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VYcTaHOBIEHO, 4YTO B 3ajade OOHAPYXKEHHMS Y3KOIOJOCHBIX IIYMOBBIX
THJIPOAaKyCTUYECKUX CHUTHAJIOB HAa OCHOBE MHTETPAIBHOTO BEUBIET-CIEKTpa
3HAQUUTEIbHOE BpEMsS  3aHMMAeT  BBIYMCICHHE  HENPEPHIBHOTO  BEHBIIET-
npeoOpa3oBaHus, 4YTO CHmWKaeT dpdekTuBHOCT, oOHapyxkeHms. [IpemnoxeH
AJITOPUTM TapauIeIbHOTO BBIYHCIICHHS HETPEPBIBHOTO BEWBIET-IPEOOpa3OBaHMs
onr(ppOBaHHBIX OTCYETOB IIYMOBBIX CHUTHAJIOB, MO3BOJISIOMIAN COKpPAIIaTh BPEMS
BBIYHCIICHUSI HMHTETPAIbHOTO BeiBieT-criekTpa. [lokazaHo, 4YTO COKpalieHue
BPEMEHHU JIOCTUTAETCS 3a CYET IPEIBAPUTEIBHOTO pacueTa MaTpul] Oa3MCHBIX
BEHBIET-KOA(GUINEHTOB M COXpPaHEHWs WX B 3allOMHHAIOIIEM YCTPOWCTBE,
HCIOJIb3YEMOM NpU JajibHelmel oHialiH-00paboTke curHanoB. llpencraBieHbl
pe3yNbTaThl KOMIBIOTEPHOTO MOJCIUPOBAHUS OOHApYXEHHS Y3KOIIOJIOCHBIX
IIYMOBBIX THPOAKYCTHYECKUX CUTHAJIOB C IIOMOIIBIO MPEI0KEHHOTO aITOPUTMA.

KiroueBple cimoBa: y3KOIIOJIOCHBIM UIYMOBOM T'MAPOAKyCTUYECKHUN CHTHA,
WHTETPAIbHBI  BEHBJIET-CIIEKTP,  HEMPEpPHIBHOE  BEHBIET-MpeoOpa3oBaHUE,
napalJICJIbHBIC BBIYUCIICHUA

BBE/JIEHUE

3amada oOHapy KEHHS Y3KOMOJIOCHBIX ITYMOBBIX THJIPOaKyCTHYECKUX CUT'HAJIOB, N3BECTHAS
TaKkKe Kak 3a7aya OOHApPYXKEHHsS JUCKPETHBIX COCTABJISIOIIMX IIYMOBOTO CIIEKTpa
JBIDKYILErocsi 0ObeKTa, B HACTOSILEE BpEMs peliaeTcs pasludHbIMH crocobamu [1-4].
W3BecTHO, 4TO IyM, H3IIy4aeMblii JBIKYIIUMCS B BOJIE OOBEKTOM, SIBISIETCS CMECHIO IIIyMOB
JIBYX THUIIOB: HIMPOKOIOJOCHBIA IIyM C HEMPEPBIBHBIM CHEKTPOM U Y3KOIOJIOCHBIM HIyM C
JMCKPETHBIM CIEKTPOM, COCTOSIIIUI M3 CHHYCOMJAIBHBIX COCTABISAIONIMX Ha OTACIbHBIX
4acToTax (JUCKPETHBIC COCTAaBIIAIONINE). XapaKTEPUCTHUKH JUCKPETHBIX COCTABIISIFOIINX
(AC), oOycnoBneHHble pabOTOl BCIIOMOTATENBHBIX MEXaHU3MOB OOBEKTa, OOBIYHO
CTaOWJIBHBI M HE 3aBHCAT OT CKOPOCTH JABIXKEHHMS oObekTa. Yacrorsl m amrummrtynsl JC,
BBI3BaHHbIC YHEPTETHUECKON YCTAHOBKOM M IpPEOHBIMU BUHTAMHU O0BEKTA, MOTYT U3MEHSTHCS

B 3aBHCUMOCTH OT CKOPOCTH W TNIyOuHBI morpyxkeHuss o0Obekra. JIC OT HEKOTOpBIX
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UCTOYHUKOB OOpa3ylOT 3BYKOpSAAbl (C KpaTHBIMM YacTOTaMH), KOTOpbIE SIBISIFOTCS
BBICOKOCTAOMIIbHBIMU U UMEIOT Y3KHE TTOJIOCHI 4acToT [4].

Ot (PaKThl YCIOXKHSIOT 3a7ady OOHApYXEHUS PEATbHBIX OOBEKTOB M OOYCIaBIMBAIOT
MPOBEJICHNE HOBBIX UCCIIEOBAHUM U TPUMEHEHNE HOBBIX METO/IOB.

Tak, Hanmpumep, MeTOJ HENpPEephIBHOTO BeiiBieT-npeodpazoanus (HBII), mosBuBmmiics
OTHOCUTEIBHO HEIAaBHO [5], HaXOOWUT NpPUMEHEHHWE M B 3agaydax akyctuku [6-9]. HBII
SBJIIETCS. MOIIHBIM HHCTPYMEHTOM aHaju3a HECTAllMOHAPHBIX MEPUOJUYECKUX CHTHAJIOB,
MO3BOJIAIOIIMM, B OTJIMYME OT mpeoOpazoBanus Dypbe, MoaydyaTh YAaCTOTHO-BPEMEHHYIO
XapaKTEepUCTUKY curHana. Ha ocHOBe 3TOM XapaKTepUCTUKU MOKHO CO3JaBaTh M yCTPOMCTBA
JUIsl OOHAPY’KEHUS Y3KOMOJIOCHBIX ITYMOBBIX THIPOAKyCTHUYECKUX CUTHAJIOB.

Tak, B pabote [4] onuckiBaeTcd M0JI00HOE YCTPOMCTBO, B KOTOPOM IOCIIE U3MEPEHUS U
oun(pPOBKH HCCIETyEeMOT0 CUTHAJIA BBIYHUCISIETCS €0 MHTETPAIbHBIA BEUBJIET-CIEKTpP, MO
KOTOPOMY  TOPOTOBOE  YCTPOWCTBO  BBIJAGT CHUTHAN  OOHApy)KEHUS  JUCKPETHOM
coctapisitolieil. OcCHOBHasi BBIYMCIUTENBHOEMKAs OINEpalus d3TOro ycTpoilcTBa —
HenpepbiBHOE BelBieT-peoOpasoBanue (BII), Bpems pacueta KOTOpOro yBEIWYUBAETCS
HKCTIOHEHIIHAIBHO C POCTOM KOJIMYECTBA OTCUETOB B BEIOOPKE aHATM3UPyeMOro curHana. s
YCKOpPEHUs BBIYUCIICHUS BEHBIIET-IIpe00pa3oBaHus pa3padboTaHo MHOKecTBO MeTo10B: BII Ha
ocHoBe OwicTporo npeobpazoanusi Oypre, nuckpernoe BII, nuagnoe BII u np. [10]. Ho Bce
3TH METOJbI CBSI3aHBI C YAaCTHYHOW MOTEepeil MHPOPMALUU TPH BBIYUCICHHH, YTO MOXKET
CHM3UTH A(PPEKTUBHOCTh OOHAPYKEHHUS Y3KOIOJOCHBIX IITYMOBBIX THAPOAKYCTHYECKHX
curHanoB. [loaToMy Ay JaHHOW 3aJayd Ba)XXHO COXPAHUTh KJIACCHMUYECKOE HEMpPEpbhIBHOE
BEUBIET-Ipeo0pa3oBaHUE M COKpaIlaTh BPEMs €ro pacdera 3a CHeT pacrnapajieIHBaHUs
BeraucicHust HBII, 94To u SBIsSETCS MEeTbI0 HACTOSIICH paOoThI.

1. JIMCKPETU3MPOBAHHOE HEITPEPHIBHOE BEMBJIET-IIPEOEPA3OBAHME

Knaccudeckoe HempepblBHOE BeHBIET-TIPe0Opa30BaHUE MPOU3BOJILHOTO HEMPEPHIBHOTO
curnana S(f) onuceIBaeTcs cienyronmmM ypasaenueM [10]:

W(a,b) = % [s@)- ‘P(%ja’t, )

t=b .
rae t — BpeMms; ‘I’(—j — HekoTopas (YHKIHMS C ONpEAEICHHBIMU CBOMCTBaMHU
a
(MaTepuHCKUI BeHBIET); b — CABHT 1O BpPEMEHM; a — MaciuTad 1mo BpeMmeHHu (00paTHO

MIPOTIOPIIMOHANIbHBIN YacToTe); W(a, b) — nuckoMoe BelBIeT-peoOpa3oBaHue.
[Tpu undpoBoit 06paboTKe HEMPEPHIBHBINA CUTHAT S(f) 3aMEHsAETCS TOCIE0BATEIbHOCTHIO

€ro JHUCKPETHBIX OTCYETOB, HU3MEPEHHBIX C YacCTOTOH, YJIOBIETBOPSIOIIECH TeopeMe
KorensaukoBa-HalikBucra. ITosToMmy Ha [IPaKTUKE peanbHO BBIYUCIIACTCS
JMCKPETU3UPOBAHHOE HENPEPhIBHOE BEHBIET-NPe0oOpa3oBaHue, 32 KOTOPHIM Jajiee COXpaHUM
tepmun HBIT u o6o3nauenue W(a, b), uTtoObl oTnamuath ero or auckpetHoro BII. B
COOTBETCTBUM C 3TUM HHTErpan B ypaBHeHUH (1) anmpokcuMupyeM KOHEYHOH cyMMoOW u
HOJTYYHM:
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W(a,b) = W(aj ,b,);
-b, (2)

W(a,,b, ZS(t) w| o t,

f a,
rae i, j, k — WHIEKCH MO0 BPEMEHHU f, 0 MacmrTady a, Mo CABUTY MO BpeMeHu b; N —
KOJIMYECTBO IIArOB IO BPEMEHH; M — KOJIMYECTBO MACIITa0O0B a;; Af; — IIar o BPEMEHHU;
S(t;) — oundpoBaHHBIN CUTHAT.

B pa6otax [11, 12] onucano, kak Gopmyiy (2) MOKHO peannu30BaTh C MOMOIIBIO SYEEK
OJIHOPOJHOM BBIYMCIUTEIBHOU CTPYKTYphI. [Ipu 3TOM HOCTHraeTcss MakCMMaibHO BO3MOXKHOE
CHHXPOHHOE paclapaijieidBaHue onepanuil. To pacmapauienuBanue He Ha 4 unu 16 saep
COBPEMEHHBIX MHUKPOMPOIIECCOPOB, a Ha ThICSUYM U OoJiee OJHOTHIHBIX MapajieIbHO
paboTarONIMX BBIYUCIUTEIBHBIX SYEEK, KOTOPbIE MOTYT OBITh PEalii30BaHbI B BHUJE CXEMBI,
npuBeneHHOM B pabote [13].

OpnHako co3AaHKME OJHOPOJHBIX BBIYUCIUTENBHBIX CTPYKTYp SIBISIETCS CaMOCTOSITENbHOM
TEXHOJOTHYECKOH MpoOIeMoil, a anropuTMm mnapamienbHoro Beruucienus HBIT moxHO
NPUMEHATh YK€ celdyac Ha MMEIOIIMXCS BBIUYMCIHUTEIBHBIX CPEACTBAX. JTO HE TO3BOJUT
JOCTUTHYTh TaKOrOo KapAWHAIBHOTO YycKopeHuss pacuera HBII, kak Ha OJHOPOIHBIX
BBIUMCIUTENBHBIX CTPYKTYpax, HO BCE XK€ 3TO TOXE€ YCKOopeHue. [l 3TOoro aaropurtm,
npeJcTaBiIeHHbIN B padoTtax [11-13] Heob6xoauMo MOAUPUIIPOBATS.

1.1. Pacuernsblie ¢popMyJibl BLIYUCIEHUS HEMPEPLIBHOTO BeiiBJIeT-Npeo0pa3oBaHus

PacnapannenuBanue BBIYHMCICHHN B HACTOAILIEE BpeMs SIBISETCS OCHOBHBIM PE3EPBOM
MOBBIIICHHS] TTPOU3BOJUTENILHOCTH BBIUMCIUTEIBHBIX CPeACTB. BONMBIIMHCTBO 3a/lay HMMeeT
CBOM 0cO0EHHOCTH, TpeOyromIKe pa3paboTKU CHEeIHATBHBIX AITOPUTMOB pacrapauieTuBaHus.
Ectb 3T 0coO€HHOCTH M TpU BBIYMCICHUU BelBIeT-npeoOpa3oBaHus. Haunbonee momHbIi
0030p MmapannenbHO-PeKYPCUBHBIX anropuTMoB BbrurcineHus BII mpusenen B pabote [14].
OnHako OHM B OCHOBHOM MpEIHA3HAYEHbl JJI1 pacnapajijieIMBaHUsl AUCKPETHOTO BEHBIET-
npeoOpa3oBaHus, MIMPOKO MPUMEHIEMOro Uit 00pabOTKU BUICO- U ay TUOUH(DOPMALIUH.

Jns pacnapamnenuBanusi HempepbiBHOro BII Bo3bMeM 3a OCHOBY pEKyppeHTHYIO (IO
uHAeKCy i) Gopmyiy, mpemioKeHHyIo IS napamiensHoro BeraucieHus HBIT B siaeiikax
OJHOPOJHBIX BBIYUCIUTENBHBIX CTPYKTYp [11]:

W (a;,b,) =W'(a,,b)+S(A)- P, 3)
rae Wo(aj, br)=0 — HavanpHOE ycnoBue; S(iAf) — onu(ppOBaHHbIN ¢ PABHOMEPHBIM IIaroM At
BxonHou curHan S(f), (i=0-N); Pjjr — K03(p(UIHEHTBI, MOIyYCHHbIE U3 MAaTEPUHCKOIO
BEUBIIETA.

Hns co3pmanusa napasuienbHOro anroputma Beruvcienus HBII npennaraercs 3amars
k03¢ (uLKeHTHI P;;; B HECKOJIBKO HHOM BUJIE, YEM OHU IPECTaBICHHI B padoTtax [11, 12]:
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At i—k)At
Bx= ¥ ( ) ) 4)
VG a,
(i — k)At 5
rae W|————| — HekoTopas (QyHKLUS C ONpede]eHHBIMUA CBOMCTBAMH, TONyYEHHAs U3

a;

MaTEpPUHCKOIO BEUBJIETA.
Ecnu caBur o BpeMeHH, 110 KOTOPOMY BBIYMUCIISIETCS BEMBIIET NpeoOpazoBaHUE, NMPUHSITH

PaBHBIM ATy OIU(PPOBKU BXOJHOTO CUTHaNA Af, To Toraa by=kAt. B 3ToM ciyuae, yuauThiBasi,
4TO t;=iAt, B ypaBHeHuu (4) aprymeHT GpyHKIuu ¥ MOXHO TTpeoOpa3oBaTh, U MbI TIOJTYYHUM:

$| G=At|_ [t b,

)
a; a;
Toraa hopmyny (3), B3ATYI0 B KAYECTBE UCXOTHOM, MOYKHO 3aIliCcaTh B BUJC:
i+l i . At ti - bk
W (a;,b,)=W'(a,,b)+S{A)—WV (6)

V4, a;

PackpbIBast pekypcHio 1o UHACKCY i B BEIpaKEHUH (6), MBI ITOJyYUM TOYHOE COBIAJICHUE C
dopmysoi (2) mns JUCKPETH3UPOBAHHOTO HENPEPHIBHOIO BEHBIICT-MPEOOPA3OBAHUS TPU
YCIIOBHH OIM(POBKH CHTHAJA C PaBHOMEPHBIM IIIaroM MO BpeMeHU. TakuMm oOpa3oM, MBI
JIOKa3aJid, 4To BhIpakeHHE (3) ¢ MOAMMUIIMPOBAHHBIM BHJIOM BEHBIET-KO3GdUIIMEHTOB (4)
MOYKHO HCITOJIb30BATh JIJISl MOCTPOSHHSI MTApalIeIbHO-PEKYPCUBHOTO AITOPUTMa BBIYHCIICHUS
JIMICKPETU3UPOBAHHOTO HEMTPEPHIBHOTO BEHBJIET MpeoOpa3oBaHusl.

1.2. AJroputm napajnjiejJbHOIro BbIYMC/JICHHS HENPEePbIBHOIO BeliBJIeT-
npeodpazoBaHus

Pacnapannenusanue BerancieHns Gopmyisl (3) MOKHO BBIIIOIHATE U IO MacIuTabaM a;, U
10 cABHraM 1o BpemeHu b Ha cxemy ycTpolicTBa ¢ MOJHBIM paclpajuleIMBaHUEM 110 a; U by
nosrydeH mareHT PO [13]. OmHako Takoi mapayieldbHBIM aITOPUTM TpeOyeT OOJBIIOro
KOJIMYECTBA IIPOLECCOPOB B BBIYUCIUTENBHOM ycTpoiictBe. [loatomy mnpeacraBisiercs
aKTyaJbHBIM TIpeoOpa3oBaTh pacyeTHbIC (POPMYJIBI K TaKOMY BHIY, YTOOBI MOXKHO OBLIO
MPUMEHATh YaCTUYHOE paclapajieIiBaHue B COOTBETCTBUU C UMEIOLIUMCS B PACIOPSIKEHUN
KOJIMYECTBOM IIPOLIECCOPOB.

[Ipeo6pasyem Gopmyiy (3) A pacnapajuleIMBaHKs 0 MacmITadbam a;:
w! (a,,b,) = w' (a),b,)+S(iA)- B

w! (a,,b,) = Wi(azsbk)"‘S(iAt)'B,z,k; (7)

W (ay,b,)=W'(a,,b)+S(iAl)-P.,, .

A. A. XaMyxuH
O napannenbHOM BbIYMC/IEHUN HEMNPEPbLIBHOIO BenBneT-npeobpa3oBaHns B 3aaave obHapy>XXeHMS Y3KOMOOCHbIX
LWYMOBbIX TMAPOAKYCTUYECKUX CUIHAI0B Ha OCHOBE MHTErpasbHOro BemBneT-cnekTpa



DNEeKTPOHHbIN XypHan «TexHuyeckas akyctmka» 2012, 5 5(10)

Bce ypaBHenust BbipakeHus (7) He3aBUCHMBI JIPYT OT Jpyra U MX MOXHO BBIUHCISATH
napauiesbHoO.

dopmymna (3) ms pacnapajieIMBaHUs MO CIBUTaM 10 BpEMEHU by OyIeT UMETh BU/I;
W™l (a;,b)=W'(a,,b)+S(iAt)- P, ;

W (a;,b,)=W'(a,,b)+S(iAt)- P, ,; ®)

VVH—l (aj 7bN) = Wi (Cl_/ :bk) + S(ZAt) ) BJ,N'

Bripaxkenue (8) Takke COCTOMT W3 HE3aBUCANIUX APYr OT JApyra ypaBHEHUH, KOTOPHIC
MO>KHO BBIYUCIIATH MapaUIeIbHO.

Koa¢dduunentst P;j; B BolpakeHuu (3) u B ypaBHeHHAX (7) u (8) He 3aBUCAT OT BXOJHOIO
CUTHaJIa, TIOATOMY UX MOXHO paccuuTaTh 3apaHee JJIsl BCEro quarna3oHa UHIAEKCOB i, j, k. Jlns
3TOTO TOJILKO HEOOXOIMMO BHIOpaTh B GYHKIMH ¥ M MMETh AOCTATOYHBIH 00BEM NaMSTH
JUIE XpaHEHUs dTHX KOd()(UIIMEHTOB, YTO B HACTOSINEE BpPEMsl HE SBISETCS MPOOIEMOM.
Hanpumep, ecnu B3a1h BbIOOpKY M3 N=2000 otcuetoB u M=600 macmraboB (kak B padore
[4]), TO 00BEM TpeOyeMol MmaMsTH AJISi XpaHEHHS MacCuBa 32-pa3psAHbIX KOA(D(UIMEHTOB
Pijx coctaBut okono 8 I'0aiir. Takoi moaXo NPEABAPUTEILHOIO pacyeTa MaTpHL Oa3HCHBIX
BEWBIET-K0I(QPUIUEHTOB P;;; 1acT OCHOBHOM BKJIaJ B COKpalleHHe BpeMeHu pacuera HBIL

®opmynsl g napawiensHoro Beiuucienus HBII (7) u (8) umeroT pekyppeHTHbIN BU U
MOTYT BBIUHCIATHCS UTEPALMOHHO. DTO 3HAYUT, YTO PACCUMTAHHBIE Ha IMpPEbIAYIIEM Ilare
3HAUEHUs W'(a,, br) cOXpaHSIOTCS B 3allOMHHAIOIIEM YCTPOWCTBE M HCIOJB3YIOTCS MpU
MOCTYIUIEHUHU CJIEIYIOIIET0 OTCUYETa BXOJHBIX JaHHBIX. DTO JA€T JOMOJHUTEIbHBINA BKIIAJ] B
cokpaileHue BpeMenu pacueta HBII.

TakuM 00pa3oM, BeChb AITOPUTM BBIYUCIEHHUS JUCKPETU3WPOBAHHOIO HENPEPHIBHOTO
BEBIET-NIpeo0pa3oBaHMsl pa3/ieisieTcs Ha JBa 3Tara.

1. TloaroroBurtenbHbIN dTam. [l ycmemHoW peaau3alMd 3TOTO dTara HeoOX0AUMO
UMETh HEKOTOPYIO0 IpeABapuTeNbHYI0 HH(popMmanuio 00 aHanusupyemoM curHaine. C
MOMOIIbIO ATON MH(pOpPMaLMU BHIOMPAIOTCS: HIar OLM(PPOBKU aHATU3UPYEMBIX AaHHBIX Af,
KOJIMYECTBO M 3HAUEHUS MacIITaboB 1o BpeMeHu (M u ag;), Bun QyHkuun V¥ (MaTepuHCKUi
BEUBJIET), OIPaHUYCHHE HAa MAKCHMaJIbHOE KOJMYECTBO OTCUETOB AHAJIM3UPYEMOrO CUTHAJa
(N). 3atem o opmysie (4) BRIYUCISIOTCS M COXPAHSIOTCS B 3alIOMHHAOIIEM YCTPOMCTBE BCE
OasucHble Kod(pdULUEHTB P;ji, KOTOpble MOTPEeOYIOTCSA Ul peaau3ald BTOPOro dTama
Bbiuncienus HBII

2. OcHoBHoii stan. [To dopmynam (7) wim (8) mapauienTbHO BBIYHCISETCS TEKYIIEe
3Hauenne HBII mis texymero momentra Bpemenu (iAf). Ilpu moCTyIUIeHHH CIIETYIOIIETO
oTcyUeTa BXOJHBIX JAHHBIX B MOMEHT BpeMeHHu (i+1)Af K yXe pacCUUTaHHOMY MacCUBY
3nadennit HBII noGaBinsieTcst TOIBKO ONWH CJIOW 3HAYSHHA, pAaCCUUTBHIBAEMBIX MO (hopMyTIam
(7) wmm (8). Ilpu »TOM HCHONB3YyeTCA TMOATOTOBJICHHBIM HAa TEPBOM JTale MAaCCUB
kodpduimentos P;jx. Takum obpa3oM, peanusyercs UTEPALHOHHBIA HPOLECC YTOYHEHUS

HBII, 4T0 no3BOJISIET yMEHBIINUTH KOJTUYECTBO BBIYUCICHUN U COKPATUTh BPEMS pacyera.
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Crnemyer OTMETHTH, YTO OOJBIIMHCTBO BBIYUCIUTEIBHBIX OIEpAIMii MEPEHOCUTCS Ha
MOJITOTOBUTENIFHBIA ATall, pe3yJIbTaTOM KOTOPOTO SBISIETCS JOCTaTOYHO OOJIBIION MaccuB
gucen (kodpduuuentsl P;;;). Ha BTopoM 3Tame BBIYHUCIUTEIbHBIE 3aTPaThl OTHOCHTEIILHO
HEBEIIMKU, HO TpeOyeTcsi JOCTATOYHO MHOTO MaMSTH JUIsi XPaHEHWS TOJTrOTOBJICHHOTO Ha
NIEPBOM STalle MaCCHBA YHCEI.

2. KOMIIBIOTEPHOE MOJIEJINMPOBAHUE OBHAPYXEHUW A Y3KOITOJIOCHBIX
MYMOBBIX T'NIPOAKYCTUYECKNX CUI'HAJIOB C [IOMOIBIO
I[MTPEIJIOXKEHHOI'O AJITOPUTMA

3anada oOHapyKEHUS Y3KOMOJIOCHBIX IIYMOBBIX THIPOAKyCTUUYECKUX CUTHAJIOB HA OCHOBE
MHTETPAIbHOTO BEHBIET-CIIEKTpa MOAPOOHO M3I0kKeHa B padbote [4].

VnTerpanbHEli BeiiBneT-criekTp W(a), Ha3bIBaEMBIii elle CKATorpaMMOii, PaCCUNTHIBACTCS
Ha OCHOBE BBIYMCJIEHHOTO HENPEPBIBHOTO BEMBIET-IPEOOpa30BaHUs U OTpakaeT BKJal
pasIMYHbIX MaciuTaboB (YacTOT) B IMOJHYIO SHEPrui0 BXOAHOro curHaiga. Hamuuue
MaKCUMYMOB B CKaJIOTpaMMe€ IO3BOJIIET BBISBIISATH YAaCTOThl, KOTOpPbIE MPEBBIIIAIOT OOIIMN
YpOBEHb, U TakuM oOOpa3oM oOOHapy>KuMBaTb JUCKPETHBIE COCTABJIAIOLINE LIYMOBBIX
THJIPOaKyCTUYECKUX CUI'HAJIOB.

JIns1 HempepbIBHOTO CUTHAJIA UHTETPAJIbHBINA BEMBIIET-CIIEKTP UMEET BUA [4]:

W(a) = % [ anf d, )

rae 7 — NoJHBIM HHTEpBaJl BpeMEHH Ha0I0ICHNs BXOITHOTO CUTHAIA.
Jns  NIUCKpeTHU3MPOBAHHOTO BXOJHOTO CHTHajda MHTErpadl B BbIpaxkeHuu (9)
arMnpoOKCUMHUPYETCA CYMMOI:

A 1 N
W(a) ~ FZ‘W(aj,bk)‘zAt. (10)
k=1

®opmyny (10) HeoOX0IUMO BBIMUCIATH KaXblid pa3 mocie BbranuciaeHus HBII mo mo6oii
U3 MIPUBEICHHBIX BbIIIE (HOPMYIL.

KomneioTepHast Mozenb MpeaCcTaBICHHOTO 37eCh ajlroputMa cos3jiaHa B cpene Excel c
porpaMMUpOBaHueM Ha si3bike VBA. Jlyig TecTupoBaHUs anropuTMa ObUT BBIOpaH BXOJHOM
curHan, cogepxamuid ase JIC Ha ¢doHe anauTuBHONW mMoMexu. bpiio BHIOpaHO KOTUYECTBO
OTCUYETOB BXOJHOI0o curHama N=256, xkoaudecTBo MaciitaboB M=16, mar Ar=1. PeanbpHas
3aaya OOHApYKEHHS y3KOMOJOCHBIX IIYMOBBIX THJIPOAKyCTHYECKHX CHTHAJIOB HAa OCHOBE
WHTETPAIbHOTO BEHBIIET-CIIEKTPAa pEIIaeTcss MpU HECKOIbKOo Oonbmux kommuectBax JIC,
MacmTaboB M OTCUETOB, HO JJisi IPOBEPOYHOTO TECTUPOBaHUS PAOOTOCMOCOOHOCTH
AITOPUTMa MBI COUIH 3TU 3HAYEHUS TOCTATOUHBIMH.

TecTupoBaHue NPOBOAUIOCH HAa JIBYX MAaTEpUHCKUX BeWBIeTax: BeiBiere Mopie u
BeliBneTe «Mekcukanckas nuisinay (MHAT) [10]. x Bua npeactaBieH Ha puc. 1.
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Puc. 1. I'padmueckuii Bua BeiiBietoB: Mopie (cneBa) u MHAT (a=4, b=50)

BxonHoil curnan S(f) MozienupoBaics B BUAE CyMMBI IByX FapMOHHK (¢ yacToramu 1 u 4
I'1) ¢ momexoii B BUJe MOAETH ITUCKpPETHOro Oenoro myma. Bun aHanmu3upyembIX BXOJHBIX
CUTHAJIOB C Pa3JIMYHbIM YPOBHEM IIOMEXH MPECTABIIEH Ha puC. 2.

S,
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RV / \ N\
\ / \ / N\ 7/ \
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i
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Puc. 2. BXxoaHOM cUTHAJ C pa3Iu4HbIM YPOBHEM [TOMEXHU
(a — 6e3 momexu, b — 12 n1b, ¢ — 16 1b)
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Bun nomyyaemMoro HMHTErpajbHOrO BEWBIIET-CIIEKTpa 3aBUCENl OT BHJAA MPUMEHSEMOTO
MaTEpUHCKOIO BEHBJETa, €ro rnapamMeTpoB U ypoBHS momex. HexkoTopble BUABI pacyeTHOTO
MHTETPajJbHOI0 BEUBIIET-CIIEKTPA MPUBEJEHBI HA puUC. 3.

Hn"(a) L
60

A yaa
20//\ il

1 3 5 7 9 11 13 15
Macmtad (@) a)

H",-(a)so
A
VAR

1 3 5 7 9 11 13 15
Macmtad (a) b)

If"(a) 80
60 =
w0 )\

20 \WA—#

1 3 5 7 9 11 13 15
Macmrad (a)

Puc. 3. PacueTHblil HHTErpasIbHBINA BEHBIIET-CIEKTP I BXOJHBIX CUTHAJIOB C Pa3JInYHbIM
ypoBHeM nomexu (a — 6e3 momexu, b — 12 nb, ¢ — 16 1b)

Kak BumHOo u3 rpadukoB, pacueTHBI WHTETPajbHBI BEHUBIET-CIEKTP CONEPKHUT JIBa
MaKCUMyMa, COOTBCTCTBYIOIIHUX ABYM I'apMOHHMKaM BO BXOAHOM CHI'HAJIC. C YBCIIMUYCHUEM
YpOBHSI TOMEXU BBIPAKEHHOCTh MAaKCHMYMOB HECKOJIBKO YMEHBINAETCS, U TpPU YpPOBHE
noMexu B 16 nb BTOpOro Makcumyma yxe€ MPAKTHYECKHM HET, T.€. HHM3KOYACTOTHAas
TUCKPETHAsT COCTABJISIONIAs CIIEKTpa BXOJHOTO CHUTHaJa He oOHapyxkuBaercs. Takoi
pe3ynbTaT XapakTepeH B IIeJIOM JUIs MeTofa OOHapyXEHHs! JUCKPETHBIX COCTAaBIISIIOIIMX Ha
OCHOBE HHTETPAJIbHOTO BEMBJIET-CIIEKTPa W HE SABISAETCSA CIEACTBUEM IapaJIEIbHOTIO
BBIUMCJICHHS] HEMPEPBHIBHOTO BEUBIET-MPeoOpa3oBaHus MO MPEIOKEHHOMY B JaHHOW paboTe
AITOPUTMY.
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Jlns MpHBENECHHBIX BBIIIE MCXOAHBIX JAHHBIX BpEMs pacyeTa MaccuBa P;j; COCTaBIIO
okosio 30 ¢ (MOATrOTOBUTENBHBINA ATAll MpeajiaracMoro aiaropurma), a Bpems pacudera HBII
cocTasisuio okoiio 0,5 ¢ Ha 1 macmTad (OCHOBHOM 3Tam mpeaiaraemMoro anroputMa). s 16
MacIITaboB BpeMs pacueTa COCTaBIIsUIO OKOJIO 8 cekyHA. TakuM oOpa3om, B MEPHOJ CaMOIo
nporecca oOHapy K EeHHsI BpeMs pacueTa COKpAaTUIOCh MPUMEPHO B 2 pa3a 3a CUET BHIHECEHUS
pacdyeToB MaTpull Oa3uUCHBIX KOI(PPHUIMEHTOB B MOJATOTOBUTENbHBIM 3Tam. Pacuers
MpoM3BOAIINCH HAa MuKpomnpoiieccope Intel Core i7 3,40 GHz nox ynpasneauem Windows
7(64). Ilpu yBenuuenun 3Ha4eHU N U M BBIUTPHIIT IO BPEMEHH pacueTa OCHOBHOTO 3Tara
anroput™Ma Oyer OobIe.

3AKIIIOYEHUE

B 3amaue oOHapy>keHHsI Y3KOMOJOCHBIX IMTYMOBBIX THAPOAKYCTHYECKHX CHTHAJIOB Ha
OCHOBE MHTETPAIBHOIO BEUBJIET-CIIEKTPA 3HAYUTEIBHOE BPEMsS 3aHMMACT BBIYUCICHUE
HETIPEPHIBHOTO BEHBIIET-NIPEOOPa30BaHMsI, YTO CHHXKACT APPEKTHBHOCTH OOHAPYKEHHUS.
[IpemnoxkeHHbIil  aIrOpUTM  HApAJUICIIBHOTO  BBIYMCIEHUS  HENPEPBIBHOTO  BEWBIICT-
npeoOpa3oBaHusl ONHM(PPOBAHHBIX OTCYETOB LIYMOBBIX CHTHAJIOB, TO3BOJIIET COKpPAaIIaTh
BpEMsI BBIUMCIICHUS] UHTETPAJIbHOTO BelBIeT-criekTpa. CokpallleHne BpeMeH! JOCTUraeTcs 3a
CYET IMPEIBAPUTEIILHOTO pacdyera MaTpuI] Oa3MCHBIX BEUBIET-KOA(PPHUIIMEHTOB U COXPAaHEHUS
WX B 3allOMUHAIONIEM YCTPOWCTBE, HWCIOJIL3YEMOM IMpH JaJIbHEUIICH OHIaliH-00paboTKe
CUTHAJIOB. Pe3ynbTaTbl KOMIBIOTEPHOTO MOJEIUPOBAaHUS OOHAPYXKEHUSI Y3KOIMOJIOCHBIX
IIYMOBBIX THJIPOAKyCTUYECKUX CHUTHAJIOB OATBEPAMIN pabOTOCIIOCOOHOCTD MPEIIOKEHHOTO
anroputma. IIpemyIoKEHHBIM aIrOpuTM MOXHO pEalIn30BaTh Kak IMPOrpaMMHO Ha
YHUBEPCAJIbHBIX MHKPOIIPOLIECCOPAX, TAaK U B BUJE CMELHUAIN3UPOBAHHBIX BBIYUCIUTEIbHBIX
YCTPOMCTB. AnmnapaTHasi cxema peai3aly NpPeUI0KEHHOIO allrOpUTMa uMmeeT nateHT PO
Ne 2437147.
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