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1 KPUTEPUM NIPSIMOM BUJUMOCTHU

1. BBEJJEHUE

Ha pacnpoctpanenue paavoBOJIH BOJIHM3M TMOBEPXHOCTU 3€MJIM BIIMSIOT BEPTHKAIbHBIC
U3MEHEHMsI B TIOKa3aTelie mpesiomiieHus armocdepsl. [To mpuumue pedpakiuu paauoBOTHBI
MPOXOJAT TO H30THYTHIM MYTSM B BEPTUKAJIBHOW IUIOCKOCTH. BenmuunHa KpPUBU3HBI MyTH
MEHSIETCSI CO BPEMEHEM H3-3a W3MEHEHHs JaBJICHUS, TEeMIepaTyphl M BIaxHOCTU. [Ipum
HOPMAJIBHBIX YCJIOBHUSAX PACHPOCTPAHEHUS TPACKTOPHUS PaaroIyda U3rudaercst Tak, 4YTo UMEeT
(dbopMy AyrH, BRITHYTOM K 3eMJie, H PaaUOTOPU30HT pactmpsiercs. OmaHaKo, Korjaa rpajiueHT
pedpakiuy yBeIUnINBACTCS, TPAEKTOPUS JIyda N3rudaeTcsi B 0OpaTHYIO0 CTOPOHY, YTO IPUBOAUT
K YMEHBIICHUIO paauoropu3oHTa. Korma Tpacca paaumocBsi3u TPOXOAWT HU3KO HaJ
MOBEPXHOCTBhIO 3E€MJIM MOTYT TIOSIBUTHCS JOMOJIHUTENIbHBIE JU(PAKIHOHHBIE IOTEPH Ha
Ha3eMHbIX MpensaTcTBUsX. Hampumep, ecnm ock Jiyda TOJBKO KacaeTcs MpensTCTBUS,
3aTyXxaHHe CUTHAJIa MOXKET COCTaBUTh OT 6 10 20 nb, B 3aBUCMMOCTH OT THIIa TTOBEpXHOCTU. B
KPUTHUYECKUX CITy4asx IMPEISITCTBUE MOXET (PaKTUYECKH 3aKpbIBaTh BECh paavoiyd. B atom
cllydae MpomnajaeT npsMas BHIUMOCTh MEXIy IMEpelalneii U NMPUEeMHOW aHTCHHAMU U
NPUHUMAEMBbIH  CHTHAJl MOXXET CTaTh HACTOJbKO ciadbiM, 4to PPJI mepecraner
(YHKIIMOHUPOBATH.

OnHa M3 caMbIX TJIAaBHBIX 33]a4 NPU MPOCKTHPOBAHUU PATUOPENICHHON JIMHUM CBS3H -
BBIOpaTh BBICOTHI AHTEHH TaK, YTOOBI TOTEPS NPSMON BUIAMMOCTH MEXIYy HUMH OBLIO
YpEe3BBIYANHO PEAKUM COOBITHEM.

Jliist aTOTO0 HEOOXOIMMO UMETh TOYHYIO MH(GOPMAIHIO Kak O Tpoduiie Tpacchl Tak U 00
OTKJIOHEHHWU PaJfojiyda MO MPUYMHE M3MEHEHHUS METEepPEOJOTHUYECKHUX YCIOBHUH Ha Tpacce.
HeoOxonumo rapanTupoBaTh JOCTATOYHBIA MPOCBET JUIsl CaMOro XYAILIEro ciydas (camoro
HU3KOTO Jiyya ) Ha Tpacce. ITO MOXKET OBbITh JOCTUTHYTO COOTBETCTBYIOIIMM BHIOOPOM BBICOT
aHTEHH, KOTOpBIC, OJHAKO HE MOTYT OBITh OOJbINEe YeM (PAKTUYECKH HEOOXOJMMbIE KaK IO
SKOHOMUYECKHM MPUYMHAM, TaK | 10 MpUYHHE ( Ha Tpaccax cO 3HAYUTEIbHBIMU OTPKECHUSIMHU
OT 36MHOH MOBEPXHOCTH) 3aMETHOTO YBEIUYCHUSI PHCKAa MEKCHUMBOJILHOW MHTEPPEPEHIIUN U
UCKa)KCHUSI CUTHAJA.

B nanHOll TaBe marTCA KPUTEPUH TPSIMOM BHIMMOCTH, KOTOPBIE TO3BOJISIOT
MPOEKTUPOBIINKY OTPAaHUYUTH BBICOTHI TOJBECA AHTEHH MHHHUMYMOM, COBMECTHMBIM C
HE3HAYUTEIHLHON BEPOSTHOCTHIO MOTEPH BUAUMOCTHU Ha Tpacce. [[aHHbIe MOIX01bI TPUMEHUMBI
K Pa3IMYHBbIM KJIMMATUYECKUM YCIOBUSM M OCHOBAHBI HA JaHHBIX, MOTYYeHHBIX U3 [1-3].

I'maBa umeer cnenyiomyio CTpykTypy. B cremyromem pasnene mbl OyaeMm 00CyXIaTh
pacrnpocTpaHeHHe paJliOBOJIH B UACATbHON aTMoc(epe, KOTopasi UMEeT MOCTOSTHHBIN TPaJHeHT
pebpakimumu G. DTa Momenb BeACT K BAXHOMY IOHATHIO - «OKBUBAICHTHBIA paIIyC.
COOTBETCTBEHHO DPAJMOBOJIHBI PACCMATPUBAIOTCSA KAK PAaCHpPOCTPAHSIONIMECS MPSIMOJIMHEWHO
HajJ (GUKTUBHOW 3eMHOM moBepxHOCThiO paauyca KR, rme R mpencraBnser daxtuueckuit
3eMHON pamuyc, a K HaspiBaeTcs 3(ppekTuBHBIN pagauyc-(hakTop, KOTOPBIH OmpeneseTcs
CJICTYIOIIUM BBIPXKEHUEM:
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=T (D
157+G
rae G - B equaunax/kuwiometp (N-units/km).

B paznene 3 MBI paciiupum 3Ty MOEIb, YTOOBI IPUHSATH BO BHUMAHHE TOT (aKT, YTO B
pEaNIbHOCTH TPaIueHT pedpakivy HEe OAMHAKOBBIM Ha Pa3IMYHBIX ydacTKax Tpacchl. [loaTomy
HEOOXOMMO BBECTH MOHITHE SKBUBAJICHTHOTO rpaaueHTa pepakuud Ge KOTOPBIH SBISETCS
CTaTUCTUYECKOW BEJIMYMHOM - NPOCTPAHCTBEHHBIM CPEIHUM M3 PA3IMYHBIX T'PAJUEHTOB Ha
MPOTSHKEHUN JUTMHHBI TPACChl, U YbE PACIpPEEICHNe BO3MOXKHO OLIEHUTH Ui Pa3HBIX Tpacc.
3Hasg 3TO pacmpeiesieHHe MPEICTaBIACTCS BO3MOXHBIM OLEHUTh BEPOSTHOCTH TMOSBICHHS
MHUHUMAJIBHBIX (HEXeNIaTeIbHBIX ) 3HaueHHH K.

[ToTepu mo npuunae nudpakmuu 00CYKIAIOTCA B pa3zeiie 4 ¢ UCIOJIb30BaHUEM TIOHITHIA
YUCTOTHI 30H DpeHerst Il HEKOTOPBIX TUIOB MPENsTCTBUM. B 3aKiIFoUnTENILHOM 5-0M pazjielie
JTAI0TCSI HEKOTOPbIE MPAKTUYECKUE PEKOMEHIAIIUH [Tl OIPEIeNICHUs BBICOT aHTEHH.

2. BJIVSIHUE ATMOC®EPBHI HA PACITPOCTPAHEHUE PAJIMOBOJIH.

OpHMM U3 caMBIX TJaBHBIX (PAKTOPOB, BIMSIOMIMX Ha PACIpPOCTPAHEHUE PATUOBOIH B
aTMocdepe sABiseTcs u3MeHeHne KodhUiMeHTa npeJoMIeHUs N ¢ BBICOTOW. ITO MPOUCXOTUT
10 MPUYMHE 3aBUCUMOCTH N OT JABJICHUS, TEMIIEPATYPbI U BIAXKHOCTH, KOTOPbIE U3MEHSIOTCS C
BbicoTOM. [l wactor Bmioth a0 30 I'T xoadduimeHT npenoMiieHus OmpenessieTcs: Mo

dbopmye [4]:
n=77.624373100—
T T

riae  p - arMmocdepHoe naBieHue (mb);
€ - TIOPIIMOHHOE JIaBJICHUE BOJISTHBIX MapoB (mb);
T - abcomotHas Temmieparypa (K).

Tax kak n HEMHOTUM OTJIMYAETCs OT €AMHULIBI y100HEe paboTaTh C BETUUHUHOM
N=(n-1)-10° (2)

Hanpumep, korddunment npenomuerust B 350 N- eAMHUAIl COOTBETCTBYET 3HAYCHHIO
n=1.000350.

B o0miem ciydae ock paanoilyda MOXKET HMPOXOJUTh B COTHH METPaxX OT MOBEPXHOCTH
3eman. CornacHo [5] Ha TakMX BBICOTaxX B CMEIIAHHBIX CIOSIX aTMocdepbl KOd(pHuIueHT
MIPEJIOMIICHHS YMEHBIIIAETCS OJTMHAKOBO C BBICOTOM h, ¥, ClleI0BaTeIbHO IPpaHeHT

G_d_N (3
~ dh )

IMOCTOSAHCH ITPU UBMCHCHUHU h.
Ho »10 He 3HaunT uT0o G HEM3MEHEH BO BPCMCHH.



L.F. Mojoli U. Mengali «Propagation in line of sight radio links»

ol

L
g |
0
g,
WA |
Euw |
L - |
e g |
guw |
T r
i} |
g 90 1
o |
|
= I
w0 !
LH]

-0 =100 -BRO  -EDD -400 -300 apd A EOO
REFRACTIVEYY GRADLENT, & 4N -UNI TSI

Puc.1 Pacnpeoenenue epaouenma pegppaxyuu
a) Trappes (@panyus), ymepeHHbll KIUMAM
b) Ostersund (Lllseyus), cesepHulil Knumam
¢) Dakar (Cuneean), mponuueckuil Knumam

C npyroit croponbl G CWJIBHO 3aBUCHUT OT Tuma kiumara. Ha puc.l mokazaHbl
IKCIIEPUMEHTAILHO ~ TOJYYCHHbIE KpuBble pacmpeneneHuss G B Tpex  pa3jiMyHBIX
KJIMMAaTUYECKUX 30HaX. He TpymHO 3amMeTuTh, 4TO cpenHee 3HaueHue G Il YMEPEHHOTO
kaumara cocrasisiet -40 N en/xm.

CornacHo TpPENOJI0KEHHIO O TTOCTOSIHHOM TpaJiueHTe B [5-6] MOKa3aHo, 4TO paaHoIyd
MOXXHO TIPEACTaBUTh KaK JyTIy OKpPY)XHOCTH paJHyCOM I, KOTOpas BBIpaK€Ha uepe3
KO3 UIIUMEHT TPETOMIICHHS N CIEAYIOIINM 00pa3oMm:

__dn .
=~ 4)

- | —

Ha pwuc.2 nokazana reomerpusi paguoiyya. KpuBu3zHa 3emui mpeicTaBieHa JIyroi
OKpPY>XHOCTH paauycoM Ry, B TO Bpems Kak TpaeKTOpusl pajauoyda - Jyra OKPYXKHOCTH
panuycom t. ITycts h1 1 h2 - BeicoThl anTenH Han nunueit T'R’ n H(x) - mpocset ocu, Toraa:

(d—x)h1+xh2
Heo = 5)

BricoTa s1yda Ha/i MOBEPXHOCTHIO 3€MIIM MOKET OBITh BBIpaKEHA KaK
E(x) = H(x) + Bg (x) = B (x) (6)

rne Br u Bg - COOTBETCTBEHHO BBIMYKJIOCTh Jy4Ya W BBITYKIOCTh 3EMJIU B
paccmarpuBaeMoit Touke. OHHM JIETKO BBIYHUCISIFOTCSI €CIU NPUHATH BO BHHUMAHUE TO, YTO
06br9r0 Ayru T’R’ 1 TR MoryT OBITH anmpOKCUMHPOBaHKI Tapadoiamu [6]:

1
By (x)=5-x(d-x) ©



L.F. Mojoli U. Mengali «Propagation in line of sight radio links»

BA -
Puc.? -————-——-\._\_‘\
T'eomempuuec BHMJ— [ R
Kdst MOOenb, T,_E'__PF_'"' |
UTLIFOCMPUPYIO Ry | pEm
was o F i
useubamue L . Hrsly | J
ayua. ’\\ ! z ha
“\\ Bt
Toants,
x\ - - . =
N, \|—— iy Bod —a L
W '
S
w M
W
o™
‘\.\ .
LY
(8) YN
"
LU ™
Yacto kN Hx
ObIBacT H\\ \\
yA00HO AN
HUCII0JIb30BATh \\ \'\-0
E
T€OMETPUYECK
VIO \'\
Tparchopmair H\_ i
U0 puc.2,

YTOOBI OJYYUTh CUTYAIMIO, IPU KOTOPOU MPSAMOM pagHoyd pacipOoCTPaHSIEeTCs HaJ 36MHOMN
MTOBEPXHOCTBIO C OSKBUBAJCHTHBIM paaumycoM KRg, mmm HaobGopot, nyd ¢ 3dexkTuBHBIM
pamuycom KR, pacmpocTpansieTcss Hall MIIOCKOW 36MHOW MOBEPXHOCTHIO. B mo0oM H3 3THX
cinydaeB 3HaueHue K, HazpiBaemoe «3(h(HEKTUBHBIM paauyc - (haKTOpOM» TaKOBO, YTO BBICOTA
nyda (mpocBet) E(x) Hax 3eMnéit uMeeT Ty e (PyHKIIMOHAIbHYIO 3aBUCUMOCTh OT PACCTOSHUS
X KaK 4 Ha TIepBOHAYAJILHOM PUCYHKE (puc.2).

hy

Hik]

Erzl

A

aixl

RAY

EOMIWALENT EARTH

i

hy




L.F. Mojoli U. Mengali «Propagation in line of sight radio links»
Puc.3 I[Ipogune nponema na sx6u8aneHmMHoOU 3eMHOU NOBEPXHOCU.

Ha puc.3 noka3zana Mozeinb C SKBUBAJICHTHOM 3€MHON IOBEPXHOCTBIO. BbIcoTa j1yya:
E(x)=H(x)-B(x) )

rae B(X) - skBUBajeHTHAsI KpUBU3HA 3€MJIM, KOTOpasi MPEICTaBIsAETCS KaK:

1
B(x) = ﬂx(d_x) (10)

Hcxons u3 Toro, 4to mpaBble 4acTH BeIpakeHHH (6) 1 (9) D0MKHBI OBITH OJMHAKOBBIMH,
UMeeM:

B(x) = Bg (x) = By (x)
Wnu, ucnonszys (7)-(8) u (10):

1

1
S — (11)
T

1
KR, R,

JlanHoe cootHomeHue onpenenseT K kak ¢pynkmuo ot Ry n r.

[TogoGHBIM 006pa30M MOYKHO UMETH JIETIO0 C MOJIENBIO ITIOCKOW 3eMHOM moBepxHOCcTH. Ha
puc.4 MmokazaHO KakK KPHBH3HY 3€MJIM MOXXHO OTHECTM K KpPUBH3HE Jyya. Tak Kak 3eMHas
MOBEPXHOCTh CTAHOBUTCS IUIOCKOM, TO pPaguOIyd NPUHHUMAET Ty ke (opMy C TOH xKe
KPUBU3HOM (HO C MPOTHUBOIOJIOKHBIM 3HAKOM) SKBUBAJICHTHYIO KPUBU3HE 3€MJIM Ha puc.3.

IIpu paccmotpenuu puc.3, puc.4 u Boipaxkenus (10) craHOBUTCS MOHATHBIM, YTO BbICOTA
Jy4a HaJl 3eMHOM MOBEPXHOCTHIO 3aBUCHUT OT 3HaueHus K. C apyroii ctopons! K 3aBucut ot r
(11) m cnemoBaTeNbHO OT TpajueHTa KOdPQHIMEHTa MPENOMIICHUsS, KaK MOKa3aHo Ha (4).
[Ipocroe cootHomenune mexay K u rpaguentom pedpakiuu G MOXKET OBITH HOTYYEHO
CJIETYIOIIUM 00pa3oM. "3 (2) u (3) MBI UMeeM:

G-10°
~ 7 dh
CnenoBarenbHo, 13 (4):
1 -6
-=-107"G (12)
r

' I'panuenT pedpakiuy = rpagueHT Ko3(p(UIHEHTA IPeTOMICHH.
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Puc.4 IIpogunv nporema na niockou 3eMHOU NOBEPXHOCHIU.
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Puc.5 dppexmusnsiii paouyc pakmop xkax ¢hynxyus epaouenma pegpparxyuu

Teneps npu moxacranoBku (12) B (11) u mpuHsIB BO BHUMaHHE TO, YTO PATUYC 3eMIH
pasen 6.37-10° kM, noyunm:

157

== 13
157+ G (13)

rae G B N-en/km. Beipakenue (13) rpadbuyecku mokasaHo Ha puc.S.

Kak ObIIO moOKa3aHO BbIIIE, B YMEPEHHOM KIIMMaTe cpenHee 3HaueHHe G COCTaBIsET
okono -40 N-ex/kM, cooTBeTCcTBYIOIMEe 3TOMy 3HaueHne K=4/3. Takue merepeosiornueckue
yCIIOBUSI TPUHUMAIOT 3a CTaHaapTHeie. OJHAKO Jaxe B YCIOBHSIX YMEPEHHOTO KJIMMaTa
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BO3MOJXHBI 3HAUUTCIIBHBIC OTKIIOHCHUA I'paauCHTA G or Cp€AHCI0 3HA4YCHHUA 110 IMPUYMUHE
HU3MCHCHUA MECTCPCOJTOTNICCKUX YCHOBHﬁ.
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Puc.6 Usmenenue kpususuvt ayua kax @gyukyus K.

DddexT, momyyaronuiics B CISICTBUU 3TUX MU3MEHEHUH MOKa3aH Ha puc.6. BuaHo, 4To
Ha BEpIIMHE XOJIMa IMPOCBET HAaUMEHBIIMK. JTa TOYKA HAa3bIBACTCI KPUTUYECKUM
npenstcTBueM. [Tyctb d1 u d2 - paccTosiHUSL OT KPUTHUECKOTO MPETSITCTBUS 10 NIEpeaTiuKa u
MPUEMHUKA, TOTJA BBITYKJIOCTb JIyda onpenensercs kak (10):

d1d2
B=———

2KR, (14)

[Ipu crangaptHeIX atMochepHbix yeinoBusix K=4/3. Korma K cranoBuTcs MeHBIIMM (Kak
cinencteue ypenuueHuss (), TOrna yBENIWYMBAETCA KPHUBHM3HA JIyda, W, COOTBETCTBEHHO
yMeHbIaeTcs npocseT. M HaoOopot, mpu yBenndeHnu K yMeHbIIaeTcss KpUBU3HA JIyda U B
NpEeeIbHOM citydae npu K=oo ydy cTaHOBUTCS NMPSIMOW JTUHKUEH. D10 mpoucxoaut npu G=157
(13). Menbmme 3HaueHuss G MPHUBOIAT K OTPHIATENBHBIM 3HaueHUsIM K, ¥ COOTBETCTBYIOT
TPACKTOPHH JTy4a, U30THYTON BBEPX.

. MMUHUMAJIBHOE 3HAYEHUE K.

B mpenpiayniem paszgene ObUIO cAenaHO MPEANONoKEHHe, YTO rpaaneHT G MpUHUMAeT
OJIMHAKOBBIC 3HAYCHHUS B PA3IUYHBIX TOUYKax Tpacchl. [lOCKOIBKY 3TO OYEBHIHO Tpybdoe
MpernoiokeHne (0COOCHHO Ha JJIMHHBIX IPOJIETax) BO3HUKAET BOIMPOC - KAaK MPOCIECIUTH
W3MEHEHUE TPACKTOPUHU pPaauoiyya mpu u3MeHeHuw rpagueHta G Bmons Tpaccel PPJI. Dra
npobnema Obuta oOCyXkJeHa B [7] W ObBUIM TOMy4YeHBI CIEAYIOMAE pPe3yJIbTaThl IS
YCTAHOBJICHUS KPUTEPUSI MIPSIMOI BUIMMOCTH:

a) dakTuyeckast TPaeKTOPHs TaKKe MPUOIM3UTENBHO alllPOKCUMUPYETCS 1yTOll OKPY>KHOCTH C
KPUBU3HOU

=-10"°G, (15)

_ | =
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rie G, - SKBUBAJICHTHBIN IPaIMEHT pepaKInu;
0) G, - cpeHee 3HAUYCHUE TPAIMEHTOB MpenomieHust G pacipeieIeHHbIX BIOJb MPOJIETa;
B) G - ciydvaifHas BeNWYHMHA, pacrlpeiesieHHas Mo 3aKoHy laycca Ha AJIMHHBIX MPOJIETax.
[lycth 1 ¥ G - MaTeMaTHYECKOE OXKUIAHUE U CPEIHEKBAJAPATHUECKOE OTKIOHEHHE BEIIMYMHBI
G, nosy4eHHbIE U3 METEPEOJIOTNYECKUX HAOII0ACHUI HAa UHTEPECYIOIIEM HAac y4acTKe, TOr/a:

He =1 (16)

(¢

° =T Nivd/d,

rae d - quHHa nporneta, kM; do=13.5 kM. [IpuBeneHHas Bbillie MOAETh PUMEHUMA
st G, rpy utHEe mposieTa Gombire gem 20 kv.” Ha Goee KOPOTKHX MPOJIETax pacipeieIeH e
G. coBmagaet ¢ pacnpeneneHueM G B3sSTOM B JIt0OOM TOuke mpoJieTa (T.K. UMEET MECTHBIN
XapaKTep).
r) Ha nmponerax nmpotsikeHHOCTBIO Ooubiie yeM 20 kM 3HaueHue Ge, MPEBBIMIAIONINE JTaHHBIN
MPOLEHT BPEMEHU JIETKO BBIYUCISETCS IyTEM WHTETPUPOBaHMS (YHKIMH TayCCOBCKOM
IUTOTHOCTH BEPOSITHOCTH C MapaMeTpamH i, U G,. B yacTHoCTH:

(17)

Ge(0.1%) = 1, +3.18, (18)

Ge(0.01%) =, +3.75, (19)

n) Ilpu BBUMCIEHWH | U G HEOOXOAMMO OOpAaTUTh BHUMAHHE HA TO, YTO YCIIOBUS
pacnpocTpaHeHMsl, MPUBOASAIINE K YMEHBUICHUIO IPOCBETA XAPAKTEPU3YIOTCA TIpaJUE€HTaMU
OompImMH  4YeM cpeaHee 3HadeHne Gp. OTo yuumThBaeTca gomymeHuneM U= Gy ©
BBIUMCIICHUEM G U3 pacrpeneicHus (GUKTUBHOTO Ipaiu€HTa, KOTOPOE COBIMAIACT C peaabHbIM
npu G> G, B TO Bpems kak a1 G< Gy, pacnpeeseHue MOKHO NOJYyYUTh IIyTEM 3€pKaJIbHOTO
0TOOpaKeHUs rpadrika OTHOCUTEIIBHO TOUKH ab1ucchl Gy, Kak oKa3aHo Ha puc.7.

ot t t } t st t
— 1
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Puc.7 Jleiicmeumenvroe u gpukmusroe pacnpeoenenue G.

HeckombkO KOMMEHTapHeB OTHOCHTEIBHO IOJYYEHHBIX BBIINIE PE3yJIbTATOB.
Heobxomumo 3aMeTHTh, YTO MOHATHE AKBUBAJCHTHOTO TPaJMEHTa OCTABISET pe3yJbTaThl,
HOJTy4eHHbIE B MPEABIIYIIEM pa3Jielie MPaBOMEPHbIMHU, ecii npousBecT 3ameHy G Ha G. BO
Bcex popmynax. B wactHocTH, Beipaxkenue (13) OyaeT BBITISIETh CIEAYIOIIMM 00pa3oM:

157

~157+G, (20)

3ameTnm, yTo (G€ UMEET MEHBIIYIO AucTepcrto yeM G, U AUCTIepCUsi YMEHbBIIIAETCS C
yBeJIMYeHUe JIMHHBI nposieta (17). duznueckuii CMBICI 3TOro (pakta B TOM, 4TO MO IPUYHHE
Pa3IMYHBIX METEPEOJIOTUYECKUX YCJIOBHM HA pa3HbIX ydacTKaxX JJIMHHOTO MpoJieTa pa3Hble
IpagueHThl pePpaKIMU, KOTOPBIE MOTYT KOMIICHCUPOBATH JIPYT JIpyTa.

BaxxHoe crienctBue yMeHblIeHHE BeIMYMHBI Aucnepcun Ge cocTtout B ToM, 4to K
TaK)K€ YMEHBILIAETCS, U 3TO YMEHBIIAET BEPOSITHOCTh TOTO, YTO K JOCTUTHET 3HAUYeHMid, npu
KOTOPBIX MPOU30MIET MOTEPS MPSIMON BUAUMOCTH.

Ha mpaBunbHo cipoexTrpoBanHoi PPJI BEICOTHEI aHTEHH 1MO100paHbl TAKUM 00pa3oM,
YTO BHUJAMMOCTH MEXIY AaHTEHHAMH CYLIECTBYET JaXe I CaMbIX «HHU3KUX» JIy4dew,
oxupaomuxcs Ha Tpacce. Ha mpakrtuke Oepyr 3nauenne K ne mnpessimmaromue 0.01%

BPEMCHH.
N3 (20):

157
K(0.01%) = 21
(0.01%) 157 + Ge(0.01%) @
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K MOT EXCEEDED FOR 0.01% ©OF TIME

2 C } t } :
i 20 43 &0 80 00 oo
FATH LENGTH, km

Puc.8 3nauenus K ne npesvruarowue 0.01% epemenu kax ¢hpyHkyus OnuHHbl mpaccol 0Jis
CedyIowux munos KiumMama:
a) Trappes (Opanyus), ymepenHvlll KiumMam
b) Ostersund (Illseyus), cesepnulil Kiumam
¢) Dakar (Cuneean), mponuueckuti kiumam

I'paduk, Ha puc.8 mokaspiBaeT QyHKIHOHATBHYIO 3aBUcUMOCTh K(0.01%) oT mimHbI
npojeTa Ui Tpex pacnpeneneHuii G, mpuBeJAeHHbIX Ha puc.l. 3aMeTHa J0BOJBHO OOJbIIast
pasHuIa MEXIy KPUBBIMH, XOTSA, KaK M OXKHAAJIOCh, BCE KPHUBBIC PACTYT MPH YBEIUYCHUU
JuHHBL Tiposieta. Kak BuaHo u3 Tabmumbil, xots 3Havenus K mo Bepcun MKKP nmanbr mmst
0.1% Bpemenu, pakTHuecku OHH B3ATHI U3 [8], TIe OHM 0003HaueHbI Kak 3HaueHus npu 0.01%
BpeMeHH. HeTpyiHO 3aMeTUTh, YTO TH 3HAYCHMS MPAKTHUYECKU COBIAJAIOT CO 3HAUYECHUSIMHU B
TPEThEM CTOJIOIIE TSl posieToB IUHHOM OT 40 10 200 KM.
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PATH LENGTH E{0.1%}Y | E(0.0LED COER
{¥m) 0.1%
200 1.07 1.01 1.00
150 1.03 .97 0.97
50 0.96 0.90 D.90
&0 0.84 0.78 0.75
30 0.81 0.74 0.68

4. JMOPAKIIMOHHBIE ITIOTEPU.

Korna mpocBeT CTaHOBUTCSI MaJIbIM, TOSIBJISIFOTCS 3aTyXaHHE 10 MpUInHE Audpakuuy,
U COOTBETCTBEHHO NAJaeT YPOBEHb CHUTHaNa Ha mnpueme. s ompeneneHuss MHUHHUMAJIbHO
BO3MOYKHOT'O MPOCBETA, IPH KOTOPOM €LIE HE MOSBIISIOTCS MOTEPH JAHHOTO THUIIA PACCMOTPUM
MOHATHE TIepBON 30HBI DpeHesi, KOTOPOe UMEET BaKHOE 3HAUCHHUE B OLICHKE TU(PAKIIMOHHBIX
notepb. HTYUTUBHO TOHSATHO, U MOXET OBITh MOKAa3aHO, YTO OCHOBHAsi MOIIHOCTH CHUTHAasa
MepenaeTcs UMMEHHO B mnepBoi 30He PpeHens. Cle0BaTENbHO, NMPABOMEPHO OXHUAATh, YTO
3aKpbITHE ATON 00JIACTH OKAXKET CUIbHOE BIMSHUE Ha YPOBEHb IPUHUMAEMOT'0 CUTHAJIA.

Ilepen TeMm, kKak paccMOTpeTh IUGPAKIHOHHBIE MOTEPU B HEKOTOPHIX THUIIMYHBIX
ClIy4asix, OIEHMM pa3Mepbl NepBoil 30HbI Dpenens BAoab Tpacchl. Ha paccrosauum dl ot
nepenaryuka U d2 oT npueMHHKA:

Ad d,
d

Fl = (22)

Bripaxkenne (22) mokaseiBaeT, uto F1 3aBuUCHT Kak OT pabouel 4acTOTHI, TaK WU OT
paccTosiHUil 10 mepelaTtyuka U J0 npueMHuka. Makcumym F1 Haxomutcs B cepenuHe
UHTEpBaja:

1
Flmax = 5 N Ad (23)
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Puc.9 Ilepsas 30na
Dpenens na
9KBUBATIEHMHOU
3eMHOU
NOBEPXHOCMU.

Paccmotpu
M audpakImOHHbIC
HOTepu KaK
byHKIHIO oT

B

| .
|
i = |

IpOCBeTa JJIsl TPEX TEOPETHUECKUX TUIIOB MPEMATCTBUIA: TUIOCKOM MOBEPXHOCTH, TIAIAKOMN
cepuyeckoid cdepsl U ocTporo KiuHa. [IpakTudeckuii ciryuail JEKHUT r1e-To nocepeaune. Ha
puc.10 mokazansl moTepu B 1b MO OTHOWIEHUIO K MOTEPSM B CBOOOAHOM MPOCTPAHCTBE Kak
¢bynkust otHocutenbHOTro npocBeta C=E/F1. BumHo, 9T0 BO BCeX ciydasix MOTEpPH HYJIEBBIE
npu C=0.6, u oHn Bo3pacTaroT npu ymeHbieHnH C. CKOpOCTh BO3pacTaHMsI 3aBUCUT OT THIA
MpEensSTCTBUA. B 4acTHOCTH, MIMPOKOE MPEMATCTBUE C XOPOILIO OTPAKAIOIIEH MOBEPXHOCTHIO
IPOU3BOAUT OOJIBIINE MTOTEPH, YEM MPENATCTBUE C MEHBIIUMU T'OPU30HTAIILHBIMU pa3MepaMu
(BepIIMHBI TOp, HATIPUMED) WITH MPEMATCTBHE ¢ a0COpOHMpPYIOIel TOBEPXHOCTHIO (Jiec).

48 FRUM FREE-SFACE LOSS

ERIE SPACE

SMOOTH
SFHERE

FLAME EARTH

20
HIAMALIZED CLEARAMNCE, ©

Puc. 10 Juppakyuonusie nomepu Ha pa3iuunvlx munax npensimcmeul.

5. IIPABUJIA BbIBOPA TTPOCBETA.
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[IpakTrueckas mpobiema npu npoekrupoBanuu PPJI cocTout B BEIOOpE BBICOT aHTEHH
TakuM 00pa3oM, 4TOObI OHM OBUIM HE BBIIIEC, YeM MUHUMAIbHO HeoOXoaumsble. st 3Toro
HEOOXOMMO YIOBJIETBOPUTH CIIEAYIOIINM yCIOBHSIM:
1. BeposiTHOCTH TOTO, YTO MPOU3OUIET MOTEPS MPSMON BHUAUMOCTH MPHU AHOMAIIBHBIX YCIOBHUSX
JOJKHA OBITH IPHHEOPES)KMMA MaJia.
2. IIpuemnemslie 1udpaKIIUOHHBIE TOTEPH MPH HOPMATBHBIX YCIOBHUIX MPOXO0KICHUS.
BoT HekoTOpBIE KPUTEPUHN BUIUMOCTH, UCIIOJIb3YEMBIE /IO HACTOSIIIETO BPEMEHHU:
a) Ilpoceem Oondicen Ovimv ne menvuie uem (0.6 nepeou 30Hbl Dpenens npu
Munumanviom K.
0) IIpoceem Oondncen 6vims pasen 1 unu 6onvue npu K=4/3.
3amerum, 4to a)- 310 pekomeHaanuss MKKP tonbko s ymepenHoro tuna kiaumara. s apyrux
TUTIOB KJIUMaTa MHHMMYM TIPOCBETa JOJDKCH OBITh BBIUMCIICH IO MPOLEIYPE, OMUCAHHON B
paznene 3. AHaJTOTMYHOE 3aMEYaHWe OTHOCUTCS M K 0) - ans apyrux TumoB kimMmata K=4/3
JNOJDKHO  OBITh  3aMEHEHO cpenHuM 3HaueHueM K, ompenmenennsiM w3 (13) mo
METEPEOJIOTUIECKIM U3MEPEHHSIM cpeiHero 3HaueHus G.

B nacrosmiee Bpems a) 1 6) HECKOJIBKO BHIOM3MECHCHBI.

HO)IXOI[ K BBI6ODV BBICOT aHTCHH IIPH IJIOXHX YCJIOBHAX PACIIPOCTPAHCHUA.

3amaya TPOCKTHUPOBIIMKA - TapaHTHPOBATh, NU(MPAKIMOHHBIC TIOTEPU HE MPEBBIIIAIOT
3amac Ha 3amupanus (Vmin no meronuke HUUWP) naxxke B TeueHnu mpeHeOpERKMMO MalioM
nporenta Bpemeru. Cornmacao MKKP:

Henocrynnocts < 0.01% (25)

2500

rae d - B KM.

[lepBblit mar npu BbIOOpe BbicOT aHTeHH - Bbiuucienue K(0.01%) mo mpouenype,
ONMUCaHHOW B paznene 3. 3areM HEOoOXOAMMO OMPEICIIUTh COOTBETCTBYIOIINN OTHOCUTEIHHBIN
npocBeT C ¥ BBIYUCIUTH TMOSBISIFOIIMECS TNPH HEM Tnorepu 1o rpaduky Ha puc.l0.
Omnupuyeckue Gopmyiibl ganbl B [7] u [16]. Hampumep crienyroiee BRIpaKEHHE MOXKET OBITh
KCIIOJIB30BAHO ISl IJ1aIKOM MOBEPXHOCTH:

A=-15425C (26)

Comnocrapnsas Vmin U A 100MBarOTCS TOro, YTOOBI BEICOTHI AaHTCHH OBLIM TaKWMHM, YTOOBI
A=-Vmin. Korzaa 310 ycioBue BBIIOIHEHO HEOOXOMMO HEMHOTO YBEIHUYUThH BBICOTHI AaHTEHH
JUIsL TOTO, YTOOBI YIOBJIETBOPUTH (25) W 3acTpaxoBaTbCs OT TOTPEIIHOCTH MOCTPOSHUS
npoduieil MHTEpBaIa, BO3MOKHOTO pocTa JepeBheB U T.I. Hampumep, BBICOTHI aHTEHH MOTYT
OBITh YBEJIMYEHBI TaKUM 00pa3oMm, 4yToObl yMmMeHbIUTH B 10 pa3 HemocTymHOCTh (25) T.e.
POMEKYTOK BPEMEHH, B TEUEHUH KOTOPOTO TU(PPAKIIMOHHBIC TOTEPH MPEBBIIIAIOT Vmin.

B pe3ynbTare a) MOKHO Mepenucarh CICIYIOIUM 00pa3oM:

a’l) Onpedenrumsv 6vicomvl aHmenH, npu KOMopwvIX OUPPaAKYUoHHvle nomepu paeusvl Vmin npu
K(0.01%).

a’2) Heckonvko ysenuuums 6b1COMvl AHMEHH, 4mMoObl cOelams HeCyuecmeeH Ol (CPABHUMYIO
¢ (25)) seposmrocms moeo, 4umo OuPpaKyuoHHvle NOMepu NPesbLIUAIOM 3anac Ha 3AMUPAHUSL.

IMogxon x BBI6ODV BBICOT aHTCHH IIPpH HOPMAJIbHBIX YCJIOBHUAX PACIIPOCTPAHCHMA.
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[Tocne Toro, kak ycioBus a’l) u a’2) BBINOJIHEHBI, HEOOXOAUMO MPOBEPUTH MPOCBET NPHU
HOPMAJIBHBIX YCIIOBHSIX MPOXOxkaeHus. [IpuemiiemMasi BelMuuHA MPOCBETA - HE MEHBIIEC YeM
C=0.6. YBenuueHue nNpocBeTa NPAKTUUECKU HE YBEIMYNBAECT YPOBEHb IPUHUMAEMOIO0 CUTHAJIA
(cm. puc.10), B TO BpeMs Kak 3TO BJICUET 3a COOOM yBEIIMYEHUE BBICOT MOJBECA aHTCHH, M KaK
CJIEJICTBHE - YOPOXKAHHE CTPOUTEIHCTBA.

Hnst vuskux 4gactor (1-2 I'Ti) rme abconoTHas BenMuYMHA TEPBOM 30HBI DpeHens
0O0JIBIIIOE, MPOCBET MOXKET OBIThH clenaH Aaxke MeHblne yeM C=0.6. ITo 3aBUCUT OT CTOUMOCTH
pa3HbBIX KOMIIOHEHTOB cucteMbl. Hanpumep, nudpaxiuonssie notepu B 1 b Moryt ObITh
CKOMIICHCUPOBaHbl YBEIMUYECHHUEM MOIIHOCTH Tmiepenaun Ha 1 nb, nubo yBenumueHuem
KO3 PUIMEeHTa YCUIICHUsI aHTeHH Ha | 1b u T.x1.

Takum 00pa3om, 0) MOXKHO 3aMEHUTH Ha:

0’) [Hobumvcsa omunocumenvrozo npoceema okxono 0.6 npu cpeowem 3Hauenuu K oOns
O0aHHO20 MUNa KIumMamd.

B MeTonuke, onucaHHOM B pykoBoAcTBe K nporpamme «PathLoss» BbICOTBHI aHTeHH BhIOUPAIOTCS
caexyomum obpasom:

Jis  ompeneneHWss MHHUMAIBHBIX BBICOT AHTEHH TeHepb TpeOyeTcs OIpeneiuTh
TU(PaKIMOHHBIE TOTEPH MTPH MUHUMAIBLHOM OxuaeMoM K u CBSi3aTh ¢ MpeienoM TerIoBOro
3atyxanus g Tpaccsl (Vmin). OCHOBHAs IpoIieTypa OMUCHIBACTCS CIEAYIOIUMHE IIaraMu:
Bbluucnuth BBICOTHI AHTEHH € MOMOILBIO KpUTEPHST MUHUMaNbHOU BuaAUMOcTH nipu 60%F1 n
K=4/3.

2. Bwraucauth mpesen TernjaoBoro 3aTryxaHus Vmin.

3. Omnpenenuts 3HaueHue K, koropoe Oyner npesbiaThest B TeueHue 99,9% BpemeHu.
Ucnonb3ys 3Hauenne K w3 mara 3, omnpenenuTh BbICOTbI aHTEHH, KOTOPbIE MPUBOJAT K
CJIETYIOIUM TU(DPAKITUOHHBIM MTOTEPSIM:

e 50% npeacia TCIUIOBOTO 3aTyXaHus, CCJIW MapupyT HUMCEET OAHO H30JUPOBAHHOC
OpCIATCTBUC.

e 25% mpenena TEIIOBOIO 3aTyXaHUs, €CIIM MaplIPYT UMEET HECKOJIBKO MPEMATCTBUI WIH
XapaKTepU3yeTCsl HEPETYIAPHBIM pelbeoM.
5. BbpiOpaTh MakcUMallbHBIC 3HAUEHUS BBICOTHI AaHTEHH, ONpe/Ie/ieHHbIC B 1arax | u 4.
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