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MOHUWTOPHHI ®A30BBIX IPUPAIIIEHUI ITPEPBIBUCTOIO CUTHAJIA

OnucaH NPUHIUI ACHCTBUS MU OCHOBHBIE TEXHUYECKHE PELISHMS, HCIIOJIb30BaHHBIC IPU CO3JAAHUU IPOrPaMMHO-
anmapatHoro (a3zoMeTpa, HCIOJIb3YeMOro JJisi MOHUTOPHHIA (a30BBIX MpHpalieHuil B MuU(dEpeHIHATIPHOM CUTHAE,

OJIy4aeMOM B JIa3epHOM HHTep(EepOMeTpe NMepeMeIleHIH.

BBegenne

MHuorue 00yacTy Ja3epHON M3MEPUTEITHLHOU
TEXHUKH OCHOBaHBbI Ha MPEOOpPa30BaHUM OITH-
YEeCKOro IMyTH KOTEPEHTHOI'O CBETa B IpHUpalle-
HUS ($a3el 3TOrO cBeTa Ha (HOTOIPHEMHHUKE.
B sToMm cnyuae mmnst momydeHust mHGoOpMamu 00
HCCIIEyeMbIX 00BEKTaX WM IpoleccaXx Heoo-
XOAMMa JalbHeWIas o0padoTKa IMOIYyYEeHHOTO
AIIEKTPUYIECKOTO CHUTHANIA JUIS M3MepeHus (azo-
BbIX WJIA YaCTOTHBIX MpHUpaIleHUi chopMupo-
BaHHBIX CUTHAJIOB B peaJIbHOM BPEMEHH.

B gactHOCTH, B Ta3epHOM HMHTEphepoMeTpe
MePEMEIICHHS] U3MEPSIOTCS Pa3HOCTH TpHUpa-
IICHUS JUIMH TIOPs/IKa I0Jiel MUKPOH Ha 00IIei
mmHe mopsaaka 0,5-1,5xm [1]. Heobxomu-
MOCTb 3THX W3MEPEHHI CBS3aHA C TIOWCKOM H
MOHHTOPUHTOM  aHOMAJIBHBIX  MPOSBICHUN
JTYHHO-COJIHEYHBIX MPUJIMBHO-OTJIMBHBIX KOJIle-
0aHW CKaFHBIX MOPO/I, UCTIOIB3YyEMBIX B Ka-
YECTBE MPEIBECTHUKOB 3EMIICTPSICEHUH.

Jis pemieHus 3aa4ul U3MEPEHUS W MOHHU-
TopuHTa (ha30BBIX MPHUpAIIEHUH (CBSI3aHHBIX C
MEPEMENICHUSIMI  CKAIBHBIX TOPOJ]) HE00XO-
JIUMBI CIIEIUATBHBIE METOJbl 00pa0OTKU CHT-
HAJIOB, WCKIIIOYAIONINE CKayKu (a3 Tph CIy-
YaifHOM TPOMaJaHWN CHTHajla. JTH Tporaja-
HUS CBSI3aHBI C KPATKOBPEMEHHBIM MEPEKPHITH-
€M 30HIUPYIOMIMX IIYYKOB CBeTa arMmocdep-
HBIMH WJIH WHBIMH HETOIAIONIUMUCS yUeTy
SIBJICHUSIMHU.

Ecnu 3a Bpems mpomajgaHus CUTHama pas-
HOCTB (ha3 MapHBIX CHUTHAJIOB HE MPEBBICHIIA T,
TO TMpomaBiias HHGOpPMANUS 00 H3MEHEHHH
($a3bl B 3TOT MPOMEXKYTOK BPEMEHU MOXKET
OBITh BOCCTAaHOBJICHA WHTEPITOIAIUEH 0e3 BO3-

HUKHOBEHHs OMMOKH. Takas HWHTEPIONAIHS
obecrieunBaeTCs HE MPHU KaXIOM crocode 00-
pabOTKH CUTHAJIOB, a JIMIIb B TOM CIy4ae, eCIu
oOpabatkiBarolasi anmaparypa 3alliIieHa OT
CKaykoB (pa3pl MpH yKa3aHHBIX W3MECHEHHUSX.
Haunbonee 3¢ dexTHBHO ¢ NMpephIBaHUSMH CHT-
Hajla CHPABIISIOTCS IPOrPaMMHO-aNIapaTHbIC
(bazomeTpsl, paspaboTaHHBIC HA OCHOBE METO-
JIOB 00pabOTKH MAapHOTO CHUTHaNa (KOT€PeHTHO-
r0 U KBaApaTypHOro) [2].

Ipunnun aeiicreus gasomerpa

CurHan Ha BXOAc (pazomeTpa TapMOHHYE-
CKMIl WM TpAMOYroibHbIA. PasHocTs (a3
AQ(f) W3MEHSETCS BO BPEMEHH M COJICPYKHT
HU3KOYACTOTHYIO KOMIIOHEHTY Qyy(t) ¥ BBICO-
KOYaCTOTHYIO KOMIOHeHTYy O0¢. Heobxomammo
u3MepeHre KOMIIOHEHTHI Opy(f) 0e3 moTepb
nHopMaru 1 0e3 pa3phiBa HEIIPEPHIBHOCTH B
YCHIOBUAX 3HAYUTCILHBIX aAJIUTUBHBIX U MYJIb-
TUIUIMKATUBHBIX TIOMEX U MPH KPaTKOBPEMEH-
HOM TIPEepPBIBAHNH CHUTHAJIA.

Henocrarok GonpmumHCTBA (ha30METPOB CO-
CTOHT B TOM, YTO IIPU MpPEPHIBAHUN CUTHAaja pe-
3yJNbTaT U3MEpPEHHs Pa3HOCTH (Pa3 MOXKET mpe-
TEpIeBaTh CKA4OK Ha 27, YTO BUIHO W3 DIIOPHI
CHTHAJIOB, TIOKa3aHHOM Ha puc. 1. DTO BRI3BIBaET
HEOOXOAUMOCTh YIaJeHUs] TaKHMX CKaYKOB IPH
BTOpUYHON 00pabOTKe MaHHBIX, YTO B HACTOS-
me€ BpEMs BBIIIOJIHACTCA B IIOJyaBTOMaTu4de-
CKOM pexkuMe. [Ipu aHanuTHYecKoM MpeacTaB-
JICHWW CHWTHaJIa, KaK MOKa3aHO Ha pHC. 2, HEOI-
HO3HAYHOCTb BOCCTAHOBJIEHHS (a3l HE BO3ZHU-
KaeT. AMIUIMTyHAas MOAYJSIIMS TIOPOXKIACT
VM3MEHEeHUe JJTMHEI TPEICTABICHHOTO BEKTOpa, a
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¢azoBast MOAYISAIMSA U3MEHSET YroJl €ro MOBO-
pota. IIpepbiBaHne CHTHajIa MOPOXKAACT Kpart-
KOBPEMEHHOE YKOPOUEHHE BEKTOpa JI0 HYJIEBBIX
WIM OIYMOBBIX Pa3MepoB C MOCIEAYIOIUM €ro
BOCCTaHOBJICHHEM. VIHTEpHoMsIus W3MEHEHHS
(a3l Ha BpeMsl YKOPOUYEHHS BEKTOpa OCYIIECT-
BJIACTCA IO NMPUHIUITY HAMMEHBIICTO €TI0 IIOBO-
pota. Ecii moBopoT ObLT MEHEe 4eM Ha T, STOT
aJTOpUTM JIaCT BEpHBIA pe3ysbrar. PaspeiBa
¢a3bl He OyZeT, eclH MOociie IPEPhIBaHHUS BEKTOP
CHUTHajJa  TMOMagaeT B  HEKOTopyl  O-
OKPECTHOCTB, KOTOpasi B TAHHOM CIIydae JICKHT
B JMamnasoHe Ao+ |1 —¢|, rme A@y — pazHOCTh
¢a3 no mpepbiBanus curHana, € ~(0 — HeOOJb-
IIOW yroJ1, BEIOpaHHBIA M3 COOOPaKEHUS TIOBBI-
IICHUS. JTOCTOBEPHOCTH BOCCTaHOBIEHMS. [lpn
€ =0 B 3Ty ®-0KpecTHOCTh Torman Okl 1 BEKTOD,
OTJIMYAIOIIMIICS OT MPEABIAYIIEro Ha T, a B 3TOM
Clly4ae BOCCTAHOBJICHHE 3HAUCHUSI HOBOH (ha3bl
HEO/IHO3HAYHO.

Haubonee addextuBHbIi ciocod 00paboT-
KU CHTHAaJIa JUIsl ONpeAeseHus ero (a3sl COCTo-
WT B TIEpEHOCE CIIEKTpa 00pabaThIBAEMBIX CHT-
HAJIOB Ha HU3KYI0 HECYLIYIO YacTOTy C IIOJY-
YeHHEM aHAIUTUYECKOro (ITapHOT0) CHrHaa —
mapsl KorepeHTHo V(f) m xBamparypHou W(f)
KOMITOHEeHT. B 3TOoM ciydae, moib3yschk onpe-
neneHreM ¢as3bl Kak yria MoBOpOTa BEKTOpa,
MPOEKIMH KOTOPOTO 3aJaHbl aHATUTHYECKHM

AOO00000n

00000

CUTHAJIOM, HETPYJHO BBIYUCIUTH H3MEHEHHUS
¢a3sl BO BpEeMEHH II0 MPOCTHIM COOTHOLIECHHU-
SIM, €CJIM YUYECTb JOINOJHUTEIBHO yCIOBUS, IIPU
KOTOPBIX MPEAIOYTUTENBHEN BBIYUACIATL YOI
4yepe3 apKTaHIeHC UK YePE3 apKKOTAHTeHC:

|V/W| <l=oe=arctg(V/W)+tnnm,
|W/V| <l=oe=arcctg(V/W)xnn.

[TompaBku Ha * N7 JETKO ONpPEACTSIIOTCS B
3aBHCHMOCTH OT KBaJpaHTa, B KOTOPOM PacIIO-
JI0’KEH BEKTOp, T. €. OT 3HAKOB BeIW4UH V' u W.

Kpome Toro, wucmonb3yrorcs cienyromue
TEXHUYECKHE PEIICHUSI.

1. B kauectBe AIIIl mpumeHsercs 3BYyKoO-
Bag kapta [IOBM c opuruHanbHbIM TIpO-
rpaMMHBIM oO0OecrieueHreM, 00ecTednBalonIM
CUHXPOHHOCTh JICHCTBHSI €€ KaHAJIOB U JIANb-
HEWIIy10 00paboTKy CHUTHAJIOB.

2. CurHayibl pa3HOCTHOM YacCTOTHI B OKOH-
YaTeTbHOM BHJIE IONyYalOTCS METOJIOM, OITH-
CaHHBIM B TIATEHTE [2], YTO MO3BOJISIET yCTpa-
HUTh BIUSHHUE CIBHIa HYJISA M Apeiida 3Tol Be-
muunHbl B ALl ¥ MOBBICUTH TOYHOCTH U IIO-
MEXO03alUIIeHHOCTh METO1a 00pabOTKH.

3. Tlpu HE0OXOANMOCTH CYKEHHsS CIEKTpa
oTtoOpakaeMbIX W3MEHEHUH (a3pl BO BpeMEHHU
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Puc. 1. Heogqao3Ha4HOCTH TPAKTOBKU «Pa3HOCTb q)a3» TOCJIE KPATKOBPEMEHHOT'O IIPEPLIBAHUSA
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Puc. 2. OHO3HAYHOCTh TPAKTOBKH «(a3a» aHATMTHIECKOTO CHI'HAJIA, BRIPAXKCHHOTO B BEKTOPHOM BHIC,
0CJIE €ro KPaTKOBPEMEHHOTO ITPePhIBAHUS
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WK CKaThsg MHQOpMAMK NpUMEHseTcs Lud-
poBasi GpUIbTpaLHSL.

4. KonuvecTBO CcHrHamoB, ¢as3bl KOTOPBIX
U3MEpAIOTCS, OIPENENAeTCs] KOIUYECTBOM KaHa-
JIOB 3BYKOBOI KapThl (1Ba WM YETHIpE KaHasa).

AnnaparHasi 4acTh

CxemMa ycrpoiicTBa noka3asa Ha puc. 3. OHO
COOCPKUT 1) Kackaj TOHMKEHUS YaCTOTHI,
2) KoMIIbIOTep Al cOopa W 0OpabOTKH [aH-
HBIX, 3) 3BYKOBYIO KapTy W 4achl 3TOTO KOM-
nmeloTepa B poiu AByX uaeHTH4yHbIX ALl n
BPEMS3aa0IIero ycTpoiicTBa.

BxonHble curHasibl HOCTYNAIOT Ha BBICOKOM
HEeCYIIeH 4acToTe @ j, KOTOpas 3aBUCUT OT 3a-
naun (0,1-20 MI'my). I1epBorit Kackaa MOHMKAET
HECYIIYI0 4aCTOTy BXOJHOI'O CUTHaua JI0 Tpe-
OyeMoro 3Ha4YeHHS Oy ~ M /k, ONTUMAIBHOTO
JUTs nanbHeieit oopadoTku. [IpunHnun neict-
BHsI OCTAJIBHOM 4acTH YCTpPOMCTBAa OCHOBAaH Ha
cTpobockonuyeckoM 3pdekre [2]. YacToTa ©
MOJTyYEHUs] OTCUETOB AaHAJOrOBOIO CHUTHaja C
noMouipto AIIIl TOYHO M3BECTHA U C HEKOTO-
pOii TOYHOCTHIO B 33JJaHHOE IIeJI0e YHUCIO k pa3
IPEBBILIAET YaCTOTy 3TOro curHaia. B cimydae
NPUMEHEHHsI 3BYKOBOW KapThl, padoTaromei Ha
yacrore 48 k['11, BeIOMpanach ®, = 16 k[, HO
MOXHO Opath u ®, = 12 k['m. DT0 mMO3BOMISIET
MOJyYUTh OTCYETHl Pa3HOCTHOW YacTOTHI, HE
MPUMEHSS TETEPOAMHHBIA TE€HEepaTop, CMECH-
TeMH U N30MpaTeNbHbIe YCUITUTENH.

Kackaxg moHMXEHHS 4YacTOTBHl pPealn30BaH
Ha Mukpocxeme MC3361.

IIporpammHas 4yacThb

IIporpammHast 4aCTb MO3BOJISET BBIUYUCIHUTH
u yctpanuTh apeiid AL, a Taxke BEIYMCIUTH
U yCTPaHWUTh AMIUIUTYIHYIO MOJIYJISIUIO CHUT-
Hana. [lomyyaeMblii aHAIUTHUYECKUW CHUTHAI
Pa3HOCTHOM 9acTOTHI 00padaThIBaeTCs IS BHI-
yucaeHus: (as3bl 3TOr0 CUrHajia, Kak (GpyHKOuH
BpEMEHH, NPH HEOOXOOUMOCTU NPHUMEHSETCS
uudposas GUIbTPALHSL.

ITycTh BXOIHBIE CUTHANIBI UMEIOT BUJL

U (t)=A4-cos(ot+¢9,),
U,(t)=A-cos(wt+9,),

a OTCYETHI CIICIYIOT C HHTEpBAJIOM T =21/ ®,,
Il 4acToTa TIIONYYeHHS OTCUYETOB paBHA
®, = ko, + A®. PaccmoTpum, Kak npeobpasy-
ercst curHai Uj.

Ecmu 1, = 0, BpeMsl MOJMyUYEHHsI TEKYIIEro

OTCYeTa paBHO f, =1-27/®,, 3HAUYCHHUE ITOTO

OTCYE€Ta B OTOT MOMCHT UMECCT BU]J

U (t,)=A4-cos(o, -i-2m/®, +¢,) .
HoxcraBuB o, =k (0, —A®), ¢ yuerom

t,=i-2n/®, nonydaem

R .
Ul(t,,)zA-cos(T"’-t,. +é-2n+(pl).

B MPEAINIOJIOXKEHNHU, YTO TEMIIbI U3MCHCHUA
AMIIIUTYAbl U (1)3.3]:1 CYHICCTBCHHO HUIKE HCCY-
meﬁ nepuoja 4acToTbl, MOXHO YTBCPXKIAATh,

Ul U2

H

L Kackaa noHmKeHHs 4acToThI :
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YTO BWJ CHTHaja HE3HAYUTEIEHO MEHSEeTCS 3a
BpEMsi, COM3MEPHMOE C HECKOJBKUMHU TepHO/Ia-
mu. Torma npu k=1 BTOpPBIM CllaraéMbIM O]
apryMEHTOM KOCHHYCa MOXXHO TNpeHeOpedb, To-
CKOJIBKY OHO JiaeT cABUT (ha3bl KaXKIOro Iociie-
IYIOIIEr0 OTCYeTa POBHO HAa OJUH TIEPHOJ TIO
CpaBHEHHUIO ¢ (pa30ii MPEBIIYIIETO OTCYeTa.

Taxkum 00pa3omM, MBI Cpa3y ModydaeM Iud-
POBBIE OTCUETHI CHT'HAJIa PA3HOCTHOM YaCTOTHI
A® co cnBuroM (hasbel @, KOTOPHIA HEOOXOIH-
MO H3MEPHTbH.

[Ipu &k > 1 MBI ONTyyaeM 3a OJIMH MEPUOT k
OTCYETOB Pa3HOCTHON YaCTOTHI.

Ecnu k — geTHOE 4McO, TO OJHA TIONOBHHA
3THX OTCYETOB CIABHUHYTa OTHOCHUTEIHHO APY-
rOW TOJIBMHBI Ha TOJOBUHY TEPUOJA, U MBI
MOJKEM, WHBEPTHPYS WX 3HAYEHHUS, OCYIIECT-
BUTh TEM CaMbIM OOpAaTHBIN CIBUT HA IMOJIOBH-
Hy TIepHOJa, a Pe3yJbTaThl OTCUETOB YCpea-
HUTH TIONApHO C MEPBOH MOJIOBUHON OTCUYETOB.
Ecim B curmame mpuHCYyTCTBYeT IOCTOSHHOE
CMeIleHne, OHO, TAKUM 00pa3oM, yCTpaHAETCS.

Ilycte, nampumep, k=2. Torma, BBenms
0003HAUCHUS /ISl YSTHBIX M HEYCTHBIX 3HAYCHUIA
aprymesra iy =2n;i,, =2n+1, nomy4ynm

U;(to) = A - cos (¢).
Aw
U(t,)=4 - cos ( ) )4+ nte)=

Aw
=—A-cos (T'tl +¢);
U,(t,)=A-cos (%-t2 +2n+@,) =
A
=A-cos(7a)~t1 +¢,);

A
=4 - COS(TO) L)

Ao
Ul (th) =4- COS[T ' tzn + ¢, (tzn )] 5

U,(t,.)=—A-cos [A—2®~t +

2n+1

+9,(4,.0)]-

Wnade roBops, MBI MOJdy4aeM JBe pa3inyHbIC
MOCIIEOBATENIEHOCTH OTCUETOB, KOTOPBIE B3sl-
THI BJIBOC PEKE M MMEIOT IOCTOSHHBIA (hazo-
BB CIBUT MEXAY cOOOH Ha MOJOBUHY NEPHO-
Jla, a 3HA4YMT, BTOpasl MOCIeA0BaTEIbHOCTh Me-
HSIET 3HAK Ha MPOTHBOIOJIOXKHBIN B CPABHEHUU
C IEepBOH TMOCJEN0BaTENbHOCTHIO. [IpocThIM
WHBEPTHPOBAHUEM HEYETHBIX PE3yJIbTAaTOB OT-
c4yeTa Mbl MOXKEM MOJY4YHUThb OJHY IOCJIEI0Ba-
TEIBHOCTh OTCYETOB HAa PA3HOCTHON 4YacTOTE

Ao
7, IpH 3TOM OTCYETHI OYIYyT CIIeZIOBaTh

BIBOC damie, T.€. C HM3HAYAJILHOM YacTOTOM
B3SITHS OTCUETOB.

I[Ipu k=4 mnonyunM dYeThlpe TOCIENIOBA-
TEIBHOCTH CO CIBUIOM (ha3 Ha 4ETBEPTh MEPHO-
Jla, a UHBEPTUPOBAaHHEM Ka)KJOTO TPETHEro U
YEeTBEPTOro OTCYETa IOMYYHM JIBE MOCIE0Ba-
TEJIFHOCTH CO CABUIOM Ha YETBEPTh IIEPHOJIA.

Kpome ToOro, mnpumeHsercs yTOYHEHHas
NPUBS3KA BCEX MOJIYYaEMBIX OTCUETOB K €IH-
HBIM TakTaM BPEMEHH, Ul YEro OCYLIECTBIIS-
eTcs MHTEePHOALUs (TIOCKONbKY MHaye IOJTy-
YyaeMble OTCUEThl PAa3HOCTHOM YacTOTHI CIBH-
HYTbl BO BPEMEHHU JIPyI OTHOCHUTENIBHO Jpyra
Ha BenmmuuHy At =271/ m,).

[Tomygaembie B pe3yibTaTe 00pabOTKH OTCUe-
THI (ha3bl 10 X0y MX HAKOTLUIEHHST OTOOPaXKArOTCS
Ha 3KpaHe MOHUTOpPA B PSKUME CaMOIUCIIA, JIO-
IyCKAaIOIIEM KaK aBTOMATHUYECKYH) HACTPOUKY
Maciirada 1mo ocsm, Tak u pyunyo. [Ipemxycmor-
peHa BO3MOXKHOCTH CUHWTHIBAHUS BBIOPAHHOTO
3HaveHns (paszpl. HakoruieHHBIE MaHHBIE COXpa-
HAIOTCSA B (haifn, B aBTOMAaTH4ecKu CQOpPMHPO-
BaHHOM Ha3BaHMW KOTOPOTO COJICPXKATCSI CBEIe-
HUS O JIaTe U BPEMEHHU IMOJyYECHUS JaHHBIX. DTH
(aiinpl ganee MOTYT OBITH 3aKOJUPOBAHBI U TI0-
CIIaHBI U1 JabHEUIe oOpabOTKH B CHUCTEMY
cOopa JaHHBIX BEPXHETO YPOBHSL.

3akiaouenue

OnucaHHbIi (ha3oMeTp TO3BOJISET C BBICO-
KON TOYHOCTBIO U3MEPSTh M (PUKCHPOBATH JO0JI-
FOBPEMEHHBIC HM3MEHEHHUS pa3HOCTH (a3 map-
HBIX CHUTHAIOB. JlaHHOE yCTpOMCTBO mpenHa-
3HAYEHO [UIS HEMPEPHIBHOTO MOHUTOPHHTA
paszHocTu (a3 CUTHAJIOB OOJBIICOAa30BOTO Jia-
3epHOro auddepeHraIbLHOr0 HHTEPHEPOMET-
pa mepemeniennii [1] u ero mMomudukarmii, a
TAK)KE MOXET OBITh YCICIIHO MPUMEHEHO B
AHAJIOTMYHBIX 3a1a4ax.
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