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BBegeHue

naBHas 3agada HacTosLlero cTaHaapTa cocTouT B obecnedeHnn BCeX 3anHTEPECOBaHHbIX opraHusa-
LM, paspabaTbiBatoWMX W 3KCMyaTUpYHOLWNX paguoTeneMeTpudeckue cUCTeMbl, OBLLMMA CCbINOYHBIMA
AaHHbIMKU. OpraHnsaummn HecyT OTBETCTBEHHOCTb 3a BbIGOP METOAOB MOAYISALMM PagaMoYacToT U3fydaemblx
CUrHanoB, NpUMeHsAeMbIX B KOHKPETHOM annapatype.

OTaenbHble TpeBGoBaHWS U NpaBuUna HacTOALWEro cTaHdapTa MOryT GbiTb NMPUMEHEHbl B OTHOLLEHWUM
CTaH4apToB opraHMsauuin. [ns Ucnonb3oBaHUs HacTosWero cTaHaapTa npu opraHMsaunm 6opToBbIX Tene-
MEeTPUYECKUX CUCTEM, B OCHOBY KOTOPBIX 3a5iokeH MeTodbl MOAYNAUMn ¢ 3 eKTUBHBIM UCMoNb3oBaHUEM
Nonockl NPOMNyCcKaHns, pekoMeHayeTCs yKasblBaTb B COOTBETCTBYHOLLEN CChINKe, B KAKOW YacTu HaCcTOALMIA
cTaHAapT criegyeT NPUMeHSTb B OTHOLLEHUM CTaHAapTOB AaHHOoW opraHusaumnn. OcTanbHble TpeGoBaHus npu
opraHusauum 6opToBbLIX TENEMETPUYECKUX CUCTEM, BasnpyoLMXCS Ha MeToAaax MoaynaLmm ¢ 3 ekTUBHEIM
MCMonb3oBaHNeM MoMockl NPOMyCKaHWs, YCTaHaBNMBatOT B JaHHOW OpraHn3aLmn CaMoCTOSATENBHO C Yy4ETOM
Heo6XxoaAMMOCTU cOBNIOAEHUS YCTaHOBINEHHOro B dheaeparnbHOM 3akoHe «O TEXHUYECKOM perynpoBaHun»
npuHUMna obecrneveHns yCroBuii Ans eAnHoo6pasHoro NprMeHeHUs: CTaHaapToB.
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HAUUWOHANBbHBIN CTAHJQAPT POCCUUCKOW @ERJEPALUMU

CUCTEMbI TENEMETPUYECKUE BOPTOBbIE

MeTtoab! Moaynsauum ¢ S(bd)eKTMBHbIM ucnonb3oBaHUeM Nonochbl NnponyckaHuAa

Onboard telemetry systems. Methods of modulation with a pass-band effective utilization

Nara BBeaeHns — 2016—01—01

1 O6nacTb NpMMeHeHus

HacTtoswmin ctaHgapT pacnpocTpaHsaeTCa Ha paguoanekTpoHHyo annapaTtypy 60pToBbIX paguoTene-
MEeTpUYEeCKMX CUCTEM U YCTaHaBNMBaeT npasuna npuMeHeHUsa MeToaoB MOAYNALUN BbICOKOYACTOTHbLIX CUr-
HasnoB Npu Nnepegaye AaHHbIX MO KaHanam «bopT-3eMnsy».

HacToawmin ctangapT npefHasHavyeH 4151 YCTaHOBMEHUs METO40B MOAYMSILMN HecyLlen 4acToThl C
3P HEKTUBHBIM UCMOSB30BAHNUEM MOSOCHI MPOMYCKaHNS.

CranpapT paccmaTtprBaeT MeTOAbl 1 BOMPOCHI NOCTPOEHNA CXeM MOAYATOPOB, oTBevalowWwux 3a gop-
MUpOBaHWE CUrHanoB AN YNpasBreHWs napameTpamMy BbICOKOYACTOTHBLIX CUTHamNoB ANSA UX AalnbHenlen
nepenayu rno KaHanam CBA3U Ha NPUEeMHYH pPerncTpupyroLLYyo annapaTtypy, a Takke ycTaHasnMBaeT orpaHu-
yuTenbHble TpeboBaHWS K cneKkTpanbHbIM Mackam U3MyveHui.

HacToswmi ctaHgapT He pacnpocTpaHaeTcs Ha MeToAbl, MpUMeHsieMble 11 KOHKPETHBIX paauoTere-
METPUYECKUX CUCTEM, B TOM YMCIIE NCNOMb3YIOLMX NCeBAOCyYaHble nocrnegoBaTenbHOCTU A yBenuye-
HWUSA NoOMeXxo3aLUMLLEeHHOCTU paguonHUK.

2 TepMuHbI 1 onpeaeneHus

B HacTosileM cTaHAapTe NpUMEHeHbl creaytoLme TeEPMUHBI C COOTBETCTBYIOLLMMU onpeaeneHUsasMn:

2.1 mopynsauus: [lMpouecc yrnpasneHuss OAHNUM UM HECKONBKMMU NapameTpamu konebaHua. Ynpas-
NSOWMM SIBNSETCA CUrHan, HecylWwuin nHcopMmauunio. B aHanoroBbix cucteMax MUCMonb3yloT aMmninTyaHyo
MOAYNALMIO 1 YINOBYH MOAYSILMIO B ABYX MoAndukaumsx: hasoBas U yacToTHas.

2.2 nonoca nponyckaHuUA: HernpepblBHbIA AnanasoH YacToT, ANsl KOTOPOro OTHOLLEHUe aMNuTyAbl
BbIXOAHOrO cUrHana K BXoAHOMY NpeBblliaeT HEKOTOPLIA 3apaHee 3afaHHbIA npeaern.

2.3 Moaynsauua ¢ HenpepbiBHOU hasoin; MSK: Moaynsiuus, npu koTopoit nHdopMaLust nepegaeTtcs
B U3MeHeHUn dasbl BbICOKOYACTOTHOMO CUrHana.

2.4 layccoBckasi MaHMNYNALUA ¢ MUHUManNbHbIM caBurom; GMSK: Mopaynsiuust ¢ HenpepbiBHON
dasoin n nocTosiHHOM ormbatoLei. JlaHHbIA BUA MOAYNALMN NOMAYYEH U3 MOAYNALMA C MUHUMATIbHBIM CABU-
rom (MSK) go6asneHnem FayccoBckoro hunbTpa, yMeHbLIAKOWEro BHEMOMOCHBIE YPOBHU U CNEKTPanbHyo
Monocy Nponyckaxns.

2.5 kBappartypHan cpazoBan maHunynauus co casurom; OQPSK: Mopaynsauus, ceobogHasa oT Mex-
CMMBOIbHbIX MHTepdhepeHUmnid n konebaHuin, yaosneTeopsaowwas Tpe6oBaHUAM K BHEMOIOCHOMY U3My4EHNIO.

2.6 kBappatypHan ¢dazoBan MaHUNYNALUS CO CABUFrOM Ha OCHOBE KBagpaTypHO-CMHda3Horo
moaynatopa; OQPSK 1/Q: Moaynauus, npu kotopon punstpytotest NRZ curHansl cuHgasHoro n ksagpa-
TypHOro kaHanoB. OT(huUnNbTPOBaHHBIE CUTHANBlI YMHOXAOTCA C CUHGAsHLIMKU 1 KBaApaTypHbIMUA CUrHanNamm
HecyLlen.

2.7 kBapgpaTypHaa c¢dazoBas MaHMNyNsAUUA CO CABUNOM Ha OCHOBe ha3zoBOro MogynAaATopa;
OQPSK/PM: Moaynauus, npu kotopoh curHan cdopmupyeTca npeobpasoBaHuem cuHgasHbIX U KBaapa-
TYPHbIX curHanoB 6e3 Bo3BpaTa K HyM K 4eTbipexno3uumnoHHOMY curHany. Moaynupyetcs chasa Hecyluewn
OTUNLTPOBAHHBIM CUrHANOM hasbl.

WU3spanne opmumnanoHoe
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2.8 dunbTp SRRC: dunbtp OQPSK ¢ cunbTpaumein 0CHOBHOM NONOCHI YacTOT XapakTepUCTUKON
hyHKLMM KBAAPATHOrO KOPHA NPUNOAHATOrO KOCUHYCA.

2.9 cBepTOYHOEe koaupoBaHue: Bug nomexosallulLieHHOro KOAUPOBAHWUA, NO3BONAIOLWMIA Ucnpas-
NATb OLIMBKM, BO3HUKAOLWME NPK NepeaaYe AaHHbIX B KaHamne nepegayn MHopMauum ¢ nomexamu.

2.10 nepemexeHue: MeToa nepecTaHOBKAM CMMBOSIOB NepeAaBaemMon nocfneaoBaTefibHOCTU And
N3MeHeHWUs1 pacnosioxeHns oWnbok npyn obpaboTke curHana Ha npueme.

2.11 kogupoBaHue Puga-ConomoHa: Bug nomexosalyMILIEHHOro KOAWUPOBaAHWA, MO3BONSIOLIMA
McnpaBnsATb OLINOKK, BO3HMKatOLWMe Npu Nepejade gaHHbIX B kaHane nepegaqu uHdopMaumum ¢ noMmexamu.

3 CokpaweHus

B HacTosileM cTaHOapTe NpMMeHeHbl cregytoliMe coKpalleHus:

- AN — aHanoro-undposoil npecbpasoBaTtenb;

- AYX — amnnnTyaHO-4acToTHas XapakTepucTuka;

- BUX — BeckoHeYHasi UMNynbCHas XapakTepucTuka;

- 'YH — reHepaTop, ynpasnsemMblil HanpskeHnem;

- KX — koHevHas UMnynbcHas XapakTepuctuka;

- YB — yCTpOICTBO BbIGOPKY;

- ®YX — hazoBo-4YacTOTHas XapaKTepucTuKa;

- BER — vyacrtoTa nosasneHus owmnboYHbIX BUTOB;

- BPSK — 6uHapHas cdasoBas MaHUnynsLmMs co CABUMOM;

- BT, — npousseeHne LWIMPUHBLI NOMNOCHI NponycKkaHua npeaBapuTenbHOro unbtTpa Mo YpOBHIO
MUHyc 3 Ab Ha ANUTeNLHOCTL CUMBOIIA Ha BXode MoaynsaTopa;

- CCSDS — KoHcynbTaTUBHbIA KOMUTET No kocMudeckum nHdopmMaumoHHbIM cuctemam (KKKUC);

- CPFSK — vacToTHas MaHUNynsaLunusi ¢ HernpepbiBHOW ¢hasoi;

- Ep/Ng — OTHOLEeHWe aHeprim 6uta K MOLHOCTM Benoro wyma;

- f, — Hecyllas YacToTa,;

- FSK — vyacToTHasa MaHunynsums co casurom;

- GMSK — manunnynaumMa ¢ MuHUManbHbIM cABMIOM (hasbl Hecyllei yacToThl ¢ npensapuTensHoOn
dunbTpaunen no Maycey;

- h(t) — umnynbcHasa xapakTepuctuka;

- MSK — MaHunynauusa ¢ MUHUManeHbIM CABUTOM;

- N, — paspsiaHOCTb AaHHbIX, MOCTyNawLWmMX Ha Bxoq LudpoBoro punbtpa;

- NI(ZKZ — npeacrtaBneHve curHana 6e3 Bo3spaTta K Hynio;

- Ny — nopsgok undposoro dunsTpa;

- OQPSK — kBagpaTtypHo-thasoBas MaHUMYNALMS CO CABUIMOM;

- OQPSK 1/Q — kBagpaTypHas ta3oBast MaHUMYNSILUS CO COBUIOM Ha OCHOBe kBaapaTypHO-cuHbas-
HOro MoaynaTopa;

- OQPSK/PM — kBagpaTypHas cpaszoBast MaHUMYNsLMS CO COBArOM Ha OCHOBE (ha30BOro MoAaynaTopa;

- P, — MolHOCTb curHana;

- SFCG 21-2 — pekomeHgaums 21-2 rpynnel NO KOOPAUHUPOBAHUIO BONPOCOB UCMONb30BaHNA paguno-
4acToT B KocMuyeckux npoektax SFCG;

- SRRC — ¢unbTp ¢ xapakTepUCTUKOW 3KBUBANEHTHON (byHKUMN KBaApaTHOro KOPHA NPUNOAHATOro
KOCUHYCa;

- Tops — ONUTENBHOCTL KaHamnbHOTO CUMBONA;

- T, — ONMUTeNbHOCTb 3aKOAUPOBAHHOTO CUMBOMA Ha BXOAE MOAYNATOpPa,;

- z-1 — 3apepxka Ha oAWH TaKT NOCNEeAoBaTENbHOCTY LIMGPOBLIX OTCHETOB;

- ¢(t) — MrHoBeHHoe 3HayeHune asbl curHana;

- (pp — HavanbHag casa.

4 MeToabl Mmoaynsiuum ¢ 3)(peKTMBHbIM UCNONb30BaHUEM NONOChI
nponyckaHus

Mpu npoekTupoBaHUM GOPTOBBIX paguoTENEeMETPUYEeCcKUX cucTemMm ANnA ONTUMM3aLMKU 3aHUMaeMown
nomnockl pagnoyacToT Npu nepefade KoAoBbIX AaHHBLIX PEKOMEHAYETCA UCNoNb3oBaTh cneayowmne metToasl
Moaynauumn Hecyuwein yactothl [1], [2]:

2
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1 Marnnynsumst ¢ MUHUManbHbIM CABUIoM dasbl HEeCYLLEn YacToThl C NpeaBapuTensHON huneTpaumnei
rno Mayccy (GMSK) 1 ¢ npeasaputensHeIM koanposaHuem (npu BT = 0,25 n BT = 0,5).

2 KsagpatypHas cazoBast MaHunynsuns co casurom (OQPSK) co criegyolMmm BapuaHtTaMmum amnnu-
TYQHO-YACTOTHBIX XapakTepucTuk npeasapuTenbHbIX UbTPOB:

- KBagpaTHoro KopHs npunoaHsaToro kocuHyca (SRRC) npu o = 0,5;

- BaTtTepsopTa wWwecToro nopaaka (npu BTg = 0,5);

- ApYrue TUMbl MOMOCOBbIX (DUIILTPOB C NOMOCON NPOMyCcKaHUA HeModynNMpoBaHHOro curHana npu BTg,
He npesbiWwatoLero 3HavyeHus 0,5.

3 YacToTHas MaHunynsaums ¢ HenpepbisHon thasoi (CPFSK).

5 Tpe6oBaHusA K MeTOAAM MOAYNALMUM

MeToabl MoaynauMmn ¢ 3 eKTUBHOM NOOCoi NPOMNycKkaHUs O0MKHBEI COOTBETCTBOBaTb CreyoLnm
TpeboBaHUAM:

- TpeboBaHMe K gnanasoHam HecyLLnX 4acToT;

- Tpe6oBaHue K YPOBHAM U3MYyUeHNs.

5.1 TpeGoBaHue K guanasoHaM HecyLUX YacToT

5.1.1 lMpumeHseMble MeToAbl MOAYNALNN C 3dbdEeKTUBHOW NOMOCON NPOMNycKaHUs AOIMKHbLI COOTBET-
CTBOBaTb AManasoHam 4acToT, ykasaHHbIM B Tabnumue 1.

Tabnwnua 1— [dnanasoHsbl HECYLWMX HYACTOT ANA METO4OB MOAYNsALUK ¢ 3¢pEeKTUBHON NONMOCON NPOnycKaHusi

Ne ﬂ”aq”:s:oi‘H'\eAT_)I/_lmmx MeToa moaynauum Mpumeyvanue
1 175—220 MaHunynsaumsa ¢ MUHMManbHbIM cABUIOM chasbl Hecylen yac- | [pumeHsiioT Anst o6 bEKToR,
230—250 TOTbI ¢ NpeaBapuTenbHon hunbTpaumen no Mayccy (GMSK) u | yganeHHeix ot 3emnu, He
625—650 ¢ npepBapuTenbHeiM - kogupoBanuem (npu BT, =0,25), | 6onee yem 2 MnH km
950—1050 CPFSK
2200—2290
2 4000—8000 KeagpatypHast hasoBas manmnynsiums co caesmurom (OQPSK)
12000—18000 C BapuaHTamMu npegeapuTesibHbiX UnbTpoB no 7.5

3 2290—2300 MaHunynsiums ¢ MUHUManbHbIM CABUIOM (hasbl Hecywen 1ac- | MpumeHsioT anst o6 bEKToB,
TOTbI ¢ NpeaBapuTensHon unbTpaumen no Mayccy (GMSK) n| yaanenHbix ot 3emnu, He
¢ NnpeaBapuTenbHbIM kKogupoBaHnem (npu BT = 0,5), CPFSK | meHee 4eM Ha 2 MIH Km

4 8400—8450 Manunynsiuus ¢ MUHUManbHbIM cABUIOM ¢hasbl Hecywen Yac- | MpumeHsioT ans 06 LEKToB,
TOTbI ¢ NpeaBapuTenbHon unbTpaumen no Mayccy (GMSK) n| yaaneHHbix oT 3emnu, He
¢ npeaBapuTernbHbLIM kogupoBaHnem (npu BT, = 0,5), CPFSK | meHee yeM Ha 2 MIH Km

5 8450—8500 MaHunynsiums ¢ MUHUManbHLIM CABUIOM (hasbl Hecywen Yac- | MpumeHsoT Anst 06 bEKTOB,
TOThI ¢ NpeaBaputensHon unsTpaumen no Mayccy (GMSK) n| yaanenHbix ot 3emnu, He
C npeaBapuTenbHbIM  koaupoBanHueM (npu BT = 0,25), [ 6onee yem 2 MIH km
CPFSK

6 KeappatypHas chasoBas maHunynsiums co casurom (OQPSK)
C BapuaHTaMu npegBapuTenbHbiX PUNbLTPOB no 7.5

5.2 Tpe6GoBaHue K YPOBHAM U3Ny4eHUA

5.2.1 Ana oueHku cnekTpanbHon aceKTUBHOCTM paspabaTbiBaeMblX 6OPTOBLIX CUCTEM AOIPKHBI NPU-
MEeHATb cnekTpanbHble Mackn. CnekTpanbHble Macku ctaHgapToB CCSDS (SFCG 21-2) ycraHaBnusaioT
orpaHuyeHus Ha AoNyCTUMbIE YPOBHU U3MNyYeHUa B cnekTpe nepeaasaemoro curHana [3]. He gonyckaetca
npeBbIWeHne 3HaYeHN CnekTparibHbIX COCTaBNSIOWMX NepefaBaemMoro curHana Haja orpaHn4nTenbHbIMU
3Ha4YeHUsAMU CNeKTpanbHOW Macku B COOTBETCTBUM ¢ TpeboBaHNsIMU MexayHapoaHbix ctaHaapTos [1], [2].

Ha pucyHke 1 npeactasneHbl cnekTpanbHble macku ctaHgapToB CCSDS (SFCG 21-2) ans Asyx Avana-
30HOB UHCPOPMATUBHOCTU Nepeaaym AaHHbIX.
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CnekTpanbHasi MNoTHOCTbL MOLHOCTH, AB
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KpuBas A — cnekTpanbHas macka Ans MHOOPMaTUBHOCTM Nepeaayn gaHHbIX 6onee 2 Mbur/c.
Kpueas B — cnektpansHas macka ansi MUHopMaTUBHOCTU Nepeaayn AaHHbIX MeHee 2 MBut/c.

PucyHok 1 — CnekTpanbHble mackm SFCG 21-2

6 Kputepuun Bbi6opa cxem Moaynsiuum

Bbi6op cxem MoaynaLMm pekoMeHayeTCs OCYLLEeCTBAATL MO Crieaylowmnm Kputepuam [2]:

- 3¢bheKTMBHOCTb MOSOCHI NPOMNycKaHUs;

- BblCOKasi CKOpPOCTb nepeAayn AaHHbIX;

- JOCTOBEPHOCTL NepeaaBaeMoin MHpopMaLnm;

- BOCNPUNMYMBOCTb K MHTepdepeHLnn;

- CIMTOXXHOCTb BbIMOTHEHUS U CTOMMOCTb BOPTOBLIX NEpefaTUMKOB U HA3eMHbIX NPUEMHUKOB.

7 CTpyKTypa KoaepoB, AeKOAepOB, MOAYNATOPOB 6GOPTOBLIX TeNeMeTpuieckux
cuctem

Ans peanv3aunm MeToA0B MOAYNSALMM ¢ 3¢ eKTUBHBIM UCNOMb30BaHUEM MOMNOCHI NPONYCcKaHUA Tene-
MeTpUYecKne CUCTEMBI AOMKHEI cogepXaTb Kodepbl, Aekoaepbl U MoaynaTopsl [2].

7.1 GMSK ¢ npeaBapuTenbHbIM KOQUPOBaHUEM

7.1.1 Mogynaumsi ¢ MMHUManbHbLIM (ba3oBbIM CABUIOM U HanuuueMm MayccoBCkoro hunbTpa Ha BXxoae
moaynstopa (GMSK) nonyuyexa 13 Mmogynsauum ¢ MuHuMmanbsHbiM casuroMm (MSK) nobasneHuem Mayccoscko-
ro counbTpa OCHOBHOWM nonockl YacToT [2]. Hanuume MayccoBckoro punbTpa No3BONSET YMEHbLWNTL CNeK-
TpanbHyto NOMOCY NPONyCcKaHUA 1 BHEMOJTOCHbIE YPOBHU U3NTyYEeHUs.

Ha pucyHke 2 npegcTtasneHa 6rnok-cxema npeasapurtensHoro kogepa GMSK.

Z — BNeMEeHT 3a0epxKu; (-1 )K
— YMHOXUTEIb;

K — Homep TekyLLero cumsona B GUTOBOM NOTOKE; BuTtoBsbIi NoTok NRZ ak
di — 3Ha4eHue K-ro 6uta noToka BXoAHOW nocnenosa- o
TENbHOCTY; dx
ay — 3HaveHue K-ro 6rta noToka BbIXOAHOW Nocneaosa-

TenbHOCTU

Ha mopynsitop

PucyHok 2 — Bnok-cxema npegBaputenbHOro z
koaepa GMSK




rOCT P 56527—2015

7.1.2 [ina moaenupoBaHus curHana kogepa GMSK ncnonbayoT crneaytolime MatemaTudeckue Boipa-

xeHusa [2]:
BuipaxeHue Ana pacyeta MrHOBEHHOIO 3Ha4YeHUsl Hecyllen YacToTel ¢ moaynaumen no GMSK

Samsk(t) = V2Pcos(2nft + ¢{t) + ),

rae P — MOLWWHOCTb Hecyllel YyacToThl, BT;
f— 3HaveHue Hecyllen YacToThl, u;
¢(t) — MrHoBeHHoe 3HauyeHue hasbl HecyLlen 4acToThl, paauaH;
@y — HavanbHoe sHayeHue ha3oBoro casuUra Hecyllein, paguan.

t-kTg

<o<t)=§ a [ 9@H)|,

—00

ay = (—1)kddy_q,
rae k — Homep TeKyLlero Takta BXOAHOW NocneaoBaTebHOCTYH;
K — 1 — HOMep npeablayLiero Takta BXOAHOW NocneaoBaTenbHOCTY;
d; — 3HaveHue j-ro 6uTta BXOAHOI NOCNeAoBaTEeNbLHOCTH;
Ts — ANUTENbHOCTb 3aKoAUPOBaHHOTO CUMBOA Ha BbIXOAE MOAYNATOpa.

71.3 Bblpa)KeHVIe AnAa MrHOBEHHOIO 4acTOTHOro nMnynbca 3anucebiBaloT crieayoumm o6pa30M:

9(t) = hgeF()*rect(t /T),
rae * — onepauus CBEPTKU CUTHANOB;

rect — cpyHKUMA «OKHax»: rect = i, ana |t < E; ]
Ts Ts 2

n
rect {Tisj =0, ana |t > %;
h(t) — nmnynbcHas xapaktepucTuka [Fayccosckoro counbTpa:
£2
1 2072

rae o =~In2/(2aBTy )

B — 04HOCTOPOHHSIA nonoca nporyckaHus MayccoBCKoro unbTpa no ypoBHio MUHyc 3 AB.

(1)

()

()

(4)

(6)

(7)

7.1.4 [na obecneyeHns BO3MOXHOCTU U3MeHEHUs1 3cbdeKTUBHOM Monockl NponycKaHus Ans paguo-
4acTOTHLIX cUrHanoB ¢ moaynsaunen GMSK nsmeHstoT sHadeHne BTg, npeactasnsoLlee cobon nponsseae-

HWe AByX napameTpoB Bu Tg.

YMeHbLIeHne BeNNYNHBI BTS NpUBOAMUT K YMEHbLUEHWNIO 3aHUMaeMol NMoockl CNekTpa BbIXOAHOMO CUr-
Hana n aHepreTn4eckoro noTeHunana pagnonmHua, Ho 1 OAHOBPEMEHHO — K yBeJTMYeHUo MEXCUMBOLHOMN

nHTeppepeHLUN.

7.2 MeToabl reHepauuu GMSK

MeTogbl reHepaLuun GMSK pasnuyatoT Ha cnegyoLwne TUnbi:
- MeToabl MoAynAUMN ¢ YacToTHBIM casurom (FSK);

- MeToAbl KBadpaTypHOi modynauun ¢ dasoebiM casuroMm (OQPSK) npu sHaderusix BTg= 0,5 u

BTg=0,25.
7.2.1 MeTtopabl MoaynsauuMm ¢ YacToTHbIM caBurom (FSK)

7.2.1.1 Cxema mogynsitopa no metogy YactoTHoro casura FSK gomxHa cogepxatb reHepaTtop, ynpas-
nsiemMbl HanpsbkeHneM (MYH), Ha Bxog KOTOporo AoMXKeH NocTynaTh curHan nocne MayccoBckoro pmnbTpa.

Cxema mogynatopa GMSK ¢ N'YH npegcTasneHa Ha pucyHke 3.
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BuTOBbLINA NOTOK
ABOUYHBIX CUMBONOB ayccoBckmil I'VH Ha BY-ycunutenb

> unbTp >

PucyHok 3 — Cxema mogynstopa GMSK ¢ 'YH

MpumeyvaHnune—/[nA 4acTOTHOW MaHuNyNsauMM C HernpepbiBHOW hason (CPFSK) nanwume [ayccosckoro
unbTpa B cxeme, NpeacTaBneHHon Ha pucyHke 3, He Tpebyertcs.

7.2.1.2 Bblbop avanasoHa rpaHu4Hbix YacToT NYH onpeaenseH TpeboBaHnAMM K Nonoce 4acToT Npo-
eKTUpYeMoro ycTponcTaa. HactoTHele cBoncTBa MayccoBckoro ounbTpa BeMUCNAOT No oopmMynam (6) u (7).

7.2.1.3 JonyckaeTca 3ameHa aHanorosoro Fayccoeckoro punbtpa Ha Lnudposon pUnbTp ¢ KOHEYHON
nmnynbcHon xapaktepucTtunkon (KUX) He HUXe 6-ro nopsaaka ¢ UMNYNbCHOW xapaktepuctukon hln], paccun-
TaHHON TakMm obpasoM, YToBbl annpokcuMaLms NO OTHOLIEHUIO K UMMYNbCHOW XapaKTepUCTUKE aHanoroBoro
dunbTpa hGF[f] He npeBbIwana 5 %.

7.2.2 MeTtop kBagpaTtypHoi Moaynsiuum ¢ dasoBbiM casurom (OQPSK)

7.2.2.1 B cxeme ksagpatypHoro moaynaropa GMSK ¢ ¢a3oBbiM CABUrOM NOTOK ABOUYHBIX AAHHBIX
NRZ nocne npoxoxaeHus vyepes ayccoBCKMN pUNLTP ¢ UMNYNLCHOW XapaKTepUCTUKON, MaTemMaTu4ecku
onpeaensemoin opmynamu (6) u (7), AomkeH 6biTb NOABEPrHYT UHTErPUPOBAHUIO U PA3IOXEHMWIO Ha KBaapa-
TYpHble cocTasnsirowme. Mocne Yero KBagpaTypHble COCTaBNALWME A0MMKHBI BbITb NEPEMHOXEHbI C OPTOro-
HanbHbIMW FAPMOHUYECKUMUN CUTHANaMN Hecylllei 4acToThbl, cChOPMUPOBAHHEIMA OT OAHOIO reHeparopa.
PesynbTaTbl nepeMHOXeHWs 40MKHbI BblTb MPOCYMMUPOBaHbI B OAWUH BLIXOAHOW CUTHaNM, U pe3ynbTUPYIOLLUIA
curHan nepegaH Ha BXO[ BbICOKOYACTOTHOIO yCUNUTENs.

7.2.2.2 bnok cxema kBagpaTtypHoro mogynatopa GMSK c¢ ¢a3oseiM caBurom npegcrasneHa Ha pUcyH-
ke 4.

=>4 sin( )

BuToBbLIM NOTOK
ABOUYHBLIX CUMBOSOB rayccoacmﬁ

bunbTp

lFeHepatop

RHa BY-ycunutennb
~,
gl

—>1 WHTterparop |—

—>1cos ()

@ — cymmarop; ® — ymuoxutens; | sin( )| v Jcos ( )] — dopmuposatenu keanpaTypHbIX COCTABNSIOLIMX

PucyHok 4 — bnok-cxema kBagpatypHoro mogynsitopa GMSK ¢ chasoebim caBurom

7.3 lMepepaTyuk ¢ NnpeaBapuUTenbHbLIM KoaUpoBaHUeM

7.3.1 B uudcdposom nepepatynke GMSK ¢ npeasaputenbHbIM KogMpoBaHWEM BXodHasi nocneaoBsa-
TenbHocTb B koge NRZ noctynaet co Bxoaa dopmupoBaTtensa curHanbHbix umnynscos (PCU) Ha npeasapu-
TenbHbIA kogep MpK, BLINOMAHEHHBIR NO cxeMe, NPeACTaBNeHHOW Ha pUCYHKe 2.

3akoagupoBaHHas Takum 06pa3om nocreaoBaTenbHOCTb NocTynaeT Ha YB, koTopoe opmupyeT Heob-
Xoaumoe Yucro oTcyeToB Ng Ha 0anH CMMBON NpeaBapuTenLHO 3akoanposaHHon B MNMpK BxoaHon nocnego-
BaTenbHOCTU AaHHbIX. C Bbixoga YB undposbie oTcyeThl NocTynawT Ha undposon dbunstp, obnagatowen
KUX 1 annpokcumupytolieii UMNYNbCHON XapakTepucTukon hn], uHBapuaHTHON amnauTyAHO-4acTOTHOW
xapaktepucTuke Mayccosckoro cdunsTpa. Lindposoit KUX-bunbTp OOMKeH MMeTb Takme XapaKTepucTuku
paspsigHOCTU obpabaTbiBaeMbIX JaHHbIX Ng 1 nopsgok dunsTtpa NT, YTOGbI NMpU 3a4aHHOM 3HadeHUn Ng
NCKaXXeHUs B NepeaBaeMoM curHane ot umMdgposoro nepeaatymka 6binm HeaHauYUTENbHbI.

BbixoaHble oTcueThl Z[n] ¢ KUX-hunbTpa 4omKHbl NepeaaBaThes Ha Ldpo-aHanorosblin npeobpaso-
BaTenb (ALUMM), BbIXOAHOW cUrHan ¢ KOTOporo AofkeH ynpaensaTte MYH.

6
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7.4 Mopynsauua OQPSK c ¢unbTpaLlmein 0CHOBHOM NONOCHI 4acToT

7.4.1 PasnuuatoT Asa BapuaHTa mogynauun OQPSK, BbINOMHEHHbIX No cxeme ¢ hunbTpaumein OCHOB-
HOWM NOSIOCkl YacToT:

- OQPSK ¢ nuHeHbIM MOAYNSATOPOM hasbl;

- OQPSK c kBagpaTtypHo-cba3zoBoi Mogynsuuen.

UcnonHeHne 1. OQPSK ¢ nMHenHbIM MoaynaTopoM casbl

Briok-cxema nuHeliHoro dasosoro mogynatopa OQPSK npegcraeneHa Ha pucyHke 5.

«I» CuHdpasHbIv kaHan

>
UcTouHMK Pacnpepenutens >| ounsp dasoBbii s(f)
curHana curHanos i MmoaynsTop Ha >
BY-ycunurenn

«Q» KBappaTtypHblit kaHan

0,527 >

PucyHnok 5 — bnok cxema nvHenHoro dhasosoro mogynsatopa OQPSK

BeixogHol curHan cxemel popmupyeTcst npeobpasoBaHneM cuHgasHoro U ksagpaTypHOro KaHarnos B
OCHOBHOI Nonoce 4acToT.

OnwncaHne cxemsl

B OQPSK/PM aomxHbl Ucnonb3oBaTh MMHENHBIA MoaynaTop ¢asbl ¢ Lenbio nepeHoca hunbTpoBaHHO-
ro pasoBoro curHana Ha HecyLLyH 4acToTy.

Ha Bxog mogynsatopa nogatoT ABe cocTasnswowme: cuHdasHaa (1) u kgagpatypHasa (Q) B koge NRZ.
JaHHble B kaHane Q AoSkHbI GbiTh 3aepkaHbl OTHOCUTENbHO AaHHbIX B KaHasie | Ha NonoBUHY ANUTENbHOC-
TV CUMBONBHOIO MHTepBana Tg AN co3aaHna gasoBoro casura Mexay kaHanamu. BoixoHoi curHan nocne
npeobpaszoBanuna a3 oMMKeH NocTynaTh Ha CriaxuBaroWwmnia unbTp ¢ UMMYNLCHON XapakTepucTukon hinl n
Aanee Ha MoaynATop dasbl HecyLeh 4acToThl.

Onucarwne curHana Ha Bbixode mogynstopa OQPSK ¢ cmnbTpaLumen 0CHOBHOM NOAOCHl YacToT

Soapskipm(t) = V2P cos(2nft + o(t)*hGF (1)), (8)

roe P — MOLLHOCTb Hecyllen YyacTtoThl, BT;
f— 3HayeHune Hecyllen YacToThl, 'L
o(t) — MrHoBeHHoe 3HayeHuwe hasbl curHana nocne npeobpasoBaHWs U3 KBagpaTypHO-CUHMA3HOMo B
hasoBoe NpeacTaBneHve, paanaHx;
h(f) — uUMnyrnbCcHaa xapakTepucTuka criaxusatoLlero MayccoBckoro dunsTpa;
* — onepauus CBePTKU CUrHanoB.
MpumeHeHne dpasosoro mogynaTopa B OQPSK ¢ dunbTpaumeint ocHOBHOM Nonockl YactoT obecneyun-
BaeT CWUHTEe3 curHana c MocTOsIHHOM ormbatolein. 3To yMeHbllaeT BUSIHUE HENWHERHBIX amniMTygHo-
aMMIUTYAHbIX U aMNAMTY4HO-as0BbIX UCKXKEHWUIN B yCUnuTerne MOLHOCTY NepefaTtyumka, Haxo4saLwerocs B
peXxvMe HacbIWeHUs.
daszosble guarpammel ans mogynsiumm OQPSK ¢ npumeHeHnem punbTpoB BaTtTepsopTa 1 KBaapaTHO-
ro kopHs npunogHsaToro kocunyca SRRC npu BT = 0,5 nokasaHbl Ha pucyHke 6.
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C dunsTpom BatTepsopta C unsTpoM KBafipaTHOrO KOpHA
npu BT, =0,5 NPUNOAHATOrO KocuHyca npu a = 0,5
/ ol T
1 1

A1 s N AL e N

\ -0,5 / \ 0,5

N LY N LY
> NP

PucyHok 6 — PasoBbie gnarpammsl gns moaynauum OQPSK ¢ npymeHeHnem pasHbiX TUMOB OUMbTPOB

WUcnonHeHune 2. KsagpaTtypHo-cuHdasHein OQPSK Mogynstop ¢ punbTpauneil OCHOBHOW NOMochl
yacToT

Brnok-cxema ksagpaTtypHo-cuHpasHoro Mmoaynsatopa ¢ unbTpaLmeld OCHOBHOM MOMOCkl YacToT npea-
cTaBrieHa Ha pUcyHKke 7.

P1
«I» CuHdbasHbIit kaHan Yi(t)
> dunsTp
leHepatop
MeTounmk 90° s(f) -
cnmana Ha BY-ycunurens
«Q» KsappaTypHblii kaHan ®2
Yol
-1 S
—3>1 0,5Z dunbTp

PucyHok 7 — bnok-cxema kBagpaTypHO-CUH(a3HOro MoaynaTopa ¢ urbTpaumein OCHOBHOM NONOCHI 4acToT

OnucaHue cxembl

B paHHON cxeMe Heo6XOAMMO UCMONb30BaThb KBaAPATYPHO-CUHMA3HLIA MOAYNATOP, B KOTOPOM CUH-
chasHbIl 1 KBagpaTyPHLIA CUrHAmbI HeCYLWEeN YacToThl A0MKHBI GbITb MOAYMPOBaHbLI C NOMOLLLIO CriaXuneato-
wmx dmnbtpoB 1 1 P2 Ansg BXoAHLIX NocneaoBaTensHocTel B koae NRZ.

BxogaHble curHanbl Ana mogynartopa no I- u Q-kaHanam AofmkHbl 6biTb NpeacTasnexbl B koge NRZ. Mpu
3TOM 3ajiepXKKa curHara B kaHarne Q A0JPKHa COCTaBNATbL NOMOBUHY ANUTENBHOCTU CUMBOSBLHOMO UHTEpBana
T Anga cosganna asoBoro casura Mexay kaHanamu.

MaTemaTuyeckasa moaernb BbIXOAHOrO CUrHana

Soapsk 1alt) = YAN)sin(2nft + ¢) + yg(t)cos(2nft + ¢), (9)
rae y(t) n yq(t) BbiXogHbIE CUTHATBI CraxuBalowmx hunbtpos ®1 1 d2;
f— yvacToTa Hecywen , 'y;
@ — HavanbHas dasa reHepartopa, paguaH,
B paHHom BapuaHTe mMoaynsauuu ucnonssytor OQPSK MoaynsTop, v 1M3-3a Hann4us punsTpoB And
BXOAHbIX curHanos /v Q amMnnnTyaa BbIXOOHOMO curHana HenocTosAHHA.

8
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CoBMeCTHOE NPUMEeHEeHNEe AaHHOro Tuna MoAynaTopa c ycunntenem MOWHOCTA B HENIMHEHOM pexnme
Bbl3blBAET pacllupeHne cnekTpa BbIXOAHOTO CUTHaNa U MEXCUMBObHYIO MHTEpPdEPEHLNIO.

d®a3oBble gnarpammbl gnsa moaynauum OQPSK c hunbTpaunein oCHOBHOM NOMOCHI YacTOT C NPUMEHe-
HMeM KBajpaTypHO-CUH( a3HblX KaHanoB AN MuUNbLTpoB baTTepsopTa M KBaAPaTHOrO KOPHA NPUNOAHATOrO
kocnuHyca SRRC npu BTS= 0,5 nokasaHbl Ha puUCyHKe 8.

C cbunbTpom battepsopTa C dounbTpoOM KBaALPaATHOIO KOPHS
npu BTS=0,5 NPUMNOAHATOrO KOCKUHyca npu @ = 0,5

PncyHok 8 — ®a3oBble guarpamMmmMbl 4719 MeTOL40B C UCNOMb30BaHMEM KBagpaTypHo-cuHdaszHoro OQPSK mogynsaTopa ¢
hmnbTpaumneid OCHOBHOW MOMOCHI YacToT ANs (PUNLTPOB BaTTepBopTa M KBAAPATHOrO KOPHA MPUMNOAHATOrO KOCUHyca
SRRC npn BTS=0,5

7.5 MeToabl PuabTpaLMM 0CHOBHOW NONOCHI 4acTOT

XapaKTepucTukn Tpex H1UXenpuBeAeHHbIX TUNMOB (YMIbTPOB OCHOBHOI MOIOCHI 4ACTOT, KOTOPblEe NpUMe-
HUMBbI Ans paboTbl ycTpoicTB ¢ mogynsumneii OQPSK.

K ykaszaHHbIM Tunam uabTPOB OTHOCST:

- ounbTpbl BaTtTepsBopTa 6-ro nopsgka ¢ BTS= 0,5,

rne B— opHocTopoHHSIS nonoca nponyckaHus dounbTpa no yposHio 3 ab6,

TS— pnnTenbHOCTb 3aKOAMPOBAHHOTO CUMBO/IA HA BXOAE MOAYNSATOPA;

- UNbTP KBAAPATHOrO KOPHA NpunogHATOro kocuHyca SRRC npu a = 0,5;

- ounbTp Beccensa 6-ro nopsiaka npun BTS= 0,5.

MpumeuyaHne — dunbTpbl BaTTepBopTa M Beccens [OMKHbI GbiTb BbINOMHEHbI KakK LN poBble UNLTPbI He
HUxe 6-ro nopsaaka ¢ BUX, a unbTp KBaAPaTHOrO KOPHA NPUNOAHATOrO KocmHyca SRRC — kak TpaHcBepcaibHblii QUNbLTP
c KNX. 3a KayecTBO N TeEXHUYeCKne XapakKTepucTtukun q)l/lﬂprOB MONTHOCTbK HeceT OTBETCTBEHHOCTb pa3paGOTHVIK.

75.1 Metoabl mogynsauum OQPSK c dunbTpauueld OCHOBHOW MNOMOCbI 4acTOT Ha OCHOBe

unbTpa battepsopTa
AYX n dYX cbunbTpa bBaTTepBopTa 6-ro nopsgka npueefeHbl Ha pucyHkax 9 un 10.
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Amnnutyga, ob

HopmunpoBaHHOE OTHOLLEHME YaCcTOTbl K CKOPOCTU 3aKOAMPOBAaHHbIX

CMMBO/JIOB Ha BXoAe moaynatopa

PucyHok 9 — AUYX chunbtpa BattepBopTa 6-ro nopsgka

da3a, rpagycol

HopmMypoBaHHOE OTHOLLIEHWE YaCTOTbl K CKOPOCTU 3aKOAMPOBAHHbIX
CMMBOJI0B Ha BXoAe Moaynsatopa

10

PucyHok 10 — ®UX dunbTtpa
BattepsopTa 6-ro nopsagka
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7.5.2 Metoabl moaynauum OQPSK Ha ocHoBe ¢hunbTpa KBagpaTHOro KOpHs MPUNOAHATOro
kocuHyca SRRC

B meTogax moagynaunm OQPSK Ha ocHoBe chunbTpa KBagpaTHOro KOPHS NPUNOAHATOro KOCUHYca pas-
nuyarloT ABa MeToaa:

- OQPSK ¢ dunbTpaumeint ocHOBHOM Nosockl YacToT Ha ocHoBe unbTpa SRRC;

- SRRC OQPSK co ckpyrneHuem no Haiksucry.

Metoa OQPSK ¢ connbTpaumein 0CHOBHOM NOMOCHI YacTOT UCNOMb3yeT NPUHLUMN pUnbTpaLMn NPAMoy-
ronbHbIX UMnynbcoB B koge NRZ cdunbtpom, nmetowmm AUX, MatemaTtndeckass Moaenb KOTOPOW onnucaHa
cneayoLwWwmM BblpaXXeHUeMm:

(1+ a)nt] , Tons i (1= a)nt] (10)
Tc 4ot T
hity = 4a chs o . ChS
mTchs 1- (4ot / Teps )
Ha pucyHkax 11 u 12 npegcrasneHsl AUX 1 ®YX ansa gaHHoro Tuna dpunsTpa.

Amnnutyga, ab

0
-10
-20
-30

60 T = T~
-70
-80

5 4 -3 2 A 0 1 2 3 4 5
HopmupoBaHHOe OTHOLLEHWE YaCcToTkl K CKOPOCTM 3aKOAMPOBaHHbIX
CUMBOIIOB Ha BXxofe MofynsTopa

PucyHok 11 — Bug AYX cunetpa SRRC npu o = 0,5

B metoge SRRC OQPSK co ckpyrneHuem no HaikBUCTy MCNOMb3YIOT NPUHLMN CUHTE3a hopMbl CUTHa-
na, nocTynaroLeroc Ha MoaynaTop, B Buae UMNyrbcHol xapaktepmcTuki SRRC dunbTpa.

B coyeTaHuu c npUuMeHeHneMm cornacoBaHHoro unbTpa B NpUEMHMKE 3TOT TUM MOAYALMN YAOBNETBO-
psieT Kputeputo HalikBucTa no nepegaye CUrHanoB ¢ MUHUManbHOM MEXCUMBOSLHON MHTepdepeHLnen. 3To
03Ha4yaeT, YTO B NIMHEMHOM kaHane nepefayn AaHHbIX 6e3 oWnBoK CUHXPOHMU3ALMW OTCYeTbl curHana B
MOMEHTbI BpeMeHU Tops Ha BbIXOAe COrnacoBaHHOro UNbTPa UMEHT MUHUMAIbHYIO MEXCUMBOSbHYHO
nHTepepeHLUIo.

11
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40

30

20

10

®as3a, rpagychbl

-40

HopMupoBaHHOe OTHOLLEHWE YacTOThbl K CKOPOCTU 3aKOAUPOBaHHBIX
CYMBOJSIOB Ha BXofe Moaynsitopa

Pucyrok 12 — &YX cpunbtpa SRRC npu a = 0,5

7.5.3 Martemaruueckas Mogernb curiana no metoay SRRC OQPSK co ckpyrneHuem no Hankeucrty
MaTemaTuyeckn BbIXOAHOW CUrHaM paccuMTbiBalOT CleayowWwnM BbipaKeHUeM:
Ssrrelt) = d\(t)*hgrre(t) sin2nft + @p) + dg(t — 0,5Tp5) *h(t)srrc COS(2nT + @), (11)
roe * — onepauusi CBEPTKA CUTHAmOB,
h(t) — umnynbcHas xapaktepuctuka SRRC dunbTpa suga:

cos[m + ot)nt] , Tens Sm[m - oc)nt] (12)
h(y = 4o Tehs 4at Tehs
nTens 1- (4ot / Teps )?

d, 1 dq — cuHbasHbI 1 KBaapPaTYpHBIA CUTHarLI, BbIPaXeHHbIE Yepes UMMybeHyto dhyHKUMio [iupaka:
di(t) = I &t —kTeps )

K (13)
dq(t) =D Qdt —kTeps )|’
k
rae t) — penbTa-pyHKuMa Qupaka;
I, n Q) — cMMBOLI CUHba3HOro 1 KBaAPaTYPHOTO KaHaroB.;
o — KO3 DULIMEHT 3aTyXaHUS.
Bnok-cxema mogynatopa OQPSK ¢ ¢bunbTpom KBagpaTHOro KOpHSA MpUnoaHATOrO KOCUHYCa CO CKpyr-
neHvem no HankeucTy npeacTasneHa Ha pucyHke 13.

12
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O(t - KTops)
[aHHbie
dunbTp
K koay NRZ >
kaHana «I» SRRC _)®
leHepatop
A 4
s(f)
90° >
8(t - kTchg) Ha BY-ycunutens

LaHHble
- duneTp
x kopy NRZ 052" |—>
KaHana «Q» SRRC

Pucynok 13 — bnok-cxema mogynatopa OQPSK ¢ ¢unbsTpomM KBagpaTHOro KOpHsi NPUNOAHSTOrO KOCUHYyca
€O CKpyrneHvem no Havkeucty

7.5.4 OQPSK c dunbTpaumein ocHOBHOW Nonocbl 4YacToT Ha ocHoBe c¢unbTpa Beccens
6-ro nopsgka npu BT, = 0,5

PunbTp Beccena 6-ro nopsigka MoxeT BbITb NCMOMbL30BaH B Ka4yecTBe anbTepHaTUBHOrO unbTpa no
oTHoLweHuto K punsTpam SRRC n BatTepsopTa.

AYX 1 ®YX dunbtpa Beccena 6-ro nopsiaka npu BT = 0,5 npuBeaeHsbl Ha pUcyHkax 14 n 15.

Amnnutyaa, ab

N—

5 4 3 -2 - 0 1 2 3 4 5
HopmupoBaHHOe OTHOLUEHWE HacTOTl K CKOPOCTU 3aKoAnpoBaHHbIX
CUMBOIIOB Ha BXOA€e MoaynsTopa

Pucyrok 14 — AYX dunbtpa Beccens 6-ro nopsgka
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da3a, rpagycbl
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HopMMpoaaHHoe OTHOLLEHWEe HYacTOTbl K CKOPOCTU 3aKoaAupoBaHHbIX
CUMBOJIOB Ha BXOAe MoaynaTopa

PucyHok 15 — ®YX dmnbTtpa beccens 6-ro nopsgka
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Mpunoxenne A
(pexomengyemoe)

Cnoco6bl NoBbIWeHUs! nOMeXOVCTOﬁ‘-IMBOCTVI C ucnonb3oBaHuemMm KoaupoBaHusd

PekomeHnayemble meToab MOAyNsiuMM 4oNMKHbI o6ecneunBath Tpe6GoBaHNUSI MeXAyHapOAHbLIX CTAaHAAPTOB MO NOKa-
satento BER. [1nsa kaxgoro Buga mogynsiuyum, npeacraBneHHoro B Tabnuue 1, TouHoe 3HaveHune nokasatensi BER saBucut
OT anroputMma obHapyXeHusl, UCNONb3yeMOro Ha NPUEMHON CTOpoHe [4].

Ons ynyqwenus nokasatensi BER pekomengyeTcs ucnonb3oBaTh cnegyowme TMnbl NPUEMHUKOB:

- C COMMacoBaHHbIM BUNbTPOM;

- C KBa3W1COrMacoBaHHbIM OUNbTPOM;

- C KBa31COrnacoBaHHbIM PUNBbTPOM U SKBaNansepom;

- CO CXeMOW UHTErpupoBaHmsa co cOpocom;

- NpueMHuK Brntepbu.

Ons ynydwenuns nokasatens BER Heo6xoguMo ncnonb3oBaTte KOppeKTUpylowme Kogbl.

PekoMmeHayeTcsi NPUMEHSTE CNOXHbIE MeTOAbI KOAMPOBaHUs. [ns 3almThl OT LUYMOB TeneMeTpuyeckyto nHopma-
LMo HeobxoauMOo KOANPOBaTE OAHUM UNW ABYMSI PeKOMEHAYEeMbIMU KOAaMU, NCNPaBsioWUMn ownbKu:

- 6noyHbIn kog Puga-ConomoHna (255, 223);

- CBEpPTOYHbIN kop, (7, 1/2).

LlenecoobpasHo ncnonb3oBaTe KOMOMHAUMIO M3 OBYX BUAOB KOAMPOBaHWS ¢ AobaBneHneM nepemexxeHus.

Kak npaeuno, 310 No3BONUT NONYy4NTb NPEUMYLLECTBO B SHEPreTUHECKMX XapakTepucTUKax cUrHana, NoBbICUTL
NOMexoyCTOMYMBOCTB. [pK Taknx meTogax kogupoBaHusa TpebyeTcs yernoxHeHne 6opToBOM TenemeTpu4eckon CUCTEMbI U
anroputmoB 06paboTku cUrHanos.

B rabnuue A.1 npeacTtaBneHbl 3Ha4eHus napameTpa Ej, /N 683 ncnonb3oBaHus U Npy UCNornb30BaHUM CBEPTOHHO-
ro koga u koga Puga-ConomoHa.

Tabnunuya A1— 3naqeHust napametpa E,/N, kak 6€3 Ucrnonb3oBaHus, Tak U NPy NCMONb3OBAHWKN CBEPTOYHOIO KOAA U
koga Pvuga-Conomona [1], [2]

ELINy anna Ep/Ny ans Ep/Ny ansa
MeTton mogynsuuu Tun npuemHuka 10°BER 10°°BER 109 BER
(6e3 kogupo- | (6es kogupo- | (¢ koaupo-
BaHuA), nb BaHuA), a6 | BaHuem), ob
OQPSK/PM ¢ npymeHeHeM: Cxema
- dounbTpa baTtTepeopTa 6-ro nopsaka (npu BT, = 0,5); WHTErpupoBaHus 7,6 10,5 3,09
- dounbTpa beccens 6-ro nopsaka (npu BT = 0,5); co copocom 7.6 10,8 —
- gunbTpa SRRC (npu o = 0,5) 7,6 10,6 3,16
OQPSK 7/Q c npymeHeHnem: Cxema
- punbTpa batTepeopTa 3-ro nopsiaka (npu BT, = 0,5); WHTErpupoBaHus 7.4 10,5 2,91
- punbTpa batTepeopTa 6-ro nopsiaka (npu BT, = 0,5); co cbpocom 7.4 10,5 3,04
- punbTpa beccens 6-ro nopsigka (npu BTs = 0,5); 7.4 10,5 —
- punbtpa SRRC (npu o = 0,5)
C cornacoBaH- 7.4 10,5 2,77
HbIM bUNbLTPOM
GMSK (BTs = 0,25) ¢ npeasapuTernbHbIM Mpremuunk Butepoun 7,0 10,0 —
KOQUPOBaHNEM
KBasucornacoBaH- — — 2,73
HbI PUNbTP C
3KBanansepom
GMSK (BTs = 0,5) ¢ npeasaputenbHbIM Mpremuunk Butepoun 6,8 9,7 —
KOaUpOBaHeMm
KeasucornacoBaH- — — 2,58
HbIA DUNBLTP
BPSK 6e3 dunbTpaumm Cxema 6,8 9,6 2,55
VHTErpMpOBaHUsA
co cOGpocom
CPFSK 6e3 cdounbrpauum MpremHuk Butepou 7,0 9,5 2,35

15
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Ha pucyHke A.1 npeacTasneHa rpacuyeckasi 3aBUCUMOCTb BEPOSITHOCTU MCKaXKeHUs1 MHDOPMAaLIMOHHOTO CUMBOA
OT BENMYMHbI OTHOLEHUS curHan/wym(Ey /Ny npy pasnuuHbix MeToAax NoMexoyCTORYMBOIO KOANPOBAHWS.

BeposiTHOCTb uckaxkeHWsi UHOPMALMOHHOTO CUMBONA

1072 <3\\\\ ///
10° \\\\ \\< -1
L1
104 \\ \\ />< |
L1
SERENAEENN S
A NN
107 \x/ | \
8 i l/ 1 |
RIS \
L] \

NpeanbHas ¢asoas

Moaynsiuusi, 6e3 kogupoBaHus

CeepTo4Hoe

kogupoBanue (7, 12)

KopguposaHue

Pupa-ConomoHa (255, 223)

CeeprouHoe +

Puana-ConomoHa
(nepemexeHue)

CBepTouHoe +

OTHOweHwue curHan/wym, Ab

Pupa-ConomoHa
(6e3 nepemexeHusn)

PucyHok A.1 — pathmueckasn 3aBUCUMOCTb BEPOATHOCTU MCKAXEHNA MHAPOPMALNOHHOTO CUMBONA OT BEMUYNHbLI OTHOLLIE-
HUA curHan/wym Ep, /Ng npy pasnnyHbIx MeToaax NoMexXoyCTOMUYMBOIO KOAMPOBAHUA
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BbuGnuorpadusn

Moaynsiuus ¢ acbcdekTMBHONM nonocon nponyckanus. PekomeHpaums CCSDS B20.0-Y-2. Beinyck 2. XKentas kHura.
KOHCYNnbTaTMBHbIN KOMUTET MO KOCMUYECKUM CUCTEMAaM Nepeaaym AaHHbIX, uioHb 2001

Mogynsiuuu ¢ achcbekTnBHOI nonocoin nponyckanusi. Pekomenpauma CCSDS 413.0-G-2. Boinyck 2. 3eneHas KHura.
KoHcynbTaTUBHBIN KOMUTET MO KOCMWUYECKMM CUCTEMam nepeaayn AaHHbIX, okTabpe 2009

COOopHWK pekomMeHzauuii rpynnbl N0 KOOPAMHYPOBaHWIO BONPOCOB UCTONb30BaHUA paguoHacToT B KOCMUYECKUX NPO-
ektax SFCG. Pepakums 2008 1.

Paguouactotel U CUCTEMbI MOAYNAUMM Ha3eMHbIX CTaHUMM M KOCMU4YECKMX annapaToB. PekoMeHgauus
CCSDS 401.0-B. Bbinyck 23. CuHsist kHura. KoHCynbTaTUBHbIA KOMUTET N0 KOCMUYECKMM cucTeMam nepegavdm gaH-
HbIX, gekabpe 2013

MonoxeHwne 06 ony6NMKOBaHUM HaLMOHATBHBIX CTaHAAPTOB M 06LEPOCCUNCKUX KNACCUGMKATOPOB TEXHUKO-3KOHO-
MUYECKOW 1 coumansHon nHopmaumm, yTeepxxgeHHoe noctaHoenenvnem lNpaeutensctea Poccuiickon ®egepaumm
oT 25 ceHTAOps 2003 r. Ne 594 «O6 onybnvkoBaHWM HaLUOHaNbHbIX CTaHAAPTOR U 06LLepoCcCUiCKMX KnaccudukaTo-
POB TEXHUKO-3KOHOMMYECKON U coLManbHON MHEPOpMaLUny
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YOK 621.78:006.354 OKC 49.090

KnioveBble crioBa: Moaynauna, nonoca nponyckaHud, mMoaenb CUurHana, dunbTp, adpdekTnBHan WMpUHa
nonoChl HacToT, MEeTOA4bl MOAYNALUAN BY, 60pTOBbIe TenemMeTpuveckme CUCTemMbl
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