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OnpepeneHune nNonochbl NPONYCKaHMS
ocunnnorpada

CurHanbHbIV TpakT Ntoboro ocumnnnorpada obnafaeT xapakTepUCcTUKON
bunbTPa HUKHMX YacTOT, KOTOPas CNaflaeT Ha BbICOKMX YacToTax, Kak no-
Ka3aHo Ha puc. 1. bonbWKMHCTBO ocumanorpadoB ¢ 3asBAEHHON NOJIOCON
nponyckanus 1 Ty 1 HUXe 0611af4ak0T raycCOBCKOM XapaKTEPUCTUKON, KO-
TOpasi LEMOHCTPUPYET MeANEHHbIN CNaf, KOTOPbI HaYMHAETCS NPUMEPHO
C OQHOV TPETM OT YacTOTbl cpe3a no ypoBHio —3 ab. Ocunnnorpadsl ¢ no-
nocow nponyckanus 6onblue 1 MY 06bIYHO MMEKOT MaKCMMaIbHO NJIOCKYH
aMMIMTYLHO-YaCTOTHYIO XapaKTePUCTHKY, KaK NOKa3aHo Ha puc. 2. Takas
XapaKTepuCTMKa 06bIYHO ABNAETCS NIOCKOM B MOJI0OCE MPONYCKaHNS

1 pe3ko cnafaeT Ha 3 ob B6M3M BepXHEN FPaHUYHON YacToThI.

06e 3T xapakTepucTUKM 061afalT CBOMMM LOCTOMHCTBAMU U HEAO-
cTaTkamu. Ocumnnorpadbl C MAKCMMabHO NJIOCKON XapaKTepUCTUKOW
MEHbLLE NOAABAAIOT CUrHANbI BHYTPM NONOCHI NPONYCKaHWS, 4eM oc-
umnnorpadbl ¢ raycCOBCKOW XapaKTEPUCTUKOM, @ 3HAUUT, OHM CNOCcob-

Hbl TOYHEE N3MEPATb CUrHabI B MPefenax nosockl nponyckaHus. Ho
ocumnnorpadbl ¢ raycCoOBCKOW XapaKTEPUCTUKON MeHbLUEe NOAABAAIT
CWUTHanbl 33 NpefenaMmn Nonaockl NPONycKaHus, Yem ocumnnorpadsbl ¢
MaKCMMasibHO NJI0CKOM XapaKTepPUCTUKOWM, @ 3Ha4mT, ocumnnorpadsbl ¢ ra-
YCCOBCKOW XapaKTePUCTUKON 06bIYHO MEHbLLE 3aTATUBAKT GPOHTHI, YEM
ocumanorpadbl ¢ MaKCMMasnbHO NIOCKON XapaKTEPUCTUKON NpW OJUHA-
KOBbIX MOSI0Cax NPonycKaHus. Ho MHorpa cunbHoe nofaBaeHWe CUrHanos
BHE NMOJI0CHI NPONyCKaHNs AaéT onpeAenéHHble NPpenMyLLecTBa, NoMoras
YCTPaHUTb BbICOKOYACTOTHbLIE KOMMOHEHTbI, AAKOLLME BKIAL B HaNoXe-
HUMe CNEeKTPOB B COOTBETCTBUM C TeopeMoit KotenbHukosa (f, > 2 x f,,. ).
Y106kl rNy6xe NOHATL TeopeMy AUcKpeTudaumn KotenbH1KoBa, no3Ha-
KOMbTECb C pekoMeHzaunsamu no npumeHexmnio Keysight Technologies, Inc
«BnusHune yacToTbl AMCKpeTU3aLmm ocumnnorpada Ha BOCTOBEPHOCTb
BbI6OPKM CUrHanNa», CCblika Ha KOTOPbIe NPUBEAEHA B KOHLLe HAaCTOSILLero
LOKYMEHTa.

Ho kakow bbl xapaKTepuCTUKON HK 06n1afan Baw ocuunnorpad —
rayCCOBCKOM, MAaKCUMasbHO NIIOCKON MU HEKOTOPOM NPOMEXYTOYHOMN,
HauWMeHblUasi 4YacToTa, Ha KOTOPOM BXOAHOW CUrHaN ocnabnsetcs Ha 3 ob,
CYMTaETCS BepXHeW rpaHuLie NoNochl NPoNycKaHus ocuunnorpada.
Monocy NponyckaHus M aMNAUTYAHO-YaCTOTHYH XapaKTEPUCTUKY OCLMII-
norpada MoXHO U3MEPUTbL, CBUMMPYS HacTOTY C MOMOLLbIO reHepaTopa
CUHYycompanbHoro curHana. Ocnabnexuve Ha 3 ob cooTBeTcTBYET NoOrpeLu-
HOCTM aMnAnTyabl npuMepHOo —30%. Mo3TOMy HENb3Ss BbINOMHUTL TOYHbIE
M3MepEeHUs CUrHAN0B, 3HAYUTESIbHAS YaCTb CNEKTPA KOTOPbIX IEXKUT
BOJIM3U BEPXHEN rpaHuLLbl MOJSIOCHI MPONYCKaHUs ocumnnorpada.

C nonocoi nponyckaHusi HENOCPeACTBEHHO CBA3aHa Apyras xapakrte-
pucTMKa ocumunnorpacda — BpeMs HapacTaHWs NePeXoAHON XapaKTepu-
cTuku. Ocumnnorpadbl ¢ rayccoBCKOM XapakTepucTukoi obnapatoT Bpe-
MeHeM HapacTaHus (M3mepeHHbIM no ypoBHaM 10 % v 90 %) npumepHo
0,35/f . Ocumnnorpadsl C MaKCUManbHO NIOCKOM XapaKTepUCTUKOMN,

B 3aBUCUMOCTM OT cKopocTu cnaga AYX, obbiuHO 06afatoT BpeMeHeM
HapacTaHusa B paioHe 0,4/f . Ho He cnepyeT 3abbiBaTh, 4TO BpeMs Ha-
pacTaHus ocuunnorpada He COBNagaeT C CaMON KOPOTKOW ANIUTENIbHO-
CTblo PPOHTA, KOTOPYIO OCLMAIOrpad MOXKET TOUHO U3MepUTb. BpemeHeM
HapacTaHus ocuuniorpada HasblBaeTCs MUHUMANbHas BANTENBHOCTb
bpoHTa, KoTOpyHo ocuuanorpad MoOXeT BOCIPOU3BECTU, EC/TU NOAATH HA
HEero runoTeTUYECKN CUrHaN C 6eCKOHEYHO KOpoTKUM dpoHToM (0 nc).

M x0Ts 3TOT TEOPETUYECKUN NapaMeTp U3MEPUTb HEBO3MOXHO, MOCKOb-
KY HeNb3si C034aTb peasibHblii CUTHaM C 6ECKOHEYHO KOPOTKUM GPOHTOM,
BPEMSi HapacTaHus ocLuanorpada MoXXHo M3MEpPUTb, NOJAB Ha HEro
CWUTHan, C ANUTENbHOCTHIO PpoHTa B 3-5 pa3 MeHblUe, YeM 3asBNEHHOE
BPEMSi HapacTaHus ocuunnorpada.
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[Monoca nponyckaHus, Heobxoanmas
ANS UMOPOBLIX NPUNOXKEHUN

CornacHo NpocToMy NpaBuiy Nosioca NPonycKaHus ocuunnorpada posnx-
Ha He MEHee YeM B NATb Pa3 NPEBbILLATb CaMyto BbICOKYH TaKTOBYIO Ya-
CTOTY Bawewn cucteMsl. Ecnv ocuunnorpad oTeeyaeT aToMy KpUTepuio, T0
OH CMOJXET 3aXBaTUTb NATY0 rapMOHUKY C MUHUMaJbHLIM 0C1abnieHneM
CUrHana. 3Ta COCTaBNAKOLLAA 0YEHb BaXKHA AN18 ONPeAeSIEHUS UCTUHHON
dopMbl LdPOBLIX CUrHaN0B. Ho eCiv BaM HYXKHO BbIMOAHUTL TOYHbIE U3-
MepeHus KpyTbiX GPOHTOB, TO UMENTE B BUAY, YTO 3Ta NpocTas dopmyna
HEe YYMTbIBAET peasibHbIX BbICOKOYACTOTHbLIX COCTABAAIOLLMX, U3 KOTOPLIX
CKNafblBaKTCA KPyThie nepenaabl CUrHana.

[MpocToe npaBuno
f . 25xf

TaKT

Bonee To4HbIN cnocob onpeaenerHus TpebyemMoi Noaochl NPonycKaHus
ocuunnorpada 3aknoyaeTcs B onpefeseHun MakCUManbHON YacToThl,
NPUCYTCTBYIOLLEN B UCCNIEAYEMbIX LUDPOBLIX CUTHaNaX, KOTopas He
ABNSIETCS MaKCMMasbHOM TaKTOBOM YaCTOTON. MakcMManbHas 4acTo-
Ta ONpeAenseTcs CaMblM KOPOTKUM GPOHTOM Balleit cxeMbl. [o3aTomy
B NepBYH 04epeab HYXKHO ONpenaennTb ANTENbHOCTU GPOHTOB CaMbiX
BbICOKOCKOPOCTHbIX CUTrHaNoB. 06bIYHO 3TY MHDOPMALMIO MOXKHO Nony-
YUTb U3 0PULMANbHBIX CeundUKaLni KOMNOHEHTOB, UCMNO/b3YEeMbIX

B CXeMe.

Lar 1. Onpefnenvute MUHUMAJbHYH OAUTENBHOCTD GPOHTOB

3aTeM MOXKHO UCMONb30BaTb NPOCTYI0 GOPMYNY ANS BHIYUCIEHNS MaK-
CMMasbHOM YacToTHOW cocTaBnstowein. [loktop XoBapa Y. [I)KOHCOH Ha-
nucan Ha 3Ty TeMy Leny KHUTY «[1poeKTUpoBaHMe BbICOKOCKOPOCTHbIX
UMGPOBLIX YCTPOWNCTB — HaYaNbHbIA KypC Y€pHON Marum»'. OH HasbiBaeT
3Ty UACTOTHYIO COCTaBAsIOLYt0 YyacToToit n3noma (knee) (f,_ ). Bce kpy-
Tble QPOHTbI UMEOT 6ECKOHEYHYIO LUMPUHY YAaCTOTHOIO CNEKTpa. TeM He
MeHee, umeeTcs nepern6 (Mnm «13noM») YacTOTHOIO CNEKTPa KPYThiX
$pOHTOB, 33 KOTOPOI 4aCTOTHbIE COCTAB/IAOLME C 4ACTOTOM Bblwe f
NPAKTUYECKMN He BIMSIIOT Ha GOpPMY CUrHana.

LLar 2. PaccuntbiBaem fw1

f . =05/ OnutensHocTb dpoHTa (10-90 %)

n3

f,., = 0,4/ lnutensHocTb GpoHT (20-80 %)

"3

' Xosapa Y. JKoHCOH, «[poeKTMpOBaHMe BbICOKOCKOPOCTHbIX LUbPOBbIX

YCTPOWCTB — HayanbHbI Kypc Y€pHOM Marun», Prentice Hall, 1993 .
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[Monoca nponyckaHus, Heobxoanmas
ons undpoBbIX NPUIOXKeHUIN (NpoaomKeHue)

Ecnun ¢poHT curHana nsmepsietcs no ypoeHto ot 10 % go 90 %, To ans
nonyyeHua f,HyxHo pasgenuts 0,5 Ha ANNTENbHOCTL GPOHTa CUrHana.
Ecnu dpoHT curHana namepsetcs no yposHio ot 20 % po 80 %, uto B Hawe
BPEeMSA BCTpeYaeTCs ropasao yawe, To Ans nonyyenus f HyxHo pas-
nenutb 0,4 Ha AnMTENbHOCTL GPOHTA cUrHana. Ml He cnefyeT nyTaTh 3Tu
LNUTENbHOCTU GPOHTOB C 3aBJIeHHLIM BPEMEHEM HapacTaHWs 0CLMN0-
rpada. B naHHOM cnyyae peyb UOET 0 AAUTENBHOCTM GPOHTA peanbHoro
CurHana.

TpeTwii War 3ako4aeTcs B ONpefeseHnm NooCckl NPONyCKaHUs ocLuI-
norpada, Heo6xoAMMOM A5 U3MEPEHUS TaKOT0 CUrHana, B 3aBUCMMOCTH
0T TpebyeMolt TOHHOCTU U3MEPEHMUS AANTENBHOCTU GPOHTOB. B Tabnuue
1 npuBefeHbl GopMybl pacyeTa nosoCkl NPONYCKaHUA NpU AONYCTU-
MOV NOrpeLHOCTH AN OCLMANOrpadoB C raycCOBCKOW U MaKCMMabHO
NA0CKOW XxapakTepucTukon. He 3abbiBainTe, 4T0 60/ILLWMHCTBO OCLUIO0-
rpadoB ¢ 3asBAEHHON N0A0CON NponycKkaHus Huxe 1 Ty 06bIYHO uMetoT
rayCcoBCKYI0 XapaKTEPUCTUKY, a 6ONbLIMHCTBO ocLunnorpados ¢ 3ass-
NeHHol nosocon nponyckaHus Boiwe 1 ML 06bIYHO UMEIOT MaKCUMaNbHO
MJI0CKYI0 XapaKTEPUCTHUKY.

Lllar 3. Pacuét nonockl nponyckauus ocumnnorpada

Donyctumas FayccoBckas MakcuManbHo niockas
NOrpeLHoCcTb XapaKTepucTUKa XapaKTepucTUKa

20 % f =10xf_ f =10xf__

10 % f =13xf_ f =12xf

3% fo=19xf_ fo=14xf

Tabnuua 1. Popmynbl Ans pacyéra Heo6X0[MMON NONOCHI MPOMYCKaHUS B 3aBUCUMOCTH
OT AOMYCTMMOIA NorpewHocT 1 Tuna A4X
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[Monoca nponyckaHus, Heobxoanmas
ons undpoBbIX NPUIOXKeHUIN (NpoaomKeHue)

Tenepb faBaiTe pacCMOTPUM MPOCTOM NpUMep:

OnpepenvTe MUHMMasbHY TpebyeMyto NosI0Cy NPOMYCKaHUs
ocuumnnorpada c rayccosckon A4YX ons namepeHns GpoHTa
pnutensHocTbio 500 nc (10-90 %)

Ecnv curnan nmeet Bpems HapacTaHus/cnaga npumepHo 500 nc (no
yposHio 10-90 %), To MakcMManbHas 3HauMMas 4acToTHash COCTaBALLAnA
(fm) curHana 6ynet paBHa npumepHo 1 I,

f,,, =(0,5/500 nc) = 1My

Ecnu Bac ycTpamBaet norpewHoctb nameperust 20 %, To MOXKHO UCMONb-
30BaTb ocumnnorpad c nonocot nponyckanua 1 M. Ho ecnv Bam HyxHa
norpewHocTb 3 %, To Ny4wmM Bbi6opoM ByaeT ocumnnorpad c nosoco
nponyckaHus 2 'y,

[MorpewHocTb M3MepeHns BpeMeHHbIX MHTepBanos 20 %:
Monoca nponyckaHus ocumnnorpada=10x 1Ty =1,0 Ty

[MorpewHocTb M3MEpeHNs BPEMEHHbIX MHTepBanoB 3 %:
Monoca nponyckaHus ocumnnorpadpa=19 x1My=19 My,

Tenepb BbINONHUM N3MEPEHUS LMOPOBOro CUTHAMA TaKTOBOM YacToThl
C XapaKTePUCTUKAMK, BIM3KUMM K TEM, YTO MCMOJIb30BaHbI B HALEM
npuUMepe, UCNoNb3ysi NPK 3TOM 0CLMNOrpadbl C Pa3HOM NOSOCOM Npo-
nycKaHus.
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CpaBHeHME N3MEPEHNI TAKTOBOM YaCcTOThI

Ha puc. 3 nokasaHa pe3ynbTupytoLwas ocLUMANIorpaMma, NoayyeHHas npu
n3MepeHun curHana Taktoon yactotsbl 100 Ml ¢ dpoHTaMu gnutess-
HocTbo 500 nc (no yposHio 10-90 %) ¢ nomoLbio ocumanorpada c nono-
coun nponyckanust 100 Mlu. Kak Buaute, aToT ocumnnorpad npocTo npo-
MycKaeT OCHOBHYH rapMoHuKy curdana 100 MIwu, v Haww NpsiMOYrobHbIN
TAKTOBbIV CUTHAM CTAHOBUTCS OYEHb MOXOXMUM Ha cuHycomay. Ocumnno-
rpad c nonocon nponyckanus 100 My MOXeT BbITb XOPOLINM PELIEHNEM
ONS OTNAAKU MHOTUX 8-pa3psifiHbIX MUKPOKOHTPOJIIEPOB C TAKTOBLIMM
yactotamu ot 10 go 20 MIy, HO ANs U3MEPEHUS TAKTOBOMW YacTOThl

100 MT TaKkoi nonockl IBHO He AOCTaTOYHO.

Ha puc. 4 noKa3aHo To XKe U3MepeHue, BbINoJIHEHHOE C MOMOLLbI OCLUA-
norpada c nonocon nponyckanus 500 M. 3toT ocumnnorpad MoxeT
3axBaTUTb NATYI0 rAPMOHUKY M3MEPSAEMOTO CUTHAMA, YTO COOTBETCTBYET
Hallel nepBoii NPOCTOM peKoMeHAaLnn. Ho npy uaMepeHun gnutensb-
HOCTU GPOHTA Mbl BULMM, YTO 3TOT OcLMUANorpad NokasbiBaeT NpUMepHoO
800 nc. B aToM cnyyae ocunnnorpad He MOXKET 04EHb TOYHO U3MEPATH
bpOHTLI Halwero curHana. Ha camoM gene aToT ocuunnorpad nokasan
3HayeHue, 6113Koe K ero co6cTBEHHOMY BpeMeHu HapacTanua (700 nc),

a He ANUTeNbHOCTb GPOHTA BXOAHOI0 CUrHana, kotopas 6amnska k 500 nc.

Ecnv pns Hac BaXKHa ANUTENbHOCTb GPOHTOB, TO AN1S BbINOJHEHNS TaKO-
ro U3MepeHus HyXeH ocuunnorpad ¢ 60sbLiei NonaoCon NPonycKaHus.

Monoca nponyckaHua

Puc. 3. TakToBas yacTtoTa 100 MIy, 3axBayeHHas ocuunnorpadoM c noaocon nponycKaHus
100 Mly

Monoca nponyckaHus
500 MIy

Puc. 4. TakToBas yacToTa 100 MIu, 3axBayeHHas ocumnnorpadoM c Nonocoi NponyckaHms
500 My
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CpaBHeHME N3MEPEHNI TAKTOBOM YaCcTOThI
(npoponxeHue)

Bocnonb3oBaBlmnck ocumnnorpadom ¢ nonocot nponyckanusa 1 Iy, Mbl
nosly4YuM Kyaa 6osee TOYHYI0 OCLMANOrpaMMy, Kak NoKasaHo Ha puc. b.
Ecnv BBINONHWUTL U3MepeHue ANNTeNbHOCTU GPOHTA Ha 3TOM OCLUAIIO-
rpade, To Mbl nosyunm npumepHo 600 nc. MorpeLwHocTb 3TOro N3Mepe-
Husi cocTaBnseT npumepHo 20 %, 4To MOXET BbITb BMOJSIHE NPUEMIIEMBIM,
0COBEHHO B YCNOBMAX OrpaHuyeHHoro Gloaxeta. OQHaKo faxe 370 U3-
MEpEHMe MOXKHO CYMTaTb HELOCTAaTOMHO AOCTOBEPHbIM. ECNM BaM HyXKHa
MorpewwHocTb U3MepeHuns ppoHToB AnnTenbHocTbio 500 nc He Gonee 3 %,
TO BaM NoHaao6uTcs ocuunnorpad ¢ nonocoit nponyckanus 2 MMy unan
6onblue, B COOTBETCTBUM C NPUBELEHHOW BbiLLe GOPMYNON.

Bocnonb3oBaBLwmch ocuunnorpadom ¢ nosiocon nponyckanus 2 ', Mol
YBUAWM TOYHOE NPeACTaBaeHNe CUTHANA TaKTOBOW YaCcTOThI C 04EHb TOY-
HbIM U3MEPEHHbIM 3HAYeHNeM AAUTeNbHOCTU poHTa npumepHo 520 nc,
KaK nokasaHo Ha puc. 6.

06bpaTuTe BHUMaHME, ec/iv TpeboBaHMS MO NON0CE NPONYCKAHNS YXKe
npuobpeTeHHoro Bamu ocumnnorpada yKecTounanch, To y HEKOTOPbIX
ocumnnorpados komnanum Keysight, Hanpumep InfiniiVision cepun X

1 Infiniium, noslocy NponycKaHns MOXHO PacLIMPATL B 060N MOMEHT
BPEMEHM 10 MaKCUMaNIbHOr0 3Ha4YeHUs B MOLENbHOM psife Cepun.

Nonoca rpony‘hkauu

Rise(M1):

+

-

Puc. 5. TakTtoBas yacTtoTa 100 MIy, 3axBayeHHas ocuunnorpadoM ¢ noaocom nponycKaHus
1Ty

Puc. 6. TaktoBas yactoTa 100 MI, 3axBayeHHas ocumanorpadoM c NoNoCoM NPonycKaHms
2Ty
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[Monoca nponyckaHus, Heobxoanmas
L7191 aHANOroBbIX NPUSTOXKEHUN

MHoro net Ha3ap 60NbLMHCTBO NpoM3BoanUTENeN ocuunnorpados pe-
KOMEH[0Ba0 UCNO0b30BaTh ocLumanorpadbl ¢ N0N0CON NPONYCKaHMs,
KaK MUHWMYM B TpM pa3a NpeBbILALLEN MaKCUMaNbHY0 4acTOTy Ucce-
flyeMmoro curHana. XoTs 370 TPEXKpaTHOE NpeBblleHNe HENPUMEHNUMO K
LUMPPOBLIM NPUNOXKEHUAM, K aHaNOroOBbIM CUTHANAM, TaKUM Kak MOAYIU-
poBaHHble BY curHanbl, ero npuMeHsTb BCE el MOXHO. YToObl NOHATH,
0TKyZa 6epéTcsi 3To NPaBUNIO «TPU K OQHOMY», AaBalNTe PacCMOTPUM
peanbHyto AYX ocuunnorpada c nonocon nponyckanusa 1 .

Ha puc. 7 nokasaH pe3ynbTaT MU3MEpPEHNUs CMrHana, CBUNMpyeMoro no
yactoTe (0T 20 MIy go 2 u), Ha ocumunnorpade Keysight ¢ nonocoit npo-
nyckanus 1 ITu. Kak Bugute, poBHo Ha 1 I'TL BXOBHOW cUrHan 3aTyxaeT
npumepHo Ha 1,7 ab, 4To XopoLwo yknaabiBaeTcs B orpaHnyexmne -3 ab,
KoTOpoe onpegenseT Nosocy NponyckaHus atoro ocuunnorpada. OgHako
LN TOYHOr0 U3MEPEHMUS aHANOFOBbIX CUTHANOB HYXHO UCMOJb30BaTh OC-
umnnorpad B TOM 4acTW AMANA30HA, FAE €ro XapaKTepMCcTMKa AOCTaTOY-
HO paBHOMepHa W IEMOHCTPUPYET MUHUMaNbHOe ocnabneHue. lMpumepHo
Ha ofHol TpeTu oT nostockl 1 [Ty 3TOT ocumnnorpad NPaKTUYECKH He
co3paér ocnabnenus (0 ob). OgHako He Bce ocuunnorpadsl BenyT cebs
nofo6HbIM 06pasom.

[MoKka3aHHbIN Ha puc. 8 pe3ynbTaT CBUNMPOBAHMUSA NOJTYYEH Ha OCLMAIIO0-
rpade c nonocov nponyckanus 1,5 My gpyroro nponssoautens. 3aechb
Mbl BUAMM NpUMep BeCcbMa HepaBHOMepHoM AYX. XapaKkTepucTuky atoro
ocuunnorpada HeNb3s Ha3BaTb HU rayCCOBCKOW, HX MAaKCMMabHO Noc-
Kow. OHa cKkopee «MaKCUMaNibHO HepaBHOMEpPHas» € 6oNbLIMMY BCNJIEC-
KaMu 1 npoBasiaMu, 4TO MOXKET NPUBECTU K CUbHBIM UCKAXEHNUSAM KaK
aHanoroBbIX, Tak U LMdpPoBbIX cMrHanoB. K coxaneHuto, 3asBieHHas no-
noca nponyckanus ocumnnorpada no yposHw -3 ob Hu4ero He rosoput
06 ocnabneHnuu unm ycuneHun Ha ppyrux yactotax. [laxe Ha yactote,
pPaBHOW OLHOM NATOM OT MONOCHI NPONYCKAHWUS 3TOro ocuunnorpada, cur-
Hanbl ocnabnawTca npumepHo Ha 1 a6 (10 %).

Tak 4To B 3TOM cnyyae npasuno 3X He JaéT xopoLero pesynbraTa. Boi-
6upas ocumnnorpad, HaLo BbIGMPaTb NPOU3BOAUTENS C XOPOLLEN peny-
Tauuen n yaenaTb NpUCTasbHOE BHUMaHMe OTHOCUTE/IbHOW HepaBHOMep-
HocTn AYX ocumnnnorpada.
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Puc. 7. AYX ocumnnnorpacda Keysight MSO7104B ¢ nonocont nponyckanus 1 Ty
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Puc. 8. A4X ocumnnorpada c nonocoit nponyckanus 1,5 My apyroro npoussoantens
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3aKknyeHue

[ns undpoBbIX NPUNOKEHUI HYXHO BbIBUpPaTh ocuunnorpad, nosoca
NPONyCcKaHWsi KOTOPOro KaK MUHUMYM B NATb Pa3 NpeBbillaeT MaKCu-
MasbHY0 YacTOTYy TaKTOBOMO CUrHana Ballei cxeMbl. Ho eciiv BaM Hy»KHO
TOYHO U3MEePSTb ANUTENBHOCTL GPOHTOB CUrHAMOB, TO NPUAETCS onpene-
NIUTb MAaKCMMasbHY0 3HAYMMYI0 YacTOTY UCCIIeAyeMOro CUrHana.

[lns aHanoroBbIX NpuUI0XeHWUN BbibUpaiTe ocumnnorpad, nosioca npo-
MyCKaHWs KOTOPOro Kak MUHUMYM B TpU pa3a NpeBsblllaeT MaKCMMabHYi0
4acToTy aHaNIoroBOro CMrHana B Bawwen cxeMe. Ho aTa npocTas peko-
MEeHZaLMa NPUMEHNMa NnLWb K ocumnnorpadaM c 0THOCUTENIbHO PaBHO-
MepHou AYX B HUXKHeN TpeTu nonockl nponyckaHus. Kak pas ¢ atumy
ocuunnorpados Keysight Bcé B nopsake.

M BbibMpas ocumnnorpad ans Tekywen pabotol, He 3abbiBaiTe 0 3aBT-
palwHuKx 3apavax. Ecnu 6ropxeT no3sosseT, Kynute ocuunnorpad c He-
60/1bLUKMM 3aMacoM MO NOJI0Ce NPOMNYCKaHUs, U B ByayLleM 3To CIKOHO-
MWUT BaM aeHbru. Ho ecnv B nepcnekTBe BaM NoHagobutcs ewe bonee
LWIMPOKas Nosioca NPonycKaHus, BOCMOb3YNTECh BO3MOXHOCTbIO pac-
WMpPeHNs nosockl Nponyckanua ocuunnorpados Keysight.

Ccbinika Ha npubopsl

Camasi nocnefHss M nonHas HGopMaLus o NPUNOXKEHUSX U Npubopax
NpuBefleHa Ha HalleM canTe No CChlKe:
www.keysight.com/find/scopes
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[noccapun

layccoBckas AYX

XapakTtepuctuka @HY, uMetoLas MeLIeHHbIN CNag, KOTOPbI HAYMHAETCS NPUMEPHO Ha 1/3 0T YacToTbl Cpe3a Nno YpPoBHHO
-3 ab. Ocuunnorpadsl ¢ 3asBneHHoi nonoco nponyckanus 1 Iy 1 HUXKe 06blYHO 061afA0T XapaKTEPUCTUKON, 6NK3KO
K raycCOBCKOW.

CuvrHanbl B monoce nponycKkaHus

YacToTHble KOMMOHEHTbI, YacTOTa KOTOPbIX MEHbLLE BEPXHE FpaHuLbl NOOCkI NPOMYCKaHWs No ypoBHio —3 Ab.

YacToTa usnoma

MakcumanbHas «3Hauumasi» yactota (f ), onpegensiowwas Gopmy LndpoBOro MMNYILCa, KOTOPYHO MOXKHO PaccuuTaTh no

n3n.

M3BECTHOW AANTENLHOCTM GPOHTA cUrHana (06bIYHO JOCTYMHOI B TEXHUYECKUX XapaKTePUCTUKAX NPUMEHSAEMOr0 KOMMOHEH-
Ta).

MakcuManbHo nnockas xapakTepucTuka

XapakTtepuctuka @HY, focTaToyHO NAOCKas HUXKE YacToThbl Cpe3a no ypoBHI —3 Ab 1 pesko cnagatoLas B61M3KN 4acToTsl
cpe3a. Ocumnnorpadbl ¢ 3asBNEHHON NoA0CON NponyckaHus 6onbue 1 Ty 06bI4HO 061a8aKT MaKCUManbHO NNOCKON XapaK-
TEPUCTUKOW.

Teopema KoTenbHukoBa

YTBEPXKAAET, 4TO 4S8 CUTHAa C OrpaHUYeHHOW NOIOCOM M MaKCMMasbHOW YacTOTON fMAKc,
AeNéHHbIX BbIGOPOK f, AOMKHA KaK MUHMMYM BBOE NPEeBLIATh MaKCUMabHYI0 4acToTy f
OAAHO3Ha4YHO BOCCTAHOBUTbL 6€3 HaNoXeHNs CNEKTPOB.

yacToTa paBHOMEpHO pacnpe-

e UTOBBI CUPHAN MOXHO 6bIn0

BepxHsis rpaHMLa noaockl NponyckaHus
ocuunnorpada

MuHMManbHas 4acToTa, Ha KOTOPOW BXOLHOW CUHYCOUAANbHbIN curHan ocnabnsertcs Ha 3 ab
(norpewHocTb amnautyabl =30 %).

Bpems HapacTaHus ocuunnorpada

Camoe Manoe BpeMsi HapacTaHUsa CUrHana, KOTOPYH MOXET BOCMPOMU3BeCTM ocuunnorpad, ecnv BXoAHOW cMrHan nmeer bec-
KOHEYHO Masnoe BpeMs HapacTaHus. [ins ocuunnorpados ¢ npuMepHo rayccoBckoi AYX BpeMsi HapacTaHUsi MOXHO BblUMC-
nnTb no dpopmyne 0,35/f . Ocunnnorpadsl ¢ MaKCUManNbHO NNOCKON XapaKTePUCTUKON 06LIYHO MMEKT BpeMs HapacTaHusa

B pavoHe 0,4/f .

CurHasnbl BHE MoJ0Chl NPONyCKaHUs

YacToTHble KOMMOHEHTbI, YacTOTa KOTOPbIX 60/bLUE YacTOThbl CPe3a Mo ypoBsHo -3 Ab.

Ceunupytowiee namepenune A4X

/I3mepeHue, ucnonb3yiolee reHepaTop CUrHasOoB, YacToTa BbIXOLHOMO CUHYCOMAANBHOIO CUrHana KOToporo Nepuoauyecku
nepecTpamBaeTCcs OT YCTAHOBIEHHOMN NOb30BATENEM HUXKHEN YaCTOThl A0 YCTAHOBNEHHOM NONb30BaTENEM BEPXHEN 4acTOTbI
ons onpepeneHust A4X HekoToporo npubopa MM yCTpoNCTBa.
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