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TH UIE€U U JIETJIX B OCHOBY HOBOT'O 61)1‘

CTpOIepecTpanBaeMOro IreHepaTo-

pa curnanos Keysight UXG (puc. 1).
Apxutextypa UXG, ucronb3yroias IpsaMoin
¢ posoit curtes (DDS) 1 HOBYIO TeXHOIOTUIO
KOMMYTAI[{H, IO3BOJIMIA CO3IATh TeHePaTop,
HJeaJlbHO NOOXOIAIIUI 1715 3a/1a4, B KOTOPBIX
TpebyeTcst OGbICTpast IepecTPOoiKa reTepoarHa
WJIN BBICOKOPpEAIMCTUYIHAA UMUTALUA CPENlbl
POB. Texuonorust DDS peanusyercst Ha ocHOBe
paspaborannoro kommanueit Keysight mudpo-
aHasorosoro npeobpasosaresns (LTAIT), sHaqu-

13MepHTeNibHas annapatypa

I'IpumeHeHue HOBbIX METOAOB
reHepauuvuu CUrHajla
an4a pacllnpeHHoro MmogesimpoBsaHuA

cpenbl P3b

B nocnegHue rofbl gns cosgaHusa GoicTponepecTpauBaeMbix WWMPOKONONOC-
HbIX HCTOYHUKOB CUrHana, Heo6xoAUMbIX ANl UMUTALMKW Yrpo3 NPHU OTNagKe
CpeAcTB paguo3eKTpoHHOU 60pbbbl (PAB), npuMeHanucb camble pasHoo6pas-
Hble TeXHOJIOrMU. AHaNOrMuHbIE MEeTOAbl UCNOJIb30BANUCD U NpU paspaboTke
reTepoAvHOB U reHepaTtopos BU-uMnynbcos, kotopbie moryT 6bicTpo nepe-
CTpauBaTbCs B LLUPOKOM AAUANA30HE YACTOT U AaMMNJIUTYR.

TeJIbHO PACUIMPSIONIEro TUHAMUIECKUI a1a-
I1a30H U CHIDKAIOIIET0 (ha3oBbIi Iy M.

rM6KOCTb, CKOpPOCTb U Ka4eCcTBO
CUrHana

Xapakrepuctuku u ¢yuxiun UXG omnupa-

I0TCS Ha TPU UHHOBAI[MOHHbIE TEXHOJIOTUU:

e lenepamnus curHanos ¢ nomoupio DDS,
[TO3BOJIAIONIAS JOOUTHC UCKIOYUTEIHHO-
ro KavecTBa CUrHajaa B mosioce ot 10 MI'm
10 20 waum 40 I'T.

Puc. 1. Boictponepectpanaembiit reHepatop curHanoe Keysight UXG (cepxy) saBnsetcsi MOLLHOM OCHOBOH
ANA CO3[aHKS HAAEXKHDBIX FETEPOAMHOB 1 PACILMPSIEMbIX UMUTATOPOB YrpO3

® DJIeKTPOHHBIE KOMMYTAaTOPBI, U3MEHSIOIIE
BBIXOZIHBIE YPOBHH Bcero 3a 600 HC B mIMpo-
KOM JHAaIa30He aMILIUTY] C TOYHOH CHHXPO-
HU3aIUEeN 10 BpEMEHMU.

o [Ipsmas mopmepsKKa CJI0B OITUCAHUS UMITYJIb-
coB (PDW) — poaHOTO s3bIKa HH)KEHEPOB
POB — nosBossieT 3¢ eKTHBHO CO3[aBaTh
CJIOKHBIE U TOUHBIE CUTHAJIBL.

[ToxazanHasg Ha puUC. 2 CTPYKTypHas cXema
WITIOCTPUPYeT OCHOBaHHYI0 Ha DDS apxurex-
Typy reneparopa UXG. Cepauem DDS spnser-
cs1 6ictpopeiicryommit IJATT, paborarormit
Ha BBICOKOH 4acTOTe U 00JIaJaI0INIl JOCTaTOY-
HO IIIMPOKOM ITOJIOCOM [T MUHUMUSALINY YUC-
J1a KaCKaJioB IOBBIIIAIONIETO IPeoOpa3oBaTesIs
4acTOTHL. {11 yMHOKEHHS CUTHAJIA 10 MAaKCHU-
MasbHOI yacToTs! 40 ITn mcnonpayercs maccus
yzIBoutesei u GUIBTPOB.

LTAIT oxBaThIBaeT OKTaBY C IIEHTPATLHOM Ya-
crotoit 1 I'TI 1 3HAYNTETHHO pacIIUpseT TuHa-
MUYeCKHIl IHATIA30H U CHIDKaeT (ha3oBbIi LTy M.
B pesynbTaTe MBI I10JTyqaeM BO3MOKHOCTB CO3-
IaHWSI OYeHb YUCTHIX CUTHAIOB (pHC. 3).

OTH XapaKTepUCTUKHU COYETAIOTCS € JIydIei
B OTPACIH CKOPOCTHIO KOMMYTAIlUU U O4EHb
MaJIoH 3afiepsKKO KOMAH]| U3MEeHEeHH s YaCTOTbL.
Hampumep, 9acToTy MOKXKHO U3MEHUTD BCETO
3a 100 HC. B 3aBucumocTH OT BBIGPAHHOTO pe-
)KHMa paboThI 3afiepsKKa C MOMEHTA ITOCTyILIe-
HUS BHEIIIHel! KOMaHIbI IO U3MEHEeHNs YaCTOThI
MoxeT 6bITh Beero 250 ue. Kpome toro, UXG
Cr10co6eH reHepUpOBaTh IHUPOKUE HMITYIIbChI
C JINHENHOM 9aCTOTHOM MOZYJIALMEN C 9acTO-
toit 10-25% ot Hecyeit.

Bceobbemitiomas MMHUTAIKSE YTPO3 B IPHU-
noxeHnsix POB TpeGyer GbICTPOro M3MeHeHHs
AMILTUTY/IB, KOTOPOE COOTBETCTBOBAJIO OBI CKO-
POCTU U3MEHEHHS YaCTOThI UCTOUYHUKA PaIHo-
uanydeHus. JIs aToro HyKHa corjacoBaHHas
KOMMYTalus 3J1eKTPOHHBIX aTTeHI0ATOPOB,
u B UXG maHHas 3aj1ada pelieHa ¢ MOMOIIbIO
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Cnncok napameTpoB UMMYNbCOB U BHELLHWIA LMdpoBoi nHTepderic PDW

DunbTpbI
HWKHUX YacToT

Yeunutens

OneKTpoHHbIe
1 MexaHuyeckue
aTTeHaTopsbI

AHarnoroBbIN BbIXof,
0,01-40 Iy

Awmnnutyaoa

Puc. 2. Apxutektypa UXG no3sonset TO4HO MOAENMPOBATh C/IOMKHbIE CUrHAMbHBIE CLEEHAPHM 3 CYET BbICTPOM KOMMYyTaLH,

BOCNPOW3BOAMMOCTH (ha3bl U LUMPOKUX BO3MOXHOCTEH MMHynhCHOH MoAynaunu

Mkr1 10.00 GHz

Ref Offset -10.15 dB
-0.09 dBm

10 dBidiv  Ref 0.00 dBm
Log

Center 10.00 GHz
#Res BW 1.0 kHz

Span 20.00 GHz

VBW 1.0 kHz

Sweep 406.2 s (1001 pts)

Puc. 3. B atom n3amepenuu cnektpa ¢ nonocoi o63opa 20 My

HemoayMpoBaHHbil curian 10 Iy boictponepectpansaemoro reHepatopa UXG
LEMOHCTPHPYET LUMPOKHH AUHAMHUYECKIMH MANa3oH, HU3KUH YPOBEHb COBCTBEHHDIX LUYMOB
1 MUHUMaIbHbIHA YPOBEHb NaPa3UTHbIX COCTABASIOLLMX

MHTErpaJbHBIX KOMMYTAaTOPOB Ha mojeBbix CBY-naHOTpaH3uCcTOpAX,
paspabOTaHHBIX U M3rOTOBJIsIeMbIX Kommanueil Keysight. Takue HoBbIe
KOMMYTAaTOPBl PacCYUTaHbI Ha 4acToThl CBY 1 MuinnMeTpoBoro nua-
Ma3oHa 1 00JIaJal0T JOCTATOYHBIM 6b1CTpoueﬁICTBHeM TIJISI MUHUMU3AIUNA
ncKakeHui GOpMBI UMITy/IbCa. B pesynabraTe ObICTpast HepecTpoiiKa am-
IIUTYABL B ripefieiax 80 1B MOKeT UCIIOIb30BaThCS B IUANIA30HE BBIXO/-
HbIX ypoBHeii 0...~120 1bM, 4T0 M03BOIseT PabOTATh C PA3HOOOPASHBIMI
CIleHApUAMU OTIIA/IKU. Y106BI ONTAMU3UPOBATH CTOUMOCTD 1 (byHKLu/I—
OHAJIBHOCTD IPUOOPA st PA3TMIHBIX [TPUIIOKEHUT, OBICTPOIEHCTBYIO-
I_L[I/Iﬁ SHCKTPOHHI)Iﬁ ATTEHIOATOP IIOCTABIAETCA B KAY€CTBE O,

B HEKOTOPDBIX CLUEHAPUAX [IJII UMUTAIUHN YI'PO3 BAJKHO COXPAHUTDH OIIpe-
JE€JICHHBbIC Cba30BbIe 1 9aCTOTHBIE COOTHOLIECHUA UMITYJIbCOB, YaCTOTHBIX
CKa4KOB WJIU IIOCIe0BaTeIbHO Yepenytomuxcs curganos. UXG moxer
TE€HEpUpOBATh CUT'HAJIBI C J'[IO6I)IMI/I AITOpUTMAMU U3MEHEHUS Cba3bl imess
9JacCTOThI, HE OTPAaHUYIUBAA CKOPOCTH HepeCTpOﬁKH 9acTOThI UJIN aMIIJIUTY -
nsL. KpoMe TOro, OH mOAep/KUBaeT M00ble 3aJaHHbIe COOTHOIICHIS IPH
U3MEHEHUU JACTOThI, aMIIUTYAbI 1 UMITYJIbCHBIX XapaKTE€PUCTUK WIN IIPU
IIOJIOKUTEIBHOM JIHOO0 OTPULIATEIBHOM Ieperane. MOXKHO Taroke 00benu-
HUTH HecKoJIbKO UXG 110 TaKTOBOIT YaCTOTE ¥ 3aITyCKY, 9TO 00ecIieqnBaer
KOIreépeHTHOCTb Cba3bI HECKOJIbKUX UCTOYHUKOB, ITIO3BOJISISL UMATUPOBATDH
II€pecTpanBaeMbl€ HAITPABJIEHHbIE aHTEHHBI WU I'€HEPUPOBATDH CLIEHAPUU
C 3aJaHHBIM YIJIOM HANEHUA AJI1 OLEHKU IIEJICHIAIIMOHHBIX IIPUEMHUKOB.

Kak us6exarb ciopnpusos
Ha nocneaHUX aTanax pa3paborTku

B cdepe POB Habirogaercs mocTossHHAS TOHKA MEXY pa3pabor-
KOW ¥ peajn3anieil yaydIIeHHbIX CUCTEM, MEeXIY CPeCTBAMU aHaIu3a
1 KOHTPMepaMH, TPUMEHAEMBIMH JULS IPOTUBOJEHCTBUS STUM CHCTEMAM.
Hcnonpsosannas B UXG apxurexrypa IIAII Ha ocnoBe DDS npeptaraer
KOHKYpPEHTHBIE IIPeUMYIIeCTBa A/ puioxkeruit POB, 6ynp o morpe6-
HOCTb B OBICTPOIL IIepeCcTPOiiKe reTepPOfUHA MM UMUTAUS cpensl POB
¢ nomortpio PDW:

e KauectBo curtana. UXG reHepupyeT CUIHAJIBI C MaJIBIM YPOBHEM TIa-
PASUTHBIX COCTABILIONINX 1 (HPa30BOTO IIIyMa IIPH OOJIBIION OTCTPOIIKe
ot Hecyeil. Takoe KauecTBO XapaKTepPHO LI IPHOOPOB, UCIOIb3YIO-
mux $ha3oByro aBTonofcTpoiiky dactorsl (PAIIY), a we DDS.

o Ouenp GbICTpast ePECTPOIKA TACTOTHI, AMILUIUTYIBL U (assl. Bee Tpu
IapaMeTpa BbIXOJHOIO CUTHaJIa MOTYT U3MEHAThCA IUIb 3a 100 He.

e [TonmepXKa HECKOJIBKMX CUTHAJOB U CIOKHBIX CIleHAapHEB.
[TocnenoBaTeIbHOCTH BBIOOPOK MOTYT HIMUTUPOBATh HECKOJIBKO M3~
JTydatesel Iy OTHOM MCTOYHHKE CUTHAJIA.

e BocmpousBonumocts asbl. PacueTsl [is reHepaIuu CUrHaaa BKIIO-
Jal0T HaKomuTenu ¢asbl, IpOrpaMMUpyeMble Ha J1I060e HY>KHOE CO-
orHouIeHue ¢as.

e Xopomias afanTanus K COBEPIIEHCTBYIOIUMCS yrpo3aM. CKOpoCTb
nepectpoiiku 1 ru6kocts UXG moMoraer TOYHO UMUTHPOBATh 9KBHU-
BaJIEHTHbIE XaPAaKTEPUCTUKU COBPEMEHHBIX YTPO3 U aIalITUPOBATHCS
K HUM II0 Meépe UX U3MEHEHHS.

e [Ipocroit myTh OT 3aJAHHBIX XapPaKTePUCTUK UMITYJIbCA IO PEATbHOTO
BbIXOHOTO curHana. UXG MOKeT HallpsIMyI0 BOCIIPOU3BOIUTD CIIOK-
Hble IMHAMIYECKIEe U UMITYJIbCHbIE CUTHAJIbI, CO3/IaBasi X Ha OCHOBE
MaTeMaTHYeCKOTO ONUCAHNUS 110 3a/JAHHBIM UMITYJIbCHBIM XapaKTepu-
CTHKaM.

[Tocnennuit nyHKT oyeHb BakeH: UXG HeNocpencTBEHHO TIOHUMAeT
a3bik PDW. Kaskzioe ¢10BO OIUCBIBaeT BCe apaMeTphbl OTAEIbHOIO M-
IyJIbCa: YaCTOTY, IJIUTEIBHOCTD, AMIUIUTYLY, CKOPOCTh u3MeHeHus JIYM
u MHoroe gpyroe. Tabnuust PDW mosxHO nepenaBaTs B mamsats UXG
U C BBICOKOH CKOPOCTBIO BOCITPOM3BOJUTE CIOKHBIE ITOCIEN0BATEIbHO-
cri1. OTeNnbHbIe UIMITYJTEChI MOTYT UMETh JUTUTENLHOCTD BCETO 5 HC, BpeMs
HapacTaHus/ciaja 1 He u mopasnenue B nayse 80 ab. [l cuaxpoHu3anun
ucnonHerns PDW ¢ ipyrumu ycTpoiicTBaMu ITpe1yCMOTPEHBI MapKepHl,
npudem mocyenoBaTenbHOCTd PDW crioco6HBI CHHXPOHU3UPOBATHCS
U yIpaBJIAThcA mofiapaeMbiMi Ha UXG BHEITHUMHE CHTHAJIaMU 3aITycKa.

bnaropaps atum BoamoskHOCTsIM reHepatop UXG npenHasHaueH s
BCECTOPOHHETO U PETUCTUIHOTO TeCTUPOBAHM Ha PAaHHUX 3dTalrax pas-
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PabOTKH ¥ I03BOJISIET MH)KEHEPaM ONTUMHU3HPOBATH M IPOBEPATH XapaK-
TePUCTUKH CUCTEM [0 IPOBENEHNUS 3aTPaTHBIX, IOTEHI[UAIBHO JTOJITHX
U TJIOXO BOCIIPOM3BOJUMBIX ITOJIEBBIX HcIbITaHUA. KpoMme Toro, ycTpoii-
CTBO CYILECTBEHHO COKpAII[aeT BpeMsi OT MOMeHTa c60pa TaHHbIX O HO-
BOM CHUT'HaJIE IO CO3[AHUS PEUIUCTUIHBIX MOIEIUPYEMBIX YIPO3.

MpubnuskeHune K peanbHOCTH

B ycnoBusx, Korga BO3MOXHO 6LICTpO€ M3MeHEHNUEe ONepaTUB-
HO-TAaKTHYEeCKUX NTAHHBIX, Jydlllee TeCTUpOoBaHUe obecreqnBaer 60-
nee Iy6OKYI0 YBEPEHHOCTh B HPaBIIbHON pabore cucrembl POB.
BricTporepecrpanBaemblii renepatop curnanos Keysight UXG momoraer

urkeHepam POB cosmaBarh CIOKHBIE ClieHAPUH, KOra Obl OHHM HU [IOHA-
TOOMITHCE.

l'enepatop UXG sBiisieTcss MOIIIHBIM TOTOBBIM pellleHNeM IS HCIIOJIb-
30BaHMs, HAIIPUMeED, B Ka4eCTBe HAJEKHOTO IreTepOMHA MK B COCTaBe
Macurtabupyemoro umurtatopa yrpos. [lockonsky UXG mopmepxusaer
A3BIK IPOrpaMMUpOBaHLst cucteM POB, on obecriednBaet 6osee GLICTPYIO
UHTEr'paljuio BHOBD IIOJIYYE€HHDBIX Pa3BeIJaHHbIX B aKTyaJIbHbI€ CUTHA/Ib-
HBble ClleHapuH. biraroyaps HelpeB30HIeHHBIM XapaKTePUCTUKAM, TAKHIM
KaK CKOPOCTh KoMMYyTaruu i ¢asossrit mryM, UXG m03BoOJIsIeT co3aBath
Bce OoJIee CIOKHbIE MOJIEIH, TOYHO COOTBETCTBYyIoIue peanprocT. M

JomonuutenpHyo HHGOPMALUIO MOXKHO HAUTH IO CCBIIKE:
www.keysight.com/find/UXG.
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