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B cBO€ BpeMmsi NnHelHble CUCTEMBI U KOMMNOHEHTbI paspabaTbiBannch C UCNONb30BaHWEM LWMPOKOMO CeKTpa CPEACTB
1 METOL0B 3MepeHuit. Takoit noaxogd Obin ObICTPO BbITECHEH MaTpULAMM paccesiHusi, COCTOSLMMMU 13 Habopa
S-napameTpos. Mpu 3TOM 13 MHOXECTBa CPeACTB M3MEPEHNS 0CTancs BOCTPeOOBaHHbLIM TOMNbKO O4WUH UHCTPYMEHT —
aHanusaTop aNeKTPUYEeCKMX Lieneil, NO3BONSIOWMA U3MEPATL KOIDPULMEHTLI Nepeaayun 1 oTpaxeHus 6es
nepekmnYeHuns nccnegyemon cxembl. Ha npotspkeHun 6onee 40 net 6onbLUMHCTBO TEOPETUYECKUX U MPAKTUHECKIX
3agay B CBY TexHuke peluanock Ha ocHoBe S-napameTpoB. OHM hopManbHO CBSI3aHbl C TaKUMU M3MEPEHMSIMU,

KaKk ko3ahMLIMEHT OTpaXeHa No BXody S, KOS(MULIMEHT OTPaKEeHWs Mo BbIxoay S, K0AMMLMEHT Nepesaqm

B NPAMOM HanpasneHuy S,,, ko3 duLmneHT nepeaumn B 06paTHOM HanpaBneHun S, , KOTOPbIE MOTYT BbiTh NErko
MMMOPTMPOBAHbI B NPUNOXEHNS AN MogenupoBaHust. CerogHs S-napameTpbl, kak NpaBumno, UCNoNb3ykTcs Ans
€034aHus NuHenHbIX Mogenen BY n CBY koMnoHEHTOB M 1X aHanu3a. K coxaneHuto, COBpeMeHHbIe 0Tpacnesble
TEHOEHLWM, HaNpaBneHHbIE HA YBENMYEHUE SHEPTO3aqEKTUBHOCTH, NOMNyYeHUe Bonee BbICOKOW BbIXOAHOM
MOLLHOCTY U YBENWUYEHNE BPEMEHN aBTOHOMHOI paboTbl 0T 6aTapei, BbIHYXAAl0T BBOAWUTb MHOTUE NUHENHbIe
YCTPOWCTBA B HENMHENHBIN PEXUM. MI3MepeHNs B TakoM pexume TpebyioT peLleHnsi, OCHOBAHHOMO Ha HamMHoro onee
JeTepPMUHMPOBAHHOM NMOLX0ae.

Mpobnemb

BecbMa ynobHble u yHuBepcanbHble S-napameTpbl NPUMEHNMBI TOMBKO K CIab0TOYHBIM NUHEHBIM CXeMaM.
PeBontoums B 06nacTi cBA3n 3acTaBNSET akTUBHbIE KOMNOHEHTbI, HANPUMEP, NPUMEHSEMbIE B YCUAMTENSX MOLLHOCTMH,
pabotaTb BO Bce 6onee u 6onee HennHenHbIX pexumax. MHxeHeps! Tenepb BbIHYXAEHbI MCNONb30BaTb HOBbIE
CPEACTBa ANA U3MEPEHNS HENMMHEeNHBIX XapakTepucTuk. Mo CyLLecTBy, OHU NPUMEHSIOT NCEBAONMHENHbIE MOAENN C
UCNONb30BaHWEM S-NapameTpoB, YUYUTbIBAIOLLME HENMMHENHbIE XapaKTEPUCTUKN (HanpUMep, KOIMMULNEHT MOLLHOCTH
COCe[jHero kaHana u cxatue AMHaMUYeckoro AuManasoHa). Takoi HenomHsIn Habop UCXOAHOM MHGOPMALIKM NPUBOLUT K
TOMY, 4TO NPOEKTUPOBAHWE BbINOMHAETCS B HECKONBKO TPYAOEMKMX UTEPALINIA HA AMNMPUYECKON OCHOBE, CYLIECTBEHHO
yBenuuMBas Bpems 1 CTOMMOCTb npoLiecca padpabotku. [ns GeicTporo, TouHoro 1 6onee AeTepMUHUPOBAHHOTO
NPOEKTU- POBAHUS HENHENHbIX BY KOMNOHEHTOB COBPEMEHHBLIM UHXEHEpaM TPebylTCA KOPPEKTHOE N3MepeHIe
HEeNWHEeHOro NOBELEHNS U KOMNNEKCHas MOAENb (MO aHanoriy ¢ S-napameTpami, Ho A4S HENMHENHbIX KOMMOHEHTOB),
KoTOpast MOXET UCMOMb30BaTh 3Ty MH(OPMALMIO NP MOAENMPOBAHUN W KOHCTPYUPOBAHUN.
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PelweHne

BbINOMHAS Ty Xe ponb 415 HeNIMHENHbIX KOMMOHEHTOB W CUCTEM, YTO 1 S-napameTpbl ANs NUHENHbIX,
X-napameTpbl* NpeanaralT UHXeHepam OTBET Ha 3Ty AunemMMmy. X-napameTpbl npeacTaBnsioT

€000t HOBYIO KAaTEropuio ONMCaHNS HENMMHENHBIX Lienen ANs AeTepMUHUPOBAHHOMO NPOEKTUPOBAHUS
BbICOKOYACTOTHbIX CXeM. OHM MCMOMb3YHTCA ANS OLEHKM aMNAMTYbl 1 OTHOCUTENbHOI (hasbl CUTHamNoB
B HENMHEHOM pexume paBoTbl KOMNOHEHTOB. B 0TnYMe OT S-NapamMeTpoB, OHUM NPUMEHUMBI KakK K
CUMbHbIM, TaK 1 K cNabbIM CUrHanaMm 1 MOryT UCMONb30BaTLCS 4151 IMHEAHBIX U HEMMHEHBIX CXEM.
X-napameTpbl NpaBUibHO ONUCHIBAIOT PACCOrNAacoBaH1e UMNEAAHCOB 1 CMELLEHNE YacToT, YTo
No3BONSIET TOYHO MOAENMPOBATL KackagHOoe COeMHEHNE HeNMHENHbIX BGNIOKOB (HanpuMep, yeunuTeneil
1 CMecuTeneit) B NPOLEcce NpoeKTUPOBaHHS.

B oTnmnume o1 S-napameTpos, X-napameTpbl HAMHOMO TOYHEE W NOTHEE ONUCHIBAKOT HEMUHEHoe
noeegeHne BY/CBY komnoHeHToB. MaTemaTuyeckoe paclumpeHie S-napamMeTpoB B CTOPOHY CUMbHbIX
CUTHanOB NPUBOAMT K PEXMMY HACbILLEHNS (pearbHbIi PeXUM AN MHOTUX KOMMOHEHTOB), B KOTOPOM
3aTeM NPOBOAAT U3MepeHus. Mpu BbINOSHEHNM TaKUX U3MEPEHII He MCMONb3YIOTCS U He TpebyloTcs
AaHHble OTHOCUTENBHO BHYTPEHHMX Lienei TecTupyemoro ycTpoiicTea (TY). To ecTb, U3mepsieTcs
OTKMMK MOAENN Ha NPUMoXeHHble HanpsikeHus (puc. 1). MHbIMK cnoBamm, aGconioTHas amnauTyaa u
OTHOCUTENbHAsA (pa3a OCHOBHbIX YacTOT U 06PA3YIOLMXCA TaPMOHMK MOTYT BbITb TOYHO U3MepeHbI U
npeacTaBneHbl ¢ NOMOLLbo X-napameTpos. CoOTBETCTBYIOLLME NOBeAEHYECKIe MOAENN HA OCHOBe
X-napameTpoB, co3faHHble Ha Gase 3Toi HchopMaLK, MOryT GbITb UCMOMNb30BaHbI C KannGPOBaHHbIMU
U3MepuUTENbHBIMU NPUBOPaMK C Liembio pacyeTa pasniuyHbIX XapaKkTepUCTHK, TaKUX kak KoanLMeHT
MOLLHOCTM COCEAHEro KaHana, TouKa cxaTust 1 aMnnuTyaa BekTopa olwmnbku (puc. 2). Takve yaoGHble Ans
06paboTKM 1 TOYHbIE MOAENN MOTYT YYUTbIBATb PSL Pa3NnUHbIX NEpPeMeHHbIX, B TOM YiCTE UMNeAaHC
MCTOYHMKA W Harpyaku.
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Puc. 1. B aTom npumepe co3faHHasi B 4acTOTHOM 0bnacTi MoAemnb MHOTOKackaHoro yCUnuTens Ha ocCHoBe

X-napameTpoB oTobpaxaeT cBs3b NPAMbIX (A) 1 0TpaxeHHbIX BOSH (B). Tak kak Bce 3HaYeHUs aMnnnTyabl U hasbl
NpsIMOW U OTPaXXEHHO BOMH Ha BCEX rapMOHMKax TOYHO COOTBETCTBYIOT 3HAYEHUSIM BO BpEMEHHOM obracTy, To B
pesynbTaTe MOXHO 3aperucTpupoBaTh NONHbIE HEMMHENHbIE BXOAHbIE W BbIXOAHbBIE XapakTepPUCTUKI yCTPOCTBaA.
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Puc. 2. MpeactasneHHble 30eck X-napameTpbl CONOCTaBAATCS C pesynbrataMmu aHanusa
pearnbHol CXeMb. OuyeBuaHO, 4TO X-napameTpbl TOYHO COOTBETCTBYIOT peanbHON CXeMe.

[MonyyeHune X-napameTpoB

X-napameTpsl MOryT ObITb NOMYYeHbI OAHUM U3 ABYX cnocoboB: reHepaumet u3 CAMP Advanced Design
System (ADS) komnanum Keysight, B KOTOPOM BeZeTCs CXEMOTEXHUYECKOE NPOEKTUPOBAHME, UIU NYTEM
M3MepPeHus ¢ NoMoLLbto aHanuaatopa ueneit PNA-X, Ha koTopom pabotaeT MO HenuHeHoro Bek-
TopHoro aHanu3a uenein (NVNA) (puc. 3).

[ns nonyyenus X-napameTpoB nepBbIM cnocobom cHavana Heobxoaumo co3pats B CAIP ADS camy
cxeMy. Kak ToNbko co3aaHue CXxeMbl 3aBepLUEHO, MHOPMaLUS 0 YacToTe, CMELLEHUM, TEMNepaType 1
Jpyrvie BaXHble XapakTEPUCTIKN BBOAATCS B reHepaTop X-napameTpoB. OTOT MHCTPYMEHT Ha OCHOBE
pa3paboTaHHON CXeMbl BbIYMCIISIET X-NapaMeTpbl ANst KOMIOHEHTA UM MOZYNS, KOTOPbIA MOXET
ObITb Mcnonb3osaH B CAMNP ADS, cumynsTopax Harmonic Balance u Circuit Envelope. leHepaTtop
X-napameTpoB o6naaaet 60nbLION TMOKOCTbLI0 U NO3BONSET CO3aBaTh X-napamMeTpbl MOAENe
HEMWHENHbIX MHOrOMOPTOBbIX KOMMNOHEHTOB C MHOrO4aCTOTHLIMM BXOZHBIMI CUTHaNaMm, a Takxe
MOZENMpoBaTh pasnuyHble 3Ha4eHUs BbIXOAHOTO MMNeaaHca.

[ns 6bICTPOro ¥ TOWHOTO NOMyYeHust X-NapameTpoB C NOMOLLbI0 U3MEPEHMI TPeBYeTCS HENMHENHBII
BEKTOPHbIA aHanu3atop uenei Keysight. AHanusaTtop usmepsiet X-napameTpbl TECTUPYEMOro
yctpoiictea (TY), KoTopble MOXHO UMNOPTMPOBaTL B cuMynsTop ADS unu npeacTasuTh B BUge
S-napameTpoB. [1ns uamepeHus X-napameTpoB UCMONb3yoTCs ABA BHYTPEHHUX BY nctouHmka
aHanusaTopa, no3BONSOLLMNX OOHOBPEMEHHO NoAaBaTh Ha TY CUNbHbIA cUrHan Ans yCTaHOBKM paboyeit
TOYKM yCTpoMcTBa B 06nacTy 60mbLLIOro curHana u cnabblit CUrHan cOOTBETCTBYIOLLMX YACTOT U ¢has..

Puc. 3. MO HenuHenHOro BEKTOPHOTO aHanuaa,
npeAHasHa4yeHHoe AN UCMONb30BaHMS B
aHanuaaTtope Lenen PNA-X komnaHuu Keysight,
NpeACTaBNsSeT HOBbI NPOMBILLNEHHbI CTaHAAPT
aHanusa HennHelHbix BY/CBY eneit B auanasote
ot 10 My go 50 I'Ty. 310 N03BONSET UHKEHEPAM
13MepsTh X-napameTpbl B NOMHOM 06beme.
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HeobxoanmMo TO4HO ynpaBnaTb aMnnuTyAoN 1 ha3oit aTUX curHanos (puc. 4). ameperne amnanTtyasl
1 (hasbl OTPaXEHHbIX BOSH B 3TUX YCOBUSAX NO3BONSET ONpeaenuTb X-napameTpbl. 3Has ux, UHxeHep
MOXET CpaBHWBaTb paboTy YCTPOICTBA B NIMHENHOM UMK HENIMHENHOM PEXUME.

To4HOCTb 1 AOCTOBEPHOCTL X-NapaMeTpOB O4eHb MONE3HbI MHXEHEPaM ANS yYLIEero NOHUMaHus
HEeNUHEeNHOro NoBeeHNs aKTUBHBIX KOMMIOHEHTOB. [1ofTy4YeHHbIE C NOMOLLbIO U3MEPEHNA UMK
creHepupoBaHHble X-napameTpbl MOXHO nerko uMnoptuposath B ADS, a 3aTeM BBOAWTb B KOMMNOHEHTbI
UNu cUcTEMy Ans UCNONb30BaHMs B NpoLecce pa3paboTku Ui MoaenupoBaHus.

[pyrue kntoyeBble XapakTepUCTUKM 1 NpeumMyLLecTBa X-napameTpos:

— OTcyTCTBUE OrpaHNyYeHUs BXOAHOTO W BbIXOAHOMO uMneaaHca 3HadeHnem 50 Om. Xota
aHanu3atopbl Lieneit no cyTi cBoew - 370 50-0MHble YCTPONCTBa, rTMOKOCTb X-NapameTpoB
No3BONSET NPOBOAUTL M3MEPEHMUs KOMNOHEHTOB 3@ Npeenamm 3Toro 3Ha4YeHNs (Hanpumep,
yCcunuTenb MOLHOCTM € BBIXOAHLIM conpoTuBnerrem 3 Om). 3To MoxeT BbITb cAenaHo
nnbo nyTem pasmMeLLeHUs CornacyoLLei CxeMbl Mexay aHanuaaTtopom Lenei u TY unu
CNONb30BaHNEM TIOHEPa, (POPMUPYIOLLEr0 Pa3fYHbIE 3HAYEHNS BbIXOAHOIO MMMeLaHca.

Kpome Toro, nockonbky reHepatop X-napameTpos B ADS He uMeeT orpaHuyeHns Ha Yucno
MOPTOB, MOLLHOCTb UMU YaCTOTY, OH B COCTOSHUN paboTaTh CO CNIOXKHbIMW NPOEKTaMU C y4acTUeM
HECKOIbKMX MOPTOB (Hanpumep, 3-NOPTOBOE YCTPOMCTBO), YACTOT W CMELLEHNI (HanpuMep,
CMEeCUTENM), a TaKKe C NPOKU3BONLHON Tononorven. B Byayllem Takue BO3MOXHOCTY Takxe ByayT
[OCTYMHbI U HEMMHENHBIM BEKTOPHBIM aHanu3aTopam Lienei ans npoBeaeHus hU3n4eckmx
13MepeHnit X-napamMeTpos.

- Bbicokas MoLWHOCTb. X-napameTpbl B HACTOsILLEE BPEMSI OPUEHTUPOBAHBI Ha pa3paboTky
aKTUBHBIX YCTPOWCTB, TakuUX Kak YCUNUTENM MOLLHOCTM, KOTOpble 06bI4HO 06NnafakT CyLLecTBEHHO
HENWUHEeNHbIMW CBONCTBAMMW. HeNMHENHDbI BEKTOPHBIN aHanM3aTop Lenen MOXeT U3MEPSTb
X-napameTpbl YCTPONCTB BOMbLUIOHA MOLHOCTH (HaNpUMEp, CUIOBLIX TPAH3UCTOPOB HA OCHOBE
HuTpuaa rannus (GaN) u gpyrux yctponcTs mowHocTbto 10, 100 u 250 BT), aaxe ecnu aHanusatop
6a30Boi1 KOHUrypaLmuu paccuuTaH Tonbko Ha 1 BT. [MbkocTb annapaTHoil nnatgopmbl
aHanusatopoB PNA-X komnanun Keysight no3sonsiet nposoants nameperus go 100 n gaxe go
250 Br.

Puc. 4. 10 HennHeNHoOro BEKTOPHOTO aHann3a nporpaMMHO KOPPEKTUPYET CUCTEMATUYeCKUe OLUNBKYM N3MEpPEeHNit
Mpu MOMOLLM MPOCTON NPOLIEAYPbI C UCMIONb30BaHNEM U3MEPUTENS MOLLHOCTM, UCTOYHIKA OMOPHOTO cUrHana n
BEKTOPHOW kanubpoBOYHOI MepbI.
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3aknoyeHve

Heo6xoa1MocTb BbICTPOro 1 TOYHOTO M3MEPEHNS HENMMHENHBIX XapaKTEPUCTMK aKTUBHBIX

KOMMOHEHTOB B HENWHEITHOM pexuMe CTaHOBUTCS Bce Donee akTyanbHoi. TouHble M AOCTOBEPHbIE
X-napameTpbl, SBASIOLLMECS NIOrNHECKAM NPOJOIKEHNEM S-NapameTpoB B HENUHeHYo 0bnacTb,
npencTaensioT coboit naeanbHoe pelleHre 3Toit npobnemsl. MonyyeHHble B pesynsraTe U3MepeHuil
unu mogenuposanus B CAMNP ADS, oHu npeanaraioT CKOPOCTb M YA0BCTBO, HE XyXe, YeM Y
3apekoMeHoBaBLLMX Cebs NMHElHbIX S-napameTpoB. PesynbTupyiollas noBegeHYeckas MOAenb

Ha OCHOBE X-napameTpoB MOXeET BbiTb 6bICTPO M NErko BBeAeHa B NPOLIECC MOAENMPOBaHUS 1
1Cnonb30BaHa AN [eTEPMUHUPOBAHHOTO NPOEKTUPOBAHNS CaMblX HAAEKHbLIX KOMNOHEHTOB 1 CUCTEM B
KpaTyaiLume CPOKM 1 C BbICOKOW CTENEHbLIO TOYHOCTH.

The Power of X

X-napameTpsl u CBY ananusatop ueneit PNA-X ¢ nporpaMmHbiM 06ecneveHnem HenMHenHoro
BEKTOPHOrO aHanu3a SBnAlTCs KNIYeBbIMM NpogykTamu komnanum Keysight. 3t cpeactea
NPeAoCTaBNSIOT MHKEHEPaM BO3MOXHOCTb NONy4nTs 6onee rnybokoe noHnmaHue paspabaTbiBaemon
KOHCTPYKLW, NOBBICUTb CKOPOCTb MPOU3BOACTBEHHbIX MPOLIECCOB, PeLIMTL NPOBNEMbl N3MEPEHUS 1
BbIATY Ha PbIHOK PaHbLLE KOHKYPEHTOB.

Mpepnaras Haunyullee coyeTaHe CKOPOCTW U MacLITabupyemMocTy, CO3aHHbIe U NOALEPKUBAEMbIE
M3BECTHBLIMI BO BCEM MUPE 3KCMepTamm No M3MepeHusM, npoaykTbl Keysight cepum X nomorarot
WHXeHepaM BHEAPSATb MHHOBALMOHHbIE, BbICOKONPOU3BOAUTENbHbIE Pa3paboTku Ha pa3BMBaILLMXCS
PbIHKax BCEro Mupa.

[ononnutensHas nHdopmaums o komnnekte npogyktos Keysight X npegctasnera Ha cante:
www.keysight.com/find/powerofx.

CMeXHble NpUnoxeHns

poeKkTMpoBaH1e NONynpOBOAHUKOBbIX NPUBOPOB

— [poekTpoBaHWe MHTErparbHbIX CXEM W NPOBEPKa aKTUBHbIX KOMMOHEHTOB
poeKTMpOBaHKE 1 NpOBepKa yCUIUTeNne MOLHOCTY 6a30BbIX CTAHLWNA
lMpoekTMpoBaHe 1 NPOBEpPKa aKTUBHbIX KOMNOHEHTOB 41151 BOBHHOMO MPUMEHEHMS

CMmexHble npoaykTbl Keysight

- TeHepatop X-napametpos W2305
- fppo CAMNP ADS W2200
— HenuHeliHbIN BEKTOPHDIA aHanu3aTop Lene
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