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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 OCHOBaHUH KOTOPBIX
MIpUHUMAIOTCs PekoMenaanuy.

BCGMI/IpHLIe U PCruOHAJIBHBIC KOH(I)epCHIII/II/I paguocCBiaA3n U accaMmOieu paguocCBiaA3n  1pUu  MOAACPIKKE
HUCCICA0BATCIBCKUX KOMHCCHH BBIIIOJHSIOT PEriIaMCHTApHYI0 U MMOJIMTUYICCKY O (I)yHKIII/II/I CeKTOpa PaguoCBiA3U.

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

ITomutuka MCD-R B obGmactu IIMC wm3naraercs B oOmieil mareHtHod mnomutuke MCDO-T/MCDO-R/MCO/MDK,
ynomuHaemoir B Ilpmnoxxenmn 1 x Pesomommu 1 MCDO-R. ®@opwmbl, KOTOpble BiaAeibllaM MATEHTOB CIEAyeT
HCII0JIB30BaTh JId MPEACTABIICHHUA IMaTCHTHBIX 3asiBJICHUN U )leknapaum‘/'l O JIMOEH3UPOBAHWUU, MPCACTABJICHBI I10
aapecy: http://www.itu.int/ITU-R/go/patents/en, rae Takke coiepikarcss PyKOBOISAIIME MPHUHIUIBI MO BBIMOJTHCHHIO
o61eit narentHol nmonutuku MC3-T/MCO-R/MCO/M3IK u 6a3a nanHbIx natenTHoi nndopmanun MCO-R.

Cepuu Pexomenaanuii MCI-R

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

Cepus Ha3zBanue

BO CIryTHUKOBOE paJiMOBEIaHNe

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

BS PagmoBemarensHas ciayx0a (3ByKoBasi)

BT PagmoBemarensHas ciayx0a (TeIeBU3NOHHAS)

F ®dukcupoBaHHas ciryx0a

M [MonBwxHass  CHyTHUKOBass  Ciyk0a, CIIyTHHUKOBas  ciiyx0a  paauoonpeseeHusl,
JIIOOUTENBbCKas CITyTHUKOBAsSI CITy)K0a M OTHOCSIIMECS! K HUM CITyTHUKOBBIE CITYKOBbI

P PacnpocrpaneHue pajnoBoJIH

RA Panuoactponomus

RS CucTeMbl TUCTaHIIMOHHOTO 30HIUPOBaHUS

S DuKcupoBaHHAs CITyTHUKOBAs CITy»X0a

SA Kocmuueckne mpuMeHeHNsT ¥ METEOPOIIOTHs

SF CoBMECTHOE HCIIOIB30BaHNE YaCTOT M KOOPAWHALUS MEXIY cUCTeMaMu (pUKCHpOBAaHHOM
CITyTHHUKOBOH CITYOBI U (PUKCHPOBAHHON CITY>KOBI

SM YpaBieHue UCNO0Jb30BaHUEM CIIEKTPA

SNG CrryTHUKOBBIH cO0p HOBOCTEH

TF [Tepenaya curuasoB BpeMEHH U 3TAJOHHBIX YaCTOT

\% CroBaps 1 CBsI3aHHBIE C HUM BOIIPOCHI

Ilpumeuanue. — Hacmoawas Pexomenoayus MCI-R ymeepicOeHa Ha aHeIULCKOM —A3blKe 8

coomeemcmauu ¢ npoyedypot, usnoxcenroui 8 Pezonroyuu 1 MCO-R.
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Kenena, 2011 1.
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Bce mpaBa coxpanensl. Hu oHa u3 gacTel 1aHHOH MyOIMKAaMy HE MOXKET OBITh BOCIIPOM3BEICHA C MTOMOIIBIO0 KaKUX
OBI TO HU OBLIO CPENCTB O€3 MpeaBapUTEIHLHOTO MMCEMEHHOTO paspemenus MCD.
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PEKOMEHJALNA MC3-R P.526-11

PacnipocTpaneHue pajinoBoJIH 32 cUeT TH(PPaAKIHT
(Bommpoc MC3-R 202/3)

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

Cdepa npumeneHus

B mnactosmelt Pexomenmanuu mpeacTaBICHO HECKOJIBKO MOJENEH, IMO3BOJSIONIMX YHTATEII0 OLEHUTH
BIUSTHUE TU(PPaKIUY Ha HAPSKEHHOCTh MPUHUMAEMOTO TIOJIA. DTH MOJEIH MPUMEHUMBI K Pa3HbIM THIIAM
MIPETATCTBUH U Pa3IMIHBIM T€OMETPHIEeCKUM (hopMaM Tpacc.

Accambres paguocssizu MCO,

yuumbvleast,

a) YTO UMEETCS MOTPEOHOCTh B TEXHUYECKOH WH(pOpMAIMK IS pacdyeTa HANpsHKCHHOCTH IOJIS Ha
mupakIIHOHHBIX Tpaccax,

pekomeHoyem,

1 4yTOOBI IS pacyeTa HANpsHDKEHHOCTH IMOJIS Ha NU(PaKIMOHHBIX Tpaccax, BKIIoUas AU(PaKIno Hal
cepuuecKkoll OBEPXHOCTBIO 3eMIIM WJIM HaJ MEPEeCceUeHHONH MECTHOCTBIO C MPEMSATCTBUAMH Pa3IuYHOTO
BH[Ia, UCIIOJIB30BAINCh METOBI, ONUcaHHbIe B [Ipunokenun 1.

Ipunoxenue 1

1 BBenenue

Xots audpakuus GOpMHPYETCS TOIBKO MOBEPXHOCTHIO 3€MJIM MM IPYTUMH MPEMATCTBUAMH, I OLIEHKU
reOMETPUUYECKHX ITapaMeTPOB, OTHOCALIMXCS K BEPTHKAIBHOM MIOCKOCTH Tpacchl (Yroi Iudpakuum, paginyc
KPHUBU3HBI, BEICOTA MPEIATCTBHS ), HECOOXOIUMO YUUTHIBATh CPEAHIO aTMoc(epHyIo pedpakiuio Ha Tpacce
nepenayn. C 5TOH nenbio Npoduiab Tpacchl JOKEH OBITh HPOBEICH C YYETOM COOTBETCTBYIOIIETO
sKkBHBaJIeHTHOTO panuyca 3emnu (Pexomenmarmst MCO-R P.834). Eciim Her apyroit mHMOpMaiuu, 10 B
KadgecTBe 0a30BOr0 3HAYEHMsI MOXKET OBITh NPHUHATA BEJIMYMHA SKBUBAJICHTHOTO paauyca 3eMiM, paBHas
8500 xm.

2 ba3oBble KOHIEMITUHA

Ha nudpakumio pagvoBOiIH Haja MOBEPXHOCTHIO 3€MIIM OKa3bIBAIOT BIMSHUE HEPOBHOCTH peibeda
MECTHOCTH. B 93T0il cuTyauuu npexae dYeM MpPUCTyNaTbh K JaIbHEHIIEMYy H3YYEHUIO METOJ0B
IIPOTHO3UPOBAHUS I NAHHOIO MEXaHMW3Ma PACHPOCTPAHEHHUs, B HACTOSILEM paslelle pacCMaTpHUBAOTCS
HECKOJIBKO 0a30BBIX KOHIICTILIHH.
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2.1 uumnnconasl @penens u 30061 PpeHenst

[Ipu uccnenoBaHUM pacHpOCTpaHEHHS PAAMOBOJIH MEXIy ABYMS ToukaMH A u B mpocTpaHcTBO Mexmy
HUMH MOXHO pa30WTh Ha CEMEHCTBO SJUTMIICOMIOB, M3BECTHBIX Kak siuncounsl dpenens, ¢okycsl
KOTOPBIX HaxoAATCsl B TOukax A m B, m g mo0oii Toukn M Ha KaKIOM SIJIMIICOMIE BBITOJIHIETCS
COOTHOILIEHHE:

AM+MB:AB+n%, (1)

I7ie 7 — IeTI0e YHCII0, XapaKTepu3yrolee uTuncon (1 = 1 cooTBETCTBYET mepBoMy diumumniconsy OpeHens
U T. 11.), a A — JIJMHA BOJIHBI.

Ha mpaktuke 0OBIYHO TpeAmnoiaraeTcs, YTO paclpoCTpaHEeHHe MPOUCXOTUT 0 JIUHUU MPSAMOIl BUANMOCTH
(LoS), To ecTb siBnenneM audpakuuyd MOKHO MpeHebpeys, ecau BHYTpHU HepBoro sunconna Openens HeT
NPENSTCTBUH.

Pagmyc smmmnconga B TOYKE MEXAY MEpPENaTINKOM W TPUEMHHKOM MOXET OBITh MPHONMH3UTETHHO
OTIpe/iesieH B CaMOCOTIIaCOBAaHHBIX €IMHHUIIAX KaK:

1/2

Rn _ n?\/dl d2 (2)
d + d,
HJIIN B HpaKTI/ILIeCKI/IX CANHHNIAax:
g 12
R, =550 —~4% | )
(dy +dy) f

rne f — vacrora (MI'n), a d; u d, — pacctosiHusL (KM) MEXIy MepeJaTduKoM W IMPUEMHHUKOM B TOYKE, TIie
BBIYUCIISIETCS PaANyC Hnconaa (Mm).

B HekoTOphIX ciydasx MPHUXOIWTCS paccMaTpuBaTh 30HB (DpeHeNs, KOTOphIe MOMY4YeHBI B pPe3yJIbTare
MepecedeHnss CEeMEHCTBa DJUIMIICOMJIOB IUIOCKOCTBIO. 30HAa C HOMEPOM 71 SIBJISIETCS YYaCTKOM MEXIY
KPUBBIMH, TIOTYYEHHBIMH OT 7-TO | (1 — 1)-TO 3JUIMIICONIOB, COOTBETCTBEHHO.

2.2 IIupuHa 00,1aCTH MOJIyTEeHH

[lepexom oT cBeTa K TCHH OMPEACISACTCS OOJACTHIO MOJIYTEHH. DTOT MEPEXOJ MPOUCXOAUT BIOIbh Y3KOU
MOJIOCKH (MIUPUHA 00JaCTH MONYTEHH) HA TPaHUIle reoMeTpuueckor TeHn. Ha prcyHke 1 mokaszaHa mupuHa
obmactu nonytern (W) B ciiydae mepeaaTdrka, pacioiioKEHHOTO Ha BBICOTE /i HaJ TIanKou cheprudaeckoit
3emitelt, KOTOpask ONpeeNseTcs Kak:

A P 1/3
w = de M, (4)
T

rue:
A:  UTMHA BOJIHBI (M);

a,. OSKBHUBaJCHTHBIN paguyc 3emiu (M).
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PHUCYHOK 1

OmnpejtesieHne NIMPAHBI 00JIACTH Oy TEHH

T'opuzont
nepenaTduka

0526-01

2.3 3oHa nudpakuuu

30Ha [udpakouM TepefaTiMKa MPOCTHPAETCS OT PacCTOSHUS, COOTBETCTBYIOIIECTO JIMHUU TNPSMOR
Buaumoctu (LoS), rae mpocBer Tpaccel cocraBmser 60% oT pamuyca mepBod 30HBI PpeHens, R, A0
paccTosiHUs, HaxoJsIllerocs MAajdeko 3a MpefelaMd TOpPU30HTa IepefaTddka, L€ IpeodialarolliuM
CTaHOBHTCSI MEXaHU3M TPONOCHEPHOTO PACCESHUSL.

24 Kpurepnii rinagkocTy NoBepXHOCTH NPeNsSITCTBUS

Ecmm na MOBCPXHOCTHU IMPEIATCTBUSA UMCIOTCA HEPOBHOCTU, BHICOTA KOTOPBIX HEC MPCBLIIIACT 3HAYCHUA Ah,

rac:

]1/3

Ah = 0,04 [sz M, (5)

rue:
R: paamyc KpUBHU3HBI IPETISTCTBHUSA (M);
A:  nnuHA BOJMHBI (M),

TO B 3TOM CJIy4ae MPENSTCTBHE MOXHO CUMTATh TJIQJKUM W JUIsl pacyeTa ociaadiIeHUss MOXKHO HCIIOJIb30BaTh
METO/bI, OIIMCAaHHbIE B . 3 U 4.2.

2.5 N30/MpoBanHOE NpEeNATCTBUE

HpeHHTCTBI/Ie MOXXHO CHHUTATb H30JIMPOBAHHBIM, €CJIHW MCXKAY CaMUM IPCIATCTBUECM U Oprma}omeﬁ
MECTHOCTBIO HET HUKAKOI'O BSaHMOILeﬁCTBHH. I[pyrI/IMI/I CJIOBaMu, ociabiienue Ha Tpacce 06YCHOBHCHO JINIIb
OperATCTBUEM 0e3 Kakoro-nbo B03):[GI\/'ICTBI/I$I OT OCTaJIbHOM MECTHOCTH. I[OJ'DKHI:I BBITNIOJIHATBHCA CJICAYIOIUC
YCIIOBUS:

- OTCYTCTBYET IMNEPCKPLITUEC MCKAY 3HAUYCHUAMHU HIUPHUHBI obactu IMMOJTYTCHU, CBA3aHHLIMU
C KaXbIM TCPMHUHAJIOM U BGpH.IPIHOﬁ NpPCIIATCTBUA,

- MPOCBET Tpacchl ¢ 00EMX CTOPOH MPEMSATCTBHH NOJbKeH ObITh He MeHee 0,6 OT pamuyca IMepBoii
30HbI Openens;

- Mo 00erM CTOpPOHAM MPEMATCTBHAS OTCYTCTBYET KaKOe-TH00 3epKaJIbHOE OTpasKeHHeE.

2.6 Tunsl MecTHOCTH

B 3aBucumoctu oT umciaeHHOTO 3HadeHWs mnapameTrpa Al (cMm. Pexomenmammio MC3-R P.310),
HCITOJIB3yEeMOT0 IJIS OTIPEACIICHNs CTEIeHN HEPOBHOCTEH penbeda MECTHOCTH, MOYKHO BBIJICIUTH TPH THIIA
MECTHOCTH:

a) Inaoxas nosepxrnocmv mecmuocmu

[ToBepxHOCTH 3€MIIM MOXKHO CUUTATH TIAJKOW, €CIIH HEPOBHOCTH MECTHOCTH XapaKTEPU3YIOTCS BEIMUUHON
nopsiaka 0,1R wim MeHee, Tie R — 3T0 MakCUMaJIbHOE 3HAUCHHE paanyca mepBoi 30H6I Dpenens Ha Tpacce
pacmpocTpaneHus. B 3TOoM cinyyae Mojens NPOTHO3MPOBAHMS OCHOBBIBaeTCS Ha AM(pakuuud Hag
cepuueckoit 3emieit (cm. 1. 3).
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b) Hszonuposanuvie npenamcmeus

[Ipodpune MecTHOCTH Ha Tpacce PacHpOCTPAHEHHs COCTOUT W3 OJHOTO MJIM HECKOJIBKHX HM30JIMPOBAHHBIX
NpenaTcTBUui. B 3TOM ciyuyae B 3aBUCMMOCTH OT WIEaTU3aLUH, TPUMEHAEMON AJIs OMMCAHUS NPENSTCTBUM,
BCTPEYAIOLIMXCSI HAa TPacce paclpOoCTPaHEHUs, NOJDKHBI HCIIONB30BaThCs MOJENH IPOrHO3UPOBAHUS,
paccMOTpEHHBIE B 11. 4.

c) Xonmucmasn mecmuocmo

[Ipodmns MECTHOCTH COCTOHUT M3 HECKOJBKHUX HEOOJBINX XOJIMOB, HH OIWH M3 KOTOPBIX HE 00Opasyer
JOMUHHUPYIOIIEro MPemsITCTBUS. s NpOrHO3MpPOBaHHSA YPOBHEW HAMPSHKEHHOCTH IO IMOAXOMASIIEH
sisiercst Pekomenganus MCO-R P.1546 B npegenax cBOEro 4aCTOTHOTO IMANa30Ha, HO OHA HE OTHOCHUTCS K
MeToay TUPaKITnm.

2.7 HNuTterpannsl @penes
Kommnekcusiit uHTeTpan OpeHesns onpenenseTcs Kak:

v nsz
Fov) = Jexp| j=—| ds = CO)+jS(V), (6)
0

re j — KOMIUIEKCHBIM OIEpaTop, paBHBIN V-1, a C(v) u S(v) — uHTerpansl KocuHyca U cuHyca dpenens,
OTIpe/eNsieMbIe KaK:

v 2

) = { cos 1%%— ds . (7a)
v ' TCS2

SW)—gsm - ds . (7b)

Kowmmnekcuprit uaTerpan @penens, F.(V), MOKHO OTIPEISIUTh IMyTEM YHACICHHOTO HHTETPHUPOBAHMSI, FIIH JKE
C IOCTaTOYHOW TOYHOCTHIO TSI OONBITUHCTBA TPUMEHEHUH JIJIS TTOJIOKUTEIbHBIX 3HAYSHUN V, UCTIONB3YS:

11 n
. X . X
F.(v) = exp(jx)wf— Z (a, — jb,)| — o 0< x<4, (8a)
4 3 4
n
1+ 4 L[4
F.(v) = | —=|+exp(jx),|— Z (¢, —Jjd,)| — s x =>4, (8b)
2 X 20 b
re:
x=0,5TVv?, )
aa,, b,, ¢, nd,— 310 koahduments boepcma, 3aaHHBIC HUXKE:
ag = +1,595769140 b, = -0,000000033 ¢ = +0,000000000 dy = +0,199471140
a; -0,000001702 b, = +4,255387524 c -0,024933975 d, +0,000000023
a; -6,808568854 b, = -0,000092810 c +0,000003936 d, -0,009351341
as -0,000576361 b, = -7,780020400 cs +0,005770956 d, +0,000023006
a, +6,920691902 b, = -0,009520895 s +0,000689892 d, +0,004851466
as -0,016898657 bs = +5,075161298 cs -0,009497136 ds +0,001903218
as -3,050485660 bs = -0,138341947 Ce +0,011948809 de -0,017122914
a, -0,075752419 b, = -1,363729124 cy -0,006748873 d, +0,029064067
ag +0,850663781 by = -0,403349276 Ce +0,000246420 ds -0,027928955
as -0,025639041 by, = +0,702222016 s +0,002102967 ds +0,016497308
aso -0,150230960 by, = -0,216195929 C10 -0,001217930 dio -0,005598515
am; +0,034404779 by = +0,019547031 cn +0,000233939 dy, +0,000838386
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C(v) u S(V) MOTyT OBITh OIIPE/ICIICHBI JJIs OTPUIIATEIBHBIX 3HAYCHHM V IIyTEM CJICAYIOIICH 3aIlluCH:

C(—v)=—C(v). (10a)
S(=v) =—S(v). (10b)
3 JAudpaxuus Han cpepudeckoii 3emaeii

JlomomHuTENEHBIE TOTEPU Tepenavyn, OOYCIOBICHHbIE audpakiueil Hag cPepuvdecKoil IMOBEPXHOCTHIO
3eMH, MOXXHO BBIYHCINTH II0 KIIACCHYECKOH (opMyse OCTaTOYHOTO psfia. ITOT IIOJHBIA METOI
peayim3yeTcsi moCpecTBOM KomibloTepHoi mporpammbl GRWAVE, paspatorannoit MCDO. Pesysbrars
pacdeToB, MPOBEACHHBIX C TIOMOINBIO 3TOH MPOrpaMMbl (IUIsi AHTEHH, PACIOJOXCHHBIX OJM3KO K
MTOBEPXHOCTH 3€MIIH, U JUII HU3KHX YacToT), MpuBeneHbl B Pekomennaruu MC3-R P.368.

B mpencraBieHHBIX HIDKE IMOApa3ieiaxX OMUCHIBAIOTCA METOIBI YHCICHHBIX W HOMOTPAaMMHBIX PacdeToB,
KOTOpPBIE MOTYT UCHOJB30BaThes i yacToT 10 MI'n u Beime. st yactor Hike 10 MI'1y Bcerna ciaemyer
ncnons3oBath nporpaMMmy GRWAVE. B pasgene 3.1 npuBozmarcs MeToAsl AN 3aTOPU30OHTHBIX Tpacc.
Pazgen 3.1.1 mocBsimieH METOAY YHCIIEHHBIX pacdeToB, a pasmen 3.1.2 — pacdyeTam IO HOMOTpaMMaM.
B paznene 3.2 mpexacrtaBieH MeTO[, MPUMEHSEMBIH B Cllyyae TJIaJKOW MOBEPXHOCTH 3eMJIH JJIs JIF0OOTO
paccrostHus U 1715 yactoT 10 MI'n u Beiiie. B HeM ucnonb3yercs METO YMCIEHHBIX pacyeToB u3 1. 3.1.1.

31 JAudpakiuuoHnbie NoTepu AJs 3arOPU30HTHBIX TPacc

[Ipu OoybIIMX PACCTOSHUSX 3a TOPH30OHTOM BAaXKEH TOJBKO IMEPBBIA WIIEH ocTaToyHOro psaa. Jlaxe y
TOPU30HTA WM BOJHM3U HETO JaHHOE MPHUOIIKEHHWE MOXKHO HCIIONB30BaTh B OOJBIIWHCTBE CIydaeB C
MaKCUMaJIbHOU MOTPEITHOCTEHIO0 0KOJIO 2 nb.

OTOT MEPBBII WIEH MOXHO MPEACTaBUTH B BUJIE MPOU3BEIACHUS WieHa F, OMPECNsIONIero pacCTOsIHUE, U
IBYX 4jieHOB Gr U Gp, ONpPEIESIONIMX BBIUIPHI 32 c4eT BeIcOThl. B mm. 3.1.1 u 3.1.2 onuceiBaercs, Kak
MOYHO TTOJIYIHTh 3TH WICHHI JIN0O ¢ TTOMOIIBI0 MMPOCTHIX (POPMYII, THOO TI0 HOMOTpaMMaM.

3.1.1  YwucjeHHbIe pacyeTbl

3.1.1.1 Bausinue 3JIeKTPUUECKUX XapaKTEPUCTHK MOBEPXHOCTH 3eMJIH

CreneHp BIMSHUS SJIEKTPUUYECKHX XaAPAKTEPHCTHUK IMOBEPXHOCTH 3eMJIM Ha MOTEPH 3a CUYET IUPPAKIUH
MOXET OBbITh OIIpeleseHa C IOMOIIbK0 HOPMHPOBAHHOIO KO3(G(UIMEHTa IOJIHOM IPOBOAMMOCTH
MOBEPXHOCTH, K, KOTOPBIH pacCUUTHIBaETCs MO hopMyIie:

B CaMOCOIJIaCOBaHHBIX CAMHHUIIAX:

~1/3 ~1/4
2
Ky = ( T;bae j [(e — 1)2 + (60 A 6)2] JUTSI TOPU3OHTaNbHOM monspuzanun  (11)
u
172
Ky = Ky [82 + (601 0)? ] JUIs1 BEPTUKANBHOU MOJIIPU3ALINU (12)

HJIN B MTIPAKTUYICCKUX CANHULIAX!

]—1/4’ (1)

Ky = 036(a, )3 [(s — 1% + (180006 /1)*

1/2
K, = K, [82 + (180000/f)2] , (12a)



TIe:

Pexk. MCJ-R P.526-11

d.: OSKBUBAICHTHBIN paguyc 3eMiu (KM);
€: a(ddexTrBHOE 3HAUEHNE OTHOCUTENBHOHN TUAIEKTPHIECKON TPOHUIIAEMOCTH;

6: sddexruBHas npoBoguMocTb (Cm/M);
f+ gacrora (MI'm).

Tunuunasle 3HaYeHus K MOKa3aHbl Ha PUCYHKE 2.

HopMupoBaHHEIH K03 OUIHEHT TOTHOM IPOBOJAMOCTHI MOBEPXHOCTH, K

PUCYHOK 2
Bbrunciaenune K
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5
\
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10 x['m 5  100xIm 5 1Ml 5 1I0MI'm 5 100MI'm 5 IITo 5 10ITno
YacrtoTa

0526-02
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IIpu K, menbiieMm 0,001, BIusgHNUE 3JEKTPUUECKUX XaPAKTEPUCTUK 3eMIIM HecyllecTBeHHO. st 3HaueHuit K,
oonbire 0,001 u MeHbIe 1, MOXKHO HCIIONB30BATh COOTBETCTBYIOIIME (hOPMYJIBI, TPUBOAMMEIE B 1. 3.1.1.2.
Korga Benmumna K Oomblie mpuMepHO 1, HampspKEHHOCTH MONS NpU  AUQpakuM, paccuMTaHHAs C
ucrnonb3oBaHueM Meroga 1n. 3.1.1.2, ominm4aeTcs OT pe3yJbTaTOB, BBIYMCIECHHBIX C MOMOIIBIO
kommbioTepHO TIporpaMmMbl GRWAVE, 1 mo Mepe pocra K pazaurma ObICTpo yBemudauBaeTcs. [Iporpammy
GRWAVE cnenyer wucmons3oBath st K Ooimee 1. JTO MMeeT MeECTO TOJNBKO MJisi BEPTHKAILHOM
noJsipu3anuy Ha yactotax Hike 10 MI'm Hang noBepxHOCTBIO MOpst uin Hibke 200 k[’ HaJ MOBEPXHOCTHIO
3emutd. Bo Bcex Ipyrux cirydasx JeHCTBUTEIICH METO I, U3JIOKEHHBIH B 1. 3.1.1.2

3.1.1.2 @opMmyJia 1Jis pacyeTa HANPSKEHHOCTH MOJIA MPHU AUPpaKuu
OTHoIIeHHEe HANPSHKEHHOCTH NOJIS IPH AU(PaKIHH, £, K HAPSHKEHHOCTH TI0JISl B CBOOOTHOM MTPOCTPAHCTBE,
Eo, Beraucsiercs o opmyiie:
E
20 log o F(X) + G(Y}) + G(Y,) nb, (13)
0

rae X — HOpPMHUpPOBaHHas IMHA TPAcChl MEXAYy AaHTEHHAaMH MpPH HOPMHUPOBAHHBIX BBICOTaxX Y W Y1)

E . .
(mrne 20 log z. ABserca OOBIYHO OTPULIATEIEHON BEIMUUHON ).
0

B caMocoriiacoBaHHBIX €IMHALAX:

X =8 d, (14)

Aa?

2 1/3

T

Y =28 | h (15)
A a,
HJIN B MTPAKTUYICCKUX CANHULIAX!

X =2188p 13a,?? d | (14a)
Y =9575x 10° B 3 a,"® | (15a)

rae:
d: januHa Tpaccel (KM);
d.: OSKBUBAJICHTHBIN paguyc 3eMiu (KM);
h: BBICOTa aHTEHHBI (M);
f: uacrorta (MI'm).
B — mapamerp, YUUTHIBAIOLIMI TUIT IOYBBI M MOJsipu3aiiio. OH cBsi3aH ¢ K ciieIyomeii oy sMITupHIecKoit
(dhopmyoii:
1+ L6K? + 0,67K?
1+ 45K £ 153KY (16)

J1 TOpU30HTANBHOM MONIAPU3AMK Ha BCEX YaCTOTAX U JUI BEPTUKAJIBHOM MOJIpU3alMM HA YaCTOTaX BHIIIE
20 MI'u Hax cymreit wiu Boime 300 MI' Hax MopeM [3 MOXKHO TIPHHSITH PaBHBIM 1.
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JIitst BepTUKAIBHON TOJSPH3alMy Ha yactotax Hike 20 MI'n Hax cymieit win ke 300 MI' Hax Mopem [3
paccunThiBaeTcs Kak (yHKiusa BenuumHbl K. OIHAKO TPH 3TOM MOXXHO NpeHeOpedbh 3HAYCHUEM € U
3amucaTh:

o

K? =~ 6,89 R (16a)
rzae ¢ BelpaxkeHo B CM/M, f— B MI'L, a k — ko3 urrent paauyca 3emiu.
UsteH, onpeessonnil pacCTOsSHUE, PACCYUTHIBACTCS 110 POpMyJIe:
FX)=11+log(X)-17,6 X st X 2 1,6; (17a)
F(X) =—-20 log (X) — 5,6488Xx"** s X < 1,6. (17b)
UneH, onpeaessiioIuii BBIMIPHIL 3a c4eT BBICOTHI, G(1), HaxXoAsT Ho ciaenyroueil Gopmyre:
G(Y) = 17,6(B — ,D* — 51log(B — 1,]) — 8 s B > 2. (18)
[Ipu B < 2 Benmnuuna G(Y) sBisieTca GpyHKunei Bennyunsl K, paccuutanHou B 1. 3.1.1.1:
G(Y) = 20 log (B+ 0,1 B) msm 10K < B <2, (18a)
G(Y) = 2 + 20 logK + 9 log(B/K)[log(B/K) + 1] wis K/10 < B < 10K, (18b)
GY) = 2 + 20 logk JUTS B < K/10, (18¢)
rue:
B=BY. (18d)

Ypasuenus (18)—(18c) Obutn cocraBieHsl mpu gomyineHuH, 9To0 K < (0,2. Ecam oHM HCIONB3yIOTCS IS
K>0,2, To cnenyer OTMETHTb, YTO HEPAaBEHCTBA, ONPEACIAIONINE NPUMEHUMOCTh KaXKIOrO YpaBHEHHS,
npenmnonararT nepexoy ot ypasaeHus (18) k (18b) umm k (18c) mo mMepe m3meHeHus Y, B 3aBUCUMOCTH OT
BenmmuuHEl K. B 3THX cimydasx OymeT oTMedarhbcs pe3koe m3MeHeHue BenuunHbl G(Y) mpu mepexoxe. Jlims
BenuuuH Y u K, eciii B COOTBETCTBUM C HEPABEHCTBAMHU IPUMEHUMEBI OoJiee oHOTO ypaBHeHus (18)—(18c),
pPEKOMeHIyeTCsT WCIoNb30BaTh ypaBHeHue (18), mpeamoumras ero ypasaenusMm (18a)—(18c). Cnemyet
OTMETHUTh, 4TO aAaxe s BenuunH K < 0,2 MOXET OTMedaThCcs pPe3Koe H3MEHEHHE BEIMYMHBI MEXKIY
ypaBHeHusimu (18a) u (18b) B pasmepe 1o 3 nb.

ToYHOCTh 3HAYCHMS HANPSKCHHOCTH MO Npu audpakiuu, 3ajaaBaeMas ypaBHeHuem (13), orpaHudeHa
MpUOJIMKEHUEM, MPU KOTOPOM CBOWCTBEHHO WCIOJIB30BATh TOJLKO TEPBBIM YJIEH OCTATOYHOrO psja.
Tounocts ypaBHenus (13) cocraBuser 6onee 2 nb mnsa 3HaueHuit X, Y, u Y,, KOTOpbIE OTPaHHUYNBAIOTCS
(dhopmyoit:

X -B1)" AN K) - (BY) 2 A, K) > Xy, (19)

rae:
X, = 1,096 — 1,280 (1 — B), (19a)
A(Y,K) = A(Y,0) + 1,779 (1 — B)A(Y,e0) — A(Y,0)]. (19b)
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A(Y,0) u A(Y,0) 3agatoTcs popMyIamu:

0,5 log(BY) — 0,255
0,3

A(Y,0) = 0,51 + tanh , (19¢)

0,51log(BY) + 0,255

A(Y,e0) = 0,51 + tanh
0,25

(19d)

COOTBETCTBEHHO, MUHUMAIILHOE PACCTOSHUE iy , [UIA KOTOPOTO ACHCTBHUTENBHO ypaBHeHHE (13), HaxomsaT
o popmyie:

Xopin = Xpm + B AYLK) + (BY2) A, K), (19¢)
a d,;, TIOIIY9IAIOT Ha OCHOBE X,,;;, C UICTIOJIb30BaHUEM ypaBHeHU (14a).

3.1.2  PacueTsl 0 HOMOTpaMMaM

[Ipy ToM ke ycCIOBHMH amnmpoKCUManud (NMEPBBI YJIEH OCTATOYHOTO psiia SIBISIETCS MPEoOIIafaroIiMm)
BBIYHCJIEHE MOYKHO TTPOU3BECTH C MMOMOIMIBIO CIeAYIONen (hOpMyIIbL:

20 1ogE£ = F(d) + H(h) + H(h,) nb, (20)
0

rue:
E: HaHpH)KeHHOCTI) HpI/IHI/IMaeMOFO IIOJIA;
Ey: Hanps»KeHHOCTB TOJISE B CBOOOTHOM MTPOCTPAHCTBE HA TOM K€ PACCTOSHUM;
d: paccTOsHHE MEXIy KOHIIAMH TPacChl;
hyuhy: BBICOTHI aHTEHH HaJ| IOBEPXHOCTBIO ChepUUeCKOM 3eMJTH.

Oynknuu F (BnusHue paccrosnusi) u H (BBIMIpBIL 3a CUeT BBICOTHI) JaHBI B BHJAE HOMOTpaMM Ha
pucyHkax 3,4, 5u 6.

ITo »TiMm HOMOTpamMMaM (pucyHKH 3—6) cpa3y MOXKHO TIOJYYHTh YPOBEHb INPUHUMAEMOTO CHTHaja
OTHOCHUTEIHHO CBOOOMHOTO TpocTpaHcTBa Mt k=1, k=4/3 u gactor BBImE mpubIU3HTENsEHO 30 MITI.
k — xo3punmeHT sKBUBANEHTHOrO paamyca 3emid, omnpeneneHHbd B Pexomenmamum MC3-R P.310.
OpHako ISl APYTUX 3HAYEHWH Kk YpOBEHb CHTHaJa B TOYKE MPHEMa MOXXET OBITh BBIYHCIEH C
WCTIONB30BAaHMEM YAaCTOTHOM 1ImKaimel aiusi k=1 myreM 3aMeHBl paccMaTpUBaeMOW YacTOTHI Ha

THITOTETHYECKYIO, PABHYIO f/k” /ISl PUCYHKOB 3 11 5 U f/«/% — U PUCYHKOB 4 U 6.

B HenocpencTBeHHON 0JM30CTH OT MOBEPXHOCTH 3eMJIU HANPSDKEHHOCTD OIS IPAKTUYECKU HE 3aBUCHUT OT
BBICOTBL. JTO SIBJICHHE OCOOEHHO Ba)KHO TPU BEPTHKAIILHOW MOJISIpU3anuu Haja MopeM. [1o 3Toli mpuunHe Ha
pUCYHKE 6 UMeeTCsl CIUIOIIHAS YepHasi BepTukainbHas auHus AB. Ecnu npsimast TMHMS TOMKHA Nepecedb 3Ty
CIUTOIIHYI0 JIMHUI0 AB, TO peanmpHas BpICOTa MOJDKHA OBITH 3aMeHEHa OONBIIMM 3HAYEHHEM, TaK YTOOBI
mpsiMast JTUHUS Kacanach BEPIIUHBI TPAHUYHOMN JIMHUU B TOUKE A.

[NPUMEYAHUE 1. — OcnabiieHiie  OTHOCHTEIBHO CBOOOJHOTO IPOCTPAHCTBA  OINPENENSIETCS TMPH  ITOMOIIA

OTPHIIATENFHBIX 3HAYCHHH, MosTydaeMbIX u3 ypaBaeHus (19). Ecim ypasuenue (19) naer 3nauenue Oonpliee, 4eM s
T0JIs1 B CBOOOIHOM MPOCTPAHCTBE, METO/I OKa3bIBAETCS HEJCHCTBUTEIBHBIM.

[MPUMEYAHMUE 2. — Bo3aeiictBue aunuu AB BKIIOY€HO B METOJ] YUCIIEHHBIX pacueToB B 1. 3.1.1.
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PUCYHOK 4

Judpakuus Han chepuyeckoii 3emaeil — BLIMIPHILI 32 CHeT BHICOTHI
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PUCYHOK 5

Jupaxnus Hay chepuyeckoii 3emiieli — BIMsIHNE PACCTOIHHSA
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PUCYHOK 6

Judpaxnns Hag chepuueckoii 3emireli — BBIMTPHINI 32 CUET BBICOTHI
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3.2 JAudpakuuoHHble NoTepH 11 J00bIX paccTosiHuii Ha 10 MI'u u Bbie

Nznaraemyro HIKe MOATAMHYIO MPOLEAYPY CIEYET UCTIOIB30BATh I CHEPUUSCKOM 36MHOM TPacChl JIF000H
NpOIOIBKUTENBHOCTH Ha yacToTtax 10 MI'n u Beite. Ilpu 3ToM MeTozne HUCTIONB3YETCs pacueT, MPUBEACHHBIN
B m 3.1.1 nmns ciaydaeB 3aropW30OHTHBIX Tpacc, JIMOO Tporeaypa HHTEPIONAINHA, OCHOBaHHAS Ha
TEOPETUYECKOM IKBUBAJIICHTHOM Panyce 3eMIIH.

B sToit npoucaype UCHOJIb3yHOTCA CICAYIOINE NOCTOAHHBIC CIUHUIBI U IMTPOLCCCHI:

Pacyer mpenenbHOTO pacCTOSHUS MPSAMON BUIUMOCTH OCYIIECTBIISIETCS 10 hopMyJIe:

dlos = ‘V‘?‘ae (\/E-i_ \/Z) (21)

Ecmu d > dj,5, TO TUpakKIMOHHYIO TTOTEPI0 PACCUMTHIBAIOT C HMCIIONb30BaHUEM Meroxaa 1. 3.1.1. Hukaxmx
JAJIbHEHIIINX pacueToB He TpeOyeTcs.

B nunom ClIy4ac nNpoaAO0JDKUM:

Pacuer MuHUMAIRHOTO 3amaca BHICOTHI MEXKITYy M30THYTOW 3€MHOM TPAcCOW M JydOM MEXKIy aHTCHHAMH, /i
(cMm. puc. 7), ocylecTBIseTCs 1Mo popmyJie:

2 2
hl—d—d2+ hz—d—zdl
h = de 24 (22)
= y ,
d
d, = 5 1+ b), (22a)
b=2 m+1cos E+larccos e |_3m , (22¢)
3m 3 3 2\ (m + 1)3
e (22d)
h + hy
2
d (22e)

m=————.
4a,(h +hy)

Pacuer HeoOXoamMoro 3amaca BBICOTBHI JUIS HYJIEBOH AU(PPAKUMOHHOH HOTEPH, A,y OCYIIECTBISACTCS IIO
dhopmye:

hey = 0,552 %. (23)

Ecmu h > h,y, TO mudpakiroHHbIE MOTEPU HA Tpacce paBHBI HymMO. HUKakuX malpHEHIIMX pacueToB HE
TpeOyercs.
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B nnom ClIy4ac nNpoaAO0JDKUM:

Pacuer m3meneHHOT0 3(h(EKTUBHOTO pannyca 3eMIH, d,,,, KOTOPBIH 3a/1aeT MpeJelbHOe PACCTOSIHUE TIPSIMON
BUAMMOCTH d, OCYILECTBISIETCS IO POpMyIIe:

2

d
T+ )

Ucnonezyiite meton m. 3.1.1. mus pacueta audpakiMOHHOW TOTEpPH I TPacChl C NPUMEHEHHEM
M3MEHEHHOTO 3P (GEKTHUBHOTO paguyca 3eMIH d., BMECTO 3(PpPeKTHBHOTO paamyca 3eMJH d., 1 0003HAYbTE
3Ty MOTEPO KaK Aj,.

Ay = 0,5 (24)

Ecnu A;, — 310 oTpunaTenbHas BEIUYHMHA, TO AU(PPAKIUOHHBIC TIOTEPU HA TPACCE PAaBHBI HYIIO M HUKAKUX
JTATbHEHIIINX pacdeToB He TpeOyeTcs.

B wHOM ciyuae pacuer WHTEPIONMPOBAHHOW udpaknuoHHON motepu, A (ab), ocymecrtBisiercs 1o
(hopmye:

A== ning,la,. (25)

4 JAudpakuus HaJ U30JTUPOBAHHBIMH NPENATCTBUIMHU

Ha mHorux Tpaccax pacnpoCTpaHE€HHsl BCTPEYAIOTCS OJIHO WM HECKOJbKO OTIEIbHBIX MNPEMSITCTBUM, U
[IO3TOMY 1IEJIECO00Pa3HO OLICHUTH MOTEPH, BEI3BAHHBIC TAKUMH NPENATCTBUSIMH. YTOOBI OCYIIIECTBUTH TAKHE
pacdeTsl, HEOOXOANMO HACATU3UPOBATh (POPMY MPEMATCTBUH, MPEANOIOKHUB, YTO OHH SIBISIOTCS JHOO
KJIMHOBUIHBIMU TPEHEOPEKUMO MAJOH TOJINUHBL, JHO0 OOBEMHBIMHM TJIaJIKUMU OOBEKTAMHU C XOPOIIO
0003HAaYCHHBIM PaJMyCOM KPHBHU3HBI B BepIIMHE. PeajbHBIC MPEMSTCTBUSA, pa3yMeeTcs, UMEIT Oolee
CJIOKHBIE (POPMBI, TaK YTO JaHHEIE, IIPEICTABICHHbIE B HacTosImelH Pekomennauy, cieayeT paccMaTpuBaTh
BCETO JINIIH KaK MpUOINKEHHEIE.

B Ttex ciyuwasx, Korma mpsiMas Tpacca MEXAYy TepMHHAIaMU HAMHOTO Kopoue AU(PAaKIMOHHOW TPAacCHl,
HEOOXOIUMO paccYUTaTh [OMOJHHUTENbHBIE TOTEPH Iepenauyd, OOYCIOBJICHHBIC YBEIMYCHHUEM JJIMHBI
TPaccBhl.

I[aHHLIe, MMPEACTAaBJICHHBIC HWIKC, MPUMCHAIOTCA B TEX ClIy4asx, KOrjga AJIMHAa BOJIHBI JOBOJIBHO Malia I10
CpPaBHEHUIO C Pa3MEPOM IPETATCTBUSA, TO eCTh B ocHOBHOM Ha OBU u 6omee kopoTkux BomHAX (f > 30 MI'm).

PUCYHOK 7

IIpocset Tpacchl

P: Touka oTpaxkeHus 0526-07
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4.1 EnuHu4HOE KIIMHOBHIHOE NIPENATCTBHE

B abcomoTHO HaeanbHOM ciydae (puCyHKH 8a) m 8b)) Bce reoMeTpuYecKue MmapaMeTpbl BXOAAT B OJWH
Oe3pa3MepHBI TapaMeTp, OOBIYHO O0003HAYaeMBIM dYepe3 V, KOTOPBIA MOXKET NMPUHUMATh Pa3IMIHbBIE
OKBUBAJICHTHBIC q)OpMBI B COOTBETCTBHUU C BI)I6paHHBIMI/I TCOMCTPUUCCKUMU MMapaMETpaMu:

v = (26)
2h0
vV = . (V IMeeT TOT K€ 3HaK, YTO U A 1 0) , (28)
2d
vV = o o Oy (V HMeeT TOT ke 3HaK, YTO M O U Ol, ), (29)

rac:

h: BBICOTA BEpUIMHBI MPEISITCTBUS HAX NPSAMON JWHHEH, COeNWHSIONIEH IBa KOHIA
Tpacchl. Eciii BepmmHa HaXoquTCs HUKE STON JINHUY, /I OTPHULIATENIbHA;

dindy: pPacCTOSHUS OT BEPIIUHBI MPEMATCTBUSA O KOHIIOB TPACCHI;
d: UITMHA TPacChI;

0: yron maudpakuuu (B paamaHax); ero 3HaK Takoi ke, kak y h. IIpemnomaraercs, 4To
3HayeHue O 1oMKHO OBITh MeHbIIIe puoan3uTensHo 0,2 paanana, Wiy npumepHo 12°;

O M OL: YIJIBI MEXKIY BEPIIMHON MPEMSITCTBUS M OJHUM U3 KOHIIOB TPACCHI, €CIIM CMOTPETH C
JIPYTOro KOHIA. 3HaK y O U O TOT XK€, YTO M Y /i B ypaBHEHHH, TIPUBECHHOM BHIIIIE.

IMPUMEYAHUE 1.-h, d, di, d u A, Bxomsmme B ypaBHenus (26)—(29), HOKHBI OBITh BBIPAKCHBI B
CaMOCOTJIACOBAHHBIX €AMHHUIAX.
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PUCYHOK 8

Teorpadguueckue 31eMeHTbI

(Onpenenenus 0, o.;, &, d, dj, dy u R, cm. B 1. 4.1 u 4.2)

9

Ha pucynke 9 nmpusenens! motepu J(v) (ab) B GyHKIINN TapaMeTpa V.

J(v) ompenensercs Kakx:

0526-08

J(v) = -201log

JI = cw) = SmP + [cw) - Sw)P

2

2

17

(30)
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rae C(v) u S(V) — AeCTBUTENBHBIE 1 MHAMBIE YAaCTH, COOTBETCTBEHHO, KOMIUJIEKCHOTO MHTEerpana OpeHens,
F(v), ompenenennoro B 1. 2.7.

st mapametpa v, mpeBsimatomniero —0,78, mpubImKeHHOe 3HaYeHNE MOYKHO TIOJTYYUTh U3 BRIPKCHHUS:
J(v) = 6,9 + 201log (J(v —oD? +1+v - 0,1) 1b. (31)

PUCYHOK 9

ﬂl/l(l)pak‘l[l/IOHHble nmoTrepv HA KJIMHOBU/THOM TIPENATCTBUU

0 \\J f'\\\//_\ \\

8 \
10

J(v) (1B)

16

20 N

22
24
-3 -2 -1 0 1 2 3
0526-09
4.2 Ennnu4yHoe 3aKpyriieHHOe NpensiTcTBue

T'eomeTpust 3aKpyIICHHOTO TPEMSATCTBUS C PaauycoM R TMpeAcTaBlIcHa Ha pUCYHKe 8c). 3ameTum, 4TO
paccrostHuS d| ¥ d, ¥ BBICOTa A Haj 0a30BOH JTUHUEH BBIYUCISIIOTCS 10 OTHOIICHUIO K BEPIIMHE, B KOTOPOU
MePECceKar0TCsl MPOSKIUH JTydel Hall IpensaTcTBreM. [Ipu Takoll TeoMeTpuu TUPPaKIIUOHHBIE TOTEPH MOXKHO
BBIYUCIIHUTD IO CIEIYOIeH popMmyIe:

A = JW) + T(m,n) ab, (32)
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rue:

a) J(v) — morepu @penens-Kupxroda 3a cueT 5KBUBaJICHTHOTO KIMHOBUAHOTO MPEMSATCTBUS, BEPIINHA
KOTOPOT'O COBIIAJIaeT ¢ TOUKOH MepeceyeHus: npoekuuil ayueld. bespazmepHblii mapameTp V MOXKHO
paccuuTath C TOMOIIBI0 JO00Or0 W3 ypaBHeHW# (26)—(29) BkmouwutensHo. Hampumep, B
MPAKTUYECKUX €IMHULIAX YpaBHEHHUE (26) MOXKHO 3amucarh Kak:

2d 4,) 172
+
v =0,0316 | —L——22| | (33)
Ad, d,

rae s u A BBIpaXKeHbI B METpaXx, a d) U d, — B KHIIOMETPax.
J(V) MOXHO TIOJTyYUTh U3 PUCYHKA 9 WK C TOMOIII0 ypaBHeHUs (31). 3aMeTM, 4TO B TOM Ciiydae,
KOTJIa MPEMSATCTBUE PACIIONIOKEHO Ha JIMHUH NPSMOW BUIUMOCTH, TIApaMeTp V — IOJIOKUTEIbHBIH, 1
ypaBHeHue (31) cipaBeanuBO.

b) T(m,n) — NOTIOMHUTENBHBIE TIOTEPH, OOYCIOBIICHHBIE KPUBU3HON TIPETISITCTBHS:

T(m,n) = 72m"? = (2 = 12,5n)m + 3,6m>'? = 0,8m* 06w mn<4, (34a)

T(m,n)=—6-20log(mn)+7.2m"* =2 =17Tn)ym +3,6m>* —=08m> b mmamn>4  (34b)

"

1/3
m= R M /{E} (35)
d\d, A ’

TR 2/3
n_h[T} /R, (36)

aR,d, d, h v\ BBIpQXEHBI B CAMOCOTTIACOBAHHBIX €TMHHUIIAX.

3ameTuM, 9T0 Korma R CTpeMHuTes K Hyito, T(m,n) Takke CTpeMsITCs K Hy 0. B aToMm ciydae ypaBaenue (32)
OIMUCBIBACT IMOTCPU I[I/I(i)paKIlI/II/I, Korga KIMHOBUAHOC IPEIATCTBUE MOXKCT GI)ITB npeaACTaBJICHO B BHUIC
UWIMHJPA C HYJICBBIM PaInyCOM.

Pagnyc KprBH3HBI IPETISATCTBUSA COOTBETCTBYET PagUyCy KPWUBU3HEI B BEpIIMHE TapaboIbl, MPHOIMKEHHON
K MpO(UITI0  TIPETATCTBUS TMOOIM30CTH OT €ro BepIMHBL. [Ipm moaroHke mapaboilsl MaKCHMAalbHOE
PACCTOSHUE 0 BEPTHUKAIHM OT BEPIIUHBI Mapadoibl, KOTOPOE CIEIyeT UCIOJIh30BaTh B PacCMaTPUBAEMOM
poleAype, AODKHO OBITh TOpsAAKa pajuyca NepBoi 30HbI DpeHens, Te pacloNoKeHO ITaHHOe
npenstcTBue. [IpuMep 3Tol mpoiieaypsl nokazad Ha pucyHke 10, rae:

Vi = o (37

a 7; — panuyc KpUBU3HBI, COOTBETCTBYIOLIUH 3JIEMEHTY i BEpTUKAJILHOTO poduins ropHoro xpebdTa. B ciryuae
N 371eMEHTOB MEJUaHHBIN pafinyCc KPUBU3HBI NPEISITCTBUS ONPEACIAETCS KaK:

1 X xl-2
r=— —. 38
m 21: 2 (38)

i



20 Pexk. MCJ-R P.526-11

PHCYHOK 10

Beprukanbubiii npo¢uiab npensiTcTBHii

0526-10

4.3 KpoMku 1BOHHBIX H30JTUPOBAHHBIX NPENSITCTBUI

3TOT METOJ| COCTOMT B NMPUMEHEHHU TEOPUH MUPPaKIUH HaJl OJUHOYHBIM KIWHOBUAHBIM MPENSTCTBUEM
[IOCJIE0OBATENBHO K ABYM INPEMATCTBHUAM, KOIZIa BEpIIMHA MEPBOr0 MPEMATCTBHUSA JEHCTBYET KaK MCTOYHHMK
sl qudpakiud Haa BTOPBIM TpersarcTBueM (cM. pucyHok 11). Ha mepBoit mudpakiimoHHOW Tpacce,
oTpeieIieMON PaCCTOSHUSAMU @ U b U BEICOTOU h'l, cosznatorcs norepu L, (nb). Ha Bropoit nudpakiimonHoit

Tpacce, ONpEIEIIEMOM PACCTOSHUAMH b W ¢ W BBICOTOH h'z, moTepu cocTaBisAOT L, (nb). Ly un L,

BBIYUCISIIOTCS 1O (opMmynaM, npuBeaeHHbIM B 1. 4.1. [lompaBounsiii unen L, (n1b) momxken ObiTh no0OaBieH
IUIs ydeTa pazHoca b MexXIy KpOMKaMH MPEMSTCTBUH. L, MOXHO BBIYUCIIUTD IO CeAyomel Gpopmyie:

(a+b)(b+c)

L. = 10log
b(a+b+c)

(39)

KOTOpasi CIpaBeUINBa, KOTJa Kaxaas u3 BeqwuuH L; u L, mpessimaeT npumepHo 15 nb. Torma momHbie
T PaKIHUOHHBIE TIOTEPU OTIPEACIAIOTCS KaK:

L=L +1L, + L. (40)

Vka3aHHBII BBIIIE METOA, B YaCTHOCTH, uenecooGpaSHo HCIIOJIb30BaTh, KOrga 3T ABC KPOMKH MPUBOIAT K
CXOXHM ITOTEPAM.

PUCYHOK 11

BepTuKaILHLIE NPOGUIL NPENATCTBUSA

0526-11

Korga omna u3 KpoMOK MpemsTCTBUI OKa3bpiBaeT MpeoOnafaromiee BIMAHUE (CM. PUCYHOK 12), mepBas
IdpakIoOHHas Tpacca ONpeAessieTcsl pacCTOSHUAMHU a U b + ¢ M BbIcOTOU /1. Bropas mnudpakunonnas
Tpacca OnpeseNseTcs PAaCCTOSHUAMU b ¥ ¢ ¥ BHICOTOH /5.
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PUCYHOK 12

PP[C)'HOK, TMOKA3bIBAIOIIMI 0CHOBHOE U BTOPOCTCNICHHOC NMPENATCTBHE

= Rx

a b c 0526-12

OTOT METOJ COCTOMT B NMPUMEHEHWH TEOPUH OU(PPaKLIMM Hal OJUHOYHBIM KJIMHOBUAHBIM MPEMSTCTBUEM
[I0CJIE0BATENbHO K IBYM HIpenstcTBUsM. llepBoe Oosiee BBICOKOE OTHOIIEHHE //r OMpenenseT OCHOBHOE
npensarcTBue M, rae £ — 3TO BBICOTA KPOMKHM TPEMSATCTBHUS OTHOCHUTENBHO MpsiMOM Tpacchl TxXRxX, kak
MOKa3aHo Ha pUCYHKe 12, a » — paguyc mepBoro sunconna Openens, 3agaHHblil ypaBHeHHEM (2). [lanee
JUISl BBIYMCIIEHHUS TIOTEPh, BHI3BIBAEMBIX BTOPHIM MPENATCTBUEM Ha cyOTpacce MR, Hcmomnb3yercs BbIcoTa /s

3TOT0 BTOPOTO MpensaTcTBhs. I ydyera pacCTOSHUS Pa3HECEHUs MEXAy ABYMs KPOMKaMH NPEISTCTBHH, a
TaKke MX BBICOTHI HEOOXOAWMO BBIYECTh MompaBouHblli uneH 71, (nb). Bemmuwmna T, (nb) moxer OBITH
orpenesnieHa no cieayomeii popmyie:

2 2
T, =|12 - 20log,, 9 1)
9|\
o
pu
1/2
po|2larbro )y (42a)
A (b+o)a
1/2
2
_ _(Cl+b+C) hz, (42b)
A (a+b)
1/2
tm:[ M} , 420)
ac
Ay 1 hy — BBICOTBI KPOMOK TIPETSITCTBUNA OTHOCHTEIHHO MPSMO TpacChl MepelaTInK-IPHEMHUK.
OO6mue nudpaKIMOHHBIC TOTEPH OMPEACIIAIOTCS KaK:
L=L,+L,-T,. (43)

OTOT METOA TPUMEHHM W B Clyyae 3aKpyrJCHHBIX TMPEMSITCTBHMA, €CIH HCIOJIb30BaTh (HOPMYIIHI,
TIpUBEICHHBIC B 1II. 4.3.

B tom citydae, korja npensTcTBHe, HajJ KOTOPHIM BO3HUKAET AU(PPAKIIKS, MOKHO YETKO HICHTH(PHUIIMPOBATH
Kak 3JaHHe C IUIOCKOM KpBIIIeH, ero OMUCaHue B BUAC €AUHUYHOIO KIMHOBHAHOIO MPEIMATCTBUS HE NAET
VIOBIIETBOPHUTEIBHBIX pe3yibTaToB. HeoOXoammo paccuutarh CyMMy (ha3opoB JBYX COCTABIISIONINX, OJHA
U3 KOTOPBIX MCIIBITHIBACT BIWSAHUC NU(PAKIUK HAJ JBOWHBIM KIMHOBHUIHBIM MPEMATCTBHEM, a BTOpas
nperepreBaeT 3Q(EeKT TONOTHUTETHLHOTO OTPaXKEHHS OT MOBEPXHOCTH KPBIIIU. BBIIO MOKa3aHo, 4TO eciin
OTpa)kaTeNbHas CIIOCOOHOCTh TOBEPXHOCTH KPBIIIU W PAa3HOCTH BBICOT MEXJY MOBEPXHOCTHIO KPBIIIU U
OOKOBBIMH CTEHAMH TOYHO HEHW3BECTHBI, TO MOJETH ABOWHOTO KIMHOBHIHOTO TMPETISATCTBUS JaeT XOPOIITHE
pe3yJIbTaThl MPOTHO3UPOBAHUS HAMPSHKEHHOCTH MU(GPArupoOBaHHOTO MO, €CIM NPEeHeOpeYh OTPaKeHHOM
COCTAaBJISAIOIIEH.
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4.4 Hecko0/1bK0 H30/1HPOBAHHBIX NPENATCTBHI

[Ipu paccMmoTpenun audpaknuu Haja NEPEeceYeHHOM MECTHOCTBIO, KOTOpas CO3[JaeT OJHO WM HECKOJIbKO
MPENsSTCTBUI MU PacHpOCTpaHeHUU B mpeaenax npsmoil BuauMocTd (LoS), MOKHO peKOMeHIO0BaTh JBa
Metoza. IlepBelii MeTOA mpennonaraer, 4To Kakaoe MPENITCTBHE MOXKHO IIPEJCTABUTh B BUIE IIMIMHIDA,
paanyc KOTOPOTO paBeH paauycy KpHUBH3HBI Ha BEPLIMHE IPEMSITCTBUSA, MpPUYEM JKENaTelbHO HMETh
noApoOHBIN BEpTHKAIBHBIA MPOQHIL TOPHOTO XpedTa.

Brtopoit MeTon COOTBETCTBYET IMITMPUYECKOMY PEIISHHIO, OCHOBAHHOMY Ha MOMYIICHUH KIHMHOBHUIHBIX
MPETSITCTBUH TUTIOC UCTIOJIB30BAHMIO TTOMIPABKH IS KOMIICHCAIIMK 60JIee BRICOKUX MOTEPh, 00YCIOBICHHBIX
OTIIMYMEM paauyca KpUBH3HBI OT HyJs. [lpum pacuerax yuuThIBaeTCS KpUBH3HA 3eMJIM 32 CYET
WCTIONB30BaHMsl MOHITHS €€ SKBHBAJIEHTHOTO paauyca (cM. Pexomenmanmio MCD-R P.452, n. 4.3). Oror
METOJI TIOJIE3eH B TE€X CIIydasxX, KOTJa JUisl pacdeTa MOTeph Ha HA3eMHBIX Tpaccax, Kak B Ipeaesax MmpsMoi
BHJIUMOCTH, TaK U 3aTOPU30HTHBIX, MPOXOJISAIINX HAJ| CYIIeH WIK MOpeM, TpeOyeTcs enHas IpolleIypa.

[Ipoduns paguoTpaccel MOKHO MPEACTABUTH B BUIE Psiia HIEMEHTAPHBIX YYaCTKOB MPOQHIIS BBICOT 3eMHON
MIOBEPXHOCTH HaJ] YPOBHEM MODSI C ONPEEIEHHBIM HHTEPBAJIOM TUCKPETHOCTH BJIOJIb TPACCHI, TA€ MepBas U
MOCTETHSISI U3 DIIEMEHTApHBIX BBICOT MPEACTABISIIOT COO0 BBHICOTHI EepeaTynKa U MPHUEMHHUKA HaJl yPOBHEM
MOpSI, U COOTBETCTBYIOIIEr0 Ha0Opa rOPU30HTAIBHBIX PACCTOSIHUIN OT HepenaTuuka. Kaxaas mapa BBICOTH U
paccrosHusi oOpa3yeT TOYKy Hpo(uiIsi M HMEeT CBOM MHIEKC, NPHYEM MOPSAKOBBIH HOMEP HHAEKCa
YBEIUYUBAETCA MPH JIBUKEHUH OT OJHOTO KOHIIA Tpacchl K Apyromy. B ommcaHuu, MpUBOJUMOM HUXKE,
CUUTAETCS], YTO MHIEKCHl BO3PACTAIOT B HAIIPABICHUHU OT IepelaTinKa K MPUEMHHKY, XOTs Ha CyTh METoJa
3T0 He BiuseT. llpeamouTurensHO, HO HE O00S3aTENbHO, YTOOBI 3JIEMEHTHl NPO(UIL HAXOJWINCh Ha
OJIMHAKOBOM PACCTOSIHUU APYT OT APYTa 110 TOPU30HTAIH.

4.4.1 MeToa NCHOJB30BAHMSA KACKAIA HWJIMHAPOB

BEICOTHBIH TTPOQIITE MECTHOCTH AOJDKEH OBITH JOCTYIICH B BUE Psilia BBIOOPOK BBICOT 3¢MHOM IMMOBEPXHOCTH
HaJl yPOBHEM MODSI, TIPUYUEM MEPBast U TOCIEAHSSA U3 BBICOT SBJISIOTCS BHICOTAMHU TMEPEIATUNKA U IPUEMHHKA
HaJI yPOBHEM MOpsi. 3HAUCHHS PACCTOSHHUN U BBICOT OMKCHIBAIOTCS TaK, KaKk Oy/JTO OHHM XPAHWIKChH B BHJE
MAaCCHBOB ¢ UHAeKcaMu oT 1 10 N, e N paBHO YUCITy 3JIEMEHTOB (BBIOOPOK) TPOQHIIS.

Huxe cuctemarndyeck HCMOIB3YIOTCS CIEAYIOUINE NHACKCHI:
h;: BbICOTa i-if TOYKU HAJ YPOBHEM MOPS;
d;: paccTosiHuE OT NepeAaTunKa A0 i-i TOUKHU;
d;: paccTOSHME OT i-# 110 j-i TOYKH.

[lepBBIM 1mIarom sIBISIETCS MPOBEACHHE aHAIM3a MpOoMiIs MO0 METoAy "HATAHyTOW BepeBkH'. JlaHHBIN IIar
MO3BOJISIET ONPEAETUTh TOYKU 3JIEMEHTOB NMpOo(duisi, KOTOPBIX OyAeT KacaThcs "BepeBKa', HATSIHyTas Haj
npoduiaeM OT HepefaTInKa K IPUEMHHUKY.

OTO MOXXHO BBIMOJHUTH C TMOMOIIBIO CIEAYIOMIEH MpPOIenypbl, B KOTOPOW BCE 3HAYEHHS BBICOTHI U
paccTosHUSI BBIPKEHBI B CAMOCOITIACOBAHHBIX €IMHMLIAX, a BCE YIJIbI JaHbl B panuaHax. JlaHHbId MeTon
BKJIIOYAET MCIOJIb30BaHUE MNPUOIMKEHUH, KOTOpblE CHpPaBEAJIMBBI Al PaaAUOTPAcC, OOpa3yOLIUX
HeOOoJbIINE YIIIbI ¢ TOPU3OHTANBIO. ECiiu rpafgneHTsl dyda Ha Tpacce MPEBBIIAIOT IPUMEPHO 5°, TO MOXKET
OBITH OIIPaB/IaHO MTPUMEHEHHE 00JIee TOYHOI TeOMETPHH.

Kaxxnast Touka "BepeBku" WACHTUGUIMPYETCS B BHJE TOYKH NpOoGWis ¢ 00jee BHICOKAM YIJIOM MECTa
OTHOCHUTEIHHO JIOKAJHLHOW TOPH3OHTAIN IO CPABHEHHUIO C MPEABITYIICH TOYKOH "BepeBKH', €ClIi HadaTh
C OJTHOTO KOHIA Mpouiisi U 3aKOHUUTH Ha JIpyroM. CO CTOPOHBI TOYKH S, BO3BBIIICHUE i-T'O 3JIEMEHTa
npodwst (i > s) onpeaenseTcs Kak:

e = [ — hy)ldy] — [dy/2a.], (44)
rae:
a,. SKBUBAJICHTHBIA paamyc 3eMIId, OTIpeeIIeMbIN KaK:

= kx6371 (km)

k: KOXQQHUIMEHT IKBUBAJICHTHOT'O paanyca 3eMIIu.
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Teneps HeOOXOOMMO MPOBEPUTH, MOXKHO JIM JIIOOYI0 COBOKYIHOCTb ABYX WM Oojiee TOYeK '"BepeBKH'"
MPUHSATH 32 MPOQIITH HAXOASIIET0CsS Ha MECTHOCTH MPENATCTBHA. J{JIs 271eMeHTOB TPO(UIIS ¢ pACCTOSIHUSIMHU
pasHecenust 250 M wiau MeHee Jro0as Tpymmna TO4YeK "BepeBKH", KOTOpBIE SBISIOTCS MOCIENI0BATEIbHBIMU
3JIeMEHTaMH  Npo(uiIst, OTIMYHBIMH OT MECTONOJOKEHUH TepelaTyiuka WIM MPUEMHHKA, JOJDKHA
paccMaTpUBaThCS B KaYECTBE OAHOTO MPEISTCTBUS.

Kaxnoe npensTcTBHe B HacTosIIee BpeMsl MOJECIMPYETCS B BUJE LWIMH/PA, KaKk MOKa3aHO Ha pucyHke 13.
Il'eomeTpuss Kaxaoro OTAENBHOrO IMIIMHApPA COOTBETCTBYET PHUCYHKY &c). CienyeT OTMETHUTh, 4YTO Ha
pucyHke 13 paccTosHus 51, S, A1 KKAOTO LMIMHIPA OKa3aHbl KAK U3MEPEHHBIE 110 TOPU30HTAIN MEXKIY
TOYKAMH{ BEPUIMH U YTO JJIS MOYTH TOPU3OHTAIBHBIX Jy4YeH 3TH PacCTOSIHUA MPUOIMKAIOTCS K HAaKJIOHHBIM
paccrosHusM d; U d, Ha pucyHke 8c). ns dydel, yriibl KOTOPBIX OTHOCUTEIBHO FOPU30HTAIN IPEBBIIAIOT

IIPUMEPHO 5°, MOKET 0Ka3aThCsl HEOOXOIMMBIM yCTaHOBUTH 3HAYEHUS S| U S, A1 HAKJIOHHBIX PACCTOSHUM d
U d; MEeXIy BEPUIMHAMU.

PHUCYHOK 13

Mopeas B BHe Kackaja UMJIMHAPOB a) podiaeMa B 1ejiom b) reraiam

P "HarsnyTas BepeBka"

a)

S S

A S

S R

—-— e T2

b) 0526-13
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AHanornyHeIM 00pa30oM Ha pUCYHKe 13 BBICOTa /i Ka)XIOTO MWIUHAPA YKa3bIBAeTCs KaKk M3MEPEeHHas IO
BEPTUKAIHN OT €r0 BEPIIMHBI BHU3 J0 MPSMOM JTWHUHU, COSTUHSIONICH COCEIHNE BEPIIMHBI I TEPMHUHAIIEL.
3HaueHue A JUI1 KaXIOTO MWIMHIPA COOTBETCTBYET 3HAYCHHUIO A Ha pucyHKe 8c). OnsaTh ke, JJs MOYTH
TOPU30HTATBHBIX Jy4Yel BHICOTHI IWIMH/PA MOTYT BBIYHCISATHCS, KaK OyATO OHU SBJISIOTCS BEPTHKAISAMU, HO
Ui Jydelr ¢ Ooiee KpyTBIMH yTIAMH MOXET OKa3aThCsl HEOOXOAMMBIM pAacCUUTATh 3HAYEHUS A TO.X
MPSIMBIMU YTJIaMU K 0230BO# JIMHUKM COOTBETCTBYIOIICTO IIUIHHIIPA.

Ha pucynke 14 mokasaHa reoMeTpus JUis NPEMATCTBUS, COCTOSINEro u3 Oojiee 4YeM OJHON TOUYKH
Ha "BepeBke". YKa3aHHBIE HIDKE TOUYKH O3HAYAIOT:

w: Oyxaifiryro TouKy Ha "BepeBKe'" WM TepMHUHAJ Ha MEepearolield CTOPOHE MPEMSITCTBUSA, KOTOpas
HE ABJISIETCS YACTHIO MPEMSTCTBUS;

x: TOYKy Ha "BepeBKke", OOpa3yIONIyI YacTh TMPEMSITCTBHSA, KOTOpOE SBISETCS ONMKaWIINM
K IIepelaTiuKy;

v TOYKy Ha '"BepeBke", 00pa3yIOUIyl0 4YacTh MpEMSATCTBUS, KOTOpOE SIBISETCS OyvpKalniMm
K IPUEMHHUKY;

z: OMmKalITyr0 TOYKY Ha "BepeBKe" WM TEpMHHAJ Ha MPHUEMHOW CTOPOHE TMPEMATCTBHUSA, KOTOpAs
HE ABJIACTCA YaCThIO IIPEIATCTBUA,

v TOYKY BCPIIHWHEI, 06p3,30BaHHy10 MEpECCUCHUECM MaJar0IInX nyqeﬁ HaJ NPpEATCTBUCM.

PUCVYHOK 14

l"eomeTpml MPENATCTBUA, OITMCHIBACMOI'0 MHOKECTBOM TOUYECK

d d d d.

wx XV vy vz

Q: DneMeHTHl Ipoh st
0526-14

BykBBI W, X, ¥ U z CITy’KaT TakkKe WHAEKCAMH JJIsl MACCUBOB DJIEMEHTApHBIX PACCTOSHUN U BBICOT MPOQUIIS.
Jl1a TpemsATCTBUS, COCTOSIIEr0 W3 OTAENbHOW TOYKM Ha "BepeBke', X W ) OyIyT OIWHAKOBBIMH W OYyIyT
OTHOCHUTBCS K TOW TOUKe MPoQuIIst, KOTOpast COBIAAAET C BEPIIMHON. 3aMeTUM, YTO JJIsl KacKaa IHIHHIPOB
TOYKH y ¥ Z ONHOTO HUIMHPA OyIyT TOUKAMHU W H X CICAYIOLIETO U T. II.

[omaroBerif METOJT MOATOHKH IWJIMHIPOB K 00IIeMy mpoduiro MecTHOCTH u3noxeH B JlonmomHennn 1 k
ITpunoxenuto 1. Kaxmoe mpensTcTBUE OMUCHIBAETCS TOYKAMHU w, X, ¥ U z. MeToj, peAcTaBICHHbIN B
Homonuennu 1 k Ilpunoxenuto 1, ucrnonb3yercs ganee IJs ONpeNeieHrs apaMeTpoB LWIMHIPA Sy, Sz, /i
u R. [MomyuuB TakuM 00pa3oM MOAETH MPOQUIISL, MOKHO BBIYUCIUTH TUGPAKIIMOHHBIC TIOTEPU Ha Tpacce B
BHJIE CYMMBI TPEX UJICHOB!

— CYMMBI TIOTEPb 3a cueT AU(PaKIIUU HaJl [IWJIUHAPAMH,

— CYMMBI I[I/I(I)paK]_[I/IOHHBIX MOTEPh Ha cy6Tpacce MCKAY HUIUHApaMA (a TAKXXC MCIKAY NWIMHAPpAMU
1 COCCOAHUMU TepMI/IHaJ'IaMI/I);

- IIOIpaBOYHOI'0 YJICHA.
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OGH.II/IG ,Z[I/I(I)paKLIPIOHHLIG noTepu B )IB MO0 OTHOLICHHKO K IMOTCPAM B CB060,E[HOM OpOCTPAHCTBE MOKHO
MMpeACTaBUTH KaK:

N N
Ly=>  Ly+L"(wx)+ Y, L"(yz),-20log Cy b, (45)
i=1 i=1
rue:
L',-Z MOTepH 3a CUCT ,E[I/I(bpaKL[I/II/I Hazg i-M ONWIMHAPOM, BBIYMCJIICHHBIC C IOMOIIIBIO METOJA
3. 4.2;
L"(wx),: nudpakunoHHBIE TIOTEPH HA cyOTpacce IUIs ydacTKa TPacChl MEXIY TOYKAMH W H X

MEepPBOro MUWINHAPA;

L"(yz);: mudpaknuoHHBIC TTOTEpU Ha CyOTpacce I ydacTKa TPacChl MEXIY TOYKAMHU y U Z
BCEX NUJIIMHAPOB;

Cy: TonpaBoyHbIl KOI(D(OUIMEHT, YYUTHIBAIOUIMN T[OTEPH HA paccesHUe 3a CYeT
JUQpaKIuy Hall TOCIIEA0BATEIBHO PACTIONOKEHHBIMHU LIWINHAPAMHU.

B Jlonomuenun 2 k Ilpunoxenwto 1 maercs Merom pacuera L” Mg KaKIOTO Y4acTKa TPAcChHl MEXITY
NPENSTCTBUSMHU, HAXOSIIETOCS B peaenax NpsiMoil BUAUMOCTH.

[MomnpaBounsiii ko3¢ dunmenT, Cy, pacCUUTHIBAETCS IO HOpMYyJIE:

Cy = (Py/ Pp)"”, (46)
rae:
N N
Po=s [T sl s+ s, ]| @7)
i=1 J=1
N
Py=(s) (s2)w [T s +(s2):] (48)

i=1
a HIDKHUE WHJEKCHI y BRIPAKEHHUH B KPYTJIBIX CKOOKax 0003HAYaI0T HOMEP HIHHIPA.

4.4.2 MeToa KacKaHbIX KJIMHOBU/IHBIX NPeNSITCTBUI

MeTo OCHOBaH Ha MPOIEIype, KOTOpasi TIOBTOPSAETCS OT OJHOTO J0 TpeX pa3 B 3aBUCHMOCTH OT MPOQUIIL
Tpacchl. JTa mpoleaypa 3aKi0YaeTcsl B MOWCKE TOYKH B TpeAesiaX 3aJaHHOTO ydacTKa Mpodwis, s
KOTOpPOW 3HAYCHHE TEOMETPHUYECKOTO IapamMeTpa V Oymer HamOONbIINM, Kak omucaHo B 1L 4.1.
AHanmm3upyercss y4acToK mpoduisi OT TOYKM ¢ MHIeKcoMm "a" mo Touku ¢ mHAekcom "b" (a <b). Ecim
a+ 1 =b, To MpOMeKyTOUHOH TOUKH HE CYLIECTBYET, U AU(PAKIIMOHHBIEC TOTEPH HA yUaCTKE TPACChl PaBHEI
Hymo. WM ke 3TO MOCTpOeHHE HCIOJNB3YeTCsl MyTeM ompeneneHus V, (a<n <b) U BbIOOpa TOYKH C
HaMOOJIBIINM 3HAYCHUEM V. 3HAUYCHUE V 11 1-H TOUKHU npoduiis onpenensercs no Gopmyiie:

v, = hy2d,/\d,d,, , (49)

rie:
h = hn + [dan dnb/2 re] - [(ha dnb + hb dan) /dab]a (493)
ha, hp, h,:  BepTUKaIbHBIE BBICOTHI, KaK MIOKAa3aHO HA PUCYHKE 15;
duny dupy dyp:  TOPU3OHTAIBHEIE PACCTOSIHUS, KAK ITOKA3aHO HA PUCYHKE 15;
Fe: OKBHUBAJICHTHBIN paguyc 3emiu;

A:  JUIMHA BOJHBI;

Hn BCC h, d, re A BBIPA’XCHBI B CAMOCOITIACOBAHHBIX €IUHHNIIAX.
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Torna mudpakuroHHBIE TOTEPU MOKHO MPEACTABUTh KaK MOTEPH HaJ KIMHOBUIHBIM MpPEMATCTBUEM, J(V),
BbIpakeHHbIe ypaBHeHueM (31) mist v > —0,78, 1 B IPOTUBHOM CIIydae OHU PaBHBI HYJIO.

3ameTnM, 4TO ypaBHeHHe (49) BBIBEIEHO HEMOCPEICTBEHHO M3 ypaBHeHHs (26). ['eomerpudeckuil cMbICT
ypaBHeHus (49a) mokazaH Ha pucyHke 15. Btopoli unen B ypaBHeHun (49a) mpencraBiser coOoi
JOCTaTOYHO XOPOIIYIO AaNMpOKCUMAIHUIO JIOTOJIHUTEIBHON BBICOTHI B TOYKE N, KOTOpas OOYCIOBJIEHA
KpUBU3HOM 3emin.

PUCYHOK 15

FEOMeTpI/Iﬂ V1S e IMHUYHOM KPOMKH NpensiTcTBUus

Touka n
A
Touxa b
h
Touka a h,
hn
h, v YposeHs Mops
¢ "Breirubanne” 3emmn LU r,
dun dnb
dub

0526-15

Ha mepBoM sTame ommcanHas BbIIIE MpoLEnypa NPUMEHSETCS KO BCceMy MPOQHIII0, OT HeperaTiuka a0
npueMHHKa. Touka ¢ HauOONBIIMM 3HAYEHHEM V Ha3bIBAaeTCs OCHOBHOM KPOMKOM NpENsITCTBUS, p,
a COOTBETCTBYIOIIUE €if moTepH 0003HaYar0TCa J(V,).

Ecmu v, > 0,78, To mponeaypa OBTOPAETCA €Il ABa pa3a:

OT TepesaTInKa J0 TOUYKH p C IETbI0 TOJIYUYeHHS V;, a CIIeJOBATEIbHO, U J(V,);

OT TOYKH P JI0 IPUEMHHUKA C IIEeTBI0 TIOJIYUYEHHS V,, a CIIE0BaTeNbHO, U J(V,).

Torma 1onoaHUTEIbHEIC Z[I/Iq)paKLII/IOHHLIe IMOTEPH HAa TPACCEC MOKHO OIPCACIIUTDH KaK:

L =Jv,) + T[JVv,) + Jv,) + C] I v, > —0,78, (50a)
L=20 JUTST v, < 0,78, (50b)
rue:
C: bsMmnupuyeckas NonpaBKa
C = 10,0 + 0,04D (51)
D: oOmas nnuHa Tpacchl (KM)
u
T =10 — exp[-J(v,)/6,0]. (52)

3aMeTuM, 4TO ONMCAHHAs BBIIIE MPOLEeaypa IS 3arOPU30HTHBIX Tpacc OCHOBaHA Ha MocTpoeHuu Jleiroyra,
KOTOpOE€ TNPHUMEHSETCd MAaKCUMyM JMJIsi TpeX KpPOMOK HpemsTcTBHi. s Tpacc B mpeaenax NpsMOd
BUIAMMOCTH OHa OTJIMYAeTCs OT MocTpoeHMs Jleiiroyra TeM, 4To B ciydyae, KOIZla OCHOBHAs KpPOMKa
NPEISITCTBUS JaeT HeHyJeBble NU(PPAKIUOHHBIE MOTEPH, PACCMATPHBAIOTCS JBE BTOPOCTEIICHHBIE KPOMKH
MIPENATCTBUS.
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OTOT METOJ MOKET BBI3BATh MOSBICHHE HEOJHOPOIHOCTH B MIPOTHO3UPYEMBIX AU(PPAKIIMOHHBIX TOTEPAX B
3aBHCHMOCTH OT SKBHBAJIEHTHOTO pajiyca 3eMJIH B CBA3H C PA3IMIHBIMU TOYKAMH MPOQHIIS, BEIOMpPaeMBIMU
IUTS OCHOBHOW WJTM BTOPOCTETIEHHOW KPOMOK MpemsaTcTBUA. [lmg Toro 4ToOBl OOECHEeYuTh IUIABHOE W
MOHOTOHHOE NPOTHO3WPOBaHWE IU(PPAKIHOHHBIX MOTEPh B 3aBUCHMOCTH OT AKBHBAJEHTHOTO paanyca
3emMii, OCHOBHOW KPOMKH TIPETSTCTBHA W, B CIIy4Yae WX HaJIM4YUs, BTOPOCTENEHHBIX KPOMOK Ha IO0OH
CTOPOHE TPETATCTBHUS, CHadYaIa MOXXHO OTPEAeSTUTh MeINaHHBIA SKBUBAJIICHTHBIN paguyc 3eMin. 3aTeM 5TH
KPOMKH MOTYT HCIIOJIb30BaThCs ISl  pacdera OW(PAKIUOHHBIX TIOTeph IS JAPYTHUX 3HAYeHHN
SKBHBAJICHTHOTO panuyca 3emiid, He TnpuOeras K TIOBTOPEHHUIO TMPOLEAYPHl ONpEAENeHUsI MeCT
pacronoxeHns 3THX Touek. OJHAKO 3TOT METOJ MOXKET OKa3aThCS MEHEE TOYHBIM IPH AKBHBAJEHTHBIX
paanycax 3eMIiIH, OTKJIOHSIOMIUXCS OT MEIUAHHOTO 3HAYEHUS B OOJBIITYIO MM MEHBIITYI0 CTOPOHY.

MeTon KacKaAHBIX KIMHOBHIHBIX  TPEMSITCTBUH — MCTONB3yeTcss s OUGPAKIMOHHOW  MOJIENH,
npexycMoTpeHHol B Pexomenmarmmun MCDO-R P.452-12. JIudpakimmoHHble TOTEPH PACCIUTHIBAIOTCS IS
IIBYX 9KBUBAJICHTHBIX PAIIyCOB 3eMIIA: MEAMAHHOTO 3HAYCHUS W 3HAYESHHSI, TPEBHIIAIONIETO By% OOBIIHOTO
rona, At KOTOPOTO HCIOJIb3yeTcs Kod(DPHUITMEHT KPUBU3HEI TIOBepXHOCTH 3eMitd, paBHBIN 3. Ilapamerp P
MIPEeNCTaBIsIeT CcoOOW TMPOIEHTHOE COOTHOIIEHHWE BpPEMEHH, B TEUYEHHE KOTOPOrO0 aHOMalbHOe
pacmpocTpaHeHre paanoBOIH OyAeT BIHATH Ha oOmmii pesynbraT. [locie 3Toro ncmons3yeTcs mpoueaypa
WHTEPIOISAINN, OCHOBaHHAS Ha OOpAaTHOM JOTIOJIHUTEIbHOM HHTETPATBHOM T'ayCCOBCKOM pacIlpe/ieieHHH,
IUT TOTO YTOOBI paccUMTaTh AM(PPAKINOHHBIE TMOTEPU B TpeesiaX MPOLEHTHOTO COOTHOIICHHS BPEMEHHU
mexnay Bo u 50%. OgHako mpu pacueTre MUGPAKIIMOHHBIX TOTEPh A Py% BpeMeHH NpeayCMOTPEHHBIN B
Pexomenmanimn MCD-R P.452 MeTonm ucmonb3yeT OCHOBHYIO KPOMKY TIPEISTCTBUS |, B CIy4Yae WX HATHYIHS,
BTOPOCTETIEHHBIE KPOMKH, MECTA PACTIOJIOXKEHHUS KOTOPHIX OBLTH OTpEAeIeHb! Ui MEIUAHHOTO ciaydas. JTO
MTO3BOJISIET M30€KaTh BO3MOKHOCTH, KOTJa HEOOIJBIIIOE N3MEHEHNE B dJIEMEHTaX MPOQUIST MOXKET BBI3BATh
3HAYUTENbHbIE N3MEHEHNS B TU(PAKIIMOHHBIX MOTEPsX 3a % IMeproj BpEMEHH B CBS3U C U3MEHEHHUSIMH B
9THX KPOMKAaX MPENSTCTBHA.

5 JAudpakuusa Ha TOHKUX IKpPaHaX

B mpuBeneHHBIX HIDKE METOAAX MpPENOiaraeTcs, YTO MPEMATCTBHE MMeeT (opMy TOHKOTO dKpaHa. JTH
METOJIBI MOKHO NTPHUMEHATH K PACIIPOCTPAHEHUIO BOKPYT MPETSATCTBHUS WU CKBO3b allepTypy.

5.1 IKpaH KOHEYHOI UPHHBI

[NonaBnenne moMex B TOUke Npuema (Hampumep, Ha HeOOJbIIONW 3eMHOM CTaHLIMU) MOYKHO OCYLIECTBUTDH C
MIOMOIIbI0 HCKYCCTBEHHOTO DJKpaHa KOHEYHOH IIMpUHBI, YCTAaHOBJICHHOTO IIONEpPEK HalpaBlIeHUsA
pacnpocTpaHeHHs paJuoBOJIH. B 3TOM cilydae HampsKEeHHOCTh IOJI B TEHM 3KpaHa MOXKHO paccuuTaTh,
MIPEIOJIOKUB, YTO BEPXHSS YACTh U JIBE CTOPOHBI IKpaHa ABJISIOTCS TPeMsl KITHHOBUAHBIMU MPETATCTBHAMHU.
Kaxnoe u3 3THX MpensTCTBUN BHOCHT CBOHM BKJIaJ B KOHCTPYKTUBHYIO M AECTPYKTHBHYIO MHTEP(EPECHLIUIO
HE3aBUCHMO OT ABYX APYTHX, YTO BelEeT K OBICTPBIM (PIYKTyalusM HalpPsHKCHHOCTH IOJIST Ha PACCTOSHHAX
nopsiiKa IMUHBI BOIHBL. OLIEHKH CpeIHMX W MHUHUMAaJbHBIX MOTEPh, 00YCIOBICHHBIX TU(PpPAKLIUEH, B BHIE
(YHKLIUU MECTOIOJIOKEHHSI MOKHO MOJYYHUTh C MOMOILBIO ClIeylouleld ynpouieHHol Moenu. Jlist pacaera
MUHHUMANBHBIX TUPPAKIMOHHBIX HOTEPh CKIAABIBAIOTCS aMIUIUTYIBl OTAEIBHBIX COCTABJISIONIMX, a JAJIS
OLIEHKH CpelHUX AU(PAKIMOHHBIX TOTEPh CKIAABIBAIOTCS MOIIHOCTH. Mogjens Oblla TpoBepeHa C
MOMOILBIO TOYHBIX BBIYMCIICHUH C HCIOIB30BaHUEM OAHOpoaHOH Teopun audpakuuu (UTD) u pesynbratoB
WM3MEPEHUH, BBITTOJIHEHHBIX C BBICOKOH TOYHOCTHIO.

Illaz I: BplMHCINTD TEOMETPUYECKHUU MapaMmerp V Ui KaxJO0TO W3 TPeX KIMHOBUIHBIX NPEMATCTBHIMA
(BepUIMHEI, IEBOW CTOPOHBI U TIPAaBOI CTOPOHBI) C TOMOIIBIO JH000T0 U3 ypaBHeHH (26)—(29).

Illaz 2: Ucnonw3ys ypaBHeHue (31), BBIMUCIUTD ISl KQXKJIOW KPOMKH KO3 (UITUSHT OTeph j(V) = 1070720,
Illaz 3: Bpr4UCINTh MUHUMAIIBHBIC JUPPAKIIUOHHBIE TOTEPH J,;, C TIOMOIIBIO (hOPMYJIBIL:
1 1 1

J . =-201 b 53
(V) 5w T hw T AW 8 3)

NN KE
Illaz 4: Berauciauthb cpennue qudpakiiMOHHBIC TIOTEpH J,, 10 Popmyie:
1 1 1

+ + ab. 54)
V) B AW

J,,(v) = —10log
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5.2 JAudpakuus Ha TPIMOYI0JbHBIX ANIEPTYPAX, a TAKKE HA COCTABHBIX allepPTypPax WM IKPaHAX

OnucaHHBI HIKE METOJI MOXXET HWCIOJb30BAThCA IS MPOTHO3UPOBaHUS TUPPAKIMOHHBIX TIOTEPb,
00yCIIOBIIEHHBIX HAJIMYUEM TPSIMOYTOJILHOM arlepTyphl B MHAUE MOTHOCTHIO MOTJIOMIAOIIEM TOHKOM dKpaHe.
OTOT METOI MOXHO PACHIUPHUTH IS yIeTa HECKOJNBKUX MPSIMOYTONBHBIX alepTyp WIH dKPAaHOB KOHEUHOM
IIUPUHBI, U TaKUM 0O0pa30M OH SBIIAETCS AJbTEPHATHBHBIM METOJOM I JKpaHa KOHEYHOW IMHUPHUHBI,
oOcy>xmasimrerocs B 1. 5.1.

5.2.1 Iundpakuusa HA eAUHUYHOI NPAMOYT0JIbHOM anepType

Ha pucynke 16 moka3zaHa reomeTpusi, UCHOJib3yeMas ISl MPEACTaBICHUS NPSMOYIOJIbHOM amepTyphl Ha
0ECKOHEYHOM ITOJHOCTHIO MOTJIOMIAIOIIEM TOHKOM SKpaHe.

PUCYHOK 16

I'eomeTpus A4s1 eITMHUYHOMN NPAMOYTO/ILHON anepTypbl

TOHKHI [10JIHOCTBIO MTOMIOLIAOIIMH OeCKOHEYHBIH
IKpaH, COACPIKALLMI OJHY anepTypy
(Kpast MOKa3aHbl TONHKO C NENBIO TMOSCHEHHS
PACIIOIOKEHUS IKpaHa) ¥
/
53
G'Q )
N N
Xy

0526-16

Pacnonoxenue kpaeB aneprypsl, Xi, X2, V1 U Yz, JAHO B I€KapTOBOM CUCTEME KOOPAUHAT, HAYaI0 KOTOPOU
HaXoOUTCA B TOYKE, r€ mpsmMasd JIMHHUA OT HepcaaTurKa T x IMPUEMHUKY R mpoXoauT 4Y€pe3 BKpaH, a
pacnpocTpaHeHUE MPOMCXOIUT MapauienbHo ocu Z. T M R pacmonoeHbl Ha PAaCCTOSIHUAX d) U d,
COOTBETCTBEHHO, C3aJI1 U CIIEpEH dKpaHa.

HanpspxkeHHOCTh MOJIA, €,, HA BXOJlI€ MPUEMHUKA B JIMHEWHBIX €AMHULAX, HOPMUPOBAHHAS ISl YCIOBUM
CBOOOJIHOTO MPOCTPAHCTBA, OMPE/ICIIICTCS B KOMILIEKCHOW (hopMe Kak:

@a(xl,X2,y1,y2) = O,S(C')C Cy — Sx Sy) +j 0,5 (Cx Sy + S)C Cy), (55)
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rie:
Ci= C(vi2) = C(vx1), (56a)
= Cvy2) = C(vy), (56b)
Se=S(Vi2) — S(Va1), (56¢)
S,=S(v,2) — S(Vy1). (56d)

Uetblpe 3Ha4eHHS V JaHBI COTJIACHO YpaBHEHUIO (26) IMyTeM MOACTAaHOBKH X, X», Y1 U ¥, TIOOYEPETHO BMECTO
h, a C(v) u S(v) nanbl cornacHo ypaBHeHUsM (7a) u (7b) u MOTryT OBITh ONpPEACICHBI M3 KOMIUIEKCHOTO
koddurmenTa OpeHens ¢ UCIoIb30BaHNEM yYpaBHEeHNH (8a) 1 (8b).

CootBercTByMOIIUE TU(PAKITHOHHBIC TOTEPH L, ONIPEICIIIOTCS KaK:
L,=-20log (e,) 1b. (57)

5.2.2 JIm¢ppakums Ha COCTABHBIX allepTypax WM IKPaHAX
Merton Al eIMHUYHON NPSMOYTOJIBHOH arepTyphl MOKET OBITh PAaCIIMPEH CIEAYIOMNM 00pa3oM:

IMockonbky B JHHEHHBIX EIWHHUIIAX, HOPMHPOBAHHBIX K YCIOBHSIM CBOOOJHOTO IMPOCTPAHCTBA
ypaBHeHus (51), mome cBoOoAHOrO TIpocTpaHCTBA ompexensercs kak 1,0+ 0,0, HopMupoBaHHOE
KOMIUIEKCHOE TI0JIE €5, 00YCIIOBICHHOE €INHUYHBIM MPAMOYTOJIBHBIM SKPaHOM (HM30JIMPOBAHHBIM OT 3€MJIH),
MOJTy4aeTCs Kak:

e,=1,0-—e,, (58)

A€ €, BbIYHUCIACTCA C HCIOJb30BAHUCM YPABHCHUSA (55) AT aniepTypbl TOr0 K€ pasMepa MU C TEM IKE
PaCIIOJIOKCHUEM, YTO U SKpPaH.

- HopmupoBanHoe mosie, 00yCI0BIeHHOE KOMOMHAITUSMH HECKOIBKUX MPSMOYTOJIBHBIX alepTyp WK
W30JIUPOBAHHBIX JKPAHOB, MOXET OBITh BBIUMCICHO MYTEM CIIOXKCHHS pPE3yJbTATOB COTIIACHO
ypaBHeHUIO (55) i (58).

- IIponsBonbHO cOpMUPOBAaHHBIE aNEPTypPbl WM IKPaHbl MOTYT OBITH MPUOIMKEHHO BBIPAKEHBI
MyTEM MOIXOAAMINX KOMOMHALNHI NPSIMOYTOJIBHBIX allepTypP WM SKPAHOB.

— IMockonbky unaTerpansl C(V) u S(v) crpemsrcs k 0,5 + j 0,5 npu npubnmxeHnn V K 0ECKOHEYHOCTH,
ypaBHeHue (50) MoxeT OBITh NPUMEHEHO K MPSMOYTOJbHHKAM HEOTPAaHWYEHHBIX pPa3MepOB
B OJTHOM WJIM HECKOJILKHX HAIIPABJICHHUSIX.

6 JAudpakuusa Hag KPoMKoii ¢ KOHEYHOH TPOBOAUMOCTHIO

OnucaHHBIM HHKE METOA MOXKET HCIIONIb30BaThCS Ul MPOTHO3UPOBAHUS AW(PAKLIHOHHBIX TOTEPH,
00YyCJIOBIEHHBIX KOHEYHOW IPOBOAMMOCTBIO KPOMKH MpensaTcTBus. lloaxoasmumMu NIpUMEHEHUSIMH
SIBIIAIOTCA Clydan IU(pakIiy BOKPYT yria 3[JaHHs WIM HaJd KOHHKOM KPBIIIH, WM K€ KOTJAa MECTHOCTb
MOKHO OXapaKTepH30BaTh B BHUJAE XOJIMa C KIMHOBMAHOW BEPIIMHON. DTOT MeTox TpeOyeT 3HaHUs
MIPOBOAMMOCTH M OTHOCHTEIBHOM JUAJIEKTPUUECKOW MPOHHMLIIAEMOCTH KPOMKH MpPEMSTCTBUS, a TaKke
MIPEaIoaraeT, YTo 4epe3 MaTepral KPOMKH He MMPOUCXOAUT HUKAKOH mepenadm.

JaHHbIii MeTOJ OCHOBaH Ha ogHopoaHoi Teopun audpakmuu (UTD). [Ipu sTtom yunThiBaeTcs nudpakuus
KaK B 3aTEHEHHOW 00NacTH, Tak U B 00JacTU MPSIMOM BHUIMMOCTH, U METOA MpenHa3HauyeH AJIsl IJIaBHOTO
Iepexo/1a MEeXay STUMU 00JIaCTAMHU.

['eomeTpus KIMHOBUIAHOTO MPENATCTBHS ¢ KOHEUHOM MPOBOANMOCTHIO ITOKa3aHa Ha puUcyHKe 17.
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PUCYHOK 17

T'eomerpust 1151 npuMeHenns Audpakuum Hajx KpoMkoii mo meroxy UTD

Touxka
OIS

0 I'pans 0 I'pans n nm

0526-17

®opmynupoBka UTD jiisi 31€KTpUUYECKOro MOJsl B TOYKE IMOJIs, OrpaHWYMBAIOIIEHCS NBYMS pa3sMepamu,
HUMEET BU:

. 1
eom = e S pll - S exp(-jksy), (59)
N sy(sy + 57)
rac:
eyrp:  DIEKTPHYECKOE IOJIE B TOUKE OIS
€p. OTHOCUTCJIbHAsA aMHJ'H/ITyI[a HCTOYHUKA,
S paCCTOﬂHI/Ie OT TOYKHU paCHOHOH(eHI/ISI HNCTOYHHUKA 0 ,E[I/I(bpaFI/Ipy}O]_LIeﬁ KpOMKI/I;

S,:  paccTosHHe OT MU(Parupyroe KPOMKH 10 KOHKPETHOM TOYKH ITOJIS;

k:  BOJHOBOE YHUCIIO 2Tt/A;
1L
DIl ko3 umeHT mudpakuuy, 3aBUCAMMNA OT MoJspu3anuy  (MapayiebHOR  WH

HepHeHHHKyHHpHOﬁ IIJIOCKOCTHU HaZ[eHI/Iﬂ) IoJidg, magaruiero Ha KpoMKy,
as;,snu A BBIPA’XXar0TCsd B CaMOCOIJIaCOBAHHBIX €AWHUILIAX.

Koaddumuent nudpakuum s KpOMKH MPEMATCTBUS ¢ KOHEYHOH MMPOBOIUMOCTBIO ONpeNesisieTcs Kak:

cot(n (@ - q)l)j - F(kLa™ (@, — ®,))
2n
- (P, - @
+ cot(n (@, 1)j - F(kLa™ (®, — ®)))
Dh _ —exp(-jm/4) 2n (60)
J 4 — (D, + @ ’
2ny2mk | LRIl cot[n (22 * 1)) - F(kLa™ (@, + @)
n
1
+ R cot(n * (q’; * q")j - F(kLa* (@, + ®)))
n
rae:
®,:  yroa mameHWs, U3MEPEHHBIN OT IpaHu naaeHus (rpadb 0);

®,:  yron mudpakiuu, U3MEPEHHBIN OT TpaHu maaeHus (rpaus 0);
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n: BHEIIHMHA YroJd KPOMKM KakK KpaTHOe 4YHCIO T paauaH  ((pakTHYeCKHi
yron = n7 (pan.));

= VA

u rae F(x) — aro uaTerpan Openens:

oo

F(x) = 2jx - exp(jx) - [exp(=jt?) dt, (61)
Jx
- - Jx
[exp(-ji?) dr = \/:(l = j) = [exp(jt?) dt. (62)
Jx 8 0

oT10T HUHTErpajl MOXXHO BBIYMCIINTE C ITIOMOINBIO YUCJICHHOI'O HHTETPUPOBAHUSA.

B kauectBe AJIbTCPHATUBLI MTOJIC3HOC HpI/I6J'II/I>KeHI/IC OMpEACIACTCA KaK:

N .2 I

[exp(=je?) dr =\ 4(), (63)
Jx

rac:

2 4 =
A(x) = " : (64)

11 n
—exp(—jx) %Z [(cn + jdn)(%j ] B ITPOTHBHOM CITy4ae
n=0

. 11 n
1-J_ exp(—jx) i Z {(an + an)(%j } ecmx < 4

a ko3 unuenTsl a, b, ¢, d onpeneneHs B 1. 2.7;
Sy - 8

L= , (65)
S2 + Sl
a*(B) = 2c0s2(2nL2i_Bj, (66)
re:

+
B ypaBHenun (41) N~ — 3T0 wmenble 4mcia, KOTOpHIE MOYTH ONTHMAJIbHO YAOBIETBOPSIOT YCIOBUSM
ypaBHEHHUSI.

Btm
2nm

N* =

(68)

L1
R(|)|,R,|7| — KO3 GHUUMEHTHl OTpayKeHUs AJs Jr000i NepHeHIUKYISIPHON WM HapajuleIbHOM MOJISpHU3aluy,

Rt _ SIn(®) - A1 — cos(®)? (69)

sin(®) + N — cos(®)®

Rl _ Nsin(®) - 0 — cos(®)’ 70

N - sin(®@) + N - cos(®)?

OIMpeACIACMbIC KaK:
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rIe:

D= miRyu ® = (nn — O,) AR,

n=¢,—jx18x10%c/f;
€. OTHOCHUTENbHAs IUAJIEKTPUUECKAsl MPOHUIIAEMOCTh MaTepuaia, 00pa3yIoIIero KpoOMKy
TPEISITCTBYS,
G: TPOBOAUMOCThH MaTepHaia, 00pa3yromero KpoMky npensatctus (Cm/m);
f: gacrota (I'm).
33MeTI/IM, 4To Ipu HCOGXOIII/IMOCTI/I ABEC I'paHU KPOMKHU MOTYT UMCTb PA3JIMYHBIC JICKTPUICCKUEC CBOMCTBA.

Ha rpannuax teHu u oTpakeHus onHa U3 QyHKUMH KOTaHreHca B ypaBHeHUH (60) CTAaHOBUTCS CHHTYJIPHOM.

€
O,[[HaKO l)H 0OCTAacTCA paBHbBIM KOHCYHOMY 3HAUCHHIO, U €0 MOXKHO JICTKO OLICHUTL. qHGH, coaepmammﬁ

CHHTYJISIPHYIO (DYHKIIUIO KOTAaHT€HCA, OTIPENENSIETCS Il HeOOIBIION BETMYUHEI € KaK:

+
cot(nz;) - F(kLa™(B)) = n - L/2nkL - sign(e) — 2kLe - exp(jn/4)]- exp(jm/4) (71)
n
MIPH €, OTIPEJIENIAEMOM KaK:
e=7n+p - 2nuN" s B =D, + O, (72)
e=mn—-p + 2naN" s B =D, - O (73)

PesynpTupyronmii  k03QGHUIHEHT aubpakiuud OymeT COXPaHAThCS MOCTOSHHBIM HA TPAHHUIAX TEHH U
OTPaXEHUS TPU YCJIOBHH, YTO B MPOIIECCE BHIUYUCIICHUS OTPAKEHHBIX JIydeH HCIIONB3YeTCS OJUH M TOT JKE
KO3 (QUITUSHT OTPAKEHUSI.

ITone eyp, oOycnoBneHHOE AM(PPATUPOBAHHBIM JYYOM, IUIIOC JIyd HA JIMHUHM TNPSIMOW BUAMMOCTH IS
(P, —D,)<m, ompenensiercs Kakx:

exp(—jks)
erp = eyrp + - ms Oy, <P+ 7 (74)
eyrp JUIst O, =2 O, + m,

rac:
NN pacCcTossHUC 11O HpHMOfI JIMHUHA MCKAY UCTOYHUKOM U TOYKAMU I1OJIA.

3ameruM, uto npu (P, —P,)=mn BroOpoil WieH KoTaHreHca B ypaBHeHHUH (60) CTAHET CHHTYJSPHBIM U YTO
JIOJDKHO HMCIIONB30BATHCS albTePHATHBHOE IPHOIIKEHIE, 3alaHHOe ypaBHeHUeM (71).

HanpsiokeHHOCTD TIOJISE B TOUKe 1oJist (AB) OTHOCHTENBHO OIS, KOTOpoe OYJeT CYIIeCTBOBATh B ATOH TOUYKE
IpU OTCYTCTBUHM KJIMHOBUAHOTO MPEMATCTBHA (TO €CThb Ib OTHOCHTENBFHO CBOOOTHOTO MPOCTPAHCTBA),
oIpeneNnsieTcs MyTeM YCTaHOBKU ¢ B €AUHUIYY B YpaBHEHHH (59) 1 BEIYMCICHUS:

S eurp
Eyrp = 20 log . > (75)
exp(—Jks)
rue:
§:  PACCTOSHHE IO MPSMOU JIMHUN MEXTy HUCTOYHUKOM U TOUKAMH ITOJISI.

3amMeTuM, 4TO TpH # = 2 U HyJIEBBIX KOAPPHUIIMEHTAX OTPAKEHHS 3TOT PAaCUeT JACT Te JK€ Pe3ybTaThl, 4TO U
KpHuBas 1U(PaKIUOHHBIX TOTEPh Ha/l KIMHOBHUIHBIM MPEMATCTBHEM, TOKa3aHHAsI HA PUCYHKe 9.

Bepcuto MathCAD dopmyaupoku UTD moxkHO monyuuts B Bropo panuocssizu.
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Ha pucynke 18 mokazaHo oOmiee pyKOBOACTBO IO OLEHKE NU(PPAKIUOHHBIX MOTEPh, COOTBETCTBYIOIIHX
. 3 u 4. Ha 510l cXxeMme mociefnoBaTeNbHOCTH OINEpaliii MpUBEJeHa MPOoLeaypa, KOTopas JOJKHA OBITh

MpUHATA B KAXKXJIOM ClIydac.

Anann3 npoduis
Tpacchl

OmnpeneneHue
HEPOBHOCTE MECTHOCTHU

Inaakas 3emuns?

Judpaxims Haj
M30TUPOBAHHBIMH
UPEIATCTBHSIMA

Panuyc
NpPensTCTBUS
H3BECTEH?

Moens KIMHHOBUIHOTO
NPEnsATCTBUSL

OnHo
npensrcraue?

JlBa
HPEIsITCTBHA?

Heckonbko
KITUHOBUHBIX
TIPESATCTBUH

(KOHEI)

PHCYHOK 18

PykoBo1cTBO 110 pacnpocTpaHeHUI0 myTeM Audpakuun

m 2.6

m 2.6

Tpacca LoS
3arpaxaeHa?

Jlunelinast
HMHTCPIOISLASL
(KOHELI)

m 3.2

Onno
npensaTcTBie?

Hecxompko
3arpymeHH bIX
HPETATCTBUI
(KOHELY)

m4.1 1. 4.3 win 4.4.1

OHO KIMHOBHAIHOC
NIPETATCTBUE
(KOHEL)

m. 4.1

JIBoitHOE
M30JIMPOBAHHOE
IPETIATCTBHE
(KOHEL)

n. 4.3

m 4.4.2

Judpaxmms
3a TOPU30HTOM
(KOHEL)

OnHO 3aKpyIJICHHOE
NIPEIISITCTBHE

(KOHEILT)

0526-18

m 3.1

. 4.2
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Jlonoinenue 1
K IIpuioxenuro 1

Pacyer mapamerpoB nuInMHapa

Crenyromas npouexypa MOXKeT ObITh MCIOJIb30BaHA AJ pacueTa MapaMeTpoB LMJIMHAPA, MTOKa3aHHBIX Ha
pucyHkax 8c) u 14 ams Kaxaoro u3 pacrojOXKEHHBIX Ha MECTHOCTH IpemnsaTcTBuil. [lapamMeTpsl BeIpakeHBbI
B CaMOCOTJIaCOBAaHHBIX €AMHHUIIAX, a BCE YIUIBI — B paguaHax. Mcnoap3yeMble annpoKCUMAalUY CIIPaBeIINBBI
JUIS paiioTpace ¢ YIJIOM HaKJIOHA OKOJIO 5° TI0 OTHOIIEHHUIO K TOPU30HTAIIH.

1 Yroa gudgpakuum U mMoJ10KEHNE BepPIIMHBI

Yron mudpakiind Han IAIMHAPOM, a TAKXKe IOJOKEHHWE €r0 BEPIIMHBI HEOOXOIWMO 3HATh, XOTS OHU U
HE CYUTAIOTCS TTapaMeTpaMu IWIHHIPA.

Yron qudpakuun Haa MPETNITCTBUEM OMPEIENIeTCs CIEAYIONIMM 00pa3oMm:

0 =o0,+ 0, + 0, (76)

rane o, u O, — yIJIbl MECTa TOYCK X M Yy HaJ JIOKaJIbHOMU TOPU3OHTAJIBIO CO CTOPOHBI TOUCK W U Z,
COOTBETCTBCHHO, KOTOPBIC BEIYUCIIAIOTCA 110 Q)opMynaM:

Oy = (hy — hy)/ dy — dyy/ 2a,, a7

o, = (h, — h)/dy. - d,./2a,, (78)
a O, — yroj, CTSHYTBIH Oyroil 60JbIIOro Kpyra MeXay TOUKaMH W U Z, KOTOPBIH onpeaenseTcs Kak:
o, = dy./a,. (79)

Paccrosaue ot BCPIIMHBI 0 TOYKHM W PACCUUTBIBACTCA B 3aBUCHUMOCTHU OT TOro, MmpEACTaBJICHO JIH
OperndATCTBUEC OJHUM 3JIEMCHTOM HpO(l)I/IJ'Iﬂ NI HCCKOJIBKUMM:

s mpensATcTBUS, IPEACTABIEHHOTO OJTHOM TOUYKOM:
dyy = dyyx . (30)

B cmyuae MHOTOTOYEYHBIX MPEMATCTBUN HEOOXOAMMO OOECIEeUUBaATh 3aIIMTy OT BeChbMa HEOOJBIINX
3HAYSHHH JUPPaKINH:

dyy = [(0. + 0o /2)dy. + h, — h, ]/ ws 0-a, 2 d,,, (81a)

dyy = (dyx + dyy) /2 i 0-a, < dy,. (81b)

PaccrosiHre oT TOYKM z 10 BEPIIMHBI OYIET paBHO:

dvz = dwz - dwv' (82)

Bricota BepmmHBI HaI YpOBHEM MOpPS PACCUUTHIBAETCS B 3aBHCHMOCTH OT TOTO, MPEICTABICHO JIH
MPEMSATCTBUE OJTHUM 3JIEMEHTOM MPOMUIIS UM HECKOIBKUMH.

,}:[J'ISI HpeHHTCTBI/I}l, Hpe,I[CTaBJ'IeHHOFO OI[HOf/i TO'-IKOfI:
h, = h,. (83)
I[JISI MHOI'OTOYCYHOTI'O HpeHHTCTBI/IHE

hy = dyy 0y + by +d 2" 1 2a,. (84)
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2 ITapameTpsl nuJIMHAPA

Teneps U1 K&KAOTO MPENSATCTBHUS HA MECTHOCTH, OMPEAEIEHHOIO0 METOAOM "HATSHYTOW BEPEBKH'', MOKHO
paccuuTaTh NapaMeTpsl HUIHHAPA (CM. PUCYHOK 8¢)):

d, n d, — 9T0 paccTostHUS (CO 3HAKOM ILTIOC) MEXKITY BEPITHHAMHU M MPEIATCTBUAMHA (W TEPMHHATIAMHU) CO
CTOPOHEI N€p€aaTyruKa U MpueMHHUKa, COOTBETCTBCHHO,

u
h = h, + dyd./2ac — (hyd, + h:dy)/d,:. (85)
st pacueTa paguyca HUITHHIPA UCIIONB3YIOTCS JIBa CIEIYIOIINX 3JIeMEHTapHbBIX y4acTKa MpOQuIIs:

p:  TOYKa, COCCOHMAA C X CO CTOPOHBI NEpCAATIHKA,

¢: TOYKa, COCENIHSA C ) CO CTOPOHBI IIPUEMHHKA.
Taxum 00pazom, HHAEKCHI p U ¢ MOKHO MPEICTaBUTH CIEAYIONIM 00pa3oM:

p=x-—-1 (86)

qg=y+ 1 (87)

Ecou TOYKa, OompeacideMas p HIU ¢, OKAXETCA TCPMHUHAJIOM, TO COOTBCTCTBYIOILICC 3HAUCHHC h 6YI[GT
BBICOTOM pem,e(ba MECTHOCTH B 3TOH TOYKCEC, a HC BBICOTOM aHTCHHBI HaJa YPOBHEM MOPsI.

Pagnyc munmHApa BEMUCIAETCS KaK Pa3HOCTh B HAKJIOHAX YYACTKOB MPOPIIIL p-X U Y- C YIETOM KPUBHU3HBI
3eMHOI1 MOBEPXHOCTH, MO/ICJICHHAs HA PACCTOSHUE MEXAY p U ¢.

Paccrosnus MCXKAY 3JIEMCHTaMU HpO(l)I/IJ'Dl, HCO6XOI[I/IMLIMI/I AJIg 3TOro pacdeTa, ONpCAC/ISIIOTCA KaK:

dp = dy — dp, (88)
dy = d, — d, (89)
dpy = dy — d,. (90)

Pa3nanna B HaKIIOHaX y4acTKOB MPOMUIIS p-X U y-¢, BRIpAKEHHAS B paiiaHaX, paCCUUTHIBACTCS 1O (hopMyIie:

t = (hy — hy)/dye + (hy, — hy)/ dyy — dpy/ ac, 91)
TJ€ d, — SKBUBAJICHTHBIA pagnyc 3eMIIH.

Tenepb NonyyuM pagnyc UWINHAPA B BUJE:

R = ld,7t] [t - exp(=4v)F. 92)

rje v — 0e3pa3MepHbIi mapamMeTp B ypaBHeHUU (32) I KITMHOBUIHOTO PSS TCTBYSL.

Btopoit MHOXuUTENH B ypaBHeHHH (92) — 3TO HaljieHHAs SMIUPHYCCKUM IYTEM CTJIaKHBArOIIas GyHKITHS,
HCIOJIb3yeMast JUIsl TOTO, YTOOBI M30€KaTh HEOJHOPOMHOCTEH I MPENSATCTBHMA, HAXOMAUIMXCSA Ha TPaHU
MIPEIEIOB NPSIMOI BUIUMOCTH.
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JlonostHeHue 2
K IIpuioxenuro 1

JAndpakuuonnbie moTepu Ha cydoTpaccax

1 BBenenune

B Hacrosimem JlomonHeHMM IpeAcTaBieH MeTOA pacdera IuUGpPaKkLIUOHHBIX MOTEph Ha cyOTpaccax A
y4acTKOB AU(PPaKIMOHHON Tpacchl, HAXOAAMIMXCS B Ipeenax npsaMol BUIUMOCTH. Tpacca Monmenupyercs
KacKaZoM LWJIMHAPOB, KaXIbI U3 KOTOPBIX XapaKTepU3yeTcsl TOUKaMu Npoduis w, X, ¥ U z, Kak MoKa3aHo
Ha pucyHkax 13 u 14. ludpakumoHasle notepu Ha cyOTpaccax IOHKHBI BEIYUCIATHCS IS KAKIOT0 y4acTKa
BCEll Tpacchl MEXIy TOYKaMH W W X WIH )y W z. DTO YYaCTKH TpPAacChl, PAaCIHOJIOKEHHBIE MEXIY
MPENATCTBUSMHU WU MEXKY IPEIATCTBUEM U TEPMUHAIOM U HaXOZAIIMECS B IIPEAENaxX IPSIMOA BUIUMOCTH.

Hacrosmuii MeTo MOXeT OBITh HCIIONIB30BaH TaKXKe JJIS TPAcChl MPSAMOW BUIUMOCTH ¢ Audpakuuedl Ha
cyoTpaccax. B aToMm cirydae MeTox MPUMEHSAETCS I BCEH TPacChI METHMKOM.

2 MeTton

Juia ydacTka mpoduiis B mpenenax MnpsaMod BUAMNMOCTH, PACIIONIOKEHHOTO MEXIy 3JeMEHTaMH MPOQHIIsL
C MHJIEKCAMHU U U V, TIPEXKJE BCET0, HEOOXOMUMO HAWTH 3JIEMEHT MpOoQWIIs, JeKalmid MeXIy u U Vv, HO
UCKITIOYAIONIMNA WX, KOTOPBIM 3aTeHseT OONbIIyI0 dYacTh TiepBOoM 30HBI DpeHens g JIyda,
pacnpoCcTpaHAIIErocs OT U K V.

IL]'ISI TOro 4TOOBI M30eKaTh BLI60pa TOYKH, KOTOpas MO CYHICCTBY SABJACTCA YaCTbIO OAHOI'O M3 HA3€MHBIX
HpeHHTCTBI/Iﬁ, YK€ CMOACITIUPOBAHHOTO B BUAC HWIMHAPA, 4YaCTh HpO(i)I/IJ]SI MCXAY u U vV OrpaHU4YuBaArOT
YYaCTKOM MCXKAY ABYMS NJOIMOJHUTCIbHBIMU UHACKCAMU p U ¢, KOTOPBIC 3aJat0OTCA CICAYOIIUM 06pa30M:

- MOJIOKHUM, YTO p =u + 1;

- €CJIM OJTHOBPEMEHHO p <V | /1, > h,,;, TO CIEAYET YBEJIUYUTH p HA | ¥ IOBTOPHUTH BCE CHAvAIa,
- MOJIOKUM ¢ =V — 1;

- €CII OJHOBPEMEHHO ¢ > U U h, > h, |, TO CIIEAyeT yMEHBIIUTh ¢ HA | ¥ IOBTOPHT.

Ecmu p = ¢, To cumuTaem, 4TO MOTEpH 3a CUET MpPEMATCTBUS Ha cyOTpacce paBHBI 0. B mpoTuBHOM ciydae
obparmaemMcs K CIIeIyIoeil BEITUCIUTEILHOMN TIpoIeaype.

Teneppr HEOOXOAMMO HAWTHM MHHUMAIBHOE 3HAYCHWE HOPMUPOBAHHOrO mpocBera Ha Tpacce, Cp,
OMpeesieMoro Kak 4./ F|, T/ie BRIpaXKCHHBIC B CAMOCOTIaCOBAHHBIX CIMHUIIAX:

h,: BBICOTA JTy4a HaJ TOYKOH TMPOGHUIIS;
F|: panuyc nepBoi 30HbI OpeHens.

MuHuMaiIbHOS HOPMUPOBAHHOC 3HAYCHHUEC IPOCBETA HA TPACCC MOXKHO 3aIIUCaTh KaK:

1
Cr = Loy 1B, (93)

rac:

(h2)i = ()i = (R, (94)

(Fl)l z\l}”'dui : div /duv . (95)
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(h,); — BBICOTA JTyda HaJ IPSIMOM JIMHUEH, COCTUHSIONICH TOYKA ¥ U V Ha YPOBHE MOPS B i-i TOUKe MpoduiI,
ornpeaenseMast Kak:

(hp)i = (hy - diy + hy-dyy)/ dy, . (96)

(h,); — BBICOTa MECTHOCTH HaJ MPAMOI JTHHUEH, COeIUHSIOMENR TOUYKH ¥ U V Ha YPOBHE MOpA B i-i TOUKe
npoduis, onpenensemMas Kak:

(h)i = hi + dy;~di/ 2a,. 97)

MuHuManbHOC HOPMHPOBAHHOE 3HAYCHHE INIPOCBETA HCIOIB3YEeTCA JJIsS pacueTa I'€OMETPUYECKOrO
napamerpa IuQpaKiuy HaJl KIXMHOBHHBIM MPEMSITCTBUEM I HauOoJee CYIIeCTBEHHOTO MPEMSITCTBUS Ha
cybTtpacce:

v=-Cp2. (98)
3Havenne TudpPaKIMOHHBIX TOTeph L” Ha cyOTpacce Teneps noaydaroT u3 ypasHeHus (31) wiu mo puc. 9.

Jnsi HEKOTOpBIX NPUMEHEHHH MOMKET OBITh HEXEJaTelNbHO YYWTHIBATh YyBENWUUEHHS JUQpaKguu Ha
cyOTpacce. B 3ToM ciyuae ciieayeT yCTaHOBUTH 3HaueHHE L” paBHBIM HYJIIO, €CIIM MHAa4de OHO CTajo OBl
OTPHULIATETIbHBIM.
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