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IIpenucaosue

Ponps  CekTOpa paguocBs3M 3akiodaeTcss B OOECIEUYEeHHH pPalMOHAIBHOTO, CHpaBeIBOro, 3dgdexkTuBHOro u
9KOHOMHYHOTO HCIOJIb30BaHUS PAJMOYaCTOTHOIO CIIEKTpa BCEMH CIIy)KOAMHU PaJHOCBSI3H, BKIIOYAs CITyTHHUKOBBIC
Cﬂy)KGbl, U TMpOBECACHUHM B HCOIPAHMYCHHOM YaCTOTHOM [JUAIIa30HE HCCﬂeﬂOBaHHﬁ, Ha OCHOBaHUMH KOTOPBIX
MIpUHUMAaIOTCsl PekoMenanum.

BCGMI/IpHLIe U PCruOHAJIBHBIC KOH(I)epCHIII/II/I paguocCBiaA3n U accaMmOieu paguocCBiaA3n 1pUu  MOAACPIKKE
HUCCICA0BATCIBCKUX KOMUCCHH BBIIIOJHSIOT PEriIaMCHTApHYI0 U MMOJIUTUYICCKYTO (I)yHKIII/II/I CeKTopa PaguoCBiA3U.

IHosmTHKa B 00;1aCTH MPAB HHTEJLIEKTYaabHOI codcTBeHHOCTH (ITMC)

ITomutuka MCD-R B obGmactu IIMC wm3naraercs B oOmieil mareHtHod mnomutuke MCDO-T/MCDO-R/MCO/MDK,
ynomuaaemoir B Ilpmnoxenmn 1 x Pesomommun MCDO-R 1. ®@opmbl, KOTOpble BiajAeibllaM MATEHTOB CIEIyeT
HCII0JIB30BaTh JId MPEACTABIICHHUA IMaTCHTHBIX 3asiBJICHUN U )IeKﬂapaI_ll/Iﬁ O JIMOEH3UPOBAHWUU, MPCACTABJICHBI I10
aapecy: http://www.itu.int/ITU-R/go/patents/en, rae Takke coiepikarcss PyKOBOISAIIME MPHUHIUIBI MO BBIMOJTHCHHIO
o61eit narentHol nmonutuku MC3-T/MCO-R/MCO/M3IK u 6a3a nanHbIx natenTHoi nndopmanun MCO-R.

Cepuu Pexomenaanuii MCI-R

(ITpencTaBneHsl TAKKE B OHIAMHOBO#M (hopme 1o ampecy: http:/www.itu.int/publ/R-REC/en.)

Cepus Ha3zBanue

BO CIryTHUKOBOE paJiMOBEIaHNe

BR 3anuch JIsl MPOU3BOICTBA, APXUBUPOBAHUS U BOCIPOU3BEICHMSI; TUNIEHKHU JJIs TEIEBUICHUS

BS PagmoBemarensHas ciayx0a (3ByKoBasi)

BT PagmoBemarensHas ciayx0a (TeIeBU3NOHHAS)

F DuKCUPOBAHHAS CIIYKOa

M [MonBrxHas CITyTHUKOBAsI CITy>K0a, CIIyTHUKOBas Clly»x0a paguioonpeieineHus,
JIIOOUTENBbCKas CITyTHUKOBAsSI CITy)K0a M OTHOCSIIMECS! K HUM CITyTHUKOBBIE CITYKOBbI

P Pacnpoctpanenue panuoBonH

RA Panuoactponomus

RS CucTeMbl TUCTaHIIMOHHOTO 30HIUPOBaHUS

S DuKcupoBaHHAs CITyTHUKOBAs CITy»X0a

SA Kocmuueckne mpuMeHeHNsT ¥ METEOPOIIOTHs

SF CoBMECTHOE UCIIOIb30BaHNE YaCTOT M KOOPAWHALNS MEXy CHCTEMaMH (PMKCUPOBAHHOMN
CITyTHUKOBOH CITYKOBI U (PUKCHPOBAHHOM CITY>KOBI

SM YpaBieHue UCNO0Jb30BaHUEM CIIEKTPA

SNG CrryTHUKOBBIH cO0p HOBOCTEH

TF [Tepenaya curuasoB BpeMEHH U 3TAJOHHBIX YaCTOT

\% CroBaps 1 CBsI3aHHBIE C HUM BOIIPOCHI
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6 coomeemcmsuu ¢ npoyedypou, uznoxcentoii 8 Pesonoyuu MCO-R 1.
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Kenena, 2014 1.
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Bce mpaBa coxpanensl. Hu oHa u3 gacTel 1aHHOH MyOIMKAaMy HE MOXKET OBITh BOCIIPOM3BEICHA C MTOMOIIBIO0 KaKUX
OBI TO HU OBLIO CPENCTB O€3 MpeaBapUTEIHLHOTO MMCEMEHHOTO paspemenus MCD.
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PEKOMEHJALMNA MC3-R F.1509-2*

TexHuveckne U IKCIUIyaTAIIMOHHBIE TPeOOBaHMS, CIIOCOOCTBYIOIIME COBMECTHOMY
HCIOJIb30BAHUIO YACTOT CHCTEMAMM CBSI3M MYHKTA CO MHOTUMHU IYHKTAMHU
B PUKCHUPOBAHHOM CIyxk0€e U MeKCIIyTHUKOBOM CJIyK0e
B noJioce 25,25-27,51'T'y

(Bonpocst MC3-R 118/7 u MCD-R 252/5)
(2001-2009-2013)

Cdepa npumeneHus

B Hacrogmeil PekomeHanuyM ONMCHIBAETCA MaKCUMalbHasd IUIOTHOCTH 3.M.M.M. MEPENarolled CTaHUHUH-
KOHIICHTpaTOpa U aOOHEHTCKOW CTAHIMK CHUCTEMBbI CBSI3U IIYHKTA CO MHOTMMH IYHKTaMHU B (DUKCUPOBaHHOU
cry)x0e B HampaBJIeHHH OPOWUTHI TEOCTAlMOHAPHBIX CIYTHUKOB [UIsI OOECHedeHUs COBMECTHOTO
WCTIONIB30BaHMs 4acToT B moiyoce 25,25-27,5 TTh ¢ MeXCIyTHUKOBON CIy»KOO#. DTallOHHAs! TUIOTHOCTh
3.M.M.M. B HACTOsIICH PexoMeHIanuu y4uThiBaeT HEOOXOAMMOCTH BECTH Mepeaadyy Ha MHUHHMAaTbHOM
HEO0OXOJMMOM YpPOBHE, a TaKXKe YUYUTHIBAET HCIOJIH30BAHHE aBTOMATHUYECKOW PEryIHMPOBKH MOIIHOCTH
nepenarunka (APMII) Ha cTanmusax GukcrpoBanHon cyKObI (PC) B yCIOBUAX 0CAIKOB.

Accambnes paguocssizu MCO,

yuumbvleast,

a) yro monoca 25,25-27,5 T'Tu pacnpeneneHa (pUKCHPOBaHHOW, MOABMKHOH M MEKCITyTHUKOBOI
CITyk0aM Ha IEPBUYHON OCHOBE;

b) YTO B JIONOJIHEHHWE K CHUCTEMaM CBSI3M IYHKTa C MyHKTOM (UKCHpOBaHHOH ciyx0bl (DC),
IUTaHUpYeTCs, 4To B mojyoce 25,25-27,5 ['Tu OyayT paboTaTh CUCTEMBI CBSI3U IIYHKTa CO MHOTMMH ITyHKTaMHU
OC (I1-MII);

c) gTo B moJyioce 25,25-27,5 I'T'm paboTaroT TMHUHA PaTUOCBI3H KOCMOC-KOCMOC B MEKCITy THHKOBOM
ciyx0e;
d) YTO JIMHUU KOCMOC-KOCMOC CO3/Ial0TCS MEXIY HU3KOOPOHUTAIbHBIMHU CITyTHHKAMH TIOJB30BATENS U

reoCTallMOHAPHBIMU CITyTHUKaMH perpaHcisiiun qanaeix (CPJI), a Takke cucTeMaMH CBS3H Orepanuil
commkenus (POCS) Mexay moinp30BaTESIMU BOJIM3H HI3KOOPOUTATBHBIX KOCMHUYECKUX CTAHITUMN;

e YTO JAaHHBIC JIMHUH, B YACTHOCTH JIMHUU KocMoc-kocMoc cetr CPJl, mpeanasHaueHsl Juist paboOTHI C
3anacoM mnopsiaka ot 2 n1b g0 4 ab;

ﬁ 4YTO CIIYTHUKOBBIC JIMHUKW IIOABCPIKCHLI BOSI[GIZCTBI/IIO ImoMex OT I/I3JIY‘-I€HI/II>1 CHUCTEM
(I)I/IKCI/IpOBaHHOI‘/'I CJ'Iy)K6I:I B Ipcaciax 30HbBI BUAUMOCTH, KOTOpasd HMCECT 60J'II:HIYIO reorpa(bnquKon
MPOTSXKCHHOCTD,

g) YTO OINpelesIeHNEe KOHKPETHBIX OpOUTANbHBIX MO3ULIMN, KOTOpbIe CcIENyeT 3alluiiaTh, a He
opOuTanpHON ayrH, OyJOeT HakKIaIblBaTh MEHbIE OTpaHHUYEHH Ha (QHUKCHPOBAHHYIO CIIYXOy IIpH
COBMECTHOM HCIOJIb30BAHMH IOJOCHl 9acTOT, B YaCTHOCTH JUISI T€X CTaHLMN, KOTOpPBIE PACIIOIIOKEHBI Ha
BBICOKHX IIHAPOTAX,

NPpU3HABAsL,

1 yTO 3amUTHBIA Kputepuid nus nuauit POCS comepxkutcs B Pexomenmammm MCD-R SA.609, u
3aUTHBIN kputepui ansa nuauit CPIl conepxxurcs B Pexomenparuu MCO-R SA.1155;

Hacrosmias Pekomenpanmsi Obiia paspaboTaHa coBMecTHO 7-i McciiemoBaTenbCKol Komuccueld W ObIBIIEH
9-ii MccnenoBarenbCKOl KOMHCCHEH, OyIyIue MepecMOTPhl JOJDKHBI OCYIIECTBIATHCS COBMECTHO 5-M1 H
7-11 uccle10BaTeIbCKUMU KOMUCCHSIMU.
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2 yT0 yncno ceteil CPJl, pa3BepHyThIX WM HAXOASIIMXCS HA 3TAlle pealn3alii Ha re0CTalliOHapHOU
opOuTe orpaHuyeHoO, Kak onucano B Pekomenmaiiuu MCO-R SA.1018, a opOuTaIbHBIC TO3UIIUHU TIPUBEICHBI
B Pekomenmaniun MC3-R SA.1276-3 (cMm. [Ipumedanue 1);

3 yto B Pexomenmaumu MCDO-R F.758 mnpenctaBieHO MHOMXKECTBO pa3MYHBIX IapaMETpOB
(hMKCHpPOBAaHHBIX OCCIPOBOAHBIX CHCTEM, OOOOIIEHHBIX Ha OCHOBE PEIPE3CHTATUBHBIX CHCTEM IS
KOHKPETHBIX JMANa30HOB YacTOT,

pexomenoyem,

1 9TOOBI IS KaXJIOTO IepelaTyrka CTaHIUU-KoHIeHTpaTopa cetu [I-MI1 ®C, paGoraromiero B
nostoce 25,25-27,5 I'Tu (cBeaeHus o mpeaenax 3.u.u.M — cM. [Ipunoxenue 1):

1.1 CIEKTpaibHas IUIOTHOCTh J.M.A.M. H3IIyYCHUS B HANpaBICHUA JIOO0H TO3UIUU OPOUTHI
reocranmonaproro cmytauka (['CO), ykazamnas B Pexomemmanmm MC3-R SA.1276, He mnpeBbImana
CIeNYIOIUX 3HAaYeHWd B J000H monoce mmpuHOH 1 MIm ams yrma Mecta O BhIIE JIOKaTbHOH
TOPU30HTAIBHON MockocTH (cM. [Ipumeuanus 1, 2 u 3):

+8 nbBT mr 0°<0<20°

+14 — 10 log(6/5) nbBT st 20° <0 <£90°
1.2 CIIeKTpaibHasl IUIOTHOCTHh 3.M.M.M. H3IYUCHHUS HE IPEBBINIATA CICAYIOIMMX 3HAYEHUH B OO0
rostoce mmmpuHo# 1 MI'T mynst yrita Mecrta O BBIIIE JIOKATbHOM TOPU30HTAIIEHON ITOCKOCTH:

+14 nbBT i 0°<0<5°

+14 — 10 log(6/5) nbBT s 5°<0<90°
1.3 B YCIIOBHSAX, KOTJa MEXIy Tepenaromieii cranmuei-konmenTparopoM @C U MpUeMHOH CTaHIHEH

HAOJII0ZaeTCs OClIa0JieHue B 0CaJKax, Ha IMEPENaroieii CTaHIMHU-KOHIICHTPATOPE MOXET HMCIIOJIb30BaThCS
ABTOMATUYECKOE pEeryJHpoBaHUE MOIIHOCTH mepenatdauka (APMII), nns yBenwueHus ee meperaBacMoOi
MOIITHOCTA Ha BEIWYHWHY, HE TMPEBHIMIAIONIYI0O OCIa0JICHHe B OCaJKaX, TaKk YTOOBI €€ CIeKTpajabHas
IJIOTHOCTH 3.M.U.M. B HampasieHun Tto0oit nosuruu I'CO, ykazanuoit B Pexomengarmmun MCDO-R SA.1276,
He npeBbimana +17 gbBT B mo60ii nonoce mmpunaoit 1 MI'n;

2 YTOOBI CHEKTpalibHas TUIOTHOCTh 3.M.A.M. U3Iy4YeHHS KaxIoi aboHeHTckol ctanmmu cetu [1-MII
®C, pabotaromeit B momoce 25,25-27,51Tm, cooTBercTBOBaja MI.2 W 3 pa3aeia pexomeHnoyem
Pexomenmaruu MC3-R F.1249;

3 cunTath HIkecaeaywue [pumedanus 1, 2, 3 yacTeio HacTose Pexkomennanuu:

ITPUMEYAHUE 1.—-B Pekomenmanuu MCD3-R  SA.1276-3 omnpeaenensl crnenywomue mnonoxenus CPIl Ha
reocTanuoHapHoii opoure: 10,6° B. 1., 16,4° B. 11, 16,8° B. 1., 21,5° B. 1., 47° B. 1., 59° B. 1., 77° B. 1., 80° B. 1., 85° B.
I., 89° B. 1., 90,75° B. 1., 95°8B. 1., 113°8B. 1., 121°8B. 1., 133°B. 1., 160° B. 1., 171° B. 1., 176,8° B. 1., 177,5° B. 1.,
12°3. 1.,16°3. 1., 32°3. 0.,41° 3. 1.,44° 3. n.,46° 3. 1., 49° 3. n., 62° 3. 1., 139°3. 1., 160° 3. 1., 170°3. 0., 171°3. n. u
174° 3. 1.

[Ipu mepecmotpe Pexomengarmmu MCO-R SA.1276 B nensix mobaBneHus HOBbIX Mecrononoxennid CPl Ha
opOuTE, 3amuTa HOBBIX OPOUTATBHBIX CJIOTOB B IIEPECMOTPE JAaHHOW PexomMeHanuu NpuUMeHsIETCS TOIBKO K
craniusiM @DC, yCTaHOBJICHHBIM IIOCJIE JaThl BCTYIUICHHS B CHJIy II€PECMOTpPEHHOH Pexomennarmm
MC3-R SA.1276.

[NPUMEYAHUE 2. — CniektpanpHas MJIOTHOCTh 3.M.M.M., H3Iy4daemMas B HampasieHuH nojoxeHus CPJl Ha
reocTallMOHapHOW OpOUTE NOJDKHA PACCUMTBHIBATBCS Kak IPOM3BEICHUE Iepe]aBaeMON CIEKTPalbHOW IUIOTHOCTH
MOIITHOCTH M KO3((HIMEHTa YCHICHHs BCEHAIPABICHHOM WM CEKTOPHOHM aHTeHHbI B Hampasienun Ha CP/I. Ilpum
OTCYTCTBUM JUarpaMMbl HAlpaBI€HHOCTH AaHTEHHBl CTaHIMU-KOHLIEHTPATOpa JOJDKHA IPUMEHSTHCS STalOHHAs
JuarpaMma HampaBieHHocTH u3 Pexomenpanun MCDO-R - F.1336. Pacuer pnomkeH yuyuTHIBaTH BO3JAEHCTBHE
aTMocdepHor pedpaKIMK ¥ MECTHOTO TOpU30HTa. MeTox Iuis pacdera yIioB pa3Hoca mpuBeneH B [Ipunoxkenun 2.
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[NPUMEYAHUE 3. — B ToM cimy4ae, Koraa CTaHISI-KOHIIGHTpaTop paboTaeT Ha OCHOBE BPEMEHHOTO DPa3leICHUS U
UCIIONIB3YET Il paboThl OJHY YAacTOTY, I'Zle OJHA M Ta K€ 4acTOTa HCHOJB3YEeTCS M Ul MEpeiadu, U JUli MpHuema,
Ipe/en CIeKTPaIbHON UIOTHOCTH 3. M.U.M. B 1. 1.1 pasmena pexomendyem moxer GbiTh ymenbuier ua 7 log (1/9) ab,
rae 8 (0 <9 < 1) — momst BpeMeHH, B TeYeHHE KOTOPOTO CTaHIHMSA-KOHIIEHTPATOp Iepenaet curHaisl. OIHaKo JaHHOEe
YMCHBLICHHE HE JOJDKHO IPEBBILIATh 3 Ob AaKe [ Majbix O.

IIpuiaoxenune 1

OueHkKa NPOCTPAHCTBEHHOI'0 U BPEMEHHOI'0 pacipeaejieHusi IoMeX cucTeMam
CP u POCS ot n3nyuenusi crannuii-konueHTparopos II-MII B ®C
B noJioce 25,25-27,51'T'

1 BBenenue

B nmannom IlpuioxkeHuu OpUBOIUTCS OLEHKA, MOMyYeHHAS MPHU MOMOIIHN KOMIIBIOTEPHOTO MOJCIUPOBAHUS,
MIPOCTPAaHCTBEHHOTO W BPEMEHHOTO pacnpeneneHust nomex cucremMam CPJ] Ha ompeneneHHBIX OpOUTATBHBIX
no3utusax u cuctemam POCS ot m3nydeHuit 1106ansHO pa3BEePTHIBAEMBIX CTAHIIMM-KOHIIGHTPATOPOB CUCTEM
[I-MIT ®C B momnoce 25,25-27,5 I'Tu. Jannusie cucremsl II-MII ®@C 3agacTyio paccMaTpUBAIOTCS Kak
MECTHBIE CHCTEMBI pacrpeeleHuss co MHOruMu nmyHktamu (LMDS). [l nanHOTO aHanmm3a cY4UTaeTcs, 4To
CIIEKTpabHAS TIOTHOCTH 3.M.M.M. B TTUKE JIyda Ha KaKIO0W CTaHITMH-KOHIICHTpaTope paBHa +8 nb(B1/MI'm),
yto ykazaHo B Otuete MCDO-R F.2108 B kauecTBe TUIOBOTO 3HAYEHMS ISl CTAHIIMI-KOHLIEHTPATOPOB B
CUCTeMax CBs3M IYHKTa CO MHOTMMH TyHKTamMu. OpHa mepemaromas craniuss LMDS, pabotaromas co
CIIEKTPATBbHONW IIOTHOCTBIO 3.M.M.M., paBHOW +8 nb(BT/MIT), He mpeBBIMIaeT 3alUTHBIN YPOBEHD,
yka3zaHHblii B Pexomenmariuun MCD-R SA.1155, BHe 3aBHCHMOCTH OT €€ reorpaduyecKoro MoJOXKEHHS ¢
yuetoM opOutanpHOoi mo3muuu CPJI. 3ammTtHbI ypoBeHb, paBHbId —148 nb(B1/MI'm), He nomkeH
MIpeBBIIAThCS B TedueHue BpeMeHu Oonee 0,1% opOutampHoro meproga. OQHAKO COBOKYITHOE BO3ZICHCTBHE
MHOKECTBa Tepenaromux cranmuii LMDS, paboraomux B 0JHOM KaHalle B TOPOJCKOM IICHTPE, MOXKET,
B HEKOTOPBIX T€OMETPUUYECKUX YCIOBUSIX, CO3/IaBaTh MOMEXHU, IPEBBILIAIOIINE 3alUTHBINA ypoBeHb CP/I.

B pasmene 2 omnuchiBaeTcs HCIIONB30BAHHBIA MOAXON M TPENNOIOXKEHUS, CHCTaHHbIE U1 OLEHKU
MIPOCTPAHCTBEHHOTO W BpPEeMEHHOTO pacmupenencHuss momex cucremam CPJl. B mamnom Ilpmnokennn
MIPEACTABIICHEI N1Ba uccienoBanus, MccnenoBanne A u UccnemoBanme B, B 1. 3 u m. 4 COOTBETCTBEHHO.
B UccnenoBannn A paccmaTpuBanach CIEKTpasbHAas IUIOTHOCTH 3.W.M.M., paBHas +8 nb(Bt/MIt), B TO
Bpemsa, Kkak B HMccnenoBanumn B uncnomb3oBasiach CHeKTpaigpHas IUIOTHOCTh 3.M.M.M., DPaBHas
+14 n1b(Bt/MTI'). B pa3znene 3 npeacraBiieHO MPOCTPAHCTBEHHOE pactipeeneHune nmomex cucremam CP/l Ha
OTIpeaeNIeHHbIX OpPOUTAaNbHBIX MO3ULUAX. OHO MOKa3bIBaET, YTO KOT/A CIIEKTpajbHAas TUIOTHOCTH 3.H.H.M.
W3Iy4YeHUIl B JIOKaJbHOH TOPU30HTAJIBHOM IUIOCKOCTH M3 00]acTH OOCIY>KHMBaHMS, COCTOALICH U3
29 cTaHIUU-KOHIIEHTPAaTOpoB, BuaHa cucteMe CPJ] u paGortaer ¢ +8 nb(B1/MI'n), nomexu padore CPJ]
MOTYT IPEBBIIATh PEKOMEHAOBAaHHBIN YPOBEHb MOMeX Ha BenuuuHy 10 9 nb. Taxke B m. 3 mpuBeneHs
pe3yabTaThl AUHAMUYECKOTO MOJICIIMPOBAHHUS AJsl ONPENEeNCHUs] BPEMEHHBIX XapaKTEpPUCTHK MOMeX padore
CPJI, xoTopbIii OTCIIGKWBACT HHU3KOOPOWTANBHBI CIYTHHK IIOJIB30BATENI C  OpPOHUTAIBLHBIMH
XapaKTepUCTUKaMU MEXTyHapOJHOW KOCMHUYecKol cTaHuuu. [loka3aHo, 4To JUIsi HEGOIBIIOTO KOJINYECTBA
OpOUT ¢ BOCXOISIINMH Y3JIaMH, KOTOpPBIE MPUBOAAT K TOMY, UYTO CITyTHUKHU TIOJIb30BAaTElsl OPUEHTUPOBAHEI
Ha LEHTPHl C TOPOACKMM HAcelIeHHEM, KOTOpbIe HAXOASTCS Ha MIM OKOJO Kpas 3eMHOro MIHCKa,
JUTUTENBHOCTh TIOMEX MOYKET IPEBBIIIATh EPUO BpeMeHH, KoTophlil 6ombie 0,1% opburansHoro nepuojaa
CIyTHUKa Tmosnb3oBatend. B pasgene 4 mnpeacrasieHsl pesynbTatel Mccnenosanus B. B pasmene 5
OIMCBHIBAIOTCS HPOCTBIE CIIOCOOBI PACIIMPEHHUs] pe3yibTaToB A0 cranuuii LMDS, koTopble mcmons3yroT
Oomnee Menmkue coThl. B pazmene 6 obcyxmarorcs momexu cuctemam POCS. Pe3ynmbrat mokassiBaeTt, 9To MpH
CHEKTPaJlbHOH IUIOTHOCTH 3.M.U.M., paBHOH +14 nB(BT/MI'1), cOBOKymHBIE TNOMEXH OT CTaHIMH-
koHueHTpaTopoB LMDS antennam nmpuemHukoB POCS Bceriia HaMHOr0 HMXKE KPUTEPUSI 3aIUTHI, PABHOTO
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—147 nb(B1/MI'1). B pasnene 7 mnpuBeAeHH BBIBOABI W3 JAHHOTO WCCIICNOBAHUS W TPEATIOKEHBI
XapaKTEPUCTUKU [UJISI OOCCICUCHUSI BO3MOXKHOCTH COBMECTHOTO HWCIIONB30BAHUS HACTOT CIyKOaMu
KOCMHYECKHX HCCIICIOBAaHUH, CHCTEMaMH MEXCITY THUKOBOM Ciry>k0bI 1 ciictemamu [1-MIT ©C.

2 Metoza

st pacdera MpOCTPaHCTBEHHOTO W BPEMEHHOTO pacmpeaeneHns momex cuctemam CPJ[ ot msmydeHuit
MOTCHIMAIBHO 00jbimoro koyimdectBa cucreM I[I-MIT ®C BBICOKOH IUIOTHOCTH, KOTOpPBIE, Kak
npennosnaraercsi, padbotaroT B mojoce 25,25-27,5 I'T1, UCMOIB30BANIOCH KOMITBIOTEPHOE MOJETUPOBAHHE.
OCHOBHBIM METOJIOM, pPEaM30BaHHBIM B MOJEINPOBAHUM, SBISIETCS pa3BepPTHIBAHUE HECKOIBKHUX
CcTaHIUI-KOHIIeHTpaTopoB LMDS B ropoiackux LeHTpax, a 3aTeM — OIpeAelieHHE MPOCTPAHCTBEHHBIX U
BPEMEHHBIX IIOMEX, BO3HUKAOIIUX B pE3ylbTaTe TaKOro pas3BepTbiBaHusA. [ ompexneneHus
MIPOCTPAHCTBEHHOTO pacIpeeiieHnus, coBOKynHbIe momexu CPJl B ompeneneHHON OpOMTANIBHON TO3WITAN
paccuMTHIBAIOTCA TakUM oOpa3oM, Kak ecinu Obl mpuemHas aHTeHHa CPJl ¢ GoipmiuM ycuiieHHEM Beia
CKaHMPOBAHUE IO OCH y U Mo ocu z. JlaHHBIH Meron omucad B m. 2.1. MeTon, MCHONB3yeMBIN s
OTIpe/ieTIeHUs BPEMEHHBIX XapaKTepHUCTHK MOMEX, omucaH B M. 2.2. B 00oux ciay4asx Moaeidb YYUTHIBAET:
CHEKTPajJbHYIO MJIOTHOCTh 3.M.M.M. M yCWIeHHe mepenatomei craniuun LMDS B nampaBnenun Ha CP/I;
MOTJIONICHHE B aTMocdepe; 3aTyXxaHue Ha Tpacce Nepefauu; ycwieHue npuemHod anTeHHel CPJ] B
HamnpasieHuu cranuuu LMDS, co3natonieit nomexu.

2.1 IIpocTpaHcTBEeHHOE paclpeieieHue

Oxwupaercs, uro craniuu LMDS OynyT pa3BepThIBaThCs IO COTOBON KOH(UTYPALUU B TOPOACKHUX IIEHTPax
Uil OOCIy’>KMBaHUS KOMMEPUYECKMX IPEANPUATHH, IPaBUTEIbCTBA M JIOMOXO3SIMCTB, HCHOJb3YIOLUINX
WHTEPAaKTUBHBIC WM PaJMOBEUIATENbHBIC YCIYTH HU(PPOBOI CBA3M C TPOIYCKHON CIOCOOHOCTBIO OT
YMEPEHHO! 0 BBICOKOH. DTH yCIYT'H MOTYT BKJIIOYATh B ce0s TOCTYI B MHTEPHET, yCIYTH Iepeiauu roJoca,
nepeAayy JaHHBIX M BUAEO. [ mesell JaHHOTO aHanM3a MPEAToaraeTcs, YTO COBOKYIHBIE M3Iy4YEHUS B
OJTHOM KaHaie OT obnactu obciyxuBaHuss LMDS MoxHO MonenupoBaTh B BHIE OTICIBHON CTaHIIWH,
KOTOpasi UCMOJIB3YET NEePeaTUUK CO CIIEKTPAIBbHOM MIIOTHOCTHIO MOIIHOCTH, PaBHOM CyMMe CIEKTpalbHbIX
IUIOTHOCTEH MOIITHOCTH HA BXOJIe Ka)/I0 cTaHIIMU-KoHIIeHTpaTopa LMDS B obmact 00cay>KUBaHUs, U YTO
OJlHa IepelaroIas aHTCeHHA 00eCHeurBaeT NMPHEMIIEMOE IPEACTABICHUE O PAaclpelesIeHUH CIIEKTPaIbHOM
IIJIOTHOCTH 3.U.H.M. BBIIIE JIOKAJIBHON TOPU30HTAIBHOM IIOCKOCTH.

Jlnst TaHHOTO MOJCITUPOBAHUS MPEIIONArajoch, YT0 CHEKTPalbHAasl TUIOTHOCTh 3.M.U.M. H3JIyUYCHUN KaXI0H
CTaHIUKU-KOHIEHTpaTopa paBHa +8 nb(B1/MI'm)!, u uro coBokynHoe usnyuenne LMDS u3 ogHoit o6nactu
00CITyKHBaHHS MTPOMOPIIHOHAIBHO KOJUYECTBY CTAHIMI-KOHIICHTPATOPOB B TOPOACKOM IIEHTPE.

Jis MomenmupoBaHUS WCHONB3YeTCs CIEAyIollasl OINpelneieHHas MOoAelb. MONIHOCTh, MpUHUMaeMmasl OT
YIAICHHOHN TIepenaroeil CTaHITNH, MOXKET OBITh BhIpaXKeHa Kak:

£G,G,
b= ; (1)
L1l
17273
Trac:
P,.l ImpuHUMacMas CICKTpaJibHaA IIJIOTHOCTh MOUIHOCTM Ha BBIXOJAC AHTCHHBLI B

OTpECICHHON TMOJIoCe 4YacTOT (ONpe/eiCHHAs, KaK CICKTpalbHas IUIOTHOCTh
MOIIIHOCTH JJIA Tejiel nanHoro ananmusa (Bt/MIm));

P,: nmepemaBaemasi MOIIIHOCTh Ha BXOJIC aHTCHHBI B TOU e TOJOCE YaCTOT, ONPEACICHHON
JUTS TIPUHUMAEMON MOIIHOCTH (OMpeeNieHHas, KaK CIEeKTpajdbHAs TUIOTHOCTh JUJISI
neser manHoro aHaimsa (B1/MI'm));

I Jlns maHHOrO aHanmsa cYMTAETCS, YTO MUK JTyua M3MyueHHs KOHIEHTPATopa, paBHbli +8 1B(BT/MI'l) mocTuraeTcs

npu yriae mecta 0° Ipy Bcex yrilax a3suMyTa OT KOHIEHTpaTopa. Takxke CUNTaeTcs, 9TO COCEJHHE CEKTOPBI AHTEHHBI
paboTaroT Ha OJIHOM M TOM K€ YacTOTE, UCIOJIb3Ys OPTOrOHAIBHYIO JIMHEHHYIO MOJISIPU3ALILIO.
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G,: yCWJIEHHe Iepelarolieil aHTeHHBI B HAIIPABJICHWHU MIPHUEMHOI CTaHIIMH, OTHOCHUTEIHHO
M30TPOITHOTO U3ITydaTess (YUCHO0);

G,: yculleHWe IPUEMHOW aHTEHHBI B HAIIPABIICHUU TEPeJaloIIel CTaHIMN, OTHOCHTEIHHO
M30TPOITHOTO U3TydaTess (IUCHO0);

/i TmoTepu MpH pacnpocTpaHEHHH B CBOOOJIHOM IMPOCTPAHCTBE (YUCIIO);

12 . JOMNOJHUTCIIbHBIC  IIOTCPU B CBOGOILHOM IIPOCTPAaHCTBE H3-3@ HCCKOJIBKHUX
CTallMOHAPHBIX U 3aBUCAIINNX OT BpECMCHU aTMOC(bCpHLIX SIBJICHUH (‘lI/ICJ’IO);

[;: TmepexomHOE 3aTyXaHWE W3-3a TMOJSApH3AlUU (UUCIIO), PABHO EIUHUIIEC, ECIIH
Hepearolias ¥ NpueMHas aHTEHHbI MIMEIOT OJMHAKOBYIO MOJIAPU3ALIUIO.

[Morepu mpu pacrpocTpaHeHHH B CBOOOIHOM MPOCTPAHCTBE PABHBI:

2
4nd
h=—1. 2)
A
rie:
d: paccTOsHUE MEKIy NMepearomell  IPUEMHOMN CTAaHIUAME (M);
A IMHA BOJNHBEI (M).

Kaxnas crannus, nepeparomass Ha OJHOM YacToTe, CO3JAC€T JUHUIO PAJUOCBSI3H C MPUECMHHUKOM.
[lpyarMaeMass MOIIHOCTH OT KaXIOM U3 # IJIMHUH, B KOTOPBIX, KaK CYHMTAETCsd, IepeNatTcs
HEKOPEJUINPOBAaHHBIE CHUTHAJBI, J00aBiseTcs, (QOPMHPYS COBOKYNHYI NPUHUMAEMyI0 MOIIHOCTD,
paccunTaHHyIo 1Mo Gopmyie:

5 3
Z 4,12,13 ®

A€ MHOKHUTCIN ONTPCACIICHBI BBIIIC, a ILO6aBHeHHLIﬁ TMOJUHJIEKC I YKa3bIBaCT KAXXAYH0 JIMHUIO.

COBOKYITHBIE TIOMEXH SIBIITIOTCSI CYMMOH TTOMEX OT KaXKIOW Ieperaromieii cranmuu. [loMexu oT Kaxmoi
CTaHI[UU OMPECISIIOTCS HA OCHOBE YCHUJICHUS MEpeNaroliei U MpUeMHON aHTeHH, MPUHUMAas BO BHUMaHUE
BHEOCEBOH YTOJl COOTBETCTBYIOIINX aHTEHH.

JU71s1 IOBBIIIEHUS] CKOPOCTU BBIYHCIICHUH U YUUTHIBAsI, YTO HEKOTOPhIE MHOXKUTENIN IPAKTUYECKH HEU3MEHHBI B
OTZAEbHON 001aCTH pa3BepThIBaHUS, ypaBHEHHE (3) YTOUHSIETCS U IPUHUMAET BH/I;

m Gt Grz Z })tlj
_ Jj=1
=2 @
i=l 1i%2i%3i
rae:
q . KOJINYECCTBO KOHI.IeHTpaTOpOB B onpez[eneHHoﬁ O6J'IaCTI/I paSBepTI:IBaHI/IH;

m: KOJIMYECTBO 00JacTel pa3BepThIBAHUS.

IMocnenyromuii aHaIM3 MOKa3al, YTO IS MOJCITHPYEMBIX MOMEXOBBIX CIIEHAPHEB OLIMOKA, MOSBIIAIOIIASACS
M3-3a YIIPOIIEHUs B ypaBHeHNH (4), cocTaBisier meHee 1 nb.

2 Jlna perynmMpoBKM TJIABHOTO Jyda MEXIy JTHMHEHHO MOJApU30BAHHON Mepenaromeil aHTEHHOU (KOTOpas 0OBIYHO

ucnonp3yercs B @C) v npueMHBIME aHTEHHAMHE ¢ KPYTOBOW MOJISPU3aIel, CIUTAETCs, 9TO /3 paBHO 2.
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[Ipenmonaraercsi, 4to pasBepThiBaHue cucteM LMDS J0MKHO COOTBETCTBOBATH MECTOIONIOKEHUSIM
431 ropoJckoro IeHTpa, B KOTOPBIX, 1m0 oueHkaM Opranusanuu OObenuHeHHbIX Haruii, HaceneHue K
2015 roxgy mpesbicut 750 000 uenmoBek (cMm. ['opoackue armomepanuu, 1950-2015 (pemakuus 1996 roxpa),
Hoxapasaenenne OOH 1o BompocaM HapojoHacenenns, Hero-HMopk, Coenuuennsie IIITaThl AMepukH,
1996 rox (TOCTYTHO Ha AUCKETE)).

OMIupuYecKas CBsI3b MEKAY pajuycoM R, (KM) S5KBHBaJEHTHOW KpyroBoil obiacTu, cojepikamieil oOree
YHCIIO HaceJIeHus P, BbIpa)kaeTcs Mpy MOMOILIY YPaBHEHMSL:

szocxPB . (5)

brio obHapysxeno, uro it CoenuHeHHBIX 1lTaToB AMEpUKH B LENSAX MOTYYEHHS yIOBICTBOPHUTEIBHBIX
pesynbraros, o = 0,035 u B = 0,44. [lna apyrux paiioHOB MHpa ObLIO OOHAPYKEHO, YTO VISl MONYYCHHUS
yIOBJIETBOPUTEIbHOMU orieHkd oL = 0,0155 u 3 = 0,44.

VYpaBHeHue (5) MCHONB30BAIOCH U OLEHKH KOJIMYECTBA CTaHLUUI-KOHLEHTPATOPOB, HEOOXOAMMBIX IS
oOciy>KuBaHUsL OOJIACTH, OXBATHIBAIOIICH BCE HACEIEHHWE B TOPOJCKUX arjoMepanusx. YUHUThIBas, 4TO
KaXIblli KOHIIEHTPATOp OOCIY>KHBAaeT KPYroByl0 oONacTh pamuyca Rj, KOJIWYECTBO KOHILIEHTPAToOpoB N
COCTaBHT:

R
N =Int{ n R_p +0,5 1, (6)

h

rue:
N: KOIMYEeCTBO KOHLIEHTPATOPOB VIS MPEAIOIaraeMoro paauyca coThbl;
Int() : ompenenser nenoe 3Ha4YCHHE apTyMEHTa;
R,: OSKBUBAJICHTHBIH PasnyC rOPOACKON TEPPUTOPUH (KM);
R, pammyc oOpruHOM coTel LMDS (kM);
Mn: ¢akrop pactpenenenus (0 <n < 1).

Jiist MozienmupoBaHHs TPEATIONaraioch, YTO pagnyc COTHI paBeH 5 KM, M 4TO (HaKTop pa3BepTHIBAHHUS PaBEH
0,30. DTo 3HaueHwe (pakTOopa pa3BEpTHIBAHUS YUYHUTHIBAET SKOHOMHYECKHE, AeMorpaduuecKkue U
reorpadudeckre QakTopsl, a TaKXKe W TO, YTO HEKOTOpbhIe aIMHUHHCTPAIlMH MOTYT HMPUHUMATH MpaBUIIA,
B COOTBETCTBUHU C KOTOPBIMU COOTBETCTBYIOILMK AUAaNa30H HE JOJDKEH MCHOJb30BaThea it cucteM [1-MIIT
O®C. Camoe 060JbIIOE PACCUUTAHHOE KOJHMYECTBO CTAHIMI-KOHIICHTPATOPOB, MOJIYYEHHOE INPH TOMOIIU
6a3b1 maHHbIX Hacenenns OOH u ypasnenwii (5) u (6), paBHo 35 mms Hero-Mopka, Coenmnennsie IIITaTsr
Awmepukn u 11 mis Tokno, Anonms. MeTonuka maeT pe3yibTar, COTIACHO KOTOPOMY B MHUpPE JOJDKHO OBITH
pa3BepHyTO 944 CTaHIMII-KOHIICHTPATOPOB, padoTaroIIUX Ha ogHOW yacToTe. ClemyeT OTMETHTh, YTO B
nanHoM [IpuiokeHun paccMaTpUBaeTCs BCEMUPHOE pa3BEPTHIBAHKUE TOJIBKO KOHIIEHTPATOPOB, pabOTaIOMINX
Ha OJTHOW Y4acToTe.

OtanoHHas AuarpaMMa HampaBlICHHOCTH sl AHTEHH CTAaHIUH-KOHLEHTPAaTOpOB OCHOBaHa Ha
Pexomenpaniun MCO-R F.1336. BcenanpasieHHas quarpaMma MojiydeHa Ipu MOMOIIH YEThIPEX CEKTOPHBIX
AHTCHH, Kax7aas ¢ ycwieHueMm 15 nbu U mupuHOM Jydya B TOPU3OHTAJIBHOM IIOCKOCTH Ha ypoBHE 3 b,
paBHo# 90°. JIomOTHUATENHHO TPEAIIONIAraioch, YTO pas3Bsa3Ka M0 MOJISpH3AIUN BeIMYUHOW 3 nb y4uuThIBaeT
JUHEWHO TOJSPU30BAaHHYIO MEpelalonlyl0 aHTeHHY CTaHLMU-KOHIIEHTpaTopa U npuemuyto anteHHy CP/] c
KpyroBOH TMoOJspH3aled JUIsl CBSI3W OCEBOE HAMpaBIeHHE — Ha — OCEBOE HallpaBlieHHE. OTaJIOHHAs
JyarpaMMa HalpaBJICHHOCTH Iepelalolleil aHTCHHbI, HE YYMTHIBAIOILAS HHMKAKUX HAKJIOHOB BHU3,
COOTBETCTBYET CIeAYIOIIeH AuarpaMMe B BEPTUKAIbHON TNIOCKOCTH:
0 2
G(0)=G, —12 o | 0] <o, (7a)

3
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G(0)=G,-12—-10log 9 s | 0> 05, (7b)
0,

re:
G(0) :  ycuneHHE OTHOCHTEIHFHO H30TPOITHOW aHTEeHHEI (nbn);

MaKCHMaJbHOE YCUIICHUE B TOPU30HTANBHON TIIOCKOCTH (Ibu);

0 :  yron Mecra, U3MepEHHbIN B BEPTUKAIBHOM IIIOCKOCTH (TPayChl);

¢,: IIMPUHA AWArPaMMBbI B BEPTHKAIBHOM INIOCKOCTH 110 ypoH:o 3 1b (rpamycer).

_ 31000 x 107%1%
05 90 .

[lornomenne B atMoctepe B Tpakte LMDS-CPJl 6buto yuTe€HO TpH MOMOIIM CIEAYIOIUX YpPaBHEHHH,
KOTOphIe TpUMeHstoTcs Ha yactoTe 27,5 [T B coorBercTBUM ¢ Pekomennanueit MC3-R F.1404:

(7¢)

Apporar = 22,731 [1 +0,9463 0+ 0,03455 02 + £(0,3232 +0,4519 0)+ 1 (0,2486 + 0,1317 e)} (8a)

Ay =11,96 / [1 +0,8121 0+0,03055 6 + /(0,2619 +0,4728 0)+1409 hz} (8b)
A =877/[1+0,82590+5(0,2163+0,30376)+0,1067 4], (8¢)
re:

Arowrar ©  TIOTIIOIIEHWE B atMocdepe i TEPPUTOpUH  HA  HHU3KUX  IIMPOTaX

(Mexnay £22,5°) (nb);
Apigras ©  TIOTJIOIICHHE B aTMocdepe i TSPPUTOPUN Ha CpemHuX mmportax (Mexmy 22,5° u

45°) (ab);
Apires©  TIOTJIOIIEHHUE B aTMOChepe Jisl TEPpUTOPHI Ha BRICOKUX HIMpoTax (6osee 45°) (nb);

0: yrom mecra (rpagycsri), 0 <0 < 90°;
h: BBICOTa IEpeJaroliell aHTeHHBI HAJl CPETHUM YpoBHEM Mops (amsl) (km), i < 3 kM.

CuuTanock, 9YTO BEICOTA TEPEHAIOIICH aHTeHHBI s Kakaon cranmuu LMDS pasaa 0,50 kM Hag cpeaHum
YPOBHEM MOps.

CoytHuku CPJ] ncnonb3yroT ynpapisieMble IPUEMHbBIE aHTEHHBI C BBICOKMM YCHJIGHUEM [UJIS1 CIECKEHHUS 3a
CIyTHUKaMHU IIONIb30BATeNlI HAa HHU3KWX opoOwTax. J[Is TpOCTpaHCTBEHHOTO aHanmn3a He3aBUCHMBIMHU
MIEPEeMEHHBIMU SBJISIOTCS OpOWTanbHble MO3WIUU TreoctanmoHapHbix CPJl  (mogpasymeBaeTcs, 4YTO
HaKJIOHEHHE OpOUTHI paBHO HYJIIO) U IPOJOJBHEBIE U MOTIEPEYHbIE YIIIbl yIIpaBisieMblx aHTeHH. [IpomonsHbIe
U TIONEpEYHbIE YTIBl OMpeneNsoTcss B chepuueckoil cucreme koopauHaT ¢ neHtpoM B CP/. Ochp x
HampaBiieHa K IEHTPY 3eMIH, OCh ) YKa3bIBaeT B HANPABICHHH BEKTOpAa CKOPOCTH CITyTHHKA, a OCh Z
napajuiesabHa ocH BpameHus 3eminu. [Ipu onpeneneHnn J0KaabHOW CUCTEMBl KOOPAMHAT BpaIleHHE BOKPYT
OCH X Ha3bIBAE€TCA PBHICKAHBEM, BPAILLEHUE BOKPYT OCH Y HA3bIBAETCS KPEHOM, a BpAallCHHE BOKPYI OCH Z
Ha3bIBACTCS TAHTAXKOM.

[IpocTpaHcTBEeHHOE paclpeneleHne IMOMEXOBBIX YCIOBHUN ONpeenseTcs] MPOAONbHBIM M TOMNEPEeYHBIM
CcKaHMpoBaHueM mpuemHoi autenHsl CPJl ¢ mpupamenuem 0,2°. B kaxnoi Touke HaBeAeHus: aHTeHHBI CPJ]
COBOKYTIHBIC TTOMEXH OT M3MydeHN Kakmoi cranmmu LMDS B mpenenax suaumocti CPJl paccauThIBarOTCS
C yderoM yria mecra B HampasieHnu Ha CPJI, crmekTpanbHOM IUIOTHOCTH 3.M.M.M. m3nydeHuidt LMDS
B HanpaBneHun CPJl, mornomienus B aTtMmocdepe, paccTOsHUS W yCuieHus npuemHoil anteHHol CPJ] B
HarpasiaeHud Ha ctanuuio LMDS. Cuntaercs, 4To ycuieHue NpUEMHON aHTEHHBI B HalPpaBJICHUHU Ha OCEBOE
myderrne CPJ] paBHo 58 nbu npu muarpaMMe HampaBiIeHHOCTH, COOTBETCTBYIOIICH 3TaJJOHHON qUarpaMmme
HaIpaBJIeHHOCTH, yKa3aHHOH B Pexomennmamum MCDO-R S.672 nns aHTEHHBI ¢ KpyroBOM cuMMeTpued u
paBHO —20 nb Ha ypoBHE IepBOTO OOKOBOTO JIETIECTKA.
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G()=G,-12| -+ s 0< <129 s, (9a)
3
G(p)=G,-20 TUTSE 1,29 @3 <@ <3,16 o3, (9b)
G(9)=G, —20—25log| —>— s 3,16 @ < @ 11 G(¢) > 0, (9¢)
3,160,
G(p)=0 B IPYT'HX 00CTOSATENBCTBAX, (9d)
rue:
Gy: MakcHMalbHOE oceBoe ycuieHue (nbmn);
G(p): BHeoceBoe ycuieHue (abu);
(¢ : BHEOCEBOM yroi (Tpaaychl);
¢3: 3 nb mmpuHa quarpaMmel (Tpagaychl);
0, =+27000x107'% | (%)
2.2 Bpemennoe pacnpenesienue

BpeMeHnnbie XapakTepuCcTUKH ToMex mpuemHo cucteme CPJl Takke OMpenensioTcs KOMITHBIOTEPHBIM
MOJIETTMPOBAaHMEM, HO B JIaHHOM CIlydae HCIONb3yeTcs AMHAMUYECKOe MOJAETHpoBaHHe. TeXHUYeCKue u
JKCIUTyaTallMOHHBIE  XapaKTepUCTUKHM  CcTaHIUi-KoHUeHTpatopoB LMDS wu wux mnpeamnomaraemoe
pa3BepTHIBAHUE COBIMANAIOT ¢ omucaHHBIMU B II. 2.1. Cumraercs, uro cimytHuk CPJl ¢ XapakTepucTHKaMu
MPUEMHOMN CHUCTEMBI, ONIMCAaHHBIMH B T1. 2.1, pacrioyiokeH B MPEANUCAHHON re0CTalMOHAPHON OpOUTATEHON
MO3ULMU W JOJDKEH CIEAWTH 3a CIIyTHHKOM Ha HHU3KOW opOuTe, KOTOphIM mepenmaer curHainsl Ha CPJI.
Huskoli ciyTHUKOBOI opOHTO# siBisieTcst opouta Ha BbicoTe 400 KM, OTKIIOHEHHas Ha 51,6° oT TuiockocTH
9KBaTOpa — XapaKTEPUCTHKH OPOUTHI TUITMYHBI TSI MEXKIYHAPOTHON KOCMHYECKON cTaHnuu. B 1. 4 Taxke
OyJIeT paccMOTpeHa opOuTa CiyTHHKa HabOmroaeHus 3a nosepxHocThio 3emin (EOS) ¢ BeicoToi 800 kM u
yriaom HaksioHa 98,6°. Ilpenamnomnaraercs, uro npuemHas anteHHa CPJl oTcnexxnBaer 6e3 ommbOOK BUKEHUE
HU3KOOPOHUTAJIBHOIO CIyTHHKA IO €ro opbure ¢ maroM B 1 c¢. B kaxnoil Touke OpOUTHI OIpEAEISIIOTCS
noMmexu npuemMHoOU cucteme CPJl OT COBOKYIHOTO H3JIy4eHHS BCE€X CTaHUMH-KOHLEHTparopoB LMDS B
npenenax IMojisl 3peHHs Al KaKIOro OpOMTalbHOro meproaa Ha mpoTsbkeHuHu 10 mneit. OpOuTtanbHBIN
MIEPUO/ OIIPENeNsAeTCs Kak BpeMs paboThl MEKAY IOCIEA0BATEIbHBIM IIEPECCUEHIEM INIOCKOCTH SKBaTOpa B
HaIpaBJIeHUH C I0Ta Ha CeBep.

3 Pe3yabTathl UcciaenoBanus A

Ha pucynke 1 mokazaHo BcemmpHOe pacnpenenenne 431 oOmacteit pasBepThiBaHWA. PesynbraTh
MIPOCTPAHCTBEHHOTO pPacIpeeeHrs] ObUTH MOIYUYEHBI I ABYX HaOOpoB opOuTanbHBIX mo3uruii CPJ] u
MpUBEACHH B 1. 3.1. BpeMeHHbIe XapaKTepUCTHKH TOMEX MIPUBEACHBI B 11. 3.2.



Pex. MCJ-R F.1509-2 9

PUCYHOK 1

IIpeanosaraemeie MecTonoo:kenus cucrem LMDS

F.1509-01

31 IIpocTpaHcTBEeHHOE pacipeieieHue

Bbruto onpeneneHo aBa MHOXKecTBa. [lepBoe MHOKECTBO COJEPXKHUT OpOHUTATbHBIE MO3UIMH CTYTHUKOB CPJ|
s pabotel mon ympasineHneM CoenmHeHHBIX llltaToB Amepuku. IlpocTpaHcTBeHHOE pacmpeneieHne
nomex padore CP/l, pacrionoxeHHBIM Ha 3TUX OPOUTAIBHBIX TO3UILIUAX, ONIPEENIEHO ¢ MpupameHuem B 0,2°
Ha OCsX X U y. BTOpoe MHOKECTBO coepKUT Bce opOuTaibubie no3unuu CP/l, ykazanusie B Pekomennaunu
MC3-R SA.1276 xak opOuTambHBIC TO3UIIAN, KOTOPBIC TOJDKHBI 3AIIUINATHCS OT H3IIydeHui cucteM PC.

3.1.1 Opoutanbusie no3unuu CP/I na noarore 41° 3. 1., 174° 3. 0. u 85° B. 1.

Ha pucynke 2 mpuBefeH KOHTYPHBIM IUIaH MPOCTPAHCTBEHHOIO pacmpeneneHus nomex cuytHuky CPJI Ha
reocTanoHapHol opoburte B Touke 41° 3. 1. [lmaH ocHOBaH Ha CHEKTPAIBHOHN IIOTHOCTH 3.M.M.M., paBHOU
+8 nb(B1/MI'11) B nOKanbHOW TOPU3OHTANBHON IMJIIOCKOCTH OT KaXKIOW cTaHIMU-KOoHUeHTparopa LMDS B
30H¢ Buaumoctu cnyTtHuka CPJI. VYBenuueHue B CHEKTPAIbHOM IUIOTHOCTH 3.M.M.M. BCEX CTaHLHUMU-
KoHIIeHTpaTopoB Ha 1 nb mpuBenmer k yBenumdenuro momex CPJ] ma 1 nb. MakcuManbHBIH YPOBEHHb TOMEX
=139 nb(B1/MI'1) HaOntomaercs mpu yriie HaBeaeHus anteHHsl CPJ] 5° mo ocu x u —7,2° mo ocu y,
MUHHMaNbHBIH ypoBeHb momex Mmenee —180 nb(B1/MI'm) nabmromaetcs, xorma npuemnas antenHa CPJ]
HaBezieHa Ha FOHBIN momfoc. DT yPOBHU JIEXAT B AWAINla30He OT BEIMYUHBI HA 9 b BBIIE U 10 BETHYHUHBI
Ha 32 n1b MeHblle YpOBHS 3alluThl, MpuBeneHHoro B Pexomenmammun MCD-R  SA.1155. Ecmm
NPENNONOKUTh, YTO CIEKTpajJbHas IJIOTHOCTh 3.M.M.M. BCEX CTaHIMI-KOHIEHTPAaTOPOB paBHA
+8 nb(B1/MI'11), To momexu cucreme CPJI, mpexme Bcero, OymyT HaOMIOAAThCA TPHU CISKESHUH 32
HU3KOOPOUTATFHBIMHU CITyTHUKAMH OKOJIO Kpast 3eMHOTO ANCKA B CEBEPHOM Moiyinapuu. CiieyeT OTMETHTb,
4YTO 00JIaCTh, BBIXOISINAS 3a mpenensl ypoBHs 3amuTel CP/l, oTHOCHTENnbHO Majia, U YTO B OOJBIIMHCTBE
MTO3UIIMI CYUTHIBAHUS 3aIUTHBINA ypoBeHb CP/] oOecrieunBaeTcs.
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PUCYHOK 2

IIpocTpancTBennoe pacnpeneaenne nomex (1b(B1/MI'n)) cnyrauky CPJl, pacrosio:keHHoMY Ha goarore 41° 3. 1.,
co31aBaeMsIX OT 431 ropoaa Bo BceM MHpe, IPHHHAMAsI BO BHUMaHHe padoTy 944 KOHIEHTPATOPOB ¢
+8 (1b(B1/MTI')). Boabmoii kpyr — 3710 Auck 3emau. OTmeuensl ABe 001acTu B CeBepHoii AMepuke
U ofHa o0s1acTh B EBpone, moMexs 0T KOTOPBIX NPEBBIIAIOT YPOoBeHb 3auThl CPJI

Cnyrauk CPJ] Ha nonrore 41°3. 1., ckanupyromuii 3emuno ¢ marom 0,2 °©
—140
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A 155

L1160
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-170
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| -180
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0630p FOxkHOro/CeBepHOTO M0y I1apuii 3eMiu pu
spauiernnt CPJ B P OTHBOTIONOKHOM HAIPaBJIEHHH OCH Y

-8 -6 -4 -2 0 2 4 6 8

00630p 3anaaHoro/BoctouHoro nomyiapuii 3emim
nipu BpanieHnu CPJ] Bokpyr ocu ZTpamycs)

F.1509-02

Ha pucynkax 3 u 4 mokasaHO NPOCTPaHCTBEHHOE paclpelesieHHe MoMex opourtanbHbiM nosuusiMm CPJ]
174°3. 0. m 85°B. m. cooTBeTcTBeHHO. OHM TIOXO0XH Ha pe3ynbTarthl mist 41°3. 1. Jns opoOurampHOM
nosuruu CPJ] 174° 3. 0. cymmapHble MUKOBBIC momexu paBHbl —144,9 nb(Bt/MI'm). [ns opOutanbHOU
no3uru CPJI 85° B. 1. MakcumanbHbIe ToMexH paBHbI —146,0 nb(B1/MI'mm). Kak u B ciy4ae ¢ opOuTansHOU
mozureir CPJ 41° 3. 1. MakcuManbHBIE YpOBHH NOMEX HaOMOJaroTcs, Korga mpuemHas anteHHa CPJ]
HampasJjieHa Ha TOPOJCKHE LIEHTPbI, KOTOPBIE HAXOIATCS HA WM PSIOM C KpaeM 3eMHOr0 JHCKa.
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PUCYHOK 3

IIpocTrpancTBennoe pacnpeneaenne nomex (1b(Br/MI'n)) cnyrauky CPJl, pacnosno:xeHHoMy Ha goarore 174° 3. 1.,
co31aBaeMbIX OT 431 ropoa Bo BceM MHpe, IPUHUMAsi BO BHHMaHHe padoTy 944 KOHIEHTPAaTOPOB € 3.H.H.M.
+8 (ab(B1/MI'nm)). Boab1moii kpyr — 310 AUCcK 3eMJIn

Cnytauk CP/l Ha momrore —174°%. 1., ckanupyromuii 3emito ¢ marom 0,2 ©
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0630p 3anagHoro/BocTOUHOTO TMONY AP Hid 3eMITH
npu Bpamenun CP/] Bokpyr ocuz (Tpamycsl)
F.1509-03

PHUCYHOK 4

IIpumep nomex (1b(B1/MI'n)) cnythuky CPJI, pacnoJjiosxkenHomy Ha goJrote 85° B. 1. ot 431 ropoaa Bo BceM mMupe,
NPUHHMAsi BO BHUMaHHe padoTy 944 KOHIEHTPATOPOB € 3.M.H.M.
+8 (aB(B1/MTI'm)). Boabmoii kpyr — 310 TUCK 3eMuin

Cnyrauk CP/] Ha nonrore 85° B. 1., ckaHupyrommii 3eMito ¢ marom 0,2 °©
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&
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0O630p 3anagHoro/BocTouHOro nomymmapuii 3emim
nipu BpameHuu CPJ] Bokpyr ocu ATpamychl)

F.1509-04
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3.1.2 Opoutanabubie no3unuu CPJI, ykazannsie B Pekomennannu MCI-R SA.1276

B Pexkomenganmn MCD-R SA.1276 nepeuucneno 23 opOutanbabix nozunuii CPJl, koTopbie IOIKHBI
3alMInaTecss Mo Mepe Bo3MokHOCTH (Pexomenmanms MCD-R F.1249), or momex, NpeBBIIAIONINX
sanuTHBIN ypoBerb CPJI, ot cucrem ®C, paboraromux B mosioce 25,25-27,5 I'T. B Tabnune 1 06001meHb!
pe3yabTaThl MOJCTUPOBAHUS MHKOBBIX TMOMEX JUIS KaKAOH OpOMTaNbHOW MO3HMLMH, ONpENENIeHHOH B
Pexomenmauuun MCD-R SA.1276. Hcnonb3oBanach 4yacToTa pa3BepTKd, paBHas 0,2° mo ocsiM x U ).
B tabnune 1 Takxke yka3zaHbl M3MEHEHHS NMHMKOBBIX YPOBHEH MOMeEX, KaK OHM M3MEPEHBI CO CTaHIapTHBIM
OTKJIOHeHHEeM, MeHee 4 n1b co Bcex opOuTanbHBIX No3uiuid. [laHHoe HaOIOAEHHE Mpennojaraet, 4To
W3MEHEHUS ITUKOBBIX MTOMEX OT OPOUTANBHOM MO3UITUH K OPOUTAIBHOM MO3UIINH OTHOCUTEIFHO HEBEIUKH.

B Tabmume 1 mpuBenaeH KpaTkuii 0030p MHUKOBBIX ITOMEX OT HAmpaBICHUS CKAHUPOBAHUSA IS KaKIOH
opbutanpHOl mno3uuuu. CyMMapHOe IHKOBOE 3HaueHHWe B cpegHeM cocraBiser —144.3 nb(Bt/MI'm).
MaxkcuManbHbIE CyMMapHBIE IIOMEXH, TIOJy4YaeMble B JTF000i OpOUTANBHOI TO3UIIMK U JTFOOOM HalpaBiIeHUN
ckaHupoBaHus, ObUIH paBHB —139 nb(BT/MI'm). Takke mpuBeaeHa OIS ITOMEX OT 00JIACTH pa3BepTHIBAHMUS,
BIIMSIIONIEH OO0JIbIIIE BCETO HA CYMMapHBIE IIUKOBBIE IIOMEXH.

PesynbTaThl MOOENMpPOBaHUS MTOKA3BIBAIOT, YTO MHKOBBIE TIOMEXH OT MIMPOKOMACIITAOHOTO pa3BepTHIBAHUS
cucreM LMDS mpumepHo Ha 3 nb Oonbime momex, co3maBaeMbIX OJHOW OOJNACTBIO Pa3BEPTHIBAHUA.
B tabmure 1 Taxke moka3aH COBOKYIHBIN K03()(OUIMEHT YCUIICHHUS, ONIPEICICHHBIN 31eCh Kak pa3Hula B 1b
MEXy CyMMapHbIMU MUKOBBIMHU ITOMEXaMHU U TIOMEXaMH OT OCHOBHOTO MCTOYHUKA. CpeaHUil COBOKYIHBIN
ko3dduument ycuienuss paseH 2,5 1b. MopnenupoBaHue npeanonaraer, 4ro B CPEAHEM CyMMapHbIE
MIUKOBBIE COBOKYITHBIE IOMEXU HAXOAATCA B Mpeaenax 2,5 1b oT momex, co34aBaeMbIX TOPOJCKUM LIEHTPOM,
SIBIISTFOIIIMMCSI ICTOYHUKOM OOJITbIIIeH YacTu moMex. B wrore pemieHo, 4To COBOKYIHAs 3.M.U.M. TOPOJCKOTO
LEeHTpa, T.€. CyMMa 3.M.M.M. OTACIBbHBIX KOHIEHTPATOPOB B HAIPaBICHUHU OINpEIeIEHHON OpOHUTamIbHON
no3uuuu CPJ] MoXxeT ncnonb3oBaThes AJS NIPEICKa3aHUs IHMKOBBIX ITOMEX, KOTOphIE, CKOpee BCero, OyayT
HaOmonaTbes Ha OonpmHCTBe o3uiuii CPJI, ecin Kk COBOKYIHOI 3.1.1.M. TopoJia 100aBuTh 2,5 ab.

W3 nmannpix B Tabmuie 1 BHIHO, YTO CPEAHHUN Yrojl MECTa IO HAIMpPaBICHUIO K CIYTHUKY OCHOBHOTO
HCTOYHHMKA TIOMEX paBeH npuMepHo 7°. Hukorna He HaOMr0Aamich MUKOBBIE TIOMEXH, BBI3BAHHBIE 00JIACTHIO
pa3BepThIBaHMs, BUJUMOM 10| YTIIOM MecTa MeHee 1,5°.

W3 npamHpix B Tabnmme 1 Takke MOXKHO CJeNIaTh BBIBOJA, 4YTO €CIM MEpejarolias aHTCHHA
cTaHnuu-KoHIeHTparopa LMDS moka3biBaeT TOMOTHHUTEIBHOE 3aTyXaHWe Ui yIiia Mecra Oonblie 5°, To
CyMMapHbIe IOMEXH, TPHHIMAEMbIe B HECKOJIBKIX OPOUTABHBIX TO3UIUAX, OYIyT CHIDKCHBI IIPUMEPHO Ha
3HAYCHUE JOMOTHUTEIBHEIX MOTEPh B aHTeHHE. TakuM o0pa3oM, peryiaupoBanue (HOpMbl MIOCKOCTH MECTa
nepenatomieid anTeHHel LMDS MOXeT SBIATBCS TOJNE3HBIM TIOJXOJOM, JUIS HEKOTOPBIX obnactei
Pa3BepTHIBaHUS C LENbI0 YMEHBIIICHUS TIOMEX B HANIPaBICHUH ONPEACTICHHBIX OpOUTanbHbIX mo3uiuii CP/I.

B Tabnuimy 1 Takke BKIIOUEHBI JOXKICBBIC KIMMATHYCCKHE 30HBI (30HBI JIOKICH), YKa3aHHBIC B
Pexomenmanun MCD3-R  P.837, sBusrommecs OCHOBHBIM HCTOYHHKOM TtoMex. QOskumaeTcs, 4dTO
SKCIUTyaTallMOHHasi MOIIHOCTh CTaHIIMU-KOHIIEHTpaTopa OyaeT 3aBHCETh OT MapaMeTpoOB IOCTYIMHOCTH
KaHaja, IPOTSHKEHHOCTH JIMHUU CBSI3U U JIOKAEBON KIMMATUYECKOW 30HbI, B KOTOPON HAaXOIUTCS CUCTEMA.
B Pexomenmammmm MCD-R  F.758 comepkarcs ocoOble 3amedaHus [isi 00OpyIOBaHHS B IOJIOCE
25,25-27,5 I'Tu. B tabnume 17 Pekomenmariuu MCD-R F.758 B [Ipumeuanun 8 yka3sIBaeTCsi, YTO CUCTEMBI,
paboTarolue ¢ pacCTOSHUSMU JI0 5 KM U CO CIEKTPAIbHOHN IIOTHOCTHIO 3.U.1.M., paBHoii +8 nb(B1/MI') Ha
KOHIIEHTPATOP, 00eceunBaroT dHepreTuueckuii 3anac nuaun B 37 nb. B Pexomenmanmn MCO-R. F.755, u B
YacTHOCTH, B TaOnwie 8, yKa3pIBaeTcs, YTO JHepreTmdeckwid 3amac 37 nb Ha JTWHWUW JUIMHOH 5 KM
JoctaroueH st noanepxkanus 0,9999 rotoBHocTM KaHaima B JOXKIEBOM kimMatuueckod 3oHe K.
OHepreruueckuil 3anac auHuM B 37 nb HemoctaTtoueH mist 0,9999 nocTynHOCTHM KaHala B TOKIEBBIX
KIIMMAaTHYECKUX 30HAaX, KOTOPBIE MMEIOT IIOTHOCTH JOXKIS OONbIe, YeM B JOXKICBOW KIMMATHIECKON
3oHe¢ K. DTO mMO3BOJNSET cAenaTh MpeaBapUTEIbHBIN BBEIBOA O TOM, 4TO cucTeMbl LMDS B m0XAeBBIX
KJIIMMAaTUYECKUX 30HAX C IJIOTHOCTBIO JOXKIS MEHBIIE, YeM B JOXKJEBON KiumaTuueckoil 3oue K, moryt
paboTaTh Ha PacCTOSHUM 5 KM C 3.M.M.M KOHIeHTpaTopa MeHblne 8 ab(BT/MI'1), 1 94TO MOXHO CHH3UTH
nmomexu CPJI. Take aemaeTcss BBIBOJ, YTO CHCTEMBI B JIOXKIEBBIX KIMMATHYECKHX 30HAX C IIOTHOCTHIO
Ol OOJBIe, YeM B JOXKIEBOM KIMMaTHYeCKOW 30He K, Moryr umerh orpaHuueHus B paboTe, s
HEKOTOPBIX 30H pa3BEpPThIBAaHUS, €CIU IUIOTHOCTh 3.M.M.M. KOHILIGHTpaTOpa OrpaHHYEHa 3HAYCHUEM
8 nb(BT/MI'11) ¢ menpro yIpomeHus: COBMECTHOTO Hctonb3oBanus ¢ CP/I.
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TABJIUIIA 1

13

O06001eHe MUKOBBLIX MoMeX B 30He BuauMocTi CPJl Ha opOuTanabHbix mo3umusix CPJI,
ykazaHHbIX B Pexomenaanun MCI-R SA.1279, B npeanonoxkennu, 4To B 431 ropoae mo sceMy MUpPY
padoTraer 944 craHuMu-KoHIeHTpaTopa c +8 n1b(B1/MI'n)

Jlo:xaeBas D.1.4.M. OcHoBHOIi CymmapHblie
B. 1. C.m. B.1 KJINMATH- obsacTn HCTOYHHK omexn o1 NMUKOBBIE
OpOUTAJILHOW | OCHOBHOIO | OCHOBHOIO Heckast sofa OCHOBHOTO TIOMEX BHICH OCHOBHOTI'0 TIOMEXH HpH CymmapHoe
MO3UIIHH HeTounnKa | merounmka | CCHOBMOTO uerottuia 1104 yr1om HCTOYHHKA Haupas.etun ycuieHue
cnyTHuKa HoMex HoMex HCTOYHHKA nomex B MecTa B HoMex Ha OCHOBHOI{ (1B)
(rpanycsr) (rpaaycsl) | (rpamycer) KOE:::::)ZI- nanp é;}]{eﬂuu nanp (z;;;[eﬂnu (ab(B1/MTI'm)) uc;;);:: "
TOpa (aB(BT/MTI'm)) | (rpamycs) (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 1,3
—44 34,000 -118,167 29 E 21,5 4,6 —-140,2 -139,3 0,9
—41 34,000 -118,167 29 E 224 2,2 -140,3 -139,0 1,3
-32 40,750 —74,000 35 K 13,0 26,5 —145,7 —-145.4 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 2,9 -151,1 —-145,6 5,5
85 48,130 16,220 1 K 6,4 5,5 -153,9 -146,7 7,3
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 7,3 8,3 —-154,9 -150,1 4,8
121 36,200 44,017 2 K 10,8 2,1 -151,4 —148,4 3,0
160 37,750 —122,500 10 D 17,9 1,5 —145,3 —143,8 1,5
177,5 34,000 -118,167 29 E 14,2 12,6 —-146,4 1453 1,1
Makcumym 14,2 26,5 —140,2 -139,0 7,2
B cpennem 14,7 6,7 —146,4 -144,3 2,5
Cr. ycT-BO 4.4 5,3 4.4 34 1,9
Munumym 6,4 1,5 -154,9 -150,1 0,2
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3.2 BpemenHoe pacnipenesnenue

Bpemennbie xapakrepuctuku nomex CPJI mpu oTcnexuBaHMM CITyTHHKA MOJB30BATElNsl HA HU3KOW opOHTE
ObUTH paccuuTaHbl it opOuTanbHbx no3uuuii CPJl, nepeuncnennsix B Pexkomennmammu MC3-R SA.1276,
T.e. 41°3. 1., 174° 3. 0. u 85° B. 1. MexnyHapoaHasi KOCMUYECKash CTAaHUUS SIBJISIETCS PAaccMaTpUBAEMbIM
CITyTHUKOM TIOJIB30BATENsI HA HHU3KOOPOWUTAIBHOW OpOMTE, KOTOpHIM meiicTByeT Ha BeicoTe 400 KM, C
OTKJIOHEeHHEM 51,6° OT ITOCKOCTH IKBATOPA.

JuHamuueckoe MOJENMpoBaHHE MpoBoawiIoch aist 10 mHeld opOuTanbHOrO BpeMeHH ¢ maroM B 1 c.
B kaxmoM wWHTepBajie COBOKYITHBIC ITOMEXH OT W3IyYeHHWH BCEX CTaHIMH-KOHIEeHTpaTopoB LMDS B
Ipeienax 30Hbl BUANMOCTH PAaCCUNTHIBATINCH U UCIIOIB30BANINCH I OTNpeesieH!s] KyMYJISITUBHON (YHKIMU
pacnpeneneaus (CDF) momex mis AaHHOTO KOHKPETHOrO OpPOMTalIbHOTO Mepuofa. Tak Kak B TeUeHHE
10 nuelt Habmronanock 145 o6opoToB Mo opOHTE, B pe3yibTaTe BCEX AMHAMHUYECKHUX MOJCIHPOBAHHNA OBLIO
noryueHo 145 ¢ynkmuit CDF. Ha pucynke 5 mpuBemeHO ceMEWCTBO KPUBBIX BEPOSTHOCTH IPEBBIMICHUS
YPOBHS ITOMEX IS OTAENBHBIX, MOCIEI0BATENbHBIX 000POTOB HU3KOOPOUTATIBHOTO CITyTHUKA TOIB30BaTENs
s CPJl, pacrionoskeHHoro B Touke 41° 3. 1. ['padmku COOTBETCTBYIOT YPOBHSM MOMEX, TPEBHIIICHHBIM B
teuenne 99%, 20% u 0,1% opbOuranpHOTO MEeproAa. ITO CEMEHCTBO BEPOSTHOCTEH MPEBHIMICHUS YPOBHS
HaHEeCeHO Ha rpaduK, TJe YPOBEHb IIOMEX OTJIIOXKEH 1Mo abcImcece, a BpeMs Hadala [epruo/ia, Koraa CIyTHHK
BuaeH cnyTHUKY CPJl, oTnoskeHo Ha ocu opauHat. Takxke Ha 3TOM PUCYHKE NOKa3aHa BEpTUKaIbHASI YepTa,
cooTBeTCTBYyIOmIIast ypoBHIO momex —148 nb(Bt/MI'm). Ha pucynke BuaHO, uto cymectByer 11 opOwur,
KOTOpble OyIyT WCIBITBHIBATh TOMEXHW C YPOBHEM, MpEBHIIAIOIINAM ypoBeHb —148 nb(B1/MIm).
JlONOMHUTENPHO Ha STOM PHUCYHKE YKa3aHO, YTO BpeMs MEXIy opOuUTaMu, KOrJa MOMEXH MPEBHILAIOT
ypoBeHb —148 nb(B1/MI 1), BappHpyeTcss 0T MUHUMAIIBHOTO, paBHOTO 7,7 9ac, 10 MakcUManbHOTO — 71 4ac.
Ha pucyhke 6 nmoka3aHbl OTAEIbHBIE BPEMEHHBIC PAIbI IOMEX AJIS IIEPHOAa BPEMEHH, KOTla YPOBEHb IIOMEX
npesbimaer —148 nb(Bt/MI'm). Kak mokasaHo Ha 3TOM pHUCYHKE, UIMTEIFHOCTh TOMEX, MPEBBIIIAIONIHX
3allUTHBIN YpOBEHbB, BapbupyeTcs oT MeHee 10 ¢ 1o menee 60 c.

PUCYHOK 5

Bpemennble xapakTepucTuku s cnyTuuka CPJI, pacnosioxkeHHoro Ha 41° 3. 1.
MPH OTCJIEKMBAHMH HU3KOOPOUTAILHOTO CITyTHUKA MOJIb30BaTeJIsl
HA OpOUTE THIIA OPOUTHI MEXKIYHAPOAHONH KOCMHYECKOI CTAHIMH

Pesynerat amst qonmrorsr 41°(Bpemst oOpanienus 10 nueil ¢ maTepBanioMm 1 ¢)
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PUCYHOK 6

IIpumepsl nomex ais cnyrauka CPJI, pacnogo:xkennoro Ha 41° 3. .
NPH OTCJIEKMBAHMH HU3KOOPOUTAIBHOIO CIYTHUKA MOJIb30BaTeIs
Ha opOHUTe THIIA OPOUTHI MEKIYHAPOAHOH KOCMUYECKOH CTAHIMHT
(em. . 3.2)

Bpemennast nuarpaMmmMa BHTKOB, IpeBbimaomux —148 1K BY MI'n) ans41° 3. a.
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Yoers (1b(B1/MI1))

Bpewmsi (¢)

F.1509-06

Ha pucynke 7 npuBeZieHbI CPaBHUMBIC PE3YJIbTaThl Ajis opOuTanbHoi nozunuu CPJl 174° 3. n. [lns naHHOU
MO3HULIMH CylIecTBYeT 12 opOUT, KOTOphIe OyAYT UCIBITHIBATE TOMEXH, MPEBHIIAIONINE 3alIUTHBIN YPOBEHB
B TeueHue 6osiee uem 0,1% opOuranbHOro nepuona. J[OmoNHUTENBHO, HA 3TOM PUCYHKE YKa3bIBA€TCS, YTO
BpeMs MEXIy OopOMTamMH, KOraa rmoMexu npesbimarot —148 nb(Bt/MI'1), Bappupyercss OT MUHUMAIILHOTO,
paBHoro 6,1 gac, 1o MmakcumanbHoro — 30,9 gac. Ha pucynke 8 nmpuBeneH BpeMEHHOM psij KaXI0To Neproja
noMex. [ng naHHOM opOWTaNBbHOM MO3MLMH AJUTEIBHOCTH MOMEX, NPEBBIMIAIONINX 3allUTHBIA ypOBEHBb
—148 nb(B1/MI'1), BappupyeTcs oT mpuMepHO 5 ¢ 10 50 c.

PUCYHOK 7

BpemeHHbIe XapakTepucTuKH 11 cnyTHuka CPJI, pacnoso:kennoro Ha 174° 3. 1.
NPH OTCJIEKMBAHUM HU3KOOPOUTAIBLHOTO CIIyTHHKA I0JIb30BaTeIs
Ha opOuTe THIA OPOUTHI MEKAYHAPOIHOI KOCMHYECKOIH CTAHIUHI

PesyneraT 0 nomrorsl 174°3. 1. gpems oOpamenus 10 quel ¢ uHTepBasoM 1 ¢)
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F.1509-07
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PUCYHOK 8

[pumepsl nomex aas cnyrauka CPJI, pacnosio:kennoro Ha 174° 3. 1.
MPH OTCJIEKUBAHNN HU3KOOPOUTAIBHOI0 CIYTHUKA MOJIb30BaTe s
Ha OpOHUTe THIIA OPOUTHI MEKIYHAPOAHOH KOCMUYECKOH CTAHIMHT
(em. . 3.2)

BpemeHnHast iuarpaMmma BATKOB, IpeBbiinaromux —148 1K BY MI'n) st 174° 3. 1.
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Ha pucynke 9 npuBeneHsl BpeMEHHBIE XapaKTepUCTUKU MToMeX 7151 opOuTanbHoi nosurun CPJL 85° B. 1. Ha
PUCYHKE MOKa3aHO, YTO KpuTepuu 3auTsl U3 Pexomenpaunu MC3-R SA.1155 BemoaHAIOTCS A KaxaA0U
OpOUTHI CITyTHUKA, HAXOJAIIETOCSd Ha OpOUTE, AHAIOTHYHOW OpOWTEe MEXKIYHAPOJTHOH KOCMHUYIECKOM
CTaHIUH.

PUCYHOK 9

BpemenHnble xapakTepucTuku st cnyTHuka CPJI, pacnosioxkenHoro Ha 85° 3. 1.
NPH OTCJIEKUBAHMHM HU3KOOPOHMTAJIBHOIO CIYTHUKA II0JIb30BaTe s
HA OpPOUTEe THIIA OPOUTHI MEKIYHAPOAHONH KOCMMYECKOIi CTAHIMH

Pesynbrar 1ist 1omrothl 85 °B. 1. (Bpemst oOpamienus 10 guel ¢ unrepsaiom 1 ¢)
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B tabmure 2 0600111eHb BpeMEHHBIE Pe3YIbTATHI.
TABJIMLIA 2
KpaTKOC H3JI0KECHUEC BPEMEHHBIX ITOMEX, I, pPe3yabTaThbl
Opou- O0mee JIUTeNbHOCTL MEKAY
TaJlbHAsA KOJIN4eCTBO opouTaMu, Koraa Kc(:i“:::::oleiﬁgT 151 opOMT, HA KOTOPBIX
NO3U LU OpOUT CIYTHHKA I<-148 n1b(BT/MTI'n) I> —1148 B(,BT/Nl[]F ) 1>-148 n1b(B1/MI'n)
CPJ | (~1,6 uac/op6ura) (1) A "
JlmuTensHOCTh IIporent IMukosoe [
1>-148 OpOHTHI (nb(B1/MI'm))
nb(Bt/MI'n) 1>-148
(c) 1nb(Bt/MI')
174° 145 ot 6,1 10 30,9 12 ot 5 10 50 ot 0,1 10 0,8 -143.,8
3. 0.
41°3. 1. 145 or 7,7 no 71 11 or 10 0 60 o1 0,2 10 1,0 -137,8
85° B. 1. 145 H/1 0 H/1 H/1 —148,3

) HeGonpllas pasHuIa B MHKOBBIX YPOBHSX, MOJYUYEHHBIX TIPH BPEMEHHOM H IPOCTPAHCTBEHHOM aHalu3e, obycioBieHa 3 deKkTaMu BhIGOPOK

MEXy OPOCTPAHCTBEHHBIM U BPEMEHHBIM aHAJIH30M, HEOONBIIMMH PA3IUYUAMH MOJENEeH B IIMPUHE IHArpaMMbl HAPABICHHOCTH aHTEHHbI
KOHIIEHTPATOPA 10 YTJIy MECTa 110 YPOBHIO 3 1B, pasmuyusiMH HCTOYHHKOB MOIYICHHUS BEPXHEH TOUKH OOKOBBIX JIEMIECTKOB, pabodeil 4acTOThI
1 BKIIFOUCHHUS B IPOCTPAHCTBEHHYIO MOJIEIb BIHHUS n3rnbda B arMochepe (Pexomenganust MCO-R F.1333).

B 3akmioueHMM MOMKHO CKa3aTh, YTO Ha HPOTSIKEHUU HECKOJIBKUX OPOWT, B KOTOPBIX YPOBEHb IIOMEX
npesbimaer —148 nb(B1/MI'm), 3amuTHBI ypoBeHb NpeBBILIACTCS HEMHOrHM Oojee, yeM Ha 0,1% mns
Xyauero ciydas B TedeHue npumepHo 1% Bpemenm ans CPJI, pacnonokeHHBIX B Toukax 41°3.1. u
174° 3. 0. Jna CPJII, pacmojio)KeHHOTO B TOYKe 85°B. . 3alMTHBIE KPHUTEpUH u3 PexomMeHmarmu
MCD-R SA.1155 BeimonHAOTCA.

4 PesyabTatsl UcciaenoBanusa B

B crnenyronx pasgenax mpeAcTaBiIeHBl pe3yabTaThl BpEMEHHOTO M MPOCTPAHCTBEHHOTO aHAJIM3a Ha OCHOBE
JpyTUX UcceoBaHUi. B qaHHOM HccienoBaHuu OyIeT paccMaTpUBaThes CIEKTpalibHas IUIOTHOCTD 3.W.H.M.
Ha CTaHIMIO-KOHIIEHTpaTop, paBHas +14 nb(B1/MI'm), ¢ y4eroM TOro, 4To ONpEICIICHHBIC CHUCTEMBI
TpeOyIOT, YTOOBI IIOTHOCTH 3.W.M.M. Oblna Oonbiie +8 nb(B1/MI'mm). ByayTt paccMmaTpuBartbcs 1Ba CIyTHUKA
TIOJTH30BATEISI: MEXIYHApPOIHAS KOCMHYecKas cTaHIus (BeicoTa opOuTsl 400 kM 1 yron HakimoHa 51,6°) u
EOS (Bricota opoutsl 800 kM 1 yroa HakiaoHa 98,6°). Bmecto kputepus 3aumutel —148 a1b(B1/MTI'11) Oyaer
WCTIONIb30BaThCSI KPUTEPUH COBMECTHOTO Mcoib3oBanus —142 nb(B1/MI'm).

4.1 Pe3yabTarhl — BpeMeHHOH aHAIU3

Jig neneit JaHHOTO aHaIM3a MPEACTaBIEH CIEHApUi HAaUXyALIEro ciaydas loMeX, KoTopsM siBiserca CP/l B
touke 41° 3. n. Ha pucynke 10 moka3aHbl COBOKYITHBIC H3TYUSHHUS OT KOHIIEHTpaTopoB LMDS, moinydeHHBIX
CP/] BO Bpems ciexeHHs 3a MEXIyHapOIHOM KOCMHUYeCKO# craHiueil B Tedyenne 30 gHel ¢ maroM B 5 c.
Ha pucynke 11 npeacrasnen takoi xxe rpaduk ans CPJl, cnensmum 3a EOS.
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I (nb(Br/MI'n))

I (nb(Br/MI 1))
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PUCYHOK 10

Momexu CPJl, pacnioo:xeHHOMY Ha 41° 3. /1., BO BpeMsl CJIe:KeHHSs
3a Me:KAYHAPOJHOMH KOCMHMYeCKO# cTaHuel

Bpewmst (1am

PUCYHOK 11

MMomexu CPJI, pacnono:xkeHnomy Ha 41° 3. 1., npu orciae:xkusannu EOS
p Yy p

30

F.1509-10

——
—

Bpewmst (nun)

30

F.1509-11

Kak mokazano Ha 000MX PUCYHKaX, U3IY4YEHUsS OT pa3BepHYThIX craHimii LMDS, paboTaromux ¢ 3.1.1.M.

+14 nb(BT/MI'l1) Ha OAHY CTaHIMIO-KOHIICHTPATOP,

B OCHOBHOM,

OKa3bIBAIOTCA HUIKE KPUTCPUA

coBMmecTHOTO mcrnonb3oBanus —142 nb(Bt/MI'n). Jns CPJl, ciensmiero 3a MeXIyHapOJHOW KOCMHYECKOH
CTaHLMEH, CyMMapHble HW3Iy4YeHMs, MPEBBIMIAIONINE 3HAYEHHsS KpPUTEpUs COBMECTHOTO HCIIONb30BAHUA,
HaOIIO/IAI0TCS TOJBKO B TeueHue npumepHo 0,1% Bpemenu 3a Bech 30-AHEBHBIN Meproa. DTO MOKAa3aHO Ha
pucyHke 12. Kak mnoxkazaHo Ha pucysHke 13, cymmapHble H3Iy4eHHs, NpHHMMaeMmble cucremor CPJI,



Pex. MCJ-R F.1509-2 19

cnegamen 3a EOS, mpeBbIIalOT KpUTEPHH COBMECTHOTO HCIONB30BaHUS NpuMepHO B TeueHue 0,06%
BpeMeHH. CrieyeT OTMETHTb, YTO 3TH COOBITHS HaONIONAIOTCS HAa M3BECTHBIX MPOTHO3HPYEMBIX MO3UIUIX
Ha 3emJie, KOTOpBIE JIETKO MOTYT OBIThH ONpeIeIeHbl IPH MOMOIIX MOACTUPOBAHHS.

PUCYHOK 12

HuTerpanbnas nomexa B CPJI, pacnosoxenHoro na 41° 3. 1., BoO Bpems CJIe:KeHHs
3a MeKIYHAPOIHOH KOCMHYecKoi cTaHuueil B Teuenune 30 quei
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PUCYHOK 13

HnTerpanbnas nomexa B CPJI, pacnosoxensoro na 41° 3. 1.,
npu orciaexusanun EOS B Teuenue 30 nueit
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[IpuBeneHHBIE BBINIE PE3yIBTATHI COOTBETCTBYIOT WTOTaM IMPOCTPAHCTBEHHOI'O aHAN3a, PACCMOTPEHHOTO
HIUXKE.

4.2 Pe3yabTaThl — IPOCTPAHCTBEHHBIH aHAJIN3

PesynbTaThl mpOCTPaHCTBEHHOI'O aHANM3a NMPHUBEICHBI U Tpex opOurtanbHbix no3unuii CP/l, BkiIrouas
41°3. 0., 174°3. n. u 85°B. 1. Touku 41°3. 1. u 174° 3. 1. IpeACTaBISAIOT COOOM ClieHApU HAWUXYIIICTO
ciIydas, a Touka 85° B. I. — THIIOBOM ciydail cymiecTBoBaHHS moMex. CiemayeT OTMETHTb, YTO 1T MHOTHX
TOYEK OpPOUTHI KPUTEPHI COBMECTHOTO MCITOJIB30BAHUS HUKOTA HE MTPEBhIIIACTCSI.

Ha pucynke 14 nokazaH npocTpaHCTBEHHBII MPOQUIIb IIOMEXH, CO3IaBacMOM N3Iy4eHus MU ciucteMbl LMDS
u BozzercTByromed Ha cnytHUk CPJl, pacnosnoskeHHbii B Touke 41° 3. 1. Kak mokaszaHo, Te U3Iy4yeHUs,
KOTOpBIE MPEBHIIAIOT KPUTEPUH COBMECTHOTO HCTOib30BaHus —142 ab(B1T/MI'11) cocpemoTodeHsl BOKPYT
OTIpeJeNICHHbIX MPOTHO3UPYEMBIX MecTononokeHnid. Ha pucynkax 15 m 16 m3o00pakeHbl aHaJOTHYHBIE
rpadvKu Ui OpOUTATBHBIX TO3UIHH 174° 3. 1. 1 85° B. 1.
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PHUCYHOK 14
[podpuias npocrpancreenHoi nomexu aias CPJI, pacnoJio:xkennoro Ha 41° 3. x.

T'eocranmonapusiii CPJ Ha gqomrore 41°3. 1., k=0, mar =0,2, 8 ab(Bt/MTIr),
obmactb o6cayxkuBanusg 431 LMDS, 944 xoHneHTpaTopa 1o BceMy MUDY
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Bparerune BOKpyr ocu y (Ipajiy chi)
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PUCYHOK 15

IIpoduias npocrpancreenHoii nomexu piast CPJI, pacnoJio:kennoro Ha 174° 3. 1.

Tl'eocranmonapuseiii CP/] Ha nomrore 174°3. 0.,k =0, mar =0,2, 8§ 15 BvYMI1),
obmacte o6cnyxuBanus 431 LMDS, 944 koHueHTpaTopa mo BceMy MUpy
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PUCYHOK 16
IIpoduas npocrpancrBenHoii nomexu aiast CPJI, pacnoJio:xkenHoro Ha 85° B. 1.

I'eocranmonapusiit CPJl Ha nomrore 85°B. 1., k= 0,mar =0,2, 8 nb(Bt/MTI1),
o0macts o6cmyxuBanus 431 LMDS, 944 koHueHTpaTOpa [0 BCeMy MUpy
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Crenyer OTMETHTh, YTO BBILICyKa3aHHbIC Tpa(UKM OCHOBAHBI Ha CEaHCAX MOJAECIHPOBAHMS, HUCIOIb3YIOIINX
k = 0 mma numarpaMMBbl HaIllpaBJICHHOCTH aHTECHHBI, yYka3zaHHOW B Pekomenmarimu MCO-R F.1336. Ceancel
MOJICIIMPOBAHNUS BBINOJIHSUIMCH Takke mpu k=1 (Oomee BBIpaKeHHbIE OOKOBBIC JICTIECTKH), W OBUIO
3aMEYeHO, 4YTO OOIMil MpoduiIb MOMEXH OCTAETCS OTHOCHTEIBHO MOCTOSHHBIM, YTO HPEAINOJaraeT, 4YTo
BKJIaJl OOKOBBIX JICLIECTKOB SIBJISIETCS. HE3HAUUTEIIbHBIM.

4.3 O06cy:kaeHne pe3yjabTaToB (1. 4)

Kak ykazaHo B BbIIIENpPUBEICHHOM aHANM3€, KPUTEPUU COBMECTHOIO HCIOJB30BAHUS, PABHBII BEIHUYMHE
—142 nb(B1/MTI'1), mo3BoisieT OBYM CIy»)0aM COBMECTHO HCIIONB30BaTh YacTOTHl 0€3 CyIIECTBEHHOTO
OrpaHHYeHHs OAHOM u3 ycinyr. Kpurepuil COBMECTHOTO MCHOIb30BaHUA, B OTIMYME OT KPUTEPHsI 3aILUTHI,
JOJDKEH YYHUTHIBATH MPUPOAY KOHKPETHBIX CIYkKO B TIOJIOCE YacTOT M OTPAa3UTh HEOOXOIUMOCTh 00ECIIeYnTh
paboty 3Tux ciry’)k0. B ciyuae cOBMECTHOTO UCHOIB30BaHUS MOJOCHI YacToT 25,25-27,5 I'T'm cucremamu
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CP/] u cucremamu II-MII ®C cymecTByeT psan cMIr4armux (HakTopoB, KOTOpEIE OYAYT MOANEPKUBATH
KPUTEPHUIl COBMECTHOTO Mcmonb3oBanus —142 nb(Bt/MI '), Hanpumep:

- Kak yxe 00cyknanock, HCIIOIb30BaHUE CHCTEM C CEKTOPHBIMU aHTEHHAMH C HaKJIOHOM BHHU3 OyJeT
obmenpuHATO T pa3BepTeiBaHus cucteM [I-MII. B cuctemax morpedyercs MpUMEHSITh BBICOKHIMA
YPOBEHb CEKTOpPHU3ALMHU C LIEJIbI0 YIIPABICHUS] BHYTPUCUCTEMHON MOMEXOU U TOCTUKEHUS YPOBHEN
MTOBTOPHOTO MCIIOJIb30BaHUS YaCTOT, KOTOPBIe ObLITH OBbI BEITOJHBIMH TSI OM3HECA.

- WznyueHus, KOTOpBIE TMPEBBIIIAIOT KPUTEPUH COBMECTHOTO HCIIONB30BAaHUSA, CO3JAIOTCS B
MPOTHO3UPYEMBIX MECTOIMOJIOKEHUAX Ha 3emJyie, UYTO MO3BOJISIET 3apaHee MPUHSATH HEOOXOOUMBIE
MeEpHI BO N30eKaHNuE BIUSHUS TOMEX.

- Hcrnonp3oBanue moiock 25,25-27,5 I'T11 dbukcupoBaHHOM CITyK00W MEHSETCS OT aqMHUHUCTPAIHH
K aIMUHUCTpALlAN. B HEKOTOPLIX CTpaHaxX onepaTopbl UMEIOT IIPABO UCIOJB30BATh CUCTEMBI CBA3U
MyHKTa CO MHOTUMH IYHKTaMH, B JPYTHX CTpaHaX OMNEpPaTOPbl HUCIOIB3YIOT COUYETAHHWE CHUCTEM
CBSI3W TYHKTa ¢ TMyHKTOM H cucteMbl [I-MII (HekoTOphIe OmepaTophl IIUPOKOIOJIOCHOH CBSI3H
HCIIOJIB3YIOT HECKOJILKO CUCTEM CBA3U ITYHKTAa C IYHKTOM OT HCHTpaJILHOﬁ CTaH]_II/II/I). KpOMe TOTO,
CETOJHSAIIHUE YACTOTHBIC IUIaHBl MOJACPKUBAIOT IENBIA PSAJ CUCTEM CBSI3M IYHKTA C MYHKTOM U
cucrem [I-MII. CrnenoBaTenbHO, YPOBEHb COBOKYITHOTO H3JIYYEHHS OT CHUCTEM CBSI3U IYHKTa CO
MHOTMMH TyHKTamu B cucteMbl CPJI, BeposTHO, OyJeT HaMHOTO MEHBINE, YeM OINHCAHHBIA B
HACTOSIIEM UCCICIOBAHUH.

5 IHony4yeHnne JOMOJHATEIBHBIX Pe3yJIbTATOB JUISI APYTUX pa3BepThiBaHuii cuctem LMDS

Pesynprarer, onucanHble B mil. 3 W 4, OCHOBAaHBI Ha OMPEAENCHHBIX NPEANON0KEHUIX OTHOCHTEIHHO
pamuyca cotsl LMDS. B HacTosimeM pasaene OMHCBHIBAIOTCS IIPOCTBIE  CIIOCOOBI  MOTYUYEHUS
JOTIOTHUTENBHBIX PE3yJIbTaTOB ISl BApUAHTOB pa3BepThiBaHUS cucteM LMDS, B KOTOPBIX HCTONB3YIOTCS
COTBHI MEHBIIIETO pa3Mepa.

Kax mpaBuio, B ropoACKHX ILEHTpax Majble pa3Mephl COT NMPHUBOJAT K OOJIbIIEMY YHCIy COT B 3peon
cucreme LMDS. Bcneacrsue MajaeHBKOT0 pasMepa COTHI, 3.M.M.M. CTaHI[MH-KOHLIEHTPAaTopa, Heo0Xoaumast
IUISl TIPEIOCTABJICHHUS] TAKOTO JKE 3araca B KaHaje Ui CaMOro yAaleHHOro aboHeHTa, OyAeT YMEHbLIAThCs
[IPONOPLMOHAIBHO KBaZpaTy pacCTOSHUS, IPU YCIOBHMM HpsAMOH BHIUMOCTH. Takum oOpasom,
OTHOCHUTEIBHOE YMEHBLIEHUE CIIEKTPATIbHON MIOTHOCTHU 3.M.1U.M. ISl MEHBILIET0 pa3Mepa COT M0 CPAaBHEHUIO
C STaJIOHHOHU COTOH, ompenenseTcs no popmye:

v
— 1
I =20log +— |, (10)
0
re:
[i:  ko3(p(UIHMEHT yMEHBLICHHS CIIEKTPAILHOM IUIOTHOCTH 3.M.U.M. [JId i-# coThI (1B);

r; . paauyc i-i COTHI (KM);
7o: Paauyc 3TAIOHHOMW COTHI, T. €. 5 KM.

[Mpumensiercs KOAPGUIIMEHT CHUKEHUS MPocTo. Hanmpumep, MpearnonoxkuM, 4To CHEKTpaibHas IJIOTHOCTh
3.u.uM. cocraBisier +8 nb(BT/MI'1)) mpu WCHONB30BaHWM 3TAJOHHOW COTHI PajnycoM 5 KM; TOT/a
YMEHBIIIEHUE pa3Mepa CcOoThl 10 2,5 KM TMPUBEIET K CHIDKEHHUIO CIEKTPajJbHOM IIJIOTHOCTH O
+2 nb(B1/MI ).

CJ'ICI[yeT OTMCTUTH, YTO NPUMCHCHUEC NAHHOI'O0 MCTOJa 6YZ[6T OrpaHUYMBAaTh COBOKYIIHYIO CHEKTPAJIbHYIO
IIOTHOCTH 3.M.M.M. OT JIF000T0 TrOpOACKOIO LICHTpA A0 YPOBHA, KOTOpBIﬁ HC 3aBUCUT OT pa3sMepa COTHI.

OTMeTI/IM, 4TO JId pPa3BEPThIBaAHUA HCECKOJIBKHUX (1]I/IKCI/Ip0BaHHbIX CJ'IY)KG LCJIb Pa3sBCPThIBAHUA 6YILCT
COCTOSITH B TOM, YTOOBI B OTJIMYHE OT MOCTOSHHOTO 3amaca B KaHaJle, COXPaHUTh MOCTOSHHYIO TOTOBHOCTD
JMHHAW, TIOCKOJIbKY HM3MEHSIETCS pPacCTOsHUE M0 Haumbolilee yaaleHHOro aboHeHTa. Mcmonb3ys MeTomuKd
Pexomenmanimn MC3-R P.530 mis 3amaHHOM TOTOBHOCTH JIMHHH, ¢ YMEHBIICHUEM TPOTSHKEHHOCTH JTHHUU
HEOOXOMUMEIH 3amac B KaHaie yMeHbmnaercs. Takum oOpa3om, ypaBHeHue (10) naet ocTOPOXKHYIO OIIEHKY
YMEHBIIEHHS CIIEKTPATLHON IIOTHOCTH 3.1.M.M. B 3aBUCUMOCTH OT COKpAIIIEHUS pa3Mepa COTHI.
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6 ITomexu B POCS

[TomexoBsiit crienapuit 1t POCS nogo6en nomexoBomy crienaputo anst CPJl, B koropom nznyuenust LMDS
B OJIHOM KaHaJjie MOCTYMAIOT Ha MpueMHble aHTeHHbI POCS, MOCKONIBKY CIIyTHHK BpallaeTcs BOKPYT 3eMIIN.

6.1 Xapakrepuctuku cucrem LMDS
Hexotopsie xapaktepuctuku LMDS, onucannsie B 1. 2.1, 6put1 ipuHATH U1 aHanmza POCS.

OpHako OBUTO MPUHSTO 3HAYEHHE CIEKTPaIbHOHN IIIOTHOCTH 3.1.1.M. +14 nb(BT/MI'1).

6.2 Xapakrepuctuku POCS

B paMkax maHHOro aHanmM3bl OBUTM pacCMOTPEHBI ABa moib3oBatesss POCS: mexnyHapoaHas KOCMHUYECKas
CTaHIIS U MHOTOPA30BbIil OpOUTANBHEIN KocMudecknii anmapat. [Ipenmonaraercs, uto kaxaas POCS nmeer
JIB€ aHTEHHBI: C BBICOKMM U HU3KMM ycuieHuneM. B tabnuie 3 KpaTKo MpUBOASTCS XapaKTEPUCTUKH CHCTEM

POCS.

TABJINIA 3
Xapakrepuctuku POCS
IHoan3oBaTean OpOura IIpneMHasi aHTeHHa
BobicoTa Yron nakiona | Ycuwienue Hanpasienmne
(k™) (rpaaycsel) (abwn) P
MesxayHaponHas KocCMUYecKas 400 51,6 3,5 Hapnnp
CTaHIMUA 23,5 Bnosb BekTOpa ckopocTu
MHoropas3oBslii  OpOUTaIBHBIN 530 57 3,5 Hapnnp
KOCMHYECKHIi anmapar 23,5 B110/1b BEKTOPa CKOPOCTH

Hdns BapuaHTa C HHU3KUM YCHJICHHEM OBUIO NPUHATO, YTO HAMXYIIIUM CICHAapUeM  SIBJISIETCS
BCEHAIIPaBJICHHAs AaHTEHHA, B OTJIWYHUE OT IMOJHOTO KOHUYECKOro yria 244° rmaBHOrO JiernecTka Mo ypOBHIO
nojoBuHHON MomHocTH (HPBW). Jlnst BapuaHTa ¢ BHICOKMM YCHIICHHEM HCIIONB30Bajach (PUKCHPOBAaHHAS
npuemMHasi anteHHa mupuHod §8° HPBW, stanonnas auarpamma HampaBlI€HHOCTHM KOTOPOM MpHUBEACHA B
Pexomenmanimn MC3-R S.672 (Ls=-20 ab). Jns POCS 0bura mpuHsTa KpyroBas MOISPU3aITHAL.

Kpurepuii 3ammrtel npuemMHuka cocraBisier —147 nb(B1/MI'n) B Teuenue ue 6onee uem 0,1% BpeMeHH, Kak
ykazaHo B Pekomenmanmu MC3-R SA.609.

6.3 MeToanka

Hns POCS B Teuenue 30-mHEBHOTO NepuoAa MOACIUPOBAHUS MPOBOAWICS TOJBKO BPEMEHHOM aHaJH3.
JlarHbBIE cOOMpaITUCh KaXIIbIe S C.

ITo anamornu ¢ amammzom CPJI, mornomenue B atMochepe pacCUNTHIBAIOCh HA OCHOBAaHMM PekoMeHmarmm
MCD-R P.676. Kpome Toro, yuuTsiBaiuch motrepu 3 nb, BeI3BaHHBIE pa3HULIEH MOISIPU3AIINH.

6.4 Pe3yabTaTthl

Ha crnenmyromem pucyHKe MOKa3aHbl YPOBHU HM3Iy4YeHUS B JABYX NPHUEMHBIX aHTeHHax oboux POCS ot
cucteM LMDS 3a 30-gHeBHBIH TEpHO/I.
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PUCYHOK 17

HnTerpanbnas nomexa B POCS Ha Me:kayHApOAHOH KOCMHYECKOii
craHuuyu B Teuenue 30 nHeit
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PUCYHOK 18

HnTerpanbnas nomexa B POCS Ha MHOropa3oBoM opOMTaJIbLHOM KOCMUYECKOM annapare B TedeHue 30 quei

2
10 T
5 s ——
™~
2 AN
10
\
5
= \
% 2 -
~ 1 \|
(oo \
5 \
g 5
8 10 t
2 5 —H
X : Kpurepnit
2 \ 3aIUTHI
=) ' 5|
10 : =
5 :
2 |
-3 |
10 :

-200 -195 -190 -18 -180 -175 -170 -165 -160 -155 —-150 —-145 -140 -135 -130
Ix (nB(BT/MTI'1))
Hanup

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



Pex. MCJ-R F.1509-2 27

Kak mokazaHo, B TeueHHE BCETrO0 BPEMEHH YPOBEHb W3Iy4YeHHsI B JF000H w3 mpueMHbIX aHTeHH POCS
HAMHOTO HIKE KpuTepus 3amuThl B —147 nb(B1/MI ).

7 Pe3tome n BeiBOABI U3 lpuioxenus 1

[lo pesynmpraram HMccnemoBanust A B m. 3 mporHo3upyertcs, uro OonbsmuHCTBO CPJI, pacmonoxxeHHBIX Ha
OpOUTANBHBIX TIO3UITUAX, IEpEUNCIICHHBIX B PekoMmennarmu MCD-R SA.1276, OyayT UCIBITHIBATH TUKOBYTO
CyMMapHyI0 TIOMEXy, KOTOpas TIpeBBIIIaeT 3allUTHBIM YypOBeHb, MpHUBEACHHBIH B PekomeHmanuu
MC3-R SA.1155 B cpennem mpumepHo Ha 4 nb B Heckonbkux oOmacTsx pasepTbiBanus LMDS. Dtot
pe3yabTaT OCHOBAH Ha IPEATNOJIOKEHUU O TOM, YTO CIEKTPajbHAas IUIOTHOCTh 3.M.M.M. KaXKA0H CTaHIUH-
KOHIIeHTpaTopa coctaBisieT +8 Ab(BT/MI1) u uTto pamuyc obOiactu OOCIYKHUBaHHs KOHIIGHTpaTopa
coctaBnsier 5 kM. [lukoBas cyMmapHas momexa [UIs BCeX OpOWTANbHBIX MO3UIMKA  COCTaBHJIA
—139 nb(B1/MTI'm).

Ha BpeMeHHO#l oOCHOBE 3amUTHBIA ypOBEHb, NpuBeAcHHBIH B Pekomenmaruu MCD-R  SA.1155,
BBITIOJHSICTCS JIIsi OOJBIIMHCTBA OpOUT. JIJii HEKOTOPBIX OPOUT, JJIsi KOTOPBIX MPEBBIIIAJICS 3aIIUTHBINA
YpOBEHb, MPEBBIIICHNE COCTaBMIO OT 4yTh Oonee 0,1% mepwoma oOpamieHus mo mpuMepHo 1% mepuona
obOpameHusi B HamxyameM ciydae s cimyTHukoB CPJI, pacmonoskeHHBIX B Toukax 41°3. 1. u 174° 3. 1.
Bonee Toro, mis 3THX OpOUTANBHBIX TO3UIUA BpeMsl MEXIy IEpHOIaMH OOpalleHus, KOrja ypOBEHBb
moMexu nmnpeBblmiaer 3HaueHue —148 nb(BTt/MI'm), Bapeupyercs ot 6,1u mo 71u. [Jlna CP/,
pacmojoXeHHOTo B Touke 85°B. 7., IOMeXa TakoBa, YTO KPUTEPUH 3allIWTHI, TPUBEACHHBIA B
Pexomenmanuu MC3-R SA.1155, BeimonHAeTCs AN BCEX CIIyTHHKOBBIX OpOHWT, aHAJOTHYHBIX MO THUILY
opbuTe MEXIYHAPOIHOH KOCMHUYECKON CTAHIIHU.

Jns ompeneneHus: NpeAeiabHbIX 3HAYCHUH CHEKTPalbHON IUIOTHOCTU 3.M.U.M. JUISL COT, Pa3Mepbl KOTOPBIX
MEHbBIIE PEKOMEHAYEMOI'0 pa3Mepa COTHl, TO €CThb 5 KM B ClIydae AaHHOTO HCCIENOBaHUs, OblI BBEACH
noHmwxkatommid koadduruent (cm. hopmyny (10)), nmpeanonararonyii MOCTOSIHHBIA YHEPTETHUYECKHUN 3a11ac
JIMHUY.

Kax noka3ano B 1. 3 1 Ha pucyHKax 2—4, OCHOBHBEIMH HCTOYHHKaMHU moMex st CPJl sSBisIroTCS TOpOACKHe
LUEHTPBl C HECKOJIBKMMHU CTaHIMSAMH-KOHICHTpPATOpaMu, paboTalolMMU Ha OJHOM KaHaie, KOTOpbIe
HaxomsATcs Ha WIM BOMM3M Kpas naucka 3emnu. OOHAKO TPU OXHIAEMBIX OyIyImMX KOJHYECTBax
pa3BepThIBaHUs cTaHUUU-KOHUEHTpatopoB LMDS cuctem II-MII, noayuyeHHBIX € HCIONB30BAHUEM
METOJIUKHU, OMMCAHHOU B 1. 3, U pabOTAMIIUX CO CIEKTPAIbHOW IJIOTHOCTHIO 3.u.U.M. +8 nb(BT/MI'1) Ha
CEKTOpP KOHLIEHTPATOPa, 3aIUTHBIH yPOBEHb IPEBBILIACTCS JHUIIb B HECKOJIBKUX reorpaguyeckux paifoHax u
Pa3yMHO IPUMEHSTH COBMECTHOE HCIIOJIb30BaHUE YaCTOT.

PesynbraTel UccnenoBanusi B B 1. 4 TMOKa3bIBalOT, YTO MPEANOJIOKHUTEIBHO CIEKTpaibHas TUIOTHOCTH
3.M.M.M. CTaHIMU-KOHIeHTpaTopa coctaBurT +14 nb(BT/MI1), uto Ha 6 nb BbIlIe, YyeM TONXYy4YeHO B
UccnenoBanuu A, ypoBeHb MOMEX Takke mpuMepHO Ha 6 ab Beiie, uem pesynbTarhl MccnemoBanus A.
Taxum 00pazoM, aBa UCCIICTOBAHUS AT MTOYTH SKBUBAJICHTHEBIE PE3yJIbTATHI.

Ipunoxenune 2

MeTtoa pacuera yrjioB Pa3HoCa MKy JJy4aMi AHTEHHbI CTAHIMU-KOHIEHTPATOPa
u HanpaBJenusimu Ha CPJ] Ha reocTaniuoHapHoii opOuTe

B Ilpunoxenuu 2 k Pexomenmaunu MC3-R F.1249 npexncraBieH MeTon pacuera yrioB pa3HOCa MEXIY
nydamu nepenaromieii anteHHBI OC W3 TMyHKTAa B ITyHKT M HaIlpaBJICHWSIMH Ha reoctanuoHapabie CPJI,
pacmojoXeHHble B TOYKaX, yka3aHHbIX B [Ipumeuanmn 1 K OCHOBHOMY TeKCTy 3Toil PexomeHmaruw,
YUUTBIBAIOIIUI BIMsHUE aTMOC(EpHOil pedpakuuu U MECTHOTO Topu3oHTa. CTaHUUA-KOHLIEHTPATOP B CETH
[1I-MII obopynoBaHa BCEHAIIPaBIIEHHOW WJIM CEKTOPHOW aHTEHHOW. B »TOM ciydae ycuiieHHWe aHTEHHBI
JIOJDKHO PaccMaTpUBAThCS BHE 3aBHCHMOCTH OT asumyTa HampasieHus Ha CPJ. B Ilpunoxenun 2 x
Pexomenmanimn MC3-R F.1249, €, — 310 yrom Mecta MaKCHMAJIEHOTO YCHIICHUS (B YTIIOMECTHON TJIOCKOCTH)
AHTEHHBI CTAHLIUHM-KOHLIEHTPATOpa (CJIEAYET OTMETUTb, YTO €, = 0°, eClIn HeT HAKJIIOHEHUS JIyda, U €, UMEET
OTpHIIaTeIbHOE 3HAUCHNE, €CIH Ty HaKJIIOHEH BHU3).
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Yron mecra CPJIl € ompenensercs dopmynamu (8a), (8b) m (8c) Ilpmmoxkenms 2 x Pekomenmariu
MC3-R F.1249. Korga CPJ] HaxomuTcst B 30HE BUIUMOCTH, aOCOJIOTHOE 3HAYEHHUE € — €, SBISICTCS YTJIOM
pa3Hoca Me)i(Ily J'IyT-IOM AHTCHHBI CTaHHI/II/I-KOHHeHTpaTOpa nu HaHpaBHeHI/IeM Ha Op6I/ITaJH>HYIO ITO3UIIUIO
reoctraunoHapaoro CPJI.
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