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Y cmammi poszensdaromvcs pesynrvmamu
eKCnepuMeHmantbHux 00CAI0HCEHb NOAAPUIA-
ULHOT CmMpYyKmMypu cuzHany, WasxXom 6UMIpie
BeNUMUHU KPOC-NOTAPUAUIUHOT PO36 A3KU MIHC
0PMO2OHANBHUMU KAHANAMU, NPU 6NIAUGL HA
KAHAJ CYnYmHuK06020 36’13KY n0200HUX YMOE

Kniouoei crosa: kpoc-nonapusauis, cynym-
HUK 08I JiHIT 36°A3KY
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B cmamve paccmampusaiomcs pesyavma-
Mol IKCNEPUMEHMATIOHBLX UCCAEO008AHUL NOS-
PU3AUUOHHOU CMPYKMYpvl CuzHaAAd, NYymem
U3MepPeHUIl GeAUMUHBL KPOCC- NOAAPUSAUUOH-
HOU PA383KU MeHcO0Y OPMO2OHAILHLIMU KAHA-
Jamu, npu 6030elicmeuu Ha KAHal CRYmHUKo-
801l C8A3U NO20OHBLX YCILOBULL

Kntoueevte caosa: xpocc-nonspusayus,
CRYMHUKOBbLE IUHUU CBA3U

=, u|

The results of experimental researches of
polarization structure of signal are examined
in the article, by measuring of level cross-pola-
rization discrimination between the orthogonal
ducting at affecting channel of satellite commu-
nication of weather terms

Key words: cross-polarization, the satellite
communication systgms

1. Beenenne

B nacrosiiee BpeMst TpeGOBaHUS K Ka4e€CTBY KaHAJOB
CIIYTHUKOBOI CBSI3M MOCTOSTHHO BO3pacTaioT, KakK U I0-
TpeGHOCTD B 3TUX KaHajiax. He MaJyIo pPojib B 9TOM 1IPO-
1ecce UTpaeT MOCTENEeHHbIH Tepexo/| OlepaTopoB CIIyT-
HUKOBOTO TeJeBuAeHUus K crangapty DVB-S2, koropsrii
TO3BOJISIET TPAHCIUPOBATH TEJICBU3MOHHbBIE KaHAJILI BBI-
COKOM YETKOCTH.

BmecTe ¢ Tem, pacteT moTpebHOCTH B GOJIEe BHICOKUX
CKOPOCTSIX Mepejiaun IaHHbIX, CJIe/J0BATEJbHO, U B YBeJIH-
YEHUH MOJIOCHI YaCTOT TPAHCIOHAEPOB, HAXOASAUXCS HA
6opry cryTHUKa cBA3u. OJHUM U3 OTPAaHUYEHUN B 1OCTH-
SKEHUU DTUX TIOTPEOHOCTEN ABJISETCS HaAUUNE B3AUMHOTO
BJIMSIHUS KaHAJIOB CBsi3U. OIHOI U3 COCTABISIONIMX 9TOTO
BJIMSIHWST BBICTYTIAIOT KPOCC-TIOJSIPU3AIINOHHbIE UCKaKe-
HUS.

2. Ilpu4uHbI MOSIBJIEHUS KPOCC-MOISIPU3ANHMOHHBIX
HCKaKeHHil

B cBsi3W ¢ HCIIO/IB30BAHUEM OPTOTOHAJIBHO IIOJISIPH-
30BaHHBIX CHTHAJIOB BO3pacTaer HOTpeOHOCTh B HoJiee
TOYHBIX U MOAPOOHBIX CBEACHUSIX O B3AUMOJEHCTBUU
PaJMOBOJIH C TUIPOMETEOPAME, KOTOPbIE HEOOXOIUMBI
[pU pacyere 3aTyXaHUil U KPOCC-TOJASIPUBAIUOHHBIX HC-
KasKeHUI.

JlJist moJiyueHust TaKUX CBeIeHU HeoOXOAMMO 3HATh
(dbusnvecke CBOWCTBA TMIPOMETEOPOB, TaKue Kak: dhop-
Ma, pasMepbl U HAlpaBJeHUE [BUKEHUS OCAIKOB IIPU
BbIIIAJEHUN.
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Puc. 1. Mopgenb pnoxaeBoi kannu Heceprueckor hopmbl

Ha puc. 1 uzobpaskena MoJesib OKAEBOI Kaau, 0cu
CUMMETPUU KOTOPbIE CMEIIEHBl OTHOCUTEJJIbHO IOJSPU-
3allUOHHBIX ocell, Tae'l’ u ‘2’ ocu cuMmmeTpumn Kamau; ‘x’
u ‘y’ HampaBJeHue pacrpocTpanenusi Boansl; ‘H' ock
rOPU3OHTAJIBHON moJsipusanuu; ‘V' ocb BepTUKAJIbHOU
MOJISIPU3AIA Y.

Ecam nox nesbie kanam numeroT Hechepuueckyio hopmy
M YTIJIbl TIPEUMYIIECTBEHHO OCEBOI OPUEHTAIMU, OTJINY-
Hble OT BEPTUKAJILHOH, TO TOSBJIAIOTCS KPOCC-TOJNSAPU-
3allMOHHbIE UCKAKEHUS MEXK/Y /JIBYMS OPTOTOHAJBHBIMU
KaHaJaM¥, BCJIE/ICTBHUE TI0JSAPU3AITMOHHOTO PACCEUBAHU S
OT 10K IeBbIX Karesib. Ocu He chepruyuecKuX 0K /IeBbIX Ka-
meJib He BCET/la UMEI0T BePTHKaJbHOE HAallpaBJeHUEe, OHU
OTKJIOHSAIOTCS OT BEPTUKAJbHOTO HAIPaBJCHUS BCJIE/-
CTBUE PA3JUYHBIX A9POJAMHAMUYECKUX CHUJ, AEHCTBYIO-
MIUX HA KaIJIH.

OINBITHBIM TYyTEM B IIPOIECCE aHAJNMU3A PE3YJIbTaTOB
usMepeHuii Oblja HaiileHa B3aMMOCBS3b MEXKAY KPOCC-



MOJIIPU3AIMOHHON Pa3BiaA3koil um auddepeHnaibHbIM
3aTyXaHueM IpPU BO3JEHCTBUM THAPOMETEOPOB B BHJE
ok, VIcXoaHBIM 711 MHOTUX MOJEJIeH, ONTUCBHIBAIOIINX
9TO SIBJICHUE, SIBJISETCS cJefyloliee BeipaskeHue [1]:

XPD=S+Clogf+1(8,0,9)- -
—Glogcose—V(f)log CPA,(dB)

Huxe InpeacraBjaeHa MOJEJIb IIpeAcTaB/IAoIad WH-
Tepec AJid MPAaKTHUYECKOTO HCIHOJb30BaHUA 1JIA YaCTOT
11GHz -30GHz, [2]:

XPD=8+20logf - 41logcose —201og|sin 28| - )

—-0.075co0s2ecos 26CPA -16.91og CPA,(dB)

rie:

f =vyacrora (GHz)

§ = yroJ HaKJIOHA MOJSIPUBAIUAH,

€ = yToJI HaKJIOHA KaIlJIH,

CPA= nuddepennuanbroe 3aryxaHue.

C TOMOIIBIO IAHHOMN MOJIeJIH IPEICTABISICTCS BO3MOXK-
HBIM HCIIOTb30BATh B IPAKTUYECKUX IEJSIX 3aBUCUMOCTD
MKy BeJIMUYMHON KPOCC-TIOJISIPU3AIMOHHON Pa3BsI3KU 1
nuddepeHnaIbHbIM 32Ty XaHUEM.

3. Ctpykrypa cTBOJIOB TpaHcnoHaepos cimytHuka Hot Bird 8

WccnenoBanus KPOCC MOJSTPU3AITOHHO TOMEXH TTPO-
M3BOJIMJIMCH TIPU MCIIOJIb30BAHUN TPAHCIIOHICPOB CIYT-
nuka Hot Bird 8 Ku auamnasona. [[anHbIi CIIyTHUK 3a11y-
meH 4 aBrycra 2006, umeer na 60pty 64 tpancnonaepa Ku
aranazona. OH pacoiokeH Ha reocTalnoHapHON opouTe
c Touke ctostnus Ha 13°E (13° BocTounoit poarorsr). Ha
puc. 2 IpeAcTaBieHa CXeMa paclpesiesleHus OIAPU3ali-
OHHO-4aCTOTHBIX pecypcoB cnyTHuka Hot Bird 8 B Buze
CIEKTpa TPAHCIIOH/IEPOB.

M Hz
He
He
Hz

tp53,11785MHz
tp 55115 23MHz
tp 57,11862M Hz
tp 55,11900M Hz
tp51,1193EMHz

1p 12310971
tp 15311556

tp 155116041
p£31197MHz
tp 65 120 15MHz
tp£7,1205M Hz
tp B3 1 2092M Hz
tp 71,121 30MHz
tp 73,121 65M Hz

|
%

tp 75, 1 20T Hz

HeCYUIMMU TPaHCHOHAepoB coctasusier 38, 39 MHz, uro
JlaeT OMNpe/leJIeHHBIN 3amac [JIs BBIITOJTHEHUS YCJIOBUIA
3JIEKTPOMArHUTHOU coBMeCcTUMOCTHU. B Buay TOro, 4to B
Ku gmamasone addext Dapajgess mpaKTUUECKH HE CKa-
3BIBAETCSI, TOITOMY IMOBOPOT MJOCKOCTH TOJSPU3AIUN
[pU TOXOXKACHUU CKBO3b MOHOC(hEpY He HabJrogaeTcs.
Taxxke aus ynobersa mpeodpasoBaHus B TOUKE MIpUEMa B
npoMeskyTounyio vactory 950 — 2150 MHz, Ku nuamnason
(down link) ycioBHO mensar ma yerbipe amanmasona: HL
(horizontal low), HH (horizontal high), VL (vertical low) u
VH (vertical high), puc. 3.

HL

11.7 MHz

Puc. 3. Ku gnanasoH (down link)

4. CxeMa 9KcriepuMeHTa

DKCIEPUMEHT IIPOU3BOAMUJICS MPU HCIOJb30BAHUY
curHaJa ¢ Tpancrnonaepa 65 cnyruuka Hot Bird 8. Huske
MpeACTABJIEHbl OCHOBHbBIE XapaKTEPUCTUKU JAaHHOTO
TPaHCIIOH/Iepa, HeOOXOAUMBIE JIJIsT TIPOBEIACHUST dKCIIEPH-
MEHTa:

1. Hacrora mpuema (Ku aguamazon) — 12015 MHz.

. Hongpuzamnus — H.

. IIpomeskytounas gacrora—1415 MHz.

. [lomoca nmponyckanus tpancnongepa— 36 MHz.
. Monynsanus — QPSK.

. Crammapt — DVB-S.

. Symbol rate — 27500000 symbol /sec.

. FEC (forward error correction) — 3/4.

YpoBeHb TOJE3HBIX U KPOCC-TTOJISIPU3AIUMOHHBIX CHT-
HaJIoB n3Mmepsiics ¢ nomoipio DVB ananmuszaropa PROM-
AX cepun PRODIG — 5. ldmepenust 1oJie3Horo curuaJsia
npousBoauanch ¢ Bbixoga HH, Quattro LNB VISION
V5 — 400QT, a coor-
BETCTBEHHO WM3MepeHue
YPOBHSI KPOCC-TIOJISIPU-
3aIlIOHHOI KOMIIOHEH-
THI HA BBIXOJ/IE C BBIXOJA
VH. Wamepenuns mpo-
MU3BOJUJNCH B PA3HbBIX
MOTOJIHBIX YCJOBUSX, B

O ULk W

tp 77, 12245M Hz
tp 79, 12284M Hz
tpB1, 123 2MHz
tp B3,12360M Hz
tpB5, 1239 M Hz
tp B 1243 MHz
tp 59,124 76M Hz

OCHOBHOM ITpU BJIMAHUUN
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Paznenenue 1mo 4acToTe u M0 TMOJISPUSAIITH TPOU3BO-
AUTCST LIt 00ecIiedeHnst 3IeKTPOMArHUTHON COBMECTH-
Moctu. Ob1ast mojoca 4acToT TPAHCIOHIEPOB CITy THUKA
cocrasager 33, 36 MHz B 3aBucuMoCTH OT 1apameTpoB
TpaHCHOH/epa. Takske BUAHO, YTO PA3HOC YACTOT MEXKIY

. CnekTp TpaHcnoHaepos cnyTHuka Hot Bird 8

I‘I/I/I[pOMeTeOpOB B BuUj/e
U JOK .
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CormacHo “PyxkoBon-
CTBY 10 cJyskGe MPOTHO-
30B U IpepynpeskJAeHuit
00 ONaCHBIX CTUXUHHBIX
ABJEHUAX TPUPOABI” KiaccupuKanmsg MHTCHCUBHOCTU
BBINIA/ICHUA OCAJKOB IIPOM3BOJAUTLCSA MO CJEAYIOUUM
KPUTEPUSAM:

1). Cnabblii 10K b, UHTEHCUBHOCTH 0-3MM /4.

2). YMepeHHBIH T0KAb, THTEHCUBHOCTH 4-14MM /4.



3). CuabHbIH 10K b, HHTEHCUBHOCTD 15-49MMm/4 (s111-
BeHb>30MM /).

4) OueHb CUJBHBIN 0K/, HHTEHCUBHOCTH >50MM /4
(CTUXMUHDIH INBEHD).

B xoje aKkcriepuMenTa 1moJydyeH MacCuB U3MePEHUit, B
Tabs. 1 npencrasaena BHI6GOPKA U3 MacCHBA U3MEPEHUIA.

Ta6bnuua 1
Yposenb kpocc Otnomenne | Montnocts | nTencHBHOCTD
HOJIAPU3ALMOHHON | CUTHAJI IyM | KaHaJa, BBITIA/[CHUS
passasku (XPD), | (C/N),dB dBmV 0CaJIKOB, MM/4
dB
10.5 3.5 47.5 30
11.5 4 48.2 21
14 4.5 48.6 14
15.5 4.8 48.8 10
16.8 6 49.5 8
18 6.3 49.6 6
21.5 8.2 52.1 2
24.9 9.8 54.3 0.3
25.5 10.5 55.6 0.2
27.6 11 57.2 0.1
30.9 12.4 59.9 0.0

[TpenBapuTesbHBIN aHATN3 AAHHBIX B3SITHIX U3 BBI-
GOpPKM MaccuBa M3MEPEHWMH IOKasaJ, 4TO NPU BO3JEH-
CTBUU I'UJIPOMETEOPOB B BU/JIE 10K It MHTEeHCHUBHOCTHIO 0.0
—30.0 MM/4 ypoBeHb KPOCC-TIOJISIPU3ATITMOHHON PAa3BA3KU
usmensancg B npegenax or 10.5 — 30.9 dB, npu sTom ot-
HOIIEHVE CUTHAJ IIyM HU3MEHSAIOCH B ipefenax 3.5 — 12.4
dB. Takske ONBITHBIM IIyTeM ObLIO YCTAHOBJIEHO, YTO MU-
HUMaJbHOE 3HAYCHHE OTHOMIEHUST CUTHAJ/IIYM, JJIS yI0-
BJIETBOPUTEJNHLHOTO KAyecTBA TeJEBU3UOHHOIO CHUTHAJA,
cocrasasier 5.1dB (BepHo 17151 mTapaMeTpOB KOJAMPOBAHWS
tTpancnongepa 65 cnyrtuuka Hot Bird 8). MunumasibHoe
3HAYEeHUE NPU KOTOPOM IPOU3BOANJIACH CHHXPOHU3AI NS
n orrpezensauch napametpsl MPEG — 2 Transport Stream
cocrasiasier 2 dB. Ha puc. 4 npezacraBiesa B3auMoCBsi3b
MEXKIY YPOBHEM KPOCC-TIOISIPU3ANMOHHO Pa3BI3KU U OT-
HOIIEHMEM CUTHAJ Iy M B ITPSIMOM KaHaJie, U3 4ero BUJHO,
4TO 3aBUCHMOCTD OJIM3Ka K JTMHEITHOT.

354
30 4

25

CIN, dB

Puc. 4. B3anmocBs3b MexXAy ypPOBHEM Kpocc-
NONSAPU3aLUOHHOMN Pa3BA3KU U OTHOLLEHUEM CHUIHas /LuyM

Bpina Takske paccumTaHa BeJMYNHA CPEHEKBAAPATH-
YeCKOTO OTKJIOHEHUs 3HAYeHUN yPOBHS KPOCC-TOJSPH-

3allIOHHON PasBA3KM IPU Pa3HbIX METEOPOJIOTHYECKUX
YCJIOBUSX:

rje m=-_t—
n

Besqnunna cpenHekBagpaTUIeCKOr0 OTKJIOHEHUS CO-
cTaByisieT 6=6.5, 4TO yKa3biBaeT Ha 3aBUCUMOCTDL W3-
MEHEHWSI ee BEJWUYNHBI OT U3MEHEHUs] MOTOTHBIX YCJIO-
Buii. Takske ObLIM MPOAHAJU3UPOBAHBI CTATUCTUYECKUE
JIAaHHBIE TIOTOJHBIX YCJIOBUH (CYyTOYHAsi MHTEHCHUBHOCTD
BBITIA/IEHUS OCA/IKOB), onydennbie y “locynapcrBennoit
METEOPOJIOTUYECKON ¢y KObI”, 3a CJAEAYIOUUN NEePUO;
03.2009-11.2009, 03.2010-09.2010. Ananus crarucruye-
CKUX JAHHBIX MOKA3aJ, 9TO 32 BBHINIEYKA3AHHBIH MEPUOL
CYTOYHAsl MHTEHCUBHOCTH BBIMAJCHIS OCAJKOB Oblia 3a-
¢dburcupoBana B 31% 0T CyTOYHOro Mmokasaresst OOIIETO
epuoJia.

IMIUPUYECKUM TIYyTeM OBLJIO MOJYyYEHO, YTO 3aMeT-
HOe BJIMSTHUE Ha KaHaJl CIYTHUKOBOM CBSA3M OKa3bIBAIOT
yMepeHHble TOXKAM U JOKAU OOJbIIENl MHTEHCHBHOCTH.
CyTouHasi ”HTEHCUBHOCTH, KOTOPasl Bbillle 4MM OCAaJKOB
6b1a 3akcupoBana B 6,5% caydaes.

Bmecre ¢ Tem, 1ist 60pbOBI ¢ MOJSIPU3ANUMOHHBIMHU
UCKaKEHUSMHE, MPEACTABJISICTCS 1eiecO0OpasHbIM yCTa-
HOBKA YCTPOWCTB aJalTallu¥ KPOCC-TOJSIPU3ANMOHHBIX
XapaKTEePUCTUK K MOTOAHBIM yCJOBUAM. UTO HE TOJILKO
VIAYUYIOIUT KA4eCTBO IIpHEMa TeJEeBU3NOHHOIO CHTHAJA B
JIOKJIEBYIO TOTO/Y, HO TO3BOJUT OoJiee 3(hheKTUBHO Hc-
M0JIb30BATh YaCTOTHBIN pecypc, B BUJE MCIOJIb30BAHUS
JIBYX TPAHCIOH/IEPOB Ha OJIHOI U TO, JKe 4acToTe, ¢ UC-
MIOJIb30BAHUEM OPTOTOHAJIBHON OIS PUSATINH.
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