOIIEH MPOLeSypol Al YMEPEHHOIO
Y TPOMMYECKOro KJIMMaTa.
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2.2.2.1 AHTeHHBIEe KOH(pHUTypanuu 6e3 pa3HeceHUs!

Ulae 1: OnpenenuTh BBICOTY aHTEHH, TpPeOyeMylo IUisi OOECIeYeHUs] COOTBETCTBYIOIIETO MEIHaHHOTO
(ToueuHoro) 3Ha4yeHUs1 KOodPPHUUUEHTA k (CM. M. 2.2; MPU OTCYTCTBUH KaKUX-THOO NAHHBIX HCIOJb3YETCS
3HaueHue k = 4/3) u npocsera 1,0 F; Haj caMbIM BBICOKHM MPEISATCTBHEM (YMEPEHHBIH M TPOIMUYECKUN
KJIIMAT).

Lz 2: Tlonp3ysch PUCYHKOM 2, OIPEASInuTh 3HaueHue k, (99,9%) misa paccMaTpuBacMOM JTJIMHBI TPACCHI.
YSACh pUCy p p p p

PHUCYHOK 2

3nauenmue k,, npeBbiliaeMoe NpUOIU3NTEILHO 1151 99,9% BpeMeHU HAMXYALIEr0 Mecsina
(YyMepeHHBI KOHTHHEHTAJbHbIH KJIMMAaT)

1,1

s

]

0,9

0,8

s

0,6 7

0,5

0,4

0.3 2 5 ) 2

JlnmiHa Tpaccer (kM) P.0530-02

Ulae 3: PaccuurtaTh BBICOTY aHTEHH, TpeOyeMyro Ui oOeclieueHus 3Ha4eHus k., IOJTy4eHHOro Ha mmare 2,
U CIeNyIONIe paguychl IpocBeTa B 30He Dpenes:

YMepeHHblii KauMaT Tponuyeckuii KJIUMaT

0,0 F| (T. e. CKOIIbXEHHE), €CIIU HA TPACCE UMEETCA 0,6 Fy s Tpacc, JyIMHAa KOTOPBIX 0osiblie mpuMepHo 30 kM
SAMHUYHOC U30JINPOBAHHOE MPETSTCTBUE

0,3 F'y, eciu IpemsTCTBUE HA Tpacce MPOCTUPALTCS
BJIOJIb €€ YacTH

lllaz 4: Vicionp3oBaTh OoJjblliee W3 3HAYCHWH BBICOTHI AaHTEHH, IIOJIy4eHHBIX Ha marax 1 u 3
(cm. Tlpumeuanmue 1).

B Tex cnyuwasx, korja THIN KiiMMaTa HE OINPENEICH, MOXXHO BOCIOJIb30BAaThCS HanOOJee KOHCEPBATHBHBIM
MPaBUIIOM ompeeneHus mnpocBera (cMm. [lpumevanue 1) Ans TPONMUYECKOro KJIMMAaTa WM XOTSA Obl
MPaBUJIIOM, OCHOBaHHOM Ha OINPEJICICHUN CpPEJIHEr0 3HAYCHUS IPOCBETa B YCIOBUSAX YMEPEHHOTO
" TPONIMYECKOT'0 KiIMMarta. I[J'I?I TOIro tITOGI)I I/I36e)KaTB HEOOITYyCTUMO OOJIBIINX 3HAYEHUH BBICOTHI AHTCHH,
IIPY BBIMOJIHEHUU MAroB 1 u 3 MOXKET 0Ka3aThCs HEOOXOIUMBIM B3ATh MEHBIIHE JOJH F| JUIs 4acTOT HIXKE
npuommuTensao 2 [T

Ha wuacrorax Beimie mnpumepHo 13 T TOYHOCT OIIGHKM BBICOTHI TPEHSATCTBHsS HAYUHACT OBITh
COIIOCTaBHMOU C pajnycoM 30HBI DpeHens. DTy TOYHOCTh OICHKHU CIIeAyeT N00aBUTh K BEHIIICYKa3aHHOMY
IPOCBETY.
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[MPUMEYAHUE 1. — Xots 3Th npaBuia KOHCEPBATHBHBI C TOYKH 3pEHUS TU(PPAKIMOHHBIX MOTEPh, 00YCIOBICHHBIX
cyOpedpaKkIIMOHHBIMH 3aMHPaHUSIMH, HEOOXOIMMO IMOHHUMATh, YTO YPE3MEPHBIH aKIEHT Ha CBEACHHMH K MHHUMYMY
CTEIEHH HETOTOBHOCTH U3-3a AU(DPAKI[MOHHBIX MOTEPh B YCIOBHIX CyOpedpakiiu MOXKET MPUBECTH K €IIe OONbIIeMY
YXYOIICHUIO Ka4eCTBAa CBS3M U CTENEHH TOTOBHOCTH B YCJIOBHSIX MHOTOJIy4eBOCTH. B HacTosIiee BpeMs HEBO3MOXKHO
JIaTh OOIME KPUTEPUH JUIS YCTAHOBIICHHUST KOMIIPOMUCCA MEXAY 3TUMH IBYMsl ycioBusimu. [loaxoasiummu dpakropamu
MOTYT CTaTh 3aIlachl Ha 3aMHUPAHUS B CUCTEME.

2.2.2.2 Kondurypauum u3 AByX WM TPeX aHTEHH € POCTPAHCTBEHHBIM Pa3HeceHUeM

Illaz 1: PaccunTtaTh BBICOTY 00Jiee BRICOKOH aHTCHHBI, HCIIOJIB3YsI OIMMCAHHYIO BBIIIE TIPOIEAYPY I OTHOU
AHTCHHBI.

Illaz 2: PaccunTtaTh BBICOTY OOjiee HU3KOW aHTEHHBI, TPEOyeMylo, YTOOBI 0OECIICUNTh COOTBETCTBYIOIICE
MeIMaHHOe TOYEYHOEe 3HaueHHne Kod(p¢uuueHta k (IpH OTCYTCTBUM KAaKUX-THOO TAHHBIX HCIHOJB3YETCS
3HaueHue k = 4/3) u cnenyromnme npoceeTs B 30He Openens (cMm. [Ipumedanue 1):

ot 0,6 F no 0,3 F, eciiu mpemsITCTBUE HA TPacce MPOCTUPAETCS BJIOJIb €€ YacTH;
ot 0,3 F; no 0,0 F'y, eciii Ha Tpacce UMEETCS OJHO WIIU JIBa U30JIMPOBAHHBIX MPEMATCTBHUA.

B cnygae HE0OX0IMMOCTH MOXKHO B35ITh OJJHO W3 MEHBIIINX 3HAYEHUH B ABYX YKa3aHHBIX BEIIIE JHMara3oHax,
JUTSL TOTO 9TOOBI N30€XaTh HEIOIyCTUMOTO YBEJIMUEHHUS BHICOTHI aHTCHH HIIM B TOM CITy4ae, KOTJa 4acToTa
menpie 2 I'T.

Kak Bapuant, mpocBeT 0oiee HM3KOH aHTEHHBI MOXXHO BBIOpPAaTh TakuM, YTOOBI AM(paKIMOHHBIE TOTEPU
B YCJIOBHUSIX C HOpMalbHOW pedpakumeit (T. €. B HONACHD; CM. M. 8) paBHUTUCH MPHOIM3UTENBHO 6 1B Miu
JpyroMy 3HaYCHHIO MOTEPh, COOTBETCTBYIOIIEMY ONPEACICHHOMY B pe3yJbTaTeé KOHTPOJIBHBIX M3MEPEHUHN
3amacy CHUCTEMBbI Ha 3amupanue. 3MepeHws cleyeT MPOBOIWUThL B TEUCHHE HECKOJIBKUX IHEH, YTOOBI
n30eKaTh yCJIOBUI ¢ aHOMalIbHOM pedpakimeii.

B 3roMm anmbTepHATHBHOM ciiy4ae MUGPAKIIMOHHBIC TTOTEPH TAK)KE MOYKHO OICHHTH C MOMOIIBIO PUCYHKa 1
Wy ypaBHEHUS (2).

[lae 3: YIOCTOBEpUTHCS B TOM, 4YTO MPOCTPAHCTBEHHOE pAa3HECEHHWE JIByX AaHTEHH YJOBIETBOPSAET
TpeOOBaHUSIM K PA3HECCHHUIO B YCIIOBHSIX MHOTOTYYEBOTO 3aMUpaHus (cM. 1. 6.2.1), U, eciu 3TH TpeOoBaHUS
HE YJIOBIIETBOPSIOTCS, IIPOU3BECTH COOTBETCTBYIOIINE U3MEHCHUSI.

[NPUMEYAHUE 1. — O1n nuama3oHBl BETHYUH IPOCBETa OBLIM BBIOpAHBI TaK, YTOOBI YCTAaHOBHUTH JHAINA30H HOTEPh
n3-3a qudpakuuu B npezaenax ot npuMepHo 3 ab 10 6 1b u 4To0Bl YMEHBIUINTh BEPOSITHOCTD MOSIBICHHS 3aMHUPaHUIA,
00yCTIOBJICHHBIX TOBEPXHOCTHOM MHOTONy4eBOCTBIO (cM. 1. 6.1.3). OueBmmHO, 4TO TPO(HUIM HEKOTOPHIX TpPAacc
HE MO3BOJIAT YMEHBIIUTh MPOCBET IO TAKOW CTENEHM, W Uil CHUIKCHHS BIIUSHUS 3aMHPAHUI M3-32 MHOTOJIyYEBOCTH
JIOJDKHBI OBITh HAWCHBI IPYTUE CPEACTRA.

Ha Tpaccax, rae 3aMmupanusi, 00yCIOBICHHbBIC MTOBEPXHOCTHONW MHOTOIYYEBOCTBIO B PE3YJIbTATE OHOTO HITH
HECKOJIbKHX OTPaKCHUH OT POBHOUN MOBEPXHOCTH, SBISIOTCS MPEOOIaIatoNMMK (HallpuMep, HaJl BOJON WK
HaJ pallOHaMU C OYCHb IUIOCKOH TMOBEPXHOCTHIO), MOXKET OKA3aThCS KENATCIbHBIM CHadalla PacCYUTaTh
BBICOTY BEpXHEH aHTEHHBI C KCIOJB30BaHUEM TMpoIenypsl 1. 2.2.2.1, a 3aTeM paccuyuTarh ONTHMAILHOC
MUHUMAJIbHOE PACCTOSIHME JIJISI PA3HECCHHOM aHTeHHBI B IEJIAX 3allUThl OT IOBEPXHOCTHOU
MHOTOJy4€BOCTH (cM. 1. 6.1.3).

B mpenenbHbIX cuTyanusx (HampuMmep, OYEHb MPOTSDKEHHBIC HAJIBOJHBIC TPACChl) MOXKET OKas3aThCs
HEOOXOUMBIM MPUMEHEHHE KOH(PUTYpAIMU U3 TPEX PA3HECCHHBIX aHTCHH. B 3TOM ciydae mpocBeT caMoi
HU3KOW aHTEHHBI MOXKET OCHOBBIBATHCS HA TpaBHIIE MPOCBETOB B IIare 2, a MPOCBET CpeJHEl aHTCHHBI —
Ha TpeOOBaHUM ONTUMAILHOTO Pa3HOCA C BEpXHEHW AHTEHHON JJIsl CHW)KEHUS BIUSHHS ITOBEPXHOCTHOMN
MHOTOITy4eBOCTH (cM. 1. 6.2.1).

23 3amMupaHue W YycHJeHHe, O00YCJOBJEeHHbIe MHOIOJYY€BOCTHLI0O W CBA3AHHBLIMH C HeH
MeXaHu3MaMH

[Ipu mIaHUpOBaHWYM JTWHUI CBA3HM MPOTSHKEHHOCTHIO 0O0Jiee HECKONBKHX KHUJIOMETPOB CIEAyeT YUHUTHIBATH
TP MEeXaHU3Ma 3aMUPAHUS MPH SICHOU TMOTOJIe B YCIOBUSAX CYIIECTBOBAHHUS aTMOC(HEPHBIX CIIOEB C CHIILHOU
pedpaknueii: pacupeHue nyda (B aHIJIOA3BIYHON TEXHHYECKOW JHTEpaType OOBIMHO Ha3bIBaeMOe
ne(OKYCHPOBKOH), pa3BsA3Ky aHTEHH, MOBEPXHOCTHYIO M aTMOC(EpHYI0 MHOTOIY4YeBOCTh. BONBIIMHCTBO
Y3 3TUX MEXaHU3MOB MOTYT BO3HHMKATh CaMU 1O ce0e WU B COYSTaHUHU JpYyT ¢ apyroM (cm. [Ipumeuanwne 1).
HauGonee cuibHOE YacTOTHO-U30MpPATENBHOE 3aMHUPAHHE BO3HHKACT, KOTJa PACIIUpEHUE Jyda MPSIMOTo
CUTHAJla COMPOBOXKIAETCS €ro OTpPaXCHHEM OT IOBEPXHOCTH, BBI3BIBasS MHOTOJIY4YE€BOE 3aMHUpaHHE.
3amupanue, OOYCIOBJICHHOEC MEpPIIAHUEM, BO3HHUKAIOIIMM H3-32 MEJIKOMACIITa0HBIX TYpOYJICHTHBIX
HEOTHOPOHOCTEH, BCEra COMPOBOXKIAACT HA3BaHHBIE MEXAHU3MBI, OJIHaKO Ha "actoTax Hike 40 I'T'1 ero
BKJIaJl B o0lee 3aMUpaHie HE3HAYUTENCH.
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[NPUMEYAHUE 1. — Pa3Bs3ka aHTeHH sBISAETCA (PAKTOPOM, OMPEACIISIOMNM HEOOXOIUMYI0 MUHUMAIBHYIO IIHUPUHY
JIyJa aHTCHH.

MeTon TpOTHO3UPOBAHUS PACIPEEICHNsT OJHOYACTOTHOTO (WJIM Y3KOIOJIOCHOTO) 3aMHpaHUs OONbIION
TITyOUHBI 7SI CpeTHEr0 HAauXyIIero Mecsla B JII000H TOYKE 3€MHOTO Inapa mpuBogutcs B 1. 2.3.1. OT1OT
MeToA He TpeOyeT 3HaHHs MPOQUIS TPacChl M MOMKET HCIOJIB30BaTbhcA Ui LeNel MpenBapuTeIbHOTO
IJIAHUPOBAHMUS, JIUIIEH3UPOBAHUS WIIM MPOeKTUpoBaHus. B m. 2.3.2 mpencrtaBiieH BTOPOMl METOJ, KOTOPHIN
MOJIXOUT ISl 3aMUpPaHHi JIF0OO0H TITyOUHBI M OCHOBAaH Ha MCIOJIb30BaHMH METO/a JJIsl TITyOOKHX 3aMHUPaHUui
U UHTEPIOJSIMOHHON NPOLUEAYPHI [UIsl 3aMUPaHUN MaJION TITyOUHBI.

MeTon NpOrHO3UPOBAHUS YCUJICHHUS] CHTHala M3JI0KeH B 1. 2.3.3. B kauecTBe eIMHCTBEHHOT'O MCXOTHOTO
rapamMeTpa B 3TOM METOJE MCIIONb3yeTCsl INIyOWHAa 3aMMpaHus, NMPOTHO3UPYEMas C IOMOINBI0 METOJa,
onuceiBaeMoro B 1. 2.3.1. W HakoHen, B 1. 2.3.4 mpeAcTaBlIeH METOA NPeoOpa3oBaHusl paclpeneneHui UIst
CpEeAHEero HauXyIIIero Mecsla B CPeAHEr010BbIE paclpeaesiCHHS.

23.1  Meroa 15 MAJIbIX 3HAYEHUI POLIEHTA BPpeMeHH

Hlae I: ]Insg Tpacc, MpOXOASAIIMX HaJ paccMaTpUBaeMONW MECTHOCTBIO, OLEHHTh TI'€OKIMMAaTHYECKHM
ko3pduiment K 118 CpedHEro Hauxy[IIero Mecsilla IO JaHHBIM O 3aMHUpPaHMAX Ml JaHHON
reorpaduyeckoit 001acTH, eciiu Takue JaHHbie UMetoTcs (cM. JlomonHenwue 1).

Ecnmu m neranpHOE MPOEKTUPOBAHWE JIMHUW BBHITOJIHSIETCS MPH OTCYTCTBUU WU3MEPEHHBIX NaHHBIX Uil K
(cm. Tlpumevanue 1), creayeT ONEHHTh T'COKIMMATHYCCKUN (AKTOp Uil CPENHEro HAMXYIIIEro mecsa
o dopmyie:

K =107440027MN (10 4 5 )04 )

rIe:

dN;: »3To TOYeUHBId TpaaWeHT pedpakIuu B CcaMOM HIDKHEM O65-METpPOBOM ClO€
aTMocdepsl, He peBbIIaeMbIid B TeueHue 1% cpegHero rona, a s, — 3T0 HEPOBHOCTh
MECTHOCTH B paccMaTpuBaeMoi obiacry;

dN;: oOecneunBaercs B cerke ¢ marom 1,5° mo mmpore u jgonrore B Pekomenmanuu
MC3-R P.453. HctuHHOE 3HAYEHWE IS IMAPOTHI W AOJTOTHI B IIEHTPE TPAacChl
JIOJDKHO OBITH MOJTYYEHO U3 3HAYCHHH IS YEThIpeX ONMKANIINX TOYEK CETKH ITyTeM
OWJIMHCHHON WHTEPHOJSIMA. T JaHHbIC UMEIOTCS B Ta0bnuyHOW (opme,
u pasmeniensl bropo pamuocBszun (BP) wa BeO-caiite 3-if MccnemoBaTenbckoit
KOMUCCHU,

S,: ONpeAemseTcsl KaK CTAHAAPTHOE OTKJIOHEHHE BBICOT MECTHOCTH (M) B MpeAeiax 30HbBI
110 xm X 110 xm ¢ paspemenuem 30 ¢ (Hanpumep, narabie Globe "gtopo30"). HanHas
30Ha JOJIKHa OBITH BBIPOBHCHA IO JOJITOTE, TaK LITO6I)I JABC OJWHAKOBBIC ITOJIOBUHBI
30HBI HAXOAMJIKMCh 1O 00€ CTOPOHBI JONTOTHI, MPOXOASIICH dYepe3 LEHTP TPAacChl.
Jlanaeie o pembede MecTHOCTH HMMeEOTCsl B ceth WWW (BcemupHoii mayTuHe)
(BeO-ampec MOXKHO MONYy4HTh B bP).

Ecnu s mpumeHeHWi B LENAX IUIaHUPOBaHUS HeoOXxoauM OwicTpeiii pacuer K (cM. [Ipumeuanue 1),
TO BECbMa TOYHYIO OLICHKY MO>KHO MOJYYHUTh U3 BBIPAXKECHHSL:

K = 1046-0:0027dN; (5)

Ulae 2: Ecnau BbIcOTa aHTeHH /i, W A, ((M) BBIIE YPOBHS MOpS) M3BECTHA, TO BBIYHCIHTH a0COJIOTHOE
3HAUEHHUE yTJIa HAKJIOHA TPACCHI [€,| (MpaJ) C HOMOIIBIO BHIPAKEHHUS:

h,—hl|/d, (6)

le,| =

rae d — IiiHA TPacchl (KM).
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Llae 3: ]Ins mpuMeHeHHW B WENAX AETaJbHOrO IpoeKkTupoBaHus JuHUA (cM. Ilpumewanns 1 wu 2),
BBIUMCIIUTH MPOLIEHT BPEMEHHU p,, UIS CPEIHET0 HAMXyHALIero Mecsla, B TeYeHHE KOTOPOTo MpPEBBIIIAETCS
riyOuna 3amupanus 4 (ab):

pw — Kd 3,4 (1 + | 8p|)—1,03 f(),SX 10—0,00076hL—A/10 % , (7)

rae:
f: waacrora (I'T);

h;: BBICOTa HWKHEH aHTEHHHI (T. €. MEHBIIIC 110 BEICOTE, UeM /i, U /,)
U TJIe TeOKJIMMAaTHIYeCKUN KO3 puireHT K nojayueH u3 ypaBHeHus (4).

JInsi npUMEHEeHUit B LeNsX OBICTPOro IUIaHMPOBaHMs, Koraa 31o Tpedyercs (cMm. [Ipumewanus 1 u 2),
BBIYHCIIUTH TPOIEHT BPEMEHH p,, CPEIHEr0 HaMXy[IIero Mecsila, B TEYEHHE KOTOPOrO HPEBHIMIACTCS
riy6ouna 3amupanus 4 (ab):

p,=Kd 3,1(1+ | 8,,| )—1,29 f0’8>< 1~ 0-00089%, ~ 4/10 %, ®)

rae K nomydeH u3 ypasaeHus (5).

[NPUMEYAHUE 1. — O6mue crangapTHBIE OTKIOHEHUS MOTPEIIHOCTH B MMPOTHO3aX C MCIOIb30BaHUEM ypaBHEHHH (4)
u (7), a Takxke (5) u (8) cocrapmsator 5,7 n1b u 5,9 nb, cooTBeTCTBEHHO (BKJIIOYAs BKJIa[ BCIEICTBUE MEXIyTOAMYHOM
U3MEHYMBOCTH). B mpenenax mmpokoro nuana3zoHa JUIMH TPAacC, BKIFOYEHHBIX B 9TH HU(Pbl, MUHUMAJIbHAsI BEIMYMHA
CTaH/IapTHOTO OTKJIOHEHHs IMOrpemHocTH 5,2 n1b mpuMeHsiercst st Tpacc Hal Cyuied, uis KoTopeix A, < 700 M,
a MakcHMaibHast BeauuuHa 7,3 nb — st HagBoaHBIX Tpacc. OHaKko HeOOJIbINas pa3HHULA MEXK/ITy BEIMYMHAMH O0IIero
CTaH/JapTHOTO OTKJIOHEHHs HETOYHO OTpakaeT YIydllIeHHe KadecTBa IIPOTHO30B, 4YTO HaOJIofaercs Ipu
WCIIOJIb30BaHUM ypaBHeHUH (4) u (7) s MMHUK HaJl O4EHb IePEeceueHHON MECTHOCTBIO (HalpuMep, TOpaMu) WK Hax
OYEHb POBHOH MECTHOCTBIO (HalpuMmep, HaIaBOAHBIE Tpacchl). CTaHAAPTHBIC OTKIOHEHHS IMOTPELIHOCTH U TOPHBIX
muaAi cBs3u (A > 700 M), Hanpumep, yMmeHbmatoTces Ha 0,6 1b, a BeMWYUHBI OTIENBHBIX TMOTPEITHOCTEH TS JTMHUN
HaJl BBICOKOTOPHBIMHU paliOHaMH — Ha HECKOJIBKO AELIOEIIOB.

IMPUMEYAHUE 2. — Ypasuenus (7) u (8), a Takke CBsI3aHHbIC C HUMH ypaBHEHUS (4) U (5) U T€OKIMMATHYECKOTO
kooddunmenra K, ObulM BBIBEAEHBI M3 MHOXKECTBEHHBIX DPErpecCcHMil MO JaHHBIM 3aMupaHuil mns 251 nuHuM
B Pa3IMYHBIX T'€OKIMMAaTHYECKUX paiioHaX MUpa C YYETOM CIEAYIOIIMX IapaMeTpoOB: JUIMHBI JIMHUH, d, B AWAIa30HE
ot 7,5 1o 185 kM, yactoTel f B auanazoHe oT 450 MI'n no 37 I'Tu, yrna |g,| HakaoHa Tpacc 10 37 Mpaj, BBICOTHI
HWKHEH aHTeHHbI, /;, B jaumanmazone ot 17 po 2300M, rpamuentel pedpaknuu, dN;, B auama3zoHe
oT —860 10 —150 N-equHUI/KM 1 HEPOBHOCTH MOBEPXHOCTH B paccMaTpuUBacMoOl 30HE, §,, B JuanasoHe oT 6 1o 850 m
(mms s, < 1 M caemyeT UCIoNb30BaTh HIDKHUMH mpeen B 1 Mm).

[Ipenmonaraercsi, uro ypaBHeHwus (7) u (8) OyAyT NeHCTBUTENBHBI TAKXKE H JIJIS YaCTOT 10 KpaitHe# mepe 10
45TTu. Pe3ynbraThl TOTYyIMIHPUYSCKOTO aHATW3a IIOKA3bIBAIOT, YTO HIDKHSAS TPaHUIA YaCTOTHOTO
JMara3oHa, IJIsi KOTOPOM 3TO ypaBHEHHE ellle CIIPaBeIJIUBO, OOpaTHO MPOIOPIMOHATIbHA JJTUHE TPACCHI.
I'pyOyto OLleHKY 3TOM HMKHEH YaCTOTHON IPaHULBbI, fy;in, MOXKHO MOJIYYHUTH C TOMOIIBIO COOTHOIICHHS:

£, =15/d ITo. )

2.3.2 Meroa A9 BcexX NPOLEHTOB BpeMEHU

B mpexncraBneHHOM HIDKE METOJE MPOTHO3UPOBAHUS TIYyOMHBI 3aMUpaHWN JUIS TPOLEHTA BPEMEHU HX
MIPEBBIIICHNAST KOMOWHUPYIOTCS pacipeziesieHne TIyOOKNX 3aMHUpaHHid, ONMMCAaHHOE B MPENbIAYIIEM pasJiene,
U OMITMpHYECKas Mpolielypa HHTEPIOJISIINY ¢ TTyOnHOM 3amupanus 1o 0 xb.

Illae I: Victionb3ys METOJ, OMMCAaHHBINA B 1. 2.3.1, BBIMUCIUTH KOA((UIIUCHT MOSIBIICHUS MHOTOJIYY€BOCTH,
Po (T. e. IepeceveHre KpUBOU pacTpeieIeHIsI TITyOOKUX 3aMHAPaHUil ¢ OCBI0 BPEMEHH B TIPOIICHTAX ):

3,4 -1,03 £0,8 ~0,00076h
Po=Kd(1+]g, )7 fx107 L % (10)
JUTS IPUMEHEHUH 10 1eTATbHOMY IIPOEKTHPOBAHUIO TUHHUM CBA3M € K, TIOJIYYeHHBIM U3 yYpaBHEHUs (4), U

po — Kd 3,1 (1 + | Sp | )—1,29 f0,8 x 1070,00089/’@ % (1 1)
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Il IPUMEHEHUH Tpu OBICTPOM IUIAHMPOBaHUM C K, TOIyYeHHBIM U3 ypaBHeHUs (5). CinemyeTr OTMETHTS,
yto ypaBHeHus (10) u (11) sxBuBanenTHs! ypaBHeHusM (7) u (8), coorBeTcTBeHHO, pu A = 0.

Ulae 2: BeuucauTs ypoBeHb TNIyOMHBI 3aMUpaHuid, A;, TPH KOTOPOM IIPOUCXOIUT TEPeXon
OT pacrpeneneHust IyOOKHX 3aMUpaHUil K pacHpeAeeHUIO0 HErNyOOKHX 3aMUpPaHUM, B COOTBETCTBUH
C MIPOrHO3aMHM SMIIUPUIECKOH MIPOLeypbl HHTEPIIOJISILINY:

A,=25+1,2log p, ab. (12)
Jasnee npoiieaypa 3aBUCUT OT TOTO, OYJET JIK ypOBeHb A OOJbIle WIIK MEHBIIIE, YeM A,.
Lllaz 3a: Eciu TpeOyemas ri1yOuHA 3aMHUpaHHuii, A, paBHA WK OOJIbIIE, YeM A,

Bpiunciuth NpoLeHT BpeMEHH, Koraa A MPEBBIIIAETCS 33 CPEAHUN HAUXYAIINN MECSILL:
P, = pox10741° % . (13)

Crnenyer orMmetuTb, 4To YypaBHeHHe (13) okBuBaneHTHO ypaBHeHHIO (7) win (8), B 3aBHCHMOCTH
OT CUTYyaLlUH.

Illaz 3b: Ecnu Tpebyemas TiryOrHa 3aMUpaHAi, A, MEHBIIE, 9eM A,
Boeruncnuth nporeHT BpeMeHH, p,, KoTaa A, IPeBbIIaeTCs 3a CPeIHNN HAUXYIIINNA MECSIIL:
e = pox 107410 % . (14)

Cnemyer ormeTuth, 4TO ypaBHeHue (14) oskBuBaseHTHO ypaBHeHUto (7) wim (8), B 3aBUCUMOCTH
OT CUTYyaIuu, pu A = A4,.

Boeruncnuth g, MCX0s M3 TEPEXOAHOTO YPOBHS 3aMUpPaHus, A, U COOTBETCTBYIOIIETO MPOIEHTa BPEMCHH,
pr

q;:—2010g10{—ln[ [ 100—p,j/100”/4. (15)

Brraucnuts g, ucxons u3 q', U IEpexXoqHOTO yPOBHS 3aMHUpaHus, A,

a,=g —2)/[ (1+03x10 %) 100’01“’}—4,3(10A’/2°+At/800). (16)

Boeruncnuts g, ncxonast u3 Tpe0OyeMoro ypoBHsSI 3aMUPaHUs, A:
q,= 2+[ 1+o,3><10/“20} [ 100"““} [ g, +43(1072 + A/SOO)} : (17)

Boruncnuth mpoIeHT BpEMEHH, p,, B TEUEHHE KOTOpPOro YypoBeHb 3amupanus, 4 (nb), mpessimmaercs
3a CpeHUN HAUXYyALINUNA MECSLL:

py =100 [1-exp (—107%420)] % (18)

IIpu ycnoBuu, uro py <2000, cnenoBaHue BBIIECYKA3aHHON MPOLIEAYyPE CO3AAET MOHOTOHHOE U3MEHEHUE P,
B 3aBUCHUMOCTH OT YpPOBHA A, KOTOPOE MOKET MCIOJb30BaThCS Ul ONpPENeNIeHUs YPOBHA A NP 3alaHHOMI
BEJIMYUHE p,, C IPUMEHEHHEM ITPOCTON UTEpAIIH.

HpI/I HCIIOJIb30BAHUU po B KA4YC€CTBC IIapaME€Tpa Ha pI/ICYHKC3 MOKa3aHO CEMEHUCTBO KpHBBIX,
O6€CH€‘II/IB3IOII_II/IX rpaq)nquKoe MNpeACTABJICHUEC JaHHOTO METOAA.
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PUCYHOK 3

IIpouent Bpemenu, p,, B Te4eHUE KOTOPOro ri1y0nHa 3aMupanus, A, NIPeBbIIACTCS 32 CPeJHUN
HANXY/ILIUI Mecsl, pu p, (B ypaBHeHuu (10) nin (11), B 3aBHCHMOCTH OT CHTYAllHH),
u3Mensiiomemcst B npeaeaax or 0,01 xo 1000
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2.3.3 Mertoa NpOrHo3MpoBaHMs yCUIIEHUS

CunpHOE yCUJICHHE CUTHAa HAOJIOMAeTCs B YCIOBHSIX BO3HUKHOBCHHS BOJHOBOJHBIX CJIOCB U CBSI3aHHBIX
C HUMU 3aMHpaHul, 00yCIOBICHHBIX MHOTOJTYI€BOCTRIO0. YcuieHue cBeime 10 ab 3a cpeaamii Hanxy I
MecSI] clieAyeT MPOTHO3UPOBATH C TIOMOIIBIO CIIEAYIOIIEr0 COOTHOIIECHHUS:

p, =100 107 &2 oo =B % s E > 10 1B, (19)

rne £ (n1b) — ycunenwue, He npeBblmaemMoe ajst p% BpeMeHH, a Ao — [IyOuHa 3aMUpaHus, IPOrHO3UpyeMast
¢ nomo1ubio ypasaeHus (7) wiu (8), B 3aBUCUMOCTH OT CUTyalllu, U IpeBbilIaeMas B TeueHue p,, = 0,01%
BpPEMEHH.

st pacuera ycunernus ot 10 go 0 nb ucmonb3yeTcst crieayronias moarosas mpoueaypa:

Hlae 1: BeaucauTh MPOLEHT BPEMEHH p'y,, I KOTOPOTO ycuiieHHe MeHblue wiu pasao 10 ab (£'=10),
ncrnonb3ys ypasHenue (19).

Illaz 2: BBHYUCIHATH ¢', C TIOMOIIBIO CIEAYIOIIETO BRIPAKCHHUS:

100 - p'
g :—% log,, [— In (1——1”}} . (20)
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Llaz 3: BplUUCAUTH MAPAMETD ¢

q, =2,05¢g; —20,3. 21

Ulae 4: Beraucauts g, Ans TpeOyeMoro 3HaueHus £, UCTIONb3ysi COOTHOILICHHE:
q,=8 +[ 1+0,3% 105/20} [ 100’75/2‘)} [ q, +12 (10*5/20 + E/SOO)} ) (22)

Illaz 5: TlpoueHT BpeMeHH, JUisi KoToporo ycuieHnue £ (1b) He npeBbiaercs, onpenensercs no Gopmylie:

p,,=100-5821 [1 —exp (—10*%“20 )] (23)

CeMeHCTBO KpHBBIX Ha PUCYHKE 4 MaeT Tpaduueckoe Mpe[CTaBIeHHE METOJa NpPU HCIIOIB30BAaHUH Py
B KauecTBe mapamerpa (cM. ypaBHenue (10) mmm (11), B 3aBucuMocTH OT cuTyauuu). Kaxmas kpusas
Ha pUCYHKE 4 COOTBETCTBYET KpHUBOW Ha pPHCYHKE 3 TpH TOH e BeIHuuHE po. Clenyer OTMETHTH,
YTO Ha PUCYHKe 4 TIOKa3aH MPOIEHT BPEMEHH, B T€UEHHE KOTOPOTrO 3HAUEHUS YCHIICHHUS IPEBBIIIAIOTCA,
91O cooTBeTcTBYeT Benmmumue (100 — p,,), ipu p,,, onpenensiemoM ypasaeHnusmu (19) u (23).

PUCYHOK 4

IIpouent Bpemenu, (100—p,,), B TeueHne KOTOPOro ycuiieHue, £, npesplmaercs 3a cpeHHI HANXYLIMIi MecsL,
npu py (B ypapHenuu (10) nim (11), B 3aBUCMMOCTH OT CUTYallMH), H3MeHsIlomeMcst B peaesax ot 0,01 xo 1000

2
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—
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i
)
e

NN
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0 2 4 6 8 10 12 14 16 18 20
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Jlyist IpOrHO3UPOBAHUS MPOIEHTA BPEMEHH MPEBBIIICHHUS JJIsI CPEHEr0 ToJla, & He CPEeIHEr0 HAUXYIIIEro
MecsIa, cM. 1. 2.3.4.



12 Pex. MCJ-R P.530-14

2.3.4  IlpeoOpa3oBaHue pacmpefesJeHUH JJIs1 CpeHer0 HAUXYALIEro Mecsia B pacnpeaeJeHus: AJst
cpeaHero roaa

Pacnipenenenus 3amupanuii U yCWICHHN CHUTHala Ui CPEAHEr0 HAMXYAIIETO0 MeECAlld, MONyYCHHbIC
C TIOMOIIBI0 METOJIOB, OMMCAHHBIX B MII. 2.3.1-2.3.3, MOXHO MpeoOpa3oBaTh B PaCIpeeeHUs Ui CPEIHETO
roJia ¢ TOMOIIBIO CIICAYIONMIEH TIPOIICYPHhI:

llaz I: C nmomorrsto ypaBHeHus (7) unu (8), B 3aBUCUMOCTH OT CUTYAIlUH, BBIUUCIUTH IIPOLIEHT BpEMEHU
Pw», B TCUCHUE KOTOPOT'O MPEBHIIIACTCS TIIyOrHa 3aMUpaHus A JJisl CPETHET0 HAMXYIIIETO Mecsla B 00JacTH
JUTMHHOTO XBOCTA PacCIpeeIICHUSI.

Illaz 2: Berauciuth  jorapuMUYECKUM TeOKIMMATHYeCKUl  KoadduiueHt npeoOpasopanus, AG,
o gopmye:

AG=10,5-561og (11| cos 25[°7)-2,7logd +1,7 log (1+] ¢, |) 1B, (24)

rae AG <10,8 1B, u 3HaK MUIKOC COOTBETCTBYET 3Ha4YeHUsIM & < 45°, a 3HAK MHUHYC — 3HAueHUsAM & > 45°,
U rje:

€: mmpota (B ° C. II. WIH 0. IIL.);
d: nnuHa Tpacchl (Km);

lepl:  abcomroTHOE 3HAUYEHME yIyla HAKJIOHA TPACChl (IIOIyYEHHOE U3 ypaBHEHU: (6)).

lae 3: BpluucaUTh MPOLEHT BPEMEHH, p, NPEBBILICHUS TIyOWHBI 3aMupaHusi, A, B o0jacTu rIyOOKHX
3aMUpPaHUH (IJIMHHBIA XBOCT paclpeesieHus ) Al yCPpeIHEHHOro roaa no ¢popmyiie:

p=1072¢1°p, %. (25)

Hlae 4: Ecnm TpeOyeTcss pacnpenelicHHe B 00JacTH HErTyOOKMX 3aMHpaHWi, HCIONB3YyeTcs METOM,
onucaHHbId B 1mare 3b m. 2.3.2, co cleayrIuMu U3MEHEHUSIMU:

1) mpeoOpa3oBaTh BEIMYHUHY p,, TIOIYICHHYIO B ypaBHEHUH (14), B TOMOBYIO BEIHMYUHY TOCPEICTBOM
ypaBHeHUs (25) ¥ UCMONB30BaTh 3Ty TOJOBYIO BEJIMYHUHY BMECTO p;, B TO BPEMsI KaK p, BKIIFOUACTCS
B ypaBHeHwue (15);

2) BeJIMYMHA p,, PAaCCUMThIBaeMas C IOMOINBI0 ypaBHeHus (18), mpeacraiser coboii TpeOyemyro
rOJIOBYIO BEJIMUHHY p.

Illaz 5: Ecom TpeOyeTcsi COCTaBUTh MPOTHO3 PacHpeeICHUS YCHICHHUH IS CPEIHETO TOa, UCTIOIB3YeTCs
MeTox W3 1. 2.3.3, rme B 3TOM ciydae Ao OyAeT TIiyOMHON 3aMupaHusi, NPEBBIIIAEMONH B TEYCHHE
0,01% Bpemenn cpeanero rozaa. llpexne Bcero cienyeTr ONPENENUTh 3HAYEHWE p,, HHBEPTHPOBAB
ypaBHeHue (25) u nonoxuB p = 0,01%. 3atem paccuutarh rinyOuHy 3amMupanusi Aoy, TPEBHILIAEMYIO AJIS
0,01% BpemeHu cpeaHero roja, WHBEpTHpPOoBaB ypaBHeHue (7) wiu (8), B 3aBUCUMOCTH OT CUTYaLUH, H
3aMEHMUB p,, Ha p.

2.3.5 IlpeoOpa3oBaHue OT cCpeAHEro HaMXYAIIero Mecsiia K 0ojiee KOPOTKUM HAUXYIIIUM
NMepUuoIaM BpeMeHH

[IponieHT BpemeHH, p,,, TPEBBINICHUS YPOBHS TIIyOOKHX 3aMUpaHUil, A, 32 CpelHU HAUXYAIIHA MecsI]
MOKET OBITh TPeoOpa3oBaH B MPOLEHT BPEMEHH, Py,,, IPEBBIIECHHSI TAKOTO K€ YPOBHS TI1yOOKMX 3aMUpaHHH,
A, 3a bonee KOPOTKUN HAMXY A TIEPUOT BPEMEHH, T, C TOMOIIBI0 COOTHOIIICHHIA:

Pow =D, (89,34T%* +0,676) % 14 < T <7204 s CpaBHUTENBHO MIOCKUX Tpace,  (26)
Do =D, (119777 +0,295) % 1u9<T<720 4 11 XOJIMUCTBIX TPacc, (27)

Pow=Dw" (199,85T 084 40,1 75) % 19<T<720 49 g XOIMHUCTHIX CyXOITyTHBIX Tpacc. (28)

[NPUMEYAHUVE 1. — YpaBuenus (26)—(28) Obuin moiydeHsl HA OCHOBE MAHHBIX Ui 25 JIMHUN CBS3M B PETHOHAX
C YMEPEHHBIM KIMMaTOM, AJIsI KOTOPBIX BEJIMUUHA P, ONPEACISETCSA U3 JaHHBIX JJIS IETHUX MECSILIEB.
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2.3.6  IlporHo3upoBaHue HeceJeKTHBHBIX c00eB (cM. [Ipumedanue 1)

[lpu mnpoexTupoBaHNM LUQPOBBIX JIMHUN PACCUUTATh BEPOSTHOCTH c00si P, W3-3a HECEICKTUBHON
COCTaBIISIIOIIEH 3aMupaHus (CM. 1. 7) o ¢popmye:

By =p, /100, (29)

rae p, (%) — ONpoUEHT BpeMEeHH, B TEUEHHWE KOTOPOIro AJSl HAUXYHALIErO CPEJHEro Mecsla IMPEBbIIIAcTCs
3amac Ha amIuuTyaHoe 3amupanue 4 = F (ab), cooTBeTcTByIOMMH 3aJaHHOMY KO3(QQHUIMEHTY OIMHMOOK
o 6uram (BER) (ompenensercst B coorBercTBuM C 1. 2.3.1 mnu m. 2.3.2, B 3aBUCUMOCTH OT CHUTYalllH).
3amac Ha aMIUIMTYJHOE 3aMHpaHue, [F, ompenensercs NpH pacdeTe JIMHUM C Y4eTOM TEXHHYECKUX
XapaKTePUCTUK KOHKPETHOro 00OpYJIOBaHMs, a TAK)KE BO3MOMKHOI'O OCJIAOJIEHMSI CUTHAJA 3a CUET IOMEX
Ha JIEUCTBYIOLIEN JIUHUU.

IMPUMEYAHUE 1. — [Ins yno6ctBa cO0it 37€ch OnpeersieTcs: Kak BepoaTHOCTh Toro, uTo BER mpessimaer 3ananHoe
MOPOTOBOE 3HAYCHUE, KaKHUM ObI OHO HU OBLIO (TOAPOOHO cM. 1I. 7).

2.3.7 Bo3HukHOBeHME OTHOBPEMEHHBIX 3aanaH1/n7[ Ha MHOTOIIPOJIETHBIX JIMHUAX

OKCIIepUMEHTAJIbHBIE HCCIIEJOBAHMS TOKa3bIBAIOT, YTO B YCJIOBHUSX SICHOrO HeOa riIyOOKHE 3aMUpaHHS
HA COCEHHUX TMPOJIETaX MHOTONPOJIETHBIX JIMHUM SBISIIOTCS IPAKTUYECKH HEKOPPEIUPOBAHHBIMU
COOBITHAMH. DTO OTHOCHUTCA K CIOy4dasM BO3HUKHOBCHHS YacTOTHO-U30MpATENbHBIX 3aMHPaHUH,
aMIUIATYTHBIX 3aMHPaHUI U UX COYETaHUS.

JIsi MHOTOTIPOJIETHBIX JIMHWN BEPXHSS TPaHUIA OOIIEH BEpOSTHOCTH COOEB IS yCIIOBUH SICHOTO Heba
MOJXKET OBITh IMOJIyueHa IMyTeM CYMMHPOBAHHUS BEPOSATHOCTEH cOOEB Ha OTACIBHBIX IMpojerax. boiee TouHO
BEPXHIOK TPaHUILY JUIS BEPOSTHOCTH TPEBBINICHUS TIyOWHBI 3amupaHus A (1b) Ha JIMHUU U3 1 TPOJICTOB
MOJKHO OIEeHHTH Kak (cM. [Ipumeuanwe 1):

n—1

B=Yr-3(BE.), (30)

i=1
C=0,5+0,00524+0,002%d , +dp), (31)

riae P; — 3TO BEpOSTHOCTH COOEB, MPOTHO3WMpyeMas i i-TO TpoJieTa M3 OOIIEero Yuclia # TPOJIETOB,
a d; — nnuHa Tpaccel (kM) i-ro mpojieta. YpaBHenue (31) ciieyeTr ucmonb30Bath npu 3HayeHusx A4 < 40 nb
u (d; + d; +1) < 120 xm. [Ipu 3HaUCHUAK, TPEBBIMIAIOMNX 3TH IIpeaensl, C = 1.

[MPUMEYAHUE 1. — YpaBuenue (31) momydeHO Ha OCHOBE HM3MEPEHMH, IMPOBEICHHBIX Ha 19 mapax CMEXHbIX

MPOJIETOB, pabOTAIOMIMX B MpeleNiax MNPSAMOW BHIMMOCTH Ha IojiocaX 4dacToT B 4 m 6 ['Tn, mpu mmmnHe Tpacc
ot 33 1o 64 kM.

24 3aTyxaHue, BbI3BAHHOE THAPOMeTe0paMu

3aryxaHue paJMOBOJIH MOXXET OBITh TAaKXKE PE3yJIbTATOM TMOTJIOMIEHUS W PAcCessHUS 3a CYET TaKuX
THIPOMETEOPOB, Kak J0XIb, CHET, Ipaj W TyMaH. XOTS Ha YacToTax HIbke npuonusurensHo 51T
3aTyxaHHEM B JOXKIE MOXKHO TIIpeHeOpedh, Ha Oojee BBICOKMX YacTOTaX TaKOe 3aTyXaHHWe JOJDKHO
YVUUTBHIBATHCS B MPOCKTHBIX pacueTax, MOCKOJBKY €ro 3HaYMMOCTh OBICTPO BO3pacTaeT. MeTo Mony4eHus
JIOJITCOCPOYHOM CTAaTHCTUKU 3aTyXaHds B JOXIe onuchiBaerca B 1. 2.4.1. Ha Tpaccax, mporeraromux
B 00JIaCTH BBICOKHX IIAPOT, WM HA BRICOKHX Tpaccax B 00JIacTh 0oJiee HU3KUX IMUPOT, MOKPBIA CHET MOKET
BbI3BaTh 3HAYMTCIBHOE 3aTyXaHHE Jaxe B OoJiee HIMPOKOM Juamna3oHe 4acTtoT. bojee moapoOHas
nH(popMaIUs O 3aTyXaHWW, BBI3BAHHOM THIPOMETEOPAMH, OTIMYHBIMA OT JOXJS, TPUBOJHUTCS
B Pexomenmanuu MCHO-R P.840.

Ha w4acrotax, rae HE0OXOOMMO VYHTHIBAaTH M 3aTyXaHHWE B JOXKIEC M 3aMHpPaHUE BCIICICTBHC
MHOTOJIyYEBOCTH, MPOICHTHl BPEMEHU IMPEBBINICHUS JAHHOW TIIyOWHBI 3aMHUpPaHUS, COOTBETCTBYIOIINC
KKIOMY M3 STUX SBICHHIA, MOTYT CKJIa/IbIBATHCA.
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2.4.1  Jloarocpo4yHasi CTATHCTHKA 3aTyXaHUs B 0K/e

J14 O1leHKH J0JATOCPOYHON CTAaTUCTUKH 3aTyXaHHs B JOXK/IE€ MOXKHO BOCIIOJIb30BATHCS CIIEIYIOIIEN TPOCTON
MPOLIE Ty POH:

lllaz I: TlomyuuThs 3HAYEHHE HMHTEHCHUBHOCTH NIOXKIA Roo;, npeBbimaeMod B TeueHue 0,01% Bpemenm
(mpm BpemMeHnun wHTerpupoBaHus 1 muH.). Ecnm MecTHBIE HCTOYHUKH, COAEp)KaIlle pe3yJbTaThl
JIOJITOCPOYHBIX HM3MEPEHUH, Takoil MH(OpMaIMell He pacrojiaraloT, TO OLEHKY STOW BEIMYUHBI MOXHO
MOJIyYUTh Ha OCHOBE JAaHHBIX, MIpeAcTaBleHHbIX B Pexomennanuu MC3-R P.§837.

Illaz 2: Beraucnuth yACNBHOE 3aTyxXaHue, Yg (ab/kM), 1 3agaHHBIX  dYacTOTHI, TOJSPHU3AIAN
Y UHTEHCUBHOCTH OIS, TONB3Ysch Pexomenaarmeit MCO-R P.838.

Ilae 3: Beraucauth >GQPEKTUBHYIO JUIMHY TpPacchl PaJHOIMHHH, d; IyT€M YMHOKEHUS (DaKTHUecKoi
UIMHBL Tpacchl d Ha Kod(duuueHT AambHOCTU . OLEHKY 3TOro Kod(duuueHta MOXHO MHOIYUHTh
13 ypaBHEHUS:

1
=
0,477 d “*F R)97 £ 10,579 (1 - exp( —0,024 d)) ~

(32)

rae f (I'Tm) — gacTora, a o0 — DKCIIOHEHTAa B KOHKPETHOW MOJIEIH 3aTyXaHHs B miare 2. MakcuMalbHOE
PEKOMEHIyeMOoe 3HaUCHHE 7 COCTABISIET 2,5, TaKuM 00pa3oM, ypaBHeHHE (32) He MCIONB3yeTCs Il MaJbIX
3HA4YEHUI 3HaMEeHAaTeJs, IAI0IIero 0ojiee BEICOKME 3HAUCHHUSL.

lllaz 4: Ouenky 3aryxaHusi Ha Tpacce, mnpeBbimaemoro B teueHue 0,01% BpemeHH, MOXXHO TOIYYHTH
W3 ypaBHEHHUS:

Aoor = Yr deyg=Yr d, ab. (33)

Illaz 5: 3atyxaHue, NMpeBBINIAEMOE B TEUEHHE IPYIMX INPOLIEHTOB BpeMeHH, p, B auamnazoHe oT 0,001%
10 1%, MOXXHO MOIYYHUTh C HOMOIIBIO CIEAYIOLIETO CTEICHHOIO BBIPaXKEHUS:

Ap =C, p—(cz +C3 loglop). (34)
AO,OI
mpu: ¢, =(0,07% Jo,120-5)| (35a)
C, =0,855C, +0,546(1-C,) (35b)
C, =0,139C, +0,043(1-C,), (35¢)

0,12+0,4[10g10( f/lO)O’S] f=10TTn

rae: C, =
0,12 f<10ITm

(36)

Illaz 6: Ecnau uHTEpec MpencTaBiseT CTAaTUCTHKA 3aTyXaHUs 3a HAaUXyALUH Mecsl, TO CIEAYET BBIYMCIUTD
CPEIHEroI0BOM IPOLIEHT BPEMEHM MPEBBILIEHUS, p, COOTBETCTBYIOIIUM INPOLEHTY BPEMEHH, p,, AJL
HauXyJILIero Mecsla, HCIoNb3ysd KJINMATOJOTHYeCKUe JaHHble, TpUBEJIeHHblEe B PexoMmenaauuu
MCD-R P.841. 3nauenusi 4, mpeBbllICHHBIE U1 MPOLIEHTOB BpPEMEHH p 3a roj, OyIdyT NpEBHILICHBI B
TEUEHHE COOTBETCTBYIOIIUX MPOLIEHTOB BPEMEHH, P, HAUXYIIETO MECSILA.

Cuuraercs, 9YTO ONMCAHHAS BbILIE IPOLEAYPA MPOrHO3UPOBAHUS MOKET MCIIOIb30BATHCS AJIS JFOOBIX TOYEK
3eMHOTO 1Iapa Ha YyacToTax Mo kpaiHeil Mepe 10 40 I'T'w u st Tpace npoTsxKeHHOCTHIO 10 60 KM.
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2.4.2  CoBMeleHHBIH MeTOI JJISI JOKAS 1 MOKPOTO CHera

3aTyxaHHe, Ap, IMPEBBIIIACMOC B TCUCHHUEC BPEMCHHU B IMMPOLCHTAX p, MOJYUCHHOI'0O Ha OCHOBC IPCALIAYIICTO
noApasaeia, UMCECT CUITy JJid TpacC JIMHUU PAAUOCBA3U, YCPEC3 KOTOPLIC NPOXOAAT OCAAKU B BUAC JOXKACBBIX
KHUIKHUX OCaAKOB.

JIst BBICOKHMX IMUPOT WM JIS PAJAMOCBSI3M Ha OOJBITMX BBICOTaX 0o0Jiee BHICOKHWE BEIWUMHBI 3aTyXaHUS
MOTYT TMPEBBIIATHECS B TEYCHHE BPEMECHH B MPOICHTaX p Onmarojaps BO3ACHCTBUIO TasHUS JbAWHOK WA
MOKPOT'O CHETa B cJioe TasiHus. MaciiTaObl TAKOTO BO3JIEHCTBHSI ONPEICIISIFOTCS BRICOTOM JIMHUK PAJHOCBSI3U
110 OTHOIICHWIO K BBICOTE BBIMANCHUS JOXIS, KOTOpas 3aBHCHT OT TeorpadudecKoro pacIioiOXCHUSI.
Paznuunbie BeTUYMHBI BBICOTHI BBIMAICHUS OIS C HYJIEBOW TeMIIEpaTypoil MPUHUMAIOTCS BO BHUMAaHUE
B CICAYIOIEM METOJIe, B KOTOPOM paccMaTpuBaiOTcs 49 BEMUYUH BBICOTHI OTHOCUTEIBHO MEIUaHHOMN
BBICOTHI BEITIAJIEHUS IO, IUTsI K&KIOW U3 KOTOPBIX B Tabmuile 1 mpuBoauTcs K0d()(PUIIMEHT BEPOSITHOCTH.

HeoOxoamMmocTh B cleAyOIMEeM METOJIE OTHAaAacT, €CIM M3BECTHO, YTO HA JIMHHWIO PAAVOCBSI3HM HHKOTIA
HE BIUseT cino TasHus. Ecnim ke 3TO HEW3BECTHO, TO MPHUBEIACHHBIC BBIIIC PACUYEThl ISl yCIOBUU
JOKIJIMBOM IOroJbl JOJKHBI HCIOIB30BAThCS Ul ONpeneneHus A,, MOCIe 4ero HeoOXOAUMO CHENaTh
CJICTYIONTUE TITary:

Ilaz I: Ha ocHoBe Pexomenmaruu MC3-R P.839 nmomydnts MeIMaHHYIO BBICOTY BBITAACHUS TOXKIS, A qinm,
B METpax HaJ[ CPEJAHUM YPOBHEM MOPs (M HaJ CyM).

Illaz 2: PaccunrtaTh BBICOTY BBINAACHUS MIOXKIS B IIEHTPE TPACChl IJIMHUM PAIUOCBS3H, My, TPUHUIMAS
BO BHHMMAaHHUE KPUBU3HY 3EMJTU M UCIIOJB3YS (POPMYJIY:

By =0,5(h, + hy)—(D*/17) M Haz cym, (37)
rue:
hy2:  BBICOTA OKOHEYHBIX YCTPOWCTB JIMHUU PAAHOCBA3U (M HaJ CyM);
D:  mmHa Tpaccsl (KM).

Illaz 3: Temnepb MOXKHO OCYIIECTBUTH NMPOBEPKY B IENSAX OMPEIACICHHS BO3MOXHOCTH IOTIOIHUTECIHHOTO
3aryxanus. Ecimu Ay < Bygipm — 3600, TO Ha IMHUIO CBS3W HE OYyIyT BO3ACHCTBOBATH YCIIOBHS CJIOS TasHUS
1 A, MOKHO OpaTh KakK 3aTyXaHUE, NPEBHIIIAEMOE B TEUEHUE BPEMEHH B IIPOLEHTAX P, U ATOT METOJ MOKHO
Jlanee He MPUMEHSTh. B MPOTUBHOM Cilyyae METOJ MPOAOHKACTCS C MIOMOILBIO CIEAYIOIIMNX IIaroB:

a2 4: YcTaHOBUTH MHOXKHUTENb, [, HA HYJIEBOE 3HAUCHUE.

Llae 5: JIns mocnenoBatelbHBIX 3HaUeHUH uHaekca i = 0, 1, 2 10 48, 4TOObI:

a) PaccunraTh BRICOTY BBIIAACHUS AOXKISA, H,4iy, HCTIONB3YS (OPMYITY:
Rogin = Prgim —2400+1007 M Hag cym. (38)
b) PaccunTaTh BBICOTY JUHMHM PAJMOCBSI3U IO OTHOIICHUIO K BBICOTE BBIMAJCHUS JOXKISA, UCTIOIB3YSI
opmyury:
Ah = hlink - hrain M. (39)
c) Paccunrars JOIOIHUTENBHOE 3HAYEHHUE TSI MHOKUTENS U1 JaHHOIO 3HAYEHU UHIEKCa i
AF =T (Ah)P, (40)
rIe:

T'(Ah) npeacrariseT co00ii MHOXKUTENb, B KOTOPOM MPUHUMAIOTCS BO BHHUMAHHUE Pa3IMYHbIC KOHKPETHBIC
3aTyXaHHs, B COOTBETCTBHM C BBICOTOH IO OTHOLICHHIO K BBICOTE BBINAACHHUS OIS, ITOJydYaeMblii
MOCPEACTBOM (POPMY.JIbL:
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0 0 < A
L ARIT0 P
T(Ah) = - ~1200 < Ah <0 (41)
(1_'_ (1_ o ~(A1/600)? )2(4(1_6Ah/70 )2 _IJJ
1 Ah <—-1200

u P; oTpakaeT BEpPOSATHOCTh TOTO, YTO JHHHUS CBS3M OyJET paclojio’)keHa Ha BBICOTE A, B3SITOU
u3 Ta0uIpl 1.

d) Job6aBute AF K TekyllleMy 3HaueHHIO F. DTy Omepanuio MOXKHO MPEACTaBUTh B BUJC MPOLETYPHI
C TMIOMOILBIO BBIPAKCHHUS:

F=F+AF nb. (42)
Illaz 6: Paccuntarh ypOBEHb 3aTyXaHWHsI, BRI3BAHHOTO COYETAHUEM BO3JACHCTBHUS JOXKIS U MOKPOTO CHETa,
HCIIONB3YS POPMYITY:

Ars = Ap F ‘ (43)
B 3aBucHMOCTH OT BBICOTHI JTUHHUU paauoCBA3KU IO OTHOIICHUIO K MeHHaHHOﬁ BBICOTC BBINIAJACHUSA OOXKIA,
3HaueHue A, MOXET OBITh OOJIbIIE UM MEHbBIIE BEINYMHBI A,. BO3MOXHO, 4TO y IOJIOCOB SemMnu TUHUSA
CBA3U 6y):[eT BCCTAa MPOXOJUTH BBIIIC BLICOTHI BBINIAACHUSA JOXKIA, KOrJa Ars PAaBHACTCA HYJIIO.

TABJIMIIA 1
Hupexc "i"
BepositHocTh P;
JIn6o JIu6o
0 48 0,000555
1 47 0,000802
2 46 0,001139
3 45 0,001594
4 44 0,002196
5 43 0,002978
6 42 0,003976
7 41 0,005227
8 40 0,006764
9 39 0,008617
10 38 0,010808
11 37 0,013346
12 36 0,016225
13 35 0,019419
14 34 0,022881
15 33 0,026542
16 32 0,030312
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TABJIMLA 1 (oxonuanue)

HNupexc "i"
BepositHocTh P;
JIn6o JIu6o

17 31 0,034081
18 30 0,037724
19 29 0,041110
20 28 0,044104
21 27 0,046583
22 26 0,048439
23 25 0,049588

24 0,049977

2.4.3  YacToTHBII nepecyeT J0JTOCPOYHON CTATUCTUKY 3aTyXaHUsl B 107K/1€

Ecnmn umeercst Hane)xHasi JOJITOCPOYHAsl CTATHCTUKA 3aTyXaHUS Ha KakoM-mmbo OxHOW wvacrore,
TO C IIOMOILBIO IIPUBOIUMOI0 HUXKE SMIMPHUUECKOI0 COOTHOLLICHHUS €€ MOXKHO HCIIONb30BaTh VIS MOIYUICHUS
rpyOoii OLIEHKH CTATHCTHKH 3aTyXaHHs Ha APYTHX YacToTax B quamazone ot 7 1o 50 I'T'm npu Toii ke nmHe
CKa4Ka ¥ aHAJIOTUYHBIX KIIMMATUYECKUX YCIOBHIX:

Ay =4, (@, /D) 1O P4 (44)
rac:
fZ
O(f)=—2L . 45
) 1107 /2 (45)
H(®,,®,, 4)= 1,12x107° (P, /(131)0’5 (P, Al)O’SS . (46)

3neck A; 1 A, — paBHOBEPOSITHBIC 3HAYCHUS MPEBBIIICHUS 3aTyXaHUs B A0XKIe Ha yactorax f; u f, (['Tn),
COOTBETCTBEHHO.

2.4.4  Iloasipu3auyOHHBIN NepecyeT A0JITOCPOYHON CTATHCTHKH 3aTYXaHUS B 105K1€

Ecnu nng nanHOM paguoMHIM CYLIECTBYET TOJITOCPOYHAsl CTATUCTHKA 3aTyXaHUs U NOJSPU3ALHA OTHOTO
tuna (BeprukaibHoi (V) uinn ropuzonrtanshoi (H)), To 3aryxanue ajist nojsipu3alvy Apyroro THUIa Ha TOH
’Ke CaMOH JIMHUHM MOYKHO TIOJTyYHTh C TIOMOIIBIO CIIEAYIONIUX MPOCTHIX (OPMYIL:

A, = 3004, 1B (47)
335+ 4,
Nin
335 4,
== 1B . 48
77300 4, %)

Cunraercs, 4TO 3T BBIPAXKEHHsI OCTAIOTCS CIIPABEVIMBBIMU B AWANAa30HAaX AJIMH TPACC M YacTOT, YKa3aHHBIX
JUI METOJIa POTHO3UPOBaHMs B I1. 2.4.1.
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2.4.5 CraTucTHYecKHe JaHHbIE 0 JJINTEILHOCTH COOLITHS H YHCJIE COOLITHI

XoTsl HAa HACTOSAILIMM MOMEHT CYIIECTBYET MaJI0 CBEJCHHI 00 OOIeM pachpeieiicHHUH INTSIbHOCTH
3aMHUpPaHUNA, MUMEIOTCS HEKOTOPhIE NaHHBIE U SMIIMPUYECKass MOJENIb AJI1 KOHKPETHOW CTaTUCTUYECKOHN
nH(pOpMaIUKM, TaKOW KaK CpEeNHsA [JIMTENIbHOCTh COOBITHS 3aMHUPaHUS W YHUCIO TaKUX COOBITHIA.
Tem He MeHee HaOMOmaeMas pPa3HOCTh MEXKIY CPEIHHM W MEAWAHHBIM 3HAYCHHSAMH TUTCIIEHOCTH
3aMHUpaHUN yKa3blBaeT HA AaCHUMMETPUYHOCTH OOIIEro pacmpeieieHus UIMTensHOCTH. Kpome Toro,
CYIIIECTBYET BECKOE JOKa3aTelIbCTBO TOTO, YTO JUIUTEIILHOCTH COOBITUH 3aMUpPaHUsl B YCIOBUSAX OIS
HaMHOTO TIPEBBIIAET TAKYIO JJIUTEIHHOCTD B YCIOBHSIX MHOTOTYYEBOCTH.

CoObITHE 3aTyXaHHs ONpeaessieTcsl 37ieCh Kak IMPEBHIIICHHE YPOBHS 3aTyXaHHs 4 B TeUeHHE 3aJaHHOTO
nepuoga Bpemenu (Hanpumep, 10 ¢ unn 6onee). COOTHOLIEHHE MEXKAY YUCIOM COOBITHH 3aTyxaHus, N(A4),
cpemHeil amuTenbHOCThIO D, (A) Takux coObITHA M 00UmMM BpemeHeM 1(A4), B TeYeHHe KOTOPOTO YpOBEHBb
3aTyXaHHs A TPeBbIMIAeTCs AOJIbIIE, YeM 3aaHHAas JUINTEIBHOCTD, ONPEIENIACTCS KaK:

N(A) = T(4) / D(A). (49)

Oo6mee Bpemsi 7(A4) 3aBUCHT OT ompeaeneHus coObITHs. [laHHOE cOOBITHE, OOBIYHO IIPENICTABIISIONISE
HMHTEPEC JJIs UCIOJIb30BAHUS B CTATUCTUKE, — 3TO COOBITHE 3aTyXaHus A, mpoaospkaromieecs 10 ¢ wu 6oiee.
Tem He MeHee COOBITHS MEHBIICH IIUTEILHOCTH (HAPUMEP, MCIIOJIB3YEMbId B DKCIEPUMEHTE HMHTEPBA
BBIOOPKH B 1 C) Takke MPEICTABJISAIOT MHTEPEC IS OMPEJCICHHS MPOICHTa OOIIEro BPEMEHU IMPOCTOS,
00yCIIOBIIEGHHOTO HETOTOBHOCTHIO (T. €. o0IIee BpeMst coObITHiA, poxoinkaromuxcs 10 ¢ wim 6onee).

Uwcno coObITHH 3aMUpaHuid, TPEBBIIAIONINX YPOBEHD 3aTyxanus 4 B Tedenue 10 ¢ wim Oonee, MOKET OBITh
npencTaBieHo kak (cM. [lpumeuanue 1):

Nypy (4)=1+1313-[p(4)["**, (50)

rae p(A) — TpOIEHT BPEMEHH CPEIHEro roja, B TEUYCHHE KOTOPOTO MPEBBIINIACTCS BEJIUYMHA 3aTyXaHUs
B noxne A(nb). Ecnmu MecTHbIE MCTOYHUKH, COICpXAIUE PE3yIbTaThl JOJITOCPOYHBIX W3MEPEHUN, TaKou
nHpOpPMAITUEH HEe PacloNiaraloT, OHa MOXET OBITh MOJYYCHA MyTeM YHCICHHOTO pelieHus ypaBHenus (34)
B 2.4.1.

[MPUMEYAHUE 1. — VYpaBuenue (50) 6azupyercst Ha pe3yibTaTrax M3MEPEHHI, MPOBOANMBIX B TEUCHHE NEpPHOAA
OT OJTHOTO JIO TPEX JIeT Ha 27 JIMHUAX B 9acTOTHOM auamnazoHe oT 12,3 no 83 I'T u anst IIMHBI TPacchl B TUAIa30HE
ot 1,2 mo 43 xm B bpasunmuu, Hopserun, Anonun u Poccun.

WNHaTeHcuBHOCTS, cOoeB (Of) ompenensercs YWUCIOM COOBITHH HEroToBHOCTH B roxa. Jlms mmdposoit
pagnuoOJIMHUA CO6I)ITI/Ie HEIrOTOBHOCTHU HACTYyHIacT Toraa, KoOrjga IPOUCXOJUT IIPEBBIMICHHUE 3aJaHHOTO
koa(duieHTa omuoboKk mo Outam B nepuozabl Oonee 10 cekyHa. [yis mporHO3WpOBaHUS WHTEHCUBHOCTU
cOoeB, OOYCJIOBIEHHBIX 3aTyXaHHEM B [IOKIE, B OJIHOIMPOJETHBIX JIMHHUAX CIEAyeT HCIIOIb30BaTh
CIEAYIOLUNA METO/I;

Ulae I: TlonyuynTs 3HaueHHE MpPOLIEHTa BpeMeHW p(M), B TeUeHHE KOTOPOro MPEBBIMIACTCS 3amac JTHHUU
M(nb) Ha 3aryxaHue B Aokae. EciaM MecTHbIE HCTOYHHKH, COIEpIKAILIME PEe3yJIbTaThl JOJTOCPOYHBIX
N3MEpPEeHHi, Takoil nHpOpMaLel He pacroaaraT, OHa MOXKET OBbITh IOJIyd€Ha ITyTeM YHCICHHOTO PELICHUs
ypaBHenus (34) B 1. 2.4.1 na A,=M.

Lllae 2: OnieHKa HHTEHCUBHOCTH COOEB BCIIEICTBUE IO OMPEENSIEeTCs CISAYIONUM 00pazoMm:
OI(M)=N,,,(M), (51

rane M (nb)— 3amac JIMHWAW, CBSI3aHHBIH ¢ KOX(MOUIMEHTOM OMIMOOK 10 OWTaM WM 3aJaHHBIM
KO3(PHUIIMEHTOM OIIUOOK 10 OuTaMm, a Ny, ONIPEaLNIIeTCs C MOMOIIbI0 ypaBHeHus (50).

OcHOBBIBasiICh Ha Ha0ope W3MEpeHHi (BBIMOJHEHHBIX s Tpacchl JumHOW 15 kM Ha uwactore 18 I'TIx
Ha CkaHIUHABCKOM moyocTpoBe), 95-100% Bcex coObITHI OIS, MPEBBIMAIONMX MNpuMepHO 15 nb,
MOTYT OBITh TPUITMCAHBI HETOTOBHOCTH. [IpW Takol M3BECTHOM JOJE€ COOBITHH HETOTOBHOCTH MOXET OBITH
MOJTy4eHa IMyTeM YMHOXCHHS ITOH JOJNIM Ha OOIIMIA MPOIEHT BPEMEHM, KOTJa JaHHOE 3aryxaHue A
MPEBBIIIAETCA, KaK OMPEAESICHO Mo MeTony B 1. 2.4.1.
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2.4.6 3aryxaHue B 10K/7e B MHOTOIIPOJIETHBIX CETAX

CylecTByIOT HECKOJIBKO KOH(QUTYpalMii MHOXECTBA MPOJIETOB, MPEACTABISIONINX HHTEPEC B CETSAX CBSI3H
TOYKA-TOYKA, B KOTOPBIX OIPEIENCHHYIO pOJb WUIpaeT CTPYKTypa THAPOMETEOPOB. DTH KOHQPHUTypauuu
BKJIIOYAIOT CEPHIO TPOJIETOB B MHOTOMNPOJETHOW CETH M HECKOJIbKO TaKUX CEPHUH MPOJIETOB B CETH
C pa3sHECEHHBIMH MapLIPyTaMH.

2.4.6.1 JJanHa oTIeIbHBIX MPOJETOB B TAHAEMHOI ceTH

PesynmpTHpyloniee KkadecTBO TMepeAayd TaHIEMHOM CETH CYIMECTBEHHO 3aBHUCHT OT XapaKTEPUCTHK
pacrpocTpaHeHus] paAHOBOJIH Ha €€ OTACNBbHBIX MposieTax. MHOTIa MOXXHO pealu30BaTh OIHO U TO Ke
(m3nyecKkoe COeNMHEHUE, TONb3YSICh PA3TUYHBIMU COYCTAHUSMU MPOJICTOB Pa3HOW JUIMHBL. Y BEITUYCHUC
JUTMHBI OTAETbHBIX MPOJICTOB HEM30CKHO BEIET K BO3PACTAHHIO BEPOSITHOCTH COOEB HAa 3THUX MpPOJIETax.
C apyroit CTOpOHBI, TAKOE PEIICHUE MOTJIO ObI 03HAYATh, YTO MOTPEOOBAIOCH ObI MEHBIIIE IIPOJICTOB, TPUYEM
PE3YJIBTUPYIONIEE KAYeCTBO PA0OTHI TPAH3UTHOM CETH ObI U HE YXYAIATHCS.

2.4.6.2 KoppeaunpoBaHHble 3aMUpaHusi HA TAHIEMHBIX MIPOJIETAX

Eciu On BO3SHMKHOBEHHME MOXIS OBUIO COOBITHEM CTATHCTHYECKM HE3aBUCAIIUM OT MECTHOCTH,
TO CyMMapHYHK) BEPOSATHOCTh TIIOSBJICHHS OJHOBPEMEHHBIX 3aMHUPAaHUH Ha CEPUU IOCIEAOBATEIbHBIX
MIPOJIETOB MOYKHO OBUTO OBI ITOJYYHUTH C TIOMOIIBIO CISAYIOMICH alpOKCHMAITHH:

PT:Z”:Pia (52)

i=1
rae Pl- — BEPOATHOCTD IOABJICHUS 3aMUPAHUA HA I-OoM MMpoJICTC paAuOJINHNHU, COCTOSIIICH U3 71 3BCHBEB.

C npyroii CTOpOHBI, €CIIM COOBITHS, CBSI3aHHBIE C BOSHUKHOBEHUEM OCAJIKOB, KOPPEINPOBAHBI MEKIY COOOH
B TIpejaesiax KOHEYHOW IIIOMAa, TO 3aTyXaHHsS Ha NMBYX WU 0oJiee 3BEHBSIX MHOTOIIPOJICTHOW peIeHHOMH
CHUCTEMBI TaKXe OyJyT KOPpPEIMpPOBAaHBI, © B 3TOM CJIy4ae OOIIYI0 BEPOSTHOCTH TOSBJICHUS 3aMHUpPaHUN
MOXHO OIIPENICTUTH KaK:

PTszn:Pi, (53)

i=1

rnie K — xodddumueHT mnpeoOpa3oBaHUs, YUATHIBAIOIINK OOmMMHA 3PdexT Koppemanun MexIy
BO3HUKHOBEHHEM JOXKICH.

OTOMy BOMNPOCY MOCBSIIEHO HECKOJBKO HCCIENOBaHHWN. B OIHOM M3 HHX paccMaTpHUBaeTCs MIHOBEHHas
KOppeJsilusg MeEXAy BO3HMKHOBEHHEM JOXKAECH B pa3HBIX MeECTax BIOJb TPacChl BOCTOK-3amall,
MPHOIM3UTENHHO MapauIeIbHOHN MpeolIaiaoieMy HalpaBiIeHIo IBHKeHns O0yps. B npyrom — npoBoautcs
MOHHUTOPUHT 3aTyXaHUNl [UId CepUH KOPOTKHX IPOJIETOB, OPHUEHTHUPOBAHHBIX C CeBepa Ha IOT, WIH
NPUOIM3UTENIFHO TEPICHANKYISIPHBIX —MPEOOJaaoIIeMy HAlpaBiICHUIO JBIMKEHUS Oyph B CE30H
MAaKCUMAaJbHBIX JOXKACH.

B ToMm ciydae, Korma MHOTOTIPOJICTHAS JIMHKS ObLIa MMapajuiebHa HAIIPaBJICHUIO IBIKEHUS OypH, 2P (eKTh
KOppeNsIliuK JUIs TPONEeTOB JUiMHOUM [ Oonee 40 KM KaXKIblii OKa3aJlMCh HEBEIMKH. B 3TOM ciydae
nonpaBouHblii ko3 dunment K mpespiman BenuuuHy 0,9 TMpH TPOIEHTE OTKA30B BCIEICTBUE HOXKISA,
pasaoMm 0,03%, 1 uM BHoiHe MOXHO OBUTIO TpeHeOpedb (CM. pUCYHOK 5). OmHako ans 6oiee KOPOTKHX
MPOJIETOB 3PPEKT KOPPEIALUU CTAHOBUTCS 0O0Jiee OLIyTUMBIM: CyMMapHas BEPOSTHOCTh BO3HHUKHOBEHUS
otka3oB jus 10 mponeroB mmHoi 20, 10 u 5 kM kaxnablid, paBHa npubmusurensHo 80%, 65% u 40%
OT MaTeMaTUYECKOT0 OXKHuaHusl (rmonpaBodnbie kodhdunments! pasusl 0,8; 0,65; 0,4). BuaHo, 9To BiusHuE
KOPPEJSIIIUYA MEXTYy COOBITUSIMH, CBSI3aHHBIMU C BO3HUKHOBEHUEM JIOXK/Is, CUIIbHEE IS MEPBBIX HECKOIBKUX
IIPOJICTOB, a 3aTEM, [0 MEPE TOTO KaK O0IIas JUIMHA IS YBEIUYUBACTCS, 3TO BIUSHUEC YMCHBIIACTCS.

Ha pucynke 6 moka3aHsl mOnpaBoOYHbIE KOI(PPHUIIMEHTHI Ul HECKOJIIBKUX YPOBHEH BEPOSTHOCTH JUIS CIIydast
pacIpOCTpaHEHNSI PAJAMOBOIH B HANpPABICHUH, HNEPIECHIUKYISIPHOM IIPeodIafafonieMy HalpaBiIeHHUIO
IBIDKeHHS Oypu. B aTOM cityuae monpaBouHbie KO3QPHUIUEHTH YOBIBAIOT OBICTpEE ISl MEPBBIX HECKOIBKHX
IPOJIETOB (YTO CBHUIETENBCTBYET O OOJiee CHIBHOW KOPPENSIMU Ha KOPOTKOM PAaCCTOSHHM IO CPaBHEHUIO
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C CHTyaluel, KOTJa paclpoCTpPaHEHHE MPOHUCXOIUT MapajulebHO ABIKEHUIO OypH), a 3aTeM OCTaIOTCs
MPAKTHUYECKU TOCTOSIHHBIMHE (UTO TOBOPUT O OoJiee ¢adoit Koppessiiuu Ha OOJIBIINX PACCTOSHUAX ).

2.4.6.3 CeTtH ¢ pa3HeceHHeM MapIIPyTOB

Ucrnonme3yst TOT (hakT, YTO TOPU3OHTAIBHAS CTPYKTypa OCAJAKOB MOXET CYIIECTBEHHO W3MEHATHCS
B IIpeJiesiax TPOCTPAHCTBA pPa3MEpOM B OO0 KWJIOMETpa, CETH C pPa3HECeHHeM MapIIpyTOB MOTYT
collepKaTh JBa WM 0OoJee TIOCIeNOBaTeNbHBIX MpOJIeTa Ha JBYX WIM HECKOJIbKUX MapuipyTax
¢ pazHeceHneM. XoTs wHpopManus o0 yIydIIeHHH KadecTBa NpHeMa 3a CYeT pasHeceHWs s ceTei
C TOJIHBIM Pa3HECEHHUEM MapIIPYTOB OTCYTCTBYET, UMEETCS HEKOTOPhIH HeOOoJbIONH 00beM HH(OpMAIUU
00 2JIeMEHTaxX TaKOW CeTH. DJIEMEHTHI 3TOM CETH BKIIFOYAIOT J[BE TPACCHI, CXOJSAIIMECS B CETEBOM Y3Iie,
Y IPUOJIM3UTENBHO MTapaIJIeNIbHBIE TPACCHI, Pa3/IeJICHHBIE B TOPH30HTAIBHOMN IIOCKOCTH.

PUCYHOK 5

HonpaBouHblii KO3(pGULIHEHT A5 001IEro 3aTyXaHUs B 105K/1€e HA CEPUHU MOC/Ie10BATEIbHBIX MPOJIETOB
OIMHAKOBOM IJHHBI, /, IPH BePOSITHOCTH NpeBbILIeHNs, paBHOii 0,03% 1151 KaxkI0H THHUH

1,0

0,9

0,8

0,7

IIpaBounbIii KOApduIMEeHT, K

0,6

0,5

0,4
1 2 3 4 5 6 7 8 9 10

Kommaectso nponeros P0530-05

2.4.6.3.1 DJieMeHTBI CXOAAIIMXCS Tpacc

HNudopmaruio o ko3P PUIueHTe yIIyUIIeHNs 3a CUET pa3HeCeHUs IS CXOIIIuXcsl Tpace B quanazone KHY
crekTpa MOHO HaWth B Pexomenmarmun MCD-R P.1410. Xots »TOT KO3((UIMEHT BBIBEACH IS
MIpUMEHEHUH "TouKa-30HAa", ero MOXHO HCITONIb30BaTh B IIEJSX MOJYYSHHS HEKOTOpPOH oOmiel KapTUHBI
YIAydIneHus, oOecleunBacMOl TaKUMH DJJIEMEHTaAMH CETH C pa3HeCEeHHBIMH (WM OOBEeTUHESHHBIMH)
MapuipyTamu "TOYKa-Touka", YUCIO0 KOTOPBIX OyIET COCTaBIIATH JIBA.
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Bcnencrsrue npou3BONbHOTO BPEMEHHOTO M MPOCTPAHCTBEHHOTO PacIpelesIeHHsI HHTEHCUBHOCTH JOXKIEBBIX
0CaJIKOB, CXOJSIIMECS JIMHUM "TOYKa-Touka" OyIyT KaXKIbli MOMEHT HWCHBITHIBATH PAa3IMYHYIO TIyOHHY
3aTyxaHus. B pesynpTare MoxkeT HaOdromaTbcs YXyALIEHHE OTHOLICHMS CHUTHAJ/TIOMeXa MEXAY JTUHHUIMHU
OT TOJIb30BaTeled B Pa3IMUYHBIX YIJIOBBIX CEKTOpax, KOIrJa >KeJAeMblil CUTHal ocialmsercs (3aTyxaerT)
Ha Tpacce 3a CUET O, a MEIIAIOIINI CUTHANI He 0cIa0iseTcsl.

Wnterpanbhas ¢yHknus pacnpenencHus auddepeHnnansHoro 3aryxanus B noxae (DRA) mis nByx
CXOIIIMXCS JMHUHM, paboTalomuX Ha TOH K€ 4acTOTe, MOXKET OBITh OLIEHEHO C MOMOIIBIO CIETYIOLIHX
[IAroB:

Llae I: AnmpoKkcMMUPOBATh TOA0BOE paclpesiesieHne 3aTyxanus B 1oxae A4; (B 1b) mo xaxmaoii Tpacce i=1,2
C TMOMOILBIO JIOTApU(PMHUUECKH HOPMAJILHOTO pacIpeaeseHHs:

1 In4,—In4,,

P(Al-)ZECI'fC \/E—S ) (54)

had 2
rae erfc(x)= 2/ Jr '[ e’ dt — nononnutensHas GpyHKuus omubok. Paccumrath A,,; U S,, PEKOMEHIyETCS
X

npoleaAypa noaoopa jaubo Mo MMEIONIMMCS Pe3yJIbTaTaM MECTHBIX M3MEHEHHH, MO0 MO pachpee/iCHUI0
3aTyXaHus B JIOXKJE, NpuBefcHHOMY B 11. 2.4.1 Pekomenaanun MCD-R P.530-12. Dra nporenypa moapooHO
onucana B [Ipunoxxenuu 2 B Pexomengaunu MC3-R P.1057-2.

Illaz 2: OnpenenuTs MOCTOSHHYIO HEOTHOPOIHOCTH ITOXISA [,, TO €CTh PacCTOSHHE B KM; KO3 HUIIHCHT
KOPPEISIMYA CTAHOBUTCS PABHBIM V2 / 2. IIpoctoe mpaBuio pacuera D, 3aBUCHUT OT aOCONIOTHOW IIMPOTHI
|lat| mecTomONOXKEHNSA: <
1 |lat |<23°
D, =15  23°<lat|<50°. (55)
1.75  |lat|>50°

Illaz 3: Onpenenuth XapaKTEPUCTUIECKOE PACCTOSIHUE 00acTH Mok kak D, =20 X D,.

Llaz 4: OueHUTh NPOCTPAHCTBEHHBIN mapametp H;, i=1,2, o Kaxxa0i anbTepHATUBHON Tpacce JUIMHOM L;:
H,=2LD, sinh™ (L, /D,)+2D,’ (1— (L,/D, )2 +1), i=12. (56)

[lae 5: BpUUCIUTH MPOCTPAHCTBEHHBIN apameTp H; MEXy AByMS TpacCaMM:

L L,
H, =ij0(d)d€1d£2 ; (57)
00
rae:
D 4
D +d’
pold)=1" " : (58)
L d>D

2 2 ¢
JD,"+D:;
a pacCTOSHHE JBYX TOUEK aJbTEPHATHBHBIX TPacc, OOPa3yIOIIMUX Yroi ¢, OMPEHeNAETCS CIIeIyIONUM
oOpa3zoM:

d> =07 +05-20,0,co80, 0<( <L, 0<l,<L,. (59)
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Illaez 6: Paccuntarh KOOQHUIMEHT KOPPEISAIUH 3aTyXaHUS B JOXKIE:

2 /2( 2 /2
P = L gy o (eS“‘—l)l (esﬂ—l)' +1]. (60)

S8, JHH,

Illaz 7: VarerpamsHas ¢yHKIUA pacupenencanss DRA  A-A,, mnpesbrmaromero mopor 04 (B nb)
OTIpEIeINSIeTCS C IOMOIIBIO YPaBHEHHUSL:

2

1 u 17 1 u Uy — P U

P, =—erfc| —& |- — | ——exp| —— |erfc| —2—<L |du,, (61)

ERER R Y R G b e o

re:
u, = ll’lAi —ll’lAmi ’ i= 1,2 (62)
Sai
Uy, :M (63)
Sal

g, = In(4,, exp(u,S,,)—8a)-1In4,, ' (64)

SaZ

2.4.6.3.2 IlapaajeabHble TPACChl, pa3HeCEHHbIE B TOPU30HTAJIBLHON MJI0CKOCTH

OKCnepUMeHTalbHbIE NaHHbIe, onydeHHble B CoeamHerHoM KopomeBctBe B mostoce dacTtoT 20—40 [T,
CBUJICTEIBCTBYIOT O TOM, YTO HAJCKHOCTh PAJUOJUHHH MOXXHO TOBBICHTH OJIarojiaps HCIOJIb30BaHUIO
MEPEeKTI0YaeMbIX PA3HECEHHBIX Tpacc, Kak TMOKa3aHO Ha pHUCYHKe 6a. BBIMIpBINI OT pa3HECeHUs
(T. e. pasHOCTH MeXIy 3aTyxaHussmMu (nb), TpeBbIMIAeMBIMU JUIS OIPEJENICHHOTO MPOIIEHTa BpEeMEHH
Ha OI[I/IHO‘IHOﬁ JIMHUW 1 OJHOBPEMECHHO Ha JIBYX IapaJlJICIbHBIX J'II/IHI/IHX)l

- HUMECT TCHACHU IO YMCHBIIATHCA IIPU YBCIMYCHUU TJIMHBI TPACChI, HAYUHAs C 12 KM, IIpHU 3aIaHHOM
IMPOUCHTEC BPEMECHU U IIPU 3aJITaHHOM pPa3HOCE TpaCC B NONICPECUHOM HAIIPABJICHUH,

- 00BIYHO OOJIBIIIE TIPU pa3HOCE Ha & KM, 4eM Ha 4 KM, XOTs yBEJIWYeHHEe pa3Hoca o 12 kM He Jaer
JTABHENTIIETO yITyqIIeHHS;

— B yacToTHOM auana3zone 20—40 ['T'n nmpu 3agaHHON TeOMEeTpUH He 3aBUCUT CYIIIECTBEHHBIM 00pa3oM
OT YaCTOTHI, U

— u3MeHsiercss npubnusurensHo ot 2,8 b s 0,1% Bpemenn no 4,0 n1b g 0,001% Bpemenu mpu
pasHoce Ha 8§ KM M MMPUMEPHO TaKUX Ke ImuHaX Tpacc. COOTBETCTBYIOIINE 3HAUCHUS I pa3HoCca
Ha 4 KM COCTaBJISIFOT puOu3uTensHo ot 1,8 10 2,0 ab.

I[J'ISI MOJIY4YCHUA YIYUHICHHUA KadYeCTBa 3a CUCT PA3HECCHUS In yCWJICHUSA 3a CYCET Pa3HCCCHUA G JJIA
MOJIHOCTBIO MTapaJJICJIbHBIX TPacC Tpe6y6TC${ BBITTIOJTHCHHUEC CIICAYIOMIUX IIAroB:
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PUCYHOK 6

(a) 'eomeTpus pasHeceHHs Napa/IebHBIX MAPIIPYTOB.
(b) I'eomeTpust pa3HeceHUs] MAPIIPYTOB, OTKJIOHAIOMIASACH OT IOJTHOCTBIO NAPAJLIeIbHOM.

[lepenarunk TX, L, Ipuemmnk RX,
@ >4
/]
S // | D
/ |
o »A
Iepenatunk TX, L, IMpuemunk RX,
(@)
S, Ilepenatuux TX, L, IIpuemuuk RX,
—==———9% 27 -0 » A\
S, T \\
Ilepenarunx TX, L A

IIpuemnux RX,
(b)

P.0530-06

[laz I: Beimmonuuts waru 1-4, ykazanssle B 1. 2.4.6.3.1.

Illaz 2: Paccunrate Hi, mo ypaHeHwuio (57). BcenemcrBue W3MEHEHUS TEOMETPHH CO  CXOMISIIHXCS
Ha MapaJyIebHBIE TPacChl M3MEHSAETCS Imar S TporeAayphl, omucaHHouW BII. 2.4.6.3.1. B wacTtHOCTH,
ONpPENICTICHUE PACCTOSHUSA d MEKIYy JBYMS TOYKAMU D3JIEMCHTOB aJbTEPHATHBHBIX TPAcc, KOTOPOE
HCTIONB3yeTCsl Uil pacdera kodddummenta koppemsaiun po(d) B (58), B maHHOM cllydae BBIpaKaeTCs
CIeIyIomuM o0pa3oMm:

d>=8*+248* =D*|t, —t,|+ (¢, -0,  0<t, <L, 0<(,<L,, (65)
IJIe TapajuieNbHbIe TPAacChl pa3jelieHbl B TOPU3OHTAIBHOW TUIOCKOCTH paccTossHueM D, a S — paccTosiHue
MEXY ABYMs MepeaTIYHKaMu (CM. PUCYHOK 6a).
Illaz 3: TloBroputh mar 6 u3 1. 2.4.6.3.1, ucnons3ys 3HaueHue Hyp, IoIydeHHOE B mIare 2.

Ulae 4: VarerpanbHas (QYHKUUS —pacnpeAesicHUs MapajuieIbHOW KOHQHUrypaluud C pa3HEeCeHUEM,
MIPEBBILIAIONIAs [TyOUHY 3aMHUpaHus A;, ONpeAessieTcs CIeyIOUM 00pa3oM:

17 1 2 u —p,u
P(4)==|— — = lerfc| —=LFa=
,(4) z;mexp( z}”ﬁrpa

rae u;, i=1,2, onpeneneHo B (62).

du , (66)

Hlaz 5: VYnydlleHue KauecTBa 3a CUET pa3HEceHUs [ Mpu STaJOHHOM YpOBHE 3aTyXaHusi A; onpenemnsercs
Ha OCHOBE COOTHOILIEHUS:

_P4)

14)= P(4)’

i=1,2. (67)

Illaz 6: Ycunenue 3a cuer pasHeceHus G NPU 3TAJOHHOW MPOIECHTHOHN JIOJIe / ONMpPENeNseTcs Ha OCHOBE
cootHomenus (cm. [Ipumeuanwne 1):

GA)=4@)—4,(), i=12. (68)
MMPUMEYAHUE 1. — [ns pacuera A(f) u A,f) B ypaBHeHuu (68) ypaBHenue (54) u (66) 10ymKHBI ObITH 00paTHBIMH.

Hnst oOpawenus ypaBHeHus (66) ciieayeT NpUMEHNUTh YUCIICHHBIA aHaIn3.
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B cnydae nOByX anbTepPHATHBHBIX Tpacc, B CYINCCTBEHHOW CTEMEHU OTKJIOHSIOIIUXCSA, YTOOBI OBITh
MOJIHOCTHIO TIapaslIeIbHBIMU MEXTy CO0O0M, Kak MoKa3aHO Ha PUCYHKE 6b, MPOJIODKEHHUS STUX JABYX JTHMHUN
MIEPECEKAITCS B OINPEACICHHON TOYKE HA PACCTOSHUU S| U S OT JBYX NEPEIaTYUKOB. AHAIOTHYHO IS
OTpeeNieHHus TOKa3aTellsl KauecTBa 3a CYeT pas3HeceHus (YCWICHHE W YIydIlIeHHE) CIeIyeT MOBTOPUTh
maru 1-6 maHHOTO pazgena. Bmecte ¢ TeM B 3TOM ciiydae d ompenensercss ypaBHenueM (59), a Hi, —
BBIPAKAETCS CIEIYIOIUM 00pa3oM:

S\+L; S,+L,
Ho= | [pold=]t,~t5])dr,a, . (69)
S, S,
PUCYHOK 7

IonpaBouHblii KO3(pPULIHEHT /151 001ero 3aTYXaHHS B 103K/1€e HA CEPUU MOC/Ie10BATEIbHBIX POJIETOB
JJIHHOHM 0K0J10 4,6 KM KaxKAblil 17151 Pa3JHYHBIX YPOBHeil BepOSITHOCTH MPeBbIIIeHHs HA KAKI0M NpoJieTe

(mait 19751, —mapr 1979r1)

10 : J.O")Ofl%l. IR N A N

0,001%

0,9

0,01%

0,8

0,7

0,6

[Monpasounsrii kodpdunmrent, K

0,5

0,4
1 2 3 4 5 6 7 8 9 10 11 12 13

KonmuectBo nponeros P0530-07

2.4.6.4  Tpacchl ¢ NacCCUBHBIMH PeTPAHCAATOPAMH

2.4.6.4.1 PerpaHCAATOPHI € MJIOCKMMH OTPAKATESIMHU

Hust Tpace ¢ aByms uim Oosee BeTBsMH (N = o0lliee YUCIO BETBEi), Ha KOTOPHIX HCIOJB3YIOTCS IUIOCKUE
MACCUBHBIE OTpaKaTelM W BETBH KOTOPBIX pPACIOJOXKEHB MapaielbHO C TOYHOCTBIO B TIpejaenax
HECKOJIbKHX TpaaycoB (cMm. IIpumeuanme 1), BEIUMCINTH BEMMYMHY 3aTyXaHHS B JOXJe Ha BCeil Tpacce,
MTO/ICTABJISISL IMHY TPAcChl COTJIAaCHO BBIPAXKEHUIO.

d= d[eg1 + d[egz + ...+ dlegN KM (70)

B MeTozA 1. 2.4.1, yuutsiBas npu pacueTre Ko3(p(PUIIMEHT yMEHbLICHUS pacCTOSAHUS U3 ypaBHeHus (32).

INPUMEYAHUE 1. — B Hacrosiiiee BpeMss HE MOXET OBITh JaHO OMNPEICICHHOTO yKa3aHHs OTHOCHTEIBHO TOTO,
HACKOJIPKO TOYHO BETBU TPACCHl JIOJDKHBI OBITH TapaiuieNbHBI. EciM 3TH BETBM HE MNapaleNbHBL, TO MOIXOJ
B ypaBHeHnH (70) mpUBENET K TOMY, YTO BeIMYWHA KOA(P(UIMEHTa YMECHBIICHUS » B ypaBHeHNH (32) OyaeT MeHbIe,
YeM OHa JOJDKHA OBITh, W TakUM 00pa3oM QakTHueckoe oOImiee 3aTyxaHue OyneT HeZOOUeHeHO. Bo3MOXKHBIM
pemieHHeM 3TOM TpoOiIeMbl MOTIO OBl OBITH WCIONB30BAaHWE TIPH BEIYUCICHUHM €IWHCTBEHHOW BEIMYHHEI
KoxpdunreHTa yMeHblIeHH Kak ypaBHeHus (70), Tak ¥ ATUHBI TPACCHI, MOJIYYCHHOW IyTeM COCIWHEHHUS KOHIIOB
TIePBOH U MOCIETHEH BETBH, U YCPEIHEHNE TIOTyIEeHHBIX PE3yIbTaTOB.

ANBTEpHATHBHBIM TTOJXOJIOM MOTJIa OBI OBITH 00pabOTKa BETBEW KaK HE3aBHCHMBIX Tpacc M MPUMEHEHHE
WHpOPMAIUH, coepKalieics B 1. 2.4.6.
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2.4.6.4.2 PeTpaHCAATOPHI ¢ AaHTEHHAMH, 3a/lHHe JIeMeCTKH KOTOPLIX HANpaBJeHbl HaBCTpe4y Apyr
Apyry

Ecnmu B IByX WITM HECKOJILKUX BETBSX TPACCHl MCIONB3YETCS OJHA W Ta K€ MOJSPU3AIHS, BBIYUCISICTCS
CTaTUCTHKA 3aTyXaHHsI C UCITOJIb30BaHMEM MeTofa B 1. 2.4.6.4.1 IS TUIOCKHUX OTpa)kaTelleH.

Ecmu B BeTBSIX Tpacchl WCIONB3YIOTCS PAa3UYHBIE BHJBI TOJSAPH3ANNU, TO JJISI MOJNYYSHUS MPOLEHTOB
BpEMEHHU py W py, B TEUEHHE KOTOPHIX INpEeBbINIAETCS kenaemoe 3aryxanue (cMm. [Ipumedanuwe 1) s
TOPU30HTAJIBHOW M BEPTUKAIBHOW MOJIIPU3AllMH, COOTBETCTBEHHO, MpUMeEHsieTcs: MeToa B 1. 2.4.1 BMecTe
¢ ypaBaenueM (70) s STUX OBYX BUIOB moisipm3aruu. Creayer WCIoib30BaTh ypaBHeHme (70) mpu
BBIYUCIICHHU OOIIEH JUTMHBI TPACChl dy JJIsl 3TUX BETBEH ¢ MPUMEHEHUEM TOPH3OHTAIBLHON MOJSPU3AIINY,
a TaKkXKe TPU BBIYUCICHUM OOIIEH JUIMHBI Tpacchl dy JUIS 3TUX BETBEW C WCIOJNE30BAaHHEM BEPTHKAIHHOM
MOJISIPU3AIMH. 3aTEM BBIYUCIHUTh MPOLIEHT BPEMEHH p, B TEUCHHE KOTOPOTO JaHHOE 3aTyXaHUe MPEBbIIIAeTCS
Ha Bcel Tpacce, n3 BeIpaxkeHus (cM. [Ipumedanwne 2):

_ Pudy +pydy % 71)
dy +d,

[NPUMEYAHUE 1. — [Tockoneky Meron B 1. 2.4.1 MO3BONSET OMpPENENUTh BEIWYHHY 3aTYXaHWS, IMPEBHIIIAEMOTO
B TEUCHUE 33JaHHOTO NPOIEHTa BPEMEHH, TO IS MOJTYyYeHHs MPOLEHTa BPEMEHH IPEBBIICHNS 3alaHHOTO 3aTyXaHHs
€ro CJIEAYET MHBEPTHPOBATH B YHUCIOBOM BBIPAXKECHHH.

[NPUMEYAHUE 2. — Eciin BeTBM [JaHHOM TpacChl CYIIECTBEHHO OTKJIOHAIOTCA OT B3aUMHON MapajuledbHOCTH,
TO BO3MOKHO, YTO I HOBBIIIEHUS TOYHOCTH MOT ObI OBITh NPHUMEHEH IIOAXOJ, AHAJOTHYHBIA IPEAIOKEHHOMY
B [Ipumeuanun 1 B m. 2.4.6.4.1. B sTOM ciyyae yKa3aHHBIM MOIXOJ JOJDKEH OyAeT MPUMEHSATHCS MPH BBIYUCICHUN
3aTyXaHUsl U1 KaXKI0T0 BUJIA MOJISIPU3ALUH OTIEIBHO.

2.4.7 IIporHo3upoBaHHe cO0€B U3-32 0CATKOB

[Ipu npoexkTrpoBaHUU MUQPPOBBIX JUHUHA PACCUUTATH BEPOSITHOCTD P,,;, NMPEBBINICHUS 3aTyXaHUs B JTOXKJIE,
paBHOTO 3amacy Ha aMmmuuTyaHoe 3amupanue F (nb) (cm. m. 2.3.5) mms 3aganHoro 3HaueHus BER,
o hopmyie:

Prain = p/loo’ (72)

rae p (%) — MpOLEHT BPEMEHU CPENHEro Tojad, PacCUMTAHHBIM C MOMOINBI0 ypaBHeHusa (34), m. 2.4.1,
B TEUCHHE KOTOPOTO IPEBBIIAETCS BEIMUMHA 3aTyXaHus B noxzae F (ab).

3 Kone0anust yriioB npuxoaa/BpIxoia paguoBoJIH

AnoMainbHbIC 3HAUCHUS rpaIuC€HTOB MHJACKCA pe(i)paK]_[I/II/I BJOJIb TPACChl B YCJIOBUAX SCHOTO Heba MOTYyT
BBI3BATh CUJILHEIE KOJIECOAHMUS YTJIOB BbIXOJa U NpHUXoda NEpPCAaBACMbIX U MPUHUMACMBIX PAAWOBOJIH. Ot
KoJIeOaHus CYHICCTBCHHO 3aBHUCAT OT YaCTOTbl MW MNPOUCXOAAT MNPCUMYIICCTBCHHO B BepTHKaJ’ILHOﬁ
IIJIOCKOCTHU aHTCHH. I[I/IaHaSOH HU3MCHCHUS YTJIOB OKa3bIBACTCA 0O0JIbIlIE BO BIAXKHBIX HpI/I6p6)KHLIX paﬁOHaX,
UM B CYXUX BHYTPCHHUX paﬁOHax. Hukakux CYHICCTBCHHBIX KoJIeOaHUH IIpy BbIIAACHUU aTMOC(bepHBIX
0CaJJKOB HE Saq)HKCHpOBaHO.

VkazaHHOE SIBJICHHE MOXKET urpatb CYHICCTBCHHYIO POJIb Ha MNPOTAKCHHBIX TpacCax, I KOTOPBIX
HUCMOJIb3YKOTCA OCTPOHAIIPABJIICHHBIC AHTCHHBI C OOJIBIIHNM KOS(I)(bI/IL[I/ICHTOM YCHUIICHHA. Ecnu AuarpaMma
HAIpaBJICHHOCTHU aHTCHHBI CJIMIIKOM Yy3Kasd, TO IIpsAMas I/ICXO,[[ﬂH_[a}l/HpI/IXOILHH_IaH BOJIHA MOXKET JOCTATOYHO
CHUJIBHO OTKJIOHATHLCSA OT OCHU, UTO MOIKET IMPUBECTU K CUJIBHBIM 3aMUPAHUAM (CM. II. 23) bonee TOT0, €CJIIN
OCTUPOBKA aHTCHH NPOU3BOAUJIACH B NCPUOI KpaﬁHe AHOMAJIBHBIX YTJIOB NPpHUXO0Ja, OHA MOXET Ka3aTbCAd
HeonTuMaiabHON. Takum o6pa30M, Oopu HOCTUPOBKE AHTCHH Ha KPUTUYCCKUX Tpaccax (HaHpI/IMep,
Ha OPOTSKCHHBIX TpacCax B an/IGpexHoﬁ 3OH6) MOXKET OKa3aTbCs KCJIATCIbHBIM IMPOBCPATH HOCTHUPOBKY
HECKOJIBKO pa3 B TCHCHUC HECKOJIbKUX I[Heﬁ.

4 YMmenblIeHne U30MpaTeJbHOCTH 0 Kpoccnoaspusauuu (XPD)

B CJIy4dac 3HAYUTCIbHOTO YMCHBIIICHUS I/I36I/IpaTeﬂbHOCTI/I 10 KpOCCIIOJidpru3anuun (XPD) MOKET BOSHUKHYTbH
noMExa B COBMCIICHHOM KaHaJIC, a TaAKXKC B COCCIHEM KaHAJIC, XOTA U B MCHBIIICH CTEICHU. Y MCHBIIICHHUE
XPD, KOTOPOC MOKET IMPOUCXOJUTH KaK B YCJIIOBUAX SACHOI'O He6a, TaK U B CJly4dac aTMOC(l)epHLIX 0CaaKoB,
HCO6XOZ{I/IMO OpyUHUMATb BO BHUMAHUC.
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4.1 IIpornozuposanue c6oeB XPD B yc/10BHSAIX sICHOTO He0a

YMmenbmienue XPD, npoucxonsuiee B TEUEHUE MaJbIX NPOLICHTOB BPEMEHM, ONPEACISETCS COBMECTHBIM
BJIUSSHUEM MHOTOJIYYEBOI'O PACIpPOCTPaHEHUs PaJUuOBOIH M AMATPAMMOM HAIPaBICHHOCTU AHTCHHBI JJIS
Kpoccriossgpusanuy. s pacdera BIMSHUSA 3TOTO YMEHBIIEHUS Ha XapaKTEPUCTHKH JMHUM HCIOIb3YETCS
CJIEQYIOIIas TIONIaroBast MpoLeaypa:

Illaz 1: Paccunrars:

XPDg +5 JUTS XPDg <35
40 IUIA XPDg > 35,

XPD, = (73)

rane XPD, — vmuanManbHOoe 3HadeHHe XPD B 0CeBOM HampaBlIeHWH IEPENAIONEH W NPHUEMHON aHTEHH,
rapaHTHPOBAHHOE ITPOU3BOJUTENEM, T. €. MUHUMalbHble XPD nepenatonieil 1 npueMHOW aHTEHH B OCEBOM
HaIPaBJICHUM.

Ilaz 2: Onpenenuts mapameTp, OTPaXKaroNuil CTETICHh AKTUBHOCTH MHOTOJTy9E€BOCTH:

n=l-e 2@ (74)

rae Py = p,/100 — mokasarenb 4aCTOThl BO3HUKHOBEHMS MHOTOJIYY€BOCTH, COOTBETCTBYIOLIHI MPOLICHTY
BpeMeHH p,, (%) CpeIHEero HauxyJIIero Mecslla, B TEUCHHE KOTOPOTO mHpeBbImaeTcs ypoBeHb A =0 nb,
B COOTBETCTBHH C ypaBHeHHEM (7) uiu (8), B 3aBUCUMOCTH OT CHTYaIlHH.

Ilaz 3: Onpenenutb:

0 =-101og "3;’;—" , (75)

0
rie:
0,7 OJ/IHA MepeJaroas aHTeHHa

ko (76)

2
P~ 1= 0,3exp|—4x 10°¢ (%’j JIBE TIepEeAAOIINE aHTEHHBI .

B ToM ciyuae, korma JBe pa3lUuYHBIC AHTCHHBI MEPEJAIOT OPTOTOHANBHO TMONSPU30BAHHBIC CHUTHAIBI,
s, (M) Oyzer 0603HaYaTh BEPTHKATILHOE Pa3HeCeHHUE, a A (M) — JUTMHY BOJIHBI HECYLIEH.

Illaz 4: Paccunrats mapametp C 110 ClIeayromiei popmyie:
C=XPDy+ Q. (77)
Illaz 5: PaccunTaTh BEpOSITHOCTH COOST Pyp3a CUET KPOCCIIONSPU3AINN B YCIOBHSX SCHOTO Heba:

MXPD

Py, =Pyx10 10 | (78)

rae Mxpp (n1b) — 3anac Ha skBuBaieHTHbIH XPD mist atanonnoro BER, paccuntsiBaeMblii Kak:

C - % 0e3 XPIC
Mypp, = C (79)
C ——Y+ XPIF ¢ XPIC

1
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3neck Cy/I — oTHOIIEHUE HecymIel K momexe Uit dTanoHHoro BER, koTopoe MOKHO MOMYyYUTh WM TTyTEM
HMMHTALHOHHOTO MOZAEIUPOBAHUS, UIIH C TIOMOLIBIO H3MEPEHHH.

XPIF — koo uuueHT ymydeHus 3a cueT KpOCCHONAPH3aLUuU, U3MEPEHHBIH B JIAOOPATOPHBIX YCIOBHSAX
Y TIOKa3BIBAIOIIUI Pa3HUIy B 3HAUEHHUAX Pa3Bs3KH MO Kpoccronspusanuu, XPI, mpu nqocratouHo OombmioM
OTHOIIIECHUHN Hecymied kK momexe (00braro 35 nb) m 3amanHom 3HaueHmn BER cuctemsr B mpucyTcTBHH
MOJIABUTEINS MTOMeX, BbI3BaHHBIX Kpoccroysipuzanueit (XPIC), n 6e3 Hero. O6srayno XPIF umMeer Bennunny
nopsiaka 20 ab.

4.2 IIporno3upoBanme c60eB XPD, BbI3BaHHBIX BIAUAHHEM aTMOC(EPHBIX 0CATKOB

4.2.1 Cratuctuka XPD B yciioBusix aTMochepHBIX 0CAIKOB

CuIbHBIN T0XIh BRI3BIBACT yMeHbIIeHHEe XPD B TeueHne HeOOIBIIMX MPOIIEHTOB BpeMeHu. Eciu miist Tpacc
HE WMEETCA NOJPOOHBIX NPOTHO30B WM JaHHBIX HM3MEPEHHUH, TO TpyOyl OIeHKY O0e3yCIIOBHOTO
pacnpezneneruss XPD MOXHO MOITyYnTh U3 WHTETPAIbHON (DYHKIINU pacIipe/IeieHns 3aTyXaHus B JOXKAE IS
Korosipu3oBaHHBIX cUTHAIOB (CPA) (cM. 1. 2.4), TONB3ySCh COOTHOIIIEHUEM PABHOW BEPOSITHOCTH:

XPD=U -V(f)log CPA B . (80)

Koadduuuenter U un V(f) B oOmmem ciryyae 3aBHCAT OT psiia HEPEMEHHBIX M SMIMPHUECKUX MapaMeTpoB,
BTOM 4YHMCI€ M OT d4acToTel f. I Tpacc mHpsSMOM BHIUMOCTH C MAalbIMH YIJIAMU BO3BBILICHUS
Y TOPU3OHTAIIFHON WIJIM BEPTUKAIBHOW MOJIIpU3alUei, 3T KOI(P(OUIHMEHTH MOXHO aNIpPOKCHUMHPOBATH
BBIPAKCHUSIMHU:

U=Uy+30log f. (81)
V(f)=128 [ mis 8< £<20ITq &)
V(f)=22,6 ms 20< f<351Tn

Cpennee 3HaueHue U,, paBHOe NpuOIM3UTENbHO 15 b, OBUTO MONydeHO A 3aTyxaHui cBbimie 15 nb,
IIpUYEM BO BCEX U3MEPEHUAX HIDKH:A rpanuna Uy cocrasisia 9 nb.

WzmenuuBocth 3Hauennt U u V(f) TakoBa, uro pasnuuue Mexnay 3HadeHusiMu CPA nms BepTHKamIbHON
Y TOPU3OHTANBHONU MOJSPU3AUUN HE3HAUUTENBbHO € TOYKU 3peHus BbluucieHus XPD. Iloms3zoBarento
pekoMeHayeTcs mpu padoTe ¢ ypaBHeHHEM (80) Hncmonb3oBaTh 3HaueHne CPA 11t KpyroBOM MONISIpU3AIIHH.

Honrocpounas crarucruka XPD, monmydeHHas Ha OIHOW 4acToTe, MOXKET OBITh MepecuuTaHa Ijisi APYron
YacTOTHI C MOMOILBIO CIEAYIOIIEH MOTyIMIUpUIEcKOl GopMyIIbI:

XPD, = XPD, —20log( 1,/ f,) s 4<f, f,<30ITu, (83)

rne XPD, u XPD, — 3nHauenuss XPD, He npeBbllllaeMble B T€UEHHE OJHOTO W TOTO € MPOIEHTa BPEMEHU
Ha YacToTax f| u fs.

Ha coorHomenue mexny XPD u CPA Bamser MHOTO (pakTOpOB, B TOM UYHMCIIE OCTaTO4HOE 3HaueHue XPD
AHTEHHBI, KOTOPOE paHee HE MPUHUMAJIOCh BO BHUMaHHE. TOYHOCTH ypaBHeHHUS (82) MUHUMalbHA IIPU
0O0JIBIINX PA3TIUYUIX COOTBETCTBYIOMUX YacToT. OHO Haubosiee TouHO, eciid XPD u XPD, COOTBETCTBYIOT
OJHOMY THITY MOJISIpU3alHH (TOPU3OHTAILHOMN MIIM BEPTUKAILHON).
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4.2.2 Ilowmarosas nmpoueaypa NporHo3uMpoOBaHus c60eB, BLI3BAHHBIX BJHSTHHEM OCaJKOB

lae I: Onpenenuth ¢ nmomolnpio ypaBHeHHs (34) 3aTyxaHue Ha Tpacce, Ao (Ab), mpeBbimaeMoe s
0,01% BpemeHu.

Ilaz 2: Onpenenuts SKBUBAIEHTHOE 3aTyXaHUeE Ha Tpacce, 4, (ab):

4 = 10((U—C0/I +XPIF)/V)

12

(84)

rne U paccuuThiBaeTcs C ToMoOmIplo ypaBHeHHs (81), a V — ¢ momompbio ypaBHeHHS (82),
Co /I (n1b) — oTHOmIEHNE Hecymiell Kk momexe, onpenerneHHoe mius  3tagoHHoro BER  6e3  XPIC,
a XPIF (nb) — koaddumment ymydenus 3a caeT KpOoCCIOIApHU3ainu s 3TaonHoro 3Hadenns BER.

Ecnu yerpoiictBo XPIC He ucnonssyercs, To XPIF = 0.

Llaz 3: Onpenenuts cAeAy0OIIKUE TapaMeTPhI:

23,26 log [ 4, / 0,12 4, ] ecan m < 40 85)

40 B [IPOTUBHOM CJIy4ae

n=(-127+16123-4m) /2, (86)

KoppektHeie 3HaueHns i n Jexar B nuana3zone ot —3 g0 0. 3amMeTwM, 4TO B HEKOTOPBIX CIydasX,
0COOCHHO, Korja ucnojib3yercs ycrpoiictBo XPIC, n mMoxer ObiTh MeHble —3. Eciu 3T0 umeer Mecto,
TO CIIeIyeT MOMHHTb, 4TO 3HAYCHHS p MEHbIIE —3 IPHBEAYT K 3HaueHmsM BER mpu c6osix <1 x 107

Llaz 4: Onpenenuts BepoOsTHOCTH cO0s 10 hopmyuie:

Pypp =102, (87)

5 Hckaxenusi, 00ycjioBJIeHHbIE SIBJEHUSIMH, CBSI3AaHHBIMH C PACPOCTPAHEHHEM Pa/HOBOJIH

OcHOBHas TpUYMHA HCKaXEHUH Ha JUHHUIX NOpsAMOil BuaumocTd B juanazoHax YBYU u CBY - sto
3aBUCUMOCTb aMIUIMTY/bl CUTHAja U IPYIIIOBOM 3aJ€P:KKU MHOIOJIy4eBOI'O PACIPOCTPAHEHHUS B YCIIOBUAX
sicHOro He0a OT 4acTOThl. B aHanoOroBBIX cucTeMax yBEIMUYECHHE 3araca Ha 3aMHUpaHue OyAeT yiIydllaTh
XapaKTePUCTUKU CHCTEMBI, ITIOCKOJIbKY IPH 3TOM YMEHBIIAeTCs BIUSHHE TeruioBoro myma. OpmHako
B U(POBBIX CUCTEMaxX HCIOJIb30BaHUE OOJIBIIECrO 3amaca Ha 3aMHpaHHe HE MOMOXKET, €ClIH 3aMHpaHue
SIBIISIETCS. YACTOTHO-U30MPATEIbHBIM U BBI3BIBAET YXYALICHHUE PA0OUYMX XapaKTEePUCTHUK.

Hamnbonee yacto kaHan pacpocTpaHEHHS MOAETUPYETCS B IPEATIONIOKEHNH, YTO CUTHAII PaCTIPOCTPAHIETCS
OT TIepeaTynKa K MPUEMHHKY 110 HECKOJBLKUM TpaccaMm WM B BHJIE HECKOJBKUX Jyded. DTO O3HAYAET, 4TO
CYIIECTBYET TMpsMasl Tpacca, MpoxXopsmas uepe3 arMmocdepy, U MOXKeT OBITh OJHAa WM HECKOJBKO
TOTIOJTHUTENTFHBIX TPACC 3a CUET OTPAKEHHUSI CUTHAJIA OT 3€MIIM W/WJIHM ero IperomMiieHus B atmocdepe. Ecin
IPSIMOM CHTHANI U OTPa)KEHHBIM CHTHAJ NIPUMEPHO TAKOM K€ aMIUIUTYJbl, HO CO 3HAYUTEIbHOU 3aEepKKON
MOCTYNAIOT Ha NPUEMHHUK, TO MOTYT BO3HHUKHYTH MEXKCHUMBOJBHBIC IMMOMEXH, BEAyIIME K OIIUOKE NpU
JNETEKTHPOBAaHUK MHQOpManuyd. MeToapl POTHO3UPOBAHUS XapaKTEPHCTUK OCHOBAHBI HA WCIIOIH30BAHUU
TaKO MHOTOJIy4eBOH MOJENN MTyTeM OOBEANHEHHUS Pa3INIHbBIX MTEPEMEHHBIX, TAKUX KaK 3a/epkka (pa3sHHIa
BO BPEMEHU MPUXOJa MEPBOTO Jy4a U OCTAIBHBIX) U paclpeAesiCHU aMILTUTY, IPHU YCIOBUH KOPPEKTHOCTH
MOJIeJIei, OMMCHIBAIOIINX DJIEMEHTHl OOOPYIOBaHHWS, TaKWe KaK MOIYJSTOPBI, KOMIEHCATOPHI, CXEMBI
yrpexaaromieit koppekiun omuook (FEC) u T. m. XoTs cyIecTByeT MHOKECTBO METOAOB, BCE UX MOXKHO
pa3buTh Ha TPU OCHOBHBIX KJIACCa B 3aBUCHMOCTH OT TOT'O, HA Y€M OHHM OCHOBAaHBI — HAa HCIIOIH30BaHUU
JAHHBIX O CUTHATYpPE CUCTEMBI, O JIMHEHHOM aMIUIUTy1HOM HckaxkeHuu (LAD) unm o 3amace Ha cymMMapHOe
3amupanme. llogxom, OCHOBaHHBIM Ha WCIONB30BAaHWM [AHHBIX O CHTHAType, dacTo Oasmpyercs
HA UIMUTALMOHHOW JBYJIy4eBOW JIa0OpaTOPHON MoOJAeNd B COYETaHWMH C JApyrod wuHpopmanmei, Kak
HalpuMep, 4acTOTa BO3HUKHOBEHHS MHOTOJYYE€BOCTH U XapaKTepUCTUKU JuHuH. [loaxon, oCHOBaHHBIN
Ha gaHHbIX 0 LAD, cBsi3aH Cc OLIEHKOM paclpeieneHus aMIUIMTYIHBIX HCKOKEHUH Ha paccMaTpuBaeMoOu
Tpacce, KOTOpble HaONomanuch OBl Ha JABYX pa3HBIX YacTOTaX paJHOAMAIa3OHa, W WCIOIH30BAHUEM
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XapaKTePUCTUK MOJYJISATOPA U KOMIIEHCATOpa | T. . AHAJIOTMYHO B METO/IE, B KOTOPOM 32 OCHOBY TIPHHST
3amac Ha CyMMAapHOE 3aMHUpPaHHE, HCIOIB3YIOTCS OIEHKH CTAaTUCTHYECKHX paclpenelcHUuN aMIUIUTYT
CUTHAJIOB, a TaKxxe uHGopmMarusi 00 000py0BaHUY, KaK U B TIPEABIAYIIEM MeTojie. MeTol, peKOMEH 1y eMbIi
JUTS TTPOTHO3WPOBAHUS OITMOOK, OCHOBAH HA HMCIIOJIb30BaHUH TaHHBIX O CUTHATYPE W U3JI0KEH B IT. 5.1.

CuuTtaercs, YTO HMCKaKEHHUEM, OOYCJOBJICHHBIM OCaJKaMH, MOXXHO IMPEHEOpPeYh, BO BCIKOM Cliydae, 3TO
3HAYUTENPHO MeEHee BakHas IMpolbiieMa, 4YeM 3aTyXaHHhe H3-3a OCaAKoB. lI3BeCTHO, UYTO HCKaXKeHHe
BO3HHUKAET B JIMANa30HAX MUJUTUMETPOBBIX U CyOMUIZTMMETPOBBIX BOJIH, HO €T0 BIMSHUE HA pabdOTy CHCTEM
IOKa /10 KOHIIA HE ICHO.

5.1 IIporno3upoBanue c60eB B He3alUIIEHHBIX HH(POBBHIX cUCTEMAX

B manHoMm ClIydac€ BCPOATHOCTDb cboeB OIpeaACIACTCa KaK BEPOATHOCTH TOI'O, UTO BER IMMPEBBICUT 3aJaHHOC
OpOroBOC 3HAYCHUC.

Illaz I: BeMUCIUTH CPEITHIOKD BPEMEHHYIO 3aJIEPIKKY 110 (hopMyJie:

d L3
1, =0,7 (%j HC, (88)

rae d — IiHA TPacchl (KM).
Llae 2: PaccunTarh mapaMeTp MHOTOIY4eBOW aKTUBHOCTH, 1|, 110 popMyJie, TpuBeaeHHOH B 11. 4.1, mar 2.

Illaz 3: PaccunTtaTh BEpOSITHOCT CEIEKTUBHEIX COOEB, HCIIONIB3YST COOTHOIIICHHE:

2 2
})s = 2,15n WM XIO_BM/ZO T—m+ VVNM XIO_BNM/ZO Tm , (89)
| Tr, M | | Tr,NM |

rae:
W.. mmpuna curHatypsl (I'T);
B,: rtnyGuna curaarypsi (1b);

T,.y. OTaJOHHOE 3HAYCHUE 3aJlePKKU (HC), KOTOPOE HCIONBb3yeTCS IPU ONPEACICHUH
CUTHATYPBI, IPUYEM UHJICKC X 03HAYAeT 3aMHUpaHue JTUO0 ¢ MUHHManbHOU (M), mubo
¢ HemuHUMAaNBbHOH (NM) (hazoii.

Ecnu um3BecTeH TONBKO HOPMHPOBAHHBIM MapaMeTp CHCTeMbl, K,, BEpPOATHOCTb CEJEKTHBHBIX COOEB
B ypaBHeHUH (89) MOXKeT ObITh BBIYHCIICHA KaK:
)
j— m
Fo=215n (K, y + K, ) T (90)

rue:
T: mepuox 60ma CUCTEMBI (HC);

K,,: HOpPMHPOBaHHBIH HapaMEeTP CHCTEMBI, MPUYEM HHJEKC X O3HAYaeT 3aMUpaHHe JIMOO
¢ MUHHMaJIbHOU (M), mnbo ¢ HeMuHUMAaNbHOH (NM) da3oil.

OnpeneneHusi  HapaMeTpOB  CHTHATYpbl W ONWCaHWE  CIocob0a ee  MOJydYeHHS  MPUBEACHBI
B Pexomenganmu MCD-R F.1093.

6 Cnoco0b1 YMEHBUICHUA BJAUSIHUA MHOT'0JIYY€BOT0 PACIIPOCTPAHCHU S

HpI/I IIPOCKTUPOBAHNU JIMHUH JOJIZKHO YUYUTBIBATHCA BJINAHUC OTHOCHTCIIBHO MCEIJICHHOI'O
HE U30UPATENbHOrO MO YacTOTe 3aMHpaHus (T. €. aMIUIUTYIHOTO 3aMUpPaHHsI), BOZHHKAIOIIETO BCICICTBUEC
pacxoxnueHust Jyded, W Oojee OBICTPOr0 YacTOTHO-M3OMPATENFHOTO 3aMHpPaHUsi, O00YCIOBIEHHOTO
MHOTOJIYYCBBIM PACIIPOCTPAHECHUEM pPaIUOBOJIH. CyIHeCTByeT paa AOCTYIHBIX METOA0B IJIA CMATYEHUSA O3TUX
BHI/IS[HI/II\/'I, 6OHBHII/IHCTBO M3 KOTOPBIX OJHOBPEMCHHO CMATYAIOT 06a BUa BIIUSHUA. Te xe METOJbI 3a4aCTyIO
CMATYAIOT TAKXKE YMCHBIICHUC I/I36I/IpaTeJIBHOCTI/I 10 KPOCCIIOJIsIpU3aliu. Nx MoxxHO pa3acinuTb Ha METOMbI,
He TpeOyroliue TMPHUMEHEHHs ONPENSICHHOrO BHAa PAa3HECEHHOTro MpHeMa WM Tepeladd, U METO.Ibl,
Tpebyrommue pa3HeceHusl.
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ITockonbky MO SKOHOMHYECKMM TMPHYUHAM IKENATENbHO, MO BO3MOXHOCTH, H30eraTh MPUMEHEHUS
pasHeceHus, B 1. 6.1 cHavala pacCMaTpUBAIOTCS CTPATETHH M METOJbI, KOTOpBIE He TPeOYIOT pa3HEeCeHHS.
Brpouewm, 3Tu cTparteruu U METOJBI OJXOAAT TaKXKE JUISl CUCTEM C Pa3HECCHUEM M JIOJDKHBI MPUMEHSTHCS
B yIOOHBIX CITydyasX, JaXe €CJIH OHH MOTYT OKa3aThCsid MEHee HEOOXOMUMBIMH. METOIbl pa3sHECEHHUs
obcyxmaroTcs B 1. 6.2.

6.1 Mertoasb! 6e3 pa3HeceHuUs!

Juig  yMeHbIIEHUS BIVSIHHS 3aMHUpPAaHUIl BCIIEICTBHE MHOTOIYYEBOCTH 0O€3 pa3HeCEeHUs CYIIECTBYIOT
HECKOJIBKO METOJIOB, KOTOPHIE MOTYT IMPUMEHSTHCS, €CIIA JTUHUSI TMPOXOIUT JIMOO MEXKIY CYIIECTBYIOITIMH
MayTaMu, MO0 MEKIy HOBBIMH MadyTaMH, KOTOPbIE OYIyT MOCTPOCHBI. DTH METOMBI MOJIE3HO PACCMOTPETh
[IPH peasTn3aliui OJHOHN WITH HECKOJIBKUX U3 HIKECIIESIYIOIINX CTPATETHIA:

Cmpamezust A: yMeHbILIEHHE  CIy4yaeB  TOSABICHHUS  3HAUMTENBHBIX  AMIUIMTYJIHBIX  3aMUpPaHUHN
M3-32 MEXaHU3MOB, IPOUCXOASIINX B aTMocdepe (paciiupeHue dyda, aHTEHHas pa3Bs3Kka
W MHOTOJIy4E€BOCTb IIPU paclpoCTpaHeHUH B aTMocdepe; cM. 1I. 2.3);

Cmpamezuss B:  yMeHbIIICHHE CTy4YaeB MOSBICHUS 3HAYUTEIBHBIX OTPAKEHUN OT MIOBEPXHOCTH;

Cmpameeuss C: yMEHbLICHHE OTHOCHUTEIBHOH 3aJepKKU OTPAXKEHHMH OT IOBEPXHOCTH IO OTHOIICHUIO
K aTMOC(epHOH BOJIHE.

6.1.1 VYBeanueHHe HAKJIOHA TPACCHI

JIvHMM JOJDKHBI TIPOKIIAJBIBATHECS C HCIIOJIB30BAHUEM HEPOBHOCTEH MECTHOCTH TaKHUMH CIIOCOOaMH,
KOTOpPBIE YBEIWYHBAIOT HAKIOH Tpacc (MHOT/A 3TO HA3bIBACTCS METOIOM '"BBICOKMHM-HU3KHUH'"), TIOCKOIBKY
B JIaHHBIX CITy4asX MOKET OBbITh pealn30BaHa ONMCAHHAS BBILIE CTPATETHs A U B HEKOTOPOW CTETIEHH TaKKe
crparerus B. Takoli moaxoJ IOMKEH OCYLIECTBIATHCS COBMECTHO € 0Ooiee KOHKPETHBIMU YCHUIIHSAMHU
I10 UCITOJIF30BAHUIO SKPAHUPOBAHHSI MECTHOCTBIO JJISi YMEHBIIEHUS YPOBHEH OTpaXeHHs OT MOBEPXHOCTHU
(ctpaterus B; cm. m. 6.1.2), MOCKOJIBKY 3TH JiBa METOJ1a TECHO CBSI3aHBI APYT C IPYTOM.

Kornma MauThl y»e yCTaHOBJICHBI HAa CBOMX MECTaX, BHICOTA AHTCHHBI HA OJIHOM KOHIIE TPAcChl MOXKET OBITh
YMEHBIIIEHA, YTOObI OCYIIECTBUTh YKa3aHHBIA BBIIIE MOJXO MPH YCIOBUH BBITIOTHEHHS MPAaBHUI MPOCBETA
BIL 2.2.2.

6.1.2  YMeHblIeHUE BIUSIHUSA OTPAKEHMIl OT MOBEPXHOCTH

JIvHMKM [OJDKHBI TIPOKJIAABIBATBCA TaM, I€ MOXKHO YMEHBIIMTH CIy4Yad TOSBICHHS 3HAYHUTENBHBIX
3epKaIbHBIX U AU (QY3HBIX OTPaKEHUH OT MOBEPXHOCTH (WIIH, 110 KpaifHel Mepe, NpeBpaTUTh 3HAYNTEILHbIE
3epKaJibHble OTpakeHHs B Oosjee Menkue Auddy3HbIE OTpaskeHHs), TeM CaMblM yMEHbIIAs CiIydau
MOSIBJICHUSI 3aMUPAaHUM M MCKaXEHWH U3-3a IOBEPXHOCTHOM MHoOroiydeBoctu (crparerus B). s
BBINTOJTHEHUSI TaKWX 3a7ad CYNIECTBYIOT HECKOJBKO METOIOB, OOJNBIIMHCTBO M3 KOTOPBIX CBS3aHBI JAPYT
c npyrom. IloaTomMy umcmonb30BaHHE€ OJHOTO METOJA HE JOJDKHO OCYIIECTBISATHCS 0€3 OJHOBPEMEHHOTO
PaccMOTpPEHUs APYTUX. DT METOABI 3aKII0YAIOTCA B CIECAYIOLIEM.

6.1.2.1 JKpaHUpPOBaHUE TOYKH OTPAKEHUS

OnMH M3 METOJIOB 3aKJIFOYaeTCs B TOM, YTOOBI BOCIIONB30BATHCS XOJIMAaMH, TOPaMH HIH 3AaHUSMU BIOJb
Tpacchl ISl SKPAaHUPOBAHUS QHTEHH OT 00JIee OMACHBIX C TOUKH 3PEHHS IIOMEX IMOBEPXHOCTEH € 3epKaIbHBIM
OTpaXEHHEM BJOJb TPACChl (HANPHUMEp, BOAHBIC MOBEPXHOCTH, PAaBHHHBI, TJIAJKHE BEPIIMHBI XOJIMOB,
HE MOKPBITHIC IEPEBbSIMU, BEPXHHE YaCTH 3[aHUIA; CM. PUCYHOK 8). B maeanbHOM ciiydae XOJIMBbI WM TOPBI
JOJDKHBI ~ OBITh  MOKPBITHI  PACTUTENBHOCTHIO  JUIS  JIOMOJHHUTEIBHOTO CHMDKCHHS. YPOBHS  IOJ,
InparupoBaHHOTO Ha HUX. Be3ycloBHO, SKpaHHPOBaHHE OTPAXKAIOIIMX ITOBEPXHOCTEHl Jierye BBIMOJIHUTH
[pY YMEHBILIECHUU IPOCBEeTa Ha Tpacce (cm. 1. 6.1.3).
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PUCYHOK 8

IIpumep 3KpaHHNPOBAHMS AHTEHHBI OT 36PKAJbHOI0 0TPAKEHUS
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AHannu3 IyTeM OTCIEKUBAHUS TPACKTOPHH Jy4ded I OMpENeNeHUs] MOIAXOMAIET0 SKPaHHPYIOIIEro
MPEMATCTBUSA JIOJDKSH MPOBOAUTHCS JUIsi HEKOTOPOro Juamna3oHa 3(PQEeKTUBHBIX KOADQPHUIUCHTOB K,
u3MeHsromuxcst ot k, (99,9%) (wim HEKOTOpOoH Ipyroil MUHHMAaIbHOW BENWYHMHBI) A0 OECKOHEYHOCTH
(cm. . 2.2.2). Cnemyer HpUHATH MEpBl, YTOOBI OTpPaKEHHWE OT TIOBEPXHOCTH OJIOKHPOBAIOCH HIIH,
0 KpaifHell Mepe, YaCTUYHO 3KPaHMPOBAIOCH IS OOJNBIIMX 3HAYCHUH S(PQEKTHBHBIX KOAPPHUINEHTOB K,
aTakKe I MeOuaHHOro 3HaueHus. OYeBHIHO, YTO TIONb3a OT OJKPAaHHPOBAHHS MPEMSTCTBUEM
B OTIpEACTICHHON CTENEeHH TEepsSeTCs, eCIM OJHA WM HECKOJIBKO PaJMOBOIH, OTPAKEHHBIX IMOBEPXHOCTHIO,
ABIISIOTCSL CymneppeparupoBaHHBIMH TIPY TIPOXOXKACHWW HaJ MPEMATCTBUSMH, TMOCKOJIBKY 3aMHpPaHUS
U UCKKCHUSI H3-32 IIOBEPXHOCTHOW MHOTONYYEBOCTH C OOJbIIeH BEpPOSTHOCTHIO HAONIONAIOTCS TIpU
HaJIMYUH Takux ycinoBui. ClielyeT Takke IpUHATh Mephl, YTOOHI psiMasi BOJHA He audparuposaia cuibHee,
YeM 3TO JOIyCTHMO B paMKaxX KpPUTEPHEB TPOCBETa Ha Tpacce MPH HU3KUX 3HA4YEeHUIX 3((EeKTHBHBIX
K03 GUITUEHTOB k, HAOJIIOAIOIINXCS B YCIOBUAX CyOpedpakiuu.

6.1.2.2 IlepeHoc TOYKH OTPa’KeHUs HA MOBEPXHOCTD € XyAIUMMH KOI(PPUIHEHTAMHU OTPAKECHUS

JpyrumM MeTonoM SIBISCTCA PETYJIMPOBAHUE BBICOTHI AaHTEHHBI HA OJHOM WU O0OMX KOHIIAX TPACCHI IS
IEpeHoca TOYEK OTpPakeHUs Ha OoJiee HEPOBHYK) MECTHOCTh WM TIOBEPXHOCThb, MOKPHITYIO
PaCTHTENBHOCTHIO, YeM 3TO OBLIO OBl BO3MOXHO B APYTUX oOcTOsTENhCTBaX. Ha HaABOTHBIX Tpaccax,
HampuMep, MOXHO ObUTO OB OTPETyNHPOBaTH HAKIOH TPACCHl IS Pa3MENIEHHS TOYEK MOBEPXHOCTHOTO
OTpaXCHUSI Ha MOBEPXHOCTH CYIIHM, a HE Ha BOJAE, M JAKE Jydlle — HAa MOBEPXHOCTH CYIIH, MOKPBHITON
JEPeBbSIMU WM WHON PacTUTENHHOCTHI0. ToUuka OTpakeHHUs IepeMeniaeTCs B HalpaBJIeHUU 0osiee HU3KOU
AHTEHHBI U yJAISIETCS OT OTHATON aHTEHHBL.

Meroa ompeseneHus MECTOMOJIOKEHNS BO3MOXKHBIX 30H OTpaKE€HUs MpuBeneH B . 6.1.2.3 (maru 1-3).
Ha 1ocTato4Ho KOPOTKHX Tpaccax 3TOT METOJ JOJDKEH MPUMEHSTHCS B TIOJTHOM 00bEME B IENIAX YSICHCHUS,
MOJXKET JI1 OBITh BHIOpaHa BBICOTA OJTHOW WM O00EWX aHTEHH TaKUM 00pa3oM, 4ToObI M30eXaTh MOSBICHUS
JECTPYKTHBHBIX MOMEX OT 3€PKaJIbHBIX TIOBEPXHOCTHBIX OTPAKEHHIA,
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Meroapl pacueTa WM U3MEPEHUS YPOBHA 3€pKAIbHBIX IOBEPXHOCTHBIX OTPAXKEHUI NpUBEIEHEI B 1. 6.1.2.4.

6.1.2.3 OnTUMaNbHBIA BIOOP BHICOTHI AHTEHH

Ha goctato4Ho KOpOTKHX TpaccaxX BBICOTA OJTHOW MM OO0EWX aHTEHH MOXKET MHOTJA PeryJIHpOBaThCs Tak,
gT00BI Mo0as(bie) BoimHA(BI), OTpakeHHAsI(bIE) OT MOBEPXHOCTH, HE co3maBajna(¥) IECTPYKTHBHBIX ITOMEX
MPSIMOM BOJTHE JUIsi 3HAYUTEIBHOTO Juana3zoHa 3¢dekruBHbIX 3HaueHWit k. Kak ormewanocs B m. 6.1.2.2,
pPEeTyHpOBKa BBICOTHI AHTEHH MOXET TaKKe WCIOJIb30BAThCA IS TEPEMEIICHHS] TOYEK OTpPaKeHHS
Ha TIOBEPXHOCTh C XyANIMMH TOKa3aTelsiMi oTpakeHus. [lomaroBas mporenypa ais mpuMeHeHHS 000mX
METOJIOB U OIpeIeNICHNs] HEOOXOAMMOCTH Pa3HECEHHsI 3aKITI0YAETCS B CIIEAYIOIIEM:

Illaz I: PaccunTaTh NpeABapUTENbHYIO BBICOTY MEpefarolleld M NMPUEMHOW aHTEHH, MCIOJb3ys IMpaBHIIO
MPOCBETA JIJIs1 HEPa3HECEHHBIX CUCTEM B 1. 2.2.2.1.

Illaz 2: PaccunTaTh BBICOTY Tepenaromeil 1 0ojee BHICOKOW MPUEMHOW aHTEHH HaJl BO3MOXXHBIMU 30HAMU
3epKaJbHOTO OTPaXECHUsS Ha mpoduie Tpacchl WM BOMW3M Hero. Takue 30HBI, KaK BOJIOEMBI, PaBHUHBI,
[JIaJIKUe BEPIIWHBI XOJIMOB, HE TOKPBITHIC [IEPEBBSIMH, WM BEPXHHE YacTH 3[aHHUI, MOTYT BBI3BIBATh
3HAYHUTEIBHBIC 3E€PKATBbHBIE OTPAKCHHUS. OJTH 30HBI, KOHEYHO, MOTYT OBITh, @ MOTYT M HE OBITh
TOPU30HTAIBHBIMH, U UX MOXET ObITh HecKOJIbKO (cM. IIpumeuanue 1). B To BpeMs kak HEKOTOPBIC 30HBI
MOXKHO OIPEACINUTh M0 KapTam, IPYrHe MOTYT MOTPeOOBaTh JCTATBHOTO 00CIEIOBaHUS MECTHOCTU BIIOJIb
Tpacchl U B HEMOCPEIACTBEHHOM OJIM30CTH OT HEe.

BeicoTa /1, W h, aHTEeHH HaJ 30HOW OTpa)KCHHUs C yrjioM HakioHa v (cMm. [Ipumedanue 1) ompenmensiercs
clemyromuM o0pa3oM (CM. PUCYHOK 9):

h1=h1G+y1—y0+x0><lO3><tanv M, 91
hy = hyg + v, — yo— (d —x0) X 10° X tan v M, (92)
rac:
Vi, V2! BBICOTA 3€MJIM HaZl YPOBHEM MOPS Ha CTaHIHUAX lu 2, COOTBETCTBECHHO (M),

hig, hag:  BBICOTA aHTEHH HaJ| 3eMJIeH Ha CTaHIMAX | U 2, COOTBETCTBEHHO (M);
Vo:  BBICOTa CPEIHEH TOYKU 30HBI OTPAKEHHUS HAJl YPOBHEM MOps (M);

Xo - pacCToOsAHUEC OT CpeHHeﬁ TOYKH 30HBI OTPAKCHUSA 1O CTAHIIUU 1 (KM)

Ecnu 30Ha oTpaskeHHs PUXOAUTCS HA MOPE, TO HEOOXOJMMO YYUTHIBATh MPUIIMBHBIE KOJICOaHHS.
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PUCYHOK 9

Tpacca ¢ oTpa:kaomum pejabedom MecTHOCTH

1 000 [
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100

0 e

0 5 10 15 20 25 30 35 40
Paccrostue (kM) P.0530-09

Hlae 3: Ins nuamasoHa d3¢dexkTuBHbIX  KodhHUUHEHTOB L, wu3MeHsAommuxcs oT k. (99,9%)
1o 0eckoneyHocTH (CM. 1. 2.2.2; Ha TPAKTHKE MOXKET OBITh BHIOpaHO OOJBITOE 3HAYCHHWE A, TaKoe Kak
k=1,0x10%), Bbrumciuth pacctosiums d, ¥ dy OT KakIOH BO3MOKHOM OTPAXKAIOIIEH MOBEPXHOCTH
10 cTaHuui 1 1 2, COOTBETCTBEHHO, U3 BhIpaxkeHu# (cM. [lpumeuanue 2):

di=d(1+b)/2 xm, (93)
d=d(1-b)/2 xm, (94)
rae:
b=2 mtl cos E+larccos 3¢ 3_m3 , (95)
3m 3 3 2\ (m+1)
2
m=—9"___s10, (96)
4a,(h + h,)
c=(h—h)/ (I + h), 97

npudeM a, =k, — 310 3ddexTuBHBIl paanyc 3emnu uiA 3agaHHOro KoddpduuueHta k (a = 6375 xkm
mpencTaBisgeT co0oil dakTudeckuil paauyc 3emin); B ypaBHeHHU (96) d yka3piBaeTcsi B KHIOMETpax, a /1
u h, — B METpax.
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Ecnu 30H 3epKaibHOTO OTpaKEHUST MOXKHO M30€KaTh MyTEM PETYIUPOBAHUS BBICOTHI OJHOW WU 00EMX
AHTEHH B MIPUEMIIEMBIX TpaHUIlaX, COOII0as OMHOBPEMEHHO MpaBmiia mpocBera (1mar 1), mpubIu3uTenTsHO
CJelyeT MOJCYUTATh U3MEHEHUE U HayaTh CHOBA C 1Iara 2.

Illaz4: B OTHOIIGHWH 3€pKAIBHO OTPAXKAIOIIMX IOBEPXHOCTEH, KOTOPHIX HEBO3MOXKHO H30ekKarh,
paccuuTaTh Pa3HOCTH IUIHH TPAcC MEXIY MPSIMOH M OTPpaKEHHOM BOJTHAMH (WJIM JIydaMH) B JUIMHAX BOJIH IS
OJTHOTO H TOTO K€ Trana3oHa dQeKTUBHBIX 3HAYCHUI KOAQPHUIIMEHTa k N3 BBIPAIKCHUS:

2 2
SSEY A C  PSSCE N NSTIES (98)
0,3d 12,74k 12,74k
Ka)KI[LIfI pas, Kkorga 4Mcjio JJIWH BOJIH, T, ABJISCTCA MOJIOKUTEIbHOU LIGHOﬁ BEJIMYHUHON 10 MEpC U3MCHCHU
k(r.e. 1,2 uT. n.), ypOBEHb IPUHUMAEMOTO CHTHAJIA IIPOXOJIUT Yepe3 MUHUMYM. Takux yCIIOBHH ciemyer
II0 BO3MOXXHOCTH H30eraTh. Uem OOJBINE YHCIO HEIBIX 3HAYECHHUH PA3HOCTH Tpgy — Tmin IPU U3MEHEHUU k
B Hpez[enax €ro auariasoHa, TEM BBIIIC BepOHTHOCTL TOTO0, 4YTO HOTpe6yeTCH IIOUCK KOMHpOMI/ICCEl JJIA
OKCINTYaTaAllMOHHBIX XapaKTECPUCTUK U HeO6XO,Z[I/IMO 6yz[eT MNPUMCHUTH OHpe,Z[CJIeHHLIﬁ BU pa3HCCCHUA.

Ecnnt Tyay — Tmin <1 TIpH M3MEHEHMH k B Ipefeiax COOTBETCTBYIOLIETO IUANa3oHa, TO MOYTH HaBepHsIKa
pasHeceHHss MOXHO H30exaTh. OnHAKO Ha Tpaccax UIMHOH Oojee YeM MpuUMepHO 7,5 KM HaWTydlIni
CHoco0 yIOCTOBEPUTHCSI B OTCYTCTBUM HEOOXOJMMOCTHU 3aLIUTHI C IOMOLIBIO PAa3HECEHUS — 3TO IPUMEHUTD
MpOLEAypy pacueTa CIy4aeB TOSBICHHS MHOTOIYYEBOCTH COIJacHO II.2.3, a Takke Mpouenypy
MIPOTHO3MPOBaHUsI cOOEB ISl HE3AMUILICHHBIX IIU(POBBIX CHCTEM coriacHo II. 5.1. B moboM cirydae BbicoTa
OJHOM My 00erX aHTEHH AOJIKHA PEryINpOBaThCs TaK, 4YTOObI T = 0,5 A7 MEANAHHOTO 3HAYCHUS K.

Ecma 1,40 — Tyuin 2 1, TIIyOMHA 3aMupaHUA W3-32 TOBEPXHOCTHON MHOTOJYYEBOCTH U OIIEHKa HEOOXOAUMOCTH
WCTIONIb30BaHMSI OTIPENICIICHHOTO BUAa Pa3HECEHHUS 3aBHCAT OT TOT'O, HACKOJIBKO XOPOIIO OTPaKaeTcs CHTHAI
(em. mm. 6.1.22 m 6.1.2.3) ¥ WMEIOTCS M 3HAYMMBIE TOKa3aTeNd W30MPaTeIbHOCTH B OTHOIICHUH
MTOBEPXHOCTHBIX OTPAKEHHH Ha OJHOI M o0enx aHTeHHax (cMm. 1. 6.1.2.5). OgHako ciexyeT MOMHHUTb, YTO
Ha JIOCTaTOYHO TPOTSHKEHHBIX TpaccaX aHOMAIIbHBIE CIIOM C TPeNelTbHO OTPUIATENBHBIMU TPaTueHTaMU
MHJICKCa pepakiid MOTYT BBI3bIBATh 3aMUpPAHUE MPSMOW BOJHBI B PE3yJbTaTe PACHIMPEHUS Jyda U YTO
oTpakeHHasi(bIe) OT IMOBEPXHOCTH BOJHA(BI) MOXET (MOTYT) OJHOBPEMECHHO YCHJIMBATHCA B PE3yJIbTaTe
SHEPTHH, OTKJIOHEHHOH OT IIPsIMOM BOJTHBI B HAIIpaBJICHUH MOBEpXHOCTH. Hammydmmii crmoco0 yCTaHOBIIEHHUS
HEOOXOMMOCTH HCIIOJIb30BAHUS 3alIUThl C TIOMOIIBIO OMPE/CIICHHOTO BHJIa Pa3HECEHUS — 3TO MPUMECHHUTH
NpoLEeIypy pacdyeTa CiIydyacB TIOSIBICHHMS MHOTOIYYEBOCTH COTJIacHO II.2.3, a Takke Mpouexypy
IIPOTHO3UPOBAHUS COOEB /ISl HE3AIIUIIIEHHBIX IIU(PPOBBIX CHCTEM COTJIACHO 1. 5.1.

[MPUMEYAHUE 1. — [Tockonbky npodmib Tpacchl OCHOBaH Ha BBIOOPOYHBIX BBICOTAX C  ONpEAEICHHBIMU
pacCTOSHUAMHU MEXJIY HUMH, (paKTHUECKMH HAaKIOH MECTHOCTH OyJeT HECKOJIbKO OTIMYAThCS HA Y4acTKax MEXIy
TOYKaMu BbIOOpkH Ha npoduie. CunTaercs IOMYCTHMBIM HeOOJbLIOE M3MEHEHHE YIia HakjIOHa, OTHOCHTENHHO
3HA4YEHHs, PACCUMTAHHOIO HCXOAd M3 LM(POBOro mpoduis (HampuMep, 3HAYeHUH, COOTBETCTBYIOIINX HW3MEHEHHSIM
Ha+10 M BBICOTHI MPOGWISL Ha OJHOM KOHIIE paccMarpuBaeMoro cermenra npodmis). IIpn HeoOXoMMMOCTH MOXKET
OBITH IPOBE/ICH BU3YaJIbHBIH KOHTPOJIb TPACCHl MEX/Ly BEIOOPOYHBIMH TOUYKaMH MECTHOCTH.

B HexoTopbIX ciydasx, Korza npoQuib TPacchl HMEET XapakKTep Clerka Iepece4eHHONH MECTHOCTH M ero o0paboTka
Ha OT/EJIBHBIX CETMEHTAaX TPACChl IIPECTABIIAETCS HeaaeKBaTHOM, TO B 9TOM ClIy4ae Ha IPOQUIIb TPAcChl AOJDKHA OBITh
MOMEIIIeHA KPHBas PErpecCHy COMIACHO CIOCO0y, yka3zaHHOMY B . 6.1.2.4.1, u ans pacyera BBICOT HaJ TOYKAMHU
OTPaXXCHMsI U PACCTOSIHUM OT HMX JOJDKHBI PACCMAaTPUBATHCS OTPAXKEHUS, IIPOUCXOISIINE OT ITOM KpUBOU. B Takom
Cllydae IIard B JaHHOM IyHKTe U B 1. 6.1.2.4.1 Hy>kHO paccMaTpuBaTh COBMECTHO.

ITPUMEYAHMUE 2. — ]I HEKOTOpHIX MPOEKTOB JIMHUW CBSI3M MOXET OKa3aThCs >KEJIaTeNbHBIM HCIOJIb30BaHUE
MHHHAMAJIBHOTO 3HaueHHs 3(h(heKTHBHOTO KO3 PHIEeHTa k, MEHbIIETO, 4eM k, (99,9%).

6.1.2.4 Br100p BepTHKAJIBLHON NOJASIPU3ALNHU

Ha nagBoaHbIX Tpaccax Ha 4dactorax Bbiie npumepHo 3 I'Ti menecooOpa3Ho BbIOMpaTh BEPTHUKAIBHYIO
TIOJISIPU3AIIMIO BMECTO TOPU30HTANBHOM. [Ipyu yriax ckonbxeHus 6osee ueM npuMepHo 0,7° MOXKHO OKUAATH
CHIDKEHMS TTIOBEPXHOCTHOTO OTpakeHus Ha 2—17 1b 1o cpaBHEHUIO C TOPU3OHTAIBHON MOJIsIpU3aIiueH.
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Bonee TouHyro oueHky addexTuBHOro Ko3(duIMEeHTa OTpaKEHHs IUIOIAAUW  IOBEPXHOCTH,
3aJIeliCTBOBAHHONH B 3€PKAbHOM OTpPaKEHHH, MOKHO TOJYYHTh MOCPENCTBOM JHOO BBIYHMCICHUH, JIMOO
H3MEpPEHHH CIEAYIOMNM 00pa3oM:

6.1.2.4.1 Pacuer 3¢¢ekTUBHOrO KO3 (PuLMEHTA OTPasKEeHUs] IOBEPXHOCTH

O dexTHBHBIN KOIPPHUIUEHT OTpaKCHUs TOBEPXHOCTH MOXKET OBITh PACCUUTAH COTJIACHO CIIEXYyFOIIEH
romaroBoii nmpoueaype (cm. [Ipumeuanue 1):

Llae I: PaccunTaTh KOMITIEKCHYIO IURJIEKTPUYECKYIO MPOHHUIIAEMOCTh MOBEPXHOCTH 3e€MJIM BOJIM3H 30H
OTPaXCHUS TTOBEPXHOCTHIO U3 BEIPAKCHUS:

n=¢ —jl8c/f, (99)

rie € — OTHOCHTEIbHASs IUAJIEKTPUYECKas IMPOHUIAEMOCTh M G — MPOBOIUMOCTH MOYBHI (Cm/M).
Omnpenenute €, 1 ¢ U3 nHQOpManuy, npuBeaeHHo B Pekomennarun MCO-R P.527.

Illaz 2: PaccunraTh YTrojl CKOJNBKEHWS IS JHWAala30oHa 3HadeHWH 3PdexktuBHOTO KOddhdunmueHra &k,
MOJTy4eHHBIX Ha mare 3 B 1. 6.1.2.3, mo ¢opmye:

h+h
(pz—J:;—g[l—vn(l+lﬁ)]. (100)
Illaz 3: Paccuntath KO3(POUIUEHT OTpaKEHUS MOBEPXHOCTH IS TOTO JKE€ CaMOTro Juarna3oHa 3HauYeHWH k
o dhopmye:
sin @ — \/E

- , (101)
P sin (p+\/E

rue:
C=mM-cos’Qp  TOpH3OHTAIBHAS MOIAPU3ALNS, (102)
2
C= nC—gS(p BEpTHUKAJIbHAS TOJISPU3ALIUSL. (103)
n

Lllae 4: Paccuntarh KO3QUIMEHT pacX0XKICHUS TIOBEPXHOCTH 3€MJITH U3 BRIPAYKESHIS:

1-m(1+b?)

1+m(1-3b%) " (104)

Illlaz 5: Paccunrates nmmuHy L, ammunca 1-i 30HBI @PpeHens Ha MOBEPXHOCTH 3EMJIM BIOJIb TPacChl
U3 BBIPAXKCHUS:

2 2 27!
L=d| 14 2 X107 SO+ hy)” 10 KM . (105)
! 3d 3d

Y IAPHUHY W) 3TOTO 3IIIUIICA B TIOTIEPEYHOM HATPABICHUH W3 BBIPAKCHU:

—4
W, = 3x107d KM, (106)

f
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rne hy u b, yKa3plBalOTCs B METpax, a d — B KujoMetpax. Jlomyctum, 94To HeHTp aunca 1-it 30us1 OpeHens
MOMEIIEH B TEOMETPUYECKYI0 TOYKY OTPaXKCHUS B TPEAEiax OYCBUIHON TMOBEPXHOCTH OTPAXKCHUS
(cm. TIpumeuanmue 2).

Llae 6: Ecnau yeTko MMeeTcs TOMBKO 4acTh(M) astunca 1-it 30H61 @peHens, KoTopas sSBJsSeTca 3epKajbHO
OTpaXkarollei, ONpeleNuTb ANMHY Ax (KM) 3TOH YacTH. 3aTeM BBIYUCIUTH KO3()(UIHEHT 3epKaibHOTO
oTpaxkeHus u3 BbIpaxkeHus (cM. [Ipumeuanue 2):

£ (h, +hy)* (Ax)* x107
3h,h,d’

R =

s

, (107)

r7ie, Kak ¥ paHee, /| U h, yKa3bIBalOTCSA B METpax, a d — B KWIOMETpaxX. B MHBIX CiIydasx MpeAaroiaraercs,
gro R, = 1.

Illaz 7: Ecnau moBepXHOCTb B Ipezenax 3unmnca 1-i 3081 OpeHens UMeeT XxapakTep ciierka nepecedeHHoN
MECTHOCTH, paccuuTaTh K0O3()(OUIHEHT HEPOBHOCTH OBEPXHOCTH U3 BHIPAKECHUS:

1+(g?/2
- j(g ) — (108)
1+2,35(g%/2)+2n(g?/2)
Trac:
=40nfc35hsm(p’ (109)

IIpH 3TOM G; (M) — CTaHJapTHOE OTKJIOHEHHE BBICOTHI MOBEPXHOCTH OTHOCHUTENIBHO KPWBOM perpeccuu
HAa TOM YacTW MOpOQHIsS Tpacchl, KOTOpas HaxOAWTCS B TNpeaenax osumnca 1-ii 30Hel DpeHens
(cm. [Tpumeuanwne 3). B mHBIX ciiydasx npearmnonaraercs, 4o R, = 1.

Illaz 8: Paccunraiite 3P ¢deKTHBHBINA KOAI(DPHUIMEHT OTpakKeHHUsS IMOBEPXHOCTH IJISI COOTBETCTBYIOIIETO
Juara3oHa 3HaueHui apdexruBHOro K03 dunmenta k mo Gopmyne:

P =PDRR, . (110)

YpoBeHb OTpakeHHOH(BIX) BOJTHBI (BOJIH) OTHOCHTEIIEHO YPOBHS MPSIMON BOJHBI MOXHO TOTJIA OTIPEACIUTE
10 METONly, YKa3aHHOMY B I1. 6.1.2.5.

[NPUMEYAHUE 1. — YcTaHoBieHO, YTO Ha MHOTHX Tpaccax Haja cymeil (ocoOeHHO Ha Oojiee BBICOKHX YacTOTaX)
OyZieT 3aTpy/HUTENIBHO MOJIYYUTh TOYHYIO OLIEHKY Belnn4KHbI d(dexTrBHOro koadduireHTa oTpakeHus MOBEPXHOCTH
BCJIC/ICTBHE HaJIMYMSl PA3NIMYHBIX HEONPEJENICHHOCTEeH, TaKMX KaK MPOBOJMMOCTBH IOYBBI, HEPOBHOCTH IOBEPXHOCTH
UT. ., a TAKXKE CTENEHH CYOBEKTUBHOCTH, HEOOXOAMMBIX B HACTOsIIEe BpeMs IJIsl NPOBEICHUs pacueToB. B Takux
CUTYaIMsIX TPOIENypa PacieToB MOXET CIIYXKHTh JINIIb NPUOIU3UTEIBHBIM OPHEHTHPOM, ITOMOTAOLIUM OIPEICIHTh
po0JIeMBl Ha Tpacce WK BHIOpaTh OHY Tpaccy BMECTO APYToif, AaXke eciy TaKkas BO3MOYKHOCTB CYILIECTBYET B IIEPBYIO
odepens. B cimydae eciiM TOBEpXHOCTh OTPAKEHHWS HAXOJUTCS Ha 3€MHOH IOBEPXHOCTH, MOXKET OKa3aTbCs
JKeJIaTeNbHBIM TPEIIIONOKUTE HAIMYME BIAXXHOW 3€MJIM B 30HaX, IIe Takas I04Ba NpeodiagaeT B TE K& 4Yachl
U MeCsIbl, KOTJa 4YaCTO BO3HHKAIOT 3aMUPaHUSL.

ITPUMEYAHMUE 2. — Ypasuenue (107) sBaseTcst Haubosiee TOYHBIM, €CIIM HA OJIMH W3 KPaeB 3epKaIbHO OTpaKaromeit
30HBI HE€ HaXOJIUTCA OAaJICKO OT TOYKH 3C€PKAJIbHOTO OTPAXKCHMHA. B HCKOTOPBIX ClIydadX HaWJIy4dlIMM BO3MOKHBIM
HOZAXOJIOM SIBIISIETCS pa3zeneHue rromany 1-i 3oup1 OpeHernst Ha ABe 00J1acTH: TIepBasi 00JIaCTh MOMENAETCsl HA OYEeHb
HEPOBHYIO YacTh MOBEPXHOCTHU, KOTOPas IBHO HE SBISCTCS OTpaXkaromiel (1M3-3a KPyTOro yriia MECTHOCTH ITOJT TPAacCOn
WIN K3-32 9KPaHUPOBaHHS MECTHOCTBIO), a BTOpas o0jacTh — Ha Ooyiee POBHYIO 4YacTh MOBEPXHOCTH, YaCTHYHO
CIOCOOHYIO OTpa)kaTh PAJUOBOIHEI, HO JUIS KOTOPOH pacdeT KOA(PQPHUIMEHTa HEPOBHOCTH IMOBEPXHOCTU MPOU3BOIUTCS
Croco0OM, OITUCAHHBIM B IIIare 7.

B kauecTBe PyKOBOJCTBA, €CIM 30HA OTPAXKCHUS HA TOBEPXHOCTH 3€MJIM TOYHO OXBAaThIBAET IUIOMIAAb - 30HBI
@DpeHens BIONb TPACCHI, aMILTUTY 1a OTPaKEHHOH BOJIHBI Ha 2,6 1b Ooblle aMIUIUTYABI IPSIMOM BOJIHBI (HE YUUTHIBAS
BIMsHUE KOd((uIMeHTa pacxoxkaeHus, D, W W30MpaTeNbHOCTH aHTEHHBI, YTO paccMarpuBajiock B 1. 6.1.2.5).
Orta nudpa cocraBut 6 1b, eciau 30Ha OTPaKEHHs TOYHO OXBAThIBaeT 1-10 30HY DpeHesst HE TOJBKO B MPOJOJIEHOM
HaIpaBjeHUH, HO TaKKe U B CTOPOHBI. C APYroil CTOPOHBI, €CIIM B 30HE OTPAKEHUsI HE COJCPIKUTCS TeOMETPHYECcKast
TOYKa OTPaKEHHs, TO OTHOCHUTEIIbHAS aMIUIMTY/Ja OTPAKEHHOM BOJHBI OYJET cocTaBisATh He Ooiee yeM —3,4 nb. Ecnn
30Ha OTPa)KEHHsI LEJIMKOM pacIiojiokeHa BHe 1-i 30HbI DpeHelns, TO OTHOCUTENbHAsT aMIUINTYy1a OTPaYKEHHON BOJIHBI
Oyzner menbme yem —1 1,5 nb.
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[NPUMEYAHUE 3. — Eciu ipoduite Tpacchl JOCTATOYHO HEPOBHBIN, TO HAMIYUIIAM BO3MOXKHBIM ITOJXO0JIOM SIBIISIETCS
HaJIO)KeHHE KPHUBOW perpeccHd Ha MpoQWIb Tpacchl BIOIH IUHBI, COOTBETCTBYIOUIEH AIMHE caMoil 1-if 30HBI
@penens, 4to OyIeT CIyKUTb OCHOBOW [UISl ONPEIEIICHUS] MECTOIOIO0KEHHS TOYKH OTPaKEHHs M IIOCIEIYIOLIEro
pacuera CTaHZApPTHOTO OTKJIOHEHUS BBICOT Mpoduiis, 6, (M), OTHOCHTEIBHO 3TOH KpUBOH. [1ockoibKy nepBOHaYanbHOE
MecrorojokeHue 1-if 30HbI DpeHenss HEU3BECTHO, YKa3aHHAs BBIIE IIPOLENypa MOXET OBbITh HTEPaTHBHBIM
nporieccoM. Eciam amnunc 1- 30H61 dpeHens HaxoIWTCs Ha BOJAE, TO CIENyeT NMPHHATH AN PacyeToB TJIAJKyIO
MOBEPXHOCTb.

6.1.2.4.2 MH3mepenus 3¢pPeKTHBHOrO K03(pPHUIHEHTA 0TPAKEHUS MOBEPXHOCTH

OddexTuBHBI KO3DGUIUESHT OTPAKCHHS OTPAKAIOMICH MOBEPXHOCTH MOYXKHO H3MEPUTh B HOPMAIBHBIX
YCIIOBHUSIX PACIpOCTpaHeHHUs (CM. M. 8 I HaWIyd4IIero BpeMEHU CYTOK; cM. Takxke Ilpumeuanue 1) mpu
MTOMOILY TIOJIyYEHHs TUarpaMMbl BBIMTPBILIA 38 CUET BBICOTHI AJISl YPOBHS NPUHMMAEMOIO CHTHaja, Koraa
0o mepenaroIas aHTEHHa, JIMOO MpUEMHAs aHTEHHA PETYJIMPYETCs IO BBICOTE B JOCTATOYHO LIMPOKOM
JMara3oHe, 9To0bl HAOMIOJATMCH KaK MAKCUMYMBI, TaK 1 MEHUMYMBI 3TOH nuarpamMmsbl. Eciu AE (nb) — ato
pPa3HOCTh MEXAYy MAaKCHUMalbHBIM W MUHHMAIBHBIM YPOBHAMH (cM. pucyHok 10), T0 3ddekTuBHBIN
K03 ULIMEHT OTpakeHus onpeaessiercs no Gopmyie:

AE/0 AE/20
Peor = 0 +A1E/102><10 : (111
10 -1

[NPUMEYAHUE 1. — 3emHas MOBEpXHOCTb MOXXET OBITH Ooyiee CyXOW B TE€UCHHE YAaCTH CYTOK, KOT/Ia OXKHUIAIOTCSA
HOpPMAJIbHBIC YCIOBHUSI PACHPOCTPAHCHUS, Y€M OHA MOXET ObITh B TEUCHHWE TOW YaCTH CYTOK, KOIJIA OXKHAAITCS
YCJOBUSI MHOTOJIy4EBOCTH. B Takux CHUTyalusix MOXET ObITh IKeJIaTebHO BBECTH MOMNPABKy, OCHOBAHHYIO
Ha ypaBHEHUSX B 6.1.2.4.]1 ¥ W3BECTHBIX PA3MUYMAX IMPOBOJUMOCTH IOYBBI BO BIQKHOM M CYXOM COCTOSIHHSX.
Marepuan B1m. 6.1.2.4.1 u 6.1.2.4.2 mpenHazHadeH s HMCIOJIb30BAaHUS JIMIIL B KAadyeCTBE OPHUEHTHUPOBOYHOTO
PYKOBOJICTBA.

PUCYHOK 10

N3mepenne AE (nb) ucxoast 3 TuarpaMMbl BIMTPHIIIA 32 CYET BBICOTHI
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6.1.2.5  Hcnoab3zoBanne N30MpPaTeJbHOCTH AHTEHHBI

Ha tpaccax ¢ moctarouHo OONBIIMM HAKJIOHOM HIJIM TPaccaX ¢ €CTECTBEHHBIM 3HAYUTENBHBIM MPOCBETOM
YIIIBI MEXK]TYy MPSMOU BOJIHOW U OTPaXKEHHOW(BIMU) OT TIOBEPXHOCTH BOJIHOM(aMHU) CTAHOBSITCS JOCTATOYHO
OOJIBIIMMH, YTOOBI MOXKHO OBIJIO KCIIOIB30BATH MUATPAMMY H3JIyUCHHS OMHOW WM OOCHX AHTCHH IS
obecrieueHUsT W30MPATECILHOCTH B OTHOIICHWH OTPaXCHHOU(BIX) BOJHBI (BoiH). Jlake ©Oe3 3TOTO
€CTCCTBCHHOTO NPCUMYIIECTBA MOXKCT OKa3aTbCA MOJIC3HBIM HEMHOI'0O HAKJIIOHWUTH BBEPX OJHY WA o0e
AHTCHHBI JJI1 YBEIUYCHUS IOCTYIMHOW CTeNeHW W30upaTenbHOCTU. [lommaroBas mpolienypa 3aKiIH4acTcs
B CJICIYIOIIEM:

Llae I: PaccunTarh yriapl MeXIy MpsIMOH BOJHOW M OTpakeHHOW(BIMH) OT IOBEPXHOCTH BOJHOW(aMM)
Ha cTaHUUAX 1 W 2 Ui COOTBETCTBYIOIIETO AMana3oHa 3HaueHWH S(PQEeKTHBHOro KodpduuueHta Kk,
MOJTy4eHHBIX B mare 3 B 1. 6.1.2.4, mo popmymam:

o, s L B . . I O TPaayChl. (112)

:@ hz hz_hl dl %1073

TPaaycCHhI. (113)

Illaz 2: OueHNUTh TOTEPH YPOBHS OTPAKEHHOTO OT MOBEPXHOCTH CHTHANa (CHUTHAJIOB) OTHOCHUTEIHHO
MIPSIMOTO CUTHAJIa, BHOCHMBIE N30MPaTETbHOCTHIO aHTEHHBI, U3 BeIpakeHus (cM. [lpumeuanne 1):

2 2
o
+ 2
a’aZ

o4
(04

L, =12 1B, (114)

al

rac O, U Oy, — 3HAYCHUA MIHMPUHEBI JIyda aHTCHH 110 MOJIOBUHHOM MOIITHOCTH.

Ecmu otpakeHHas(ble) OT MOBEPXHOCTH BOJHA(BI) MPOABUTACTCA(IOTCS) AAIBIIE M BXOAHUT(SAT) B IPEICITBI
MMOJIOBUHHOM HIMPUHBI JIy4a OI[HOI7[ NI 06e1/1x AHTCHH, COOTBECTCTBYIOIINEC aHTCHHLI JOJI)KHEBI, KaK IpaBuiio,
WMETb HAaKJIOH BBEpPX NPUMEPHO HA IOJOBUHY IIUPUHBI JIyda, TaK YTOOBl BBECTU MAOTOJHUTEILHYIO
n30uparesbHOCTh aHTeHHBI (cM. Ilpumedanuwe 2). Jlaxke eciau yriabl NPUXOJa BOJHBI, OTPaKEHHOH
OT TIOBEPXHOCTH, HEMHOTO BBIXOST 32 MpEZesbl MOJOBUHBI IMUPUHBI Jy4Ya aHTEHHBI, HEOOIBIION HAKIOH
BBEPX MOXET TMPHHECTH OMpeAeNeHHy0 nonb3y (cMm. [lpumewyanne 2). OOmmpe mnoTepu u3-3a
M30MpaTEIbHOCTH AaHTCHHBI MOYKHO TOT/Ia PACCUMTATh U3 BeIpaxkeHus (cM. [Ipumeuanue 1):
2 2
oy +04y, o, +a,
+
o

L =12 1B, (115)

aaZ

al

T7e O, ¥ Op — YTIIBI HAKJIOHA aHTEHH BBEPX.

Hlae 3: Ha HEKOTOPBIX Tpaccax MOXKET OKa3aThCs IOJIE3HBIM TMPHMEPHO pACCUUTATh WM H3MEPUTh
3¢ hekTuBHBIN KOP(DOUINEHT OTpaKEHHs MMOBEPXHOCTH, C TEM YTOOBI MOJIYYHTH OOIIYIO OIEHKY YPOBHS
oTpaxkeHus (OTpakK€HHi) OT OBEPXHOCTH B HOPMAJIBHBIX YCIOBHUAX PacpOCTPaHEHUS. DTO MOXKHO CHEJIaTh
C HWCTONb30BaHHEeM HHpopManuu B 1. 6.1.2.4. OOmue morepu ypoBHS BOJHBI (BOJH), OTPaKEHHOM(BIX)
OT TIOBEPXHOCTH, 3aTE€M ONPEACISIOTCS KaK:

L,=L,-20logp,, ab, (116)

rae L, MoxHO nony4uts 3 ypaBHeHus (114) nim (115), B 3aBucuMocTH OT cutyanud. XoTs 3QQeKTUBHBIN
KO3(QPULMEHT OTpaXEHUs] IOBEPXHOCTH MOXET ObIThb YBEIMYEH B YCJIOBHAX IIOBEPXHOCTHOH
MHOI'OJIy4€BOCTH, TEM HE MEHEE HeT HEOOXOAMMOCTH TOYHO WJIM HOJHOCTBIO OLICHUBATh BEJIHMYUHY ITOTO
ko3 duimenTa, ¢ TeM 4TOOBl pACCUUTATH COOTBETCTBYIOIME YIIIbl HAKIIOHA AJIsl aHTEHH (CM. mar 5).
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Ilae 4: Ecnu ofHa nin 00€ aHTEHHBI HMEIOT HAKJIOH BBEPX, TO COOTBETCTBYIOIIUE TIOTEPH MO YPOBHIO JJIS
MpSIMOMl BOJHBI B HOPMAJIBHBIX YCIOBUAX pacupoctpaneHus (k=4/3) ompenmensiorcs w3  GOPMYITBI
(cm. Tlpumeuanue 1):

2 2
G

uaZ

L(k=4/3)=12|| %] +

al

1B, (117)

B ycnoBusx cyneppedpakuun wnm cyOpedpakuun BenwduHy L, (k) MOXHO paccuMTaTrh W3 YpaBHEHHUS
(cm. [Tpumeuanne 1):

2 2
4| G270

a’aZ

Oy — 0y

L,(k)=12 b, (118)

al

IZIe YroJI IpuXo0/ia MPsIMOTO CUTHANA OnpeessieTcss npudan3uTesnbHo o popmyie (cM. [Ipumedanue 2):

o, =—0,0045d % - % TPaIyCHl. (119)

Ilaz 5: MakcuManbHYI0 BO3MOXKHYIO TJIyOWHY 3aMUpPAaHHH B HOPMAJBHBIX YCIIOBHSX PacIpPOCTPAHEHUS
(k=4/3) B pesynmbTare IeNCTBHA OCIAOINSAIONMIEH (IECTPYKTUBHONW) WHTEPPEPEHINH MEXAY MPSIMBIM
U OTPaKCHHBIM OT IIOBEPXHOCTH CUTHAJIAMU MOKHO BBEIYHCIIUTH IO hopMyIIe:

A, =—201log 107"/ —107%/) 15, (120)

max

rae L, onpenensiercs u3 ypaBHenus (117), a Ly — u3 ypaBuenus (116) (cm. IIpumeuanue 2). B ycrnoBusix
cyneppedpakuun uiu cyopedpakiyu, B KOTOPBIX NMPSIMOM CHUTHAN TaKKe WCIBITHIBAET JOTOIHUTEIbHEBIE
norepu 0,5L,,; (Hampumep, W3-3a paCIIUpPEHHs] Jyda B YCIOBHSX cymneppeppakiuu), a OTpaKEHHBIH
OT TIOBEPXHOCTU CHTHaN mosydaer ycuienue —0,5L,,, MakcHUManbHash BO3MOXKHas TIIyOWHA 3aMUpaHUi
3as1aeTcs Mo Gpopmysie:

A =-20log (10—(L‘,+0,5Lm )20 10—(LS—O,5LM,,)/20> 15 | (121)

rae L, onpenensiercs u3 ypasaenus (118), a L; — u3 ypaBaenus (116) (cm. [Ipumeuanue 2).

VYriuel HakJIOHA aHTEHH MOTYT OBITh ONTHMH3UPOBAaHBI [UIS CBEJACHHA K MWUHHUMYMY 3aMHpaHUA, WA
AMIUTATYTHBIX WCKaXCHWH M3-3a MOBEPXHOCTHOW MHOTOIIYYEBOCTH, WM COYETaHHS ITHX JBYX 3(dexTos.
OnTuMHU3alMi0 C IeNbI0 CBEIEHUS K MHHAMYyMY 3aMHpPaHWid MOXXHO OCYIIECTBUTH IOCPEICTBOM
[TOJICTAaHOBKH 3Ha4eHus L,y B ypaBHeHuu (121) Takum oOpazom, 4ToObI L, ObLTO MeHbIIE, 9eM L ipu k = oo
(Ha TIPAKTHKE MOXET ObITh BBIOpPaHA GoNbIuas BedmuuHA k, Hampumep k = 1 x 10°) npumepHo Ha 0,3 15,
U MUHUMM3AUUH A, IOyTeM [oA0Opa yIJIOB HakJIOHa. B KkauecTBe albTEpHATHBBI, 3HAYEHHE P
B ypaBHeHUH (116) MOXXHO YCTaHOBWUTH pPaBHBIM 3HaueHUIO, MpuOMmkammemycs k 1,0 mwim Oonee, Tak
YTOOBI MONYYHTh Ty XK€ caMyio paszHocTh mpuMmepHo B 0,3 nb (cm. Ilpumeuanue 2), a 3areM mpoBecTd
ontummuszauuio. IIpy 3ToM HCKIIOYaeTCs CHUTyallMs, KOTJa 3HAa4€HHE p.; HEM3BECTHO. 3alac Ha HOTEpH
13-32 3aMUpaHUil 1715 TAKOTO MOJIX0/1a COCTABIIAET BEIMUYMHY B quana3zone 2,5—4 nb.

OnTtumMu3anyi0 ¢ LENbI0 CBEIACHUS K MUHUMYMY aMIUIUTYAHBIX HCK&KEHMH H3-32 IOBEPXHOCTHOM
MHOT'OJIy4€BOCTH MO>KHO OCYILIECTBUTH 3a CUET elle OOJIbLIETo yBEIMYCHUS YTIIIOB HAKJIOHA 10 TEX MOp, IoKa
OTHOCHUTEJIbHAsI U30MPATENbHOCTE AHTEHHBI 110 OTHOIIECHHUIO K OTPAXKEHHOH OT IIOBEPXHOCTHU BOJIHE (BOJIHAM)
HE JIOCTUTHET MakcuMyMa. OTO OyIeT BBINOJIHEHO, KOIla pa3inyie B BEIMYMHE U30MPATEIbHOCTH MEXIY
OpSMOM M OTPaKEHHOM OT IOBEPXHOCTH BOJHAMH CTaHET MakcuMalbHbIM. OnxHako A TOYHOH
ONITUMM3ALUH YITIOB HAKJIOHA 111 OOPHOBI C HCKAKEHUSIMH 13-32 IOBEPXHOCTHOM MHOT'OJTy4E€BOCTH JTOJIKHBI
OBITH OCTYIHBI AMarpamMMbl HAIlPaBICHHOCTH AaHTEHHbI, TaK KaK MOJENb COIacHO ypaBHeHuio (115)
SBIISIETCS. MEHee TOYHOW 3a MpenenaMd IOJOBHHBI IIMPHUHBI JIEECTKOB AaHTEHH, OCOOCHHO Korza
Jocturaercsi kpail riaBHoro jenectka (cM. Ilpumeuanme 1). IlockonbKy onTumu3zanus A CHUXKEHUS
aMIUIMTYIHBIX ~HMCKQXEHUH  oOcyllecTBisiercs Ha (OHE JOMOJHUTEIBHOTO 3amaca Ha  IOTEepH
13-3a aMIUIUTYJHBIX 3aMHUpPaHUN, PEKOMEHIYeTCsl, YTOObl yIiibl HAKJIOHA, MOJIY4YEeHHBIC NMPH ONTUMH3ALUU
B OTHOUICHWH 3aMUpPaHUH, OBLIM YBEJIMYEHb B TEX K€ INPONOPLMIX, MOKa HE OyHeT IOCTUIHYT
MAaKCHUMAaJbHBIN 3alac Ha MOTEepPU U3-3a 3aMHUpPAaHUN MPUMEPHO paBHBIA 6 1b. XOTs pe3yabTUPYIOLIUE YTIIbI
HaKJIOHa MEHee ONTUMalbHBI AJs OOpeObI C caMUM 3aMUpaHUEM, yBEIMUYCHHE IJyOMHBI 3aMUpPaHUs
COCTaBJISIeT JIUIIG 1oyn aennbena (cM. [lpumevanue 3).
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Crenyer oTMETHUTD, YTO ONTUMaJIbHAs H30UPATEILHOCTH [0 OTHOIIEHUIO K TIOBEPXHOCTHOM MHOTOJIyYEBOCTH
3a CYeT YBEIMYCHHS YIJla HAaKJIOHA AaHTEHHbI BBEpX OYyAET TaKKe CIIOCOOCTBOBATH ITOBBILICHUIO
M30HMPaTEeNbHOCTH B OTHOIIEHNH atMocepHoi MHOoToIyueBocTH (cM. [Ipumeyanne 4).

[NPUMEYAHUVE 1. — Ota rayccoBa anmpoKcUMaIus jJy4ya HauOoJjiee TOUHasl B IpeAeax IUPUHBI JIEIECTKOB aHTEHH.
3a mpenenaMu IMMPUHBI JICIECTKOB, €CIIU JKENIATENbHO IOJIYyYUTh 0O0Jiee TOUHYIO OLIEHKY, MOXHO HCIIOJIb30BaTh
peajbHbIE IMarpaMMbl HalPaBJICHHOCTH. DTO 0COOSHHO BaXKHO NPH MPUOIMKEHUH K KPalo TIIaBHOTO JITIECTKA.

[MPUMEYAHUE 2. — VBenuueHue yria HakjIOHA AaHTCHH B HANpPaBICHUM BBEPX JKEJIATENBHO AN YIy4LIEHUS
9KCIUTYaTallIOHHBIX XapaKTEPHCTHK B YCJOBUSX 3aMHUPAaHMH HM3-3a ITOBEPXHOCTHONH MHOTOJIYYEBOCTH, HE3aBUCHMO
OT YPOBHS BOJIHBI (BOJIH), OTPaKEHHOM(BIX) OT IOBEPXHOCTH B HOPMAJILHBIX YCIOBHSIX pacnpocTpaHenus (T. e. k = 4/3).
Henpro onTuMU3auuy Ui CBEACHHS K MUHHMYMY 3aMUpPaHH{ SIBJISAETCS YMEHBIIEHHWE YPOBHS BOJIHBI (BOJIH),
OTpa)XEHHOI OT MOBEPXHOCTH, Ha OOJiee 3HAYMTEIBHYIO BEJIMYUHY [0 CPAaBHEHHMIO C NPSMOM BOJIHOHM, TOTJa Kak
CHIDKCHHE YPOBHSA IIOCIEOHEH MOCTATOYHO JIMMIb, JUI1 TOTO YTOOBI YMEHBLIMTh 1O MHHHMYyMa OOIIyI0 IyOHHY
3amupaHuil. Llenbo onTuMM3aMK A CBENEHHMA K MUHHUMYMY aMIUTHTYIHBIX HCKaXEHHH SIBISETCS MaKCHMAaJIbHOE
TIOBBIIIICHUE OTHOCHUTEIBHOM PAa3HOCTH MEXIy aMIUTUTyJaMH HpPSIMONH BOJIHBI M BOJHBI (BOJIH), OTPa)KEHHOM(BIX)
OT NIOBEPXHOCTH, 33 CUET HEOOJNBIIOrO yBEIMUSHUS MaKCUMAIIbHOW TTyOHHBI 3amMupaHuii. O0e 3TH meixu MOTyT OBITh
JOCTHTHYTHI ITyT€M IIEPEMEINCHHsI yIJIa MPUXOoJa BOJHBI (BOJH), OTPAKEHHOM(BIX) OT IOBEPXHOCTH, B TOYKH
Ha JuarpaMMax HaIpaBlICHHOCTH aHTEHH, TJie OHU (nuarpammbl) Oojee KpyTble. IIpum HEOOXOIMMOCTH, CHM)KEHHE
3araca Ha AaMIUIMTYAHbBIE 3aMUpaHUs B HOPMAalbHBIX YCIOBHSX PpAaclpOCTPaHEHHST B pe3ysbTare CHIDKCHHS
N30MpaTeIbHOCTH aHTEHHBI B HAINPABICHUM NPSMOIM BOJIHBI NPH YBEJIMYECHHH YyIJia HAKIOHA BBEPX MOXKET OBITH
KOMITEHCHPOBAHO 32 CYET YBEJINYEHHS Pa3MEpOB aHTEHH.

VYTIiapl HakJIOHAa aHTEHHB! JJIsI MUHMMHU3AIMU BIUSHHSA OTpaXXEeHWs(H) OT MOBEPXHOCTH B HOPMAJBHBIX YCIOBHSX
pacripoctpaHeHusi OyIyT MEHATHCS B 3aBHCHMOCTH OT T€OMETPUH TpaccChl, 3HAUCHUI INUPUHBI JICTIECTKA aHTCHHBI
1 OTHOCHUTEJILHOTO YPOBHS IOBEPXHOCTHOrO OTpakeHMs(#). XOTss yeM Oosbllle MIMpHHA JIeNecTKa, TeM OoJblie
TpeOyeTcsi yroin HakJIOHa Ui IIOJIydeHUS HYKHOTO 3¢¢eKkra B HOPMaIbHBIX YCIOBHUSAX pPAaCHpPOCTPaHEHUS,
COOTBETCTBYIOIIEE OTHOLICHUE YIJla HAK/IOHA K INUPUHE JienecTka OyJeT yMEHbLIAThCS IMPU YBEIWYEHHH IIMPUHBI
JIETIECTKA.

VYTiIpl HakJIOHA aHTEHHBI JUII MUHUMH3ALUK BIMSHUS TTOBEPXHOCTHOTO OTPaKEHHs(i) B yCIOBHAX ITOBEPXHOCTHOU
MHOT'OJIy4eBOCTH OyayT OOJIbIlle COOTBETCTBYIOIIMX YIJIOB JUIi HOPMAJIBHBIX YCIOBHH PacHpOCTpaHEHUs, U OOBIYHO
JIOJDKHBI BBIOUPAThCSl UMEHHO 3TH Yriibl. Korjga skcTpemManbHbIi ClIOH, HAIPUMEpP BOJIHOBO/I, BHI3BIBAET MOTEPH YPOBHS
IIPSIMOIO CUTHAJIA U3-3a PACILUPEHHUs IIydKa, BO3PACTAET BEPOSITHOCTh TOIO, YTO OJHOBPEMEHHO YBEJIMUYUTCS YPOBEHb
OTPOXEHHOTO OT IOBEPXHOCTH CHUTHaJa(0B) M B  pe3yjibTaTe IOABATCS  3HAUMTENbHBIE  3aMUpPAHUS
M3-32 MHOTOJIYYEBOCTH. JTO OyJIET CONPOBOKAATHCS YBEINYEHHEM UCKKEHHUHI P PACIIPOCTPAHEHHH.

C uenplo BBIOOpAa COOTBETCTBYIOLIMX YIVIOB HAKJIOHA JUIi MUHMMHU3AlMU TJIYyOMHBI 3aMHpPaHUl Ha OCHOBE
ypaBHeHus (121), MoxeT OBITH BBINOJHEHA HMHTAIMS CIIOCOOOM, omucaHHbIM B Imare 5. (HesaBucumo ot Toro,
BBIOMpatOTCs 1 notepu L, u Ly ¢ nenbto commkenust apyr ¢ apyroMm B mpenenax 0,3 nb myrem u3meHeHus oHOM
BEJIMYUHBI WM APYToW, WM 00eMX OJHOBPEMEHHO, MO-BHAMMOMY, 3TO HE CaMbIil BaXHBIN (DaKTOp IS MOIyYSHHUS
pe3ynbrara.) OnTHMaNbHBIE YTIIBI HAKJIOHA OyTyT U3MEHATHCSA B 3aBUCHMOCTH OT YTJIOB NMPHUXOJA BOJH, OTPa’KEHHBIX
OT TMOBEPXHOCTH, Kak ompereneHo B ypaBHeHUsX (112) u (113). Boémpmme yriel HakjOHA aHTEHHBI COOTBETCTBYIOT
OoNbpIIIEeMy YTy TIOBEPXHOCTHOTO OTPaKEHHUS OT 3TOH aHTeHHHI. Kak oTMedanochk paHee, THIMYHOE CHI)KCHHUE 3araca
JUT ONTHMAJIBHBIX YTIIOB HAKJIOHA JISKHT B nuamna3one 2,5—4 nb. B moboM cirydae mpu yBeNTHYeHHN pa3MepOB aHTCHH
JUTI KOMITEHCAIlMU CHIDKEHHS 3araca Ha aMIUIATYJHBIC 3aMHPaHUS MOJDKHA BBITIONHATHCS OPYTas ONTHMH3AIUS UL
OIpEeIEIeHUs] HOBBIX ONTUMAJIBHBIX YITIOB HAKJIOHA.

Kak y>xe oTMeuanoch, ONTUMHU3aIUH AJsI CBEJCHNS! K MUHIMYMY aMIUIUTYAHBIX UCKQKEHUH JOIDKHO MPEAIIeCTBOBATh
BBIOJIHEHUE IlIara I10 MUHWMH3AOWM 3aMHPAaHWH M YBEJIMYEHHWIO YIJIOB HAKJIOHA B PAaBHBIX MPOMOPIHSX.
Hcnonp3oBanne OJHOTO WM ApPYroro HaOopa yIJIOB HAKJIOHA MM KAaKOTO-TO IPOMEKYTOYHOTO BapuaHTa OyIer
3aBUCETh OT CUCTEMHBIX cooOpaxkeHu# (cM. [Ipumeuanue 3).

CremyeT OTMETUTB, YTO B YCJIOBHSX HMOBEPXHOCTHOH MHOTOJYYEBOCTH IPOHCXOIHMT HEKOTOPOE BOCCTAHOBIICHHE
moTeph HM30MPATEIIFHOCTH AHTEHHHI B HAINPABICHHH HAMOOINBIIETO IO YPOBHIO Jyda (OOBIYHO TPSIMOM BOJHEI)
B pe3yJIbTaTe HAKJIOHA aHTCHHBL; 3TO 00YCIIOBICHO TeM (DaKTOM, YTO ITOT JIyd CTPEMHUTCSI UMETh MOJOKUTEIBHBIN YTOI
MIpUXo0/a.

[MPUMEYAHUE 3. — Eciin yBenn4eHus pa3Mepa aHTCHHBI MOXKHO HM30eXaTh ITyTeM OINTHMH3ALU{ YTJIOB HAKIOHA
aHTEHHBI JJISI CBEJCHMS K MHHUMyMY HauOoJbled TiyOMHBI 3aMHpaHus (C COMYTCTBYIOIIMM CHIDKCHHEM 3amaca
Ha aMIDIATyIHOE 3amupaHue mopsnaka 2,5-4 nb), To 3To Morio Owl ObITh Hammydumiedl anprepHaTtuBOd. C Opyroi
CTOPOHBI, €CIM ONTHMH3ALUS YIJIOB HAKJIOHA A CBEACHUS K MUHMMYMY AMIUIMTYIHBIX HCKa)K€HUH yIydIIdUT
B JIOCTATOYHON CTETICHHW SKCIUTyaTalMOHHbIE XapaKTEPUCTHKH, YTOOBI M30eKaTh HMCIOJIB30BAHUS Pa3HECEHHS, TO 3TO
TaKke MomIo OBl CTaTh HawIydlled anbTepHaTHBOW. BpIOOp OynmeT 3aBHceTh OT KadecTBa BBHIPAaBHHBAHMS,
UCIIONIb3YeMOro B cHcTeme. TpeThed ajabTepHaTHBOW ObLI OBl BHIOOpP YIVIOB HAKIOHA AHTEHHBI, YTO IPHBEAET
K CHIDKEHMIO 3araca Ha aMIUIMTYIHOE 3aMHpaHHe I7e-TO MeXIy KpailHuMu 3HaueHusMHu 2,5—4 nb u npumepso 6 1b.
H606XOZ[I/IMO OTMETUTb, YTO MPU ONTUMU3ALMU B LEIAX CBCACHUA K MHUHHUMYMY HCKAKCHUM MMEET MECTO JIMIIb
HeOOJIBIIOE OTKIOHEHHE OT ONTHMAJILHOTO YCIOBHS 3aMUPAHUM (T. €. MUHMMAaJIbHOH ITyOUHBI 3aMUpPaHUi).
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[NPUMEYAHUVE 4. — Kaxk aHanu3 myTeM OTCIEXHBAHHSA TPACKTOPHUU Jy4yel, Tak M IIMPOKHE HKCIEPHUMEHTAIbHBIC
W3MEPEHHs YIJIOB MPUX0/a U aMIUTUTYJl TPeX HanOOJIBIIMX 110 YPOBHIO BO3SHMKIIMX B pe3yJIbTaTe MHOTOJIyYeBOCTH
BOJIH TOKa3bIBAIOT, YTO BOJIHA, CO3AAaHHAS B pe3ysbTaTe aTMOC(HEPHOW MHOTOIYYEBOCTH, C Oojiee BBICOKUM YTIIOM
MPUX0Ja UMEET TEHICHIINIO OBITh OOJBIIEH 10 YPOBHIO, YEM BTOPAs 10 YPOBHIO BOJHA M3 YKAa3aHHBIX TPEX BOJH. JTO
O3Ha4aeT, YTO IOKa aHTEHHBI YCTAHABJIMBAIOTCS C YIJIaMH HAaKJIOHA BBEpPX, NMPEBBIMIAIONIAMHU TOT OONBIIHNA U3 OBYX
yriaoB mpuxona (00bryHO Menee 0,3° mnst jumH Tpacc B auamasoHe 31-51 kM), HU30MpaTeIbHOCTh AHTCHHBI
B OTHOILEHUU aTMOC(EPHOH MHOTOJIyYEBOCTH TaKKe YBEIMYHUTCS. Takum 0Opa3oM, ONTHMAJIBHBIA HAKJIOH JIyda
AHTEHHBI JOJDKEH, KaK IIPaBHJI0, OCHOBHIBATHCS HA CBEICHUM K MUHUMYMY BIIMSTHHS TIOBEPXHOCTHOM MHOT'OJTy4€BOCTH.

6.1.3 YMeHbllIeHHE TPOCBETA TPACCHI

[pyroii MeTon, KOTOpBI HE BIIOJIHE IOHATEH WIM HE OIPEACNICH KOJWYECTBEHHO, KaK JIPYTHE METOMBI,
3aKIII0YaeTCs B YMEHBIICHUH TPOCBETa TPACCHI, C TEM 4YTOOBI 00ECHEYUTh MPOTHOZUPYEMYIO BEIHYHHY
noTepp M3-3a IU(pPaKkUuK, 10 KpaiiHed Mepe, B ycloBHAX cyOpedpakuuu. CuuTaercsi, 4To 3TOT METO[
B OCHOBHOM Pa0OTaeT 3a CYET:

- YMEHBIIECHUS] BEPOATHOCTU W/WIN CEPHE3HOCTH MOTEPh M3-3a PACIIMPEHUS Jyda, KOTOpPBIE HECeT
npsiMasi BOJIHA W3-32 BIMSIHUSL DKCTPEMAILHOTO C€J0si (TaKOro KakK BOJHOBOJ) BO3HHUKAFOIIETO
HETOCPEICTBEHHO HIKE WM YacTUYHO HIKE TIONHOW [UIMHBI Tpacchl (METOJ COrJIacHO
cTpareruu A);

- OJIHOBPEMEHHOI'0 CHIKEHHS BEPOSATHOCTH TOTO, YTO OJUH M TOT JK€ CJIOH OyaeT ycuinBaTh
MTOBEPXHOCTHBIE OTPAXKEHHsI (METOJ] COTIIACHO CTpaTeruu B).

3TO, B CBOIO O4Y€pCb, CHMKACT BEPOATHOCTb TOr'0, YTO IIpAMas BOJIHA 6y,I[GT O6’BC,I[I/IHSITBC$1 ACCTPYKTUBHO
C OJHUM WJIN HCCKOJIBKMMU MOBCPXHOCTHBIMU OTPAKCHUSAMHU, BbI3bIBASA CHJIBHBIC ‘IaCTOTHO—I/I36I/IpaT€HLHLIG
3aMUpPaHUL.

Eme oauH cnoco0, ¢ MOMOIIbI0 KOTOPOIo, KaK Ipeiroaraercs, paboTaeT IaHHbIM METOJ, 3aKII0YaeTcs
B TOM, YTO 3aJep>KKA MEXAYy MpsIMOH BOJHOM M BOJHOW(aMH), OTpa)XCHHOM(BIMH) OT IOBEPXHOCTH,
YMEHBIIAKOTCS, €CIM SKCTPEMAJbHBIA CIIOHM, BBI3BIBAIOIIMN PACUIMPEHHE JIyda IPSIMOW BOJIHBI, JIMIIb
YaCTUYHO PAcCHOJIOKeH HKke Tpacchl (T. e. crpaterust C). B pesynbrate 3T0 mpuBoauT K Oojee cinaObIM
YaCTOTHO-M30UPATEIbHBIM 3aMUPAHUSIM, YEM B CiIydae, eciau Obl JAaHHBIM CIIONW MOJIHOCTBIO PacHojaralics
HWXE TPACCHI.

OT10oT MeTox TpeOyeT HaxXOXKIACHHS KOMIPOMHCCAa MEXKIY YyMEHBIICHHEM BIMSHHUSA 3aMHpaHUH
13-3a MIOBEPXHOCTHOW MHOTOJYYEBOCTH, C OJTHOH CTOPOHBI, M YBEIMUCHUEM 3aMUPaHUI BCIEACTBHE TIOTEPh
Ha audpakiuio B yCIOBUAX cyOpedpakiuu, ¢ apyroi croponsl. [IpaBmiio mpocBera Tpaccel B 1. 2.2.2.1
UMeeT 1eNblo M30eXaTh MoTeph Ha ITUQPPAKLUUI0 B HOPMAIBHBIX YCIOBUSX pedpakuuu (T. €. MEeJHaHHBINA
a¢dhexkTuBHBIN KOd(hGUIMEHT k), HO pa3pemnTh TOTEpPH Ha AUQPPAKIUIO0 BEIMYWHOW mpuMepHO 6 nb
B YCJIOBUSIX, COOTBETCTBYIOLINX k, (99,9%). B nmpuniune, 11 cUCTEM ¢ JOCTaTOYHO OOJIBIIMMHU 3ariacaMy Ha
aMIUTUTYAHBIC 3aMHUPAHUSI MOTYT OBITH JOMYIIEHBI 0oJiee 3HAYUTEIbHBIE BETMIHHBI TOTEPh HA IU(PAKIHIIO
KaK B HOPMAJIBHBIX YCIOBHUSX, TaK U B YCIOBUAX cyOpedpakunu.

JanHbIii MeTOJ] HauboJiee 1ENecO00pa3HO HCIOJIL30BaTh Ha Tpaccax ¢ HEOOJBIIMM HAKIIOHOM WM TpU
OTCYTCTBUM HakyioHa. OMHAKO Jake Ha Tpaccax C ONPee/ICHHBIM HAKJIOHOM MOXET OKa3aThCs MOJIE3HBIM
YMEHBIIHUTH IPOCBET TPACCHI JIJIsI JOTIOJHUTEIBHOTO CHUYKEHHS BIIUSIHUS TOBEPXHOCTHON MHOTOJIYY€BOCTH.

Ot0T Meron Oe3omacHee NMPUMEHATh K Oojiee HU3KUM AaHTEHHAM B KOH(HIYPAllMH C MPOCTPAHCTBEHHBIM
pa3HeceHHeM, M OH PEeKOMEHAYETCsl K MCIOJIb30BaHHUIO KaK HEYTO caMo co00# pazymMeromeecsi B METOANKE,
IpeacTaBIeHHON B 1. 6.2.1.

6.2 MeToabl pazHeceHust

MeTonpl pasHECEHHs BKJIIOYAIOT IPOCTPAHCTBEHHOE, YIJIOBOE M YacTOTHOE pa3HeceHue. Kak mpaswuio,
MPENIOYTEHHE OTHAETCS NMPOCTPAHCTBEHHOMY Pa3HECEHHIO, YIIIOBOMY Pa3HECEHMIO HMIIM COYETAaHUIO TOTO
1 JPyroro METOJla, a& HE WCIOJIb30BAaHHUIO YAaCTOTHOrO pasHeceHus. IIoMuMO TOro, 4ro 3TH METOABI
pasHeceHust Oonee 3(GEKTUBHBI C TOUKU 3PEHUS MCIONb30BAHUS YAaCTOTHOTO CIIEKTpa, OHM emle U Oonee
COBEPIIECHHbI II0 CBOUM BO3MOXHOCTAM. IIpoCTpaHCTBEHHOE pa3HECEHHE, B YAaCTHOCTH, IIOMOTraer
CHPABJISATECS C AMIUIMTYIHBIMH 3aMUPAaHUSIMU (TAaKUMH, KOTOPbIE BBI3BIBAIOTCS MOTEPSMH HA PACXOKACHHUE
JdydeH, a He ABJICHUSIMH aTMOC(HEPHOH MHOTOJIy4Y€BOCTH C OTHOCUTEJIEHO KOPOTKHMH 33JEP)KKaMH), a TAKKE
C 4YaCTOTHO-W30MpATEIbHBIMHM 3aMUPAHUSIMM, TOTJla KaK YaCTOTHOE PAa3HECEHHE IIOMOIaeT CIPaBJIATHCS
TOJBKO C LIEICTOTHO-I/I361/IpaTe.HI)HI>IMI/I 3aMHpPaHUSIMU (TaKI/IMI/I, KOTOPBIC€ BBIZLIBAOTCA  ABJICHUAMHA
MOBEPXHOCTHOM W/MIM aTMoc(epHOH MHOTOIYy4eBOCTH). YacTOTHOTO pa3HECEHHs MO Mepe BO3MOKHOCTH
ciexyer u3beratb, YTOOBI COXPaHUTH CIEKTP. B Tex ciydasx, KOoraa HCIONIB3yeTCsl MPOCTPAHCTBEHHOE
pa3HeceHHe, MOKHO HCIIOJIb30BaTh TAKXKE U YTIIOBOE PA3HECEHHE 3a CUET Pa3HHLBI B YIUIaX HAKJIOHA aHTCHH.
VYTri0Boe pazHeceHHe MOXKHO HMCIIONB30BATh B TE€X CIy4asx, KOIZIa HEBO3MOXKHO OCYILIECTBUTH HEO0X0ANMOE
[IPOCTPAHCTBEHHOE PA3HECEHNE, WX AJIsl TOTO, YTOOBI YMEHBIIHUTh BBICOTY AHTEHHBIX MauT.
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Brerurpsim ot mpuMeHeHHUsT BCEX 3THX METONOB ONPEAesieTCs CTENEHBbI0 HEKOPPETUPOBAHHOCTH CHTHAJIOB
B BETBAX CHCTEMBI pazHeceHHUs. B ciydyae y3KOMOIOCHBIX aHAIOTOBBIX CHCTEM JOCTATOYHO OIPENEIHTH
CTETIeHb YIJIyYIIeHHS [0 CTaTUCTHKE TITyOMHBI 3aMHUpPaHWs Ha OJHOW YacToTe. B ciydyae mmpoKOTOIOCHBIX
IM(POBBIX CUCTEM YIIyUIIEHHE 32 CUET Pa3HECEHHUs OYIeT 3aBUCETh TAK)Ke OT CTATHCTUKUA BHYTPHUIIOIOCHBIX
HCKKEHH.

Koaddumment ymydmenns 3a cder pazHeceHus, /, ¢ TOUYKH 3pEHUs TITyOWHBI 3aMHUpaHus, A, omnpenesercs
KaK:

I=p(4)/pa(4), (122)

rae ps (4) — IPOIIEHT BPEMEHH, KoTJa B 00€HX BETBSIX CHCTEMBI pa3HECEHHS TITyOMHA 3aMHUpPAaHMs CHTHAja
oompime A, a p(A) — COOTBETCTBYIONIMH MPOIEHT BpEMEHH B He3amMIeHHOW cucreme. Koaddurmment
VIIyYIIEeHUs 32 CYeT pa3HECeHHs B CiIydae IMU(POBBIX CHCTEM OIpEAeNsieTcss KaK OTHONIEHHWE MPOIEHTOB
BpEMEHH TIpeBBIMIeHUs i1 3aanHoro BER ¢ pasHecennem u 6e3 Hero.

6.2.1 Pa3Hoc aHTEeHH B CHCTeMaX MPOCTPAHCTBEHHOI0 Pa3HeceHus!

COOTBETCTBYIOIIMI pPa3HOC AHTEHH B CHUCTEMax IPOCTPAHCTBEHHOTO PA3HECCHHUS PEryIHpYyeTCs Tpems
(dakxTopamu:

— HEOOXOJUMOCTBIO MOJICPIKAHHUSI MUHUMAJIBHOTO 110 BO3MOXKHOCTH MPOCBETA [Tl HUYKHEIH aHTCHHBI
(B paMKax pyKOBOJASAIIMX yKa3aHWW B M. 2.2.2 B OTHOIICHHH MPOCBETA), /U1 TOTO 4TOOBI CBECTH
K MUHUMYMY YHCJIO CITy4acB TOSBJICHUS 3aMHUpPaHUU K3-32 MOBEPXHOCTHONH MHOTOJIyYEBOCTH
(em. . 6.1.3);

- HEOOXOJAMMOCTBIO TIONYYCHUS 3aJJaHHOIO KOA(QUIMEHTA YJIY4IIeHHs KadecTBa 3a CYET
MIPOCTPAHCTBEHHOTO Pa3HECSHHS IS TPpAccC, MPOXOIANTUX HAJl cymmei (cM. 1. 6.2.2);

— HEOOXOMMOCTBIO CBEJICHUS K MUHUMYMY BEPOSTHOCTH TOTO, YTO CHTHAJI HA OJTHOW Pa3HECCHHOM
aHTCHHE OYJIeT IMOJBEPraThCs 3aMHUPAHUSIM H3-3a IOBEPXHOCTHOW MHOTOJYYEBOCTH, B CIydasx
KOT'/Ia 3aMUpaHus HAOIIOJAI0TCS HA APYTOi aHTEHHE.

ITomaroBas mnpoucaypa 41 ornpeacJICHUA BEJIMYMHBI pa3HOCa aHTCHH 3aKJI0YacTCa B CICAYIOUICM:

Llaeu 1-4: Ucnonw3ys maru 1-4 u3 m. 6.1.2.3, onpeaenuTs:

- HMEIOTCS JIM KaKue-ITH0O0 30HBI Ha Tpacce, Tac MoryT Ha6J'IIOI[aTBC$I 3HAYUTCIIbHBIC ITOBEPXHOCTHBIC
3CPKAJIbHBIC OTPAXKCHUS, U

- TpeOyeTcs JIM TNpUMEHEHHWE MPOCTPAHCTBEHHOTO pa3HECeHUs it OOphObl C 3aMHUpaHHIMHU
13-3a IOBEPXHOCTHON MHOT'OJIyYE€BOCTH.

(Yto kacaeTcsi MpOJIETOB W3 JIBYX BETBEH C NMPUMEHEHHEM ITaCCUBHBIX pe(IEKTOPOB, MPHUYEM OJUH HITH
HECKOJILKO ITACCUBHBIX PE(hIECKTOPOB HAXOAATCS B HEMOCPEACTBEHHON Oym3ocTH, cM. [lpumedanne 1.) Ecmu
30HBI CO 3HAYMTENBHBIMH ITOBEPXHOCTHBIMH 3€PKATBHBIMH OTPAXEHHSAMH OTCYTCTBYIOT, II€PEXOMAT
K mary 8.

Hlaz 5: JIna toro ke muamazoHa 3(QGEeKTHBHBIX 3HAYCHWM k B ImMare 3 BBIYUCIHUTH PACCTOSHUS MEXKIY
COCeHNMH MHWHAMyMaMH WJIH MaKCHMyMaMH YPOBHA TPHUHATOrO curHanma (00yCIOBIEHHBIMHU
uHTEepOEpPEeHITNEH MEXITy TpsMOH BOJHOH M BOJNHOM M3-3a ITOBEPXHOCTHOM MHOTOJIYUYEBOCTH;
cM. pucyHOK 10) U3 BEIpaKESHUS:

_ 150d
* f(h—d? 112,74k)

M. (123)

Paccrosinue 0, Ha craHnmuyd 1 MOXXHO BBIYHCIUTH MyTEM 3aMEHbl BEIWYMH h; U d; B ypaBHeHuu (123)
BEJIUYUHAMU /i, U dp, COOTBETCTBEHHO.

BrimmoaHuTS 3TOT 11ar JJIA Ka)K):[Oﬁ BO3MOJKHO#1 30HBI 3CPKAJIbHOTO OTPAKCHU .

Ulae 6: BpraucauTh 3HaY€HHS BO3MOXKHOIO ONTHUMAJIBHOTO pa3HOCa aHTEHH sl TOrO K€ JHMana3oHa
3HAYEHUH k U3 BBIPAKECHUH:

$1=0,/2,30,/2,56,/2ut. 8 $=0,/2,30,/2,56,/2ur. n. M. (124)

CHOBAa BBHIIIOJIHUTH 3TOT IIAr JJIA Ka)K,I[Of/i BO3MOKHOM 30HBI 3CPKAJIBHOTO OTPAKCHUA.
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Hlaz 7: mpaccwl ¢ AGHLIMU NOGEPXHOCMHBIMU 3EPKANHBIMU OMPAdiceHuamy: BpluucauTe THIOTETUYECKYO
BBICOTY pAa3HECEHHOW AaHTeHHbl HCXOAS W3 mmaroB 2-3 w3 1. 2.2.2.2, a TaKkKe pe3yJIbTHPYIOMU
THUIOTETHYECKUH pa3Hoc S| Mexay aHTeHHamMu. CpaBHHMTE 3TOT TMIIOTETHYECKHH pa3HOC C BEJIMYMHAMU
ONTUMAJBHOTO pa3HOCa, IIOJYYEHHbIMH B IIare 6 Juid COOTBETCTBYIOLIErO Auana3oHa 3(QeKTUBHBIX
3HA4YEHUH k.

Jnst Tpacc, B KOTOPBIX YPOBEHb OTPaKCHHOT'O MOBEPXHOCTHIO CUTHAJIA OXHJACTCS TMPUMEPHO PABHBIM
YPOBHIO MPSIMOr0 CUTHAJIA TMPH HOPMAIBHBIX YCIOBUAX pedpakimu (T. €. MEIUAHHOE 3HAYCHUE k WU
k=4/3), B xauecTBe (PAKTUYECKOro pa3zHOCa JIOKCH BHIOUPAThCS MHUHHMAJBHBIM ONTUMAIbBHBIN pasHOC,
MoJTydeHHbIN B mare 6 (T. e. 1 =0, /2) mis meauanHoro 3HadeHus k (cMm. [Ipumeuanne 2). Oto obecreunt
3alUTy TPU TPUMEHEHHU IMPOCTPAHCTBEHHOTO Pa3HECCHMs JUIsl HAuOOJBIIEro uana3oHa 3HAYCHUH k.
(Ha Hu3KHMX dYacTOoTax Ui peaju3alid JaXXe STOr0 MHUHUMAIBHOTO ONTHMAIBLHOTO pa3HOCa MOXKET
OTpeOOBaTHCS YBEIMUEHUE BRICOTHI BEPXHEH aHTCHHBI. )

st Tpacc, B KOTOPBIX HE OXKHIAETCS, YTO YPOBEHb OTPAKEHHOTO MOBEPXHOCTHIO CHT'HAJa OyIeT IpUMEPHO
PaBHBIM YPOBHIO MPSIMOTO CHUTHAJAa MPU HOPMAIBHBIX YCIOBHSX pedpakuuu (cM. mm. 6.1.2.4 u 6.1.2.5 ans
TOTO, YTOOBI OTPENENNTh, UMEET JI MECTO TAaKOW CITydaii), BO3MOXEH JAPYroH MOJIX0JA K MPOSKTUPOBAHUIO.
OH 3aximovaercs B BbIOOpE OOJBINECH BETWIMHBI ONTHUMAIBHOTO pa3sHoca B ypaBHeHuH (124) (Hampumep,
S1=360,/2 umm 50, / 2) nusg MequaHHOTO 3HAYCHUS A, TAKOTO, KOTOPBIM MPUOIIIKACTCS 110 BEJTUIHHE, HO BCE
ke Menblne, yeM S'j. Takas Mepa YMEHBIIUT BEPOSITHOCTH IOSIBICHHS 3aMUpPAHHWN M3-32 MOBEPXHOCTHOM
MHOTOJIY4€BOCTH M, KpPOME TOro, Omaromaps TMpPOCTPAHCTBEHHOMY pa3HECECHHWIO JAacT OMNpPEIcIICHHYIO
CYIIECTBEHHYIO 3aIUTy OT 3aMHpPAHUiA, €CIH OHU BO3HHUKHYT. [IpenMyIEeCTBO OT CHMIKECHUSI BEPOSITHOCTH
MOSIBJICHUST 3aMUPAaHU H3-32 MOBEPXHOCTHONW MHOTOJIYYEBOCTH TPEOYEeTCs COM3MEPATh C HEOCTATKOM
KCIIOJIb30BaHMsI HEONTUMAIILHOTO pa3HOCa Il TaKoro OONbIIOro auarna3oHa 3()QeKTHBHBIX 3HAYCHUN k
(cm. [Tpumeuanue 3).

Kak ormeueno B m. 2.2.2.2, Ha HEKOTOPBIX MPOTKEHHBIX TpaccaxX (OOBIYHO HAJBOIHBIX) MHOTA MOXKET
noTpedoBaThCs MPUMEHEHUE TPEX PAa3HECEHHBIX B MPOCTPAHCTBE aHTEHH. B 3TOM ciydae pazHOC MEXIy
BEpXHEHl M cpeiHel aHTEHHAMHU JOJDKEH COOTBETCTBOBATh HAWMEHBIIEMY BO3MOXKHOMY OINTHMAIbHOMY
3HaueHUIO w3 ypaBHeHuil (124). Bricota camoil HHM3KOM aHTEHHBI [OJDKHA OCHOBBLIBATHCS Ha TIPaBHIIC
ompeneneHus mpocseta B 1. 2.2.2.2 (cM. [Ipumeuanue 4).

Llaz 8: mpaccol 6e3 AGHBIX NOBEPXHOCMHBIX 3EPKAIbHBIX Ompadxcenuli: BBIYMCINTh BBICOTY Pa3HECEHHOM
aHTEHHBI COTJIacHO maraM 2-3 u3 1. 2.2.2.2.

Jns momydeHHOM BeNMYMHBI Pa3HOCAa AHTEHH INPOBECTH pacyeT KoddduimeHTa yIydlleHus 3a CueT
pa3HeceHwus, a TaKXKe YPOBHS COOEB ¢ MCIOJIh30BaHWEM METOM0B B miL. 6.2.1 u 6.2.2. Ecnu pa3Hoc aHTeHH
MIPEBBIIAET TpenebHOe 3HadeHne S =23 M coriacHo ypaBHeHHIO (124), mpoBecTH pacyeT Aisi 3TOTO
MpeaeNbHOTO 3HAYEHHUs, TIOCKOJIBKY (haKTHYECKOe YIydlIeHHe KayecTBa MpH OOJbIIeM pasHoce OyIeT ele
Oosnee 3HauMMBIM. [Ipr HEOOXOAMMOCTH, BBIYHUCIUTH HOBYIO BBICOTY JIJIsl BEPXHEH aHTEHHBI AJIS1 TOTO, YTOOBI
YIOBIETBOPUTH KpUTEpHsiM cOoeB. Bo MHOIMX ciydasx, €Clid MPOCBET Ha Tpacce Uil HIDKHEW aHTEHHBI
BbIOpaH Tak, 4TOOBI CBECTH K MHMHHMYMY BEpOSITHOCTh PACHIMPEHHs MHPAMOTO Jy4da M MOCIEeIyIOIINX
3aMUpaHUi M3-32 MOBEPXHOCTHONH MHOTOJIyYEBOCTH, HET HEOOXOAMMOCTH B YBEIMUCHHU BBICOTHI BEpXHEH
AHTEHHBI.

[NPUMEYAHUE 1. - JIna ciyyas MCHOJAB30BaHMSA NPOJIETOB U3 JBYX BETBEHl ¢ TPUMEHEHHEM IACCHBHBIX
pedueKTopoB, NpUYeM OJWH MM HECKOJIBKO MacCHBHBIX Pe(IEKTOPOB HAXOAATCS B HEIOCPEACTBEHHOM Onm3ocTH,
HpeAIosaraeTcs, 4To Kax/as BeTBb IepPBOHAYAIBEHO 00pabaThIBAaeTCs KaK HE3aBHUCUMasl JIMHUSL CBS3U JUIS ONIPEEIICHUS
pa3HOCa aHTEHH Ha KAKIOM KOHILE. EciM SBHBIE NTOBEPXHOCTHBIE 3€PKAIBHBIE OTPAXKCHUS OTCYTCTBYIOT, TO B 3TOM
Cllydae pa3HOC, ONpeaeIsieMbli Ui 0oJiee IPOTSHKEHHOW BETBH, JOJKEH IIPHUMEHSTHCS U Ha KOPOTKOM BETBH.

INPUMEYAHUE 2. — O1u Tpacchl IOKHBI OBITh B OCHOBHOM TpPacCaMH, Ha KOTOPBIX OTPa)KCHHAs MOBEPXHOCTHIO
BOJIHA BO3HHUKAaeT HaJ BOJOH W TNpPH HOPMAJBHBIX YCIOBUSAX HE OJIOKMPYETCs, a yroil MeXIy HpsMOH BOJHOMN
U OTPaKEHHOW BOJIHOW Ha 00EHMX aHTEHHAX JIKHT B IpeJesiax IMOJIOBUHHOM MIMPUHBI JIEMECTKa aHTEHHBI [0 YPOBHIO
3 nb. Tpaccel Hax cymieH, Ui KOTOPBIX OTpaXeHHE BO3HHMKAET HAa OYCHb IJIAJKOH MOBEPXHOCTH CyIH (HAIpHUMep,
PaBHMHA C BJIQKHOW NOYBOW FITH TMOKPHITAast CHETOM), TAKXKE MOTYT OTBEYATh 3TUM TPEOOBAHUSM.

[NPUMEYAHUE 3. - B naHHOM ciy4yae CYHMTaeTCs, 4YTO IPEUMYIIECTBO OT CHIDKEHHUS BEPOSITHOCTH IOSBICHUSA
3aMHpaHUN U3-3a TMOBEPXHOCTHON MHOI'OJIyUYEBOCTH SBJISETCS Ooyiee BaKHbIM (hakTopoMm. OXHIACTCs, YTO KOTAa
BO3HUKAIOT 3HAYHUTENBHBIC 3aMHpAHUS HM3-32 MOBEPXHOCTHOW MHOTONYYEBOCTH, HMPUYMHOW 3TOTO SBICHHUS Oyner
MIPU3EMHBIA BOJIHOBOJA JIMOO JAPYroil 3KCTpeMasbHbI CJIO0H C OONBIIMM OTPHULATENbHBIM TIPAUEHTOM pedpakiu,
PAacCIIONIOKEHHBII HEMTOCPEICTBEHHO IO/ TPACCON MIIM YaCTUYHO MO Tpaccoi. IIpu 3TuxX ycnoBusax, OyayT HETIPUTOTHBI
a¢¢exTUBHBIC 3HAYCHUA k, KOTOPBIE MEHBIIIe MEIMAaHHBIX 3HAUYCHUH. B mo0oM cirydae ompepenseMblii OTHMaIbHBIN
pa3HOC aHTEHH JTOJKEH OCHOBEIBATHCS HA MEAHMaHHOM 3(PPEKTHBHOM 3HAYCHUH K.

[NPUMEYAHUE 4. — Eciiu pa3HOC MEXIy CpedHEed M HIDKHEH aHTEHHaMH MOXXET OBITh BBIOpaH B COOTBETCTBHU
¢ ypaBHeHUsiMH (124), ¢ HEOONBIION KOPPEKTHPOBKOH MCXOIS W3 MpaBHia OIpPENeNeHHs mpocBeTa B 1. 2.2.2.2,
TO TOTJ]a MOXET OBITh MMOJYYEHO HEKOTOPOE JIOMOTHUTEIBHOE YIyIIICHHE KauecTBa.
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6.2.2  YrioBoii pa3HOoC B CHCTeMax € YIJIOBbIM pa3HeceHHeM M CHCTeMaX ¢ KOMOMHHUPOBAHHBIM
NPOCTPAHCTBEHHBIM/YIJIOBbIM pPa3HeceHHueM

[Ipu sxenanuy, B IENAX AaJbHEHUIIET0 yIydllIeHUs KaueCTBEHHBIX MOKa3aTesiel yriioBoe pa3HeCeHHEe MOXKHO
COYETaTh C MPOCTPAHCTBEHHBIM pa3HECEHUEM. B aHTEHHAaX C MPOCTPAHCTBEHHBIM PA3HECEHUEM BBOIUTCS
HaKJIOH i1 00eCeueHus 3TOT0 JOMOJIHUTENBHOTO YIYUIIEeHUs 3a CUeT YIJIoBoro pasHecenus. IIpomnenypa
JUIsl ONpEeNEeeHUs] YIJIOB HAKIOHA B Iape aHTEHH C MPOCTPAHCTBEHHBIM pPAa3HECEHHWEM WIM B Hape
PACTOJI0XKEHHBIX PSIIOM aHTEHH C YTJIOBBIM Pa3HECEHHUEM 3aKIII0YaeTCs B CIEAYIONIEM:

Ulae I: HaknOHUTh OCHOBHYIO (BEPXHIOI0) aHTEHHY B IIape€ aHTCHH C IPOCTPAHCTBEHHBIM PAa3HECCHHEM
(um omHY M3 aHTEHH B Iape PAcIIOJIOKEHHBIX PSIOM aHTEHH C YIJIOBBIM pa3HECEHHEM) U TepeAarollyro
AHTEHHY B HAalpaBJICHUH BBEPX Ha YIJIbI, COOTBETCTBYIOLIME MNpHBEAEHHBIM B 1. 6.1.2.5 mpouexypam
(cm. [Ipumeyanne 1). DTo mpUBENET K CHIKEHMIO 3allaca Ha aMIUIMTYJHbIE 3aMUpPaHUs B JHMAara3oHe
npuMepHo ot 2,5 no 6 ab, mpuyeM KOHKpeTHasi BEJIMYMHA TAaKOrO CHIDKEHHS 3aBHCUT OT TOrO,
ONTHMHU3MPOBAH JIM HAKJIOH JUISl CBEACHHUA K MUHUMYMY 3aMHUpaHMN WM aMIUIMTYAHBIX HCKakeHHH. [lpu
HEOOXOIUMOCTH, Ul KOMIIGHCALIMM CO3[aBaéMOr0 B pe3yjbTaTe CHIDKCHMS 3alaca Ha aMIUIUTYIHbIE
3aMHpaHus CIIeAyeT UCI0JIb30BaTh AaHTEHHY OOJIBILIETO pa3Mepa.

[llae 2: HakIOHUTH pa3HECEHHYIO (HW)KHIOI) aHTCHHY B Mape aHTCHH C MPOCTPAHCTBEHHBIM Pa3HECCHHEM

(Wu Ipyryro aHTEHHY B Mape PacIoIOKEHHBIX PSIIOM aHTCHH C YIJIOBBIM Pa3HECEHHWEM) B HAINPaBJICHUHU

BHHU3 OT MECTHOT'O TOPU30HTA HA YTOJI, SBISIOIIUICS MEHBIINM U3 CIEIYIOIIUX YIIIOB:

- yroll B HANpaBICHUH JOMHHHUPYIOUIETO 3ePKAJIBHOTO OTPAXKECHUS BJOJL Tpacchl (MPH YCIOBUU
k=), n

- yroJ, JarIui notepu B 3 b OTHOCUTENBHOTO onopHoro HanpasieHus (cM. [Ipumeuanue 2).

Ecnn Ha Tpacce MMEIOTCS HECKOJBKO MECT CO 3HAYUTEIHHBIMHU 3€PKAIbHBIMH OTPAXKEHHSIMH, TO MOXHO
BbIOpaTh KOMIIPOMHUCCHBIN yroJl HaBeneHus. Eciin siBHOE 3epKanbHOE OTpakeHHE OTCYTCTBYET, MOXKET OBITh
BBIOpaH YroJd B HAalNpaBlIeHWH MPEANONAraeMoro CaMoro CHJIBHOTO JU(PQPY3HOTO  OTpaKEeHHs
(T. €. OT IOBEPXHOCTU W/WIM OT PACTUTENBHOCTH). B mNpOoTMBHOM ciywae, 3Ta aHTEHHa [OJDKHA OBITH
OpUEHTHPOBAHA B HANPABICHUM JUHHUU MPSIMON BUAMMOCTH B HOPMAJBbHBIX YCIOBHUSX WM B HallpaBICHUU
TOPHU30HTA, €CIIN JIMHUS MIPSIMOM BUAMMOCTH 3aKphITA MPETISATCTBUEM.

[MPUMEYAHUE 1. — Cnenyer OTMETUTb, YTO ONTHUMAJIbHBIE YIJIbl HAKJIOHA AJIsl MEpeNaroleil U MpUeMHOM aHTEeHH
He OyIyT OIMHAKOBBIMH, €CIH TOJNBKO HE HIECHTHYHBI BBICOTHI AHTEHH HAJ TOYKOH MOBEPXHOCTHOTO OTPa’KEHUS.
Bonpmmii yron HakIIOHa COOTBETCTBYET aHTEHHE C OOJBIIMM YIJIOM B HANPAaBICHUU IMOBEPXHOCTHOTO OTPAXCHUS
(cm. 1. 6.1.2.5).

TIPUMEYAHMUE 2. — OcHoBHas 1€ 3/1€Ch IBOSAKA:

- obecrieuynuTh KOMOHMHAIMIO YPOBHEH NPSMOr0O M OTPAKEHHOTO OT IOBEPXHOCTH CHUTHAJIOB, KOTOpas
CYIIECTBEHHO OTJIMYaeTcs OT KOMOMHAIMK YPOBHEH Ha BEpXHEil aHTEHHE, C TeM YTOObI MaKCHMHU3HPOBAThH
3¢ (deKT YrIIoBOTO pa3HECCHHUS;

- o0ecreYnTh JONOJIHUTCJIbHYIO 3allMTYy 3a CHYCET PA3HECCHUSA B YCIIOBUAX CUJIIbHBIX aMIUIUTYAHBIX 3aMHpaHHﬁ,
BBI3BAHHBIX PACIIUPEHUEM JIy4da HpHMOﬁ BOJIHBI B OOHOM HWJIM HECKOJIBKHMX BOJIHOBOJAaX BJOJb TPAaCChI
(T. e. Ooee BEPOATHO, YTO YPOBCHb HaAAJICKAIIUM 06pa30M YCWICHHOI'0 CUTHalla, OTPaKEHHOI'O
OT IOBEPXHOCTHU, OCTAHETCA B 3TUX YCJIOBUAX BBIIIC ITOPOTOBOTO YPOBHS myMa).

Hpe[[eHLHLIﬁ YPOBCHb 3 nb CIIYKUT IJid TOro, yTOOBI M30€XKATH CIIMIIKOM CHIHLHOTO CHIKEHUS YPOBHHA
IpsAMOTro CUrHajla Ha pa3HeCGHHOﬁ AHTCHHC, B YaCTHOCTH, KOrga OCHOBHOE€ 3CPKAJIbHOC OTPAXXCHUE
PACIIOJIOKCHO IIEPEN AHTCHHOM.

OTtmeTnM, 9TO Pe3yJbTHPYIOMINKA YToJl HAaKJIIOHa MOKET OBITh MOJOKUTEIHHBIM MO OTHOIIEHUIO K JIMHUHU
OpsSIMOM  BUJIUMOCTH TPU HOPMAJIBHBIX YCIIOBUSX, B YaCTHOCTH, €CIM MPSAMOM CUTHAJI B Pa3HECEHHOU
aHTeHHE T[IOJIBEP)KEH 3HAYUTENBHBIM MU(QPAKIHMOHHBIM IOTEPSM MpPH HOPMAJIBHBIX  YCIOBHAX
(T. e. 3aKOMaHHAasg aHTEHHA).

6.2.3  Pa3Hoc 4acTOT B CHCTEMaX € YACTOTHBIM pa3HeceHHeM

MaTepI/IaII B JAaHHOM IIYHKTC BKIJIFOUCH MJI1 OIHNCAHUA TEX HCMHOI'MX CPITyaI.[PIfI, Korga 4YaCTOTHOC
Pa3HECCHUE NOJDKHO MCIIOJb30BATLCA IIO HeO6XOIlI/IMOCTI/I, n3-3a YZ[OGCTBa UK, BO3MOXHO, B COUYCTaHUU
C IPOCTPAHCTBCHHBIM WUJIK YIJIOBBIM PA3HCCCHUCM.

CoOTBETCTBYIOIIMI pa3HOC YaCTOT MEXAY OCHOBHBIM M PE3EPBHBIM KaHaJaMH B CHUCTEMAax C YaCTOTHBIM
pasHeceHHeM peryiupyercs Tpemst hakTopamu:

- MMEIOLUICS YaCTOTHBIN Tu1aH cucteMsl (cM. Pexomennanmu MCO-R cepun F);

- HEOOXOJUMOCTh TOJyYeHUsl 3aJaHHOTO KOd(pQHUIMEHTa YIy4YlIeHHs 32 CYeT YaCTOTHOTO
pasHeceHHs Ui Tpacc Hal cyme (cm. 1. 6.2.5.2);
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- JKCJIATCIIbHOCTh CBEACHUA K MUHUMYMY BCPOATHOCTHU TOI'O, YTO CHUI'HAJ Ha O,Z[HOI>'I qacCcTOTE 6y,£[6T
HCILITEIBATh 3aMUpPaHusd OAHOBPEMCHHO C CHUI'HAJIOM Ha )Z[perI\/'I YaCTOTC Ha TpacCaxX C CHUJIbHBIM
OTpaXXCHUEM.

Ilomaroas mnpoucaypa Al OnpeacJICHNUA BEJIMYNHBI pa3HOCA YaCTOT 3aKIHOYACTCA B CJICAYIOIICM:

Illazu 1—4: Ucnonp3ys maru 1-4 u3 m. 6.1.2.3, onpeaenuTs:

- MMEIOTCS JIH KaKue-JIM0O 30HbI Ha Tpacce, IJie MOTYT HAOMI0JaThCsl 3HAYUTEIIBHBIC TIOBEPXHOCTHBIC
3epKaJbHBIE OTPAKECHHUS; U

— Tpe6yeTC$I JIn IIPUMECHCHUC YaCTOTHOI'0  pasHECCHUA  JIA 60pL6LI C 3aMHpPAHUAMHU

13-3a IOBEPXHOCTHOM MHOTOJIy4€BOCTH. Eciu 30HBI €O 3HAYUTENBHBIMH IOBEPXHOCTHBIMU
3epKaJIbHBIMHU OTPAXEHUSIMH OTCYTCTBYIOT, IEPEXOAT K IIary 8.

Ulae 5: Nns Toro ske auama3oHa AS(QQEKTUBHBIX 3HAUYCHWH & B mmIare 3 BBIYUCIUTH MHUHHMAJIbHBIA
ONTHUMAJIBHBIN pa3HOC 9YaCTOT OCHOBHOT'O U PE3EPBHOIO KaHAJIOB U3 BBIPAXKCHHUS:
4
7,5x10" d
A‘fmin = d2 dz MFH, (125)
[ T S B
1 2
12,74k 12,74k

rae, Kak u paHee, /1y U /i, yKa3pIBaIOTCS B METpax, a d, d; U d, — B KWJIOMETpax. BEIMOTHUTE 3TOT IIar s
KaKJ0W BO3MOYKHOU 30HBI 36PKAIIBHOTO OTPAXKCHHSL.

Illaz 6: BerauciauTh BO3MOXKHBIE 3HAYCHUS ONTHUMAIIBHOIO pa3dHoca YacTOT OCHOBHOI'O M PE3CPBHOIO
KaHaJIOB U3 BBIPpAXKCHUA:

AN =M, 30 i AT 1L MI'n. (126)

CHOBAa BBHIIIOJIHUTH 3TOT IIar JJIA Ka)K,I[Oﬁ BO3MOKHOM 30HBI 3CPKAJIBHOTO OTPAKCHU .

Llaz 7: mpaccel ¢ A6HLIMU NOBEPXHOCHHBIMU 3EPKATbHLIMU Oompadcenusmu: Jns Tpacc, B KOTOPBIX
YPOBEHb OCHOBHOT'O OTPa)KEHHOTO IMMOBEPXHOCTHIO CUTHAJA OXKHMIAETCS IPUMEPHO PABHBIM YPOBHIO MIPSIMOTO
CUTHajla MpH HOPMAIBHBIX YCIOBUSX pedpakuuu (T. €. MeIMaHHOE 3HaueHWe k wiu k= 4/3), uaeaabHbIM
pazHocoM OblT OBl MUHUMAIbHBIH  ONTHUMAJIbHBIH  pazHOC YacTOT, IOJMY4YEHHBI B  mare 5
(cMm. IIpumeuanue 1). OTo oOeceynT 3aUTY 33 CYET YACTOTHOTO pa3HECEHUs Ul HAUOOJBIIEro Auana3oHa
3HaueHuil k. Koneuno, GpakTuueckuii pazHOC YacTOT AOJDKEH OBITH KOMIPOMHCCOM MEXKAY ATUM HIEaIbHBIM
3HAYeHHEM M 3HAUCHHEM, KOTOPOE MOXKHO B35Th M3 UMEIOLIET0Cs YacTOTHOTrO IJiaHa. JItoOble M3MEHEeHUs
OT 9TOT0 MJEAIBHOIO0 3HAYEHHsA NN IMPUBENCHUS B COOTBETCTBHE C HMMEIOIIUMCS YacTOTHBIM IUIAHOM
JNOJDKHBI  MPOM3BOAMTHCA B HAIPABIEHUM JOCTM)KEHUS MHMHHUMAJIbHOIO 3HAuU€HHs, MOJYyYEeHHOIO
u3 ypaBHenus (125) npu k = co. OpHako ciieayer MOAYepKHYTh, YTO JJISL MOTYYECHUS] HEKOTOPOU 3allUThI
3a CUET YAaCTOTHOro pasHeceHHss He TpeOyercsi, uyToObl (hakTHUYECKHH pa3HOC dYacToT ObUl paBeH
ONTHMAJIbHOMY 3HaueHMI0. B kauecTBe pyKOBOJCTBA axe JUIsl Tpacc ¢ OTPAKEHUEM MOXKET MCII0JIb30BaThCs
MeTox B II. 6.2.5.2.

s Tpacc, B KOTOPBIX HE OXXMIAETCS, YTO YPOBEHb OTPa)KEHHOTO(BIX) MOBEPXHOCTHIO CUTHasa(oB) OynmeT
MPUMEPHO PaBHBIM YPOBHIO MPSIMOTO CHTHajla HpPW HOPMAaJbHBIX YCIOBHAX pedpakuuu (cM. mm. 6.1.2.4
n6.1.2.5, ans Toro 4roObl ONpEAENNTh, UMEET JIM MECTO TaKOW ciiydail), BO3MOXEH Ipyrou IMOAXOA
K IPOEKTHPOBAHUIO B MAaJIOBEPOATHBIX HNpuMepax. OH 3akiioyaercss B BbIOOpe OOJbIIEH BEITMYUHBI
ONTUMAJILHOTO pa3Hoca B ypaBHeHHH (126) ans MeAMaHHOTO 3HAYEHUS K, €CIH ATO MO3BOJISIOT YaCTOTHBIN
IUTaH ¥ TapaMeTphl TPACCHI (Takue, Kak Hen30eXHO OOoJbIlasi BHICOTA aHTeHH, A W/WH Ky, Hajl OTpakaromen
[IOBEPXHOCTHIO), WJIM B IPUMEHEHUH PAa3HECEHUsI C HCIIOJIb30BaHUEM BCTPEUHBIX M0oJ0C YacToT. Hegocrarok
HCTIONBb30BaHMs pa3HOCa YacTOT, NPEBBINIAIONIETO MHHUMAJIbHOE ONTHUMAaJIbHOE 3HAUYEHHE 3aKITI0YaeTCs
B TOM, 4TO OH He OyneT TakuM ke d()(EeKTUBHBIM B OONBIIOM Jauana3oHe S(QQEKTHBHBIX 3HAYCHUH k
(cm. [Tpumeuanwue 2).

JlJis IponeToB ¢ OTHUM WM 00Jiee TACCUBHBIMU PETPAHCISATOPAMH, 3aIAI0IIUMHU JIBa UM 00Jiee OTIEIbHBIX
CEerMeHTOB, ypaBHeHUE (125) MOMKHO MPUMEHATHCS O OTACIBHOCTH K OTACIBHBIM CErMEHTaM, UMEIOITIM
SIBHBIE 3€pKaJibHbIE OTPAXKECHUS, a BKIAJBI OTIEIBHBIX CETMEHTOB JIOJDKHBI CKJIAIBIBATHCS UIS TIOTYUYESHHS
moysHOoro 3HadeHus Af,;,. B mpomecce crokeHHS OMKHBI WUTHOPHPOBATHCS CEIMEHTHI 0e€3 SIBHOTO
3epKaJIbHOTO OTPayKEHUSI.



46 Pex. MCJ-R P.530-14

Llaz 8: mpaccel Oe3 A6HBIX NOBEPXHOCHHBIX 3EPKANbHBIX OMpadiceHull: BBIOIHUTD pacyeTsl YIIydIIeHUs
3a CYeT pa3HeCeHHsI C UCTOIb30BAHUEM METOJIa B M. 6.2.5.2 U OTperyIupoBaTh pa3HOC YacTOT JUIs CBEACHUS
K MUHEMYyMY c0O€B B paMKax OIpaHWYEHHUI YaCTOTHOIO TIIaHa.

ITPUMEYAHMUE 1. —3Tu Tpacchl JOMHKHBI OBITH B OCHOBHOM TpaccamH, Ha KOTOPBIX OTpa)K€HHas MOBEPXHOCTHIO
BOJIHA BO3HHUKAaeT HaJ BOJOH M TNpPH HOPMAJBHBIX YCIOBUSAX HE OJIOKMpYETCS, a yroil MexXIy HpsMOH BOJHOMN
nu OTpa)KeHHOﬁ BOJIHOM Ha o6enx AHTCHHAaX JIC)KUT B Hpeaeax MOJOBUHHOM HIUPHUHBI TJIABHOI'O JICIECTKA aHTCHHBI
no ypoBHto 3 nb. Tpacckl Haa Cymie#, A1 KOTOPBIX OTPa)KCHHWE BO3HUKACT HA OYCHB IVIAJKOW MOBEPXHOCTH CYIIU
(HampuMep, paBHHHA C BIKHOW ITOYBOW HIJIHM IIOKPHITAasi CHETOM), TAKXKE MOTYT OTBEYATh ITHM TpeOoBaHUsAM. B 00omx
Cllydasix HaWMEHBINUE ONTHUMAJbHBIE PAa3HOCHI YacTOT HAONIOJAOTCS HAa KOPOTKUX TpaccaXx NpU OOJIBIIOW BBICOTE
AHTEHH HaJ] OTPAXKAIOMICH MOBEPXHOCTHIO.

[NPUMEYAHUE 2. — [Iiis  TpacC C HECKOIBPKHMH CYIIECTBEHHBIMH OTPA)XEHHBIMH IIOBEPXHOCTBHIO CHTHAJAMH,
0COOEHHO TEMH, YpPOBHH KOTOPBIX OPHEHTHPOBOYHO COM3MEPHUMBI, IODKEH OBITh HalleH ONpeNeleHHBId BHI
KOMIIpOMHUCCAa MCKAY pas3IMYHbIMU IMPOTHO3UPYCMBIMU HJACAJIbHBIMU pa3sHOCAMH 4YaCTOT U pa3sHOCAMU, UMCIOIIUMUCIT
B yactoTHoM Iuiane. CHOBa MOAYCPKUBACTCA, YTO Pa3HOCHI 4aCTOT, MEHBUINE, YEM M}leaﬂbeIﬂ, TMO3BOJIAT MOJIYYUTH
HEKOTOPYIO 3allUTY 3a CYET PAa3HECEHHUS.

6.2.4 KodpdunumeHT yay4yileHus 3a cYeT MNPOCTPAHCTBEHHOI0 PpAa3HeCeHHs B Y3KOMOJOCHBIX
cucTreMax

Koadduiuent ynydineHus 3a CUeT MPOCTPAHCTBEHHOTO PA3HECEHUs MO BEPTHKAIW JJIS Y3KOIOJIOCHBIX
CUTHAJIOB Ha Tpaccax, MPOXOSAIINX HaJl CYIIei, MOXKHO ONPEAETUTH 10 Gopmyie:

J :[ 1—exp (_ 0,04x §087 f012 d0’48P61’04 )} 1ol4-7)no ’ (127)

rac:

V=16 -Gl, (128)

IpUYeM:
A: rnybuna 3amupanus (n1b) Ha He3alUIIEHHON Tpacce;

po: KOdQOUIMEHT TOSBIEHUS  ciaydaeB  MHoromydeBoctd (%),  MOTy4YeHHBIH
n3 ypasaenuii (10) wmm (11);

S: pasHeceHHe M0 BEPTUKAIH IICHTPOB MPHUEMHBIX aHTEHH (M);
f: wyacrora (I'T);
d: nnvHA Tpaccel (KM);

G, G, :  xkodhuImMeHTH yCHIeHUS ABYX aHTeHH (nbwn).

VYpaBuenue (127) ocHOBaHO Ha JaHHBIX, B3ATHIX M3 OaHKa AaHHBIX 3-i McciemoBaTenbCckold KOMHCCHU
10 PaJMOCBSI3H, JJIS CIACAYIOMIUX Arana3oHoB nepeMeHHbIX: 43 < d <240 kM, 2 <f< 11 ITuu3<5<23 m.
Ectb ocHOBaHMs mpexmosiaraTb, 4YT0 3TO YPaBHEHHE OCTAETCSI KOPPEKTHBIM AJIsl KOPOTKHX TPacc UIMHON
25 kM. IIpomeHT BpeMeHW MPEBHINICHUS, p,, MOXHO BBIYHCINATHL C TOMOIIbI0 ypaBHeHUSA (7) min (8),
B 3aBUCHMOCTH OT CHUTyauuu. YpaBHeHue (127) cmpaBelyinBo B AMana3oHe TIyOOKHX 3aMHpaHUH, IS
KOTOPOTO KOpPpeKTHO ypaBHeHue (7) uiu (8).

6.2.5 Metoabl pa3HeceHus] B IM(PPOBBIX CUCTEMAX

Pa3zpaboTtanbl MeTOIIbI TPOTHO3UPOBAHUS BEPOATHOCTH COOEB M KOX(PDUIMCHTA YIYyUIICHUS B CHCTEMaxX
C TIPOCTPAHCTBEHHBIM, YAaCTOTHBIM W YTIJIOBBIM pa3HECEHHWEM, a TakKe Il CHCTEM, HCIOIB3YIOMINX
COYETaHNE POCTPAHCTBEHHOTO M YaCTOTHOTO pa3HeceHus. [lomaroBbie mporeaypsl OMMCcaHbl HIDKE.

6.2.5.1 IlporHo3upoBaHue c60eB NPHU NPOCTPAHCTBEHHOM Pa3HeCeHUH

B cucremax ¢ mpOCTpaHCTBEHHBIM pa3HECEHWEM JI0 CHX MOp Hamboyee WIMPOKO HCIOIb30BAINCH
CyMMaTophbl MaKCHUMaJIbHOM MOIITHOCTH. ITomarosas mnmpoucaypa, omnucbiBacMasd HUIKE, HIPHUMCHACTCA
K CHCTEMaM, WCIOJB3YIONIMM TakWe CyMMaTopbl. Jlpyrue CcyMMaTopbl, HCHOJB3YyIOIHe Ooee
YCOBEPIICHCTBOBAHHBIA MOAX0J, OCHOBAHHBIH Ha OIICHKE 3aBHCHMOCTH KaK MHHHMAIBHOTO HCKAXKCHUS,
TaK 1 MaKCUMAaJIbHON MOIIHOCTHU OT paarOKaHalia, MOT'YT HCCKOJIbKO YJIYUYHIUTh XapaKTCPHUCTHUKU.

Ulae 1: PaccuuraTh mapamMeTp MHOTOIY4€BOM aKTUBHOCTH, 1, IO (popMyJie, npuBeieHHOH B 1. 4.1, mar 2.
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Ulae 2: PaccuuraTb KBagpaT HECEIEKTUBHOIO KO3 duimenTa Koppessiuut, k;:

3 I, XP

2 _ ns
Ky =1 o (129)

rae kodddumuenT ymydmenus, [,, MOXXHO OIPEAENTUTh C IOMOINBI0 ypaBHeHUs (127) mmsa TiryOWHBI
3amupanus A (ab), COOTBETCTBYIOIIEH 3amacy Ha aMIUIUTyaHoe 3amupanue F (ob) (cm. m. 2.3.6),
a P,,— w3 ypaBuenus (29).

Illaz 3: PaccuuTath KBaJIpaT CEIEKTUBHOIO K03 duiinenTa Koppesiuu, k;:

0,8238 JUISE r, <05
k2 =41-0,195(1—p, )P0 la000) g 0,5< 7, <0,9628 (130)
1-0,3957 (1—r, )" ISt r,>0,9628,

rae KOS(I)(i)I/I]_[I/ICHT KOppeiaiiu OTHOCUTECIIbHBIX aMIUIUTY [, ¥, OIPCACIACTCA KaK:

2,170
_h-09746(1-42) s k2 0,26 R
= 1,034
1-0,6921(1-2) i k2 >0,26.
Illaz 4: PaccuuTath BEpOSTHOCTH HECENEKTUBHBIX CO0EB, Py, TT0 popmyite:
P
P, =, (132)
[IIS
rae P,; — BepoITHOCTH CO0EB B HE3AIMUIIEHHOW CHCTEMe, OTpeieNsieMasi ¢ IIOMOIIBI0 ypaBHeHUs (29).
Illaz 5: PaccuuTarh BEpOSTHOCTh CEJIEKTUBHBIX cO0EB, P, 0 hopMmyIie:
P2
P =—, (133)
n(1-42)
rie Py — BEpOSITHOCTh COOEB B HE3AIIMIIEHHOH CHCTEME, OnpeieiieMast C IIOMOIIbI0 ypaBHeHHS (89).
Illaz 6: Paccunrath 00ITyI0 BEPOATHOCTE COOEB, P,, KaK:
4/3
0.75 | p0,75
Pd:( Pds +Pdns ) . (134)

6.2.5.2  IlporHo3upoBaHue c00eB NPH YACTOTHOM Pa3HeCEHHH

Haunupii  meTon mnpumeHuMm i cuctem 1+ 1. Hcmons3yercs Ta ke Tmpoleaypa, 4YTO © A
MIPOCTPAHCTBEHHOTO Pa3HECEHNUs], HO Ha Iare 2 pacueT BeJeTcs 1mo Gpopmyie:

rac:

Af:

=&(£j10”l° : (135)
NANA

gactotHoe pasHecenue (I'Tm). Ecmu Af > 0,5 I'T', mcrionb3yiite Af = 0,5;
gacrora Hecymen (I'Tm);

3arac Ha aMIUIMTyAHOe 3amupanue (ab).
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3T0 ypaBHEHHE IPUMEHSETCS TOJIBKO IJIS CIEeIYIOLINX ANaa30HOB apaMeTpoB:
2<f<111Tmn,
30<d <70 xm,
Af1f<5%.

6.2.5.3 I[Iporno3upoBanue c00eB NPU YIJI0BOM Pa3HeCeHUH

Ulae 1: OnpenenuTsb CPEIHIO BEIHYHHY yIila IPUX0/a, Ly, IO popMyJie:
He=2.89x107 G, d rpamycsl , (136)

rne G, — cpemHee 3HadeHHWe rpamueHTa pedpakuuu (N-enuHUIYKM). Eciim coBepmieHHO OTYETIMBO
TIPUCYTCTBYET CHJIBHOE OTPaKCHHE OT ITOBEPXHOCTH 3EMIIH, Ly MOXKHO OIICHHTH IO VYIIIy IPUX0Ja
OTPaXEHHOTO JIy4a MPU CTAHIAPTHBIX YCIOBUSIX PACIPOCTPAHCHHUSI.

Illae 2: PaccuuTarh mapaMeTp HECENIEKTUBHOTO OCIIa0JIeHus, 7

_J0,113 sm[ 150(5/9)+30}+0,963 s g >1 (137)
q s g <1,
Trac:

g =2 505x0,0437%¥ x 0,593(¢? (138)

d: YIJIOBO€ pa3sHCCCHUEC ABYX AUArpaMM HallpaBJICHHOCTH,

€: yroim Mmecra 0ojee BBICOKOH aHTEHHbI (IIOJIOKUTEIbHAS BEJIMYMHA II0 OTHOLICHUIO
K IOBEPXHOCTH 3E€MJIN);

(): mmpuHA Jlyda Ha YpPOBHE IIOJIOBUHHOW MOIIHOCTH JHarpaMM HaIlpaBIE€HHOCTH
AHTEHH.

laz 3: PaccunTtaTh napaMeTp HECENEKTUBHOUM Koppemsiiuu, Qp:
0, =r (0,9399“e x10’24’58“éj { 2469 5% o 3 615 102wl 4 601l@0) 1 ror ] } (139)

Llae 4: PaccunraTh mapaMeTp MHOTOJIY4Y€BOM aKTUBHOCTH, 1, IO opMyJie, NpuBeAeHHOH B mare 2 1. 4.1.

Illaz 5: Paccunrartb BCPOATHOCTDb HCCCICKTUBHBIX C6OCB 10 (I)OpMyJ'Ie:
Pa’ns :n Q0><1()7F/6’6 . (140)

Illaz 6: PaccuuTath KBaJIpaT CEIIEKTUBHOTO Ko duimeHTa Koppesiiuy, k;, o hopmyJie:

2 U 23,3 3 2\ ¢
ki =1-{0,0763x0,694"° x10 510,211-0,188 iy — 0,638 g ) . (141)



Pex. MCJ-R P.530-14 49

Illaz 7: PaccunTarh BEpOSATHOCTh CENEKTUBHBIX cO0eB, P, 0 opMyIie:

P2
P =——", (142)
* n(1-#2)
riae Py — BEpOSITHOCTh COOEB B HE3aIIMIIEHHON cucTtemMe (cM. mar 3 B 1. 5.1).
Illaz 8: Yl HakoHell, pacCYUTATh OOIIYIO BEPOSTHOCTH cOOEB, P,, Kak:
4/3
P, =( e +Pd‘2i35j : (143)

6.2.5.4 I[Iporno3upoBaHue c00eB B YCJOBHMAIX INPOCTPAHCTBEHHOI0 M YACTOTHOIO Pa3HECEHUs
(1Ba MpUEeMHUKA)

Llae I: HecenextuBHBIN K03 PHUIIMEHT KOPpEIAHH, k5, OTIPEIEIIETCS KaK:

s =Kogs Ko 1 (144)

ns,s

rae ks M ky,y — HeCENEKTUBHBIE KO(QQUIMEHTHl KOPPEALUH, PACCUUTAHHBIE U1 HMPOCTPAHCTBEHHOIO
paszaecenus (cM. 1. 6.2.5.1) u gacToTHOTO pasHeceHus (cM. 1. 6.2.5.2), COOTBETCTBEHHO.

OcTanbHBIC IIarH TaKUe K€, KaK U B ClIy4ac NPOCTPAHCTBEHHOI'O Pa3HECCHU.

6.2.5.5 I[Iporno3upoBaHue c00eB B YCJOBHMAIX INPOCTPAHCTBEHHOI0 M YACTOTHOIO Pa3HECEHUs
(4eTbIpe NPHEMHHUKA)

llaz I: Paccuutats 1, Kak Ha mare 2 B 1. 4.1.

Illaz 2: PaccunTaTh mapameTp pa3HECEHUS, M, CIEITYIONTUM 00pa3oM:
mns :n3 (l_kr%s,s) (1_k35,f)’ (145)

T1€ kg5 U kys, PACCUNTBIBAIOTCSA, KaK B I1. 6.2.5.4.

Illaz 3: PaccuuTath BEpOSTHOCTh HECEIEKTUBHBIX COOEB, Py, 10 popmyie:

4

P, = P , (146)

ns

ns
rae P, onpenenseTcs: ¢ MIOMOIIbIO ypaBHeHHS (29).

Illaz 4: Paccuutarh KBaJpaT SKBUBAICHTHOTO HECEIEKTUBHOIO KOd(PHIIMEHTa KOPPETSIHH, k.
12 =1-n (1-2,) (1-k2,). (147)

Illaz 5: PaccunTaTh SKBHUBAJICHTHBIA CEICKTUBHBIN KOA(DOUIMEHT KOPPENAInd, k;, HMCIONB3YyS Ty JKe
MPOLIEYPY, UYTO U JUISl MPOCTPAHCTBEHHOTO pa3HeceHus (mar 3).
Illaz 6: PaccunTarh BEpOSTHOCTh CEIEKTUBHBIX cO0EB, P, 0 (hopmyIie:

2

2
P, K

= 148
G- (148)
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rie Py — BEpOSITHOCTHh COOEB B HE3AIIMIIEHHON CHCTEME, OnpeieisieMasi C IIOMOIIbI0 ypaBHeHHS (89).

Ilaz 7: PaccunraTh 00IIyI0 BEPOATHOCTH COOEB, P,, ¢ TOMOIBIO ypaBHEeHUS (134).

7 IIporno3upoBaHue BePOSITHOCTH MOJHOTO c00A

Paccuurats BCPOATHOCTH IMOJIHOT'O c00s1 B YCIIOBUSIX SICHOTO HeOa ¢ IIOMOIIBKO COOTHOIICHMUA

1)119 + })s + PXP
P=5" €CJIM UCTIONb3YETCS pa3HECEHHUE, (149)
P, + Py

MOJIYYEHHOTO € MOMOILBIO METOAOB, ONUCaHHBIX B . 2.3.6, 4.1, 5.1 n 6.2.5.

3a BEpOSITHOCTH IMOJIHOTO COOs, BBI3BAHHOI'O JOXJIEM, NPUHUMAETCS OOJbIast U3 BeMH4YuH, P, U Pxpg,
MIOJTyYE€HHBIX C TOMOIIBIO METOJIOB, IIPEJICTaBIECHHBIX B L. 2.4.7 1 4.2.2.

MeTonbl IPOrHO3UPOBaHUs cO0EB I HU(PPOBBIX PAANOCUCTEM ObUIN pa3pabOTaHbl HA OCHOBE ONPEACICHUS
c60st Kkak 3Hauenus BER, mpeBblmaromero 3agaHHeii nopor (Hampumep, 1 x 107°), ¢ TeM uTOGBI
YIOBIIETBOPSUTHCH TpeboBaHus, n3okeHHble B Pekomennarimun MCO-T G.821. Coon moapa3aemnstoTcs Ha Te,
KOTOpBIE CBSI3aHBI C XapaKTEPHCTHKaMH OIMHMOOK, W Te, YTO BIMSIOT HAa TOTOBHOCTH (cM. Pexomenmaruu
MC3-R F.594, MCO-R F.634, MCDO-R F.695, MCO-R F.696, MCO-R F.697, MCO-R F.1092,
MCD-R F.1189 u MC3-R F.557). Cbou B ycinoBusx siCHOro HeOa MPEUMYIIECTBEHHO OTHOCSTCS K T€M, YTO
BIMAIOT Ha XapaKTEePUCTUKU CHUCTEMBI, a cOOM M3-32 OCAJKOB — K TEM, YTO OKa3bIBAIOT BJIMSHUE Ha
TOTOBHOCTh cUCTeMbI. OJIHAKO CYIIECTBYET BEpPOSATHOCTh, YTO Ha TOTOBHOCTh MOTYT OKa3aTh BO3ZEHCTBUE
SIBIICHUSI, XapaKTepHBbIE LIS ICHOTO He0a, a Ha XapaKTEePUCTUKU CHCTEMbI — OCAIKH.

8 AcneKThl pacpocTpaHeHUs PAJAMOBOJIH IIPH BBeIEHUH CHCTEMbI B IKCILIYaTALUIO

[Ipu mnpoBeaeHHWM WCHBITAHUII B Tpollecce BBOJA CHCTEMbl B O3KCIUTyaTalldl0 B COOTBETCTBUHU
¢ Pekomenganueit MC3-R F.1330 xenarensHo u3berate BpeMeHH rofia M BpeMEHH CYTOK, Korja Haubomee
BEPOSITHO BOZHUKHOBEHHE MHOT0JIy4€BOI'0 PACTIPOCTPAHEHHUS PAJAXOBOJIH.

I/ICCJICIIOBaHI/IH, IIPOBCJICHHLIC B BOCTO‘IHOCBpOHeﬁCKHX CTpaHax C YMCPCHHBIM KJIIMMATOM, IIOKa3bIBAIOT,
YTO SIBJICHUS MHOTOJYYEBOTO PACHpPOCTPAaHCHUsS C HAMOOJNBIICH BEPOSITHOCTHI BO3HHKAKOT 3UMOU
Y B Te€UEHHE JIBYX MPEIbIIyIINX MecsleB. UTo KacaeTcs MCIBITAaHUN, KOTOPBIE TOJDKHBI IPOBOIUTHCS JIETOM,
TIeproI B TEUCHHUE JTHS, KOTAa TaKWe SBJICHUS HaONIOdAINCh pexke Bcero, mpuxoawmics Ha 10 gac. 00 MuH. —
14 gac. 00 MHH. MECTHOTO BPEMEHH.

HccnenoBanusi, MpoBeICHHBIE B 3alaJHOCBPONEHCKUX CTpaHaX C MPUMOPCKUM KIMMAaTOM Ha IIHPOTE
60° c. 1., TIOKa3bIBAIOT, YTO SIBJICHUSI MHOTOJIy4EBOTO PACIIPOCTPAHEHUS PEKE BCErO BO3HHKAIOT B MEPUOJ
13 gac. 00 mun. — 20 gac. 00 MHH. MECTHOTO BPEMEHH HE3aBUCHMO OT BPEMEHH To/a. 3UMHHIA MepHoJl ObLT
MeHee BCEero MOABEP)KEH 3aMHUPAHUSIM, BBI3BAHHBIM MHOTOJYYEBBIM PaclpOCTPaHEHHEM; 3a 3THUM MEpUOJ
CIIEITYIOT OCEHb U BECHA.
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Jlonoinenue 1
K IIpuioxenuro 1

Metoa onpeaeeHUs TeOKIMMATHYECKOro Kod(pdpuumenra, K,
110 JAHHBIM M3MEpPEHUN 3aMHUPaHUH HA TPaccax, NPOXOAALIMX HA/ CyLuei

Llae I: Tlony4yuTthb pacupeaeneHue 3aMUpaHUil TI0 OrHOAIOIIeH ISl HAaMX Yy IIIETO KAIEHIAPHOTO MeCSIa st
KaXJ0ro roja 3KCIUTyaTalldd, HUCIIOIb3yd B KayeCTBE JTajoHa JOJTOCPOYHOE MEAMaHHOE 3HAyYeHHUE.
YcepeaHuTh 3T TaHHbIC TS TOJIYYCHHS MHTErpaibHON (DYHKIMU paclpeleiCHUs 3aMUPaHUi )i CPEIHEr0o
HauXyAIIEr0 MECAIa U MOCTPOUTH TpaduK ATOTO PACIPEICIICHUS B TOTYI0rapu(hMUICCKUX KOOPIUHATAX.

Illaz 2: Ha rtpadbvke HalTH TIIyOWMHY 3aMupaHus, A;, BBIIIE KOTOPOTO WHTETpalbHAS (QYHKITHS
pacrpefiefieHiss CTaHOBHUTCS TPHOJM3UTENBHO IJMHEWHOW, W OMNpPEJeTUTh COOTBETCTBYIOIIUI IPOICHT
BpEMEHH, p;. DTa JHWHEHHAas 4acTh MPEICTaBIseT cO00i XBOCT pacrlpeneneHus Ui 3aMHUpaHuil OONbLION
[ITyOWHBI, HAKIOH KOTOPOTO MOXET MEHSThCS MpuMepHO Ha 3 win 4 nb/mekany OTHOCHTENBHO CpeIHEro
"paseeBckoro” 3HaUYCHHS HakJIOHA, paBHOro 10 nb/mekamy, mpudeM BeIWYWHA HTOTO W3MEHEHUS 3aBHCHUT
OT YHMcIIa JIeT cOopa JaHHBIX, 10 KOTOPBIM MTOJYYEHO YCPEIHEHHOE paclpeaecHue.

Ilaz 3: BeMUCINTE HAKIIOH TPACCHI |g,|, OMB3YsCH ypaBHEHUEM (6).

Ulae 4: B ypaBuenue (7) winu (8), B 3aBUCUMOCTH OT CUTYallUH, MOACTaBUTh KOOPAMHATHI (1, A1) "miepBoit
TOUKM XBOCTa", a TaKxKe 3HaYeHMUs d, f, |€,| ¥ BEIYUCIANTD reoKIuMaTudeckuii kosdument, K.

Ilaz 5: Ecnn uMeroTcs TaHHBIE JUIS HECKOJIBKMX TpPacc B PETHOHE C TMOXOXKHM KIMMAaToM M peibedoM
MECTHOCTH WJIM JaHHbBIE JUIA OJHOM TpPacchl HAa HECKOJBKMX YacTOTaX M T.d., TO CIEAYeT ONpPEAEIHTbH
CpeIHUH reoKIMMaTHYeCKHi K03()(QUIMEHT MoCpeICTBOM yCpeaHeH s 3HaueHui log K.
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