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BospacTatowleln TeHaeHUMEN B cUCTEMaX CMYTHUKOBOM CBSI3N U pagMonioKaumm
Ha PbIHKE a3POKOCMMYECKON M 060POHHOM MPOMbILLIIEHHOCTY SABNSIETCS NoTpe6-
HOCTb B PacLUMPEHUN MOJSIOCHI YAaCTOT CUHAMIOB Y aHanu3a 1 yBenanvyeHnumn koadpdu-
LMEHTA paclUMpeHMs cneKTpa curHanos. PasBuTune cuctem cCnyTHUKOBOM CBA3M
obycnosneHo TpeboBaHMAMN YBENUYEHNS CKOPOCTU Nepeaayn faHHbIX, TOrAa
KaK coBpeMeHHble paanosioKaunoHHble cucteMsl (PJIC) TpebytoT Gonbluero
K03¢bdULMEHTA PaCLLUMPEHUS CNEKTPA, YTOObI YNy4YLLUTL pa3peLuatoLLyo cnocob-
HOCTb MO JANIbHOCTK, YTO, B CBOK 04Yepenb, BEAET K 6oJiee LWMPOKMM Mosiocam
yacToT Moaynsumun. CospemeHHble PJIC Takke Ucnonb3yoT 60siee CrIoXHble
dopMaTbl MOZYNALMM CUTHANOB, YTOObI YNYYLINTb pa3peLUaroLLyo CnocobHOCTb
Mo AanbHOCTM Y YMEHbLUMTb BEPOATHOCTb NepexsaTta v co3haHus (MocTaHOBKM)
nomex. MHorue PJIC 1 cucTteMbl CNyTHUKOBOW CBA3M PaboTaloT Ha CBEPXBLICOKUX
yactoTax (Hanpumep, B X-, Ku- nnu Ka-grnanasoHe), 4to cnoco6CTBYeT NoaaepxKe
60s1e€ LUMPOKMX MOJIOC YacTOT MOAYSISILMM, YBESIMYEHWIO Pa3peLLatoLLel CNocoBHOCTH,
a TaKXKe MoJTy4YeHUIo BbIroAbl OT MCMOJIb30BaHMSA aHTEHH MEHbLLEro pa3Mmepa.

B psine cnyyaeB Tpe6oBaHUs K LUIMPUHE MOJIOCHI YacTOT MPeBbILLIAT 3HAYEHUS
nonoc M4 nmetoLmxcst Ha pbiHKe PY-aHann3aTopoB cneKkTpa 1 BEKTOPHbIX aHaNu-
3aTOpOB cUrHasoB. B couetaHuu ¢ 6onee BbICOKMMU paboynMu YacToTaMu 3To
€03aéT cepbE3HbI Habop NPob6IeM st UHXKEHEPOB, 3aHUMAKLLMXCS UCMbITa-
HueM nepenatymkoB PJIC 1 cnyTHUKOBbIX CUCTEM CBS3MW.

NMpobnema

BbicTpoe, TouHoe M 3pDEeKTUBHOE C TOUKM 3PEHMS 3aTPaT U3MEpPEHME XapaK-
TepucTtuk nepepatyuukos PY/CBY grnanasoHa coBpeMeHHbix PJIC n cnyTHU-
KOBbIX CUCTEM CBSI3U IBASETCS OYEHb CJIOXKHOMN 3aaa4velt. B HekoTopbix
cnyyvasx (HanpuMep, Npu n3MepeHnn Mogyns BekTopa ownbku (EVM)nepenat-
YMKa CUCTEM CMYTHUKOBOW CBA3M) BbIXOA NepefaTymKa He BCEerAa MOXHO
M3MepUTb HEMOCPeACTBEHHO. MIHXXeHepbl YacTo AOJIXKHbI HAAEATbCS Ha
M3roTOBJIEHHbIN N0 3aKa3y npeobpasoBaTesib C MOHUXEHUEM YaCcTOTbl 4SS
nepeHoca curHanos P4/CBY-gurana3oHa Ha yacToTy N4 ¢ uenbto nocnegytoLlero
M3MEepEeHNS C MOMOLLbIO MMEIOLLLEerocs B Npofaxe o6opynoBaHns.

K coxaneHuto, pa3oBble pacxofbl Ha UHXXeHepHble PaboTbl, CBA3aHHbIE C
pa3paboTKoW, N3roTOBIEHNEM UMCNbITaHMEM NpeobpasoBaTens, MOryT
0Ka3aTbCs HEMPOAYKTMBHbIMU. AnnapaTtypa npeobpasoBaTesisi C MOHUXEHUEM
YyacToTbl TakXKe fobaBnsaeTt cBou cobcTBEHHbIE PY-1CKaxeHuUs, KoTopble
MOFyT MacKMpOBaTb peasibHble XapaKTEPUCTUKM UCTIBITYEMOTO NepeaaTymKa
curHanos PY/CBY grnana3oHa. bonee Toro, MoXKeT BO3HUKHYTb UCKaXKeHME,
BHOCSILLEee AOMNOSIHUTENbHbIV BKJ1a[ B CYMMapHOe 3HaYyeHne n3MepsieMoro
EVM. B pe3ynbraTe CNOXKHO NOHATb, Kakas YacTb 3HavyeHna EVM nonyyeHa

C peanbHOro BbIxoA4a nepegatyunka. [1pm oTcyTCTBUMN APYrUX BOCTYNHbIX
BapMaHTOB UHXXEHEPbl OCTAITCSA C 3TOM HEeONPeAeIEHHOCTbLIO B ONpPefeeHnn
NOrpeLHoCTM U3MEPEHNS, KOTOPas NPOUCTEKaAeT OT 3TOro AaNeKOo He
naeanbHOro Noaxoaa.



PeweHune

PaspelueHne aTo NpobsieMbl 3aKn04HaeTcs
B HAaX0XAEHUU peLlleHnsi, KoTopoe
No3BOJIUT HEMOCPEACTBEHHO U3MEPATb

1 aHanM3npoBaTb CUTrHasbl Ha BbIXo4e
nepepatymkos P4/CBY-guanasoHa 6e3
MCMOoNb30BaHUA 3aKa3Horo npeobpa-
30BaTens C NOHUXXEHUEM YacTOTbl.
MpeanbHbIM pelleHreM st AaHHON
3a[a4u SBNAETCS LWMPOKOMOOCHbIN
ocumnnorpad, KOTopbI MOXET Herocpea-
CTBEHHO U3MepsITb M aHANN3UpPoBaTb
curHansl X-, Ku- n Ka-grnanasoHos (go
32 Tu) nepenaTyNKOB COBPEMEHHBIX
PJIC n cucteM cnyTHMKOBOW CBSI3W.
Mcnonb3oBaHue Takoro ocuunnorpada
He TOJIbKO UCKJ/l0YaeT 3aTpaThl BPpEMEHU
1 CPEACTB 13-3a UCMOJIb30BaHMWS 3aKa3HOro
npeobpa3oBaTens C NOHMMXKEHWEM YaCTOThI,
HO 1 0CcBOGOXAAET OT peLeHns apyrux
npobneMm, TakMx Kak KanubpoBKa
annapaTHbIX CPeAcTB U KOppeKkuns
CUCTEMHbIX UCKAXKEHUM U NorpewHocTen
B pe3ysibTaTax U3MepeHun.

[pyrve acnekTbl U3MepPeHNs LINPO-
KonosiocHbIx curHanos PJIC u cuctem
CMYTHUKOBOW CBSA3M, KOTOPble 00bIYHO
NpeacTaBAsAOT HEKOTOPYHO TPYAHOCTb
AN UHXXeHepoB, criedyoLme.

— CospaHue cneumannsnpoBaHHbIx/cob-
CTBEHHbIX LUMPOKOMOIOCHbIX CUFHAMOB.
TpaavuMoHHO Co30aBaTh TaKMe CUTHasbI
OJ19 UCMbITaHUS NepeaaTymMKoB Bbl10
CNOXKHO, NOCKOJIbKY 4acTo OHU He
NoAAEPXKUBANNCH UMEOLLMMCS B
npofaxe obopynosaHveM. B pesynbtate
WHXEHeHepbl 6b1TM BbIHYXXAEHbI pa3pa-
6aTbiBaTb CNELMasM3NPOBAHHOE UCTbI-
TaTenbHoe obopynoBaHue, 3aTpaymBas
Ha 3TO MHOIO BPEMEHM U CPEACTB.

— AHanu3s cneunannsmpoBaHHbIx/ cob-
CTBEHHbIX LUMPOKOMOSIOCHbBIX CUFHAMOB.
CurHanbl PJIC 1 cuctem cnyTHUKOBOM
CBSI3V MOTYT MMETb CMEeLManm3vpoBaHHble
UM cobCTBEHHbIE POpMaThI, U MOTYT
noTpeboBaTh 4O HEKOTOPOM CTENEHM
CneumannsvMpoBaHHbI aHann3 CUrHanoB

HaxoxxpeHune TeXxHM4YecKoro

peLleHnsa Ans ucnblTaHUM Ha OCHOBe
o6opynoBaHus, nMetoLLerocs B
npoaaxe, ¢ NOMOLLbIO KOTOPOro

MOX>XHO CO3[aBaTb ¥ aHANM3MPOPOBaThL
crneunannsnpoBaHHbie/coBCTBEHHbIE
CUMHasbl C UCMOSIb30BaHMEM BCTPOEHHbIX
NPOrpaMMHbIX CPEACTB, BNSETCS
No3TOMY MepBOCTENEHHON 3aa4en.

OLHO TaKoe TEXHUYECKOE peLleHMe,
npepnaraeMoe komnaHuen Keysight
BKJ1H0YAET BbICOKONPOU3BOANUTESbHbIN
ocumnnorpad cepumn 90000X cemencTea
Infiniium, BEKTOPHbIV reHepaTop
curHanos cepuun PSG, reHepaTop
CUrHanoB Npou3BonbHon dopmbl (CMD)
M8190A n nporpaMMHoe obecneyeHue

BEKTOPHOro aHanunsa curHanos (VSA). B
coyeTaHMM 3Ta KOMBMHaLMS annapaTHbIX
1 NPOrpaMMHbIX CpeacTs obecneynBaeT
WNHXXEHEepPOB BO3MOXHOCTSMU U
rMBKOCTbIO, KOTOPbIE UM HEOBXOAMMBI
0151 NPOBeAeHNsI NU3MepeHnn
LLIMPOKOMNONOCHbIX curHanos PJIC n
CUCTEM CNYTHUKOBOWN CBA3MU.

LLInpokononocHbIn ocumnnorpad cepum
90000X no3BonsieT HENOCPEeACTBEHHO
N3MepsTb Y aHaNU3NpoBaTb
LLIMPOKOMOJI0C- Hble CUTHasbl Ha

BbIxofax nepenatyunkos PJIC u cuctem
crnyTHUKoBOM cBA3M. C UCTUHHON
QHaNoroBOW NOJIOCON NPONYCKaHWUS
32Ty oH obecneynBaeT TOYHOCTb
N3MepEeHUsi B peasibHOM BPpEMEHM

0J15 HeNocpeaCcTBEHHOro N3MepeHus
CUrHaNoB Ha BbIXo4ax nepenaTymKoB,

He Tpebysi UCMOJIb30BaHUS BHELLHEro
npeobpa3oBaTesisi C NOHUXKEHMEM
4yacToTbl. AHaNM3 BO BPEMEHHOMN
06nacTu MOXeT UCMoNIb30BaTbCA ANA
M3MepeHUsl XapaKTepucTUK nepeaaTyunka
B UMNYJIbCHbIX peXxunmMax (Hanpumep,
¢dpoHTa/cpesa, AIMTENBHOCTY UMMYNbCa).

M8190A - 3To MoAyNbHbIN U3MEPUTESbHbIN
npubop, CKOMMNOHOBaHHbLIV B 6a30BOM
6noke wuHbl AXle. OH ncnonb3yetcsa ons
reHepaLmm LLMPOKOMOSIOCHbIX CUrHaNoB

npu ncnbiTaHusx Hoebix PJ1IC n cuctem
CNyTHUKOBOW cBA3W. B kKauecTBe
NPeunsnoHHoro 1- unmn 2-kaHanbHoro
reHepaTtopa ClN® ¢ paspelieHnem

LLAT, paBHbIM 14 BUT Npu YyacToTax
anckpetmsaumm o 8 Mebi6/c n 12 6ut

- 0o 12 ebi6/c (oT 2 po 4 6uT BonbLue

B CPaBHEHWM C TEM, YTO LOCTYMHO B
HacTosLee BpeMs), oH obecneymsaet
NPEBOCXOAHbIE XapaKTEPUCTUKM CUTHAJIOB.
M8190A Takxke BKIOYAET NaMsiTb
curHanos o 2 'esi6/kaHan (8 30 pas
6onblue, YEM Y UMEHLLMXCS reHepaTopoB
CMN®), uTo No3BONIAET UHXKEHEPaM

C03[aBaThb ANNHHbIE PEASIUCTUYHbIE
CLiEHapuUu, TaK1e KaK MMUTaLWsi CUTHAMOoB
PJ1C. BbiXxogHOW TPaKT C LUMPUHOM

nosockl 4actot 5 [Ty (Ha yposHe -3 ob)
Nno3BOJIAeT UCMOb30BaTb ero B KaYecTse
1 reHepaTopa MoAynunpoBaHHbIx |/Q
CUrHasoB, U reHepartopa curHasnos MY.

leHepaTop curHanos cepuun PSG
obecneymBaeT BbICOKOE Ka4yecTBO
curHanos. LUnpokononocHeie 1/Q
BXOAbl YNPOLLAIT ero UCrnosib30BaHue
npu namepeHuax curHanos PJIC n
cucTeM CNyTHUKOBOW cBA3W. pu
COefUHEHUN reHepaTopa CUrHaNoB
cepun PSG n M8190A obecneunBaeTcs
rmbkocTb, HeobxoanMas ons

€03[aHuUs cneunann3npoBaHHbIx/
cobcTBeHHbIX curHanos PJIC n

LM POKOMOMOCHbIX MOAYIMPOBaHHbIX
curHanos (Hanpumep, QPSK 1 16QAM)
0191 CUCTEM CMYTHWKOBOW CBS3U. 3TN
CUrHanbl MOTYT MCNOJIb30BaTbLCS

OJ1S UCNbITaHMMO60PYA0BaHUS B
nabopaTtopusix, He Tpebys NpMMeHeHus
[0pOroro cneunann3npoBaHHOro
MCMbITaTeNIbHOro 060pyOBaHUS.

Mpu MCMbITAaHUN KOMMOHEHTOB
ncnbiTyemoro yctponcrea (MY) M8190A
reHepupyeT wupokononocHble I/Q
CUrHasbl, KOTOPbIE NMOCTYNAOT Ha

I/Q Bxombl reHepaTopa cepum PSG.
eHepaTop cepuun PSG reHepupyeT

3atem CBY curHan, kotopbivi 6ynet
vncnonb3oBatbea ona MY B kayecTse
curHana ctumyna. 3ateM Boixog MY
noaKs4vaeTcs K ocumnnorpady

90000X, roe v NpoBOASATCS U3MEpPeHUst
curHanos (pucyHok 1). Mpu nsmepeHun
CUrHanoB GYHKUMOHANbHO 3aKOHYEHHOMo
nepefaTyMKka Hy>KHO NPOCTO NOAKTHYUTD
ocumnnorpad K ero Bbixony

PucyHok 1: 3pecb nokasaHa TUNUYHANA UCNbITaTENbHASA YCTAHOBKA, UCMONIb3yeMas ANa CO34aHMs U aHanusa
LUMPOKOMOJIOCHbIX curHanos PJIC u cucteM cnyTHUKoBOW cBA3W. LLIMPOKONONOCHBIN reHepaTop CUrHaNoB
npoun3BonbHON GOopMbl MOKa3aH cieBa BBEpXyY, reHepaTop curHanos cepumn PSG c wupokononocHeimMu I/Q
BXO[.aMV - CNIEBA BHU3Y, @ LUIMPOKONONOCHbLIN ocuunnorpad cepuv 90000X ¢ nporpaMMHbIM obecrnedeHneM

BEKTOPHOr0 aHann3a CUrHanoe - crpasa



CneumanusunpoBaHHble/
cob6CTBEHHbIE N3MEPEHUS

Co3paHue cneumann3npoBaHHbIx/
COBCTBEHHbIX CUrHAsIOB M NPOBEAEHWE
CneLnanm3npoBaHHbIX/COBCTBEHHbIX
n3mepeHun curdanos PJIC n cuctem
CNYTHUKOBOM CBSI3U MOXHO 3Ha4YUTENbHO
ynpocTuTb, ucnonb3ys MATLAB npwu
reHepaumm CUrHaJIoB C Lesibio Co3aaHus
Moaenmpyembix GOpM CUTHANOB, KOTopble
3aTeM 3arpy’KalTcs B reHepaTop
CM®OM8190A. 3necb OHM CUHTE3UPYHOTCS
B auddepeHumansHblie I/Q curHansi,
KOTOpble NOCTYNatT Ha BHewHue 1/Q
BX0Abl reHepaTopa curHanos PSG. Mocne
3TOro reHepUpPYTCA MOAYIMPOBAHHbIE
PY/CBY- ucnbiTaTenbHble CUFHaNbI.

CneunanusnpoBaHHble, onpegensieMble
nonb3oBateneM, dyHkuun MATLAB
TaKXXe MOXKHO MCNONb30BaTh BHYTPYU
ocuunnorpada 90000X u npuMeHUTb K
oToGpakaeMoMy curHany (Hanpumep,
AN BblYUCTIeHUs ornbatoLen
mmnynbcHoro PY-curnana). 3a cuér atoro
orvnbatoLLyt umnynbcHoro PY-curHana
MOXHO U3MEPUTbL N 0TOOPa3UTb.
MNpenBapuTenbHO CKOHOUTYPUPOBAHHbIE
n3MepeHus ocuunnorpada 90000X
MOXHO UCNONb30BaTh AN U3MEPEHMS
dpoHTa, cpesa, ANUTENbHOCTM MMMYJIbCa
1 BbIOpoca Ha GPOHTE UMMYSbCHbIX

PY curnanos PJIC (pucyHok 2). B

3TOM ciy4yae rybokas namaTb cbopa
OaHHbIX ocumnnorpada 20000X

(2 I'BBIB) UrpaeT BaXkHYI0 Posb B
obecneyeHnn cnocobHOCTM 3axBaTbiBaTb
1 aHann3npoBaTb 60MbLLOE YNCIIO
umnynscos PJIC.

CerMeHTUpOBaHHas NamaTb ONTUMU3UPYET
yucno umnynscos PJIC, koTopoe MOXHO
3axBaTUTb 1 NPOAHaNN3NPOBaTb,
yu4nTbIBasi 06bEM AOCTYNHON NAMATH
ocuunnorpada. BaxkHo, 4To oHa
no3BoJISeT yBeIMYMBaTh MacwTab
1306paxkeHns UMNYbCa U BbINONHSET
3axBaT AaHHbIX TOJIbKO BO BPeMsi
BKJIIOYEHHOr0 COCTOSIHUS MMMYJIbCa,

a Npu BbIKJIOYEHHOM COCTOSIHUY

- UTHOpMpYeT. 3aMeTnM, YTO MNokKa
CerMeHTUPOBaHHas NaMATb MOXKET
ncnonb3oBaTbcs GyHKUnamMn MATLAB,
onpenensieMbiMu Nosib30BaTeNeM,
TaKas BO3MOXHOCTb HeOCTYNHA ANs
nporpamMMbl BEKTOPHOI0 aHanum3a.

CneunanusmpoBaHHble/
COGCTBEHHbIE U3MEPEHUS

XoTs gns ucnbitaHns PY-ycTtponcts
TPaAULMOHHO UCMOJIb30BaINCh
aHanM3aTopbl CNEKTPa U BEKTOPHbIE
aHanusaTopbl CUrHanoB, NpPobneMsl,
CBSi3aHHblE C NPOBEAEHMEM

CurHan
ocuunno-
rpada

neumanus.
byHKums
MATLAB

MpUMEHEHHbIV
rpadpuk

BbinonHexnue
AOMOJIHUTENbHbIX
usMepeHun

PucyHok 2 - Ornbatowasa umnynbcHoro PY curHana v nuamepeHune anutenbHocTu GpoHTa Ha ornbatowen

CnekTp paguoumMnynbca JIYM
C LueHTpoMm Ha yacToTte 10 Iy

N3meHeHue
amMnauTyabl ornbatoLen
(nor. macwTab)

BO BPEMEHMU

6 MKC

N3meHeHne
$a3bl pagmomnmnynbca
¢ JIYM Bo BpeMeHM

¢ JIYM Bo BpeMeHM

PucyHok 3 - 3geck nokasaH NpyMep U3MEPEHUsi XapaKTePUCTUK LUMPOKOMOIOCHOro paguoumMnysbsca c JIYM
PJ1C ¢ ncnonb3oBaHmeM nporpaMMHoro obecneyeHuns BEKTOPHOro aHannsa curHanos B ocuunnorpade 90000X.

N3MEpPEHU CUrHANOB COBPEMEHHbIX

PJIC n cucteM cnyTHUKOBOWM CBSA3M,

CTann KaTanM3aTopoM nepexona
WNHXXEHEePOB K LUMPOKOMOSIOCHbIM
ocuunnorpadam. K cyactbio, nporpammHoe
obecneyeHneBeKTopHoro aHanusa (VSA)
koMmnaHumn Keysight paboTtaeTt BHyTpu®
ocumnnorpacda 90000X 1 cnocobHo
YyNpOCTUTb 3TOT NPOLECcC Nepexona,
NpeaocTaBnss UHXKEHepaM Hauny4dlee
13 06omnx obnacrten: GyHKLMOHANBHOCTb

1 MHTepdeiic Nosb30BaTeNisl BEKTOPHOMO
aHanu3aTtopa CMrHanoB 1 JOCTyn K
LUMPOKOMOJIOCHBIM BO3MOXHOCTSIM
ocuunnorpada, KoTopbi obecneymBaeT
npoBefeHe N3MepPeHU Ha YacToTax Ao
32 Ty ansa WUpPOKOMNOJIOCHbIX NU3MEepPeHni
curHanos PJIC v cucteM cnyTHUKOBOW
cBa3n. C noMoLLbo 3HaKOMOro nHTepdenica
nonb3oBatens VSA no3BonsieT MHxXeHepaM

3apaBaTh TPAAMLMOHHbIE NapaMeTpbl
PY-curHanos (Hanpumep, nosocy o63opa
1 Nonocy nponyckaHua) B ocumanorpade.
3aTteM VSA obpabaTbiBaeT AaHHble,
cobpaHHble ocumnnorpadom, 1 BbIBOAUT
oumdpoBaHHbIe pe3ysibTaThbl HA 3KPaH,
MCNoJib3ys oToBpaXkeHne aMnanTyabl

1 dasbl BEKTOPHOro aHanmnsaTtopa
curHanos. MporpaMMHoe obecneyeHne
VSA Tak»e cnocobHo NpoBoAuTb aHanus
B 4YaCTOTHOM M BPEMEHHOWN obnacTsax gns
n3MepeHus cnektpa PY/CBYcurHanos,
YacTOTHbIX U $a30BbIX XapaKTEPUCTUK
(HanpyMep, YacTOTHbIX 1 Ha30BbIX
XapaKTepPUCTUK pagmonmnynbsca ¢ JIYM
WU XapaKTEPUCTUK CKa4yKoobpasHom
nepecTPoMKM YacToTbl, 0TOBpPaXKaeMblx
Ha crnekTporpamme PY-curnana) u EVM
(pucyHok 3).



Kpome Toro, nporpamMmmHoe obecneyeHune
VSA noppep)xvuBaeT MHOrne Buapl
CTaHAAPTOB CMrHaNoB M GopMaToB
MOAYNSLUN C LEeSbio AeMomyNaumm
Takux dopMaToB cUrHanos, kak QPSK,
16QAM 1 64 QAM, ncnonb3yembix

B CMCTEMaXx CMyTHUKOBOW CBSA3U U
OPpYrux npunoxeHuax. Takon aHanus
DAET MHXKeHepaM bonblue cpeacTs
N3Yy4YeHUsl XapaKTepUCTUK annapaTHbIX
cpencTs nepenatynkos PJIC n cuctem
CMNYTHWKOBOW CBSA3MN.

LLinpokononocHas
undpoBas MoaynsLUS:

QAM16; 1,76 TcumBonoB/c

YacToTa AmMckpeTusauum
Fs=7,2TTu

C aMnAnTygHon
KoppeKkuuen

MpuMep: WMPOKONONOCHbIN
curHan ¢ mogynaumen 16QAM

KpoMe nsmepenus curHanos PJIC, To xe
caMoe usMepuTenbHoe obopynoBaHue,
MMetoLweecs B NPOLAXKeE, MOXHO
MCNosb30BaTh A4S LWMPOKOro Kpyra
OPYrUX NPUMOXKEHUI, BKJIOYASi CUCTEMbI
CMYTHWKOBOW CBSI3W. PaccMoTpuM, Hanpumep,
LIMPOKOMNOJIOCHBIN curHan (wnprHa
nosocsl 4actot 1,76 Tu) ¢ Mogynsumen
16QAM. OH co3paéTcs n aHanmaumpyeTcs
C MCMNOJIb30BaHMEM TOM XKe camon
MCnbITaTeNbHOM YCTAaHOBKM, CO34aHHON
Ha 6a3e obopynoBaHUA, UMEOLWErocs B
npopake, Kak NMokasaHo Ha pucyHke 1.
MATLAB ncnonb3yeTtcs ans cosgaHus
curHana c mogynsauuen 16QAM,
KOTOPbIN 3arpy»kaeTcs B reHepaTop
CNad M8190A. Kak noka3aHo Ha
pUCYyHKe 4, nporpaMMHoe obecneyeHune

VSA, paboTatouiee B ocuunnorpade,
MCNosnb3yeTcs ANS AeMOAYNAUUN CUrHana
¢ moaynsunen 16QAM. HanoMHuMm,

yto EVM aBnsieTcs MUHOMKATOPOM
AMMIUTYOHbIX U PA30BbIX UCKAXKEHUN
CUrHanoB ¢ uMdpoBOM MoAyNAUNEN.

B naHHOM cinyyae ocTaToyHoe

3HayeHue EVM npnbnusntensHo

paBHo 1,17%, 4TO O4eHb XOpOLLO

OJ1S MOZYJIMPOBAHHOIO CUrHana ¢
WwnpuHom nonockbl yactot 1,76 Mu B
X-auanazoHe (10 Mu). Ecnm cpaBHMBaTh

C cywecTByLWmMM 060pynoBaHUEM,

To 3HayeHue EVM, koTopoe MoxeT
OblTb LOCTUIHYTO NPW TAKOW CKOPOCTH
nepenayv faHHbIX, COCTABNAET 006bIYHO
oT 2 fo 3%, 4To siBNsieTCs pe3ynbTaToM
3HAUYUTENbHOOObLLMX 3HAYEHUIA
NOrpeLHOCTM U HeonpeaeneHHOCTH
n3MepeHus.

PucyHok 4 — B 4eTbipéx KBaapaHTax AUCnes NporpaMMbl BEKTOPHOTO aHanusa curHanos (VSA) nokasaHsl: 3Bé3aHas anarpamma (cneea
BBEPXyY),CNeKTp curHana X-aguanasoxa (10 Mu) (cnesa BHU3Y), 3aBucKuMocTb EVM oT BpeMeHu (cnpaBa BBepxy) 1 uTorosoe 3HadyeHune EVM
(cnpaBa BHM3Y). B gaHHOM npumMepe ocTatodHoe 3HauyeHne EVM nonyyeHo B pesynbtate o6begnHeHus reHepartopa CMNo, renepatopa
curHanos cepun PSG c wnpokononocHeiMu I/Q Bxogamu 1 uudposoro ocumnnorpada c nosocoi nponyckanus 32 .

KpaTkoe nsnoxeHue
pe3ynbTaTos

Mcnonb3oBaHme BHELWHUX
npeobpa3oBaTesien C NOHMMXKEHNEM
4acToTbl AN USMEPEHNS XapaKTePUCTUK
CUIHAJI0B LUMPOKOMOSIOCHbIX MepenaTynmKoB
PJ1C 1 cucTeM cnyTHUKOBOW CBSA3W MOXXET
notpeboBaTb 60MbLUMX 3aTPAT BPEMEHU U
cpencTB. 3TOT MOAXOA MOXKET 0Ka3aThbCs
HEeoNTUMasbHbIM N8 Yy4LleHns
BO3MOXHOCTEN UCCNIEA0BAHNS UCTUHHbIX
XapaKTepucTuk nepegatyumnkos P4/
CBY-gnanasoHa. Ocumnnorpad 90000X
koMnaHuu Keysight npegoctaenset
NPAKTUYHYIO aNlbTepHaTUBY: CPELACTBO
HernocpeacTBEHHOro N3MepPeHUs 1
aHanun3a xapaKTepuCTUK NepeaaTynkos
PY/CBY-pnanasona gns PJIC u cuctem
CNYTHWKOBOW CBA3MW.

Ocumnnorpad MoOXHO 06beanHUTb

c reHepaTtopoM CIMNd M8190A n
reHepaTopoM curHanos cepun PSG.
BMecTe oHY N03BONSAOT CO38aBaTh

1 aHann3MpoBaTb UCMbITATENbHbIE
CUrHanbl Ha GU3MYECKOM YpOBHe.
CneumannanpoBaHHble/cOBCTBEHHbIE
$OpMbI CUrHANOB MOXHO CrEHEPUPOBATb
¢ nomowbto MATLAB 1 3aTeM 3arpy3unTb B
reHepatop CM® M8190A, 06beAMHEHHbIN
C reHepaTopoM curHanos cepuun PSG,
LN19 CO3[aHMS UCMbITAaTENbHOrO CUrHana.
C nomoubto ocumnnorpada 90000X
CUTHanbl Ha BbIXOAAX NepenaTynMKoB
MOXHO U3MEPUTb, UCTONb3YS
nporpamMmMmHoe obecneyexue VSA
komnaHum Keysight, dyHkuun MATLAB,

onpegenseMble NoJib30BaTeNEM, UK
BCTPOEHHble BO3MOXHOCTM aHanunsa Bo
BpeMeHHou obnactu ocuunnorpada.

[Ons coBpeMeHHbIx PJIC 1 cuctem
CMYTHUKOBOW CBSI3M1, UCMOJIb3YHOLLMX
6osiee LWMPOKME MOSIOCHI HAcToT U

6onee BbICOKME paboyme 4acToThl,
HenocpeacTBeHHOE U TOYHOE U3MepeHue
CUrHaNoB Ha BbIX0e NepefaTynKoB

C Ucnosib3oBaHMeM ocuunnorpada
90000X cTaHOBMTCS OCHOBHbIM
CPEeACTBOM Yiy4LLUEHMS BO3MOXHOCTEN
nccnenoBaHNsa UCTUHHbBIX XapaKTePUCTUK
nepenaTyMKOB, NO3BOJIAIOLLMM
C3KOHOMWUTbL BPEMS 1 NOMOratoLLnM
COKPATUTb YNCJI0 [OPOrOCTOALLMX LIMKIOB
paspaboTku .



ConyTcTBYHOLLME NPUIIOKEHNS

— N3mepeHune curHanoe cucteM MIMO, aHanus 1 TecTupoBaHue
MOOYyNSAUNM GU3NYECKOr0 YPOBHS

ConyTtcTBytowme napgenuna komnaHum Keysight

— LUndposon ocumnnorpad DSOX93204A ¢ nonocon nponyckanmsa 32 My,
N ONUUAMMU;
- 026G, rnybuHa namsaTtn 2 BbI6/KaHan
- 062, MATLAB (6a30Bbi nakeT)
- 010, pyHKUMS, onpeapensieMas Nofb30BaTeNIEM

— [eHepaTop curHanoe npounseosibHoM dopMbl M8190A

— [NporpaMMHoe obecneyeHne BEKTOPHOro aHanmsa curHanos 89601B/BN
(VSA) c onumamu:

— 200, 6a30BbI BEKTOPHbIN aHAN3 CUTHAOB

— 300, nogkntoyeHne annapaTHbIX CPeacTs

— AYA, rmbkui aHanms Mopynauum

— BekTopHbIN reHepaTop curHanos E8267D ¢ onunsmu:

— 520 nnu 532, ananasoH Yactot ot 250 KMy 7o 20 My wnn 31,8 My,

— 016, wupokononocHble gudepeHLmanbHble BHelHMe Bxoabl I/Q

— H18, wupokononocHas mopynsaums B nosoce He 6onee yem 3,2 My,
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