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OGCY)KZ[a]OTCH PE3YyabTaThl IKCIICPUMECHTAJIBbHbLIX U TCOPETUYCCKUX MUCCJIEIOBAHUIA 11O pacrnpoCcTpaHCHUIO
1 IIpUEMY IIHNPOKOIIOJOCHBIX MMITYJIbCHBIX CUTHAJIOB Ha OCHOBE HCCBHOCHy‘iaﬁHLIX IIoCJaA€a0BaTCJIbHO-
creii. MccaenoBaHbl OCOOEHHOCTU d)OpMV[pOBaHI/Iﬂ HMITYJIbCHBIX OTKJIMKOB ITpU ITPUEME CUTHaAJIOB C pa3-
JIMYHOM YaCTOTHOM MOJIOCOI W IJINTEIBHOCThIO CUMBOJIOB. C IIO3UIIMN MOIOBOM TCOPUU PACIIPOCTPAHE-
HHA 3ByKa B BOJTHOBOJIEC T‘JTY6OKOFO OK€aHa paCcCMOTPEH (I)CHOMCH pa3aciiCHusA IMpruxoa0B aKYCTI/I‘-ICCKOI‘;I
OHEPIUU BO B3aI/IMHOKOpp€.HHL[I/IOHHOI71 (I)YHKL[I/II/I IIPUHATBIX CUTHAJIOB. Coenan HpaKTI/I‘ICCKI/Iﬁ BBIBO O
HEOOXOAMMOCTU KOMILIEKCHOTO IIPUMEHCHUA PAa3JIMYHBIX 1O JJIUTCJIbHOCTU CUMBOJIOB HAaBUTalIMOHHBIX
CUTHAJIOB INpU PCIICHUMU 3a1a4 ITO3NIITMOHNPOBAHMA aBTOHOMHBIX ITOABOAHBIX aIlliapaToB.
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BBEAEHME

DKCIIepUMEHTAIbHBIE U TEOPETUUECKHE UCCIIEI0-
BaHUSI OCOOCHHOCTEI pacIpOCTpaHEHUSI HU3KOYa-
CTOTHBIX MMITYJIbCHBIX CUTHAJIOB Ha OOJBIINE pac-
CTOSTHUSL SIBJISIIOTCSI OCHOBOI IIPY PEILIEHUM 1I€JIOTO
psiia NpUKJIAOHBIX 3amady TMApoakycTuku. Hampu-
Mep, IpU IIPOCKTUPOBAHUU IEPCIIEKTUBHBIX POOO-
TOTEXHUYECKNX KOMIUIEKCOB IJisl MCCJIEIOBAHUS U
OCBOCHMSI OKeaHa TpeOyeTcsl peliaTh BOIPOCHI CO-
30aHUS TUAPOAKYCTUUECKUX HABUTAIMOHHBIX CH-
cTeM OOJIBIIIOI HAMBbHOCTH C IIPUMEHEHNEM CIOXHBIX
CUTHAJIOB Ha OCHOBE IICEBIOCIYYalHBIX IOCJEIOBa-
TeJIbHOCTel. B KauecTBe IpuMepa MOXHO IIPUBECTU
padory [1] m unTHpyeMBIC TaM CTaThbU, a TAKXKE paOOTHI
[2—5], e aBTOpaM ydaJIoCh pelIMTh MHOTUE 3a1a4u,
MMO3BOJISIIONINE BIJIOTHYIO HPHUOIU3UTBCI K CO31a-
HUIO MOOOOHBIX HABUTAalIMOHHBIX CUCTEM. BoIpochl
MIPUMEHEHUSI MEePCIEKTUBHBIX TEXHUUYECKUX U BBI-
YUCIUTENIbHBIX CPEACTB IJISI OJOCTHKEHUS MaKCH-
MaJIbHO BO3MOXHBIX TOYHOCTEI OMNpeneaeHUsI Me-
CTOIOJ0XEHUS MOABOAHBIX 00beKTOB (I1O) Ha yna-
JICHUSIX B COTHU KWJIOMETPOB OT MCTOYHUKOB
HaBuranmoHHbix curHanoB (MHC) paccmorpeHBI

291

aBTOpaMu MNOAPOOHO, C KOPPEKTHBIM TeopeThuye-
CK1M 000CHOBaHMEM, B padote [2]. ObocHOBaHa 3¢-
(beKTUBHOCTh pEIICHUST 3amayd ITO3MIIMOHUPOBAHUS
I1O nipu pasmemieHuu MHC BG6aM3M nHA, B COTHSIX
METPOB OT Oepera, a TakxKe HeOOXOIMMOCTh HaXOXK-
neans 1O 1mpy BRIMOJHEHWHU 3a1ad MO3UITMOHUPO-
BaHUsI BOJM3M OCU TOJBOMTHOTO 3BYKOBOTO KaHaja
(IT3K) [3, 4]. INoaTBepXKIeHO NOPEeaNOYTUTEIILHOE
WCHOJIb30BaHUE I U3IydYeHHUs (ha3oMaHUMIYJIMPO-
BaHHBIX CJIOXKHBIX CUTHAJIOB, TIPUMEHEHUE KOTOPBIX
IO3BOJISIET U3MEPSITh UMITYJIbCHBIA OTKJIUK BOJIHO-
BonoB Ha Tpaccax MHC—ITO u ¢ 6oJplIoil TO9HO-
CThIO OIpeAesIsITb BpeMeHa pacipocTpaHeHus [5].

IIpuBeneHHBIC BHIIIEC B KPATKOM 0030pe pe3yiab-
TaThl MO3BOJMIMN pa3padborath B TOU JIBO PAH u
anpoOMpoBaTh HA MAaKETHOM YPOBHE HaBHUTalIMOH-
HBI1 KOMIUIEKC IS PEIICHMS KCCIIETOBATEIbCKUX
3a7a4, CBSI3aHHBIX ¢ obecnedyeHueM muccuii 11O Ha
yIaJeHHBIX OT GEeperoBbIX MOCTOB aKBAaTOPUSIX [6].
I1pu sTOM OBLIM OITpeneeHBl HAalpaBJICHUS MCCIIe-
JIOBaHUi1, TpeOyolIne U3y4yeHus po1eccoB (POPMHU-
POBaHUS UMITYJIbCHBIX XapaKTEepPUCTUK B IIOJIBOIHBIX
3BYKOBBIX KaHajax pa3IMYHOM MpUPOAbI IJIS YIyd-
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LIIEHUS XapaKTEPUCTUK pa3padbOTaHHOIO KOMIUIEKCA.
B yacTtHOCTHU, LIEBII psif SKCIIEPUMEHTOB C Bapbu-
poBaHMEM IapaMeTPOB M3JIydacMbIX (ha30MaHUILY-
JIMPOBAHHBIX CUTHAIOB (IIUPUHBI IMOJOCHI YacCTOT,
JJINTEJILHOCTY CUMBOJIOB U T.JI.) IOKa3aIu, 4YTO UMe-
FOTCSI IPEANOCHUIKHY JIJISI TOBBILIEHUSI TIOMEXOYCTOM -
YUBOCTH ITIpreMHoTO0 0Joka I1O 1 yBemueHusT mainb-
HOCTH JEWCTBUS TIPU COXpAaHEHUU NOTPEOJISIEMO
sHepruu MHC.

[lens sKCnepuMEHTAIBHBIX Pa00T, 00CYKIaeMBbIX
B HACTOSIIEH CTaThe, 3aK/II0YAIACh B IIOJIYYCHUH UC-
XOMHBIX JAHHBIX IJISI MOBBIIEHUST 3(P(HEKTUBHOCTU
HAaBUTALIMOHHBIX KOMIUIEKCOB IaJIbHETO pammyca
JIEeMCTBUS IIyTeM OITMMM3alM XapaKTepUCTUK W3-
JIydaeMbIX CUTHajioB. Jis1 3TOoro OblIa IMOCTaBjeHA
3a/ladya BBISIBJIICHUSI 3aBUCHMMOCTHU ITOTEPh HPU pac-
MIPOCTPAaHEHUN HWMITYJIbCHBIX IIHPOKOIOJIOCHBIX
curHanoB B [13K ot mapaMeTpoB uznydyaeMbix M-1o-
cJIeoBaTeIbHOCTE! U IITyOMHBI IpUeMa.

SKCIMTEPUMEHTAJIBHBIE OHEHKHN
NMITYJIBCHON XAPAKTEPUCTHUKHA
BOJIHOBOJA JIJIA CUTHAJIOB .
HA OCHOBE M-ITOCJIEAOBATEJIbBHOCTEHN
PASHOWN JJIMHbI

MeTonuka npoBeneHus MCCAeA0BaHUI 3aKJIroya-
JIach B clieAayiolieM. PaboThl OCylIeCTBISIIUCE B JIET-
HEe-OCEHHUI TMepuoa Ha TPOTSKEHHON aKycTuye-
ckoii Tpacce B SIlmoHckoM Mope (puc. 1). MctouHuk
HaBUTALIMOHHBIX CUTHAJIOB KOMIUIEKca ObLI pacro-
JIOXXeH BOJIM3U Oepera Ha riyouHe 34 M U pa3BUBaJ
aKkycrudeckoe nasieHue okojio 2000 Ia Ha paccrosi-
HAM 1 M oT m3nmydyarelnrsi. B kadecTBe 30HANPYIOIINX
CUTHAJIOB TIPUMEHSIJIUCH (ha3oMaHUMYIUPOBAHHBIE
rceBnocayyaiiible M-1ociienoBaTeIbHOCTU C 1IeH-
TpanpHOM yactoToit 400 I'm. B iponecce mpoBeneHns
9KCIIEPMMEHTOB KaXIble 5 MUH M3JIy4aJluCh CUTHA-
JIbl Ha OCHOBe M-TocienoBareibHOCTeN IJIMHOM
1023 cuMBoIa ¢ 3armoIHeHEM 4-MsI TepruogaMu He-
cyleii yacToTsl Ha cuMBoJI (nasiee M1023), 127 cum-
BoJIOB ¢ 40-Ka reprogaMu Ha CUMBOJ (manee M127)
n 63 cumBoJa ¢ 80-10 TIepuogaMu Ha CUMBOJ (Hanee
M63). Bce curHaiabl UMed LEHTPAJIBHYIO YacTOTY
400 T'u, cousMepuMylo JIMTEbHOCTDb IO BPEMEHH,
HO pa3aW4YHBIA YacTOTHBIMA amara3zoH: M1023 —
300...500 I'x; (10.23 ¢); M127 — 390...410 T'x (12.7 c);
M63 — 395...405 I'tx (12.6 ¢). Takum obpa3oM, ObLTH
nonoOpaHbl MapaMeTpbl CUTHAIOB ISl MOJYYEHUS
CXOXUX 9HEPreTUYECKUX XapaKTePUCTUK.

Maket nnpueMHoro 6soka I1O Ha 6a3e paguorua-
poaKycCTH4YeCcKOoro 0yst apeiipoBan BOJIM3KM 00eCIICUn -
paroriero cymHa Ha ymagenum 300 km or MHC.
B aT10i1 TOUKE OBLIO TPOU3BEAEHO U3MEPEHUE BEPTH -
KaJIbHOTO paclipeIe/icHIs] CKOPOCTH 3BYKa I10 IIIyOrHe
(puc. la). I'mapodoH mpuEeMHONM CHUCTEMBI MOIPY-
xkaiics Ha ochk 13K, koTopast Haxoauaach Ha IJTyOMHE
okoJio 150 M, n mH(OpMAaLKsI ¢ HETO I10 pagroKaHaIy
nepegaBajach Ha IIpUeMHOe cynHo. Puc. 16 mmuto-

MOPI'YHOB u np.

CTPUPYET OCOOEHHOCTH OAaTMMETPHU aKyCTUIECKOM
Tpacchl 1 JIY4EBYIO CTPYKTYPY aKyCTUUYECKOIO ITOJIS.
Ha puc. 1B npuBeneHa yrioBasi CTPYKTypa Jy4eBbIX
IIPUXOIOB, a HA pHUC. 1T — TeopeTndyecKasi OLleHKAa M-
MyJbCHOM XxapakTepucTuku BojHoBoaa (MXB), mo-
JIy4eHHasI ¢ MCIT0JIb30BaHMEM KOMILIEKCa IIpOrpaMMm
RAY, pa3paboTaHHOro Ha OCHOBE Jy4e€BOIl T€OpUU
pacripoctpaHeHus 3ByKa [7]. Ha pucyHkKe KaxIoMy
COOCTBEHHOMY JIy4y, YYUTBIBAEMOMY IIpU pacyere
MXB, cooTBETCTBYET ABE TOYKM — Cepasl M YepHast —
MMOKAa3bIBAIOIIME YIJIbl CKOJIbXEHMSI JAaHHOIO Jy4ya B
TOUYKE U3JIyYeHUS U IIpreMa COOTBETCTBEHHO. 3aMe-
™M, 910 TTog MXB B manHo#t padboTte moHMMaeTcs
CUrHaJ, (pMKCUpPYEMBbIil B TOUKE MpueMa Ipu U3JIy-
YeHUM MCTOYHUKOM MMITYJIbCa, UMEIOIIEro opMy
nenpTa-pyakaun Jnpaka. C 11eapi0 IpUaaHusS MO-
nenbHbIM MXB cxoacTBa ¢ HaGI101aeMBbIMU B DKCIIe-
PUMEHTE MBI OCYILIECTBJISIEM UX CIVIaXKMBaHUE C I10-
Mo1IbIo BeiiBieTa Mopie [8], a mpu ITOCTpOeHNM pH-
CYHKOB OepeM aOCOJIIOTHBIC 3HAUCHMS TTOJTyUYeHHBIX
dyHKIMIA.

KoppensumnonHasa o6padboTka MPUHATHIX CUTHA-
JIOB ITO3BOJIWJIA OTIPEASIUTh AMIUIUTYIHO-BPEMEHHYIO
CTPYKTYPY INPUXOAOB aKyCTUYECKOI DHEPruM CUTHA-
JIOB, MPOLIEOIINX OT MCTOYHMKA IO IPUEMHHUKA II0
pPa3HBIM JIYYE€BBIM TPACKTOPHUSIM C pa3pellieHUEM,
PaBHBIM JJIUTEIBHOCTHA OJHOTO CUMBOJIA MAHUITYJIM -
poBaHHOI1 nocienoBatenbHocTu: M = n/F,, tne F, —
LIEHTpaJbHasl 4acToTa CUTHaa (Hecyllas); # — 3aaaH-
HOE KOJIMYECTBO MEPUOA0B HECYIIIEil YaCTOThI Ha CUM-
BOJI, OIIpeAe/IsTIoniee IIUTeIbHOCTb CUTHAIA U €TI0 I10-
JIOCY OTHOCUTEJIBHO LIEHTPaJIbHOM, Kak Fy, = F, = F, /n.
Ha puc. 2 npuBeneHsl 3aBUCMMOCTH MaKCUMaJIbHBIX
3HAYEHUII B3aUMHO-KOPPEISIIUOHHON (QYHKIINU
(BK®) mpuHATHIX CUTHAJIOB C Pa3IWYHBIMU IJIU-
TEJILHOCTSIMU CUMBOJIOB C PEIJIMKAMU U3JIyYeHHbIX,
OTHOCUTEIBHO KOPPEISIMOHHOIO IIIyMa. YPOBEHb
KOPPEISILMOHHOTO IITyMa OMNpeaesIsiics KaK MaKCH-
MaJibHbIi ypoBeHb BK® ¢ 1ceBmoopTOroHajJbHOM
IOCJIEIOBATEABHOCTBIO COOTBETCTBYIOIIEI JIMHEL.
AHanm3 IIOJIyYeHHBIX 3aBHCHUMOCTEI ITOKa3bIBaerT,
YTO BBIJICJUTHh HAaNOOJIEE TTIOMEXOYCTOMIUBBIN BapU-
aHT IIPUMEHCHUS pa3IMYHbBIX JJIUH CUMBOJIOB U3JTy-
YaeMbIX CUTHAJIOB HE IIPEACTABIISIETCS BO3MOXKHBIM.
MOXKHO TOJIBKO OTMETUTD, YTO Yallle MaKCUMaJIbHbIE
3HaueHUsT BK® nMeroT curHaisl ¢ OOJAbIIUMU TN -
HaM¥ cuMBoJioB (M 127 1 M63). OTMETUM, YTO IJIU-
TEJIbHOCTb CHMMBOJIOB IIpU M3JIYyYEeHUU CUTHAJIOB
M1023 (cuHsisi crutoiiHas auHus), M 127 (KpacHast
LITPpUXOBas TIMHUS) 1 M63 (KenTast MyHKTAPHAS JIU-
Hust) coctapisaeT 0.01, 0.1 1 0.2 ¢ COOTBETCTBEHHO.

XAPAKTEP YBbIBAHUA AMIUINTY/1bI
MAKCHUMVYMA
B3AMMHO-KOPPEJIALIMOHHON
OYHKIINMU C PACCTOAHUEM

g pusndecKoil MHTEPIIPETALlUA 3TOTO Pe3yilb-
TaTa Ha pyc. 3a 1 30 mpuBeIeHEI XapaKTepHbIe par-
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Puc. 1. (a) — BepTukanabHblil pa3pe3 MoJisi CKOPOCTH 3ByKa B TOUKE U3JIydeHUsI (YepHasl TMHUS) ¥ TOUKe TpreMa (KpacHast -
HUA); (0) — reoMeTpusI JIydeit B MOIEIbHOM BOJIHOBO/IE; (B) — YIJIBI CKOJILXEHMSI COOCTBEHHBIX JIyYeil B TOUKE U3JIy4eHUsI (ce-
pble MapKepbl) U TOUKe Mprema (4epHble MapKephl); (I) — MOIeIbHas OlleHKa UMITYJIbCHOM XapaKTepUCTUKH BOJTHOBO/IA B TOU-
Ke rpueMa (IojrydyeHa ¢ oMOUIBIO JIyY€BOM TEOPUU U BEIBIIET-CIJIaXKUBAHUS ).

OTHoOlIEHNE MaKCUMYMOB
N W A~ L N2

[ N I R | I | | | | [
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Howmep nmocwutku

Puc. 2. 3aBucMMOCTH MaKCUMaJIbHBIX 3HaueHU BK® npuHATBHIX CUTHAJIOB C pa3JIMYHBIMU JUIMHAMU CUMBOJIOB C PETJIMKaMK

U3ITYYCHHBIX, OTHOCUTECJIbHO KOPPEIIAAITMOHHOIO LIyMa.

MEHTBI UMITYJTbCHBIX XapaKTePUCTUK, KOTOPHIE AEMOH-
CTPHPYIOT pa3IMIHbIE BApUAHTHI (POPMUPOBAHUS UM~
nyiabcHoro orkmmka B II3K mpm mepememneHun
MakeTa mprueMHOoI cucteMbl I1O B poiiecce BBITIOJ-
HeHus muccu. [1pu olrleHKax BIMSHUS TTapaMeTpOB
W3JTydaeMbIX CUTHAJIOB Ha 3aTyXaHWe aKyCTHIeCKOi
SHEPIUU B CTAThe TPUMEHSIIOTCS OOIIETTIPUHSTHIE ITO-
HATUSA 0 CHepPUIECKOM U IIMJIMHIPUIECKOM 3aKOHAX
Ne 3 2021
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pacXoXIeHWs, HO TOJIBKO IS TPUOIU3UTETHHBIX
OLIEHOK, T.K. MCCJICIOBaHMUs MPOBOIVINCH B CIOX-
HOM BOJTHOBOJIE C HAJIMYMEM MEITKOBOIHOIO Y4aCTKa
I1eJ1b(POBOI 30HBI.

Puc. 3a wittoctpupyer MOMEHT (hUKcallMi Mak-
CUMAaJILHOTO TIPUXOAa aKyCTUUYECKOI SHEpPruu -
TeIbHOCTHIO 0KOoJ10 (.02 ¢, ITOJIy4eHHOTO IIpY KOppe-
JISIIMOHHOM aHaim3e curHaioB M1023, m omHOTO
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Puc. 3. UMmmyibcHas XxapaKTepyCTUKA IPUHSITHIX CUTHAIOB: (a) — mockuika Ne 27; (6) — mocbuika Ne 16.

npuxona JauTeabHocThio 0.3 ¢, ¢ MeHbllIei aMIIu-
TyIOM, MOJIy4eHHOTO IIpU aHajdu3e CUTHaJIOB M63.
PaccMoTpuM moapobOHee MMIMYJbCHYIO XapaKTepu-
CTUKY, TIPUBEICHHYIO Ha puc. 3a, KoTopast COOpMU-
poBaHa curHaiamMu M1023. @uxkcupyeTcd TUITMYHAS
UMITyJIbCHAsI XapakKTepucTuka [4, 5], koTopasl moJry-
yaeTcst TpU TOYHOM pa3MellleHUM MPUEMHOT0 TUAPO-
¢dona Ha ocu [13K 1 hokycrupoBKe JIydeBbIX TIPUXOI0B
aKyCTUYECKOM BHEPIUU C MaJIbIMMU YIJIaMU CKOJIbXKEe-
HUS B OAWMH MOIIIHBIM MPUXOA Ha KOPOTKOM BpPEMEH-
HoM (0.01 ¢) 1 mpocTpaHCTBEHHOM (OKOJI0 15 M) MH-
TepBajiax. B padore [7] TeopeTrdecKu ObLUIO MOKA3aHO,
4yTo B 00JlacTu, 61m3Koit Kk ocu I13K, cocpenoroueHo
1o 85% sHeprumn. PanHuMiT TpUXOm ¢ MEHBIIEH aM-
TIMTYION chOpMUPOBaH JydyaMu, MPOIIEAIIUMU B
BepxHeid yactu I13K, mMeromeil OonpInuii, 4eM B
HWDKHEM 4acTH, TpaAueHT U3MEHEeHUSI CKOPOCTU 3ByKa
C IYOMHOI M OOJIBIIYIO YeM Ha OCU CKOPOCTb 3BYyKa.
IMoaTBepxXaeHUeM NPaBUIbHOCTU TIPUBEACHHBIX
paccyXXIAeHU SBJSETCS CXOXECTb MOJYyYeHHBIX
OKCIIEPUMEHTAJIBHO M TeOpeTUUEeCKU (pUC. 1B) UM-
MyJIbCHBIX OTKJIWKOB JaHHOTO BoJIHOBona. YTo Ka-
caeTcsl (POpMUPOBAHUS MMITYJIbCHON XapaKTepu-
CTUKM CUTHaJIaMU ¢ OOJIbIIei TJINTEeJIbHOCThHIO CUM-
BosioB (M63), TO cymMMHpOBaHME aKyCTUYECKOM
sHeprum Ha OonbieM BpemeHHOM (0.2 ¢) m mpo-
crpaHcTBeHHOM (300 M) MHTepBajax He IIPUBOIUT K
¢opMUpoBaHUIO OOJIBIIETO M0 aMIUIUTYAE MPUX0/a,
yeMm w1t M1023. B naHHOM cilydyae 3TO MOXET OBbITh
CBSI3aHO C TEM, YTO OCHOBHAsl PHEPTrUsl MPUHSITOTO
curHana cocpenorodyeHa Boian3u ocu 13K B y3kom
cexTope yrioB (2°—4°), ¢ MUHMMAaJbHBIM pa3dopocom
¢a3 npuxoagIIMX B TOUKY MpUeMa JyYeBbIX TTPUXO-
noB (puc. 1B). OTo NpUBOAUT K (POPMUPOBAHUIO KO-
POTKOTO 10 BPEMEHU UMITYJIbCHOTO OTKJIMKA BOJTHO-
BO/Ia, KOTOPBI ONITUMAIBHO, C MAKCUMAaJIbHBIM TIpe-

BBILIEHUEM, PETUCTPUPYETCS TIPU U3IYIEeHUU U
npuemMe curHajioB M 1023 ¢ KOpOTKMMU CUMBOJIaMMU.

Ha puc. 36 Habmomaiorcs 9 Ipuxonos, pa3aciacH-
HBIX BO BpEMEHU OTHOCUTEIbHBIMHU 3a/I€ P3KKaAMU I10-
psanka 10—20 mc mis curHaiios M 1023, Tpu nmpuxona
InTeabHOCTHIO 70 Mc mig M 127 1 ofuH MakcUMaJIb-
HBII TIpuxon JuTebHOCThIo0 300 Mc mist M63. Ipu-
YUHOM KapIWHAJILHOIO U3MEHEHUSI CTPYKTYPhl UM-
NYJILCHBIX XapaKTEPUCTUK MOXKET OBITh CMEIIEHUE
I1yOMHBI IIPUEMHOTO TUAPOPOHA OTHOCUTEIILHO OCHU
I13K B nipouiecce apeitcda makera I1O. DTo mpuBeno
K TOMY, YTO BMECTO OJHOT'O MOIIHOTO IIPUX0aa, Kak
B IpeapIayIIeM ciaydae s curHaiaoB M1023, mpu-
HUMAIOTCS JEBSITH IPUXOIOB IO OTACIbHBLIM JIyde-
BBIM TPAcKTOPUSIM, IPUXOMSIINM B TOYKY IIpueMa
oM yIiaM# OOJIBIINMM, YEM IIPU paCIpPOCTPaHEHUN
BOJIM3M ocu T13K. IIJ1st moaTBep>XKAeHUS 3TOI BEpCUU
oOpatuMcsi K pesyiabraTam paboTsl [7], B KOTOpPOWA
IpH IepeMelleHn ruapodoHa 1o rryonHe mo 500 m
B CXOXMX TUAPOJOTMYECKMX YCJIOBHUSIX OTMEYacTCs
MakcuMasbHbIi ipuxoa Ha ocu T13K (rmyouna 200 M)
C TIOCIeayIolIel TpaHchopMalieil Ha TpY IIPpUX0/1a C
MEHbIIIen aMruTyaoi (puc. 4). Paznuyue B Kojinye-
CTBE IIPUXOI0B MOXHO OOBSICHUTH pa3HUIIEH XapaK-
tepuctuk I13K, HO, B 11e;10M, (hr3myecKast KapTuHaA
Ipoliecca mprueMa CUTHaJIOB Ha pa3HbIX IJIyOMHAaX OT-
HocutenbHo ocu [13K mueHTHYHA.

TakuMm o6pa3oM, B JaHHOM cJIydyae MaKCHUMaJlb-
HBII IPUXO aKYCTUYECKOI SHEPTUU PETUCTPUPYETCS
IJisi curHayioB M63. MoXHO yTBep:KaaTh, 4TO 3TO
MPOUCXOAUT MO MPUIMHE ONTUMATBLHOTO CYMMUPO-
BaHUSI aKyCTUYECKOM SHEPTrUM, IIPUIISAIIC Ha TU/I-
podOH IO BCEM JIYYEBBIM TPAEKTOPUSIM Ha BPEMEH-
HOM IPOMEXYTKE, PABHOM IJIUTEILHOCTU CUMBOJIA
M63 (0.2 ¢). I1pu 3TOM aKycTUYECKast SHEPIUs, IPH-
IIeaIIas B TOUYKY IIpHeMa Mo KaXKI0i U3 IeBATU JTyde-
BBIX TPA€KTOPUIA, CITAIAET C PACCTOSTHUEM I10 3aKOHY,
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O61m3KoMy K chepuuyeckoMy [7], a curHansl M63 3a-
TyXaloT cjlabee — Mo 3aKOHY, OJIM3KOMY K IMIUHAPU-
YeCKOMY.

DTO BaxKHBIU MPaKTUYECKUI pe3yabTaT, T.K. IPU
cMmemieHnn ruapodoHa otHocuteabHo ocu [13K u
YMEHBIISHUH aMIUTATYI cuTHaI0B M 1023 Bo3MOXXHO
MOBBILLIEHNUE TTOMEXOYCTOMYMBOCTU IPUEMHOI CHU-
CTEMBI 3a CUET IPUMEHEHUS 00Jiee IIIMHHBIX CUMBO-
JI0B M-11ociienoBaTeIbHOCTEA.

CremyeT OTMETUTD, YTO, KaK MOKa3bIBalOT TEOPETH-
YeCKME OLIEHKM, BBIIIOJTHEHHBIE C TTOMOIIBIO METOIOB
JIy4eBO TEOPUM paCIIpOCTPaHEHUS 3ByKa, CTPYKTY-
pa UXB KaueCTBEHHO HE MEHSIETCS MPU U3MEHEHUU
MOJIOXKEHMS IIPUEMHUKA I10 BEPTUKAIU Y TOPU30HTA-
JIM Ha BEJIMYUHBI, COTIOCTAaBUMBIC C IJIMHOK BOJIHEI.
I1pu sTOM, HarpuMep, ITOJIOXEHUS OTACIBHBIX MaK-
CMYMOB, TOTOOHBIX HAaOM0gaeMbIM Ha puc. 30 mis
curHajgoB M 1023, MOTyT MEHSITbCSI, OTHAKO UX yPO-
BEHB 1 XapaKTEPHBIC OTHOCUTEIbHEIE CMEIIICHUS (TIpU
HaJIMYMM pa3aesieHs ) TPaKTUIeCK HEM3MEHHBI.

PA3JEJIEHUE
B3AMMHO-KOPPEJIALIMOHHOM
OYHKIIMU HA OTAEJBbHBIE
I'PYIIIIBI ITPUXOO0B

PaccmoTrpuMm ternepb heHOMEH pa3iesicHUsT TIpU-
xonoB B BK® M-mocienoBaTe IbHOCTEN C TTO3ULIAN
MOJOBOI TEOPUU PaCIIPOCTPAaHEHMS 3ByKa B BOJTHO-
BoIe Iyookoro okeaHa. IIpeHeOperass Ha JaHHOM
9Tamne BKJIAAOM IIeIb(OBOTO CETMEHTa aKyCTHUYe-

CKOM TpaccChl, pacCYUTAeM TPYNIOBbIE CKOPOCTU v;
nepBbiX 9 Mond (B COOTBETCTBUU C KOJIMYECTBOM Ha-
omomaeMbIXx st curHana M1023 mpuxomoB) ISt
LIEHTPpaJIbHOK YacToThl curHanoB F, = 400 I'u. Pe-
3yJbTaThl pacyeTa MokKa3aHhbl B Ta0a. 1. MoXHO cum-
TaTh, YTO MOJAJIbHBICE KOMIIOHEHTHI MMITYJIBCHOIO
CUTHaJIa, COOTBETCTBYIOIIME i-Ol U j-Oii MOLIaM, pa3-
npensiorcss Ha rpapuke BK® Ha paccrostHum R oT
TOYKU U3JIyYCeHMsI, €CJIU BEIIIOJIHEHO YCIOBUE

R R _At
A
Vg Vg
rone At — muprHa IMKa aBTOKOppCJ’IHHHOHHOﬁ

¢yuxuumu (AK®D). JlaHHas BeTMYMHA pacCUYUTHIBACT-
cs o popmyne At = N/F,, rne N — KOJIU4YECTBO Ie-
pHMOIOB Hecylllel 4acTOThl Ha OAWH CUMBOJ IIOCJIE-
noBaTenbHOCTU. B Haliem ciayuyae At pasHo 10, 100 u
200 mc ang curHainoB M 1023, M127, M63 cooTBeT-
cTBeHHO. TakuM 00pa3oM, WCIIOJb3Ysl 3HAYEHUS
TPYHIIOBBIX CKOPOCTEH B Tabnuie 1, MOXHO cienaTh
BbIBOA, 4To Ha BK® 3TtuxX curHanoB OygeTr HaOJII0-
JaThCsl paslelieHue TPUXOJ0B, €CU paccTosiHue R
npesbimaeT 150...350 km oog M 1023, 1500...3500 xm
st M127 n 3000...7000 km nig M63. 3aMeTuM, 4TO
OlICHKAa 3TOTO PACCTOSIHUS MJISI KOHKPETHOU Maphl
MoJ omnpeaesieTcs HoMepaMu [ U j. MUHUMAaJbHEIE
NUCTaHILIMU pasaeneHus 1ias R, (i, i — 1) ans nap co-
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Puc. 4. 3aBucuMoctb BpeMeHHOI cTpyKTypel MXB ot
[JIyOMHBI IIpUeMa CUTHAJIOB.

CemHUX MO B ciydae curHajaa M1023 takxke mpen-
CTaBJIeHHBI B Ta0. 1. 3aMeTnM, 4TO TIEpBBIC TPU MOIBI
GOopMUPYIOT YIUIOTHEHHYIO TPYIITY IIPUXOIOB C Cy-
IIECTBEHHO 0oJice HM3KOIl MEXMOIOBOII M BHYTPH-
MOIOBOM IHCIIEPCHUEN, YeM y IIPOYMX MOITATbHBIX
KOMITOHEHT curHaja. Kak mokasanu caenaHHbIe Ha-
MU pacyeThl, IBIeHUE POPMUPOBAHUS YIUIOTHEHHOM
BO BpeMEHMU TPYIIIbI IPUXOI0B, CBI3aHHBIX C MOJIa-
MU MaJIbIX HOMEPOB, BeCbMa TUITMYHO JJISI TJIyOOKO-
BOIHBIX ITpOUIIE CKOPOCTU 3ByKa B SIIOHCKOM
mope. IIpakTnyeckuM cieacTBueM 3Toro 3¢ dekra
SBJIsIeTCS (popMUpPOBaHKE HAOII0AaEMOI0 BO MHOTHX
SKCIEePUMEHTaX pe3Koro makcumyma B BK® mm-
OyJILCHOTO CHUTHajla, IIPUHMMAaeMOTO B Majou
okpectHocTu ocu 13K [7, 1] (cm. puc. 3a). I1pu yna-
JIECHUM TOPU30HTA IpHEeMa OT OCH BBICOTa 3TOTO MaK-
cumymMma Ha rpadpuke BK®D criepBa ymeHbliaercs, a
3aTeM CpaBHUBAETCS C BHICOTOM MaKCHUMYyMOB, COOT-
BETCTBYIOILIMX MOJAM BBICIIINX HOMEPOB. DTO IIPOKC-
XOIUT IIOTOMY, YTO, yAaJsisd TOPU30HT IIpHEMa OT OCU
13K, MBI TTOc/IeqoBaTeIbHO MOKMIaeM WHTEPBAJIbI
BEPTUKAIBHOM JIOKATU3aWu [7] MO HA3IINX HOME-
poB (HAamOMHUM, YTO HMHTEPBAJIOM BEPTUKAJILHON
JIOKaJIM3alli MOJIbI Mbl Ha3bIBaeM JIMaria3oH MIyOuH
MEXy TOYKaMM 3aBOpOTa COOTBETCTBYIOIIETO MOJIE
nyda). OTMeTUM Takke, 4YTo Makcumym BK®, coort-
BETCTBYIOLIWI YIJIOTHEHHOM TpyIINe MPUXOA0B MO,
MaJIbIX HOMEPOB, Ha OOJIBIINX PACCTOSHUSIX OT MC-
TOYHMKA TAaKKE PaclialacTcs Ha OTAEIbHBIC MOIAJIb-
Hble KOMITOHEHTHI (KakK cjaeayeT 13 Tadia. 1, B HallleM
cliy4yae cliefyeT OXMOATh 3TOro pacliaja ImpH yaaje-
Huu 6osee yeM Ha 350 kMm).

Takum oOpa3oM, BBIITOJIHEHHbBIE OLIEHKU XOPO-
IO OOBSICHSIIOT CTPYKTYPY IPUXOAOB IJIsSI pa3idd-
HbIX M-nociienoBaTeabHOCTEN Ha puc. 36. s cur-
Haima M 1023 na BK® paznmenstiorcs mpakTU4eCcKH Bce
MOJIbI COCETHUX HOMEPOB, It M 127 MOXKHO HaO0JTI0-
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MOPI'YHOB u np.

Ta6amua 1. I'pynmnoBbie CKOPOCTH V, TIEPBBIX IE€BATH MOJI VIS YACTOThI 3BYKa F, = 400 I'i1, paccunTaHHbIE 1711 BOJTHOBO/A
[JIyOOKOTo OKeaHa ¢ MpoduiieM CKOPOCTU 3BYyKa, MOKa3aHHBIM Ha puC. 1, a Takxke OTHOCUTENbHBIE 3aaepkKu T°™ Mo-
TMAJTbHBIX KOMIIOHEHT UMITYJIbCHOTO CUTHAJIa OTHOCUTEJIBHO CpeIHero BpeMeHU Ipuxoaa Ha paccTossHuu R = 300 KM oT

TOYKHU U3JTYYCHUSA

Homep momst 1 2 3 4 5 6 7 8 9
Vg , M/C 1456.84 | 1456.87 1456.9 1456.98 | 1457.05 | 1457.11 1457.19 | 1457.26 | 1457.33
T Mc 31 27 22 11 2 =7 —18 —28 -39
Ropin(i, i — 1), kM 0 354 354 133 152 177 133 152 152

JIaTh Wb CJIa00 OTAEICHHBIE IPYT OT APYra IPYIIThI
MOJI, a B ciiydae M63 pa3nmesleHUsI Ha paccMaTprBae-
MOIi Tpacce He MPOMCXOAUT BOBCE BBUAY 3HAUUTEN b~
Hoit mosymupuHbl AK® maHHOro curHana.

3aMeTuM, YTO MpUBEASHHbBIE 3eCh OLICHKU SIBJISI-
FOTCSI JOCTAaTOYHO TPYOBIMHU, TaK KaK HE YUUTHIBAIOT
MEXMOIOBYIO IUCIIEPCUIO HA MEJIKOBOIHOM YYacTKe
Tpaccbl. HecMOTpsI Ha €ro OTHOCHUTEJIbHO HeO0OJIb-
IIYIO IJIMHY, OH UIpaeT BeCbMa BaXXHYIO POJIb B pa3-
JIIeJICHUM MOAAJbHBIX KOMIIOHEHT curHaioB. Ilpu
3TOM, B OTJIMYME OT TJIyOOKOTO OKeaHa, TAe IpyIo-
BbI€ CKOPOCTH OOBIYHO PacTyT C HOMEPOM MOJIbI, Ha
meb¢e MOIbI MaJIbIX HOMEPOB, HA000OPOT, pacIIpo-
CTpaHsI0TCs ObicTpee. TakuM 0o0pa3oM, HA caMOM
JieJie MOPSIIOK IIPUX0Aa OTASIBHBIX MOJATbHBIX KOM-
IMMOHEHT CUTHAJIa MOXKET BeCbMa HETPUBUAIBLHBIM 00-
pa3oM mnepecTpanuBaThCsl B 3aBUCMMOCTH OT COOTHO-
IIEHUSI OJIUH MEJKOBOJIHOTO U ITyOOKOBOMTHOTO
YYACTKOB. DTOT (paKT ITOATBEPKIACTCS DKCIIEPUMEH -
TaJIbHBIMU JaHHBIMU, IIPUBEACHHBIMU B HaCTOHuleﬁ
paboTe, a TakxKe, HampuMep, ctaTbsax [7, 9]. B yact-
HocTH, B [9], roe paccMmarpuBaeTcs IIPOTSKEHHAas
MEJIKOBOIHAsI Tpacca, XOpOoIllIo BUAHO, YTO HAMOOIb-
IIIYI0 MHTEHCUBHOCTh MMEET IEPBHIA IIPUXOHd, B TO
BpeMsI KaK Ha 9MCTO IIIyOOKOBOMHEBIX Tpaccax u3 [1]
MaKCUMAaJIbHYIO aMILJIUTYyAy UMECT HOCHCILHMﬁ.

SAKJIFTOYEHUE U BbIBO/IbI

B cTaThe nipuBeaeHbI pe3yJIbTaThl 9KCIIEPUMEHTOB
¥ YMCJECHHBIX PACUYETOB, MOJYYeHHbIE IIPYU PEIICHUN
KOHKPETHOM 3ajauyy ITO3UIMOHMPOBAHUS MaKeTa
I1O npu BeIMOJTHEHUU MUCCUU B SIMOHCKOM MOpe Ha
yaoanenun 300 km or MHC. Iloka3zaHo, 4TO IIpuMe-
HEHMeE MM POKOIOJIOCHBIX cuTHaiIoB M 1023 ¢ KopoT-
KMMHJ CUMBOJIaMU MaKCUMAaJIbHO Peaii3yeT IperuMy-
IIECTBO KOPPEIISIIMOHHOIO IIpreMa TPy KOHIICHTpa-
oM aKycTUdeckoi sHepruu Bomm3u ocu I13K, uaro
MIPUBOIUT K YMEHBIICHUIO MOTEph HAa paclIMpeHue
¢poHTa BOJHBI HPU PACIIPOCTPAHECHUM CUTHAJIOB
mapHoro tumna. Ilpm sToM obOecrieunBaeTcsl 3aTyxa-
HUE aKyCTUYECKOII SHEPTUHU C PAaCCTOSTHUEM I10 3aKO-
HY, OJIM3KOMY K HWINHIApUYeckomy. [1pu cMelmeHumn
npuemMHoro 3yeMeHTa I1O mo rimyoune ot ocu 13K
ONTUMAJIBHBIM CTAHOBUTCS IIPUMEHEHME Y3KOIT0JIOC-
HBIX CUTHAJIOB C IMHHBIMM CHMBOJIAMU, KOTOpOE
MMO3BOJISIET MHTETPUPOBATh aKyCTUUECKYIO HEPTUIO,

MPUIIEAIIYI0 B TOYKY IpuemMa B 0OoJjiee IIUPOKOM
JIraria3oHe YIJI0B 1 Ha OOJIbIIIEM BPEeMEHHOM MHTEP-
Bajie. KpoMe 3TOro, otMe4yaeTcsi mpenuMyIecTBO U3-
MEPCHUSA BPEMCHU IIPOXOXKIACHUA CUTHaAJIOB, T.K.
MIPUHUMAETCS. OOUH CTAOMJIbHBINA IO BpEeMEHHU IIpPU-
XOJl aKyCTUUECKOI SHEPTUMU.

B paboTe Tak:ke BHIITOJTHEHBI OLIEHKW JUCTAHIIUHA,
Ha KOTOPBIX IIPOMCXOIMUT pasaciaeHUe IIPUXOI0B
(MakcumMyMoB BK®) mis1 pasauuHbIX MOIAIbHBIX
KOMIIOHEHT CUTHAaJIa IIPY Pa3INYHBIX KOJIMYECTBaX
MIEpMOAOB HECYIIIell YaCTOThI HAa OOUMH CUMBOJI M -110-
clleoBaTEIbHOCTU 1 OOOCHOBaHa BO3MOXHOCTD
¢dopMupoBaHus HanboIee BEIPAXKEHHOT0 MaKCHUMY-
Ma BK®, cooTBEeTCTBYIOILLETO YIUIOTHEHHOM TpyIIIe
MPUXOJIOB 11 MOJ MaJIbiX HOMepoB. KOMITOHEHTHI
CUTHaJja, IIepeHOCUMBIE 3TUMMU MOAAMU, UCIIHITHIBA-
IOT IIpY PaCIpPOCTPAaHEHUN B BOJHOBOIE INIyOOKOTO
OKeaHa OTHOCHUTEJIbHO CJIa0ylo JUCHepCcUto. YTIIOT-
HEeHHasl TpyMIia IIPUXOA0B McUe3aeT IPU yIaJIcHUU
Touku ipuema ot ocu I13K Ha paccrostHust, onpene-
JisieMble MHTepBaJlaMU BePTUKAJIbHON JOKaIU3aluu
MO/, MaJIbIX HOMEPOB.

Ha ocHoOBe mpuBeneHHBIX B CTaTbe Pe3yJIbTaTOB
MOXET OBITh ClieIaH ITPaKTUIeCKU BEIBOI O HEOOX0-
IUMOCTA KOMILJIEKCHOTO MPUMEHEHUS Pa3TunIHBIX
MO JJUTEIbHOCTU CHMBOJIOB HAaBUTAlIMOHHBIX CHUT-
HaJIOB TIpH PeIlleHNHU 3a1ayd ITo3uimoHpoBanms I10.
Ho ms peanu3zaimy B mepcrieKTUBHBIX HABUTAITUOH -
HBIX KOMILJIEKcaX TpeOyTCs JOMOJHUTEIbHbIE UC-
ciemoBaHUs ¢ 6oJiee MTMPOKUM HabOpOM XapaKTepH-
CTUK U3Ty4aeMbIX CUTHAJIOB.

Hannaag paboTa BEITIOJIHEHA B paMKaX TeM TOC.
zaganuss TOU JIBO PAH (peructpalimoHHBIE HO-
Mepa AAAA-A17-117030110034-7 u AAAA-A20-
120031890011-8). PaboTta Takxke nmoaaepKaHa rpaH-
tamu PODU Ne 18-05-00057_a m No 18-35-
20081 Mo _a_ Bem.
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