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BeepeHue

lMpu TecTMpOBaHUM pereHepaTUBHbIX TPAHCMOHAEPOB CUCTEM CMYTHUKOBOI CBS3M NOSIBNSIOTCS MPO6NeMbl,
KOTOpble OTCYTCTBYHOT NPW TECTUPOBAHWUM 0BbIYHBIX CMYTHUKOBbLIX CUCTEM, UCMOJTb3YIOLLMX MPO3PAYHbIN
peXuUM (CUrHaNbl yCMAMBAKOTCS M NPeoBpa3yoTCs TONbKO M0 YacToTe, T. € HE AeMOAYUPYTCS Ha GopTy
MC3). 370 cBA3aHO C ABYMS OCHOBHbLIMM NPUYMHAMU. Bo-nepBbix, TeCTMPYeMble TPaHCMOHAEPbI paboTaloT ¢
aHanorosbIMu U LMGPOBLIMUA MOLYNMPOBAHHLIMW CUFHaNaMu. Bo-BTopbiX, Mcnosib3yeMbit popMaT LMbpPOBOM
MOAYNSLMMU MOXET BbITh LUIMPOKOMONIOCHbBIM, BbICOKOT0 NOPSALKA UM CreuuanbHbIM.

[ns rny6oKoro NoOHMMaHMUs TOFo, YTO MPOUCXOLMUT B CUFHANbHOW Lienu, HE06X04MM CUCTEMHbIN NOAXO0A K pas-
paboTKe ¥ MOAENUPOBAHWIO YCTPOWCTB, @ TAaKXKe K FreHepMpOBaHUI0 U aHann3y curHanos. Mpu aTom Lenoct-
HOCTb BCEro LKA — 0T pa3paboTKM L0 TECTUPOBAHUS — CHUXKAET PUCKM NPU UHTErPaLMmM CUCTEMBI B LLESIOM.

B naHHbIX peKOMeHAaLMsSX N0 NPUMEHEHUI0 0CHOBHOE BHUMaHWE YeNeHo pPelleHnto NpobaeM, yCnoxKHs0-
LWMUX CUCTEMHYIO MHTErpauuio. IamepeHns MoryT 6biTb BbINOJTHEHbI C MOMOLLbI0 MPOFPAMMHbIX M annapaTHbIX
cpencTB KoMnaHum Keysight, Bkntoyas M0 SystemVue ¢ 6ubnunotekon undposbix Mmogemos n 10 89600 VSA,
reHepaTop CUrHanoB npou3sBsonbHON popmbl M8190A, BekTOpHbI reHepaTop curHanos E8267D cepumn PSG,
ocumnnorpad cepum Infiniilum 90000Q 1 nornueckui aHanmzatop cepum 16850 ¢ AUHaMUYECKUM NPOBHUKOM
ans otnagku MJINC. B npuBeaeHHbIX HUXE NpUMepax NOKa3aHo, Kak U3MepsTb aMNAUTYAY BEKTOpa ownbok
(EVM) - ocHOBHOM NapaMeTp MOAYMPOBAHHbIX CUTHAN0B, NPeACTaBAeHHbIX B aHaN0roBon unu uudposoi

dopwme.
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OcHoBHbIe Npobiemsl

LLinpokoe npuMeHeHe LUdPOBLIX CNYTHUKOBBIX IMHWI CBS3U CBS3aHO C TEM, YTO OHW UMEKT MHO-
)KECTBO MPEUMYLLECTB N0 CPABHEHUIO C aHANOr0BbIMMU IMHUAMU. C TOUKM 3PEHNUS KOHCTPYKLUK,
UMdPOBLIMU MHTEpdENCAMM YIPaBAATL JIerye, YeM aHanoroBbIMW KaHanamu.

CnyTHWKOBbIE pereHepaTUBHble TPAHCMOHAEPbI NPeACTaBNSOT c060M CUCTEMDI, paboTatoLue co
CMEeLUaHHbIMM CUTHANAMM — aHaNnoroBbIMU U LUbPOBLIMU MOLYIMPOBAHHBIMU CUrHanaMu. Tpya-
HOCTW MPM TECTUPOBAHWUM CBA3aHbI C U3MEHEHUAMYN GOpMaTa CUTHAMOB B MPOLLECCE UX NpUeMa

“ nocnepyoLien nepegayn. HanpuMep, aMnanTyabl CUrHaN0B, NPeACcTaBNeHHbIe aHaN0r0BbIMM
HanpseHUsMu, NpeobpasytoTcs B UMdPOBbIe BbIGOPKY, NepefaBaeMble N0 CUrHaNbHOM WKHe

C NCMO/Ib30BAHNEM HECKOJIbKUX YPOBHEI HanpsiXKeHus. [LoNOAHNUTE bHbIE CNI0XKHOCTW BO3HUKAKOT
¥ Npu nepefaye BbIGOPOK CUHPA3HOI M KBagpaTHOM cocTaBnsiowmx (I/Q) no 4BYM CUHXPOHM3UpPO-
BaHHbIM LUMHAM.

[ns ycTpaHeHWs HeMCNpaBHOCTEN YacTo TpebyeTcs BbINOHATL NEPEKPECTHbIN aHann3 undposon
1 aHanoroBow YacTen cucTembl. C 3TOM Lenblo aHaNM3NPYOTCA NapaMeTpbl MOAYSLUN LUdPOBbIX
1 aHaNOroBbIX CUTHAMOB KakK A 6/10KOB aHanoro-undpoBoro npeobpasoBaHus, Tak u 4ns 610KoB
undpo-aHanorosoro NnpeobpasoBaHUst CUCTEMBI.

Mpo6neMbl, CBA3aHHbIE C LUPPOBLIMU CUTHANAMM, 06HAPYIKMBAKTCS C MOMOLLbIO Pa3/IMYHbIX
MHTepdencoB, NpefHa3Ha4YeHHbIX AN KOHKPETHbIX annapaTHbIX KOMMOHEHTOB. [1py aToM, Kak
npaBuno, HeobXo0AMM JOCTYN K cUrHanam WiH |/Q yepe3 MHOXKeCTBO KOHTPONbHBIX ToYek. [locTyn
K CUTHanNaM ycnoxHseTcs, ecnu cuctema cogepxut MJINC, Tak Kak HYXKHble KOHTPOJIbHbIE TOUKU
He BCerga MoryT 6biTb BbiIBe[eHbl 3a Npefesibl MUKPOCXEMbI.

Onpe,u,eneHMe Ka4yecTBad CUIrHana

KoadpoduumeHT 6utoBbix owmnbok (BER) undposoro curHana onpegesnserca Ha OCHOBE pe3ysbTaTa
CKBO3HOr0 U3MEPEHMWS BCEro KaHana CBSA3W U 3aBUCUT OT KayecTBa NpMeMa CUrHana KoHeYHbIM
nonb3osaTenem (puc. 1). OnepaTopbl cUCTEM CBA3M NPeAN0YMTaAOT paboTaThb C NpeACcKa3yeMbiMU
n cTabunbHoiMM BER ans Bcex aboHeHTCKUX TepMuUHanoB. OgHaKo, Npy NepeKksIlnyYeHnsX 0T 0LHON
Ha3eMHOM CTaHLMW Ha BPYTY0 HEBO3MOXHO rapaHTMpOBaTb NpueMneMble HU3kue ypoBHu BER Bo
BCEX CUTYyaLuusX.

CnyTHuK
Mpuemumk Mepepatunk
HUCXoAsLero
BOCXOASLLEro anana
KaHana (EVM curnana)
B
Mepepatunk MpneMHuk Mepepatumk MpueMHUK
BOCXOASALIEro HUCXOAALLEro BocxoAsero HUCXOAALLEro
KaHana KaHana KaHana KaHana
(EVM curnana) (EVM curnana)
HaseMHas cTaHuus A HasemHas ctaHumsa B

Puc. 1. BER kaHana cBs3u 3aBUCUT OT KayecTBa NpMeMa CUTHaNa KOHeYHbIM nosib3oBaTeneM, a EVM xapakTepusyer kayecTso
aHanoroBoro v uMPpPOBOro MOAYNMPOBAHHBIX CUTHANOB.
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Mpu npoeepke BER Bo3HWUKalOT npobieMbl, 06yclioBNEHHbIE U3MEHEHWEM YPOBHS CUrHAnNa
1 XapaKTEPUCTUK KOMMOHEHTOB. 3T0 3aTPYAHSET HE TONIbKO BbIGOP M3MepsieMblX NapaMeTpos,
HO U KOHTPOJIbHbIX TOYEK.

Mepen ontumusaumen BER cnepyet onTMMM3npoBaTh napameTpbl MOLYAMPOBAHHOIO CUTHANa BO
BCEX TPaKTax — oT uudposoit 06paboTkn ao CBY. 370 He06X04MMO BbIMOSHATH NOCEA0BATENLHO,
He3aBWUCKUMO OT NpefcTaBNeHns curHana. 0TMeTUM, YTO 415 OLLEHKM Ka4ecTBa Kak LMPPOBbLIX, TaK
1 aHanoroBbiXx MOAYIMPOBAHHbIX CUTHAIOB MOXKHO UCMOb30BaTh M3MepeHus EVM.

PaccmoTpeHue metogos moaynsauum u EVM

AKTyanbHas 3afayva Ansi onepaTopoB CMYTHUMKOBOMW CBA3M — yNakoBKa 6obluero yucna 6uToB B Uc-
nosib3yeMoM Nnosioce 4acToT U yBEIMYEHME NPOMYCKHOM cnocoBHOCTM KaHana cBa3u. [Ans peleHus
3TOW 334,341 UCNOJb3YIOTCS BUALI MOAYSLMM BbICOKOTO NOPSAKA, KOTOPLIE COMNacylTCs C UMeK-
LWMMUCS OFPAHUYEHNAMM CMYTHUKOBbIX CUCTEM CBA3M (HanpuMep Mo Nooce NPOnycKaHus).

Kak npaBuno, npumeHeHune 6onee CIOXKHbIX BULOB MOLYNSALMM NO3BONSET NepefaBaTh 6onblue
uHdopmMauuu. Hanpumep, KBagpaTypHas aMmnnuTyaHas mogynsuns (QAM) o6ecneunsaeT nepesady
Gonbluero KonnyecTsa MHGOPMaLMK 33 CHET UCMONIb30BAHUS HECKONbKUX YPOBHEN aMMIUTYABbI.

I deKTUBHOCTb Pa3nnNYHbIX METOA0B MOAYNSLMMN OLEHMBAETCS Ha OCHOBE BO3MOXHOCTU Nepefa-
4m 6onblIero KonnMyecTBa MHbOPMaL MM NpY OLHOMN M To e nonoce BY kaHana.

B cnyTHMKOBbIX MPUIOXKEHNUSAX HAMETUNACh TEHAEHLMS NCMOb30BaTh MEHEE CJI0XKHbIE METOAbI MO-
OyNAUMK, TaKMe KaK yacToTHas MaHunynaumsa (FSK), dasosas maHunynaums (PSK) u amnautygHo-
dazosas MmaHunynauusa (APSK). Mpu aToM nepeaatynku paboTatot 6amxe K 061acTh HacbiLLeHMUS,
4TO NO3BONAET ONTUMU3NPOBATh BbIXOAHYIO MOLHOCTb AJIf €€ COrNIacoBaHUs C ANHAMUYECKNM
AMana3oHoM yCUIuTens.

KoHKpeTHble NpuMepbl NpuBeaeHsl B cTaHaapTe DVB-S2 (BTopoe nokoseHue LMGPOBOro CiyTHU-
KoBOro Bewanus). B ctangaptax DVB-S v DVB-S2 3anaHo orpaHMYeHHOE YMCII0 KOHGUTypaLnii
LaHHbIX U BUAOB MOAYNALMK, 4TOGLI 06ECNEYNTH COBMECTUMOCTD MEXAY NPUEMHMUKAMM Pa3HbIX
npoussogutene. 4 AOCTUKEHNUS 3TOW LENU U NOSTYYeHUs CKOPOCTEN Nepefayn AaHHbIX, He-
06X0AMMbIX 1151 BbICOKOKAYeCTBEHHOM TpaHcnsaumum TBY curHana, B ctanpapt DVB-S2 po6asneHbl
Tpu cxembl Mogynauuu: 8 PSK, 16 APSK n 32 APSK.

0T06pa)KeHMe KOMMNJIEKCHbIX CUTHA0B

Mo Mepe yCnoXHEHUS MOAYNSLMMN BCE TPYAHEE BU3YaNM3MPOBATb CUrHAN B YaCTOTHOM UK Bpe-
MEHHOW 0611acTy M ONPeaensTh MPUUNHBI CHUXXEHNS KayeCTBa CUrHanoB. 3To NpucyLLe coBpe-
MEHHbIM TEXHOJIOTUSIM, B KOTOPbIX UCMOJIb3YeTCS KBaapaTypHas Moaynsumus. OLHaKo, BEKTOPHbIN
aHanusartop curHanos uav M0 VSA no3sonsioT AeMOAYIMPOBaTL CUrHaNMbI U 0TOBPaXKaThb UX B BUAe
CUTHaNbHbIX CO3BE3 MM, KaK MOKa3aHo Ha puc. 2.
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Puc. 2. CurHanbHble co3se3nus oberyatoT 6oicTpoe 06HapyxeHue nckaxeHnin curianos I/Q ¢ mogynauvein 16 APSK (cnesa)
1 32 APSK (cnpasa).

MckaxeHus curHanos ¢ keagpatypHoi Mogynsuwei (I/Q) npuBOAAT K OTKJIOHEHUSIM KaXA0ro CUM-
BOJ1a CUTHAMIbHOMO CO3BE3AMS OT 3aAaHHOM0 NosoXKeHMs. Ha 0CHoBe TMMa U CTeneHn OTKIOHEHNI
nosyyYatT BaxHY MHGOPMaL M0 006 MCTOYHUKAX UCKaXeHMI. Ha puc. 3 npvBeaeHO HECKOJIbKO
NPOCTLIX NPUMEPOB.
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Puc. 3. Kaxabiin TUN oTKNoHeHUs faeT MHGOpMaLnio 06 MCKaXKEHNsX KBAAPaTYyPHbIX CUTHANO0B, BAUSIIOLLMX HA KAaYecTBO CUT-
Hana.

Ecnu curHanbHoe cossesgue NpsiMoyrofibHoi GpopMbl, @ He KBaapaTHoi (Cnesa BBepXy Ha puc. 3),
TO MMeeTcs pa3banaHc YCUNeHUs, yKa3biBalLWMii Ha HeNpPaBUbHOE COOTHOLLEHME aMNINTYA KBa-
LpaTypHbIX cocTaBnsowmx. Ga3oBbIvi CABAT MEXAY KBAaApPaTypPHbIMK cMrHanamm | n Q MoxeT cTaTb
NPUYMHON UCKAXKEHNI GOPMbI CUFHANBHOTO CO3BE3AMS OTHOCUTENbHO FPaHUL, MPUHSTUS PELLUEHUI
(cnpaBa BBepxy). JInHenHoe UCKaXeHUe, CBA3aHHOe ¢ npeobpa3osaHnem AM/AM u npeo6pasosa-
Huem AM/®OM, npMBOAMT K NOSIBNEHUIO TOYEK C NOBOPOTOM da3bl M aMNAUTYLON, HE LOCTUrAOLLEN
Tpebyemoro 3HaueHus. B yueTeepToM npumepe (BHW3Y cNeBa) NoKasaHo, 4To U3-3a Gpa30Boro Wyma
HabnopaeTcsa yrnoBoe pasMbiTe TOYEK.

B CNOXHbIX CUrHaNbHbIX CO3BE34MAX, TakuX Kak 32 APSK, nckaxeHusi opMbl CUrHaNbHOMO CO-
3BE3[1s NPensaTCTBYIOT MOJyYeHMI0 3aJaHHbIX XapaKTePUCTUK CUCTEMbI M3-3a OTCYTCTBUA AONYCKa
Ha OWMBKY MeX Ay PasNuYHbIMU COCTOSAHUAMM B CUrHane. B cBA3M ¢ 3TUM ANd NOAAEPXKKM BbICOKMX
CKOpOCTEN nepefayn faHHbIX TPe6OBaHNS K XapaKTepuCcTUKaM nepeaaTymnka MoryT ObiTb yIKecTo-
YeHbl.
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Ncnonb3osaHne EVM

B npocTenwem cnyyae EVM onpenensieTcs Kak pasHOCTb MEXAY ONOPHbIM BEKTOPOM U BEKTOPOM
NPUHATOro curHana. [na nsmeperus EVM Heo6x04MMo Ucnonb30BaTh NpMGop, NoALEPXKMUBAIOLLUIA
dbopMaT MoAyNALMM TECTUPYEMOTO CUrHana.

10 89600 VSA reHepupyeT onopHble BeKTOpbl A1 6onee 70 cTaHAapToB CBA3M U GOpPMaTOB MOaY-
NSLUK, BKJIKOYAs U Te, KOTOPble 06bIYHO MCMONb3YOTCS B CNYTHUKOBLIX cCUCTeMax. [ns paspaboT-
YMKOB, MPUMEHSAIOLWMX CMEeLnanbHble HeCTaHAaPTHbIE CMrHabl, onuua BHK npegoctaenset aHanums
Moaynsuum I/Q ¢ pa3nMyHbIMU GYHKUMSAMM, TAKUMU KaK PeLaKTOp CUrHabHbIX CO3BE3AMNMA, N0Nb-
30BaTe/IbCKME HAaCTPOWKM ANs oTobpaxeHus |/Q n yBennyeHne 4AUHbI CUMBOSIOB.

MapameTp EVM, no3BonsioLmin nonyyaTb COBOKYMHYH MHGOPMALMIO 0 BCEX TUNAX UCKAXKEHUN,
naeaneH 4ns noucka npobnem B MOAYSIMPOBaHHbIX CUrHanax. KpoMe Toro, ¢ ero noMoLLbio MOXHO
OTCNeAUTb U3MEHEHME KAaYecTBa CUTHaNa Mexay GYHKLMOHANbHLIMK yY31aMu cucTeMbl. Ha ocHose
LeTanbHOro aHasiM3a U3MepeHHbIX 3HaYeHn EVM MOXHO He TONbKO MAEHTUOULMPOBATL UCKAXKe-
HUS MOZYNALWY, HO M ONpPeaensaTb UCTOYHUK UCKAXKEHUI U MEXAHW3M NOSIBIEHUS NPo6ieMbl.

NwnarHocTuka npobnem umudposon MogynaLmm

CpaBHWUTENbHbLIN aHANIM3 CUTHAN0B Ha 0CHOBe U3MepeHuih EVM 1 ppyrux napamMeTpoBs ¢ noMoLLbio
BEKTOPHOr0 aHann3aTopa CNekTpa o4eHb 3G dEeKTUBEH ANS [UArHOCTUKU aHOManWiA, NosBASIHO-
Mxca B CUrHanax. Pasnuune Mexay n3MepeHHbIMU BXOAHBIM U BbIXOAHbBIM CUrHanaMu no6oro
KOMMOHEHTA CUCTEMbI, BbIXOASLLEe 33 paMKU ero GyHKLMIA, yKa3blBAeT Ha UCKaXeHUe CUrHana,
KOTOPO€ MOXeT 6blTb BHECEHO JaHHbIM KOMMOHEHTOM. [1py nocnefoBaTeNlbHON NPOBEPKe BCEX
KOMMOHEHTOB CUCTEMbI MOXXHO MUHUMMU3MPOBATH UCKAXKEHUS MOLYNSLUN U NONYYaTh CUTHANbI,
61M3KME K ONTUMANbHbIM.

B coBpeMeHHbIX CNYTHUKaxX NepefaTynku v NPUEMHUKM PeanunsyoTcs Ha OCHOBE LiMpPOBbLIX KOM-
MOHEHTOB M YCTPOMCTB. [1Ns nocnenoBaTeNbHON AUArHOCTUKM U NOKANU3aLMUM UCKAXKEHWI, BHOCK-
MbIX KaXXbIM KOMNOHEHTOM, TpebytoTcs MHorodopMaTHble Npubopbl, paboTatllue Kak ¢ aHanoro-
BbIMU, TaK W C LMPPOBLIMUA MOAYNMPOBAHHbBIMU CUTHanaMu (puc. 4).

AHnanusatop BY curvanos

Jloruyeckui aHanusatop WAM undpoBoiA ocuMAnorpad
C AUHaMNYeCKnm I'Ip05HVIKOM ¢ 10 89600 VSA

ans otnagku NJKUC
1 M0 89600 VSA

AHanNoroBbIN cUrHan
(MY um 1Q)

Puc. 4. CpaBHMTEJ’IthIﬁ aHaNn3 CUrHanoB NO3BONAET AMAarHOCTUPOBATL M JIOKASIM30BaATb UCKAXEHUSA NPAaKTUYECKN B nio6on
TOYKE CUCTEMBI, paboTaloLel ¢ aHaNoroBbIMU U LUGPOBLIMA MOAYANPOBAHHBIMU CUTHANAMU.
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[narHoctuka npo6nem LndpoBoit MOAYNALMN BLINOHAETCSA C NPUMEHEHMEM CreLnanbHbIX UHTEp-
$encoB ANs pasHbIX TUNOB YCTPONUCTB UK WKH. [Tpn 3TOM HeobxoAMMo 3axBaTbiBaTb curHansl I/Q
C MHOXKECTBA KOHTPOJIbHbIX TOYEK. [lOCTYN K CUrHaNaM YCNOoXHSAETCS Npu Hanu4um B yCTPOCTBE
MJINC, Tak Kak HEKOTOPbIE KOHTPOJIbHbLIE TOYKW MOTYT BbITh He BbiBeAeHbl 3a NpeAesbl MUKpO-
cxeMbl. MHOrune 13 aTux npobsieM nerko pewwatotcs ¢ nomolybio M0 89600 VSA, ycTaHOBNEHHOTO Ha
norunyeckue aHanmsatopsl Keysight cepuin 1680, 1690, 16800, 16850 unu 16900. 3T aHanusaTopsl
TaKXKe NOLLEPKUBAT GYHKLMIO AMHAMUYECKOro NPO6HUKa, CNOb3yeMyto ANs BbiGopa rpynn
BHYTpeHHux curHanos MJINC, koTopble 3aTem pgekoaupytotes M0 89600 VSA.

70 NpUN0XKEHUE TAaKKE MOXKET BbITb UCMONBb30BAHO CO MHOTUMM LMdpPOBLIMU ocLMANorpadamu,
aHanu3aTopamu curHanos cepuu X, MogySIbHbIMU AUTUTaAN3epaMU U MOLYJIbHbIMW aHaNU3aTopaMm
curHanos koMmnaHuu Keysight. B npouecce npoeKTMpoBaHMS OHO NO3BONSET BbINONHATH 3axBaT
CWTHana B Pa3fMYHbIX 0671aCTAX U BbICOKOTOUHbIE U3MEPEHMS, @ TAKKE NMOBbICUTb 3G EKTUBHOCTb
NoUCKa UCKaXEHWN, MPUUMH YXYILIEHUS XapaKTepUCTMK 1 3anaca no XxapakTepucTMKaM Ha ypoBHe

CUCTEeMbl. KpOME TOro, C ero NnoOMOLb MOXHO NPOBOANTL COrNacoBaHHble N3MEPEHUA BO BCEX TOY-
Kax CUCTeMbl Ha BCEX 3Tanax NPOeKTUpPOoBaHUA.

7% Digital Demod - 89600 VSA Software (64-bit)
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Puc. 5. [Ins cornacoBaHHOro cpaBHeHUs U3MepeHHbIX 3HauyeHnn EVM, M0 89600 VSA yuuTbiBaeT B3aMMOCBS3b U3MEPEHUN
aHanoroBoro v LM$pPoOBOro MOAYNMPOBAHHBIX CUFHANOB, BbIMOSHEHHbIX C NOMOLLbIO TOFMYECKNUX aHaNN3aTopoB, LUGPOoBbIX
ocuunnorpados 1 aHanM3aToOpPoB CUrHanoB koMnaHuu Keysight.
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Co3paHue v aHanu3 LUMPOKOMNOJIOCHbIX CUTHANO0B

MonenupoBaHue CUCTEMbI C TPUMEHEHWEM BbICOKOTOYHOMO FeHEpPaTOpPa CUrHAN0B NPOU3BOJIbHON
$OpPMbI 1 BbICOKOKa4YeCTBEHHOr0 BEKTOPHOro reHepartopa CBY curHanos nossonsiet co3faBath
MHOr1e BUIbl CUTHA0B, KOTOPbIE MOXHO UCMONb30BaTh NPU TECTUPOBAHMUM cucTeMbl. Ha puc. 6
MOKa3aH CTeH[ Ha OCHOBE CTaHAaPTHbIX NPUBOpPOB.

Puc. 6. Mpumep koMBUHaLMK cTaHAAPTHBIX NpubopoB 1 M0, KoTopble MOTrYT 6bITb NCMONB30BaHbI 415 CO3AAHNUS U aHaNM3a
LWIMPOKOr0 iana3oHa TeCTOBbIX CUTHAMOB.

KoMnneKT npubopoB BKOYAET YeTbipe OCHOBHbIX KOMMOHEHTa:

- LWaccu ctanpapTa AXle co BCTPOEHHbIM KOHTPOsIIepoM (BHM3Y crieBa)

MopnynbHbIN reHepaTop CUrHanoB Npon3BosibHon dopmbl MB190A c yacToTol AUCKpeTU3aL UK
12 I'BbI6./C, yCTAHOBNEHHBIN B WAacCK

Ocumnnorpad cepuu Infiniium ¢ BepxHei rpaHuLien nonockl nponyckanusa 62 'y (8Bepxy cnpa-
Ba)

- BekTopHbiit reHepaTop curHanos E8267D cepum PSG (BHM3y cripasa)

BEKTOprIIh reHepaTtop CUrHanos uMeeT onyuo 016 - LWMPOKONOJIOCHbIE BXOA4bl BHELWWHUX CUTHANOoB
I/Q.

M0 SystemVue, npeactasnstowee co6oi CAMP cMcTeMHOro ypoBHS, 3aNyCKaeTcs Ha BCTPOEHHOM
KOHTpOJepe ¢ 0TobpaxkeHneM rpadnyeckon MHGOPMaL MM Ha BHELWHEM AUCTIEE, YCTAHOBIEHHOM
Ha waccw. N0 SystemVue gonontHeHo GubnnoTtexon undposbix Mmogemos (W1092), c noMoLLbio KOTO-
poVi pa3paboTymMKM MOTYT CO3A4aBaTb KOHPUTYpUpPYyEMbIe MOLENN UCTOYHUKOB CUTHANOB, UCMONb3Y-
folMe CTaH4apTHbIE M CneunanbHble dopMaThl LndpoBon Moaynsaumuu, Bkatodas APSK.

MO SystemVue ucnonb3yetcs AN CO3[aHWS CUTHANOB U UX 3arpy3Ku B reHepaTop CUrHaNOoB Npo-
n3BonbHOM dopMbl MB190A. 3ToT reHepaTop BbipabaTtbiBaeT KBagpaTypHble curHans I/Q, nopa-
BaeMble Ha WupoKonosnocHblie |/Q BXofbl BEKTOPHOrO reHepaTopa curHanos cepum PSG, koTopein
reHepupyeT Mo4yNMPOBaHHYI0 HecyLlyto B AnanasoHe X unum Ku (ons reHepMpoBaHns CMrHanos B
aunanasoHe Ka Hy>KHO NpuMeHATb Gosiee BbICOKOYACTOTHYI0 MOLESb BEKTOPHOro reHepaTopa PSG).

CurHan gmanasoHa X unu Ku MoXXHO M3MepsaTb C UCNO/Ib30BaHUEM ocuunorpada U aHanm3mpo-
BaTb ¢ nomoLbto M0 89600 VSA, 3anyuieHHOro Ha 3aToM ocuunnorpagde.
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ApnanTuBHas KOppekuus ANs ynyylweHus CUrHanos

B curHanax, reHepupyeMbix KOHTPOJIbHO-M3MepUTENbHbIM 060pYyA0BaHNEM, MOTYT NOSBASTHCS
LUYMbl, OTKJIOHEHMS aMNINTYAbl M Ga3bl, @ TaKXKe APYrne UCKaXKeHUs, CHUXKaloLWMe KavyecTBo Cur-
HanoB. BnusiHne Bcex aTux GakTopoB yBENMYMBAETCS NPyW Nosoce curHana 6onee 1 MMy,

[Ons ynyyweHns kayecTsa nepefayv CUrHan0B MOXHO KOPPEKTMPOBATh KBaApaTypHble CUrHabl
I/Q nepep nx 3arpy3Komn B reHepaTop CUrHaN0B NPoU3BobHOM GopMbl. [1pn 3TOM UCMONb3YHOTCS
peasibHas 1 MHUMas YacTh YaCTOTHOW XapaKTePUCTUKN U QYHKLMA aganTueHOM Koppekumn (EQ)
B0 89600 VSA.

PaccMoTpuM, Kak MoxHO yny4wuTts EVM curiana APSK. CurHan APSK ¢ nonocon mogynsuum 1 Ty,
3arpyxaetcs u3 10 SystemVue B reHepaTop cUrHanoB npon3eonbHon ¢opMbl M8190A. BhixogHble
CWUTHanbl 3TOF0 reHepaTopa NOAATCS Ha LUMPOKOMNONOCHbIE BXOAb! |/Q BEKTOPHOrO reHepaTopa
CWUTHANOB, KOTOPbI FeHEPUPYET MOAYNPOBAHHYI0 HecyLwyto yacToTon 18 [Tu. Pe3ynbtupytowmii
CUrHan uamepsetcs undposbiM ocuunnorpadom n aHanusmpyetcs M0 89600 VSA, a apantueHas
KOpPeKLMs UCNonb3yeTca ANs onpefeNeHns peasibHON U MHUMOW YacTen YaCcTOTHOW XapakTepu-
cTuku. M0 SystemVue cuutbiBaeT koappuumeHTsl M3 10 89600 VSA 1 3anomMuHaeT nx B Buge danna
ASCII. Ha ocHoBe 3Tux K03dDULMEHTOB 3aaeTcs XxapakTepucTuka komnnekcHoro KUX-punbtpa,
KOTOPbI OCYLLECTBNSET TPebyeMyo KOPPEKLMI NOBTOPHO MOAENNPYEMOro curHana. CMoaenvpo-
BaHHbIW CUrHan 3arpykaetcs B reHepatop M8190A.

Ha puc. 7 nokasaHbl pe3ynbrathl, nonyyeHHble ansg curiana 32 APSK. KUX-ounetp B M0 SystemVue
BbINONHSAET aAaNTUBHYI0 KOPPEKLMIO peanibHOM M MHUMOW YacTeln YaCcTOTHOW XapaKTEPUCTUKM UC-
Xo[Horo curHana. EVM ckoppeKTMpoBaHHOro CMrHana ymeHblleHa Ha 1,28 %.

7% bigital Demod - 80600 VSA Software (64-bit) E=nEEE

File Edit Contol Source Input MeasSetup Trace Markers Window Utilities Help @

a1 1}ls] O . i@z . kR VI M, REE 5% 0% CoorNoma

A: Ch1 APSK32 Meas Time E: Ch1 APSK32 Eq Ch Freq Resp

Puc. 7. Undposas nemopynsuus 8 N0 89600 VSA nozsonset rny6xe aHanu3nMpoBaTb CKOPPEKTUPOBAHHBIN CUTHAN.
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CneuwnanbHble curHansl APSK

B cnyTHWKOBbIX NPUNOXEHUAX HEPELAKO MCNONb3YTCA cneymnanbHble curHansl. 10 SystemVue

1 6nbnmoTeKa LMbPOBbLIX MOLEMOB NO3BONSIOT CO3AaBaTh, Hanpumep, curHan 32 APSK Ha ocHoBe
criefyloLuX napaMeTpoB: YACSIO COCTOSHWI CO3BE3AMA AN KAXLO0r0 KosbLa, pa3HeceHue Konew,
1 dasbl kKonew. JeMofynaumus u aHanus cneunanbHoro CUrHana MoryT 6biTb BbINOJSTHEHbI NOCNe
BBOAA 3Tux napameTpos B [10 89600 VSA.

M3MeHeHMe pa3HeceHns Konel, ¢ noMouibio 10 SystemVue no3sonset, HanpyuMep, KOMMEHCMPOBaThb
KOMNPECCUI YCUNEHUS YCUANUTENs MOLWHOCTH. Ha puc. 8 npounnocTpMpoBaHo BNMSIHUE pa3Hece-
HWS KoNlel Ha NIMHEeMHOCTb XapaKTepUCTUKM ycunuTens. B nesoit Yactu puc. 8 nokasaHbl UCX04-
HbI CUTHAN 1 ero co3sesaue (cnesa BBepxy), 3aBUCUMOCTb BEKTOPA OINGOK 0T BpeMeHH (cnpasa
BBEpXyY), CneKkTp (cnesa BHM3Y) 1 TabauLa CMMBOIOB M 0WMBOK (cNpaBa BHU3Y; BKAoYaeT EVM).

B npaBoii 4acTu puc. 8 BepxHee OKHO NPEACTaBNAET UCKaXKEHNE CUFHAIbHOrO CO3BE3AMUS, Bbi3BaH-
HOe KoMMNpeccuen ycuneHns ycunuTtens MowHocTu, npu atom EVM paeHa 10,56 %. HuxHee okHo
NoKa3blBaeT PeryinpoBKY pa3HeCeHs BHELUHEero KosbLa co3Be3amns ot 4 o 5, obecneynBaioLyio
pacwupeHue co3Be3ans u ymeHowenne EVM 1o 6,99 %.

T Dt Drmoed « BT Avcnpsat_Derbori A0 Spmpcssses T iexible Dhpial Midsstion Temtingt AP ameRSE. G, Cormpression_AFSCIERA Dot 5]
Far fon Comwd  Eoue gt Mowbep  Dode  biens Wedw  UneSe e

LI (] v ML, EEE

i Sowce bput  Mesdete  Trce e Wisdow LRSS e

Puc. 8. BxogHO#M CUrHaN ycuanTensi MOLWHOCTM MOKa3aH CIeBa, MCXOAHBIN BbIXOGHOW CUTHan (cpaBa BBepXy) yKa3biBaeT
Ha HaM4yne KoMnpeccuun ycuneHuns. Perynwposka pa3HeceHUs KoJsiel N03BOJIAeT YaCTUYHO PeWwnTb npo6neMy KoMnpeccun
1 yMeHblwnTb EVM ¢ 10,56 % £0 6,99 % (cnesa BHU3Y).
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BbiBoAbl

HecMoTps Ha TO, UTO AN KOMMIEKCHO OLLEHKU CMYTHUKOBbIX KAHA0B CBSA3U UCMOJb3YeTCs KO-
apduumneHT owmnbok Ha 6uT (BER), cHayana Heo6X0AMMO ONTUMNU3NPOBATH KAa4eCTBO aHa0roBbiX
UK UMOPOBLIX MOSYNMPOBAHHBIX CUTHANOB. [IPUMEHSAS CPABHUTESbHBIM aHANU3 AN OLEHKU MO-
DYNMPOBaHHbIX CUrHANOB, 04eHb BaXKHO MCNONb30BaTh NapameTp EVM, Tak Kak oH obecneunBaeTt
nocnefoBaTeNbHYIO M COTNAaCcOBAHHYI0 OLEHKY aHaNOroBbIX W LLUPPOBbIX CUrHANOB M0 BCEM QYHK-
LMOHANbHbLIM Y3/1aM CXEMbI U Ha BCex aTanax npoekTuposaHus. M0 89600 VSA nossonseT ynpo-
CTUTb BbIMOJIHEHWE OCHOBHbIX 33[1a4, TAKMUX KaK MOMCK M yCTPaHEHWE UCKAXEHWIA, @ TaKXKe [OCTUYb
OMNTUMAsbHOIO 3anaca no XapaKTEPUCTUKAM Ha ypoBHE cUcTeMbl. BoamMoxHocTb 3arpysku atoro M0
B M3MepuTesbHble Npubopsl kKoMnaHnum Keysight — ocumnnorpadsbl, aHanmsaTopbl CUrHANO0B M 10T K-
YECKMe aHanM3aTopbl — PacLUMPseT BO3MOXXHOCTH BbIMOSIHEHUS M aHaNU3a U3MEPEHNA.

M0 SystemVue n 6ubnuoteka undpoBbIX MOLEMOB NPEeAOCTABASAT Pa3paboTymKaM MOLLHbIV Habop
WHCTPYMEHTOB AJ15 CO34aHUS LWIMPOKOMOSIOCHBIX CUFHAMO0B, HEOOXOAMMBIX NPU NPOEKTUPOBAHUM
WNN TeCTUpOBaHUK. 3arpy3ka curHanos |/Q B reHepaTop CUrHANOB NPOV3BOILHON GOPMbI U UX MO-
[,a4a Ha BXOAbI BHELUHUX MOLYNUPYHOLLMX CUTHANOB BEKTOPHOrO reHepaTopa CUrHanos no3BonsioT
TECTMPOBaTb OTAENbHbIE 610KM TpaHcnoHaepoB MC3. Mpyn 3TOM MOXKHO ONTUMU3NPOBATb XapaK-
TEPUCTUKM pa3pabaTbiBaeMoW CUCTEMbI, U3MEHSS CUTHabl C NpUMeHeHneM QYHKLMM afanTUBHOM
Koppekuwum B 110 89600 VSA.

Monpo6Hyto MHdopmaumio n becnnatHble NpobHble Bepcun M0 SystemVue n 89600 VSA cM. Ha canTe
Keysight.

CnpaBoyHas nHpopMauma

- Bubnuoteka undposbix mogemos W1902 gns MO SystemVue (TexHuyeckoe onucaHue),
Homep pokymeHTa 5991-3123EN

- 10 89600 VSA: nyTu pewieHns CioxHbIX npo6iem (6powtopa), Homep fokymeHTa 5990-6553EN

- TeHepaTop curHanos npon3sosbHoit Gopmbl M8190A (TexHnueckoe onucaHue),
Homep pokymeHTa 5990-7516EN

- Tenepatopsl CBY curnanos Keysight cepuit PSG, MXG n EXG (n1cToBka), HoMep SoKyMeHTa
5991-3594EN

— Ocumnnorpadsl Keysight cepuu Infiniium 90000Q (TexHnueckoe onucaHue), HoMep LOKYMEHTa
5990-9712EN

- LWaccu ctanpaprta AXle ¢ aByms v natbio cnotamn Keysight M9502A n M9505A (TexHuyeckoe
onucaHue), Homep foKkymeHTa 5990-6584EN

- KomnakTHble norudeckune aHanusartopsl cepun Keysight 16850 (TexHuyeckoe onucatue),
HoMep ooKkyMmeHTa 5991-2791EN
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