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[Ipn mnpoBeneHun TOMOrpaUUECKUX HCCIEIOBAHUNA OKeaHa 30HIUPOBAaHUE
cpelbl MOXET OCYILECTBIATHCS CIOXKHBIMH (Da3oMaHMITYIMPOBAaHHBIMH 1O M-
MOCJIEI0BATEIbHOCTSM CHUTHaJaMH. B craThe naHO TeopeTHdeckoe 00OCHOBaHME
BbIOOpa OCTATOYHOM MOIHOCTH M3JIy4aeMOI'o CHrHaja JUIsl pa3InYHbIX 4acToT,
o0ecreunBarIuX HEOOXO0AUMOE COOTHOIICHHE CHUTHaj/moMexa. [IpuBeneHHbIE B
paboTe COOTHOLICHHMS MO3BOJSIOT  OLIGHUTh  JOMYCTHMBIE  IOIPEIIHOCTH
9KCIIEPUMEHTA, ONPEAEIUTh MapaMeTphbl aKyCTUYECKUX CUCTEM JUISl UCCIIEIOBAHUS
MOPCKOM CpeJbl.

KroueBrie CJIOBa: CJIOKHBIC (1)a3OMaHI/IHYHI/IpOBaHHLIC CHUTHAJIBI,
HCGBZ[OCJIY‘IafIHI)IC M-HOCJ’IGI{OB&TCJ’IBHOCTI/I, COOTHOIIIEHHE CUTHAJI/TIOMEXA.

BBEJEHUE

Bonee necsatu ner Ha Mopckom ruapodusnyeckom nomurone TOU JIBO PAH MDC
«Mpic lllynbua» B paitone OyxThl BUTA3b NpoBOAATCS SKCIIEpUMEHTANIbHBIE PA0OTHI C LEIbIO
U3Yy4YEeHUsS NMPOXOKIACHUS aKyCTHUECKMX CUTHAJIOB HA CTAlMOHAPHBIX M KBA3UCTALMOHAPHBIX
Tpaccax. OIHOBPEMEHHO H3MEPSIOTCS THAPOPU3MYECKHE MapaMeTpbl cpelbl. Pe3ynbTaTsl
HKCIEPUMEHTAIbHBIX M TEOPETUUYECKUX HccienoBaHui [1] mokazanu, YTO IMOJIyYEHHbIE B
U3MEPEHMSIX  XAPAKTEPUCTUKM  AaKyCTHMYECKMX CUTHAJIOB  XOPOWIO  KOPPEIHUPYKT C
U3MEHSIOMUMUCS THAPOQU3NIECKUMHU TIapaMeTpaMu, KOTOpBIE ONpEICISIOT CBOMCTBa
MOPCKOM cpeapl. B KaduecTBe M3JIy4aeMbIX CUTHAJIOB HAPALY C TOHAJIBHBIMHU HCIOJIB3YIOTCS
CIIOKHBIE  CHUTHambl,  CHOPMHUPOBAaHHBIE  HAa  OCHOBE  M-TOCIIEI0BATEILHOCTEH.

M-HOCJ’ICI{OB&TCJ’IBHOCTSIMI/I Ha3bIBAOT IIOCICIOBATCIBHOCTHU MaKCHMaJIbHOM JJIMHBI HJIN

MaKCHUMaJbHO BO3MOXKHOTO mepuoaa (paBHoro N=2" —1), reHepupyeMmble n-KacKaJHbIM
JTBOMYHBIM CIIBUTOBBIM PETUCTPOM C JIMHEHHON oOpaTHOW cBsi3bto. Hambonee BaxkHas
0coO0eHHOCTh M-10CIe10BaTeIbHOCTH COCTOUT B TOM, YTO €€ aBTOKOPPENILUOHHAS (QYHKIUSI
paBHa N 1ipu OTCYTCTBUH cIBUTA U —1 JJIs1 BCEX OCTalNbHBIX 3HaUeHH capura (1 <i < N), T.e.
onTUMalbHa B  KJIACCE  BO3MOXKHBIX  aBTOKOPPESILMOHHBIX  (YHKIHMHA  JBOWYHBIX
nocieaoBarenbHocTell mepuona N=2" —1. CurHansl B BUAC Hecylled, ¢a3za KOTOPBIX
MaHUIyJUpoBaHa M-IOCIEeI0BaTENbHOCTHIO (B AHIJIOA3BIYHOM JIUTEpAaType TaKON CUTHAJ
HA3bIBAIOT M-IIOCIICJIOBATETPHOCTBIO Ha HECyIIel) 007aaloT TPAKTHYSCKH TEMH IKE
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CBOMCTBAMM, YTO M MOZAYJIMPYIOIIAs MMOCIEN0BATEIBHOCTh. TaKue CUTHaAIbI IPUHITO CUUTATH
HaWIy4lIIMMU TECTOBBIMHM CUTHAJIAMU B CHJTy MPOCTOTHI peaIn3aliii, TOYHOM OBTOPSIEMOCTH,
MaJbIX OIIMOOK, CBSI3aHHBIX CO CBOMCTBAaMH TaKOI'O CUTHAJA.

IIpuMeHeHne TakuX CHTHAJIOB B KaYECTBE 30HAMPYIOLINX MMO3BOJIUIO PA3ACIUTh MOJIOBYIO
CTPYKTYpPY, OJHOBPEMEHHO OIpPEACIUTh MPOCTPAHCTBEHHBIE M YaCTOTHO-BPEMEHHBIE
XapaKTEPUCTUKA MOPCKOM Cpelbl, KOTOPbIE B CBOKO OYEPEb 3aBHCAT OT IMOBEPXHOCTHBIX U
BHYTPEHHUX BOJIH, T€UEHHI, U3MEHUMBOCTU CKOPOCTH 3ByKa IO TPacce paclpOCTPAHECHUS
curHana. llpueM cuHrHaAJIOB OCYLIECTBIAETCS TMOJIEM PAAUOTHAPOAKYCTUYECKUX OyeB ¢
nepeaayeit nHGopMaIy 1Mo paguoKaHary. M3mydeHne mpou3BOAUTCS HA PAa3HBIX YacTOTaX, C
UCIIOJIb30BAaHUEM  IIUPOKOMOJOCHBIX M  PE30HAHCHBIX H3JIydarened. OKCIEepUMEHTHI
IPOBOAMIIUCH B Pa3IMYHBIX IOMEXOBBIX CUTYallUsX, CBSI3aHHBIX C MOTOJHBIMH YCIIOBHUSIMH,
a1n00 O0OYCIIOBIEHHBIX TEXHOT€HHbIMM HpuuuHamMu. I[IpaBuibHbI BBIOOp MOLIHOCTH
U3IY4YEHUs JUIsl UCHOJb3yEMBIX YacTOT OOECHEYHUT JOCTOBEPHBIE M3MEPEHMsI Ha Tpaccax
pa3IMYHON NPOTSHKEHHOCTH C Pa3HBIM YpoBHEM nomeX. [lomydenHsie B paboTe COOTHOIICHUS
MO3BOJIAIOT OMNPENENATh MapaMeTphl aKyCTHUYECKMX CHCTEM JUIsl MCCIEI0BAaHUS MOPCKOMN
Cpensbl.

1. OOCHOBAHNA BBIBOPA MOITHOCTHU

s obecrnieyeHHss JOCTAaTOYHOM MOIIHOCTM B pa3HOW MOMEXOBOM CHUTyalluM U Ha
Pa3IMYHBIX JUCTAHIUAX IMPHU MPOBEJCHUHM TOPU3OHTAIBHOTO 30HIAMPOBAHUS CPEIbl HYKHO
3HaTh BBIPAYKCHHE AJIS1 OTHOIICHUS CUTHAJI/IOMEXa B 3aBUCUMOCTH OT 4acToThl. OTHOILIEHHE
CUTHAJI/TIOMEXa OIpe/leIUM KaK OTHOIIEHHE IMHMKOBOTO 3HAUYEHHUS WHTEHCUBHOCTH CHUTHAla
II0CJIE €r0 B3aUMHO-KOPPEISLMOHHON 00pabOTKU C 3TAJIOHHBIM CUTHAIOM u(f) K JUCTIEpCUU
nomMexH [1]. Tak kak curHasbl, NPUILEALINE B TOUKY IpUEMa [0 pa3HbIM JIydyaM, B pe3yJibTaTe
00paboTKU pa3AeisaloTCsl BO BpeMEeHM, TO OyleM paccMaTpuBaTh CUTHAJ, MPUIIEIIINN MO

oxHOMY 13 nydeil. O6o3naunm ero P.s(?), tae s(¢) — GpyHKUus, OMUCHIBAONIAS IUKITHYECKH

MOBTOPSIOLIHIACS C TIeproAoM 1 Gpa3oMaHUITYIMPOBAHHBIN 30HIUPYIOIINI CUTHAT € TUHIYHON

aMIUIMTYAbl; P, — aMIUINTyJa CUrHajla B TOUKe npueMa. Ero ¢gyHKuums B3aMMHONM KOppensuuu

N

C DTAJIOHHBIM CHTHAJIOM u(¢) 3anuchiBaetcs B Bune R (1)=PT Y. C} exp[j ??ktj '

k=—0

Otcrofa BUIHO, YTO MaKCUMaJIbHOE 3Ha4Y€HUE R B3aMMHO-KOPPENSIIUOHHON (PYHKIUU

Smax

o0
=PT Y .C; . Ecnu nepeiiTu OT CTEeKTPalbHOTO MpeCTaBIeHus R K

Smax

R () paBHO R

smax

k=-o
T/2
BPEMEHHOMY, TO moiyunM R, . =P [s*(f)dr .
-T/2
Haiinem BbIpaxkeHue i nucnepcuu mymoBoi momexu [2]. Ilycrs x(f) — dyHkmms,

OIIMChIBAIOIIas1 KaKYIO—J'II/I6O €€ pceajin3alnmro. B PE3YJIbTATC BSaI/IMHO—KOppeHHHHOHHOﬁ

00paboTKK ATON peajn3alui C STAJIOHHBIM CUTHAJIOM OyneM umeTh n(t) = fx(z‘)u(z‘—t)d T.

—00
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Bo3sBens n(f) B kBaapat ¥ BBIIOJHUB CTATUCTHYECKOE YCPEIHEHUE 110 aHCAMOJTI0 peaTn3amuil
IIYMOBO# ITOMEXH, TTOTYYHM

o, = | [B(r,c" Wz —t)u(r'-1)d7'dz, (1)
e ¢, — JUCTepCHsi IOMEXH TOCIE B3aMMHO-KOPPENALMOHHON 06paboTku; B (7,7') —
(YHKIHSI aBTOKOPPEIISILIH [IIyMOBOW MoMexu X(1).

[ymb1 MOpPSI, KOTOPBIE UTPAIOT POJIb LIYMOBOI MOMEXH, MOXKHO CUUTATh CTAllMOHAPHBIMU

B LUIMPOKOM CMBICTIE ClIoBa. [Toatomy B (r,7")=B (r—-1") "
B (r-1")= i _OJZGX (w)expljo(r—7')ldw, the G (w) — DHEPreTUUECKUH CHEKTp
(criekTpanbHas TUIOTHOCTB) IIyMOB Mops. [lomctaBuB 3T0 BbIpakeHue B uHTerpan (1),
NOy4UM O = i ]ZGX (a))|G(a))|2da) .

Jns ynpolieHus AanbHEHIIUX BBIYMCIEHUN TNpPUMEM, YTO CHEKTpajibHas IUIOTHOCTh

G,.(w) paBHOMEpHa B Ipefenax IOJOCHl 4acTOT, 3aHMMAaEeMOH CIIEKTPOM 30HIUPYIOLIErO
curHana, u paBHa G,/2, rne G, — 3HaueHHE OJHOCTOPOHHEHN CHEKTPAIbHOM IJIOTHOCTU HA

HECYIIEH YacTOTe 30HAMPYIONIEro curuaina. Toraa

© © T/2
o =25 flG@) do=2 fuai =52 [ oy

Tenepb JJI4 OTHOILICHUA CHUTHAJI/TIOMEXa MOKHO 3aIucaTh

T/2
¢ =R /o8 =2P S0 /G,.
-T/2
T/2
Tak kak cur”an s(f) UMeeT eIWHUYHYIO aMIUIUTYAy, TO f s*(t)dt =T /2. B pe3ynbrate
-T/2

MOJTy4aeM CIEAYIOIIyIo (OpMyITy A7l OTHOILIGHUSI CUTHAJ/TIoMexa
g’ =PT/G,. (2)

BLICOKYIO pa3peuaromyro CIIOCOOHOCTEL 110 BPEMCHHU MOKHO IIOJIY4YHTb, €CJIIM BMCCTO
q)aSOMaHI/IHy.]'II/IpOBaHHOFO CHUI'Hala, mpoMoayJIMpOBAHHOT'O M—HOCHGHOB&TGJ’IBHOCTBIO,
HCIIOJIB30BATh B KAYCCTBC 30HAUPYIOLICTO UMITYJIbCA OJUH 3JICMCHT 3TOTO CUTHAJIA (TO C€CThb

NPSMOYTOJBHBI MMITYJIbC C CHHYCOHJAJIBHBIM 3allOJHEHUEM JUTHTENBHOCTBIO 7, =1,/ f,,
rae N, — YKUCIO NEPUOJOB HECYIeH 4YacTOThl f, cojepiKalleecss B OJHOM BIIEMEHTE

(ha30MaHUIYIMPOBAHHOTO CUTHANA) U OCYLIECTBISATh B3aMMHO-KOPPEIALMOHHYIO 00paboTKy
NPUHATOTO CUTHAjla ¢ TaKUM K€ MMITYyJIbCOM €IMHHYHOU aMIuuTyabl. Ilpu stom ¢yHKuums
B3aUMHOW  Koppemsinuu OyJneT HMeTh Takylo ke ¢opMy, dYTo H B cilydae
(azoMaHUIYITMPOBAHHOTO CUTHAaNA [3].
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Halinem oTHOlIEHHe cuUTHaA/IOMEXa MpH H3IYYEHUHU MPSIMOYTOJIbHOIO HUMIYJbCA C
CHUHYCOUJIAJIbHBIM 3aIoJIHEHUEM, O0003HAUMB AMIUIUTYAy CUTHANa, MPUIIEANIErO0 B TOYKY

npuema 1o paccMaTpuBaeMoMy yuy, B .

MakcumanbHOe 3HaueHUEe (PYHKLIUU B3aUMHON KOPPESIUH 3TOT0 CUTHAJAa C STAJIOHHBIM

paBHO
To/2
=P, [sin’2zfyrdt=Pz,/2. (3)

—74/2

1s max

Jucnepcuio moMexu Tociie B3aMMHO-KOPPENISIIIMOHHONW 00pabOTKH HAaXOIUM CIIOCOOOM,
IMPUMCHCHHBIM BbIIIC JIA Cliydasd HCIOJb30BaHUA q)aSOMaHI/IHy.]'II/IpOBaHHOFO curgaia. B

pe3ynbTare NoayyaeMm

70/2 4
o’ _% [sin® 27f,tdt = Gyt /4. @

—74/2
Tenepb, Ha ocHOBaHUU (opMyT (2) U (4), MOXKHO 3amucaTh CIEAYIOIIEE BhIpaKEHUE JUIS

OTHOILLIEHUS CUTHA/IoMeXa
2 2
q" =F7,/G,. (5)

Kak Bugno w3 ¢opmyn (2) u (5), ans Toro, 4yToOBI MOCIE ONTHUMAIBHON 00pabOTKH
NPUHATOTO CHTHaJda OO0ECIeuMBAOCh OAWHAKOBOE OTHOIICHHE CHTHAJ/TIOMEXa NpHU
UCTIONIb30BaHUH  (pa30MaHUIYJIMPOBAHHBIX W MPSIMOYTOJBHBIX 30HIUPYIOIINX HMITYJIbCOB,
JIOJDKHO BBITIOJHATBCS CIIETYIONIEe COOTHOLICHHUE

2 2
P’T = P’z,. (6)
AMIUIUTYZBI  TPUXOASAIINX CHUTHAJIOB PS 51 Pls NPONOPIHUOHAIBLHEl  TaBICHUSM,

CO3/1aBacMbIM BOJIHM3M HCTOYHMKA 3ByKa (Hampumep, Ha pacctosHuu 1 wm). Ilostomy

BCIIMYHUHBI PS2 u P 2 IMPONMOPHKUOHATIBHEI aKYCTquCKOﬁ MOIITHOCTHU HMCTOYHHKA, a BCIINYHUHBI

s

P’T w PBlr, — OHEPIrUHM aKyCTHYECKOrO H3Iy4eHUs. DTO MO3BOJNSET Ha OCHOBAHUH

COOTHOILIICHUA (6) 3aKJIIOYUTh, 4YTO AJId obecreyeHus OAMHAKOBOI'O  OTHOLICHMA
CHTHaJI/TIoMexa OHEpIrusi, MNOpuxXoaAlaACa Ha OJWH LOUKIT HW3JIYYCHUA, JOJKHA OBITE

OJIMHAKOBA, & aKyCTHYECKUE MOIIHOCTH JOJDKHBI OTIMYarkes B P /P’ =T/t,=N=2"-1

pa3, rae N — 4Hicio 3JIEMEHTOB B OJJHOM NepHoze (a30MaHUIYIMPOBAHHOTO 30HANPYIOLIETO
curHana. Ecnu  ¢$a3oMaHUNyJIMpOBAaHHBIM  CUTHaN — (OPMHUpPYETCS  JIECATHKACKaJIHBIM
peructpom casura, To n=10 u N=1023. D10 03HayaeT, 4TO M TMOJYYEHHUS OTHOIICHUS
CHUTHAJI/TIOMEXa, KOTOpOE€ HaOJMI0JaeTCs IMPU MCIOIb30BAHUU (a30MaHUITYIMPOBAHHOTO
CUTHAJIa, B Cllyyae M3JIy4EHHUsS MPSIMOYTOJbHOIO MMIYyJbca MOTpedyeTrcst MouHocTh B 1023
pasa 6onbas. Takum 006pazom, paz30MaHUIMYIMPOBAHHBIE CUTHAJIBI TO3BOJISIOT PEan30BaTh
BBICOKYIO Pa3peIIAoLIyI0 CIIOCOOHOCTh O BPEMEHH IIPU MaJION MOIIHOCTU M3iyuyeHHus. OHu
MO3BOJIAIOT TAK)KE UMETh OJHOBPEMEHHO JOCTATOUHO BBICOKYIO pa3pellarollyo CIOCOOHOCTh
10 4acTOTE, KOTOpas ONpeaessercs nepuoaoM 7' u, ciIeaoBaTelbHO, YACIOM IEMEHTOB N B
M-miocneioBaTeIbHOCTH,  MOIyJIUpyIomed 1o  ¢(aze 30HAUPYIOIMHA  CUTHAIL Y

OpAMOYTOJIBHOIO HMITyJbCa C€ CHHYCOMAQAJIBHBIM 3allOJIHEHHUEM  JIUTCIBHOCTBIO 7,

paspenieHre o 4yactote Oyaer (1o MopsAaKy BEIUYUH) B N pa3 MEHBIIIE.
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3anuiieM BbIpaXCHHUE JUIsl OTHOIICHUS CUTHay/moMexa (2) B BUAE (PYHKIIUU OT YaCTOTHI
3amojHeHust f, 3oHaupyroomero curHama. OOo3HaunM W, MOIIHOCTH aKyCTHYECKOTO
W3y4eHns MCTOYHMKA 3ByKa. sl HEHanmpaBJleHHOTO ucTounuka W, =27P°/pc, tne B —
aMIUTUTYyZa JaBJICHUS, CO3/aBaeMOr0 HWCTOYHMKOM Ha paccrosHuu 1 M. Otcrona
B=(W,pc/2z)"”.

AMIIIUTy]a CUTHaJa NpPHU paclpOCTPAaHEHHMM Ha pacCcTOsiHME R yMEHbIIAeTcsl Kak
BCJICACTBHUC PACXOXKICHUSA (prHTa BOJIHBI, TaK U BCJICACTBHUEC YaCTOTHO3aBUCUMOI'O 3aTyXaHUsA
3ByKa B MOpcKoi cpene. OcnabiieHHe CUTHajlla 3a CUYET pacXOXKIeHUs (POHTA BOJIHBI
yunTbiBaeTcs kodpounuentom F(R)'?/R, rae F(R) — daxtop GOKYyCHPOBKH IS JIyda, 110
KOTOPOMY paCIpOCTPaHsETCs] CUTHAIL. Ecim paccrosHue u3MepseTcs B KM, TO 3TOT
xoa(uruent 6yner pasen F(R)"107/R.

OcnabneHne CUTHalma u3-3a 3aTyXaHUs 3ByKa Oy/leM OIUCHIBaTh KOA((UIIEHTOM
satyxanus S(f,)=0,036f,'" nb/xm, i€ fy — Hecymas yacrora curHana B kI ITostomy
YMCHBIICHHE  aMIUIMTYJbl ~ CHTHaja  BCJCACTBHE  3aTyXaHuss OyJeM  Y4YHUTHIBATh

_ 3/2
koa(urumentom 10770 F

C yuerom 3Tux K03 (HUINEHTOB UMEEM JUIsl aMIUIUTY bl CUTHAJIA B TOUKE MpreMa:

1/2
P=P F(R)" 107310700185 "R _ VI/HIOCFZ(R) 1073107000185
‘ R 27R

Duepretndecknii crektp G, (@) IIyMOB MOpS, KOTOpbIE B JAHHOM CIIy4Yae SBJIAFOTCS

OCHOBHBIMH TIOMEXaMH IPUEMY CUTHAJIOB, Ha YacToTax BbIe 1...2 K[l OOBIYHO ONMUCHIBAIOT
byHKIMEH

G.Q2rf)=Aw)/ [, (7)
rae A(u) — ko3 HUIEEHT, 3aBUCSIINA OT CKOPOCTH BETpa U.

Jns ouenku napametpoB A(u) u n, Bxomsmmx B (opmyny (7), ObUTM HMCHOJIB30BAHBI
3aBUCHUMOCTH CIIEKTPAJIbHOI'O YPOBHS LIYMOB MOps OT YacTOTHI JJIsi CKOpocTel BeTpa 2,5; 5;
7,5; 10 m/c [4]. Tlocne anmpokcHManuu 3THX 3aBucuMocTedl (yHkimei (7) B amama3oHe
gactoT 2—10 x['11 ¢ ucmonp30BaHNEM METOJa HANMEHBIIINX KBAJIPATOB ITOJYYEHBI CIIETYIOIIE
3HA4YCHHUS TApaMETPOB:

n=216; A(2,5)=022-10"°; A(5)=12-10"°; 4(7,5)=5,5-10"°; 4(10)=12-10".

[Ipu 5THX 3HaueHHsIX MHapaMeTpoB dYactora B ¢opmyne (7) Bblpaxkaercs B kl1, a
creKTpajibHas MmiIoTHOcTh G (27f) — B [Ia®/Tu. Temeph IS OTHOIICHWS CHTHAJ/IIOMEXA

MOKHO 3aIlucCaTh:

2 _ WopcE(R)T

2,161 —(6+0,0036 f¢*'*R)
T ' ®)

Takum o0pa3zom, obecriedeHre HE0OXOAUMOTO COOTHOIICHHSI CHTHAJI/TIOMEXa TO3BOJISIOT
YMEHBIINUTh MOIIHOCTh 30HIMPYIOLIEro curaiga B N—1 pa3 1o OTHOLIEHUIO K MMITYJIbCHBIM
CUTHajaM, oOecrneuyMBarolUM Ty >K€ HEOOXOAMMYIO TOYHOCTh OIPEAEICHUS BpEMEHU
IPUX0/1a CUTHAJIOB.
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2. OOCHOBAHMUE BbIGOPA YACTOTbLI 3AITOJIHEHMA CUT'HAJIA

HaiineM BbIpaxeHHe U ONITUMAJIBHOM YacCTOTHI 3aIOJHEHUs CUTHAJA, IPUPABHAB HYJIIO
TIPOM3BOIHYIO OT ¢~ TIO fo M PELIUTh MOTY4EHHOE YPaBHEHHE OTHOCHTENBHO fj.

[TapameTpsl curHaiza, XxapakTepHU3yIollue ero pa3pemarolyo cliocCOOHOCTh 0 BPEMEHU U
YaCTOTE BBIOMPAIOTCS B 3aBUCUMOCTH OT pelraeMoi 3amadyu 3apanee. [losromy mepuon T
UKIMYECKOTO H3JIy4YeHUs CHUTHalla, OMNpEeAeISIONUN pa3pelaronlyo CcrnocoOHOCTh 110
yacTtoTe, npu Au(QepeHIupoBaHun CIAEAyeT CUUTATh MOCTOSIHHONW BEIWYMHOW. YUMTHIBas
3TO, OJy4aeM

Sop =3113/R*". 9)

PaccunTannble 3Ha4YECHUST ONITHMAJILHEIX YaCTOT B 3aBUCUMOCTHU OT MMPOTSKECHHOCTH TpacC

pacrpocTpaHeHus 3ByKa NMPUBEICHbI B Tabuiie 1.

Tabmmma 1

3HayeHUs ONTUMAJILHBIX YaCTOT B 3aBUCUMOCTH OT IMPOTAKCHHOCTH TPaCC

R, xm 2 4 6 8 12

Jop, KI'L | 19,61 | 12,35 9,43 7,78 5,94

MoIHOCTh aKyCTHYECKOT0 U3ITyUEHUSs ONpeaeNnsieTcs U3 BelpaxeHus (8)

_ 27R* A(u)q’

g ch(R)T fo—z,lé 1 06+0,00361;]3/2R ' (10)

Yro6bl Haiiti momHOCTh W ), 00ecredrBarollyio 3aaHHOE IPEBBIIICHHE CUIHANA Haj

0>

YPOBHEM IOMEX Ha ONTUMAJIbHOW YacToTe, moictaBuM (9) B 3TO cooTHomieHue. Torna

HOJIy4YUM
3,44 2
W, —158-10° AR a” (11)
pcF(R)T

Hcnone3ys 3Ty GopMyily, OIIECHUM MOIIHOCTh aKyCTUYECKOTO M3ITyYCHUsS AJIS PA3TMYHBIX
3HaueHuit ¢ u R, mpumsiB p = 1000 xr/m’, ¢ =1500 m/c, F(R)=1, T=1 ¢. CkopocTh BeTpa u
nonoxkuM pasHoit 10 m/c (A(u) = A(10)=12-10""), To ecTh paccMOTPUM CIIydail CHIBHOTO

BETpa, KOrja HaOII01aeTcs 3HAUUTENIbHOE BOJIHEHHE (COCTOSIHUE MTOBEPXHOCTH MOPSI OKOJIO 5
6aymu1oB). Pe3ynbpTaTsl BHIYMCICHUN MTPUBEACHBI B TA0IUIE 2, T/I€ MOLTHOCTbH J1aHa B BAaTTax, a
TaKxe Ha puc. 1.

Kak Bugno wu3 ¢opmynst (10), TpeOyemas MOIIHOCTh H3IydeHHs OOpaTHO
npornopimonanbHa (Gakropy (oxycupoBku F(R) u mepuony 7 HUKIMYECKOTO HU3ITYUYCHHS
30H/IMPYIOLIETO0 CHUTHAjla, YTO TO3BOJIAET JIETKO HAWTH MOIIHOCTh M3IYYEHHUS Ui JIIOOBIX

3HaueHul BenuuuH F(R) u T.
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Tabmwma 2

MOI_HHOCTB AKYCTHYCCKOI'O U3JIYUYCHUS JJIA pa3IndHbIX 3HAYCHHUH OTHOIIEHUS CUTHAJI/TIoMeXa

Ha pasIMYHbIX JUCTaHIIUAX

M 2 4 6 8 12
q

10 1,37-107* 1,5-107 6,0-10° 0,016 0,065
20 5510 6,0-107° 0,024 0,065 0,26
30 1,2:10° 13-10°° 0,054 0,14 0,59
40 2,2:107° 0,024 0,096 0,26 1,0
50 3,410 0,037 0,15 0,40 1,6

IEAULAAN

1 1 1 1 1 1 1
2 3 4 5 6 7 8 9 10 11 R, km

Puc.1. 3aBUCUMOCTBH MOIIIHOCTU aKyCTHUECKOTO U3IYUYEHHsI OT PACCTOSHUS JUIsl pa3IMYHbIX

3HAYEHUH OTHOIICHHUSI CUTHAJI/TIOMEXa ¢

[IpoananusupyeM BIMSHHE OTKIOHEHUS HECYLIEW dYacTOTBl f, OT ONTUMAJIBHOIO

3HAYCHMS f,, HA BEMYMHY TPEOYEMOM MOIIHOCTH U3ITyYEHHS.
O0o03HauMM uepe3 ¢ OTHOIIEHHE HECYIIEeH 4acTOThl K €€ ONTHMAJIbHOMY 3HAUCHHUIO, TO
ectb a = f,/ f,, - Torna, st OTHOIIEHUS MOLIHOCTEH, 00ECIICYNBAIOIIMX HA STHX YacTOTax

Opyd TPOYMX PABHBIX YCIOBHAX OJWHAKOBOE OTHOIICHWE CHUTHAI/TIOMEXa, MOXHO Ha

W 3/2
OCHOBAHHUM q)OpMyH (9) u (10) 3a1mcaTh [ — %100,625((1 -1) )
a0

P€3YJ'II)TaTI)I BBIYUCIICHUH IT03BOJIMIIN IIOCTPOUTH 3aBHCHMOCTH OTHOIIICHUA MOIHHOCTeﬁ

a

OT OTHOIICHHS HECYIICH YaCTOTHI K €€ ONTHMANbHOMY 3Ha4YeHUIO o = f,/ f, . JlaHHas
a0

3aBHCHMOCTH MPUBEJCHA HA PHC.2.

W3 mnonydyeHHBIX BBIPAKEHUH BHJHO, YTO HCIOJIB30BaHUE B HKCIEPUMEHTAIbHBIX
UCCJIEIOBAHUSIX 30HAMPYIOIIUX CUTHAJIOB B JMAala3oHE ONTUMAJbHBIX YacTOT M ONM3KUX K
ONTUMAJIbHBIM MTO3BOJISIET YMEHbBILIATh TPEOYEMYIO MOIIIHOCTb.
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W/Wopt

10

Puc. 2 3aBUCHMOCTb OTHOIIEHHS MOIIHOCTEH W, /W, | K OTHOLICHHIO HECYILEH YaCTOTHI K €€

ONTUMANBHOMY 3HAYCHUIO & = f,/ f, .

3. OKCIIEPUMEHTAJIbHBIE UCCJIEAOBAHU A

B kauecTBe WIIIOCTpAaLMM CHPABEIIMBOCTH TEOPETHUYECKH IOJYYEHHBIX COOTHOILLEHUN
MOYKHO TPUBECTH (parMEHT pe3yJbTaToB 0OpaOOTKH MAaHHBIX, MOJYYEHHBIX B OeperoBoi
sxcnenuiu Ha MOC «Mpbic Llynbiay orpsna akycTuyeckod Tomorpaduu B mepuop ¢ 24
mas o 24 Hos6ps 2006 r. OcHOBHBIE SKCIIEPUMEHTAIBHBIE UCCIIEIOBAaHUS MTPOBOIMINCEH O
pa3uyHBIM TpaccaM. B nanHO#N paboTe paccMOTpUM OAHY M3 HHUX, IPOTSHKEHHOCTh KOTOPOM
coctaBuia 15 km. [4].

B skcnepumente ObuT 3a/efiCTBOBAaH HM3KOYACTOTHBIM HIMPOKOIIOIOCHBIM H3Ty4aTesb C
nojocoii ot 20 1o 1000 I'u, koTopslii omyckaincst Ha TyOuHy 15 M. B xadecTBe 3amaroniero
reHepaTopa MCIOJIb30BAJICS MOPTATUBHBIA KOMITBIOTEP, HA KOTOPOM B OAHOM (aiine ObLIH
IIPEJICTABIEHbl BCE PEXKHUMBI U3IYUEHHs AJI1 OJAHOIO INOrpykeHus usnmydarend. CTpykTypa

H3JIy4aCMbIX CUTHAJIOB MIPUBC/ICHA HA pUC. 3

TOH U CIIOKHBIC TOH U CIIOKHBIC TOH U CJIOKHBIC
rou fraysa CHTHAJIBI CHTHAIIBI CHMTHAIIBI TOH MG CHIH: ro
35245 910 35 245 910 245+910 110+910

Puc. 3. Ctpykrypa curnaia, u31y4eHHOTo B 3kcriepuMenTe 24—25 centsiops 2006 r.
[{udpamu npencraBieHa 4acToTa B Teplax I KaKI0ro pparMeHTa 3y deHHsI
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30HIMPOBAHUE MOPCKOW  Cpelbl  OCYIIECTBISUIOCH TOHAJIBHBIMH U CIIOKHBIMHU
dazomMaHUMYIUPOBAaHHBIMU  M-MOCIIEIOBATENFHOCTSMH ~ CUTHajJaMH,  [PUHUMAEeMbIMHU
ruapodoHaMU PaIHOTHAPOAKYCTHYECKUX OyeB. 3arimyOneHue ruipo@oHoB cocTaisio 20 M,
OyH yCTaHABJIMBAINCH HAa PACCTOSIHUU 2,5...5 KM JIpYT OT JIpyra Mo Tpacce C U3MEHSIOMEHCS
rryounoit or 60 mo 32 M. Ha OeperoBoM mMmocTy OCYHIECTBIISUICS TPHEM CUTHAIOB I10
palvoKaHajaM M MX PETUCTpalMsl ¢ MOMOIIbI0 MHOrokaHanbHOM matel ALl L-780 nHa
KECTKHM TUCK KommbloTepa Pentium 4.

OO6paboTka JaHHBIX MPOBOAWIACH C TIOMOIIBIO  CICHHAIBHO  pa3pabOTaHHOTO
MaTEMaTHYECKOT0 OOECIIEYCHUsI CIIEKTPAJbHBIMH ¥ KOPPEISIHOHHBIMH MeTofamu. B
Ka4yecTBE MpHMepa MPUBEIEM PE3yJIbTaThl KOPPEIALINOHHOW 00paOOTKU MPHHSATHIX CIOXKHBIX
(da3MaHUTyIMPOBAHHBIX CHTHAJOB, U3My4aemblx Ha yactotax 245Tm wu 910 I,
MO3BOJIMBILME OLEHUTh BPEMEHA IIpHUXo0/ia CUrHajioB Ha rupodonsl PI'b [5].

@®parMeHTBl pacuéTa B3aUMHOKOPPEISIIUOHHBIX (YHKIUH TPHHATBHIX CHTHAJIOB C
ITaJIOHHBIMU CUTHAJIaMH MTPUBEICHBI HA PUCYHKaxX 4 U 5.

Pamnorunpoaxycruueckue Oyu NeOl, Ne2 u Ne3 Obutn pacnosioskeHbI IO Tpacce Ha OJHOM
npsmoit. ['mapodon PI'B NeO1 Haxomuiicst Ha pacCTOSTHAM 5 KM OT u3imydatens, Oyit Ne02 Obut
yaayien Ha 7,5 km, PI'b Ne03 — na 10 kM OT u3nmydarernsi.

Ha puc. 4 npuBeneHa B3auMHOKOPPEISIIMOHHAS (PYHKIUS 3TAIOHHOTO CHTHAJIA Ha YacTOTe
24571 ¥ TPUHATOTO CHUTHAJA, COCTOSIIErO W3 TOHaIbHOro curHaia (15c), yrpoeHHO#
MOCBUTKK (pa30MaHUITYIMPOBAHHOTO CUTHANA, CPOPMUPOBAHHON HAa OCHOBE 7-paspsiiHoi M-
nocnenoBarenbHOCTH (10 mepnonoB Ha CHUMBOJ) U CIEAYIOLIEH 3a HEH MATH OJUHOYHBIX
MOCBHUIOK.

Ha puc.5 mnpuBeneH pesyiabTaT KOppeIsMOHHOM o0paboTkn Ha uactote 910 TI'm
STAJIOHHOTO CUTHaJIa U TIPUHSATOTO CUTHAJIA, COCTOAIIErO0 M3 TOHambHOTO curHaia (15 c),
YTPOEHHON MOCHUIKU (ha30MaHUIYJIUPOBAHHOIO CHUTHaia, c(popMHpoBaHHOW Ha OCHOBE 9
paspsaaHoi M-TocneoBaTeIbHOCTH U CICAYIOMICH 3a HEM OJWHOYHOM TOCBHUIKU. AHAIu3
pe3ynpTaToB  00paOOTKHM TOKa3zald, YTO BCE KOPPEIALIHMOHHBIE MAaKCHMyMBl XOpPOIIO
pa3perarTcs, YTO MO3BOJIUIIO ONPEAESIUTh BpeMsl IPUX0/la CUTHAJIOB KO BCEM TUAPOPOHAM
PT'b.

YpoBeHb KOPPEISILIMOHHOTO LIyMa, ONpEAesieMblid MPUCYTCTBUEM TOHAJIBHOTO CHUTHANIA,
noBbllIaeTcss ¢ paccrossHueM Ha dacrtore 245 T'm. Yacrora 910 T'm sBisiercs MeHee
YyBCTBUTEIBFHON IS IIyMa TOHAJIBHOTO CHUTHAJAa MPH KOPPEISIUOHHOW oOpabotke. Jlms
pacctosianii mopsiaka S kM g PI'B Nel mambosiee ONMU3KONW K ONTHUMAIBHON SIBJISICTCS
yactota 910 I'u, muig 6yst Ne3 mpu pacctossuuu 10 kM — yactora 245 ['m.
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Puc. 5. Ilpumep xoppensnoHHONH 00pabOTKU MPUHATHIX CUTHATIOB it u3nydenus 910 I’

0. C. N'pomaweBa, B. A. lOXHOBCKM
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3AKIIIOYEHUE

B pabote mano o6ocHOBaHME BHIOOpA JOCTATOYHOM MOIIHOCTH CHUTHAja I pa3IMYHbIX
4acToT, 00ECIeuynBaIOIIUX HEOOX0IMMOE COOTHOIICHHEe curHai/momexa. Ilpobiaema BbIOOpa
napaMeTpoB H3IYUYCHHs SIBISETCA aKTyaJbHOM MNpH IUIAHUPOBAHUHU SKcrepuMeHToB. K
COXKAJICHUIO, TEXHMYECKH HE BCErJa YJAeTcs pealn30BaTh H3JIyY€HHE C ONTUMAIbHOU
YaCTOTOM M MOIIHOCTBIO, OJTHAKO, MCIIOJNIB3YS MOJyUYEHHbIE COOTHOIICHHUS, MOKHO OLEHHUTH
JIOITyCTUMBIE TOTPELTHOCTH AKCIepuMenTa. [IpaBuiabHO nMo1o0paHHbIe MOITHOCTH M YaCTOTHI
MO3BOJISIFOT  OTIPENIENIUTh XapaKTEPUCTHKH aKyCTUYECKUX CHUTHAJIOB, BPEMEHA IPHXOJOB,
JOTUIEPOBCKUI CIBHI YaCTOTBHI W ONPENENIUTh BIUSHHUE THIPOPH3MYECKUX XapaKTEPUCTUK
Cpe/bl Ha N3MEHEHHUE MapaMeTPOB MPHHATHIX CHTHAJIOB.

JlanHyto pabOTy MBI XOTHM ITOCBATUTH NMAaMSTH HAIIETO YYUTENS M KOJUIETH, K.(].-M.H.
B. A. 3axapoBa, KOTOpBI BHEC OOJIBIION BKJIaJl B pa3BUTHE TAaHHBIX UCCIIETOBAHUMA.
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