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PEKOMEHJIALIUSI MCD-R SF.1601-1

MeToankH OLIEeHKH NOMeX, CO3/1aBaeMbIX JJUHUEH BHU3 (PMKCUPOBAHHOM CJIYKObI,
HCIOJIb3YIOIIeH CTAHIIMN HA BBICOTHBIX IIaT(opMax (cTpaTtocdepHbie CTAHINHN),
padoTe JMHNH BBePX (PUKCHPOBAHHON CIIYTHUKOBOM CJIYKObI, HCIIOJIb3YIOLICH
reoCTalMOHAPHbIE CIIyTHUKH B moJioce yacror 27,5-28,35 I'T'n

(Bompocsr MCD-R 218/9 u MCD-R 251/4)

(2002-2005)

Cdepa npumeneHusn

B Hacrosmeit PexomeHnnmanuu mpeacTaBiICHBl METOIUKH OIICHKHA TIOMEX, CO3/1aBaeMbIX JIMHUEH BHU3
(hUKCHpPOBaHHOH CITy>KOBI, MCIIOJIE3YIONICH CTAHITMU HAa BBICOTHHIX IIaTdopMax (cTpaTochepHbie CTAHITNN),
pabote nuHUM BBEPX (PUKCUPOBAHHOHN CITyTHUKOBOH CITY>KOBI, HCIIOJIB3YIOMICH T€OCTAIMOHAPHEIC CITyTHUKU
B mosoce 4actoT 27,5-28,35 I'Tu. llenpto maHHOTO mepecMoTpa SIBJIETCS JOOABIICHHE HOBOW METOJUKU
OIIEHKH ToMeX coryiacHo [IpumoskeHuto 2 m go0aBiieHue MyHKTA 2 pasfenia peKomeHOyem CO CCBUIKOW Ha
IIpunoxenue 2. B xauecTBe mpuMmepa NPUMEHEHUS METOJIUKH, TIpuBeaeHHON B [IpunoxxeHuu 1, B 1aHHBIN
MepEeCMOTp BKIIIOUCHO Takke HoBoe JlomomHenne k atomy [Ipuioxenuto.

Accambies paguocssizu MCO,

yuumoieas,
a) 4TO pa3padaThiBacTCS HOBask TEXHOJOTHS C UCIIOJNL30BAHUEM CTAHIIMK Ha BBICOTHBIX IUIATPOpMax
(HAPS) B cTparocdepe;

b) gyro BKP-97 mpemycmorpena pabory HAPS B pamkax ¢ukcupoBanHor ciuyx0br (DC) B

nojocax 47,2-47,5 T u 47,9-48,2 I'T'w;

c) YTO MOCKOJNBKY mosiockl B auanasoHe 47 I'T'm Gosee yyBCTBUTENBHBI K OCIAa0NICHHIO B JOXKIE B
CTpaHaX, mepeuyucieHHsIXx B mm. 5.537A u 5.543A Permamenta pamuocBs3u (PP), nms BosMmokHOTO
OTIPEIICIICHHSI TOTIOJTHUTEBHOTO criekTpa B MCO-R ObI1 m3ydeH quana3oH yactoT 18-32 I'Tm;

d) YTO TMOCKOJIBKY TOJoCH B amamna3zoHe 47 I'T1 6ornee 4yBCTBUTEIBHBI K OCIAOJIEHUIO B JIOXKIE B
HeKoTopbIX cTpaHax, BKP-2000 mpenycmoTpena B Takux cTpaHax wucnonb3oBanue HAPS B ©C B
nuamnazonax 27,5-28,35 I'Ty u 31,0-31,3 I'T', npu yciioBUM YTO 3TO HE MPUUYMHUT BPETHBIX TTOMEX IPYTUM
tunam cucteM OC unu IpyruM ciayk6aM, KOTOPBIM JaHHBIE MOJIOCHI TAK)KE pacIpeeNeHbl Ha IEpBUYHON
OCHOBE, MJIM He MOTpeOyeT 3aIuThl OT HUX (. 5.537A u 5.543A PP);

e) yro B Pesomommu 145 (BKP-03) mnpemrokeHo mTpoBecTH B KadyecTBE CPOYHOTO BOIpOCa
HCCIICIOBAHUS TEXHUYECKUX BOIIPOCOB, BOIPOCOB COBMECTHOTO HCIIOJIB30BaHMSA YacTOT U PETJIAMEHTAPHBIX
BOIIPOCOB C LENbI0 ompejaeneHus kpurepueB ansd padotst HAPS B momocax 27,5-28,351Tu m 31,0—
31,31 Tm;

f) gyTto momoca 27,5-28,35 I'Tn pacnpeneneHa ¢ukcHpoBaHHOW CHyTHHKOBOU ciyxk0e (DPCC)
(HampaBrieHue 3eMIII-KOCMOC) Ha IEPBUYHON OCHOBE;

2) YTO CyIIECTBYET MOTPEOHOCTh B METO/IaX OIIEHKH IOMeX OT repenad B HanpaeieHurn HAPS-3emis
B momnoce 27,5-28,35 ITm, KoTOopble MOTYT TPHIUHATHCA TpHeMHUKaM cryTHuKOB DOCC Ha
reoCTallMOHAPHON OpOuTe,

pexomeHoyem,

1 4TOOBI JUIsl OIICHKH YPOBHSI TIOMEX, CO3/IaBaeMbIX Iepenadeii B HarpaBieHuu HAPS-3emns (nuHus
BHI3) B OC mmHuM cBszu 3emisi-kocMoc (muHUS BBepx) PCC, mucnons3yromeii reocranuonapusie (I'CO)
CIIyTHHUKH B 1toj1oce yactoT 27,5-28,35 I'T' 1, npumeHsnach MeToiuKa, onucanHas B [Ipunoxenun 1;
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2 9TOOBl aJIMUHUCTpAIMK paccMmarpuBanu llpuioxenne 2 B KadyecTBE METO/Aa JUIS OINpPEACTICHHS
ypoBHEW ».M.u.M. Tiepenad B HampabieHun HAPS-3emmst B momoce 27,5-28,35 I'Tm, xoTOphie MOTYT
MIOCITY>KUTh IPUYMHON 33J]aHHOTO yBEJIIMYCHUS OTHONICHUS momexa/myM (//N) IpueMHUKOB Ha CITyTHHKaX
OCC, HaxomAIMXCs Ha Te0CTAIlHOHAPHON OpOUTe.

Ipunoxenue 1

MeToauKa OLleHKH ITOMeX, C031aBaeMbIX Hcnojab3ywmeil crannun HAPS snnaneit
BHM3 ®C padore mHun BBepx PCC, ucnonb3ywuieil reocTaiMoOHapHbIe
CIIYTHUKH B 1oJjioce yacror 27,5-28,35 I'T'y

1 BBenenue

B nacrosimem IlpunoxkeHuu npencrapieHa METOIMKA OLIEHKH TOMeX OT ucnois3yromei cranuuu HAPS ©C
cyTHEKOBOW cucteme ['CO ®CC B momoce 27,5-28,35ITm. DOta moioca HCIONB3YEeTCS] CHCTEMOI
I'CO/®CC ans paboThl B HanpaBieHUN 3eMIII-KOCMOC (JTUHUS BBEPX).

2 MeToauka OlleHKH IMMOMeX

2.1 ITomexu ot cucrembl ctanuuii HAPS

Ha pucynke 1 moka3ana aHanuTH4eckass MOJENb, TMPHHATasS [ TNPOBEACHUS OLEHKH IOMEX
reOCTallMOHAPHOMY CIYTHUKY OT cucteMbl HAPS. Yposens momuocTn momex B mojoce 1 MI'n, /(g,h,b,r),
u3-3a BO3ACUCTBUA cokycupoBaHHOro siyda HAPS, mpuHUMaeMBIX reOCTallMOHAPHBIM CIIyTHUKOM (g),
BBIYHUCIIAECTCA COTJIACHO ypaBHEeHUIo (1):

I(g,h,b,r)=P" (b)—F,,, +G" x(¢(g,h,b))— FSL(g,h) + G* (¢(h, &, 7)) aBBr/MIw), (1)

rae:
P(b):  mommocts nepenarumka B monoce 1 MI'm (5(B1/MI'm)) Ha Bxone anteHHsl HAPS
it my4a (b);
Fros:  morepu B uaepe (ab);
¢(g,h,b): yrom paseasku (rpagycel) Ha cranimun HAPS (h) Mexay HampaBieHHeM
opueHTHpoBaHUA cokycupoBanHoro sydya HAPS (b) u reocTaninoHapHOTO CITyTHHKA
(8);
G"(o(g,h,b)): ycunenue nepenaromeii anrennsl (1bu) HAPS (k) nns Breocesoro yria ¢(g,h,b);
®@CL(g,h): mnorepu B cBOOOIHOM TpocTpaHCTBE (Ib) MEXIy TeOCTalMOHAPHBIM CITyTHHKOM (g) U
craumueit HAPS (h);

O(h,g,r): yrom; pa3Bsa3ku (Tpamaychl) IS TEOCTAIMOHAPHOTO CIIYTHHKA (g) MKy HApaBICHUEM
opueHTHpoBaHua Ha OasucHyro Touky ['CO ®CC (r) u cranumeir HAPS (k4), cm.
PHUCYHOK 2;

G®.(0(h,g,r)): yCHIeHHME TPHEMHOH aHTEHHBI (JBH) TEOCTAMOHAPHOrO CIYTHHKA (g) I
BHEOCEBOTO yria 0(h,g,r).
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PUCYHOK 1

Mopesb U1l OLIEHKH NOMeX Fe0CTAHOHAPHOMY CHyTHUKY oT ctaHumun HAPS

Z
A

.

Muuumanpaas JIOJITQra MaxcuMmasipHas JoJIrora

MakcumanbHas 1y

Hyra I'CO

[eocTannoHapHbIi CIIYTHHK (g) 1601-01

PUCYHOK 2

T'eomeTpuyeckas Mojeib 6a3MCHON TOYKH /ISl T€0OCTAHOHAPHOIO CILyTHHKA

APS

BasucHas Touka

0(g,h,r)

//

TeocranmonapHas opouTa I'eocTanonapHblii CIIyTHUK

1601-02
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YroObl BBIYUACIHUTE YToJl Pa3BS3KW JJIS TE€OCTAI[HOHAPHOTO CITyTHHUKA, HEOOXOAWMO OMNpPENeNUTh 0a3uCHYIO
TOUKY U pacdeToB. basucHas Touka BHIOMpaeTCs B BHUIE KOHKPETHOTO MECTOIIOJIOKEHHUS Ha MOBEPXHOCTHU
3emin. Jlanee mpenmoyiaraeTcs, 4YTO OINOPHOE HAmpaBlieHHE C(HOKYCHPOBAHHOTO Jiyya aHTEHHBI
TeoCTAIlMOHAPHOTO CITyTHHKA BCET/Ia OPUEHTHPOBAHO Ha 0a3WMCHYIO TOYKY, HE3aBUCHMO OT OpOUTAIBHOU
MTO3UIIMM KOCMHYECKOTO ammapara. B ciydasx, korna 0a3wmcHas TOYKa HEBHIWMA JJISl T€O0CTAIMOHAPHOTO
CITyTHHKA, TIPE/IIoiaracTcs IepeMenieHrue 6a3ucHON TOYKY B IPYTYIO TOUYKY, IIPHU YCIOBUU YTO YTOJ MECTa B
HaIlpaBJICHUH T€OCTAIIMOHAPHOIO CITyTHUKA COCTABIIsIeT MUHUMAIBHYIO BennuuHy. Ha pucyHke 2 mokazaHa
reoMeTpudecKast MOAENh IPUMepa C HCIIOJIb30BaHUM 0a3MCHOUW TOYKH.

Ucxons w3z paboyero cuenapus cuctembl HAPS, B xoTopoii cranuus HAPS MoxeT mepenaBarh B KaKIoM
c(hOKYCHPOBaHHOM JIy4e HECKOJIbKO HECYIIMX, MPEIIojaraeTcsi, 4To BO BCEH IOJOCE MPOIYCKaHUS
IIPHEMHUKAa Ha TeOCTAIMOHAPHOM CITyTHUKE MOTYT MPHCYTCTBOBAaTh HECKOIBKO HECYIIUX JIMHUH BHU3
cuctemsl HAPS. CoBokymnHas nomexa ot cucremsl HAPS o603HadaeTcst CHMBOIOM /g M BBIYUCIISETCS KaK
CyMMa CIIEKTpalibHOW MoTHOCTH 1(g,h,b,r) BCceX BO3MOXKHBIX cokycupoBaHHbIX nyueii HAPS, xotopbie
MOTYT HCIIOIB30BaTh OJHY U Ty )K€ YaCTOTY, KaK II0Ka3aHO B ypaBHEHUH (2).

Iy

by
Lyingie =10 log Z Zm“g’h’bﬂ“o AB(BT/MTI), )
h=1 bh=1

rae b, o3HaYaeT Yuciio chOKyCUPOBAHHBIX Tydel, KOTOPhIE MOTYT UCIIOIB30BATh OJIHY U TY XK€ 4acToTy, a A,
o3HavaeT yucio ctaniuit HAPS, u3 kotopsix coctout oana cucrema HAPS.

Ecnn npousBeneHa ouneHka YpoBHSI MmomeX, mpuHsAToro cnyTHukoM PCC, To orHoueHue /N MOXHO
OIIPEIEIUTh CIECAYIOIINM 00pa3oM:

I/Nsingle =L single = N = L single =10 log(k Tsq) — 60, 3)

rue:
I/Nsingie:  OTHOILLEHUE OMEXA/TEIIOBOM 1IyM (ab);

N: MOIIHOCTL TCIUIOBOTO IIyMa CIIYTHHKOBOTO TIIpUCMHHKA B IIOJIOCE 1 MFL[
(nb(BT/MI'm));

k: mocrosaHas bompnmana (Br/(K - I'm));

T,,: urymoBas temneparypa cuctemsl cnytHuka ['CO/OCC (K).

BrruncieHHbI ypOBEHb COBOKYITHBIX TIOMEX MOXKHO 3aT€M CPaBHUTh C COOTBETCTBYIOIIMM IMOPOTOBBIM
YpOBHEM TIOMEX, YTO ITO3BOJIUT OMPENENNTh, CO3MAI0TCS JH BpenHble momexu cnyTHUKy PCC crucremont
HAPS.

2.2 ITomexu ot HeckoJbKHX cucteM HAPS

MoryT BO3HHKHYTh CHUTYyallUH, KOTJa OIPEIEeIEHHOMY T'€OCTallMOHAPHOMY CIIyTHHKY MOTYT CO3/1aBaTh
oMexu Heckonbko AeicTByrommx cucreM HAPS. CoBokynHas momexa oT Heckonbkux cucteM HAPS
0003Ha4YaeTCsd CUMBOJIOM [yypipie M BBIYHMCIAETCA Kak oOIas cymMMa YpOBHEH BceX MOMEX OT KaKIoii
cucreMbl HAPS, co3naBaeMbIx reocTaliioHapHOMY CITyTHHKY, KaK ITOKa3aHO B ypaBHeHHH (4).

Sn u On 1(g,hb,r)/10
Lyttiple =10logl > D" > 101882 nB(B1/MTI 1), (4)
s=1 h=1 b=1

rae s, o3Havyaer gmucio cucteM HAPS. Jlpyrue TepMWHBI ONMHMCAaHBI BBIMIEC I CIIydas IOMEX OT OJHOU
cuctemsl HAPS.

Jnst TOYHOM OLEHKM CUTyaluu ¢ HecKoibKuMU cucteMamMu HAPS B pacuerax JOMKHBI HCIONB30BATHCS
XapaKTepUCTUKN Kaxkmoil cucreMbl HAPS. Ilpum orcyrcTBuMM Takoi wHGOpManmww JUIS ONHOH WA
HECKOJBKUX CHCTEM TMPHUOIM3UTEIbHEIE NaHHBIE O pPEe3yIbTUPYIONEH IOMEXe MOXKHO TMONIY4YUTh IpHU
HCIIOJIb30BAaHUU B pacueTax XapaKTEPUCTUK 3TaloHHOU cuctembsl HAPS.
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OmpenienB 3HAYCHUE Lyyjriple;, MOXKHO €IO HCIONB30BATh BMECTO Ijnge B YpaBHEHHH (3) IUISl OLCHKH
BosneiicTust nomex Ha OCC.

2.3 PeryJupoBanue MOIIHOCTH HA JINHUM BHU3

ITomexwu, co3zmaBaembie muHUN BBepX I CO/DCC nmuanei BHU3 cucteMbl HAPS, MakcHMalTbHEI TIPH yCIIOBUH
MaKCHUMaJIbHOH MOIIMHOCTH Tiepenadud Ha nuHUM BHU3 HAPS wmmm B ycmoBusx moxas. COBOKYyIHYIO
MOIIHOCTh Tiepefadu Ha JuHUM BHU3 HAPS MOXHO yMEHBIIMTE B YCIOBHAX SICHOTO He0a, €CIH B CHCTEMeE
HAPS wncnons3oBath peryinpoBaHHe MOITHOCTH Ha JIMHUW BHU3. B pesynbrare momMexw, MpuHUMAaeMbIe Ha
kocMmuieckoMm anmapare ®@CC, cHImKArOTCs 711 YCIOBUH SICHOTO Hela.

2.4 Bxoanbie mapamerpsl

B uccnenoBaHusx moMex ¢ MpUMEHEHHEM METOIMKH HacTosAmero [IpumokeHust JOIKHBI MCIONb30BATHCS
peanbHble XapakTepucTuku paccMmarpuBaeMbix cucteM ®CC u HAPS, ecnim onm pmoctymusl. Ilpu umx
OTCYTCTBHU MOXKHO HCIOJIb30BaTh CICAYIOIINE 3HAUCHNUS:

2.4.1 Xapaktepuctuku cuctremMbl HAPS

Cwm. Pexomenganuro MCDO-R F.1569.

2.4.2  BxoaHble xapakTepucTuku cucteMbl ®CC

- Towr: S00 K

— Ilupuna ny4a anTeHHBI (Manble cranium): 0,3°

- [Hupuna y4ya aHTeHHBI (LIeHTpalbHbIe CTAHINN): 2°

- Ycunenue antenssl: Pekomenanus MC3-R S.672, [Ipunoxenue 1, (L, =-20 ;[B)l.

Jlonosnenue 1
K IIpuiioxkenuro 1

IIpumep npumenenus meroauku [puioxenus 1

1 Moaeab OlleHKH OMeX

[penmonaraercs, uro cucrema HAPS, cocrosmas w3 psma miarpopm HAPS, pabGoraer B 30HE
MPSIMOYTOJILHOH (OPMBI, Kak MoKa3zaHo Ha pucyHke 3. [Imardopma, pacnoioxkeHHas B LEHTPE 3TOW 30HHI,
CIy’)KUT Oa3MCHOM TOYKON B JAaHHOM INpHMEpE pacyera, a BCEe JPYTHE IIATGOPMBI Pa3BepPTHIBAIOTCS Ha
IJIOCKOCTH, KOTOpasd IMNCPINCHAUKYJIApHA JIMHUU, COCIIPIHSIIOIIIeﬁ 633PICHYIO TOUYKY MU €€ TOYKY HaJaupa Ha
3emie. Ecnu OasuchHas Touka OepeTca B KadecTBE Hayajga KOOPAMHAT X-y Ha STOH IUIOCKOCTH, TO
npenamnonaraetcs, 4ro miardpopmsel HAPS pasmeniarorcss B KaKJIOM YIJie PEIICTKH B 30HE C KOOpAWHATAMU
(Ly L)), (Ly— L)), (-Ly, L,) n (=L, —L,). Taxxke npexanonaras, 4yro HoMmepa miatpopm HAPS o6o3Hauarorcs B
BHJE 1, U N,, €CIM CUUTATh IO OCAM X M y, COOTBETCTBEHHO, TO TOrja oOliee YUCIO PacCMaTPUBAEMBIX
m1atGopM 1, COOTBETCTBYET 7, X n, (ny W n, SABIAIOTCA HEYETHBIMM uuciaamu). B sToii Monenu
Pa3BEpTHIBAHUS CHUCTEMBI PACCTOSHUS Pa3HECEHUsI MEXIy cocefHUMH ctaHImaMu HAPS o6o3naugaroTcst kak
d, v d, Ipu U3MEPEHUHN BJIOJIb OCEH X M y, COOTBETCTBEHHO. 3HAUCHUS dy U d, ONPEIEIAIOTCS C IIOMOIIBIO
BeIpaxkeHui 2L,/(N, — 1) u 2L,/(N, — 1), COOTBETCTBEHHO.

I B Pexomenmar MCD-R S.672 NIPUBEJICHBI TPOEKTHBIE TPEOOBAHMS AJIsl pa3pabOTUNKOB aHTEHH JUIST KOCMHUYECKHUX
anmapaToB. [IpegocraBienue Takux TpeOOBaHM T NPO(GUINPOBAHHOTO JTyda HEBO3MOXKHO JUISl THIIOBBIX CIIy4acB,
TTOCKOJIBKY OTCYTCTBYIOT cBeZleHHs 0 30He obcmykuBanusg OCC. s ommcanus MpoQUINPOBAHHOTO JIyda MOXKET
HCIIOJIB30BATRHCS pealibHast XxapakTepucTuka cnana Ly = —10 gb. B oTHOmEHNN XapaKTepHCTHK Craga He0OXO0AUMO
JabHEeIee n3yueHue.
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Tarxke mnpeAmnonaraercs, YTO TEOCTAIMOHAPHBIA CITyTHHUK, KOTOPBIA OyIeT TMoABeprarbcs IOMEXaM,
pacmosiokeH B HallpaBIEHHH IPEAINoNaraeMoil OcH X, a CIyTHHKOBas aHTEHHAa BCerJa HallpaBlieHa Ha
0a3MCHYIO TOUKY. YTOJ (L Ha PUCYHKE 4 OIpenesieTcss Kak yroJl MecTa CIIyTHHKA B HallpaBlIeHUH 0a3UCHOMN
TOYKH, M3MEPEHHBIN OT IJIOCKOCTHU X-Y.

CoBokynHass momexa oT ny miaarpopm HAPS omenuBaercss B BuAe OTHOIIGHHS MOLIHOCTH IIOMEX K
MOIHOCTH IIyMa TeOCTAllMOHAPHOTO CHyTHHKA, [/N, B (QyHKIMM yria mecTa, O, s KOMOWHanui
XapaKTEPUCTUK TUIOBOM pa3BepThiBaeMoi ctaHu HAPS 1 xapakTepucTuk CryTHUKA.

PUCYHOK 3

Moaeb OleHKH oMeX

3oHa pazsepreiBaHusg HAPS

BasucHas Touka

- g ~
TeocrannonapHas opoura _ .=~ Teocranuonapusiii
- CILyTHUK

R

1601-03

PUCYHOK 4

Mopaeap pa3BeptbeiBanus cuctembl HAPS

g

leocranmoHapHEIi CIIyTHUK

Yron mMecTa CIyTHHKA B HAIIPaBICHUH
Ha 6a3MCHYIO TOUKY, O

2 LJ, KM

@ Pacnonoxenue cranuuit HAPS

@ basucHas Touka

(_L x> _L_y)

(L X2 _L_y)

2 L xm 1601-04

N
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2 Xapakrepuctuku cuctem HAPS

Tunuunsie mapameTpsl cucteM HAPS B nuanazone 28 I'T1 mpuBenenst B Pexomennarmun MCO-R F.1569. B
Tabnuile 1 moKa3aHbl MapaMeTpsl, UCIIOJIb3YEMbIC JIS PACUCTOB.

TABJINIIA 1

Xapaxkrepucruku cucrem HAPS

ITapameTpsI HAPS-1 HAPS-2

Beicora cranmun HAPS (B 6a3ncHoit Touke) (kM) 20 20
CoBokymnHas 3.u.u.M. HAPS B HanpaBneHun BOOK Ui -5 nbBT B monoce —5 nbBT B mosnoce
Hasaz[“) nmpuHoi 20 MI'g nmpuHoi 20 MI'g
Jlnuna 30HBI pa3BepThiBanus cucrembl HAPS (2 L)) (kM) 1000 600
{J;;prl}la 30HBI pa3BepThIBaHusA cucTeMbl HAPS (2 L) 1000 600

Uucno cranmuit HAPS Ha ocu x (n,) 11 9

Yucno cranumit HAPS Ha ocu y (1)) 11 9

O6mee yucno craniuit HAPS (n7) 121 81
Paccrosnne mexxny HAPS na ocu x (d,) (kM) 100 75
Paccrosiane mexxny HAPS wa ocn y (d,) (km) 100 75

@ Ha pucynke 3 Pexkomenmaumun MC3O-R  F.1569 mnokazaHa mnpakTuueckas MOZENIb C HCHOJIb30BAHUEM

397 coxycrpOBaHHBIX JTydeH.

3 XapaKkTepHCTHKH re0CTAHOHAPHOT0 CITy THHKA

[TapameTpsl reocTalimoOHapHOTO CIIyTHUKA TIOKa3aHbI B Ta0muIe 2.

TABJIMLIA 2

XapaKTepI/ICTHKI/I reoCTauoOHaApHOro CIIyTHUKA

IMapameTpsl GSO-1 GSO0-2
[ITymoBas temnepatypa cucteMsl (K) 500 500
[IupuHa Tyya aHTEHHBI IO YPOBHIO MOJIOBUHHOM 0.3 >
MOIITHOCTH (TPaLyChl) >
YpoBeHb OOKOBOTO JieTIeCTKa aHTEHHBI (1) 50 50
(L, B IIpunoxennn 1 Pexomenmarun MCDO-R S.672-4)
IukoBoe ycunenue anteHHsl " (15u) 55,0 38,5

()" BBI4HCIIEHO ¢ HCIIONB30BAHHEM YPABHEHHS G0 (b1) = 44,5 — 20 log 0 (0 0603HAYACT MIHUPHHY Tyda B rpagycax

Ha ypoBHeE —3 11b).

4 Pe3yabTaThl pacyeToB
Ha pucynkax 5 u 6 moka3aHbl pacCUMTaHHbIC 3HAUEHUS] OTHOIIECHUS //N TeOCTallMOHAPHOTO CIIyTHHKA.

W3 nanHOW METOOWKH BHJIHO, YTO OTHOIICHWE //N T€OCTAaIlMOHAPHOTO CITyTHHKA B 3HAYUTEIBHON CTEICHU
3aBUCUT OT IMMUKOBOI'O0 YCHJICHUA AHTCHHLI I'€OCTallMOHAPHOTO CIyTHHKA, €CJIM aHTCHHA HallpaBJICHA Ha
HCTOYHHK TToMeX. AHTeHHa ¢ y3KuM JydoMm (0,3°) mpuHuMaeT OoJblle moMex B ciiydae Oojiee HU3KUX YTIIOB
MecTa 0a3MCHOM TOUYKH, TMOCKONBKY umcio ctaHimii HAPS, mpuHMMaeMbIX B mpejenax TrIaBHOTO JIyda,
OTPAaHUYECHHO JUIS OOJBIIMX YIJIOB MECTa M BO3pacTaeT Uil MEHBIINX yrioB MecTta. C ApPYyroil CTOPOHBI,



aHTEHHA ¢ 0oJiee NIMPOKUM JTy4oM (2°) MPUHUMAET MEHBIIIE TTOMEX KM3-3a 00Jiee HU3KOTO YCHIICHUS aHTCHHBI,
a YPOBCHb IMOMEX JOBOJIBHO IMOCTOSAHCH, IMMOCKOJIBKY aHTCHHA OXBATbIBACT IMMOYTH BCIO 30HY PAa3BCPThIBAHUA
CBOCTO TJIABHOTO JIyda Ja)ke NS OOJNIBIIMX YTJIOB MeCTa. YPOBEHb IMOMEX 3aBHUCUT B
OCHOBHOM OT pAacCTOSHHSI PACIPOCTPAHEHHS] MEMIAIONIero curHama. JIis 3TUX CUTyaluil pe3yJibTaThl
MTOKA3bIBAIOT, YTO OTHOIIEeHHue //N reocramonapaoro ciytHuka mesabine —20 nb (1%) ans oboux ciydaeB
OKCILTyaTally IeOoCTAallMOHApHOI0 CITYTHUKA ITPU OGI)I‘IHI)IX pa60111/1x YCIIOBUAX, KOrjga nmpeamnojarac€rcs, 4Tro

HAPS B mpenenax
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YTJIbI MECTa 3€MHBIX CTaHI_[I/Iﬁ cocTaBigroT 20° uau 0ojee Mo OTHOLICHHIO K CITYyTHUKY.

I/N reoctaunoHapHOro ciyTHuKa (1b)

I/N reoctanmoHapHoro cryTHHKa (1b)

PUCYHOK 5
Mopneabr HAPS-1 (121 cranuust HAPS ¢ unrepBasiom 100 km)
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PUCYHOK 6
Moaeas HAPS-2 (81 cranuust HAPS ¢ unTepBajiom 75 km)
-18
=20 >
\
22 \ '\:\g\‘
24 R ———— .
-26
-28
-30
WM
37 _ L o a1
b —e—
-34
0 10 20 30 40 50 60 70 80 90

Vroi MecTa CIlyTHHKA B HallPaBJIeHUH Ha 0a3UCHYIO TOYKY (Ipamychl)

—&—  GSO-1 (mmpuna nyqa 0,3°)

—&—  GSO-2 (mmpuna ayda 2°) 1601-06
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IIpuioxenne 2

MeToanka oOleHKH 3.1.1U.M. iepeaay cranunii HAPS
B HanpaBjeHun HAPS-3emus B mosoce 27,5-28,35 I'T'n,
KOTOpPbIe MPUBOISAT K 33/IaHHOMY YBeJIM4YeHUI0 oTHOIeHust I/N
NPHEMHHUKOB re0CTAlMOHAPHBIX CIYTHHKOB ®CC

1 BBenenue

Jis maHHOTO METOJa B KayecTBE MEpHI MMOMEX HCIONb3yeTcsl oTHomeHue I/N mpuemHoii cucteMb OCC.
OmpenensomuMA  XapakKTePUCTHKaMA ToMeX s npueMHOd cucteMbl DOCC SBISIOTCS YCHIICHHE €€
AHTCHHBI U IITyMOBas TEMIIepaTypa CUCTEMBI.

OTOT METOA MOXKET HCIOJIB30BaThCsl Uil OLIGHKU IUIOTHOCTH »3.M.M.M. mnepeaad craHuuid HAPS B
HarpaBiaeHnn HAPS-3emmst, kKoTopele MOTYT TPHUBECTH K 3aJaHHOMY YBEIWYCHHUIO OTHOIICHUsS I/N
npueMHbIx cucteM ®CC Ha reocTalioHapHO# opOuUTe.

2 Onucanme MeToa

[lepBBIM 3TarmoM 3TOTO METOMA SBJISETCS BBHIYHCICHHE 33JJaHHOTO YBEIUYCHHUS OTHOIIEHHUS IOMeXa/IIyM,
I/N, myTem ompeneneHnss MOIHOCTH IIyMa TpH MPEAIojiaracMoOl TIOTHOCTA MOITHOCTH IITyMa IPHUEMHOM
cucTeMEl B mmosoce 1MI 1.

N=kTB, (5)
rue:
k:  mocrostHHas bomenmana (B1/(K - I'm));
T: wrymoBas temneparypa npuemHoit cuctemsl @CC (K);

B: »aranonnas mupuHa mojock (1 MI'm).

Hanee, s onpenenenus momrHocTH momex B (nb(B1/MI')) ucnonp3yercss mpearonaraeMoe OTHOIICHHE
I/N.

I=N+IN (6)

[Tocne 3TOro MIOTHOCTh MOTOKA MOIIHOCTH (T1.T1.M. ), KOTOPAasi CO3/IaeT MperoaraeMblii YpoBeHb IIOMEX Ha
reoCTaIllMOHAPHON OpOUTE, BEIUNCIAETCS KaK:

oM. =1 — Gg+ 20 log (f) + 21,45 aB(Bt/(M* - MI'n)), (7

rac:

G,:  addextuBHoe ycmenue (nbu) npuemnoit antennsl @CC B HanpaBISHUH MELIAIOLINX
miatdopm HAPS;

fi uyacrora nepenauu (I'T).

3areM ompezensercs obmmas 3.1.1.M. Beex neperad HAPS, KOTOpble MOTYT CO31aTh 3Ty BEIMYMHY ILILM. Ha
I'CO:

(3. M. M. )pg00 = ILILM. +10 log(4n d %) 1B(BT/MTIw), (8)
riae d — pactosaue (M) mexay miargopmoit HAPS u ciiytaukom OCC.

B npunnurme:

=10log > 1074101 B(BT/MI'w), )
=

(0. M. M.M.) 500
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rae:
(@.mu.M.);;  3.uUM. OT j-it mnardopmsr HAPS;

n:  4gwcio Memarmux mwiatrgopm HAPS.
[Ipenmonaras st IPOCTOTHI, YTO
(3. M. M.M.) peonnn = (3. M.U.M. )00z — 10 log(n) nb(B1/MI'n), (10)

MOXHO TTPUOJIMKEHHO BBIYUCIIATD CPETHIO 3.M.H.M. OT Kaxkmoit urardopmer HAPS.

3 YpoBHHU noMex oT TUNOBBIX cucteM HAPS

[Tomexu, xoTopsie MOTyT npuunHATECS ciiyTHUKaM PCC Ha reoctaunoHapHoi opoute cuctemamu HAPS,
MO>KHO OIPEIEIUTh IIyTeM CPaBHEHHS 3.M.1M.M. B OOKOBOM U 3aJlHEM JIeTIeCTKax nepenaromux anreHH HAPS,
IpUYeM pe3yIbTUPYIOIINE YPOBHH 3.M.U.M. TTOJIy4al0TCs U3 BBIIIEYKa3aHHBIX BHIYHUCICHUH.

Jlonosnenue 1
k [Ipunoxenuro 2

IIpuMmep npumenenuss Meroguku Ilpuioxenus 2

1 BBenenue

B nannoMm npumepe pacueToB paccmaTrpuBarorcs ase cucteMbl @CC, onrcannsie B 1. 2.4.2 [Tpunoxenus 1,
Boimie. OnHa cHUCTEMa, OCYLIECTBISIONIAss NPHEM OT TJIaBHBIX LEHTPAJIbHBIX CTAHLUH, HCHONb3YyeT
MIPHEMHYI0 aHTeHHY C IIUpUHON nyua 2° u ycuinenuem 39 nbu. Ilpenmomaraercs, 4To Apyras cuUcCTeMa,
BeAyIIas MpUeM OT HeOOJNBIINX, PacIpeeIeHHBIX 110 BCE TEPPUTOPUH TEPMUHAIIOB MOJIb30BATENCH, IMEET
mwupuny ayda 0,3° u ycunenue 55,4 nbu. Ilpennonaraercst Takxe, 4To IIyMOBas TeMIIEpaTypa MPUEMHBIX
cucteM ob6omx BHIOB cocTtaBimser 500 K, 49To cumrTaeTcs THNMMYHON BETWYMHOW IJISI UyBCTBUTEIBHBIX
MIPHEMHHKOB, KOTOpbIE MpeIHAa3HAYEHBI TS pean3alliu.

B nanHoM mpumepe paccMarpuBaercs mioTHoe pasMenieHue cucteM HAPS. B ciayuae cniytauka I'CO ©CC
C IIMPUHOH JIyya aHTEHHBI 2° IPEAIOIaraeTcs, 4YTo0 MEIIAOIIUE CUrHANbI Oy IyT IPUHUMATHCA MaKCUMYM OT
100 mmatdpopm HAPS. Hekoropsle W3 3THX CHTHAlIOB OyIyT NPUHUMATHCA NMPH MAKCUMAaJIbHOM (MU
ONMM3KOM K MaKCHUMaJbHOMY) YCHJICHHH TJIaBHOTO Jy4a, Apyrue OyAyT MNPUHUMATHCS TMPH MEHbIIEM
ycuneHuu. B 3TOM mpumepe cuuTaercs, 4To Kaxnaelid u3 curHaioB oT 100 mmarpopm HAPS Oygmer
IIPUHUMATECS IIpHU cpenHeM ycuiaeHud aHTeHHsl @CC Ha 1 nb HmXe MakcUMyMa, TO €CTh C YCHJICHHEM
38 nbu.

AHanornuHbsIM 00pa3om, B ciydae ciyTHuka ['CO ®CC ¢ mmpuHoii iyda anTeHHBI 0,3°, ¢ KOTOPOTO BUIHO
HaMHOTO MeHbIIe rarGopm HAPS o cpaBHEHHIO ¢ JiydoM 2°, IPEAIOIaraeTcs, 9YTo MEMIAONue CUTHAIBI
OyayT mpuHUMAThCS MakcuMyM oT 3 miaardhopm HAPS u 4to oHM OyAyT MpPHHUMATHCS TIPH Pa3TUYHBIX
YPOBHSX YCHUJIEHHS AMarpaMMbl HalpaBJIeHHOCTH aHTEHHBI. B 3TOM mpumepe cuMTaercs, 4yTO KaXKIbld U3
curHaioB oT Tpex miarpopm HAPS Oyner npuaumarbes npu cpeaneM ycuneHun anteHHsl @CC wa 1 1b
HIDKE MaKCUMyMa, TO €CTh C ycuiieHueM 54,4 nbu.

Paccrostaue mexny ['CO u Omwxkaiimeit mnatdopmoit HAPS mpunumaercst paBabiM Beicore ['CO Munyc
20 &M BeIcoThI TuTaThopMm HAPS (35 788 — 20 = 35 768 km).
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2 ITomexu, ncnbIThIBaeMble HEHTPAJIBHOM CTaHIUEH ¢ Ty9aMu IIUPHHOI 2°
[HupuHa 1y4a Mo MOJIOBHHHOM MomHoCTH: 2,0°
[IukoBoe ycuneHne ClyTHUKOBOM aHTeHHBI: 39 nbu

CpenHee ycuiieHue NMPUEMHON aHTEHHBI B Cy4ae ImpreMa OT Bcex memaromux rargopm HAPS: 39 — 1 =
38 nbu

[Ipeanonaraemoe urcno Memaromux wiatgopm HAPS B nmpexenax mupuns gy4a 2°: 100
[ITymoBas Temneparypa npueMHoit cucremsl: 500 K
DTajoHHAs 1MOJI0ca MPOITyCKaHus prueMHnka: 1 MI'n
CrnenoBaTenbHO, MOIITHOCTH IITyMa MPUEMHOMN CUCTEMBI:
N=kTB=-228,6+1010og(500) + 10 log(10°) =—141,61 nb(Bt/MI ') (11)

[Ipenmonaras, 9To0 MOIIHOCTH TOMEX B ATOM IIPUMEpPE PacyeToB cocTaBisieT 1% OT MOIIHOCTH IIyMa,
otHomenue I/N 6ynet pasao 10 log (0,01) =-20 nb. Torma

I=N+I/N=-141,61 -20=-161,61 nb(B1/MI'n) (12)
BennunHa 11.11.M., KOTOpast CO31acT TaKyl0 MOLIHOCTh IIOMEX Ha OpOUTEe, COCTABUT:
maM. = (—161,61 — 38 + 29 + 21,45) =—149,2 aB(Bt/™M* - MI'n) (13)
B stom cnyyae:
(3. .MM )ogan = —149,2 + 162,1 = 12,92 nb(B1/MTI'n).

Ecnu 3Ty cOBOKYNHYIO MOIIHOCTH MOMEX pactpenenuTs mexny 100 miardgopmamu HAPS, kaxnas u3 Takux
mwiatdopm Oyner orparmdeHa ypoHeMm 12,92 — 10(log 100) = 12,92 — 20 = —7,08 nb(B1t/MI ).

3 IHomexu, ucnpiThiBaeMble He0OJIbBIIUMU TePpMUHAJAME N0Jb30BaTenell ®CC ¢ nyyamu
mupuHoii 0,3°

[upuHa ny4a no mosoBHHHOMN MommHocTH: 0,3°
ITukoBoe ycuneHue CryTHUKOBOM aHTeHHBI: 55,4 nbu

CpenHee ycuaeHHE IPUEMHOM aHTEHHBI B ClIydae IpuemMa oT BeeX Mmematrommx miatgopm HAPS: 554 — 1 =
54,4 nbu

[Ipeamonaraemoe uncno Mematomux miathpopm HAPS B npenenax mupunst ayqa 0,3°: 3
[IlymoBas Temmnepartypa npueMHo# cuctemsl: 500 K
OranoHHas noJsioca npomyckanus npueMuuka: 1 MI'n

CrnenoBaTenbHO, Kak W BHINIE, MOIIHOCTh ImymMa mpuemMHod cucreMbl, N = —141,61 nb(B1/MIT),
MaKCHUMaJbHas MOITHOCTH moMex, / =—161,61 nb(B1/MI 1)

BenuunHa 1.11.M., KOTOpasi CO3JacT TaKyl0 MOITHOCTh IIOMEX, COCTaBHT:
M. = (161,61 — 54,4 + 29 + 21,45) =—165,6 ab(Bt/™M* - MI'm) (14)
B sTOM cityyae:
(3.M.U.M.) pguyan = —165,6 + 162,1 =-3,5 nb(Bt/MI'r)

Ecau 3Ty COBOKYMHYIO MOITHOCTH IIOMEX PacTpencinTh Mexay 3 miatrdopmamu HAPS, xaxmas 3 Takmx
mwiardopm Oyner orpanuueHa yposHem —3,5 — 10(log 3) =-3,5 — 4,77 =— 8,27 nb(B1t/MI'n).
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4 YpoBHu nomex ot TUNoBbIX cucteM HAPS

MakcuMallbHBI YPOBEHh ITOMEX OT OOKOBBIX M 3aJHHUX JITIECTKOB aHTeHH Juist nepenad HAPS na nuauun
BHM3 Ha yacTore 28 I'TIy MOXHO BBEIYMCIWTH HCXOAS M3 mapaMeTpoB cucteMbl HAPS, mpuBeneHHBIX B
Pexomennmarnu MCO-R F.1569.

ITepenatunk Ha mnathopme HAPS, mpemHazHaueHHBIA I OOCITYXHUBAaHUS TCPMUHAJIOB ITOJIB30BATEIICH,
paboTaromuii ¢ yriaaMu MecTa 10 26°, B yCIOBUAX NOXKM, Oy/IeT MMETh BBIXOAHYI0 MOmHOCTh 1,8 1bBT ¢
noyiocoit mpomyckanus 150 MI'm, morepu B ¢uaepnoit mmaun 0,5 n1b u ycunenue antennsl 16,4 nbu.
IIpu aTOM obecmeunBaeTcss MakcuMaiabHas 3.1u.u.M. 17,7 nbBT B monoce 150 MI'm i 17,7 — 10 log 150 =
(17,7 -21,7) = -4 nb(Bt/MI ).

OpHako ycwijeHHe aHTEHHBI B HaIlpaBIIEHUH JajbHEro OOKOBOTO M 3amHEro JemnecTkoB Oyzer Ha 10 b
HIDKE U30TponHOro ycmieHusa. CremoBaTenbHO, 3.M.M.M. OT 1miatdhopmel HAPS B nampasnenun ['CO
cocrapister (—4 — 16,4 —10) = -30,4 nb(B1/MI ).

st mpuMepoB, IPUBEICHHBIX B pa3ieniax 2 W 3, BHIINIC, 3.M.M.M. B HanpaBieHuU ['CO 3HAYNTEITHHO HIKE
ypoBHEH oTAenbHbIX nepeaad Ha muaud HAPS-3emms —7,08 nb(B1/MI'n) wmu —8,27 nb(Bt/MI'1), uro mact
B pe3ynbrare 3HaueHue I/N menee 1% ans cmytHukoB @CC npu mupune iydeit antens 2,0° nnu 0,3°.




