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PEKOMEHJALMA MCS-R P.526-9

PacnipocTpaHeHue pajiioBOJIH 32 cUeT TU(PPAKIIUT
(Bommpoc MC3-R 202/3)

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

Accambnes paguocssizu MCD,

yuumbvleas,

a) YTO MMeEETCs MOTPEOHOCTh B TEXHUUYECKOW WMH(OpMAIMK I pacdeTa HanpsHKCHHOCTH IO Ha
mupakIIMOHHBIX Tpaccax,

pexomendyem,

1 9TOOBI IS pacyeTa HANPsHDKEHHOCTH IMOJIS Ha TMGPaKIUOHHBIX Tpaccax, BKIroUas AU(PAKINIO HAL
cepruecKol TIOBEPXHOCTBIO 3eMIIM WIIM HaJ| MEPEeCeUYCeHHON MECTHOCTBIO C IMPEISTCTBUSMH Pa3InIHOTO
BHJIa, HCIIOJIb30BAINCE METOBI, ONUCaHHbIE B [Ipunoskenun 1.

Ipunoxenue 1

1 BBenenue

Xotst mudpaxmust GOpMHUPYETCsS TOIBKO MOBEPXHOCTHIO 3€MIIM WM IPYTHMH MPETATCTBUSMU, ISl OLIEHKH
TeOMETPUYECKIX MMapaMeTPOB, OTHOCSIIUXCA K BEPTUKAIBHOHN TUIOCKOCTH TPACCHI (YTOJI JU(PaKINH, Pagnyc
KPUBU3HBI, BBICOTA MPEMNSATCTBHS), HEOOXOMMO YUYHTHIBATh CPEIHIOI aTMoc(hepHyro pedpakiuio Ha Tpacce
nepenaud. C 37O 1enbl0 MpOoHIb TPacchl NOMKEH OBITH MPOBEIEH C YYETOM COOTBETCTBYIOIIETO
SKBHBaJICHTHOTO panuyca 3emuu (Pexomenmanms MCD-R P.834). Eciu wer apyroit mH(oOpManuu, T0 B
KadecTBe 0a30BOr0 3HAYCHUS MOXKET OBITh IPHUHSITA BEIMYMHA SKBUBAJICHTHOTO paguyca 3eMiId, paBHas
8500 kM.

2 ba3oBble KOHIENMIIUH

Ha nudpakiuio pagvoBOIH HaJ MOBEPXHOCTHIO 3€MIIM OKa3bIBAIOT BIMSHHUE HEPOBHOCTH pejbeda
MECTHOCTH. B 23To# cHTyanuu, mOpexae 4YeM NpPUCTyNaTh K JalbHEHIIEMy W3YUYEHHIO METOI0B
MPOTHO3MPOBAHUS JUTS JAHHOTO MEXaHW3Ma PACIPOCTPAHCHHUS, B HACTOSAIIEM pa3/ieliec PacCMaTpUBAIOTCS
HECKOJIBKO 0a30BbIX KOHIIEITIIUI.

2.1 Anauncouabl Ppenens u 30ub1 Dpenens

[Ipu wmccnemoBaHWM pacHpOCTpaHEHHS PAAMOBOIH MEXITy ABYMS ToukamMd A u B mpocTpaHCTBO Mexmy
HUMHU MOXHO pPa3OWUTh Ha CEMEHCTBO JIJUTUICOWAOB, M3BECTHBIX Kak 3umHrconnsl Dpenens, (Gokycs
KOTOPBIX HaxoJsaTcs B Toukax A u B, um mis n1r000i Toukm M Ha Ka)XIOM SJUTUIICOUC BBHITOIHSICTCS
COOTHOIIIEHUE:!

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

rIe n — Ueloe YHCII0, XapaKTepusyrolee duuincons (n = 1 cooTBeTCTBYeT nepsoMy siuuncouny dpenens
M T.1.), a A — INTHHA BOJHEIL.
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Ha mpaktuke 00bIYHO IpeArnonaraeTcs, YTo paclpoCTpaHEHUE MPOUCXOJUT IO JIMHUU NMPSIMOM BUIMMOCTH,
TO €CTh SIBJICHHEM AU(QPAaKUUU MOXKHO INpeHeOpeub, €cad BHYTPH INepBoro siutunconna ®penens HeT
MPENSATCTBUM.

Pa):u/lyc SJUIMIICoOrua B TOYKE MEXKAY IMEPEAATUYUKOM U MNPUEMHUKOM MOXKET OBITH HpI/I6J'II/I3I/ITeJILHO
OIIPEACJICH KaK:

1/2

Rn _ n 7\, dl dz (2)
dy + d,
HNJIN B HpaKTI/I‘IeCKI/IX CANHHNIAax:
1/2
R, = 550 _ndydy , 3)
(dy +dy) f

rae f — gacrota (MI'm), a d, u d, — paccrostHuA (KM) MEXAY TMEpeJaTIuKOM U MPUEMHUKOM B TOYKE, TIIe
BBIUUCIISICTCS PAANYC Snconsa (m).

B HCKOTOPBIX CIydadX MNPUXOAUTCA pacCMATpHUBATL 30HBL (I)peHeJm, KOTOpPBIC MOJYYCHBI B PEC3YyJIbTATC
nepeccUCHUuA ceMmelicTBa OJIIUIICOU OB ITIIOCKOCTBIO. 30Ha ¢ HOMEpPOM 7 SABJACTCA YYAaCTKOM MCXKAY
KPHUBBIMHU, TOJTYYCHHBIMHU OT 7-T'O U (I’l - 1)—F0 SJIIUIICON 0B, COOTBETCTBCHHO.

2.2 IIupuHa 00,1aCTH MOJIyTEeHH

[lepexon OT cBeTa K TEHH oOIpenensercs OOJIACThIO MOIXYTEHU. JTOT MEPEXOA MPOUCXOAUT BIONb Y3KOH
MOJIOCKH (IIMpUHA 00IaCTH IOJyTEHH) Ha TpaHulle reomeTpruueckoi Tenu. Ha pucynke 1 mokaszana mupuHa
obsactu noiytenu (W) B ciyyae mepeiaTiuKa, pacloioKEHHOro Ha BBICOTE /1 HajA IMankoil chepruieckoi
3emiielt, KOTOpast onpenenseTcs Kak:

1/3

2
Aa
w = ¢ M, 4)
L
rae:
A: JUIMHA BOJHBI (M);
a,: IKBUBAJCHTHBIN pannyc 3emiau (M).
PUCVYHOK 1
OnpenesieHue WUPUHBI 00JIACTH MOy TEHH
T'opuzont
nepeaarinka
0526-01
2.3 3ona nu¢ppakuun

3oHa audpakuu TepeAaTYMKa MPOCTUPACTCS OT PACCTOSIHHS, COOTBETCTBYIOLICTO JIMHUM MPSMOU
Bugumoctu (LoS), rme mpocser Tpaccel cocraBnser 60% ot pamuyca mepBod 30HBI Dpenens, R, 10
paccTOsSHUS, HaXOIIErocs JMAajeKko 3a TMpelaeNnaMyd TOpHU30HTa IepenaTddka, I MpeoOIagaroninuM
CTaHOBUTCS] MEXaHH3M TPOTIOC(HEPHOTO PACCESTHUS.
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24 Kpurtepuii riaakocTu NoBepXHOCTH NPENSITCTBUSA
Ecny Ha moBepXHOCTH MPENATCTBHUS UMEIOTCSI HEPOBHOCTH, BEICOTA KOTOPBIX HE MPeBHINIaeT 3HadeHnus A/,

rac:
Ah = 0,04 [sz]m

M, (5)
rie:

R: paavyc KpMBU3HBI IPENATCTBUS (M);

A: nMHa BOJHBI (M),

TO B 3TOM CJIy4ae MPENSATCTBHE MOXHO CUUTATh TJIQJKUM W JUIsl pacyeTa ociaabiIeHUs MOXKHO HCIIOJIb30BaTh
METOMbI, OIIMCAHHBIC B . 3 U 4.2.

2.5 H3onupoBaHHoe NpensaTCTBHE

[IpenarcTBHE MOMKHO CUMTAaTh H3OJMPOBAHHBIM, €CIM MEXIYy CaMHM MpPEMSATCTBUEM U OKpYyXKarolien
MECTHOCTBIO HET HUKAaKOT0 B3auMOeHcTBUs. JJpyrumu cioBamu, ocinabiieHHe Ha Tpacce 00yCIOBICHO JHUIIb
MPENsITCTBUEM 0€3 KaKOTro-JIM0O BO3JEHCTBHSI OT OCTANBHOW MECTHOCTH. J{OJIKHBI BBIIOIHATHCS CIEAYIOMINE
YCIIOBUSL:

- OTCYTCTBYET TIEPEKphITHE MEXIy 3HAYCHHAMH IIHPHHBI OOJAcTH TOJYTEHH, CBS3aHHBIMH
C KaXIbIM TEPMHUHAJIIOM M BEPIIMHON MPETSTCTBUS;

- MPOCBET Tpacchl ¢ 00EMX CTOPOH MPEIMSATCTBUH NOJbKeH ObITh He MeHee 0,6 OT pamuyca INepBoif
30HbI OpeHerns;

- o 00eum CTOpOHAaM MNPCIATCTBUA OTCYTCTBYCT Kakoe-1u60 3CPKAJIBbHOC OTPAXXCHHC.

2.6 Tunsl MecTHOCTH

B 3aBucuMocTH OT 4HCIIEHHOTO 3HaueHus mnapamerpa A/ (cMm. Pexomenmammo MCDO-R  P.310),
HCTIONIB3YEMOTO ISl OTIpeNeSiCHHs] CTeNICHH HEPOBHOCTEH penbeda MECTHOCTH, MOYKHO BBIACTHUTH TPU TUIIA
MECTHOCTH:

a) I naokas nosepxnocme mecmnocmu
[ToBepxHOCTH 3eMIM MOKHO CUMTATh INIAAKOH, €CJIM HEPOBHOCTH MECTHOCTH XapaKTEPU3YIOTCS BETHUYMHON
nopsiaka 0,1R unu meHee, rae R — 3To MakCUMallbHOE 3HAUCHHE paanyca nepBoil 30Hbl dOpeHens Ha Tpacce

pacnpocTpaHeHHs. B 3ToM cilydyae MoneNlb INPOTHO3UPOBAHHMS OCHOBBIBACTCS Ha OU(pakuuu Haj
chepuueckoit 3emeii (1. 3).

b) H3zonuposanuvie npenamcmeus
[Ipodwuns mMecTHOCTH Ha Tpacce pacHpOCTPaHEHHs] COCTOMT M3 OJHOTO MM HECKOJIBKUX HM30JMPOBAHHBIX
MpensaTcTBUUA. B 3TOM ciydae, B 3aBUCUMOCTH OT HJI€JIU3allUN, TPUMEHIAEMOM SISl ONMCAaHUS MPETSITCTBUM,

BCTPEUAIONIMXCS HAa Tpacce paclpoCTpaHEHUs, JOJDKHBI HCITOB30BAaThCS MOJIENH TPOTHO3HPOBAHHUA,
paccMOTpeHHbIE B 11. 4.

c) Xonmucmas mecmuocmo

[Mpodunr MECTHOCTH COCTOMT U3 HECKOJBKHUX HEOOJBIIMX XOJIMOB, HH OJIMH W3 KOTOPBIX HE 0Opa3yer
JOMUHHUPYIOIIETO MPemsITCTBUS. s TpOrHO3MpPOBaHUSA YPOBHEU HAMPSHKEHHOCTH TOJA IMOAXOMASIIEH
sBisieTcst Pekomengarus MCO-R P.1546 B npegenax cBOero 4acTOTHOTO IMAaNa3oHa, HO OHA HE OTHOCUTCS K
METOJTy TU(PPAKIINY.

2.7 HNurterpansr @penes

KomMmiekcHbIil HHTET pa (DpeHeJ'IH OIPEACIACTCA KaK:

v 2
Fo(v) = Jexp| j 5| ds = C)+ S, (6)
0
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IZie j — KOMIUIEKCHBIN onepaTop, paBHBIN V-1, a C(v) u S(v) — MHTErpaisl KocuHyca u cuHyca dpenens,
oTpenensieMble KaK:

C(v) =£ cos T% ds (7a)
v 2
SW) = [ sin T% ds . (7b)

0

KomMmiekcHbIi HUHTCrpal d)peHeJm, FC(V), MOXKHO OHNPECACIUTH ITYTEM YHUCJIICHHOTO UHTCTPUPOBAHUA, UIIU KC
C Z[OCTaTO'-IHOI‘/'I TOYHOCTBIO IJIA OOJIBIIMHCTBA HpI/IMeHeHI/Iﬁ JJIS TIOJIOKUTCIIBHBIX 3HA4YCHHI V, UCIIOJIb3YAI:

11 n
. X . X
F.(v) = exp(]x)‘/— D> (@, = jby)| = wis 0< x<4 (8a)
4 “= 4
n=0
4 U 4\
F.(v) = | —=[+exp(jx),|— z (¢, —Jjd,)| — s x =4, (8b)
2 X X
n=0
rae:
2
x=057mv", )
aa,, b, c,nd,— 310 koapdurrentsl boepcma, 3a1aHHbIE HUXKE:
a, = +1,595769140 b -0,000000033 o +0,000000000 d, +0,199471140
a, = -0,000001702 b, +4,255387524 c -0,024933975 d +0,000000023
a, = -6,808568854 b, -0,000092810 e, +0,000003936 d, -0,009351341
a; = -0,000576361 b, -7,780020400 o +0,005770956 ds +0,000023006
a, = +6,920691902 b, -0,009520895 Ca +0,000689892 d, +0,004851466
as = -0,016898657 bs +5,075161298 Cs -0,009497136 ds +0,001903218
a; = -3,050485660 be -0,138341947 Ce +0,011948809 de -0,017122914
a, = -0,075752419 b, -1,363729124 c, -0,006748873 d, +0,029064067
as = +0,850663781 bs -0,403349276 Cs +0,000246420 ds -0,027928955
as, = -0,025639041 b +0,702222016 o +0,002102967 ds +0,016497308
a1, = -0,150230960 bio -0,216195929 C10 -0,001217930 dio -0,005598515
a;; = +0,034404779 by, +0,019547031 c1q +0,000233939 da, +0,000838386

C(v) u S(V) MOTYT OBITE OTIPEACIICHBI IJIsT OTPUIIATEIBHBIX 3HAUCHUH V ITyTeM CIICAYIOIICH 3aIiCH:

3

C(-v)=-C(v)
S(=v)=-S(v).

Judpaxuus Hana cpepudeckoii 3emiei

(10a)
(10b)

JononHuTensHblE TOTEPH Iepenadu, OOYCIOBIEHHblE Au(pakuued Haj CcPeprHuecKOd MOBEPXHOCTHIO
3eMiM, MOXKHO BBIYMCIHTH II0 KJIACCHMUYECKOH (opMyisie ocTaTodyHOro psiaa. OTOT IONHBIA METOJ
peanu3yeTcs MocpencTBoM KommbioTepHol mporpammbl GRWAVE, paspaboranHoit MCD. PesynbraTh
pacyeToB, TPOBEICHHBIX C MOMOIIBIO 3TOH Nporpammbl (IIsI AHTEHH, PACIOJOXEHHBIX OJHM3KO K
TTOBEPXHOCTHU 3eMJTH, M JIJIS HU3KHUX 9acTOT), MpuBeaeHb B Pekomenmanmun MC3-R P.368.
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3.1 JAuppakuuoHHbIe MOTEPH JJIA 3aTOPHU30HTHBIX Tpace

IIpu GONBIIMX PACCTOSIHHUSX 3a TOPU30HTOM BAXKEH TOJBKO MMEPBBIM 4YIEH OCTAaTOYHOro psga. Jlaxke y
TOPU30HTA WM BOJHM3W HETO JaHHOE MPHUOIMKEHHUE MOXKHO HCIIONH30BaTh B OONBIIMHCTBE CIIyYacB C
MaKCHUMAalbHON MOTPEIIHOCTEIO0 0KOMO 2 1b.

OTOT NepBbId WIEH MOXHO MPEACTaBUTh B BUIE MPOM3BEICHHS WieHa F, ONpPEeACIIONero pacCTosiHUE, U
IByX wieHOB Gr u Gg, ONPENEIOMNX BRIMIPHIN 3a cdeT BbIcOThl. B mm. 3.1.1 u 3.1.2 omuceiBaercs, kak
MO>KHO TMOJIYYUTh 3TH YWICHBI JIN0O C MOMOIIBIO IPOCTHIX (hOPMYJI, INOO IO HOMOTPaMMaM.

3.1.1  YucjeHHbIe pacyeTbl

3.1.1.1 BumsHHe JTeKTPHYECKHX XaPAKTEPHCTHK MOBEPXHOCTH 3eMJIH

CreneHb BIMSHUS SJIEKTPHUYECKUX XaPAKTEPHCTHK IMOBEPXHOCTH 3eMIIM Ha MOTEPH 3a CUYET TUPPAKIUH
MOXKET OBITh OIpeAeNieHa ¢ TIOMOIIBI0O HOPMHUPOBAHHOTO KOX(QQHUIMEHTAa TOIHOH MPOBOJUMOCTH
NOBEPXHOCTH, K, KOTOPBIA paccUUThIBACTCS IO POpMYyJIe:

B ITOCTOSAHHBIX CAUHHUIIAX:

~1/3 -1/4
2
Ky = ( T, j [(g — 1)2 + (60 A (5)2] JUTSE TOPU30HTAIBHOHN mossipuzanuu (11)

A

]1/2

Ky = Ky [82 + (60A 6)2 JUISL BEpTUKAIbHOM nossipu3aimu (12)

WA B IPAKTUYCCKUX €ANMHUILAX!:

~1/4
Ky = 036(a, )73 [(a - D% + (18 0000/f)2] (11a)

1/2
Ky = Ky [82 + (18 0000/f)2] : (12a)
rue:
d.: DKBUBAJICHTHBIN pamnyc 3eMith (KM);
€: a(ddexkTuBHOE 3HAYCHNE OTHOCUTENBEHON AUAIIEKTPUICCKON MPOHUIIAEMOCTH;

G: 3¢dexTuBHAsA TpoBOoAUMOCTE (CM/M);
f+ dacrota (MI'1).

Tunuunsle 3HaueHUs K MoKa3aHbl HA PUCYHKE 2.
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PUCYHOK 2
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0526-02

IIpu K menpmux 0,001 BIusSHHE 3IEKTPUUECKUX XapaKTEPUCTHK 3eMIIM HecyllecTBeHHO. i 3HaueHuit K
6onpire 0,001 cremyer UCTIONB30BAaTh COOTBETCTBYIOIIUE (DOPMYJIBI, IPUBOAUMBIC HUXKE.

3.1.1.2 ®opmyJia 1 pacueTa HANPSAKEHHOCTH MOJIs TP AupaKkunu

OTHOIIeHNEe HAPSHKEHHOCTH TI0JIS TIPH JU(paknuu, £, K HANpsHKEHHOCTH MO B CBOOOHOM IPOCTPAHCTBE,
Ey, Beraucsiercs mo opmyiie:
E
20 log N = F(X) + G(I)) + G(Yy) b, (13)
0

rae X — HOpMHUpOBaHHAs JUIMHA TPACChl MEXAYy aHTEHHAMHU IPU HOPMHPOBAaHHBIX BbICOTax Y U Y, (4 rme

E N .
20 log N SIBJISIETCSI OOBIYHO OTPHIIATEIILHOMN BEITMIUHOMN ).
0
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B noctostHHBIX CAMHUIAaXx:

5 1/3
Y =28 “] h

WJIU B ITPAKTUYCCKUX CAWMHULIAX:

Y =96 x10°p £ a3 n,
rue:
d: nmuHa Tpacchl (KM);
d.: DKBUBAJICHTHBIN pamnyc 3eMith (KM);
h: BBICOTAa aHTEHHBHI (M);
f+ uacrtora (MI').

(14)

(15)

(14a)

(15a)

B — mapamerp, YUMTHIBAIOLIMI THIT IOYBBI U MOJsipu3aiiio. OH cBsizaH ¢ K cieyomeii Moy sMIHpHIeCcKoi

hopmyoii:

1+ L6K? +0,75K"
1+ 45K% + 135K*

(16)

I[J'ISI T OpHBOHTaJ'H:HOﬁ NOoJIIpU3alii Ha BCEX YaCTOTAaX U JIA BCpTHKaﬂLHOfI MoJigpru3ali Ha 4aCTOTAax BBIIIC

20 MI'u Hax cymreit wiu Boime 300 MI' Hax MopeM [3 MOXKHO TIPHHSITH PaBHBIM 1.

JIitst BepTHKAIBHON TOISIPH3ali Ha yactotax Huke 20 MI'n Hax cymieit win ke 300 MT Hax Mopem [3
paccumThiBaeTca Kak (QyHKIMS BenmnuuHBI K. OmHAKO TPH 3TOM MOXHO TIpeHEeOpedh 3HAUYeHHEM € U

3a1mcarhb.

)

2 _
K* = 6389 PRIE f5/3 ’

rae G BeipaxkeHo B CMm/M, f— B MI'T, a k — ko punment paanyca 3emin.

UiteH, opeaeISIFOIIII pacCTOSTHIE, PACCUUTHIBACTCS TTO GOopMyIIe:

F(X)=11+10log(X)-17,6 X .

UiteH, ompeneIsIFoIIIi BRIMTPHITI 3a CUeT BBICOTHI, G(Y), HaX0oasaT Mo ciemyromei hopmye:
G(Y) =17.6(Y — LDV — Slog(y — 11) — 8 s Y > 2.
IIpu Y < 2 Bennuuna G(Y) sBngercs pyHkuuen Bennyunsl K, paccuntanuo# B 1. 3.1.1:
G(Y) = 20log (Y + 0,1Y?) s 10K < Y <2

G(Y) = 2 + 20logK + 9log(Y/K)[log(Y/K) + 1] s K/10 < Y < 10K

G(Y) = 2 + 20logK JUIst Y < K/10.

(16a)

(17)

(18)

(18a)
(18b)

(18c)
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3.1.2 Pacuerbl 10 HOMOrpaMMaM

HpI/I TOM K€ YCJIIOBHUU alIllIpOKCUMaIuu (HepBLIfI WICH OCTATOYHOI'O psAda SABJIACTCA npeo6na/:[a}omHM)
BBIYUCJICHUEC MOKHO IMTPOU3BECTU C IOMOILIBIO CHC,Z[YIOU.ICﬁ (I)OpMynLIZ

201ogE£ = F(d) + H(h;) + H(hy) 1B, (19)
0
rae:

E: HaIpsKEHHOCTh IPUHUMAEMOT'0 I10JIA;
E(] . HaIpsAXKCHHOCTH MOJIA B CBO6OI[HOM MIPOCTPAHCTBE HA TOM K€ PACCTOAHUMU,
d: pacCTOAHNUE MEXKAY KOHLIAMHU TPACChI;

hy, hy: BBICOTBI @aHTEHH HaJ IOBEPXHOCTHIO cheprIecKoi 3eMiIH.

Oynkunn F (BmusiHue pacctosHus) W H (BBIMTpBIII 3a CYeT BBICOTHI) JaHbI B BHAE HOMOTpamMM Ha
pucyHkax 3, 4, 5 u 6.

[lo »tum HoOMorpammam (pUCyHKH 3—6) cpa3y MOXKHO TMOJIYYHTh YPOBEHb NPUHUMACMOIO CHrHasa
OTHOCHUTEIBHO CBOOOJHOTO mpocTpaHcTBa ans k=1, k=4/3 u yactror Beime npubmusurensio 30 MIm.
k — xo3dULNEHT SKBHBAJIEHTHOTO paanyca 3emid, ompeneieHHbi B Pexomenmammu MCO-R P.310.
OpHako JUIsl APYTMX 3HAYCHWH k YpOBEHb CHUTHajJa B TOYKE NpHEMa MOXKET OBITh BBIYHMCICH C
WCTIONB30BAaHMEM YAaCTOTHOM 1ImKaiel s k=1 myreM 3aMeHBl paccMaTpUBaeMOW YacTOTHI Ha
THIIOTETHIECKYIO, PABHYIO f/ A [UIsi PHCYHKOB 3 1 5 U f/\/; — I PUCYHKOB 4 1 6.

B nenocpencTBeHHOM OIM30CTH OT MOBEPXHOCTH 3€MJTH HANPSHKEHHOCTH OIS IPAKTUYECKH HE 3aBUCHUT OT
BBICOTBL. JTO SIBJIEHHE OCOOCHHO BaXXKHO NMPH BEPTUKAIBHON Mosipu3anuu Hajg MopeM. [lo 3Toif nmpuunne Ha
pHUCyHKe 6 MMeeTcs CIUIOLIHAs YepHas BepTuKaibHast TuHusa AB. Ecnu npsimas TuHNUS NODKHA IEpecedb 3Ty
CIUIOLIHYI0 JIMHUIO AB, TO peanpHast BbICOTa IOJKHA OBITH 3aMEHEHAa OOJIBIIMM 3HAa4Y€HHEM, TaK YTOOBI
npsMasi TMHKUA Kacajlach BEPLIMHBI TPAaHUYHOM JTMHUH B TOUKE A.

[NPUMEYAHUE 1. — OcnabneHre OTHOCUTEIHHO CBOOOJHOTO MPOCTPAHCTBA OMPEACISAETCS MPU MOMOIIU
OTpHLATEIBHBIX 3HAUEHHH, oMy4aeMbIX u3 ypaBHeHus (19). Ecnu ypaBuenue (19) naet 3Hauenue Oomnbluee,
YeM ]IS M0JI B CBOOOIHOM ITPOCTPAHCTBE, METOJT OKAa3bIBAETCS HENEHCTBUTEIbHBIM.
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PUCYHOK 3

Judpaxuus Hax chepuyeckoii 3emiiell — BAMsIHHE PACCTOSIHUS
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PUCYHOK 4
Judpakuus Hax chepuyeckoii 3emiieil — BLIMIPLINI 32 CYET BbICOTHI
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PUCYHOK 5
Judpakuus Hajx chepuyeckoii 3emiieii — BIMsIHUE PACCTOSTHUS
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PUCYHOK 6
JAudpaxuus Haa cpepudeckoii 3emiieil — BBIMTPBILI 32 CHeT BHICOTHI

BricoTa aHTEHHBI

YacroTa npu HaJl 3eMJIeH (M)
k=1 k=4/3 2000 —
15 .
15 1500 —
I 10 Borpeimn 3a cyer ]
9 10 TTu BBICOTHI (1B) 1000 —
8 9 900 3
7 8 H(k) 800 3
6 7 180 700 =
6 160 600 —
5 140 E
3 120 300 4
4 |
4 100 400 E
3 90 E
3 80 300 <
70 E
2 60 3
2 50 200
1,5 ]
15 40 150
30 - i
ITu 1 3 B
900 1 TITn E 100 <
800 900 20 o 90 =
700 800 E 80 =
600 700 E 70
U 60
500 600 : :
500 E 50 —
400 ] E
400 ] 40 -
0 — 3
300 ] E
300 ] 30
200 b E
] 20 4
200 -10 7 E
130 ] 15 -
150 . B
Mt 100 y A —20 03
90 100 MI'x ] E
80 90 4 8 =
80 _ 7 <
" 70 i 63
60 ] e
~-30 — 5 3
60 i E
50 ] 4 —
50 ] 3
40 ] 3 3
40
30
30 B

BeprukanpHas nonspusanus — Mope

0526-06



Pex. MCD-R P.526-9 13

3.2 Jundpaknuonnsie norepu Aas Tpacc LoS ¢ nudpaknmeii Ha cydTpaccax

B sToM ciyvae, yuuThIBas, 4TO KOHBEPTEHIIHMS OCTATOYHOTO psifa TpeOyeT pacueTa HECKOJIBKHX YJIEHOB,
MOJXKET HCIOJIL30BAThCS JIMHEWHAS MHTEPIIONIALNS MEXKAY TpaHuliell TudpakiuoHHoON 30HKI (ipocset 0,6 oT
panuyca niepBoi 30HbI DpeHerns), rie ocnadblieHne OTHOCUTEIHHO CBOOOIHOTO MPOCTPAHCTBA PABHO HYIIIO, U
panuoropu3oHTOM. B cooTBeTcTBHH ¢ TOH mpoueaypoil AudpakiIuOHHBIE TOTEPU BBEIYUCISIOTCS Ha OCHOBE
panuyca nepBoi 30HbI OpeHens, R, Kak:

5 h
A(B) = |1 - 2 4, 20
(nb) { 3 RJ h (20)
rie:
h:  TPOCBET TPacChI;

Ay: IUQpakIUoOHHBIE TOTEPU Y TOpU30HTA (CM. 1. 3.1).

IIpocBeT Tpaccel onmpenemnsieTcs: Kak (CM. pUCYHOK 7).

, 21
P, 21
rae:
d
dy = By 1+ b (21a)
dz = d— dl (21b)
b =2 m+lcos r + 1 arccos e |_3m (21¢)
3m 33 2\m + 13
hy —h
il @1d)
hy + hy
2
m = —d . (216)
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PUCYHOK 7
IIpoceet Tpacchbl

P: Touka oTpaskeHust 0526-07

4 Judpakuus HaX M30IMPOBAHHBIMHU NPENATCTBUAMHA

Ha MHoOrumx Tpaccax pacmpoCTpaHEHHUs BCTPEYAIOTCS OAHO WM HECKOJBKO OTIEIbHBIX NPENATCTBHM, U
[IO3TOMY 1IEJIeCO00pa3HO OLIEHUTH MOTEPH, BEI3BAHHBIE TAKUMH MPENATCTBUSIMH. YTOOBI OCYIIIECTBUTH TaKHe
pacdeTsl, HEOOXOAMMO WACATH3UPOBATh (POPMY MPEMATCTBUM, MPEANOIOKHUB, YTO OHU SIBISIOTCS JIHOO
KJIMHOBUIHBIMU TIPEHEOPEKMMO Maloil TONMIMHBL, JTUOO OOBEMHBIMH TINaAKUMH OOBEKTaMH C XOPOLIO
0003HAYEHHBIM PaJUyCcOM KpUBH3HBI B BeplIMHE. PeajbHble NPEMATCTBHSA, pa3yMeeTcs, UMEIT Oolee
CIIOKHbIe (JOPMBI, TaK YTO JaHHbIE, IPEICTABICHHbIE B HacToseld PekoMenanuu, cieayer paccMaTpuBaTh
BCETO JINIIH KaK MpUOINKESHHBIE.

B Ttex ciyuasx, xorma mpsiMas Tpacca MeXAY TepMHHAIaMH HAMHOTO KOopoue AW(PAKUHOHHOW TPacchl,
HEOOXOIUMO paccUUTaTh [OIMOJHUTENbHBIE TOTEPH Iepenauyd, OOYCIOBICHHBIC YBEIWYCHUEM IJIMHBI
Tpacchl.

JlanHble, mpeacTaBleHHbIE HIDKE, MPUMEHSIOTCS B TeX CIydYasx, KOr/a JJIMHA BOJHBI JIOBOJBHO MaJjia 1o
CPaBHEHHIO C pa3MepOM NPEMITCTBHSL, TO ecTh B ocHOBHOM Ha OBY u 6onee kopoTkux BoiHax (f> 30 MI'm).
4.1 EnnHuvHoe KIMHOBHIHOE NPENATCTBHE

B aGconroTHO mpeanpbHOM citydae (pUCYHKH 8a) U 8b)) Bce reoMeTpUYecKHe MmapameTpbl BXOISAT B OJHH
Oe3pa3MepHBIil mapaMeTp, OObIYHO 00O03HAYaeMbId depe3 V, KOTOPhI MOXET NPUHUMATh Pa3IuyHbIE
9KBUBAJIEHTHBIE ()OPMBI B COOTBETCTBHH C BHIOPAHHBIMU I€OMETPUUECKIMHU TapaMeTpaMu:

2h0
Vv = S (Vv UMeeT TOT ke 3HaK, 4To ¥ /1 1 0) (24)
2d
V=, [—/— 040, (V uMeeT TOT ke 3HaK, 4TO U O U Oy ), (25)
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rIe:

h: BBICOTA BEPUIMHBI TPETSATCTBHSA HaA TNPSMOH JIMHUEH, COCMUHSIONMICH IBa KOHIA
Tpacchl. Eciin BepiimHa HaxoquTCsa HUKE 9TON JINHUY, /I OTpULIATENIbHA;

dl nu d2 . PpacCTOsHUS OT BEPIIHHBI MMPCIIATCTBUA 1O KOHILIOB TPACCHI;
d: JAJIMHA TPACChI;

0: yron mudpakuuu (B paguaHax); €ro 3HaK Takod ke, kak y 4. Ilpeamomnaraercsi, 4to
3HaueHue 0 ToKHO OBITH MEHbLIE MPUOIN3UTENbHO 0,2 paanana, WM mpuMepHo 12°;

O M Op: YTIIBl MEXAY BEPIIMHON MPENATCTBHA U OZHUM M3 KOHLIOB TPACCHI, €CIIH CMOTPETH C
Jpyroro KOHLA. 3HAaK y O U O TOT XK€, YTO U 'y /1 B ypaBHEHUH, IPUBEICHHOM BBILIE.

IMPUMEYAHUE 1. - h, d, d,, d, u A, Bxogsue B ypaBHeHus (22)—(25), MODKHBI ObITh BBIPaXKEHBI B
[TOCTOSIHHBIX €IMHHUIIAX.
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PUCYHOK 8

I'eorpaguyeckue 31eMeHTbI

(Onpenenenns 0, oy, o, d, dy, dy u R em. B . 4.1 n 4.2)

c) 0526-08

Ha pucynxke 9 npusenenst norepu J(v) (1b) B pyHkumu mapametpa v.

J(v) onpenensercs Kak:

JI = cv) = SMP+ [cv) - SWP

J(v) = -20log 5

, (26)
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rae C(v) u S(V) — neiicTBUTENbHBIE 1 MHUMBIE YaCTH, COOTBETCTBEHHO, KOMIUIEKCHOTO WHTerpania dpeHens,
F(v), onpenenennoro B 1. 2.7.

I[J'IH mapameTpa vV, IpeBhIIIaroIero —0,78, l'[pI/I6J'II/DKCHHOC 3HAYCHUEC MOXHO IMOJYYUTH U3 BbIPAKCHUS !

J(V) = 6,9 + 20log (\/(v —0D? +1+v-— 0,1) 1B, 27)

PUCYHOK 9
JuppaKkuuoHHbIe NOTEPHU HA KIIMHOBU/HOM NPeNsSITCTBUU

o N JEAN ,/\ \
N\

10

J(v) (1B)
e

14

16
18 \\

i N

22 \\
24
-3 -2 -1 0 1 2 3
0526-09
4.2 OnuHoYHOe 3aKpyIJIeHHOE MPensITCTBHE

T'eomerpust 3aKpyTICHHOTO TPEMSTCTBHS C pajnycoM R TpEJCTaBlICHA Ha PUCYHKe 8c). 3ameTuMm, 4To
paccrostHuS d| ¥ d, ¥ BBICOTA A Haj 0a30BOM JTUHUEH BBIYUCIISIOTCS 10 OTHOIICHUIO K BEPIIHHE, B KOTOPOU
MEPECEKAOTCS MPOSKIUH ydel Hall mpensaTcTBreM. [Ipu Takoi TeoMeTpuH TUPPAKITHOHHBIE TOTEPU MOXKHO
BBIYUCIIHTG TIO CIEIYIOIEH GpopMmyIe:

A =JW) + T(m,n) Ib, (28)
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re:
a) J(v) — morepu @penemsi—Kupxroda 3a cueT SKBHUBAICHTHOTO KIMHOBHIHOTO TPEISATCTBUSA,
BEpIIMHA KOTOPOrO COBOAAAET C TOYKOM IepecedeHus nOpoekuuid mayuyeidl. be3pazMepHsiii
napamMeTp V. MOKHO paccyuTaTh C MOMOILBIO JII000TO W3 ypaBHeHMH (22)—(25) BKIIOUMUTENIHHO.
Hanpumep, B IpakTHYECKHX eIUHNULAX YpaBHEHHE (22) MOKHO 3amucarh Kak:
1/2
2(dy +d
v = 0,0316 4 2Ady + dy) : (29)
Ad, d,
rze i ¥ A BBIp@XKEHBI B METpax, a di U dy — B KWJIOMETpPax.
J(V) MO>KHO TIOJIYIHTh M3 PHCYHKA 9 WM C TIOMOIIBIO ypaBHEHHS (27). 3aMETHM, 94TO B TOM ClTydae,
KOTJIa IPENSATCTBHE PACIION0KEHO HA JMHUY MPSIMON BUANMOCTH, TTApaMETP V — TOJOXKHUTEIBHBIN, H
ypaBHeHue (27) crpaBeInBo.
b) T(m,n) — NOTIOMHUTENHHBIC TIOTEPH, OOYCIOBIICHHBIE KPUBU3HON TIPETISITCTBHS:

T(m,n) = 72m"? = 2 = 12,5m)m + 3,6m>’>— 08m*> 1B g mn<4  (30a)

T(m,n)=—-6-201log(mn)+7,2m"'? = (2 =17n)m +3,6m>'> = 08m> nb nnma mn>4 (30b)

~ dl +d2 ﬂ 1/3
SRy -
2/3
TR

aR,d, dy, h v \ BBIpaXKEHBI B TIOCTOSHHBIX €MHUIIAX.

u

3ameTnM, 94TO KOrJa R cTpeMuTcs K Hyio, 7(m,n) Takxke cTpeMsarcs K Hyto. B atoMm ciryyae ypaBuenue (28)
OIMMCHIBACT TOTEPU NUPPAKIUK, KOTAAa KIMHOBHIHOE MPEMATCTBHE MOXKET OBITh TPEJCTABICHO B BHJC
MWINHPA C HYJICBBIM PAJHYCOM.

Pagnyc KpuBH3HBI IPENSATCTBUSI COOTBETCTBYET PaAnycCy KPUBHU3HBI B BEPLIMHE MapaboJbl, MPUOTMKEHHON
K IpOQIII0 TPEMNsITCTBUS MOOAM30CTH OT ero BepuwuHbBL [lpn moAaronke mapaboibl MaKcUMalbHOE
paccTosiHUE MO0 BEPTHKAIM OT BEPIIMHBI Mapadoibl, KOTOpOe CielyeT MCHOJIb30BaTh B paccMaTpHUBaEMOM
mporenype, MAOJDKHO OBITh TOpsiAKa paauyca TepBod 30HBI @DpeHensd, Te PpaclojioKEHO JaHHOE
npenstcTBue. [IpuMep 310l nmpoiieaypsl nokazad Ha pucyHke 10, rae:

X
Vi = (33)

a 7; — panuyc KpUBU3HBI, COOTBETCTBYIOLIUM JIEMEHTY i BEpTUKAJILHOTO poduins ropHoro xpedTa. B ciyuae
N 371eMEHTOB MEIHaHHBIN pafinyc KPUBU3HBI NPEISTCTBUS ONPEACIACTCS KaK:
2

1 & X;
F=— : (34)
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PUCYHOK 10

BeprukanbHblii npoduib NpensaTcTBUii

0526-10
4.3 KpoMku 1BOHHBIX H30JIHPOBAHHBIX NPENSITCTBHI

3TOT METOJ| COCTOWT B NMPUMEHEHHU TEOPUH MUPpPaKIUH HaJl OJUHOYHBIM KIMHOBUAHBIM MPENSTCTBHEM
MIOCIIEAOBATENBHO K JABYM IPEIATCTBHAM, KOI/Ia BEPIIMHA MEPBOTO MPENATCTBUS IEHCTBYET KaK HCTOYHHUK
Uil JudpaknuM Hal BTOPBIM HpensTtcTBueM (cM. pucyHok 11). Ha mepBoit mudpaxnuoHHO# Tpacce,
OTIpe/ieIIeMON PACCTOSHUSMU @ U b ¥ BBICOTOM h;, coznatorcs norepu L, (nb). Ha Bropoit nudpakimonHoit
Tpacce, ONpeeNIeMOil pPACCTOSHUSAMU b W ¢ U BBICOTOH h'z, notrepu coctaBisaoT L, (nb). Ly u L,
BBIYHCISIFOTCS TI0 popMyJiam, TipuBeeHHBIM B 11. 4.1. [lonpaBounslit uien L. (1b) momkeH ObITh 100aBieH
JUIA ydeTa pa3Hoca b Mexay KpOMKaMH MPEensTCTBHM. L, MOKHO BBIUMCIIHUTD O Cleayroei ¢popmyre:

(a+b)(b+c)

L =10lo
¢ | ha+b+o)

(35)

KOTOpas CIpaBeJJiuBa, KOTjAa Kaxjas W3 BeaudyuH L, u L, npeBbimaer npuMmepHo 15 ab. Torna mosHbie
TU(PPaKIMOHHBIE TIOTEPU OTIPENSISIIOTCS KaK:

L = Ll + L2 + Lc- (36)

Vka3aHHBIN BBIIIIEC MCTOA, B 4aCTHOCTH, uenecoo6pa3H0 HCIIOJIb30BaTh, KOrga 3T JABC KPOMKH MPUBOIAT K
CXOKHM IOTEPAM.

PUCYHOK 11

BepruxkaabHblii IpoQpHIbL NPEenaTCBUA

0526-11
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Korna onmHa u3 KpoMOK NpENSTCTBUI OKa3bIBaeT Ipeolnagaroniee BIAMAHUE (CM. PUCYHOK 12), mepBas
IudpakMOHHAs Tpacca ONPEAEsSIeTCs] PACCTOSIHUAMHU a U b+ ¢ u BbIcOTOH /1. Bropas mudpaxkunonnas
Tpacca ONpeJIENIeTCs PACCTOSHUAMU b U ¢ U BHICOTOM /5.

PUCYHOK 12

PP[CyHOK, noxa%mammm“l OCHOBHO€ 1 BTOPOCTCIICHHOC MPENATCTBUEC

a b c 0526-12

OTOT METOJ| COCTOMT B NMPUMEHEHHU TEOPUH MU(PPAKIUH HaJl OJUHOYHBIM KIWHOBUAHBIM MPEMSTCTBHEM
[I0CJIEOBATEeNbHO K ABYM IpernsTcTBusM. llepBoe, Gomnee BBICOKOE OTHOILIEHHE //r OIpeAessieT OCHOBHOE
npensTctBue M, e 4 — 3TO BBICOTa KPOMKHM IPEISTCTBUS OTHOCHTENBHO HpsSMON Tpacchl 7XRx, Kak
[OKa3aHO Ha pUCYHKe. 12, a r — paanyc nepBoro ummnconna OpeHens, 3axanHblii ypaBHeHHeM (2). Jlanee
JUISL BBIMUCIIEHHS TIOTEPD, BBI3HIBAEMBIX BTOPBIM MPEATCTBHEM Ha cyOTpacce MR, ucrnons3syercst Beicota /1)
3TOr0 BTOPOTO MpenaTcTBUs. [[ng yuera paccTOsiHUS pa3HECeHHS MEXIy IBYMsI KPOMKaMH IMPENITCTBUH, a
TaKKe WX BBICOTHI HEOOXOAWMO BBIYECTHh mompaBouHblii wieH 71, (nb). Bemmuwmna T, (n1b) moxer OBITH
olpeesieHa o cieayomeil popmyie:

2p
T, =[12 - 20log,, 4 (37)
@\ f
T
pu:
2 (a+bro) ] 2 (a+bre) ] ba+b+e)]”
p=|28E2TI )y = 22T tana=| 222D 39)
A (b+c¢)a A (a+b) ac
hy ¥ hy — BBICOTBI KPOMOK MPEMSTCTBUI OTHOCHTEIILHO NPSIMO Tpacchl NMepeAaTINK—IPHEMHUK.
O6mme mudpakIHOHHBIEC TOTEPH ONPEIEIAIOTCS KaK:
L=L,+L,T.. (39)

OTOT MeTOA NPUMEHWM W B clydyae 3aKpyIJCHHBIX TPEMSTCTBHH, €CIH HCIOJb30BaTh (HOPMYIIHI,
TIpUBEICHHBIC B 1I. 4.3.

B tom cirydae, xorga npensTcTBHe, HaJ KOTOPHIM BO3HUKAET AU(PPAKINS, MOKHO YETKO HISHTH(PHUIINPOBATH
Kak 3JaHHE C IUIOCKOM KpBbIIEH, ero OMUCaHUe B BUAEC €OUHUYHOIO KIMHOBUAHOIO MPEMATCTBUS HE NAET
YIOBJICTBOPUTENBHBIX pe3ynbTaToB. HeoOxoauMo paccuntath cymMmy (ha30poB JABYX COCTABJISIOIINX, OJHA
u3 KOTOpI)IX HUCIIBITBIBACT BJIIUAHHUC I[I/I(i)paKIlI/II/I Hazq I[BOP'IHBIM KIIMHOBUJIHBIM HpeHHTCTBI/IeM, a BTOpaH
npeTepreBaeT d3PQEKT MOMOTHUTENFHOTO OTPAKEHHsI OT MOBEPXHOCTH KpbIIIH. BBUIO TOKa3aHO, 4TO eciu
OTpakaTeJIbHasi CIIOCOOHOCTh TIOBEPXHOCTH KPBIIITH W PA3HOCTH BBICOT MEXKIY IMOBEPXHOCTHIO KPBIIIH U
OOKOBBIMH CT€HAMH TOYHO HEW3BECTHBI, TO MOJENb ABOWHOTO KIMHOBHIHOTO MPEISTCTBHS JTAET XOPOIIUE
pe3yNbTaThl MPOTHO3UPOBAHUS HAMPSHKEHHOCTH MU(GParupoBaHHOTO TOJS, €CIH IpeHeOpedh OTPakKeHHOU
COCTAaBJISIOIICH.
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4.4 Hecko1bK0 H301HPOBAHHBIX NPENSITCTBUIA

IIpu paccMoTpeHHH TU(PAKIUK HAIl MEePECEUCHHON MECTHOCTBIO, KOTOpas CO3[aeT OJHO MM HECKOJIBKO
MPEMSATCTBUH MPU pacHpOCTpaHCHUU B Tpezaenax npsmoi Bumumoctd (LoS), MoKHO pekoMeHI0BaTh JiBa
METOoaa. HepBBIfI METOJ IMpEArojaracT, 4rTo KaxXao€ MpersaATCTBUC MOXHO MNPCACTAaBUThL B BUAC HUJIUHAPA,
pagnyCc KOTOpOro paBC€H paJuyCy KpPUBU3HBI Ha BEPIIHMHC MNPEIATCTBUA, IPUYCM KEJIATCIBHO HMCTH
TTOAPOOHBIN BEPTUKATBHBINA TPOQIIIE TOPHOTO XpeodTa.

Bropoii MeToJ COOTBETCTBYET AMIUPUYSCKOMY PEIICHHIO, OCHOBAHHOMY Ha JOMYIICHUH KIUHOBUIHBIX
MPENATCTBUI TUTIOC MCTIOJIb30BAHHUIO TIOMPABKY JIIs KOMITEHCAI[UH 0O0Jiee BHICOKHX MOTEPh, 00YCIOBICHHBIX
OTIIMYMEM pajguyca KPUBU3HBI OT HyJs. [Ipu pacyerax yuyuTHIBaeTCS KpHBH3HA 3E€MJIM 3a CUET
WCIIOJIb30BAHMS TIOHATHS €€ IKBUBAJICHTHOTO pamuyca (cM. Pexomenmarmio MCDO-R P.452, m. 4.3). Ortot
METOJI MOJIC3CH B TeX ClIydasx, KOrja JJjIs pacuera MOTeph Ha HAa3eMHBIX Tpaccax, Kak B MpejeiaxX MpsMoi
BUJIMMOCTH, TaK ¥ 3arOPU30HTHBIX, IPOXOJISAIINX HAJl CYIICH MM MOpeM, TpeOyeTcs eJIHas IPoIeaypa.

[Ipoduns pagroTpaccel MOXXHO TIPEJCTaBUTH B BHJIE Psi/ia DIIEMEHTAPHBIX YYACTKOB MPOMHIIS BHICOT 3eMHOU
MTOBEPXHOCTH HAJl yPOBHEM MOPS C OIPENIEIIeHHBIM HHTEPBAIIOM JAUCKPETHOCTH BIOJb TPACCHI, Te TiepBas U
MOCTETHSISI U3 DIIEMEHTApHBIX BBICOT MPEACTABISIIOT COO0 BBICOTHI EepeaTynKa U MPHEMHUKA HaJl yPOBHEM
MOpS$1, 1 COOTBETCTBYIOIIEr0 HabOpa rOPU30HTANIBHBIX PACCTOSIHUN OT nepeaarynka. Kaxxnas mapa BBICOTHI U
paccrosiHusL oOpa3yeT TOYKy Npoduisi W HMEeT CBOW HMHICKC, NpHYEM IMOPSAKOBBIH HOMEp HHAEKCa
YBENIWYNBACTCSA IPH JIBMKEHWH OT OJHOTO KOHIIA Tpacchl K APYyromy. B ommcaHWu, MPUBOIUMOM HUXKE,
CUMTAETCSI, YTO MHJEKCHI BO3PACTAIOT B HANIPABIEHUH OT TMEpeJaTuynuka K MPUEMHHKY, XOTS HA CYTh METOJa
3T0 He BiwmsAeT. lIpeamodruTensHO, HO He 00s3aTENbHO, YTOOBI ANEMEHTHI TPOQWIS HAXOIMIUCh Ha
OJIMHAKOBOM PACCTOSIHUU APYT OT APYTa 110 TOPU30HTAIH.

4.4.1 Metoa HCIOJIB30BAHUS KACKaJa HUWINHIPOB

BBICOTHBII TPOQHITHE MECTHOCTH AOJKEH OBITh JOCTYTICH B BUE Psia BBIOOPOK BBICOT 3¢MHOM MOBEPXHOCTH
HaJl yPOBHEM MODSI, TIPUYUEM MEPBAast U TOCIEAHASA U3 BBICOT SBJISIOTCS BHICOTAMHU TMEPEIATUNKA U IPUEMHHKA
HaJ YPOBHEM MOps. 3HaUCHUS PACCTOSHUN M BBICOT ONMCHIBAIOTCS TaK, Kak OyJATO OHU XPaHWJINCHh B BHUJIC
MAaCCHBOB ¢ UHjeKcaMu oT 1 10 N, e N paBHO YUCITy 3JIEMEHTOB (BBIOOPOK) TPOQHIIS.

Hioke crcTeMaTHYeCKH UCTIONB3YIOTCS CIISIYIONINE HHICKCHI:
h;: BBICOTA i-if TOYKU HaJ YPOBHEM MOPS;
d;: paccTosHHE OT MepeaTyhKa A0 i-il TOUKH;
d;: paccTosHue OT i-i J10 j-i TOUKH.

[lepBbIM maroM siBJsIETCS MPOBEACHUE aHaIM3a NMpoduiIs Mo MeTony "HaTsHyTOW BepeBku'". [laHHBIN mIar
MIO3BOJISIET OTPENENUTh TOYKU JJIEMEHTOB MPOQUIIs, KOTOPBIX OyneT Kacartbcsi "BepeBKa', HAaTSHYyTas Hal
npoduieM OT TepelaTiNKa K IPHEMHUKY.

DTO MOXXHO BBITIOJHUTH C TIOMOIIBIO CIEAYIOMEH MPONeayphl, B KOTOPOW BCE 3HAYCHHUS BBICOTHI H
pPaccTOSTHUS BBIPAKEHBI B IMOCTOSHHBIX €IMHUIAX, a BCE YIIIBI IaHBI B pafuanax. J[aHHBI METO | BKIIIOYaeT
WCTIONIb30BaHNE MPUOIMKEHUH, KOTOPBIE CIpPaBEMJIMBEI IS paguoTpacc, o0pa3yromux HEOONbIINe YIIIbI
C TOPU3OHTAIIBIO. ECIM rpagueHThl Jiyda Ha TPacce MPEBBINIAI0T MPUMEPHO 5°, TO MOXKET OBITh ONpaBAaHO
npuMeHeHne 00Jiee TOYHOH T€OMETPHH.

Kaxnmas Touka "BepeBKH'" HICHTUQHUIMpPYETCS B BHIE TOYKH NpOQuis ¢ Ooiee BBHICOKUM YTJIOM MecTa
OTHOCHUTEIHHO JIOKATHLHOW TOPH3OHTAIN IO CPABHEHHUIO C MPEABIAYIIeH TOYKOW "BepeBKH', €Cli HadaTh
C OIHOTO KOHIA Npoduis M 3aKOHYUTH Ha IpyroM. Co CTOPOHBI TOYKHM §, BO3BBILICHHE i-TO 3JIEMEHTa
npouis (i > s) onpeaenseTcs Kakx:

e = [(h — hy)!dy] - [dg/2a.], (40)
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rue:
@, DKBHUBAJICHTHBIN pajinyc 3eMIH, OTIpeIeIIeMbIN KaK:
= kx6371 (xm)

k: k0> UITMEHT S5KBUBAIEHTHOTO paguyca 3eMITH.

Teneps HEOOXOAUMO IMPOBEPHUTH, MOXKHO I JTIFOOYIO COBOKYITHOCTH JBYX WM Oojiee TOYEK "BepeBKH'
MPUHATH 33 NPOQHIL HAXOASIIETOCS HA MECTHOCTH NPEeNATCTBUA. Il 371eMEHTOB NPO(UIIs ¢ pacCTOSIHUAMHI
pasnecenns 250 M unm MeHee Jr00asi TpyIma ToYeK "BepeBKH', KOTOPHIE SBISIOTCS IMOCIEIOBATEIbHBIMH
JNeMeHTaMH  TpOo(uiIst, OTIUYHBIMH OT MECTONOJOKEHUH TepeJaTyika WIM M[pPUEMHHKA, JOJDKHA
paccMaTpHuBaThCs B KAUECTBE OJHOTO MPEMSATCTBUA.

Kaxnoe npensTcTBHE B HacTosIIee BpeMsl MOJECIMPYETCS B BUJE LMIMHJPA, KaKk MOKa3aHO Ha pucyHke 13.
I'eomerpusi KakIOro OTAEIBHOIO IMJIMHIAPA COOTBETCTBYET PUCYHKY 8c). Ciemyer OTMETHTh, 4YTO Ha
pucyHke 13 paccTosHUS §1, S A1 KAKAOTO LMJIMHIPA MOKa3aHbl KAK U3MEPEHHBIE TI0 TOPU30HTAIN MEXKIY
TOYKaMM BEPILIMH M YTO ISl HOYTH TOPU30HTAIBHBIX JIydeH 3TH PacCTOSHUS MPUOIMKAIOTCS K HAKIOHHBIM
paccrosHusM d| U d, Ha pucyHke 8c). ns dydel, yriibl KOTOPBIX OTHOCUTEIBHO FOPU30HTAIH IPEBBIIIAIOT
IPUMEPHO 5°, MOXKET OKa3aThCsl HEOOXOIUMBIM YCTAaHOBHUTD 3HAYCHHUS S| U S, ISl HAKJIOHHBIX PACCTOSIHUM d
U d, MEeXy BEpUIMHAMU.
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PHCYHOK 13

Mozaens B BHIe KacKkaaa UWIMHAPOB a) npod.1ema B neiom b) aeranau

“HarsaHyTtas BepeBka”

a)

51

h,

S 52

S Sy

=

b) 0526-13

23

AHaNOTMYHBIM 00pa3oM Ha pPHCYHKe 13 BBICOTA /i KaXJIOTO IMWIMHAPA YKa3bIBAaeTCsA KaKk M3MEpPEHHas I10
BEPTUKAIN OT €r0 BEpPIIMHBI BHHU3 JIO TPSIMOUN JTHMHUH, COSAMHSIONIEH COCeTHHE BEPIIMHBI WM TEPMUHATIBI.
3HaveHne A IS KaKIOTO ITMIMHIpA COOTBETCTBYET 3HAUCHHWIO 4 Ha pucyHke 8c). OmAaTh ke, NI MOYTH
TOPU30HTAIBHBIX JY4YeH BHICOTHI IMJIMHIPA MOTYT BBIYHCIISATHCS, KaK OyATO OHU SBJISIOTCS BEPTHKAISAMU, HO
JUIs Jiydedl ¢ Ooyiee KPYTHIMH yIJaMH MOXET OKa3aThCsl HEOOXOAMMBIM PAacCUMTATh 3HAUCHUS /I TOJ
MPSIMBIMU YTJIaMH K 0230BO¥ JTMHUKM COOTBETCTBYIOIIETO LIMIMHIPA.

Ha pucynke 14 mokazaHa reomeTpusi Uil TMpPEMSATCTBUS, COCTOSIIEro u3 Oojiee 4yeM OAHOM TOYKH Ha
"BepeBke". YKa3aHHbIE HUKE TOUKH O3HAYAIOT:

wr

TOUYKy Ha "BepeBke", OOpa3yIoOUIyl0 4YacTh MpPENnsTCTBUSA,
nepefaTInKy;

TOYKy Ha "BepeBke', OOpa3yIONIyH 4YacTh IMPEMSTCTBUS,
IPUEMHHUKY;

Oy KalITyr0 TOYKY Ha "BepeBKe' WM TepMHUHAN HA Mepearoliell CTOPOHE MPEMSITCTBHSA, KOTOpas
HE SBJISIETCS YAaCThIO MIPEISATCTBUS;

KOTOpPOE€ SIBJISICTCS OJMKalImuMm K

KOTOPOC ABJISICTCA OmmKaimmM K
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z Oy KalIyro TOUKY Ha "BepeBKe" WM TepMUHAIl Ha MIPUEMHOUW CTOPOHE MPETSITCTBUSA, KOTOpas He
SBJISIETCS] YACTBIO MIPEISITCTBUS;
v TOYKY BEPIIMHBI, 00pa30BaHHYIO MIEPECCUCHNEM MATAIONINX JTydel Hall IPEeIITCTBHEM.
PHUCYHOK 14

l"eomeTpml NMPENATCTBUA, OITMCBIBACMOTI'0 MHOKECTBOM TOYUCK

d, d d d

wx XV vy vz

Q: DreMeHTH! PoGhHIT
0526-14

ByKBI)I W, X, Yy U Z CIIyKaT TaKXK€C MHACKCAMU IJIs1 MAaCCUBOB 3JICMCHTAPHBIX paCCTOHHI/Iﬁ 1 BBICOT HpO(i)I/IHﬂ.
JIsl IpensATCTBUSA, COCTOSIIETO M3 OTAETHHOW TOYKH Ha "BepeBke", x M y OymyT OJMHAKOBBIMH H OyIyT
OTHOCHUTBCS K TOM TOUKe MPOdUIsl, KOTOpasi COBMAAACT C BEPIIUHON. 3aMeTUM, YTO JJIs Kackaaa IIHIHHIPOB
TOYKH y ¥ Z OJTHOTO IWJIHH/PA OyIyT TOUKAMH W H X CICIYIOMIEro U T. II.

[TomaroBelii METOA MOATOHKH LWIMHAPOB K 00MIEMY MPOQMII0 MECTHOCTH H3/okeH B JlomomHennn 1 k
[punoxenuto 1. Kaxmoe mpensTcTBHe omMMChIBaeTcd TOYKAMU W, X, ¥ U z. MeToA, MpeJCTaBIEHHBIA B
Hononnennu 1 k Ipunoxxenuro 1, ucnosb3yercs ganee Al ONpeleseHUs NapaMeTpoB LIUIMHIPA S, S2, i U
R. IlonyuuB TakuM oOpa3oM Mozedb Npo(uiIs, MOXKHO BBIYMCINTH AU(PAKLIMOHHBIE OTEPU Ha Tpacce B
BHJIE CYMMBI TPEX UJICHOB!

- CYMMBI TTIOTEPH 32 CUST AUPPAKITUN HAI ITATHHIPAMHU;

- CYMMBI TU(PPAKIHOHHBIX MTOTEPh Ha cyOTpacce MeXTy IMIHMHIPAMHE (2 TaKkKe MEXIy IHIHHIPAMU
¥ COCETHUMHU TEPMHUHAIAMH);

- IIOIpaBOYHOI'0 YJICHA.

O6mme audpPaKIMOHHBIE MMOTEPH B Jb MO OTHOMIEHWIO K TOTEPSM B CBOOOJHOM IPOCTPAHCTBE MOXKHO
MPEICTABUTH KaK:

N
Ly=) Ly+L"(wx) + Y L"(yz);—20log Cy b, (41)
i=1 i=1
Tac:

L';: motepu 3a cuer Audpakiuy HaJl i-bIM [AIHHAPOM, BBIYHCICHHBIE C IOMOIIBIO0 METOIa
n31. 4.2;
L"(wx),: mudpaknnoHHBIE TIOTEPU HA CyOTpacce IJI ydacTKa TPAcChl MEXKIY TOYKAMH W H X
MIEPBOTO IMITUHIIPA;

L"(y z);: nudpakiroHHBIE MOTEPH Ha CyOTpacce IS ydacTKa TPacChl MEXKIY TOUKAMU ) U Z
BCEX IHJIMH/POB;
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Cy: momnpaBo4HBIH KO3(G(HUUMEHT, YYHUTHIBAIOIIMN MOTEPU HA paccessHHE 3a CueT
JUQpaKIuy Hall TTOCJIEA0BATENbHO PACIION0KEHHBIMHI LHIWIMHAPAMU.

B Homonuennu 2 x Ilpunoxenuto 1 gaercs meron pacueta L” Ans KaXJOTo ydacTKa TPacchl MEXKIY
MPETATCTBUAMHE, HaXOSIIEToCs B Mpeeax IpsaMoil BUIUMOCTH.

[omnpapounsiii ko3¢ dunmeHT Cy, pacCUUTHIBAETCS IO HOpMYyJIE:

Cy = (Py/ Pp)"”, (42)
rac:
N N
Py=si [ les)il[s1+ 53 ls),] (43)
i=1 j=1
N
By =(sp (s [T [es0)i +(s2)i, (44)

i=1
a HUJXKHUEC UHACKCHI Y BBIpa)KGHHﬁ B KPYTJIBIX CKoOKax 0003HAYAIOT HOMEP NUINHAPA.

44.2 Meroa KaCKaJHbIX KIMHOBHIHBIX MPeNATCTBUH

Merton ocHOBaH Ha IPOLEAYPE, KOTOpas MOBTOPSIETCS OT OAHOIO J0 TPEX pa3 B 3aBUCUMOCTH OT MPOdHsL
Tpaccel. JTa Mpoledypa 3aKIlo4YacTcs B MOMCKE TOYKHM B Ipelenax 3aJaHHOro ydacTKa HpoQuis, A
KOTOPOHl 3HaueHHEe TIEeOMETPUYECKOro mapamerpa V OyzeT HauOonbIIMM, Kak omnucaHo B 1. 4.1.
AHanu3upyeTcss y4yacTOK Mpoduis OT TOYKUM ¢ MHAEKcoM "a" mo Touku ¢ mHAekcoM "b" (a <b). Ecmm
a+ 1 =b, To MPOMEKYTOUHOH TOUKH HE CyIIECTBYET, U AU(QPAKIIMOHHBIC TOTEPH HA yUaCTKE TPACCHI PABHEI
Hymo. WM ke 3TO MOCTpOSHHME HCIOJNB3YeTCsl IMyTeM ompeseneHus V, (a<n <b) u BbIOOpa TOYKH C
HanOOJIEIITUM 3HAYCHUEM V. 3HAUCHHE V I 1n-W TOUYKU IpOodUIIs ompeaensercs mo hopMyie:

vV, = h"Zdab/x‘dandnb , (45)

rac:

h = hn + [dan dnb/2 re] - [(ha dnb + hb dan) /dab] (453)

Rg, hp, hy,:  BEpPTHUKANBHBIC BBICOTHI, KaK MOKa3aHO HA pUCYHKe 15;
duny dup, dyp: TOPU3OHTANTBHBIE PACCTOSHUS, KaK TIOKa3aHO HA PUCYHKE 15;
F.: OSKBHBAJICHTHBIN paguyc 3eMiI;

A: IUIMHA BOJHBL;
u Bce h, d, r, i A BBIP@XKEHBI B TOCTOSHHBIX €IUHUIAX.

Torpa nudpaknuoHHbIE TOTEPH MOXKHO IIPENCTABUTHh KaK IOTEPH HaJ KIMHOBUAHBIM IpensTcTBUEM, J(V),
BbIpa)KEHHbIE ypaBHeHUeM (27) ans v > —0,78, 1 B IPOTUBHOM Cllyyae OHU paBHBI HYJIIO.

3ameTuM, 4TO ypaBHeHHE (45) BBIBEJEHO HEMOCPEACTBEHHO W3 ypaBHeHHs (22). 'eomeTpuuecKkuii cMBICIT
ypaBHeHus (45a) mokazaH Ha pucyHke 15. Bropoii unen B ypaBHeHuu (45a) mpencrtaBisier coOoi
JOCTaTOYHO XOPOIIYIO AaNMpPOKCUMAILHUIO JIOTOJIHUTEIBHOW BBICOTHI B TOYKE N, KOTOpas OOYCIOBJIEHA
KPUBU3HOM 3eMIu.
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PUCYHOKI15

TeomeTpust 2151 €JMHMUHON KPOMKH NPeNsiTCTBUS

Touka n

Touka b

h, VpoBeHb MOpst

¢ “Brirudanue” 3emiu k— r

e

an nb

<“——— > <

\4

A
\ 4

0526-15

Ha mepBoM 3Tarme ommcaHHas BBINIE MPOIEaypa MPUMEHSAETCS KO BCEMy MPOQUII0, OT MepenaTdyuka a0
npueMHHKa. Touyka ¢ HAWOOJBIIMM 3HAYECHHEM V HA3bIBAETCS OCHOBHOW KPOMKOM TMPEISITCTBHS, p, a
COOTBETCTBYIOIIHUE €if MoTepH 0003Ha4ar0TCA J(V)).

Ecau v, > 0,78, To nponerypa noBTOpsETCS €ILIE J1Ba pa3a:
- OT TIepelaTIrKa JI0 TOYKH P C HEIbIO MOyueHHs V,, a, CIIeA0BaTeIbHO, U J(V,);

- OT TOYKH P IO IIPUCMHHUKA C LCIbIO IIOJIYYCHUA V,, a, CICI0BATCIIbHO, U J(Vr).

Torma 1onoIHUTEIbHEIC Z[I/I(bpaKI_II/IOHHLIG IMOTEPH HAa TPACCE MOKHO OIPECACIIUTD KaK:

L =Jwv,) + T[Jv) + Jv,) + C] VTS v, > —0,78 (46a)
L=0 I v, < -0,78, (46b)
re:
C: sMmmupHyecKas NompaBKa
C = 10,0 + 0,04D (47)
D: oOmas nnuHa Tpacchl (KM)
u:
T=1,0 - exp[-J(v,)/6,0]. (48)

3aMeTHM, 4TO ONMCaHHas BBIIIE IPOLEAYpa Ul 3arOPU30HTHBIX TPacCc OCHOBaHA Ha mocTpoeHuHu [leiroyra,
KOTOpOE€ TNPHUMEHSETCS MAaKCUMyM MJIsi TpeX KpPOMOK HpemsTcTBHM. s Tpacc B mpexpenax NpsMOR
BUJUMOCTH OHa OTJIMYAaeTCs OT MOCTpoeHus JleWroyra Tem, 4TO B ciy4ae, KOTJa OCHOBHAas KpOMKa
MPEMNsSTCTBUS JaeT HEeHyJeBble AU(PAKUIUOHHBIE NMOTEPH, PACCMATPUBAIOTCS JBE BTOPOCTEIIEHHBIE KPOMKHU
MIPETATCTBUS.

Ecnu ator mMeron ucmoyib3yeTcs AJis MPOTHO3MPOBAaHUS NU(MPAKIIMOHHBIX MOTEPh HAJ OAHUM M TEM JKE
pouiIeM Tpacchl IS pa3IUYHBIX 3HAYEHWH DKBUBAJICHTHOTO pajnyca 3eMIIH, TO PEKOMEHAYETCs, YTOOBI
OCHOBHasi KpOMKa MPETSATCTBUS, a TaKXKe, €CIH OHU CYIIECTBYIOT, BTOPOCTETICHHbIE KPOMKH Ha JIO00H
CTOpPOHE MPEISATCTBUS CHayana OMpEeIeNsIiNch JUIsl MEeIWaHHOIO JSKBHBAJEHTHOTO paauyca 3emiu. OTH
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KPOMKHM TIPETSITCTBHUS OJDKHBI 3aT€M HCIOJIB30BATHCS TPU BBIYUCICHUH JUQPAKIMOHHBIX TOTEPh JUIS
JpYyTUX 3HAUCHWH OSKBHBAJEHTHOTO paanyca 3emin Oe3 TOBTOPEHHUS NPOLEAyphl IS ONpeAeieHUs
MECTOIOJIOKEHHUS 3TUX TOoYeK. I[Ipu 3TOM HCKIIOYaeTcsi BO3MOXKHOCTb, KOTOpas MOXKET HMEThb MECTO
B HEKOTOPBIX CIIydYasiX, IOSBICHUA HEOJHOPOJHOCTH B TPOTHO3HPYEMBIX AH(PPAKIMOHHBIX MOTEPSX
B (YHKIUHN OKBUBAJICHTHOTO pajuyca 3eMiId, OOYCIOBICHHOW pa3IHMYHBIMH BHIODaHHBIMH KpPOMKaMH
MIPETATCTBUS.

5 JAudpakuus Ha TOHKMX IKpaHax

B mpuBeieHHBIX HIDKE METOJAaX MPEAIojaracTcs, YTO MPEMATCTBHE MMeeT (OpMy TOHKOTO 3KpaHa. DTH
METOJbI MOKHO PUMEHSATH K pacCIpOCTPAHEHHUIO BOKPYT IPENATCTBUS WM CKBO3b allepTypy.

5.1 IKpaH KOHEYHOH IMUPHHBI

[NonaBnenune momex B TOYKE mpuema (HampuMmep, Ha HEOOJBIION 3€MHON CTAHIIMU) MOKHO OCYIIECTBUTH C
MOMOILBI0 HMCKYCCTBEHHOIO JSKpaHa KOHEYHOW UIMPHUHBI, YCTAHOBJICHHOIO IONEPEK HAMpaBICHUS
pacrpocTpaHeHusl PauoOBOJIH. B 3TOM cilydyae HanpspKEHHOCTh IMOJSL B TEHU 3KPAHA MOXHO PacCUMTATh,
MIPEAIIOJIOKHMB, YTO BEPXHAA 4YaCTh U JIBC CTOPOHBI OKpaHa ABJIAIOTCA TPEMS KIIMHOBUAHBIMUA NPCIIATCTBUSAMMU.
Kaxxnoe u3 3TuX mpensTCTBUI BHOCUT CBOW BKJIAJ B KOHCTPYKTHBHYIO U JIESCTPYKTHBHYIO WHTEPHEPEHITUIO
HE3aBHCHUMO OT JIBYX IPYTUX, YTO BEAET K OBICTPHIM (PIyKTyallusiM HANpsHKEHHOCTH TOJIST Ha PaCcCTOSHUAX
MOpsIKa JTUHBI BOJMHBL. OIEHKH CPEeIHUX M MHHHMAIBHBIX MTOTEPh, OOYCIOBICHHBIX AW(paknneii, B BUIS
(hyHKIIMHM MECTOIIOIOKEHUS MOXHO TTOJYYHUTH C IMTOMOIIBIO CIEMYIONIeH yporieHHol Mmoaenu. [ pacuera
MUHUMAIIGHBIX JU(PPAKIMOHHBIX TOTEPh CKIAJBIBAIOTCS aMIUTUTYbI OTICIBHBIX COCTABIISIFOINUX, a s
OIIEHKH CpeNHUX NU(PaKIUOHHBIX TOTEPh CKIAIBIBAIOTCS MOIMHOCTA. Mojenb Oblla TpoBepeHa C
TTOMOIIIBIO TOYHBIX BEIYUCIICHUH C UCTIOJIb30BaHUEM OMHOPOaHOM Teopun audpakiuu (UTD) u pe3ynpraToB
M3MEPEHUH, BBITIOJTHEHHBIX C BBICOKOW TOUHOCTBIO.

Llaz I: BblYMCIUTh TE€OMETPUUECKUM MapameTp V Uisl KKIOTO M3 TPeX KIMHOBUAHBIX MNPENSTCTBUN
(BepIIMHEI, JIEBOM CTOPOHBI M TIPABOH CTOPOHBI) C TIOMOIIIBIO JIFOO0TO U3 ypaBHeHUH (22)—(25).

Ilaz 2: Wcnons3ys ypasHerue (27), BBIMUCTHTD 18 KAXKI0i KpoMKH Koaddurmest noteps j(v) = 10720,
Ulae 3: BplMUCINTS MUHUMANBHBIC TU(PAKIHOHHBIE TIOTEPH J,,;j, C TIOMOIIBIO (POPMYJIBI:
1 1 1
Jpin(V) = —20log | — + — + — nb (49)
AN ) 3(v)
WJIH XKe,
Ilaz 4: Berauciuts cpenane qudpakuoOHHBIE TOTEpH J,,, TI0 opmyIe:
1 1 1
Jv(v) = —10log 5 + — + = b . (50)
a2 j5v)
5.2 JAudpakuusa Ha IPAMOYToJIbHBIX aNiepTypax, a TaAK:Ke HA COCTABHBIX aNlepTypax UJM IKpaHax

OnuCaHHBI HIKE METOJI MOXKET HCIHOJb30BAThCA JJIS TPOTHO3UPOBaHUS TUPPAKIIMOHHBIX TIOTEPb,
00yCITOBIIEHHBIX HATMYHUEM TMPSIMOYTOJILHOM arlepTyphl B MHAUE MOJHOCTHIO MOTJIOMIAOIIEM TOHKOM dKpaHe.
OTOT METOI MOKHO PAaCHIMPHUTH ISl yUeTa HECKONBKHUX IMPSIMOYTOIBHBIX alepTyp WA SKPAaHOB KOHEYHOMH
IIUPUHBI, U TaKUM O0pa30M OH SBJSCTCS ajJbTCPHATHBHBIM METOJOM I 3KpaHa KOHEUHOW HIHUPUHBI,
oOcyxnasmerocs B 1. 5.1.

5.2.1 JIm¢paxkuusa Ha eAMHUYHOI NPAMOYTOJbLHON anepType

Ha pucynke 16 mokazaHa reomMeTpusi, UCTOIb3yeMas IS MPEeACTaBICHHUS MPSMOYTOJIHHON amepTyphl Ha
0ECKOHEYHOM ITOJTHOCTHIO MOTJIONIAI0IIEM TOHKOM 3KpaHe.



28 Pex. MCD-R P.526-9

PHUCYHOK 16

leomeTpust 1J1s1 e IMHUYHOM NPSAMOYTOJILHOMH anepTyphl

TOHKUNA [OJHOCTHIO ITOMIOIIAOIINNA 0eCKOHEUHBII
9KpaH, cofepKalluil OHy anepTypy
(xpast IOKa3aHbl TOJIBKO C LEJIBIO [HOSICHEHUS
PACTIOJIOKEHHS IKpaHa) - V2
2
Q«W
e Vi
e
RY)

0526-16

Pacrnionoxxenue kpaeB anepTypsl, Xi, X2, ¥1 U Y2, JAHO B JEKapTOBOH cUCTeME KOOPAMHAT, HA4alo KOTOPOH
HaxXOIUTCA B TOYKE, A€ NpsiMas JIMHUA OT nepeaaTdyunka I K MPUEMHHKY R MPOXOAUT 4epe3 3KpaH, a
pacmpocTpaHeHHe TMPOUCXOTUT MapaieNikHo ocu Z . T M R pacmonoXeHbl Ha PacCTOSHUAX di U d,
COOTBETCTBEHHO, C3aJl1 U CIIEpeaM IKpaHa.

HaHpH)KeHHOCTI) noJs, €,, Ha BXOAC IPUCMHHKA B JIMHEHHBIX CAWHUILIAX, HOPMUPOBAHHAA JIA yCHOBI/Iﬁ
CB06OILHOFO MIpOCTpaHCTBA, ONIPCACIIACTCA B KOMILJICKCHOM (bopMe KakK:

eax12192) = 0,5(C Gy — 8, S,) + 0,5 (C S, + S, C), (51)
rae:
Ci= C(vi2) — C(vx1) (52a)
C,= C(vy2) — C(vy1) (52b)
Se=8(vx2) = S(Vi1) (52c¢)
S,= 8(v,2) — S(vy1). (52d)

UYeTsipe 3HaYCHUS V JJAHBI COTJIACHO YpaBHEHUIO (22) MyTeM MOJICTAHOBKH X{, X;, Y| U J; TIOOYEPETHO BMECTO
h, a C(v) u S(v) manpl cormacHo ypaBHeHUsM (7a) u (7b) U MOTYT OBITH OTPEICICHBI M3 KOMIUICKCHOTO
ko3 dummenTa OpeHens ¢ UCIoIb30BaHNEM yYpaBHeHUH (8a) 1 (8b).

CootBercTByMOIIUE TUGPAKIIMOHHBIC IOTEPH L, ONIPEICIIIOTCS KaK:

L,=—-20log (e,) 1b. (53)
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5.2.2 JIm¢ppaxuus Ha COCTABHBIX allepTypax WM IKPaAHAX
Merton A7l eIMHUYHON NPSMOYTOJIBHOH allepTyphl MOXKET OBITh PACIIMPEH CIEAYIOMHM 00pa3oM:

[Mockonbky B IJIMHEHHBIX EIWHUIAX, HOPMHUPOBAaHHBIX K YCJIOBHSM CBOOOJHOIO IPOCTPAHCTBA
ypaBHeHus (51), moje cBoOOMHOrO mMpocTpaHcTBa ompexaensercs kak 1,0 + j 0,0, HopMupoBaHHOE
KOMIUIEKCHOE TIOJIE €5, 00YCIIOBICHHOE €IMHUYHBIM MPAMOYTOIBHBIM SKPaHOM (HM30JIMPOBAHHBIM OT 3€MJIH),
MOJTyYaeTcsl Kak:

e,=1,0-—e,, (54)

T e, BBIYHCIACTCA C WCIOIh30BaHHWEM ypaBHeHHUs (51) it amepTypsl TOTO K€ pasMepa M ¢ TeM JKe
PpAacIONIOKEHUEM, YTO U DKPaH.

- HopmupoBaHHOe molie, 00yCIOBICHHOE KOMOWHAIUSAME HECKOIBKUX MPSIMOYTOJBHBIX allepTyp HIIH
W30JTUPOBAHHBIX JKPAHOB, MOXET OBITh BBIYUCICHO IYTEM CIIOXKEHHS pPe3yJbTaTOB COTJIACHO
ypaBHenuto (51) nnm (54).

- ITpou3BoabHO CHOPMUPOBAHHBIE ANEPTYPHl WIM 3KPaHbl MOIYT OBITh HNPUOIMKEHHO BBIPAXKEHBI
MyTEM MOIXOAAMNX KOMOMHALNI NPSIMOYTOJBHBIX allepTypP WIH SKPAHOB.

- [Tockompky uaTEeTpastbl C(V) 11 S(V) crpemsres k 0,5 + j 0,5 nmpu npubamkeHnn V K 06CKOHEYHOCTH,
ypaBHenue (50) MoxeT OBbITh NPUMEHEHO K MPSIMOYTOJIbHHKAM HEOTPAHUYCHHBIX DPa3MEpOB
B OJTHOM HJIM HECKOJIbKHUX HATPABJICHHUSIX.

6 JAudpakuus HaJ KPOMKOH ¢ KOHEYHOH IIPOBOAUMOCTBLIO

OnucaHHBI HUKE METOJ MOXKET HCIIONb30BAThCS ISl MPOTHO3UPOBAHUS AU(MPAKIUOHHBIX TIOTEPH,
0OYCJIOBJIICHHBIX KOHEYHOW IPOBOJMMOCTHIO KPOMKH TMpPEMATCTBHS. [loIXoAsiuMu NpPHUMEHEHUSMH
ABJLIIOTCS Ciydad AuGpPakUuu BOKPYT yIjla 34aHUSl WIM HaJ KOHBKOM KPBIIIM, WM )K€ KOIZla MECTHOCTh
MOKHO OXapaKTepH30BaTh B BHUIE XOJIMa C KIMHOBHAHOW BEpIIMHON. DTOT MeTox TpeOyeT 3HaHUS
MIPOBOAMMOCTH M OTHOCHTEIBHOM JUAJIEKTPUUECKOW NPOHHMLIIAEMOCTH KPOMKH MpPEMSTCTBUS, a TaKKe
MIPEANOIaraeT, 4YTo 4yepe3 MaTepuall KpOMKH HE IPOUCXOIUT HUKAKOU IepeNaUn.

JaHHBIi MeTOJ] OCHOBaH Ha ofgHOopoaHol Teopun audpakuuu (UTD). [Ipu aTtoM yuuThIBaeTcs mudpakius
KaK B 3aTE€HEHHOW 00JNacTH, Tak W B 00JAaCTH MPSAMOW BHIMMOCTH, U METOJI MpeJHa3Ha4YeH JJ IJIaBHOTO
Iepexosa MEeXay STUMHU 00JIaCTAMHU.

FeOMGTpI/Iﬂ KIIMHOBUJHOT'O NPCIIATCTBUA C KOHEYHOH MMPOBOAUMOCTBIO IIOKa3aHa Ha pPUCYHKE 17.

PUCYHOK 17

Tl'eoMeTpust 1151 npuMeHeHns ANPPaKIUK Hax KpoMKoii o metony UTD

HcTogannk Touka

II0JIsT

0 I'pans 0 I'pans n nf
0526-17
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@opmynuposka UTD 11 31eKTpUYECKOTO MOJIS B TOYKE IO, OTPAaHMYUBAIOLICHCS OBYMSI pa3Mepami,
HUMEeT BUL:

exp(—jks;) i s
eurp = ¢g —————~ DIl . 1

———— - exp(—jksy), (55)
5] sy(s1 + 52)
rue:
eyrp: DJIEKTPHYECKOE MOJIE B TOYKE TIOJIS;

€p: OTHOCHTEIbHAs AMIUIMTYa HCTOYHHUKA;

S1: PACCTOSHHE OT TOUKM PACIIOJIOKEHHS HCTOUHUKA 10 TU()parkpyromei KpOMKH;

§2: PpaccTOSHHE OT TU(PPArUPYIOIEd KPOMKH 10 KOHKPETHOM TOUKH TIOJIS;
k: BOIHOBOE YHUCIIO 2TT/A;
1

D'': xosdduument audpaxuuu, 3aBECAIMIE OT mOApHM3ALMH (HAPAIUIENLHON MM

HepHeHZ[HKyHHpHOﬁ IIJIOCKOCTH Ha,[[eHI/Iﬂ) MoJisg, Magaruiero Ha KpoMKy,
as);, s u A BBIpaXXarOTCs B IIOCTOSAHHBIX €IUMHHIIAX.

Koaddumment audpakumy A KpOMKH IPEMATCTBHUS ¢ KOHEYHOH MPOBOAMMOCTHIO OMIPEEIIIETCs KakK:

cot(n * ((1)22 — q)l)) - F(kLa™(®, — ®y))
n

+ cot(TE — (P, - q)l)j - F(kLa™ (®, — @)))

Pl _ —exp(=jn4) 2n (56)
2n2mk L m— (@, + D)) ) ’
+ R(ll - cot . F(kLa ((1)2 + (I)I))
2n

T+ (P, + D)
2n

1
+ RII . cot( ) - F(kLa*(®, + ®,))

re:
®,: yrom majaeHus, U3MEPEHHBIN OT rpaHy naaeHus (rpassb 0);
®,: yrox gudpakuu, H3MEPEHHBIA OT TpaHy maaeHus (rpass 0);
n: BHEIIHUH yrol KpPOMKH Kak KpaTHOe 4YHCIO T paguaH ((akTHUecKuid
yron = n7 (pan.));
j= -
u rae F(x) — ato uaTerpan Openerns:

[}

F(x) = 2j/x - exp(jx) - j exp(—jt?) dt (57)
Jx
- . N
j exp(—jt?) dt = \/:(1 ~ ) - j exp(—jt?) dt. (58)
e 8 0

1ot HUHTErpajl MOXXHO BBIYHCIIUTE C ITIOMOINBIO YUCIICHHOI'O MHTETPUPOBAHUA.
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B xauectBe AJIBTCPHATUBLI ITOJIC3HOC HpI/I6J'II/I)K€HI/I6 OMpPEACISACTCA KaK:

jexp(— iy de = \/gA(x), (59)
Jx

rae:

L exp(—jx) || i (a, + jb )(ijn ecmi x < 4
5 4 ot n n\ 4

A(x) = , (60)

11 n
—exp(—jx) % z [(cn + jd,,)(%) } B IPOTHBHOM CITydae
n=0

a ko3 unmenTs! a, b, ¢, d onpeneneHs B 1. 2.7;

L = S2 051 61)
S2 + Sl
a*(B) = 2COSZ[M;_B} (62)
rue:
p=2, £, (63)

+
B ypaBHenun (41) N~ — 3T0 menble 4HCla, KOTOPbIE MOYTH ONTHMAIIBHO Y/OBJICTBOPSIOT YCIOBUSIM
ypaBHEHUS.

Bxm
2nn

Nt =

(64)

L1
R(|)| ,R,L' — K03(QOUIMEHTH OTpayKeHUsT ISl JF00O0M MEepIeHANKYIISPHOW WM MapauieIbHON MOJISIpU3alny,

pe _ S(®) - N = cos(®)? (65)

Sin(®) + N — cos(®)?

OIpeACIACMbIC KaK:

Rl _ N sin(®) - YN — cos(®)? )

N - sin(@) + 0 — cos(@)?

rue:
O =P maRou® = - P,) gnaR,
n=¢,— jx18x10%c/f

€, OTHOCHUTCJIIbHAA JUDJICKTPHUYCCKAA IPOHULIACMOCTh MaT€pHaa, o6pa3y10mero KPOMKY
MPCIATCTBUA,

G TPOBOJUMOCThH MaTepHaia, 00pa3yromiero KpoMky npenstcTeus (Cm/m);
f+ dgacrota (I'm).

3aM€TI/IM, 4To IIpu H606XOHI/IMOCTI/I ABC I'PaHU KPOMKH MOTYT UMCTh PA3JIMYHBIC JICKTPUICCKUC CBOMCTBA.

Ha rpannuax TeHu u oTpakeHus oHa U3 (yHKUMH KOTaHIeHCa B ypaBHEHUH (50) CTAHOBUTCS CHHTYJIAPHOM.
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1
Onmako D! ocraercs paBHBIM KOHEYHOMY 3HAUYEHHIO, H €O MOXKHO JIErKO OIEHUTh. UJIeH, comepiKaliii
CUHTYJIIPHYIO (DYHKITUIO KOTaHTE€HCa, OMPEIENIeTCs Al HeOOMBIION BEIMIMHEI € KaK:

+
cot(nz—_ﬁj CF(KLa*B)) = n - [N2mkL - sign(e) — 2kLe - exp(jm/)] - exp(jm/d) 67)
n
HpI/I €, OHpe,Z[eHSIeMOM KakK:
e=n+p - 2naN" ws B =®, + D (68)
e=n—-B + 2rnaN" ms B =0, — D, (69)

Pesynprupyronmii k03pdunueHT audpakuuu OyIeT COXpaHSAThCS MOCTOSHHBIM Ha TpPaHHIAX TEHH U
OTPaXCHUS TIPU YCJIOBHH, YTO B IPOLIECCE BHIYUCICHUS OTPAKCHHBIX JIy4eH UCIIOJIB3YETCS OJMH U TOT XKe
KO3 OUITUEHT OTPAKESHUSI.

ITone e;p, oOycioBIEHHOE AU(PArHPOBAHHBIM JIy4eM, IUTIOC Jyd Ha JIMHMU TPSIMON BHIMMOCTH JUIS
(P, —P,) <, onpenensercs Kak:

exp(—jks)
e + —— ISt O, <D, + 1
erp = 4 UTD 5 A 2 1 (70)
eyTp JJI q)z 2 q)l + T,

rac:
§: PacCCTOAHUC 11O HpHMOﬁ JIMHUA MCKAY UCTOYHUKOM U TOYKAMU I1OJIA.

3amernm, uto npu (P, —P;)=m BTOPOH YIEH KOTAHTCHCA B YpaBHEHUH (56) CTAaHET CUHTYJISIPHBIM U YTO
JOJDKHO MCIIONTBb30BATHCS ajbTEPHATHBHOE MPUOIMKEHNE, 3alaHHOe ypaBHEeHHEM (67).

HaHpH)KCHHOCTL II0JIA B TOYKEC IIOJIA (,Z[B) OTHOCUTCJILHO II0JISA, KOTOPOE 6y,Z[GT CylIeCTBOBAaTh B 9TOM TOUKE
nopu OTCYTCTBHU KIIMHOBHUJAHOTO TIPCIATCTBUA (TO €CTh ,E[B OTHOCHUTCIIBHO CBOGOI[HOI‘O HpOCTpaHCTBa),

OTIpeIeNsieTCS IIyTEM YCTAaHOBKH € B €JMHUIY B YpaBHEHHH (55) ¥ BEIYMCIICHUS:
s-e
Eyrp = 20log| —Y12- (71)

exp(—jks)

rac:

§: PacCCTOSAHUC I10 HpHMOﬁ JIMHUHW MCKAY UCTOYHUKOM U TOYKAMU I1OJIs.

3aMeTHM, 4TO MpH 71 = 2 U HyJEBbIX K03 (UIMEHTax OTpaKeHHUs 3TOT pacyeT AACT T€ )Ke Pe3yIbTaThl, YTO U
KpHBast AU(PPaKIMOHHBIX TOTEPh HAJ KIMHOBUIHBIM MPETISTCTBUEM, [TIOKa3aHHAs HA pUCYHKE 9.

Bepcuto MathCAD dopmynuposku UTD moxkHO monyuuts B Bropo pamuocssizu.

7 PykoBoCTBO 10 pacnpocTpaHeHUIO MyTeM AUPPaKIUK

Ha pucynke 18 mokazaHo oOmiee pyKOBOACTBO IO OLEHKE IU(PPAKLUOHHBIX MOTEPb, COOTBETCTBYIOLIMX
nn. 3 u 4. Ha 310l cXxeme Mocien0oBaTeNnbHOCTH ONEpaliii IPUBEJEHA MPOLEeaypa, KOTOpas JOIKHA OBITh
MIPUHATA B KAXKJIOM CIydae.
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PUCYHOK 18
PyKoBOACTBO 10 PACHPOCTPAHEHHIO IyTeM TUPPAKIHH

Amnanuz npopuis
Tpaccel

m 2.6

Onpenenenue
HEPOBHOCTEI MECTHOCTH

m 2.6

Judpaknus

T LoS
I'magkas 3emis pacca Lo 32 TOPU30HTOM m 3.1
3arpaxzacHa (KOHEH)
Hudpakuus Haz Jluneiinas
N30JIMPOBAHHBIMHA m 4 UHTEPIIOJISALUS m 3.2
MPENSITCTBUAMU (KOHEL)
Paguyc
OJHO 3aKpyTIEHHOE
IpENATCTBAAL Onro HpeHHI;ZTBI/IC m4.2
H3BECTEH pENsATCTBHE (KOHELY) o

Heckonbko
3aKpYIJIEHHBIX
TIPEeTATCTBUA
(KOHEL)

Moienb KIHHOBHIHOTO

TIPEISATCTBUA 4.1

m 4.3 wm . 4.4.1

Onno OHO KIMHOBHIHOE

MPETSTCTBHE MPENSTCTBUE m 4.1
(KOHELY)
JIBoiiHOE
HBa M30JIMPOBAHHOE 043
[PETSTCTBHS [pensTCTBIE

(KOHELI)

Heckonbko
KJIMHOBH/IHBIX
NIPEeNATCTBUH
(KOHEL)

m.4.4.2
0526-18
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Jlonosnenue 1
K IIpuiioxkenuro 1

Pacuer napamMeTpoB HUJIHHAPA

Crenyrouias mpouenypa MOXKeT ObITh MCIOJIB30BaHa JJIsl pacueTa MapaMeTpoB LWIMHAPA, MOKa3aHHBIX Ha
pucyHkax 8c) u 14 ans KaxIoro u3 pacrojOXEeHHBIX Ha MECTHOCTH IpemnsaTcTBuil. [lapameTpsl BeIpakeHbI
B IIOCTOSIHHBIX €AMHHUIIAX, a BCE YIJbl — B paauaHax. Mcmonb3yemble anmpOKCUMAaIMK CIPaBEIIUBHI IS
pazuoTpacc ¢ yriioM HaKJIOHa OKOJIO 5° 110 OTHOILEHHIO K TOPU30HTAIIN.

1 Yroa audpakuum 1 noJoxeHne BepUInHbI

Yron mudpakiyu Haj WIKHAPOM, a TAKXKE IMOJIOKEHHE €ro BEPUIMHBI HEOOXOJMMO 3HATh, XOTS OHH U
HE CYMTAIOTCS NapaMeTpaMy LIWJIMHAPA.

VYron nudpakuuu Haa OPENSTCTBUEM ONpeEeIsieTcs CIEAYIOMNM 00pa3oM:
0 =0, + 0, + 0, (72)

rac o, 1 O, — YIiIbl MECTa TOYEK X M y HaQ JIOKaJIbHOM TOPU3OHTAJIBKIO CO CTOPOHBI TOUCK W H Z,
COOTBCTCTBCHHO, KOTOPBIC BHIYUCIIAIOTCA 110 (bOpMyJ'IaMZ

(hx - hw)/dwx - dwx/zae (73)
(hy — h)/d,. — d,./2a,, (74)

Oy

o
a Ol, — yroJl, CTAHYTBIA Ayroii OOIBIIOro Kpyra MexXIy TOUKAaMHU W U Z, KOTOPBIH ONpeNessIeTcs Kak:
o, = d,,/a,. (75)

Paccrossane ot BEPIIMHBI 10 TOYKH W PACCUUTBIBACTCA B 3aBUCHUMOCTH OT TOro, HIpEACTaBJICHO JIHU
NPENATCTBUE OJHUM 3JIEMCHTOM HpO(bI/IJIH HJIN HCCKOJIbKUMH

st npensTCcTBHS, MPEACTABICHHOIO OJHOM TOUKOM:
dyy = dyy (76)

B ciydyae MHOTOTOYEYHBIX MPEMATCTBHIA HEOOXOJUMO O0ecreunBaTh 3allUTy OT BeChbMa HEOOJBLIMX
3HAYCHUH JuQpaKIuu:

dyy = [(0z + 00/ 2)dyz + h — hy |10 s 0-a, = dy (77a)
dy, = (d; + dy)/2 JUTS 0-a, < d (77b)
PaccrostHre OT TOYKM z 10 BEPIIMHBI OYIET paBHO:

dvz = dwz - dwv. (78)

Bricota BCpIIMHBI HaJl YPOBHEM MOPsSA PACCUUTBIBACTCA B 3aBUCHUMOCTH OT TOr0, HOPEACTABJICHO JIN
OperndATCTBUC OJHUM 3JIEMCHTOM HpO(l)I/IJ'Iﬂ NI HCCKOJIbBKUMH.

st mpensTcTBUS, IPEACTABIEHHOTO OJTHOM TOYKOM:
h, = h, (79)
JJ11 MHOTOTOYEYHOTO TIPETSTCTBHS:

hy = dy o + hy+d2"/ 2a, (80)
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2 IMapameTpsl unanHApPa

Teneps UIst K&KAOTO MPENSATCTBUA HA MECTHOCTH, ONPEAEIEHHOIO METOAOM "HATSIHYTOW BEPEBKH'', MOKHO
paccuuTaTh mapaMeTphl IMIHHIPA (CM. PUCYHOK 8C)):

dy u d, — 3T0 paccTOsHUSA (CO 3HAKOM IIIIOC) MEXy BEpIIMHAMH U NPEMSATCTBUSAMH (MM TEPMHUHAIAMH) CO
CTOPOHBI ITepeJaTuNKa U IPUEMHHUKA, COOTBETCTBEHHO,

u:
h=h, + dydy:/2a, — (hydy + h:dy)/dy:. (81)
s pacuera paguyca UIHHIPA UCIIONB3YIOTCS /1BA CIEIYIOIINX 3JIeMEHTAPHbBIX yYacTKa IpOQuIIs:

p. TOYKa, COCCOHAA C X CO CTOPOHBI NE€pCaaTynKa,

g: TOYKa, COCEJHsI C ) CO CTOPOHBI IPUEMHHUKA.
Taxkum 06pazoM, HHIEKCHI p ¥ ¢ MOKHO IPEACTaBUTH CIEIYIOIUM 00pa3oM:

p=x-1 (82)

g=y+1 (83)

Ecnmn Touka, ompenmensiemMas p Wi ¢, OKQXETCS TEPMHUHAJIOM, TO COOTBETCTBYIOIEE 3HAa4UeHHWE /1 Oyaer
BBICOTOH pelibepa MECTHOCTH B 3TOM TOUYKE, & HE BRICOTOM aHTCHHBI HaJl YPOBHEM MODSI.

Paaunyc nmmHapa BEIUUCISETCS KaK Pa3HOCTh B HAKIIOHAX YYACTKOB MPOQUIIS p-X U )-¢ € YUETOM KPUBHU3HBI
36MHOU [TOBEPXHOCTH, IOJEIIEHHAs! HA PACCTOSIHUE MEXAY P U g.

Paccrosnus MEXKAY 3JIEMCHTAMU HpO(l)I/IJ'Iﬂ, HeO6XOI[I/IMBIMI/I JJIg 3TOro0 pacdeTa, ONpCAC/IIFOTCA KaK:

dp = dy — d, (84)
dyy = d, — d, (85)
dpy = dy — d, (86)

Pa3Huna B HaKk/IOHAX y4acTKOB MPOGWIIS p-X U Y-¢, BRIPaKEHHAS B paliaHax, pacCUMThIBACTCS 10 PopMyJie:
t = (hy — hy)/dp + (hy — hy)/dyy — dy,/ a,, (87)
rzie a, — SKBUBAJICHTHBIN paanyc 3eMIIH.

Temepsb HONMyYUM pagnyc IWIHHIPA B BHIE:
3
R = a1 I = exp@w?F, (88)

rze v — 6e3pa3MepHbIil mapaMeTp B ypaBHEHUH (28) Ui KITMHOBUIHOTO MPETISITCTBUS.

Btopoit MHOXuUTENb B ypaBHeHHH (48) — 3TO HalfieHHAs SMIUPHYESCKUM IYTEM CTJIaKHBArOIIAs (yHKITHS,
HCTOJIb3yeMasl JIISl TOTO, Y4TOOBl M30eXkKaTh HEOJHOPOJHOCTEH Ul MPEMSTCTBUHA, HAXOASIIMNXCS HA TPaHU
MpeIeNIOB IPSMON BUIUMOCTH.
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JlonmosiHeHue 2
K IIpuiioxkenuro 1

/Au¢ppakuuoHHble MOTEPH HA cyOTpaccax

1 BBenenune

B nHacrosimem JlomonHeHMH TpeAcTaBlieH METOA pacyera IU(PPaKUUOHHBIX MOTEph Ha cyOTpaccax mis
Yy4acTKOB AU(PAKIMOHHOW TPACChl, HAXOMSIIMXCSA B IMpeeniax NpsMol BUAUMOCTH. Tpacca MoJenupyercs
KacKa/IOM IMITUHJIPOB, K&K/ U3 KOTOPBIX XapaKTepPHU3yeTcs TOUYKaMU MPOQHIIs w, X, ¥ U z, KaK MOKa3aHo
Ha pucyHkax 13 u 14. Jludpaknmonusie moTepu Ha cyOTpaccax JOHKHBI BEIYHCIIATHCS IS KaXKIO0T0 yIacTKa
BCEH Tpacchl MeXAy TOYKAMH W H X WIH Y W z. ODTO yYaCTKH TPACCHl, PACIIOIIOKEHHBIE MEXIY
MIPETIATCTBUSMU ITH MEXKIY TPEISTCTBHEM U TEPMUHAIIOM M HAXOASAIIUECS B IIPeienax IPsSIMOi BUIUMOCTH.

Hacrosmuit MeTos; MOXeT OBITh HCIIOJIb30BaH TAKXKE JUIS TPACCHl MPSAMOW BUIUMOCTH ¢ Audpakiueidl Ha
cyOTpaccax. B aToM cityuae MeTos IpuMeHsIeTCs JJIsl BCel TPacChl LEITUKOM.

2 Meton

Jns ydgactka npodwis B mpenesax HpSAMOW BHUAUMOCTH, PAaCHOI0KEHHOI'O MEXIy JIEMEHTaMH Hpoduis
C MHAEKCAMH U M V, NPEXKAE BCEro, HEOOXOOUMO HAWUTH 3JIEMEHT NpOQHs, JeKAUl MEXIy # U Vv, HO
WCKIIIOYAIOIINH WX, KOTOPBIA 3areHseT OOJbIIyl0 dYacTh TniepBoii 30HBI @penens mis Iyda,
pacnpoCTpaHsIIoIIErocs oT U K V.

Jlyis Toro 4utoObI M30eKaTh BHIOOpA TOYKU, KOTOpAs IO CYIIECTBY SIBJISETCS YacThIO OJHOTO M3 HAa3eMHBIX
MPEIATCTBUH, YKEe CMOACIUPOBAHHOTO B BHUJAC LWIMHIPA, 4acTh MPO(UIS MEXKIYy ¥ U V OTPaAaHHMYUBAIOT
YY4aCTKOM MEXIY ABYMS JOTIOJHUTEIHHBIMU HHIEKCAMH p M ¢, KOTOPBIE 33JAI0TCS CIEAYIONIIM 00pa3oM:

— MOJIOKUM, 4TO p =u + 1;
- €CIIM OZTHOBPEMEHHO p <V | /1, > h,,;, TO CIEAYET YBEIUYUTH p HA | ¥ IOBTOPUTH BCE CHAvAIa,
- MOJIOKUM ¢ =V — 1;

- €CIIH OJTHOBPEMEHHO ¢ > U U h, > h, ;, TO CIIENYET YMEHBIIUTD ¢ Ha 1 ¥ IIOBTOPUT.

q-1»
Ecmu p =¢q , To cuntaem, 4To mMOTEpH 3a CUET MPEMATCTBHUs Ha cyOTpacce paBHbl (. B mpoTuBHOM cityuae
oOpaiaeMcsi K CIIeIyIOIIeH BEIUMCIUTEIBHOM MpoLeaype.
Termeps HEOOXOOMMO HAaWTH MHHUMAaJbHOE 3HAYCHHWE HOPMHUPOBAHHOTO IpocBeta Ha Tpacce, Cp,
OTIpe/IeTsieMOoro Kak A,/ F'), Tie, BRIpaKeHHBIEC B TIOCTOSIHHBIX €IUHUTAX:

h,: BBICOTA JIy4a HaJ TOYKOH TMPODHUIIS;

F\: pannyc nepsoii 30H6l OpeHes.

MuHuMaiasHOS HOPMUPOBAHHOC 3HAUYCHUEC IIPOCBETA HA TPACCE MOXKHO 3aIIUCATh KaK:

9
Cr=i ho)i /(B (89)

rac.
(h)i = ()i — (hy); (90)
(Fl)i:\/x'dui'div/duv . (91)
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(h,); — BBICOTA JTy4ya HaJ NPSIMOH JIMHUEH, COEIUHSIONIEH TOUKU ¥ U V Ha YPOBHE MOpS B i-il Touke mpoduiis,
orpenensiemMas Kak:

(hr)z' = (hu : div + hv : dm) / duv (92)

(h,); — BBICOTa MECTHOCTH HaJ MPAMOIl JTMHUEH, COSAUHSIOMENH TOUYKH ¥ U V Ha YPOBHE MOpA B i-i TOUKe
npodus, onpenenseMast Kak:

(h)i = hi + dy; - di /| 2a,, (93)




