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CMUCOK PUCYHKOB

Puc 1.1

Puc. 1.2

Puc. 2.1

Puc.. 2.2

Puc. 2.4

Puc. 2.5

Puc. 2.6

Puc. 2.7

CI'IyCK HNU3KOYAaCTOTHOINo pe30oHaHCHOro wu3ny4dyarenda W noBepo4YHOro

rmgpodoHa ¢ cygHa Mpbuc.

Cnektp G(f) HY gaHHbIXx 24 Ty (M rapMOHMK), 3anMCaHHbIX CUHXPOHHO
pagnoakycTmyeckumm Bysmun, pacnonoxeHHbiMu B Tovkax b.1 n b.3 [2002]
KanubpoBaHHbIM  3TanoHHbIM  rMAPOOHOM(Gp), pPacnonOXeHHbIM Ha

pacCcToAaAHNN B 2MoT nany4yartend.

Mogenb BOMHOBOAA C NapaMeTpamMu, CXOAHbIMM C napameTpamu,
BCTPEYAOWMMNCA Ha CEeBEpO-BOCTOMHOM wWenbde o. CaxanuH u

pe3ynbTaTbl MOOENTMPOBAHUA NMOTEPDL MPU.

CoHorpamMmmbl G(f.0) aHTPOMNOreHHOro wyma, CUHXPOHHO M3MEPEHHOro
13-14 ceHTab6ps 2002 B Toukax a.1, a.2 n a.5 ¢ NOMOLLBLIO aHanNoroBbIX

paguormapoakycTuyeckux oyes.

CoHorpammbl G(f,t) u cnektpbl G (f) @HTPOMOreHHOro LWymMa, CUHXPOHHO
3aperncTpupoBaHHOro B Mectax a.1, a.2 n a.5 (aHanorosble akycTuyeckue
Oyn). BTOT WyM Habnogancs Bo Bpema npubnuxkeHns Oxu K nnatgopme

«Monuknak» 14 ceHTabpsa 2002 .

CoHorpammbl  G(f,if) wn cnektppl G (f) aQHTPOMOreHHOro  LWyma,
3aperucTpmpoBaHHoro B Mmectax b.1 n b.2 (uudposble akyctnyeckune bym)
23 ceHTa6pa 2002 r.

CoHorpammbl G(f,t) n cnekTpbl G (f) akycTU4eckoro wyma, ogHOBPEMEHHO
3aperncTpupoBaHHoro B mectax b.1 n b.2 (undposblie akyctudeckue 6yn)
17 ceHTsbpa 2002 r.

Cnektppl G (f) wyma okpyxawowen cpegbl, OOHOBPEMEHHO
3aperncTpupoBaHHoro B mectax b.1 n b.2 (undposble akyctudeckue 6yn)
21 ceHTa6psa 2002 r.
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4.2

KapTa, OEMOHCTpMpyLlaa cxemy nposeneHnda SKCnepuMMeHTOB o

onpepeneHnto NnoTepb akyCTU4YECKMNX CUrHanoB.

pachmkn BpemeHHas obnactu, 4acToTHOM obnactm u 4YacTOTHO-
BpeMEHHOM 3aBMCMMOCTH (coHorpamma) ans UMMynbCoB,
CchOpPMMPOBaHHbIX CyaHOM Hopduk Jkcnnopep M 3apermcTpupoBaHHbIX

cygHom [pucgh n akyctudeckum byem T.6.

AMI'IJ'IVITyﬂ,HbIe CNeKTpbl CUrHanos, CUHXPOHHO 3arnncaHHble

akycTndeckumm bysamm B Toukax 7.4 n T.5

Kapta obnactm npoBegeHus wuccnegoBaHWM C  yKasaHMeM  MecT
pacnonoxeHusi akyctumyeckmx 6yes (a.1 .. a.5) u pacnonoxeHus

nctoyHukoB (i.1 .. i.5) B MecTe pacnonoxeHunsa cygHa Mpbuc.

BatumeTtpnyecknn npocunb Mecta nNpoBedeHUs UCCNedoBaHUa C
yKaszaHneM MeCTOMosoXeHUs akyctudeckunx dyes B Toykax a.1, a.2, a.4 u
a.b.

Cnektp G (f) BY-paHHbIX, OQHOBPEMEHHO 3arnuCaHHbIX OT 3TarlOHHOro
rmapodhoHa, a Takke OT aHaroroBblX akyCTUYECKNX ByeB, pacnonoXeHHbIX

B ToYkax a.4 n a.5.

Cnektppl G () HY-mHOpmaumm, perncTpmpyemMom  CUHXPOHHO

akycTudeckumm 6ysimm B Toukax a.1 (undpposon), a.2 n a.5 (aHanorosble).

PesynbTaTbl BbIYMCIEHUS perpeccuy Mo pesynbTaTam 3KCNeprMEHTOB

n3mMmepeHnd noTepb akyCTU4eCKMX CUrHasron MOJ'II/IKI'IaK-nI/IJ'IbTyH.

Kapta wu3ydyaemonm obnactn, Ha KOTOPOW MOKasaHO pacnofoxeHue
akycTtudeckux byes (b.1, b.2 n b.3), pacnonoxeHne UCTOYHMKA Ha CyaHe
Upbuc, a Takke NpubNM3MTENbHOE MECTOMONOXEHNE 30HbI Haryna cepbix

KUTOB.

BaTumeTtpunuecknin npousib M3y4yaeMom  30Hbl  C  YK3aHMEM

MEeCTONOSIOXEHNN akycTudeckunx éyes (b.1, b.2 n b.3) n cygHa Mpbuc.
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Cnektp G (f) HU3KOYACTOTHBIX AaHHbLIX (24 LW U rapMOHWKK), CUHXPOHHO
3anMcaHHbIX 3TaroHHbLIM TMAPOMOHOM Ha PacCTOAHUN B 2 M OT UCTOYHMKA
N aKyCTUYECKMMKN BysiMKn, pacrorfioXeHHbIMM B Touvkax b.1 (umdposon) m

b.3 (aHanorosbin).

Pe3yJ'IbTaTbI BbIHUCIIEHUNA perpeccunn B 3KCnepunMeHTax no onpeneneHnto

notepb Npu npoxoxaeHum (TL) Ha Yanso.

Cnektp G (f) okpyXatowero u aHTPOMOreHHOro wyma, 3anncaHHbIX B
Toukax b.1, b.2 n b.3 (aHanoroBble n unMdposble akycTudeckue byn) 23
ceHTabpsa 2002 .

padmkn RTL,,, , BblMUCNEHHble Npu nomowmn YpasHeHns (12) c

nucnonb3oBaHMeM  WyMa, reHepupyemoro  Oykcumpom  Tpuac U
3aperncTpupoBaHHOro akyctnyeckumm bysmmn b.1, b.2 (undposbie) n b.3

(aHanoroBbIN).

Mpadmkn RTL , BblMMCNEHHble npu nomowm YpasHeHuss (10) c

average

MCnonb3oBaHMEM  LWyMa, reHepupyemoro  Oykcupom  Tpuac w

3aperucTpmMpoBaHHOro akyctmyeckumu bysmum b.1, b.2 (undposeie) n b.3.

Mpadmkn RTL

average

, BblUMCNEHHble npu nomowm YpasHeHnsa (10) Ha

OCHOBaHWM LUyMa, Cco3daBaeMoro OyKcupoMm Tpuac W 3anmMcaHHOro

akyctuyeckum dyem b.2 (undposbim).
AKycTuyeckaa mogens YanBo ¢ ykazaHMEM akyCTUYECKUX NapamMeTpoB.

3HayeHua RTL (akcneprMeHTanbHble AaHHbIE U pe3ynbTaTbl BblYUCIIEHUS

MOAenun), Nosfly4eHHble B Xo4e akyCTUYECKOro akcnepnmeHTa B Harso.

Mpaduk 3aBncumoct RTL OT paccToaHna ons aKkcnepumeHTa ¢ ByKkecupom

Tpuac, coctoaBLuerocs 23 ceHTs0ps, AaHHble n300paxeHbl Ha Puc. 4.7.
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Tabnuua 3.1 oueHoYHble 3HadeHna notepb npu nepegade (TL) no  gaHHbIM

aKkcnepumeHTa, npoBegeHHoro 15 ceHtabps 2002 r.

Tabnuua 3.2 oueHoYHble 3HadeHna notepb npu nepegade (TL) no  gaHHbIM
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O6wan nosscHUTeNbLHas 3anucka

OueHka Bo3genctBua Ha okpyxawuwyto cpegy (OBOC), nposegeHHas [o Hadvana
pa3paboTkM 3anacoB HeddTU U rasa y CeBepPO-BOCTOMHOro nobepexbs o. CaxanuH,
yCTaHOBWMMNa, YTO KIMOYEBbIM BOMPOCOM OXpaHbl MOPCKOW OKpyXatollenh cpenpl
SABNSETCA 3awura ceporo kuta 3anagHom nonynsumn (Eschrichtius robustus).
KomnaHun “OkcoH Hedterasz Jlumuten (OHI)'v “CaxanuH OHepmxun WIHBECTMEHT
Komnann (C3UK)” nposogat ¢ 1997 ropa akyctuyeckue u  6Guonornveckue
nccrefoBaHvua AN onpeferieHnss BO3MOXHOMO  BAIMSIHUA Ha  KOPEMCKO-OXOTCKYH

nonynsunio cepbix KNTOB paboT no pa3paboTke MECTOPOXKAEHNSA

BosgywHas cbemka, npoBegeHHas B 1997 - 2001 rogax, nokasana, 4To cepble KUTbI
npoBoaAT Gonblwy YacTb Ge3négHoro nepuoga roga, KOpMsiCb B BOAax CeBepO-
BOCTOYHOro nobepexbss CaxanuHa. OHM NpenmyLLECTBEHHO AepXaTCs B HanpaBneHum
K 6epery B Bogax ¢ penbedHbiM npodumnem rnybuH B 20 MeTPOB Ha nnowiagn oT yCTbs
3anuBa [MvunbTyH W panee B CEBEPHOM HanpaBneHUM BOOSMb CEBEpPO-BOCTOYHOIO
nobepexps CaxanuHa. B 2001 rogy, B Xo4e BbINOSTHEHNS adpOHabtoAeHUI 1 Cyg0BbIX
MOPCKMX MCCredoBaHun, Habnioganca BTOPOWM Yy4yacTOK MUTaAHUA KUTOB HOXHee

NNUEH3NoHHOoro yvacTtka ApktyH-Laru ¢ rmyéuHamm Bog 30-45 meTpos.

Komuter CO no wuHBecTuunoHHomy obocHoBaHmio (SEER) nonpocun nposectu
nccrnegoBaHUsa MO BbISIBNEHUIO BCECTOPOHHEro BO3OENCTBUS NnaHupyeMbix paboT no
pa3paboTke MeCTOPOXOEHUA Ha [AaHHyl nonynauuio, yaenasa ocoboe BHUMaHUe
BMUAHUIO HU3KOYACTOTHOrO 3BYKOBOrO AmanasoHa. [na aton uenu 6bin BbINOSHEH
aHanmu3 akyCTMYeCKMX [aHHbIX MO OnpeadeneHnto 4YacTOTHO-3aBUCMMOW BENUYMHbI
noTepu NPOXOXOEeHUSA aKyCTUYECKUX MMIMYNbCOB B 30HE MPOM3BOACTBEHHOrO KOMMIekca
nnatpopmbl “Butasbs” n yctbem 3anmea [MunbTyH. BBuAy ynyudweHHbIX TEXHUYECKMX
XapaKTePUCTUK LMIPOBBIX pagnorngpoakyctmyecknx dyes (yny4lleHHbIX nokasaTernen
YyBCTBMTENBHOCTU U OUHaMW4YECKOro AuanasoHa) nm 6onee nogpobHbIX npodunen,
3apeructpupoBaHHbix B 2002 rogy, NpeMMyleCcTBEHHO 3TW AaHHble Obinun
MCMNOMb30BaHbl AN OUEHKM Ko3ahduuueHTa 3aTyXxaHWst aKyCTUHEeCKUX WMMYIibCOB.

[aHHble UMNynbCHOW  Harpysku, 3apeructpupoBaHHble B 2001 rogy, Obinm

Vi



MCNONb30BaHbl ANS BbINOMHEHUST HE3aBWCUMONM MPOBEPKN MNPaBUNBHOCTU OLIEHKM
koadppmumeHTa NornoLweHnst (akyCTUY4ecKMx WMMyrbcoB). Ha OCHOBe 3TUX AaHHbIX
OblNo BbINOSHEHO onpeaeneHne opMyn Mo pacyeTy YacTOTHO-3aBUCUMOM BENUYMHDI
noTepy MpPOXOXOEHUS aKyCTUYECKOro CurHana, [auanasoHa pacnpocTpaHeHusi U

KOC—)(*)d)I/ILI,MeHTOB 3aTyXaHud, onpepnerndemMblX C NOMOLLbIO perpeCCMoHHOro aHanmsa.

AKycTU4eckne uccrefoBaHusa Obiny TakkKe BbINOMHEHbl Ha yyYacTke Mexay npuyanom
ans 6apx nnatdopmbl “Hanso” n NpMbpexxHbIM PanoHOM NUTaAHUSA CepbiX KUTOB. BBuay
3KcnryaTauMOHHbIX OrpaHUYEHUN Ha WCMONb30BaHME Ha MESIKOBOAbE MNOBEPOYHOro
NUCTOYHMKA paguorngpoakyctmyeckoro 6ysi, okasanocb HEBO3MOXHbIM BbINOSIHUTb
n3MepeHusa no onpeferieHnio AaHHbIX abCoMTHOM BENUYUHBI NMOTEPU aKyCTUYECKOW
3Heprun. TeM He MeHee, OLEHKU NOTEpPU MPOXOXOEHUA aKyCTUYECKMX UMMNYMbCOB OT
NCTOYHMKA aKyCTU4YEeCKMX umnynbcoB B BGonee rnybokmx Bogax M 3amepbl LLUYMOB OT
ABWXKYLLUMXCHA CYAOB MO3BOMWUSM BbINOSTHUTE NPeABapUTENbHYH OLIEHKY 3aTyXaHus

aKyCTU4ECKNX UMMNYJ1bCOB.

Vi



1 BBeageHue

[Mporpamma akycTuyeckux uccrnegoBaHumn, npoBefeHHbix B 2001 u 2002 ropgax Ha
CceBepo-BOCTOMHOM LWenbge ocTpoBa CaxanuH, nmena Tpu OCHOBHbIEe 3afayun. Nepasd
3afjaya cocrtosinia B NpoBeAeHUM OUEHKM U MOHUTOPUHIra NPOXOXAEHUS aKyCTUYECKUX
CUrHanoB Npu BbINOSIHEHMM cencMmopa3sBenkn ¢ nnatgopmbel “Ogonty” (2001), BTOpPOM
3ajayen ObINO BLINOMHEHWE WCCNEAOBaHMS BPEMEHHbBIX W MPOCTPAHCTBEHHbIX
BOJIHOBbIX BESIMYUH aMMNIUTYOHbIX M  YaCTOTHbIX XapaKTEPUCTUK aHTPOMOreHHbIX
aKyCTUYeCKUX LWymMoB BONM3N ycTbsa 3anuea MNunbTtyH ' (2001, 2002) v BGNM3N 3anvea
Yaneso (2002). TpeTbs 3agada cocTosdna B M3YYEHWM YACTOTHOW 3aBUCMMOCTU
BENNYMHbI NOTEPU NPOXOXKAEHMS aKyCTUYECKNX LLIYMOB, NPOU3BOAUMbBIX NOBMM3OCTM OT
nnatdgopmbl “Monuknak” n B6nmsm 3anuea Yaneo. NepBas 3agadva 6bina paccMoTpeHa
B oTtyeTe [bopucos n gp., 2002][1]; BTOopas 3agjaya — B ABYX OTAENbHbIX OT4yeTax
[Bopucos n gp., 2003][2,3].

TpeTba 3agava - n3yvyeHve 4acToTHOM 3aBMCUMOCTU BEMNUYMHBI MOTEPb NMPOXOXAEHUS
aKyCTUYeCKUX LUYMOB, MNPOM3BOAUMbBIX MO6nM3ocTn oT nnatgopmbl “Monuknak” wn
BONM3n 3anuBa YanBo — ABNAETCS TEMOW AaHHOro otyeTta. M3amepeHuss noTtepb
aKyCTMYECKON 3HEeprum B LUMPOKOMOSIOCHOM M Y3KOMOSIOCHOM YaCTOTHbIX AuanasoHax
BbIMOMNHANUCH BAOSb MOMEPEYHON NUHUKM Mexagy nnatgopmon “Monuknak” n ycTbem
3anuBa MunbTyH, 1 NO NNHWUK OT 3anmBa YarBo K NpMBPEXHOMY pPanoHy NUTaAHUA CepbIX
KuToB, OOHapyxeHHomy B 2001 rogy. [Ons aTmx uccnefoBaHUAX WCMONb30OBaNuUCh
3anucu LWyMOB B LUMPOKOMOMOCHOM [uanasoHe, Mpou3BoauUMbIX cygamu (0CoBeHHo,
‘Upbucom” wn  “Tpuacom” ), a TaKKe HMU3KOYACTOTHbIMA  PE3OHAHCHbLIMMU
aneKkTpoMarHutTHelMM  usnydatenamm (HY) (24-33 u) M BbICOKOYACTOTHbLIMM
aneKkTpomarHutHelMM  m3nydatenamm (BY) (800-10,000 Tlu), C M3BECTHbIMU

COBCTBEHHbIMU aKyCTUYECKNMU XapaKTEePUCTUKaAMMN.

[na nonHoTbl MHGopmaumu, B MNpunoxenne A gaHHoro OtyeTta ObInM Takke BKITHOYEHDI

pe3ynbTaTtbl MCCNeOoBaHUA MNMOTEPb MPOXOXAOEeHUA aKyCTU4eCKMX CUurHanos, paHee

' YeTbe 3anvBa MUNbTYH SIBASIETCS OAHUM U3 YYaCTKOB MUTAHMUS B NETHUI NEPUOf KOPENCKO-0XOTCKOM (3amafHom) NomymsiLmum
CepbIX KUTOB.



obcyxaeHHble B otyeTe bopucosa m gp. [2002 r.], nockonbky B gaHHoM Otyete
paccMaTpuBaloTCs BCE NPOYMe UCCreaoBaHUs No 3aTyXaHUO akyCTUYECKUX UMMYIbCOB,
BbIMNONHEHHbIE Hay4Ho-uccnegoBaTenbCkMM MHCTUTYTOM Tuxoro OkeaHa Ha ceBepo-

BOCTOYHOM Lwenbge CaxanuHa 3a nocnegHue asa roga.

[aHHble wnccnegoBaHMs MO 3aTyXaHUK  aKyCTUYECKUMX WUMMYSIbCOB  UCMOMb3YHT
Martepuansl rMapoaKyCTUYECKMX 3anncen, BbIMOSHEHHbIX Ha y4acTKe KOHTUHEHTarbHOro
wenbga OxoTckoro mop4d, mexay nnartgpopmon “Monuknak” n ycteem 3anmea MNunbTyH
B nepuog ¢ 17 no 24 centabpa 2001 roga, n 12-19 ceHtabpsa 2002 ropa. Takxe
NCMNONb30BanuCb AaHHble 3anucen, caenaHHblx B nepuod ¢ 21 no 23 ceHTsbpsa Ha
y4yacTke OT yCTbs 3anueBa YanBO MO HanpaefeHWo B OTKPbIToe Mope. bonbluMHCTBO
AaHHbIX, UCMONb30BaHHbIX B OAaHHOM OTYyeTe, B3ATO M3 “[lporpammbl aKyCTUYECKUX
nccneposarHui 2002 roga”, NOCKONbKY rmapoakyctTuyeckue dym nmetot 6onee LUIMPOKYHO
nosiocy 4actoT W OuMHaMuyeckurM Ananas3oH. Bmecte ¢ Tem, rge npencrtaBnsanocb
BO3MOXHbIM, pesynbTaTbl [lporpammbl akyctudeckmx uccrnegosaHun 2002 ropa
CpaBHMBaNUCb C AaHHbIMK [1porpammbl akyCTUYECKMX UCCNELOBaHWM, BbINOSTHEHHbIX B
2001 ropy.

11 OGopyamoBaHue ANA 3aNUCU U 0OPabOTKM aKyCTUYECKUX CUTHANoB

ABTOHOMHbIE rmapoakycTmyeckme Oym NHAMBUAYaNbHOro pasMeLleHns
MCNONb30BanuCb ANs perncTpauumn akyCTMYeckmx curHanos B nonoce vactot ot 10 My
ao 5 Ky (2001 r.) m ot 1 My go 10 Kry (2002 r.). cxoaa n3 onbiTa NpakTUYECKUX
paboT, npu yctaHoBke bya Ha He3HaunTenbHbIX rnybuHax (10-30 M), BonNHeHWe Mops
MOXeT co3[aTb 3HauYUTernbHble MOMEXV Ans rMapodOoHOB. [BUXKEHME aKyCTUYeCcKoro
6ys, BbI3BaHHOE MOBEPXHOCTHLIMW BOMHaMM, MEXaHU4ecku nepegaetca no kabento K
CEeNCMOMNPUEMHMKY, B KOTOPOM [OaHHOE MeXaHW4YecKoe ABWXKEHWE Perncrpupyercs B
BMOE aKyCTMYecKoro wyma. [Ons ymMeHbLUeHWs Takoro wyma ruapodoH pasmeLlaroT
BAANM OT TOYKM YCTAHOBKM SIKOPS, YTO YMEHbLUAeT MeXaHUYEeCKyl CBS3b MexXay
NnoBepXHOCTHbIM ©ByeM wu rugpodoHom. [loaBoaHasA YacTb CUCTEMbl COCTOUT K3

rmapodpoHa, nNpeaBapuUTENbHOMO  YCUIUTENst W CUCTEMbl  4aCTOTHO-3aBUCUMOM



KOPPEKTUPOBKN YCUJTEHUA. rI/I,D,pOCbOH yCTaHaBIIMBaeTCA BHYTPU nNuMpamMunaaribHOro
NPoOBOJIOYHOIO Kapkaca W Kpenutca K HemMy C MNOMOLWbK pPE3NHOBbLIX JIEHT, 4TO

obecrneymBaeT ero MakcumMmarbHO BO3MOXHYIO N30J1AUNK0 OT MOPCKOIro gHa.

B ncernenoBaHNAX 2001 roga ncnonbL3oBanunch TONbKO aHanorosble
paguorngpoakyctudeckune 6yu, nepefatrowime aHanoroBble curHanbl Ha ©GeperoByto
npueMHyto ctaHumuio (MunbTyHCKU Mask) NOCPeacTBOM paganmocurHanos. AHanorosble
AaHHble, MNONyYeHHble Ha paboyen cTaHuuM, npeobpasoBbiBaNMCbL B UUGPOBbIE
AaHHble NMOCPeACcTBOM aHanoro-undgposoro npeobpasosatens (ALI) n xpaHunuch B
UMdpPOBOM (bopmaTe Ha >KECTKOM [OMUCKEe MepeHOCHOro MopTaTUBHOIO KOMMbIOTEpa.
MogpobHass uWHOpPMaUMs O TEeXHUYECKUMX [AaHHbIX W MOBEPOYHbIX 3HAYEHUSIX
obopyaoBaHMA ANS 3anncu akyCTUYECKUX CUrHanoB COOEPXUTCH B CreayloLemM oTyeTe
[Bopucos n gp., 2002, 2003][1,2] .

AKycTnyeckne msamepeHusi, BbinosniHeHHble B 2002 rogy, NpoBOAWUSIUCH C MOMOLLBIO
aHanoroBbIX M LUUGPOBLIX paguormgpoakycTndecknx byes, paspabotaHHbix TOUN OBO
PAH 2. AHanoroBble paguormgpoakyctnyeckne 6ym ncnonb3oBanncb ANsS permcrpauum
vyactoT oT 10 Ny go 10 klMu, umdpoBblie paguorngpoakyctTmyeckne dbynm — ons 4acTtoT oT
1Ty go 2.5 ky. MNpn coBMECTHOM MCNOMb30BaHUK, Napa U3 aHanoroBoro 1 LMdpPOBOro
paguorngpoakyctudeckux OyeB MOXeET permctpmpoBaTb aKyCTUYecKue [aHHble B
ananasoHe ot 1Ty go 10 kly. PagmocurHanbl OT aHanoroBblX U UMpoBbIX Oyes
NPUHUMANUCb Ha OAHOM M3 OBYX MYHKTOB HaOMN4EeHMs; OAMH MYHKT HabnwogeHus
pacnonarancs Ha [NunbTyHCKOM Masike, a BTOpOM — Ha BopTy cyaHa “Upbuc” ( koTopoe
ctoano psgom ¢ nnatopmon  “Monuknak’). HanbHOCTb npuema umcpoBOro
paguocurHana coctaensana 4 kM npu npueme aHTeHHom Ha “Upbuce”, n cBblilwe 7 KM -
npu npueme Ha lNunbTyHCKOM Masike. [JanbHOCTb NpuemMa aHanoroBoro paguocurHana
3aBucena oT Tuna npuMmeHsieMoro paguonpuemMHuka. LLnpokononocHsle curHansl (10-
10 000 N'y) mornu nepefasaTbCA Ha pacCcTosHue A0 12 KM; B criydae npuemMa ctaHumen
Ha [MNbTyHCKOM Masike y3kononocHble curHans! (10-5000 Ny) mornn nepegaBaTbCA Ha

pacctosHne cBbiwe 20 kM. [logpobHas uHOpMauMsi O TEXHUYECKMX AaHHbIX W

2 POI FEB RAS — OKeaHoMorn4eckuii WHcTuTyT Tuxoro OkeaHa, lanbHeBocTouYHOE oTAeneHune Poccuiickon Akagemun Hayk. .
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NOBEPOYHbIX 3Ha4YeHusix obopyaoBaHud, ucnosnib3oBaHHoro B 2002 rogy Ans 3anucu

aKyCTMYeCKUX CUrHarnoB, coaepXxuTca B cnegyrouiem otyete [bopucos n gp, 2003][3].

[na BbINOMHEHWUS pac4eTOB MO OMNpeAeneHnto BeNUYMHbl NOTEPU aKyCTUYECKOro
curHana, perncTpupyemMbiX pasHbIMW  PagmMorMapoakyCTUHecKuMn Oysamn, OaHHble
AOSKHbI ObITb OTKanNMOpoBaHbl Ha OCHOBE 3HAYeHWs CTaH4apTHOro abConTHOro
pasnerHvs. MapodoHbl  ObINKM  M3roTOBMEHbl C  HOMMUHAlbHBIMW  3HAYEHUSMU
YyBCTBUTENBHOCTU, @ 3HAYEHUS YCUMEHUS YCTaHaBnMBanMCb Ha MeCcTe MnpoBefeHUs
nccneposaHui. Noneeasa B3auMHas kanubposka annapaTtypsbl, BbinoniHeHHas B 2001 n
2002 ropax, noaTBepauna AaHHble KanubpoBkM N0  abCONKOTHbIM  3HAYEHUAM.
JdononHuteneHas WHMoOpMauMa O TUNax MPUMEHSBLUMXCS paguorngpoakycTuyeckunx
OyeB, UX NOMNOXEHNS, rMyOMHbI pasMeLLeHNa N YCTaHOBOYHbIE NapamMeTpbl perncTpauum
nokasaHun npusoasatca B [NpunoxeHun B, n B otyete Bbopucosa u agp., 2002, 2003
[1,2,3].

Paguorngpoakyctudeckne 6yu BbICTaBnsNMCbL C BcnomoraTtenbHoro cygHa “‘Upbuc’.

CurHanbl npyHuManuces Ha “Upbuce” unn Ha MNMunbTyHCKOM Masike.

1.2 Husko4yacToTHbIN (HY) anekTpoMarHNTHbIN pe30HaHCHbIN U3ny4vaTesnb

HWM3KOYaCTOTHLIN PE30HaHCHbLIN MU3nyyaTenb UCMOoMb3oBanca Ans U3MepeHun notepb
NPOXOXOEHUs aKyCTMyeckux curHanos. B HY uanyyatene mnmeetca umnuHapuyeckumn
KOHTENHEP, 3anoSIHEHHbIA ra3oM 3, M napa WAEHTUYHbIX, WU3My4valolwmx MOpLUHEN,
PacronoXeHHbIX PSAOM C ApPYr OPYroM, KOTOpble KONnebnTcss B NPOTUBOMONOXHbIE
HanpaeneHus, cos3gaBasi 06beMHOe BbITeCHeHue. [IBMXKEHWEM MOopLUHEN ynpasnset
3NEKTPOMArHUTHbIA  KOHTPOSSEpP; KOHUbl MOPLHEeN CcoeauHeHbl Mexay cobon ¢
NOMOLLbI LMNMHAPUYECKMX MPYXMH WU, B CBOK OYepedb, COeAMHEHbl C TOPLIOM

LUMIMHOPUYECKOTO  KOHTEMHepa 4epe3 pe3nHoBble npoknagku. *.  Manyyatenb

8 Cnepayowme pasmepsl: Inametp 58 cm, Beicota 15 cm; Bec 48 kr B Bo3gyxe, ~6 kr B Boge.

* MNpw NpoBeEHNM NOBEPOYUHBIX UCTIbITAHUI B SNOHCKOM MOPE, aMMNUTY/a ABMKEHMUS NOPLUHEN NpW PE30HAHCHOI YacToTe
cocTaenana 3.3 MM. AMNnuTyaa BONOMETpUYECKMX konebaHuii paBHsinack, Takum obpasom, 0.0012 ky6.m.. UcnbiTaHus ¢
MCMOSb30BaHMEM MOBEPOYHLIX aKCENEPOMETPOB Ha rMyGuHE 2 M. Nokasanu, YTo Npu UCNONb30BaHNM MakCUMarbHOMO KONM4ecTBa
npyxwH (30), pe3oHaHcHas YacToTa usny4datens cocrasnsana 20.2 'y ¢ norpaHnyHbiMu Yactotamum ot 15.2 n 30.6 'y (-3 ab)
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3anuTbiBaeTCcs NOCPeaCcTBOM NEPEMbLIYHOIO TUPUCTOPHOIO MHBEPTEpPA, COEQMHEHHOIO C
nanyyatenem nocpeacteom 4 —nuHenHoro  kabens  gnvHom 34 mMeTpa.
mpopocTtaTtnyeckad  KOMMNEHcaums  OOCTUraeTcss  MNOCPEeACTBOM  UCMOSNb30BaHUS
BO3AYLWHOro Hacoca. [nsa nonyyYyeHus 3neKkTpuyeckoro pesoHaHca, HaxoAsawascs Ha
bopty “Upbuca” OGatapea  IANEKTPUYECKUX  KOHOEHCATopoB UM CONEeHOMAOB

nocnenoBaTtesibHO NOAKNK4YaeTCd K corieHomnay mnany4darens.

Ha Pwuc. 1.1 nokasaH HM3KOYACTOTHbIN PE30OHAHCHbIN K3rny4aTenb W MOBEPOYHbLIN
rmapodoH, (Gp), KoTopble ycTaHaBnuBalTCa BAONb 6opta cygHa Mpbuc.Ha Puc. 1.2
nokasaHbl CneKkTpasnbHble YPOBHU aKyCTUYECKOro Mnosisi, reHepupyemMoro nuanydarenem B
pasfiMYHbIX TOYKax Ang pe3oHaHCHOM YacToTbl 24 'y 1 ee rapmoHuk: Ne 2 npn 48 'y n
Ne "12 npun 288 L.

Hn3ko4acTOTHble pe3OHaHCHble wu3rydatenn Ccnyckanucb CO CTOSAWEro Ha skKope
Upbuca po rmybuHbel 8 m (rmybuHa Boabl 20 Mm). AkycTuyeckun curHan 28 'y vmen
MHTEHCMBHOCTb 166 b oTHOocUTEnbHO 1 MK|_|82/|_LI, Ha PacCTOAHUM 2 M OT U3nyyartens,

CUrHan perMcTpupoBancst akTMBHbIMW pagnornapoakycTuyeckumm oysamu.



2.

Puc 1.1 - CnycK HA3KOYACTOTHOrO Pe30HAHCHOIo MU3ryyaTernsi U NOBEPO4YHOro
ruppodpoHa ¢ cyaHa Upbuc.



G(f), b re 1 pPa%ry

G, n1B6 oTH. 1 mxITa®T1
1704

1604 [

1s0] ! |
] ! I I - Ha pacCcTOSAHHH 2 M OT H3JlydaTed  — — — — — —

140{ i | b.1

23 24 25 26 27 28 29 30 31 32 33 34

(@)

160

150

140

130

120

110

100

140
135
130 ’
1257 '
120% [
115
110] ! i

1053 ! 4

Puc. 1.2 - Cnektp G(f) H4 paHHbIx 24 'y (V rapMOHMK), 3anNMCaHHbIX CUHXPOHHO
pagmoakycTuieCKMMmn bysimu, pacnosioxXeHHbIMU B Toukax b.1 n b.3 [2002]
KarmbpoBaHHbLIM 3TaNlOHHbIM rMApocoHOM(Gy), pacnonoXeHHbIM Ha PacCTOAHUM B 2 M OT
usny4arens.



1.3 WUcnonb3yemasi B oT4eTe TEPMUHONOIUSA U anNropuTMbI

Peructpnpyemble paguorngpoakyctndyeckumm 6ysmm  (OHOBbIE W a@HTPOMOreHHble
WyMbl 3anncbiBalOTCA Ha AUCK B Mukponackansx (mkl1a). Ons onucaHust nameHeHus
aKyCTU4YECKON MOLLUHOCTM OT 4acTOTbl MWCMNOSb3YEeTCA aKyCTUYECKUA ChekTp B
peunbenax. B HacTtosilwem otyeTe OyayT MCNONb30OBaTbCs 3HEPreTU4ecKkne CrnekTpbl
NIIOTHOCTU 3BYKOBOIO [aBIieHUS (M|<I'Ia2/FL1,)5 WA CMNeKTPbl MNSIOTHOCTU MOLLHOCTHU

(MkMa?%/(c T'w))® Npy NOCTPOEHUM rPacOUKOB CreKTPanbHbIX AaHHbIX.

CnekmpanbHbIli ypOBeHb LIyMa OnpefenseTcsd Mno OTHOLEHUIO K YPOBHKO
aKyCTU4eCKON MOLLHOCTU B AnanasoHe 1 ['ly. OTOT TePMUH OTHOCUTCHA TOSBbKO K 3BYyKam
C HenpepbiBHbIM YacCTOTHbIM CMEKTPOM. Takume CnekTpbl 3a4acTyld YCPeaHSAT C
ncrnono3osaHmem  10-300 ogHOCEKYHAHbIX  MHTEpPBanoB, YTOObI  ynyudlWUTb

CTaTUCTUYECKYI0 CTabUNbHOCTb AaHHbLIX O (POHOBOM YPOBHE LLYMOB.

CoHorpammbl npeactaBnanT cobon rpadmkv 3aBUCUMOCTM YACTOTbl OT BPEMEHU, NMpU
3TOM O0ObI4HO Mcnonb3yeTcs Ananas3oH yposHen oT ~40 go ~105 gb oTHocUTENbHO
1 mxMa?/lw.

BbinonHsemMble ¢ NOMOLLBIO pagnorngpoakyctTmyecknx byes akyCTuyeckme nsmepeHuns
NO3BONSAIOT MOSYYUTb CUHXPOHHbIE CEepun MNPOCTPAHCTBEHHO-AUCKPETHbLIX [AaHHbIX.
Takon Habop [aHHbIX MO3BOMSET OUEHUTb BpPEMEHHble, MNPOCTPAHCTBEHHbLIE U
CcrneKkTpanbHble XapakTepuUCTUKM akycTudeckoro nons. CosgaBaemMbl  OBUKYLLMMCA
CyOHOM LWYM (curHarm) UMeeT HenpepbiBHbIA CNEKTP C AUCKPETHbIMW TOHarbHbIMU
komnoHeHTamn. Wcnonbdyemoe Ha nnatdopme «Monuknak»  obopynoBaHue
(ra3oreHepaTopbl, KOMMpeccopbl, HacoCbl W T.A4.) TaKke SBMSETCA WCTOYHUKOM
HenpepbIBHONO TOHANbHOIO W LUMPOKOMOSIOCHOrO akyctuyeckoro wyma. OH MoxeT

BKNtovaTb MHppassykoBon (<20 y) wym.

MoapobHoe onuncaHue MeToAoNorMM, UCMorb3yeMon Npu aHanmM3e Kak aMnnuTyaHbIX,

TaK 1 CneKkTpanbHbIX AaHHbIX, N3roxeHo bopucosbim 1 ap., 2003 r.

5 .
OHepreTUYECKMii CNeKTP M CMeKTP MOLLHOCTM NPUBOANIUCS K 1 L BHE 3aBUCUMOCTM OT NMPOAOIHKUTENILHOCTU aHanmaa.
® IHTEHCHMBHOCTB 3BYKA.



1.4 EpvHMUbI namepeHus

B pnaHHOM oTueTe ncnonb3yeTcd passyin4yHoe 0b603HaveHne eguHuL, n3mepeHna. 310
CBA3aAHO C pa3ymininamMm B CTaHOapPTHbIX 00603HaueHunsaXx, ncnoJibdyemMblX OnAa pa3iimyHbiX

Hay4HbIX OUCUUMITNH N CTPaH.

Hwxe npmnBoaATCA 3KBUBAJIEHTHbIE €OVMHULIbI Msmepean?l npn NCNonb3oBaHNN pa3HbIX

CTaHAapPTHbIX YCIOBHbIX 0603HAYEeHUN:

1 mklNa =1 yPa

1mMkB=1pVv

CnepyeT Takke NOMHUTbL criegytoLlee:
1atm=16ap =0.1 MMa = 10" mkMa
[ns rpadmkoB cnekTpanbHOW MAOTHOCTH:

XoTa eOouvHUUAMU  U3MEPEHUS  CMEKTpanbHOW MIOTHOCTUM  MOLLHOCTU  SIBMSIOTCA
mMkMa?/(c Tu), wmkMa%c/Mu  wnmn  mkMa®,  obLenpuHATON  NpPaKTUKOW — SIBMSIeTCS
onpefeneHne eauHuL, crnekTparbHOM MNSIOTHOCTU MOLLHOCTU B BuAe MKI‘IaZ/Fu, nunm

mkMa/ATL,.



2 TeopeTuuyeckue n aKkcnepuMeHTanbHbIe UCCef0BaHUA pacnpoCcTpaHeHus

dKyCTn4eCKuUX curHanosB

B aTtom pasgene npuBoguTca TeOopeTU4ecKUMn oB30p pacnpoCTpaHEHUA akyCTUYEeCKUX
CUrHaNoOB Ha MENKOBOAbE CEBEPO-BOCTOMHOrO wenbga o. CaxanuH. J3Ta
TeopeTnyeckas MoOAENnb KanubpyeTtcs npuM MOMOWM  KaK  WMMYNbCHbIX, TakK W
HenpepbIBHbIX  AdaHHbIX  aKyCTUYecKux  notepb  npu  npoxoxaeHun  (TL),
3aMKCUPOBAHHbBIX HA MENKOBOAbLE CEBEPO-BOCTOYHOrO Wwernbda 0. CaxanuH.

21 TeopeTuyeckuin aHanms pacnpocTpaHeHusi 3BByKOBOro curHana Ha

MenkoBoAbe

B HacTosiwem pasgene cooepXuTcs aHanuTudeckoe onucaHme pacnpocTpaHeHus
3BYKOBOrO CuUrHama B obnactu npoBedeHUs WU3bICKaHUW M OMUCLIBAKOTCA HEeKoTopble
XapaKTEPUCTUKM pPacnpoCTpaHEHUs] 3BYKOBbIX CUrHANOB Ha MOPCKOM MENKOBOAbE.
PacnpocTpaHeHne aKkyCTUYEeCKOW 3Heprum B MENKOBOALE 3aBMCUT OT LENOro psga
haKTopOoB, BKMOYas, HO HE OrpaHUYMBaACb ITUM, FMNYyOMHY UCTOYHMKA WU NPUEMHMKA,
rnybuHy BOAbl, CKOPOCTb TEeYEeHUA BOAbl MU (bu3nyeckne napameTpbl gHa U TBEpOoro
AHa. PeweHve pguddepeHunanbHblX  ypaBHEHWW, OMUCbIBAKOWINX  U3MEHeHue
aKyCTU4EeCKOro nomns B NPOCTPAHCTBE M BO BPEMEHU AN1S1 pearibHOro NyTU NPOXOXKAEHNSA
CUrHana, siBNsieTcs CnoXxHow 3agadven. [py oueHke pacnpocTpaHeHUa akyCTUYeCcKOro
curHana obbl4HO MCNOMb3YeTCa OAMH U3 ABYX TEOPETMYECKUX MOAXOO0B: TEOPUA Nyyen

Unu Teopmnsa HopManbsHbIX Mo [PruyapacoH v ap., 1995].

NyyeBas Teopusi Hauvboree nornesHa Ans paccMOTPeHus rryboKoBOAHbLIX 3ajad
(rnybunHa pomkHa ObITb gocTtaTtoyHou gnda pacnpoctpaHeHna 10 n 6onee mon’) wm
eOUHCTBEHHOe TpeboBaHMe COCTOMT B TOM, YTOObl CBOMCTBA Cpedbl He noaBepranuch
CYLLLeCTBEHHOMY M3MEHEHWI0 Ha MPOTSXKEHUM OMNUHbI 30HbI PpeHens. 3BykoBoe none
paccynTbIBAaETCA NyTEM MOCTPOEHUS fyd4en OT MCTOYHMKA K NPUEMHUMKY, a8 aMnnuTyaa
annpokcummupyeTca no MNAOTHOCTM fyver (TOYHOCTb OnpederneHns amnnutyabl He
ABNAETCA rapaHTUpoBaHHON). [pucyTCTBUE LLIENOYEN U Hannyne y4acTKOB MeriKoBOAbS

MOIryT BbI3BaTb 3aTpyagHEHUA B UCNOJIb3OBaHUM 3TONO0 MeToda, a CJIOXKHOCTb

7 Mopa npeacrasnsier cobon pelieHne XxapaktepucTtuy4eckoro ypaBsHeH1a ana BoniHOBOAA.
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BbIYUCIEHMI YBENNYMBAETCA NPU HanM4umn 605bLIOrO YMcna OTPaXKEHHbIX ny4ven. bbinm
paspaboTaHbl peleHna (HeKoTopble U3  KOTOPbIX — MOMyaMnuMpuyeckue) AOns

NpeooneHnst 3TUX 3aTpyaHEHUN.

Teopuss HOpManbHOM MOAbl MOXET UCNONb30BaTbCA ANA ONUCaHMSA PacnpOCTPaHEHUS
3ByKa B KaHanax (BONMHOBOAaXx), KOrga ero CKOpoCTb U3MEHSAETCA B BEPTUKANbHOM, HO
He B MoMepeYyHOM HarmpaBneHuW, Koraa rpaHuLbl MHOFOKpaTHO OTpaXalT 3BYKOBbIE
BOMHbI M €Cn AN HUX MOryT ObiTb 3agaHbl rpaHU4Hble ycrnoBus. Hanmume aTumx
rPaHNYHbIX YCIOBUN CBOAUT peELLeHne 3afaynm O pacnpoCTpaHEHMM BOMHbI K Habopy
ANCKPETHbIX MoA. 3ajava pelleHusi BOSTHOBOTO YpPaBHEHUS ANSA HAaKMNOHHOrO Wnu
HEepPOBHOro AHa Obina pelweHa MHOMMMW MeTodamu; OAMH W3 HUX 3akni4vaeTcs B
NCMNOSb30BaHUN YPaBHEHWUN, YUNTbIBAKOLLNX B3aMMOAENCTBUE Mo (HOpMarbHbI MeTos,
B3aMMOOENCTBUA MopA), B APYrMX MeTogax MCnonb3yeTcd crnocob annpokcumaunm,
NonyyYMBLUMIN Ha3BaHMe napabonuyeckoro ypaBHeHWs. [MpyMeHeHne 3Toro ypaBHEHUSs
3aKmnyaeTcsa B OCYLLECTBNEHUN HEDOOMbLUMX LUAroB-NnpupaLLeHnii No pacCcTosHUIO U Mo
rnybuHe C Uenbl M3MEHEHUSA NMapaMeTpPOB PaCNpPOCTPaHEHUs] aKyCTUYECKOro curHana
6e3 BHeceHus Oonbwnx norpewHocten. OpgHako, B cnyyae rny6oKoBOOAHOMO
pacnpoCTpaHeHNsa curHana 3TOT MEeTOA HayMHaeT Bbl3biBaTb 3aTPYOHEHUSA C TOYKM

3pEeHUS BbIYUCIIEHUI BBUAY pacnpocTpaHeHnsi 6oMnbLIoro yncna Moga.

Kaxgas mofa xapaktepusyeTca Kak KpUTUYECKOW 4acTOTOW BOSTHOBOAA, HMXKE KOTOPOW
3(P(EeKTUBHOE pacnpoCTpaHEHME 3ByKa HEe MNpOMCXOAWUT, Tak W BepTUKaNbHbIM
pacrnpegenieHMeM Hyrnen u MakCMMyMOB 3BYKOBOro nosis. Ynucno mopn, Kotopble MoryT
CywlecTBoBaTb OOHOBPEMEHHO (pacnpoCTpaHEeHWe C HarnoXeHUeM) MOoBbIWaeTcs C
POCTOM 4acToTbl U rMyOuHbl BonHOBOAA. [ononHUTENbHbIE TEOPETUYECKNE CBEOEHMS
MOryT OKa3aTbCsl UCKMIOYUTENBHO MOSME3HbIMM AN HM3KOYACTOTHLIX 3BYKOB, B Crnyyae

KOTOPbIX AINMNHbI BOJTH YNCINEHHO I'IpI/I6J'II/I)KaI-OTCFI K 3Ha4YeHUo FJ'Iy6VIHbI BOJNIHOBOAA.

MoaToMy annpokcumMauma MeTogoM HopManbHOW MoAbl OBblMHO MCnonb3yeTcs Ans
OMNMCaHUA aKyCTMYECKOro nons B HEOQHOPOOHOM BOMHOBOAE (KOTOPbIM, Hamnpumep,
SBNSIETCA MENKOBOAHAasi 30Ha MOPCKOro wenbga) [bpexosckux, 1974]. Ha menkoBogbe

MOXET pacnpoCTpaHATbLCA TOJIbKO OrpaHn4eHHoe 4YUCIo JSHepreTn4yecknx mona,
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MOCKONbKY 34eCb CTONG BoAbl BbICTYNAET B KAYECTBE BOSIHOBOAA; NPY 3TOM YMCO MOf,
3aBMCUT KaK OT COOTHOLUEHMSI BbICOTbl TOMWM BOAbl K AJfIMHE BOSHbI, Tak U OT
BEpPTMKarbHOro pacnpegerieHnsi CKopoCcTel akycTuyeckoro curHana. Hanpumep, ans
BonHoBoda C OeckoHe4YHo TBepAblM [OHOM U TMOCTOSIHHOM CKOPOCTbIO  3BYKa
MaKCMMaribHOE YMCINO 3HEPreTUYecknx (HopMarnbHbIX) MOO MOXET OblTb onpeaeneHo

no goopmyrne:

M2 (1)

lpe:

M  npenctaBnsaeT cobom YMCo HOpMarnbHbIX MOL.
H rnybuHa BonHoOBOAA.

A AnvHa BOJIHbI.

MybuHa BoAbl B BOMHOBOAE onpegensdeTr MUHUMarnbHYK 4acToTy, KOTOpas MOXeT
pacnpoCTpaHATbLCA Ha Gonblune paccTosHuA. Y Kakaon HOopMarbHOW MoAbl MMEeTCs
CBOS KpuTudeckas vactoTa [fo], T.e. MOAa cyLwlecTByeT B TOM Crlyyae, ecrnvm ee yactoTta
npesblwaeT fy (T.e. 4N KOHKPETHOro 3HayeHus rybuHbl BOoAbl HOpMarbHble MOAbl C
bornee HU3KMMW YacToTaMu 3aTyxalT O4vYeHb ObICTPO NPU pacnpoCTpaHeHuu B Croe

BOAbl, KOTOPbIN NOCTEMNEHHO CTAHOBUTCSA BCe Bonee Menknm)®.

C
fi~— 2
0¥ 4 (2)

ne:

fo  KpuTM4yeckas YyacToTa.

H rnybuHa BonHoBOAA.

C  CKOPOCTb ABWMXEHUS BOAbI.

MopanbHoe 3aTyxaHWe CyLLUEeCTBEHHO BO3pacTaeT MpU YMeHbLUEHWMU TOSLMHbI Cros
BOAbI, @ KOraa B Xo4e YMeHbLUeHUsi rnyobuHa Boabl 4OCTUIrAET KPUTUYECKOTO 3HAYEHUS,
MofarnbHas CTpykTypa npeobpasyeTcs B BOSHY HEMPEPbLIBHOIO CchekTpa®, koTopas
ObICTPO NornowaeTcs AHOM Bogoema. B criyyae MOHOTOHHOIO M3MEHeEHUs Fy6uHbI Npu

MOCTOSIHHOM 4YacToTe MOrMoLLeHNne MoAdbl [OHOM NPOUCXOAUT NpPWU  onpeaeneHHOM

® Hanpumep, koraa akycTUUeckas 3HeprUs pacpoCTPaHAETCA B BOMHOBO/E, 06Pa3yIoLIEMCS NPU NOCTENEHHOM yMeHbLLIEHMN
rnmyOGuHbl BOAbl B HaMpaBneHuu oT wenbda Kk 6epery.
® OTcyTCTBME MOAANLHOI CTPYKTYPLI NPY OrPAHUYEHHOM YMCTIE YacToT.
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OTHOLEeHNN F.I'Iy6I/IHbI K ONMHe BOMHbl. bonee BbiCOKME MOAbI HAYMHAKOT MOrNoLWaThCs
npu BonbLUMX 3HAYEHUSX I'J'Iy6l/1HbI, B TO BpeMA KakK nocnegHen nornowaemon Mogom

SBNSIETCA nepBas Moda U koadduLmeHT ocnabneHus Mo nponopumonaneH H? (ons

BCEX Mof).
TL,dB
20
[
“ 1&“ ||
1\ ,mu
|I|H|m“ ) | M
60 1.1““ i lfl“ | ||[ 1 'l [ Illf"n | I
il iu 'I|I I ﬂ I f||| 'ﬂ,"f‘ﬂ\"y\;"ﬂf','v\.".mmme_
L ]
-80
CW 30Hz
100 CW 100Hz
CW 300Hz
00T 2 3 4 s 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Range, km

Depth, m
0

10

20 p=1.8 g/em?
¢ = 1800 m/s
i =0.16 dB/(km-Hz)

Sediment layer

30

0 1 2 3 4 5§ 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Range , km

Puc. 2.1 - Mogenb BonHoBoAa ¢ napameTpamMu, CXOAHbIMU C
napameTpamm, BCTpeYaroLWMUMUCS Ha CeBepo-BOCTOYHOM Lwenbde o.
CaxanvH n pe3ynbTaTbl MOAENUPOBAaHNA NOTEPb NPU. NPOXOXAEHUN

(TL) HobmanbHOW MonOkI ANS 3HavYeHuu Yyactot 30. 100 u 300 INu.
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Ha Pwuc. 2.1 nokasaHa mogernb BOSIHOBOAA C MEXaHUYECKUMW W aKyCTUYECKUMMU
napameTpamMmu, CXogHbiMM C HabnwgalwWwmuMmncs Ha MOPCKOM wWwenbde Ha ceBepo-
BOCTOK OT 0. CaxanuH. bbino ncnonb3oBaHO MOAENUPOBAHME HOPMAarbHOW MOAbI Ans
BblYMCNEHUS 3HA4YeHNa notepb npu npoxoxaeHun (TL) Kak yHKUMM pacCTosAHUA ONs
NCTOYHMKA, pacrofioXeHHOro Ha rnybuHe B 6 MeTpoB, nepefaroLlero B HamnpasneHum
YMEHbLUEHNA NyOMHbI K NPUEMHUKY, TakkKe pacrnofioXeHHOMY Ha rmnybuHe 6 m, ong
3HayeHun vactot 30, 100 n 300 Ny. CneayeTt OTMETUTL, YTO ANS PYHKLMM NOTEPL NpU
npoxoxgeHun (TL) npm yvactote 30 4 nokasaHbl pesynbTaTbl TOMBKO AS1 NEepPBOU
MoAabl. [1Be apyrve (pyHKUMM NOKasbliBalOT B3aMoAenCcTBue Mexagy mogamm Ha 6onee
KOPOTKMX PacCTOAHUAX, OAHAKO MoAbl ©onee BbLICOKMX MOPSAKOB 3aTyxalT Mo mepe
yMeHbLUEHUsA rnybuHbl Boabl, cHavana — ansa Yactotbl 100 'y, 1 3aTeMm — ansa 4acToTbl

300 Iy, n octaeTca ToNbKO NepBasi Moaa.

BatnmeTpunyeckme HepaBHOMEPHOCTU WU U3MEHEHUS XapaKTePUCTMK BOAHOrO Crosi
OKa3blBaloOT CYLLECTBEHHOE BINAHNE HA pacnpocTpaHeHne 3Byka [Ownu u gap., 1987 r.].
MponsBonbHble nyKTyaunn Nons CKOPOCTU aKyCTMYECKOro CurHana MoryT npuBecTu K
paccesHuio (TpaHcdopMaumm MOA); aTa Audpakuma u TpaHcdopmaums MoryT ObiTb
annpoKCMMNPOBaHbI NPU NOMOLLIM HEKOTOPLIX Modenen. Kpome Toro, cnegyet OTMETUTb
HanuMyme noTepb, BbI3bIBAEMbIX MOrMOWEHNEM aKyCTUYECKOW 3HEepruM  OHOM

[KauHenbcoH u ap., 1997 r.].

Bubnunorpadgpuyeckun nouck nokasan, 4TOo cnegywowune oblwme  akyctudeckue
napamMmeTpbl UCMOMNb30BannCbL NPU MOAENUPOBAHUM PacrpoOCTPaHEHUS 3ByKa B MENKUX
BoJax Ha wenbge octpoBa CaxanuH (Puc. 2.1 6bin noctpoeH 6e3 Ucnonb3oBaHus

3TOWN CTPOron Moaenu):

Cnod (I) - HEMOHONUTHBIN XUOKU CIOW, COCTOSALMIA rnaBHbIM 00pa3oM M3 AOHHbLIX
OTIIOXKEHUIN, TaKUX Kak rnvHa, u obnagarowmnx 6nn3knMm K HyneBoMy MOAyneMm CABura.
XapakTepuctmyeckon ocob6EeHHOCTbLID 3TOr0 Cnosi ABMASAETCA Hanuune 3HavyuTenbHbIX U
NPON3BOSIbHO PACMONOXEHHbIX HEPAaBHOMEPHOCTEN B caMoM crnoe. CpeaHsas NNoTHOCTb
OTNOXEHUN cocTaBnseT 1,5-2 r/cmM®, a ckopocTb 3Byka (nMpogonbHasi BonHa C))

paBHseTca 1470-1900 m/c. Cnon 1 npencrtaBnsieT cobon nornowarLwmin crnon, ons
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yactoT Hwke 100 My koappuuneHT nornoweHna NpudnuanTesibHO NpPonopLMoHaneH
yactote {BocPif)}, n KoadpdPUUMEHT RoOrnoweHuns, 3asucawmMim oOT YyactoTbl (Bf),
Haxogutcsa B npegenax ot 0,01 go 0,3 ab/km/l'y, ogHako Ha Gonee HU3KMX YacToTax
3HayeHve KoapuLMeHTa NOrmoLeHNs MoxXeT BbiTb Bonbwmm. Kpome Toro, B ~ Bq 9,

roe q — HenuHenHasa PyHKUMS, 3aBUcsLLaa OT AOHHbIX YCITOBUN.

Cnod (1) - TlonyMOHONUTHBIA COWN, COCTOAWMN M3 Bonee NMNOTHbIX 0Cag0YHbIX NOPOA
(necyaHunka n T.n.). CkopocTb 3ByKa coctaensetr C; ~ 2000-3000 m/c; B HEM MoOryT
pacnpoCTpaHATLCA nonepeyvHble BoMHbI €O ckopocTbio Ci ~ 0,2C"°. KoadduumeHTbl
NnornoweHnss Anst NpoAdosibHbIX WM MOMNEPEYHbIX BOSMH SABNSAKTCA MNEPEMEHHbIMU U

coctasnsatoT ot 0,01 go 0,1 ab/km/T'y [XemnToH, 1974 r.].

Crnod (lll) - MOHONUTHBLIN CRNOW, 3TOT CKanbHbI cnown (rpaHuT, GasanbT) MOXeT
paccMaTpuBaTbC B KayecTBe nony-6ecKkoHe4YHoro NonynpoCTpPaHCTBa,
npocTtupatoLlerocsa 4o 6eckoHevHon rnybuHbl (Z=w©). CKOPOCTb NPOAONbHOW 3BYKOBOM
BoNnHbI C; = 4000-6000 m/c; a cKOpOCTb MonepeyvyHon 3BYKOBOW BOMHbI cocTtaBngaeTt C; ~
1000-3000 m/c. 3aBucsawme OT HYacToTbl KOI(PPUUMEHTbI MOrMOLWEHNS COCTaBMAT Mo
oueHkam By ~ 0,1 gb/km/l'y n Bi= 0,01-0,1 ob/km/I"y,

Mogenb gonyckaeT 3HauuTenbHble KonebaHna TOMNWUHBLI U rYyOGUHbI pacnonoXeHus
cnos. lNpn aHanuse 3aTyxaHus 3ByKa, pacnpocTpaHaowerocs ¢ Yactotamu Boiwe 100
luy Ha pacctosaHua cebiwe 100 km, onsa onpedeneHuss gHa O6bIYHO MCNONb3yeTcs
OZHOPOAHOE XUMAKoe norynpoctpaHcTBo. CBOMCTBaA AHA (Hanpumep, NormnoLweHue) npu
3TOM YCpeaHATCs Nno BceMy akycTudeckomy npodunto. OpgHako, B cryvae
pacrnpoCcTpaHeHnsl 3ByKa Ha KOPOTKME PacCCTOSAHUS HeObXOAMMO yuYuTbiBaTb ABNEHue

obpa3oBaHus kaHanoB B MopckoM gHe [Kynepman n gp. 1984 r.].

CnoXHoCTb Moaenn MOXeT ObiTb AOMOMHUTENBbHO yBEINMN4YEHa 3a CHET BBEOEHNA B HEee
obounx OOMNONMHUTENbLHLIX CNoeB N bonee aetanbHOro pacCcMOTpeHnda akKyCTU4eCKmnx um

ynpyrmx CBOWCTB OHa. B HacTosiwee BpeMsA CyLLeCTBYET uenbll psf TeopeTUyeCcKux
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Moaenen Ond OnucaHus pacnpocTpaHeHWs 3ByKa B CKanbHOW Mopode, M BCE OHU
OCHOBaHbl Ha Teopun buo [bro, 1956 r.]. CornacHo Teopun brno ocagoyHble nopoabl
paccMaTpuMBalOTCs B KayeCTBE [OBYXKOMMOHEHTHOW cpeabl, @ MMEHHO — TBepaou
CKeNneTHON MaTpuubl, 3anoSTHEHHOM XUAKOCTbI. TN MOAENU MOTYT NPUMEHATLCA NS
OLlEHKM CKOpPOCTEN WU KOIMPMUUMEHTOB 3aTyxaHUs ANS pasfnyHbiX TUMOB BOJSIH W,
0COBEHHO — ANsA onpeaeneHnst 3aBUCALLEro OT YacToTbl KOAdhdMUMEHTA 3aTyXaHns Kak
AnNs NPoAOSibHbIX, TaK U ANs NonepedHbiX BOSMH. B cnyyae npogonbHbIX BOMAH 3TOT
KO3 PMUMEHT 3aBUCUT OT CBOMCTB OCaJOYHOW nopodbl (Hanpumep, AaBneHus,
NOPUCTOCTU, TeMNepaTypbl, CPeAHEro pasmepa 4YacTtuy 1 T.Mn.) N0 OTHOLUEHUIO K MOAaM,

noaBep>KeHHbIX BITMAHNIO OOHHbIX yCJ'IOBVIVI.

Mpn wncnonb3oBaHUM HU3KOYACTOTHOIO WCTOYHMKA Ha MENKOBOAbE, OH MOXeT
BO30Oy)xgaTb nonepeyHble BOMHbI B AHe. Ecnv pexum nonepeyHbiX BOMH MOXeET
cyuwiectBoBaTb B nwobon u3 aTMX ABYX cped (Hanpumep, B MOMIYMOHOSIMTHOM U B
MOHOJTIUTHOM cnosx), dopmupytoTcs NOBEPXHOCTHbIE BOJTHbI, KoTopblie
pacnpoCTPaHAKTCA N0 rpaHnLe pasgena Mexay ABYMS CpegaMn, U YTO OYEHb BaXHO, Y
9TUX BOJSIH HET KPWUTUYECKOM 4YacToTbl. EHceH onybnukoBan cTaTbio, B KOTOPOW
OCYLWLECTBMANOCb  YMCIEHHOE  MOAEeNUpoBaHWEe BOSIHOBOAA Ha  MESKOBOAbE,
codepXallero HWXHWe Crou, B KOTOPbIX MOFYT pacrnpOCTPaHATbCA CencMUYeckme
BoSiHbl [EHCeH v ap., 1985 r.]. 3Ta moaenb paccmaTtpuBana BONHOBOA ANMMHOW CBbiLe
10 kM npu rnyobuHe Boabl 100 M mn Tonuwie necka B 5 M, NOKpPbIBAKOLLEN CKallbHble
nopofbl. AKycTnyeckas aHeprmus ons vactot cebiwe 50 'y pacnpoctpaHaeTcsa B oopme
NPOAOSbHbLIX BOSMH B BoAgE, a npu yactoTtax Hke 10 'y — B dopme cencMmnyeckmx BOSH
B 3emnie. [1poMexyTO4yHble 4acToTbl MNoABEPXEeHbl 3aTyxaHuio ceBbiwe 40 ab (Ha

nHTepsane B 10 km).

B ctatbe, obcyxgaowen BNnsHME akyCTUYECKUX CBOMCTB OCaJOYHbIX NOPOA Ha none
CEeNCMUYECKNX BOJSH, BO3DYXOaeMblX HM3KOYACTOTHbIM MCTOYHMKOM, paboTaroLlem Ha
okeaHckom wenbde, becnanos n Ap. obpalialT BHUMaHWE Ha TO, YTO OLEHKa

3aTyxXxaHnAa aKyCTU4YEeCKOro nosia 3aBucesia OT YacCcToTbl nepepayvn u Bbl6paHHbIX

'% CkopocTb 3ByKa MonepeyHbIX BOSTH MOXET JOCTUMATh HECKONBbKIX COT METPOB B CeKyHZy (Ha Lienbde
0. CaxanuH —480 wm/c)

16



napametpoB mopgenu [becnanos wn gp., 1998 r.]. OHeprus HM3KOYACTOTHbLIX BOJSIH
npoxoguT B nonybeckoHeyHoe NpOCTPaHCTBO M3 Necka U He Bo3BpallaeTcs obpaTHO B
BOAsIHOM cron. B cnyyae 3ameHbl nony6eckoHEeYHOro nonynpocTpaHcTBa M3 Necka Ha
rPAHNYHBIA CNOW M3 MecYaHuKa W WU3BECTHsIKa, HabnogaeTca peskoe YyBenuyeHue
aMnnMTyabl akyCTUYeCKOro nons B npuaoHHow obnactu Bogpl''. B npepenax 20-km

30HbI 3TO yBenuyeHne Mmoxet coctasnatb 4o 50 agb npn 1 'u n go 60 b npu 10 lNu.

Takum 006pa3oM, YMCNO HOPMasnbHbIX MO, BO30YXOaemMblX MPOMbILLMIEHHbIM
WUCTOYHMKOM, oOMnpeaenseTca TOMWMHOM BOOHOMO Cnosi, rMybuHOM pacnonoxeHus
UCTOYHMKA M aKyCTMYeCKMMKM CBOWCTBaMM [JHa. [eomeTpuyeckoe paccesiHue B
npegenax BOMHOBOAA BbI3bIBAET pPaCNpOCTPaAHEHWEe KaXOoW HOpMarnbHOM MoAbl C
pasnuyHbiMM a3oBbIMM U FPYMNMNOBbLIMU CKOPOCTAMU. [leoMeTpuyeckoe paccesHue B
npegenax BOMHOBOAA 3aBUMCUT Kak OT reoMmeTpuyeckon opmbl (Hanpumep, cTerneHb
HaknoHa kaHana), Tak W OT napaMeTpoB camMoro BosfiHoBoga. B pesynbTaTe
akycTMyeckoe nMofne B  BOMHOBOAE  XapaKTEpU3YeTCH  CIOXHOW  CTPYKTYpOW
NPOCTPAHCTBEHHOMW  WHTepdEpeHUMn C  MakCUMasnbHbiMM U MUHUMAIbHBbIMN
3HaYeHUSAMN KaK MPOCTPaAHCTBEHHbIX, TaK M YaCTOTHbIX XapakTepuctuk. Kpome Toro,
€CNN  LUMPOKOMOSIOCHbIM ~ UCTOYHUK  LUYyMa  aHTPOMOreHHOro  MPOUCXOXOEHUS
nepemMeLLaeTcd, CTPYKTypa MHTepdepeHLnn ero akyCTM4eCcKoro nonsa n3aMeHseTcs n Bo
BpemMeHn. B cnyyae npucyTCTBMS OFpaHUYEHHOr0 4ucrna HOpMarbHbIX  MOA,
OPMUPYIOLLIMXCA U PacnpOCTPaHAKLWUNXCA B BOMHOBOAE, B MNPOCTPAHCTBEHHO-
YacTOTHOM NHTepdepeHLMOHHOM CTPYKType  aKyCTMYeCKOoro nons OyayT

NPUCYTCTBOBATb APKO Bblpa*K€HHbl€ MakKCUMYMbl U MVIHI/IMyMbI12.

Ha Puc. 2.2 - 2.4 nokasaHbl coHorpammbl G (f, t) n rpacmkm cnekTpanbHOW NSIOTHOCTH
G (f) akycTu4eckoro nons, M3MepeHHble CMHXPOHHO B Todkax a.1, a.2 un a.5 (cm. Puc.
3.1) B nepuoa BbICOKOW aKTMBHOCTM paboT B panoHe nnatgopmbl «Monuknaky.
CoHorpammbl G (f, t) COOTBETCTBYIOT BpEMEHMU, KOrga TpM CydHa coBepLuanu nrasaHue
BOKPYI CamMOnogbeMHOro MOPCKOro ocHoBaHMs Oxa 1 Ha 4YaCTOTHO-NPOCTPaHCTBEHHOWN

NHTEPEEPEHLMOHHOM CTPYKTYpPE XOPOLUO PasfnymMmMbl MaKCUMyMbl U1 MUHUMYMbl Npu

" TeBepgoe oHO yaepxunBaeT 6OJ'IbLLIy}O 4acTb aKyCTMLIeCKOVI 3Heprun B croe BoAbl.
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3HavyeHusx 4vactoT Hwxke 1500 Iy (Puc. 2.4). Ona Toyek a.1 m a.2 MOLWHOCTb
aKyCTU4eCcKoro nosis noHn3unacb Ha 6 ab mexagy yactoramm 200 n 1200 Iy (Puc. 2.3:
8:39 4, 8:50 u4). Npadmkn cnekTpanbHON NNOTHOCTU G (f) aKyCTUYECKMX CUrHamMOB,
OLHOBPEMEHHO 3aperucTpupoBaHHble B Todkax a.1, a.2 mn a.5, OemMoHCTpupyloT
HanmuMyue crnekTpa «KpacHOro wyma» (NMHerHoro) gnsa gmanasoHa dvactoT 1,5-5 kly
(Pnc. 2.3: 8:39). O3TOT «KpaCHbI WyM» CTan  pe3ynbTaTtOM  CIOXHOW
NHTEPEPEHLMOHHON KapPTUHbI, CO34aHHOW OOMbLIMM YMCIIOM HOPMarnbHbIX BOJSH,
pacrnpocTpaHsalLWmnxcs no BosiHoBoay. boree BbicoknMe Mofbl, pacnpocTpaHsaLwmecs B
MEefnKoM BOSIHOBOAE, 3aTyxalT W npornajalT B pesynbTate UX MOrnoweHns AHOM.
Auncnepcus, Bbi3BaHHas OGaTUMETPUYECKMMM BapuauusMm W NPOCTPAHCTBEHHbLIMU
dNyKTyaumsMm nosnsi CKOPOCTEN BbI3blBAET B3aMMOLENCTBME MeXAY HOPMarnbHbIMU
MoJamMu, KOTOPOe CONPOBOXAAEeTCH nepegaden 3Heprum mexagy mMogamu (0T HUKHUX K

BepxHuMM) [MakOdoHuen, 1982 r.; MakoHnen n MakKammoH, 1987 r.].

OTa nepegada 3Heprun K Gonee BbICOKMM ModaM C ©oniee BbICOKMMU MOTEPSAMU Ha
onpeerieHHbIX YacToTax NpMBOAMT K 3HAYUTENbHOMY MOBbLILLEHWUIO 3aTyXaHUSA Ha 3TUX
yactoTtax [PKoy u gp., 1991 r.]. Bce atn dmandeckne ABNeHUS OOMKHbI YyYUTbIBATLCA
npy aHanuae CNeKTPOB aKyCTUYECKMX LUYMOB, CUHXPOHHO 3anucbiBaeMbIX B pas3fnyHbIX
MecTax, OCOBEHHO — eCrnin CneKTpbl, KOTOpble U3MEPSANUCb NOBIM3OCTU OT UCTOYHMKA
LUMPOKOMONOCHOro LWyMma, NpeacTaBnsaoT cobOM CNeKTpbl «KpacHOro» wunu «b6enoro»

wyma (Hanpumep, cnektp G (f) - Puc. 2.5: akyctudeckun oyn b.2-D, 13:26; 13:40).

"padmkn cnektpaneHon nnoTHocTn G(f) Ha Puc. 2.6 n 2.7 unniocTpupyoT nossneHne
KPUTUYECKOW 4YacTOTbl ANS pacnpoCTpaHeHUs 3ByKa B BOMHOBOAE C HAKMOHHbIM AHOM.
Puc. 2.6 (9:51) nnnioctpupyeT TOT (pakT, YTO KOrga HU3KOYACTOTHbLIN LLUMPOKOMNONOCHbLIN
WwyMm He dopmupyeTcs B Toukax a.1 u a.2, rpadmk cnekrpanbHon nnotHoctn G (f) He
copgepXuT nuka B YactoTtHoum nonoce ot 30 go 100 Ny (Puc. 2.6: 0:51 n 2.7: 20:31). Puc.
2.6 (00:07) MmOMeHTy BpeMeHHU, Koraa cygHo Xapa npocnenosaso nobsiM3ocTn OT TOYKM
a.2, rmybuHa Bogbl B TO4Yke a.2 npubnmantTenbHo coctaBnser 19 M, noaTomy

ABWXKYLLleecs CyAHO MOXeT 3(PdEKTUBHO WU3nyyaTb aKyCTUYECKYD 3JHEpruto c

"2 Hanpumep, Nepeaaya NepBbIX ABYX MOf, TOHAMLHOMO aKyCTUYECKOTO CUTHaNa G NPUGRM3NTENLHO OMHAKOBOM aMMNNTY Ao
npvBeAeT K TOMy, YTO aMNAUTyAa akyCTUHECKOro MOJIsi B HEKOTOPbIX TOYKax BOMHOBOAA CTAHET PaBHON HYI0.
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yactotamun o 30 Ny (kputndeckada yactota). 'padmk cnektpansHon nnoTHoctn G (f)
ans akyctudeckoro 6ys a.2-D (Puc. 2.6: 00:07) oTnuyaeTcs WUMPOKUM NMUKOM B NOSioce
yactoT oT 60 go 110 Iy, B TO BpeMda Kak rpadouk AOns AaHHbIX, OLHOBPEMEHHO
3aperncTpmMpoBaHHbIX akyctudeckum 6yem 1-D (rnybuHa 11 m) (Puc. 2.6: 00:07) umeet

MUHUMYM, pasHuLa Mexay YPOBHSIMWU curHanoB moxeT coctaBnaTte Ao 30 b npm 90
M.
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G(T,0), 13-14.09.2002
Si-A a2-A a.5-A dBre 1 mkPa Hz

2326
2356

05:26

03:56

26

0756

OB:26

UESG

1] 1667 3333 5000 0 1667 ki) 5000 0 1667 a3 5000

0156

0226

0256

0326

0726
0756
0826

OB:S56

o £33 1667 2500 0 Fxt] 1667 2500 0 £ 1667 2500
f, Hz

Puc. 2.2 - Conorpammsai G(f, t) anTpomoreHHoOro myma, CHHXpOHHO 3apErMCTPUPOBAHHOrO B MecTax a.1, a.2 u
a.5 (ananorosele akyctuuyeckue oyu) 13-14 cenrsops 2002 r.
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G([1), 14.09.2002
1
a.l-A a2-A a5 A dB re 1 mkPa /Hz

0530

0730

08:00 §

o 668 1334 2002 0 668 1334 2002 0 668 1334 2002

I, Hz
G(f), dB re 1 mkPa’/Hz
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al-A,07:30 - ——-—-

20
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60 o :
BR T gt
T

Wy

55

S0

' ' ' 1 . * ' . . ' ' '
122 216 342 466 591 715 341 966 1112 1231 1448 1616 1783

Puc. 2.4 - CoHorpammbl G(f,t) u cnekTpbl G (f) aHTPONOreHHOro Wwyma, CUHXPOHHO
3aperncTpMpoBaHHoOro B mectax a.1, a.2 v a.5 (aHanoroBble akycTuyeckue 6yun). AToT WyM
Habnoaanca Bo Bpems npuénuxkeHus Oxu k nnatdopme «Monuknak» 14 ceHTAa6psa 2002 r.
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G, 23.09.2002

b.1-T» A3 re 1 mkPa sz
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o 868 1736 2601 0O 868 1736 2601

G, AR re 1 mkTua 7 s

=5 12 204 azo 7= 7i1 sas EXES 1141 1322 1=o0= 1687 1869 2417

S, OB re 1 mliPu /H, w.S- A 4D

L 12ZZS - —— - — —
L 12i2S —— — — — —
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A A YA A s,

17 az 67 va  az7 167 zie zas 28s 334 364 ana aaz akz 531 s61 6iE Gan 679 Fim

1233 EET
f. Kz

Puc. 2.5 CoHorpammbl G(f,t) n cnektpbl G (f) aHTPONOreHHOro wyma, 3apermcTpupoBaHHOIoO
B mectax b.1 n b.2 (undpoBbie akycTuyeckue 6ymn) 23 ceHTAGPs 2002 r.
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G(f) re 1 mkPa /Hz, 17.09.2002, a.1-D, a.2-D
1001 90:07

20 | } . al1-D
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1057 09:51
100
951

a0

056 170 308 446 583 721 858 996 1157 1342 1527 1713 1898 2083 2268 2453
f, He

Puc. 2.6 CoHorpammsbl G(f,t) n cnektpbl G (f) akycTuyeckoro wyma, ogHOBPEMEHHO
3aperucTpupoBaHHoro B mecTtax b.1 u b.2 (uncdpoBblie akycTuyeckme 6ym) 17 ceHTa6pa 2002 r.
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Gi{f), dBre1l mk]’a:ﬂ'il, 21.09.2002
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9% ! |
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354k

b.1,17:12
b2,17:12

b1, 12:46 -- -
b2, 12:46 << -
784 42

70

057 174 315 456 596 737 879 1044 1233 1423 1611 1300 1990 2179 2369 2558

bh1,12:46 - - —--—
b2, 12:46 - ——— -~

b.1,17:36
b.2,17:36

D49 18 29 41 52 64 75 86 9% 112 128 145 161 178 195 211 228 244 261 277 294

105

b.1,20:31
b.2,20:31

b1, 12:46 <=
b2, 12:46 -

036 92 163 248 334 420 506 591 678 763 849 935 1035 1151 1266 1381 1497
I, Hz

Puc. 2.7 CnekTpbl G (f) wyma okpyxatlowen cpeabl, OGHOBPEMEHHO 3aperMcTPMpPOBaHHOIo B
meactay h 1 u h 2 (huchnarkie avvetTuuackus Avu) 21 coantTafna 2002 r
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2.2 3kcnepyvMeHTanbHbIA aHanu3 pacnpocTpaHeHUs akyCTUYEeCKUX BOJSIH Ha
MenkoBoAbe

Ha puc. 2.8 pgemoHCcTpupyeTca KapTa CeBepO-BOCTOYHOINO y4vacTka cCaxarMHCKOro
wenbda, rge CoBMECTHO C npoBedeHMeM cencmopasBenovHblx pabot 2001 r. Ha
nnowaan Opgonty [BopucoB 1 ap.] NpOBOAUNIUCE aKyCTUYECKME TecCTbl. AKycTnyeckas
nHopmaumna B pguanasoHe ot 10 Ty pmo S5 kly pernctpypoBanacb TpeMms
akyctmyeckumm Oysamun, pacnonoxeHHbiMM B Todkax T.4, T.5 n T.6, n aByms
rmgpocoHamu, pasBepHyTbiMU C cyaHa pud Ha pacctosHuu no BepTtukanu B 10 m.
JInHMM nokasbiBalOT akycTuyeckne npodunn, B HanpaBfieHUN KOTOPbIX BbINOSHANUCH
n3amepeHusa. MecTononoxeHne wucTtovHMka cygHa Hopaumk OSkcnnopep (matpuua
MHEBMOMYyLLEK) OTMeYeHO 3HakoM 'S#', a MecTononoxeHus akyctudeckux 6Oyes

oTMeYyeHo 3Hakamu 'T#'.

SXTTE

Puc. 2.8 - KapTa, seMmoHCTpUpYytoLasa cxemy NnpoBeAeHUs 3KCNEePMMEHTOB MO onpeaeneHuto
noTepb aKyCTUYECKUX CUrHamNoB.

Mo pesynbTatam 3TUX SKCMNEPUMMEHTOB PaCCYMTbIBANMUChL MPOCTPAHCTBEHHbIE U
cnekTpanbHble xapaktepuctukn G(f) pacnpocTpaHeHWsi aKyCTUYECKUX CUrHamnoB,
NPOU3BOAMMBIX MHEBMOMYLUKAMW, MOTPYKEHHbIX Ha rnybuHy 6 M c 6Gopta cygHa

"Hopduk Okcrinopep". Ha puc. 2.9 npuBogutca BpemeHHast obnactb A(t), yactoTHas
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obnactb G(f) n 4vacToTHO-BpeMeHHoe pacnpegeneHne aHeprum G(f,t)"” aOByx

CEeNCMUNYECKNX MMMYJbCOB.

AKyCTU4ecKoe [aaBrieHne W3MepSanocb B MNPUAOHHOM Crnoe BOAbl C  MOMOLLBH
rmgpodoHa, cnyweHHoro ¢ cygHa "lpud"”, 1 Ha gHe - ¢ NOMOLLBbIO akycTuyeckoro bys,
3akpenneHHoro B Touke T.6. Cencmunyeckne mmnynbcbl BO3Gyxaanucb B Toukax S.1 un

S.2 (cm. puc. 2.8); yaaneHue coctaensno 7 Km go cygHa "lMpud", n 34 km o Toukm T.6.

'® C ucnonb3osaHnem npeobpa3soBaHus BurHepa-Bunne — akyctnyeckue gaHHble nogpasgenstioTcs Ha ABe CeKuun, kaxaas 13
KOTOPbIX @aHanuanpyeTcsi Mo OTAENbHOCTU; NMOCTPOEHNE pPe3ynbTaToB 3aTeM OCYLLECTBNAEeTCs Ha obLei coHorpamMme. Bpems
pasfeneHunst HECKOSbKO Kopoye BpeMeHM NPsIMOro pacnpocTpaHeHusl, 3TOT Noaxod no3sonsieT u3bexaTb "3arpsasHeHns”
CencMMYecKon BOMHbI BOJTHOM, pacnpocTpaHstoLwencs B Boge, 1 HaobopoT. Pa3pelueHne npeobpasosaHus coctasnsano 1 'y no
YyacToTe M 2 MC Mo BPEMEHW.

26



4-10

A(t), mkPa 8.2 to Gril A(t), mkPa 5.1 to T.6
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Puc. 2.9 - F'pachmkn BpemeHHasi o6nacTu, 4aCTOTHOM 06G/1acTU U YHacTOTHO-BPeMeHHOM

3aBMCUMMOCTHM (COHOrpamMma) ansi UMNynbLcoB, c(hoOpMUPOBaHHLIX cyaHoM Hopduk dkcnnopep
M 3aperncTpupoBaHHbIX cyaHoM Ipucgh n akyctuyeckum 6yem T.6.
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AKyCTW—IeCKaFI SHEeprmna pacrnpocTtpaHAaeTcda B Toswe soabl 1 NpuaoHHOM Crnoe B BUAe 3

TUMNOB 3BYKOBbIX BOSH. "[JOHHas BOMNHa" xapakTepusyeTcs camMOW BbICOKOM rpyrnnoBoun

CKOPOCTbIO (B1IM3KOM K CKOPOCTM B Mopofax reororvyeckoro paspesa ©i), BosayluHas
COCTaBnsoWasl 3ByKOBOW BOSHbI, PacnpoCTpPaHSAWasca ¢ MUHUMAanNbHOW rpynnoBou
CKOPOCTbIO  (HMXE, 4YemM CKOpoCTM B BOAE) M aKycTudeckass  BOJSHa,

pacnpocTpaHsowascsa B BoAe, rpynmnoBasi CKOPOCTb KOTOPOW MeHsieTcsl ¢ rnyouHon u

NpnbNmxKaeTcs K CKOPOCTU € (ckopocTb B Bof€e) Ha BbICOKMX YacToTax. Popma crnektpa
CUrHana 3aBuUCUT OT ydarneHus oT UCTOYHMKA. Ha 6onblinx yaaneHusax rrnasBHbIn NyTb
pacnpocTpaHeHns BOMH — 4epe3 3eMr, B TO BPEMs Kak Ha BbICOKMX YacToTax
aKyCTUYECKM CurHan 3aTtyxaeT, y 3TOW MoAbl CheKTpanbHbli MWK HabnwogaeTcs
npnbnunantensHo npu ~20 u. bonblwasa YacTb 3HEPruM akycTuyecknx konebanum npu
yacTtoTtax Hmke 60 ly. (T.e. NpNBNN3NTENBHO NPU KPUTMYECKON YacToTe NS rnyOuHbI

Boabl B 20 M (80 L)) pacnpocTpaHsaeTcs no 3emre.

Cnektp G(f) curHana, 3anucaHHbii Npu yaganeHum 34 km (T. 6) 3amMeTHO oTnn4yaeTcsa oT
CMeKTpa curHana ¢ manbiM yaaneHuem, 3apernctpmpoBaHHoro cygHom pud (puc. 2.9)
[MepBbIM curHanom, nocTynuewnM B T.6, ABNSEeTCA NOCTynneHne ceMCcMmUYeCKOn BOSTHbI
CO cnekTpanbHbiM nnkom 73 ab npu vyactoTe 20 y; 3a HAM nocnegoBano NocTynfeHme
bonee wmMpokononocHon BoOSHbI No Boge. OpHako, cnekTtpanbHas nnoTtHocTb G(f)
BblpaBHMBaeTcs B nosioce vactot ot 90 go 350 'y, XOoTA M OoTMe4vaeTcs HeKoTopas
notepst aHeprun BenuymHom cebiwe 10 ob B nonoce yactot ot 180-220 y., n NuK nNpwu
yactoTe 460 Ny. Takoe cnekTpanbHOe pacnpeneneHne ob6bAcCHAETCs 0COBEHHOCTSAMMU
pacnpoCcTpaHeHns akyCTU4Yeckux konebaHmm Ha gaHHon nnowaan. Mpadukum Ha puc. 2.9
G(f,t) AEeMOHCTPUPYOT YaCTOTHO-BPEMEHHOE pacnpedernieHMe  LUMPOKOMOSIOCHbIX
aKyCTMYECKMX MMMYNbCOB, PacnpoCTpaHaLWmMX Ha wenbge. Ecnv npuHATb CKOpoCTb
Boabl pasHon 1500 m/c, TO CKOPOCTb PacnpoOCTPaHEHUA aKyCTUYECKOW aHeprum K T.6
coctaBnseTr npubnuautenbsHo 2000 m/c (20 Mu). W3 aToro pucyHka 4YeTko BuaHa

MoZoBasi AMcnepcusi, NpuyemM MooBasi CTPyKTypa 3aBUCUT OT NapaMeTpOB BONTHOBOAA.

Ha puc. 2.10 npeactaBneHbl cnektpbl G (f) curHanos, Npoxogsawmx Mexay Tovkamu

BO30OyxxaeHua S.3 n akyctudecknumun byamm T.4 n T.5 (cm. puc. 2.8). nybuHa B panoHe
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oya T.4 pasHa 20 m, B panoHe T.5 — 10 m, a pacctosiHne mexay T.4 n T.5 paBHseTca
1,88 kM. 3TN cnekTpbl OTHOCATCS K AaHHbIM, CUHXPOHHO 3aperMcTpupoBaHHbIM B TOYKaX
T.4 n T.5 N OHN OEMOHCTPUPYIOT 3aBUCUMOCTb 4acTOTbl OT aKyCTUYECKMX MOTEPb B
NPUOpPEXHOW 30HEe, MOCKOMbKYy C yMeHblleHveM rnybuHbl Ha 10 M cnekTpanbHas
NMOTHOCTb YMeHbliaeTcsa Ha 20 ab B yactoTHOM amnanasoHe 30-60 y. TeopeTudeckue
OLEHKM AN cpaBHMBaAEeMOro BOSIHOBOAA MOKasbliBalOT, YTO nepBasi MOAa aKyCTUYECKON
BosiHbl 30 'L, MOXeT pacnpoCTpaHATLCA OO0 TOoYkM T.4, 0gHAKO KpUTUYeckas vacrtoTta y
Toukn T.5 paBHdaeTca 60 ['U, NO3TOMY 3Heprusi, nepeHocnumMasi BOfIHaMu C 4YacTtoTamu

Hwxke 60-70 Ny, nornowaeTcsa AHOM.

Mopaenupyemsble ™ akyctudeckue notepu mexay S.1 u T.6 coctasunu 82 ob, mexay S.2
n Npnudom — 17 gb ¢ HepaBHOMepHOCTLIO NOTepb B 65 Ab. 'padukn cnekTpanbHOW
nnotHoctn G (f) Ha Pwuc. 2.9 nokasbiBalOT pasHuULy CrekTpanbHOM MMOTHOCTU MNpwu
yactote 20 'y mexagy npodounamu ans Todkm T.6 M cyaHa [pudp, coctaBnsaoLLyto
npumepHo 63 b, YTO No3BonseT caenaTb 3akf4YeHWe O TOM, YTO TeopeTuyeckas
OLeHKa XOPOLLO CornacyeTcs C NPakTUYeCKUM pe3yrbTaToM.

G(f), dB re 1 mkPa’/Hz
160 ‘ ‘ ‘

150 ;
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Puc. 2.10 - AMNnnuTyAHbIE CNEKTPbl CUrHaNoOB, CUHXPOHHO 3anucaHHble
aKycTMyeckumm 6yssmm B Toukax 1.4 n T.5

1 Mogenb ucnonb3yeT k0aHULMEHT NOrMOLLEHU AN NPOAOSbHbIX BOMTH B HEMOHOMUTHOM croe paBHbiv 0,12 ab/km/My n
OOMUHAHTHYIO YacToTy cencMuyeckon aHeprim 20 'y,
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[lOCTOBEPHOCTb  BbIMNOSIHEHHOMW  OLIEHKM  3Ha4yeHust KO3 dUUMEHTa MNOrMnoLeHNs
0,12 pb/km/Tu  MoOXeT  OblTb  NOATBEPXAEHO  OTAENbHbIM  3KCNEPUMEHTOM.
CnekTpanbHbIi YPOBEHb Y3KOMOMOCHOro wyma (26 'y), creHepupoBaHHOrO CyaHOM
Xapa (Puc. 2.6: 00:07 4) n 3anucaHHoro B Toukax a.1 u a.2, Ha 12 ab Bblwe B To4ke a.1
Nno CpaBHEHMIO C TOYKOW a.2, npu YactoTe 13 'y oH Ha 5 b Bblwe. PaccTtosHue mexay
cyoHOM Xapa 1 Touvkon a.1 Ha 4 6onblle, Yyem 4o Todkm a.2 (a.1 n a.2 HaxoadaTcsa Ha
paccTtosHumn B 5,6 gpyr ot gpyra). Ecnn koaddmumeHT nornoweHns anst NpoaosibHbIX
BOSIH B HEMOHOSIMTHOM crioe oueHumBaeTca pasHbiM 0,12 gb/km/l'4, oueHnBaemas
crnekTpanbHasi pasHOCTb Mexay [ABYMsi TOMKaMu [OfkHa coctaensatb 12 b ans

yacTtoTbl 26 'y, n 6 gb anga yactotbl 13 U.

[Mpn oueHke pacnpocTpaHEeHUs aKyCTMYECKMX BOJSIH M 3aTyXaHWA 4acTO OKa3blBaeTCs
6onee 3aP(PEKTUBHBIM YCPEAHATb aKyCTMYECKYd MOLLHOCTb Ha eauHuuy nnowiagu
(MHTEHCMBHOCTb), BMECTO TOro, 4YTOObl OLEHMBaTb TOHKYHD WHTEepdEepeHLUMOHHYHO
CTPYKTYpPY akycTudeckoro nons. [pocTpaHCTBEHHble PacCTOSHUS, UCNOoSib3yeMble ANiS
ycpegHeHus, OOIMKHbI  NpeBblwaTe  HanbonbluMe pacCTOSAHUA  HOPMarbHON
UHTepdepeHUMn BOMH (T.e. MakCcMMarnbHyl ANMHY BOMHbI B BonHoBoge). [locne
NPOCTPAHCTBEHHOIO  yCpeOHEeHUs1  U3MEPeHusl, Bbl3BaHHble  MHTepdepeHunen
pasnU4YHbIX MOO WU U3MEHEHUS WHTepdepeHLMM B MNPOCTPAHCTBEHHbLIX PaCCTOSAHUSAX,
NpeBbIWALWMX  ANWUHY  BOMHbI,  MOMHOCTBID  YCTPAHAKTCA U 3aBMCUMOCTb
WHTEHCUBHOCTU OT pPacCTOAHUS [0 WCTOMHMKA 3ByKa CTAHOBWUTCHA [nagkon. J3TO
ycpeoHeHne SABNSeTcsd OYeHb 9P(EKTUBHbIM, €CfM B  BOJIHOBOAE  MOXET
pacrnpoCcTpaHATLCA BOMNbLUOE YMCIIO MO[; CXOAHbIA pe3ynbTaT MOXeT ObiTb MONyyYeH B
crnyyae ycpedHEHUsi He MO NPOCTPAHCTBY, a Mo YacToTe'® , ecrny UCTOYHUK ABMNSeTCs

LLUINPOKOMNOJIOCHbIM.

YcpenHeHue no NpocTpaHCTBEHHOMY MHTepBary:

1

A =25 —
|q/+1 - q/|

@)

'® B cnyyae LINPOKONONOCHOTO MCTOYHMKA NPOU3BOANTCA HE MO PACCTOAHMIO ANst (PUKCMPOBAHHOW YacTOThI, @ MO YacToTe Ans
(hPUKCMPOBaAHHOIO PaCCTOSIHUS.
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MOXET OKa3aTbCs None3HbIM A5 yCTpaHeHUs OMeHWI, Bbi3bIBAEMbIX TaKUMU YrieHaMu,
Kak Hanpumep:
e i(Q/+1‘Q/ )r
(4)
lpe:

A} — MEXMOA0BLIN (NPOCTPAHCTBEHHbIN) Nepunog, (ormbatowwas mog). B makcumyme
mogbl (I, I+1) HaxoaaTcs B dpase, B MUHMMYyMe — B NpoTuBodase.

Qi — rOpM30OHTanbHaga cocTaBnalLWas pacnpocTpaHsiowencs I-n moabi K,
I paccTosiHMe, Ha KOTOPOM OCYLLEeCTBNAETCS NPOCTPAHCTBEHHOE YCpeaHEHMe.

B cny4dae ycpeaHeHud rno 4yactote TMnoBbiM HYaCTOTHbIM AMana3oHOM ABJIAETCA:

2r

r d(Qm _QI) ©)
dw

Ao ~

Takum o6pasom, dq; /do~we/q ¢ paBHO Aw/w~A/r [BopoauH u ap., 1992 r.].

[ns  HeKoTOpbIX Mogene aKkyCTUYeCKMX BOSTHOBOAOB COOTHOLLUEHWE — MexXay
yCPeOHEHHOW  MHTEHCUMBHOCTBIO W pacCTOstHUEM MOXeT OblTb  onpeaeneHo

aHanuTM4eckuMmmn crnocodamm. 5peXOBCKI/1X yKasarn, 410 Anda moaernu I'IeKepmca 16

WHTEHCMBHOCTb 3aTyxaeT Mo 3aKOHy r32  [BpexoBckux, 1965], 370 3aTyxaHue,
3aHMMaloLee MNPOMEXYTOYHOEe MeCTO Mexay UWIMHOAPUYECKUM W chepuyeckum
pacrnpoCcTpaHeHMeM, BbI3BAHO MHOIMOYUCMEHHBIMU  OTPAXKEHUSMW OT  YaCTUYHO
nornowatowiero gHa. KayHenbCoH 1 gp. onucanu obwmm MeTon OUeHKN MHTEHCUBHOCTU
3ByKa B BOMHOBOAE C NepeMeHHOM rnybrnHOM 1 CKOpPOCTbIo, 1 B KOTOPOM HabnwogarTcs
MHOrOYMCIIEHHbIE OTPaXeHus OT nonynornowiatouwero pasgena [KauHenbcoH u gp.,
1997 r.]. B cnyyae BonHoBoOA4a, OrpaHUYeHHOro NOBEPXHOCTLIO MOPA N HEpaBHOMEPHbIM
AHOM (C BaTumeTpudeckum penbedom), CcpeaHAs MHTEHCUMBHOCTb Ha PacCTOAHWUW T
onpegenseTca nyteM MWHTErpupoBaHWs napamMeTpoB BonHosBoga no r. PacctosHue

ycpeaHeHus onpeaensieTcs no cpeaHeMy AaBneHMIO 3BYKOBOIO MOJs.

16 Cnown Bogbl MMeeT NOCTOAHHYK CKOPOCTb U NMOTHOCTb, NapaMeTpbl AHA ABNAKTCA NOCTOAHHBIMWU B Cllydae YaCcTU4HO
nornouiatouiero aHa.
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Ha HeBonbLUMX pacCTOSHUSIX OT UCTOYHMKA WHTEHCUMBHOCTb W3MEHSIETCS! MO 3aKOHY 2
(cdhepuyeckoe pacnpocTpaHeHue)'’, Ho No Mepe TOro, Kak YMUCro BO3OYXAEHHbIX MOA
YBENUUMBAETCS, MHTEHCMBHOCTb HAYMHAET W3MEHSTbCA MO 3aKOHy 2 (OOHHbIE
HEpPaBHOMEPHOCTU YBENUYMBAIOT 3TO 3aTyXxaHue), YTO  MOXeT OblTb CBSA3aHO C
9KCMOHEHUManbHbIM 3aTyxaHneM NpUAOHHbIX MoA'®. MpocTpaHCTBEHHbIN UHTEpPBan Ans
3TOW 3aBUCUMOCTV OMpefensieTcs 3Ha4YeHWeM I, U 3a Npeaenbl 3TOro0 PaccTosHUE
pacnpocTpaHsieTcss meHee 3 mof (kak npaBuno — ogHa), n 3aTyxaHue npuobpetaer
3KCMOHEHUManbHbIN xapaktep'®. MoMnUMo NoTepb Ha pacnpocTpaHeHne UMEKTCS Takke
notepM Ha MOrNoOWEeHns, KOTOpble MW3MEHSITCA JIMHEWHO C PacCTOsSiHUEM W
yBENMUUMBAIOTCS C POCTOM YacToTbl (nponopumoHanbHo f2). TouHoe 3HaueHue
3aTyXxaHUs TakkKe 3aBUCUT OT MONMOXEHUSA KaK MCTOYHWUKA 3BYKa, Tak U €ro npuemHuka,
HanpuMmep, B Criydae MCTOYHMKA, PacnofioXKEHHOro OKOS0 NMOBEPXHOCTM U NPUEMHMKA,
HaxogsaLerocs Ha 60MbLWOM PacCTOAHMM OT HEro ycpeaHeHHoe 3aTyxaHue cocTaBnseT
-5/2

r BBMOY OCOOEHHOCTEN pacnpoCTpaHeHUss MOA OKOMO rpaHuy  (aunonbHas

nepegava).

ypaBHeHme On4d BblMUCINEHNA NOTEPb Nepegayvn nMeet CJ'IeLI,yI-OLIJ,l/IVI BUAO:

TL =20 Iog(_ﬁj (6)

Po
pe:

p npeactaBnseT coboi cpegHee akycTUYECcKoe AaBreHue y NpuemMHuka (ycpeaHeHHoe
Mo NPOCTPAHCTBY UMK MO YacToTe).

P, NpeacTaensieT coboii cpefHee akyCTU4YecKkoe AaBneHne Ha PacCTosiHAN B 1 M OT
MCTOYHMKA.

MoTepn npu nepedadve CKNagblBalOTC M3 TPeX COCTaBMSAOWMX (OTMEYEHHbIX
KBagpaTHbIMU CKOOKamMu), MpUYEM Kaxgash M3 3TUX COCTaBMSHLWIMX COOTBETCTBYET
CBOEMYy Buay MOTepb NpU  MPOXOXAEHUMW, XapaKTepU3ylWwemMycsi  OTAUYHbIM

OTHOoWeHnem mexagy NHTEHCUBHOCTbHO aKyCTUYECKOIro CurHana mn pacCtoaHnem:

"7 Cchepuyeckoe pacnpocTpaHeHue npeacTaBnsieT co6oi JOMUHUPYIOLWIA BAL NOTEPb HA PacnpoCTpaHeHe B O4HOPOAHOI cpege.
'8 Mogpl, y KOTOpbIX GonbLLast YacTb 3HEPrUM NepeSaeTcs BAOSb MOPCKOro JHa BCHEACTBUE CTPYKTYpPbl CKOPOCTEA.
"% 370 paccTosiHMe r* MoXeT 6biTb OLIeHeHo NGO Npu NomoLLM Mogenm Mekepuca, TG0 MOAENM NPUAOHHOTO BOMHOBOAA.
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TL = —[20 Iog(r—o)} - [15 log(\1) + B,(r" - 1’1)} {10 log()+ A(r )
r r r (7)

MepBas cocTaBnstoLllas COOTBETCTBYET cchepnyeckoMy pacnpoCTpaHEHUO B GrIVKHEN
30HE OT UCTOYHMKA, BTOPasi — pacnpoCTPaAHEHUIO MO 3aKOHY «B CTEMNeHW OBe TPEeTU» C
[OMONHUTENbHBIM 3aTyXaHUMeM, a TPeTbe — LMIMHAPUYECKOMY PacrpOCTPaHEHUo C
[AOMONHUTENbHBIM 3aTyxaHeM. YpaBHeHue (7) ABMSIeTCA SMMUPUYECKMM; OAHAKO
BTOpasi COCTaBnsoLlasi COOTBETCTBYET CUTyaLuW, Npu KOTOpOW BGorblLIoe YMCNO MOA
pacrnpocTpaHsieTcs B BOSIHOBOAE, a TpeTbs COCTaBnswollass — Cchnydaw, Koraa
NPUCYTCTBYET HECKOSbKO MPUAOHHBLIX MOZ CO CXOAHLIMU 3HAYEHUSIMU KO3(DPULNEHTOB

3aTyxaHusi. [epexogHoe paccTOsiHUE 1 MOXET OblTb OLLEHEHO NPY NMOMOLLN YPaBHEHWS:

H2
1=

Ha atom pacctosHun pagunyc ®peHena® paBeH nonosuHe BonHoeoda [Kpasuos v gp.,
1980 r.]. 3HaueHusi r, B v B 3aBUCAT OT ONWHbI BOSMHbLI aKyCTUYECKOro curHana u

napameTpoB BONHOBOAA, BKMoYasi HepaBHOMEPHOCTN MOPCKOro AHa.

Mpwn aKcnepuMeHTax, NPOBOAMBLLMXCS C LIENb OLEHKM NOTEPb NPY MPOXOXAEHUN BOJTH
Ha MOPCKOM MErKOBOAbE, WCMOMb30Banocb CygHO, Mepemellaroueecs Mo
HanpaBfeHMIo OT NpUeMHMKa U BYKCUPYIOLLLEE NCTOYHMKN TOHAIbHOrO, Y3KOMOMOCHOro U
LUMPOKOMOSIOCHOrO CUrHanoB. YacTtota OTCYETOB MpU U3MEPEHMAX, NMPOBOAUMbBIX C
NCTOYHUKOM TOHANbHOIO curHamna, Bbibvpanacb Oonbluer, NOCKOMbKY 3TO MO3BOMSNO
NMPOBECTM HENpepbIBHbIE W3MEPEHUA MO Mepe yaaneHus cyaHa, Oykcupyrowero
nepegatymk. [uctaHumsa mexagy oTcyeTamMu, Ha KOTOpYk OTCTOAT OTAEfbHble MecTa
N3MepeHns aMnnnTyapl, paBHa Arq = vT, rae v — CKOpOCTb NepemeLleHnst cygHa, a T —
Bpems, HeobxoamMmoe ons HakonneHusa curHana. B cnyvae ckopocTtu cygHa v=1,5 m/c n

T=50 c 3HaveHne Ary ~75 M, U NPOCTPAHCTBEHHbLIN WMHTEPBAN OTCYETOB SBMSETCA

2 paccrosiHue, Ha KOTOPOM MPOUCXOANT AocTaTouHoe hopmmpoBaHue ppoHTa BOMHbI (06pasdyeTcs BONIHOBOE Mofe C NAOCKUM
(POHTOM).
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MEeHbLUUM MO CpaBHEHUIO C TUNOBOW AUCTaHUMEN Bapuvaunn akKyCtn4deckoro nonsd Amin.
QTO0T napamMeTp onpegendaeTca MUHMarbHbIM nepmnogom oreHun npu

NHTEePMOAanbHON NHTEPdEPEHLNN:

-1

-1 0.5672 m?z?
Apin = 27z|q, —qm| =27 \/kz BT —\/k2 ~

9)

Mo mepe yBennyeHUs pacCTositHUS OCTalTCS MULLb HEKOTOPbIE U3 3HEPreTUYEeCKUX MOA
N 3HavyeHne Amin yBenuumeaetca. Ecnu 2Arg < Apin, TO B COOTBETCTBUM C TEOPEMOWN
OTCYETOB MNOCefoBaTENbHOCTb U3MEPEHHbIX 3HAYEHU aMNUTyd U OLEHKM 3aTyXaHus

ajeKkBaTHO npeactaBriAaloT USMeHeHnd NCTUHHOIoO CUrHarna.

Beugy Toro, 4to 3aBMCMMOCTb NMapameTpoB pacrpoCTpPaHEeHUs OT 4YacTOTbl HE MOXeT
ObITb onpegeneHa C WCMNONb30BaHWMEM TOHambHbIX CUrHaANoOB, ANS peleHusd 3Toun
3aga4m 0Obl4HO MPUMEHSAIOTCA LUMPOKOMNOSIOCHbIE nepeaaTynkn. B noneBbiX YCroBusX
TOHarnbHbIE curHansl, KOTopble reHepupoBanucb HNU3KOYaCTOTHbIMM n
BbICOKOYACTOTHbIMW UCTOYHMKAMW, Pa3BEpPHYTbIMU C MOCTABIEHHONO Ha AKOpb CyaHa
Mpbuc, wucnonb3oBanucb ANs WM3MeEpeHUMs MNoTepb npu nepegadve. [Ans OUEHKM
OTHOCUTESNbHLIX MNOTepb npu nepegade (RTL) ucnonb3oBanucb ABa anroputMa cC

NPUMEHEHNEM LLIyMa, CO34aBaEMOro ABUXKYLLNUMCS CYAHOM.

[MepBbIM anropnTM UCKMYaeT AeNcTBMe UHTepdepeHUnn HopMarnbHOM BOSHbI 3a cYeT

ycpeaHeHunsa cnektpanbHoun nnoTtHoctu G (f) no ananasoHy yactoT (T 1:”):

[MockonbkKy:
A A
for
Af = |fm - f,,|
To:
RTL oo l(F,37,). 7] = 1010g(G, . (A7) (10)
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(F) +.. +GP2(f)

A 1/1Pa
G, pp2 (AF) = e (11)

BTOpOVI anropuTM Cny>xxmt ana onpepneneHns MaKkcuMarbHOM cneKTpaanoﬁ NOTHOCTU
B MoJioce 4acCcTtoT U BbIMUCIIAET €€ 3aBUCUMOCTb OT PaCCTOAHUA MeXAY UCTOYHUKOM U

NMPUEMHUKOM (r):

RTLa[(131,),7]=10109(G . 1,2 (A7) (12)

.(Af) =max G, . (f,);-G, . (F,)] (13)

max;1uPa
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3 SKcnepuMeHTanbHbIA aHanM3 pacnpocTpaHeHus 3ByKa oT obnacTu nnatopmMbi

"Monuknak" no HanpasrneHuto K 3anmBy NuUNbTyH

TeopeTuyeckme M 3KCNepuUMeHTarnbHble WUCCeaoBaHUs pacnpocTpaHeHUs 3ByKa OT
nnatpopmbl "Monuknak" no HanpasfeHUIO K MenkoBOAbI0 BOKpYr 3anuea [MnnbTyH, rae
Habnogaetcs Hanbonbluas KOHUEHTpauusa MeCT Haryna cepbiX KUTOB, NPOBOAWUNUCH

HaumHasa ¢ 1999 r. [Cobonesckun n ap. 1999 r., 2000 r.].

CnegyeT OTMETUTb, YTO pe3ynbTaTbl MOTEPb MPU MPOXOXAEHWUM, Monyvyaemble npwu
NMOMOLLM TEOPETUYECKUX Mopernen, He MoryT ObiTb Gonee TOYHbIMKM, YEM MapameTpbl,
ncnonb3yemble B Modenun. TOYHOCTb onpefensieMbix noTepb Mpu MPOXOXAEHWM MO
TEOPEeTUYECKON MOAENN MOXET OYEHb CUIbHO OTNMYaTbCA BMECTE C M3MEHEHWeM
aKyCTMYECKMX MapaMeTpoB W MapaMeTpoB YMpPyrocT Moaenn un GaTUMeTPUYecKmx
napameTpoB. [loneBble HAbNAEHNS MOTYT UCMONb30BaTLCA 4118 KAanMOPOBKM Moaenew
M HanoXeHusi OorpaHuyYeHuMin Ha pesynbTatbl. CrnepoBaTenbHO, Moaenu OyayT
Mcnonb3oBaTbCsl ANs onpeaeneHvs BO3MOXHbIX MEeCT MWCCrefoBaHWusl, a MnorneBble

HabnogeHus 6y}J,yT Mcnonb3oBaTbCA AJTA OKOHYAaTESIbHOIo KOHTPOIA pe3yJibTaToB.

B HacTtosilwlem pasgene  OnucCbiBalOTCA  SKCMEpUMEHTarnbHble  UccneoBaHWUs
pacnpocTpaHeHNsa akyCTUYeCKUX CUrHanoB oT HedpTeaobbiBatoLero komnnekca Butasb
K ycTbto 3anuBa [MunbTyH; nNpocdunb M MecTa pacrnonioXeHus akycTuyeckmx Oyes
nokasaHbl Ha Puc. 3.1. YcTbe 3anuBa MunbTyH HaxoguTcs NpubnmManTenbHO HanpoTuB
Masika [MnnbTyH, KOTOpbIM 0BO3HayeH Ha cxeme opaHxeBbiM Kpyrom. Ha Puc. 3.2
nokasaHa Bapuauusa rnybuHbl BAOMNb MOMEPEYHOro npodungd, MOCTPOEHHOro npu
nomowm axonota cygHa Wpbuc. [aHHble nokasbiBaloT, YTO Npodunb rnybuHbl nmeet
CMNOXHYI0 (POpMY, YTO OOBACHSAET CNOXHbIE XapakTEPUCTUKN pacnpoCTpaHeHUs 3ByKa B
AaHHOW 30He M Npobrembl C TOYHbIM MOAENIMPOBAHMEM YaCTOTHOW 3aBUMCUMOCTMU
notepb npu npoxoxaeHun (TL). B xopme akcnepumeHta padHble (oo 10 kly) ot
aHanoroBbIX U/Unu LNPOBLIX akyCTUYeCKkMx ByeB, pacnonoXeHHbIX B Tovkax a.1 n a.2,
OLHOBPEMEHHO MNPUHUMANMCb Ha Masike [unbTyH. [JaHHble OT aHanoroBbiX W/WNn
UMPOBLIX akycTMyeckux OyeB, pacrnonoXeHHblX B Todkax a.4 m a.5, a Takke oT

kanubpoBaHHOro  JdaTuMka rmapodoHa Go npuHMManucb  cygHoM  Mp6uc.
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OD,HOBpeMeHHbIe M3MepeHna YpoBHA LWyMa B J3TUX YeTbIpexX TOo4YKaX [MNo3BONAT

onpepnennTtb NoTEPU Npu nepegadvye mexany nByMd ToO4KamMmu.

ToHanbHble curHanbl reHepuposanuce BY  nepemaTtymkom, pasBepHyTbiIM C
nocTaBneHHOro Ha skopb cygHa Mpbuc, Haxogsawierocsa B Touke i.3, HaumHasa ¢ 00:47 4
15 ceHTS6p4A, YpOBEHb CUrHamna KOHTPONMpoBasrica KanvbpoBaHHbIM ruapodorom?'. B
TeYeHne OTOro BpPEMEHU pPerncTpupoBanincCb ISKCMEpUMeEHTanbHble [aHHble OT
aHanoroBbIX akycTU4ecknx BGyeB, pacrnonoXeHHbIX B To4kax a.1 1 a.2 n aHanoroBbIX U
UMApPOBLIX akycTnyeckmx Byes, pacrnonoXeHHbIX B Todkax a.4 n a.5. PacctosaHusa ot
TOYKM i.3 OO0 akycTuyeckux byeB coctaBnsanu: a.1 - 18 km, a.2 - 12,3 kM, a.4 - 1,6 KM n
a.5-2,9 km.

' YpoBeHb cUrHana nepeaaTinka KOHTPONMPOBACS NPX MOMOLLM KanBpoBaHHOTO ruapodoHa (Go), PACMONOKEHHOTO Ha
paccTosHuM B 2 M OT nepegartyunka. [Ins nony4eHus ypoBHS curHana nepeaaryvka K 3HaueHuo, 3amepeHHoOMyY rMapodoHOM,
npubasnsanock 6 gb.
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50’
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Punvmyn Al ¢ 193 "Molikpaq"
! 15,
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195
27
e 13+ s s a1

Puc. 3.1 - Kapta o6nactu npoBeaeHusi uccrefoBaHUn € yKa3aHMEM MECT pacnonoXeHusi
aKycTtuyeckux o6yeB (a.1 .. a.5) n pacnonoxeHuns UCTOYHUKOB (i.1 .. i.5) B MecTe pacnonoxeHus

cynHa Mpbuc.
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B Tabnuue 3.1 nokasaHbl 3Ha4yeHus notepb npu nepenade (TL) (OTHOCUTENBHO YPOBHSA

npv 1 M) ycpedHEeHHble U Mo MNPOCTPAHCTBY, M MO BpeMeHW. ToHasnbHbIA CcuUrHan

nepenaearcs B Te4eHne 5 MUHYT, 1 NocKonbKy cyaHo Mpbuc ocHalLleHO TONbKO OAHMM

sIKopeM, NepeaaTyrk ¢ Te4eHneM BpeMeHM nepemeLLancs®.

k]
o
I

ad

a.z2

a.l

a

1

2

3

4

8

B

2

8

9

10

11

12

AuanasoH, KM

13

14

15

16

17

18

19 20 21

Puc. 3.2 - BatumeTpuyeckui npocdunb Mecta NnpoBeAeHUs1 UCCNefOBaHUA C yKa3aHUeM

MEeCTOMONOXEeHUA aKyCTUYeCKnx byeB B Toukax a.1, a.2, a.4 u a.5.

% NaHHble ANs Touek a.4 1 a.5 NoABEpPrHyTHI JONOMHUTENBHOMY NPOCTPAHCTREHHOMY YCPEHEHNIO IS CUTHAMOB C YacToTaMm

Huxe 2,6 kly, NOCKOJ1bKY U3MepeHna oAHOBpPEMEHHO NMPOBOAMIUCH C UCMONb30BaHUEM KaK
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Ta6bnuua 3.1 - oueHoYHble 3HaYeHnsa notepb Npu nepepaye (TL) no AaHHbIM
3KcnepuMeHTa, npoBegeHHoro 15 ceHtAbGpa 2002 r.

a4 a5 a.2 a1
Mu. TL (ab) TL (ab) TL (ab) TL (ab)

9000 -59 -74 -104
8000 -54 -71 -89 -96
7000 -50 -65 -80 -83
6000 -46 -64 -81 -83
5000 -55 -62 -84 -86
4000 -56 -61 -81 -85
3500 -52 -61 -83 -87
3000 -50 -60 =77 -82
2500 -53 -63 -83 -85
2000 -54 -66 -79 -83
1500 -54 -67 -79 -82
1000 -52 -63 -74 -79

PaccmosiHue: 1,6 km

PaccmosiHue: 2,9 km

PaccmosiHue: 12,3 km

PaccmosiHue: 18,0 km
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G(D), dB re 1 mkPa /Hz, 15.09.2002
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Puc. 3.3 - CnekTp G (f) BU-aaHHbIX, 0oAHOBPEMEHHO 3anucaHHbIX OT 3TaNoOHHOro ruapodoHa, a
TakXe OT aHanoroBbIX aKycTU4ecKkux 6yeB, pacnosioXeHHbIX B To4kax a.4 u a.5.

YcpeoHeHne Mo BpemMeHuM (M NPOCTPaHCTBEHHOE  ycpedHeHWe  BCreacTBue
nepemMeLleHnss UCTOYHMKA) YCTpaHseT OLWMOKN, BbI3BaHHbIE MPOCTPAHCTBEHHOW
UHTepdepeHLumen. YpoBeHb MepefaBaemMoro TOHANbHOrO curHana 3aBUCUT OT ero
4YacToThl, MO3TOMY 3HayeHus notepb npu nepepadve TL, npuBeaeHHble B Tabnuue,
ABNSAOTCA NPOMOPLNOHANbHBIMU €ro YPOBHIO Ha paccTosiHuM B 1 M OT nepeartyunka. Ha
Puc. 3.3 nokasaHbl 3aBUCUMOCTM 3Ha4YeHust TL Ha paccTosHMM 0O 3 KM OT UCTOYHUKA,
CMIIOLWWHbIE NMMHUM Ha rpadurke cnekTpanbHon nnotHocTn G(f) COOTBETCTBYIOT MOMEHTY
BPEMEHM aKTUBHO Nepefayun curHana nepeaaTimkoM?®, NyHKTUPHAs IMHUSI OTHOCUTCS

KO BPEMEHU, B TeYeHMe KOTOporo nepedaTtynk He paboTan. Mpadmk Gy npeacrasnseT

= B atom clnyyae Ha NVHEWNHbIN ycunutesb MOLWHOCTU nNofaBanca CUrHan co CnekTpom ncespobenoro wyma.
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cobon 3aBUCMMOCTb CMnekTpa MOLLHOCTU aKyCTMYeCKOro nonsi, M3MEPEHHYK Ha
paccTosHUU B 2 M OT nepefaTtynka U nepecyYnTaHHOro K pacCTosHuo B 1 M, 9TOT CNeKkTp
nokasbiBaeT 4YacTOTHYI 3aBUCMMOCTb LmpokononocHoro (ot 1 go 10 «klwu)
aKycTudeckoro nond, cgopmMmuMpoBaHHOro B Touke i.3. [padukm cnekTpanbHoOu
NAOTHOCTU ANns Todek a.4 1 a.5 oueHMBalT 3aBUCALLME OT YacToTbl MOTepu npu
nepegaye 3ByKa, pacnpoCTPaHSIOLLErocs K ToMkam a. 4 (oTcToswen Ha pacctosHue 1,6

KM) 1 a.5 (2,9 km).

Ta6bnuua 3.2 - oueHoYHble 3Ha4YeHnA notepb nNpu nepepaye (TL) no AaHHbIM
3KcnepumMeHTa, npoBefeHHoro 16 ceHTab6psa 2002 r.

a4 a.5 a.2 a1
My TL (ab) TL (ab) TL (ab) TL (ab)

9000 -68 -66 -111

8500 -68 -66 -100 -108

8000 -64 -61 -97 -108
7500 -60 -56 -90 -98
7000 -56 -56 -87 -95
6500 -59 -58 -87 -94
6000 -60 -60 -89 -95
5500 -62 -60 -91 -99
5000 -63 -61 -90 -96
4400 -62 -62 -94 -99
4000 -62 -63 -92 -93
3500 -67 -62 -87 -93
3000 -61 -66 -79 -83
2400 -63 -62 -83 -85
2000 -62 -63 -86 -90
1600 -65 -65 -83 -88
1250 -63 -59 -78 -81
1000 -67 -56 -73 -76
700 -60 -62 -69 -72

PaccmosiHue: 2,7 KM PaccmosiHue: 2,4 km PaccmosiHue: 13,7 Km PaccmosiHue: 19,2 km
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[na Toykn a.4 4yacToTHas 3aBUCMMOCTb MOTEPb AOCTUraeT MUHMMyMa Mpu YacTtoTe
5700 Ny (NMMKOBOE 3HAYEeHME CrEeKTPanbHOM XapakTEPUCTUKN), STOT pe3ynbTaT CXOAEH C
pesynbTatamu, MOSIYYEHHbIMXW C  WUCMNOMb30BaHWEM  TOHAlbHbIX CUTHANoB W
npeacTtasneHHoiMn B Tabnuue 3.1. MNoTepn B Touke a.5 (2,9 KM) HE NMEKT CTONb SPKO
Bblpa@X€HHOW 3aBUCUMOCTW OT 4acToTbl. OTW pesynbTaTbl MOryT OblTb OOBACHEHDI
pacnpocTpaHeHnemM B BOSNIHOBOAe, YpaBHeHue (8) OAeMOHCTpupyeT, YTO nepexogHoe
paccTosiHne onsi YactoT B AnanasoHe oT 3 ao 9 kl'y coctaBnseT npnbnmantensHo 0,9-
2,7 KM (Anga 3HadeHun rnybuHbl Bogbl B ToYkax a.4 u a.5). Kpome Toro, cyuwiectsyer
OrpaHMYeHHOoEe KOMMYEeCTBO MO[, MEPEHOCSLUNX IHEPruo, NOo3TOMY Yy 3BYKOBOro Monsd
MMEeeT MeCTO CTPYKTypa 4aCcTOTHOM MHTepdepeHLMn, KOTOPY MOXHO HabnwgaTb Ha

rpadouke crnekTpasibHOM NNOTHOCTM N9 TOYKM a.5.

OkcnepumeHT ¢ BY-nepepmatynkom 6bin nNoBTOpeH Beyepom 16 ceHTabpa 2002 r.
AKyCTUYEeCKMe curHamnbl U3MepPSsiICb aHaroroBbiMM UM LMPOBLIMA  aKyCTUYECKUMMU
OysiMn B Toukax a.1 1 a.2, a Takke aHanoroBbIM akyCcTU4eckum Byem, pacnonoXXeHHbIM
B Touke a.5. CygHo Upbuc cToano Ha sikope B TOYKe i.4 U pacCTOsAHUSA OT TOukM i.4 oo
aKycTmyeckux ByeB COCTaBNANM, COOTBETCTBEHHO: a.1-19,2 km, a.2-13,7 kM, a.4-2,7 Km
n a.5-2,4 kM. Pe3ynbTaTbl NpoOBeAEHNA 3TOr0 3KCNepMMeHTa no onpeaeneHunto notepb

npu nepegade (TL) npueoasitca B Tabnuue 3.2.

OKCNepMeHTbI Takke nposogmnucek ¢ HY nCTovyHMKoM, pasBepHyTOM Ha rnybvHe 8 m ¢
cyoHa Upbuc, noctaBneHHOro Ha sikopb B Toyke i.5. PacctosHus OT TOYkM i.5 go
aKkycTmyeckux byeB coCcTaBnsinm, COOTBETCTBEHHO: a.1-17,4 km, a.2 - 12,1 kmn a.5 - 3,3
KM. Tonbko ofHa Moga akycTudeckom aHeprum dyactotonm 20-30 [y cnocobHa
pacnpocTpaHATLCA B BOSIHOBOAE rMNyObuHOM 25 M, NO3TOMYy noTepu npu nepepade
HW3KOYACTOTHOrO curHana MoryT ObITb onpefeneHbl Kak AN cryvyas TOHanbHOro
CUrHana. JKCnepuMeHTbl CO CXOAHbIM MCTOYHUKOM (CW-32) Ha wenbde AnoHckoro
mMopsi [bopucoB u gp., 1996 r.] nokasanu, YTO WHTEHCUBHOCTb aKyCTMYEeCKOro noss,
¢hbOpMUPYEMOro UCTOYHMKOM, B 3HAYMTENbHON CTEMEHN 3aBUCUT OT NapaMeTpoB AHa™.

AKyCTUYeCKMe OaHHble PerncTpupoBaniMCb CUHXPOHHO B Todkax a.1, a.2 u a.5 gns

# UYem Bblllie TREPAOCTL MOPCKOTO AHA B TOUKE (hOPMUPOBAHUSI 3ByKa, TeM Gonblue chopMUpyeMast akycTUYeckas SHeprusi.
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0bounX HesaTyxarLmMxX rapMoOHUYeCcKnx curHanos Yactotom 28 'y (CW-28) n 29 Iy (CW-

29); B Xo[e 9KCNEPUMEHTOB BONTHEHNE MOPS paBHANOCh 4 Gannam.

Ta6nuua 3.3 - OueHku noTepb npu nepeaaye (TL)* no pesynbratam HY

SKCnepuMeHTa.
a.5 a.2 a.1
y AB* TL (aB) Ab TL (aB) Ab TL (aB)
28 108 =-70 91 = -87 86 = -92
29 107 =-71 97 =~ -81 83 =~ -95
PaccmosiHue: 3,3 km PaccmosiHue: 12,1 km PaccmosiHue: 17,4 km

B Tabnuue 3.3 npuBeaeHbl CKopee NpUbnuanTenbHbIe, HEXENN TOYHbIE 3HAaYEeHWs YpOBHe noTepb nNpu nepegave (TL),
MOCKOJbKY YPOBEHb 13nyyeHus HY ncTouHmnka sBNsSeTCA OLEHKOW, @ He pe3ynibTaTOM CUHXPOHHOMO U3MEPEHUSI.

% nb oTocuTensHo 1 MkMa?/y
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G(f), dB re 1 mkPa /Hz, 18.09.2002
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Puc. 3.4 - CnekTtpbl G (f) H4-uncdopmauum, peructpmpyeMmon CUHXPOHHO aKyCTUYECKUMMU
6ysimu B Toukax a.1 (undpoBon), a.2 n a.5 (aHanoroBkle).
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Ha Puc. 3.4 nsobpaxeH cnektp G (f) 4aHHbIX, 3anncaHHbIX Ha pasnuyHbIX cTagnax HY-
akcnepumeHTa. OQHOBpPEMEHHO U3MeEPEHHbIE CNeKTparibHble YPOBHW NokasaHbl B Tabrs.
3.3%". PesynbTaTbl Tpex 3KCMEPUMEHTOB MO OMpeAeneHuo noTepb Npu nepeaade TL
Monuknak-MNuneTyH npeactaenexsl B Tabnuuax 3.1, 3.2 un 3.3, 1 nokasaHbl Ha Puc. 3.5

Ha ocsax TL n pacctoaHus (r).

Tabnuua 3.4 -Pe3ynbTathbl perpecCMOHHOro aHanusa aaHHbix Monuknak-NMunbTyH.

f (Mw) r (km) r (km) B (aB/km) B (aB/km) \D(f) (ab)
28 0,00583 - - 2,79 11,4
29 0,00604 - - 2,75 11,1

1000 0,208 7.5 0,00913 0,240 3,95

2000 0,417 8,1 0,536 0,662 3,80

3000 0,625 7.5 0,106 0,365 5,19

4000 0,833 8,25 0,551 0,851 5,21

5000 1,142 8,5 0,586 0,971 5,41

6000 1,250 8,5 0,509 0,705 8,10

7000 1,485 8,5 0,412 0,663 8,26

8000 1,667 9,05 1,318 1,584 4,99

9000 1,875 10,25 1,653 1,757 3,10

[aHHble, nonyyeHHble B XO4e JKCMNEepMMEHTa,

OblMM  NOABEPrHYTHI

npoLieaype

NMMHENHOWN perpeccum C UCnornb3oBaHMEM ypaBHeHus (7). 3agadva perpeccum coctosna
B onpeaeneHuu By 1 B Ha OCHOBAHUM U3BECTHbIX 3HAYEHWI I U [q, MyTeM MUHUMU3aLMK

CpeD,HeKBa,D,paTMLIeCKOIZ aeBnaunn gaHHbIX perpeccun.

—20log(r) srr,
TL =4-15log(r)—-5log(r,)— p,(r —r,) sh<r<r’
—10log(r)->5log(r,)-5log(r*)— pB,(r"  —=r,))=B(r—r*) ;r' <r

77 K coxareHuio, CUrHar OT 3TaNOHHOTO rapodioHa Gbin Mo oLNGKe nepesanicaH ApYruMU AaHHbIMU. OfHAKO, MOCKOMbKY YPOBEHb
CcuUrHana UCTodHMKa perynuposaricsi ¢ cyaHa Mpbuc, ero namepenus ganu pesynotatbl 170 agb oTHocutensHo 1 MxTTa?/TU-2M,
crefoBaTenbHO Mo OLEHKaM YpOBEHb CUrHana UCTovHMKa (nocne yyeTta nonpasku Ha cpepuyeckoe pacnpocTpaHeHne) cocTaBnseT
176 ob no oTHoLIeHuto K 1 MKHaZ/rLI,-M.
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Perpeccusi MeeT U3NYECKNIA CMbICIT TOSIbKO B CIy4ae OueHb Y3KWX NpederioB Ans r
(B Hawewm cnyyae — 7-10 km). PU3nMYeckn 3To 03HaAYAET, YTO KOIPPULMEHTLI 3aTyXaHNs
MONOXUTENbHbI, MO3TOMY aMMNUTyAa YMEHbLUAETCH C POCTOM paccTosHUS. Takum
obpa3om, 3TOT aHanu3 He TOINbKO SABMSETCH OLEHKOW 3KCMOHEHLUMANbHOro 3aTyXxaHus,

HO TakXke MU OLEHKOM TOro pacCToAHUA, NOCIE KOTOPOro OCTaeTCA TOJIbKO nepeaa Mmoaa.

B Tabnuue 3.4 npusegeHbl 3HayeHus gns Bq, B, ru r{, @ Takke KBagpaTHOro KOpHS
AEeBMaLMM IKCNepUMeEHTarnbHbIX AaHHbIX OT YHKLMK perpeccun D, Bce aTn napameTpbl
ObInn BblMUCNEHbI AN 3agaHHOro 3HadyeHus yactotol (f). 3 Tabnuubl BUGHO, YTO npu
HU3KNX YacToTax Ko3(ppULMNEHTbI 3aTyxaHUA ABMSAKTCA BbICOKMMU, YTO COOTBETCTBYET
3KCMOHeHUManbHoMy 3aTtyxaHunio®®. Ha Puc. 3.5 nokasaHbl pesynbTaTbl BblYUCMEHUS
perpeccun. Ha rpadmkax BuOHa CuUNbHass SKCMOHEHUManbHasi XapaKTepucTuka

3aTyxXxaHnAa Ha HU3KUX YaCToTax U yBeJIM4eHne 3aTyxaHuna Ha ©onee BbICOKMX YacToTax.

[ns 3HayeHusa paccTosHus r (Mm):

2

1 M
Df = M; [TLMeasured[r(m)] B TLR@Q’QSSiO”[f(m)]] (1 4)

lpe:
M 4YUCIIO PacCTOAHUI, ANA KOTOPbIX NPOBOANIUCE U3MEPEHUS.
(M)  paccTosiHMe OT UCTOYHMKA 3BYKaA 40 TOYKU U3MEPEHUS (# M).

Ansa yactotel 28 'y B Tabnuvue 3.4 npuBoguTcs 3HadeHue B, pasHoe 2,79 ab/km; ato
COOTBETCTBYET MOrnoLleHntio Ha aHe, pasHomy ~0,1 ab/km/I'y. 3TO 3Ha4YeHne 6nU3Ko K
BenmumHe B 0,12 ab/km/'u — oueHke, caoenaHHoOM B pasfgene 2.2; 9T0 MOXeT ObITb
00bsACHEHO TeM (pakToM, 4YTO Oonblas 4YacTb npoduna nporierana no rraybokum

Bogam, B otnuumne ot Ogonty nnmn Yareo.

% [MocKonbKy HU3KME YacTOTbl PacnpOCTPaHATCA B OAHOMOAOBOM pexume, uneH -15log(r) B criydae HM3KMX 4acToT MUCKIoYaeTcs
13 perpeccuu.
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Moatomy gnsa 4vactot Huxe 30 Iy 3HayeHne TL Bgoonb npoduna OT nnatgopmbl

«Monuknak» go I'Ivu'leyHa MOXeT ObITb I'IpVI6J'IM3MTeJ'IbHO annpokcnMmmnpoBaHoO

cneayLwmM ypaBHEHUEM:
TL =-10log(r)—10log(r,)— B(r —r,) (15)

[nsa 3HayeHun yactoTtbl 28-29 'y ry NpMBNU3NTENBHO pPaBHSETCA 6 M.
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"Piltun - Molikpaq™

TL, dB
~40
CW28Hz = = =
© CW20Hz s o @
50 o
= CW-1000 Hz
2 =]
60 o 923 CW2000Hz = = =
-
g CW_3000 Hz
[=]
-70 ] CW-4000Hz * = =»
a
CW-S000Hz » » =
80
§ & CW-6000Hz © © ©
-
.o 8 CW-7000Hz © 0 ©
-90 0 .
* . CW-8000 Hz
-
100 CW 9000 Hz © O ©
Q
-110 ]
“120
1 2 3 4 5 6 7 8910 20
1, kim
"Piltun - Molikpaq" Regression curves
TL, dB
-40
CW_28 Hz _—
-50
CW_29 Hz _

CW-1000 Hz
CW-2000 Hz
CW-3000 Hz
CW-4000 Hz
CW-5000 Hz
CW-6000Hz — — —
CW-7000 Hz — — —
CW-8000 Hz

CW-9000Hz — — —

-120
1 2 3 4 5 6 78910 20 r,km

Puc. 3.5 - PeaynbTaTbl BbIYMCIIEHUSA perpeccum no pesysribtatamMm 3KCNepuMeHToB
M3MepeHUsi NOTePb aKyCcTUYeCKUX curHanos Monuknak-NunbTyH.
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4 3KCI'IepMMeHTa.I1beIﬁ aHanuns pacnpocTtpaHeHus 3ByKa B HanpaBJ/ieHUn

OTKpbITOro mopsi B o6bnactu Yaneso

B 2001 r. Ha paccTtosiHun npubnuantenbHo 20 KM K KOro-BOCTOKY OT YCTbsl 3anuvBa
Yaneo (rnybuHa Boabl — 25-40 m) Bbina OTKpbITa HOBasi 30Ha NIETHEr0 NUTAHUA CepbiX
KNTOB. oToT pasgen onucbiBaeT 9KCNepuUMeHTanbHble nccnenoBaHus
pacnpocTpaHeHnsa 3BYKOBbIX CUrHanoB OT obnactu YamBo B HanpaBneHUU 3TOW
pacrnonoXeHHOW Ha wernbge 30He Haryna KutoB. lNMpodurnb MU MecTa pacnonoXxeHus
aKycTudeckux 0ye nokasaHbl Ha Puc. 4.1, Puc. 4.2 nokasbiBaeT Bapuaumo rnyouHbl

BAOOJ1b JIMHNN U3MEPEHUA.

BbiCOKOYaACTOTHBIN UCTOYHUK, pa3BepHyTbi Ha rnybuHe 15 M OT MOCTaBNEHHOro Ha
akopb cygHa Wpbuc, ncnonb3osanca Ana  UccnegoBaHWUs  pacrnpocTpaHeHus
TOHaNbLHOrO curHana B panoHe YanBO, IKCNEPUMEHT MO WU3MEPEHU0 NoTepb Npu
npoxoxgeHumn (TL) BoinonHancsa mexay 9:05 n 10:20 22 ceHtsabpa 2002 r. Ha Puc. 4.1
MoKasaHo pacnonoxeHne Toyek b.1, b.2 u b.3, B KOTOpbIX ObINN pasBepHyTbI
aKkyctuyeckne Oynm M OCYLLECTBRANCA MNPUEM CUrHarnoB, pacronioXeHne WUCTOYHMKA
curHana obosHaveHo cnoBom Upbuc. KoHTponbHbIM rmapodoH ncnosnb3oBanca Ans
N3MepeHnsa ypoBHS NepefaBaemMoro CurHana Ha pacctosHun B 1 M OT MUCTOYHUKa. B
Tabnuue 4.1 npuBeaeHbl pesynbTaThl U3AMeEpPeEHUs NoTepb nNpu npoxoxaeHuun (TL) no
OoLeHKam [Ans pe3ynbTaToB 3TOM0 SKCMEpPMMEHTa C UCMOSb30BaHMEM TOHAarbHOMo

CuUrHana.
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Ta6bnuua 4.1 - OueHku notepb Npu npoxoxaeHuu (TL) no pe3ynbTaTtam 3KCNEepPUMeHTa,
npoBeaeHHOro 22 ceHTAGPs 2002 r.

b.1 b.2 b.3
My TL (ab) TL (ab) TL (ab)
9900 -81 -71
9000 -79 -64 -84
8000 -66 -54
7000 -67 -56 -80
6000 -58 -49 -80
5000 -62 -54 -82
4500 -64 -63 -90
3500 -64 -59 -85
3000 -61 -56 -81
2400 -64 -55 -80
2000 -61 -57 -79
1500 -59 -59 -76
1000 -54 -54 -71
750 -56 -53 -68

PaccmosiHue: 4 km PaccmosiHue: 1,8 km PaccmosHue: 8 km
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Puc. 4.1 - KapTa nsyyaemon obnacrtu, Ha KOTOpoM NOKasaHO pacnonoXeHne akyCTU4eCKnxX

6yeB (b.1, b.2 u b.3), pacnonoxeHue ncTouyHukKa Ha cyaHe Mpbuc, a TaKxke
NpuGNM3nTeNibHOe MecTonosoXKeHne 30Hbl Haryna cepbiX KATOB.
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"Irbis" anchor

30 rr—rrrrrrrorr+rr+rrrrr+r1r1rr+ 11 11 1 1 rrrrrrrrrrrrrrrrr T T T T T T T T T T T T T T T T T T T T T T T
o 1.2 3 4 5 6 7 8 9 10 11 12 13 14 15

Range, km

Puc. 4.2 - BatnmeTpunyeckn npodunb nlyv4yaeMom 30Hbl C YK3aHUEeM MeCTOMOJI0KEHUN
akyctun4yeckux 6yeB (b.1, b.2 u b.3) u cyaHa Upbuc.

G}, dBre 1 ml—:Psl“."Hz. 23.09.2002

h.1.D
b.3-A

049 16 26 35 45 55 65 74 B4 94 106 120 133 146 160 173 187 200 214 227 240 254 267 281 294
I, Hz

Puc. 4.3 - Cnektp G (f) HA3KOYACTOTHLIX AaHHbIX (24 'Y U rapMOHUKN), CUHXPOHHO
3anucaHHbIX 3TarNoHHbIM rMAPOOHOM Ha PacCTOSAHUM B 2 M OT UICTOYHMKA U
aKyCcTU4eCcKMMu bysimun, pacnonoxeHHbIMU B Toukax b.1 (uncpporoit) n b.3 (aHanoroBbIn).
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21 n 22 ceHtabpsa 2002 r. cygHo Upbuc npoBeno akcnepuMeHTbl MO onpeaeneHuto
BbICOKOYACTOTHbIX M HU3KOYaCTOTHbLIX noTepb npu  npoxoxaeHun (TL) ¢
NCNOSIb30BaHMEM BbICOKOYACTOTHOIO MCTOYHMKA, PacrOfOXeHHOro Ha rnybuHe 15 m,
npy aToM cygHo Mpbuc 6bino noctaBneHO Ha siKopb B OAHOM W TOM XE€ MecTe npwu
nposegeHMn oboux akcnepnmMeHToB. KOHTPOSbHbLIN MAPOMOH MChoNb3oBancs Ans
U3MepeHnsa ypoBHA MNepedaBaeMoro CuUrHana Ha paccTosHUM 2 M OT WUCTOYHMKA,
noatomy ObiIo gobaBneHo 6 OB K M3MepeHHOMY YPOBHIO CUrHana Ana BHECEHWUd
nonpaBk/ W npueBedeHNa pacctosHus Kk 1 M. [lepnoguyeckm WMCTOYHUK CUrHana
HaMepeHHO MepekmnYancs B pPeXmnm OTCeYKU (pexmm MmeaHapa) ¢ hopMUpoBaHUEM
rapMOHUK BbICOKOro nopsaka. CnnowHble NMMHUN Ha rpadouke cnekTpanbHOM NNOTHOCTH
G (f) (Puc. 4.3) coOTBETCTBYIOT BPEMEHW, KOr4a WMCTOYHUK HaxXoAurica B aKTUBHOM
COCTOSIHUM U Nepefasarn curHan, NyHKTUpHasi IMHUA OTHOCUTCS KO BPEMEHU, B TeYeHue
KOTOpOro nepegatyvk He pabotan. B Tabnuue 4.2 nokasaHbl pe3ynbTaTbl U3MepeHun
notepb Npu nepegade, OUEHMBAeMble MO HU3KO- W BbICOKOYACTOTHbIM 3BYKOBbLIM
cuUrHanam, pacnpocTpaHsiowmmes ot cygHa Mipbuc no HanpasBneHuto Kk Toukam b.1, b.2
n b.3. Pesynbtatbl NpoBeAeHHbIX Ha YanBO 3KCNEpUMEHTOB MO onpeaeneHuto notTepb
npu npoxoxaeHun (TL) npeactaBneHsl B Tabnuuax 4.1 1 4.2, a Takke npuseneHbl Ha

Puc. 4.4, Ha KOTOPOM OTNOXEHbLI OCN NOTepPb Npu NpoxoxaeHuun (TL) n pacctosiHus (r).

YTpom 23 ceHTabpsa Oykcmp Tpmac oTbbin OT CToSAWEro Ha sikope cyaHa Mpbuc B 9:10 n
NponabIT ¢ NPUBNM3NTENBHO NOCTOSAHHOW CKOPOCTBLIO MO Tpacce, nokasaHHoM Ha Puc.
4.1, npn 3TOM KoopaumHaTtbl Oykcupa Tpuac Nepuoanyeckn KOHTPONMpOBanUCh
pagapoM. LLym, cospasaembii Bykcpom Tpuac, OQHOBPEMEHHO PerncTpupoBancsd B
Toykax b.1, b.2 u b.3 (Puc. 4.5) n nonyyeHHble paHHble obpabaTbiBanucb C
ncrnonb3oBaHmem YpasHeHun (10) n (12) ana ycpeaHeHus BANAHUA MHTepdepeHumnun.
[Ona Bcex Tpex akyctmyeckux OyeB Obinv  BbINOMAHEHblI BbIYUCIIEHUA TOYEYHOM
WHTEHCUBHOCTWN; pe3ynbTaTbl 3TUX OLEHOK OblfiM BbIYMCEHBI MPU MOMOLLM YpaBHEHUI
(10) (RTLyakc) W (12) (RTLepens.) AN 3af4aHHOM MOMOCLI  4acToT. BpemeHHble
COOTHOWeEHNS 6binn npeobpasoBaHbl B OTHOLLUEHWE PAaCCTOSHUW, YTO MNO3BOMUIO
NMPOBECTU OUEHKY W3MEHEHUS TMPUHATOM MOLLHOCTM OT paccToaHus. OueHku
abCcontTHBIX 3Ha4YeHW noTepb Npu npoxoxaeHun (TL) He MoryT ObiTb BbIMOSMHEHDI

BBMOYy TOro, 4TtO0 UCTOYHUK MO CBOMUM pa3MepamM 3Ha4YUTESIbHO npesBbillan 1 ™M, a
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onopHass amnnutyga HemsBecTHa. OpHako, 9TM  [OaHHble MO3BONAT  OLEHUTb
oTHocuTenbHyto Bapmnauuto TL (RTL) B 3aBucnmocTn oT pacctosHus (Puc. ¢ 4.6 no 4.8).
Ha Pwuc. 4.6 (B ueHTpe) nokasdaHbl rpadmkn RTLmax [325:725Tu], koTopble
AEMOHCTPUPYIOT  OTHOCUTENBHO  CTabWNbHblE  UHTEPEPEHLUMOHHbIE  CTPYKTYpbI,
NpOCTPaHCTBEHHbIN MacwTab KoTopbix Bo3poc (A ¢ 200 go 500 m, rpaduk b.1), ogHako
rnybvHa mogynaumm ymeHbwmnacb (8l = lmax — Imin € 12 oo 5 ab) no mepe yaaneHus
6ykcupa Tpuac. Ha Huskmx yactotax (200-300 INy) n Ha Bbicokmx yactoTtax (1100-1930
u) (BepxHUM U  HWKHMKA rpadmkn Ha Pwuc. 4.6) Takas npocTpaHCTBEHHas
NUHTepdepeHLMa OTCYTCTBYET, MOCKOSMbKY Ha HU3KUX YacToTax pacnpocTpaHsAoLLascs
9HEeprusi KOHUEHTPUPYETCS B HU3KOW MOAE, B TO BPEMS Kak B Crlydyae BbICOKMX 4YacToT

nponcxoanT B3anMoaencTeme BonbLUero Yymucna moa.
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Puc. 4.4 - PeaynbTaTbl BbIYUCIIEHUSA perpeccun B IKCNepMMeHTax no onpeaereHno NnoTepb
npu npoxoxaeHuu (TL) Ha Yaneo.
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Tabnuua 4.2 - OueHku notepb Npu npoxoxaeHuu (TL) no pe3ynbTaTtam 3KCNEPUMEHTOB,
coctosaBwuxcA 21 n 22 ceHTA6pA 2002 r. (pe3o0HaHCHbIE YacTOThbl U TAPMOHUKN).

b.1 b.2 b.3
My TL (ab) TL (ab) TL (ab)
29 (21.09.02-14:04) 64 72 77
29 (21.09.02-14:19) 65 74 76
33(21.09.2002-14:32) 66 72 78
34 (21.09.2002-14:38) 63 67 76
68 (21.09.2002-14:38) 63 58
102 (21.09.2002-14:38) 61 55 71
136 (21.09.2002-14:38) 51 49 66
170 (21.09.2002-14:38) 60 51 70
204 (21.09.2002-14:38) 65 61 65
238 (21.09.2002-14:38) 55 54 62
272 (21.09.2002-14:38) 62 57 72
34 (21.09.2002-14:44) 64 69 78
238 (21.09.2002-14:44) 57 53 71
272 (21.09.2002-14:44) 58 52 71
29 (23.09.2002-10:30) 63 65 75
87 (23.09.2002-10:30) 60 69
116 (23.09.2002-10:30) 52 62
145 (23.09.2002-10:30) 54 62
174 (23.09.2002-10:30) 53 62
203 (23.09.2002-10:30) 52 62
232 (23.09.2002-10:30) 49 64
261 (23.09.2002-10:30) 50 70
24 (23.09.2002-11:01) 73 68 74
48 (23.09.2002-11:01) 71 55 75
120 (23.09.2002-11:01) 56 48 63
144 (23.09.2002-11:01) 57 49 65
168 (23.09.2002-11:01) 57 50 66
192 (23.09.2002-11:01) 53 43 66
216 (23.09.2002-11:01) 52 45 67
240 (23.09.2002-11:01) 54 63 66
264 (23.09.2002-11:01) 54 47 70
PaccmosiHue: 4 km PaccmosiHue: 1,8 km PaccmosiHue: 8 km
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Puc. 4.5 - CnekTtp G (f) OKpy»xaroLiero 1 aHTPoONoreHHoro wyma, 3anucaHHbIX B Toukax b.1, b.2 n b.3
(aHanoroBble 1 UK poBbLIe akycTudeckue 6yn) 23 ceHTaA6psa 2002 r.
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Puc. 4.6 'pacomkn RTL

Wyma, reHepupyemMoro 6ykcupom Tpuac u 3apermcTpupoBaHHOro akycTuieckumm oysamm b.1,
b.2 (undposbie) u b.3 (aHanoroBbIN).

max » BbIYMCIIEHHbIe Npu nomowm YpaBHeHus (12) ¢ ncnonb3osaHnem
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Puc. 4.7 -Tpadmkn RTL,,. ... , BoluMCREeHHbIe Npu nomowy YpaBHehus (10) ¢

ncnonb3oBaHUeEM LUyMa, reHepupyemoro 6ykcupom Tpuac u 3apermcTpupoBaHHOro
akycTuyeckumm 6ysmm b.1, b.2 (uncdpossbie) u b.3. .(aHanoroBbIN).
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YpaBHeHne (10) npeactaBnser cobon  onTUMasrbHbIA - anropuTM  ANs  OLEHKM
3aBUCUMMOCTN OTHOCUTENbHbLIX MOTEPb MPWU MPOXOXOEHUN OT YacTOTbl U PACCTOSAHUS
[RTL(f,r)] B cnyyae wyma, co3gaBaemMoro noaBMXXHbIM UCTOYHMKOM (T.e. ANs aHanuaa
3aBMCUMOCTU RTLcpeqn. [Aff,r]). KoMnnekcHbIi aHanu3 akcrnepuMeHTanbHbIX AaHHbIX,

nokasaHHbln Ha Puc. 4.4, 4.7 n 4.8, no3BonsieT BbINONHUTL oueHky RTL(f,r) ana uenon

00, TLmiddle[10

nnowaau.

T'Lmiddle[(fn;fm),t,r], dB re 1 mkPa/Hz, 23.09.2002

RTLaverage [100 Hz: 500 Hz]

5] TLmiddle[30

RTLaverage [3000 Hz: 4000 Hz]
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Puc. 4.8 - 'pacpmkm RTLaverage , BbIYMCIEHHbIe Npy nomowm YpaBHeHus (10) Ha ocHoBaHuK

lwyma, cosgaBaemoro 6ykcmpom Tpuac v 3anMcaHHOro akyctuyeckum 6yem b.2 (uncppoBbim).
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B npeabigyliem pasgene nokasaHbl pe3ynbTaTbhl U3yYeHUs noTepb NpuU MPOXOXKAEHUN
(TL) B panoHe YamBo C uncnonb3oBaHWMEM curHanos, dopmupyemblix HY- n BY-
uctodHnkamn. Kpome Toro, ©ObINO  mMccnegoBaHO — pacnpoCcTpaHeHuve  Lwyma
aHTPOMNOreHHOro NPOUCXOXAEHUS, co3gaBaemMoro obopyaoBaHNeEM, PpacrnonOXeHHbIM Ha
npuyane ans Gapx v nobnm3ocTn oT Hero. [MOocKonbKy WMCTOYHMK LWyMa He 6bin
n3BecTeH, Obln nNpoBedeH aHann3 OTHOCUTEMbHLIX NOTepb MNpy npoxoxaeHun (RTL)

mMexay Toukamu b.1 un b.2. 3HavyeHne RTL onpenensanocb kKak pasHOCTb YPOBHEW

Chaivo acoustic path

iz = 0.05 dB/(Hz-km)

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Range, km

Puc. 4.9 - AKyctnueckasa mogenb YanBo ¢ ykazaHueM aKyCTUYECKMX NapameTpoB.

CUrHarnoB, CUHXPOHHO perucTpuvpyembix B o0eux Toykax. Kpome Toro, Takke
aHanusuMpoBanucb  pe3ynbTaTbl, TMOMyYEHHble B  XO4e  M3y4YeHus  Moaenwu
pacnpocTpaHeHUsi 3Byka U 3Ha4YeHus NoTepb npu npoxoxaeHum (TL) oT Toukm b.1 k b.2

C Mcnosib3oBaHUeM Moaenu, nokasaHHom Ha Puc. 4.9.
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[na akycTudeckoro MogenMpoBaHWa WCNorfb3oBanacb nporpamma MOATL?. Uenb
MOLENMpoBaHUsA COCTOsNa B MOWCKe napamMeTpoB npoduns gHa, Hanbonee 6rM3Ko

coBMagavwmx ¢ sKkCnepnMeHTasribHbIMU pe3yribTaTaMu.

B Mogenu wucnonb3yeTtcs BOMHOBOA, COCTOSAILUMW U3 Tpex CrnoeB, a WMEHHO:
OLHOPOOHOro Crnos BOAbI, CMOs 0Ccafo4HbIX nopod TonwuHon B 10 M 1 €rosi ckanbHbIX
nopop; napameTpbl Moaenun npmeedeHsl Ha Puc. 4.9. batumeTpudeckuin npodunb Obin
NMOCTPOEH NO AaHHbLIM, NOTYYEHHBIM B MOMEBbLIX YCMOBUAX C UCMONb30BaHMEM 3XOfoTa.

McTouHmK pacnonarancs Ha MOpPCKOM [He B Havarne npoduns (pacctoaHune = 0).

Ha Puc. 4.10 nokaszaHO M3MeHeHWe OTHOCUTEMbHbIX NOTepb NpPU NpoxoxaeHun TL
(RTL) B 3aBMCMMOCTM OT 4acTOTbl Kak AN 9KCNEePUMEHTasNbHbIX AaHHbIX, Tak U Ans
AaHHbIX MoAenn. JKCNepuMEHTanbHble AaHHble, MOSlyYEHHbIE B pPasfnyHbie AHW,
n3obpaxkeHbl pasnuYHbiM LBETOM, a pe3ynbTaTbl BblMUCIEHUS MOLENN N300pakeHbl
CUHEN NNHWEN, HA KOTOPOW TOYKU BblYMCHeHUA oueHkn RTL nokasaHbl kpyrammn 6e3

3anoJIHEHUA.

# MporpamMmma MCMoOMnb3yeT annpPOKCUMALVII0 B COOTBETCTBUM C TeOpUei aamabaTnieckoro pexvma npm
BbIYMCIIEHUM NOTEPb NpY NpoxoxaeHum (TL) B BOTHOBOAE.

63



RTL, dB
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Frequency, Hz

Puc. 4.10 - 3HayeHusa RTL (3kcnepuMeHTanbHble AaHHbIE U pe3ynbTaTbl BbIYUCIIEHUA
Mopaesnu), nofny4yeHHble B X0A4e aKyCTM4ecKoro akcnepumeHta B HYameo.

Ha Pwuc. 4.11 npuBegeH aHanu3 wyma, co3gaBaemoro 6ykcupom Tpuac npu
NPOXOXOEeHMM UM TOYKKN b.2 yTpom 23 ceHTAbpsa. Ha Puc. 4.7 npuBeaeHa BpemeHHas (1
NPOCTpPaHCTBEHHAsA) 3aBUCMMOCTb LWyMa, co3gaBaemMoro 6ykcupom Tpuac U
3aPMKCUPOBAHHOIO B TOYKE b.2, BbIYMCNEHHbIE C ucrnonb3oBaHveM YpasHeHus (10). Ha
Puc. 4.11% nokasaHbl 3aBMcMMOCTY BennuuHbl RTL OT paccTosiHUs, OLEeHKa KOTOpbIX
npoBoAMnach N5 CHUXKaKLWErocs ypoBHS LWyma no Mepe yaaneHus bykcupa Tpuac ot
TOYKM MaKCUManbHOW MHTEHCUBHOCTU. 3HadeHus RTL ana pasnuyHbiX 4acTOTHbIX
AnanasoHOB MoKasaHbl pasfuMyHbIMU LBeTaMu, 3HA4YeHUS pPacCTOAHUA NpUBEOEHbI B

norapudpmMmuyeckoM maclutabe.

%0 M3obpaxeHHble Ha Puc. 4.11 gaHHble B3AThI ¢ Puc. 4.7.
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[ns oueHkn norapmcbma YMEHbLUEHNA UHTEHCUBHOCTU B 3aBUCUMOCTU OT PACCTOAHUA I
NpUMeHANcA perpeCCMOHHbIVI aHanums. |_|pl/l BblHUCIIEHNN perpeccnn ncnosib3oBasriocb

ypaBHeHME:
RTL(r)=a*log(r)+b. (16)

Pe3ynbTaTbl BbIYNCIIEHUST pErpeccumn nokasaHbl C UCMOMb30BAHNEM TEX XK LIBETOB, YTO
N ONs SKCNepuMEHTanbHbIX AAHHbLIX, U1 OHW OOKa3biBalOT O4YeHb crnaboe BNUsSiHME Ha
YPOBEHb aKyCTU4eCKOro wyma. BbluncneHmsa perpeccum nokasbiBatoT, YTO 451 NOSOCHI
yacTtoT o1 200 go 300 'y MHTEHCUBHOCTbL CHWXaeTcs Ha 18 ab/aekaay, B AonanasoHe ot

325 po 725 Ny — Ha 16 ab/gekagy, n B gmnanasoHe ot 1100 go 1930 My — Ha 19

nb/nekapny.
RTL, dB
10 RTL [200Hz 300Hz
* & 0
RTL [325Hz; 725Hz)

RTL [(1100Hz; 1930Hzl
-17.9:log(r)+36.1

-15.9-log(r)+30.8

- 18.8:log(1)+40.3

40
100 1000 10000

Range, m

Puc. 4.11 - 'padmk 3aBucumoctn RTL oT pacctoaHus ansa akcnepumeHTta ¢ Bykcupom

Tpuac, coctogaBLueroca 23 ceHTs0ps, AaHHble n300paxeHsbl Ha Puc. 4.7.
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5 BbiBoabl

HoBble uundpoBble paguorngpoakyctudeckme 6yn nokasanm cebs XOopoLlo, OHU
pernctpupoBanu gaHHble anga yactot 1-2600 'y, n npn COBMECTHOM UCMONb30BaHUN C
aHanoroBbiMn pPaaMorMapoakyCTU4eckumm OyamMu NpUMEHSNUCb LN perncrpauuun
aKyCTU4ecKkux AaHHblX B AuanasoHe 4vactoT 11y -10 kM'u. CUHXPOHHBIE M3MepeHUd
LLUMPOKOMOSOCHOIO LyMa KaK Y UCTOYHMKA, Tak U Y NPUEMHNKOB NO3BOSIUN BbINOSTHUTL
TOYHYKO OUEHKYy noTepb npu pacnpoctpaHeHmn (TL) mexagy WCTOYHMKOM a

aKkycTnyeckum dyem.

Bbino npoeBedeHO Tpu 3KCNepuMMeHTa Mo OueHKe noTepb npu pacnpoctpaHeHun (TL)
aKyCTMYeCKMx CWUrHanoB M3  panoHa nnatdopmbl  «Monuknak» K MecTy,
pacnosioXXeHHoMy nobnu3octn oT ycTba 3anuBa [IWNAbTyH, OUEHKUM noTepb npwu
pacrnipoctpaHeHun (TL) B 3aBUCMMOCTM OT 4acTOTbl AN 9STUX SKCNEPUMEHTOB

npueegeHsl B Tabnuuax 3.1, 3.2 n 3.3.

B cnyyae pacctosiHua 19,2 km (Tabnuua 3.2) OGbinn NonyYeHbl criegyroume oueHKU

noTepb Npu pacnpocTpaHeHum (TL) :

YacTtoTa () 1000 2000 3000 4000 5000 6000 7000 8000 9000
OueHka noTepb nNpu ~-76 ~-90 ~-83 ~-93 ~-96 ~-95 ~-95 ~-108 ~-111
pacnpocTpaHeHuu (TL)

(aB)

PerpeccnoHHbIN aHann3 Bcero KoMmnsekca gaHHbIX noTepb nNpu pacnpocTtpaHeHuun (TL)
ansa cnyyasa «Monuknak-INMunbeTyH» BbINOSTHANCSA UCXOAA U3 NPeanofioXeHUs O TOM, YTO
oLeHKka noTepb npu pacnpoctpaHeHmn (TL) pomkHa O6bITb annpokcMmMMpoBaHa
npUBEOEHHON HUXEe CUCTEMOW ypaBHEHUM U NOoABEeprHyta perpecCUOHHOMY aHanuay

ana onpeaeneHnda 3Ha4veHund KOS(beI/ILI,VIeHTOBZ
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—20log(r) r<r,
TL ={-15log(r)—5log(r,)— B,(r —r,) i <r<r’
—10log(r)—>5log(r,)-5log(r*)— g,(r"  —r,)—p(r—=r") ;r' <r

3Ha4veHna B1, B, I U ry, a TaKe oWnbKU perpeccun npvsedeHbl B Tabnuue 3.4 ans
4YacToT, Haxoadawmxca B gmanasoHe oT 1 o 9 klu. PerpeccnoHHbI aHanua nokasan

POCT KO3(PhULIMEHTOB 3aTyXaHUs C yBENMYEHNEM HYACTOTHI.

CywiecTBeHHbIN BKMNag B notepu npu npoxoxaeHun (TL) Ha yvactoTax Hwxke 40 Iy
BHOCUT MOrMoweHne AHOM, MO3TOMY Ha HU3KUX YacToTax noTepu npu NpoxXoxgeHuu

(TL) moryT 6bITb annpoKCUMMPOBaHbI CrieayoLmm obpasom:

TL =-10log(r)—10log(r,)— B(r —r,)

[pe:
H2
I’1z—
21
H rnybuHa BonHoBoaa
A JNMHA BOMHbI
B KO3 UUMEHT  MNOrMoweHnss Ons  NpoJoSfibHbIX  BOSIH,  KOTOPbIA  6bin

QKCNepnMeHTalribHO OueHEeH KaK Ana WMMNYJIbCHbIX, TaKk W AOnd  He3aTyXakwux

rapmMoHu4yeckux BosiH pasHbiM 0,12 ab/km/I'y,.

Beuay akcnnyaTauMOHHbIX OrpaHudeHnin nobnmsocTn ot npuyana ans 6apx B Yarmeo
npoBegeHne 9KCNEPUMEHTOB MO OnpeAeneHnio notepb npu npoxoxaeHun (TL)
HenocpeacTBEHHO C NPUOpPEXHON TEeppUTOPUM OKal3arioCcb HEBO3MOXHbIM, MO3TOMY
3KCNepuUMEHTbI MO onpeaeneHno nNoTepb npu npoxoxaeHun (TL) npoBoaunuCb Kak B
HanpaeneHun 6onee rnybokux, Tak n Gonee Menknx MecT, U OHU MO3BOSIUIIM OLIEHUTb
N3MeHeHna notepb nNpu npoxoxaeHun (TL) Ans 3Ha4YeHUn OnvHbI, KOTopble Obinn

OnN3KM K 3HAYEHUSM, NoJ1Iy4eHHbIM ONA TpaeKTopun MOJ'IVIKI'IaK-nMJ'IbTyH.
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3HayeHnsa, nomnyvYeHHble B XO4e 3KCMEepUMEHTOB MO OnpefeneHuto noTepb npu
npoxoxaeHumn (TL) ¢ gewxywmmmnca cygamu B obnactu Yameo, a Takke TeopeTuyeckue
pes3ynbTaTtbl, NOyYEeHHbIE NPU NOMOLLUM MoAeNien, ykasblBaloT Ha TO, YTO NoTepu npwu
npoxoxgeHun (TL) gocTturatoT cBoero makcumyma B nonoce vactot ot 30 go 70 Iu.
Hanpumep, B obnactn Yanso oTHocuTesnbHble noTepu npu npoxoxaeHun TL (RTL) Ha
yacTtoTe 65 'y 6binn npnbnuantensHo Ha 10 ab Bbiwe Yyem RTL Ha yacTtoTax 30 n 109
.

Mocne oT6bITHsA Gykcnpa Tpurac NS OLEHKM OTHOCUTENbHbBIX MOTEPb NPU NPOXOXKAEHMM
(TL) ucnonb3oBanucb Nosfy4YeHHble AaHHble. OTU AaHHble MOryT UCMOMb30BaTbCs AnS

nposegeHMA OLUEHKN 3HaYeHUA RTL aons pasnnyHbIX Onana3oHOB 4acCToT. B cny4yae

yacToT Bbiwe 1 Ky uMeeT MecTo none B GnmxkHen 3oHe (r< ''~0,2-1,8 KM), B npegenax
KOTOPOro ypoBeHb 3BYyKa CHMXaeTcs nponopumoHanbHo -20log(r). 3a npegenamu aTon
30HbI YPOBEHb 3BYKa CHWXXaeTcs nponopumoHansHo -19log(r) (r>r1) Ans 4acToT CBbIle

1 kU4, n NnponopuunoHaneHo -18log(r) ans ananasoHa 4actoT 200 - 300 Iu.
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6 MnaHbl Ha 6yAayuee

Paspabotka uudpoBbix akyctudecknx 6yes [ABO PAH nossonuna 3HauntenbHO
YBEMNYUTL OUHAMMUYECKUA OuanasoH WM MNOSIOCY 4YacTOT aKyCTUYeCcKoW WHdopmalmu,
3apeructpupoBaHHon B 2002 r. LindopoBon akyctudeckun 6yn ¢ 16-paspagHsim AU n
KoOupOBaHMEM (OMHamuyeckui guanasoH 96 ab) mMoxeT nepegaBaTb curHanbl B
AnanasoHe ot 0 pgo 2500 ly. B Cnyvae npumeHeHuns 12-paspsigHoro AL
(AuHamnyecknin guanasoH 72 gb) ananasoH 4dactoT coctasnset ot 0 go 4000 Iu.
OOHUM M3 OCHOBHbIX MpPeMMyLLEeCcTB LMEPOBOro KOAUPOBAHUA SIBMSIETCA YCTpaHeHue
CUCTEMHbBIX LUYMOB W 3MEKTPUYECKUX HABOOOK, KOTOPbl€ OCOOEHHO 3HA4UTENbHbI Ha
HU3KMX YacToTax M WCKNHYalT BO3MOXHOCTb TOYHOMO WU3MEPEHUS WH(pPa3ByKOB
aHanoroBbiMn  akyctmyeckumm 6yamu. CoyeTaHne UMAPOBLIX W aHaNOroBbIX
aKycTuyeckux ©OyeB NO3BONSAET BbIMOMAHUTL TOYHbIE W3MEPEHUS  aKyCTUYECKUX
napameTpoB B AguanasoHe ot 1 go 10 000 Iy (umdposbie: 1-2500 'y, aHanoroBbie:
200-10 000 I'w).

OpgHako npobnembl C OMHAMUYECKMM AMana3oHOM W npegenamu  npuema
paguocurHanoB  aHanoroBblx W UUMPOBbLIX  paavorapoakyctudeckux  byes
NpoAEeMOHCTPMpPOBaNM HeobXxoaUMOCTb pa3paboTKM HOBOrO aBTOHOMHOIO LIM(PPOBOro
pernctpupytowero obopygosaHusa. B 2003 r. 6yaeT paspaboTtaH HOBbIi aBTOHOMHbIN
nogBoAHbIM akyctudeckun peructpatop (AlAP), anHamuyeckuin guanasoH KOTOPOro
OyaeT cpaBHUM C ANHAMUYECKMM AMANa3oHOM 3NEKTPOHUKM LMGPOBLIX aKyCTUYECKNX
OyeB, oOHaKo Yy 3TOro YyCTpoMcTBa He OyadeT orpaHM4eHuMr Mo Morioce 4acTtoT
nepegaBaemMoro curHana, CBOWCTBEHHbIX ANA pagunobyes. Takue perncrpupyroLimne
ycTponctBa OyayT €BASATbCA aBTOHOMHbIMM W OyayT oOcCHaWaTbCA WCTOYHMKaAMM
NATaHUSE U CUCTEMOW 3anucu Onsi HEMnpepbiBHOW pPerucrpaumm AaHHbIX B TeYeHue

npuénmnanTensHo 14 gHen.

Lndpposon 6nok AINAP 6yaoet obopymoBaH 16-paspsagHbim AL (96 ab) n xecTkum
AnckoM emkocTbio 60 M6anT, rmgpodoHbl ByayT oTkanubpoBaHbl B gnanasoHe ot 1 Iy
no 10 kl'y. Briokm AMNAP 6yayT OByxkaHanbHbIMW, OOWH KaHan OygeT uMeTb 4YacToTy

anckpetmnsaummn 20 kl'y, gpyron — 30 kl'y, 4YacTtoTa nponyckaHus unbTpa HUWKHUX
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yactoT 6yaget BblGMpaeMon, 4YTO MNO3BOMUT pacMPUTb AWNHAMUYECKUA [uana3oH
BbICOKOYACTOTHOMO KaHana. 3TO MO3BOMUT BbINOMHATL TOYHbIE aKyCTUYecKue
namepeHna B guanasoHe oT 1 go 15000 Nu. bnok AIAP cmoxeT 3anucbiBatb 06a
KaHana BMeCTe UMK TOMNbKO OAMH KaHan ¢ Yyactoton guckpetmsaumm 20 kl'y. NpoTokon
permctpauun gaHHblx 6yget BblbupaTbCca C yd4eToM Heobxoaumoro banaHca mexay

NnpoAOJTKUTESIbHOCTbIO BpEMEHU 3alnncu, obbemMom ancka u pecypcoM NUTaHuA.

AKyCTUYecKne wuccrnenoBaHusi, NpoBefeHHble B panoHax nnatdopmbl "Monuknak" n
YaBo B 2002 r. noatBepausiv, YTO CUHXPOHHbIE CUrHanbl, perncTpypyemMbie
HECKONMbKUMWN aKyCTU4Yeckumn Oyamu, MOryT ucnonb3oBaTbCa Ans 9¢PEeKTUBHOIo
3KCNepuUMeEHTanbHOro onpegeneHuss notepb npu  npoxoxaeHun (TL). JTobble
N3MEepeHnsa akyCTUYECKMX napameTpoB, npeanpuHuMaemMble B 06nacTax C BbICOKMMM
WHTEHCUBHOCTAMW TeYeHUn, NoAobHbIX CeBepo-BOCTOMHOMY wWwenbdy o. CaxanuH,
MOryT nofgBepraTtbCs BO3L4EVWCTBUIO LIYMOB MOTOKA BCMNeACTBME B3anMOAENCTBUS
Te4YeHNss BOAbl CO CTaUMOHaPHbIM MAPOMOHOM. JTO MOXET NPUBECTU K UCKAKEHUIO
pes3ynbTaTtoB aKyCTUYECKUX U3MEPEHUN ONA HU3KMX YacToT (<25 ly) n cylecTBeHHO
YCINOXHUTb paboThbl MO M3YYEHUIO NOTEPb NMPU NPOXOXKAEHMM HA HM3KUX YacTtoTax. ABO
PAH n3ayyaeT BO3MOXHble MeTOAbl perucrpaumm u aHanumsa faHHbIX, KOTOpble MOrnu
Obl YMEHbLNTb BNUAHWE OENCTBUSA LUYMOB Ha MU3MEPEHUS NoTepb NPU NPOXOXOEeHUU
(TL).
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7 BbipaxeHue 6narogapHocTu

ABTOpbl  xoTenn  Obl  BbIpa3uTb  CBOK  BnarogapHoCTb  TuXoOKeaHCKOMy
oKkeaHonornyeckoMmy MHctTUTyTy um. B.W. Unbnyesa [BO Poccunckon Akagemumn Hayk

3a paspeLueHne BbIMOHNUTL AaHHyo paboTy.

ABTOpbI Takke xoTenu 6bl Bbipa3nTb GnarogapHocTb nHxeHepam TOW, koTopble XOTA
He NpUHMManu y4actusi B HanmcaHMmM camoro oTyeTa, BHECNWN 3HAYUTENbHbIN BKNag B
BbIMOSIHEHWE NMporpamMmmbl UccnegoBaHumn: YyeHble: K.T.H. S.V. Borisov (bopucos C.B.),
A.V. Gritsenko (Ipuuenko A.B.), A.V. Hodzevich (Xoasesud A.B.), R.A. Korotchenko
(KopoTtyeHko P.A.); nHxeHepsbl: E.A. Maslennikov (MacnenHukos E.A.), V.V. Lihachev
(Jluxaues B.B.), D.G. Kovzel' (Kossens [I. I".).

ABTOpr XOTAT no6narop,ap|/|Tb SKUNax Mp6uca 3a rocrenpMmMmctBo U nomMollb B

BbIMOJIHEHNWN aKYyCTUYECKUX M3MepeHMﬁ B 30Hax Monuknak, OD,OﬂTy n Yameo.

HakoHeu, aBTopbl xoTenn 6bl nobnarogaputs O-pa INU. Oonrmx (OBO PAH), [-pa
Puyapga T. Xoyka (QkcoHMobun Anctpum Pucepy Ko.) n O-pa Yapnesa M. Manme

(On-Oxun-On) 3a peLeH3MpoBaHNe JaHHOro oTyeTa.

Ocobyto 6narogapHOCTb BblpaXXaeM MHBECTULMOHHBIM KOMMNAHUSIM, UX COTPyAHMKaM U
KOHCynbTaHTaM, 6e3 y4acTus KOTopbiX faHHas paboTa He mMorna ObiTb BbiNonHeHa. Mbl

6narogapum: On-xn-On Jlta.
O-p C.b. AsseHko n [-p C.P. [>KOHCOH.

OkcoH Hedpteras Jltg. - M. EcenranveBa, M.P. DxeHnkepcoH, C.P. MaptuH n X.P.

MenToH.

CaxanuH SHepoxn MuBectmeHT Komnanum J114. - A. Ongep n C. BanuTcok.
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8 ABTOpBbI

TUXxOOKeaHCKUN oKkeaHosiormyeckun MHCTUTYT um. B. U. Mnbnyesa, JanbHeBOCTOYHOE
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MpunoxeHue A - Notepu npu npoxoxaeHun (TL) ana cnyyaa pacnpoctTpaHeHus

nepneHauMKynspHo 6epery*

C uernblo OUeHKM 3aTyxaHUs akyCTUYECKOW 3HEepPruu, reHepmpyemMon nHeBMonyLKamMmm ¢
cyoHa «Hopduk Okcrinopepy», Gbina npoBedeHa cepus akyCTUYECKUX KCNEPUMEHTOB
[0 Havana cercmopasBedku. Llenbo aTMx uccnegoBaHuin ABNANOCbL M3MepeHue
npuHumMmaemoro ypoBHs (RL) mowHocTn akyctmnyeckoro curHana Ha 10- n 20-meTtpoBon
nzobatax. C tem, 4toGbl OUEHUTb M3MEHYMBOCTb 3Toro napameTpa (RL) no Bcewn
CbeMOYHOWN Nowaan TecTbl MPOBOAUIIUCE KaK HA CEBEPHOW, TaK U HXKHOM yyacTkax
nnowaan cencmopassegkn 3D. [na aTmMx wuccnegoBaHuMW € cyaHa  «HopOuk
3kcrinopep» Nnpon3soannock cpabaTbiBaHne nHeBmonyLlek (paboyen rpynnel). CyaHo B
3TOT MOMEHT BbLINOSHAMNO PENCHI BAOMb Npodunen nepneHanKynsapHbix 6eperoson
AVMHAM N NapanfienbHblX  HanpaesneHuto oTcTpena. [lpuemHble  ycTpouncTBa
pasmMellanuce Ha rnybuHax 20, 10 unn 6 M. Cxema pasmelleHns obopyaoBaHus Ha

IOXXHOM y4acTKe nnowaan npeacrtasiieHa B BerHeﬁ 4acTu puc. B.1.

Ha puc. 4.7 Takke npeacTtaBreHbl rpadukn cpefHekBagpaTUYHbIX OTKITOHEHUA WU
MUKOBbLIX 3HAYEHUN ANSA aKyCTUYECKUX OaHHbIX, 3aperncTpupoBaHHbIX aKyCTU4ECKUMMN
Oysmn B Toukax T.1.3 n T.2 B xoge BbINONHEHNS CyAHOM «HOpOuk SKcririopep» pencos
C BOCTOKa Ha 3anaf. Ha Puc. B.1 Takke nokasaHbl dhopmynbl 4515 onpeaeneHnsa notepb
npv npoxoxaeHuu (TL) ansa BblumMcneHns 3aBsmcnmocTu 3atyxaHusa (R) ot yactotsl. [Ang
oueHok noTtepb npu npoxoxgeHun (TL) 20logR u 40logR ypoBeHb curHana Ha
paccTosHMM B 1 KM OT MCTOYHMKA cocTasnsan cootBetctBeHHO 160 ob u 184 pb

oTHocuTenbHo 1 MkIla.

Ha Puc. B.2 1 B.3 nokasaHbl 3Ha4eHUa NoTepun aHeprum konebaHum gna akycTUYeckmux
npodounen napannenbHbiX U nepneHankynspHolx 6epery. Ha Puc. B.2a nokasaHbl
cpeaHekBagpaTudeckme 3Ha4eHus ans aKyCTUYeCKNX UMMNYnbCOB,

3aperncTpupoBaHHbIX B Todkax T.4, T.4.2 n T.5 B cnyyae AaHHbIX, MPUHUMAaBLUNXCA B

%1 310T pasnen B3aT 13 paboTsl Bopucosa u ap., 2002 r..
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Xo4e BbINOSIHEHUST cydHOM «Hopduk Okcriiopep» pencoB BOOMb  npodung,
napannensHo 6eperoBoit nuHUM>?. Ha Puc. B.2b nokasaHbl [JaHHble, MOMy4YeHHble
cyoHom  «HopOuk  Okcrinopep» BO BpeEMs ero penca BOOMb  nNpoduns
nepneHaukynsipHoro 6Geperooit nuHUM®. OTW [aHHble OMUCLIBAIOT —3aTyxaHue

CENCMMYECKNX nMnynbcoB B CeBepHOI7I 4acCTu 30HbI TpexmepHon pa3BeaKun.

Ha Pwuc. B.3 nokasaHbl cpegHekBagpaTUyeckne 3HavyeHua Ons  akyCTUYECKUX
UMNYNbCOB, 3aperncTpMpoBaHHbIX B Todkax T.7 n T.11, aTn gaHHble Obiny NonyyYeHsbl B
Xo4e BbINOSIHEHUST cydHOM «Hopduk Okcriiopep» pencoB BOOMb  npodung,
napannensHo 6GeperoBon nuHuKM. Llenblo pgaHHOro wuccnegoBaHuss  ABNANOCH
onpegerieHne BEeSIMYUH NOTEPU SHEPrMM aKyCTUYEeCKOro npoduns napannensHoOMy
npocunto n3ornybuH; Nnpeanonaranock, YTO NOMyYeHHble AaHHble ByayT cpaBHMBATLCA

C n0Tepel71 SHEepPrnn I'IpOC*)VIJ'IFI nepneHanKyndapHoro I/13OFJ'Iy6VIHaM.

32 Mpodunb otpaboTtaH 13 aBrycta 2001 r. ¢ 18:10 go 19:20
* Mpodoune oTpabotan 13 asrycra 2001 r. ¢ 22:03 fo 22:25
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Puc. B.1 - Cxema npoBeAeHUs HOXHbIX UCCNeAOBaHMN NOTEPb NPU NPOXOXKAEHUU
(TL), nukoBble N cpegHeKBaApaTUiyeckue 3Ha4yeHus ot 6ya T.1.3 1 nukoBbie U
cpeagHeKBagpaTuveckue 3HayeHus ot 6ysa T.2.
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13.08.2001y.
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dB re 1 mkPa, RMS(R), T.4, T.4.2, T.5, (18:10 - 19:20), 13.05.2001y.
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dB re 1 mkPa, RMS(R), T.4, T.4.2, T.5, (22:03 - 22:25), 13.06.2001y.
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Puc. B.2 - Cxema npoBeAeHUsi CEBEPHbIX UCCeaoBaHui noTepb npu NpoxoxaeHuu (TL),
NUKOBLIE U CpeAHeKBagpaTnyeckme s3HavyeHus ot 6yeB T.4, T.4.2 n T.5 ansa
npocunen, nepneHANKYNApHbIX (a) u napannenbHbix (b) 6eperoBon nuHuwm.
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3 Puc. ¢ B.1 no B.3 cnegyeT, 4To 3aTyxaHWe akyCTUYEeCKNX MMMYIbCOB Ha nnoLwiagum
NnpoBeaeHNsi CeENcMopasBeKkn HEe 3aBUCUT OT U3ornyouH. NoTepn Npyu NpoxXoXxaeHum
(TL) gna 20-m KoHTypa (¢ rnybuHbl) no oueHke coctansaoT TL=-25log(R), rae R —

paccTosiHne Mexay UCTOYHUKOM N MPUEMHUKOM (M).

PeaynbTatbl 9KCNEPUMEHTOB MO ONpeaeneHnto NoTepn akyCTUYECKOW 3HEeprum MoryT
OblTb MCNOMb30BaHbl NPU MOAENUPOBAHMM PacnpOCTPaHEHUS aKyCTUYECKUX BOSH Ha
npocdune nepneHAMKYNnapHOM ©OeperoBo InMHMM Ha ydacTke C rnybuHamm n
rmgponorndyeckon  obctaHoBkoW  aHanormyHon  nnowagu  Oponty  (Mogo6bHo

n3obpaxeHHon Ha puc. B.1).
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dB re 1 mkPa, RMS(R), 8.09.2001y.
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Puc. B.3 - UccnepoBaHue noTepb npu npoxoxaeHuu (TL), napannenbHo nsornybuHam, nMkoBble
M cpedHekBagpaTu4yeckue 3HavyeHus ot 6yeB T.7 u T.11 ansa npocunsa, napannensHoro 6eperosown
JFINHUW.

81



MpunoxeHue B - OnucaHne gaHHbIX, UICNOJSIb30BaBLUUXCA B UCCIefOBaHUM notepb
npu npoxoxaenuu (TL)

B Tabnuuax B.1 wn B.2 npegcraBneHbl KoopauHaTtbl —akycTudeckux 6Oyes,
MCNOSb30BaBLUNXCA B UCCNeaoBaHUM U U300paxeHHbIX Ha Puc. 3.1 n 4.1, Ha4ano wn
3aBepLUeHMe 3anncu akyCTUYeCcKoW MHopMaumm Kaxabim u3 byes, a Takke rnybuHa

YyCTaHOBKM COOTBETCTBYHOLLMX MMAPOGOHOB.

Ta6bnuua B.1 — [laTbl npoBeaeHnsa paboT U Mecta yCTaHOBKM MOHUTOPUHIOBbIX
paguorngpoakyctnyeckux oyes [npodmnb Monuknak-NMunbTyH].

Ne Oarta AkycTuyeckum 6yn LupoTa HonroTa Fny6wH

a

Hauano 3aBeplueHun # Tun F (MI'y) (m)

e

1 19.09.02 20.09.02 a.0 | ARB 188.030 52°59'43"N 143'19'14"E 10.5

2 | 12.09.0212. | 19.09.0214. a1 | ARBD [ 188.030 52°52'00"N 143720'50"E 10
09.0215.09. | 09.0222.09. a1 | 12D12 | 166.720
02 02 a.1 166.720

3 | 12.09.0215. | 19.09.0219. | a.2a | ARBD | 177.300 52°49'44.1"N 143°24'06.3"E 21
09.02 09.02 2 16 166.775

4 | 13.09.0213. | 19.09.0219. | a.4a | ARBD | 176.650 52°44'59.9"N 143°31'01"E 27
09.02 09.02 4 16 166.125

5 1 13.09.0213. : 19.09.0215. | a.5a | ARBD | 172.400 52°43'28"N 143°33'06.4"E 32
09.02 09.02 .5 16 166.775

Ta6nuua B.1 — [latbl npoBeaeHMA paboT U MecTa YCTaAaHOBKU MOHUTOPUHIOBbIX
paguornapoakyctnyeckux oyeB [npodunb Yaneo].

Ne Oarta AkycTuyeckun 6yn LunpoTa HonroTa Fny6wx
a
Hauano 3aBeplueHun # Tun F (MI'y) (m)
e
1 ] 21.09.0221. | 23.09.0223. | b.1b | ARBD | 172.400 52°27'00"N 143°19'30"E 12.5
09.02 09.02 A 16 166.775
2 | 21.09.0221. | 23.09.0223. | b.2b | ARBD | 176.650 52°47'40"N 143722'30"E 12.5
09.02 09.02 2 16 166.125
3 21.09.02 | 23.09.02 b.3 | ARB 177.300 52721'00"N 143°26'30"E 225
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	Теоретические и экспериментальные исследования распространен
	Следует отметить, что результаты потерь при прохождении, пол
	В настоящем разделе описываются экспериментальные исследован
	Тональные сигналы генерировались ВЧ передатчиком, развернуты
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	Таблица 3.1 - оценочные значения потерь при передаче (TL) по
	a.4
	a.5
	a.2
	a.1
	Гц.
	TL (дБ)
	TL (дБ)
	TL (дБ)
	TL (дБ)
	9000
	-59
	-74
	-104
	8000
	-54
	-71
	-89
	-96
	7000
	-50
	-65
	-80
	-83
	6000
	-46
	-64
	-81
	-83
	5000
	-55
	-62
	-84
	-86
	4000
	-56
	-61
	-81
	-85
	3500
	-52
	-61
	-83
	-87
	3000
	-50
	-60
	-77
	-82
	2500
	-53
	-63
	-83
	-85
	2000
	-54
	-66
	-79
	-83
	1500
	-54
	-67
	-79
	-82
	1000
	-52
	-63
	-74
	-79
	Расстояние: 1,6 км
	Расстояние: 2,9 км
	Расстояние: 12,3 км
	Расстояние: 18,0 км
	Усреднение по времени (и пространственное усреднение вследст
	Таблица 3.2 - оценочные значения потерь при передаче (TL) по
	a.4
	a.5
	a.2
	a.1
	Гц
	TL (дБ)
	TL (дБ)
	TL (дБ)
	TL (дБ)
	9000
	-68
	-66
	-111
	8500
	-68
	-66
	-100
	-108
	8000
	-64
	-61
	-97
	-108
	7500
	-60
	-56
	-90
	-98
	7000
	-56
	-56
	-87
	-95
	6500
	-59
	-58
	-87
	-94
	6000
	-60
	-60
	-89
	-95
	5500
	-62
	-60
	-91
	-99
	5000
	-63
	-61
	-90
	-96
	4400
	-62
	-62
	-94
	-99
	4000
	-62
	-63
	-92
	-93
	3500
	-67
	-62
	-87
	-93
	3000
	-61
	-66
	-79
	-83
	2400
	-63
	-62
	-83
	-85
	2000
	-62
	-63
	-86
	-90
	1600
	-65
	-65
	-83
	-88
	1250
	-63
	-59
	-78
	-81
	1000
	-67
	-56
	-73
	-76
	700
	-60
	-62
	-69
	-72
	Расстояние: 2,7 км
	Расстояние: 2,4 км
	Расстояние: 13,7 км
	Расстояние: 19,2 км
	Для точки a.4 частотная зависимость потерь достигает минимум
	Эксперимент с ВЧ-передатчиком был повторен вечером 16 сентяб
	Эксперименты также проводились с НЧ источником, развернутом 
	Таблица 3.3 - Оценки потерь при передаче (TL)� по результата
	a.5
	a.2
	a.1
	Гц
	дБ
	TL (дБ)
	дБ
	TL (дБ)
	дБ
	TL (дБ)
	28
	108
	≈ -70
	91
	≈ -87
	86
	≈ -92
	29
	107
	≈ -71
	97
	≈ -81
	83
	≈ -95
	Расстояние: 3,3 км
	Расстояние: 12,1 км
	Расстояние: 17,4 км
	Рис. 3.4 - Спектры G (f) НЧ-информации, регистрируемой синхр
	На Рис. 3.4 изображен спектр G (f) данных, записанных на раз
	Таблица 3.4 -Результаты регрессионного анализа данных Моликп
	f (Гц)
	rl (км)
	r* (км)
	(l (??/??)
	( (??/??)
	(D(f) (??)
	28
	0,00583
	-
	-
	2,79
	11,4
	29
	0,00604
	-
	-
	2,75
	11,1
	1000
	0,208
	7,5
	0,00913
	0,240
	3,95
	2000
	0,417
	8,1
	0,536
	0,662
	3,80
	3000
	0,625
	7,5
	0,106
	0,365
	5,19
	4000
	0,833
	8,25
	0,551
	0,851
	5,21
	5000
	1,142
	8,5
	0,586
	0,971
	5,41
	6000
	1,250
	8,5
	0,509
	0,705
	8,10
	7000
	1,485
	8,5
	0,412
	0,663
	8,26
	8000
	1,667
	9,05
	1,318
	1,584
	4,99
	9000
	1,875
	10,25
	1,653
	1,757
	3,10
	??????, ?????????? ? ???? ????????????, ???? ??????????? ????????? ???????? ????????? ? ?????????????? ????????? (7). ?????? ????????? ???????? ? ??????????? (1 ? ( ?? ????????? ??
	.
	Регрессия имеет физический смысл только в случае очень узких
	? ??????? 3.4 ????????? ???????? ??? (1, (, r* ? r1, ? ????? ??????????? ????? ???????? ????????????????? ?????? ?? ??????? ????????? D, ??? ??? ????????? ???? ????????? ??? ??????
	Для значения расстояния r (м):
	(14)
	Где:
	M число расстояний, для которых проводились измерения.
	(м) расстояние от источника звука до точки измерения (# м).
	??? ??????? 28 ?? ? ??????? 3.4 ?????????? ???????? (, ?????? 2,79 ??/??; ??? ????????????? ?????????? ?? ???, ??????? ~0,1 ??/??/??. ??? ???????? ?????? ? ???????? ? 0,12 ??/??/??
	Поэтому для частот ниже 30 Гц значение TL вдоль профиля от п
	(15)
	Для значений частоты 28-29 Гц r1 приблизительно равняется 6 
	Рис. 3.5 - Результаты вычисления регрессии по результатам эк
	4 Экспериментальный анализ распространения звука в направлен
	В 2001 г. на расстоянии приблизительно 20 км к юго-востоку о
	Высокочастотный источник, развернутый на глубине 15 м от пос
	Таблица 4.1 - Оценки потерь при прохождении (TL) по результа
	b.1
	b.2
	b.3
	Гц
	TL (дБ)
	TL (дБ)
	TL (дБ)
	9900
	-81
	-71
	9000
	-79
	-64
	-84
	8000
	-66
	-54
	7000
	-67
	-56
	-80
	6000
	-58
	-49
	-80
	5000
	-62
	-54
	-82
	4500
	-64
	-63
	-90
	3500
	-64
	-59
	-85
	3000
	-61
	-56
	-81
	2400
	-64
	-55
	-80
	2000
	-61
	-57
	-79
	1500
	-59
	-59
	-76
	1000
	-54
	-54
	-71
	750
	-56
	-53
	-68
	Расстояние: 4 км
	Расстояние: 1,8 км
	Расстояние: 8 км
	Рис. 4.1 - Карта изучаемой области, на которой показано расп
	Рис. 4.3 - Спектр G (f) низкочастотных данных (24 Гц и гармо
	21 и 22 сентября 2002 г. судно Ирбис провело эксперименты по
	????? 23 ???????? ?????? ????? ????? ?? ???????? ?? ????? ????? ????? ? 9:10 ? ??????? ? ?????????????? ?????????? ????????? ?? ??????, ?????????? ?? ???. 4.1, ??? ???? ??????????
	Таблица 4.2 - Оценки потерь при прохождении (TL) по результа
	b.1
	b.2
	b.3
	Гц
	TL (дБ)
	TL (дБ)
	TL (дБ)
	29 (21.09.02-14:04)
	64
	72
	77
	29 (21.09.02-14:19)
	65
	74
	76
	33 (21.09.2002-14:32)
	66
	72
	78
	34 (21.09.2002-14:38)
	63
	67
	76
	68 (21.09.2002-14:38)
	63
	58
	102 (21.09.2002-14:38)
	61
	55
	71
	136 (21.09.2002-14:38)
	51
	49
	66
	170 (21.09.2002-14:38)
	60
	51
	70
	204 (21.09.2002-14:38)
	65
	61
	65
	238 (21.09.2002-14:38)
	55
	54
	62
	272 (21.09.2002-14:38)
	62
	57
	72
	34 (21.09.2002-14:44)
	64
	69
	78
	238 (21.09.2002-14:44)
	57
	53
	71
	272 (21.09.2002-14:44)
	58
	52
	71
	29 (23.09.2002-10:30)
	63
	65
	75
	87 (23.09.2002-10:30)
	60
	69
	116 (23.09.2002-10:30)
	52
	62
	145 (23.09.2002-10:30)
	54
	62
	174 (23.09.2002-10:30)
	53
	62
	203 (23.09.2002-10:30)
	52
	62
	232 (23.09.2002-10:30)
	49
	64
	261 (23.09.2002-10:30)
	50
	70
	24 (23.09.2002-11:01)
	73
	68
	74
	48 (23.09.2002-11:01)
	71
	55
	75
	120 (23.09.2002-11:01)
	56
	48
	63
	144 (23.09.2002-11:01)
	57
	49
	65
	168 (23.09.2002-11:01)
	57
	50
	66
	192 (23.09.2002-11:01)
	53
	43
	66
	216 (23.09.2002-11:01)
	52
	45
	67
	240 (23.09.2002-11:01)
	54
	63
	66
	264 (23.09.2002-11:01)
	54
	47
	70
	Расстояние: 4 км
	Расстояние: 1,8 км
	Расстояние: 8 км
	????????? (10) ???????????? ????? ??????????? ???????? ??? ?????? ??????????? ????????????? ?????? ??? ??????????? ?? ??????? ? ?????????? [RTL(f,r)] ? ?????? ????, ???????????? ??
	В предыдущем разделе показаны результаты изучения потерь при
	Для акустического моделирования использовалась программа MOA
	В модели используется волновод, состоящий из трех слоев, а и
	На Рис. 4.10 показано изменение относительных потерь при про
	На Рис. 4.11 приведен анализ шума, создаваемого буксиром Три
	Для оценки логарифма уменьшения интенсивности в зависимости 
	RTL(r)=a(log(r)+b. (16)
	Результаты вычисления регрессии показаны с использованием те
	5 Выводы
	Новые цифровые радиогидроакустические буи показали себя хоро
	Было проведено три эксперимента по оценке потерь при распрос
	В случае расстояния 19,2 км (Таблица 3.2) были получены след
	Частота (Гц)
	1000
	2000
	3000
	4000
	5000
	6000
	7000
	8000
	9000
	Оценка потерь при распространении (TL) (дБ)
	~-76
	~-90
	~-83
	~-93
	~-96
	~-95
	~-95
	~-108
	~-111
	Регрессионный анализ всего комплекса данных потерь при распр
	???????? (1, (, r* ? r1, ? ????? ?????? ????????? ????????? ? ??????? 3.4 ??? ??????, ??????????? ? ????????? ?? 1 ?? 9 ???. ????????????? ?????? ??????? ???? ????????????? ???????
	Существенный вклад в потери при прохождении (TL) на частотах
	Где:
	H  глубина волновода
	(  ????? ?????
	( ??????????? ?????????? ??? ?????????? ????, ??????? ??? ???????????????? ?????? ??? ??? ??????????, ??? ? ??? ???????????? ????????????? ???? ?????? 0,12 ??/??/??.
	Ввиду эксплуатационных ограничений поблизости от причала для
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	№
	Дата
	Акустический буй
	Широта
	Долгота
	Глубина
	Начало
	Завершение
	#
	Тип
	F (MГц)
	(м)
	1
	19.09.02
	20.09.02
	a.0
	ARB
	188.030
	52(59'43"N
	143(19'14"E
	10.5
	2
	12.09.0212.09.0215.09.02
	19.09.0214.09.0222.09.02
	a.1 a.1 a.1
	ARBD12D12
	188.030166.720166.720
	52(52'00"N
	143(20'50"E
	10
	3
	12.09.0215.09.02
	19.09.0219.09.02
	a.2a.2
	ARBD16
	177.300166.775
	52(49'44.1"N
	143(24'06.3"E
	21
	4
	13.09.0213.09.02
	19.09.0219.09.02
	a.4a.4
	ARBD16
	176.650166.125
	52(44'59.9"N
	143(31'01"E
	27
	5
	13.09.0213.09.02
	19.09.0215.09.02
	a.5a.5
	ARBD16
	172.400166.775
	52(43'28"N
	143(33'06.4"E
	32
	Таблица B.1 – Даты проведения работ и места установки монито
	№
	Дата
	Акустический буй
	Широта
	Долгота
	Глубина
	Начало
	Завершение
	#
	Тип
	F (MГц)
	(м)
	1
	21.09.0221.09.02
	23.09.0223.09.02
	b.1b.1
	ARBD16
	172.400166.775
	52(27'00"N
	143(19'30"E
	12.5
	2
	21.09.0221.09.02
	23.09.0223.09.02
	b.2b.2
	ARBD16
	176.650166.125
	52(47'40"N
	143(22'30"E
	12.5
	3
	21.09.02
	23.09.02
	b.3
	ARB
	177.300
	52(21'00"N
	143(26'30"E
	22.5



