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W3noxxeHa METOAMKA pacdera yriioB OPUCHTAlMM aHTEHHBI TIepeaTunka U IPUEMHHUKA IIOMEXH, a
TaKKe pacdyera UCTUHHOTO PAa3HOCTHOTO YTJa; MOJIyYeHa 3aBHCUMOCTh OIIMOKM BBEIYMCICHUS 3HA-
YEeHUH Pa3HOCTHOTO yTJIa NPH MCIOIb30BaHUH NMPUOIMKEHHON (POPMYITBI pacyeTa.

Kniouegvie cnosa: a3sumyT, yroa mecra, poQuib Tpaccsl, pa3sHOCTHBIH yroJl.

BBenenue

B Hacrosimee Bpemst, koraa pa3pabaTbeiBacTCs M BBOAUTCS B OKCILUTyaTallMi0 Bce OOIbIIe pa-
JTMOAJIEKTPOHHBIX CPENCTB, JOCTATOYHO OCTPO CTOWT IMpoOiieMa HEXBATKH YaCTOTHOTO pecypca. Uc-
XOJISl M3 ATOTO, BOBHHUKAET 33/1a4a 00eCIeYeHUs dJIEKTPOMArHUTHOW COBMECTUMOCTH HECKOIBKHUX CH-
cTeM, paboTaroIMX B COBMEIICHHON MOJIOCE YacTOT. BaXKHOW COCTaBIISIIOIIEH 3TOW 3a/jauu SBISCTCS
MIPOTHO3UPOBAHNE BO3MOXKHBIX ITOMEX MEXIY dTHMHU cucTeMamiu. [IpuBeeHHas HKe METOAMKA pac-
YeTa WrpaeT 3HAUYUTENBHYIO POJIb U OTNpPEAENICHHs YCIOBUI HOPMAaIbHOTO (DYHKITMOHHPOBAHUS pa-
AUO3JICKTPOHHBIX CPEACTB B COBMCUICHHBIX IMOJIOCAaX 4aCTOT.

MeToauka pacueTra asuMyTa HAlIPpaBJECHHUSA OT NepeaaTuYuKa HA IPUEMHHUK ITOMEXHU

Jlns pacyera asumyTa Oy (110 4aCOBOM CTpEJIKE OTHOCHTEIBHO HCTHUHHOIO CEBEPA) HAINpaB-

JICHHs OT MepelaTYMKa IOMEXHU Ha IPUEMHHUK MOMEXH HCIOJIb3yeTcs cleaytomias Gpopmyaa [1]:

SIN(Pry ) —SiN(@ry ) - €0S(0)
05(0)-C05(9ry)

Oy = arccos( j, €CIH Yoy —Wgy <0,

SIN(Pry ) —SiN(@ry ) - c0OS(6)
sin(0) - cos(eqy )

Oy =360~ aI’CCOS{ ] , €CITH Yoy — Wy >0,

0= arCCOS(Sin((PTx ) - SIN(Pgy ) +COS(Pry ) - COS(Pgy ) - COS(WTX —Wrx )) '

FAC Qgry s Prx — MHPOTaA PACIIOJOKCHMA IICpeAaTiuMKa W IIpUEMHHKA IIOMCXHM COOTBECTCTBCHHO,
Wik s Wy — AOJIOTa PACIIOJIOXKCHUS IIEpEAATINKA U IPUEMHHUKA IIOMEXHU COOTBETCTBEHHO.
Paccrosaune MCKAY NEPCAATINKOM U IMPUCMHHUKOM IMOMCXU d moxker OBITH paCcCYUTAHO KakK

d =6371000-6. [Tanee HEOOXOAMMO PacCYMTATh PA3HOCTH A3UMYTOB HAINPABJIEHHUS OT HEpeaaTdnKa
Ha MPUEMHHK TIOMEXH ¥ OPUEHTAIMU AHTCHHBI IepelaTdnKa NOMeXu Ao, (110 4acOBOM CTpEJKe OT

asuMyTa OpUCHTALlMM AHTCHHBI HA a3UMYT HAIpPAaBJICHHUSA Ha HpI/IeMHI/IK): A(XTX =0y —Olqyqs TAC

(XTX o — Q3UMYT aHTCHHBI IICPCAATYHNKA IIOMCXH. Beanuuna AOLTX MOKCET [IPUHUMATh 3HAYCHUA 0-+-360°,
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MeTtoauka pacueTa yriia MeCTa HallpaBJCHHUA OT NnepeaaTYuKa MOMEeXH HaA IPUEMHUK IMOMEXH

VYros Mecta HanpaBlieHHs OT TepeAaTINKa Ha MPUEMHHUK MTOMEXU OMPEAEISIETCS] ¢ MTOMOIIBIO
METOAVMKHU, H3TOXKEHHOW B [1]. YTON MecTa JTUHUH, COCAMHSIONICH IBE TOYKH Ha MPOdHIE TPacChl,
OTIpeneNsieTCA U3 MPSIMOYTOJBHOTO TPEYTroJbHUKA C YYETOM OTJIMYHS FOPH30HTAIH MepeaTyhka OT
TOPU30HTAJIM TPACCHI 32 CUET «BBITMOAHMs» 3eMid [2] (3HaK yriia MecTa OTPHIATEIbHBIN TPH HAKIIO-
HEHHMHU aHTEHHBI K 3emie): 0, =—0',—0",, rae 0, Beruncagercs no Gpopmyie

(hrx +hATX )_(hi +hei) - (th +hATX )_(hi +hei)
d, h d,

0', =arctg ,
d,-(d-d)
2-R

€q

raeh,; = , 0% =arctg %(hei) — oz d; =0.

JlomycTuMO BbIUMCIIEHUE [0 NpuOIMKeHHol Gopmyne: 0" ~ R rae h, — Beicora i-if TOU-
e

KU Ipo(HII HAaJl YPOBHEM MODS C YUETOM MECTHBIX IPEAMETOB; h,; — BBICOTa «BBHITMOAHUS» 36MIH B

i-if Touke nmpodms, hopmyna B3sta u3 [3]; hy, — BBICOTAa TOYKU PACIIOIOKEHNUS HIepelaTINKa TOMEXH

HaJ ypoBHeM Mopst (BbicoTa 0-if Touku npoduist); h,p, — BBICOTa IOBECa AaHTEHHBI IIepelaTIHKa 110-

MEXH HaJl ypOBHEM 3eMilH; O; — pacCTOsIHUE OT MepeiaTyhKa MOMEXH 10 i-if Touku mpoduiist; d — pac-

CTOSAHUE MEKIY NEPCAATUNKOM U IPUCMHUKOM ITOMEXH, Req — KBUBAJICHTHBIN pagunyc 3emiu.

e_=(hi+hei)_(hTX+hATX)_ d =hi_(hrx+hATx)+di'(d_di)_ d =hi_(hTX+hATX)_ di
' d, 2R, d, d-2:R, 2R, d, 2-R

i i i eq

TOPH30HTANE MEPEIaTIHED

\

gy +hapy

hryr+hary

e

«BEITHOAHHEY 3eMIH, As

d
Puc. 1. Bzaumnoe PaCoJIOKCHHUC NIEpeAaTIMKa U [IPUEMHHKA [IOMEXHU C YYETOM pem,e(ba MECTHOCTH

[anee onpenensercss HaIW4KMe MPAMONW BHIMMOCTH MEXAYy aHTEHHAMH TepeJaTduka U MpH-
eMHHKa noMexu. Eciu muHus BU3UpOBaHUS MEXy aHTEHHaMH IepelaTdrka M MPUEMHHKA TTOMEXH
HE MepecekaeT NpoQuib TPACChl C yUETOM MECTHBIX MPEAMETOB, TO Tpacca CUUTACTCS TPAccoil mps-

Moit BuguMoctu [4]. ITo meroanke, u3nokeHHoi B [1] yron mecra O;, JIHHUM BU3UPOBAHUS MEKIY
aHTEHHAMU IIepefaTyuKa U IPUEMHUKA [IOMEXH He JOJDKEH ObITh MEHbIIE yIila MecTa 0, JIMHUM BU-
3MPOBAHHUS MEXIYy aHTEHHOW MepeJaTdnKa MOMEXH M KaKIOW TOYKOUW Mpoduis Tpacchl C y4eToM
MECTHBIX NpeaMeToB: O, =0, ., , rae

O =Max[0,], 1)
e_:hi_(hTX+hATX)_ d
l d. 2-R

i eq
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VYTos MecTa THHAN BU3UPOBAHUS MEX/y aHTCHHAMH MepeIaTyiKa U MPUEMHUKA TOMEXH
oTIpeieIIaeTCs 1o cleayoleit Gopmyie:

0, = h —(hx +han) 4 ’ @)
d. 2-R

i eq

rae N — obrmiee 9rcio ToueK mpoduiist Tpacchl, 0-51 TOYKa COOTBETCTBYET TOUKE PACIIONOKEHUS Tiepe-
JaTYMKa MOMEXH, N-51 TOUKa — TOYKE PAcIONIONKEHHs NPUEMHUKa IoMmexu; h — BbicoTa I-if TOUKH

npoduIIs HaJl yPOBHEM MOPS C y4ETOM MECTHBIX IIPEIMETOB; Ny, — BBICOTAa TOUKHU PACTIOIOXKCHUSI TIe-
peaaTyrKa IIoMeXH HaJl ypoBHeM Mops (BbicoTa 0-if Touku npoduis); h,, — BbICOTa MOABECA aHTEH-
HBI [IepeaTyhKa IOMEXH HaJl YPOBHEM 3eMIIH; N, — BBICOTA TOYKH PACIIOJIOXXCHUS IPUEMHUKA I110-
MEXH HaJ ypoBHEM Mopsl (BbIcOTa N-# Touku npoduis); h,,, — BbICOTa MOABECA AHTEHHBI IPUEMHHKA

MMOMEXH HaJ YPOBHEM 3CMIJIU; di — PpacCTOAHUC OT NCPCAATUNKA IMOMEXU OO0 i-if TOUKH HpO(bI/IJ'Iﬂ; d-
PacCCTOAHUC MCKAY NEPCAATINKOM U IPUEMHUKOM IMOMCXHU; Req — DKBUBAJICHTHBIN paanyc 36MJ’II/I, Oe-
PETCA MEANMAHHOC 3HAYCHUC.

TTHHHA EHZHDOBAHHA MeEIY
JIHHHA BH3HPOBaHAA X -
-7 TOYEAa apTerHamu X uw RX
. &
YpoBeHE MOpE =
|
g &
£ I
&
=
—— ERTHO3aHHE» JeMIH, A
df d- d;'
d

Puc. 2. Pacnonosxenue nepeaarimka M NpueMHuKa IMOMEXH Ul ONPEACIICHUSA HpﬂMOﬁ BUIUMOCTH

Ecmm Tpacca MEXKAY NCPEAATINKOM U NIPUEMHUKOM IMOMEXH OTKPBITAA, TO YIOJI MECTa aHTCH-

(th +hARX)_(hTX +hATX) d

HBI [IEpeJIaTUNKA Yoy =05y = q TSR rae O, — yros MecTa, oJay4eHHbIH
‘R

o popmye (2).
Eciu Tpacca Mex1y mepeaaTankoM U IMPHEMHUKOM ITOMEXH 3aKpPhITast, TO yroj MeCTa aHTEH-

HBI NIEPEIaTUNKa Y1, PABEH yINIy MECTa PaJHMOrOpH30HTa Nepenaryuka: yn, =0, .., rae 0., — yron

MecCTa, MOTy49eHHBINA U3 hopmynsl (1)
3areM pacCUMTHIBACTCSl PA3HOCThH YIJIOB MECTa HANpaBlieHHs OT MepeJaTdyhKa Ha MPHEMHHUK
IIOMEXHU U OPHEHTALNY aHTCHHBI IIepeIaTIuKa HOMeXU AYry = Vi — Vixo -

MeToauka pacueTa pasHOCTHOI0 yrJa

PaccunThiBaeTCs HCTUHHBIN pa3HOCTHBIﬁ yroia A MCKAY HallpaBJCHUEM OT NCPCAATUINKa Ha
MIPUEMHHK ITOMEXH U OPUCHTAIIUN aHTCHHBI IEPEAATUNKA ITIOMEXHU 110 METOAUKE [1]

AA= arCCOS[COS(YTxo) +€OS(Y7x ) - COS(Ory — Oty ) +SIN(Y10) - SIN(Yx )] ,

A=AA, eciim Ao =0-+180°, A=360°—AA, ecitt Ao =180°-+360° .
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JJ1 ICTUHHOTO Pa3HOCTHOTO yIJla 1eilecooOpa3Ho MPUMEHATh TOUHYIO Gopmyny u3 [1], a He
YIPOIIEHHYIO U3 [2], TOCKOIBbKY TOCTENHSS NAaeT CYIIECTBEHHYIO OIMOKY MPH BBIXO/E/TIPUXO/IE TI0-
MEXH B 3a/{HEH TTOJTYTUIOCKOCTH JIHarpaMMbl HAaIIPaBJICHHOCTH aHTSHHBI 110 OTHOIICHUIO K OPUEHTALIUH
AQHTEHHBI MepeJaTyiKa/IPHEMHIKA TOMEXH.

Tounast hopmya st pasHocTHOTO yria u3 [1]:

A1 =arccos|CoS(Yqy ) - COS(Yrx ) - COS(Ctry —Olryo) +SiN(yry )]
[MpubsmkenHas popMmysia it pa3HOCTHOTO yrita u3 [2]:

A2 =arccos[Cos(Yoy —Vrxq) - COS(Olry — Olry )| =arccos[cos(Ay y ) - coS(Aoy )] -
[Tpu ManoM pa3HOCTHOM yTJIe:

Oy =0°, Oy =25°, Yryy =—5°, ypy =—3°, Al=25017°, A2 = 25,075°.
IIpu GombIIOM Pa3HOCTHOM YTJIE:

Oy =0°, 0ty =180°, Y10 =3°, yo =—5°, A1=180°,A2=170°.

10
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Puc. 3. 3aBrcHMOCTE OIMIMOKHU BRIYHCICHUS Pa3HOCTHOTO YTIIA TIPH UCTIOIh30BaHUH MIPHOIIKEHHOH (POpMYITBI
OT OpUEHTAllUN aHTCHHBI Hepe}laT‘II/IKa/HpI/IeMHI/IKa IIOMEXH

3akiaouenue

B xoze paboThl OblIa U3JI0KEHAa METO/IMKA PAacUeTa YIioB OPHEHTALMHM aHTCHH IepeaaTynka
" IMPpUEMHHUKA ITOMECXH, a4 TaAKKC PA3SHOCTHOI'O yrjia, Iojiydc€Ha 3aBUCUMOCTb OIIMOKH €r0 BBEIYMCIIEHUS
OpH UCIHOJIB30BAaHUHM TPHOIMKEHHONH (DOPMYINbI pacdera, W3 KOTOPOHl BHIHO, YTO MPH IPHXO-
Jie/BBIX0JIE TIOMEXH B 3aJJHEH MOJTyIIIOCKOCTH MPHOIMKeHHas (hopMyria JaeT CyleCTBEHHYIO OIIHOKY.

CALCULATION METHODS OF ORIENTATION ANGLES OF TRANSMITTER
AND NOISE RECEIVER ANTENNAS IN ANALYSIS OF ELECTROMAGNETIC
COMPATIBILITY

O.1. KOROLKOVA, V.M. KOZEL, K.L. GORBACHEV

Absract

The calculation methods of orientation angles of transmitter and noise receiver antennas, and
also calculation of the true incremental angle are explained. Dependence of an computation error of
the incremental angle values is received, when using the approximate calculation formula .
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