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OcHOBbI aHanusa CneKTpa B peajibHOM MmacwTabe BpeMeHu

> HayanbHoe pykoBOACTBO

[MABA 1. BBegeHue v obwue ceegeHus

dsoniouus pagno4acToTHbIX CUrHaNnoB

VIHXXEeHEpbI 1 y4eHble MOCTOSHHO WLLYT HOBblE CNOCO6bLI MPUMEHEHMS
pafno4acToTHbIX TexHonorui ¢ 1860-x rogos, koraa [xeime Knepk
MakcBenn maTemaTuyecku npeackasan CyLLecTBOBaHMe
9NEKTPOMArHUTHbIX BOMH, CNOCOBHbIX NEPEHOCUTL IHEPTUID YEPE3
nycToe npocTpaHcTBo. 3ateMm, B 1886 roay, leHpux lepu nposen
(hM3NYECKYI0 AEMOHCTPALMIO CYLLECTBOBAHMS PAAMOBOSIH a 3aTeM
Hukona Tecna, MMnbensmo MapkoHu v apyrue uccnefosatenu
OTKPbINKM CNOCO6LI CBA3N HA 6ONbLUMX PACCTOSHUSAX C MOMOLLbHO
9TVX BOAH. Ha ucxofe CToneTus paguocesasb cTana nepebiM
NPaKTUYECKUM NPUMEHEHNEM PAANOYACTOTHBIX CUrHANOB.

B TeueHune cneaytoLlmx Tpex AecITUNETUI Oblan HavaThl
nccneaoBaTeNbCKMe NPOEKTHI C LIENbK0 NoMcka cnocobos nepefayn
W Npuema curHanoB Ans 06Hapy>KeHns 06bEKTOB U ONPEAENEHNS UX
MECTOHaXOXAeHUs Ha 60nbLUuX paccTosHuax. K Havany Bropoi
MWUPOBO BOWHbI TEXHUKA 06HAPYXXEHUS W OMpefeNeHus 4anbHOCTM
C NOMOLLBIO PAfMOBONH (paanonokauums) ctana ewe 0fHUM
pacnpocTpaHeHHbIM COCO60M NPUMEHEHNS PAANOCUTHANOB.

B Teuenne nocnepHeit yacti 20 cToneTus, NpeuMyLLeCTBEHHO N
BAUSIHUEM HENPepbIBHOTO POCTa CEKTOPOB BOEHHOW TEXHUKM U CBS3N,
BHeJpEHNe TEXHONOrNYECKUX HOBLLIECTB B 0611aCTW PAANOTEXHUKM
MOCTOSIHHO YCKOPSNOCh M MPOJOMXAET YCKOPATHCA U B HACTOSLLEE
Bpemsi. M3-3a He06XOAMMOCTH YCTPAHEHUS NOMEX, 3aTPYAHEHUS
06Hapy>XeHUs 1 pacLLIMPEHUst BOSMOXHOCTEN COBPEMEHHbIE
PaAMONOKALMOHHbBIE CUCTEMbI N KOMMEPYECKME CETU CBA3M UMEIOT
CNOXHYI0 KOHCTPYKLMIO. B HUX 0ObIYHO NPUMEHSIOTCS CNOXKHbIE
COYETaHNs Taknux paanMoTEXHUYECKUX MPUEMOB KaK NakeTHas
nepeaava, ckaykoobpasHas nepecTpoika 4acToTbl,
MHOXECTBEHHbI [OCTYN € KoA0BbIM pasaenennem (CDMA)

W aganTusHas Mogynaums. PaspaboTka nofo6HbIX BUAOB
COBPEMEHHOr0 PafnoTEXHUYECKOro 060pYA0BAHNS 1 ero
ycnelHoe o6beMHeHe B AE/ACTBYIOLLME CUCTEMbI NPEACTABNSET
co601 NpefenbHO CNOXHYH 3agady.

B 10 e Bpemst LLMpOKoe pacnpoCTpaHEeHUE YCnexoB COTOBOM
TEXHONOrMM 1 6eCnpOBOAHBIX CETei nepeaayun AaHHbIX couno
LieHbl Ha OCHOBHbIE PAANOTEXHUYECKME KOMMOHEHTbI. ITO NOBYAMNO
Npou3BOANTENEN, AENCTBYIOWMNX BHE TPAAMLIMOHHbIX ob6nacTen
BOEHHOM 1 CBA3HOW TEXHUKW BCTPauBaTb NPOCTbIE
pafnoycTpoiicTaa B 6bITOBbIE NPUBOPLI. PasnonepefaTymkm
NOMy4YMIM Takoe LIMPOKOE PacnpoCTPaHEHUE, YTO UX MOXHO
0BHapY>XUTb NPaKTUYeCKu Be3fe: B fOMALLHEN ObITOBON TEXHUKE,
B MeJnUMHCKMX npubopax B 60/bHNLE, B MPOMbILLEHHbBIX
yNpaBAsIoLLMX YCTPOWCTBAX HA 3aBOAAX; CYLLECTBYH Aaxe
chefjsive yCTPOMCTBA, UMNNAHTMPOBAHHbIE NOL KOXY CKOTA,
JOMALLHNX XXMBOTHbIX U NHOAEN.

[TocKonbKy pagnocurHanbl NOyYMn LMPOKOE PacnpoCTpaHeHne

B COBPEMEHHOM MUPE, HE MEHEE YacTO BCTPEYAKOTCS U HEMNONAAKM,
00yCNOBNEHHbIE B3AUMOAENCTBUEM YCTPOWCTB, FEHEPUPYHOLLMX
3TU curHanbl. YCTpoiCcTBa, paboTatoLme B NMLEH3MPOBAHHOM
AuanasoHe YacToT, HanpuMep MOBMIbHbIE TeNEMOHbI, HE LOMKHbI
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n3nyyatb B COCEAHMX YaCTOTHbIX KaHanax. OCo6eHHO TPYAHO
BbIMOMHUTbL 3TO TPEBOBAHME B CNOXHbIX YCTPOCTBAX, KOTOPLIE
NOALEPXKMBAKOT HECKOSbKO CTAHAAPTOB, NEPEKNOYAIOTCS

B pa3nuyHble PeXWUMbI Nepeiayun n OAHOBPEMEHHO NOAAEPXKMNBAKOT
CBSI3b C pa3HbIMK 3neMeHTamMu ceTu. bonee NpocTbie YCTPOIICTBA,
paboTarolme B HeNMLEH3NPYEMbIX YaCTOTHbIX anasoHax, A0MKHbI
NpaBubHO PYHKLUMOHMPOBATbL NPU HANMYUM NMOMEXOBbIX CUrHANOB.
3akoHoAaTenbCTBO YacTo TpebyeT, YTo6bl 3TH YCTPOCTBA
nepeAaBany curHan KopoTKUMWU UMMYNbCaMM C HU3KUM YPOBHEM
MOLLIHOCTY.

Y106k pelatb NoSBASIOLMECS 3aaUM, COBPEMEHHBIM MHXEHepam
W Y4EHbIM BaXHO UMETb BO3MOXHOCTb HAEXHO 06HAPYXMBATh
N3MEHSIoLMeCs BO BPEMEHWN PAaMOYaCTOTHbIE CUTHANbI

W ONpefensTb UX XapakTepUCTUKN. BbINONHUTL 3TO € NOMOLLBIO
00bIYHbIX M3MEPUTENBHBIX NPUOOPOB AOCTATOYHO TPYAHO. [Ans
peLLeHus aTx npobnem B kopropaumu Tektronix paspaboTaHbl
aHanu3aTopbl CNekTpa B peanbHOM MacliTabe BpeMeHn. OTu
nNpubopbl 06eCNEYNBAIOT CUHXPOHWU3ALMIO MO PAANMOYACTOTHbIM
curHanam, HemeafneHHo 3anucbIBatoT UX B NaMATb W aHANWU3NpPYHOT
B YaCTOTHOW M BPEMEHHOM 0611aCTsX M B 061aCTW MOZYNALMN.

B aTOoM goKyMeHTe onucaHa paboTa aHanuM3aTopoBs CnekTpa

c 06paboTkon B peanbHoM MacluTabe BpeMEeH U NpUBedeHbI
OCHOBHblE CBeJieH!s 06 1X UCNONb30BAHNN ANS PELLEHNS
Pa3NNYHbIX N3MEPUTENbHbIX 3a[ay, CBA3AHHBIX C 3aXBATOM

N aHann3oM COBPEMEHHbIX PAANOYACTOTHbIX CUrHANOB.

COBpEMEHHble 3ajayun usMepeHua papuocurHanos

[pu nccnenoBaHny paboTbl COBPEMEHHBIX PAAN0YACTOTHBIX
YCTPOUCTB HEO6XOAMMO U3y4aTb M3MEHEHWNE YaCTOTbl, aMMNINTYAbI
1 NapameTpoB MOAYNALMM Ha KOPOTKUX U ANUTENbHbIX MHTEpBanax
BpeMeHu. B aTux cnyyasx 06bl4Hble Npubopsbl, Takme kak
aHanu3aTopbl CrnekTpa ¢ pasBepTKoN U BEKTOPHble aHanu3aTopsl
CWUrHarnoB, NO3BONSOT NONYYNTb CHUMKM CUrHANOB B YACTOTHOM
06nacTu 1 B 06nacT1 MOAYNALMKM, HO 4acTo 3TON MH(OPMaLMK
HeOCTaTOYHO NS HALIEXXHOr0 OMUCaHNS AMHAMUYECKOr0
PaANo4acTOTHOrO CUrHana, BbIpabaTbiBAEMOro YCTPONCTBOM.
Bnarogaps aHanu3atopam cnekTpa ¢ 06paboTkoi curHana

B peasnbHOM MacluTabe BpeMeHu B U3MEPEHUS BXOAMT eLle OfMH
BaXXHbI MapameTp — Bpems.

PaCCMOTpVIM HECKOJIbKO TUMUYHbIX 3aa4 U3MepeHus.
> 3axBaT u aHanu3 HeCTaUunOHapHbIX U AMHAMUYHBIX CUTHANOB.

> 3axBaT NakeTHOI Nepeayy, BbIGPOCOB, NEPEXOAHbIX
MpOLIECCOB NP NepPeKIYeHNM.

» Onpefenexne BpeMeHu ycTaHoBneHns cuctemsl QAMY,
Apeiicha 4acToTbl, MUKPOGOHHOTO adhpeKTa;

» O6Hapy>eHne KPaTKoBPEMEHHbIX MOMeX, aHanu3 Lwyma.

> 3axBat CUrHanoB C pacnpeneneHHbIM CeKTPOM W CUrHANoB
CO CKayKko06pasHoi NepPecTPOKO YacToTbl.

> MOHMTOPHHT UCTIONb30BaHHsH CNeKTpa, 06HapyXeHue
MOCTOPOHHUX Nepesay.

» WcnbiTaHns Ha COBMECTUMOCTb, AWarHOCTUKA
9JIEKTPOMArHuUTHbIX NOMeX.
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Puc. 1-1. AHanm3atop crnekTpa c pa3BepTKoi nocnes0BatesibHo
npocMaTpuBaeT YactoTsl. [lpy 3TOM YacTo OKasbiBaroTCs
nponyLYeHHbIMN Ba)XHble HeCTalynoHapHble COdeTMH, npoucxogsime
BHe TeKyLLe/ 110710ChbI Y4acTOT PAa3BEPTKM (Ha PUCYHKe OTMeYeHa
KENTbIM)

> AHanu3 aHanorosoil MOAynsLNK.
> VccnenoBaHue CxeM MOAYNSLNN C U3MEHEHWNEM NO BPEMEHM.

> OTnajka CnoXxHbIx CTaHAApPTOB 6ECMPOBOAHO CBA3M C MOMOLLbHO
CMHXPOHHOTO NPeACTaBNEHNS B pa3HblX 06NaCTsX.

> [InarHocTuKa kayectBa MOAynsLMM.

B kax oM cnyyae U3MepeHusi paauodacToTHbIE CUrHabI
U3MEHSIOTCS BO BPEMEHM, YACTO 3TU M3MEHEHUS HEMPEACKA3YEMbI.
Y106bI ONPeaenuTL XapakTepUCTUKM 3TUX CUrHANOB, TpebyeTcs
nNpu6Op, CNOCOBHbI CUHXPOHM3MPOBATLCS Kak Mo U3BECTHbIM,

TaK M no HenpeackasyembiM CoObITUSM, HEMEANIEHHO 3aXBaThiBaTh
CUrHasbl U COXPaHsiThb UX B MaMsiTh, @ 3aTeM aHanuaupoBath
3aBMCMMOCTM YacTOTbl, aMMAUTYabl U NAPaMeTPOB MOZYNSILIM

0T BPEMEHMU.

KpaTkuii 0630p cxeM NOCTPOEHNA U3MEPUTENbHbIX
npubopos

AHanu3artop cnekTpa B peanbHOM MacliTabe BpeMEHN — HOBbIN
N3MepUTENbHLIA Npubop, Co3aaHHbIN Koprnopaumei Tektronix ans
PafMOTEXHUYECKNX U3MEPEHNHN, ONUCAHHBIX Bbille. YT0ObI M3y4uThb
paboTy aHanu3aTopa CnekTpa B peanbHOM MacliTabe BpeMeHu

W NOHSATb 3HAYEHME U3MEPEHWIA, BbIMOHEHHBIX C €r0 MOMOLLbIO,
MnoJie3Ho cHavana paccMoTpeTb fiBa ApYrux Tuna aHanu3atopos
CMeKkTpa: aHanM3aTop C pa3BepTKOM 1 BEKTOPHbI aHanM3aTop
CUrHanos.

AHanusatop cnekTpa ¢ pa3BepTKoii — 00blYHbIii aHaNU3
B YaCTOTHOIA obnactu

CynepreTepoAnHHbIN aHanM3aTop CrnekTpa ¢ pa3BepTKOM MOCTPOEH
no 06bI4HON CXEMe, KOTOpast HECKOSbKO AECATUNETHIA Ha3as BrepBble
no3B0JINA UHXXEHepam NPOBOANTb U3MEPEHUS B YACTOTHON 061acTu.
[epBOHaYaNbHO aHanu3aTopbl ¢ Pa3BepTKOM CTPOMAUCH
NCKIOUYUTESNIBHO HA aHaNoroBbIX KOMMOHEHTAX, HO 3aTEM MPOLLX
TOT XKe NyTb Pa3BUTHS, Y4TO U 06/1aCTb TEXHUKM, B KOTOPOW OHM
NPUMeEHsITCS. B COBpeMeHHbIX aHann3aTopax CcrnexkTpa ¢ passepTkom
ncnonb3yTes Takue undposble anemeHTsl kak AL, cpeacTsa
LncpoBoii 06paboTkM CMrHanoB 1 MukponpoLeccopsl. OgHako
OCHOBHOW NMOAX0A N0 60MbLUE YacTi ocTaeTcs 6e3 M3MeHeHui
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Puc. 1-2. Tunn4Has cxema aHanm3atopa crnekTpa ¢ pa3BepTkoi

1 ny4dlle BCEro noaxoanT ansa nccnefoBaHua ynpasnsaemblx
CTalUMOHAPHbIX CUrHanNoB.

N3mepeHune 3aBUCMMOCTU MOLYHOCTM OT YacTOTbl B aHanu3aropax
cnekTpa ¢ pa3BepTKOM BbINOMHAETCS NyTeM NpeobpasoBaHns
4acTOTbl UCCNEAYEMOrO CUrHana ¢ NOHMXEHUEM W ero pasBepTKu
C NMPOMNyCKaHWeM Yepes nonocoBon UNLTP C MOMAOCOKA NPONyCKaH!s
paspeLleHus. 3a Noa0COBLIM (PUNLTPOM YCTAHOBJIEH [ETEKTOP,
BbIYUCASOLLMA aMNAUTYAY Ha KaXAO0M 4acToTe BbIGPaHHOrO
AnanasoHa. AT0T METOA 06ecneynBaeT WHUPOKUIA AUHAMUYECKNIA
AnanasoH, 0fiHaKo MMeeT TOT CYLIeCTBEHHbIA HEAOCTATOK, YTO

B KQXX/1bli MOMEHT JaHHble aMNauTyabl PacCUNTLIBAIOTCS TOMbKO
B 04HOI TouKe. Pa3BepTka B AnanasoHe 4acToT aHanusaropa
TpebyeT onpefieleHHOro BPEMEHU, B HEKOTOPbIX CAy4Yasx Ao
HEeCKONbKMX CeKyHA. [laHHbli NOAXOA OCHOBbLIBAETCS Ha
NPeAnoNoXeHNN, 4TO 3a BPEMS, MOKA aHan13aTop BbINONHAET
HECKOMbKO LMKIIOB Pa3BepTky, U3MEPSieMbIid CUTHAN He NpeTepresaeT
CYLECTBEHHbIX U3MeHeHNIH. CnefoBaTenbHo, TpebyeTcs
OTHOCWTENbHO CTabUIbHbIA, HE M3MEHSIOLNIACSH BXOLHOW CUTHAN.

Ecnu B curHane MMerOTCS BbICTPbIE M3MEHEHMS, N0 BCel
BEPOSTHOCTW OHM BYAYyT nponyLieHbl. Kak nokasaHo Ha puc. 1-1, Bo
BpeMs X0fia pa3BepTKN NPOCMATPUBAETCS Y4aCTOK YACTOTHOM OCH
F4, B TO Bpems Kak MrHOBEHHOE CMeKTpasbHoe COObITUE MPOUCXOANUT
Ha ydacTke F, (amarpamma cnesa). K Tomy BpemeHu kak passepTka
AOXOANT 0 yuacTka Fyy, cobbiTve npekpallaeTcs n ocTaeTes
HeoOGHapy>XeHHbIM (anarpamma cnpasa). B aHanudatopax cnekrpa
C Pa3BePTKON He 06eCneYnBaeTCs CUHXPOHU3AUMs No
HEeCTaUMOHAPHOMY CUrHamy W He COXPaHAETCs NONHas 3anuch
3aBMCUMOCTY CUTHANa OT BPEMEHMU.

Ha puc. 1-2 n3obpareHa cxema TUMMUHOTO COBPEMEHHOO
aHanuaaTopa CnekTpa ¢ pa3sepTkoi. B Hem, B fobaBneHne

K LUMPOKOMOMOCHbIM aHanoroBbiM pUALTPaM NONOCkl YacToT
pa3peLLeHusi, yHacnea0BaHHbIM OT NPEeAbIAYLINX KOHCTPYKLNA,
UMEIoTCS UMPOBbIE CPEACTBA, 3aMeHsoLe unsTpel ¢ 6onee
y3Koi nonocoit. OunbTpauus, CMeLLleHne YacToT U yCuneHne o
ALM BbINONHAETCSH @HANOroBbIMU CPEACTBAMM B NMOSOCAX YACTOT
BW4, BWo n BW3. Ecnn TpeyeTcst dounbTp ¢ Gonee yakoil
nonocoi, Yem BWs, oH HaknafbiBaeTCst ¢ NOMOLLbIO LNEPOBON
06paboTKyM CUrHanoB nocne aHanoro-UugpoBoro npeobpasoBaxus.
K AL » npoueccopy undpoBoit 06paboTku CUrHanos
npeabABASIOTCS AOCTATOYHO BbICOKME TPEOOBAHMS.
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OcHOBbI aHanusa CneKTpa B peajibHOM MmacwTabe BpeMeHu

» HauanbHoe pykoBoACTBO

Puc. 1-3. Cxema TMnn4HOro BEKTOPHOIO aHanm3aropa CurHanos

O6ecneunTb JOCTATOYHO Marble 3HAYEHUS HEIMHENHOCTM U LWyMa
ALIM — HenpocTas 3afava, XoTs Npu 3TOM YCTPaHSHOTCS
HEKOTOpPbIE BUAbI MOTPELLUHOCTEN, MPUCYLLMX YUCTO aHANOrOBbIM
aHanusatopam crnekTpa.

BeKTopHble aHanM3aTopbl CUrHana — aHanus LIM(prBOﬁ
MoAaynauuun

O6bl4Hble aHanM3aTopbl CNEKTPA C PA3BEPTKON BbIMOMHAKT
CcKanspHble n3MepeHuns, obecneymsaroLime MHOPMaLMIO TOMbKO

00 amnnnTyae BXOAHOrO curiana. [ins aHanuaa curHana, HecyLLero
LMpPOBYO MOAYNALMIO, TPEOYIOTCS BEKTOPHbIE U3MEPEHMS,
obecneumsaroLLme MHpopmaumio 06 amnauTyLe 1 dase. BekTopHbIi
aHanM3aTop CUrHasoB CreumanbHO CKOHCTPYMPOBaH Ans aHanuaa
LMcpOBON MOJYNALMM. YNpOLLEHHas 65I0K-CxemMa BEKTOPHOMO
ananusaropa npusefeHa Ha puc. 1-3.

BekTopHble aHann3aTopbl CUrHanoB ONTUMW3NPOBAHbI ANs
n3mepeHnin Mogynsaumu. Mogo6Ho aHanu3aTopsbl cnekTpa

B peasnbHOM MacliTabe BPEMEHH, ONMCAHHOMY B CMEAYHOLLEM
pasfene, BEKTOPHbIA aHanN3aTop CUrHaN0B NOMHOCTbIO
npeobpasyeT B UnUPoBYO PopMy pasnocurHan B npefenax
noniockl nponyckauus npuéopa, 4To6bl U3BNIEYL U3 HETO
nHchopmauuo 06 amnauTyge v dase, HeobXxoAUMYO ANs
N3MepeHNs Lndgposoi Moaynaumu. OfHako 60MbLUMHCTBO
BEKTOPHbIX aHANM3aToOPOB CUrHANOB (XOTS U He BCe) NpefHa3HaueHbl
ANs c60pa MrHOBEHHbIX CHUMKOB BXOAHOMO CUrHana

B NPOM3BONbHbIE MOMEHTbI BPEMEHW, YTO AenaeT TPYAHOM, a TO

1 HEBO3MOXHOM, 3afia4y COXpaHEeHUs NPOLOMKNTENBHON 3anucy
nocneaoBaTenbHbIX BbIGOPOK ANs KyMyNSTUBHOTO HAKOMNEHUS
NHpopmaumnn 06 N3MEHEHUN CUTHANA C TEYEHNEM BPEMEHM.

Kak u B aHanu3atopax cnekrpa ¢ pa3BepTKon, BO3MOXHOCTH
CUHXPOHM3ALMN OTPAHNYEHbI CUHXPOHN3ALMEN HA NPOMEXYTOUHON
4acToOTe W BHELUHEN CUHXPOHWU3ALMEN.

B BEKTOpHbIX aHanu3aTopax curHanos npeobpasoBaHne

B Uncposyto hopmy ¢ nomoLbto AL BeinonHseTcs Hag
LUMPOKOMOMOCHBIM curHanom MY, a npeobpasoBaHue ¢ MOHUKEHNEM
4acTOoThl, (OUNLTPALMS M LETEKTUPOBAHNE OCYLLECTBASIOTCS

B UncppoBoM Buze. MNpeobpasoBaHue 13 BPEMEHHOW 06MacTy

B YaCTOTHYHO BbINONHAETCS € nomoLbto anroputma bIMd. Ocoboe
3HaueHue Ans xapakTepucTMK Npubopa UMetT NMHENHOCTb
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Tonoca nponyciaxms
B peanzHOM MACLLTa0e BPEMEHN

Puc. 1-4. Cxema TUMM4YHOrO aHaM3aTopa CrieKkTpa B peasibHoM Maclutabe
BPEMEHY

1 aMHamuyeckuii ananasoH ALM. He MeHee BaXKHO Hanuuue
cpencTB undposoi 06paboTku curHana, obnagaroLmx
AOCTaTO4HOW MOLWHOCTLHO ANS BbICTPOrO BbINONHEHNS U3MEPEHWI.

C nomoLbto BEKTOPHOrO aHanu3aTopa CUrHanoB M3MepstoTes
Takue napameTpbl MOAYNSALUMM KaK BENUYMHA BEKTOPA OLUMOOK;
aHanusartop obecneunBaeT 1 Apyrue Buabl 0TOOPAXEHMS, HANpUMep
B BMAE AMarpammbl «c03Be3ANe». ABTOHOMHbIE BEKTOPHbIE
aHanu3aTopbl CUrHanoB 4acTo NPUMEHSIOTCS B KAa4eCTBE
LOMONHEHNs K 06bl4HbIM aHanu3aTopam CrnekTpa ¢ pa3BepTKoMm.
KpoMe Toro, cxeMbl MHOTHX COBPEMEHHbIX MPUOOPOB NMO3BONSHOT
BbINONHATb (OyHKLWW Kak aHanuaatopa CnekTpa ¢ pa3BepTkom,
TaK 1 BEKTOPHOro aHanuaartopa CUrHanoB, 410 No3BONSeT
BbINONMHATL OJHAM NPMOOPOM (HO He 0AHOBPEMEHHO) U3MEPEHUS
KaK B 4aCTOTHOM 061acTu, Tak 1 B 06nacTu MOAYnSLMM.

AHaJWI3aT0pr CneKkTpa B peajibHOM MaclwTabe BpeMeHu —
CUHXPOHU3aLUud, 3axBaT, aHanu3

Kak 6b1710 ynoMsiHyTO B npeAblayllemM pasaene, aHanuaarop
CnekTpa B peaJibHOM maclutabe BPEeMeHMN npeaHa3Ha4eH ong
BbINO-HEHUA M3MepeHVIVI, CBA3aHHbIX C HECTALMOHAPHbIMK

N ONHAMUYECKUMKN paanocurHanamu. OcHOBHast 0COOEHHOCTb
aHanu3a cnexkTpa B peanbHOM MaclTabe BpeMeHn — 310
BO3MOXXHOCTb CMHXPOHM3aLUMK N0 paAnMo4aCcTOTHOMY CUrHany,
HEME[NIEHHOI 3anucy ero B NaMsiTb U aHanM3a B HECKONbKNX
o6nacTsax. 70 NO3BONSET HAMEXKHO OOHAPYXKMBATH
paano4acToTHbIE CUrHANbI, U3MEHAIOLMECSA BO BPEMEHH,

1 ONpefensTb UX XapakTepUCTUKM.

Ha puc. 1-4 n3obpaxeHa ynpoLieHHas 6rok-cxema aHanusaropa
cnekTpa B peanbHoM MaciTabe Bpemenu. (Bonee nogpobHas
cxema u onucaHue paboTbl 610KOB NPUBELEHbI B rnase 2).
PagnoyacToTHble BXOAHbIE Lienu, nepecTpamBaemble B npefenax
BCero paboyero avanasoHa npuoéopa, BbIMONHAOT
npeobpa3oBaHne YacTOTbl BXOAHOTO CUrHANA C MOHWMKEHNEM [0
(PUKCUPOBAHHOM MPOMEXYTOYHOM YaCTOTbl, COOTBETCTBYHOLLEN
MakcuMasnbHOM Nofnoce YacToT npubopa B peanbHOM MaclTabe
BpeMeHu. [locne aToro curHan punstpyeTcs, npeobpasyeTcs

B UMdposyto opmy ¢ nomowbto ALIM 1 noctynaeT Ha Moaynb
umdposoit 06paboTku curHanos (LLOC), ynpaBnstowmii hyHKUMSIMM
CMHXPOHW3ALMK, NAMSATH U aHanu3a. ONEMEHTbI 3TOW BNOK-CXEMbI

www.tehencom.com
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Puc. 1-5. Bbibopku, kazpb! v 6I10Ku: NepapXus NamATH aHanm3aTopa
CreKTpa B peasbHOM MacLiTabe BpemeHn

aHanorn4Hbl MMELWMUMCS B BEKTOPHOM aHanu3aTope CUrHanos,
1 npouecc coopa AaHHbIX NPOTEKAET CXOXMM 06pa3oM, 04HAKO
aHanusarTop cnekTpa B peanbHOM macliTabe BpeMEHM
ONTUMW3MPOBAH AN OCYLLECTBNIEHNS CUHXPOHU3AUMN B peanibHOM
MacLuTabe BPEMEHW, HEMPEPbIBHOTO 3axBaTa CUrHana u
0AHOBPEMEHHOr0 aHanmaa B Heckombkux obnactsx. Kpome Toro,
LOCTUTHYTbIE ycnexu B TexHonorun ALIM no3BonstoT 0CyLWecTBsATb
npeobpas3oBaHue B LUMPOKOM SUHAMWYECKOM AMana3oHe C HU3KUM
YPOBHEM LUYMa, YTO NM03BONSET 06ECNeYnNTb OCHOBHbIE
PaAMoYacTOTHbIE XapakTepUCTUKK aHanuaaTopa cnekTpa

B peanbHOM MacluTabe BpeMeHW, PaBHbIE UM NPEBOCXOALNE
XapakTepuCTUKM MHOTUX aHaNM3aTopoB CMEeKTPa C pa3BepTKoM.

ﬂJ‘IFI N3MepseMbIX CUrHanoB, 3aHUMaroLLMX Nnosiocy 4acToT, MEHbLLYH
WA PaBHYH NONoCe 4acToT aHanu3aTopa B peanbHoM MacliTabe
BPEMEHN, CXEMa aHann3artopa CnekTpa B peanbHoM Maclutabe
BPEMEHM TaKkas apxuTeKTypa 06ecneynBaeT HenpepbIBHbIA 3axBaT
BXOAHOr0 curHana 6e3 paspbIBOB BO BPEMEHM NyTeM npeobpaso-
BaHus B LMPOBYIO POPMY PaaMo4aCTOTHOTO CUrHana v COXpaHeHus
B NaMsT CMEXHbIX N0 BPEMEHM BbIGOPOK. OTO faeT psif
MPENMYLLECTB MO CPABHEHMIO C MPOLIECCOM CO0pa AaHHbIX

B @HanM3aTopax CrnekTpa ¢ pa3BepTkou, B KOTOPOM M306paxKeHne
B YaCTOTHOW 0611aCTM CO3AaETCA NOCNEe HECKONbKUX NEPUOA0B
pa3BepTKku B paboyem AnanasoHe 4acToT. B cnepyrowwmx pasgenax
9TOr0 NOKYMeHTa I'IOLI,pOﬁHO OonucaHbl 3TK nNpenmyLlecTsa.

OCHOBHble npeacTaBJieHUA NPU aHanu3e cnekTpa
B peaynbHOM MaclTtabe BpeMeHu

Bbi60opku, kappbl  610KK

/13mepeHus, BbINOMHsSIEMble aHANM3aTOPOM CMeKTpa B peasnbHOM
MacliTabe BpeMeHu, pean13oBaHbl C MOMOLLBIO MPUEMOB LiNpoBON
obpaboTku curHanos (LOC). YTo6bl NOHSATb, Kak NpoM3BoAsaTCS
N3MepeHus pagnocurHana Bo BPEMEHHOM W YaCTOTHOM 06acTax

W B 06MacTy MOJYNALMM, NMPEX e BCEr0 He06X0AMMO pa3obparbes
B TOM, Kakum 06pa3oM B Npubope COBUPaKOTCS U XPaHATCS AaHHbIe
o curHane. lNocne npeobpasosanus B LMPOBYHO POPMY C NMOMOLLbHO
ALM curHan npeAcTasneH AaHHbIMM BO BPEMEHHOK 0611acTu, No
koTopbIM ¢ nomoLbto LIOC paccunTbiBaroTCs BCE NapameTpbl

B 4aCTOTHOW 06/1aCTK 1 061aCTU MOLYNALUMK. ITK BOMPOCHI 6onee
NoAPO6HO PACCMOTPEHbI B rnase 2.

KoHTponbHO-uaMeputensHbie Npubopbl U 060pyaoBaHue
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Puc. 1-6. Peructpayms n 06pa6oTka 6710K0B AaHHbIX C MOMOLLbI0
aManm3aropa cnekTpa B peasnbHoOM MaclLTabe BpeMenn

Vlepapxust faHHbIX, COXPAHSEMbIX B aHANM3aTope CrnekTpa

B peanbHOM MacluTabe BPEMEHW NPU HENPEpbLIBHOM 3axBate
curHana B peanbHOM BPEMEHM, ONUCbIBAETCS TPEMS TEPMUHAMM:
BbIOOPKM, Kaapbl 1 6110Ku. Ha puc. 1-5 nsobpaxera cTpykTypa
«BblBOpKa-Kaap-610K>.

Hu3LuM ypoBHEM Mepapxuu fiaHHbIX SABASETCS BbIOOpKa,
NPeACTaBAAOLAS AUCKPETHYH TOUKY AaHHbIX BO BPEMEHHON
o6bnacti. OTOT NEMEHT BCTPEUAETCS U B APYruX Clayyasx
NPUMEHEHNS LMGPOBON ANCKPETU3ALMM CUTHANOB, HanpuMep

B ocuunnorpadax peanbHoro Maclutaba BpeMeHn u LindpoBsbIx
npeobpasosatensx Ha ocHose [K. MakTuueckas Yactora BblI6OPKH,
onpefensiolas BpEMEHHON MPOMEXYTOK MEXAY COCE[HUMN
BbIGOpKaMu, 3aBMCHT OT BbIGPAHHOrO AuanasoHa. B aHanusatope
CneKTpa B peanbHOM MacluTabe BPeMEHN BbIGOPKN XpaHATCS

B NamsTV B BUAE Nap KBaapaTypHbIx KOMMOHEHTOB 1/Q, conepxatumx
WHchopmaumio 06 amnauTyge v o ase.

CrepyroLeit cTyneHblo sensetcs Kaap. Kaap coctouT 13 Lenoro
4uCcNa HenpepbiBHbIX BLIGOPOK U CIYXXUT OCHOBHOW €ANHULIEN,

K KOTOPOW MOXeT 6bITb MPUMEHEHO BbICTPOE NPeobpa3oBaHne
Oypbe (BMND) ans npeobpazoBaHns faHHbLIX U3 BPEMEHHO 06N1acTy
B 4acTOTHY!0. [1pn 3TOM U3 KaX/AO0ro Kajpa nony4aercs oAuH
CMEeKTP B 4aCTOTHOM 06nacTu.

Ha BepxHeM ypoBHe nepapxuu pernctpauun curHana ctout 6ok,
COCTOSILLMIA U3 HECKONBKUX COCEMHMX KaApOB, 3aXBa4eHHbIX
HernpepbIBHO BO BpeMeH. [inuHa 6noka (Hasblsaemas Takxe
ANVHOW perucTpaunm) npefcTaBnseT nojHoe Bpems, 0XBaveHHoe
OLHWUM HenpepbiBHbIM COOPOM AaHHbIX. B npefenax 651oka BXOAHOM
cUrHan npeAcTtaBneH 6e3 pa3pbiBOB N0 BPEMEHHN.

Ecnu aHanu3aTop HaxoauTCcs B pexxnMe peanbHoro BpeMeH,
AaHHbIE KaXA0ro 13 6110K0B CO6MPal0TCs HENpPepbIBHO

W COXpaHAIOTCH B NamsTh. 3aTeM OHW 06pabaTbiBalOTCS
cpeacteamu LIOC ans aHanusa 3aBUCMMOCTH curHana ot
BPEMEHM, MO YacTOTE M MO MOAYNAUMM. B 06bIuHbIX pexxumax
CMEKTPaNLHOro aHanuaa aHannusaTtop CnekTpa B peasnbHoM Maclutabe
BPEMEHM MOXET UMUTUPOBATL PaboTy aHanu3aTopa ¢ pa3BepTKou
nyTeM CTyneH4YaToi NepeHacTPONKN PaAN0YaCTOTHBIX BXOAHbIX
Lieneit B AnanasoHax 4acToT, MPeBOCXOAALLMX MAKCUMANbHYO
nosocy YacToT B peanbHoOM Maclutabe BpemeHn. [JononHuTensHsle
CBELIEHUS MOXHO HalTV B rnase 4.
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(0 = O6nacTb 4acTOTHON Macku
a 2)

——

o

CuHxpo-
HW3aUus

Puc. 1-7. CuHXpOHN3ALMS B 4aCTOTHOM 00/1aCTH B PEAsbHOM MAcLLTabe
BDEMEHM C UCTI0Mb30BAHNEM YACTOTHOM MAcku

Ha puc. 1-6 n3obpaxkeH NpoLecc perucTpaumnu 610ka AaHHbIX.
OH obecneunsaeT HeNpepbIBHbIA 3axBaT B peansHoM Maclutabe
BpemeHn. Kaxxpas peructpaums curiana obecneunsaet
HenpepbIBHYHO 3annCh BCEX KaapoB 6710ka, HO MeX Ay 6aokamu
0CTarTCs paspbisbl. [ocne 3aBepLueHns 06paboTku curHana

B 0JHOM 3annCaHHOM 6/10KE HAYMHAETCS PErncTpauns LaHHbIX
cnegnytowlero 6noka. Mocne coxpaHeHus 6110ka B NamMsTh MOXHO
BbINOMHNTD NtoOble U3MEPEHMS B peanbHOM MacliTabe BPEMEHM.
Hanpumep, curHan, 3an1canHblii B pexxume CrnekTpanbHoro aHanusa
B peanbHOM MacluTabe BpEMEH!, MOXHO MPOaHANM3npoBaTh

B PEXWUME [EMOAYNALAN 1 BO BPEMEHHOM PEXNME.

Yucno kappos B 6710Ke MOXHO ONPeAenuTb feNeHeM AnHbI
perucTpaunu Ha AnuHy Kagpa. [AnvHa peructpaumm, BBeeHHas
nonb30BaTenemM, OKpyrnaeTcs TakuM 06pa3om, 4Tobbl B 6110Ke 6bIN0
Lienoe uncno kapapos. MakcumanbHas AfMHa perucTpaumn BapsupyeT
OT HECKOMbKNX CEKYHA A0 HECKOMbKNX JHEW U 3aBUCHT OT
BbIGPAHHOr0 YaCTOTHOTO AnanasoHa N3MepeHUi 1 rnyouHbI NaMsTy
npuéopa. MpuMepb! ANs KOHKPETHLIX aHanu3aTopoB CnekTpa

B peanbHOM Maclutabe BpeMeH NpuBEAEHb! B rnase 4.

CMHXpOHM3auus B peanbHOM MacliTabe BpeMeHu

B 6onblunHcTBE Nprbopax Ans CNeKTpanbHOro aHanuaa [onroe
BpeMSsi He0CTaBano pas3BuTbIX (OYHKLMIA CUHXPOHM3ALMK.
AHanusatop cnekTpa B peanbHoOM MacluTabe BpEMEeHU — NepBblil
aHanu3aTop, B KOTOPOM peann3oBaHa CUHXPOHU3ALMS B YACTOTHOM
06N1aCTh B peanbHoM MacluTabe BPEMEHW U [pyriie UHTYUTUBHO
MOHSATHbIE PEXWUMbI CUHXPOHU3ALNK B [OMONHEHWE K NPOCTOM
CUHXPOHM3aLMN Ha ypoBHe MY 1 BHELLIHEeN CUHXPOHM3ALUM.
CyLiecTByeT MHOXECTBO MPUYKH, MO KOTOPbIM 00bI4YHAS CXeMa
aHanuaaTopa CnekTpa ¢ passepTkon He NoAXoAuT ANs
CUHXPOHW3aLMK B peanbHoM BpeMeru. OCHOBHas U3 HUX Ta, YTo

B aHanM3aTope ¢ pa3BepTkon COOLITUE CUHXPOHU3ALMM UCTIONb3YETCS
AN 3anycka passepTku. C Apyroit CTOpOHbI, B aHanu3aTope
CNEeKTpa B peanbHOM MacluTabe BpeMeHu CobbITUE CUHXPOHU3ALNK
UCMONb3YeTCs B KAYECTBE TOYKM O0TCHYETA BO BPEMEHMN ANS
HenpepbIBHON perncTpauny curHana. 3to no3sonserT
peanu3oBath HECKONBKO AOMOMHUTENbHBIX (DYHKLMIA, Hanpumep
BO3MOXHOCTb COXPaHUTb MHAOPMALMIO KaK [0 , Tak 1 nocne
MOMEHTa CUHXPOHM3aLmK. Moapo6HbIe CBEAEHNS O CUHXPOHK3ALMM
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# Spectrum Olfsel (frame): -142

el Time 5/4; Measurermenit OFT

Puc. 1-9. Vcrionb30BaHue YacTOTHONM MAacky ANisi CUHXPOHU3AUMH 10 0CO6OMY
CUrHasy B CIIOXHbIX CMIEKTPASIbHBIX YCIOBUSIX

B peasibHOM MacwTabe BPEMEHU NPUBEAEHDI B IN1aBe 2.

Ele oaHa BaxHas 0COBEHHOCTb aHANM3aTOPOB CNEKTPa B peanbHOM
macwtabe BPEMEHN — CMHXPOHM3auUna no YaCTOTHOW Macke

B peanbHOM MacluTabe BpeMeHW, No3BONAOLLAs Nofb30BaTENtO
YCTAHOBUTb CUHXPOHM3ALMIO NO BblﬁpaHHbIM COObITUSIM B YACTOTHOM
obnactu. Kak nokasaHo Ha puc. 1-7, Macka onpefenseT Habop
YCNOBWA B Npefienax nonockl NponyckaHus npubopa B peansHoM
macwtabe BPEMEHMU, NPUBOAALLNX K NOABNEHUIO cOo0bITHS
CUHXPOHM3ALUNN.

M6Kast CMHXPOHWU3ALMS N0 YACTOTHON MacKe — MOLLHOE CPeACTBO
HaIeXKHOr0 0BHAPY>KEHUS 1 aHanN3a AMHAMUYECKIMX PAAMOCUTHANOB.
Kpome Toro, 3Ty (yHKLMIO MOXHO MUCMOMb30BaTh ANS NPOBEAEHMS
N3MEPEHNIA, KOTOPbIE HEBO3MOXHO BbIMOMHUTL C MOMOLLbIO 06bIYHbIX
aHanu3aTopoB CMeKTpa, HanpuMep 3axsata HeCTaLNOHaPHbIX
COGbITHI C HEBLICOKUM YPOBHEM CUTHana, NPOMCXOAALLMX Ha (poHe
60nee MOLLHbIX paAMocurHanos (cM. puc.1-8) n o6HapyxeHus
NepUOANYECcKM NOSBNAKOLLMXCS CUrHANOB HA 3afaHHbIX YacToTax
B CNOXHOM YaCTOTHOM CnekTpe (cM. puc. 1-9).
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Puc. 1-10. OtobpaxkeHne crekTporpammbl

HenpepuBHblﬁ 3axBaT CMrHana u cnekTporpamMmma

Mocne TOro Kak onpefeneHb! yCroBns 3arnycka B peansHoM
Mactutabe BpeMeH 1 Mpubop NOATOTOBIEH K HAYany perucrpaumu
curHana, aHanusartop crekTpa B peajbHoM Maclutabe BpeMeHu
HernpepbIBHO ULLET BO BXOJHOM CUrHane 3ajaHHoe cobbiThe
CUHXPOHM3aLMK. Bo BpeMs 0XXnAaH!s 3TOro COObITUS HEMPEPBLIBHO
npou3BOAUTCS NpeobpasoBaHue curHana B LUUpoByto hopmy

1 nepefiava AaHHblx B 6ydep 3axBaTa, OPraHU30BaHHbI B BUAeE
04epean («nep.blit BOLLEN-NEPBLIA BbileN»), B KOTOPOM 6ornee
CTapble iaHHble YAansTCs N0 Mepe HakonneH!s HOBbIX. TakuM
06pasoM, npu 06HapY>KeHUN COBLITUS CUHXPOHM3ALMM B NaMATH
aHanusatopa HaxoAsaTCs Kak AaHHble, MpeaLecTByoLLmne 3TOMY
COOLITUIO, TaK U laHHbIE, CNIEAYIOLLME 33 HUM.

Kak 6bI10 onucaHo paHee, 3TOT NPOLECC 06eCneUnBaeT HeMpepbIBHYO
permcTpaumio 3afaHHoro 6noka, B Npefenax kotoporo curHan
npeacTaBfieH HEeMPepPbIBHOW NOCNeJ0BATENbHOCTbIO BbIGOPOK BO
BpeMeHHon o6nacTu. Mocne CoxpaHeHns 3TUX AaHHbIX B NaMsaTH
OHM JOCTYNHbI Anst 06paboTkyu 1 aHanu3a ¢ UCMob30BAHNEM
pas3fnyHbIX CNoco60B 0TOOPAXKEHNS, HANPUMEP MOLLHOCTb

B 3aBMCUMOCTU OT YaCTOTbl, CIEKTPOrpaMMbl U NPeACTABNEHNS

B HeCKOMbkux o6nacTax. CobpaHHble LaHHble COXPAHAOTCS

B NamsT¥ C MPOM3BOMbHBLIM AOCTYNOM O TexX nop, noka nosepx
HWX He OyoyT 3anucaHbl AaHHble CNEAYHOLLEN perncTpaumnm; Kpome
TOr0 [aHHble MOXHO 3anucaTh Ha BHYTPEHHWUIA XXECTKUI [NCK
aHanusartopa cnekTpa B peajbHOM MacluTabe BPEMEHU.

CnekTporpaMmma — BaxKHOe M3MepeHue, obecneymnBarLlee
WHTYWTUBHO MOHATHOE 0TOBPAXKEeHWe 3aBUCUMOCTH YacTOTbI

W aMmnanTyAbl OT BpeMeHu. 10 ropu3oHTanbHONW 0CK NpefcTaBeH
TOT XK€ [ManasoH 4acToT, YTO U NP 0TOBPaXKEHUN 3aBUCUMOCTU
MOLLHOCTM OT YacTOTbl B 06bIYHOM aHanu3aTope. OaHako

B CMeKTporpamMme no BEPTUKANbHON 0CU 0TOBpaXkaeTcs BpeMms,
a amnnuTyaa npeAcTasnieHa uBeToM. Kax/blit «Cnom»
CNeKTporpamMmbl COOTBETCTBYET OAHOMY YaCTOTHOMY CMEKTPY,
BbIYMCNIEHHOMY MO 0HOMY Kaapy AaHHbIX BO BPEMEHHOW 06nacTu.
Ha puc. 1-10 n306pa>keH NpUHUMN NOCTPOEHUS CNEKTPOrPaMMbl
LMHAMUYECKOro CUrHana.

KoHTponbHO-uaMeputensHbie Npubopbl U 060pyaoBaHue
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Puc. 1-11 CuHXPOHHbIE MPEACTaBACHNS: 3aBUCHMOCTb MOLYHOCTH
OT 4acToTk! (crieBa) 1 crekTporpaMma (crpasa)

Ha puc. 1-11 n3obpaxeH CHUMOK 3KpaHa ¢ 4aCTOTHbIM CMEKTPOM
(3aBMCMMOCTb MOLLHOCTYW OT YaCTOTbI) 1 CNEKTPOrPaMMON Ans
curnana, u3obpaxerHoro Ha puc. 1-10. Ha cnektporpamMme camblit
CTapbli Kaap 0TOOPAXKAETCS B BEPXHEN YACTH, & CaMblit HOBbIN —
B HUXXHEW YacTu cnekTporpamMmbl. Ha aToi cnekTporpamme 0To-
6paxkeH pagnocurHar, 4acToTa KOTOPOro U3MEHSIETCS CO BPEMEHEM.
Kpome TOro, BbISIBNEH HECTALUMOHAPHbIA CUrHAN HEBOMBLLOIO YPOBHS,
NOSBNSIOLNACS W UCHE3atoLWmMin B KOHLe 610ka. MocKonbky faHHble
XPaHATCS B NaMsT, BO3MOXHA 06paTHast MPOKPYTKa CNeKTPOrpaMMbi
BO BPEMEHM C NOMOLLbIO Mapkepa. Ha puc. 1-11 Mapkep HaxoauTcs
Ha M3006PaXKEeHNUN HECTALMOHAPHOrO COBbLITUS Ha CEKTPOrpaMme.
B pesynbTate B OkHe cnekTpa 0To6paXkaeTcs 3aBUCUMOCTb
MOLLHOCTYW OT YaCTOTbl ANst BbIGPAHHOTO MOMEHTA BPEMEHM.

CMHXpOHHbIVI aHanu3 B HECKONbKKUX 0bnacTsax

Mocne perncTpaunn curHana u CoXpaHeHns ero B NamsaTi
NPOM3BOAMTCS aHanu3 curHana ¢ UCnofb30BaH1eM Pa3HO0OPA3HbIX
CUHXPOHHbIX NPEACTABNEHWHA, NPeSyCMOTPEHHbIX B aHanM3aTope
cnekTpa B peanbHoM MacluTabe BpeMeHu. MpuMepsbl aHanuaa
npuBefieHbl Ha puc. 1-12 (Ha cnegytoLlei cTpaHuue).

OT0 CpPeAcTBO 0COGEHHO NONE3HO NMpu 0TNafKe YCTPOUCTB

W ONpeeneHnn xapakTepUCTUK curHanoB. Bee nepeuncneHHble

N3MEPEHNS BbIMOMHAKTCS HA OHOM M TOM XKe Habope BbI6OPOK

BO BPEMEHHOI 0611acTh, 4TO 06YCNOBNMNBAET ABA CYLIECTBEHHbIX
MpenMyLLecTBa LaHHON CXeMbI.

> KOMMNEKCHbIN aHann3 curHana B YacToTHON U BPEMEHHOM
obnacTsx 1 B 061acTM MOAYNSLMM HA OCHOBE OJHWX U TEX
Xe aHHbIX.

» ConocTaBneHne pas3nuyHbix 061acTei, YTO NO3BONSET NOHSATD,
Kak CBsi3aHbl OT/AeMNbHbIE COObITUS B YACTOTHOM U BPEMEHHOM
06nacTsx, a Takxe B 0611aCT MOAYNALMM Ha 00LUEi LwKane
BPEMEHM.
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OcHOBbI aHanusa CneKTpa B peajibHOM MmacwTabe BpeMeHu
>

YacToTHan obnacTe

BpemenHana obnacte

VL

3aBUCUMOCTE MOLIHOCTH 3
OT BPEMEHM

QOBnacTe MOAYNAL UK

Th MOWHOCTH G
OT 4acToTh!

~<«——— Heckoneko obnactel ——»

Cnekrporpamma

Koporpamma

Puc. 1-12. [Tpumepsi HECKOMbKMX CUHXPOHHBIX USMEDEHUA, C MOMOLLbIO
aHann3aropa CrekTpa B peasibHoM Maclutabe BpeMeHu

B pexxume aHanusa crextpa B peanbHOM MacluTabe BpeMeHi
aHanusartop obecneynsaeT ABa CUHXPOHHBIX NPeACTaBNeHus
3aXBAYEHHOr0 curHana: 3aB1CMMOCTb MOLHOCTW OT YaCcTOTbI
W cnekTporpammy. 3Tu ABa NPeACTaBNEHNS n306paxeHl

Ha puc. 1-11.

B apyrux pexumax u3mepeHus B peanbHoMm Macluitabe BpeMeHu,
npeAHa3HayYeHHbIX AN1s aHanu3a B0 BPEMEHHO 061acTh u 061acTu
MOJYNSLMK, HA aHanU3aTope 0To6paxarTCs HECKOMbKO
npeAcTaBfeHunid 3axBa4eHHOr0 CUrHana, kak nokasaHo Ha

puc. 1-13 n 1-14. OkHO B NEBOI BEPXHEN YaCcTV 3KpaHa Ha3bIBAETCS
0030PHbIM; B HEM 0TOOpaXKaeTCs 3aBUCUMOCTb MOLLHOCTH OT
BPEMEHN UK cnekTporpamMma. B 0630pHOM OKHe Npe/CcTaBneHb
BCE 3aperucTpupoBaHHble AaHHbIe 6510ka. OTO OKHO CAYXUT
yKasarenem npu paboTe ¢ Apyrumu OKHaMW aHanusa.

OkHo Bepxy cnpaBa (06BefjeHHOEe MypnypHOI paMKoid) Ha3biBaeTCs
OKHOM [J0MONHUTENBLHOTO NpeAcTaBNeHNs. B Hem oTobpaxaeTcs
Ta Xe 3aBUCUMOCTb MOLLHOCTM OT YacTOTbl, YTO U B PEXUME
aHanuaa cnekTpa B peanbHOM MacliTabe BpeMeHu. Kak 1 Ha
9KpaHe, M306paxeHHOM Ha puc. 1-11, B 3TOM OKHe 0To6paxaeTcs
CMEKTP OAHOTO Kaapa AaHHbIX; AN NpOCMOTPa CnekTpa B 6o
MOMEHT BPEMEHM OKHO MOXXHO MepeMeLLaTh No BCei ANMHE 3anuc.
OTa onepaums BbINONHAETCS NyTEM HACTPOWKM CMeLLeHUs crnekTpa
B MEHI0 BPEMEHHbIX NapaMeTpOB aHanu3aTopa CrnexkTpa B peansHoM
MacTabe Bpemenn. Kpome Toro, B 0630pHOM OKHe OTMEYEHO
NyPNyPHON NMHWUEN NONIOXEHWE BO BPEMEHM, COOTBETCTBYHOLLEE
0TO6PaXXEHUIO B YaCTOTHON 0611aCTU B OKHE LOMONHUTENBHOMO
npeAcTasneHus, 06BeJeHHOM NypPNyPHON PaMKOM.

OKHO B HWUXXHEI YacTyi 9kpaHa (06BefjeHHOe 3ef1eHON PamKoMn),
Ha3blBaeTCS OKHOM aHanu3a Ui OKHOM OCHOBHOIO NPeACTaBNEHUS;
B HEM 0TOOPAXXAKTCS Pe3ynbTaThl BbIOPAHHOTO U3MEPEHMS
BPEMEHHbIX NapaMeTPOB UNN MOAYNALMM.

KoHTponbHO-uaMeputensHbie Npubopbl U 060pyaoBaHue
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Acquisition | ength:
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Puc. 1-13. [pocMoTp HECKOMbKMX 001aCTEH: 3aBUCMOCTb MOLHOCTY OT
BPEMEHM, 3aBUCHMOCTb MOLYHOCTH OT YacTOThbI M YACTOTHAsS
LAeMoaynsums

cquisitlon | ength:

1 2
Marker X Pualtl!il
(Hz) x

Markers

Off Singke  Della

Puc. 1-14. [pocMOTP HECKONbKUX 06NIACTEN: CIEKTPOrpamma, 3aB1cuMOoCTb
MOLYHOCTY OT YacToTbl M MOLYHOCTH OT BPEMEHN

Ha puc. 1-13 n3obpaxkeH npumep aHanuaa 4acTOTHOW MOAYNALMK,
a Ha puc. 1-14 — npumep aHanu3a 3aBUCMMOCTM MOLLHOCTK OT
BPEMEHU Ans HecTauMoHapHOro npouecca. Kak u fononHuTensHoe
OKHO NPOCMOTPA, OKHO aHann3a, 06BeAEHHOEe 3e/1EHON PaMKOA,
MOXET ObITb pa3MeLLEHO B NO6ON TOUKe 3anucu, 0Tobpakaemoil
B OKHE 0630pa; NONOXEHUE 3TOr0 OKHA OTMEYEHO 3€NEHbIMMU
nuHuaMu. Kpome T0ro, npedycMoTpeHa rubkas HacTpoika
LUMPWHBI OKHA aHanuaa Ha pas3mep, MeHbLUUA UK 60MbLLKIA
O[HOr0 Kazapa.

CVHXPOHHBI aHanu3 B HECKOMbKMX 0651acTax obecneymBaeT
PasHO06Pa3HbIE BO3MOXHOCTW MACLITAOMPOBAHNSA 1 TLIATENBHOIO
N3y4eHns pasnuuHbIX YacTen 3aperncTpupoBaHHOro paanocurHana
C NOMOLLBIO Pa3NNYHbIX CPEACTB aHanu3a. HavanbHble CBEAEeHMS
00 3TUX N3MEPEHNAX NPUBELEHbI B rnase 3.
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OcHOBbI aHanusa CneKTpa B peajibHOM MmacwTabe BpeMeHu

» HayanbHoe pykoBOACTBO

IMABA 2. PaboTa aHanu3aTopa cnekTpa B peasibHOM
MacwTabe BpeMeHU

CoBpeMeHHble aHanM3aTopbl CNekTpa B peanbHoM MacluTabe
BPEMEHN CNOCOBHBI PErnCTPUPOBATh CUrHan B Moo nonoce
4acToT (AManasoHe) B npefenax BXOAHOrO AvanasoHa 4acToT
aHanusartopa. 9Ta BO3MOXHOCTb PeanuayeTcs 3a cyeT
npeobpa3oBaTens 4acToTbl PaAMOCUIHANOB C NMOHWUXKEHNEM
4acTOTb! W LUMPOKOMONIOCHOTO TPaKTa NPOMEXYTOHHOM YacTOTbI
(MY). Curnan MY npeobpasyeTcs B UMHPOBYO (HOPMY C MOMOLLLHO
ALM, n panbHenwnin aHanus Npom3BoanNTCS B LMCHPOBOM BUAE.
[Mpeobpa3oBaxue U3 BPeMeHHOM 061acTy B YaCTOTHYHO BbINOMHAETCS
C NOMOLUbt0 anroputMa 6bicTporo npeobpasosanue Oypbe (BMNO);
nocneaytowas 06paboTka No3BONSET NPeACTaBNSATL CUrHAN B BUAE
CcneKkTporpamMm, KOAorpamm 1 Apyrumu cnocobamu.

YnayHas cxema aHanusatopa peajibHoro BpeMeHu 0Tim4aeTca
HEKOTOPbIMWA OCHOBHbIMU XapakTepucTnkamu.

» AL, o6ecneunatoLumii npeodpasosaHue B LMdposyro hopmy
cvrHan BO BCeli MONOCE 4YacToT peanbHOro BPEMEHN C TOYHOCTbIO,
[OCTATOYHOW ANt BbINONHEHUS HYXKHbIX M3MEPEHNH.

> BCTpoeHHaﬂ cucTeMa aHanuaa curHana, obecnevusaioLlas
HECKOJIbKO coBnaakLmx no BpEMEHN I'Ipe,llCTaBﬂeHI/IVI
ncecneayemoro curHana.

» Obbem namsiTv 3axsara U MOLUHOCTb CPEACTB LMchpoBOM
06paboTku curHana, [OCTaTouHbIe Ans HeNpepbIBHOM PerncTpaummn
CUrHana B peanbHoM MacliTabe BPEMEHN B TeYeHWe 3aaHHoro
WHTEpBana.

» MoLHocTb CpeAcTB LMdpoBoi 06paboTKM cUrHana, [oCTaTouHas
NS 06eCneyeHns CUHXPOHM3aLNN B 4acTOTHOW 06nacTy
B peanbHOM MacluTabe BpeMEeHM.

B aT0il rnase nNpuBeAeHO HECKONBKO CTPYKTYPHbIX CXEM OCHOBHbIX
ONIOKOB PerucTpauny 1 aHanusa, NpUMEHSIEMbIX B aHanu3aTope
cnekTpa B peanbHoMm maclitabe speMenu Tektronix. Onucaxue
HEKOTOPbIX AOMOMHUTENbHBIX (DYHKLMIA (BTOPOCTENEHHbIX 61I0KOB
CUHXPOHM3ALMN, KOHTPONNEPOB KNaBMaTypbl U Aucnnes U T. n.)
ONYLUEHO ANS YNPOLLEHUS N3NOXEHNS.

Lindbposas obpaboTka curHanos B aHanu3aTopax crnekTpa
B peasnbHOM MacLwiTabe BpeMeHM

B aHanusartopax cnektpa B peanbHoM Maclutabe BpemeHu Tektronix
NPUMEHAETCS COYETaHNE aHanoroBom 1 LMgpoBoit 06paboTku
curHana ans npeobpasoBaHns paguMoCUrHaNoB B pesynbraThl
KanubpOoBaHHbIX M CUHXPOHHbIX M3MEPEHMIA B HECKOMbKMX 061aCTSX.
B aTom pasgene onucaHa umdposas YacTb TpakTa 06paboTku
CcUrHana B aHanu3aTope CrnekTpa B peanbHOM MacliTabe BpEMeHM.

Ha puc. 2-1 n3o6paxeHbl 0CHOBHbIE 6110KM LMcpoBOI 06pabOTKH,
ncnonb3yemble B aHanuaatopax cepum Tektronix RSA. AHanorosblit
curHan MY nponyckaeTtcs yepes NonoCcoBOK ULTP

1 npeobpasyeTcs B Lnposyto chopmy. B npouecce npeobpas3osaHms
C MOHUKEHNEM YACTOTbl ¥ MPOPEXMBAHMS aHaNOoro-LngpoBbIe
BbI6OPKM curHana npeobpasytoTes B NOToku cuHdhasHom (1)

1 kBagpaTtypHoit (Q) cocTaBnsroWmx curHana Moaynsaumu. bnok
CUHXPOHWU3aUmMK 06Hapy>XMBAET COCTOSIHUS CUrHana, No KOTOPbIM
MPON3BOANTCS yNpaBNeHne perncTpaunei  BpeMeHHbIMN
COOTHOLWeHuaMU. Mogynupytowme curhansl | v Q, a Takxe

10 www.tektronix.com/rsa
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Puc. 2-1. brok-cxema LmghpoBoro npeobpasoBaHms CUrHanoB
B aHanm3artope CriekTpa B peasbHoM Maclutabe BpeMeHn

Ananorosan M4

OHH ¢ niepemerHoi NoNoco MponycKars
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| Uncpposoid | . -
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Sn
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©HY ¢ nepemerHoit

NGNOCOH NPONYCKAHUA
ToHwKEHME HACTOTBI M NPOPEXHBAHKE

,'Jal-menm;\\,'r||4|:>y|13|.1.e|'c$
CHrHANA BO BPEMEHHON 06nacT

:

Puc. 2-2. Brok-cxema unghposoro npeobpasoBatensi ¢ oHWKEHNeM
yacTors!

MHOPMALNS CUHXPOHW3ALMKM UCMONb3YIOTCS B CUCTEME LMGPOBOIA
06paboTKM MOLYAMPYIOLLEro curHana Ans BbINOSHEeHUs
CNeKTpanbHOro aHanuaa Ha ocHose BI®, aHanu3a moaynsuuu,
N3MEPEHUS MOLLHOCTY, N3MEPEHNS BPEMEHHDBIX COOTHOLLEHMI

W CTAaTUCTNYECKOrO aHanmsa.

Mpeo6pasoBatens MY B umdposyto hopmy

B aHanusartopax cnektpa B peanbHoM MacluTabe BpemeHu Tektronix
00bI4HO NPON3BOANTCS NpeobpasoBaHmne B LMPOBYLO HopMy
CUrHana B Nooce YacToT C LIEHTPOM, NIeXaLlmM Ha MpOMEXKYTOUHOM
yactote (MMY). 3ta nonoca 4acToT (aAManas3oH) COOTBETCTBYET
CaMOM BbICOKOM 4acToTe. ANS KOTOPOW BO3MOXEH aHanu3

B pearnbHoM MacluTabe BpemeHu. BbinonHeHne npeobpa3oBaqus

B UncppoByto hopmy Ha M4, a He Ha NOCTOSHHOM TOKE Uiu
4acTOTe MOAYNSAUMM, AaeT HEKOTOPbIE MPEUMYLLECTBA Npu
UnchpoBoiA 06paboTke curHana (M3bupaTenbHOCTb N0 MOGOYHOMY
kaHarny, NofaBneHne NOCTOSHHOM COCTaBNSAOLEN, pacLUMpeHie
AMHAMWYECKOro AnanasoHa v T. M1.), HO Npu 3TOM TpebyoTcs
[OMOJHUTENbHbIE BbIYMCNEHUS ANs DUNLTPALMK M aHanm3a no
CPaBHEHUIO C HEMOCPEACTBEHHOM 06paboTKoi. B aHanu3aTopax
cnekTpa B peanbHOM MacluTabe BpeMenu Tektronix ans

www.tehencom.com
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Curwan M4

LY

Lindbposoit curian MY

Puc. 2-3. [laHHble, OTHOCALMECS K 110SI0CE YaCTOT, XPAHATCS B [IOTOKax
I n Q, paxe npu BABOE MEHbLLEH YacToTe AUCKpeTM3aLmm

npeobpasosanus MY B curHansl Mogynsaumm | 1 Q ¢ achdhexTuBHOM
4acTOTOM BbIOOPKM, AOCTATOYHOW ANS BbIGPAHHOrO AnanasoHa
4acToT, UCMOMNb3yeTCs LMGPOBON NPeodpasoBaTeNb C MOHUKEHUEM
4acToTh! (pUC. 2-2) M YCTPONCTBO NPOPEXMBAHMS.

LiucbpoBoii npeobpasoBaTtesib ¢ NOHMKEHNEM YacTOTbI

lMpeobpasosaHue curHana M4 8 uudposyto dopMy Npon3BoAUTCS
C yacToToi Bbibopku FS. 3aTtem npeobpas3oBaHHbIi B LMPOBYHO
copmy curHan MY nopaetcs Ha ungpoBoi NpeobpasoBaTesb

C NOHWXeHWeM 4acToTbl. Lindposoii reHepatop, nmerownincs

B Npeobpasosartene, reHepupyeT CMHYCONAanbHbIA

W KOCMHYCOMAAMbHBIA CUTHAMbI Ha LIEHTPanbHOW YacToTe
nucenepyemoro auanasona. [pon3soanTes LiMpoBoe NepeMHOXEHME
CMHYCOMAANBHOTO M KOCUHYyconaansHoro curkana ¢ M,
npeo6pa3oBaHHoi B UMHPOBYIO POPMY, B pesynbTarte Yero
reHepupyTCS NOTOKK BbIGOPOK ornbatoweit | u Q, cogepxalime
BCI0 MHEOPMaLNIO, MMEKOLLYIOCS B MCXOAHOM curHane Y. 3atem
noToku | 1 Q NponycKarTCs Yepes HU3KOUYACTOTHbIE (PUALTPBI

C perynupyemoi nonocoi nponyckanus. Yactora cpesa
HM3KOYACTOTHbIX (PUILTPOB M3MEHSETCS B 3aBUCUMOCTY

OT BbI6PAHHOrO AnanasoHa.

KsappatypHble Mogynupytowme curhans (I v Q)

Ha puc. 2-3 n3obpaxkeH NpoLece BblfeNeH!s Nonochl 4acToT

1 Npeobpa3oBaHns ro B MOAYNMPYHOLLMIA CUTHAN C MOMOLLbHO
KBaZpaTypHOro NpeobpasoBaHns C MOHUXXEHNEM YaCTOTbI.
WexopnHbiid curian MY 3aHnMaeT nonocy 4acToT OT nonyTopa
4acToT BbIGOPKM [0 YACTOTbI BbIGOPKK. Bo Bpems BbIGOPKM
co3aaeTcs 06pas curHana, nexalluii B noaoce 4actoT OT HyNs Ao
MONIOBUHbI YaCTOTbI BbI60pKVI. 3arteM curHan nepemMHoXaeTcs

C KOrepeHTHbIMK CUHYcoMaasibHbIM U KOCUHYCOMAANbHbIM CUrHanamu,
nexaluuMn B LEHTPE Uccnedyemon nonocsl 4actoT. B pesynsrate
nonyvatotcs curHansl mogynauuy | v Q. Mogynupytolume curHans!
MMET ,ﬂeﬁCTBMTeﬂbele 3Ha4eHua U CUMMETPUYHbI OTHOCUTENBHO
Ha4ana KoopauHar. B nonoxutenbHbIX u 0TpuuaTenbHbIX YacToTax
COAEPXNTCS OfiHA W Ta Xe MHopmaums. B aTux AByx curHanax
COAEPXUTCA BCA VIHCbOpMaLl,I/IFI, HannyecTBytolllas B UCXOAHOM
MOLYNupYtoLLeM curHane. Tenepb MUHUManbHas Heobxoanmas
4acToTa MOAYNSLUNM COCTaBNSIET NONOBUHY OT UCXOAHOM YaCTOTbl
mMoaynauun. 3aTeM MOXHO npopeanTb 3TU OTCHYETbI BABOE.
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[vanason TMpopexuBanue (n) AddexTuBHasA PaspeLeHue
yacToTa 110 BpeMeHu
AMCKpeTU3aLmMmM
15 MIy 2 25,6 MBbi6/c 39,0625 He
10 MTy 4 12,8 MBbli6/C 78,1250 He
1 MIy 40 1,28 MBbI6/C 781,250 He
100 Kkl 400 128 KkBbIO/C 7,81250 He
10 kL 4000 12,8 KBbIO/C 78,1250 He
1 kML 40000 1,28 KBbIG/C 781,250 He
100 My 400000 128 BbIb/C 7,81250 mc

Tabnunya 2-1. HexoTopsie 3Ha4eHus A1ana3oHa, MpopexuBaHus
1 3QHhEKTUBHOM HacTOTbl SUCKPETH3ALMN
(Tektronix RSA3300A n WCAZ200A)

MpopexuBanue

CornacHo Teopeme Haiiksucta (KoTenbH1KOBa — NpuM. nepes.)
ANs 0TOOPaXKEHNS cUrHana B 3aaHHoN NoNoce YacToT AOCTATOUHO
AenaTb BbIGOPKYW C YacTOTOW, BABOE NPEBbILLAIOLLEN BEPXHIOK
4acToTy UCCNEAYEMOro auanasoHa. Bpems v yactota aBnstoTcs
B3aWMHO 06paTHbIMU BeMYMHAMK. [Ins M3y4eHns HU3KOYACTOTHbIX
CUrHanoB HeOBX0AMMO HABMIOAATL MX HA 3HAUUTENbHbLIX MHTEpPBANax
BpemeHu. popexxmBaHne UCNonb3yeTcs Anst JOCTUXEHMS
PaBHOBECUS MEXJY Anana3oHOM, BpeMeHeM 06paboTku, ANNHOM
3anucK 1 UCMoNb3oBaHNeM NamsTy.

Hanpumep, B aHanu3aTtopax cepuu Tektronix RSA3300A npu npeo-
6pa3oBaHuu B UncpoByo PopMy curHana ¢ nonocom 4acToT

15 MIy ncnonbayeTcs vactoTa Bbi6opku AL 51,2 MBbi6/c.
OpchekTuBHAS YacToTa BbIGOPKM curHanos | n Q ans atoro
15-MIy ananasoHa, nonyyYeHHbIX Nocne Lmdposoro npeobpasoBaqus
C NOHWXKEHNEM YaCTOTbI, (hUNbTPALMKM U NPOPEeXUBaHUS, paBHa
MONOBWHE UCXOAHOW YaCTOTbI BbIGOPKKM, TO €CTb 25,6 MBbLIG/C.
CYMMapHO€ KONIMYECTBO BbIGOPOK HE UMEHUNOCH, MOCKONBKY
BMECTO 0fiHOr0 Habopa BbIGOPOK C YACTOTON AMCKPETU3aLMN

51,2 MBbI6/C coxpaHseTcs ABa Habopa BbIGOPOK C 3hEKTUBHOM
yacToTon 25,6 MBbIO/C KX Abli. [lanbHeiiliee NpopexuBanne
NPOM3BOANTCA AN1S B0ONEe Y3KMX Anana3oHoB YacToT; B pesynbrare
6onee NPOJOMKMTENbHAS BO BPEMEHN 3annCh 3aHUMAET TO Xe
uncno BbIGOPOK. HefoCcTaTKoM yYMeHbLLeHUst aDeKTUBHON
4acTOTb! BbIGOPKM SBNSAETCS CHUXKEHUE PA3PELLEHNS N0 BPEMEHN.
MpenmyLiecTBOM yMeHbLUEHNS 9EKTUBHOK YaCTOTbl BbIGOPKM
SBNSAETCS COKpaLeHne 06beMa BbYUCTEHNIA U pa3mepa
MCNONb3yeMOoi NaMaTh Ans 3anucu ¢ 3afaHHom
NPOAOMKMUTENBHOCTHIO, KaK NoKa3aHo B Tabn. 2-1.

BnusiHue 4acToTbl BbIGOPKM BO BPEMEHHOM W YacTOTHOI
obnactax

[MpopexuBanue, Ucnonb3yeMoe AN yMeHbLleHUs aheKTUBHOMK
4acToTbl AMCKPETN3aLMM, OKa3blBAET BNINSIHUE HA BaXHble
napameTpbl N3MEPEHNI B YACTOTHOM M BPEMEHHOW 06M1acTsX.
[MpuMepsbI C LWMPOKUM W Y3KUM [Mana3oHOM YacTOoT MokasaHbl Ha
puc. 2-4 v puc. 2-5. bonee nofpo6bHOe onucaHue 1 JONONHUTENbHbIE
npuUMepbl NPUBELEHb! B rnase 4, B pasfesie 4acTo 3ajaBaeMbix

BOMPOCOB.
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LLinpokuii ananasoH Y3Kuii avanasoH

[nana3oH 15 My 1k
YacToTa BbIGOpKM 51,2 MBbib/c 51,2 MBbl6/C
[popexxmsaHue 2 32000
OchchekTBHAsS YacToTa AMCKPETH3ALMM 25,6 MBbi6/c 1,6 kBbI6/C
BpemenHas obnactb

Pa3peLLeHne BO BpeMeHHOI 06nacTu (Bbi6opKa) 39,0 HC 625 mKe
PaspeLuenne no BpemeHn Ans CnekTporpammbl (AAnHa kaapa) 40,0 Mkc 640 mc
MaxkcumansHas anuna sanuci (06bem namsitn 256 MB) 2,56 ¢ 11,4 vacos
YactoTHas obnactb

PaspeLuenue no vactoTe (WwmpuHa otcyeTa bro) 25,0 kI 1,56 Ty
LLInpura nonoce! Lwyma 43,7 kI 2,67y
OKBMBANEHTHOE rayCCOBO Pa3peLLEHe No 4acToTe 41,2 kly 2,52 Ty

Tabnnya 2-2. CpaBHeHWe BIMSHNS U3MEHEHUS AMana3oHa Ha NPesCTaBleHNe CUrHaa BO BDEMEHHO 1 4acToTHoM obnacTsix (Tektronix RSA3300A n WCA200A)

B wwupokon nonoce 4acToT 3axBaTta 0TOOpaXKAETCS LUMPOKUiA
A1anasoH YacToT C OTHOCUTENBbHO HU3KUM paspeLLeHnem

B 4acTOTHO o6nacTu. Mo cpaBHeHO ¢ 6onee y3KUMK nonocamu
4acToT 3axBarta YacToTa BbIOOPKM BbILLe, @ Nofioca 4acToT
paspeLueHns Lwmupe. Bo BpeMeHHoW 06n1acTh AnvHa Kafpa MeHblUg,
a paspeLleHne no BpeMenu Bbile. [JnnHa 3anucu B CMbicre
KONIMYECTBA COXPAHEHHbIX BLIGOPOK OCTAETCS TOW XXE CaMOW, HO
9TO YMCNO BbIOOPOK NPEACTABASET MEHbLLUUIA OTPE3OK BPEMEHN.
Ha puc. 2-4 n3obpaxkeH 3axBaT curHana B LIMPOKOW Nonoce
4acToT,a B Tabn. 2-2 NPUBELEH peasbHbIi MPUMeEP.

B y3koi nonoce 4acTtoT, Ha060pOT, 0TOBPaXKAETCS Manblii AuanasoH
4acToT ¢ 6ONbLUMM pa3peLleHneM B 4acTOTHO 0b6nacTy.

Mo cpaBHEHWIO C BoNee LUMPOKUMI NooCcCamMn YacToT 3axBaTa
4acToTa BbIGOPKM HUXE, & MON0CA YACTOT PA3PELLEHNS YKe.

Bo BpemeHHo 06nacTv AnuHa kagpa 60nblue, paspeLueHine

Mo BPEMEHM HUXe, a AOCTyNHas AnuHa 3anucu Co0TBETCTBYET
6onblieMy NPOMeXyTKy BpemeHu. Ha puc. 2-5 naobpaxeH 3axeat
CUrHana B y3kon nonoce 4acToT, a B Tabn. 2-2 npuBefieH peanbHbli
npumep. CneayeT 0TMETUTb, YTO MAcLITab TakMX YMCNOBbIX
napameTpoB Kak pa3peLLeHne no 4acTOTe Ha HECKONbKO NOPSAKOB
BENINYWHBI OTAMYAETCS OT NapaMeTpOB MpM LUMPOKOM NONoce
3axBaTa.

CMHXpOHMSaLlVIﬂ B peaiibHOM MacwTabe BpPEeMeHu

B aHanusaTope cnekTpa B peanbHOM MacLiTabe BpeMeHu

K CPEACTBAM aHanu3a cnekTpa v MOLynsaumu LOOABASHOTCS
BO3MOXHOCTY paboTbl BO BpeMeHHOM 06nacTi. CUHXpOHM3aUms
nMeeT 0C06eHHO 60SIbLLIOE 3HaYeHMe NpK 3axeaTte WHopMaLum
BO BPEMEHHOI 06nacTi. B aHanu3aTope cnekTpa B peanbHOM
MacLUTabe BPEMEHU MMEKOTCS YHUKAmbHbIE (DYHKLIMM CUHXPOHN3ALMY,
06ecneynBaioLLne CUHXPOHU3ALMIO MO MOLYHOCTY W MO YaCTOTHOW
Macke, a TaKk>xe 0ObIYHYI0 BHELLHIO CUHXPOHU3ALMIO

1 CMHXPOHM3ALMIO MO YPOBHIO.

12 www.tektronix.com/rsa

i 1My

15 My 1
LLiupoxkuii auanasoH YaKkuit AuanasoH

Puc. 2-4. [pumep 3axsata
C LUMPOKOM MOMIOCOM YacToT

Puc. 2-5. [lpumep 3axsata ¢ y3koi
110/10COV YacToT

Haubonbluee pacnpocTpaHeHue nonyynna cucTema CUHXPOHM3aLmK,
ucnonb3yemas B ocuunnorpacgax. B 06bi4HbIX aHanorosbix
ocuunnorpacax HabnofaeMblii cUrHan NnoAaeTCs Ha OAMH BXOA,

a CUrHan CUHXpOHM3auun — Ha fpyron. CobbITMe CMHXPOHN3ALMM
BbI3bIBAET 3anyCK rOPU30HTaNbHOK Pa3BepTKM, a aMnanTyaa
curHana otobpaxaeTcs B BUAE BEPTUKANBHOTO CMELLEHNS Ha
KanubpoBaHHON MacluTabHol ceTke. B npocTeiiem cnyyae npu
aHanoroBon CUHXPOHM3ALMM MOXHO HabNAaTh COObITHS,
npoucLUeLLMe NOCAe 3anycka CUHXPOHM3ALWK, KaK nokasaHo

Ha puC. 2-6 (Ha cnedytoLLen cTpanuLe).
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BxoaHoit
CWrHan

CHHXpOHU3ALMA

Oxpan
ocuunnorpacha

Puc. 2-6. CuHXpoHu3aumsi B 00bI4HOM ocumnorpage

CVHXpOHM3aLMs B cUCTEMAX C LMpPOBOI perucTpaumeit
curHana

Bo3moxHoCTb npeacTasnerus n 06paboTku curHana B LMdpoBOM
BUfE B COYETAHUN C BOMbLUION EMKOCTLIO NAMSITV NO3BONSET
3axsarbiBaTh COObITAA, NPOUCXOASLLME KaK 4O MOMEHTA
CWHXPOHU3ALMN, TaK 1 NOCNE HEro.

B cuctemax ¢ umdpoBsoi pernctpaunen curHana, aHanormyHbix
cUCTEME, MCMoNb3yeMon B aHanuaartopax Tektronix, 3anonHexue
namsTh BbI6OPKaMN NPUHUMAEMOTO CUrHanNa OCyLLUEeCTBASETCS

C NMOMOLLbIO aHanoro-uudposoro npeobpasosatens (ALM).
lMpencTtasum cebe, 4TO HOBbIE BbIGOPKM MOCTOSAHHO NOCTYNAKOT
B NamATb, B TO BPEMS KaK CaMble CTapble BbIGOPKM YXOAAT U3
Hee. B npuMepe, n306paxxeHHOM Ha puc. 2-7, Ncnonb3yeTcs
namaTh, HACTPOEHHas Ans xpaHeHus N BbIGOpoK. B HacTynneHnem
MOMEHTA CUHXPOHW3aLMN PErMCTPaLNs CUrHana npekpatlaeTcs,
W cofiepxumoe namsaTu ukeupyetcs. Mpu fobasneHn
nepeMeHHon 3a1ePXKKN B TPAKT CUHXPOHWU3ALMK NOSBNIAETCA
BO3MOXHOCTb 3aXBaTa Kak COObITUI, MPOUCLLEALLMX 1O MOMEHTa
CUHXPOHM3aLWW, TaK W TEX, KOTOPbIE MPOU3OLLIN NOCNE 3TOr0
MOMEHTA.

PaccMoTpum cnyyait, Korga 3agepxkka otcyTcTsyeT. [pu
HaCTyNNeHnn CoBbITUS CUHXPOHWU3ALMM COAEPXKMMOE NaMATH
chukempyeTcs cpasy nocne coxpaHenus BblIGOPKK, OAHOBPEMEHHOIA
C 3TUM COObITHEM. [1amMATb COAEPXKMT BbIGOPKY HA MOMEHT
CUHXPOHM3auuu, a Takxe N BbIGOPOK, MOCTYNUBLLMX SO MOMEHTA
CWHXPOHM3aUuK. B namsaTn coxpaHatoTCs TONbKO COObITUSA

A0 MOMEHTa CMHXPOHU3aLMK.

Tenepb paccMOTPUM CRyYal, KOrjaa 3afepXkka ycTaHoBeHa

B TOYHOCTM paBHOW AnivHe namsTy. Mocne cobbiTus
CUHXPOHM3aLMK M [0 MOMEHTA (huKCcaLun COLEPXKMMOro NamsTy
B namsTb nepefaetcs N Bbl6opok. B namsti coxpaHstoTcs

N BbIGOPOK CUrHana, nocTynuBLUMX NOCNE MOMEHTa
CUHXPOHM3aumMK. B namsati coxpaHstoTcs TONbKO COObITUSA
nocne MOMeHTa CUHXPOHM3ALMH.

Ecnu 3agepyxka yctaHoBNeHa paBHOM 4acTy ANWHbI NaMaTH,
3axBaTblBatOTCA COObITMS, MPOMCXOASALME KaK A0, TaK WU nocne
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mmkciaum Ty =0 Tonbko BIGOPKH [0 CHHXPOHU3ALMN

TdTlepemertad = [InuHa namaTh Tobko BbIGOPKM NOCE CHHXPOHKH3ALIH
— CHHXPOHMIALMA —-] P i

momﬂmum =50% ALl namsT | MONIOBUHA /10 CHHXPOHM3ALIHM, NONOBMKA Nocne

Puc. 2-7. CnHxporm3aus B cucTemax LughpoBoi pernctpaLmm curHanos

CUHXPOHM3aunu. Ecnn 3apep>kka ycTaHoBNeHa paBHOM MoNoBUHE
ANWHbBI NaMsiTH, MONOBUHA COXPAHEHHbIX BbIGOPOK NpeaLecTByeT
MOMEHTY CUHXPOHW3aLMK, a NONOBMHA NOCTYMaeT Mocne 3Toro
MOMeHTa. 3Ta MAest aHanornyHa uaee Ucmonb3oBaHus 3afepXKKi
CMHXPOHM3aUNK B 06bIYHOM aHaNM3aTope CreKkTpa ¢ pa3BepTKoi
B peXXuMe C HyneBbIM Avana3oHoM. OfHaKo B aHanu3aTtope
CneKTpa B peanbHoM MacluTabe BpeMEHN ANIMTENbHOCTL
PETUCTPUPYEMBIX 3annceii HaMHOro 6OMbLUE, U AaHHbIE cUrHana
MOTYT BNOCNEACTBUN BbITb MPOAHANM3MPOBaHbI B YACTOTHOI

1 BpeMeHHoi 06nacTsix 1 B 06nacTv Moaynsiuui. 910 MOLHOe
CPenCTBO, UCTONb3yeMoe B Takux 06acTsX Kak MOHUTOPUHT
CUTHanoB M 0TNajKa yCTPOWACTB.

PeXXMMbl 1 PYHKLIUKU CMHXPOHM3aLMUK

B cB060AHOM peXxxuMe perucTpupytoTcst BbI6OPKM MPUHUMAEMOTO
curHana MY 6e3 yyeta Kakux-nnbo yCnosuit CUHXPOHU3ALNN.
PeaynbtaTbl U3MepeHns cnekTpa, MOAyNsunM u Apyrux napameTpoB
0TO6PaXatTCS N0 MEpe PErmcTpaLMv 1 HAKOMNEHNs cUrHana.

[ins pa6oTbl B CMHXPOHN3UPOBAHHOM peXUMe TpebyeTcs
WCTOYHMK CUrHana CMHXPOHU3ALNK, @ TakXXe HACTPOIKa pasinyHbIX
napameTpoB, ONPEAENSIOLMX YCNOBUS CUHXPOHU3ALMM U [LENCTBHS,
BbINOJHAEMbIE MPUOOPOM B OTBET HA COObITUE CUHXPOHW3ALMM.

Mpw BbIGOPE pexxuma HenpepbIBHOW UM OAHOKPATHOIA
CUHXPOHN3ALMUKU PerucTpaums nosTopseTcs Npu Kaxaom
BO3HWUKHOBEHUM COObLITUS CUHXPOHW3ALMM UMW BbINONHAETCS
OAHOKPATHO MpU KaX /oW akTuBM3aLun nameperns. Hactpoiika
nosioXXeHUs CUHXPOHM3ALUMN BbINONHAETCS B npejenax o7 0 fo
100%; npw 3TOM BbIGUPAETCS, Kakas YacTb 3aperncTpupoBaHHoro
61oka 0TBOANTCS Ha COObITUSA, MPOMCXOASLUME 1O MOMEHTA
CUHXpOHU3auuu. IMpu Beibope 3HaveHust 10% [aHHble 40 MOMEHTa
CUHXPOHU3ALMN COCTABNAOT OJHY AECATYIO YaCTb BbIGPAHHOrO
6110Ka, a faHHble NOCNe CUHXPOHU3ALNN — JEBATb [ECATHIX.
HacTpoiika (hpoHTa CUHXPOHU3aALMM NO3BONSET BbIOPATHL 3aMycK
no HapacTaroLlemy POHTY, HUCXOAALLEMY (PPOHTY UK NO UX
coYeTaHMo. 3anyck no HapacTaHuio U cnagy No3BOASET NONHOCTbIO
PErMCTPMPOBATb MakeTbl UMMYNBCOB. 3anyck N0 CNajy ¥ HapacTaHuio
no3BonseT YUKCUPOBATL NPOBAsbl HEMPEPLIBHOMO CUrHana.
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MpuMeyaHus

BHewwHui CurHan ¢ pagbema YposeHb TTL Touku BO BpeMeHHO# BHeLwHve ynpasnstoLme
BHELLHEro MCTOYHMKA 06nacTu (B 3aB1CUMOCTH curHarbl
CMHXPOHM3ALMK 0T 3ch(PEKTUBHON YaCTOTbI
ANCKpeTM3aumm)
YposeHb Komnapatop yposHs % OT MOSHOM LLKAfbI Toukm BO BpEMeHHO# [MonHas nonoca
aHanoroBo- Ha aHanoroso- 06nacTv (B 3aBUCUMOCTH nponyckaus M4
LMdPOBOrO BbIXOAA LiMchpOBOM BbIXOAE 0T 3thheKTUBHON YACTOTbI
ANCKPeTU3aumm)
MowHocTb Bbluncnexne MoLHOCTH nb, nonHas Lwkana, Touku BO BpEMEHHOIA [Tonoca nponyckaxms,

Ha BbIX0fe yCTpOiCTBa
LiMchpoBOro NpeobpasosaHms

O0THOCUTENbHO BEPXHEro
yPOBHst

061acTv (B 3aBUCHMOCTY
3 eKTUBHOM YaCTOTbI

onpezensiemast
[vanasoHoMm

C MOHVKEHMEM YacTOThI
1 NPOpEXMBaHNS

AVICKpeTU3aumm) MacLUTabHON CETKM

YacToTHast Macka [NoTou4euHoe nb v I, B 3aBMCUMOCTY
CpaBHEeHe 0T rpachuyeckon
Ha BbIxofe HapWCOBAHHbIN
Moayns BMNo® Ha aKpaHe

[OnvHa Kagpa

(B 3aBuCUMOCTH OT
3(PEeKTUBHO 4aCTOTbI
AMCKpeTM3aLmm)

[MbKMiA npodpunb Macku,
ONpeAesNieHHbli
nonb3oBaTenem

Tabnuya 2-3. CpaBHeHWe NCTOYHMKOB CHHXPOHU3ALMN aHam3aTopa CrekTpa B peasbHoM MacLuTabe BpemMeHn

WUcTouHMKK CUHXPOHM3aLMK aHanNnM3aTopoB CrneKTpa
B peajibHOM MmacwTabe BpeMeHHU

B aHanusaTopax cnekTpa B peasibHOM MacluTabe BpeMeHu
Tektronix peanu3osaHbl pa3nuyHbIe CNocoObl BHYTPEHHEN

W BHELLHeW CUHXPOHM3aLuun. B tabn. 2-3 npuBeieHbl CBOAHbIE
LaHHble 06 MCTOYHMKAX CUrHaNa CUHXPOHU3ALMN B PEANIbHOM
MactuTabe BpeMEHM, UX HACTPOWKe U paspeLLeHnit No BpeMeHu,
06ecneynBaeMoM KaxxabiM U3 3TUX UCTOYHUKOB.

BHewHAs CUHXPOHW3ALMS NO3BONSET YNPaBNATL peructpaunei
curHana ¢ nomoLLbio BHELWHero curHana ¢ yposHamu TTL.

Kak npaBuno, ucnonb3yeTtcs CUrHan ynpasneHus uccnenyemoi
CUCTEMBI, HAMPUMEP KOMAHAA NEPeKo4eHNs YacToThl.

OTUM BHELLUHUM CUTHANOM 3anyckaeTes perncrpaums cobbiTui
B UCCNEJYEMOi CUCTEME.

Cnocobbl BHYTPEHHEN CUHXPOHW3aLMM 3aBUCAT OT XapakTepUCTHK
ncenegyemoro curiana. B aHanusatope cnektpa B peanbHOM
MaclwTabe BpeMeHu NpeaycMOTPEHA CUHXPOHN3ALMS N0 YPOBHIO
curHana, npeobpasyemoro B LMgpoByto hopmMy, N0 MOLHOCTH
3TOr0 curHana nocne unbTpauun n NPOPEXMBAHNUSA 1 MO NOSIBNEHNIO
3afjaHHblX CNeKTpanbHbIX KOMMNOHEHT, C UCMONb30BaHWEM
CMHXPOHU3ALMM MO YaCTOTHOI Macke. KaXKablit U3 MCTOYHUKOB
W PEXMMOB CUHXPOHM3aUnK obecneynBaeT Kakue-nubo
NPEeNMyLLECTBA B CMbIC/E M30MPaTENbHOCTY MO YacToTe,
paspeLueHust N0 BPEMEHW AN GUHAMUYECKOTO AvanasoHa.
DyHKUMOHANBHbIE 3NEMEHTbI, 06€CNEYNBALOLLNE CUHXPOHU3ALNIO,
n306paxeHsl Ha puc. 2-8 (Ha cnedytoLUeit cTpaHuue).

[Tpu CMHXPOHM3ALMW NO YPOBHIO CUrHan B LMGpoBoi hopme

Ha Bbixoae AL cpaBHWBaeTCs C BENMUYMHONW, 3afaHHOM
nonb3osarenem. Mcnonb3yeTtcs nofHas nonoca 4actoT curHana,
npeobpa3oBaHHOro B LUMMPOBYO hopMy, faxe npu HabngeHnu
B Y3KWUX AuanasoHax 4acToT, B KOTOpbIX TpebyeTcs nocnepyowas
unbTpaumns 1 npopexxusanne. MNpu CUHXPOHU3aUMK N0 YPOBHIO
“Cnonb3yeTcs NosHas YactoTa NnpeobpasoBaHus B UMGPOBYHO
hopMy, YTO N03BONSET 06HAPYKMBATL COOBITUS, ANUTENBHOCTb
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KOTOPbIX PaBHA ANUTENbHOCTY OLHOM BbIGOPKM MPU MOMHOM
yacToTe BblbOpkM. OfHAKO NpK NOCNEAytoLeM aHanmse
paspeLLeHne no BpeMeHW orpaHndeHo achekTUBHON YacTOTOM
BbI6OPKM NOCNE NPOPEXMBAHNS. YPOBEHb CUHXPOHW3ALNK
yCcTaHaBnnBaeTCs B NpoLeHTax ypoBHs orpaHuyeHus ALIM. 1o
€CTb MaKChMasbHOro ABONYHOIO 3HAYEHUS («BCE EANHMLbI»).
OT0 3HaueHne N3MEPSETCS MO NMHENHON LUKAne, 1 ero He cnepyeT
nyTaTb C NOrapucpMn4ecknM 0To6paXKeHem, KOTopoe
oTCuUnTbIBaeTCs B feunbenax (Ab).

[Tpu CUHXPOHM3ALMN MO MOLYHOCTM BbIYUCISETCS MOLLHOCTb
curHana nocnie counbTpauumn u npopexxunsanus. MowwHocTb
Kaxxfoi napbl Bbi6opok 1/Q nocne dunstpaumum (12+Q2)
CPaBHMBAETCS C BENIMYNHOM, 3aiaHHOM NONb30BATENEM.

OTa HacTolKa BBOANTCS B Aeumnbenax 0THOCUTENbHO MOMHOM
WwKkanb! (4b no nonHoi Wwkane), kak noKa3aHo Ha aKpaHe

¢ norapudmuyeckum otcueToM. Mpu HacTpoitke 0 4B no nonHow
LUKane ypoBeHb CUHXPOHW3ALNN HAXOANTCS Ha BEPXHEN INHWK
CETKM, U CMHXPOHU3ALMS NMPOUCXOAMT, KOrja CyMMapHas
MOLLHOCTb, COAepXKallascs B AaHHOM Auana3oHe, NpeBOCXOANT
YPOBEHb CUHXPOHM3auuu. Mpu HacTponke —10 4B no nonHou
LUKane CUHXPOHU3AUUS NPOMCXOANT, KOrAa CyMMapHas MOLLHOCTb
C JaHHOM auanas3oHe gocturaeT yposHs Ha 10 4B HuXe BepxHeil
nuHKM ceTkn. CnepfyeT OTMETUTb, YTO CUHXPOHM3AUMS MPOUCXOAUT
Nno MOJHOM MOLYHOCTW B AaHHOM AuanasoHe. Hanpumep, aea
HenpepbIBHbLIX CUHYCOMAANbBHBIX CUrHana ¢ ypoBHeM no -3 Ab MBT
B CymMMe AatoT MowHocTb 0 ab MBT.
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Puc. 2-8. ObpaboTka CUHXPOHU3ALMUN aHAM3ATOPA CEKTPA B PeaibHOM
macLutabe BpeMeHm
[Tpu CMHXPOHM3aLMM MO YacTOTHOM Macke hopma cnekTpa
CpaBHMBAETCS C MACKOW, 3aflaHHOM NoNb30BaTENeM. JTOT Npuem
NoO3BONSET BbINONHATE CUHXPOHWU3ALMIO MO U3MEHEHNAM (DOPMbI
cnekTpa. CMHXPOHW3aUMs N0 YaCTOTHOW Macke no3sonseT
HaAeXHO 06HAPY>XMBATb CUTHANbI, YPOBEHb KOTOPbIX CYLLECTBEHHO
HW>Xe MONHOM LKanbl, faXKe B NPUCYTCTBUAW APYruX CUrHAnNoBs
601€ BbICOKOr0 ypOBHS. 3Ta BO3MOXHOCTb 3anycka no cnabbim
cUrHanam B npuCyTCTBUM CUNbHBIX MMEET PeLLatoLlee 3HaueHus
ANs 06HAPY>XEHNS NepUOANYECKM NOSBASIOLNXCS CUTHANOB,
HaNMYus B3aMMHON MOAYNALNM, HECTALMOHAPHBIX HAPYLLEHWN
CNeKTpa 1 Apyrix aHanornyHbIX SBneHunid. [ins cpaBHeHUs ¢ Mackon
TpebyeTcs BbINONHUTL BIN® no nonHomy kaapy. Paspeluerue
Mo BPEMEHM MPW CUHXPOHU3ALMK MO YACTOTHOW Macke NpUMEpHO
paBHO 0aHOMYy kaapy BMN® unn 1024 Bbibopkam Ha 3PEKTUBHO
yacToTe Bbl6OpKM. COBLITUS CUHXPOHM3ALMN ONPELEeNSITCS
B 4aCTOTHOW 06N1aCTH C MOMOLLIO CeLmanbHOro annapaTHoro
npoueccopa bIN®, kak nokasaHo Ha 6n0k-cxeMe Ha puc. 2-8.

Co3paaHue 4YacTOTHOI Macku

[ns cuHXpoHM3aUMu No 4aCTOTHON Macke (M3BECTHOW TakXe Noj
Ha3BaHMEM CUHXPOHM3ALWW B YaCTOTHOM 06N1acTy), Kak u ans
APYrvX BULOB U3MEPEHNI C MACKOM, NPeXXAe BCEro HeobXoanMo
CO3/aTb Macky Ha akpaHe. Macka co3faeTcs B Buie Habopa
TOYEK MO 4YacToTe M aMnaMTyA B 3TuX Toukax. Co3faHne Macku
NPON3BOAUTCS NOTOYEYHO UIU NYTEM BblYEPUMBAHUS MbILLBIO UK
WHBIM YKa3bIBAKLUMM YCTPOMCTBOM. CUHXPOHW3AUMS 3afaeTcs
NM60 Ha BXOZ B rpaHuLbl Macku CuUrHana, HaxoasawWwerocs CHapyXu
Macku, 1160 Ha BbIXOA U3 rpaHuL Macku CUrHana, HaxoAALWerocs
BHYTPW Macku.

Ha pwc. 2-9 n3obpakeHa 4acToTHas Macka, 3afiaHHas Takum
06pa3oMm, 4ToObI NPOMycKaTh HOPMasbHbIA CNEKTP curHana

1 pearmpoBaThb Ha ero KpaTkoBpeMeHHble uckaxenus. Ha puc. 2-10
n306paxkeHa CnekTporpaMma Afs perucTpaummu curHana,
CMHXPOHM3MPOBAHHOM C KPaTKOBPEMEHHBIM BbIXOAOM CUrHana 3a
npegensl Macku. Ha puc. 2-11 (Ha cnepyroLlei ctTpaHuue)
M3006paxKeH CNEKTP OAHOrO 13 MepBbIX KAAPOB, B KOTOPbIX CUrHan
BbIlUeN 3a npefensl Macku. CneayeT 0TMETUTb, YTO Ha
CNeKTporpamMme 0TOBPaxkeHbl AaHHble, COOpPaHHbIe Kak 10 MOMEHTa
CUHXPOHM3ALMN, TaK U MOCNE HEro.
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Puc. 2-10. CnexTporpamma, Ha KoTOpO# NPeACTaBeH HeCTaUnoOHapHbI
CUrHas psAoM ¢ HecyLyed. Kypcop nomeLLeH B TOYKy
CUHXPOHU3AaLWN, MOSTOMY AaHHbIE, COOTBETCTBYHOLNE BPEMEHN
[0 Ha4ana CMHXpOHN3aLmm 0To6paXaroTcs BbILLe JIMHA Kypeopa,
a fjaHHble, COOTBETCTBYIOLNE BDEMEHN 0Cre Havana
CUHXDOHU3ALMYN — HIXKE JTIMHUM Kypcopa. Y3kas 6enasi nmHus
cnesa ot 06/1acTv rosly6oro Uyseta 0003Ha4qaeT JaHHble,
OTHOCSALUNECS K MEPHOY 10CIIE CUHXPOHU3ALMN
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Puc. 2-11. OgnH Kagp CriekTporpammbl, Ha KOTOPOM 110Ka3aHo cobbiTne
CUHXDOHU3ALNH, KOrAa HECTaUNOHAPHBIA CUTHAT HapyLLAEeT
rpaHnLly YacTOTHOM Macku

BPEMeHHbIe COOTHOLEHUA U CUHXPOHU3aLUusa

Mcnonb3oBaHue ynpasneHnsa BpeMeHHbIMU COOTHOLLEHMAMU

B co4eTaHun ¢ CMHXpOHI/ISHLI,I/IeVI [aeT MOLLHO€e CPeaCTBO aHann3a
HeCTalUWOHapHbIX NPOLECCOB U Pa3inYHbIX NapaMeTpoB, CBA3AHHbIX
C BPEMEHHbIMW COOTHOLLEHUAMMN.

[invHa 3anucu 3afaeT NPOMEXYTOK BPEMEHW NOCNe MOMEHTa
CUHXPOHM3ALNN, B TEYEHME KOTOPOr0 BbIOOPKK COXPAHSAIOTCS

B namsaTu. Hakonnenue perucTpaumii onpefensiet, CKombKo
npeablAyLUMX PErucTpaunin curHana CoxpaHseTcs nocne Kaxaoi
HOBOW CUHXPOHW3auuu. B ananusatopax Tektronix RSA nonnas
AnMHA 3anucu oTobpaxkaeTcst B 0630PHOM OKHE BPEMEHHOM
obnactu.

[nuHa cnekTpa onpeaenseT NPOMEXYTOK BPEMEHN, Ans
KOTOPOro BbluMcAseTcs 0TobpaxeHne cnektpa. CMelleHune
CreKTpa onpeaenseT 3afepXKy Unu onepexxeHne Mexay
MOMEHTOM CUHXPOHWU3aLWUW 1 Ha4anoM oTobpaxaemoro kaapa
BMN®. [inuHa cnekTpa 1 cMeLyeHre cnekTpa 3afarTes

C paspelueHreM B oanH kagap BINO (1024 oTcueTta Ha apeKTUBHOMN
yacTtoTe Bbl6opku). B aHanusaTopax Tektronix RSA cmelleHve
CnekTpa 1 AnuHa cnexkTpa 0TobpaxarTcs B BUAE LBETHbIX NIMHMIA
B HUXXHEW 4acTh 0630PHOr0 OKHA BPEMEHHOW 06nacTi. LIBET nuHum
COOTBETCTBYET LIBETY pamMKu COOTBETCTBYIOLLErO OKHA HA 3KpaHe.

[lnuHa aHanu3a onpefenseT NPOAOKUTENLHOCTL MHTEPBANA, Ha
KOTOPOM NMPOW3BOAUTCS aHannU3 MOAYNALUMK U [pYrue N3MepeHus
no wkane BpemeHn. CMeleHne aHanu3a onpesenser 3afepxky
AN ONEpPeXKEHNe MeX Y MOMEHTOM CMHXPOHM3ALMMU U Ha4anoMm
ananusa. B aHanusatopax Tektronix RSA cmelyerne ananusa u
LNMHA aHanu3a 0To6PaxkatoTCs B BUAE LBETHbIX NUHMIA B HUXKHE
yacTv 0630PHOr0 OKHa BPEMEHHOW 06nacTu. LiBeT nuHumn
COOTBETCTBYET LiBETY pamMkii COOTBETCTBYIOLLErO OKHA Ha 3KpaHe.
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WHankaTop BbIXxoAa CUHXPOHW3aLMK N03BONSET N36MPaTesbHO
BKMKOYaTh BbIxoA TTL-curHana Ha 3agHei naHenu npubopa

B MOMEHT CUHXPOHM3ALMK. Ty (hyHKLMIO MOXHO MCNONb30BaTh
LN CMHXPOHM3ALMU M3MEPEHMIA aHanM3aTOpOM CNekTpa ¢ Apyriumm
N3MepuUTENbHLIMK NPpUBOPamMu, HanpuMep ¢ ocuunnorpacamm

W NOTMYECKMMI aHanu3aTopamu.

Lindposasi obpaboTka MogynupyioLiero curHana

NPaKTU4ECKM BCE M3MEPEHNS B aHANM3aToOpax CnekTpa B peasnbHoM
MacLuTabe BPEMEHH BbINOMHAKTCS C MOMOLLbIO LiMPPOBON 06paboTkm
curHanos (LOC) B noTokax faHHbIx | 1 Q, nocTynarowumx u3 6moka
LncpoBOro npeobpasoBaHmst C MOHUXXEHNEM YACTOTbI

1 NPOPEXMBAHUS M COXPaHSEMbIX B NaMsATh faHHbIX. [anee
MPMBEAEHO OMUCaHNE OCHOBHbIX (PYHKLMOHANbHbIX 6NIOKOB,
peann3oBaHHbIx ¢ nomowbto LIOC.

KannbpoBka 1 HopManusaums

Kanubposka v HopManu3auus no3sonstoT BBOAUTL KOMMNEHCALMIO
ANs yveTa KoauULMeHTa yCUneHus u 4aCTOTHON XapakTepucTUKu
aHanoroBbIX CXeM, NPeALLECTBYIOLMX aHaNnoro-LndpoBomy
npeobpasosartento. Kanubposka BbINONHAETCA Ha 3aBOJE, U ee
pe3ynbTaThl XPaHATCS B NaMsATh B BUAE KanbpoBOUHbIX TabmuL.
Koppekuus no coxpaHerHbIM Tabnnuam NpUMEHSIeTCs K U3Meperusm
BO BpeMs BblyucneHnid. Kanubposka obecneunsaet
BOCMPOM3BOAUMYIO TOUHOCTb U3MEPEHNI B COOTBETCTBUN

C Tpe6OoBaHMAMI OpraHn3aLmii no cTaHfapTU3aLmm.
Hopmanusauus — 310 BHYTPEHHWE U3MEPEHUS, BbINONHAEMbIE
ANSt KOPPEKLMM NOrPELUHOCTEN, BbI3BaHHbIX U3MEHEHNEM
Temneparypbl, CTapeHneM KOMMOHEHTOB U PasNNUMaMin MeXay
ycTpoicTBamu. KOHCTaHTbl HopManusaumu, Kak u Tabnuuip
KanubpoBKM, XPaHATCS B NaMATI U NMPUMEHSIOTCS AN KOPPEKLUK
NPy BbIYUCTIEHNAX BO BPEMS U3MEPEHWIA.

OunbTpauus

Bo Bpemst MHOrMX n3mepeHuii n KannbpoBoK TpebyeTcs NPOBOANTD
hunbTpauuio B LOMONHEHME K (hUSIbTPaM, YCTaHOBIEHHbIM B TpakTe
M4 v B ycTponcTee UMPOBOro NpeodpasoBaHNs ¢ MOHWKEHUEM
4acToThbl U MPopeXxuBaHns. OuabTpaums BbIGOPOK | 1 Q, XpaHUMbIX
B NaMsiTH, BbINOSHAETCS UMPOBbIM CNOCOBOM.

BpeMeHHble COOTHOLLEHMUS, CUHXPOHM3aLUsl U NOBTOPHas
BblboOpKa

Bo MHOrMX coBpemeHHbIX paanocuctemax 0coboe 3HaveHne
MMEIOT BPEMEHHbIE COOTHOLLEHUS MEX Y CUrHanaMu.

B anannaatopax Tektronix RSA npou3BoAnTCS CUHXPOHHBIN
aHanus cnekTpa, MOAYNALUMM 1 MOLLHOCTH, YTO NO3BONSET
N3MEPUTDb 1 N3YyYUTb BPEMEHHBIE COOTHOLLEHUS MEXAY
Pa3NNYHbIMK PAANOYACTOTHLIMI XapaKkTEPUCTUKAMM.
CMHXpOHMU3aLWS TaKTOBbLIM CUrHANOM W MOBTOPHAs BblI6OpPKa
TpebytoTcs Npu feMoaynsauum u 06paboTke UMNYNLCOB.
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Kagp 3
Puc. 2-12. Tpu Kagpa JUCKDETU3UPOBAHHOIO CUrHana BO BDEMEHHOM 061acTy

AHanu3 ¢ nomowybto GeicTporo npeobpasosanusi Oypbe

BbicTpoe npeobpasosanne Oypbe (BID) nexxnT B 0CHOBE paboThl
aHanusartopa cnekTpa B peanbHOM MacluTabe BpeMeHu.

Kak npaeuno, B aHanuaartope anroputMsl BINO ucnonbayoTcs
ANs npeobpa3oBaHns CUrHana BO BPEMEHHOW 0611acTu B CNEKTP

B YacTOTHOW o6nactu. MoxHo paccmatpusath BI1® kak pesynstat
NPOX0XAeHWUs CUrHana 4epeld KOMNJEeKT napasnenbHbiX CpVIJ'IprOB
C OAMHAKOBbIMW Pa3peLUeHneM 1 NONOCoK Nponyckanus. B obuiem
cnyyae pesynsrtat bI® nonyyaeTtcs B koMnnekcHoM BuUAe. [ns
aHanuaa cnekTpa HaubonbLUMii MHTEPEC NpecTaBNSeT aMnuTyaa
KOMMNEKCHOro pesynbraTa.

BrN® BbINONHAETCA HAA NPOPEXEHHBIMM 1 NPOUALTPOBAHHBIMM
KOMMOHEHTaMu MOAynupytoLero curHana | u Q, coctTasnstowmMmMu
KOMMNEKCHOE NpefCTaBNeHns curHana, npuyeM KOMNoHeHT

| npeacTaBnseT AEACTBUTENbHYHO, @ KOMNOHEHT Q — MHUMYLO
yacTb curHana. Bo Bpemsi BbinonHenns bIN® secb Habop BbIGOPOK
KOMMNEeKCHOro curHana | u Q obpabaTbiBaeTcs OAHOBPEMEHHO.
OT0T Habop BbIGOPOK HasbiBaeTcs kaapom brd. B pesynsrate
BbinonHeHns BIN® Hag curHanom, AMCKPETU3MPOBAHHbLIM MO
BPEMEHM, MONYYAETCS ANCKPETU3MPOBAHHAS (DyHKLMS YacTOTbl
TOW Xe AnuHbl. Yucno BbiGopok BI®, 06b14HO paBHOE CTeneHN
ABOViKM, Ha3blBaeTcs Takxe pasmepom bId. Hanpumep, npu
1024-ToueyHom BMN® 1024 Bbi6opky | 1 1024 BeiIGopKK Q
npeobpasytotcs B 1024 KOMNNEKCHbIX OTCHYETA B YAaCTOTHOM
obnacTu.

CaoiicTBa BINd

B aHanusatopax cnekTpa B peansHoM Maclitabe BpeMeHn MHTepsan
BPEMEHW, NPeACTaBNEeHHbIA HA60POM BbIGOPOK, HAL KOTOPLIMU
BbinonHseTcs bIO, HasbiBaeTcs ANnHONM kaapa. [AnuHa kappa —
370 npou3BefeHune pasmepa bINO Ha nepuof BbI6OPKM. MOCKOMbKY
paccynTaHHbIi CMEKTP SBNAETCSA NPEACTABNEHNEM B YACTOTHOM
06NacTu curHana Ha npoTsXXEeHWU ANUHbI Kaapa, cobbiTus,
NPOMCXOASLLME B TEYEHWNE ANUHbI KaApa, HEBO3MOXHO pa3peLLnTh
BO BPEMEHM N0 COOTBETCTBYIOLLEMY CMeKTpY. Takum 06pasom,
paspewenue BINO no Bpemexn onpeaenseTcs ANWHOK Kaapa.

Touku BO BpeMeHHOI 0bnacTtu, nonyyeHHsle B pesynsrate bI®,
Ha3bIBAKTCA TakxXe otcyeTamn BIO. Takum 06pa3om, pasmep
BrN® paseH uncny oTc4eToB B 0AHOM Kagpe BI1®. 31u oTcyeTh
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Kagp 2 Kap 2

Puc. 2-13. Pa3pbiBbl, BbI3BaHHbIE MEPUOANHECKUM MPOLOIKEHNEM O[HOMO
Kagpa BbI60POK

COOTBETCTBYIOT BbIX0[iaM OTAENbHbIX NapanienbHbIX (hunsTpos,
YNOMSIHYTbIX paHee. Bce 0TCHeTbl paBHOMEPHO pacnpefeneHsbl no
yactoTe. CnekTpanbHble NUHWW, PACMONOXEHHbIE BNNXe, YeM ABa
COCEJiHMX 0TCYeTa, He NOAAAKnTCS paspeLuermto. Takum o06pasom,
paspeLueHue bIM® no yacToTe COOTBETCTBYET LIMPUHE OTCUETA,
PaBHO 4acTOTE BbIOOPKY, AeneHHo Ha pasmep BI1O. Mpu Toil
Xe vacTtoTe Bbl6opkm bonbLunid pasmep BN obecneunsaeT
bonbluee paspelueHne no YactoTe. B aHanu3atope cnekTpa

B peanbHOM MacluTabe BpeMEHU C 4acToTon Bblbopkn 25,6 MIL

n paamepom BN 1024 oTcyeTa paspeLueHne no 4acToTe

pasHo 25 KIL.

Y706bI yBENMYNTL Pa3peLLeHe No YacToTe, Hafo amMbo
yBennuuTth pasmep BIN®, nnbo CHU3UTL 4acTOTy BbIGOPKY.

B ananusatope cnekTpa B peansHoM Maclutabe BpeMenu, Kak
ObIN0 YNOMSIHYTO paHee, Ans CHUXEHUS 4acToTbl BbIGOPKY Npu
CY>XEHWM [nanasoHa 4acToT UCnonb3yeTcs LUnpoBom
npeobpa3sosatefb C NOHMXKEHNEM YACTOTbI U YCTPOMCTBO
NpopeXuBanus. ITo N03BoNSeT JOOUTHCS KOMNPOMUCCA MEXAY
Tpe6OBaHMAMN K paspeLLeHitto Mo BPEMEH! W MO YacToTe,
yaepxusas pasmep b u CNOXHOCTb BbIYMCAEHNA HA NPUEMSIEMOM
ypoBHe. Takon noaxon no3sonseT 06ecneyvnTb BbICOKOE
paspeLleHune B y3kux AuanasoHax 6e3 U3NULLHUX 3aTpaT BPEMEHN
Ha BblYNCNEHUS B LLIMPOKWUX AManas3oHax, B KOTOPbIX OCTATOYHO
6onee rpy6oro paspeLleHus. Mpaktudeckn pasmep BN vacto
OrpaHWyeH paspeLLeHnem akpaHa, Nockobky oTobpaxeHue bId
C paspeLUeHnem, CyLeCTBEHHO GONbLUNM, YEM YUCIO TOUEK 3KpaHa,
He MPUBOAMT K NOSIBNEHUIO HA 3KpaHe npubopa [ONONHUTENLHO
WHopMaLu.

DYHKUUM OKHa

B ocHoBe mMaTemaTukn AucKpeTHoro npeobpasoBanus Oypbe

n BMN® nexut npeanonoxexune, 4to obpabaTbiBaeMble faHHbIE
NPeACTaBNAT OAUH NEPUOZ NOBTOPSIOLLIEroCs curHana.

Ha puc. 2-12 n3obpakeHa nocnefoBaTenbHOCTb BbIGOPOK BO
BpeMeHHoi obnactu. Mpw BbinonHeHun BI1O, Hanpumep, Hag
KaapoM 2 NPUMEHSETCS NepUoAMYECKOe pacluMpeHue curHana.
B o6uiem cnyyae npu 3TOM BO3HMKAKOT Pa3pbiBbl MEXAY
nocnefoBaTeNibHbIMM KaapaMu, Kak nokasaHo Ha puc. 2-13.
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Puc. 2-14. pochunb okHa bnakmera-Xappuca 4B (BH4B)

OTM UCKYCCTBEHHbIE Pa3pbiBbl BbI3bIBAKOT MOSABNEHNE NOXHbIX
OTKJIKOB, He NPEACTaBNSIOLMX UCXOLHbBI CUTHAM, YTO MOXET
noMeLuaTb 06HAPYXXEHWIO Cnabblx CUrHaN0B B NPUCYTCTBUN
6nm13nexatux CUnbHbIX curHanoB. IT0T acheKT HasbiBaeTCs
npocaynBaHneM CneKkTpasnbHbIX COCTaBSIOLLMX.

YT06bI yMEHBLUMTB BAMSHWE NPOCAYMBAHMS, B aHANM3aTopax
Tektronix RSA nepen BbinonHexnem BI® k kaapy npuMeHseTcs
06paboTka OKHOM. DYHKLMS OKHA 06bIYHO UMEET
KonokonoobpasHyto opmy. CyLiecTBYeT MHOTO (PYHKLMIA OKHA.
Mpohunb WKUPOKO pacnpocTpaHeHHoro okHa bnakmeHa-Xappuca
4B (BH4B) n3obpaxeH Ha puc. 2-14.

3HaueHns NepBoii 1 NOCNEAHEN BbIGOPOK (hyHKLMN OKHA
BnakmeHaXappuca 4B, nsobpaxkeHHom Ha puc. 2-11 paBHbI HYAIO,
a MeX iy HUMW NpoBefieHa HenpepbiBHas Kpusas. Mpu yMHOXeHUH
kaapa brNod Ha dyHKUMIO OKHa paspbIBbl HA Kpasx kaapa
yMeHbLuatoTcs. B cnyyae okHa BnakmeHa-Xappuca paspbisbl
MOXHO YCTPaHWTb MOSTHOCTbHO.

BnusiHue okHa cocTOMT B NpuaaHuu BbIGOpKaM B CepelinHe OKHa
6onbLUero Beca no CpaBHEHUIO C BbIGOPKAMM, YaAaneHHbIMW OT ero
LieHTpa, NPUYEM Ha Kpasix 3Ha4eHWe Beca CTaHOBUTCS HYNEBbIM.
OT0 MOXHO paccMaTpuBaTh Kak (hakTuyeckoe yMeHbLIEHNE 0Tpeska
BPEMEHM, Ha KOTOPOM BbInofHsAeTcs bI®. Bpems u yactota
SBNSIOTCA B3AWMHO 06paTHbIMM BennunHamu. MeHbluee Yucno
BbIGOPOK MO BPEMEHW NOJPA3yMEBAET CHIKEHNE paspeLLeHus no
vactote. [ins okHa bnakmeHa-Xappuca 4B dakTtuyeckoe
paspeLleHne no YacToTe NPUONN3NTENBHO BABOE XYXe, YeM

663 NPUMEHEHNS OKHA.

[pyroe cneacTsne NPUMEHEHNS OKHA COCTONT B TOM, YTO
BbIX0HOM cnekTp BIN®, nonyyeHHbIit 3 06paboTaHHbIX OKHOM
JaHHbIX BO BPEMEHHOM 0651acT, Hanbonee YyBCTBUTENEH

K XapakTepy CurHana B CepeanHe Kafpa 1 He YyBCTBUTENEH

K XapakTepy curHana B Hayane v B KOHue kaapa. HecTtaunoHapHble
curHansl, nosenstolmecs B6nm3n kpaes kaapa brd ocnabnstotcs
1 MOryT BoOOLLe 0CTaTbCH He3ameyeHHbIMK. OTy MPo6EMy MOXHO
PeLLMTb, UCMOMb3Ys NepeKpbiBaOLLMECS KAAPbl. ITOT CNOXHbIN
np1eMm, BKIOYAIOWMA KOMIPOMUCC MEXAY 3aTpaTamu BpeMeHu Ha
BblUNCNEHNS 1 06ecneyeHnemM paBHOMEPHON XapakTepuCTUKH

BO BPEMEHHOI 0611acTH, NPUMEHSETCS AN NONYYEHUS HYXXHOTO
kauectsa. OH BKpaTLie ONUCcaH HUXE.
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Kanp Kapp 3 ObpaboTka
Céop JJ.EHHI:IX 1 0TOBpaKeHue

Kagp 4 Kagp 4 ObpaboTka
| Cﬁnpﬂauuhlx | %ngmﬁpaEKewe

Bpewms =

Puc. 2-15. 3axsart, 06paboTku v 0TOOPAXKEHNE CUrHANA C MCTIONb30BAHNEM
NEPEKPLIBAIOLYMXCS KALPOB

O6paboTka curHana nocne brno

MockonbKy NpUMEHeHNe YHKLNUN OKHA NMPUBOANT K 0CNabneHunto
cvrHana Ha o6omx Kpasx kagpa, CyMmapHas MOLHOCTb curHana
yMeHbLUaeTes. YTo6bl 06€CneUnNTb NMPaBUNbHbIA OTCHET aMnINTYAb
CMEeKTpa, NOAYYEHHOro ¢ NOMOLLbO BI® ¢ npuMeHeHnem okHa, ero
He06X0AMMO MacLTabupoBaTb. [Ang YNCTOrO CUHYCOMAANBHOMO
curHana KoaghuumeHT MacluTabupoBaHns paBeH KoadhduumneHTy
nepeaaun yHKLMN OKHA MO NOCTOSHHOMY TOKY.

O6paboTka nocne BI1® npuMeHsieTcs Takxe AN BblYACIEHNS
amnauTyAbl CnekTpa NyTem CyMMUPOBaHMUS KBaapaToB
NEeNCTBUTENbHOW U MHUMOM YacTu Kaxaoro otcuyeta Bro.
AMnaUTYyaa cnekTpa, Kak npasuio, 0TobpaxkaeTcs

B norapugMnyeckoM maclitabe, YTo No3BONsIET BbIBECTU HA OJIUH
9KpaH 4YacTOTHbIE COCTABASIOLME C CYLIECTBEHHO
pasnuyarLLUMmUCs aMnauTyaamu.

MepeKpbiThe KaapoB

HekoTopble aHann3aTopbl CNeKTpa B peanbHoM MacliTabe BpemMeH
MOryT paboTaTb B PeXXMMe PeanbHOro BPEMeEHH

C NepekpbIBaOLMMACS kaspamu. B aTom cnyyae npeablayLumi kasp
06pabatbiBaeTCs BO BPEMS perncTpauun cnepyrowero kaapa. Ha
puc. 2-15 n3obpakeH NOpsAOK perucrpaunn n 06paboTku Kaapos.

OnHO 13 MpenMyLLeCTB NepeKkpbITUS KaapoB — YBENUYEHUE
4acToTbl 06HOBMEHUS 3KpaHa, YTO 0CO6EHHO 3aMEeTHO Npu paboTe
B y3Kux nonocax, Tpebytowmx NpoAoSIKUTENbHOrO BPEMEHH
perucTpaumun. bea nepekpbITUS KaAPOB 3KpaH He 06HOBNAETCS A0
Tex Nnop, Noka HOBbIW Kafap He 6YAeT Noy4YeH NONHOCTbH.

[Mpu NepekpbITUM KAAPOB HOBbIE Kadpbl 0TOBpaXarTcs A0
OKOHYaHUs NpeflblayLero Kaapa.

[lpyroe npenMyLLeCTBO — HEMPEPLIBHOE 0TOOPAXKEHNS YaCTOTHOM
06nacTv Ha cnekTporpamme. Mockonbky hunsTp B BUAE OKHA CBOAUT
K Hymno BKkNag BbIGOPOK Ha Kpasix kagpa, npu pabote 6e3
NepekpbITUS KaAPOB CreKkTpasbHble COBbITUS, NPOUCXOasALLNe
MeXJy LBYMS COCEAHUMM Kaapamu, MoryT 6biTb yTepsHbl. OfHaKo
B Clly4ae nepekpbiTus KaapoB 06ecneynBaeTcs NPOCMOTP Ha
CMeKTporpamMmme BCex CNeKkTpasnbHbiX COObITUI, HE3aBUCUMO OT
BANSIHUS 06PaBbOTKN OKHOM.
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Puc. 2-16. BekTopHoe npeAcTaBieHne ammmTygbl 1 ¢hasbl

AHanus Mogynsaummn

Mopaynsuus — 370 cnoco6 nepefaym MHopMaLun ¢ NOMOLLbI0
pafvoCcurHanoB. AHanu3 MOAYNALMM C NOMOLLLIO aHanu3aTopa
Tektronix RSA no3BonseT He TONbKO M3BMEYb M3 CUrHana
nepeaaBaemble AaHHble, HO U N3MEPUTb TOYHOCTb MOAYASALMK
curHana. bonee Toro, oH NO3BONSET KONMMYECTBEHHO ONPEAenUTL
MHOTME OLUMOKM 11 NOTPELIHOCTH, MPUBOASLUNE K CHUKEHMIO
KayecTsa MOAynsALMK.

KonnuecTso hopMaToB MOZYNSLMM, UCTIONb3YEMbIX B COBPEMEHHBIX
cucTemMax CBfi3u, 3HaUMTENbHO BO3POCNO. AHaNM3aTop crekTpa

B peanbHOM MacluTabe BpeMeH! No3BONSET aHaNM3NPoBaTh Camble
pacrpocTpaHeHHble U3 3TUX hopMaToB, a ero cxema obecneynsaeT
BO3MOXHOCTY aHanu3a HoBbIX (hOPMATOB MO Mepe WX MOSIBEHHS.

AMnnuTyaHas, yactoTHasa U hasoBas MOAYNALMA

Papnocuransl MOryT nepeHoOCUTb MHEHOPMALMIO MHOTUMH
€noco6amu, OCHOBAHHbLIMW HA M3MEHEHUM aMnauTyabl unu dasbl
HecyLUeit 4acToTbl. YacToTa SBASETCS NPOU3BOJHON N0 BPEMEHM
0T basbl. TakuM 06pa3om, yacToTHas Mogynsuus (YM) ssnsetcs
NPOU3BOAHON NO BPeMeHN 0T pasosoit Mopynsaumu (OM).
KsaapaTypHas ¢azoBas MaHunynsuns — umdposoil popmat
MOJYNSLMN, B KOTOPOM TOUKM pacno3HaBaHns CUMBONOB
nosBnAlOTCSA Npu casure no dase Ha 90 rpaaycos. KsaapaTypHas
amnanTyaHas Moaynauns — opmat MOAYNSLMU BbICOKOrO
nopska, B KOTOPOM amnanTyaa v asa M3MeHsH0TCS HenpepbiBHO,
00603Ha4as MHOXeCTBO COCTOSHWNA. [laxe Takue CnoXHble BUAbI
MOZYNSALMM KaK OPTOrOHANbHOE MYMbTUMNEKCUPOBAHNE YaCTOTHbIM
LeNeHNeM, MOXXHO PasnoXuTb Ha aMNaUTYAHbIE U H4aCTOTHbIE
KOMMOHEHTbI.

AMnauTyRy v hady MOXHO paccMaTpuBaTh Kak AWMHY U Yrof
noBOPOTA BEKTOPA B NOASPHON CUCTEME KOOPAMHAT. Takoe e
paccMOTpeHue NOAXOANT 1 AN [lekapToBoi (NpsMOYrofbHON)
cuctembl koopanHart (X,Y). Gopmart I/Q BbI6OPOK MO BPEMEHM,
COXpaHeHHbIX B NamMsATV aHanu3aTopa CrekTpa B peanbHOM
MacluTabe BPEMEHH, C TOUKM 3PEHNS MATEMATUKN SKBUBANEHTHbI
[eKapTOBbIM KOOPAMHATAM, MpuyeM | MPeACTaBASET FOPU3OHTANbHYHO
KoMnoHeHTy (X), a Q — BepTuKanbHyto KOMMOHEHTY (Y).

Ha puc. 2-16 nsobpaxeHbl aMmnanTyaa u ¢ha3a BEKTOpa v ero
KOMNOHEHTHI | 1 Q. AM-gemMofynsuns CoCTONT B BbIYUCIEHUM
MFHOBEHHOW amMnauTyabl ANs KaX Ao BbI6opku 1/Q, coxpaHeHHOM
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Puc. 2-17. TunnyHas cuctema unghpoBov cBsan

B NamATH, 1 pasBepTKM pesynstatos BO BpeMenu. OM-gemonynsums
COCTOWT B BbluncnieHun a3oBoro yrna Bol6opok | v Q,
COXPaHEHHbIX B NaMsATH, U pa3BepTkn UX BO BPEMEHK NOCTE
yCTpaHeHUst pa3pbiBOB (DyHKLMM apKTAHreHca B panoHe 3HaueHui
+90 rpagycos. lMocne BbluncneHns ¢ha3oBoit TPAeKTOPUN B BUAE
3anucu Bo BpemeHn OM BblumcnseTcs nyTem AnddepeHuUMpoBaHms
no BPEMEHMU.

Liucposas mopynsaums

Ha puc. 2-17 nsobpaxkeHa cxema 06paboTku curHana B TUMUYHON
LndpoBoit cucteme cas3u. MNpouecc nepefayn HaunHaeTcs

C NOCTYNNEeHUs nepeaaBaeMblX JAHHbIX 1 TAKTOBOrO CUrHana.
[laHHble ¥ TaKkTOBbI CUrHAN NPOXOAAT Yepes LWndpaTop, KOTOpbIi
nepeynopsAoUMBaeT faHHble, [06aBNSET OGUTbI CUHXPOHU3ALNK,
BbIMONHAET NOMEX0YCTONUNBOE KOANPOBAHME U LWNPOBaHKE.
3aTeM faHHble pa3fensTcs no Tpaktam | u Q v punsTpytoTes.
Takum 06pa3om OHM NPeBpPaLLAOTCS B aHANOroBble CUrHanbl,
KOTOPbIE NOABEPratOTCS NPe0dPa30BaHNI0 C NOBbILLIEHNEM
4acTOoTbl J0 COOTBETCTBYIOLLErO KaHana 1 nepefatoTcs B acup.
Mexxay nepenayeil u NpUEMOM CUrHAN HEU3BEXHO yXyALLaeTcs
BCNEACTBUE BO3AEHCTBUS OKPYXKaKOLLen cpefbl.

Mpuem curHana NpoMCXOAMT B NOPsiAKe, 06paTHOM nepedave,

C HECKONbKMMM [JONONHUTENbHBIMM Waramu. Paguocurian
npeo6pasyeTcsi C MOHWUXXEHUEM YaCcTOTbl B CUTHANbI MOAYASALMUN
I n Q, KoTOpblE NponycKatTCs Yepes UNLTPLI MPUEMHMKA,
paccyuTaHHble Ha yaaneHue MeXXCUMBOSbHbIX NoMeX. 3aTem
cUrHan o6pabaTbiBaeTcs Mo anropuTMy, BOCCTaHABMMBAIOLLEMY
4acToTy, hasy U CUHXPOHU3AUMKO faHHbIX. OTO HEO6XOAMMO ANSt
KOpPEKLMN 3aePXKKM NPW MHOTONy4eBOM PAcnpOCTPaHEHNM

W LONNEPOBCKOro CABUra B TPaKTe, a Tak)Ke HECUHXPOHHOCTM
noKanbHbIX reTEPOAMHOB NEpPefaTymMka 1 npuemHuka. Mocne
BOCCTAHOBMEHMS 4aCTOTbl, (ha3bl U TAKTOBbIX UMMYNbCOB CUrHAN
LEMOLYNNPYETCS U AEKOAMPYETCS, BbINONHAETCS KOPPEKLMS
OLWMBOK 1 BOCCTAHOBIEHNE BUTOB.
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Puc. 2-18. briok-cxema aHanm3a MOBYNISLMA C MOMOLLbHO aHanm3aTopa
CreKTpa B peasbHoM Maclutabe BpDeMeH!
B 41cno MHOrounCneHHbIX pa3HOBUAHOCTY LMGPOBON MOAYNALMM
BXOJAT Takue M3BECTHbIE (DOPMAThI KaK YacTOTHAs MaHUNynsuus,
ABYXNO3ULMOHHAs ha3oBast MaHUNynsaLmMs, kBagpaTtypHas dasosas
MaHUNynALmMs, rayccoBa MaHunynsuus ¢ MUHUManbHbIM CABUIOM,
KBaZpaTypHas amnnuTyfHas MOAyNsaUuUs, OpTOroHanbHoe
MYNbTUMNNEKCUPOBAHNE YACTOTHBIM JIeNIeHNEM U Apyrie.
Lincoposas Mosynsaums B Co4ETaHUN C HA3HAYEHNEM KaHanoB,
unbTpaLnen, ynpasneHneM MOLHOCTBIO, KOPPeKLnen ownboK
1 NPOTOKONAMM CBA3M 4acTO NPeACcTaBnsfeT LUenblid cTanaapT
LMcpoBOiA CBA3M, NpefHa3HAYEHHbI A1 6€30LWNE0UHON
nepeaaun 6UTOB MHOPMaLUK Mo pajnokarany. bonbwas yacTtb
YCNOXHEHWH, BHECEHHBIX B popMaThl LMPOBOIA CBA3N,
Heo6X0AMMa ANs KOMMeHcaumu oWwnBOoK 1 NOrpeLIHOCTEN,
BHOCWMbIX B CHCTEMY BO BPeMSsi Nepefadm curHana B adupe.

Ha puc. 2-18 usobpasxeHbl aTanbl 06paboTku curHana,
Heo6X0AMMbIE ANS aHanu3a umdposoil Moaynsaunu. OCHOBHOA
NPOLIECC TAKOW XE Kak 1 B MPUEMHUKE, 3@ UCKITHOYEHNEM TOTO,
4TO BOCCTAHOBIEHHbIE CUMBOSIbI UCTIONB3YIOTCS ANS
BOCCTaHOBNEHWS MaTeMaTnyecku naeanbHblx curianos | u Q.
OTW MAeanbHbIe CUrHaNbl CPABHUBAIOTCS C (HaKTUYECKUMMU
curHanamu | v Q, cogep>xalummn NOrpewwHoOCTH, U Ha UX OCHOBE
CO3[aKTCs NPEACTABNEHUS U U3MEPEHUS ANS aHanu3a
MOZynALMA.
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M3MmepeHne MOLHOCTU U CTaTUCTUKA

Ananusatops! Tektronix RSA no3BonstoT n3amepsTb MOLHOCTb
curHana Kak BO BPEMEHHOMW, Tak 1 B YaCTOTHON 06acTsX.
M3mepeHue BO BpeMeHHOM 06nacTi NpoM3BOANUTCS NyTEM
WHTErpuMPOBaHMs MOLLHOCTH COXPAHEHHbIX B MaMATH
MOLynMpytoLmx curHanos | v Q Ha 3aaaHHOM MHTepBane
BPEMEH. VI3MepeHns B 4aCcTOTHOK 06nacTi NPOU3BOAATCS NYTEM
WHTErpMpOBaHMs MOLLHOCTY CMEKTPa Ha 3aaHHOM MHTepBane
4acToT. [ins onpefenexns MOLLHOCTY B KaHane MoryT 6biTh
NPUMEHEHbI KaHaNbHbIe (UILTPbI, HEOOXOANMbIE ANS aHanM3a
CTaHAapToB Mopynsaumu. [ing obecneyeHns TO4HOCTH BO BCEX
3aaHHbIX YCNOBUSX NPUMEHSIOTCS TaKKe napameTpsl
KanubpoBKM 1 HOpManMU3aLum.

B cTaHpapTax cBsi3u 4acTo 3a4atoTcs CTaTUCTUYECKME U3MEPEHMS
ANSi KOMMOHEHTOB W YCTPOWCTB KOHEYHOrO MOMb30BaTENS.

B aHanusaTopax cnekTpa B peabHOM MacLuTabe BpEMEHM UMEHTCS
npoLenypbl 3MEPEHUs ANs pacyeTa CTaTUCTUYECKNX BENNYMH,
HanpuUMep KOMMIEMEHTAPHO KyMyNSITUBHOM ChyHKLMN
pacrnpeseneHns curHana, Kotopas 4acTo UCMoMb3yeTcs B Ka4eCTBE
XapaKTepUCTUKM COOTHOLLEHMS MUKOBOM W CPEAHEN MOLLHOCTU
CUrHamnoB CO CNOXHON MOAYNALMEN.

www.tehencom.com
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> HayanbHoe pykoBoACTBO

Frequency: 2.445 541 871 GHz

: Co

Puc. 3-1. pocmoTp crekTporpammbl CUrHasna co CkaykoobpasHbim
N3MEHEHNEM YACTOTbI B PEXUME aHam3a B peaslbHoM Maclutabe
BpeMeHm

IMABA 3. U3mepeHusi ¢ noMoLYbI0 aHanu3aTopa
cneKTpa B peanbHOM MacluTabe BpeMeHu

B aToit rnaBe onucaHbl pexxuMbl paboTbl aHanu3aTopa cnekTpa

B peanbHoM MacluTabe BpEMEHW 1 NPOBEAEHNE UMEPEHWIA.
HekoTopble NOAPOBHOCTH, HAMPUMEP YaCTOTa BbIGOPKYA U YUCIO
Touek BIMO, 3aBucaT ot TMna npubopa. Kak 1 B apyrux npumepax
U3MepeHuiA, NpuBeeHHbIX B AaHHOM AOKYMeHTe, MH(opMaums

B 3TOM pasfiene 0THOCUTCS K aHann3aTopam CnekTpa B peanbHoM
maclitabe spemenn Tektronix cepun RSA3300A u cepun WCA200A.

N3MepeHus B YacTOTHOI o6nacTu

AHanu3 cnektpa B peanbHOM macwTabe BpeMeHuU

OTOT pexxum Bbin onucaH B rnase 1 npu 06CY>KAEHNM HEMPEPBIBHOMO
3axsara u cnektporpamMm. OH 06ecneunBaeT HEMPepPbIBHbIN
3axBarT B peaslbHOM MacluTabe BPEMEHU, CUHXPOHM3ALMIO

B peanbHOM MacluTabe BpeMEHN 1 BO3MOXHOCTb aHann3npoBaThb
AaHHbIE, 3aXBaYEHHbIE BO BPEMEHHOW 0611aCTW C NOMOLLbIO
npeACcTaBfieHui B BUAE 3aBUCUMOCTM MOLYHOCTM OT YacTOTbl

¥ cnekTporpammbl. Kpome Toro, B 3TOM PeXUME BbIMOSHAOTCS
HEKOTOpble aBTOMATUYECKNE UMEPEHNS, HANMPUMeEp U3MEPEHME
HecyLLel 4acToTbl, Kak NokasaHo Ha puc. 3-1.

Kak 6b110 cka3aHo B rnase 1, cnekTporpamma cTpouTcs no Tpem
KOOPAWHATHBIM OCAM:

> TOPU30HTanNbHOW OCU, MPEACTABASIOLLEHA YAcTOTY;
> BEPTUKaNbHOM OCH, NPeACTaBNAIOLIEN BPEMS;

> KOOpAMHaTe LBeTa, npeucmsnmou.leﬁ aMmnnnTyay.
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KoHTponbHO-uaMeputensHbie Npubopbl U 060pyaoBaHue

(il =gl

Puc. 3-2. Pexnm aHanmsa criekTpa B peasibHoM Maclutabe BpeMeHn:
HECKOJbKO OJI0KOB, 3aperncTpupoOBaHHbIX C UCTOMb30BAHNEM
CUHXDOHM3ALMM 110 YACTOTHOM MAcke AJ1s M3MEPEHNs MoBTopsie-
MOCTH HECTALMOHAPHBIX CUTHAIIOB C MEPEKITIHEHNEM YacTOTb!

B coyeTtaHun ¢ BO3MOXHOCTAMU CUHXPOHWU3ALMK B pearnbHOM
MacluTabe BpEMEHH, Kak nokasaHo Ha puc. 3-2, cnekTporpamma
CYXXMT MOLLHbIM CPEAICTBOM AN M3MEPEHUs PALMOCUTHATIOB.

IMpy Mcnonb3oBaHUM 0TOBPAXKEHNS B BUAE CNEKTPOrPaMMbl

HE0OXOAMMO NMOMHUTb HECKOMbKO OCHOBHbIX NpaBui.

» [lnuHa kafpa BO BPEMEHW 3aBUCKT OT AManas3oHa 4acToT
(wupe gnanasoH — Kopoue Kaap).

> OnuH BepTUKANbHbIN LIAr CNEKTPOrpamMMbl COOTBETCTBYET OAHOMY
Kagpy B peanbHOM MacluTabe BPeMeHM.

> OpuH Kagp B peanbHoM MacliTabe BpemeHn — 1024 BbIGOpKH
BO BPEMEHHO 06nacTy.

» Cambiil cTapblii kafp HAX0AMTCS B BEPXHEN YacTh 9KpaHa,
CaMblii HOBbI — B HUXXHEN YacTy.

» [laHHble B npefenax 610ka 3anucaHbl HENPEPLIBHO
BO BPEMEHM.

> [OpM30HTANbHbIE YepHble NUHWM HA CNEKTPOrpaMme
NPeACTaBNAKT rpaHnLbl Mexay 6nokamu. 3T0 paspbiBbl BO
BPEMEHN MEXJY OTAENbHbIMY PErnucTpaumsMin CUrHamnoB.

» bBenas nuHns ¢ neBon CTOPOHbI CNekTporpammbl 0603HavaeT
[aHHbIe NOCNe MOMEHTA CUHXPOHU3ALMM.

www.tehencom.com
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Puc. 3-3. V3meperne napameTpoB TeIeBUHOHHOTO CTHasA B YaCTOTHOM
amanasoxe 1T ¢ 3anomuHarmeM MakcuMyma B CTaHAapTHOM
DexXuMe paboTsl aHam3aTopa crieKTpa

O6bIYHbI aHanM3 cnekTpa

B 06bl4HOM pexxuMe aHanuaa cnekTpa, U306paxeHHOM Ha

puc. 3-3, 06ecneunBaOTCH U3MEPEHNS B YACTOTHOM 06nacTy
nyTeM MMMUTaLMM aHanusartopa crnekTpa ¢ pa3sepTkon. [Ans
4aCTOTHbIX AMANa30HOB, MPEBOCXOAALLMX MONOCY 4acTOT npubopa
B peanbHOM MacluTabe BpEMEeHW, aHanu3 CrnekTpa BbINOMHAETCS
nyTem NepecTpoOnKN aHanuaaTopa B UCCNeyeMoM AuanasoHe
4acToT aHanornyHo 06bIYHOMY aHanu3aTopy cnekTpa (6onee
NoApo6Hble CBEAEHNS MPUBELEHbI B KOHLE 3TOM rNasbl, B pasfene
0 perucTpauum curHanos). Kpome Toro B 9TOM pexiume
06ecneynBaeTCcs HaCTPONKa paspeLlenns no vacToTe, (yHKLUMI
YCPEAHEHUS U BO3MOXHOCTb HACTPoikn BIO 1 dyHKUMA OKHa.
CVHXPOHN3aLMs 1 HenpepbIBHbIA 3aXBaT CUTHANOB B PeasbHOM
MacliTabe BPEMEHN B peXuMe 00bIYHOTO aHanu3a cnekTpa He
BbINOMHAOTCS.

AHanu3 cnekTpa co cneKTporpammo

B pexxume aHanuaa cnekTpa co CnekTporpammon 06ecneynBaroTCs
Te Xe beHKLlVIOHaﬂbeIe BO3MOXXHOCTHU, YTO N B 06bI4HOM pexume
aHanuaa cnekTpa, a KpoMe TOro — 0TOBPaXKEHNE CNEKTPOrpaMMmbl.
B aTom pe>xume nonb3oBaTenb TakXxe MOXeT BblﬁpaTb 4aCTOTHbI
[ManasoH, NpeBbILLAKLLMIA MAKCMMANbHYIO NMOOCY YacTOT BbIGOPKM
aHanusaropa B peasibHOM MaclTabe BpeMenn. B otnuymne ot
pexxuma aHanuaa cnekTpa B peanbHOM MacliTabe BpeMeHu, npu
aHanu3e cnekTpa Cco CreKkTPOrpaMMON OTCYTCTBYET CUHXPOHMU3ALMS
B peajibHOM BPEMEHMN, HeﬂpeprBHblﬁ 3axBaT CUrHana, u naHHble
He COXpaHstoTCs B namsTu npubopa. 3To fenaeT HEBO3MOXHOM
06paTHyto NPOKPYTKY BO BPEMEHU AaHHbIX, 0TOOpaXKaeMbIxX Ha
CcnekTporpamme.
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OcHOBbI aHanu3a CneKTpa B peajibHOM MacuTtabe BpeMeHu
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CnEKTPOrPAMMA 3ABKCMMOCTb YACTOTHI OT BPEMEHH

N KAOPOB M X 1024 BbIEOPKY

Puc. 3-4. CpaBHeHne 0TOOpaxeHs CeKTPOrpammbl 1 3aBUCHMOCTH
yacToTbl OT BpEMEHN

N3mMepeHns Bo BpeMeHHOIA obnactu

3aBMCMMOCTb HaCTOThI OT BpeMeHu

[Mpy M3MepeHnn 3aBMCUMOCTH YaCTOTbl OT BPEMEHU YacTOTa
0TobpaXkaeTcs No BePTUKANbHOW OCKH, a BpEMS — MO
FOPU30HTANBHON. [ToNyyYeHHbI Pe3ynbTaT MoX0X Ha CNEeKTPorpammy,
O[HAKO MMEETCH ABA BAXKHbIX OTIN4mMs. Bo-nepsbix, kKak 6yaeT
OMUCaHo Janee, paspeLueHne BO BPEMEHHOW 0651acTy
NPeACTaBNEHNs B BUAE 3aBUCUMOCTY 4acTOTbl OT BPEMEHM
CYLLECTBEHHO BbILLE, YEM Y CMEKTPOrpamMmbl. Bo BTOPbIX, Npu 3TOM
N3MEPEHNM B KaXX[I0M TOUKE BPEMEHU BbIUNCTAETCS OJHO CPELHee
3HAYeHWe YacTOoThl, @ 3TO 03HAYAET, YTO OTOOPAKEHNE CIOXKHbIX
PafMOCHrHanoB, Kak Ha CnekTporpaMMe, HEBO3MOXHO.

CnekTporpamMma cocTaBneHa u3 KkagpoB, U ee pas3peLleHue no
NIMHUSIM PAaBHO ANVHE OJHOr0 Kaapa, a paspeLleHne npeacTaBieHns
B BWAE 3aBWCUMMOCTW YacTOTbl OT BPEMEHW COCTaBNSAET OAMH
nHTepBan Bbl6opkn. Cuntas no 1024 BLIGOPKYK B KAfPe, paspeLleHne
B 3TOM pexume B 1024 pasa To4Hee, YeM B pexunme
cnekTporpamMmbl. 3To 06nervyaeT NOMCK Manbix

1 KpaTKOBPEMEHHbIX CABUIOB YacTOThl HA (POHE B0Jee KPynHbIX
AeTanei. 370 npefcTaBNEHNE HANOMUHAET BECbMaA
GbicTposencTBytowumii yactotomep. Kaxxaas 13 1024 Bbi6opok
NPEeACTaBNSET 3HAYEHWE YaCTOThl B nana3oHe HECKOSbKO COTEH
repu Unn Heckonbko Merarepy. CurHanbl NOCTOSHHOM YacTOThl,
Takue KaK HenpepbiBHas cuHycounpa nnu AM-curuan, gawoT
MAOCKWIA, POBHBINA rpacuk.

[pencTasnexune B BUAE 3aBMCUMOCTM YaCTOTbl OT BPEMEHH
obecneynBaeT fyyllne pesynbTathl NPU Hanuunm OTHOCUTENBHO
CUMbHOrO CUrHana Ha OfHOW YacTtoTe. Ha puc. 3-4 B ynpoLLeHHOM
BUAE WNNIOCTPUPYETCS pasnnyne Mexay npeAcTaBleHnsaMu

B BMAE CMEKTPOrpaMMbl v B BUAE U3MEPEHNI 4acTOThI BO
BpemeHn. OTobpaXkeHne B BUAE 3aBUCUMOCTM YaCTOTbl OT
BPEMEHN MOXHO paccMaTpuBaTh Kak MacluTabupoBaHHoe
npeacTaBlieHNe YBENNYEHHOW YacTW CNEKTPOrPamMMmbl.
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OcHOBbI aHanusa CneKTpa B peajibHOM MmacwTabe BpeMeHu
>

kiromix RSA 33014

Puc. 3-5. Cnektporpamma ycTaHoB/IeHNS 4acToTsl B uHTepsane 5 MIL no
yactore n 35 Mc 1o BpemeHn

Takoe npefcTaBeHne NOMOraeT U3yyaTb HeCTaUMOHapHbIE
MPOLIECCbI, HAaNpUMep BbIOPOC YACTOThI UK «3BOH». Ecnn

B MCCNELYEMOM CrMEKTPE MPUCYTCTBYIOT HECKONbKO CUrHANOB UK
OLMH CUrHanN C NOBbILLIEHHBIM YPOBHEM LUyMa 1160
HeperynsapHbIMK BbIGPOCAMU, XeNaTenbHo NPUMEHSTHL
cnekTporpammy. CnekTporpamMma obecneunBaeT BU3yanu3aLmnto
BCEX 4acTOT 1 amniuTys B BbIOPAHHOM [nanasoHe.

Ha puc. 3-5, 3-6 v 3-7 n3o6pa>keH aHanu3 04HOro U TOro Xe
3aperucTpUpPOBaHHOIO CUrHana B Tpex pasinyHbiX NpeacTaBieHunsX.
Ha puc. 3-5 n306paxxeHo NPUMEHEHNE CUHXPOHW3ALMK N0 YACTOTHOM
Macke Ans 3axsaTa HECTALUWMOHAPHOro curHana, nocTynarLero

C nepefarymka, B KOTOPOM HabNoAAETCs ClydalHas HeCTabunbHOCTb
4acTOoTbl BO BpeMs BKIKOUEHMs. [10CKONbKY reHepaTop He HAacTpOoeH
Ha 4acToTy, COOTBETCTBYIOLLYIO CEPEANHE 3KpaHa, CUHXPOHW3aLns
MPOUCXOANT MO BbIXOZY PaANOCUrHANA U3 YACTOTHOW Macku B NeBoK
yacTu akpaHa. Ha cnektporpaMme cnpasa M3o6paxkeH npouecc
YCTaHOBNEHUS BbIXOAHOW YaCTOTbl YCTPOACTBA.

Ha cnefyrowmx AByx pUCyHKax nokasaHbl 0TO6paxeHns 3aBUCUMOCTH
4acToTbl OT BPEMEHU Ang 3Toro curHana. Ha puc. 3-6 nsobpaxeH
TOT Xe NPOLECC YCTaHOBNEHUS 4acTOTbl B BUAE CMEKTPOrPaMMbI
C ANMTENBbHOCTBIO aHanuaa 25 Mc. Puc. 3-7 unntoctpupyet
BO3MOXHOCTb MacLITabupoBaHus o AANTENbHOCTM aHanuaa,
paBHOW 1 MC. 3aBUCMMOCTb YaCTOTbl OT BPEMEHN 0TOBpaXKaeTCs
CO 3HQYUTENbHO BOMbLIMM Pa3pELLEHNEM BO BPEMEHHOM 0611acTy.
Ha 3TOM pucyHKe BMAHbI 0CTATOYHbIE KONebaHus curHana faxe
nocrne yCTaHOBNEHUS 3aJaHHON YaCTOTbl.
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Puc. 3-6. 3aBucuMOCTb YacToOTb! OT BPEMEHY LIS YCTAHOBJIEHNS YacTOTbl
B uHTEpBane 50 MIy no 4actote n 25 Mc 1o Bpemexm

& Acquisition Length (ps): 320

arsient: Frequency versus |ime

Puc. 3-7. YBenmnyerne maclutaba Anisi poCMOTPA YCTAHOBJIEHHUS 4acTOTbl
B uHTepBarsne 50 kY no yactore u 1 Mc 1o BpemMeHn



000 "TexaHkomM"

(s)

2m

Horizontal Start
(s)
+9.92m

Vertical Scale
(dB)

Puc. 3-8. 3aBucuMoCTb MOLYHOCTH OT BPEMEHN

3aBUCUMOCTb MOLYHOCTM OT BpeMeHKn

Ha oTo6paxkeHnn 3aBUCMMOCTM MOLUHOCTH OT BpeMeHu (puc. 3-8)
nokasaH rpadmk 3MEHEHNs MOLYHOCTHM CUrHana no Bbl6opkam.
AmnnuTyna curHana otobpaxaetcs B Ab MBT Ha norapudmuyeckon
wkane. OTo6paxkeHne Noxoxe Ha NPOCMOTP curHana Ha
ocuunnorpade B0 BPEMEHHOK 06M1aCTH, rae N0 ropU3OHTaNbHOM
0CM 0TCUMTbIBAETCS BpeMsi. [10 BepTuKanu, BMECTO HanpsKeHus
no NMHENHON LKane, OTCHUTHIBAETCS MOLLHOCTb MO
norapuMUYECKON LLKane, NpeAcTaBsoLLasn CyMMapHyo
MOLLHOCTb, 06HapY>XeHHYH0 B 4aCTOTHOM JuanasoHe. Mpaduk
curHana ¢ nocTostHHO! MOLLHOCTbIO NpefcTaBnseT co6oi
FOPU30HTANbHYHO NIMHUIO, MOCKOMbKY MOLHOCTb CUrHana

B TEYeHWe Nepuosia He U3MEHSeTCS.

[ins kaxaoi BbIGOPKM BO BPEMEHHOW 0611aCTH MOLYHOCTb
BblunCnseTes no popmyne:

(24 @?)

1 MBT

MowyHocts = 10 - log

an BCEX M3MEPEHNAX B pealibHOM BPEMEHU NPEACTaBNEHNE
B Bnae 3aBUCMMOCTN MOLLHOCTK OT BPEMEHNU OTOﬁpa)KaeTCﬂ
B 0630pHOM OKHE. Kpome TOro, OHO OTOﬁpa)KaeTCﬂ B OKHE
aHanuaa, B KOTOPOM UCNONb3YETCA PEXUM 3aBUCUMOCTH
MOLLHOCTWN OT BPEMEHMU.
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kironix RSA 3303A

Puc. 3-9. Viamepermne fOMONHNTENbHON KyMySTUBHON ChyHKLMM
pacripesenexns

JononHutenbHas KyMynsTMBHas (PYHKUMUS pacnpeneneHus

Ha npepacTtasnenuv B BUAE [ONONHUTENBHON KyMYNSTUBHOM OYHKLMM
pacnpeseneH1s U3MePSIEMOro CurHana 0TobpaxaeTcs BepOSTHOCTb
TOr0, 4YTO OTHOLLEHME NUKOBOW MOLLHOCTH K CPeHEN MOLHOCTH
NPeB30UAET BENUYMHY, 0TOBPaXKaeMyto Ha rOPU3OHTaNbHOM
Lkane. BeposTHOCTb B MpoLieHTax 0To6paXxaeTcsi N0 BEPTUKAbHO
wkane. Macwutab BepTUKanbHOW LWKanbl NorapucMuyeckui.

Mpn aHannae [ONONHUTENBHOK KYMYNSTUBHON (PYHKLNN
pacnpeieneHns 3MepseTCst NepeMEHHbI N0 BPEMEHN aMMINTYAHbIA
KO3(MULMEHT, YTO BAXKHO )15 MHOTUX LN(POBbIX CUrHamo0B,
0CO6EHHO NPV NCMONB30BAHNM MHOXECTBEHHOIO AOCTYMA C KOAOBbIM
pasaeneHnem (CDMA) 1 opTOroHanbHOro MynbTUNAEKCUPOBAHNS
4acTOTHbIM Aenernem (OFDM). AMNAUTYAHbIA KO3 DULMEHT —
9TO OTHOLUEHWE MUKOBOrO HAMPSKEHUS CUrHana K ero cpeHemy
HanpsXeHus, BbIpaXXeHHoe B feumnbenax:

v
C =20-logl =&

rms

AMNANTYAHBIA KO3PULMEHT CUrHana nokasblBaeT, HACKONbKO
TIMHENHBIM JOMKEH ObITb MPUEMHUK MW NEPEAATHMK, YTOObI
n3bexxatb HempuemeMbIX UCKaxeHuit curiana. Ha puc. 3-9
KpuBble AOMONHUTENbHOK KYMYNATUBHOW (DyHKLMWN pacnpefeneHns
CUrHana BbleneHbl XeNnTbIM LBETOM, 1 OMOPHbIN rayccoB

curHan — rony6biM. [JononHuTeNbHAs KYMyNSTUBHAS (YHKLMS
pacnpefeneHus u aMmnanTyaHbIA KO3MULMEHT NpeacTaBnsaoT
0COO6bIi MHTEPEC AN KOHCTPYKTOPOB, KOTOPbIM NPUXOANTCS
obecneynBaTb KOMIPOMUCC MEXAY NOTPEONEHNEM 3HEPrUK

W BEMNYNHOW UCKAKEHWN B TaKMX YCTPOWCTBAX KakK yCUnUTenu.
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OcHoBbl aHanusa CneKTpa B peajibHOM MmacwTabe BpeMeHu
>

Tekirnmix WA JHiA

320.515078125m
Qutput Trigger
Indicator

Off On

ansient: 10

Puc. 3-10. Vsmeperue 3aBrucumocTy I/Q 0T BpEMEHM My YCTAHOBIEHM
HECTaLMOHAPHOr0 curHana

Acquisition Length: 80 e

Puc. 3-11. AHamm3 gemogynsumi umMnynscHoro AM-curnana ¢ uenons308a-
HUEM MOAYNALMN C aMITUTYLHON MaHNTYNAUnen Ans
KoanpoBaHuA faHHbIX

3aBucuMMoCTb KBapaTypHbIX curHasnos (I/Q) ot BpeMeHu

3aBMCMMOCTbL HecTaLUMoHapHbIX KBaapaTypHblx curHanos (1/Q) ot
Bpemenu (puc. 3-10) — elle 0AHO NpeACTaBAEHNE B peanbHOM
MacLTabe BpeMeHu, B KOTOPOM 0TOBPaXaloTcst aMnanTybl
curHanos | v Q B yHKLMM BpemeHu. B aTom pexxume oTobpaxarotcs
HeobpaboTaHHble curHansl | v Q, noctynarowue ¢ UMdposoro
npeobpasoBaTens C NOHMKEHNEM YacToThl. B pesynbrate
0TO6paXeHUEe He CUHXPOHU3NPOBAHO C Kakoi-nMbo MOAynsumnei,
KOTOpas MOXET MPUCYTCTBOBATH B aHANM3MPYEMOM CUTHane,

B OT/IMYME OT 0TOOPAXEHUs curHanos I/Q Bo BpeMeHu,
MMetoLLerocs B nakeTe UNGpPOBOKA SeMOLynaunu.

OTO M3MepeHNe MOXET NMOCAYXMUTb LEHHbIM CPEACTBOM OTNanKM
ANS OMbITHbIX NONb30BATENEN, 0COOEHHO NPK FNY6OKOM
“ceneaoBaHnn ownboK N HecTabunbHOCTEN YacTOTbl M asbl.
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Acquisition | engrh: 320 ms

Spectrum Length
(s)
3.2m

| it |

(s)
if om

A Analysis | ength
(s)

| Bt

Puc. 3-12. AHanna pemogynsuymn YM-curHana, Mogympyemoro
CUHYCOUAATbHBIM CUTHATIOM

Acquisition Length; 400 i

Puc. 3-13. AHanna pemogynsauymn OM-curHana, nokasbisaroLymi (hasosyio
HECTabUIILHOCTL BO BPEMS MPOAOIIKHUTESNLHOO MMITY/bCa

WU3MepeHusa B obnact Moaynsumu

AHanu3 aHanoroBoii MogynALuUK

Pexxum aHanorosoi femonynsuun o6ecneunsaeT AeMOLYNALMIO
W aHann3 CUrHanoB ¢ aMnauTyaHOW Modynsunen (puc. 3-11),
4acTOTHOW Mojynsuuen (puc. 3-12) n hazoBon MOLynALMEN
(puc. 3-13). Kak v npu u3mepeHnsix BO BpeMeHHoW 06nactv, atn
CPEACTBA OCHOBAHbI HA aHann3e B HECKOMbKMX 06nacTsx. OkHa
CMeKTpa 1 aHanu3a MoryT OTHOCUTBLCS K NH0BOMY MecCTy 610Ka,
0TO6paxaeMoro B 0630pHOM OKHE.

www.tehencom.com
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OcHOBbI aHanu3a CneKTpa B peajibHOM MacuTtabe BpeMeHu

0S104 PM

Acquisition | engrh: 9.92 m=

L/4PI_QPSK

Modulation

Parameters...

Off | Single | Delta

Auto Carrier
Reference Cursor
to Marker X

EVM 9% UM Mark 71875 Reference Cursor

Mag Crr: Mag Err:

Phase Crr. *hase Frr:

Length:
Freq
Origin Offse

Puc. 3-14. Ananu3 rosegenusi MOAYs OLLMOKW BO BPEMEHN SISl chrHana Puc. 3-15, [lnarpamma «Co386341e», Ha KOTOPOIT nokasana (ha3osas
KBAADATYPHO amiymTyaHOA MoAynsumn 16 QAM nossonset HECTabWUIIbHOCTb B CUTHANE [T1ABHOIO KOHTPO/IEPA AOMEHA
BbISIBUTb CUHYCONAATBHOE BOMYLLEHNE aMNTYfb!

AHanu3s uucpoBsoii MoaynALUK

B pexxume undpoBon aemMoaynsaLuMm NpoOU3BOAUTCS AEMOAYNALNS
W aHannM3 MHOMMX pPacnpoCTPaHeHHbIX BUAOB LMPOBbIX CUrHANO0B
Ha 0CHOBE (ha30BOM MAHUMYNALUK, MOZYASLUMM C YACTOTHOM :
MaHuUnynsauven u keagpaTypHoi aMninTyaHOU MOLYNALNN. _ : L/APLOPSK
AnanuaaTop cnekTpa B peanbHOM MacluTabe BpemeHu obecrneunsaeT e 355 e o S| odulation
npoBeAeHNe pasHooBpas3HbIX M3MEPEHWI, B TOM YuCTE: Anarpamma = L '
«CO3BE3AMe», BENMYMHA BEKTOPA OLUMOOK, OLWUbKa amnauTyabl,
owmbka asbl, AeMOAYNMPOBaHHbIE CUrHanbI I/Q BO BpeMeHH,
Tabnavua CUMBONOB U rnaskosas AnarpaMma. [ns BbinofHeHUs
9TUX U3MepeHuiAi He0OX0ANMO COOTBETCTBYHOLLUM 06pa3om
HaCTPOUTb Takue NEPEMEHHbIE KaK TUM MOAYNALMK, YACTOTY
CWUMBOJIOB, TUM (hULTPA U3MePeHUit (punbTpa NpUeMHUKa)

n napameTp (0/BT), a Takxxe TMN ONOPHOro chunbTpa.

Ananusatop cnekTpa B peanbHOM BpeMeHn 06ecnednBaeT MOLUHbIE
CpeAcTBa UccneaoBaHns AMHaMUYecKnx MOAYNMPOBAHHbIX CUrHAmNO0B
6narofaps coveTaHuio UNGpPOoBbIX 4EMOLYNALNOHHBIX M3MEPEHWHA, Puc. 3-16. [naskoBas guarpamma, Ha KOTopoi rokasaHa HebosbLLas
XapaKTepHbIX AN BEKTOPHOrO aHanN3aTopa cUrHanos amrnTygHasa OLLUMOKA B chrHane rinaBHoro KOHTpoO/IIepa JoOMeHa
C CMHXPOHM3aLUKeil B peanbHOM MacluTabe BPEMEHM CO CPEACTBAMM

aHanuaa B HecKombkux 061acTsx, Kak nokasaHo

Ha puc. 3-14, 3-15 n 3-16.

Diagram
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OcHOBbI aHanusa CneKTpa B peajibHOM MmacwTabe BpeMeHu

sition Length: 120 ms

i
!".M Ji'ﬁ

i Lm'ﬂ*«,wd' 5

Puc. 3-17. Anamm3 Mogynsium rapHuTypsl W-CDMA B yenosusix yripasseHus Puc. 3-19. Tlpumep oToBpaxeHus KoAorpammsl
MOLLHOCTBIO C NETIIEN 00paTHoV ¢Bs3u. [jnarpamma «co3sesane»
(BHU3y cripaBa), Ha KOTOPOV NMpeACTaBeHa oLLMbKa, cBs3aHHas
¢ 6O/bLLIVMY BbIGPOCAMM, NPOUCXOLALLIMMM BO BPEMSI MEPEXOA0B
MEX[Y YPOBHSIMH, KOTOPbIE MOXHO YBUAETb Ha rpagouke
3aB1CUMOCTY MOLLHOCTH OT BPEMEHH (BBEPXy crieBa)

versus Time Slot

F 11| 75 code Fiitering
oAl
‘} offn 1 23456 7

J Go 1o page 2
= (of 2)

S/ FDIGE: Moch lation Acciracy

Puc. 3-18. CriekTporpamma, guarpamma «Co3Be34Me», OLeHKa MOAyns Puc. 3-20. V3ameperue kogorpammbl ans pexnma cxxatvs W-COMA
OLLMOKM, 3aBUCUMOCTD OLLIMOKN (hasbl OT BPEMEHU ANISi CUrHana
GSM ¢ nepeksnoyeHnem 4acToTs!

AHanus ctTaHaapToB MOAYNALMM BpemeHu. Kak 1 Ha cnekTporpamme, Ha Koforpamme otobpaxaeTcs
AHanM3aTop CneKkTpa ¢ peanbHoM MacluTade BpeMenm obecneunsaer  VIHTYWTUBHO MOHSATHBIN MPOLECC B 3aBUCUMOCTN OT BPEMEHM.
TakXXe CpefcTBa aHann3a MOLYNsUMM AN MHOTWX CTaH4ApTOB Ha puc. 3-20 n3obpaxeHa kogorpamma curHana W-CDMA,
cB43u, Hanpumep W-CDMA, HSDPA, GSM/EDGE, CDMA2000, nonyyYeHHas ¢ NOMOLLbKD aHANM3aTopa CrnekTpa B peanbHoM
1XEV-DO n mHorux ppyrux. Ha puc. 3-17 n 3-18 npuseaeHbl npumeps! macluTabe BpeMeHu. Ha atux kogorpammax otobpaxaercs
aHanusa ctaHaapToB MOAYNALMK. MMWUTMPOBaHHbIN BbixofHoW curHan W-CDMA B pexxume cxatus,
B KOTOPOM CKOPOCTb nepenavn naHHbIX MTHOBEHHO YBEJINYMBAETCH,
OTobpaxeHne Koaorpammbl 6naroaaps Yemy nosiBASOTCS KPAaTKOBPEMEHHbIE NEPepbIBbI

B nepefaye. 3TU nepepbIiBbl NO3BONAKOT NONMb30BATENLCKOMY
obopygnosaxuto B ctaHaapte W-CDMA/GSM BbINONHATL NOMCK
[ocTynHon 6a30B0il cTaHuum GSM, B To Bpems Kak ocTanbHble
nopcoennHsioTes K yany B W-CDMA.

Ha oTobpaxeHuun kogorpammsl (puc. 3-19) B aHanusartope cnekrpa
B pealbHOM MacluTabe BPEMEHM K M3MEPEHUSIM MOLLHOCTY B 0611aCTH
KOZOB Ans CTaHLapToB cBA3W Ha ocHoBe CDMA pobasnseTcs ocb
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YacTo 3agaBaeMble BOMPOCHI
> HayanbHoe pykoBoACTBO

ITIABA 4. YacTo 3agaBaeMbie BONPOCHI

AHanu3a cnekTpa B peanbHoM MacluTabe BpeMeHu CyLLecTByeT

B HEKOTOPOIA (hOpME Y>KE MHOTO IET, W MOCKOMbKY TEXHOMOr NS,
nexatlast B 0CHOBe 9T apXUTEKTYpbl, JOCTUMNA BLICOKOA CTafun
pa3BMTUsl, aHANU3ATOP CNEKTPa B peanbHOM MacluTabe BpeMeHu
CTas OCHOBHbIM MHCTPYMEHTOM ANst LUIMPOKOrO CeKkTpa 3ajad,
CBsI3aHHbIX C ONpeesieHNeM XapakTepucTUK PafnoCHrHanos,
MEHSIOLUNXCS BO BpeMeHU. B faHHOM pa3fene paccmaTpusaeTcst
HECKOMbKO 4aCcTO 3aZaBaeMblX BOMPOCOB, CBA3AHHBIX C aHANN30M
CcrekTpa B peanbHOM MacluTabe BPeMEHM.

Yto npeacTaBnseT co60ii aHanM3 cnekTpa B peanbHOM
Maclutabe BpeMeHn?

OcHoBHast 0CO6EHHOCTL aHanM3a cnekTpa B peajbHOM MacluTabe
BPEMEHN — BO3MOXXHOCTb CMHXPOHM3aUMUK No paano4acToTHOMY
curHany, Hel'lpeprBHOVI 3anucu ero B naMAaTb U aHann3a

B HECKOJIbKMNX oﬁnacmx, 4YTO Nno3BongdeT 06HapY)KVIBaTb
paano4acToTHbIE CUrHANbl, M3MEHAKLMECA BO BDEMEHMU,

N onpenenaTb Ux XxapakTepucTukn.

YTo Takoe nonoca nponyckaHus B peanbHOM MaclTabe
BpemMeHn?

BMecTo pa3BepTki YaCTOTHOrO AnanasoHa aHanu3atop crnekTpa

B peanbHOM MacluTabe BpeMeHU CO3AaEeT CHUMKU pafnocurHana
BO BCEM Ananas3oHe. JTOT Anana3oH Ha3biBAKT NONOCON
NpONycKaHus B peanbHoM Maclutabe Bpemeru. MocpeAcTBOM
oUncPOBKYM curHana v 3anucu Bbi6opok 1/Q BO BpeMeHHOM
0651acTi aHanu3aTop CcrekTpa B peanbHOM MacluTabe BpeMeHu
obecrneynBaeT HeNpePbIBHbIA 3axXBaT CUrHaNoB, COOTBETCTBYHOLNX
€ro nosoce NponyckaHus B peanbHOM MacluTabe BpEMEHM, U aHan3
napameTpoB aMmnanTyAbl, 4acTOThbl, (dasbl U MOAYNSALMK

B OnpefjeneHHble MOMEHTbI BPDEMEHM.

[Tonoca nponyckaHusi B peanbHOM Maclutabe BpeMeHU MOXeT
pacnonaraTbCs B NtO60OM MeCTe B Npegenax abContoTHOro
4acTOTHOro AnanasoHa npubopa. Hanpumep, WnpuHa Nonock!
nponyckaHus B peanbHoM MactuTabe Bpemerm Tektronix RSA3308A
coctasnset 15 MIL 1 MoxeT pacnonaratecs B guanasoHe 0 — 8 IMu.

MakcumMansHas WwuprHa nonockl NPONYCKaHus B peanbHoOM
MacluTabe BpeMeHu SBNAETCH BaXHOU XapakTepucTukomn
aHanuaaropa CnekTpa B peanbHOM MacliTabe BpEMEHM.

Ee BenuunHa 06b14HO OrpaHuyeHa 4acToTon auckpeTnsaumm
ananoroso-uudposoro npeobpasosatens (ALM) npubopa 1 nonocon
NPONYyCKaHns, Ans KOTOPOW TPaKT NMPOMEXYTOUHOM YacTOTbl
npubopa MMeeT NIMHENHbIe YaCTOTHYHO U (ha30BYI0 XapaKTepUCTUKM.

YT0 Takoe HenpepbiBHLIN 3aXBaT B peasbHOM MacwTabe
BpeMeHu?

Cxema peructpaumu curHana B peanbHoM Maclutabe BpeMeHu
obecrneynBaeT HeMpePbIBHbI 3aXBaT PAAMOCUTHANA B TeYeHUe
NPOJOMKUTENBHOIO Nepuoaa Bpemenu. HenpepbiBHas
nocnefoBaTenbHOCTb BbIGOPOK BO BPEMEHHOM 0611acTL
3an1CbiBAETCS M XPAHUTCS BO BHYTPEHHEN NaMsaTh aHanu3aTopa
cnekTpa B peanbHoM MaclTabe BpeMeHu. 3To No3BonseT npuoopy
CO3/1aBaTb BPEMEHHYO OCb B [OMOMHEHNE K NMPUBbIYHBIM OCAM
4acToTbl M aMNIUTYAbl M 0TOBPaXKaTb Takne NPeACTaBEHNS
curHana, kak cnektporpamma. floctyn K Heo6paboTaHHbIM
npefcTaBneHnaM amnauTyabl u gpasbl curHana obecneunsaet
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LOMONHUTENbHYH BO3MOXHOCTb UCMOMNb30BAHNS aHann3aTopa
cnekTpa B peanbHoM MacluTabe BPeMEHM ANSt BbINONHEHNS
CNOXHbIX 33424 aHanu3a curHana B YacTOTHOW, BPEMEHHON

1 MOJYNALUMOHHOM 06NacTAX C MCMONb30BaHMEM BbICTPOro
npeobpasosanus Oypbe (BMN®) n apyrux cpeacTs LMPPOBO
06paboTku curHanos (LLOC) ans 06paboTku 3anucaHHbIx
BbI6OPOK, OTHOCSLLMXCS K BPEMEHHOW 06nacTy.

[pyroe BaxxHOe CNeACTBKe 3aKMOYAETCs B TOM, YTO, Kak
OMUCLIBANOCH BhbiLLE, OLMPOBKA 1 3aNNUCb BCEN HEPTUM
pagvocvrHana B npegenax nonockl NPonyckaHus B peanbHoM
MacLTabe BpEMEHU BbINOMHAETCS OfHOBPEMEHHO B OTAMYME OT
aHanusaropa cnekTpa ¢ pa3BepTKOW, KOTOPbI HEMPEPbLIBHO
nepecTpavBaeTcs B Npejenax YacToTHOr0 AnanasoHa vepes
Heb0/bLUNe MHTEPBAnNbI 1 COBMPAET Pe3ynbTaTthl AN 0TOOPaXKEHNS
cnekTpa. C NOMOLLbIO aHanu3aTtopa cnekTpa B peanbHoM Maclutabe
BPEMEHN NONMb30BaTeNlb MOXET 06HAPYXNBATh 1 ONPEAeNsTh
XapaKTepuCTUKU [UHAMUYECKMX CUrHANOB C Npeenax nonock
nponyckaHus B peanbHOM MacluTabe BPEMEHM B 060N MOMEHT

B Npefenax 610Ka HeNpepbIBHOM 3aNUCK [aHHBIX BO BPEMEHHO
obnacTm.

Kakue curHanbl HasbiBalOTCS «CTaLMOHAPHbIMU»
U «AUHAMUYECKUMU»?

CTaunoHapHble (CTaTUYHbIE) CUTHAMbI — 3TO CUrHanbl, KOTOpble
He MeHsaTCs. MHOrMe U3MepeHus 1 cTaH[apTbl CBA3M,
peanu3oBaHHble B aHanM3aTope CrnexkTpa, npedycMaTpuBaoT
MCMOMb30BaHNe U3BECTHbIX HAAEXKHbIX CUTHAMNOB B KA4ECTBE
BXOAHbIX CUrHANoB AN TECTUPYEMOro yCTpoiicTaa. [pyrue
3a[la4vm 3aKn4aTCcs B HAbMHOAEHUN NPOCTENLUMX CUrHANOB
He3aTyxatoLnx KonebaHuit MM CUrHanoB, TMN MOAYASLMK
KOTOPbIX XOPOLUO M3BECTEH U HE MEHSETCS.

[uHamnyeckmne curHanbl MEHAIOTCS BO BpeMenu. M3meHeHus
MOryT KacaTbCs aMnauTyfbl, YacTOTbI, hasbl UK TUNA MOAYNALMK;
CUrHanbl MOryT Ucye3aTb W NOSBASTLCS CHOBA C MOCTOSHHON
NEePUOANYHOCTBIO UK Yepe3 MHTEPBANbl HEM3BECTHOM
NPOAOMKUTENBHOCTK. Takue paanocurHanbl MOryT Urpath
BAXXHY0 PONb NpK 06HAPYXEHWUM 1 ONPEAENEHNN XapaKTepUCTHK
cUrHana Bo MHOXeCTBE MpUKNaAHbIX 3a4ad, 0T HabnoaeHus
CneKTpa (Korfa curHanbl NosBASIOTCS Henpeackasyemo U Ha
KOpOTKOe Bpemsi) 0 npoekTupoBaHus cuctem ¢ ®AMY

(B KOTOPbIX BPEMSt BOCCTAHOBJIEHNS NOCNE U3MEHEHWUI YacTOTbI
[OJKHO COOTBETCTBOBATb CreunduKalmmn ycTponcTsa).

C MOMOLLbI0 aHANM3aTOPOB CMEKTPa C Pa3BEPTKOA 3aTPYAHUTENLHO
BbINONHATL U3MEPEHIst NApPaMeTPOB AMHAMUYECKMX CUTHATIOB, XOTA
HEKOTOPYH MH(POPMALIMIO O CUTHAMNAX, MEHSIOLNXCS MEANEHHO

" NPefcKasyemMo, OHM BCe Xe MOryT Aath. OfiHAKO aHanu3aTop
CrIeKTpa B pearnbHoM MacluTabe BpeMeH! CrieLuanbHO npeaHasHavueH
NS CUHXPOHM3ALMK, PErUCTPALIN 1 aHANM3A ANHAMUYECKNX
CUrHAmOB ¥ NepexoHbIX MPOLECCOB.

MoyemMy 3aBUCMMOCTb MOLHOCTM OT YacTOTbl B aHanu3aTope
CMeKTpa B peanbHOM MacluTabe BpeMeHM BbIrNSAAUT HEMHOTO
He TaK, KaK B aHafM3aTope cnekTpa ¢ pa3BepTKoi?

B aHanuaartope cnekTpa B peansHoM MacliTabe BpeMeHu faHHble
060 BCEM ManasoHe PerncTpupyroTCs HEMPepbIBHO, TO 6CTh

B HEKOTOPbIX CryuasnX 9KkpaH MOXKET 0BHOBMSTLCS 3HAUMTEIBHO
6bICTPEE, YEM B aHaNM3aTope CnexkTpa ¢ passepTKO.
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[ns amanasoHoB 4acToT B Npefeniax nosiockl NponyckaHns

B peasnbHOM MacluTabe BpeMeH aHanu3aTop CnekTpa B peanbHoM
MaclTabe BpeMeHu perncTpupyeT 610K AaHHbIX, 06pabatbiBaeT
€ero, a 3aTeM 0ToBpaxKaeT BECb AMANA30H YacTOT OAHOBPEMEHHO.
COOTBETCTBEHHO, KaXX[10e 06HOBIIEHNE 3KpaHa — 3TO HOBbIN
(HOTOCHUMOK crekTpa. Kpome TOro, npu UCnonb3oBaHnu
ananusaropa cnekTpa B peasibHoM Maclutabe BpEMEHU U3MEHEHMS
napameTpoB amninTyAbl UMK YACTOTbl CUTrHANA 0TOBPaXKaTCA
ObICTPO. [IMHaMUYEeCKne curHanbl MoryT BbIrSAETb MEHee
CTabunbHbIMM MU NPOCMOTPE Ha aHanM3aTope CrexkTpa B peasibHoM
Maclutabe BpeMeHU Mo CPABHEHWIO C aHANN3aTOPOM CrekTpa

C pa3BepTKOiA, MOCKOMbKY MPK MCMOMb30BAHUM aHanM3aTopa
CrekTpa B peanbHOM MacluTabe BpeMeHW U3MEHeHUs curHana
0T06paxarTcs cpasy B MOMEHT UX MOABNEHMS.

Mpu ncnonb3oBaHUM aHanM3aTopa CnekTpa ¢ pa3BepTkoi Ha
CNEKTP HakNaablBaeTCs PUNLTP, COOTBETCTBYHOLMIA LLMPUHE
chunbTpa paspeLleHus no yacToTe. AMIIUTYLA CUrHaNa Ha Nro6oN
4acToTe U3 AnanasoHa U3MepseTcs TOMbKO NPW NPOXOXKAEHUM
OKHa pa3BepTKu Yepes3 3Ty 4acToTy. Pa3mep 3T0ro okHa MoxeT
COCTaBNSATb BCEr0 HECKOMbKO MPOLEHTOB 0T 06LUEro AnanasoHa,
HO MpW 3TOM NErko HaTU MrHOBEHHYHO YacToTy pa3sepTku. OHaKo
HEBO3MOXHO Y3HaTb, NPOUCXOAMT NN rae-HWUbyab CobbiTuE,
CBSI3aHHOE, HanpuMep, C NepexoiHbIM NPOLECCOM.

[ns ananasoHoB, BbIXOASLNX 32 NPeAenbl NoNoCkl MPOMycKaHus
B peasnbHOM MacluTabe BpeMeHu, B aHanu3aTope cnexkTpa

B peasnbHOM MacluTabe BpeMeH! Ha KaX oM aTane BbINOMHAeTCs
3axear u 06paboTka 0AHOrO CerMeHTa AnanasoHa, Kak

W B aHann3aTope crnekTpa ¢ pa3BepTKoit. Ero nosefeHne B 3TOM
peXMMe aHanorMyHo NoBEAEHMIO aHann3aTopa cnekTpa

C pa3BepTKOMA, XOTS CKOPOCTb MOXET CYLUECTBEHHO OTAMYaTLCS
BCNEACTBUE pasHblX CNoco60B peanuaaumu punsTPOB paspeLueHnst
Mo YacToTe (Kak NpaBuno, aHaNnoroBbIi — B aHanU3aTope CrexkTpa
C pa3BepTKOM, UMPOBOI — B aHANN3aToOPE CrekTpa B peanbHoM
MacluTabe BpemeHu). [Ins 04eHb LIMPOKMX MHTEPBANOB N3MepPEHMUil
aHanuaaTop CrnekTpa B peanbHOM MaclTabe BPEMEHN ObICTpEE
paboTaeT Npu ManblX 3HAYEHUSIX LUMPHHBI (DUNLTPA PA3PELLEHMS
Mo 4acToTe, a aHanNM3aTop CrNekTpa ¢ pa3BepTKoit BbicTpee
paboTaeT Npu GONbLUMX 3HAYEHWUAX WMPUHBI DUALTPA
paspeLLeHms No YacToTe.

MpuMeHeHWe unbTpa paspeLueHusi No YacToTe B CTaHAAPTHOM
pexxuMe paboTbl aHanM3aTopa CNeKTpa ¢ pa3BepTKON NPUBOAUT
K U3MEHEHUI0 BUAa N3MepsieMbIX curHanoB. Movyemy?

B ananusaTope cnekTpa B peanbHOM MacluTabe BpEMEH! MMEKTCS
BCe (hUNLTPbI Pa3peLLeHms Mo YacToTe, peann3oBaHHble B CUCTEME
LncpoBoii 06paboTkn curHanos. Mo CpaBHEHNIO C 0BbIYHbIMM
aHanoroBbIMi aHanu3aTopamm cnekTpa xapakTepucTUKK aTuxX
(OUALTPOB MOrYT ObITb CYLLIECTBEHHO BONEE OCTPLIMM,

4TO NO3BONSET 0TOOPaXKaTh 60NEE y3Kne KOMMNOHEHTbI CnekTpa.

OcTpas xapakTepucTika unstpa paspeLLeHns no 4acToTe SBnseTcs
YCOBEPLUEHCTBOBAHMEM NO CPABHEHWIO C aHANM3aTopaMu cnexkTpa
C pa3BepTKoM, MOCKOMbKY 06eCneYnBaeTcs paspeLlerne CUrHanos
C HU3KMM YPOBHEM, BNN3KMX K HecyLeir. Da3oBblit Wym npoLye
YBUAETb, MOCKONbKY OH HE CKPbIT NOA aMMaMTYAHO-4aCTOTHON
XapaKTepUCTUKON DUAbTpa pa3peLleHns no 4yacTtoTe.
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YacTto 3apgaBaeMble BOMpPOChHI
P HayanbHoe pyKoBOACTBO

LLlym npu npocMoTpe Ha aHanu3aTope CreKkTpa B peanbHOM
MacwTabe BpeMeHu BbIrNaauT uHave. MoOXHO M TOYHO
M3MepUTb 3Hepruio wyma?

B pexxumax pernctpauumn B peanbHoM Maclitabe BpeMeHu
aHanu3aTtop CcrexkTpa B peafbHOM MacluTabe BpeMeHu fenaet
ObICTPbIE CHUMKI BXOAHOTO paanocuriana. Ecnn tpebyetcs
OMpefenuTb XapakTeEPUCTUKM BbICTPbIX M3MEHEHMI THX
paanocurHanos, He06X0AMMO NPOAHANM3NPOBaTb BXOAHbIE
CUrHanbl 3a 04eHb KOPOTKWUE UHTEPBANbl BPEMEHN (Kadpbl).

[Mpu 3TOM TOYHO O0TOOpaXKaeTcs XapakTEPHOE NOBELEHNe LWyma
CnexTpa, NPeACcTaBNeHHOro B KAXAOM kazpe. 1pn ncnonb3osaHum
TPaAMLMOHHOIO aHanu3aTopa CrnekTpa ¢ pa3BepTKoi passepTka
LOMKHA BbIMONHATLCS MEANEHHO U, CNef0BaTeNbHO, LyM
yCpeaHsAeTCs B NpoLiecce pa3BepTku B Npefenax BCEro 4acToOTHOro
AnanasoHa. Takoe 6onee NpOAOMKUTENBHOE BPEMS aHanu3a
aHanuaartopa CnekTpa ¢ pa3BepTKOn SBASETCS NPUYMHONA OTANYNNA
Npyu 0TOBPAXKEHUN CUTHANA MO CPABHEHWIO C aHANN3aTOPOM
CneKkTpa B peanbHoM MacLiTabe BpeMeHMU.

LLInpuHy nonochl LWyma aHanuaaTopa CrekTpa B peanbHoM MacluTabe
BPEMEHW 04eHb Nerko npefckasathb, MOCKOMbKY LIMpUHA 0TCcYeTa
BIN® n3BecTHa, ee 3HaveHne ONPeAEnseTcs CMCTEMON LMGpOBOiA
00paboTkmM curHana. MoaToMy cnekTpanbHy NAOTHOCTb LWyMa
MOXHO TOYHO M3MepUTb B Nto6OM Avanas3oHe aHanuaaTopa crekTpa
B peanbHOM MacluiTabe BPEMEHM.

B cTaHAapTHbIX pexumMax perucTpaumu curHana aHanu3aTopom
cnekTpa Anst 06paboTKM LyMa MOXHO UCMOMb30BaTh (hUMbTPaLMI
BUAGOCHTHaNa u ycpeaHeHue. B aTom cnyyae dopma
3alyMIEHHOr0 CUrHana nocne ycpeaHeHust aHanoruiHa hopme
3allyMIIEHHOr0 CUTHana B aHanu3aTope CreKTpa ¢ PasBepTKOM.

YT0 Takoe nonoca wyma?

Monoca Wwyma — 3T0 3KBMBANEHT MONOCHI Pa3peLLeHus
aHanusartopa cnekTpa ¢ pa3BepTKoi B aHanu3aTope cnekTpa

B peanbHOM MacliTabe BpeMeHu. B pexxumax oumpoBku

B peanbHOM MacluTabe BpeMeH pas3peLuerne no 4acToTe
aHanusaropa crnekTpa B peanbHoM MacliTabe BpPEMEHN BbIpaxaeTcs
ero nonocon Wwyma. B ctaHpapTHOM pexxnMe paboTbl aHanuaaTopa
cnekTpa (MMUTaLMs aHanuaaTopa CnekTpa ¢ pasBepTKON)

B aHanuaaTope CnekTpa B peanbHoM MacluTabe BpeMeHu
UCMONb3YIOTCS TE XKe HacTpamBaeMble napameTpbl paspeLleHus
Mo 4acToTe, Kak 1 B TPaAMLMOHHOM aHanu3aTope cnekTpa

C pa3BepTKOM.

lMonoca wyma unsTpa onpefenseTcs MHTErpupoBaHnem
HOPMUPOBAHHOW NepefaTOYHON (hyHKLUMMU (hunbTpa No BCEM
yactotam 0T 0 40 6E€CKOHEYHOCTU W COMOCTABNIEHNEM 3HEPrK,
nepefaBaemoit (ounbTPOM, 3HEPruu, NnepefaBaemoil npu
NCMONb30BAHWM MAEANBHOMO NPAMOYrONbHOMO

¢unetpa 1 My ¢ nonocoin wyma 1 M.

B aHanusatopax cnekTpa ¢ pasBepTkoi 06bIYHO UCMOMb3YHTCA
(hunbTPbI paspeLLeHnst no YacToTe, KOTOpble XapakTepu3yoTCs
MoNoCoN Lyma 1 UCMpaBnsioTCcs NpuBopoM. 3HaHWe Nonoch! Wwyma
urpaeT BaXKHY0 POJib NPX BbIMOIHEHNM U3MEPEHNIA, B KOTOPbIX
CUrHan npeAcTaBnsieT co60i LUYM UK UMEET aHaNorMyHoe LWyMmy
pacnpefeneHue aHeprin (kak npu ucnono3osanun CDMA).
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[inanasox YactoTa Mpopexusaxue AddekTuBHasA PaspeLueue CnekTporpamMma: MakcumanbHas
AUCKpeTu3auum YyacToTa no BpeMeHun BO Bpemeuuoﬁ AnvHa
ANCKPEeTM3aLMM paspeluenme 3anucu
no BpeMeHu

15 My 51,2 MBbib/c 25,6 MBbi6/C 39,0 HC 40 mKe 2,56 ¢

10 My 51,2 MBbi6/c 12,8 MBbI6/c 78,1 HC 80 mkc 512¢

5MIy 51,2 MBbi6/c 6,4 MBbi6/c 156 HC 160 MKC 10,2¢

2 MMy 51,2 MBbI6/c 16 3,2 MBbi6/C 312 He 320 mre 205 ¢

1 MMy 51,2 Msbli6/c 32 1,6 Msbi6/c 625 He 640 mxc 40,0 ¢

500 kI 51,2 MBbli6/c 64 800 KBbI6/C 1,25 MKc 1,28 mc 81,0¢c

200 kIy 51,2 MBbi6/c 160 320 kBbI6/C 3,13 Mk 3,20 mMc 205¢

100 KMy 51,2 Msbli6/c 320 160 kBbIG/C 6,25 MKC 6,40 mMc 410 ¢

50 kL 51,2 MBbi6/c 640 80 kBbI6/C 12,5 Mkc 12,8 Mmc 13,7 MuH

20 kI 51,2 MBbib/c 1600 32 kBbI6/C 31,3 MKe 32 mc 34,1 MuH

10 KMy 51,2 MBbi6/c 3200 16 KBbI6/C 62,5 MKC 64 mc 68,2 MuH

5k 51,2 MBbI6/c 6400 8 KBbIb/C 125 mxke 128 mc 136,6 MuH

2Ky 51,2 MBbib/c 16000 3,2 KBblb/C 312 mMre 320 mc 5,69 4

1 kL 51,2 MBbi6/c 32000 1,6 kBbI6/C 625 MKc 640 mc 11,4y

500 Iy 51,2 MBbli6/c 64000 800 BbI6/C 1,25 MmC 1,28 ¢ 22,84

200 Iy 51,2 MBbib/c 160000 320 BbI6/C 3,13 mc 32¢ 2,37 pH

100 My 51,2 MBbi6/c 320000 160 BbI6/C 6,25 MC 64c 4,74 pH

Tabnunya 4-1. BapuanTsl fnanasona aHanmsaTopa criekTpa B peasbHoM MacluTabe BpeMeHu 1 COOTBETCTBYIOLME apamMeTpbl PA3PELLEHNS 10 BDEMEHN
(Tektronix RSA3300A n WCA200A)

B aHanusaTope cnekTpa B peanbHOM MacluTabe BPEMEHN B peXnMe
pervcTpaunM AaHHbIX B peanbHOM MacliTabe BPEMEHM MCMONb3yeTcs
cunbTp BHAB. Mockonbky chunbTpauns BINONHIETCS MOAYNEM
LncpoBoi 06paboTkn cUrHana, MOXHO BbIUNCNTb
LEeNCTBUTEIbHYIO LUMPUHY MOMOChI LyMa U BbIBECTU €€ 3HaYeHue
Ha 9KpaH BMeCTE C Apyrumu napameTpamu HacTpoiku npubopa

W pesynbTatamu U3mMepenuit. AToT cnocob obecneunsaeT TOYHOE
N3MepeHne napameTpoB LUyma.
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Kak guanasoH BnusieT Ha paspelleHne aHanm3aTopa cnekTpa
B peanbHOM MacwiTabe BpeMeHU BO BpeMeHHoii obnacTtn?

Kak onucbiBanock B rnase 3, 0T AnanasoHa aHanu3atopa cnekrpa
B peanbHOM MacluTabe BpeMeHu 3aBuCHT adhpeKTMBHas vacToTa
LUCKPETM3aLNK JaHHbIX BO BPEMEHHOW 06M1aCcTH, XpaHAaLWmMxes

B namsaTu npubopa. B Tabnuue 4-1 nokasaHo BAUSHUE YBENNYEHMS
W YMEHbLUEHNS AnanasoHa.
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[vanasoH YactoTa Mpopexusanue AddekTuBHas PaspeuueHue Monoca wyma
AMCKpeTU3aLmmn yacToTa no BpemMeHu (NBW)
AncKpeTn3auumn (wmpuHa otcyeTa BIND)

15 My 51,2 MBbI6/c 2 25,6 MBbl6/C 25 kI 42,7 Iy
10 My 51,2 MBbI6/c 4 12,8 MBbi6/c 12,5kl 21,4 kly
5 MIy 51,2 MBbI6/c 8 6,4 MBbI6/C 6,25 kI 10,7 kI
2 My 51,2 MBbIb/c 16 3,2 MBbli6/c 3,13 kI 5,34 kI
1 MMy 51,2 MBbI6/C 32 1,6 MBbib/c 1,56 kI 2,67 kI
500 kI 51,2 MBbI6/c 64 800 kBbI6/C 7811y 1,33 kI
200 kI 51,2 MBbI6/c 160 320 kBbl6/C 3131y 5341y
100 kI 51,2 MBbI6/C 320 160 kBbIO/C 156 Iy 267 Iy
50 ky 51,2 MBbI6/c 640 80 KkBbI6/C 78,114 133 Iy
20 Ky 51,2 MBbIb/c 1600 32 kBbIb/C 31,310 53,4 L
10 kI 51,2 MBbI6/C 3200 16 KkBbIO/C 15,6 [y 26,7 Ty
5kl 51,2 MBbI6/c 6400 8 kBbIO/C 78114 13,3 Iy
2 Ky 51,2 MBbIb/c 16000 3,2 KBbIO/C 3,130 534y
1 kY 51,2 MBbI6/C 32000 1,6 kBbIG/C 1,56 Iy 2,67 Ty
500 Iy 51,2 Mbi6/c 64000 800 BbI6/C 781 ML 1,33 [y
200 Iy 51,2 MBbIb/c 160000 320 Bbib/c 312 MMy 534 My
100 My 51,2 MBbIb/c 320000 160 BbI6/C 156 mly 267 My

Tabnnya 4-2. BapuaHTbl AnanasoHa aHanm3aTopa CriekTpa B PeasibHoM Maclutabe BDEMEHU 1 COOTBETCTBYIOLLME NapaMeTpbl B YACTOTHOM 06/1acTy

(Tektronix RSA3300A n WCAZ200A)

Kak auanasoH BnusieT Ha pa3pelleHue aHanu3aTopa cnekTpa
B peanbHOM MacluTabe BpeMeHU B 4acTOTHOM obnacTu?

[Mpouecchl Npeobpas3oBaHus ¢ MOHUKEHNEM HYACTOTbI

W NPOPEXNBAHUS 0AMHAKOBO CUAbHO BAUSIKOT HA paspeLueHune
aHanusartopa cnekTpa B peanbHOM MacluTabe BpeMeHH

B 4aCTOTHOW 06nacTu. PaspelleHne N0 4acToTe NpK BbIMONHEHUN
N3MepeHni B peanbHoM MacluTabe BpEMEHM onpeaensercs
LnpuHoiA oTcueTa BIN® v WwWrprHoN Nonocs! Wwyma Ans
LymMOnoAo6HbIX curHanos. B Tabnuue 4-2 nokasaHo BAUsHWE
YBENMYEHNS 1 YMeHbLUEHNS AnanasoHa.

KakoBbl pa3nuumns B 061wmx (yHKUMSX peructpaumm
pagvocurHanoB B aHanu3aTope CrekTpa B peanbHoM
MacwTabe BpeMeHU M aHanM3aTope CNeKTpa ¢ pa3BepTKoii?

AHanu3aTtop cnekTpa B peanbHOM MacliTabe BpEMEHU 00bIYHO
3acnyxuBaeT 6NaronpusiTHble 0T3bIBbI MPU CPABHEHWM €70

C COBPEMEHHbIMW aHann3aTopamu cnekTpa ¢ pasBepTKoM,

B KOTOPbIX UCMONb3YIOTCS LUMPOBble TPAKTHI MPOMEXYTOHHOM
yacToTbl. [lanee npeacTasnieH 0630p OCHOBHbIX 06NaCTeN,

B KOTOPbIX aHan13aTop KaxAoro Tna MoXeT BHOCUTb OLINOKH
B Pe3ynbTaThbl U3MEPEHUA.

N3MepeHns B peanbHoM MaclTabe BpeMeHu. B aHanusatope
CMeKTPa ¢ PasBepTKON NPaKTUYECKM OTCYTCTBYHOT BOIMOXKHOCTH
BbIMONHEHNSI U3MEPEHUH B pearnbHOM MacLLTate BpeMeHm I,
CNefloBaTenbHO, NPY U3MEPEHUN HECTALMOHAPHBIX CUrHANOB
BHOCAATCS CYLLECTBEHHbIE OLIMGKM. AHANM3ATOP CNIEKTPa B PeabHOM
MacluTabe BPEMEHW ONTUMU3NPOBAH [Msl CUHXPOHM3ALUMM, 3axBaTa
W aHanu3a HecTaUMOHAPHbIX UMM MEHSIOLMXCS BO BPEMEHM
CUrHanos.

WUckaxeHus. VickaxeHns B aHanu3aTope CnexkTpa ¢ pa3BepTKoN
W aHanuaaTope CrekTpa B peanbHoM MacluTabe BpeMeHm
9KBMBANEHTHbI, MOCKONbKY B HUX UCMONb3yeTCs NpeobpasoBaTenb
paaMo4acToTHbIX curHanos. Mocne npeobpasoBatens
PaAMOYaCTOTHbIX CUTHANOB UCKAXEHUS B aHanU3aTope CnekTpa

B peanbHOM MacluTabe BPEMEHM 3aBUCST OT PaspeLLeHus
aHanoroeo-LUndposoro npeobpasosatens (ALM), a Takxe
pas3psAHOCTM NOCNEAYOWNX onepaunin umgposon 06paboTku
curHana. OCHOBHbIE NPUHLMNBLI TexHonorun ALM aukTyioT
HEe06X0AMMOCTb KOMNPOMUCCA MEX Y UCKAXEHUSIMU U MONOCOM
nponyckaHus. AHanu3aTop cnexkTpa B peansHoM Maclutabe
BPEMEHM CNPOEKTUPOBAH ANst 06eCneyeHs WUPOKOIM Nonoch
NpoMyckaHus B peanbHOM MacluTabe BPEMEHW U, CNefoBaTeNbHO,
UMEET MEHbLUMIA AUHAMUYECKMIA IMana3oH, YeM HEKOTOPbIE
BbICOKOKQ4Y€CTBEHHbIE aHANM3aTOPbl CNEKTPA C PA3BEPTKOM.

Mo6oyHble curHansl. Mo6o4HbIE CUrHAMbI MOTYT reHepupoBaThCs
Ha aTanax 06paboTKu LUMPOKOMONOCHBIX CUrHamNoB: Npeobpa3oBaHms
aHanoroBoro curHana B uudposyto Gopmy, Lndposoro
npeobpa3oBanus faHHbIX W 6bICTPOro npeobpasosanns dypbe.
OpnHako BCe 9TV NoKasaTenu MoryT yAepXXuBaTbCs Ha Taknx
YPOBHSX, YTOObI M36MPATENLHOCTb N0 MOGOYHOMY KaHarny
aHanusartopa cnekTpa B peanbHOM MacliTabe BpemeHn 6bina
9KBWBANEHTHA aHanorMyHbIM XapakTepucTMkam aHanu3aTopos
CneKkTpa ¢ pa3BepTKoOM.

Tennosoi wym 1 ca3oBbli WyM. [peobnagatoLine npoueccs
06paboTku TeNNOBOro Lyma v ha3oBoro LWyma B aHanuaatopax
crekTpa B peanbHOM MacluTabe BPEMEHW 1 aHanuaaTopax crekTpa
C pa3BepTKOM aHanornyHbl.
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Puc. 4-1. Peructpauns v 06paboTtka curHana B CTaHAapTHOM PEXUME
aHanm3a criekTpa
HepaBHOMepHOCTbL aMNANTYAHOW XapaKTepPUCTUKK.
[Mokasatenu HepaBHOMEPHOCTH aMNAUTYAHON XapaKTepucTUKu
npeobpa3osartens pafnoyacToTHbIX CUrHANOB B aHanu3aTopax
CMeKTpa B peanbHOM MacluTabe BpEMeH U aHanuaaTopax cnexkTpa
C pa3BepTKOi 3KBMBaNeHTHbI. [lockonbKy B aHanuaaTope cnekTpa
B peanbHOM MacluTabe BpEMEHW UCMONb3YETCs LUMPOKOMOMOCHBIN
¢unbTp MY 1 undposble unsTPsl B LMGPOBOM Npeobpasosatene
AaHHbIX ONTUMU3MPOBAHBI ANS UCMOMb30BAHUS NEPEXO[HO NONOCHI,
Mpw NPOEKTUPOBAHUN aHanu3aTopa CrnekTpa B peanbHoM MactuTabe
BPEMEHM TpebyeTcs yaensTb 0c060e BHUMAHKE NPOTUBOAENCTBHIO
NHOBbLIM OTKIOHEHUSM OT MOCKON aMNaUTYAHO-4aCTOTHOM
XapakTepucTukn. Ha npakTuke HepaBHOMEPHOCTb aMnUTYAHON
XapaKkTepuCTUKK aHanu3artopa crekTpa B peanbHOM Maclitabe
BPEMEHN NPUBNNKAETCS K aHaNnorMyHoMy nokasartento
aHanu3aTopoB CreKkTpa ¢ pasBepTKoM.

Ownbku feTekTopa U oWKUOKKM norapucMMpoBaHus.

N ananu3atop cnekTpa B peanbHOM MacuTabe BpEMeHH,

1 COBPEMEHHbII aHann3aTop CnekTpa ¢ passepTkoi CBOOOAHbI OT
OLWNBOK AeTEKTOpa 1 OLUMBOK NOrapudMUPOBaHMS, CBOMCTBEHHBIX
MPEeXHUM aHanoroBbIM aHannuaaTopam cnekTpa. B coBpeMeHHbIX
npubopax, OTHOCALUMXCH K 060MM 3TUM CEMENCTBAM, MCMONb3YHTCS
aHanoroso-LnpoBble NpeobpasosaTenu u uudposble
npeobpa3oBaTeny CUrHanoB A5 BbINONHEHUS 3afa4 0GHapY>KeHWs:
W nepexofa K norapuMUYeckon Lukane.

Kak B aHanu3saTope cnekTpa B peasbHOM MaclTabe BpeMeHu
BbINOJIHAIOTCSA U3MEpPeHUsa B AManasoHax, WUpUHA KOTOPbIX
npesbILWAeT Nonocy NponyckaHus B peanbHOM MacliTabe
BpemMeHn?

B npu6opax Tektronix RSA3300A 1 WCA200A ucnonb3yetcs fisa
pasHbIX pexuma peructpauuu.

> Pexum peructpaumu 610KOB faHHbIX (Kak OMUCAHO
B rnasax 1 1 2) ucnonbayeTcs A8 BbINOHEHUS 6ONbLUMHCTBA
N3MepEHMiA C MOMOLLbIO aHanu3aTopa cnekTpa B peanbHOM
MacLiTabe BpeMeHu, BKIOYas aHanua cnekTpa B peanbHOM
MacluTabe BpeMeHu, aHanu3 BO BPEMEHHOW 0611acTh U aHanua
MOLyNAuniA. B 3aTOM pexxume anana3oH He MOXET MpeBbIllaTh
MaKCUMasbHYH WWPKHY NONOCHI MPOMYCKaHUS B peabHOM
MacLutabe BpemMeHwm.

» CTaHAapTHLIA peXxuM perucTpaumumu faHHbIX NCNoNb3yeTcs
AN UMUTALNN U3MEPEHWIA B 4aCTOTHON 0611aCTH TPaAULIMOHHOTO
aHanusaropa cnekTpa ¢ pa3BepTkon. B aToM pexume ananas3oH
MOXET NPEBbILLATh MAKCUMATbHYHO LUMPHHY NONOCHI MPOMyCKaHWs
B peanbHoM MacluTade BpeMeHM.
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Puc. 4-2. CTaHAapTHbIA PEXUM aHamM3a CriekTpa: ConoCTaBeHUe AaHHbIX
[N151 Mana3oHoB, MPEBbILLAKLUNX LLUMPUHY M0I0CkI MPOMYCKaHMs
B peasibHoM maciutabe spemern. N BbIOOPOK AN1Si KAXA0ro
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Puc. 4-3. CTaHgapTHbIi peXXuM aHamm3a crekTpa: CornoCTaBeHNe JaHHbIX
[N151 ANanasoHoB, He MPEeBbILLIAKOLLMX LLVPUHY MOIOCKI MPOMYCKaH!s
B peasnbHOM MacLutabe BpeMeH!

B cTaHaapTHOM pexxuMe perucTpaunn LaHHbIX MOXHO BbIMNOHSATD
N3MEPEHNS B AnanasoHax, NpeBbiLatowux LUMPUHY Nonochl
NPONyCKaHns B peanbHOM MacliTabe BpEMEHH, UCMoMb3ys ABa
0CO6bIX PeXMMa N3MEPEHUIA: CTaHAAPTHDIA PeXXuM paboTbl
aHanusaropa CnekTpa v pexxum cnektporpammbl. CnesyeT uMeTb
B BMAY, YTO B 3TUX CNy4asx Npubop He BbINOMHSET HeNpepblBHbIE
N3MepeHns B peanbHOM MacluTabe BpeMeHu. BMecTo peructpaunm
6710Kka HENpepbIBHbIX BbIGOPOK BO BPEMEHHOM 0611aCTH, peructpaums
BbINOMHAETCA N0 Kafpam C nepepbiBaMi MeXXAy Kafpami, Kak
nokasaHo Ha puc. 4-1. B 3TOM pexxuMe UCMONb3YHOTCS fiBe
pasnuyHble CTPYKTYPbl AaHHbIX.

» Jloruveckuin kapp: Habop u3 590 0T06paXKaEMbIX TOYEK,
Mcnonb3yemMbliX Ana npenctaBneHnsa 0aHOro anana3oHa 4acTtoT.
[nanasoH Normyeckoro Kagpa MoXeT npeBbiaTh WUPUHY
Nnonocbl nponyckaHus B peanbHOM macliTabe BPEMEHMU.

> Ousnyeckuin kagp: Hadop 3 N BbIGOPOK BO BPEMEHHON
061acTH, UCMONb3YEMbIX A1 BbINONHEHWS OAHOWK Onepaumm
BIM®. [ng gmana3oHoB, BeNnYMHa KOTOPbIX MEHbLUE LWMPUHBI
NoJIoChl NPOMNycKkaHus B peafibHOM MacluTabe BpeMeHu, OANH
hM3nYecKnin Kaap paBeH OAHOMY Normyeckomy kagpy. Ans
[1anas3oHoB, BefIYMHa KOTOPbIX 60MbLLUE LWWPUHBI NONOCHI
NPONYyCKaHus B peanbHOM MacluTabe BPEMEHU, HECKOIbKO
(U3MYECKNX KapoB CONOCTABNSIOTCA OLHOMY NIOrUYECKOMY
kaapy.

[ns aManasoHoB, NPeBbILIAKOLUMX LMPUHY NONOCHI NMPOMYCKaHKS

B peaflbHOM MacluTabe BpeMeHu, [nana3oH U3MepseTcs

C MCMOJb30BAHNEM HECKONbBKNX (DU3NYECKMX KaAPOB, NOMYyYeHHbIX

B pe3ynbTaTe HacTPOMKN Npeobpas3oBaTens paamovacToTHOro
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CWrHana no crekTpy BXOLHOrO curHana ¢ warom 10 MIw.

Ha KaX[oM ware HacTpOKK PErucTpupyeTcs OAnH husnyeckuin
kaap. Linkn peructpauun npeactasnen Ha puc. 4-1,
COOTBETCTBYIOLWME AaHHbIE MPEACTABNEHLI HA puC. 4-2 1 4-3.

YeM oTnuyaeTca nepegHas naHesib aHanu3aTopa cnekTpa
B peanbHoM macwTtabe BpeMeHU OT nepeaHei naHenu
aHanusartopa cnekTpa ¢ pa3BepTkoin? EcTb nu mexay
HUMM CXOACTBO?

Ananusartopsl cnekTpa B peanbHOM MacliTabe BpeMeH UMeroT
MHOXECTBO TaKMUX Xe 3NEeMEHTOB YNpaBNeHus, YTO U uX
NPeALIECTBEHHUKM — aHaNN3aTopbl CNEKTPA C Pa3BEPTKOM.
«LleHTpanbHas yacToTa», «[jnanasoH», «OnopHbIn ypoBEHb
(amnnutyna)», «Ocnabnenue PY» u fpyrue KHOMKN nepenHen
naHenu 6yayT 3HAaKOMbI MHXEHEpPaM, KOTOPbIE paHbLLe
MCNONb30BANM aHanM3aTopbl CNEKTPa C pa3BepTkon. B aHanusatope
CneKTpa B peanbHOM MactuTabe BpeMeHu Takxe NpefycMOTpeH
CTaHAApTHBIA pexum paboTbl aHanM3aTopa CnekTpa, B KOTOPOM
0TO6paXaeTCs 3aBUCHMOCTb MOLLHOCTW OT 4acTOThbl U NpUbop
paboTaeT aHanorMyHo aHanu3aTopy cnekTpa ¢ pa3BepTKOM.

B cTanpapTHOM pexume paboTbl aHanu3aTopa CnekTpa HeKoTopble
napameTpbl aHanuaaTopa CnekTpa B peanbHoM MacluTabe BpemeHu
BbIFNAAAT Ui BELyT ce65 OTAUYHO OT aHANOrMYHbIX NapaMmeTpoB
B aHan“3aTopax crnekTpa ¢ pa3sepTkon. Bpems passepTku B
aHanuaaTope CnekTpa ¢ passepTKoi 3KBUBANEHTHO ANVHE kafpa

B aHanu3aTope CrnekTpa B peanbHOM Maclitabe Bpemenu. [nuHa
Kafpa 3aBMCUT OT BENMYMHBI ANanas3oHa, yucna
3apErncTPUPOBaHHbIX TOYEK M YACTOThI AUCKPETU3ALMM.
Monb30BaTenb MOXET yNpaBNsTh BENMYNHON [Uana3oHa U MHOTfa
UNCIIOM 3aPErnCTPUPOBAHHBIX TOYEK.

B apyrux pexumax aHanu3atop cnekTpa B peanbHOM MacluTabe
BPEMEHN UMEET MHOXECTBO HOBbIX ANEMEHTOB YNpaBneHus,
npeaHasHaYeHHbIX AN1S BbINONHEHUS Pa3NyHbIX U3MEPEHHUId

B peanbHOM MacluTabe BpEMEHW, KOTOPbIE HEBO3MOXHO BbIMOMHUTb
C NMOMOLLbO aHann3aTopa cnekTpa ¢ pa3sepTkon. G NoMOLLbH
aNeMeHTa ynpasneHns BbIGOPKOI MO BPEMEHW NONb30BATENb MOXET
3a4aTb, CKOMbKO AaHHbIX B peanbHOM Maclitabe BpeMeHu
He06X0AMMO 3aperncTpuposath. Linknsl peructpauum MoryT 6biTh
KOPOTKMMM, B OAMH KAP LAHHBIX, UV OINHHBIMU, HACKOMBKO
nossonseT 06beM namaTu. [ipyrue HOBbIE 3NEMEHTbI ynpaBneHns
oTHocsATCA K BIN®. 310 anemeHTbl ynpaBneHns yncnom touek brio,
BbIGOPOM BMAA PYHKLMM OKHA U (DUBTPOB pa3peLLeHns no 4acToTe.

YHMKaNbHbIE 3NEMEHTbI YNpaBeHns CUHXPOHM3aLMeN aHanusaTopa
CNeKTpa B peanbHOM MacluTabe BPEMEHN Takxe SBNAKTCS HOBbIMK
B Chepe CnekTpanbHOro aHanuaa. Takue yHKUMM CUHXPOHU3ALMK,
Kak CMHXPOHM3aLMS NO YACTOTHOW Macke, NPOCTO HEBO3MOXHO
peanu3oBath B 06bIYHbIX aHANM3aTOPax cnekTpa ¢ pasBepTKoM.

B aHanusatope cnekTpa B peanbHOM MaclTabe BpeMeHM
peanu3oBaHa Yetkas MeToAuKa ynpaBreHns napametpamu
CUHXPOHM3AL MK, BKNKOYaa 4acToTy U aMnanTyny.
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YacTto 3apgaBaeMble BOMpPOChHI
» HauyanbHoe pykoBOACTBO

Korpa cnepyeT ucnonb3oBaTh aHanu3aTop CnekTpa
B peasibHOM MacluTabe BpemeHu? Korga cneayet
MCMONb30BaTh aHaNIM3aToOP CNEKTpa C pa3BepTKO?

Hukakoii aHanu3aTop HUKOrAa He CMOXET CTaTb HauyyLLUM
peLleHneM Ans mobon 3aaun, CBA3aHHON C M3MEPEHNEM
napameTpoB paanocurHanos. MHOrve LWMpoKo pacnpoCcTpaHeHHble
N3MepeHUs MOryT BbIMONHATHCS C 0AMHAKOBON A EKTUBHOCTLIO
KaK C NOMOLLbIO aHanu3artopa CnexkTpa ¢ pas3BepTKoH, Tak

W C UCMONb30BaHWEM aHanu3aTopa CnekTpa B peanbHoM Maclutabe
BpeMeHn. Bo MHOTMX cnyvasx aHanu3atop cnekTpa B peanbHoOM
MacLuTabe BpEMEHM SBNSETCS 60nee YHUBEPCaNbHbIM
WHCTPYMEHTOM, NMOCKOMbKY OH MOXET UCNONb30BaTLCS AN
BbIMOSIHEHNS M3MEPEHNIA B peaslbHOM MacluTabe BpeMeHH

B 4ONONIHEHWE K N3MEePEHUI0 OCHOBHbIX NapameTpoB B YACTOTHOM
obnacty.

> W3MepeHns HeCcTauMOHAPHbIX M AMHAMUYECKUX CUTHAMOB,
MEHSIHOLLMXCS BO BPEMEHM — aHaNM3aTop CrnekTpa B peanbHoM
MacLiTabe BpeMeHu

> CUHXpOHW3aUKs B peanbHOM MacluTabe BpeMeHU, HenpepbIBHbIN
3axBaT W NOAPOOHBIA aHaNU3 cUrHana — aHanu3aTop crnexkTpa
B peanbHOM MacluTabe BpeMeHM

> Koppensiums cobbIThii BO BDEMEHHOM, YaCTOTHOM
N MOZYNSALMOHHOW 061acTh — aHanu3aTop cnexkTpa
B peanbHOM MacluTabe BpeMEHM

> AHamu3 MOAYNALMK B CNOXHbIX CTaHAapTax CBA3W — aHann3aTop
CnekTpa B peasibHOM MacliTabe BPEMEHU Unn BeKTOprIﬁ
aHanu3aTop curHanos

> V3MepeHns OCHOBHbIX NapameTpoB B 4aCTOTHON 06nacT —
aHanM3aTop cnexkTpa B peanbHoM MacliTabe BpeMeHu unm
aHanM3aTop cnexkTpa ¢ pasBepTKoi

> M3mepeHns cTaumoHapHbIX CUrHanos, Koraa TpebyeTcs
upe3BblYaNHO LUMPOKMIA AMHAMUYECKWIA AnanasoH —
aHanuaaTtop crnekTpa ¢ pa3BepTKoM
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CnoBapb
» HayanbHoe pyKoBOACTBO

IMABA 5. CnoBapb TepMUHOB

Peructpaums
Llenoe uncno HenpepbIBHbIX N0 BPEMEHU Kafpos, BI0K.

Bpems peructpauuu
VIHTepBan BpeMeHu, NPeACTaBEHHbIN OAHOM perucTpaumei.
To e 4To fnuHa 6noka.

Amnnutyna
BennunHa anekTpu4eckoro curHana.

AmnnutygHaa mogynsuusa (AM)
lMpouecc, B xo4e KOTOPOro amniuTyaa CUHYCoMAanbHoro curHana
(HecyLLel) U3MeHAeTCH B COOTBETCTBUW C MTHOBEHHBIM 3HAYeHUEM

HanpPsKeHUs1 BTOPOro aneKTpUYeckoro curHana (MoaynvmpyoLero).

Bpemsa aHanusa
[TOAMHOXECTBO HEMpepbIBHbIX M0 BPEMEHW BbIGOPOK 13 OAHOIO
6ﬂOKa, MCnoJsib3yeMblX B Ka4eCTBE BXOAHbIX 3HAYeHW AN aHanuaa.

MpeactaBneqne ans aHanusa
YHuBepcanbHOe 0KHO, UCMOoNb3yeMoe Ans 0To6paxeHus
pe3ynbTaToB U3MEPEHUS B peanbHOM MacliTabe BpeMEHU.

Bnok
Llenoe uncno HenpepbIBHbIX MO BPEMEHW KafpoB.

Hecywas
Pa,qwocmrHan, Haj KOTOPbIM BbIMONMHAETCA MOAYNALKA.

YacToTa Hecyuweii
YactoTa cwHycownaanoﬁ KOMMOHEHTbI HeCyLlero curHana.

YacToTa Hecyuweii
YacToTa, COOTBETCTBYIOLAS LIGHTPY YaCTOTHOrO AuanasoHa Ha
9KpaHe aHanusaTopa.

Koporpamma

OTobpa>keHne KOJOBOro KaHana no BPEMEHM 1 M0 MOLHOCTU.
Kogosblii kaHan CDMA npepcTtaBneH no ocu X, a Bpems,
COOTBETCTBEHHO, N0 OCH Y. YpOBeHb MOLLHOCTH 0603Ha4aeTcs
LiBETOM.

CuHycompaanbHblii curHan
HenpepbIBHbI curHan B BUAE CUHYCOMADI.

Ab no nonHoi wkane

EanHuua, Bbipaxarowlas ypoBeHb MOLWHOCTH B Aeunbenax no
OTHOLLEHUIO K MOJHOIA LwKane. B 3aBMCUMOCTU OT KOHTEKCTA 3a
MOJHYIO LWKany NPUHUMAETCs pasMep akpaHa WUaW nonHas wkana
ALM.
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ab MBT
EanHuua, Bbipaxarowas ypoBeHb MOWHOCTH B Aeunbenax no
OTHOLLUEHNIO K MOLHOCTKM 1 MBT.

ab MB
EanHuua, Bbipaxkatolias ypoBeHb HanpshkeHus B Aeunbenax no
OTHOLUEHMIO K HanpsxeHuo 1 MB.

Deuunben (ab)
Jlorapnm OTHOLLEHMS 3NEKTPUUECKUX MOLLHOCTEN, YMHOXEHHbI
Ha [ecsTb.

Ctpoka aKpaHa

lOpu30HTaNbHAs UK BEpTUKANbHAS JIMHWS Ha 9KpaHe
OCUMANOrpamMM, UCronb3yeMast B Ka4ecTBe OMopbl Npu
BM3yaslbHOM WM aBTOMATUYECKOM CPABHEHMM C 3afiaHHbIM
YPOBHEM, BPEMEHEM WU YACTOTOM.

WUckaxeHue

YXyALWeHWe curHana, 4acto BCNEACTBME HENIMHENHBIX Onepauuii
Haj HUM, NposBNAtoLLeecs B BUle BO3SHUKHOBEHUA HEXeNnaTeNbHbIX
YaCTOTHbIX KOMMOHEHT. TUMUYHbIMU npumepamu MOryT noCNy>XuTb
rapMOHNYECKNE U UHTEPMOAYNALNOHHBIE UCKAXKEHNA.

[LinHamuyeckuii guanasoH

MakcumManbHoe COOTHOLLEHWE YPOBHEN ABYX 0AHOBPEMEHHO
NPUCYTCTBYHLLUMX HA BXOJE CUTHANOB, KOTOPble MOryT BbITh
N3MEPEHbI C 3aAaHHON TOUHOCTBHO.

BNo

BbicTpoe npeobpasosanne Oypbe — anropuTM MaTeMaTnyeckoro
pacyeTa 4acTOTHOrO CreKTpa no AUCKPETHOMY YNCY TOYEK BbIGOPKM
BO BPEMEHHOI 06nacTy.

Kapp
MocnefoBaTeNbHOCTb BbIOOPOK, HEMPEPLIBHbIX MO BPEMEHU.
Wcnonb3yeTcs npu pacyeTe 0AHOr0 4acTOTHOTO CMEKTPa.

LnuHa kagpa

MpoMeXyTOK BpeMeHW, NpefCTaBNEHHbI BbIGOPKaMU BO BPEMEHHO
0611aCTH, COCTABNSAOLMMM KaApP. 3aBUCKT OT YMCNa TOYEK
BbIOOPKM M 4aCTOTbI BbIOOPKM.

YacToTa
CkopocTb KonebaHuii cUrHana, BbIpaXxeHHas B repuax, To ecTb
B uMCnie NepuofoB konebaHus B CEKYHAY.

MpeAcTaBneHne B YacTOTHOI 06nacTu
MpecTaBNEHUE MOLLHOCTI CEKTPaNbHbIX KOMMOHEHT cUrHana
B (OYHKLMW 4ACTOTbI, CMIEKTP CUrHana.
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DIpeiid yacToTbl

[TocTeneHHOe CMeLLeHne nu U3MeHeHne HabnaaeMoint 4acToTbl
3a 3aJaHHbli NPOMEXYTOK BPEMEHU NPU NOCTOSHHBIX MPOYUX
ycnosusx. MiamepsieTcs B repuax B CEKYHAY.

CMHXPOHM3aLMa N0 YacTOTHON Macke
M6KNIA CNoco6 CUHXPOHW3ALMN B pearnbHOM MacluTabe BpEMEHN
Mo 3afjaHHbIM COObITMAM, NPOMCXOAALLNM B YACTOTHON 06NacTy.

YacTtoTHaa mogynsauus (YM)

lpouecc, B X0 KOTOPOro 4acToTa CUHYCOMAANBbHOrO CUrHana
(HecyLen) n3MeHseTCs B COOTBETCTBUM C MTHOBEHHBIM 3HAYEHNEM
HaNpsXXEHUs BTOPOr0 ANEKTPUYECKOrO CUrHana (MOAYMPYHOLLEro).

lwvana3oH vyacToT
O6nacTb 4acToT, B KOTOPOW ieNCTBYET YCTPOMCTBO. 3aaaeTcs
BEPXHEN N HUXKHEI rpaHuLamm.

WHTepBan yacToT
HenpepbiBHbIA AnanasoH YacToT MexXay ABYMS Npefefnamy 4acToT.

Mapkep

BuayanbHo paznuuumas Touka Ha ocuunnorpaMme, 1crnosbayemas
ANS U3BneYeHns nHchopMaumun 06 06nacTv 1 fuanasoHe 3HaueHui,
NpeaCTaBNsiEMbIX 3TOW TOUKOM.

Moaynsauus

VI3MeHeHWe xapakTepucTuk curHana, 06bI4Ho Ans nepefaqm
NHhopMaLuu.

Lym

He>xxenaTenbHble CnyyaitHble BO3MYLLEHNS, HANOXEHHbIE HA CUrHan
W yXyalaowme ero pasbopunBoCTb.

MuHUManbHbI ypoBeHb WYMOB

YpOBEHb LWYMOB, MPUCYLLMIA CUCTEME U NPEACTABASIOWNN
MUHUManbHbIA Npeaen, Npu KOTOPOM MOXET HabNAaTbCs
BXOJHOMW CUrHan. B kOHEYHOM CyeTe OrpaHnyeH TEMNOBbIMMU
wymamu (KTB).

LLinpuHa nonocsbl wyma
TouHoe 3HayeHne Nonockl HuUNLTPa, UCNONbL3YEMOro AJis
BbIUMCNIEHMS aBCONOTHOTO 3HAYEHNS! MOLLHOCTM, AB MBT/IL.

KoHTponbHO-uaMeputensHbie Npubopbl U 060pyaoBaHue

www.tehencom.com

Crnosapb
» HauyanbHoe pykoBOACTBO

Monoca nponyckaHus B peanbHOM MaclwTabe BpeMeHH
[nanasoH 4acToT, B KOTOPOM MOXET ObITb BbINOMHEH
HeMpepbIBHbIA 3axBaT curHana. 3aBucUT OT NONOCHI MPONYyCKaHs
ycTponcTBa nNpeobpasoBaHus B Udpoyko dopmy v TpakTa MY
aHanuaaTopa cnekTpa B peanbHOM MacliTabe BPeMEHH!.

HenpepbiBHbI 3aXBaT cUrHana B peanbHOM MacwTabe BpeMeHH
B03MOXHOCTL c60pa W COXpaHEHWS JaHHbIX B BUAE HEMPEPLIBHbIX
nocnefoBaTeNbHOCTEN BbIGOPOK BO BPEMEHHOW 06nacTy,
npeacTaBnsoLLEN M3MEHeHWe paanocurHana Ha sHauuTesbHbIX
WHTEpBanax BpeMeHu.

AHanu3 cnekTpa B peasbHOM MacwTabe BpeMeHM

[Mpuem N3MepeHns, OCHOBaHHbIN Ha CUHXPOHWU3ALMM MO
pafuocurHany, HempepbIBHOM 3axBaTte ero B NamsaTb W aHanuae
BO BPEMEHHO 1 YaCTOTHON 06NacTsaX M B 0611acT MOAYNALMM.

OnopHbIii ypoBeHb
YpoBeHb CUrHanNa, NPeACTaBNEHHbI BEPXHEN NUHMEN MacLTabHoi
CeTKW 3KpaHa aHanuaatopa.

PaspeweHnue no yactoTe

LLinpuHa nonockl NponyckaHus camoro y3koro unbtpa B TpakTe
MY ananuaatopa cnekTpa. Pa3pellieHne no vyactoTe onpenenset
CMNOCOBHOCTb aHanuaaTopa K pa3peLleHuro 6113Ko
pacnofioXKeHHbIX YHaCTOTHbIX KOMMOHEHT CUrHana.

YyBCTBUTENBHOCTD

Mepa cnoco6HOCTU aHanuaaTopa CnekTpa K 0TOBpaKeHuto
CUrHanoB MMHUMAJIbHOTO YPOBHS, 006bI4HO BblpaXaeTcAa B BUae
MWUHUMANbHOro 0TO6PaXXaeMoro CPEAHEro YPOBHS LLYMOB.

CnekTporpamma

OTo6paxeHne B KoopanHaTax YactoTa-BpemMs-aMnanTyaa, rae
yacToTa npefcTasneHa no ocu X, a BpeMst — no ocu Y. YposeHb
MOLLHOCTK 0603Ha4aeTcs LBETOM.

CnekTp

MpeAcTaBneHne curHana B YacTOTHOW 061acTh B BUAE
pacnpefefeHnst SHeprum ero CnekTpanbHbIX COCTABASHOLLMX MO
yacToTe.

Ananu3 CnekTpa
Cnocob M3MepeHns YacTOTHOrO HanoIHEHUS paguocurHana.

BekTopHbIN aHanu3 curHanos
Cnocob n3MepeHus xapakTepucTuK MOAYNALUNM pagnocurHana.
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Cnuncok cokpatyeHuit
P HayanbHoe pykoBOACTBO

Cnucok cokpaLyeHuit

AlN:
AM:
BH4B:
CCDF:

CDMA:

Cw:
nb:

nb no nonHo#
Kane:

DDC:

LocC:
EVM:
BNo:
YM:
YMH:
ny:
IQ:
LO:
NBW:
OFDM:

OM:
PSK:
QAM:
RBW:
PY:
rms:
RSA:

RTSA:

SA:
VSA:

AHanoro-uncposon npeobpasosaTenb
AmnauTygHas Mogynsuns
OkHo BnakmeHa-Xappuca 4B

[ononHuTenbHas KyMynaTueHasi QyHKLMs:
pacnpegeneHus

MHOXeCTBEHHbIA [OCTYN C KOJOBbIM
paszenexvem

HenpepbIBHbIA curHan
[eunben

[leunben no NonHoM LuKane

Lincbposoi npeobpas3oBaTenb C NOHUKEHNEM
4acToThbl

Lincpposas obpaboTka curHanos
BennuuHa BexTopa owmbok

beicTpoe npeobpasosanne Oypbe
YacToTHas mMogynauns

Mopynsiums ¢ 4aCTOTHOW MaHUMyNALMEN
[TpomexyToyHas yactota

CuHbasHbIn / KBagpaTypHbIi

MeCTHbIA reTepoauH

LLivpuna nonocsl Wwyma

OpTOFOHaJ'IbHOG MynbTUNNEKCUupoBaHne
4YaCTOTHbIM AeneHnem

MasoBas Mogynsumus

®asoBas MaHWNyNAUKS

KBanpaTypHas aMmnauTyaHas Moaynsiust
PaspelueHue no vactote

PaguovactoTta

CpefHekBagpaTUiHOe 3HaYeHne

AHanusaTop cnekTpa B peanbHOM MacluTabe
BpemeHu Tektronix

AHanusaTop cnekTpa B peanbHOM MacluTabe
BPEMEHN

AHanusatop cnekTpa
BekTOpHbIii aHanu3aTop curHanos
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Kak cBsizaTbest ¢ Kopnopaumeii Tektronix:
ACEAH, OkeaHus (65) 6356 3900

ABcTpus +41 52 675 3777

Bankaxckuii nonyocTtpos, Uspaunb

0xHas Adpuka u tor BocTouHoii EBponbl +41 52 675 3777
Benbrus 07 81 60166

Bpasunua u OxHas Amepuka 55 (1) 3741-8360
Kanapa 1 (800) 661-5625

Llentp BocTouHoii EBponbl, Ykpaura, Mpubantuka +41 52 675 3777
LientpanbHas Espona u lpeuns +41 52 675 3777
[Manus 80 88 1401

OuHnaHpus +41 52 675 3777

OpaHuws 33 (0) 169 86 81 81

Tepmanus +49 (221) 94 77 400

ToHKoHT (852) 2585-6688

Wnpausa (91) 80-22275577

Wranusa +39 (02) 25086 1

finouns 81 (3) 6714-3010

JliokcemBypr +44 (0) 1344 392400

Mexkcuka, LienTpanbHas Amepuka,

cTpaHbl Kapubekoro 6acceiina 52 (55) 5424700
Bruxnuii Boctok, Asust u CeepHas Adpuka +41 52 675 3777
Hupepnanabl 090 02 021797

Hopaerus 800 16098
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Monbua +41 52 675 3777

Moptyranus 80 08 12370

Kopeiickas Pecny6nuka 82 (2) 528-5299

Poccus, CHI, MpubanTtuka +7 (495) 7484900

lOxHas Adpuka +27 11 254 8360
Wenaxus (+34) 901 988 054

LLBeuws 020 08 80371

LLiseiiuapus +41 52 675 3777

TaitBaHb 886 (2) 2722-9622

BenukobputaHus u Upnanpms +44 (0) 1344 392400
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