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MATEMATUYECKHUE MOJEJIN CUT'HAJIOB U IIOMEX B
KOMIIBIOTEPU30BAHHOM CUCTEME MHOT' OIIO3UIIMOHHOI'O
OBHAPYXEHUA AKYCTHYECKUX LIYMOB

Bulakovs’ka A.O., Kharlay L.O. Mathematical models of signals and interference in the
computerised system for multi-site detecting acoustic noise. The analysis of basic instrumental
methods for determining leaks in pipelines: acoustic and correlation was developed. It is shown that the
correlation leak detectors have relatively high operational and technical characteristics of the
mathematical model of acoustic noise signals arising from the expiry of a liquid or gas through a defect of
the pipeline, which is under pressure. The principal difference from the existing models is to clarify the
spatial frequency characteristics of the model useful and interfering signals, in particular the spatial
coherence intervals, loss factors and noisy data.
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BynakoBcbka A.O., Xapaaii JI.LO. MarematuuHi Momeni cursHagiB i 3aBag B
KOMII'IOTePU30BaHili cucTeMi 0araTonmo3wuiiiHOro BHUSIBJIeHHS aKycTHYHMX wyMmiB. [Iposeneno
aHaJIi3 OCHOBHUX IHCTPYMEHTAJIbHUX METOMIB BU3HAUYEHHS MiCIlb BUTOKY B TpyOOIIPOBO/IAX: aKyCTHIHOT O
1 KopensiniiiHoro. Po3pobieHo MareMaTuuHy MOJeNbh aKyCTHYHUX IIYMOBUX CHUTHAIIB, IO BUHHUKAIOThH
NIPY BUIJIEHHI piiMHK a00 ra3y 3 HacKpi3HOro AedekTy TpyoonpoBoay. [[pHHIMIOBOO BiAMIHHICTIO Bif
ICHYIOUMX MOJIeJiell € YTOYHEHHsS MPOCTOPOBO-YaCTOTHUX XapaKTEPUCTHK MOJENi KOPHCHHUX 1
MEepPEeNIKOPKAIOUYUX CHUTHAIIB, 30KpeMa, IHTEPBAJIHM IIPOCTOPOBOI KOTEPEHTHOCTI, KoedilieHTH BTpar i
3alIyMJICHHS JaHUX.

Knwowuosi cnoga: KOMITIOTEpH30BaHa CHCTEMa, 0araTOMO3MIIHE BUSBICHHS aKyCTUUHHX IIyMIiB,
KOpEJSIIIHHMKA IIyKad BUTOKIB, IHTEpPBaJ MPOCTOPOBOI KOTEPEHTHOCTI, 3allyMJICHHS JaHUX,
niepeTBopeHHs Pajona

BynakoBckas A.A., Xapaaii JILA. MaremaTuyeckue MoAeJM CHTHAJIOB H TIOMeX B
KOMIILIOTEPU30BAHHON CHCTEMe MHOTONMO3HIIMOHHOTO OOHAPY:KEHHS AaKYCTHYECKHX IIyMOB.
[IpoBeneH aHaIU3 OCHOBHBIX HHCTPYMCHTAIBHBIX METOIOB ONPEACICHUS MECT YTEUKH B TPYOOIIPOBOIAX:
aKyCTHYECKOr0 W KOpPEJAIMOHHOro. Pa3paboraHa matemMaTHdeckas MOJAEIh aKyCTHUCCKHUX ITYMOBBIX
CUTHAJIOB, BO3HUKAIOIIUX MPH HCTCUCHHH JKUIKOCTU WM Ta3a U3 CKBO3ZHOro nedekTa TPyOOHpoBOIA.
[IpuHIMIHATBHBIM OTIMYMEM OT CYIIECTBYIOIIUX MOJENEH SBISCTCS YTOYHECHHE MPOCTPAHCTBEHHO-
YACTOTHBIX XapaKTEPHCTUK MOJCIH IOJE3HBIX U TIOMEXOBBIX CHUTHAJIOB, B YaCTHOCTH, HHTEPBAJIBI
MIPOCTPAHCTBEHHON KOTC€PEHTHOCTH, KO3 (GHUIIMEHTHI IIOTEPh U 3allyMJICHUE TaHHBIX.

Knwouegvle cnoa: KOMUBIOTEpPU3UPOBAHHASI CHUCTEMa, MHOTOIO3UIIOHHOE  OOHApYyKeHHE
aKyCTUYECKHUX IIYMOB, KOPPEJIAINMOHHBIA TEUCHCKATENIh, HHTEPBAT MPOCTPAHCTBEHHON KOTePEHTHOCTH,
3alIyMJIeHUE JaHHbIX, peoOpazoBanue Pajona

BBenenue

Ompenenenne MECT yTeUeK KUAKOCTH U3 TPYOOIPOBOJIOB TOJT IABJICHUEM SIBIISIETCS CEPbE3HOM
po0sIeMOi, 0COOEHHO ISl CKPBITHIX TPYOOTIpoBO0B [1]. B aTOM Citydae mpuxoauTcsi MPUMEHSITh
METOJbl JWCTAHIIMOHHOTO 30HIUPOBAHHMS C KOMOWHHPOBAHHBIM (JTMHEHHBIM U  YTJIOBBIM)
CKaHMPOBAHHMEM JATUYNKOB aKyCTHUECKHUX IITYMOB.

Jlist cuHTE3a CHCTEMBI OOHAPY)KCHHUS-U3MEPEHHs] TaKMX CUTHAJIOB HEOOXOIUMO MPUMEHSITh
METOJI TEOPUH BEpPOSTHOCTEH M MaTeMaThyeckol craTucTuku. IlocTaBneHHas 3amada
OCJIOXKHSIETCS HAJIMYMEM I[IOMEX, IIyMOB pa3HOrO XapakTepa, HEOJHOPOJHOCTEH CpEIbl
pacrmpocTtpanenus curtana. [lo cymectBy, 310 3a7a4a oOHapyKEHHsI CIIy4allHOTO CHTHajia Ha (JoHE
CIIyJailHBIX MIOMEX U MIyMOB. MaTreMaTniecKoe ONMMCAaHUEe CIIY9aliHbIX CUTHAIOB U MTOMEX CBOIUTCS
K OMNpPEICIICHUI0 X CTAaTUCTUYECKUX XapaKTEPUCTHUK U 0OOCHOBAHHOMY BBIOOPY BEPOSTHOCTHBIX
pacrmpeneneHnid, KOTOPpIMU HamOoJiee aJeKBATHO OIMMCHIBAIOTCS BBIOOPKM JaHHBIX Ha BXOJaX
JTATYUKOB.
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CyiiecTByeT JABa OCHOBHBIX MHCTPYMEHTAJIbHBIX METOJa OINpEIENICEHUsT MECT YTE€UKUd B
TpyOOINIpOBO/IaX: aKyCTUYECKUH U KOppeNsUUOHHbIN. KoppensinoHHbIE TeYeHCKaTelld HMEOT
JOCTaTOYHO BBICOKUE IKCIUTYaTallUOHHO-TEXHUYECKUE XapaKTEPUCTUKHU:

— BBICOKYIO UYBCTBUTEIBHOCTD, T.€. CHIOCOOHOCTD BBISIBJISITH MaJIble YTEUKH;
— BBICOKYIO TOUHOCTb OIIPEJIEJICHNS MECTOTIOIOKEHHS YTEUEK;

— BBICOKYIO Ha/IEXKHOCTb PE3yJIbTaTOB MPHU ONPEACICHUU MECT yTEUEK;

— HE3aBUCHMOCTH Pe3yJIbTaTOB OT INIyOMHBI POKIAIKUA TPYOOIIPOBOIOB;

— BBICOKYIO IOMEXOYCTOMUYUBOCTH IPU OINPEAETICHUN MECT YTEUEK;

—  BBICOKYIO IIPOU3BOIUTEIBHOCTH IPOBEPKHU TPYyOOTIPOBOIOB.

HaubGonpmyto uHGOPMATUBHOCTh MJIi ONpEAENEHUS MECT YTeueK MMEIOT (QYHKIHUU
KOT€PEHTHOCTH W B3aWMMHOW Koppemsiuu [2, 3]. DTH QyHKIIMU UMEIOT CYIIECTBCHHBIC Pa3IudHs
JUId Ciy4aeB OTCYTCTBUSI UM HAJIWYUS YTEUeK: B IEPBOM CIyya€ OHM HE HMEIOT BBIPAKEHHBIX
oOnacteil BBHIOPOCOB, a BO BTOPOM TakHe BbIOpochbl HaOmroAaTcs. DOYHKIHS KOIE€pPEHTHOCTH
SBJIETCS, 10 CYILECTBY, B3aMMHOW CIEKTPalbHOW IUIOTHOCTHIO NMPUHHUMAaEMbIX curHayioB. C ee
MTOMOIIBIO OLIEHUBAETCS IIMPUHA CIIEKTPa CUTHajla YTeUYKH, YTO MO3BOJISET cieiaTb 000OCHOBAHHBIN
BBIOOP MOJIOCHI aHAJIM3a JJIsl OLIEHUBAHUS QYHKIUU B3aWMHOM KOppPESLUH.

B paGote [4] paccMOTpeH alrOpuTM BOCCTAHOBJICHUS HM300paKEHUSI MO TOYHO H3BECTHOU
bynxkmmn - G, (xk,yk)zG(pk,Gk). [IpakTyecku NPOEKLUMOHHbIE JaHHbIE BCErJa HCKaXKEHBI

IIoMExXaMu 1 IIIyMaMHu.

JIJIs OJTydeHMs] ONTUMAIBHOTO PElICHUST HEOOXO0AMMO pa3pabdoTaTh MAaTEMaTHICCKYIO MOJICIb
BXOJIHBIX BO3JICHCTBUH, KOTOpas aJeKBAaTHO OTpaKaeT pealbHyr cHTyaruio. Ha ocHoBe 3ToM
MOJICITH MOXKHO pa3paboTaTh METOJI OOHAPYKEHUS-U3MEPCHHSI U TIOCTPOHUTh CTPYKTYPHBIE CXEMBI
yCTpoicTB. JlanHO# po0emMe U MOCBsIIeHa IpeICTaBIeHHas padoTa.

ITocTanoBka 3a1auun

PaccmaTrpuBaercs nuHelHas cucTeMa OOHapy)KEHHUs, cOCTosas U3 M NMacCUBHBIX JaTYUKOB
(IpHEeMHUKOB), Ha BXOJbl KOTOPBIX MMOCTYNAIOT MOJIE3HbIN CUTHAN U L Memiaromux curuanos (Puc.
1). [lycTh JaT4MKK pacnoioKeHbl BAOJIb ocH X . B KakIoM aTurke UMeeTcs IpueMHasi aHTeHHa ©

nuarpammoint HampaiieHHoctd (JIH) G(d),@). O6o03naunm mmpuny JIH Ha ypoBHE MOJIOBUHHOU
MOHIHOCTH 1O ocu X wyepes Ad,,, mo ocu Y uyepes A0, ;. Ilpenmonaraercs, 4To auanasoH
®pin -+ O YIIIOB IPHXOJA CUTHANIOB OT MCTOYHHMKA HA JIO0OW M3 JATYMKOB JIEKHT B IIpefenax

A, 5. Taxke IOTOKMM, 9TO KOOPAMHATA X M3TYUaIOIIETO HCTOYHMKA JIEKHUT B IIPE/IENax [x,x,]

rae x,, i =1,M — KOOpJIWHATHI IPUCMHHUKOB.

Cursanpl OT KaXJ0ro JaTdyvKa MOCTYNAlT MO JIMHUAM IMepefadyd JaHHBIX B YCTPONCTBO
COBMECTHOM 00paboTku. B nmatumkax m JUMHUSAX Hepefaud JaHHBIX MUMEIOTCS BHYTPEHHHE IIYMBI.
CreneHb MPOCTPAHCTBEHHOW KOT€PEHTHOCTH MOJIE3HBIX M MELIAIOIIMX CUTHAJIOB 3aBHCHUT KaK OT
XapaKTEePUCTUK UCTOYHUKOB, TaK U OT F€OMETPUYECKUX COOTHOLIEHUH B cucreme [2, 3].

Ha puc. 1. uzobpakeHa cxemMa BO3MOKHOTO pa3MeEIIeHHs] JaTYUKOB CHUCTEMbl MOHUTOPHUHIA
TpyOOIIPOBO/IOB, Pa3MEIIEHHBIX MO 3€MJICH WIIH 10| BOJOH.

HaubGonpmyto uHGOPMATUBHOCTh MJIi ONpEAENEHUS MECT YTe4YeK HMEIT (QYHKIHUU
KOIE€pPEHTHOCTH M B3aUMHOW Koppesisauuu. DT (QYHKIUH UMEIOT CYLIECTBEHHBIC PA3IUYUS IS
ClIydaeB OTCYTCTBHUS U HAJIMYMS YT€UEK: B MEPBOM CIydyae OHHM HE UMEIOT BBIPAXKEHHBIX 00JacTeit
BBIOPOCOB, @ BO BTOPOM TakHe BBIOpOCHl HabOmogaroTcs. OyHKIUS KOTepEHTHOCTU SIBISIETCS, IO
CYLIECTBY, B3aUMHOM CHEKTPaJbHOM IUIOTHOCTHIO MPUHUMAaeMbIX cHrHajgoB. C ee MOMOIIbIO
OLICHMBAETCS IIMPHUHA CIIEKTpa CUTHAJA YTEYKH, YTO IO3BOJIAET CJeslaTh 0OOCHOBAHHBIN BHIOOD
MIOJIOCHI aHAJIM3a JUIsl OLIEHUBAHUS QYHKIIMM B3aUMHOW KOPPEISLUH.
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Puc. 1 Cxema cuctembl 0OHapyKE€HUS HCTOYHHUKA aKyCTHUECKUX IIIYMOB

JUis 1onyd4eHHs KOJIMYECTBEHHBIX OLIEHOK (YHKIMH KOrEpEeHTHOCTH IIeJIecO00pa3Ho
MPUMEHATh METOJbl TEOPUM YacTHYHOM KorepeHTHocTd [4]. Ecnu wusnyuaemsblil cursai S(t)

CylIecTByeT Ha uHTepBaie oT —I no T, To ero mpeobpazoBanne Oypoe S (T ,v) YIIOBJETBOPSIET
ypaBHenuto I'enbmronsua VS (T,v)+k*S(T,v)=0, rae k =2m/A — BONHOBOE YMCIIO, ) — JIHHA

BoJHbL. Toraa opmalibHOE perieHre 3TOro ypaBHEHHsI OTHOCUTEIBHO JIBYX TOUEK IpUeMa CUTHaja
7} ¥ ¥, UMEET BU]

S(r.T,v)=k(r,v)S(B,T,v)+k,(r,v)S(B,T,v), i=1,2, (1)
rae B v P, — 3HaueHus MOIIHOCTEH CUTHAJIOB B TOUKAX 7, U 7, .
Ucnonws3ys ypaBHeHnue (1), MOXHO BBIYMCIHTH B3aUMHBIM CIEKTP MOITHOCTH [ (E ,Pz,v) ,

KOTOPBIH, 10 CYIIECTBY, MPEACTaBisAeT co00M (YHKIMIO B3aUMHON (4aCTUYHON) KOT€PEHTHOCTH
MPUHUMAEMBIX CUTHAJIOB JIJIS CITy9aeB HATMYHS U OTCYTCTBHS yTCUEK.

[Ipy KOMOMHMPOBAHHOM CKAaHMPOBAHWW JAaTYMKOB 3ajada OIICHWBAaHUS CIEKTPAIBHBIX H
KOPPEIIIMOHHBIX XapaKTEPUCTHK TPUHUMACMBIX IIYMOBBIX CHTHAJIOB YCIIOKHSETCS: BMECTO
IUCKpeTHOTO  TpeoOpazoBanuss Dyppe HEOOXOAWMO TPHUMEHATH JUCKPETHOE  BEEPHOE
npeobpazoBanue Pagona [5]. Ilpm >TOM NPOCTPAHCTBEHHBIM CHEKTP TOJSA, PACCETHHOTO
WUCTOYHUKOM IIyMa, MpPEACTaBIseT co00i HAa0Op MPOCTPAHCTBEHHBIX YacTOT, KOTOpBIC
OIIPENEISAI0TCS BEIMUMHAMYU COOTBETCTBYIOIUX yrioB 0,, i=1,2,...,N (cm. puc. 1).

Jlis paccMaTprBaeMoOW 3aJa4d BIIOJIHE aJICKBATHO OTPAKAeT PEaTbHYIO CHUTYAIIUI0 MOJICh
QTITUBHON CMeCH M300paKeHHsI MCTOYHWKA aKyCTHYECKOrO IIyMa M IOCTOPOHHHX ITYMOBBIX
HCTOYHHKOB [6]:

a(f;fk’f;/k):G(f;ck’fvyk)—FGn(f;ck’f‘yk)’ (2)
rie G, (kaafyk)=[V(ﬂk,fyk)V*(ka,fyk)]l/2

TOYCYHBIX W MPOCTPAHCTBCHHO-PACHPCACICHHBIX HMCTOYHHWKOB IMIOMCXOBBIX CHUI'HAJIOB, NOi

" Né/z; V( furt, k) — IPOCTPAaHCTBEHHBIN CIIEKTP

CHEKTpaJibHasl IUIOTHOCTh O-KOPPEJIMPOBAHHBIX MPOCTPAHCTBEHHBIX LIYMOB (LIYMOB aTMOC(EpHI,
KOCMOCa, 3eMJIM, BHYTPEHHUX IIYMOB IIPUEMHHUKOB U JIp.).

PaCIHI/IpCHI/IC Auara3oHa MpPOCTPAHCTBCHHBIX YaCTOT B CIICKTPE ABJISACTCA JOCTOMHCTBOM, T.K.
IIPY 3TOM YMEHBUIAETCS BIUSHHUE apTePaKTOB U CHIDKAETCS OOLIUN ypOBEHb OOKOBBIX JIETIECTKOB
nepenaTouyHol (QyHKIMM HcTOYHMKA HIymMa. OJHAKO H3-3a HENPEPHIBHOIO H3MEHEHUs (OPMBI
JBYMEPHOTO  CHEKTpa NPOCTPAHCTBEHHBIX YACTOT  YCIOXKHSAETCA alrOpuT™M  00paboOTKH
uHpopmanuu. I[IpakTruecku HepeaqbHOHN SBISETCS MOIBITKA pa3pabOTKU aNropuTMa MOTY4EeHUS
TOMOTrpapuuecKoro n300paxeHus Bo Bcel 30He 0030pa 13-3a Ype3BbIYAIHO BHICOKUX TPeOOBaHUM K
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CKOPOCTH 0030pa, OBICTPOACHCTBUIO BBIYUCIUTENEH U MPOIYCKHOM CIOCOOHOCTH JIMHUH Tepenadyn
JaHHBIX. HOSTOMy JJI1 MHOI'OIIO3UITMOHHOI'O 06Hap}’)KI/ITCJ'I$I-I/I3MepI/ITCJ'[${ KOOpAWHAT HCTOYHHUKA
AKyCTHYECKOTO IIyma Ieecoo0pa3Ho pa3pabaThiBaTh pexuUM ToMorpaduyueckoi oO0padOTKH st
OT/EIIBHOTO 3JIEMEHTA IIPOCTPAHCTBEHHOTO pa3peIICHUS.

MaremaTu4eckasi MOAe/Ib CHTHAJIBHOM M Mellaouieil ToMorpapuyeckoili HHGpoOpMauuu B
YaCTOTHOM M MPOCTPAHCTBEHHOM 00J1aCTAX

Tomorpaduueckass o00paboTka HHPOPMAUM BO3MOXKHA KaK B YacCTOTHOM, Tak H B
npocTpaHcTBeHHON obuactsax. [Ipu oOpaboTke B 4acTOTHOW 00JacTH, CTPOro roBOps, CEYCHHE
IPOCTPAHCTBEHHOI'O CIIEKTpa IOJ HEKOTOPBIM YIJIoM 0, =@, ecTh IByMEpHOE IpeoOpa3OBaHUE

dypbe 0T NMPOEKUUH IJIOTHOCTH PACCEsHUS MO YIJIOM ¢, WIM OJHOMEPHOE IpeoOpa3oBaHUE
dypbe B cucTeMe KOOpIUHAT {xek, yek} BJIOJIb KOOPAUHATHI ), , IOBEPHYTONH OTHOCUTEIBHO OCU
opauHaT Y Ha yron 0,. OmHako, eciM Jd peagbHOI0 PACCEUBAEMOI0 aKyCTUYECKOro LIyma
BBITIOJIHSCTCS YCJIOBHE KBa3HMOHOXPOMATHIECCKOH armpokcnmaunu Af / f, <<1, rae Af — mmpuna
CIIeKTpa IlIymMa, f, — CpeIHss 4acToTa LHIyMOBOTO CHUTHAJA, MOXKHO NPUOIMKEHHO CUUTATh, YTO
PE3yIBTHPYIOMMKA NpUHUMaeMbli curHan G, (xk, yk) C HampasieHus 0, npezacTaBiser coOoi

(GYHKIIMIO CIIETYIOIIEro BU/A:

1/2
gou (X)) mpu (x; +y7 ) =2/A;
G (xoy)=1 " (= k)l/z 3)
0 npu (x,f+y,f) #2/\,

rie X,,y, — NPOEKUHMH MPOCTPAHCTBCHHOH YacTOThl CHEKTpa mox yriom O, Ha ocu f, f,

IIPOCTPAHCTBEHHO-YAaCTOTHON MJIocKocTU. Torjga oliiee BbIpaKeHHE I HPOCTPaHCTBEHHOTO
CHEKTpa U300paXKEeHUsI IPU MHOTOMO3UIIMOHHOM MIPHEME 3aIUILETCS B CIEIYIOLEM BUIE:

4 |
Gy (x0o2) =G (S £ ) = ng (% v ) exp —J—n) ykcos(%chkj‘xksm(%2%] -

Asec(p/2
:ng (xk,yk)eXp{—jZR(kaxk+ ykyk)}’ 4)
e fy =2sin((p° 2@") Ksec(B"j , £ —_QCOS(QO;(ij Ksec(Bkj B

IIPOCTPAHCTBEHHbIE YAacTOThl CIEKTpa AaKyCTUYECKOTo UIyMa, TpaHC()OpMHUpPOBAaHHBIE IpHU
-1
MHOTONO3UIIMOHHOM npueMe. KoapdunueHnt tpanchopmanuu sec (Bk /2) 3aBUCHUT OT yrua f3,

MEX]ly HalpaBJICHUSIMU JIydei MepBOTO U k -T'O IPUEMHHKOB.

TakuM 00pa3oM, B MHOTOIO3UIIMOHHOM CHCTEME C Y3KOIOJIOCHBIMU B OOBIYHOM (4aCTOTHOM)
CMBICJIC aKyCTHYECKUMH CUTHAJAMH TI0Jyd9aeM Ha0Op TOMOTrpadUuecKuX MPOCKIN UCTOYHHUKA Ha
HECKOJIKAX  TMPOCTPAHCTBEHHBIX  YaCTOTaX,  KOTOpPBIE  OMNPENENSIOTCS  BEIMYMHAMU
COOTBETCTBYIOUIMX YIJIOB O, .

[Ipu oOpaboTke B 4acCTOTHOW 00JIaCTH B COOTBETCTBUHU C BbIpaxeHUsIMHU (3 — 4) moiydaem
COBOKYITHOCTh TOYEK B TIOJSIPHOM pacTpe, T.6. B KOOpJHMHATaX (p,(p). [TosTomMy nOTHYHO
WCTIONb30BaTh HMHTETPaJbHBIE IPEOOpa3oBaHMs TaKke B TOJSPHBIX KOOPAWHATAX, T.C.
npeobpaszoBanusi Pamona [2, 7]. Kak u3BectHO [§8], onepanuy HaJg MHTCHCUBHOCTSIMU B TOJISIPHBIX
KOOpAMHATaX OCYIIECTBISIOTCS B paMKax MeEToJa OOpaTHBIX MPOEKIMH Ha OCHOBE CBEPTKH.

Kaxxapiit Habop MpOEeKLMii pU UCHOJIB30BAHUU ITOTO METOa MOXKET 00padaThIBaThCsl HE3aBUCHUMO
OT OCTAJIbHBIX, YTO 3HAUUTEJIHHO YIPOILAET NOCTPOEHUE aITOPUTMa 00pabOTKH.
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[IycTe DIPOCTPAaHCTBEHHOMY CHEKTPY V( S S, k) HCTOYHUKA IIOMEXOBBIX CHUTHAJIOB

COOTBETCTBYET CTAllMOHAPHOE CIIydyaifHOE MOJI€ C aBTOKOPPEISIIMOHHON pyHKIIMEH R, (Axk,Ayk ) :

RV(AxkaAyk):SR;l{V(ka’fyk)V*(ka’fyk)}’ (5)
roe V© ( ks fyk) = V(— Srs— fyk); R, {,} — CHMBOJI JIBYMEPHOTO OOpaTHOTO IpeoOpa3oBaHUs
Panona.

Torna BeipaxkeHue (5) Il MPOEKIUU JABYXIO3UIIMOHHOTO PACCESIHHOTO B k -M HAmpaBJICHUH
CUTHAJIa C YYETOM HaJIMYHs IIYMOB M MIOMEX 3aIMILETCS KaK

A L pu— —
gi(xk’yk): Z“zko 2016(x0 X1 Vo —yl)xexp[—jkA (Bil)('xl'xk +ylyk):|+
" (6)
+ZVm (xk’yk)S(XO — X Yo _y1)+N01"
m=l

@Oynkumn k. u kg TpakTyroTcs Kak sapa InpeoOpasoBaHus (6) IO IPOCTPAaHCTBEHHBIM

KOOpAMHATaM.
PaccmotpuM mocnenoBaTenbHOCTh ATANoB 0OpaOOTKH MO METOAY OOpaTHBIX Mpoekmuil [8].

OnnomepHoe mpeoOpazoBanne Dypbe MPOCTPAHCTBEHHOTO CIIEKTPa G( for S, ) o OJHOW u3

IPOCTPAHCTBEHHBIX YaCTOT (HAIIpUMep, f, ) UIMEET BUJL
g(xkafyk): I G(ﬁcﬂf;f)exp(_jznf;ckxk)df;c : (7)
Beimonnsist npeoOpazoBanne Oypbe 110 APYroil KOOpAWHATE IPOCTPAHCTBEHHON 4acToThl f,
1oJry4aeM (pyHKIHIO U300pakeHus

0

g(xk’yk) = I g(xk:fyk)exp(_jznfykyk)dfy . (8)

—00
[lepeiinem B BbIpakeHusAX (7, 8) K HOJSPHBIM KOOpAMHATaM B 00JIACTH MPOCTPAaHCTBEHHBIX
4acToOT:

g(xk’yk) = J.dej. G(pk’ek)|p|exp[_j2npcos(ek _(Pk)]dpa )

rae |p| — MHO>KHTEJIb TIepeXxo/ia K MOISIPHBIM KOOPANHATAM (SIKOOMaH mpeoOpa3oBaHusl).

[lo cymecTBy, npu mnepexojae K MOJSIPHBIM KOOpAMHATaM B BbIpakeHuHW (9) mpoucxonut
nepexon oT npeodpazoanusa Pypee k npeoOpa3oBanuto Panona.

JUis 1OCTpoeHHs] YCTOMUMBBIX pelleHuid ypaBHeHUs (9) HeoOXoauMo MOAU(PHUIMPOBATH
(perynsipu3oBath) QYHKIUIO OKHA!

k. (P)=lelk, (p.a), (10)

r7e O — MapaMeTp peryispu3anii, 0ObIYHO BHIOMPAEMBIM C Yy4€TOM OIMMOOK 3aJaHusl MCXOIHBIX
naHHbIX [2]. B paccmaTpuBaemoil 3ajaye oL BHIOMpAETCsl MO SHEPreTHUYECKUM M CHEKTPabHBIM
XapakTepUCTUKaM moMex [2].

BrIBOABI

1. Ilpumenenne ToMOTpaUUIECKUX METOJOB OOPAOOTKH aKyCTHYECKHUX IITYMOBBIX CHUTHAJIOB
SIBJIICTCS PAIUKAILHBIM CPEJACTBOM ITOBBIMICHUS TOYHOCTH U Pa3peliaroiei ClioCOOHOCTH CUCTEMBI
10 TIPOCTPAHCTBEHHBIM KoopauHaTaMm. IIpakThueckne BO3MOXXHOCTH METOJa U IPEACIbI
paspemaronield  CrmocoOHOCTH TOoMOTrpadUuecKOd MHOTOIMO3UIIMOHHONW CHCTEMBbl OOHapyXEHUS-
HU3MEpEHUsT KOOPJIUHAT UCTOYHHKOB aKyCTHYECKOTO IIyMa OTPaHUYCHBI JIMITh TOYHOCTHIO CHCTEM
CUHXPOHH3AINH, HABUTAITMOHHON TMPUBS3KH, TPOITYCKHOW CITOCOOHOCTH JIMHHMA Iepeaadu JaHHBIX
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1 OBICTPOAECHCTBHEM BHIUMCIUTENIEH CUCTEMBI OOPaOOTKH.

2. Jna pa3pabOTKH MPaKTUYECKH peaM3yeMblX aJrOpUTMOB ToMorpaduieckoil o0paboTKu
BBINIOJIHEH AaHAIM3 CTaTHUCTUYECKUX XapaKTEPUCTUK MPOCTPAHCTBEHHO-BPEMEHHBIX CIIEKTPOB
(CIEKTPOB TMPOCTPAHCTBEHHBIX YACTOT) AKyCTHYECKMX IIIYMOB M pa3paboTaHa MaTeMaTHYecKas
MOJENb aJJUTUBHOM CMECH TMOJIE3HBIX W MEIIAIOIIUX CUTHAJIOB. YUUTHIBAas XapakTep 3STUX
CIIEKTPOB, HEOOXOIMMO COOTBETCTBYIOLIMM 00pa3oM MOIU(ULHUPOBATH TPAJIULIUOHHbBIE AITOPUTMBI
KOMIIBIOTEPHOUN TOMOTpadum.

3. O0nuK ¥ KOHQUIYpaluio CUCTEMBbl (YUCIIO JATYUMKOB-IPUEMHHUKOB, YHCIO U BapUaHTHI
pa3MelIeHus] YCTPOWCTB COBMECTHOW OOpaOOTKH, TpeOOBaHUS K OBICTPOJECHCTBHIO CHCTEMBI)
IUTAHUPYETCS PacCMOTPETh NPU MPOBEACHUM JabHEHIINX UCCIEI0BaHUN. 371eCh OTMETUM TOJIBKO,
YTO IIPU COBPEMEHHOM YPOBHE Pa3BUTHUSI YHUBEPCAJIbHBIX U CHEIHATIN3UPOBAHHBIX BHIYMCIIUTENIEH
(B 4acTHOCTH, NPOLECCOPOB OBICTPBIX CHEKTPAIbHBIX MPeoOpa3oBaHUil, MPOrpPaMMUPYEMBIX
JIOTUYECKUX HMHTErpajbHBbIX CXEM M MPOTPaMMHUPYEMBIX JOTHYECKHUX MAaTpHl]) Hauboyiee MpocTo
MOXXHO pPEaJM30BaTh AJITOPUTMbl MHOTONO3UIIMOHHON KOMIBIOTEPHON TOMOTpaduu MeToaamMu
0OpaTHBIX NMPOEKIINI HA OCHOBE CBEPTKHU.
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