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BeBepneHune

BONbLUMHCTBY UHXXEHEPOB,
paboTtatowmx B obnactn PY- n CBY-
TEXHUKM, MPUXOAUTCS CTAJIKUBATHLCS
C TAaKOW HENpoCToM 3aJa4ven,

KaK BblgeneHune CUrHanos U3 WyMoB.

Pa3paboTyMkaM coBpeMEHHbIX
paguonoKaunoHHbix cucteM (PJ1C) n
CUCTEM CBSI3U 3a4acTyo NPUXOANTCS
obpabaTbiBaTh 60SbLUME MACCUBLI
OaHHbIX, YTOObI N3BJIeYb MAKCUMYM
NHbOpPMaL MK M3 cnabbix Unu
NCKaXKeHHbIX CUFHasOB.

B pe3ynbtaTe [OBOSIbLHO YacTo
$as30BbIN WYM OrpaHn4mnBaeT
pabouve xapaKTepUCTUKN NPUEMHON
cuctembl. Hanpumep, $asoBbIn WyM
CHU>KaeT BO3MOXHOCTb 06paboTku
OonnepoBcKon MHbopMaLmn B
umnynbcHbix PJ1C 1 yxyglaet
XapaKTepUCTUKN N0 MOAYIHO
BEKTOpa OLWMNOKM B CUCTEMAX CBA3U
c undposon Moaynaunen.
N3mepeHune pa3oBoro wyma

4acTo HaMOMWHAET Nasn ¢
durypkamm ctpaHHomn GbopMbl,

KOTOpPble TPYAHO COEAUHUTL
BMecTe. [laxke Npu UCnosib30BaHUM
COBpPEMEHHbIX anmnapaTHbIX

CPeACTB U yCOBEPLUEHCTBOBAHHbIX
TEXHMYECKUX NPUEMOB npoLecc
npoBeAeHUs U3MEPEHUN U
MHTepnpeTaunn pesynbTaToB MOXET
no-npeXxHeMy coaep»xaTb B cebe
HEKOTOpYto 3aragkKy. Ytobbl moMoyb
pa3ragaTb 3TOT Na3”, B AAHHbIX
peKoMeHpaLmMax No NPUMEHEHNO
CHayana Mbl faguM 6a3oByHo
nHbopMauuto no ¢asoBoMy LLIYMY,

a 3aTeM OnuLIEM TpU Hanbonee
pacnpocTpaHEHHbIX MeToaa

ero naMepeHus n o6nacTn ux
NpUMeHeHus.



OcHoOBHble NOHATUA

HecTtabunbHOCTb U WWYyM

Jio60e o6cyxaeHve npobnemsl
$a30B0ro Wyma obbIYHO CBA3bLIBAETCA
C HEeCTabMNbHOCTLI0 YaCTOTbl CUrHaNa.
JonroBpemMeHHas HecTabunbHOCTb
YacToThl, NPeANoJIOXKUTENEHO
reHepaTtopa, MOXeT BbITb onpeaesieHa
B TaKUX eAUHMLAX BPEMEHU, KakK
Yyachbl, CyTKU, MecsLbl UK faXKe rogbl.
KpaTkoBpeMeHHasi HeCTabuIbHOCTb
XapaKTepu3yeT U3MEHEHMS YacTOoThl,
KOTOpbIE MPOUCXOASAT Ha MPOTSKEHUM
HECKOJIbKMX CEKYHA, NN eLLé MeHbLUE.
Takne 3MeHeHUsi 4acToTbl C KOPOTKUM
LIVKJIOM MMEIOT HaMHoro 6onblLuee
B/IVSIHVE HA CUCTEMbI, B 3a[4a4y KOTOpPbIX
BXOAWT 06paboTka 60/bLIOro MaccmBa
OaHHbIX 415 U3BJleYeHMS MaKCUMyMa
nHbopMaumm us curHana. Noatomy
OCHOBHOE BHMMAaHME Npu 06Cy>KAEeHMM
OyneT NOCBALEHO KPaTKOBPEMEHHOM
HecTabunbHOCTY.

KpaTKkoBpeMeHHY0 HecTabubHOCTb
MO>KHO OMMUCaThb Pa3IMYHbIMU
cnocobamu, Ho Haubonee
pPacnpoCTpaHEHHbLIM ABASETCS
ofHonosocHbIn (SSB) dasosbiit wym.
HaunoHanbHbIN UHCTUTYT CTaHAapPTOB
n TexHonorui CLUA (NIST) onpegenser
OLHOMOJIOCHbIN $a30BbIN LWYM Kak

drnunkkep*
Ly

obH/Ty

OTHOLLEHMWE CMEeKTPaNbHON NIOTHOCTH
MOLLHOCTU, U3MEPEHHON NpKU
onpeaesnéHHON YacTOTHOM OTCTPOMKe OT
HecyLewn, K MNOJIHOW MOLLHOCTU CUrHana
Hecywen. OgHOMOMOCHbIN Ga30BbIN LWYM
Hanbosiee YacTo n3MepsieTcs B nonoce

1 Ty npwn yacToTHOM oTcTporKke “f".
EovHuuamm nsmepexus sensotca abr/
My (zeumBesnibl OTHOCMTENBHO MOLLHOCTM
CUrHana Hecyulen yactotsl B nonoce 1 ).

YpoBeHb $a30BoOro WwWyma
0eTepMUHUPOBAHHO COOTHOCUTCS C
HecyLen 4acToToN, yBeMYMBaAACh Ha
6 nb Npun KaXaoM yoBOEHUUN Y4acToTbl.
Mpn onpeneneHnn xapakTepucTuk
KOMMOHEHTOB, BXOAALLNX B COCTaB
coBpeMeHHbIx PJIC 1 cuctem cesisu,
n3MepeHus ¢a3oBoro wyma gas
Hecyuwen yactoTbl 1 Ty MOXKHO
pPacnpocTpaHUTb OT NPUBAN3UTENBHO
-40 pBHML NPy ManblX YacTOTHbIX
oTCcTpoMKax“B6amn3m Hecywen” (Tky,
nnun mexblue) go -150 obrlu npu
B6ONbLIMX OTCTPOMKAX OT HECYLLEN

(10 MI'y, n 6onble). PesynbTaThl 3TUX
n3MepeHun byayt npubnusnTenbHo
Ha 18 nb Bbilwe Npy UCNOIb30BaAHUMK
Hecywen yacToTbl 8 .

Mpu TaKUX HU3KUX YPOBHSAX

MUHUMAabHbIA U3MEpPsieMbl YPOBEHb
LIyMa Haxo4uTCs Nog, BIUSHUEM ABYX

LLym ycunutens

MUKPOCKOMUYECKNX INEKTPOHHBIX
3 deKToB: TENIOBOr0 WYMa NAaCCUBHbIX
YCTPOWCTB, KOTOPbIA SiBNSeTCs
LUMPOKOMOJIOCHBIM U PaBHOMEPHbIM
(6enbii Wym), n GIMKKep-LUYMa aKTUBHbIX
yCTpPONCTB, uMetowero sug 14
(p030BbI WYM), KOTOPbLIA BO3HUKAET U3
TEMnJI0BOro LWyMa Ha MaJsibiX OTCTPOMKAX.
MpucyTcTBME 06€MX 3TUX COCTABNSAOLLMX
Hen306exXHo, NOCKOJIbKY OHM BCeraa
NPUCYTCTBYIOT B TPaKTe CUrHana:
n3MepuTesibHOM nNpubope, ycTporicTee,
KOTOpOE CO34aET UCMbITYEMbIN CUTHaN
(UC) n paxke B kabensx, KoTopble Ux
COeOUHSIOT.

ELLE 04HMM UCTOYHMKOM LIYMa, MPO
KOTOPbIV UHOrAa 3abbIBatoT, ABNAETCS
ycunutenb ntoboro Tuna B Tpakte
curHana. XoTs OCHOBHOe Ha3HauyeHue
YCUNUTENS - 3TO YBESIMYEHME YPOBHS
MOLLHOCTM €/1aboro curHana Hecylen,
OH [06aBMSET CBOM COOCTBEHHbIV LUYM U
TaKXKe yCUNMBaeT NoboN WyM Ha BXOAE.
B uTore wym ycunutens, Tensiosomn

1 GANKKEP-LUYM CMELLMBAlOTCS, U
rpaduk 3aBucnMocT GpasoBoro Wwyma
npuobpeTaeT xapaKTepHy dopmy

(cM. pucyHok 1), n, 4to Haubonee
BaXKHO, yXYALIAETCA MUHMMAlbHOe
TEOPETUYECKN JOCTUXKMMOE 3HAYEeHUe
$a3oBoro wyMa npu U3MepeHunsx.
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YacToTa B norapudpmmnyeckom Maclitabe

TennoBou wym

PucyHok 1 -Tpu ocHOBHble cocTaBnsioLiMe 06pa3yoT TEOPETUYECKUN HUXHUIN Npefen n3MepeHus ypoBHsi ¢a30Boro wyma.



Bce 3atn apdekTbl 06HapyxmBaTCA [pyrumMn oCHOBHbIMM COCTaBASOLLMMMN

B XapaKTepucTukax ¢asoBoro ABNISAOTCS CMHTE3aTop NPU OTCTPOMKaX
LyMa BbICOKONPON3BOAUTESNIBHOIO ot 1 kl'y po npuénusmtensHo 100 kI,
reHepaTtopa curHanos. Hanpumep, reHepaTop Ha XXene3o-UTTPUEBOM
MOXHO BbISIBUTb CKPbITblIE UCTOYHUKN rpaHate (KUl-reHepaTop) - ot 100 kI,
LyMa U CONOCTaBUTb UX C OCHOBHbIMU 00 2 My 1 BbIXOOHOW yCUnuTesnb - Npu
6710KaMun CTPYKTYpHOM cxeMbl npubopa oTcTponKax Bbiwe 2 Mlu. Ecnu npupogaa
(pyicyHoK 2). [Inst oTCTpOEK MeHee 3TUX 3DEKTOB XOPOLLO MOHATHA, UX

1 klu npeobnapaet ¢a3oBbIN WyYM, BJIUSIHNE MOXKET 6blITb MUHUMU3MPOBAHO
onpenenseMbli XapakTePUCTUKAMU B npouecce pa3paboTKu CUCTEMbI C
reHepaTopa OMOPHOM YacTOTbl, KOTOPbLIN LeNbio AOCTUXEHUS MAaKCUManbHbIX
YMHOXXaeTcs A0 HecyLlen 4acToThbl. paboumnx XxapaKTepUCTHUK.

OpHononocHbIM ¢pa30BbIv WYM reHepaTtopa curHanos E8257D
koMnaHum Keysight Ha yactoTte 10 Ty,

N3MepeHo ¢ ncnosib30BaHMeM CUCTEMbI M3MepeHus dpasosoro wyma E5500 komnanum Keysight (6e3
HerapMoHWUYEeCKNX COCTaBSIOLLNX)
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PucyHok 2 - CocTaBnstowme xapakTepucTuk ¢a3oBoro wymMa reHepaTopa CUrHanoB MOryT OblTb OTCIIEXKEHbI U
COMOCTaBEHbl C OCHOBHbIMWU B10KaMu €ro BHYTPEHHEWN apXUTEKTYpPbI.



N3mepeHus

Tpn metopa

MeTogbl M3MepeHUus ¢a3oBoro Wwyma
pasBUBaNUCh HapAAy C LOCTUKEHUSMU
B aHanu3e cnekTpa. B naHHoM pasgene
Mbl PacCMOTPMM TPU MeToAa - OT MPOCTOro
K CNTOXKHOMY: METOZ NPSIMOro U3MEPEHUs
cnekTpa, MeTog ¢a30Boro AeTekTopa

1 MeTo ABYXKaHaNbHOM B3aUMHOM
Koppensuuu. B cnepytowem pasgene
CPaBHUM TEXHUYECKME peLleHuns,
KOTopble CNOCOBHbLI peanv3oBaTh O4MH
nnu 6onee U3 3TUX METOA0B.

MeTon NpsAMOro namMepeHus
cnekTpa

MeTop NpsiMOro n3MepeHus cnekTpa

— CaMblV CTapbIi U, BO3MOXHO, CaMbIi
npocTon MeTon n3MepeHus ¢GasoBoro
wyma. Ucnbityemblit curdan (UC) nnn
ncnbiTyemoe yctpoictso (UY) npocTo
NoAKIOYaeTCs KO BXoAy aHannsaTopa
CUrHanoB, HanpuMMep, aHanusaTopa
curHanos cepun PXA komnaHuum Agilent,
1 aHanu3aTop 3aTeM HacTpauBaeTcs Ha
HeCyLLYyH 4acToTy. 3aTeM NpoBOASATCS
[Ba U3MEepeHus: U3MepseTcsl MOLHOCTb
HecylLLeW 1 cnekTpanbHas NaoTHOCTb
MOLLHOCTU LWyMa reHepaTopa npwu
3a[,aHHOWN YacToTe OTCTPONKMY,
OTHECEHHAas K MOLLHOCTM HeCyLLeNn.

Kak 3to yacTo 6biBaeT npu
MCNOJIb30BaHWUM NPOCTbIX METOA0B, ANS
obecrneyeHunsi TOYHOCTU pe3ynbTaTa
n3MepeHns TpebyeTcs NPUMEHNUTb
pasnuyHble Koppekunn. Hanpumep,
MOXXET NOHaf0BUTbCS KoppeKums,
KacaloLLascs LyMOBOW MoJs10Ckl GULTPOB,
onpeaensoLWwmnx noaock NponycKaHms
aHanu3saropa. Kpome Toro, MoXeT notpe-
60BaTLCS TAKXKE KOPPEKLYMS XapaKTEPUCTUK
NUKOBOro AleTEKTOPa aHanusarTopa,
KOTOPbIV MOXET 3aHMKaTb GaKTUUYECKUIA
YPOBEHb MOLLHOCTY LUYMa.

Korpa-To Takue KoppeKumm

Heobxo4MMO OblS10 BbINOJIHATL BPYYHYHO.
Moppo6Hyto MHbOPMaLMM MOXKHO

HavTu B bpoLutope Keysight Application
Note 150, Spectrum Analyzer Basics
(PekomeHpauuu no npumeHexuto 150
koMnaHum Keysight. OcHoBbl aHanu3a
cnekTpa). B HacToAllee BpeMs 3Tn
LONOJIHUTENbHbIE LLArn y)e He 06s3a-
TesbHbl, EC/TM UCMOJIb3YETCS aHaNM3aTop
CUTHAJI0B, CHAbXEHHbIN NMN60 PyHKLMEN
MapKepa NioTHOCTM MOLLHOCTYM B nosioce/
nHtepsane (Band/nterval Density) (gns
M3MepeHNs CMeKTPanbHOW NIOTHOCTH
MOLLHOCTM), IMGO BCTPOEHHbIMU BO3MOXK-
HOCTSIMU, TAKMMM KaK NpuUKIagHas
nporpamma nsmepeHusi $¢as3oBoro wyma
N9068A komnaHuu Keysight gns
aHanusaTtopoB curHanos PXA, MXA n EXA.

BpeMs v onbIT BbISBUAN NOTEHUMANbHbIE
orpaHuMyeHMs MeToa NpsiMoro
n3MepeHus cnektpa. bonbWwrHCTBO

M3 HUX CBSA3aHO C HeQ0CTaTKaMu
KayecTBa UM paboymnx xapakTepucTuk
HEKOTOPbIX aHaNIM3aTOPOB CNEKTpa.
OcTtaToyHas UM retepoaunHa
aHanu3aTtopa, 60KoBbIE NOJSIOCHI

WwyMa nam ¢asoBblii WYM reTepoanHa
aHanM3aTopa v YpoBEHb COBCTBEHHbIX
LWYMOB aHanM3aTopa CneKkTpa MoryT B
COBOKYMHOCTY NOBAUSATL Ha pe3ynbTaThl
n3mepeHus. Kpome toro, 601bLINHCTBO
aHaNM3aTopOB CNEKTPA U3MepsIoT
TOJIbKO CKaJIApPHYI0 BeNIMYMHY BOKOBbIX
noJioc WyMa UCMbITYyeMOro curHana
(UC). B pesynbTaTte aHanM3aTtop He B
COCTOSIHUM PasfivnyaTh aMMIUTYOHbIN

n daszoBbIV WyMbl. HakoHew, npouecc
YCNOXHSETCA He06X0AMMOCTbIO
NPOBOAMTbL U3MEPEHMS LWYyMa Ha KaXkaou
VMHTepecyoLLen 4acToTe OTCTPOMKM,

a 3Ta 3ajayva MoxXeT noTpeboBaTb
3HaAYNTESIbHbIX BPEMEHHbIX 3aTpaT npu
PYYHOM BbINOJIHEHUN



MeTon ¢a3oBoOro geTekropa

Da30BbIN 4ETEKTOP MOXKET 6bITh
MCMONb30BaH ANs oTAeneHus ¢asoBoro
Wwyma oT amnautygHoro. Kak nokasaHo
Ha pucyHke 3, $a30BbIN AETEKTOP
npeobpasyeT pasHOCTb $a3 ABYX BXOLHbIX
CUTHAMIOB B HaMPs)XXeHWe Ha ero BbIXoAe.
Korpa pa3HocTb ¢a3 cTaHOBUTCSA
pasHoi 90° (kBagpaTtypa), BbIxogHOE
Hanps»eHue byaet pasHo 0 B. Jlobble
OTKNOHEeHUs $a3bl OT KBaApaTypbl
Bbl30BYT COOTBETCTBYOLME OTK/IOHEHUS
HaMNpPs>XeHMs Ha BbIXO4e AeTeKkTopa.

3TOT NPMHLMN NIEXUT B OCHOBE
HECKOJIbKMX LUMPOKO NPUMEHSIEMBbIX
METOLO0B M3MepeHusi $Ga3oBoro LwyMa.
OcobbI MHTEpec NpeacTaBASOT TPU U3
HUX: METOA, ONOPHOro ncTouyHnka/OAMY
(ba3oBoWt aBTOMOACTPONKM HACTOThI),
MeTo[, YaCTOTHOIro AUCKPUMMHATOPA

1 METOpA, reTepoAnHHOro LmbpoBsoro
OUCKPUMUHaTOpa.

MeTop ONOPHOro NCTOYHMKA/
®AMNY

flBnsisick ycoBepLUEHCTBOBAHWEM

MeTona $a30BOro AeTeKTopa, MeTos
onopHoro uctoyHmka /PAMNY ncnonbayer
0BOMHON BaNlaHCHbIN CMecUTenb,
MCMoNb3yeMblll B KauecTBe AeTeKTopa,
Ha BXOAbl KOTOPOro NOAAKTCS CUMHAN
OT OMOPHOI0 UCTOYHMKA U UCMBITYEMOIO
yctponctea (MUY) (pyucyHok 4). OnopHbIn
WUCTOYHMK, TAKOWM KaK reHepaTtop
curHanos cepum PSG nnn MXG komnaHmm
Keysight, ynpaBnsietca Takmm o6pasom,
YTO €ro CUrHaj UMeeT TaKylo e
HEeCyLLYH 4acToTy, 4YTo U curHan Uy,

HO C KBafpaTypHbIM CABUTOM da3bl
(HoMuHanbHo 90°). Ona obecneyeHns
TOYHOCTM U3MepeHns curHana My dasosbin
LIYM OMNOPHOr0 MCTOYHMKA JONXKEH OblTbh
NnM60 npeHebpeXknMo ManbiM, nnbo
TOYHO M3BECTHbIM.

CurHan cyMMapHOM 4acToTbl CMecuTens
0TPUNBLTPOBLIBAETCA GUITBTPOM HUMKHUX
yactot (PHY), a curHan pasHocTHOWM
YyacToTbl cMecuTens, pasHon 0 Ny,
CO34aET Ha BbIXOAe HanpsXKeHue

co cpefHUM 3HayeHunem 0 BonbT. Ha

3TO HaNpsi>XeHUe NOCTOSAHHOIo TOKa
HaKJlafblBaOTCS NtoOble MepeMeHHble
bNYKTyaLMmM Hanpsi>keHusl, KoTopble

NponopLMOHanbHbl CyMMapHOMY BKNiagy
LWYMOB ABYX BXOAHbIX CUrHAMN0B. ITOT
BbIXOLHOWN CUTHAJ B MOLYJIALVOHHON
nonoce 06bI4HO YCUIMBAETCA MasioLLyMsi-
wumM ycunutenem (MLUY), npexpe yem
OH MOCTYNWT Ha BXOL, aHaNM3aTopa CUrHAJsI0B.

3T10T MeToq, 06ecneymBaeT CamMyto BbICOKYHO
YyBCTBUTEJIBHOCTb ¥ CaMoe LINPOKOoe
nepeKpbITUE MNOMOChl U3MEPEHUs
(HanpuMep, AnManasoH YacToT OTCTPOMKU
ot 0,1 My go 100 MIy). Kpome Toro, atoT
MeToA, HEYYBCTBUTENEH K aMMNIUTYAHOMY
LYMY 1 NO3BONISIET CIeOAUTb 33 CUrHanamm
apendyowmx NCTOYHNKOB.

Curuan 1

OpHako 3aech MMeKTCs ABe
noTeHumnanoHble npobneMbl. Bo-nepsblx,
OMOPHbI UCTOYHUK JOMKEH UMETb
HU3KMI YypoBeHb $Ga30BOro WyMa, Hapaay
c TeM obecneynBas TaKKe 3NEKTPOHHYIO
nepecTpoiiky. Bo-BTopbIX, ecnun curHan
MCMbITYeMOro yCTPONCTBA MMEET 60J1bLLION
npend 4acToTbl, TO ONOPHbLIA UCTOYHUK
JonxkeH obecneuynBaTb NEPECTPOIKY B
OYeHb LUMPOKOM AManasoHe.

®das3oBbIN feTeKTop

AVout = KAG)in

PucyHok 3 - 3ToT 6a30BbI NpUHLKN $a30BOro feTEKTOPA JIEXKUT B OCHOBE

HEeCKOJIbKUX MeToA40B.

CurHan ncneityeMoro
yctponctaa (MY)

90°
ORI PasoBbii
NCTOYHUK
LeTeKTop
(cmecuTesnb)
Konbuo
GANY

DUNBTP HUKHMX
yacrot (PHY)

Manowymswmmn
ycunutenb
(MLLY)

Ananusatop

oAynupytowms
CurdHanos

PucyHok 4 - B 3ToM MeTofle MUCNONb3YOTCS ONOPHbIA UCTOYHUK U BONHON 6anaHCHbIN CMECUTENb B KaYecTBe

ocHOBbI $a30BOro geTeKTopa.



MeTo[ 4yacTOTHOro
OUCKPUMKUHaATOpPa

Y1o6bl ynpocTuTh KOHUIypaLmo
o06opynoBaHMs 1 NPOLECC U3MEPEHUS,
3TOT METO/, UCKJI0HaeT OMOPHbIN
MCTOYHWK, 3aMEHSISi ero aHasIoroBow
JINHWEN 3afepXKu. Kak nokasaHo

Ha PUCYHKe 5, cMrHan ncnbiTyemoro
ycTpowicTea (UY) paspenserca Ha ABsa
kaHana. CurHan ogHoro KaHana
33epXKMBaeTCs OTHOCUTENIbHO CUTrHana
B APYroM KaHane, a IMHUS 3a4epXKu
npeobpasyeT GAyKTyaLMm 4acToTbl BO
dnykTyaummn dasbl. HacTponka nMHUM
3a[epXKKM OnpenensieT KBagpaTypHbIn
caBuUr dasbl MeXAY CUrHaNaMu Ha ABYX
BX0ofax cMecuTens. 3ateM ¢a3oBbIn
OeTeKTop npeobpasyeT dbayKTyauuu
das3bl BO GNyKTyaLnmn HanpsxeHus,
KOTOPble aHaNN3aTop CUrHanoB U3MepsieT
KaK YacTOTHbIM LWYM. HacTOTHBIN LIYM 3aTeM
npeobpasyeTcst B OTCHET pa3osoro wyma UY.

OZHMM 13 HelOCTaTKOB 3TOr0 MeToAa
ABNIAETCSA YXYALIEHMe YyBCTBUTESIbHOCTH,
0COBGEHHO NpPY MasnblX OTCTPOMKAX OT
Hecyweln. bonee AnMHHas nMHKA
3aepXKKM1 NOBbILAET YyBCTBUTESNTbHOCTD,
HO yXY[LUaeT OTHOLIEeHUe curHasy/

LWYM W OrpaHNYMBaET MaKCUMasbHY0
4acToTy OTCTPOMKM, HA KOTOPOM MOryT
npoBoAuTbLCA U3MepeHus. Kpome Toro,
BHOCUMbI€ NOTEPU JIMHUN 33JEPIKKN
MOTYT 0Ka3aTbCs CAIVLIKOM 60JIbLLIMMMU,
4YTOObI BbIXOAHOW ypoBEHb curHana Ny
MOF NPEB30WTU UX.

Mcxops n3 BbilecKa3aHHOro, 3ToT MeTon,
Nyu4lle BCEro NoaxoauT npu
1CCNef0BaHNM CUTHANIOB aBTOreHepaTopoB,
Takux Kak LC-reHepaTopbl 1 reHepaTopbl
Ha 06BEMHBIX pe3oHaTopax, MMeLwue
CKJIOHHOCTb K reHepaLuu CUrHanoB

C WyMaMW, KOTOpPble UMEIOT BbICOKUN
YPOBEHb 1 MeANIeHHbIN cnag cnekTpa
$a30BoOro Wyma nan BbICOKMI YPOBEHb
OUCKPETHbIX COCTaBNSALWMNX B BOKOBOMN
nosoce B6/1M3M HeCyLUen, YTO MOXKeT
orpaHnMunTb 3o PeKTUBHOCTbL MeToaa
0nopHOro cToyHMKY/OAMY

MeTopn retepoanHHOI0O
uMdbpoBOro ANCKPUMMUHATOPA

CyLiecTByroLLME TEXHOSIOTUM AenaoT
BO3MOXHOW 3aMeHY aHanoroBow JMHUK
3afepXKKWN reTepoanHHbLIM LMbpPOBLIM
ONCKpUMUHaATOpOoM. Kak nokasaHo Ha
pucyHke 6, curHan NY npeobpasyetcs Ha
MY ¢ noMoublo cMecuTens 1 retepoanHa

c aBTonoAcTponkon Yactotbl.CurHan MY
CHayana ycunuBaeTcs v npeobpasyeTcs B
undposyto popMy, a 3aTeM pacLiennseTcs
1 3apepxKnBaeTcs, Mcnonb3ys 610k
unopoBo 06paboTku curHanos. Kak n

B NpeAblayLleM MeToae, 3afepKaHHas
KOMWUS CUrHana cpaBHUBAETCSH C
He3a4ep>KaHHOM KONMen C MoOMOLLbH
LuMbpPOBOro CMecHTENS, a 3a4epPXKKa
yCTaHaB/IMBAETCS TaKoM, 4Tobbl obecneunTb
KBagpaTypHy pa3HocTb ¢pa3. BeixogHon
curHan cMecutens bunsTpyetcs ans
YCTPaHEHWs COCTaBASIOLLEN CyMMapHOM
YaCTOTbl, COXPaHSISi KOMMOHEHTbI MOy NALM-
OHHOW NOJIOCHI, KOTOpble 3aTeM 06pabaThbl-
BalOTCA A4J15 onpefeneHns Ga3osoro LwyMma.

3TOT MeToA XOPOLLO MNOAXOAUT ANd
M3MepeHUs 0THOCUTESIbHO BbICOKOMO
ypoBHsi $a30BoOro WwymMa HecTabunbHbIX
MUCTOYHWMKOB CUTHasia ¥ reHepaTopopoB
3ToT MeTog obecneunBaet bosee
LMPOKUI AMHAMUYECKUIA AMana3oH
n3MepeHuns ¢Ga3oBoro WyMma, Yem MeTos

JInHna 3apepxKn

CurHan
UCnbITyeMoro
ycTpoiictsa (1Y)

PasBert-
BUTESb

®PazoBpa-
warenb

QAMMY, 1 He TpebyeT NepenoaKIOYeHUs
aHaNoroBbIX IMHUN 3aePKKH,
MCMNoJsib3yeMbIX B METOAE YAaCTOTHOIO
ONCKpUMUHaTopa. MyTéM ycTaHOBKM
HyJIEBOr0 BpeMeHU 3a[lepXKKu MeTon,
reTepoAVHHOro LMbpoBOro ANCKPUMUHA-
Topa Tak)Ke ob6ecrneynBaeT 04eHb NPOCTbie
1 TOYHble U3MEPEHUS aMNIUTYLHOIO
LUYMa C NOMOLLbHO TOW XKe YyCTaHOBKM U
Tex xe PY-nogknoveHunn.

HepocTaTkoM SBNSETCS TO, YTO MOJSHbIN
OVWHAMUYECKUI AMana3oH n3MepeHus
¢$a3oBoOro WyMa orpaHuymBaeTcs
BO3MOKHOCTAMM MaJIoLyMSALLErO
ycunutensa (MLUY) v ALLM. Cnenyrowmin
METOZ peLlaeT 3Ty npobriemy

DUNbTP HUXKHUX Ma;Zjﬁ::iMM
yactot (PHY) (MLLIY)

Ananusartop
oaynupyoLumx
CuUrHanos

DazoBbIi
LeTeKTop
(cmecuTens)

PucyHok 5 - PasseTtBnieHune curHana MY u MaHUNynMpoBaHve UM C NOMOLLbIO IMHUU 3a4EPXKKN U
dbasoBpalaTens UCKYaeT HE06X0AVMOCTb B OMOPHOM UCTOYHUKE..

MpuHumn gencteus (ans ogHoro kaHana E5052B)

DunbTp Konbua

uacTorsl

fig ====== Macwrabupytowuin

ycunuteno

Monocosoit
$unerp

Curnan
MCNbITyEMOro
yctpoiictea (MY)

3aMeTbTe, YTO OCHOBHOI CUTHAN BCE ewwE NpUCYTCTBYeT
B 37OV TOUKE; 3TO OrPaHNYMBAET ANHAMUYECKNUIA ANANa3oH
MeToAa Ha 0CHoBe LM$POBOro AUCKPUMUHATOPA

(KOJ'IbLLO aBTOI’IOﬂCTpOﬁKM 4acToThl) ®a30BbIN

wym

AMNAUTYAHBIA E
wym

Lindpposas o6pabotka curnanos (LLOC

T yctaHoBneHo Ha 1/(4fg) cekyHn

PucyHok 6 - Llndposbie TexHoNOrnn no3BonsioT UMUTUPOBATL NOBeAEHNEe aHanNoroBow NNMHUK 3a0epXxKn n

NPOBOAUTL TOUYHbIE N3MepeHUs $a3oBoro Wyma.



MeTon ABYXKaHaNbHOM
B3aMMHOM KOppenaunm

B n3meputenoHom npmbope, TakoM
KaK aHann3aTtop MCTOYHWKOB CUTHaNOoB
E5052B komnaHuu Keysight, faHHbIn
METO[, UCMNOosb3yeT KOMBUHaLMIO ABYX
0AMHAKOBbIX OAHOKaHaJIbHbIX CUCTEM
Ha OCHOBE OMOPHOro UCToYHUKIDPAMY
1 BbIMOJIHSAET OnepaLmm B3auMMHOMN
KOppensauuu Mexay BbIXOAHbIMU
CUIHaNaMM KaXKOoro KaHana, Kak nokasaHo
Ha pucyHke 7. MNockonbKky ntobble
wymbl C, npucyTcTBytOLWMe B 060mnx
KaHanax, KorepeHTHbI, onepauus
B3aVMMHOW KOPPensunm He BINSET Ha
NX BKNag, B pe3ynbTaT U3MepeHus.

B NpoTMBOMOM0XKHOCTL 3TOMY,
CcoB6CTBEHHbIE LWYMbl KQXXA0ro KaHana
He KOrepeHTHbI, 1 N03TOMY onepaums
B3aVMMHOW KOpPpPensunm yMeHblUaeT

OMOpHbIA UCTOYHUK 1

MUX CYMMapHbIN BKNafA B pe3ynbtat
MU3MEepPEHUs NPOMNOPLUOHANBHO KOPHHO
KBaApaTHOMY M3 YMCNaA UMKIIOB
Koppenauui. Yycro onepaummn Koppensumm -
KNto4eBon GpaKTop, OT KOTOPOro 3aBUCUT
obLiee BpeMs nsMepeHus. B aHanusartope
ncTovHmKoB curHanos E5052B umcno
onepauui Koppensiunmn BolbupaeTcs
nosnb3oBarteneM. [pu yBennyeHmn yucna
KOppensiunn yMeHblUAeTCs BK1ag, LWyMOB
060MX KaHas0B B pe3y/ibTaT MU3MepeHns
(tabnuua 1), HO yBenuMBaeTCs Bpems,
TpebyeMoe sl 3aBepLUEHNS U3MEPEHNUS.

MockonbKy MeTon ABYXKaHanbHOM
B3aWMHOW KOPpPensauum yMeHbLlaeT
YPOBEHb LLYMa U3MepeHus, oH obecneyn-
BaeT NPEeBOCXOAHYI YYBCTBUTENIbHOCTb
n3mepeHuin. Ho B cBA3uM ¢ TeM, 4TO

3TOT MEeTo, OCHOBAH Ha undpposomn
06paboTKe CMrHanoB, OH NoBbILIAEeT

YyBCTBUTENILHOCTb, He Tpebys
WUCKHOYNTENbHO BbICOKMX XapaKTepUCTUK
annapaTHbIX KOMMOHEHTOB. ITOT MeTox,
TaKxe obecneynBaeT 6oNbWNIA ANHAMU-
YecKu AuanasoH, YeM MeTopq reTepo-
AWHHOTO LMdPOBOro AUCKPUMMHATOPA,
OMUCAHHbIN BbIlLE

C y4ETOM 3TMX NPEUMYLLECTB METOL
OBYXKaHas/ibHOM B3aMMHOW KOppenauum
XOPOLLO MNOAXOAUT AN U3MEepPEHMUS
CUTHasnoB aBToreHepaTopos. B kauecTBe
CpeAacTBa UccniefoBaHus obLiero
Ha3HauyeHus 3ToT MeTof obecrnednsaeT
NpPeBOCXOfHble XapaKTepUCTUKM
n3MepeHns GasoBoro LWyMa MHOTMX
TUNOB UCTOYHUKOB CUIHANOB U
reHepaTopoB.

®dasoBbin
neTekTop
(cMecuTens)

Curnan
uncneiTyemoro
ycrpoiicTtsa (1Y)

Onepatop
B3auMHOMN
Koppe-
naummn

LOucnnei

PasseTButens

AeTeKTop
(cmecuTensb)

OnopHbIN UCTOYHUK 2

PucyHok 7 - MeTopn ABYXKaHaNbHOW B3aUMHOW KOPPEeNsaLMmM Ucnonb3yeT ABa $pa3oBbIX AeTeKTOpa.

Tabnuua 1 - YBenuuyeHue yncna onepaunii B3aMMHOW KOPPENsSLMU YMeHbLIAeT YPOBEHb
HEeKOrepeHTHOro LWyMa.

10,000
-20 pb

Yucno koppensuun 10 100 1,000

YMeHbLUeHMe YPOBHS LyMa -5nb -10 b -15pb



CpaBHeHue

TexHnyeckune peweHuns
018 N3MepeHus
$pa3oBOro wyma

B HacTosee BpeMsi Anana3oH
OOCTYMHbIX TEXHUYECKUX peLleHni
BKJIHOYAET aHanM3aTopbl CNeKTpa
obLiero HasHa4yeHus, Takne kak PXA,
crneuvanm3npoBaHHblie U3MepUTeNbHblIe
npuobopsbl, TakMe Kak aHann3aTop
MUCTOYHMKOB curHanos E5052B u
cucTeMa ans usmepeHus ¢asoBoro
wymMa Ha 6ase MK cepum E5500 koMnaHum
Keysight. KntoueBble otnmuus - B
npennaraeMbix GyHKUNOHANbHbIX
BO3MOXHOCTSIX, TMOKOCTU 1 paboumx
XapaKTePUCTUKAX, BAUAIOLWNX Ha
MUHMMasNbHOE U MaKCMManbHoe
3HAYEHUS1 YACTOTbl OTCTPOMKMU, KOTOPbIE
MOTYT 6bITb [OCTUIHYTbI C MOMOLLbIO
KOHKPETHOI0 TEXHWUYECKOro peLueHus.

AHanusaTtopbl curHanos cepum X
komnanumm Keysight (PXA, MXA nnu EXA)
CHabXeHbl ONUMOHANIbHOW NPUKNAQHOM
nporpamMmon namepeHus $asoBoro
wyma N9068A, npencraBnsitowen oguH
13 cnocoboB peanusauum MetTona
NpsMOro 3MepeHus cnekTpa (pUcyHok
8). 3T0 NpuoXeHne aBTOMaTUYECKU
BbINOJIHSIET TpebyeMble n3MepeHus
napamMeTpoB CUIrHana HecyLwen 4acToThl
1 $a30B0Oro WyMa 1 3aTeM NpuMeHsaeT
HeobxoauMble KOppeKTUpyLmne
KoapobuumneHTbl. PesynbraTel MOryT
ObITb NpeAcTaBneHbl Kak B BUAE
rpaduka cnektpa ¢asoBoro wymMa B
norapudmmnyeckom MacwTtabe (oW

B 3aBMCMMOCTM OT YaCTOTbl OTCTPONKM

B norapuédmMmyeckomM macwrabe), Tak

1 B BMAe Tabnunubl ypoBHel ¢pa3oBoro
LWYMa NPU KOHKPETHbIX 3HAYEHUSAX
4YacTOTbl OTCTPOMKM. ITO TEXHUYECKOE
pelueHne 06bI4YHO XOpoLLO paboTaeT npu
OTCTpPOMKax BOAN3M HeCyLLen, Taknx
kak 10 nnn 100 My, n npu GonbLmMx
oTCTpOMKax, Taknx kak 10 MIu.

AHanun3aTop UCTOYHUKOB CUTHaNoB
E5052B peanusyeT yCNOXHEHHbIE
MeToabl $a3oBoOro feTeKkTopa u
B3aMMHoN koppensuun. E5052B
BKJIOYAET MaolWyMsLLMe OnopHble
MUCTOYHUKM, 0b6ecneymBaeT aKCTpEManbHO
HU3KWI YPOBEHb COOCTBEHHbIX

LYMOB M BO3MOXHOCTU LUndpoBOM
06paboTKM curHano., HeobxoauMble Ans
peanusauun MeToLoB reTepoaMHHOro
uMdpoBOro AUCKPUMUHATOPA U
OBYXKaHanbHOM B3aUMHOW KOppensaumu.
AHanun3aTop UCTOYHUKOB CUTHaNOoB

(=1 e

;0% 40 P Apr 18, 2007
Measurements

Neise Correction: OfF

Trig: Free Rt'm
Atten: 10 4B (Elec 0)

IF Gain:Low Signal Tracking: On

100 Hz
1.00 kHz
100 kHz

100 kHz
1.00 MHz
100 MHz

100 MHz

MEG STATUS

PucyHok 8 - MpuknagHas nporpamma N9068A ob6ecneumBaeT ogHOKIABULLHbIE U3MepPeHUs $a3oBoro WyMma
BO BPEMEHHOW 1 YacTOTHOM 0bacTsx.
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PucyHok 9 - AHanusaTtop uctoyHmkos curHanos E5052B nopaepikvuBaeT 3MepeHns aMnanTygHoro u
daszoBoro wyma 6e3 usmeHeHus PY-nogknoyeHnn.

E5052B ny4ywwe Bcero nogxoauTt ons
M3MEepeHUin Npu oTCTpoMKax B6IN3N
Hecywen oo 1 Iy 1 npy 60NbLLNX OTCTPOMKAaX
oT Hecywen go 1 Mu.CneumanusmpoBaH-
Hble GYHKLMOHAJIbHbIE BO3MOXHOCTU
E5052B obecneumnBatoT ygobcTeo B
paboTe 1 ynpoLEeHHY0 YCTaHOBKY
napaMeTpoB U3MepeHUs 1 KannbpoBKy.



MopynbHoe TexHuyeckoe pewweHne E5500 MoxeT 6bITb CKOHOUTYPMPOBAHO ANs
MoandurKaumnin metoaa ¢GasoBoro 4eTEKTOPa, TaKUX KaK MeToq OMOPHOM0 UCTOYHUKY
QAMMY, nnm MeToq, 4acTOTHOMO AMCKPMMMHATOPA C aHasIoOroBOW NIMHUEN 3aaepXKKu. B
KOHMrypaumu, peanmsyroLlen MeTos onopHoro nctouHMka/PAMY, cuctema E5500
obecneynmBaeT XxapaKTEPUCTUKM U BO3MOXKHOCTU, HeobXxoaMMble 4519 U3MepeHns
04YeHb HM3KOro YPoBHS $a30Boro wyma npu otcTporikax go 0,01 Iy, ecnu ncnonbsyetca
C reTepPOAUHOM, UMEIOLLUM BbICOKME TEXHUYECKMNE XapaKTepUCTUKU. B KoHburypauun,
peanusyioLie MeToA, 4acToTHOrO AUCKPMMUMHaTopa, cucteMa E5500 cnocobHa
N3MepsATb O4EHb HU3KME YPOBHM $a30BOoro LWyMa npu 60SbLINX OTCTPOMKAX OT HecyLen.
O6paTHOM CTOPOHOM 3TOM YHUBEPCAJIbHOCTU SIBJISETCS TO, YTO YCTAaHOBKA NapaMeTpoB
n3mepeHns n kanmbposka E5500 3HauUNTENbHO CNOXKHEE, YEM NPU UCMONb30BAHUK
aHanm3artopa UcTo4yHuKoB curHanos E5052B nnu pelueHnii Ha OCHOBe aHaNN3aTopoB
CUrHanoB.

Carrier Freq: 1.000000000 GHz
ww— Trig: Free Run
IFGainl v Arterc 10 dB (Elec 0)

Y Ref Value -40.0 dBc/Hz

Ref Value
<400 dBeiHz

Ref 40 dBc/Hz Carrier Power .13 dBm

Aﬂenuatlnn.
[10 dB)

Frequency Offset

PucyHok 10 - 3TOT MCMbITaTeNbHbIA CUrHAS, CO34aHHbIA NYTEM YAaCTOTHON MOAY/IALMMU reHepaTopa CUrHaaoM
PaBHOMEPHOTO LWYMa, MOXET BbiTb MCMOb30BaH A5 OLEHKMN XapaKTepUCTUK TEXHUYECKNX peLleHuit
n3MepeHus $asoBoro LyMa, CaMOCTOATE/IbHO CO3AaHHbIX N0JIb30BaTENAMU

KannbpoBaHHbIN curHan ¢a3oBoro
LyMa MOXeT 6bITb UCMONb30BaH AJ1si
NMPOBEPKM UCTIbITaTENIbHON YCTAHOBKMU.
3TaNIOHHbIN OMOPHbIN CUTHAN, K
npuMmepy, 0CO6eHHO BaXkeH Npu
pa3paboTKe pelleHnsi Ha OCHOBe
MeToZa NPsSIMOro U3MEPEHUs CMNeKTPa,
Ky[a BXOAWUT CaMOCTOATESNIbHO
HanucaHHoe M0, yunTbiBatoLLee
HeobxoauMble nonpasku. Moaxon,
OMWCaHHbIN 30eCb, NPUMEHUM

Ons noboro MeTofa U3MepeHus
¢$asoBoro wyma.

HapéxHbl ucnblTaTeNbHbIA CUrHAN
MOXXeT ObITb CO34aH MYTEM YACTOTHOM
MOAYNSALUN reHepaTopa CUrHaNoM
paBHOMepHoro wyMa. KpytnusHa cnaga
60KOBbIX NMOJIOC LUYyMa MOCTOSAHHA U
coctaBnset —20 pb/nekana. Hy>xHbin
YPOBEHb LWyMa B 60KOBOM noJsioce
MOXEeT ObITb NMOJIy4YeH YyCTaHOBKOMN
nesuaumm YM- curHana.

MpuMep namepeHus ¢pasoBoro

LWYMa, MOKa3aHHbIN Ha pucyHke 10,
BbINOJIHEH C NoMoLblo YM-curHana,
MOZYJIMPOBAHHOIO PaBHOMEPHbIM
LWwymoM c gesBuaument yactotol 500 M.
Mpun 3TOM 0becneymBaeTca ypoBeHb
¢dasosoro wyma 100 gbrlu Ha
yacTtoTe oTcTporku 10 K.



3aKJiln4yeHune

Dasz0BbIN WYM SBASAETCA OAHUM U3
CaMblX BaXKHbIX KpUTEPUEB KayecTBa
YCTPONCTB reHepaunun CUrHanos

PY- n CBY-guranasoHa. CeoincTBa

3TUX YCTPOWCTB MOMOTYT ONpPeaennTb,
KaKoW MeTof M TeXHUYECKoe pelleHme
ABNATCA Hanbonee NoaAxoAAWNMM ANS
TOYHOrO N3MepeHns $Gas3oBoro Wyma.

MeTopbl M TEXHUYECKNE peLleHns,
npeacTaBneHHble B JAHHOM LOKYMEHTE -
Haunbosiee NPOCTbl U IKOHOMUYECKHU
3pdekTUBHLI. [laHHbIE MeTOObI U
pelleHus obecneynmBaoT MPeBOCXOAHbIE
pe3ynbTaThl 4715 UHXEHEPOB, He
ABNAOWMMUCS 3KCNepTaMmn B 061acTu
n3MepeHus $asoBoro wyma, u B

TO XXe BpeMs MOoMOryT aKcnepTam
VMHTEPNPeTMPOBaTh AaHHbIe, pa3obpaTbes
C KOTOPbIMUW He BCerga npocTo.

ConyTcTByloWwaa MHbopMaLus: reHepaTopsl

CUrHanios

HasBaHue ny6numkauum

OcHoBbl aHanm3a cnekTpa — PekoMeHaaumMm no NpUMeHeHnto

Homep
ny6nukaumm

5952-0292EN

YMeHbLieHue dasoBoro wyma Ha PY- n CBY-yactotax —
PekomMeHpauumn no npuMeHeHuo

5990-7529EN

TexHMYecKoro pelleHns nsmepeHuns ¢GasoBoro WyMa KoMNaHum
Keysight — PykoBopacTtBo no Bbibopy

5990-5729EN

AHanusaTtop nctouyHunkoB curHanos E5052B — TexHuueckne
OaHHble

5989-6388EN

TexHUYecKue pelieHns namepeHns $asoBoro wyma cepum
E5500 - TexHMUYecKMe gaHHble

5989-0851EN

AHanunzaTopsbl curHanos cepuu X — bpowtopa

5990-7998EN

AHanuszaTop curHanos PXA cepumu X (N9030A) — Bpowtopa

5990-3951EN

AHanusaTop curHanos MXA cepumn X (N9020A) — Bpowwtopa

5990-5047EN

AHanusaTop curHanos EXA cepun X (N9010A) — Bpowitopa

5989-6527EN

MpuknagHaa nporpaMMa namepeHms ¢a3oBoro Wwyma
N9068AW9068A komnaHum Keysight — TexHuuyecknin 063op

5989-5354EN

ConyTcTBytowaa nHpopMaLms: aHanM3aTopbl

CUrHaios

HasBaHue ny6numkauunm

eHepaTopbl curHanos MXG n EXG cepuun X — bpowtopa

Homep
ny6aukauum

5990-9957EN

Ananorosble (N5181B) n BekTopHble (N5182B) reHepatopsl
curHanoB cemenctea MXG cepumn X — TexHnyeckue faHHble

5991-0038EN

Ananorosble (N5171B) n BekTopHble (N5172B) reHepatopsl
curHanoB cemencTBa EXG cepun X — TexHnyeckue gaHHble

5991-0039EN

leHepaTopbl curHanos cepun PSG — bpolwtopa

5989-1324EN

MWKpPOBOJIHOBBIN aHANOroBbIN reHepaTop curHanos E8257D
cepumn PSG — TexHU4yeckue gaHHble

5989-0698EN

BekTopHbIv reHepaTop curHanoe E8267D cepum — TexHuyeckme
OaHHble

5989-0697EN

PY aHanorosbiln reHepaTop curHanos E8663D cepuun PSG -
TexHUYecKne AaHHble

5989-4136EN
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