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Ipenncnosue

Pomp CexTopa pagmoCBs3W 3aKIIOYAaeTCs B OOCCIIEYEHHMH PANHMOHAIBHOTO, CIIPABEIUITHBOTO, A(PQEKTHBHOTO U
9KOHOMHYHOTO HCIOJIb30BaHUS PaAMOYacTOTHOIO CIEKTpa BCEMH CIy)KOaMH paJuOCBs3H, BKIIOYas CIyTHUKOBBIC
CIIyXKOBI, W TPOBEACHHM B HEOTPAaHMYCHHOM YacTOTHOM JWAalla30HE MCCICIOBAaHUM, HAa OCHOBAaHHH KOTOPBIX
HnpUHUMAroTCs PexomeHnanuu.

BcemupHBIE W permoHanbHBIE KOH(EPEHIMH paguoOCBSI3W M accaMOleW paauoCBsI3H TPH  IOAIEPIKKE
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[HosmTHKa B 00;1aCTH NIPaB MHTEJLIEKTYaJdbHOH codcTBeHHOCTH (ITUC)

ITonmutuka MCD-R B o6mactu IIMC wm3maraercs B oOmieii marentHod mnomutrke MCDO-T/MCO-R/MCO/MDOK,
ynomuHaemoir B Ilpmmoxkenmnm 1 x Pesomommm MC3-R 1. ®@opmbl, KOTOpble BiaAeibllaM MATEHTOB CIEIyeT
UCIIONb30BaTh IS IMPEACTABICHUS MATEHTHBIX 3asBICHHA W ACKIapandil O JMICH3WPOBAHUM, MPEICTABICHBI IO
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http://www.itu.int/ITU-R/go/patents/en
http://www.itu.int/publ/R-REC/en

Pex. MC3-R F.1509-4 1

PEKOMEHJJALIA MC3-R F.1509-4*

Texnuveckue v IKCITyaTallMOHHbIE TPeOOBAHUA, CIIOCOOCTBYIOLINE COBMECTHOMY
HCIO0JIb30BAHNIO YACTOT CHCTEMAMHU CBSI3M IIYHKTA CO MHOTHUMH MMYHKTAMH
B (PMKCHPOBaHHOI cJ1y0e U MesKCIlyTHUKOBOM ci1y:x0e
B noJjoce 25,25-27,5I'T'u

(Bommpoc MCD-R 118/7)
(2001-2009-2013-2015-2018)

Cdepa npumenenust

B Hactosield PexomeHAanuyd ONMUCHIBAETCS MAaKCUMAaJIbHAsl IUIOTHOCTh 3.M.M.M. NEPENAIOIIECH CTAHLIHMU-
KOHIIGHTPaTOpa M a0OHEHTCKOM CTAHIIMU CUCTEMBI CBA3H IyHKTAa CO MHOT'MMH MYHKTaMH B (PUKCHPOBaHHOH
cny>K6e B HallpaBJICHUU 0p6I/ITbI TreoCTallMOHAPHBIX CIIYTHUKOB  JJIA O6CCHC‘ICHI/I51 COBMECCTHOI'O
WCIIONB30BaHMUS 4acToT B moioce 25,25-27.5 I'Tm ¢ MeXCIyTHHKOBOW ciy»00il. DTallOHHAS TUIOTHOCTH
3.M.M.M. B Hacrosued PexkoMeHmanuu y4uThIBa€T HEOOXOOUMOCTb BECTH IepeAady Ha MHUHHUMAaJIbHOM
HCO6XOI[I/IMOM YPOBHE, a TaKXKC YUUTHIBACT HMCIIOJB30BAHUC aBTOMATUUYCCKOI'O PEryjiupoBaHUsA MOUIIHOCTHU
nepenatanka (APMII) Ha cranmmsx ¢pukcupoBanHOM ciry k061 (PC) B yCIIOBUSAX OCATKOB.

KuroueBble ci10Ba

CHYTHI/IKI/I pPEeTpaHCIAINU JaHHBIX, MECTOIIOJIOKCHH Ha 0p6I/ITe, 3.U.U.M, CIICKTpaJIbHAaA MIIOTHOCTH

Coxpamenust

ATPC  Automatic transmitter power control APMII  ABTOMaru4eckoe peryaupOBaHHE
MOIIIHOCTH TIepeAaTInKa

DRS Data relay satellite CPJ CIyTHUK peTPaHCISIMN TaHHBIX

e.i.r.p. Equivalent isotropically radiated power 3.MM.M. OKBHUBAJICHTHAs U30TPOIHO H3TydaeMas
MOIIIHOCTb

FS Fixed service oC OuKCHpOBaHHAS CITYK0a

GSO Geostationary-satellite orbit rco ['eocTanoHapHas CIyTHUKOBasi opouTa

POCS Proximity operations communication Cucrema CBSI3M ONiepainii CONMMKEHHs

system
CootBercrByromue Pexomennamnu MCD
Pexomenpanus MCO-R F.758 [TapameTpsl cUCTEMBI U IPUHLUIIBI Pa3padOTKH KpUTEPHUEB

COBMECTHOTO HCITOJIb30BaHUS YAaCTOT MJIM COBMECTUMOCTH
MUQPPOBBIX cHCcTEM (PUKCUPOBAHHOW OECITPOBOHOM CBA3N
(UKCHUPOBAaHHOM CITYOBI U CUCTEM APYTHX CIYKO M APYTHX
MCTOYHHUKOB ITOMEX

Pexomennmanus MCD-R F.1249 TexHUYECKHE U IKCIUTyaTallMOHHbIE TPEOOBAHHUS,
CIOCOOCTBYIOIIME COBMECTHOMY HCIIOJIB30BAHUIO YaCTOT
CHUCTEMAaMH CBSI3H ITyHKTA C IYHKTOM B (DUKCHPOBAHHOH CIyx)0€ 1
MEXCITyTHHKOBOH ciTyk0e B mostoce 25,25-27,5 I'T

Pexomengauus MCO-R F.1336 OTaJOHHBIE AMArPaMMBbl HAIIPABIEHHOCTH BCEHAIIPABJICHHBIX,
CEKTOPHBIX M APYTMX aHTEHH A7l PUKCUPOBAHHOW U MOJIBHYKHOM
CITyK0 B LENSIX MPUMEHEHUS B UCCIIEIOBAHUIX COBMECTHOTO
UCIIOJIb30BaHMA 4acToT B quarnasone ot 400 MI'n no
npubnuzurensao 70 I'To

Hacrostmass Pexomenmanust Obuta pa3paboTraHa coBMecTHO 7- w 5-if MccnemoBaTeNbCKUMH  KOMHUCCHSMHU
IO PaIUOCBA3H, ¥ OYAYIIHE TIEPECMOTPHI JOJDKHBI OCYIIECTBISITHCS COBMECTHO.
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Pexomenganus MCD-R SA.609 Kputepuu 3amutel 11 TMHAN paJuoCBA3H MUIOTUPYEMBIX U
HETWIOTUPYEMBIX HCCIIEI0BATEIBCKHUX CITyTHHKOB, PAa0OTAOMINX
Ha OKOJIO3EMHOI OpOnTE

Pexomenmanms MCDO-R SA.1018 I'mnoTreTnyeckas 3TajgoHHas CUCTEMA I KOMILJIEKCOB,
BKITIOYAIONIHUX peliCiHbIC Te0CTaIllMOHAPHBIE CITYTHHKH
1 KOCMHYECKHE KOPaOJIu Ha HU3KUX OKOJIO3EMHBIX OpOHTaX

Pexomenpanms MCDO-R SA.1155 3aluTHBIE KPUTEPUH, OTHOCSIIUECS K SKCIITyaTal[uu
CIIYTHHKOBBIX CUCTEM PETPAHCISIMN JaHHBIX

Pexomennanus MCD-R SA.1276 3amura opOUTATBHBIX MECTOMOJOXKEHUH CITyTHIUKOB
PETPaHCISIIUK IAHHBIX OT H3IyYCHUH CUCTEM (DHKCHPOBAHHON
ciyx0bl, paboTaromux B mosnoce 4actot 25,25-27,5 [T

Accambies paauocssizu MCDO,

yuumeoledas,

a) yro monoca 25,25-27,5 TTn pacnpeneneHa (QUKCHPOBAHHOW, TOABMKHOW M MEKCITyTHUKOBOM
CITy>k0aM Ha NepBUYHON OCHOBE;

b) YTO B JIOTIOJHEHHWE K CHCTEMaM CBSI3W IIyHKTa C IyHKTOM ¢ukcupoBanHoU ciayx0b1 (DC),
IUTAaHUpYeTCs, YTo B mojyoce 25,25-27,5 ['Tu OyayT paboTaTh CUCTEMBI CBSI3U MMYHKTa CO MHOI'MMH ITYHKTaMHU
OC (I1-MIT);

c) 4yT0 B monoce 25,25-27,5 I'T paboTaroT THHUN PaTuOCBSI3H KOCMOC-KOCMOC B MEXKCITyTHUKOBOM
ciyxoe;
d) YTO JIMHUM KOCMOC-KOCMOC CO3JAI0TCSI MEXKIY HU3KOOPOUTAIBLHBIMHU CIIYTHHKAaMH IOJB30BATEINS U

reoCTallMOHAPHBIMH CITyTHHKaMH peTpaHcisinuu ganHeix (CPI), a Taxke cucremMamu CBSI3U Ollepamuid
commkenns (POCS) mexay noiap3oBaTensiMi BOJTH3U HU3KOOPOUTATEHBIX KOCMHYECKUX CTAHIIAN;

e) YTO JIaHHbBIE JIMHUY, B YACTHOCTH JIMHUU KocMoc-KocMoc cetn CP/I, mpenHasHadeHsl Uit paboOThI
¢ 3armacom nopsiaka ot 2 ab mo 4 nb;

f) YTO CIYTHUKOBBIC JIMHUM TIOABEPIKCHBI BO3JCHCTBHIO TIOMEX OT M3JIyYeHHH CHCTEM
(PMKCUPOBAaHHOW CIOYXObI B TIpeiesiaXx 30HbI BHIAUMOCTH, KOTOpas HMMEET OOJIBIIYI0 TreorpaduyecKyro
MPOTSKEHHOCTD;

Q) YTO OIpeJeIeHUe KOHKPETHBIX OpPOWTANBHBIX MO3ULIMH, KOTOphIE cIelyeT 3alluiiaTrh, a He
opOutanpHOH nyru, OyOeT HakIaAblBaTh MEHBIIE OrPaHWYECHUH Ha (QUKCHPOBAHHYIO CIYXOy IpH
COBMECTHOM HCIOJIb30BaHUU IOJIOCHI YacTOT, B YaCTHOCTH JUISl T€X CTAHIMK, KOTOPHIE PacIONOKEHbI Ha
BBICOKHMX IIUPOTAX,

npusHaeas,

a) yTOo 3amMTHBIN Kputepuil s nmuauid POCS conepxurcs B Pexomenmanmn MCD-R SA.609, u
3amuTHBIN Kputepuii 1t muanid CPIl conepxurces B Pexomenmarun MCD-R SA.1155;

b) gTo gucio cereit CP/l, pa3BepHYTHIX WM HAXOASAIIMXCS HA dTArle peaan3aliy Ha TeOCTaIMOHAPHON
opOuTe orpaHnuYeHO, Kak onucano B Pekomennanuu MCO-R SA.1018, a opOuTanbHbIE TTO3UIIUN TIPUBEICHBI
B Pexomenmanun MC3-R SA.1276-5 (cm. [lpumeuanue 1);

c) yto B Pekomenmaimmn MCD-R F.758 mnpencrtaBmeHo MHOXXECTBO pAa3IMYHBIX ITapaMeETPOB
(UKCUPOBaHHBIX OECIPOBOAHBIX CHCTEM, OOOOLICHHBIX Ha OCHOBE PENPE3CHTATUBHBIX CHCTEM JUIA
KOHKPETHBIX JUAMa30HOB YacToT,

pekomeHoyem,

1 9TOOBI I KaKIOTO TepemaTduka CTaHIuu-KoHIeHTpaTtopa cetu [I-MII ®C, paboratomero B
nonioce 25,25-27,5 I'T' (cBenenus o npezaenax 3.u.u.M — cM. [Ipunoxenue 1):
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11 CHEKTpajlbHasi IUIOTHOCTh J.M.U.M. H3JIyYeHHs B HAalpaBJICHUM JIO00H MO3ULIUU OpPOHTHI
reocraronapaoro cmyTtauka (I'CO), ykazanmnas B Pexomenmanmu MCDO-R SA.1276, me mnpeBbimana
CIIEAYIOIIMX 3HAa4YeHU B moOol momoce mumpuHod 1 MIm anms yrma mecta O Bble JIOKaabHOR
TOpU30HTATRHON IIockocTh (cM. [lpumedanus 1, 2 u 3):

+8 nbBT s 0° <0 <20°

+14 — 10 log(6/5) nbBT st 20° < 9 <90°
1.2 CIEKTpaJbHasl IUIOTHOCTh 3.M.U.M. U3JIyY€HHs HE IPEBbILANa CICIYIOLMX 3HaYeHUH B JrO0OM
nostoce mupuHON 1| MI'Tt amst yrita mecTa 0 BbIIe TOKaTbHOW TOPHU30OHTANBHOM IIOCKOCTH:

+14 nbBT g 0° <0 <5°

+14 — 10 log(6/5) nbBT s 5° <0 <90°
1.3 B YCIIOBUSIX, KOTJa MEXIYy Nepeaaromiei craHuuen-koHueHTparopoM @C U npueMHON cTaHLUEn

HabmromaeTcs ocnalleHue B Ocalkax, Ha Iepelarolleil CTaHIMU-KOHLEHTPATOPE MOXKET HCIIOIb30BATHCS
AaBTOMAaTHYECKOEe peryjIMpoBaHre MoITHOCTH mnepenatunka (APMII), nns yBenuueHus ee mnepenaBaeMoi
MOIIHOCTH HA BEJIMYMHY, HE MPEBBILAIOIIYI0 OCIabieHHe B OCagKaxX, TaK YTOOBI €€ CIEeKTpalbHas
IUIOTHOCTH 3.M.M.M. B HampaBleHuu mto0o# nozunuu 1'CO, ykazanHoi B Pexomennmamun MC3O-R SA.1276,
He npesbimana +17 nbBT B m1000i#1 monoce mmpunoit 1 MI'n;

2 4YTOOBI CIEKTpajbHasl IUIOTHOCTh 3.M.M.M. U3TY4YCHUS KakaoW aboHeHTcKoW cranuuu cetu [1-MII
®C, pabotaromeir B momoce 25,25-2751Tm, coorBercTBOBajma mi.2 W 3 pasfena pexomeHoyem
Pexomenmanimu MCO-R F.1249;

3 cuntaTh Hrokecneaytomue [Ipumedanus 1, 2, 3 yacTeio HacTosmie Pexomenaamu:

[NPUMEYAHUE 1. - B Pexomenmammm MCD-R  SA.1276-4 ompenenensl cnexyromue mnonoxkenus CPJ[ Ha
reocTanMoHapHoit opoure: 9° B.11., 10,6° B. 1., 16,4° B. 1., 16,8° B. 11.,20,4°8B.1., 21,5° B. 1., 47° B. 1., 59° B. 1., 77° B. 1.,
80° B. 1., 85° B. 1., 89° B. 1., 90,75° B. 1., 95° B. 1., 113°B. 1., 121°B. 1., 133° B. 1., 160° B. 1., 167° B. 1.,171° B. 1.,
176,8° B. 1., 177,5°B. 1., 12°3. 0., 16°3. n., 32°3. 1., 41°3. 1., 44°3. 1., 46°3. 1., 49°3. 1., 62°3. 1., 139°3. 7.,
160° 3. 1., 164,2° 3. 1., 167,5° 3. 0., 170° 3. o, 171° 3. 0. m 174° 3. .

ITpu nepecmotpe Pexomenmanmu MCD-R SA.1276 B nenax no6asneHus HOBBIX MecTtomoioxeHuit CPJ] Ha opOure,
3alMTa KOCMUYECKMX CTaHIMH B 3THX HOBBIX OPOWTAIBHBIX CIIOTaX B IIepecMOTpe IaHHOH Pexkomennmanmn
npuMeHsiercs: Toybko K craHuusiM PC, yCTaHOBICHHBIM IOCJIE JaThl BCTYIUIGHHS B CHIIy II€pPECMOTPEHHOMH
Pexomenmammu MCD-R SA.1276.

[MPUMEYAHUE 2. — CnexTpaiipHasi IUIOTHOCTh 3.M.M.M., HU3Jydaemas B HampasieHun nosioxenus CPJ] Ha
TeoCTalMOHAPHONW OpOWTE JOJDKHA PACCUHMTHIBATHCS KaK MPOMU3BEJCHHE TMEepelaBaeMOil CIEKTPAIbHON IJIOTHOCTH
MOIITHOCTH W KO3 (UIIMEHTa YCHJICHUS BCCHAINPABICHHON WM CEKTOpHOW aHTeHHBI B HampamieHuu Ha CP/I. Ilpu
OTCYTCTBUHM JHArpaMMbl HAaNpaBICHHOCTH AaHTCHHBI CTaHIIMH-KOHIIGHTPATOpa OJDKHA TPHUMEHITHCS HTallOHHAS
quarpamma HampaBieHHOCTHM U3 Pekomengmaumu MCDO-R F.1336. Pacuer nomkeH yuyuTbIBaTh BO3ZAEHCTBHE
aTMoc(epHOU pepaKIUK H MECTHOTO TOPH30HTa. MeTo A pacueTa yriioB pa3Hoca npuBeaeH B [Ipmmoxennn 2.

[MPUMEYAHMHE 3. — B ToM ciy4ae, Korja CTaHIMSI-KOHLIEHTPATOp paboTaeT Ha OCHOBE BPEMEHHOIO pasJieNieHus] U
HCTIONB3YeT [UIA paboThl OIHY YacTOTy, TJIe OJHA M Ta jK€ YacTOTa MCIONB3YyeTcs M Ul Tepeladyd, W I MpHeMa,
IIPe/ieN CIEKTPAILHON IUIOTHOCTH 3.M.M.M. B 1. 1.1 pa3zuena pexomendyem mMoxeT ObITh ymeHblieH Ha 7 log (1/8) nb,
rae 6 (0 <8 <1) — monst BpeMeHH, B TEYEHHE KOTOPOrO CTaHIMS-KOHLEHTPATOp mepenaet curHaibl. OMHAKO TaHHOE
yYMEHBIIEHHE He JIOJDKHO MPEBBINIATh 3 1b naske 11 MaJIBIX O.
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Ipuiaoxenue 1

OneHka NPpOCTPAHCTBEHHOI0 M BPEMEHHOI0 pacnpeaeleHHs OMeX cucTeMaM
CPJl u POCS ot uznyuyenus cranuuii-konuesrparopos I1-MII B ®C
B noJjioce 25,25-27,5I'T'y

1 Beenenne

B nannom [IpunoxeHnu NpUBOIUTCS OLIEHKA, MOTYYEHHAs MPU TOMOLIM KOMIBIOTEPHOTO MOJIEITMPOBAHHUS,
MPOCTPAHCTBEHHOTO M BPEMEHHOTO pacipezenenus nmomex cuctemam CPJl Ha onpeaeneHHBIX OpOUTaIbHBIX
no3utsix U cuctemaM POCS oT m3nydeHunit T1o0anbHO pa3BepTHBAEMBIX CTAHIIMA-KOHIICHTPATOPOB CUCTEM
I[I-MIT ®C B monoce 25,25-27,5 I'Tu. Hauusie cucremsl II-MIT ®C 3agacTyro paccMaTpUBAIOTCA Kak
MECTHBIE CHCTEMBI pacnpeaeeHus co MHOruMU myHktamu (LMDS). [lns naHHOTO aHanmm3a CYMTacTCsl, 4To
CHEeKTpabHasl TNIOTHOCTH 3.W.M.M. B TIHKE JIy4a Ha KaXKJ0W CTaHIIMU-KOHIIeHTpaTope paBHa +8 nb(BT/MI 1),
yTo ykazaHo B Otuere MCDO-R F.2108 B kauecTBe TUIOBOrO 3HAUCHUS IJIsl CTAHIUI-KOHLEHTPATOPOB B
CHUCTEMax CBA3M IyHKTa CO MHOTMMM IyHKTamu. OnHa mepenatomas ctanuus LMDS, pabotaromas co
CHEeKTPaJbHOW IUIOTHOCTBIO 3.M.M.M., paBHOM +8 nb(BT/MI'm), He mnpeBhIIIaeT 3amUTHBIA YPOBEHb,
ykazaHHbIM B Pexomennmammn MCO-R SA.1155, BHe 3aBHCHMOCTH OT €€ reorpamueckoro MOJIOKEHUS C
yueToM opOutanpHoil mo3unumu CPJl. 3amuTHbll ypoBeHb, paBHBIH —148 nb(B1/MI'n), He momkeH
MpeBhIAaThCs B TedeHue Bpemenu Oomnee 0,1% opOuranbHoro neproaa. OIHAKO COBOKYITHOE BO3JEHCTBHUE
MHOeCTBa mepemaromux cranmmii LMDS, paboTaromux B 0JHOM KaHaie B TOPOJCKOM IIEHTPE, MOXKET,
B HEKOTOPBIX TEOMETPUUYECKUX YCIOBHSIX, CO3aBaTh IOMEXH, MPEBBIIIAIOIINE 3aUTUTHBIN ypoBeHs CP/I.

B pasnmene 2 omnmchBaeTcs HCIIOJIB30BAaHHBIA IMOAXOJ W MPEANOJOXKEHUS, CHACNaHHBIE ISl OLEHKU
MPOCTPAHCTBEHHOTO U BpeMeHHoro pacnpeneieHuss nomex cucremam CPJl. B nannom Ilpunoxkenuun
NpeACTaBIeHbl ABa ucciaenoBanud, MccnenoBanue A u UccnepoBanue B, B . 3 u . 4 COOTBETCTBEHHO.
B HccnenoBannun A paccmarpuBanach CHEKTpalibHasi MJIOTHOCTH 3.M.W.M., paBHas +8 nab(B1/MIm), B TO
Bpems, Kak B MccinemoBammm B ucnonb3oBanmach  CHEKTpalbHas IUIOTHOCTh 3.M.U.M., DPaBHad
+14 nb(B1/MI'n). B paznene 3 npenctaBieHo NpOCTPaHCTBEHHOE pactpeneneHue nmomex cucremam CPJI Ha
OTIpEeIETICHHBIX OPOUTANBHBIX MOo3ULKAX. OHO TMOKa3bIBAET, YTO KOI/IA CIEKTpajbHas IUIOTHOCTH 3.M.H.M.
W3TY4YCHUH B JIOKAbHOH TOPHU30HTAIBHOM TUIOCKOCTH M3 001acTH OOCITy>KUBaHHS, COCTOSIIEH U3
29 craHnumii-koHIeHTpaTopoB, BuaHa cucremMe CPJl m pabotaer ¢ +8 nb(Bt/MI'm), momexu padore CP/]
MOTYT MpPEBHIIIATh PEKOMEHJIOBAaHHBINA YpOBEeHb MoMeX Ha BenuuuHy 10 9 nb. Taxxke B m. 3 mpuBeneHb!
pe3yabTaThl IMHAMHYECKOTO MOJICIIMPOBAHHMS JIJISl OTIpE/IECHIUs] BpEMEHHBIX XapaKTePHCTHK MMoMeX pabore
CPIl, KOTOpBIi OTCIEKMBAaeT HHU3KOOPOWUTAIBHBIA CHYTHHK IOJIb30BAaTENII C  OpPOUTAIBLHBIMU
XapaKTepUCTUKAaMH MEXIyHapOIHOH KocMuueckor ctanuuu. [lokasano, 4o s HEOOIBIIOrO0 KOJINYECTBA
OpOUT ¢ BOCXOZSIIUMH y3JIaMH, KOTOpPBIE MPUBOJSAT K TOMY, YTO CITyTHHKHU TIOJIb30BATENIsI OPUCHTUPOBAHBI
Ha IEHTPHl C TOPOACKHM HAaCEJIeHHEM, KOTOpble HaxOJITCs Ha WJIM OKOJO Kpas 3eMHOTO [HMCKa,
JUINTEIILHOCTD TIOMEX MOXET MPEBBIIATh EPHO BpeMeHH, KoTopslii 6onbiie 0,1% opburtansHOro nepuona
CIyTHHKa Tmonb3oBarens. B pasgene 4 mnpexacrasiensl pe3ynsTarel Hccmenosanms B. B pasmene 5
OTHCHIBAIOTCS MPOCTHIE CIOCOOBI PacIIMpEeHusl pe3ynbTaToB A0 cTaHmuid LMDS, xoTopsle HCIONB3yIOT
Oonee menkue cotel. B pasnene 6 o0cyxnatorca nomexu cuctemam POCS. Pe3ynbraT nokaspiBaer, 4To npu
CHEKTPaJIbHOM IUIOTHOCTH 3.M.U.M., paBHOHl +14 nb(BT/MI'1), cOBOKymHBIE MOMEXH OT CTaHIMK-
koHIeHTpaTopoB LMDS antennam npuemankoB POCS Bcerma HaMHOTO HIKE KPUTEpPHS 3aIIUTHI, PABHOTO
—147 nb(B1/MI'1). B pasnene 7 mpuBeACHB BBHIBOABI W3 JaHHOTO HWCCJICIOBAHHUS W  TPEIIOKEHBI
XapaKTePUCTUKX sl OOecTeYeHUs] BO3MOXKHOCTM COBMECTHOTO HCIOJIB30BAaHHUS YacTOT —CIyXOamu
KOCMHYECKHX HCCIIeI0OBaHMA, CHCTEMaMHU MEKCITyTHUKOBOMU Ciry»k0bI 1 cucremamu [1-MIT ©C.

2 MeTox

[ns pacdyera MpOCTPAHCTBEHHOTO M BPEMEHHOro pacmpeaeneHus nomex cuctemam CPJl ot usnmyueHuit
MIOTEHITHANBHO Oonpmmoro koymmdectBa cucteM I[I-MII ®C  BBICOKOH IIOTHOCTH, KOTOpPBIE, Kak
npenmnonaraercs, padboraror B monoce 25,25-27,5 I'T1, UCIONB30BaIOCh KOMITBIOTEPHOE MOJICITUPOBAHUE.
OCHOBHBIM METOAOM, pPEaTU30BaHHBIM B MOJCIHUPOBAHUM, SIBISCTCA PAa3BEPTHIBAHUE HECKOIBKUX
CTaHIMH-KOHIICHTpaTopoB LMDS B TOpoickmx MEeHTpaxX, a 3aTeM — OTMPEICIICHHE MPOCTPAHCTBCHHBIX U
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BPEMCHHBIX IOMEX, BO3HHUKAIOIIMX B pE3ylbTaTe TaKOTo pas3BepThiBaHus. [ ompeneneHus
MIPOCTPAHCTBEHHOTO pacIpenenenus, coBokymaple momexu CPJ/l B ompeneneHHOW OpOUTAIBFHONW TO3HUIHA
paccUMTHIBAIOTCA TakUM oOpa3om, Kak eciu Obl mpuemHas anteHHa CPJ[ ¢ GonpmnM ycuiieHHEM Bena
CKaHMpOBaHUE MO OcH Y U mo ocu Z. JlauHblif Meron omucad B m. 2.1. MeTon, MCHONB3yeMBIN s
OTIpe/IeTIeHNsI BPEMEHHBIX XapaKTepUCTHK MOMEX, omucaH B 1. 2.2. B 00oux ciay4asx MOAeidh yIUTHIBAET:
CHEKTPaJbHYIO IIOTHOCTh 3.M.M.M. M yCWieHHe mepenatomei craniun LMDS B nampasnennn Ha CPJI;
MOTJIONICHUE B arMocdepe; 3aTyXaHue Ha Tpacce INepefauu; ycuieHue mnpuemHod anteHHel CPJ] B
HamnpasieHuu ctaniuu LMDS, co3naroreit momexu.

2.1 IIpocTpancTBeHHOe pacnipeneieHue

Osxupaercs, uto cranuud LMDS OyayT pa3BepThIBaThCS IO COTOBOM KOH(PHUTYpaLUKM B TOPOACKUX IIEHTPaX
Uil OOCITy>KMBaHHS KOMMEPUYECKHX MNPENNpPUATHH, NPaBUTEIbCTBA M JOMOXO3SHCTB, HCIOJIB3YIOMINX
WHTEPAKTUBHBIE WIN PAAMOBELIATEIbHbIE YCIYI'M LU(PPOBON CBS3M C MPOMYCKHON CIIOCOOHOCTBIO OT
YMEPEHHOM JI0 BRICOKOM. DTH yCIYrH MOTYT BKJIIOYATh B ce0s OCTYI B MHTEPHET, YCIIYTH MEepeJadu rojoca,
neperayy JaHHBIX U BHAO. Ui Hened JaHHOTO aHalu3a MPEeNIoIaraeTcsi, 4TO COBOKYIHBIE M3JIyYEHUS B
OTHOM KaHaje OT obmactu oOcmyxuBaHuss LMDS MoXHO MOIenupoBaTh B BHJE OTIEIbHOW CTaHIIMH,
KOTOpasi UCIOJIb3YeT MepeaTyuK CO CIIEKTPAIbHOM TNIOTHOCTHIO MOIIIHOCTH, PaBHOM CyMMe CIIEKTpaIbHBIX
IJIOTHOCTEH MOITHOCTH Ha BXOJIE KaX/I0HM CTaHIMU-KOHIeHTpaTopa LMDS B 0o0sacT 00CIyKUBaHUS, M YTO
OJlHa Iepenarolias aHTCHHA 00eCHeyuBacT MPUEMIEMOE MPEACTABICHUE O PAacIpelesIeHUH CIIEKTPaIbHOU
IJIOTHOCTH 3.M.M.M. BBIIIE JIOKAIBHON TOPU30HTAIBHOMN IITOCKOCTH.

JJist TaHHOTO MOJETUPOBAHUS MPEIONAarajJoch, YT0 CHEKTpabHasl INIOTHOCTh 3.M.U.M. M3JIy4YeHUH KaXKIO0H
CTaHIUK-KOHIeHTparopa pasHa +8 ab(B1/MI'm)l, u uro coBokynHoe uziaydenne LMDS u3 oqHoi o6nactu
00CITy>KUBaHHUS TIPOTIOPIIOHATIBHO KOJIMYECTBY CTAHIIUI-KOHIIEHTPATOPOB B TOPOACKOM LICHTpE.

st MomenupoBaHUS HCIIONB3YETCSl CIEAYIONas OIpeaelieHHas MoJeiab. MOIIHOCTh, MpUHUMaeMas OT
yAalNeHHO! TiepearomIeii CTaHIIUN, MOXKET ObITh BRIpaKeHa KaK:

P _ P’(GtGr 1
r I I I ' ( )
1273
rae:
Pr . IIpyUuHUMacMas CIICKTpaJbHaA IIJIOTHOCTh MOIIHOCTM Ha BbIXOJAC AHTCHHLI B

ONpE/IC/ICHHONW TIOJIOCe 4YacTOT (OMpeiesicHHAs, Kak CIEKTpajbHas IJIOTHOCTh
MOIIIHOCTH TS Iiejieit maHHoro ananm3a (Bt/MI'm));

Pi: mnepenaBaemast MOITHOCTh Ha BXOJIE AHTEHHBI B TOH K€ MOJIOCE YaCTOT, ONPEACICHHON
JUIS TIPUHUMAeMOH MOIIHOCTH (OINpezeieHHas, KaK CHeKTpalbHas IUIOTHOCTH JUIs
neneit nanHoro ananuza (Bt/MI'm));

Gt: ycuieHue mepejarolield aHTCHHBI B HANPAaBJICHUN TPUEMHON CTaHLUH, OTHOCHTEIBHO
M30TPOITHOTO M3Ty4arteis (4ucio);

Gr: ycuwieHHe IPUEMHOW aHTEHHBI B HAlPaBJICHUH MEpeJaroleil CTaHMH, OTHOCUTEIBEHO
M30TPOITHOTO M3Tyyarteis (4ucio);

l1: moTepu mpu pacpoCTpaHEHUH B CBOOOIHOM IIPOCTPAHCTBE (YUCIIO0);

l,: [momomHHUTENBHBIE TIOTEPH B  CBOOOJAHOM TIPOCTPAaHCTBE W3-3a  HECKOJIBKHX
CTaITMOHAPHBIX U 3aBUCSIINX OT BpEMEHH aTMOC(EPHBIX SIBICHHA (IHCIIO);

I3: mepexomHoe 3aTyxaHWe u3-3a MOJSIpU3alMK  (YKCIO0), PaBHO CIHHHUIIE, €CIH
TePEAoIIas ¥ IPUEMHAs AaHTEHHBI MMEIOT OJIMHAKOBYIO TOJIAPU3ALIMIOZ,

1 Jlns mamHOTO aHanmW3a cuMTaeTCs, YTO MUK JIyda M3JydeHHs KOHIEHTpaTopa, paBHbIH +8 15(BT/MI'M) nocturaercs

npu yriae mecra 0° pu Beex yriiax a3uMyrta OT KOHIEHTparopa. Takke CUUTAeTCsl, YTO COCEAHUE CEKTOPbI aHTEHHbI
paboTaroT HAa OJTHOW M TOM KE YaCTOTE, HCIOJIB3Yys OPTOrOHAIBHYIO THHEHHYIO TOJSIPU3AIUIO.

JIist peryiaMpoBKH TJIABHOTO JIyda MEXIy JMHEHHO IMOJIIPU30BAHHOW Iepemaromell aHTeHHOH (KoTopas OOBIYHO
ucnosnb3yercs B @C) U npreMHBIME aHTEHHAMHU C KPYTOBO# MOJIsIpu3anueii, cauraercs, uto |3 pasuo 2.
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HOTepI/I IIpu paclpoCTpaHCHUU B CBO6OI[HOM MIPpOCTPAaHCTBC paBHBI:

4nd
|1: T ] 2)

rae.

d: paccrosHHE MEXIY MEPENArOIICH U MPUEMHON CTAHITHAME (M);

A . IJuHA BOJHEI (M).
Kaxxnas craHiws, nepeiaroinas Ha OJHOW 4YacTOTe, CO3[AcT JIMHUIO PAJIUOCBSI3U C TPUESMHHUKOM.
[MpuHrMaeMass MOIIHOCTH OT KaXJIOM W3 N JIMHUN, B KOTOPBIX, KaK CYMTAETCH, MEpPEAaroTCs

HEKOPPEIUPOBAHHBIC CUTHANBL, J00aBisercs, (OPMHUPYS COBOKYIHYIO TPUHUMAEMYI0 MOIIHOCTS,
paccauTaHHyto 1o hopmyIre:

P
PZGG, -

I1||2||3|

rJIc MHOYKUTEJIH ONPE/ICIICHBI BbIIIE, 8 JOOABICHHBIH MOAMHICKC | YKa3bIBACT KAKIYIO JTHHHUIO.

COBOKYITHBIC TIOMEXH SIBIISIIOTCSI CYMMOM MOMEX OT KaXKJoW mepeparomieit cranmmu. [loMexm oT Kaxmoi
CTaHILIMM ONPEAENIAITCA Ha OCHOBE YCUJIEHUA MEPENaoled U NPUEMHOM aHTE€HH, IPUHUMAas BO BHUMAaHUE
BHEOCEBOH YroJl COOTBETCTBYIOILIUX AHTCHH.

JU71s1 TIOBBILIEHHUS] CKOPOCTH BBIYMCIICHUHA M YUUTBIBAsI, YTO HEKOTOPHIE MHOXKUTENIN NPAKTHYECKH HEU3MEHHBI B
OTIENbHON 00JIaCTH pa3BepTHIBAHUS, ypaBHEHUE (3) yTOUHSETCS U IPUHUMACT BUL:

m -t riiptij
i Z ||| ’ @

i= 1i72i"3i

re:
gJ: KOJMYECTBO KOHIIEHTPATOPOB B OMPECICHHON 00IaCTH Pa3BepPTHIBAHNS;

m: KOJIMYECTBO o0nacTei Pa3BEPThIBAHUS.

[ocnenyromuii aHaIM3 MoKasal, YTO JUIS MOJECITHUPYEMBIX TOMEXOBBIX CLIEHAPHEB OLIMOKA, MOSBISIOIASCS
M3-3a yTpOIIEHHs B ypaBHEeHUH (4), cocTaBiser meHee 1 nb.

[Ipeanonaraercs, 4to pasBepThiBanme cucreM LMDS m0DKHO COOTBETCTBOBATH MECTOIOIOXKCHUSIM
431 roponckoro IeHTpa, B KOTOPBIX, 1m0 oneHkaM Opranm3anum OObenuHeHHBIX Harmii, HaceneHue K
2015 rogy npeseicut 750 000 uenosek (cMm. ['opoackue armomepanuu, 1950-2015 (pemakums 1996 roxa),
Hoapasneneane OOH mo Bompocam Hapomonacenenusi, Hpro-Mopk, Coemnnennbie IllTatel AMepuki,
1996 rox (OCTYITHO Ha JTUCKETE)).

OMnupHuuecKas CBS3b MEXIY paanycoM Rp (KM) 3KBUBaJICHTHOW KpyroBoil o0yacTH, colepxaiiei oouiee
YHCII0 HAaceJIeH!sl P, BEIpaskaeTcst P MOMOIIN YPaBHEHHUS:

Rp=a x PP, (5)

Beuto obHapyxeHno, uro jns CoenuaeHHbIX LlTaTOB AMEpUKH B LENSAX TONYYSHHS YIOBIECTBOPHTEIBHBIX
pesynbraToB, o = 0,035 u f = 0,44. [{ng npyrux paiioHOB MHUpa ObLIO OOHAPYKEHO, YTO IS HOJYUYCHHS
ynoBneTBopuTensHoi onenku o = 0,0155 u § = 0,44.

YpaBueHnue (5) WCIONB30BAIOCH NI OIEHKH KOJIMYECTBA CTAHIIMH-KOHIICHTPATOPOB, HEOOXOIUMBIX IS
obcmy)xuBaHUS 00JIACTH, OXBATHIBAIONIECH BCE HACEIICHHE B TOPOACKHX arjloMepanusx. YJIUTHIBas, 9TO
KK KOHIICHTPATOp OOCTYXXHBAeT KPYroOBYH O0JIaCTh pajauyca Rn, KonmdecTBO KOHIEHTpaTopoB N
COCTaBUT:
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RP
N =Infln| =% +05, (6)

h

rue:
N: KOJMYECTBO KOHIIEHTPATOPOB IS MPEANOIAraeéMoro paanyca CoThl;
Int() : ompexnensieT uenoe 3HaAYCHUE APTYMEHTA,;
Rp: 9SKBUBAJCHTHBIA PaNyC TOPOACKON TEPPUTOPHH (KM);
Rn: pammyc oObrano#M coTel LMDS (kMm);
n:  dakrop pacnpenencuus (0 < < 1).

Jis MoenmupoBaHus MPEIOoIaraiochk, YTO PaguyCc COTHI PaBeH 5 KM, W 9TO (DaKTOp pa3BepTHIBAHHUSA PaBEH
0,30. Dto 3HayeHwe (akTOpa Ppa3BEPTHIBAHUS YUUTHIBAET HSKOHOMHUYECKHE, JeMorpaduueckue u
reorpaduyeckie (GakTOphl, a TAaKXKE M TO, YTO HEKOTOPHIE aIMUHHCTpAIH MOTYT NMPUHUMATh MpaBUIa,
B COOTBETCTBUU C KOTOPBIMU COOTBETCTBYIOLLUN AUAMA30H HE JOJDKEH MCMNONb30BaThesa i cuctem [1-MIT
@®C. Camoe OonblIOe PACCUUTAHHOE KOJMYECTBO CTAHIMUA-KOHIEHTPATOPOB, TMOIYYEHHOE TMPH MOMOIIH
6a3bl nanubIX Hacenenns OOH u ypasrenuii (5) u (6), paBHo 35 mns Hero-Mopka, Coenunennsie IIITaTsr
Awmepuxu u 11 gnsa Tokwno, Snonns. Meronuka maet pe3yabTar, COTIACHO KOTOPOMY B MHUpPE JOJDKHO OBITh
pa3BepHyTO 944 CTaHIUI-KOHIICHTPATOPOB, pabOTalOIIUX Ha OXHOW 4dacTore. Clemayer OTMETHTh, YTO B
nanHoM [IpusoxeHun paccMaTpuBaeTCsi BCEMHPHOE pa3BepThIBAHUE TOJIBKO KOHIIEHTPATOPOB, paObOTaIOMIHX
Ha OJIHOH 4acToTe.

OTanoHHas JuarpaMMa HanpaBICHHOCTH JJII AaHTEHH CTAaHIUI-KOHIEHTPAaTOPOB OCHOBaHa Ha
Pexomennganmn MCD-R F.1336. BeenanpapnenHas iuarpaMma ImosrydeHa IMpH MOMOIIH YeThIPEX CEKTOPHBIX
aHTeHH, Kaxnas ¢ ycwieHueMm 15 nbu m mmpuHO# Nydya B TOPHU3OHTAIBHOM IJIOCKOCTH Ha ypoBHE 3 nb,
paBHo# 90°. JIONOJHUTEIBHO MPEAINONarajoch, 4YTo pa3BsizKa M0 NOJISpPU3aUUU BEIUUYUHON 3 1B yuuThIBaeT
JIUHEHHO TOJSPU30BaHHYIO MEpealollyl0 aHTeHHY CTaHIIMU-KOHIIEHTpaTopa U npuemHyio anteHny CPJI ¢
KpYroBOH mojsipu3anued I CBsI3M OCEBOE HAINPaBIEHHE — HA — OCEBOE HAIpaBileHUE. OJTaJOHHAs
JuarpaMMa HallpaBJIEHHOCTH TIEPEAAOLIEN aHTEHHBl, HE YUYMWTHIBAIONIas HHMKAaKWX HAKIOHOB BHU3,
COOTBETCTBYET CIEAYIOIIEH AMAarpaMMe B BEPTUKAIbHON TNIOCKOCTH:

2
0
G(0)=G, -12 o i | 0| <o, (7a)

3

G(0) =G, —12—10|og(i] s | 0> @, (7b)

3
re:
G(0) :  ycuieHHE OTHOCUTEIBHO U30TPOITHOM aHTEHHBI (1bH);
G,: MakcuManbHOE yCHJIEHHE B TOPU3OHTANIBHOM MIockocTH (1bn);
§ :  yron mecra, u3MepeHHBIN B BEPTUKAIBLHON IUIOCKOCTH (TPayChl);

¢, . LIMPUHA JUArPaMMbl B BEPTUKAIBHOM MJIOCKOCTH 1O YpoHio 3 ab (rpamycer).

31000 x 107 (70)
90

[ornomenune B armochepe B Tpakte LMDS-CPJ] ObUI0 yYTeHO TpU MOMOIIM CIEAYIOIIUX YPaBHEHHH,
KOTOpBIe TpuMeHstoTcs Ha yactoTe 27,5 [T B coorBercTBuY ¢ Pekomennanueit MCO-R F.1404:

P3

A e = 22,73/ [1+ 0,9463 0 +0,03455 0 + h(0,3232 +0,4519 0) + h?(0,2486 + 0,1317 e)} (8a)

Aviga =11,96 / [1+ 0,812160 +0,03055 6> + h(0,2619 + 0,4728 6) +1409 hzj (8b)
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A =8T7/[1+082596+ h(0,2163+0,3037 )+ 0,1067 h], (8¢c)
rie.
Alowiat ©  TIOTJIOIIEHHE B aTtMocdepe  JUIA  TEPPUTOPHA  HA  HHU3KHX  IIHPOTAx
(Mexnay £22,5°) (ab);
AwidLat :  TIOTJIOIIEHHE B aTMocdepe A TEPPUTOPUil HA CpeaHMX mupoTax (Mexmy 22,5° u
45°) (nb);
AniLat . TIOTJIOIICHHE B aTMOchepe I TEPPUTOPHUN Ha BRICOKHX ITHpoTax (0omee 45°) (ub);

6 : yrox mecta (rpamycsi), 0 < 0 < 90°;
h: BeIcoTa mepenaromieit aHTEHHBI HAJ CPeIHIM ypoBHEM Mops (amsl) (km), h < 3 k.

CuuTanoch, 4YTO BHICOTA MEPEAAIONICH aHTeHHBI s Kaxaoi ctaniuu LMDS pasna 0,50 kM Haj cpegHuM
YPOBHEM MOPSL.

Crnyrauku CPJ/] ucnons3yioT ynpasiisieMble TIPUEMHbIE aHTEHHBI C BHICOKUM YCHIJIGHHEM JIJISl CIISKECHUS 3a
CIYTHHKaMHU TIOJNB30BaTeNsl Ha HHM3KHX opOuTax. Jlias NpOCTpaHCTBEHHOTO aHain3a HE3aBHCUMBIMU
MEpEeMEHHBIMU  SIBIIIIOTCS  OpOMTalbHBIE TO3WIMU TeoctanmoHapHelx CPJl  (mogpasymeBaeTcs, dTO
HaKJIOHEHHE OPOUTHI PaBHO HYJIIO) U MPOJOJIFHBIEC U TIOTIEPEYHBIC YTIIbI YIpaBIsieMbIX aHTeHH. [IpogonbHbie
W TOTEpeYHbIe YIIBl Onpeaeisitorcss B cdepuueckoit cucreme kxoopamHaT ¢ nentpoM B CPJl. Ocp X
HampapjieHa K LEHTPY 3eMIIM, OCh Y YKa3blBacT B HAIPABICHUH BEKTOpa CKOPOCTH CITyTHHKA, & OCh Z
napaJuresibHa OCH BpameHus 3emun. [Ipu onpeeieHnu JTOKaIbHOW CHCTEMBI KOOPMHAT BpAIlEHUE BOKPYT
OCH X Ha3bIBaeTCs PHICKAHbEM, BpAIICHHE BOKPYT OCH Y HA3bIBACTCSI KPCHOM, a BPAlCHUE BOKPYT OCH Z
HA3bIBACTCSI TAHTKOM.

IIpocTpaHCTBEHHOE paclpeneneHne IMOMEXOBBIX YCIOBHH OIPENENSeTCs MPOMOJIBHBIM M IONEPEYHBIM
CKaHupoBaHueM npuemMHou antenHsl CPJl ¢ npupamienuem 0,2°. B kaxnoi Touke HaBeAaeHUs: aHTeHHbI CPJ]
COBOKYITHBIE TTOMEXH OT M3MydeHui Kaxaoi crarmuu LMDS B npenenax sugumoctu CPJl paccauThIBarOTCS
C ydeToM yryia Mecta B HampasieHun Ha CPJI, crnekTpanbHONl NMIOTHOCTH 3.M.M.M. H3mydeHuit LMDS
B HanpasyieHnn CPJl, mormomeHus B armocdepe, paccTOSHUA M ycuieHus npueMHoil aHTeHHsl CP/ B
HamnpasieHun Ha ctannuio LMDS. CuanraeTcs, 4To ycuieHne NpueMHOM aHTeHHBI B HAIPaBJIEHWH Ha OCEBOE
mnyaenne CPJl pasHo 58 nbu npu quarpamMme HampaBICHHOCTH, COOTBETCTBYIONICH STaJIOHHOHN Auarpamme
HaIPaBJIEHHOCTH, yKa3aHHON B Pexomennmanuun MCDO-R S.672 nns aHTEHHBI ¢ KPyroBOM CHMMETpHEH U
paBHo —20 1b Ha ypoBHe nepBoro OOKOBOTO JIETIECTKa.

2
G(9) =G, _12[@J TS 0<9<1,29 s, (9a)
3
G(p)=G, —20 IS 1,29 g3 < ¢ £ 3,16 @3, (9b)
G(p) =G, — 20— 25log| —>— s 3,16 g3 < o 1 G(9) 2 0, (9c)
31609,
G(p) =0 B IPYTHX 00CTOATEIILCTBAX, (9d)

rae:
Go: MakcuMabHOE OceBoe ycuineHue (abn);
G(p): BHeoceBoe ycuiueHue (Abu);
(¢ BHEOCEBOHU yrou (Tpamxychl);

¢@3: 3 nb mmpuHa muarpaMmel (rpaaychl);

(0, =+27000x10°% . (9¢)
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2.2 Bpemennoe pacnpenesieHue

BpeMennbple XapakTepHCTUKH ToMex mpueMHOM cucteme CPJ] Taxke OmNpenessiFoTcs KOMITBIOTEPHBIM
MOJIETTPOBaHIEM, HO B JIaHHOM CIIydae HCIIONB3YyeTCs AMHAMUYECKOe MOJAENHpoBaHue. TexHuuecKkne u
SKCIUTyaTallMOHHBIE  XapakTEePUCTHKU  CTaHIMi-KoHIleHTpaTopoB LMDS wu wux mnpeanomaraemoe
pa3BepTHIBaHNE COBMAAAIOT ¢ omucaHHBIMU B 1. 2.1. Cumraercs, uro cmytHuk CPJ] ¢ xapakrepuctukamu
TIPUEMHOM CHCTEMEBI, OITMCAHHBIMH B I1. 2.1, pacIonoXeH B MPEIMHCAaHHON Ie0CTallHOHAPHOW OpOUTAITBHOMN
MO3UIMKM U JIOJDKCH CJICIUTh 3a CIYTHHKOM Ha HU3KOW OpOuTe, KOTOphIA mepemaer curHaimbl Ha CPJI.
Huskoii ciyTHHKOBO# opOuToi siBisieTcs opouta Ha BbicoTe 400 kM, oTkIOHeHHas Ha 51,6° OT MIOCKOCTH
9KBATOpa — XapPaKTEPUCTHUKU OPOUTHI THIHYHBI IS MEKIYHAPOAHON KOCMUYECKOH cTtaHIuu. B 1. 4 Takke
Oyzer paccMOTpeHa opOuTa CiiyTHHKa HabmroaeHns 3a noBepxHocTbio 3emum (EOS) ¢ BeicoTort 800 kM u
yrioMm HaknoHa 98,6°. Ilpennonaraercs, uro npuemnas antenHa CPJl otcnexuBaeT 6e3 omHMOOK ABHKCHUE
HU3KOOPOUTAIFHOTO CIYTHUKA O ero opbure ¢ marom B 1 c. B kaxnol Touke OpOWUTHI OMpEAENSIOTCS
momexu mpueMHOU cucreme CPJ] oT COBOKyMHOTO M3Iy4eHHs BceX CTaHIMU-KOHIEHTparopoB LMDS B
mpenenax Moy 3peHHs I KaKJOoro OpOMTalIbHOrO mepuoja Ha nporskerun 10 mHedt. OpOuTambHBINA
MEepUoJ OIpeAenseTcss Kak Bpems paboThl MEXKIy IOCIeI0OBATEIbHBIMUA TEPECEUCHUSIMH IIOCKOCTH
9KBATOpa B HAMPABJICHUH C FOTa Ha CEBEP.

3 PesyabTarel UccnenoBanusa A

Ha pucynke 1 mokazaHo BcemupHOe pacnpezeicHue 431 oOmacred pasBepThiBaHUsA. Pe3ynbTaThl
MIPOCTPAHCTBEHHOTO pacIpeNeieHrs ObUIM TONYYeHBl Ui BYX HaO0OpoB opOurtanpHbIX mosuimii CPJl u
NpUBEAEHBI B 11. 3.1. BpeMeHHbIe XapaKTEpUCTUKU OMEX IMPUBEACHHI B 1I. 3.2.

PUCYHOK 1

IIpeanosiaraemple MecTonoJio:keHus cucrem LMDS

F.1509-01

3.1 IIpocTpancTBeHHOe pacnipeneneHue

Bruno onpeneneno aBa MHOXecTBa. [lepBoe MHOKECTBO COACPKUT OpOUTANBHEIC TTo3UIMK CIiyTHHKOB CP/]
st pabotel moj ympaenenneM CoenuHeHHBIX [lITatoB Amepuku. IIpocTpaHcTBeHHOE pacnpeselicHue
romex padore CPJl, pacronoXeHHbIM Ha 3TUX OpOUTAIBHBIX TO3UIHAX, ONPEIEICHO ¢ pupamenueM B 0,2°
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Ha 0CsX X U y. Bropoe MHOECTBO copepkuT Bce opoutanbhbie no3unmu CPJl, ykasanneie B PekomeHparm
MCD-R SA.1276 xak opOUTaIBHBIEC TIO3HUIINH, KOTOPbIE JOJDKHEI 3aIUIIATECS OT U3ny4deHnit cucrem OC.

3.11  Opouransasie no3uuuu CPJI Ha noarore 41° 3. 1., 174° 3. 1. u 85° B. 1.

Ha pucynke 2 npuBefeH KOHTYpHBIN TUIaH MPOCTPAHCTBEHHOTO pacmpezeneHus nomex cmyTHuky CPJl Ha
reoctanroHapHor opoure B Touke 41° 3. 1. [lmaH ocHOBaH Ha CHEKTPAIILHON IIOTHOCTH 3.M.M.M., paBHOH
+8 nb(B1/MI'1) B JIOKaJIbHOW TOPU3OHTAIBHOMN IUIOCKOCTH OT KaXIOW CTaHIMU-KOHIeHTparopa LMDS B
30He BuauMocTu cnytHuka CPJI. YBenuueHue B CHEKTPAJbHOM IUIOTHOCTH 3.M.M.M. BCEX CTaHIIMMH-
KoHIleHTpaTopoB Ha 1 nb mpuBenet x yBenuuenuto momex CPJ] Ha 1 gb. MakcumanbHBIH yPOBEHb ITOMEX
—139 nb(B1/MI't1) mabmtogaercs npu yriie HaBeaenus aHteHHbl CPJ[ 5° mo ocum X u —7,2° mo ocu Y,
MUHHMaNbHBIA ypoBeHb momex Mmenee —180 nb(Bt/MI'n) nabmiomaercs, korna npuemnas antenHa CPJ]
HaBezieHa Ha O HBIH momroc. DT ypOBHU JIeXKAT B AWAINla30HE OT BEIMYWHBI HAa 9 b BBIIIE U 10 BETHIUHBI
Ha 32 p1b wMeHpmie YpOBHS 3allWThL, MpuBeneHHoro B Pexomenmammum MCD-R  SA.1155. Ecmm
MPENINONIOKUTh, YTO CHEKTpalbHas IUJIOTHOCTh 3.M.M.M. BCEX CTAaHUUI-KOHLIEHTPATOPOB paBHA
+8 nb(Bt/MI'1), To momexu cucreme CPJl, mpexne Bcero, OyayT HaONIOAAaThCA TPH CISKEHUH 32
HU3KOOPOUTAITFHBIMU CITyTHHKAMH OKOJIO Kpast 3eMHOT'0 ANCKa B CEBEPHOM Toiyrmapuu. ClieyeT OTMETHTb,
4TO 00JIaCTh, BBIXOJAIIAs 3a Mpenenbl ypoBHs 3amuTel CPJl, oTHOCHTENbHO Mana, U YTO B OOJBIIUHCTBE
MO3UIMH CYMTHIBAHUS 3aIIUTHBINA ypoBeHb CP/] oOecrieunBaeTcs.

PUCYHOK 2

IIpocTpancrBennoe pacnpeaenenue nomex (Ab(Br/MI'n)) cnyruuky CP/I, pacnosio:xkennomy Ha goarore 41° 3. 1.,
co3gaBaeMbIx oT 431 ropoaa Bo BceM MHpe, IPHHUMAs BO BHUMaHue padoTy 944 KOHIIEHTPATOPOB ¢
+8 (1b(B1/MI'n)). Boaibmoii kpyr — 310 Auck 3emiau. Ormeuensl aBe 00/1actu B CeBepHoii AMepuke
M ogHa o0s1acTh B EBpone, noMexu 0T KOTOPBIX NPEBLIIAIT YPoBeHb 3amuThl CPJI

Cnyruuk CPl Ha nomrore 41° 3. 1., ckaHUpyrOIIHi 3emimo ¢ marom 0,2 °©
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F.1509-02

Ha pucynkax 3 u 4 moka3aHo NpOCTPAaHCTBEHHOE paclpeneleHue moMex opourtanbHeiM nosuiusiMm CPJ]
174°3. 0. u 85°B. 1. coorBeTrcTBeHHO. OHM MOXOKHM Ha pe3yibTarhl it 41°3. 1. Jlius opOuTanbHOR
nosuruu CPJ] 174° 3. 0. cymmapHble NHKOBBIE momexu paBHbl —144,9 ab(Bt/MI'n). [lns opOuTaibHOM
no3uumu CPJI 85° B. 1. MakcumainbsHble moMexu paBHbl —146,0 n1b(B1/MI'n). Kak u B ciyuae ¢ opouransHOR
no3uuueit CPJl 41° 3. 1. MakcUMaJlbHBIE YPOBHU IOMEX HaOmIomaroTcs, Korga npuemnas antenHa CPJI
HaIpaBJIeHa Ha OPOJICKHE LIEHTPbI, KOTOPbIe HAXOAATCA Ha WIX PAZIOM C KpaeM 3eMHOI0 JIUCKa.
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PUCYHOK 3

IIpocTpancTBennoe pacnpenenenne nomex (Ab(Br/MI'n)) cnyrauxky CPJI, pacnosio:kenHomy Ha goarore 174° 3. x.,
co3gaBaeMbIx 0T 431 ropoaa Bo BceM MHUpe, IPUHUMAsA BO BHUMaHUe padoTy 944 KOHUEHTPATOPOB € 3.H.U.M.
+8 (aB(B1/MI')). Boabmoii kpyr — 310 AUCcK 3eMin

Coyruuk CP/l Ha gomrore —174° 3. 11., ckanupyromuii 3emino ¢ marom 0,2 °©
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F.1509-03

PHUCYHOK 4

IIpumep nomex (1b(BT/MTI'n)) cnytauky CPJI, pacniono:xkeHHoMy Ha noarote 85° B. 1. ot 431 roposa Bo BceM MHpe,
MPUHUMAasi BO BHUMaHHe padoTy 944 KOHLEHTPATOPOB € 3.M.M.M.
+8 (ab(B1/MTI')). Boabmoii kpyr — 310 AUCK 3eMiIn

Cnyrauk CPJ] Ha gomrore 85°B. 1., ckanupyromuii 3emiro ¢ mrarom 0,2 °©
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3.1.2  Opouransasie no3uuuu CPJl, ykazannbie B Pexomennanuu MCI-R SA.1276

B Pexomenmanimn MCD-R SA.1276 mepeuncinerHo 23 opOutampHbIX mo3uinii CPJI, KoTopble HOKHBI
3aIMAMATEC 10 Mepe Bo3MokHOCTH (Pexomenmarims MCD-R F.1249), or momex, NpeBHIIIAIOIIIX
3amuTHBIN ypoBerb CPJl, ot cuctem ®C, paboraromux B mosoce 25,25-27,5 I'T1. B tabmume 1 06001meHs1
pe3yJbTaThl MOJCTUPOBAHHS IMHUKOBBIX IMOMEX U KaXJIOW OpOUTAILHOW IO3UIMH, ONPEICIICHHONW B
Pexomenmannn MC3-R SA.1276. Hcnons3oBanack yactoTa pa3BepTkH, paBHas 0,2° mo ocaiM X u Y.
B Tabnuie 1 Takke ykazaHbl U3MEHEHHS TTMKOBBIX YPOBHEH MOMeX, KaK OHH HU3MEPEHBI CO CTaHIapTHBIM
OTKJIOHEHHeM, MeHee 4 1B co BceX OpOHMTaNbHBIX TO3WIMA. JlaHHOE HAOIOJEHHE MPEIonaraet, 4ro
M3MEHCHUS ITMKOBBIX MTOMEX OT OPOUTAIBHON MO3UITUK K OPOUTAIEHOM MTO3UITUH OTHOCUTEIILHO HEBEJIUKH.

B tabmume 1 mpuBeneH KpaTkuii 0030p HMHKOBBIX IMOMEX OT HaNpPAaBIICHUS CKAaHUPOBAHHS IS Ka)KIOH
opOutanpHOl mo3unuu. CyMMapHOe MUKOBOE 3HaueHHe B cpefaHeM cocrtaBisieT —144,3 nb(Bt/MI'm).
MakcuManbHbIE CyMMapHBIC IIOMEXH, TIOJy4YaeMbIe B JIFO00H OpOUTAIHHON MO3UIMK U JTF0OOM HaIpaBICHUH
ckaHupoBaHus, ObuTH paBHEI —139 nb(B1/MI'm). Takke npuBeaeHa OIS MOMEX OT 00JIaCTH Pa3BEPTHIBAHMS,
BIUSIONIEH OOJIbIIIE BCETO HA CyMMapHBIE ITMKOBBIE TIOMEXH.

PC3yJII>TaTI)I MOACIIUPOBAHUA MTOKA3bIBAIOT, YTO IMUKOBBIC ITOMEXU OT HH/IpOKOMaCH_[Ta6HOFO Pa3BEPThIBAHUA
cucreM LMDS mnpumepHo Ha 3 nb Oonblie momex, co3laBacMbIX OJHOW OOJIACTBIO Pa3BEPTHIBAHUSI.
B tabmure 1 Takke moka3aH COBOKYITHBIM KOA((MUIIMEHT YCHIIEHUS, OTIPEISICHHBINA 3/1eCh KaK pa3HuIa B 1b
MEXy CYMMapHBIMH ITMKOBBIMHU ITIOMEXaMU M TIOMEXaMH OT OCHOBHOI'O MCTOYHMKA. CpelHUI COBOKYITHBIN
kodpduument ycunenus paseH 2,5 1b. MonenupoBanue TpeanonaraeT, Yyro B CpPEAHEM CyMMapHbIE
ITUKOBBIE COBOKYIIHBIE IOMEXH HAXOAATCS B Ipexaenax 2,5 b ot nmomex, co3gaBaeMbIX TOPOJCKUM LIEHTPOM,
SIBJISTFOIIMMCSI ICTOYHUKOM OOJIbIIEH YacTu MoMeX. B urore pemeHo, 4To COBOKYITHAs 3.M.M.M. TOPOICKOTO
LUEHTpa, T.€. CyMMa 3.M.M.M. OTACIBbHBIX KOHIIEHTPAaTOPOB B HAINPABICHHUW ONpENEIeHHONH OpOUTAILHON
no3unuu CPJ] MokeT MCronbp30BaThCs s MPEJICKa3aHus MUKOBBIX TMTOMEX, KOTOphIe, CKOpee BCero, OyayT
HaOmoaThCs Ha OonpmuHCTBE o3uIwit CP/l, eciiu Kk COBOKYITHO# 3.1.1.M. Topona 1006aButs 2,5 nb.

W3 mannbpix B Tabnauue 1 BUAHO, Y4TO CPEeOHMH YroJ MecTa IO HAmpaBiIeHHUI0 K CIIyTHUKY OCHOBHOTO
HCTOYHWKA TIOMEX paBeH npuMepHo 7°. Hukorga He HaOIr0AaIHCh TUKOBBIE IOMEXH, BBI3BAHHBIE 00JIACTHIO
pa3BepThIBaHUA, BUJUMOM 1O YIiioM MecTa MeHee 1,5°.

W3 npamspix B Tabnumme | Takke MOXKHO CJlenaTh BBIBOJ, YTO €CIM Iepenarolias aHTeHHa
cTaHIMU-KOoHIIeHTpaTopa LMDS moka3siBaeT JOMOTHUTENHLHOE 3aTyXaHHUE JUIsl yria Mecta 6oibiie 5°, To
CyMMapHbIC ITOMEXH, IPUHUMAEMbIC B HECKOJBKUX OPOMTATIBHBIX MO3MIUAX, OYAyT CHI)KEHBI IPUMEPHO Ha
3HA4YEHHE JIOTIOJIHUTENFHBIX TOTEPh B aHTeHHE. TakuM 00pa3oM, perynupoBanre GopMbl TUIOCKOCTH MecTa
nepegaroniet anteHHsl LMDS MOXeT SBISITHCS TOJE3HBIM IOAXOJIOM, JJIs HEKOTOPHIX obyactei
pa3BepTHIBAHUS C LIEJIbI0 YMEHBIIICHUS TIOMEX B HANIPABJICHUH OTIPECIICHHBIX OpOUTAIbHBIX mo3uituii CPJI.

B Tabmumy 1 Takke BKIIFOUEHBI JIOKIEBBIE KIMMAaTUYeCKHe 30HBI (30HBI [IOKIEH), YKa3aHHBIE B
Pexomenmammun MCD-R  P.837, saBusromimecss OCHOBHBIM HMCTOYHHKOM moMmex. QyKumaeTcs, 4YTO
AKCIUTyaTallMOHHAs. MOIIHOCTh CTaHIMU-KOHIIEHTpaTopa OyJeT 3aBHCETh OT MapaMeTpPOB JOCTYITHOCTHU
KaHaja, MPOTSHKEHHOCTH JIMHUW CBSI3U M JIOKJEBOW KIIMMATHYECKOW 30HBI, B KOTOPOH HAXOIUTCS CUCTEMA.
B Pexomenmaumn MCD-R  F.758 copepkarcsi ocoOble 3ameuaHust s 0OOpyIOBaHUSI B IOJIOCE
25,25-27,5 I'Tu. B tabmune 17 Pexomennarmun MC3O-R F.758 B [Ipumeuanun 8 yka3piBaeTcs, YTO CHCTEMBI,
paboTaroniue ¢ pacCTOSHUSMH JI0 5 KM U CO CIIEKTPAIBHOM IMJIOTHOCTBIO 3.M.U.M., paBHOU +8 nb(B1/MI'm) Ha
KOHIIEHTPATOP, 00ECIIEYMBAIOT dHEpreTHUeCKUi 3anac Juuauu B 37 n1b. B Pekomenmganiun MCO-R. F.755, u B
YacTHOCTH, B Tabmuie 8, yKkas3pIBaeTCs, YTO JHepreTwdeckuii 3amac 37 nb Ha JWHUM JUIMHOH 5 KM
noctaroueH s moanepxkanus 0,9999 rotoBHOCTM KaHaiga B JOXKAEBOM KiuMathueckod 3oHe K.
Oueprerrdeckuii 3amac jguHUM B 37 nb HemoctatoueH must 0,9999 mocTymHOCTH KaHaima B JOXKIACBBIX
KIAMATHYECKUX 30HAX, KOTOPHIE MMEIOT IJIOTHOCTH JOXKAS OONbIle, 4eM B JOXKICBOW KIMMATHYECKOH
30oHe K. DT0 mo3BoisieT chenath MpeaBapUTENbHBIA BBIBOA O TOM, 4To cucteMbl LMDS B moxaeBbix
KIIMMAaTHYECKUX 30HAX C IDIOTHOCTBIO JOXKIS MEHBINE, YeM B JOXKIEBOW KIMMaTH4YeCKO 30HEe K, Moryr
paboTaTh Ha PacCTOSHUM 5 KM C 3.M.M.M KOHIeHTpaTopa Menblie 8 nb(BT/MI'm), u 4To MOXHO CHH3HTH
nomexu CPJI. Taxke nmemaeTcs BBIBOJ, YTO CHCTEMEI B JIOXKJEBBIX KIMMATHYECKHX 30HAX C INIOTHOCTBIO
JOXKAsl OOJbINe, YeM B J0XKICBON KIMMaTHYecKOod 30He K, MOTYT MMETh OrpaHWdYeHUs B paboTe, i
HEKOTOPBIX 30H pa3BEepPTHIBAaHUS, €CIM IUIOTHOCTh J.M.M.M. KOHIIGHTpaTopa OTrpaHWYeHa 3HAYCHUEM
8 nb(BT/MI'l) ¢ 1enpro ynpoIeHus: COBMECTHOTO uctonb3oBanus ¢ CPJI.



Pex. MC3-R F.1509-4

TABJINIIA 1

13

O0001menne NMMKOBBIX MoMeX B 30He BuauMocTa CP/l Ha opOuTanbHbIX mo3unuax CPJl,
yka3zaHHbIX B Pekomenmauun MCI-R SA.1279, B npeanono:xxkennu, 4To B 431 ropoae mo BceMy MUPY

paboraer 944 cranuuu-KoHueHTpaTopa ¢ +8 1b(B1/MI'n)

JoxneBast 9.M.1.M. OcHOBHOIf CymmapHblie
B. 1 C.m. B. 1 KJIUMATH- obacTu HCTOYHHK Tomexu ot MUKOBBIE
OpOHMTAJILHON | OCHOBHOTO | OCHOBHOIO Heckai 3oHa OCHOBHOTO TOMEX BHACH OCHOBHOT'0 fromexu rpu CymmapHoe
MO3UITHH HeTouHHKa | merounnka | CCHOBMOTO HETOMHMKA MO yrIoM HCTOYHHMKA HampasIeHuH yCHJIeHHe
enyrumea | wowex | mowex. | SO | g anpane- | MoMex e | aB)
(rpanyce1) (rpanyce1) | (rpanycer) KOHIeHTpa- nun CPJ nun CPJ (1B(BT/MT'm)) nomMex
TOpa (ab(BT/MI'n)) | (rpamycsr) (ab(BT/MTI'))
-174 32,833 —96,833 10 M 17,7 24 —-144.6 -144,3 0,3
-171 32,833 —96,833 10 M 16,8 4.8 -143,0 -142,8 0,2
-170 39,133 117,200 5 H 13,8 4.8 -146,0 -142,0 4,0
-160 41,830 87,750 16 K 18,9 4,6 -143,1 -141,1 2,0
-139 40,750 —74,000 35 K 17,9 10,2 -143,1 -140,9 2,2
—62 51,467 6,983 3 E 11,7 4.4 -148,3 -142,7 5,6
-49 34,000 -118,167 29 E 18,6 8,6 —-140,2 -139,3 0,9
—46 34,000 -118,167 29 E 20,6 6,2 —-140,3 —-139,0 13
—44 34,000 -118,167 29 E 21,5 4,6 —-140,2 -139,3 0,9
—41 34,000 -118,167 29 E 22,4 2,2 —-140,3 —-139,0 13
-32 40,750 —74,000 35 K 13,0 26,5 —-145,7 1454 0,3
-16 42,330 —-83,080 10 K 14,4 8,2 -145,7 -140,8 4,9
16,4 23,700 90,367 7 N 14,4 6,1 -146,6 -145,0 1,6
21,5 23,700 90,367 7 N 10,2 10,8 -149,3 -147,7 1,6
47 31,250 121,500 7 M 15,3 4,7 -145,6 -143,4 2,2
59 34,400 135,270 4 M 13,6 29 -1511 -145,6 55
85 48,130 16,220 1 K 6,4 55 -153,9 -146,7 73
90 52,250 18,983 2 H 10,3 3,6 -150,2 -147,8 2,4
95 41,033 28,950 5 K 10,3 9,3 -151,6 -149,3 2,3
113 36,200 44,017 2 K 73 83 -154,9 -150,1 4.8
121 36,200 44,017 2 K 10,8 21 -151,4 -148,4 3,0
160 37,750 -122,500 10 D 17,9 15 -1453 -143,8 15
177,5 34,000 118,167 29 E 14,2 12,6 -146,4 -145,3 11
Makcumym 14,2 26,5 -140,2 -139,0 7,2
B cpennem 14,7 6,7 -146,4 -144,3 25
Cr. ycT-BO 4.4 53 4.4 3,4 1,9
MunMyM 6,4 15 -154,9 -150,1 0,2

3.2

Bpemennoe pacnipenesnenue

Bpemennsie xapaktepuctiuku nomex CPJl mpu oTclieXKMBaHUH CITyTHUKA IIOJIB30BATENs HA HU3KOH opOuTe
ObUIH paccuuTaHbl A opouTanbHbiX mosuiuii CPJl, nmepeuncnennpix B Pekomenmanmn MCDO-R SA.1276,
T.e. 41°3. 1., 174°3. n. m 85° B. 1. MexayHaponHas KOCMHYECKasl CTAHIUA SIBIISETCS paccMaTPHUBAEMBIM
CIYTHHKOM TIOJIb30BaTesl Ha HHU3KOOPOWTANBbHOW opOuTe, KOTOphIA JAeiicTByeT Ha BbicoTe 400 kM, ¢
OTKJIOHEeHHEeM 51,6° OT MITIOCKOCTH 3KBATOpA.

JlnHaMudecKkoe MOJENMpPOBaHUE MPOBOAWIOCH it 10 mHEe#W opOuTampHOTO BpeMEHH ¢ ImaroM B 1 c.
B kaxmoM wWHTEpBajie COBOKYIHBIE IIOMEXHM OT HM3IyYeHHH BCEX CTaHIWUHA-KOHIEHTpaTopoB LMDS B
Mpeenax 30Hbl BUANMOCTH PACCUUTHIBAIUCH M UCITOIB30BAIUCH IS ONPEACIICHUS KyMYJISTUBHOW QYHKIINN
pactipenenenus (CDF) momex s MaHHOTO KOHKPETHOTO OpPOMTAIBLHOTO Teproja. Tak Kak B TEUCHHE
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10 nueii mabmoganock 145 060poTOB Mo 0pOUTE, B pe3ynbTaTe BCEX TUHAMHUYECKUX MOACIMPOBAHHNA OBLIO
momrydeHo 145 ¢yakmuit CDF. Ha pucynke 5 mpuBeneHO CeMEWCTBO KPUBBIX BEPOSTHOCTH TPEBBITIICHUS
YPOBHS ITOMEX IS OTAEIBHBIX, TOCIEIOBATEIHHBIX 000POTOB HU3KOOPOUTAIFHOTO CITyTHHUKA TIOTH30BATEIS
st CPJl, pacnonokenHoro B Touke 41° 3. 1. ['padyiki COOTBETCTBYIOT YPOBHSIM MOMEX, MPEBBILICHHBIM B
teuerne 99%, 20% u 0,1% opOurampHOTO Tepuoga. ITO CEMEHCTBO BEPOATHOCTEH NMPEBBIIICHUS YPOBHA
HaHECeHO Ha rpaduk, Tae ypoBeHb IOMEX OTIIOXKEH Mo abciucce, a BpeMs Hadaia mepuo/a, Koraa CIyTHUK
BuzeH cnyTHuky CPJI, oTnoxkeHo Ha ocu opauHat. Takyke Ha 5TOM PHCYHKE MOKa3aHa BepTHUKaJIbHAs 4epTa,
cooTBeTcTBYIoIass ypoBHIo momex —148 nb(Bt/MI'm). Ha pucynke Buano, uto cymectByeT 11 opbwur,
KOTOpbIe OyAyT WCIBITBIBATH IOMEXH C YPOBHEM, MpEBBINAOIUM ypoBeHb —148 nb(Bt/MIm).
JIOTIOTHUTENIFHO HA 3TOM PHCYHKE YKa3aHO, YTO BpeMsA MEXTy OpOMTaMH, KOT/Ia TIOMEXH IPEBBIIAI0T
ypoBenb —148 nb(B1/MI 1), BapbupyeTcs 0T MUHHUMAIBHOTO, PaBHOTO 7,7 Yac, 10 MakCUMaibHOro — 71 gac.
Ha pucynke 6 moka3aHbl OTJe/bHBIE BpeMEHHBIE PSIIBI TIOMEX ISl TIEPHO/ia BPEMEHH, KOTJja YPOBEHb ITOMEX
npeBbimaer —148 nb(Bt/MI'm). Kak mokazaHo Ha 3TOM pHCYHKE, JUIUTEILHOCTh TOMEX, MPEBBINIAIONIIX
3allIUTHBIN YPOBEHB, BapbupyeTcs oT MeHee 10 ¢ mo menee 60 c.

PHUCYHOK 5

BpemenHnble xapakTepucTuku 1Js cinyTHuka CPJI, pacnosioskennoro Ha 41° 3. 1.
MPH OTCJIEKUBAHUM HU3KOOPOMTAJIBHOIO CIIyTHUKA MOJIb30BATEJIsI
HA OpOHuTE THIA OPOMTHI MEKIYHAPOAHOH KOCMHUYECKOI CTAHIUK
Pesymbrat s gonrorsr 41°(Bpemst obpamienust 10 gHeit ¢ naTepBajioM 1 ¢)
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Vpoeens nomex (nb(B1/MI'))

HauasnbHoe Bpemst BUTKa 0pOUTHI (4)

F.1509-05



Pex. MC3-R F.1509-4 15

PUCYHOK 6

IIpumepsl nomex aias cnytHuka CPJI, pacnosnosxkennoro na 41° 3. .
NPH OTCJIC;KMBAHMH HU3KOOPOHTAJIBbHOIO CIYTHUKA NOJIb30BaTeIs
Ha opOuTe THIA OPOUTHI ME:KAYHAPOIHOI KOCMHYECKOI CTAHIMH
(cm. m. 3.2)

BpemenHas iuarpaMma BUTKOB, npeBbiinaromux —148 1B B MI'n) ans41° 3. 1.
—136

o /; \\
IRV Sa NN
TN
i ~146 / \\\ \\\
148 - \ \ \
0 10 20 30 40 50 60
Bpewms (c)
F.1509-06

Ha pucynke 7 npuBefcHbI CpaBHUMBIC PE3YJIbTAThl A1 opOuTanbHo# no3ummu CPJL 174° 3. n. [yia naHHo#M
TTO3UINH CYIIeCTBYeT 12 opOuT, KOTOpBIE OYAYT UCIBITHIBATH TTOMEXH, TPEBHIMIAIOIIIE 3AIIUTHRIA YPOBEHb
B TeueHue Oonee yem 0,1% opOurtanpHOTO Nepuosa. J[omomHUTENEHO, Ha ATOM PHCYHKE YKa3bIBA€TCs, UTO
BpeMs MEXJly opOWTamu, Korja rnomexu npepbimaior —148 ab(B1/MI'1), Bapeupyercss OT MUHHMAJIBHOTO,
paBHoro 6,1 yac, 10 makcumaiibaoro — 30,9 yac. Ha pucynke 8 npuBeeH BpeMEHHOM psijl KaXI0TO Meproja
momex. [lis maHHOW OpOWTaNbHOW IMO3WIUH JUIUTEIBHOCTh TOMEX, MPEBHIMAIONINX 3aIlUTHBIA YPOBEHb

—148 nb(B1/MI11), BappupyeTcs oT nmpumepHo 5 ¢ 10 50 c.
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PUCYHOK 7

Bpemennbie xapakTepuctuku 1is cnyriuka CPJI, pacnogo:xkennoro na 174° 3. a.
NPH OTCJIC;KMBAHMH HU3KOOPOHTAJIBbHOIO CIYTHUKA NOJIb30BaTeIs
Ha opOuTe THIA OPOUTHI ME:KAYHAPOIHOI KOCMHYECKOI CTAHIMH

Pesynsrar st monrotet 174° 3. 1. (Bpemst obparmuerus 10 mreit ¢ untepsaiom 1 ¢

240 .
200 |l
20“\
Z 180 T
2 160 —
g 10 =
=
= ;:'
£ 120 ]
i 100 =
) ]
§ 60 ?'99_' _—— 0‘1="___
0,1
T 40 —~— T —
=_!
20 20
0,2
0 " ) w— |
~190 ~180 ~170 ~160 ~150 ~140 ~130

VYposenb nomex (15(B1/MIr))

F.1509-07

PUCYHOK 8

IIpumepsl nomex aas cnytHuka CPJI, pacnonosxxennoro na 174° 3. 1.
NPHU OTCJIeKUBAHMM HU3KOOPOUTAIBHOI0 CIYTHHKA N0J1b30BaTe/Isl
Ha op0uTe TUNA OPOUTHI MEKAYHAPOIHON KOCMHYECKOH CTAHIIUM
(cm. m. 3.2)

Bpemennas quarpaMma BUTKOB, peBbiiatomux —148 1§ BY MI'm) nun174° 3. 1.

—-136
—138
? 140
2
=
a
B 142
2
(o]
g
= >?

Bpewms (c)

F.1500-08

Ha pucynke 9 npuBeneHbl BpeMEHHBIE XapaKTEPUCTHKH oMeX 1115t opoutaibHoi no3unuu CPJL 85° B. o. Ha
pUCYHKE TIOKa3aHO, YTO KpUTepuu 3amuThl u3 Pexomenmamum MC3-R SA.1155 BemomHAIOTCS 1T KaXKI0U
OpOHUTHI CITyTHHKA, HAXOJIIErocsi Ha OpOHWTEe, aHAIOTMYHON OpOHTE MEKTYHApPOIHONW KOCMHYECKOM
CTaHIIMH.
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PUCYHOK 9
Bpemennble xapakTepucTuku s cnyTauka CPJI, pacnoJioxkenHoro Ha 85° 3. 1.
NPHU OTCJIEKUBAHUM HU3KOOPOUTAIBHOI0 CIYTHUKA N0J1b30BaTeIsl
Ha opOuTe TUNIA OPOUTHI MEKAYHAPOIHON KOCMHYECKOH CTAHIUM
Pesynbrar st oot 85 °B. 1. (BpeMst oGpamienust 10 gueit ¢ unrepsasiom 1 ¢)
240 =T
220 : s — —
Z 200 e —
= — ——F
é 180
g 160 =01=
<
£ 140 =) 1
= :___*
= 120 — ——~~—0 1
: ——— '
§_ 100 ==, | —
§ 80 o1 =
2 60
= —_—
3 s e——
éﬁ 40 %9 20?
0,1
20 oy # =
0 202—| 0, 1 ™G
-190 —180 -170 -160 -150 —140 -130
VYposens nomex (nb(B1/MI1))
F.1509-09
B ta6nuiie 2 000011eHbI BpeMEHHBIE PE3YJIbTaThI.
TABJINLA 2
KpaTKoe H3JJ0KCHUE BPEMEHHBIX ITOMEX, |, PE3yabTaThI
Opou- Oomee JIUTeILHOCTD MEKAY Koamuecrso opout
TANbHASA | KOJHYEeCTBO OPOHT opOuTaMH, KOT/Ia CIVTHHKA, KOrIa Jlist opOMT, HA KOTOPBIX
NO3MLHUs CHyTHUKA | <-148 nB(B1/MI'n) I> _)17 48 15 (’BT /NLIIF ) | >-148 nB(B1/MI ')
CPJ (~1,6 yac/opoura) () a u
JUIUTENBHOCTD TpoueHt Iuxosoe | )
1>-148 OpOUTHI (nb(B1/MI'm))
nb(B1/MI 1) 1>-148
(c) 1nb(B1/MI')
174° 3. n. 145 ot 6,1 10 30,9 12 or 5 10 50 or 0,1 10 0,8 -143,8
41° 3. 1. 145 or 7,7 n0 71 11 or 10 10 60 or 0,2 10 1,0 -137,8
85°B. . 145 v/ 0 "/ H/I -148,3

(6]

HeOonpuias pa3Huia B MUKOBBIX YPOBHSX, MOJYYSHHBIX NPH BPEMEHHOM M IPOCTPAHCTBEHHOM aHajM3e, 00ycioBieHa 3 (dekTamu BHIOOPOK

MEX/Ly IPOCTPAHCTBEHHBIM U BPEMEHHBIM aHAJIN30M, HEOOJBIIMMH Pa3IMUMIMH MOJENEH B IIMPHHE [HArpaMMbl HAIIPABICHHOCTH aHTEHHBI
KOHIIEHTPATOpa [0 YIIIy MeCTa [0 YPOBHIO 3 /B, pa3iiuyusiMi HCTOYHHUKOB TIOJTy4eHHs BEPXHEH TOYKH OOKOBBIX JICTIECTKOB, pabodell 4acToThl
Y BKJTIOYEHHSI B IPOCTPAHCTBEHHYIO MOJIENb BIHsHUS H3riba B atmochepe (Pekomenmanust MCO-R F.1333).

B 3akmodyeHuM MOXXHO CKa3aTh, YTO Ha TPOTSHKCHWH HECKOIBKHUX OpPOUT, B KOTOPBIX YPOBEHb IMOMEX
npeBbimaer —148 nb(B1/MI'n), 3amuTHBIA YpOBEHb NpeBbINIAeTCS HEMHOrHM Oojee, yeM Ha 0,1% mns
XyJAuero ciuydas B TedeHue npumepHo 1% Bpemenn ans CPJI, pacnonoxeHHbIX B Toukax 41°3.1. u
174° 3. n. Jns CPJl, pacnonokeHHOro B TOuYke 85°B. .. 3amuTHBIE KpuTepun w3 Pekomenmanuu
MCD3-R SA.1155 BHITOTHSIOTCA.

4

Pe3yabtarsl Uccienopanusi B

B crnegyronux pasjenax nmpeacTaBiIeHbl pe3yabTaThl BpEMEHHOTO U MIPOCTPAHCTBEHHOTO aHAJIM3a Ha OCHOBE
JpYyTUX UccleoBaHuil. B 1aHHOM HMcciaeqoBanum OyeT pacCMaTpUBAThCS CIIEKTPAbHAS IIIOTHOCTD 3.1.H.M.
Ha CTaHIMIO-KOHIIEHTpaTop, paBHas +14 nb(Bt/MI'm), ¢ yd4eToM TOro, 4YTO ONpPEIACICHHBIC CHCTEMBI
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TpeOyIOT, 4TOOBI MIIOTHOCTH 3.M.U.M. Oblta 6osbiie +8 nb(B1/MI'). Bynyt paccmaTpuBatbest Ba CIlyTHUKA
MIOJIB30BATEN: MEKAYHApOAHAsS KocMHudecKas cTaHmnus (Bbicota opouthl 400 kM u yron HakioHa 51,6°) u
EOS (BpicoTa opoutsr 800 kM u yron Hakimona 98,6°). Bmecro kputepus 3amutel —148 nb(B1/MI'n) Oynet
HCIIOJIb30BAThCS KPUTEPUN COBMECTHOTO UCOb30Banus —142 n1b(B1/MI'1).

4.1 Pe3ynbTaThl — BpeMeHHOH aHAIN3

J7ist ieneii JaHHOTO aHajIM3a MPECTaBIICH CIeHApUI HAUXY IIIETo cliydast moMeX, KoTopsiM siBisercst CP/] B
Touke 41° 3. 1. Ha pucynke 10 noka3aHsl COBOKYIIHbIE U3Ty4€HUs OT KOHLIeHTpatopoB LMDS, nmomyueHHbIX
CP/] BO Bpemsi ciiexXeHHS 32 MEXIYHAPOIHOW KOCMHUYECKOH craHIueil B TedeHune 30 qHei ¢ mraroMm B 5 c.
Ha pucynke 11 npencrasien Takoii xe rpaduk s CPJI, cnensiimum 3a EOS.

PHUCYHOK 10

Iomexu CPJl, pacnoJio:keHHomMy Ha 41° 3. 1., BO BpeMsl CJIesKeHUSs
3a MeKAYHAPOAHON KOCMHYECKOH cTaHIuel

125
14
148
=
=
s
)
g
200
0 0

Bpewsi (1HD)

F.1509-10
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PUCYHOK 11

ITomexu CPJI, pacnoio:xxennomy Ha 41° 3. 1., mpu orciexusanuu EOS
p Yy » .

—125

142 R & e R §-oy b ] 4t - ———— b e e e 1
_148 ed-HH LR AR UL LS ,}. LML S of 0 LR ‘blllvl;'h
_ I | il
=
[
>
=
a
[4a]
=
-200
0 30
Bpewms (1Hn)
F.1500-11

Kak mokxazaHo Ha 000MX pUCYHKaX, W3Iy4eHHs OT pa3BepHyThIX craHimii LMDS, paboTaromux ¢ 3.1.1.M.
+14 nb(Bt/MI'n) Ha OIHY CTaHIMIO-KOHIIGHTPATOp, B OCHOBHOM, OKAa3bIBAIOTCS HIDKE KPUTEPHS
coBMecTHOTO ucrnonb3oBanus —142 nb(Bt/MI'n). Jdns CPJ, cnensmero 3a MeXIyHapOJHOW KOCMUYECKOH
CTaHIMEW, CyMMapHble H3JIyYeHHMs, IPEBBIMIAIOIINE 3HAYEHUS] KPUTEPHS COBMECTHOTO HCIIOJIL30BaHUS,
Ha0JII0IAIOTCS TOJIbKO B TeueHue npumepHo 0,1% Bpemenu 3a Bech 30-IHEBHBIH Meproi. ITO MOKa3aHO Ha
pucynke 12. Kak moka3aHo Ha pucyHke 13, cymMmapHbele H37IydeHusi, npuHuMaemble cuctemoil CPJI,
cremgseit 32 EOS, mpeBblmaror KpuTepuil COBMECTHOrO HCHONB30BaHHs npuMepHo B TeueHue 0,06%
BpEMCHU. CJIC,ZIYCT OTMETUTH, YTO I3THU CO6I)ITI/I$I Ha6J'IIOJIaIOTC$I Ha M3BCECTHLIX MPOTHO3UPYEMBIX MO3UIUAX
Ha 3emiie, KOTOpPbIE JIETKO MOTYT OBITh OTIpE/IeIeHbl TIPH MTOMOIIX MOJICITHPOBAHHS.
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PUCYHOK 12

Hurerpanbnas nomexa B CPJI, pacnosioxkeHHoro Ha 41° 3. 1., BoO BpeMsl CJ1e:KeHHs
3a MeKIYHAPOAHOH KocMHYeckoii craHuueid B Teyenune 30 queit

10° —

10 =

% Bpemenw, wraa | <|x
N
Z

——H

200 -195 -190 -185 -180 -175 -170 —-165 -160 -155 —150 —145 -140 -135 -130

Ix (nB(B1/MTI11))

F.1500-12

PUCYHOK 13

HUnrterpanabnas nomexa B CP/I, pacnono:xxkennoro na 41° 3. .,
npu orciae:xxkuBanun EOS B Teuenue 30 qneii

10°
5
2
10
5
x
V2 2
= 1
=
g— 5
= \
3 10
& 5
S s
2 N
_ N
10°
5
2 \
10° \

-200 -195 -190 -185 180 -175 -170 -165 -160 155 150 -145 -140 135 130

IX (nB(WBT/MTI1))

F.1500-13

[IpuBeneHHbIE BBINIE PE3yNbTATHl COOTBETCTBYIOT UTOTaM IMPOCTPAHCTBEHHOTO aHAIIN3a, PACCMOTPEHHOTO
HUKE.
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4.2 Pe3yabTaThl — NPOCTPAHCTBEHHBIN aHATU3

Pe3ympraTel MpOCTPaHCTBEHHOTO aHAiM3a MPHUBEACHBI UIA TpeX opOuTambHBIX mosuiuii CPJl, Bkirowas
41°3. 1., 174°3. 1. u 85° B. 1. Touku 41°3. 1. u 174° 3. 1. TIpeACTaBIAIOT cOOOW ClieHApUil HAUXYIIIETO
ciyd4asi, a Touka 85° B. 1. — TUIIOBOM ciiydaid cylmiecTBoBaHUs nmoMex. CiemayeT OTMETUTh, YTO ISl MHOTHX
TOYEK OPOUTHI KPUTEPHI COBMECTHOTO HCIIOJIb30BaHMUS HUKOT/Ia HE TPEBBIIIACTCS.

Ha pucynke 14 mokazaH npoCTpaHCTBEHHBIH MPO(HIH ITOMEXH, CO3/IaBaeMON U3MydeHHsIMHA cuctemMbl LMDS
u BoznerctByromei Ha cnyTHUK CPJI, pacmonoxkenusiii B Touke 41° 3. 1. Kak mokazaHo, Te M3IydeHUs,
KOTOpBIC TPEBBIMAIOT KPUTEPUH COBMECTHOTO Hcmoib3oBaHusa —142 nb(B1/MI'm) cocpenorodeHsl BOKpYT
OTIpEe/IETICHHBIX MPOTHO3UPYEMBIX MecTomonokennid. Ha pucynkax 15 m 16 m3o00pakeHbI aHATOTHYHBIE
rpaduky 1T OpOUTATHHBIX o3uIHit 174° 3. 1. 1 85° B. 1.

PHUCYHOK 14
IIpo¢uan npocrpancreennoii nomexu ais CPJI, pacnojo:kennoro Ha 41° 3. .

I'eocranmonapustii CP/l Ha momrore 41° 3. 11., k=0, mar=0 2,8 xb Bt MI'Q,
obnactp obcimyxuBanus 431 LMDS, 944 xoHI[eHTpaTOopa 110 BceMy MUpY
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F.1500-14
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Bpauienue Bokpyr ocu y (rpajtycbl)
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Pex. MC3-R F.1509-4

PUCYHOK 15

[podpuin npocrpancreennoii nomexu aias CPJI, pacnonosxxennoro Ha 174° 3. 1.

Teocranmonapusriit CPII Ha gomrore 174°3. 1.,k =0, mar = 0,2, 8 a15(B1/MI ),

obmacte o0cyxuBanust 431 LMDS, 944 koHueHTpaTopa 1o Bcemy MHUpY
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O or-136,00 10-130,00
or —142,00 10 —136,00
B or-148,00 10-142,00
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PUCVYHOK 16
IIpoduis npocrpancreennoii nomexu pias CPJI, pacnonosxxennoro Ha 85° B. x.

T'eocranuonapueiii CPII ua nomrore 85°8. 1.,k =0,mar =0,2, 8 1b(Br/MTI1),
obnactb o6 ciyxuBanus 431 LMDS, 944 konueHtparopa 1o BceMy MHUpY
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1nB(BTMI 1)
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B or-148,00 n0-142,00 F 1509-16

Crenyer OTMETHTH, YTO BBILIEYKa3aHHbIC IPa)Ki OCHOBAHbBI HA CEaHCaX MOJEIMPOBAHMS, UCTIONb3YIOINX
k= 0 ans auarpaMmbl HarpaBJIeHHOCTH aHTEHHBI, yka3aHHOH B Pexomennmammu MCD-R F.1336. Ceancsr
MOJICTTMPOBAHUS BBITIOJIHSUTHCH Takke mpu K=1 (Oosee BbIpaKEHHbIE OOKOBBIC JIETIECTKH), M OBLIO
3aMEYeHO, YTO OOIMi MpO(UIb MOMEXH OCTAETCS OTHOCHTENIBHO IOCTOSHHBIM, YTO MPEAIOJaraer, 4YTo
BKJIa/1 OOKOBBIX JICTIECTKOB SBJISIETCS HE3HAYUTEIBHBIM.

4.3 Oobcy:xxnenne pe3yabTaToB (1. 4)

Kak ykasaHo B BbILIEIPHUBEICHHOM aHAIW3€, KPUTEPUH COBMECTHOI'O HCIIOJIb30BAaHUS, PABHBIA BEIUYHHE
—142 nb(B1/MI'n1), mo3BoisieT JABYM CIy»0aM COBMECTHO HCIOJNB30BaTh YacTOThl 0€3 CyNIECTBEHHOTO
OrpaHWuYeHHs OJHOU U3 yciyr. Kpurepuii cOBMECTHOTO UCIIOJIL30BAHUS, B OTJIMYME OT KPUTEPHS 3allUTHI,
JOJDKEH YUYUTHIBATh MPUPOLY KOHKPETHBIX CIYXO0 B MOJIOCE YaCTOT M OTPa3UTh HEOOXOAUMOCTh 00ECTICUNTh
paboty 3TuxX ciayx)0. B cirydae cOBMECTHOTO MCIOJB30BAHMS TMOJIOCH 9acToT 25,25-27,5 I'T1i cucremamu
CPI u cucremamu I1-MII ®C cymectByer psa cMsardamoummx (GpakropoB, KOTOpbE OYAyT MOJAEPKUBATDH
KpUTEpUl COBMECTHOTO MCHOb30Banus —142 1b(B1/MI'11), Hanpumep:
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- Kax y»xe 006cyxmanoch, NCIIOIb30BaHAE CUCTEM C CEKTOPHBIMU aHTEHHAMHU C HAKIIOHOM BHU3 OyIeT
oOmenpuHATO A7 pa3BepteiBanus cucteM [I-MII. B cucremax morpeOyeTcss IpUMEHSITh BRICOKHIA
YpOBEHb CEKTOPH3ALINH C IEJhI0 YIIPABICHUS BHYTPHUCUCTEMHON ITOMEXOUW M JOCTIDKEHUS YPOBHEH
MOBTOPHOT'O MCIIOJIb30BAHUS YaCTOT, KOTOPbIE ObLTH ObI BRITOAHBIMHE ISl OU3HECA.

- HSJ’Iy‘IeHI/I}l, KOTOpPbIC MPECBLIIIAOT KpI/ITepI/Iﬁ COBMCCTHOI'O HCIIOJIB30BaHUA, CO3JalOTCA B
IMPOrHO3UPYCMBIX MCCTOIIOJIOKCHHUAX Ha 36MJ’I€, 4YTO MO3BOJIACT 3dpaHee NPUHATH H606XOI[I/IMI>IC
MCEPBI BO n30ekaHue BIUSHUS ITOMEX.

- HUcnons3zoBanue monockl 25,25-27,5 I'T1 pukcupoBaHHOM Ciry>k00¥ MEHSETCS OT aIMUHUCTPAITUH
K aIMHHUCTpanMu. B HEKOTOPBIX CTpaHaxX ONEpaTophl HMEIOT IPABO UCIOIb30BaTh CUCTEMBI CBSI3H
MIyHKTa CO MHOTUMH IYHKTaMH, B JPYTHUX CTpaHax ONepaTopbl HCIOJB3YIOT COYETAaHHE CUCTEM
CBS3M TyHKTa C IMyHKTOM U cuctembl [I-MII (HekoTopbie omepaTopsl MIMPOKOMOJIOCHOH CBS3H
HCIIOJIB3YIOT HECKOJIBKO CHCTEM CBSI3U IIyHKTa C I[yHKTOM OT LIEHTpasbHOW cTaHuuu). Kpome Toro,
CErOHSIIHNE YaCTOTHBIE TUIAHBI MOAEPKUBAIOT LIENBIN PSIi CUCTEM CBSA3M IyHKTA C ITyHKTOM U
cuctem [I-MII. CnenoBarenbHO, YpOBEHb COBOKYITHOTO H3IYYEHHS OT CHCTEM CBSI3U IYHKTa CO
MHOTUMH TyHKTamMu B cuctembl CPJl, BeposTHO, OyAeT HAMHOTO MEHbINE, YeM OIHCAHHBIN B
HACTOSIILEM HCCIICIOBAaHUH.

5 IosyyeHue JOMOJHUTEIBHBIX Pe3yJIbTATOB VI APYTUX pa3BepThiBaHuil cucrem LMDS

Pesynpratel, onucanable B mm. 3 ¥ 4, OCHOBaHBl HAa OINPENEJICHHBIX MPEANONIOKEHUSIX OTHOCHUTEIHHO
pammyca corel LMDS. B Hacrosmem pasziene ONHMCHIBAIOTCS IMPOCTBIE  CIIOCOOBI  TOTYYCHHS
JOTIOJTHUTENBHBIX Pe3yJbTaTOB JUIsl BAPUAaHTOB pa3BepThiBaHUA cucTeM LMDS, B KOTOpBIX HCIONB3YIOTCA
COTBI MEHBIIIET0 pa3Mepa.

Kax mpaBuiio, B rOpoACKHX IEHTpaxX Majibie pa3Mepbl COT MPHUBOIAT K OOJNBIIEMY YHCIY COT B 3peNoit
cucreme LMDS. BcneactBue MajaeHBKOro pa3Mepa COTHI, 3.U.M.M. CTaHIIUU-KOHIICHTPATOpa, HeoOXoauMas
JUISL TIPEAIOCTABJICHUSI TAKOTO JKE 3araca B KaHaje JJIsi CaMoro yaajieHHOro aboHeHTa, OyleT YMEHbIIAThCS
MIPOTIOPITMOHATIFHO ~ KBaJpaTy paCCTOSHUSA, MPH YCIOBUM TMPSAMOA BHIUMOCTH. TakuMm oOpa3om,
OTHOCHTEIFHOE YMEHBIICHHE CIIEKTPAILHON IJIOTHOCTH 3.M.M.M. JIJII MEHBIIIETO pa3Mepa COT 10 CPAaBHEHHUIO
C 9TaJIOHHOMW COTOM, onpeaeseTcs no Gopmyne:

r;
I =20log - |, (10)
o
rie:
Ii: ko3 dHUIMEHT yMEHBIIIEHHS CIEKTPATBHOM TNIOTHOCTH 3.U.M.M. JJIsI i-it coThI (1B);

ri: paauyc i-it coTsl (KM);
lo: paxuyc 3TaJOHHOM COTHI, T. €. 5 KM.

[Mpumensiercst K03hGUIMEHT CHUKEHUS TTpocTo. Harpumep, NpearnonokKumM, YTo CIIeKTPaTbHas TIOTHOCTb
3.uu.M. cocraBiusier +8 nb(BT/MI'm) mpu HCHONB30BaHMM STaJOHHOM COTHI PaguMycoM 5 KM; Toraa
YMEHBIIEHUE pa3Mepa COThl A0 2,5 KM NpPHUBEAET K CHIKEHHIO CHEKTPAJbHOW IUIOTHOCTH [0
+2 nb(B1/MI'n).

Crnenyer OTMETUTh, YTO TPUMEHEHHE JAHHOTO MeToja OyIeT OrpaHMYMBaTH COBOKYIHYIO CIIEKTPATBHYIO
IUIOTHOCTD 3.H.M.M. OT JJFOOOTO TOPOJICKOTO LIEHTPa 10 YPOBHS, KOTOPBIN HE 3aBUCHUT OT pa3Mepa COTEHI.

OTMeTnM, 9TO JJIsl pa3BepTHIBAHHMS HECKOJBKMX (PUKCHPOBAHHBIX CIYXKO IIeib pa3BepTHIBaHHS OylIeT
COCTOSITh B TOM, YTOOBI B OTJIMYHE OT IMOCTOSHHOTO 3araca B KaHalle, COXPAHUTh MMOCTOSHHYIO TOTOBHOCTh
JIMHWAHW, TIOCKOJIBKY H3MEHSETCSl PacCTOsSHHE 10 Haubosee yaalneHHOro aboHeHTa. Mcmonb3ys MeTOIuKu
Pexomenmannn MC3-R P.530 qnst 3a1aHHONM TOTOBHOCTH JIMHHUM, C YMEHBIIEHUEM MPOTSHKEHHOCTH JIMHUU
HeoOXOMMBIH 3amac B KaHajie yMeHbImaercs. Takum oOpa3om, ypaBHeHHe (10) maeT OCTOPOXKHYIO OIEHKY
YMEHBIIEHUS CIIEKTPAJIbHOM IUIOTHOCTH 3.M.M.M. B 3aBUCUMOCTH OT COKpAILIEHUs pa3Mepa COTHI.
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6 ITomexu B POCS

[TomexoBsrit crierapuii 1t POCS nogo6en nomexoBomy cuenapuro st CPI, B koropom m3mydenus LMDS
B OJIHOM KaHaJie MOCTYMAlOT Ha mpueMHble anTeHHB POCS, OCKONBKY CITYTHHUK BpamaeTcss BOKPYT 3EMIIH.

6.1 Xapakrepuctuku cucrem LMDS
Hexoropsre xapakrepuctuku LMDS, onmcannsie B 11. 2.1, Obutd TpuHATHI 1y1st anamu3a POCS.

OpHako OBUTO TIPUHSTO 3HAYCHUE CICKTPAIbHOMN MIIOTHOCTH 3.1.U.M. +14 n1b(BT/MTI11).

6.2 Xapakrepuctuku POCS

B paMkax maHHOro aHanu3bl OBUIM pacCMOTPEHBI ABa moib3oBatenss POCS: MexayHapoaHas KOCMUYECKast
CTaHIUs 1 MHOTOPA30BbIi OpOUTANBHBIA KOCMUYECKU anmapart. [Ipennonaraercs, uto kaxaas POCS umeet
JIB€ aHTEHHBI: C BRICOKMM M HU3KMM ycujeHueM. B tabauue 3 KpaTko NpUBOISTCS XapaKTEPUCTUKU CUCTEM
POCS.

TABJIMLIA 3
Xapakrepuctuxku POCS
oab3oBaTennb Opoura IIpuemHasi aHTeHHa
BricoTa Yroa nakiona | YcuieHue Hanpas.enme
(k™M) (rpanycsl) (nbu) P
MexayHapomHas KOCMHUYECKas 400 51,6 3,5 Hapmump
CTaHLuUA 23,5 Bross BeKTOpa CKOPOCTH
MHOropa30BkIiA OpOUTAIEHBIN 530 57 3,5 Hapmwmp
KOCMHMYECKUH arnmapar 23,5 Brons BekTopa ckopocTi

Jdnst BapuaHTa C HU3KAM YCWICHHWEM OBUIO TPWHATO, YTO HAMXYAIIUM CIIGHApUEM  SIBISIETCS
BCEHAIPAaBJICHHAs] aHTEHHA, B OTIMYUE OT MOJHOTO0 KOHWYECKOTO yriia 244° raBHOTO JIEMIECTKA 110 YPOBHIO
nonioBuHHON MotHocT (HPBW). Jlns BapraHTa ¢ BRICOKMM YCHIIEHHEM HCIIONB30BANACh (DMKCHPOBaHHAS
npueMHas aHTeHHa mmpuHON 8° HPBW, sranonHas aumarpamMma HampaBJI€HHOCTH KOTOpPOHM MpHBEIeHA
B Pexomenmarun MCO-R S.672 (Ls = 20 aB). s POCS 0Oblna nprHATa KPyroBas MosSpr3alivs.

Kpurepnii 3amurtel npuemnuka cocrasisier —147 nb(B1/MI'n) B Teuenue e 6onee uem 0,1% BpemeHH, Kak
yka3aHo B Pekomenmanun MC3-R SA.609.

6.3 MeTtoanka

It POCS B Teuenne 30-gHEBHOTO meproaa MOICIUPOBAHUS TPOBOJMICS TOJHKO BPEMEHHOW aHAJH3.
Jannbie cobnpanrce Kaxaple S c.

[lo ananoruu ¢ anamuzom CP/, nornomienne B atmocepe pacCUUTHIBAIOCH HA OCHOBaHWM PekomeHnannu
MCD3-R P.676. Kpome Toro, yunTsiBanuch notepu 3 1b, BEI3BaHHbBIE Pa3HULEH MOJSPU3ALIH.

6.4 PesynbTarsl

Ha crmexyromux pucyHKax TOKa3aHbl YpPOBHU H3IydeHHS B JBYX INPHEMHBIX aHTeHHax oboux POCS
ot cuctem LMDS 3a 30-mHeBHEII IepHOI.
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PUCYHOK 17

Hurerpaasnas nomexa B POCS Ha mexnyHapoaHoii KocMu4yecKoi
cTaHuuu B TeyeHue 30 aHeii

Kpurepuii

3 AU ThI

-200 -195 -190 -185 —-180 -175 -170 -165 —-160 —-155 —-150 —145

Hanup

Bekrop ckopoctu

IX (nB(B1/MTI'11))

-140 135 -130

F.1509-17



Pex. MC3-R F.1509-4 27

PUCYHOK 18

Hurerpanbnas nomexa B POCS Ha MHOropa3oBoM 0pOUTATBHOM KOCMHYECKOM
annapare B Teuenue 30 gHeit

2
10 =
5 EEEH—_#
2 CL LN
10 -
5
=
v 2 D
E( 1
g 5
= 2
S .
s 10
% 5 LL LLL 11
= Kpurepmii
2 . 13 AU ThI
) g ‘(/
10
5
2
_3 i
10

-200 -195 -19%0 -185 -180 -175 -170 -165 -160 -155 -150 —-145 -140 -135 -130
IX (aB(BT/MI'11))

Hanup

-------- Bekrop ckopoctu
F.1509-18

Kak mokaszaHo, B TeueHHE BCETO BPEMEHHM YPOBEHb H3JIydeHHs B JI000H M3 mpueMHbIX aHTeHH POCS
HaMHOTO HWXe KpuTepus 3aimuthl B —147 1b(B1/MTI ).

7 Pe3tome n BeiBOABI M3 Ipuioxenus 1

ITo pesynpratam HccnemoBanust A B m. 3 mporHosupyercs, 4to OonpmuHcTBO CPJI, pacmnonoXeHHBIX Ha
OpOUTANTEHBIX MMO3UIIUSX, IepeunciieHHbIX B Pexomennanm MC3-R SA.1276, OyayT UCHIBITHIBATH TUKOBYIO
CYMMapHyI0 TIOMEXYy, KOTOpas TIIpeBBIIIAeT 3allUTHBI YpOBEHb, MpPHUBEAECHHBIH B PexkomeHnanuu
MCD3-R SA.1155 B cpennem mpumepHo Ha 4 nb B Heckonmbkux oOnacTsx passeprbiBanus LMDS. Otot
pe3yabTaT OCHOBaH Ha MPEATOJIOKEHHH O TOM, YTO CIEKTpajlbHAas IUIOTHOCTH 3.M.M.M. KaXIOW CTaHIMH-
KOHIleHTpaTopa coctaBiisgseT +8 nb(BT/MI'm) u uTo paauyc 00JacTH OOCIY)KUBAaHUS KOHIIGHTPATOpa
coctaBmsier S5 kMm. [lukoBas cymmapHas momexa [UIs BCeX OpOMTANbHBIX IO3UIMHA COCTaBHJIA
—139 nb(B1/MI'1).

Ha BpeMeHHOW OCHOBE 3alUTHBIA ypOBEHb, mpHBeAcHHBIH B Pekomenmammu MCHO-R  SA.1155,
BBINOJIHSCTCS I OOJIBIIMHCTBA OpOUT. JIJIT HEKOTOPBIX OPOHUT, JJIsi KOTOPBIX MPEBBIMIANICS 3aIUTHBINA
YPOBEHbB, MPEBBINICHHE COCTaBWIO OT 4yTh Ooiee 0,1% mepuoma oOpamieHus no npumepHo 1% mepuoaa
oOpallieHUsl B HauxyamieMm ciydae juis cnyTHukoB CPJI, pacroyiokeHHBIX B Toukax 41°3. 1. u 174° 3. 1.
Bosnee Toro, mias 3TUX OpPOMTANBHBIX IMO3UIMH BpeMs MEXAy IepuoaaMu OOpalleHHs, KOTJa YPOBEHb
noMexu mpesblmaer 3HaueHne —148 nb(Bt/MI'm), Bapeupyercs ot 6,1u pmo 71u. na CPU,
pacmosioKeHHOro B TOYke 85°B. ., MOMEXa TaKoBa, YTO KpPUTEPUH 3alllUThl, NPUBEICHHBIM B
Pexomennanimn MC3-R SA.1155, BeimonHsieTcst Ui BCeX CHYTHHKOBBIX OpOWT, aHAIOTUYHBIX MO THITY
opOuTE MEKITYHAPOIHOM KOCMHUECKOM CTAHI[UH.

s ompeneneHus NpeAeNbHBIX 3HAUYEHUH CHEKTPaTbHOW IUIOTHOCTH 3.M.M.M. JUIS COT, pa3Mepbl KOTOPBIX
MEHbIIIE PEKOMEHIYEMOTO pa3Mepa COThI, TO €CTh 5 KM B Ciydae JaHHOTO HCCIEIOBaHUs, ObLI BBEICH
noHmwkKaronmii ko3dpdunueHt (cMm. Gopmyny (10)), npeanoararyid MOCTOSHHBIA HEPreTHUSCKUN 3armac
JIUHUH.



28 Pex. MC3-R F.1509-4

Kak mokazano B 1. 3 u Ha pucyHKax 2—4, OCHOBHBIMU HcTOYHUKaMu romex juist CP/] sBisitotrcst ropockue
IIEHTPHI C HECKOJbKHUMH CTaHITUIMHU-KOHIICHTPATOPaMH, pa0OTAOIMMMK Ha OXHOM KaHaje, KOTOpBIC
HaxoIsaTCs Ha WM BOMM3M Kpas awmcka 3emin. OJHAKO TPH OXUAAEMBIX OYAYIIMX KOJNHYECTBAaxX
pa3BepThIBaHUS CTaHUUN-KOHUIEHTpatopoB LMDS cucrem I[I-MII, mnomydeHHBIX € HCIOIB30BaHUEM
METOAMKH, ONMUCAaHHOW B II. 3, ¥ pabOTAIOIMNUX CO CHEKTPAITBHON IUIOTHOCTHIO 3.M.u.M. +8 nb(BT/MI') Ha
CEKTOp KOHIICHTPATOPa, 3allIUTHBIH YPOBEHB MPEBHIIIASTCS JIUIIh B HECKOIBKUX TeorpanIecKnx paiioHax U
pPa3yMHO NPUMEHSATh COBMECTHOE UCIIOIB30BaHNUE YaCTOT.

Pesynbrarer MccnenoBanust B B m. 4 TNOKa3bIBalOT, YTO MPEIIOJNOKUTEIEHO CIIEKTPAIbHAS IJIOTHOCTh
3.M.A.M. CTaHIMH-KOHIIeHTpaTopa coctaBuT +14 nb(Bt/MIm), uro Ha 6 ab BIe, 4eM NOIY4YEeHO B
UccnenoBannn A, ypoBeHb MMOMeEX TaKKe MpUMEpPHO Ha 6 b BeImie, dyem pe3ynbTarhl MccnmemoBanus A.
Takum 00pa3om, J1Ba UCCIICAOBAHUS Iall MOYTH 3KBUBAJICHTHBIC PE3YJIbTATHI.

Ipuinoxenue 2

Metoa pacueTra yriioB pa3Hoca MexKIy Jy4YaMH aHTEeHHbI CTAHIIUU-KOHIIEHTpaTopa
U HanpasJjiennsimu Ha CP/] Ha reocranuoHapHoii opouTe

B Tlpunoxenuu 2 x Pexomenmammu MC3-R F.1249 npeactaBien MeToa pacdera yrioB pa3sHOCa MEXKIY
nydyamu nepenaromeid anteHHsl @C HU3 MyHKTa B MYHKT M HAIpaBlCHUSIMHU Ha reocrauuoHapHeie CPJI,
pacroyoKEeHHbIe B TOYKax, yKa3aHHbIX B IIpuMeuanunm 1 Kk OCHOBHOMY TeKCTy 3Tod Pexomenpamuw,
YUUTHIBAIOIIUI BIMsHUE aTMOC(epHOil pedpakMi U MECTHOTO TOpr30HTa. CTaHIUA-KOHICHTPATOP B CETH
[I-MII obGopynoBaHa BCeHAIpaBIICHHOW WM CEKTOPHOW aHTEHHOW. B »TOM ciydae ycuiieHHWE aHTEHHBI
JOJDKHO PAcCMATpUBATBCA BHE 3aBUCUMOCTH OT asumyta HamnpasieHus Ha CPJl. B Ilpunoxenun 2 k
Pexomenpanun MCO-R F.1249, g — 310 yrosn mecta MakCUMalbHOTO YCHIJICHHSA (B YTIIOMECTHON INIOCKOCTH)
AQHTEHHBI CTAHIIMU-KOHIIEHTPATOpa (CIIEAYET OTMETUTh, uTO & = 0°, ecy HeT HAKIIOHEHUS JIyda, ¥ & HUMEeT
OTpHLATEIILHOE 3HAYCHUE, €CIIN JIyd HAKJIOHEH BHU3).

Yron mecta CPJ] eg omnpenensercs dopmymnamu (8a), (8b) u (8c) Ilpunoxkenus 2 k PexomeHmaryu

MCD-R F.1249. Korna CPJl HaxoauTcs B 30HE BHAUMOCTHU, aOCOJIFOTHOE 3HAYCHHE € — & SBIIACTCS YIJIOM
pa3HOCca MEX[Iy JIy9OM aHTEHHBI CTaHIMH-KOHIICHTpATOpa W HalpaBlieHHEM Ha OpOUTAIBHYIO TO3HIIAIO
reoctrauunoHapaoro CPJI.
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