MoaenupoBanue, ONTHMHU3ANHS 1 HHPOPMALMOHHbIE TEXHOJOTHH / 2020;8(2)
Modeling, optimization and information technology http://moit.vivt.ru

VK 537.87 DOI: 10.26102/2310-6018/2020.29.2.025

NuxenepHast Moae/Ib pacyéTa ypoBHel CUTHAJIOB NIPH
3arOPUM30HTHOM TPONOC(EPHOM pacIPOCTPAHEHUH
paanoBoJH YKB nu CBY nquana3oHoB ¢ y4éTOM BbICOT
NOAHATHSA M3J1Y4YaroLied U NPUEMHON AHTEHH

AJL Xanuc!, C.B. Becnaiabko?, B.A. Xanuc?, A.A. Xanuc?

L FO20-3anaonwiii 2cocyoapemeennuiii yuueepcumem, Kypck, Poccuiickas @edepayus.
2 Poccuiickuii yuueepcumem mpancnopma (MUHUT), Mockea,
Poccuiickas ®@edepayus.

Pe3tome: AXTyanbHOCTh CTaThbH OOYCIIOBJCHA MPAKTHYECKHMMU MOTPEOHOCTSMHU pacu€Ta ypoBHEH
CUTHAJIOB IPH 3arOpU30HTHOM TPOMOCHEPHOM paCIpPOCTPAHEHUH PAAMOBONH MPU OTCYTCTBUH
JeTalbHBIX JAHHBIX O COCTOSHUM TpoIocepbl ¥ HOBEPXHOCTH 3eMJIH. B HacTodIIee BpeMs CyIeCTByeT
P YMCIIEHHBIX KOMIIBIOTEPHBIX MOJEJIEH Pacy€TOB ypPOBHEH CUTHAJIOB B YCIIOBUSAX 3arOPU30HTHOTO
pacnpocTpaHEeHHs paJIMOBOJIH C YUYETOM BBICOT MOAHATHS HU3JIY4alOUIed U IPUEMHON aHTEHH, HO OHU
TpeOyIoT OONBIIOTO 00beMa UCXOTHOW MHPOPMAIIMH B BHJIE IETANBHBIX JaHHBIX METCOHAOIIOICHUH,
MPOTHO30B COCTOSIHUSI aTMOC(EpHI, a TaK)Ke JaHHBIX O peibede W COCTOSIHUU TOBEPXHOCTH 3eMIIH,
KOTOpBIE 00BIYHO HeJOCTYMHEI. CylecTBYOIIe TPUOTKEHHBIC HHKEHEPHBIE MOJIENIN HE TPeOyrolue
JeTalbHBIX JAaHHBIX 00 YCJOBUSX PAclpOCTPaHEHHUsI PaZMOBOJIH Pa3paboTaHbl MPUMEHHUTENIBHO K
PaCIIOIOKEHUIO U3TyYaroleld U NpuéMHOM aHTeHH Ha noBepxHocTH 3emiu. [Ipennaraemas B naHHOR
paboTe MOJeIb OCHOBAaHA HAa BBEJCHUM YCPEJHEHHOTO MHOXKUTENS OCIA0JCHUS Ul CTaHAApTHBIX
ycnoBuil B Tpomocdepe, nepeparonieid 1 mpuéMHON aHTEHH, Pa3MELICHHBIX Ha JIETHO-TIOABEMHBIX
CpeAcTBax M pa30MEHUH TPACCHI PACIIPOCTPAHEHHS HA YIACTKU HPSMON BUAUMOCTH U 3aTOPU30HTHOTO
pacnpoctpaHeHus. Llenb ucciienoBaHus 3aKIOYaeTCsl B pa3pabOTKe M OMMCAHUM MOJENU pacuéra
ypOBHEW curHaga (MHOXKHUTENS OCIa0JIeHHs) B YCJIOBHUAX 3arOPU30HTHOTO TPOHOC(EPHOro
pacnpocTpaHeHus] PaAMOBOJIH, NPUMEHHTENFHO K CIy4al0 pa3MeleHHs W3Iydarouled u npuéMHOM
AQHTEHH Ha JETHO-TIONBEMHBIX CPEICTBAX. 3a/layd, periaeMmble ISl JTOCTIDKCHMS IIeNId, COCTOST B
aHaJIN3e TPACCHI PAcIPOCTPAaHEHHs PAIMOBOJIH U OLEHKH MHOXKHTEJNS OCiabiIeHHs Ha Tpacce B BHJEC
CYMMBI MHOKHUTEJICH, XapaKTepPU3YIOLIMX MOTEPH HA yYacTKax TPAcChl PasIUHOrO BHJA — MPSIMOM
BUAMMOCTH, 30HbI AM(PaKIMKU M JAIBHEr0 TPOMoc(hepHOro pacnpocTpaHeHus. MeTox OLEHKH
MHOXXUTENS OCJIa0leHHs Ha Tpacce 3aKIIovaeTcs B HCIOIb30BAaHMM B KadecTBe 0a30BOil Mozenu
pacu€ra M3BECTHOTO HHXXCHEPHOTO METOJA JUIS CTAaHAapTHBIX YCIOBUH NAILHETO TporochepHoro
pacnipocTpaHeHusi. Pe3synbraToM paboThl SBISIOTCS MaTeMaTHYECKHE BBIPAKEHHS ISl HHXEHEPHOTO
pacuéra ypoBHEH CHI'HAJOB IPU 3arOPU30HTHOM TPONOC(HEPHOM paCHpOCTPAHEHHH pAJMOBOIH C
y4€TOM BBICOT IOAHSTHS M3JIydarolell U NpuéMHON aHTeHH. IIpemokeHHas MOJEenb OCHOBaHA Ha
BBEJICHUM YCPEAHEHHOI'O MHOMHUTES oOciabieHusi s CTaHIapTHBIX YCJIOBHH B Tpomocdepe,
nepeaaoued 1 NpUEMHONM AaHTEHH, Pa3MEIEHHbIX Ha JIETHO-TIOABEMHBIX CPEICTBAX M pa3OMEeHUH
Tpacchl PaclpoCTpaHEHHUs] Ha YYAaCTKHU NMPSMOW BUIAMUMOCTH M 3arOpHM30HTHOTO PACIPOCTPAaHEHUS U
MOKET OBITh HCIIOJIB30BaHA JJIS1 NPUOMMKEHHOM OLIGHKM YpPOBHEH NPUHMMAEMbIX CHUTHAJIOB IPH
3arOPU30HTHOM TPONOC(HEPHOM PAaCIPOCTPAHEHUH PaIUOBOJIH 0€3 JeTaJbHBIX AAHHBIX O COCTOSHUH
Tporocdepsl ¥ TOBEPXHOCTH 3€MJTH.

Knioueevie cnosa: MHOXKHUTENb OCHAONCHUS  PAaAMOBOJIH, 3arOPU30HTHOE  TPOIOC(EpHOEe
pacnpocTpaHeHHE paJMOBOJH, pacyéT YpPOBHEN CHUTHAIOB Ha Tpaccax pacHpOoCTpaHEHHs paJHOBOIIH,
nepesarolias aHTeHHa, MpUEMHAs aHTeHHA, JETHO-TIOABEMHBIE CpelCcTBa, pedpakuus, Audpakmus,
psiMasi BUIUMOCTb.

JIlna yumupoeanun: Xanuc A.JL., becnansko C.B., Xanuc B.A., Xanuc A.A. UnxenepHast Moaenb
pacuéra ypoBHEH CUTHAJIOB IIPH 3arOPU30HTHOM TponochepHOM pacnpocTpaHeHnd panoBoiad YKB u
CBY gnana3oHOB ¢ y4ETOM BEICOT MOAHATHS H3Ty4aroieil u mpuéMHOI aHTeHH. Modenuposarue,
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Abstract: The relevance of the article is due to the practical needs of calculating signal levels for over-
horizon tropospheric propagation of radio waves in the absence of detailed data on the state of the
troposphere and the earth's surface. Currently, there are a number of numerical computer models for
calculating signal levels in conditions of over-the-horizon propagation of radio waves, taking into
account the elevation of the transmitting and receiving antennas, but they require a large amount of
initial information in the form of detailed meteorological observations, forecasts of the state of the
atmosphere, as well as data on the terrain and the state of the Earth's surface, which are usually
unavailable. The existing approximate engineering models that do not require detailed data about the
conditions of radio wave propagation are developed in relation to the location of the transmitting and
receiving antennas on the Earth's surface. The model proposed in this paper is based on the introduction
of an average attenuation multiplier for standard conditions in the troposphere, transmitting and
receiving antennas placed on flight-lifting vehicles and splitting the propagation route into sections of
line of sight and over-horizon propagation. The purpose of the study is to develop and describe a model
for calculating signal levels (attenuation multiplier) in the conditions of over-horizon tropospheric
propagation of radio waves, in relation to the case of placement of radiating and receiving antennas on
flight-lifting vehicles. The tasks that are solved to achieve this goal consist in analyzing the radio wave
propagation path and estimating the attenuation factor on the route as a sum of factors that characterize
losses on sections of the route of various types — line of sight, diffraction zone and far tropospheric
propagation. The method for estimating the attenuation factor on the track is to use a well-known
engineering method for standard conditions of long-range tropospheric propagation as the base model
for calculating the coefficient. The result of this work is a mathematical expression for engineering
calculation of signal levels for over-horizon tropospheric propagation of radio waves, taking into account
the elevation of the radiating and receiving antennas. The proposed model is based on the introduction
of an average attenuation multiplier for standard conditions in the troposphere, transmitting and
receiving antennas placed on flight-lifting facilities and splitting the propagation route into sections of
line of sight and over-horizon propagation.it can be used for approximate estimation of the received
signal levels during over-horizon tropospheric propagation of radio waves without detailed data on the
state of the troposphere and the Earth's surface.

Keywords: radio wave attenuation factor, horizontal tropospheric propagation of radio waves,
calculation of signal levels on the propagation paths of radio waves, transmitting antenna, receiving
antenna, flight-lifting equipment, refraction, diffraction, line of sight.

For citation: Khanis A.L., Bespalko S.V., Khanis V.A., Khanis A.A. An engineering model for
calculating signal levels for trans-horizon tropospheric propagation of VHF and microwave ranges
taking into account the elevation heights of the emitting and receiving antennas. Modeling,
Optimization and Information Technology. 2020;8(2). Available from: https://moit.vivt.ru/wp-
content/uploads/2020/05/KhanisSoavtors_2_20_1.pdf DOI: 10.26102/2310-6018/2020.29.2.025 (In
Russ).
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BBeaenue

[Ipn pemeHuM 3ama4 JJIEKTPOMATHUTHOW COBMECTHMOCTH, PAJAUOKOHTPOJS |
pamuocBsi3M  TpeOyeTrcs pacu€T YpPOBHEH CHTHAJIOB B YCIOBHSIX —3arOPH30HTHOTO
pacipocTpaHeHUs] PAAHOBOJIH C YIETOM BBICOT TOIHSATHUS M3TyYarolIeld U MPUEMHON aHTEHH,
pa3MeIeHHBIX Ha JIETHO-TIOABEMHBIX CpPEICTBax. B HacTosiliee BpeMs CYIIECTBYET PSiI
YHCIIEHHBIX KOMIIBIOTEPHBIX MOJIEIIEH TTOJOOHBIX PacYeTOB, TO3BOJISIOIINX HAUTA MHOXKUTEb
oci1a0JIeHus! paIMOBOJIH U, COOTBETCTBEHHO, YPOBHU IIPUHUMAEMBIX CUTHAJIOB C TOYHOCTBIO JI0
1 — 2 nb [1]. Onnako oHu TpeOyrOT OONBIIOrO 0OO0BEeMa HMCXOMHON WMH(OpPMAUKU B BHJE
JeTalbHBIX TAHHBIX METCOHAOIIOACHUHN, IPOTHO30B COCTOSHHSI aTMOC(EPBI, 8 TAKKE JTaHHBIX
0 penbede U COCTOSTHIH TTOBEPXHOCTH 3eMJITH, KOTOPBhIE OOBIYHO HEAOCTYIHEL. [Ipu oTCyTCTBHM
JeTalbHBIX JAaHHBIX JUIS MPUMEHEHH, OMYyCKAOIINX MEHBIIYI0 TOYHOCTb, IeJIeCO00pa3HO
MCTIOJIB30BATh IBPUCTHUECKUE MOIEITN, OCHOBaHHBIE HA 0000ILEHIH pe3yIbTATOB HAOII0ACHU I
pacrpocTpaHeHHsI PaIMOBOJIH.

MartepuaJjbl 1 METObI

[IpuMeHHUTENHPHO K paccMaTpUBAaEMON 3ajade OIICHKH MHOXKUTEINS OCIAOJICHUS IpH
3arOpU30HTHOM pacnpocTpaHeHuHu B Tpornocgepe panuoBoiH YKB un CBY nuana3oHoB B
KauecTBe 0a30BOM MOKET ObITh HMCIOJb30BaHA M3BECTHAs MOJEJIb HWHKEHEPHOI'O pacyera
YPOBHSI CHUTHAJIOB B YCIOBHMSX CTaHIapTHOW Tpomocdepsl [2-5]. Mozgens ocHOBaHa Ha
BBEJICHUU YCPEAHEHHOTO MHOKHUTEIST OCNabIeHus JUTsl CTaHAapTHRIX YCIOBUH B Tponocdepe,
nepefamomeil ¥ npueMHOM aHTeHH Ha BbicoTe 5-10 M Hajg MOBEPXHOCTBIO 3eMIIH,
HaIpPaBJICHHBIX TOPU30HTAIBHO, C CyMMapHbIM K03 dunmentom ycuenus o 60 ab.

CraHpapTHBII  MHOXMTENIb  OCJA0JIEHUS] PACCUMTBHIBAETCS IO  3aBUCUMOCTSIM,
YCTQHOBJICHHBIM IO JTAHHBIM MHOT'OYMCICHHBIX 3KCIEPUMEHTAJIbHBIX HCCIEIOBAHUN Tpacc
pacnpocTpaHeHHUs] PaJuOBOIH. PacueT ycpeaHEHHOro MHOXKUTENS ociaOiaeHus! A APYTUx
YCIIOBHH MpeIyCMaTpUBACT PsiJl YTOUYHSIOIIUX MOMPABOK K CTaHIAPTHOMY 3HaueHHIO [2-5],
YUHUTHIBAIOUINX OTKJIOHEHUS OT CTaHJAaPTHBIX YCIOBUH.

[Tpennaraemas B JaHHOM paboTe MOJENb SABJISETCS PAaCIIMPEHUEM YKa3aHHON MOJEIH
Ha CiTydail u31y4aromiei ¥ NpueMHOM aHTeHH, pa3MEIICHHbIX Ha JIETHO-TIOAbEMHBIX CPE/ICTBAX.
Mogenb cTpoUTCsS Ha OCHOBE pa30MEHHUsi TPACChl PAaCIpOCTPAHEHUS PAJUOBOJIH HA YYaCTKH
MNPSIMON BUMMOCTH, TU(GPAKIUU U AATBHEr0 TPOIMOCPEPHOTO PACIPOCTPAHEHUS PaJHOBOIH
(ATP). IlpunsATO, YTO AJMHA TpacChl PaclpoOCTPAHEHUS MHOIO MEHbIIE paauyca 3emMid U
MO>KHO CUUTaTh, YTO BCE PACCTOSHUS 110 MPSMOI MPAKTUYECKH PaBHBI PACCTOSIHUSM BJIOJIb YT
Ha cepuueckoil moBepxHOCTH 3emiu. PacnpocTpaHeHue pajuMoOBOIH A0 PaJAMOrOpU30HTA
ompenensieTcss pedpakimuein B Tporochepe, a 3a paguOTOPU30OHTOM - nudpakiuedn u
paznuuabiMu Mexanu3mamu JITP [2-6]. [{ns pacuera cTraHIapTHOTO MHOXKHTEIST OCTa0ICHUS
Ha yuyactke J[TP ucnonb3yercs: npuOIMKeHHbIH HH)KSHEPHBINA MeTo [2-4].

B Mozenu He yUUTBIBAIOTCS OTPayKeHHsI OT MOICTHIIAIOIIEH TOBEPXHOCTH, IPUBO/IAIINE
K UHTEephEPEHIIMOHHBIM KOJe0aHUsIM YPOBHS CUTHAJIA OKOJIO CPEAHETO 3HAUYEHHUS, a TAK)KE UX
ObicTpele W MeaneHHble 3amupanus npu TP [2-6]. YkazaHHble sIBIEHHS MOTYT, Kak
YMEHBIIAaTh, TaK M YBEIWYHBATH YPOBHH NMPHHUMACMBIX CHUTHAJIOB OTHOCHUTEIFHO CPETHUX
3HAUEHUH U ONPEIENIAIOT TOYHOCTh pacyeTa.

JlabHOCTh 10 paJuMOrOpU30HTa B YCJIOBHUSX C(hEepHUecKON MOBEPXHOCTU 3eMIu U
HOPMAJIBHOW pedpakiuy NPUOIMKEHHO ONPEAeIsieTCs] COOTHOIeHHEM [ 1-5]

Rnpp (kM) = Ry + Rr = Cypgy/ Hy (M) + Hy (M) ()
rae Hy , H, — BBICOTBI HaJl MOBEPXHOCTHIO 3€MJIM TOUEK U3JIYYEHHS U TPUEMA,
Cppp= 115 kM — mocTOsIHHasI, XapaKTepHU3yrollas HOPMAIbHYIO pedpakiiio paguoBOIH B
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Tponocdepe;
Ry = CypgHi(km) , Ry = Cypp/ H, (kM) — manbpHOCTH 1O pagdOroOpu3OHTa IJIS TOYKH
pacnionoxenuss UPU u Touku npuema cCOOTBETCTBEHHO.

Ecnu paccrosnue mexay MPU u Toukoit npuema R y0BiIeTBOpSET yCIOBHIO

Rsrp = R —Rppp >0 (2)
TO UMEET MECTO 3arOpU30HTHOE PACIpPOCTPAHEHHUE PaAUOBOJH. IIpy 3TOM MOXKHO YyCIIOBHO
BBIJICIUTH TPU OOJACTH PACHPOCTPAHEHUS: MPSAMOW BUAMMOCTH JIUHOH Rpq; OoT Touku 1
pacnionoxenuss UPU no pagmoropusonta — touku [y , 3aropu3oHTHOr0O pacrnpoCTpaHEHHs
JIMHOM R3pp Mexay Toukamu [’y u I'y, npsiMoit BUIMMOCTH JJIMHOU R, OT Touku [, 10 TOUKM
npuema (PucyHoxk 1).

O — ueHmp 3emnu
Pucynok 1. OGnactu pacrpocTpaHeHus paguoBOJH B Tporocdepe
Figure 1. Areas of radio wave propagation in the troposphere

Muoxurens ocnadienus bp (R, f) MOXeET ObITh pacCuMTaH Kak CyMMa OTIEIBbHBIX
COCTAaBJISIOUINX I Y4YacTKOB MPSAMON BHAMMOCTH M 3arOPU30HTHOTO PACIPOCTPAHEHUS
pPasvOBOJIH:

bg(R, f) = bg(Rups, f) + br(Rarp, f) 3
Jl71st y9acTKOB MpsIMON BUIUMOCTHU o01elt nmnuHoi Rypg = Rrq + Rry
bg(Rupg, f) = tps(f) * Rups 4)

rae Upp(f) — BeMUMHA MOTOHHOTO OCTA0ICHUS PAJNOBOIH B HIDKHUX CIIOSIX TPOMOC(EPHI,
3aBUCAIIASA OT UX YAaCTOThl U METEOYCIIOBUIl, KOTOpasi OOBIYHO MPEeHEOPEKUMO MaJia AJIsi BOJTH
JEIMMETPOBOIO JUana3oHa.

Ha ocHoBe naHHBbIX [2-4] U1 y4acTKa 3arOpu30HTHOTO PacpOCTpaHEHUS [JUIMHON R3rp
CpPEIHUN MHOXHTENb OciabJeHUs MOXET OBbITh alMpOKCUMHUPOBAH KYyCOUHO-JIMHEHHBIMU
3aBHCUMOCTSIMHU:

br(Rre, f) = bg'(Rarp, f) + br" (Rarp, f) ©)
br'(Rarp, f) = tarp(f) - Rarp (6)
rae Usrp(f) - BemMUMHA MOTOHHOTO OCIA0JICHUS PAJMOBOIIH B BEPXHHX CIIOSX TPOMOCHEpBI,
3aBHCSIIAs OT UX YAaCTOThl U METEOYCIIOBUI;
Bn(f) - Rgrp, ecmm 0 < Rarp < Ryrpg

br"(Rsrp, f) =1 B1(f) + B1(f) - Rsrp,ecnut Ryrpy < Rarp < Ryrpy (7)

By(f) + B2(f) “Rsrp,  ecnu Ryrpy < Rarp < Ryrps
ConeprkaHue mapaMeTpoB, BXOIAIINX B BhIpakeHue (7), pacCKphITO Jajiee.
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Pacuer cocrasistomeit by’ (Rapp, f) NPOU3BOAUTCS B COOTBETCTBUM C MHKCHEPHBIM
METOJIOM.

Ob6nactp  AMQPAKIUOHHOTO  PACHPOCTPAHEHUS  PAJMOBOJIH  OrPAaHUYMBACTCA
paccTosHusAMA R3rp < Ryrp1=100 kM, nasee pacnonararores nepsas 3oua J[TP 1o paccrosnus
OpUMEPHO R 7p,~200 — 250 kM u Bropas 3ona JITP no paccrosuust npumepHo Ryrp3=700 —
800 kM [2-4].

Ha Pucynke 2 mpencraBiieH cTaHAApTHBIM MHOXUTeNb ocnadnenus npu ATP nus
PaIHOBOJIH PA3IUYHBIX AUANIa30HOB [2-4].

R, KM
0 100 200 300 400 500 600 700 800
.i\\\\\
0 | ‘\\\\ . A=150
-100 I~ &Q —
110 | RN 100 cm
120 ‘ ) \k 70
B | ‘
_130 ‘ ‘ \il 50
\ \ 30
-140 | 20
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-170 |

bR ’ D.E
Pucynoxk 2. CtanaapTHBIH MHOXKHTEIb OCJIA0JICHUS B 3aBUCUMOCTH OT PaCCTOSHUS
Figure 2. A standard multiplier of attenuation depending on the distance

[lo nanHpIM Pucynka 2 HaiifileHbl mapamMeTpbl KyCOUHO-JIMHEHHOM ammpoKCHMaluu
CTaHJapTHOro MHOXkHUTEN ocnabienus npu TP, npencrasnennsie B Tabmure 1.

Ta6n1/1ua 1. 3aBucumoctn napameTpoB JIMHEWMHON almpoKCuManm CTaHAapTHOTO MHOKHUTCIIA
ocnabnenus ajs ommkHed u gansHei 308 JITP ot wacToTs!
Table 1. Dependences of linear approximation parameters of the standard attenuation multiplier for the

near and far zones of the DTR on the frequency
R R Bimxusis 3ona-1/ Near Jansuss 3oua-2/ Far
A, f ’m/l’ ﬂ“’f’ R et zone-1 zone-2
em/ | MIw RKM RKM R ATP3 ‘ B
em | MHz | “prRu | RprRe | Rotrs €| gy | aprow/dB | B2 B,
m m 15/ dB / km a6/dB | dB/km
150 200 100 319 800 -57,6 0,047 -68,0 0,058
100 300 100 301 800 -59,2 0,047 -68,7 0,065
70 429 100 289 800 -60,2 0,051 -69,9 0,073
50 600 100 264 800 -62,4 0,050 -70,6 0,078
30 1000 100 246 800 -64,0 0,053 -71,8 0,089
20 1500 100 226 800 -66,4 0,050 -72,7 0,093
10 3000 100 196 800 -69,3 0,049 -74,0 0,107
6 5000 100 176 800 -71,5 0,048 -75,2 0,118
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3 10000 100 140 800 -74,9 0,051 -76,9 0,128
B Tab6nuue 1 mpuHATH 0003HAYCHUS:

R jrp1 — Hauano Ommxuei 3oubl JITP;

R jrp2- Tpanuna Mexy OmmkHed u nanbHel 3onamu J[TP;

R rp3 — KOHeN nanbHel 30061 TP,

B, f — xoaddurmeHTsl JUHEHHON aNMpOKCUMAIIMK MHOXKHTEIS OCiIaOJIeHHus JJisd OMvKHEeH
(unnekc 1) n nanpHelt (uaaexc 2) 301 JATP.
ITonpaBka Ha METEOYCIIOBUS K CTAaHAAPTHOMY MHOXHUTEIO0 UMeeT BU [3]:

Abyy (1B) = {(0,93 —1,63-1073R)(N — 310) g1 R = 100 — 350 KM (8)
kM (0,5-0,4-10"3R)(N — 310) gsia R = 350 — 800 kM
rae N — uaziexc pedpakiuy y moBEPXHOCTH 3EMIIH.
Nunekc pedpakuuu onpenensercs kak N=(n-1)-106, rae N — mokasaTeisb IpeIoMICHUS.
OH MOXeT OBITh pacCUMTaH IS PAJAUOBOIH MO YCPETHEHHBIM METEOAAHHBIM HAa OCHOBE
BeIpaskenus [1, 3, 6-7]:
e

= ©

P
N(P,T,e) = KIT-I-KZ

rne P — monHoe atMocdepHoe naBieHue B MOap;
T — abcoroTHAs TeMIIeparypa;
e — mapuuanbHOE JaBJIEHUE BOASHOTO Mapa B MoOap;
K, =77,6 K/mbap;
K, =3,73-10° K?/mbap.
Pe3yabTaThl 1 HX 00Cy:KIeHHE
B kadecTBe npuMepa paccuuTaHbl MHOKHTEITH OCITA0ICHHUS JIIS CITydast:

A=10 cm; H1=10 xm; H2>=0,02 xM, 0,25 kM 1 1 kM.
PesynbTatsl pacueToB npeactaBieHsl Ha Pucynke 3.
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Pucynok 3. MHOXuUTeNb ocnabieHns IpH norbeMe u3nyvaromieil anteHusl Hi=10 kM 1 pa3nuyHbIX

BBICOTAX IPUEMHON aHTEHHBI /1>
Figure 3. The multiplier is weakening with the rise of the radiating antenna H1=10 km and different
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heights of the receiving antenna H2

XapaKTep IMOJIYYCHHBIX 3aBHCHMOCTEH OOBSICHIETCS TNIABHBIM o6pa30M YBCIIUYUCHUEM
JaJIbHOCTH HpSIMOfI BUIUMOCTH IIPU YBCIMYCHHUU BbICOTHL HpHGMHOfI AHTCHHBEI.

3akii0ueHue

[IpennoxenHass Mozeidb pacueTa YpPOBHEM CUTHAJIOB IPU  3arOPU30HTHOM
TponiocpeprHoM pacnpoctpaHeHuu paguoBosiH YKB m CBY nuama3oHOB ¢ y4eTOM BBICOT
MOHATUS W3TYYarolie M MPUEMHON aHTEHH SBISETCS MOAMQUKAIMEH W3BECTHOTO METO/Aa
HH)KEHEPHOTO pacyeTa MHOKHUTENS OclalbJieHus Juis CTaHgapTHeIX yciaoBuid [1-2, 8-9].
[IpenmymiecTBo pa3pabOTAaHHONH MOJENIM COCTOMT B BO3MOXKHOCTH pacyera s BBICOT
MOJHATHUS U3Tydaroued U nmpueMHor aHTeHH 10 10-12 kM, nmpu KOTOPBIX pacnpoCTpaHEHUE
PaIMOBOJIH MPOUCXOAUT B Tporochepe [10-12].
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