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BBEIEHHUE

3 1 4geil mo60ro (PU3NIECKOro MCCISNOB HUS ABIAETCS YCT HOBICHHE HEH3-
BECTHBIX CBOMCTB WIIH (DPU3MIECKOTO COCTOSIHHUA OOBEKT HCCIIENOB HUIl IO I HHBIM
H OJIoJeHNs IPOLECCoB, B HUX Ipoucxondumx. K x np Buwiio, 3TH 0OBEKTH WM
MIPOLIECCHI OK 3bIB IOTCSl HEJIOCTYITHBIMH JUISl HEITOCPEICTBEHHOTO MX M3Yy4eHHs Me-
TOA MU TNPSMBIX W3MEPEHHWH, Cpeld MHOXECTB PETHCTPHPYEMBIX I P METPOB
COOBITHI JTULIb HEOONBLI S MX Y CTb MpPEICT BISET MHTEpeC I ®KCIEPUMEHT -
top . Kpome Toro, H pamy ¢ mone3HpIMH MH(OPM LHOHHBIMH COCT BIISIOLIMMH
B p€ JIbHBIX CHUTH JI X IPHCYTCTBYIOT LIyMbl M ToMexu. T KuM oOp 30M, peru-
CTPUPYEMBIIl CUTH JI CONEPXUT OIpENEIECHHYI0 MOJIe3Hyl0 HH(OpM Lo H ¢oHe
P 3IMYHOTO PO TIIOMEX, IIPU DTOM CHEKTpP MOMEX B OOIIEM CIlyd € HeleTepMH-
HUPOB H U B TOH WIM MHOH Mepe MpeICT BJIEH MO BCEMY MHTEPB JIy 4 CTOTHOIO
a1 11 30H [1]. Jpyrumu cinoB MH, CHIEKTP HOJE3HOIO CUTH J1 H JIOXEH H CIIEKTP
LIyMOB, KOTOPBIH UCK X €T 3 KJIIOYEHHYIO B CUTH JIe T0JIe3HYI0 HH(OPM LU0, YTO
CYILLIECTBEHHO YCIIOXHSET IPOBEACHHE B Pe JIbHOM BPEMEHHU TOYHBIX (PH3MYECKUX
n3mepenuid. [1osToMy M KCHUM JIbHOE IOJ BJIEHHWE IIYMOB M NOMEX B HUH(OPM -
LIOHHOM CHTH JIe TIPH COXP HEHHUHM IOJIE3HBIX COCT BISIOLIMX SBISETCS 2l 6HOU
3 0 yell 06p 6omku cuen n06 [1,2].

OIHUM W3 NPUMEPOB TOYHOIO W3MEpeHHs! (PU3MUYECKHX CUTH JIOB, Tie Tpedy-
ercs ah(peKTUBHOE MO BIICHUE IIYMOB M IOMEX, SABISIETCS CUCHIeM Onep mug-
HOW OU 2HOCMUKU NYHKOE 3 DAXKEHHbIX Y CMUY 6 YCKOPUMENbHO-H KORUMENbHbIX
komnJiekc x. Vcronmp3yemple 1O HEA BHEIO BPEMEHH, 3TH CHCTEMBI HOCHIH, K K
1P BWJIO, MHEPLMOHHBIA X p KTep M OOECleyuB JIM MOJIydeHHe J| HHbIX O MpO-
(e myuk , ycpeaHEHHbIX 3 Oosbinoe KonudecTBo obopotoB [3]. Co3n Hue
HOBBIX MOIIHBIX YCKOPHTENEH MpPeabsIBiseT CyLIECTBEHHO Ooiee BBICOKHE Tpebo-
B HUS K K YeCTBY MHH(OPM LIUH O IT P METP X MyYKOB, YEM 3TO MOTYT IPETIOKUTh
MMEIOLIHMECS CUCTEMBI JU THOCTUKHU. Bbputo OBI Upe3BbId HHO 3 TPYIHHUTETBHO BbI-
TIOJIHUTh «BCTPeUy» MYYKOB C YYETOM MX B3 MMOJEHCTBUS, HE MMes HEIPEPBHIBHOM
«BU3y JIbHOM K PTHUHBI» IONEPEYHOr0 M IPOIOJBHOIO P CIpPEAeTIeHUus Y CTHULl B
My4yK X, T.e€. 0€3 TOYHOW PEervcTp MU I P METPOB NMPOWiIs MydK MpPH K KIOM
€ro Mpoxojie yepe3 M3MEepUTeNbHble 1 TIYUKU [4,5]. g apdexTuBHOrO (PyHKIM-
OHUPOB HMSI T KHX CHCTEM TPeOYeTCs onep MueH A U 00CMOGEPH A UHPOPM YuA
0 I p MeTp X nydyk . Tp AWIMOHHBIM METOIOM HM3MEPEHUIl B CHCTEM X JU T'HO-



CTHMKHM SIBJISIETCSl CIIEKTP JIbHBIA H JIM3 M CCUB BBIOOPOK KOOPIMH T Iy4yK , U3-
MEPEHHBIX [l TYNK MM, C HCHOJIB30B HHUEM JITOPUTMOB OBICTPOTO Mpeodp 30B HUA
®ypoe (BIID). OnH KO NpUCYTCTBUE CWIBHBIX IIOMEX IPUBOAUT K HENP BUJIBHBIM
OLIEHK M CIEKTp JIBHOTO H JIM3 , TIONyd €M s B Pe3yJabT T€ TOUYHOCTb M3Mepe-
HHUS 4 CIMO OK 3bl8 emcA Hedocm mouHoll [5, 6].

Mo »T0it mpuunHe p 3p OOTK HOBBIX TOYHBIX METOMOB, BKJIIOY IOMIUX JITO-
puTMBbI 3¢h(heKTUBHOTO LITYMOIO/ BJIEHHS, JUISl PETUCTP LMW CUTH JIOB (PM3MYECKUX
H OJIIOEHHH, T.€. TEXHUKH YCT HOBJICHUS TOYHOH B3 MMOCBS3H MEXIy NpOLEeNy-
poil BO3IEHCTBUS CO CTOPOHBI UCTOYHUK U MPOLEAYpPON BOCIPHUATUS CO CTOPOHBI
MPUEMHHK , UIMEET Kp HHE B XXHOE H YUYHOE U IIp KTHYECKOEe 3H YCHHE.

1. CYIIECTBYIOIIHUE AJITOPUTMBI
[IAPPOBOI1 GWILTPAIINA CUTHAJIOB

1.1. HepekypcuBH 4 (II CCUBH f WIM CT LIMOH PH f) (PWIBTP LHA CHIH -
JI0B. OIHMM M3 OCHOBHBIX METOJOB I10J] BJIEHUS IOMEX U LIYMOB SIBseTC (hUJIb-
TP 1Ml PETUCTPUPYEMBIX I HHbIX [2,7,8]. Iox dunbTp 1meit moHum ercs mobdoe
npeoGp 30B HHE CHIH JIOB, IPH KOTOPOM BO BXOIHOH IIOCIENOB TEIbHOCTH A H-
HBIX LIEJIEH IIp BJIEHHO U3MEHSIOTCS OINPENETICHHBIE COOTHOIIEHHS (IUH MHYECKUE
WINX 4 CTOTHBIE) MEXIY P 3MYHBIMH KOMIIOHEHT MU 3TUX 1 HHBIX [7]. OcHOB-
HBIM MHCTPYMEHTOM (PWIBTP LIMU SBJSIETCS CIEKTP JIbHBIA (4 CTOTHBIA) H JIM3.
CriexTp JIbHBIH COCT B CUTH JIOB — 9TO TOHK $I BHYTPEHHSSI CTPYKTYp M HHBIX,
KOTOPBIE HECET CUTH JI U KOTOP 4 P KTUYECKH CKPBIT B JUH MHYECKOM MPEICT -
BJICHUM BO MHOXECTBE J HHBIX, II03TOMY CYIIIHOCTH (DHJIBTP LU COCTOUT UMEHHO
6 H Np 6NEHHOM USMEHEHUU 4 CIOMHO20 COCM 6 CUeH Ji C LEbI0 I0J BIle-
HUS LIYMOBOH KOMIIOHEHTHI [2,7]. JInd BBINOJIHEHUS 3THUX YCJIOBUH CT BUTCH
31 4 pe JIU3 LUUH ONmuM JIbHbiX (PUAbIMpPoE, KOTOPbIEe, B 3 BUCUMOCTH OT CBO-
€ro KOHKPETHOTO H 3H YEHHs, MO3BOJISIOT JOCT TOYHO H AEXHO NMPOU3BOIUTH 00-
H pyXeHHe CHUTH J1 , H WIy4lIuM OoOp 30M BBIJENATH CHTH JI H (hoHE IOMeEX
WK B M KCUM JIbHOM CTENEHH MO BHUTh MOMEXH 0€3 CyLIECTBEHHOTO MCK XKEHHs
CHUIH IT .

B Tp muumoHHBIX MeTOX X (PUIBTP LM MH(OPM IMS M3BIEK €TCS U3 BXOM-
HBIX CUTH JIOB JIUHEUHbIMU CUCHIEM MU C NOCMOAHHOIMU N D MEMp MU J20PUMN-
M06 npeobp 306 Hua — HepeKypcusHbIMH punibTp Mu. H BXoxn T Koil cuctemsl
(dpunbrp ) mox tor curd 1 x(t), H BBIXOHE IHOJYY IOT [PeoOp 30B HHBIA CHI-
H 11 y(t). U3BeCcTHO, Y4TO CBSI3b OTKJIMK U BO3EHCTBHS JIMHEHHOW CHCTEMBI OITH-
CBIB €TCSl UHTErp JIOM cBepTKH [1, 7]:

y(t) = / h(r)e(t - 7)dr, (0



rie h(7) — uMiynibeH s riepexofH s X p krepuctuk (UIIX) TMHERHON CHCTEMBIL.
pumensas npeobp 308 Hue Pypre (IIP) K coorHOmeHuto (1), moIyd em BbIp -
XeHUe Wil onep Ly (PUIBTP LHK BXOOHOTO curd i1 x(t):

vt = 5- / H(w)X (w) exp (jut)dw, @

Ije w — YIJIOB 4 4 CTOT .

VYp BHeHue quckpeTHOH (GUIbTp LUU (CBEPTKH ABYX (DYHKLUIT) CUTH JIOB MO-
XKeT OBITh IMOJY4EeHO HEMOCPENCTBEHHO M3 MHTErp JIBHOTO yp BHeHHS cBepTKH (1)
IIPU 3 MEHE Ollep IIMU WHTErPUPOB HUSI CYMMHMPOB HHEM MTHOBEHHBIX 3H YEHHH
tyskumit ¢ w rom At [1]:

y(kAL) = At Y h(nAt)z(kAt—At). 3)

TexXHUK BBINOMHEHUS (PUIBTP LMHU HE OTIMY €TCSd OT TEXHUKU BBINOTHEHHS
OOBIYHOIM AMCKPETHOH CBEPTKH JBYX M CCHBOB I HHBIX, T.€. CBEPTKOW B Belle-
CTBEHHOW 001 cTH M ccuB 1 HHbIX (k) ¢ dyHkumeir dunstp h(n) (M ccu-
BOM KO9(pHLUEHTOB DIIBTP ), [e kK U 1 — HOMEp YHCIIOBBIX 3H YEHHH M C-
CHB JI HHBIX UM YHCIIOBBIX 3H ueHHH Koaduumentos ¢puwnstp , k=0, 1, 2... K,
n=20,1,2...N, K > N. JInd M TeM THYECKOIO ONHUC HH{, H psgy c (opmy-
1 ma (2),(3), npuMeHseTcs T KXe CUMBOJIMYECK g 3 MHCh (PWIBTP IHU:

y(k) = h(n) x x(k —n).

CucrteM (WIBTP UUU CUUT €TCA CT UUOH PHOU (MMEET IMOCTOSHHBIE T P METPBI),
€CJIM ee JITOPUTM IpeoOp 30B HHsS B Ipenesi X 3 1 HHOM TOYHOCTU He 3 gucum
Om 6X00H020 U GbIXOOHO20 CU2H JIO6 U He UBMEHAEMCA HU 60 GPEMEHU, HU 6
3 GUCUMOCTMU OM K KUX-IUO0 Opyeux enewHux ¢ kmopoeg [1,2,7].

1.2. PekypcuBH # (1 p MerpuyecK f) GWIbTP LU CUTH JIOB. B np xTude-
CKUX U3MEPEHHSIX OOBIYHO ITPUXOIUTCS UMETD JIEJI0 C CUTH J1 MU, KOTOPBIE 3 BHCST
OT OIpENEICHHBIX I P METPOB (PH3UYECKUX MPOLECCOB WK OOBEKTOB. 3H YESHUS
9TUX CHUTH JIOB 3 P HEe He U3BECTHBI U MOMIEXK T ONPEAETIEHUIO 1O J HHbIM HH-
(pOopM IIMIOHHBIX CHTH JIOB, IIyMBI U ITIOMEXH, KOTOPbIE COMYTCTBYIOT UM, X OTH-
YeCKH U3MEHSIOIINecs BO BpeMEHH, HO, K K IP BWIO, CT THCTHYECKH He3 BHUCHMBI
OT HUX K K IO CBOMM 3H YEHHUSIM, T K U 110 U3MEHEHUsIM BO Bpemenu [1,8]. B
BTOM CJIy4 € UCIOJIb30B HHUE CUCTEMbI (PWIbTP LIMHU C MOCTOSHHBIMU I P METP MU
He pew eT 3 A 4y 9((eKTUBHOIO LIYMOIO] BJIEHUS.

st (puIbTp LUK T KOTO THIT CHIH JIOB TPeOyeTCs BBIIOJIHUTH CIIEAYIOIIUe
3 1 un [1,2,8]: 00H pyXeHHe LIIyMOB U MOMeX B pe JIbHOM CHUTH Jie, OIIEHKY HX
I p MeTpoB (0OBIYHO OTIpenesieHre CIeKTP ), BhIIeTIeHHE HH(POPM IIMOHHOM 4 CTH
CUTH J1 (OYHCTKY CUTH J1 OT UIYMOB U IIOMeX). DTU 3 A YU JOCT TOYHO YCIIEIIHO



pell 0T [ NTUBHbIE CHUCTEMbI C MEPEMEHHBIMU I P METP MU JITOPUTMOB IIpe-
00p 30B HEA (peKypcuBH s ¢uibTp 1wd) [1,2,8]. B T xux cucreM X MmpousBo-
IWUTCS OLIEHWB HUE I P METPOB BXOOHBIX W BBIXOIHBIX CUTH JIOB, IO PE3YJIbT -
T M Cp BHEHHS KOTOPBIX OCYIIECTBIISIETCS MOACTPOWK JITOPUTM TMpeodp 30B -
HUS (MIepeXOqHONW X P KTEPUCTUKHU (PUIBTP ) T KUM 0Op 30M, 4TOOBI 0OECHEeYHTD
M KCHUM JIbHOE I10J] BJIEHUE [TIOMeX U LIYMOB B Pe JIbHOM CHUTH Je. B mpocteiiniem
Cllyd € T KO€ YCTPOHMCTBO COIEPXKHT IPOTrpP MMHpYeMblil puiibTp 0Op OOTKH 1 H-
HBIX U OJIOK 1peoOp 30B HHs, KOTOPbIA H OCHOB HHH OIPEIESICHHON MPOTP MMBI

H JTU3 BXOOHBIX M BBIXOOHBIX I HHBIX BBIp O THIB €T CHIH JI IJIS YOP BICHHA
I p MeTp Mu 3Toro ¢puistp . K x mp Bus1o, T Kue yCTPONUCTB (PUIBTP LIUM BbI-
HOJTHAIOTCS MOJILKO 014 Y3KOYENe8020 (PYHKYUOH JIbHO20 NPUMEHeHUA TIO] OIpene-
JICHHBIE TUIIbI CUTH JIOB, MX BHYTPEHHSS CTPYKTYP M JICOPUTM IpeoOp 30B HHs
np KMu4ecku NOJHOCHbIO Pe2si MeHMUPYIOMCA (PYHKYUOH JIbHOIM H 3H HeHUuem U
ONPeOesIeHHbIM MUHUM JIbHBIM 00beMOM UCXOOHOU NPUOPHOU UHGOPM YuU 0 X -
P Kmepe 6XOOHbIX O HHbIX U UX UHPOPM yuonHbix n p memp x [1,2,7].

2. HOBBIN AJITOPUTM AKTHBHOI1 PEKYPCUBHOM
OWIbTPAIIUA CUTHAJIOB

B pe npHBIX (DU3MYECKUX U3MEPEHHUIX I P METPbl PETUCTPUPYEMOTrO CUTH T ,
K K IIp BWIO, HEMU3BECTHBI (M3BECTEH TOJIBKO BPEMEHHOW WHTEPB JI €ro MOosBie-
HHS), JUII TIOJyYeHUs HeOoOXONMMOM TOYHOCTH M3MepeHHus TpebyeTcs Moj BISATh
B MH(OPM IIMOHHOM CHUTH JIe TeKyliee (MTHOBEHHOE) 3H YeHHE LIyMOBOM KOMIIO-
HeHtsl [1,8]. Ilo »Toii mpuYMHE J NTHBHBIE CUCTEMBI YK€ HE B COCTOSHUM pe-
LIUTH 3 ]I 4y 9(pPeKTUBHOI (PUIBTP LMK CUTH JIOB B PEXHMME pe JIbHOIO BPEMEHH.
Kpome Toro, ncnomnp3yemslii B Iporp MMUpPyeMbIX uibTp X Jjroput™ BII® mna
00p GOTKH JI HHBIX MMEET «CK UYIIHi» PEXHM BHIOOPKHM OUCKPETHOTO CHTH JI
(T.e. cH 4 J1 BBINOJHSETCS H KOIUICHUE BBIOOPKH [ HHBIX JUIMHON N, 3 TeM —
BBIUMCJIEHUE CIIEKTP JIbHBIX KOd((UIMEHTOB) U DKBUB JIEHTEH METOy Npeoldp -
30B HUSI C npopexkue Huem 1o Bpemenu [2,9,10]. TloaTomy 3mech Hew3OEXHBI
3H YHUTENbHBIE Y CTOTHBIE MCK XEHMS CHEKTp , KOTOphIe CBA3 HbI C a(hhekToM
I'u66¢c (p 3pbIBBI hyHKIMI H Tp HUI X BBIOOPKH I HHBIX) [1, 2] 11 appekToM H -
JIOKeHUA CTIEKTP JIBHBIX X P KTEPUCTHK 6 ¥ cmomHou 00n cmu (MPOPEXHUB HUE
110 BPEMEHH), B CBSI3M C YeM II0JIyd €TCSl HEBBICOK I TOUHOCTh M3MepeHus [1,2, 8—
10].

Jnst BeimosnHeHUsT 3(h(PEKTUBHOTO MIYMOIIO BIEHHS CHUTH JIOB B PEXHME pe-

JIBHOTO BPEMEHH JITOPUTM PEKYPCHBHOTO ( KTHBHOTO) (PMIBTP MOJIKEH:

— HMETh BBICOKOE ObICTPOAEHCTBHE M JUH MUYECKUI C M KCHUM JIbHBIM Iie-
PEKPBITHEM MHTEPB JIOB BBIOOPKH [ HHBIX JITOPUTM HpeoOp 30B HUS, YTO T P H-
THPYET MHHHM JIbHBIE Y CTOTHBIE MCK XKEHHS IOJTyd €MBIX CIIEKTp JIbHBIX OLe-
HoK [10, 11],



— BBIUUCIIATH OLEHKY TEKYIIEro (MrHOBEHHOI0) 3H YEHMs CIEKTp LIYMOBOI
KOMITOHEHTHI 10 MOMEHT TOSBJICHHUS TIOJIE3HOTO CUTH J1 (T.€. O H 4 J1 H3Me-
PUTENBHON IPOLENYPBI),

— KOMIIGHCHPOB Th 3H YEHHE LIyMOBOH KOMIIOHEHTbl HENOCPEICTBEHHO B
peXuMe M3MEPEHHs pPe JIBHOIO CUTH J1 C LIEbl0 BBbIIENIEHUS TOJIBKO IOJIE3HON
COCT BJIAIOLLEN.

CJ1e10B TENbHO, B JITOPUTME IpeoOp 30B HUS KTHUBHOIO (puiibTp HE0OXo-
IUMO Iiepe] M3MEPHUTENbHbIM HHTEPB JIOM IONYyYUTh CHEKTP JIBHYI0 OLEHKY CY-
LIECTBYIOUIMX IIYMOB M IIOMEX B TEKyIIMI MOMEHT BPEMEHH, 3 TEM B peXHMeE
U3MEpEeHMs pe JILHOTO CUTH JI MCIOJBb30B Th IOJMyYE€HHbIE II P METpPhI U1 KOM-
MEeHC UM UIyMOBOI KOMIIOHEHTHI.

Ananus myma AmHanus3 cursania
M N
of—Lp A TA—p
| | | /'\ |
a 0 R N Fal N\ | |
£ 1180V V1360 ¥ U \:(540 |
50 |- - o vyl ____ |
ym ITonesHslil curnan
CrekTp curHana + mym
CriekTp cUrsansa
P y
x(n;) ‘
4 ® ’ Sni(k) =Sy 4 1(K)

L Sn;_ -+ 1(k)
Crextp mryma T

Puc. 1. Pe nu3 1ug Aroput™  KTUBHOU (DMJIBTP LUM: ) BPEMEHH S 1M TP MM p OOTEHI
JITOPUTM , 6) (PYHKUHOH JIbH s OJIOK-CXeM  JITOPUTM (PUIIBTP LU

H puc.1 npeact BieH BpeMeHH s AU Ip MM K OJIOK-CXeM pe JIU3 IHH
JITOPUTM  KTHUBHOW (puipTp mmu. B 3TOM Jnroput™Me H BBIOOpKE OHICKpET-
HOro curd 1 NN; NPOW3BOAWTCA BBIYHCICHHE I P METPOB TEKYIIero (MrHOBEH-
HOTO) CHeKTp IIyM U moMeX Sy, .., (k), KOTOpbE 3 TeM H H3MEpPUTENbHOM
BbIOOpKE Ny BBIYUT IOTCS M3 11 P METPOB CIEKTp Sy, (k), BBIYUCIIEHHOTO U pe-
JILHOTO CHUTH JI , COHEepPX IIero IOJIE3HYI0 M LIYMOBYIO KOMIIOHEHTHI, T.€. BbI-
TOJTHSETCS «OYUCTK » CUTH JI OT IMyMOB U momex. T Kum oOp 30M, H BBIXOJie
KTUBHOTO (PUIIbTp OyAET MPHUCYTCTBOB Th TOJIBKO CIEKTP JIbH $I COCT BJISIOLI I
CUTH J1 TIONIe3HOW KOMIIOHEHTH. 3 TeM, HCIOJb3yd oOp THoe mpeolp 30B HHE
®ypbe (OIID), MOXKHO BOCCT HOBUTH AUCKPETHBIM (IMH MHUYECKHil) CUTH JI 3TOU



nose3Hoi coct Bisitomied. OgH KO B OOJBUIMHCTBE NP KTUYECKUX NPUMEHEHHI
upoBoii 06p GOTKHM CUIH JIOB (H IpUMeEp, OLEHK YHCIOBBIX I P METPOB CHI-
H JIOB, P 3JIOXEHHE CHUIH JIOB H BJIEMEHT PHBIE COCT BIFIOIIME I CP BHEHUA
CBOWCTB P 3/IMYHBIX CUTH JIOB, B TOM YHCJIE€ C ONPENETICHHBIMHA KOJINYECTBEHHBIMU
OLIEHK MM, W T.1.) BbinosHeHus orep umu OIID He Tpebyercd. BDTO CBI3 HO
C TeM, 4TO HOJHBIA 4 CTOTHBIH CIIEKTP CUTH J1 10 TOYHOCTH M TEM THYECKOIO
MPeICT BJIEHHS TOXAECTBEHEH AUH MHUuYecKou opme onuc Hust curd ja [1,2,9].

Il pe M3 Luu AMH MUYECKOro (HENpephIBHOIO) CIIEKTP JIbHOIO M3MEPEHUS
B JITOPUTME KTHUBHOW (PHIIBTP LM HUCIIONB3YETCs PEKypPEHTHbIA METOA peoldp -
308 Hus Dypse (PIID), B KOTOPOM TEKyIl S CHEKTP JIbH 4 OLEHK BbIUUCISAETCS
H OCHOBE yX€ BBIYMCJIEHHOTO 3H YEHMs H Ipedbliylleil BBIOOpKe JUCKPETHOIO
CUTH I , T.e. peKyppeHTHo [9-13]. B aToM MeTose H K XJIOM AMCKPETHOM 3H -
yeHuu CurH J x(n;) WIS K XKIOH I PMOHUKH K BBIYHCIISIETCS Mpeobp 30B HUE

®ypoe BUL [2]
N-1
Su(k) = Y a(n) W™, )

i
me k=0,1,2...N/2, W = e 27/N_ ¢pynkuma W* — nepnonuueck 4 ¢ ne-
puonoM, p BHbiM N st Bcex k, ¢ = +1, +2..., ¢ M BBIOOPK CMelll ercs Mo
u(pOBOIi IOCIESAOB TENBHOCTH (N )C LI TOM, P BHBIM HHTepB Jy BbiOOpku AT
T K K K BBIUMCJIEHUE CIEKTP JIbHOU OIEHKH (4) BBINOIHAETCS PEKYPPEHTHO, TO
cnenytont s oueHk Sp11(k) H 2(n;41) AMCKPETHOM 3H YEHHHU BXOIHOI BpEMEH-
HOIi ociieioB TenbHoCTH (1) Oymer [9—13]

Snr1(k) = Sn(k) + z(ng)W N — g(n;_n )W FED =
Snt1(k) = Sp(k) + [z(n; +1) — x(ni7N+1)]W—k(N—1)7 )

rae x(ni41) U x(Ni—N4+1) — OUCKPETHBIE 3H YEHUS BXOJMSIIErO U BBIXOUILIETO
CHTH JIOB U3 BBIOOPKHM UIMTENBHOCTBIO /N COOTBETCTBEHHO, kK — TEKyllee 3H -
YEeHHE Y CTOThl, H KOTOPOH IPOM3BOAWTCS M3MEPEHHE CIEKTP . AH JIOTHYHBIM
0o0p 30M ONpENeNIIoTCS PeKyppeHTHbIe BBIP XeHUd Ipeolp 30B Hui Pypbe it
Bcero qu m 30H 49 croT k=0,1...N —1.

Hcnonb3yemblii METOII PEKYPPEHTHOTO CIEKTP JIBHOTO IpeoOp 30B HUS 00b-
enunsier B cebe sroputmbl AII® u BecoBoit 0Op GOTKHM H JIMBUPYEMbIX J H-
HBIX, T.€. IUTHIB €T «IIPOIIIOe» MPOLECC IPH BBIYUCICHUN CHEKTP , Pe JIU3yeT
PEXHMM CIIEKTpP JIPHOTO M3MEPEHHs C M KCHM JIbHBIM HEPEKPHITHEM HHTEPB JIOB
BBIOOPOK JIMCKPETHOTO CUTH JI , YTO I' P HTUPYET MUHHM JIbHBIE Y4 CTOTHbIE UCK -
xenus [11, 12]. Kpome Toro, Beruucienue sropurm PII® H k= N/2 4 cror x
Tpebyer ToNbKO IN/2 KOMIUIEKCHBIX YMHOXeHHH, uT0 B logs N p 3 MeHblie, yeM
B Jaropurme BII®D. DTo no3BoNUIO pe JAU30B Th CHEKTP JIbHOE U3MEPEHUE HECT -
LIMOH PHBIX CUTH JIOB B PeXXHMe pe JIbHOTO BPEMEHH H OOIIBLIOH MIHHE BHIOOPKH
I HHBIX, T.€. C OYEHb BBICOKUM 4 CTOTHBIM P 3pemieHueM [11].



s pe M3 UMM peXuM  KTHUBHOTO IIYMOIIOJA BjieHWS H O 3¢ JIrOpuUT™
PII® npousBoguTCs BEIMUCICHHE TEKYLIMX CIEKTP JIbHBIX OLEHOK IIYMOB U IIO-
MeX H K XJIOM AMCKPETHOM 3H YeHHU BXOIHOIO CHTH J1 x(n;), T.e. BBIYHCIIS-
0TCS TeKYLUHE MTHOBEHHBIC CIIEKTP JIbHBIEC OLEHKH S, n+1(k) H HHTEpB e BbI-
6opku {n; — N +1+mn;} (10 MOMEHT MOSIBIEHHs MOJIE3HOIO CHIH JT ). 3 TeM
H U3MEPUTEIbHOM UHTEPB Ji€ IPOWU3BOIUTCS BHIYUCIEHHE CIIEKTp JIbHBIX OLEHOK
pe JIBHOTO CHMTH JI , COJIepX Iero B ceOe MOJIE3HYI0 U IIyMOBYIO KOMIIOHEHTHI, 1
OIHOBPEMEHHO PEKYPCHUBHO BBIMONHIETCS OYUCTK CHUTH JI OT IIYMOB M MOMEX C
MTOMOIIBIO0 YK€ BBIYUCIEHHBIX T p MeTpoB myM (MIIX ¢unstp ), T.e. BIYHCIA-
eTcsl peKyppeHTHOE 1peodp 30B HHE CIEAYIOIIEro BHJ :

Spi1(k) = Sp(k) % Sp_ni1(k) = Sp(k) — Sn_ni1(k) + AFWFN=D " (6)

tue S,—nN+1(k) — BbIMUCIIEHHBIN TEKYIMI [T p METp CeKTp wmiyM , T.e. UIIX
unsTp .

s | S () =8,(0) =S, 1 (k) + AFWHN-D
Y, T >

Wk(N-1)

- |

| |

|

ROM | [ | ~Swwnh) | FIFO J
3 | Y. ) |

A | 7 Ys I
n, k, N | :

Puc. 2. ®yHKUMOH JIBH S CX€M pe JIU3 UM JITOPUTM  KTHBHOH (huiabTp muu H 6 3e
PI®

H puc.2 nok 3 H (yHKUMOH JIBH S CXeM pe JM3 UMM JITOPUTM  KTHB-
HOro pekypcuBHoro ¢uwibtp H 6 3¢ PII®D. Anroputm p 6OT €T CIeqyrImM
06p 30m. Peructpupyemsiii H yoroeiii curd 1 x(t) H  H JIOro-uu(ppoBOM
npeoOp 30B Tenie mpeodp 3yercsi B IUCKPETHYI0 BPEMEHHYIO [OCIIEOB Tellb-
HOCTh x (M), KOTOp S MOCTYIl €T H BXOX pPH(PMETHYeCKOro Moayist Yi. B aTom
MOJLyJIe BBIYMCIISETCS P 3HOCT CUrH JI0B AF = [x(n;—ny1)—2x(n;)], tie x(n;) —
IUCKPETHOE 3H YeHWe CUTH J 2(n;—n+1), BXOMIIIEro B BoIOOPKY N mpu cme-
IICHMM BPEMEHHOIO OKH H OJMH OTcuer, x(N;_n41) — 3H YEHHE CHTH J ,
BBIXOJISIIIEr0 U3 BBIOOpKH. B pumMermueckoMm momyne Yo BBIYHCISIETCS MPOU3-
senerne AFW V=1 e xoacppummentsr npeobp 308 mua W FN=1 yxe
NIPEJB PUTEIBHO BBHIYKMCIIEHBI U BEIOUP I0TCS U3 MOIYJISl Y3 MO TEKYLMM 3H YEHUSIM



I p MerpoB n U k. 3 TeM B Moxyse Yy ¢ HCIIONB30B HUEM 3H veHus S, (k), momy-
YEHHOIO H HpeblayIeil BBIOOPKEe U Xp HSILErocst B MOAy/Ie 11 MSTH Y5, BBIYMCIIS-
eTcs HOB 5 TeKyIl 5 CHEKTp NbH 5 omenK Sy,11(k) = S, (k) + AFW —FN-1),
IT p MeTpsl ®TOi OLEHKHM T KXE 3 HOCSATCS B MOXY/Ib II MATH Y5 M Oymyr Hc-
HOJIb30B HbI ISl BBIYUCIICHUS CHEKTP IPU CMEIIEHHH BPEMEHHOTO OKH H OMHH
OTCYET C H Y JIOM B TOYKE Z(7;12). AH JIOTHYHO BBIYHCIISETCS CIIEKTP H BCEM
mu 1 30He H ymsHpyeMsiXx 4 ctoT 0 < & < N — 1. T kum o6p 30M, H BBIXOX
YCTPOMCTB IIOCTYII €T TEKYL s MTHOBEHH s CIIEKTp JIbH S OLEHK perucrpupye-
MOr0 H JIOroBOro curd 1 x(t).

Il opr HU3 UMM KTHBHOH (DHIIBTP LM I1 P METPBI CIIEKTp JIbHBIX OLle-
HOK Sy, (k) 3 HOCATCS B CABMIOBBIN peructp Yg, DIyOHMH KOTOPOrO p BH JUIMHE
BBIOOPKY JMCKPETHOrO CUrH J1 [N, M HCIOJNB3YIOTCS K K (PYHKLHH HMITYJIECHOTO
oTKIMK  pexypcuBHOro ¢umptp (MIIX), MO 3H YeHHSIM KOTOPBIX OCYIIECTBIIS-
ercsl IOJCTPOHK  JITOPUTM HPeoOp 30B HHU, T. €. HPOU3BOMUTCH H NP GJEHHOEe
U3MEHEHUe 4 CIMOMHO20 COCH 6 CUeH J  C LIEIIbIO IOl BICHHS LIYMOBOM KOMIIO-
HeHThl. IIpy HocTyrieHuu curl 1 «Tpurrep» (H 4 JIO M3MEPUTEIBHOI BEIGOPKH)
H Mojyie Y, BBINONHAETCS CBEPTK B Y CTOTHOH OO CTH TEKYLIETo CIIEKTp Jib-
HOTO 3H YEHHs pe JIbHOIO CHIH JI , CONepXK LIEro IMOJE3HYI0 U LIYMOBYIO KOM-
HOHEHTbI, ¥ CIIEKTP IIyMOBOH KOMIIOHEHTBI, BbIYUC/ICHHOH H IpENbILyIlel Bbl-
GOpKe, T.€. p CCUHTBHIB €TCS CHEKTP [10JIE3HOTO CHIH JI

SCI/II'H(k) - SCHFH+LHyM(k) * SLHyM(k)

Y cToTHBIE X P KTEPUCTHKH PEKYPCHBHBIX (DUIIBTPOB BCEIN SBIISIOTCS KOM-
IUIEKCHBIMH, TIO3TOMY 3 MEHUM B BbIp XeHHUU (6) (hyHKLHIO 3KCHOHEeHThl W =
e~727/N g KOCHHYCHYIO U CHHYCHYIO COCT BIISIIOLIHE, TIOTyd eM

Sn+1(k') = Sn(k') — Sn_N+1(k) + AFx
x [cos (2mk(n;r1)/N) — jsin (27k(ni+1)/N)], (1)
e AF = [z(n; + 1) — z(n;—n4+1)]- Torm Bbp XeHus Wis ASHCTBUTETHHOU K

MHHMOH 9 CTed JITOPUTM MpeoOp 30B HUS MUMEIOT CISAYIOIIUN BH:

Re[S 1 (K)] = Re[Sn (k)] — Re[Su_n41(0)] + Bnss N
Im([Sy,41(k)] = Im[Sy (k)] — Im[Sp—N+1(k)] — Cnt1

rie Re[..] u Im[..] — pelicTBUTENbHBIE U MHUMBIC U CTHU MPeoOp 30B HUM,

By n+1 = Afcos (2mk(nit1)/N) v Ci ny1 = Af sin (2wk(n;y1)/N) — Tpuro-
HoMeTpuueckue Koadduments! it Beex k,n = 0,1,2...N — 1, BbIp XeHud
IVl MIUTUTYIHOTO M ¢p 30BOTO 9HEPIeTHYECKUX CIEKTPOB UMEIOT CTISAYIOIIHNI BH/:

P (0) = \ R[Sy 41 ()] + T[S (),
_ T[Sy 1 (k)] ®
¢nt1(k) = arctg {—Wii(k)]] :

o]



0-180 4 _ 180-360 360-540 Curnan
so A _A_ U _ 4
|
180 360
-50 N___W‘bf_ _mg ___W_

90-270  270-450
10 F=—=T1T—r1—1 5 100 . T
6 | | | |
O —t-—1 O EA=FRE 1
O lanolboflo,, ! ol I I
0 10,0 20,0 0 10,00 20,0
100 SR i 1 e | IIpeoGpazoBanue
> | | | Dypse
AN e 5 T (e |
ole o JIJIQINL, .}
0 10,00 20,0 30,00
100 F——ttr—1—
Mym o | r
— 50 e —— 4L -
0 ! |
0 10,00 20,0
100 | — 171
e | | |
* W
119 § TP
0 10,00 20,0 30,00
100 I it 18
Curnan oHc | |
- 50 I I ——
0 | |
0 10,00 20,0

Puc. 3. Bpemenssie 1y rp MMbI p OOTbl JITOPUTM  KTUBHOU (DHJIBTP LUH: ) BPEMEHH s
IM TP MM PETUCTPHPYEMOIO CHUTH J , COIEPX ILEero IMoje3Hblid (I pMOHMYECKUI) CHUTH JI
U LIyMOBYIO KOMITOHEHTY, 6) CHEKTp JIbHOe Npeobp 30B Hue Dypbe perncTpupyeMoro cur-
H J1 , 6—€) cleKTp JbHble OolleHKU PII®M, BbIYMCIEHHBIE B P 3IMYHbIE MOMEHTBHI BPEMEHH,
JK) CIIEKTp IMOJIE3HOTO CUTH JI , «OYMLIEHHbII» OT IIyM

PexyppeHTHBIN (peKypCHBHBI) JITOpUTM (DWIbTp LUK TpeOyeT Oosiee BbICO-
KOW TOYHOCTH BBIUMCJIEHMI 110 CP BHEHMIO C I CCHUBHOH (DUIBTp LMEH, T K K K
UCTIONIB30B HUE MPEIbIIYIINX BBIXOAHBIX OTCYETOB [UI TEKYLIMX BBIYMCIECHUN Te-
KyIIeil OLIEHKH MOXEeT IPUBOAUTH K H K IUIMB HHUIO OIIMOOK.

g H 113 p OOTHI peXUM  KTHBHOH (uiibTp muu p 3p 60T H crHeuu-

JIBH § TIPOTP MM , UMHTHpYOII 51 p 60Ty 1 HHOro Jsroput™m . H puc.3 npex-
CT BJICHBI BPEMEHHBIE U TP MMbI €e p OOTBI B P 3IMYHBIE HHTEPB JIbI BPEMEHH.
AH nu3upyeMbiii MHGOPM IHOHHBIA CUTH 7 (puc.3, ) comepXuT B cebe momes-
HYIO COCT BIISIIOLLYIO (/11 TIPOCTOTHI BU3Y JIM3 LIUM 3TO OAUH IEPUOJ CHUHYCOUJBI,



B CBSI3M C YeM B CIEKTP JIbHOW 00 CcTH OyIeT TOJIBKO OfH I PMOHUK ) W 3H -
YHUTEJIBHYIO IIyMOBYI KOMITOHEHTY. CHeKTp JIbHBIN (pypbe- H JIM3 ®TOTO CHUTH J
H wu3MepHTenpsHON BhIOOpKe (puc.3, ) B mHTepB je oT 360 mo 540 x et math
I PMOHMYECKHUX COCT BIOIIMX (puC.3,6). DTO TOBOPUT O TOM, YTO B COCT Be
CHEKTP H JIM3UPYEMOIO CHUIH JI , KpOME OCHOBHOHM IIOJIE3HOH COCT BJISIOIIEH,
MIPUCYTCTBYIOT I' PMOHMYECKHE COCT BIsiiolMe myM wid nomex. H puc. 3, 6-x
NPEICT BJICHBI M TP MMBI p OOTBI JITOPUTM  KTHUBHOI'O LIYMOIIOJ BJIEHUS B P 3-
JINYHbIE MOMEHTHI BPEMEHH.

H puc.3,6 0K 3 H TEKyIl s CIHEKTP JIbH st OUEHK Sy,41(k), MOMydeHH o
H wuHTepB Je BbiOopKHU oT 0 mo 180, KOTOp $ COAEPKHT JIBE I' PMOHHUKH IIYMOBOM
KOMITOHEHTBI, IPUCYTCTBYIOLINE B JI HHBIII MOMEHT B MH(OPM IHOHHOM CHTH JI€.
H puc. 3,0 npencr BiaeH ceKTp JbHBI H JIM3 BCEH LIYMOBOW KOMIIOHEHTBl H -
nu3upyemMoro curd 1 . H wu3MmepurensHOM mHTEpB Jie BeIOOpKH oT 360 mo 540
BBITIOJTHAETCS CBEPTK TEKYIIMX CHEKTP JbHBIX I p METpoB iyM (puc.3,0) u
MH(OPM LIMOHHOIO pe JIBHOTO CHIH JI B Y CTOTHOH 001 cT. B pe3ysnbT Te aToii
orep MU OCYIIECTBISETCS OYMCTK CHUrH J OT wyM . CHeKTp IOJIe3HOro CHr-
H J1 , «OYHMILIEHHbI» OT COIYTCTBYIOIINX ITOMEX, IIOK 3 H H pHC. 3, .

H 6 3e 1 HHO Iporp MMbBI H JIM3UPOB JI Cb T KXe 9(h(peKTUBHOCTh P OOTHI
JITOPUTM  ILIYMOIIOA BJICHUS C P€ JIbHBIMU JI HHBIMH, ITOJYYEHHBIMH C TIOMOIBIO
mmkut i3ep (digitizer). DKcneprMeHT JIbHBIE I HHbIE BMECTE C CHIH JI MH IIO-
MeX U3 JMIXKUT i3ep 3 MUCHIB JIMCh B ¢ W M 3 TeM 0Op © TBHIB JIUChH C IIOMOILBIO
3Toil mporp MMbl. IlomydeHHBIE pe3ynbT Thl MOATBEPAWIN AOCT TOYHO BBICOKYIO
ahheKTUBHOCTh P GOTHI JITOPUTM  KTHBHOT'O IIYMOIIO BIICHHUSI.

T xum 00p 30M, KTHUBHBIA JTOPUTM (PIJIBTP WU BHITONMHAET 5(eKTHB-
HOE T10]] BJICHHE IIYMOBBIX COCT BIISIOLIMX, IPHCYTCTBYIOIIMX B HH(POPM LHOHHOM
CHTH JIe, YTO II03BOJISIET Pe JIN30B Th NPELU3UOHHOE HU3MepeHue (hHU3MYEeCKUX CHUr-
H JIOB B pe JbHOM BpPEMEHH. ANIl P TYPHYIO pe JIM3 LMI0 JITOPUTM  KTHUBHOM
(pUnbTp LMK MOXHO BBIIIONIHUTH H OIHOW IEPEenporp MMHUPYEMOM JIOTHYECKOii
unterp jpHOU cxeme (INTMC). H npumep, ucnonszys M tpuuy IIJIMC Vertex 4
¢upmer Xilinx [14], MOXHO TONYyIHTh (PYHKIFIOH JIbHOE OBICTPOXEWCTBHE JITO-
put™M Tpeobp 30B HUA < 16 HC H mIMHE BBHIOOPKH AMCKPETHOTO CHUIH J1 HE
Mmenee 2048 (JUIMH BBIOOPKU MEPENPOrp MMUPYEM ).

3AKJIIOYEHHUE

IIpumeHenne KTUBHOH (PWIBTP LUK TO3BOJSET NPOBOAUTH BBICOKOTOYHBIE
n3MepeHus (pU3MYECKUX CUTH JIOB B PeXMME pe JIbHOro BpeMeHH. [IpennoxeHHbIit
JITOPUTM MOXET YCIIELIHO MOJ BJIATh HIYMBI U IOMEXH, COIYTCTBYIOIIME IOJIe3-
HOMY CHUTH ]Iy, U pe JH30B Tb d(p(eKTuBHy0 (hHIBTP MO [ Xe B TeX CIyd X,
KOTJ MIUINTY[ IIOJIE3HOTO CHTH J1 COM3MEPHM W/IM MEHBIIE YPOBHS IIYM , U -
CTOTHBIE COCT BJISIOLIME LIYM COBII JI I0T C Y CTOTHBIMH COCT BJISIOLUIMMH II0JI€3-

10



HOTO CHUTH JI , KOTOpBIE U3-3 BPEMEHHBIX OTp HHUYEHMH HEBO3MOXKHO BBIIOJIHUTH
CYILECTBYIOLMMH JITOPUTM MM IpeoOp 30B HHH.

P 6or Beimonnen B JI 6op Topuu simepHbix mpobiem OObeqUHEHHOrO WH-

CTUTYT SIepHBIX uccienoB Huid (IyoH ).
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