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IIpeauciiosue

Pomp CekTopa pagwioCBs3W 3aKIIOYACTCs B OOCCIICYCHUU PAIMOHAIBHOTO, CIPABEIIHBOTO, 3(PQGEKTHBHOTO U
SKOHOMHUYHOTO HCIOJNB30BAaHUS PAJMOYACTOTHOTO CIIEKTPa BCEMHU CIYKOaMHU paIMOCBS3U, BKIIOYAs CITyTHUKOBBIC
CIy’)XOBI, W TPOBENCHNH B HEOTPAHMYCHHOM YaCTOTHOM JHAalla30HE WCCICOBaHUH, Ha OCHOBAaHHH KOTOPBIX
MIpUHUMAIOTC PekoMeHmanmu.

BcemupHbIe 1 pernoHanbHbIe KOH(GEPEHIIMH PAANOCBA3U U acCaMOJIen paiMOCBSI3U MIPH MOJIEPKKE UCCIEA0BATEIbCKIX
KOMHCCHH BBITIOJIHSIFOT PErJIAMEHTAPHYI0 ¥ MOIUTHUYeCKyI0 (pyHKInu CekTopa paanocBsI3u.
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PEKOMEHIALIMS MCD-R S.2131-0

Metoa onpenesenus TpedyeMbIX pad0YUX XapaKTEPUCTHK CIIYTHHKOBOTO
THINOTETHYECKOI0 3TATOHHOT0 HU(POBOro TPAKTa, B KOTOPOM HCIOJIb3YeTCsl
aJanTHBHOE KOAMPOBAHUE U MOAY IS U

(Bompocst MCD-R 275 u MCD-R 277-1/4)
(2019)

Cdepa npumeHeHus

Hcnonp3oBanne aganTHBHOTO KOTUPOBaHHUS W MOAYJIAIMH (ACM) MO3BOJISIET MOMIEPKUBATH CITyTHUKOBOE
COCIMHEHUE JaXe MPU YXYALICHUH YCIOBHM pacHpoCTpaHEHMs, HO 3a CUET YMEHBIUECHHs MPOIYCKHOU
cnocoOHocTH. B Hactosmiedt PexkomeHnmanmuu mpencTaBiIeH METOJA OIpeNeieHUus TpeOyeMbIXx padoumx

XapaKTePUCTUK CUCTEM CIYTHUKOBOM CBSI3U, B KOTOPBIX HUcoyib3yeTcsa ACM.

KuaroueBrnle ciioBa

AanTHBHOE KOAUPOBAHHE M MOIYJISLHS; TpeOyeMble paboune XapaKTePUCTUKY; CITyTHUKOBAsI CBS3b

Cokpamenusi/rnoccapuii

ACM Adaptive coding and modulation AJIaNITUBHOE KOAMPOBAHUE M MOIYJISLIHS
BBER Background block error rate Kosddurment ommboK mo 610kam ¢
(hOHOBBIMH OITMOKAMHU
BEP Bit error probability BepositHOCTh 0O1IMOOK 110 OUTaM
BER Bit error ratio Koaddumuent omubdok mo ouram
DVB Digital video broadcasting [{udpoBoe TeIECBU3NOHHOE PAHOBEIIAHUC
DVB-S2 Second generation digital video CryTHHKOBOE HU(PPOBOE TEIIEBU3MOHHOE
broadcasting via satellite paMOBEIIAaHHE BTOPOTO MOKOICHHUS
DVB-S2X Extension of second generation Pacmpenne nudpoBoro CiryTHUKOBOTO
digital video broadcasting via TEJIEBU3MOHHOTO PaINOBEIIAHNS BTOPOTO TIOKOJICHUS
satellite
EB Errored block Brok ¢ ommbkamn
ES Errored second CexkyHJa ¢ OIIHOKaMU
ETSI European telecommunications ETCU  EBporeiicKuii HHCTHUTYT CTaHAAPTH3AIMH
standards institute 9IIEKTPOCBA3H
FER Frame error rate Koaddunuent omundok mo kaapam
HRDP Hypothetical reference digital path I'mnoTteTnyeckuii 3TAIOHHBIN HUPPOBOI TPAKT
HRX Hypothetical reference connection I'mnoTeTnyeckoe STaJOHHOE COEANHEHUE
MODCOD Modulation and coding Monyssiys 1 KOAUPOBaHHE
MPEG Moving picture experts group I'pynma sKkcrepToB 1o JBMKYIIUMCS HU300paXKeHUAM
PER Packet error ratio Koadpunuent ommbox 1o nakeram
QEF Quasi error free KBa3ube30mudovHsbIi
SES Severely errored second CekyHIa CO 3HAYUTEIILHBIM KOJIMYECTBOM OIHINOOK

1

Ka4YCCTBCHHOT'O U KOJIMYCCTBCHHOI'O aHaJIn3a.

st onpenenenust 3pHEeKTHBHOCTH JAOTIOIHUTENBHBIX METOIUK U PA00YNX XapaKTePUCTHK TPeOyeTCs IPOBEICHUE UX
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SNR Signal to noise ratio OTHOIIICHHE CHTHANIA K ITYyMY

TDM Time division multiplex BpemennoOe pazneneHue KaHajIoB

TDMA Time division multiple access MHOroCTaHIMOHHBIH I0CTYIT C BPEMEHHBIM

paszieneHrueM

CIN Carrier to noise ratio y OrHouleHre HecynieH K urymy, y

Es/No Symbol energy to noise spectral OTHOIIIEHHE SHEPTUH CHMBOJIA K CIIEKTPATbHON
density ratio IUTOTHOCTH IIIyMa

n Spectral efficiency in bit/s/Hz CrexrpansHas 3¢ dextruBHOCTS (6UT/c/T'I)

Orotal Percent degraded throughput VYXyaieHue NpomyCcKHO#M CIIOCOOHOCTH B MPOIEHTaX

CootBercrByiomue Pekomenaanuu u Otuerst MC3I

Pexomennmanus MCO-R S.614-4 JlomycTrMble oka3aTeNu Ka4ecTBa 10 OIMIHOKaM JIJIsl CITy THUKOBOTO
TUTIOTETHYECKOTO 3TAaJOHHOTO MU(PPOBOTO TpakTa (GUKCUPOBAHHOM
CITyTHHKOBOW CITy>KOBI, paboTarorero Ha dyactorax Hmke 15 [T u
BXOJISIIIIET0 B COCTaB MEXIYHAPOJIHOTO COeIMHEHHsI IU(POBOI ceTH
C MHTETpaIueit ciryxo

Pexomenmamus MCO-R S.1061-1 [Ipumenenne crpaTerMdeckux Mep W cHoco0oB OOpbOBI ¢
3aMUpPaHUSIMU B UKCHPOBAHHOM CITyTHHKOBOM CITy>KOe

Pexomennmanus MCDO-R S.1062-4 JlomycTrMble oKa3aTeNu Ka4ecTBa 110 OIMIHOKaM JIJIsl CITy THUKOBOTO
TUTIOTETHYECKOTO ATAJOHHOTO ITU(GPOBOro TpakTa, paboTaromero B
noyocax 4yactoT Huxke 15 I'T

Pexomennmanus MCO-T G.826 CKBO3HBIE MapaMeTpbl W IMOKA3aTeId KadecTBa MO OIIMOKaM JIist
MEXKYHAPOIHBIX IIU(YPOBBIX TPAKTOB M COCAUHEHUN C MOCTOSIHHOM
CKOPOCTEIO Tepeaadn OUTOB

Pexomenmanus MCD-R S.1878-0 Mertoapl iepeiaur Ha OCHOBE MHOTHX HECYITUX JUISI CITyTHUKOBBIX
CHUCTEM

Pexomennanus MC3-R S.2099-0 JomycTrMblie KpaTKOBpeMEHHBIE ITOKa3aTeH KadecTBa 110 OMMnOKaM
JUIS.  CITyTHUKOBOTO THIOTETHYECKOTO 3TAJOHHOTO HU(POBOro
TpakKTa

Otuer MCD-R S.2173-1 MeTop! TIepeadyil Ha OCHOBE MHOTHX HECYIIHX ISl CITyTHUKOBBIX
CHCTEM

Accambnes paguocssizu MCO-R,

yuumbuleas,

a) yto mpumeHenne ACM u nuHeapu3allii YCWIHTEIEH MOIIMHOCTH IPHUBENO K TOBBIIICHUIO
3¢ (PEKTHBHOCTH MCIOIB30BaHMsI CIYTHHKOB M YIIyUYIIEHHIO XapaKTEPUCTHK Iepeadu;

b) YTO CITyTHHKOBBIE CHCTEMBI, B KOTOPBIX UCHONB3YIOTCS MeToabl ACM, OyayT aganTHpoBaThCs K
YXYALMIEHHBIM YCIOBHUSAM IIyTEM YMEHBIIEHHUS 00IIel MPOIyCKHOM CITOCOOHOCTH U, CIIeI0BATENbHO, Oojee He
OyayT obecreynBaTh YCIYTH C TIOCTOSHHOM CKOPOCTBIO Mepeayl;

C) 4YTO Ka4€CTBO CHYTHHKOBOP'I JIMHHUHU JOJI2KHO OBITh JOCTAaTO4YHBIM AJIA TOrIO, 4TOOBI 00ECIICUUTE
COOTBECTCTBHC 06IJ_II/IM CKBO3HBIM Tp66yeMLIM pa60‘{I/IM XapaKTCpUCTUKaAM U TpC6OBaHI/I$IM KOHCYHOI'O
TI0JIB30BATCIIA,

d) YTO MPH OMPENCTICHUN KPUTEPHEB KauecTBa M0 OMMOKaM HEOOXOAMMO IIPHHUMATh BO BHUMAaHUE
BCE TperoaracMble MEXaHU3Mbl BOSHUKHOBEHHSI OIIMOOK, B YACTHOCTH MEHSIOIINECS BO BPEMEHH YCIIOBUS
pacnpoCTpaHEHHUs U [IOMEXH,



Pexk. MCI-R S.2131-0 3

ommedat,

a) yto B Pexomenmammsx MC3-R S.614 u MC3-R S.1062 npencrtaBieHbl [OJTOBPEMEHHbBIE
TpebyeMble MMoKa3aTeIM KauecTBa IO ONMTHOKaM;

b) yro B Pexomenmanmu MCD-R S.2099 nano ompeseneHHe MOHATHS "KPaTKOBPEMEHHBIN"
NPHUMCHUTENIBHO K CITyTHHKOBOW CBS3M M MpHBEACHAa HHPOPMAIMsA O KPATKOBPEMEHHBIX TPeOyeMbIX
HOKAa3aTelsIX KayecTBa;

c) gto B Pexomengaruu MCD-R S.1061, Pexomennarmu MCD-R S.1878 u Otuere MCD-R S.2173
npejcTaBieHa uH(OpMaIMsS O METoJaX aJanTHBHOW Iepefayd M aJalTHBHOTO YIPABICHUS MOIIHOCTHIO
CHUrHaJa, KOTOPhIe BO3MOXKHO UCIIOJIB30BaTh 111 OOPHObI ¢ H3MEHSIOIIMMHUCS BO BPEMEHH 3aTyXaHUSIMU;

d) YTO YXYIIIeHWE pabOThI CITyTHHUKOBOW JIMHHUM BO3HHUKAET B pe3yJbTaTe YXYIIICHUS YCIOBHU
paclpoCTpaHeHusi, KOTOPOE MOXKET OBITh ONKMCAHO C KCIIOJb30BAHUEM MOJICNICH, MPUBEACHHBIX B
Pexomenganmsax MC3-R P.618-13 u MC3-R P.1623-1, u 3t PekomeHnanmu, kacarolmuecst paclpoCTpaHEHMs,
MPUMEHHUMBI BIUIOTH 10 yacToThl 51,4 I'T,

pexomenoyem

1 MPOEKTUPOBATh CIyTHUKOBBIE CHCTEMBI, B KOTOPBIX Hcmonb3yercss ACM, takum oOpa3om, 4TOOBI
OHH COOTBETCTBOBAIU TPeOyeMBbIM paOOYMM XapaKTepUCTUKaM, OIpefenseMbM JHOo Koddduuuentom
otmb6ok o nakeram (PER), miu6o cniekrpanbHoii addexTrBHOCTBIO (OHT/c/I'1M) Kak ¢pynkimu C/N;

2 cuutath crnenaytomue [IpruMedanus 4acThio HacTosIe Pekomenaaruu.

[NPUMEYAHUE 1. — B cnyyae wucnons3oBanuss PER crnegyeT npuMeHsTh 3Ha4YeHMs, NpHUBEJICHHBIE B
tabmure 3 1. 2.2 [IpunoxeHus.

ITPUMEYAHUE 2. — B ciiyqae HCMOIB30BaHUSA TPeOYEeMBIX pabOUYMX XapaKTEPHCTHK, 3aJaHHBIX Kak
cnekTpaigbHast 3((EeKTUBHOCTD, MPEAINONaraeTcs, 4To CcrekTpaiabHas 3((eKTHBHOCTh, M3MEpEHHas NpHU
pabouem 3HaueHuu y B 1b, cocrasiser He menee 1(y — 1,0), rae y — otHomenue Hecyiei k murymy (C/N) B b,
a n(y) — cmexrpanbHas 3¢dexTuBHOCTD (O6UT/C/T'I) Kak (YHKIMS 7Y, COIJIACHO ONpEeAeiIeHHI0 B II. 2.3
IIpunoxenus.

[NPUMEYAHMUE 3. — [Ipennonaranock, 4TO TpPU HM3MEHEHHHM COCTOSHHS MOIYJSIMA W KOJUPOBaHHS
(MODCOD) cucrema criocoOHa BeiepkuBath ymenbleHue otHomenuss C/N Ha 1 n1b B TeueHne unTepBaia
BPEMEHH JUTUTENHFHOCTHIO 1 ¢. DTO COOTBETCTBYET CHM)KEHHUIO CIEKTPAIbHOM 3((heKTUBHOCTH (ITPOITyCKHON
CIOCOOHOCTH WIJIM €MKOCTH) B HETMHEWHOW CIYTHHKOBOW TWHHMHU NpuMepHOo Ha 10%. Takoe yMmeHblIeHHE
otHomeHus: C/N MoxeT ObITh CBSI3aHO C JFOOBIM HCTOYHMKOM BHELIHETO IIyMa M 3aMUPaHHEM B JOKJIE.

[NPUMEYAHUE 4. — Cnenyer oTMETHTb, YTO YCPEAHEHHE MO BPEMEHH MPOITyCKHOH CIOCOOHOCTH HE JaeT
Kakoi 061 TO HU ObUTO HH(OPMAIMY O Ka4eCTBE JIMHUY B TEYCHHE OIPECIICHHOHN MPOIIEHTHON JTOJM BPEMEHU
mo0oro rona. CrnenoBaTenbHO, YXyIIIEHHE MPOITyCKHON CIIOCOOHOCTH B TEUEHUE ONPENEICHHON MPOLIEHTHON
JIOJIN BPEMEHH SIBJISICTCS] TOTCHLIMATIBHON XapaKTEPUCTHKOM, KOTOPYI0, BOBMOXHO, IIPUIETCS] YUUTHIBATh NIPU
o0meit orieHke pabounx XapaKTepUCTHK JIMHIH, B KOTOpoi ucnons3yercst ACM. CreyeT Takke OTMETHTD, YTO
yXyJIIIEHUE TPOIMYCKHON CIOCOOHOCTH B TEYEHHE OIpENeNeHHON MPOIIEHTHON J0JM BpPEMEHHU SBISeTCS
MIPOMEKYTOUHBIM 3HAUYEHHEM BBIIICYITOMSHYTOTO YCPEIHEHHOTO 3HAYEHHS U, KPOME TOrO, BCE TEXHUUYECKHE
HCCIIEOBaHNUS, HallpaBJCHHbIE HAa U3YUCHNE YCPEIHEHHBIX padounx xapakTepuctuk muHun ¢ ACM, conepxat
JaHHbBIE, OTHOCSIINECS K OLICHKE STHX MOTEHIMAIBHBIX TPeOyeMbIX pabourx XapaKTEepUCTHUK.
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IIpuioxenue

IIpumep MeToaa onpeesieHns TPedyeMbIX pa004YuX XapaKTEePUCTUK CIIYTHUKOBOI0
THIOTETHYECKOr0 3TAJIOHHOT0 HU(POBOr0 TPAKTA, B KOTOPOM HMCIOJIb3YeTCH
aJanTHUBHOE KOAMPOBAHHUE U MOAYJISILUS

1 BazoBasi unopmanus

CymectBytonme PexomeHnmanuy, Kacaroliuecsl ITOKa3zaTelield KadecTBa IO OMMHOKaM W TOTOBHOCTH,
pa3paboTaHbl C Y4eTOM YXYIIICHUIH paOOThl CITyTHUKOBOW JIMHWH, BO3HUKAIOIIMX B PE3YJIbTATe yXYIIIICHUS
YCIIOBUH PACHpOCTPaHEHMsI, KOTOPhIE BO3MOXKHO OIKCATh C HCIIONB30BAHUEM MOJIEINCH, NMPHUBEICHHBIX B
Pexomenmanusax MCO-R P.618-13 u MC3-R P.1623-1. HccienoBanusi, mpoBeacHHbIE 3-i McciemoBaTebCKoi
KOMHUCCHEH, TMOKa3anu, 4To 3TH PekoMeHmanuu, Kacaroluecs paclpOCTPaHEHHUsS, MPUMEHUMBI BIUIOTH 0
yactoTsl 51,4 I'T1, HO He cymiecTByeT PekoMeHnanuii st HAKJIIOHHBIX TPAcC C UCMOJIB30BAHUEM YACTOT BhIILIE
52 I'T'm. B cBete 3T0# MHGOpMaNmK CyIeCTByONMHe PexoMeHaanum, KacaroIuecs oka3arelieil KauecTBa 1Mo
OIIMOKaM ¥ TOTOBHOCTH, MPUMEHUMBI B OTHOIIICHUH THIIOTETUYECKUX ITATOHHBIX 1 (ppoBbiX TpakToB (HRDP),
paboTaroriero Ha 4acToTax BILIOTh 10 52 [T,

Pa3paboTka u BHeIpeHHE NPOU3BOAMTENSIMH CIIyTHHKOBOTO OOOPYAOBAaHHS M OINEPATOPAMHU CIyTHHKOBOM
CBSI3M METOJIOB aJaNTUBHOTO KOAMpoBaHui U Monyssinuu (ACM) u IuHeapu3annuy yCHINTENeH MOUTHOCTH
NpUBENM K MOBBIIEHHIO 3(PQPEKTUBHOCTH HCIOIB30BAHUS CIHYTHHUKOB M YIYYIICHHIO XapaKTEPUCTHK
nepenaun. IIpumenenne ACM obGecnieunBaer moanepxky cmyTHukoBoro HRDP pmaxe npu yxynmenun
YCIIOBUI PAaCHpPOCTPaHEHHs CHIHAjla, HO 3a CYET CHIDKEHMS MPOIYCKHOW crocoOHocTH. Mcmonb3oBaHue
MeToioB ACM B CIyTHHKOBBIX CHCTeMax Iepenadd paccmarpuBaercss B Otuete MCO-R S.2173 u B m. 2
[punoxxenus 1 x Pexomennamuun MCD-R S.2099.

11 Tpedyemblie padoume xapaktepucTukd HRDP, olGecrneynBammux NOCTOSIHHYI0 CKOPOCTH

nepeaaumn

B Pexomenmanimun MC3-R S.1062 npuBeneHsl TpeOyeMble pabodne XapakTepUCTHKH cIyTHUKOBEIX HRDP,
00ecTeunBaloNINX YCIYyTH C MMOCTOSTHHON CKOPOCTHIO Tiepeaad. DTH COSAMHEHUS CITY)KHIIA B OCHOBHOM JIJISt
nepeiaun CIyTHUKOBOTO Tpaduka B Havane 1990-X rojoB, 10 pacnpoCTpaHEHUS BOJIOKOHHO-ONITHYCCKUX U
moaBOAHBIX KaOeneidl. B ocHoBe Pexomenmanmu MCD-R S.1062 nexar TpeOoBaHuUs, NMPUBEACHHBIC B
Pexomenmaninn MCO-T G.826. Ot TpeboBaHms onrcaHbl He B (hOpMe OT/IENBHBIX OMTOB C OMIMOKaMH, HO B
¢dopme OmnoxoB c¢ ommbkamu. B Pexomenmammmu MCO-T G.826 ompenenensl TpeOyembie paboune
XapakTePUCTUKH B popme KodpduumerTta omunbdok no 61aokam ¢ ponossimu ommndkamu (BBER) co 3Hauennem
ot 2x107* 10 1x10™* B 3aBUCHMOCTH OT CKOPOCTH Tlepeaaun yciuyru, 1o 3,5 ['6ut/c, n o1o 3Hauenne BBER
n3MepsieTcss TOJNBKO B TEYeHHWE BpPEMEHH TOTOBHOCTH. B Hmxkecnemyiomeid Tabnwme 1 wacTuaHO
BocipousBeneHa Tabiuua 1 u3 Pekomengaunu MCO-T G.826 st cipaBku.

TABJIMILIA 1

CxBo3HBIE TpedyeMble MOKa3aTeJIN KayecTBa M0 OIIMOKaM AJ18 MexkayHapoanoro uupposoro HRX
uau HRDP npotsizkennoctsio 27 500 kv u3 Pekomengauun MCI-T G.826

CropocTs 64 16w/ 1,5-5 >5-15 > 15-55 > 55-160 > 160-3500
Mout/c Mout/c Mout/c Mout/c Mout/c
but/6nox 800-5000 2000-8000 4000-20 000 | 6000-20000 | 15 000-30 000
ESR 0,04 0,04 0,05 0,075 0,16
SESR 0,002 0,002 0,002 0,002 0,002 0,002
BBER 2x10* 2x10* 2x10* 2x10* 104

B TpaHCHOPTHBIX CUCTEMAaX CBSI3U, KOTOPBIC pabOTAIOT ¢ JIF000W OUTOBOUM CKOPOCTHIO, MPEIyCMOTPEHHON B
Pexomenmaniuun MCO-T G.826, Ha ckopocTr JTUOO BHIIIE TMOO HUKE OCHOBHOW CKOPOCTH, HE3aBHCHUMO OT
(hakTHYeCKN OXBATHIBAEMOT'O PACCTOSHUSA, HA JIOOOW CIYTHHKOBBIA TPOJIET B MEXKIyHApOIHOM YydYacTKe
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TpakTa pacmpenensiercs 35% BceX CKBO3HBIX TpebyeMbix mokazareneil. Ecnu cmyTHHKoOBas muHUS
o0ecrieunBaeT HAIMOHANBHBIA YYacTOK, TO Ha Hee pacmpexaensercs 42% BceX CKBO3HBIX TpeOyeMBIX
nokasareneii. Hanpumep, Tpebyemsiit BBER 2 x 107 my1s1 MeskTyHapOIHOTO COSTMHEHNs H3MEHSETCS Ha 2 X
10%x0,35=0,7 x 10* a a1s HanpoHaNLHOTO coenuHenns —Ha 2 X 10 x 0,42 = 0,84 x 10*. Ecim cryTHHK
o0ecrevrBaeT MOTHBIM CKBO3HOW TPAKT MM CKBO3HOE COCAMHEHHE, TPUMEHSIOTCS TpeOyeMble OKa3aTeNu U3
Tabmuue! 1.

Pasmep Onoka Taxke ornpesenseTcs B 3aBUCHMOCTH OT CKOPOCTH Iepeiauu yeiryrd. C yu4eToM 3TOro acrekTa
B Pexomenmammmm MC3-R S.1062 onpeznenensl TpedyeMble paboune xapakTepucTuku B ¢popme BEP/a, Tme
BEP — BeposiTHOCTh OommOOK mo OuTam, a oL — KOJIMYECTBO OMMOOK B mauke. Huxe mpuBeneH mpumep
TpeOyeMbIX pabounx XapaKTepUCTHK JJIS CIYTHHKOBOW CHCTEMBI, paboTarolieil ¢ 000N CKOPOCTHIO IO
155 M6uT/c BKITIOYUTENBHO.

TABJIUIIA 2
TpedyeMble padoune XapaKTePUCTUKH, onpeneeHHbie B Pekomennanuu MCO-R S.1062
Ipouent TOJIHOTO BPeMeHH BEP/a. pn o =10
(HauXyIIIMii MecsI) (BEP)
0,2 1x107 1x10°
2 1x10° 1x10%
10 1x 1010 1x10°

Crnemyer mnpu3HATh, YTO CIyTHUKOBBIE COEAMHEHHS OSTOTO THIA TPEAHA3HAYAINCh JUISI TIOCTOSTHHOTO
BBICOKOCKOPOCTHOTO COCTUHEHUS, HCIIONBL3yeMOro s oOecliedeHUsT MEKKOHTHHEHTaJIbHOW JIMHUH C
BBICOKOW TIPOITYCKHOW CHOCOOHOCTBIO, IO KOTOPOH IepeAaeTcsi B OCHOBHOM Tele(OHHBIN TpaduK WIN
HU3KOCKOPOCTHOHN TpadWK NaHHBIX. DTH JIMHUU TPOXOJIWIH Yallle BCETO Yepe3 KPYITHbIe 3eMHbIC CTaHIIHH,
KOTOpBIe paboTany B Auana3zoHax 6/4 I'T'm, e HapyIieHue pacpoCTpaHeHUs Ype3BEIYAHO MaJIO.

B HacTosimmee Bpemsi 1O JBYCTOPOHHHUM CITyTHHKOBBIM COCAMHEHHSIM TepeiacTcs TJIaBHBIM 00pazoM
uHTepHeT-Tpaduk. CoeanHEeHUs, KaK TPaBUIIO, ACHMMETPUYHBIE M XapaKTEPU3YIOTCAd HAaJMYHEM CTaHIIHH-
KOHIIEHTPATOpa, KOTOpasi NepeiaeT MOTOKU ¢ BBICOKOH CKOPOCTHIO M B KOTOPOH BO3MOKHO HCIIOJIb30BaTh
MeToIbl BpeMeHHOro pasmencuus kaHaioB (TDM) wiau MHOTOCTaHIIMOHHOTO JIOCTYNA C BPEMEHHBIM
pazneneauem (TDMA). AGOHEHTCKHME CTaHIMM BEIyT Iepeiady € ropasao MEHbIIeH CKOPOCTBbIO, 4eM
CKOPOCTb CTaHLIMHU-KOHLEHTPAaTOpa, U MMEIOT OYCHb HHU3KUH KOA(PQHUUUEHT 3alojHEeHus. DTH CTaHLUH
OTHOCAITCSL K TOMY THITy CHCTEM, B KOTOPBIX OyJIyT HCIIOIB30BATHCS JJMHUHM Ha 00Jee BHICOKHX YacTOTaX H,
4ToOBl O0ecreunTh 3PPEKTUBHOCTh (DYHKIMOHUPOBaHHA, OydeT mpuMeHsATbcs ACM Ui TOCTHXKEHHS
YCTOMYMBOM MPOMYCKHON CIIOCOOHOCTH € BBICOKOH crekTpanbHOH 3¢ dexktuBHOCThI0. Ha wactoTax BbIme
20T BO3HMKAIOT ropa3no Oojiee 3HAYMTENBHBIC HAPYIICHUS PACHPOCTPAHEHHs IO CPaBHEHHIO C
nuranasonamu 6/4 I'T.
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1.2 Pe3yabTaThl IKCHEPUMEHTATbHBIX HCCIe10BAHUI IMHAMHUYECKNX XaPAKTePHCTHK 3aMHPAHUA
B J103K/1€

CoryracHO TIOJIYYCHHBIM ITaHHBIM, CPEAHUH HAKJIOH KPWBOW 3aMHUpPAHWS, PACCUYUTAHHBIA IO CITyTHHKOBOM
cucreme, paboraronieii B quanasone Ku, cocrasun 0,24 nb/c2. Ha pucynke 1 mokazaHa CTaTMCTHKA HAKJIOHA
KPHBOI 3aMHUpaHMs, M3MEPEHHas B CHCTEME CIlyTHMKOBOW CBa3u amanasoHa Ka B PecnyOnmke Kopess.
Ha pucynke 1 A — riy6una 3aMupanus B 1ox/e B 1b, AA — HakJIOH KpUBOif 3amMupanus B 1b/c, AA — cpenHee
3HaueHne AA. Ha pucyHke BUJIHO, YTO CpeIHHUI HaKJIOH KpUBOW 3aMHpaHMs cocTaBiseT MeHee 1 1b Bo Bcex
JMana3oHax 3aMUpaHHUsl.

OKCIepUMEHTAIbHOE HCCIIEJOBAHUE C HCIOJb30BaHUEM HCIbITaTenpHOro creHga DVB-S2 ¢ ACM B
crytHukoBoi nuauu (1. E.3 mokymenta DVB A171-1%) nokasano, 4rto MakCUMAIbHBIA HAKIOH KPUBOM
3aMUpaHMsl, COOTBETCTBYIOIIMI MEPHONAM CUIIBHBIX NOXJAEH, B Auana3zoHe Ka oOBIYHO HE NpEBBIIMIAET
0,5 nb/c, Takum oOpazoM Bpemsi oOHOBIeHHS IMKiIa ACM, paBHoe 1 ¢, cunTaeTcs peajrCTUYHBIM. 311eCh
MIpUBEIEHBI PE3yIbTaThl IKCIIEPUMEHTABHBIX UCCIIEAOBaHUM A cucTeMsl AuanasoHa Ka. Kpome Toro, ans
OrpaHUYCHHMS YHCcIa U3MEHeHUH Moayauuu 1 koguposanust (MODCOD) u ¢ yueToM THIIOBOTO pa3Mepa miara
Mexay cocemHuME ypoBHIMH MODCOD ms DVB-S2 6110 mo6aBiieHo HoMmuHaIsHOE cMemenue B 0,3 nb
BEpPXHEMY MTOPOTOBOMY 3HAYEHHIO 110 CPAaBHEHHIO C HIDKHUM ITOPOTOBBIM 3HAYEHHEM, PE3YJIbTaTOM Yero CTall
a¢ ekt rucrepesuca.

PUCYHOK 1

CpenHuii HAKJI0H KPUBOii 3aMHPaHus B CIYTHUKOBOIi cucteme anana3ona Ka

1.0
o
8 o foe o
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r 790000 ¢
O000
S 00 F
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&5 eoees®0too
~ I o° ®
135 L] ee®0e
0.5 ] °® e
" ]
L]
L ol @
| °
1.0 1 1 | 1 |
30 25 20 15 10 5 0
A(ab)
O VYMeHblIEHHE 3aTyX aHUs
® VYBemueHue 3aTyXaHUs $2131 01

2 Sooyoung Kim Shin, Kwangjae Lim, Kwonhue Choi, and Kunseok Kang, “Rain attenuation and Doppler shift
compensation for satellite communications”, ETRI Journal, Vol. 24, No. 1, Feb. 2002, pp. 31-42.

3 Meixiang Zhang and Sooyoung Kim, “A Statistical Approach for Dynamic Rain Attenuation Model,” 29th AIAA
International Communications Satellite Systems Conference (ICSSC-2011) 28 November — 1 December 2011, Nara,
Japan.

4 DVB Document A171-1. Digital Video Broadcasting (DVB), Implementation guidelines for the second generation
system for Broadcasting, Interactive Services, News Gathering and other broadband satellite applications; Part 1
(DVB-S2), March 2015.
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2 IIpumeHuMBbIe mapaMeTpbl padoYHX XapaKTEPUCTHK

21 IloTpeOHOCTHL B OnpeaeleHHMH HOBBIX TpedyeMbIX padouux xapaktepuctukax mjas HRDP c
NePEeMEHHO CKOPOCTLIO Nepeaaun

CymectByromue PexkoMeHganuu, Kacarolluecs TIOKa3aTeled KadecTBa IO OMKOKaM  (Hampumep,
Pexomenmanims MCD-R  S.1062-4), oxsateiBator HRDP ¢ mocTOSHHONW CKOpPOCTBIO Tepefadd |,
CJIEIOBATEIHHO, HEIPIMEHUMBI I CUCTEM, B KOTOPBIX HCHONB3YIOTCSH MeToabl ACM. BaxHBIM acrieKToM
ACM sBnsiercst To, uto Xapaktepuctuku BER B paszmmusbix pexxumax MODCOD orpaxarr ObicTpoe
camkenne BER otnocurensHo C/N, rae N — oOmmii ypoBeHb IIyMa B JIMHUH, BKJIIOYAs TEIUIOBOM IIyM H
nomexu. Pasuuna mexy C/N npu paGouem BER, k nmpumepy 1 x 1078, u npu cymectenno camxennom BER
B 1 x 10~ st manHOTO cocrosiaust MODCOD cocTaBisieT npubnusurensHo 0,25 nb.

MsHorue paboune XapaKTEPUCTHKHA COBPEMEHHBIX CITyTHUKOBBIX CUCTEM ONPEAEISIOTCS B KOHTEKCTE ITaKEeTHBIX
repenad B Gopme xodpdummenta ommobok mo makeram (PER), a xapakrepuctuku PER cHmkaroTcs Tak ke
ObICTpO, Kak 1 xapakTepuctuku BER. D10 03na4aer, uro paboune xapakTepucTHKH ciryTHHKA B popme PER kak
(yHKOMM BpeMEHH HE PEJICBaHTHBI JUISl CITyTHHUKOBBIX CHUCTEM, B KOTOPBIX MCHONB3YyIOTCS MeToabl ACM,
MOCKOJIbKY TakHe CHUCTEMBbl OYyAyT aJanTHpPOBaThCs K YXYALICHHIO YCJIOBHH IMyTeM YXyXIIeHHs oOuiel
MIPOIYCKHON CITOCOOHOCTH U, CJIENOBATENbHO, YK€ HE SABISIOTCA CHCTEMaMH C IMOCTOSHHOW CKOPOCTBHIO
nepeaayn. KoHuenuus usmeperns pabodnx XapakTepUCTHK CITyTHUKOBBIX JIMHHUM, B KOTOPBIX UCIIOJIB3YIOTCS
Meronsl ACM, ¢ mpUMEHEHHEM CpeAHEH WM YXYAIIEHHOM MPOIyCKHOM CIIOCOOHOCTH YK€ HCCIIEA0BaIach
panee®. B ykazaHHO# craThe paccmarpuBaioTcsi npuMmeHeHus ACM, [OMyCKaromMe CHIKEHHE CKOPOCTH
nepenaun nHGopmanyy. KoHIenuo yxyieHns: TpoIyCcKHON CIIOCOOHOCTH, MPEACTaBICHHYIO B HACTOSAIIEM
[punosxeHnu, MOKHO CHOB30BATh ISl OLIEHKH CHIKEHHUSI CKOPOCTH Tepeadyd HHPOpManum.

BepostHocts TOoro, uto PER cnyTHukoBOM cucteMbl, B KOTOpod ucnonbsyercss ACM, CHHU3UTCA 110
HETNPUTOTHOTO YPOBHS, OCTaeTCs Ype3BbIUAHO MaJiod, 1o Tex mop moka Habop MODCOD ACM He
HCUEpIIaeT BCE JIOCTYIHBIE KOAOBBIE BapuaHThl. CremoBarenbHO, 0ojee HET HEOOXOOMMOCTH yKa3blBaTh
KpUTEpHH KadecTBa MO OMMOKaM M 3HAaYeHHE TOTOBHOCTU AJISl OIpENENeHHs PadOdYMX XapaKTepUCTHK
cnytaukoBoro HRDP. Kpome Ttoro, mpurognpie TpeOyemble pabodme XapaKTEPUCTHKH HE 3aBUCAT OT
CKOpPOCTH Tepefayd B KaHalle, U MX BO3MOXKHO TPUMEHATh K JII00OH HCHonb3yemoll '"mpeanoxeHHOH"
CKOpPOCTH IEpeauu.

2.2 Ko puuuent ommbox no nakeram

Crerudukarus DVB-S2(X) onpenensier ycnosue kBazudezommbounoctu (QEF) kak ko3 dunmenT ommbdok
no makeram (PER), paBusiii 10, npu mmne nakera 188 6aiiToB, 4To coOTBETCTBYeET MnmHE naketoB MPEG.
D70 TaKXKe COOTBETCTBYET Kodhdumuenty ommbok 1o kagpam (FER), pasaomy 10°°, mpu pasmepe kaapos 16
200 nmu 64 800 6utoB. BBuay upe3BbIuaiftHo KpyThix xapakTeprucTuk KpuBbix PER mnu FER paznuuus 8 C/N
npu PER, paBHOM 107, u PER, paBHOM 107°, 06bIuHO He npesbimaot 0,1 1b, HE3aBUCMMO OT COCTOSTHUU
MODCODSE.

Mogaem DVB-S2 peanu3oBaH anmapaTHO U IPOAEMOHCTPHPOBAH MpH mcronb3osanuu PER7, pasroro 1074,
B KauecTBe ycnoBus uzmeHeHust coctossanst ACM. C ydeToMm 3HaYUTENNFHOTO BPEMEHH MPOXO0XKACHNS CUTHAIIA
B 000oux HamnpasieHusix (RTT) mogem DVB-S2 6bu1 paspabotan st uamenenus cocrosiuus MODCOD mpu
ycnoBun QEF B onepeskeHne 3TMX KpyThIX XapakTepucTuk PER.

5 Gerald Shewan, “Alternative Measure of Performance for Satellite Links Employing Adaptive Coding and

Modulation”, 30™ AIAA International Communications Satellite System Conference (ICSSC-2012), 24-27
September, 2012, Ottawa, Canada.

6 Tlonpo6ree o cmermdpukamun DVB-S2X cm.: DVB Document A171-2. Digital Video Broadcasting (DVB),
Implementation guidelines for the second generation system for Broadcasting, Interactive Services, News Gathering
and other broadband satellite applications; Part 2 — S2 Extensions (DVB-S2X), March 2015.

7 Joon-Gyu Ryu, Deock-Gil Oh, Hyun-Ho Kim, and Sung-Yong Hong, “Proposal of an Algorithm for an Efficient
Forward Link Adaptive Coding and Modulation System for Satellite Communication”, Journal of Electromagnetic
Engineering and Science, Vol. 16, No. 2, Apr. 2016, pp. 80-86.
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Ecnu BeImonHAeTcs mepeaaya Ha OCHOBE KaApoB (WM MakeToB), Toraa napametp BBER, onpenenennsiii B
Pexomenmaniun MCD-T (G.826, moxno comoctaButh ¢ FER wmmm PER, mockombky pasmep OI0KOB,
OIIpEeNICHHBIN B Tabuu1e 1, MOXKeT ObITh COBMECTHMBIM C Pa3MEPOM MAaKETOB MIIU KaJlpOB.

Janee BO3MOXXHO oOmpenenuTh Tpebyembie padoune XapaKTEPUCTHKU CITyTHUKOBOH CHCTEMBI, B KOTOPOM
UCIONB3YIOTCS MeToApl ACM, myTem u3MeHeHHs TpeOyeMbIX pabouuX XapaKTePUCTHK, MPUBEICHHBIX B
tabnuie 2, u ucnois3zoBanus PER, koTopslit mokaszan B Tabnuie 3.

TABJIMIIA 3

TpeOdyemble padoune XapaKTePUCTHKH CIIyTHUKOBOI CHCTEMBI,
B KoTOpoii ucnoan3dyercss ACM, B popme PER

IIpouenTHas 10Jis1 00111ero BpeMeHH PER
0,04% roma <10
0,6% rona <107
4,0% rona <1077M

@ TIpenmonaraercs, uto PER, pasubiit 107, sxpusanenten FER, papaomy 107, a Takxke BBER,
pasHoMmy 1074, u3 Tabumpm! 1.

2.3 CrnekrtpansHasi d3¢pekTuBHOCTD Kak Ppynknus C/N

EmkocTes kaHama, mnpesacrtaBieHHas Tpanuieidl IlleHHoHa—XapTin, MOXET OTpakaTh CIEKTPAIbHYIO
3 PeKTUBHOCTh, BEIpOKECHHYI0O B Out/c/[m, w Takas cnekTpaibHas 3(P(HEKTHBHOCTP MOXET OBITh
npexacraBieHa kak QyHkuus C/N. CnekrpanbHas sddexruBHOCTh Kak ¢yHkuuss C/N moxer OBITH
MIpEJICTaBJIeHa CIEAYIOMUM 00pa3oM B ciydae HMCIOJIb30BaHus rpaHuibl llleHHOHA—XapTin, 4To sSBiIseTcs
MaKCHUMaJIbHBIM JOCTHXKHMbIM 3HAUCHHEM:

n(y) = logz(10"° + 1), @

rae n — cnekrpanbHas dGdexkTuBHOCT, B O6uT/c/T1, a ¥ — orHomenue C/N, KOTOpoe B JaHHOM Ciydac
9KBHBAJIEHTHO OTHOIIICHHIO SHEPTUYM CHUMBOJIA K CIIEKTpaIbHOM mroTHoCcTH myMa (Es/No) B 1b.

Ecim B cucreme ucnonbdyercs ACM ¢ Heckosibkumu peskumaMd MODCOD, Tto MoxHO BbiBecTH M(Y) U
YCTQHOBUTH TpeOyeMble paboure XapaKTEepHCTUKH, YTOObI MOAACPKUBATh 1(Y) C ONPEAENCHHBIM 3alacoM C
ygeToM m3MeHeHnl coctossHust ACM B TeueHre MHTepBajia BpeMEHH JUTNTEITFHOCTRIO TPUOITU3UTEHHO B 1 C.

CrnenoBaTelibHO, OJHA W3 TpeOyeMbIX pabOuYMX XapaKTEPUCTHK MOXKET ObITh OCHOBaHAa HA TOM, 4YTO
criekTpasbHas 3QPEeKTHBHOCTh CHCTEMBI MOJICpXKHUBaeTCsi Ha ypoBHe He Hmxke 1M(y — 1,0) mis manHOrO
3HA4YEHUS Y, BEIPAXKEHHOTO B 1b.

g Ttoro 4ToOBI MpPENCTaBUTh NMPUMEP TOTO, KaKHUM 00pa3oM BO3MOXHO MPUMEHUTh CIEKTPAIbHYIO
3¢ peKTUBHOCT, B KadecTBE TpeOyeMol pabouell XapaKTEPHCTHUKH, HCIIOIB3YIOTCS XapaKTEPUCTHKH
DVB-S2X8.

Ha pucyHke 2 moka3aHo CpaBHEHHE CHEKTpalbHOH 3ddekruBHocTH omnepauuii MODCOD ACM ans
DVB-S2X u DVB-S2 ¢ rpanunueii Lllennona—Xaptu.

8  HcrnompsoBanne xapakrepuctk DVB-S2X He criefyer MOHHMAaTh Kak MHpeAnouTeHHe cucTeMbl DVB-S2X
anpTepHaTuBHbIM MeToiaM ACM. Xapaktepuctiku DVB-S2X sBisitoTCS 00LIEIOCTYTHBIMH, U X UCIIOJIb30BAHHUE
HC noAnanaacT 1moJ orpaHn4CHusd, O6yCJ’IOBJ’IeHHbIe ImpaBaMu HHTeHHeKTyaﬂbHOﬁ CO6CTB€HHOCTI/I.
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PUCYHOK 2

CpaBHeHHe CIIEKTPAIbHOM 3Q(PeKTHBHOCTH (EMKOCTH)

DdbexTHBHOCTH UCTIONB30Banust criekrpa (out/c/l 1)

E¢N, (nb)
I'parmua lenHona—Xapiu ACM DVB-8$2X (xanam AWGN)
B c00TB. ¢ yp. (1)
----- Kpusasi, coots. yp. (2) e ACM DVB-S2X

(HeTMHE MHBIA CITy THUKOBBIA KaHAJT)
= Kpusasi, coots. yp. (3) $2131 02

[onbupas cnextpanbhyto ¢ ¢dextuBHOCTh Mpu pabore ACM DVB-S2X no HennHEHHOMY CIyTHHKOBOMY
KaHaJIy C UCIOJb30BaHUEM JIByX MHOT'OWJICHOB BTOPOIO MOPSAKA AJISl ONpeleeHIs] MUHUMAILHON OIINOKH
METOJIOM HAMMEHBIINX KBAJPATOB, MOXKHO BBIBECTHU CJIEAYIOIINE ypaBHEHHs Y

n(y) = 0,8181 + 0,1607y + 0,0096y2 npu —5 <y < O;

)
n(y) = 0,7375 + 0,1433y + 0,003y* ripu y > 0.

UToOBI MOMYYUTh ANIPOKCHUMHUPYIONIYIO KPUBYIO, COOTBETCTBYIOILIYIO HIDKHEH 4acTH KPHUBOI, MOCTOSIHHAs
0,8181 na yuactke kpuBo# (—5 <y < 0 n1b) momxna ObITh cHkeHa Ha npuMepHo 0,08—0,7375, Tak 4TOOBI
BEPXHSS U HIDKHSIS YaCTH KPUBOW BBIPOBHSUTHCH 110 OJJHOMY M TOMY e 3HadeHuto Yy npu Es/No = 0. Taxke
CTOUT OTMETHTb, 4TO Ha pucyHke 2 Toukn DVB-S2X (kanan AWGN) B HIKHEH JIeBOH 4acTH pHCYyHKa
MTOKAa3bIBAIOT, YTO pa3HUIla B CHEeKTpanbHOU 3¢ dektuBHOCTH KaHama AWGN u HenmmHEHOTO KaHana
yMeHblaeTcsi, korna Es/No omyckaercst Huke Hysi. YpaBHeHue (2) ¢ TIOCTOSHHBIM YICHOM, H3MEHEHHBIM B
HWDKHEH 4YacTH KpHBOH, BO3MOXKHO Janee IpeoOpa3oBaTh, YUMTBHIBASI CEPUIO JAHHBIX MHUHUMAaJIbHOU
CHEKTpaIbHON 3PPEKTHBHOCTH, CIETYIOIINM 00pa3oM:

n(y) = 0,5933 + 0,1415y + 0,0096y* npu —5 <y < 0;

3)
n(y) = 0,5933 + 0,1388y + 0,003y% pu v > 0.

Tpebyemas pabodas xapaKTepHCTHKa 00eCIIeUnBacT yBeInIcHHE Ha 1 1b Mo cpaBHEHMIO C XapaKTePUCTHUKOM
DVB-S2X, 4To mo3BoJIsieT yYUTHIBATh JIOMOJIHUTEIbHBIC YXY/IICHHS KaHalla B THIIOBOK paboueii cpene.

9 DVB-S2X ucronb3yercs B KauecTBe MPUMeEpPa, TaK KK 3TOT CTAHAAPT IIMPOKO HMCIOMB3YeTCS M XapaKTePUCTHKH

SIBJISIFOTCS OOIIEAOCTYTHBIMHU. AHAJIOTHYHBII BBIBOJI MOXKHO IIPOBECTH YISl JIIOOOT0 anbTepHaTHBHOrO MeToga ACM.
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B stom npumepe 13 pucyHka 2 04eBHIHO, YTO B JUHHUHU, B KOTOpoi ucnomis3zyercas ACM cuctemsl DVB-S2X B
HEJTMHEHHOM CITyTHUKOBOM KaHaie, ymeHbienne 3HaueHus C/N Ha 1 1b npuBOAUT K CHIKSHUIO TOCTHXKUMOMN
cnekTpasHON 3¢ dextrBHOCTH TpuMepHO Ha 10%. Takoit BEIBOJ HEAEWCTBUTENEH IS JIMHUM, B KOTOPBIX
ucnonbzytorcs MODCOD, otimunsie o DVB-S2X. ®@aktndeckoe cHmkeHHE d()GEKTUBHOCTH 3aBHUCUT OT
HoMuHaNbHOTO 3HaueHuss C/N 1o yxymaieHus.

Hcnone3zyemass B 9TOM IpuMepe cucrema cMoria Beyiepkarh cHibkenune C/N Ha 1 nb B Teuenue 1 ¢ mpu
n3meHennu coctosius ACM. Takoe yxymmenne otaomieHust C/N MokeT ObITh CBA3aHO C JTIF0OBIM HCTOYHUKOM
BHEIIIHETO0 LIyMa U 3aMHpaHHUEeM B JIOXKJIE.

PucyHOK 2 ¥ BBIBOJIBI, CETAaHHBIC Ha €r0 OCHOBE, OTHOCATCS K CHCTEMaM, B KOTOPbIX peain3oBanbl ACM
DVB-S2X, HO 3Ty METOUKY MOKHO IIPUMEHATH U K APYTUM CIIYTHUKOBHIM JIMHUAM ¢ ACM IpyTHX THIIOB.

24 YXxyaumeHue nponycKHoOM crocoOHOCTH

HcnonbzoBanne ACM B CIIyTHUKOBO# cCTEME MTO3BOJISIET MTOAJECPKUBATh CITyTHUKOBOE COeTMHEHHE JaXKe TIPH
YXYALIGHUHA YCJIOBHH pPaclpoCTpaHEHHs CHTHajla, HO 3a CUYET yMEHBUICHHs IPOMYCKHOH CIIOCOOHOCTH.
VYXyamenue mporycKHOM crnocoOHocT Ha Beixone ciyTHukoBoro HRDP, B xotopom mpumensercs ACM,
MOXHO CBSI3aTh CO CIIEKTpajbHON 3(h(heKTHBHOCTBIO, €CIIH CIENaTh JOIYCTUMOE MPEAIONIOKEHHE O TOM, YTO
MIPOITYCKHAsI CLIOCOOHOCTh M3MEHSETCSl B TPSAMOI 3aBHCUMOCTH OT CHEKTpaibHOM 3¢ ¢extnBHOCTH. [Ipn 3TOM
MPE/IIOI0KEHUN MPOMYCKHYIO CIIOCOOHOCTh MOKHO BBIMUCIHTH Kak ¢yHKimio C/N, koTopas M3MeHsieTcs B
3aBUCHUMOCTH OT YCJIOBHH paclpOCTPaHEHUS U IIOMEX.

Hwuxe npusenen npumep ucnoib3oBanus DVB-S2X mis Haxopsmeiics B roxHO# yactu @mopunsl (CILIA)
CIyTHUKOBOW JIMHMHM, Ha KOTOPYIO BO3JEHCTBYeT TOJBKO 3aMupaHue. Mcmoms3dys wmeron U3
Pexomenmanmn MCD-R P.618, MoxHO paccunrars 3HaueHus npesbiienns C/N B TedeHue ompeneieHHOrO
Iepruojia BPeMEHH CpeJHero roga. B KadecTBe mpuMepa Ha pUCYHKE 3 TIOKa3aHBl 3TH 3HAYCHUS I
CITyTHUKOBOH JIMHHH, paboTaromiei Ha yactoTte 38,5 [T B KIIMMaTHYECKOH 30He, aHATIOTHYHOM FO’KHOHM YacTH
®nopunel. [Ing npennonaraeMpIX 4acTOTBI M MECTOMNOJIOKEHHSI, MCIOJIb3YEMBIX Ui BBIYMCICHUS KPUBOMH
Ha pucyHKe 4, ¢ yderoMm 3amaca B 1 ab mns ydera mroObIX BO3MOXKHBIX ITOMEX, 3aTyXaHHE TPUBEAET K
HETOTOBHOCTH CUCTEMBI B 0,4%, 4TO COOTBETCTBYET ITOKA3aTEIIO TOTOBHOCTH 99,6%. JlmHaMU4yecKuil muamna3ox
BBIIIEYTOMAHYTOW uHUM cocTasisieT 30 nb.

IIponieHTHAas J10J1s1 BpEMEHHU, B T€UEHHUE KOTOPOTO JIMHUSA TOJIBEPraeTcsl BO3JAEUCTBUIO TOJIBKO 3aMUpaHUs MpU
pacpoCTpaHCHUH, U CHEKTpaibHas 3(P(PEKTUBHOCTL B ATOM JIMHUM MAaJaeT HIDKE HAMMEHBIIUX 3HAYCHUM,
3aBHCHT OT CIIEAYIOMUX (haKTOPOB:

1) KJIIMMaTUYECKUE XaPAKTEPUCTUKHU MECTOTIOJIOKEHNS IPUEMHON 3€MHOU CTAaHIINU; U

2) ¢dopma curnana (Hanpumep, DVB-S2X, DVB-S2 u 1. 1.) u, B ocodeHHocTH, Hanbosee 3 heKTHBHOE
koauposanue (camble Hagesxxasie MODCOD), noctymHoe 11 CUTHAja 3ToH (hOPMBL.

B kauecTBe JOMOIHHUTENHFHOTO COOOpPaKEHHUS CIEAYET OTMETHUTh, YTO OTUHAMHYECKUI AMAIa3oH 3aBHCHT OT
IIPOEKTHOTO PEILIEHUs] CUCTEMBbl M OrpaHudeH 3>(dexTaMu pacrpocTpaHEHUs! W, CIEeIOBATEIbHO, MOXKET HE
COOTBETCTBOBATH MOJHOMY TEOPETHYECKOMY AMHAMUYECKOMY JTHANa30Hy MCIOIb3yeMol OpMBI CUTHATIA.

Ilo 9KCILUTyaTallUOHHBIM IIPUIUHAM MOXKCT OBITH AOCTUTHYyTa TOYKaA, B KOTOpOﬁ CHUTHAJI TO-TIPC)KHEMY HAXOAUTCA
B pa6orleM COCTOSAHHUHN, HO JIMHHUA CUHUTACTCS HGJIOCTyHHOfI. B stom cirydae JII/IHaMI/I‘-IeCKI/Iﬁ JAHUaIIa3oH MOXKET
OBLITE MCHBIIC, YEM ITO3BOJISCT (bopMa curHana. Takoe KPaTKOBPEMEHHOC CHUIKCHNUC TMUHAMUYCCKOI'O Arara3oHa
MOXET OBITh KOMIICHCUPOBAHO YBCIIMYCHUCM 3allaCa Ha JIMHUH.

[Ipu TOM YTO CITyTHHUKOBAas JHMHUS, B KOTOPOH mcronb3yercss ACM, MOXeT MoIepKUBaTh COSAUMHEHHUE MPH
YMEHBIIIEHHON TIPOITyCKHOM CIIOCOOHOCTH, MTOTEPH JOCTHKUMOMN TPOITYCKHOM CIIOCOOHOCTH, BBIPaKEHHBIE KaK
JOJIsT MaKCUMaJlbHOM TPOIYCKHOW CIIOCOOHOCTH 3a OIPEACICHHYIO IMPOLEHTHYIO AOJIO BPEMEHH, MOKHO
paccuuTaTh CIEAYIOLMM 00pa3oM:

n(v(T%))
@(Ty,) = 1 ———=, (4)
Nmax
I€ Nmax — MAKCHMAJIBHO JOCTIDKHMAs CrHeKTpaibHas d(dextuBHOCTh, Toy— MPOIEHTHAs JOIS BPEMEHH,
Y(T%) — noctmxumoe C/N 3a Bpemst > T% u (T, )— CHIKCHHE JOCTHXHUMOM MPOITYCKHON CIIOCOOHOCTH.
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CrnemoBaTelbHO, CpeIHee 3HAUCHUE TTOTEePh MPOITYCKHON CITIOCOOHOCTH ((Protal) MOXKET OBITH PACCUMTAHO ITyTEM
YHCIEHHOTO WHTETPHPOBAHUS CIIEKTPAIBLHON 3((EKTUBHOCTH 3a TEpPHOJI BPEMEHH, B TEUCHHE KOTOpPOTO
COEIMHEHHE JIOCTYIHO, CIIeIYIOMNM 00pazoM:

Protal = El—MJdT% ~ D Ty )ATys,. (5)

Mmax

CnextpaibHyo 3 ()EeKTHBHOCTD 1|, COOTBETCTBYIOLIYIO ONpENEICHHON MPOLEHTHOW A0Jie BPEMEHH, MOXHO
onpenenuthb, noacraBuB C/N, To ecTs 3Ha4eHuUe ¥, B ypaBHeHue (3). B Tabnuiie 4 npuBeeH npumep BEIYUCICHUS
XapaKTePUCTHUK JHHHUN, B KOTOPBIX HCIonb3yeTcss ACM, Kak CpeaHed MoTepH IMPOITyCKHOW CIIOCOOHOCTH
@ ¢ q LY THHKOBOI CHCTEMBI, MOKa3aHHOM Ha PUCYHKE 4, HA OCHOBE MHTETPAIbHON (YHKIMH PaCIpPECIICHIs
JoCTIKAMOM TportyckHoil criocobrocTH O(Ty,). B atomM mpumepe nmax= M (24) cocramsier okono 5,653.
Ha pucynke 4 nokasaus! rpaduk crexrpanbioi sddextusaoctr 1(y(To,)) U COOTBETCTBYIONIEE YXY/IIICHHE
JoCTIKUMO# Tiporyckaoi crocobHoct @(Ty,). B 3TOM mpuMmepe cpeaHee 3HAYCHHE MOTEPH POITYCKHON
CIIOCOGHOCTH @, ;> PACCYMTAHHOE C WCIOJB30BAaHUEM YypaBHeHHs (5), cocramsier okono 4,678% mnpu

IUHAMHAYECKOM Auana3one okoio 30 nb.

TABJINIIA 4

IIpumep pacyera yxyalieHHs: NPOMYCKHOH COCOOHOCTH

To 3aT;;I(:izZe(nB) c/ N(';;;()T%) Ny (To)) ® (Tos) ATy @ (To) ATo%
0,4 29,413 4,69 0,141 0975=1- 01 0,098 = 0,975 x 0,1
(0,141/5,653)

05 26,277 1,550 0,397 0,930 0.1 0,093 =0,93x 0,1
0,6 23,842 0,885 0,719 0,873 01 0,087
0,7 21,893 2,834 1,011 0,821 01 0,082
0,8 20,285 4,443 1,269 0,775 01 0,078
0,9 18,925 5,803 1,500 0,735 01 0,073

1 17,754 6,974 1,707 0,698 05 0,349
15 14,187 10,540 2,390 0,577 05 0,289

2 12,009 12,718 2,844 0,497 05 0,248
25 10,634 14,093 3,145 0,444 05 0,222

3 9,617 15,111 3,376 0,403 05 0,201
35 8,716 16,011 3,585 0,366 05 0,183

4 7,983 16,744 3,759 0,335 05 0,168
45 7,371 17,357 3,906 0,309 05 0,154

5 6,849 17,879 4,034 0,286 06 0,172
5,6 6,186 18,54 4,198 0,257 1 0,257
6,6 5,524 19,20 4,365 0,228 14 0,319

8 4,861 19,87 4,535 0,198 2 0,395

10 4,199 20,529 4,707 0,167 2,2 0,368
12,2 3,392 21,34 4,920 0,130 2,3 0,298
14,5 2,585 22,14 5,137 0,091 2,5 0,228

17 1,778 22,95 5,359 0,052 3 0,156

20 0,972 23,756 5,584 0,012 10 0,122
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TABJIMIA 4 (oxonuanue)
. IMosnoe CIN, v (T%) )
Toe satyxanue (15) (1B) Ny (Tw)) ¢ (Tw) AT ¢ (Tow) AT%
30 0,778 23,950 5,638 0,003 10 0,025
40 0,753 23,975 5,645 0,001 10 0,013
50 0,727 24,000 5,653 0,000 50 0,000
100 0,727 24,000 5,653 0,000 0 0,000
(ptotal 4’678
PUCYHOK 3

Pacuer 3aTyxaHus BeJIeACTBHE MOTePb NPH pacnpocTpaneHny Ha ocHoBe Pexomenaanmmu MCD-R P.618
B CIIyTHMKOBOM CO€/IHHEHUH, B KOTOPOM Hcnoab3yercs ACM u koTopoe padoTaeT B KJIMMaTHYeCKOii 30He,
aHAJOTrH4HO¥ 10:KkHOI yacTn Daopuasl (CIIA)

100 T

90 | \

80 | \

70 | ®
60 B

50 | \

40 L]

3ary xanue (1b)

30 3aryxaHue cocTaBseTOKI029 1b \

Y

10 Ipu 99,6% or obuiero BpeMeHu .H
L ~u
s
0,001 0,01 0,1 1 10 100

IMporuent obmmero Bpemerw ( 7%)
S.2131_03

[peamnonarasi, 4To 3aTyxaHWe B CIYTHHKOBOM COCIMHEHUH SBISieTCS (YHKIHMEH OOLIero BpeMEeHH, Kak
MOKa3aHO Ha PUCYHKeE 4, ToJIyyaeM CpellHee 3HauUeHNUE 0KUAAeMOH MOTepH MPOIYCKHOM CIOCOOHOCTH, paBHOE
4,678% ot 00111el BO3MOKHOM IPOITyCKHOM CHOCOOHOCTH:

[IpomyckHas crioco6HOCTs = CKOpOCTh Nepeiauu B KaHale X Bpems; (6)

[orepsHHas mpomycKHasi cCHOCOOHOCTh = MakcuMalibHast JOCTYIHAsI IPOITyCKHAs
CHoCcOOHOCTh — DaKkTHYecKas MPOITyCKHAs! CIIOCOOHOCTE; (7)

Yxynmenue npormryckHor criocodHoctH (%) = (IloTepsarnas mpomyckHas criocoOHOCTB/
MakcumanbHast JOCTYITHas IPOMYCKHast CtocoOHOCTh) X 100. 8)

[Ipumep pacuera yXyJIIIeHuUs MPOITYCKHOM CIOCOOHOCTHU B MPOIICHTaX MpuBeieH B [IpuiiaraeMom TOKyMeHTe
K [Tpuinosxxenuro.
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PUCYHOK 4

CrnexTpaibHas 3ppeKTHBHOCTD M OTEPSIHHASA MPOIYCKHAS CIIOCOOHOCTL” B CIIyTHUKOBOM COEIHHEHHH, B KOTOPOM
ucnoJib3yercsi ACM u koTopoe padoTaer B KJIMMATHYECKOI 30He, aHAJOTHYHOM 10:kHOIH yacTu Daopune (CILHA)

6 - 1,0
09
0,8
0,7
0,6
05

0,4

(38

0,3

D¢ pexTHBHOCTH KCIIONB30 BaHu s criekTpa (6ur/c/I'1)
W
[ToTte psTHHASTIPOIT YCKHA S CTI0 COOHOCTH ™

0 O e e — |

01 1 10 100
IporenT o61mero Bpemenu ( 7%)

—8— D({dexmBHOCTD HCTIONB30BaHus criekTpa (Gurc/T 1)

—&— lloTepsiHHAS NPOIYCKHAS CIIOCOOHOC TH™

*J1Qis HOTEPSHHOM IPOITYCKHON CITOCO0HOCTH

S.2131_04

IIpuiaraeMsblii JOKyMEHT
K [IpuiioxkeHuro

IIpumep pacuera yxXyaumeHus NPOMYCKHOM cOCOOHOCTH B MPOLIEHTAX

HonyctuM, uto Hamnydmme poctynmasie MODCOD — ato 16APSK 77/90. lomyctum nanee, 4To CKOPOCTb
MOJIYJIALIMU B KaHaye cocTaBisieT 34 meraboxa B cekyHay. OObeUHsISI 3TH HOMYIICHHUS, [T0JIy4aeM CKOPOCTh
niepemaun 116,36 Mout/c. JlomyctuM, 9TO 1O COSTMHEHHIO ITEPEAATOTCS MMAKETHI NTHHOM 188 OaiiToB, mpuueM
KaXXIbIid OalT SBIIIETCS OKTETOM.

PaccuntpiBaeM MakCUMaIbHYIO JOCTYIIHYIO IPOIYCKHYIO criocoOHOCTh (MATpyt), hakTHuecKyro mpoIrycKHyo
cnocobHocth (DTput), moTepssHHYIO mpomyckHyr crnocoOHocTh (LTow) W yXydumeHue mpoImycKHOR
cnocobnoctr B porierTax (%D Tpyy) cremyronmim obpazom:

MATut = MakcumasbHasi CKOpOCTb Tiepeiadn B kanaie (0ut/c) X Bpems (c); €)]
DTput = £ ckopocreii nepenaqn B kanane (C/N); (6ur/c) x Bpemsi (c); (10)
LTput = MATput — DTput; (11)

%DTput = (LTpu/ MAT ) x 100. (12)

s 3HaueHn#, COOTBETCTBYIOIIUX JOMYILEHUSIM:
MATut = 116,36 Mout/c x 31 557 600 c/roxg = 3,67 % 10% 6ur, nnu 2,44 x 10'? maketos B ros.

Vcnonb3ys IaHHBIE W3 TaONHIBI 5 W TONAras, 94To CKOPOCTH MepeJaud B KaHajle M3MEHSETCS TaK ke, KaK
creKkTpanbHas 3hEeKTHBHOCTH, HomydaeM LTpu = 1,14 x 10 maketoB u %DTpu = 4,678%.
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TABJIUIIA 5

Yxynuenune nponycKHoi cnocodHocTH B ponenTax: 34 mera6on B cekynay, 16APSK 77/90,
188 GaiiToB B nakeTe, MAKCUMAJIbHAS JOCTYIIHAS PONYCKHASA CIOCOOHOCTDH
116,36 MouT/c = 2,44 x 10'? nakeros/roa

et | om0 | AT siorg r | e
0,4 29,413 —4,69 0,141 0.1 (g,ﬂf/;,esls;) 2379113244,94
0,5 26,277 -1,550 0,397 0,1 0,930 2268593048,04
0,6 23,842 0,885 0,719 0,1 0,873 2129821586,02
0,7 21,893 2,834 1,011 0,1 0,821 2003692375,24
0,8 20,285 4,443 1,269 0,1 0,775 1892136410,30
0,9 18,925 5,803 1,500 0,1 0,735 1792605325,58
1 17,754 6,974 1,707 0,51 0,698 8515408574,43
15 14,187 10,540 2,390 0,5 0,577 7042604485,82
2 12,009 12,718 2,844 0,5 0,497 6061899097,19
2,5 10,634 14,093 3,145 0,5 0,444 5411456009,74
3 9,617 15,111 3,376 0,5 0,403 4914264989,65
3,5 8,716 16,011 3,585 0,5 0,366 4462867228,40
4 7,983 16,744 3,759 0,5 0,335 4087795603,11
4,5 7,371 17,357 3,906 0,5 0,309 3769153208,08
5 6,849 17,879 4,034 0,6 0,286 4192406755,67
5,6 6,186 18,54 4,198 1 0,257 6277955694,24
6,6 5,524 19,20 4,365 14 0,228 7780079269,90
8 4,861 19,87 4,535 2 0,198 9650151891,10
10 4,199 20,529 4,707 2,2 0,167 8979487209,87
12,2 3,392 21,34 4,920 2,3 0,130 7269900943,64
14,5 2,585 22,14 5,137 2,5 0,091 5558025750,48
17 1,778 22,95 5,359 3 0,052 3806209512,79
20 0,972 23,756 5,584 10 0,012 2974051094,53
30 0,778 23,950 5,638 10 0,003 615903898,01
40 0,753 23,975 5,645 10 0,001 308034447,18
50 0,727 24,000 5,653 50 0,000 0,00
100 0,727 24 5,653 0 0,000 0,00
114143617653,95
Peotar 4,678
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