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Tpw coBeTa Nno COBEPLLEHCTBOBAHWIIO

N3MEPEHUIN KO MDULMEHTA LLyMa
YMEHbLLIEHME MOrPEeLHOCTU N3MEPEHNIA
KO PULEHTA LLUyMa

KpaTkune
pekoMeHaaLUmn
MO NPUMEHEHMUIO

KoathdumumeHT wyma (KLL), Takrke M3BECTHbIN Kak "LLyM-(aKkTop", ABASETCS KKO4YEBbIM
rokagarefieM Ka4eCTBa MHOMX NMPUEMHbIX YCTPONCTB 1 PAANOTEXHUHECKNX CUCTEM.
OH xapakTepunayeT CTeNeHb yXyALLEHNST OTHOLLIEHWS «CUMHAS/LLYM» MPY MPOXOXAEHUN
curHana Yyepes uccnegyemoe ycTporncTtso (1Y). B umdpoBbix cructemax CBA3M MPUEMHMK
¢ MeHblInM KLU BygeT o6nanath nyyilert CnoCOBHOCTBIO BbIAENATL CUrHASbI C Masion
aMMAUTYLOON, a 3HAYUT, BYAET MMETb MEHBLUMI KO3 MUUMEHT BUTOBBIX OLLIMGOK (BER).
Vameperina KL, kak mpasuio, TpebyeTcs BoINONMHATL B 1aB0PaTOPHbIX YCNOBMSX B MPOLIECCE
paspaboTKM 1 OTNAAKN HOBbIX KOHCTPYKUMIA PaANOTEXHNHECKNX YCTPOWCTB, a TakxKe

B YC/OBUISIX MPOW3BOACTBA MPY KOHTPOJIE COOTBETCTBMS BENNYMHbBI MPOV3BOACTBEHHOMO
3anaca xapakTepUCTUK BbIMyCKaeMON MPOAYKLMM TPeOOBaHNAM TEXHUYECKOM
OOKYMEHTaUN.

MorpeluHocTb namepeHnin KLLI SBNsieTcs KpUTUHECKN BaXkHbIM (hakTOPOM, OCOOEHHO
Koraa Hy>KHO NOBbLICUTb 3(MMEKTUBHOCTL 1 CHU3WUTL N3AEPXXKW. HacTosLme kKpaTkme
peKoMeHAALMM MO MPUMEHEHNIO COAEPXXaT COBETbI, KOTOPbIE MOMOryT BaM YMEHbLLUNTL
MOrPELWHOCTb, A0OUTBCH BbICOKUX PE3YNBTATOB U CHU3UTh CTOMMOCTbL M3aMepeHui KLL
yCunuTenen, cMmecutenen n npeobpasoBaresnen 4acToT.
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CoBeT 1: 415 YCKOPEHUSA BbIHNCNEHNA UCTIONb3YNTE
KaNbKYNATOP MOrpeLLHoCcT namepeHmin KLL

PacyeT NorpelHOCT! N3MEPEHWNIA SBNSIETCS CNOXHBIM 1 TPYAOEMKUM MPOLIECCOM.
K cyacTbto, st 0bnervyeHnst 1 yckopeHust mogobHbIX pacHeToB paspaboTaHbl
KaslbKyNsSTOpb! MOrpeLHocT).!

[Mpuv BblMUCNEHNN NOTPELLHOCTU N3MepeHuin KLL, kak npaBunio, CNnob3ytoT METOL,
Y-hakTopa. daHHbI MeToA, NpeanosiaraeT UCNoIb30BaHNe STaNOHHOMO NCTOYHNKA
Lyma 4519 noga4m BXOAHOro BO3AencTaua Ha LY. B kadecTse LLyMOBOIro NpuemMHIKa,
N3MEPSIOLLErO YPOBEHD WyMa Ha Bbixoae Y, ncnonb3yeTcs 0TKanmbpoBaHHbIN
aHanmaatop curHanoB. OCHOBHOM XapakTEPUCTUKOM 3TaSIOHHOMO UCTOYHMKA LyMa
ABASETCHA HaCTOTHAs 3aBUCMMOCTb N36bITOYHOIrO KoahduumeHTa wyma (ENR),
KOTOPbIN XapakTepnayeT PasHOCTb MOLLHOCTEN LyMa (LLIYMOBbIX TeMNepaTyp)

Ha BbIXO[€e UCTOYHMKA LyMa 415 ABYX €r0 COCTOSAHUM: COCTOSAHUS «BbIKJTHOHEH»
("xonogHoro") u cocTosiHMs "Bknto4eH" ("ropsidero”).

MNorpewHocTb n3meperns ENR sBnseTcs BaXkHbIM hakTOpOM, BANSAIOLLIMM

Ha CYyMMapHYO MorpeLHocTb namepeHnin KL, n ogHom 13 BXxoaHbIX BEANHMH

0115 pacyeTa ¢ MCMNOMb30BaHVEM KallbKynaTopa NOrpeLlHOCTU. Takxke B pacyeTe
y4acTBYIOT Apyre COCTaBNsAoLLME NOrPeLHOCTY n3meperunin KL, obycnoeneHHble
ClefytoLLMMN (hakTopamm: paccornacoBaHEM, JIMHENHOCTBIO KOS(MUUMEHTa YCUIEHNS
(KY) n cobetBerHbIM KL aHannaaTtopa.

B Tabnuue 1 npuBeneH NpuMep OLEHOK MHOMBUOYaNbHOIrO BKIa4a nepeqmncieHHbix
(haKTOPOB B BEMNYMHY CYMMaPHOWM NOrpeLlHoCcTM aMmeperHun KLU manowymsiero
yeumnutena (MLLY) ¢ ananasoHom 6 'y ¢ KLU 3 b, KY 26 ob n KCBH Bxopga 1,5.
3HadeHns B Tabnnue paccHmTaHbl A5 STaNOHHOrO NCTOYHMKA LUyMa, MMEIOLLIErO
npegenbl norpewHocT ENR + 0,087 ob n KCBH Bbixoga 1,05. B gaHHOM npumepe
OCHOBHbIMW (DaKTOpamu, BAVSIOLLIMN HA CYMMaPHYIO MOMPELLUHOCTb U3MEPEHWI,
ABNSAOTCA NOrpeLLHocTb namepeHnii ENR v paccornacosaHue. Vx Bknag oueHnBaeTcs
Kak 88 % 1 12 % OT BeN{MHbI CyMMapHOM MOrPeLIHOCT COOTBETCTBEHHO. Bknag,
OCTaBLUMXCSA COCTaBASAOLLMX MOrpeLLHOCT He nmpeBbiwaeT 1 %. [Nocne BHeceHus
OLIEHKI BCeX (hakTOpPOB CyMMapHas MOrpPeLIHOCTb USMEPEHWIA ANst AaHHOMO MpuMepa
cocTtaBuna 0,112 gb. 370 03HavaeT, 4TO n3mepeHHoe 3HadveHne KLU yeunmntens

¢ pencteuTenbHbiM KLU 3 ob MoxxeT HaxoguTbest B mpeaenax ot 2,888 oo 3,112 ob.

Bnusowmii hakTop Bknap B cymmapHyto
NorpeLHoCTb U3MEPEHNiA

MorpelHocTb n3mepernin ENR 88 %

lMorpeLHOCTb 13-3a PaccornacoBaHms 12 %

JInHeHocTb KY <1%

CobcTBeHHbit KLU aHannsaTopa <1%

Tabnvua 1. B paHHOM cnyyYae OCHOBHOW BKad B CyMMapHYH NOrpeLlHocTb namepenmin KLL
MLLIY ¢ BepxHein pabo4en YacTtoTon 6 ITL, BHOCAT ABa dakTopa.

1. Komnanus Keysight npegnaraet 6ecnnatHbli KanbKynaTop MOrpeLlHOCTI, YHUTbIBAIOLLIA
npw pacyeTe MHOXECTBO Pa3/IN4YHbIX NapamMeTPOB 1 AOCTYMHbIN MO CCbIKe
www.keysight.com/find/nfuc


www.keysight.com/find/nfuc
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Cambiii BbICTPbIN cnocob pacyeTa NOrpeLlHOCT N3MEPEHWI - NCMONBb30BaHME
aHanmMsaTopa CUrHasoB C BCTPOEHHbIM KanbKyISTOPOM MOrPeLHOCTH, 0BbIMHO
SABNAOLLMMCA YacThto MpukiaaHoro MO ansa namepeHnin KL, mOCTPOEHHOIO Mo MpUHLAMY
«3MEPEHMS HaPKATEM OHOWN KHOMKM». KanbKynaTop MOrPELLHOCTY BbIBOAUT PE3y/sTaThl
pacyeTa CyMMapHOW NOrPELLHOCTY TEKYLLMX N3MEPEHUN HEMOCPEACTBEHHO Ha SKpaHe
1N3MepUTENBHOrO Nprbopa, YTo ropasao yaobHee, YeM BBOAWTL UCXOOHbIE AaHHble

[N pacyeTa Bpy4HyIO B COOTBETCTBYIOLLME MO BEO-CTPaHWL! W SNEKTPOHHOM
TabnMupl Ha BHELLHEM MEPCOHaNTbHOM KOMMbIOTEPe. Hampumep, 3aBUCUMOCTU B BEPXHEN
4acTV prCyHKa 1 MokasbiBatoT TMMOBOW pedyssrar namepeHnn KLL n KY MLLY B ananasoHe
4acToT OT 2 00 18 [Tl A B H/KHE HacTy TOMO XKE PUCYHKA MOKasdaH pe3ynbTaT pacyeta
CYMMapHOV MOrPELLHOCTU N3MEPEHUIA B TAONMYHOM BUAE W B BUAE rpadmHecKoi
3aBMCUMOCTU OT BEIMHMHBI OOHOIO 13 BAVSioLLmMX dhakTopos: KLL LY, KY NY

WK cornacosaHvs ¢ Bxogom Y.
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Automate settings from DUT setup and measurement results [« Update at current CF 10.00000000 GHz
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DUT NF (08) X
DUT Gain (48) N
DUT In Match™ 50 Fixed
DUT Out Mabch™ 240 Frogd
NS ENR Uncert (di)
Maich™

Internal Cal #0.123 a8

Uncalibrated +0.138 d8

Sweep Uncertainty

Inst Mstch™
Inst NFE Imgr (dB)

Parameder o 0 Points.
DUT HF E 15

PucyHok 1. MpunoxeHne ong nameperHunin KLU cepumn X 1 BCTPOEHHbBIN KasbKyNaTop
MOrPELLHOCTN YCKOPSIOT 1 06/1er4aloT NPOLECC BbIMOMHEHNS U3MEPEHNI.
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CoBeT 2: BblbypanTe UCTOYHVIK LLIyMa C MUHUMASIBHO
BO3MOXXHbIM MoKasaTtesieM NorpeLHoCcTm

O4eHb BaXKHO BbIOpaTh 415 PEeLLEHVS BalLMX N3MEPUTENbHbIX 3a4a4 UCTOYHUK LyMa
C HaMeHBLLMM MokagateniemM norpellHocT ENR, NOCKOSbKyY BRI, AaHHOM COCTaBAOLLEN
B CyMMapPHYHO MOrpeLIHOCTb namMepernin KLL Hanbonslumi. VIHTennexkTyanbHble MCTOYHVKA
wyma cepun SNS komnaHum Keysight o6ecneunBatoT BbICOKME XapaKTepUCTUKI

1 YNPOLLAKOT NPOLECC HACTPOWKM N3MEPUTENBHOrO 060PYA0BaHMS ANS BbINOHEHNS
n3mMepeHuin. [pu NOOKIFOHEHNN K COBMECTUMOMY aHanM3aTopy CUrHanoB NCTOYHNKM
wyma cepum SNS aBTOMaTUHECKM NEPENAOT XPaHSILLYIOCH Ha BCTPOEHHOM HakonuTene
TabnvLy KannmbpoBOYHbIX KOSMMMULIMEHTOB B aHANM3aTop CUrHASOB, a Takxe
OCYLLECTBIAT KOMMEHCALIMIO TEMMEepaTypHOro apenda.

KpoMme Toro, NCTOYHUKM Lyma cepun SNS nMetoT Manyto norpelHocTb ENR.

Mpy n3mepeHnsx NapameTpoB Y, HyBCTBUTENBHbIX K USMEHEHWIO MMMNeaaHca Harpy3ku,
pasnuyre MMNegaHCoB MCTOYHMIKA LLYMa B «XOTIOAHOM>» U «FOPSHEM» COCTOSHUAX MOXKET
CTaTb MNPUHUHON 3HAYUTENBHONM MOMPELLHOCTI U3MepeHnn KY, 1, Kak CNeacTBIMe, BbICOKOM
norpewHocTy namepennii KLLL. ctodnHmkm wyma cepumn SNS athdekTnBHO peLuaroT
OaHHyto Npobnemy 3a cHeT obecneHeHnst PasHULLbl KOIMMOULIMEHTOB OTPAXKEHNSA MEX Y
OBYMsi pabo4nmMm cocTosHuamu meHee 0,01.

B Tabnuue 2 npueeneHbl 3Ha4eHNs NpeaenoB CyMMapHON MOrPELLHOCTY USMEPEHWI,
paccuyMTaHHble 415 06bIMHOrO CTOYHMKA LUYMa Y MHTENNEKTYaNbHOrO NCTOYHNKA
cepumn SNS. B kadectse MY B gaHHOM npumepe paccmatpusancs MLLY ¢ KLU 3 ab,
KY 26 ob v BepxHelt paboyelt yactoTon 6 ITL. Mpenensl cyMMapHOM NorpeLHocTy
N3MePEHMN NP MCNOoNb30BaHNU UCTOYHMKA Lyma cepumn SNS cocTtasnstoT + 0,112 b,
a npw NCMoNb30BaHWK 06bIYHOrO UcToYHMKa — + 0,213 ab. C MeHbLUMMK NoKasaTensamm
MOrPELIHOCTU N3MEPEHNIA UCTOYHMKOB cepunt SNS BOSMOXXHO 40BUTHCHA TOro, YTOObI
fonblUee KOMMYeCTBO MPOOYKLIMN OTBEYANO 3a4aHHbIM TEXHUYECKUM TPEOBOBAHMSIM
NPy MEHbLLIEN CTOUMOCTM.

Mpepensbi
NOrpewHocTH Mpepenbl
KanmbpoBKu NOrpeLHoCcTH
nctoyHuka wyma  KCBH nctouHuka  unsmepenuii KLL
UcTouHuK wyma no ENR, = nb wyma Wy, + pb
VHTenneKTyanbHbIN 0,087 1,05 0,112
UCTOYHMK LLyMa
OB6bl4HbIA MCTOYHMK Wyma 0,180 1,25 0,213

Tabnvua 2. MNpu cpaBHEHUM NokasaTenet CyMMapHON NOrpeLlHocT nameperuii KLL
YCTaHOBJIEHO, YTO NPW MCMONBb30BaHUM UCTOHYHMKOB LyMa ceput SNS MOXXHO 00OUTbCS
JYHLWNX PEe3yNsLTaToB, YeM Mpu UCMOb30BaHMM OObIHHBIX MICTOYHMKOB LUyMa.
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CoBeT 3: ncnosb3ynTe NpegyCcunnTeb

[Tpun MCNONB30BaHMN aHaIM3aTopa CUrHANOB B KAYECTBE COCTaBHOWM YacTn CUCTEMBI
059 namepernin KLL Mbl pekomMeHayeM 1cnonb30BaTh MPenyCunMTeb Angd yaydlleHms
cobeTBeHHoro KLL aHannasaTopa. Ecnn Y nmeeT o4eHb BbiICOKUM KY, OHO MOXET
BBECTW aHaNM3aTop CUMHANOB B PEXXUM KOMMpeccun. [pu peLleHnn 60bLLMHCTBA
N3MEPUTESBHBIX 3aa4, BK/oYas cryyvan, koraa VY ooHoBpeMeHHO UMEET marble
KLU n KY, npegycnnntens NOMOXXET YMEHbBLUUTb NOMPELLHOCTb N3MEPEHNIA.

BonbLIMHCTBO aHaNM3aToOPOB CUMHAMOB OrMLMOHAIBHO MOMYT KOMMJIEKTOBATHCS
BCTPOEHHBLIMU MPEOYCUNUTENSMM. Tak)Ke CYLLECTBYIOT BHELLUHWE NpeayCcunmnTenm,
KOTOPbIe MOryT BbITb BKIOHEHbI MEXAY BbIXOAOM WY 1 BXOOOM aHanm3aTopa CUrHasoB.

VIHTennekTyanbHble NpeaycunMTeny, NpeacTaBnstoLLme coboi BHelHe MLLIY

C ynpaBneHnem no nHtepdericy USB, gatoT elle 60MbLUMIA BbIMMPbIL MO NoKasaTento
cobcTBeHHoro KLL cuctembl. Mpur nogkntoveHnn k nopty USB aHanmsatopa curHanos
OHW TaK>Ke aBTOMATUHECKM MOArPY>XaroT B aHaM3aTop Tabnuuy KanmbpoBOYHbIX

KO3 (PULIMEHTOB CO BCTPOEHHOIO HaKONNTENS. Takne npegycunutenn obecnevnsaroT
Koppekumo KY ¢ y4eToM TemnepaTypHoro apenda 1 onmuMUsnpoBaHb! 415 BblpaBH/BaHNUA
YaCTOTHOW XapaKTEPUCTVIKLA aHanM3aTopa CUrHaIoB B LENSAX YMEHBLLUEHWSA MOrpeLLHOCTU
N3MEPEHNA.

AHannzartop curHanos cepum X

VICTO4HMK LLyma
cepum SNS

MLLY (1Y) Npenycunutens ¢ nHtepdencom USB

PucyHok 2. BkitodeHve nHTeNNeKTyanbHoro npegycuantens mexay Y n aHannsatopom curHanoB Aas ynyyileHns
cobceTBeHHoro KLU aHannzaTopa. Mpu NogkaioYeHn npeaycunnTens aBToMaTn4ecky NOArpy>KaeT B aHanm3aTop
CUrHaoB Tabnmuy KanmbpoBO4HbIX KO3 dKMLmMeHToB No nHTepdericy USB.
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BbINONHANTE BbICOKOTOYHbIE N3MEPEHUS
KO pULmeHTa LymMma C MOMOLLHO
aHanM3aTopoOB CUrHaNIoOB cepun X

KaxxapIl N3 BapuaHTOB, OMCaHHbIX BbILLE, MOMOXET BaM YMEHbLUIUTL MOrPeLLUHOCTb
na3mepeHnin KLL. Bce oHM MoryT BbITb peann3oBaHbl C MCMOb30BaHMEM KOMMAKTHbIX
N3MEPUTENBbHBIX CUCTEM Ha OCHOBE aHa/TM3aTOPOB CUMHATOB cepun X kKoMmnaHum Keysight,
BCTPOEHHbIX U BHELLHVX MPedyCunuTenei, a TakxKe BHELLHVUX NCTOYHUKOB LyMa.
[obasneHme crieupansHoro npunoxerns ans namepeHuin KLLE (N9069C) cepum X gacT Bam
BO3MOXXHOCTb MPOBOAUTE N3MEPEHUSA MOCPEACTBOM HaXKaTVA OOHOM KHOMKM U MPK STOM
nonyyaTb TOYHbIE PE3YNBTaTbl BO BCEM AManadoHe pabo4mx 4acToT aHamsaTopa.

OpHO 13 NpeanaraeMbiX PELLEHWUN - aHANM3aToP CUrHanoB cepun EXA,
obecnedmBaroLLii HannydLLmne pesynstaTsl n3mMepernin KLU Hapsay ¢ npocTenwmmm
HaCTPOWKOM 1 KanMbpOBKOM, KOTOPbIE 0DbIMHO UMEKOTCS TONBKO B aHanmM3aTopax CpeaHero
knacca. B Tabnuue, npBeagHHOM HxKe, NpeacTaBNeHb! AnanasoHbl paboymnx 4acToT
aHanM3aTopOoB CUMrHANOB cepun EXA, COOTBETCTBYIOLLME BCTPAVBAEMbIE MPEOYCUNUTENN,
a Tak>Xe COBMECTUMbIE VHTENNEKTYasTbHbIE UCTOYHUKN LLIyMa cepumn SNS. Takoke Bbl
MOXXETE UCMOMb30BaTh BHELLHME Npeaycunuteny ¢ nHtepdencom USB, Takne kak
U7227A/C/F, koTopble 0becneqvBaroT nepenady Tabnmu, KanmbpoBOYHbIX KOSMMULIMEHTOB
1 KOPPEKLIMIO TEMMEePAaTYPHOro Aperida B aBToOMaTUHECKOM pexxime. [ns nonyyeHus 6onee
noapobHo nHhopMaLwmn NepenanTe no cebinke www.keysight.com/find/switch2exa.

KoHcburypauus aHanusatopa curHanos N9010B cepuu EXA
AN CHUXXEHUS NorpewuHocTn namepeHun KLL

LLar 1. BoiGepute guanasoH pabo4mnx 4acToT (06si3aTenbHas onyus)

Onuus Onucarvie
503 ot 10Ty po 3,6 Iy
507 ot 10y po 7,0 My
ggég;ﬁg;ﬂy‘;m Avanasora - gy oT 10 M 10 13,6 My
526 ot 10Ty po 26,5 MMy,
532 ot 10y po 32 1My,
544 ot 10Ty po 44 1My
LWar 2. flo6aBbTe
npeaycunutenb
P03 ot 100 Ky po 3,6 My,
PO7 o1 100 kI go 7,0 Iy,
Onuun npeycunvTenei P13 ot 100 k' go 13,6 'y
(BbIGEPUTE OOHY) P26 ot 100 Ky [0 26,5 1M
P32 ot 100 kly po 32 I
P44 o1 100 Iy go 44 1w,

LWar 3. [lo6aBbTe MHTENIEKTYaNbHbIA MICTOYHMK LWIYMa

N4000A ot 10 My go 18 I'Tw,
avanasoH ENR: 4,5-6,5 gb

N4001A ot 10 Ml o 18 ',
nnana3oH ENR: 14-16 ob

Morienw (se0epire ok N4002A oT 10 My go 12 Iy,

anana3oH ENR: 12-16 gb

oT 12 Ml oo 26,5 I,
anana3oH ENR: 14-17 b

Download your
next insight
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LleHTp cepsuca n metponorum Keysight rotoB npeanoxmnts Bam CBOKO
NMOMOLLb Ha NtOBO CTaaum SKCryaTaLmm CpeacTs N3MEePeHNn —
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